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Pa r t i e l l e s

2001-2002

Alexander Volberg
Bellman approach to some problems in harmonic analysis
Séminaire É. D. P. (2001-2002), Exposé no XIX, 14 p.

<http://sedp.cedram.org/item?id=SEDP_2001-2002____A19_0>

U.M.R. 7640 du C.N.R.S.
F-91128 PALAISEAU CEDEX

Fax : 33 (0)1 69 33 49 49
Tél : 33 (0)1 69 33 49 99

cedram
Article mis en ligne dans le cadre du

Centre de diffusion des revues académiques de mathématiques
http://www.cedram.org/

http://sedp.cedram.org/item?id=SEDP_2001-2002____A19_0
http://www.cedram.org/
http://www.cedram.org/


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

���
�������� � ��� ������� 
	����� ��������� �!���

"$#&%�'�(*),+.-0/

132547698;:�<=6?>A@CBED.FHGJILKMBON=FPGJQRK�ITSEGUQWVXN=YZK[IT\]GJ^HITY5_EFUD[F*GUB�D�`�QbacD7^UD7\dGUQeN=YAD[fd_ON;GJQWI=\gI=hi D[YRYWVXN=\jNk\�`jQbGJFlFUITYR_EGJQRIT\nmoGJBED i D7YWYWVXN=\.hp_�\�KqGJQRIT\sr�tuD7K[D[\]GUYRvnGJB�D i D[YRYWVXN=\.hp_�\�KwmGJQWI=\XS�^HIyxTD[`3GUI{z|D}N=\jDq~XK7QWD7\dG�GJILITY�hpIT^lFUITYbxLQW\���FUI=VXD���FHITVXDqGJQRVXD7FlI=YW`��&S�^HITz�YWD7VXFQW\�BON=^HVXIT\EQWK�N=\�N=YRvLFUQRF[r
� �����[�9� ��� ���0���{�&�[�,���T�,���o�5���������o���9���,�����[� ���n�u�,�3�����,�L�
  D7G¡_�FCFHGJN=^HGC¢£QbGJB3GJBED*S�^UI=z�YWD7V�I=hAK7IT\]GJ^UI=YsI=hA^JNkGUB�D[^��TD[\�D7^JN=YcFHGJILKMBON=FPGJQRK�S�^UIkmK[D[FHF[r�@CB�D�VXN=QW\3^HD7hpD7^UD[\EK[D�QWF�GUB�D�z¤ILIT¥,I=ho¦{rO§�^Pv�YRIyx�¨J©*SEGUQWVXN=Y¤K7IT\]GJ^HITYsI=hA`�Qbac_�mFUQWI=\�S�^HI�K7D[FUFHª�«c¬�S�^UQR\��TD7^{­y®=¯T°Er   D7Gu±O²�z|D�NXFPGJILKMBON=FPGJQWK!S�^HI�K7D[FUF}QW\´³�µ.FUNkGJQRFHh¶vLQW\E�GJB�D�hpITYRYWIy¢£QW\���FHGJILKMBON=FPGJQRK!`EQRa¤D[^UD7\]GJQeNkYsD[fd_ONkGUQWIT\

± ²Z· ±n¸º¹ ²»½¼ �¿¾5ÀMÁU±|ÀH�PÂdÃ�Às¸Ä¹
²
»?Å �¿¾oÀqÁH±|ÀU�ÆÂEÇnÈ �P­É�

Ê D[^HD,Ë�QWF*GUB�D.GJQWV,D=«¤Ã}²�QWF�N0Â�ÌÆmÍ`EQWV,D[\�FHQWIT\ONkYoÎÏQWD7\�D[^�S�^HI�K7D[FHF[« ¼ · ¼ �¿¾�ÁUÐ��}QRF�NÂ3Ñ�Â�Ì£VXNkGU^UQbÒ¤« Å QWF£NnÂTmÍ`�QRVXD7\�FUQRIT\ON=Y�xTD7K7GJI=^[r�@CB�D�S�^UILK[D7FUF}¾A²oQWFCFH_�S�S|ITFUD7`�GJInz|DGJB�D�K[I=\dGU^UITYsGUBONkG£¢�D!B�Nyx=D!GUInKMB�I�I=FUD=rÎÓD�`�D[\�IkGJD�z]v0ÔÖÕ�³�µP×�GJB�D�FUDqGuI=h&Nk`�VXQRFUFHQWz�YRD�K[I=\dGU^UITYRF[«�GUBONkG£QWF¡GUB�D�`�ITVXN=QW\¢£B�D[^HD�¾Ø^H_�\�F[r@CB�D}KMB�ITQRK[DuI=hsFPGJILKMBON=FHGUQWKuS�^UILK[D7FUFC¾ À _�FU_�N=YWYbv´��QbGl¢£QRYWY�z|D*NkYWFUI!ÂTmÍ`�QRVXD7\�FUQRIT\ON=Ye��TQRx=D[F�_EF}`�QbacD7^UD7\dG0¨HV,I=GJQRIT\�FUª�m�`�QbacD7^UD[\]G�FUITYR_EGJQRIT\�F£I=h£�Æ­É�qr¤©�h�K7IT_�^UFHD=«�GJB�D!fd_�D[FÆmGJQWI=\�F�I=hADwÒEQRFHGUD[\�K7D�N=\�`0_�\�QRfd_�D[\�D7FUFCI=hAFHITYW_EGUQWIT\EF�QRVXV,D[`�QWNkGJD7YRvnNk^UQWFHD=«Lz�_EG¡¢�D�ÙH_�FPGN=FUFH_�VXD�GUB�D�DqÒ�QWFPGJD[\EK[D�Nk\�`0GJB�D�_�\�QRfd_�D[\�D7FUF7r¬�_ES�S¤I=FUD*¢�D{Nk^UD*�TQbxTD7\�GUB�D*S�^HI=Ú�GChp_�\EK7GJQRIT\´Û¤Ü��pÐ��£Ý�IT\3GUB�D*GJ^UNÉÙHD[KqGJIT^Pvj± ² «EhpIT^GJB�D�GJQRVXD�QR\]GJD[^PxkN=YßÞ ËwÁUËà¸�á�ËÍâã«�GUB�D�S�^UI=ÚEG}QRF
Û Üyä �p± ² �Pá.Ëà¸ºå��¿á�ËH�*È
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@CB�D[^HD7hpIT^HD=«�IT\�GJB�D�¢£B�ITYRD*GJ^UNÉÙHD[KqGJIT^Pv3¢�D!D9Nk^U\
¹Äè» Û Ü ä �p± ² �PÂ]Ë}ÈÎ$D�¢�N=\]G}GUI,KMBEI�ITFHD�GJB�D�K[I=\dGU^UITYZ¾ ·�é ¾ ÀMê GUI,VXN;Ò�QWV,QWë7D}GUB�D!Nyx=D[^UN=�TD!S�^UI=ÚEG

ì Ü �p±¤� ·Ïí ¹îè» Û Ü ä �¶± ² �PÂ]Ës¸ YWQRV²bï è í ��ð3�¶± ² �U��ÁhpIT^�GJBED*S�^UILK[D7FUFCFPGMN=^PGJQW\E��NkG¡±Zr Ê D7^UD�ðCÁMð�ñÏ°�«EQWF�N�z|IT\d_�F¡hp_�\�KqGJQWI=\Xm�IT\ED*�TD7GUF¡QRG¢£B�D[\òIT\�D�^UDqGJQW^HD[F7r@CB�D{ITSEGUQWVXN=YàN9xTD7^JN=�TD!�]N=QR\òQRFC¢£BONkG*QRF£K9N=YRYWD[`�GJBED i D7YWYRVjN=\0hp_�\EK7GJQRIT\�hpIT^}FPGJIkmKMBON=FHGUQWK�K[I=\dGU^UITY�Ý ì �¶±¤� · FU_�SÜôó Ü �¶±¤�*Èõ G�FJNkGUQWFPÚOD[FßN�¢�D[YRYE¥d\�Iy¢£\ i D[YWYRVjNk\{`�QbacD7^UD7\dGUQeN=Y�D[fd_ONkGUQWIT\cr i D7YWYWVXN=\{öß÷�øÓQWFozON=FHD[`IT\´GÍ¢�InGJB�QR\��TF�Ý­É� i D[YWYRVjNk\sùúF�S�^UQR\�K[QRS�YWDk«û � õ GUI�ùüF£hpI=^UV�_�YWNEr­É�}ý}þ[ÿ¶ÿ�������� �
	���
�����
�	|ÿbþ¡FHGJNkGJD7FuGUBONkG�|Ë¡ñÏ°�Á ì �p±¤� · FH_�SÜ í�� ¹ ²» Û Ü�� �¶±|ÀU�ÆÂEÇ�¸ ì �p± ² ���	È  DqG�_�FuÚEÒ�Ë���°E«cNk\�`�YWDqG�_EF*K[IT\EFUQW`ED[^*Nk\�QW\�`EQRxLQW`�_�N=YsGJ^UNÉÙHD[KqGJIT^PvTrc@CBED�S�^UIkÚ�G�hpIT^GJB�D�QW\]GUD[^HxkN=YlÞ °EÁUËÍâsQWFC�TQbxTD[\´z]v
¹ ²» Û Ü�� �¶± À �ÆÂ�Ç,È¬�_�S�S|ITFUD�GUBONkG}GJB�D�GU^JNÉÙHD7K7GUIT^HvòBON=F*^HD9N=KMBED[`�GJBED�S¤I=QW\]G9«|FJN9vòÐ¤«¤NkG�GUB�D�V,ITV,D[\]G�Ëwr@CB�D[\´GJB�D�VXN;Ò�QWVXN=YsN9xTD7^JN=�=D{S�^HI=Ú�GC¢�D{K[N=\´�]N=QW\�FPGMN=^PGJQW\E�nNkG£GJB�D�V,ITVXD7\]GCËCNkG£ÐQWF�DqÒEN=KqGJYbv ì ��ÐE�qr õ \E`�D[D7`s«dFUQW\EK[D¡GJBEDuQR\�K[^HD[V,D[\]GJFßI=h|Ã À hpIT^ßÇ{ñ�Ë5`�I�\�I=Gß`�D7S¤D7\�`,IT\Ã��T«�� �ÄËw«]N=\�`�GUB�D7v�z¤D7BON9xTDuN=F�K7IT^U^HD[FUS|IT\�`EQW\���QR\�K[^HD[V,D[\]GJFßNkh¶GUD[^5GUQWV,D¡°E«=N=\�`.GJBEDD[fd_ONkGUQWIT\��P­É��QWF�GJQRVXD£QR\dxkN=^HQeN=\]G[«TGJB�D7^UDuQWFl\�I�`�QbacD7^UD7\�K[D}z¤DqGÍ¢�D7D[\0FHGJN=^HGUQW\��{NkGlGJQRVXD°nI=^£NkG¡GJQRVXD}Ëwr"!�S�SEYRvLQW\���GUB�D�hp_�YWY¤S�^UI=zON=z�QRYWQRGÍvnhpIT^HV�_�YWN{GJI�GJN=¥=D�QW\]GUInN=K[K7IT_�\]G}N=YWYS¤ITFHFUQRz�YWD�D7\�`�S|ITQW\]GJF£Ð · ±O²Æ«E¢�D!�TDqG£DqÒEN=K7GUYRv3GUB�D i D[YRYWVXN=\0S�^HQW\�K7QWS�YRD=rû �$#&%(') � �+* ) ���-,�ÿ.�X�pGUB�D�xTD[^HFUQRIT\´¢�D!\�D[D7`��qr  D7G{_�F!ÚEÒÓNòV,ITV,D[\]G!I=h¡GJQRVXDXÇT«AN=\�`$NòFUVXN=YRY�QW\�K7^UD[V,D[\]G�á,Ç]ràÎÓDX¢�N=\]G�GUID[FHGUQWVXNkGJD0GUB�Dò`EQRa¤D[^UD7\�K[D ì �p± À0/"1àÀ �32 ì �¶± À �wrßtuD7K9N=YRY¡GJBON;GXÃ À · ��Ã ÀÌ Á�4�4�4sÁJÃ Àµ �65A«`�D[\�IkGJD{ánÃ À7 · Ã À8/"1sÀ7 2 Ã À7 «�á.Ã À · Ã À8/"1àÀ 2 Ã À r
æ}æuç û



9 FUQW\E��@oNyvLYRIT^[ùüFAhpI=^UV�_�YWN��¶¢�DlGJB�QR\�¥*GJB�NkG i D[YWYRVjNk\sùúF ì QRFoFHVXILI=GJBc«É¢£BEQWKMB�V,QW�TB]G\�I=Guz¤D�GUB�D�K9N=FHDy��¢�D�¢£QWYRYcBON9x=D!GUI,K7IT\�FHQW`�D7^���N=V,IT\��.I=GUB�D[^HFM��GJB�D�GUD[^UV
µ: 7<; Ì>= ì= ± 7 �p±|ÀJ�

µ@?: A ; Ì ¼ 7 A ��¾5ÀMÁU±|ÀH�Há.Ã*ÀA ¸
¸ µ: 7<; ÌB= ì= ± 7 �p±|ÀH� Å 7 �¿¾5ÀwÁU±|ÀH�Há,Ç,È!}h¶GJD7^3N9xTD7^JN=�=QW\��ÓIÉx=D[^jGUB�D�SE^UITzONkz�QWYRQRGÍvT«oGJB�D´ÚO^UFPGjGJD7^UV�¢£QWYRY¡xkN=\�QWFHBC2}ánÃ À7 N=^HDQW\�`�D7S¤D7\�`�D7\dG}I=hA± À N=\�`´BON9xTD!ë[D7^UIXNyx=D[^UN=�TD[F7r@CB�D!FUD7K[IT\E`òGJD7^UV K[N=\´z¤D�^UDq¢£^UQbGUGJD7\�NkF í �ED¡Ü �Ì �¶± À � ì �7�p± À �Há,ÇT«�¢£B�D[^HD!GUB�D�ÚO^UFPGIT^U`�D7^£`�QRa¤D[^HD[\]GJQWN=YsITS|D[^UNkGJIT^FD Ü Ì �p±¤�¡QWFC�=QRxTD7\òz]vD Ü Ì �p±¤�¡Ý · µ: 7<; Ì Å 7 �¿¾lÁU±¤� == ± 7 È!�\�I=GUB�D[^CGUD[^UV�GJBONkG£¢£QRYWYsNkS�S¤D[N=^£QWF

­û :HGJI A =LK ì= ± G = ± ANM : 7 ¼
A 7 ánÃ À7&O � : 7 ¼ G 7 á.Ã À7 ��È!}h¶GJD7^,Nyx=D[^UN=�TQW\E�ÓIyxTD7^,GUB�D�S�^UI=zON=z�QRYWQRGÍv=«5IT\EYRv$GUD[^HVXF.¢£QRGUB í �¿ánÃ À7 � K · á,Ç�¢£QRYWY\�I=G�xkN=\EQWFUBcro@CB�QRF��TQbxTD7F�^UQRFUD,GJI í>P D Ü �K �¶± À � ìRQ �¶± À �Há,ÇT«Z¢£B�D[^HDjGJB�DXFUD7K[IT\�` I=^U`�D7^`�QRa¤D[^HD[\]GJQWN=YsITS|D[^UNkGJIT^FD ÜK �p±¤�¡QWFC�=QRxTD7\òz]vD ÜK �p±¤�¡Ý · µ:GJI A ; ÌTS

GUA
�¿¾lÁU±¤� =VK= ± G = ± A ÁU¢£B�D7^UDS GUA �¿¾lÁU±¤� · ­û µ<?: 7@; Ì ¼ G 7 ��¾�ÁU±¤� ¼ A 7 �¿¾lÁU±¤��È@CB�DXBEQW�TB�D7^�IT^U`�D7^�@5N9vLYWIT^*GUD[^HVXF�¢£QWYRY&�TQbxTDná,ÇXGJI�S|IÉ¢�D[^HF{�=^UD9N;GJD[^�GUBON=\�­T«ZN=\�`s«ITz]x�QRIT_�FHYRv3GUB�D7v0FH_�Vô_�S�GJI,å��P­É�w«ON=\�`´K9N=\´z|D�ITVXQbGUGUD[`srW NkGJBED[^UQR\��nN=YRY¤GJI=�TD7GUB�D[^C¢�D{�TDqG

í � ì �p± ² �H� · ì �p±¤�à¸ í ¹ ²» D Ü � �¶±|ÀU� ì �¶±|ÀU�ÆÂ�Ç,Á � û �
¢£B�D[^HDXD¡ÜO�p±¤� · D¡ÜÌ �¶±¤�Z¸YD¡ÜK �¶±¤�qr æ}æuç[Z



D¡ÜÌ QRFCK9N=YRYWD7`�GUB�D�`�^UQbh¶G9röß_�GUGJQR\��.GJB�QRF£QW\]GJI�GUB�D i D[YRYWVXN=\0S�^UQR\�K[QRS�YWD�IT\�D��TD7GUF
° · FU_�SÜ � ¹ ²» Û Ü � �p±|ÀH�PÂ�Ç�¸º¹ ²» D Ü � �¶±|ÀU� ì �p±|ÀH�PÂ�Ç � È÷*QRxLQW`�QR\���z]v0ËCNk\�`�YWD7GHGJQR\���Ë�GUD[\�`�GJInë[D7^UI,IT\�D��TDqGJF i D[YRYWVXN=\sùüFCöß÷�ø Ý

FU_�SÜT\�] ÞUD Ü �p±¤� ì �¶±¤�à¸ÄÛ Ü �¶±¤�Æâ · °�È©*h5K[IT_E^UFUDk«|GUI�ÙH_EFHGJQbh¶v3GMNk¥LQR\��nGJB�D!YWQRVXQbG¡IT\�D!BON=F£GJI,VXN=¥=D�FUI=VXD{N=FUFH_�V,SEGJQRIT\�F[«OFHIGJB�D!N=z|IyxTD!S�^UD7FUD[\]GJNkGJQRIT\òQRFoÙH_�FHG}N.FUKMBED[V,D=r^`_ba+cd8k4edgfH_à6ihHd�jA43>|ÎÓD�N=Yb¢¡N9vLF¡GJB�QR\�¥nGJBONkGCð�ñÏ°�QWF¡K7IT\]xTDwÒcr�ÎÓD�BON9xTD�Nk\�¨HITz�FÆmGMN=K7YWD�S�^HITz�YWD7VXªnQR\lknm�³lµ3Ýo FU_�SÜT\p] ÞqD Ü �¶±¤� ì �p±¤�à¸ºÛ Ü �p±¤�Íâ · °EÁU±srNk�ÁÛ&�p±¤�¡ñÏðX�p±¤�*ÁC±trNk�È � Z �
õ \�IT_�^}N=S�S�YRQWK[NkGJQRIT\�F¡¢�D{¢£QWYRYsz|D�V,IT^UD�QW\]GUD[^UD7FHGUD[`�QR\òFH_�S¤D7^UFHITYW_EGUQWIT\EF}I=h5GJB�D i D[YRYbmVjN=\�D7fL_�NkGJQRIT\Ó� û �*Ýo FU_�SÜT\p] ÞqD¡Ü��¶±¤� ó �¶±¤�à¸ÄÛ¤Ü��¶±¤�Æâbu�°EÁU±srNk�Áó �p±¤�¡ñÏðX�p±¤�*ÁC±trNk�È �Hvd�w cRxyx$:{zL|Ez~}sþ�% ó � ) ÿ��;þ����T�-���L�Xÿbþ�% ì�� þ�%E�Eþ�ýuþ[ÿ¶ÿ������X*�,R����%0
 ) �"��%E�Eþ�� ó ñ ì
��lk��� 8id�dL�!>à@CBED!ÚO^HFHGuYWQR\�D�I=hC� Z �¡FHGJNkGJD7FuGUBONkG�23D Ü �p±¤� ó �p±¤�Cñ�Û Ü �¶±¤�qr 9 FHQW\���� û �IT\�D��TD7GUF

ó �p±¤� ·Ïí ó �p± ² ��2 í ¹ ²» �HD Ü � �p±|ÀH� ó �7�p±|ÀU�PÂ�Ç
ñ í ðj�¶± ² �à¸ í ¹ ²» Û Ü � �p±|ÀH�PÂ�ÇTÈÎ$^HQRGJQR\�� YWQWV²bï è Ikh�z¤IkGJB�S�N=^HGUF[«O¢�D��TD7G ó �p±¤�uñ ì Ü �p±¤�wr õ G}^UD7FHGUF�GJI,GMN=¥kD{GJBED�FU_ES�^UDwmV�_�V IyxTD7^uGUB�D�K[IT\]GU^UITYsSE^UILK[D[FHF�¾lr��

æ}æuç v



� � ���ß� �,�g�9���������e�´�&�9� ���*�9�9� ��� �]�g�g�£�&�[�,�g�u������ ����� �¢¡¤£¦¥�§©¨Nª¬«®­¯ª+¨©¨[°3±b¡¤ª�§©�²­´³ ª+µL¶·�b¨©°¦«¯¸¹�bª+¨©º®µV�²¨g��»Yº3¼±L½3¶·�`¾�¿H¨À¡�«®�bÁ3º®ª¬¶·¡6§T¾¬�
ÎÓDXK[N=YWY&Nò\�IT\E\�D[�]N;GJQRx=D.hp_�\�K7GUQWIT\½IT\½³ N=\$Ô è ¢�D[QW�=BdG3��`�v]N=`�QRKXÔ è ¢�D[QR�TB]GN=K7GU_ON=YWYbvE��QRh Â ÃÄÃ A u�Å£ÌÇÆÉÈËÊqÌ6Í�ÎVÏÑÐjÁ
�¢ÒBrsÓ È �8ÔT�Ê D[^HD�Ó�QWF£N.`EvTN=`�QRK!YWNkGUGUQWK7D*IT\�³}« Â 4gÃÇÕ.QWF¡GUB�D!N9xTD[^UN=�TQR\��nIÉx=D[^�Ò5rÎÓD´N=^UD��TITQR\��gGJI½QWYRYW_�FPGJ^JN;GJD3IT_E^,_EFUD´I=h i D7YWYRVjN=\Øhp_E\�K7GUQWIT\�GJD7KMB�\�QWfd_�D´z]v�NK[ITYRYWD[KqGJQRIT\ØI=h£DwÒ�NkVXS�YRD[F7«5GJB�DXÚO^UFPGnI=h£¢£B�QWKMB�QWF!GJB�D0^HD[FH_�YRG.Ikh i _�KM¥=D7YWD7vÏÞ ­[â�GJBON;GK9N=\?z|D�hpIT_�\�`º��N=YWIT\E�j¢£QRGUBÏ¨HK[I=\dGUQW\d_�IT_EF�N=\ON=YRIT�TFUª]�uQW\òGJB�D.SONkS¤D7^�I=h×ÖOD7a¤D[^UVXN=\�m§�D7\�QW�;mÆö�QWS�BED[^!Þ û âãrØÚÙ cRd�8icRx z~}àþ�%AÃÛr�Ô è ��Ü��Eþ����ÝÞr�Ó Á Ýß Ý ß : àEá�â�ãàHä�åçæ Â ÃÄÃ¤èHéê2 Â ÃÄÃ¤è�ëÂ ÃÄÃ6è ì K ß íîß u�Å K Á �0ï]�

ð �Eþ��Uþ¦Å K �dþ·	Eþ��L�É� ) �Oÿ�ñ ) ��Å£Ì�
��N�¤òe�É�Ló�þ��Hþ íeô ���Hþ���
Ñõ��R%����L��ÿbþ0*�%`� ) �©� ) * í r�Ós�ö Ù d x d[÷�cL4¬ø
±¤Ì[ÁU± K ·

Â Ã®ÃÇÕ3Á Â YWIT��Ã®ÃÇÕ
¾oÌ · Â ÃÄÃ·ù Ì6ú¢Ì�û ÕÄ2 Â ÃÄÃ�ÕXü ß ¾oÌ ß · ­û ß Â Ã®ÃÇÕ&ëÚ2 Â ÃÄÃ�Õ@é ßÖ�_E\�K7GUQWIT\�I=h*SE^UI=Ú�GXK9Nk\Äz|D´^HD9N=`ºI=a	�0ïT�.Qbh*IT\ED´\EI=GJQRK[D[FnGJB�NkG Ìý þ&ý²ÿàEá�â�ãàHä�å 4�4�4,QWF.GJBEDNyx=D[^UN=�TD�Iyx=D[^ßGJB�DuYWQR\�D[FßI=hcYWQRhpDkr]øßN=KMBjYRQW\�DCIkhsYWQbhpDCQW\�QbGJQWNkGJD7F�NkG¦Ý�N=\�`,GJB�D7\jS�^HI�K7D[D7`�FGJI�Ý�� ? ���=Ì · ¸�­�IT^��TÌ · 2!­É�w«�GJB�D7\´GUI�Ý�� ? � × ��� K · ¸�­�IT^�� K · 2{­É�w«�D7GUK=r@CBd_�F Ìý þ�ý²ÿàHápâ�ãàEäÇå 4�4�4�S�YeN9vLF*GJB�D.^HITYWD.Ikh í�� è» 4�4�47rs@CB�QWF�NkYWYWIy¢£F*_EF*GJI�KMB�ILITFUD.GJBEDK[IT^H^UD[KqG�SE^UI=Ú�GChp_E\�K7GUQWIT\ Û Ü �¶±¤� · v]¾ KÌ± K Ì Èi IT\d_�F£hp_�\�K7GUQWIT\´ð
	î°nB�D7^UD=ri D7YWYRVjN=\jD[fd_ONkGUQWIT\�^UD[N=`�Fu\�Iy¢

FH_�SÜ ;�� Ü ? I Ü ×�
 � Â Â K ì ¾lÁM¾�Ãc¸ ¯T¾ K Ì± K Ì � · ° ���T�
æ}æuç Ô



GJI,z¤D�FHITYRx=D[`�QR\ k ·�� �p±¤Ì7ÁU± K �¡Ý�­�u�±¤Ì@Æ���� × u��[Ì�� �¿¯]�¢£QRGJB�GJBED!I=z�FHGJN=K[YRD�K[IT\�`EQRGJQRIT\
ì �p±¤�¡ñÏ° �|±trNk�È �¿®]�

Î$D!N=^HD�\�I=GC�TI=QW\���GUI.FUITYbxTDX���T��m}�¿®]�wr õ \�FPGJD9Nk`s«�¢�D�¢£QRYWY�¢£^UQRGUD�`�Iy¢£\�N�FH_�S|D[^UFHITYW_LmGJQWI=\srØÚÙ cRd�8icRx � Ü��Eþl��ñÉ�(��
H�,ý}þ[ÿ¶ÿ������ *�,R����%0
 ) ��� µ 
J�Þ�Tÿ ð ��ñ����t�&,�	Eþ��@� ) ÿ�,[%H
 ) � ) *��� )(� �&%8�î�[ÿbþ$	�� )(� ÿbþ�� ��#�� ) %��Eþ�� ð×) �·�É���¬�Tÿ ð ��ñ��� µ �p±¤�¡ñ ì �p±¤�!Áu±trNk È �P­y°]�ØÚÙ cRd�8icRx � �L,i	(	 ) �[þN%E�Eþ��HþN
J�t� ) ����
 *�%��3#E*Þk 
J�N� ) �V�;þ"!{���L��±$# Û Ü �p±¤��
J�� ) �V�;þ"!T�+%E�Eþ��>���Vñ-�&,�	Eþ��<� ) ÿ�,R%H
 ) � ó ) *Ä%��Eþ )(� �&%8�î�[ÿbþF	�� )(� ÿbþ�� ���&% ) �&
('yþ&�)� µ+*ó �p±¤�¡ñ�� µ �¶±¤��ÁC±�rNk	È �P­T­É�õ \ I=GJB�D7^{¢�IT^U`EF[«�_²j-,²cd8Ø<�d�jg÷�c/.bh¶6�0�:O494p_²x aZ6ihEdgjA4�:Vj-, jbd1,Z8�hH�ã6�:O494p_²x a326ihHd�jß«�IT\�D�BONkF ì ñ QW\�h ó465 798�7;:=<?>A@B7DCFE :=GD5 CFH4JI9K ñ�� µ ñ ì QW\ k�È �P­ û �
Î$D£BON9xTD£GJI!DqÒ�S�YWN=QW\.¢£BON;G�QRFL��µyrTÎÓD}Nk^UD£`�ITQR\���GJB�QRF&hpIT^�IT_�^ßDqÒEN=V,S�YRDCI=h i _�KM¥dYWD7vD[FHGUQWVXNkGJDkr õ GuQWFC`�DqÚO\�D7`òGJBED!FUN=V,D*¢¡N9v�QW\�D[N=KMBòIkh5GJBED!FH_�z�FHD[fd_�D[\]G�S�^UITzEYWD[V,F[r� µ �p±¤Ì[ÁH± K � · FU_�S é ­ß Ý ß : àEá�âàEä�åçæ

Â Ã®Ã¤è / 2 Â Ã®Ã¤è �Â ÃÄÃ6è ì K ß íîß ÝÂ Ã®Ã þ · ±¤Ì!Á Â YWIT��Ã®Ã þ · ± K Á
Â ÃÄÃ�Õ�u�Å£Ì�ÆÉÈ�ÊqÌ6Í�Î"Ï6Ò�hpIT^CD7x=D[^Hv�Ò>r�Ó�ÁpÒNu�Ý ê È@oI0ÚO\�`M� K IT\�D.\�D7D[`�F�GJI�K7ITVXSE_EGJD.FH_�S� \ON � µ �p±¤�q«¤¢£B�D[^HD�k ·�é ± · �¶±¤Ì7ÁU± K �!ÝZ­ u±¤Ì@Æ ��� × u$�7Ì ê rs@CB�Dn`�ITVXN=QR\�QWF�\�IkG�K[IT\]xTDwÒ¤«oNk\�`½N=S�SON=^HD[\]GJYbv�@CB�D7IT^UD7V Z QWF*\�IkGN=S�S�YRQWK9Nkz�YWDßz|D[K9Nk_�FUD�I=h�GJBEQWF[«Éz�_�G5¢�D¡N=^HD��TI=QW\��£GJIuÚO\�`.NuFU_�S|D[^HFUITYR_EGJQRIT\{QR\êk$¢£B�QRKMBQWF�K7IT\�K[Nyx=D*QW\jN!¢£QR`�D[^ßm�N=\E`3K[IT\]x=DqÒ,m&`�I=VjN=QR\QPk ·�é ± · �p±¤Ì7ÁU± K ��ÝO­�u�±¤Ì@Æ ��� × ê rÖOIT^¡FH_�KMB�FH_�S|D[^UFHITYW_�GJQWI=\�F ó QR\�D[fd_ONkYWQRGÍv��P­=­É��FHGUQWYWYcB�ITYW`EF�ÝR��µ u ó rÊ D[^UD�QRF£NnS|ITFHFUQWzEYWD ó Ý

ó �¶±¤Ì[ÁU± K � · ¯S�7Ì æ ­$2 Æ � ×±¤Ì ì Èõ \�h�N=K7G[«2}Â K ó · ¯6�[Ì
TUV K�WYX ×��Z ? 2 W�X ×� × ?2 W X ×� × ? W X ×� ?

[O\] ñ�¯6�[Ì TV W X ×� Z ? Á °° ÁJ°
[] ñ ¯S�7Ì�7Ì TV ± � KÌ °

° °
[] Á

æ}æuç ï



¢£B�QWKMB´VXD[N=\�FCGJB�NkG Â 2uÂ K ó ¾�ÁM¾�Ã¡ñ�^ Ü × ?� × ? QW\lk*r�_�IT\EK9N9xLQRGÍv0QR\MPk�QWF£N=YRFUInK[YRD9N=^7r@CB�D7^UDqhpIT^UDk« � K u�FH_�SN � µ u�FU_ESN ó uÏ¯S�7Ì9�P­$2 ­�7Ì ��È���6� ` §�� °+¼�� �²¡·£¦¥
§n¡�«®�bÁ3º®ª¬¶�¡�§�¾�¢Ò>r�Ó ÂYa ÃÇÕ Â ó ÃÇÕ-u�­ ü ��ÝÞr�Ó­ß Ý ß : àEá�â�ãàHä�å ß ÂYa Ã¤è / 2 ÂYa Ã¤è ßJß Â ó Ã6è / 2 Â ì Ã¤è � ß`ß ß íîßu�Å Âba Ã Ì=c Kþ Â ì Ã Ì=c Kþ Èö Ù d x d[÷�cL4¬ø
±¤ÌqÁU± K ·

ÂYa ÃÇÕ0Á Â ó ÃÇÕEÈ!�F£QW\0GJBED!SE^UD7xLQRIT_�F£S�^UI=z�YWD7V Û Ü �¶±¤�CQRFCD9N=FPv3GJInÚO\�`½Ý
Û Ü �p±¤� · v ß ¾5Ì ß`ß ¾ K ß Èi IT\d_�F£hp_�\�K7GUQWIT\´ð
	î°nB�D7^UD!N=�]N=QR\sri D7YWYRVjN=\jD[fd_ONkGUQWIT\

FU_�SÜ ;�� Ü ? I Ü ×�
3d Â Â K ì ¾�ÁJ¾�Ãà¸º¯ ß ¾oÌ ß`ß ¾ K ß e · °
I ì ñÏ°CQW\�k ·�é ± · �¶±¤Ì[ÁU± K �¡Ýd°-u�±¤Ì[ÁU± K9f ±¤ÌP± K u�­ ê È¬�_�S|D[^UFHITYW_�GJQWI=\´S|ITFHQRGJQbxTD�QR\sk�N=\�`�K[I=\�K9N9xTD{QW\gPk ·�é ± · �¶±¤Ì[ÁU± K �¡ÝT±¤ÌCñÏ°EÁU± Kñ�° ê Ý

ó �p±¤Ì[ÁU± K � · Ôih ±¤ÌH± K 2j�{±¤ÌH± K Á¢£QRGJB´FU_EQRGMNkz�YWD*Ô{Ák�0�pÔ · Z û Ák� · ¯�¢�IT^U¥dF7r �Å · FU_�S� \lN ��µ;�p±¤Ì[ÁH± K �h ±¤ÌH± K u�FU_�S� \lN ó �¶±¤Ì[ÁU± K �h ±¤ÌH± K u Z û È

æ}æuç �



���=m n$°¦¥Ä«3¼�oÛ¡¤µV�¢«)pÚ�bµV£ ¡�«®�bÁ3º®ª¬¶·¡6§T¾$q²»Y�²¶·¶�¸¯ª¬« �bÁ�º®ª�§"¡¤°
«C�ç¡6§"¥ª ­ÄµL¡sr@§tpÄº�§ � ¡�§"¥vuxwzy|{���¢Ò�rsÓ Â ß~} 2 Â } ÃÇÕ ß K ÃÇÕ-u��Äü ��Ý�r�ÓÂ Æ9�îÃ þ u�Å���ÆÉÈD��Ï â Èö Ù d x d[÷�cL4¬ø
±¤Ì · Â } ÃÇÕ0ÁC± K ·

Â ß~} 2 Â } ÃÇÕ ß K ÃÇÕ ·· ­ß Ò ß : â�á Ðâ�ä�å�� Â } Ã þ é-2 Â } Ã þ �û � K ß Ý ß È
¦}I=GUQWK[D�GUBONkG{�pË ·�� �

± ² K ·Ïí �¶± ² / ÌK ß ± ² � · ± K 2 ±�/K ¸ ± �Kû · æ ±�/ Ì 2Ø± �Ìû ì K · ��¾ ² Ì � K È©�\�GJBED!IkGJB�D7^uB�N=\�`
± ² / Ì · ± ² ¸Ä¹ ² / Ì² ¼ ÂdÃ�Às¸Ä¹

² / Ì
² Å Â�Ç,È@CBL_EF5`�^HQRh¶G Å FHGJN=\�`�FZhpIT^ í �p±O² / Ì ß ±O²¿��2�±O²Z��QR\!GUB�DlK9N=FHD�I=hE`�QWFHK[^HD7GJDlGJQRVXD9�qr9@CB�D7^UDqhpIT^UDk«Å ��¾�ÁU±¤� · æ °2�¾ K Ì ì QW\0IT_�^£K[N=FUDkr¦uI=GJQRK[DòGUBONkG0Û Ü 	 °ØN=FjGUB�D[^HD�QWFX\�I Ìý þ�ý�ÿè=� þ rRrbr�QR\ºGJBED�hp_�\�KqGJQWI=\ON=Yãr i D7YWYRVjN=\D[fd_ONkGUQWIT\´QW\0GJBEQWFCK9NkFUD�BON=FuN�hpIT^UV

FU_�SÜ ;�� Ü ? I Ü ×s
 � ­û Â Â K ì ¾�ÁJ¾�Ã¢2 = ì= ± K ¾ K Ì � · °�Èõ \òI=GUB�D[^C¢�IT^U`EF{Ý TUV�� ×��� � × ? 2 û �
�
� � × � ×��� � ? � � ×� × �� � ? � � × � × �� � ××

[ \] uÏ°EÁ �P­ Z �
QW\ k�� ·�é ± · �p±¤Ì[ÁU± K �wÁU±¤Ì$rò³}ÁJ° u�± K u�� ê r@CB�D�ITzEFHGMNkK[YWD�K7IT\�`�QbGJQWI=\0QWF

ì �p±¤�¡ñÏðX�p±¤�L	CÆO� ? QW\ k�� �P­pvd�
æ}æuç ¯



÷*D7\�I=GJDi� µ� GJBED!`�v]N=`�QRK i D[YRYWVXN=\3hp_�\�KqGJQWI=\´Ikh&N.K[I=^U^UD7FUS|IT\�`�QR\��,S�^UITzEYWD[V´r©*\�D�K[N=\gK[I=VXS�_�GJD ì ��N=F�¢�D[YRY&N=F}GJ^HvòGJI3_EFUD.@CB�D7IT^UD7VXF û N=\E` Z r   DqG�_�F�FUD7D¢£BONkG�¢£QRYWY�BON=SES¤D7\srC�¶ÎÏBONkG�hpI=YWYWIy¢£F�QWF!GMN=¥kD[\Øhp^HITV GJB�DX¢�IT^H¥?QW\ØS�^HD[SONk^JNkGUQWIT\ÓI=h  r|¬LYeN9xLQW\´N=\�`���r��lNkFHvL_�\�QR\sr �Ö5QR^UFPGCI=h5N=YWY
ì � · QW\�h����� ùJ��ù��&����� ù Ì6Ê �&� � Ì6ú é ó �CÝ ó �Cñ�Æ � ? QW\ k�� ê È¬�D[K7IT\�`�YbvT«�FU_�KMB�N=\�QW\EÚ�V�_�V V�_EFHG£BON9xTD�GJBED!hpITYRYWIy¢£QW\E��S�^HITS¤D7^HGÍv?Ý�GUB�D�VjNkGU^UQ Ò3QR\�P­ Z ��V�_�FHGuz|D!`ED[�TD7\�D[^UNkGJDk«|\�N=VXD7YRvæ =VK ì= ± K Ì 2 û = ì= ± K ì æ =VK

ì= ± KK ì 2 æ =LK ì= ±¤Ì = ± K ì K · °´È �P­iÔT�
@CB�DòFHITYW_�GJQWI=\�F.I=hn�Æ­iÔT�{¢£B�QRKMB�N=^HD��T^UD[NkGJD7^nGUBON=\ Æ � ? QW\ k��,K[N=\�z¤D´N=YRY�¢£^UQbGUGJD7\`�Iy¢£\sr_�IT\EFUQW`ED[^[«} � I � �p±¤Ì[ÁU± K � ·�� �Æ­$2 h ��2Ø± K �­$2 h � Æ � ? /�� � ��� × ��� � Ák�Úut�Ú� ­TÁ � ñ�­nÈ
@CB�D7v�FUNkGJQRFHh¶v½�Æ­iÔT�¡N=\�`$�P­ Z ��QW\lk��uN=\�` } �[�p±¤Ì[ÁH± K ��ñnÆ � ?�QR\skx�¡ñnk��7r©*\�D�K9Nk\´\EIÉ¢îD9N=FHQWYRvjFUD7D�GUBONkG

ì � · QR\Eh� á9�b� ? ã� I ? } � I � · } �£Ý · } � I Ì�È9 \EhpIT^PGJ_�\�NkGJD7YRvT«O@CBED[IT^HD[V û QWF£N=SES�YWQRK9N=z�YRD�Ý� µ� ñ ì � · ­$2 h � 2Ø± K­32 h � Æ � ? / � � ��� × � � � Á �P­�ï]�
z�_EGu@CB�D[I=^UD[V Z QRFC\�I=G}N=S�S�YRQWK[N=z�YWDkrÊ IÉ¢�D7x=D[^7«CfL_EQRGJDg_E\�DqÒ�S|D[K7GUD[`�Ybv ì � · } �3QWF3D7fd_ON=Y�GUI \�IT\�m `Ev]N=`EQWK i D7YWYRVjN=\hp_�\�K7GUQWIT\cr   DqG£_�F£QW\]GJ^HI�`E_�K[D�QRG£z]v0QRVXQbGMNkGUQW\��{IT_�^C`EvTN=`�QRK!`ED7ÚO\�QbGJQRIT\���y�¶±¤Ì7ÁU± K � · FH_�S é

Â Æ � Ã þ Ý Â } Ã þ · ±¤Ì�ÁÂ � } 2 Â } Ã þ � K Ã þ · ± K ÁuFU_�SÕ�� þ
Â � } 2 Â } ÃÇÕ=� K ÃÇÕ-u�� ê ÈÎ$D�K9NkYWYcGUB�D!NkGUGUD[\]GJQRIT\�I=hoGUB�D�^UD[N=`�D[^CGUI,GÍ¢�I,GUB�QW\E�TF�Ý­É��QR\]GJD[^PxkN=YWF$ÝOÁpÒ?N=^HD�\�I=Gu`EvTN=`�QWK!N=\]vLV,IT^UDk«û �*FH_�SÕ�� þ Â � } 2 Â } ÃÇÕ]� K ÃÇÕ´QWF�GJB�DX\�IT^HV FUfd_ON=^HD[`ØI=h } QR\ÓGJBEDXFHSON=K[D ��¡1¢ K �¤Òà�q«£¤}¥£ K ¦R§©¨ × � Õ 
 r æ}æuç ®



@CB�D!h�NkK7GCGJB�NkG ��� · ì � · } �VXD[N=\�F£GJBONkGuGJBED�K[I=\�FHGJN=\]G*I=h«ª=ITB�\�¦uQW^HD[\dz¤D7^U�,hpIT^uGUB�D!\�IT^UV¬�­¡1¢ K QWFuD[fd_ONkYAGUI­g��Qbh¡IT\EDjYWILIT¥dF!NkG } �[«ZIT\�DXFUD7D[F�GUBONkG{QRG!DqÒ�QWFPGJF{IT\�YRvghpI=^{°�u®�>�ô­y�qro©*\�DjK[N=\N=YWFHIXK[N=YWK7_�YeNkGUD�GJB�D{z¤D7FHG}K[IT\�FPGMN=\]G�QW\�ª=ITB�\�mÍ¦}QW^HD[\dz|D[^U�XQW\�D7fd_ON=YWQbGÍv Â Æ � Ã�unÅ��@Æ ÈD�iÏ r©�z]xLQWI=_�FUYbvT«LÅ�� · W=¯ �Ì � � � r���b° »Yº®µV½3¥®°
¶¤­Ä�bµ[¼É»{�¢¶·¶·¸¹ª¬«±r&ºÄ«®±�§"¡·°¦«��ÝÞrsÓ ß Â�² Ã þ / 2 Âb² Ã þ � ß u ß Â Û�Ã þ / 2 Â Û�Ã þ � ßü ��Ý�r�Ó FU_�KMB´GJBON;G ß Âb² Ã þ ß u ß Â Û�Ã þ ßIT\�D�BON=F Â ß ² ß ³ Ã þ u	�A´ 2�­É� ³ Â ß Û ß ³ Ã þ Á«´�ñ û È@CB�D£K[IT\�FPGMN=\]G}�B´F2ò­y� ³ QWF5FUBON=^HSsrT@CB�QRF�QWF�N�h�NkVXIT_EF5GJB�D7IT^UD7V�I=h i _E^U¥dB�ITYR`�D[^&¢£B�QRKMBB�D�S�^HIÉx=D[`gz]v´K[IT\EFHGJ^H_�K7GUQW\��XGJB�D�K7IT^U^HD[FHS¤IT\E`�QW\�� i D[YRYWVXN=\�hp_�\�K7GUQWIT\cr Ê D{hpIT_E\�`�QRGzdv�FHITYRxLQR\��nN,K7IT^U^HD[FHS¤IT\E`�QW\�� i D7YWYRVjN=\3öl÷�ø�m�N,K7ITVXSEYWQWK[NkGJD7`3IT\�DkrÎÓD�¢�IT_EYW`�YWQR¥=D*GJInFHB�Iy¢ÖN.FUQWV,S�YRD�¨HB�D7_�^UQRFHGJQRK[ªnV,D7GJBEI�`�I=hoFUITYR_EGJQRIT\srö Ù d x d[÷�cL4¬ø
±¤Ì · Âb² ÃÇÕ3ÁC± K ·

Â Û�Ã�Õ�ÁC±Rµ · Â ß Û ß ³ Ã�Õ�È©�_E^�^U_�YRD[F{FJN9vÓGUBONkG,Û|Ü��p±¤� · °E« í ðj�¶± ² Ì ÁU± ² K ÁU± ² µ �­¶ í ß
² ß ³ r5÷*D[\�IkGJQW\E��z]v¸· ² GJBED

¼ mÆN=YR�TD[zE^JNX�=D[\�D7^JNkGUD[`?z]v�`EvTN=`�QRK�FU_�zEQW\]GJD7^HxkN=YWF�I=h×Ý´IkhßYWD[\E�=GJB û ��¹ ß Ý ß ÁUË · û ¹ «¤¢�DK9N=\ ¢£^UQbGJD í ß ² ß ³ ¶ í ß � í ±cÌ ß · ² � ß ³ ·ôí ß ±O² Ì ß ³ ¢£B�QRKMB��=QRxTD7F�_�F�GUB�D0K[IT^H^UD7K7Gnz|IT\d_�Fhp_�\�K7GUQWIT\´ðX�p±¤Ì[ÁU± K ÁH±Rµw� · ß ±¤Ì ß ³ r¦uI=GJQRK[D*GJB�NkG£Ô ·�é ¾ · ��¾5Ì[ÁM¾ K ÁM¾ºµw�¡Ý ß ¾5Ì ß u ß ¾ K ß ê \EIÉ¢�r@CB�QRF}QRF}z|D[K[N=_�FHD ß ¾oÌ ß · ÌK ß
Âb² ÃÇÕ / 2 Âb² ÃÇÕ � ß Á ß ¾ K ß · ÌK ß

Â Û�ÃÇÕ / 2 Â Û�ÃÇÕ � ß «¤Nk\�`ò¢�DN=^UD��TQbxTD[\�GJB�NkGCGJB�D�ÚO^HFHGufd_ON=\]GJQbGÍv0QWF£NkYR¢�NyvLFuVjNyÙHIT^UQRë[D[`0z]v0GUB�D�FUD[K7IT\�`´IT\�Dkr¬�I.¢�D{B�Nyx=D!GUB�D i D[YRYWVXN=\3D7fL_�NkGJQRIT\
FH_�S» ¼ ? » á » ¼ × » ã¼ Z

Â Â K ì ¾lÁM¾�Ã · °QW\ k ·�é ±�Ý|�p±¤Ì7ÁH± K ÁU±Rµw�¡Ý ß ± K ß ³ u�±Rµ ê ��K7IT\]xTDqÒ��w«|¢£QbGJB�ITz�FPGMN=K7YWD�K[I=\�`�QRGUQWIT\ì �p±¤Ì7ÁU± K ÁH±Rµq��ñ ß ±¤Ì ß ³ ÈÎ$D�¢�N=\]G}GUI,¥d\�Iy¢î¢£B�NkGuQWF¡GJBED!FHVjNkYWYWD7FHG�½$FU_�KMB´GJBON;Gß ±¤Ì ß ³ u ì �¶±¤Ì[ÁU± K ÁU±Rµq��QR\sk
I

æ�æ£ç ­y°



ó FUNkGJQRFHÚOD7F��Æ­¾�T�w«ON=\�`ì �p±¤Ì7ÁH± K ÁU±Rµw��u¿½Z±Rµ}QR\sk¸À é ß ±¤Ì ß u ß ± K ß ê�Ái _�^U¥dB�I=YW`�D7^£hpI=_�\�`´QRG!�HÞ Z âe�*Ý
ì �p±¤Ì[ÁU± K ÁU±RµM� · ´ K � ³ �A´ 2�­É� ³ � Ì � ß ±¤Ì ß ¸ ß ± K ß � ³ � Ì ÈÈA� ß ±¤Ì ß 2Ï�B´�2�­y� ß ± K ß �à¸ �B´ 2�­É� ³ ±Rµ{ÁN=\�`�½ · �B´ 2î­É� ³ rsÎÓDn¢£QRYWY&FHD[D,\�Iy¢ N=\ ¨HD9NkFHvLªòV,D7GUB�IL`½GUI�Ú�\�`ÓGUB�QWF i D7YWYRVjN=\hp_�\�K7GUQWIT\´N=\E`´GUB�D�K[IT\�FPGMN=\]G[rÖ5QR^UFPGCFHGUD[S�QRF¡GJB�D�^HD[`�_�KqGJQRIT\�I=h&\d_�V�z|D[^£I=hAxkN=^UQWN=z�YRD[F*Ý} �p±ZÁJÐE� · FU_ESÂ"Ã � � I Ä&I Â 
 \lN Þ ì �p±ZÁJÐ|ÁkÅ]�¢2z½ÆÅkâßÈöß^HITS|D[^HGUQWD7F!Ýà­y� FU_ES¼�Ç/ÈÉ¼ ? ã ¼ ×�Ê» ¼ ? » á » ¼ × » Â Â K } ¾lÁM¾�Ã · °´Èø&Ò�S�YWN=\ONkGUQWIT\ Ý�GJBED�FU_�SE^UD[V�_�V I=h!K7IT\�K9N9x=D�hp_�\�K7GUQWIT\EF3QWFX\�I=G0K7IT\�K9N9x=D=«Cz�_EG3�TQbmxTD[\ÓN3K[I=\�K9N9xTD.hp_�\EK7GJQRIT\�IT\ED.K9N=\g�TDqG�N=\�IkGJB�D7^�K[IT\�K[N9xTD.hp_�\�KqGJQWI=\�z]v�GMNk¥LQR\��3GJBEDFU_�S�^HD[V�_EVôIÉx=D[^uIT\�D�I=hAGJB�D�xkN=^HQeN=z�YRD[F7r

û � } �¶±ZÁJÐ�� · FH_�SÂ"Ë ý Ä ý Ì Þ ì �p±ZÁJÐ|ÁkÅ]��2Í½ÆÅkâZñ ß ± ß ³ 2z½ ß Ð ß ³ ÁZ � } �YÎO±ZÁ�ÎOÐE� · Î ³�} �p±ZÁJÐE��È_�IT\�FUQR`�D[^XGJB�D�fd_ONk`�^JNkGUQWK�hpI=^UV Â Â K } ¾lÁM¾�ÃnQW\�NÓÚ�ÒED7`ÏS¤ITQR\]G?�p±ZÁUÐ��Nr ³ K r õ G0QWF\�D[�]N;GJQRx=D0QW\ NòK[IT\�D é ß ¾5Ì ß u ß ¾ K ß ê rAÎ$D3N=YW^HD9N=`EvÓFJN9¢ QW\ û r Z GUBONkG�GUB�D i D7YWYRVjN=\hp_�\�K7GUQWIT\?GJD7\�`�F!GJI´BON9xTD3N�`�D7�TD[\�D7^JNkGUDjfd_ON=`E^JNkGUQWK.hpIT^UV N;G{D[N=KMB$S|ITQR\dG[r`!�FHFU_�V,DGJBONkG Â Â K } ¾lÁM¾�ÃC`�D[�=D[\�D7^JNkGUD[F*QR\ é ß ¾oÌ ß u ß ¾ K ß ê r�@CB�D7\s«cITz]xLQWI=_�FUYbvT«|QRG}`�D[�TD7\�D[^UNkGJD7FIT\�YRv�IT\,GUB�D£z¤I=_�\�`ON=^PvnI=h|GJB�QRFlK7ITV,D��pI=GJBED[^H¢£QRFUD£QRG�¢�IT_�YR`X\EI=Glz¤D£\�D7�]NkGJQbxTD£QW\nGJBED¢£B�ITYWD�K7IT\�D=r �i vºGJB�DgGUB�QW^H`�S�^UITS|D[^PGÍv�I=h } QRG0QRF0_�\�YRQW¥=D7YRv�GJBON;G�QW\�FJN9v�Ý�fd_ON=`�^UN=\]G9«¡GJBED`�D[�TD7\�D[^UNkGJQRIT\nBON=S�S|D[\EFlQR\.\�IT^PGJB�D[N=FHGl`�QR^UD[KqGJQRIT\sr õ \.h�N=KqG9«=GUB�DC`�D7�TD[\�D7^JNkGUQWIT\nQR\nGUB�QWF`�QW^HD[K7GUQWIT\XFUD7D[V,F¡VXI=^UDuS¤D7^HGJQR\�D[\]GlGJI�YRQW\�D[N=^�hp_�\�KqGJQWI=\XGJBED[\jGUI.N!hp_�\EK7GJQRIT\X¢£BEQWKMB0QWFB�ITV,IT�TD[\ED[IT_�F£I=hoIT^H`�D[^«´àr¬�I.¢�D�VjN9vjGU^Hv3GUInK[IT\�FHQW`�D7^ } ¢£QbGJB�`�D7�TD[\�D7^JNkGUQWIT\�QR\´\EIT^HGUBd¢�D[FPG�`EQW^UD7K7GUQWIT\0QR\GJB�D3Ý�fd_ON=`E^JN=\]G9«]\EIT^HGUB�D9N=FPGl`�QW^HD[K7GUQWIT\nQR\�GJB�D3ÝîÝ�IT\�Dk«T\�IT^PGJB]¢�D[FHG¡N=�]N=QR\.QW\.GJBED�ÝîÝîÝIT\�D=«�Nk\�`ò\EIT^HGUB�D9N=FPG}N=�]N=QR\0QW\0GJB�D�Ý ó IT\�Dkr|¬�_�KMBòhp_E\�K7GUQWIT\�FCB�Nyx=D!GUB�D�hpIT^UV} �p±ZÁUÐ�� · ² � ß ± ß ¸ ß Ð ß �[� ß ± ß 2jÏ ß Ð ß �
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¢£QRGJB�FUITV,D{_E\�¥d\�Iy¢£\gK[IT\�FPGMN=\]G©Ï�Nk\�`�_�\E¥L\EIÉ¢£\ghp_�\EK7GJQRIT\ ² r i _EG ² QWFj¨UN=YRVXI=FHGJª¥L\EIÉ¢£\òz¤D7K9N=_EFUD } QRFCB�ITV,IT�TD[\ED[IT_�FCIkh&IT^H`�D[^Ð´Ø��QbGJF¡GJBEQW^U`�S�^HITS|D[^HGÍvE�wrO@CB�D[^HD7hpIT^HD=«}-Ñ I Ò �¶±ZÁJÐE� ·�Ó � ß ± ß ¸ ß Ð ß � ³ � Ì � ß ± ß 2jÏ ß Ð ß �uÁ
¢£QRGJB´_�\�¥d\�Iy¢£\òK[IT\�FPGMN=\]GUF Ó Á"ÏOr"!}\�` Ó ñÏ°Erw cRxyx$:¸��|Ez

Â K }-Ñ I Ò uÏ°-�&�p±ZÁJÐE�
r�³ K Á·� ß ¾oÌ ß u ß ¾ K ß�Ô Ïjñz´ 2�­jÈõ G}QRF£N.`�QW^HD[K7GuK[N=YWK7_�YeNkGUQWIT\cr¬�IÕÏXñz´�2�­=rÎÓD�V�_�FHG£\EIÉ¢ ÚO\�`�GJB�D�FUVXN=YRYWD[FPG�½ØÝ · � ³ FH_�KMB�IT\�³ KÓ � ß ± ß ¸ ß Ð ß � ³ � Ì � ß ± ß 2jÏ ß Ð ß ��ñ ß ± ß ³ 2 � ³ ß Ð ß ³
¢£QRGJB´FUI=VXD Ó �Ä°E«�Ï�¸�­!ñ�Ö,rö�_EG ß ± ß ¸ ß Ð ß · ­,Á ß Ð ß ·Ø× r�Þü°�Á9­[â¿rÙ QR\�QWV�_�V¹� ³ FH_�KMBòGUBONkGCGJBED[^UD�DwÒEQRFHGUF Ó ��°.FU_�KMB´GJBONkGÓ �P­$2���Ï*¸Ï­É�UÇÉ��2Ï�Æ­32�ÇÉ� ³ ¸ � ³ Ç ³ ñÏ°�ÁwÇ�r�Þ °EÁ9­7â�È
@5N=¥kD�Ç · ÌÒ / Ì u Ì³ r�@CB�D7\s�´ñz´�2�­Tri D7K9N=_EFUDX¢�Dn¢¡N=\]G{GJB�D,FUVXN=YWYRD[FPGÄ�$YRD7G!_�F�GJ^HvN� · ´ 2�­T«à¢£B�QWKMB½hpIT^UK7D[F{N=YWFHIÏ · ´ 2�­Tr¦uIÉ¢�Û Ñ �¿ÇÉ�CÝ ·�Ó �Æ­32Ú´�Ç;��2��Æ­F2�ÇÉ� ³ ¸ �A´ 2�­y� ³ Ç ³ r÷*ILD[F¡GUB�D[^HD!DwÒ�QWFHGUF Ó ��°.FU_�KMB´GJBON;G

Û Ñ �ãÇÉ��ñ�°0Á}ÇXr�Þ °EÁ9­[â �P­¾�T�¦}I=GUQWK[D�GUBONkG}Û Ñ � Ì³ � · °Er�@CBED[\òGUInBON9xTDj�P­y®]��I=\�D�\�D[D7`�F*ÛRÛÑ � Ì³ � · °�r�@CB�QWF£�TQbxTD7FÓ » · ´ K � ³ �B´�2�­y� ³ � Ì È �P­y¯]�
@oI�KMBED[KM¥nGJBONkG*�P­9®]�&B�ITYW`EFl¢£QbGJB Ó » hp^UITV � û °]�&QRGlQWFlD[\EIT_��TB,GJI�KMBED[KM¥XGUBONkG�ÛÜÛ ÛÑ?Ý ñÏ°IT\ØÞ ËwÁ9­[âc¢£QRGJB0Ë
u Ì³ ri _�G}Û Û ÛÑ Ý �ãÇÉ� · °.QWV,S�YRQWD[F*� Ì � ÀÀ � ³ � K · �A´ 2�­É� ³ «ON=\�`´FUIjÇ�� Ì³ rÎÓD�ÚO\ON=YRYRvX�TD7G}N=YRYcK[I=\�FHGJN=\]GJFuQW\]xTITYbxTD7`òQR\ } �p±ZÁJÐE�qr"!uh¶GJD7^¡GJBONkG£¢�D�FUD[D�GJB�NkG

ì �¶±ZÁJÐ|ÁkÅ]� · ´ K � ³ �A´ 2�­É� ³ � ß ± ß ¸ ß Ð ß � ³ � Ì � ß ± ß 2��A´ 2�­É� ß Ð ß �¸n�A´ 2�­É� ³�Þ · } �p±ZÁUÐ��s¸ � ³�ÞQWF¡GJBED�hp_E\�K7GUQWIT\�¢�D�\�D7D[`sr
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ß à �,�g�}�9�g�5�[�,�g�
@CB�D i D[YRYWVXN=\�hp_E\�K7GUQWIT\�FXz�_�QRYRGnhpIT^jI=\�D�S�^HITz�YRD[V K9N=\�z|D�_EFUD[`�hpI=^3N=\�IkGJB�D7^IT\�D=r¡ø&ÒEN=V,S�YRD[F�N=^HD�\d_�VXD7^UIT_EF´z]vÄ\�Iy¢�r£¬�D[Dk«¡hpIT^3DwÒ�NkVXS�YRD=«*ÞUv=â¿«�Þ Ô;â¿r�!�YRFUI IT\EDK9N=\ K7ITV�z�QR\�D i D7YWYWVXN=\?hp_�\�KqGJQWI=\�F�_�FHQW\���FH_�S|D[^US|ITFHQRGJQRIT\$GUIgITzEGMNkQW\ÓGUB�D i D7YWYRVjN=\hp_�\�K7GUQWIT\�I=huV,IT^UD3N=\�`�VXI=^UD3K7ITVXSEYWQWK[NkGJD7`ØS�^HITz�YWD7VXF7«5FHD[D=«�hpIT^�DqÒEN=V,S�YWDk«CÞUïkâãr�!GJB�IT^HIT_��TBjDqÒ�S¤I=FUQRGUQWIT\XI=h i D7YWYRVjN=\nhp_�\�KqGJQRIT\XGUD[KMB�\�QRfd_�D=«�FUD[D�QW\gÞá�;â¿rE¦uD7¢�K[^HD9NkGU_�^UD7Fhp^UITV GUB�D i D7YWYRVjN=\cùúF�ë7I�I!K9N=\jz¤D£hpIT_�\�`XQW\�Þü¯;âcNkYWIT\���¢£QRGUB,GUB�D�FPGJILKMBON=FPGJQWKuITSEGUQWVXN=YK[IT\]GJ^HITYàDqÒ�S�YWN=\ONkGUQWIT\EF[rõ \?Þ ®kâ¤IT\�D}FUD[D7FCIT\�D}VXIT^HD�DwÒ�NkVXS�YRD}IkhZB�Iy¢�GUB�QWFßGJD7KMB�\�QRfL_ED*¢�IT^H¥dF¡QW\X`�ITVXN=QW\�FN=S�SON=^HD[\]GJYbv3h�N=^¡hp^HITV QbGJF£IT^UQR�TQW\EF[r�ö5N=S|D[^�Þ ­9°kâà�TQbxTD[FuN=\EI=GJB�D7^£FU_�KMBòDqÒEN=V,S�YWDkr

â ã�*� ã�������g�£���
Þ ­7â�¬dG9r i _�KM¥dYRD7vT«k¬�_EVXVXNkGJQRIT\*K7IT\�`�QbGJQWI=\�FàIT\�¢�D7QW�TB]GUF[« Ù QWKMBcr Ù NkGJBcr�ªEr�v]°!�P­y®T® Z �q«­�Ô Z mM­9�=°ErÞ û â�t�rLÖOD7a¤D[^HVjN=\c«Ü_�r¤§�D7\�QW��«ÜªEr|ö�QWSEB�D[^7«O@CB�D{GUB�D[IT^Pv�I=h5¢�D[QR�TB]GJF}N=\�`´GJB�D{÷*QW^HQbmKMBEYWD7GßSE^UITz�YRD[V�hpIT^�D[YRYWQWS�GJQWK�D[fd_ONkGUQWIT\EF[«�!}\�\ON=YRF�I=h Ù NkGJBs«O­ Z v,�P­y®=®E­É�q«�ï(ÔÉmM­ û v�rÞ Z â�÷�r   r i _E^U¥dB�ITYR`�D[^7« i IT_�\E`ON=^HvÓxkN=YW_�DjS�^UITzEYWD[V,F.N=\E` FUBON=^HS�QW\�D7fL_�N=YWQbGJQWD7F{hpIT^VXN=^PGJQW\E�]N=YWDuGJ^UN=\�FHhpI=^UV,F[«"!}\�\ON=YRFCI=h&ö�^HITzsrà­ û �P­9®T¯Tvd�w«VïTv��Éms�=° û rÞUvkâÚÖ�rZ¦�N=ë[N=^UIyx|«b!�r3�ßITYWz|D[^H��« Ê D9NkGUQW\��´I=h�GUB�D !�B�YbhpIT^UFÆm i D7_�^UYRQW\��0ITS|D[^UNkGJI=^{Nk\�`D7FHGUQWVXNkGJD7FCI=h5QbGJFC\�I=^UV,F[«�ö�^UD7S�^UQR\dG[rÞËÔÉâ�¬dG9rZöoDqGJD7^UV,QWKMB�Y¿«`!�rä�ßITYRz¤D7^U��« Ê D9N;GJQW\E�òI=hlGJBED !}B�YRhpI=^UFPm i D[_E^UYWQR\��0ITS|D[^UNkGJIT^.Ý¢�D9Nk¥LYbv?fd_ON=FUQR^UD7�T_�YeNk^!VXN=S�F�IT\?GJBEDXS�YWN=\�DnN=^HDXfd_ONkFUQW^HD[�T_EYeN=^7«s@oI�N=S�S|D9N=^�QR\÷*_E¥=D Ù NkGUBÚªErÞ ï;âÚÖ�rd¦�N=ë[N=^UIyx|«�¬¤rd@o^HD[QWY¿«�!�r/�ßITYRz¤D7^U��«=@CB�D i D[YWYRVjNk\nhp_E\�K7GUQWIT\�FlN=\E`XGÍ¢�Ikm ¢�D[QR�TB]GQR\�D[fd_ONkYWQRGUQWD7FlhpIT^ Ê NTN=^�V�_�YbGJQWSEYWQWD7^UF7«åªEr�I=hàGJBEDÄ!�V,D[^[r Ù NkGUBsrO¬�ILK=rb«s­ û �P­y®T®=®]�q«¦çæÇv�«�®T°=®;mÆ® û ¯ErÞè�ÉâÚÖ�r]¦�N=ë[N=^UIyx|«d¬¤r]@A^UD7QWY¿«=@CB�D£Bd_�\]GßhpIT^5GJBED i D[YWYRVjNk\�hp_�\�KqGJQWI=\0ÝdN=S�S�YRQWK9N;GJQWI=\�FoGUID7FHGUQWVXNkGJD7F}I=h&FUQW\E�T_�YeNk^uQR\]GJD[�=^JN=YZITS|D[^UNkGJIT^HF�Nk\�`�GJIXI=GJBED[^�K7YeN=FHFUQRK9N=YZS�^HITz�YWD7VXFQR\�BON=^UV,IT\�QRK�N=\ONkYRvLFUQRF[«�¬LGuöAD7GUD[^UFHz�_�^H� Ù NkGUBsrÜªErR«�¯´�Æ­y®T®/�T�w«�¦ æ Ô�« Z û mJ­�ï û rÞü¯;âÚÖ�r�¦�Nkë9N=^HIÉx|«�¬|rE@A^UD[QRYã«[!�r��ßI=YWz|D[^U�E« i D7YWYWVXN=\,hp_�\�K7GUQWIT\0QR\3FHGUI�KMB�N=FHGUQWK�K[I=\dGU^UITYNk\�`ºB�N=^UV,IT\�QRK0N=\ON=YbvLFUQWF7«�QW\	¨HFPv�FPGJD7VXF7«×!}S�S�^HIyÒ�QRVjNkGUQWIT\c«5FUQR\��T_�YWN=^ õ \]GJD7�T^JN=YI=S¤D7^JNkGUIT^UF7«�N=\�`�^UD[YWNkGJD7` GJITSEQWK[FHª�«!D[`srX!�r i IT^UQRKMB�D7x|«.¦!r�¦uQW¥=I=YWFU¥dQ¿«�©�ößø5mt$!�@u©�t @ Ê øl©�t-é Ýb!}`ExkN=\�K[D7F�N=\E`ØN=S�SEYWQWK[NkGJQRIT\�F7«cx|rR­ û ®E« û °T°E­T« Z ® Z m6v û v�«i QW^U¥dBºêNk_�FUD7^)�ßD7^UYWN=��rÞü®;âÚÖ�ro¦}N=ë9Nk^UIyx|«¢!{rº�ßI=YWz|D[^U�E«à@CB�D i D7YWYWVXN=\ghp_�\�KqGJQRIT\$Nk\�`$GJBEDjQWV�z¤D7`�`�QW\E�TF�I=hGUB�D�VXIL`�D7YsFUSONkK[Dìëîí9«EGUI,N=S�S|D9N=^£QW\QªEr�`cùË!}\ON=YRvLFHD Ù N;GJBsr
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Þ ­y°;â�¬|r£öoD7GUD[^HVXQRKMB�Yã«¥ªEr¡ÎÏQbGUGÍ¢�D[^[«$! FUB�N=^US�¢�D7QW�TB]GJD7` D7FHGJQRVjN;GJD[F0I=\�GUB�DÓ\EIT^UVIkh Ê QWYWz|D[^PG.GJ^UN=\�FHhpI=^UV xLQWN½QR\dxkN=^HQeN=\]G.Ô K KMB�N=^JN=KqGJD7^UQWFPGJQRK´Ikh�GJBED�¢�D[QR�TB]G9«�@AINkS�S¤D[N=^CQW\ Ù QRKMBsr Ù NkGUBsrÜªEr9 \�QbxTD[^HFUQbG�ïD!ö5N=^HQWF�� õ9 Ö&t `ED Ù N;GJBðïD7VjNkGUQWfd_�D7Fv�«OS�YeNkK[Dñª=_�FHFUQWD7_Ö mx��Ô û Ô û m�ö5Nk^UQWFCK7D[`�DwÒ�°(Ô
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