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å�o9hit'~eqm|9h�|9sÅ�b|9h�j5æJvÅh���h�vcnrsÅl�x¼tr~eo9h��cj\nrvFo9hkqyç�tbj5è[jmh'x�h'nrjé{Û| sÆx¼qmt�êKh���h�vÅtb� x��9x�qmh�l�xeqm|Fn'q�ç�suvÅvF�`h×nr�cvuh
qmt³�`hkjy~�tbj5lënWç�sÝêKh1jénro9�^hWt'~¼qénbx�è9x¢�9nrodêÇx��9jm�7su��h�suoÙn[{Û|Fn'o9�bsÅo9�[n'oFê��Fh�jm|Fn'�Fx�|9tBxyqmsÅvuh1hkoK�7suj5tbo9l�hkoKqk�
��t�x�q	o9hk�9j\n'vio9hkqyç�tbj5èìjmh'x�h'nrjé{Û|íqmtîê9nrq5h�|Fn^x	�Fh�h�oísuo7��tbvu��hzêïsuoðêKh���h�vÅtb�9sÅo9��vut'ç�æ�vuh���h�v�l�t7êKh�vÝx´tr~
o9h�q�ç�t^jmèínrjé{Û|csuqmhz{�qm�9j5h'x[nrodêñêK�Kodnrl�sÝ{�x��Yn^x	ç�h�vÅv1n^x	vuhznrjmocsuo9�àn'vu�^tbjmsÅqm|9lÙxW~�tbj�q5|9h
xmn'l�h��YòYnb{\|ñtr~
qm|9hUsÅoFêKsu�7sÆê7�FnrvFo9h�q�ç�tbjmècx�nrvÅtbo9h³{�n'o9o9t^qi|9t'ç�h���h�j�x5nrq5sÆx+~��Ùnrvuv=q5|9hUjmh'ó��9sÅjmh�l�hko�q\x¼tr~Ünro�nbê9n'�9qmsÅ��hUnroFê
nrqUvuhznbxyq×�Fnrj5qmsÆn'vuvÅ��nr�cqmtboctbl�t^�FxUxy�cxyqmhkl��FôfqW|dnbx1�Fh�h�o
xy|ctrç�o
tboîn�oK�cl	�Fh�j�tr~õt7{�{�nbx�sut^oFx1qm|Fn'qWq5|9h
~��9oFê9n'l�h�o7q\n'v7xm{�n'vusuoc�1�9jmt^�Fh�jmq5suh'x¼tr~Êx��F{Û|[och�q�ç�tbj5è9xel�nrè�hYqm|ch�óD�9hzxyq�~�t^jYnUxm{�n'vÆnr�cvuh��^h�o9h�jénrvÅæö~��9od{�qmsÅtbo
o9h�q�jénrqm|ch�jiodn�÷ øu��hØùµ�7���b�7����úYûbû^n9�F�ü÷�9|d�b�F��ý�þ�û^ûbÿf���ñ|Fn'qisÝx�j5h'óD�csujmhzê	qmt�x�tbvÅ��hWvÝnrj5�bh��F{�t^l��9vÅsÆ{�n'qmh'ê
q\n^xyècxisÆxioctbq1vÝnrjm�^h��Ö{�tbl��cvusÆ{knrqmhzêÙoch�q�ç�tbj5è9x��9�9q,nÙvÝnrj5�bh´o7�9l �Fh�jit'~õxyl�n'vuv=o9h�q�ç�tbjmè�l�t7ê7�9vuh'x¢�`hznb{\|
tr~Êç�|9sÆ{\|	lÙnz�³�Fh1x��`hz{�sÆn'vus��kh'ê´suo qm|9h��Fh�jy~�t^jml�n'oF{�h�t'~enW�dnrjmq5sÆ{��cvÆnrj�n^xy�Fh'{�q�tr~=q5|9h×{�tbl��cvusÆ{knrqmhzêWq\n^xyèÖ�
ç�suq5|Ç�Fh�j5|Fnr�dx1xy�9�^�bh'x�qmsÅtboFxilÙnbêKh1�7��q5|9h'xyh³l�t7êK�9vÅh'x�qmt �Fh³{�tbl �9suoch'êQ~��9j5qm|9h�j��c��qm|ch´|9sÅh�j\n'j\{\|K� tr~
qm|9h³x��9x�qmh�l���sÅoÇt^j\êKhkj�qmt �9jmt7êK�d{�h[n´l�hznbxy�cjmh'ê	j5h'xy�Ft^oFxyh��
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ý�|9h�n^{�qm�Fn'v�êKh�q\n'suvÝxWtr~�q5|9h l�h'{\|Fnro9sÝxyl tr~×xy�d{Û|ànÏxy�cxyq5h�l��=n'oFêïsuqéx´n'j\{\|9suq5h'{�qm�cjmh��FsÆx³nÇl�n'qmqmhkj,~�t^j
suo7��h'xyq5su�BnrqmsÅtbo=�en'oFê$o9t^q nrvÅv�|9suh�jénrjé{Û|9sÝ{�nrv�x�qmjm�d{�qm�9j5h'x´ç�suvÅv�o9hz{�h'xmx5nrj5suvu�
�9j5t7êK�F{�hÏêKh'x�suj5h'êìsuo7qmh�vÅvusu�^h�o7q
�Fh�|Fn��KsÅtb�9j � sÅoFêKh�h'ê´q5|9sÆx�êKh��Fh�oFêcx���h�j5�[l	�F{\|´t^o�qm|ch1h�o7�KsÅjmtbocl�h�o7q\nrvc{�t^oFxyq5j\nrsÅoKqéx�n'oFê	qm|ch1o9h�q�ç�t^jmè{�tbodxyqmjénrsÅoKqéx	suoíqm|9h�~�t^jml t'~³qm|9hÏqy�7�Fh'x	t'~W~��coF{�qmsÅtboFn'vusÅqy� nz�^n'suvÆn'�9vuh�~�jmt^l qm|ch�l�t7êK�9vÅh'x��Yý�|9h
{knrvuv
~�tbjUnØxyqmhk��suo�q5|9h êKsÅjmh'{�q5sut^oÇt'~�qm|9h êKhk��h�vut^�9l�h�o7qYtr~�lØt7êK�9vÆn'j1x��9x�qmh�lÙx�|Fnbxi~�jmhzóD�9hkoKq5vu���Fh�h�oÏl�nbê7h
ù®��hkvÆ�b������suoFû^�K����úYûbûr�e��òYêKh'û��7�Y��hkvÆûbû'ÿf�¼�9�cq��9�üq5suvÅv�o9t'ç3lØt�xyq[t'~³qm|9hÏh�l��9|Fn^xysÝx´|Fnbx	�Fh�hkoñtbo
êKh���h�vÅtb�9sÅo9�Ux�l�nrvÅv`lØt7êK�9vÆn'j�xy�cxyqmhkl�xYxy�Fh'{�sÝnrvus ��h'ê[n^x�n´ç�|9t^vuh�~�tbj�n´�dnrjmq5sÆ{��cvÆnrjYqénbxyèØêKt^l�nrsÅo�ù �ìn'sÆûb�7�
p����U�b�K�7�7p1�1û^�K��ò¼�Fh'ûb��ÿ9jénrqm|ch�jYqm|Fn'o�x��9x�qmh�l�xe{�n'�Fnr�9vÅh���l�h�j5h�vu�1q5|9jmt^�9�b|Øn1|9su�^|9h�j5æJvÅh���h�vcnrvuq5h�j\n'qmsÅtbo
suoUqm|ch�x��Fh'{�s��`{�nrq5sutbo³tr~Fq5|9h�nrjé{Û|9sÅqmh'{¢qm�9j5h¼tbjeh�o7�KsÅjmtbocl�h�o7q`sÅoKq5h�j\n^{�qmsÅtbo=�¢tr~F�Fh�sÅo9���Fxyh'êUsuo³n�ç�sÆêKhYj\n'o9�bh
tr~�n'�9�9vÅsÆ{�n'qmsut^oFx��Fý�|csÆx�{�n'vuv=sÆx�h'{\|9t�h'ê�suo�q5|9sÆx�jmh'x�h'nrjé{Û|Ê�Kç�suq5|�qm|9h³suo7qmjmt7ê7�F{�qmsÅtbo�tr~�n�~��9odê9nrl�hkoKqénrvuvÅ�
êKs��Öh�j5h�o7q�nrjé{Û|csuqmhz{�qm�9j5hi~�tbj�q5|9hU�9j\n'suoÏtr~ÜnQj5tb�Ftbqk�
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ý�|9sÆx[�Fn'�`hkj	sÝx	{�t^oF{�h�j5o9h'êì�9j5sul�n'jmsuvÅ��ç�suq5|ünîêKh'xm{¢jmsu�cqmsut^oàtr~Uq5|9h�~��9oFê9n'l�h�o7q\nrv��9jmt^�Fh�jmq5suh'x[tr~Uq5|9h
nrjé{Û|9sÅqmh'{¢qm�9j5hUnroFê�sÅq\x��9jmt^qmt^qy�7�Fh��Fj\nrq5|9h�j1q5|Fnro�ç�sÅqm|�n����Fx�qms��Ö{�nrq5sut^o=�`�Fh³suq�qmh'{\|9o9sÝ{�nrv»�K�9|9sÅvutBxytb�c|9sÆ{�n'v
tbj1�csutbvÅtb�^sÆ{�n'vf�Ftr~�sÅq\xih��KsÝxyqmhkoF{�hUtbj³êKh'x�sujénr�9sÅvusuq����côfoFêKh�h'êÖ�`t^o9h	t'~�qm|9h[�9j5sul�n'jm���btBnrvÝx,t'~�qm|9sÝxiç�t^jmè�sÝx
qmt�êKh�qmhkjml�sÅo9h�qm|9h×�9jmt^�`hkjmqmsÅh'x�n'oFê�nbêK�^n'oKqénr�bhzx�t'~�xy�F{\|�n´�9jénrsuoÙnrj\{\|9sÅqmh'{�q5�9jmhB�Djénrq5|9h�j�q5|FnroÏêKhkjmsu��h�sÅq
~�jmt^lën	ê7h'xysÅjmh'êQ~��coF{�qmsÅtboFn'vusÅqy�B�
ôfoüqm|csÆx	�Fn'�Fh�j�ç�h�ê7h'xm{�j5su�Fh�q5|9h
þ�nro7�Fx�nrjé{Û|csuqmhz{�qm�9j5h�suoñnìq5tb�9æ»êKt'ç�o lØt7êK�9vÆn'jQ~»n^xy|9sÅtbo=�õxyq\n'jmq5suo9�
ç�suq5| n$�bhko9h�j\n'v1|9h��cjmsÆx�qmsÝ{Ç~�tbjÏn$�9j5tb�9vÅh�l�æ»xyt^vu�7suo9�
�9j\n'suo=���Fn^xyh'êñtbo xysÅl��9vÅh�tb�dxyh�j5�bn'qmsÅtboFx�tr~[q5|9h
q�ç�t�x�sÆêKhzx,t'~1q5|9h |K�9lÙnro
�9j\n'suo=�evuh'n^êKsuo9��q5t
nÇ�9j5h'xyh�o7q\n'qmsÅtboìt'~�qm|9h�x��Fh'{�s��`{	þ�n'oK�Fx³ô1l�t7êKh�v�~�t^j n
xysÅl��9vuh��9jmt^qmt^qy�7�FhUxy�cxyq5h�l��^ý�|9h×{Û|9t^sÆ{�h�t'~eqm|9h×nrjé{Û|csuqmhz{�qm�9j5h�{�tbodxyqmjénrsÅoKqéx�ç�n^xYêKsuj5h'{�qmvÅ�´sÅo��F�9h�od{�h'ê[�K�
xysÅl��9vuh�tb�Fx�h�jm�^nrq5sut^oFx�tr~Öq5|9h�q5tb�9æ�vuh���hkv7xyqmj5�F{�q5�9jmhõnroFê´�Fh�|Fn��7sut^�9j�t'~Öqm|9h�|K�9lÙnro´�cj\nrsÅo�ùÕò�{k{��'�7�D�7�×ûb�bÿf�
� t'ç�h���hkj���qm|9h�xysÅl�suvÝnrjmsÅqmsÅh'x¼h�oFê�n'qiq5|Fnrq�vuhk��h�v=n'oFê�nQ�^jmh'n'q1ê7h'nrvetr~¼~�j5h�h'êKt^l�sÆx��Fh�jmlØsuqmq5h'ê	sÅo�vut'ç�h�jmæ
vuh���hkv�ê7h���h�vut^�9l�h�o7q��^ç�suqm|csuo�q5|9h1~�j\nrlØh�ç�t^jmè tr~Yq5|9h³nr�Ft'��h´{¢tboFx�qmj\n'suo7q\x¢�
ý�|9h´hkl��9|Fn^xysÆx�n'q1qm|ch´suocsuqmsÝnrvex�q\nr�^h'xUxy|9t^�9vÆê��Fh[o9tbqUx�t�l �F{Û|Øtbo�h��7�9vut^suq5suo9�[q5|9h´o9hkç n'j\{\|9suq5h'{�q5�9jmh
xytînbx[qmtînrq5q\nb{\èìl�t^jmh�ê7s��Ù{��9vuq³q\n^xyècx��¼�9�9q j\n'qm|9hkj[suoíêKh���h�vÅtb�9sÅo9��suq³suoíxy�d{Û|ðn�ç�n��ìqm|dnrqØxysulØ�9vuh
�9�9q�o9tbocæJq5jmsu�7sÆn'v�qénbx�è9xilÙnz� �Fh[�Fh�jy~�t^jml�h'ê��Fx�suo9�Ønro
n'j\{\|9suq5h'{�q5�9jmhUqm|dnrq×{�nro��Fh´�c�9suvÅqi�9�Ft^o
nroFê��Fh
nr�9�cvusuhzê´qmt´q5|9h�|FnrjéêKh�j�n'oFê[l�tbj5h�suo7qmh�j5h'xyq5suo9�Uq\n^xyècx�� �ñsuq5|	q5|9h�|FnrjéêKh�jYq\n^xyècx�qm|ch1{�t^oKq5jmsÅ�9�9qmsÅtbo[~�jmt^l
qm|9hU�Fx�hUtr~Yq�ç�t x�sÆêKhzx�tr~ÜêKs��Öh�j5h�oKq��cjmt7{�h'x5xysÅo9�	odnrqm�cjmhUl�n��	�FhU�Fh�qmq5h�j�nbx5xyh'x5xyh'êÖ�
�ñþ�nro7�Fx¼�9j\n'suo {�t^oKq5jmt^vÆx¼n1jmt^�Ftbq�q5|FnrqYh��7sÆx�q\x=suoØn1{\|Fnro9�^suo9�Uh�o7�7sujmt^o9l�h�o7q��knroFê[qm|dnrq�{�nro �Fh�n��Öh'{�q5h'ê
�K�àq5|9h�h�o7�KsÅjmtbocl�h�o7q[nrodê vÅsuè�h�ç�sÝxyhÏ{�nro n��Öh'{�q�q5|9h�h�o7�KsÅjmtbocl�h�o7q´suqéxyh�v¹~5��ý�|ch�jmtb�Ft^q�{knro �`tBxmx�h'xmx
�^nrjmsÅtb�FxUx�h�oFxyt^jm�
n'qmqmj5su�9�cqmh'x1suo�t^j\êKhkjWq5t��`hkj\{�h�sÅ��h´q5|9h[h�o7�KsÅjmtbocl�h�o7q�suo
ç�|9sÆ{\|�suq1h��KsÝxyq\x¢�=ôfqU{�n'oï�Fh
n��Öh'{�q5h'ê��K� qm|chWhkoK�7suj5tbo9l�hkoKq¼hksuqm|ch�j�êKsÅjmh'{¢qmvu�B�Dq5|9jmt^�9�b|Ï�9|7�9x�sÆ{�n'v={�t^oKqénb{�q�ç�sÅqm|�x�q\nrq5sut^oFnrj5�Ç�dnrjmj5suh�jéx
tbjU{¢tbvuvÅsÆx�sutbodxiç�suq5|�l�t'�KsÅo9�	t^����h'{�qéx��FtbjUsuoFê7sujmhz{�qmvÅ��suo�q5|9h[qm|9t^�9�b|7q³nroFê�vuhznrjmocsuo9���cjmt7{�h'x5xyh'x1ç�sÅqm|9sÅo
qm|9h��9jénrsuoÊ�Ký�|chij5tb�Ftbq�sÅq\xyhkv¶~Ê{�nroÙn��Öh'{�q��JsÅq\xY�`hkj\{�h��cqmsut^o	t'~¢�¼qm|chih�o7�7sujmt^o9l�h�o7qeh�suq5|9h�j¼o9t^o9æ��9|K�cxysÝ{�nrvÅvu�
qm|9j5tb�9�^|Ï{�tbo7qmj5tbvuvÅsuo9�Uq5|9h1x�h�oFx�tbjm�Øsuo9�9�cq\x¼tbj�êKsÅjmh'{¢qmvu�³qm|9j5tb�9�^|�h��Öh'{�qmsÅo9�U�9|7�9x�sÆ{�n'v�n'vuq5h�j\n'qmsut^oFx�sÅo	q5|9h
h�o7�KsÅjmtbocl�h�o7q��
ý�|9h[|9sÅ�b|9h'x�qmæ�vuh���hkveêKh'xm{¢jmsu�cqmsut^o�t'~�q5|9h þ�nro7�FxUnrjé{Û|csuqmhz{�qm�9j5hUsÆxisÅvuvu�dxyqmjénrq5h'êÇsÅo��F�b�9j5h��b�=ý�|ch xyh�oFx�tbj5�
jmh��cjmh'x�h�oKqénrq5sutboØtr~Yq5|9hUh�oK�7suj5tbo9lØh�oKq��9jmt'�7sÆêKh'xYqm|9hUsÅo9�9�9q�q5t	q5|9h³xy�cxyqmhkl��7nroFê�qm|9h1t^�9qm�c�9q�~�j5tbl�q5|9h
xy�cxyq5h�lësÆxisÅo�qm|9h´~�t^jml�t'~�l�tbq5tbjU{�t^o9o9h'{¢qmsut^o�q5tÇ�dnrjmqéx1tr~�qm|9h[j5tb�FtbqUç�|9sÝ{Û|
{knro
{\|Fnro9�^h[suqéxitbj1q5|9h
h�o7�KsÅjmtbocl�h�o7q��µx�xyq\n'qmh��Ö��q�qm|csÆx�vuh���h�vFç�h��doFêÇsÅq�h��K�Fh'ê7suh�o7q�q5t�t�qmt suo7qmj5t7êK�F{�h³nroÏsuo9�c�9q�jmh��cjmh'x�h�oKq5suo9�
�mj5h�suoK~�t^j\{�hkl�h�o7q�� � nro[sÅl�l�h'êKsÝnrq5h�vut'ç�æ�vuh���hkv�x�su�^oFnrvÖç�|9sÆ{\|�êKt�h'x�o9t^q�jmh'ó��9suj5h1n'oFnrvÅ�9x�sÆx��7�	q5|9h1�9jénrsÅo=�ý�|9h��9j\n'suoìsÝx[êKsu�7sÆê7h'êïsuo7qmtÏq�ç�t�|Fn'vu��h'x � vuh¢~�q´n'oFêìjmsÅ�b|7q��¼��vuv�xyh�odxytbj5�ànrodê$jmhksuoK~�t^j\{�h�lØh�oKq,xysu�^oFnrvÝx

�



Right side
of brain

Left side
of brain Simple connections

between the
two sides

Left side of robot’s
motor control

Right side of robot’s
motor control

ENVIRONMENT

ENVIRONMENT

Left side 
sensory 
signals

Right side
sensory
signals

REINFORCEMENT REINFORCEMENT

� sÅ�b�9j5h	��� � su�^|9h'x�qmæ�vuh���h�vFj5h��9jmhzxyh�o7q\n'qmsut^o�tr~Üqm|9h³þ�nro7�Fx�nrjé{Û|9sÅqmh'{¢qm�9j5h��

�



~�jmt^l&qm|9h vuh�~�q,xysÆê7h	t'~�qm|9h jmt^�`t^q[�Fnbx5x´êKsÅjmh'{¢qmvu��q5t�qm|ch	j5su�b|7qU|Fnrv¹~�t'~�qm|9h �9j\n'suo=�=ç�|9sÅvuh[q5|9t�x�h	~�jmt^l
qm|9h×jmsu�^|Kq�x�sÆêKh×tr~�qm|9hUjmt^�Ftbq��Fnbx5xiêKsÅjmh'{¢qmvu�[q5t[qm|9hUvÅh�~�q�|Fn'v¶~et'~Yqm|9h×�9j\n'suo=�Fý�|9h×vuh�~�q�|Fnrv¹~¼t'~¼q5|9hU�9j\n'suo
{�tbo7qmj5tbvÝx1êKsuj5h'{�q5vu��q5|9h[l�tbq5tbj1t^�9qm�c�9q\xU{�t^oKq5jmtbvÅvusÅo9��qm|ch[jmsu�^|Kq,xysÆê7h´tr~õqm|9h[j5tb�Ftbqk�enroFê
xysÅl�suvÝnrjmvÅ�	q5|9h
jmsÅ�b|7q�|Fnrv¹~Y{�t^oKq5jmt^vÆx�qm|chWvÅh�~�q�lØtbqmt^j�xysÝêKh��
ý�|9h�j5h�h��KsÝxyq�x�sul��cvuh�{¢tbo9o9hz{�qmsÅtboFx	�Fh�q�ç�h�h�oñqm|chïq�ç�t xysÆê7h'x���q5|9jmt^�9�b| ç�|9sÆ{\|ñsuoK~�t^jml�n'qmsÅtbo {�n'o �Fh
h��c{Û|Fn'o9�bhzê���ý�|7�FxisÅqisÝxi�Ft�x5xysu�cvuh´~�tbj×�`t^qm|
x�sÆêKh'x�qmt�j5h'{�h�sÅ��h´x�h�oFx�tbjm�ÏsuoK~�t^jml�n'qmsÅtboÏnr�Ftb�cq´qm|ch´ç�|9t^vuh
h�o7�KsÅjmtbocl�h�o7q=nrodê´jmtb�Ft^q��µx¼�Ft7êK���9��sÅoF{�hYqm|ch�xysÆê7h'x¼{�n'o[�`t^qm| tb�Fh�jénrqmh�sÅoFêKh��Fh�odêKh�o7qmvu�,nroFê[�9jmt7{¢h'xmx�q5|9h
xmn'l�h1suo7~�tbjmlÙnrqmsÅtboÏêKs���hkjmh�o7qmvÅ���9x�tbl�h1lØh'{Û|dnro9sÝxylÒl	�Fx�q�h��7sÆx�q�~�tbj�jmh'{¢tboF{�sÅvusÅo9�´q�ç�t[t^�9�Ft�x�suo9��l�t^qmtbj
êKh'{�sÝxysÅtboFx¢�9ý�|9sÝx�nrvÆx�t	hkoKqénrsuvÝx��FxyhUt'~¼q5|9h³{�tbo9och'{�qmsÅtboFx��Fh�q�ç�h�hko�qm|9hUq�ç�t x�sÆêKhzx��
� suodnrvuvÅ���^nro�n'�9�9jmt
�7sul�n'qmh�x��Kl�lØh�qmj5�1sÆx¼sulØ�`tBxyh'ê´�Fh�q�ç�h�h�o qm|9h�|FnrvÅ��h'x��^ç�suqm| jmhk��nrjéê	qmtUq5|9h1l�t7êK�cvÆnrj
xyq5jm�F{�q5�9jmh ��qmt[�Fh[êKhzxm{�j5su�Fh'ê	�Fh�vÅtrç1��qm|ch��	�FtBxmxyhzxmx��
ôfo[nbêcêKsuq5sutbo[q5tUqm|9h'x�h�{�t^oFxyq5j\n'suo7q\x��Bnro sul��Ftbj5q\n'oKq�nbx��`hz{�q¼tr~Öq5|9h�þ�nro7�Fx¼n'j\{\|9suq5h'{�qm�cjmh�sÝx q5|9h�êKs���hkjmh�oF{¢h
suo�qm|chW�cjmt7{�h'x5xysÅo9��n'oFê�vuh'n'jmo9sÅo9�[tr~Üqm|9h³ê9n'q\n[suq\x�h�v¶~et^o�q5|9hUvuh�~�qõnroFê�jmsu�^|Kq�x�sÆêKhzx��

� � ���í�U���´�
��� #à�W���ë�U�´� �k�U���&�	� � ���������
	ï���������Y�Y�'���

ý�|9h�j5h�h��KsÝxyqéx�nUêKs���hkjmh�oF{¢h�suo[q5|9h�l�h�q5|9t7êWt'~=�9j5t7{�h'x5xysuoc�WsÅoK~�tbj5l�nrq5sut^o´tbo qm|ch�qyç�tUxysÝêKh'x�t'~Öqm|9h��9jénrsÅo=�
�9�9q¼q5|9sÆxYêKs��Öh�jmh�od{�h���qm|chi�Fn'jmq5sÆnrvch��KsÝxyq5h�oF{�h�tr~Öç�|9sÆ{\|´~�tbj5l�x¼ni~�tbj5l�nrvc{�t^oFxyq5j\nrsÅoKq�tr~=q5|9h�nrjé{Û|csuqmhz{�qm�9j5h��
l�n��[tbo9vÅ���Fh´�7sÆx�su�9vÅhUnrq�n'o�suo7qmhkjml�h'ê7sÆnrq5h�vuh���hkv`t'~Yqm|chW�cj\nrsÅo�tb�Fh�j\n'qmsÅtbo=�
ý�|9h×xmnrlØhisÅo9�9�9qéx�n'jmhUn^{�{�h'x5xysÅ�9vuh�q5t´�Ftbq5|�x�sÆêKhzxÜt'~eqm|9h��9jénrsuoÙnroFê	q5|9h×ê9nrqén´sÆxYnroFn'vu�cxyh'ê �K�[l�t7ê7�9vuh'x
tr~Yoch��9j\n'v=o9h�q�ç�t^jmècx�t'~Yç�|9sÝ{Û|�qm|ch�jmh³nrj5h³nro
nr�c�9oFê9n'oF{�h´t'~�nrvÅv=q��K�Fh'x�t^o�h'nb{\|ÏxysÆê7h��Fý�|K�dx�q5|9h³xmnrlØh
��
�����������������
 sÝx�n��bn'suvÝnr�9vÅhWq5t	hznb{\|�x�sÆêKhB�9�9�9q�êKs���hkjmh�o7q �������! "�#� t^ji�^vut^�Fnrv%$�vut7{knrv �����&�'�(�)��
*�+��������
�� n'jmh
{�tbodxysÆê7h�jmh'êì�7�àh'nb{\|ñx�sÆêKh��-,�sÅè�h�ç�sÆx�h��¼suoívuh'n'jmo9sÅo9�înr�Ftb�9qØqm|9hÏh�oK�7suj5tbo9lØh�oKq�êKs��Öh�j5h�o7q nbxy�Fh'{¢q\x�n'jmh
{�tbodxysÆê7h�jmh'êÖ�FnroFê�suo�xy�F{\|�n	çõn��Çq�ç�t�êKs��Öh�j5h�o7qisÅoKq5h�jm�9j5h�q\n'qmsÅtboFx�tr~Yq5|9h[h�o7�KsÅjmt^o9l�h�o7q�l�n���ê7h���h�vut^�=�
���F{\| êKs��Öh�j5h�oF{�hzx ç�h�jmh�sÅoFxy�9sÅjmh'êUqm|9j5tb�9�^|	t^�Fxyhkjm�^nrq5sutboØtr~Öqm|9h�lÙnro7�´x��9vusÅqmæ��9j\n'suo[h��7�Fh�jmsÅl�h�o7q\xYùµ�7�1ûb�'ÿ
nroFê[qm|chih��7sÆê7h�oF{�h�qm|9h��[�cjmt'�KsÝêKh��bsÅo�n1o7�9q\x�|9h�vÅvf�r~�t^j�q5|9h��bjmhznrqmhkj�ê7h��bj5h�h�tr~�n'oFnrvÅ�Kq5sÆ{�n'v9suo7qmh�j5�9jmhkq\nrq5sut^o
tr~Yhk��h�oKqéx�t^o�qm|ch´vuh¢~�q�xysÆê7h��FnroFê�l�tbj5h1tr~�n	o9tbocæf{�j5suq5sÆ{�n'v��Fn^xmxysÅ��h[n^{�{�h��9qénroF{¢h´n'oFêÇlØt7êKh�vuvÅsuo9�³tr~Yq5|9h
h�o7�KsÅjmtbocl�h�o7qisÅoàn�xy�7oKq5|9h�q5sÆ{�n'v�çõn��ït^o$q5|9h�j5su�b|7q[x�sÆêKhB� �
h�|9tb�Fh�qmt�sÅoF{�vÅ�FêKhØxy�F{\|àêKs���hkjmh�oF{¢h'x1suo
tb�9jUl�t7ê7h�v¼h���h�o7qm�dnrvuvÅ��suoîn��bh�och�j\n'v�çõn���qm|cjmtb�c�b|ìsÅl��Ft�xysÅo9���^jmh'n'qmh�j �)�'. ��/%��01������23�4������
 tbo
qm|9h vuh�~�q
xysÝêKhØù òY{�{��z�zÿ»�FôfoÇq5|9hUsuo9sÅqmsÝnrv=x�q\n'�bh'x�xy�F{\|ÏêKs��Öh�j5h�oF{�hzx�ç�suvÅv�|Fn���hUqmt[�Fh³l�tbj5hUxy�Fh'{�s��Ö{b�
��suod{�h1qm|ch´x�sÆêKhzx�{�nroÏ�`t^qm|Ïtb�Fh�j\n'qmh³suoFêKhk�`hkoFêKh�o7qmvÅ��n'oFêÇ�9j5t7{�h'x5x�q5|9h³xmnrlØh1suoK~�t^jml�n'qmsÅtbo�êKs��Öh�jmh�o7qmvÅ���
nìl�h'{\|Fnro9sÝxyl!h��KsÝxyq\x´~�tbj�j5h'{�tbod{�suvÅsuo9�
q�ç�tìt^�9�Ft�xysÅo9�ülØtbqmt^j�êKh'{¢sÆxysÅtboFx¢���dnbxyhzê t^o nàêKt^l�suoFn'oF{�h"5
jmh'{¢h'xmx�su��h�o9hzxmxW�cjmsuod{�su�9vÅh��¼ý�|csÆx[nrvÝxytìhkoKqénrsuvÝx´�FxyhÏtr~Uq5|9hÏ{�tboco9h'{�q5sutbodxQ�Fh�q�ç�hkh�oàqm|9h�q�ç�tîxysÝêKh'x�� �
h
�KsÅh�çñqm|chU{�tbod{�h��9q�tr~Ü{�tbo��dsÆ{�q��`hkqyç�h�h�o�x�sÆêKhzx�nbx�n'o�sul��Ftbj5q\n'oKq�suo9�^jmh'êKsÅh�o7q�q5|Fnrq�ç�sÅvuvÖvÆnrq5h�j�|csu�b|cvusu�^|Kq
qm|9h³êKhzxysujénr�9sÅvusÅqy�[t'~�þ�nro7�Fx�n'j\{\|9suq5h'{�qm�cjmh'x¢�
ý�|K�dx��9tboch´{¢tb�9vÝêÙsÅoÏn´�bh�o9hkj\nrvÅs���sÅo9�´çõn���xmn���q5|Fnrq�qm|9hUj5su�b|7q�xysÝêKh1l�t7ê7h�vÆxYqm|9hUh�o7�KsÅjmt^o9l�h�o7q�nroFê�suqéx
h��Öh'{�qéx q5|9jmt^�9�b| �9oF{�t^oFxm{¢sutb�dx�n^xmx�t7{�sÆn'qmsut^oFx���ç�sÅqm|9t^�9q¼qmj5�KsÅo9�1q5t1j\n'qmsut^oFnrvÅs���h�q5|9h�l���ç�|csuvuh�qm|9h�vuh�~�q�xysÝêKh
l�t7êKh�vÝx�q5|9hUh�oK�7suj5tbo9lØh�oKqYq5|9jmt^�9�b|�{�vÆn^xmxys��Ö{�n'qmsut^o�n'oFê�{�n'qmh��^tbj5s��'n'qmsut^o�tr~Yq5|9hU�9jmt^�`hkjmqmsÅh'x�tr~�tb����h'{�qéx
nroFê�hk��h�oKqéx�sÅo
n	l�t^jmh[n'oFnrvÅ�Kq5sÆ{�n'v�lÙnro9o9hkj��Fý�|9h[t^�9�Ft�xysÅo9���cjmt7{�h'x5xysÅo9��{\|Fnrjénb{�q5h�jmsÝxyqmsÝ{�x�tbo�qm|ch[qyç�t
xysÝêKh'x�{�j5h'nrq5hU{�tbo �FsÆ{�qéx�qm|Fn'qiç�sÅvuvÊnrvuvÅt'ç n[|9su�^|9h�j�vÅh���h�vFtr~�x��9x�qmh�lÒ�Fh�|Fn��7sutb�cj��

6



GOALConstraints

Intention

GOAL Constraints

IntentionDM DM

PAIN PAIN

Left sensory Right sensory

Environment
Modelling

Environment
Modelling

EM EM

From Left
Motor

To Left
Motor

To Right
Motor

From Right
Motor

MC MC

Control Control Control Control

REINFORCE-
MENT

REINFORCE-
MENT

� su�^�9jmh � �¼��vÅt7{Ûè7æJvÅh���h�veêKhzxm{�j5su�9q5sutbo�t'~�qm|9hØþ�nro7�FxUnrjé{Û|csuqmhz{�qm�9j5h��=x�|9t'ç�suo9��qm|ch	q5|9jmh�h l�n'suo
nrj5h'nbxUtr~
qm|9hU�9jénrsÅo=�FnroFê�qm|9hksuj�sÅoKq5h�j\n^{�qmsÅtboFx¢�

� � �U�¼�	�)�k� � ���´��������	ï�Y����� � � ����� ���	�Ï
ï� �[�����
����������
����

ý�|9h�o9h��7q�vÅh���h�vFê7trç�oØsuo qm|9h×êKh'x5{�jmsÅ�9qmsÅtbo tr~�n´þ�n'oK�dx�xy�cxyq5h�lÒ{�t^oF{�h�j5oFx�q5|9hiq5|9jmhkhi�9j5t7{�h'x5xysuoc�´�9vÅt7{Ûècx
tbo³h'nb{\|³xysÆê7h��'ý�|9h �dj\xyqesÆx=qm|ch ��
 2����(��
 � ��
 � �����*�'. . ��
�� �9vÅt7{Ûè[�»òY�ï�\� � h�j5h�nrvuv�q5|9h�x�h�oFx�tbjm�UsÅo9�9�9qéx�n'jmh
jmh'{¢h�su��h'ê³nroFê �9jmt7{�hzxmxyhzê��Kt^����h'{�q\xYn'oFê�h���h�o7q\x¼n'jmhU{�vÝnbx5xys��dh'ê��7nroFê[~��9qm�9j5h1x�q\n'qmh'xYtr~eqm|ch1h�o7�KsÅjmtbocl�h�o7q
{�nro��Fh1�9j5h'êKsÝ{�qmh'ê �FxysÅo9�[�Fnbx�q�xyqénrqmhzx������F{\|�x�èKsÅvuvÆxYn'jmhUvuh'n'jmo7q�~�j5tblÒtb�Fx�h�jm�^nrq5sut^o�tr~eq5|9hUh�o7�KsÅjmtbocl�h�o7q
nroFê�{knr�Fx�h'xin'oFê�h��Öh'{�qéx��Öý�|9sÆx��9vut7{\è�jmhk�9jmh'x�h�o7q\x�qm|9h³�9oFêKh�jéxyqénroFêKsÅo9��n^{�óD�csujmhzêÇ�7�Çhznb{\|�xysÝêKh[n'�Ftb�9q
qm|9hUh�o7�7sujmt^o9l�h�o7q��
ý�|9hUo9h��7q��9vÅt7{Ûè sÆx�{¢tboF{�hkjmo9h'ê ç�suqm| �*�! 3�4������
������ ��
�� �f�×�ï�\�9ôfo9�c�9q�{�t^l��9j5sÆxyhzx�nro�sÅoKq5h�jmoFn'vuvÅ�[�bh�o9hkæ
j\n'qmh'ê�tb����h'{¢qmsu��h³tbj³�bt�n'v1�»{�tboFx�qmjénrsuoch'êÞq5t��Fh qm|9hØxmn'l�h[tboì�Ft^qm|àx�sÆêKh'x\�\��q5|9hØ{��9jmj5h�o7qUxyqénrqmhØtr~�q5|9h
h�o7�KsÅjmtbocl�h�o7q�n'oFê´qm|ch�x��9x�qmh�lÒ��ç�|9sÆ{\|Ul�n��1�Fh�{\|Fnro9och�vuvÅh'êi~�jmtbl q5|9h�vÝnbxyqe�9vÅt7{Ûè1t^j¼qmjénroFx�l�suq5qmh'ê�suoFêKhkæ
�Fh�oFêKh�o7qmvÅ�1�7sÆn1n��9jmhk�9jmt7{�hzxmxysÅo9�1l�hz{Û|Fn'o9sÆx�l êKsÅjmh'{�q5vu��~�jmt^l qm|ch�xyhkoFxyt^jm�´sÅo9�9�9qéxÛ�é�bn'oFê[n1xy�Fh'{¢s��Ö{�n'qmsÅtbo
tr~�qm|9h³{�t^oFxyq5j\n'suo7q\x�tbo�qm|9h³x��9x�qmh�l � x�{�n'�Fnr�csuvusÅqmsÅh'xYnroFê�qm|9hU|9sÅoFêKj\n'oF{�h'x�ç�sÅqm|9sÅo�qm|9hUh�o7�KsÅjmt^o9l�h�o7q��bt^j
h��7qmh�j5oFnrvÅvu�ØêKh��Fo9hzêÙj5�9vuhzx�q5|9h³xy�cxyqmhkl�l	�dxyq�tb�Fh��B��åi�cqm�9�9q×{�t^oFxysÝxyq\x�tr~�nro ��
 � ��
 ������
 q5t	�Fh1~��9v��dvuvuhzê
�K� qm|ch´o9h��7q��cvut7{\è��
ý�|9h�q5|9sujéêW�9vÅt7{ÛèUsÝx q5|9h �����+����/  '��
*���!��. {�hkoKq5jmh��f�ï}��é�bôfq=qmjénroFx�vÆn'qmh'x�sÅoKq5h�o7qmsut^oFx`~�jmt^l �1��suo7qmt×xysu�^oFnrvÝx
suo7qmh�odêKh'ê	q5t nb{\|9suh���h×qm|9sÝx��Kq5|Fnrq��Fn^xmx�tb�9q�tr~�qm|9hU�9jénrsÅo�qmt[q5|9h³nrq5qmjmsÅ�9�9q5h'x�tr~Yq5|9h³xy�cxyq5h�l �cjmt7êK�F{¢suo9�
h�o7�KsÅjmtbocl�h�o7q¼suo7qmh�jénb{�q5sut^o��KsÝnWq5|9hU�FxyhUtr~��^nrj5sutb�dx�nr�9�Fh�oFêcnr�bhzx�� � �cjmqm|ch�j�suo9�c�9q\xYqmt qm|9sÝx��9vÅt7{Ûè�{¢tbl�h
~�jmt^l3q5|9h[n'qmq5jmsu�c�9qmh'x�qm|ch�l�xyhkvu��hkx���suoK~�t^jml�sÅo9�[qm|ch´�9jénrsuoÏtr~Yq5|9h�sÅj1{��cjmjmhkoKq�x�q\nrq5h��Öý�|9h´t'��h�jénrvuvÖ�9vut7{\è7æ
vuh���hkv�ê7h'xm{�j5su�9q5sut^o�sÆx�sÅvuvu�dxyqmjénrq5h'ê�suo �F�b�cjmh³�K�
�ñsuq5|9suo�h'n^{Û|Ï�9vut7{\è�nrj5h[n xyh�q�tr~ ������0�. �(� �Jtr~Ü�bn'jmsÝnr�9vÅh´{¢tbl��9vÅh��7suq�� � qm|9sÝx¼sÆx�n	�^h�o9h�j5sÆ{1oFnrlØhb��{�tbocæ{�h�j5o9h'ê�ç�suq5|àêKs���hkjmh�o7qUnbx��Fh'{�q\x´t'~�q5|9h	~��9oF{¢qmsut^oFnrvÅsuq���t'~�qm|9h �9vÅt7{ÛèÖ�=òY� l�su�^|Kq×jmh'{�hksu��h[êcnrq\n�~�jmt^l
�KsÝxy�Fn'venroFê�q\n^{�qmsÅvuhUx�h�oFxyhzx��Öý�|9h³nrjmhznbx�suo�q5|9hU�9vut7{\è�{�t^oF{�h�j5o9h'ê�ç�suq5|�vut'ç�æJvÅh���h�vÖ�9jmt7{�hzxmxysÅo9� tr~YsÅoK~�tbj5æ
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� su�^�9jmh×� �cò¼oK�7suj5tbo9l�hkoKq¼lØt7êKh�vuvÅsuo9���fòY�ï�¼�9vÅt7{Ûè[t'~eqm|9h,þ�nro7�Fx�n'j\{\|9suq5h'{�qm�cjmh���x�|9t'ç�suo9�³l�t7êK�9vÅh'xYnroFê
suoK~�t^jml�n'qmsÅtbo�q5j\nrodx+~�h�j��Fh�q�ç�hkh�o�qm|9hUq�ç�t x�sÆêKh'x¢�

l�nrq5sut^o�tr~�h'nb{\|Ïxyh�odxytbj5��q��K�FhUh'n^{Û|�|dnz��hU�9j5h��9j5t7{�h'xmx�suo9�[lØt7êK�9vuhzx�qmt �9�9sÅvÆê	�c��qm|ch1sul�n'�bh1sÅoKq5t xyh�qéx
tr~F~��9oFêcnrl�h�o7q\n'v7xy|Fn'�Fh'x�� � j5tbl |ch�jmh�suo9�9�cq\x¼{�t^�9vÆêU�Fh��9jmt'�7sÆêKh'êUqmt1t^����h'{�q�{�vÆn^xmx�s��Ö{�n'qmsÅtbo $kjmh'{�t^�bo9sÅqmsÅtbo
l�t7êK�9vÅh'x���ç�|csÆ{\| {�tb�9vÝêW~��9jmq5|9h�j�xy�9�c�9vu�³suo9�9�cq\x ~�t^j�q5|9h�{�vÝnbxmx�s��Ö{knrqmsÅtbo³tr~=lØtbjmh�{�t^l��9vÅh��1tb����hz{�q\x¼{¢tbl�æ
�Ft�xyhzê´tr~Êxyh�qéx�tr~Öq5|9h��Fnbx�sÆ{�t^����h'{�q\x¢�bn^x�suo�ú¼nrodêKh�l�t^o9su�9l ôYùµ��h�vÆ�^�rÿ»�bý�|9h�suo9�c�9q\x¼n'oFê[tb�9q5�9�9q\xetr~Êxy�F{\|
l�t7êK�9vÅh'x�nrj5hUo9tbq1|ctrç�h���h�jõ{�tboFx�qmjénrsuoch'êÇq5tQ~�t^vuvut'ç qm|9sÝxix��Fh'{�s��`{�nrq5sutboÏo9tbj�sÆx�n[l�t7êK�cvuhU�9jmhk��h�oKq5h'ê �
�&�"������� ~�jmt^l&jmh'{�hksu�7suo9��sÅo9�9�9q1~�j5tbl nro7��tbqm|ch�jUl�t7êK�9vÅh��fnrvÅqm|9t^�9�b|àt^o9h	ç�tb�9vÝêïsuo
�bhko9h�j\n'v�êKh'xysÅjmhØn
êKt'ç�oKçõnrjéê �Ft'çñt'~=suo7~�tbjmlÙnrqmsÅtbo��é��ôfo�n^ê9êKsÅqmsut^o	q5t[{�vÝnbx5xys¶~��7suoc�UxyqénrqmsÝ{�t^����h'{�qéx���qm|9sÝx¼�9vut7{\è[sÆx¼h'ó��9su�c�`hzê
ç�suq5|ìn'oànr�9�cjmh'{�sÝnrq5sutbo
tr~�q5h�l��Ftbjénrv¼hk��h�oKqéx��=ý�|7�Fx1tboch�l�su�^|Kq×nrvÝxyt �FoFêïl�t7ê7�9vuh'x×{�tboF{¢h�jmo9hzêÞç�sÅqm|
êKh�q5h'{�qmsÅtbo tr~�l�tbq5sut^o�nroFê�q5|9h�o��9j5h'êKsÝ{�qmsÅtbo�t'~eqmj\n
��h'{�qmt^jmsÅh'xÜ~�t^vuvut'ç�h'êQ�7� tb����h'{�qéx��cô+oÙxy|9t^jmq�qm|ch�o=�Kq5|9h
l�t7êK�9vÅh'xWç�tbj5èìqmt^�bh�q5|9h�j[qmt�lØt7êKh�v�q5|9h�h�o7�7sujmt^o9l�h�o7qU�FxysÅo9�
xyhkoFxyt^jm�ìsÅoK~�tbj5l�nrq5sutboÊ�¼��q´qm|csÆx´�9vÅt7{Ûè
qmt�tc�9qm|9hU{¢tbo9o9hz{�qmsÅtbo��Fh�q�ç�hkh�o�qm|ch1q�ç�t[x�sÆêKhzx�tr~�qm|ch1�9j\n'suoÏnrvÅvut'çñ�9o9�cjmt7{�h'x5xyh'ê�x�h�oFxyt^jm��sÅoK~�tbj5l�nrq5sut^o
qmt[�FhUh��c{Û|Fn'o9�bhzê��9x�t[qm|Fn'q��`t^qm|�xysÆê7h'x�l�su�^|Kq�n^{�q�tbo�qm|ch´x5nrl�h,ê9nrqénK�Fý�|9h³òY���Fnrj5qit'~¼q5|9h1�9jénrsÅoÇsÝx
xy|9t'ç�oÏsuo �F�b�cjmh³�K�
ý�|9h�j5hUnrj5h1�^nrjmsÅtb�Fx�lØh'{Û|dnro9sÝxylØx�tbo9h×l�su�^|KqYh�o7�KsÝxmn'�bh�~�tbj�qm|ch1�1�&�9vÅt7{ÛèÖ�7ý�|9hU{�t^oFxyq5j\nrsÅoKqéx�n'jmhUqm|Fn'q
suq h�l��9vÅt'�ìnìx�h�q tr~³vuh'n'jmoFn'�9vuh�xyq5j\nrq5h��bsÅh'x[suoñqm|ch�nrodnrvu�cxysÝxQt'~�{��9jmj5h�o7q�x��9x�qmh�l $kh�o7�KsÅjmtbocl�h�o7q"$k�btBnrv
xyqénrqmhzx��¼n'oFêìqm|Fn'q[suq³h��^nrvu�dnrqmhØqm|9h�n'�9�9j5tb�9j5sÆnrq5h�o9h'x5xQt'~×n�xy�9�^�bh'x�qmh'êàêKhz{�sÆx�sutboî�FxysÅo9��èKoctrç�vÅh'êK�^h�tr~
qm|9h×h�oK�7suj5tbo9lØh�oKq�suo�òY�ì�9x�t[qm|Fn'qisÅq�l�sÅ�b|7q��mvut�t^è�nr|ch'nbê�� n[{�h�j5q\n'suo�o7�9l �`hkj¼tr~Üxyq5h��Fx��Fn'oFê��9jmhzêKsÆ{�q
{�tbodxyh'ó��9h�oF{¢h'x	tr~³sÅq\x	sÅoKq5h�oFêKh'êñn^{�qmsÅtboFx¢���1� l	�Fx�q�n'vÆx�t$j5h'{�h�sÅ��h�suoK~�t^jml�n'qmsut^oñn^xÙq5tàqm|9h
x��F{�{�h'x5x
tbj	~»n'suvÅ�9jmh�tr~�nìx�qmjénrqmhk�b��$'xyhkjmsuhzx	tr~³l�t'��h'x¢�¼ý�|9sÝx�{�nroíq\n'è�h�qm|ch�~�tbjml t'~´�cjmtb�^jmh'x5x�l�tbo9sÅqmt^jmsuoc��suo
nrq5q\nrsÅo9suoc�
n��bt�n'v�tbj qmsÅl�h xy�Fh�o7q xyh'n'j\{\|9suoc��h�qé{b�¼�1� xy|ctb�9vÝê |dnz��hØqm|9h�{knr�Fn'�9suvÅsuq��ït'~U{\|Fn'o9�bsÅo9�
n
xyq5j\nrq5h��b�î�fêKh �Fo9h'ê��`hkjm|Fn'�FxUnbx1n�x�h�jmsÅh'x�tr~õxy�9�cæJ�^t�nrvÝxÛ���Fh�~�tbj5h[qm|9h³�btBnrv¼|Fn^x1�`hkh�o�n'qmq\n'suo9hzê��`s¹~Ysuq×o9t
vut^o9�bh�j�sÆxYqm|9h1t^�9qmsÅl�nrvFt^o9h �fêK�9h×qmt {\|Fnro9�^h'x�sÅo�qm|ch1h�o7�KsÅjmtbocl�h�o7q¼h�q\{^�¶�\�B� xysÅl��9vuh�{¢tbo9o9hz{�qmsÅtbo�l �Fxyq
h��7sÆxyq��Fh�q�ç�h�hko�vuh�~�qUn'oFê�jmsu�^|Kq×|FnrvÅ��h'xisuo�t^j\êKhkjWq5|FnrqUq5|9h[suo7qmh�o7qmsÅtboFn'v�t^�9qm�c�9qUsÆxiq5|9h�x5nrl�h³tbo
�Ftbqm|
xysÝêKh'x��Öý=tÇj5h��9j5h'xyh�o7q×xy�F{\|
n	l�h'{\|Fn'o9sÆx�l�ç�h³�`tBxyq5�9vÆn'qmhØn �é��nbx�qmh�j �Ùq5|Fnrq×jmh'{�hksu��h'x�q5|9h xy�9�^�bh'x�qmsÅtboFx
~�jmt^l h'nb{\|�xysÝêKh×nroFê��cêKh��Fh�oFê7suo9�³tbo�q5|9h1{¢�9jmj5h�oKq�x�q\nrq5h1tr~�ê7tbl�sÅoFnroF{¢h�tr~eh�sÅqm|9h�j�x�sÆêKh³�Jt^j�xyt^l�h�tbqm|ch�j
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� su�^�9jmh 6 �^�ih'{�sÝxysÅtbo´lÙnrè7suo9�U�»�1�ï���cvut7{\èWt'~Öqm|9h��9j\n'suo=�^xy|9t'ç�sÅo9�1l�t7êK�cvuh'xenroFê´�FtBxmxysÅ�9vuh�suo7qmh�jé{�tboco9h'{�æ
qmsÅtboFx�ç�sÅqm|ÏòY�ì�

{�tblØ�Fnrj5sÆxyt^o��9jmt7{¢h'êK�9j5hb��jmh��9vÅsuh'x�ç�suqm|
qm|ch	sÅoKq5h�oKq5sut^o�qm|Fn'qWl �Fx�q1�Fh	�Fx�h'ê
nroFêï�dnbxmx�h'êït^oìtbo
�Ftbqm|
xysÝêKh'x��Öý�|9h�j5h nrj5h nrvÆx�tÏ{�tbo9och'{�qmsÅtboFx��`hkqyç�h�h�o�q5|9h[x�sÆêKh'x�qmt�h'ó��FnrvÅs���h³qm|9h[�^t�nrv��9oFêKh�jéxyq5t�t7êïtbo
�Ftbqm|
xysÝêKh'x��ÊnroFê
n�{�tbo9och'{�qmsÅtbo
l�n��ÏnrvÆx�t��`h �Fx�h'êÞq5t�qmj\n'oFxylØsuq1sÅoK~�tbj5l�nrq5sutbo�nr�Ftb�cq[qm|9h x�qmj\n'qmh��^suh'x1�Fx�h'ê
nroFê�vuh'n'jmo7q1�»xyh�hU�Fh�vut'ç1�é�Fý�|9h³êKh'{�sÝxysut^o�l�n'èKsÅo9�[�9vut7{\ècx�nrj5h[x�|9t'ç�o�suo �F�^�9jmh 6 �
ý�|9h�qm|9sÅj\ê[�9vut7{\è[n'vÆxyt�{�tbodxysÆx�q\x¼tr~ n´x�h�jmsÅh'x�tr~Êl�t7êK�9vÅh'x��Bý�|9h�� nrj5hihznb{\|[jmh'x��`t^oFxysÅ�9vuh�~�tbj�h��Öh'{�q5suo9�1q5|9h
suo7qmh�o7qmsÅtbo�~�j5tbl qm|9hØ�1� �7��l�t'�KsÅo9��vusÅl	�dx����FjmsÅo9��l�t^qmt^j\x��=l�t'�7suo9�Øh���h'x��Öh�q\{b�e� q��K�9sÝ{�nrv�l�t7êK�9vÅh
l�su�^|KqUj5h'{�h�sÅ��h	sÅo9�9�9q´~�j5tbl �1� xy�Fh'{¢s¶~��7suo9��êKh'{�sÝxysut^oàtr~×l�tbq5sutboÊ�¼nrodê q5|9h�l	�dxm{�vÅh	�Fh�sÅo9�
{�tbo7qmj5tbvÅæ
vuh'ê�sÅoK~�tbj5l�suo9�[sÅq�tr~Yq5|9h[{¢�9jmj5h�oKq�x�suq5�Fnrq5sutboÊ��ý�|9hkjmhUh��7sÆxyqéxin {�t^�9�9vusÅo9� �`hkqyç�h�h�o�jmhzxy�Fh'{�q5su��h1l�t7ê7�9vuh'x
{�tbod{�h�jmoch'êïç�suq5|í{�tbj5jmh'x��`t^oFêKsÅo9�ìn'qmq5jmsu�c�9qmh'x´t^oàh�suq5|9h�j[x�sÆêKh�t'~1q5|9h�jmtb�Ft^q���xyt�qm|dnrqØn�{�t�tbjéêKsuoFn'qmh'ê
l�t'��h�l h�oKq�l�n����`h vuhznrjmo7q��Öý�|7�FxUnÙlØt7êK�9vuh³l�n����`h[sÅoK~�tbj5l�h'ê�tr~�sÅq\xioch�su�^|K�Ftb�cj��µxUx�q\nrq5h�n'oFê
{�tbj5æ
jmh'x��FtboFêKsÅo9�[l�t7êK�cvuh'xYl�n��[vuh'n'jmo�q5t[ç�tbj5è	q5tb�^h�qm|9hkj�qmt nb{\|9sÅh���h1n[{¢t�tbj\ê7suoFn'qmh'ê�l�t'��h�l h�o7q��^ô+oØtbj\ê7h�j
qmt[h�odnr�9vÅh1vuh'n'jmo9sÅo9�9�7�bh�och�j\n'v=xysÅ�boFn'vÆx�êKhko9tbq5suo9�[q5|9hUxy�d{�{�h'x5x�tbj�~»nrsÅvu�9j5h1tr~Ün´l�t'��h�l h�o�qYn'jmh³n��bn'suvÝnr�9vÅh
~�jmt^l�n´q��7�`h×tr~�jmh�sÅoK~�tbjé{�h�l�h�o7qel�h'{\|Fnro9sÝxyl��'ç�|9sÝ{Û| l�n��[suo	~»n^{�q�suodêKsÆ{�n'qmh�qm|9h×jmtb�Ft^qi|Fn^x�{�j\n^xy|9hzêÙt^j
~»nrvÅvuh�o�ê7�9hUqmt suoF{�t^jmj5h'{�q�{¢t�tbj\ê7suoFn'qmsut^oì� �F�b�9j5h[���\�
ý�|9h�l�t7ê7�9vÆn'jmsuq���t'~×n�þ�nro7�Fx[nrjé{Û|9sÅqmh'{¢qm�9j5h[�`hkjml�sÅq\xUnrvÅl�t�x�qWsÅoFêKh��Fh�odêKh�o7q[êKh���hkvutb�cl�h�o7qit'~�suq\xU�^nræ
jmsÅtb�Fx��9vÅt7{Ûècx��cnroFê�l�t7ê7�9vuh'xYç�suq5|9suo�q5|9h1�9vÅt7{Ûècx��c��t7êK�9vÅh'x�l�n��[�Fh´n^ê9êKh'ê��^j\nbê7�FnrvÅvu���9q5t nrvuvÅt'çñl�tbj5h
{�tblØ�9vuh����Fh�|dnz�7sut^�9j qmtînrjmsÝxyh�~�jmtbl h'n^{Û|àt'~Uqm|9hÏ�9vut7{\ècx��Ynrodê$qm|ch�xy�cxyq5h�l!l�n��
�bj5trçëç�sÅqm|9sÅo$q5|9h
~�j\n'l�h�ç�t^jmèØnroFê�{�t^oFxyq5j\n'suo7q\x�tr~ �F�b�9j5h[�7�
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þ�nro7�Fx1ôYsÆx�n �Fj\x�qUxysÅl��9vÅh1h��7�9vut^j\nrq5tbj5��n'qmq5h�l��9q�n'qi�9�csuvÆê7suo9�Øn�xy�cxyq5h�lëç�suq5|�n þ�nro7�Fx1nrjé{Û|csuqmhz{�qm�9j5h��
þ�nro7�Fx´ô�h��7sÆx�q\x1suoînroìhkoK�7suj5tbo9l�hkoKq�t7{�{¢�9�9suhzêÞ�7�
nrq³vuh'n^xyqUtbo9h tbq5|9h�j³tb����h'{�qk�=nrodêïç�|9sÆ{\|�sÆxUn�qyç�t
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� su�^�9jmh
� ����tbqmt^j�{�t^oKq5jmt^v	�»�ï}�� �9vut7{\èüt'~ qm|9h
�9j\n'suo=��ý�|9h
l�t7êK�cvuh'x�{¢tbo7qmjmt^v³êKs��Öh�j5h�oKqØ�9|K�cxysÝ{�nrv
nr�9�Fh�odê9nr�^h'xiç�|9sÝ{Û|�lÙnz�Øn��Öh'{¢q�qm|9hUh�o7�KsÅjmt^o9l�h�o7q���n'oFêÇl �Fx�q�{�t�t^j\êKsÅoFnrq5h´tbo�q5|9hUqyç�t�x�sÆêKhzx��

êKsulØh�oFxysÅtboFn'vÖxy�Fn^{�h��9ý�|ch1h�o7�KsÅjmtbocl�h�o7q¼l�t7êKh�vÅvusÅo9�U�9vut7{\è�{¢tbl��9j5sÆx�h'x¼tbo9vÅ�	�7sÆx��FnrvÖsuoK~�t^jml�n'qmsut^o=�b~�jmt^l
ç�|9sÆ{\|àsÆx êKh�j5su��h'êìqm|ch�jmhz{�tb�^o9suq5sutboítr~³x�sul��cvuh�t^o9h�êKsÅl�h�oFx�sut^oFnrv�t^����h'{�q\x nrodê$l�t'��h�l�h¢o7q��e��q[q5|9h
o9h��7qUvuh���h�vÜn�l�t7êK�9vÅh	sÝxWsuo7��tbvÅ��h'êÇç�sÅqm|ìvÅh'nrj5o9suoc��qm|ch�l�tbq5sut^oït'~Ux��F{Û|îtb����h'{�qéx��eôfoìqm|ch��1� �9vÅt7{Ûè
qm|9h��^t�nrv�{¢tboFx�sÆxyqéxQt'~U{knrq\{\|9sÅo9�
n��Fnrj5qmsÝ{��9vÆn'j[tb����h'{¢q´suoàq5|9h�vuh'n^xyq´o7�9l �Fh�j´t'~Ux�qmh��Fx¢�Yý�|9h�j5hÇh��KsÝxyq\x
n�x�qmj\n'qmh��^�ïvÅh'nrj5o9suoc��l�t7êK�cvuhØnroFêìn�l�t7êK�9vÅh	q5|Fnrq³h��^nrvÅ�Fnrq5h'x´x��9�b�^h'xyq5sutbodxQ�Fx�suo9�Ïvut�t^èKæ»nr|9hznbêï~�jmt^l
qm|9h³l�tbq5sut^o9æJvÅh'nrj5o9suoc�[l�t7êK�9vÅh'xin'�Ftr��h�nroFê��7���bh�och�j\n'qmsuoc�	o9hkç sul�n'�bsÅoFnrj5��h�o7�KsÅjmtbocl�h�o7q�xyqénrq5h'x��Önbx
ç�n^x�êKtboch�suoðú¼nrodêKh�l�t^o9su�9l ômô�ù ��Bl�sÆû^ûb��� �Uû^�rÿf��ý�|9h�êKh'{�sÝêKh'êìsuo7qmh�o7qmsÅtboàsÆx[�Fn^xmxyhzêüqmtìq5|9h��ï}
�9vut7{\èìç�|9sÝ{Û|í{�t^oKqénrsÅoFx	n�l�t7êK�cvuh
�Jt^j�x�h�q	t'~Ul�t7êK�cvuh'x�ù ���l�sÆ�^��ÿJ�Usuo7��tbvÅ��h'êïç�sÅqm|ñ{¢t�tbj\ê7suoFn'qmsuoc�ïvÅh��
l�t'��h�l h�oKqéx�q5t��9j5t7êK�F{�hÏn�ç�nrvÅèKsÅo9��n^{�qmsÅtbo=� � su�^�9jmh � xy|ctrç�x[n'vuv�qm|9h'x�h	�dnrjmqéx´qmt^�bh�q5|9h�j���nroFêìq5|9h�suj
l	�cqm�Fn'v�{¢tbo9o9hz{�qmsÅtboFx¢�Yý�|9h��9vut7{\è9x[n'jmh�êKh'xm{¢jmsu�Fh'ê
suoàl�tbj5h�êKh�qénrsÅv��`hkvut'çU�¼ý�|9hÏq\n^xyèìt'~Uqm|9h�j5tb�Ftbq
sÆxUqmt
{�n'q\{\|ün'oàtb����h'{�q³suoìq5|9h�h�o7�KsÅjmtbocl�h�o7q��Öý�|9sÆx´t^����h'{�q´lÙnz�
l�t'��h nrodê q5|9h�jmt^�`t^q	sÝxWj5h'óD�csujmhzê
qmt�vÅh'nrj5oìqm|9sÝxWl�t'��h�l h�o7q��Ö�O~��9j5qm|9h�j³jmt^�`t^q {�nr�dnb{�sÅqy�
sÆxUqmt ���'�)�(�'� qm|9hÏx�qmj\n'qmh��^����ç�tbj5èKsÅo9��t^o$q5|9h
jmh�sÅoK~�tbjé{�h�l�hkoKq�suq1j5h'{�h�sÅ��h'x�nr�Ftb�cq´qm|ch[vuh�o9�^qm|
tr~�qmsÅl�h´qénrè�h�o�q5t�jmhznb{\|�qm|9h tb����h'{¢q��Öô+q,êKt�h'x1qm|9sÝx1�K�
xyq5tbjmsÅo9��sÅqiq5tb�bhkqm|9h�j×ç�suqm|Ïqm|9h  �. ���'��� �  '���+����
 � � ����� ����2���� ��
 � tr~�qm|9h³tb����h'{¢qisÅo�n	o9hk�9j\n'v¼l�t7êK�9vÅh��
ý�|K�dx�q5|9h´j5tb�Ftbq1lÙnrè�h'x�êKhz{�sÆx�sutbodxin'oFê�{\|9t�t�x�h'x1x�qmj\n'qmh��^suh'x��Fn^xyh'ê�t^o��Fnbx�qih��7�Fh�jmsÅh�oF{�hB�9nrvÅqm|9t^�9�b|�sÅq
xyq5suvuvF|Fn^x�q5|9hU{�n'�Fnb{�sÅq��[qmt[{\|9t�tBxyhUo9h�çðxyqmjénrq5h��bsÅh'x�ç�|9hko�qm|9h�~»nrl�sÅvusÆn'j¼tboch'x�êKt[octbq�ç�tbj5è��7ôfo�qm|ch �Fj\x�q
sul��cvuh�l h�o�q\n'qmsÅtbo�q5|9hØxyqmjénrq5h��bsÅh'x´n'jmhØxysulØ�9vu��qm|ch	o7�9l �`hkj1tr~õvut�tbè7æ»nr|9h'n^êàxyqmhk�Fx´{�t^oFxysÝêKh�j5h'ê��K��q5|9h
jmt^�`t^q��FsuoÏ{\|9t�t�x�suo9� qm|9hU�Fh'x�q�o9h��7q�xyqmhk�=�
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ý�|9h�jmh'{�t^�bo9sÅqmsÅtbo tr~�nWt^o9hUêKsÅl�h�oFx�sut^oFnrv7tb����h'{¢q�lÙnz��xysÅl��9vu�U�Fh1j5h��9jmhzxyh�o7qmh'ê[n^x�q5|9h1{¢vÆnbx5xys��Ö{�nrq5sut^o�tr~
suqéxõ~�j5h'óD�ch�oF{��Ïxy�Fh'{¢qmjm�cl � ç�|9sÝ{Û|�l�n���n'vÆx�t��Fh xysulØ�9vuh��9�c�9q1l�n����^nrj5��sÅo
nrl��9vÅsuq5�FêKh³nb{�{¢tbj\ê7suo9��q5tsuqéx�êKsÆx�q\nrod{�h[n'oFêÇsÅoÇ�^h�o9h�jénrveqm|9j5tb�9�^|�o9tbsÝxyh��Fý�|7�Fx�qm|9sÝx�lØt7êK�9vuh×l�n���n'vÆxytØ�`h³�Fxyhzê�nbx�n[�9jmt
�7sul�sÅqy�
tr~��btBnrvYsuodêKsÆ{�n'qmt^j��=���F{\|�vuh'n'jmo9sÅo9��nbx1q5|9sÆx1{knro��Fh[suo9sÅqmsÝnrqmhzêÇ�7��nro7���dnrqmq5h�jmo
{¢vÆnbx5xys��Ö{�nrq5sut^o�qy�7�Fh[tr~
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� su�^�9jmh � ��ý�|9h�x��`hz{�s��Ö{�x�qmj5�F{�qm�cjmh�tr~Êqm|9h��cvut7{\è9x ~�t^j�þ�nro7�Fx¼ô\�bç�|9sÝ{Û|[�Ft�x5xyh'x5xyh'xYnUþ�nro7�FxYnrjé{Û|csuqmhz{�qm�9j5h��
ý�|9h³êKh�qénrsuvÝx�tr~�qm|9hUl�t7ê7�9vuh'x¢�9n'oFêÇq5|9h�suj�x��Fh'{�s��`{�~��9oF{�q5sut^oFx��F{�n'o��`h�êKh���h�vÅtb�Fh'ê	q5tb�9æ»êKt'ç�o=�
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o9h��9jénrv¼och�q�ç�tbj5èà�yå×w1�\�=��q1qm|csÆxUxyqénr�bh qm|ch	t^����h'{�q1l�t^qmsÅtbo
êKh�q5h'{�q5tbj1l�n����Fh�n^xmx��9l�h'ê
nroFê�sÆx ���Fx�q
suoFê7sÆ{�n'qmh'ê[suo �d�b�9j5h � �7�Øn´�9vÆn^{Ûè7æJ�Ft
� l�t7êK�9vÅh1���´�c��tbq5sutbo��9j5h'êKsÝ{�qmt^j\xi�»��ú��Ynrj5h³êKs��Öh�j5h�oKqYt^oÇq5|9h
q�ç�tÏxysÝêKh'x1tr~�q5|9h	�cj\nrsÅo=��å�oìq5|9h	vÅh�~�q1q5|9h	lØtbqmsÅtbo�t'~×nroìt^����h'{�q1sÝx ��
 ��. � �)� � �=suo
qm|ch�x5nrl�h[��h�sÅo
nbx
suo�ú�nroFêKhkl�tbo9sÅ�9l ômô�ù ���lØsÆûbû��c� �Wû^�bÿf�cý�|Fnrq�sÝx��Kq5|9hUvÆn^xyq���êKsÝxy�9vÝnb{�h�lØh�oKqéxYnroFê�{\|Fnro9�^h'x�tr~Ünro9�^vuhUtr~
n�l�t'�KsÅo9��tb����hz{�qUnrj5h�n^xmx�t7{�sÆn'qmh'êïç�sÅqm|
qm|9h o9h��7q�������� �'� q5| �eêKsÆx��9vÆn^{�h�l�hkoKq�n'oFêì{\|Fnro9�^h	t'~�n'o9�bvÅh��
�FxysÅo9��n	och��9j\n'v��dnrqmq5h�jmo
n^xmx�t7{�sÆn'qmtbjk��å�o�qm|9h³jmsÅ�b|7qiq5|9h[qmjén���h'{�q5tbjmsÅh'x�tr~�t^����h'{�q\x×nrjmh³vuh'n'jmo7qiq5|9jmt^�9�b|
l�sulØsu{mè7suoc�9�b�Fx�suo9�[j5h'{��9j5jmh�o7q�och�q�vÅh'nrj5o9suo9�Ïùµg�|9h'ûb�7�Fú�h'n^ûbû9� ���Öû^ûbÿf�cý�|K�Fx�lØtbqmsÅtbo�sÝx�o9tbq��cjmh'êKsÝ{�qmhzê
qm|9j5tb�9�^|ñn'oFnrvÅ�9x�sÆx[tr~U�9j5h'{�h�hzêKsuo9�
x�qmh��dx��¼�9�9q j\n'qm|9hkj[qm|9j5tb�9�^| {�tbo7qmsÅoK�Fn'qmsÅtboàtr~Uq5j\n���hz{�qmt^jmsuhzx´�FxysÅo9�
{�tbo7qmh��Kq5�FnrvYsuo7~�tbjmlÙnrqmsÅtboàx�qmt^jmh'êìqmhkl��Ftbj\n'vuvÅ���=ôfq´l�n����Fh�o9t^qmh'êìq5|Fnrq[q5|9h�jmsÅ�b|7q[x�sÆêKh�lÙnz��ç�h�vuvY�Fh
�Fh�qmq5h�j�nrq��9jmhzêKsÆ{�q5suo9��xyl�t�t^qm|Ïl�tbq5sutboØqm|Fn'o�qm|chWvÅh�~�q�xysÝêKh��7ç�|9sÆ{\|�ç�suvuvÖsuqéxyh�v¹~e�`h³�bt�t7ê�n'q1x��9�b�^h'xyq5suo9�
nrvÅqmh�j5oFnrq5su��h'x¼ç�|9h�oÙn´l�tbq5sutbo sÆxYsuj5jmh��^�9vÆn'j�� � �9jmq5|9h�jmlØtbjmhB�bqm|9h×jmsu�^|KqõxysÝêKh1l�n��´|dnz��h�l�t^jmh×xy�F{�{¢h'xmxYsuo
êKsÆx�qmsÅo9�b�9sÝxy|9sÅo9�[l�t^qmsut^oFx�ç�|csÆ{\|ÇlÙnz� �Fh³xysulØsuvÆn'jYsuoÏxyt^l�h1�Fn'jmq\x��9�9q�o9t^q�suo�tbq5|9h�j\x¢�
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ý�|9hØxy�cxyqmhkl�|Fn^xWqmt�l�n'è�h[n'qWhznb{\|ìx�qmh��
nÏêKh'{�sÝxysut^o
nbx1qmtÏç�|9sÆ{\|
êKsÅjmh'{�q5sut^o�suq1ç�sÝxy|9h'x1q5tÇlØtr��h³suo=�
ý�|9h´�^t�n'v¼sÆx¢��n^x1xyqénrqmhzê�nr�Ft'��h��Fqmt�j5h'nb{\|�q5|9h´�cjmh����Fý�|ch[{�t^oFxyq5j\nrsÅoKqéxitboÏqm|9h[lØtbqmsÅtbo�tr~Üqm|9h�xy�cxyqmhkl
l�n��[�Fh,~�t^j�h��cnrl��9vÅhiq5|Fnrq�suqõ{�nro�t^o9vu��lØtr��h�suoÙxyl�t�t^qm|Ï{��9j5��h'x��7j\nrq5|9h�j�q5|Fnro�suoÏn'oK��ê7sujmhz{�qmsÅtbo=��tbjk�
s¶~ÖsuqY|Fn^xYnW�^nrj5sÆnr�cvuh�xy�Fh�hzê���qm|Fn'q�suq�l	�Fx�q��m�^t´q5|9jmt^�9�b|�q5|9h��bh'n'j\x �7�7ý�|9h�jmh�l�n��³nrvÝxyt´�Fh�h�o7�KsÅjmtbocl�h�o7q
{�tbodxyqmjénrsÅoKqéx��7xy�F{\|Ønbx�t^�Fxyqénb{�vÅh'x�t^j�|9tBxyq5suvuh�tb����hz{�q\x¢��ôfoQ~»n^{�q�q5|9h1{¢tbl��9vÅh��7suq��1tr~eq5|9sÆx¼q��7�`h�tr~e�cjmtb�cvuh�l
l�n��[�Fh´�^nrj5suh'ê���h�j5�	h'n^xysÅvu���
g�su��h�oUqm|ch�{�tboFx�qmjénrsuo7q\x�nroFê´q5|9h�{��cjmjmhkoKq�xyqénrqmh�t'~Êxy�cxyqmhkl $��9j5h��1sÅo´qm|ch�h�o7�KsÅjmt^o9l�h�o7q��knroFê´�9j5h'{�h�hzêKsuo9�
h�o7�KsÅjmtbocl�h�o7q`~�j\n'l�h'x¢��qm|9h��1��l�n'è�h'xen1xy�9�^�bh'x�qmsÅtboØnbx¼qmtUnUx��9suqénr�9vÅh�o9h��7q¼l�t'��h��ký�|9h�nb{¢qm�Fn'v�ê7h�q\n'suvÆx
tr~Yq5|9h[ê7h'{�sÆx�sut^o�l�h'{\|Fn'o9sÆx�l sÝxin�x��9����h'{�q�~�t^j1jmhzxyh'n'j\{\|=�FnroFê�oct�xy�Fh'{�s��Ö{1jm�9vÅh'x�nrjmh³vÆn'sÆê�ê7trç�o�|ch�jmh��
�9�9qUsuo
tbjéêKh�j³qmt��bh�q�nÙ~��9odê9nrl�hkoKqénrvuvÅ�ÏêKs��Öh�j5h�oKq×�`hk|Fn��KsÅtb�9j³ç�suqm|
jmhzxy�Fh'{�qUqmt�êKh'{�sÝxysÅtbo�l�n'èKsÅo9��tbo
vuh�~�qõnroFê�j5su�b|7q�xysÝêKh'x¢�Ksuq�sÆx�x��9�b�^h'xyq5h'êÇq5|Fnrq�x�qmj\n'qmh��^�	~�tbj5l�nrq5sut^o�n'oFê�vuh'n'jmo9sÅo9� xy|ctb�9vÝêÇê7s��Öh�j��Få�oÇq5|9h
vuh�~�q,xysÆê7hQ~�t^jml�n'qmsut^oït'~×n�xyqmjénrq5h��b�
suo7��tbvÅ��h'x�q5|9h �9suh'{¢h�ç�sÆx�h´~��FxysÅtboìt'~�xy�c�9æJ�^t�n'vÆx��YòYn^{Û|îxy�9�cæJ�^t�nrv�sÝx
nbx5xyh'x5xyh'êÏnroFê�n^{�{�tbjéêKsuoc�	q5t�n[jmh�sÅoK~�tbjé{�h�l�hkoKq�xysÅ�boFn'v�t'~�xyt^l�hUèKsÅoFê�suqéx�ç�tbjmq5|�sÝx�j5h��KsÝxyh'êÖ�9ý�|9h�xmnrlØh
�bt�h'x�~�tbj�qm|ch´n^xmx�h'xmx�l�h�o7q�tr~�{�tbl �9suodnrqmsÅtboFxYtr~�x��9�9æ��btBnrvÆx¢� }Yt^oK��hkj\xyhkvu���7tbo�q5|9hUjmsÅ�b|7q�xysÆê7h´n xyq5j\n'qmh��^�
{�tbodxysÆx�q\xit'~�qm|9h {�t^oFxysÝêKh�jénrqmsÅtbo ���Fx�q1tr~�q5|9h´�^t�nrv»�enroFê�o9tÙxy�9�9æ��btBnrvÝx��eý�|9h[ç�t^jmq5|�tr~�qm|9h x�qmjénrqmhk�b��sÝx
���FêK�^h'ê�n^x1nQç�|ctbvuh�nroFê�vuh'n'jmo7q1n^xin[ç�|9t^vuh��Öôfq�l�su�^|Kq�n'vÆxyt �Fh[x��9�b�^h'xyq5h'ê�qm|Fn'q1{¢tbl��9vÅh�qmh,xyqmjénrq5h��bsÅh'x
suo9sÅqmsÝnrvuvÅ�[�Fh´�bhko9h�j\n'qmh'ê�t^o9vu��tboÏqm|9hUvÅh�~�q��cnroFê�ç�|9h�o�{¢tboFx�qmjm�d{�qmh'ê��Fh´vÅh'nrj5oKq�tboÏqm|9h³jmsu�^|KqU���9�9q�n^x1n
ç�|9tbvÅhUj\nrq5|9h�j�q5|FnroÏsuo��Fnrj5q\x�nbx�tboÏqm|9hUvuh¢~�q��\�
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þ�nro7�FxYô�sÆx¼�^su��h�o[q�ç�tUvÅh���xYnrodê	o9tbq�n³xyh�qYtr~Êç�|9h�h�vÝx ~�tbjõn1��h�jm��xy�Fh'{�s��Ö{�j5h'nbx�tbo=�7òYnb{\|ØxysÆê7h1{�t^oKq5jmt^vÆxYn
vuh��,nroFê´t^o9vu�³qm|9j5tb�9�^|�{�t�t^�Fh�j\n'qmsut^o�nrodê	{�t�t^j\êKsÅoFnrq5sut^o	t'~�q5|9h�xysÝêKh'x�ç�sÅvuv7suq¼�Fh��Ft�x5xysÅ�9vuh�~�tbj¼q5|9h�ç�|9t^vuh
qmt³l�t'��hU�Jo9t^qmhUqm|9sÝx�êKt�hzx�o9tbq�l�hznro qm|9hUx�sÆêKhzx��7nr�9q5tbo9t^l	� sÆx�êKsulØsuo9sÝxy|9h'êF�\�^ý�|9hUjmtb�Ft^q�sÆx�x��9�9�Ftbj5qmh'ê
�K� q�ç�t³vuh��Bx��9n'oFê��9o9vÅh'xmx�q5|9h1vuhk�´l�t'��h�l�hko�q\x¼n'jmh³{�t�tbjéêKsuodnrqmhzêÙq5|9h1j5tb�Ftbq�ç�suvÅv`hksuqm|ch�j�vÅt�t�xyhU�Fn'vÆn'oF{�h
nroFêï~»n'vuv�t^j[h���h�oì�Fh�j�~�tbj5l!n�jénroFêKt^l!ç�n'vuèÖ�¼ý�|7�Fx´qm|chÇj5tb�Ftbq[|dnbx[qmt�vuhznrjmoîo9tbq[t^o9vu�ìq5t��9jmt7ê7�F{�h
vuh��Ïl�t'��h�l h�o�q\xiç�|csÆ{\|ïl�t'��h[sÅq´suo nÇ�Fn'jmqmsÝ{��9vÝnrj[ê7sujmhz{�qmsÅtbo=�=�9�9q�nrvÝxyt�qm|ct�xyh�q5|Fnrq�nrjmhØ�`tBxmx�su�9vÅh��¼ôfo
ç�n'vuè7suo9�c�Ktboch,~�t�t^qisÝx�n'vuç�n��cx�suo�{¢tbo7q\nb{¢q�ç�suqm|�q5|9h1�bj5tb�9odê���n'oFê�qm|9sÝx�vuh���nb{�qéx�nbx�n´�9su��t^q��cý�|K�Fx�t^o9h
{�nroco9tbqUç�n'vuè�h�sÅqm|9hkjiç�sÅqm|
�`t^qm|ï~�hkh�q1tbo
qm|ch	�^jmtb�coFêïtbjUç�sÅqm|
�`t^qm|�~�h�h�q1t
�íqm|9h �bj5tb�9oFêÖ��p�tbjUsÆxisÅq
xyqénr�9vÅh,~�t^j��Ftbqm|�vÅh���x�q5t[|9h'n^êÇsuoÏêKs��Öh�jmh�o7q�ê7sujmhz{�qmsÅtboFx¢�
�1x[n�xysÅl��9vÅh�x�q\nrj5qmsÅo9���Ftbsuo7q��Yþ�n'oK�dx	ô1l�n��
|Fn���h�n���h�jm�
�Fn^xysÆ{�n'oFê$|9sÅ�b|9vÅ�ì{¢tboFx�qmj\n'suo9hzê çõnrvÅèKsÅo9�
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ôfo9sÅqmsÆn'vÖxyq\n'qmh ��qénr�9vÅhWlØtr��hkl	h�o�qéx
���F�¶�9� � � �b�¶�c�\���+,¼�b�¹�9�\�=�»wW�^�¶�9�é�=�y�F� � �r�é�=�y�F� wW�'�\�����F� ,¼�'�\�e�y�F�¹�9�
� � �b�¹�9� �y�d� � �'�\�����F� � �D�\�=���F�µw��D�
���F� � �'� � � �b�¶�c�\��� � �K�¹�9�\�=�+,=�K�¹�9�

ý�n'�9vuhî� ��ú�t�x5xysÅ�9vuhÏxyqénr�9vÅh�vÅh��ïlØtr��hkl	h�o7q\x¢�=�bsu��hkoün
xyqénrj5qmsuoc�ì�Ft�xysÅqmsÅtbo=���3o7�9l �`hkj´suodêKsÆ{�n'qmh'x´q5|9h
vuh�oc�bqm|�t'~¼q5|9h³xyqmj5sÆêKhB�

xy�cxyq5h�l���xytàqm|Fn'q�sÅq�l�su�^|KqØ|Fn���h�l�tbj5h
{Û|Fn'oF{�h�t'~[�bhkqmqmsÅo9�àsuq�jmsÅ�b|7q��JlØtbjmh
{¢tbl��9vÅh��àvut7{�t^l�tbq5sut^o
xy�cxyq5h�l�x�l�n��Çt'~�{�t^�9j\x�h	�Fh �9�9sÅvuq1�9��hznbxysÅvu��nrjmt^�9oFêìx��F{\|
nÙlØt7êK�9vuhB�`t^jWj5h��9vÝnb{�sÅo9��suq¢�\�=ý�|ch	j5tb�Ftbq
{�nroÏn'vuç�n��cx��Fn'vÆn'oF{�hUtbo�suqéx�~�h�h�q��Jt^ji�Ft7ê9x\�\�Fò¼suq5|9h�j�vÅh��´sÝx�{�t^oFxyq5j\nrsÅo9h'ê�qmt[lØtr��h�suoØtbo9hUtr~�qm|chWq5|9jmhkh
êKsuj5h'{�q5sutbodx�vÅh�~�q[��,���j5su�b|7q[�»w,��n'oFê�~�tbjmçõnrjéê9x[� � �é��,�h�~�qUn'oFêÞj5su�^|Kq³nrj5h êKh��Foch'ê��K��nroînro9�^vuh[q5tÇq5|9h
~�tbj5ç�nrjéêàêKsuj5h'{�qmsÅtbo=��nroFêàl�n��
nrvÝxyt
�`hÏ{\|Fnroc�bh'êínbê9n'�9qmsÅ��h�vu�
�K��~��9q5�9jmh�l�t7êK�cvuh'x¢�¼ý�|9hÏxyqénr�9vÅh�h�oFê
�Ft�xysÅqmsÅtboFx�t'~�n´ç�nrvÅèKsÅo9�´lØtbqmsÅtboØnrj5hW�Ft^qm|�vuh��Bx�q5tb�bhkqm|9h�j×�y�9�c�\�9n'oFê�tbo9hUvÅh��´t^o9hUxyq5jmsÝêKhUnr|ch'nbê�tr~eq5|9h
tbq5|9h�j1� � �[t^j1� � �\�9�[sÅoFêKsÝ{�nrq5h'x�x�q\nrodêKsuo9�c�9��~�q5h�j�hznb{\|	l�t'��h�lØh�o7q�q5|9h1j5tb�Ftbq�sÝx�êKh��do9h'ê	q5t[�`h�~»nb{�sÅo9�
suo�q5|9h êKsuj5h'{�q5sutbo�sÅq1|Fn^x ���dxyq³xyq5h��9�Fh'ê���q5|K�dx���~�tbj1h��9n'l��9vuhB�9qm|9h h�oFê��FtbsÅoKqéx1tr~�n�l�t^qmsÅtbo�suo7��tbvÅ�KsÅo9�
qm�9j5o9suoc�ÇvÅh�~�qUç�suq5|ìqm|9h vuh¢~�qWvÅh���ç�|9suvÅh[qm|9hØjmsu�^|KqUvÅh��Ïxyq\n'oFê9x[x�qmsuvÅv¼ç�suvÅvY�`hÏ� � �9�\�e� vuh���{�nro
l�t'��h n
êKsÆx�q\n'oF{�h�t'~�tbo9h�tbj[q�ç�t�xyq5jmsÝêKh'x��=ç�|9hkjmh�n�x�qmjmsÝêKh�sÝx´êKh��do9h'êìn^x´qm|9h�lÙn��7sul �9l êKsÆx�q\nrod{�h��Fh�q�ç�h�hko
q�ç�t vuh��BxW�»pitbq5h �9suoÏtbj\ê7h�j1qmt h��Öh'{�q×xy�Fh�hzê�{\|Fnro9�^h'x��Ftboch[l�n���n'vuqmhkjiq5|9h´vÅh�o9�bq5|�t'~�q5|9h[x�qmj5sÆêKh³�FxysÅo9�
~��9qm�cjmh´lØt7êK�9vuhzx��K~�tbj�h��cnrl��cvuhb�é�9�.q�ç�t�x�qmjmsÝêKh´lØtbqmsÅtboÏnrvÅvut'ç�x1n[vuh�� qmtÙ{Û|Fn'o9�bhU~�jmt^l��Fh�suoc�	�Fh�|9sÅoFê
qm|9hUt^qm|9h�j�vÅh��[qmt �Fh�suoc�[suo�~�jmt^oKqk�
ý�n'�9vuhí�ìx�|9t'ç�xÇq5|9hït^o9vu� x�q\n'�9vuh
vuh��àl�t'��h�lØh�o7q\x¢�¼�bsu��hko q5|9hïq5|9jmhkhï�Ft�x5xysÅ�9vuhîxyqénrjmq5suo9�í�Ft�xysÅqmsÅtboFx
�Jo7�9l �`hkj\x�suoFêKsÝ{�nrq5h	vÅh�o9�^qm|
tr~�lØtr��hkl�h�o7q��é�FôfqWlÙnz���Fh��Fx�h�~��9v¼q5t�n'vuvut'ç qm|9h jmt^�`t^q´q5t�qm�cjmo
suoînro7�
êKsuj5h'{�q5sutboítboF{¢h�suqØsÆx[suoñqm|ch�xyqénrq5hà�y�9�9�é���9�9qØç�h�ê7t$octbq�{�t^oFxysÝêKh�j�q5|9sÆx[|9h�j5h���åioch
{�nroñsÅl�nr�^suo9h
�^nrjmsÅtb�FxUvuh���hkvÆx�tr~×{�t^l��9vuh��KsÅqy��$'x�tb�9|csÆxyq5sÆ{�n'qmsÅtbo�t'~�x��F{Û| nÙvÅh��Ï{�tbo7qmj5tbvõxy�cxyqmhkl�� �
h h�l��9|Fn^xys ��h[|9h�j5h
qm|9h³êKhzxysujénr�9sÅvusÅqy� tr~õx�q\nrj5qmsÅo9�	t
�ìç�sÅqm|�n	x�sul��9vÅhUxy�cxyq5h�l�q5|Fnrq�sÆx�h'nbx�suvÅ��êKh��Foch'ê�n'oFêÇj5h'xy�9vÅq\x�suo�qmsÅ�b|7q
{�tbodxyqmjénrsÅoKqéx�tbo�j5tb�Ftbq�l�t^qmsÅtbo=� ,=nrq5h�j�tbo�t^o9hU{�n'o�n^ê9ê�xyt^�9|9sÆx�qmsÝ{�nrq5sutboÊ�Ktbod{�h1qm|ch1�Fnbx�sÆ{i�cjmsuod{�su�9vÅh'x¼tr~
n[{�t�tbjéêKsuodnrqmhzêÇl�t^qmsut^o�|Fn���h1�Fh�h�o�h'xyqénr�9vÅsÆx�|9h'ê��
ý�|9hÏxy�9�cqmvuhkqy�îtr~³x��F{Û|í{�t�t^j\êKsÅoFnrq5sut^oül�n��
�`hÏl�tbj5h�h��7sÆêKhkoKq³ç�|9h�oüt^o9h�{¢tboFx�sÆêKh�jéx´qm|Fn'q	octbq tbo9vÅ�
sÆx nroñsÅoKq5h�oKq5sut^oün'oFêñqm|9hÏ�9jmh'x�h�o7q�x�q\nrq5h�tr~U�Ft^qm| vuh��BxQo9hz{�h'xmx5nrj5� ~�t^j�êKh'{¢sÆêKsÅo9�ït'~³qm|9hÏl�tbq5sutboítr~
n��Fnrj5qmsÝ{��9vÆn'j[vuh��c���9�cq	l�tBxyq³sul��Ftbj5q\n'oKq[sÝxWqm|ch�ê7h'{�sÆx�sut^o ~�t^j[qm|9h�t^qm|9h�j[vÅh��9�Yôfo �F�^�9jmh ��n�xysulØ�9vuh
nbê9n'�9qmsÅ��h�nbx5xyt7{�sÝnrqmsÅ��hioch�qYsÆx¼x��9�b�^h'xyq5h'ê�nbx�n1l�h'nrodx�qmtUvuhznrjmocsuo9�Uqm|ch�nr�Ft'��h1x�sul��9vÅh�{�t�t^j\êKsÅoFnrq5sut^o=�7�1x
suo9�c�9q\xihznb{\|
xysÆê7h´jmhz{�h�su��hzx�qm|9h {��cjmjmhkoKq×xyqénrqmh tr~�sÅq\xit'ç�o�vuhk��nroFê�qm|ch[tbqm|ch�j1vuhk���KsÝnQq5|9h[suo7qmhkjmæ»xysÆê7h
{Û|dnro9o9hkvÆx��7n'oFê�qm|9h1sÅoKq5h�o7qmsut^o=�7ý�|9h1t^�9qm�9�cq\x�{�t^oFxysÝxyq�tr~�tboch1tr~e~�tb�9j��Ft�xmx�su�9vÅh³xy�9�^�bh'x�qmh'ê�l�t^qmsut^oFxÜ~�t^j
�Ftbqm|îvuh��Bx��¼��qUqm|9hzxyh tb�9q5�9�9q\x[n�ç�suo9och�jmæ�q\n'è�h'xyæ»nrvÅv��cjmt7{�h'ê7�9jmh sÆxUsuo9sÅqmsÆn'qmh'ê�~�tbj³h'nb{\|
vuh���l�t'��h�l�h¢o7q
ù ��n'v �'�7�¼gij5t�� � �¼w �Öûb�rÿ»�enroFêànrq³qm|9hØxmn'l�h qmsulØh[h��9{¢suq\n'qmt^jm�
{�t^o9o9h'{�q5sut^oFxU{Û|Fn'o9o9h�vYq5|9h�tb�cqm�9�9qéx´tr~
qm|9h vuh¢~�qWvÅh���t'~�qm|9h vuh¢~�q´x�sÆêKhØqmt�q5|9h tb�9q5�9�9q\x´t'~�qm|9hØvuh�~�qUvuhk�Çt'~�qm|9hØjmsu�^|Kq³x�sÆêKh��en'oFêàxysulØsuvÆn'jmvÅ�Ù~�t^j
qm|9h jmsÅ�b|7qUvuh��Ïtb�9q5�9�9q\x¢�¼ý�|9hØ{�t^l��Fh�qmsÅqmsut^o�ç�suvÅv�{¢h'nbx�h	ç�|9hkoì�Ftbqm| xysÆê7h'xUnr�bj5h�h�t^oìvuh���l�t'��h�lØh�o�q\x¢�
ý�|9hÏ{�tbj5jmh'{¢qmo9h'x5x´tr~×qm|9hzxyh�l�t'��h�l�h¢oKqéxUnrq nrvÅv�tr~,{�tb�cj\xyh�nrj5hÇvÅh'nrj5oKq[�7�
h'nb{\|ào9h�q xyhk�Fnrjénrqmhkvu���¼o9t^q
h�l��9vÅt'�KsÅo9�³nro7��ç�suo9och�jmæ�q\n'è�h'xyæ»nrvÅv��9j5t7{�h'xmx�nrq�qm|chWt^�9qm�c�9q\x�êK�9j5suo9� vuh'n'jmo9sÅo9�9�
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þ�nro7�Fx´sÆx³nroínrq5qmh�lØ�9q³nrq´lØt7êKh�vuvÅsuo9���9sÅtbvÅtb�bsÝ{�nrv��9j\n'suoFx´octbq[n'q[qm|9hØvut'ç�h'x�q´o9hk�9jmt^oFnrv�vuh���h�v»���9�9q n'q
qm|9h�l�t7êK�cvuh�vuhk��h�vf�^ý�|9hUn^xmxy�cl��9qmsÅtbo sÆxYqm|Fn'q�{�t^l��9vuh��W�cjmtb�cvuh�l�æ»xyt^vu�7suo9�,xyqmjénrq5h��bsÅh'x�l�n��³�`hkqmqmhkj�n'jmsÝxyh
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� su�^�9jmh � �=� xy�9�^�bh'x�qmsut^o�~�tbjUn xysÅl��9vÅhUnbê9n'�9qmsÅ��h´�Fn'qmq5h�jmo�{�vÆn^xmxys��Ö{�n'qmsut^o��Fn'suj�tr~�o9h�qéx�q5t�{¢tbo7qmjmt^v�q5|9h
ç�n'vuè7suo9�³l�tbq5sutboÊ�K� ç�suo9o9hkjmæ�q\nrè�hzxyæ»nrvuvÖ�9jmt7{¢h'xmx��9jmt7{¢h�h'ê9xYsuo�qm|9h�~�h�h'êKæÆ~�tbj5ç�nrjéê�l�t7êKhUn'q�qm|9h1t^�9qm�c�9q\x
~�tbj�qm|9h1vÅh��´octbq�êKsÅjmh'{�q5vu��{�tbo7qmj5tbvuvÅh'ê���suo tbjéêKh�j�q5t´jmhznb{\|�nroÏnr�^jmh�hkl�h�o7q¼�Fh�q�ç�h�h�o qm|chUxysÝêKh'xi��tbo9vÅ�	t^o9h
xyh�q�t'~Y{¢tb�9�9vÅsuo9�Bxix�|9t'ç�o��\�

qm|9j5tb�9�^|à|Fnrj5l�tbo9s ��suoc��l�nro7�
{�t^o��FsÆ{¢qmsuoc��n^{�qmsÅtboFx³nroFêàx��9�9æ»xyqmjénrq5h��bsÅh'x���ô+oîþ�nro7�Fx´q5|9h�x��9x�qmh�l �Fx�h'x
nb{�q5su��h�vÅ��qm|9h�suo7qmh�jénb{�q5sut^oW�Fh�q�ç�h�h�o1l�t^jmh�nrodnrvu�7qmsÝ{�nrv��cjmtb�cvuh�l x�tbvÅ�KsÅo9�1n'oFêWlØtbjmhÜxy�7oKq5|9h�qmsÝ{�nrv��cjmtb�cvuh�l
xyt^vu�7suo9�c��ý�|9h
xy�cxyq5h�l qmj5suh'x qmtìsÅl��9jmt'��hÏ{�t^oKq5suo7�9tb�Fx�vu�í�FxysÅo9�àsuq\x �5jmh��Fhz{�qmsÅ��h
�ïn'j\{\|9suq5h'{�q5�9jmh��Yôfq�sÝx
suo7qmh�odêKh'ê�qm|Fn'q[h'nb{\|ìsulØ�`t^jmqénro7q´l�t7êK�cvuh |Fnbx nbx5xyt7{�sÝnrqmhzê$n�lØtbo9sÅqmtbj³l�t7êK�9vÅh	q5|Fnrq[hzxyqmsÅl�nrq5h'xUnroFê
nrvÅqmh�jéx�qm|9h³{�n'�Fnr�9sÅvusÅqmsuhzx�tr~�qm|chWsÅl��Ftbj5q\nro7q�l�t7êK�cvuh��
ý�|9h�þ�n'oK�dx�sul��cvuh�l h�o7q\nrq5sut^o1n'oFê[xysÅl	�9vÝnrq5sutboUsÝx l�n^êKhY�Ft�xmx�su�9vÅh��K�³n���h�jm�U�Ft'ç�h�j�~��9v7qmt�tbv �rq5|9h�t^����h'{�q5æ
tbj5suh�o7qmh'ê l�t7êK�9vÝnrj�xysÅl	�cvÆnrq5tbjõp1p1��ù ,7ý��b�bÿ»�`å��9j�sÅo9suq5sÆnrvÖh��7�`hkjmsulØh�oKqéx¼ç�suqm|Ïx��F{Û|Ïx��9x�qmh�l�x�t'~¼och��9j\n'v
l�t7êK�9vÅh'x�|dnz��hU�Fh�h�o���h�j5�	�cjmtblØsÆxysÅo9�9�
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ù ò¼�Fh'ûb�'ÿ �F�'ò¼�Fh�j5vuh�sÅo=���ihk��h�vut^�9suo9��n�êKh'{¢sÆxysÅtbo9æ�l�n'èKsÅo9��o9hkqyç�tbj5è�~�t^j¼n�jmt'��h�jk� � ��0*�!��.��-��� �&0 �+���+����
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�^�f�D�é���k�bû^�K�

ù òY{�{��z�rÿ þ9�¹}��Fò�{k{�vuh'x¢��� ����� 0 ����
�� � ��� ��� � �F���9j5suo9�^h�j�ú¼jmh'x5x��=��� �'�7�
ù òYêKh'û ��ÿ g³�µ�ì�Êò�ê7h�vul�n'o=� � ��0*�!��.
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��t�t^è9x¢��pihkç���t^jmèÖ�=���^û����
ù®g�|9h'û^�rÿ �ì��g�|9hkjmjmsÅq����=� vuhznrjmocsuo9�ÏnrvÅ�bt^jmsuq5|9l�~�tbj³n'oFnrvÅtb�9�=~��9vuvÅ��j5h'{��9j5jmh�o7qioch��9j\n'vYo9h�q�ç�t^jmècx��=ôfo
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ù®g�jmt � � ÿ �F�=g�jmtBxmxy�Fh�j5�9�=�×ê9nr�9q5su��hU�Fn'qmqmhkjmo�{¢vÆnbx5xys��Ö{�nrq5sut^o�nrodê��9o9su��hkj\xmn'v=jmh'{¢t7êKsuo9�Øômô � � h�h'êK�Fn^{ÛèÖ�
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ù ,7ý��b�'ÿ �´� ,�suodêKh�oñn'oFê }���ý�suh�q ���Y�3j5h'xyh'n'j\{\|ñn'oFêñêKh���h�vÅtb�9lØh�oKqUh�o7�7sujmt^o9l�h�o7qW~�t^j�l�t7êK�cvÆnrj
n^ê9nr�9q5su��h³xy�cxyq5h�l�x¢�Kôfo7qmh�j5oFnrv=j5h��Ftbj5q���g×���´�=���^�b�7�

ù ��n'v �'�'ÿ }�����t^oìê7h�jU��nrvÝxy�9�cjm�9�¼��hkv¶~�æ�tbjm�Bnro9s �'nrq5sut^oït'~�t^jmsÅh�oKqénrq5sutboîxyhkoFxysÅqmsu��h�{�h�vÅvÆx�suo�qm|ch xyqmj5sÆn'qmh
{�t^jmq5h���� � ��� ���"
 � ��� � �e� 6 �µû^�15F�k�b�7���k���z�K�

ù ��h�vÝûbû'ÿ �1� � �^��h�vf�'���×wiú � � �k�$j5tb�Ftbq¼q5|Fnrq�vuh'n'jmoFx=�K�,êKtbsÅo9�9��ôfo��´�b��oFêKh�jéxytboÊ��h'êKsuq5tbjk� � ��0 �(��.
��
������"�����+����
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ù ��sÅoFûb�'ÿ �ì�F��sÅoFxyè7����� �����&�) 3� �'� � � ��� ��
 � ����sulØtbo�n'oFêÞ�7{\|7�Fxyq5h�j��cpih�ç��Ytbj5è��=�k�bûb�7�
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