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

&(' )*' +-,*. /&(' 0213,*4*)5136�786:9;1-,*<=+-4*>?1-6A@:. > ' 6B.C'D+-6BE
FHG?'C. 4*,*> . +-GDFI6BJ->?6B'C' ,*> 6KJL1M9=NPO:QB)*/BQSRT6B> U:' ,*)*>?4VO

W51-GYX �KZ:[ 1BX �:Z @:'C0B4*' <]\K'C, �M^-^K�

_a`cbedCfgb%hjiCkDlmk%nobelqpsr`tbelgu"v�rmwxlgkey�d v�rzcv5{B|gbe}~v(r����jk]u"v�}~}��=uI�gv�rgf�d v��

�"�e�5�H�"�����(�S�a���S�S�a���S�a�A�����H�D���a���%�����g���S�: ¡�o¢£�S�£�-�
¤�¥=¦¨§:¦¨©;ª�¦¨«L¬®j¯j¦L°:±j²´³¶µ¶µj°¨·

¸º¹P»3¼:½B¾I¿2¼2ÀgÁ]Â ¯~ª¶¦:¯~Ã © Â ¯HÄKÅHÆjÇ Â §¨¦:ÈÉÈÈÉ§-Êj¦:«jjÅ;¦¨ÇÉÈ=©;¯ Â ÆI¦¨ÇËÄKÃ ©;¯jÌ£ÈMÍ�ÈMÃ ¦:ÎÏÈ]§ Â ¯´Ã Ç Â ÅHÃ Ê´¦AÈÉÊHÄKÇÉ©;¯jÌ ÂKÐ Ã Ê´¦ Á
ÑPÒ
ÇÉ¦¨È Â ´ÇÉ§¨¦¨ÈgÄKÎ Â ¯jÌÏÆ´Ç Â §¨¦:ÈÉÈÉ¦¨È=jÈM©Ó¯´ÌLÄÕÔIÖ�¦:«aÈÉ§:Êj¦¨«´jÅ;©Ó¯´Ì£Æ Â Å;©;§¨Í�²�©;¯¡×
Êj©;§¨ÊºÃÉÊj¦A´Ã ©;Å;©ÓØBÄBÃÉ© Â ¯ ÂKÐ Ä£§ Â ÎºÆjjÃÉ¦¨Ç
ÈÉÍ~ÈÉÃÉ¦¨ÎÙ¤Ú¦�Û ÌHÛ;²tÄoÇÉ¦ÜÄKÅÞÝßÃÉ©ÓÎº¦ Â ÇaÄoÃÉ©;ÎÏ¦-ÝßÈMÊHÄKÇÉ©Ó¯´ÌàÈÉÍ~ÈÉÃÉ¦¨ÎL·�©;È�ÄoÎLÄ-á Â ÇÏ§ Â ¯j§¨¦:ÇÉ¯sÇËÄBÃÉÊ´¦¨ÇâÃÉÊHÄK¯�§ Â ¯jÃÉ¦¨¯~Ã Â Ç
ã ¦¨ÊIÄ:ª~© Â Ç ÂKÐ ÄÕÆjÇ Â §:¦¨ÈÉÈÜÛTägÈÄÕÇÉ¦¨ÈÉjÅ;ÃÜ²�ÃÉÊj¦ Á
ÑPÒ ÇÉ¦¨È Â ´ÇÉ§¨¦A©;È]Å;©Óå®¦¨Å;ÍÏÃ Â ã ¦g´ÈÉ¦¨«�©Ó¯¡ÄK¯a©;¯j¦3æL§¨©;¦¨¯jÃtÎLÄK¯j¯j¦:ÇÜ²
Â ÇâÃÉÊj¦�Æ´Ç Â §¨¦:ÈÉÈÉ©;¯jÌàÃÉ©;ÎÏ¦ ÂKÐ ÄoÆjÇ Â §¨¦¨ÈMÈâÎLÄKÍ ã ¦L¦¨Ö~ÃÉ¦¨¯j«´¦¨«�´¯j¯´¦¨§¨¦¨ÈMÈËÄKÇÉ©ÓÅ;ÍjÛèç
Êj¦:ÇÉ¦ ÐVÂ ÇÉ¦�²P×c¦LÆ´Ç Â Æ Â ÈM¦¨«éÄ
ÆjÇ Â §¨¦¨ÈMÈÜê ã ¦:ÊHÄKª�© Â ÇCÝ ã ÄKÈM¦¨«¡ÈÉ§¨Ê´¦¨«j´ÅÓ¦:Ç
©;¯ Â «´¦¨ÇgÃ Â ÇÉ¦¨«j´§¨¦�ÃÉÊj¦£ÆjÇ Â §¨¦:ÈÉÈÉ©;¯jÌaÃÉ©;ÎÏ¦âÄK¯j«oÃÉÊj¦£ÆjÇ Â §:¦¨ÈÉÈgÈM×
©ÓÃÉ§¨ÊëÝ
©Ó¯´Ìa§ Â ÈÉÃÜÛgì Â ÇÉ¦£ÈÉÆI¦¨§¨©ÞÔH§BÄBÅ;Å;Íë² Â jÇgÈÉ§:Êj¦¨«j´Å;¦¨Ç�ÄKÅ;Å Â ×
ÈgÄºÆjÇ Â §¨¦:ÈÉÈgÃ Â § Â ¯jÃÉ©;¯~j¦A©;Ã È�¦¨Ö~¦¨§¨jÃÉ© Â ¯o¦¨ª~¦¨¯�Ã Ê Â jÌ¶Ê
©ÓÃÉÈAÃÉ©ÓÎÏ¦3ÝßÈÉÅ;©Ó§:¦âÊIÄKÈ�ÄKÅÓÇÉ¦BÄB«´Ío¦¨Ö~Æj©;ÇÉ¦¨«(²5×
Ê´¦¨¯í©ÓÃg©;ÈAÆjÇÉ¦¨«j©;§¨ÃÉ¦¨« Ð Ç Â ÎîÄB¯ïÄK«jª¶ÄK¯j§¨¦:«oå~¯ Â ×
ÅÓ¦:«jÌ¶¦A§ÜÄKÅ;ÅÓ¦¨« Ñtðeñ
¤ Ñ Ç Â Ì¶ÇËÄKÎ ð Å Â × ñ ¦:ò�j¦:¯j§¨¦B·gÃÉÊHÄKÃ�ÃÉÊ´¦�ÆjÇ Â §:¦¨ÈÉÈ�¯j¦¨¦¨«´È�ÄºÅ;©ÓÃÉÃÉÅÓ¦ ã ©;Ã�Î Â ÇÉ¦ Á=ÑPÒ ÃÉ©;ÎÏ¦ ã ¦ Ð*Â ÇÉ¦£©ÓÃgª Â ÅÓ´¯�ÃËÄKÇCÝ
©ÓÅ;Í¡ÇÉ¦¨Å;©Ó¯´ò�´©ÓÈMÊj¦¨È�Ã Ê´¦ Á
ÑPÒ ÛHóô¯¡ÃÉÊj©;ÈgÆHÄKÆI¦¨ÇÜ²H×
¦AÆjÇÉ¦¨ÈM¦¨¯jÃÃ Ê´¦�¦¨Ö~ÆI¦¨ÇÉ©;ÎÏ¦¨¯jÃËÄKÅ5¦¨ª�ÄKÅ;HÄKÃ © Â ¯ ÂKÐtÂ jÇgÆ´Ç Â Æ Â ÈÉ¦:«
ÈÉ§¨Ê´¦¨«j´ÅÓ¦:ÇÜÛ

õSö�÷�øâùI½2ú%»2ÀTÑ Ç Â §:¦¨ÈÉÈÈM§¨Êj¦¨«´jÅ;¦¨ÇÜ²�û�û�ûÙÈÉ¦¨ÇÉª¶¦:ÇÜ²ë¥=¦¨ÈMÆ Â ¯jÈM¦AÃ ©;ÎÏ¦®²jü]¦¨ÊIÄKª�© Â ÇÜ² Á]Â ¯´Ã ¦:¯¶ÃÜ² Ñ ÇÉ¦¨«j©;§¨Ã

ýTþ ÿ �������	��
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Á]Â ¯~ª¶¦¨¯~ÃÉ© Â ¯HÄKÅ�ÆjÇ Â §¨¦:ÈÉÈ�ÈM§¨Êj¦¨«´jÅ;¦¨ÇÉÈ����������£©Ó¯ Â ÆH¦:ÇËÄBÃCÝ

©;¯jÌxÈÉÍ~ÈÉÃÉ¦¨ÎÏÈ�§ Â ¯´Ã Ç Â Å£Ã Ê´¦�ÈÉÊHÄKÇÉ©;¯jÌ ÂKÐ Ã Ê´¦ Á=ÑPÒ ÇÉ¦-Ý
È Â jÇÉ§:¦¨È¡ÄKÎ Â ¯jÌsÆjÇ Â §¨¦:ÈÉÈÉ¦:È�jÈÉ©;¯jÌéÄ�ÔHÖ�¦:«�ÈÉ§:Êj¦¨«´jÅ;©Ó¯´Ì
Æ Â ÅÓ©;§¨Í ã ÄKÈÉ¦¨« Â ¯ïÃÉÊj¦LjÃÉ©;ÅÓ©;ØÜÄKÃÉ© Â ¯ ÂBÐ Äo§ Â ÎÏÆjjÃÉ¦¨Ç�ÈMÍ�ÈCÝ
ÃÉ¦¨ÎîÈÉj§:Ê�ÄKÈâÄSÇÉ¦BÄKÅ ÝßÃÉ©;ÎÏ¦ Â ÇâÄoÃÉ©ÓÎÏ¦3ÝßÈÉÊIÄBÇÉ©;¯jÌoÈÉÍ~ÈÉÃÉ¦¨ÎèÛ
ñ ©;¯j§:¦�ÃÉÊj¦�§ Â ¯´Ã Ç Â Å Â ªK¦¨ÇLÃÉÊj¦íÄKÅ;Å Â §ÜÄKÃÉ© Â ¯ ÂKÐ Ã Ê´¦ Á
ÑPÒ
ÇÉ¦¨È Â ´ÇÉ§¨¦S©ÓÈL¯ Â Ã ã ÄBÈM¦¨« Â ¯s§ Â ¯~ÃÉ¦¨¯~Ã Â Ç ã ¦¨ÊIÄBª~© Â Ç ÂKÐ Ä
ÆjÇ Â §¨¦¨ÈÉÈB²�ÃÉÊj©;È�§ÜÄK¯íÊj©;¯j«´¦¨ÇÕÄK¯ï¦��"¦¨§¨ÃÉ©;ª�¦�´ÈÉ¦ ÂKÐ Ä Á
ÑPÒ
ÇÉ¦¨È Â ´ÇÉ§¨¦ Â Çt§ÜÄK¯â¦¨Ö�ÃÉ¦¨¯´«ºÃÉÊj¦ÆjÇ Â §¨¦¨ÈMÈÉ©;¯jÌAÃÉ©;ÎÏ¦ ÂKÐ Ä�Æ´Ç Â Ý
§¨¦:ÈÉÈAj¯j¯´¦¨§¨¦¨ÈMÈËÄKÇÉ©;ÅÓÍjÛ ðIÂ Çg¦:ÖëÄKÎÏÆjÅ;¦®²(©Ó¯ïÄ¡ÃÉ©ÓÎÏ¦3ÝßÈÉÊHÄKÇÉ©;¯jÌ
ÈÉÍ~ÈÉÃÉ¦¨Îè²P×
Ê´¦¨¯�ÄoÆ´Ç Â §¨¦¨ÈMÈâjÈM¦¨È�jÆ�©;Ã ÈÏÃÉ©ÓÎÏ¦3ÝßÈÉÅ;©;§¨¦gáM´ÈÉÃ
ã ¦ ÐVÂ ÇÉ¦S©ÓÃâ©;¯j©;ÃÉ©8ÄBÃÉ¦¨ÈâÄK¯�ó���� Â ÆI¦¨ÇËÄKÃÉ© Â ¯%²%©;Ãâ×
©;ÅÓÅ=ª Â ÅÓ´¯~Ý
ÃËÄKÇÉ©ÓÅ;ÍºÇÉ¦¨Å;©Ó¯´ò�´©ÓÈMÊj¦¨ÈtÃÉÊj¦ Á
ÑPÒ ¤Ú©ßÛ ¦®Û;²®ÃÉÊ´¦ÆjÇ Â §¨¦¨ÈÉÈ ã Å Â §¨å~È
©;Ã ÈM¦¨Å Ð ÆI¦¨¯´«j©;¯jÌÏÃÉÊ´¦g§ Â ÎÏÆjÅ;¦¨ÃÉ© Â ¯ ÂKÐ ÃÉÊj¦�ó���� Â ÆI¦¨ÇËÄKÃÉ© Â ¯H·
©;ÎÏÎÏ¦¨«j©8ÄKÃÉ¦¨Å;ÍéÄ Ð ÃÉ¦¨ÇLÃ Ê´¦ ã ¦¨Ì¶©Ó¯´¯j©;¯jÌ ÂBÐ ©;ÃÉÈ�¯´¦¨Ö�ÃLÃ ©;ÎÏ¦-Ý
ÈÉÅ;©;§¨¦®Û(ó Ð ×]¦PÊHÄK«ÕÆjÇÉ¦:«j©;§¨ÃÉ¦¨«�ÃÉÊj¦ ã ¦¨ÊIÄBª~© Â Ç ÂKÐ ÃÉÊj¦PÆjÇ Â §¨¦:ÈÉÈ
ÄK¯j«º«´¦¨Å8ÄBÍ®¦¨«âÆjÇ Â §¨¦:ÈÉÈ=ÈÉ×
©ÓÃÉ§-Êj©;¯jÌ£ÄK§¨§ Â ÇÉ«´©Ó¯´ÌAÃ Â Ã Ê´¦ÆjÇÉ¦-Ý
«j©;§¨ÃÉ¦¨« ã ¦¨ÊHÄKª~© Â Ç]ÄKÅÓÅ Â ×
©;¯jÌAÃÉÊ´¦ÆjÇ Â §¨¦¨ÈÉÈcÃ Â § Â ¯´ÃÉ©Ó¯~j¦�©ÓÃÉÈ
¦¨Ö~¦¨§¨´ÃÉ© Â ¯íj¯jÃÉ©;ÅP©;Ã�©Ó¯´©ÓÃÉ©8ÄKÃ ¦:« ÄK¯ïó���� Â ÆI¦¨ÇËÄKÃ © Â ¯(²(ÃÉÊj¦¨¯
ÃÉÊj¦ÏÆjÇ Â §:¦¨ÈÉÈÉ©;¯´ÌLÃÉ©;ÎÏ¦ ÂKÐ ÃÉÊj¦�Æ´Ç Â §:¦¨ÈÉÈAÄB¯´«àÃÉÊ´¦�ÆjÇ Â §¨¦¨ÈMÈ
ÈÉ×
©;ÃÉ§¨Êj©;¯jÌ£§ Â ÈMÃ
§ Â jÅ;«�ÊHÄKª¶¦ ã ¦:¦¨¯¡ÇÉ¦¨«j´§¨¦¨«%Û

ç
Êj¦¨ÇÉ¦ ÐVÂ ÇÉ¦®²¶×
¦ÊHÄ:ª®¦ÆjÇ Â Æ Â ÈM¦¨«aÄÕÆ´Ç Â §¨¦¨ÈMÈÜê ã ¦¨ÊIÄKª�© Â ÇCÝ
ã ÄKÈÉ¦:«£ÈM§¨Êj¦:«jjÅ;¦¨Ç%ÃÉÊHÄKÃDÄKÅ;Å Â ×
ÈeÄ�Æ´Ç Â §¨¦:ÈÉÈPÃ Â § Â ¯jÃÉ©Ó¯~´¦t©;Ã È
¦¨Ö~¦¨§¨´ÃÉ© Â ¯º¦¨ª~¦¨¯âÃÉÊ Â jÌ¶Ê�©ÓÃÉÈtÃÉ©;ÎÏ¦-ÝßÈÉÅ;©;§¨¦ÊHÄKÈ]ÄKÅ;ÇÉ¦ÜÄK«jÍº¦¨Ö®Ý
Æj©;ÇÉ¦¨«%²2×
Êj¦:¯£©;Ãe©;ÈPÆjÇÉ¦¨«´©Ó§:Ã ¦:« Ð Ç Â Î ÄK¯ºÄB«´ª�ÄK¯j§¨¦:«Õå~¯ Â ×
Å Ý
¦¨«´Ì2¦�§ÜÄKÅ;ÅÓ¦:« �	!	"$#%��&('*)�&,+�-.!	/0'�12"43�5768379;:*3�<�ÃÉÊHÄKÃ]ÃÉÊj¦
ÆjÇ Â §¨¦¨ÈÉÈè¯j¦:¦¨«jÈ�ÄsÅÓ©;ÃÉÃÉÅÓ¦ ã ©;Ã¡Î Â ÇÉ¦ Á
ÑeÒ ÃÉ©;ÎÏ¦ ã ¦ ÐVÂ ÇÉ¦
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©ÓÃLª Â Å;j¯~ÃËÄKÇÉ©ÓÅ;Í�ÇÉ¦:ÅÓ©;¯jò~j©;ÈÉÊ´¦¨ÈLÃ Ê´¦ Á
ÑPÒED �3Û ç
Êj¦ Ñtðeñ
ÂKÐ ¦BÄB§-ÊïÆ´Ç Â Ì2ÇËÄKÎ ©;ÈÏ§¨ÇÉ¦ÜÄKÃÉ¦¨« ã ÄKÈÉ¦¨« Â ¯�ÃÉÊj¦ ã ¦:ÊHÄKª�© Â Ç
ÂKÐ ©;ÃÉÈA§ Â ÇÉÇÉ¦¨ÈÉÆ Â ¯j«´©Ó¯´ÌSÆjÇ Â §:¦¨ÈÉÈ�ÄKÃ�ÃÉÊj¦Ï¦¨¯j« ÂKÐ Ã Ê´¦�ÔIÇÉÈÉÃ
¦¨Ö~¦¨§¨´Ã © Â ¯(²TÄB¯´«ï©;Ã�©ÓÈ�´ÈÉ¦¨«�×
Êj¦¨¯j¦:ª¶¦¨ÇAÃ Ê´¦LÆjÇ Â Ì¶ÇËÄKÎq©;È
¦¨Ö~¦¨§¨´Ã ¦:« Ð Ç Â Î ÃÉÊj¦¨¯ Â ¯(ÛéóôÃL©ÓÈ�ÄKÅ;È Â ÄK«ÜáMjÈMÃ ¦:« ã ÄKÈÉ¦¨«
Â ¯¡Ã Ê´¦ Ð ¦:¦¨« ã ÄB§:å Â ã ÃMÄK©;¯j¦¨« Ð Ç Â Î�¦ÜÄK§¨Ê¡¦¨Ö~¦¨§¨´ÃÉ© Â ¯(Û=ûï¦
ÊHÄÜª¶¦íÄKÅ;È Â ©ÓÎÏÆ´ÅÓ¦:ÎÏ¦¨¯jÃÉ¦¨«sÃÉÊj¦àÆjÇ Â Æ Â ÈM¦¨«�ÈM§¨Êj¦¨«´jÅ;¦¨Ç�©;¯
ü ñ;F ��� ñ ³jÛÓ°£ÄK¯j«í¦¨ª~ÄBÅ;HÄKÃÉ¦¨«�©ÓÃ�©;¯íÈÉ©;ÎÏÆjÅ;¦â§BÄKÈÉ¦¨ÈgÈMj§¨Ê
ÄKÈtÃ Ê´¦ Â ª¶¦¨ÇÉÊ´¦ÜÄK«£©;¯jª Â Å;ª¶¦¨«â©;¯ Â jÇtÈÉ§:Êj¦¨«´jÅ;¦¨Ç D �MÛTóô¯ºÃÉÊj©;È
ÆHÄKÆI¦¨ÇÜ²�×c¦�¦¨ÖëÄKÎÏ©;¯j¦�Ã Ê´¦ÆI¦¨Ç ÐVÂ ÇÉÎLÄK¯j§:¦ ÂKÐ ¦¨Ö~©;ÈÉÃÉ©Ó¯´Ì£ÆjÇ Â Ý
Ì¶ÇËÄBÎÏÈ=×
Êj¦:¯S´ÈÉ©;¯jÌ Â ´Ç
ÈM§¨Êj¦:«jjÅ;¦¨Ç]×
©;ÃÉÊaÇÉ¦:Ì®ÄKÇÉ«¡Ã Â ÃÉÊj¦
ÅÓ¦:¯jÌ¶ÃÉÊ ÂKÐ ÃÉÊj¦LÃÉ©;ÎÏ¦âÃ Â «j¦¨Å8Ä:ÍoÆ´Ç Â §¨¦:ÈÉÈAÈÉ×
©ÓÃÉ§¨Ê´©Ó¯´ÌH²�ÄK¯j«
ÃÉÊj¦t¦G��¦¨§¨Ã Â ¯£ÃÉÊ´¦tÆjÇ Â §:¦¨ÈÉÈM©Ó¯´ÌÃÉ©;ÎÏ¦ ÂKÐ ÄK«:áM´ÈÉÃÉ©Ó¯´Ì�Ã Ê´¦t¦¨Ö®Ý
©ÓÈMÃÉ©Ó¯´Ì Ñtðeñ Ã Â §-ÊHÄK¯jÌ¶¦¨ÈA×
Êj¦¨¯í¦¨Ö~©;ÈÉÃÉ©Ó¯´ÌSÆjÇ Â Ì¶ÇËÄKÎÏÈâÄKÇÉ¦
¦¨Ö~¦¨§¨´Ã ¦:«SÄâ¯jjÎ ã ¦¨Ç ÂKÐ ÃÉ©ÓÎÏ¦:ÈÜÛ

HtþJILKNM � K � M4O
óô¯ºÃÉÊj©;È=ÈÉ¦¨§¨ÃÉ© Â ¯(²2×
¦�×=©;Å;Å ã ÇÉ©Ó¦�PHÍ£«´¦¨ÈÉ§:ÇÉ© ã ¦ Â ´ÇDÈM§¨Êj¦:«~Ý

jÅ;¦¨Ç D �c©;¯ Â ÇÉ«j¦¨ÇAÃ Â Æ´Ç Â ª~©;«j¦�ÈM~æL§¨©;¦¨¯´Ã
j¯´«j¦¨ÇÉÈMÃMÄK¯j«´©Ó¯´Ì
Ã Â Ã Ê´¦AÇÉ¦¨ÈÉÃ ÂKÐ ÃÉÊj¦AÆIÄBÆI¦¨ÇÜÛ

û�Êj¦¨¯oÄÕÆ´Ç Â Ì¶ÇËÄKÎ�©ÓÈ=¦¨Ö~¦¨§¨´Ã ¦:«(²ë© Ð ©;ÃÉÈ Ñtðeñ « Â ¦¨È¯ Â Ã
¦¨Ö~©ÓÈMÃâÃ Ê´¦¨¯ Â ´ÇâÈÉ§¨Ê´¦¨«j´ÅÓ¦:Ç�×=©;Å;Å=ÇÉ¦¨§ Â ÇÉ«�Ã Ê´¦è¦¨Ö�¦:§¨jÃÉ© Â ¯
ã ¦¨ÊHÄKª~© Â Ç ÂKÐ ÃÉÊj¦S§ Â ÇÉÇÉ¦¨ÈMÆ Â ¯j«´©;¯jÌàÆjÇ Â §:¦¨ÈÉÈÏ©Ó¯�ÃÉ¦¨ÇÉÎÏÈ ÂKÐ
ÆjÇ Â §:¦¨ÈÉÈt©;«j¦:¯jÃÉ© ÔI¦¨ÇDÄK¯´«aÆjÇ Â §¨¦¨ÈMÈtÈÉÃËÄKÃ ¦Ï¤Ú©ßÛ ¦®Û;²2ÇÉ´¯(²�ÇÉ¦ÜÄK«jÍ~²
ÄK¯j«º×�ÄK©;ÃeÈÉÃËÄKÃ ¦:ÈË·¨Û%äg¯´« ã ÄKÈÉ¦¨« Â ¯LÃ Ê´©ÓÈtÅ Â ÌH²2ÃÉÊj¦ ÑtðeñâÂBÐ
ÃÉÊj¦gÆ´Ç Â Ì2ÇËÄKÎ�©ÓÈ§:ÇÉ¦ÜÄKÃÉ¦¨«oÄKÃ
ÃÉÊj¦g¦:¯j« ÂKÐ ÃÉÊj¦A¦¨Ö~¦¨§¨´Ã © Â ¯(Û
ä Ñtðeñ ©;È§ Â ÎÏÆ Â ÈÉ¦¨« ÂKÐ Ã Ê´¦AÆjÇ Â Ì¶ÇËÄBÎ ¯HÄKÎÏ¦�ÄK¯j«oÄÕÈÉ¦-Ý
ò�´¦¨¯j§:¦ ÂKÐ ©;ÃÉÈtÆjÇ Â §:¦¨ÈÉÈt©;¯ Ð*Â ÇÉÎLÄKÃ © Â ¯(²�©ßÛ ¦�ÛÓ²�Ä�ÈM¦¨ò~j¦¨¯j§:¦ ÂKÐ
¦¨¯~ÃÉÇÉ©Ó¦:Èt«j¦¨ÈM§¨ÇÉ© ã ©;¯jÌÕÆjÇ Â §¨¦¨ÈMÈtÈÉÃËÄBÃÉ¦AÄK¯j«ºÃÉ©ÓÎÏ¦�ÈÉÆI¦¨¯´Ã:Û(û ¦
×
©ÓÅ;Å�ÇÉ¦ Ð ¦¨ÇÃ Â ¦ÜÄK§:ÊaÃÉ©ÓÎº¦�ÈMÆH¦:¯jÃ]©;¯¡ÇÉj¯¡ÈÉÃËÄKÃÉ¦ÕÄKÈgÄ Á=ÑPÒ
ÃÉ©ÓÎÏ¦ ÂKÐtÑDðeñ ¤�Q8R~·¨Û

ó Ð ÃÉÊj¦ ÑDðeñgÂKÐ ÃÉÊj¦cÆjÇ Â Ì¶ÇËÄBÎx¦¨Ö~©;ÈÉÃÉÈÜ²:Ã Ê´¦¨¯�ÃÉÊj¦t«´¦¨§¨©;ÈÉ© Â ¯
Ä ã Â ´Ãc×
Ê´¦¨ÃÉÊj¦¨ÇÆjÇ Â §¨¦¨ÈÉÈ=ÈÉ×
©;ÃÉ§¨Êj©;¯jÌ£ÈMÊ Â jÅ;« ã ¦A«j¦:ÅYÄKÍK¦¨«
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Â Ç�¯ Â Ãâ©ÓÈ£«j¦¨ÃÉ¦¨ÇÉÎÏ©;¯j¦¨« ã ÄKÈÉ¦:« Â ¯ Ñtðeñ ã Í Â ´ÇÕÈM§¨Êj¦:«~Ý
jÅ;¦¨Ç]ÄKÈ Ð*Â ÅÓÅ Â ×
ÈB²2×
Êj¦:¯j¦¨ª~¦¨ÇtÃÉÊj¦�§ Â ÇÉÇÉ¦¨ÈÉÆ Â ¯j«´©Ó¯´Ì£ÆjÇ Â §¨¦:ÈÉÈ
©;È]ÇÉ´¯j¯j©;¯jÌaÄBÃÃÉÊj¦g¦:¯j« ÂKÐ ©ÓÃÉÈÃÉ©;ÎÏ¦-ÝßÈÉÅ;©;§¨¦®Û
_ ó Ð Qa`[b ¤,ced[bfc�gM· hiQkj£²cÃÉÊj¦¨¯�ÃÉÊj¦�Æ´Ç Â §¨¦¨ÈMÈL©ÓÈ

ÄBÅ;Å Â ×c¦¨«�Ã Â § Â ¯jÃÉ©;¯�´¦g´ÈÉ©;¯jÌÏÃÉÊj¦ Á
ÑPÒ Û
_ ó Ð Q ` bs¤,c d blc g ·	mnQ j ²ëÃÉÊj¦:¯aÃÉÊj¦A¯´¦¨Ö�Ã]×�ÄK©;Ã ©;¯jÌ

ÆjÇ Â §¨¦:ÈÉÈ©;È
«´©;ÈÉÆHÄKÃÉ§¨Êj¦:«(Û
×
Êj¦:ÇÉ¦oc d ©;ÈÃ Ê´¦A§¨jÇÉÇÉ¦¨¯´Ã]ÃÉ©ÓÎÏ¦®²kc g ©ÓÈÃÉÊj¦AÃÉ©;ÎÏ¦AÃ ÊIÄKÃ�Ä
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¯â©Ó¯�Ù ¯�¦5» ÏÈÎ�á ¾aâ ÄK¯´«
á ¹	â ÛPç
Êj¦:ÇÉ¦ ÐVÂ ÇÉ¦®²HÃÉÊj¦AÆjÇ Â §¨¦¨ÈMÈÉ©Ó¯´ÌaÃ ©;ÎÏ¦�ÄKÃ
ÃÉÊj¦AÔIÇÉÈÉÃ
¦:Ö¶Ý
¦¨§:jÃÉ© Â ¯�©Ó¯�Ù ¯�¦ Ï�Ü�á ¾aâ ©;È Â ¯´¦®Û
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¿�ÚT¼:öëúò¯�ÖP¿2½Bö�¾I»3öj» � ö~¾I¿ÈÕ���Ô�� ¼\¯�§ öaù¢ú=¼\Õ%ö�¯�ÖN¯V¼~¯V¾;Ó
Ô Ù À�¯�»Õ¾Iú�Ý\Úe»¨¼¨öjú�¾;ÖPú�¹cöë¿2ù4§ öë»�§ ùH½KöS¼\Õ%¾;Ö ÜYÜ��
§�» Ï ç
Êj¦:ÇÉ¦ ÐVÂ ÇÉ¦�²ë×
Êj¦¨¯�ÃÉÊj¦AÃÉ¦¨ÈÉÃÆjÇ Â §¨¦:ÈÉÈ]©;ÈÇÉj¯´¯j©;¯jÌaÄBÃ
ÃÉÊj¦£¦¨¯j« ÂKÐ ©ÓÃÉÈgÈM¦¨§ Â ¯j«�Ã ©;ÎÏ¦-ÝôÈÉÅ;©Ó§:¦®²´ÃÉÊ´¦�¦¨Ö~ÆH¦:§¨ÃÉ¦¨« Á
ÑPÒ
ÃÉ©;ÎÏ¦ ã ÄKÈM¦¨« Â ¯ Ñtðeñ�ÐVÂ Ç%¦ÜÄK§¨Ê�Å Â�Â ÆÕ©;È%Î Â ÇÉ¦=Ã ÊIÄK¯£³¶µ
ÎÏÈÜ²
×
Ê´©Ó§:Ê�©;È�Î Â ÇÉ¦�ÃÉÊHÄK¯sÃÉÊj¦àÎLÄBÖ~©;ÎÏjÎ «j©;ÈÉÆHÄKÃÉ§-Ês«j¦¨Å8ÄKÍ
ÃÉ©;ÎÏ¦�¤�³2µgÎÏÈË·¨ÛTä�È]Ä�ÇÉ¦¨ÈMjÅ;Ã:²¶ÃÉÊj¦ Á
ÑeÒ ©;Èt«j©;ÈÉÆHÄKÃÉ§¨Ê´¦¨«âÃ Â
ÃÉÊj¦£Å Â~Â Æ�ÆjÇ Â §:¦¨ÈÉÈBÛgì Â ÇÉ¦ Â ª¶¦:ÇÜ²´ÄKÃ�ÃÉÊj¦�¦:¯j« ÂKÐ ©ÓÃÉÈgÃÉÊj©;ÇÉ«
ÃÉ©;ÎÏ¦-ÝßÈMÅÓ©;§¨¦�²tÃÉÊj¦è¦¨Ö~ÆI¦¨§¨ÃÉ¦¨« Á
ÑPÒ ÃÉ©;ÎÏ¦ ã ÄKÈÉ¦¨« Â ¯ Ñtðeñ
ã ¦¨§ Â ÎÏ¦¨ÈÅÓ¦:ÈÉÈgÃÉÊHÄK¯oØ:¦¨Ç Â §BÄKjÈÉ©;¯jÌaÃÉÊj¦ Á
ÑPÒ Ã Â ã ¦£«j©;ÈCÝ
ÆIÄKÃ §:Êj¦¨«�Ã Â ÃÉÊj¦AÅ ÂjÂ Æ¡Æ´Ç Â §¨¦¨ÈMÈ�ÄKÈÈÉÊ Â ×
¯¡©;¯�Ù ¯�¦ ÏÈÎ�á ¿�â ²
×
Ê´©ÓÅ;¦ÃÉÊj¦=ÃÉ¦¨ÈÉÃtÆjÇ Â §:¦¨ÈÉÈt×
©;ÃÉÊºÃÉÊj¦©;¯j©;Ã ©8ÄKÅ Ñtðeñ ÃÉÊj¦ÈËÄKÎÏ¦
ÄKÈ�Ã Ê´¦âÄK§¨ÃÉHÄKÅT¦¨Ö�¦:§¨jÃÉ© Â ¯ ã ¦¨ÊHÄÜª�© Â Ç
©;È�ÄKÅ;Å Â ×]¦¨«¡Ã Â § Â ¯~Ý
ÃÉ©;¯j´¦â´ÈÉ©;¯jÌàÃÉÊj¦ Á
ÑPÒmÐ*Â Çè°¨µoÎ Â ÇÉ¦LÎÏÈLÄKÈâÈÉÊ Â ×
¯ï©Ó¯
Ù ¯�¦ ÏÈÎ�á ¾aâ Û�äg§¨§ Â ÇÉ«´©;¯jÌèÃ Â ÃÉÊj©;ÈÜ²DÃ Ê´¦LÆjÇ Â §¨¦¨ÈMÈÉ©;¯jÌèÃÉ©;ÎÏ¦
ÂKÐ ÃÉÊj¦AÃÉ¦¨ÈÉÃ
Æ´Ç Â §¨¦:ÈÉÈ×
Êj¦¨¯¡ÃÉÊj¦�©;¯j©;Ã ©8ÄKÅ Ñtðeñ ©;È]«j©½�"¦¨ÇÉ¦:¯jÃ
Ð Ç Â Î ÃÉÊ´¦gÄB§:Ã IÄKÅ´¦¨Ö~¦¨§:jÃÉ© Â ¯ ã ¦:ÊHÄKª�© Â Ç ã ¦¨§ Â ÎÏ¦:È ã ©;Ì¶Ì2¦:ÇÜÛ
ç
Ê´¦¨ÇÉ¦ Ð*Â ÇÉ¦®²´ÃÉÊ´¦âÆ´Ç Â §¨¦¨ÈMÈÉ©;¯jÌaÃÉ©ÓÎÏ¦Ï©;¯oÃÉÊj©;Èg§ÜÄKÈÉ¦Ï©;ÈgÎ Â ÇÉ¦
ÃÉÊHÄK¯ Â ¯´¦ºÄKÈ�ÈÉÊ Â ×
¯¡©;¯òÙ ¯�¦ ÏÈÜ�á ¾aâ Û�óô¯àÄK«j«j©;ÃÉ© Â ¯%²aÙ ¯�¦ �ÚT½Bö Ü ¤�Ä¶·]ÈÉÊ Â ×
È]ÃÉÊHÄKÃgÃ Ê´¦ ã ©;Ì2Ì¶¦:ÇgÃ Ê´¦A©Ó¯´§¨ÇÉ¦ÜÄKÈÉ¦AÈÉ§BÄKÅÓ©;¯jÌ
Ð ÄK§¨Ã Â Çt©;ÈÜ²�ÃÉÊj¦ Ð ÄKÈÉÃÉ¦¨Ç]¦ÜÄK§-Ê Á
ÑPÒ ÃÉ©;ÎÏ¦ ÂKÐeÑtðeñ ã ¦¨§ Â ÎÏ¦¨È
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ÃÉÊHÄK¯ Â ¯j¦�²t×
Ê´©ÓÅ;¦�ÃÉÊ´¦ Â ¯´¦¡×
©;ÃÉÊsÃÉÊj¦è©Ó¯´§¨ÇÉ¦ÜÄKÈÉ¦SÈÉ§BÄBÅ;©;¯jÌ
Ð ÄK§¨Ã Â Ç ÂKÐ °¨µ�� ©ÓÈÈMÃ ©;Å;Å%Ä ã Â ´Ã Â ¯j¦�Û
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Ì¶jÎÏ¦¨¯´Ã�ÈÉÆI¦¨§:© Ð Í�©;¯jÌoÃÉÊj¦�ÄKÎ Â j¯jÃ ÂBÐ Ã ©;ÎÏ¦ Ð*Â Ç�× Â ÇÉåoä
ÄKÈ�°¶°¨µoÎÏÈL©;ÈLÇÉj¯´¯j©;¯jÌ ÄKÃºÃÉÊj¦è¦¨¯´« ÂKÐ ©;Ã È£ÔHÇÉÈMÃºÃÉ©ÓÎÏ¦3Ý
ÈÉÅ;©;§¨¦®²(Ã Ê´¦ Á
ÑPÒ Ã ©;ÎÏ¦L©;ÃÕÄK§¨ÃÉHÄKÅ;ÅÓÍí¯j¦¨¦:«jÈ ã ¦ ÐVÂ ÇÉ¦LÌ Â ©Ó¯´Ì
Ã Â ÈMÅÓ¦:¦¨Æo°
È ã ¦:§ Â ÎÏ¦¨ÈA°¨µ�ÎÏÈt×
Êj©;Å;¦ÃÉÊj¦¦¨Ö~ÆI¦¨§¨ÃÉ¦¨« Á
ÑPÒ
ÃÉ©ÓÎÏ¦ ã ÄKÈÉ¦¨« Â ¯ïÃÉÊj¦Ï©;¯j©;ÃÉ©YÄKÅ ÑDðeñ ©;È�°¶°:µSÎºÈ�¤Ú×
Ê´©Ó§:Êà©;È
ã ©;Ì¶Ì¶¦¨ÇË·¨Ûèç
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©;È�«j¦:§¨ÇÉ¦ÜÄKÈÉ¦:« ã Í�´ÈÉ©;¯jÌ�ÃÉÊj¦�«´¦¨§¨ÇÉ¦ÜÄKÈM¦�ÈÉ§ÜÄKÅ;©;¯jÌ Ð ÄK§¨Ã Â ÇÜÛ
äg¯j«aÄKÈtÃÉÊj¦=¯j´Î ã ¦¨Ç ÂBÐ ¦¨Ö~¦¨§¨jÃÉ© Â ¯jÈ ã ¦¨§ Â ÎÏ¦:È ã ©;Ì2Ì¶¦:ÇÜ²2©;Ã
ÔH¯IÄKÅÓÅ;Í ã ¦¨§ Â ÎÏ¦¨È§:Å Â ÈÉ¦AÃ Â °¶°:µ£ÎÏÈÜÛ

äg§¨§ Â ÇÉ«j©;¯jÌ�Ã Â ÃÉÊj¦¦¨Ö~ÆI¦¨ÇÉ©;ÎÏ¦¨¯jÃËÄKÅëÇÉ¦¨ÈÉ´ÅÓÃÉÈB² Â jÇtÈÉ§:Êj¦¨«~Ý
jÅ;¦¨ÇeÄK«:áËjÈMÃ ÈtÄK¯Õ¦¨Ö~©;ÈÉÃÉ©Ó¯´Ì ÑDðeñ Ã Â §¨ÊHÄK¯jÌ¶¦:È(ÄKÈP¦¨Ö~ÆI¦¨§¨ÃÉ¦¨«(Û

�DþuH ��� � Ë �����]ÍÇÌ«���VÍ]�� ¤� Ë
Î^ÏyÜ^Ï�Ð� Õ%ö��Dö�ÖN¦H¼\Õmù¢ú � ÕTö ¼ ¾;ß^¯�§ ÚN§ Ñ ¯�» �¥%¾´¼B¿�Õ Ñ ö8ÓÚ¾´÷ � ¯�§ ö��%» Ï Ô�½Bù(¿Köj»:»�¯�ÖN¦

� ¯�§ïö
û ¦=ÇËÄB¯LÃ Ê´¦ÃÉÊjÇÉ¦¨¦¦:Ö�©;ÈÉÃÉ©;¯jÌAÆ´Ç Â Ì2ÇËÄKÎÏÈ Â ¯j¦gÄKÃcÄ�ÃÉ©ÓÎÏ¦
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ÎLÄKÖ�©;ÎÏjÎî«´©ÓÈMÆHÄKÃ §:Êï«j¦:ÅYÄKÍïÃÉ©ÓÎÏ¦èÄK¯j«�ÃÉÊ´¦¡Æ´Ç Â §¨¦:ÈÉÈÉ©;¯jÌ
ÃÉ©ÓÎÏ¦ ÂKÐ ÃÉÊj¦éÆjÇ Â §¨¦:ÈÉÈ ÂKÐ ¦ÜÄK§¨Ê ÆjÇ Â Ì¶ÇËÄKÎèÛèÙ ¯�¦YÚT½Bö��
ÈÉÊ Â ×
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©;¯¡Î Â ÇÉ¦A«´¦¨ÃËÄK©ÓÅßÛ
�*Öm¿2¾I»3öxù;úL¦4®�¯�¥tÀ � ¾j¹NÓVö Ð ÈÉÊ Â ×
ÈÏÃ ÊIÄBÃLÃÉÊj¦èÃ Â Ý

ÃËÄKÅ]¯~´Î ã ¦¨Ç ÂKÐ «j©;ÈÉÆHÄKÃÉ§¨Êj¦:ÈÕÄK¯´«�ÃÉÊj¦SÃ Â ÃËÄKÅt¯´jÎ ã ¦¨Ç ÂKÐ
ÃÉ©ÓÎÏ¦:È]ÃÉÊj¦ Á
ÑPÒ ÇÉ¦¨È Â ´ÇÉ§¨¦g©;È Â ã ÃMÄK©;¯j¦:« ã Í£ÃÉÊj¦�Ì¶Ø¨©;ÆSÄKÇÉ¦

����������ç X�/B'�,*' )*1-QB,*. '�QB)*+-J3'1Ë9TJGÿ > 0 Z <='C,*J3'+36BEÏ)*1-,*4
+-6B+-G?O\ÿC' E�\B+-)*' E�1-6²Å4ñH@¶X

¯´jÎ ã ¦¨Ç ÂKÐ ÃÉ©;ÎÏ¦¨È Á
ÑPÒ ¤Vó����A·jÈÉ¦:«aÃÉ©;ÎÏ¦ ÇÉ¦¨È Â jÇÉ§:¦¨È×
¦¨ÇÉ¦ Â ã ÃËÄK©;¯j¦¨«¤VÎÏÈË· Ì¶Ø¨©;Æ ÎÏ¦¨ÇÉÌ¶¦ È Â ÇÉÃ
j¯´«j¦¨ÇA°¨µ °¶°º¤D³¶· ±S¤�µ¶· ±È×è¤�±2·

°:µÕÃ Â j¯j«´¦¨Çg³¶µ ±S¤e±¶· µS¤�µ¶· ×�¿S¤t³��2·
³¶µÕÃ Â j¯j«´¦¨Ç[¿¶µ µS¤]Ø¶· µS¤É°:· °:³S¤	¿�¿2·
¿¶µÕÃ Â j¯j«´¦¨ÇÆ×�µ µS¤É°:±¶· °Ï¤É°:· °\³S¤	¿�¿2·
×�µÕÃ Â j¯j«´¦¨Çg±¶µ µS¤É°¶°:· µS¤�µ¶· Ø¡¤e³�¿2·
±¶µÕÃ Â j¯j«´¦¨Ç �¶µ µS¤]Ø¶· µS¤�µ¶· °º¤]°!�2·
�¶µÕÃ Â j¯j«´¦¨Ç[Ø¶µ °Ï¤V×�· µS¤�µ¶· ¿S¤s³¶·
Ø¶µÕÃ Â j¯j«´¦¨Ç "¶µ °¶°º¤
°:· µS¤�µ¶· µS¤sµ¶·
"¶µÕÃ Â j¯j«´¦¨Ç[³¶µ µS¤eµ¶· µS¤�µ¶· µS¤�×�·
³¶µ£Ã Â j¯j«´¦¨Ç�°¨µ¶µ µS¤eµ¶· µS¤É°:· °Ï¤�×�·

Â ªK¦¨ÇA°¨µ¶µ ³¶±¡¤
°:· °Ï¤�×�· °!�S¤°:µ2·
Ã Â ÃMÄKÅ ±�¿S¤�±�¿¶· ØS¤,Ø¶· °:±��S¤É°:±��2·

°:µ��ÕÄK¯j«a±�¿ÕÇÉ¦¨ÈMÆI¦¨§¨ÃÉ©Óª~¦¨Å;Í¶ÛV��jÃ ÂKÐ ÃÉÊj¦�Ã Â ÃËÄKÅ´¯´jÎ ã ¦¨Ç ÂKÐ
ÃÉ©ÓÎÏ¦:ÈtÃ Ê´¦ Á
ÑPÒ ÇÉ¦:È Â jÇÉ§¨¦�©;È Â ã ÃËÄB©;¯j¦:«(²ëÄ ã Â ´Ãc±¶µ�� ¤�³¶±
ÃÉ©ÓÎÏ¦:ÈË· ÂKÐ ÃÉÊj¦�ÃÉ©ÓÎÏ¦A©;Ã]jÈÉ¦:«aÎ Â ÇÉ¦ Á
ÑPÒ Ã ©;ÎÏ¦gÃÉÊIÄB¯�ÃÉÊj¦
ÃÉ©ÓÎÏ¦3ÝßÈÉÅ;©Ó§:¦�¤É°¨µ¶µºÎÏÈË·¨Û�û�Ê´¦¨¯íÃÉÊj¦�ÇÉ¦¨ò~j©;ÇÉ¦¨« Á
ÑPÒ Ã ©;ÎÏ¦
©ÓÈ�Î Â ÇÉ¦âÃÉÊHÄK¯íÃÉÊj¦�ÃÉ©;ÎÏ¦-ÝßÈMÅÓ©;§¨¦è¤É°¨µ¶µaÎÏÈ-·3² ã ÍS´ÈÉ©;¯jÌ Â jÇ
ÈÉ§-Êj¦:«jjÅ;¦¨ÇÜ²TÃÉÊj¦LÆ´Ç Â §¨¦¨ÈMÈÉ©;¯jÌàÃÉ©ÓÎÏ¦ ã ¦:§ Â ÎÏ¦¨ÈâÈMÎLÄKÅÓÅ;¦¨ÇâÄKÈ
ÃÉÊj¦ÏÅÓ¦:¯jÌ¶Ã Ê ÂKÐ ÃÉÊj¦ÏÎLÄKÖ�©;ÎÏjÎ «´©ÓÈMÆHÄKÃÉ§¨Êí«j¦¨Å8Ä:ÍoÃÉ©;ÎÏ¦Ï©ÓÈ
©Ó¯´§¨ÇÉ¦ÜÄKÈM¦¨«(Û ð´Â Ç�¦:ÖëÄKÎÏÆjÅ;¦®²(Ã Ê´¦âÆ´Ç Â §:¦¨ÈÉÈM©Ó¯´ÌSÃÉ©ÓÎÏ¦Ï×
Êj¦:¯
ÃÉÊj¦gÎLÄKÖ~©ÓÎÏ´Î «j©;ÈÉÆIÄKÃ §:Êº«j¦¨Å8ÄKÍºÃ ©;ÎÏ¦g©;Èg³¶µÏÄK¯j«#�¶µ£ÎÏÈB²
©ÓÈ=©;ÎÏÆjÇ Â ªK¦¨«�×HÛ ³�� ÄB¯´« ØjÛ "�� ÇÉ¦¨ÈÉÆ�¦¨§¨ÃÉ©Óª®¦¨Å;Í�Û�ç
Ê´¦¨ÇÉ¦ Ð*Â ÇÉ¦®²
Â jÇ]ÈÉ§:Êj¦¨«´jÅ;¦¨Ç]ÎLÄKå~¦¨È
Äâ¯ Â ÃÉ©Ó§:¦ÜÄ ã Å;¦A©ÓÎÏÆ´Ç Â ª¶¦:ÎÏ¦¨¯~ÃÜÛ
�GÖ ¿2¾I»3öïù¢ú@§ ö~½p¦HöIÀ � ¾´¹VÓVö Ð ÈÉÊ Â ×
ÈÃ ÊIÄKÃ�ÃÉÊj¦£Ã Â Ý

ÃËÄBÅc¯j´Î ã ¦:Ç ÂKÐ «j©;ÈÉÆIÄKÃ §:Êj¦¨ÈâÄK¯j«�ÃÉÊj¦LÃ Â ÃMÄKÅ=¯j´Î ã ¦¨Ç ÂKÐ
ÃÉ©ÓÎÏ¦:È�Ã Ê´¦ Á
ÑPÒ ÇÉ¦:È Â jÇÉ§¨¦S©;È Â ã ÃËÄB©;¯j¦:« ã ÍoÃ Ê´¦�ÎÏ¦¨ÇMÌ2¦
ÄKÇÉ¦í°�×�ÄK¯j«qØàÇÉ¦:ÈÉÆI¦¨§¨ÃÉ©;ª�¦:ÅÓÍ¶Û �g´Ã ÂBÐ ÃÉÊj¦SÃ Â ÃËÄKÅ¯´jÎ£Ý
ã ¦¨Ç ÂBÐ ÃÉ©;ÎÏ¦¨ÈtÃÉÊj¦ Á
ÑPÒ ÇÉ¦¨È Â jÇÉ§:¦©ÓÈ Â ã ÃMÄK©;¯j¦¨«%² Â ¯jÅ;Í Â ¯´¦
ÃÉ©ÓÎÏ¦A«j©;«o©;Ã
´ÈÉ¦�Î Â ÇÉ¦ Á=ÑPÒ Ã ©;ÎÏ¦�ÃÉÊHÄK¯�Ã Ê´¦AÃ ©;ÎÏ¦-ÝßÈMÅÓ©;§¨¦
¤É°¨µ¶µíÎÏÈË·¨Û�ägÈ�ÄàÇÉ¦¨ÈMjÅ;Ã:²=ÃÉÊj¦èÆ´Ç Â §¨¦¨ÈMÈÉ©;¯jÌ ÃÉ©;ÎÏ¦è×
Êj¦¨¯
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(a) gzip

x=y=0,Tm=0
x=y=10,Tm=20
x=y=20,Tm=20
x=y=30,Tm=20
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(b) merge

x=y=0,Tm=0
x=y=10,Tm=20
x=y=20,Tm=20
x=y=30,Tm=20
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(c) sort

x=y=0,Tm=0
x=y=10,Tm=20
x=y=20,Tm=20
x=y=30,Tm=20
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jÈM©Ó¯´Ì Â jÇLÈÉ§¨Ê´¦¨«j´ÅÓ©;¯jÌï©;ÈaÄKÅ;Î Â ÈÉÃ�ÃÉÊj¦èÈËÄKÎÏ¦íÄKÈ�×
Ê´¦¨¯
¯ Â ÃgjÈM©Ó¯´Ìè©;ÃÜ²�ÇÉ¦¨Ì�ÄKÇÉ«jÅ;¦¨ÈMÈ ÂKÐ Ê Â ×�ÎÏ´§ÉÊíÃÉÊj¦ÏÅÓ¦:¯jÌ¶ÃÉÊ ÂKÐ
ÃÉÊj¦ÎLÄKÖ~©ÓÎÏ´Î «´©ÓÈMÆHÄKÃÉ§¨Êº«j¦:ÅYÄKÍâÃ ©;ÎÏ¦g©;È=©Ó¯´§¨ÇÉ¦ÜÄKÈÉ¦:«(Û ðIÂ Ç
¦¨ÖjÄKÎÏÆjÅ;¦®²TÃÉÊj¦èÆjÇ Â §:¦¨ÈÉÈM©Ó¯´ÌàÃ ©;ÎÏ¦�×
Ê´¦¨¯�Ã Ê´¦�ÎLÄKÖ~©ÓÎÏ´Î
«j©;ÈÉÆIÄBÃÉ§-Êâ«j¦¨Å8ÄKÍÕÃÉ©ÓÎÏ¦©;È(�¶µ�ÎÏÈt©ÓÈc©ÓÎÏÆ´Ç Â ª®¦¨« Â ¯´ÅÓÍºµjÛ ±��SÛ
ç
Êj¦:ÇÉ¦ ÐVÂ ÇÉ¦®²DÃ Ê´¦è¦G�"¦¨§:Ã ÂBÐAÂ ´ÇºÈÉ§-Ê´¦¨«j´ÅÓ¦:Çâ©;ÈºÇÉ¦:ÅYÄKÃÉ©;ª¶¦¨Å;Í
ÈÉÎLÄKÅ;Å5©Ó¯¡ÃÉÊj©;È§ÜÄKÈÉ¦�Û
�*Öm¿2¾I»3öxù;úo»¨ùH½B¼¶À � ¾´¹VÓVö Ð ÈÉÊ Â ×
ÈÏÃÉÊHÄKÃ�Ã Ê´¦¡Ã Â Ý

ÃËÄKÅt¯j´Î ã ¦¨Ç ÂKÐ «´©ÓÈMÆHÄKÃ §:Êj¦¨È�ÄK¯j«�Ã Ê´¦�Ã Â ÃËÄBÅc¯j´Î ã ¦¨Ç ÂKÐ
ÃÉ©ÓÎÏ¦:È]ÃÉÊj¦ Á
ÑPÒ ÇÉ¦¨È Â ´ÇÉ§¨¦A©ÓÈ Â ã ÃËÄK©;¯j¦¨« ã Í£ÃÉÊj¦AÈ Â ÇÉÃ�ÄKÇÉ¦
¿j°:³ÏÄK¯j«s°:±��ÏÇÉ¦:ÈÉÆI¦¨§¨ÃÉ©;ª�¦:ÅÓÍ~ÛÆ�g´Ã ÂBÐ ÃÉÊj¦�Ã Â ÃËÄBÅP¯~´Î ã ¦¨Ç
ÂKÐ ÃÉ©;ÎÏ¦¨ÈLÃÉÊj¦ Á
ÑPÒ ÇÉ¦¨È Â jÇÉ§:¦è©ÓÈ Â ã ÃËÄK©;¯j¦¨«%² Â ¯jÅ;Íx°:µ��
¤É°!��ÃÉ©;ÎÏ¦¨ÈË· ÂBÐ ÃÉÊj¦�Ã ©;ÎÏ¦g©;Ã
´ÈÉ¦¨« Á
ÑPÒ Ã ©;ÎÏ¦AÎ Â ÇÉ¦gÃÉÊHÄK¯
ÃÉÊj¦SÃ ©;ÎÏ¦-ÝßÈMÅÓ©;§¨¦é¤ °:µ¶µàÎÏÈ-·¨Û�� Â ×c¦:ªB¦:ÇÜ²tÃÉÊj¦èÆ´Ç Â §:¦¨ÈÉÈÉ©;¯jÌ
ÃÉ©ÓÎÏ¦ ã ¦:§ Â ÎÏ¦¨ÈPÈÉÎLÄKÅ;ÅÓ¦:ÇDÄKÈPÃ Ê´¦]Å;¦¨¯´Ì2ÃÉÊ ÂKÐ ÃÉÊj¦=ÎLÄKÖ�©;ÎÏjÎ
«j©;ÈÉÆIÄBÃÉ§-Ê¡«j¦:ÅYÄKÍ¡Ã ©;ÎÏ¦�©;ÈA©Ó¯´§¨ÇÉ¦ÜÄKÈM¦¨«(Û ð´Â Çg¦¨ÖjÄBÎÏÆ´ÅÓ¦�²5Ã Ê´¦
ÆjÇ Â §¨¦:ÈÉÈÉ©;¯jÌºÃ ©;ÎÏ¦A×
Êj¦:¯aÃÉÊj¦AÎLÄKÖ~©ÓÎÏ´Î «j©;ÈÉÆHÄKÃÉ§¨Êº«´¦¨Å8ÄKÍ
ÃÉ©ÓÎÏ¦£©ÓÈ)�¶µ�ÎÏÈ�©;ÈA©ÓÎÏÆ´Ç Â ª®¦¨« ¿jÛ µ��SÛÏóô¯àÃÉÊj©;ÈA§ÜÄKÈÉ¦LÄKÅÓÈ Â ²
Â jÇ]ÈM§¨Êj¦:«jjÅ;¦¨Ç]ÎLÄKå~¦¨È]Äâ¯ Â ÃÉ©Ó§¨¦BÄ ã Å;¦�©;ÎÏÆ´Ç Â ª®¦¨ÎÏ¦¨¯~ÃÜÛ
Î^ÏyÜ^ÏyÜ ¸aú�Ý\ÚP»3¼~¯�ÖN¦é¸«Ö�ÞÆß^¯�»3¼\¯�ÖV¦2Ô Ù À��(» Ï*� ÕTö

Ô�½Bù(¿Köj»:»�¯�ÖN¦ � ¯�§ïö
ûà¦�ª¶ÄKÇÉ©;¦¨«¡ÃÉÊj¦A¯j´Î ã ¦¨Ç ÂKÐ ¦:Ö�¦¨§:jÃÉ© Â ¯´È ÂKÐ ¦ÜÄK§¨Ê�ÆjÇ Â Ý

Ì¶ÇËÄKÎ Ð Ç Â Î °ÏÃ Â °¨µoÄK¯j« Â ã ÈÉ¦¨ÇÉª®¦¨«ïÃÉÊj¦L¦G��¦¨§¨Ã Â ¯�Ã Ê´¦
ÆjÇ Â §¨¦:ÈÉÈÉ©;¯jÌ£ÃÉ©;ÎÏ¦ ÂKÐ ÄK«:áËjÈMÃ ©;¯jÌ£ÃÉÊj¦�¦¨Ö~©ÓÈMÃ ©;¯jÌ ÑDðeñ Û�Ù ¯�¦ �ÚT½Bö,+ ÈMÊ Â ×
ÈeÃÉÊj¦ÇM¦¨ÅYÄKÃÉ© Â ¯ ã ¦:Ã ×]¦¨¦:¯£ÃÉÊj¦¯´jÎ ã ¦¨Ç ÂKÐ ¦:Ö¶Ý
¦¨§:jÃÉ© Â ¯jÈ�ÄK¯j«ïÆ´Ç Â §¨¦:ÈÉÈÉ©;¯jÌoÃÉ©ÓÎÏ¦�²�×
Êj¦:¯ïÃ Ê´¦LÎLÄKÖ�©;ÎÏjÎ
«j©;ÈÉÆIÄBÃÉ§-Êº«´¦¨Å8ÄBÍÕÃÉ©;ÎÏ¦g©;È
³¶µ�×
Êj©;ÅÓ¦�ÃÉÊj¦�©Ó¯´§¨ÇÉ¦ÜÄKÈÉ¦Ï¤ÚÖj·tÄB¯´«
ÃÉÊj¦t«´¦¨§¨ÇÉ¦BÄBÈM¦�¤VÍj·%ÈÉ§ÜÄKÅ;©;¯jÌ Ð ÄB§:Ã Â ÇÉÈtÄKÇÉ¦ ã Â ÃÉÊ£ª~ÄBÇÉ©;¦¨« Ð Ç Â Î
°:µ��S²´³¶µ�� ÄB¯´« ¿¶µ��SÛ ðIÂ Ç]§ Â ÎÏÆIÄBÇÉ©;È Â ¯(²H×
¦�ÄKÅÓÈ Â ÈÉÊ Â ×
ÃÉÊj¦ÇÉ¦¨ÈMjÅ;ÃÉÈ
×
Ê´¦¨¯�Ã Ê´¦gÎLÄKÖ~©ÓÎÏ´Î «´©ÓÈMÆHÄKÃÉ§¨Êº«j¦:ÅYÄKÍâÃ ©;ÎÏ¦
ÄK¯j«�Ã Ê´¦t©;¯j§¨ÇÉ¦ÜÄKÈM¦
ÄK¯j«âÃÉÊj¦c«j¦¨§¨ÇÉ¦BÄKÈÉ¦=ÈÉ§ÜÄKÅ;©Ó¯´Ì Ð ÄK§¨Ã Â ÇÉÈeÄKÇÉ¦
Ø¨¦:Ç Â ÛÏóô¯ïÄK«j«´©ÓÃÉ© Â ¯(²�ÃÉÊj¦aÆjÇ Â §¨¦:ÈÉÈÉ©;¯jÌoÃÉ©ÓÎÏ¦Ï©;¯2Ù ¯�¦ Ï + ©ÓÈ
¯ Â ÇÉÎLÄKÅ;©ÓØ:¦¨«ÕÃ Â Ã Ê´¦]Æ´Ç Â §¨¦:ÈÉÈÉ©;¯jÌ�ÃÉ©;ÎÏ¦ ÂKÐ Ã Ê´¦tÔIÇÉÈÉÃe¦¨Ö~¦¨§¨ëÝ
ÃÉ© Â ¯%Ûk± Â ÃÉ¦PÃÉÊHÄKÃ(«´jÇÉ©;¯jÌ
¦ÜÄK§¨Êg¦¨Ö�¦:§¨jÃÉ© Â ¯ ÂKÐ ÃÉÊj¦c¦¨Ö~©ÓÈÉÃÉ©;¯jÌ
ÆjÇ Â Ì¶ÇËÄKÎÏÈÜ² Á
ÑPÒ ÃÉ©ÓÎº¦ ÂBÐ ÃÉÊj¦ Ñtðeñ ©;ÈÕÄK«ÜáMjÈMÃ ¦:«à×
Ê´¦¨¯
ÃÉÊj¦�Æ´Ç Â §¨¦¨ÈMÈÉ¦¨È ÂKÐ ÃÉÊj¦Ï¦¨Ö~©ÓÈMÃ ©;¯jÌ¡ÆjÇ Â Ì¶ÇËÄKÎÏÈÕÄKÇÉ¦ ã Å Â §¨å¶¦:«
ÐVÂ ÇâÄK¯�ó���� Â ÆH¦:ÇËÄKÃ © Â ¯ïÃ Â ã ¦S§ Â ÎÏÆjÅ;¦¨ÃÉ¦¨«�©;¯�ÃÉÊj¦S×=ÄK©;Ã
ÈÉÃËÄKÃÉ¦®Û

óô¯²Ù ¯�¦ Ï + ²¨ÃÉÊ´¦¨ÇÉ¦t©;È%ÄcÃÉÇÉ¦¨¯´«ÕÃÉÊHÄKÃ"ÃÉÊj¦PÆjÇ Â §¨¦:ÈÉÈÉ©;¯jÌ
Ã ©;ÎÏ¦

ÂKÐ Ã Ê´¦�ÆjÇ Â §¨¦¨ÈÉÈ ÂKÐ Ì¶Ø¨©;ÆoÆjÇ Â Ì¶ÇËÄKÎq×
©;Å;Å%«´¦¨§¨ÇÉ¦BÄBÈM¦âÄKÈgÃÉÊj¦
¯´jÎ ã ¦¨Ç ÂKÐ ¦¨Ö~¦¨§:jÃÉ© Â ¯´È ã ¦¨§ Â ÎÏ¦¨ÈgÅ8ÄKÇÉÌ2¦:ÇÜ²´×
Ê´©ÓÅ;¦A×
¦A«j©;«
¯ Â Ã
¯ Â ÃÉ©Ó§:¦AÃ Ê´©ÓÈå~©;¯j« ÂKÐ Ã ÇÉ¦:¯j« Ð*Â Ç
ÃÉÊj¦AÎÏ¦:ÇÉÌ2¦�ÄK¯j«¡ÃÉÊj¦
È Â ÇÉÃ�Æ´Ç Â Ì¶ÇËÄKÎÏÈÜÛ=ç
Ê´©ÓÈ�ÈÉÊ Â ×
ÈÃÉÊHÄKÃ�ÄB«ÜáM´ÈÉÃÉ©Ó¯´ÌaÃ Ê´¦ Ñtðeñ
ÂKÐ ÃÉÊj¦£Ã Ê´ÇÉ¦¨¦�¦:Ö�©;ÈÉÃÉ©;¯jÌÏÆ´Ç Â Ì¶ÇËÄKÎÏÈgÊIÄKÈ
ª~¦¨ÇÉÍ�ÅÓ©;ÃÉÃ Å;¦ Â Çg¯ Â
¦��"¦¨§¨Ã Â ¯aÃÉÊj¦AÆjÇ Â §¨¦¨ÈÉÈM©Ó¯´ÌÏÃÉ©;ÎÏ¦®Û

-]þ/. �	��¢¡�
 Ë �%�	� Ë
óô¯sÃ Ê´©ÓÈSÆHÄKÆI¦¨ÇÜ²c×
¦�¦¨ª~ÄBÅ;HÄKÃÉ¦¨«�Ã Ê´¦è¦G�"¦¨§:Ã ©;ª~¦¨¯j¦:ÈÉÈ ÂKÐ

Â ´ÇíÆjÇ Â Æ Â ÈÉ¦¨« ÈÉ§:Êj¦¨«´jÅ;¦¨Ç�¦¨Ö~ÆH¦:ÇÉ©ÓÎÏ¦:¯jÃËÄBÅ;Å;Í�Û ��jÇíÇÉ¦3Ý
ÈMjÅ;Ã ÈÏ×
©;Ã ÊsÃÉÊj¦SÃÉ¦¨ÈÉÃºÆ´Ç Â Ì2Ç-ÄBÎ ÈÉÊ Â × ÃÉÊHÄKÃ Â ´ÇâÈÉ§¨Ê´¦¨«~Ý
´ÅÓ¦:Ç�× Â ÇÉå~È�ÄKÈ�¦¨Ö~Æ"¦¨§:Ã ¦:«(ÛLç
ÊIÄKÃÕ©;ÈÜ²T©;ÃÕ«´¦¨ÅYÄKÍ~ÈAÆjÇ Â §¨¦:ÈÉÈ
ÈM×
©ÓÃÉ§¨Ê´©Ó¯´ÌèÄK¯j«sÄB«ÜáM´ÈÉÃÉÈºÄK¯ï¦¨Ö~©;ÈÉÃÉ©Ó¯´Ì ÑDðeñ Ã Â §:ÊHÄK¯jÌ¶¦¨È
ÄKÈP¦¨Ö~Æ"¦¨§¨ÃÉ¦¨«%Û�ägÅ;È Â ²�Ã Ê´¦]ÇÉ¦:ÈÉjÅ;ÃÉÈt×
©;Ã ÊºÃÉÊj¦=¦¨Ö~©;ÈÉÃÉ©Ó¯´ÌAÆ´Ç Â Ý
Ì¶ÇËÄKÎÏÈ�¤V©�Û ¦®Û;²cÌ2Ø:©ÓÆ%²=ÎÏ¦¨ÇÉÌ¶¦®²=ÄK¯j«sÈ Â ÇÉÃË·LÈÉÊ Â × ÃÉÊHÄKÃ�Ã Ê´¦
Æ´Ç Â §¨¦:ÈÉÈÉ©;¯jÌ�ÃÉ©ÓÎÏ¦ ÂKÐ ÃÉÊj¦c§ Â ÇÉÇÉ¦¨ÈÉÆ Â ¯j«´©Ó¯´Ì�ÆjÇ Â §:¦¨ÈÉÈ ÂBÐ ¦ÜÄK§¨Ê
Æ´Ç Â Ì2ÇËÄKÎ�§ÜÄK¯ ã ¦gÇÉ¦¨«´j§¨¦:« ã ÍºjÈÉ©;¯jÌ Â jÇÈÉ§-Êj¦¨«´jÅ;¦¨ÇÜÛ

ñ~Â ÎÏ¦ ÂKÐÂ jÇ Ð jÃÉjÇÉ¦L× Â ÇÉåo×
©ÓÅ;Åc©Ó¯´§¨Å;j«j¦L¦:ª2ÄKÅ;HÄKÃÉ©Ó¯´Ì
ÃÉÊj¦c¦G�"¦¨§:Ã ©;ª~¦¨¯j¦:ÈÉÈ ÂKÐIÂ ´Ç%ÈÉ§¨Ê´¦¨«j´ÅÓ¦¨Ç�×
©;Ã Ê Â ÃÉÊj¦¨Ç%¦:Ö�©;ÈÉÃÉ©;¯jÌ
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