
���������
	�����������������
�������
�����
���
���������������� �����! ���"����������
����#�$�
�%�
�'&��
"
( ����� )�������*+�����
���,��-�� ��� ������
������$� ( ���
�
�'���
�'"

.0/2143'5768/29;:=<
>�? 5A@CB ? @CD�EGFH3�IJB
KL/M3'5 ? 5ANPOQ3�1SR
B
K ? KT/M3�5VU�D=WXD ? 9ZY\[7]Q5^/2K

_ D�R ? 9;KT1SDC5`KA3�a > /25A@CB
/MWXKT/2YbW
]Q5^/2FcD�9dWM/JKL<e3�a`EfNg/25`:=B
9\@C[

http://www.ling.ed.ac.uk/˜ simon

h i �����'��j�����������

kmlonqp�rtsunmv�vxw�y=z{rt|{sQ}�~�v�lo�Z|{�b|{s���lo��lo�=�^�=s�|{�b�=v\z{��~��=��rtsup�lo��y=lo�;|{}�|{los�rtz����0��}�v\��lo��p�lo�����=s�|{�
p�rt}�|{los
���G���=p�~�lo��}�~�vA��v\p�v\s�}�nmlo�M�8}�rtp��0z{|{s���}�~�|{��y=��lo�oz{v\����vb� �8�c|�p��bv\�M}�los����t�t t¡d¢=|{s��bv\�¤£��cz{lolo�
���t�t t¡C¥mv\nm��v\�bv\�¦���t�0��¡'ku�=�M��lo��§P¨ª©�«�¬Td���t�t®t¯=v\w�y=z{|{p�|{}�z{��rt}�}�v\��y=}���}�l���vxz�rt}�v���lo§cv\z{��lo�glo�=�^|{s�s�rt}�v
z{|{s��b�=|{�;}�|{p�v\s�§clonu��vxs�}�nm|{}�~+s�v\lo��°±rt�Mnu|{s�|�rts�vx²0loz{�=}�|{los�rt�M�u}�~�v\lo�M����³c~�vx�;vfrt��v±vx�;�;v\s�}�|�rtz{z{�m���=s�p��
}�|{los�rtzg��}�lo�Z|{v\��´ort���b�=|�s��P}�~�rt}`}�~�v±p�v\s�}��Mrtzg��v\rt}��=�#v\��lo�`~��=��rtsµz{rts��0�=rt�bv¶rt��v8�bv\s�v\}�|{p�rtz{z{�Pv\s�p�lo§cv\§
rts�§P~�rt²bv�vx��v\���bv\§ulo²0vx�^v\²bloz{�=}�|{los�rt�M��}�|{��v�|�sm��vx�;y=los��;v¦}�l�s�rt}��=�ZrtzC�;v\z{v\p�}�|{los�y=��v\�;���=��v\�d�

·¸sP}�~�|{�Hy=rty=v\�
·cy=�=}g��lo�Mnurt�#§�r8s�v\n�rty=y=��lortp�~Q}�l¹�=s�§cv\�M�;}�rts�§º|{s��¹}�~�v�lo�Z|{�b|{s��Hlo�=�;lo��vflo�=}�~�v
�bv\�u|�s��b��v\§c|{v\s�}��A|{s�r����0s�}�rtp�}�|{p��;�b�;}�vx�»�º·^��~�lonf´o�=��|�s��Qr�p�lo��y=�=}�rt}�|{los�rtzg��lo§cv\z{´o}�~�rt}ºp�lo��y=lo�;|{�
}�|{los�rtz��;�bs�}�rtw�|���rts¹|{s�v\²b|�}�rt�oz{v�lo�=}�p�lo��v¤lo�b}�~�vA§c�bs�rt��|{p��
lo�0lo�o�;v\�M²brt}�|�los�rtz{z��8z{v\rt�Ms�v\§up�lo�����=s�|{�
p�rt}�|{losP�;�b�;}�vx���d�C·¸sPr±�;|{���=z{rt}�v\§�y=loy=�=z{rt}�|�losulo�=|{s�§c|{²b|�§c�=rtz{�;´�z{rts��0�=rt�bv�§ºvx²0vxz�loy=�G����lo�!r±�;|{��y=z{v
|{§c|�lo���0s�p��Mrt}�|�p�²blop�rt�o�=z{rt�Z��nm|{}�~�z{|{}�}�z�v¶v\w'y=��v\���;|{²0vfy=lonuvx�2´o}�lmr�p�lo��y=lo�;|{}�|{los�rtz��;�b�;}�v\�¼nm|{}�~�~�|{�b~
v\w'y=��v\�;��|�²b|{}��½´ds�lo�=s��Grts�§�²bv\�M�o�;´'rts�§�nmlo��§�lo��§cv\�^v\w�y=�#v\�;�;|{s�����v\rts�|{s���§c|{�;}�|{s�p�}�|{los��d� ¾�³c~�|{�H~�rty=�
y=v\s��Gnm|{}�~�lo�=}bs�rt}��=�Zrtzo��v\z{v\p�}�|{los�lo��z{v\rt�Ms�v\�M��¿À|{s�§cv\vx§º´tnm|{}�~�lo�=}brts��¹�o|{loz�lo�b|{p�rtzbp�~�rts��0v�rt}�rtz{zo¿
lo�^rts��¹s�lo}�|{los�lo�0���=s�p�}�|{losm�ov\|{s��¹�o�=|{z{}�|{s�}�l�}�~�v����0��}�v\�»�

³c~�|{�frty=y=��lortp�~Á§clov\��s�lo}Â§cv\s��P}�~�v8y=lo�;�;|{�o|{z�|{}���}�~�rt}Â���=p�~7lo�
lo�=�Az{|{s��b�=|{�;}�|{p±rt�o|{z�|{}�����rt���ov
v\w'y=z{rt|�s�v\§�|{s�}�v\�M���`lo��s�rt}��=�Mrtzd�;v\z{v\p�}�|{los�´ª�o�=}o|{}o§clov\�c~�|{�b~�z{|{�0~�}o}�~�vH��rtp�}o}�~�rt}��o|{loz{lo�b|�p�rtz�v\²bloz{�=}�|�los
|{�^�o�±s�lf��v\rts��^}�~�vGlos�z{�±y=lonmv\�M���=z\rt§crty=}�|{²bv¦�;�b�;}�v\�Ãrt}�nmlo�M��|{s�}�~�vHlo�M|{�b|�s��`lo�C~��=��rts�z{rts��0�=rt�bvb�

Ä Å �������'�&����"Á� ( "'�������
	

¢=|{s��bv\�m£q�cz{lolo�Æ�����t�t t¯�rt���b�=vu}�~�rt}¤rts»rts�rtz{�b�;|{��lo�¤}�~�vQ§cv\��|��bsÇ��v\rt}��=�#v\��lo�¦~��=��rtsSz{rts��0�=rt�bv\´
rts�§�lo���;�bs�}�rtw±|{sQy=rt�M}�|{p��=z{rt�2´Cz{v\rt§c�H}�l�}�~�v�p�los�p�z{�=�;|{losu}�~�rt}�}�~�v��ov\�;}�nmrt��lo�g�=s�§cv\�M�;}�rts�§c|{s���}�~�v\|{�
lo�M|{�0|{s��G|{��rt���o|{loz�lo�b|{p�rtzort§crty=}�rt}�|{los��d�\³c~�vAp�v\s�}��Mrtz��b�=v\�;}�|{los��Â}�~�rt}���~�lo�=z{§Q�ov�rt�;�bv\§u|{sm}�~�v\|{�^²b|{v\n
rt��vbÈ
ÉTÊdËxÌÎÍ=Ï2ÐMÍTÐZÑZÏ2ÒLËAÓHÑZÍcÒ#ÑZÏ�Ï�ÌÔÐMÕfÖ½×tØ'Ñ�Ø�ØÙËxÐ
Ú�Ö½ÛÔÛÎÐMÜÝÌÎ×tÞSßd×tÕdÑ�àtÐMÍTØ�áãâÝÍLØ�ÌÔØÙ×tØ�Ð
äãÖªÏ0å^ÕdæªÑ�âÝÒ#ÐMÕ±ç;ØÙ×tÕdè�éÝÑ�âÝÕ�ØÙËÝÐ
ê'ÑZâxÜª×tÑZÜÝÐ

ë æÝÖ½ÛÎ×tØÙÌÎÖªâ¶ÑZâxÕ¹Ú�Ö½Þ�àt×tØ�Ñ�ØÙÌÎÖ½â�ìoÐMÍTÐMÑ�Ï2ÒLË¶í^âxÌÎØ0ÌÔâ¶ØÙËÝÐAî^ÐMàtÑ�Ï�Ø�Þ�ÐMâÝØ�Ö½ä�êdÌÎâxÜª×tÌÔÍTØÙÌÎÒ#ÍÂÑZØ ë ÕdÌÎâZï�×tÏ2ÜªËxéCäã×tâÝÕdÐZÕ�ï�è ë ç�ìoÚ
ÜªÏ�Ñ�âÝØ�ìoð�ðZðZñ�òZó�ôZôZõ�öG÷¶×tÒ#ËfÖ½ä�Ø�ËxÐ�ÓHÖ½Ï�ø�ÕdÐMÍLÒLÏ�Ì ï�ÐMÕ�ÓGÑ�ÍcÒ#ÑZÏ�Ï�ÌÎÐZÕ±Ö½×tØ�ÌÔâ�Ò#Ö½ÛÔÛÎÑ�ïCÖ½Ï�ÑZØÙÌÎÖªâ�ÓHÌÎØÙË�÷8ÌÎøªÐÂùÂÛÎÌÔàtËÝÑ�âÝØ�Ñ�âÝÕ¤úTÌÔÞ
û ×tÏ�äãÖªÏJÕ'ö½ç;Ö½Þ�ÐgÍTÐMÒ#ØÙÌÎÖ½âxÍbÖ½ä\ØÙËxÌÎÍbàtÑ�àtÐMÏ�Ñ�Ï2Ð�Ñ�æªÑ�ÌÎÛÎÑ¸ï�ÛÎÐºÌÎâGÑ�âHÐZÑZÏ�ÛÎÌÔÐMÏ'ØÙÐMÒ#ËxâÝÌÔÒLÑ�ÛªÏ2ÐMàtÖ½Ï�ØÝüãý�ÌÔÏ�ï�è
õZþ�þZÿ¸ï��tÓGËxÌÎÒ#ËHÑ�ÛÎÍLÖ
ËÝÑ�ÍbÑZâ
ÑZàtàtÐZâÝÕdÌ��ºÕdÐZÑZÛÎÌÔâÝÜ
ÓHÌÎØÙË¦Ø�ËxÐ=Þ�Ö½Õ'ÐMÛ�Þ�Ö½Ï2Ð�äãÖ½Ï�Þ�ÑZÛÔÛÎè�ö
���ªÖ½ÏCàtÑZÏ�Ñ�ÛÎÛÔÐMÛÎé�ÑZâxÕAÌÎâGÒ#ÐMÏ�ØÙÑZÌÔâGÓHÑZèªÍoÒ#Ö½âxØÙÏ�ÑZÍTØÙÌÔâÝÜÝé�ÓHÖ½Ï�øªé�ÍTÐMÐ û ×tÏ�äãÖªÏJÕ¦üãØÙËÝÌÔÍoæªÖ½ÛÔ×tÞ�Ð��ãö

�



� °±l»}�~�vPp�lo�bs�|{}�|{²bv+��v\p�~�rts�|{�;�����=s�§cv\�Mz{�b|{s��Çz{rts��b�=rt�bv+�;~�lon �;|{�0s���lo�A§cv\�;|{�bs»��lo�
�;lo��v±���=s�p�}�|{los�|{s�}�~�v±�;rt��v¶nmrt�Q}�~�v¶rts�rt}�lo��|{p�rtz=�;}��X�=p�}��=��v\�¦lo�`}�~�v±v\�bv±�;~�lon-�;|{�bs��
lo�¤§cv\�;|{�bsÇ��lo�±}�~�vuy=�=�Zy=lo��v�lo�¤²b|���|�losÂ�
	 ~�rt}¦rt��v+}�~�vmv\s��b|{s�v\vx�Z|{s��7§cv\��rts�§c�8los�r
�;�b�;}�v\�Ã}�~�rt}C���=��}Cp�rt�M�M�±lo�=}��;�=p�~¶r¤���=s�p�}�|{los
���¶s�§�rt��vH}�~�vG��v\p�~�rts�|������^lo�Cz{rts��0�=rt�bv
}�rt|�z{lo��vx§+}�l���vxv\}�}�~�lo�;vA§cv\��rts�§c�d�����¢=|{s��bv\�A£��cz�lolo� ���t�t 0È��t���t¯

¢=|{s��bv\��rts�§��cz{lolo�¼p�z�rt|{� }�~�rt}=}�~�v���v\rt}��=��v\�¦lo�=�0�Mrt����rt�Gnm~�|{p�~+}�~�vx��rt��v±|{s�}�v\��vx�;}�v\§+|{s+��lo�M�
y=rt�M}�lo�G}�~�v�|{s�s�rt}�v�vxs�§clonm��v\s�}
lo��~��=��rts��±rts�§enulo�M��}�lo�bv\}�~�vx�A}�lµ��rt�bv � p�lo�����=s�|�p�rt}�|{los�lo�
y=��loy=lo�;|{}�|{los�rtz0�;}��X�=p�}��=��vx��¦y=lo�;�;|{�oz{vb���blo�Gvxw�rt��y=z{v\´o}�~�v�v\w'|���}�v\s�p�v�lo�ºz{|{s�v\rt�Hlo��§cv\�2´�y=~��Zrt��v��;}��X�=p��
}��=��v�rts�§���r�� lo�
z{v\w'|�p�rtzbp�rt}�v\�blo�M|{v\�G}�lo�0vx}�~�v\�ºnm|�z{zbrtz{z{lon�r�z{rts��b�=rt�bvf�=�;v\�`}�l � §c|{�;}�|{s��b�=|{�;~mrt��los��
}�~�vArt�#�0�=��vxs�}0y=lo�;|{}�|�los��Â}�~�rt}0rtsmv\s�}�|{}��8rt�;�;�=��v\�
nm|{}�~¹��vx�;y=v\p�}b}�l�r�y=��v\§c|{p�rt}�v����yG���t���t¯�´��;�=�b�bv\�;}��
|{s��¹}�~�rt}�}�~�v\|{�^y=��vx�;v\s�p�vA|{sm~��=��rtsmz{rts��b�=rt�bv\����v\�b�=|{��v\�Grf�o|{loz{lo�b|{p�rtz��Crt§crty=}�rt}�|{los�|{�;}�v\w�y=z{rts�rt}�|�losÂ�

³c~�v\��v�~�rt²bv��ov\v\sV��rts��7rt�=}�~�lo�M�m����v\v\´=vb� �^��km�=�M��lo��§ ���t�t®P��lo��rQ��vxp�v\s�}���v\²b|{v\nm¯Gnu~�l�~�rt²bv
rt���b�=v\§�}�~�rt}A|�}A|{�¹�=��v\���=z
}�lVz{lolo��rt}A�;�bs�}�rtw�rt�¹r�y=��lo§c�=p�}¤lo�As�rt}��=�Zrtz��;vxz�vxp�}�|�los»¿ ¥mv\nm��v\�bv\�
�����t�0��´^���t���t¯�´���lo�Gv\w�rt��y=z{v\´bz{lolo�b�A|{s�§ºvx}�rt|�z�rt}`}�~�v±��v\rt}��=��v\�Alo�º}�~�v � ¢=�M|{s�p�|{y=z{v\��rts�§µ¢=rt�Mrt��v\}�v\�M��
��lo§cv\z�lo�g���0s�}�rtw±rts�§��b|{²bv\�¦}�~�v\�$rtsuv\²bloz{�=}�|�los�rt�M��v\w�y=z{rts�rt}�|�losÂ�C³c~�v���v\rt�;los��H��lo�Â}�~�|{�¦rt��v�p�z�vxrt�2´
rt�A¢=|{s��bv\��£ �cz�lolo� �����t�t 0È��� ���¯Ây=lo|{s�}=lo�=}ZÈ ��� ²0loz{�=}�|{los�rt�M�u}�~�v\lo�M��lo� ��v\�M�¤p�z{v\rt�¦p��M|{}�v\�M|{r8��lo�Gnm~�v\s
r¶}��Mrt|�}c�;~�lo�=z{§µ�ovfrt}�}��Z|{�o�=}�v\§�}�l�s�rt}��=�Zrtz0�;v\z{v\p�}�|{losÂÈop�lo��y=z{v\w�§cv\�;|{�bsQ��lo���;lo��v����=s�p�}�|{los�´�rts�§Á}�~�v
rt�o�;v\s�p�v¹lo��rtz{}�v\�Ms�rt}�|{²bv�y=��lop�v\�;�;vx�fp�rty=rt�oz{vmlo�
v\w�y=z{rt|{s�|{s��Á�;�=p�~7p�lo��y=z�vxw�|{}�����km�=��rtsVz{rts��b�=rt�bv
��v\v\}��
}�~�v\�;vAp��M|{}�v\�M|{r0��

·Ânm|{z�zc�;~�lon$|{sµ}�~�|{��y=rty=vx�¤}�~�rt}�´0��lo�Art}^z{v\rt�;}^�;lo��v¶��v\rt}��=��v\��lo�^�;�bs�}�rtw�´0}�~�v\�#v8rt�#v�|{sÁ��rtp�} � rtz��
}�v\�Ms�rt}�|{²bvAy=��lop�v\���;v\�^p�rty=rt�oz{v�lo��vxw�y=z{rt|{s�|{s����;�=p�~¹p�lo��y=z{v\w'|{}����´xrts�§P}�~�rt}b�;lo��vAlo�b}�~�vA�b�=rtz{|�}�rt}�|{²bv
v\²bloz{�=}�|{losÁlo�
~��=��rts7z{rts��b�=rt�bv¹y=��lop�v\vx§ºvx§Vnm|�}�~�lo�=}^s�rt}��=�Zrtzº�;v\z{v\p�}�|{losÂ�A³c~�v��b|{s�§�lo�
v\²bloz{�=}�|�los
nmv�nu|{z{zo�ov�z{lolo�0|{s���rt}0|��Gs�lo}b�o|{loz{lo�b|�p�rtz{´'�o�=}���vxz�|{v\��los�r�s�lo}�|{los�}�~�rt}0¬ã«��! �"0«� 0¨$#^}�~�v\���;vxz�²bv\�
rtp�}�rt�
p�lo��y=z{v\w±rt§crty=}�|{²0v��;�b�;}�v\������km�=�M��lo��§P}�~�|{�H²bloz{�=��v\¡%	7lo��§cv\s�}�~�|���²bloz{�=��v\¡'�º�M|{�;p�lov�}�~�|{�G²bloz��=��vx¡
&�|{�Z�o�V���t�t®trt¡'&�|{�M�o�Ç���t�����o¡�(¤~��M|{�;}�|{rts���v\s����t��)t¡0°±v\rtp�los»���t����¡'&�|{�M�o�Ç���t����rt¡0�c�Z|{�;p�lov����t����¡'*�vxz�z{�
��rts�sÁ���t���t¯Z�

³c~�v�y=rt�Z}�|{p��=z{rt�
��v\rt}��=��v�lo�����0s�}�rtw±}�~�rt}�nu|{z{zo�ov�v\w�y=z{lo��vx§P|{sQ}�~�|{�Hz{|{�b~�}�¿ rts�§+los�v�nm~�|{p�~u�;�=�o�
�;�=��v\�^��rts���lo�b¢=|{s��bv\�ºrts�§Q�cz�lolo�,+ �
z{|{�;}b¿ |{�.-0/�132�/�#$4T©�45/��0«�¬54T©�60�%(¤rts�sÁ�����t���0È )t¯��0|{²bv\�
}�~�v¤��loz{z�lonm�
|{s��¹§cv!7=s�|{}�|�los�lo��}�~�v�y=�M|{s�p�|{y=z{v�lo��p�lo��y=lo�;|{}�|{los�rtz{|{}��ª´tr��=s�|{²bv\�M�;rtz�lo��~��=��rtsmz{rts��b�=rt�bvbÈ

� ³º~�v+��v\rts�|�s���lo�¤rtsSv\w'y=��v\���;|{los»|{�¹r���los�lo}�los�|{p¹���=s�p�}�|�loselo�A}�~�vQ��v\rts�|{s��Çlo�A|{}��
y=rt�Z}���rts�§+}�~�v�nmrt��}�~�v\��rt��v�y=�=}b}�lo�bv\}�~�v\�X��

³c~�|{��§cv!7=s�|{}�|{los���rt�bv\��|�}�p�z{v\rt�
}�~�rt}�´trtz{}�~�lo�=�b~�p�lo��y=lo�;|{}�|{los�rtz{|{}��¹|{�Glo��}�v\s¹}�rt�bv\s�}�l8�ov�r�y=��loy=v\�M}��
lo����v\��rts�}�|{p��;´t|{}�|{��rtp�}��=rtz{z{��rfy=��loy=v\�M}��8lo��}�~�vA�;�b�;}�v\��}�~�rt}�z�|{s��0����lo�M���Grts�§P��vxrts�|{s��b�d�

8 9 �����! ������
��������
�±�
 � ��'���
���

·¸�±nmv7rt��vV}�lS���=z�z{� �=s�§cv\�M�;}�rts�§ }�~�v7nmrt�b�P|{s nm~�|{p�~ rÇz�vxrt�Zs�v\§c´�p��=z�}��=�Mrtz{z{� }��Mrts��;��|{}�}�v\§c´A�;�b�;�
}�v\� �;�=p�~�rt��z{rts��0�=rt�bv8p�rtsÁvx²0loz{²bv8nuv8s�vxv\§Á��lo��v8��loy=~�|{�;}�|{p�rt}�v\§7y=loy=�=z{rt}�|{los���lo§cv\z{��lo�^z{v\rt�Ms��
v\�M�d�;:C|{��y=z{v¶}�~�v\lo�M|{�;|{s��mrt�olo�=}º}�~�v±z{|{�0vxz��Q�ov\~�rt²b|{lo�=�¦lo�ºp�lo��y=z{v\w�rt§crty=}�|{²bv¶�;�b�;}�v\���¤|{��s�lo}c�blolo§
v\s�lo�=�0~Â���¶��¥m|{�blo�b|
£ �cv\�Mnm|{p��Ç�����t����¯
y=lo|{s�}`lo�=}�´0lo�=�H|{s�}��=|{}�|{los���rt�olo�=}`}�~�v8vx²0loz{�=}�|{los�lo�^v\²bv\s
�;|{��y=z{v+§c�bs�rt��|{p�rtz¦�;�b�;}�vx���8rt�#v�lo��}�v\senm��los��`�=<�v\p�v\s�}�z{�ª´
��rts�����v\�;v\rt�#p�~�v\�M��~�rt²bv���v\�;y=los�§ºvx§
}�lu}�~�|{��y=��lo�oz{v\���o�Q}�rt�0|{s��Pr>-0/�132�"`©�«'©�45/��0«�¬�y=v\�M�;y=v\p�}�|{²bvu����lo�¤v\w'rt��y=z�vx´0km�=�M��lo��§ ���t®t�t¡�km�=�M��lo��§
���t�0��¡ª�»rtp�?cv\s�s�rtsQ���t�0��¡ª�ºrt}�rtz{|0���t��)t¡A@¶z�|{y=~�rts�}=���t��Bt¡A(¤rts��0vxz�lo��|b£µ¢=rt�M|{�;|0���t��Bt¡A:C}�v\v\z{�G���t��Bt¡A&�|��M�o�
£7km�=�M��lo��§µ���t����¡\�c�M|���p�lov����t����¡t�c�M|{�;p�lovH}�~�|{�^²bloz{�=��v\´x�crt}�rtz{|�}�~�|{�^²bloz{�=��v\´Ýkm�=�M��lo��§�}�~�|��`²bloz��=��vx¯Z�

�



³c~�|{�Ay=rty=v\�G��loz�z{lonm��los+����lo�%}�~�|{�Az{|{s�v¶lo�`nmlo�M�b´�rts�§Ártz{�;lQ�olo�M��lonm�¤���#lo� z{rts��b�=rt�bv¶z{v\rt�Ms�|{s��
rtz{�blo�Z|{}�~�����§cv\²bv\z{loy=v\§µ|{sµp�lo��y=�=}�rt}�|{los�rtzgz{|�s��b�=|���}�|�p��¹��s�rt��v\z{�½´�:C}�loz{p��bvP���t��)t¯
|{s�lo��§cv\�H}�lP�;v\v±|{�
rm�;|{�bs�|C7=p�rts�}
y=lo�M}�|{los7lo�
}�~�v�v\²bloz{�=}�|{los7lo�
�;�bs�}�rtwup�rtsVy=��lop�vxv\§Çnm|�}�~�lo�=}Â�o|{loz{lo�0|{p�rtz`p�~�rts��bvb��·¸s
��rts��Ánmrt�0��´`}�~�|��¶nmlo�M�Á|{�¶ruz�lo�b|{p�rtz
v\w'}�v\s���|�losÁlo�H}�~�v�nmlo�Z�µlo�¦�crt}�rtz{|������t����¯¤nm~�lÁ�;|{���=z{rt}�v\�¶r
y=loy=�=z{rt}�|{los�lo����v\p��=�M��vxs�}0s�v\�=�MrtzCs�v\}�nmlo�M�0�t�

DFE G H�IKJMLON�P�IKQSRUT3JWVXIKQZY�P�JM[�\]I_^
R;VXIM\
·¸smlo��§cv\�Â��lo�
|{}g}�l��ov�r��;�=p�p�v\���;���=z���lo§cv\z�lo�g}�~�v�p��=z{}��=�Mrtzbrt§crty=}�rt}�|�losulo��z{rts��0�=rt�bv\´'}�~�v�p�lo��y=�=}�rt�
}�|{los�rtzd�;|{���=z{rt}�|{los¹~�rt�`}�l�~�rt²bv¤rA�;vx}Clo�o�bv\����v\rt}��=�#v\�d�Ý³c~�vx�;vH��v\}�lo�=}Clo�=�=��|{s�|����=�-��v\�b�=|{��v\��vxs�}��d�
·¸s��bv\s�v\�Mrtz{´tnmv�nu|{�;~�}�l8��rt�bv�}�~�v���lo§cv\zCrt���;|{��y=z{v�rt��y=lo�;��|��oz{v�|{s�|{}�|{rtz{z��½´'rts�§Q�;v\vA|{�g}�~�vAp�lo��y=z{v\w
�ov\~�rt²0|{lo�=��}�~�rt}
nmv�rt�#v�z�lolo�b|{s�����lo��v\��vx���bv\�fnm|{}�~�lo�=}Âvxw�}��Mr�rt�;�;�=��y=}�|{los��d��³c~�v¹�ort�;|{p¶��v\�b�=|{��v\�
��v\s�}��Grt�#vbÈ

�t��·Ts�§c|�²b|{§c�=rtz{�¦}�~�rt}�¬ã¨X«�`$�W/�ab#X¨$`$ct«'©�45/��b«�¬ã¬560��·¸smlo}�~�v\�`nmlo��§c�;´drtz�zb}�~�v��bs�lonmz{v\§c�bvA|{sQ}�~�v�y=loy=�=z{rt�
}�|�los�|��
z{v\rt�Ms�v\§Q�o�8|{s�§c|{²b|�§c�=rtz{��lo�o�;v\�M²b|{s��8lo}�~�v\�d+ �^�ov\~�rt²0|{lo�=�M�!�bloz{z{lonu|{s��e@¶z{|{y=~�rts�}^�����t����¯�´
·Â�=�;v±}�~�|{��}�v\�M� }�lup�los�}��Mrt�;}º}�~�v¶��lo§cv\z�nu|{}�~�los�vx�Anu~�|{p�~µrt���;�=��v¶}�~�rt}^z{v\rt�Ms�|�s��+y=��lop�v\vx§º�
}�~���lo�=�b~�v\w'y=z{|�p�|{}���v\|{s���lo��p�vx��v\s�}Z�

�0�X�q�b�Mrt§º�=rtz�}��=�Zs�lo²bv\�Hlo�º��v\���ov\�M��lo�º}�~�v±y=loy=�=z{rt}�|{los�lo²0vx�¦}�|{��vb�`�c�Pvxs��;�=�M|{s��u}�~�rt}º��v\���
�ov\�M�ºlo�'}�~�v
y=loy=�=z{rt}�|{los±rt��v�s�lo} � |{����lo�M}�rtz�ºnuv�p�rts¶�;v\v
}�~�rt}�}�~�v\��v
|{�c}��X�=v�~�|{�;}�lo�M|{p�rtz��Cp��=z{}��=�Mrtz
}��Zrts��;��|{�;�;|{los�lo���bs�lonuz{v\§c�bv¤}�~���lo�=�b~�}�~�vA�;�b�;}�v\�»�

�0��¥ulu�;v\z{v\p�}�|{los�lo�º|{s�§c|{²0|{§c�=rtz{�d�
·Ts�lo�#§ºvx�¦}�lu�;~�lon-}�~�rt}`�o|�loz{lo�b|{p�rtz=v\²bloz{�=}�|�los�|{��s�lo}ºr���rtp�}�lo�
|�sµ}�~�v¶��vx�;�=z{}���lo�`}�~�v¶�;|{���=z{rt}�|�los�´g}�~�v � §cv\rt}�~f�lo�Â��v\���ovx�Z��lo�Â}�~�v¶y=loy=�=z�rt}�|{los��;~�lo�=z�§Á�ov
p�lo��y=z�vx}�v\z{���Mrts�§clo�$rts�§Ps�lo}���vxz�rt}�vx§P|{smrts��¹nmrt�¹}�l8}�~�v\|{�`�;�=p�p�v\�;�
rt}�p�lo�����=s�|{p�rt}�|{los
�

)0��·Ts�|{}�|�rtzds�los���z{|{s��b�=|{�;}�|{pÂy=loy=�=z{rt}�|�losÂ�ª³c~�lo��vG|{s�§º|{²b|{§c�=rtz��^}�~�rt}C��rt�bvG�=y�}�~�vG|{s�|�}�|{rtz'y=loy=�=z{rt}�|�los
�;~�lo�=z{§�~�rt²bv�s�l¹p�lo�����=s�|{p�rt}�|{los+�;�b�;}�vx�$rt}=rtz{zL�0³c~�|{�¦��vxrts��¦}�~�rt}=rts����o|{rt�;v\�¦}�~�rt}gv\��vx���bv
|�s�z{rt}�v\�º�;}�rt}�v\�^lo�0}�~�vA�;|{���=z{rt}�|�los�rt�#v�y=�=�#v\z{�8r�y=��lo§c�=p�}olo�0}�~�v¤z{v\rt�Ms�vx�Z�
rts�§Q}�~�vAy=loy=�=z{rt}�|�los
��lo§ºvxz#�

³c~�v��ort�;|{p
�;}��X�=p�}��=��v
lo��}�~�vG��lo§ºvxzx|{�`��|���|{z{rt�c}�l�}�~�rt}C�=�;vx§��o�S@¶z{|{y=~�rts�}c�����t����¯Z���b|{�b�=��v��`�;~�lonu�
@¶z{|�y=~�rts�}0+ ��§º|{rt�b�Mrt� lo�Â~�lon,nmv�p�rtsµ��lo§cv\zgy=loy=�=z{rt}�|{los���lo�^lo�o�;vx�Z²brt}�|{los�rtz=z{v\rt�Ms�v\�M�d�G³c~�v¶�;|{���
�=z{rt}�|{losQ��rt|{s�}�rt|{s��¤r�y=loy=�=z{rt}�|{los�lo�g|{s�§c|{²0|{§c�=rtzbz{v\rt�Ms�v\�M�Gnu~�|{p�~Qy=��lo§c�=p�v�lo�o�;v\�M²brt�oz{vf�ov\~�rt²b|�lo�=�X�
@¶p�p�rt�;|{los�rtz{z{�½´g|{s�§c|{²0|{§c�=rtz{��nm|{z{z=§c|�v¶rts�§V�ov¶��v\��lo²bv\§7���#lo��}�~�v±y=loy=�=z{rt}�|{los
�^³c~�v\�;v±|{s�§c|{²b|�§c�=rtz{�
nm|{z�z=�ov¶��vxy=z�rtp�vx§Vnm|�}�~�s�v\n$|{s�§c|{²b|{§º�=rtz{��nm~�|{p�~Áz{v\rt�Ms�����lo� }�~�v¶�olo§c�Qlo�`lo�o�;v\�M²brt�oz�v8�ov\~�rt²0|{lo�=�
}�~�rt}0}�~�v�y=loy=�=z{rt}�|{los�~�rt�Gy=��lo§c�=p�v\§H�

³c~�v\��v�|{�¦rtp�}��=rtz{z{�Qs�lo}����=p�~P��lo�#vf}�~�rtsQ}�~�|{�¦}�l�}�~�v�p�lo��y=�=}�rt}�|�los�rtzb��lo§ºvxz#�U�¶z{zb}�~�rt}=��vx��rt|�s��
|{�A}�lm§ºvM7=s�vfnm~�rt}º|{�A��v\rts�}c�o� � lo�o�;vx�Z²brt�oz{v¶�ov\~�rt²b|{lo�=�K�´orts�§Ávxw�y=rts�§µlosP~�lon�nmv±��lo§ºvxz0|{s�§º|{�
²b|{§º�=rtz{�G}�~�rt}�p�rtsuy=�#lo§º�=p�v�rts�§Pz{v\rt�Msm}�~�|{�H�ovx~�rt²b|{lo�=�M�

DFE g hiL�L�IMP�JMj�kKIKQ
�blo�Hr8��lo§cv\z�lo�ºr8y=loy=�=z�rt}�|{los+lo�ºp�lo�����=s�|{p�rt}�|{s��P|�s�§c|�²b|{§c�=rtz{�;´�nmv¶p�z{v\rt�Mz{�Ps�vxv\§Á��lo��v\}�~�|{s��m��lo�
lo�=�=|{s�§c|{²b|�§c�=rtz{�
}�l�}�rtz{�¶rt�olo�=}o¿ |�s�lo}�~�v\��nulo�#§º��´Ýnmv¤���=�;}Cy=��lo²b|�§cvH}�~�v¦��|����=z{rt}�|{los�nm|{}�~�rA��v\}�lo�
2�/�#$#$45aª¬ã¨f1¶¨X«���45�! �#ª���blo�`}�~�v¤y=�=�My=lo�;v\�Âlo�b§cv\��los���}��Zrt}�|{s��8vx��v\���bv\s�}op�lo��y=lo��|�}�|{los�rtz�|{}��½´t|{}�|{�
|{��y=lo���
}�rts�}�}�~�rt}�}�~�|{�`��v\}�lo�C��v\rts�|{s��b�º�ovH��}��X�=p�}��=��v\§�|{s8�;lo��v�nmrt�C�ª·T�C��v\rts�|{s��b�ºnmv\��v�s�lo}�§ºvxp�lo��y=lo�;rt�oz{v

�



Observable

Behavior

New

Individual

Population

Le
ar

ni
ng

Production

Death

�b|{�0�=�#v��tÈK�Ã���Mrt��v\nmlo�M�m��lo����lo§ºvxz�z{|{s��my=loy=�=z{rt}�|{los��Hlo�=lo�o�;v\�M²brt}�|�los�rtz�z{v\rt�Ms�v\�M�±������lo�l@¶z{|�y=~�rts�}
���t����¯Z�

}�~�vxs�|{}�nmlo�=z{§u�ovA|���y=lo���;|{�oz�vA��lo�º}�~�vx��v¤}�l¶�ovAr�p�lo��y=lo��|�}�|{los�rtzC�;�b�;}�v\�q��lo�`p�lo�����=s�|�p�rt}�|{s��¹}�~�lo�;v
��v\rts�|�s��b�d�

� rtp�~Á��v\rts�|{s��+|{sµ}�~�v¶�;|{���=z{rt}�|�losµ|{��r�}��Z|{y=z{v8lo�^rt}�}��M|{�o�=}�v\��²brtz��=v8y=rt|{�M�d�G³c~�v¶}�~���v\v¶rt}�}��M|��o�=}�vx�
p�rts��ovA�bz{lo�;�;v\§�rt�dÈMmf 0¨$�`©�´�nc«'©�4ã¨$�`©�´\rts�§inF`L¨$o�45-�«'©�¨ª�t³c~�vA�;vx}olo�0y=lo���;|{�oz�v¦²0rtz{�=v\�
|{�
§c|{²b|�§cv\§u|{s�}�l¶}�nml
p�z{rt�;�;v\��´\nm~�|{p�~�p�rts��ov��0z{lo�;��v\§�rt�dÈKpqa�rT¨$-x©�#^rts�§ims-x©�45/���#ª�t³c~�vtm. 0¨$�`©trts�§unc«'©�4ã¨$�^©trt}�}��M|{�o�=}�v\�
p�rts��ov
y=rt|{��v\§µnm|�}�~Plos�z{�vpta$rT¨$-x©�#X´0nm~�|�z{�;}=}�~�vwnx`#¨$o�45-Z«'©�¨¦rt}�}��M|{�o�=}�v�p�rts��ov±y=rt|{��v\§�nm|�}�~Plos�z{�ims-x©�45/���#ª�=³c~�v
pqa�rT¨$-x©tp�z�rt���Gp�los�}�rt|{s���}�~�vA²brtz{�=v\�.yz45{�¨$|]}0/�~���|�y�«�`$6A|��s�"���ot¨crts�§i�X/�¬T©�«��^�\³c~�v�m�-x©�45/���p�z{rt�;��p�los�}�rt|�s��
}�~�v¶²brtz{�=v\����/�ct¨$#$|'�X��/��s#$|��¶«'©�¨$#$|���45{�¨$#¤rts�§���45��o�#ª�X�¶s�v\w'rt��y=z{v���v\rts�|{s��+|{s�}�~�|{���;p�~�vx��v8p�lo�=z{§
�ovbÈ���m� g¨0�
©�����/Ý¬Z©ã«A����n^«C©�4J¨0�
©K��ye«A`�6���nF`X¨0o%4�-;«C©{¨����t�'/b�_#��A´xnu~�|{p�~¹nmvAp�rts�}�~�|{s��¶lo�brt�
�ov\|{s��
v\�b�=|{²brtz�vxs�}o}�lf}�~�v � s��bz{|{�;~¶�;v\s�}�v\s�p�v ��� loz�}�rts��bs�lonm�c�»rt�M��t� � �;�;v\s�}�|�rtz{z{�½´½}�~�v¦|{s�§º|{²b|{§c�=rtz���+���vxrts��
|{s��b�Grt��v�rtz{zort�olo�=}�nu~�l�§c|{§+nm~�rt}�}�l�nm~�lo�»� ���0lo�`y=�=��v\z{�¹|{��y=z{v\��v\s�}�rt}�|�los�rtzo��v\rt�;los��;´\��v\rts�|{s��b�
nm|{}�~�}�~�v±�;rt��v±²brtz{�=v���lo��mf 0¨$�^©ort�snc«'©�4ã¨$�^©ort��v¶§c|{�;rtz{z�lonmv\§H�c³º~�|{��z{v\rt§c�A}�lmr�p�lo��y=z{v\}�v±��v\��rts�}�|{p
�;y=rtp�v���rt§cv��=yulo�
�� t fy=lo�;�;|{�oz{v���vxrts�|{s��b�d�

³c~�v�|{s�§c|{²b|�§c�=rtz{�¶|{sÇ}�~�v¹�;|{���=z{rt}�|{losÇp�lo�����=s�|{p�rt}�vm}�~���lo�=�b~ÁrQ�;vx�Z|{rtzºp�~�rts�s�v\z`nu|{}�~V§c|{�;p���vx}�v
�;�b���oloz{��p�los�p�rt}�v\s�rt}�vx§7|{s�}�lQr¹�;}��M|{s��`�Â³º~�v\�+~�rt²0v�7=²bv�lo�^}�~�v\�;v±�ort��|�p±���0���oloz{�dÈg«�|'ab|�-Z|'o¹rts�§7¨X´
nm~�|{p�~up�rtsP�ov�}�~�lo�=�b~�}0lo�grt�Gy=~�los�vx}�|�pH�bv\�;}��=��v\�t�t·¸suy=�M|�s�p�|{y=z�vx´�}�~�v\��v�|{�¦s�l�z{|���|{}=losu}�~�v�z{v\s��b}�~mlo�
rtsm�=}�}�v\�Mrts�p�v\´xrts�§+}�~�v���~�lo�M}�v\�;}oy=lo�;��|��oz{v��=}�}�v\�Mrts�p�vA|{�Glos�v��;�b���olozCz{los��^�

³c~�v�lo�o�;v\�M²brt�oz{v��ov\~�rt²b|�lo�=�^|�sm}�~�vA��lo§ºvxzc��nm~�|{p�~mp�lo�Z�#v\�;y=los�§c�Â}�l8}�~�v�}�loymy=rt�M}�lo��@¶z�|{y=~�rts�}0+ �
§c|{rt�0�Mrt��¯�|�����rt§cv��=ymlo��y=rt|{�M��lo����v\rts�|{s��b�
rts�§Q�;�b���olozC�;}��M|{s��b�d�Ý³c~�|��
�o�=|{z{§c��|�smrts�rt�;���=��y=}�|�los
}�~�rt}o}�~�v¦|{s�}�vxs�§cv\§¹��v\rts�|{s��b�Âlo�o�=}�}�v\�Mrts�p�vx�^rt��v\´Ýrt}oz{v\rt�;}o�;lo��vHlo�o}�~�v¤}�|{��v\´Ýrtp�p�v\�;�;|{�oz{vA}�l�z{v\rt�Ms�v\�M�d�
� á�ËÝÖªàtÐoÌÎØ;ÓGÌÔÛÎÛ2ï�ÐoÒ#ÛÎÐZÑZÏ\ØÙËÝÑ�Ø�ÌÎâ^ÒLËxÖ½Ö½ÍLÌÎâxÜcØÙËÝÐMÍLÐoàtÑZÏ�ØÙÌÎÒ#×tÛÎÑ�Ï\ÑZØÙØÙÏ�Ì ï�×tØÙÐMÍ�ÑZâxÕ�æªÑ�ÛÎ×tÐMÍdá�Ñ�Þ�âÝÖªØ�Þ�ÑZøªÌÔâÝÜºÑZâxèºÒ#ÛÎÑZÌÔÞ�ÍdÑ¸ï�Ö½×tØ

ÓGËxÑZØ�ÍTÖ½Ï�Ø\Ö½ä'Ø�ËxÌÎâxÜªÍgÏ2ÐMÑ�ÛªÌÎâxÕdÌÔæªÌÎÕ'×tÑZÛÎÍ�ÓGÑ�âÝØ�ØÙÖGØÙÑZÛÔøHÑ¸ï�Ö½×tØÙöbÊdËxÐºâxÑZÞ�ÐZÍ��Îå`ÜÝÐMâÝØ�� é�� �tÑZØÙÌÎÐMâxØ��ÝÑ�âÝÕ��¡�tÏ2ÐMÕdÌÔÒLÑ�ØÙÐ��½ÑZÏ2Ð`àt×tÏJÐZÛÎè
ÕdÐMæÝÌÎÒ#ÐMÍbØÙÖ�ËxÐMÛÎà¤×tÍ�Ø�ËxÌÎâxøGÑ¸ï�Ö½×tØtØÙËxÐMÍTÐcØÙÏ�ÌÔàtÛÎÐMÍoÑ�Í0Þ�ÐMÑ�âÝÌÔâÝÜÝÍTötÊdËxÐMè�Ò#Ö½×tÛÔÕAÐ�¢ª×tÑ�ÛÎÛÎèGÓGÐMÛÔÛ½ËÝÑ�æªÐbï�ÐMÐMâ¦ÜªÌÔæªÐMâ¦âÝ×tÞ
ï�ÐMÏ�ÍbüãÑ�Í
ÌÎâxÕdÐMÐZÕ�ØÙËÝÐMè¦ÑZÏ2Ð`ÌÎâ¤ØÙËÝÐ^ÒLÖªÞ�àt×tØÙÑZØÙÌÎÖ½âxÑZÛ\ÌÔÞ�àtÛÎÐMÞ�ÐMâÝØÙÑ�Ø�ÌÔÖ½â¤Ö½ädØÙËxÐ`Þ�ÖªÕdÐMÛ �ãö�ÊdËxÐºÌÎÞ�àtÖ½Ï�ØÙÑZâxØdäãÐMÑZØÙ×tÏ2ÐcÖ½ä'Ø�ËxÌÎÍ�ÍTÐZÞ�ÑZâxØÙÌÎÒ#Í�ÌÔÍ
ØÙËÝÑ�Ø\ÌÎØxËÝÑ�ÍbÌÎâxËÝÐZÏJÐZâÝØxÍTØÙÏ2×tÒLØÙ×tÏ2ÐMé�ÑZÛ ïCÐMÌÎØxÑcæªÐZÏ�è
ÍTÌÎÞ�àtÛÎÐ�Ö½âÝÐZö

)



DFE D £Oj_V�Y�¤;Y]V�N�JM\]Q
·¸s�lo��§cv\�º}�l��ov�rt�oz{v�}�l¶y=��lo§c�=p�v��=}�}�v\�Mrts�p�vx�;´x}�~�vA|�s�§c|�²b|{§c�=rtz{�¦|{s�}�~�v���lo§cv\zC���=��}0~�rt²bv��;lo��vAnmrt�
lo�g��vxy=��v\�;v\s�}�|{s���rfp�lo�����=s�|{p�rt}�|{los+�;�b�;}�v\�-|{s�}�v\�Ms�rtz{z{�½´�rts�§�r�nmrt��lo�g|{s�§c�=p�|{s����;�=p�~ur���vxy=��v\�;v\s��
}�rt}�|{los+����lo�%v\w'y=v\�M|�vxs�p�vb��³c~�v\��v±rt��v±��rts��Pnmrt�b�¤|{s�nu~�|{p�~�nuvf��|��b~�}º|{��y=z{v\��v\s�}c}�~�|{�d�g·¸s+�crt}�rtz�|
�����t����¯�´'��lo�`v\w'rt��y=z{v\´\}�~�vAp�lo�����=s�|{p�rt}�|{los��;�b�;}�v\��|{�
��v\y=��vx�;v\s�}�vx§¹rt��r���v\}blo�0p�los�s�v\p�}�|{los¹nmv\|{�b~�}��
|{sVrts7rt�M}�|C7=p�|{rtz^s�v\�=�Mrtz`s�v\}�nmlo�Z�b´0rts�§�}�~�vx�;v�nmv\|{�b~�}���rt��v�z{v\rt�Ms�v\§Ç�=��|�s���r��;}�rts�§crt��§�rtz{�blo�Z|{}�~��»�
³c~�vu}�v\p�~�s�|{�0�=vx�8�=��v\§ |{se}�~�vm�;|{���=z�rt}�|{los���§cv\�;p��M|{�ov\§ |{s»}�~�|{��y=rty=vx��rt��vP§cv\��p��Z|{�ov\§S|�s»§cv\}�rt|{z
|{s
&�|{�Z�o�������t�t®t�o¯�´C�o�=}0rS¥=rt²blo�=�Âlo��}�~�v\�$nm|{z{z��ov��0|{²bv\sm~�vx��vb�

¦�§�¦�§�¨ ©$ªx«¬�®$ªx¯�°�®$¬�±x®$¬�²�¬�ªx«¯�«³´�ª
� rtp�~V|{s�§c|{²b|�§c�=rtz`��v\y=��v\��v\s�}���|�}��fp�lo�����=s�|{p�rt}�|{losÇ�;�b�;}�v\� rt�±rmp�los�}�vxw�}�������vxv¹�b�Zrt����rt�X� µ ·¸��y=lo���
}�rts�}�z{�½´\}�~�v¤�;y=rtp�vAlo�by=lo�;�;|{�oz{v¤�b�Mrt����rt�Z��|{�
~��=�bv\´Ýrts�§urtz{��lo�;}brtz�z�lo��}�~�v\��rt��vA²bv\�M�8�=s���z{rts��b�=rt�bv\�
z{|{�0vo��·¸sµlo}�~�v\�¤nmlo��§c�;´��o��p�~�lolo�;|{s���r��0�Mrt����rt}�|{p�rtz^���Mrt��v\nmlo�M��z{|{�0v�}�~�|{�;´gnmv�rt��v¹s�lo}^�o�=|�z{§c|{s��
|{s�rts����=s�nmrts�}�v\§u|{s�~�v\��v\s�}0�o|{rt�;vx�G}�lonmrt��§c�Âr�p�lo��y=lo�;|{}�|{los�rtz{z{���;}��X�=p�}��=��vx§u���0��}�v\�»�b(¤los�}�v\w�}o���#v\v
�b�Mrt����rt�Z��rtz�z{lon �=��}�lVvxw�y=��vx�;��r��Mrts��0vPlo�¤�;�b�;}�v\���8����lo� p�lo��y=z{v\}�v\z{�Çs�los���p�lo��y=lo�;|{}�|{los�rtz�}�l
~�|{�b~�z{�¹p�lo��y=lo��|�}�|{los�rtz#�

�¶z�}�~�lo�=�b~�´o|{s�}�~�|{��p�~�rty=}�v\�¦·`§clQs�lo}º|{s�}�v\s�§Á}�lQ�blu|�s�}�lQ���=p�~�lo�`}�~�v±y=�=��v\z{�Q}�v\p�~�s�|�p�rtz=§cv\}�rt|{z
�ov\~�|�s�§�}�~�vf��|����=z{rt}�|{los���´�|{}º|{�¤nmlo�M}�~u|�z{z{�=�;}��Mrt}�|{s��unm~�rt}=r¶p�los�}�v\w'}�������v\v��b�Zrt����rt�Gz{lolo�b�¦z{|{�0vx´�rts�§
~�lon |{}Âp�rtsÁ�ov¶p�lo��y=lo�;|{}�|{los�rtz;/�`Hs�los���p�lo��y=lo�;|{}�|�los�rtzL��³c~�v8}�nmlQvxw�rt��y=z{v\���ov\z{lon,�;~�lo�=z{§7��rt�bv
}�~�|{��p�z{v\rt��v\�X�

³c~�vt7=�M�;}o|{�
r¹��²bv\�M�8�;|{��y=z{v�¶ ¯^s�los���p�lo��y=lo�;|{}�|{los�rtz'�b�Zrt����rt��·G}�~�rt}by=��lo§c�=p�v\�Â}�~�v¦�;}��M|�s��e¸�/�¬T©�«���¹
{���/��s#$18«�`$6f��v\rts�|{s��º��m� g¨0�
©��»��/ª¬Z©{«A����n`«�©�4 ¨Z�Â©��»ye«A`�6���nF`X¨0o%4�-;«C©{¨q�¼�t�'/b�_#_�8È

½'¾ ��m� g¨0�
©'����/ª¬Z©{«A����n`«�©�4 ¨Z�Â©��»ye«A`�6���nF`X¨0o%4�-;«C©{¨s���t�'/b�_#���¿ Àtloz{}�rts��bs�lonm�;��rt�M�
³c~�|{�P�b�Mrt����rt�u~�rt�Plos�z{� los�v7��vxnu�M|{}�vµ�X�=z�v7��lo�u}�~�vÁp�rt}�vx�0lo�M� ½ ��|L� vo� �;vxs�}�v\s�p�v\¯Z� ³c~�v7�b�Mrt���
��rt�¹p�rts �ov�|{s�}�v\�My=��v\}�vx§ rt�m�;}�rt}�|{s��`È � ���;v\s�}�vxs�p�v+}�~�rt}f��v\rts��Á�Âm� �¨Z�Â©��Â��/ª¬Z©{«A����n`«�©�4 ¨Z�Â©f�
yS«�`�6���nF`X¨Zo�4�-;«�©ã¨����t�'/b�_#q�Vp�rts��ov¤v\w'y=��v\�;�;vx§�rt�Â}�~�vH��}��Z|{s��±lo���;�b���oloz{��¸�/�¬T©�«���{���/���#$1¶«�`$6�t�t³c~�|{�
�b�Mrt����rt�¤|{��lo�o²b|{lo�=�;z{�Ps�los���p�lo��y=lo�;|{}�|{los�rtz��;|{s�p�v8}�~�v±��v\rts�|�s��+lo�º}�~�v¶�;v\s�}�v\s�p�v�|{��s�lo}c�o�=|{z{}Â�=y
����lo� }�~�v���v\rts�|{s��¹lo��y=rt�M}���lo��}�~�rt}���v\s�}�v\s�p�vb�

³c~�v��;v\p�los�§Qv\w'rt��y=z{v��b�Mrt����rt�Ârtz{�;l�y=��lo§c�=p�v\�
}�~�v��;rt��v��;}��M|{s����C��v\rts�|{s���y=rt|{�M|�s��`È
½'¾ ��m� �¨Z�Â©���Ã���n^«C©54 ¨Z�Â©���Ä���n�`X¨0o�4Å-;«C©ã¨s� ± �»¿ Æ ¾ ÃÈÇ ¾ ± Æ ¾ Ä

Ç ¾ ���t��/A��#_�»¿ �bs�lonu�
Æ ¾ ����/Ý¬Z©ã«A�º�»¿ Àtloz{}�rts
Æ ¾ ��ye«A`�6É��¿ ��rt�Z�

³c~�|{�f�b�Mrt����rt��p�rts7�ov¹|{s�}�v\�My=��v\}�v\§Árt�f�;}�rt}�|{s��`È � ����v\s�}�v\s�p�v¶p�rtsV�ov���rt§cv��=y7lo�Â�;lo��v\}�~�|�s��+lo�
p�rt}�v\�blo�M��Æ ��loz�z{lonmv\§V�o�P�;lo��v\}�~�|{s��+lo�Âp�rt}�v\�blo�M�,Ç ��loz{z{lonmv\§Ç�o�+�;lo��v\}�~�|{s��+lo�`p�rt}�v\�blo�Z�vÆ�´�|{�
}�~�v¦��v\rts�|{s��¶lo�b}�~�rt}o��v\s�}�v\s�p�v¦|{�Âp�los��;}��X�=p�}�v\§��o�8rt�;�;|{�bs�|{s��¶}�~�vH��v\rts�|{s���lo�o}�~�vq7=�M�;}�Æ }�lÊm� �¨Z�Â©ã´
}�~�v��;v\p�los�§�Æ }�lËn^«C©�4J¨0�
©�rts�§�}�~�vÊÇe}�lin�`X¨0o�4Å-;«C©ã¨x��·¸su}��=�Zsm�;lo��vx}�~�|{s��¹lo��p�rt}�v\�blo�Z�vÇ�}�~�rt}g��v\rts��
Ì å`Ò#ØÙ×tÑZÛÔÛÎè�éÝØÙËxÐÂÜªÏ�ÑZÞ�Þ�ÑZÏ�ÍgÑZÏ2Ð�Í0ÎÅÏOÐ$Ñ�Ð$Ò¡Ó¡Ò ÔÅÕ5Ò Ö�Ñ�Õ5Õ5ÎÅÒ Ð$×AÕ5Ø!Ù!ÎÅÑ�Ú�Ú�Ñ�ÎÛÔ�üãç;ØÙÖ½ÛÎÒ#øªÐ^õZþ�þÜ!�ãöcÊdËxÐMÍTÐ^ÑZÏ2Ð^ÒLÖ½âxØÙÐ��;Ø�ÝãäãÏJÐZÐ`ÜÝÏ�ÑZÞ�Þ�Ñ�Ï�Í

ÓGËxÌÎÒ#Ë¦ÑZÏ2ÐgÐMâÝÏ�ÌÔÒLËxÐMÕ¤ÓGÌÔØÙËHÍLØ�Ñ�ØÙÌÎÍTØÙÌÔÒLÑ�Û½ÌÎâxäãÖ½Ï�Þ�Ñ�Ø�ÌÔÖ½âGÑ�âÝÕAÑºÍTÌÎÞ�àtÛÎÐgÍTÐMÞ�ÑZâxØ�ÌÔÒLÍLö
Þ ÊdËxÐ^ÌÔÛÎÛÔ×tÍTØÙÏ�ÑZØÙÌÎæÝÐ`äãÖªÏ�Þ�ÑZÛÔÌÎÍTÞe×tÍTÐMÕfËxÐMÏ2Ð`ÌÔÍ�ÐZÍTÍTÐZâÝØÙÌÎÑ�ÛÎÛÔèHÌÔÕdÐMâxØ�ÌÔÒLÑ�ÛtØÙÖHØÙËxÐ
Ö½âÝÐ^×tÍTÐZÕ�ÌÔâÝØÙÐMÏ�âxÑZÛÔÛÎè¤ÌÎâ�ØÙËxÐÂÍTÌÎÞ�×tÛÎÑZØÙÌÔÖ½âÝö�áãØ

ÌÎÍ�ß�×tÍTØtÛÔÌÎøÝÐ�Ñ`ØÙÏ�ÑZÕdÌÔØ�ÌÔÖ½âxÑZÛªàtËxÏ�ÑZÍLÐ�ÝãÍTØÙÏ2×tÒ#Ø�×tÏ2Ð=ÜÝÏ�ÑZÞ�Þ�Ñ�Ï�ÓGÌÎØÙË¤ÍTÐZÞ�ÑZâxØÙÌÎÒ#Í0ÑZØÙØÙÑZÒ#ËxÐMÕ�ØÙÖ�Ò#ÑZØÙÐMÜÝÖ½Ï�è�ÛÎÑ¸ï�ÐMÛÔÍbüãÑZäãØÙÐMÏoÑ`ÍTÛÎÑ�ÍTËM�\ÑZâxÕ
æªÑ�Ï�ÌÎÑ¸ï�ÛÎÐMÍoÌÔâÝÕ'ÌÎÒ#ÑZØÙÐMÕAÌÎâcï�Ö½ÛÔÕdö½áãâ¦Ø�ËxÐ=ÍTÌÔÞ�×tÛÎÑ�ØÙÌÎÖ½âxéZØÙËxÐMÍTÐ=Ï2×tÛÎÐZÍoÑZÛÎÍLÖÂËÝÑ�æªÐcäãÏ2Ð�¢Ý×tÐMâÝÒ#èÂÒLÖª×tâÝØÙÍ0Ñ�ØÙØ�Ñ�ÒLËxÐMÕ�ØÙÖ
ØÙËxÐMÞ�öA�Ý×tÏ�ØÙËÝÐMÏÛÝ
Þ�Ö½Ï2ÐMé�ØÙËxÐ`Ò#ÑZØÙÐMÜÝÖ½Ï�è¦ÛÎÑ�ïCÐMÛÎÍ�üãÍT×tÒ#ËAÑZÍ�àÁÑ�âÝÕSá+ÌÎâAÖ½×tÏ0Ð��;ÑZÞ�àtÛÔÐ��dÑZÏ2Ð`ÑZÍTÍLÌÎÜÝâÝÐMÕ�ÑZÏ�ï�ÌÔØÙÏ�ÑZÏ�è¦âÝ×tÞ�ÐZÏ�ÑZÛÎÍ�ÌÎâAØÙËxÐ`ÍLÌÎÞ�×tÛÔÑZØÙÌÎÖªâÝö
ÊdËxÌÎÍoÞ�ÐZÑZâxÍbØÙËÝÑ�ØtØ�ËxÐ=ÛÎÐZÑZÏ�âxÐMÏ�Õ'Ö½ÐMÍ�âÝÖªØxËxÑZæÝÐ=ÑcÛÎÌÔÞ�ÌÎØxÖ½âHØ�ËxÐ=âx×tÞÂï�ÐMÏ�Ö½äxÒLÑ�ØÙÐMÜªÖ½Ï�ÌÔÐMÍ�ØÙËÝÑ�ØtÞ�ÌÎÜÝËÝØMï�Ð=àtÖ½ÍTØÙ×tÛÔÑZØÙÐMÕdö

â



�
�t��/A��#>�4p�rts��ov�v\w'y=��v\���;v\§Çrt�±ru�;}��M|�s��Álo���;�b���oloz{�3{b�'/b�_#M´º��lo��v\}�~�|{s���lo�Gp�rt}�v\�blo�M�ºÆ¼}�~�rt}
��v\rts��º�ã��/ª¬Z©ã«b����p�rts �ov+vxw�y=��vx�;�;v\§ert�i¸A/Ý¬Z©ã«A��´
rts�§ ��lo��v\}�~�|{s��Çlo�Ap�rt}�vx�0lo�M�ÁÆ }�~�rt}¤��v\rts��
�ãye«A`�6z�qp�rts»�ovuv\w�y=�#v\�;�;v\§»rt�>1�«�`A6't�Q³c~�|��8�b�Mrt����rt�±p�los�}��Mrt�;}��¶nm|�}�~»}�~�vmy=��vx²0|{lo�=�8los�vu|{s
�ov\|{s��Qp�lo��y=lo�;|{}�|{los�rtz{´�|{s�}�~�rt}º}�~�v±��vxrts�|{s��+lo�º}�~�v¶nm~�loz{v¶|{���o�=|�z{}`�=yÁ����lo� }�~�v¶��v\rts�|�s��b��lo�º|{}��
y=rt�M}��d�

¦�§�¦�§�ä ©$ªxå�¬�ªx«³´�ª
³c~�v�|{s�|�}�|{rtz�|�s�§c|�²b|{§c�=rtz{��|{s+}�~�v�y=loy=�=z{rt}�|{losP~�rt²bv±s�l�z�|{s��0�=|{�;}�|{p��bs�lonmz{v\§c�bv�¿ rt}c}�~�vf��}�rt�Z}=lo�c}�~�v
�;|{���=z{rt}�|{los��X�=s��`s�lo��los�vH|{�^rt�oz{v¤}�l��;rt�±rts��b}�~�|�s��`�b�blo�=rts��b}�~�|{s��f}�l��bv\}Clo� ��}�~�vH�0�#lo�=s�§¹}�~�v\��vG���=�;}
�ov±r¶nmrt�u��lo�Gs�lo²bv\z0��lo�M���¤}�l��ov±y=��lo§c�=p�v\§H�0·¸}c|{�¤rt�;�;�=��vx§µ}�~�rt}=lop�p�rt�;|{los�rtz{z{�P|{s�§c|{²b|{§º�=rtz{�;´bv\²bv\s
}�~�lo�=�b~�}�~�vx��~�rt²bv¹s�l�s�lo�M��rtzºnmrt��|{s7nm~�|{p�~V}�lPv\w�y=�#v\�;��r�p�v\�M}�rt|�sÁ��v\rts�|{s��0´=nm|{z{z`s�los�v\}�~�v\z{v\�;�
y=��lo§c�=p�v��;lo��vA|{s�²bv\s�}�v\§P�;}��M|{s���lo�����0���oloz{�d�

³c~�v\��v±rt�#v8§c|{�J��vx��v\s�}cnmrt�b�A|{s�nu~�|{p�~�}�~�|{�A��|{�0~�}c�ov8§clos�vb�g³º~�v��;|{��y=z{v\�;}crty=y=��lortp�~�|{�A}�lmy=��lo�
§c�=p�vmr+p�lo��y=z{v\}�v\z{�7�Mrts�§clo� �;}��M|�s��7lo�H�;�b���oloz��t�Ê�¶s�lo}�~�v\��y=lo�;�;|{�o|{z�|{}��½´^�=��v\§S�o�Vkm�=�M��lo��§ ��}�~�|{�
²bloz{�=��v\¯�´b|��A}�lm�o��vxrt�P§clonms+}�~�v���vxrts�|{s��Q}�~�rt}c|{��}�lm�ov±v\w'y=��v\���;v\§�|{s�}�lm|{}���rt}�lo��|�p�p�lo��y=los�vxs�}��;´
rts�§u}�~�vxs¹}��M��}�l � �;�bs�}�~�v\�;|{�;v�ºr��;�b���oloz{|{pH�#v\y=��v\�;vxs�}�rt}�|{los�lo�b}�~�vA���=�-lo�0}�~�lo��v¤p�lo��y=los�v\s�}��;´ªy=v\���
~�rty=���o��p�~�v\p��b|{s���r�z{v\w'|{p�los7��lo��rts�����rt}�p�~�vx�f}�l+}�~�v\�;v8rt}�lo��|�p¶��v\rts�|{s��b�d�q:Clo´g��lo�Avxw�rt��y=z{v\´g|{�
rts�|{s�§º|{²b|{§c�=rtzCnmrt�Â}��M�b|�s��±}�l�v\w'y=��v\�;�_��m� g¨0�
©K����/ª¬Z©{«A����n`«�©�4J¨0�
©���y,4Å{ª¨%��nF`X¨Zo�4�-;«�©ã¨����t��/A��#t�A´
}�~�vxs�km�=�M��lo��§�+ �^}�v\p�~�s�|{�b�=v¤nmlo�=z{§�p�~�v\p��¶}�l±�;v\vH|{�0}�~�v\��vHnurt�^r�nmrt�¶}�l��;rt� ��� loz{}�rts.�´ � ��|{�bv�Ârts�§
� &�s�lonm���|�sm|{�;loz{rt}�|{los�´trts�§+y=�=}�}�lo�bv\}�~�v\�crtsm�=}�}�v\�Mrts�p�vA�o�¹p�lo���o|{s�|{s���}�~�v\�;v¦y=rt�Z}��t�

kmlonuvx²0vx�2´dku�=�M��lo��§�+ ����}�~�|{�H²0loz{�=��v\¯��0lortzo|{�Hs�lo}�}�l���lo§cv\z�}�~�v�v\��v\�#�0vxs�p�v�lo�gp�lo��y=lo�;|{}�|{los�rtz{�
|{}��½´'��l�~�|��Grty=y=��lortp�~u��rt�¹s�lo}0�ov�}�~�v��ov\�;}0los�v�}�l��=�;v�|{sm}�~�|{�G�;|{���=z�rt}�|{losÂ�'·¸s�§cv\v\§c´\r_#$6��`©�~t¨ª©�45-¦rty=�
y=��lortp�~¹}�l¶�;lo��v¦v\w�}�vxs�}�|{�
�olo�=s�§m}�l¶�o�=|{z{§º��|{s�}�~�v¤p�v\s�}��Mrtz���v\rt}��=��v¤lo�bp�lo��y=lo�;|{}�|{los�rtz{|{}���¿ }�~�rt}b}�~�v
��v\rts�|�s��mlo�=}�~�vfnm~�loz�v�|{�¤p�lo��y=lo�;v\§+lo�=}�~�vf��v\rts�|{s��b�¤lo�g|{}��¤y=rt�M}��d�o��lo��v\lo²bv\�2´%	V�Mrt�Á�����t�t®t´o}�~�|{�
²bloz{�=��v\¯��;�=�b�0vx�;}���}�~�rt}�z�rts��b�=rt�0v�v\²bloz��=}�|{losV§c|{§�s�lo}
y=��lop�vxv\§�}�~���lo�=�b~µ}�~�v¹�;�bs�}�~�v\�;|{��lo�G����rtz�z
p�lo��y=los�vxs�}��f|{s�}�l�z�rt�#�0vx���;�bs�}�rtp�}�|�p¶�=s�|�}���´=�o�=}
�Zrt}�~�v\��}�~�rt}�y=��lo}�loz{rts��b�=rt�bv�p�los��;|{�;}�v\§Çlo��~�loz{|{�;}�|{p
��|L� vb�\s�los���p�lo��y=lo�;|{}�|{los�rtz{¯��=}�}�vx�Zrts�p�v\�
��lo�^p�lo��y=z{v\w±��vxrts�|{s��b�d�

*�|{²bv\s }�~�|���´A|�}fnulo�=z{§ ��v\v\� �;v\s���|��oz{vµ}�l loy=}���lo��rV�Mrts�§clo� |{s�²bv\s�}�|�los }�v\p�~�s�|{�b�=vb� kmlonm�
v\²bv\�2´C}�~�|{�A|{�A�Zrt}�~�v\�G�=s���v\rtz{|{�;}�|{p���lo�H�;lo��vfp�rt�;v\�d���blo��v\w'rt��y=z�vx´o|���rt�b|{s�v¶}�~�rt}=�0lo�=´Crt�Arts � s��bz�|{�;~
�;y=v\rt�bv\�J´o§ºlms�lo}`�bs�lon-}�~�v±nmlo��§Á��lo�¦r�s�v\n-lo�M� v\p�}`}�~�rt}`�blo�µ~�rt²bv¶s�v\²bv\�H�;v\v\sP�ov\��lo��vb�`·¸}º�;v\v\���
|{��y=z{rt�=�;|{�oz�vf}�~�rt}�´t|{�g�blo�Qs�v\v\§cv\§u}�l�v\w'y=��v\���
rf��v\rts�|�s���}�~�rt}���v\s�}�|{los�vx§Q}�~�|��Glo�M� v\p�}���lo��v\nm~�v\��v
|{sm|�}�´d�blo�mnmlo�=z�§Q�=}�}�v\�^r�p�lo��y=z{v\}�v\z{���Mrts�§clo�-�;}��M|{s���lo�0y=~�los�v\}�|{pH�bv\��}��=��v\��æ�/�`�©�~t¨���~�/�¬ã¨�#X¨$�^©�¨$��-Z¨ª�

·¸s��;}�v\rt§c´�nu~�v\s�vx²0vx�
|�s�§c|�²b|{§c�=rtz{��|{s�²0vxs�}cr�s�v\n���lo�M�%��lo�Gr¶y=rt�M}�|�p��=z{rt�H��v\rts�|{s��b´o}�~�v\�m§ºl�s�lo}
|{s�}���lo§c�=p�v�s�v\n��;}��X�=p�}��=��v\´��o�=}cv\�b�=rtz�z{�½´�}�~�v\��§cl�s�lo}=}�~��#lon-rtnmrt�u�;}��X�=p�}��=��v�}�~�rt}c|��¦rtz��#v\rt§c�Qy=rt�M}
lo��}�~�v¹z{rts��0�=rt�bv�}�~�v\��~�rt²bvmrtp��b�=|��#v\§H�±³c~�v¹p�lo��y=�=}�rt}�|{los�rtzº|���y=z{v\��vxs�}�rt}�|{losVlo��}�~�|{��|{s�²bv\s�}�|{los
�;}��Mrt}�v\�b�¹|{�¦§cv\��p��Z|{�ov\§�|{sQ§ºvx}�rt|�zb|{sç&�|{�M�o�Á�����t�t®t�o¯Z���º�M|{v!¥=�½´'}�~�vf|{s�²0vxs�}�|{losPrtz{�blo�M|�}�~��¼�=�;v\§+�o�m}�~�v
�;|{���=z{rt}�|{losÁ�bv\s�v\�Mrt}�v\�A�Mrts�§clo� �;}��M|{s��b��nm~�v\��v8}�~�v¶�;y=vxrt�0vx�¦~�rt��s�lQ�0�Mrt����rt}�|{p�rtzº�;}��X�=p�}��=��v\´b�o�=}
��lo�º��v\rts�|{s��b�
}�~�rt}0p�rts��ovAy=rt�M}�|{rtz{z{��v\w'y=��v\�;��v\§¹nm|{}�~¹r�y=rt�M}�|{p��=z{rt�^�b�Mrt����rt�Ânm|{z�z�los�z{�8�Zrts�§clo��|���v
}�~�lo��v�y=rt�M}��Glo��}�~�v��;}��M|{s���}�~�rt}�rt��v�{���/��s�èaA6m©�~t¨.#$2t¨X«�{�¨$`�s�lo}�}�l�p�lo�M��v\�;y=los�§Q}�l�v\w�y=�#v\�;�;|{�oz{v���vxrts��
|{s��`�¡é
êTáãâ�ØÙËÝÐÂÍLÌÎÞ�×tÛÔÑZØÙÌÎÖ½âAÏ2ÐMÍL×tÛÎØÙÍ�ÏJÐZàtÖ½Ï�ØÙÐMÕ�ËxÐMÏ2ÐMé½ØÙËÝÐÂÒ#Ö½Þ�àtÛÔÐMØÙÐMÛÎè¦âÝÖªæªÐMÛ\×tØÙØÙÐMÏ�ÑZâxÒLÐZÍ=ÌÎâxæªÐMâxØÙÐMÕHï�è¤Ø�ËxÐ^ÍTàtÐMÑ�øªÐMÏ�Í�ÓGÐMÏ2Ð`ÍTÐMØ

ØÙÖÂæªÑZÏ�èÂÏ�Ñ�âÝÕdÖªÞ�ÛÎèÂÌÎâ
ÛÔÐMâxÜªØÙËgï�ÐMØÙÓHÐMÐMâGó=Ñ�âÝÕ¤õ�ð=ÍTèªÞ
ï�Ö½ÛÎÍLö�ùÂâ�ØÙÖ½àGÖ½äxØÙËÝÌÔÍTéMÕ'×tÏ�ÌÎâxÜ^àtÑ�Ï�ØÙÌÎÑZÛ;ÌÔâÝæÝÐMâÝØÙÌÔÖ½âGÖ½äÝ×tØÙØ�ÐZÏ�ÑZâxÒLÐMÍLéZØÙËxÐ
ÛÎÐZâÝÜÝØ�ËxÍ0ÖªätØ�ËxÐºÌÔâÝæÝÐMâxØ�ÐZÕ�ÍTØÙÏ�ÌÔâÝÜÝÍbÒLÖª×tÛÎÕ�ÌÔâÝÒ#Ï2ÐMÑZÍLÐcÖ½Ï�ÕdÐMÒ#Ï2ÐMÑZÍLÐCï�èGÖ½âxÐºÍLèªÞÂïCÖ½Û½ÓGÌÔØÙË¦Ñ^ÍTÞ�ÑZÛÎÛÝàtÏ2Ö�ï�Ñ�ïCÌÎÛÎÌÔØÙè#ötÊ'ËÝÐcàt×tÏ�àtÖªÍTÐ
Ö½ä�Ø�ËxÐMÍLÐ`Ñ�Ï�ï�ÌÎØÙÏ�ÑZÏ�è¦æªÑ�Ï�ÌÎÑ¸ï�ÛÎÐMÍgÓHÑZÍgØÙÖHÑ�ÛÎÛÎÖªÓ7ØÙËxÐÂÍTØÙÏ�ÌÎâxÜHÛÔÐMâxÜªØÙËAØÙÖcï�Ð^àtÖ½ØÙÐMâxØÙÌÎÑZÛÔÛÎè¤ÌÎâMëtâxÌÎØÙÐMéXïC×tØ'ÛÎÌÔøªÐMÛÔèGØÙÖ¦ÏJÐZÞ�ÑZÌÔâAÓGÌÎØÙËxÌÎâ
ÑGÓHÖ½Ï�øªÑ¸ï�ÛÎÐ
Ï�Ñ�âÝÜÝÐMöÂáãâ�äãÑ�ÒLØÙétÑ�ÍºØÙËÝÐGÏJÐZÍT×tÛÎØÙÍ=ÕdÐZÍTÒ#Ï�Ì ï�ÐMÕfÌÎâfÑGÛÔÑZØÙÐMÏgÍTÐZÒLØÙÌÎÖªâ�ÍLËÝÖ½Ó=étØÙËxÐ�ÛÎÑ�âÝÜÝ×tÑZÜÝÐMÍcØÙËÝÑ�ØoÐMÞ�ÐMÏ2ÜÝÐ`ÍLÐMÐMÞ�ØÙÖ
äãÑZæÝÖ½×tÏ�ÍTËxÖ½Ï�ØÙÐMÏ'×tØÙØÙÐMÏ�Ñ�âÝÒ#ÐMÍ0ØÙËxÑZØ\Ò#ÑZâ¦ÍTØÙÌÎÛÔÛ�Ð0��àtÏ2ÐMÍLÍ�Ø�ËxÐ=Þ�ÐMÑ�âÝÌÔâÝÜGÍTàtÑZÒ#ÐMö

B



¦�§�¦�§�¦ ©$ªxìxíxî�«³´�ª
� rtp�~¹|{s�§c|{²b|�§c�=rtz'|{s¹}�~�vH�;|{���=z�rt}�|{los¹rtp��b�=|{��v\�
r��b�Mrt����rt�`�ort��v\§mlos�v\w'y=v\�M|{v\s�p�vGlo�b��v\rts�|{s��b����lo�M�
y=rt|{�M�±y=��lo§c�=p�v\§Ç�o��}�~�v¹��vx�;}
lo�
}�~�v¹y=loy=�=z{rt}�|{los
��³º~�v¹�;|{���=z{rt}�|{losV�=�;v\��ru��|���y=z{|C7=v\§»²bv\�M�;|{los7lo�
rts7rtz{�blo�M|{}�~�� §cv\²bv\z{loy=v\§V�o�É:�}�loz�p��bv+�����t��)t¯H��lo�A|{s�§c�=p�}�|{los7lo�^p�los�}�v\w'}Â����v\v��b�Zrt����rt�M��nm|{}�~7��v\�
��rts�}�|{p��d�!�b�=z{zC§cv\}�rt|{z{�
lo�b}�~�vA��v\}�~�lo§ºloz{lo�b��rt��v��b|{²bv\s¹|{sW&�|��M�o�+�����t�t®t�o¯Z� � �;�;v\s�}�|{rtz�z{�½´x}�~�vAz{v\rt�Ms�|{s��
y=��lop�v\���
|�s�²bloz�²bv\�G}�nml���}�v\y=�dÈ
�t� ©$ªFî�´�®$±x´�®$¯�«³´�ª @¶s+�#v\p�v\|{²b|�s��mr8��vxrts�|{s��b����lo�M�¼y=rt|{�2´�}�~�vfrtz��blo�M|{}�~��¼|{����v\§c|{rt}�v\z{�m�o�=|�z{§c�Ar
�0�Mrt����rt}�|{p�rtz^��lo§cv\zc��lo��}�~�rt}^y=rt|���nm~�|{p�~7��rt�bv\��s�l��bv\s�v\�Mrtz�|{�;|{s���rt�;�;�=��y=}�|{los���rt�olo�=}
|{}Z�
·TsQlo}�~�v\�
nmlo��§c�;´�}�~�v�|�s�§c�=p�v\��nu|{z{z���|���y=z{�mrt§c§�rP��p�lo��y=z{v\}�vxz��ms�los���p�lo��y=lo�;|{}�|{los�rtz{¯=�X�=z{v±}�l
}�~�vm�b�Zrt����rt�f}�~�rt}G�;}�rt}�v\�±§c|{��v\p�}�z{�7}�~�rt}HrQz�vx�0rtz^�;v\s�}�vxs�p�v�|{s�}�~�v�z{rts��b�=rt�bvm~�rt�8}�~�v��b|{²0vxs
��lo�Z� rts�§Çp�lo�M��v\�;y=los�§º��}�l+}�~�v��b|{²bv\sÁ��vxrts�|{s��`�8���0lo�Avxw�rt��y=z{v\´grtsµ|{s�p�lo�My=lo�Mrt}�v\§Ç�X�=z{v���lo�
}�~�v � s��bz{|{�;~P��v\s�}�v\s�p�v ��� loz{}�rts+�bs�lonm�¦��rt�M��¤nulo�=z{§�}�~��=�¦z�lolo�m²bv\�M�mz{|��bv�}�~�vS7=�M�;}=�;|{��y=z{v
�0�Mrt����rt�
�X�=z{v��0|{²bv\s�|{sm�;v\p�}�|{losW�0� �0�Ô�t� ¯

�0��ï ¬�®$ð�³ªxð kmrt²b|�s��m�o�=|�z{}=r��b�Mrt����rt}�|{p�rtz���lo§cv\zolo�gr±��|�s��bz�v��=}�}�v\�Mrts�p�vx´'}�~�vfrtz{�blo�M|�}�~��,�;v\vx�0�
}�l7��v\���bvu}�~�|{����lo§cv\z^nu|{}�~�}�~�vuv\w'|{�;}�|{s��V��lo§cv\zÂ��lo�±rts��Vy=��v\²b|{lo�=�8�=}�}�v\�Mrts�p�v\�d�m��v\���b|{s��
|�s�²bloz�²bv\�A��rt�b|{s��mp�~�rts��bv\�¤}�l¹}�~�v��X�=z{v\�¤|{sP}�~�v��b�Mrt����rt�H|{sP���=p�~Pr¶nmrt�u}�~�rt}=}�nml¹lo����lo��v
�X�=z�vx�¹|{s }�~�v+�b�Mrt����rt�8�ov\p�lo��v+��lo��v+��|���|{z{rt�¹}�lVvxrtp�~ lo}�~�v\�X�µ³c~�v+�Mrt}�|{los�rtzG�ov\~�|�s�§ }�~�|{�
|��f}�~�rt}Âz{v\rt�Ms�|{s��µp�rts7�ov¹²b|�vxnuvx§Çrt�fp�lo��y=��v\���;|{losÁlo�
}��Mrt|{s�|{s���|{s�}�lPr�p�lo��y=rtp�}G~��by=lo}�~�v\�;|{�
��@8���olo�Zs�v+£ �c�M|{�;p�lovQ���t����¯Z�¤·T�`}�nmlP�X�=z{v\��|�sµ}�~�v8�b�Mrt����rt�A�ov\p�lo��v�|{§cv\s�}�|�p�rtz{´g}�~�v\s�los�v8|{�
��v\§c�=s�§crts�}Hrts�§�|{��§cv\z{v\}�vx§¦�m³c~�vu��v\���b|{s��Çrtz{�blo�Z|{}�~�� }�~��=�8}�v\s�§c�¶}�l7y=��lo§c�=p�v � ��|{s�|{��rtz
z�vxs��b}�~.
�b�Zrt����rt�M�H��lo�^}�~�v�lo�o�;vx�Z²bv\§u�=}�}�v\�Mrts�p�vx�d�

·¸sµy=�Mrtp�}�|{p�rtzº}�v\�M���;´b}�~�v8nurt��|{sµnm~�|{p�~Á}�~�v¶|�s�§c�=p�}�|�losµrtz{�blo�Z|{}�~�� �;v\v\�b�A}�lQ��v\���bv�}�~�v��b�Mrt���
��rt�Anm|{z�zc|{s�}��#lo§º�=p�v¶p�los��;}��Mrt|�s�}���los�}�~�v8��y=rtp�v�lo�Ây=lo���;|{�oz�v¶�b�Mrt����rt�M�f}�~�rt}`}�~�v8z{v\rt�Ms�v\�M��p�rtsÁrtp��
�b�=|{��vb�U�blo�Âv\w'rt��y=z{v\´d}�~�v�z�vxrt�Zs�v\�M�¦§cv\�;p��M|{�ov\§Q|�sQ}�~�|{�Gy=rty=v\�Âp�rts�s�lo}grtp��b�=|{��v���v\p��=�M�;|{²bvf�b�Mrt����rt�M�
��rtz{}�~�lo�=�b~�´º�;v\v>&�|{�M�o�������t�t�t¯¦��lo�fru�;|{���=z�rt}�|{los�|{sÇnm~�|{p�~Ç��v\p��=�M�;|{losÇ|{�±y=lo�;�;|{�oz{v\¯Z�8³c~�|��¶|{�¶s�lo}�r
�;v\�M|{lo�=��p�los�p�v\�Ms�´=~�lonmv\²bv\�J´=�;|{s�p�v�}�~�v��;|{��y=z�v � nm~�lµ§c|{§»nu~�rt}�}�lµnm~�lo�,±��vxrts�|{s��b�±}�~�rt}
}�~�v\�
~�rt²bv�}�l�p�los�²bv\��rt��v�s�lo}0��v\p��=�M�;|{²bv�rts��bnmrt�C�

DFE ñ òsó_I�ô_RUô�NX\]JML�Y�RUj�V�õ;j_JM^öY�k
*�|{²bv\sPrfp�lo��y=�=}�rt}�|�los�rtzo��lo§cv\zolo��rtsQ|�s�§c|�²b|{§c�=rtzbnuv�s�vxv\§+}�l���v\}�lo�=}�}�~�v�nurt�b�G|{sQnm~�|{p�~ur±y=loy=�
�=z{rt}�|{los�lo��|{s�§c|{²b|{§º�=rtz{�H|�s�}�v\�Mrtp�}��d�x³c~�vAy=loy=�=z{rt}�|{los¹|{sm}�~�vA�;|{���=z{rt}�|{los�����v\y=lo�M}�v\§m~�vx��v�|�����rt§cv��=y
lo�o}�v\s8|{s�§c|{²0|{§c�=rtz{�Ârt}orts��¶los�v¦y=lo|{s�}�|{s�}�|���vx´xlo���brts�|{�;vx§�|�s�r��Z|{s��^�ª·Ts�lo}�~�v\��nulo�#§º��´Ýv\rtp�~���v\���ov\�
lo�g}�~�v�y=loy=�=z{rt}�|{losm~�rt�H}�nul�s�v\|{�b~��olo�=�M�d���b|{�0�=�#v_����~�lonm��~�lon }�~�|��Gy=loy=�=z{rt}�|{losu|{�H�=y=§ºrt}�vx§Plo²bv\�
}�|{��vb�

� rtp�~7p��bp�z{v�}�~���lo�=�b~�}�~�v�|�s�s�v\��z{loloyVlo�.7=�b�=��ve�t´=}�~�v���y=v\rt�bv\�¤|{� � |{s��;}��X�=p�}�vx§�f}�lPy=��lo§c�=p�v�r
�Mrts�§clo��z{�+p�~�lo��v\s���v\rts�|{s��`� � �;y=vxp�|�rtz{z{�+rt}Â}�~�v���}�rt�Z}`lo�^}�~�v��;|{���=z{rt}�|{los�´�}�~�v8�;y=v\rt�bv\�¦��rt��nmv\z{z
s�lo}H�ovPrt�oz{v+}�lÁy=��lo§c�=p�vQr+��}��Z|{s��V}�~�rt}Hp�lo�Z�#v\�;y=los�§c�¶}�l7}�~�rt}¤��v\rts�|�s��Çnm|�}�~»}�~�vu�b�Mrt����rt�±}�~�rt}
|{}¦~�rt�8|{s�}�v\�Ms�rtz{|{�;v\§H�e�¶}H}�~�|{�8y=lo|{s�}�´`los�vulo�G}�nmlÁ}�~�|{s��b�±��rt�V~�rty=y=vxs�¡Âv\|{}�~�v\�f}�~�v��;y=v\rt�bv\���;rt�b�
s�lo}�~�|{s��b´blo�¦}�~�v¶�;y=vxrt�0vx�H��rt�+}��M�Qrts�§V|{s�²bv\s�}^r�s�v\n �;}��M|�s��Ç��rt��§cv\�;p��M|{�ov\§7v\rt�Mz{|{v\�M¯Z�Â³º~�v��Mrt}�v¶rt}
nm~�|{p�~�|{s�²bv\s�}�|{los���rt�#v�|{s�}���lo§c�=p�v\§µp�rtsµ�ov8vxrt�;|{z��Pp�los�}���loz{z{v\§7|{sµ}�~�v¶�;|{���=z{rt}�|{los
�f�blo�¦}�~�v¶��vx�;�=z{}��
��v\y=lo�M}�v\§u~�vx��v\´t�;y=v\rt�bv\�M�Ây=�#lo§º�=p�v�|{s�²bv\s�}�|{los���losmrt²0vx�Zrt�bv�los�v�}�|{��v�lo�=}�lo��v\²bv\�M�>7=��}����\·T��´tlosm}�~�v
lo}�~�vx�=~�rts�§c´\}�~�v¤�;y=v\rt�bv\�;-Z«��¶y=��lo§c�=p�v¤r��;}��M|{s��±nm~�|{p�~�p�lo�M��v\�;y=los�§c�`}�l±}�~�v¦��v\rts�|�s��b´\}�~�v\s�|{}0§clov\�
�;lo´trtz{}�~�lo�=�b~�s�lo|���v�|{�G�;|{���=z{rt}�v\§P|{sm}�~�v���lo§cv\zC�o����v\y=z{rtp�|{s��¹}�~�|��G�;}��M|{s���nu|{}�~�r��Zrts�§clo�$los�v�los�v
}�|{��v�lo�=}blo��rf}�~�lo�=��rts�§H�x³c~�v��bv\��y=lo|{s�}��
~�v\��v�rt��voÈ

�



<Gvxy=z�rtp�v�nm|{}�~v��oz�rts���
|�s�§c|�²b|{§c�=rtz

(¦~�lolo�;v�los�v�lo�0}�nml
s�vx|��b~��olo�=�Z�

�»rt�bv��=}�}�v\�Mrts�p�vAnm|{}�~
s�vx|��b~��olo�=�`rt�G�;y=v\rt�bv\�ºrts�§
s�v\n |�s�§c|�²b|{§c�=rtzort�H~�v\rt��v\�

÷�¨$2t¨X«'©�ø�ù�ù�ù
©�451¶¨$#

÷G¨$2t¨X«'©
ú�ù�ùu©�451¶¨$#

°±v\z{v\}�vA�Mrts�§clo�$|{s�§º|{²b|{§c�=rtz

�b|��b�=��vs�0È\³c~�v���rt|{sQz{loloyu�=�;v\§u|{su}�~�v��;|{���=z�rt}�|{los��d�

û � rtp�~ |{s�§c|{²b|{§º�=rtzAz{v\rt�Ms��Qlos�z��e����lo� �=}�}�vx�Zrts�p�v\�µ����lo�M������v\rts�|{s���y=rt|��M�;¯�y=��lo§c�=p�v\§ �o�S|{}��
s�v\|{�b~��olo�=�M�d�

û ³º~�v���rt�0vx�=yQlo��}�~�v�y=loy=�=z{rt}�|�los�p�~�rts��bv\��lo²bv\�^}�|{��vb�

û ·Ts�§c|�²b|{§c�=rtz{�Hrt��v���v\y=z{rtp�v\§Pv\s�}�|{��v\z{��rt}��Mrts�§clo�»�

û ³º~�v�y=�#lo�ort�o|�z{|{}��u}�~�rt}�los�v�|{s�§º|{²b|{§c�=rtz�nm|{z{z0~�v\rt�
rtz{zb��lo�Z���H��lo�
rtz{z0}�~�v�y=lo���;|{�oz�v���v\rts�|�s��b�¦|{�
²0rts�|{�;~�|{s��bz{���;��rtz{zL�¡ü

ý þ �
"�������"

³c~�|{�±�;v\p�}�|{losÁz�lolo�b��|{sÇ�;lo��v�§cv\}�rt|{zºrt}�los�v�y=rt�M}�|{p��=z�rt���X�=sVlo�G}�~�v¹�;|{���=z{rt}�|{losÇ§cv\�;p��M|{�ov\§�rt�olo²0vo�
³c~�v8�ov\~�rt²b|{lo�=��lo�Â}�~�v8�;|{���=z{rt}�|{los7|{�fp�los��;|{�;}�v\s�}º����lo� �X�=sµ}�lP�X�=s�´��;l+r�p�rt��v\���=zcrts�rtz{�b�;|{��lo�Âlos�v
p�rt�;v�|{�Gnmlo�M}�~�nm~�|�z{vb�

³c~�vf|{s�|�}�|{rtz0y=loy=�=z{rt}�|�losm|{�¤��rt§cvf�=yQlo�=}�v\sm|{s�§c|{²0|{§c�=rtz{�;´Crtz{z0lo�gnm~�|{p�~P~�rt²bvfs�l��0s�lonmz�vx§º�bv�lo�
z{rts��b�=rt�bvA¿ }�~�rt}b|���´\}�~�v\�¶~�rt²0vAvx��y=}��8�b�Mrt����rt�M�d�\³c~�v¤�;|{���=z{rt}�|{los�z{loloyu§cv\��p��Z|{�ov\§�|{sW7=�b�=��vq��|{�
}�~�vxsQ|{s�|{}�|{rtz{|{�;v\§µrts�§�z{v\��}=}�l¹�X�=sP�=s�}�|{z�}�~�vf�ov\~�rt²0|{lo�=��lo�=}�~�vfy=loy=�=z�rt}�|{losu�;}�rt�o|{z{|���v\�¶��rt��}�v\���;v\²bv\�Mrtz
}�~�lo�=��rts�§»�0vxs�v\�Mrt}�|{los��;¯Z�¶¢=v\�M|{lo§º|{p�rtz{z{�½´Â²brt�Z|{lo�=�¶��v\rt�;�=�#v\�¶lo�H}�~�vuy=loy=�=z{rt}�|{los.+ �±�ovx~�rt²b|{lo�=��rts�§
�bs�lonmz{v\§c�bv¤rt��v�}�rt�0vxs
È

�t��ï ¬�¯�ªx³ªxð�² ³c~�vus��=���ov\�flo�¤��v\rts�|{s��0�8}�~�rt}HrtsS|{s�§c|{²b|{§º�=rtz�p�rts»v\w'y=��v\�;�Q��nm|{}�~�lo�=}¦|{s�²0vxs��
}�|�los�¯Z�

ÿ ÊdËxÐMÏ2Ð0ÑZÏ2Ðbõ�ðZð=ÕdÌÔäÙäãÐMÏ2ÐMâÝØ�àtÖ½ÍLÍTÌ ïCÛÎÐbÞ�ÐZÑZâxÌÎâxÜªÍTéZÑZâxÕHÑ�Þ�Ñ0�;ÌÔÞ�×tÞµÖ½äªõZðZð=×tØÙØÙÐMÏ�Ñ�âÝÒ#ÐMÍCËÝÐMÑ�Ï2Õ=ï�è^ÐMÑZÒ#Ë
ÌÎâxÕdÌÔæªÌÎÕ'×tÑZÛÎö ë æªÐMâ
ÌÎäxÑZâ¦ÌÎâxÕdÌÔæªÌÎÕ'×tÑZÛ�ÌÎÍoÛÔ×tÒLøÝèÂÐMâÝÖª×tÜªËGØÙÖ
ËxÐMÑZÏ�õ�ðZðc×tØÙØÙÐMÏ�ÑZâxÒ#ÐMÍ0ÌÔâ�ÌÎØÙÍbÛÔÌÎäãÐMØÙÌÎÞ�ÐMéMØÙËÝÐ=Ò#ËxÑZâxÒLÐMÍ�ØÙËÝÑ�ØxØÙËxÐMÍTÐ=ÓHÌÎÛÔÛ�ÒLÖ½æÝÐMÏCØ�ËxÐcÐMâxØÙÌÎÏ2Ð
Þ�ÐMÑ�âÝÌÔâÝÜGÍTàtÑZÒ#Ð=ÑZÏ2Ð É������É���������� ö
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Meanings

Size of Grammar

�b|{�0�=�#vè�0ÈH³c~�v¹y=loy=�=z{rt}�|{losVrt²bv\�Mrt�bv�lo���;|CÀtv\´c��v\rts�|{s��b�±rts�§ep�lo²bv\�Mrt�bv¹lo²bv\� â  t t´� t t +�;vxs�}�v\s�p�v\�;´
nm~�v\�#v�r � ��v\s�}�v\s�p�v�G|{�GrtsQ|{s��;}��X�=p�}�|{losQ}�l�r��;y=v\rt�bv\�`}�l�y=��lo§c�=p�v�r��Mrts�§clo�,��v\rts�|{s��`��³c~�v��b�Zrty=~
|{�¦§c|{²b|�§cv\§P|�s�}�l�}�~���v\v��;}�rt�bv\���;|{�bs�|{���b|�s�����r�� lo� � y=~�rt�;v�p�~�rts��0vx��G|{su}�~�v��0�Mrt����rt�M�¦lo��}�~�v�y=loy=�=�
z{rt}�|{los
�

�0�
	 ³���¬ ³º~�v�s��=���ov\�`lo���X�=z{v\��|{surtsm|{s�§c|{²b|{§º�=rtzO+ �H�0�Mrt����rt�M��
�0�
� ®$¯����=¯�®$² ³º~�v�rtp�}��=rtzº�b�Zrt����rt�M��lo�
}�~�v�|{s�§c|{²b|{§º�=rtz{�±|{sV}�~�v��;|{���=z{rt}�|{losVp�rts7�ov¹§c|{��v\p�}�z{�
|�s��;y=v\p�}�v\§c´ª�;l¶}�~�rt}onmv¤p�rts�rts�rtz��b�;vArts���|{s�}�v\�Ms�rtz'�;}��X�=p�}��=��v¤}�l±}�~�v¤z{rts��b�=rt�bvA}�~�rt}ov\²bloz{²bv\�
|{s
}�~�v�p�lo�����=s�|{}����

�Ã�0�Mrty=~+lo�º}�~�vfy=loy=�=z�rt}�|{los+rt²bv\�Mrt�bv¶lo�c��v\rts�|{s��b�Arts�§7�;|CÀtv±lo²bv\�Gr��X�=s+lo� â  t t ¹p��bp�z{v\�A}�~��#lo�=�0~
}�~�v��;|{���=z{rt}�|{losm|��G�b|{²0vxs�|�su7=�b�=��vt�0�

³c~�v��0�Mrty=~�~�rt�¦�ov\v\s�y=rt�M}�|{}�|{los�v\§Q|{s�}�l�}�~���v\v��;}�rt�bv\�
�ov\}�nmv\v\s�nm~�|�p�~u}�~�v�y=loy=�=z{rt}�|{losmrty=y=v\rt�M�
}�lµ��rt�0v � y=~�rt��vu}��Mrts��;|{}�|�los���8|{s�}�l7�Mrt§c|�p�rtz{z{�Ç§c|{�J��v\��vxs�}¦}��by=v\�±lo�H�ov\~�rt²b|{lo�=�M��·¸sÇy=rt�Z}�|{p��=z{rt�2´
}�~�v
� ÊdËxÐAÍTÌ���Ð¤ÌÎÍÂÒLÑ�ÛÎÒ#×tÛÎÑ�Ø�ÐZÕfï�è±ÌÎâxÍTàtÐMÒ#ØÙÌÎâxÜ¶ÐMÑ�ÒLË�ÌÎâxÕdÌÎæÝÌÎÕd×tÑ�ÛÎÍÂÒLÖªâÝØÙÐ��;Ø�äãÏJÐZÐHÜÝÏ�ÑZÞ�Þ�Ñ�ÏºÑ�âÝÕ�Ò#Ö½×tâxØ�ÌÔâÝÜ8Ø�ËxÐAâx×tÞÂï�ÐMÏ^Ö½ä

Ï2ÐMÓGÏ�ÌÔØÙÐ`Ï2×tÛÎÐZÍTö��GÖ½ØÙÌÔÒLÐÂØÙËÝÑ�Ø�ØÙËxÐMÏ2ÐÂÑZÏ2Ð`Þ�Ö½Ï2Ð`Ï2×tÛÎÐZÍ�ØÙËxÑZâfÞ�ÐMÑ�âÝÌÔâÝÜÝÍ=ÌÎâxÌÎØÙÌÎÑ�ÛÎÛÎè¤ÌÔâ�ØÙËÝÐÂÜÝÏ�ÑZàtËxéÝØÙËxÌÎÍ=ÌÎÍCïCÐMÒLÑ�×tÍTÐMéxäãÖ½Ï�àt×tÏJÐZÛÎè
ØÙÐMÒ#ËÝâxÌÎÒ#ÑZÛ�Ï2ÐMÑZÍLÖ½âxÍcüãÕdÌÎÍLÒL×tÍLÍTÐMÕ�Þ�ÖªÏJÐ
äã×tÛÔÛÎè�ÌÎâfý�ÌÔÏ�ï�è�õ�þZþ�ÿ�ï���ÐMÑZÒ#Ë�ÛÎÐMØÙØÙÐMÏ=ÌÎâfÑZâ�ÌÔâÝÕdÌÔæªÌÔÕd×tÑZÛ�� ÍºÛÔÑZâxÜª×tÑZÜÝÐ�ËxÑZÍ^ÑZâ�ÑZÍLÍTÖ½Ò#Ì Ý
ÑZØÙÐMÕ¹Ï2ÐMÓHÏ�ÌÎØÙÐHÏ2×tÛÔÐMö�áãâ¶Ö½ØÙËÝÐZÏ`ÓHÖ½Ï2ÕdÍTé�Ø�ËxÐAÜªÏ�Ñ�Þ�Þ�Ñ�ÏºÒ#Ö½âÝØÙÑ�ÌÎâxÍ�ÑZâ�ÌÎâxØ�ÐZÏ�Þ�ÐMÕdÌÔÑZØÙÐ
��àtÏ2Ð�ÝãØÙÐMÏ�Þ�ÌÎâxÑZÛ��AÛÎÑ�èªÐMÏ�ïCÐMØÙÓGÐMÐMâ�ÍTÐMâMÝ
ØÙÐMâxÒLÐMÍ��tæªÖ½Ò#Ñ�ïC×tÛÎÑZÏ�èHÑZâxÕ�ÍTØÙÏ�ÌÔâÝÜÝÍbÖ½ä\ÍTèÝÞÂï�Ö½ÛÔÍTöxÊdËÝÌÔÍbäãÑZÒ#ØtÕdÖ½ÐZÍoâÝÖ½Ø\Ñ�ä�äãÐZÒLØ\ØÙËÝÐºÏJÐZÍT×tÛÎØÙÍoÖ½ä\ØÙËxÐºÍTÌÔÞ�×tÛÎÑ�ØÙÌÎÖ½âHÌÎâ¦ÑZâxèGÌÎâxØÙÐMÏ2ÐMÍTØ�Ý
ÌÎâxÜ^ÓGÑZè�é2ïC×tØ½ÌÎØ�ÕdÖªÐMÍ'Þ�ÐZÑZâ
ØÙËÝÑ�ØªØÙËxÐ�Þ�ÐZÑZÍT×tÏ2Ð�Ö½ä½ÜªÏ�Ñ�Þ�Þ�Ñ�ÏtÍTÌ���Ð0ÌÔÍ�ÍLÛÎÌÎÜÝËÝØÙÛÔèºËxÌÎÜªËxÐMÏdØÙËxÑZâ�Þ�ÌÎÜªËxØ½Ö½ØÙËxÐMÏ�ÓGÌÔÍTÐdï�Ð0àtÏ2ÐMÕdÌÔÒLØÙÐMÕ'ö
áãâ�äãÑ�ÒLØÙé\×tÍT×tÑ�ÛÎÛÔè¦ÐZÑZÒ#Ë�ÛÔÑZâxÜª×tÑZÜÝÐÂÓGÌÎÛÔÛt×tÍTÐ^ÑZÛÔÛdô
ØÙÐMÏ�Þ�ÌÎâxÑZÛ'ÍTèªÞ
ï�Ö½ÛÎÍ�Ñ��ÅÐ���Ö��! `ÑZâxÕwØ¸éxÍTÖ¤ØÙËÝÐZÏJÐÂÓHÌÎÛÎÛ�ï�Ð.ëtæÝÐÂÐ��;Ø�Ï�Ñ
Ï2ÐMÓHÏ�ÌÎØÙÐ
Ï2×tÛÎÐMÍoÌÔâGØÙËxÐ=ÜªÏ�ÑZÞ�Þ�ÑZÏÙö

�



��v\z{rt}�|{los���~�|{y=���ovx}�nuvxv\sV}�~�vm}�nml7��vxrt�;�=��v\�¶�b�Mrty=~�v\§erts�§ rtz{�;lÁ}�~�vm�;}��X�=p�}��=��vmlo�¦}�~�vQ�b�Mrt����rt�M�
p�~�rts��bv\�f�Mrt§c|{p�rtz�z{�µrt}
}�~�v\��v8y=lo|{s�}��d�¤³º~�v\�;v¶�;}�rt�bv\��rt��v¹y=��vx�;v\s�}`|{s7v\²bv\�M�+�X�=sÁlo�Â}�~�v��;|{���=z�rt}�|{los�´
rtz{}�~�lo�=�b~�}�~�v�}�|{��|{s��¹lo��}�~�vA}��Mrts���|�}�|{los��G|{�G²brt�Z|{rt�oz{vb�

ñFE G "�L�J�#�IW£
·¸s7}�~�v>7=�M�;}
��v\n!p��bp�z{v\��lo�
}�~�v��;|{���=z�rt}�|{losV�X�=sÁs�lo}�~�|�s������=p�~7~�rty=y=vxs��d��¥ulP|�s�§c|�²b|{§c�=rtz^|{sV}�~�v
y=loy=�=z{rt}�|{losµ~�rt��rts��+�b�Mrt����rt�2´��;lQ}�~�v\�Q~�rt²bv8s�lPnmrt�+lo�`y=��lo§c�=p�|{s��+�=}�}�v\�Mrts�p�v\�d� � rtp�~µ}�|{��v�rts
|{s�§c|{²b|�§c�=rtz�|{��rt�;�bv\§u}�l¶y=��lo§c�=p�vAr��;}��M|{s��8��lo�^r�y=rt�M}�|�p��=z{rt�Â�Mrts�§ºlo��z{�8p�~�lo�;vxs¹��v\rts�|{s��0´t}�~�v\�8p�los��
�;�=z{}�}�~�v\|{�g�b�Zrt����rt�crts�§u§c|{�;p�lo²bv\�g}�~�v\��~�rt²0v¦s�lfnmrt�¶lo��y=��lo§c�=p�|{s��frA�;}��M|�s����;l�}�~�v\�f��rt�±s�lo}�~�|{s��^�
(¤los��;v\�b�=v\s�}�z{�¹}�~�v�s�vxn�|�s�§c|�²b|{§c�=rtz{��~�rt²bv�s�l�v\w'v\��y=z{rt�M�¤��lo��rtp��b�=|���|�}�|{los+rts�§Ártz{�;l�vxs�§��=y�nm|{}�~
v\��y=}��Ç�b�Mrt����rt�M�d� <Gvxp�rtz�z{´H~�lonmv\²bv\�2´�}�~�rt}A}�~�v\��v+rt�#v�lop�p�rt�;|{los�rtz¦�Mrts�§ºlo� 45��ct¨$�`©�45/��erts�§���/�45#X¨
v\²bv\s�}��d��	 ~�v\s�v\²bv\�¤los�v�lo�Â}�~�v\�;v¶lop�p��=�M�;´�}�~�v�s�v\n,|{s�§c|{²b|�§c�=rtzº~�rt���;lo��v\}�~�|{s��P}�l+|{s�}�vx�Zs�rtz{|���vbÈ`r
y=rt|{�M|�s���lo�Cr¦�Zrts�§clo��z���p�los��;}��X�=p�}�vx§��;}��M|{s���lo�C�;�b���oloz{�;´½rts�§�r¦�Mrts�§clo��z{��p�~�lo��v\s±��v\rts�|{s��^�ª³º~�v\s�´
|{�c}�~�|{�¤|{s�§c|{²b|�§c�=rtz�|��Az{rt}�v\�Gp�rtz{z{v\§Á�=y=losQ}�l¹y=��lo§c�=p�v�rts+�=}�}�vx�Zrts�p�vfnm|{}�~+}�~�rt}=��vxrts�|{s��b´�}�~�rt}=�;rt��v
�;}��M|{s���lo���;�b���oloz{��nm|�z{zort�brt|{sQrty=y=vxrt�^|{sm}�~�v�|{s�y=�=}0lo��rfs�v\nqz{v\rt�Ms�v\�M�

³c~�|{�
y=��lop�v\�;�^lo�0�Mrts�§ºlo��|{s�²bv\s�}�|{los¹rts�§u��v\���=�;v¦z�vxrt§º�
}�l±}�~�v¤�;|{}��=rt}�|{los¹}�~�rt}b|{�
�;}�rt�oz{vA}�~��#lo�=�0~��
lo�=}A}�~�vç7=�Z��}Av\��v\���bv\s�}¤�;}�rt�bv+|{s }�~�vP�;|{���=z�rt}�|{losÂ�Ç³c~�v+y=loy=�=z{rt}�|�losep�rts v\w'y=��v\�;��los�z{�»rµ����rtz�z
y=v\��p�vxs�}�rt�bvflo�=}�~�v���v\rts�|{s��0��´C�=�;|{s��mr¶�;��rtz{z0�0�Mrt����rt�M��·¸sQ��rtp�}�´o}�~�vf�b�Mrt����rt�M�A|{s+}�~�|{�¤�;}�rt�bv�rt��v
�ort�;|{p�rtz{z{�µ²blop�rt�o�=z{rt�M��z{|���}��;´bnu|{}�~�v\rtp�~�p�lo��y=z{v\w¹��vxrts�|{s��+�ovx|�s��+v\w'y=��v\�;��v\§�rt��rts�rt�M�o|{}��Mrt�Z�P�=s��
rts�rtz{�b�;v\§P�;}��M|�s���lo���;�b���oloz��t��@¶s�v��;�=p�~m²blop�rt�o�=z{rt�Z�mz{|{�;}���lo�^r��Mrts�§clo�$|{s�§c|{²b|{§º�=rtzoy=|{p��bv\§+lo�=}0lo�
}�~�v�y=loy=�=z{rt}�|{los�rt}�}�~�|����;}�rt�bvA|{�G�;~�lonms��ov\z{lonÁÈ

��v\rts�|{s������bz{lo�;�;vx§Q|{s � s��bz{|���~�¯ :C}��M|{s��
}0/�~��%$X��o�#�y�«�`$6 rtp�v\rt�o�op�v\v\vxrt�ov\v\r
}0/�~��&$X��o�#��X/�¬T©�«�� p�v\rt§crtv\v\rt�o�ov
}0/�~��è~t«'©�¨$#.�X/�¬T©�«�� vxp�§ºp�vxrtrt�o§º§cr
y�«�`$6'$X��o�#��X/�¬T©�«�� rt§crt�ov\v\�
y�«�`$6S~t«'©�¨$#'}0/�~�� §c§crt§º�o�o�o�ort�ovxv\§crtv\v\v
y�«�`$6�~t«'©�¨$#��s�"���ot¨ rt§ºrt�ort�op�p�p�vxp�rt§ºp��op�v
y�«�`$6�~t«'©�¨$#.�X/�¬T©�«�� p�v\v\rtvx�ov\v\�op�v\p�rt�o§cv\v
y�«�`$6�¬5/�ct¨$#t���"���ot¨ rt�ortp�§º§c§c�ov
yz45{�¨�~t«'©�¨$#.y�«�`$6 rt§º§c§c�o§cp�p�v\rtr
�X/�¬T©�«��è~t«'©�¨$#'}0/�~�� §
�X/�¬T©�«��è~t«'©�¨$#fyz45{�¨ v

¥mlo}�|{p�v�}�~�rt}
los�z{�S���8lo�=}
lo��}�~�v����=z{z¤�� t P��v\rts�|�s��b�±p�rtsÇ�ov�v\w�y=�#v\�;�;v\§7�o�7}�~�|{��|{s�§º|{²b|{§c�=rtz�´`rts�§
}�~�vx��vH|{�`s�l�p�los��;|{�;}�v\s�}�nmrt�±|�s8nm~�|{p�~�}�~�vH��vxrts�|{s��b�^rt�#v¤��v\z{rt}�v\§¹}�lf}�~�vG�;}��M|�s��b�d�b�blo�gv\w'rt��y=z{v\´�}0/�~��
~t«'©�¨$#��X/�¬T©�«��¹|{�
v\w'y=��v\���;v\§�rt��¨$-Zo�-Z¨X«�«�aAo�ot«¤nm~�|{z{v��X/�¬T©�«��e~t«'©�¨$#'}0/�~���|{��v\w'y=��v\�;�;vx§�rt�
}�~�vAp�lo��y=z{v\}�v\z{�
�=s��#v\z{rt}�v\§ �;}��M|�s��zo0�Ç³c~�|���p�lo��y=z{v\}�vPz�rtp��»lo���;}��X�=p�}��=��v+|{��p�los'7=�Z��vx§ nm~�v\sSnmv+z{lolo�»rt}�r�}���vxv
§c|{rt�0�Mrt� y=�#lo§º�=p�vx§��o�±�=�;|{s��f}�~�vG�0�Mrt����rt�=lo��}�~�|{�`|{s�§c|{²b|{§º�=rtzd}�l�y=rt�Z��vH}�~�vG��}��Z|{s���«�-�¨X«�aAaA-�¨X¨X¨X«�aª¨X¨X«
��7=�b�=��vs)t¯Z�

ñFE g "�L�J�#�IW£�£
³c~�v��;v\p�los�§���}�rt�0v�|{sP}�~�vf�;|{���=z{rt}�|{los+��v\�;�=z{}��H|��¦��rt�Z�bv\§��o�mr±�;�=§c§cv\smp�~�rts��bvf|{s+}�~�v�y=loy=�=z{rt}�|�los
��v\rt�;�=�#v\�d�
³º~�v¶s��=���ov\�¤lo�^��v\rts�|{s��b��p�lo²bv\��v\§Á|�s�p���v\rt�;vx��§c�Mrt��rt}�|{p�rtz�z{�µrt��§clov\��}�~�v8��| Àtv�lo�^}�~�v
�b�Mrt����rt�M�º��lo��v±|{��y=lo�M}�rts�}�z{�½´�}�~�vfs��=���ov\�Glo�`��vxrts�|{s��b�A�ov\p�lo��v\�¦�0�#v\rt}�v\��}�~�rts�}�~�v�s��=���ov\�Glo�
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