
HAL Id: hal-00154429
https://hal.science/hal-00154429

Submitted on 13 Jun 2007

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

A sub-proteome of Arabidopsis thaliana mature stems
trapped on Concanavalin A is enriched in cell wall

glycoside hydrolases.
Zoran Minic, Elisabeth Jamet, Luc Négroni, P. Arsene Der Garabedian,

Michel Zivy, Lise Jouanin

To cite this version:
Zoran Minic, Elisabeth Jamet, Luc Négroni, P. Arsene Der Garabedian, Michel Zivy, et al.. A sub-
proteome of Arabidopsis thaliana mature stems trapped on Concanavalin A is enriched in cell wall
glycoside hydrolases.. Journal of Experimental Botany, 2007, 58 (10), pp.1. �10.1093/jxb/erm082�.
�hal-00154429�

https://hal.science/hal-00154429
https://hal.archives-ouvertes.fr


�

�������	��

������������������������� �"!$#&%��'�(��)*�+��,-����./��,0���214365�787�9�:<;
���=�>;@?A7�B6?�78C�D EGF
#H�2EI�=��)*7�J 5

K 
L����M-%N�O��,-�A��)*� � � PRQ(S8T�U	V�WYX[Z\UGZ ]	^�S8_�U`S8a�S )*��,-�N��� 
b,-��)c
 ,Y����%�%���� ���
d � ��e+������f�� �`�g� K �g
h�+���<�ge+���+���g�ie��O�	�&jk������l��m1�e�� 
b�I���n�&1��N�O���g��

�+


o�p\qIrYs/t�uvs\uxw<ymz'{}|~um��r��A�-�	���-rb���>�	�Iz'�&�Aw"���Y�\qgpOs\u���z'���\�"q��I�bs��h�\�Yq���r�qIr>�����Ouxrbs<�Iz=t�uxwL���b|�o�u����(��rLs��
��u������-p<�ArYs\uvs y� 

¡-¢&��r>��p\qIr>��pOu�q����\��£"uvp�|vpO��uv��¤��L|x|��=|xrbuvqI��¥&¦�s��`�gu§�m�<�'�/r��muvp�s\rb| �\��|vr�¨���wL���YqIwb�\���"�\qIpOs�pO�hux©ª�A�bzO¨[p<�\�g�
�\�¬«�rbu~s
�g¥�¤��(qIz+­+®(¯<°�±¬²³�Yq���rLuv|x|G�
��¤��b�+�Y´Oz�µ q�rYs\w
�<�
°\¢�«���qg¶	rbwb�<��¤N�b|x|��A|xrbu�q@�ª���>��«\u���s�rb|~um�@r>�guvp\s�wL���Y·¬|x�<��²h�Y���>�gr>�\´OzO¸�t¹¨»º\º
¼�±�¤2�¬¨³«�¥�¸hs\u��A�Yq��Iu§�g���Hr>�A|
«�r>��r-��uv��qI¥�½�p���|vp<� �I�¾¦�¦�¦Izn°\¼¿¤����L�huvs¿�\�À£[p\qI�\�À¨[p�������zÁ£���¼\°�±�¡�­\zÃÂ�¡�Â<°�±\¥�¤�rª�`�grYs��>�g¥	½&pO|vp=�Irbs�z
µ qIrbs�wb�<�
Â<¢Ä¦gs+�`�	uÅ�m�\���/r��	uvp\s\rb|��\�Æ|xrÇ¨[�bwb���YqIw����È�"�\qIp\s\p\�/ux©ª�A�bzÉ¤��bsª�	qI�¾�/r��	uvp\s�rb|É�\�Æ|xrÇ¨Ê�bwb�\�YqIwb���
«�wbuv�bsª�gu~¶	ux©ª� ��z'¸³s\u��A��q��Iu§�g���HrYqIu���Ë�¦Iz�¦�s��`�gu§�m�<�H��r>�	uvp\s\rb|&�"�\qIp\s\p+�hux©ª�A���&r�q6um��¥��ÊqIu���s\p\s\z�|xr¬µ8�YqI�h�h�ª�
t�p<��|vp\s\z�Ì�¡\¡�Ì\¯h��uv¶	¥0�	��qI¥`Í"���>�m�g��zªµ qIrYs�wb�<�
¼\¢"��r��OpOq�r>�	p\u�qI�Î�+Ï {�s<·b���hp+|�pO��ux�Ð�\�ª�h��wbux�\�����¬� wb|x�bux©ª�A�ª�Iz2¸Ñs\u��A��q��Iu§�g�/�&ux�Yq�qI�Î�>��t�rYqIux�Ð¤���qIuG��z�Ì\±
£[p���|����Ar�qI��¨"r
��Ò�rbuG|vz�­+º(¯\¯\±��HrYqIuG�Iz<µ qIrbs\w��

  ¤�pOqgqI�ª��Ò�pOs��Ouvs(�/r-�\�	�\p\q�Ó
��u����$�0Ô[¸h���h¦m��z�¦�s=�	�	u§�m�\�H�/r��	uvp\s\rb|&���$|xr�¨[�ªwb���YqIwb�\�h�"�\qIpOs�p+�hux©ª�A�bz'¨[p<�\�g�$�\��«�rYuvsª�g¥g¤}�(qIz�­+®(¯<°�±
²³�Yq��Irbuv|G|x�<��¤��b�\�Y´�z<µ qIrbs�wb�<�
½��L|�Ó<Â\ÂÐ¡�Â\¯h®(Â$Â\¯³±\Â
µ8rY´8Ó(Â\ÂÕ¡�Â\¯/®(Â¬Â\¯hÌ\Ì
{��/rbuv|gÓ6Ö�×�Ø�Ù�ÚbÛÅÚ�Ü�ÝbÞIß	à�Ù@Û§áâá�Þ@à�ã ÛÅÚYßmÙ-ã äxß

åÑæ�çIèIé�ê\ëYè
ì ¥`��|��Owbp=���\|xr>�g�b��Ò\qIpª�g�Yuvs=��íÑ�YqI�$um��p+|vr>�g�b�Î¶mqIpO�ïî�ð�ñAò<óGô�õ�ö�÷0ó~÷³ø�ù\ñ�úxó~ñ\û\ñÃ�Ñr>�m��qI�/�`�g�Y����� �Iuvs\�ürL¶	¶�uvs�u§�`�
wY�(qIp+�hr>�gp\�<q�rYÒ\�<�ýpOsý¤�pOs�wbrbs\rY�Arb|vu~sý� «��YÒ+��rYqIp=�I�bz»�I�YÒ�r�qIr>�g�b�þ�\�ÿ°��Ñ¥��b|x�bw>�	qgpOÒ\��pOq��ª�IuG� rLs��
ux�\�bsª�gu~¶	ux�
� � �Iuvs\� s\rbs\p�������¤�¥�t «��Gt*« rYs�� t��Ê���³¦I¥�½�Ô�µ t «�� ¡�¯<° ��|��Owbp\Ò\qIpª�g�Yuvs=� íh�Yq��
ux�\�bsª�gu~¶	ux�
�=�"Ì<¼�� p\¶$�	���<�I�ÉÒ\qIp��g��u~s��níÑ�YqI�ÉÒ\qI�b�\uxw>�g�b� �\�ï�=u�p+uvs\¶	pOqI��r>�guvwª�n��pc���¹�grYq����>�g��� ��pc�	�\�
�I��wYqI�>�gp<q`�ÎÒ�r-�	�ªíÑr��Õrbs\�R®(­�� pO¶��	�\�b�Æíh��qI�$Ò\qI���Ouvw-�g�b�Á�	pn�O�$|vp�wbrb|Guv·
�b�Ðuvs��	�\�/w��L|x|�íhrb|x|�pOq[r0���	�\�
Ò�|vr<�I�/r��/�b�¬��qIrbs\�(�\Â\¯�� p\¶��	�\�
�I��Ò\qIpª�g��u~s=�����b|vp+s(�$�gp/�\|���w�p'�Iux�\���<�O�<qIp+|vrª�@�
���g�	���g¢�¶	rb�/ux|Gux�<�2íÑu§���
�Ip\���np\¶N�	���b� Ò�p=���Iu��A|~�Éuvs<�Op+|��A�b�¹uvsÕ�	���n�<���<q�p+|��=�Iu`�³p\¶"wb�b|x|�íhrb|x|�Ò�p+|��A�@rbwbwb�\rYqIux�\�<�-�&½&�\�Ð�I��wbpOs��
��r�
IpOq�wb|xr<����p+¶�ux�\�bsª�guv¶`ux�
��Ò\qIpª�g�Yuvs=��wbp+�¬Ò\qIum�I�<��rª�gÒ=r�q`�m�\|HrLs��R�I��q6uvs��¬Ò\qIpª�g�br
�I�ª�0�=Ô��	�\�Yq�Ò\qIpª�g�Yuvs=��rYq��
Ò\qI�b�\uvw>�g��� ��p �O�Ép�´�ux�\p�¥`qI�b�ª�Aw>�gr
�I�ª��z�wbp\sª�gr�u~sïuvsª�g�YqIr�w>�	uvs<�ï�\p+�hrbuvs=�Iz¬r�qI�¹Ò�p��g��sª�	uvrb|G|v�ïu~s<�Op+|��A�b�ÄuGs
�Iu���s�rb|~|xuvs\�/p\q&�\rY�O�"rLs��=s
�+s�p�í³sh¶��As\w>�guvp\s=�(½2�\um��um�&�gp$p<��q��\s\p<í³|v�b�<���N�	�\�"¶�u�q-�	���	��q`���Y��p\¶ Ò+|xrbsª�Hwb�b|x|
íÑrL|v| ì ¥`�+|��Owbp'����|xr>�g���ÑÒ\qgpª�g�Yuvs=�-�

����� ��� é�� ç�� î[ð@ñAò<ó~ô�õ�ö�÷-óv÷ ø�ù\ñ�úGó~ñ\û\ñ�� wb�b|~| íÑrb|G|vz wbp\s\wbrbs�r��Orb|Guvs ��z ��|~��w�p'�Iux�\� �<�O�<qIp+|vrª���bz
��|��Owbp=���\|xr>�guvpOs�zOÒ�|vrbsª���	�g�Y���



�

��� èIé � ��� ëYè�� ���

�&|�rLs
�"�`�g���/��Ò�|xrY�Ã�\uv¶�¶���qI�bsª��qgpO|����[u~sÎ�\qIp<í"�	�Ðr�s\�Ð�\�Y���b|vp\Ò��/�bs
�gz'�	qIrYs���Ò�p\q���p\¶�sª�\�	q�u��Ls
�I�"rbs��Áíhr-�g�Yq
rYs��cw�pOs��`�gu§�m�\�g�¹rÃÒ\�<�=�Iuxw
rL|¬�	��Ò\Ò�pOq	�h¶	pOqh�	�\�ÃÒ+|vrbs
�@��t�r�
Ip\q�wbp+�³Ò�pOs��Ls
�I��p\¶��`�g�b� wb�b|G|�íÑrb|G|m�ÎrYq��
Ò�p\|��A�@rbwbwb�\r�q6ux�\�ª� ��¤�rYq�Ò�u§�gr�rLs�����u��A�br>�A|§�gz�¡�Ì\Ì\Â
	\¨[p��A��q`�I�Iz�¡�Ì\Ì<¼\¢@�ª�8p\|��=�@rbw�wL��r�q6u��\����qI��Ò\qI�ª�I�bs
����Ò$�gp
Ì\¯�� p\¶cÒ�|xrbsª� wb�b|v|�íhrb|x|�� rbs\� wbp\s+�	��uÅ�m�\�g�Ç�	�<q��b� �Ouv¶	¶���qI�bsª� �+uvs��+�¾p�¶cÒ�p�|������Yq@��ÓÉwb�b|G|��A|vp'���bz
�\�b��uGw��L|x|��=|vp=�@�ª�[rbs\�nÒ��bw-��uvs=�-�+�H|vrbsª��w��L|v|�íÑrb|G|&Ò�p+|��=��r
wbwY��rYqIuv�\��wbp+�¬Ò�p=�Iu§�guvpOsürbs\�¹�`�	q	�Aw0�m��qI��wY�\rbs(���
�ª��qIuvs<�*Ò+|�rLs
� �\�>���b|vp\Ò+���bsª� rYs��*rYqI�É�\u~¶	¶g�YqI�bsª� ¶mqIp<�ÿp\s\�¹Ò�|vrbsª�Î�gÒ��bwbuG�
�/�gpÄrYs�pª�	�\�Yq��g¤�p'�g�\q�p<����z
¡�Ì\Ì\­
	<�Hp\Ò\Ò��Yq�r�s\�Ñµ'q���z+°�¯\¯\Â<¢0�\¤��L|v|+íÑrb|G|�Ò\qIp<�g�Yuvs+� �I¤������g¢�w�pOs
�	q�u��<�\�g���	pÑíÑrY|v| rYq�wL�\uÅ�g�bw>�m��qI��p<q�r�qI�
uvs<��p+|��A�b�ÉuvsR�	���nqI�Y�<�A|xr>�	uvp\sÉp+¶"�\qIp<í"�	�Ér�s\�É�\�Y���b|vp+Ò��h�bsª�gz�pOq³�\�Y¶	�bs�wb�ÐrY��rbuvs=�`�"��u�p��	uvwüpOqhr-��uvp��	u�w
�`�	q��ª�����ª� �������$�-��rL| �§z=°�¯\¯<¼
	A�-rb���>���>��rY|m�Åz=°�¯\¯\±<¢-��¤��b|~| íhrb|v|��Ñp+�\uG¶`��uvs\��Ò\qIpª�g��u~s=���`�'wb��rª����|���wbp=�Iux�\�
�<���<q�p+|vrª����� ��� �/�g¢Iz"�ª�	�g�YqIrª���ª�IzN�	qIr�s+����|���wbp=����|xrª�@�ª��zÊ|���r<���ª��rbs���Ò��YqIp<´�ux�\r����ª� rYqI�¹uvs<��p+|��A�b�iuvs��	���
wbp\s+�	�	q`�Aw0�	u�pOs�z¹qI�b�hp+�\�b|v|Guvs\� p\qi�m��q�s\p<����qÄp\¶*wb�b|x|4íÑrb|~|�w�p+�¬Ò�p\s\�bsª�I� � �Ñ�YqI�b�\uvrÆ�-�ïrb|m�ÅzÄ¡�Ì\Ì+º�	
¤�p'�g�\q�p<����z2¡�Ì\Ì\­
	
µ q���zO°�¯\¯<¼
	A«<�	p\|~|x�b¥@«+�/uÅ�I���>�HrY|m�Åz&¡�Ì\Ì\Ì
	\Ô��A�b|��>�HrL| �§z\°�¯\¯<°
	
¨"�bu§�g��qIzO°�¯\¯\±
¢-�
½&�\�¹�bs(·L�����<� p+¶h� � rbs\�4�	q�rYs+�g�+|v��wbp=����|xrª�@�4�	��Ò=�Yqg¶�rb�/ux|vuG�<�Îr�qI�RÒ�rYq	�	uvw>�A|Gr�q6|v�*uG�hÒ�p\q`�grYs
�h¶	pOqh�	�\�
qI�bp<qg��rYs\uv·
r>�guvpOs p+¶Ãw��L|x|ÁíÑrb|G|�Ò�p+|��A�Ir
wbwb�\rYqIuv���ª��rb¶G�g�YqÃ�	�\�bu�q �\�YÒ�p'�IuÅ��uvp\s���µ'q���z�°�¯\¯<¼
	$t�uvs�uxw»rLs��
�-p<�ArYs\uvs\z"°�¯\¯\±<¢-��½2���Y�Ä¶	rb|x|¬uvsª�gpÀ���Y���YqIrb|�¶�rb��uG|Gux�ª��í³�\p=�I�É�\um�`�gu~s�w>�guvpOs*um����r<�I���cp\s*rb�/uvs�pÄrbwbux�
�I��©ª�A�Ls�wb�ÿ�IuG�/ux|xrYqIu§��ux�ª� � �Ñ�bs<qIum����r>�gz ¡�Ì\Ì�¡�	 ¡�Ì\Ì+®
¢-�i{�´�p�¥`�\|���wbrbs\r<���ª� r>�m�grbw�� Ò\p\|��A�Ir
wbwb�\r�q6ux�\�ª�
Ò\qIp\�<qI�
���Iu����b|~� ¶`qIp�� �	�\�þs�pOs�¥`qI�b�ª�Awbuvs\� �bs\�ýpOq¿�`���=�`�gu§�m�\�g�b� ��uv�\�þ�\qIp<��Ò=�Izi�	�ª� � qI�b|x�brª�Iuvs\�
�hp+s�p'��rbwbwb�\r�q6ux�\�ª�0�L{�s\�\p�¥`�\|���w
rbs\r
�@�ª��r>�m�grbw��$Ò�pO|��A�Irbw
wY��rYqIuG�\����r�w��O�OpOs��<��uvshrbsh�bs��\p+¥`¶	r<�I�\uvp�s=�(½2���L�
�\rY�O��rÁ|xrYq�����uG�hÒ�rbw-�"p\sn�	���/�hp+|x�bw>�A|xrYq��Ñr��@��p+¶�Ò�p\|~�=�@r�wbwb�\rYqIux�\�ª�-�8�Ç�	�\uâqI�Ð�\qIp���ÒÕpO¶��<���<qIp\|vr<�I�<�
wbrYsÐ��qI�br��É�Ip��h�Õ�	�+�A�`�gu§�m�\�g�b�Ðs\p\s\¥gwbrYq`�OpO�<���<qIr>�g�/�\q�pª��Ò=��|vuvs����b�n�gpÕíÑrY|v|&Ò�p+|��=�@r�wbwb��rYqIuv�\�<�¬�`�Awb�Ãrª�
� ¥�rbwb�>�m��|xz � ¥��h�>�	�<��| rLs�� � ¥�¶	�Yq`�A|vpO��|»�\q�p���Ò=� �mµ q��\z»°�¯\¯<¼\¢-�*Ë��\|�pO��|��Awbrbs �	qIrYs�����|~��w�p'����|Gr<���
�<���<q�p+|vrª����� �	Ë¬½ �/�g¢kwbrYs¾�Y´��\u���u§�Ð��p<�	�¾�Ys��\p+¥`�\|��Owbrbs\r<�I�*rbs\�Ä�	qIrYs�����|��Owbp=����|Gr
�@�cr�w>�	u���u§��ux�<� ��µ q���z
°�¯\¯<¼\¢-�
«+uâ�+s\uv¶�uxwbrbsª��Ò\q�pO�\qI�
���¬��rª�¬���
�YsÉ��rb���Ðuvs¹Ò\qIp<�g�Yp\�huxwRr�s\rb|~�A��um�hp�¶"Ò+|xrbsª�³wb�b|v|�í�rb|v|m� �`�-rb���>�³�>�³r�|m�Åz
°�¯\¯\±<¢-��¦�sª�g�-qI�ª�	�	uvs<�*qI�ª�	�=|§�I��í��YqI�Ép<�<�grYuvs��b�����Iuvs\�ïw
�L|v|³w>�A|§�m��qI�ª��z�w>�A|§�m��qI�É�h�b�\u��=�ýp+¶��I�
�b�\|vuvs\����z
|x�brY���<�Iz��>�	uvp�|vr>�g�b�i�<�\Ò�p�wbp<�m�\|m�Iz"Ò\qIpª��pOÒ\|vr
�`�I�Îrbs\�iqIp�pª�I����¤��\u���r<��rÉ�>� rL| �§z"°�¯\¯<°
	�£"p\qI�\�YqIuv�
�Ð�-��rb|m�Åz
°�¯\¯\Â
	\£[p��A�\rYq	���>�2rY|m�Åz=°�¯\¯+º�	=¤��\rYqI�hp�sª������rY|m�Åz=°�¯\¯+º�	
�"íÑpOs �>��rb|m�Åz'°�¯\¯+º�	��0rL���>������rY|m�Åz=°�¯\¯\±
	\o��
�
�>�[rY|m�Åz&°�¯\¯\±<¢-�8ÔÊs���wb�b|~|&íÑrL|x|�Ò\q�pª�g�bpO�Ñ��pO¶��/r-�m��qI�n�`�g�Y����í�rª���\�
�@wYqIu��O�b�Ruvs����Yô�ó��Yñ�� õÐ÷�ñAøvó��Yñk���
��� r>�I�Ip\s��>�Hrb|m�Åz+°�¯\¯<¼\¢��(��|v|\�	�\�<�I�¬�`�m�A�\uv�ª�&íÑ�YqI���Arª�I�b���bu§�	���Yq�pOs��Y|§�\�guvp\s�pO¶Hwb�b|G|+íÑrb|G|�Ò\qIp��g��u~s���¶mqIp��
|Gu��Auvs\�Îwb�b|G|m��p\q�p\s��-´<�	qIrbw-�	uvpOs pO¶&Ò\q�pª�g�Yuvs=��¶mqIp+� Ò<��qIuv¶�ux�b��wb�b|G|=íÑrb|G|m��íhuÅ���Î�Irb|§���Ip�|§�\��u�pOs��-���hp<íÑ�>���Yq�z
�Iuvs�wb�¹rb|v|�¤������ rYqI�É�I�bw�qI�>�g�b��Ò\qgpª�g�Yuvs+��zN�	�\�Y� wbrbs��O� ì ¥`��|~��w�p'����|Gr-�g�b�4íhu§�	�*�`����r�q��n�	�Awb�ir<���h¥
��|§�Awbp=�I�Ärbs�� �h¥���rbs\s\p=�I�ï�ª��q6uvs(� �	�\�buvq¹Ò�rª�-��rY��� �	�(qIp<���\� �bs\�\p\Ò�|vrª�I�/uxw*qI�>�guvw>�A|��A� rbs\� ��p+|���u
�����Yq�p������"���HrY|m�Åz2¡�Ì\Ì+®
¢0�ª¦m�&����p��A|v�¬����Ò�p=���Iu���|x�N�gp³�	q�rYÒ��	�\�b�¾p\sh¤�pOs�wbrbs\rY�Arb|vu~s�� ��¤�pOsh�"¢�íh�\uxwb�hu��
r�|v�
w>�	uvs ��´(�	qIrbw>�g���c¶mqIp\� ��ñ\û\ñ��Yñ�úGóvñ��Yû\÷0ó �\õ<ð! ¬óv÷¹���"r>��|x�4�gpc��uvs��Ä�hp+|x�bw>�A|x�ª�Ãwbp\sª�grbuvs\uvs\�

α
¥ �Ñ¥

��rbs\s\p\ÒO�(qIrbs\p=���\|xz
β
¥ �Ñ¥`��|§�Awbp\ÒO�(qIrbs\p=���\|�p\qn�	�g�YqIuvwbrb|G|v��¥`q��L|xr>�g����qI�ª�Iuv�ª�A�<� ��¤�rYqI|m�-�Ip\si�>�$rL| �§z/¡�Ì\Ì+®
¢0�

¨[�bwb�bsª�g|���z'�	�\�"��¥`��|��Owbp\Ò\qIpª�g�Yp\�h�ª��p�¶��
�=��rbs/��qIu~s��hrYs��n�ª�A��rbs/��uG|x��íh�Yq��$rbs�rL|v�=���b� � �Iuvs\�ü¤�pOsÎ�
«��YÒ\�\r�qIp'���ÃrL¶	¶�uvs�u§�`� wb�(qIpO�Ñr>�gpO�\q�rYÒ\�<��¶	p+|G|�p�íÑ�b�4�\� °��h¥g�L|��bw>�	qIp\Ò\�\p<qI�
�IuG��rbs�����rª���Î��Ò��bw-�	qIpO�Ñ�>�	q`�
����qIum�`�guvrbs+���Ls��-�hrb|m�ÅzN°�¯\¯<¼
	"�*rbs(�i�>�Ñrb|m�ÅzN°�¯\¯\±<¢@��½2���R�hr�
Ip\qIu§�`�4pO¶"�	�\�ÐÒ\qIpª�g��u~s=��uv�\�bsª�guv¶�ux�b�¹íh�Yq��
Ò\qI�b�\uvw>�g���Á�	pn�����Y´<�	qIrbw��L|v|��A|Gr�q"p\q��h�b�¬��qIrbs\��wbp\�¬Ò�p\s\�bsª�I�0� ¤�pOsÐ�ÇrL¶	¶�uvs�u§�`�Õwb�<qIp��hr>�gp\�\qIrYÒ\�<��íÑr��
rb|m�Ipn� �I�b�Î¶	pOq��	�\�/w��\rYqIr�w>�g�YqIuG�Ir-��uvp\süpO¶ ì ¥�|Guvs����b�Î�+|v�AwbpOÒ\qgpª�g�Yuvs+�[p+¶#�$�Yñ\û�õ<ð@ù\ñAòªô�ómøvó~÷%�bú��&�=ñ\û�÷ ���hr�
Iu
�>�ÕrY|m�Åz$°�¯\¯\Â<¢krYs��»pO¶ü� �/�k¶mqIp+� ��rYqIuvp<� �ÃÒ+|xrbsª�üp<qg��rYs+� ��«\���b|v�\p\s¾�>�ÕrL| �§zÃ¡�Ì\Ì+®�	'�*ux|m�Ip\s¾rLs��
��|§����rbs\s\z�¡�Ì\Ì+®�	+t�uvs�uGwh�>�}rb|m�Åz�°�¯\¯<¼
	���u8rbs\�(�"�8�I�\r
�\z °�¯\¯+º�	+t�uvs\uxw$�-��rb|m�Åz�°�¯\¯\±
	A²¬r�sÁ¨[uG�-������r�|m�Åz
°�¯\¯\±<¢-��¦�s4�	�\ux�$íÑpOq ��z}íÑ�R�\r-���¹�\�Y�O�L|�pOÒ��b� r¹s\�>í Ò\qIpª�g��pO�huxw¹r�Ò\Ò\qIp+r�wY�c�	�grYqm�	u~s(�*¶mqIp+� rkwYq`�A�\�
Ò\qIpª�g�YuvsÃ�Y´(�	qIrbw>�[rYs��ü� �Iuvs\� ¤Np\sÃ� «��YÒ��\rYq�p'����rL¶	¶�uvs�u~�m�ÕwL�(qIp+�hr-�gpO�\qIr�Ò\�<�n�gpÃuv�+�bs
�	u~¶	����p+|§����|x��wb�b|G|
íÑrL|v| ì ¥�|xu~s������4��|���wbp\Ò\qIpª�g�Yuvs=�-��½2�\um�h��|~�OwbpOÒ\qgpª�g��pO���¹uG���Iuv��s\uG¶�uxwbrbsª�g|�� �bs<qIuxwL���b��¶	p\qhÒ<�<�gr>�	u§�A�Ãwb�b|x|
íÑrL|v|A�	����wbp��¬Ò�rYqI�b����p$Ò<q��>��uvp<� ��wb�b|G|<íÑrb|G|�Ò\qIpª�g�Yp\�h�<�-�



�

� ê<è � é �Gê��xç�ê � ��� � è�� � � ç

� ú~ñ\ûAø� �ñAø �Yð-óvñ�ú
�*ux|G�\¥m�m�<ÒA�Îî[ð@ñAò<ó~ô�õ�ö�÷-óv÷ ø�ù\ñ�úGóvñ\û\ñAz'�*rª�-�Iuv|x�Yí/� �+u 
@ri�bwbpª�m�(Ò��bzÊíÑr<�Î�\qIp�í³sÄuvsi�	�\�É�\qI�b�bs\��p�� ����r>�
°�¯
	�¤ �gp4°\°�	@¤ íhu§�g�Éri¡�±4��¥`Ò��\p<�	p\Ò��Yq�uvp��Ér>�Î¡bº(¯
�2{[� ���I�-������y��&¦�s\¶	|vpOq��ª�Iwb�bs�wª�¹�	�g�L���hp+¶�Ò+|xrbsª�I�Ñr>�
��r>�m��qI���	�grY��� �Y¡b®���°\°�wY�³¢�íh�Yq��N� �I�b�¬¶	p\q�rYs\rb|~�A�Ium�-�

� ð��xö�ñ+ð@ñAø~óGõ<û�õ ��ö�ð0õ�ø �bóvû ���\ø�ð@ñ��
ø�÷ �<ð-õ  Ä÷>ø �  �÷�õ��$�h�Y�	��rb|~uxrbs\r
t�r-�m��qI�n�m�g�L����pO¶8î���ø�ù\ñ�úGóvñ\û\ñ¹�Ñ�ªr
�`��qIuvs\�c¡b®(¥	°\°¹wb� uvsÃ|v�bs<�<�	�Õr>���	�\��|vr>�g�/¶	|vp�íÑ�YqIuvs\�É�`�grY���$íÑ�YqI�
� �I���Õ¶	p\q"r�s\rb|~�A�Iu��0���"Ò\Ò\q�p�´�uv��r>�g�b|~��¡�¯n�Õp+¶��`�g�b� ��uG�-�	�A�ª��íh�Yq��Á�`�8��Ò��bs��\�b�Ðu~s ¡-°R�¬�ïp\¶�uxwb�b¥�wbp�|v�
�>´(�	qIrbw>�	uvp\si�<�A¶`¶g�YqÎrbs\�*�\qIu~s��\�b�cuvs r4�hp\q`�grYq/í³u§�	�ïr¹Ò��ª�	��|v�É¶	p\qÐºi�huvs ��½����É�Y´<�	qIrbw-�	uvpOsi�(�=¶	¶���q
wbp\s+�Ium�`�g���Ruvs °=ºÐ��t £[u���½2qIuG�[Ò��¿­=�Å¯ � �h¤�|�¢Iz&°�¯\¯Ð�Ñt ¤�rb¤�| � zÊ¡�¯�� ���
�G��¢"�+|���w��YqIp+|vz&¼��2t ��rb¥
wbrbw�p+�<�\|xr>�g�bz�¡ � °�¯\¯ ���
�G�\¢�Ò\qIpª�g�brª���/uvs\�\u��Au§�gp\q"wbp�w��
�grYuv|����H¥�Ì+º(Ì\Ì\z�«\u�����r/¤��\�b�/uxwbrb|xz�«<����p���um��z�t�Ô�z
¸ «O�"¢0��½&�\�R�\q�p���s�����r>�g�YqIuvrb|NíÑr<��wb�bs
�	q�uv¶������b�¹�míhuxwb�Ãr>�³¼�	-¤Æ¶	pOq�Â���uvs*r>�ü¡�¯\z~¯\¯\¯ �8z�r�s\�4�	���
�`��Ò���q�s\r>�grbs
�"íhrª�h¶G��q	�	�\�Yqhw��Ysª�	qIuv¶G���=���4¶	p\qÐ¡bºk�$uvs�rY�Î¡�­<zv¯\¯\¯ ���&½&�\�ÎqI�ª�`�A|§�guvs<�*�`��Ò��YqIs\r-�grYsª�"íÑrª�
� �I���$¶	p\q�wY�<qIp\�hr>�gp\�<q�rYÒ\�\uxw"rYs\rb|~�A�@�ª�-�

��õ<û[î����Gö�ù\ñ\ð0õ<÷���ñ ���(ó~û�ó ø � �Yù\ð0õ  �ñAøvõ��=ð�ñIö�ù��
� ¡¬´k±\¥�wb� w�p+|§�A�$sÎíhr<��¶`ux|G|x�b�níhu§�g�ÃÂÃ��� p+¶�¤Np\sÃ�¿«+��Ò\��rYqIp=�I� ��«\u�����r�¤N�\�b��uGw�rL|xz�«<�N�2p���um��z
t�Ô�z+¸�«\�"¢�rbs�� íÑrª�I�\��� íhuÅ��� ±Á�¬� pO¶�°�¯Á�¬t ½2qIum��Ò�� ­=� ¼�� �Ñ¤N|â¢Iz�¡��¬tý¤�rb¤N| � �xtÉ��¤�| � �Gt�s�¤N| �rYs��/¯=��º�t ��rª¤�|+�<�A¶�¶g�Yq-�\½&�\�¬�Ip�|§�+��|x�"Ò\qIp<�g�Yuvs/�Y´(�	qIrbw>� �Y¡�¯h�Ñ��¢&íÑrª��rb�\�+���/rbs\�¬�	�\�bs¬íhrª�I�����Ñíhu§�	�
¡bºÎ�¬�ïp+¶��	�\um�"�<�A¶`¶g�Yq[r>��r/¶�|vp<í qIr>�g��pO¶�ºü�¬���§�
� y �+�8qgpª�g�Yuvs=�Ní���qI�/�b|��\�g�b�ÁíhuÅ�	�Ð¯=� °Ðt ���>�	�<��|x¥

α
¥

��|§�Awbp\ÒO�(qIrbs\p=�Iuv�\��uvs¬�	�\�¬�Irb�����<�A¶�¶���q-�<½&�\���b|§�'r>�g�Níhr
��wbp+|v|x�bw>�g�b�\z�wbp\s\wb�bs
�	qIr0�g���³�\����¸h|Å�	qIrb¶mqI�b�b¥�¤����
�Y¡�¯����hrY¢ ��«�u��+��r¬¤��\�b�/uxwbrb|vz&«<����p<��um�IzOt4Ô�z\¸�«��"¢2�gp�Â\¯\¯

µ
��rbs��/�\uGrb|v�=�@�b��rY��rbuvs=�`�Ê­Ñt ��qI�br�z�º

�¬t � � ¤�Ô � z�¯=�m¡-°=º � «�� «\z ¯+�Å±�� ½2q�uÅ�gpOs�Ë¬¥Y¡�¯\¯\z�¡��¬t �Ñ½�½�z=°�� wbrYqgq�uv�Yq�rb�¬Ò��\p�|��
�g�ª�}Â\¥Y¡�¯ ����{
�Ñ�brb|§�	�\w
rYqI�N{���qgpOÒ��"�"�¬���Ñz+Ô"q��IrY��z<µ qIrbs\wb��¢-�

� ú ���bõ<÷0ó~ô���ù��=ô\ð0õ\ú~ñ\÷ �iñ��
øvó��bó ø~ó���÷
½&�\�ÉqI�brbw>�guvp\sÄ��u�´(�m��qI��wbpOs
�grbu~s��b�c°»�¬týö��Ñ�H¥`��|��Awbp'�Iu��\�ª� ��«+uv���/r�¤N���b�/uxw
rL|�z/«<�/��p<��u���zÊt�Ô�z
¸ «O�"¢�z�¯=�m¡Êtýr�wb�>�gr>�g���<��¶	¶g�Yq �`Ò�� º��Å¯<¢Iz�°Î��t �Ip��Ou��A� rY·
uG�\��z�rbs\�Ðº(¯��&�*p�¶�Ò\qIpª�g��u~sü�Y´<�	qIr�w0��uvsÎr
�	pª�gr�|'�Op+|§�A���$p�¶�¯=��º��Ñ���A½2���¬qI�brbw>�	u�pOs/íÑr<��wbrYq�qIuv�b�üp��(��r>��Â\­
	�¤Ä¶	p\q"º¬�	pÎ±\¯Á�huvs����\�YÒ��bs\�\uvs\�Ðp\s
rbw>�	u���u§�	�\¢�r�s\�Á�	�gpOÒ\Ò����Ê�\���	���"rb�\�\u§��u�p+shp\¶�¯=��º³�Ñ� ¯=� ¼¬t �Ip��<u§�A� wb�\|vp\qIuv���<�<¤�p\sª�	qgpO|x��íh��qI���`�gp\Ò\Ò��b�
r>�8�	u~���¬¯=��¤�p\s\wb�bsª�	q�r>�	uvp\s�p\¶2�	����qI�ª�	�=|§�guvs\�iö��¬�Ãíhr<�}�\�>�g�Yq��huvs��
�n��Ò��
w>�	qgpOÒ\��pª�	p\�h�>�	qIuvwbrb|G|v�Îr>��¼�¯+º
s\� �\� wbp+�¬ÒArYqIum�Ip\sÕ�gpÉrÎwbrY|vu���qIr>�guvp\skw>��q����<��«<�grYs��\rbqI�¹�\�>��uxr>�guvp\s+�¬�OrL|��A�ª�³¶	pOq³ÂRq��YÒ+|xuxwbr>�g�Îrª�-�IrY�=�
íÑ�YqI�"|v�ª�-���	��rYs/º �É�

 �!#" �bú�� �
ø�ð0õ�ö�ù�õ<ð��b÷-óv÷
¦���p+�Y|��ªw-�	q�uvw$¶	p�w>�8�Iuvs\� �`¦	{�µ ¢�íÑrª��ÒA�YqI¶	pOq����b�/� �Iuvs\�n°�¼üwL�Ñ¥�ux�/�hp\��u~|xuv·<���ÁÒ�� �\q�rb�Oux�bsª� �`¦`�H�"¢"�`�mqgu�Ò��
����{ �h��rL|Å�	�\wbrYq��[{���qIp\Ò������¬�
�hz=Ô"q���r��Oz+µ qIrbs\wb��¢2íhuv�	��r�|vu~s��
rYq�Ò��¾�\qIrb�\ux�bsª��¶mqIp\� ¼$�gp�­�rYs\�h°=º(¯
µ
�üp\¶�Ò\qIpª�g��u~s/íÑ�YqI�hrYÒ\Ò�|vux�b�np\sÎrbs�¦`�H�È�`�	qgu�ÒÐ¶	p\qNuvs�¥����b| qI�b�<���<q�r>�	uvp\snuvsü­ t ��qI��rbz�°�t �	�<uvp<��qI�br�z

°�� ¤ �h����«�zÁ¡�¯*�Ñt �Ñ½�½�z"°�� ¦`�H� �<�A¶	¶��Yq�Ò�� ¼�¥g­ �mt��bwb�\uvs»�>� rb|m�Åz"°�¯\¯<¼\¢-�}µ�p+w>� �Iuvs(�cíÑr��
rbwY�\ux�Y�A�b�¬� �Iu~s\� r[�8qIpª�g��rYsh¦`{�µÕ¤��b|G| ��£[uvp�¥�¨[rb�\z �Ñ�YqIwY�=|�����z=¤���zO¸ «+�"¢-�<��s�rbw>�gu����"qI�b�<���<qIr>�guvp\s¬íhr<�
Ò��Yq�¶	p\qI�h�b�ir-�h°\°�	-¤ �ª��qIu~s(� ¡-°*�*r>��º(¯�² Ò\qguvpOqh�	pi¶	p�w>� �Iuvs<� ��½�p uv�hÒ\qIp<������rL�hÒ�|x�¹�bsª�	q`��zN�	���
��p�|§�grY���NíÑrª��uvs�wYqI��rª�I�b���`�g�YÒh�\�Î�`�g�YÒ�¶mqIpO� º(¯��gpR¡�¯\zv¯<¯\¯¬² ��¯=��º���r>�8°�¯\¯¬²³z+¯=��º���r>��º(¯\¯Ñ²³z&¡���r>�
¡�¯\¯\¯¹²Æ�	�\�bsï¡�¯\z~¯\¯\¯¹²¿¶	p\qhr ��pª�grY|�p\¶�Ì<¼�zv¯\¯\¯¹²Ä�\¢-� ��¶G�g��q¬¦�{�µ8z�¦`�H� �`� q�u�Ò ��íÑ�YqI�R�	�Awbwb�<���Iu��A�b|~�
uvs�w>����r>�g�b�Îu~sÃº(¯n�¬t ½2qIuG��Ò�� ®���® � �h¤�|~¢�z�±/t ��qI��rªz8Â\¯�� �+|���w��YqIp+|vz ° � «�� «+z�¡ � �h½�½�¶	p\q$¡bº
�/uvs�zRrbs�� uvs º(¯ �Ñt ½&qIuG�iÒ�� ®���® � �Ñ¤N|v¢IzÃ±Èt ��qI��rbzÃÂ\¯�� �+|��Owb�YqIp\|vzÐ° � «���«�zÐ° ��º �
uvp��\p+r�wb�>�grY�hux�\�¬¶	pOq¬¡bº��/uvs����%$\q��Î�0��r�|m�Åz}¡�Ì+®(­<¢0��«
�	q�uvÒ=��íÑ�YqI�¬¶G��q`�	�\��q��I�brb|x�
��pOsh�	p\Ò�p\¶��	�\�n¡��/��¥
�	�\uvw��Ð���bwbp\s\���\uG���bs+�Iuvp�s\rb| ���L| �`°\¼$´h°\¼Îwb�¬¢�íhu§�	�$�	�����\�b|vÒÎp\¶"¡ � |�p�íÑ¥`�h�b|§�guvs\�ÎrY��rYqIp=�I�¬uvsÐ«�� «&�
�b|v�bw>�	q�pOÒ\��pOqI�
��um�¬�<�A¶`¶g�Yq �`°=ºÉ��t ½2qIum�Iz�¯=� °Ét �\|���wbuGs��bz�¯=�m¡ � «���«(¢-��¤Np\sª�	uâsª�Ap<� �h���L|m� �Y¡\¡ � ½&z



�

° �Å±\­��¿¤4���b|m��íhuÅ����� �h�ïr<��wYq�p'�@�I¥�|vu~s���uvs\��rY���bs
�	¢�íh�Yq��N� �I�b�=��«��YÒ�rYqIr>�	u�pOs¬íÑrª��wbrYq�qIuv�b��p��\�Hr��8°�¯Ñ²
¶	p\qÈ¡¾�¿rbs\� �	�+�A�I�b©ª�'�bsª�	|�� r>�*r ��rY´�uv�Ñ�A� p�¶*Â\¯ �h� �m���b|vz*¡-°�¯ ² p<�A�Yq�s\uv���ª�gzÐ��sª�	uv|R�	���
�\q�p+�hp\Ò\�\�bs\p+|<��|��A�"¶mqIp\sª�8�\rb�¬qI��rbwY�\���³�	���"�bs\�hpO¶=�	�������L| �

� ð-õ�ø �bó~ûh÷>ø�ñ�ó~û�óvû��
µ8p+|v|vp<íhuvs\� °��Ñ¥��b|x�bw>�	qIp\Ò\�\p<qI�
�IuG�Iz¹���b|m�ÄíÑ�YqI� �`�grbuvs\�
� íÑu§�	� wbp+|v|vp�uv�+rb|�¤�p�pO�hr<�@�IuG�Æ��|§�'�Æ�"°=º(¯
rbwbw�pOqI�<uvs(�Ñ��pÑt4�bwY�\uvsh�>�Hrb|m�
�`°�¯\¯<¼\¢-�

� ô��YûAøvó �\ó��YñAøvóGõ<û�õ���ö�ð0õ�ø �bóvû\÷�ò �  �ñ\÷�÷�÷âö#���
ø�ð0õ  �Lø~ð �
½&�\�»u~s��\u��=ux�ª�Arb|ÎÒ\qIp��g��u~s �gÒ�p��I��p<�
�grbu~s��b� rb¶G�g�YqÉ°���¥��b|v�bw-�	qIpOÒ\��p<qI�ª�IuG�ÉíÑ�YqI�»�Y´Awbum�I�b� rLs��Èuvs�¥`���
|
�\u����<�`�g�b�$í³u§�	�$�	q	�<Ò �IuvsÎrbwbwbp\qI�\uvs<�/�	pÎr$�m�grYs��\rYqI�/Ò\qgpª�	p�wYp\| ��«�rYs
�gpOs\u �-��rL| �§z=°�¯\¯\Â<¢-��½�q`�(Ò<��uvw�Ò��YÒ<��u��\���
¶mqIp+�¿��rbwb�ÐÒ\qIpª�g�YuvsníÑ�YqI��rbs\rb|v�\·
�b�Ð�\�Ãs\rbs�p ��� ��¤N¥`t « �xt*«Ãp\qNt������³¦I¥�½�Ô[µÉt «Ãr<��Ò\qI�Y��uvp<�8�I|��
�\�ª��wYqIu��A��� �mt�u~s�uxw��>�[rb|m�Åz2°�¯\¯<¼
	�t4�bwb�\uvs¹�-�"rb|m�Åz&°�¯\¯<¼\¢-�=��qgpª�g�Yuvs+�ÊrLs�rb|��=�@���Õ�\�Ãt���� �³¦I¥�½�Ô�µÉt*«
íÑ�YqI� uv�\�bsª�gu~¶	ux�
� ��uxr r>�\�	p\��r>�g�b� ��¤�£�¦ s�pOs q��b�ª�=s��\rbsª� Ò\q�pª�g��u~s �\r>�gr>��r<���
���������
	 ����
�
�
 ã Ú����bÛxã Úbá���ã ÚbÛ � ã �Y×IÝ � � �I��rYqIwY�\uvs\� � �Iuvs�� �	��� t �h«+¤�Ô�½ Ò\qIp\�\qIrY�h���
�`�
�G�	Ò8Ó � �Gí�í�í � �hr>�	q�u�´ ��wLux�bs\w��<�Åwbp+� �g�@�brYqIwb���A¶	p\q6��� �I�b|x�ªwY��� �
�	�h|~¢0�ÄÔ"s\|~� �hp<í/��� ��wbp\qI�ª�¿�>´Owb�
�b�\u~s(�
�	�<q��ª����p+|v� �`Ò��8¯=��º
¢iíÑ�YqI� w�pOs��Iuv�+��qI�b�¿rª�*Ò�p'�IuÅ�	u��A� qI�ª�	�=|§�I�0� ¦I�\��sª�	uv¶�uxwbr>�guvp\s¿pO¶�Ò\qIpª�g�buvs+�iíhu§�	�
s\rbs�p ��� ��¤N¥mt*«��Gt « ��u�pOs��	qIrYÒ\¢�íhrª��Ò��Yq�¶	p\qI�h�b�ÁíÑu§�	�Á£[uvp<íhp��=����� �g½2���YqI�hp¹�Iwbux�Ls
�	uv¶�uxwbz�«�rYsÐ�-p=�I��z
¸ «O�"¢0��½&�\�R�ÑrLuvs*�I�br�qIwb�ÉÒ�rYqIrb���>�g�Yq��¬íÑ�YqI�Ð�h�>�	�\u�p+s\uvs��Rp<´�uv��r>�	uvp\s�r<���Ouv¶	¶��Yq��Ls
��u�rL|"�Ñp+�\uv¶�uxwbr>�guvpOs
rYs��Ñ�	q`�(Ò �Iu~s rª���bs<·b�����<�\Ô"s����hu��-��wb|x�brY��rY����íÑr���rb|v|mp<íh���=�<½&�\��î �Aø�ù\ñ�úxó~ñ\û\ñ Ò<qgpª�g�Yuvs/�\r-�gr>�Arª�I��íÑr��
�\p<í¬s\|vp�rb�\�b� ¶mqIp\� �	�\� �$uvÒ=�þíÑ�Y� �Iu§�g� � �������
	 ��� ��Û � à�ã ��àGä`ã  �Þ �!� ßm×mÖ`Þ"� � à ��� áâÙ6Ú � à ¢@� ¦I�\�Ysª�	uv¶	uxwbr>�guvpOs íhrª�
wbp\s+�Iux�\�YqI��� �Iu~��s\uv¶�uxw
rLs
��í¬���bsc�	�\��Ò\qIpª�g�Yuvs+�Îí��YqI�iux�\�Ysª�guv¶`ux�
�cíhu§�	� r>�ü|v�br<�`�Î°¾�<uv¶�¶g�YqI�bsª���	q`�(Ò<��u�w
Ò��YÒ<�	uv�\�<��r
��¶	uvq��`�Hwbr�s\�\uG�\r-�g�bzOË³wbp<q�q�#É¡
�Å­(zO° � °hrYs��hÂ=�§Â�¶	pOq&qI�
��Ò��bw>�	u��O�L|v���hp+s\p�¥�z\�<uv¥&rbs��³�	qguv¥�wb�\rYqg���b�
Ò��YÒ<�	uv�\�<��r�s\�h�\�b|§�gr"¤Ns$#8¯=�m¡
�
% óGõ\ó~û �\õ<ð& �ñAø~ó��Y÷�ñ\û\ñ�ú �A÷��Y÷
«<�\��¥�w��L|x|��=|xrYq |�p+wbrb|vuv·(r>�	uvp\s rbs\�þ|x�bs<�<�	� p\¶ �Iu~��s\rb|*Ò��YÒ<�	uv�\�<�»íÑ�YqI� Ò\qI�b�\uGw-�g�b� � �Iuvs<� ��«+Ô�¨[½
� �&������	 ����� à�×-ß � ã Ú�Û'���<ã Ù(�-ã Ö �&� ¢ÐrYs��Ä½�rYq����>�m� � �&�����)	 �!��
*
�
 ã �+�
à�ã  � Ø<ã  -, � à�ÞIßvÝbÛ��IÞ@à �/. ÙIß0��Þ �!1�� ¢ �G�$u��L|m�@�bs»�-�Îrb|m�Åzn¡�Ì\Ì\­
	
{��/rbs
�A�L|m�-��pOs��>�2rL| �§z�°�¯\¯\¯<¢-�ª�8qI�b�\uvw>�guvp\s/p�¶��	qIrYs��I���L�h�\qIrbs����\p+�ÑrLuvs=��íhr<���\pOs��Êíhu§�g�/�"q�rL���b�hs\p+s
� �&������	 ��� ÙIßGÙ"��Þ"��Úb×-Ú
ã �b× � Ù�Ú�Û�,<ã Ø�Ú�Û32/,�×-ÞIá§Ú<ã  �Þ � ¢ ��«�wY�ªíÑrbw����Î�>��rb|vz�°�¯\¯\Â<¢-��t�p\|v�bw-�=|xrYq¬��r<�����<�¬rbs��RÒ\¦��OrL|��A�ª�
íÑ�YqI�Ãwbrb|xw>�=|xr>�g��� � �Iuvs\�É�	�\�¹r-£"u�Ò\q�pO�\qIrb� ���ª�x�	Ò8Ó � �xí"í�í � ��Ò � ��s\u��O¥��¬q-�-�§¶mq �04+íÑrY��u~� ����� rY��uv� �	wbp+�³Ò�p+¥
Ò � �ª�	�h|v¢-� �hp\�hp+|�pO��uv�ª�¿�gp pª�	�\�Yq Ò\qgpª�g�Yuvs=� íÑ�YqI� �I�brYq�wY���b� ¶	pOq � �Iuvs(� £����h«+½ Ò\qgpO�\qIr��Á�
� �&������	 ����
5
�
 ã Ú6�7�bÛGã Ú�á���ã Ú�Û � ã ��×IÝ ��8:9<;>=�.�� ¢ �`��|§�I�Iwb�
�=| �-�&rb|m�Åz&¡�Ì\Ì\¯<¢-�
¦I�\�Ysª�	uv¶	uxwªr-��uvp\shp\¶�Ò\qIpª�g��u~s�¶	rb�/uG|xux���2rLs��
¶m�=s�w>��u�pOs�rL|'�\p+�hrbuvs=�2íÑr<��Ò��YqI¶	pOqI�h�b�¬���Iuvs(�/tÉ���hu§�I� ���ª�m�	Ò8Ó � �m�¬�\��u§�@�-�§ux����¥6�Iu��8�Åwb� �	w��+ux¥`��uvs �	�hp<��uv¶0� �Iw
rbs<¢
rYs��/¦�sª�g�Yq	��qgp «+w�rYs � �&������	 ����
5
�
 ã Þ��bÛGã Ù?�-ã Ø&, �3@ Ú � Þ�ß 1 ßm× = �IÙ�Ú � ¢��7A[�A�-��uG|G|�p+s��>�2rb|m�Åz+°�¯\¯+º
¢-�\� �/��rbs\��¤�{��&í��YqI�
wb|vr<���Iux¶�ux�b�nr
wbw�pOqI�<uvs(�n�gp �	���h¤N�"o��ü�\r>�gr-�Arª�I� � �&������	 ����
�
�
 ã �IÙ?B"Cªã ×-ß0� �ED:;*F�G�� ¢ ��¤�p��(�	u�s\�\pÐ�-��rb|m�ÅzN¡�Ì\Ì\Ì<¢0�
�H�YqIp<´�uv�\rª������íh��qI�¬s\rb���b��rª��uvs/�	�\�Ê�H�Yq�p�´�u�£[rª�@� � ��������	 ����� ÞIßm×�HYÛ! -Ù-àmÞ>ã Ûvà3�I2GàmÛ'�<ã � ��� ÛÅÚ6 �ÞJH
ã ���-� ¢��m£"r���rL|�p���uxw¬�>�
rb|m�ÅzO°�¯\¯\±<¢0�

� ð-õ�ø �bó~û� %�Yñ\÷�K\ð��  �YûAø�÷
�8q�pª�g��u~sÎw�pOs�wª�bs
�	qIr0�	u�pOs/íÑrª���\�>�g�YqI�huvs��b�/�\���	�\�$���>�	��p+�Îp\¶2£�qIrb�\¶	p\qI� �-¡�Ì\Ì\±<¢�� ��uvs<�Î��p<��u~s��/���Yq`�A�
rb|��<�A�/uvsh�\u��-��p+|����b�huvsh�Y´<�	qIrbw-�	uvpOs��<�A¶�¶���q�rª���	�\���	�grYs\�\r�qI�=�



�

� � ç&� �vè@ç�ê � � ���Gç@ë�� ç�ç!� ���
� �\ø�ð@ñ��
ø~óxõ<û/õ�� � ú ���bõ<÷0ó~ô���ù��=ô\ð0õ\ú~ñ\÷ �Y÷��<ð-õ  ï÷�ø �  ¾øvó~÷�÷ K��Y÷�õ ��î���ø�ù\ñ�úxó~ñ\û\ñ
¦�shr"¶	u�q-�`�Hr0�x�g�Y�¬Ò<�=��pÁ�m�m�A�ª�Ñ�	����¶mqIp+� �`�g�b�Ä�	um���	� �
��pO¶(î��=ø�ù\ñ�úGóvñ\û\ñ$�\��� �Iuvs\��r�Ò\qIpª�g�Yp\�huxw"rYÒ\Ò\qIp�rbwY�
u§�Îíhr
�¹s��bw��ª�-�IrYq��»�gp �
���gr-��|~um�I� riÒ\qIpª�	p�wYp\|/¶	p\qÐ�	�\�*�>´(�	qIrbw>�	uvp\s¾p+¶��	�\�ª���*�Ls\·b�����ª�0�Ê£[r<�I�b�¾pOs
Ò<�\��|Gum�I���b�/�Y´\ÒA�YqIuv���Ls
�grb|=�\r>�gr�p\s��	�\�"Ò<��qIu~¶	uxw
r>��u�pOs�p\¶��	����¶mqIp��À�ArYqIuvp<� ��Ò+|�rLs
��p\q���rYs����@«O���b|v�\pOs��>�
rb|m�Åz�¡�Ì\Ì+®�	 � u~|m��p+sÐrbs��n��|Å����rbs\s\z�¡�Ì\Ì+®�	 t�uvs\uGw��>��rb|	�Åz�°�¯\¯<¼
	=��uHrLs��(�"�8�I�\rb�\z�°�¯\¯+º�	 ²³rbsÁ¨[uG�-���>�
rb|m�Åz$°�¯\¯\±<¢Iz¬íh�*�\�>�O�b|vpOÒ���� ri°�¥6�	�g�YÒ �-´<�mq�rbw>�	uvp\s»Ò\qIp�wb�b�ª��qI�<�h«ª�g���Á�ÐíÑ�YqI�i�\qIp<��s\�»uvs¾r �(�=¶	¶���q
wbp\sª�grYuvs\uvs\�h°�¯\¯$�¬t ¤�rb¤N| � z+¶	p\|v|vp<í��b�Ñ�\�$¤Np\sh�¾«+�bÒ\��rYqIp=�I�"rb¶`¶gu~s�u§�	��wb�<qIp\�hr>�gp\�\qIrYÒ\�<�A�(¤�rb¤N| � íhrª�wY��p'���Lsürª���	���/�hp=�`���b¶	¶`uxwbux�Ls
�"�Irb|§��¶	p\q"¤$��� �Y´<�	q�rbw0� uvp+s ��£[p��A�\r�q`������rY|m�Åz�°�¯\¯+º
¢-�A½2�\um��Ò\qIpª�	p�wYp\|&u`�
�\u~¶	¶g�YqI�bsª�[¶mqIpO� �	�\p=�I�$� ���b�RuvsÃÒ\qI�Y��uvp<���Êwb�b|G|&íhrb|G|�Ò\q@pª�g�Yp\�huxwÕ�	�m�A�<uG�
� �`µ8�bu~·Î�-�"rb|m�Åz&°�¯\¯\±<¢�Ó ��u�¢��	���
uvs+uÅ��uxrb|��`�g�YÒÃuG�Êr$�\qIuvs\�\u~s\�ÃuvsÃr$�(�=¶	¶���q"wbp\sª�grbuvs\uvs\�Ð°�¯+¯Ð��t ¤Nr�¤N| � �	pÐqI�Y|��br<�I�/¤$�����"uvs=�`�g�br��ÐpO¶}r
|vp<í¾uvp+s\uxw��`�	q��Ys<�<�	�¬�<�A¶	¶��Yq�� �	� rb|v|~�³�����b���gp$Ò<q��>���bsª�H¤ ���Ã�b|��\��u�pOs
	 ��u~uv¢��	���YqI�"u���s�pÁ�`�g��ÒhpO¶8wb�b|x|OíÑrb|G|
um�Ip+|�r>��u�pOsn�gpkr>��p\uv�Ã|vp+p=�Iuvs\�k¤�������íÑ�br���|~�O¥g�Op���s��n�gp¹wb�Y|v|&í�rb|v|��³�ª��qIuvs\�Ð�	�\��wb�bsª�	qIuv¶G����r>�guvp\s4�	�g�YÒ=�
qI�b©ª�Au�qI����¶	pOq�wb�b|v|NíÑrb|v|"u���p+|xr>�	uvp\s
	 ��uGuvuv¢¬�	�\�Ã|Gr
�`���`�g�YÒiux��rLs�rb¶	¶�uvs+uÅ�`� wb�<q�p+�hr>�gp\�<qIr�Ò\�<�¹�gp¹�	qIrYÒ ì ¥
��|��Owbp=���\|xr>�g�b� Ò\q�pª�g�Yuvs=�-��¨[�<�`�A|§�I�i�I�\p<í �	�\r>�Î�	�\�ïrb¶`¶�uvs\u§�	� wb�<q�pO�hr-�gpO�\qIr�Ò\�<�Æ�	�g�YÒ qI�ª�	�=|Å�g�b� u~sÇr
�Iu���s\uG¶�uxwbrbs
�iuvs\w�qI�br<�I� uvs ��ÒA�bwbuv¶�uxwÈr�w>��u���u§�gux�ª�*p�¶i�I�Y���Yq�rL|k�Y´�p�¥�� �/��� �Iuvs\�¿rYq`�gu~¶	uxwbuGrb|��`���=�`�	q�r>�g�ª�
wbp\�¬Ò�rYqI���$�gp$í¬��r>�&íhr
���h�br<�`��qI���Áuvs$�	���¬�\uGrb|��=�@����wLq	�A�\��Ò\q�pª�g��u~s �Y´<�	qIrbw-�I��½2���ª�I�¬uvs\w�qI�br<�I�ª���OrYqIux�b�
¶mqIp+�ý° �§¯»¶	p\q

β
¥ �Ñ¥�´\�\|�p'�Iux�\r<�I�4��p ±��m¡É¶	pOq

β
¥ �ÿ�\|��Awbp=�Iuv�\rª��� ��½�r>��|x� ¡-¢-��Ô"sc�	�\�É��r<�Ium�Ãp+¶/�	�\uG�

p<�=�I��q`��r>�guvp\s\z<�	�\uG�&Ò\qIpª��p+w�pO|<íÑrª��rb�\r�Ò<�g�b�Ê�	p�rYs\rb|��\·L�N�	�\� ì ¥`��|~��w�pOÒ\qgpª�g�Yp\���"pO¶8�hr>�m��qI���	�g�Y�/�0�

� ê\æ � ����� �Iö#���bó �\ó��nñ��Lø~ó���ómø~ó��Y÷�õ �¹÷ �����Yð@ñ�ú$� ú ����õ<÷-ó~ô��Ãù��=ô\ð-õ\úvñ\÷��b÷/ñ ��ø �Yð ��õ<ûüî ���Gö�ù\ñ�ð-õ<÷��Ðñ � �(ó~û�ómø �
�Yù\ð0õ  �ñAøvõ��=ð�ñIö�ù�� �
��|G|��bs\·b�\���Érbw>�gu���u§��ux�ª��íh�Yq��¹�/��r��	��qI�b��óvû �bó ø�ð-õïr>�$Â\­�	@¤�zN� �Iu~s\�ïº(¯	�\� pO¶¬Ò\q�p��g�Yuvs*rbs���Ò
�Ñ�H¥
��|��Owbp=�Iuv�+�
��rª���	�+� �	�	qIr0�g�
�-�

{�s<·b����� «OÒ���wLuv¶�uxw"rbw-�	u���uÅ��ux�<�
�	s\�hp+| �	��u~s��	�h�hÒ\qIpª�g�Yuvs(¢

¨[�bwbp<���Yq��
� �Ð¢

¨[r>�	uvp/p\¶&��Ò��bwbuv¶�uxw
rbw>�	u���u§�gux�ª�

¤�q`�A�\��Ò\qgpª�g�Yuvs
�-´<�	qIrbw-�

��¶G�g�Yq�¤�p\s¬�
«��YÒ\�\rYq�p'���

¤�pOs³� «��YÒ\��r�qIp'�����
¤�q`�A�\��Ò\qgpª�g�Yuvsh�Y´<�	q�rbw>�

β
¥ �Ñ¥�´\�\|vp=�Iux�\r<�I� Â<° ®(Ì ¼�Â ° ��®

α
¥���¥�rYqIr-��u~s�p+¶m��qIrbs\p=�Iuv�\r<�I� ¡�¯\Â ¼\¼\° ±\± ¼ �ÅÂ

β
¥ �Ñ¥`�\|§�Aw>��qIp\s\uv��rª�I� ¡�¯ °\° Â<¼ ° �Å¯

β
¥ �Ñ¥`�hrbs\s\p=�Iuv�\r<�I� °�± ¡�¯+® ±<¼ ¼ � °

α
¥ �h¥��hrbs\s�p'�Iuv��rª��� ¼�­ ¡�­<° º(± Â=�Å±

β
¥ �Ñ¥`�\|§�Awbp=�Iuv�\r<�I� ®
° ¼�Ì\­ Ì\Â ±=�m¡

α
¥ �h¥	��rL|�rbw>�gp=�Iuv�\rª�I� ®\º ¼�±+® ®
¼ º���º

β
¥ �Ñ¥`��rY|vrbw-�gp'�Iuv�\r
�I� Â\Ì\Â ®
°=º Â<° ° �m¡

α
¥ �h¥	�+|§�Aw�p'�Iuv��rª��� ® Â�¡ º(Ì Â=�ÅÌ



�

� ð-õ�ø �bõ  ³ó���ñ\û\ñ�ú ��÷0ó~÷�ñ ��ø �Yð �Yû\ð-ó��Yù� ��ûAø�õ �Îø�ù���÷-õ\ú K�ò<ú���ö�ð-õ�ø �bó~û � �\ø�ð@ñ��
ø�óvû�� ú ���bõ\÷-óvô���ù��=ô\ð0õ\ú~ñ\÷ �Y÷Êò �
ú�� �
ø~óvû$ñ ���\óvû�ómø � ��ù\ð-õ  �ñAø~õ��=ð�ñIö�ù��

½&�\�"Ò\qIp<�g�Yp\�huGw�rbs\rb|~�A�Ium��íÑrª��Ò��YqI¶	pOqI�h�b�¬���Iuvs\��Ò\qIpª�	�buvs���´(�	qIrbw>�I��¶mqIp\�¿¡b®(¥`°\°�wb� ��r>�m��qI�¬�`�g�Y�/��r>�
�	�\�h|vr>�g�h¶`|vp<íÑ�YqIu~s(�¹�`�gr����<�+���Op��\�³¡�¯Á�Îp\¶��`�g�b� �	u��@�`�'�ª��íÑ�YqI��� �I�b�Î¶	pOq��	�\�h�>´(�	qIrbw>�	u�pOsÎp\¶�Ò\q�p��g�Yuvs��-�
��¶G�g�Yq¬�\qIuvs\�\u~s(��rbs\�Éwb�bsª�	qgu~¶m����r>�guvp\s\z��	�\�Ðw�q`�A�\�nÒ\qgpª�	�buvsÉ�Y´<�	qIr�w>��w�pOs
�grYuvs\�b�¹° ��ºk�¬��p\¶"Ò\qIpª�g�YuvsÉrª�
�\�>�g�Yqg�$uvs��b�¬�\�¬�g�\��£�q�rb�O¶	p\qI�h�h�>�	�\p����Y¡�Ì\Ì\±<¢-�
�Ä¶	qIrbwY�	uvp\shp+¶=�	�\um��Ò\qIp��g��u~sÑ��´(�	qIrbw>� íÑrª���	�+��
@�bw>�g���³�gp
¤�pOsÃ�¿«��YÒ��\rYqIp=�I��rb¶	¶�uvs+uÅ�`�kwb�(qIpO��r>��pO�\q�rYÒ\�<�A�'{�|Å�\�g�b�ÐÒ\qIpª�g�Yuvs+��í$�YqI��wbp\s\wb�bs
�	qIr>�g�b�ÃrYs��R�\uxrb|��A�@�b�\z
qI�ª�	�=|Å��uvs<��uvs�r"¶mq�r�w>�	uvp\s/p\¶�¼�¯\¯

µ
��wbp\sª�grbuvs\uvs\�¬rY��p<�\�8Â\¯\¯

µ
��p\¶ Ò\qIp��g��u~sA�<� ��rb�$Ò�|x�"wbp\sª�grbuvs\u~s\��°=º(¯

µ
�ÇpO¶ÐÒ\q�p��g�Yuvs»í�rª�i�	�+��
@�bw-�g�b�À�	p °��Ñ¥��b|v�bw>�	q�pOÒ\��p<q��ª�Ium�0����q�pª�g�Yuvs=�RíÑ�YqI�»�\�>�g��w>�g�b�À�\�Çwbp+|v|vp+ux�\r
|

¤�p\pO�Ñr��@�Iux� ��|��A�n�`�grbuvs\uvs\� �`µ8u~� ��¡-¢0� ½2���/sª�A�Ñ�A��q"p+¶�qI�ª��p+|����b�¹�gÒ�p��I��íhr
�"rY��p<�\��°�¯\¯=�+µ8uv¶G�`��¥��I�Y�O�Ls
��Ò�pª�I�HqI�ª�Ip\|����b�$�\�Ñ°��h¥��b|x�bw>�	q�pOÒ\��p<qI�ª�IuG��í$�YqI�"rbs\rb|~��·
�
��� �Iu~s\�¬t��"���¬¦�¥�½�Ô�µ���«\Ò�pª�I��wbp\q`qI�
��Ò�p\s\�\u~s(�
�	pÎÒ<qgpª�g�Yuvs=���\rY��uvs\�Ð�hp+|x�bw>�A|xrYq��Ñr��@�"�I��rL|x|x�Yq��	�\rbs�°�¯ ���Ñr�íh��qI�¬s\pª�}rYs\rb|��\·
���R�Iuvs�wb���	�\�Y�ÎrYq��$s\p<�
�>´�Ò��ªw-�g�b�n�	p¹w�p\sª�grYuvsk�	���³pOsÎ�	�\�/�Arª�Ium�¬p\¶"w�rL|xw>�A|xr>�	uvp+s��¬��rb�\��¶`q�pO�¿���bs\�<�"Ò\qI�b�\uxw>�g�b�n�	pk�Ys\w�p+�\�
�`�Awb��Ò\qIpª�g�Yuvs=� ��t�uvs\uGwÉrbs����-p<�ArYs\uvs\z�°�¯\¯\±<¢-��½&�\�kp��	���Yq/Ò\qgpª�g�Yuvs=�/��um�Iu��=|x�kpOsÉ�	�\�Ã���L|�íÑ�YqI�krb|���p
rYs�rL|v�\·(�b�izN�(�\���ª�A�n�	pc�I�ÑrL|x|"©ª�Arbsª�gu§�	� pOq��hu�´(�m��qI�ÕíÑu§�	�ipª�	���Yq/Ò\qgpª�g�Yuvs=�h�	�\�bu�qn��wbp\qI�ª�híh�Yq��Rs\p<�
�Iu���s\uG¶�uxwbrbs
�@�Nµ8u~¶G�g�
�bs»��Ò�p<�I�Ð|vp�wbrb|vuv·
�b�»r>���	�\�4�Orª�Iuxw �Iu��+��p+¶$�	���4�A�b|�íÑ�YqI�c�	�+��
@�bw>�g��� �	pc� q`�(Ò<��u�w
�\u����<�`�	uvp\sÎrbs\�/Ò\qIpª�g�Yuvs=��íh�Yq��Ñux�\�bsª�guv¶`ux�
�$� �Iuvs\�ns�rbs\p���� ��¤�¥�t*«��xt*« �<{�rbw���p+¶��	���L� í�r
���Y´\Ò��
w>�g�b�
�	p wYp\sª�grYuvs��hp\qI�n�	�\rYs�p\s\�ÐÒ\qIpª�g�Yuvsi�Iuvs�wb�ÐÒ\qI�Y��uvp<� �n�	�m�A�<uv�<���I�\p<íh��� �	��r>���hp=�`�Ñ¤ ���¾r�qI�n��r<�Iuxw
�`�0rL�Ñ�>���>��rb|m�Åz=°�¯\¯\±<¢-�\�Ä�gpª�grY|�s
�=�¬�A�Yq�p\¶�¡�¯<°Î�Ouv¶�¶g�Yq@�Ysª��Ò\q�pª�g�Yuvs+��íÑr���ux�\�bsª�guv¶`ux�b����½�r>��|x�¬° 	A½�r���|x�ª�
«&¡�rYs\��«\°�r>����� % p\s<|vuvs��Y¢-�bt�rbs<��p+¶=�	���ª�I��Ò\qIp<�g�Yuvs+�&íÑ�YqI��Ò\qI�
�I�Ys
�&uvs/�@�Y���Yq�rL|�p�¶'�	������Ò�p<�I�&qI�ª��pO|��O�b�
�\�Î°��Ñ¥��b|G��w>�	qIp\Ò\�\p<qI�ª�Iux���	���\���ª�`�guvs<�ÎÒ�p'�	�g¥ � qIrYs+�I|xr>�guvp\s�rb|��hp��Ouv¶�uxw
r>�	uvp\s=�"�`�Awb�ürª����|~��w�p'����|Gr-��uvp\s=�-�AÔÊs
�	�\�N�Ar
�Iu���p\s��	�\�<����qI�<�`�A|§�I�Iz<�	�\p=�I���gÒ�p��I��íÑ�YqI�"w�p+|v|G��w>�g�b�$uvs
�gpÑ�	�\u�q`�m��¥�¶	u��A�"�\qIp<��Ò=��rª���I�\p<í³s$uvshµ�uv�k¡
�
¤�pOs
�A�Yq����L|v��z=r<���Y´�Ò��bw>�g�b�\z=�hp=�`�Hp\¶��	�\��¡bº/�gÒ�p��I��r�� �m�\�"��r<�IuxwÑ�Iux�\��p+¶��	���Ê���b| wbp\sª�grbuvs\���/�hpOq��[�	��rLs
p\s\��Ò\qgpª�g�Yuvs=�

� ��� ��� ; ÚYÙ@á'CbàmÛvàN×-ä��
	���
������������ � ßm× � ÞIÛÅÚ
à��&C ��� 2vÞ6áâÞJ� � ßm× ��� ×-ßmÞ@àmÛvà�ã .�� Þ ��� 2���ÞIá 
 Ù-à�á�×-Ù? �Þ" 
 Û �3� � ���
µ
�h×>ä �3� Þ

äxßmÙ?� � Û�×-Ú�×"� � Ù�ÛÅÚbÞ" �ÙIä � ÞIß D ×-Ú ; = Þ ��� Ù6ßm×�àmÞ�Ù6äväxÛ�ÚbÛ � C � � ßm×���Ù � ×��-ßxÙ ��� C�äGßm×�� à � Þ"� � Û�à`àGØbÞ@à ×�ä���ã���
�������������	 .�� Þ��YÞIá 
 Ù0à
à � Ù�ÛÅÚbÞ" 
 Û ��� �I×-á�á�×-Û� �Ù�á D ×-×���Ù-à	à�ÛâÞ>�bá§Ø�Þ-ã��(Û§ä � ÞIÞ6Ú�à � × � à 
 ÞIßmÞ � Û���,�Þ" �äm×-ß&ÚbÙIÚb×�� 1I9 D 2�� =�� � = ��� � × � �-� Ù@Ú6 �äxÛ§ä � C62
àmÞ�ÝbÞIÚ¬äm×-ß � ;*9!� @ 2 .#" � Ù6Ú�Ù6á Cbà`Þ@à�ã @ Ú �!� Þ�áÅÙ ��� Þ�ß �IÙ0à�Þ%$\ÚYØ�� �bÞ�ßGÛÅÚ6��ßmÞ�äGÞIß	à � × ��ßm×�Ø � à�×-ä�à � × � à �@×-Ú � Ù@Û§Ú�Û§Ú�� �!� Þ"àmÙ?��Þ
� ßm× � ÞIÛ§Ú
ã ; ßGßm× 
 à�Û�Ú �!� Þ>�IÛ�ß0�Iá�Þ@à�ßmÞ � ßmÞ�àmÞIÚ � àmÙ?��Þ�Û� �Þ�Ú � Û§äxÛ�Þ" � ßm× � Þ6ÛÅÚ
à�ã��h×-á�Þ"��ØbáâÙ�ß*��Ù-à	à*�NÙIß3,bÞIß	à�ÙIßmÞ�ÛÅÚ6 YÛ!�6Ù � Þ" "×-Ú ��� Þ
ßGÛ!� �&� ã

&('*)�+ , )�, -�, . / )10

2345 6
78 9
:2<;
2=22�3
2<4
2 5
2 6

2 2

2
3

3

3

3
3

3
3

3

3
3

4
4

4

4

4
4
4

4

5
4

5
5

5
5

6

5

4
5 5

5

5

2

pH 7 pH 4 

IE

1

S
D

3

6

7

10

kDa 



�

% óGõ\ó~û �\õ<ð& �ñAø~ó��cö�ð �Yô�ó��
øvóGõ<û õ � ÷ K�ò�" ���búxú K\úvñ\ðÆúxõ��Yñ�úGó��>ñAøvóGõ<ûþñ\û\ô ì "�� ú ����õ<÷ � úvñAø~óGõ<û õ �þóvô��YûAø~ó �<ó��Yô
ö�ð-õ�ø �bó~û\÷

��«�Ô[¨[½�zÉ½�rYqg���0�m� rYs\� �"qIrb���b�hs\p+s Ò\q�pO�\qIr��$���<�ÄíÑ�YqI�È� ���b� �	p Ò\q��b�<uvw>�i�	��� �`����¥�w��L|x|��=|xrYq
|vp�wbrb|Guv·
r>�guvp\s�p+¶��	���¬uv�\�bsª�gu~¶guG���/Ò\qIpª�g�Yuvs=�-� «��>���bs
�`��¥6�����A��s�p<�\��p\¶��	�\�n¡�¯<°Îuv�\�bsª�guv¶`ux�b�/Ò\qIp<�g�Yuvs+� ��­\­��Ð¢
íÑ�YqI��Ò\qI���Ouvw-�g�b�$�gp �O�¬|vp+w�rL|xuv·
�b�nuvs/�	�\�hwb�b|x|'íÑrb|G|&��r>�	qIu�´�z�¡�Â�r>�&�	����Ò+|xrª�I��rh�/�b�¬��qIrbs\��z�±�uvsª�gp/�	�\�
�Ys��\pOÒ�|vr<�I�huGw*qI�>�guvw>�A|��=�hz/° uvs»�	�\�ÄwY�
�gp\Ò\|Gr
�I� rLs�� Â uvsÀ�	���ÄwY�\|vp\qIp\Ò+|�rª�`�@��«\u�´ Ò\q�pª�g�Yuvs=�RíÑ�YqI�
Ò\qI�b�\uvw>�g��� ��pÁ���h�bu§�	�\��q}�gr�q����0�g���$�	pÁ�Orbw>�Ap\|v�<��pOq���p �	�(�hwb�b|v|�íÑrb|G|	� �Ñp�íÑ�>�O�YqIz'�Orbw>�Ap+|�rYq��grYq����>�	uvs<�üu��
s\p<��íÑ�Y|v|x¥��ª�	�gr>��|Gum�I���b�¹uvs¹Ò�|xrbsª�I�³rbs\�Õ�	���ÁÒ\q��b�Ouxw>�guvp\s+�ÑrYqI��s\p<�����>���A��q��ÕqI�b|GuxrY��|G��� �Ñrb�\|Guvs\�<�gpOskrYs��
�Ñ�Ys\�
w����bz�°�¯\¯\¯<¢-�&��|§�gp\���0�	���YqIz�r>��p<�<�³Ì\¯��ýp\¶��	�\�nÒ\qIpª�g��u~s��h�\rY���ürnÒ\qI�b�\uxw>�g�b�Ð��¥��g�Yq��huvs�rb|Ê�Iuv��s\r
|
Ò��YÒ<�	uv�\��z2íh�\uxwb�¹���
rLs����	��r>��rb|v|�p+¶��	�\�<�I��Ò\qIp<�g�Yuvs+�hrbqI�/�grYq������g�b�n�	pR�	���Õ���bwYqI�-�gp<q`�kÒ�r>�	�ªíÑrY�=��½�íhp
Ò\qIpª�g�Yuvs���wbp<�=|��/s\p<�&���¬rª�@�Iuv�+s��b�$�gp�rYs<�Ð�	�+�O¥�wb�b|v|��=|xrYq�wbp\�¬Ò�rYq`�g�h�bsª���ª�A���	pÎ�<uG��wYqI�YÒ�rbs�wbux�ª�����>�míÑ�b�Ys
Ò\qI�b�\uvw>�guvp\s+��íÑu§�	�n��«�Ô[¨[½*rbs\�Ã½�r�q����>�m���i«��>�A�bsÎÒ\qIp<�g�Yuvs+��íÑ�YqI�/Ò\qI���Ouvw-�g�b�Á�gpÐ�\rYq	��p<��q"r$��|~�Owbp=���\|
Ò\�\p=��Ò\��r-�	uv����|�uvs\p=�Iu§�gp+| �����8¦�¢¬r�s\wY��pOq-�8�¬�¬�-´\ÒA�bw>�g�b�\z�rb|~|�p+¶��	�\�nuv�\�bs
��uv¶	uG�
�ÃÒ\qIpª�g�Yuvs+�³wbp\sª�grbuvs\�b� ì ¥
��|��Owbp=���\|xr>�guvpOsÉ�Iu§�g�<�³rª��Ò\qI�b�\uxw>�g�b�Ð�\�Ð�	�\�/tÉ���huÅ�I��Ò\q@p\�\qIrY�h��� �I�I�b�Ã«<��Ò\Ò+|v�b���bsª�grYq��k½�r>��|x�Ã«2¡ r>�
��Ë"£�¢-�

½&�\�ª���iqI�ª�`�A|§�I�É�I��p�í �	�\r>���	�\��Ò\q�pOÒ�p'���b�ÄÒ\qIpª�	p�w�pO|�rb|v|vp�íÑ�b�Ä�	�\�ium�Ip+|�r>��u�pOs p+¶ÎriÒ\qIpª�g�YuGs
¶mqIr
w>�	uvp\sü���@�I�bsª�guvrb|G|v�Ãw�p+�¬Ò�p=�I�b�Ðp\¶ ì ¥�|Guvs����b�n��|���wbp\Ò\qIpª�g�Yuvs��N�grYqg���>�g�b�/�	pÃ�Yu§�	���YqN�	���/wb�b|v|�íhrb|x|�pOq��	p
�	�\��Ò+|vr
�I�/r¬���b�¬��qIrbs\�<���Ñ���gÒ+uÅ�g�Ê�	�\�¬rY�A�I�bs\w
�¬p\¶�r¬w
�b|~|=íÑrb|G| Ò<��qIu~¶guGw�r>��u�pOsÎ�`�g�YÒ�z u§������p��A|v�/���¬s\p<�g�b�
�	�\r-���	����Ò\qIp\Ò\p<qm�	uvp\s�p\¶&Ò\qIpª�g�Yuvs=��íhuÅ�	��r�Ò\qI���Ouvw-�g�b�Áuvs
�	qIrbwb�b|v|��=|xrYq�|vp�wbrb|vu~·(r>�	u�pOshíhr<���O�Yq��Î|vp<í �Y¡-°��ü¢��
½&�\u��[Ò\qIpª�	p�wYp\|��	�ª� �ÊrYÒ\Ò��brYq-��rª�ÊrLsÕ�L¶	¶�uxwbux�Ls
�[rL|Å�g�Yq�s\r-�mu��A�$�gpÐÒ\qI�>��uvp<� �I|��k�\�<�IwYqIu��A�b�ÐÒ\qIpª�	p�w�pO|G��� �@�b�
¶	p\q�î ��ø�ù\ñ�úxó~ñ\û\ñ wb�Y|v|&íhrb|G|�Ò\qIp<�g�Yp\�huxw�rLs�rb|~�=�@�
�-�=��q��>��uvp<� �"Ò\qIp<�	p�wYp\|G��uvs�wL|��A���\Ó ��u�¢�s\p\s\¥��\�
�`�	q`�Aw>�	uÅ�A�
���>�	�\p��+�/�	� wb� r��Ñrbs�rL|��A��um��p\¶¬w>�A|§�m��qI�Ð���b�\uxr �m£"p\qg�\�YqIuv�ª���>�³rb|m�Åz�°�¯\¯\Â 	}¤N��rYqI�hpOs
�³�>�³rb|m�&°�¯\¯+º
¢Iz
íÑrª�I�\uvs\�Ðp\¶�w��L|x|m�"w>�A|§�m��qI���nuvsn|xuG©ª�Aux�n���b�\u��A�ÈíÑu§�	�R�@rb|§���Ip\|§�\�guvp\s+� ��£[p\qI�\�YqIuv�ª���>�}rb|m�Åz�°�¯\¯\Â
	
�"íÑpOs
�>��rY| �O°�¯\¯+º
¢}rYs\�/��r
w>�\�A� u~s�¶�ux|§�	qIr>�	uvp\s�p�¶�|x�brY���<� ��£[p��A�\rYq	���0��rY| �§z=°�¯\¯+º
¢&	���uvu�¢��\�<�`�	q	�Aw0�	u��A�¬���>�	�\p��+�Iz
ó � ���Hwb�Y|v|�íÑrL|x|�Ò<��qIuv¶�uxwbr>�guvp\s\z�Ò\qIuvp\q��	pÐ¤ �����Y´<�	q�rbw0�	u�pOs�íhu§�	����rYqIuvp<� ���<�A¶�¶���q�� ��¤N�\u��Ar<�Irh�>�}rb|m�+°�¯\¯<°�	
£[rY���Yq[�>��rY|m�Åz�°�¯\¯\±
	=µ8�buv·��-��rb|m�Åz�°�¯\¯\±<¢��A½2���/wY��p+uxwb�/p\¶�r$Ò�r�q`�	uvw>�A|xrYq�Ò\qIpª��p+w�p\|�íhuv|G|��\��Ò��Ls��Ðp\sÁ�	���
rbuv�¾p+¶=�	�\���`�m�A�<�ÑrYs\�hp\s��	�\��Ò�|vrbsª�8p\q���rYsÑpO¶8u~s
�g�YqI�ª�	�I�

� ô��YûAøvó �\ó��YñAøvóGõ<ûhñ\û\ô
��K<û��Lø~óGõ<û\ñ�ú �bú~ñ\÷@÷-ó �\ó��YñAøvóGõ<û�õ��8ö�ð-õ�ø ��ó~û\÷

¦I�\�Ys
��uv¶	uxwªr-�	uvpOsÇp+¶ÃÒ\qIpª�g�Yuvs ¶	rL��uG|xuG�
��rbs\�È¶G�As�w>�	uvp\s�rb|Î�\p+��rbu~s=�kíh�Yq��ÄÒ��YqI¶	pOq��Ñ�b� � �Iu~s\� �@�Y����qIrb|
��uvp+uvs\¶	p\qI�/r-��uvwÉÒ\qIp\�\qIrb�h�/�
�-�N�8qIp<�g�Yuvs+��í��Yq���wb|xr<���IuG¶guG���»rbwbwbp\qI�\u~s(�c�gpi�	�\�ÉÒ\qI�b�\uvw>�g�b�Ä¶G�As�w>�	uvp\s�rb|
wb|vr<�������[p\¶�¤$������Ò\qIp\Ò�p'���b�Á�\�ü�-rb���>���>��r�|m� �`°�¯\¯\±<¢ �g½�r>��|�����°�z&Â<¢-�+�8qgpª�g�Yuvs+���A�b|vp\s<��uvs\�n�gp¹�I�>�O�Ls
¶m�=s�w>��u�pOs�rL|�wb|xr��@�I�<��í���qI�Á¶	p<��s\�krbwbwbp\qI�\uvs<�Ð�gpn�	�\�/Ò\q@�ª�I�bs�wb�np\¶"¶G�As\w>�guvp\s\rb|��\p+�hrbuvs=�"Ò\qI���Ouxw>�g�b�Ãrª�
�\�ª��wYqIu��A���/u~s¬�	���Êt�r>�g��q6u�rL|'rLs��/���>�	�\p��+��Ó���u�¢�Ò\qIpª�g�Yuvs+�}rbw>�	uvs<� pOshÒ�p+|��=�@r�wbwb�\rYqIux�\�ª��uvs�wb|��A�\��� � rLs��
�ª�	�g�YqIrª���ª��	 ��u~uv¢ p�´�ux�\p�¥`qI�b�ª�Aw>�gr
�I�ª���ÑrLuvs�|~�*uvs�wb|��A�+�ÃÒ=��qIp�´�u��\rª�@�ª�Îrbs\�i�¬�A|§��uxwbp\Ò\Ò��Yq p�´�uv�\r
�I�<��	 ��uGuvuv¢
Ò\qIpª�g�Yuvs��ÊíÑu§���Éuvs
�g�YqIrbw>�	uvs(���\pO��rbuvs=�¬uvs�wb|��A�\�ÎÒ\qIpª�g�Yuvs=�"íhu§�g�¹|x�bw>�guvs¹p\q"�&¨N¨ ��|v�>�'wbuvs��ÁqIuxwb�Rq��YÒ��br>�	¢
�\p\�hrbu~s=�³rª�"íÑ�b|G|�r��Ê�Ls\·b���/�Îu~s\��u��=uÅ�gpOq��!	���u��\¢"Ò\q�p��g�Yuvs��¬uvs<��p+|��A�b�Ãuvs��Iuv�+s�rb|Guvs\�ÃÒ\qIp+w��ª��������uvs�wb|��A�\�
¶grª�Iwbuxwb|Guvs ������� ��r�qIrY��u~s�pO��rb|xrbw>�gr�sÆÒ\qIpª�g�Yuvs=�g¢&	 ���\¢iÒ\q�pª�g�brª�I�
�&	 ����uv¢iÒ\qIpª�g�Yuvs��*p\¶4�O�>�É��s���s\p<í¬s
¶m�=s�w>��u�pOs�	 �`��uvuv¢i�/um��wb�b|G|xrbs��bp�� �0� �Ñp<íh�>�O�YqIzO�	�\um��wb|xr��-�Iuv¶�uxwbr-��uvp\s/um��Ò\qIp���um�Iuvp�s\rb|&�Iu~s�w��Ê�	�\�Ê��u�p+|vp\�+uxwbrb|
qIp\|v�¬p+¶���rbs<�Îp+¶��	��������Ò\qIp<�g�Yuvs+��qI�b�/rbuvs=���gp/���¬�\�>�g��q`��u~s���� ��½�r-�	p=�Ip<�Î�>��rb|m�Åz�¡�Ì\Ì\­<¢-�<µ8p\q��>´�rb�¬Ò�|x�bz
rYs �Ls(·b���/�Îp+¶��	�\�Ð� � Â4¶grb�huG|~� �`Ë�Í���Â<¢h�I�\p<í/�Ñrb�/uvs\pÉr
wbuv�É�\p+�hp�|vpO�\�ÐíhuÅ�����\¥ �h¥m´\��|vp'�Iux�\r<�I�(�
�Ñp�íÑ�>����qIz=u§�&íhr
��uG�\�bs
�	u~¶guG����r��}rbs��bs<·b�����Ê�	�\r-���Y¶`¶guGwbux�bsª�g|��Î�<���<qIp\|��\·(�b��rYqIr-��u~s�p�����|=qI�<�Iux�ª�A�ª��¶mqIp��
rYqIr-��u~s�rbs=��z'�	���\���ª�`�	uvs<�¬�	��r>�8u§� íhp<q��=�2rª��rYs���¥���¥�r�qIr>��uGs�p+¶G��qIrYs�p'�Iux�\rª�@� �mt�u~s\uxw"�>�HrY| �§z\°�¯\¯\±<¢-�



�

��� ���� �	� 
�� 
 �� �� � � �� � � � � � � � � � � 
� � ��� � 
 �� 
� �� �� � ��� � � � 
 ��  ! "�# $% # & # � � �� � � � �� � �

'�( � ) *�+ ,� )�- ( .�/ - 0 / 132 / + , *- / 4 5 6+ + � 4 4 *- / 7�8 - , / 2 9 �� ( :

'�( - ,� * / 4 � + , * / ;- / 8 - �=< 4 � + + > � ( * )� 4

?@ A# B% $DC E � ! F�G H H HI J K

?@ A# B% $DC E � ! L G EM JM J E LON E HN E I

?@ A# B% $DC E � !I G I HI K J H K

?@ A# B% $DC E P ! "%�Q G $DR SQ T%U V "C U WQ $ # T V E X PY ? ? E X � !I G FZ J J J H E

?@ A# B% $DC L P[ \] E X P^ V ! #�_ `C $Q T% U # T V E X � !I G Ha L Z J I N a N E E N E L

?@ A# B% $DC L P[ \] F X P^ V ! #�_ `C $Q T% U # T V F X � ! E G J FZ H J E LON E I

?@ A# B% $DC L � !I G F Ja I J I N Z N M

?@ A# B% $DC E Z P `C $Q G $ R S # & V &U Q ! W# & T A V W# T V X Pb \ ?Y _ � E X P� !_ \Y @ H X � ! F�G JZ M I J E LON E HN E I

?@ A# B% $DC E Z P `C $Q G $ R S # & V &U Q ! W# & T A V W# T V X Pc V W% I X P� !_ \Y @ F H X � ! H�G L J F K J E I

?@ A# B% $DC E K � ! L G J K L F J Z N K

?@ A# B% $DC E K � !I G I Z I a J E E N E L

?@ A# B% $DC E K � ! H�G L E E H J L L

?@ A# B% $DC E a P S "% !% & # T V XN S # W^ Q "C U W# ! V_ ^ % &U % &G BQ U R $ V A# B% $C EM P S "% !% & ^ % &U % &G AR & S !%�Q & X � ! F�G H L I K J L E

?@ A# B% $DC F J Pd _ # S V !C $_ ^ V ! #�_ G $ R SQ T # B% &% U # T V X � ! E G Z I I a J KN E J

?@ A# B% $DC F J Pd _ # S V !C $_ ^ V ! #�_ G $ R SQ T # B% &% U # T V X � ! L G I I FZ J F F

?@ A# B% $DC FM P�e Q $C G # $ # S ! R WQ &# T V X � ! E G M J E K J M N a N E J



�

?@ A# B% $DC FM P�e Q $C G # $ # S ! R WQ &# T V X � ! L G J KM L J F H

?@ A# B% $DC FM P�e Q $C G # $ # S ! R WQ &# T V X � ! L G E Z M I J Fa

?@ A# B% $DC L E P # $�e "�#�_ G $ R SQ T%U # T V X P� ! ?] � E X � !I G E E K F J a N E L

?@ A# B% $DC L E P # $�e "�#�_ `C $Q T% U # T V X P \� ] E X � ! E G Z M I Z J E K

?@ A# B% $DC L F P^ V ! #�_ A WR S !Q AR W# &Q T%U # T V X P� Y [ b Y � �� � � Y H X � ! E G E F F H J FM

?@ A# B% $DC L I P^ V ! #�_ G # $ # S !Q T%U # T V X P [ ?� ] E X � ! L G E L KI J M

?@ A# B% $DC L I P^ V ! #�_ G # $ # S !Q T%U # T V X P [ ?� ] a X � ! F�G L FM E J E J

?@ A# B% $DC L I P^ V ! #�_ G # $ # S !Q T%U # T V X P [ ?� ] E J X � !I G Z LM E J KN E L

?@ A# B% $DC LM P # $�e "�#�_ B # & &Q T%U # T V X � !I G E L a M J E L

?@ A# B% $DC LM P # $�e "�#�_ B # & &Q T%U # T V X � ! L G FZ K F J H F

?@ A# B% $DC I E P # $�e "�#�_ ] _ # W# ^ % &Q AR W# &Q T% U # T V X � ! L G E J K H J F K

?@ A# B% $DC Ka P V &U Q _ ^ V ! #�_ G $ R S R WQ &%U # T V � " V e # W# &# T V X � !I G J KM L J E J

?@ A# B% $DC Ka P V &U Q _ ^ V ! #�_ G $ R S R WQ &%U # T V � " V e # W# &# T V X � !I G L Ha H J K

� b A# B% $C M P e V S ! % & B V ! "C $ V T ! V W# T V X � ! L G H L F K J E J

� b A# B% $C E L P e V S ! % & # SC $ V T ! V W# T V X � !I G F LM K J a

�	� * )- 
( � ) 2 + , � 4� 4

"Q BQ $Q G !Q �� �I P �� � H X P BR $ ! % SQ e e V WQ `%U # T VU Q B# % & X � ! H�G F F J E J Z

"Q BQ $Q G !Q �� �I P �� � I X P BR $ ! % SQ e e V WQ `%U # T VU Q B# % & X � ! E G KZ E Z J KN M

"Q BQ $Q G !Q �� �I P �� � Z X P BR $ ! % SQ e e V WQ `%U # T VU Q B# % & X � ! E G H EM L J KN M N E F



� �

"Q BQ $Q G !Q �� �I P �� � K X P BR $ ! % SQ e e V WQ `%U # T VU Q B# % & X � ! E G F EM Z J KN E FN E L

"Q BQ $Q G !Q �� �I P �� � E K X P BR $ ! % SQ e e V WQ `%U # T V U Q B# % & X � !I G Z Z a F J E J

�� �I P BR $ !% SQ e e V WQ `%U # T VU Q B# % & X � ! H�G E F H F J LON Z N KN M N a

"Q BQ $Q G !Q e V WQ `%U # T V P� ! � W ` F F X � ! F�G LM LM J E E

"Q BQ $Q G !Q e V WQ `%U # T V P� ! � W ` FM X � ! L G J L Z K J Ha

"Q BQ $Q G !Q e V WQ `%U # T V P� ! � W ` L L X � ! L G Ha E E J E E N E L

"Q BQ $Q G !Q e V WQ `%U # T V P� ! � W ` L H X � ! L G Ha E F J F L

"Q BQ $Q G !Q ��
� � � � 
 # T SQ W^ # ! VQ `%U # T V P � L K JZ H X � !I G F E E J J E E

"Q BQ $Q G !Q ^ V W^ V W% & V ^ W%U G V V &� C B V P � X_ W V !% SR $% &� Q `C G V &Q `% U Q _ W VU R S ! # T V � ! H�G F JM L J E L

"Q BQ $Q G !Q G V W B% & P� ! ?b � L X � !I G F JZ L J L F

'�( - ,� * / 4 0 * , > * / ,� ( � + , * / ; )- 9 � * / 4

"Q BQ $Q G !Q S # W WQ ! b � ? � # &U !Q B# !Q \b ?	 � � ! E G J L F L J a N E J

"Q BQ $Q G !Q S # W WQ ! b � ? � # &U !Q B# !Q \b ?	 � � ! E G J L F F J L a

V `e W V T T VU e WQ ! V% & P ] � � W V e V # ! T X � ! E G L L I a J FZ

V `e W V T T VU e WQ ! V% & P ] � � W V e V # ! T X � ! E G L L Z J J M N a

V `e W V T T VU e WQ ! V% & P ] � � W V e V # ! T X � ! F�G H FM J J E H

e Q $C G # $ # S ! R WQ & # T V % & "% ^ % !% &G e WQ ! V% & P � ?	 � F X � !I G JZ M K J E LON E I

"Q BQ $Q G !Q $ V S ! % & P $ VG R B V $ V S ! % & ^ V ! # U Q B# % & X � ! E G I L J K J E L

"Q BQ $Q G !Q $ V S ! % & P $ VG R B V $ V S ! % & ^ V ! # U Q B# % & X � ! E G I L JM J E LON E HN E I



� �

"Q BQ $Q G !Q $ V S ! % & P $ VG R B V $ V S ! % & ^ V ! # U Q B# % & X � ! L G E Z I L J E N E LN E HN E I

"Q BQ $Q G !Q $ V S ! % & P S R W S R $% &_ $ %� V X � ! E G KM M I J KN M

"Q BQ $Q G !Q $ V S ! % & P S R W S R $% &_ $ %� V X � ! E G KM M Z J KN M

"Q BQ $Q G !Q $ V S ! % & P S R W S R $% &_ $ %� V X � !I G EM H K J KN M N E J

7 * ; / � � � * / ;

A# T S % S $ % &_ $ %� V # W# ^ % &Q G # $ # S ! # & e WQ ! V% & P� ! � ] � M X � ! F�G HI H K J E N E LN E HN E I

A# T S % S $ % &_ $ %� V # W# ^ % &Q G # $ # S ! # & e WQ ! V% & P� ! � ] � E L X � !I G H H E L J L J

'�( - ,� � 4� 4

"Q BQ $Q G !Q # Te # W !C $ e WQ ! V # T V � ! E G Ja KI J E E N E FN E L

"Q BQ $Q G !Q # Te # W !C $ e WQ ! V # T V � ! L G I FI J J M N a

"Q BQ $Q G !Q # Te # W !C $ e WQ ! V # T V � !I G J K J L J E JN E E N E FN E L

"Q BQ $Q G !Q # Te # W !C $ e WQ ! V # T V � ! L G I H H J J F E

"Q BQ $Q G !Q T V W% & V e WQ ! V # T V � ! E G L JZ J J K

"Q BQ $Q G !Q T V W% & V e WQ ! V # T V � ! F�G L a M I J I J

"Q BQ $Q G !Q T V W% & V e WQ ! V # T V � ! H�G F E Z L J E FN E LN E HN E I

"Q BQ $Q G !Q T V W% & V e WQ ! V # T V � ! H�G F E Z I J E JN E LN E HN E I

"Q BQ $Q G !Q T V W% & V e WQ ! V # T V � !I G Z K L Z J E Z

"Q BQ $Q G !Q T V W% & V e WQ ! V # T V � ! L G E H JZ K EM

`C $ V B T V W% & V e V e !%U # T V E P \ � � E X � ! H�G J J F L J a



��

"Q BQ $Q G !Q T V W% & V S # W^ Q `C e V e !%U # T V P � � � ] E E X � ! F�G F Fa K J E HN E I

"Q BQ $Q G !Q T V W% & V S # W^ Q `C e V e !%U # T V P � � � ] E F X � ! F�G F Fa F J E I

"Q BQ $Q G !Q T V W% & V S # W^ Q `C e V e !%U # T V P � � � ] L H X � !I G F L F E J E FN E L

� * 4 + � � � � / � - 2 4

"Q BQ $Q G !Q # & ! " V W Te V S% A% S e WQ $% & V_ W% S " e WQ ! V% & � � ? P $% e # T V # SC $ "C U WQ $ # T VU Q B # % & X � ! E G I H J J J E L

"Q BQ $Q G !Q # & ! " V W Te V S% A% S e WQ $% & V_ W% S " e WQ ! V% & � � ? P $% e # T V # SC $ "C U WQ $ # T VU Q B # % & X � ! E G Z KM L J E F

"Q BQ $Q G !Q e R We $ V # S% U e "Q Te " # ! # T V � ! F�G E Z H L J K

"Q BQ $Q G !Q e R We $ V # S% U e "Q Te " # ! # T V � ! F�G F K E a J E L

"Q BQ $Q G !Q e R We $ V # S% U e "Q Te " # ! # T V � !I G L HM I J E a

"Q BQ $Q G !Q � � � �� � � 
� 
 � � � � � � � � �� � � � � # e Q Te Q WC # T TQ S% # ! VU e WQ ! V% & P # $U Q T V_ E_ Ve % B V W# T VU Q B# % & X � ! H�G FI a J J E L

"Q BQ $Q G !Q G $C S V WQ e "Q T e "Q WC $U % V T ! V W e "Q T e "Q U % V T ! V W# T V � ! H�G FZ Z a J L I

� / .�/ - 0 / 12 / + , *- /

V `e W V T T VU e WQ ! V% & � ! E G F E Z M J I N Z

V `e W V T T VU e WQ ! V% & � ! E G F E Z K J FN L

V `e W V T T VU e WQ ! V% & � ! L G E Ha F J E HN E I

V `e W V T T VU e WQ ! V% & P � � �Z H F X � ! H�G L F HZ J H HN E L

V `e W V T T VU e WQ ! V% & P � � �Z H F X � !I G E E H F J E JN E E N E F

V `e W V T T VU e WQ ! V% & P � � �Z H F X � !I G FI HZ J E F

V `e W V T T VU e WQ ! V% & P � � � E J JI X � ! H�G Fa L E J E L



��

V `e W V T T VU e WQ ! V% & P � � � E EM H X � ! H�G EM JM J HZ

V `e W V T T VU e WQ ! V% & P � � � E Z M J X � !I G E Fa I J I

V `e W V T T VU e WQ ! V% & P SR e % &U Q B# % & T X � ! L G F FZ H J L H

� / ,( � + � � � 2 � � ( 8 ( - ,� * / 4

"Q BQ $Q G !Q ! "%�Q W VU Q `% & � ! E G F E KI J HI

?@ A# B% $DC E � ! F�G FI Z L J K

"Q BQ $Q G !Q T V W% & V e WQ ! V # T V � ! F�G JI a F J LON a

"Q BQ $Q G !Q T V W% & V S # W^ Q `C e V e !%U # T V � ! H�G L Z E a I H L

"Q BQ $Q G !Q e "Q Te "Q WC $ # T V � ! H�G F H L I J E F

"Q BQ $Q G !Q G # B B #�_ G $ R ! # BC $ ! W# & Te Ve !%U # T V � ! H�G L a Z H J E F

"Q BQ $Q G !Q # $U Q _ � V !Q W VU R S ! # T V � ! F�G F KZ M J L K

"Q BQ $Q G !Q e V WQ `% W VU Q `% & � ! L G I Fa Z J FI

"Q BQ $Q G !Q SQ e e V W # B% & VQ `% U # T V � ! H�G E Fa a J F E

V `e W V T T VU e WQ ! V% & P � @ U Q B# % & X � ! F�G L JM M J L Z

V `e W V T T VU e WQ ! V% & P� d � W V SQ G &% ! %�Q & BQ !% A X � ! L G I Fa M J H J

V `e W V T T VU e WQ ! V% & � ! F�G H E a I J HM

V `e W V T T VU e WQ ! V% & P � [ � U Q B# % & T X � ! L G HM I L J LM

� � R & S !%�Q & T # W V e W VU % S ! VU # TU V T S W% ^ VU % & b `e V W% B V & ! # $

� � e Q ! &R B^ V W W V A V W T !Q � % G  E  



���

�����	��

�������������������������! ����"�$#! �%�&'�(&�%�)*)+��),#-�/.0�+#��"�(�� �),�" 1�32��5476'�32�%�&���%� �%8)��"��9:)+��;!< .0��#����(#!9=�>6
?	@BA�CEDGF�H�A�I(JKCLJ$INM�MPONMRQ�I�S�O'T�O>OLAVU�OLWGF"A�O>UXI>C(C(H�YZU[F�A]\VD^HX_+I�`aOED�OED�I�J-bdcfe�g�g�h!i�b	jkJ�F^MlD�H[WmI(J�Jon�YZHNDGO�F"A	M
F$U�O(ANDGF"WlF$O�U'F"AaDlQ�F-MpMfD-@BU!qrF-M0n�YZH!S�F�U�O(UsF�AstuI>T�J$O7evb�twQ�O=U�OEDGI�F"J$O�UxT�F�HyF�A�WlH�YZ`'I�D�F�C�M�W�@	AzCED�F{H[AzILJdI(A�I(J�q	MZFfM
F-Mw\�F{SBO(AaF�As|!@�n�nyJ$O(`rO(ANDGI�Yfq}tuI>T�J$O=|w~mIED����o��H�A�J�F"A�O]b

�u�v�����Z�����v�!�B���$�y���*
�� ���v���v
��p�!���v���!�Z
>���v�
�0���!�Z
(�$�v�0�����Z�$���a���s�v�!�3�B�*���(�>���������v
(� �v�
� J3q�C(H	MZF$U�OpQ!q�U!YZH�J�INM�ONM e��
�pMlDGO�YZINMPONM e
�x� ���v�! Z�(
(�v�v���Z����
(� �(�
¡�O�YZH!¢�F�U�INMZO!M £
¤¥@BJ¦DGF�C(H�n�n�O�YuHz¢�F{U�INMZO!M h
§ DlQzO�Y*M ¨
�0���!�Z
(�$�v�ª©a���Z�����y�Z
>�������P���v�a�����������v� �(«
¬KO(CEDGF�AaU�H[`}ILF�A	M h
¬w­�­®U�Hy`}ILF�A	M ¨
§ DlQzO�Y*M ¨
¯ �����v�!�����$�v� «
�0���!�Z
(����
�� ��°
|�O�YZF"AzOpn�YZHNDGO(INMPONM ~�g
jxMGn�I�YfD-qzJyn�YZHNDGO>INMZONM £
±²���*�>
����$���v
(���v� ³
´aH�`aHyJ{H[\	MµD^H=n�Q�H	M�n�Q�I�DGINMZO ¨
´aH�`aHyJ{H[\	MµD^H=n�Y�H�J�F"A�O>¶fYZF�C(Q=n�YZHNDGO�F�Aac�J�F�n�IzMPO
I(C(F�UxQ!q[U!YZH�J�I!MZO7U�H�`'I(F�A!i

e

§ DlQzO�Y*M e
·=�v¸	�v�N©}�¹�G�v�v���Z����� ��º
»��	�Z�����(
(���$���$���p�d���!�Z
>���v� �(�
toHNDGI�J ~�g!e

twQ�F3YfDlqz¶^DlQ!YZO>O¼n�YZHNDGO�F�A	Mo½}O�YZO�O>¢zn�O�CEDGO(UxDlH�I(C*DuH�A'n�H�J3qvMZI(C(C(QzI�YZF�U�O�M�c�tuI�T�J�ORe�i�b!?	@�YfDlQ�O�Y¾`}H[YZO>¿
¨�gÀn�YZHNDGO�F�AyMÁcfe��!ÂÁi'T�O(J�HyA]\ÃDGHÄDlQzOÄMf@�n�O�YZWGIL`rF�J�q²HyW � ´rMZ¿7e��ÅH�W}½}Q�F�C(QÀ½}O�YZO¥n�YZO(U�F$CEDGO(UÄDlHÀT�O
OE¢]DlYZI(C(O(J�J3@	J$I�YÆH[Y²nyJ�I!MZ`rIÇ`rO(`}T�YPILAzO(¶�INM�MPHyC(F�I�DGO(U	b5tªQzOÈMZO(C>H[AzUÉJ$I�YG\�OzMlD®\�YZH!@�nÊC�H[`=n�YZF-MZO!Mk~�h
n�YZHNDGO(I�MZONMP¿}~�£ËH[Wp½�Q�F$C(QX½}O�YZO�n�YZO>U[F�C�DGO(UXDlHXT[OVJ{HyC(I�J�F�Ì�O(U,F�AXDlQ�OÁO>¢]DlYZI(C(O(J�J3@	J$I�Ya`aI�DlY¾F3¢ÍbotwH�\�O*DlQ�O�Y
� ´'MËI(A�UÎn�YZHNDGO(INMPONMÏYZO�n�YZONMPO(AND5£�Ð!Â H[W5F$UyO(A�DlF"WGF�O>UÑn�YPHNDGO�F�AyM�bajR`aHyA!\kHNDlQzO�Y¥n�YZHNDGO�F"A	MP¿sHz¢�F{U�Hy¶
YZO(UN@BC�DGINMZONMP¿0n�Y�HNDGO�F�A�M¼½aF¦DGQ,F�ANDGO�YPI(CEDlF�A!\
U�Hy`}ILF�A	MP¿Ò`'FlMZC(O(J$J�I(AzO(Hz@vM�n�YZHNDGO�F�AyMP¿0n�YZHNDGO�F�AyM}HyWp@�A!Ó�A�H!½aA
W-@	AzCED�F{H[Az¿ÍMZF3\�A�I(J$J�F�A�\rI�A�UaF"A�DlYZI(C(O(J$J{@BJ$I�Ywn�YZHNDGO�F�A�Mµ½aO�YZOpF$U�OLA�D�F�WlF$ONU	b



���

¡dYGHNDGO�F�A	M=W-YZHy` DlQ�O/MZI(`rO�W�@BA�CEDGF�H�A�I(J�C(J$INM�MZO�M=I�M=F�A5nyYZO�S�F�Hz@vM�C(O(J$Jo½aI(J$Jon�YZH!DGO�H[`aF$CVMlD-@BU[F{OzM
½}O�YZO'WlH!@�A�U�¿�T!@�DÒ¨�Ð�n�Y�HNDGO�F"A�MÒ½xO�YZOxAzHzD F�U�O(ANDGF"WlF$O�U¹TBO(WlH[YZOrc��0Q�F3SBINMZIrOEDmI(J-b	e�g�g!e�����H[YPU�O�YZF�ONM�OEDmI(J-b
e�g�g�¨�����H�Y�A�O�YRO�D7I(J-b ¿we�g�g�¨���|�C(QN@BJ¦DlÌ�OED�I(J-b ¿ªe�g�g!£	�
� Hz@BU�I�Y^D�O*D7I(J-b ¿we�g�g����
�ÒQzI�YZ`aH�AND�OED�I(J-b�e�g�g����
�7½}H[A�OED}ILJ boe�g�g�������I�q�O�Y OEDaI(J-b ¿�e�g�g�h��0?dO(F"ÌËOED}ILJlbue�g�g�h!i�b0twQ�F�M�MfDGO(`��'¶f\�J"q[C(H�n�Y�HNDGO�H[`rO�DlQN@vM
I�n�n�O(I�Y*MµDGH}T[OÒS�O�Y�qsMGn�O(C(F�W�F$C!b]j¼`aH�A!\=DlQ�O7��g=n�YZHNDGO�F�A	Mun�YZO(U�F�CEDGO>U�D^H}T[O7IED	DlQ�Opn�J�I!MZ`rI `rO(`=T�Y�I(A�O7H�Y
F�A DlQ�O8C>OLJ$J'½aI(J$J�¿sH�A�J"q��1I(J^MPH QzI>S[OÅT�O�O(AÎWlH!@	AzU F�AÎn�YZOES�F{Hz@dMZJ"qÑU�O!MZC�YZF3TBO(U n�YZHNDGO>H[`aO�M��'C(O(J$J
Mf@vMGn�O(A	MZF�H[A CE@BJ¦D-@�YZONMP¿yYZH	MZOED$DGO¼J�O(I�S�O!MKI(A�UsOEDGF�HyJ{IEDGO(UxQ!qzn�HyC>HND-q�J-M�cf_+I(`'O�DuOEDªILJ b¦¿�e�g�g�h!i�b�twQ�O�q OLA�C>HyU�O
I

β
¶^¢�q�J�H	MZF$U�IzMPOÅDlQ�IEDÏT�O(J�HyA]\	M,DlHÑDlQzO � ´ ¨µ~8WlI(`'F�J�qkc�jpD�~�\�h����]h�g!iZ¿�I `¼@BJ¦DGF$C(H[n�n�O�Y
Hz¢�F�U�I�M�O

cfjpD�~�\�Ð�hµ~�h�g!iZ¿wD-½�H¥J�O�CEDlF�A	MacfjpD�~�\�Ð������]g�¿0jpD�~�\�Ð����]h!g!i}I�A�U,I�n�YPHNDGO�F�A,Q�Hy`aH�J�H�\�Hz@vMRDlH/DlQ�O/C(I�Y�YZHND
OE¢]DlYZI(C(O(J�J3@	J$I�Y U�O�YZ`rILJ \�J"q�C>H[n�YZHNDGO�F"A c^�
� � ¡di I�A�U DGH DlQ�O DlH�`aIEDGH ¢�qzJ�H�\yJ¦@BC�I(A M�n�O(C(F$W�F$C
O�AzU�H[\�J¦@BC(I(A�INMPOXF�A�Q�F3T	F¦DGH�Y=n�YZHNDGO�F"AËc��7� ��� ¡diacfjpD�~�\�g]¨!e�e�g!iac��¼F�A,O�D�ILJ b¦¿0e�g�g�¨!i�b ´}Hz½}OES[O�YZ¿pMZHy`}O
n�YZHNDGO�F�A/WGI(`aF�J�F$O!M�I�YZO'`'F-M�MZF�A�\vbw|yF�A�C(Oan�YZH!DGO�F�AyMp½aF DlQX`}HyJ$O(CE@BJ�I�Y7`'I!M�MZO!M7J�H!½aO�YÒDlQ�I(A�e�g/Ó��aI=½rO�YZO
A�H!DRI�A�I(J3q�Ì�O(U�¿0F¦Dm½aI�M=A�HND�n�H	M*MZF3T�J$O DGH¥F{U�OLA�DlF�Wfq,QzHy`rH[J�H�\	M7DlH¥n]Y�HNDGO(I�MZO�H[Y7n�O(C�DlF"AÏ`aOEDlQ!q�J$O!MfDGO�YPINMZO
F�A�QyF3TBF¦DGH�Y*MZ¿�A�H�A�¶¾MGn�O(C(F"WGF�C5J�F"n�F$UËDlYPI�AyMZWGO�Yan�YZHNDGO�F�AyMP¿pI(A�U¥T�J{@BO5C(H�n�n�O�Y=T�F�A�U�F�A�\Än�YZHNDGO�F"A	M+b § A�J"q H[A�O
n�YZHNDGO�F�AÀQzHy`aHyJ{H[\ÄD^HÅ\�O�YG`xF�A	M'½}INM�F$U�O(ANDGF"WlF$O�U	bÒjRJ¦DGQ�H!@�\�Q MZO�S�O�YZI(J=O�¢�n�I(A	MZF�A	MZ¿p½�Q�F�C(Q®`aHyJ$O(C�@	J$I�Y
`rI!M*MZO!M I�YZO¼T�OED-½}O(O(A'e��rI(AzU�¨�g'Ó��}I(¿y½aO�YZO¼n�YZO�S�F�H!@µMZJ3q�F$U�OLA�DlF�W�F$O(U¹F�AÁC(O(J�J	½}ILJ$Jvn�YZHzDGO�H�`aO!M�cf_+IL`rOED
OED I�J-b ¿7e�g�g�h!iZ¿pA�H�A�OX½}INM�WlH!@�A�UÅF�AÄDlQ�F-M/MlD-@BUzqBbmtªQ�FlM�`xF�\�QNDaT�O,O�¢�n�J�I(F�A�O(U®O(F¦DGQ�O�YsT�qÄDlQzO(F"Y�J�H!½
IET]@	AzU�ILA�C>OÀH[Y�DlQ�O(F3Y5J�H!½ J$O>S[O(J'H�W���¶f\�J3q�C(H	M�q�J$IED�F{H[ABb ?dF�A�ILJ�J�q�¿xAzHÑMlDlYf@BCED-@zYZI�Jan�YZHNDGO�F�A C(H!@	J{UÆT[O
F$U�O(ANDGF"WlF$O�U�O(F¦DlQzO�YÒT[O(C(IE@dMZOaH�WªDlQzOLF Y¼MfDlYGH�A!\sT�F"A�U�F�A�\¹D^H DlQzOaOE¢!DlYZI>C(O(J"J @	J$I�Ym`'I�DlY�F3¢�¿µH�YoDlQzOxI�T	MZO(A�C(OaH�W
�r¶f\yJ3q[C(I(AyM�b

��#!)*)+�-;!&$�p��#�&��()�#-�w.0�+#��"�(�� �)��"���� B��� �������a�� a)��"��9 �"��)*)+����)�#�� 4 6��32�%�&��"%� �%

¡dYGHNDGO�F�A	M�I(CEDGF�A!\�H�Asn�H[J3qBM�I(C�CLQzI�YZF�U�O!M�C(H�A	MfDlF D-@�DGO DlQ�O¼`rI� ZH�Y�W�@	A�CEDlF{H[A�I(JdC(J�I�M�M�byjRC>C(H[YPU[F�A!\'DGH
��Hz@]DlF�A�Q�H¥O�D7I(J-bdc�~������!iZ¿µDlQ�O�q5T�O(J�H�A!\/DGHÅ~�e � ´ WlIL`rF�J$F�O�M=I(AzUÁDGH5eÏC(I�YfT[H[Q!q[U!YZIEDGOsONMlDGO�YZINMPOsc��o�0i
WGIL`rF�J�F$O!M,cf?dF�\vb=e�¿stoIET�J$O®e�i�batªQzO!MZO8O(A!Ì(q�`rO W�I(`rF�J�F$ONM
QzI>S[O U�F3SBO�Y�MZOÅT�F�HyJ{H[\�F$C(I(J�W-@	AzCEDGF�H[A�M
F"A
U�O(WlO(A�C(O(¿=MZF�\yAzI(J�J�F�A�\�¿7Q!q�U!YZH�J3q	M�F-M�H[WsMlDGI�YZC�Qz¿¼I�AzU®C(O(J�Jp½rI(J�J=`aH�U[F�W�F$C�IEDlF�H�A	M�c^¤
F�A�F$C,I(A�UÀ_�H!@BI�A�F�A�¿
e�g�g�h!i�b!j®DlHNDGI�JBHyWm~!� � ´'MuT�O(J�HyA]\yF�A�\xDGHsÐrU!F�WfWGO�YZO(AND � ´1WlI(`'F$J�F$ONMw½aO�YZO¼WlH!@	AzU	b�tªQ]YZO(ORHyW�DlQzO(`a¿

α
¶

¬K¶�I�YPIET�F�A�HyW-@�YZI(A�H	MZF�U�I!MZOÎc�jpDG¨!\w~�g�Ð!£�g!iZ¿
α
¶^¬K¶�I�YPIET�F�A�H[W�@�YZI�A�H	MZF�U�I�M�O#"

β
¶$�}¶^¢�q�J{H�MZF$U�INMZO cfjpD���\�£���¨�h�g!i

I�AzU
β
¶f\yJ @BC(HÍMZF{U�IzMPOxjpD � ¬&%/~�c�jpD���\w~�~�Ð!e�g!iZ¿Í½}O�YZO=YZO>C(O�ANDGJ3q/n!@�YZF�W�F$O(U�I(A�U/C(Q�I�YZI(CEDGO�YZF3ÌLO(U/c^¤
F�A�F$C'OED

I(J-b ¿µe�g�g!£���¤ H[A]YZH�O'OEDmI(J-b ¿p~������!i�bvtwQ�O'�)(7¬R~
β
¶^¢�q�J HÍMGF�U�INMZOsI(A�UsD-½aH*��t�´rM7c-¤
O�YZF+�!"ljpDl£�\�¨�g!e�Ð�g�¿

�,� � to¶ljs~-"-jpDle�\�g�h����]g!i�Q�I�S�OÄT�O>OLA MfD-@BU�F�O(U n�YZO�S�F-H!@vM�J3q @vMZF�A�\8T�H!DlQÃT�F{HyC(Q�O(`rF�C>ILJrI(A�U®\	O(AzOED�F{C
I�n�n�YZH�I(C�QzONMÁc�j7Ó�IL`rIEDZMl@ OED¹I�J-b ¿�~��������a|�I(`an�O(U!YZH8OED¹I�J-b ¿¼e�g�gµ~!�p­�H	MZO
OED�I(J-b ¿¼e�g�g!e�i+bpj n�O(C�DlF"A
`rOEDlQ!q�J�¶sI(A�U�IXn�O(CEDGF�AÀI>C>q�J$¶�O�MfDGO�YZI�MZOV½}O�YZOÏI(J^MPHÅF�U�O(ANDGF�WfF$O(U	bo¡dYZO�S�F�H!@vM�MlD-@BU[F{OzM Q�I�S�O,MZQ�H!½aA DlQzIED
n�O(CEDlF�A�`rOEDlQ!q�J$OzMlDGO�YZINMPOaI(CEDlF3S�F¦Dlq/F-MmF"A!SBO�Y*M�O(J{qVC(H�Y�YZO�J{IEDGO(U'DlH'DlQ�O=\�YZH!½7DlQsYZI+DGO�H[WKO�¢�n�I(A�U�F�A�\¹DGF�M�Mf@BO!MP¿
Mf@�\�\�O�MfDGF"A]\ÀF¦DZMan�H	M*MZF3T�J$OXF�A!S�H�J{SBO(`rO(AND�F�A¥½aI(J�J�YZF�\yF$U�F�WlF$CNI�D�F�H�A
c^¤ C!��@BO>OLAz¶^¤
I!MPH[A
I�AzU.��H	M�\�YZH!S�O>¿
~�������i�b

¡�H	M*MZF3T�J$O Mf@�TvMfDlYPI+DGONMr�" �9=�!�+#®HyW¼DlQzO `rI� ZH�Y¾F Dfq�HyWRDlQ�O!MZOÏOLA]Ì(q�`'O!M I�YZO¥¢�q�J�H�\�J{@BC�I(AyM¹ILAzU
n�O(CEDlF�A	M+bL¤ HÍMlDvH�W	DlQ�O(` I�CED�INMuOE¢[Hy¶�O�A!Ì(q�`rO!Mµ½aQzO�YZO(I!MKH[A�J3q}O(A�ÌLqz`rOzMwT[OLJ{HyA!\�F�A�\}D^H � ´8WlI(`aF�J$F�O!M7~�h
I�AzUxe��aI�CEDªINMKO�A�U�H�¶ � ´'MKH�A=¢�q�J�H[\�J3@BC�ILA�MKILAzU'Q�Hy`}H[\�I(J�I(C�D-@�YZH[AzI�A	MZ¿�YZONM�n�O>CED�F3S[OLJ�qBb § DlQzO�YKC(O(J�Jy½}I(J�J
� ´'M C>ILAÊQ!q[U!YZHyJ3q	MPO

β
~�¿3£Ê\�J¦@BC�ILAz¿ÄI�YZIET�F�A�H[¢�q�J$I(A I�A�U ¢�q�J$ILABb¥twQ�ONMPOÇYZO!Mf@BJ¦DZMÎMf@�\�\BONMlDÅDlQzIED

¢�q�J�H�\yJ3@BC(I(AkI(A�U n�O(CEDGF"A�MZ¿¹DlQzIED
I�YZO C�H�`=n�HÍMPO(UÇH�W,Q�H�`aH[\�I(J�I>CED-@�YZH�A�I�A�MÀc-´ � iZ¿/I�YPIET�F�A�ILA�M�ILAzU
\�I(J�I(CEDGI(A�Muc^­ � ¶ � iZ¿!@�A�U�O�Y�\�H'MlD-Yf@BCED-@zYZI�J�C(Q�I(A]\	ONMuF�Aa`sIED-@�YPO¼M^DGO�`sbL´}H!½aOES[O�YZ¿	MZH�`aO � ´ W�I(`aF�J$F�O!MuC>ILA
I(CEDÆH�A MZOES[O�YZI(J®A�IED-@�YZI�JÄn�HyJ3qBMZI�C(C(Q�I�YZF�U�ONM MZQ�H!½aF�A�\ TzYZH�I(U Ml@�T	MfDlYPI+DGO M�n�O(C(F�WlF�C�F¦Dlq	bËtªQ�F-MÎJ{Hz½
M�n�O>CLF�W�F$C(F¦Dlq�Q�I!M0T�O>OLArYZO�n�H�Y^DGO>U'F"AaDlQ�O=C�INMPO=HyW0MPO>SBO�YZI�Jvn!@�YZF"WGF�O>UsC(O(J�J	½aI(J$J � ´sM c^¬KO(I(C(QsO�DKILJ{¿ ~��������
��F�` ILAzU5ILJlb ¿we�g�g�g��0|�I(`an�O(U!YZH¥O�DmI(J-b ¿ªe�g�gµ~!�K|!DGO(O�J�O�OED�I�J-b ¿we�g�gµ~!��­�H	MZOsOED�I(J-b ¿ªe�g�g!e��v¬KO�OsOED�I(J-b ¿
e�g�g�¨��y¤
F�A�F$C'OED I(J�¿�e�g�g!£���¤
F"A�F$C'OED I(J-b ¿�e�g�g�h!i�b � D0QzI!M0TBO(O(A�Q!qzn�HzDlQzONMZF3Ì]O(U'DlQ�IED�F D�I(J�J�H!½'MmO(W�WlF$CLF$O(AND
`aH�U[F�W�F$C�IEDlF�H�A1HyW5C(Hy`�nyJ$O�¢kC(O(J�J'½}I(J�Jsn�HyJ3qBMZI(C�C(Q�I�YZF$U�ONM5½aF¦DGQ�H!@!D5YPO!/N@�F3YZF�A�\ I(AÎO�¢!DlYPOL`}OLJ�q Q�F�\yQ
AN@B`=TBO�YuH�WµO(A]ÌLq�`rONMªc^¤
F�AyF$C7OED�I�J�¿�e�g�g!£��]e�g�g�h!i�b



���

�������
	��
������������������������� �!�#"%$&��'���(%�)� �+*�'-,
. ������/�(�0�,�/�����'�"���(%�21#32465!"7�
/8.7"7���
��0�,�/���"9��(�( �:��(7��"���(%�;1:<!=)5+�-�>��0
(�?6@
ACBED�F-G�D�H
D
�:��(7$I���J�
K�LE��� ��(7��$8(NM�OP��� ��(7���
�Q"7��(R'-������(9/S�-�ST!"U�
'�(RVWM�O
��� ��(9�-�
�Q0�"�X
(Y�
(9(7�Z.9'�"��[�\�C�#��(7/S" .7.%����/��-�
*]���^��0
(_<)`ba�,
�
��$8(��
.7'�"7�C����(c1�4c(9�E�����d��"��P(e�P"%'fM g���h�h�i
j�0�����LPk l-l�m�m�mnM .7" oU,WM�����*�l 5�M�3b' ,
. ������/�(p0�,�/�����'�"���(�1#324�5��:"%$8��'���(%�q�#����$®�)���srEhs"%��(
���Q��0
(�'�(��f�pm�0
(7��(7"��6.9"7���
��0�,�/���"���(t(%�:��(7��"���(u1#<v=v5b�#" $8��'-��(%�niQ"7�
/��7wx"7��(t���Q��0
(8����*�0���M�yY0
����(n�
"%�[�s. ���#��(%��LE���
/x���
�#" $8��'-��(%�q��0
"��
$n��*�0��EL�"9�:����.7�CLE"���(b�-�n.7(7'�'
m�" '-'
$8��/��C�#��.7"9�������z"9��/6�:(7����*�"7�
�-o "��������WM

¤ ILA!q � ´ WGI(`'F$J�F$ONM1UyO�MZC�YZF3TBO(U Q�O�YZOÈC>Hz@BJ�U Q�I�SBOÈHNDlQzO�YÎW�@BA�CEDGF�H�AyM8DlQ�I(A C(O(J�JÄ½}I(J�J
`aH�U[F�W�F$C�IEDlF�H�A	M�b�¡dYZO>U[F$CEDGO(U OE¢!DlYZI>C(O(J"J3@BJ$I�Y � ´rMÎMl@BCLQÉINM

β
¶$�}¶f\�J¦@BCE@�YZH�A�F$U�I!MZOÇc � ´ Ð��!iZ¿

α
¶ �a¶

`rI(A�A�H	MZF�UyI�MZO'c � ´ ¨���i7I�A�U/I(C>OEDfqzJ�¶ �'¶lQ�O�¢BINMZI(`rF"A�I!MPOsc�C�Q�F¦DGF�A�I!MZO(¶�J�F�Ó	OrO�A�Ì(q�`rO!MZ¿ � ´ ~��!i7C(H!@�J�U¹T[O
F�A!S�HyJ3SBO(U5F�AXn�H	MfDG¶�DlYZI�A�MZJ$IEDlF�H�A�ILJK`aHyU�F�W�F$C�IEDlF�H�A	MRHyW�\yJ�q�C(H�n�YZHNDGO�F�A�M�b	­RO(C(O(A�D�J3qz¿0I(Aa4abµ�32�%�&��"%� �%

β
¶$�}¶

\�J¦@BCE@�YZH�A�F$U�INMZOsc�jpD � %s|�ip½}INM=M�QzHz½�A�D^HXQ!qzU!YZH�J{qzÌ]O'\yJ¦@BC�@�YZH[A�F$CsI(C(F$UyMRW-YZHy` C(I�YfT�H�Q!q�U!YZI�DGOsC�Q�I(F�A�M
H�Wpj � ¡oM c^�o@BU�O�MZ¿wn�O�Y*MZH�A�I(JKC(Hy`a`¼@BA�F$CNI�DlF�H[A]i�b
��F�A�OEDlF$CsILAzU MlDlYf@BC+D-@�YPI�JuI(A�I(J"qBM�ONMRHyW � F�A�Ó�\�H

α
¶$�}¶

`rI(A�A�H	MZF�UyI�MZO'I>CED�F�A]\/H�A�I=n[qzY¾F$U!q�J$IL`rF�A�H/U�O�YZF3SBIEDGF3S�O'H�WKHyJ�F"\�H/`aI(A�AzHÍMZF�U�O!MRMfDlYGH[A]\yJ3qÏMf@�\�\�ONMlDGO(U�F¦DZM
F�A!S�HyJ3SBO(`rO(ANDwF�A=DlQ�O7C�IEDGI�T�H�J"F-M�`ÎI(AzU}D-@�Y�AzHzS[O�YuH[W���¶PJ�F$A!Ó�O(Ua\yJ3q�C>H[n�YZHNDGO�F"A	MªcU{ÃH�H'O*DwI(J-b ¿�e�g�g!£�i�b]tªQzO
n!@B`=n�ÓyF�A1O(A�U�H�¶

β
¶+�r¶�I(C(O*D-q�J�\�J3@BC(HÍMPI(`'F�AyF$U�INM�O>¿xn�I�Y-DlF�I(J�J�q8n!@�YZF�WlF$ONU W-YZH[` C(H!D-q�J$O(U�H�A	MZ¿=½aI�M5Q�F"\�Q�J�q

I(CEDlF3S[OÒDGHz½}I�YZUyMwQ]F3\�Q�¶�`rILA�AzHÍMPOÒD-q]n�Op\yJ�q�C(I(A	Muc$��F�`=@�YZI7O�DdI�J-b ¿�e�g�g!e�i�b
jR`aHyA!\VHzDlQzO�Y � ´'MP¿wH[AzO}DlQ�F�H�\�J{@BC>HÍM�qzJoQ�q�U!YZH�J�I!MZOrc � ´ ~�iZ¿w¨

β
¶�~�¿�¨]¶$�a¶l\�J¦@BC(I(A�INMZOsc � ´ ~�Ð!i7I(AzU/¨

C�Q�F¦DGF�A�INM�O(¶�J�F�Ó�O,OLA]Ì(q�`'O!M�c � ´ ~��ÅI�A�UÀe�g!i'½aO�YZO¥F�U�O�ANDGF�W�F$O(U	bptwQ�F�H�\yJ @BC(HÍMZF$U�INMPO!MZ¿RILJ$MZHÅÓ�AzHz½�A®INM
`xqzYZH	MZF"AzI!MZONMP¿Ín�J$I�q�U�F{SBO�Y*M�O¼YZH�J$ONM�F�A/C�Yl@BCLF�WGO�YZH!@vM0n�J$ILA�DKUN@�YZF"A]\s\�YZH!½¼DlQz¿�U�O�S�O(J�H�ny`rO(ANDKI�AzUsU�O(W�O(A�C�O
I�\�I(F�A	MfDÁ`aF�C�YZH�H[YG\�I�A�F�MZ`sMÏI(A�U8F"A	M�O>CEDZM5c^­�H�U!`aI(A�¿/~>���µ~�i�b)� Q�F D�F�A�I!MPO(¶�J"F�ÓBOÀO(A!Ì(q�`rO!M5I�YZO�I>T�J$O DGH
U�O�\�YZI>U�O/C(Q�F¦D�F�A,F�A�C(O(J�J0½aI(J$J^M}HyWRW^@BA!\�I(J�n�IEDlQ�H�\�O�A	M+b�´}H!½aOES[O�YZ¿oDlQ�O5Mf@�T	MfDlYPIEDGONMaI�A�U,W^@BA�CEDGF�H�AyM}HyW
`aH	MfDÁC�Q�F D�F�A�I!MZO(¶�J�F�Ó	O�OLA]Ì(q�`'O!MVI�YZOÀA�H!DÁC�H�`=n�J$OEDGO(J{q Ó�AzHz½�A	b7?dH�Y5OE¢�I(`an�J�O>¿xIÀ`¼@�DGI�DlF�H[A8F�A DlQzO
C�Q�F¦DGF�A�INM�O(¶�J�F�Ó�OÅ\�O(A�O²CLJ$I!M*MZF$W�F$O(UÎF�A � ´ ~��ÎWlI(`'F$J"qkcfjpD ��tµ¬R~-"-jpD�~�\�g������]g!iËC(IE@vMZO>UÎI C(O(J�J3@	J{HÍMPO
U�O(WfF$C(F$O(A�C�qÁI!M0½aO(J�JwI!MmI�T�O�YGYZI�ANDKn�IED$DGO�Y�AyMmH�W0J�F�\yA�F$W�F$C(I�DlF�H�A'½aF¦DlQ�F"A�C>Hy`=n�J�O�DGOxC>OLJ�Jv½aI(J�J-MmF�A¹DlQzO MlDGO(`
n�F¦DlQac\|uQzH[A]\'O�DwI(J-b ¿�e�g�g!e��N­�H�\�O�Y*MuO*DdI�J b¦¿�e�g�g���i�b

twQ�O¼M�O(C>H[AzUxJ$I�Y�\�ONMlD�CLJ$INM�MªHyWµF$U�O(ANDGF�WfF$O�U=n�YZHNDGO�F�A	MuC(Hy`an�YZF�MPOzM�n�YZHNDGO(INMPONM�b�|�O>S[O(ANDGO(O�A�n!@�DGIEDlF3SBO
n�YZHNDGO�F�AzINMZO!MuF�A�CLJ3@BU�F�A�\'I!MGn�I�YfDlq�JBILAzU¹MPO�YZF"AzO�Dlq]n�Opn�YZHNDlO>INMZONMw½}O�YZO7WlHz@BA�Uac�tuIET�J$O7e�i�bL?dF�W�DGO�O(AaH[WvDlQ�O�`
½}O�YZO�n�YZO>U[F�C�DGO(UXDGHËT[OXMZO>C�YZOEDGO(U,c�|z@�n�n�J�O(`rO(ANDGI�Y�qËtoI�T�J�O,|w~�IED����0� H[A]J"F�A�O�i+botwQ�O/I�T!@BA�U�I(AzCNOÁHyW
n�YZHNDGO(I�MZONM�F�A�`'I�D-@�YZOxMfDGO�` Ml@�\�\	O�MfDZMoDlQzIEDwDlQ�O�MZOaO(A!Ì(q�`rOzM�`rI�qsTBO=I�CEDlF3SBO(J3q/F�A!S�H�J{SBO>U¹F�A5MZO(C(H�A�U�I�Y�q

0

1

2

3

4

5

1 3 16 17 19 20 28 31 32 35 38 51 79 8 13

GH CE

nu
m

b
er

of
pr

ot
ei

ns

CAZy protein families

0

1

2

3

4

5

1 3 16 17 19 20 28 31 32 35 38 51 79 8 13

GH CE

nu
m

b
er

of
pr

ot
ei

ns

CAZy protein families



��r

½}ILJ�JaWlH�Y¾`}IED�F{H[ABbÒ¡dYZHNDGO(INMPONM/`rI�q²nyJ$I�q S[I�YZF�Hz@vM�YZH�J�O�M/F�A n�J$ILA�D�U�OES[O(J�H[n�`rO(AND�I�A�U UN@�YZF�A�\ n�J$I(AND
n�IEDlQzH[\�O�A5F�ANDGO�YZI(CEDlF�H�AyMmDlQ!YZH!@�\�Q5`aIED-@�YZI*DlF�H�A5H[W �n{Å¡uMRI�A�U/\�O(A�O�YZI�D�F�H�A5H�WmI(CEDlF3SBO'n�O�n!DlF�U�O!M�b � DpQzINM
T�O>OLA MZQ�H!½=A DlQzIED®DlQ�O OE¢!DlYZI>C(O(J"J3@BJ$I�Y Ml@yT]D�F�J�F-M*F�Az¶PJ$F�Ó�O MZO�YZF�A�O n�YZH!DGO(INMPO |��)�/~ c*|�t § ¤ËjRtªj7¬
�R�&��| � t ( j � � � � |�t�­ � � %}t �Z§ � ~�i=F$MaF"A!S[HyJ3SBO(UÄF�AXDlQzO�YZO�\!@BJ�IEDGF�H�A,H�W=MfDGH�`aIEDGI(J�U�O(A	MZF¦DlqËILAzU
U�F�MfDlYZF3T!@�DGF�H�AÇF�A²4 65�32�%�&���%� �% c$��O�Y�\�O�YÀI�AzUÇj¼J D�`rI(A�A�¿�e�g�g�g!i+b jp¬w��~8cfj��,� § ­p¤
jp¬ ¬w� jp?
�u¡ � �¼�u­�¤ � |w~�i0F-MmI(J-MZH�n�YZO>U!F�CEDGO(U'DlH/O�A�C(H�U�OaI Ml@�T!DlF�J�F-MZF�A�¶�J�F�Ó�O'MZO�YZF�A�O=n�YZHNDGO(INMPOaI�A�U�F-MmINM�Ml@	`rO(U'DlH
n�YZH�UN@BC(O
I n�O�n�DlF�U�OÄYZO /N@	F3YPO(U WlH[Y�n�YZH�n�O�YÁU!F"WlWGO�YZO(ANDGF$IEDlF�H�A H�WsO�n�F$U�O�YZ`xF-MVc�toI�A�I�ÓBIÄO�D�I(J-b ¿¼e�g�gµ~�i�b
���¼­r~5c � § ��|yt � t�%at ��� � � � |��0ja|!� ­��7| � |�twj �'t ~�isO�A�C(H�U�ONM I¥n!@�DGIEDlF¦SBO¥I!MGn�I�YfDlF�C¥n�YZHNDGO>INMZO
c��=F{IÅO�D5I(J-b ¿xe�g�g!£�i+b § S[O�YZO�¢�n�YZO�M*MZF�HyA1H�W ���¼­r~®C�IE@vMPONM,UN½}I�YZWlF"A�\ÑILAzU YPONMZF-MfDGI(A�C(OÄDGH S�F Yf@	J$O(AND
�0)��>�!��#!9=#! �%�)7)��	�+�" ��	%���b � Dw½}INMmMZQ�H!½aAxDlQzIED,���¼­r~R\�O�A�O�YPIEDGONM�I'MZ`rI(J�Jd`aH[T�F�J$O'MZF�\yAzI(JµcG¨�¶�~�g'Ó��aI�i
MZO(A�MZF¦D�F3SBO DGHsQ�O>IEDlF�A!\ÁILAzUxDGH¹n]Y�HNDGO>INMZO!b�twQ�OxMl@yTvMlDlYZI*DGONM�H�WµDlQ�O!MZO7DlQ!YZO(ORn�YZHzDGO>INMZONM I�YZO¼q�O�Dw@�A!Ó�A�H!½=ABb
§ A¹DlQzO'C(H�ANDlYZI�Yfqz¿ªF¦DK½aINMRM�QzHz½�AsDlQ�IED0DlQzO'�o¬w�Æc��o¬ � ¨ "$�7|!­�¶fYZO�J�IEDGO(U!i�T�INMZF$C¹M�O>C�YZOEDGO(U�n�Y�HNDGO�F�A�M7I�YPO
n�YZH�C(ONM�MZO(U²IEDaDlQ�O(F3Y ��¶^DGO�YG`xF�A!@vMsDGH \�O�AzO�YZIEDGO8~�£8I�`rF�A�H�¶�I(C(F$UÅn�O�n!DGF�U�ONM�DlQ�IED¹C(I�Y�YfqÆI T�F{HyJ�H�\yF$C(I�J
I(CEDlF3S�F¦DlqÁc � DGHÁO+D I(J-b ¿�e�g�g�h��	��H[AzU�H/OED ILJ bye�g�g�h!i�b � A'DlQ�H	MZOaC(I!MZO!MP¿ÍDlQ�O=n�YZH!DGO(INMPONMmQ�I�S�OaA�H!D0qzOEDoTBO>OLA
F$U�O(ANDGF"WlF$O�U	b¼?µF�A�I(J�J"q[¿�MZO�S�O�YPILJsn�J$I(ANDÏC(O�J"J'½}I(J�Jsn�YZHNDGO�H�`xF$C²ILAzI(J"q	MPO!MÄMZQzHz½ IÅJ$I�YG\�O U�F�M�C�YZO�n�I(AzCLq
T�O�D-½aO(O(A�DlQzOsHzTvMPO�YfSBO(U5I(A�U�DlQzO�O�¢�n�O>CEDGO(UX`}HyJ�O�CE@BJ�I(YR`aINM�MPOzM H[Wmn�YZHNDGO�F�A	MRc$��H!@BU�I�YfD�O+D�I�J b¦¿we�g�g����
�7½}H[AÆOEDÁI(J-b ¿}e�g�g����u|KQN@1OEDÁI�J-b ¿}e�g�g�h!i+b�¡dYGHNDGO(INMPOLMVC(Hz@�J{UÆT[OÃF�A!S[HyJ3SBO(U F�A²n�YZHyC>ONM*MZF�A�\ I(A�U "^H[Y
D-@�Y�AzHzS[O�YwH�WdC(O(J"J�½}ILJ$J�n�YZH!DGO�F�AyM�b

|�OES[O�YZI(JvH!¢�F�U�H�¶fYZO>UN@BC+DGINMPONM�Mf@BC(QrINM0`=@BJ¦DGF�C>H[n�n�O�YKH!¢�F�U�INMZO>¶PJ�F�Ó�ORc�hxn�YZHNDGO�F"A	MGiZ¿yn�O�YPHz¢zF�UyI�MZO!MKcf£
n�YZHNDGO�F�A�M�iZ¿0\�O�YZ`aF�A�¶PJ$F�Ó�O�n�YZH!DGO�F�A,c�~sn�YZH!DGO�F�A!i}ILAzU,IXQzHy`aHyJ�H�\¥DlH¥T�O�YfT�O�YZF�A�O�T�YZF$U!\�O5OLA]Ì(q�`'Os½rO�YZO
F$U�O(ANDGF"WlF$O�U	b � A�C(H�ANDlYPINMfDdDlH�n�YZO�S�F�Hz@vMZJ3qÁC(Q�I�YZI(CEDGO�YZF3ÌLO(U/C(O(J�J�½}I(J�Jµn�YPHNDGO(H[`}ONMZ¿	DlQ�F^M7MlD-@BUzq¹I(J�J�H!½aO>U DlQzO
F$U�O(ANDGF"WlF$C�IED�F{H[AaH�WµA�@	`rO�YPHz@vMu`¼@BJ¦DGF�C>H[n�n�O�YuH!¢�F�U�I!MZO>¶PJ�F�ÓBOpn�YZHNDGO�F�AyM+b!twQ�O�qrC(IEDGI(J3q	M�O7W�@	J$J$¿yWlHz@�YP¶�O(J�O(CEDlYZH�A
YZO(UN@BC�DlF�H[A�HyWaU�F�H[¢�qz\�O(AÀc §�� iaDGH�½}I*DGO�Ysc^´ �Z§ ia@vMZF"A�\ÃIXS�I�YZF$OEDlq�H[WsMf@�TvMfDlYPI+DGONM c*|�H�J�H[`}H[A®O�DrI(J-b ¿
~�����Ð!i�bwtwQ�O�qÏTBOLJ{H[A]\¥DGHÄI�J{I�Y�\�O�\�O(A�O/WlI(`'F$J"q H[Ws~��Ä`}OL`=TBO�Y�MaF"A 4 6m�32�%�&��"%� �%�cl_�I(C(H!T
I�A�UX­�HyO>¿
e�g�g���i�b § A�J3q5D-½aH¥`aO(`=TBO�Y*M}H[W�DlQ�O�WGI(`'F$J"q,QzI�S�O¹T[ONO�AXn�YPO>S�F{Hz@vMZJ�qÀMfD-@BU�F�O(U�¿m| ��% �5c�jpDl£�\w~�e�£�e�g!i
I�AzUÄ| �r|�h5c�jpD�~�\�£w~!�]¨�g!i�b � D�½}INM=MZQ�H!½�A�DlQ�IED�|���% �/F-MRF�A!S�HyJ3SBO(U¥F�A/DlQ�O�C(H�ANDlYGH[JKH[WmYZH�HNDm\�Y�H!½7DlQ
c*|�O(UNTzYZH�H[Ó
O�D�I�J-b ¿0e�g�g!e�iaI(A�UXDlQ�IEDr|��r|�h,C(H�ANDlYZF3T!@�DlO�M¼DGH
C(HND-q�J$O(U�H�A¥S�I!MZC�@	J$I�Y=n�I�D-DGO�Y�A�F�A!\
UN@�YZF�A�\
U�OES[OLJ{H[n�`rOLA�Drcf_+I(C(H!T®I�AzUÄ­7H�O(¿pe�g�g���i�bo¡�O�Y�H!¢�F�U�INMPO!MsI�YPO¥F"A!S[HyJ3S�O(UÀF�A®`rILA!q
n�Q!q	M�F�HyJ{H[\�F$C(I(JRILAzU
U�OES[OLJ{H[n�`rOLA�DGI(J�n�YZHyC>ONM*MPOzMdDlQ�IEDdQ�I�SBOÒTBO(O(A=YZOES�F$O�½aO>UxYZO(C>O�ANDGJ3qrc^¡�INM*M�I�YZU[F�O�DwI(J-b ¿�e�g�g!£�i�b�twQ�O�qaC>ILA=T[O
F�A!S�HyJ3SBO(UsF�A¹T[HzDlQ C(O(J�J�OLJ{HyA!\�IEDGF�H�A'n�YZH�C(ONM�MZO!M�I(AzU�F�A¹DlQzOLF Y�I�Y�YZO�MfD�b � AxDlQzOxJ$IED$DGO�Y�C(INMPO(¿yDlQ�O�q�C�IEDGI(J3q�ÌLO
DlQ�ORWlH[YZ`aIEDGF�H�AsH�WªTzYZF�U!\�O!M�I(C�YPHÍM�M0n�Q�O(AzHyJ�F�CRYZONMZF$UN@BO!M�H�WoJ�F�\yA�F�A	M ILAzU T[OED-½}O(O�AsJ�F�\�A�F�A	M�I(A�UsI(U  �I(C(O(AND
C(O(J�J[½}I(J�J�n�YZH!DGO�F�AyMªH[YwnzH[J3q	MPI�C(C(Q�I�YZF$U�ONM�b

twQ!YZO>O/O�¢!DlYZI(C>OLJ�J3@BJ�I�YaI(C(F�U¥n�Q�H	M�n�Q�IEDGINMPONM¼½}O�YZO/F$U�O(ANDlF$WfF$O�U F�A5DlQ�F^M=½}H�Y�ÓvbwtwQ�O�n�YZO�MZO(A�C(OÁHyW
n�Q�H	M�n�QzH[Y�qzJ�I�DGO(UÀn�YZHNDGO�F�A	M�I(A�UÀn�Q�H	M�n�Q�IEDGINMPONM�F�AÅn�J$I(AND C(O(J�J¼½aI(J$J=Q�INM�T�O(O(AÀYPO�n�H[YlDGO(UÀF"A8MPO>S[O�YZI�J
n�YZHNDGO�H[`}ONM
c���Q�F{SBI�MZI8OEDÏI(J�¿'e�g�g!e	� �7½aH�A OEDÏI(J-b ¿se�g�g����'_+I(`'O�DÏOEDÏI(J-b ¿'e�g�g�h!i�b¼´}Hz½}OES[O�YZ¿'A�H
OE¢]DlYZI(C(O(J�J3@	J$I�YÏÓyF�A�INMPO Q�I!M¥q�O�D/T�O(O(AÎWlH!@�A�U1c��ÒQ�F3SBI!MZI²OEDÏI�J-b ¿'e�g�g���i�b=jRC(F�U nyQzHÍMGnyQzIEDGINMZO�M,`rILq
n�I�YfDlF{CLF�n�IEDGOpF�AaO�¢]DlYZI(C(O(J�J3@	J$I�Y0MZF3\�A�I(J�J�F�A�\rO>S[O(ANDZMuH�YµF�A=YZO�\!@	J�I�D�F�H�AaH�WdC(O(J�J!½rI(J�Jyn�YPHNDGOLF A	M�b

|�H�`aOxn�YZH!DGO�F�AyM C(H[A�DGI(F"AzO(U/F�ANDGO�YZI>CED�F�A]\5U�Hy`aI(F�A	MZ¿0Mf@BC(Q5INMm¬w­p­RM�bvtwQ�Oxn�HyJ3qz\�ILJ$I(C�D-@�YZH[AzINMZO>¶
F�A�QyF3TBF¦DGF"A]\/n�YZHNDGO�F�AÁc^¡ � � ¡µe�" jpD���\�g�h��]Ð�g!i�nyJ�I�qBM7I=YZHyJ$OaF"A�n�J�I(A�D�U�O(WlO(A�C�Oac$�aFµ¤ IED-DGO�HÁO+D I(J-b ¿�e�g�g�h!i�b
tµ½aH¥n�YGHNDGO�F�AyM�F�U�O(A�D�F�W�F$O(UÏIzM�W�I!MPCLF$C(J�F�Az¶PJ$F�Ó�OVj � ¡uM�cPjpD-?B¬0j �!"ljpDle�\�£���£�Ð�g�¿ojpD-?B¬0j�~�¨ "ljpD���\�£��v~�¨�g!i
C(I�Aan�I�YlD�F�C(F�n�IEDGO¼F�ArC(O(J�J$¶^D^Hy¶GC(O�J�JvI(U�Q�ONMZF�HyArF�Axn�J$I(ANDucl_�H!Q�AyMPH[ArOEDªI(J-b ¿ye�g�g�¨�� � YZHyH!S�O�Y0I�AzU}­�H!T�F^MPC(Q�H�A�¿
e�g�g�h!i�b(?vF�A�I(J"J�q�¿w~�g=n�Y�HNDGO�F�A	MuH�W	@�A!Ó�A�H!½aAaW�@	AzCEDGF�H[AR½aO�YPOpWlHz@�AzU	b

� ���������v�v���v�a��
N�����(¸	�

twQ�F^MsMlD-@BUNq
U�O(`aHyA�MfDlYZI�DGONM¼DlQzO/O(WfWGO(CEDGF3S�O(A�ONM�M}HyWpDlQ�O/n!@�YZF�WfF$C�IEDlF�H�A,n�YZH�C(O(UN@�YZOsDlH,F�MZHyJ{IEDGO/C(O(J�J0½}I(J�J
\�J{q[C(H�n�YZHNDGO�F�AyM+bwtªQ�F-MaF�A�C(J3@BU�ONMaA�H!S�O(J � ´'MP¿0`}@BJ¦DGF$C(H[n�n�O�Y=H!¢�F�U�INM�ONM�I(A�U¥n�YPHNDGO(INMZO�M�b � AÏC(H�ANDlYPINMfD�DlH
DlQ�O�MZOaI(A�I(J"qBM�ONMZ¿	½aOrU[F$U�AzHzDKF�U�O(ANDGF�Wfq/QzHy`aHyJ{H[\	M0D^H�n!YZHNDGO>INMZOaH!Y�n�O(CEDlF�A�`'O�DlQ!q�J�O!MlDGO�YZINMPOxF�A�Q�F3T	F¦DGH�Y*MP¿
A�H�A�¶ZM�n�O(C(F�WGF�C¥J$F�nyF$U DlYZI�AyMZWlO�Yrn�YZHNDGO�F�A	MZ¿ÒT�J3@BO¥C>H[n�n�O�YaT�F�A�U[F�A�\Àn�YZHNDGO�F"A	MP¿7OE¢�n�I(A	MZF�A	M ILAzUÅMfDlYl@BCED-@�YZI�J



�7i

n�YZHNDGO�F�A�M�bvtwQ�O'I�T!@BA�U�I(A�C(OrHyW � ´sM=Mf@�\�\�O�MfDZM�I'\�YZO(IED�n�J�I!MfDGF�C(F¦Dlq5H�W0n�HyJ3q	M�I(C>CLQzI�YZF$U�ONMRF"AVC(O(J�Jw½aI(J�J-MP¿
OES[OLA F�A ½}O(J�J�¶GU[F$W�W�O�YZO(ANDlF$IEDGO(U:DlF�M�Ml@BONMÊMf@BC(Q I!M `'I�D-@�YZO:MfDGO�`sM+bÃ?dF�A�I(J�J"q[¿ÆDlQzO n�YZO!MZO(A�C>O HyW
n�Q�H	M�n�Q�I�DGINMZONMP¿Xn�YGHNDGO(INMPONM²I(A�U � ´rM8Mf@�\�\�ONMlDZM²I C(H[`�nyJ$O�¢ YZO�\!@BJ�IEDGF�H�A H[W�C(O(J�J5½aI(J�J5n�YZH!DGO�F�AyM
F�A!S�HyJ3SBF�A�\ SBI�YZF�H!@vM=D-q]n�O!MrH[WRn�HÍMlDG¶ DlYPI�AyMZJ�I�D�F�H�A�I(J7`aHBU[F�WlF�C�IEDGF�H�AyMsMl@BCLQ
I!MrU�O(¶ln�Q�H	M�n�Q�H�YPqzJ$IEDlF�H�A
ILAzU
Q!q�U!YPHyJ3qNDGF�Cpn�YZH�C(ONM�MZF�A�\}T�q}n�YZHNDGO(INMPONMuH�Yµ\�J3q�C(H	MZF$U�INM�ONM�b

¯ �v���	�$
(��
(�	�Z���+� �v�!�Z�

|!@�n�nyJ{OL`rO(ANDGI�YPq¹U�IEDGIaI�YZOaIES[ILF�J$I�T�J$OxI�Dµ���u�ÆH[A�J�F�A�O!b	tuIET�J$Os|w~ �[¡µYGHNDGO�F�A	MmF�UyO(A�DlF"WGF�O>U�F�AR4���%B;!�"��#�.�)��")
�{2�%�&$�"%� �%�`aI�D-@�YZO}MlDGO�`'M+b�toI�T�J$Oa|[e �N¬,��¶f¤®|�"�¤Ã|sU�IEDGIRI(J"J{Hz½aF�A�\sF$U�O(ANDGF�WfF$C�IEDGF�H[ArH�Wµn�YZH!DGO�F�AyMKF�A/M�n�H!DZM
~oD^HX~!��b

� �(¸	�v�N©a�$
(�v��
���
(�	�Z�

twQ�F^Ms½}H[YGÓÅ½}INM�n�I�YfDGJ{qÆW^@BA�U�O>UÅT�qÅDlQzO ��� AzH[n�J�I(ANDGO,n�YZH�\�YZI�` jRWle�g�gµ~�¶�g�g��	b&{²O¥DlQ�I(A!Ó �mYf@�AzH
¬KOEDGI�YGA�O(CÎWlH�YÀ\�Y�H!½�F"A]\ 4 6Ï�32�%�&��"%� �% n�J{ILA�DZMZ¿ ��Y � Q]YZF^MlDGI(F"A ¤�I(J�HÍM�M�OÎWlH[YÀ`}IzM�M MGn�ONC�DlY�H�`aOEDlY�q
I�AzILJ�q	M�ONMP¿ ��Y*Mw_+H[Yl@�A=_�H�Q�I�A	MPO(AaI(A�U¼´aO�Y¾`}ILAR´���W�DGO WGH�YµF�`an�YZHzS�F�A]\}DlQ�F-Mu`rI(AN@vMZC�Y¾F�n!D�b���
���
���
(�v�(
(�

��
���
��(
>���>
(�

� ¸	�y���!�Z���Ç�
	�� ����
L�N©}����	 � �Í�P��¸	
���	r�Ò��¸B���µ���*�v�s�
	x�������v�"�Z���v����	�������
(�v���a�5~������yb
�u¢�n�YPONM*MZF�H�A5H[WmO(A�U�H!¢�q�J�H�\yJ3@BC(I(A�DlYPI�AyMZWGO�YZINM�O'\�O�A�ONMRF�A5I(C>IE@	J$F-M¼`=@�DGI�A�DZMRH�WÒj7YPI>T�F$U�H�n	MZF-M�b���&"%� B�
�02 �B)���#�&$# � �Ï�(«v��¿yÐµ~!�]¶GÐ!e�evb

� �"�P�*�(�v��� ¯ ��	��r���*����	p±²���"�$
�����	p±À�B
(����� ��	"!m���v������#%$��'~�����g	b���INMZF$C¥J�H�C(I(JRI(J�F�\yA�`rO(AND
MPO(I�YZC(Q¼D^H�H[J bE��#��!�� �%�&	#-� &À#�&$�(�(��&�%��w����#�&$# � ��«v�('�¿!£�g!¨�¶f£w~�g	b

)7��¸B�!���+*B�$�¹�,	o�u���*���y���v�-	o��	o»+�����v���$�v����.�	 � ������� � 	o�u
(�v
�� � 	o�u���0/v��
��%!1	2#��v�����v� � �oe�g�g�h	b
¡�O�YPHz¢�F ��I!MZO �Nj²CLJ$INM�M ����� n�J�I(ANDdn�O�YGH!¢�F�U�I!MZO7U�IEDGIET[INMZO]bE�02 �d��#���2���9��")E�"���43�³�¿��]¨!£�¶ �]¨��	b

)7�N�B
>�"�Ò±5	6)7�!���P�����"� � �,	7�1�!�-���v�N©8$9	:.=�$�����v����� � ±5	��=�!�$�v��
����u±�$9	B�Ò�v������� � !1	�± ���	�$
 � $��
e�g�g�h	b�j7YZIET�F$U�H�n	MZF-MuC(O(J�J[½}I(J�J�n�YZH!DGO�H�`aO7U�O(WlF"A�O�U¼@vMZF�A�\a`¼@	J D�F$U�F�`rO(AyMZF�HyA�I(J�n�YZHNDGO(F�AaF�U�O(ANDGF�WfF$C�IEDGF�H[A
DGO>C�Q!AzHyJ�H�\[qBb��0��#��"�>#!9=�$�L);3�¿y¨�gµ~�¶�¨µ~�~>b

)7
>����
���#,	 � ���Z�����v�Ä���we�g�g�g	b�j Mf@�T!DlF�J$F^MZF�A�¶�J�F�Ó�O�MPOLYZF�A�O'n�YPHNDGO(INMZOsF�A!S�H�J3SBO(UXF�A�DlQzO'YZO�\!@BJ�I�DlF�H[AVHyW
MlDlH�`aIEDGI(JRU�O(A	MZF¦Dlq®I(A�U®U�F-MfDlYZF3T!@�DGF�H[A®F�A54p�*%B;!����#�.Ò)+�")Ë�{2�%�&$�"%� �%db1< �� ���)/%� ��>='��?>�(&�#�.09��� B�'��°�¿
~�~�~���¶�~�~�¨µ~�b

)7�v�!�l�Z���(�v���*���B�@!1	A)���
�©a
�� � �u�Ò~����!evb�?dH[YG`aIEDGF�H[AÁH�WoQzHy`aH�\�O�A�O(H!@vMmC(I�YfT[H[Q!q[U!YZIEDGO(¶fJ{ONC�DlF"A�C�YZHÍM�MZ¶
J$F�A�Ó�O(U=n�YZO(C(F�nyF¦DGI�DGONMuW-YZHy` `xF3¢]D-@�YZO!MuH[W��}¶f\�I(J$I(CEDGH	MZO#" �'¶�I>C(OED-q�J$¶$�}¶f\�I(J$I(CEDGH	MZI�`aF�A�O(¶¾MGn	O>CLF�W�F$C7J$ONC�DlF"A	M
I�A�UÀ`=@	J¦DGF$I(ANDGO�A�AzI�Y�q
\�ILJ$I�CEDGH	MfqzJRC(I�Y�T�H�Q!q�U!YZI�DGONM�bB�m�N�+#�.���%� ��#��!�� �%�&¼#-� �m��#���2���9=��)��{� �8«�º6C�¿
~�Ð���¶�~!����b

)7�����v
����$
(�D�E	F$�����
����1	 !p�!�G�"�G�Z
 � 	F�����*�������v���Ò±5	 $����v�v
(��� � 	2)����v���������E	o±²���������(���!��)�	
�m�G/��v
��(��
� Z���v���N�B
p±²�;	6)7���B��
�� � 	[�u���	�� H!m
I
L���>������e�g�g�¨	b�¡µYGHNDGO�H[`aF$CNMuH�WµJ�H�H	MZO(J3qxT[Hz@�AzUaC(O(J-J
½}I(J�JÀn�YZHNDGO�F�A	M HyWÏ4p�*%B;!����#�.0)���)k�32�%�&��"%� �% C(O(J�J®Mf@dM�n�O(AyMZF{HyA CE@	J D-@�YZONM��ÏIÈC�YZF¦DGF�C�I(JÀI(AzILJ�q	M�F-M�b
�m&��>���{�+#�.02�#!����)+��)�«�°�¿y¨!£�ew~�¶G¨!£�¨!e	b

)7�����v
�� ���J	 !p�����$
E� � ¯ 	 ¯ �Z
I*B
(�v� � $9	 #��v�v��
(
 �u� e�g�g�¨	b � U�O�ANDGF�WfF$C�IEDlF�H�A HyW
\�J3q�C(H	M�q�J�n�Q�H	M�n�Q�IEDGF�U!q�J�F�A�H	MZF¦DGHyJ{¶�I(A�C(Q�H�YZO(Usn�YZHNDGO�F�AyM�F"AÁj7YZIET�F$U�H[n	MZF-M+b	jÎn�YZHNDGO�H[`aF$C'I(A�Us\BOLAzH[`aF C
I�A�I(J"qBM*F-M�b���&"%� B���02 �	)��$#�&�# � �Ï�(��«�¿��]h��]¶ �]Ð�Ð M

)7���v�v����� �E	:$�����
��2�1	6�=�����*�����v�!�	±5	:!m�!�G�"���P
 � 	7)m�����v
N����
��
�D	9$������v
(��� � 	6�m�K/v�v
(�(�ML� Z���v���N��L
±²�
		�u���	�� H!m
I
L���(�D���	e�g�g���b��mO(J"Jv½aI(J$J�n�YPHzDGO�F�A�MpF�AÁI�n�H[n�J{IzMlDlF$C}WGJ{@BF�U	M�HyW�4p�*%B;!����#�.Ò)+�") �{2�%�&���%� �%
YPHÍMPO+D$DGONM��NF{U�OLA�D�F�WlF$CNI�D�F�H�A¼T�qr`rINM�M0MGn�O(CEDlYGH[`rOEDlYfq}I(A�U¼T�F�HyF�A�WlH�YZ`'I�D�F�C!M+bE�0�+#��"�(#!9�����);'�¿[ew~�e�¶fe�ew~�b



�7h

)7�����	������� ±®±²�¹~���Ð�h�bÒjÊYZI�nyF�U®I(A�U8MZO(AyMZF D�F3SBO,`sOEDlQzHyUÀWlH�YxDlQ�O /N@BI(A�DlF"WGF�C>IED�F{H[A®H�W'`aF$C�YZH�\�YZI(`
/N@BI�ANDGF¦D�F{ONMKHyWµn�YZH!DGO�F�A=@�D�F�J�F�Ì�F"A�\aDlQ�O7n�YZF"A�C(F�n�J�ORHyWdn�YZHNDlO(F�A�¶�U!q�O7T�F"A�U�F�A�\vb�4p �%�& �d������%�&��m��#���2���9��")E�{� �
³!«�¿�e�£�����e���£	b

� �����-���*����$9	"$����v�*����$�  � 	 ¯ �v���(�(����� ± �'~�������buj¼WlW�F�A�F¦DfqÃC(Q!YZH�`aIEDGH�\�YZI�n�Q!q � A	�0_�I(A	MZH�A
_(b ¶��7b ¿
­mqzUyO(A=¬mb�c^� UyM�b iZ¿N�0�+#��"�(�� =���!�+� ������%B�"��#! � �0���" ��>� .�&���) � � � �	2��m��)�#�&$���"�$#! '%� ��R4	.�.�&��$��%B�"�$#! �)�b � �o´¡v@�T�J$F^MZQzO�Y*M � A�C!b ¿ �rOE½ (RH�Y�Óz¿[n�nBbNe�Ð��L¶�¨!e��	b

� �����v�"�P�}� � 	:�r���v
(���	�B#7±²�µ~�����¨	b�|NDlYf@BC*D-@�YPI�Jy`}HyU�O(J-MuH�W�n�YZF�`rI�Y�qrC(O(J�J!½xILJ�J-MuF�A'WlJ�Hz½xO�YZF"A]\anyJ$I(ANDZM#�
C>H[A�MZF^MlDGO�A�C�qrH�Wµ`}HyJ$O(CE@BJ�I�Y0MfDlYf@BC*D-@�YZOÒ½�F¦DlQ¼DlQ�Opn�Q!qBMZF$CNI(J�n�YZH�n�O�Y-DlF�ONMuH�WÍDlQzOÒ½aI(J�J-MuUN@�YZF�A!\a\�YZH!½7DlQ	b
� 2��0��&�%� B�N��#��!�* �%�&B��¿µ~�¶�¨�gyb

� �����>�����	� ¯ 	 $�����
��J�1	7�u���Í�G H!m
 
L���>� �,	 � ���v�	�J�s�7e�g�g���b ¡dYGHNDGO�H�`aF$C,ILAzI(J"q	MZF-MÁHyWsMZO>C�YZOEDGO(U
n�YPHNDGO�F�AyMsW-YZH�` 4p�*%B;!�"��#�.0)+��)5�32�%�&���%� �%8MZO(O>U[J$F"A�\	M#�ÒF�`an�YZH!S�O>UÄYZO(C(H!S�O�YPq�WlHyJ$J�Hz½}F"A�\�YZO(`aHzSBI(J�HyW
n�QzO(A�HyJ�F$C7C(Hy`=n�H!@�A�UyM+bE�02 ���"#���2���9���)��3���4363�¿�£��]¨�¶f£�hµ~�b

� ��� *B���*� ¯ 	R�=�v�����v��)
�J	 ¯ �$����� �8$6	%!m���v�v�*
�� �J	 ¯ �$���v��� � �rbpe�g�g���b0�o¢]DlYZI(C(O�J"J3@BJ$I�Y/jRtµ¡
W-@BA�CEDGF�H�AyM�I!M=I(AÏO(A�U�H�\�O�A�H!@vM�OE¢!DGO�Y�A�I(J�`rOEDGIET�H�J"F DGO¹YZO�\!@	J�I�D�F�A!\ÏnyJ$I(AND C(O(J�J S�F$I�T�F�J�F¦Dlqvb � 2��a��&"%� B�
� �(&$&w��³�¿�¨�gµ~��!¶�¨�g�¨!£vb

� ��� *B���*� ¯ 	µ���v������� )"�J	 ¯ �$����� �8$9	B�����v
(�E�P�*��� #�	A�}�	��!1	B���v� � $���	B)7�!�3©a
(�$�o��	 ¯ �$���v�y�G	
� ���oe�g�g!evbÍ¡dYGHNDGO�H�`aF$C�I(A�I(J�q	MZF-M�HyWÒDlQzO¼4p�*%B;!����#�.0)��")¹�{2�%�&$�"%� �%
C>O�J�Jo½aI(J$J-b:�m&��(���3��#�.02�#�����)+��)r«���¿
~�Ð���£�¶�~�Ð�h���b

� ���*�����+*B
J#%$��R~�����Ð	bªj=M�MPO(`}TBJ"qËI(A�UÏO(A�J�I�Y�\�O(`'O(A�DRH�WÒDlQ�Osn�YZF�`rI�Y�qËC(O(J�Jo½}I(J�J�F�A¥n�J$ILA�DZM�b�4p � ��!%�&
�m��?(�$��
Ä#-� � �(&�& =r��?(�>&�#�.09��� B�{%�&!�m��#]&�# � �Ï�(��¿µ~�Ðµ~�¶fe�gv~�b

� ���Í�P���v�v�Ã�w± 	 � 
(�v���$�*�*�!� 	 )��¹~�������b ��I�YfT[H[Q!qzU!YZI�DGO(¶GI(C+DlF3S[O,OLA]Ì(q�`'O!M#�pI(AÅF�A�DGO�\�YZIEDGO(U®U�IEDGI�T�INMPO
I�n�n�YZHyI>C�Q	b � A	�(´sb _(b � F�J3TBO�YfDG¿ � b �}IES�F�O!MZ¿���bL´}O�A]Y¾F$M�MZIED���b ¿v|zS[O�AyM�MPH[A}c^��UyM+b iZ¿��p�>�(�� B��4��9?�%� ��>��)��" 
� %��E;!#!2 �	���*%B���0�p�$#��� ��v�" ��(�����" ��v6BtwQ�OÒ­�H[qzI(Jv|yH�C(F�OEDlqrH�W��0Q�O(`aF-MfDlY�qz¿���I(`=T�YZF$U!\	O(¿�n�nvb]¨!¶�~�evb

#��:±²�!�f�Z
>� � 	 )7���v� *B
(�y�Z� #,	 �Ò��
����v���!�$��� #,	 �u
(�v
(�����>� !1	 � 
�� *B���v
 �u� e�g�g�h	b
¡�H�J3q�\�I(J$I(CED-@�YZH�A�INMPO(¶�F�A�Q�F{TBF¦DGF�A�\ n�YPHNDGO�F�A c^¡ � � ¡µi F�A nyJ$I(AND U�O�WlO(AzC(O��ÇI MlDlYf@BCED-@�YPI�J S�F$OE½ b
�02 ���"#���2���9��")E�"���43�³�¿���e��]¶ �]¨�¨	b

�m�����v�v
(�$���*��� � 	/����
(�$�*
(� �J	 )7���v����¸ ¯ 	�*B��� �s
(��
��v
 �'�/e�g�g�g	b'¡dYZO(U�F�CEDGF"A]\ Ml@yT[C(O(J�J3@BJ�I�Y
J{HyC(I(J$F"ÌLIED�F{H[A1HyW/n�YZHNDGO�F"A�M¥T�I!MPO(UÎH�A DlQzOLF Y*�r¶^DGO�Y�`aF�AzI(J�IL`rF�A�H I(C(F$U MZO!/N@BO(A�C(O]b:��#��!�* �%�&�#-�
&�#�&��(�(��&�%��w�m��#�&�# � ����º�º]¿ª~�g�g��L¶�~�gµ~�h	b

�u
(� 
>!1	7»��(�*�v���8±�	7�u���	�� H!m
I
L���(� �¼��	 � �����	�J��	%$�����
����m�7e�g�g�h	b �uS�I(J3@BIEDGF�H[A²H�WsC(O(J$J¼½aI(J�J
n�YPO�n�I�YZIEDlF{H[A�MaWlH[Y=n�YPHNDGO(H[`aF�C!M#�oI/A�OE½ n�YZHyC>O(UN@�YZO/WlH[Y�n!@�Y�F�Wfq�F�A�\
CNO(J�JÒ½}I(J�J-MaWlYZH[` j7YZI�T�F�U�H�n	MZF^M
Q!qzn�HyC>HND-q�J-M�6���&"%� B� &����{2�#!��)�«�¿w~�gyb

�K�+� ¯ � �ve�g�g!£vb[¡vY�F�`rI�Y�qÁC(O(J�Jv½aI(J$Jµ`rOEDGIET[HyJ�F^M�` �[DlYZI>C�ÓyF�A]\¹DlQzOxC>I�YZO(O�Y�MmH[Ww½aI(J$Jµn�HyJ3q�`rO�Y*MmF�A�J$F{SBF�A�\
n�J�I(AND�C(O(J�J-M�b �R��
¥�02 ���"#�&�# �v��)��µ�(3	��¿�h!£w~�¶�h�Ð���b

������� � 	¼�u���Z�Z
(�%��	 �1
(��
N� $9	,���v�	�Z�v
(� ¯ 	 ¯ �Z�����	�$
�� $6��	��s���v���*� ¯ 	 ¯ ����
(���$�!� !p��~����]Ð	b
�KJ�F�`rF"A�I�D�F�H�A1H[W/n�H�F"A�D,M-DlYZO(I�Ó�F�A]\ H[A MZF�J3SBO�YÄMlDGILF�AzONU D-½�H�¶�U!F�`'O(A	MZF�H�A�I(J'\�O(J-M¥T�qÑI(U�U[F D�F�H�A1HyW
F{HyU�H�I(C(OEDGI�`xF$U�OÒDGH DlQzO7O!/N@BF"J$F3T�Y�IEDlF�H�A=T!@BWfWGO�Y�b �p&$�(���3��#�.02�#!����)��");C�¿ª~�e�e��u~�e�£vb

�s���	�$���v�!�Z��� $6!1	 #=
>��
>�(¸	
�$��0e�g�g�g	b�|�H�Y^DlF3A]\
HyW=MZH�J3@yT�J$O�n�YPHNDGO�F�A	MaF"A5DlQ�O¥MZO>C�YZOEDGH!YfqÏn�IEDlQ�½rI�qËHyW
n�J�I(ANDZM+b � �!������ B���	.��" ��$#! r�" R��&"%� B�(�p�$#�&�# � �ub(��¿!£�hµ~�¶l£�h���b

�s
>�����������!��)7�=~����µ~�bwj CLJ$INM�MZF�W�F$C�IEDlF�H�A
HyW7\�J"q[C(HÍM�qzJ7Q!q�U!YZH�J�INMZO!M=T[IzMPO(U
H[AËIL`rF�A�HÀI(C(F$UÀMZO!/N@BO(A�C>O
MZF�`rF�J$I�YZF¦DGF�O�M�b��p�$#���2���9��")��3���a��#��!�� �%�&	«9C�º�¿�¨�g���¶�¨µ~�h	b

�s
>�����������!� )7�µ~�������b � J3q�C(H	MZF$U�INM�O WlI(`rF�J�F$ONM+bE�m��#���2���9=�$��%�&���#��(�$��� � � ��%� �)*%�������#! �)�«93�¿w~!�]¨�¶�~!�]hyb
»*�P����	=����¸	���v��� �B� » 	¼±²�!�Z���*
��E	=»¾©}�����!�Z��� 	 ¯ �N©}� ¯ 	�#=���v����
Ä�,	¼�u�v¸	�v����� �¼e�g�g�h
�}H�U�O(C(I(¶��o¬w�Ën�O�nNDlF�U�O!MuI�M0Mf@�n�n�YZO�M�MZH�Y*MwH�WvnyJ{ILA�DuMfDGO�`1U!F�W�W�O�YZO(ANDlF$IEDlF�H�A	b����(���� ��(�7�v�(� � ��£�e�¶ ��£���b

$����(���v��$9	2����
@$6!m�oe�g�g���b0|��r|�h�¿0I�`=@BJ¦DGF�C>H[n�n�O�Y�HN¢�F$U�I!MZO(¶�J�F�Ó�O¹\BO(A�O(¿on�I�YfDlF�C(F�n�IEDGONM=F�AËC(HzD-qzJ$O(U�H[A
S[I!MZCE@BJ$I�Ywn�IED�DGO�Y�A�F�A!\rUN@�YZF"A]\m4���%B;!�"��#�.0)���)m�{2�%�&$�"%� �% U�OES[OLJ{H[n�`rOLA�D�bE��&�%� B�{%r«�«�«�¿�h���e�¶Gh�h�h	b

$�����
��"�1	 � �����	� 	B��	B)7���	�v����� 	 �D	µ�u���	��  !p
 
��$�(� �¼�u�µe�g�g�h	b	��O(J�Jª½}I(J�Jwn�YZHNDGO�F�A	M#��I'A�OE½ F�A	MZF"\�QND
DlQ]YZH!@�\�Q=n�Y�HNDGO�H�`xF$CNM+b � �+�� ���)��" R��&�%� B�����(���� ��(��)R����¿�¨!¨�¶�¨��	b



V��

$����v�v�*��� �J!"	�$��!�v
(�K	�);$9	�)7���>��� � 	 ¯ �(�	�	��� 
 � $B�¼e�g�g�¨	bmtªQzO WlI!MPCLF$C(J�F�Az¶PJ$F�Ó�OÄI�YPI>T�F�AzH[\�I(J$I(CEDGI�A
n�YPHNDGO�F�AyMrHyW=j7YPI>T�F{U�H[n	MZF-M�b0j `}@BJ¦DGF3\�O(A�OXWlI(`'F$J"q�HyW�n!@�DGI+DlF3S�O5C(O(J$J7I(U�Q�O!MZF�HyA
`aHyJ$O(C�@	J$ONM+b���&"%� B�
�02 �B)���#�&$# � �Ï�(����¿ª~��µ~�~�¶�~��!e���b

����
+�:�E	 ¯ ���3�Z���E	 �}�������v�(�v� ��	 ¯ �v����¸B�N©a�a�
	y�����]¸	�=±�	 � �������v�N�B���*�v�:$9	 �����*���6�J	�����¸	���v���*�v�
�,	y»+�*���v
=���ye�g�g�¨	bN¬KO(C�D�F�ArI(W�W�F�AyF Dfq C(I�n!D-@�YPO(¿	F�MZH!DlH�n�O(¶lC(HyU�O>U}DGI�\�\�F�A!\ I(A�Us`'I�M�MÒMGn	O>CEDlY�H�`aOEDlY�q=DGH
F$U�O(ANDGF�W^q �'¶�J�F�A�Ó�O(U=\�J3q�C(H�n�YZHNDGO�F�AyM+b#�7%B���!���0�m��#��"�>��2� �#�&�# � ��«v��¿�h�h�Ð!¶�h�Ð!evb

����� $6) 	 � �$
(¸ 	 � �
	 � �����v���Z�Ä� � b0e�g�g�g	b ��OLJ$J ½}I(J�J=I(A�UÀ`rO(`=T�YZI(A�O(¶�I�M�MZH�CLF{IEDGO(UÀO�¢�H�¶^T[OEDGI(¶$�}¶
\�J¦@BC(I(AzIzMPO!MoW-YPH[` U�O�S�O(J�H�n�F"A�\r`aI(F�Ì!O¼MPO(O(U�J�F�A�\	M�b���&"%� Í�N�02 �	)+��#�&$# � �Ï�(«���¿[£�Ðµ~�¶f£��]h�b

�������v���D��	�±²�!�Z�*�v� ¯ 	µ���*�d���v�*��¸	� ¯ 	A���$���v���¹±5	 �s�����! ��=�-���v�����µ����» 	v�=�$�*�v�����µ����± bye�g�g!evb
|!@�T[C(O(J�J3@	J$I�YrJ�H�C(I(J�F�Ì�IEDGF�H�A
HyW=O(AzU�Hy¶

β
¶ ��¶�I>C(O+D-qzJ�\yJ3@BC(H	MZI(`aF�AyF$U�I!MZO5I(A�UÀQ�F3\�Q�¶�`rI(A�A�H	MZO�Dfq]n�O5W-Y*O>O

��¶f\�J3q�C(I(A	MuF�A=n�J�I(A�DwC>O�J�Jfb��m��#���2���9=�$��%a%� ��7�p�$#�.02 �	)��$��%�4 �L�{%Ï~!�]Ð�g!¿�¨���¶f£�h	b
�����	�v�a�
	 ¯ �N©}� ¯ 	 ���$�������v�"�Z� � 	�±®� 
L�v��� ¯ 	6����¸	�����!�Z�a�
	��u�µ¸	�v�v���J	 ¯ ��¸B���������7�}��e�g�g�h	b!j
n�J�I(ANDmn�O�n!DlF{U�OsOLAzC(H�U�O(U�T�q �o¬ � ¨XF$U�O(ANDGF�W�F$O(UVT�qÏF�AÄMZF¦D-@5¤
jp¬&� � ¶�t § ?,¤Ã|¥I(A�I(J3q	M�F-M�b����(���� ��>�
�v�(��¿���£��]¶ ��£��zb

�������¾�P�����v�*
(�k���1	�)7�v�v¸	
(�v�v����� $9	D�r�����v�v����� ±5	=±²�!���$�v� ��	'���v�Í�$�:*B�!�Z�Î� $9	 � ���������0	x��	
�r���������v�o±5��	!±²���"�Z��� � 	��u���v��
�� � �!e�g�g!£vb(j®n�YZHNDlO>H[`aF$C7I(A�I(J"qBMZF^MKH�WµQ�@	`rI(A=T�F�J$O(� &À#�&��(�>��&"%��
� �(&$&!�0��#����(#!9����()��9	�Ðµ~!�]¶�Ð!e���b

�'©}��� ����	A�a��¸B�N�B����� �,	µ�=�$�*�v�"�Z���v� ���µe�g�g���b	j n�YZHNDGO�H�`aF$CsI�n�n�YZH�I(C�QsDGHXI�n�H[n�J�I�MfDGF�Cxn�YZH!DGO�F�A	M
F�A!S[HyJ3SBO(U�F�A5C(O(J�Jµ½aI(J$JµYZO�\�O(AzO�YZIEDGF�H�A�F�A�n�YZHzD^H[n�J{INMfDZMmH�W�j7YZI�T�F�U�H�n	MZF-M7Mf@dM�n�O(AyMZF{HyA�¶�C�@	J¦D-@�YPO(U�C>OLJ$J-M�b
��&�%� B� � �(&�&]�02 �	)��$#�&�# � �Á°63�¿���£�¨�¶ ���]Ðyb

!m
(��� �,	A������
�� $9	 ¯ *B
>�	�v�*
(�¥» 	�±²�v���y�4$��Ò~�������b��7F{HyC�Q�O(`aF$C�ILJ�I(A�U/`aHyJ$O(CE@BJ$I�Y7C(QzI�YZI(CEDGO�Y¾F Ì�IEDGF�H[A
H�WdIÒT�I�YZJ$O�qsMZO>O(U}T[OEDGI(¶f\�J¦@ÍC(H	MZF�U�I!MZO!b���#��!�� �%�&	#-�p�m��#!&$# �v�$��%�& � 2���9��")��3����«�³�º�¿w~!�]Ð��]��¶�~!�]Ð���Ð	b

!m
(
D� � 	 �s�(���+*B�/±5	B)7�v�E�P��� � � 	 !m���v���Z�Z
(�$� $ 	µ�u���v�(�v
(�D��)�	we�g�g�¨	b �mF�W-@	AzCED�F{H[AzILJKWlIL`rF�J�qÏ¨
\�J3q�C(H	MZF�U�O Q!q[U!YZHyJ�I�M�ONMÎW-YZH�` T�I�YZJ�O�qÊ½aF¦DGQ

α
¶-¬K¶�I�Y�IET�F�A�HyW-@�YZI(A�H	MZF�U�I!MZO I(A�U

β
¶ �a¶^¢�qzJ�H	MZF�U�I!MPO

I>CEDlF3S�F¦DfqBb���#����* �%�&	#-�p�m��#�&$# �v����%�& � 2���9��")��3����«�³6C�¿��]¨�Ð!Ð�¶ �]¨��]Ð	b
!m
(
 ¯ $9	 ¯ �����+*B���v��� � ¯ 	 #=���������(
(�v� � ±�	B�}���/���v
D�J	 ����� )1#�	 �����*
D$6�/bve�g�g!£vb��=F3\�\�F�A�\
U�O>O�n�O�YuF"A�DlH¼DlQ�Opn�J$I(AND�C(O�J"J�½}ILJ$J�n�YZH!DGO�H�`aO!b���&"%� B�N�02 �v)+��#�&�# � �s%� ��R�m��#���2���9=��)��{� �Á°!«�¿y��Ð��]¶�������b

!m
������v��
'��	 � �������v
(�Z �±²���(�v
��Z
(���¥±5	B���N�B��� � 	µ�u�$�*�(�v
��G�Z
� H!m����� L � � 	 �'��������� .�	w�u�N�B
D!Rb
~�������b ��¶f\�J3q�C(H�n�YZHNDGO�F�AsT�F�H�M�q�A�D�QzONMZF-M7F�A�n�J$I(ANDZM��yYPO(C(O�A!D U�OES�O(J�H�n�`aO(ANDZMmI(A�U�W-@�D-@�YZO DlYPO�A�UyM+bN��&"%� B�
&�#�&��(�(��&�%��w�m��#�&�# � ���9C]¿y¨µ~+¶f£���b

!m� �}�A���v�������5±À±®�µe�g�g��zby¡�@zY�F�W�F$C(IEDGF�H�A/I(A�UÁCLQzI�YZI�CEDGO�YGF3Ì�IEDGF�H�A/H�W�`xq]YZH	MZF"A�I�M�O'W-YZH[` QzH[Y�MZO�YZI>U[F�MZQ
c 4���9=#!��%��(�"%a���!)E�"�$��%� �%�iwY�H�HNDZM+bE��&�%� B�N�02 �	)+��#�&�#�&$# � �s%! ��R�m��#���2���9��")E�{� �Á°!��¿ �]g�¨]¶ �v~�~�b

±²���'�v
(
>�Í l±²���*��� ¯ $9	 � ���������+*B
�#�$��Ò~�������b��o¢zn�ILA�MZF�A/`aH�U�OxH�W0I�CEDlF�H�A�H�A/C(O(J$J�½}ILJ$J-M�b	jRA�I(J"qBMZF^M
H�W	½aI(J�J	Q!q[U!YZH[J3qBM*F-MZ¿	MfDlYPONM*MwYPO�J$I>¢[IEDlF�H�A�¿�I(A�U¼T�F�A�U[F�A�\vb���&"%� B�N�02 �	)+��#�&$# � �Ï��º�³�¿ �]Ð�¶�~�g�g	b

±5L(�(�v��� .�	 )7�!���$�����,�
	 � ���!�P
(���	 H$����v��
>�E� ¯ 	B#��+*����	�Z�v��
x±5	B!m���v��
������ � 	µ��
(�������v� !1	µ�0�������	�
$6!1	�����
 *B
(�v�!� � 	��Ò� *��r±5	7#�����
��K*B�[� � b�e�g�g!£vbNj®D-½aH�¶�U!F�`rO(AyMZF�HyAzI(Jyn�YZH!DGO�H[`aOR`'I�n'H�Wµ`rI(F"ÌLO
O�A�U�H	M�n�O�YZ`sb��02 �d�"#���2���9=��)E�{� �436'�¿ª~�h�g���¶�~�hµ~!��b

±²���v�����1	2$����v���v���>!p�ue�g�g�h	b�¡dJ�I(AND7\�J3q�C(H	M�q�J�Q�q�U!YZH�J�I!MZO�M=F�A!S�HyJ3SBO(U¥F�A
C(O(J$Jo½aI(J$J0n�HyJ3q	M�I(C>CLQzI�YZF$U�O
U�O�\�YZI(U�IEDlF�H�A	b���&"%� B���02 �	)��$#�&�# � �s%� ��R�p�$#���2���9aF$MfDlY�qa°�°�¿�£�¨��]¶f£�£���b

±²���v�����1	D#�� �  Z�
	D�=���v���v
E� � 	=± ������� ��	D!m
������v��
Å��	D$����v���v��� !m�xe�g�g�h	b7¡�@�YGF"WlF$C�IEDlF�H�A�¿
W-@BA�CEDGF�H�A�I(JÏCLQzI�YZI(C�DGO�YZF3Ì�IEDGF�H�A�¿5C(J�H[A�F�A�\ I(A�U F$U�O(ANDGF"WlF-C>IEDlF�H�A HyW
`¼@�DGI(ANDZMÃH[W
I MPO(O(U M�n�O(C(F�W�F C
I�YZIET�F�A�I(AxQ!q[U!YZH�J�I!MZO7F"Aaj7YZI�T�F$U�H�n	MZF�M�b���#��!�* �%�&B#-�"�
	l.�������9=�� B�3%�&!�m#��{%� �4'�³�¿!e�¨�¨���¶fe�¨��v~>b

±²���v�����;	7�����v���v
E� � 	6#�� � �
	7!m
(�����v��
 ��	6$����v���v���J!p��e�g�g!£vb(¡�@�YGF"WlF$C�IEDlF�H�A'I(AzUxC(QzI�YZI(CEDGO�Y¾F Ì�IEDGF�H[A
H�WRO�A�Ì(q�`rO!MaO�¢�Q�F3TBF¦D�F�A]\ T[OEDGI(¶$�}¶^¢�q�J�H	MZF$U�IzMPO/I(CEDlF3S�F¦DGF$O!MaF"A
MfDGO(`ÈDlF-M*Ml@BO!MaH�W¼j7YZI�T�F�U�H�n	MZF-M�b	��&"%� B�
�02 �B)���#�&$# � �Ï�(�9'�¿ �]h�Ð�¶��]Ð���b

±²���v����
�$6#,	��'���v��� � ± 	 � �v���	�	�$
N� !
�1	�!m���(� � ±5	=�u
(�(�����	�Z
�$6�1	%�1���$���	�/�B�1�/~������	b
|!D Yf@BC+D-@�YPO(¿on�YGH[n�O�Y-DlF�ONMP¿0I(A�U/D�F-M*Ml@BO�J�H	C>ILJ�F�Ì]IEDGF�H[AÏHyW�I(n�H[n�J�I!MlDlF�C/I(J�nyQzI(¶f\�J{@BC>HÍMZF�U�I!MPO�F�A
C�Yf@BC(F�W�O�Y�M�b
��&�%� B�N�02 �	)+��#�&�# � �Ï���
��¿�¨����]¶�¨���Ð



Vz�

����
�� �*
(����	:�m�v��
��$�µ��
N�>�Í��$9	:)����v�v��¸ ¯ 	7*B��� �s
(��
��	
��'�o~�����Ð	b � U�O�ANDlF�WlF�C�IEDlF{H[A H[Wdn�YZH[Ó�I�YPqzH!DlF�CRILAzU
O�@�Ó�I�Y�q�H!DlF�C�MZF�\�A�I(Jwn�O�n!DGF�U�ONMRI(A�U�n�YZO(U�F�C�D�F�H�AÁH[W0DlQ�O(F3YRC(J�O�I�S�I�\�O�MZF¦DGONM�b!����#����(�" ��Ò ��v�� ��(������ ��®��º�¿
~�¶Gh	b

� �v
��m��	��u�y�>�(�v��� � � 	 ¯ �(�v
��$��
�� �D.��Òe�g�g!evb&�=q�A�I(`aF$C5CLQ�I(A]\�ONM'F�A®C>OLJ$JÒ½}I(J�Jpn�H�J{qBMZI�C(C(Q�I�Y¾F$U�ONM
UN@�YZF�A!\=½�Q�O(I�DoMPO(O(U�J�F"A�\rU�O�S�O(J�H�n�`'O(A�D�bE�02 �d��#���2���9��")E�"���43�º�¿�h�g�¨�¶�hµ~�gyb

�u���*���y���v�0��	ª�K
(�v
�� � 	 #��v�v����� � �ªe�g�g!£��v¡�O�YZWlH[YZ`aF�A�\VDlQzO'n	I�YZI(U�H!¢�F�C�I��µQ�H!½ n�J�I(ANDmn�O�YZH!¢�F�U�I!MZONM
`}HyU�F�Wfq=DlQ�O7C>OLJ$J!½aI(J$Jfb � ���� ���) �" R��&"%� B�����>���� ��(��) �	� �]¨!£�¶ ��£�g	b

�'�$� � 	 )�
(���������v� � ��	A�����*
�$ � 	 ¯ �!�$���v��
=± 	 �s�!�$�$�B. ¯ 	 � �$�v
(�(�*�v
(�$� ��	A#���� *B���$� � �D	 �}����¸
� ¯ �5e�g�g�¨	b*�0Q�I�YPI(CEDGO�Y�F Ì!I�DlF�H[A H�WÀIÎDlH�`aIEDGHÈn�YGHNDlO(F�AÇDlQ�IEDÃF"A�Q�F3TBF¦DZMÆIÑ¢�q�J�H�\yJ @vC(I(Az¶¾M�n�O(C(F$W�F$C
O�A�U�H�\yJ¦@BC>ILA�I�MZO!b � 2��0��&"%� B�N��#��!�� �%�&	��°6	�¨!e�Ð!¶�¨���b

�'�v
I*B�����$��� �"	 ¯ �"� *B
(�	�Z���$��
>� .,	ª�u�����$��� ¯ 	 �s���E�Z
'�,	w± �	�$�v
(�x�,	 � �y©}
(���$
N����	 !m���v
 
 ���we�g�g���b
� ANDGO�Yf¡dYGH�|�C(I�A	�Nn�YGHNDGO�F�AaU�H�`'I(F�A	MuF�U�O(ANDGF�W�F$O�Y�b �¼���>&��(�$�u4 �(����) �m��)���%��+��2r����¿ {1~�~�h�¶\{1~�e�g	b

��
(�"�Z
>�4�8#rb0e�g�g!evb��7F{HÍM�qzANDlQ�O!MZF-M ILAzUÄn�YZH�n�O�Y-DlF�O!MsH�W¼DlQ�O5nyJ{ILA�DrC(O(J�Jp½aI(J$J-b � �[������ B� �	.��" ��$#! ®�" 
��&�%� B�N�m��#�&�# � �4']¿ �]¨�h]¶ ��£�e

������
>�E�Z�
���0~����!£vb�tªQzO¼n�J�I(ANDKOE¢]DlYZI(C(O(J�J3@	J$I�Y�`aIEDlYGF{¢
�yF�A I}AzOE½ÑO>¢zn�I(AyMZF3SBO=`aHyH�U	b � �!�*���� B� �	.��" ���#! 
�� � �>&�&!�m��#�&$# � �43�¿�h����]¶�h��!£Bb

����������� $6�m��~����µ~�bpjÊDGIE¢�H�A�H�`xF$C
I(A�ILJ�q	MZF-MÁHyW'\�J3@BC(H	MZF"AzHyJ�IEDGO>¶¹n�YZH�UN@BC�F�A!\²nyJ$I(ANDZM+b � �	)E�"��9R%B�"�$�
�m#��{%� �
~�h�¿��]�����Bhµ~!��b

������
(�(�"! � 	 #=�v�v��� � 	 ¯ �µ������� � 	 �1�����-��
(�	�;$9	 � �	�$���$� »���	�±²���v�¾�G��
(�$� ¯ #,	 � �����v�v
����0	v±Å±²�
e�g�g���b ��H�`=n�I�YZF-MZH�A H�W®J�F�\�A�F"AÉU�O�n�HÍMZF D�F�H�A F�AÈDlQ]YZO(OÇO>CEDGH[n�F{CÇJ"F�\�A�F�W�F$C(I�D�F�H�A `=@�DGI�A�DZM�b'�R��

�02 ���"#�&�# �v��)��µ�(36C�¿w~�e�¨�¶�~�£�g�b

�����*
D$6� 	 )7������� $9	w�0�*� ¯ � 	w�=�$�*�v�"�Z���v�2� �ªe�g�g!evbvtwQ�O'��tµ´ W�I(`aF�J�qÏHyWmO(A!Ì(q�`rOzMRF�A!S�H�J{SBO>UXF�A
¢�q�J{H[\�J3@BC(I(A O(AzU�HNDlYZI�AyMG\yJ3@BC(H	M�q�J$IEDGF�H�A²ILAzU®OLAzU�H[Q!q[U!Y�H[J3q	MZF-M �pC�@�Y�YZO(ANDrn�O�Y*MGn�O(CEDlF3S�O!M�I(AzU I,A�OE½
@�A�F$Wfq�F�A�\rA�Hy`aO(AzCLJ$IED-@�YPO!bE��&�%� B� � �(&�&]�02 �	)��$#�&�# � �Á°!��¿�~�£�ew~�¶�~�£�¨���b

¯ �����v
(�v����$9	 ¯ �$
(����� � 	:��
I*B�"���$�D�E	 �'���:
L�[�$
 
(  .=�����-�r�
	��m���(�(�a»��ye�g�gµ~�b � J{H[A�F�A�\sI�A�U'O�¢zn�YZONM�MZF�HyA
n�I�D�DGO�Y�A H[WuIR\�OLAzO=O(A�C(H�U�F"A]\/I(A ILJ�n�Q�I(¶f¢�qzJ�H�MZF$U�INM�O=I(C�DlF3S�O�I�\�I(F"A	MlDo¢�q�J{H[\�J¦@ÍC(I(AsHyJ�F�\�HÍMPI(C(C(Q�I�Y¾F{U�OzM
W-YPHy`
4���%B;!�"��#�.0)+�")�6���&"%� B���02 �	)��$#�&�# � �Ï�(«93�¿��µ~�g�¶��!e�g	b

¯ ���	�Z���v� .�	B.����v� $6	µ�w�l�$��
(��
���#�	 ¯ �����/
���
��=��	w±²���v��
�� � �µe�g�g�¨	b	jÎn�YZH!DGO�H[`aF$C¹MlD-@BUzq�YZO�S[O(I(J^M
AzHzS[O(JµF�A	M*F�\�QNDZM�F�ANDGHxDlQzO=U�F{SBO�Y*MZF¦Dlq�HyWKI!/N@BI�n�H�Y�F�A�WlH�Y�`sMmO�¢�n�YZO�M�MZO(UsF�A'DlQ�O¼nyJ$INMZ`rIa`'O(`=T�YZI(A�O�HyW
n�J�I(ANDdYGH�HNDZM�b*�m��#���2���9=��)��{� �a��#��!�* �%�&B��³!��¿[e��]� ��e���h�b

¯ �(�v�	�"� 
 � $9	��u
������v�*��� �J!1	 !p���v�v�¾�P
(��� $9	A)7���>��� � ��e�g�g!£vb�¡dHÍM-DG¶�DlYZI�A�MZJ�IEDGF�H[AzI(Jw`aHyU�F�WGF�C>IED�F{H[A�MmHyW
I�YZIET�F�A�H�\�I(J�I>CEDGI�A�¶ln�O�n!D�F{U�OzM H�W 4p�*%B;!����#�.0)���) �32�%	&$�"%� �%db �KA�U�H�n�J�INMZ`'F$C YZO�DlF�CE@BJ{@B` ILAzU
\�J3q�C(H	M�q�J�n�Q�H	M�n�Q�IEDGF�U!q�J�F�A�H	MZF¦DGHyJ{¶�I(A�C(Q�H�YXMZF \yAzILJ}CLJ$O(I�SBI�\�OÀMZF¦DGONMÁI(A�U Q!q[U!YZH!¢�q�J�I�D�F�H�A²HyW'n�YPH[J�F�A�O!b
�z#��!�* �%�&	#-�p�m��#�&$# �v����%�& � 2���9��")��3����«�³ ��¿�£����]g�¨�¶f£����v~!~�b

¯ �(�y©a���>¸	
 ��	 ¯ �>���v
(�$�v
N� � 	�.=��� #=
�� �s�����[�G� �1	a�u���*�>��
���� 	 � �!�P�����D�1	�#=
(���������v
Ã±5	
�K�����/��
�� �8) 	x�w�$�v����
À·=» 	������:
L
 �=�ae�g�g�¨	b jp­�j ¤Ï�o¤ � § �r¿'I �'H!S�O(J �aIEDGI�T�I!MZO®WlH[Y
j7YPI>T�F$U�H�n	MZF-M � ANDGO�\�YZI(J!¤
O(`=T�YZI(A�OÒ¡dYZHNDGO�F�AyM+bE��&�%� B�N�02 �	)+��#�&�# � �Ï�(�v��¿w~�h�¶fe�h�b

¯ 
(�v�v������¸�$ � 	 � ���(���[�$� �J!"	 �r�v�v���s��	y±²���*�����/�B�J	 ¯ ����
(� *B����� 
 � ���	e�g�g!evb�twQ�O¼j7YZI�T�F$U�H�n	MZF^M
|���% �s\BOLAzOsO(A�C(H�U�ONM�ILAVO>¢]DlYZI(C(O(J�J3@	J$I�Ym\yJ�q�C(H	M�q�Jun�Q�HÍMGn�Q�IEDlF�U!q�J�F�AzH�MZF¦DGH�J�¶�I(A�C(Q�H�YZO(U�\yJ�q�C(H�n�Y�HNDGO�F"A
F�A!S[HyJ3SBO(UxF�AaU�F3Y�O(CEDGF�H�A�I(J�YZH�HNDv\�Y�H!½7DlQ	b � 2��o��&�%� B� � �(&�&d��°�¿µ~�h�¨��]¶�~�h!£���b

¯ �v
��$������� ¯ 	9��
(
(��$��,	:)7�N©��$
(� #%$��u~�������bN¡v@�Y¾F�W�F$C(I�DlF�H�ArI(A�UsC(Q�I�YPI(CEDGO�YZF3Ì�I�D�F�H�ArHyW��r¶f\�J"q[C(I(A�I!MZO(¿BI
C>H[AzC(I(A�I�S�I(J�F�A j T�F"A�U�F�A�\Èn�YPHNDGO�F�A W-YZHy`  *I>C�Ó[T[O(I(A c � %� �%9?�%�&���% �� y)+� ��#!�*9��")+i�bx�m��#���2���9=�$��%�&
�z#��!�* �%�&	����º�¿w~�¨�¶fe�gyb

¯ �!�$�������J�p» 	[±²���(�v���v¸	����� �1	 ¯ �v�v�v������� ·¼±²�w~��!��Ð	b�|�n�O(C+DlYGH	MZC(H�n!qaH�Wµ`R@	J¦DGF$¶�C(H�n�n�O�YwH!¢�F�U�I!MZO!M+b
� AÇ¤
ONM�MPO�Y*MZC(Q�`rF�UND�jab/c-��U�b iG¿�&��!&-�����(#�.�.���� #
	!�"��%�)+��)�6S{®H�YZJ�U |�C(F�O(ANDGF�W�F$C ¡�@�T�J$F-MZQ�F"A�\ ��H�b ¿
|�F�A!\�I�n�H�YZO(¿�n�n	bv~�g�¨!¶�~�e�Ð	b

¯ �Z
(
��$
¼�R±5	 ¯ �	�$�+*B� �1	 � �y���v��
����µ��	 )�������� $9		�u�y�(¸B���;.,	Í�K�E� ¯ � �Íe�g�gµ~�b�tuO�AsF�MPHyO(A!Ì(q�`rONM HyW
¢�q�J{H[\�J3@BC(I(A O(A�U�H!D-YPI�AyMG\yJ�q�C(H	M�q�J$I!MZOÇW-YZH�` n�J$I(ANDÃC(O(J�JX½}I(J�J-MÎMPOLJ$O(C�D®I(A�U C(J$O(I�SBO1DlQzO U�H[AzH[Y
Ml@�TvMfDlYZI�DGO MfD^HyC�Q�INMlDlF�C�ILJ�J�qvb��p�$#���2���9�����%�&!�z#��!�* �%�&	�9'6'�¿�h�Ðµ~�¶�h�Ð��	b



V�V

¯ �Z�!���$
�  ¯ ���"�P�0�
	7)�
(
(¸	�v�v� 
�
>�@$9�E	7����¸'±²�
	[�u��
��v
��v�v�v���=±5	6�=
(�>������� � 	6#=
(��¸v�*
(�J$9	6.=�������y
>�
� ��b0~������	b �0Q�I(A!\�ONM�F"AÁC�O(J"Jµ½}I(J�Jwn�H�J3q	M�I(C�C�Q�I�YZF�U�O!M�H[WK\�YZO(O�A�T[O(I(A�n�H�UyM�UN@�Y�F�A!\5U�O�S�O(J�H�n�`'O(A�D�b
��&�%� B�N�02 �	)+��#�&�# � �Ï�(«v��¿�¨�h�¨�¶�¨�Ð!evb

�����v��¸	� ��	 � �v���v�(�v� �J	������v�v�Î±�	 �s�����! ��=�$�*�v�����µ���Ç» 	��=�$�*�v�����µ��� ±5	�±²���(�v���v� � 	
±²���(�v�$�����}�=e�g�gµ~�b7j Ml@yT]DlF"J$F-MZF"A�¶�J$F"Ó�O MPO�YZF"A�OÀn�YZHND^O(INMPOÅF-M5YZO!/N@BF3YZO(U WlH[YÏO�n�F�U�O�YZ`aI(J�Ml@�YZW�I(C>O
WlH�YZ`aIEDGF�H�AxF�Aaj7YZI�T�F$U�H[n	MZF-MuO(`=T�Y�qzH	MuI(A�U  l@ySBO(A�F�J$OpnyJ$I(ANDZM+bI=r��?(�(&$#�.09=�� B�µ�(«9C�¿[£�h��v~+¶f£�h��]�	b

���!�Z�v�*�+*>��!1	F�������B��� �
.�	 !m���v����� #�$��=~�����Ðybµj \�O(AzHy`aF�C�n�O�Y*M�n�O�CEDlF3SBO/H�A¥n�YPHNDGO�F�A,WlIL`rF�J$F�O!M+b
���>���� ��(�7e�Ð��]¿�h�¨µ~ �Bh�¨�Ð	b

.���� �=�$
��"!1	µ������������
,.�	B.����,�v
�� �m�v�v
���	 � �$
���
(�d� ¯ 	A�1�$
(��¸B
(� � 	B.���� !m��
���
 � �µe�g�g�h	b
¡v@�Y�F�W�F$C(I�D�F�H�A�¿aC(J�HyA�F�A�\ I(A�U8W-@	AzCED�F{H[AzILJrC(Q�I�YZI(CEDGO�YZF3ÌLI>DlF{H[AÆHyW�IÀW-Yf@vC�DGI�A8h�¶�O�¢[H[Q!q[U!YZH[J{IzMPOÀWfYZH�`
½�Q�O>IED�c � ���-�����(�!9²%���)����-?(�!9²¬mb i�b*��#��!�* �%�&B#��"� 	f.����+�"9��� B�{%�&!�m#��{%� �@'�³�¿!ew~�¨�¶fe�e�¨yb

�1���v��!1	"!m�p��	 ¯ �B���8	;�1� ¯ 	 �1����� ��	��m�v�����>!p� 	
�m�v
(�v��#�	;�1���v� $9	"�r��� �rb0e�g�g�hyb
��H�A�C(I(AzI>S[I(J�F�A j C�I�n!D-@�YZO(U \�J3q[C(H[n�YPHNDGO�F�AyM
F�A QzO(I(J"DlQ!q1QN@B`rILA8@�YZF�A�O!b &À#�&��>�(��&"%��
%� �� � �(&�&
�0�+#��"�(#!9����()1'�¿��]h�g�¶ �]h!eBb

�1�!�Z������) ¯ 	"!m
(� �;	"#=� � ����� � 	 ¯ �����v
���! �kb�e�g�g!£vbo¡dY�HNDGO�H[`aF$C!MsH�W
&À�����$��%��v#Ä)*%B���-?�%ÅCNO(J�J
½}I(J�J^M+bE�02 ���"#���2B��9��")��3���Áh��]¿w~�Ð�g���¶�~�Ð!e�g	b

�1�"�$�����X»K) 	 � ���Z�����v�5��bo~�������b��KH[AzC(I(A�I�S�I(J�F�A/j8T�F�AzU[F�A�\ÁI(A�U�OLAzU�H[\�J3q[C(HÍMZF$U�I!MZO � YPONMZF-MfDGI�AzC(OaHyW
T[OEDGIy~�¿3e�¶^¢�qzJ�H�M�q�J$IEDGO(U I�A�U I(J�nyQ�I�~�¿"¨�¶lW�@vC(H	M�q�J$IEDGO>U nyJ{ILA�D I�AzU F�A	M�O(C�D H[J�F�\�H	MZI(C(C(QzI�YZF�U�O�M�b
<7& �Í�(#��(#! � � �	%B���0��#��!�* �%�&��('�¿[e�g�¨�¶fe�g�h�b

�1��� �D��	Ä±²�{�B�+
L��¸	�Å±5	 �s����� ¯ 	 ����������� ±�	>�s�����v��� �}�Àe�g�g!£vb¥¡�@�YZF�WlF�C>IED�F{H[A ILAzU
C�Q�I�YZI>CEDGO�YZF3Ì�IEDGF�H�AÊHyW²I C(Hyc ��� iP¶¾MZO�A�MZF¦DGF{SBO I(J�n�Q�I(¶�`rI(A�A�H	MZF�UyI�MZO WfYZH�` < �� �� �v# ;!��&�#�;N% M�O(O>UyM�b
�m��#!)+�(���� ��(�0�p�$#��"�(��2� �#�&�# � �s%� ��7�m��#���2���9=��)��{� �436C�¿[e��>£�Ð�¶fe����]h	b

�}������	 ¯ �:
��v¸	�2��	 )�����
 *B�"�H
J$9	 )p�$���v�	��$9	2�r��� �1	w�u�!�Z
���� 	 #=� � ��� � � 	 !m����� � �we�g�g!£vbµj¼A
O�¢!DlYZI(C>OLJ�J3@BJ�I�YuINM�n�I�YlD�F�Cpn�YPHNDGO(INMZO7W�@BA�CEDGF�H�AyMuF�A'j7YZI�T�F$UyH�n	M�F-MuU�F-MZO(I!MPOpYZONMZF-MfDGI(A�C>O¼MZF"\�A�I(J$F"A�\vb � &¥� �
�z#��!�* �%�&	«���¿����]g�¶�������b

�m�v���v���,	B���N�B� ¯ $9	 ¯ �(�v����
(�v
���)m��	A�a
 �
�s�µe�g�g!evby¤Ï@�DGI+DlF{H[AÁH[W I'C(Q�F¦DGF"A�I�M�O(¶�J"F�Ó�Oa\�OLAzO'C�IE@vMPOzM
O>CEDlH�n�F�C,U�O�n�H	MZF¦DGF�H[AÃHyW'J�F�\yA�F�Az¿¼I�T�O�Y�YZI(AND C(O(J�J=MZQ�I�n�O!MZ¿RI�A�U®H!S�O�YGn�YZHyUN@BC*DlF�H�A®H�W'O�DlQ!q�J�O(AzO!b � 2��
��&�%� B� � �(&�&���°�¿ª~�h��L¶�~�Ð��	b

�m�v� $9	 � �v
(� ¯ 	 � � *B���(
 
 ¯ 	 � ���-� *B�!�P����� . ¯ 	 ¯ �(�v���(�	�Z����� #R��	:�1�4��	 ¯ ������� �=�	e�g�g�h	b���O(J�J
½}I(J�Jwn�YZHzDGO�H�`aO'F�A¹DlQ�O'`rI(F�Ì�Oxn�YZF�`rI�Y�q/YZH�HND O�J�H�A!\BIEDlF$H[A�Ì�H�A�O!b � b��o¢]DlYZI(C*DlF�H�A/I(A�U/F$U�O(ANDGF�WfF$C�IEDGF�H[A
H�W	½aI�DGO�YZ¶¾MGH�J¦@yT�J$O7I(A�UaJ�F"\�QNDGJ3qaF�HyA�F$C�I(J�J"qaT�H!@�A�U=n�YZHNDGO�F�A�M�6���&"%� B�N�02 �	)+��#�&$# � �Ï��°�º�¿y¨µ~�~�¶�¨!e���b

b


