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��� kml�rZx�vmv ���cucq1r�u � nPi � i'l��ck � i;hcvm�0�Px�lskm�cucx��*�PuPwPq1rZx,j=x��*g'x���nPi;uckm�,i1v9hckWwPx���j=qchPq �

�,i;ua�sr�i1vW�;���Pq1r�u�i;u�kWuc��vmkWucx��awcvWi;ucx*r�k � n6i�l � x,i1�P�6wPx,j=kmqc�Pkm���ci1k � oa��ncx�x,ucx,j=�;�
j=x��P�ckWj=x�� � q�g�i1kWu � i1kWu � ncx�g'q � kmqcu���qcg'x�l�yzj=qcg � ncx���qcu;�;x,j=lskmqcu�q�y � ncx'hckWwPx��(� l��cjsi,���
k � i � kmqcuPi1vZwPq � x,u � kWi1v�x,ucx,j=�;��i1l�k � �Px�ls��x,uc�Pl,o � u;�;x�l � km�ci � kmqcu�q�y�l��c��n�wPi1lslskm�;x�uPi � �Pjsi1v
g'q � kmqcucl�g�i,��wPq � x,u � kWi1vmvm�'vmx,i1���cl � q�l � jsi � x��;kmx�l��clsx�yz�cv�y�qcj9��qcu � j=q;vmvmkWuc�'i1� � km�;xZr�i1vW�;kWuc�
g�i1��nckWucx�l�i1lZrZx�vmv/i1l � q��Puc�Px,j=l � i;uc�*nc�Pg�i;u�vmqc��qcg'q � kmqcu+o
� u � nckml�wPi;wPx,j(rZx��Px,g'qcucl � jsi � x � ncxZx��ckml � i;uc��x�i;uc� � ncxZl � i;hckmvmk � ��q�y�ls�Pg�g'x � j=km�Zi;uc�

i1ls�Pg�g'x � j=km��wPi1lslskm�;x��ci1k � l��clskWuc��i�lskWg�wcvmx0ucqcucvmkWucx,i;j'hckWwPx���g'qc�Px�v�o���kWucx,g�i � km�,i1vmvm�
� ncx*j=qchPq � kml�km�Px,u � km�,i1v � q%i*�Pqc�Phcvmx�wPx,uc�U�cvW�Pg���lskWg'kmvWi;j � q � ncx�f��,j=qchPq � i;uc� � ncx
  x,uc�U�PhPq ��¡ i;uc��kml�i;hcvmx � q�r�i1vW��r�k � n � ncx�lsq��z�,i1vmvmx���¢�£;¤�¥�¦1§�§�¨c¦;©�ª�o/«�lskWuc� � ncx�wPi1lslskm�;x
hPx,nPi,�ckmqcj0i1l�i%j=x�y�x,j=x,uc��x�rZx�i1vmlsq%kWu;�;x�l � km�ci � x � ncx�wPx,j�y�qcjsg�i;uc��x*q�y¬lsx��;x,jsi1v�i1� � km�;x
��qcu � j=q;v�ls��ncx,g'x�l,o�f�� � km�;x���qcu � j=q;vZ�,i;u�x,ucvWi;j=�;x � ncx0hPi1lskWu%q�y­i �s� jsi1� � kmqcu*q�y­wPi1lslskm�;x
vmkWg'k � ���c��vmx�l�i;uc�0�,i;u��,j=x,i � x�ucx�r��ci1k � l,o

® ¯�°�±Z²�³�´%µ%¶�±�·1³�°
¸�ucxZq�y � ncx�g'q;l � lsqcwPnckml � km�,i � x��¹y�qcjsg'l(q�yºvmx��;�;x���g'q � kmqcu�kml � nPi � q�yºhckWwPx���vmqc��qcg'q � kmqcu+o
» j=qcg¼i0�P�PuPi;g'km��ls�cl � x,g'l'wPq;kWu � l�q�y��ckmx�r�½/nc�Pg�i;u�vmqc��qcg'q � kmqcu*l � i;uc�Pl�qc� � i;g'qcuc�
q � ncx,j¾y�qcjsg'l�q�y¾hckWwPx��*vmqc��qcg'q � kmqcu���nckmx�¿����U�cx � q � ncx­yzi1� ��� nPi � �U�Pj=kWuc��i�lskm�cuck À��,i;u �
wPi;j � q�y � ncx�nc�Pg�i;u�r�i1vW�;kWuc�����c��vmx � ncx�g'q1�ckWuc��hPqc�P�'kml�ucq � kWu � ncxZl � i � km�Zx��P�ckmvmkWhPj=kW�Pg0o
f �Z� ncx �ÂÁ�Ã�� favWi;h�q�y¾p�j=x,ucqchcvmx;½ » jsi;uc��x;½crZx�nPi,�;x�l � i;j � x���rZqcjs�;kWuc��qcu � ncx��Px��;x�vmqcw��
g'x,u � q�yÄi;u*i;u � nPj=qcwPqcg'qcjswPnckm��hckWwPx���r�i1vW�1x,j�o���ncx'x,u;�ckmlskmqcucx��%wPj=q � q � �PwPx�r�kmvmvZnPi,�;x
x�vmx,g'x,u � i;j=��i1�Ui;w � i � kmqcu��,i;wPi;hckmvmk � �0qcu�i;u0�Pu�y�qcj=x�lsx�x,u0�Pucx��;x,u � x,jsjsi1kWu+o���ncx�wP�PjswPq;lsx
q�y � ncx�wPj=q�Å�x�� � kml�ucq � vmkWg'k � x�� � q � ncxZj=x,i1vmkmÆ,i � kmqcu�q�yºi���qcg�wcvmx��'g�i1��nckWucx;½ � ncx���qcucl � js�c���
� kmqcu'i;uc�'��qcu � j=q;vcq�yºr�nckm��n�ucx��;x,j � ncx�vmx�lslZwPq;lsx�y�qcjsg'km�Ui;hcvmx�x,uc�;kWucx�x,j=kWuc�'��nPi1vmvmx,uc�;x;o/Ç�x
i1vmlsq�kWu � x,uc� � q�kWuck � kWi � x�i�ls�Pucx,j=�;��hPx � rZx�x,u�j=qchPq � km��l�i;uc��nc�Pg�i;u'�ci1k � l � �c�P�;o/È��Pg�i;u
vmqc��qcg'q � kmqcu+½U�Px�l�wck � x�hPx�kWuc�0rZx�vmv9l � �c�Pkmx���i;uc��x,uÉÅ�q1�ckWuc��i�j=km��n��Ui � i;hPi1lsx;½Pkml�ucq � rZx�vmv
�Puc�Px,j=l � qcqc��i;uc�*i�j=qchPq � km��lskWg'�cvm�,js�PgÊwPq � x,u � kWi1vmvm���,i;u0hPx��;x,j=�0�clsx�yz�cv�o
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� u'qcj=�Px,j � q��ci1kWu�i�hPx �s� x,j/�Puc�Px,j=l � i;uc�PkWuc�'q�y � ncx�kWuPncx,j=x,u � vm��ucqcu��zvmkWucx,i;jZ�P�PuPi;g'km��l
q�y i­yz�cvmv ��¿�x��P�;x���r�i1vW�;kWuc��g�i1��nckWucx�rZx�nPi,�;x�y�qc�Puc��k � kWucl � js�c� � km�;x � q Àºj=l � x��Pwcvmqcj=x � ncx
hPx,nPi,�ckmqcj�q�y�i0wPi;j � km�,�cvWi;j=vm��lskWg�wcvmx0r�i1vW�1x,j�g'qc�Px�v�o � ucl�wckWj=x��%h;� � ncx�j=x�lsx,i;j=��n�q�y �����
i;uc� � ��� ½ci;uc� � ncx�j=x�vWi � km�;x�vm��g'qcj=x�j=x���x,u � j=x�lsx,i;j=��n�qcu�wPi1lslskm�;x�r�i1vW�;kWuc��g�i1��nckWucx�l ���	�
�
rZx�nPi,�;x���qcuclskm�Px,j=x�� � ncx0g'qc�Px�v�q�y�i0lsq��z�,i1vmvmx��a�s��qcg�wPi1lsl��ci1k � ��r�i1vW�1x,j�o��Zi1lsx���qcu
� ncx�l�i;g'x��;kWucx,g�i � km��l�i1l � nPi � q�y¾i��Pqc�Phcvmx'wPx,uc�U�cvW�Pg0½ � ncx�f��,j=qchPq � � 

�����	�
� i;uc� � ncx
  x,uc�U�PhPq � � ��� i;j=x � ncx�ucx,i;j=x�l � ��qc�clskWucl�q�yÄqc�Pj���qcg�wPi1lsl��ci1k � g'qc�Px�v�o � ��� j=x,wPj=x�lsx,u � l
i;ucq � ncx,jZj=x���x,u � rZqcjs�'qcu0i'lskWg'kmvWi;j�hckWwPx���j=qchPq � g'qc�Px�v�o
� �,p�x�x,j ���	�
� �Px�lskm�cucx��(½Pi;g'qcuc��q � ncx,j/wPj=q � q � �PwPx�l,½1i�lskWg�wcvmx��cucx�x��zvmx�lsl�hckWwPx��0j=qchPq �
i;uc��l � �c�Pkmx���k � l��cjsi,�ck � ���zkWuc�U�c��x��*wPi1lslskm�;x�g'q � kmqcu�qcu�i;u�kWuc��vmkWucx���wcvWi;ucx;oZÈ�x��Px,g'qcu��
l � jsi � x�� � nPi ��� ncx�wPj=q � q � �PwPx��,i;u�i �s� i1kWu�i�l � i;hcvmx�wPx,j=kmqc�Pkm�'g'q � kmqcu�i;uc�0i;uPi1vm�cÆ�x�� � nckml
hPx,nPi,�ckmqcj�r�k � n*i0vmkWucx,i;j=kmÆ�x��%g�i � ncx,g�i � km�,i1v�g'qc�Px�v�o � u*qcj=�Px,j � q�g�i1kWu � i1kWu�i�l � x,i1�P�
vmqc��qcg'q � kmqcu � ncx�Å�q;kWu � �1i;j=kWi;hcvmx�l���i;uc�;vmx;½P�;x�vmqc��k � � ¡ q�y � ncx'j=qchPq � g'�cl � y�q;vmvmq1rai'���c��vmkm�
� jsi�Å�x�� � qcj=�;o9¸��Pj�qch�Å�x�� � km�;x�ncx,j=x�kml � q�l � �c�P��l��c��n�i�wPi1lslskm�;x�ls�cl � x,g h;�0g'x,i;ucl�q�y k � l
yz�cvmvPucqcu��zvmkWucx,i;j�x��P�Pi � kmqcucl/i;uc���clskWuc� � qcq;vml�i,�1i1kmvWi;hcvmx�y�qcj9ucqcu��zvmkWucx,i;j/ls�cl � x,g'l/i;uPi1vm�clskml,o
«�uc�Px,j=vm�ckWuc� � nckmlZlsqcg'x�r�nPi � vmqc�,i1v+qch�Å�x�� � km�;x � ncx,j=x�i;j=x�lsx��;x,jsi1vUvmqcuc��� � x,jsg g'q � km�1iÉ�

� kmqcucl/i1vmvP��qcuPucx�� � x�� � q � ncx�x��;x,u � �Pi1vc�;qci1vcq�y�qch � i1kWuckWuc��i�lskWg�wcvmx�hckmq;vmq;�;km�,i1vmvm���zkWucl�wPkWj=x��
i1�Ui;w � km�;x���qcu � j=q;v+vWi,r y�qcjZqc�PjÄyz� � �Pj=x'wPj=q � q � �PwPx;oZ��ncx Àºj=l � kml�qc�PjZkWu � �ck � km�;x'l��PwPwPqcj �
q�y � ncx0��qcuÉÅ�x�� � �Pj=x � nPi � vmx��;�;x��%vmqc��qcg'q � kmqcu�i;uc�%wPq;lslskWhcvm�6i1vmvZkWu � x,j��zvmkWg'h���qcqcj=�PkWuPiÉ�
� kmqcucl'i;j=x'km�Px,u � k À�x���h;��ucqcu��zvmkWucx,i;j'vmkWg'k � ���c��vmx0q;ls��kmvmvWi � qcj=��wPj=qc��x�lslsx�l ������� o Á x�� � ½/i
wPi1lslskm�;x�g'q � kmqcu�kmlZx,u � km��kWuc��hPx��,i;�clsx�k � kml��U¦;ª����=¦��;i;uc��k � �Pqcx�l�ucq � j=x��P�ckWj=x�i;u;�'x�� � x,j��
uPi1v(x,ucx,j=�;��lsqc�Pj=��x;o � y�i;u�i1� � km�;x���qcu � j=q;v(vWi,r���vmq;lsx�vm�*g'kWg'km��l'i�wPi1lslskm�;x'ls�cl � x,g k � kml
vmkW�1x�vm� � q�x,uÉÅ�q1����x,j � i1kWu0kWuPncx,j=x,u � i1�P�1i;u � i1�;x�l�q�y � ncx'wPi1lslskm�;x�ls�cl � x,g@l��c��n�i1l�x,ucx,j=�;�
qcw � kWg�i1vmk � �;½UwPx,j=kmqc�Pkm��k � �;½(i;uc��l � i;hckmvmk � �;o�¸�yÄwPi;j � km�,�cvWi;jZkWu � x,j=x�l � kWu � nckml�j=x�l�wPx�� � kml � ncx
n;�PwPq � ncx�lskml � nPi � i'�cj=x,i � wPi;j � q�y � ncx�lsr�kWuc��l � i1�;x�kWu�nc�Pg�i;u0vmqc��qcg'q � kmqcu�kml�wPi1lslskm�;x;½
i�n;�PwPq � ncx�lskml � nPi � kml'l��PwPwPqcj � x��%h;��g�i;u;��l � �c�Pkmx�l�i;uc��kml�� � kmvmkmÆ�x���kWu�hckWwPx��6j=qchPq �
j=x�lsx,i;j=��n ���	�
� o
�ckWg'�cvWi � kmqcu0l � �c�Pkmx�l�q�y qc�Pj�wPi1lslskm�;x���qcg�wPi1lslZ�ci1k � r�i1vW�1x,j�l�ncq1r�l � nPi � l��c��n0���c��vmkm�

g'q � kmqcucl�i;j=x�j=x,wPj=x�lsx,u � x���h;�*l � i;hcvmx�vmkWg'k � ���c��vmx�l'kWu � ncx�wPnPi1lsx�l�wPi1��x�q�y � ncx�j=qchPq � o
Ç�x�nPi,�;x'i1vmlsq�l�ncq1r�u � ncx�x��ckml � x,uc��x'q�y l � i;hcvmx'hP� � i1ls�Pg�g'x � j=km����qcg�wPi1lsl��ci1k � r�ncx,j=x
� rZq0l��c����x�lslskm�;x0l � x,w�vmx,uc� � ncl�i;j=x��Pucx��P�Pi1v�o » kWuPi1vmvm��rZx0�clsx0i�wPi1lslskm�ck � ����g'kWg'km���;kWuc�
��qcu � j=q;v+vWi,r � nPi � lskm�cuck À��,i;u � vm��x,uPnPi;uc��x�l � ncx�l � i;hckmvmk � ��j=qchP�cl � ucx�lsl�q�y � ncx�r�i1vW�1x,j�o
� u � ncx*ucx�� � lsx�� � kmqcu%rZx��Px�ls�,j=kWhPx � ncx*g'qc�Px�v��;x�qcg'x � j=�;½ � ncx��P�PuPi;g'km��wPi;jsi;g¬�

x � x,j=l,½Zi;uc� � ncx��;q1�;x,jsuckWuc��x��P�Pi � kmqcucl0�U�Pj=kWuc� � ncx�lsr�kWuc�%l � i1�;x�i;uc� � ncx � jsi;uclsk � kmqcu
l � i1�;x;o��cx�� � kmqcu � o � �Pkmls�,�clslsx�lZr�k � n � ncx�ncx�vWw�q�y i�wPnPi1lsx��PkWi1�cjsi;g i � �Pwckm�,i1vUr�i1vW�����c��vmx
q�y � ncx'wPi1lslskm�;x�j=qchPq � qcu�i;u0kWuc��vmkWucx��%wcvWi;ucx;o���ncx'g'q � kmqcu0�,i;u0��qcu � kWuc�cx�kWuc�Px�Àºuck � x�vm�
� nPi;uP�;l � q�i*�Px�vmkm�,i � x*hPi1vWi;uc��x�hPx � rZx�x,u � ncx�j=qchPq � � l��;kWucx � km��x,ucx,j=�;�%i;uc��wPq � x,u � kWi1v
x,ucx,j=�;�;½ � ncx0vWi �s� x,j�rZx0�Pkmls�,�clsl�kWu��Px � i1kmv�kWu��cx�� � kmqcu � o 
 o � u��cx�� � kmqcu � o � rZx0l�ncq1r
� nPi ��� ncx'vmkWg'k � ���c��vmx�i1lslsqc��kWi � x���r�k � n � ncx�wPx,j=kmqc�Pkm�0g'q � kmqcu0kml�vmqc�,i1vmvm�*qcjshck � i1vmvm�*l � iÉ�
hcvmx;o �cx�� � kmqcu � kWu � j=qc�U�c��x�l'lskWg�wcvmx���qcu � j=q;v/vWi,r�l¬y�qcj�qc�Pj�hckWwPx���i;uc��x��1i1vW�Pi � x � ncx�kWj
wPx,j�y�qcjsg�i;uc��x;o!�cx�� � kmqcu � o � wPj=x�lsx,u � l'i;u*x,ucx,j=�;��� � jsi1���;kWuc�0��qcu � j=q;v/vWi,r kWg�wcvmx,g'x,u � x��
r�k � n � ncx�nckWw�i1� � �Pi � qcj�qcj�r�k � n � ncx�l��PwPwPqcj � �zvmx��0i;uP�;vmx'i1� � �Pi � qcj�o � u��cx�� � kmqcu � o 
 � ncx
��qcu � j=q;v/vWi,r�½9kWg�wcvmx,g'x,u � x��%r�k � n�hPq � n � ncx0i,�1i1kmvWi;hcvmx�i1� � �Pi � qcj=l,½ � jsi1���;l'i;u�i,�;x,jsi1�;x
l�wPx�x���q�yºwPj=q;�cj=x�lslskmqcu�q�y � ncx�j=qchPq � ½1kWu�i1�P�Pk � kmqcu � q�i � i;j=�;x � x,ucx,j=�;�;o/��ncxÄÀºuPi1vPlsx�� � kmqcu
��qcu � i1kWucl � ncx���qcuc��vW�clskmqcucl�i;uc� � ncx yz� � �Pj=x�rZqcjs�Uo
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Ç�xZ��qcuclskm�Px,j�ncx,j=x�i��;x,j=��lskWg�wcvmx�g'qc�Px�vPq�y i�hckWwPx��0j=qchPq � i1l9l�ncq1r�u�kWu » km�Uo � o � u � nckml
À��c�Pj=x;½:9@kml � ncx�vW�Pg�wPx���g�i1lsl�q�y x,i1��n'vmx���i;uc�
9<;6kml � ncx�nckWw0g�i1lsl,o9��ncx�vmx����zvmx,uc� � n
kml��Px,ucq � x���i1l�=/r�nckm��n�kml��Pkm�ckm�Px���kWu � q?>�i;uc��@1½+r�ncx,j=x�>�kml � ncx'�Pkml � i;uc��x yzj=qcg � ncx
vmx���� � kWw � q � ncx�wPq;lsk � kmqcu�q�yA9	i;uc�B@�kml � ncx'�Pkml � i;uc��x¹yzj=qcg$9 � q � ncx�nckWw*��x,u � x,j�o�CED
i;uc��CGF�DZi;j=x � ncx�i;uc�;vmx�lZg�i1�Px�h;� � ncx�hckWwPx���vmx��;l�r�k � n � ncx��;x,j � km�,i1v9����qc�Pu � x,j=��vmqc���;r�kmlsx
wPq;lsk � km�;x ¡ o���ncx � q � i1v9i;uc�;vmx�hPx � rZx�x,u � ncx'vmx��;l,½+r�nckm��n*rZx��,i1vmv � ncx*�skWu � x,j��zvmx���i;uc�;vmx��
kml 
IH �U�Pj=kWuc� � ncx'kWucl � i;u � r�ncx,u�hPq � n�vmx��;l�i;j=x � qc�c��nckWuc� � ncx'�cj=qc�Puc�(o���ncx'lsvmqcwPx�q�y
� ncx��cj=qc�Puc�0r�k � n � ncx�ncqcj=kmÆ�qcu � i1v+kml��Px,ucq � x��*h;� � ncx�i;uc�;vmx&J9o
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Ç�x'nPi,�;x�g�i1�Px � ncx y�q;vmvmq1r�kWuc�0i1lsl��Pg�w � kmqcucl�kWu � nckml�g'qc�Px�v�oZf�vmv/g�i1lslsx�l�i;j=x���qcu��

lskm�Px,j=x��0wPq;kWu � ��g�i1lslsx�l,o���ncx�vmx��;l�i;j=x�km�Px,u � km�,i1v+r�k � n�x,i1��n�vmx���nPi,�ckWuc��i � x�vmx�ls��qcwckm�,i1vmvm�
j=x � jsi1� � i;hcvmx'�cucx�x Å�q;kWu � r�k � n*i�g�i1lslsvmx�lsl�vmq1rZx,j�vmx�����l�nPi;uP� ¡ o���ncx��ci1k � ��qcuclskml � l�q�y�i
lskWuc�;vmx��zl��PwPwPqcj � qcj�lsr�kWuc��l � i1�;x�i;uc��i;u�kWucl � i;u � i;ucx�qc�cl � jsi;uclsk � kmqcu�l � i1�;x;o-c��Pj=kWuc� � ncx
lsr�kWuc��l � i1�;x � ncx'j=qchPq � hPx,nPi,�;x�l�x��Pi1� � vm�0vmkW�1x�i;u0kWu;�;x,j � x���wcvWi;uPi;j��Pqc�Phcvmx�wPx,uc�U�cvW�Pg
r�k � n�k � l�l��PwPwPqcj � wPq;kWu � hPx�kWuc��i;uPi1vmq;�;qc�cl � q � ncx'wPq;kWu � q�y l��cl�wPx,uclskmqcu0q�y � ncx'wPx,uc�U���
vW�Pg0o6c��Pj=kWuc� � ncx � jsi;uclsk � kmqcu�l � i1�;x � ncx'l��PwPwPqcj � kml � jsi;ucl y�x,jsj=x�� yzj=qcg qcucx'vmx�� � q � ncx
q � ncx,j�oZ��ncx'j=qchPq � kml�i1lsl��Pg'x�� � q�g'q1�;x�qcu0i�wcvWi;ucx'l��Pj�yzi1��x;½Uncqcj=kmÆ�qcu � i1v(qcj�kWuc��vmkWucx��(o
��ncx�kWg�wPi1� � q�y � ncx�lsr�kWuc�*vmx��*r�k � n��cj=qc�Puc��kml�i1lsl��Pg'x�� � q*hPx yzj=km� � kmqcuPi1vZkWucx�vWi1l � km�;o
��ncx¹yzj=km� � kmqcu*kml'l��Yd ��kmx,u ��� q0x,ucl��Pj=x � nPi � ucq�lsvmkWw�qc���,�Pj=l'hPx � rZx�x,u � ncx��cj=qc�Puc��i;uc�
� ncx­y�qcq � o
��x�y�qcj=x�wPj=qc��x�x��PkWuc� yz�Pj � ncx,j�rZx�rZqc�cvm�0vmkW�1x � q�l � i � x � nPi ��� ncx���qcg�wPi1lslZ�ci1k � j=qchPq �

l � �c�Pkmx���ncx,j=x�kml�ucq � �,i;wPi;hcvmx;½UkWu*j=x,i1vmk � �;½Uq�y r�i1vW�;kWuc�0�Pq1r�u0i�lsvmqcwPx;o���nckml�kml�hPx��,i;�clsx
� ncx�lsr�kWuc��vmx���r�kmvmv�nck �'� ncx��cj=qc�Puc���U�Pj=kWuc�*g'km���zlsr�kWuc�Uo0Ç�x�i �s� x,g�w ��� q�i,�;q;km� � nckml

e



��qcuc��x,w � �Pi1v�wPj=qchcvmx,g	h;��kWuc��vW�c�PkWuc� � ncx0j=x � jsi1� � i;hcvmx0g�i1lslsvmx�lsl'vmq1rZx,j�vmx��Uo���ncx � x�vmx��
ls��qcwckm��j=x � jsi1� � kmqcu'q�y � ncx�vmx��'lsq;vm�;x�l � ncx�wPj=qchcvmx,g q�y+y�qcq � ��vmx,i;jsi;uc��x�r�k � ncqc� � i�� x�� � kWuc�
j=qchPq � �P�PuPi;g'km��l,o/f6j=qchPq � r�k � n�i��;x,j=��lskWg'kmvWi;j�l � js�c� � �Pj=x�nPi1l�hPx�x,u�hP�ckmv � h;� � ��� o/¸��Pj
x,g�wPnPi1lskml�ncx,j=x�kml�g'qcj=x�qcu � ncx�lskWg�wcvmkm��k � �0q�y � ncx�g'qc�Px�v � nPi;u�k � l�wPn;�clskm�,i1v(j=x,i1vmkmÆ,i;hckmv �
k � �;o�Ç�x�l�ncqc�cvm��i1vmlsq0wPq;kWu � qc� ��� nPi ��� ncx�lskWg�wcvmk y��ckWuc��i1lsl��Pg�w � kmqcucl�g�i1�Px'i;hPq1�;x'i;j=x
j=qc� � kWucx�vm�0g�i1�Px�kWu � ncx�hckWwPx��*j=qchPq � vmk � x,jsi � �Pj=x���lsx�x ���	�
� ½ ���	

� ¡ i;uc�0i;j=x�ucq � �Puckm�P�cx � q
� nckml�rZqcjs�Uo

��� � ���� ��6#��6 ,-3�.�3��� ���8�5�2+.1#43�)�
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"
f�l(kWg�wcvmkmx���kWu � ncx�i1lsl��Pg�w � kmqcucl9i;hPq1�;x;½ � ncx�hckWwPx��'kmlZ¦��+*/¦!,,§+kWu � ncx�lsr�kWuc��l � i1�;x/x��c��x,w �
r�ncx,u � ncx�l��PwPwPqcj � kml�kWucl � i;u � i;ucx�qc�clsvm� � jsi;ucl y�x,jsj=x�� yzj=qcg qcucx¬y�qcq ��� q0i;ucq � ncx,j�o���ncx
�P�PuPi;g'km��x��P�Pi � kmqcucl y�qcj � ncx'lsr�kWuc��l � i1�;x�i;j=x�jsi � ncx,j�rZx�vmv ���cucq1r�u6��lsx�x¬y�qcj�kWucl � i;uc��x;½
���%-
� ¡ o��ckWuc��x � ncx�vmx��;lZq�y � ncx�j=qchPq � i;j=x�i1lsl��Pg'x���km�Px,u � km�,i1v�½ � ncx�x��P�Pi � kmqcucl�i;j=x�lskWg'kmvWi;j
j=x��ci;j=�Pvmx�lslZq�y � ncx�l��PwPwPqcj � vmx��'��qcuclskm�Px,j=x��(oZ��ncx�x��P�Pi � kmqcucl�nPi,�;x � ncx­y�q;vmvmq1r�kWuc�¹y�qcjsg/.

0 ��1 ¡321�465a��1
7)81 ¡ 8194;:���1 ¡=< >@? � � ¡
r�ncx,j=x 0 ��1 ¡ kml � ncx 
�A�
 kWucx,j � kWi�g�i � j=km�+½)5a��1
7)81 ¡ kml�i 
9A 
 g�i � j=km��r�k � n � ncx���x,u��
� j=k yz�c�ci1vc��qcx d ��kmx,u � l,½B:���1 ¡ kmlZi 
(A � �;x�� � qcj(q�y��cjsi,�ck � i � kmqcuPi1v � qcj=�P�cx�l/i;uc� > kml�i 
(A �
g�i � j=km�*r�nckm��n�g�i;wcl � ncx�i1� � �Pi � qcj � qcj=�P�cx�l � q � ncx��;x,ucx,jsi1vmkmÆ�x��%��qcqcj=�PkWuPi � x�l,o0f�vmlsqU½1 < � CGF�D�CED �DC kml � ncx��;x�� � qcj/q�yUÅ�q;kWu � i;uc�;vmx�l���lsx�x » km�Uo � ¡ i;uc� ?=< � E F�D E ; E D �DC
kml � ncxZ�;x�� � qcj9q�y g'qcg'x,u � l/i1� � kWuc�'i �/� ncx Å�q;kWu � l,o/��ncx�l��Phcls�,j=kWw � l@F�G;½BH�½;i;uc�IG��Px,ucq � x
� ncx�ucqcu��zl��PwPwPqcj � y�qcq � ½PnckWw+½+i;uc� � ncx�l��PwPwPqcj � y�qcq � ½Pj=x�l�wPx�� � km�;x�vm�;o » qcj � ncx�g'q;l � wPi;j �
q�y � nckml�wPi;wPx,j�rZx��Px,i1v(r�k � n0i�wPi1lslskm�;x'g'qc�Px�v(r�ncx,j=x ?;< � o
��ncx��P�Pi;u � k � kmx�l 0 ��1 ¡ ½)5 ��1J7�81 ¡ ½�:���1 ¡ ½Pi;uc� > i;j=x�q�y � ncx­y�q;vmvmq1r�kWuc� y�qcjsg'l%.
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� �Px,i1vmvm�;½��U�Pj=kWuc� � jsi;uclsk � kmqcu+½ � rZq � nckWuc�;l�nPi;wPwPx,u�lskWg'�cv � i;ucx�qc�clsvm��. � ncx�lsr�kWuc� vmx��
� qc�c��ncx�l � ncx*�cj=qc�Puc� i;uc� � ncx*l��PwPwPqcj � vmx���vmx,i,�;x�l � ncx*�cj=qc�Puc�(o » qcj�i;u6kWucx�vWi1l � km�
ucq��zlsvmkm�PkWuc����q;vmvmkmlskmqcu�q�y � ncx�j=qchPq � y�qcq � r�k � n � ncx0�cj=qc�Puc� � ncx�j=qchPq � � l'i;uc�c�cvWi;j�g'q��
g'x,u � �Pg¼�U�Pj=kWuc� � ncx���q;vmvmkmlskmqcu%kml'��qcuclsx,j=�;x�� ���	

� o���nckml�i1vmvmq1r�l'�cl � q�vmkWucx,i;j=vm�%j=x�vWi � x
� ncx�wPq;l � �zkWg�wPi1� � i;uc� � ncx�wPj=x��zkWg�wPi1� � i;uc�c�cvWi;j��;x�vmqc��k � kmx�l�q�y � ncx�j=qchPq � kWu � ncx�y�q;vmvmq1r��
kWuc��r�i,��. 81/����	 ¡ < 
 ��19��� ¡s¡ 819����� ¡ T � 
 ¡81/��� � ¡ i;uc� 81/��� 	 ¡ i;j=x � ncx�i;uc�c�cvWi;j��;x�vmqc��k � kmx�lÄÅ �cl � hPx�y�qcj=x'i;uc��iÉy � x,j � ncx � jsi;uclsk � kmqcu+½
r�nckm��n � i;�1x�l�wcvWi1��x�i �Z� kWg'x�
 < ��o/f�v � ncqc�c�cn+½�y�qcj�lskWg�wcvmkm��k � �;½ � jsi;uclsk � kmqcu�kml�i1lsl��Pg'x��
� q'hPx�kWucl � i;u � i;ucx�qc�cl,½crZx�l�ncqc�cvm��j=x,g'x,g'hPx,j � nPi � kWu � ncx�i1� � �Pi1v+wPn;�clskm�,i1v(ls�cl � x,g � ncx
nckWuc��vmx���g'�cl � vmx,i,�;x � ncx��cj=qc�Puc��i;uc��l � i;j � lsr�kWuc�;kWuc�0£�� �+,�¦���ª��	� � ncx�yzj=qcu � vmx���nPi1lZnck �
� ncx��cj=qc�Puc�(o 
 ��19��� ¡s¡ kml�i 
 A 
 g�i � j=km����ncx,uc��x�y�qcj � n�j=x�y�x,jsj=x�� � q�i1l 
 y�qcj�hPj=x��ck � � ¡ o
c��Pj=kWuc� � jsi;uclsk � kmqcu0r�ncx,u*hPq � n0vmx��;l � qc�c��n � ncx'�cj=qc�Puc�(½ � ncx'kWu � x,j��zvmx���i;uc�;vmx 
IH yz�cvmvm�
�Px�Àºucx�l � ncx�hckWwPx��*�;x�qcg'x � j=�;o 
 kml � nc�cl�i¬yz�Puc� � kmqcu0q�y H qcucvm�;o
��ncx � jsi;uclsk � kmqcu�x��P�Pi � kmqcucl9i;j=x/�Px,j=km�;x�� yzj=qcg � ncx�x��P�Pi � kmqcucl���� H ¡ 819��� 	 ¡�<�� � H ¡ 819��� � ¡

r�ncq;lsx'vmx�y � nPi;uc��lskm�Px�i;uc� � ncx�j=km�cn � nPi;uc��lskm�Px�l'j=x�l�wPx�� � km�;x�vm��i;j=x � ncx�i;uc�c�cvWi;j�g'q��
g'x,u � �Pg@q�y � ncx'j=qchPq � iÉy � x,j�i;uc�*hPx�y�qcj=x � ncx�kWg�wPi1� � r�k � n0�cj=qc�Puc�(o��Zqcg�wPi;j=kWuc� � nckml
x��P�Pi � kmqcu�r�k � n � ncx��/�+o 
 rZx��,i;u�r�j=k � x � nPi ��
 < �*� H ¡ ��� � � H ¡ o*��ncx0g�i � j=km��x�l� � H ¡ i;uc���*� H ¡ i;j=x�q�y � ncx­y�qcjsg'l%.
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Ç�x�i1vmlsq�nPi,�;x��U�Pj=kWuc� � ncx � jsi;ucl y�x,jM.
CGF�D1��� ¡ 4 CED,��� ¡=< N 
 J � � ¡

i;uc� 
IH ��� ¡ < % � CED1��� ¡ N�CGF�D1��� ¡s¡ � � ¡
r�ncx,j=x�4 i;uc�#N ��qcjsj=x�l�wPqcuc� � q � ncx�kWucl � i;u � l¾Å �cl � iÉy � x,j�i;uc� Å �cl � hPx�y�qcj=x � ncx���nPi;uc�;x
q�y l��PwPwPqcj � ½Uj=x�l�wPx�� � km�;x�vm�;o
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0·,±7�
�ckWg'�cvWi � kmqcu � j=kWi1vml�j=x��;x,i1v � nPi ��� ncx�wPi1lslskm�;x0��qcg�wPi1lsl��ci1k � j=qchPq � �,i;u�r�i1vW�*�Pq1r�u%i
lsvmqcwPx�r�k � n�i�l � x,i1�P�'�ci1k � o9f � ncqcj=qc�c�cn�i;uPi1vm�clskmlZq�y � nckmlZhPx,nPi,�ckmqcj�kml�wPj=x�lsx,u � x���kWu � .
� o
� u �cx�� � kmqcu � o � ½(rZx��Px�ls�,j=kWhPx�i � �Pwckm�,i1v�ls�Pg�g'x � j=km���ci1k � ½/�clskWuc� � ncx0wPnPi1lsx��PkWi1�cjsi;g
q�y � ncx�j=qchPq �0� q%km�Px,u � k y�� � ncx�kWg�wPqcj � i;u �0� kWg'x�kWucl � i;u � l0kWu i�r�i1vW�����c��vmx;o Á x�� � ½
kWu �cx�� � kmqcu � o 
 ½9rZx�l � �c�P��kWu��Px � i1kmv � ncx0kWu � x,j=��nPi;uc�;x�q�y � ncx0�;kWucx � km�*i;uc��wPq � x,u � kWi1v
x,ucx,j=�;kmx�l'q�y � ncx0j=qchPq � ½9i;u*kWu � x,j=��nPi;uc�;x�r�nckm��n���nPi;jsi1� � x,j=kmÆ�x�l'k � l'g'q � kmqcu+o0��ncx,u+½9kWu
�cx�� � kmqcu � o � ½crZx�l � �c�P� � ncx�vmqc�,i1v(l � i;hckmvmk � �0q�y¾i'vmkWg'k � ���c��vmx;o

/
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� x � �clZ��qcu � kWuc�cx�qc�Pj��Pkmls�,�clslskmqcu�q�y � ncx�ls�cl � x,g �P�PuPi;g'km��l,½ � ncx�x��ckml � x,uc��x�q�y vmkWg'k � �����
��vmx�l,½Pi;uc� � ncx�kWj�l � i;hckmvmk � ��r�k � n � ncx�ncx�vWw�q�y i�wPnPi1lsx�wPqcj � jsi1k � q�y � ncx�j=qchPq � o/��ncx�wPnPi1lsx
l�wPi1��x�q�y � ncx���qcg�wPi1lsl��ci1k � j=qchPq � kml � �z�PkWg'x,uclskmqcuPi1v�o �ckWuc��x�rZx��,i;uPucq � �cjsi;wPnckm�,i1vmvm�
�ckml��Pi1vmkmÆ�x � nckml�nckm�cn��PkWg'x,uclskmqcuPi1v(l�wPi1��x�rZx�vmkWg'k � qc�Pj=lsx�vm�;x�l � q'i 
 c�wPj=q�Å�x�� � kmqcu'q�y � ncx
j=qchPq � � l�wPnPi1lsx'wPqcj � jsi1k � o���nckml�j=x��U�c��x��*wPqcj � jsi1k � kWu;�;q;vm�;x�l � ncx��Pkml�wcvWi1��x,g'x,u � i;uc� � ncx
�;x�vmqc��k � �*q�yÄqcucvm�*qcucx�vmx��Uo » km�Uo 
 l�ncq1r�l�l��c��n�i0wPnPi1lsx�wPqcj � jsi1k � q�y � ncx�j=qchPq � iÉy � x,j
k � nPi1l�r�i1vW�1x���l��Yd ��kmx,u � vm�*vmqcuc��l��c��n � nPi ��� ncx�kWuck � kWi1v � jsi;uclskmx,u � l�nPi,�;x�lsx �s� vmx��*�Pq1r�u
i;uc� � ncx�j=qchPq � nPi1l�lsx �s� vmx����Pq1r�u � q�i�wPx,j=kmqc�Pkm���ci1k � o/��ncx�vmx��'��qcuclskm�Px,j=x��0i1v � x,jsuPi � x�vm�
hPx���qcg'x�l � ncx�l��PwPwPqcj � vmx���i;uc� � ncx'lsr�kWuc��vmx��Uo�f�l�x��PwPx�� � x��(½(i����c��vmkm�0wPnPi1lsx � jsi�Å�x����
� qcj=��kml�qchclsx,j=�;x���kWu � ncx À��c�Pj=x;o �ckWuc��x � nckml�kml�i'ls�Pg�g'x � j=km���ci1k � ½ � ncx'wPnPi1lsx'wPqcj � jsi1k �
i1lslsqc��kWi � x��0r�k � n � ncx�q � ncx,jZvmx���rZqc�cvm�*hPx�x��Pi1� � vm��km�Px,u � km�,i1v�o
� u » km�Uo 
 rZx�g�i,��l � i;j � y�q;vmvmq1r�kWuc� � ncx�wPnPi1lsx � jsi�Å�x�� � qcj=�'i ��� ncx�kWucl � i;u � g�i;js�1x�� �

��qcjsj=x�l�wPqcuc�PkWuc� � q � kWg'x 
 < � 	 ½,r�ncx,u � ncx�j=x,i;j+vmx��ÄÅ �cl � vmq;lsx�l(��qcu � i1� � r�k � n � ncx/�cj=qc�Puc�
��k�o x;oW½Pk � hPx���qcg'x�l � ncx�lsr�kWuc��vmx�� ¡ oZ��ncx���qcjsj=x�l�wPqcuc�PkWuc�0l � km�����PkWi1�cjsi;g l�ncq1r�l�i�hcvWi1���
�Pq � qcu � ncx¬yzj=qcu � y�qcq ��� q�kWg�wcvm�*�cj=qc�Puc�*��qcu � i1� � o���ncx'wPnPi1lsx � jsi�Å�x�� � qcj=��x��;q;vm�;x�l�kWu
� ncx���vmqc���;r�kmlsx�lsx,uclsx�kWu � nckml��PkWi1�cjsi;g@i1lZl�ncq1r�u�h;� � ncx�i;jsj=q1r�ncx,i1�Pl,o(Ç nckmvmx��,j=q;lslskWuc�
� ncx��;x�vmqc��k � ��i1�ckml���i � i�wPq;lsk � km�;x��;x�vmqc��k � � ¡ ½ � ncx�hckWwPx���kml/kWu � ncxZ�;x,j � km�,i1vP��qcu�À��c�Pjsi � kmqcu+o
� ucl � i;u ���=� ��qcjsj=x�l�wPqcuc�Pl � q � kWg'x�
 < � � r�ncx,u � ncx�lsr�kWuc��vmx���kml�i;hPqc� ��� q � qc�c��n � ncx
�cj=qc�Puc�(o/��ncx�kWg�wPi1� � hPx � rZx�x,u � ncx�lsr�kWuc�¬y�qcq � i;uc� � ncx��cj=qc�Puc��qc���,�Pj=lZi � 
 < ��o9Ç�x
qchclsx,j=�;x'i'�;x�vmqc��k � � Å �Pg�w �=�	�%�=�=� �U�cx � q � nckml�kWg�wPi1� � o���ncx��PwPwPx,j�nPi1v y¾q�y � ncx����c��vmx
� �	�%�=�Â¡ �Px,wckm� � l � ncx0lsr�kWuc��vmx���l��cl�wPx,uc�Px�� i1l�i�lskWg�wcvmx*wPx,uc�U�cvW�Pg yzj=qcg i�g'q1�ckWuc�
wPq;kWu � ��nckWw ¡ o�f � kWucl � i;u ���=�=� ��
 < � 	 ¡ ½ � ncx�lsr�kWuc��vmx��%hPx���qcg'x�l � ncx0l��PwPwPqcj � vmx��
i;uc��x��cx��,� � x�l � ncx�vmq1rZx,j�nPi1v y q�y � ncx�wPnPi1lsx�wcvWi;ucx��PkWi1�cjsi;gÊ� �=�	�%�=�=�Â¡ o+��nckml�nPi1v y q�y � ncx
wPnPi1lsx�wPqcj � jsi1k � ��qcjsj=x�l�wPqcuc�Pl � q � ncxZg'q � kmqcu�q�y � ncxZl��PwPwPqcj � vmx��0��nckWuc�;x��P��i �9� ncx�wPq;kWu �
q�y�l��PwPwPqcj � i1l'i;u*kWu;�;x,j � x���lskWg�wcvmx�wPx,uc�U�cvW�Pg0o���ncx��;x�vmqc��k � � Å �Pg�w�q�y � ncx��,�Pjsj=x,u �
vmx��%� � ncx�ucqcu��zl��PwPwPqcj � vmx���q�y�kWucl � i;u �'�Â¡ qchclsx,j=�;x���hPx � rZx�x,u ��
 i;uc� � kml'�U�cx � q � ncx
kWg�wPi1� � q�y � ncx�q � ncx,jZvmx���r�k � n � ncx��cj=qc�Puc�(o
f�l�g'x,u � kmqcucx��6hPx�y�qcj=x;½ » km�Uo 
 kml�i 
 c¼wPj=q�Å�x�� � kmqcu�q�y � ncx0��qcg�wcvmx � x � c¼wPnPi1lsx

l�wPi1��x;o/f�wPj=q�Å�x�� � kmqcu�q�y � ncx�wPnPi1lsx�l�wPi1��x��Pqcx�l�ucq � ucx���x�lsl�i;j=kmvm��wPj=x�lsx,j=�;x � ncx�wPj=qcwPx,j��
� kmx�l�q�y � ncx�qcj=km�;kWuPi1v9wPnPi1lsx�wPqcj � jsi1k � q�y i�ls�cl � x,g0o » qcj�x��Pi;g�wcvmx�k y rZx���qcucl � js�c� � i 
 c
wPnPi1lsx��PkWi1�cjsi;gÊq�y¾qc�Pj�j=qchPq � hPx�y�qcj=x'k � lsx �s� vmx�l��Pq1r�u � q0i�wPx,j=kmqc�Pkm���ci1k � rZx��,i;u�lsx�x
wPnPi1lsx � jsi�Å�x�� � qcj=kmx�l��,j=q;lslskWuc��x,i1��n�q � ncx,j�o ��j=q;lslskWuc�*q�y � rZq0qcj�g'qcj=x � jsi�Å�x�� � qcj=kmx�l�kWu
� ncx'wPnPi1lsx'l�wPi1��x'q�y�i;u�i;� � qcucqcg'qc�cl�ls�cl � x,g kml�kWg�wPq;lslskWhcvmx�lskWuc��x � nPi � rZqc�cvm�*kWg�wcvm�
� nPi �'� ncx0l�i;g'x�kWuck � kWi1v���qcuc�Pk � kmqcua� � ncx�kWu � x,j=lsx�� � kmqcu�wPq;kWu � q�y � ncx � jsi�Å�x�� � qcj=kmx�l ¡ �,i;u
�;km�;x0j=kmlsx � q � rZq��Pk � x,j=x,u � x��;q;vW� � kmqcucl�q�y � ncx0ls�cl � x,g"r�nckm��n�kml��Pu���wPn;�clskm�,i1v�o�f�vmlsqU½
� ncx�i1��Å i1��x,uc���'q�y � rZq � jsi�Å�x�� � qcj=kmx�l/kWu�i�wPnPi1lsx�l�wPi1��x�wPj=q�Å�x�� � kmqcu'�Pqcx�lZucq � ucx���x�lsl�i;j=kmvm�
kWg�wcvm� � ncx�kWj�i1��Å i1��x,uc���*kWu � ncx�i1� � �Pi1v/wPnPi1lsx'l�wPi1��x
� � jsi�Å�x�� � qcj=kmx�l�q�yÄx��P�Pi1v9vmx,uc� � n�i �
� rZq'�Pk � x,j=x,u � wPi;j � lZq�y � ncx��PkWi1�cjsi;g'l��Pq0ucq � ucx���x�lsl�i;j=kmvm��kWg�wcvm� � ncx�kWj�x��P�Pi1vmk � �0lskWuc��x
kWu � ncx�nckm�cncx,j��PkWg'x,uclskmqcuPi1v/l�wPi1��x � ncx��*g�i,��hPx�kWuc��vmkWucx��%i � �Pk � x,j=x,u � i;uc�;vmx�l � q�qc�Pj
wPq;kWu � q�y �ckmx�r�o �cqcg'x�y�x,i � �Pj=x�lZi;j=x;½cncq1rZx��;x,j�½;wPj=x�lsx,j=�;x���kWu � ncx�wPj=q�Å�x�� � kmqcu'q�y i�wPnPi1lsx
l�wPi1��x;½ci��;x,j=���clsx�yz�cv+qcucx�hPx�kWuc� � ncx�yzi1� �/� nPi � ���c��vmx�l�kWu � ncx�yz�cvmv(wPnPi1lsx�l�wPi1��x�i;j=x�i1vmlsq
���c��vmx�l���wPq;lslskWhcvm�0lsx�v y��zkWu � x,j=lsx�� � kWuc� ¡ kWu0k � l�wPj=q�Å�x�� � kmqcucl,o

��� � ����  �3� ,J�����&57'1563�*  ".�3 0&57)+)+. �6 ��657. 2
f�lZl�ncq1r�u�kWu » km�Uo 
 i'wPi1lslskm�;x���qcg�wPi1lsl�hckWwPx��(½Ur�ncx,u0l � i;j � x���r�k � n yzi,�;qcjsi;hcvmx�kWuck � kWi1v
��qcuc�Pk � kmqcucl,½cg�i,��r�i1vW���Pq1r�u'i;u�kWuc��vmkWucx���wcvWi;ucx�kWu'i�l � x,i1�P�����c��vmkm���ci1k � o9Ç�xZi1lslsqc��kWi � x
� nckml � q'i�vmkWg'k � ���c��vmx�hPx,nPi,�ckmqcjZq�y � ncx�ucqcu��zvmkWucx,i;jZls�cl � x,g@j=x,wPj=x�lsx,u � x��0h;� �/�cl,o � i;uc�
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���Pwckm�,i1vmvm�;½ � ncx'x��ckml � x,uc��x�q�y�i�vmkWg'k � ���c��vmx�kWu�i��P�PuPi;g'km�,i1v�ls�cl � x,g kml�i1lslsqc��kWi � x��
r�k � n�i���qcu � jsi1� � kmqcu%q�y � ncx*wPnPi1lsx*l�wPi1��x��;q;vW�Pg'x�i1l � ncx�ls�cl � x,g	x��;q;vm�;x�l�kWu � kWg'x;o
��ncx�wPj=x�lsx,uc��x�q�y i��PkmlslskWwPi � km�;x�x�vmx,g'x,u � kWu � ncx�ls�cl � x,ga�,i;�clsx�l�i'wPnPi1lsx�l�wPi1��x��;q;vW�Pg'x
��qcu � jsi1� � kmqcu�i;uc� yzi,�;qcj=l���hP� � �Pqcx�l/ucq � �c�Pi;jsi;u � x�x9kWu�i;u;��r�i,� ¡U� ncx�x��ckml � x,uc��x�q�y�iZvmkWg'k �
���c��vmx;o Á q � kWuc� � nPi � qc�Pj�j=qchPq � nPi1l�i�wPnPi1lsx'l�wPi1��x��;q;vW�Pg'x'��qcuclsx,j=�ckWuc�0È�i;g'kmv � qcuckWi;u
�P�PuPi;g'km��l0�U�Pj=kWuc� � ncx�lsr�kWuc�%l � i1�;x�rZx*uPi � �Pjsi1vmvm�6lsx,i;j=��n y�qcj � ncx*�,i;�clsx*q�y q�y � ncx
x��ckml � x,uc��x�q�yºvmkWg'k � ���c��vmx;oZ��ncx�i;uclsrZx,j9vmkmx�lZkWu � ncx�kWg�wPi1� � x��P�Pi � kmqcucl����/�+o 
 ¡ o � u¬yzi1� � ½
� ncx�j=qchPq � g'x���nPi;uckml�g"hPx,nPi,�;x�l�lskWg'kmvWi;j � q � nPi � q�yÄi0g'x���nPi;uckm�,i1v���vmqc���Uo � u�i���vmqc���
� ncxZx,ucx,j=�;��vmq;lsl/�U�cx � q�yzj=km� � kmqcu'�U�Pj=kWuc��i����c��vmx�kml/x��Pi1� � vm����qcg�wPx,ucl�i � x���h;�'i;u�x,ucx,j=�;�
���;km���;��i � �Px�Àºuck � x�kWu � x,j=�1i1vml,o » qcj � ncx�j=qchPq ��� ncx��;kWucx � km��x,ucx,j=�;������� ¡ �ci1kWu*�U�cx � q
� ncx���qcu;�;x,j=lskmqcu�q�y �cjsi,�ck � i � kmqcuPi1v+wPq � x,u � kWi1v+x,ucx,j=�;���   � ¡ kWu�i�l � x,w�kml�i;hclsqcjshPx��0kWu0i;u
kWucl � i;u � i;ucx�qc�cl�kWg�wPi1� � i ��� ncx � qc�c��nc�Pq1r�u+o���nc�cl�rZx'lsx�x � nPi ��� ncx,j=x'kml,½(kWu*x � x�� � ½(i
y�x�x��UhPi1��� � �PwPx�q�y¾g'x���nPi;uckml�g �;q1�;x,jsuckWuc� � ncx�ls�cl � x,g0o
¸�uc��x�rZx�nPi,�;x�y�qc�Puc�0i�vmkWg'k � ���c��vmx�rZx�g�i,����nPi;jsi1� � x,j=kmÆ�x�k � r�k � n�lsx��;x,jsi1v(wPi;jsi;g¬�

x � x,j=l,o » qcj/x��Pi;g�wcvmx � ncx�vmkWg'k � ���c��vmx�l�ncq1r�u�kWu » km�Uo 
 � J < ��� ¡ �,i;u�hPx���nPi;jsi1� � x,j=kmÆ�x��
h;� � ncxZl � x,w�vmx,uc� � n�� � o ����� � g ¡ ½ � ncx�l � x,w'wPx,j=kmqc��� � o ��� � lsx�� ¡ i;uc� � ncx � q � i1vcg'x���nPi;uckm�,i1v
x,ucx,j=�;��� �	��� o ������� ¡ o ��� kml�kWu � x,j=x�l � kWuc� � nPi � rZx'nPi,�;x�lsq yzi;j�hPx�x,u*�PuPi;hcvmx � q Àºuc� � rZq
�Pkml � kWuc� � l � i;hcvmx�vmkWg'k � ���c��vmx�l y�qcj � ncx'l�i;g'x'�cj=qc�Puc��lsvmqcwPx;o���nckml�kWuc�Pkm�,i � x�l'lsqcg'x��Pu��
�Px,j=vm�ckWuc��qcj=�ci;uckmÆ�kWuc�*wPj=kWuc��kWwcvmx0r�nckm��n*��qcg�wcvmx � x�vm���Px � x,jsg'kWucx�l � ncx�j=qchPq � � l��P�PuPi;g'km�
x��;q;vW� � kmqcu'qcuc��x � ncxZ�cj=qc�Puc��lsvmqcwPx�kml�l�wPx���k À�x��(o�f�lZi;uPi1vm� � km�,i1v � qcq;v�y�qcj(x��Pwcvmqcj=kWuc�'l��c��n
ls�cl � x,g'lZi;j=x�ucq � i,�1i1kmvWi;hcvmx;½UrZx��,i;u�x�k � ncx,jZvmkWucx,i;j=kmÆ�x � ncx�ls�cl � x,g@i1lZkWu � �
� i;uc� ���	�
� qcj
�Pq0i0uc�Pg'x,j=km�,i1v/lsx,i;j=��n+o�Ç�x'�Pq � ncx'vWi �s� x,j�ncx,j=x�i;uc�*l��Phclsx��P�cx,u � vm�*�Pq�ucq � ��vWi1kWg¼k �
� q�hPx�x��PnPi;�cl � km�;x;o
�ckm�cuck À��,i;u � i;g'qc�Pu � q�yÄkWuclskm�cn � g�i,�*hPx��ci1kWucx�� yzj=qcg¼i0��� �cl,o   � wcvmq � q�y � ncx

j=qchPq � o��P�c��n�i�wcvmq � kml/l�ncq1r�u�kWu » km�Uo � o � u � ncxZlsr�kWuc��l � i1�;x�q�y � ncx�j=qchPq � �����&4	�
� ¡
kml���qcucl � i;u � i;uc� � ncx�x,ucx,j=�;� � jsi�Å�x�� � qcj=�*��vmkWucx � � ¡ kml�i�l � jsi1km�cn � vmkWucx�g�i;�;kWuc�0i �	�����
i;uc�;vmx�r�k � n � ncx����@i1�ckml,oa��ncx � jsi�Å�x�� � qcj=��q�y � ncx*j=qchPq � ½Zl � i;j � kWuc� yzj=qcg$wPq;kWu � f
y�q;vmvmq1r�l�f���f���o   q;kWu � ��kml � ncx � qc�c��nc�Pq1r�u�wPq;kWu � r�ncx,j=x�i;u�kWg�wPi1� � qc���,�Pj=lZr�k � n � ncx
�cj=qc�Puc�(o���ncx'kWucl � i;u � i;ucx�qc�cl�vmq;lsl�q�yÄ����kml�l�ncq1r�u�h;� � ncx�vmkWucx ��c kWu � ncx��PkWi1�cjsi;g0o
�(q � i1v9vmq;lsl�q�y   ��kWu*qcucx�l � x,w�kml��;km�;x,u�h;� � ncx'�Pkml � i;uc��x�f6c < � » o » qcj�i0wPx,j=kmqc�Pkm�
�ci1k ��� ncx,j=x�y�qcj=x;½ � » < ��c�o
» qcj�i�l � x,i1�P�0l � i � x�g'q � kmqcu0qcu�i�wcvWi;ucx'q�yÄ�cucq1r�u0kWuc��vmkWuPi � kmqcu+½(rZx��,i;u0�,i1vm�,�cvWi � x

� ncx�i;g'qc�Pu � q�y   �6vmq;l � kWu�x,i1��n�l � x,w+o » j=qcg » km�Uo � rZx�lsx�x � nPi � y�qcj�i�ls�Pg�g'x � j=km�
l � x,w�vmx,uc� � n���½ � ncx � q � i1v   ��vmq;l � h;� � ncx�j=qchPq � kml'� 9<; 4 
 9 ¡ R ��G�

F+J9o��ckWuc��x�kWu0qc�Pjg'qc�Px�v-9<; < 
 9*½ � ncx � q � i1v   �%vmq;l � �,i;u�hPx�x��PwPj=x�lslsx���lskWg�wcvm�*i1l%.�
���@N��
����� < �
�������@N��
����� <�� �
� < � 9 R ��G�

F+J � � ¡
Ç�x�rZqc�cvm� Àºj=l � l � �c�P� � ncx�x��ckml � x,uc��x�q�y wPx,j=kmqc�Pkm��k � �0q�y i�wPi1lslskm�;x�hckWwPx��0x��cx��,� � kWuc�

i�ls�Pg�g'x � j=km����k�o x;oW½(x��P�Pi1v�vmx�y � l � x,w�i;uc�%j=km�cn � l � x,w ¡ �ci1k � o���nckml�nPi1l � ncx�i1�P�1i;u � i1�;x
� nPi ��� ncx � rZq�nPi1vm�;x�l�q�y � ncx'���c��vmx'l�ncq1r�u0kWu » km�Uo 
 ��nPi1v y � � �=� � �=�=� i;uc�*nPi1v y �=�=� � ��
 � �Â¡
i;j=x�km�Px,u � km�,i1v�o���nc�cl�y�qcjZqc�Pj�l��Phclsx��P�cx,u � l � �c�Pkmx�l�rZx���qcuclskm�Px,j�qcucvm� � ncx'l � i1�;x�l � ½ �=� ½
i;uc� �=�=� q�y » km�Uo 
 o/f � l � i1�;x �=�=�Z� ncx�Å�q;kWu � wPq;lsk � kmqcucl�i;uc� Å�q;kWu � �1i;j=kWi;hcvmx�l0�skWuck � kWi1vmkmÆ�x��
� ncx,g'lsx�vm�;x�l�x��c��x,w � y�qcj � ncx�x��c��nPi;uc�;x�q�y � ncx�l��PwPwPqcj � vmx�� � q � ncx�l � i;uc��x�vmx���i;uc�0�ckm��x
�;x,j=l�iPo/��nckml�kml�x��PwPj=x�lslsx��*i1l

1������ <�� 1�� � - ¡81������ <�� 81�� � � ¡
r�ncx,j=x �;< � � �

� ��� o
�
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¸�ucx�q�y � ncx0g'q;l � yz�Puc�Ui;g'x,u � i1vZwPi;jsi;g'x � x,j=l�q�y�i�wPi1lslskm�;x��ci1k � kml � ncx � q � i1v�g'x��
��nPi;uckm�,i1v+x,ucx,j=�;�'q�y � ncx�j=qchPq � o � y � ncx�j=qchPq � x��cx��,� � x�l�i�wPx,j=kmqc�Pkm�'g'q � kmqcu+½ � ncx�x,ucx,j=�;�
q�y � ncx'ls�cl � x,g g'�cl � j=x � �Pjsu � q�k � l�kWuck � kWi1v/�1i1vW�cx�iÉy � x,jZx��;x,j=�0���c��vmx;o�y�qcj�i�ls�Pg�g'x � j=km�
�ci1k � ½ � ncx����ai;uc� � ncx   �aq�y � ncx0ls�cl � x,g"l�ncqc�cvm��i1vmlsq�kWuck � kWi1vmkmÆ�x � ncx,g'lsx�vm�;x�l�iÉy � x,j
x��;x,j=�0nPi1v y¾���c��vmx;o�f�l�g'x,u � kmqcucx���hPx�y�qcj=x;½ � ncx � q � i1v(g'x���nPi;uckm�,i1v9x,ucx,j=�;�0q�y � ncx'j=qchPq �
kml���qcucl � i;u � �U�Pj=kWuc� � ncx ¿�km�cn � wPnPi1lsx;o���nc�cl�rZx'nPi,�;x­y�qcj�l � i1�;x�l � i;uc� �=� ½���� < �����
r�ncx,j=x ��� < �
���(4 ������i;uc������� < �
�����(4 �������,o » j=qcg � ncx�lsx�rZx��;x � ½��������N ����� < �
���@N��
����� � � ¡
� y � ncx�ls�cl � x,g@kml�wPx,j=kmqc�Pkm�¬y�qcj � ncx�l � i � x�l � ½ �=� ½+i;uc� �=�=� ��������� < �����,o/Ç�x � ncx,u

qch � i1kWu yzj=qcg �/�cl,o � � nPi � ��������N ��������� < �
���@N��
����� � . ¡
Ç�x�j=x,g'kWuc��qc�Pj=lsx�vm�;x�l�q�y � ncx�ª��=¦��P§�©�ª�©�£������	�c¦;ª�©�£��P§���j=x�y�x,j � q��/�+o 
 ¡81������ <�
 81���� � �	� ¡1������ < 1���� � ��� ¡
» j=qcg � ncx �/�cl,o � i;uc� �	� rZx��,i;u�r�j=k � x81���� <�
 ��� � 81�� � �	
 ¡
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Ç�j=k � kWuc��qc� � kWu yz�cvmv � ncx��/�+o . ½PrZx��;x �81 C ��� 0 ���J81����@N 81 C ����� 0 �����J81������ < � 9 R ��G�

F+J � �	� ¡
r�ncx,j=x'lskWuc��x � ncx�j=qchPq � ��qcu�À��c�Pjsi � kmqcu�kml���qcucl � i;u � �U�Pj=kWuc� � ncx � jsi;uclsk � kmqcu����/�+o ��� ¡ ½0 ��� < 0 �����1o Á q1r�rZx�r�j=k � x�hPq � n681�����i;uc��81�������kWu � x,jsg'l�q�y�81��'���clskWuc���/�cl,o � i;uc�
�	
 ¡ i;uc�0qch � i1kWu

� 
 ��� � 81�� ¡ C 0 ���;� 
 ��� � 81�� ¡ N6� � 81�� ¡ C 0 ���;� � 81�� ¡(< � 9 R ��G�

F+J T � ��� ¡
¸�u0lskWg�wcvmk À��,i � kmqcu+½ � nckml�hPx���qcg'x�l,½81 C � � �s� 
�¡ ��� C 0 ��� 
 ����N 0 ��� ¡ � 81�� < � 9 R ��G�

F+J T � �	� ¡
��ncx�vWi1l � x��P�Pi � kmqcu�kml'kWu � x,jsg'l�q�y � ncx � rZq0�;x�vmqc��k � ���1i;j=kWi;hcvmx�l�q�y � ncx0j=qchPq � o � y

� ncx,j=x�x��ckml � l�i'ls�Pg�g'x � j=km���ci1k � q�y l � x,w�vmx,uc� � n��%qcu�i'��x,j � i1kWu0lsvmqcwPx&J � ncx�x��P�Pi � kmqcu
�;km�;x�l��cl � ncx�j=x�vWi � kmqcucl�nckWw � nPi � g'�cl � x��ckml � hPx � rZx�x,u � ncx � rZq��;x�vmqc��k � �'�1i;j=kWi;hcvmx�lZi �9� ncx
hPx��;kWuPuckWuc��q�y � ncx�lsr�kWuc��l � i1�;x;o � u�q � ncx,j(rZqcj=�Pl,½�k y�rZxZi;j=x�lsqcg'x,ncq1r�i;hcvmx � q��Px � x,jsg'kWucx
qcucx'q�y � ncx'�;x�vmqc��k � kmx�l,½ � ncx'q � ncx,j��;x�vmqc��k � ��g�i,�*hPx��,i1vm�,�cvWi � x��(o���nckml�x��P�Pi � kmqcu*�Pqcx�l
ucq � ncx�vWw0�clZkWu�x�l � i;hcvmkml�nckWuc� � ncx�x��ckml � x,uc��x�q�y i�vmkWg'k � ���c��vmx�kWu � ncx�ls�cl � x,g hP� � jsi � ncx,j
��ncx����;l � ncx'�1i1vmkm�Pk � ��q�yÄi����c��vmx�qcuc��x'k � nPi1l�hPx�x,u*km�Px,u � k À�x��(o���ncx'kWu�y�qcjsg�i � kmqcu � nPi �
rZx��clsx��0kWu�qch � i1kWuckWuc� � ncx�x��P�Pi � kmqcu�kml�hPi1lsx��0qcu�x,ucx,j=�;�0i1vmqcucx�i;uc���Pqcx�l�ucq � kWu;�;q;vm�;x
� ncx��P�PuPi;g'km��l�q�y � ncx�ls�cl � x,g@kWu*hPx � rZx�x,u � rZq � qc�c��nc�Pq1r�ucl,oZ��ncx�vWi �s� x,j�rZqc�cvm�*nPi,�;x
j=x��P�ckWj=x�� � ncx�kWu � x��cjsi � kmqcu�q�y � ncx�ucqcucvmkWucx,i;j�x��P�Pi � kmqcucl,o

Ë��
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��ncxZ��qcuc��x,w � q�y��ci1k � l � i;hckmvmk � ��i1l/i;wPwcvmkmx�� � q�i�r�i1vW�;kWuc��g�i1��nckWucx�kml�nPi;j=� � q��Px�Àºucx�hP� �
kml9�,js�c��kWi1v�y�qcj � ncxZwPx,j�y�qcjsg�i;uc��xZi;uPi1vm�clskml/q�y � ncx�ls�cl � x,g0o9��ncx���qcu;�;x,u � kmqcuPi1vc�Px�Àºuck � kmqcucl
q�y l � i;hckmvmk � ��q�yÄi'ls�cl � x,g kWu � ncx�lsx,uclsx�q�y � �ci;wP�Pucq1����i;j=qc�Puc��i;u0x��P�ckmvmkWhPj=kW�Pg wPq;kWu ��¡
i;j=x�ucq � kWg�g'x��PkWi � x�vm�0l��ck � i;hcvmx¬y�qcj�l��c��n�ls�cl � x,g'l,o � y�����
 ¡ kml�i'wPx,j=kmqc�Pkm�'lsq;vW� � kmqcu0q�y¾i
wP�Pj=x�i;� � qcucqcg'qc�cl9j=qchPq � ½��Z��
M4�� ¡ kml�i;ucq � ncx,j(lsq;vW� � kmqcu+½Éy�qcj(x��;x,j=���1i1vW�cxZq�y��co   x,j=kmqc�Pkm�
lsq;vW� � kmqcucl�q�y i;u�i;� � qcucqcg'qc�clZls�cl � x,g �,i;uPucq � hPx'i1ls�Pg�w � q � km�,i1vmvm��l � i;hcvmx�kWu � ncx��cl��Pi1v
r�i,�;o���ncx,j=x�y�qcj=x;½UrZx��Px�Àºucx�hPx�vmq1r � ncx�l � i;hckmvmk � �*q�y¾i�ls�cl � x,g kWu � x,jsg'l�q�y¾k � l'£�����©�ª�¦��
§�ª�¦	��© �m©�ª�,1o
f�l�kWu ���	��� ½Pk � kml�uPi � �Pjsi1v � q�l�i,� � nPi � i��ci1k � kml�l � i;hcvmx'k y ½(§�ª�¦���ª�© �;¨ ���=£;¤¼¦0§�ª���¦�
!,
¢	�m£1§ ��
­¥
�c¦1§ ��ª��=¦�� ��¢,ª�£�� ,���¦��),����U©�ª���
;©W§�ª������s¦��U¢ � � ��¦�
1§�ª�£�¦��U£;ª�� �	� ����¦����M,�ª��=¦�� ��¢,ª�£�� ,
£��­§�©�¤'© �m¦���§��c¦�¥ ��� » �Pj � ncx,jsg'qcj=x;½ck y¾kWu0l�wck � x�q�y � ncx��Pkml � �PjshPi;uc��x;½ � ncx�ls�cl � x,g j=x � �Pjsucl
� q � ncx�qcj=km�;kWuPi1v9���c��vmx;½ � ncx��ci1k � kml��,i1vmvmx��*i1ls�Pg�w � q � km�,i1vmvm�0l � i;hcvmx;o
f��Ui;w � kWuc� yzj=qcg ����� � rZx'�,i;u�wPj=x�lsx,u ��� ncx�ucq � kmqcu�q�y�qcjshck � i1v/l � i;hckmvmk � �*kWu�i0g'qcj=x
g�i � ncx,g�i � km�,i1v yzjsi;g'x�rZqcjs�Uo � x � �cl���qcuclskm�Px,j�i'��qcu � kWuc�cqc�cl�ucqcucvmkWucx,i;j�ls�cl � x,g q�y � ncx
�;x,ucx,jsi1vºy�qcjsg

8� < � ���@7 
 ¡ T � �%- ¡
Ç�x�g�i,�'x�vmkWg'kWuPi � x � kWg'x�
 yzj=qcg � nckmlZx��P�Pi � kmqcu�i;uc��x��PwPj=x�lsl � ncx�lsq;vW� � kmqcu�i1lZi � jsi�Å�x����
� qcj=��kWu � ncx��;x�� � qcjZl�wPi1��x�q�y � ncx�l � i � x�l��Zo � u � nckml�j=x��U�c��x��*l�wPi1��x�qcucx'g�i,��kWg�i1�;kWucx
� kWg'x � q'hPx � ncx��;x�vmqc��k � �0i1lslsqc��kWi � x���r�k � n � ncx�j=x,wPj=x�lsx,u � i � km�;x�wPq;kWu � i1vmqcuc� � ncx � jsi�Å�x����
� qcj=�;o���ncx'wPnPi1lsx � jsi�Å�x�� � qcj=���@q�y �/�+o�� �%- ¡ kml�l�i1km��qcjshck � i1vmvm��l � i;hcvmx�k y ½U¨c©�� �	����� � �
ª�� �	� ��©W§ ��� � §��c¢���ª��c¦;ª��/© ��!#"9©W§�¦ � � ¥ � ��§ �	�Uª�¦;ª�©�� �Ä¥�£;© �Uª $Â£���¦��U£;ª�� �	��ª��=¦�� ��¢,ª�£�� ,���" %*&�c©�¢���©W§9*/©�ª��c© ��¦'
;©W§�ª�¦��U¢ �(��£��)�"¦;ªZª�©�¤ ��
+*��Zª�� �	�'! " � �,¤'¦;© �P§9*/©�ª��c© ��¦,
;©W§�ª�¦��U¢ �
� £��-� ��£�� 
'. � � � y¬ucq�l��c��n/��x��ckml � l,½ �"kml�qcjshck � i1vmvm���Pucl � i;hcvmx;o�f�uPi1vmq;�;qc�cl � q
� ncx�i1ls�Pg�w � q � km��l � i;hckmvmk � �%q�y � ncx0��qcu;�;x,u � kmqcuPi1vZ�Px�Àºuck � kmqcu�rZx�g�i,��l�i,� � nPi � k y � ncx
� jsi�Å�x�� � qcj=�0� kml�qcjshck � i1vmvm�0l � i;hcvmx'i;uc�(½PkWu�i1�P�Pk � kmqcu+½ � ncx��Pkml � i;uc��x'hPx � rZx�x,u'!#"+i;uc�'�
� x,uc�Pl � q�Æ�x,j=q'i1l � kWg'x��;qcx�l � q�kWu�Àºuck � �;½ � ncx � jsi�Å�x�� � qcj=�(��kml�i1ls�Pg�w � q � km�,i1vmvm�'qcjshck � i1vmvm�
l � i;hcvmx;o
Ç�x�l�ncqc�cvm�*ucq � x � nPi � qcjshck � i1v+l � i;hckmvmk � ��j=x��P�ckWj=x�l � nPi ��� ncx � jsi�Å�x�� � qcj=kmx�l �@i;uc�,� "

j=x,g�i1kWu�ucx,i;j�x,i1��n�q � ncx,j�½;r�ncx,j=x,i1l � �ci;wP�Pucq1��l � i;hckmvmk � ��q�y � ncx�lsq;vW� � kmqcu,����
 ¡ j=x��P�ckWj=x�l
� nPi � ½;kWu0i1�P�Pk � kmqcu+½ � ncx�j=x,wPj=x�lsx,u � i � km�;x�wPq;kWu � l#!�i;uc�'! " ��qcu��@i;uc�1� " j=x�l�wPx�� � km�;x�vm� ¡
l�ncqc�cvm�*j=x,g�i1kWu���vmq;lsx � q�x,i1��n�q � ncx,j�½Pk y � ncx���rZx,j=x���vmq;lsx � q�x,i1��n�q � ncx,jZkWuck � kWi1vmvm�;o
Ç�x�nPi,�;x�wPj=x�lsx,u � x�� � ncx�uPi � �Pj=x�q�y i�l � i;hcvmx�vmkWg'k � ���c��vmx�kWu � ncx�wPnPi1lsx�wcvWi;ucx�q�yºqcucx

Å�q;kWu � �1i;j=kWi;hcvmx'q�y � ncx�hckWwPx��(o�f�l�l�ncq1r�u0kWu � ncx�ls��ncx,g�i � km�'j=x,wPj=x�lsx,u � i � kmqcu0kWu » km�Uo � ½
� ncx�x � x�� � q�y i'l � i;hcvmx�vmkWg'k � ���c��vmx�kWu � ncx�wPnPi1lsx�wcvWi;ucx�r�kmvmv9hPx � q�i �s� jsi1� � i;uc��i;hclsqcjsh
� ncx�ucx,i;jsh;�0wPnPi1lsx � jsi�Å�x�� � qcj=kmx�l,o9fals�cl � x,g@l � i;j � kWuc�¬yzj=qcg i'l � i � x�qcu � ncx�vmkWg'k � ���c��vmx
r�kmvmv/��qcu � kWuc�cx � q � jsi,�;x�v(qcu�k � o���ncx'l�nPi1�Px���i;j=x,i�kWu � ncx À��c�Pj=x'kWuc�Pkm�,i � x�l � ncx'j=x��;kmqcu
kWu�r�nckm��n � nckml�i �s� jsi1� � kWuc�¬y�x,i � �Pj=x�kml��1i1vmkm�(o���nckml�l�nPi1�Px��*i;j=x,i�kml � x,jsg'x�� � ncx�
;£;¤'¦;© �
qcj � ncx2�s¦1§�© ��£�� ¦;ª�ª��=¦;¢,ª�©�£���q�y � ncx�vmkWg'k � ���c��vmx;o ��� kml�kWu � x,j=x�l � kWuc� � q�ucq � x � nPi ��� ncx
r�ncq;vmx�wPnPi1lsx'wcvWi;ucx��,i;u�hPx � ncx�hPi1lskWu�q�yÄi �s� jsi1� � kmqcu�q�yÄi�vmkWg'k � ���c��vmx;o » qcj�i���x,j � i1kWu
lsx�vmx�� � kmqcu�q�y k � l�wPi;jsi;g'x � x,j=l � ncx 
 i;u��Px,j   q;vUq;ls��kmvmvWi � qcjZx��PnckWhck � l � nckmlZ��nPi;jsi1� � x,j=kml � km�;o
» kWuPi1vmvm�;½9vmx � �cl�x,g�wPnPi1lskmÆ�x � nPi ��� ncx'qcjshck � i1v/l � i;hckmvmk � ��q�y � ncx�vmkWg'k � ���c��vmx�kWu » km�Uo


 �Pqcx�l�ucq � j=x��P�ckWj=x � nPi � i;u;��q�y � ncx � rZq�nPi1vm�;x�l�q�y � ncx0��qcg�wcvmx � x0���c��vmx%� � ncx�nPi1v y
�	�%�=�=� i;uc� � ncx�nPi1v y �=�=�	�%�Â¡ hPx�k � lsx�v y i�wPi;j � q�y�i���vmq;lsx���vmkWg'k � ���c��vmx;o � u yzi1� � ½ � ncx
wPj=x�lsx,uc��x�q�y i�vmkWg'k � ���c��vmx�kWu6i*�Pk � x,j=x,u � kWi1v ��i1vm�;x,hPjsi1km��n;�PhPj=km��ls�cl � x,g	l��c��n%i1l�qc�Pj
hckWwPx���j=qchPq � �Pqcx�l�ucq � i � i1vmv/kWg�wcvm��i;u;�*wPx,j=kmqc�Pkm�0hPx,nPi,�ckmqcj�kWu � ncx'�Pk � x,j=x,u � kWi1v�wPi;j �
qcj � ncx�i1vm�;x,hPjsi1km��wPi;j � q�y � ncx�x��P�Pi � kmqcucl,o���nckml�kml�kWg�wPqcj � i;u � y�qcj��Puc�Px,j=l � i;uc�PkWuc� � ncx
hPx,nPi,�ckmqcjZq�y l��c��n0n;�PhPj=km��ls�cl � x,g'l,o/f�l�i�lskWg�wcvmx'x��Pi;g�wcvmx�q�y i�n;�PhPj=km��ls�cl � x,g@vmx � �cl
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��qcuclskm�Px,j�i0hPi1vmvZhPqc�Puc��kWuc��qcu � ncx'�cj=qc�Puc�(o � y � ncx�hPi1vmv	�1�cj=qc�Puc��kWg�wPi1� � kml'wPx,j�y�x�� � vm�
x�vWi1l � km� � ncx�hPi1vmv/r�kmvmv���qcuclsx,j=�;x�k � l�g'x���nPi;uckm�,i1v/x,ucx,j=�;�*i;uc�*r�kmvmv���qcu � kWuc�cx � q0hPqc�Puc��x
kWuc�Px�Àºuck � x�vm�;o���nckml'wPx,j=kmqc�Pkm�0hPx,nPi,�ckmqcj�kml � ncx'��qcg'hckWucx���qc� � ��qcg'x'q�y � ncx'�Pk � x,j=x,u � kWi1v
g'q � kmqcu0x��P�Pi � kmqcu*i1l�rZx�vmv/i1l � ncx�kWg�wPi1� � x��P�Pi � kmqcu�q�y � ncx'hPi1vmv�o�Ç�x'�Pq0ucq � lsx�x�i;u;�
wPx,j=kmqc�Pkm��hPx,nPi,�ckmqcj�k y rZx�vmqcqc�U½Äy�qcj�x��Pi;g�wcvmx;½�qcucvm��i ��� ncx0�Pk � x,j=x,u � kWi1v�wPi;j � q�y � ncx
ls�cl � x,gÊr�nckm��n*l � i � x�l � nPi ��� ncx'�Pq1r�u;r�i;j=��i1����x�vmx,jsi � kmqcu*q�y � ncx�hPi1vmv�kml�x��P�Pi1v � q � ncx
i1����x�vmx,jsi � kmqcu��U�cx � q��cjsi,�ck � �;o � i � ncx,g�i � km�,i1vP�Px�Àºuck � kmqcu�i;uc��i;uPi1vm�clskml�q�y � ncx�l � i;hckmvmk � �
q�y ls�cl � x,g'l�r�k � n0kWg�wPi1� � l�g�i,�0hPx­y�qc�Puc��kWu � -
� o
¸�ucx�r�i,� � q*kWu;�;x�l � km�ci � x � ncx�qcjshck � i1vZl � i;hckmvmk � ��q�y­i0vmkWg'k � ���c��vmx0kml�h;��g'x,i;ucl'q�y

l � �c�P�ckWuc� � ncx�l � i;hckmvmk � �0q�y k � l ��
-��
­¥�£;© �UªUkWu � ncx   q;kWuc�,i;j
�x�g�i;w+o9f�l�i'uPi � �Pjsi1vU��ncq;km��x
q�y � ncx   q;kWuc�,i;j
�x�lsx�� � kmqcu�q�y � ncx���qcg�wPi1lsl�hckWwPx���rZx � i;�1x � ncxZ��qcuc�Pk � kmqcu � nPi �9� ncxZlsr�kWuc�
vmx���q�y � ncx�j=qchPq ��� qc�c��ncx�l � ncx��cj=qc�Puc�(o » qcj � rZq'l��c����x�lslskm�;x � qc�c��nc�Pq1r�uclZq�y � ncx�l�i;g'x
vmx�� � ncx�l � i � x�lZq�y � ncx�j=qchPq � �,i;u0hPx'j=x�vWi � x���i1l

��� <�� ����� 	 � ¡ � �	� ¡
r�ncx,j=x�� < � CGF�D CEDS8CGF�D 8CED �DC kml � ncx � �z��qcg�wPqcucx,u � l � i � x��;x�� � qcjZq�y � ncx'j=qchPq � o
» qcj(i����c��vmkm��wPnPi1lsx � jsi�Å�x�� � qcj=� � ncx¾Àºj=l � j=x � �Pjsu�g�i;w�kml � ncx¾À��cx���wPq;kWu � q�y � ncxZg�i;w��
wckWuc�Uo/¸�u'i����c��vmkm� � jsi�Å�x�� � qcj=�;½ � ncx,j=x�y�qcj=x;½���� < ��� 	 � i;uc�'rZx��,i;u�r�j=k � x;½���� <�� ����� ¡ o
» qcj9i�l�g�i1vmvPwPx,j � �PjshPi � kmqcu � � � i;j=qc�Puc� � ncxZvmkWg'k � ���c��vmx � ncx�ucqcucvmkWucx,i;j�g�i;wPwckWuc� yz�Puc���
� kmqcu � �,i;u0hPx�x��PwPj=x�lslsx���kWu � x,jsg'l�q�y �9i,�cvmqcjZlsx,j=kmx�l�x��PwPi;uclskmqcu�i1l

� ��� � 4 � � � ¡���� ��� � ¡ 4���� �'¡�� � � � �	� ¡
r�ncx,j=x�� � kml � ncx'�cjsi1�Pkmx,u � q�y � r�k � n*j=x�l�wPx�� ��� q � ncx'l � i � x�l,o �ckWuc��x,����kml'i����c��vmkm�

Ë "



lsq;vW� � kmqcu+½PrZx��,i;u0j=x�r�j=k � x �/�+o �	� i1l
� ��� � 4 � � � ¡�� � � 4���� �'¡�� � � � � . ¡

��ncx�g�i;wPwckWuc� � kml�l � i;hcvmx�k y � ncx�Àºj=l � j=x � �Pjsu�g�i;w�q�y i'wPx,j � �PjshPx��0l � i � x�kml���vmq;lsx,j
� q � ncx À��cx��*wPq;kWu � o���nckml�wPj=qcwPx,j � �0�,i;u�hPx��ckmx�rZx��*i1l � ncx���qcu � jsi1� � kmqcu�q�y � ncx'wPnPi1lsx
l�wPi1��x�i;j=qc�Puc� � ncx�vmkWg'k � ���c��vmx;o � i � ncx,g�i � km�,i1vmvm� � nckml�g'x,i;ucl � nPi ��� ncx�g'qc�U�cvmkmk(q�y � ncx
x�km�;x,u;�1i1vW�cx�l�q�y � � i �(� ncx¾À��cx���wPq;kWu � � � i;j=x�l � j=km� � vm��vmx�lsl � nPi;u�qcucx;o » j=qcg �/�+o � . rZx
r�j=k � x'��� �'¡�� ��� ��� ������4 � ��� ¡ N,����r�ncx,j=x � �����)4 � ��� ¡ kml � ncx�Àºj=l � j=x � �Pjsu�g�i;w
q�y � ncx'wPx,j � �PjshPx���l � i � x�� � 4 � � � oZf�l�k � kml�ucq � wPjsi1� � km�,i1v � q�i;uPi1vm� � km�,i1vmvm���,i1vm�,�cvWi � x
� ncx�g�i � j=km����� �'¡ rZx�r�kmvmv��Pq�lsq�uc�Pg'x,j=km�,i1vmvm�;o�¸�ucx�l � jsi1km�cn � y�qcj=r�i;j=�*g'x � ncqc��kml � q
wPx,j � �Pjsh�qcucx�l � i � x�i � i � kWg'x'h;�0i�l�g�i1vmv9i;g'qc�Pu � i;uc�0qchclsx,j=�;x�k � l�Àºj=l � j=x � �Pjsu0g�i;w+o
Ã x,wPx,i � kWuc� � nckml�wPj=qc��x��U�Pj=x�i � vmx,i1l � y�qc�Pj � kWg'x�l���qcuc��x�y�qcj/x,i1��n�q�y � ncx�y�qc�Pj/l � i � x�l ¡ rZx
qch � i1kWu0i;u�x��P�Pi � kmqcu0q�y � ncx­y�qcjsg

��� �'¡ � <�� � 
�� ¡
r�ncx,j=x � ncx �9A � �PkWi1�;qcuPi1v9g�i � j=km� � ��qcu � i1kWucl�i1lZk � l��PkWi1�;qcuPi1v(x,u � j=kmx�l � ncx�wPx,j � �PjshPiÉ�� kmqcucl�q�y � ncx�l � i � xZ�1i;j=kWi;hcvmx�l'� ����� � ¡ o/��ncx�
	��
���q;vW�Pg�u�q�y � ncx �QA � g�i � j=km� � �;km�;x�lZkWu
� x,jsg'lZq�y � ncx­y�qc�PjZl � i � x�l�ncq1r yzi;j�i,r�i,�¬yzj=qcg � ncx�wPx,j=kmqc�Pkm�'lsq;vW� � kmqcu � ncx Àºj=l � j=x � �Pjsu
g�i;w�l�ncq1r�l��Pw0�U�cx � q0i�wPx,j � �PjshPi � kmqcu�q�y � ncx 
	��
'l � i � x��1i;j=kWi;hcvmx;o�f�lsl��Pg'kWuc� � nPi � �kml�ucqcu��zlskWuc�c�cvWi;j�½U��qcg�wP� � i � kmqcu0q�y � � kml�l � jsi1km�cn � y�qcj=r�i;j=�J. � � <�� � ��� of�l�i;u�x��Pi;g�wcvmx;½PrZx�nPi,�;x��Px,j=km�;x�� � ncx��1i1vW�cx�q�y � � y�qcj � ncx���qcg�wPi1lsl�r�k � n 
 9 <
9<; < �	� ���0i;uc�?> < @ < ��T � g'x � x,j�r�i1vW�;kWuc�0r�k � n*i'l � x,i1�P��wPi1lslskm�;x'�ci1k � qcu�i �
�
�Pq1r�u;r�i;j=��kWuc��vmkWucx;oZÇ�x'nPi,�;x�qch � i1kWucx��J.

� � < �   
!
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 � ¡

r�k � n�x�km�;x,u;�1i1vW�cx�l N ��T 
���
 4 ��T 
 �	� 
N ��T 
���
 N ��T 
 �	� 


�T ��� � �	� ���
��T � ��� � 
�
 ¡

��ncx�kWj�i;hclsq;vW� � x��1i1vW�cx�l'i;j=x ��T ����
 ½ ��T ����
 ½ 
�T ��� � �	� ��� ½+i;uc� ��T � ��� o���nc�cl � ncx����c��vmx�kml
l � i;hcvmx;o9f�lZx��PwPx�� � x��%� ���	��� ¡ rZx�nPi,�;x�i�Æ�x,j=q�x�km�;x,u;�1i1vW�cx;o���ncx�x�km�;x,u;�;x�� � qcjZi1lslsqc��kWi � x��
r�k � n � nckml�x�km�;x,u;�1i1vW�cx�kml��PkWj=x�� � x���vmqc�,i1vmvm��i1vmqcuc� � ncx'vmkWg'k � ���c��vmx;o'��nc�cl�i Àºuck � x�wPx,j��
� �PjshPi � kmqcu'i1vmqcuc� � nckml�x�km�;x,u;�;x�� � qcj�j=x��U�c��x�l � q�i�Æ�x,j=q�wPx,j � �PjshPi � kmqcu�kWu � ncx�Àºj=l � j=x � �Pjsu
g�i;w�lskWuc��x � ncx�wPx,j � �PjshPx���wPq;kWu � ��qcu � kWuc�cx�l � q�l � i,��qcu � ncx�vmkWg'k � ���c��vmx;o
Ç�x�ucq � x�ncx,j=x � nPi �/� ncx�g'x,j=x�yzi1� �/� nPi � rZx�nPi,�;xÄy�qc�Puc�0i�vmkWg'k � ���c��vmx�h;��g'x,i;ucl�q�y

uc�Pg'x,j=km�,i1v/lskWg'�cvWi � kmqcu�wPjsi1� � km�,i1vmvm���c�Pi;jsi;u � x�x�l � nPi ��� ncx����c��vmx�kml�l � i;hcvmx;o�«�ucvmx�lsl'rZx
¦;¢�¢,©�
 �	�Uª�¦�� �+,�nck ��� ncx�x��Pi1� � l � i � x�l�qcu�i;u0�Pucl � i;hcvmx�vmkWg'k � ���c��vmx � ncx���i;j=x�ucx��;x,j��ckmlskWhcvmx
kWu�uc�Pg'x,j=km�,i1v � j=kWi1vml,o
¸�ucx��,�Pj=kmqc�cl � nckWuc�*nPi;wPwPx,ucl y�qcj�lsvmkm�cn � vm��nckm�cncx,j�lsvmqcwPx�l,o�f�l�rZx�l�ncq1rakWu » km�Uo -

� ncx,j=x�kml�i0hck yz�Pj=�,i � kmqcu�q�y � ncx�lsq;vW� � kmqcu�i;uc� � ncx'j=qchPq � x��PnckWhck � l'i�vmkWg'k � ���c��vmx�r�nckm��n
j=x,wPx,i � l�k � lsx�v yÄx��;x,j=�*ª�*/£����c��vmx�l,o   n;�clskm�,i1vmvm� � nckml�g'x,i;ucl � rZq'l��c����x�lslskm�;x�j=qchPq � l � x,wcl
i;j=x�ucq � km�Px,u � km�,i1v�o�f vmqc�,i1v�l � i;hckmvmk � ��i;uPi1vm�clskml'q�y � ncx¬À��cx��%wPq;kWu � ½(r�nckm��n*kml,½9kWu � nckml
�,i1lsx;½ � ncx'wPq;lsk � kmqcu�qcu � ncx   q;kWuc�,i;j
�x�lsx�� � kmqcu�r�ncx,j=x � ncx'wPnPi1lsx � jsi�Å�x�� � qcj=��kWu � x,j=lsx�� � l
x��;x,j=�'q � ncx,j � kWg'x;½cl�ncq1r�l � nPi ��� nckml 
 ��wPx,j=kmqc�Pkm���ci1k � kmlZl � i;hcvmx;o-c�x � i1kmvmx��0kWu;�;x�l � km�ci � kmqcu
qcu � ncx�lsx0���Pucls�Pg�g'x � j=km�����ci1k � l�nPi,�;x�hPx�x,u�wPx,j�y�qcjsg'x�� � .
� o
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� u � nckml�lsx�� � kmqcu0rZx�wPj=x�lsx,u ��� rZq'�Pk � x,j=x,u � ��qcu � j=q;v+vWi,r�l�y�qcj � ncx���qcg�wPi1lsl��ci1k � hckWwPx��J.
qcucx'vWi,r � jsi1���;l�i��;km�;x,u�g'x���nPi;uckm�,i1v�x,ucx,j=�;��q�y � ncx�j=qchPq � i;uc� � ncx'q � ncx,j � jsi1���;l,½+kWu
i1�P�Pk � kmqcu+½+i�l�wPx���k À�x���i,�;x,jsi1�;x�wPj=q;�cj=x�lslskmqcu�l�wPx�x��(o

�&��� ��#4372V,/#6'�'15	��2V,/57*�
�.�3���0&57)+)+. �6 " �3� ,J����'1 (�6 ('
È�x,j=x�rZx�kWu � j=qc�U�c��x�i�lskWg�wcvmx���qcu � j=q;vPvWi,r6r�nckm��n�r�i1l�kWucl�wckWj=x��*h;� � ncx�wPi1lslskm�;x�x,ucx,j=�;�
��nPi;jsi1� � x,j=kml � km��l�q�y � ncx���qcg�wPi1lslZg'qc�Px�v�o   vmx,i1lsx�j=x��,i1vmv � nPi � i1l � ncx�j=qchPq � r�i1vW�;lZ�Pq1r�u
qcu'i�lsvmqcwPx�k � l�l��PwPwPqcj � wPq;kWu � i1vmlsq�l�nck y � l��Pq1r�u;r�i;j=��i � x��;x,j=� � qc�c��nc�Pq1r�u+o9f�l/k � vmq;lsx�l
�cjsi,�ck � i � kmqcuPi1vcwPq � x,u � kWi1vPx,ucx,j=�;��kWu � nckml�r�i,��k � l��;kWucx � km��x,ucx,j=�;��kWuc�,j=x,i1lsx�l�i1����qcj=�PkWuc�;vm�;o
� u�iZl � x,i1�P��r�i1vW� � nckml9kml9x��Pi1� � vm� � ncx�i;g'qc�Pu � q�y��;kWucx � km�Zx,ucx,j=�;� � nPi � kml � q�hPxZi;hclsqcjshPx��
i ��� ncx�x,uc�6q�y x,i1��n%l � x,w�h;� � ncx�kWg�wPi1� � o � y ½�i � x��;x,j=� � qc�c��nc�Pq1r�u%rZx*j=x�lsx � qc�Pj
wPq � x,u � kWi1vZx,ucx,j=�;�%j=x�y�x,j=x,uc��x�vmkWucx � q � ncx�wPq;kWu � q�y � qc�c��nc�Pq1r�u+½ � ncx � q � i1v�x,ucx,j=�;��q�y
� ncx'j=qchPq � i;wPwPx,i;j=l���qcucl � i;u � j=x��ci;j=�Pvmx�lsl�q�y k � l��Pq1r�u;r�i;j=�0�Px�ls��x,u � oZÇ�x y�qcjsg'�cvWi � x'i
��qcu � j=q;vUl � jsi � x��;�¹y�qcj � ncx'j=qchPq � hPi1lsx��0qcu � nckml�wPj=kWuc��kWwcvmx;o���ncx���qcu � j=q;v+vWi,r�½Pi,r�i;j=x�q�y
� nckml���nPi;jsi1� � x,j=kml � km��x,ucx,j=�;�*q�y � ncx�wPi1lslskm�;x�vmkWg'k � ���c��vmx;½9�,i1vmvmx�� � ncx�� � � �	� �	�U¢ ���	���	��¨B,
kWu � nckml�lsx�� � kmqcu+½Uq�y � ncx'j=qchPq � qcu0i'�;km�;x,u0lsvmqcwPx;½ � j=kmx�l � q��Uj=km�;x � ncx�j=qchPq �Z� q1r�i;j=��k � o
��ncx0i;wPwPj=qci1��n�i1lsl��Pg'x�l � nPi � y�qcj � ncx0�;km�;x,u�lsvmqcwPx�i*wPi1lslskm�;x0vmkWg'k � ���c��vmx0x��ckml � l

i;uc� � nPi � rZx�nPi,�;x*i1vWj=x,i1�P�%km�Px,u � k À�x�� k � o6f�v � ncqc�c�cn � nckml�g�i,�%i;wPwPx,i;j�x�� � j=x,g'x�vm�
��qcucl � jsi1kWuckWuc��i � Àºj=l � ½1rZx�r�kmvmvUl��Phclsx��P�cx,u � vm�'lsx�x � nPi � qcucxZq�y � ncx�i1�P�1i;u � i1�;x�l/q�yºi1� � km�;x
��qcu � j=q;v+kml � nPi � k � kml�i;hcvmx � q��;x,ucx,jsi � x��ci1k � l�r�nckm��n��Pq0ucq � x��ckml � y�qcj � ncx'�PuPwPq1rZx,j=x��
j=qchPq � o�Ç�x*g'�cl � wPq;kWu � qc� � i ��� ncx�l�i;g'x � kWg'x � nPi ��� ncx���qcu � j=q;v�vWi,r�l0wPj=x�lsx,u � x��
kWu � nckml�lsx�� � kmqcu yz�Puc� � kmqcu%rZx�vmv�qcucvm��kWu � ncx�ucx�km�cnchPqcjsncqcqc��q�y � ncx�wPi1lslskm�;x0�ci1k � i;uc�
� ncx�kWj�wPx,j�y�qcjsg�i;uc��x'�Px � x,j=kmqcjsi � x'i1l�rZx��;q yz�Pj � ncx,j�i,r�i,�*��kWu � x,jsg'l�q�y x,ucx,j=�;�;½+l�wPx�x��(½
x � �;o ¡ yzj=qcg � ncx�uPi � �Pjsi1v+g'q � kmqcu+o/��nckml,½Ui1l�rZx�vmv(i1lZqc�Pj�kWuPi;hckmvmk � � � q Àºuc� � rZq��Pk � x,j=x,u �

Ë%V



wPi1lslskm�;xZ�ci1k � l/qcu � ncxZl�i;g'xZlsvmqcwPx;½;kWuc�Pkm�,i � x�l � nPi �9� ncx,j=xZkmlZi�l � j=qcuc��kWuPncx,j=x,u � jsi � kmqcuPi1vmx
y�qcj � ncx�j=qchPq ��� q���ncqcq;lsx � ncx�wPi;j � km�,�cvWi;j�wPi1lslskm�;x��ci1k � k � ��ncqcq;lsx�l,o
��ncx � q � i1v(g'x���nPi;uckm�,i1v(x,ucx,j=�;���aq�y � ncx�j=qchPq � �,i;u0hPx�x��PwPj=x�lslsx��*i1l� < ��T � 81 C 0 81�4 �
��o/��ncx�wPq1rZx,j(kWuPwP� ��� q � ncxZls�cl � x,g kml � ncx � kWg'x�jsi � x�q�y���nPi;uc�;x

q�y � q � i1v9x,ucx,j=�;�;½ 8� < 81 C >@? r�ncx,j=x ? i;uc� > nPi,�;x � ncx�kWj��cl��Pi1v�g'x,i;uckWuc�;l0��lsx�x��/�+o
� ¡ o » qcj'i*wPi1lslskm�;x0���c��vmx;½ ? <�� i;uc� � ncx � ncx�j=x�y�x,j=x,uc��x0x,ucx,j=�;� � � < �0�!81 � 7 1 � ¡ o
�P�PwPwPq;lsx�ucq1r � nPi � rZx��clsx�i�lskWg�wcvmx��Ui;g�wPx,j���qcu � j=q;v9vWi,r�q�y � ncx¬y�qcjsg >@?6< N��I81/o
��ncxZwPq1rZx,j(kWuPwP� ��� q � ncx�ls�cl � x,g kml � ncx,j=x�y�qcj=x 8� < N&81 C �9819o » qcj9i�wPq;lsk � km�;x��Px�Àºuck � x���½
� ncx��P�Pi;u � k � ��N&81 C �981�� � r�nckm��n*g'x,i;ucl � nPi ��� ncx'j=qchPq � � l��;kWucx � km�'x,ucx,j=�;�0�Px��,j=x,i1lsx�l
g'qcucq � qcuckm�,i1vmvm�;o � u�qcj=�Px,j � q�lskWg�wcvmk y���qc�Pj/��ncq;km��x;½cvmx � �clZl�wPx���k y�� � nPi � qc�Pj/��qcu � j=q;vPvWi,r
l�ncqc�cvm�%i �s� x,g�w ��� q*hPj=kWuc� � ncx��,�Pjsj=x,u � x,ucx,j=�;��vmx��;x�vZq�y � ncx0j=qchPq ��� q � ncx0j=x�y�x,j=x,uc��x
x,ucx,j=�;��vmx��;x�v9i � i;u�� 
 ¥�£����	�Uª�©�¦��cjsi � x;o
f � i;u;��kWucl � i;u � i � g'q;l �'� rZq*i1� � �Pi � qcj=l'i;j=x�i,�1i1kmvWi;hcvmx � q�i1� � �Pi � x � ncx�j=qchPq ���

� ncx'nckWw*i1� � �Pi � qcj�i;uc� � ncx'i1� � �Pi � qcjZkWu � ncx'l��PwPwPqcj � kWuc��vmx���i ��� ncx'wPq;kWu � q�y l��PwPwPqcj �
���sl��PwPwPqcj � i;uP�;vmx � qcj=�P�cx�� ¡ o9��ncx,j=x�i;j=x � nc�cl � nPj=x�xZr�i,�cl/q�yºkWg�wcvmx,g'x,u � kWuc� � ncx���qcu � j=q;v
vWi,r�½1h;�'g'x,i;ucl/q�y � ncx � rZq�i1� � �Pi � qcj=l9i1� � kWuc��kWuc�Px,wPx,uc�Px,u � vm��qcj � ncx,gai1� � kWuc� � q;�;x � ncx,j�o
Ç�x�r�kmvmv9l � �c�P� � ncx�x,ucx,j=�;� � jsi1���;kWuc�'��qcu � j=q;vUvWi,r r�k � n0i;u�kWuc�Px,wPx,uc�Px,u � nckWw�i1� � �Pi � qcj
i;uc��i;u�kWuc�Px,wPx,uc�Px,u � l��PwPwPqcj � vmx���i1� � �Pi � qcj�i;uc��vWi � x,j�l � �c�P��i;u�kWg�wPj=q1�;x�����qcu � j=q;v
vWi,r�x,g�wcvmq1�;x���r�k � n�hPq � n�i1� � �Pi � qcj=l,o9��ncx�ucx�� � l��Phclsx�� � kmqcu�l � �c�Pkmx�l � ncx�wPx,j�y�qcjsg�i;uc��x
q�y � ncx���qcu � j=q;v+vWi,r r�k � n�qcucvm��i�nckWw�i1� � �Pi � qcj�o
	(	
�J	
� 
��J�J� �!���Q$&���!  ���
��!� � ����"
Ç�x�wPj=qcwPq;lsx�i'��qcu � j=q;v+vWi,r q�y � ncx­y�q;vmvmq1r�kWuc� y�qcjsg/.

8� < N��9����N�� � ¡(< 81 C >@?#<�� 8CGF�D 8CED�� K N E ;E ; O � 
�� ¡
yzj=qcg r�nckm��n0rZx��,i;u0�,i1vm�,�cvWi � x

E ; < N �9����N�� � ¡8CED(N 8CGF�D � 
 � ¡
� i;j=�;x,j � ncx��1i1vW�cx�q�y�� yzi1l � x,j/kml � ncx�jsi � x�q�y ��qcu;�;x,j=�;x,uc��x � q � ncx�j=x�y�x,j=x,uc��x�x,ucx,j=�;�

vmx��;x�v�o���ncx���qcu � j=q;v(vWi,r�nPi1l�i'lskWuc�c�cvWi;j=k � �*i � 8CED�N�8CGF�D < � i;uc� � nckml���qcuc�Pk � kmqcu*g'�cl �
hPx � i;�1x,u%kWu � q6i1����qc�Pu � ½�y�qcj�x��Pi;g�wcvmx;½�h;��lsx �s� kWuc� � ncx*��qcu � j=q;v � q%Æ�x,j=q%r�ncx,ncx��;x,j��� 8CED(N�8CGF�D ��� � ��o
� u » km�Uo � rZx'l�ncq1r@i;u*i1� � km�;x�wPnPi1lsx����c��vmx�l��PwPx,j=kWg�wPq;lsx���qcu � ncx�wPi1lslskm�;x�vmkWg'k �

���c��vmx�qch � i1kWucx���qcu0i � � lsvmqcwPx;oZ��ncx�i1�P�1i;u � i1�;x�q�y � ncx�i1� � km�;x���qcu � j=q;v(hPx���qcg'x�l���vmx,i;j
r�ncx,u'rZx�ucq � x � nPi �/� ncx�l � i;j � kWuc�'wPq;lsk � kmqcu�l�ncq1r�u�kWu � ncx�À��c�Pj=x�vmkmx�lZqc� � lskm�Px � ncx�hPi1lskWu
q�yÄi �s� jsi1� � kmqcu�q�y � ncx'wPi1lslskm�;x'vmkWg'k � ���c��vmx;o � u�q � ncx,j�rZqcj=�Pl � ncx�wPi1lslskm�;x�j=qchPq � rZqc�cvm�
nPi,�;x�yzi1vmvmx,u0�Pq1r�u�lsqcqcu�nPi1�0k � l � i;j � x�� yzj=qcg � nckml�kWuck � kWi1v(��qcuc�Pk � kmqcu+oZ��ncx���qcu � j=q;vUvWi,r
nPi1l � nc�cl�x,ucvWi;j=�;x�� � ncx�hPi1lskWu0q�y¾i �s� jsi1� � kmqcu�q�y � ncx�wPi1lslskm�;x�vmkWg'k � ���c��vmx;o
Á x�� � ½PrZx��Px�vmkWhPx,jsi � x�vm��i �s� x,g�w ��� q��,j=x,i � x'�PuPuPi � �Pjsi1v(vmkWg'k � ���c��vmx�l�qcu0i � � lsvmqcwPx

h;�*g'x,i;ucl�q�yÄl�wPx���k y��ckWuc��i � i;j=�;x � g'x���nPi;uckm�,i1v�x,ucx,j=�;��� ����� r�nckm��n�kml��Pk � x,j=x,u � yzj=qcg
� ncx�j=x�y�x,j=x,uc��x�x,ucx,j=�;����qcjsj=x�l�wPqcuc�PkWuc� � q � nPi � lsvmqcwPx;o
��ncx*g'q;l � j=x,g�i;js�,i;hcvmx y�x,i � �Pj=x0q�y � nckml���qcu � j=q;v�vWi,r kml � ncx yzi1� ��� nPi � i1v � ncqc�c�cn

k � wPj=qc�U�c��x�l�ucx�r �ci1k � l'k � �Pqcx�l�ucq � ��qcg�wcvmx � x�vm�%l��c����x�x���kWu � jsi1���;kWuc� � ncx�l�wPx���k À�x��
� i;j=�;x � x,ucx,j=�;�;o � u�i1vmv��,i1lsx�l,½ � ncx�j=qchPq � lsx �s� vmx�l��Pq1r�u � q�i*���c��vmx�r�k � n�i;u�x,ucx,j=�;�
r�nckm��n*kml'��vmq;lsx�hP� � �Pk � x,j=x,u � yzj=qcg � ncx�j=x�y�x,j=x,uc��x�x,ucx,j=�;�;o � u��9i;hcvmx � rZx'l�ncq1r � ncx
kWg�wPqcj � i;u � wPi;jsi;g'x � x,j=l�q�y � ncx�j=x�l��cv � kWuc��l � x,i1�P�'�ci1k � ��kWu � x,j��zvmx���i;uc�;vmx;½Pi,�;x,jsi1�;xZl�wPx�x��
q�y¬wPj=q;�cj=x�lslskmqcu+½�l � x,w�wPx,j=kmqc�(½�i;uc� � ncx ÀºuPi1v�lsx �s� vmkWuc�%x,ucx,j=�;� ¡ y�qcj��Pk � x,j=x,u �0� i;j=�;x �

Ë-/



θ 

Angular position of one leg 

Passive "natural" limit cycle for 3deg. slope.
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Phase trajectory of the actively controlled robot
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x,ucx,j=�;kmx�l,o/��ncx�Àºj=l � j=q1r�q�y � ncx � i;hcvmx���qcjsj=x�l�wPqcuc�Pl � q � ncx���qcu;�;x,j=�;x,uc��xZq�y � ncx�i1� � km�;x�vm�
��qcu � j=q;vmvmx��*j=qchPq � kWu � q � ncx'wPi1lslskm�;x�vmkWg'k � ���c��vmx;o���ncx � i;hcvmx�l�ncq1r�l � nPi � j=x��ci;j=�Pvmx�lsl�q�y
� ncx��1i1vW�cx�q�y � ncx � i;j=�;x � x,ucx,j=�;�;½ � ncx�lsx �s� vmkWuc�*x,ucx,j=�;�*�1i1vW�cx0kml���vmq;lsx � q � nPi � q�y � ncx
j=x�y�x,j=x,uc��x���wPi1lslskm�;x���x,ucx,j=�;��vmx��;x�v�o���ncxZj=x�l��cv � kWuc�����c��vmx�l�i;j=x;½;ncq1rZx��;x,j�½��P�ck � xZ�Pk � x,j=x,u �
i1l��,i;u�hPx'lsx�x,u yzj=qcg � ncx���nPi;uc�;x�kWu � ncx'q � ncx,j�wPx,j � kWucx,u � wPi;jsi;g'x � x,j=l�q�y � ncx����c��vmx�l,o
» qcj � ncx�j=x�l��cv � l�kWu � nckml � i;hcvmx � ncx��1i1vW�cx�q�y �*r�i1l�ncx�vm� À��cx���i � � o � o » km�Uo � l�ncq1r�l
� ncx�wPnPi1lsx'wPqcj � jsi1k � q�y qcucx�vmx���q�y � ncx�j=qchPq � y�qcj � nPj=x�x��Pk � x,j=x,u ��� i;j=�;x � x,ucx,j=�;kmx�l�� � ncx
� l � ½ � ncx 
 uc�(½/i;uc� � ncx � � n�j=q1r�l�q�y��9i;hcvmx � ¡ o Á q � x � nPi ��� ncx�g�i�Å�qcj�x � x�� � q�y � ncx
��qcu � j=q;v/lsx�x,g'l � q*hPx�vmkWg'k � x����U�Pj=kWuc� � ncx�lsx���qcuc����nPi1v y�q�y � ncx�lsr�kWuc�*l � i1�;x;o0��nckml'kml
hPx��,i;�clsx�q�y � ncx�yzi1� ��� nPi �/� ncx�nckWw � qcj=�P�cx�kWu�¿º�cx,uc��x�l � ncx�lsr�kWuc��vmx��'q�y � ncx�j=qchPq � g'qcj=x
j=x,i1�Pkmvm� � nPi;u�k � �Pqcx�l � q � ncx0l � i;uc��x�vmx��Uo � y­rZx�kWuc�,j=x,i1lsx � ncx��ci1kWu � y�qcj � ncx0l�i;g'x
� i;j=�;x � x,ucx,j=�;�;½ � ncx�j=qchPq � lsvmq1r�lZ�Pq1r�u�i;uc�0x��cx��,� � x�l�vWi;j=�;x,j�l � x,wcl,o���nckml�kml�hPx��,i;�clsx'i
vWi;j=�;x,j����,i;�clsx�l�i'nckm�cncx,j � jsi1���;kWuc�'x,jsj=qcj�r�nckm��n0�PkWj=x�� � vm��lsx � l�kWu � q�g'q � kmqcu � ncx�lsr�kWuc�
vmx��Uo�È�q1rZx��;x,j � nckml�kml�ucq � i1lslsqc��kWi � x��0r�k � n0i���qcjsj=x�l�wPqcuc�PkWuc��kWuc�,j=x,i1lsx�kWu � ncx�l��PwPwPqcj �
vmx���g'q � kmqcu0i;uc� � nc�cl � ncx�l � x,w�vmx,uc� � n � x,uc�Pl � q'kWuc�,j=x,i1lsx;o
� u*��qcuc��vW�clskmqcu�rZx�g'x,u � kmqcu � nPi � ucq����c��vmx�r�k � n�i;u*x,ucx,j=�;�*vmx��;x�v � ������vmx�lsl � nPi;u

� nPi � ��qcjsj=x�l�wPqcuc�PkWuc� � q � ncx�wPi1lslskm�;x����c��vmx���qc�cvm�*hPx��;x,ucx,jsi � x��(o
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Active cycle

E =160J

Active cycle

 E = 155J

Angular Position (deg)

(E =153.078J)
Passive limit cycle
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Etar =153.078 J and Lambda = 10
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Etar=152 J.Etar=153.08 J.Etar =155 J.
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� nPi �Z� ncx�j=qchPq � nPi1l�lsx �s� vmx�� � q�i'l � x,i1�P���ci1k � o
f�l�l�ncq1r�u�kWu � ncx � i;hcvmx � ncx��Px�lskWj=x���i,�;x,jsi1�;x�l�wPx�x��*kml�j=x,i1��ncx�� y�qcj�i�vWi;j=�;x'jsi;uc�;x

q�y �1i1vW�cx�l�q�y��(o9f�l � ncx � i;j=�;x � l�wPx�x���kmlZvmx�lsl � nPi;u � nPi � ��qcjsj=x�l�wPqcuc�PkWuc� � q � ncx�wPi1lslskm�;x
vmkWg'k � ���c��vmx;½ � ncx�j=qchPq �'� j=kmx�l � q�vmx,uc� � ncx,u%k � l�l � x,w�vmx,uc� � n�i;uc� � ncx0l � x,w%wPx,j=kmqc� � q
g�i1kWu � i1kWu0i'��qcucl � i;u � i,�;x,jsi1�;x�l�wPx�x��(o

Ë 




� ��� � � �	��

����� ������� ��� � F ��� �����/ 
�� 
!V ��� / ��� � 
 Ë%V ��� 
 �
Ë�� Ë���� /�� ��� / ��� � e Ë%V 
�� V /
" � Ë���� �:e ��� / ��� � / Ë%V 
�� � "/ � Ë���� 
!V ��� / ��� � � Ë%V 
�� ���
Ë�� � Ë���� 
�� ��� / ��� � � Ë%V 
�� 
 �


 Z a+WNQ "VR'& � Q \ ` TYX � T:b ` � Q \ET:b `�P T W ^ Q�P X T P ]BZIb/\ Q ��
 � Q�` Z a+WNQ \ET P�P�Q _1^/T:b/U+_ ` T�_ L ] O+W Z `�L T:b/_
T:b�Z�e � _ W T:^ Q � LN` �B^/Z P ZI] Q�`�Q�P _ER�� 
 / ��� 
 " � � �����* 
 Ë-/:e � �-ZIb/U ������� 
 ��� / 

��� �

� ��� � � �	��

����� �������/ 
�� 
!V " ��� / ��� � 

Ë-/ Ë���� �:eUË ��� / ��� � / �
" � Ë���� 
 �UË ��� / ��� � � �
e � Ë���� "UË<ZIb/U�ËcË�� /UË ��� V 
 
?ZIb/U ��� / �UË ��� � Ë<ZIb/U ��� � 
 �
� � 
�� ����ZIb/U�ËcË�� � 
 ��� V 
��?ZIb/U ��� / �!V ��� � ��ZIb/U ��� ��" �


 Z a+WNQ eVR�& � Q \ ` TYX���T:b ` � Q \ET:b `�P T W ^ Q�P X T P ]BZIb/\ Q � 
 � Q�` Z a+WNQ \ET P�P�Q _1^/T:b/U+_ ` T�_ L ] O+W Z `�L T:b/_
T:b�Z�e � _ W T:^ Q � LN` �B^/Z P ZI] Q�`�Q�P _ER � 
 / ��� 
 / � � ����� 
 Ë-/:e

��� ")�B�;��� � ��ncx0g'q;l � �,�Pj=kmqc�cl�x � x�� � q�y � kml � nPi � y�qcj�nckm�cncx,j'�1i1vW�cx�l�k � �,i;�clsx�li0hck yz�Pj=�,i � kmqcu�vmx,i1�PkWuc� � q�i1ls�Pg�g'x � j=km��qcj 
 ��wPx,j=kmqc�Pkm�0�ci1k � l,o � u�l��c��n�i��ci1k ��� ncx�i,���
x,jsi1�;x�l�wPx�x��*q;ls��kmvmvWi � x�l'i;j=qc�Puc� � ncx � i;j=�;x � l�wPx�x��(½ � ncx'i;g�wcvmk � �c�Px�q�y � nckml�q;ls��kmvmvWi � kmqcu
kWuc�,j=x,i1lsx�l�r�k � n � o » qcj � ncx�j=x�l��cv � lZkWu � ncx�y�q;vmvmq1r�kWuc� � i;hcvmx � < � ½ � < � ½ � ����� < �	��� o
��� ")�B����� � � y � < � ½ � ncx � i;j=�;x � x,ucx,j=�;��kml�ucq � �PwP�Ui � x���i � x��;x,j=��l � x,w0lsq y�qcj�i
� i;j=�;x � x,ucx,j=�;��x��P�Pi1v � q � ncx�j=x�y�x,j=x,uc��x�x,ucx,j=�;� � ncx0j=qchPq � ��qcu;�;x,j=�;x�l � q � ncx0wPi1lslskm�;x
vmkWg'k � ���c��vmx;oZ¸ � ncx,j=r�kmlsx ��lsvmkm�cn � vm��i�� x�� � l � ncx�l�wPx�x���q�y ��qcu;�;x,j=�;x,uc��x � q � ncx����c��vmx;o
��� ")�B�;��� �%�!���3�!�
�(' �!���3'
"�� ")��"��3'J� � �����* f�l'l�ncq1r�u�kWu » km�Uo ��� � ncx�g�i�Å�qcj
x � x�� � q�y � �����* kml'kWu � ncx�jsi � x�q�y���qcu;�;x,j=�;x,uc��x � q � ncx � i;j=�;x � l�wPx�x��(o Á q � x � nPi ��� ncx
� i;j=�;x � x,ucx,j=�;�*kml'g'qc�Pk À�x���i � x��;x,j=�*l � x,w*i;uc��rZx'�,i;uPucq � wPj=x��Pkm� � iÉ��wPj=kmqcj=k � q0r�nPi �
ÀºuPi1v(x,ucx,j=�;� � ncx�j=qchPq � r�kmvmv9��qcu;�;x,j=�;x;o

	(	��
	�� � � � ((�
�('
	���� � �
��
 "
��ncx'l�wPx�x��*��qcu � j=q;v9vWi,r�r�i1l�i1vmlsq � x�l � x�� y�qcj��Pw;r�i;j=��lsvmqcwPx�r�i1vW�;kWuc�Uo�Ç�x�nPi,�;x�l��Pw��
wPq;lsx���i1lZhPx�y�qcj=x;½ � nPi � ��q;vmvmkmlskmqcu�r�k � n � ncx��cj=qc�Puc��kml�i,�;q;km�Px���h;��g'x,i;ucl�q�y � ncx�j=x � jsi1���
� kmqcu�q�y � ncx�g�i1lslsvmx�lsl�l�nPi;uP��q�y � ncx�lsr�kWuc��vmx��Uo���ncxÄy�q;vmvmq1r�kWuc� � i;hcvmx�l��Pg�g�i;j=kmÆ�x�l�lsqcg'x
lskWg'�cvWi � kmqcucl�y�qcj��Pk � x,j=x,u � lsvmqcwPx�l�r�k � n � < -�T .�� 7 � < ��T 
 7 � < 
 i;uc��� �����* < �	�����)T
� u0�;x,ucx,jsi1v(k y � ncx�kWuc��vmkWuPi � kmqcu*q�y � ncx'�Pw;r�i;j=�0lsvmqcwPx�kml�kWuc�,j=x,i1lsx�� � ncx�j=qchPq ��� x,uc�Pl

� q�vmx,uc� � ncx,u � ncx'l � x,w�vmx,uc� � n*kWu*qcj=�Px,j � q0g�i1kWu � i1kWu � ncx'l�wPx���k À�x���l�wPx�x��(o'f � �Pwckm�,i1v
r�i1vW��q�y � ncx�j=qchPq � �Pw�i�lsvmqcwPx�q�y �	
�� kmlZl�ncq1r�u'kWu » km�Uo �	
 o9Ç�x��,i;u�x,i1lskmvm��x�� � x,uc� � ncx
l�i;g'x���qcu � j=q;vUvWi,r � q���qcu � j=q;v � ncx�j=qchPq � qcu0i � x,jsjsi1kWu�r�k � n�i�lsx,j=kmx�l�q�y wcvWi;ucx�l��Pj�yzi1��x�l
r�k � n���nPi;uc�;kWuc��lsvmqcwPx�l,o � u*�,i1lsx'q�y �	
�� lsvmqcwPx�kWuc�,j=x,i1lskWuc� � � q � o 
 g�i;�1x�l � ncx�j=qchPq �i,�;q;km� � ncx�hck yz�Pj=�,i � kmqcu�wPncx,ucqcg'x,ucqcu0r�nckm��n0r�i1l�qchclsx,j=�;x�� y�qcj � ncx �	��� lsvmqcwPx;o
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E(0)= 155 J.

number of steps

av
er

ag
e 

sp
ee

d 
(m

/s
)

E(0) = 160 J.

.

.

1.000

0.945

0.890

0.835

0.780

0.725

0.670

0.615

0.560

0.505

0.450

1009080706050403020100

K(LNM:O+P�Q ËcË:R � T:b � Q�P�M:Q b/\ Q�` T��4Z P U+_ ` � Q&` Z P�M:Q�` Z�� Q�P Z M:Q _1^ Q�Q U�TYX ��� / 

��� X T P U L � Q�P�Q b ` _ ` Z P�` �
L b M
` Z P�M:Q�`�Q b Q�P�M:LNQ _ �

�)� � � ��� � � �	��

����� �������/ Ë���� /UË ��� / ��� � e
� Ë���� � / ��� / ��� � V �
Ë�� Ë�e�� 
 
�ZIb/U ��� "UË ��� VBV ��ZIb/U ��� / / 
 ��� � /�ZIb/U ��� ��� �

Ë " � � 
 /�� " � 
�� VBV ��� / ��� ��� �


 Z a+WNQ V+R�� ^ Q�Q U \ET:b `�P T W X T PBO ^ �4Z P U �4Z W��	� & � Q \ ` TYX � T:b ` � Q \ET:b `�P T W ^ Q�P X T P ]BZIb/\ Q �

 � Q�` Z a+WNQ \ET P�P�Q _1^/T:b/U+_ ` T�_ L ] O+W Z `�L T:b/_ � LN` ��^/Z P ZI] Q�`�Q�P _ER � 
 ��� 
 /

�
� 
 e�� "

�
� 
 "BZIb/U

� �����* 
 Ë-/:e � �
� '"³�°%¶��;µ��Z·1³�°���
0°%´ (Uµ�±�µ�²7� �"³0²��
Ç�xZnPi,�;xZl � �c�Pkmx�� � ncxZl � i;hckmvmk � ��i;uc� � ncxZwPx,j=kmqc�Pkm��k � ��wPj=qcwPx,j � kmx�l�q�y � ncx�wPi1lslskm�;x�g'q � kmqcu
q�y i�lskWg�wcvmx'hckWwPx��*g�i1��nckWucx;½ � ncx���qcg�wPi1lsl��ci1k � r�i1vW�1x,j�o9Ç�x�nPi,�;x�l�ncq1r�u � nPi � l��c��n0i
hckWwPx����,i;u�r�i1vW�'�Pq1r�u�qcu�i;u�kWuc��vmkWucx���wcvWi;ucx�kWu�i�l � x,i1�P��wPx,j=kmqc�Pkm�¬yzi1l�nckmqcu+o���ncx,j=x�kml
i�l � j=qcuc��kWuc�Pkm�,i � kmqcu � nPi � i1vmv � ncx�g'q � kmqcu��Px�ls�,j=kWw � qcj=l�q�y l��c��n0i'�ci1k � i;j=x��Px � x,jsg'kWucx��
h;��qcucvm��qcucx'wPi;jsi;g'x � x,j�½ � ncx�lsvmqcwPx'q�y � ncx�kWuc��vmkWucx��%wcvWi;ucx;o�f j=km�;qcj=qc�cl�wPj=qcq�y¾q�y � nckml
yzi1� � nPi1l,½+lsq yzi;j�½(hPx�x,u�x�vW�clskm�;x;o���ncx�g'q � kmqcu*x��P�Pi � kmqcucl�x��PnckWhck � i0hck yz�Pj=�,i � kmqcu�wPncx��
ucqcg'x,ucqcu0i � i'��x,j � i1kWu0lsvmqcwPx'i;uc�;vmx�r�ncx,u�i'ls�Pg�g'x � j=km��wPx,j=kmqc�Pkm��g'q � kmqcu���nPi;uc�;x�l � q
i;ucq � ncx,j�l � i;hcvmx'wPx,j=kmqc�Pkm��g'q � kmqcu�r�k � n0�Pucx��P�Pi1v9l � x,w�vmx,uc� � ncl,o » �Pj � ncx,jZkWu;�;x�l � km�ci � kmqcu
kml�j=x��P�ckWj=x��*qcu � nckml � qcwckm�;o
f�v � ncqc�c�cn�ucq � �clsx�yz�cvZi1l�i��ckWi;hcvmx�r�i1vW�U½ � ncx����P§�ª�¦	��� ��vmkWg'k � ���c��vmx�l'q�y � ncx�j=qchPq �
g�i,� � x�vmv��cl'g'qcj=x�i;hPqc� � k � l��;vmqchPi1v�wPj=qcwPx,j � kmx�l,o � u*qcj=�Px,j � q0km�Px,u � k y�� � ncx��Pucl � i;hcvmx
vmkWg'k � ���c��vmx�l�rZx�rZqc�cvm�*ucx�x�� � q�kWu � x��cjsi � x � ncx�ls�cl � x,g@hPi1����kWu � kWg'x;o
Ç�x�l�ncqc�cvm�'j=x,g'x,g'hPx,j � nPi � j=qchPq � � l9hPx,nPi,�ckmqcj(kml/ncx,i,�ckmvm��kWu�¿º�cx,uc��x���h;��qc�Pj+kWg�wPi1� �
g'qc�Px�v+r�nckm��n0kml�ucq � ½Ph;�0i;u;��g'x,i;ucl,½ � ncx�qcucvm�0i,�1i1kmvWi;hcvmx'kWg�wPi1� � g'qc�Px�v�o � u�qcj=�Px,j � q
��qcu � j=q;vci�j=x,i1vPj=qchPq � rZx�nPi,�;x � rZq�g�i1kWu'qcw � kmqcucl � � q�g'qc�Px�v � ncxÄy�qcq � �1�cj=qc�Puc��kWg�wPi1� �
kWu�l��c��n0i�g�i;uPucx,j � nPi � j=x,i1lsqcuPi;hcvmx�wPx,j � �PjshPi � kmqcucl�q�y � ncx�g'qc�Px�v(wPi;jsi;g'x � x,j=lZ�Pq�ucq �
�Ujsi;g�i � km�,i1vmvm����nPi;uc�;x � ncx��ci1k � o � y k � �Pqcx�l,½ � ncx�g'qc�Px�vU�,i;uPucq � hPx��Px�x,g'x��0j=x�vmkWi;hcvmx;o�f
lsx���qcuc��qcw � kmqcu�kml � q�lsx�vmx�� � i y�qcq � g�i � x,j=kWi1v+l��c��n � nPi ��� ncx,j=x�kml�ucq'lskm�cuck À��,i;u � kWg�wPi1� �
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�U�Pj=kWuc� � ncx�j=qchPq � � l � qc�c��nc�Pq1r�u+o
» qcj���qcu � j=q;v/wP�PjswPq;lsx�l,½+k � r�kmvmvZhPx��clsx�yz�cv � q�km�Px,u � k y�� � ncx�hPqc�Puc�Ui;j=��q�y � ncx�hPi1lskWu

q�y­i �s� jsi1� � kmqcu�i;uc� � q*�Px � x,jsg'kWucx � ncx yzi,�;qcjsi;hcvmx�kWuck � kWi1v���qcuc�Pk � kmqcucl,o � u�qcj=�Px,j y�qcj'i
��qcu � j=q;v/vWi,r � q�hPx�j=qchP�cl � i;uc�%j=x�vmkWi;hcvmx � ncx�vmkWg'k � ���c��vmx�i1lslsqc��kWi � x��%r�k � n�k � l�ncqc�cvm�
nPi,�;x�i�j=x,i1lsqcuPi;hcvm�0r�km�Px'hPi1lskWu0q�y i �s� jsi1� � kmqcu+o
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