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 ��
 i � � � BDFKVtJR�U.TFTNM � AJM 
�DmM � A ��� ���jZ[XHGJT���npGqXHKÏXHKVQ E � t �jZ�Z �mEHQ@�.EHQsZ�Z�G �.T"U.TVv�IStuU	Z�Z�G S eIdU#XHG �.T/A ��A �fR�QsEHGJIdU.T9OYXLU#XHGuZ[XHGJIdU	t �fZ�Z �oISGuU	XHG �jT�� � M � l&� �� � k 3 l	iji �65BA
 ��O izl � ��D���U;M � AJM4OoXHDVQsXHrstuQ.M�� A � _ �FZ�QsE X.U	XHG �jTFZ �.T �PU�� �jGJT���A � EHQRUFEHGJToX 3 l.i.izl 5BA � X.U.GJt eU��FtJQ&W7E �jR�KoX�X U � 	
		t �[ZHU X.U��.Q6A npKPU	E�X �.T/A D�U]QsTVT/A Qdv;D�	
� �VD
�[U�	
 �1T;t izl � �1T;tuU.TVvFQsEdM = A � < Z[XHGuR�U#XHGJT�� �jQSTFQsELU.tJGJrdU	XHG �.T»QsE�E �	EJ�jT¯Xhn>� e IStuU	Z�Z�vVU#XLU.Z�QsXHZbDVZ�GJT��

�jD;X e �.W e �VU��ÜQSZ[XHGJR�U#XHQSZRA 	9U	I,KFGJTVQ0^NQSU	EHTVGJT�� � � M l	gzc  l.kjc 3 l.ijijl 5BA
 `�� O kjk � ` KVQsTNM	O=A O=AJM � �jT��jK��FM � A ^\AJM	O;U.DFTPvFQ,EHZSM�	 A � A � �*X �jR�GJI>vFQSI@�.RVU �jZ�GqXHG �jT ��TJ�PU	Z�GJZ

UVD;EHZ�DVGqX AVO 2 �J	 ��APO;ISGJQSToXHG SPI ` �.RVUVD;XHGuT�� ��� 3 a 5,M �����W a 3 adk.kjk 5BA



� i � QsXHQsE�� BDVKFtuR�U	TVT
 `�?µi � � ` KVQsTNMFO>A � AuM ? U.tJtìM � A � < �4QsIsXHZ �.W9�VU����jGJT��ÙU.TPv �VGuU.Z�I �.E�EHQSIsXHG �.T7�jT�QSZ[XHGJR�U	X �	EHZvFQBSPTVQSv ��T�QSZ[XHGJR�U	XHGJT��ÙQ �oDPU	XHG �.TVZRAPOYXLU	XHGJZ[XHGJIdU�OYGuTFGJIdU 0 � M kzc  aSijk 3 l.i.i � 5BA
 � Q,X i � � � QsX�XHtJGJT��;M�	 A � �*U�� e �����jZ[XHGJT��bW �.E�XHDVR �.ENIStuU.Z�Z�G SVIdU	XHG �jT A 2 T UFEHQRUVU	ELU#XHG �.T�3 l	iji&� 5BA
 � � i � � � QsX�XHtJGJT��;M9	 AJM3� BDVKFtuR�U	TVTmM � A������jZ[XHGJT��¯W �.E�XHDVR �.E0Ist©U	Z�Z�G SPIdU#XHG �.T¸npGqXHK �.QSTVQQ��DUFEHQsZ�Z�G �.T¯vVU#XLUDA���G �jGJTFW �.EHR�U#XHGuIsZ 0 �/3 k 5,M aSi W a  aSi W k 3 l	iji �65BA
 � �&izl � ���	E�ELU;M>O=AuM � G ` GuU	ISISG �FM � A � 2 RVUFE �LXYGJT��9T��jT�UPU	ELU	R�QsX�EHGJI�EHQ@�.EHQSZ�Z�G �.T¸R�Q,XHK��YvFZ

��T �PU����jGJT���U.TVv7� ���jZ[XHGJT���A ` �jRVUFDFXLU#XHG �.TPU	t OYXLU#XHGJZ[XHGuIsZ � � U	XLU �fTPU.t T;Z�GJZ ��� M�zijc  �ol.i 3 l	ijizl 5BA
 � C i � � � DVv��jGqXdMoO>AJM#CFEHGuvFt TYU	TPv4M ��A � �*U�� �.GuT���X ��GJRVUFE �LXzQ�XHKFQbU	ISISD;ELU.I�T �	WNU0IstuDFZ[XHQsEHGJT��

UFE �oIsQdvFD;EHQ6A��CG �.GJTFW �	EHR�U	XHGJISZ 0 �/3 k 5,M adi.kji  adi.kjk 3 l.i.i � 5BA
 <>=�kjg � < W7E �jTmM � AJM = G �FZ�KVGqELU.TFGìM � A � = KVQ8UFE ���VtJQSR!�.W]EHQ �jG �jTFZRA �bTFTPU.tJZ �.WNOoXLU	XHGJZ[XHGJISZ � � Ma W gzc  a#coadg 3 adk.kjg 5BA
 <�? � =�i � � < W7E �.TNM � AJM ? U	Z[XHGuQ.M = AuM � �.KVTFZ[X �jTVQ.M 2 AJM = G �VZ�KVGqELU	TVGìM � A �#^mQdU.Z[X�U	T��.tuQ>EHQ@�.EHQsZ�Z�G �.T/A= ��U U�U]QdU#EfGuT �bTFTPU.tJZ �.W�OYXLU	XHGJZ[XHGJISZ 3 l.i.i � 5BA
 CFEHQ k � � CFEHQSDFTPv4M 
 AH3 adk.k � 5 �F�����.Z[XHGuT��¯U�n�QdU.\�tJQdU	EHTFGJT��¯U	t ���.EHGqXHKVR ��T�R�U � �	EHGJX T�A 2 T eW �	EHR�U	XHG �jT9U.TPv ` �jRVUFDFXLU	XHG �.T 0 � 0 M l � W� l.g � 3 aSkjk � 5BA
 C�O k W � CFEHQSDFTPv4M�
!AJM]OYI,KVU UVGqEHQjM � A < A � < �DU]QsEHGJR�QSToXHZ*npGJXHK9UÙTVQsn � ���jZ[XHGJT���U.t � �	EHGJXHKFR A2 T 	9U	I,KFGuTFQ*^mQdU	EHTFGuT�� � � E �oI6A = KVGqE�XHQSQSToXHK 2 ToXHQsEHTVU	XHG �jTVU.t ` �jT;W�QsEHQsTVISQjM U�U/A a �zg a � WDA 	7�.E �zU	T �0U.D��4R�U.TNMFO;U.TYCFELU.TFISGJZ�I@��3 adk.k W 5BA
 CFEHG kYa � CFEHGJQdv;R�U.TNM �DA ? A � 	�DFtqXHG X.U	EHGuU#XHQpUjvVU UFXHG XzQ>EHQ@�.EHQSZ�Z�G �.T�Z UVtJGJTVQSZRA �bTFTPU	tuZ9�	WmOYXLU#XHGJZ eXHGJISZ 0 �mM a  a �Fa 3�npGqXHK¯v;GuZ�IsDVZ�Z�G �jT�5 3 aSkjkYa 5BA
 CFEHG iYa � CFEHGJQdv;R�U.TNM ��A ? A ���bEHQSQdvDTÙW�DVTFIsXHG �jT�U U�UFE � �;GuR�U#XHG �jT �;U
�.ELU.vFGJQSToX � ���.Z[XHGuT��ÜR�U eILKVGJTVQ6A �fTVTPU	tJZ �	W>OYXLU#XHGJZ[XHGuIsZ � �4M a.adgjk  adl � l 3 l.i.i;a 5BA
 C ?µ=�iji � CFEHGJQdv;R�U.TNM���A ? AuM ? U	Z[XHGuQ.M = AJM = G �VZ�KFGqELU.TVGìM � A � �µvVv;GqXHG XjQ&t � �jGJZ[XHGJI0EHQ@�.EHQSZ�Z�G �.T �4UZ[XLU	XHGJZ[XHGJIdU	t�XYGuQ,n �	W � ���.Z[XHGJT���A �bTVTVU.tJZ �.WbOYXLU#XHGJZ[XHGuIsZ ��� M�� � c  �jizc 3�npGJXHK°v;GJZ eISDFZ�Z�G �.T=5 3 l.i.iji 5BA
 ?µ=�kji � ? U	Z[XHGJQjM = A �DAuM = G �VZ�KVGqELU	TVGìM � A ��A ���µQsTVQsELU	tuGJrSQSv �µvFvFGqXHG XzQJ	7�Yv;QStJZRA ` KVU UVR�U	T �? U	tJt¿MV^&�.TPv<�jTZ3 aSkjkji 5BA
 ?µ= C i;a � ? U	Z[XHGJQjM = AJM = G �FZ�KVGqELU.TFGìM � AJM CFEHGJQdv;R�U.TmM ��A � = KVQ < tJQSR�QsTYXHZ��.W9OYXLU#XHGJZ[XHGuISU.t^NQSU	EHTVGJT���A � U#XLU"	�GJTVGJT��;M 2 T;W�QsEHQSTFISQ�U.TPv � EHQdv;GJIsXHG �jT/AbO#UFEHGJT��.QsEdM �bQsn 
��	EH\

3 l.i.i;a 5BA
 ? ^ izl � ? �	XHK��	EHTNM = AJM ^NU.DFZ�QSTNM � A � �CDVTPv;tJGuT�� IStuU	Z�Z�G SVQsEHZ �#T

�PU�� �.GuT�� X�EHQSQsZRA � EHQRU;EHGuToX 3 l	ijijl 5BA � X.U.GJtuU��FtuQ W7E �jRKoX�X U � 	�	dn�n�n A R�U	XHK�U;EHQRUFEHGJToXHZRA I@�jR 	#R�U	XHK�	 � EHQRUFEHGJToX 	��Ft©U	DVZ�QST�	 l	ijizloadiYa W�	 a 	
 ? O =�kjg � ? D;E XYGuILKNM ` A 	 AuMCOYGJR �jT�� � M ��A O>AJM = ZHU	G¿M ` A e ^\A �CO;R ���	XHKVGJT���UVU	ELU	R�QsXHQsEÜZ�QstuQsI eXHG �jT
GJT
T��jT�UPU	ELU	R�QsX�EHGJIÙEHQ@�	EHQSZ�Z�G �jT°DVZ�GJT��9U.T
GJRVUFE �LXzQSv �b\.U.GJ\zQÙGuT;W �	EHR�U	XHG �jTIsEHGqXHQsEHG �jT A��DA � �LToU.tNOYXLU#XHGuZ[XHGJIdU	t O��oISGJQsX�ToMPO;QsEHGJQSZ��bM ��� M ljcoa  l	k ��3 adk.kjg 5BA
 �jGuU i � � �jGuU.T��FM � A �+U;E �oISQSZ�Z9I@�.TVZ�GJZ[XHQSTFI�TèW �	E �µvFU������.Z[X A = �U U�U]QSU	E9GJT �bTFTPU	tuZ2�.WOYXLU#XHGJZ[XHGuIsZ 3 l	iji&� 5BA
 ^ �µi � � ^ND�� �.Z�G¿M��!AJM � U ToU	XHGJZSM �!A _ T�XHKFQ��*URToQSZ e EHGJZ�\�I@�.TVZ�GJZ[XHQSTVIBT
�.W;EHQ@�jDFt©U#EHGJrSQdv � ���.Z[X eGJT��ÜR�Q,XHK��YvFZRA = �ÜU U�U]QSU	EfGJT �bTFTPU	tuZ �	W>OYXLU#XHGuZ[XHGJISZ 3 l.i.i � 5BA
 	 @4k � � 	9U.tJtuU	XdM]O>AJM @ KVU.T��FM @ A/3 adk.k � 5BA 	9U	XHILKVGJT�� UVDFEHZ�DFGqXHZ*npGJXHK�XHGJR�Q e W7EHQ �oDVQsTVI�T�v;GuI eXHG �jTVU	EHGJQSZRA 2�<C<><·= ELU.TVZHU	IsXHG �jTFZ&OYG �.TPU	t � E �oISQSZ�Z�GJT�� � 0 M � � kzc �� �;a ��3 adkjk � 5BA
 	 	 @4izl �2	9U.TVT��.EdM>O=AJM 	�QSGqEdM�� AJM @ KPU.T��FM = A � = KFQ�I@�jTFZ�GuZ[XHQsTVI�T �.W �.EHQSQSvDT"U	t � �.EHGqXHKFR�ZW �	EµIst©U	Z�Z�G SPIdU#XHG �.T/A � E �oISQSQdv;GJT��jZ `�_ ^ =�ijl M � �jt A l � c � �.WC^ � � 2 MDU�U/A�� adk ���� �;MO#TFv;TVQ�ToM;O#UFEHGJT��.QsE 3 l.i.izl 5BA
 	Q����C iji �2	9U	Z �jTmM4^\AJM ��U �YXHQsEdM �DA �*U#E�XHtuQ,X�XdM � AJM=CFEHQdU	TNM 	 A �=CVDFTVIsXHG �jTVU.t&�.ELUjv;GJQSToXfXHQsI,K eTVG �oDVQsZ�W �.ECI@�jR �VGJTVGJT��&K�T�U �	XHKVQSZ�QsZRA 2 T �jUjv�X.U.TFISQSZ�GJT�^�U#E �jQ 	9U	E �.GuT ` tuU	Z�Z�G SVQsEHZ

3 < vFZRA�OYR �jtuU;M � A ��AJM3�*U#E�XHtuQ,X�XdM � A ��AJM>OYI,K B�jtJ\ � UFW�MF� AJM>O;ILKYDVDFEHR�U	TVZSM � A 5BA 	 2�=� EHQSZ�ZSM ` U	R��FEHGuv<�jQjM�	 � 3 l	ijiji 5BA



�*U����jGJT��;M-�����.Z[XHGuT���U.TVv < TFZ�QSR��FtJQ
	�QsXHK��Yv;Z � a
 � � � k.k � � �jtJGqXHGJZSM � A � AuM � �jR�U.T��FM���A � AJM�� �.tqW�M$	 A �]O;D��FZHU.RVUFtuGJT���AVODU;EHGuT��jQsEdM �µQ,n 
��	EH\

3 adk.kjk 5BA
 �fGuv izl � �fG©v<�jQsn*URToM �!A �>^&���.\;GJT���W �.E�tJDFRVUVZ ��� ���.Z[XHGJT���U.TPv �VU����jGJT���W �	E�vFQSTFZ�GqX�T
QsZ eXHGJR�U	XHG �jT A ` �.RVUVDFXLU#XHG �jTPU	t0OYXLU#XHGJZ[XHGuIsZ9U.TVv � U	XLU �fTPU.t T;Z�GJZ ��������� M � c.k �� kjl

3 l.i.izl 5BA
 � @4?µi � � � �jZ�Z�QsXdM.O=AuM @ KYDNM���AJM ? U	Z[XHGJQjM = A 	9U#E �jGJTÙR�U �;GuR�GJrSGJT��ft �.Z�Z¾W�DVTFIsXHG �jTFZRA �fISISQRU;XHQdv

U �jZ[XHQ,EfW �.E�� 2 � O 3 l.i.i � 5BA � X.U.GJtuU��FtuQ&W©E �jRKoX�X U � 	�	dn�n�n e Z[XLU	X A Z[XLU.T;W �.ELv>A QdvFD�	��µKPU	Z[XHGJQ 	 UFD��/A KoXHR
 OYI,K kji � O;ILKPU UVGqEHQjM
� A < A � = KVQ�Z[X�EHQST��	XHK �.Wpn*QSU.\»tJQdU#EHTPU��VGJtJGJX T�A 	9U.ILKVGJTFQ�^mQdU	EHTFGJT�� � Madkjc  ljljc 3 aSkjkji 5BA
 OYI,K izl � O;ILKPU UVGqEHQjM � A < A � = KVQ � ���jZ[XHGJT��ÜU U�U;E �zU	I,K�X ��R�U	I,KFGJTVQftuQSU	EHTVGJT�� �FU.T �LXzQsE XYGJQsn A2 T � 	¯O � 2 � �.EH\YZ�K�� U �jT � �jTVtJGJTVQSU	E < Z[XHGJR�U	XHG �jT¹U	TPv ` tuU.Z�Z�G SVIdU	XHG �jT 3 < v;ZRA

� QSTFGJZ �jTNM � A � AJM ? U.TFZ�QSTNM�	 A ? AJM ? �jtJR�QSZSM ` A ` AJM 	9U.tJtJGJI,\]M�� AJM�
�DmM �85BA.O#UFEHGJT��.QsEdM
�µQ,n 
��	EH\?3 l	ijijl 5BA

 OFO izl � O;ILK B�.tJ\ �6U;W�M�� AJMoOYR �jtuU;M � A ��A �j^NQdU#EHTVGJT��bnpGJXHK ��QsEHTVQstuZRA 	 2[= � EHQSZ�ZSM ` U	R��;EHG©v<�jQ
3 l.i.izl 5BA

 = G � k W � = G �VZ�KFGJELU	TVGìM � A � �fQ@�	EHQSZ�Z�G �jT¯Z�KFEHGJTF\jU��jQ0U.TVv�Z�QStJQSI,XHG �.T�XYG©U�XHKVQ&tuU.Z�Z �DA ��A � � TYU	tOYXLU#XHGJZ[XHGuISU.t O��oISGJQsX�ToMVOYQsEHGJQSZ��bM ��� M l W c  l.g.g 3 aSkjk W65BA
 = DF\ cjc � = DF\zQ�ToM ��A � A � < �DUVt �.ELU#X �.E T¸vFU	XLU�U.TVU.t T;Z�GuZRA �bvVvFGJZ �.T e �
QSZ�tJQ�ToM
�bQSUjvFGJT��FM 	 �

3 adkjcjc 5BA
 =*?µi � � = D;XHrjM�!AuM ? QSILKVQsT<�FGJI,KFtuQ,EdM� A � � � �	EHQ@�zU#XHGJT�� ` tuU.Z�Z�G SPQsEHZ � GqXHK _ ELv;GuTVU.t �bQ eZ U �jTFZ�Q9OoX�EHDVIsXHD;EHQjM�ODCF� � g W � GJZ�ISDVZ�Z�G �jT � U U]Q,E � �DA � � k 3 l	iji �65BA � X.U.GJtuU��FtuQW7E �.R�KoX�X U � 	�	dn�n�n A Z[XLU#X A DVTVG e RÙDFQSTVILKVQsT/A vFQ 	#Z[W ��� g W�	
 � U U kjg � � U UVTFGJ\4M � A �!A �]OoXLU	XHGJZ[XHGJIdU.t�^NQdU#EHTVGJT�� = KVQ@�	E T�A � GJtJQ�ToM �µQsn 
 �.EH\�3 aSkjkjg 5BA
 �
U.K k.i � �"U	K��PU;M��!A �mODUFtJGuTFQ 	7�YvFQStJZfW �.E _ �VZ�QsE X.U	XHG �.TPU.t � U	XLU#A4O��oISGJQsX�T�W �.E 2 TVvFDVZ[X�EHGuU	tU.TVv � U�UVtJGJQdv7	9U	XHKVQsR�U	XHGJISZ 3 adk.kji 5BA
 @ 
 i � � @ KPU.T��FM = AJM 
�DmM � A �������jZ[XHGJT��ÙnpGqXHK�QdU#EHt T�Z[X � U�UFGuT�� �YI@�.T#XzQsE �jQsTVISQµU.TPv�I@�.TVZ�GJZ eXHQSTFI�T�A = QSILKVTFGuISU.t �bQ�U �.E�X W �6�YM � QRU;X A��.W>OoXLU	XHGJZ[XHGJISZSM �bTVG X=A��.W ` U	tJGJW AJM ��QsEH\jQStJQ�T

3 l.i.i �65BA � X.U.GJtuU��FtJQ&W7E �jRKoX�X U � 	�	dn�n�n A Z[XLU	X A �]QsEH\zQStJQ�T�A Qdv;D�	#DVZ�QsEHZ�	��VGJT�TFD�	 UFD��VtJGJIdU#XHG �.TVZRA KoXHR�t
 @ � ?µ=�i � � @ KYDmM	��AJM � �jZ�Z�QsXdM*O>AJM ? U	Z[XHGuQ.M = AJM = G �FZ�KVGqELU.TFGìM�� A � a,e T��.EHR Z�D�U�U �.E�X XjQSIsX �.ER�U.ILKVGJTFQSZRA �fISISQRU;XHQdvÊZ U �	XHtJG �.KoX U �.Z[XHQsE�W �.E � 2 � O 3 l	iji � 5BA�� XjU	GutuU��VtJQ"W7E �jRKoX�X U � 	�	dn�n�n e Z[XLU	X A Z[XLU.T;W �.ELv>A QdvFD�	��µKPU	Z[XHGJQ 	 UFD��/A KoXHR


