
HAL Id: inria-00072297
https://inria.hal.science/inria-00072297

Submitted on 23 May 2006

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.

Modeling, Stability and Control of Biped Robots A
General Framework

Yildirim Hurmuzlu, Frank Génot, Bernard Brogliato

To cite this version:
Yildirim Hurmuzlu, Frank Génot, Bernard Brogliato. Modeling, Stability and Control of Biped Robots
A General Framework. [Research Report] RR-4290, INRIA. 2001. �inria-00072297�

https://inria.hal.science/inria-00072297
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
42

90
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


THÈME 4

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Modeling, Stability and Control of Biped Robots
A General Framework

Yildirim Hurmuzlu — Frank Génot — Bernard Brogliato

N° 4290

Octobre 2001





Unité de recherche INRIA Rhône-Alpes
655, avenue de l’Europe, 38330 Montbonnot-St-Martin (France)

Téléphone : +33 4 76 61 52 00 — Télécopie +33 4 76 61 52 52

� �������	�	
��
���������
�	������� ��

� ����
������ �!� "$#%�	&'�(� )*� �'����+
, - �(
��.�/� �102�/��3 �.45� ��6

798;:;</8;=>8@? A2B/=C?DB�EF:;BHGJILK�=NMPO/QSR
TFO�UPVXWYI[Z�\F=>OHMP=><]Z^=CU`_`:;8aMbVNU`c

d�ebf	g2h�ikj lnmog^pbqsrutvmowyx2h	tzwy{|tvmog�mo}vrut~m�wyx
� h�}��F}�tvfCg�hC}z�Cwyg�{bqoh��nhC}

���vwX��h	t������
�zr�{b{�wy��t � h���hC��ebh	�v��ebh�xP�/iJ���y�'j ����t~wy�b��h����y�|��j �y��{�ru�yhC}

� �/¡	¢>£Y¤b¥�¢J¦ d�ebmo}H{br�{`h	�H}vh	hC§¨}�t~w©��h	ªFmoh�«¬tvebh � h�ªyhCq�wy{bg�hCxJt~}�m�x^t~e|h.­�hCq � «(m�t~e|mox�tvebh
® �~r�g�h	«¯wy�v§^w ® }°t�r��bm�qom±t²�kr�x � �Cw�x¨tv�vwyq�w ® }��F}°t~hCg�}�}�pb�F��h	�	t�tvw�p|xbmoqorut~h	�~r�qn�Cwyxb}°t~�vr�moxJt~}	³
�/r��°t~mo�	pbqsru�´hCg�{be�ru}vmo}�mo}���m�ªyh	x�t~w tveb�vh	h�gµr�m�x�mo}�}vpbh	}�t~e�rYt>¶·m�x�wypb�´ªFm�h	«�¶ ® wy��g¸tvebh
pbx � h	�vq��Fm�xb�'t~ebh	wy���¹m�x¹t~ebh
}�tvp � �$w ® }vp|��eº}��F}�tvhCg�}C³1�²g2{br��	t�w ® t~ebh
q�wX«¯hC��q�mogk�|}
«(m�t~e
t~e|h «�r�qo§¨m�xb�2}�pb� ® ru�Ch�r�x � m±t~}(h	»`hC��t´w�x9t~e|h «�r�qo§¨m�xb� � �nxbr�g2m��C}(mo}(�	wyxb}vm � hC��h �
­��v}°t>³[lnh�ªyh	�~r�q�§�h��2m�}v}�pbhC}L}vpb��e r�}[gkpbq�tvmo{bq�h.mog�{�r���t~}	¶J�vhC}°t~m±t~p|tvmowyx�r�x � ® �vm��	tvmowyx�qsr>«(}	¶
r�x � h��nmo}°t~hCx|�Ch�rux � p|xbmo¼¨pbh	xbhC}�}µw ® }vwyq�p|t~m�wyxb}�r���h½��h	ªFmoh�«�h � m�x � h�t�r�m�qa³$¾zh��Ft>¶�«¯h
�Cwyxb}�m � h	�´t~e|h � �Fx�r�g�mo�^}°t�r��|moqom±t²�½w ® �bmo{�h � ruq��Jrum�t>³�¿!h��vh�ªFmoh	«Àt~e|hkpb}vh�w ® � mo}v�	�vh�t~h
gµr�{|}Lm�x�}�t~p � �Fmoxb� t~ebhz}�t~r��bmoq�m�t²��w ® tvebhz�Cqow�}vh � wy���bm�tv}[tve�rutL�vh	{b�vh	}vh	x¨t¯t~ebh � �Fx�r�g�mo�	}
w ® r2�|mo{�h � ¶�«(ebm���e��>r�xÁ�`h ��e�r��vr��	tvhC�vm�ÂCh � r�}�r�eJ�n�|�vm � }��F}�tvhCg½³´ÃÄr�}°t>¶P«�h^�Cwyxb}�m � h	�
t~ebh��	wyxJt~�vw�q�}v��ebh	g2h	}�tve�rut�e�r>ª�h2��hCh	xÅp|}vh � mox'��hC�ypbqorut~m�xb�µtvebh�g2w�tvmowyxÁw ® �bmo{�h � ruq
}��F}�tvhCg�}C¶�r�x � «¯h�}�hChC§ tvw�m � h	x¨tvm ® �2t~ebh�xbh	h � h � ® p|tvpb�vh � h�ªyhCq�wy{bg�hCxJt~}	³
Æ9ÇJÈÊÉ�ËkÌ £YÍ�¡�¦ ��mo{�h � �vwy��w�t~}	Î´xbw�xb}vg�wnwut~eÏg�hC��ebr�xbmo�	}CÎ�g^pbq�tvmo{bq�h�mog�{�r��	t2qsr>«(}	Î
e¨�F�b��m � }��F}�tvhCg½Î��Jr�m±t�}�t~r��bmoq�m�t²��Î|�	wyxJt~��wyq�}��FxJt~ebh	}vm�}C³
Ð�Ñ©ÒvÓÕÔYÖ�×XØÙÓ°Ö�Ú�ÛP×XÜ	ØÝ×YÒ°Ò°ÞaØß×XÜ�à�Ò°áYÖ�Þ;âaã�Ò�×Câ�ä�å>æ�çNâaÔXÒ°Þa×[Ñ©Ò°â@ÔXæNèNØÙéêâbëÄ×XØßì�Ò�Þaé@ØÝâêí�ä~à�Ö�ÚÝÚÙÖ�é�ävî·ï ð�ñ�ò	ñ�òXä

ë/åNó[ôYÛPã�Ö�ØßÚ�õ�Ô>çXÞaãLçXö�ÚÝçy÷/é;ÒvÖ�é�ô é@ãLç¨ô Ò�èXçøFùêú�ûÄù ó û æNÓ°üCçXÒ�×YÓ�æ	çXÞ@â�ävýPÞ@æ�þêÒ�ânÑ ó�ÿ·åyä�à�æ�ã�Ö�Øß×XÒ�èXÒ���æ�ÚßçYÓ�ÒvÖ�ç����Êý����	ñNä�ð
	��vñ
���FÒÊÿ`ÔXÒ�é@×YÖ~í
ÿ`ÒvèNÒ��Jä��YÞaÖ�×YÓ�Ò	ô|Û�ã.Ö�ØÝÚoõ��XÞÕÖ�×���ô��/Ò°×Yæ�â²÷�Øß×XÞaØßÖYô � Þ

�Äùêú�û�ù ó û Ô���×XÒ��só�ÚÝá�Ò�é�äXýPÞaæ�þêÒ°â�� ù ýbä�� ùêû åXîHä��	ñ	ñLÖ~ì	Ò°×>çXÒ�èXÒ�Ú! ÛPçXÞaæ�á�Ò�äXÑ©æ	×Câ#"�æ�×X×Xæ�â�ä��$	%�%�%&
å>â ù é;ã.ØßÒ°Þ�ÿ`Ò�èXÒ��Jä��XÞÕÖ�×YÓ°Ò�ôbÛPã�Ö�ØßÚoõ'�ÊÒ°Þa×YÖ�ÞÕèJô �`Þaæ�Ü	ÚÝØÙÖ�âaæ>÷�Øß×XÞaØßÖ�ÚÝá�Ò�é�ô � Þ
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�� ¡���� � ¦�� h�tµru��t~m��Cq�hµ{�wy��tvh�}vpb��qsr�g�w ��� q�mo}~rYt~mow�xDh	t�q�h��CwyxJtv���yq�h � h
}��F}�tvfCg�hC}
� h�qowF�Cwyg�w�t~m�wyx�� � h	pn� {�rYtvt~h	}C³���qopb}©{|� � �	mo}�hCg�g2h	x¨tC¶Ämoq/{|�vwy{�wy}vh�pbx � t~rut � h�q��Ýr��°t
� hC} ��� ª�hCq�wy{b{�hCg�hCxJt~}�� � �	hCxJt~} � r�xb}��Ch � wyg2r�mox|h©}vwypb}zq��Ýr�xb��qoh � h qsr�}�t~r��bm�qom�t � h	t � p
�CwyxJt~���yqoh � h	}´}°�n}°t~f	g2h	}©r>ªyhC���CwyxJtv�~r�m�x¨tvhC}�pbxbmoqorut � �~r�q�hC}	³.Ã��ßru�C�Ch	xJt�hC}°t´g�mo}(}�pb��tv�vwym�}
{b�vwy�|qofCg�hC} ® wyx � r�g2h	xJt�r�pn� ¼¨pbmF�Cw�xb}�tvm�t~p|hCxJt>¶ � h�xbw�tv�vh¯{`wym�xJt � h¯ªFpbh�¶�pbxk�>r � �vhLt~e � w! 
�vmo¼¨pbh��	wyg�{bqoh�t�{`wyp|�©q�� � t~p � h � h��ChC} }��F}°t~fCg�hC} � h�qowF�Cw�g2w�tvmowyxÊ³#"�ruxb}�p|x!{b��hCg�moh	�
t~hCg�{b}	¶Êxbwyp|}�r��`w�� � wyx|}´qoh�{be � xbwyg�fCxbh � �Ým�g2{�ru�	t � hC}�g�hCgk�|�vhC}´mox ® � �vmoh	pb�v}´r>ªyhC��qor
}vpb� ® r��Ch � �Ýr�{b{bpbm�r�m�xb}vmÄ¼¨pbh }vwyx9h	»`h	t�}vpb��qsr � �Fx�r�g�mo¼¨pbhu³���qopb}�moh	pb�v}({�wymoxJt~}z�Cq � t~hCq�}
¼Fp|h©qohC}�m�g2{br��	tv}.gkpbq±t~mo{|qohC}	¶nq�hC}.q�wymo} � h��vh	}�t~m±t~p|tvmowyxµh	t � h ® ��w�tvtvhCg�hCxJt(}vh	��rumoxb}�mÊ¼¨pbh
qohC}¯{b�vw��bqof	g2h	} � � h��nmo}°t~h	xb�Ch©h�t � � pbxbm��Cm�t �´� h´qsr tv�~rX��h	�	tvwymo��hC}�}�wyxJt�{b� � }vh	xJt � } � ruxb}.qoh	}
��� t~r�moq�}C³�ÃÄr^}�hC�Cw�x � h�{�r��°t~moh�hC}°t��Cwyx|}~r��	� � h$�^q%� � t~p � h � h�qsr�}�t�ru�bmoq�m�t �(� �Fx�rug2m�¼Fp|h � h
qsrµg2r��v��e|h�³'&�x g�wyxJt~�~rux¨t�¼Fp|h��ChC}�}°�n}°t~f	g2h	} g � �Cr�xbm�¼Fp|hC}©�Cw�xb}�tvm�t~p|hCxJt�pbxbh��	qsr�}�}vh
{�r���tvmo�	pbqom�fC�vh � h�}°�F}�t~f	g2h	}´eJ�F�b�vm � hC}	¶`x|wypb}z{b�vwy{�wy}�wyxb}(q�� p|t~m�qom�}~rutvmowyx � hC}z}vh	�	t~m�wyxb} � h
��wym�xb�>r�� � {`wyp|��q�� � t~p � h � h�qsr�}�t~r��bmoq�m�t �´� h	}ztv�~rX��h	�	t~w�mo�vh	}��Cq�wy}vh	}C³)(/mox�ruqohCg�hCxJtC¶ � m±» �  
�vhCxJtv}�}v��e � g2r�} � hz�Cw�x¨tv���yq�h�¶¨{b��wy{`w�} � } � r�xb}Lqsr�qom±tvt � �~rYt~pb��h�¶J{�wypb�L� � ��pbqoh	�Lqor g2r�����ebh
� hC} ��wy��w�t~}��bmo{�f � hC}µ}�wyxJt�{�r�}�} � } hCxº��h	ªFpbh�}�wypb} q%�ßruxb�yqoh � h9�Ch�tvt~hÁg2w ��� q�mo}vrut~m�wyx·³
¾�wypb}��	wyxb�	qopbwyx|}zh	x�t~hCxJt~r�xJt � �Ým � hCxJt~m±­�hC� � h ® p|t~pb��} ��� ª�hCqow�{b{`h	g2h	xJt~}(x � �	hC}�}~r�m��vhC}*�
�Ch � wyg2r�mox|h�³
+ Ì ¢X¡ É ¥-, � ¡!¦ �zwy��w�tv}��bm�{`f � hC}	Î�g � �>r�x|mo¼¨pbh�xbwyx. Õqomo}�}vhuÎ/qow�mo} � h2��ebwn�	}^gkp|q�t~m�{bqoh	}CÎ
}��F}�tvfCg�hC}ze¨�F�b��m � h	}CÎP}�t~r��bm�qom�t �´� h�qor�g2r�����ebh�Îb}°�Fx¨tvebfC}�h � h��Cw�x¨tv���yq�hCpb��}C³
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�²x��yhCx|hC�~ruqa¶`rµ�bmo{�h � r�q�q�wn�	wyg�w�t~m�wyx�}��F}�tvhCg �Cwyxb}�mo}°t~}�w ® }vh	ª�hC�vr�qHg�hCgk��hC��}�t~ebrut©r���h
moxJt~h	�v�Cw�xbxbhC��t~h � «(m±t~e½r��	tvp�rutvh � ��wymoxJt~}	³��²x
hC}v}�hCxb�	h�¶`r�gµr�x  ²g2r � h´«�r�qo§¨m�xb���vwy��w�t�m�}
xbw�t~e|moxb�kg�wy��h�t~ebr�x�rk�vw��`w�tvmo�zgµruxbmo{bp|qsrutvwy��«(m�t~e r � h	t~r���e�r��bq�h©r�x � g�wNªFmoxb����r�}vhu³
"´hC}�mo�yx�w ® �|mo{�h � r�q���wy��w�t~}[e�r�}L��hChCx2qsr����yhCq±�km�xA@�pbh	xb�Ch � �J��t~ebh(g�wy}�tL}vw�{bebmo}°t~m��>rutvh �
r�x � ªyhC��}~rutvmoq�h��|mo{�h � §Fx|wX«(xÅt~w½gµrux·¶�t~ebh�g2r�x!e|mog�}vhCq ® ³�d�ebhC��h ® wy��h�¶�g2wy}°t w ® tvebh
g2w � hCq�}CBug2r���ebm�xbhC} � h	ªyh	qowy{�h � �`hCr��µrÅ}�tv�vwyxb�!�vh	}vhCg^�bqsr�x|�Ch
t~w!tvebh½eFp|gµr�x¬�`w � ��³
D qog�wy}°t�r�xJ� g�w � hCq`wy��gµru��ebmoxbh´�>r�x
��h©��e�r��~ru�	t~h	�vm�ÂCh � r�}�ebrNªFm�xb�kt²«�w�qowN«¯hC�.q�mogk�|}
t~e�rut�ru�vh
�Cwyx|xbhC��t~h � t~eb��wypb�ye¬r'�Ch	x¨tv�~r�q�g�hCg^�`h	�C³ D q±t~ebwyp|�ye t~ebh
�	wyg2{|qoh��nm±t²� w ®
}��F}�tvhCg � hC{�hCx � } wyx$t~ebh9x¨pbgk��hC��w ® � h	�y�vh	hC}2w ®´® ��hCh � wyg9¶¯t~ebh½h��nmo}°t~h	xb�Ch9w ®´® h	h	t
}�t~��pb�	tvpb�vh	}C¶¯pb{b{�hC��qom�gk�b}^h�t~�u³�¶¯m�t�m�}^«(m � h	q��D§Fx|wX«(x$t~ebrut�h	ª�hCxÏh��Ft~�vh	g2h	q��D}vmog�{bq�h
pbx�r���t~p�rutvh � }��F}�tvhCg�}^�>ruxD�yh	xbhC�vrut~h2r�gk�bp|qsrutvwy���Ág2w�tvmowyxÊ³ D �bm�{`h � r�q�qowF�Cw�g2w�tvmowyx
}��F}�tvhCg �Cr�x�ebrNª�hLr�ªyhC�°�©}vm�g2{|qohH}°t~�vp|�	t~p|�vh�«(m�tve�t~eb��hCh�{�wymoxJt�g2r�}v}�hC}Ä�Cw�xbxbhC��t~h � «(m±t~e
gµr�}�}vq�hC}v}¯qom�xb§¨}'EGF r����Cmor|¶ � e�rutvtvhC� ��hCh�¶b�zpbm�x�rIH � wyq�hCg2r�x�E°�N�y�KJKL+L�wy�¯ª�hC�°�µ�	wyg2{|qoh��
}�t~��pb�	tvpb�vh¯t~e�rut�g�mog�mo�C}·tvebh�e¨pbg2r�xk��w � �MEON[pb§uwy�b�vrut~wNªFmo�u¶J��wy��wXªur��u¶Jlnp|�vqsr2H lFt~w�§Fm��
E°�N�y����L+L�³/�²xµ��w�tve2�Cr�}vh	}¯t~e|h�}°�n}°t~h	g �Cr�x ru��ebmoh�ªyhz}�t�ru�bqohzqowF�Cwyg�w�tvmowyx·³�d�e|h´�vw��`w�tvmo�	}
�Cwyg�gkpbxbm±t²�ke�ru}L��hCh	x2m�xJªywyq±ªyh � mox�t~e|h(­bhCq � w ® g2w � h	qomox|�©r�x � �CwyxJtv�vwyq�w ® �bm�{`h � } ® wy�
gµr�xJ���yhCr��v}	³¯d�e|h��`wFwy§¨}.�J�7N[p|§�wy�b�vrut~wNªFmo�PEON[pb§uwy�b�~rYt~wNªFmo�-E��N��J�Q�L�Î�N[p|§�wy�b�vrut~wNªFmo�u¶
��wy�vwNªur��u¶[lnpb��qsrRH lFt~w�§Fm��SE��N�y�y��L5L�¶/��r�m��`h	��tTE@�zr�mo��hC�°tTE��N�y�KQ�L5L rux � d�w �b� Eêd�w �b�
E°�N�y�KUKL+LÄr��vhL«�w���t~e���h>r � moxb�©ru}�r�xkm�x¨tv�vw � pb��t~mow�x�t~w�t~ebh�­bhCq � ³H�(hC�Ch	xJt~q���¶�t~e|h.moxJt~h	�vh	}�t
® wy���bmo{�h � ruq�qowF�Cwyg�w�t~m�wyx'e�r�} ��hChCx!�vh	mox ® wy���Ch � �J� t~ebh��Cwyx|}�t~��pb�	tvmowyx!�J�WVzwyx � r
w ®
r��Cwyq�qohC��t~m�wyxDw ® ��wy�`wut~}k«(ebwy}�h��`h	e�r>ªFmowy��ru}�r�eFp|gµr�x|wym � m�}k¼¨pbm�tvh�mog�{b�vh	}v}�m�ªyhu¶Lr�}
ªnm � hCw�}z«(m±t~xbh	}v}C³(d�ebh�moxJt~h	�vh	}�t~h � �vhCr � h	�´}ve|wypbq � �vh ® hC�(t~w2tvebh ® w�qoqowN«(m�xb�k«�h	��{�r���hC}
t~w��yh	t�r�x
wNªyh	��ªFmoh�« w ® t~ebh��	wyg2g^pbxbm�t²�µw ® �vhC}�h>r�����ebhC��}z«¯wy��§Fm�xb��wyx
�bmo{�h � �vwy��w�tv}�X

Y[Z\Z�]_^5`�`badcfe\eAg�h+i�j[kbZAlAimY_hnlKoKp�`�q�rdj\sdtfZdj[`fe3tm]dlKo�u[tmZAlvh�Y�ZKwxk
Y[Z\Z�]_^5`�`�y\y\y9h{z\|�t#h}oAl[`bo�tm~xt�u�tKcf�xu\`[t�][Z�`f�\�d�d`f][aAl�z[jAiKlA`f][aAl�z[jAiKlvhGY�Z�wxk

¾zh	ª�hC��tvebhCq�hC}�}C¶�rux �º� h	}v{bm±t~hÁtvebhÁt~h	��ebxbwyq�wy�ym��>r�q(h��n{bq�wym�tµr���ebm�h	ª�h � �J��Vzwyx � r � }
hCxb�ym�xbhCh	�v}�E��yr�{br�xÏm�}2�	hC��t~r�mox|q�� tvebhÁ�	wypbxJt~�°�1«(e|hC�vh9�bmo{�h � r�q(qowF�Cwyg�w�t~m�wyx¹e�r�}��vh  
�ChCm±ªyh � t~e|hÅg�wy}°t½rutvtvhCxJt~m�wyx r�x � e�r�}�t~ebhÅqow�xb�yhC}°t
ebmo}°t~wy�°�AL�¶´}�wyg�h ® p|x � r�g�hCxJt�ruq
g2w � hCq�moxb�År�x � �CwyxJt~��wyqz{b�vwy�|qohCg�}µebrNª�h�}�tvmoq�qzx|w�t ��hCh	x r �b� ��hC}v}�h � xbwy�2}vwyq±ªyh � m�x
t~ebh���hCqsrYt~h � q�m�tvhC�~rYt~pb��h�³D�©x|h½g2r>�Dx|w�t~m��Ch�mox¹{br���tvmo�Cp|qsr�� t~e�rut�tvebh�qowF�Cw�g2w�tvmowyxÅw ®
V�wyx � r �Ý}���;Á{b��w�t~w�t²�F{�h2��hCg2r�mox|} ® ru� ® ��wyg �Cqor�}v}�mo�>ruq�eFp|gµr�xÅ«.ruqo§¨moxb�½{�rut�t~h	�vxb}^rut
t~ebh�}vr�g2hµ}v{�hCh � }C³ D q�t~e|wypb�ye�Vzwyx � r�E�V��©¾ " D L � m � xbw�tk{bpb�bq�mo}ve¹g2r�xJ� � h	t~r�moq�}
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xbhCm±t~ebh	�^wyx tvebh g�hC��e�r�x|mo�>ruq¯{�ru��t�xbw��^wyx tvebh mog�{bq�hCg�hCxJt~h � �Cw�x¨tv�vwyq¯ebhCp|�vmo}°t~m���¶Hm±t
mo}�h>r�}°� t~wÁ}�hCh2wyxÅtvebh r>ªur�m�qsr��bq�h^ªFm � h	wy}�t~e�rut^��; � } ® wFw�t }�tv�vmo§uh2m�}^ruxbwyg2r�qowyp|}�r�x �
qoh>r � }µt~wD}vwyg�hÁt~�vr�xb}�mohCxJt�m�xb}�t~r��bm�qom�t²� EêeJtvt~{3X BKBX«�«�«�³Ýebw�x � r  Õ{ ;|³ �Cwyg7L�³ d�ebh'x¨pbg  
�`h	��w ®[® wnwut � h	}vmo��xÅ{brut~h	x¨tv}�t�r�§uhCx wyp|t��¨�RV�wyx � r E;pb{�tvw
r�x r�mo�  ²��ru� qom�§�h^{|qsr�xJt~h	�
r��v��e�L(�vh�ªyh>ruqo}�ru�Jr�mox
t~ebrut ® wFw�t� Õ�y�vw�pbx � mog�{�r��	tz��hCg2r�moxb}(wyx|h^w ® tvebh^g2r�m�x � m����Cpbq  
t~moh	}�wyxbh½e�r�}�t~w ® r��	h9m�x¹t~ebh � h	}vmo��x¬w ® �vw��bpb}�t2�Cw�x¨tv�vwyq�qor>«(} ® w��k«.r�q�§¨moxb� �vw��`w�tv}
r�x � «(moq�q��`h	�Cwyg�hDt~e|h §�h�� mo}�}vpbh!«(m�t~e m�xb�C��h>r�}�moxb�Ïebwy�vm�ÂCwyxJt~r�q ª�hCq�wn�	m�t²� �vh	¼Fp|mo�vh  
g2h	x¨tC³¬d�e|mo}�{b�vw��bqoh	g9¶LebwN«�h�ªyh	�C¶�mo}�g�wy�vh�}�hCxb}�m�tvm�ªyh ® wy�kt²«¯w! ²q�hC�y��h � �vwy��w�t~}�tve�r�x
® wy��gkp|q�t~m  ²q�hC�y�yh � wyxbhC} � pbh�t~w�t~ebh©ruqog�wy}�t¯}�tv�~r�m��yeJt�q�hC�k�	wyx|­��yp|�~rutvmowyx�rux � t~e|h��bmo�  
�yhC��q�wJr � rYt�mog�{�r���t´tvmog�h ® wy�zt~ebh ® wy��g2h	�C¶`qoh>r � moxb��t~w�}°t~�vw�xb�yhC��ªyhCq�wn�	m�t²����pbg�{b}�w ®
t~ebh��	hCxJt~h	��w ® g2r�}v}	³^¿ ebmoq�hPV�w�x � r � }�hCxb�ym�xbhCh	�v}�}vh	hCg tvw
�Cwyxb}�m � h	�©t~ebh	}vh�ªyh	qowF�Cm�t²�
��pbg2{|}�r�}�pbxJ«�r�xJt~h � {`h	��tvpb�v��rYt~mow�xb}�r�x � tveFp|}�ru{b{`hCr�q`tvw�g2h	��e�r�xbm��>r�qÊr�}�tvp|t~h	xbhC}�}vhC}
t~w�}vg�wFw�t~eÁtvebhkt~�vrX��hC��t~wy�°�y¶Ê«¯h�r��v��pbh^t~ebrut©mog�{�r���t�m�}�r�x moxJtv�vmox|}vmo� ® h>rYt~pb��h�w ® g2h  
��e�r�xbm��>r�q¨}��F}°t~hCg�}�qom�§�hL�bmo{�h � �vwy��w�tv}/r�x � }vebw�pbq � ��h[t�r�§uhCx�r�}�}vpb��e�m�x�t~e|h��Cw�x¨tv�vwyq�qoh	�
� hC}�mo�yx·³���tvebhC�z�bm�{`h � r�q��vw��`w�tv}(e�r>ªyh^��hCh	x � h	}vmo��xbh � ³ D g�wyxb��t~ebh g2w�}�t�r � ªur�xb�	h �
{b�vwY��h	�	tv}C¶�q�«¯h��Cm�tvhkt~ebh�¿Dr�}vh � r�
�xbm±ªyhC��}vm±t²� V�pbg2r�xbw�m � �(wy��w�t~m��C}©�²xb}°t~m�tvp|t~h��|mo{�h �
E;eJtvtv{ X B�BY«�«�«�³Ýe¨pbg2r�xbw�m � ³ �vm�}vh�³ «�r�}vh � r|³Ýr���³ ��{�Bu��wnw�§Fq�h	tCBu§Yrut~w��(ib³ eJt~g�q�L�¶Ytvebh��9�²d¬Ã�hC�
Ã�ru�`wy�vrut~w������vwy��w�t~}�E;eJtvtv{ X B�BY«�«�«�³ßruma³ g2m±t>³ h � p�BY{b�vwY��h	�	tv}CBuq�hC�yqor���Bu��wy�`wut~}CBY�vwy��w�t~}	³ÝeJtvg2q L
r�x � t~ebh[Ã���l- ²��¾´�(� D �����½}��F}�tvhCg E;eJt�t~{ X*BKBY«�«�«�³ moxb��msr�q�{`h	}C³ ® �CBu�|mo{�L�³���tvebhC��{|�vwY��h	�	t~}
�>r�x1�`h ® wyp|x � rYt�e¨t�t~{ X*BKBY«�«�«�³ g�hCqa³ �ywb³ ��{�Bu}�wy}ve|mo§¨m�Bu��wy��w�t�Bup|x � w\Bu§YrX��m±t�r�BY�bmo{�h � }�m�tvh  
h�³ e¨tvg2qÊr�x � rut�eJt�t~{ X*BKBY«�«�«�³Ýr�x � ��wym � «�wy��q � ³ �Cw�g�Bum�x � h��Ê³ eJt~g½³ D g�wyxb��ruqoq`tvebhC}�h�h��  
mo}�tvmoxb�Á�bmo{�h � }	¶Ltvebh V�wyx � r'�vwy��w�t~}^}vhCh	g t~w ��h t~ebh
g�wy}�t�r � ªur�xb�Ch � rYt�t~ebh tvmog�h
w ® «(�vm±t~mox|�Áw ® t~e|mo}^{br�{`h	��r��	�Cwy� � moxb�9t~wÁtvebh�mox ® w��vg2rut~m�wyx gµr � h�r>ª�rumoqsru�bqoh��J�!tvebh
wX«(x|hC�v}	³ V�wN«¯h	ª�hC�´tvebh�}�wyqopnt~mow�x ® w��z�	wyxJt~��wyq � hC}�mo�yxbh � �J� V�w�x � r ���m�C. �3��� ��� )�� ��	��
8���� �7
�	������ �G!5���������{��!��?89��!":m.I�3��!-���m�C.P	��v
�	����-��� �T	��A.�	 
����(��.P�{��� ��8 �%�M.m��� �����O�
���A��	�� �{�+
������ ��!C� �����?��� ����������!�	����\.P�����A���m	���!". �%� � �'�����9� �!�C��67����	���� � ��!"����
��S��	 "$#
�%�[�
� �%��!�!5��	���E;���~rut�t�E@���y�y�KL+L�³��Õt mo}�tvebh ® hChCq�moxb��w ® t~e|hµr�pnt~ebwy��}©t~e�rut�tvebh�{b�vwy�|qohCg
w ®(® hCh � ��r���§¹�Cw�x¨tv�vwyq�w ® �bmo{�h � ruq.�vwy��w�tv}^«(moq�q�xbw�t���h�}vw�q�ªyh � {b�vwy{�hC��q�� r�}�qowyx|� r�}
t~ebh � �nxbr�g2m��C}¯w ® }vpb��e
}��F}°t~hCg�}�mo}¯xbw�t¯t~ebwy��wypb�ye|q���pbx � h	�v}°t~wFw � ³��²x ® r���t>¶¨t~ebh©g2r�m�x
g2w�tvm�ªurutvmowyx ® w���tvebh
«(�vm�tvmoxb�'w ® t~e|mo}�{�r�{�hC��e�r�}��`h	hCx1t~ebh ® wyqoq�wN«(moxb��w��b}vh	��ªurut~m�wyx
r��`w�p|t�«�r�qo§¨m�xb�TX/t~e|hC�vh©m�}.xbw�r�xbr�q��¨t~m��>r�q�}�tvp � �µw ® rk}�t�ru�bqoh��	wyxJt~��wyqoq�hC�[«(m�t~e
rk�	wyg  
{bqoh�t~h´}°t�r��|moqom±t²��{b�vwFw ® r>ªur�moqor��bq�hzm�xµt~e|h��vh	qsrutvh � q�m�t~h	�~rutvpb�vhu³/�Õt�m�}�wyp|�.�`h	qom�h ® tve�rut�tvebh
gµr�m�x��vhCr�}vwyx ® wy��t~ebm�}(mo}�t~ebh qsru��§ w ® r�}vp|m�t�ru�bqoh©g�w � hCqa³�¿!h�{|�vwy{�wy}vh�r ® �~r�g�h	«¯wy�v§
t~e�rut.mo}.xbwut�wyxbq±�µ}�mog�{bqohzhCxbw�pb�ye�t~w�r�q�qowN« }vp|�b}vh	¼Fp|hCxJt´}°t�r��|moqom±t²�2r�x � �Cw�x¨tv�vwyqÊ}�t~p �  
mohC}z�bp|t´r�q�}vw��vh>ruqomo}°t~m���r�}´}�wyg2h h��n{�hC��mog�hCxJt�r�q�ªur�q�m � rutvmowyx|}.{b�vwNª�h�³(�²x'r �b� m�t~m�wyx·¶|tvebh
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® �~r�g�h	«¯wy�v§�{|�vwNªFm � h	}�r pbxbm�­bh � g�w � hCq�moxb��r�{|{b�vwJru��e ® wy�LgµrYt~ebh	gµrutvmo�Cr�qa¶uxFp|g2h	�vmo�Cr�qa¶
r�x � �Cw�x¨tv�vwyq¯{b�vw��bqoh	g2}	¶H«(ebmo��e¹e�ru}k�`h	hCx$g�mo}v}�moxb�|³��Õt�mo} ® wy�^m�xb}�t~r�xb�Ch�}�mo�yx|m�­��Cr�xJt
t~e�rut©tvebh�gµrumox�h�»Êwy�°t~}�w ® t~ebh �9�²d5Ã�hC�½ÃÄr�� E@���~rut�t7Ea���y����L+L�ebrNª�h��`h	hCx � mo�vh	�	tvh �
t~wN«.ru� � t~hC��e|xbwyqow��ymo�Cr�q�E;r��	tvp�rut~w��v}CL�m�g2{|�vwNªyh	g2h	x¨tzrux � t~hC}°t~m�xb��w ® e|hCpb��mo}�tvmo�©�	wyxJt~�vw�q
r�qo�yw��vm�tvebg�}�}vm�g2m�qsr��[t~w Vzwyx � r � }�«�w��v§¨}C³
¿!hÁ«¯wypbq � r�qo}�wDq�mo§�h½t~w!}�t~��hC}�} t~e�rutµmoxÏtvebmo}2}vpb�°ªyh��Ï«¯h�gµr � h9tvebh���ebwym��Ch½t~w

gµr�m�xbq�� ® wF�Cpb}[wyx���wypb��x�r�q�{�r�{�hC��}C³ �½wy�vh(�vh ® hC��hCxb�	hC}.�Cr�x2��h ® wypbx � �J� ® wyqoq�wN«(moxb�´tvebh
qomox|§F}�m�x t~ebh r���wNªyh �ym�ª�hCx�«¯hC�Á{br��yhC}	³

� - �(
��.�H���$���(+ �L�/��&��Ä�	��
 ��"S� �½��&'�(�
� �$4�����6^�.�

D �bm�{`h � �>rux��`h��vh	{b�vh	}vhCxJtvh � �¨�9r�xÁmoxJªyh	��t~h � {`h	x � pbq�pbg¸}��F}�tvhCg t~e�rut�e�r�}�r2�Cw�x. 
}�t~�vr�mox|h � g�w�t~m�wyx � p|h�tvw t~ebh ® wy��«�r�� � r�x � ��r���§J«.ru� � mog�{�r��	tv}�w ® t~e|h�}�«(mox|��qomog^�
«(m�t~eÅt~ebh��y��wypbx � ³ D q�t~e|wypb�yeÅ}vm�g2m�qsr��´tvw9tvebhµ}°t~�vp|�	t~p|�vhµw ® ªFmo�b�vrut~m�wyx � r�g2{�hC��}�m�x
gµr�xJ� r�}v{�hC��t~} EalnebrN« H%lnebrN« E°�>�y�y��L5L�¶n«(e|mo��e9r��vh©��hCqsrYt~m�ª�hCq±�2«¯hCq�q·}�tvp � moh � ¶�}�tv�vpb�  
t~pb��h9w ® �bmo{�h � r�q(}��F}�tvhCg�}µe�r>ªyhÁr ® pbx � r�g�hCxJt�r�q � m±»Êh	�vh	xb�Ch9r��vm�}vm�xb� ® �vwyg tvebh9p|x. 
�Cwyxb}°t~�vr�moxbh � �CwyxJt�ru�	t�w ® t~ebh
qom�gk�b} «(m�t~e¹tvebh
�y�vwyp|x � E;}vh	h (�mo�b³_E°�fL5L�³D¿ ebm�qohµtvebh
ªnm��b�~rYt~mow�x � r�g�{`h	� �vh	gµrumoxb}2moxS�Cw�x¨t~r��	t
«(m±t~eºt~e|h'�vh ® h	�vh	xb�Ch ® �~rug2h'rYt
r�qoqzt~m�g2h	}
�`h	�>r�pb}�h�w ® tvebh�ebm�xb�yhkt~ebrut�mo}©q�wn�Crut~h � �`h�t²«�h	hCx!tvebh�moxJªyh	��tvh � {`h	x � pbq�pbg r�x � tvebh
ªnm��b�~rYt~mox|�©gµr�}�}C¶ytvebh(qomog^�b}Hw ® t~ebh��|mo{�h � r��vh(r�q±«.r>�F} ® �vh	h(tvw � h	t~r���e ® ��wyg�tvebh�«.ruqo§  
moxb��}vp|� ® r��	h�³ "´h�t�r���ebg�hCxJtv}�wF�C�Cp|� ® ��hC¼¨pbh	x¨tvq���r�x � qohCr � t~w�ªur��vm�wypb}�t²�F{`h	}¯w ® g2wut~mow�x
}vpb��eÅr�}´«�r�q�§Fm�xb�b¶`�vpbxbx|moxb�b¶J��pbg�{bmoxb�|¶`h�t~��³ D }©r g2rutvtvhC�´w ®�® r��	tC¶Êwyxbh^�>r�x'�	qsr�}�}vm ® �
�bmo{�h � ruqzq�wn�	wyg�w�t~m�wyx$}��F}�tvhCg�}�r�}µ�	wyg�{bqoh	g2h	x¨t~r����$}�qsr���§¨xbh	}v}�}°�n}°t~h	g2} E5E@Ã���t~}°t~h � t
E°�N�y�ui\L+L�¶ E ª�rux � hC�2ln��ebr ® t H ln��e¨pbg2r���ebh	� E°�N�y��Q�L+L5L�³ D }�{`w�moxJt~h � wyp|t���hCqowN« E;}�hCh
(/mo�yp|�vh EGQKL+L�¶¯}vpb��eºrÅg�w � hCqom�xb� ® �~rug2h�«�wy��§ � wFhC}�xbw�t2rutµr�qoq.{|�vhC�	qop � h½tvebh9m�xJt~�vw  
� pb�	tvmowyx$w ® @�h��|m��bmoq�m�tvmohC}^rut�t~e|h½�	wyxJt�r���t�{`wym�xJt~}C³$�Õt�}�mog�{bq��!g2hCr�xb}�t~ebrut�t~ebh ® h	h	t
�>r�x � h	t�ru��e ® �vwyg t~e|hµ�y��wypbx � ³ D q�}vwÁm±tkruqoqowN«(} wyxbh�t~w�m�xb�Cq�p � h�w�t~ebh	�^h�»Êh	�	t~}�q�mo§uh
� wypbqow�gk� ® �vmo��t~m�wyx
mox9r2}vm�xb�yq�h ® �~r�g�h	«¯wy�v§P¶�«(ebm���e��>r�x9�`h ¼¨pbm�tvh�pb}vh ® pbq ® w��zx¨pbg�hC�  
mo�>ruq/}vm�gkpbqorut~m�wyxb}´m�x wy� � h	�©t~w�ªur�qom � rut~h t~ebh��	wyxJt~�vw�qoqoh	�v}	³ (/mo��pb�vh E��fL � hC{|mo�	tv}�w�t~ebh	�
}��F}�tvhCg�}�t~e�rut ® r�qoqÄmoxJtvwµt~ebh�}vr�g�h^�>rYt~hC��wy����³ �²x�tvebhkqorutvtvhC�´{br���t©w ® t~ebh�r��°t~m��Cqohu¶�«¯h
«(moqoq[}�ebwN« tve�rutk}�pb��e$}��F}�tvhCg�}��>r�x ��h�r�xbr�q��FÂCh � �J�Dt~e|h pb}vhµw ® mog�{�r��	t  ���wymoxb�Cr�� �
gµr�{|}C¶Fr�x � {`w�}v}vh	}v}¯�Cwyg�g2w�x ® hCrut~p|�vhC}Lmox�tvhC�vg�}[w ® g�w�tvmowyx��	wyxJt~�vw�qa³/¿!h�«�wyp|q � q�mo§uh
t~w�}�t~��hC}�}´t~e�rYtztvebh ® wn�	pb}�w ® t~ebm�}zr���tvmo�Cq�h�mo}(g2wut~mow�xb}�w ® }�pb��e'}��F}°t~hCg�}�tve�rutzmox|�Cqop � h
�CwyxJt�ru�	t>³#(�wy�´h��brug2{bq�h�¶�r �|mo{�h � �>ruxÅ��wn��§9��r���§'rux � ® wy��tve�«(ebmoq�h^t~e|h�}�«(mox|��qomog^�
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�vhCg2r�m�xb}(r���wXª�h©t~ebh�«.ruqo§¨moxb��}�pb� ® r��	h ® wy�zr�qoq�t~mog�hC}	³¯lnpb��eÁg�w�tvmowyxb}¯«(moqoqÊ�`h�wyp|tv}vm � h
t~ebh ® wF�Cpb}(w ® t~ebh � m�}v�	pb}v}�mowyxb}({b��hC}�hCxJt~h � ebh	�vh�³
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(a) (b)

(c)

(d) (e)
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•



(/mo�yp|�vh��KX���m�{`h � }[r�}��Cw�g2{bq�hCg�hCxJt�ru���k}�qsr���§¨xbh	}v}L}��F}�tvhCg�}�X�rKL��bmo{�h � ¶J��L/{`h	x � pbq�pbg½¶
mog�{�r��	t � r�g2{�hC�	¶¯��L�g2r�}�}�m�g2{br��	t � r�g�{�hC�C¶ � L���pb�y�yq�hC�	¶�r�x � h�L�g2r�xbm�{bpbqsrYt~wy�km�x
�CwyxJt�ru�	t(«(m�tve9r���mo�ym � «.r�q�q

"�pb�vm�xb��«.ruqo§¨moxb�|¶Jrut�q�h>r�}°t�wyxbh.q�mogk�^mo}Hm�xk�CwyxJt~r��	t�«(m±t~ekt~e|h��y�vwyp|x � rut[r�q�qntvmog�hC}C³
D t²�n{|mo�>ruq�«.ruqo§¨moxb�(���n�	qoh�g2r>��mox|�Cqop � hHt²«�wz{be�ru}vhC} X�t~ebh[}vm�xb�yq�hH}vpb{|{`wy�°tÄ{be�r�}�h�¶Y«(ebhCx
wyxbh�qom�gk��m�}©{bm�ª�w�t~h � tvw t~ebh��y��wypbx � «(ebm�qoh^tvebh�w�tvebhC��mo}´}�«(mox|�ymoxb��m�x�t~ebh ® wy�°«.ru� �
� mo��hC�	tvmowyx�E;w�{`h	xµ§¨moxbh	gµrYt~mo����ebr�mox2�Cwyx|­b�ypb�~rYt~mow�x�L�¶¨r�x � t~ebh � wyp|�bqohz}vpb{|{`wy�°t�{|e�r�}vhu¶
«(ebhCx ��w�tve!q�mogk�b}©��hCg2r�mox m�x!�	wyxJt�r���t�«(m±t~e!tvebh��y�vwyp|x � «(e|moqoh�tvebh2h	xJt~mo��h2}°�F}�t~h	g

ùêú�û�ù ó



���������
	���
�����������	��
	���������������� ��!"���#�%$'&(	*) �+�-,(��������. /102���3��!+���343!5��67��89��!": J

mo}�}�«(mox|�ymoxb�Åmox1t~ebh ® wy��«�r�� �º� mo��hC��t~mow�x E;�	qowy}�h � §Fm�xbhCg2rutvmo�
��e�r�m�xº�Cwyxn­��ypb�vrut~m�wyx�L�³
d�ebh'mog�{�r���t w ® t~ebh'q�h>r � moxb� q�mogk�1«(m�tveºt~ebh�«�r�qo§¨m�xb�¹}vpb� ® r��Ch g2r>�Ïq�h>r � tvw t²«�w
{`wy}�}vm��bqoh©ªyh	qowF�Cm±t²�
wyp|t~�	wyg�hC} ® wy��t~ebh�t~m�{9w ® t~ebh�t~�vr�moq�moxb��q�mogk� X�h	m�tvebhC�(t~ebh�t~�vr�moq�moxb�
qomog^� �vh	gµr�m�xb}.m�x��CwyxJt�ru�	t(«(m�tve
tvebh©�y��wypbx � wy��m±t � h	t~r���ebh	}C³[¿ ebhCx½�`wut~e
qom�gk�b}�r���h
� h	t~r���ebh � ¶Ftvebh(�bmo{�h � mo}�m�x�tvebh��{@�m��yeJt���{be�r�}�h´r�x � tvebh(�vhC}�pbq�tvmoxb��g�w�t~m�wyx�mo}���pbxbxbm�xb�
wy��}vwyg�h©w�tvebhC��t²�F{`h�w ® xbwyx  Õ«�r�qo§¨mox|��g�w�tvmowyx·³

D xJ�!h�»Êw���t�t~e�rYt�m�xJªywyq±ªyhC}�r�x�ruq��¨t~m��>r�qH}°t~p � � w ® tvebh � �nxbr�g2m��C}�w ® �Jr�m�t�x|hC�Ch	}v}�m  
t�rutvhC}Lr�t~ebwy��wypb�ye�§¨xbwN«(qoh � �yh(w ® t~ebh�m�xJt~hC��x�r�q�}°t~�vp|�	t~p|�vh(w ® t~ebh(qowF�Cw�g2w�tvmowyx�}��F}�tvhCg½³
¿ ebhCx tvebh�}��F}°t~hCg mo}�e¨pbg2r�x�wy��r�xbm�gµr�q@¶yt~ebm�}.}�tv�vpb��t~pb��h©mo}¯h��Ft~��hCg�hCq��2�Cw�g2{bq�mo�Crut~h �
r�x � qom�t�t~q�h^mo}©§¨xbwN«(xDr��`w�p|t©t~ebh��	wyxJt~�vw�q�}�t~�vrut~h	����tve�rut mo}©pb}�h � �¨� e¨pbg2r�x ��hCmox|�y}
r�x � r�xbmog2r�q�}¯t~w��vhCr�qom�ÂCh�r�{�r��°t~m��Cpbqor��.g�w�t~m�wyx
r�x � r���ebm�h	ªyh }�t~r��bq�h �yr�m�tC³�� ® t~e|h }°�F}  
t~hCg �vh	{b�vh	}vh	x¨tv}^r2gµr�xÁgµr � hkgµru��ebmoxbh�wy�©r x¨pbg�hC��mo�>ruq�g�w � hCq��vhC{|�vhC}�hCxJt~m�xb�
}vpb��e
r9g2r���ebmox|h�¶�wyxbhµebr�}�tvwÁ}��FxJt~e|hC}vm�ÂCh �	wyxJt~��wyq¯}°t~�vrut~h	�ymoh	}^r�x � {`h	� ® wy��gµruxb�Ch��C��m�tvhC�vmor
t~e�rut�tv�~r�x|} ® wy��g*gkpbq±t~m  Õ�`w � ��}��F}°t~hCg�}�t~w�«.ruqo§¨moxb��rup|t~wyg2rut~r|³

"�h	ªFmo}�moxb�k{|�~r���t~mo�Cr�qP�CwyxJtv�vwyq�r�����ebm�tvhC�	tvpb�vh	} ® wy�L�bmo{�h � r�qP�vwy��w�t~}	¶n��hCg2r�mox|}Ltvw^��h�r
��e�r�qoq�hCxb��moxb��{b��wy�bqoh	g9³�d�e|h^{b��wy�bqoh	g mo}(t~m��yeJt~q�� �Cwypb{|qoh � «(m�t~e½t~ebh��CwyxJtv�vwyqÄ}�tvp � m�hC}
mox t~e|h
r��vhCr�w ® �vwy��w�t~m��µg2r�xbm�{bpbqsrYt~wy��}C³ 
�x|qomo§uh�gµruxbmo{bp|qsrutvwy�v}	¶/ebwN«¯h	ªyh	�C¶¯�bmo{�h � ruq
gµr���e|moxbh	}��Cr�x e�r>ªyh2gµrux¨� t²�F{�hC}kw ® g2w�tvmowyxÊ³ d�ebhµ�	wyxJt~��wyq¯w��F��hC��t~m�ª�hC}�}vebwyp|q � ��h
�>r���h ® pbq�q�� }vh	qohC��t~h � tvw©�Cwyx ® w��vg�«(m±t~e�r�}�{`h	�Cm�­b�(t²�F{�h�w ® g2wut~mow�x·³ D �CwyxJt~��wyqb}°t~�~rYt~hC�u�
t~e�rutkmo}^}�hCq�hC�	tvh � ® wy�^e|mo�ye¹}�{`h	h � «.ruqo§¨moxb�Ágµr>�!�>r�pb}�h t~ebh�}°�F}�t~h	g t~w�tv�~r�x|} ® hC��t~w
�vpbxbx|moxb�b¶ � pb�vm�xb��«(ebmo��e9r�x
hCxJtvmo�vh	q�� � m�»`hC��hCxJtz�CwyxJt~��wyq�}�tv�~rutvhC��� }vebwyp|q � �`h�pb}�h � ³

A B

(a) (b) (c)

C

(/mo�yp|�vh´�[X�dL�F{�hC}�w ® g�w�tvmowyx X/r�L¯Ã�wF�Cwyg�w�tvm�ªyh���L¯¾zwyx. ÕqowF�Cwyg�w�t~m±ªyh�t²�F{`h	}(w ® wy}v�	moq�qsr  
t~mow�x�w ® r�}vm�g2{|qoh�{�hCx � pbqopbg �mL���h	�vm�w � m��©g2wut~mow�x
�²xJª�hC��tvh � {`h	x � pbq�pbg g2w � hCq�}^w ® ªur���mowypb}��Cwyg�{bq�h��nm�tvmohC} e�r>ªyh
��hCh	x¹h��Ft~h	xb}vm±ªyhCq±�

pb}vh � m�x t~ebhµg2w � hCq�moxb�9w ® �Jr�m±tkw ® e¨pbg2r�xb}�r�x � �bmo{�h � ruq¯«�r�qo§¨mox|�'gµr���e|moxbh	}C³ D q  
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t~ebwyp|�ye·¶¨t~ebh � �Fx�r�g�mo�C}Lw ® �|mo{�h � r�q�qowF�Cw�g2w�tvmowyx�m�}¯m�xJt~pbm±t~m�ª�hCq±��}vm�g2m�qsr��/tvw�tve�rut.w ® r�x
moxJªyh	��t~h � {�hCx � p|qopbg½¶bt~ebh	�vh�mo}zr ® pbx � r�g�hCxJt�r�qÄ¼¨pbh	}�t~m�wyx9tve�rut�e�r�}(t~w2�`h�r �b� ��hC}�}vh �
mox r�}�}vhC}�}vm�xb��t~ebhkªur�q�m � m±t²�9w ® tvebh�g�w � h	qa³ d�ebh�¼¨pbhC}°t~m�wyxÅr��vm�}vhC} ® ��wyg¸t~ebh�m�xbebhC��hCxJt
moxb}°t�r��bm�qom±t²�9w ® m�x¨ª�hC�°t~h � {`h	x � pbq�pbg�}©mox pb{b��mo�yeJt {`w�}vm�tvmowyx|}C³k�Õt mo}�«¯hCq�q�§¨xbwN«(x!t~ebrut
wyxbh��Cr�xk��e�ruxb�yh�tvebh.}�tv�vpb��t~pb�vr�q|}°t�r��|moqom±t²�©w ® m�x¨ª�hC�°t~h � {�hCx � pbqop|gÀ}°�F}�t~h	g2}��J�^r�{b{bq±�- 
moxb��t~wy��¼¨pbhC}©rYt�ªur���mowypb}H��wym�x¨tv}C³ � wyxb}�m � h	��rµ}�moxb��qoh � hC���vhCh^w ®H® �vh	h � w�g g�w � hCq�t~ebrut
�Cwyxb}�mo}°t~}[w ® wyxbh(gµru}v}Lr�x � r�t~wy��}vmow�x�r�qb}�{b�vm�xb� rut�t~ebhz{bm±ªyw�t[{�wymoxJtC³/d[�n{|mo�>ruqbt²�n{�hC}Lw ®
g2w�tvmowyxµmoxb�	qop � h©w�}v�Cm�qoqorut~m�wyxb}¯r��`w�p|t�t²«�w�}�t~rut~m��©hC¼¨pbm�qomo�|�vmsr�r�x � rkt~ebm�� � t²�F{`h�«(ebh	�vh
t~ebh
{�hCx � p|qopbg p|x � hC���ywFhC}��	�F�Cq�mo�
g2wut~mow�xb}C³¹d�ebh	}vh
t~eb��hCh
t²�F{`h	}µr���h � hC{bm��	tvh � m�x
(/mo�b³3Ea��L�¶brux � qsr���hCq�h � r�} D ¶��Sr�x � � �vh	}v{�hC��t~m�ª�hCq±�y³L¾�wN«�¶|«¯h�r �b� t²«¯w�g�wy��h�qom�xb§¨}
t~wÁtvebh wyxbh2qom�xb§'}��F}�tvhCg }�pb��e t~ebrut^tvebh }��F}°t~hCg qowFwy§¨}�q�mo§�h�t~ebh2wyxbh {|�vhC}�hCxJt~h � m�x
(/mo�b³xE�;�L�³H¿ ebh	x «�h©�	wnw�� � m�x�rut~hzt~ebh´g2w�tvmowyx2w ® ªur��vm�wypb}.g�hCg^�`h	�v}��J� r�{b{bq±�nm�xb�kru{. 
{b�vwy{|�vmsrYt~h/��wymoxJtLg�wyg2h	xJt~}C¶J«¯h´g2r>��r��Jr�m�x2w��b}vh	��ªyh�t~ebh(t~eb��hCh(t²�F{`h	}.w ® g�w�tvmowyx�t~ebrut
«�h©e�r>ª�h©wy�b}vh	��ª�h � mox t~e|h�}vm�xb�yqoh�g2h	gk��hC���Cr�}vh E�V�pb��gkpbÂ	qop?H �9wy}v§uwN«(m�t~Â E��N�y��J�L+L�³
�²x2t~e|h´{b��hC}vh	xb�Ch´w ® t~e|hz«�r�qo§¨m�xb��}�pb� ® ru�Ch�tvebh´}°�F}�t~h	g g2r>��}�tvmoqoq|�`h���e�r��~ru�	t~h	�vm�ÂCh � r�}
t²�n{�h D wy���´¶Êru}´qow�xb�µru}�r�q�qÄtvebh^{br���tv}�w ® tvebh^}°�F}�t~h	g ��hCg2r�mox9r���wNªyh^tvebh^�y��wypbx � ¶
(/mo�b³AEG;n³ßr�LHrux � (/mo�b³9EG;n³Ý��L�³�¿ ebh	x�tvebh�}��F}°t~hCg���hCebrNªFm�wy��mo}Hw ® t²�F{�h � ¶�ebwN«�h�ªyhC�	¶Ftvebh
}�«(mox|� qom�gk��«(moqoqÄ�	wyxJt�r���t´t~e|hk�y�vw�pbx � EêebhCh	q/}°t~�vm�§�h�L�r�x � t~�vm��y�yh	�´r���e�r�moxÁw ® h	ª�hCxJt~}
t~e�rut¯g2rN��q�h>r � t~w^}°t�r��|qohz{b�vwy���vhC}�}vm�wyx·³�d�ebh�mog�{`wy�°t�r�x|�Ch(w ® t~e|mo}L�CwyxJt�ru�	t.h�ªyh	x¨t(�Cr�x
�`h©��h	t�t~hC�(pbx � hC��}�t~wFw � m ® tvebh�g2wut~mow�x�mo} � h	{bmo��t~h � mox�tvebh�{be�r�}�h }�{�r��	h w ® t~e|h©}�t�rYt~h
ª�ru�vmsru�bqoh	}C³

(a) Type A (b) Type B (c) Type C

(/mo�yp|�vh ;AX�d[�F{`h	}�w ® g�w�t~m�wyx�w ® r�tveb�vh	h�hCqoh	g2h	xJt��|mo{�h �

¿!h�}vm�g2{|qom ® �Át~ebh�{b��hC}�hCxJt � mo}��Cpb}�}vmow�x¹�¨� � hC}��C�vm��bmox|�Át~ebh�h�ªyh	x¨tv}�tve�rut�q�h>r � t~w
}�t�ru�bqoh�{b��wy�y�vh	}v}�mowyx!w ® r
�bmo{�h � ® wy��r½}�moxb��qoh � h	�y�vh	hµw ®¯® �vhCh � wyg }°�n}°t~h	g9¶He|wX«¯h	ª�hC�
t~ebm�}�r�{b{b��wJr���e��>rux2��h��yhCx|hC�~ruqomoÂ	h � tvw©ebmo�ye|hC��wy� � hC��g�w � hCqo}	³�d�e|hz{|e�r�}vh�{|qsr�xbh�{�wy�  
t~�~rum�t��Cwy���vhC}�{`w�x � mox|�µt~wµtvebhk{b��h	ªFmow�pb}vq±� � h	}v�	�vmo��h �'� �nxbr�g2m��^��hCe�r>ªFmow��´mo} � hC{|mo�	tvh �
mox (/mo�|³ E;i|³ßr�L�³ VzhC��h�¶¯tvebh
}��F}�tvhCg g2rN� �`h
��e�r��vr��	tvhC��moÂCh � r�}�r't~eb��hCh
qom�xb§D�|mo{�h �
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«(m�t~e9��w�moxJtk��w�t�rutvmowyx|}^w ®���� ¶ ��� ¶Lr�x � ��� ³Åd�ebh�}~r�g�{bq�hµ{be�ru}vh�{bqor�xbhµtv�~rX��h	�	t~w��vmoh	}
�Cwy���vhC}�{`w�x � mox|�
tvw
h>r���e t²�F{`h�w ® ��hCe�r>ªFmowy��ru�vh�qsru�`h	qoh � ru�C�Cw�� � m�xb�yq���³^d�ebh�ªyh	��tvmo�>ruq
� r�}ve|h � q�moxbh	}[�vhC{|�vhC}�hCxJt�tvebh(ª�ruqopbh	}Lw ® t~e|h��	wnwy� � moxbrut~h � h	{bmo��t~h � mox�t~e|h�{bebr�}vhz{bqsruxbh
® wy�¯«(ebm���e t~ebh´�CwyxJt�ru�	t.wF�C�	pb�v}	³ (Pw��¯t~e|h´g�w�t~m�wyxb} � hC{bm��	tvh � mox2t~ebm�}¯­��yp|�vh�¶Ft~ebh´wyxbq��
t~�~rN��hC�	tvwy���µt~e�rutzq�h>r � }.tvw2�	wyxJt�r���tzmo} � ³�d�ebh �CwyxJt~r��	tzh	ª�hCxJt ® w��.t~ebm�}�}vmog�{bq�h�g2w � h	q
{b�vw � pb�	hC}�t²«�w2}vm�gkpbq�t~r�xbh	wypb}.h�ªyhCxJtv}�X
�y³(�²g2{br��	tC¶X«(e|mo��e^m�}��vh	{b�vh	}vhCxJtvh � �J� r(}vp �b� hCx^��ebr�xb�yhLmox��yh	xbhC�vr�qom�ÂCh � ª�hCqowF�Cm±t~m�hC}C³
�n³�lF«(m�tv��ebmox|� � pbh©t~w�t~ebh©tv�~r�xb} ® hC�(w ® {bm�ª�w�t�t~w�tvebh�{`wym�xJt(w ® �	wyxJt�r���t>³
D t^t~ebm�}�m�xb}�t~r�xJt>¶/tvebh �vw�qoh�w ® t~ebh2qom�gk�b}�r��vh2h��n��e�r�xb��h � ¶�t~e|h wyq � }�t~r�xb�Chµqomog^�

�`h	�Cwyg�hC}zt~ebh�xbh	« }°«(moxb� q�mogk�½r�x � t~ebh�wyq � }�«(m�xb� q�mogk�
��hC�Cw�g2h	}�t~e|h^xbh�«�}°t�r�x|�Ch
qomog^�·³
d�ebmo}kh��n��e�r�xb�yh�m�}^�	qsr�}�}vmo�Cr�qoq±�'�vh�@�hC��t~h � �J�!}vp �|� hCx$��e�r�x|�yhC}�m�x!t~e|hµªur�qopbh	}
w ® �yh	xbhC�vr�qom�ÂCh � {`w�}vm�tvmowyx|}µr�x � ªyh	qowF�Cm±t~moh	}C³ d�ebh��	wygk�bm�xbh � h	»`hC�	tµw ® m�g2{�ru�	tµr�x �
}�«(m�tv��ebmox|�½w�xÅtvebh�{be�r�}�h�{|qsr�xbh�{�wy��tv�~r�m±t�m�} � hC{bm��	t~h � m�x (/mo�b³ E;ib³ ��L�³ D } }vebwN«(xDm�x
t~ebh�­��yp|�vh�¶Jtvebh�h	»`hC��t�w ® t~e|hz�	wyxJt�r���t[h	ª�hCxJt�«(m�qoq|��hzr©}vp �b� hCx2tv�~r�x|} ® hC��m�x�t~ebh({be�ru}vh
® �vwyg {�wymoxJt9�Át~w {�wym�x¨t �n¶.«(ebm���eºmo}2�yhCx|hC�~ruqoq��$q�wn�Crut~h � wyxºr � m�»`hC��hCxJt � �Fx�rug2m��
t~�~rN��hC�	tvwy���'tve�r�x t~ebh�wy��mo�ym�x�r�q/w�xbh�³2� ® t~e|h � h	}�tvmox�rutvmowyx w ® t~ebm�}©t~�~ruxb} ® h	� m�}�wyxÅtvebh
wy�vm��ymox�ruq�t~�vrX��hC��t~wy�°�y¶�tvebhCxÏtvebhÁ��hC}�pbq�tvmoxb�Åg2wut~mow�x1��hC�	wyg�hC}µ{�hC��mow � mo��Eêma³ h�³[r!q�mog�m�t
�	�F�Cq�h�ru}z}�ebwN«(x9m�x (/mo�b³ E;ib³ �mL5L�³

D xbw�tvebhC�z�y�~ru{bebmo�Cr�q·�	wyxb}�tv�vpb��t~m�wyx9w ® t~e|h�h�ªywyq�p|t~m�wyx
w ® tvebh�}°t�rutvh�w ® tvebh�}°�F}�t~h	g
mo} � hC{bm��	tvh � m�x (/m��b³ E;ib³ � L�³ d�e|mo}µ�	wyxb}°t~�vp|�	t~m�wyxºm�}2wy�nt�r�m�xbh � �¨�$­���}�tµ��ebwnw�}vmox|� r
��wym�xb�>r�� � }vh	�	t~m�wyx E;m�x'�>r�}�h�w ® �|mo{�h � r�q�qowF�Cwyg�w�tvmowyxÁrµ«�h	qoq � h�­�xbh � mox|}�t�rux¨t � pb�vm�xb�
t~ebhk�yr�m�t��	�F�Cq�hmL�³�(�wy�´h��|r�g�{bqohu¶Êqoh�t�pb}�r�}v}�pbg2hktve�rut�«�h���ebwFwy}�hkt~ebhke|hChCq/}�t~��mo§uh�r�}
t~ebhz��w�moxb�Cr�� � }vh	�	tvmowyx·³/d�ebhCx·¶¨«¯h´�>rux2wy�nt�r�m�x2r©}�hC¼¨pbhCx|�Ch�w ® {`w�moxJt~}��	wyxb}�tv�vpb��t~h � �J�
{�r�mo��moxb��t~ebh�ªur�q�pbh©w ® r�}�t�rYt~h�ªur��vmor��bq�h©rut.tvebh�ebhCh	q�}�t~��mo§uh©w ® tvebh	��

� �	�F�Cq�h©«(m�t~e tvebh
ª�ruqopbhLw ® tvebh�}vr�g2h[ªur��vmor��bq�h¯rYt�tvebh�ebh	hCqF}�tv�vmo§uh�w ® t~ebh�������
����	�F�Cq�h�³ D t²�F{bmo�Cr�qn{|qow�t�w ®
t~ebm�}¯}�hC¼¨pbhCx|�Ch©mo} � hC{|mo�	tvh � m�x�(/m��b³�E;i|³ � L5L�¶¨«(ebmo��eµmo}L�>r�q�qoh � r^��wymoxb�Cr�� � gµru{·³/�²xµtvebh
­��ypb��h�¶Jh>ru��e�{br�mo�Hm�}Hqsru�`h	qoh � r�}����Õ³�d�ebh(m�tvhC�~rYt~mow�x^{�wymoxJt�����t~e�rYt��Cwy���vh	}v{�wyx � }�t~w�tvebh
�Cqow�}vh � wy�v�bm±t.w ® (�mo�b³xE;i|³Ý��L+LLm�}�wyx2t~ebh���� � � h	�y�vh	h©qom�xbh���hC�Cr�pb}�h�«(ebhCx tvebh�g�w�t~m�wyx2m�}
{`h	�vmow � m�� ��� rutLebhCh	q`}°t~�vm�§�hzmo}[m � hCxJt~m��>r�q ® w��¯ruqoq�}vp|�C�Ch	}v}�m�ªyh´qowF�Cwyg�w�t~m�wyxk}°t~hC{|}C³[�²x�tvebh
�>r�}�h©w ® }�t�ru�bqoh�q�wn�	wyg�w�t~m�wyx·¶Jt~ebh´}�t�rYt~h©w ® t~e|h©}��F}�tvhCg r�{|{b�vwJru��ebhC}�t~e|h©}�t~hCr � �µ}�t�rYt~h
r�}¯}�ebwN«(x mox�t~e|hz­���pb�vhu³H¿Dhzgµr>��wy�|}vhC�°ªyh´tve�rutL{�wymoxJt~}Lwyx�t~ebh�gµru{µr��	�Cpbg^pbqsrutvhzrut
���Lr�}¯tvebh´�bm�{`h � t~r�§�h	}.}vpb�	�Ch	}v}vm±ªyh©q�wn�	wyg2wut~mow�x�}�t~h	{b}�tvwX«�r�� � t~ebh�hC¼¨pbmoq�mo�b��mopbg½³Äd�ebh
}~r�g�h��Cw�xb}�tv�vpb��t~mow�x��>r�x½r�q�}vwk��h�{�hC� ® w��vg�h � ® wy��tvebh��yh	xbhC�vr�qom�ÂCh � ªyhCq�wn�	m�t²�"!��� wy� ® wy�
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r�xJ�Áw�tvebhC�©§¨m�xbhCg2rut~m���¼¨p�rux¨tvm�t²��³ d�e|mo}´t²�F{�h�w ® {`h	�vmow � m��Cm�t²�
ebr�}�pbxbm�¼¨pbh�r � ªur�xJt�ru�yh
«(ebhCx't~e|hkmoxJªyh	��tvh � {`h	x � pbq�pbg }��F}�tvhCg ��hC{b��hC}vh	xJt~} r �bmo{�h � ³ D �	t~pbr�qoq±�y¶`tvebmo}´mo}�tvebh
wyxbq��¬g�w � h9w ® �`h	e�r>ªFmowy�µtve�rut tvebmo}µ�bmo{�h � �Cr�x r���ebm�h	ªyh {b��wy�y��hC}v}�mowyxÊ³Àd�e|h'g2wy}°t
}�t~��mo§¨mox|� r�}�{`h	�	t�w ® tvebmo}�{�r���tvmo�	pbqsr��zg�w � h�w ® ��hCe�r>ªFmowy��mo}zt~e�rut´t~ebhk�|mo{�h � r���e|moh	ª�hC}
{`h	�vmow � m��Cm�t²���¨�Dp|t~m�qom�ÂCmox|�½w�xbq��!rÁ{�wy��tvmowyx!w ® r � �Fx�rug2m���tv�~rX��h	�	t~w����y³'d�e|h mog�{�r���t
r�x � }�«(m�tv��ebmox|��g�w � hC}[{b�vwNªFm � hztvebh��	wyxbxbh	�	tvmowyx��`h�t²«�h	hCx tvebh����F�Cqom��(g2w�tvmowyx|}Hw ® tvebh
§Fm�xbhCg2rutvmo����e�rumox½r�x � t~ebh©«�r�qo§¨m�xb��r��	tvmowyxÊ³
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(/m��ypb�vh´idX��²g2{br��	t�r�x � }°«(m�t~��e|moxb��wyx
{be�r�}�h�{|qsr�xbh©{�wy�°t~�~rum�t

¿!h©�>rux½�	qohCr��vq±�µwy�|}vhC�°ªyh ® �vwyg t~e|h {|�vhC�	h � m�xb� � mo}��Cpb}�}vm�wyx�t~e�rut�tvebh©g�w�t~m�wyx w ® r
�bmo{�h � moxJªywyq±ªyh	}��CwyxJtvmox¨pbwypb}�{be�r�}�hC}�}�hC{�ru�~rutvh � �J�9r��b�vp|{|t���e�ruxb�yhC}´�vhC}�pbq�tvmoxb� ® �vwyg
mog�{�r��	t�w ® t~ebh ® hCh�t2«(m±t~e¬tvebh9«�r�q�§Fm�xb�Å}vpb� ® r��Chu³ "�pb�vm�xb�ÅtvebhÁ�	wyxJt~m�xFp|wypb}µ{|e�r�}vhu¶
«�h gµr>�
e�r>ª�h^xbwyx|h�¶Pwyxbhu¶�w��zt²«¯w ® h	h	t�mox½}vmog^pbq�t~r�xbhCw�pb}��CwyxJt~r��	t�«(m�t~e
t~e|h��y��wypbx � ³
�²xºt~ebh��Cr�}vhÁw ® wyxbh�w�� g2w��vh ® hCh	t �CwyxJt�ru�	t~}	¶ztvebh��bm�{`h � mo}µr � �Fx�r�g�mo�Cr�q�}°�F}�t~h	g
t~e�rut m�} }�pb�F��h	�	t t~w½pbxbmoqorut~h	�~r�q/�Cwyxb}°t~�vr�moxJt~}	³�lF�F}°t~hCg�}�«(m�t~eÅpbxbm�qsrutvhC�vr�qH�Cw�xb}�tv�~r�m�x¨tv}
r��vh�}��F}°t~hCg�}^«(ebw�}vh��Cwyx|­b�ypb�~rYt~mow�x!}�{�r��Ch2mo}�l`¶�r�x � t~ebh��År��vh�xbw�t�xbw�t�r�q�qowN«¯h � t~w
{`h	xbh	tv�~rutvh�moxJt~w'r��	qowy}�h �¹� w�gµr�m�x�� ��� ³ 
�x � hC��}�wyg2hµ�vhC��pbqsr���m�t²�Å�Cw�x � m�tvmowyx|}
t~ebh9r � g�mo}�}vmo�|qoh � wyg2r�m�x������
	�� �>r�x¬�`h � hC}��C��mo��h � �J�¬rÅ}�h	tµw ® m�xbhC¼¨p�r�q�m�tvmohC}
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	7E;ma³ h�³�t~ebh�moxJt~h	�v}vh	�	tvmowyx2w ® t~e|h � wyg2r�m�xb}�� ���������
	|¶ � � ��
���
�������
�� L���³ (Pw��
h��|r�g�{bqohu¶·mox'�bm�{`h � r�q�qowF�Cwyg�w�tvmowyx9}��F}�tvhCg�}C¶�t~ebh^�Cqow�}vh � � w�gµr�m�x � mo}´tvebh��y�vw�pbx �
t~e�rut�t~e|h¯�bm�{`h � «�r�qo§¨}�wyx·³�d�ebh��	wyxJt�r���t~}/��h	t²«¯hCh	xkt~ebh ® hCh�tHrux � t~e|hL«�r�qo§¨m�xb��}�pb� ® ru�Ch
�>r�x �`h'��ebr��~r���t~h	�vmoÂ	h � r�}
pbxbm�qsrutvhC�~ruq´�Cw�xb}�tv�~r�m�x¨tv}C³�d�ebhÅmox|hC¼¨p�r�q�m�t~m�hC}�� ��������� 	
� hC}��C�vm��`h2t~ebh�xbw�xb{`h	xbh	tv�~rutvmowyxD�Cwyx � m�t~m�wyxb}	³ � wyxb}vh	¼¨pbhCxJt~q±�y¶[«(ebhCx1r ® wFw�tkm�g2{br��	tv}
t~ebh9�y�vwyp|x � }vp|� ® r��	h�¶�«�h ® r��Ch9t~ebh9mog�{�r��	t�{b��wy�bq�hCg w ® rDg^pbq�tvm  ²q�moxb§Å��e�r�m�x¬«(m±t~e
pbxbmoqorut~h	�~r�q��	wyxb}°t~�~rumoxJt~}	³��²x ® r��	tC¶`tvebh^wNªyh	�~r�q�q/g�w�t~m�wyx½w ® t~ebh��bmo{�h � gµr>�½moxb�	qop � hkr
ªyhC�°�Á�	wyg�{bqoh��Á}�hC¼¨pbh	xb�Ch�w ® �	wyxJt~mox¨pbw�pb}©r�x �Á� mo}��CwyxJt~m�x¨pbwypb}�{|e�r�}vh	}C³©d�ebm�}´{�wy}vh	}©r
ªyhC�°� ��e�ruqoqoh	xb�ym�xb�k�Cw�x¨tv�vwyq`{b�vw��bqoh	g9¶¨«(m�tve
r�x
r �b� h � �Cwyg�{bqom��>rutvmowyx�w ® �Cw�x¨tvmox¨pbwyp|}vq��
��e�r�xb�ym�xb�'g�w�t~m�wyx �Cw�xb}�tv�~r�m�x¨tv}�r�x � qor��v�yh2ªyhCq�wn�	m�t²�!{`h	��tvpb�v��rYt~mow�xb}k�vh	}vpbq±t~m�xb� ® �vwyg
�y�vwyp|x � mog�{�r��	tv}C³

� � �������(3 �©�Ä� ��� ��� �(+ �L�/��&��Ä�	��
 � "D� �
��&'�(� � + � +·�µ+��
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!#"�$ %'&)(+*�,.-0/�1
��mo{�h � ruq�q�wn�	wyg�w�t~m�wyx�}��F}�tvhCg�}�r���h �²pbxbmoqorut~h	�~r�q�q��2�Cwyx|}�t~�vr�mox|h � � � �Fx�rug2m��>r�q�}°�n}°t~h	g2}
Eêt~h	x "�r�g E��N�y��J�L+L�³ D «�rN�Ït~w¹g�w � h	q�}vp|��e }°�n}°t~h	g2}
mo}2t~w$moxJt~��w � pb�Ch'r¹}�h	t
w ®
pbxbmoqorut~h	�~r�q`�Cwyx|}�t~�vr�moxJtv}�mox�t~ebh ® wyq�qowN«(mox|� ® wy�vg X
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��7698;:<
��.=48�:?>A@B8DC
«(ebhC��h����vh	{b�vh	}vh	x¨tv}^t~e|h2�	wyg2{|qoh	tvh�ªyhC��t~wy� w ® �yhCxbh	�~r�q�moÂ	h � �CwFwy� � m�x�rutvhC}C¶Ät~ebrut mo}C¶��
� hCxbwut~hC}�tvebh�x¨pbgk��hC��w ® � hC�y��hChC}©w ®L® ��hCh � wyg w ® t~ebh�}°�n}°t~h	g «(m�tvebwyp|t´�Cwyxb}°t~�vr�moxJt~}	¶
ma³ h�³/«(ebh	xE�2�3�4��F'	|³�d�e|h©�Cwyxb}°t~�vr�moxJt~}�g�h>rux
tve�rut.tvebh©��w � m�hC}�tve�rut(�	wyxb}�tvm�tvp|t~h´tvebh
}��F}�tvhCg �>r�x|xbw�tLmoxJt~h	�v{�hCxbh�t~�vrut~hu³ (Pw��[r ��mo�ym � �bmo{�h � �vwy��w�tC¶G�©�Cwypbq � ��h(��ebwy}�hCxµtvw���h
t~ebh��	wyg2{|qoh	tvhkªyh	�	t~w�� w ® ��wym�xJt©�CwFwy� � mox�rutvhC}�{|qopb}�tvebh�hCpb�	qom � msr�x�}�{�r��	h��	wnw�� � m�x�rut~h	}
w ® r {`wym�xJt rut�t�r���e|h � tvw!t~e|h9��wy�`wutSE t²�n{|mo�>ruqoq���¶¯w�xbhÁh��ntv�vh	g2m±t²�$w ® t~e|h9§¨mox|hCg2rut~m��
��e�r�mox L�¶�«(ebhC��h>r�}	¶H�2�3�4���Cw�pbq � ��h��vh � pb�Ch � ® wy�^{b�~r���t~m��>r�q¯�vh>ru}vwyxb}�tvw�t~ebh
�vh	qsrutvm�ª�h
® hCh	t�tvw½���vwypbx �Å� mo}�t~r�xb�	hC}C³�d�ebh � �Fx�r�g�mo�	}©w ® r �. � h	�y�vh	h  ²w ®  ® �vh	h � w�g g�hC��e�r�x|mo�>ruq
}��F}�tvhCg }vpb�¨��hC�	t2t~wI� pbxbm�qsrutvhC�vr�q.�Cw�xb}�tv�~r�m�x¨tv}�gµr>�¹��h½«(��m�t�t~hCx¬r�}�t~ebh ® wyq�qowN«(moxb�
J ó'é@çLK(Ó�ØßÒ°×CâÄÞaÒ°Ü�çYÚßÖ�Þ@ØÝâêí(Ó�æ	×YèNØÝâ@Øßæ�×Yé�Ö�Þ@Ò	õnâaÔXÒ "�æ�çX×uèXÖ�Þaí�æ
�NM�ØÙé�æ%�|Ó�æNèNØßã.Ò°×Yé@Øßæ�× ��äNæ	ÞPO
Q?R

Ö�×YèSM�ØÙé�Ó�æ	×Cì	Ò��Jô
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}��F}�tvhCg � � �.w ® hC¼¨p�rutvmowyxb} X�.�������� ��� ��� 
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	5
?�2�3�4���
	 E@�KL
�(hC}�tvm�tvp|t~m�wyx
qsr>«�� }vebwF��§ � �Fx�r�g�mo�	} E�;�L
"´�°� (P��mo��t~mow�x D g�wyxJt~wyx|}  � w�pbqowyg^� �Ý}�g�w � hCq Eêi\L

«(ebhC��h�� �3�4��m�}.t~ebh�m�xbhC�°t~msrkg2rutv�vm±�`¶�� �3��
 !�4��moxb�	qop � hC} � wy�vm�wyqom�}C¶F�Ch	x¨tv�vm ® pb�Jr�q@¶|�y�vrNªFm  
t�rutvmowyx�ruqa¶brux � wut~ebh	�(tvhC��g2}	¶���	9mo}zr�x½h��Ft~h	�vx�ruq�m�xb{bp|tC³¯d�e|h���hC}�t�w ® t~ebh�t~h	�vg�}zr�x �
ª�ru�vmsru�bqoh	}�r��vh � h�­�xbh � xbh��Ft>³

(�wy��t~ebh��bmo{�h � }�t~ebh�ÃÄr����~r�xb��h � �Fx�r�g�mo�	}H�>rux��`h.��h	«(��m�tvtvhCx�m�x�r´}v{�hC�	m�­�� ® ru}vebm�wyx
t~e�rutz�	wy�v��hC}v{�wyx � }�t~w��Cw�x¨tv�vwyqÄwy�¨��hC�	tvm�ª�hC}�rux � r�q�qowN«(}.t~e|h � h	}vm��yxbhC�(t~w2�yh	t�r��`h�tvtvhC�
pbx � h	�v}�t~r�x � m�xb�'w ® tvebhCm�� � �Fx�r�g�mo�Cr�q ® hCrut~p|�vhC}TEê¿ moh	�`h	�?Ea�u�y�y��L�Î9F©�vm�ÂCÂ	qoh�¶ D �b��rSH
�[q�hC}°t�r�x�Ea���y�n�fL+L�³��²x w�t~e|hC��«�wy� � }C¶�t~ebh2��ebwymo�	hµw ® t~ebh2�yhCxbh	�~r�q�moÂ	h � �CwFwy� � m�x�rutvhC} �
mo} �C�vp|�Cmsruq ® wy���CwyxJtv�vwyqL{bpb��{`wy}�h�¶�rux � �Ch	��t�rumoxbq±� gkpb��e q�hC}v}^wy�Jªnm�wypb} t~e�r�xDm�t�mo} ® wy�
}vhC��msr�q�g2r�xbm�{bpbqorut~wy��}C³ (�wy�©h��|r�g�{bq�h�m�x (�mo�b³MUn¶����>r�x!�`h�}v{|qom�t�m�xÅt²«¯wÁ}�pb�b}�h	t~} � �
r�x � � � ³!d�ebh�ªyhC��t~wy� � � � ��� 
 �A
"!4� � h	}v�C��mo��hC}�t~e|h½��qowy��ruq¯{�wy}vm±t~m�wyx¹w ® t~ebh
��wy�`wut
mox }v{�ru�Ch�«(ebhC��h>r�}�t~e|h�ª�hC��t~wy� � � � �$# � 
������ 
"#&%��©r��vhktvebh´��wymoxJt��CwFwy� � mox�rYt~hC}	³�d�ebh
ªyhC��t~wy�D� � �	wypbq � ��hzrutvt~r���ebh � t~w r�xJ��{�wym�x¨tHw ® tvebh(�bmo{�h � ³�¾�h�ªyhC�°t~ebh	qoh	}v}Lm�t[mo}�§¨xbwN«(x
® �vwyg �|mowyg�h � m��>r�q�}�tvp � moh	}9w ® e¨pbg2r�x �yr�m�t�tve�rut½wyxbhÅw ® tvebh {b�vm�gµru���ºw��F��hC��t~m�ª�hC}
� pb�vm�xb�$qowF�Cwyg�w�tvmowyx¬mo}�t~ebh }°t�r��bm�qom�Â>rutvmowyx¬w ® tvebh ebh>r � «(ebh	�vh t~ebh h��FtvhC�vwF�Ch	{|t~m±ªyh
}vhCx|}vwy��} E;mox|xbhC�khCr��C¶�}�mo�yeJtCL�r���h qowF�>rutvh � ³ÅlFh	tvtvmoxb�E� � ��� � 
�� � � � ¶ E��fL�}v{|qom�tv}^m�x¹r�x
pb{b{�hC�L{�r���t�r�x � r�q�wN«�h	�¯{�ru��tL�Cwy���vh	}v{�wyx � m�xb��tvw�ebhCr � g�w�t~m�wyx�r�x � ��wymoxJt � �Fx�r�g�mo�	}
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E;i\L�mo}z«�h	qoq  Õ{`w�}vh � mo}�xbw�t´tv�vm±ªnmor�qvE;h�ªyh	x tvebh^�Cr�}vh^w ® rµ}�mog�{bqoh mog�{�r���t���h	t²«¯hCh	x't²«�w
�`w � moh	}�m�}Äxbw�tHh�ªFm � h	x¨t�«(ebhCx ® �vmo��t~m�wyx�m�}�x|wyx. ²x|hC�yq�mo�ym��bqohu¶>}vh	h E@���vr���e?E��N�y�|�fL�ÎJlFtv�vwyx|�yh
E°�N�y����L+L5L�¶|}�hCh7E;�Õªur�xbwNª E��N�y��U�L+L�³
�²xD}vpbg�gµru���y¶�t~ebh2eJ�n�|�vm �D� �Fx�r�g�mo�>ruqL}°�F}�t~h	g m�x E°�mL  �Eêi\L-E;wy�7E°�mL  �E�;�L�¶ E°�>��L+L��vh  

¼Fp|mo�vh	}C¶Lmox$wy� � hC��t~w ��h
moxJt~h	�y�~rutvh � ¶[t~ebrut��`wut~e1¼Fp|hC}�tvmowyx|} � �½r�x � � �'r��`wNª�h9��h
r�xb}�«¯hC��h � ¶.r�x � t~e�rYt�t~ebh
pb}�h � g2w � hCq�}^�Fmoh	q � «�h	qoq  ²{�wy}vh � xbhC}�}C³¹d�ebm�}�g2hCr�xb}kt~ebrut
wyxbh©}ve|wypbq � ��h r��bqoh�t~w��>r�q��Cpbqorut~h´mox½r�pbxbmo¼¨pbh©g2r�xbx|hC�C¶brut(h	ª�hC����tvmog�h  �¶bt~e|h©}�t�rYt~h
h	ªyw�qop|tvmowyx·³¹d�e|mo}�gµr>�¹��h � wyxbh
m�x1{br���tvmo�Cp|qsr��^tveb�vw�pb�ye$t~ebh
}�tvp � �$w ® Ã � �[}	¶�m@³Ýhu³
�>r�q��Cpbqorut~m�wyx w ® �CwyxJt~r��	t ® wy���ChC}	³
d�e|h'r�{b{b��wJr���eºw�xbh�g2rN�$ebrNª�h'mox¬wy� � h	�2tvw }vwyq±ªyh½t~ebm�}µ{b��wy�bqoh	g � hC{�hCx � }�wyx

wyxbh � }kwy�¨��hC�	tvm�ª�hC}C³ �Õt^e�r�{b{�hCxb}ktve�rut^�vhC}�h>r�����ebhC��} ® �vwyg �Cw�g2{bpnt~hC��}v�	mohCx|�Ch E@��r��~ru»
E°�N�y��;�L�Î��.r��~rY»SE��N�y��i\L�ÎJÃ���t~}°t~h � t(E��N�y��i\L5L�¶�r�{b{bq�moh � gµrYt~ebh	gµrutvmo�	}9E;Ã���t~}°t~h � t E°�N���J�KL�Î
d���moxb§¨qohu¶|��r�xb�b¶blnp � ru�v}v§J��HÀÃ�w?E��N�y��U�L�În�/r�xb� H d��vm�xb§¨qoh E°�N�y��Q�L�În�/r�w�qom�HÀln��e�rutvÂ  
gµr�x7E°�>�y�K;�L�ÎJ�/r�w�qom�E°�>�y�K;�L�Î �9wyxJtvhCmo��w! �9r��v¼¨pbh	} E°�>�y�K;�L�Î¨lFt~h�«.ru��t�Hºd��vm�xb§¨qoh E°�N���KQ�L�Î
��p|xbÂChMH ¾�h	pbgµruxbx�E��N�y��J�L+L�¶��vw��`w�tvmo�	} E;d��vmox|§Fq�h�¶��/r�x|�b¶�lnp � r��v}�§J�WH Ã�wWE°�N����UKL�Î
�/r�xb� H d���moxb§¨qoh E��N�y�KQKL�Î�"´pb{�wyxJt7E°�N���J�KL+L�¶·g�hC��e�r�x|mo�C}ME �9wy�vhCr�p E°�N���y��L�Î�lFtv�vwyx|�yh
Ea���y����L�Î V�r�x·¶#F�m�qog�wy�vh H*���ywut E°�N���K;���L�Î#V�r�pb�b¶·¿!p�H��¯r�xb��E��N�y�KQ�L�ÎÄ� ® hCm�»`hC� H
F�q�wn��§uhC��E°�N���KQ�L�Î�V´r�xIH F�m�qog�wy�vh E°�N�y��;�L+L�¶Y�	wyxJt~��wyqFtvebhCw����ME@�¯�vwy�yq�msrutvwb¶X¾�m��Cpbq�hC}��Cp H
�©��e�r�xJt E°�N����JKL�Î¨�¯�vwy�yq�msrutvw H��·r>ªur�qsr  ��(mowPE@���y�y�KL�Î��·r>ª�ruqsr  ²�zm�w'H ����wy�yq�msrutvw-E°�N���y��L�Î
���vwy��qomsrYt~wb¶�¾zmo�	pbqoh	}v�Cp�H �9w�x¨tvhCm��vw! �Ár��v¼¨pbh	}TE@���y�y��L�Î�d�wy��x�r�gk��h E°�N�y����L�ÎÄªur�x � hC�

� å>çuÓÕÔLáXÔXÒ�×Xæ�ã.Ò�×YÖ�é@ÔXæ�çYÚßèL×Xæ�â "uÒ·Ó�æ	× � çYé@Ò�è	��ØÝâ@Ô�é;æ%�sÓ�Ö�ÚßÚÝÒvè�

��������������������������� �ÕôPÑ�ØßÓ°Þ@æ%�sÓ°æ�ÚßÚÝØÙé;Øßæ�×ué
Ó°æ�ÞaÞ@Òvé;á�æ�×uè�âaæ�Ö�é;Ò�Þ@ØßÒ�é(æ
�[é;ÒvüCçXÒ°×Câ@ØÙÖ�Ú�ØÝã.áYÖ	Ó²âaé "uÒ°â!�`Ò�Ò°×µâ!�Êæ�"uæNèNØßÒ�é � O#"%$ �²ô'î·ÔXÒ�í�ÞaÒ�é@çXÚ â
� Þaæ�ãÀâ@ÔXÒ'&YÒ��NØ "XØÝÚßØÝâ@ØßÒ�é(Ö�×Yè2â@ÔXÒ é@ç�"Yé@Ò�üCçXÒ�×Câ(ìCØ "XÞÕÖ�âaØÝæ	×Yé.ØÝ×uèNçYÓ�Òvè ">í�â@ÔYÒ é;ÔYæ>Ó ��ØÝ× âaÔXÒ "�æ>èXØÝÒvé°ô
óÊâ´Ökã.Ö	Ó�Þaæ	éaÓ�æ	áXØßÓ�ÚßÒ°ì�Ò�Ú�â@ÔYÒ èNçXÞÕÖ�âaØÝæ	×µæ%��âaÔXÒ'��ÔXæ	ÚÝÒ�Ó°æ�×CâaÖ	Ó²â(áXÔuÖ�é@Ò©ã.Ö~í "uÒ ì�Ò°Þaí�é@ÔXæ�Þ@âzÖ�×uè
Ó°æ�×Yé@ØÙèNÒ°ÞaÒ�è�Ö�é "uÒ�ØÝ×XÜzØÝ×Yé;âaÖ�×CâaÖ�×YÒ°æ�çué �±Ñ�Ö�Þ@Ü	ÔXØÝâ@ç)(+*ÄçXÞaãLçXö�ÚÝç � �5���$���-,�åCâaæ�ØÙÖ�×Xæ�ì>ØÙÓ�Ø.(+*ÄçXÞaãLçYö°Úßç
� �5� �%���-,�*�çXÞ@ã¯çXö°Úßç � �+���%	 � ��ô(Ñ©ØßÓ°Þ@æ%�sÓ°æ�ÚßÚÝØÙé@ØÝæ	×YéHÖ�ÞaÒ�é@æ�ã.Ò�âaØÝã.Òvé[Ó°Ö�ÚÝÚßÒ�è^ãLçYÚ âaØÝáXÚßÒ�� Ó�æ	ÚÝÚßØÙé;Øßæ�×Yé/Øß×kâ@ÔXÒ
ÚßØÝâ@Ò°ÞÕÖ�âaçXÞaÒ�äNÔXÒ�×YÓ�ÒHá�æ	éaé;Ø "XÚßÒHÓ°æ�× � çué;Øßæ�×¨ô
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ln��e�r ® tMH lF��eFp|gµr���e|hC�SE��N�y�KQKL�Î¯tvhCx "�r�g½¶ "z«.r���}ve¨pbm�}7H ¿ m�qoq�hCg�}TE°�>�y��JKL5L^e�r>ªyh
�vhC�	hCxJt~q±�µg2r � h�}vm��yxbm�­b�>r�xJt�r � ªur�xb�Ch	}.�Cw�xb�Ch	�vxbm�xb� � �Fx�r�g�mo�Cr�qP}��F}�tvhCg�}.«(m�t~eµpbxbmoqorut� 
hC�~ruq��Cw�xb}�tv�~r�m�x¨tv}C³!�²x$tvebh ® wyq�qowN«(moxb�|¶�«¯h�{b�vwNªFm � h
r��|�vmoh ® }vpb�°ªyh	� w ® t~ebwy}�h��vh	�ChCxJt
«�wy��§¨}C³

D }L«¯hz{`wym�xJt~h � wyp|tLhCr��vq�mohC�	¶�t~e|h�m�x¨tvhC�y�vrut~m�wyx·¶yg�w � hCq�moxb��r�x � �	wyxJt~�vw�q�w ® }°�n}°t~h	g2}
qomo§uh � � ��e�r�}��vh	�ChCxJtvq��'m�x¨tvhC��hC}�tvh � �vhC}�h>r�����ebhC��}�w ® � m±»Êh	�vh	x¨t ebw��vmoÂ	wyxb}	³ "´hC}�{bm�tvh�tvebh
® r��	t�t~ebrut�t~ebh	mo���ywJruqo}�g2rN� � m�»`hC��r�}�«¯hCqoq@¶Ltvebh ® pbx � r�g�hCxJt~r�q�{b�vw��bqoh	g mo}�r�q±«.r>�F}
t~w ��h�r��|qoh
t~w m�x¨tvhC�y�vrut~h½t~ebh½t~�vrX��hC��t~wy�°�y¶(}�t~r���tvmoxb� ® �vwyg r � g�mo}�}vm��bqoh
mox|m�t~mor�q � rYt�r
� �3	G��
 !� �3	G��³ � q�h>r���q��Áh��nmo}°t~hCx|�Ch2r�x � pbxbm�¼Fp|hCxbh	}v} w ® }�wyqopnt~mow�x'w ® � � ��m�}�r
�br�}vm���r�x �
¼Fp|m�t~h
pb}�h ® pbq�{|�vwy{�hC�°t²�¹t~w't~e�rYtµrumog½³ d�ebh ® wyqoq�wX«(m�xb��}�pb��ª�h	�1{�r��°t � wnh	}�x|w�t2r�mog
rut�g2r�§¨moxb�'r��	qsr�}�}vm±­��>rutvmowyx r�g2w�xb��t~ebw�}vh «¯wy�v§¨}C³D�Õt���pb}�t�rumog�}krut�{|�vwNªFm � m�xb� r�x
wyp|t~q�moxbh�w ® t~ebm�}.t~wy{bm���³[lFmoxb�	h©mox�t~ebm�}.}vp|��ªyh���«�h ® wF�Cpb}(wyx
�bm�{`h � r�q`�vwy��w�t~}	¶|«¯h }�e�r�q�q
hC}v}�hCxJt~mor�qoq±� � h	}v�C��mo��hLtvebwy}�hL«¯wy�v§¨}Ät~e�rYt�ebr�x � q�hLtvebh[�>r�}�h�w ® gkpbq±t~mo{|qohH}�mogkpbq±t�r�x|hCwypb}�q��
r��	tvm�ªyh'�	wyxb}°t~�~rumoxJt~}	³��²x wut~ebh	� «�wy� � }
�vh	}�t~m±t~p|tvmowyxSqor>«(}
r�x � �CwFh ���Cm�hCxJt~} ® wy�µtvebh
��r�}vm��k�>ru}vh�w ® t²«¯w
�Cwyq�qom � moxb���`w � m�hC}�«(m�qoq�xbw�t©��h � m�}v�	pb}v}�h � moxÁtvebh ® wyqoq�wN«(moxb� Xztvebh
moxJt~h	�vhC}°t~h � �vh>r � hC�Hg2r>� �Cwyxb}�pbq�t E@���vr���e?E��N�y�|�fL�ÎJ����wy�yqomorut~w E��N�y�y��L�Î¨lFtv�vwyxb��h Ea�u�y�y��L5L
r�x � �vh ® hC�vh	xb�Ch	}�tvebhC��hCmoxÊ³
�¯h ® wy��h.�ywym�xb��r�xJ� ® pb��tvebhC�Hm�xJt~w´tvebh � h�t�r�m�qo}/w ® t~ebh � �nxbr�g2m��C}Hw ® }��F}�tvhCg�}�}vpb�F��h	�	t

t~w�pbxbm�qsrutvhC�~ruq|�Cw�xb}�tv�~r�m�x¨tv}C¶¨qoh�t[pb}[­��v}°t¯}°t~��hC}v}[t~ebrut ® �vwyg5wypb��{�wymoxJt[w ® ªnm�h	«Ïwyxbq���t~wFw
® h	« rutvtvhCxJt~m�wyxµ«�r�}.{�r>��h � moxµtvebh´q�m�tvhC�~rYt~pb��hztvwkt~ebh�h��nmo}°t~hCx|�Ch©w ® tvebwy}vh´�Cwyxb}°t~�vr�moxJt~}	³
�²x ® ru�	t�g�wy}�t w ® tvebh�«¯wy�v§¨}
wyxºt~e|h'�CwyxJt~��wyq�w ® �bm�{`h � �vwy��w�t~}µg2w � hCqzt~ebh ��wy�`wut
mox t~ebh�}vm�xb�yqoh�}�pb{b{�wy��t�{be�ru}vh ru}^r
gµruxbmo{bp|qsrutvwy�´«(ebwy}�hµ��ru}vh��Cwy���vhC}�{`w�x � }�tvw½tvebh
}vpb{b{�wy�°t~mox|� ® wnwut�r�x � r �b� }vw�g2h��Cqow�}vh � q�wnw�{Á�Cw�xb}�tv�~r�m�x¨tv} ® wy�zt~ebh � wypb�bq�hk}vpb{|{`wy�°t
{be�r�}�h�³'&Hª�hCxÅm ® t~e|mo}©r�{|{b�vwJru��eÅm�}´ªyh	���'�	wyxJªyh	xbmoh	x¨t�tvw � hC��m�ªyhktv�~rX��h	�	tvwy���9t~�~ru��§Fm�xb�
qsr>«(}·ªFmsr�t~e|hL�	wyg�{bp|t~h � t~wy��¼Fp|h[tvhC��ebx|mo¼¨pbh�¶um�t � wnh	}vx � t�r��C�	wypbxJt ® wy��{`w�}v}vm��bqoh/}vqom�{b{�r���h
xbwy� � h�t�r���e|g2h	x¨t�rYt��y�vw�pbx � �Cw�x¨t~r��	tv}�xbwy��}vrN� r�xJ�¨t~ebm�xb� r���wyp|tktvebh mox[@�pbhCx|�Ch�w ®
mog�{�r��	tv}.wyx½}�t~r��bmoq�m�t²� X

�
d�ebh��	wyxJt�r���t~}�r���h©r�}�}vpbg�h � tvwk�`h´�bmoqorut~h	�~r�q � p|�vmox|�kh>r���e
}�pb{b{�wy��t�{be�r�}�h�¶bm@³Ýhu³
������� � 	
mox't~e|h2xbw��vg2r�q � m��vh	�	t~m�wyxÅr�x � xbw½}vqom�{ mox't~ebh�t~r�xb�yh	x¨tvmsr�q/�CwyxJt�ru�	t
� mo��hC��t~mow�xb}C¶

�
d�ebhkwyx|q��½}vpb{|{`wy�°t©{be�ru}vhkt~�vr�xb}�m�t~m�wyxb}�r��vh ® �vwyg¸}�tvmo��§¨mox|� }vm�xb�yqoh�}vpb{|{`wy�°t�t~w  
«.ru� � }(}�tvmo��§¨mox|� � wypb�bq�h }�pb{b{�wy��tzrux � ªFm��Ch©ªyh	�v}~rn³

�²x�w�t~e|hC��«¯wy� � }C¶ ® pbx � r�g�hCxJt~r�q�h�ªyh	x¨tv}©qom�§�h � h	t~r���ebg�hCxJt~}�w�� ® wFw�t�}vqom�{b{�r���h�ru�vh^x|w�t
�Cwyxb}�m � h	�vh � ³�¾�wut~mo�	h�ebwN«�h�ªyhC��t~e�rut�tvebh2e¨pbg2r�xÅ«.r�q�§¨moxb�
{�rut�t~h	�vx rux � tvebh2p|x � hC�  
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q��Fmoxb���	wyxJt~�vw�q�}�t~�vrut~h	��� � m±»Êh	�v}zxbw�t�ru�bq�� � hC{�hCx � m�xb��wyx½tvebh �y�vwyp|x � ��e�ru�~r���t~hC��mo}°t~mo�	}
E;mo�	h�r���hCx�r|¶[��ru}v§�h�t~��ruqoq.{bqor>�n���vwypbx � ¶�t~�~rug2{�wyqom�xbh�¶�h	tv��³*L�³ D }�}vebwN«(x1mox$r�{|{`h	x � m±�
D rux � r�{|{`h	x � m±� �´¶�tvebh��CwyxJt~��wyqHt~w��v¼¨pbhC})	 e�r>ªyh�t~w½wy��h	� �	hC��t~r�moxÅ�Cw�x � m�tvmowyx|}�t~w
hCxb}�pb�vhz}�tvmo��§¨moxb��rYt�ruqoqntvmog�hC}	³/d�ebh	}vhz�Cwyx � m�t~m�wyxb}H�Cr�x��`h.«(��m�tvtvhCx�r�}2E�F � x|w�t2E°�N���y��L�Î
F � xbw�t>¶b���vwy��qomsrYt~wPH V�pb��gkpbÂCq�p�E°�N�y����L+L�X

� ��� 
��P� 	 ��� ��� 
 !� 
��P��F'	 E°���fL
� pb�vm�xb��}vg�wnwut~e�g�w�t~m�wyx·¶brux � r�}�X

�� ��� �  ��L��
�� � !� �  �� ��F'	 E°�N�KL
rut.m�g2{�ru�	t�tvmog�hC}'E@r�x � ® w��.}vwyg�h���ebw�mo�Ch´w ® t~ebh � wypb�bq�h�mog�{�r���t.g�w � h	q�L�¶¨«(e|hC�vh���m�}
D g�wyxJt~wyxb}  � wyp|qowygk� �Ý} ® �vm��	t~m�wyx½�CwFh ���Cm�hCxJt©rut´�CwyxJt~r��	tC³���w�tveÁm�xbhC¼¨p�r�q�m�tvmohC}(m�x�E°���fL
r�x � E��X�KL�r���h7�3���C�C.C.���!��������M.%� " ��	���� ���Cwyx � m�t~m�wyxb}�t~w2�`h�}~rutvmo}°­�h � �¨�
tvebh^�	wyxJt~�vw�q
moxb{bpnt 	 }vwDtve�rut � pb�vm�xb�Dtvebh 8�� ��� � 67���G	����	�G.�67�m����������� �3���A.�67�m��� ��

}°t~m���§Fm�xb�
mo}kg2r�moxJt~r�moxbh � r�x �¹� h	t~r���ebg�hCxJt�mo}kg�wyxbm±t~wy��h � ³'d�w�t~ebh���hC}°t�w ® wypb�k§¨xbwN«(q�h � �yhu¶
xbwyxbh�w ® t~e|h½�	wyxJt~��wyq.qsr>«(}�{b��wy{�wy}vh � m�x t~ebh
qom±t~h	�~rutvpb�vh2pbxJt~moq�xbwN« «�r�}�}vebwN«(x$t~w
�`h ��}°t�r��bq�h ��«(m±t~e!�vhC}�{`h	�	tktvw9tvebhC}�h ® pbx � r�g2h	xJt�r�q[�Cw�x � m�tvmowyx|}C¶�gµr�m�xbq�� � pbh�t~w9tvebh
® r��	t(t~ebrut�tvebh pbx � h	�vq��Fm�xb� � �nxbr�g2m��C}(w ® t~ebh �vwy��w�t � wFhC}�x � t��>ru{|t~pb��h tvebh pbxbmoqorut~h	�~r�q
® h>rutvpb�vh�w ® t~ebh ® h	h	t� Õ�y�vw�pbx � �CwyxJt~r��	tv}C³

!#"
� ���5-0/�� -���(����P1 1 /��D(�� *D/�� 1
d�ebhk}vp|�C�Ch	h � m�xb�
}vpb�|}vhC��t~m�wyxb}�r���h � h	ª�w�t~h � t~wµtvebhk}�tvp � �Áw ® t~ebhkÃ � � mox�E°�N��L E;m@³Ýhu³
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� û ØßÜ�ÔCâ/ÿ`æ	×	âaØÝ×>çXæ	çYé ��Ø âaÔ �¨æNÓ°Ö�Ú �`æ	çX×YèNÒvè �PÖ�Þ@ØÙÖ�âaØÝæ	×
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q-

q+=0
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Sweeping process

q-

q+=0
q1

+

van der Schaft-Schumacher
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q2
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(�mo�ypb��h©�AX � wyq�qom�}vmow�x gµru{b{bmox|�y}

® wyqoq�wN«(} �2� � !� �  �� �H�
	5
 �7�7�
	5
 � � � �2� � !� �  �� � � 	 Ea�bQ�L
r�x � moxb}�hC��tvmoxb� t~e|h9h��|{|�vhC}�}vm�wyxSw ® !�5�  �� � ® ��wyg Ea�KU�L�q�h>r � }�tvw!t~e|h ® wyq�qowN«(moxb�
Ã � �
�2� � !�5�  �� � � � � � � � � �2��� � � � � � !� �  �� �H�
	5
 � � � 	 
 �7�� � � � !�5�  �� �
� 	

Ea��JKL
lnmog�moqor��vq±�´tvw�t~ebh��	wyxJt~mox¨pbw�pb}�g2wut~mow�x^m�tH�>r�x���h.}vebwN«(x�t~e�rYtHt~ebm�}�Ã � �Dr�q±«.r>�F}
{`w�}v}vh	}v}�hC}�r�}�wyqop|tvmowyx �7�|³ D �Jr�m�x � ���7��mo}�p|xbmo¼¨pbhu³
d�ebh Ã � �Ïmox�Ea��JKL�mo}�h	¼Fp|m�ªur�qoh	xJt�t~w�t~ebh�¼¨p�r � �vrut~m��©{b�vw��bqoh	g

�����
�� � � �� �

�
��� !�5�  �� � > !�5�  �� ��� � � � !� �  �� � > !�5�  �� ��� 
 � � � !�5�  �� �)�
	 Ea�u��L

«(ebmo��eÏ�>r�xS��hÁ}�hChCx ru}�rD�yh	xbhC�vr�qom�ÂCh � F rupb}v} ��{b��moxb�	mo{bq�h�³ (��vwyg Ea�Yi\L�m±tµm�}
�Cq�h>r���tve�rut(ru}.qowyx|��r�}
�?��� �  ���� �¯mo}�r�xbw�x. ²h	g2{|t²�2�Cq�wy}vh � �CwyxJªyh��
�Cw�xbh�¶ E@����LLm�}
hC¼¨pbm±ª�ruqohCxJt�tvw�tvebh�}�«¯hCh	{bmoxb�2{b�vwF�Ch	}v}(�vp|qoh©mox�E@�ui\L E �½wy�vhCr�p E��N�y�y�KL+L�³
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ÃÄh�t
pb}
g2h	xJt~mow�xºt~e�rut
tvebh'�Cqor�}v}�mo�>ruq � hC�	wyg�{`wy}�m�tvmowyxºw ® tvebh mog�{�r��	t {bebhCx|wyg2h	x�r
moxJt~wÅr!{|e�r�}vh½w ® �Cwyg�{b�vh	}v}�mowyx �  , �  �� 
! �� � ® w�qoqowN«¯h � �J�1rÅ{bebr�}vh½w ® h��n{�r�xb}�mowyx
�  �� 
  �� �  �� � «(m±t~eÏÂ	hC��w ��w�mo}v}�wyx � }µ�	wnh%�2�	moh	x¨tC¶(r�} � wyxbh½mox E@� ® hCm±»Êh	�MH F©qowF��§�h	�
E°�N�y��Q�L+L�¶uq�h>r � }Ät~w�t~ebh¯}~r�g�h¯��hC}�pbq�tv}C³/d�e|h.{be�r�}�h�w ® �Cwyg�{b�vh	}v}�mowyxk�Cr�xk��h ® w��vgkpbqorut~h �
r�}�mox E@�KJKL¯�J��}�pb�b}�tvm�tvp|t~m�xb�  �� ¶� �� r�x � � �^�J���vh	}v{�hC�	tvm�ª�hCq��  ,�¶� �� r�x � �7���/³[¾zh��Ft
pb}vm�xb��rz}vmog�moqor��·}�pb�b}�tvm�tvp|t~m�wyx ® wy�Ät~e|h�{be�ru}vh�w ® h��n{�r�x|}vmow�x^�FmohCq � }Ät~ebh ® wyqoq�wX«(m�xb�zÃ � ��2� � !�5�  ���� � �2� � � � � � ���7��� � �2� � !� �  �� ���
	5
 � ���I�
	5
 � � ��� � � � !�5�  ���� � 	

Ea�u��L
«(m�t~eµ{�r���tvmo�	pbqsr��L}vw�qop|tvmowyx � ��� � 	�qoh>r � moxb� t~wktvebh�pbxbm�¼¨pbh�}vw�qop|tvmowyx !�5�  �� � � !�5�  ��P��¶
® wy��tvebhk}~rug2h��vh>ru}vwyx r�}�r��`wNª�h�³©�²x � h	h � t~e|hkpbxbm�¼Fp|hk}vwyq�p|t~m�wyxÁw ® t~ebhk�	wyg�{b�vh	}v}vm�wyx
{be�r�}�h ��p�r��~rux¨tvhCh	}ztve�rut��2� � !�5�  ��P��� 	|³
¿Dh(moq�qopb}°t~�vrut~h�tvebh � m�»`hC��hCxJt¯r�{b{b��wJr���ebh	}�g�hCxJt~m�wyxbh � ru�`wNªyhzwyx�t~ebh ;  Õ��r�q�q�¾�h�«�t~wyx � }
�C�~r � qohu¶�}vhCh�­���pb�vh	}��½rux � �N�|³kd�ebh�m�xbm�tvmsr�q � rut~r�r��vh7� � � 	G� F � � � 	���
�� � � 	G� � � � �3	G�
r�x � !� � �3	G� � ��
 !� � � 	G� �.	5
 !� � �3	G� �.	|³��²x�t~ebh��	wyx|­��yp|�~rutvmowyx�}�{�r��	h�¶·t~e|hk}��F}�tvhCg m�}
}vqom � mox|� r�q�wyxb�µtvebh��Cwyx|}�t~�vr�moxJt � � �  ��> � � �  � � 	�r�x � tvebh�gkpbq±t~m�{bqoh mog�{�r���t�wF�C�Cp|�v}
rut  �  ���³[d�ebh�§¨moxbh�t~mo�©h	xbhC�����
qow�}v}�mo} � hCxbw�tvh � r�} ��� � � �  �� � > � �  �� ��³

q1 q2
q3

(sliding, no friction)

(/mo��pb�vh��AX�;  ²��r�q�qÊ}°�n}°t~h	g

" Ì � � Ç # ¢X¡
�y³(�²x�}vpbg�g2r�����¶n«¯hCqoq  ²{�wy}vh � xbh	}v}(w ® � � � � hC{�hCx � }(wyx t~ebh�«¯hCq�q  Õ{`wy}�h � x|hC}v}�w ® tvebh
Ã � ��¶Äwyx!tvebh � h	­�x|m�t~m�wyx w ® r½�Cwyq�qom�}vmow�x�gµru{b{bmox|�WEêmog�{bqom��Cm±t~q��
w���h��|{|qomo�	m�tvq��AL�¶
r�x � wyxµt~e|h�r�{b{|qomoh � ® w��v�Ch	} �
	�mox�E°�mL�³�(�wy�Lmoxb}°t�r�x|�Ch´m±tLmo}L}vebwN«(x�moxRE@����hC}�}~r�x
E°�N�KU���L+L�t~e�rYt�xbwyx  ²pbxbm�¼¨pbhCxbh	}v}�w ® t~e|h^t~�vrX��hC��t~wy�°� �3��
 !� ��w ® � � ���Cr�xÅr��vm�}vh ® wy�
�Ch	��t�rumoxÅh��Ft~h	�vx�r�q ® wy���Ch	} «(ebh	�vhCr�}�tvebhµÃ � � m�x�E��m;�L´e�r�}�r
pbxbmo¼¨pbh�}vw�qop|tvmowyx·³

û�û ×�� &>ò��%�



;y� � 	�� ��	�!�	�6����[!�6��������\��43!+���A:T0
	��3���O��& ��!�����!5�-& !C�+
��
	����{�

!� � �  �� � !� � �  �� � !� � �  �� � � �
EGV´rux H F�m�qog�wy�vh E°�N���K;�L+L > � � � � � � � � � 	

	 	 � 	
E@� ® h	m�»`hC� H F©qowF��§�h	� E°�N�y��Q�L+L > � � � � � � � � � 	

Eêªur�x � h	��ln��e�r ® t2H�ln��e¨pbg2r���ebh	� E��N�y�KQKL+L � � � � � � � � � � 	
E �½wy�vhCr�p E��N�y�y�KL+L � � � � � � � � � � 	

> � � � � � � � � � 	
E@Ã���tv}�t~h � tIE°�N����i\L+L � � � � � � � � � � 	

EGV´rupb�b¶|¿!p�H��¯r�xb��E°�N���KQ�L+L > � � � � � � � � � 	
� � � � � � � � � � 	

(/m��ypb�vh^�N�AX��²g�{�r��	tzwypnt~�Cw�g2h	}�mox�t~ebh ;  Õ��r�q�qÊ}��F}°t~hCg

��x9t~e|h^�Cw�x¨tv�~r��°�y¶Êr�}z«¯hk��hCg2r��v§uh � r���wNªyhu¶`t~e|hC�vh^r��vh��>r�}�hC}z«(ebhC��h^t~ebh^Ã � �
{`w�}v}vh	}v}�hC}�}vh�ªyh	�~r�q¯}vwyq�p|t~m�wyxb}�moxÅt~hC��g2} w ® tvebhµ�	wyxJt�r���t ® wy���Ch	}C¶H�bpnt � � ��{`wy}  
}vh	}v}vh	}�r�pbxbm�¼¨pbh�}vwyq�p|t~m�wyxI�3��
 !� ��³

�n³ D }�q�wyxb��r�}.«¯hCq�q  Õ{`wy}�h � x|hC}v}�w ® � � �.m�}�r�}v}�pb�vh � ¶�wyxbh©�Cr�x���ebwFwy}vh r�xJ�µ�Cwyq�qomo}�mowyx
gµru{·³H�Õtzmo}(r�x|w�t~ebh	�({b�vwy�|qohCg t~w�ªyh	�vm ® ��m�tv}�{b�~r���t~m��>r�q·p|}vh ® p|qoxbh	}v}C³

;|³ D q�qÄtvebh^{|�vwy{�wy}vh � {�wy}�t  ²mog�{�r���tzwyp|t~�	wyg�hC}´m�x9­���pb�vh2�N�µr���hkrµ{|�vmow��vmÄr��	�ChC{nt� 
r��bq�h�³�d�ebh2}�t~p � �Åw ® r�xDr�{b{b��wN�nm�gµrutvmoxb�
}�hC¼¨pbhCx|�Ch�w ® �Cwyg�{bqomor�xJt {b�vwy�|qohCg�}C¶
t~ebhÅ�Cw�x¨t~r��	tv}Á��h	t²«¯hCh	x]t~ebh!��r�q�qo}���hCmox|�¬g�w � hCqoh � �J� q�moxbhCr���}v{b��moxb��}½«(m±t~e
}�tvm�»`xbhC}�}vhC} � � r�x � � � ¶�}vebwN«(}kt~ebrut � h	{`h	x � mox|�'wyx t~ebhµ�~rutvmow # � �".

��5 t~ebh	�vh
mo}'rux mox|­�x|m�t²� w ® {`wy}�}vm��bqoh w�p|t~�	wyg2h	}C³ d�ebh¹t²«�w }vw�qop|tvmowyxb}9mox ­���pb�vhS�N�n¶
!� �  �� � � ��> �

� 
 �� 
 � � � � r�x � !� �  �� � � � 	5
�	5
 � � � ¶.�Cw��v�vh	}v{�wyx � ��hC}v{�hC��t~m±ªyhCq±�$t~w# � 	9r�x � # � ���]¶/}vh	hSE;���vwy��qomsrYt~w E°�>�y�y��L�ÎH¾�h�«(�J�����	³ E°�N��Ju��L�Î��Õª�ruxbwNª
E°�N����UKL+L�³

ib³ V´r�p|��h	t(r�q@³(EGV�r�pb�b¶F¿Dp H �¯r�xb� E��N�y�KQ�L5L � hCr�q`«(m±t~e�§¨mox|hCg2rut~m��´��e�r�m�xb}�«(m±t~e
r pbxbm�¼Fp|h��Cwyq�qom � moxb��{`w�moxJt>¶Êrut�«(ebm���e!¾zh	«�tvwyx � } �	wyxY��h	�	t~p|�vh�mo}©ru{b{bqom�h � ³��Õt©m�}
}vpb{|{`wy}�h � t~e�rut�r�q�q|t~ebh�r���t~m�ª�h(�Cwyxb}°t~�vr�moxJt~}L�vh	gµrumox�r��	tvm�ª�h�r ® t~hC��tvebh�}�ebwF��§�X�m�x
­��ypb��h E�JKL[t~ebm�}��Cwy���vhC}�{`w�x � }�t~wktv�~rX��h	�	t~w��vmoh	} ® �vwyg � t~w � r�x � tvebhCx ® �vw�g �
t~w � ³ � q�h>r���q��2t~ebm�}�mo}�xbw�tz}�p ���Cmoh	xJtztvw�g2w � hCq·r�«�r�qo§¨m�xb��gµru��ebmoxbhu³

ùêú�û�ù ó



���������
	���
�����������	��
	���������������� ��!"���#�%$'&(	*) �+�-,(��������. /102���3��!+���343!5��67��89��!": ;|�

Un³(�Õt[mo}�m�x¨tvhC��hC}�tvmoxb�©tvw�xbwut~h.t~ebrut � hC}�{bm�tvh(tvebhCm�� � mo}��C��hC{�r�x|�Cmoh	}�t~ebhzr���wNªyh(mog�{�r���t
�vpbq�hC}2{b�vwy{�wy}�h � mox E�V´r�x�H F©moq�g2wy��h�E°�N�y��;�L�Î´� ® h	m�»`hC�TH F©qowF��§�h	� E°�N���KQ�L�Î
�9wy��h>r�p�E��N�y�y��L�Î V´r�p|�b¶Ê¿!p�H%�¯r�xb� E��N�y�KQKL+L(�Fm�hCq � !� �  �� � � �0> �

� 
 �� 
 �� � � r�}
r2}�wyqop|tvmowyxÊ¶b«(ebhCx � � � 	|³��Õt�mo}zxbw�tvh	«¯wy��tveJ�½tve�rutzt~ebh � �Cqor�}v}�mo�Cr�q � t~h��Ft~��wnwy§
}vwyq�p|t~m�wyxÁm�}�pb}�p�r�qoq±�½�~rutvebhC����m�ªyh	x'�J� !�5�  �� � � � 	 
�	5
 � � � ¶Ê«(ebm���e'mo}´tvebhk{�wy}�t  
mog�{�r���tkg�w�t~m�wyx m ® w�xbh
r�}v}�pbg�hC}�t~e�rYt7� � �  ��L� � � � �  ��L�^rux � t~ebh���hC}�tvm�tvp|t~m�wyx
�CwFh ���Cm�hCxJt�� � ����h	t²«¯hCh	x t~ebh';���r�q�qo}2E@r�}vpb�	�ChC}�}vm�wyx�w ® t²«¯wk}vm�g2{|qohzmoxbh	qsr�}°t~mo�
}vebwF��§¨}CL�³

!#"3! � �D(�� *�/ � 1�� - ����� , ��( � �D( 1
	
� ����� ��,�
���1���� -0/ �5-��D(
�²x�tvebh ® �vmo��t~m�wyxbqoh	}v}H�Cr�}vh�«¯h�}vr>«Ït~ebrut[t~ebhzÃ � � E°��;�L�«.ru}[«¯hCq�q  Õ{`wy}�h � }vm�xb�Ch�tvebh(wyxbq��
{`wy}�}vm��bqoh
mox � h	tvhC�vg�moxbr��Cm�hC}C¶¯�vh	}vpbq±t~mox|� ® ��wyg � hC{�hCx � hCxJt½r���t~m�ª�h9�	wyxb}°t~�~rumoxJt~}	¶ � wyx � t
moxA@�p|hCxb�	h2t~e|hµ�yq�wy��r�q[g�w�t~m�wyx w ® t~e|h g2h	��e�r�xbm��>r�q[}°�n}°t~h	g Eêpbxbmo¼¨pbh	xbhC}�}�w ® tvebh r��  
�ChCq�hC�vrut~m�wyx�w ® t~e|hk�Ch	x¨tvhC��w ® g2r�}v}"L�³©¿Dhk«(m�qoq�}vh	h�mox�t~e|hk}vh	¼Fp|hCqHt~ebrut�t~e|h�{b�vwy�|qohCg
�`h	�Cwyg�hC}�g�wy�vh/�Cwyg�{bqom��>rutvh � tveb�vw�pb�ye©t~ebh�m�xJt~�vw � pb��t~m�wyx�w ® � ��� ® �vm��	t~m�wyx·¶Nrux h	}v}�hCxJt~mor�q
{�r��~rug2h�t~hC��w ® t~e|hkqoh	�y�yh � q�wn�	wyg�w�t~m�wyx·³z�²x�t~ebhk{br���t � h � m��>rutvh � t~w2t~ebhk�	wyxJt~m�xFp|wypb}
g2w�tvmowyxÊ¶u«¯hz«(m�qoqb}�ebwN«Ït~ebrut¯r � hC�Cw�g2{�wy}vm±t~m�wyx�w ® t~ebh�t�ruxb�yhCxJtvmsr�q ® w��v�Ch�B�r��	�ChCq�hC�vrut~m�wyx
��e�r��~ru�	t~h	�vm�}�t~m���qoh>r � }^ru�Jr�mox t~w9rÁÃ � ��¶Ä«(e|wy}vh p|xb§¨xbwN«(xDªur��vmor��bqoh	} r��vh��vh	qsrutvh � t~w
t~ebh��Cw�g2{bq�h	tvh©moxJt~h	�~r���t~mow�x ® wy�v�	hC}C³

�������! " Ì�# ¢%$ # � Ì ��¡ � Ì ¢%$ Ì&#
d�ebh¯­���}�t/}�t~h	{k�Cw�xb}vm�}�t~}�mox ® wy�vgkp|qsrutvmoxb�.tvebh ® ��mo�	tvmowyxbr�qyqsr>«¹m�xkr�r � hC¼¨p�rYt~h¯«�r>��tvw � h  
t~hC��g2m�xbh(t~ebh�t~r�xb�yh	x¨tvmsr�q��yh	xbhC�vr�qom�ÂCh � ® wy�v�	hC} �&���3��
 !�4��³�Ã�h	t.pb} � h	xbw�t~h�ru} !��� � � �3��
 !� �
�
� � � ����� !��
 �D6��+�3�4��t~ebh(��hCqsrYt~m�ª�h�t�ruxb�yhCxJtvmsr�q|ª�hCq�wn�	m�t~m�hC}�rYtHt~ebh(�	wyxJt�r���t¯{�wym�x¨tv}C³�¿ m�t~e  
wyp|t©rux¨�9qow�}v}´w ® �yhCxbh	�~r�q�m�t²��¶`m�xÁt~ebh^}vhC¼¨pbh	q/«¯h^«(moq�q ® wF�Cp|}�wyx � wyp|qowygk� �Ý} ® �vmo��t~m�wyx�r�q
qsr>«]m�x�t~ebh�� " �>ru}vh�«(ebmo��e½�Cqor�}v}�mo�>ruqoq���}°t�rutvhC}(t~e�rut

� �D6��+�����H= �� � !�&� � ���3��
 !� � � 	 ��� � 
�� � � ��� � ! � ��
���� �
!�&� � ���3��
 !� � � 	 ��� 
�� � � � � � ��
���� �
!�&� � ���3��
 !� � F 	 ��� 
�� � � � >�� ��
���� � EG;���L
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d�ebh[moxJt~h	�vh	}�t~h � ��h>r � h	�Ä}vebwyp|q � �vh ® hC��t~w�t~e|hLg�wy��h�wyxbh[�Ch	x¨tvpb����w�q � ��hCxb��ebg2r���§
�/r�m�xbqoh�ª � h��|r�g2{|qoh�r�x � tvebh�xbh�«%�vh	}vpbq±t~}©��hCqsrYt~m�ª�h^t~w tvebh�r���wNªyh�¼¨pbhC}°t~mow�xÅm�x
E�F � xbwut E°�N���y��L�Î�F � x|w�t>¶¨����wy�yq�msrutvwb¶��¯�~r���eMH d�e¨pbm�qow�t E��N�y��J�L+L�³�Ã�h	tLpb}�xbwut~mo�	h
t~e�rYt´t~e|h^moxJtv�vw � pb�	tvmowyx9w ® D g2wyxJtvwyxb}  � wypbq�wygk�Áqor>«Àrut�tvebh^t~r�xb�yh	x¨tvmsr�qÄq�h	ªyh	q
moxb�	�vhCr�}vh	}ztvebh�x¨pbg^�`h	�zw ® g�w � h	}(mox
«(ebmo��e½t~ebh�}��F}°t~hCg g2rN� h	ªyw�q�ªyhu³��²x � hCh �
® �vwyg E�;J�KL�h>r���e�r���t~m�ª�h��	wyxJt�r���t[r �b� }/i�g2w � h	}C¶u«(e|hC�vh.tvebh�w�xbh.�Cw��v�vh	}v{�wyx � m�xb�
t~w !� �� � � F 	2r�x � !� �� � � F'	�mo}�mog�{�wy}v}�mo�bq�h�mox ªFmoh�« w ® EG;n�fL�³

;|³���xbh��	qsr�}�}vm��>r�q�«�rN�½t~w2wNªyhC���Cwyg�h�tvebh^{|�vwy�bq�hCg w ® h��nmo}°t~hCx|�Chkrux � pbxbm�¼¨pbhCxbh	}v}
w ® }�wyqop|tvmowyx|}(tvw2tvebhkÃ � � r�x � tvw � � �z�	wyxb}�mo}�tv}´m�x9t~e|h^moxJtv�vw � pb�	tvmowyx½w ® �	wyg  
{bqomor�xb�	h�rut�t~ebh��CwyxJt~r��	t {�wymoxJt~}ME;¾�hCm�gµru�v§�E��N�y��U�L+L�«(ebm���eDmox t~p|�vx � wnh	}�x|w�t
�FmohCq � rÅ}vpbm±t�r��|qoh½g2w � hCq ® wy���Cw�x¨tv�vwyq � h	}vm��yx·³ lnwyg�hÁrup|t~ebw��v} ruqo}vw!{b�vw�{`wy}�h
g2w � m±­��>rutvmowyx|}Lw ® � wypbq�wygk� � } ® ��mo�	tvmowyxbr�q�qsr>« rut¯t~ebhzt~mog�h  � mo}��C��h	t~m�Â>rutvmowyx�q�h	ªyh	q
«(m�tvebwyp|t ® wypbx � h � {beJ�n}�mo�Cr�qng�w�tvm�ªurut~m�wyx-E;Ã �ut~}�tvh � t_E°�>�y��i\L�ÎJlFtvh	«�r���t HÏd��vmox|§Fq�h
E°�N���KQ�L+L�³

ib³z¾�w�tvmo�	h�ebwN«¯h	ª�hC��tve�rut ® w��¯�	qsr�}�}vmo�Cr�q�qowF�Cw�g2w�tvmowyx�h��nmo}�tvhCxb�	h©r�x � pbxbmo¼¨pbh	xbhC}�}.w ®
t~ebh�t~�vrX��hC��t~wy�°�År��vh�r�}�}vpb��h � ru}�q�wyxb�½r�} xbw ® wFw�t� Õ�y�vw�pbx � �CwyxJt~r��	t�mo}�}vq�m � m�xb�b³
V�h	xb�Chµ�/r�m�xbqoh�ª � {br��~r � wN�nh	}kr�x � mox � h�t~h	�vg�mox�r��	moh	} � wÁxbw�t�h��nm�}�t � pb�vm�xb�½tvebh
�Cwyp|�v}vh�w ® xbwy��gµruqÊ«.ruqo§¨moxb�|³

��������� + � ,ê¢%$�
�, Ç $ ��
�¤b¥�¢X¡
d�ebh©t~eb��hCh � m�»`hC��hCxJtzr�{b{b��wJr���ebh	} � hC}v�	�vm��`h � m�x
tvebh ® �vm��	t~m�wyxbq�hC}v}��>r�}�h�m�x½}�pb�b}�pb�b}vh	�  
t~mow�x?;|³Ù�F³Ù�k�>rux9��h�h��Ft~h	x � h � t~w�t~e|h ® ��mo��t~mow�x�r�qÊ�Cr�}vhu³

�
d�ebh�{b��wn�	h � pb��hC}Ämox E�V´r�x H F�m�qog�wy�vh9E°�>�y�K;�L�ÎbV�r�x·¶bF©moqog�wy��h HÏ�©��w�tvE°�>�y�K;���L�Î
V�pb��gkpbÂ	qop?H �Ár��v��ebm�tvp E°�N����i\L+L¯r��vh��	wyg�{bqoh�t~h � �J�2t~ebh©h	xFp|g2h	�~rutvmowyx w ® tvebh
� m�»`hC��hCxJt(}�tvmo��§¨mox|� �u}vq�m � m�xb�k}°t�rutvhC}�rut�t~ebh��	wyxJt�r���t�{�wym�x¨tv}C³

�
�9wy��h>r�p9{b�vwy{�wy}�hC}�r ® wy��gkpbqsrYt~mow�x ® wy�zr2}vm�xb�yq�h©{bpb�vh	q��
m�xbhCqor�}�tvmo��}vebwF��§
moxÁ� "
mox�E �9wy�vhCr�p�E°�>�y�y��L5L�¶�r�x � ® w���gkpbq±t~mo{|qoh mog�{�r��	tv}�mox�E �9wy��h>r�p E��N�y��i\L5L�³ d�ebh
­��v}°t�r�q��ywy�vm±t~ebg m�x E �½wy�vhCr�p�E°�N���y��L+L(��r�}�hC}©wyx r�x'h��Ft~hCx|}vmow�xÅw ® D g�wyxJt~wyxb}  
� wypbq�wygk� � }kqsr>« rutktvebh
mog�{bpbqo}�h qoh�ªyh	qa¶[}vm�g2m�qsr��©t~w'tvebh
mog�{bqom��Cm�t�r�q��ywy��m�t~e|g2}
w ® ¿ ebm±tvt�ru§�hC� Eê¿ ebm±tvt�ru§�hC�'E°�N����i\L+LLr�x � ��hC�vh	} E@� � �vf	} E°�N�KU�;�L+L�¶nm�xµ«(ebm���e½w�xbh
}vpb{|{`wy}�hC}�tve�rutLt~ebh�mog�{bpbq�}vh � mo��hC��t~mow�x2m�} � h�­�xbh � ® �vwyg%tvebh´{�wy}�t  ²m�g2{�ru�	t�t�rux. 
�yhCxJtvmsr�qHª�hCqowF�Cm±t²�y³2d�ebhµ}�hC�Cw�x � r�q��ywy�vm±t~ebg mox E �½wy�vhCr�p E��N�y��i\L5L´mo}�{�r��°t^w ® r

û�û ×�� &>ò��%�
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}vw! Õ�>r�q�qoh � �C��6 )�� ���%� �C��� ��� ��� � ��81r�x � ebr�x � q�hC}�gkp|q�t~m�{bqoh hCqor�}�tvmo�k}�ebwF��§F}©«(m±t~e
�vh	}�t~m±t~p|tvmowyx
�	wnh%�2�	moh	x¨tv}�mox
t~e|h�xbw��vg2r�qÄr�x � t�r�xb��hCxJt~mor�q � mo��hC�	tvmowyx|}z�br�}vh � wyx
t~ebh�m�x¨tv�vw � pb��t~mow�x'w ® tvebh�}vw! Õ�>r�q�qoh � ������!5�m
�� ����� �!��	�����rut hCr���e!�	wyxJt�r���t>³2�/r��  
t~m��Cpbqor��(rutvtvhCxJt~m�wyx½mo}({�r�m � tvw2t~e|h^r�{|{bqom��>rutvmowyx tvwµ�y�vr�x¨pbqsr���g2rutvhC�vmor�qo}	¶bma³ h�³¯t~w
}��F}�tvhCg�}´«(m�tve�g2r�xJ� � hC�y��hCh	}©w ®H® �vh	h � w�g E0� �L	 � Lzr�x � «(m±t~e9}vmog�{bq�h��	wyxJt~mox  
pbwypb} � �Fx�rug2m��C}C³ D xbwut~ebh	�zm�g2{br��	t(��pbqoh ® wy��m�xbhCqor�}�tvmo�©mog�{�r���t(mo}�wy�nt�r�m�xbh � �J�
}�t~rut~m�xb�µ�	wyxb}vh	��ªurutvmowyx�w ® �Ch	��t�rumox'r�x|�ypbqsru��g�wyg�hCxJt�r|³zd�ebm�}´�vp|qohkru}v}vp|g2h	}�xbw
}vq�m � m�xb��t~wÅt~ebh9�CwyxJt�ru�	t2{`wym�xJt~}2r�x � m�}�w ® t~h	xÏpb}�h � ® wy���bm�{`h � ��wy�`wut~}�E��©pbw
E°�N���y��L+L�³

�
Ã���t~}°t~h � t©mox E;Ã���t~}°t~h � t E°�N����i\L+L(}vpb���yhC}°t~}�r�x'r {|�vmow��vm � x�rutvpb�~r�q � �yh	xbhC�vr�qom�Â>r  
t~m�wyx!tvwÁt~ebh ® �vmo��t~m�wyx�r�q��Cr�}vh�w ® F�r�pb}�} ��{b�vm�xb�Cm�{bqoh��J� ��h	«(�vm±t~m�xb�9tvebh Ã � ��m�x
Ea�KJ�L.r�}.t~ebh ® wyq�qowN«(mox|� � � X
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«(ebhC��h � � ' �7�
� � ( r�x � � � � � � � �J³-V�wN«¯h	ª�hC� ebh�}vebwN«(}�t~e�rut©tvebh

�©pbebx. Õd�pb��§uhC�z�Cwyx � m�tvmowyxb}(rYt�t~ebh�wy{|tvmog2r�q�{`wym�xJt��nm�hCq �
�7� � � !� �  �� � � 	 E;iy��L

D q±t~ebwyp|�ye't~ebm�}©qowFwy§¨} q�mo§uh�r�x!w���t~e|wy�ywyx�ruqom�t²�9�vh	qsrutvmowyx'��h	t²«¯hCh	xDt~e|h�m�g2{|pbqo}�h
r�x � t~e|hz{�wy}°t� ²m�g2{br��	t�ªyhCq�wn�	m�t²��¶�E;iJ��L�«(m±t~e�t~e|h ® ru�	t�t~ebrut�t~ebh�m�g2{|pbqo}�h.�`h	qowyx|�y}
t~wzt~ebh ® �vm��	t~m�wyx �Cwyxbh � wFhC}�xbw�t�mog�{bq���rux¨� �	wyg2{|qohCg�hCxJt~r��vm±t²���vh	qsrutvmowyx ��h	t²«¯hChCx
t~ebh�m�g2{|pbqo}�h�r�x � t~ebh[{�wy}�t  ²m�g2{�ru�	tÊª�hCq�wn�	m�t²�©m�x�t~ebh(�3��!�6 ������	�!"�����G	�����¶>«(ebm���e�m�}
t~ebh¯g2m�xbmog^pbg �vh	¼¨pbmo��hCg�hCxJt ® wy��r´{bqor�}�tvmo�[}ve|wn��§P³�d�ebm�}/g�h>r�xb}�t~e�rYt/m�x^�yh	xbhC�vr�q
}vpb��e½rk��pbqoh��Cr�x
qohCr � t~w���hC��wypbx � }	³ �9wy�vh	wNªyhC�.tvebmo}��vpbq�h�mo}.x|w�t�hCx|hC�v��h	t~m��>r�q�q��
�Cwyx|}vmo}°t~h	x¨tLm�x��>r�}�hzw ® t~r�xb�yh	x¨tvmsr�qFªyh	qowF�Cm�t²�^�vh�ªyhC��}~r�q@³�d�ebmo}[ru{b{b�vwyr���e2ebr�}��`h	hCx
r�{b{bq�moh � t~w't~e|h�g2w � hCq�moxb�Áw ®(® hCh	t����vwypbx � m�g2{br��	tv}kw ® �bmo{�h � ruq��vw��`w�tv} E;}�hCh
E%(�pY��m�g2w�tvw H ��r>«�r�gkpb�vr E��N�y�y�KL+L+L�³
� ® hCm�»`hC��r�x � F�q�wn��§uhC�zmox�E;� ® hCm�»`hC�2H F©qowF��§�hC�IE°�>�y�KQ�L5L�� � e�r�{|tvhC������p|}vhk��wymo}  
}vwyx �Ý}�m�g2{�ru�	tHqor>« E «(m�tve��Cwyg�{b�vh	}v}�mowyx�r�x � h��n{�r�xb}�mowyx�{be�ru}vhC}"L�³�d�ebh��kh��ntvhCx �
� wypbq�wygk� � } ® �vm��	tvmowyx�qor>«�tvw
tvebh�mog�{bpbq�}vhkq�h	ª�hCqa³^d�ebh�moxJt~��w � p|�	t~m�wyx�w ® }vqor���§  
ªur��vmor��bqoh	}�}vm�g2m�qsr���q���t~w�t~e|h��	wyxJt~mox¨pbw�pb}�g�w�tvmowyx
r�q�qowN«(}.t~e|hCg*t~w ® wy��gkpbqsrYt~h�r
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Ã � � ® wy�(h>r���e�{|e�r�}vh�«(ebwy}�h^pbx|§Fx|wX«(x|}©r��vh©tvebh tvhC��g2m�x�rut~m�wyx ªyh	qowF�Cm±t~moh	}zr�x �
mog�{bpbq�}vhC}	³ �½w � m±­��>rYt~mow�xb}ztvwµt~e|hk��w�mo}v}�wyx � }��vh	}�tvm�t~pnt~mow�xÁqsr>«Àr�x � � wypbq�wygk� � }
qsr>« ® w���tvebh�h��n{�r�xb}�mowyxÅ{be�ru}vh ru�vh�moxJt~��w � pb�Ch � moxÅwy� � hC�©t~w½�Cw�{`h�«(m�tve!xbw�x. 
{`h	xbh	tv�~rutvmowyx^r�x � hCxbh	�v�����Cwyx|}vmo}°t~h	xb�	��³H�²xk{�r��°t~m��Cpbqor��C¶X}vm�xb�ChLt~ebh¯gµrYt~�vm ��w ® tvebh
Ã � � ® wy��tvebh©�Cw�g2{b��hC}�}vmow�x�{be�r�}�h©e�r�}.t~e|h©}~r�g�h ® wy��g*r�} ® w���t~ebh©�	wyxJt~m�xFp|wypb}
g2wut~mow�x·¶Ftvebh	�
�Cr�xbxbwut(�yp�r��vr�xJt~hCh�h��|m�}�tvhCxb�	h�xbw��zp|xbmo¼¨pbh	xbhC}�}�w ® }vw�qop|tvmowyxb}	³

�
�Õt^m�}�x|w�t~h�«�wy�°t~eJ� t~e�rYt�tvebh r���wNªyh2g2h	x¨tvmowyx|h � «¯wy��§F}�E;m�xb�Cq�p � mox|�½d�ÂCm±t~Â	wypb�vm�}
xbh	« qsr>« E;d�ÂCm±t~Â	wypb�vm�} HÀ�/r�xb� E@���y�y��L5L+LLr�}v}�pb�vh�hCm±t~ebh	�.h��nm�}�t~h	xb�Ch�w ® }�wyqop|tvmowyx|}
rut·tvebh[�Cwy}°tÄw ® tvebh[{beJ�F}vmo�Cr�qJ�Cw�xb}vm�}�t~h	xb�	��w ® tvebh�mog�{�r���t�wyp|tv�Cwyg�h�wy�·{|e¨�F}�mo�>ruqoq��
g2hCr�xbm�xb� ® pbqu}vwyq�p|t~m�wyxb}�rut�t~e|h¯�	wy}�t�w ® t~ebhLh��nmo}°t~h	xb�Ch�r�x � pbxbmo¼¨pbh	xbhC}�}/{b��wy{�hC��t²��³

�
lnwyg�h�r�pnt~ebwy��}.}�tvp � ��}�w! ²�Cr�qoq�h � �}����
���� ��	������C�����
	 .�	����A.�¶¨t~e�rYt�mo}Lt~ebh©��hCe�r>ªFmow�pb�
w ® mog�{�r���t.�vp|qohC}.«(e|hCx
t~ebh�xbwy��gµruq·r�{b{|�vwJr���e�ª�hCqowF�Cm±t²�2tvhCx � }(tvw�ÂChC��w Eê¿Dr�xb�
H �9r�}vwyx E��N�y�J�KL�Î�lFtv�vwyxb��h Ea�����y��L�Î��.rut~q�qoh E°�N�y��;�L�Î©�¯�~r���e E°�>�y��JKL5L�³À��xbh
}vebw�pbq � x|w�t~m��Ch2tve�rut�}�pb��e$�y�~ruÂCmox|�Á}ve|wn��§¨}�r�x � }�qom � moxb�9{be�r�}�hC}�r�xbr�q��F}vm�}kr���h
¼¨pbm�tvh � m�»`hC��hCxJt>³��²x � h	h � mox^tvebhC}�hz}°t~p � mohC}�t~ebh���hCqsrYt~m�ª�h�xbw��vg2r�q|ru�C�Ch	qoh	�~rutvmowyxkm�}
}�tv�vmo��t~q±��xbh	�Jrut~m±ªyh`��pb}°t��`h ® wy�vh[�Cw�x¨t~r��	t�m�}�g2r � hH«(e|hC�vhCr�}�r�qoqye|mo�yebh	� � hC��m�ªurutvm�ªyh	}
w ® tvebh��vhCqorut~m±ªyh�xbwy��gµruq/ªyh	qowF�Cm�t²�Åru�vh�m � h	xJt~mo�Cr�qoq±��Â	hC�vw � pb��moxb�9r½�	wyxJt~m�xFp|wypb}
}vq�m � m�xb�k{be�ru}vh�³

!#"�� ��(�� ��� � * � -��D( � - ��� ( �+, ��� -0/�* ��� �5-�, � 	 1 � ���	�+-�(
����* �
� � � - ��� ,.1
(P��wyg tvebh ® wy��hC�yw�moxb��}vh	�	tvmowyxb}�m�tzmo}z�Cq�h>r���tve�rutzt~ebh��Cwyg�{bqoh	g2h	xJt�r���m�t²� ��hCqorut~m�wyxb}(�`h  
t²«�h	hCx1�CwyxJt�ru�	t ® wy���ChC}�rux � �vhCqorut~m±ªyh {�wy}�m�t~m�wyxb}�{bqsr>�¹r��	�vpb�	msr�q¯�vwyq�h mox tvebh�wNªyh	�~r�q�q
� �Fx�r�g�mo�C}©w ® tvebh2}°�F}�t~h	g9³�d�ebm�}©mo}�h	ª�hCxDg�wy��hkt~�vp|h�m�x't~ebh��>ru}vh�w ® g^pbq�tvmo{bq�h^�Cw�x. 
t�r���t~}�r�x � gkpbq�tvmo{bq�hkmog�{�r���t~}	³ � wyx|}vhC¼¨pbh	xJt~q��!x¨pbg�hC�vm��>r�q�m�xJt~hC���~rutvmowyx'}���ebhCg�hC} ® wy�
}vpb��e�}��F}�tvhCg�}�gkp|}�tÄmox|�Cwy��{`wy�vrut~hHr�qoq�tvebh[xbwyxb}�g2wFw�tve�r�x � e¨�F�b��m � ® h>rutvpb�vh	}Äw ® tvebh � �- 
x�r�g�mo�C}	³/d�ebh´�vh>r � hC�¯mo}[�vh ® hC�v��h � tvwTE@�¯�vwy�yq�msrutvwb¶�tvhCx�"�rug9¶F�/ruwyqom@¶AF � x|w�t_H D ��r � m�h
Ea���y�n�fL+L ® wy�¯r��	wyg2{|qoh	tvh�}�pb��ª�h	�2wyx2tvebh´x¨pbg�hC��mo�Cr�qP}vmog^pbqsrutvmowyx�w ® �Cwyg�{bq�hCg�hCxJt�r���m�t²�
� �Fx�r�g�mo�>ruqÊ}��F}°t~hCg�}C³

û�û ×�� &>ò��%�



;y� � 	�� ��	�!�	�6����[!�6��������\��43!+���A:T0
	��3���O��& ��!�����!5�-& !C�+
��
	����{�

!#"�� ���+, ,.* � & � � ��� � , � � -��;* � -��D(+1 � � � � 1 -0(	� � ��� �5-
��-�� 
 ��� &
/���, � ��� , �P(�� * � - � & ��� *�, ��� � �	�

�
EG;KQKLvE�;�JKL�r�x � Ea�ui�LvE@��Q�L�Ea�u��L·�Cwyg�{�r���t~m ® ��mox�r�x^h	qohC�yr�xJt ® ru}vebm�wyx^ruqoq � �Fx�r�g�mo�	}
moxJt~w r!� " & �¸�Cwyg�{bqoh	g2h	xJt�r���m�t²�!�vhCqorut~m�wyxb} ® w���g2wyx|m�t~w��vmox|� � h�t�r���ebg�hCxJtv}C¶
mog�{�r���t~}�r�x �9� �°� ® �vm��	tvmowyx·¶|r�x � }vh�t�tvebh���r�}�mo} ® wy��x¨pbg�hC��mo�>ruq·}vm�gkpbqsrYt~mow�xb}C³

�
¿ ebhCx¹«�r�qo§¨m�xb��wyx¹g�wy}�tk�y�vwyp|x � }C¶[xbw'w�xbh h��n{�hC��mohCx|�ChC}�r�xJ�Dwy}v�	moqoqorut~m�wyxÅwy�
g2wut~mow�x!w ® tvebh ® h	h	t � p|hµt~w'}�wyqoh2wy�^�y��wypbx �D� h ® wy��gµrYt~mow�x E;m ® r�xJ�!h��nmo}°t~}C¶[m±t
«(moq�qy�vh	gµr�m�x��	wyg�{bqoh�t~hCq±�©xbh	�yqoh	�	t�ru�bqoh[�Cw�g2{�ru�vh � t~wzwNªyhC�vr�qoq¨��w � ��g2w�tvmowyx L�³�lnw
g2w � h	qomox|�k�CwyxJt~r��	tv}z�J�
pbx|moqsrYt~hC�vr�q��Cwyxb}°t~�vr�moxJt~}(m�}(r���h>r�q�mo}�tvmo�´r�{b{b��wN�nm�gµrutvmowyxÊ³

�
�Ár�m�x¬wy�|}�t�ru�Cqoh	} � pb�vm�xb�!m�xJt~hC���~rutvmowyx$w ® t~ebh � �Fx�r�g�mo�	} � pbh9tvw!�	wypb{bq�moxb� w ®
® �vm��	t~m�wyxÅr�x � p|xbmoqorut~h	�~r�q�m�t²�Ár��vh��J�n{br�}v}�h �$� pb��moxb�½«.r�q�§¨moxb�½}vm�xb�Ch2}vqom�{b{�r���h�m�}
h��n�Ch	{|t~m�wyxbx�ruqa³

�
&/�ntvhCxb}�m�ª�h��Cwyg�{�r���mo}vw�xb}�w ® x¨pbg2h	�vm��>r�q�r�x � h��n{`h	�vmog�hCxJt~r�q���hC}�pbq�tv}´wyx��	mo���Cpbm±t
�b�vhCr�§�h	�v}?E D ��r � moh�Ea�����y��L+L�e�r>ª�hµ}ve|wX«(x ª�hC�°�D�ywFw � {b��h � m��	tvmowyx!�>r�{�ru�bmoq�m�t~m�hC}
E ® wy��}°�F}�t~h	g2}zg�wy�vh��	wyg�{bqoh�� t~ebr�x9�|mo{�h � }	¶<��
 �4	kªF}C³D��
 ��L�³

�
Ã�pbg2{�h � @�h��nmo�bm�qom�tvmoh	}.rut/��wym�xJt~}��>rux9��h�moxb}�hC��tvh � mox tvebh�g2w � hCq@³

�
d�ebhÅr�{b{b��wJr���e �`h	xbh	­|t~} ® �vwyg qow�tv}�w ® ��hC�	hCxJt�r � ªur�xb�Ch	}9m�x gµrutvebhCg2rutvmo�>ruqa¶
g2h	��e�r�xbm��>r�qÊr�x � x¨pbg�hC�vm��>r�q�­�hCq � }C¶brk{b�vh  ²�vh	¼¨pbmo}�m�t~h ® w��.}�t~r��bmoq�m�t²�2r�x � �	wyxJt~�vw�q
}�tvp � � Eê}vhCh ® wyq�qowN«(moxb�^}vhC��t~m�wyx�L�³

!#"
� ���+, ,.* � & ��� ��� -01 � -�(
� � � ���
�²x2t~e|h´{b��hC�Ch � mox|�^}vh	�	tvmowyxb}L«�h�e�r>ªyh�{|�vhC}�hCxJt~h � r��yh	xbhC�vr�q ® �~r�g�h	«¯wy��§ ® wy�Ltvebh´}°t~p � �
w ® g�hC��e�ruxbmo�Cr�qÄ}��F}�tvhCg�}´«(m�tveÁpbxbm�qsrutvhC�vr�q·�Cw�xb}�tv�~r�m�x¨tv}C³(d�ebh�gµr�m�x
moxb�y��h � m�hCxJt~}(t~ebrut
hCxJt~h	�(tvebh � �Fx�r�g�mo�	}zebrNª�h���hCh	x9�|�vmoh�@b����h	ªFmoh�«�h � ³¯�Õt(m�}�w ® moxJt~h	�vhC}°t(t~w�{b�vwNªFm � h�tvebh
�vh>r � hC��«(m�tve�r���hCxbh	�~r�qb{|mo�	tvpb�vh(w ® t~e|h�{b�vm�xb�Cm�{�r�qb�	wyxJt~�vm��bp|tvmowyxb}�t~w � rutvh�³Hd�ebh�«¯wy�v§¨}
t~e�rut�«¯h r�x�r�q±�FÂCh � r���h�t~ebw�}vh©{b��wy{`w�}vh � �J�
�.r��vru» E;�.r��vru» E��N�y�K;�L�Î��.r��vru» E��N�y��i�L+L�¶
Ã �ut~}�tvh � t�E;Ã���t~}°t~h � t�E°�N�y�y�KL�ÎYÃ���t~}°t~h � t�E°�N����i\L+L�¶fV�pb��gkpbÂ	qop�r�x � �Áru�v�yebm±t~p E�V�pb��gkpbÂ	qop
H �Áru�v�yebm±t~p E��N�y��i�L�Î �Ár��v��ebm�tvp�H Vzpb�vg^pbÂCq�p E°�N�y�KUKL+L�¶Hd���moxb§¨q�h h	t�ruqa³�E;d��vm�xb§¨qohu¶
�/r�xb�|¶©lnp � r��v}�§¨� H Ã�w E°�N�y�KUKL+L�¶ �9w��vh>rup E �9wy��h>r�p E°�N���y��L�Î �½wyxJt~hCm��vw! �Ár���¼Fp|hC}
E°�N�y��;�L+L�¶[� ® h	m�»`hC��r�x � F©qowF��§�h	� E@� ® hCm±»Êh	�-H F©qowF��§�hC� E��N�y�KQKL+L�¶vV�r�x1r�x � F�m�qog�wy�vh
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EGV´rux H F©moqog�wy��h E��N�y�K;KL�ÎMV´r�x·¶PF�m�qog�wy�vh H ���ywut�E°�N���K;���L5L�¶ NLr�x � hC�ÅlF��e�r ® t
r�x � ln��e¨pbg2r���ebh	��Eêªur�x � hC� ln��ebr ® tSH ln��e¨pbg2r���ebh	��E°�N�y��Q�L+L�¶���p|xbÂCh¹rux � ¾�h	p. 
gµr�x E ��p|xbÂCh H]¾zhCpbg2r�xbx�E°�>�y��JKL5L�¶Jr�x � F � xbwutLr�x � ���vwy��qomsrYt~wPEGF � xbw�tC¶n�¯�vwy�yq�msrutvwb¶
���~r���e H�d�e¨pbm�qow�t E��N�y��J�L�Î F � x|w�t E°�N���y��L�Î F � xbw�t H%����wy�yq�msrutvwTE°�>�y�y��L5L�³
�y³ (��vmo��t~m�wyx

E@r�L�(��vm��	t~m�wyxbq�hC}v}`�Cwyx|}�t~�vr�moxJtv}vE@Ã���t~}°t~h � t�E°�N���J�KL�Îu�.r��vru»?E��N�y�K;KL�ÎY�.r��vru»?E��N�y��i\L�Î
d��vmox|§Fq�h�¶¯�/r�x|�b¶�lnp � r��v}�§J��H Ã�w E��N�y��U�L�Î��9w��vh>rup E°�>�y�y��L�Î.� ® hCm±»Êh	�MH
F©qowF��§�hC��E°�N���KQ�L�ÎvV�r�x·¶vF©moqog�wy��h-H ���ywut?E°�>�y�K;���L�Î�ª�rux � hC��ln��e�r ® t-H
ln��e¨pbg2r���ebh	� E��N�y�KQ�L5L

E;��L½lFt~rut~m�� D g�wyxJt~w�xb}  � wypbqow�gk� (��vm��	tvmowyx E@�.ru�~ru» E°�N����i\L�Î�d��vm�xb§¨qohu¶��/r�x|�b¶
lnp � r��v}�§¨��H*Ã�wWE°�N����UKL�Î��9wy��h>r�p�E°�N���y��L�Î�� ® hCm±»Êh	� H F�q�wn��§uhC�ME°�N���KQ�L�Î
V´rux·¶bF�m�qog�wy�vh#Hº���yw�t�E°�N�y��;���L�ÎNªur�x � h	��ln��e�r ® t HÏln��e¨pbgµru��ebhC��E°�>�y�KQ�L5L

E;�mL "��Fx�r�g�mo� D g2w�x¨tvwyxb}  � wypbq�wygk� (���mo�	tvmowyx E@Ã���tv}�t~h � t�E°�>�y��i\L�Î��.ru�~ru»TE°�N�y��;�L�Î
�.r��vru» E°�>�y��i\L�Î�d��vmox|§Fq�h�¶u�/r�x|�b¶ylFp � r���}v§J� HÏÃÄwIE°�>�y��UKL�Î �9wy��h>r�p�E°�N���y��L�Î
� ® hCm±»Êh	� H F©qowF��§�hC� E��N�y�KQKL�Î V´rux·¶ F�m�qog�wy�vh H*���ywut E°�N���K;���L�Î·ª�rux � hC�
ln��e�r ® t H%ln��e¨pbgµru��ebhC�IE°�N���KQ�L+L

E � L?;  � mog�hCxb}�mowyxbr�q�E@�.ru�~ru»RE°�N����i\L�Î�d���moxb§¨qohu¶y��r�xb�b¶¨lFp � r���}v§J�PH Ã�w-E°�>�y��UKL5L
�n³z�zh	}�tvm�t~pnt~mow�xÅ��pbqoh ® wy��gkp|q�t~m�{bqoh^mog�{�r��	tME;Ã���t~}°t~h � tTE��N�y�J�KL�Î/Ã���tv}�tvh � t�E°�N����i\L�Î

�9wy��h>r�p7E°�N���y��L�Îu� ® hCm±»Êh	�#H�F�q�wn��§uhC�vE°�>�y�KQ�L�Î�V�r�x H F�m�qog�wy�vh_E°�N�y��;�L�ÎXªur�x � hC�
ln��e�r ® t H ln��e¨pbg2r���ebhC�7E°�>�y�KQ�L�Î#Vzpb�vg^pbÂCq�p H �Ár����yebm±t~p E°�N����i\L�Î�d�ÂCm±t~Â	wypb�vm�}
H5��r�xb��Ea���y����L+L

;|³ (�wy�vgkp|qsrutvmowyx�«(m�tve�r©Ã  �wy�[¾  � � E;Ã �ut~}�tvh � t2E��N�y�J��L�Î¨Ã���t~}°t~h � t2E°�N����i\L�Îy�.r��~rY»
E°�N���K;�L�Î´�.r��vru» E��N�y��i�L�Î´d��vm�xb§¨qohu¶(�/r�xb�|¶´lFp � r���}v§J� H Ã�w E°�N����UKL�Î �9wy�vhCr�p
E°�N���y��L�Î|� ® hCm�»`hC�(H F�q�wn��§uhC� E°�>�y�KQ�L�Î��©pbxbÂCh H�¾�hCp|gµr�x|x E��N�y��JKL5L

ib³ D x�ruq��F}vm�}�w ® m�xb�Cw�xb}vm�}�t~h	xb�Cm�hC} E;�Õ¿ By� � L X�xbw2�`wyp|x � h � }�wyqopnt~mow�x½tvwµt~ebh^Ã � �
E@�.ru�~ru»TE°�N�y��;�L�Î �9wy��h>r�pME��N�y�y��L�ÎulFt~h�«.r��°t#H1d��vm�xb§¨qoh(E��N�y�KQ�L�ÎKF � x|w�t>¶X����wy�yq�msrutvwb¶
���~ru��e�HÀd�eFp|moqowut E°�N�y�KJKL�ÎdF � xbw�t H%����wy�yq�msrutvwTE°�>�y�y��L5L

Un³ D x�ruq��F}vm�}�w ® m�x � h�t~hC��g2m�x�r��	mohC} X�}vh	ª�hC�vr�q�}�wyqopnt~mow�xb}�t~w�tvebh Ã � �
E@r�L �²x � h�t~h	�vg�mox�r��	moh	} � pbh�t~w ® �vm��	t~m�wyx E;Ã �ut~}�tvh � tIE��N�y��i\L�Î��.r��vru»�E��N�y�K;�L5L
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E;��L��²x � h�t~h	�vg�mox�r��	moh	} � pbh�t~w��~r�x|§�� � � � E@Ã���t~}°t~h � tIE°�N�y�y�KL+L
Q|³z¾�pbg�hC��mo�Cr�qÊ}�mogkpbqorut~m�wyx�r�}�{`h	�	tv}

E@r�L�"´m�}v�C��h	tvmoÂ>rYt~mow�xµw ® tvebh � �nxbr�g2m��C}L{b�vwF�Ch � pb��h-E@Ã���tv}�t~h � t E��N�y��i�L�Î �9wy�vhCr�p
E°�>�y�y��L5L

E;��L D q��ywy��m�t~e|g tvw�}�wyq�ª�h©t~ebh Ã  Lwy�(¾  � �
ma³(Ã�h	g2§uh7E;�.r��vru»�E°�>�y�K;�L�Îb� ® hCm±»Êh	�(H F�q�wn��§uhC� E��N�y�KQ�L5L
m�ma³(lF{`h	�Cm�­b� E@Ã���tv}�tvh � t�E°�N�y�ui\L�Î��.ru�~ru» E°�>�y��i\L�Î�d���moxb§¨qohu¶��/r�x|�b¶klFp. 
� r��v}�§¨�MH Ã�wTE��N�y��UKL�Î��½wy�vhCr�pSE��N�y�KQ�L�Î��½wy�vhCr�p E°�>�y�y��L�ÎFd�ÂCm±t~Â	wypb�vm�}
H��/r�x|�RE@���y�y��L5L

Jn³ &/�|m�}�tvhCxJt~mor�q·{b��wy�bqoh	g2}
E@r�L�Ã � � E;Ã���t~}°t~h � t E°�>�y�J�KL�ÎFd��vm�xb§¨qohu¶|��r�xb�b¶blnp � r���}v§J�7HÀÃ�w�E°�N�y�KUKL�ÎnlFtvh	«  

r��°t H5d���moxb§¨q�h E°�N�y��Q�L+L
E;��L
¾ � � Eêd���moxb§¨q�h�¶���r�xb�b¶�lnp � r��v}�§J� H5Ã�w E°�N�y�KUKL+L
E;�mL ¿!hCqoq  ²{�wy}vh � xbh	}v}.w ® � � � E �9wyxJt~h	mo��w! �Áru�v¼¨pbhC} E°�N�y��;�L�Î¨ªur�x � hC��ln��e�r ® t(H

ln��e¨pbg2r���ebh	� E°�N�y��Q�L�Î�ª�rux � hC��lF��e�r ® t H ln��e¨pbg2r���ebh	� E°�N�y��Q�L�ÎÊ�/r�wyq�m H
ln��e�rYt~ÂCg2r�x E��N�y�K;�L�Î�ln��ebrut~Â	gµr�x E��N��J��KL�Î|ln��e�rutvÂCg2r�x�E°�N�y����L�În��h	�v�Cm��>r�q�h
E°�>�y��UKL�Î���h	�v�Cm±ªur�qoh E��N�y�|�fL5L

�|³ &/�|{�hC��mog�hCxJt�ruquªur�qom � rutvmowyxb}�w ® t~ebh�g�w � hCq�}�E@� ® h	m�»`hC� H F�q�wn��§uhC�vE°�>�y�KQ�L�Î D ��r � m�h
Ea�����y��L+L

� � �
� +·�����½�������P� "Y�/��3 �.45� ��6

d�ebhkg�wy}�t´�C�vp|�Cmsruq�{b��wy�bq�hCg¸�Cwyx|�ChC��xbmox|� t~ebh � �nxbr�g2m��C}�w ® �bmo{�h � r�q���wy��w�t~}�mo}�tvebhCm��
}�t�ru�bmoq�m�t²�y³ D }(e�r�}(��hCh	x9h��|{|qsr�m�xbh � mox
}�hC�	tvmowyx|}´��r�x � ;|¶br��|mo{�h � mo} ® r�� ® ��wyg*��hCm�xb�
rµ}vm�g2{bq�h^}�h	t©w ® Eê�CwyxJt~��wyqoq�h � L � m±»Êh	�vhCxJtvmsr�q�hC¼¨p�rutvmowyx|}C³ �9wy��hCwNªyh	��tvebhkwy�¨��hC�	tvm�ª�hC}©w ®
«.r�q�§¨moxb�
r���h�¼¨pbm�tvh�}v{�hC�Cm±­���³��©x|h�m�}´t~e|hC�vh ® wy�vh�q�h � t~w�­���}�t�r�xb}°«�h	�©t~ebh�¼¨pbh	}�t~m�wyx�X
«(e�rut�mo}�r
}°t�r��|qoh��bm�{`h � � D x � �	wyxb}�hC¼¨pbhCxJtvq��'«(e�rut�g2rutvebhCg2rut~m��>r�qÄ��e�ru�~r���t~hC��moÂCr  
t~mow�x!w ® t~ebm�}�}°t�r��|moqom±t²���Cr�xD��h2�	wyxb}°t~�vp|�	t~h � ® �vwyg t~ebh2�Cwyg�{bqoh	g2h	xJt�r���m�t²��g�w � hCq�} �
D }(«�h «(moqoqÊ}vhCh�xbh��FtC¶�tvebmo}(mo}(�	qowy}�hCq�� �vhCqorut~h � tvw2tvebh ® ru�	t(t~e�rYt´�bm�{`h � }(�>r�x9�`h �Cw�x. 
}vm � hC�vh � r�}�e¨�F�b��m � � �nxbr�g2m��>r�q[}°�n}°t~h	g2}	¶/t~ebhµ}�t�ru�bmoq�m�t²��w ® «(ebmo��e �Cr�x ��h rut�t�r���§uh �
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® �vwyg ªur���mowyp|}�ruxb�yqoh	}C³�d�ebh��ywJruqLw ® t~e|mo} }vhC��t~m�wyxDm�}�tvwÁ{b��hC}�hCxJtk}�wyg2h�t~wFwyq�}�«(ebmo��e
�>r�x'}�hC��ª�h ® wy�´t~e|hk}�t~r��bmoq�m�t²�9r�x�ruq��F}vm�}´w ® g�w � h	qo}´r�}©mox E@�KL E�;�LIEêi\L E�U�L�¶�r�x � «(ebmo��e
r��vhk}�pbm�t~r��bq�h ® wy���|mo{�h � }���hC�Cr�pb}�hkt~ebh���hCx|�>r�{b}�pbqsrYt~hkt~e|hCmo��gµrumox ® hCrut~pb��hC}PXzwn�	�Cpb�  
�vhCx|�Ch'w ® m�g2{�ru�	t~}	¶�}�«(m±t~��ebm�xb�¹�`h�t²«�h	hCx t²�F{`h	}�w ® g2wut~mow�x·¶�{be�r�}�hC}�w ® �	wyxJt~m�xFp|wypb}
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­|�nh � {�wymoxJtC¶�«(ebh	�vhCr�}´t~e|h�«(ebwyq�h�}°�F}�t~h	g � wFhC}�{`w�}v}vh	}v}
r ��qowy��ruqoq�� }°t�r��|qoh h	¼Fp|moqom��b�vm�pbg rut9��� 
 !� � �B�3	5
�	G�?6 ( � �°l`³�d�e|mo}�h��|r�g�{bq�h�ebhCq�{b}
pbx � h	�v}�t~r�x � m�xb�Dtvebh ® p|x � r�g�hCxJt�ruq � m±»Êh	�vh	xb�Ch9�`h�t²«�h	hCxS�Cw�g2{bq�hCg�hCxJt�ru���- ²}�qsr���§¨xbh	}v}
}��F}�tvhCg�}kr�x � }��F}°t~hCg�}^w ® � " &�}�«(m±t~eÅmog�{bpbqo}�m�ª�h � mo}°t~pb����r�xb�	hC}TE;�.r�m�xbwNª H lnm�g2h  
wyxbwNª�E°�>�y�y��L5L�³��²xÅtvebmo}�}vh	xb}vh�t~ebh�}��F}°t~hCg m�x�Eêib�fL´mo}�h	¼Fp|m�ªur�qoh	xJt tvw½tvebh��`w�pbxb�Cm�xb�
��r�qoqP«(ebh	x � � �  �Lt�r�§uhC}���w�t~e�{�wy}�m�t~m±ªyh´r�x � xbhC�yrut~m±ªyh´ªur�q�pbhC}	³�d�ebh©eJ�n�|�vm � xbrut~pb��h�w ®
}vpb��e'}°�n}°t~h	g2}��Cr�qoq�} ® w���xbh�«À�CwyxJt~��wyq�r�{b{b��wJr���ebh	}´t~e�rYt´�Cr�x'r��	�Cwyg�g2w � rutvh ªur���mowyp|}
t²�n{�hC}�w ® g�w�t~m�wyx·¶`«(e|mo��eÅgµr>��m�xb�Cq�p � h � mo}v�	wyxJt~m�xFp|wypb} r�x � pbxb�	wyxJt~��wyqoqor��bqoh�{be�r�}�hC}
}vpb��eÁr�}.t~ebh�m�g2{�ru�	t(�>ru}vh�³[d�ebm�}�«(moqoq`�`h � m�}v�	pb}v}�h � m�x�t~ebh�xbh��ntz}�pb�b}vh	�	tvmowyx·³
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(/mo��pb�vhk���KX � wyxJt~��wyqoq�h � gµru}v}�}vp|�F��hC��t´t~w�r�pbxbm�qsrutvhC�vr�qÊ�	wyxb}�tv�~r�m�xJt

� "
� � - � � �+* � � � 
 � � 1 *D1���& 
 �5-�� � &H(+*�,.-0/�* � 1�&)1 � � ,.1
d�ebh r���wNªyh2�Cqsru}v}vm±­��>rYt~mow�xÅw ® t~ebh�moxJªur���msr�xJt }vh�t~}^xbrut~pb�vr�qoq±�'qohCr � }�wyxbh�t~w9�Cwyxb}�m � h	�
�Cwyg�{bqoh	g2h	xJt�r��°�  Õ}vqor���§¨xbhC}�}µ}��F}°t~hCg�}�r�}2mox (/mo�b³��Ár�}µeJ�F�b��m �º� �Fx�rug2m��>r�q�}°�n}°t~h	g2}
«(ebwy}vh$"´m�}v�	�vh	tvh  &�ª�hCxJt� �lF�F}�tvhCg E%" &LldL.}�t~rut~h	}´ru�vh � h�­�xbh � ® �vwyg t~ebh � h	}v�	�vmo��h � mox  
ª�ru�vmsrux¨tz}�h	t~}	³��²x½t~ebh ® wyqoq�wN«(moxb�k«¯hk}vebr�qoq��yh	xbhC��mo�Cr�qoq±� � hCx|w�t~h t~ebh�{be�r�}�hC}�tve�rut��Cwy�  
�vhC}�{`w�x � t~w � N��°l r�} � ��r�x � t~ebw�}vh't~e�rYt��Cwy���vh	}v{�wyx � t~w ( � �°l rux � Buwy� 
��°l r�}
� ��³D¿ m±t~e¹}vw�g2h
r��|pb}vh
w ® xbw�t~rut~m�wyx·¶H«¯h
}ve�r�q�q � h	xbw�t~h tvebh " &Ll$}°t�rutvhC}�r�x � tvebh
�Cwy���vhC}�{`w�x � mox|�^t~m�g2h(moxJtvhC��ªur�q�}¯m�xµt~e|h´}~rug2h�gµr�x|xbhC�	³ D }�«¯h�}�e�r�qoqP}�hCh ® pb�°t~ebh	�.}vp|�. 
� m�ªFmo}�mowyx|}.«(moqoq���h xbhCh � h � ³ D }´ruxÁh��|r�g�{bq�h q�h	tzpb}��Cwyxb}�m � h	�´rux9m�g2{�ru�	t � r�g�{`h	�zr�}
mox (�mo�b³��RE;�mL r�x � «(m±t~eDr9}vm�x¨pb}vwym � r�q[h��n�	m�t�rYt~mow�x r�{b{|qomoh � tvw9tvebhµ��ru}vmo}�gµru}v}�X ® wy�
rÁ{b�vw�{`h	�k��ebwym��Ch w ® tvebh�}v{|�vmox|�! � ru}veb{�w�t>¶�t~ebh h��n�Cm�t~rut~m�wyx {�ru�~r�g�h	tvhC�v}^r�x � w ® tvebh
moxbm±t~msruq��	wyx � m±t~m�wyxb}C¶·tvebh�}��F}°t~hCg {�wy}�}vhC}�}vh	}^{�hC�vm�w � mo�^tv�~rX��h	�	t~w��vmoh	}�«(m�tveÅw�xbh�mog�{�r���t

ùêú�û�ù ó
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) ��!�{�hC�vm�w � EêebhCx|�Ch � N��°ln}"L E �Ár�}v��m H � r�p|�yebh	��E��N�KQKQKL+L�³/d�eFp|}�wyx|h ebr�}
8 � � �$! E;iJ�KL

� wyxb}vm � hC��x|wX«]rkg2r�xbmo{|pbqsrutvwy�Lr�}�mox (�mo�b³�� E;h�LLt~e�rYt({`h	� ® wy��g2}�rk�Cwyg�{bqoh�t~h���wy��w�t~m��
t�r�}�§ «(m�t~e1r }vpb�	�Ch	}v}vm�wyxºw ®�® �vh	h  ²g�w�tvmowyx$r�x � �	wyxb}�tv�~r�m�xbh � g�w�t~m�wyxb}�{be�ru}vhC}	¶ � pb�  
moxb��«(ebmo��eµm�t¯mo}Lh��n{bqom��Cm±t~q��^�vh	¼Fp|mo�vh � t~w t~�vr���§ � hC}�mo�vh � g�w�t~m�wyxµrux � Buwy�L�Cw�x¨t~r��	t ® wy�v�	h
E+E@�¯�vwy�yq�msrutvw E°�N�y����L�Î����vwy��qomsrYt~wb¶Y¾�m��Cpbq�hC}��CpPH ���ve�rux¨t E°�N����JKL�Îy���vwy��qomsrYt~wb¶Y¾�m��Cpbq�hC}��Cp
H �9wyxJtvhCmo��w! �9r��v¼¨pbh	}7E@���y�y�KL+L+L�³'"´p|�vmox|� t~ebh ® wy���ChmBY{`wy}�m�tvmowyx��	wyxJt~��wyq�{be�r�}�hC}	¶Ätvebh
t~�~rN��hC�	tvwy�vm�hC}�«(m�qoq�mox'�yh	xbhC�vr�qH��h��`w�tve 
��°l E;m�x�t~ebh�t�ruxb�yhCxJt � m��vh	�	t~m�wyxÁtvw
tvebh��Cw�x. 
}�t~�vr�moxJt�}�pb� ® ru�ChmL.rux � ( � �°l Eêmox t~e|h©xbwy�vg2r�q � mo��hC�	tvmowyx L�¶F}vhCh���hCg2r��v§µ�n³ "´pb��moxb�ktvebh
® �vhCh  ²g�w�t~m�wyxk{bebr�}vh	}Ltvebh.t~�vrX��hC��t~wy��mohC}[ru�vh 
��°l`³J�Õt[m�}Ht~ebh	�vh ® wy�vh�x�rYt~pb�vr�q|t~w�}�{bqom±t�}vpb��e
t�r�}�§Åm�xJt~w9tveb�vh	hµ{bebr�}vh	} � � �y¶ � � � � � r�x � ���2tve�rut��Cwy���vhC}�{`w�x � t~w 
��°l`¶�( � �°l r�x �
� N��°l��vhC}�{`h	�	tvm�ªyh	q���¶�m@³Ýhu³

8 � � � ! ���$! � � � � � � � � � ������� E;iK;�L
� wyxb}vm � hC��x|wX« t~ebh��bm�{`h � ³��Õt(mo}��CqohCr��.t~ebrut(mox�wy� � hC��tvw � hC}��C�vm��`h©«�r�qo§¨m�xb�b¶|��pbxbxbm�xb�
r�x � ebwy{b{|moxb��g�w�t~m�wyxb}	¶nwyx|h x|hCh � }zg�wy��h´t~e�rux
tvebh�r���wNªyh©t~eb��hCh©t²�F{`h	}(w ® moxJªur��vmor�xJt
}vh	tv}C³ �9wy��hCwNªyh	��wyxbh2xbhCh � }�g2w��vh2tve�r�x tvebhµt~e|�vhChµ{be�r�}�hC}�{b��wy{`w�}vh � ® w���t~e|h gµr  
xbmo{bp|qsrutvwy���Cr�}vhu³¯�²x � hCh � r�}�«¯h�ruqo�vhCr � �µ{`wym�xJt~h � wypnt(�Cwyxb�	hC��xbmoxb��t~e|h ��e|wymo�	h©w ® tvebh
��wym�xb�>r�� � }�hC�	tvmowyxÊ¶ � hC}��C�vm��bmox|� ® wy�/m�xb}�t~r�xb�	h�r�«�r�qo§¨mox|��g2wut~mow�x�m�x¨ª�wyq�ª�hC}Htvw´t�r�§uh.�>ru�vh
w ® tvebh^xbw�x. ²}�qom � moxb���	wyx � m±t~mow�xb}C³ VzhCxb�	h^wyx|h�m�}�q�h � t~w � m�»`hC�vh	xJt~msrYt~h��CwyxJt~r��	t�{be�r�}�hC}
E%( � �°lÅrux � 
z�°ldL©r�x � mog�{�r���t©{be�r�}�hC}�E � N��°l r�x � ( � �°l!r�x � Buwy� 
z�°ldL´t~e�rut }�qom � h
r�x � tvebwy}�h�tve�rut�}�t~m���§P³
¾�w�tvmo�Ch�g�wy�vh	wNªyhC��t~ebrut�tvebmo}�g2r>� �`h � wyxbh�mox � hC{�hCx � hCxJt~q±�
w ® t~ebh�{|�vhC}�hCxb�	h�w ® D g�wyxJt~wyx|}  � w�pbqowyg^� ® �vm��	t~m�wyx�rYt�t~ebh^�CwyxJt�ru�	t�{�wymoxJt~} X ® ��mo��t~mow�x
r �b� }�g�w � hC}/tvw�t~ebh�{bqor�xJt�g�w � h	qa¶Y«(ebhC��h>r�}[wypb� � hC}v�	�vm�{|t~m�wyx��Cwyx|�ChC��xb}�t~ebh�x�rut~p|�vh�w ®
t~ebh�tv�~rX��h	�	t~w��vmoh	}�r�x � m�} � mo��hC��t~q��2�vh	qsrutvh � tvw�}°t�r��|moqom±t²�2r�x � �Cw�x¨tv�vwyqÊwy�F��hC��t~m±ªyhC}	³��¯p|t
m�t.m�}��	qoh>ru��t~e�rYt�t~e|h©{bqsr�xJt�g2w � hCq�moxb� «(moq�q�}°t~��wyxb�yq±�µm�xA@�pbh	xb�Ch�tvebh��Cw�x � m�tvmowyx|}�pbx � hC�
«(ebmo��e�tvebwy}vh�g�w � hC}´«(m�qoq��`hkr��	tvm�ªurut~h � ¶Ê}�hCh´��pb}°t©�`h	qowN«�³�lnpb��eÅr � h�­�xbm�tvmowyx9�nm�hCq � }
�yhCxbh	�~r�q�q���r^qor��v��h´x¨pbgk��hC�¯w ® " &Ll }�t�rYt~hC}	³ (�wy�.r^}°�F}�t~h	g «(m�tve?� �Cw�xb}�tv�~r�m�x¨tv}C¶bw�xbh
�yh	tv}

�Cr�� � � � � � � � C �
C�
��� � � � � C � � � �C E;i�i\L

«(ebhC��h � �C � C �� � � C � � � � r�x � � ��mo}(t~ebh#" &LlÁ}�t�rYt~h^}�{�r��	h�³´d�e|h ® wy�vg^pbqsr�mox E;iyi\L�g2rN�
�`h ® wyp|x � �¨� moxb}�{`h	�	t~m�wyx X ® wy��moxb}°t�r�xb�	h©«(ebhCx
t~ebh	�vh�mo}�x|w�m�g2{br��	tC¶FtvebhCx
t~ebh	�vh�g2rN�

û�û ×�� &>ò��%�
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�`h�hCm�tvebhC�¯}vq�m � m�xb��w���}�tvmo��§¨mox|�k�CwyxJt~r��	tC¶|wy� � h	t~r���ebg�hCxJt(rut.r�xJ�2w ® t~ebh � �	wyxb}°t~�~rumoxJt
}vpb� ® r��Ch	}C¶Hebh	xb�Ch � C {`w�}v}vm��bqoh�g�w � hC}C³��²xÅt~ebh2�>r�}�hµw ® r9�bm�{`h � «(m±t~e�� � �WE t²«�w
® hCh	t´r�x � t~ebh �vh	}�t´w ® tvebh��	wyxb}°t~�~rumoxJt~}zmo}zxbw�t(t�ru§�hCxÁmoxJt~w2r��C�	wypbxJt�L�¶`w�xbh�w��|t�r�m�xb}��KU
� m�»`hC��hCxJt�g�w � hC}	³ D x2hCx¨pbg�hC�~rYt~mow�x2w ® t~ebw�}vh´�KU�g�w � hC}Lmo}[pb}�hCqoh	}v}¯ebhC��h�¶|}�w «¯h´}�e�r�q�q
� h	­�x|hÁwyxbq±� t~e|wy}vh
t~e�rYtµru�vh½xbhCh � h � tvw � h	}v�	�vmo��h
t~ebh
t~eb��hCh½g2h	xJt~mow�xbh � t²�F{`h	}µw ®
g2w�tvmowyx3X

�
���� X�@�mo�yeJt({bebr�}vh	} Eê�`w�tve ® hCh	t � h�t�r���e|h � L�³

�
�
���� X�qoh ® t ® wnwut�}�tvmo��§¨}C¶P�vm��yeJt ® wnwut � h	t~r���ebh � ³

�
�
���� X��vmo��e¨t ® wFw�t�}°t~m���§F}	¶Pqoh ® t ® wFw�t � h	t�ru��ebh � ³

�
�
� � �� X � wypb�bq�h�}vpb{b{�wy�°t({be�r�}�h�¶P�`wut~e ® hCh�t�}°t~m���§�³

�
�
� �� XLm�g2{br��	tv}.wyx
t~ebh��vm��yeJt ® wFw�t>¶bq�h ® t ® wFw�t(}°t~mo��§¨}	³

�
�
� �� X�m�g2{�ru�	t~}�w�x
tvebh�qoh ® t ® wnw�tC¶|��mo�yeJt ® wFw�t � h	t~r���ebh � ³

d�ebhCx
«�h wy�|t~r�mox tvebh ® wyqoq�wN«(moxb�dX
¿ r�q�§¨moxb�dX 8 � � �

���! � � � �! � �
� ���! � �

���! � �
� �! � �

� ���� � �
���� � ����� E;i\U�rKL

V�wy{|{bmoxb�AX 8 � � � �! ��� � �! � � � � � � � �� ������� E;i\UY��L
�zpbx|xbmoxb�AX 8 � � ���! ��� � �! � �

���! � ��� � � � � �� � �
���� � ���� � � � �� ������� E;i\Uu��L

d�ebh��br�}vm�� m � h>r�m�}(tvebh ® wyqoq�wN«(moxb�dX�t~ebh��KU � m�»`hC��hCxJtz{be�r�}�hC}��Cwy���vhC}�{`w�x � tvwµ��U " &Ll
}�t�rYt~hC}	³[��xbh.�Cr�x��Cwyx|}�t~��pb�	tLr��y�~r�{|e E;�y�vr ® �Ch�t>¶J��h	t~��mbxbh�t�L�tve�rutH��hC{b��hC}�hCxJt~}[t~ebh " &Ll`³
d�ebh(�Cwyx � m�t~m�wyxb}Hw ® r���t~m±ª�rYt~mow�xkw ® wyxbh�g�w � h�e�r>ªyh(t~w��`h�}°t~p � moh � ³�(�wy��moxb}°t�r�x|�Ch��Cw�x. 
� m�tvmowyxb}2}vpb��eStve�rut�}°t~mo��§¨m�xb�¹wn�	�Cpb��}
rut
r�xSm�g2{br��	tµwy� � pb��moxb� r }�t~h	{ ebrNª�h'�`h	hCx
}�t~p � moh � mox E@�(pb��r�x|wXªFm���eSH
(�wy�vg2r�q�� }v§J� E��N�y�|�mL+L�¶#E�V�pb��gkpbÂCq�p�E��N�y�K;�L5L�¶ E � e�r�xb�TH
V�pb��gkpbÂCq�p E°�N����i\L+L�¶zr�x � E�F � x|w�t>¶����vw��yqomorut~w�H Vzpb�vgkp|ÂCqop E��N�y�y�KL+L�³ d�ebh��ºh�ªnm  
� hCxJt~q±� }°t~�vw�xb�yq�� � hC{�hCx � wyx�tvebh©{b�vwF�Ch	}v}(g�w � h	qÊq�mo§�h D g�wyxJt~wyxb}  � wyp|qowygk� ® ��mo��t~mow�x
r�x � tvebh gkpbq�tvmo{bq�h©mog�{�r���t(�vhC}°t~m±t~p|tvmowyx½qsr>«�³�d�ebh��Cwyxb�Crut~h	x�rutvmowyx½w ® {bebr�}vh	}´moxWE;i�UKL
�Cwy���vhC}�{`w�x � }/tvw � hC}�mo��h � moxJªur���msr�xJt�}vh	tv}Hw ® tvebh " &Ll?E@ru�C�Cw�� � m�xb��tvw-E@��r�}v}�moxbwb¶ �9mo��ebh	q
H D xJt~}vr�§¨qomo}_E°�N����i\L+L·t~e|hC�vh�r��vhLt²«�w�t²�F{�hC}Hw ® moxJªur��vmor�xJt/}�h	tv}Hmox#" &LlxX�h	m�t~e|hC��tvebh�}°�F}  
t~hCg5�vhCg2r�m�xb}�}�tvpb��§�mox�wyxbh(}°t�rutvh�ru}Lm�x E;i¨�KL�¶Jwy��t~ebh	�vh(mo}[r��	�F�	qohzr�}�t~ebh(wyx|hC}Lmox E;iK;�L
wy�ME;i\UKL5L�³ (P��wyg r
�yhCx|hC�~ruq[ªFm�h	«�{�wymoxJtC¶/r�xJ� }°t�r��bm�qom±t²���C��m�tvhC�vm�wyx }vebw�pbq � t�r�§uhµm�x¨tvw
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r��C�	wypbxJt���w�t~e½t~ebh�xbwyxb}�g2wFw�tve�r�x � t~ebh�eJ�n�|�vm � x�rut~p|�vhC}�w ® }�pb��e'�Cwyg�{bq�hCg�hCxJt�r��°�- 
}vqsru��§Fx|hC}v}µ}��F}�tvhCg�}C³ D }2m�t�mo}�§¨xbwN«(x·¶(wyxbh½gµr>�$e�r>ª�hÁ}vh�ªyh	�~r�q�{`wym�xJt2w ® ªFmoh�«(}µw ®
e¨�F�b��m �9� �Fx�r�g�mo�>ruq·}��F}�tvhCg�}�X.�	wyxJt~m�xFp|wypb}  at~m�g2hu¶ � mo}��C�vh�t~h  ²h	ª�hCxJt>¶`wy�(g2m �nh � ¶�}�hCh^hu³Ý�|³
E;� & & &]d D � ln{�hC�Cmor�q/�²}�}vpbh E��N�y�y��L�Î D p|tvwyg2rut~m��>rSE��N�y�y��L5L�³ �Õt�mo}�x|w�t��Cq�h>r��©rYt�t~ebm�}
}�t�ru�yh´«(ebh�t~ebh	�.wyxbh�w ® t~ebh	}vh©g2r�xbxbh	�v}¯tvw�h��|r�g�moxbh��yhCx|hC�~ruqÊeJ�F�b�vm � � �Fx�r�g�mo�Cr�q`}°�F}  
t~hCg�}�ru{b{bqom�hC}��`h�tvt~h	�´t~wµ�Cwyg�{bqoh	g2h	xJt�r��°�  Õ}vqor���§¨xbhC}�}�}��F}�tvhCg�}C¶�rux � �bmo{�h � r�q���wy��w�t~}	¶
t~e�r�x�t~ebh¯w�t~ebh	�v}	³ D �yr�mox·¶�r�q�w�t�«(m�qoq � h	{`h	x � wyx^tvebh � hC}vm��yxbh	� � }�r�x � tvebh¯t~r�}v§ � }H�ywJruqo}C³
¿ ebhCx!r½�|mo{�h � r�q/�vwy��w�t�mo}©��hC¼¨pbm��vh � t~w½}�tv�vm�§�h�r�x�r�moq/wy�©t~w
{bpb}�e r�x wy�F��h	�	tC¶�tvebhCx
t~ebh©�	wyxJt~mox¨pbw�pb}  at~mog�h�q�h	ªyh	q·w ® }�t~r��bmoq�m�t²�2r�x � �	wyxJt~�vw�qÊ«(moq�qÊ�Ch	��t~r�moxbq±�µ}�pb{�hC�v}�h � h	}ztvebh
" &LlÅwyxbhu³TV�wN«¯h	ª�hC�^«(ebh	x¹r
�yhCxbh	�~r�q�«�r�qo§¨m�xb�½t~r�}v§'m�}��vhC¼¨pbm��vh � ¶/m±t�mo} qomo§uhCq±�Át~ebrut
wyxbh g2r>�Dxbwut�e�r>ªyh�t~w9t�r�§uh��>r���h
r��`w�p|t�r��	�Cpb�vrut~hµtv�~r���§¨m�xb�'w ® t~ebhµqohC��}�r�x � ® h	h	t
g2w�tvmowyx�Eê}vwyg�h � �C��p � h � q�wX«  Õqoh�ªyhCq��	wyxJt~��wyqoq�hC�v}�g2r>�'�`h´��p � �yh � mox't~ebm�}��>r�}�h�tvw9��h
}vp ���Cm�hCxJt�L�³µd�ebh	x r
}vpb{�hC�°ªFmo}vw��  ²q�mo§uh��	wyxJt~��wyqH«(moq�qH�`h�}�pbm�t~r��bqohbX©t~ebh��vw��`w�t�«(m�qoqH��h
�vhC¼¨pbm��vh � t~wÁtv�~r���§ � r½t²�n{�h w ® g2w�tvmowyx � ¶�«(e|mo��e m�x g2w��vh�}v�Cm�hCxJt~m±­��2tvhC��g2} «(moqoq[��h
t~�~ruxb}vqorut~h � m�xJt~w½r " &¯l'moxJªur���msr�xJt�}vh�t>³ � qohCr��vq±��}�pb��e r
ebmo��e. ²q�h	ªyh	qH�Cw�x¨tv�vwyq�ebr�}©t~w
ebmoxb��h©pb{`w�x9}�wyg2h�}°t�r��bm�qom±t²� �C��m�tvhC�vm�wyx t~ebrut(«(moqoqÊhCx�r��|qoh©t~ebh��	wyxJt~�vw�qoqoh	�.t~w�§�h	hC{9tvebh
t~�~rN��hC�	tvwy�vm�hC}´«(m±t~ebm�x�}vw�g2h�r � g2m�}v}�mo�bq�h�}�h	t>³ d�ebh��	hCqoh	�b�~rYt~h � � �9� ��hCqow�xb�y}�tvw t~ebm�}
�>rutvhC�ywy�°�
w ® �	�vm�tvhC��msr|¶Pr�x � «¯h^}vebr�qoqÄ�Cw�g2h ��r���§
wyx½t~ebm�}�m�x9}�hC�	tvmowyxSUn³Ù�F³*;|³.��p|t�w�xbh
gµr>��x|w�t©�>ru�vh�r���wyp|t�tvebh�}�«(mox|�ymoxb�µqohC��tvw�{`h	� ® wy��g m�tv}©}�tvhC{'«(m�tve!r�}°t~�vw�xb�½r��C�	p. 
�~r����y³ D ® t~h	��r�q�qa¶�e¨pbg2r�x���hCm�xb�y}(t~ebh	g2}�hCq�ª�hC}�hCr���e'{�wy}v}�hC}v}�t~ebh	mo�zwX«(x�«�r>�
t~wµ«�r�qo§
� hC{�hCx � moxb��wyx
t~ebh	mo��{beJ�F}vm��>r�qÄrux � {|e¨�F}�mowyq�wy�ymo�Cr�qÊ�Cr�{�r��|moqom±t~m�hC}C³

� "3! � ��-0( /�* ��� ,.* � 1 *D( � 1 � *�
+-���- � &
lFt~��wyxb��mog�{�r��	tv}(gµr>� � r�g2r��yh���mo�ym � }°t~��pb�	tvpb�vh	}�r�x � }vebw�pbq � t~ebh	�vh ® w��vh �`h�r>ªywym � h �
® wy�^«�r�qo§¨mox|�'�vwy��w�t~}	³ ¾zh	ªyh	��tvebhCq�hC}v}�mog�{�r���t�mo}^{�r���t�w ® tvebh «(ebwyq�h � �Fx�r�g�mo�	}�r�x �
�>r�xbx|w�tk��hµxbh	�yqoh	�	tvh � X�«(ebh	x$tvebhµ��wy��w�tkm�} tv�~r���§¨mox|�'rÁ�vh ® hC��hCxb�	h t~�~rN��hC�	tvwy���Åh�ªyhCx
«(m�t~e �Cr�p|t~m�wypb} ® wFw�t©{bqor��Cm�xb�b¶·m�g2{br��	t©wF�C�	pb�v} }vm�xb�Chktvebh�wy�v�|m�t©«(moq�q/��hCg2r�mox'wyx|q���m�x
r�ªFmo�	moxbm±t²��w ® t~ebh �vh ® hC�vh	xb�Ch t~�vrX��hC��t~wy�°��E;h	ª�hCxÁ«(m±t~e½ebmo��e9�Jrumoxb}(wyx
t~ebh �Cw�x¨tv�vwyq�qoh	�CL�³
(P��wyg t~e|mo}/m�xJt~pbm±t~m�ª�h¯�	wyxb}�m � h	�~rutvmowyx�wyxbh.�	wypbq � t~ebm�xb§©t~e�rut/mog�{�r���t~}�r��	t/moxkr � hC}°t�r��bm  
qomoÂ	moxb��gµruxbxbhC�	³�¿!h(r��v��pbh�rutHtvebh�wy{b{�wy}�m�t~h¯t~e�rutHmog�{�r��	tv}(Eê«(e|mo��e � mo}�}vm�{�rut~h�hCxbh	�v���AL
{bqsr>��rux9m�g2{�wy��t~r�xJt.��wyqoh©m�x�}�t�ru�bmoq�moÂCm�xb�^tvebh�}��F}�tvhCg½³

F©hCx|hC�~ruqoq���¶¯tvebhÁru{b{b�vwyr���eÏt~w t~e|hÁ}�t~r��bm�qom�t²� r�x�r�q±�F}vmo}�t�ru§�hC}2moxJt~w!r��	�CwypbxJt2t²«�w
�yhCxbh	�~r�q�q��9h��n�Ch	{|t~h � ® r���t~} r���wyp|t��bm�{`h � r�q�qowF�Cwyg�w�t~m�wyx·³ d�ebh�g2wut~mow�x�mo} � m�}v�	wyxJt~mox  
pbwypb}���hC�Cr�pb}�h�w ® t~ebhkm�g2{br��	t´w ® t~ebh�q�mogk�|}z«(m±t~eÁtvebhk«.ruqo§¨moxb�µ}vpb� ® r��Ch?E�V�pb��gkpbÂ	qop
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H��½wy}v§uwX«(m±t~Â E��N�y��JKL�Î V�p|�vgkpbÂ	qop E��N�y�K;KL�Î ��rutvwyeSH��9wy��m E°�>�y��i\L�Î �Êebh	xb� E°�N���y��L�Î
F���moÂCÂ	qohu¶ D �b�br H �[q�hC}°t�r�x Ea�����|�fL+L�³kd�ebh � �Fx�r�g�mo�	}©mo}©ebm��yebq��9xbwyx|qomox|h>r��©rux � q�mox. 
h>r���moÂ>rYt~mow�x¬ru�`wypnt2ª�hC��tvmo�Cr�q(}�t�ruxb�Ch9�yhCxbh	�~r�q�q��¹}�ebwypbq � ��h�r>ªyw�m � h � EON[p|§�wy�b�vrut~wNªFmo�u¶
��wy�vwNªur��u¶[lnpb��qsr�H lFtvwy§¨mo�RE°�N�y����L�Î�Vzpb�vgkp|ÂCqop E°�N�y��;�L�ÎvF©�vm�ÂCÂCq�h�¶ D �b�brSH ��q�hC}�t~r�x
E°�N�y����L+L�³

D �Cqsru}v}vm��>r�qÄt~h	��ebxbm�¼Fp|hkt~w�r�xbr�q��FÂCh � �Fx�r�g�mo�>ruq�}°�n}°t~h	g2}�«�r�} � h�ªyh	qowy{�h � �J�9tvebh
xbmoxbh�t~h	hCxJt~eÅ�Ch	x¨tvpb��� (��vh	xb��eÅgµrutvebhCg2rutvmo�Cmor�xSVzhCxb�°� ��wym�xb�>ru� � ³ D ® wy��gµr�q�gµrYt~ebh  
gµrutvmo�Cr�q � h	}v�C��mo{|tvmowyx w ® tvebh[t~hC��e|xbmo¼¨pbh.�Cr�x^��h ® wypbx � mox gµr�xJ��{b��h	ªFmow�pb}vq±��{bpb�bq�mo}ve|h �
�`wFwy§¨}�r�x � r���tvmo�	qohC} E�F©pb��§�h	xbebh	mog�hC�'H Vzwyqog�hC} E°�N�y�KUKL�Î`�/r���§�h	� H � e¨p�r E��N�y�y�KL+L�³
V�hC��hµ«¯h ® wyqoq�wX«�r�x mox ® wy�vg2r�q[{b�vh	}vh	x¨t~rut~m�wyx t~ebrut � h	}v�	�vmo��hC}ktvebh g2r�mox ® h>rutvpb�vh	}kw ®
t~ebh r�{b{|�vwJr���eÊ¶�m�t~}(r � ªur�xJt�r��yh	}C¶Pr�x � m±t~}���hCqoh�ªur�xb�Ch�m�x½�yr�m�t�}°t~p � mohC}	³
�²x�tvebh�tveb�vh	h  Õqomox|§½�|mo{�h � r�qÄg�w � hCq�w ® }vh	�	t~m�wyx �n¶�«�h^e�r>ªyh�}ve|wX«(x�tve�rut©{�hC��mow � mo�

g2w�tvmowyx|}kw ® r }vm�g2{|qoh��bm�{`h � �Cr�x¬��h½�vhC{|�vhC}�hCxJt~h � r�}��Cq�wy}vh � wy���bm�tv}�mox¹t~ebh½{be�ru}vh
}v{�r��	h�³ (/m��ypb�vhWE;i|³ � L � h	{bmo��t~}2rÅ­���}�t ��h	tvpb�vxºg2r�{1wy�|t~r�moxbh � ® ��wyg t~ebh½{�wymoxJt~}�w ®
t~ebh�tv�~rX��h	�	t~w����Ïtve�rut��	wymox|�Cm � hÁ«(m�tveºt~ebh'm�xb}�t~r�xJt�w ® ebhCh	q�}�tv�vm�§�h�³5��wym�xb�>ru� � g2r�{
® wy� r �yh	xbhC�vr�qom�ÂCh � �CwFwy� � mox�rutvh ��� Eê«(ebm���e m�}2t²�F{bm��>r�q�q��¬r½��wymoxJt r�xb�yq�hÁmoxÏ�bmo{�h � ruq
}��F}�tvhCg�}CLµrut�t~e|h�moxb}°t�r�xJt2w ® ebh	hCq�}�t~��mo§uhÁxbwN« �>r�xÏ�`h9wy�|t�rumoxbh � �J�Ï{|qow�t�t~mox|� tvebh
ª�ruqopbh	}¯w ® ��� rYt � 
���ª�hC��}vpb}�tvebh�ªur�q�pbhC}¯rutS��� � � � 

��ebhCh	q`}°t~�vm�§�hu³�d�ebh´m±t~hC�vrut~m�wyx�{`wym�xJt
t~e�rut.�Cwy���vhC}�{`w�x � }�t~wktvebh©�Cq�wy}vh � {�hC��mow � mo��wy�v�|m�t�m�}.wyx t~e|h	� � � � h	�y�vh	h©qomox|h��`h	�>r�p|}vh
«(ebhCxSt~e|h�g2wut~mow�xÏmo}2{`h	�vm�w � m�� ��� rut�ebh	hCq�}�t~��mo§uh'mo}µm � hCxJtvmo�>ruq ® wy�µr�qoqz}vp|�C�Ch	}v}�m�ªyh
qowF�Cwyg�w�t~m�wyxk}°t~hC{|}C³H¿!h´r�q�}vw wy�b}�hC��ª�h�tve�rut¯{`wym�xJt~}[wyx�t~ebhzgµru{µr��	�Cpbg^pbqsrutvhzrut ���Lr�}
t~ebhL�bmo{�h � t�ru§�hC}�}vpb�	�Ch	}v}vm±ªyh.q�wn�	wyg�w�t~m�wyx©}�tvhC{b}	³/d�ebh¯}~r�g�h[�Cwyxb}°t~��pb�	tvmowyx��>r�x^r�qo}�w���h
{`h	� ® wy��g2h � ® w��.t~ebh��yh	xbhC�vr�qom�ÂCh � ª�hCq�wn�	m�t²� !��� w�� ® w��(r�xJ��w�t~e|hC��§¨moxbh	gµrYt~mo�´¼Fpbr�xJt~m�t²��³
�©x|h��>r�x h	¼Fpbr�qoq±�¬�	wyxb}°t~�vp|�	t½r � m�}v�C��h	tvh'gµr�{ ® wy�µt~e|h�ªyhCq�wn�	m�t²�¬w ® t~e|h'�ChCxJtvhC��w ®
gµr�}�}�w ® t~ebh�pb{b{�hC��g2h	gk�`h	�´rux � moxJª�hC}�tvmo�JrYt~h�t~ebh�h	ªyw�qop|tvmowyx½w ® q�wn�	wyg2wut~mow�x½}�{`h	h �
«(m�t~e�}vp|�C�Ch	}v}�m�ªyh©}°t~h	{b}C³��²xb}°t~hCr � w ® ��ebwnw�}vmox|��ebh	hCq�}�tv�vmo§uhz«¯h´�	wypbq � e�r>ª�h´��ebwy}�hCxµtvebh
moxb}°t�r�xJt(w ® t~wFh©w�» ® wy�.tvebh�{b�vh	}vhCxJt�g2w � h	q�r�x � wy�|t~r�mox|h � }vm�g2m�qsr��L{bqowut~}C³
�²x'g�wy��hk�yhCx|hC�~ruq�t~h	�vg�}C¶Êtvebh���wymoxb�Cr�� � g�h	tvebw � mo}���r�}vh � wyx�t~ebh��	wyxb}°t~�vp|�	t~m�wyx

w ® r'­b�v}�t���h	tvpb�vx$g2r�{¹�J�¹�Cwyx|}vm � hC�vm�xb��t~e|h�moxJt~h	�v}vh	�	tvmowyx$w ® {�hC�vm�w � mo�µw��v�bm±t~}^«(m±t~e
r�x ��> � � m�g2h	xb}vm�wyx�r�q/�C�vw�}v}^}�hC��t~mow�x!m�xÅtvebh � � m�g2h	xb}vm�wyx�r�qH}°t�rutvh2}�{�r��	h�³
Ã�h	t�pb}
g2h	x¨tvmowyx�r©{b��wy�bq�hCg5w�xbh(e�r�}�t~w ® r��	h�mox�t~ebhzr�{|{bqom��>rutvmowyxkw ® tvebmo}�g�h	tvebw � tvw��bmo{�h � ruq
qowF�Cwyg�w�t~m�wyx
«(ebhCxÅg2w � h	qomox|�2t~e|h����vwypbx � ® wnw�t��CwyxJt�ru�	t~}��J���|moqsrYt~hC�vr�q��Cwyxb}°t~�vr�moxJt~}	³
ln{bqom±tvtvmoxb��r.qowF�Cwyg�w�t~m�wyx´���F�Cqoh�m�x�r.qoh ® t ® wnwut�}vpb{|{`wy�°tÄ{be�r�}�h�¶ur � wypb�|qoh�}vp|{b{`w���tÄ{be�ru}vh
r�x � r��vm��yeJtL}vpb{b{�wy�°t�{bebr�}vhu¶|r�t~�~ruxb}vm±t~mow�x ® ��wyg%wyx|h�}�pb{b{�wy��t¯{be�r�}�hztvwkr�x|w�t~ebh	�¯w�xbh
�Cwy���vhC}�{`w�x � }´tvw �vh	g2wNªur�q�r�x � Buw���r �b� m�t~m�wyx½w ® §¨moxbh	gµrutvmo���Cw�xb}�tv�~r�m�x¨tv}-EGVzhCg2r�g�m#H
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¿!�Fg2r�x E°�N��Ju��L+L�³¹d�ebmo}�{b��wy�bqoh	g �>rux¬��h
}vhCh	xºr�}�r't²«�wÅ{�wymoxJt���wypbx � ru��� ªur�q�pbh
{b�vwy�|qohCg*«(e|hC�vh�}�pb��e�t~�vr�xb}�m�t~m�wyxb}zqohCr � tvwµ��e�r�x|�yhC}©m�x9t~e|h � m�g2h	xb}vm�wyxÁw ® t~ebh�}�t�rYt~h
}v{�r��	hk�vh	¼¨pbmo��h � tvw � hC}��C��mo��h�t~e|h � �Fx�r�g�mo�	}�r�x � t~e¨pb}´tvwµ��e�r�x|�yhC}©m�x9t~e|h�ªyh	�	tvwy��w ®
�yhCxbh	�~r�q�moÂ	h � �CwFwy� � mox�rYt~hC}	³�¾�w�tvmo�Ch�e|wX«¯h	ª�hC�Ät~e�rYt�t~ebm�}·�Cwyg�{bq�mo�>rYt~mow�x´mox�tvebh � �Fx�r�g�mo�	}
mo}�w ® {bpb��hCq��¹r���tvm�­��	msr�q¯x�rut~p|�vh�¶L}vm�xb�Ch
m±t � mo}vr�{b{�h>r���}�mox¹t~ebh
pbx|moqsrYt~hC�vr�q��	wyxb}°t~�~rumoxJt
�CwyxJt�ru�	t ® wy�vgkp|qsrutvmowyx·¶n}vh	h^}vh	�	tvmowyx ;|³ß�n³.�²x ® ru�	t>¶btvebh � mog�hCxb}�mowyx½w ® t~ebh }�t~rut~h }v{�ru�Ch
�vhCg2r�m�xb}.�Cw�xb}�t~r�xJtPE �3��
 !� �)698 � :�L�r�x � mo}�m�x � h	{`h	x � hCxJt�w ® t~ebh�}vp|{b{`w���tz{be�r�}�h�³Ld�ebh
® r��	t tve�rut2t~ebh ® h	h	t��Cr�xbxbw�t {`h	xbh	tv�~rutvh'moxJt~wDtvebh��y��wypbx � w�xbq��1g�h>r�xb}2t~e�rut }vwyg�h
�vhC��mowyx�w ® t~e|h }°t�rutvh�}v{�r��	h�m�}�pbxb��h>r���e�ru�bqohu³
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(/mo��pb�vh��X��XH¿ r�q�§¨moxb�b¶nebwy{b{|moxb��r�x � ��pbxbxbm�xb�
"�pbh½tvw't~ebh
��r�}�mo��x�rYt~pb��h½w ® � m�}v�	�vh	tvh
gµr�{|}C¶[t~ebh
h	ª�hCxJt~}�t~e�rYt�wn�	�Cpb��wyp|tv}vm � h

t~ebh½�C��wy}v}�}vh	�	t~m�wyx¬r��vh½mo�yx|wy�vh � ³ (�wy��h��|r�g2{|qoh�¶¯wyxbh
�>ruxÏpb}�h9}�mog�{bqoh�}�§�h	tv��ebhC}�m�x
t~ebh��Cwyxn­��ypb�vrut~m�wyx!}�{�r��	hSE;}�hCh (/mo�b³�E°�X�n³Ýr�L5L�tvw9��hC{b��hC}�hCxJtkt~e|h�tveb�vh	hµg�w�t~m�wyxb}�t~ebrut
r���ebmoh�ªyhk{|�vwy�y��hC}�}vmow�x�mox9�bmo{�h � ruq�}°�F}�t~h	g2}	³ (/m��ypb�vh	}PE��X�n³ ��L�¶ E°�X�F³Ý��L�¶`r�x � E��X�n³ � L � h  
{bmo��t�t~ebh½�vh	{b�vh	}vhCxJt~rut~m�wyxb}�w ® «�r�qo§¨m�xb�b¶Lebwy{b{bm�xb�b¶¯r�x � �vpbxbx|moxb� �vh	}v{�hC��t~m�ª�hCq±�y³¬¿!h
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xbw�t~h t~e�rYt´t~e|h � hC{|mo�	tvh � }�§�h	tv��ebhC} r���h�t²«¯w � mog�hCx|}vmow�x�r�qÄ{b�vwX��hC�	tvmowyx|}�t~ebrut��Cr�{|t~p|�vh
t~ebh.h	}v}�hCxJt~mor�q � �Fx�r�g�mo�Cr�q ® hCrut~p|�vhC}�w ® e|mo�yebh	� � m�g2h	xb}vm�wyx�r�qF�bm�{`h � r�qF}��F}�tvhCg�}C³ D }vm�g  
{bqoh���ebw�mo�Ch�w ® t~e|h2��wymox|�>r�� � }vhC��t~m�wyx!g2r>��xbwut�q�h>r � tvwÁr�g2r�{b{bm�xb�b³ (�wy�´h��|r�g�{bqohu¶
qoh	tLpb}¯��ebwFwy}vhzt~ebh�}vhC��t~m�wyx rutLt~e|h´mox|}�t�rux¨tL«(ebh	xµt~ebhzqoh ® t ® wFw�tL�Cw�x¨t~r��	tv}¯tvebh�«�r�qo§¨m�xb�
}vpb� ® r��Ch E�� ���� �´m�x (/mo�|³AE��X�n³Ýr�L+L�³�d�e|mo}/}�hC��t~mow�xk«�wyp|q � xbwutH��h.�C��wy}v}�h � �J��tv�~rX��h	�	t~w��vmoh	}t~e�rut¯�Cw��v�vh	}v{�wyx � t~w^e|wy{b{bm�xb��w�x2t~e|h´�vm��yeJt ® wnw�tC³/d�e¨pb}	¶|«�h��>r�x|xbw�t � h	­�x|h�t~e|h´g2r�{
t~e�rutz�	wy�v��hC}v{�wyx � }�t~w�ebwy{|{bmoxb��wyx½t~ebh �vm��yeJt ® wFw�tC³.��xbh �>r�x9��ebwFwy}vh�r�xÁh�ªyh	x¨t´}vpb��e
r�}Ht~ebh(g�hC��h�wn�	�Cpb���vhCx|�Ch(w ® ebhCh	q�}�t~��mo§uh�¶Jt~w � h�­�xbh�t~ebhz��wymoxb�Cr�� � }�hC��t~mow�x�E�V�pb��gkpbÂ	qop
H �9wy}v§uwN«(m�t~ÂPE°�N�y�KJKL�Î �©pbwTE��N�y�y��L5L�³�d�ebmo}L«.r>�y¶|wyxbhz�>r�x �Cr�{|tvpb�vh©rux¨��w ® t~ebhzt~eb��hCh
{b�vh�ªnm�wypb}�q���g2h	xJt~mow�xbh � t²�n{�hC}�w ® g2wut~mow�x·³ �Lh�t>¶nh	ªyh	x�t~ebm�}¯��ebw�mo�Chz«�w�pbq � x|w�t.q�h>r � t~w
gµr�{|{bmoxb��} ® w��z�	wyxJt�r���t ® ��hCh �vwF��§Fm�xb�µg�w�tvmowyxb}�w ® t~ebh��bmo{�h � ³.d�ebmo} � m��2�	pbq�t²�
m�}�x|w�t
}v{�hC�Cm±­��¯tvw��bm�{`h � r�q¨}��F}�tvhCg½³Hd�ebh¯{`h	x � pbq�pbg mog�{�r��	t � r�g�{�hC��r�x � tvebh�g2r�xbm�{bpbqsrYt~wy�
w ® (�mo�b³ E°�fL¯«¯wypbq � r�q�}vw�e�r>ª�h tvebmo} � m����Cpbq±t²�y³
�²x r �b� m�t~m�wyx·¶zr�q±t~ebwyp|�ye }vpb��e r1}�hCq�hC�	tvmowyxS«¯wypbq � ��h }vp ���	mohCxJt ® wy��g�wy}�t
m�g  

{�r��	tvmoxb��}°�F}�t~h	g2} Eê}vhCh E@lne�r>« H V�w�qog�hC} E��N�y�K;�L5L+L�¶|wyxbh©x|hCh � }(tvw��Cwyx|}vm � hC�.t~e|h©}vqom�{
�Cwyx � m�t~m�wyxb}�t~w � h�ªyh	qowy{�g2r�{b{bm�xb�y}�tve�rut � hC}v�	�vm��`h � �nxbr�g2m��C}Hw ® q�wn�	wyg�w�t~m�wyx�}��F}�tvhCg�}C³
� wyxb}vm � hC�Lt~ebh�«.r�q�§¨moxb��g2w�tvmowyx2r�x � t~ebh��	wy�v��hC}�{`wyx � moxb� ® r�g2m�q��^w ® wy�v�|m�t~} � h	}v�C��mo��h �
�¨�2t~ebh�}�hC¼¨pbhCx|�Ch � @ �kmox (/m��b³ E��X�n³ ��L�³�d�e|h�r��	tvp�r�qÊ«�r�qo§¨m�xb��g2wut~mow�xb}¯«¯wypbq � ��h�r
}vpb�b}�h	t©w ® t~ebm�} ® rug2m�q�� �	qsr�}�}vm±­�h � ru�C�Cw�� � m�xb��tvwµt~e|h^}vq�mo{½�Cwyx � m�tvmowyxb}	³z��xbh^�Cr�x��Cw�x. 
}�t~��pb�	t[}�h	ª�hC�~ruq�g2r�{b{|moxb�y} � hC{�hCx � moxb��wyx�tvebh.t²�F{`h�w ® g�w�t~m�wyx·³Ä�²x��yhCxbh	�~r�q@¶yebwN«¯h	ªyh	�C¶
t~ebh�}vh	�	tvmowyx
�>rux9��h©«(�vm�t�t~h	x9ru} ® w�qoqowN«(} X

� �� � �N��� 
 !�4�H6�� � : �  �  ����	� � � ��
 ����� 
�
 E;iKQ�L
«(ebhC��hLtvebh¯�	wyx � m±t~m�wyx�hC}�t~r��bq�mo}ve|hC}Ät~ebh¯��wym�xb�>ru� � }vhC��t~m�wyx·³��²x^w�tvebhC�Ä«�w�� � }��
�� �  �� � � 	wy� � �� �  �� � � 	 Eêwy�´��w�t~e L�³©�²x �>r�}�h^t~e|hC�vh�m�}�r�x'm�g2{br��	t�rut´tvebh��CwyxJt~r��	tvmoxb� m�xb}�t~r�xJt
E;ebh	xb�Ch'rÅªyhCq�wn�	m�t²� � m�}v�Cw�x¨tvmox¨pbm±t²�dL�wyxbh9gµr>�1�Cwyx|}vm � hC�2tvebh���mo�yeJt�ªyhCq�wn�	m�t²� !� �� �  �� �
r�x � Buw�� !� �� �  �� �Lt~w � h	­�xbh�tvebh�g2r�{b{bm�xb�?Eêqoh ® t¯ªyh	qowF�Cm�tvmoh	}��>rux��`h�p|}vh � r�}�«¯hCq�q�L�³Hd�ebh
}vpb�b}��C��mo{|t �zmox E;i�QKL´�vhC{|�vhC}�hCxJt~} � m�»`hC��hCxJt g2wut~mow�x�t²�n{�hC}	³µd�ebh�x¨pbgk��hC��
 � h	{`h	x � }
wyx't~ebhkt²�F{�hC}�w ® �CwyxJt�ru�	t©«(m�tve'hCxJªFmo��wyxbg�hCxJt>³ (�wy�´h��|r�g�{bqoh��	wyxb}vm � hC�©e|wy{b{bm�xb��wyx
r }vmox|�yqoh9qomog^�·¶.«(ebhC��h't~ebh	�vh'mo} r }vmox|�yqoh9�CwyxJt�ru�	t
{�wymoxJt>³ (�wy�µtve�rut��Cr�}vh�
 � �F¶
® wy�©�`w�pbxb�Cm�xb��«(m�tveÅw���«(m±t~ebw�p|t�}vq�mo{b{�ru�yh�³ D �	�Cwy� � moxb��q��y¶·tvebh�t²«�w½}vh	�	tvmowyxb} �>rux!��h
«(�vm�t�t~h	x9ru}�X � � � ���N��� 
 !� �H6�� � : �  �  �� � !� � �  � � �� � 
� 	 � E;i�JKL

� �� ���N��� 
 !� �H6�� � : �  �  �� � !� � �  � � �� � � 	 � E;iy��L
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d�w���h�}v{�hC�	m�­��u¶|t~e|hC�vh�«�wyp|q � ��h´t²«�w�t²�F{�hC}�w ® �Cw�x¨t~r��	tv}�X�m�xb}�t~r�xJt�r�xbh	wypb} Eê�vhC��wypbx � L
wy�L­bxbm�tvh � pb�vrut~m�wyxSEê�CwyxJt~r��	t�mo}�g2r�m�x¨t~r�mox|h � ® wy��r «(ebmoq�h´r ® tvhC�Lt~ebh�}vebwF��§[L�³[�²xµt~h	�vg�}
w ® tvebh�gµru{b{bmox|�b¶|ebwN«¯h	ª�hC�C¶P«¯h�«(m�qoq·��h©wyxbq±� �	wyxb�Ch	�vxbh � «(m±t~e½}vqom�{b{�r���h��Cwyx � m�tvmowyxb}	³
d�e|h � m�}v�C��h	tvh�g2r�{�wy�|t�rumoxbh � �J� ® wyqoq�wN«(moxb��tvebh´{b��wn�	h � p|�vh � hC}��C�vm��`h � r���wNªyh´�Cr�x

�`h©«(�vm±tvtvhCx
mox�t~e|h ® w�qoqowN«(m�xb�^�yh	xbhC�vr�q ® wy��g

� � ����� � � � � � E;iy��L
«(ebhC��h � mo}�rk��h � p|�Ch �
� m�g2h	xb}vm�wyx }°t�rutvh�ªyhC��t~wy�	¶�r�x � tvebh�}vp|�b}v�	�vmo{nt~} � hCx|w�t~h�tvebh�� ���
r�x � � > � �+� �vh�t~pb��x½ªur�q�pbhC}���hC}�{`h	�	t~m±ªyh	q��y³
��hC��mow � mo�©g�w�t~m�wyxb}.w ® tvebh��bmo{�h � �Cw��v�vh	}v{�wyx � t~w�t~e|h�­n�|h � {�wymoxJtv}�w ® ��«(ebhC��h

� # ��� � � � # ��� E�Uu��L
«(ebhC��h�� � mo}^tvebh � ��� m�tvhC�~rYt~h�³'d�e|h�}�t�ru�bmoq�m�t²� w ® � � �vh�@�hC��t~}ktvebh�}�t~r��bmoq�m�t²� w ® tvebh
�Cwy���vhC}�{`w�x � mox|� @�wN«�³ D q±t~ebw�pb�ye·¶Fr �b� m�t~m�wyx�r�q|�Cwyx � m�t~m�wyxb}¯r��vhz�vh	¼¨pbmo��h � tvw^}°t�rutvh�t~ebrut
t~ebhÁÃ��yr�{bpbx|wXªÏ}�t~r��bmoq�m�t²�$w ® � # m�}µhC¼¨pbm±ªur�qoh	x¨t2t~wDtvebh�Ã·�yr�{bpbxbwNªÏ}�t�ru�bmoq�m�t²�$w ® tvebh
wXª�hC�vr�qoq.tv�~rX��h	�	t~w����1w ® � � ��³ ��xbh½w ® t~e|hC}vhu¶.x�r�g�hCq±� t~e|h9�	wyxJt~mox¨pbw�pb} � h	{`h	x � h	xb�Ch
w ® t~ebhktv�~rX��h	�	t~w����'wyx�tvebh�mox|m�t~mor�qÄ�Cwyx � m�tvmowyxb}	¶Ê«�r�}�}vebwN«(x t~w���h�xbw�t©ªyh	�vm±­�h � wyxÅr
}vmog�{bq�hz�|mo{�h � g�w � hCq#E�F©wy}�«�r�g�ma¶¨d�e¨pbmoq�w�t9H &[}�{bmsrup E°�N���KQ�L�ÎAF©wy}�«�r�g�ma¶¨d�e¨pbmoq�w�t_H
&[}�{bmsrup?E°�N����JKL+L � p|�vmox|�´{�r�}�}vm±ªyh.�Jrum�t>³ D xbw�t~e|hC�Hwyx|h�mo}Ät~e|h��Cw�x¨tvmox¨pbm±t²��w ® t~ebh¯mog�{�r���t
gµr�{|{bmoxb�k«(e|mo��e
�Cwyp|q � r�qo}�w��`h©¼¨pbh	}�t~m�wyxbh � «(ebh	xÁr��	�Cwyp|x¨tvmoxb� ® wy� � ��� ® ��mo�	tvmowyx'Înt~w
t~ebh½�`h	}�tµw ® wypb��§¨xbwN«(qoh � �yh�¶�x|wD�vh	�ypbqor��vm�Â>rutvmowyx$w ® D g2w�x¨tvwyxb}  � wypbq�wygk� � }�}�tvmo��§  
}vqom�{ � m�}v�Cw�x¨tvmox¨pbwyp|}©g2w � hCq�«.ru}©{b�vwNªyh	xÅtvw �FmohCq � �CwyxJtvmox¨pbwypb}©m�g2{br��	t´gµr�{|{bmoxb� ® wy�
������{b�vh  ²mog�{�r���t´}°t�rutvhC}	³�¾�h	ª�hC�°t~ebh	qohC}�}C¶�m±t�}vh	hCg�}��vhCr�}vw�x�r��bq�h�t~w r�}v}�pbg2h�t~e�rut´t~ebh	}vh
�Cwyx � m�t~m�wyxb}Lr���h�g�h	t¯mox2{b�~rutvmo�	h ® wy�¯r «(m � hz}vpb�b}�h	t�w ® t~�vrX��hC��t~wy��mohC}[«(m�tve r�xµmoxbh	qsr�}°t~mo�
mog�{�r��	t.gµr�{|{bmoxb�|³
d�e|h ­n�|h � {�wym�x¨t � # mo} }vr�m � t~w$��h'}�t~r��bqoh�«(e|hCx t~ebh hCm��yhCxJªur�q�pbhC}�� �Õ¶´w ® tvebh

qomox|h>r���moÂCh � gµru{·¶
� � � ����� � � � # � � � � � � E�UF�fL

e�r>ªyh[g2w � pbq�muq�hC}�}·t~e�rutÄw�xbh�³�d�ebmo}·tvhC��ebx|mo¼¨pbh[hCg�{bqowN��h � mox E�V�pb��gkpbÂCq�p H �9w�}v§�wN«(m±t~Â
E°�N�y�KJKL�Î �©pbw?E°�>�y�y��L�ÎdF©�vm�ÂCÂCq�h�¶ D �b�brPHÀ��q�hC}�t~r�x E°�>�y�y��L�ÎdF©�vm�ÂCÂCq�h�¶ D �b�br H���q�hC}�t~r�x
Ea���y�n�fL+L�e�ru}z}�h	ª�hC�~ruq/r � ª�rux¨t~r��yh	}C³ (�mo�v}°t>¶|tvebh }�t�ru�bmoq�m�t²�2w ® �Jrum�t(xbwN« �	wyx ® wy��g2}.«(m±t~e
t~ebh ® wy��gµr�qÊ}�t�ru�bmoq�m�t²� � h	­�x|m�t~m�wyx½r��C�	hC{|tvh � m�x
xbwyxbq�moxbhCr���g2h	��e�r�xbm��C}	³¯d�ebh hCm��yhCxJªur�q  
pbhC}�w ® tvebh©qom�xbh>r���moÂ	h � g2r�{ E%(�qowF¼Fp|h	t��½pbq�tvmo{bq�mohC��}CL�{b�vwNªFm � h©¼Fpbr�xJt~m�t~rut~m±ªyh�g�h>ru}vpb��hC}
w ® t~e|hµ}�t~r��bm�qom�t²��w ® �bm�{`h � r�q[�Jr�m±t>³�(/m�x�r�q�q��y¶�tvw�r�{b{|q��'t~e|h r�x�ruq��F}vm�} tvwÁqowF�Cw�g2w�tvmowyx
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wyxbh wyx|q��!�vhC¼¨pbm��vh	}�tvebh §¨mox|hCg2rut~m�� � rut~rÁt~e�rYt��vhC{|�vhC}�hCxJt2r�qoq[t~e|h��vhCq�h	ªur�xJt � h	�y�vh	hC}
w ®.® �vh	h � w�g9³½¾�w9}v{�hC�	m�­��2§Fx|wX«(q�h � ��hµw ® tvebhµm�xJt~hC��x�r�q[}�tv�vpb��t~pb��h w ® tvebhµ}°�F}�t~h	g m�}
xbhCh � h � ³
d�e|mo} ® h>rYt~pb��h�r�qo}�w gµru§�hC}©m±t©{�wy}v}�mo�bq�h^t~w�h��ntvhCx � t~e|h�r�x�r�q±�n}�mo}zt~w�t~ebh�}°t~p � ��w ®

eFp|gµr�xÅ�Jr�m±t>³�
�}vm�xb�9tvebmo} r�{|{b�vwJru��e wyxbh��>r�x � h	ª�hCq�wy{D¼¨p�r�xJtvm�t�rYt~m�ª�h2g�h>ru}vpb��hC} ® wy�
�Cqom�xbmo�Cr�qÊh�ªur�qop�rYt~mow�x�w ® tvebh�eFp|gµr�x½�Jr�m±t EGVzpb�vgkp|ÂCqop H%��r�} � w��Jr�xWE°�N�y�ui\L�Î Vzpb�vg^p. 
ÂCqopÊ¶��.r�} � wy�Jr�x H�l¨t~wymor�xbwNªFmo�Cm E°�N����UKL+L�³
Ã�h�t�pb}��vhC�Cr�qoq�tve�rutzt~ebh�}�t~�vr�mo��e¨t ® wy��«�r�� � r�{b{|qomo�Crut~m�wyx
w ® ��wymoxb�Cr�� � �Ý}�g2h�t~ebw � m�x

wy� � h	��t~w�m � h	xJt~m ® �µ}�t~r��bqoh�{�hC��mow � mo��w��v�bm±t~}��vh	¼¨pbmo��hC}�t~ebh��	wyxb}�tv�vpb��t~m�wyx9w ® r � mo}��C��h	t~h  
t~mog�h g2r�{ ® �vwyg 8 � tvw�8 � ³ "´pbh
t~w't~ebh
xbw�xbqom�xbh>r�� � �Fx�r�g�mo�C}�w ® �bm�{`h � ��wy��w�t~}	¶
t~ebh��	wyxb}�tv�vpb��t~m�wyx¹w ® t~ebm�}kg2r�{¹�>r�x$wyx|q��!�`h�ru��ebmoh�ªyh � �J�¹x¨pbg�hC�vm��>r�q¯moxJt~h	�y�~rYt~mow�x
mox � p|�Cmox|�$r$e¨pb��hÅ�	wyg�{bp|t�rYt~mow�x�r�q´h�»Êw���t>³5d�ebmo} � m��2�	pbq�t²�Ï�>r�x ��h'wXª�hC���Cwyg�h ® wy�
��pbg2{|moxb�'��wy�`wut~}��J�¹qom�xbh>ru�vmoÂCrut~m�wyxDw ® tvebh��CwyxJtvmox¨pbwypb} � �Fx�rug2m��C}�r���wypbx � r'�ym�ª�hCx
t~�~rN��hC�	tvwy���TE%(��~rux��Cwym�}�H l|rug2}�wyx E°�N���KQ�L+L�r�x � ® wy��}vw�g2h��	qsr�}�}�w ® «�r�q�§Fm�xb�©�vw��`w�tv}��J�
�vh � pb�Cm�xb� tvebh � mog�hCxb}�mowyx�w ® t~ebhzmog2r��yh�w ® t~e|h���wymox|�>r�� � g2r�{�t~e�ruxb§¨}¯t~w�­�xbm±t~h  Õt~m�g2h
�CwyxJªyh	�v�ym�xb� ® hCh � ��r���§¨}zr�{b{|qomoh � wyx�}�wyg2h�}vh	qohC��t~h � {br���t�w ® t~ebh©xbw�xbqom�xbh>r�� � �Fx�r�g�mo�	}
E�F©�vmoÂ	ÂCq�h�¶ D �b��r H5��qoh	}�t~r�x E��N�y�y�KL�Î F©�vm�ÂCÂ	qoh�¶ D �b�brMH%��q�hC}�t~r�x�Ea�����|�fL+L�³

� �À�^
��������¹� " #%�	&'�(�
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d�ebh��CwyxJtv�vwyqy{|�vwy�bq�hCg w ® �bmo{�h � ruq��vw��`w�tv}��>r�x���h � h	­bxbh � r�}���ebwFwy}vm�xb�(r�{b�vw�{`h	�·moxb{|p|t	Åm�x � � �´}vp|��e tve�rut�t~ebh�}°�n}°t~h	g ��hCe�r>ªyh	}�mox'r � h	}vm��vh � ® ru}vebm�wyx·³©d�ebh�§uh	��m�}v}�pbhkw ®
�CwyxJt~��wyqoq�moxb�2t~ebh�g2wut~mow�x'w ® �bm�{`h � }�}�tvmoqoq/ebmoxb��hC}�wyx t~ebh�}v{�hC�	m�­��Crut~m�wyxÅw ® r � h	}vmo��h �
g2w�tvmowyxÊ³�d�ebh	�vh�r��vh(x¨pbg�hC��wypb}�«.r>�F}¯tve�rutLwyxbh(�Cr�x2}�{`h	�Cm ® ��t~ebh � h	}vmo��h � �`h	e�r>ªnm�wy��w ®
r��|mo{�h � ¶b«(ebm���e9m�x
m�t~}�hCq ® m�}zr�x
wy{`h	x9¼¨pbh	}�tvmowyx·³Ld�ebh��Cw�x¨tv�vwyq�{|�vwy�bq�hCg*�Cr�x½�`h	�Cwyg�h
ªyhC�°�µ}�mog�{bqohzwy�¯h��Ft~��hCg�hCq����	wyg2{|qoh�� � h	{`h	x � m�xb�kwyxµtvebh�}�{`h	�Cm�­bh � � h	}vm��vh � ��hCebrNªFm�wy�
r�x � t~ebh
}°t~�vp|�	t~p|�vh½w ® tvebh
}��F}�tvhCg½³$dL�F{bm��>r�q��bm�{`h � r�q.g2r���ebm�xbhC}�r���h � hC}�mo�yx|h � t~w
{`h	� ® wy��g5t�r�}�§¨}Ltve�rutLr���hzx|w�tL�Cwyx|­bxbh � t~w�}vm�g2{bq�h.«.ruqo§¨moxb� r���t~m�wyxb}C³Hlnpb��e�t�r�}�§F}Lg2rN�
moxb�	qop � h�g2r�xbh	p|ªyh	�vm�xb�9m�x't~mo��e¨t�}�{�r��	hC}C¶�«.ruqo§¨moxb�
wy����pbg�{bm�xb��wNªyhC� wy�b}°t�r��	qoh	}C¶�r�x �
�vpbxbx|moxb�b³��²x!tvebmo} r��°t~m��Cqoh�«�h2{bqsr��	h�wypb��gµrumox ® wF�Cpb} wyx t�r�}�§F} t~e�rYt^ru�vh�{b�vm�gµru�vmoq±�
�vhCqorut~h � t~w
«.r�q�§¨moxb�b³�d�ebh	�vh ® wy�vh�«�h�«(moq�qHxbw�t���h��Cwyxb�	hC��xbh � «(m�t~e!r���t~mow�xb}©}vpb��e r�}
{`h	� ® wy��g2m�xb�kg2r�xbmo{|pbqsrutvmowyx�t�r�}�§¨}z«(m±t~e�t~ebh�pb{|{`h	�zq�mogk�|}C³
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�)"�$ � *�1�1�-�� ��� * ���)-0(	�
d�ebhkm � h>rµw ® r �|mo{�h � «�r�qo§¨m�xb�2«(m±t~ebwypntL��wym�x¨t�r��	tvp�rutvmowyx � pb�vm�xb� �	hC��t~r�moxÁ{be�r�}�hC}©w ®
qowF�Cwyg�w�t~m�wyx2«�r�}zmoxbm±t~mor�qoq±��{b�vw�{`wy}�h � �9wF��ebwyx9r�x � �9�!�Áruebwyx�E �9wF��ebwyx H �9�!�9r  
ebwyx�E°�N���y�yr�L5L�³�d�ebh r�p|tvebwy��}(tvhC��g2h � tvebmo}.t²�F{�h «�r�qo§µr�}��°�.ruqoqom�}�tvmo�(¿ r�q�§¨moxb� � ³Hd�ebh
moxb}�{bmo�vrut~m�wyx w ® t~e|mo}�m � h>r�wy�vm��ymoxbrut~h � ® �vwyg h	ªFm � hCxb�	h�m�x�eFp|gµr�x
�Jrum�t�}°t~p � m�hC}	¶b«(ebmo��e
{`wym�xJt~h � wyp|t¯t~wk��hCqsrYt~m�ª�hCq±��qowN« qoh�ªyhCq�}�w ® gkpb}v�	qoh´r��	tvm�ªFm�t²��mox�t~ebh´}�«(mox|�kqom�gk� � pb�vm�xb�
t~ebh�}�«(m�xb��{`h	�vmow � E;}�hCh7E@�.r�}�gµrN��msr�x E��N��J�Q�L5L.r�x � E��·r����vpb��eWE��N��J�QKL+L+L�³�d�«¯wµ{|qsr�x�ru�
g2w � hCq�}�«�h	�vh�pb}�h � X$�fL�rÅtveb�vh	h�hCq�hCg�hCxJtµg�w � hCq�«(m�tveºrD}�moxb��qoh
qom�xb§¹}�t~r�xb�Ch�r�x �
t²«�w�q�moxb§Á}�«(mox|��qoh	�b¶��KL�r ® w�pb��h	qoh	g2h	x¨t^g2w � h	q[«(m±t~eÅt²«�w�q�moxb§'}°t�r�x|�Ch rux � }�«(m�xb�
qomog^�b}C³H�²x9h>r���e½�>ru}vh�¶�tvebh r�p|t~e|wy�v}(}vhCr��v��e|h � ® wy��m�xbm�tvmsr�q��Cw�x � m�tvmowyx|}(rut(t~ebh�wyxb}�h	tzw ®
t~ebh�}°«(moxb�^{be�r�}�h�}vpb��e�tve�rut.tvebh�}vp|�b}vh	¼Fp|hCxJtzg2w�tvmowyx2}~rutvmo}°­�h � rk}�h	t�w ® §Fm�xbh	tvmo�´r�x �
§Fm�xbhCg2rutvmo�´�	wyxb}°t~�~rumoxJt~}	³Ld�e|hCx·¶btvebh	��m�}vwyqorut~h � t~ebh©m�xbm�tvmsr�q��Cw�x � m�tvmowyx|}�t~e�rYt�}~rutvmo}°­�h �
t~ebh�mog�{`wy}�h � �Cwyxb}°t~�vr�moxJt~}	³�d�ebh´}�mogkp|qsrutvmowyx��vh	}vpbq±t~}L«�h	�vh��	wyg2{br��vh � t~w�h��n{`h	�vm�g2h	x. 
t�r�q�q��
g�h>r�}�pb�vh � §Fx|hCh�r�xb��qohC}´r�x � �y��wypbx � ��h>r���t~m�wyx ® wy���ChC}	³�d�ebh	�Á�Cwyxb�	qop � h � t~ebrut
t~ebh	mo��wyp|t~�	wyg�hC} rux � e¨pbgµrux � rut~r!e�r � t~ebh�}vr�g�hÁ�yh	xbhC�vr�q�}�e�r�{�h�³ �²x E �9wF��ebwyx
H �9�!�9r�ebwyx�E°�N�y������L+L�tvebh	� m�g2{|�vwNªyh � tvebhCm��©g2w � hCq��J�År �|� moxb��tvebh�}�t�ruxb�Ch2§Fx|hCh
Eêt²«¯w½h	qoh	g2h	x¨t�}°t�r�x|�Ch�qom�gk��L�³©¿ m±t~e't~ebm�}�g�wy�vhk}�wy{bebm�}�tvmo�>rYt~h � g�w � hCqa¶�t~ebh�r�pnt~ebwy��}
r�x�r�q±�nÂ	h � tvebh^g�w � hCq��vh	}v{�wyxb}vh^�¨�9pb}�moxb�µtveb�vh	h^wypnt�w ® tvebh�­bª�hk�Jr�m±t � h	t~h	�vg�mox�rux¨tv}
Eal|r�p|x � hC��}C¶P�²xbg2r�x H &���hC�vebr���tIE°�>��U�;�L5L�³
d�e|hL{|�vhCg�mo}�hHw ® «�r�qo§¨mox|�.«(m�t~e|wyp|tn��wym�xJtÄr��	tvp�rutvmowyx·¶N{|�vwyg�{|t~h � �9�mF©hCh	��E �9��F�h	hC�

E°�N�y����L+LÊt~w�{b�vw�{`wy}�h¯tvebh ���/r�}�}vm�ª�h¯¿Dr�qo§¨m�xb� � ³ �9��F�h	hC� � h�ªyh	qowy{�h � x¨pbg�hC��mo�Cr�qFr�}�«¯hCq�q
r�}�h��|{�hC��mog�hCxJt�ruqÊg�w � h	qo}Lw ® �bm�{`h � }�t~ebrut.e�r>ª�h��Cwyg�{bq�h	t~h	q�� ® �vh	h[��wym�xJt~}C³�Vzh � h	g2wyx  
}�t~�vrut~h � tve�rut�tvebhC}�hL}�mog�{bqohu¶Npbx�r���t~p�rYt~h � �bm�{`h � }��>r�x�r�gk�|pbqsrutvhHwyx � wN«(xJ«.ru� � {|qsr�xbh	}
wyxbq��2«(m�tve
tvebh r��	tvmowyx�w ® �y�vrNªFm±t²�y³
¾zwN«�¶n��h	t~p|�vxbm�xb� tvw�E��fL�¶Jtvebhzt²�F{bm��>r�q�{br�}v}�m�ªyh��CwyxJtv�vwyqP}v��e|hCg�h�m�}L�	wyxb�	hC�vx|h � «(m±t~e

t~ebh ® ��hCh � �Fx�r�g�mo�C}^w ® t~ebh2}��F}�tvhCg � � � �ym�ª�hCx m�x }vh	�	t~m�wyx ;|³±� E;m@³Ýhu³9tvebh � �Fx�r�g�mo�	}
w ® t~ebhµ}��F}�tvhCg }�pb�F��hC��t�t~w 	�� 	�L�³'d�ebhCxÊ¶¯ru}^«�hµe�r>ªyh
}vebwN«(x$moxD}vhC��t~m�wyx¹ib³±�y¶�r
��wym�xb�>r�� � }�hC�	tvmowyx � � �>r�x���h´}�hCqoh	�	tvh � E;}�hCh Eêi�Q�L+LHt~w^wy�|t�rumox r�xbwyx. Õqomox|h>r��[g2r�{b{bm�xb�
mox�t~ebh ® wy��g w ® X

� � ���?� � � � � 
�� � E�U��KL
«(ebhC��h�t~e|h�{�ru�~r�g�h	tvhC��ªyh	�	t~w����$t²�F{bm��>r�q�q��µmoxb�	qop � h	}ztvebh }vqow�{`h�w ® tvebh�«.r�q�§¨moxb��}vpb�  
® r��Chu¶yg2h	gk��hC�/q�hCxb�ut~eb}	¶Jr�x � g�hCgk��hC��«�h	mo�yeJtv}C³Hd�ebh	x·¶Jt~ebh�pbx � h	�vq��Fm�xb��¼¨pbhC}°t~m�wyx��`h  
�Cwyg�hC}�tvebh©h��nm�}�t~h	xb�Ch r�x � }�t�ru�bmoq�m�t²��w ® t~e|h�­|�nh � {`w�moxJt~}.w ® tvebmo}�gµr�{SE��©pbw E°�>�y�y��L5L
r�x � tvebhµ��hC}vh	gk�bqor�xb�Chµw ® t~e|h �vh	}vpbq±t~mox|�Ág�w�t~m�wyxb}©t~w��|mo{�h � r�q�«�r�qo§¨m�xb�b³½d�ebmo} t�r�}�§

û�û ×�� &>ò��%�



Uui � 	�� ��	�!�	�6����[!�6��������\��43!+���A:T0
	��3���O��& ��!�����!5�-& !C�+
��
	����{�

mo}.�yh	xbhC�vr�qoq±��ªyhC�°� � m��2�	pbq�t�t~w��vhCr�qom�ÂCh´«(m±t~e tvebh©h��n�Ch	{|t~m�wyx
w ® ªyh	����}�mog�{bqoh�}��F}�tvhCg�}C³
(Pw���h��|r�g2{|qoh�¶Lmox$t~e|h9�Cr�}vh9w ® ªFmo�|�vw! Õmog�{�r��	tk}��F}�tvhCg�}C¶(r�x�ruq��¨t~m��>r�q.h��n{b�vh	}v}vm�wyxb}�t~w
}vebwN« h��nm�}�t~h	xb�Ch��>r�x9�`h ® wypbx � E5Ealne�r>« H�lFe�r>« E°�N�y����L+L.r�x � E@��r��bm�tv}v§J��E°�>�y�y��L5L+L�³
�²x2t~e|h��Cr�}vhzw ® }�qomo��e¨tvq��^g2wy��h(�Cwyg�{bqoh���}��F}°t~hCg�}�}�pb��e h��|{|qomo�	m�t[�Cr�qo�	pbqsrutvmowyx|}��`h	�Cwyg�h
mog�{`wy}�}vm��bqohz}vm�xb�Ch©t~e|h ® �vhCh  ²g�w�t~m�wyx � �Fx�rug2m��C}(r���h©xbw�qowyx|�yhC�.m�xJt~hC���~r��bq�h�³�d�ebh	x9w�xbh
e�r�}^tvw��vh	q��Åwyx¹x¨pbg�hC�vm��>r�q[t~wFwyq�} tvw � hC��m�ªyhµ�`w�tveDt~e|h���wym�xb�>ru�vh g2r�{b{bm�xb��rux � m�tv}
qowF�>r�q`}�t�ru�bmoq�m�t²�RE��©pbw E°�N���y��L+L�³
d�e|hkgµrumoxÁh	xbhC������q�wy}v}�mox½t~ebh	}vh��bm�{`h � }�r���h � pbh�t~wµtvebhk�vh	{`h�t~m±t~m�ª�h^m�g2{�ru�	t~}zw ®

t~ebh ® hCh�t�«(m±t~e
t~ebh��y�vwyp|x � }�pb� ® ru�Ch�³�d�e|h^�y�vrNªFm±t�rutvmowyx�ruqÊ{�w�t~h	x¨tvmsr�q�h	xbhC�����½{b�vwNªFm � hC}
t~ebh©�	wyg2{�hCx|}~rutvmowyx ® wy�.tvebmo}�q�wy}v}	¶|t~e¨pb}(��hC}vp|q�t~m�xb��mox�}°t~hCr � �
r�x � }°t�r��|qoh©qowF�Cw�g2w�tvmowyx
® wy�µ�	hC��t~r�mox¬}vq�wy{`h	}�r�x � �Cwyx|­b�ypb�~rYt~mow�xb}C³ d�ebh��y��wypbx � m�g2{�ru�	t~}�E;}�hCh E�V�pb��gkpbÂ	qop
H �9wy}�§�wN«(m�tvÂRE��N�y�KQ�L5L+L�{|�vwNªFm � h2r�pbxbmo¼¨pbh�g�hC��e�r�x|mo}vg t~e�rut�q�h>r � }�tvw9}°t�r��|qoh�{b��w! 
�y�vh	}v}vm�wyxDm�xÅª�hC�°�!}�mog�{bqoh��bm�{`h � }�r�}�ebr�}���hCh	x �vh	�Ch	x¨tvq�� � h	g2wyx|}�t~�vrut~h � �J�Å}vh�ªyhC�vr�q
moxJªyh	}�t~m��Jrutvwy�v}	³H�²x E�F©wy}�«�r�g�ma¶¨d�e¨pbmoq�w�t9H &�}�{bmsr�pSE°�N�y��Q�L+L[r�x � EGF�w�}�«�r�g2m@¶¨d�eFp|moqowut
H &�}v{bmor�p�E°�N����JKL+L¯tvebh�r�p|tvebwy��}z�	wyxb}�m � h	��r�}�mog�{bqoh�g2w � hCq`t~e�rut(m�xb�Cq�p � h	}.t²«�w�ª�ru�vm  
r��bqohµqohCx|��t~e$g�hCgk��hC��}k«(m�t~e$q�pbg2{�h � g2r�}�}vhC}���hC{b��hC}vh	xJt~mox|�Åtvebh
pb{b{�hC���`w � � r�x �
t~ebhµt²«¯w'qom�gk�b}	³Ád�ebhµt²«¯w g2h	gk��hC�v}^r��vh2�Cwyx|xbhC��t~h � rut^wyxbh h	x � «(m�tve¹r ® �vm��	tvmowyx. 
qohC}�}^ebm�xb�yhu³ D t~e|mo� � qop|g2{�h � gµr�}�}�m�}^rYtvt�ru��ebh � tvw9tvebmo} {`w�moxJt>¶�«(ebmo��e!�vhC{|�vhC}�hCxJt~}
t~ebh pb{b{�hC�(��w � ��³�d�ebh��9r�x�r�q±�nÂ	h©t~ebh xbwyxbq�moxbhCr�� � �Fx�r�g�mo�	}(w ® EGUy�KL.}vpb�¨��hC�	t�t~w�{b�vh  
}v�C��mo��h � ªur��vmorut~m�wyxb}km�x$tvebh
hCq�hCg�hCxJt~}�w ® �¯³$d�ebh	�${b��mog2r��vm�q�� ® wF�Cpb}�wyx$t~ebh
h�»Êh	�	t
w ® t~ebh^�y�vwyp|x � }vq�wy{`hu¶Êg2r�}v} � mo}°t~��mo�bp|tvmowyxÊ¶Êr�x � qomog^�9q�hCxb��tveb}C³�¾zpbg�hC�vm��>r�q�r�x�ruq��F}vm�}
w ® t~e|h^xbwyx|qomox|h>r��(g2r�{·¶��vhC}�pbq�tv}´m�x9t~e|h � h�t~hC��t~m�wyx�w ® }°t�r��|qoh^q�mog�m�t����F�Cqoh	}©r�}z«�h	qoq�r�}
��e�r�w�tvmo��t~�vrX��hC��t~wy��moh	}(tve�rutzr���h©�vhCr���ebh � t~eb��wypb�ye½{�hC�vm�w ��� wypb�bq�moxb���Cr�}v�Cr � h�³

D }�mog�{bqoh	�C¶/t²«¯wÅqomox|§Åg�w � hCqL«.r�}��	wyxb}vm � hC��h � mox EGF ru�v�Cmor|¶ � e�rut�t~h	�ê��hChu¶��(pbm�x�r
H � wyq�hCg2r�x�E°�N����JKL+L�³^d�ebh�r�pnt~ebwy��}�r�x�r�q±�FÂCh � r��bmo{�h � tve�rut�e�ru}�tvebh�}~r�g�h�}�tv�vpb�  
t~pb��h2ru} tvebh�wyxbh��Cwyx|}vm � hC�vh � m�x�EGF�wy}°«.rug2m@¶�d�eFp|moqowut H�&�}v{bmor�p�E��N�y�KQKL+L´�bp|t�«(m±t~e
­|�nh � qoh	xb��tveDqom�gk�b}	³½d�e|h }vm�g2{bq�m�­�h � g2w � hCqLhCxbr��bqoh � t~e|h r�p|tvebwy��}�t~w � h	ª�hCq�wy{$r�x
r�{b{b��wN�nm�gµrutvh r�xbr�q��¨t~m��>r�q ® wy�^tvebh g2r�{b{bm�xb� ��³ d�ebh	�¹p|}vh � tvebmo}kg2r�{ tvw r�x�r�q±�nÂ	h
t~ebh � �Fx�rug2m��C}©w ® t~ebh�g�w�tvmowyx�}�pb�F��h	�	t t~w ªur��vmorut~m�wyxb}�mox't~ebh�{br��~r�g�h	tvhC��} E;mox�tvebhCm��
�>r�}�h�t~e|h	�½�Cwyx|}vm � hC�vh � �y��wypbx � }�qowy{�h�r�x � g2r�}�}´�~rYt~mow�}CL�³�d�ebh	�Ár�qo}�w � h	g2w�xb}�tv�~rutvh �
t~e�rut�tvebmo}�}�mog�{bqoh´�bmo{�h � �>rux9{b��w � pb�Ch�}�t~r��bq�h©qowF�Cwyg�w�t~m�wyx ru}(«¯hCq�qÄr�}.ªyh	���
�	wyg2{|qoh��
��e�r�w�tvmo�©g�w�t~m�wyxb}.��h>r���ebh � tveb�vwyp|�ye ® �vhC¼¨pbh	xb�	� � w�pb�bqom�xb���>ru}v�>r � h�³
d�e|h�gµr�m�xÁ��e�ruqoqoh	xb�yh�w ® t~ebh�}°t~p � ��w ® {�ru}v}vm±ªyh��Jrum�t�mo}´tvwµt~�vr�xb}vqorut~h t~ebh�p|x � hC�  

}�t�rux � mox|���Jr�mox|h � �J��}�tvp � �Fmox|��{br�}v}�m�ªyh�}°�n}°t~h	g2}�t~w�r���t~m±ªyh©}��F}°t~hCg�}C³[d�ebh �9�²d]Ã�hC�
Ã�ru��{bqsr�xbr��¯�|mo{�h � }�ru�vh��	wyxJt~�vw�qoqoh � t~e|mo}�«�r>� E@���vrutvt Ea���y����L+L ® wy��{�hC��mow � mo�z«.r�q�§¨moxb�b³
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�²x1wut~ebh	�^«�w�� � }�t~e|h � hC}�mo�vh � t~�~rN��hC�	tvwy�vm�hC} � � �  �kr���h � hC}�mo�yx|h � ® �vwyg t~ebh�}°t~p � � w ®
{�r�}v}�m�ª�h
«�r�q�§Fm�xb�b³!d�ebmo}�m�}�xbw�t�t~e|h��>r�}�h ® w��^t~ebh Vzwyx � r'�vw��`w�tv}k«(ebhC��h � � �  �kr���h
wy�|t�rumoxbh � ® �vw�g eFp|gµr�xÁ�vhC�	wy� � moxb�y}	³��©x|h^w ® tvebh^g2r�mox½wy�b}°t�r��	qoh	}�t~w2�bpbm�q � �bmo{�h � ruq
�vwy��w�t~}���hCg2r�moxb}ktvw!��h�t~ebh½{b��wyebmo�|m�t~m±ªyh	q��!ebmo�yeÁ��wym�xJt�tvwy�v¼¨pbh	}�tve�rut2r���h½w ® t~hCx1�vh  
¼Fp|mo�vh � t~wÁ�vh>ruqomoÂ	hµh�ªyhCx$��wyp|t~m�xbh2«�r�q�§Fm�xb�9t~r�}v§¨}	³ D �Cwyg�{b��hCebh	xb}vm±ªyh m�x¨ª�hC}°t~mo�yrut~m�wyx
t~e�rutÄ�|�vm � �yhC}�t~e|hL{br�}v}�m�ªyh[}°t~p � m�hC}Ät~w(��h	tvtvhC� � h	}vmo��x�w ® r���t~m�ª�h[�CwyxJt~��wyqJ}v��e|hCg�hC}Ä«�wyp|q �
�`h r�x�rutvpb�~r�qÊh��Ft~h	xb}vm�wyx9w ® {�ru}v}vm±ªyh qowF�Cwyg�w�tvmowyx2�vhC}�h>r�����e·³
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D }.«¯h ebrNª�h�}vhCh	x9m�x�}vh	�	t~m�wyx9�k�bmo{�h � ruqÊqowF�Cw�g2w�tvmowyx � �Fx�r�g�mo�	}�mo}�r�eJ�F�b�vm � {b�vwF�Ch	}v}
t~e�rutzm�xb�Cq�p � hC}z��w�t~e½}vg�wnwut~e9r�x �½� mo}��C�vh�t~h�h	ªyh	xJt � �Fx�r�g�mo�	}C³ D {b��wy{�hC�vq±� � h	}vmo��xbh �
�CwyxJt~��wyq[}��F}�tvhCg �>ruxD��h�h�»Êh	�	tvm�ªyh2moxÅ�vh	�ypbqsrYt~mox|� t~ebh�g2wut~mow�x'w ® tvebh2�|mo{�h �D� pb�vm�xb�
}vg�wnw�tve�{be�ru}vhC}©w ® g2w�tvmowyx½t~e�rYt©wn�	�Cpb�´�`h�t²«�h	hCxÅ}vpb�	�ChC}�}vm±ªyh ® hCh	t��y�vwyp|x � mog�{�r���t~}C³
�©x tvebh�w�tvebhC��e�rux � ¶[mox¹{b�vr��	tvmo�	h�¶[wyxbh��Cr�xbxbw�t�m�xY��hC��t � m��vhC��t��Cw�x¨tv�vwyq.r��	tvmowyx¹m�x¨tvw
t~ebhkm�g2{br��	t�{b�vwF�Ch	}v}	¶Ê«(ebmo��e �	wyxb}�tvm�tvp|t~h	}©rµg2rX��wy�z{�r���t�w ® t~ebh � mo}��C�vh�t~h � �nxbr�g2m��C}	³
d�ebmo}�qomog�m�t~rut~m�wyx g2r�§�h	}´t~e|h^�Cw�x¨tv�vwyq�w ® �bm�{`h � r�q��vwy��w�tv}´rµ��ebr�qoq�hCxb�ym�xb�2r�x � pbx|mo¼¨pbh
{b�vwF�Ch	}v}C³
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d�ebh��	wyxJt~�vw�qnru�	t~m�wyx^g^pb}�t/r�}v}�pb�vhLt~e�rYt�tvebh�g�w�t~m�wyx�w ® rzgkpbq�tvm  Õqomox|§z§¨m�xbhCg2rut~m��[��e�r�moxÊ¶
«(ebmo��eº�Cr�xº��e�ru�~r���t~hC��moÂ	h�rÅt²�F{bm��>r�qz�bm�{`h � ¶.mo}�t~ebrut w ® rÅ«�r�qo§uhC�C³ D q±t~ebwyp|�ye·¶¯tvebh
��e�r��~ru�	t~h	�vm�}�t~m��C}[w ® t~ebhzg2wut~mow�x�w ® r©«.r�q�§�h	�¯m�}L}°t~m�qoqbwy{�hCx�t~w moxJt~h	�v{b��h	t~rut~m�wyx·¶J«�hzg2rN�
t~�~ruxb}vqorut~hktvebmo}��vh	¼¨pbmo��hCg�hCxJt�tvw½r½}�h	t�w ® t~r��v�yh�t�Buw��F��hC��t~m�ª�h ® p|xb�	tvmowyxb}��ym±ªyh	x!m�x tvebh
® wy�vg X
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«(ebhC��h��Ïmo}�rzª�hC�	tvwy�Hw ® {�r��~rug2h�t~hC��}�tve�rut/{b�vh	}v�C��mo��hC}��ChC�°t�r�m�xkr�}�{`h	�	tv}Hw ® tvebh¯«�r�qo§¨m�xb�
r��	tvmowyx�}�pb��e�r�}({b��wy�y��hC}v}�mowyx
}�{`h	h � ¶P}�tvhC{9qohCx|��t~e·¶|h	t~�u³
¾zw�t~h�t~ebrut ® wy�©tvebhµ}vr�§�h w ® }vm�g2{|qomo�	m�t²�Áw ® t~e|hµxbw�t~rut~m�wyxb} ��«(moq�q � hCxbwut~hµm�xÅtvebh

}vhC¼¨pbh	q�t~ebh ª�hC�	tvwy��w ® �yhCxbh	�~r�q�moÂ	h � �CwFwy� � mox�rutvhC}�w ® tvebh
g2w � hCq¯�Cwyx|}vm � hC�vh � �J� tvebh
�vh ® h	�vh	xb�Ch � r�p|tvebwy�v}	¶Pma³ h�³�h	m�tvebhC�(w ® t~ebh ® pbqoq�w�� � h	�zg�w � hCq@¶�wy�(w ® tvebh���h � p|�Ch � wy� � h	�
g2w � hCq(«(ebh	x ru}v}vp|g2m�xb�Dt~ebrut t~e|h'�y�vwyp|x � �Cw�x¨t~r��	tv}C¶z«(ebhCx r���t~m�ª�h�¶�r��vhÁ�bmoqorut~h	�~r�q
�CwyxJt�ru�	t~}	³
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�²xJª�hC}�tvmo�JrYt~wy��}�m�x tvebh�­�hCq �!� h�ªyh	qowy{�h � r
ªur���moh	t²��w ® �	wyxJt~��wyq[g2h�t~ebw � }C¶Ä�vr�xb�ym�xb�
® �vwyg }vm�g2{bq�h´q�moxbhCr����	wyxJt~�vw�qoqoh	�v}Lt~w�}vwy{|ebmo}°t~mo�Crut~h � xbwyxbq�moxbhCr���}���ebhCg�hC}(}�pb��eÁru}.ª�ru�vm  
r��bqoh©}°t~��pb�	tvpb�vh��Cw�x¨tv�vwyqÄrux � x|hCpb�vr�q�xbh	t²«¯wy��§��CwyxJt~��wyqa³
d�e|h^�Cw�x¨tv�vwyqÄ{b��wy�bq�hCg*�Cr�xÁ��h � hC}v�	�vm��`h � r�}z}v{�hC�	m ® �Fmoxb��t~e|h�ªyh	�	tvwy��w ® ��wymoxJtzr��  

t~p�rutvwy�©t~wy��¼¨pbhC})	¹mox E°�fL©}vpb��e!t~e�rut t~e|h2}°�n}°t~h	g ��hCe�r>ª�hC}km�x r
�ChC�°t�r�m�x!«�r>�y³
d�ebh
}vmog�{bq�hC}�t�«.r>�!t~w'{b��wn�	hCh � m�}^t~w'}�{`h	�Cm ® �!tvebhµt~m�g2h2{b�vwu­�qoh	}kw ® t~ebh���wymoxJt^tv�~rX��h	�	tvw! 
�vmoh	}C³��²x¨ª�hC}°t~mo�yrut~wy��}�mox�t~e|hk­�hCq � p|}vh � §¨moxbh	gµrYt~mo�	}�w ® e¨pbg2r�x �Jr�m�t�r�} � h	}vmo��h � {b��w! 
­�qoh	} E;}vh	h EGV�h	gµrug2m H (Pr���xb}�«¯wy��tve�E��N��JKJ�L�Î �©ebwb¶ �Lpb��§�wNªFmo��e�H VzhCg2r�g2m_E°�N����JKL�Î
N[pb§�wy�|�~rutvwXªFm���¶[��wy��wNª�ru��¶Llnpb��qsrRH lFtvwy§¨mo� E��N�y�y�KL+L+L�³'��xbh �Cr�x$r�q�}vw�}�mog�{bq�� }�{`h	�  
m ® �9�ChC�°t�r�m�xÅr�}v{�hC��t~}�w ® qowF�Cwyg�w�t~m�wyxÁ}�pb��e!r�}©«.r�q�§¨moxb��}�{`h	h � ¶Ä}�tvhC{Åqoh	xb��t~eÊ¶�pb{b�vm��yeJt
t~wy��}vwb¶Ph	tv��³ E � e¨p � moxbwNªWE°�N���y��L�Î�ÃÄr>ªF�vwNªF}v§¨mom_E°�N��Ju��L�Î�ÃÄr>ªn��wNªn}�§¨mom9E°�N�y����L�Î � e¨p � m�xbwNª
E°�N�y�ui\L�Î��¯hCqoh�t~}�§Fm�m(E°�>��JKUKL�Î���hCq�h	tv}v§¨mom�H �©mo��}~r�xbwNªur E°�>��J�Q�L�Î���hCq�h	tv}v§¨mom H � e¨p � m�xbwNª
E°�N��J�Ju��L�ÎF��h	qoh�t~}v§¨m�m�H � e¨p � mox|wXª�E��N�y�y��L�ÎF��hCq�h	t~}�§¨moma¶¨�¯hC�v�J�Fpb§ H l|rug2}�wyxbwNª E°�N���J�KL�Î
F���mo}ve|mox H
(Pw��vg2r�q�� }v§J� E��N�y�y��L�ÎÊ¾zwNªywyÂ	ebmoq�wXª�E��N�y��i�L�ÎxV�pb��gkpbÂCq�p�E��N�y�K;�L�Î � e�r�xb�TH
V�pb��gkpbÂCq�pTE��N�y��i\L�Î �¯r�x|�PE°�>�y��i\L5L�³��²x?E@��h	qoh�t~}v§¨m�m[H � e¨p � moxbwNª�E°�N�y����L+L�¶Ytvebh.r�pnt~ebwy��}
pb}vh©t~e|h©�Cwyg�{`w�xbhCxJt~}�w ® tvebh��y�vw�pbx � �vhCr��	tvmowyx ® wy���Ch	}�mox
r �b� m�t~m�wyxµtvw�§¨m�xbhCg2rut~m��C}.m�x
wy� � h	�.t~w��Cwyg�{bq�h	t~h	q��2}v{�hC�	m ® � tvebh��CwyxJt~��wyq·t~w��v¼¨pbhC}	³
��xb�	h't~ebh wy�F��h	�	tvm�ªyh ® pbxb��t~m�wyxb}
r���h'}v{�hC�Cm±­�h � ¶�wyxbh e�r�}�tvw1��e|wnwy}�hÅr1�	wyxJt~�vw�q

}v��ebh	g2h�mox½wy� � h	��t~wµ}�{`h	�Cm ® ��t~ebh.��wymoxJt(g�wyg�hCxJt~}IE;�	wyxJt~�vw�q·t~wy��¼Fp|hC}CL�t~e�rYt � �vm�ª�h tvebh
}��F}�tvhCg t~wN«�r�� � t~ebh � hC}�mo��h � ��hCebrNªFm�wy�C³[¿Dh hCx|�CwypbxJtvhC�´}�h	ª�hC�~ruq/r�{|{b�vwJru��ebhC}(t~w�t~ebm�}
{b�vwy�|qohCg t~e�rYt(�>r�x½�`h�h	xFp|g2h	�~rutvh � r�} ® wyqoq�wX«(} X
�y³�
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d�ebh´h	¼¨p�rut~m�wyxb}¯w ® g�w�t~m�wyx�r��vh�qomox|h>r���moÂCh � r��`w�p|t¯tvebh�ª�hC�°t~mo�Cr�q�}�t�ruxb�Chu¶br�}�}vpbg  
moxb��tve�rutzt~ebh {`w�}�t~p|�vh^w ® t~e|h��bm�{`h �Á� wFhC}zxbw�t�h��n�	hC}v}�m�ª�hCq�� � h�ªnmorut~h ® �vw�g t~ebm�}
{`w�}vm�tvmowyxÊ³ (Pw��©h��|r�g�{bqohu¶�m�x E��yr�q�mo�C}	¶ V�h	gµr�g�m�H � q±�Fg2h	�7E��N�y��J�L�Î ��rX��m�t~r H
d/ruxbm E��N�y�KQKL�Î � rN��m�t�rn¶.�¯r�g2r�pb�vrIH ��w���r>�Jr�}�ebm�E°�>�y�J�KL�ÎdF©�vm�}vebm�x·¶ (Pw��vg2r�q�� }v§J�y¶
Ã�hCxb}�§¨�PH �Êebm±t~wyg�mo��}v§J�7E°�N����i\L�Î �Êe|hCxb� H V�h	gµr�g�m E��N�y��i�L�Î�VzhCg2r�g2m@¶ �Êebh	xb�
H V�mox|hC}CÎ�F©wyq�qom � rN� H VzhCg2r�g2m3E°�>��JKJKL�ÎKV�h	gµrug2m[H (Pr���xb}�«¯wy�°t~e E°�>��JKJKL�Î\F�p  
�bmoxbr|¶dVzhCg2r�g2m H �9��F�ebh	h�E��N��Jui�L+L�r�� "��	wyxJt~�vw�qoqoh	�.mox�tvebh ® wy�vg X	 ��� : �3� > � ������� � � !� > !� � � E�UYi\L
«(m�tve�� : rux � � �zr���h´{�wy}vm±t~m±ªyh � h	­�xbm±t~h��Jr�mox2gµrYt~�vm��Ch	}L«¯hC��h � h	­�x|h � t~w�t~�~ru��§��wymoxJt�t~�vrX��hC��t~wy��mohC}	³/d�ebh�q�moxbhCr����CwyxJt~��wyqoq�hC�	¶uebwN«¯h	ª�hC�C¶F�>ruxbxbw�t�t~�~ru��§�t~m�g2h ® pbxb�  
t~m�wyxb}C³/d�eFp|}C¶|tvebh©r�p|tvebwy��} � mo}��C��h	t~m�ÂCh � t~ebh � hC}vm��vh � ��wymoxJt¯{b�vw�­bqohC}.r�x � qoh�t¯tvebh
�CwyxJtv�vwyq�qohC�¯t~�~ru��§µt~ebh©tv�~rX��h	�	t~w�����m�x9r�{�wymoxJt  Õt~w  ²{�wymoxJt ® ru}vebm�wyx·³
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