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k�x�s4tvuopzn�sBk~{�xb�rsBj�t¦n�{z��x&k~sBk�}zt�®°�VtvsBpzn�{z��x&k~sBk~}zt�kmxys4tvuopzn�sBk�{�xb��pzx&�
sBj�t�n�{z��x+k~sBk~}zt�®°�V{zsBk~}rprsBk~{�x&pz�Hk�x�s4tvuopzn�sBk~{�x)��±_²�³2´'µ
¶¸·:¹ �Dp0�V{H�&�&��pruo���0l4s4u¢�&n�sB��uBtw�ºn�{z��x&k~sBk~}zt©pruon¢j&k~s4twn�sB��uotz�»j&pzl
¬'tvtwxº��tv}ztw�~{zqLtw�����H�&x��r�z���R���H�+x�tvs�pz�_�w�z�z�R�
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k��Vq���k�nvk~s1pzx&�Jt�­Hq+��k�nvk~s��Vtw�V{zuB�z�Dkm�Vq+��k�nvk�s1pzx&�ºt�­Rq+�mk�nvk~s1qLtvuon�tvq&sBk�{�xb��pzx&��l4{À{�x�� � tv¬'tvu©�w�z�z�R���Rtv�ztvu©�w�z� � �
�¦�~tvtvuotw�epzx&l�tvsVpz�8�w�z�z�R�¦�H�&x��r�z�����¢¡ ¨ x�l4{Hnvk�pz��q+l4�Hnoj�{���{z�z�z�DsBj�tvuBt©pruBt©lBk���k���pru
�+�&pz� ®�q&uB{Hn�twlBl��V{H��tw��lv���¸{zu
��twlBn�u¢k~¬+k�x��Vl4{Hnvk�pz������uBtw�~tv}rpzx�s¤n�{z��x&k~sBk~}zt
q&uB{Hn�twlBl4twl�� ��j&pzk~¥ztwx¾pzx+�|i2uo{zq't��w�z�z���¢¡�� twx�{zsBkmx����V{zuBt
{zu¤�~twlBl¤sBj�t
lBpz�Vt0�&k�l4sBkmx&n�sBk~{�xb��sBj�twl4t0�&k�noj&{zs4{��ek~twl�lBtvuB}zt0pzl��B�&l4sBk��+nvprsBk�{�x&lV�¸{zu�sBj�t0�V{zuBt¾�ztwx&tvuopz�hx&{zsBk~{�x&le{z�1km�Vq+��k�nvk�s
}ztvuolB�+lht�­Hq+��kmnvk~shn�{z��x&k�sBk~{�xb�L�¤j&k�n¢jÀkml¤sBj�t��¸{Rnv�&l {z�¤± ²�³2´ ¶�·2¹ ¡1�Htvte���&xJ� �r�z����� �¸{zu8pzx0t�­Rs4twx&lok~}zt�s4uBtwprsB�Vtwx�s
{z�§sBj&k�l��&kml4sBk�x&n�sBk~{�x)¡

	 twlBk��&t8sBj�t8pr¬'{P}zt1{z�¸s¯®�uBtwk~s4tvuoprs4tw�¾q'{�kmxys�pr¬L{���s ± ²�³:´ ¶¸·:¹ ��sBj�tvuBt8pruBt1pz��lB{epVx��&�
¬Ltvu¦{z�:{zsBj�tvuhnoj&pruopzn�s4tvuB®
k�l4sBkmnvl�sBj&prs pruBt
twlBq'twnvkmpz���~��q'tvuosBk�x�twx�s�s4{�k~sBl prq&q+�mk�nvprsBk~{�x©s4{ªl4{Hnvk�pz�2lBkm�
�&�mprsBk~{�xb�&lB�&n¢jÀpzl k~sBl¤��{Hnv�&lh{�xº�¯�¼��sBj�t
n�{z��x&k~sBk�{�xH®°�V{zsBk~}rprsBk~{�xH®�twx�}Rk�uB{�x&�Vtwx�s¤k�x�s4tvuopzn�sBk~{�xb�(� ���¦sBj�t1¬L{zs4s4{���®°�&qÀpzx&�©s4{zq&®°��{¼�¤xÀ�~twpruox&kmx����&pzx&�J��
���sBj�t
n�{z��x&k~sBk�}zt�®°�VtvsBpzn�{z��x&k~sBk~}zt�k�x�s4tvuopzn�sBk~{�xb¡

Á�{zu_k�x&lBsBpzx&n�tz�&{�x�t1q�pruBsBk�nv�&��pru¢�~��qLtvuBsBk�x&twxys�n¢j&pruopzn�s4tvuok�lBsBk�n1{z�§sBj&k�l¤n�{z��x&k~sBk~}zt�pru¢noj&k~s4twn�sB�&uBt
k�l¤k~sBl��¸{Rnv�+l�{�x
sBj�t¾n�{z��x+k~sBk~{�xH®°�V{zsBk�}�prsBk~{�x�®�twxy}Hk~uB{�x&�etwxys�kmxys4tvuopzn�sBk�{�xb¡
�@lBl4twx�sBk�pz�¤�V{zsBk�}�prsBk~{�x+lV{z�8pzx pr�ztwx�sv�¤k~sBlV¬+k�{��~{z��k�nvpz�
x�tvtw�&l�k�x�q+pruBsBkmnv�&��pruw�2pru¢k�l4tex&prsB��u¢pz���~�z�)q&u¢k~{zu8s4{Àn�{z��x&k�sBk~{�x �¸¬+��s
k�xys4tvu¢pzn�s1�¤k~sBj n�{z��x+k~sBk~{�x�{z��n�{���uolBtP�¢¡©�H�+noj
�V{zsBk~}rprsBk~{�x&l
pruBt�sBj&t��¸{��&x&�&prsBk~{�x {z��pzn�sBk~{�xJpzx+��n�{z��x&k~sBk�{�xb¡ ¨ xJp|�¦pw�z�Dn�{z��x&k~sBk�{�x�k�l�tv}z{��~}ztw��s4{0l4tvuB}zt�sBj�t
twlBl4twx�sBk�pz�)x&tvtw�&l�pzx&�|�V{zsBk�}�prsBk~{�x+l¦{z�§pzx¾pr�ztwxysv¡���{z��x&k~sBk~{�x)�HkmxªsBj�t8q&uB{Hn�twlBl�{z�§j�tw�~q+kmx��
s4{eloprsBk�l4�¸��x�tvtw�+l�pzx&�
�¸{����~{¼�hk�x����V{zsBk�}�prsBk~{�x+pz�+�¸{zuon�twlv��j&pzl@s4{
sBpr¥zt8k�x�s4{�pznvn�{��&xys¦twx�}Rk�uB{�x&�Vtwx�sBlv�RsBj�twk~u»uotv���&��pruok~sBk�twl»pzx&��l4s4uo�&n�sB�&uBtwlv¡
Á&��uosBj�tvuo�V{zuBtz�)lB{��VtVx�tvtw�&l_pzx&� �V{zsBk~}rprsBk~{�x&l8pruBtVk�x+j�tvuBtwx�sB�~�|l4{Hnvk�pz�({zu1l4{Rnvkmpz���~�©{zuok~twx�s4tw�b¡�i¤j��&lw�'n�{z��x&k�sBk~{�x
¬&uokm���ztwl»sBj&t_x&tvtw�&l�pzx&�ª�V{zsBk~}rprsBk~{�x&l�{z�:pzx©pr�ztwx�s�pzx&�ªk~sBl¦twx�}Rk�uB{�x&�Vtwx�sBl8�¸¬'t_k~s¦q+j��Rlok�nvpz�+{zu�lB{Rnvk�pz�¸�¢�RsBj&tvuBtv¬��
��k�x&¥Rk�x&��pz���LsBj&uBtvt1k�x©p Ä¯s4uokmpz�&Å¾��l4tvt���j&prq&s4tvu��_{z�§sBj&k�l¦¬L{R{z¥��¸{zu¤�V{zuot��&k�lBnv�+lBlBk~{�x&l?�¢¡

Â x�{zsBj�tvu�km�VqL{zuBsBpzxys_noj+pruopzn�s4tvuok�l4sBkmnV{z�@sBj+k�l_n�{z��x&k~sBk~}ztepruon¢j&k~s4twn�sB��uotek�l_sBj&prs1pzx pr�ztwx�s��ep¼�0�~twpru¢x {�x k~sBl
{¼�hxb��uotv��pruo�&�~twlBl»{z�)�¤j�tvsBj&tvu»{zu¦x�{zs@sBj&tvuBthk�l@p�q+uok~{zuokH{zu�t�­Rs4tvu¢x&pz���~�Vq&uo{¼}Hk���tw�e��{���pzk�xe¥Hx�{¼�h�~tw���ztz¡ �)twpru¢x&k�x��
�ep¼�¾q&uB{Hn�tvtw� {�x�p�s4uok�pz� ®°pzx+�H®�tvuBuB{zu_¬+pzlBkmlv¡1Á&��uBsBj&tvuo�V{zuBtz�bsBj�uo{�����j p�¬L{R{zsBl4s4uoprq&q�k�x���q+uB{Rn�twlolv�b{zu|Ä¯¬L{zs4s4{���®
��q���twpruox&k�x���Å©pzl�j&pzl�¬'tvtwx s4tvuo�Vtw� ���H�&x�tvs�pz�@�r�z���¼�¢��t�­Hq+��k�nvk~s8pzx&�Jpr¬+l4s4uopzn�s���{��epzk�x ¥Rx�{P�¤�~tw���zt��epw��¬Lt
��tv}ztw�~{zqLtw�b�Rk�xep��zuopz�&�&pz�&pzx+��k�x&n�uotw�VtwxysBpz�+�¸pzloj&k~{�x¾���1pru¢�ek��~{��'®��H�ek~sBj©�w�z�����¢¡�i�j&k�l�kml»lBk~��x+k��+nvpzx�sB�~�
�&k��'tvuBtwx�s
�¸uB{�� {zsBj�tvu�n�{z��x+k~sBk~}zt¾pruon¢j&k~s4twn�sB��uotwlÀ�¸tz¡ ��¡~� Â x&��tvuol4{�x�pzx+� �)tv¬+k�tvuBt �w�z�z���¢¡ �:k~¥ztv�¤k�l4tz��k�x�± ²y³2´ ¶¸·:¹ �¦k~sek�l






x�{zs�x�twn�twlolBpruB��s4{�j&pw}zt
p�q&uok~{zuok�t�­Hq+��k�nvk~s�¥Hx�{¼�¤��tw���zt8{z�(x&tvtw�&lv�&��twlBk�uBtwlv��pzx&�ª{zsBj�tvu¤�e{zsBk~}�prsBk�{�x&pz�bl4s4uo�&n�sB�&uBtwlv¡
Â ��pzk�xb�2t�­Hq+��kmnvk~s_¥Rx�{P�¤�~tw���zt�{z�¦x&tvtw�&lv�:�&twlBk~uBtwlv�(pzx&� �V{zsBk�}�prsBk~{�x+l1�epw��¬Ltepznv«R�&k~uBtw� sBj�uB{�����j p|¬'{zs4s4{��V®°��q
q&uB{Hn�twlBlv���zu¢pz�&�&pz���~��pzx&�|k�x+n�uBtw�Vtwx�sBpz���~�z¡

¨ sDlBj�{��&�m��¬Lt�x�{zs4tw�VsBj&prsv��pz�~sBj�{�����jVk~s�pz�&�&uBtwlBl4twl§s4uokmpz� ®°pzx&�H®�tvuBuo{zu§pzx+��¬'{zs4s4{��V®°��qe�~twpruox&kmx����rsBj�t�pruonoj+k~s4twn?®
sB��uBt1�&{�twl�x&{zs�t�­Hnv���+��t1k�x&x&prs4t8¬�k�pzl4twl�pzx&�|kmx&x&prs4t_¬Ltwj&pw}Hk~{zuopz�Lq&uo{zq'twx+lBk~sBk~twl��¸uB{�� ¬Ltwk�x���uBtvq&uBtwlBtwxys4tw�©�hk~sBj&k�x
sBj�t0pruonoj&k�s4twn�sB��uBtz¡ ¨ x&x&prs4t|¬+kmpzl4twl�pzx&� q&uB{zqLtwx&lBk�sBk~twlV�epw��¬Lt|uotvq&uBtwl4twx�s4tw�b��k��Vq���k�nvk~sB�~��{zu�tv}ztwx�t�­Rq���k�nvk~sB�~�z�
pzx&�©sBj&tv��k�x�s4tvuopzn�s��hk~sBj�s4uok�pz� ®°pzx&��®�tvuBuB{zu�pzx&�©¬L{zs4s4{���®°�&q|�~twpruox&k�x&���Hkmxªs4tvuo�el�{z�§n�{�x&l4s4uopzkmx&k�x����H���&k��+k�x�����pzx&�
��pznvk���k~sBprsBk�x&�¾�~twpruox&kmx���¡ ¨ xJpz�&�+k~sBk~{�x s4{0¬L{zs4s4{���®°��q��~twpruox&kmx����:s4{zq&®°��{¼�¤x��~twpru¢x&k�x����(sBj&prs�k�lv��pzlBlBk���k���prsBk~{�x�{z�
t�­Hq+��k�nvk~s���pr¬�l4s4uopzn�sV¥Hx�{¼�¤��tw���zt|�¸uB{�� t�­Hs4tvuox&pz��l4{��&uon�twl�k�x�s4{�k��eq+��k�nvk~s
��{zu¢�elv�¦k�lVpz��l4{ qL{�lBlok~¬+�~tªk�x�± ²y³2´ ¶¸·:¹
� Â x&��tvuol4{�x¾pzx&� �)tv¬+k�tvuBte�w�z�z���b���&x©�r�z� 
��¢¡

� tvs�pzx�{zsBj&tvu¦km�VqL{zuBsBpzxys¦noj+pruopzn�s4tvuok�l4sBkmnh{z�2sBj&k�l�pruonoj&k�s4twn�sB��uBt8k�l@sBj&prs��
�&��sBk~q+�~t¤lo��¬+l4�Hl4s4tw�el�k�x�s4tvuopzn�s¦�¤k~sBj
twpznoj0{zsBj�tvu_n�{�x&l4sBpzx�sB�~�z¡ ¨ x|sBj+k�l¤pruon¢j&k~s4twn�sB��uotz��sBj�twlBt
lB��¬�l4�RlBs4tw�el¤j&p¼}zt
s4{��@{zuo¥|nv�~{�l4tw�~�©�¤k�sBj©twpznoj0{zsBj�tvu_k�x
{zuo��tvu¤s4{epznvn�{��Vq+��k�loj©n�{z��x&k~sBk~}zt1q+uB{Rn�twlolBk�x���¡�i�j�t1kmxys4tvuopzn�sBk�{�x|pz�V{�x��VsBj�twlBt�lB��¬+lB�Rl4s4tw��l��epw�©k�x&nv�m�&��t_l4{��Vt
Ä¯t�­Htwnv��sBk~}zt�n�{�x�s4uB{���ÅV{z�§l4{��Vt1lo��¬+l4�Hl4s4tw�elv¡ ¨ s��ep¼��pz��lB{ek�x&nv���&�&t �VtvsBpzn�{z��x+k~sBk~}zt��V{�x+k~s4{zuok�x���pzx&�©n�{�x�s4uB{��){z�
{�xH®��z{�k�x&�
q&uo{Rn�twlBlok�x���¡ ¨ s�k�l»��{zuBsBj�x�{zsBk�x���sBj&prs�lo�&noj�n�{z��x&k~sBk~}zt�®°�etvsBpzn�{z��x&k~sBk~}zt1k�x�s4tvuopzn�sBk~{�x�j&pzl�x�{zs»�ztvs¦¬Ltvtwx
���&���~��pz�&��uBtwlBlBtw�|¬R��{zsBj&tvu n�{z��x&k�sBk~}zt
pruon¢j&k~s4twn�sB��uotwl lo�&nojÀpzl Â �¦i�® � {zu1�R{�pruV�¸¬+��s¤l4tvtz�'tz¡ ��¡~�)�H�~{��epzx0�r�z�z�y�¢¡
�h{zs4t�sBj+prs(l4{Hnvk�pz�Rk�x�s4tvuopzn�sBk~{�x�k�l(�epz��t»qL{�lBlok~¬+�~tD¬R�8sBj�t8��prs��~twpzl4s(q+pruBsBk�pz�������Lkmx&x&prs4t@pr¬�k���k~s � {z��n�{z��x&k~sBk~}zt¦pr�ztwxysBl
s4{©uBt��&twn�s�{�xb�)pzx&��s4{|�V{H�&k~�¸�¾���Hx&pz�ekmnvpz���~�z�LsBj�twk~u8{P�¤x ¬Ltwj&pw}Hk~{zuole��i:{��epzl4tw����{ �w�z�z���¢¡ei�j�tV�VtvsBpzn�{z��x&k~sBk�}zt
l4tw�~���V{�x+k~s4{zuok�x��|pzx+��n�{�x�s4uB{��»twx+pr¬+�~twl�pr�ztwx�sBl�s4{Àk�x�s4tvuopzn�s��¤k~sBj�twpzn¢jº{zsBj�tvu�pzx+� �¤k~sBj sBj�twk~u1twx�}Rk�uB{�x&�Vtwx�sBl
�V{zuBt�t �Ltwn�sBk~}ztw�~�z�:��{zu8t�­�pz�Vq+�~tz�b¬R�Àp¼}z{�k��&k�x&�ªlB{Rnvk�pz�§k��eq+pzlBl4t�¿ k��Vq+pzlol4t�sBj&prs8pruBten�uBtwprs4tw��¬Ltwnvpz�&l4t�{z��sBj�t
uopz�&kmnvpz���~��k�x+n�{��Vq+prsBk~¬+��t ¬Ltwj&p¼}Rk�{zuol¦{z���
�&��sBk~q+�~t_n�{z��x&k~sBk~}zt
pr�ztwxysBl���l4tvtz�+�¸{zu�t�­�pz�Vq+�~tz���H�+x|�r�z���¼�¢¡

Â l:�etwxysBk~{�x&tw�1twpruo��k�tvuw�PsBj&t@pruon¢j&k~s4twn�sB��uBt�pz��l4{ k�x&nv���&�&twlb�V{zsBk~}rprsBk~{�x&pz�ylBs4uo�&n�sB��uBtwlw��pzx&��sBj�tvuBtv�¸{zuBt»sBj&t@k�x�s4tvu4®
pzn�sBk~{�xV¬Ltvs �@tvtwxe�e{zsBk~}�prsBk�{�x&pz��l4s4uo�&n�sB�&uBtwl�pzx&��{zsBj�tvu»lo��¬+l4�Hl4s4tw�el§�¤k�sBj&k�x
sBj�t�pruonoj+k~s4twn�sB��uBt�k�l�pz�ml4{_q&uB{��ek�x&twxys
��pr��pzk�xÀlBk~��x&k���nvpzxysB�~���&k �LtvuBtwxys��¸uB{�� {zsBj&tvu¤n�{z��x&k~sBk~}zt
pruonoj&k�s4twn�sB��uBtwl¤lo�&noj|pzl Â �¦i¦® � pzx&�À�R{�pru?�¢¡@i�j&k�l¦noj+pru4®
pzn�s4tvuok�lBsBk�n¦k�l§pz��l4{_k��VqL{zuBsBpzx�s:�¸{zu�l4{Rnvkmpz�Rkmxys4tvuopzn�sBk�{�xb¡ �@pznojepr�ztwx�sDk�x�p_l4{Rnvkmpz�Rlok~sB�&prsBk~{�x�nvpruBuok~twl(�¤k�sBj�k�s(k~sBl({P�¤x
x�tvtw�&lw�'��twlok~uBtwlv�'pzx&�À�e{zsBk~}�prsBk�{�x&lv¡_�H{Rnvk�pz�:k�x�s4tvuopzn�sBk~{�x k�lhq'{�lolBk~¬+�~t1kmx|q+pruBsh¬Ltwnvpz�&l4t�pr�ztwxysBl8nvpzx �&x&�&tvuol4sBpzx&�
pzx&�©prq&q+uBtwnvk�prs4t8twpznoj¾{zsBj�tvu�� l���kmx&x&prs4t8{zu�pznv«R�&k~uBtw�����e{zsBk~}�prsBk�{�x&pz�bl4s4uo�&n�sB�&uBtwl1��i2{���pzl4tw���~{|�w�z�z�R� 	 prs4twl¤tvs�pz�
�w�z�z���¢¡�½_xªsBj&prs�¬+pzlok�lv�&pr�ztwx�sBlh�ep¼� �+x&����p¼�Rlhs4{�n�{R{zqLtvuoprs4tz¡
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¨ x�sBj�t@uotw�epzk�x&��tvu({z�&sBj&kml:n¢j&prq&s4tvuw���&u¢l4sv�zsBj�t�{¼}ztvuopz���Hl4s4u¢�&n�sB��uBt�{z�b± ²y³2´ ¶¸·:¹ k�l2q+uBtwl4twx�s4tw��kmx�sBj�t�x�t�­Hs§l4twn?®
sBk~{�xb¡Di¤j�twxb�Rtwpznoj|lB�&¬+l4�Hl4s4tw� k�l�q&uBtwl4twx�s4tw�©k�x�lB��¬+l4tw«R��twx�s�l4twn�sBk~{�x&lv¡Di:{z�ztvsBj�tvuw��sBj&twl4t1l4twn�sBk~{�x&l�lo��¬+l4sBpzx�sBk�prs4t
pz���:{z�»sBj�t�noj+pruopzn�s4tvuok�l4sBkmnvl_{z��± ²�³:´ ¶¸·:¹ �+k�lBnv�&lBlBtw�|twpruo��k�tvuw¡ Â �&k�lBnv�+lBlBk~{�xÀl4twn�sBk~{�x0��{��m�~{¼�¤lw�'�hj&k�noj0pz�&��uotwlBl4twl
l4{��Vt��ztwx�tvuopz��k�lBlo��twl�k�xJt�­Hs4twx&�&k�x��Àn�{z��x&k~sBk~}ztª�V{H��tw��k�x��¾s4{0l4{Hnvk�pz�@lBk����&��prsBk~{�x��¤k~sBj�±_²�³2´ ¶�·2¹ ¡ ¨ s
�¸�&uBsBj�tvu
t�­Hq+��k�nvprs4twl�j�{¼�.sBj�twl4t_noj&pru¢pzn�s4tvuok�l4sBk�nvl��&k�lonv�&lBl4tw�Vtwpru¢��k~tvu@lo��q&qL{zuBsDn�{z��x&k~sBk�}zth�V{H��tw��k�x&�1pzx&��l4{Hnvk�pz��lBk����&��prsBk~{�x
k�x©lB�&¬+l4sBpzx�sBk�pz�L��p¼�Rlw¡ Â lB�&�e�epruo��l4twn�sBk~{�x¾sBj�twx|n�{��Vq��~tvs4twl�sBj&kml�noj&prq&s4tvu¼¡
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± ²y³2´ ¶¸·:¹ k�l�k�x�s4twx&��tw�ª�¸{zu¤nvprq&sB�&uok�x��Vpz���LsBj�t�twlBl4twx�sBk�pz�)n�{z��x&k~sBk�}zt8q&uB{Hn�twlBl4twl��¤k�sBj&k�xªpzx|k�x&�+k~}Rkm�&�&pz�&n�{z��x&k�sBk~}zt
pr�ztwx�sv¡ Â l»�VtwxysBk�{�x�tw�V¬Ltv��{zuotz��± ²�³:´ ¶¸·:¹ k�l�pzxek�x�s4tv�zuoprsBk~}zt pruonoj+k~s4twn�sB��uBtz�Rn�{�x&lBk�l4sBkmx��_{z�'p1xR�&�
¬Ltvu�{z�L�+k�l4sBk�x&n�s
lB��¬�l4�RlBs4tw�elv�'�¤k~sBj0p��+�&pz�2uotvq&uBtwl4twx�sBprsBk~{�x&pz�§l4s4uo�+n�sB��uBt
kmx¾twpzn¢j lB��¬+lB�Rl4s4tw� ��k��Vq���k�nvk~s�}ztvu¢lB�&l t�­Rq���k�nvk~s�uotvq&uBt�®
l4twx�sBprsBk~{�x&l¢�¢¡ ¨ sBl�lB��¬+l4�Hl4s4tw�el@k�x&nv���+��t�sBj�thpzn�sBk�{�xH®°n�twxys4tvuotw�©lB��¬+l4�Hl4s4tw� �¸sBj�t Â �¤�&�¢�ysBj�t x�{�xH®°pzn�sBk~{�x�®°n�twxys4tvuBtw�
lB��¬�l4�RlBs4tw� �¸sBj�t � Â ���&�¢��sBj�t1�V{zsBk�}�prsBk~{�x+pz�)lB��¬+lB�Rl4s4tw� �¸sBj&t �0�&�¢�&pzx+�©sBj�t1�VtvsBpzn�{z��x&k�sBk~}zt�lB��¬�l4�RlBs4tw� �¸sBj�t
�����&�¢¡2i�j&teuB{��~te{z�¦sBj�t Â ����kml8s4{Àn�{�x�s4uB{���pzn�sBk~{�x&lv�(uBtv��pruo�&��twlBl8{z���¤j�tvsBj&tvu1sBj�t�pzn�sBk�{�x&l�pruBt���{zu
t�­Rs4tvu¢x&pz�
q+j��Rlok�nvpz�H�V{¼}ztw�Vtwx�sBlD{zuDkmxys4tvuox+pz�R�etwxysBpz�H{zqLtvuoprsBk~{�x+lv¡(i¤j�t¦uB{��~t�{z��sBj�t�� Â ����k�l(s4{1�epzk�x�sBpzk�x��ztwx�tvuopz�H¥Hx�{P�¤� ®
tw���ztz�ztwk~sBj&tvu§km�Vq+��k�nvk�sb{zu(t�­Hq+��kmnvk~sv¡2i�j�t�uB{��~t�{z�&sBj�t�� ��kml2s4{ q&uB{P}Rk��&t��&x+��tvuo�~�Hk�x����V{zsBk~}rprsBk~{�x&l(�¸{zu§q'tvu¢n�tvq&sBk~{�xb�
pzn�sBk~{�xb��pzx&�©n�{z��x&k~sBk~{�x)�&k�xªs4tvuo�el¦{z�§q&uB{P}Rkm�&k�x���k��VqLtvsB�&l�pzx&�ª�¸tvtw��¬+pzno¥��¸tz¡ ��¡~�'k�x&�&kmnvprsBk�x����hj�tvsBj�tvu�{���sBn�{��etwl
pruBt�lBprsBk�l4��pzn�s4{zuB�©{zuhx&{zs¢�¢¡¦i¤j�t1uB{��~t�{z�(sBj&t������ªk�l¤s4{��V{�x&k�s4{zuw�+�&k~uotwn�sv�+pzx&�¾�e{R�&k�����sBj�t�{zqLtvuoprsBk~{�x+l�{z��sBj�t
Â ���ª�&�Rx&pz��k�nvpz���~��pzl¤�@tw�m�bpzl�sBj�t8{zqLtvuoprsBk~{�x+l�{z��pz���LsBj�t8{zsBj�tvu lB��¬+l4�Hl4s4tw�elw¡

�@pznoj�{z�¤sBj&twl4t©k�xys4tvu¢pzn�sBk�x�� lB��¬+l4�Hl4s4tw�el�n�{�x&lok�l4sBl�{z�¤s �@{��~tv}ztw��l�{z�¤uBtvq&uBtwl4twx�sBprsBk~{�x ��k ¡ tz¡~�@p0�+�&pz�»uotvq&uBt�®
l4twx�sBprsBk~{�x&pz��lBs4uo�&n�sB��uBtP� �¾Ã twx&tvuopz���~�z�»kmx�twpznoj lB�&¬+l4�Hl4s4tw�©�»sBj&t�s4{zq.�~tv}ztw�¦twx&n�{H��twlVt�­Hq+��k�nvk~s�¥Hx�{¼�¤��tw���zt|pzx&�
sBj�t|¬L{zs4s4{�� �~tv}ztw��twx&n�{H��twlek��eq+��k�nvk~s�¥Hx�{¼�¤��tw���zt ��sBj&k�lV�+k�l4sBk�x&n�sBk�{�xºj+pzle¬Ltvtwx�pruB����tw� ��{zuetwpru¢��k~tvu¾��l4tvt0pz��l4{
� tv¬Ltvu �w�z�z�R�8�Htv�ztvu �w�z� � � pzx&� �¦�~tvtvuotw�epzx&l�tvsªpz���w�z�z���¢¡ �2tvsª�+l�n�{�x&lok���tvu�sBj�tÀuotvq&uBtwl4twx�sBprsBk~{�x&pz� �¸{zuo�el
sBj&prsex�tvtw� s4{�¬'t©q+uBtwl4twx�s��¸{zuetwx&n�{H�&k�x&�0sBj&twl4t©s°��{��&k �LtvuBtwx�s�s°�Rq'twle{z�h¥Hx�{¼�h�~tw���ztz¡ �¤{zsBkmn�t|sBj�t©��pzn�sVsBj&prs
sBj�t
uBtw��prsBk~}ztw�~�©k�x+pznvn�twlBlBk~¬+��t1x&prsB��uBt
{z�Dk��Vq+��kmnvk~s@¥Hx�{P�¤�~tw���zt��epw�©¬Lt�nvprq&sB�&uBtw�¾¬R�©lB��¬+lB�R�
¬L{���k�nr�&�&k�lBs4uok~¬+��s4tw�
uBtvq&uotwl4twxysBprsBk�{�xJq+uB{¼}Hk���tw�b�§�¸{zu�t�­Hpz�Vq��~tz��¬��Jp¾¬+pzno¥�q+uB{zq+pr��prsBk~{�x�x�tvs �@{zuo¥�� � �+�Vtw��j&pruBs
tvsVpz� �w�z�����¢¡Ji�j&k�l
k�l�¬Ltwnvpz�&lBt
�&k�lBs4uok~¬+��s4tw��uBtvq+uBtwl4twx�sBprsBk~{�x&pz�2�+x&k~sBl�k�x|sBj�t
j&km�&��twx©��p¼�ztvuP��l¢�¦{z�Dpe¬+pznB¥Rq&uB{zq+pr��prsBk�{�xÀx�tvs �@{zuo¥¾pruBt
nvprq+pr¬+��t�{z�'pznvn�{��Vq���k�lBj&kmx�� n�{��eq+��sBprsBk~{�x&lD¬+��sDpruBt�lB�&¬+l4�H��¬L{���k�n@pzx&�V�ztwx�tvu¢pz���~�
x&{zsDk�x&�&k~}Hk��&�+pz���~�_�Vtwpzx&k�x��z���&�
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� � �+�Vtw��j&pruBs»tvs�pz�:�w�z���R���H�&x|�w�z� � �¢¡�i�j&k�lDn¢j&pruopzn�s4tvuokml4sBk�n�{z�:�&k�l4s4uok�¬+��s4tw��uBtvq&uBtwlBtwxysBprsBk~{�x)���¤j+k�noj�uBtwx&��tvuol»sBj�t
uBtvq&uotwl4twxysBprsBk�{�x&pz�R��{zuo� �~twlol(pznvn�twlolBk~¬+�~tz��pznvn�{zu¢�&l§�@tw�m�y�¤k�sBj
sBj&t@uBtw�mprsBk~}zt�k�x&pznvn�twlBlBk�¬+k���k~s �_{z�+k��Vq+�mk�nvk~s)¥Hx�{¼�h�~tw���zt
� � tv¬Ltvu��w�z�z�R�b�Rtv�ztvu
�w�z� � � �¦�~tvtvuBtw��pzx&l�tvs¤pz�D�w�z�z���¢¡ ¨ x¾n�{�xys4uopzlBsv�+t�­Hq+��k�nvk~s�¥Hx�{¼�¤��tw���zt��ep¼��¬Lt8nvprq&sB��uotw�|k�x
n�{��Vq+�&sBprsBk~{�x&pz�(�V{R�&tw��k�x��V¬R�¾l4�H��¬L{���kmn_{zu_��{Rnvpz��kml4s�uBtvq&uotwl4twxysBprsBk�{�xº� �¦�mpruB¥|pzx&� �1pruo�ek���{���®��H��k~sBj��w�z��
��¢�)k�x
�¤j&kmnoj|twpzn¢j �&x&k~s¤kml¤�V{zuBt
twpzlBk��~�|kmxys4tvuBq+uBtvsBpr¬+�~t�pzx+�¾j&pzl p�nv��twpruBtvu n�{�x+n�tvq&sB�&pz�(�Vtwpzx&k�x���¡hi�j&k�l�n¢j&pruopzn�s4tvuokml¯®
sBk�n8{z��l4�H�
¬'{��mk�n {zuh�~{Hnvpz��k�l4s¦uBtvq+uBtwl4twx�sBprsBk~{�x¾nvprq&sB�&uBtwl�sBj�t
noj&pruopzn�s4tvu¢k�l4sBk�n8{z�§t�­Hq+��k�nvk�s�¥Rx�{P�¤�~tw���zt8¬Ltwk�x&�e�V{zuBt
pznvn�twlBlBk�¬+�~t1pzx&�|�e{zuBt1�epzx&k~q��&��pr¬+�~tV���H�V{���twx&l4¥R�À�w�z�z�R�L���&x��w�z� � �¢¡

Â nvn�twlBlBk~¬�k���k~s �|j�tvuBt�uBtv��tvu¢lhs4{ªsBj�tV�&k�uBtwn�s pzx+�0km�e�Vtw�&k�prs4t�pw}rpzk���pr¬+km��k~s°�©{z�@�VtwxysBpz��n�{�x�s4twx�s8��{zu_sBj�tV�ep �4{zu
{zqLtvuoprsBk~{�x&lDsBj&prs@pruBthuBtwl4qL{�x&lBk�¬+�~t���{zuw��{zu@n�{�x&n�{���k~sBpzxys@�¤k~sBjb��n�{�x&lBnvk~{��&lox�twlBlv�RlB�&noj�pzl»k�x�s4uB{�l4qLtwn�sBk~{�x)����{zu¢�ek�x��
j&k~��j&tvu4®�{zuo��tvu�sBj�{�����j�sBlv��pzx&��}ztvuB¬+pz�'uBtvqL{zuBsBk�x���¡�i�j&th�&k�n¢j�{zs4{��V{��&l��+k �'tvuotwx&n�thk�x�sBj�t uBtvq&uBtwlBtwxysBprsBk~{�x+l@{z�:sBj�t
s°��{¾�&k��'tvuBtwx�s_s°�RqLtwl8{z�»¥Hx�{¼�h�~tw���zte�~twpz�&l8x+prsB��uopz���~�¾s4{|pªs°��{r®°�~tv}ztw�»pruon¢j&k~s4twn�sB��uotz�)�¤j�tvuBtv¬R�¾twpzn¢j��~tv}ztw���+l4twl
{�x�t1¥Hk�x&��{z�§uBtvq&uotwl4twxysBprsBk�{�x|pzx&�|nvprq&sB�&uBtwl�{�x�t�n�{zuouBtwl4qL{�x&�&k�x&�
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k�x&�+k�nvprsBk�x��ep�q&uB{zqLtvu¤pzn�sBk~{�x0k�x|sBj&t
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�¤k~sBjVsBj�t���lBk����&��prs4tw����lB����pru»��pzn�s4{zuB��kmxep1s4uokmpz� ®°pzx&�H®
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pzlBl4{Hnvk�prsBk~{�x+l�¬Ltvs°��tvtwx|q+pzk~u¢l¦{z�§kmx�q+��s¦pzx&�©{���s4q���s�� � �&�etw��j&pruBs¦tvs¤pz�D�w�z�����¢¡
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��{z��± ²�³2´ ¶�·2¹ ���H�&x|�r�z� 
��¢¡
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jR�&�epzx©tv}ztvuB�H�&p¼�������&x&�+pzx�tz�&n�{��e�V{�x&lBtwx&l4tP��uBtwpzlB{�x&k�x���¡
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pzlBl4{Hnvk�prsBk~}zt �Vtw�V{zuB��pzlD��tw���&pzl»sBj�uB{�����jet�­Rq+�mk�nvk~sDpzlBl4{Hnvk�prsBk~}zt¤uo�&�~twlv¡D�Hk���k���pruok~s �1{z�bp1x�tv� qLtvuolB{�xVs4{
p1lBs4{zuBtw�
uBtvq&uotwl4twxysBprsBk�{�xe{z�bp1lBk~��x+k��+nvpzx�s�{zsBj�tvu@�ep¼��¬'t��&tvs4twn�s4tw���¤k�sBj&k�x�sBj�t � Â ����sBj&uB{�����jesBj&t��@{zuo¥Rk�x&�8{z�'sBj&t�s°��{

� 




�~tv}ztw��lw�)k�x¾�¦pw�Hl1pzl8l4¥ztvsBn¢j�tw��twpruo�mk~tvuw¡ ¨ xÀsB�&uoxb�LsBj�tV��tvs4twn�s4tw� lBkm�ek���pruok�s°�©�epw�0s4uok~�z�ztvu1pzlol4{Rnvkmprs4tw��k�x��¸tvuBtwx&n�twl
¿ ��tvuok~}Hk�x��Àk�x��¸{zuo�eprsBk~{�xJpr¬'{��&s�sBj�t©x�tv� qLtvuol4{�xJ��uB{�� sBj�tªl4s4{zuBtw��k�x��¸{zuo�eprsBk�{�xb¡ �Hkm�ek���pru��&tvs4twn�sBk~{�x��epw�
{Hnvnv��uVk�x sBj�t Â ���'¡ �h{¼��tv}ztvuw�@k�x�sBj�t Â ���'�§k�x&l4s4twpz�J{z�¤k�x��¸tvuBtwx�sBk�pz�Dq+uB{Rn�twlol4twlv��pzn�sBk~{�x&l��ep¼��¬Lt�n¢j�{�l4twx�k�x
pznvn�{zuo�&pzx+n�t��¤k~sBjªsBj&t���tvs4twn�s4tw�¾lok��ek���pru¢k~s°�z¡
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�H��qLtvuB}Hk�l4{zuo� q+uB{Rn�twlol4twl�{¼}ztvu»sBj�t�{zqLtvuoprsBk~{�x&l§{z��sBj�t Â ����pzx&��sBj�t � Â ����pruBt��epz�&t¦�&qV{z�+s°��{�lB�&¬+l4�Hl4s4tw�el§k�x
± ²y³2´ ¶¸·:¹ �(sBj�t��V{zsBk~}rprsBk~{�x&pz��lB�&¬+l4�Hl4s4tw�$pzx&��sBj�t��VtvsBpzn�{z��x+k~sBk~}zt¤lB�&¬+l4�Hl4s4tw�©¡§i�j�t��V{zsBk~}rprsBk~{�x&pz��lo��¬+l4�Hl4s4tw�
�¸sBj�t �0�&��k�l¤n�{�x&n�tvu¢x�tw�|�¤k�sBj|��uok~}ztwlhpzx&�|sBj&twk~u¤k�x�s4tvuopzn�sBk~{�x&l���i2{�prs4twl��w�z�����¢¡¤i¤j&prs¤k�lv��k~s¤k�lhn�{�x&n�tvuox�tw�¾�¤k~sBj
�¤j���pzx.pr�ztwx�s��&{�twl��¤j&prs�k~s���{Rtwl�¿.�¤j���pzx.pr�ztwx�sªnoj�{R{�l4twl�sBj�tÀpzn�sBk�{�x&l�k�sesBpr¥ztwlv¡ ��k��Vq+�~�ºlBpw�Hk�x���sBj&prs
pzx pr�ztwx�s�n¢j�{R{�l4twl�pzn�sBk�{�x&les4{º�ep�­Hkm�ek��vt©��pzk�x&lw��uotv��pruo�+lv�@{zu�q+pw�z{��bl��~twpw}ztwl�{zqLtwx sBj�t¾«R��twl4sBk�{�x�{z�_�¤j&prs
��tvs4tvuo��k�x�twl���pzkmx&lv�+uotv��pruo�+lv�&{zu q+pw�z{��blv¡¤i�j&t1uBtw�~tv}rpzx&n�t�{z��sBj&t
�V{zsBk~}rprsBk~{�x&pz�:lB��¬+lB�Rl4s4tw� s4{�sBj&t��epzk�x¾q+pruBs
{z��sBj�t�pruonoj&k�s4twn�sB��uBtz�LsBj�t Â �¤�'����k�twl�q&uokm�epruok��~��k�x|sBj�t
�¸pzn�s sBj&prs_k~s¤q+uB{¼}Hk���twl¤sBj�t
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Â l¤pzxÀpzlBk���tz�&�¸{zuhlBtv}ztvuopz�2��twnvpz�&twl¤¬R�©x�{¼�1��n�uok~sBk�nvk�lo�el¦{z�Dn�{��e�V{�x&����pznvn�tvq&s4tw� �V{H��tw��l¦{z�DjR�&�epzx¾�V{zsBk ®
}rprsBk~{�x&lv�L�¸{zu t�­�pz�Vq+��t�k�xÀtwn�{�x�{��ekmnvlv�bj&pw}ztV�¸{Rnv�+l4tw�¾{�x0sBj�twk�u {P}ztvuo�~�0x&pruBuB{P��}Hk~tv�¤l uBtv��pruo�+k�x����e{zsBk~}�prsBk�{�x&lv�
�¸{zu�t�­�pz�Vq+�~tz��l4{��~tw����kmx�s4tvuo�el�{z�_lok��Vq+�~t©twn�{�x&{��ek�n|uotv��pruo�.pzx&��q+�+x&k�lBj&�etwxys|�¸twn�{�x�{��ekmn¾k�x&n�twx�sBk~}ztwl�pzx&�
�&k�lok�x&n�twx�sBk~}ztwl¢�¢¡ �¾pzx��|n�uok~sBkmnvl�{zq&qL{�l4tw�¾sBj�t
prq&q���k�nvprsBk~{�x©{z��sBj+k�l�{¼}ztvu¢�~�|x&pruBuB{P� prq+q&uB{�pznojÀs4{�lB{Rnvk�pz���+¬Ltwj&pw}�®
k~{zuopz���)n�{z��x&k~sBk~}ztz�(pzx&��qL{���k~sBk�nvpz�(lBnvk~twx+n�twlv¡ ��{��Vq+��t�­0l4{Hnvk�pz���V{zsBk~}rprsBk~{�x&lw�2lB�&n¢j pzl1��twlBk�uBt���{zu1uotwnvk~q&uB{HnvprsBk~{�xb�
l4tvtv¥Hk�x���{z�8l4{Hnvk�pz��prq&q+uB{¼}rpz� �@pzx+� k�x�s4tvuBtwl4s�k�x�t�­Hq+�~{zu¢prsBk~{�xb�@pz�ml4{�lBj&prqLt©jR�&�epzx�¬Ltwj&p¼}Rk~{zu¼¡ 	 ��x�tv����twn�sBk�x��
sBj�twl4t��V{zsBk~}rprsBk~{�x&lv�)sBj&t��&x&��tvu¢l4sBpzx&�&k�x&��{z��l4{��VtV¥ztv��l4{Hnvk�pz�Dpzx&� ¬'twj+pw}Hk~{zuopz��k�lBlo��twle��lB�&n¢j pzl8sBj�tet �Ltwn�s�{z�
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secondary drives

sensory input

goal structure

low−level primary drives

high−level primary drives

goal action

from MCS, ACS to ACS, MCS

drive strengths

to MCS

goal
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��� � ��������� � �. ��v¡ �Hk���k���pruo�~�z�(pzn�sBk~{�x&l
s4{�lBprsBk�l4�¸� p¾��u¢k~}zt�lBj&{��&��� qLtvuolok�l4s8¬Ltv�z{�x&�º�ek�x&k����&� loprsBk�l4��pzn�sBk~{�xb�
sBj+prsDk�lv�z¬Ltv�z{�x&��p8�~tv}ztw�R{z�'loprsBk�l4��pzn�sBk~{�x�¬+pruBtw�~��twx�{�����j�s4{8uBtw�&�+n�t�sBj&t¦�e{�l4sD��uB�ztwx�s���uok~}zt�s4{8¬Lt¦lo��k~��j�sB�~�
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tv}ztwx¾prs4s4tw�eq&s�s4{���tv}ztw��{zq¾n�{z��x&k~sBk~}zt8q+uok�x&nvk~q��~twl»{z�§l4{Hnvk~{Hnv�&�~sB��uopz�'q&uo{Rn�twlBlBtwl��¸tz¡ ��¡~� 	 {¼�ztvu_pzx&� � pz��¬+��t��r�z���r�
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�¦pzlVpruBuok~}ztw��prs¾��l4tvt©sBj�t©n¢j&prq&s4tvue¬R� � pw}ztwj pzx+�����&x�k�x �§pruBs 
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