
���������
	����
��������������������������� ��� ������� � !#"$�&%��'���)(*�

+-,/.1032�46572�48.:9<;�=?> @A=B;�C/DB2�4�EF2�2�G 572�CH,/DI4KJMLONP.:CQGR,/.:4

SUT�VW
XRY-Z\[^]`_a_cb&d�egfeghciajlk<m�n o�[qpRr/XHs-_:otvu<rxwyr/pRu<r/XR]`_cbzs�[
{?| XR[qpRb-_co�ra} ]`_c[qpRb-_co�r1~^�y�/�MZ�} b-]

�'�
�����8�����

��� .c�K2<G�G��8����,/DI;<4��84�>8.:C/=I�zDB489��-�8.cC��K;<��,�DB��DI�a2),�DB;�4�G��Q��.:��.cG�0�;�CP��2�C/2�=I=B.:=A�8C/;��1.cG/G�DI489�DBG�,/��2),
,��8.cDICl�:;<GH,��;�>�.:=?G��c2�4 2�4<,/DB�:DI�O2),�.�,��8.¡�¢�8=I,�DI,��O>�.¡;�0l.1£¤.c�1,/G�.:4��:;��84-,�.cC�.a> >��8C/DB489�,���.�.1¥�.a�1��,/DI;<4 �8��2<GH.<L§¦¨480�;�C�©,���4�2),/.:=B��ª«,��8D?G�DBG�CQ2�C/.:=B��,��8.7�c2�G�.�2�4�>�,/�8.6;��8,�DB��2�=x�8C/;z�:.cG/GHDB489¡DBG�;<48=I�¬2��Q�8DB.:­<.c>�DB4�270�.c®¯G�D`,/��2),/DI;<4�G:L° ;)®y.:­<.:Caª<.c48C/DB�Q�8DB489&�1;-GR,
��;�>�.:=?Gx®xDI,���0��8CH,/�8.:Cx�O2�CQ2���.1,/.:CQG«DB4��:C�.a2�G�.cGy=ID � .c=IDB�8;z;�>�2�4�>�.1¥z,�.c4<,x;�0U.cGH,�DB�&2),/..:C/C/;�CQG:ª<,��z��Gcª�>�;z.cG
4�;�,¨9��O2�CQ2�4-,�.c.�±�.1,�,�.:C�C�.aGH�8=I,/G
DB4K9�.c48.:CQ2�=²L³ 4�,/�8DBGU��2��O.cC´®y. 2�>8>8C�.aG�Gµ,��8.y�<��.cGH,�DB;�4l�8;)®�,/;�>�.1©^�1;<�8�8=B. ;<��,�DB��DI�a2),�DB;�4l2�4�>�.:¥z.a�1��,/DI;<4�±z��,/C/2�4�G���2�C/.:4-,��.c2�4�G¢;�0���2�C/2�=I=B.:=BDBG��Kª�D¶L .�LA;�4O�1.�,��8.�;���,/DI��DB�:.cC·>�.:,�.cC���DB48.c>*,��8.K>�.:9<C�.c.�;�0¨��2�CQ2�=B=I.c=ID?G��¸0�;<C·2¡9�C/;�����;�0;���.:CQ2),/;�CQG:ª¤,/�8.¹�84O>�.:C/=I�zDB489K.1¥�.c�:��,�DB;�4F.c489�DB48.&.:4OGH�8C/.cGP;<��,�DB�&2�=���2�C/2�=I=B.:=�.:¥�.c�1�8,�DB;�4F®xD`,/�8;��8,¢>�.:�&2�4O>�DI4�92�4z��GH,/2�,�D?�PG��Q�8.a>��8=B.�±z�&,��8.�;<��,�DB��DI�c.:CaLº 2�G�.c>�;�4K2�462�4�2�=I�-,/DB�c2�=�0�C/2���.:®y;�C � ®y.���;�>�.:=»±�;�,/�K>�2),/2�¼�;)®�2�4�>��8C�;��:.cG/GHDB489·.:4z­zDIC/;�48��.c4<,y0�;�Cx�O2�C�©2�=B=B.:= �-�8.cC��7.:¥�.c�1�8,�DB;�4µL�½�4¡,��8D?Gl9<C�;<�84�>�®«.¹>�.c­�.c=I;<��,/�8.&48;�,/DI;<4F;�0
¾À¿)ÁOÂ^ÃI¿c¿aÄ)ÂHÅaÆ8ÇQÅ�È¬ÉUÊ�Ë²Ì�Í&Å)Ã\Ì�Ë²Î7®x�8D?�Q�C/.1¼�.a�g,/Gy2�4�.1¥�.c�:��,�DB;�4�GR,/C/2�,�.:9<�¤Ï Gy2�±8DB=BD`,R��;�0A2�>z©q�8;��¨C/.cG�;��8CQ�1.���,�DB=IDB�c2�,�DB;�4µLvE�.���C�;)­<.�2l,/DI9<�-,y�8���O.cCy±�;���4�>0�;�C
,/�8.��8C/;��1.cG/G�DI489À,�DB��.�;�0�GH�O�Q��GH,�CQ2),/.:9�DB.cG
2�4�>KGH�8;)® ,���2�,x,��8.c��2�C/.PDI4OGH.c4�GHDI,�DB­�.
,/;�G � .c®�L@ADI4O2�=B=I�<ª�®y.¢��;�>�.c=AG�.:­<.:CQ2�=U>8D`£¤.:C/.:4-,
GH,�CQ2),/.:9<DI.aG�2�4O>6�8C/.cG�.:4-,
2�47.1¥�.c�:��,�DB;�4¡GR,/C/2�,�.:9<��,/��2),
0��8=IÐ�=B=BG�,���.>�.aGHDBC�.a>�;��8,�DB��2�=IDI,R���1C/D`,/.:C/DB2�L�Ñ
��.�48.c®Ò2�=B9�;<C�DI,����¸;<��,���.:C�0�;�C/�&GÀ�:;�4z­�.c4<,/DI;<4�2�=«�8DB�O.c=IDB48.�.1¥�.c�:��,�DB;�4ÓG��8±�©GH,/2�4-,/DB2�=I=B��2�4O>�D?GxC/.cG�DBGH,/2�4<,x2�9-2�DB4�GH,
­)2�C�DB;���G � DB4�>8Gx;�0AG � .:®Ô2�G
;<�8Cx.1¥���.:C/DI��.:4-,QGx�1;�48Ð�C��KL
Õ6Ö-×»Ø¢ÙOÚ�ÛAÜ<ÝßÞ 2�CQ2�=B=I.c=�>82�,/2�±�2�G�.cGcªz��2�CQ2�=B=I.c=µ�-�8.:C/�¹�8C/;��1.cG/G�DI489Oª�>��z4�2���D?��=B;<2<>�±O2�=?2�4��:DI489OL

à áµâ�ãAä�å¹æ7çKèyã�é1åÀâ
ê��8.cC���;���,/DI��DB�c2�,�DB;�4�DB4*��2�CQ2�=B=B.:=«>�2),/2�±�2�G�.¹G��zGH,�.c�&GlD?G:ªv0�;<=I=B;)®xDI4�972��1;<���·;<4*2��8��C�;-2��Q�µªAGH�8=BDI,ÀDB4<,/;7,R®y;�8��2<GH.aG�ë ì�ªµí�î²ï�G�.c�-�8.c4<,/DB2�=v;���,/DI��DB�c2),/DI;<4¡2�4�>��O2�CQ2�=B=I.c=IDB�c2�,�DB;�4µL¢Ñ
��.À0�;<C���.cC�DB4z­�;�=B­�.aG��-�8.cC��6C/.:®xC/DI,�.cGP2�4�>ð ;�DB4�;�CQ>�.:C/DI4�9¢,/;�2�C�C/DB­�.�2�,¨2�4�;���,/DI�&2�=µG�.c�-�8.c4-,�D?2�=Mñ1ò�Ç:ógÎ�Ç:ô�Å�Ã\ò�Å)Ë²Ì3¿)Á¹Ê�ÃIÅ�Á¬õQö ÷MøUù)L8Ñ
�8.P=?2),H,/.:C¨>�.a2�=?G
®xD`,/��&2��8��DI489À2lGH.a�-�8.:4-,�D?2�=»ê
ú Þ ,/;¢2���2�C/2�=I=B.:=8.:¥�.c�1�8,�DB;�4&.:4z­zDBC�;<48��.:4-, =B.c2�>8DI489P,/;À2��O2�CQ2�=B=I.c=��-�8.:C/�¢.:¥z.a�1��,/DI;<4�8=?2�4µª8,��8.PÐ�4O2�=»C/.cG��8=`,lû¶�g0RLO@ADB9�L»ü�ýgL



+z;K032�CcªA�¢���Q��C/.cG�.c2�C/�Q����2<Gl±�.:.:4*>8.:­�;�,�.a>�,�;�2<�Q�8DI.c­�.·,���.�±�.cGH,¢�O;-G�G�DB±8=I.���2�CQ2�=B=I.c=IDB�c2�,�DB;�4�;�0¨269<DI­<.:4G�.c�-�8.:4-,/DB2�=8�8=?2�46ë þ�ª�ÿ8ª�ü��zª��zª�ü���î²L � �:;�����;�4&2��8��C�;-2��Q�·DBGv,/;lDB4��1;<C���;�CQ2),/.y2<G��&2�4z�l0�.a2),���C�.aG�;�0�,��8.¨,/2�C/9�.:,2�CQ�Q�8DI,�.a�g,���C�.&2�Gl�O;-G�G�DI±�=I.&DB4-,�;K,���.¹�1;<GH,l��;�>�.:=��'.<L 9OL´�1;<���¢�848D?�:2�,�DB;�4��1;-GR,QGP;�C���2�C/>8®y2�C�.&>�.aG��:C�DB��,�DB;�4��2�4O>¹,/;�>8.:C/DI­<.
2�GH,/2),/DB�
��2�C/2�=I=B.:=»G/�Q�8.c>8�8=I.
±�2<GH.a>�;<4�,/�8DBG
DB4�0�;<C��&2),/DI;<4�ë þ-ª���î²L ° ;)®«.c­�.:Caª<0�C�;<�Ò2·­�2�=ID?>82�,�DB;�4��;�DB4<,·;�0¨­zDB.:® DB4��1C/.c2<GHDB489K,���.�4z�8�¢±�.:C·;�0x0�.a2),/�8C�.aG¢�:;�4�G�DB>8.:C/.c>�>��8C/DB489�;<��,�DB��DI�a2),�DB;�4�D?GÀC�D?G � �F2�4�>*��2���8C/;)­�.P2·�8D`,�032�=B=µGHDB4��:.�.:C/C�;<C/G«DI4�,���.�.cGH,�DB��2�,�.aGx2�C/.��8C/;��O2�9<2�,�.a>¹.1¥���;�48.c4-,�D?2�=B=I�7ëIü�ügîqLMÑ
�8.l�:;�4�G�.c�-�8.c4��1.P2�C/.G��8±O;<��,�DB�&2�=O��2�CQ2�=B=I.c=OG/�Q�8.c>8�8=I.aG:L � G�DI,���2�,�DB;�4�,��O2), D?G .:¥82��1.cC�±O2),�.a>¢±z�&>82�,/2�G � .:®	� 2
032��1,�;<CM,��O2),«D?GM�O2�CQ>�=I�,�;&�c2���,/�8C�.lG���
¹�1DB.:4-,/=I�¹±z��2&�:;<GH,x�·;�>�.c=µ2�4�>µª�,��8.cC�.:0�;�C/.�ª8>�.c=IDB±�.:CQ2),�.c=I��DI9<48;�C/.c>�DI4K��;<GH,¨DI4z­<.cGH,�DB9<2),/DI;<4�GcLÑU;�GH���$�8�´ªc,/�8. .:¥�.c�1�8,�DB;�4�;�0�2�4�;���,/DI��DB�:.a>P��2�CQ2�=B=I.c=��8=?2�4lD?Gµ­<.:C/��=BD � .:=B��,/;�>�DB­�.cC�9<.v0�C�;<��,/�8. .c4-­zD?GHDB;�4�.c>;�4�.�L
Ñ
�8.¢GH,�CQ2�DB9��-,x0�;�C/®y2�C/>�G�;�=B��,�DB;�4K,/;¹.:48C/D?�Q��,/�8.l;<��,�DB��DI�c.:C�®xDI,��6±�.1,�,�.cC�GH,/2),/DBGH,�D?�:G�DBG�48;�,
>�.cG�DICQ2�±�=I.l2<G,���.��&2�DB4-,�.c4�2�4��:.��1;-GR,QG«2�C�.¨,�;z;¢�8DB9��´ª<,/�8.��:;����8=B.1¥�DI,R�·;�0»,��8.
;��8,�DB�·DB�:DB489À�8C�;��:.cG/GMDB4��1C/.c2<GH.aG G�.:­�.cC�.c=I�<ª<2�4�>,���.
�-��2�=IDI,R�À;�0µ,���.�C/.cG��8=`,
D?G ;�0´>�.:±�2�,/2�±8=I.�­)2�=B�8.�;<48=I�&G�DI4O�1.¨,/�8.P�1;<GH,«.aGR,/DI�&2�,�.cG«±�.c�1;<��.���;�C/.�G�.:4�G�D`,/DI­<.¨,/;.cGH,�DB�&2),/.�.:C/C�;<C/GcLÑU;�;)­�.cC/�:;���.&,/�8.cG�.�>8C/2�®x±�2<� � G¢26,/C/2�4�G���2�C/.:4-,À®
2���;�0���G�DB489�2¡��2�C/2�=I=B.:=«.1¥�.c�:��,�DB;�4¬.:4z­zDIC/;�48��.c4<,·DBGG�;��89<�<,��'D²L .�L¤,���.¹;���,/DI��DB�:.cC¢>�.1,/.:C/��DI48.aGP��.:C/.:=B�7,���.�>�.:9<C�.c.�;�0
��2�CQ2�=B=I.c=ID?G��#0�;�Cl26�:.:C�,/2�DB4*ê
ú Þ ª»;�C¢��2�C�,;�0y2Kê
ú Þ ªO®x�8DB=B.¢,/�8.À.:¥�.c�1�8,�DB;�4¡GH,�CQ2),/.:9<��.c4�G��8C�.aG�;<��,�DB�&2�=vC/.cG�;��8CQ�1.l�8,�DB=IDB�c2�,�DB;�4µªµDB4��:=I��>8DI489K2����8C�;<�8C/DB2�,�.G��O.c.c>��8�62�4�>�G/�:2�=I.c�8�µL³ 4¡,��8D?G���2��O.cCl®«.&>�.c­�.c=I;<��G����Q�F2���.a2�4�GP,/;�,�CQ2�4�G���2�C/.:4-,/=I�6.:¥z��=I;<D`,l��2�C/2�=I=B.:=BD?GH�KL�E¡.&9<DI­<.&2�0�;<C��&2�=��;�>�.:=��:;�4�G�D?GR,/DI489�;�0O,R®y;l�1;<���O;<48.:4-,/GcïU2�>�2),/2�¼�;)®Ó��;�>�.c=�2�4�>�2P�8C/;��1.aG�G�DI4�9
��;�>�.c=¶L�Ñ
�8.¨>82�,/2�¼�;)®Ó��;�>�.:=.:4O2�±8=B.cG�2�G�DI���8=B.¨2�4O>À��48D`0�;<C��§��2�4O>�=IDB489P;�0¤C/.:=?2),�DB;�4O2�=82�=B9�.c±8CQ2�D?� ;<�O.cC/2�,�;�CQGv2�4�>¢,���.:DBC >82),Q2�>�.:��.:4O>�.:4��:DI.aG:LÑ
�8.À�8C�;��:.cG/GHDB489&��;�>�.:=v2�±�GH,�CQ2��1,/G¨2¹��2�CQ2�=B=I.c=´.c4-­zDBC�;<48��.:4-,�2<G��-�8.:��.cG�2�4�>K�8C/;��1.cG/G�DI489��848DI,/GcL
�
�8D?>�.c>6±z�,���DBGP��;�>�.:=�®y.�>�DBG/�1�OG�G�,���.·��C�DB4��1DB�8=B.cG
,/;�Ð�4O>¡2�4¡;<��,�DB�&2�=�GH;<=I�8,�DB;�4F2�4�>�DI4-,�C/;�>����:.¢,/�8.�48;�,/DI;<4¡;�0y¾¢¿�Á�ÂÃI¿a¿cÄ�ÂHÅcÆ�Ç/Å<È6ÉUÊ�Ë²Ì�Í&Å)Ã\Ì�Ë²ÎKõ�¾�����ÂH¿/Ê�Ë²Ì�Í&Å)Ã\Ì�Ë²ÎQùP2<G«2¢��.c2�G��8C/.�;�0´2�>z©q�8;��¨.:¥z��=I;<D`,Q2),�DB;�4�;�0µ�8DB�O.c=IDB48.
��2�CQ2�=B=B.:=BDBG��KïE�.��:2�=I=�2P�8C�;��:.cG/GHDB489lGH,�CQ2),�.c9�����J � ©²;<��,�DB�&2�=�DI0µ2��8C/;��1.cG/G�DI489P�84�D`,yDBG�;<48=B�ÀD?>�=B.¨®x�8.:4&4�;l�848DI, ;�0»®y;�C � �:2�4±�.P2<G�G�DB9�48.a>�,�;·D`,x2),
,/�8DBGy­<.:C/�·��;<�·.c4-,cL�E�.
G��8;)®',��O2),
,��8.P.:¥z.a�1��,/DI;<4¹,/DI��.
;�0U2���J � ©q;���,/DI�&2�=»GH,�CQ2),/.:9��D?G
=I.aG�G
,/��2�4�,R®xD?�1.P,���.P,��8.c;�C/.1,�D?�:2�=»;���,/DI�À�8�KLE�.���G�.x,���DBG«0�CQ2���.:®y;�C � ,/;l��;z>8.:=¤2�4�>¹2�4�2�=B�z�:.��:;�4z­�.c4-,�DB;�4�2�=8�8DB�O.c=IDB48.�.:¥�.c�1�8,�DB;�4�GH,�CQ2),/.:9�DB.cGcª<2<GM9<DI­<.:4DB4¹ë þ�î²ªaDI4l�:;�����2�C�D?GH;<4P®xD`,/����Ñxú�ªc2x>82�,/2
��2�C/2�=I=B.:=�2�=I9<;�C/D`,/�8�§ëIü���ª�ü��)î²L���Ñxú6;<��,���.:C�0�;�C/�&G Þ úKDB4���;<GH,´�:2<GH.aGG�DI9<48D`Ð��:2�4-,/=I�<L ° ;)®y.:­<.:Caª8D`,
DBG�48;�,���.:,���J � ©q;���,/DI�&2�=¶ï
DB46,R�z�8DB�c2�=AG � .:®�GHDI,��O2),�DB;�4OG:ª¤GH;<��.l�8C/;z�:.cG/GH;<C/G¨��2��±�.c�1;<��.·;)­<.:C/=I;-2�>�.a>K®x�8DB=I.�;�,/�8.:CQG
C�.c�&2�DB4�D?>�=I.<LÀE�.&�8C/.cG�.:4-,���Ñxú���� 2�4 ��J � ©²;<��,�DB�&2�=MGH,�CQ2),�.c9��K®x�8D?�Q�;)­�.cC/�:;���.cG ,���DBGx��C�;<±8=I.c� ±z��C/.c>�D?GH,�C/DI±8�8,�DB;�4�;�0A,��8.�DB4-,�.:C/��.c>�D?2),/.P�8C�;��:.cG/GHDB489·C�.aGH�8=I,/GcLMÑ
�8.�C/.c>�D?GH,�C/DI±8�8,�DB;�42�>�>8G
;�48=B�¹=BD`,�,�=B.l;)­�.cC���.c2�>µª<±8�8,¨��2���G
±�2�� � G�DB9�48DIÐO�:2�4-,�=B�&DI462�=B��;<GH,x.:­�.cC����:2�G�.
;�0�G � .:®�LÑ
�8.ÀÐ�4�2�=M�1;�4-,/C�DB±8��,/DI;<4�;�0«,��8D?GP®y;�C � D?G�2�0�.c2�G�DB±8DI=BDI,R��GR,/��>��6,/;�G�.:.·®x�8.:,��8.cCP,��8.&>�D?G��:��G/GH.a>¡�:;�4��:.:��,QG�:2�4�±O.��:2�C�C/DI.a>'DI4-,/;*.1£¤.c�1,cL E�.��8C/.cG�.:4-,�2¬�1;<�·��C�.c�8.:4�G�DB­�.7�-��2�4-,/D`,Q2),�DB­�.¡2�G/GH.aG�G���.:4-,¹;�0¢2���C�;�,�;�,R�z��.DB�·��=I.c�·.c4-,/2),/DI;<4*®x�8D?�Q�*�1;<4�Ð�C/��Gl,��8.�.1£¤.c�1,�DB­�.:4�.cG/Gl;�0!��J � ©q;��8,�DB��2�=IDI,R��L ³ ,·G��8;)®¨GP,��O2),À;<�8CÀ2�4�2�=B�-,�D?�:2�=®y;�CQGR,�©q�c2�G�.�±�;��84�>�D?GxCQ2),���.:C
�O.aG�G�DB�·D?GH,�D?���1;�����2�C�.a>&,/;�,��8.l2�­<.:CQ2�9�.��O.cCH0�;<C��&2�4��1.
;�±�G�.:C/­�.a>»L
"�Ö�#%$�&cÖzÛ(' Ù�Ú*),+ Ñ
�8.·�8C/;�±8=B.:� ;�0«G��Q��.c>��8=BDB489��-�8.cC�DB.cG
;�4���2�CQ2�=B=I.c=U.c4z­-DBC/;�48��.:4-,QG���2<G�2�,H,/C/2<�g,�.a>�2�=I;�,;�0´2�,H,/.:4-,�DB;�4µL ° 2�G/2�4�2�4�>¹56;�,R®y2�48DO��;�DB4-,«;<��,«,/�8.�DB���O;<CH,Q2�4��:.�;�0´�8DB�O.c=IDB48.
��2�CQ2�=B=I.c=ID?G���2�4�>¹>�.c­�.:=B;���48.c2�C;��8,�DB��2�=<G/�Q�8.c>8�8=IDB489x�8.c�8C/DBGH,�D?�:G´®xD`,/��C�.aGH��.c�1,µ,�;¨��DB48DB�·DB�:.y�1;<�·�À�848D?�:2�,�DB;�4P;)­�.cC��8.a2�>·ë þaî²LvÑ
�8.:DBC»,/.c�Q�848D?�-�8.cG2����8=I�À,�;·2�C/.cGH,�C/DB�1,�.c>&�:=B2<G�G ;�0µ�-�8.:C/�·�8=B2�4�Gcª-G����Q�¹2�G«GR,Q2�Cy�<��.:C/DI.aG 2�4O>&��2),/��GM;�0µ�8DB�O.c=IDB48.c>¹;���.:CQ2),�;<C/GcLUÑ
��.�8.c�8C�D?GH,�D?�:GA�8C/;���;<G�.c>lDB9�4�;�C/.«G � .:®Ó��2�4�>8=IDB489P2�GA®«.c=I=�2<GUDB4-,�CQ2)©q;���.:CQ2),/;�C´�O2�CQ2�=B=I.c=ID?GH�KL,-«�8. � �8C/Dz.1,M2�=²L)>�.:­<.:=B;��2À�·;<C�.�9�.c48.:CQ2�=�,�C/.c2),/��.:4-,
2�4�>�2�=I=B;)®'0�;�C
2�C/±8DI,�CQ2�C/�·�-�8.cC��&��=B2�4�G �OGHDB489À,��8.PG�2���.
�:;<GH,«��;�>�.:=�ëIü1îqL � 9<2�DI4µªG � .:®ÔD?G¨48;�,��1;<4�GHD?>�.cC�.a>»L	�P2�C�;�032�=?2 � DBGx2�4�> ³ ;<2�4848D?>�DBG�>�D?G��:��G�G�2�C�D?�Q�8.:C��1;<GH,¨��;�>�.:=A2�4�>�0�;��1�OG¨;�46G���2�C/.c>�©48;�,��8DB489�2�CQ�Q�8DI,�.c�1,��8C/.cGKë ��ª.�)îqL�Ñ
�8.:DBC¹G/�Q�8.c>���=IDB489F�8.:��C�D?GR,/DB�cG&2�C/.�2�=BG�;�±�2�G�.c>¬;�4¬,��8.62<G�G��8����,�DB;�4OG·,���2�,48;FG � .:® 2�£�.a�g,/GÀ,/�8.�.:¥�.c�1�8,�DB;�4µL*J´;¡.:,�2�=¶L�GH,���>��*�:;�4�GH,�CQ2�DB4-,À�8C/;��1.aG�G�;�C·2�=B=I;��:2�,�DB;�4�0�;<C��8DI��.:=BDB48.c>Ó��2�G��ð ;�DB4�GlëIü���ª/�aîU2�4�>�.1¥z,�.c4�>�,��8D?G¨2����8C�;-2��Q��DI4�ëIü���îµ,/;¹G��Q��.c>��8=BDB489�;�0�GH.c��2�CQ2),/.
��DI��.:=BDI4�.lGH.c9���.:4-,/GcLM@8;<C
,��8.cDICG�DI�À�8=B2�,�DB;�4���;z>8.:=²ª�,��8.c��2<G�G��8��.P�848DI0�;�C/�·=B��>�D?GH,�C/DI±8�8,�.c>K2�,H,�C/DB±8��,�.aG¨2�4O>�.:¥��:=I�O>�.�G � .:®$G�DI,���2�,�DB;�4�GcL



ParallelQuery Rewriting
Join Ordering

Decl. Query
Sequential

Query Eval.Plan Query Eval. PlanParallelization

@ADB9��8C/.�ü�ïMÑ
®y;�©q�8��2<GH.
;���,/DI��DB�c2�,�DB;�4K2��8�8C/;<2<�Q�

"�Ù0$8Û�1324$�56+ Ñ
�8.�48.1¥z,«G�.c�1,�DB;�4¹�1;<4-,/2�DB4�GM2¢>�.1,Q2�DB=I.a>��·;�,�DB­)2),�DB;�4�0�;<C ;<�8C�0�;��1��G ;�4&�8DB��.:=BDI48.���2�CQ2�=B=B.:=BDBG��KL³ 4 +z.c�1,�DB;�47�8ªy®«.6>�.c­�.c=I;<�¬2F>82),Q2)¼�;)®¯��;z>8.:=
,��O2),¹C/.1¼�.a�g,/G·,/�8.6C/.:=?2),�DB;�4O2�=x2�=B9�.c±8C/2�DB��GR,/C��O�g,���C�.K;�0
,���.�-�8.:C/��,�;�±�.¢��C�;��1.aG�G�.c>µL�+z.c�1,�DB;�48��>8.cG/�1C/DI±�.cG¨,��8.À�8C�;��:.cG/GHDB489&��;�>�.:=U,�;��:2��8,��8C/.�,���.¢��2�C/2�=I=B.:=U�8C�;��:.cG/GHDB489.:4z­zDBC�;<48��.:4-,cL¢Ñ
��.·±O2�G�DB�À�8C/DI4��:DI��=I.aG�;�0 ,/�8.&2�=B9�;�C/DI,��8�&GP2�4�>¡2�4�2�4�2�=I��G�DBGcª»±�2�G�.c>�;�4�,��8.�,R®y;���;�>�.:=?GcªµDBG9�DB­�.c4lDB4�+z.a�g,/DI;<4�9�LAÑ
�8.yC�.aGH�8=I,/GA;�0�;��8CA.1¥���.:C/DI��.c4<,QGv2�C/. �8C/.cG�.:4-,�.a>¢2�4�>¢>�D?G/�1��G/GH.a>lDB4·+z.a�g,/DI;<4Àí8Lv+z.c�1,�DB;�4&þ�1;<4��1=B��>�.aGy,��8.��O2���.:CaL
: ; <>=@?�é�A BDCcé:âEBF?HG�ä,G�C�C�BDC:é�I�JLK
³ 4 2��8DB�O.c=IDB48.��O2�CQ2�=B=I.c=ID?GH� G��:.:4�2�C�DB;�ª«;�48=B�Ó=BDI4�.c2�C�>82),Q2)©^GR,/C�.a2��&G�2�C/.7�1;�4OGHD?>�.:C/.c>µª«D²L .<LM;���.:CQ2),/;�CQG�®xD`,/��2�Q��2�DI48.a>��:;�4�G��8��.:C�©²��C�;�>����:.:C¨C/.:=?2),/DI;<4�G��8DI�¡±O.:,R®«.c.:4�,��8.c��Ll@�;�CP±8DB4�2�C/�K;���.:CQ2),/;�CQG¨=BD � . ð ;<DI4�G
®y.¢��2�­<.l,/;�&2),/.:C/DB2�=IDB�:.�,/�8.�G�.c�:;�4�>FDB48�8��,·C�.c=B2�,�DB;�4F±�.10�;�C/.:�O2�4�>�2�4�>�GR,/;�C/.&D`,·.�L 9�LUDI4F,/�8.�2��8�8C/;��8C/DB2�,�.&��2<GH�8©¶,Q2�±8=B.*MaL½�4��:.�,/�8D?GxDBG�2��Q�8DB.:­<.c>&,/�8.P,����8=I.aGx;�0U,��8.�C/DB9��-,H©q��;<GH,
DB48�8�8,¨C�.c=B2�,�DB;�4K�:2�4�±�.8NH�8DB�O.a>�OÀ,��8C/;���9��Fû3�g0RL0��ýgL½��8Cy>�.c�:DBG�DI;<4&,�;·GR,/C�D?�g,/=I�&>�.c�8=B;)�·��DI��.:=BDI4�.���2�C/2�=I=B.:=BD?GH� 2�4�>�>�DBG�C/.:9<2�C/>·;�,��8.cC«��.c2�4�G«;�0µ��2�C/2�=I=B.:=BDBG���®y2<G9���DB>�.a>�±-�¹,��8.P0�;<=I=B;)®xDI4�9·�:;�4�G�DB>8.:CQ2),�DB;�4OG:L
ü<L¨Ñ
�8.¹�1;<4<,/C�;<=`©²¼�;)®§®xD`,/�8DI4*2K��DI��.:=BDI4�.�D?G�C/2�,��8.cC¢G�DI���8=B.&,�;���2�4�>8=I.<LP��.:��.:4�>8DI489�;�4F,���.¹.:­)2�=B��2�,�DB;�4��2�CQ2�>�DB9�� ��G�.c>µªµ>82),Q2�D?G
.:DI,��8.cC
��C�;��1.aG�G�.c>7;�4¡>8.:�&2�4�> û3>8.:�&2�4�>�©q>�C/DB­�.:4�ý¨;<C���G�.c>7,�;62��1,�DB­)2),�.À,���.GH�8±OGH.a�<��.:4-,´;���.:CQ2),/;�CQG�û3>82�,/2�©q>�C/DB­�.:4�ýgL º ;�,/�l�:2<GH.aG´�:2�4�±O. ��2�4�>8=I.a>�DI4À2�Q1ÃB¿*R:ÇQÈP®y2��<ªcD²L .�L:4�;¨DI4-,/.:C/C��8�8,��2�4�>8=IDB489·DBGyC/.c�-�8DBC�.a>&,�; ð �8����±O.:,R®«.c.:4K>�D`£¤.:C/.:4-,
�8C/;z�:.cG/GHDB489·GR,/.:��Gy=BD � .
;�,��8.cC«.:¥�.c�1�8,�DB;�4KGR,/C/2�,�.:9<DI.aG>�.:�&2�4O>¡ë 9�îqL
�8L ³ 4<,/.:C/��.c>�D?2),/.&C�.aGH�8=I,/G¢>�;748;�,¢��2�­�.·,/;7±O.�0��8=B=I���&2),�.cC�D?2�=BDB�:.c>µªUD²L .<LUGH,�;<C�.a>¡DB4��&2�DB4�©q�·.c��;�C/�7;�Cl;<4GH.a�1;�4O>82�C/�&GR,/;�CQ2�9�.<ªz±8��,�2�C/.PDI����.c>8DB2�,�.:=B����C�;��1.aG�G�.c>�±z�&,��8.lG����c�1.:.a>�DB489�;���.:CQ2),�;<CcL
��L�½���,�DB��DI�c.:CQG���G�.c>�DB4¹GH.a�<��.:4-,�D?2�=�>82),Q2�±�2<GH.aGM�:2�4·±�.�C/.1©q��G�.c>�G�DI4��:.x,���.¨�8C/.:­zDI;<��G���;�DB4-,y2�=?G�;l2��8�8=BDB.cGv,/;GH.a�<��.:4-,�D?2�=¤;��8,�DB�·DB�c2�,�DB;�462�4O>�.:¥z.a�1��,/DI;<4µLMÑ
�z��Gcª�48;�48.:®Ô;���,/DI��DB�:.cC¨>�.cG�DI9<4��O2�G
,/;·±�.��84�>8.:C�,/2 � .:4µL
�OL¨úM­�.cC���,�C/.:.:©qG���2���.c>·ê
ú Þ �c2�4l±�.y>8.c�1;<���O;-GH.a>�DI4-,/;�=BDI4�.c2�CyûTS��8DB��.:=BDI48.�ýAGH.c9���.:4-,/G´.c2<GHDB=I�&ëIü���îqL ° .:4O�1.�ª�8DI��.:=BDB48.���2�CQ2�=B=B.:=BDBG�� >�;z.cGx4�;�,xC�.aGR,/C�D?�g,
,/;¹�1.:C�,/2�DI4 � DI4�>�Gx;�0 ê
ú Þ G«;<48=B��L
98L¨@8;�C¹�:.:C�,/2�DI4'�1=?2�G/GH.aG·;�0��<��.:C/DI.aG:ªy.�L 9�LMGH,/2�C¹�<��.:C/DI.aG:ªy2�=B=¨.:­)2�=B��2�,�DB;�4 �8=B2�4�G¹2�C�.�=IDB48.a2�C�,�C/.:.aG:ªy®x�8D?�Q���2 � .aG«��DI��.:=BDI4�.���2�CQ2�=B=I.c=ID?G�� ,��8.�¿�Á�Ã\Î&��;<G/G�DI±8DB=BD`,R��,�;&2��Q�8DB.:­<.��O2�CQ2�=B=I.c=»�8C�;��:.cG/GHDB489Kë þ�î²ª82�,�2�=B=¶L
í�L!�x.cG�;��8CQ�1.��&2�4�2�9<.:��.:4-,¨D?G�.a2�G��¹,�;��1;�4-,/C�;<=¶L¨+zDB4��1.·2&�8DB�O.c=IDB48.·�:2�469<C�;)®Ô;�4�=I��DI4�;�48.¢>8DIC/.c�1,�DB;�4K,���.�·.c��;�C/�6C�.a�<��DIC/.:��.:4-,QG�4�.:.c>¡48;�,
,/;�±�. � 48;)®x4 Å·Ê�ógÌ3¿)ógÌ�L�+��8D`,Q2�±8=B.�=I.c489�,/�µªU2�4�>6,/�8.:C/.:±z�7��.c�·;<C��C�.a�<��DIC/.:��.:4-,QG:ª�2�C/.P2���,/;��&2),/DB�c2�=B=I��>8.1,�.cC���DB48.c>�>��8C/DB489�,��8.��:;�4�GH,�C/���g,/DI;<4�;�0´,/�8.lGHDB489<=I.P��2<GH��,/2�±8=I.aG:L
UWVYX�Z\[�]_^*`a[cbDd�e0f/`g]_[cb*`Thi`kjThib�l6[mZon�pm`Tn�q r%[chibs[ctuX_vwp3j%[cvT`a[cb*x y�`Thib*]_X0rk[chib*`0pmvTX�[mZot�pmv%j%hi]_^*xzpmvghib{jTX_v%X�`kjahibs|�^*X_v%yst*v%[�]_X_`T`%hib*l*}

~ [mj%Xc�*pmxix*j%X_]wn*b*hi|�^*X_`��*XW�{X_xi[ct�X_�Dhib�jTn�X�v%X��!pmhib��*X_v0[mZoj%n*hi`gt*pmt�X_vapmt�t*x y�j%[6pmv%�*h j%vwpmv%y	vTX_xzp3j%hi[cb�pmx�pmxilcX���vwpmhi]�[ct�X_vTp3jT[cv%`�pm`0�aX_xix�}



@8;<C
,��8.�C/.:�&2�DI4�>8.:Cx;�0A,���DBGx�O2���.:Cx®y.l2�G/GH�8��.�2 ð ;�DB4�©Hê
ú Þ 9�.:4�.:CQ2),�.a>�2�4�>�>�.c�:;����O;-GH.a>�±z��2�4�;���,/DI��DB�:.:CDB4<,/;��8DB�O.c=IDB48.¨G�.:9���.c4<,QGv®x�8D?�Q�·®xDB=B=8±O.x.:¥�.c�1�8,�.c>·;<48.x±z�l;�48.<LA57;�C/.:;)­�.cCcª)2�=I=8�O2�G���©¶,Q2�±8=B.cGA;�0O,/�8.x��2�C�,�D?�1��=B2�CG�.:9���.c4<,P2�C/.À2�=IC/.c2<>��K=I;-2�>�.a>6DI4-,/;��&2�DB4�©q��.:��;�C/��L�Ñ
�8.aGH.·2�G/GH�8����,/DI;<4�GP2�C/.¢DB4¡�:;����8=BDB2�4��1.À®xD`,/�¡C/.:=?2),/.c>®y;�C � ªz.<L 9OLµë`üaÿ8ª»ü���ª�þaîqL
� ��G
ã�G��7å
� � å¹æ8B
C
³ 4�,��8D?G¢+z.a�g,/DI;<4µª´®y.&>�.:­<.:=B;��F2�4�2�±�GH,�CQ2��1,&È<Å)Ë^Å_�x¿�� Í�¿aÈ�Ç:Ã ,/;6C�.:¼�.c�1,P,��8�8=B.�GH,�C/.c2���G
±�.1,R®y.:.c4F2�=I9<.:±8CQ2�D?�;���.:CQ2),/;�CQGl2�4O>F,��8.cDIC·>�.:��.:4O>�.:4��:DI.aG·DI4Ó2�ê
ú Þ L´E�.�2�C�.�.cG��O.a�1D?2�=B=I��DI4-,/.:C/.cGH,�.c>*DI4Ó2Óò�Á�Ì �1¿�ógÍ¸,/C�.a2),/�·.c4-,,��O2),��8.c=I�OG�2�­�;<DB>�,�.a>�DB;���G�>�DBGH,�DB4��1,�DB;�4�G�±-��®x�8D?�Q�6;���.:CQ2),�;<C
,��8.¢��2�C�,�D?�1�8=?2�C�>82),Q2�®y2<G:ª�2�4�>K±z��®x�8D?�Q�6DI,�DBG,�;�±�.��8C/;z�:.cG/GH.a>»LJµ.:,À��G·2�G/G��8��.�26,/C�.c.1©^GH�O2���.c>¬ê
ú Þ 9�.c48.:CQ2),/.c>F±z��2�4*;<��,�DB��DI�c.:C�2�GÀDI=B=I�OGR,/C/2�,�.c>*DI4Ó@ADB9��8C/.P�8L�Ñ
��.±�2<GHD?�P�848DI,�;�0�>�2),/2&,�CQ2�4�G��O;<CH,��:;�4�G�D?>�.:C/.c>�D?G�26Ë²òaÊ�ÃIÇ:LxÑ
�8.¢G�.1,�;�0M2�=B=µ,����8=I.aG¨;��:�:�8C/C�DB489&DB472¹�-�8.:C/�¹,/C�.c.lDBG>�.c48;�,/.c>�±z���6L � =B=µ,/�8�8=B.cG¨2�C�.
�848D?�-�8.�ª�C�.c9<2�CQ>�=B.cG/Gy;�0´,/�8.:DBC��:;�4-,�.c4<,QG:ª�D²L .�L�2�4�2�=I9<.:±8CQ2�D?��;<�O.cC/2�,�;<C
2��8�8=BDI.a>,�;¢;�48.x,/�8�8=B.��&2��¢.c4-,/2�DB=�4�;�48.<ª<;<48.�ª<;�C G�.:­<.:CQ2�=848.c® ,��8�8=B.cGy2�=B=�>�D?GH,�DB4��g,«0�C�;<� ,/�8.�;<C�DB9�DB4�2�=²L�-«;<4�G�.c�-�8.:4-,/=I�<ª.c2<�Q��,/�8�8=B.����8�ÒD?Gx�8C/;��1.aG�G�.c>�±-��.1¥82��1,�=B�¹;�4�.
;<�O.cC/2�,�;<CcLJµ.:,���S���� M*��������� �	�� K�:;�4-,/2�DI4*,��8. ð ;�DB4Ó;<�O.cC/2�,�;�CQGl;�0�2Fê
ú Þ L ³ 4¬�8DI��.:=BDB48.���C�;��1.aG�G�DB489�ª ð ;<DI4�G·�:2�4±�.7GH.c.:4'2�G��84�2�C��Ó;���.:CQ2),�;<C/GKëIü���îqï � ð ;�DB4'�&2���G�.a2��Q�¬,��8�8=B.6;�0PDI,/G&DB48�8��,&,/;*2FGH.:,¹;�0�;<��,�����,¹,����8=I.aG:ªD²L .<Lg�¢ï��¢¡F��£Ô®x�8.:C/.��u£ >�.c48;�,/.cGx,/�8.l��;)®«.cC/G�.1,¨;�0.�6L��F�c2�4K±O.À;�CQ>�.:C/.c>�2�4O>�,��z��G¨®y.lC/.10�.cCx,�;�G�DB489�=B.;���.:CQ2),/;�CQG¤±z��,/�8.:DBCµDB4�>�.1¥�.aG,�<ü �������{�¥¤  -L´Ñ´;<9�.:,��8.cCµ®xD`,/�P,��8��=I.«�848D?�<��.:48.aG�GU2
��2��8�8DB489!¦¹ï§�¨¡©�<ü �������{��¤  �:2�4¹±�.
>�.:Ð�48.a>&,�;·DB4�>�D?�:2),/.�,/�8.�,/2�C/9�.:, ;���.:CQ2),/;�C 0�;�C
2l,/�8�8=B.�L�Ñ
�8.	ª:¿)Ì�Á�Ê¤ó�¿cÈ�ò«Q1Ë«;�0´2¢,��8��=I.��·DBG ,��8.PG�.1,
;�0,����8=I.aG
,��O2),�2�C/.
.:4-,/2�DI=B.c>�±z���­¬ ï��®¡¯�u£$®xDI,��°¬
ûk�zý±S²�	³�´\µm¶yûk�zýgLÑ
�8.aGH.�>�.:Ð�48DI,�DB;�4�G
.c4�2�±8=B.�2·9�.:4�.:CQ2�=�,�C/.c2�,���.:4-,x;�0A,��8.�>82�,/2�¼�;)®�®xDI,��8;<��,¨>�D?GR,/DI4��1,�DB;�4K;�0v�:2<GH.aGx2�Gy®«.c=I=2�G
C/.:=?2),/DI;<4�G��8DI�OG«±�.1,R®y.:.c4K;���.:CQ2),�;<C/GcL
·�Ö§¸�¹�º»&�º¶Ù/¹½¼�+k¾ � ��2�DBClûk¿ � ��Àaýy®xDI,��8¿ÂÁÃ�F2�4�>P��À�ÁÄ� D?Gx�:2�=I=B.c>6øyÌ Ê�Ç1Ã\Ì�Á¤ÇYÅ¤ÇwÆ�Í�Ç:Á�Ëy;�0A=I.c489�,/�PÇ¡D`0

�	È�ûT¬ ÈkÉ M ûk� À ý�ý±S(¬ È ûk� À ý
0�;�C¨2�=I=�ü�ÊÄË.ÊÄÇ�L Ì
� À DBGx�c2�=B=I.a>�Ì�Á�Ê�ò�Ëyó�Ç:ÃIÅ)Ë²Ì3¿)Á�2�4�>8¬	Í»ûk� À ý
ó/ÇcRgò�Ã\Ë«ó�Ç1ÃBÅ)Ë²Ì3¿)Á ;�0yû%¿ � � À ýgLM56;<C�.c;)­�.:Caª��¨SHÎ È ¬ È ûk� À ýy�8;�=?>8GcL

Ï ?§ä�å¹èsB!I�IAécâEÐÑ� å¹æ8BDC
Ñ
�8D?GMG�.c�g,/DI;<4·>8.cG/�1C/DI±�.cG�2P�8C/;��1.aG�G�DI4�9���;�>�.:=80�;�CM2P��2�C/2�=I=B.:=z.:4z­zDBC�;<48��.:4-,�;�4·,��8.x±O2�G�DBGv;�0O,R®y;��1;�����;�48.c4-,/Gcï2xG�.1,´;�0»ñ:ò�Ç1ò�Ç{R±Ò�ª�2�4�>�2xG�.1,´;�0�Ê¤ó�¿�Q/Ç{RmRgÌ�ÁoÆ
ò�Á�Ì�Ë%R.Ó�Lvê��8.c�8.cGµDI���8=B.:��.:4-,µ,/�8�8=B. G�.1,/G´2�4�>�2
��2�CH,/DB2�=),�.c���O;<C/2�=;�CQ>�.cCyC/.1¼O.c�g,/DI4�9¢,/�8.�2�C/C�DB­)2�=¤;�CQ>�.:CaLMê��8.:�8.aGx2�C/.�4�;�,x=IDB��D`,/.c>�,�;&@ ³ @A½�©^GR,/C��O�g,���C�.aG:ª�G�DI4��:.P®«.P>�;�48;�,x�&2 � .��G�.�;�0µ,���.
�-�8.c�8.�Ï Gy��2�C�,�D?�1�8=?2�C«;�CQ>�.:CaLvÑ
�8.��:2�CQ>�DB4�2�=BDI,R����D²L .<L�,���.
=B.:4�9�,����';�0U2¢�-�8.c�8.�ÔlDBG
>�.c48;�,/.c>¹±z�°Õ Ô�Õ\LÑ
®y;·�-�8.c�8.cGx2�C�.
>�DBGH,�DB489<�8DBG��8.a>»ï.Ô�Öz×�®x��DB�Q��DI���8=B.:��.c4<,QGy,��8.PDB48DI,�D?2�=¤,����8=I.lG�.1,!��À�2�4�>­Ô�Ø�Ù*Ú�,���2�,x�:;�4-,/2�DI4OG,���.�C�.aGH�8=I,xC�.c=B2�,�DB;�4K2)0�,/.:C
,���.��8C�;��:.cG/GHDB489�L
Û!Ü�Ý ���z��ÞDßáà¨��â_ã6ä��
½��8Cx��;�>�.:=´DBG
±�2<GH.a>�;<4�,��8.P0�;<=I=B;)®xDI4�9·2<G�G��8����,�DB;�4OG:L



D0

0

)Φ

3

1

2

2

3

=

D

Φ

)(Φ

(

(

0

)(Φ

)
3

0

D0

D0

D

R2

R1

R Hash Join

Hash Join

Hash join

@ADI9<�8C�.��8ï Þ DB�O.c=IDB48.l+z.:9<��.:4-,

��å§æ�çUÁ�Ì �1¿�ógÍÀÌ�Ë²Î�¿_�lË¶òaÊ¤ÃIÇlÃB¿cÅ<È)Ì�ÁoÆoæ�ú 2��Q�Ó,��8��=I.K,Q2 � .aGÀ,��8.7G/2���.�,�DB�·.K0�;<C�=I;-2�>�DB489�®x�8.:4�2�G/G�DI9<48.c>*,�;F2�8C�;��:.cG/GHDB489��848DI,�è È �'DB4�>�.c�O.c4�>�.c4<,/=I� ;�0
,���.6,��8��=I.6,/��2),¹®
2�G&2<G�G�DB9�48.a>¬��C�.c­-DB;��OGH=B��,�;8è È ª
D²L .<LM,���.��2�C�,�D?�1�8=?2�Cy,/�8�8=B.l2�C/C�DB­)2�=�;�CQ>�.:C
D?GxDIC/C/.:=B.:­)2�4-,cLvÑU�8�8=B.cG¨>�DI£¤.:Cx;�4�=I�¹DB46GHDB�:.P;�0´,���.�;���,/�8��,x,���.:�¹.c4<,Q2�DB=¶L
��é�æx÷,ê�Q1Ã\ò�RgÌ�ô)Ç
Ê¤ó�¿�Q/Ç{RmRgÌ�ÁoÆoæ � ,/�8�8=B.¢�:2�4K;�48=B��±�.¢2�G/G�DI9<48.c>�,�;&;<48.lG�DI489<=I.���C�;��1.aG�G�DB489��848DI,cL � ,����8=I.l,���2�,DBG
C/.:=B.c2<GH.a>¹±z��2·�8C/;��1.cG/G�DI489·�848DI,�>�;z.cG¨48;�,xC/.1©^2��8��.c2�C
2�,¨2�4z�¹=?2),�.cCx�O;<DI4-,¨;�0´,�DB��.�ëgL
��ìoæ
¾¢¿)ÁOÂwRgËq¿QÊ¹Ê�ó�¿�QQÇcRmRgÌ�ÁoÆoæP½�4��1.�2l,��8��=I.��¢D?G 2<G�G�DI9<48.c>·,/;À2���C�;��1.aG�G�DB489��848DI,cª«¬
ûk�zý DBG 9�.:4�.:CQ2),�.a>�®xD`,/�8;��8,2�4z�¹>�.:=?2���ª�±�C�.a2 � ;<CxDI4-,�.cC�C/�8��,aL
�sí0æ�î¢¿)Í&¿3Æ<Ç:Á�Ç:Ì�Ë¶Î�¿��yÊ�ó/¿�QQÇ{R3RgÌ�Á�Æ¹ò�ÁOÌ�ËkR�æ¨Ñ
��.¹,�DB��.¹,/;�9�.c48.:CQ2),/.P¬
ûk�zý¢DBGÀDI4O>�.:��.:4�>8.:4-,·;�0x,��8.���2�C�,�D?�1��=B2�C�8C�;��:.cG/GHDB489·�848DI,cª8D²L .<L�2�=B=»�8C/;��1.cG/G�DI489·�848DI,/G�2��Q�8DB.:­<.�,/�8.lG�2���.PG���.:.c>µL
��ï§æ�ðmR:¿)ÃIÅ�Ë¶Ì3¿�ÁF¿��«Ê�ó�¿�QQÇcRmRgÌ�ÁoÆ�ò�ÁOÌ�ËkR�æ Þ C�;��1.aG�G�DB489
�848DI,/GA>�;¨48;�,A2)£¤.c�1,´.c2<�Q��;�,/�8.:Caªc.c­�.c4�®x�8.:4�,/�8.:���:;�4�G��8��.,��8�8=B.cGy0�C/;��Ò,��8.lG/2���.��-�8.:��.
;<C¨2��8��.:4O>�,/;·,��8.lG/2���.��-�8.:�8.l2�,
,��8.lG/2���.
,�DB��.�L
E�.�0���CH,/�8.:C¹2<G�G��8��.�,���2�,6ûHüaý·2�=B=x��2<GH�¬,/2�±8=I.aG·;�0
2��8DB��.:=BDI48.7G�.:9<��.:4-,ÀÐ�,¹DI4-,�;F�&2�DB4 �·.c��;�C/�*2�4�>Ôû%�<ý.:­<.:C/�K��2�G���©q=I;z; � �8��9�DB­�.aG�2�>�.:Ð�48DI,�.&2�4�G�®y.:Caª�D²L .�L¤48;�0��8CH,/�8.:Cl�:;�����2�C�D?GH;<46DBG
48.c.c>�.a>»LÀÑ
��.cG�.¢,R®y;�=?2),�,�.:C2�G/G��8����,�DB;�4�G�2�C/. ð ��GH,�DIÐ�.c> ±-�';<�8C��:;�4�G�DB>8.:CQ2),�DB;�4OG&;�0¢+z.a�g,�DB;�4H��L @��8CH,/�8.:C/��;�C/.�ª¨G�DI��DB=B2�C�2<G�G��8����,�DB;�4OG2�C/.��:;�����;�4�DB4 ,���DBG�2�C/.c2�;�0�C�.aGH.a2�CQ�Q� ëIücÿ8ª
ü*�zªs�zª�ü���îqL ³ 4$+�.c�g,/DI;<4�í8ªx®y.¡G���2�=I=P2�G/GH.aG�G&,��8.aGH.¡�O;<DI4-,/G.1¥���.:C/DI��.c4<,Q2�=B=I�<L
Û!Ü%ñ ò½óaô äDâR��â�ã±ä��
� =B=�C/.:=?2),�DB;�4OGH�8DB��G�±O.:,R®«.c.:4 �6ª�Ò 2�4�>°ÓÒ2�C/.l,�.c���O;<C/2�=¶L¢ÑU;�DI4�>8DB�c2),�.À,���DBG
032<�g,cª»®y.·��GH.�2�,�DB�·.�­)2�C/D?2�±8=B.DB4�>�.1¥»ª8.<L 9OL«õ­�aö�÷ ��.a2�4�G
,/��2),Dõ�D?Gx.:=B.:��.:4-,¨;�0vG�.1,D÷ 2�,!ëgª8®x�8DB=I.�Õ Ô�Õ öy>�.c48;�,/.cG
,/�8.�=B.:489�,��6;�0��-�8.:��.�ÔÀ2�,
ëgLM@8;<C¨�1;<4-­<.:48DB.:4O�1.�ªz®y.�®xC�DI,�.�õ���ø ö%ùmú ö»û_ü ÷ DI4�GH,�.a2�>�;�0,õý�aö�÷ ��þ ë±��ë ë M�� ë_ÿ1î²L
·�Ö§¸�¹�º»&�º¶Ù/¹���+k¾ Jµ.:,�û%¿ � ��Àaý�±�.·2��8DI��.:=BDB48.·G�.:9<��.:4-,�;�0M=I.c489�,/� Ç�ª»2�4�> Ó 2�4�>°Ò 2�G
>�.1Ð�4�.c>�2�±O;)­<.�L �øyÌ Ê�Ç1Ã`Ì�Á�Ç�øyó�¿�QQÇcRmRgÌ�ÁoÆ�ÅOË²ó�Å�ËqÇwÆ�Î�õ3øMø	Å�ùlD?Gx2���2��8�8DB489

� ï������½¡ Ò���Ó�� �
	� 
®xDI,����½S ë ë À � ë ´
��¶� Ú Ø�� îU2�4�>



ü<L þ �>�E� À ï �ý�aö��sÔ Öz× ª
�8L þ �>� ¬	Íµûk� À ýyï ��� ö��������� ��� Ô Ø�Ù*Ú ª
��L þ �>�E�¯ï ��ë M*� ë_ÿ � ë �����Ôï � ø ö%ù3ú ö»ûWü ûk�zý�� Ò ! � ø ö»û�ú ö�"Wü ûk�zý��PÓ�ª
�OL � ø ö ù ú ö û ü ûk�zý��EÓ ! � ø ö�# ù ú ö�#û ü ûk�%$?ý	�EÓ�ª«�%$�� ¬
ûk�zý & ë M(' ë $ M ª
98L � ö û%� M ý.S è ! � ö ûk� ÿ ý6S è & � M SÃ� ÿ

®x�8.cC�. � ö ûk�zý±S)	'��.c2�4�G:ª�,��8.x=B;��:2),/DI;<4À;�0g�lDBGv48;�, >�.1ÐO48.c>�2),�,/DI��.sëgLvÑ
�8.x=B.:489�,��·;�0*�¬D?G��:2�=I=B.c>KÇ¥êzÇmQ:ò�Ë¶Ì3¿�ÁË²Ì�Í�Çl;�0 � L ÌÑ
�8.xÐOC/GH, ,R®y;¢�1;<4�GH,�CQ2�DB4<,QGM>�.c��2�4�>»ª<,���2�,y2�=I=O,��8��=I.aG ;�0�,/�8.�DB48DI,�D?2�=�C�.c=B2�,�DB;�4ý��À�2�C�.�DI4&,/�8.�DB48�8�8,y�-�8.:��.±�.10�;�C/.�,���.¹�8C/;z�:.cG/GHDB4896GH,/2�C�,/Gcª´2�4�>�2�=B=�,����8=I.�;�0y,��8.&C/.cG��8=I,¢C�.c=B2�,�DB;�4F2�C/.�.:=B.:��.:4-,/Gl;�0
,��8.&;<��,�����,À�-�8.:��.2)0�,/.:C¢,��8.¹��C�;��1.aG�G�DB489K,�.cC���DB4�2),/.cGcLKÑ
��.&,��8DBCQ>��O;<DI4-,¢C/.c�-�8.aGR,QGP,���.�.1¥�D?GR,/.:4��:.&;�0¨2�4�DB4-,�.cC�­)2�=«;�0
,�DB��.¹0�;<C.c2<�Q�F,��8��=I.<ªM®x�8.:4ÓD`,�DBG¢,�;¡±O.��8C/;��1.cG/G�.c>o� �1;<4�GHD?GH,�DB4896;�0�2�4*DI4-,/.:C/­�2�=
ë ë M*� ë_ÿgî
D`,�D?GÀGH,�;<C�.a>FDI4¬;�48.�;�0x,���.�-�8.:��.cGx2�4O>�2�4�DB4-,�.cC�­)2�=«ë ë_ÿ � ë �gîUD`,¨D?Gx=B;z�c2),/.c>�;�462·�8C�;��:.cG/GHDB489·�848DI,cL Ñ
�8.cC�.PD?Gx48;&>�.c=B2��¹DB4K±O.:,R®«.c.:4�,���.cG�.DB4<,/.:C/­)2�=?G:ª�D²L .<Lz,��8.
,/�8�8=B.l>�DIC/.c�1,�=B�¹9�;z.aG 0�C/;�� ,��8.l�-�8.c�8.
,�;·,��8.P�8C/;��1.aG�G�DI4�9À�84�D`,aL±�¨.:¥-,aª82À,��8�8=B.��%$¤��2�C�,x;�0,���. ð ;<DI47��C�;�>����1,�;�0�,��8�8=B.>���c2�4848;�,�±�.À��C�;��1.aG�G�.c>K±�.10�;<C�.���LP@ADI4O2�=B=I�<ª�2¹,��8�8=B.·DBG�.1¥8�1=B��G�DI­<.:=B����C�;��1.aG�G�.c>µª2�Gx>8.:�&2�4�>8.c>�±z� � �8LÑ
�8.648.:¥z,¹DBG/GH��.�,/;*>�D?G��:��G�G�D?G�,/�8.7®y;�C � 48.:.a>�.c>¬,�;���C�;��1.aG�G&2¡,/�8�8=B.°��ª
D²L .<L�,�;F9<.:48.cC/2�,�.°¬
ûk�zýgL ³ ,�1;<4�G�DBGH,/G¢;�0x,R®y;7��2�C�,/Gcï·�8C�;<±8DB489�2�9-2�DB4�GH,l,��8.���2�G��F,/2�±8=B.�2�4O>�9�.c48.:CQ2),/DI489K,/�8.�4�.:® C/.cG��8=`,¢,��8�8=B.cGcL¡Ñ
��.=?2),H,/.:C�DB4��1=B��>�.aG·2�=I=B;��:2�,�DB;�4Ó;�0���.:��;�C/�F;�C�±8��£¤.:C&G���2��:.�2�4�>*�O2�G/GHDB4897,/�8.KC�.aGH��=`,·,��8��=I.K;�4Ó,�;¡,��8.K48.:¥z,�8C/;��1.cG/G�DI489·�848DI,cL«Ñ
�-�OG:ªz,/�8.�®«;<C � 0�;<C¨2�GHDB489�=B.P,����8=I.��&,�;�,Q2�=?G
+ ûk�zý±S + �-,WØ/.10�û%�-ý32 4

µ65/798�´\µm¶ + �;: ��� ûk�=<aý �
� �c�1;<C/>�DB489·,�; � ül2�4�> � �·®y.l�:2�4KG��8±�GH,�DI,���,/. + �-,WØ/.10 û%�-ýy±z� + �-,wØ/.�0 2�4�> + �-: �1� û%� < ýy®xDI,�� + �-: �1� ª��-DB.:=?>�DB489

+ ûk�zý±S + �-,WØ/.10>2@? 8a´\µm¶ ?4
È
A M + �-: �1� S + �-,wØ/.�0>2 Õ ¬
ûk�zý�Õ + �-: �1� �

º .c�c2���G�.�;�0 � �62�4�> � ��®y;�C � D?GP.c�-��2�=v,�;K,�DB��.�L�Ñ
�z��Gcªµ,/�8.�,�DB��.�ë ´ � 01B ¶ 2KG�.c�-�8.:4-,/DB2�=MGH��GH,�.:�¸48.:.a>8GP0�;<C�8C/;��1.cG/G�DI489�2·��2�C�,�D?�1��=B2�Cx�8DI��.:=BDB48.lGH.c9���.:4-,xD?G
ë ´ � 0�B ¶ S + ûk��ý	SC4

µ-7 £ + û%�-ý �
ÑU;À��2�4�>�=B.
,��8.P�8C/;��1.cG/G�;�C
2�=B=I;��:2�,�DB;�4�2�,¨2À�:.:C�,/2�DB4�,�DB�·.<ª�®«.
DB4<,/C�;�>��O�1.
,��8.P48;�,�DB;�4�;�0«ÃB¿cÅ<È)L Ñ
�8.P=B;<2<>¹;�0A2�8C/;��1.cG/G�DI489·�848DI,.è72),
,/DI��.�ëyDBGx.:¥��8C�.aG�G�.c>�±z�

D ´E��¶ö ûzè¤ý±SGF ü D`0H�����8� ï � ögûk�zý±S è �� .:=?GH.<L
³ 0v48;&2��¢±�DI9<�8D`,R��2��8��.c2�C/Gcªz,��8.�DB4�>�.:¥ � DBG
;<�·DI,H,/.c>�DB4�,/�8.P0�;�=B=B;)®xDI489OL� G
,/�8.&48.:¥-,l.:¥82����8=B.·DB=B=I��GH,�CQ2),/.cGcªµ,R®y;K�8��2�G�.cG
;�0«,/�8.&.1¥�.c�:��,�DB;�4F2�C/.&>�D?GR,/DI489<�8D?GH�8.a>FGHDB4��1.��8C/;�>����:.:C�©�1;<4�G��8��.:CxC/.:=?2),�DB;�4OGH�8DB��Gy±�.1,R®y.:.:4K�8C/;��1.aG�G�DI4�9À�84�D`,QGx�&2��¹=I.a2�>�,�;�D?>�=I.P,/DI��.aGx;�0�GH;<��.
��C�;��1.aG�G�DB489À��48D`,QG:ï



I(J�$LK 5�#3Ö���+NM -«;�4�G�DB>8.:C�2K�8DB�O.c=IDB48.¹G�.:9���.c4<,�®xDI,��F;�4�=I��,R®«; ð ;�DB4�;���.:CQ2),�;<C/G�û_�7S¢��� M�� �	ÿu �ý
2�4�>¡,R®y;�8C/;��1.cG/G�DI4896��48D`,QG�û%Ó S �3è M�� è/ÿu �ý1L7@8�8C�,��8.cC���;<C�.<ªU=B.1,�è M �8C/;��1.aG�G>� M 2�4�> è/ÿ&�8C/;��1.aG�GY�	ÿ<ªvC�.aGH��.c�1,�DB­�.c=I�<Lè ÿ �'��C�;��1.aG�G�DB489�;�48=B��,/�8.l;<��,��8�8,�;�0aè M ��GH,/2���GxD?>�=B.l�84-,�DB=«è M �8C/;�>����1.a>KD`,QGxÐ�CQGH,¨;���,/�8��,�,/�8�8=B.�L ° ;)®y.:­<.:Caªè M �&2��&ÐO48DBG���D`,QGx®«;<C � ±�.10�;<C�.sè ÿ >�;z.cGcL O
E�.l�:2�4�9�.c48.:CQ2�=BDB�:.�,��8D?G¨�:2<GH.<L�@8;�Cx.a2��Q���8C/;z�:.cG/GHDB489·�848DI,.è/ÈA,/�8.:C/.�.1¥�D?GR,së ´E��¶� Ù ûkËRý
2�4�>­ë ´E��¶� P û»ËRý
G����Q��,���2�,

ë6�Fë ëWÀ � ë ´E��¶� Ù û»ËRýqî & D ´E��¶ö û�è È ý.S½�
D²L .<L�GH;<��.
��C�;��1.aG�G�;�CQG«��2���±O.�D?>�=B.�±O.:0�;�C/.�ë ´
��¶� Ù û»ËRýgª�2�4�>

ë6�Fë ë ´
��¶�QP û»ËRý � ë ´E��¶� Ú Ø�� î & D ´E��¶ö ûzè0È¶ý±SÃ�
D²L .<L�GH;<��.
��C�;��1.aG�G�;�CQG Ð�48D?GH��,���.:DBCx®«;<C � .a2�C/=IDB.:Cy,/��2�4�;�,/�8.:CQG:L�Ñ
�8D?Gx=B.c2<>8Gy,�;�,/�8.P0�;�=B=I;)®xDB489�>�.1ÐO48D`,/DI;<4µï
·�Ö§¸�¹�º»&�º¶Ù/¹���+\¼ @8;<C¨2 Þ Þ + � ®xDI,��8�6ªR�lª�Ó 2�4�>8Ò 2<Gx>�.1Ð�4�.c>K2�±�;)­�.�,��8.�DB4-,�.cC�­)2�=Më ëWÀ � ë ´E��¶� Ù îµ®xDI,��

ë ´E��¶� Ù S �&2)¥È ��ë ´E��¶� Ù ûkËRým 
D?Gx�:2�=B=B.c> RgËqÅ�ógË¶òaÊFÈ<Ç1ÃBÅ)Î�;�0 � L � 4�2�=B;�9<;���G�=I�<ª-,��8.�DB4-,�.:C/­)2�=Më ë ´E��¶� P � ë ´E��¶� Ú Ø�� îµ®xDI,��

ë ´E��¶� P S ��DI4È ��ë ´E��¶�QP ûkË^ýc 
D?Gx�:2�=B=B.c> R�Æzò�Ë^È�¿���ÁFÈ�Ç:ÃIÅ)Î)L Ì
� G¢,���.�ú�¥82����8=B.�G��8;)®¨GcªAG��z��,/>�;)®x4*>8.:=?2����c2�4848;�,¢±�.�2�­�;<DB>8.c>»ªUDI4*9<.:48.cC/2�=¶L ³ ,·C/2�,��8.cCÀ>�.c�O.c4�>8GÀ;�4F,���.��2�CH,/DB�:�8=B2�Cy>�2),/2�L ³ ,«0��8C�,���.:C/�·;<C�.
GH��9�9�.aGR,QGM,/��2),x2¢GH,�CQ2),/.:9<���c2�4�;�48=B��±O.P;��8,�DB��2�=¤D`0U2�=I=¤®y;�C � .c4-,/2�DB=B.c>¹��.:C,����8=I.l�c2�4K±�.l2�G/GH.aG�G�.c>�Å
Ê�ógÌ3¿�ógÌ�ªO��C�.a�1D?GH.c=I�<LvNP4�;)®x=I.a>�9�.
,��O2),¨D?G
48;�,�2�­)2�DB=?2�±8=B.�±�.10�;<C�.c��2�4O>�±���,¨;�48=B��2�0�,�.:C,���. ð ;�DB4�.c­)2�=B��2),/DI;<4µL&E�D`,/�8;��8,l,��8D?G�=B;z; � ©q2��8.c2<>�2KGH,�CQ2),�.c9����c2�4�;�48=B�¡G/�Q�8.a>��8=B.À,/�8.��:�8C�C/.:4-,/=I�72�­)2�DB=?2�±8=B.�848DI,/G¨;�0v®«;<C � ,/;À,/�8.�±�.cGH,¨;�0vD`,QG¨2�±8DB=BD`,/DI.aG:L
·�Ö§¸�¹�º»&�º¶Ù/¹���+E� � Þ Þ + � DBG¨¾�����ÂH¿/Ê�Ë²Ì�Í&Å)ÃADI462�4�DB4<,/.:C/­)2�=S�ÔD`£70�;<C¨2�=B= ë ë M*� ë_ÿ1î3TU�

4
È

D ø ö%ù3ú ö»û�ü ûzè/È²ý ' Õ ÓýÕV& W ö ûö%ù 4X 79Y[Z/\ X �E]��_^ Õ Ô�Õ ö:È)Ë±S½� � ûRü�ý
Ì

Ñ
�8.
=I.:0�,y.:¥��8C�.aG�G�DB;�4&�8;<=B>8G«DI0U>��8C/DI4�9l,���.�.c4<,/DIC/.�DB4-,�.cC�­)2�=¤2),
=B.c2�GH,«;<48.���C�;��1.aG�G�DB489l�848DI,xDBG«D?>�=I.{�'4�;�,
48.c�:.cGH©G/2�C/DI=B��,��8.�G/2���.
;�48.P2�=B=¤,��8.
,/DI��.�LMÑ
��.
C/DB9��-,y.:¥��8C�.aG�G�DB;�4�2�=I=B;)®¨Gy48;ÀDB4-,�.cC�­)2�=»;�0´=B.:489�,���9�C/.c2),/.:C«,���2�4��c.:C/;>��8C/DB489�®x�8DB�Q�62À,����8=I.�D?Gx.c=I.c�·.c4-,
;�0v2��-�8.c�8.�ª8;�,��8.cC�®xD?G�.�,/�8.�DI4-,/.:9�CQ2�=µ�c2�484�;�,x.c�-��2�=��8L`ba ÖzÙ�Ú)ÖcKd��+fe Jµ.:, � ±O.
2���J � ©q;���,/DI�&2�= Þ Þ +·2�4�>6û%¿ � � À ý�2��8DB�O.c=IDB48.
GH.c9���.:4-,cLvÑ
�8.�0�;�=B=I;)®xDB489��8;<=B>8G ÿ ï
2-ý�Ñ
�8.P.1¥�.c�:��,�DB;�4�,�DB��.�ë ´E��¶ DBG
±�;��84O>�±z�

ë ´E��¶ SÃ�hg üi ë ´ Ø��*Ú ¶j6k n�X,t*vT[�[mZ\`�[mZ/pmxixot�vT[ctu[c`Th j%hi[cb*`�pmb*��j%n*X_[cvTX_�s`�t*vTX_`%X�b{j%X���hibDj%n*hi`�t�pmtuX�v�]�pmb��uX�Z [c^*b*��hibDjTn�X.pmt*tuX�b��*hi]_X�`�}



®x�8.:C/. i >�.:4�;�,�.aGy,��8.�4z�8�À±O.cCx;�0v2�­�2�DI=?2�±�=I.
�8C/;z�:.cG/GHDB489·�848DI,/Gcª�2�4O>�ë ´ Ø��*Ú ¶ DBGy,/�8.P;���,/DI�&2�=´�8C�;��:.cG/GHDB489,�DB�·.<L
±Oý º ;�,��Pë ´ Ø��*Ú ¶ 2�4�>Pë ´E��¶ 2�C�.
±�;��84�>�±z��ë ´ � 0�B ¶ ;�48=B��L

l ?�é�A BDCcé:âEB ?§ä�å¹èsB!I�IAécâEÐnm&ãvä,G
ã�B!Ð·é{B!I
Ñ
�8D?G&GH.a�g,/DI;<4ÓD?G&>�.:­<;�,�.a>�,/;¡,/�8.6>�.cG/�1C/DB��,�DB;�4 2�4�> 2�4�2�=I��G�DBG·;�0�>�DI£�.cC�.c4<,&��2�C/2�=I=B.:=BDB�c2),/DI;<4ÓGH,�CQ2),�.c9�DB.cGcLÓÑU;032��:DI=BDI,/2),/.y,��8.
��G�.
;�0 � ª�®«.yDI4-,/C�;�>����:.y,��8.
�&2��:C�;&¿�QmQ:òaÊ�Îcøyó/¿�Q
2<GA2PG��8;�C�,v��2�4�>¢0�;�CA,/�8.y0�;�=B=I;)®xDB489PGHDI,���2�,�DB;�4µï

¿�QmQ:òaÊ�Îcøyó�¿�Q<û»ë � è � Ô $ � Ô $ $ ý ïzSo�����P� ïp��ë $ � � ûk� � ë ë $ � ëqî�ý±SÃÔ $ �� û%� � ë ë � ëq2 + û%�-ý^î�ý	S è �
þ � $ � ¬
ûk�zý � ��ë $�$ ï � ûk� $ � ë $ $ ý.S Ô $ $

Ñ
�8.·C�DB9��-,��O2�4�>¡GHD?>�.À�:;����8C/DBG�.cG¨,��8C/.:.À��2�C�,/Gcï¨@ADICQGH,cª�,��8.cC�.·D?G�G�;���.À>�2),/2�DI4¡�<��.:�8.>Ô
$A±O.:0�;�C/.�ëgL�+z.c�:;�4�>»ª
�¡DBGÀ2�=B=I;��:2�,�.a>�,/;7�8C/;��1.cG/G�DI4896��48D`,�è´ªA,��z��Gl,��8. ð ;�DB4F0�;�C��7D?G¢�1;<���8��,�.a>»L � 4O>�=B2<GR,aª�2�=B= ;��8,��8��,·>82),Q26DBG2����O.c4�>�.c>�,/;��-�8.c�8.�Ô
$ $3L
r�Ü�Ý s ã±äut ó ä ��â�ã±ä¨�>vxw â�à ó v�â¥ä ózy�{só �aÞx��â�ã±ä
³ 4$�:;�4z­�.c4-,�DB;�4�2�=�øyÌ Ê�Ç:Ã\Ì�Á�Ç�÷,êzÇ3Q:ò�Ë²Ì3¿)Á õ3øM÷Uù)ªx9�C/;��8�OG�;�0¢�8C/;z�:.cG/GHDB489¬�848DI,/G62�C/.¡2<G�G�DB9�48.a>',�;'GHDB489<=I. ð ;�DB4;���.:CQ2),/;�CQG
GR,Q2),�D?�:2�=I=B��ë þaîqL«+z;Oª8.c2<�Q���8C/;��1.aG�G�DI4�9·��48D`,��c2�4K�8C/;��1.cG/Gy,����8=I.aG
0�;�Cx;<48.���2�CH,/DB�:�8=B2�C ð ;�DB4K;���.:CQ2),�;<C;�4�=I��û¶�g0RL�úM¥��8=¶L«��Li��ýgLE�.�>�D?GR,/DI489<�8D?GH�&,/�8.¨,R®y;l�:2<GH.aGM®x�8.cC�.�.:DI,��8.cCM,���.�4z�8�¢±�.:C«;�0 ð ;<DI4�G±ÇK.c�-��2�=?G�,/�8.�4z�8�À±O.cC ;�0µ�8C�;��:.cG/GHDB489�848DI,/G i ªO;�C�Ç�.1¥8�1.c.c>8G i L
-y2�G�.�ü�ï�Ç S iúM­<.:C/�6�8C/;z�:.cG/GHDB489K�848DI,!è È DBGl2<G�G�DB9�48.a>6,�;6.:¥82��g,/=I��;�48. ð ;<DI4µªA�1;<4�GH���·.aGP,����8=I.aGP0�C/;��¸2�4¡.:¥8�1=B��GHDB­�.�DB48�8��,�-�8.:��.�Ô�È�ª�2�4�>62����O.c4�>8G¨DI,/G�.:4-,�DBC/.l;���,/�8��,¨,/;¹,/�8.lDB48�8��,P�<��.:�8.�Ô�ÈE| M ;�0v,/�8.ÀG��8±�G�.c�-�8.c4<,��8C�;��:.cG/GHDB489��848DI,cL³ 4¬�c2�G�.&,���.:C/.�D?G¢4�;¡G����:�:.cG/GH;<CcªA,���.�;<��,��8�8,·D?GÀ2��8��.:4�>�.a>�,/;�,/�8.�;<��,�����,��-�8.c�8.�LF@8;<C¢,/�8D?G·�c2�G�.�ª Þ ú�DBGG��O.a�1DIÐ�.c>�±z���ë � ËMï D�ö û�è È ý.SÃ�}! Õ Ô È Õc~7��& ¿�QmQ1òaÊ¤Îcøyó�¿�Q<ûkë � è È � Ô È � Ô È
| M ý û ³ LIü�ý
®xDI,�� Ò SH��Ô Öz× S Ô M���������� Ô Í | M S Ô Ø�Ù*Ú  -L
-y2�G�.���ï�Ç ' i³ 4 ,��8D?G&�:2<GH.<ª �8C/;��1.aG�G�DI4�9¡�84�D`,QG¹2�C/.�9<C�;<�8��.c> 2�4�>¬.:­<.:C/��9�C/;��8�¬DBG¹2<G�G�DB9�48.a>�,�;F;<48. ð ;�DB4µL�E¡.62<>8>�C/.cG/G�8C/;��1.cG/G�DI4896��48D`,QGÀ2<G!è0È < ®x�8.cC�.�ËP>8.:48;�,�.cGl,��8.�9�C/;��8�*2�4�>��¡DBGl,��8.�DI4O>�.1¥�®xDI,��8DB4�,���.�9�C/;����µL i È�DBG¢,���.4z�8�¢±�.:C�;�0��8C/;z�:.cG/GHDB489F�848DI,/G¹DI4�9<C�;<�8�7Ë¢®xDI,�� i È��ßüK0�;<C�2�=B=!ËQL ê���.:�8.aG¹2�C/.6>�.1Ð�4�.c>�2�G¹±O.:0�;�C/.�ª
D¶L .�L
Ò SH�*Ô Öz× S Ô M���������� Ô Í | M S½Ô Ø�Ù*Ú  -L@8;<Cv,��8.��Q�8;�D?�1.
;�0Mû i Mu�������{� i Í ý	�}��Í0�'D²L .�L��8;)®¬,�;l>8DBGH,�C/DI±���,�.x,/�8. i g�Ç6GH�8C/�8=B��Gv�8C/;��1.cG/G�DI489P�84�D`,QGW�',��8.�1;<C�C/.cG���;�4�>�DB489·=I;-2�>�±�2�=?2�4O�1DB489À��C�;<±8=I.c� ��2<Gy,�;&±�.l�1;�4OGHD?>�.:C/.c>µïvÑ
��.
®y;�C ��� È�;�0U9<C�;<�8�­Ë DBGx9<DI­<.:4�±-�� È�S + ûT¬ ÈkÉ M ûk� À ý�ý �
½���,/DI�&2�=�=B;<2<>7±�2�=B2�4��1DB489K>�.:�&2�4�>8G�,���2�,�.c2��Q�¡�8C/;z�:.cG/GH;<C�D?G�>�;<DI489�,���. i ©²,��F��2�CH,P;�0«,��8.·,�;�,/2�=A®y;�C � ª»D¶L .�L0�;�C
,R®y;�9�C/;��8�OG6Ë«2�4�>}�� Èi È S � i � � È�=� S i Èi �



®xDI,�� i S)� È i Èv2�4�> � S)� È � ÈA�8;�=?>8GcL�Ñ
�8DBGy=B;<2<>¹±�2�=B2�4��1DB489¢��C�;<±8=I.c� ��2�Gy48;·DI4-,/.:9�.cCyG�;�=B��,/DI;<4µªzDI4�9�.:4�.:CQ2�=²L
Ñ
�z��Gcª8;�48=B��2�462��8�8C/;�¥�DI�&2�,�DB;�4K�:2�4K±�.l9�DB­�.c4µL Ñ
�8.¢�8C�;<±8=B.:�Ò;�0UÐO4�>�DB489¹2�­�.a�g,�;<Clû i M���������� i Í ý�����ÍF®xD`,/�i ÈH�$ü�2�4O> � È i È�S i G����Q��,���2�,

� S���2�¥È � � Èi È  �g �i
D?G���DB48DI�&2�=
D?G��:2�=B=B.c>$øyó/¿�QQÇ{R3RgÌ�Á�Æ ò�Á�Ì�Ë���RmRgÌ�Æ�ÁOÍ�Ç:Á�Ë¢øyó/¿9�:ÃIÇ1Í õ3øa��øUù)L � G­ë ´_�L�g¶ D?G�>�;���DB4�2),/.c> ±z� ,���.
.1¥�.a�1��,/DI;<4¢,/DI��.
;�0O,��8.xG�=I;)®y.cGH,A;<�O.cC/2�,�;<CUDB4¢,/�8.x�8DB�O.c=IDB48.<ª�D²L .<L)��2�¥È � � Èi È  -ª���DI4�DI��DB�:DB489 � ��.c2�4�Gv��DI48DB��DI�cDI4�9
ë ´��L�a¶ L ³ 4 � �8��.:4�>�DI¥ º ®«.
9<DI­<.y2�4�2�=I9<;�C/D`,/�8� ,��O2),M�8C/;)­)2�±8=B����DI48DB��DI�c.cG � 0�;�CM2
9�DB­�.c4À��DI��.:=BDI4�.¨GH.c9���.:4-,cL@8;<C¹,/�8.¡C/.:�&2�DI4�>8.:C�;�0�,��8D?GK+z.c�1,�DB;�4�®y.�2<G�G��8��.¡2Ó9�C/;��8�8DB489�;�0l�8C�;��:.cG/GHDB489*�84�D`,QG�G����Q��,/��2), � DBG��DI4�DI�&2�=²L�E�.l�:2�4K>�.aG��:C�DB±O. Þ úÓ±z�¤ï��ë � Ë � �&ï D ögûzè/È < ý.S ��!áÕ Ô�ÈmÕc~Ä�G& ¿�QmQ:òaÊ�Îcøyó�¿�Q<û»ë � è0È < � Ô�È � Ô�ÈE| M ý � û ³ L �<ý
@8;<C´G�DI���8=BDB�:D`,R�P®y.�;���DI,A2y,�C/.c2�,���.:4-,´;�0z,��8.y�:2�G�.v,��O2),´��;�C/.�,/��2�4�;<48.M�8C/;��1.cG/G�DI489
�84�D`,{�)�-�8.:��.M��2�DBC´�&2�,/�Q�8.aG,���.��1;<4�>�DI,�DB;�4µL�@8;�C¢�·;<C�.&>�.:,/2�DI=B.c>FDB4z­�2�C�D?2�4-,QG��:2��8,��8C/DI4�9�,/�8D?G¢2��À±8DB9��8DI,�DB.cGcªU2�=BG�;�0�;�C�0��8C�,���.:ClDB4z­�2�C�D?2�4-,QG�8C/.cG�.:4-,�.a>�±�.:=B;)®�ª�®y.�C�.:0�.:Cy,��8.�C/.c2<>�.:C
,/;6ë`ü*9aî²L
� Ù�Ú)Ù0#k#%$�Ú�×�e�+k¾'Þ ú DBG
4�;�,D��J � ©q;���,/DI�&2�=µD`0A,���.:C/.
D?G
48;&DB4-,�.:9<.:CxG�;�=B��,�DB;�4�,�;·,/�8.l2�G/GH;��:DB2�,�.c> Þ � Þ L
³ 4�,��8D?G¨�c2�G�.�ª-,��8.���.:C�0�;�C/�&2�4��:.P;�0 Þ ú GH��£¤.:CQGy0�C/;�� ,/�8.�È)Ì�R�Q:ó�Ç:Ë¶ÌE�aÅ)Ë²Ì3¿)Á�Ç:ógó�¿)ó�ë`üaÿ�ªµücí)î²L
`ba ÖzÙ�Ú)ÖcK�e�+fM Jµ.:,¢ûk¿ � � À ýy±O.l2·�8DB��.:=BDI48.lG�.:9<��.:4-,x;�0v=I.c489�,/�PÇ�L Þ ú¬D?G!��J � ©q;��8,�DB��2�=»D`£ Ç8S ü�L
° ;)®y.:­<.:Caª¨�1��,�,�DB489�2 ê
ú Þ DB4<,/; G�.:9<��.:4-,/G�;�0¢=B.:4�9�,��§ü�®y;��8=?> 9<DI­<.¡2�®
2�� 2�=I=P2�>8­�2�4-,/2�9<.cG�;�0¢�8DB��.:=BDI48.�8C/;��1.cG/G�DI489�2�G
��;�DB4-,�.a>�;<��,xDI47+z.a�g,/DI;<48�8L
r�Ü%ñ ò �A�������¨� ó ��� ó � y�{só �aÞx��â�ã±ä
E�DI,��x�·Å)Ë^Å��¤Æzó/Ç/Å<È�ÇQÈ�÷.ê-ÇmQ:ò�Ë¶Ì3¿�Á6õ����¤÷Uù
.:­<.:C/���8C/;��1.aG�G�DI4�9¨�848DI,0è È �O2�GAGH��2�C�.a>l2��c�1.aG�Gµ,�;�Ô�Öz×À2�4O>�.1¥8�1=B��G�DI­<.2��c�1.aG�Gl,�;F27=B;z�c2�=
�-�8.:�8.PÔ�È�L ³ 4 �1;<4<,/C/2<GR,¢,�; Þ ú�,/�8.Yè0È�2�C�.�48;�,�;�48=B�F�O.cCH0�;<C���DB489�;<48.�±���,·.c­�.cC�� ð ;�DB4;���.:CQ2),/;�CPDB4F2��8DB��.:=BDI48.�GH.c9���.:4-,cªU2�GP48.a�1.cG/G/2�C/��L&úM­<.:C/�6�8C�;��:.cG/GHDB489��848DI,À2��8��.:4O>8G�2�=B=�,���.&;���,/�8��,�,�;6DI,/G=B;z�c2�=
�-�8.:�8.{�'��48=I.aG�GÀ48;�0��8CH,/�8.:C��8C/;��1.aG�G�DI4�97DBGÀC/.c�-�8DBC�.a>o� 0�C/;���®x�8D?�Q�ÓDI,·��C�.:0�.:CQ2�±8=B���:;�4�G��8��.cG¢,����8=I.aG:L½�48=B��DI4'�:2<GH.�,���.�=B;��:2�=
�-�8.c�8.KDBG·.c�·�8,R��ªM,/�8�8=B.cG·0�C/;��FÔ Öz× 2�C/.��:;�4�G��8��.c>µL �
Ñxú D?G&>�.cG/�1C/DB±O.a>*±z��,���.0�;�=B=B;)®xDI489·,R®y;ÀDB4z­)2�C/DB2�4<,QG:ï��ë � ËMï D�ö û�è È ý.SÃ�}! Õ Ô È Õc~7��& ¿�QmQ1òaÊ¤Îcøyó�¿�Q<ûkë � è È � Ô È � Ô $ ý û ³ L �-ý
2�4O>

��ë � ËMï D�ö û�è È ý.SÃ�}! Õ Ô È Õ�S �}!²Õ Ô�Öz×�Õc~Ä�G& ¿�Q3Q:òaÊ�Îcø
ó�¿�Q-ûkë � è È � Ô*Öz× � Ô $ ý û ³ L �zý
®x�8.cC�.�Ô
$/S Ô�ÈvDI0,¦�û%�-ý	ÊÄÇ¡2�4�>EÔ Ø�Ù�Ú ;�,��8.cC�®xD?G�.�L
I(J�$LK 5�#3Ö�ea+�¼ Jµ.1,·ûk¿ � � À ýx±�.¢2&�8DB��.:=BDI48.·GH.c9���.:4-,¨;�0v=B.:4�9�,��8Ç S4��ª�Õ ÓýÕ�S(��ªO2�4�> Õ � À Õ�SH�8Lx@8�8C�,���.:C�©��;�C/.�ª�Õ ¬
û%�-ý�Õ�S ü�� ÿ � � �Ä� À 2�4O>7Õ ¬
ûk�%$�ý�Õ�S ü�� ÿ � �%$��½¬
û%� À ýgªAD²L .<LµDI4�.a2��Q� ð ;�DB4µªA.:­�.cC��7,��8�8=B.�Ð�4�>�G¹ü�� ÿ��2�CH,/48.:CQG:L



Þ C/;��1.aG�G�DI4�9À,/�8D?G��8DB��.:=BDI48.�G�.:9���.c4<,�®xD`,/�°��Ñxú�=I.a2�>8G¨,�;�,��8.¢0�;�=B=I;)®xDB489�G�D`,/��2),/DI;<4µïy,��8.���,����8=I.aG�;�0±Ô Öz×2�C/.À2<G�G�DB9�48.a>K,�;E��;<��,P;�0±���8C/;z�:.cG/GHDB489¹��48D`,QG:ªUG�2��<ªoè M*� è/ÿ·2�4�>�è���L � =I=v0���CH,/�8.:CP�8C/;��1.cG/G�DI489�DBG
��.:C�0�;�C/��.c>±z�K,��8.aGH.·,/�8C�.c.��8C�;��:.cG/GHDB489���48D`,QGP±O.a�:2���GH.·;�0«,��8.cDIC�=B;��:2�=v�-�8.c�8.cGcª»D²L .<L±Õ Ô È Õ � Ë��7�<ü � � � �� ÀDI4��:C�.a2�G�.cG�,�;Fü�� ÿ®x�8DB=I.8Õ Ô��oÕ/S4��2�4�>�èR�·DBG�DB>8=I.À,��8C/;���9��8;<��,�,/�8.À.c4-,�DBC�.À�8C�;��:.cG/GHDB489�LP+z;�ª��§9��Ò;�0�,/�8.�2�­�2�DI=?2�±�=I.À�8C�;��:.cG/GHDB489C/.cG�;��8CQ�1.aGy2�C�.
®
2�GH,�.c>µL O
ú�¥82��·��=I.�9�L �¢G��8;)®¨G�,/��2),
.:­<.:4¹DB4�G�D`,/��2),/DI;<4�G ,���2�,y;�£�.cCy2¢�8DI9<����;�,/.:4-,�D?2�=�;�0´�O2�CQ2�=B=I.c=ID?GH�Kª���ÑxúÓ�&2��·�zDB.:=?>C/.cG��8=`,QG
;�0v;�48=B�¹��;z;�C¨�-��2�=BDI,R��L
`ba ÖzÙ�Ú)ÖcK�e�+E� Jµ.:,¢ûk¿ � �YÀ�ýy±O.l2·�8DB��.:=BDI48.lG�.:9<��.:4-,x;�0v=I.c489�,/�PÇ�L,�
Ñxú'DBGs��J � ©²;<��,�DB�&2�=
2-ý�D`0�Ç8S�ü�L
±Oý�>��8C/DI4896ë ë À � ë ´��H�c�g¶� P î´;<C

@8;<Csëu~Äë ´E q¡�¶�QP 2&G�D`,/��2),/DI;<4�2<Gx>�.cG/�1C/DB±O.a>�DB46ú�¥82����8=B.�9�L �À�&2��¹;��c�1�8CaL
r�Ü�¢ ò �A�������¨� ó ��� ó � y�{só �aÞx��â�ã±ä¤£Äâ^�L�¦¥ ó �
âH�<���«âR��Þx��â_ã6ä
�
Ñxú	���§;)­�.cC/�:;���.cG�,���DBGl>8C/2�®x±�2<� � ±-�¡C�.a>�D?GR,/C�DB±8��,/DI;<4¡;�0«DB4<,/.:C/��.c>�D?2),/.·C/.cG��8=I,/GcL&úM­�.cC��6��C�;��1.aG�G�DB489���48D`,2����O.c4�>8Gy2�=B=ODI,/G«;���,/�8��,«,�;l,/�8.�DB48�8�8,
�-�8.c�8.
Ô*Öz×&��48=I.aG�G 48;l0���CH,/�8.:Cy�8C/;z�:.cG/GHDB489�D?G C/.c�-�8DBC/.c>»LvÑ
�8.¨0�;<=I=B;)®xDB489DB4-­)2�C�D?2�4-,xGH��.c�:D`Ð�.aG!�
Ñxú	�����ë � ËMï D öQû�è/Èqý.SÃ�}! Õ Ô Öz× Õc~ �C& ¿�Q3Q:òaÊ�Îcø
ó�¿�Q<û»ë � è/È � Ô Öz× � Ô $ ý û ³ L 9<ý
®x�8.cC�.�Ô
$/S Ô�Öz×KD`0�¦�û%�-ýsÊ ÇF2�4�>PÔ�Ø�Ù*Ú ;�,/�8.:C/®xDBG�.�L
`ba ÖzÙ�Ú)ÖcK�e�+fe ��Ñxú����$DBGD��J � ©²;<��,�DB�&2�=¤0�;<C¨2�4z�¹�8DB�O.c=IDB48.lG�.:9<�·.c4-,�û%¿ � ��À)ýgL
§ ¨ çEGlâ·ãvégã�G
ãvé�©YB«ª I�I�BDI�I�J B�â�ã
ÑU;¡­<.:C/D`0���,���.K2�4�2�=B�-,�D?�:2�=«C/.cG��8=I,/Gcª�®«.�DI���8=B.:��.c4<,/.c>Ó,��8.K2�±�;)­�.���.:4-,�DB;�48.a>ÓGH,�CQ2),/.:9�DB.cGÀ2�4�>¬�:2�C�C/DI.a>�;��8,.1¥���.:C/DI��.c4<,QG&;�4 2�4 +�� ³ ½�C�DB9�DB4/�u�§����GH�O2�C/.c>z©q��.:��;�C/���&2��Q�8DB48.6®xDI,�� üaí¡��C�;��1.aG�G�;�CQG&2�4O> ÿ � º �&2�DB4��.:��;�C/��L�Ñ
�8.l�:;�4-,�C/;�=I©²¼�;)®�;�0v.c2<�Q���8C/;��1.cG/G�DI489��84�D`,¨D?G
C�.a2�=BDI�c.c>�±z��2À,��8C/.c2<>»L½��8Cl�O2�G���,/2�±8=I.�DI���8=B.:��.:4-,Q2),�DB;�4ÓC�.a2��Q�8.aGl26��.:C�0�;�C/��2�4��1.¹�:;�����2�C/2�±8=I.�,/;7,/�8. º .:C � .c=I.c� ° 2�G��0��� º ©��2<� � 2�9�.<ªz2<G
�8C/.:=BDI��DB4�2�C/�¹.1¥���.:C/DI��.c4<,QGxGH��;)®«.a>»L� G�,���.·>�.aG��:C�DB��,/DI;<47;�0M,/�8.�2�=B9�;�C/DI,��8�&G�G��89<9�.cGH,/Gcª»>�DI£�.cC�.c4<,
�8C/;z�:.cG/GHDB489��848DI,/GPGH�O2�C/.¢�1;<�·��;<4��-�8.:�8.aG:ª®x�8D?�Q���&2���=B.c2�>¡,/;7=I;�� � DB4896�1;�48¼�DB�1,/G¢D`0xDB�·��=I.c�·.c4-,�.c>*DI4*2K4�2�DI­<.&®y2��<L�E�.��1DBCQ�1�8�À­�.:4-,/.c>FGH�O�Q�FG��8;<CH,�©�1;<��DI489-G
±z��2·�·;<C�.�G�;��8��DBGH,�D?�:2�,�.c>��-�8.:��.l>�.cG�DI9<4�DB4��:=I��>8DI489&.c­)2�G�DI;<4���.c�Q�O2�48D?GH�&Gy,/;�2�­<;�D?>¹=B;�� � �1;<4�¼�D?�g,/G=?2�C/9�.:=B� � L Ñ
��.·��;<C�.��1;<�·��=I.:¥¡�-�8.:�8.·DB�·��=I.c�·.c4-,/2),/DI;<4�2<>8>8G�G�;���.·.1¥z,�CQ2�;)­<.:C/�8.c2<>»ª¤±8��,l��2���G�±�2�� � ±z�2�­�;<DB>8DI489·�8484�.c�1.aG�G/2�C/�&=B;z� � Gx2�4�>�.c4�2�±�=IDB489&2·�8DI9<�8.:C¨>8.:9�C/.:.P;�0U��2�C/2�=I=B.:=BDBG�� DB4�GH,/2�4-,/=I�<L@8;<C�.a2��Q�7.:¥��O.cC�DB��.:4-,cª»®y.lÐ�CQGH,
9<.:48.cC/2�,�.�,/�8.À±O2�G�.ÀC/.:=?2),/DI;<4�G�2<�:�1;<C/>8DI489�,�;�,��8.&�-�8.:C/�6GH��.c�:D`Ð��:2),/DI;<4�Gcª,���.:4�±��8DI=?>�,��8.·��2�G��6,Q2�±8=B.cGPG�.c�-�8.:4-,/DB2�=I=B�62�4�>¡2)0�,�.cC�,/��2),aª».1¥�.c�:��,�.À,���.·GH,�CQ2),/.:9��K�1;<4�G�DB>�.cC�.a>»L�Ñ´;�;�±�,Q2�DB4GH,/2�±�=I.PC/.cG��8=`,QG
®«.P,/;z; � ,/�8.���.c>�D?2�4�;�0
ü��·C/�84�GcL

¬®­ [cv�p6�*XWjwpmhixiX_���*X_`%]�v%hit�j%hi[cb�[mZ�j%n*hi`�hi`%`T^*X�`TX_X°¯ ±Q²®³ }



´Sµc¶¸· ¹°º º*»L¼H· ¹°º ½�¾[¿*¿*À9·�µR´ Áq¾*½%¼[¹�ÂÃµL´ ¿-»Ä´L¼ ¿;»H´L¼3½�¾[¿*¿ ¹°´SÅHµR´ À�·�º�µL· ¼ÄµRÂÆ Ç;Æ eQh-È e Æ hÉÈ Ç hah-È jahahÉÈ e Æ hah-È ÊahchahÉÈ
ÑU2�±8=I.&ü<ï�Ñ Þ - ©W� º .c4��Q�8�&2�C � ïvC�.c=B2�,�DB;�4�GÌË��:2�CQ>�DB4�2�=BDI,�DB.cG

Í�Ü�Ý �Îw s�Ï�òÑÐ ó ä��R�
ß§�v�LÒ
Ñ
�8.¹DB48DI,�D?2�=yGH.:,¢;�0
.1¥���.:C/DI��.:4-,QGlD?Gl27G��8±�G�.1,l;�0
,/�8.�Ñ Þ - ©W� º .c4��Q�8�&2�C � ëIü�þcîqL � �:�:;�CQ>�DB489�,�;6,/�8.&0�;��1��G;�0 ,��8D?GP��2���.:Caª»®y.·.:¥�.c�1�8,�.·;�48=B�K,��8. ð ;<DI4��8DB�O.c=IDB48.cGP=B.c2�­zDB489�;<��,P,��8.�2�9<9�C/.:9-2),�DB;�4OG:L�@8;<CP.c2��Q���-�8.:C/��ª¤®y.9�.c48.:CQ2),/.c>�GH.c­�.:CQ2�=¤C/DI9<�-,H©^>�.:.c���-�8.cC��&,/C�.c.cG
��G�DB489&>�D`£¤.:C/.:4-, ð ;<DI4�;�CQ>�.:CQGcL

@ADI9<�8C/.��¡>8.:�8D?�g,QGl,/�8.�C/.:=?2),/DI­<.�.:¥z.a�1��,/DI;<4�,�DB��.cG ë ´E��¶ û i ý
ë ´��H�c�qÓÉÔ/¶ û i ý û�®x�8.cC�. � DBG Þ ú�ª��
Ñxú¨ªv;<CY�
Ñxú	����ý

��G�DI4�9Óü°Ê i Ê#üaí7�8C/;��1.aG�G�;�CQG
0�;�C��-�8.:C/��ê�98L¡Ñ
�8. ð ;�DB4*;�CQ>�.cC¢D?G�û ´Sµ%¶¸· ¹�º � û º*»L¼H· ¹�º � û ½�¾¸¿Õ¿*À�·�µL´
��û À�·�º�µL· ¼ÄµRÂ ��û ¹°´SÅÄµL´ � Á3¾*½�¼¸¹�ÂÃµL´ ýHý�ýHýHý1ª¤D¶L .�L Á3¾Õ½%¼[¹ÖÂbµL´ D?G¨,/�8.¢C/DB9��-,H©q��;<GH,¨DI48����,
C/.:=?2),/DI;<4µL!�
Ñxú��.:C�0�;�C/��G�G�=BDI9<�<,/=I��û_Ê79��·ýA±O.:,H,/.:CM,/��2�4��
Ñxú	�u��ª�2�Gv,/�8.¨G�DI���8=B.x=I;��c2�=8�-�8.:��.cG�;�0g�
Ñxú��:2���GH.
=B.cG/Gv;)­�.cC��8.a2�>,��O2�4·,��8.¨�:;����8=B.1¥¢9<=I;<±�2�=8�-�8.c�8.
;�0a��Ñxú�����L Þ ú��O.cCH0�;<C��&G�G�DI9<48D`Ð��:2�4-,/=I�l®y;�CQG�. ,/��2�4À,��8.x;�,��8.cCMGR,/C/2�,�.c9�DB.cGcL

@ADI9<�8C/.��F>�.:�8D?�g,QGÀ,��8.6G��O.c.c>��8�¬±O.c��2�­zDI;<C ë ´_�H�c�SÓÉÔ/¶ ûHüaý
ë ´E��¶ û i ý ;�0�2�=I=xGH,�CQ2),�.c9�DB.cGl0�;�C&�-�8.:C/�Óê�9�L �
Ñxú§2�4�>

�
Ñxú	��� ±O;�,��$2<�Q�8DB.:­�.¡48.c2�CH©q=BDI48.a2�C�G���.:.c>8�8�µª
®x�8DI=B. Þ ú ��.:C�0�;�C/�&G�G�DI9<48DIÐO�:2�4<,/=I�'®y;�CQGH.¡GH��£¤.:C/DB489*0�C/;��>�D?G��:C�.:,�DB�c2�,�DB;�4�.:C/C�;<C/GcL@ADI9<�8C/.cGD9�2�4�>6í&>�.:��DB�1,�C�.c=B2�,�DB­�.�.:¥z.a�1��,/DI;<4K,�DB��.cG�2�4�>6G��O.c.c>��8�6±�.:�O2�­-DB;�C
0�;<C¨,/�8.¢G/2���.l�-�8.:C/�¡ûqê�9�ýgª±8��,l®xDI,���C/.:­<.:CQGH. ð ;�DB4F;�CQ>�.:C&û Áq¾*½%¼[¹�ÂÃµL´ � û ¹°´SÅHµL´ � û À9·�º�µL· ¼HµRÂ � û ½�¾¸¿Õ¿*À�·�µL´ � û ºÕ»L¼Ä· ¹°º � ´Sµ
×¶¸· ¹�º ýHýHý�ýHý1ª«D²L .<LM®xDI,�� ´Sµ%¶¸· ¹°º 2�G�C/DI9<�<,�©²��;-GR,&DB48�8��,¹C/.:=?2),/DI;<4µL Þ ú,��GH,�DB=B=¨GH��£¤.:C/DB489�0�C�;<� >�D?G��:C�.:,�DB�c2�,�DB;�4.:C/C/;�CQGW���O.cCH0�;<C��&G«GHDB9�48DIÐO�c2�4-,�=B�&®«;<C/G�.¨,/��2�4E�
Ñxú	��� ,���2�,¨2�9<2�DI4�2��Q�8DB.:­<.cG«48.c2�CH©q=BDI48.a2�C
GH��.:.a>��8�µLMÑ
��.
±�.1©��2�­zDB;�Cl;�0D��Ñxú�ªU�8;)®y.:­<.:CaªUD?G·�1;����8=B.1,/.:=B��>8D`£¤.:C/.:4-,¢,/��2�4¬DI4*,��8.��8C�.c­zDI;<��Gl.:¥z��.:C/DB�·.c4-,cL¡¦�GHDB4897���*,�; 9�8C/;��1.cG/G�;�CQG:ª´,��8.�.1¥�.c�:��,�DB;�4F,/DI��.�DBGÀGHDB��DI=?2�C¢,�;6,/��2),·;�0D�
Ñxú	���lª´±8��,À,��8.c4ÓDI,À9<.1,/Gl,��8.�®«;<C/G�.�,���.���;�C/.�8C/;��1.cG/G�;�CQG¨2�C/.¢��G�.c>µL
Ñ
�8.�G��O.c.c>��8��DBG
=BDI��DI,�.c>7,�;E9&�8C/;��1.cG/G�;�CQG:ªO®x�8DB�Q�¡��.c2�4OG¨,/��2),
,��8.À.1¥�.c�:��,�DB;�4�,�DB��.>�;z.cGM48;�, >�.a�1C/.c2<GH.
��G�DI4�9��·;<C�.
,/��2�4ý9
�8C/;��1.aG�G�;�CQG:LUÑ
�8.¨C/.c2�G�;�4¢0�;�C�,/�8D?GMD?Gv,���2�,M,���.:C/.¨2�C/.y;<48=B��9�,����8=I.aGMDB4C/.:=?2),�DB;�4 ´Sµc¶¸· ¹°º LzÑ
�z��G:ªz2),«�·;-GR,�9P�8C/;z�:.cG/GH;<C/G��c2�4&��2�CH,/DB�:DI�O2),�.�DI4¹.:¥�.c�1�8,�DB489�,���.��8DB�O.c=IDB48.
GH.c9���.:4-, ®x�8DB=B.2�4z��2<>8>�DI,�DB;�4�2�=»�8C/;z�:.cG/GH;<CyGH,/2���G
D?>�=B.�LMÑ
�8D?GxGHDI,��O2),�DB;�4KD?GxGHDB��DI=?2�C
,/;�,��8.�;<48.�>�.cG/�1C/DB±O.a>�DB46ú�¥82����8=B.�9�L �8L@ADI4O2�=B=I�<ªz@ADB9��8C/.cG
þ�2�4�>�ÿÀ>�.:�8D?�g,
C/.:=?2),�DB­�.�.1¥�.c�:��,�DB;�4�,�DB�·.aG«2�4�>�G���.:.c>8�8��±�.:��2�­zDB;�C 0�;�C
�<��.:C/�¹ê�þ�®xD`,/�ð ;�DB4·;�CQ>�.:Cxû º*»L¼Ä· ¹°º ��û ½�¾¸¿Õ¿*À�·�µL´ ��û À�·�º�µL· ¼ÄµRÂ ��û ¹°´SÅHµR´ ��û Áq¾*½%¼[¹�ÂÃµL´ � º*»L¼H· ¹�º ýHýHý�ýHý1L ° .cC�.<ª��
Ñxú2��Q��DI.c­�.cG 48.c2�C�=B�À,��8.PG�2���.���.:C�0�;�C/��2�4��1.�2�4�>�GH��.:.a>��8��2<G±�
Ñxú	�u��®x�8.:4�.:­�.cC i S�Ø ÿ6ÙÚ�Û �ÝÜ ������;�=?>8G:ª-±8��,��.:C�0�;�C/��G
®y;�CQG�.�DB462�4z�¹;�,/�8.:C¨�c2�G�.�L@8��CH,/�8.:C«.1¥��O.cC�DB��.:4-,/G«GH��;)®«.a>»ª�,/��2),«,��8.
>�D`£¤.:C/.:4-, ±�.:�O2�­-DB;�C ;�0��
Ñxú*2�4�>��
Ñxú	�u��2�G«>�.cG/�1C/DI±�.c>&2�±O;)­<.D?G»,�C/DB9�9�.cC�.a>
;�48=B��±z��,��8.y�:2�C/>�DB4�2�=IDI,R��;�0-,/�8. C/DB9��-,H©q��;<GH,µDI48����,UC/.:=?2),/DI;<4µª��8.:C/.�L´Ñ
��. C/.:�&2�DB48DB489 ð ;�DB4l;�CQ>�.cC�DB489��2<G
,��8.¹G/2���.�DI����2<�g,�;�4�±�;�,�� �
Ñxú�2�4�> �
Ñxú	����2�G�2�=I=�DB4-,�.cC���.c>8DB2�,�.�C�.aGH��=`,QG��1;�4OGHD?GR,�;�0«��;�C/.·,��8�8=B.cG,��O2�4�,��8.cC�.�2�C�.P�8C/;��1.cG/G�;�CQG:LUE¡.�®xDB=I=U>�DBG/�1�OG�Gy,/�8DBG¨DI4K��;�C/.�>�.1,Q2�DB=»DI4�,���.�48.1¥z,�G�.c�g,/DI;<4µL
Í�Ü%ñ yÞ{ ��� ó ß óàß Ò ó £
ú�¥82��·��=I.�9�L ��2�4�>�,��8.�.1¥���.:C/DI��.c4<,QGP2�±�;)­�.�>�.:��;�4OGR,/C/2�,�.À,���2�,��
ÑxúÔ�&2��6�O.cCH0�;<C��#®y;�CQGH.À,��O2�4 �
Ñxú	�u�
2�G��
Ñxú�D?G�4�;�,���J � ©²;<��,�DB�&2�=A;�4 ë ë ´��Ä�%�a¶�QP � ë

´��Ä�%�a¶� Ú�Ø�� îqLl½�0y�1;���C/G�.�ªO,��8.�>�DI£�.cC�.c4��1.·±�.1,R®y.:.:4�±O;�,��FGR,/C/2�,�.:9<DI.aG>�.c�O.c4�>8G
;�4�,��8.PG�.:­�.cC�DI,R��;�0UG � .c®�L�Ñ´;·.1¥82���DB48.¨,/�8.PDI����2<�g,
;�0UG � .c®��-��2�4-,/D`,Q2),�DB­�.c=I�<ªz®«.���GH.a>�2l,R®«;�© ð ;<DI48©�-�8.:C/�l®xDI,���±�2<GH.xC/.:=?2),/DI;<4�GA;�0¤.c�-��2�=8G�DB�:.lû%�u�§� � ,��8��=I.aG/ý1LUE�.¨­)2�C/DI.a>l,/�8.¨G � .:®¬±z�À�Q�8;z;<G�DB489
2�,H,/C�DB±8��,/.x­�2�=I��.>�D?GR,/C�DB±8��,/DI;<4�Gx2�4O>�CQ2�4�9�.cGy;�0 ð ;�DB462),�,�C/DI±8�8,�.cG�GH;·,��O2),cï



0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

re
la

tiv
e 

ex
ec

ut
io

n 
tim

e

á

number of processors (r)

PE
DTE/R

DTE

@ADI9<�8C/.���ï.�x.:=?2),/DI­<.P�O.cCH0�;<C��&2�4O�1.lê�9�â
ã
ä
å6æ�ç*è[é-ê;ë
 2

 4

 6

 8

10

12

14

16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

sp
ee

du
pá

number of processors (r)

ideal
DTE

DTE/R
PE

@ADB9��8C/.���ï +z��.:.a>��8��ê�9�â
ã
ä
å6æ�çSè3é-ê;ë

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

re
la

tiv
e 

ex
ec

ut
io

n 
tim

e

á

number of processors (r)

DTE
PE

DTE/R

@ADI9<�8C/.�98ï.�x.:=?2),/DI­<.P�O.cCH0�;<C��&2�4O�1.lê�9�âfê
é�ì9í ç�î�ë
 2

 4

 6

 8

10

12

14

16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

sp
ee

du
pá

number of processors (r)

ideal
DTE/R

PE
DTE

@ADB9��8C/.�í8ïM+z��.:.a>��8��ê�9�âfê
é�ì�í ç�î�ë

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

re
la

tiv
e 

ex
ec

ut
io

n 
tim

e

á

number of processors (r)

PE
DTE

DTE/R

@UDB9���C�.¢þzï.�¨.:=?2),�DB­�.P��.:C�0�;�C/�&2�4��:.�ê�þ�â
î9ï�æðí ç�î�ë
 2

 4

 6

 8

10

12

14

16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

sp
ee

du
pá

number of processors (r)

ideal
DTE/R

DTE
PE

@ADI9<�8C/.Pÿ�ïM+z�O.c.c>����¡ê�þ9âfî9ï�æcí ç�î�ë



0.90

0.95

1.00

1.05

1.10

1.15

1.20

1.25

1.30

1.35

1.40

1 2 3 4 5 6 8 10

re
la

tiv
e 

ex
ec

ut
io

n 
tim

e

á

number of hitting tuples in first join (h)

DTE
DTE/R

@ADI9<�8C�.�ì�ï�+ � .:®$;�4 �À�8C/;z�:.cG/GH;<C/G

0.80

1.00

1.20

1.40

1.60

1.80

2.00

2.20

2.40

1 2 3 4 5 6 8 10

re
la

tiv
e 

ex
ec

ut
io

n 
tim

e

á

number of hitting tuples in first join (h)

DTE
DTE/R

@ADB9��8C/.�ü���ï�+ � .:®$;�4E�·�8C�;��:.cG/GH;<C/G

0.80

1.00

1.20

1.40

1.60

1.80

2.00

2.20

2.40

1 2 3 4 5 6 8 10

re
la

tiv
e 

ex
ec

ut
io

n 
tim

e

á

number of hitting tuples in first join (h)

DTE
DTE/R

@UDB9���C�.�ü�ü<ïM+ � .c®�;�4P�&�8C/;��1.cG/G�;�CQG

0.80

1.00

1.20

1.40

1.60

1.80

2.00

2.20

2.40

1 2 3 4 5 6 8 10

re
la

tiv
e 

ex
ec

ut
io

n 
tim

e

á

number of hitting tuples in first join (h)

DTE
DTE/R

@ADB9��8C/.�ü��8ï�+ � .:®$;�489À�8C�;��:.cG/GH;<C/G

O ³ 4�,��8.xÐOC/GH, ð ;�DB4µªðñ&DB48�8��,M,/�8�8=B.cG �8D`,
2�4�>ÀÐ�4O>óòPS ���o� � �§���ñ ,��8�8=B.cG«.c2<�Q�µL º .:,R®«.c.:4·,R®«;lG��8±�G�.c�-�8.c4-,
�8D`,�,�DB489�,��8��=I.aGbò�g ü·,��8��=I.aG
Ð�4�>�48;K��2�C�,�4�.:Caª»D¶L .�L».c­�.:C/�ôòO©²,���DB48�8�8,�,��8�8=B.�Ð�4�>�Gbò���2�CH,/48.:CQG:L·@8;<CDI4�GH,/2�4��1.<ªµ®xDI,��õñ S®�¹,/�8.Kü����8ª ������,���2�4�>�,��8.��u�§�8ª ���§�),/�µª¤D¶L .�Lµ=?2�GH,cªµ,��8�8=B.&�8DI,¢2�4�>¡.:4-,Q2�DB=xü��u��ª �§���;���,/�8��,x,����8=I.aGx.c2<�Q�µLOÓÑ
�8.�GH.a�1;�4O> ð ;<DI4K�8C/;�>����1.aG
.1¥82��1,�=B�¹;�4�.
;<��,�����,x,��8��=I.P0�C/;��¯.c2��Q��DI4��8��,¨,/�8�8=B.�L

Ñ
�8.l�O2�CQ2���.1,/.:Chñ��8C/;)­zDB>�.aG¨2 � DB4�>6;�0M��.:,�C/DB�l0�;�C¨,/�8.�G � .:®�ï«,��8.·GH�&2�=B=B.:Chñ�D?G:ªO,��8.·9�C/.c2�,�.cCx,��8.·G � .:®D?G:L ³ 4�;<�8C¨.:¥z��.:C/DB�·.c4-,/Gcª8®«.�­)2�C�DB.c>�ñ�0�C/;�� üP,/;6ü���L @ADI9<�8C�.aG¨ìÀ,��8C/;���9��Fü��·G��8;)®�,/�8.�C/.:=?2),�DB­�.P.:¥z.a�1��,/DI;<4,�DB��.cGx;<4�,R®y;·,�;·Ð�­<.��8C�;��:.cG/GH;<C/Gcª<C/.cG���.c�g,/DI­<.:=B��LE�DI,��Þñ�S ü�ª��
Ñxú*��.:C�0�;�C/��GyG�DI9<48D`Ð��:2�4-,/=I�·®«;<C/G�.
,��O2�4��
Ñxú	�u��L-@ADBC/GH,cª�2�=I=O�8C�;��:.cG/GH;<C/GM2�C�.�DI4z­�;<=I­<.c>�DB4.1¥�.a�1��,/DI489l,��8.�Ð�CQGR, ð ;<DI4´ª-D²L .�L ð ��GR,y�8C/;�±8DB489�,/�8.�DB48�8��,«,��8��=I.aG«2�9<2�DB4�GH,M,���.¨Ð�CQGR,y��2�G���,/2�±8=B.�®xDI,��8;<��, Ð�4O>�DI4�92�4z�F��2�CH,/48.:CaLF½�48=B��,��8.�=?2�GH,ÀDB48�8��,·,��8��=I.�Ð�4�>8G·��2�CH,/48.:CQGcªA®x��DB�Q��,/�8.:4¬��2�­�.¹,�;�±O.��8C/;z�:.cG/GH.a>�,��8C/;���9��,���.�GH.a�1;<4�> ð ;�DB4�±z�¡;�48.�,/�8C�.a2�>�;�4�=I�<L�E�DI,�� �
Ñxú	���lªµ�8;)®y.:­�.cCcªµ,��8.&,/�8�8=B.cGÀ2�C/.·C/.1©^>�D?GR,/C�DB±8��,/.c>F2�4O>�2�=I=�8C/;��1.cG/G�;�CQG ��2�CH,/DB�:DI�O2),�.PDB4K.1¥�.c�:��,�DB489·,��8.lG�.c�:;�4�> ð ;�DB4µLE�DI,���DB4��:C�.a2�G�DI489öñµªzD²L .<L�>�.c�:C�.a2�G�DI489ÀG � .:®�ª<,��8.P>�DI£�.cC�.c4��1.aG«±�.1,R®y.:.c4¹,/�8.
GH,�CQ2),/.:9<DI.aGM±�.c�1;<��.
G��&2�=B=I.cCy2<G
�
Ñxú*2��Q�8DB.:­<.cG�±�.1,�,�.cC«=B;<2<>À±O2�=?2�4��:DI489Oª�,/�8.:4µL,�
Ñxú�.:­<.:4&±�.c2�,/G±�
Ñxú	�u��ª�®x��.:48.c­�.:CÌñ&D?G 2��À�8=I,�DB�8=I.�;�0»,���.



4z�8�¢±�.:Cx;�0A��C�;��1.aG�G�;�CQGcL
÷ ø åÀâKè!CcçEIAé:åÀâ
³ 4�,��8D?G¨�O2���.:Cx®y.��8C�.aGH.c4-,�.c>K2À0�;�C/�&2�=»0�CQ2���.c®«;<C � ,/;&�·;�>�.c=´2�4O>�2�4�2�=B�z�:.P�8DB�O.c=IDB48.l��C�;��1.aG�G�DB489&GR,/C/2�,�.:9<DI.aG0�;�C���2�C/2�=I=B.:=x�-�8.cC���.:¥z.a�1��,/DI;<4µL¬Ñ
��. � .:��48;�,�DB;�4'>�.:­<.:=B;���.c>ÓDBG·,/�8.6�1;�4O�1.:�8,�;�0���J � ©q;��8,�DB��2�=IDI,R��®x�8D?�Q�C/.1¼�.a�g,/G ,���.�.:¥z.a�1��,/DI;<4�GH,�CQ2),�.c9��¤Ï G«2�±8DI=BDI,R�·;�0´2�>z©q�8;��¨C/.cG�;���C/�:.¨��,�DB=BDI�a2),�DB;�4´L�+z,�CQ2),�.c9�DB.cG 0��8=IÐ�=I=BDB489¢,/�8.PGR,Q2),�.a>;��8,�DB��2�=IDI,R�K�1C/D`,/.:C/DB2�9<��2�CQ2�4-,�.c.�2�48.c2�CH©q;���,/DI�&2�=´�-�8.:C/��.:¥z.a�1��,/DI;<4µL
E¡.À�8C/.cG�.:4-,�.a>�2&,��8;<C�;<�89��K2�4�2�=I��G�DBG¨;�0,���.«GH,/2�4O>82�CQ>P.1¥�.c�:��,�DB;�4l,�.c�Q��48DB�-�8.y2�4�>¢>82),Q2¨��2�C/2�=I=B.:=�2�=I9<;�C/D`,/�8�&Gµ;�08®x�8DB�Q�¢;�48.y2��Q�8DB.:­<.cG���J � ©q;��8,�DB��2�=IDI,R��LÑ
�8.62�4O2�=B�<,/DB�c2�=¨2��8�8C/;<2��Q�*,/2 � .:4 ��2�G�±�.:.c4'­�.:C/DIÐ�.c>¬±z�Ó2F�1;����8C/.:��.:4�G�DI­<.6�<�O2�4-,�DI,/2�,�DB­�.K2�G/GH.aG�G���.:4-,;�0�,��8.6>�DI£¤.:C/.:4-,�,�.c�Q��48DB�-�8.aG:L'Ñ
�8.K.1¥���.:C/DI��.c4<,QG�>�DBGH,�DB4��1,�=B�Ó.1¥��8DB±8DI,�,��8.6.:£�.a�g,�DB­�.c48.cG/G·;�0
;��8C&2����8C�;-2��Q�G��8;)®xDI4�9�,/��2),���J � ©q;��8,�DB��2�=�GH,�CQ2),�.c9�DB.cG·�zDI.c=B>¬48.a2�C�©²=BDI4�.c2�C&G��O.c.c>����'2�4�> 2�C/.�C/.cG�D?GR,Q2�4-,�2�9<2�DI4�GH,�­�2�C�DB;��OG� DI4O>8Gx;�0vG � .:®�LÑ
�8.��:;�4��:.:��,QGl�8C/.cG�.:4-,/.c>F��2�­<.¹>�DIC/.c�1,·2��8�8=BDB�c2),�DB;�4F,/;7.1¥�D?GR,/DI4�9�>82),Q2�±�2<GH.¹G���GR,/.:�&GcL ��Ñxú���� �c2�4�±�.��G�.c>¡2�G
;�48.�G�DI489<=I.·�¢��=`,/D`©q®y2�� ð ;<DI4¡;���.:CQ2),/;�C
®xD`,/�8DI4F2�=B2�C�9<.:Clê
ú Þ ï��8C/;)­zDB>�DB489�2¹,/C/2�4�GH�O2�C/.:4-,�DB4-,�.:C�032��:.,�;���2�C/2�=I=B.:=U.1¥�.c�:��,�DB;�4�,���2�,P>�;z.aG�4�;�,�C/.c�-�8DBC/.À2�4z�6G/�Q�8.c>���=IDB489�L�56;<C�.c;)­�.cCcª0��Ñxú���� �c2�4�2�=BG�;�±�.·��GH.a>7DB4,���DBG
®
2��¹,�;�.c2<GHDB=B��±�;z;<GH,
G�.c�-�8.:4-,/DB2�=A�-�8.cC���.:­)2�=B��2�,�DB;�4�G���GR,/.:�&G¨�8�8,
;<4�2¹��2�C/2�=I=B.:=U�8=?2),H0�;<C�� ±z�K��G�DI489�2Ð8¥�.c>��&2)¥�DB�&2�=µ>�.c9�C/.:.
;�0v��2�CQ2�=B=I.c=ID?G���LÑ
�8.6�8C/;���D?GHDB489�C/.cG��8=I,/G&;<±�,/2�DI48.a> C/2�DBG�.K,��8.¡�<��.cGH,�DB;�4'®x�8.1,/�8.:C���2�C�,/G¹;�0
,��8.7��C�.:©²�8C/;��1.aG�G�DI4�9�����2�G�.�:2�4*2�=?GH;K±�.�.�
&�:DI.c4-,�=B�¡DB4-,�.:9<C/2�,�.a>¡®xDI,�� ��J � ©²;<��,�DB�&2�=«GH,�CQ2),/.:9<DI.aG:L ³ 4*2�>8>8D`,/DI;<4µªU®y.¹DB4-,�.:4O>�,�;�2<>8>�C/.cG/G,�CQ2�4OGH��2�C�.c4-,y��2�C/2�=I=B.:=BD?GH� DB4�,��8.l�:;�4-,�.:¥-,x;�0A�À�8=`,/D`©^�-�8.:C/�¹;<��,�DB��DI�a2),�DB;�4´L

ù B�úuB�ä,B�âKèsB!I
ëIü1îY-�L±-«�8. � ��C�D²ª�E�L ° 2�G/2�4´ª 2�4�> ��L�56;�,R®
2�48D²L*+��Q�8.a>��8=BDI489 Þ C/;�±8=B.:�&GÀDI4 Þ 2�CQ2�=B=I.c=
ê��8.cC��Ó½���,/DI��DB�c2�©,/DI;<4µL ³ 4�øyó�¿�Q�æM¿���Ë�Æ8Ç��üû[ý¯Å�ð
þ±�üûÖ�´ÂwÅ�ð
þÿý�ÉH�lÂwÅ�ð
þ±���b� ÅOÎ)Í�Ê8¿�RgÌ�ò�Í#¿�ÁKøyógÌ�ÁgQ1Ì Ê¤ÃIÇ{R·¿_���·Å)Ë^Å9�QÅ*R:Ç
Å�Î*RQË^Ç:Í�Rgª���2�9�.cGs�§9�9�����ío9�ª�+�2�4���;-GH.<ª/- � ª�¦
+ � ªO572��7ücì<ì§98L

ë ��îl5�L ©R+¤L0-«�8.c4µªO5�L ©^JML�J´;�ª Þ LO+»L��M�µª�2�4�> ° La-�L��M;���489�Ly¦�G�DI489�+�.:9���.c4<,/.c>E�xDB9��-,H©W��.:.:�6ÑUC�.c.cG
0�;<Cx,���.úM¥z.a�1��,/DI;<4¢;�0 Þ DI��.:=BDI4�.c> ° 2�G��	��;<DI4OG:L ³ 4�øyó�¿�Q�æµ¿_�
Ë�Æ8Ç�ðgÁOË�
 Ã\æ¸û�¿�Á��{æµ¿�Á��OÇ:ógÎ
�UÅ)ó%Æ-ÇÌ�ÀÅ�ËqÅ�
�Å�R1Ç{Rgª���2�9�.aGü*9�����í8ª��M2�4��:;��8­<.:Caª º -�ªg-y2�4�2<>828ª � ��9���GH,lücì<ì§��L
ë �)îl5�L.�¢L±�P2�C/;�032�=B2 � D?G·2�4�>��ÀL ú�L ³ ;-2�484�DB>�D?GcL¬56�8=I,�DI©^>�DI��.c4�GHDB;�4O2�=!�x.aGH;<�8C/�:.�+��Q��.c>��8=BDB489�0�;�C Þ 2�CQ2�=B=I.c=ê��8.cC�DB.cGcL ³ 4�øyó�¿�Q�æ ¿_�ÀË�Æ8Ç��üû¸ý Å�ð=þuý�ÉH�¨ðgÁOË�
 Ã\æÌûM¿)Á��{æy¿)Á�ý�Å)Á¤Å�Æ-Ç1Í&Ç:Á�Ë�¿_� �·Å)Ë^Å)ª���2�9<.cG!�<í§9����-þ�í8ª56;<4-,�C/.c2�=²ª«-y2�4�2<>828ª��<�848.�üaì�ì�í�L
ë ��îl5�L��lL!�P2�C�;�032�=?2 � DBG�2�4�>��·Lyú�L ³ ;-2�484�DB>�D?GcL Þ 2�CQ2�=B=I.c=Pê��8.cC���+��Q�8.a>��8=BDI4�9¬2�4O>$½���,�DB��DI�a2),/DI;<4 ®xD`,/�Ñ
DB��.1©�2�4�>Ó+���2��:.1©R+z��2�C/.c> �¨.cG�;��8CQ�1.aG:L ³ 4 øyó�¿�Q�æ
¿_��Ë�Æ8Ç�ðgÁOË�
 Ã\æbûM¿)Á��{æ�¿�Á��OÇ1ógÎ8�´Å�ó%Æ-Ç �ÀÅ�ËqÅ�
�Å*R:ÇcRgª��2�9�.aG���ì�í������o9�ª � ,��8.c4�G:ª0�
C�.c.c�1.<ª�+z.:�8,�.:�À±O.cClücì<ì-þ�L
ë 9�î��·L,�
C/2�.10�.<L¡úM4O�:2��OGH�8=?2),/DI;<4�;�0 Þ 2�C/2�=I=B.:=BDBG�� DB4*,/�8.���;<=B�c2�48;�ê��8.:C/� Þ C/;z�:.cG/GHDB489�+z��GH,�.c��L ³ 4 øyó/¿�Q�æ¿���Ë�Æ�Ç��üû¸ý¯Å�ð
þÿý�É>�áðgÁOË�
 Ã\æÌûM¿)Á��{æ ¿)ÁÎý7Å�Á�Å�Æ<Ç:Í�Ç:Á�Ë¨¿��Ö�ÀÅ�ËqÅ�ª8��2�9�.cG�þ��<ì��8þ)í���ª � ,�=?2�4-,�D?�Y-«DI,R��ª«����ª¦
+ � ª�5�2��7ücì<ì��8L
ë í)î�E�L ° 2<G�2�4µª0�ÀL¤@U=B;�C/.cG/�1�´ªO2�4O> Þ L��M2�=B>8�8C�DB.:�<L
½���.:4 ³ G/GH��.cG¨DB4 Þ 2�C/2�=I=B.:=Aê���.:C/�K½���,/DI��DB�c2),/DI;<4µL��üû¸ý
Å�ð
þÿý�É>����ÇmQQ¿)ó�È�ª/��9�ûk�-ýgïi��ÿ�������ª-+z.c��,�.c�¢±�.:Clüaì�ì�í�L



ë þaî�E�L ° 2�G/2�4¸2�4�>���L756;�,R®
2�4�D¶L ½���,/DI��DB�c2�,�DB;�4 � =B9�;�C/DI,��8�&G$0�;�C�ú�¥��8=B;�DI,�DB489¯,��8. Þ 2�C/2�=I=B.:=BD?GH�·©
-«;<�·�À�848D?�:2�,�DB;�47ÑUC/2<>�.:;�£¡DB4 Þ DB��.:=BDI48DB489 Þ 2�CQ2�=B=I.c=ID?GH�KL ³ 4�ø
ó�¿�Q�æy¿_�ÀË�Æ�Ç�ðgÁOË�
 Ã æ�ûM¿)Á��{æ
¿�Á���Ç1ógÎ��´Å�ó%Æ<Ç�·Å)Ë^Å�
�Å*R:ÇcRgªO��2�9<.cGs��í��o��þzª�+�2�4-,�D?2�9<;�ª«-«�8DB=I.<ªO+z.c��,�.c�¢±�.:Clüaì�ìu�OL

ë ÿ)î�E�L ° 2<G�2�4 2�4�> ��Lx56;�,R®
2�48D²LÂ-«;<=I;<C�DB489Ó2�®
2��¬�:;����¢��48DB�c2),/DI;<4 DI4���2�CQ2�=B=I.c=
�-�8.cC�� ;��8,�DB�·DB�c2�,�DB;�4µL³ 4 øyó�¿�Q�æP¿���Ë�Æ8Ç�ðgÁ�Ë�
 Ã æÃûM¿)Á��{æ�¿�Á��OÇ:ógÎ8�UÅ)ó%Æ-Çó�·Å)Ë^Å�
�Å*R:ÇcRgªy��2�9<.cG>�u�<ì����§9u��ª �¤�8C�D?�Q�µª«+�®xD`,/�:.:C/=?2�4�>»ª+z.c��,�.c�¢±�.:C�üaì�ì§98L
ë ì)î�E�L ° ;<489K2�4�>75*L´+-,�;<48.:±8CQ2 � .:CaL�½��8,�DB�·DB�c2�,�DB;�47;�0 Þ 2�CQ2�=B=B.:=vê���.:C/�KúM¥�.c�1�8,�DB;�4 Þ =B2�4�G�DI4"! Þ ��+¤L ³ 4øyó/¿�Q�æ ¿��lË�Æ8Ç�ðgÁOË�
 Ã\æ°ûM¿)Á��{æ«¿�Á7ø¨Å)ó�Å�Ã�ÃIÇ1ÃMÅ�Á�Èö�lÌ�RgË²ó�æ�ð1Á��{æ�Å�Î*R�æBªO��2�9�.aG�ì����§�8ª�56D?2���D º .c2<�Q�µª¤@AJ ªO¦
+ � ª
��.c�:.:�¢±�.:C�üaì�ì�ü�L

ëIü��)î ° L © ³ L ° GHD?2�;Oª
5*L ©R+¤L�-«��.:4µª¨2�4�> Þ Ly+¤L#�M�µL ½�4 Þ 2�CQ2�=B=I.c=¨ú�¥�.c�:��,�DB;�4';�0�57�8=`,/DI��=I. Þ DB�O.c=IDB48.c> ° 2�G���<;�DB4�GcL ³ 4'øyó/¿�Q�æ�¿���Ë�Æ8Çý�üû¸ý Å�ð
þÿý�É>� ð1Á�Ë�
 Ã æ ûM¿)Á��{æ�¿�ÁUý7Å�Á�Å�Æ<Ç:Í�Ç:Á�Ë¢¿��x�·Å)Ë^Å)ª��O2�9�.aG¹üaÿ§9��¤ücì<í8ª56DB4848.a2���;�=BDBGcª85 �¢ª�¦�+ � ªO572��6üaì�ì���L
ëIü�ü1î$�·L�ú�L ³ ;-2�484�DB>�D?GA2�4�>·+¤L�-«�8C�D?GH,�;�>�;���=B2 � D?GcLz½�4l,/�8. Þ C/;���2�9<2),/DI;<4P;�0Oú C�C/;�CQG»DB4l,���.
+zDB�:.y;�0%��;<DI4��¨.cG��8=`,QG:L³ 4*øyó�¿�Q�æ
¿��ÀË�Æ8Ç��üû¸ý Å�ð
þÿý�É>� ðgÁ�Ë�
 Ã æ(ûM¿)Á��{æx¿)Á ý�Å)Á¤Å�Æ-Ç1Í&Ç:Á�Ë
¿��b�ÀÅ�ËqÅ�ªµ��2�9�.cG���í<ÿ����<þ�þ�ª0��.:4z­<.:Caª

-x½Àª8¦
+ � ª�5�2��7ücì<ì8ü�L
ëIü���îl5�L ©^JMLOJ´;�ª¤5�L ©^+¤L�-«�8.c4µªa-�L%�¢Lg�¨2�­zD?GH��2�4 � 2�Caª�2�4O> Þ L¤+¤L��M�µL
½�4F½���,�DB�&2�= Þ C�;��:.cG/GH;<C � =B=I;��:2�,�DB;�4K,/;+z���8�O;<CH, Þ DI��.:=BDB48.c> ° 2�G����<;�DB4�GcL ³ 4¡øyó/¿�Q�æM¿_�lË�Æ�Ç��üû¸ý¯Å�ð
þÿý�É>�áðgÁOË�
 Ã\æÌûM¿)Á��{æ«¿)ÁÎý�Å)Á�Å�Æ<Ç:Í&Ç1ÁOËx¿���·Å)Ë^Å)ª8�O2�9�.aG
í�ì���þ)ÿ�ª<EF2�G��8DB489�,/;�4µª���-�ªO¦
+ � ª�5�2��7ücì<ì��8L
ëIü��)î¢+¤LM5�2�48.c9�;�=?>»ª&��LMN�Ly½�±�.:C/�&2�DB.:Caª 2�4O>¬@yLMEF2�2<G:L�Jµ;-2�> º 2�=B2�4��1.a>'ê���.:C/�*úM­)2�=B��2),/DI;<4ÓDB4 +z��2�C/.c>�©ú ­�.:C/�-,��8DB489�úM4z­zDIC/;�4��·.c4-,/GcL ³ 4�øyó�¿�Q�æ�¿_��Ë�Æ8ÇP÷yò�ó�¿QÊ8ÇQÅ)Á ûM¿)Á��{æ ¿)ÁKø¨Å)ó�Å�Ã�ÃIÇ1Ãµøyó�¿�QQÇcRmRgÌ�ÁoÆ�ª8��2�9�.aG�ü<ü�ü)þ'�ü<ü����Oª Þ 2<G�G/2��´ª��
.cC��&2�4-�<ª � �89<��GH,Püaì�ìzþzL
ëIü���î¢+¤LO572�48.c9�;<=B>»ª���L�N�L¤½�±O.cC��&2�DB.:Caª8@yL8EF2�2�Gcª�2�4�>���L ©_-�LO@8C/.:�-,/2�9�L.�
2),/2&Ñ
��C�.a2�>�.a>6ê���.:C/��úM­)2�=B��2�,�DB;�4DB4F+���2�C/.c>z©^úM­<.:C/�-,��8DB489�ú 4z­-DBC/;�48��.:4-,QG:L·Ñ´.a�Q�848D?�:2�=.�¨.:��;�C�, ° ¦ º © ³Rº ©_9�ÿ�ª ° �8��±�;�=?>z,H©^¦¨4�DI­<.:CQGHDI,�(2�,P�c�º .:C/=BDI4µª ³ 4OGR,/D`,/��,x0)(�8C ³ 4�0�;<C��&2�,�D � ª º .cC�=BDI4´ª«�
.:C/��2�4z��ª � ��C�DB=Mücì<ì�í�L
ëIü�9�î¢+¤L�572�4�.:9�;<=B>µª�@yLOEF2�2<G:ª�2�4�>65�L¤JML�NP.:CQGR,/.:4µL¨½�4¡½���,�DB�&2�= Þ DB�O.c=IDB48. Þ C�;��1.aG�G�DB489�DI4 Þ 2�C/2�=I=B.:=Uê��8.cC��½���,/DI��DB�c2�,�DB;�4µL ÑU.c�Q�84�DB�c2�=D�x.c�O;<CH, ³ �
+-©W�¨ì�ÿ§�§9�ªs-«E ³ ª � �&GH,�.cC/>82��Kª
Ñ
��. �¨.1,/�8.:C/=?2�4�>8Gcª
@8.:±�C���2�C��üaì�ì�ÿ�L
ëIücí)î*�OL8+zC�DB­)2�GH,/2�­)2¢2�4�>­�·L8ú =BG�.cG/G�.:CaLA½���,�DB��DI�cDI4�9·56��=`,/D`©+��;<DI46ê��8.:C/DB.cGyDI4 Þ 2�CQ2�=B=I.c=0�¨.:=?2),�DB;�4O2�=g��2�,/2�±O2�G�.cGcL³ 46øyó�¿�Q�æ�¿���Ë�Æ8Ç
ðgÁOË�
 Ã æuûM¿)Á��{æ�¿)Á�øxÅ�ó�Å)Ã�ÃBÇ1ÃvÅ)Á�ÈÃ�lÌ�RgË²ó�æ0ð1Á��{æ�ÅOÎ*R�æBª���2�9�.aG«ÿ����zìo��ªz+�2�4P��DB.:9<;�ª/- � ª�¦
+ � ª�-2�4z��2�C��Kücì<ì���L
ëIü�þaîlÑUC/2�4�G/2��g,/DI;<4 Þ C�;��:.cG/GHDB489 Þ .:C�0�;�C/�&2�4��:.,-«;<�84��:DI=²ª�+�2�4*�<;<G�.�ªu- � ª�¦�+ � L��¤øhû�
�Ç:Á0QQÆzÍ&Å)ó�ÄÖ� õ��·ÇmQ1Ì�RgÌ3¿)Á

Å�òaÊ�Ê�¿)ógËIù�ª��¨.:­zDBG�DB;�4�ü�L �8LBü�ª»ücì<ì�ÿ�L
ëIücÿ)î � L��lLµE�DB=?G��Q�z��,aª,�OLµ@A=I; � GH,�CQ28ªU2�4�> Þ Lµ5�L��·L � ��.:CQG:L Þ 2�C/2�=I=B.:=�ú ­�2�=I�O2),�DB;�4�;�0x56�8=I,�DI©+��;<DI4*ê��8.:C/DB.cGcL³ 47øyó�¿�Q�æ ¿_�PË�Æ8Ç��üû[ý Å�ð
þÿý�É>� ðgÁOË�
 Ã æÿûM¿�Á��{æM¿�Á}ý�Å)Á�Å�Æ<Ç:Í&Ç1ÁOË
¿��Ö�ÀÅ�ËqÅ�ª8��2�9�.cG
ü<ü�9��¤ü���í8ª-+82�4���;-GH.<ª

- � ª�¦�+ � ª�572��7üaì�ìo9�L
ª ?§ä�å¹åÃúuI
� Ü�Ý w���ã�ã -�ã -Þ��� ó ã � ó ß Û!Ü1r
Jµ.:, + >8.:48;�,�.¹,/�8.¹,/;�,Q2�=«2���;��84-,À;�0x®«;<C � + S + û%��ýgL ³ 4Ó�:2<GH.�2�=I=«�848DI,/GÀ;�0¨®y;�C � 2�C�.¹DB4�>�.c�O.c4�>�.c4<,�DI,D?G�.c2�G���,/;*GH.c.�,/��2),¹DI,&,/2 � .aG¢,/�8.6;��8,�DB��2�= Þ Þ +�,/�8.6�8C/;��1.cG/G�DI489¡,�DB��.6;�0 + i ®xD`,/� i DBG&,��8.64z�8�À±O.cC&;�0



�8C/;��1.cG/G�DI489��84�D`,QG:L!��;)®�ª�=B.1,�. �*ë � � ü:îU±�.�,���.l=B2�C�9<.cGH,¨C/2�,�DB;&;�0�®y;�C � ,���2�,��:2�4848;�,�±O.¢��2�CQ2�=B=I.c=IDB�:.a>K>��8.�,/;>82�,/2�>�.:��.:4�>8.:4��:DI.aG:L¹½�±z­-DB;��OGH=B��ª»2�G
=B;�489K2�G/. Ê üi �8;�=?>8Gcª¤,��8.�;��8,�DB��2�=���2�CQ2�=B=B.:=BDI�a2),�DB;�4�DBGPGH,�DB=I=v0�.a2�G�DI±8=B.�L
° ;)®y.:­<.:CaªzDI46�:2<GH./.}� üi ª�ë ´ Ø��*Ú ¶ DBG
±�;���4�>�±-��. + ï

ë ´ Ø��*Ú ¶ S 01 2 . + DI03.�~ üi+ i .:=?G�.
@8;<C¨,/�8.¢0���CH,/�8.:C
�1;�4OGHD?>�.:CQ2),/DI;<4�G¨=B.1,
��G���2�­�.¢2¹=I;z; � 2),P2�47.:¥82����8=B.�ïx@8;<C
� Sá��� M*�������{� � M54  ¢®y.À2<G�G��8��.+ û%�§È^ý.S ü
2�4�>�>�2),/2·>�.c�O.c4�>�.:4O�1DB.cG
±�.�� M � � � M � � � M Ù � � M64 GH�O�Q��,/��2),!� M � S(¬
ûk� M ��ý«.1,Q��LMÑ
�z��Gcª7.K�1;����8�8,�.cG,�; ü
� L � ��;<G/GHDB±8=B.7G��Q�8.a>��8=B.6®xD`,/�'�8C�;��:.cG/GHDB489�,�DB��.¡þ¡DBG¹>8.:�8D?�g,/.c>'DB4'@ADB9��8C/.�ü��'û�,��8.K0�;<�8C&,����8=I.7,���2�,

��2�­<.l,�;K±�.À��C�;��1.aG�G�.c>�;�48.�2)0�,/.:C
,���.·;�,��8.cC
2�C�.·9�C/.:�8ý1LÀ½�47,���.·;�,��8.cCP��2�4�>µª»,��8.�G��8;�C�,�.aGR,P�O;-G�G�DB±8=I.À,��z��G;��8,�DB��2�=�G/�Q�8.a>��8=B.¨C�.a�-�8DIC/.cGM;�48=B�>��,�DB��.��848DI,/G«0�;<C .1¥�.a�1��,/DI;<4¹2�G @ADB9��8C/.¢ü��lGH��;)®¨G:L ° ;)®y.:­<.:Caª�®xDI,��8;<��, ,/�8DBG=B;-; � ©q2��8.c2<>¹;�4��8;)®$�¢���Q��®«;<C � 2¢,/�8�8=B.�®xDI=B=´�c2���G�.�2 Þ«Þ + � D?Gx±�;��84�>�±z�
ë ´E��¶ Ê ûRü°g8.�ý +i 29. + �

Ñ
�8.�CQ2),/DI;·;�0�ë ´E��¶ ,�;>ë ´ Ø��*Ú ¶ DB4K>�.:��.:4�>8.:4��:��;�0 .KD?G
: û;.�ý±S ë ´E��¶

ë ´ Ø��*Ú ¶ Ê 01 2 üi . g üi 2 ü DI0 .}~ üi �i .óg8.ü2 ü .c=BG�. �
@8;<C<.62����8C�;-2��Q�8DB489 üi

=IDB�=?>@ üi
üi . g üi 2�üDS(�hg üi

DB4��1C/.c2<GH.aG«��;<48;�,/;�48D?�:2�=I=B�¹2�G
®y.:=B=´2�G
=IDB�=?A@ üi i .�g8.ü2 ü
SÃ�hg üi

>�;z.cGcLMÑ
�z��Gcª : D?G
±O;�,��6�1;<4-,�DB4-��;���Gx2�4�>��&2�¥zDB�&2�=»DB4B.�S üi LMJµ.c2<>�DB489·,�;: û;.�ý�ÊÄ�hg üi
ÑU;¹�8C/;-;�0v,��8.À9�.:4�.:CQ2�=µ�8���O.cC�±�;��84O>6®«.À�1;�4OGHD?>�.:C�,��8.·�:2<GH.C.8S�ü<LD�¨;���2�CQ2�=B=I.c=ID?G�� �c2�46±�.¢.1¥��8=B;�DI,�.a>2�4O>¹,/�8.��8�8��.:C¨±�;���4�>�0�;�Csë ´E��¶ 2�G
®y.:=B=´2�Gy0�;<Csë ´ Ø��*Ú ¶ D?G�ë ´ � 01B ¶ L D



4

3

2

1
P

P

P

P

5 6 74321

@ADB9��8C/.�ü��8ïM+z��±O;<��,�DB�&2�=´G/�Q�8.c>8�8=I.

4

3

2

1
P

P

P

P

5 6 74321

@ADI9<�8C/.·ü���ï ½���,/DI�&2�=UG��Q�8.a>��8=B.
� Ü%ñ w���ã�ã -�ã -Þ��� ó ã � ó ß r�ÜTñ
-y2�G�.�ü�ï�Ç S�üÑ
�8.6G�D`,/��2),/DI;<4Ó®x�8.cC�. D�ö ûzè È ýýS �70�;<C¹GH;<�·.PË�;��:�:�8C/G·;<48=I��DI0>Õ Ô�Ö�×�Õ±S �8L � G�Ô*Öz×ÓDBG·,/�8.K;�48=B�*�-�8.:�8.KDB4
ÒFED��Ô§Ø�Ù�Ú� P,/�8.P,��8.c;�C/.:� ��;�=?>8G:L
-y2�G�.���ï�Ç�~$ü
-«;�4OGHD?>�.:C¨2·DB48�8��,¨C/.:=?2),/DI;<4P� À G����Q��,���2�,�¬ È ûk� À ý�GSIHÀ0�;<C¨2�=B=aË/L Þ úÓ�O2�Gx2���DI4�DI�À�8�¯GH,/2�CH,/�8��;�0

ë ´E q¡�¶� Ù �$ûkÇ�g¬ü�ý1û + �-,wØ/.�0 2 + �;: ��� ý
>��8C/DB489�®x�8DB�Q�62�,
=B.c2<GR,x;<48.��8C/;z�:.cG/GHDB489·�848DI,¨DBG
D?>�=B.�±8��,YÕ Ô Öz× Õc~Ä�8L D
� Ü�¢ w���ã�ã -�ã -Þ��� ó ã � ó ß r�ÜkÛ
@8;<CsÇ8S ü�GH.c.�Ñ
�8.:;<C�.c�¢9�Li��LJµ.:,sÇÎ~$ü�L � G
=B;�489�2�G�Õ Ô�Öz×�Õ ö ~7�>-«;<4�>�DI,�DB;�4 ³ L �ÀDI���8=BDB.cG D�ö ûzè È ý±S�ü�L�Ñ
�8.P=I.c489�,/��;�0�Ô�Ö�×�DBGy��;�48;�,�;<48DB�c2�=B=I�>�.a�1C/.c2�G�DB489·2�4�>

ë ´ £ J ¡�¶� P S'��DI4���ë«ï/Õ Ô Öz× Õ ö,SÃ�� 
E��8D?�Q�6�1;����8=B.1,/.cGy,/�8.��8C/;-;�0RL D
� Ü»Û w���ã�ã -�ã -Þ��� ó ã � ó ß r�Ü1r
� G/G��8��.4

È
D ø ö ù ú ö û ü ûzè/È²ý ' Õ ÓýÕ

�8;<=B>8Gx0�;�C�2�4�DB4-,�.:C/­)2�= ë ë M*� ë_ÿ1îU®xD`,/�8ë_ÿ°g ë M ~7��L @8;<C�2�=B=µDB4-,�.:C/­)2�=?G�ë KgÈ �6L È�î�Á�ë ë M�� ë_ÿ:î´®x�8.:C/.�Õ Ô Öz× Õ öÿ~½��®xD`,/�
ë	����È/ë KgÈ �6L È�îK È S L È



DB�·��.a>�DB2�,�.c=I��0�;�=B=I;)®¨Gy±�.c�:2���G�.�;�0 ³ 4z­)2�C/D?2�4-, ³ Li9�L6-«;<4�G�.c�-�8.:4-,/=I�<ª
W ö ûö%ù 4X 79Y¸Z/\ X �E]_�_^ Õ Ô�Õ ö
È)Ë±S W�MON ø P N ú Q N ü 4X 79Y¸Z/\ X �E]_��^ Õ Ô�Õ öPÈ)Ë[2UW J Z MON ø P N ú Q N ü 4X 79Y[Z/\ X �E]��_^ Õ Ô�Õ ö
È�Ë±S½�

G�DI4��:.�2�=B=µDI4-,/.:C/­�2�=BGPë K0È �6L È3î´2�C/.P;�0A.:����,R��G�DB�:.�L D
R ª C�Ð¢åÀäMéQã�<8J ú�åÀä ã�<EB ? ª ?
ÑU;�;<±�,/2�DI4�2K>�D?G��:C�.:,�.¹2��8�8C/;�¥zDB�&2),/DI;<4�;�0«,��8. Þ � Þ ª»®y.ÀÐOC/GH,¢2�G/GHDB9�4�;�4�.�G�DB489�=B.��8C�;��:.cG/GHDB489K�848DI,�,�;6.a2��Q�ð ;�DB4�2�4�>·,��8.c4¹9�CQ2�>8��2�=B=I�·2�>8>���C�;��1.aG�G�DB489��848DI,/Gy2�=B®y2���Gv,/;�,���.��1��C�C/.:4-,�=B��GH=B;)®«.aGR, ð ;<DI4&��4<,/DI=¤2�=B=��8C�;��:.cG/GHDB489�848DI,/G«2�C/.x>�DBGH,�C/DB±8��,�.a>6û3G�.:.¨@ADB9��8C/.�ü�9<ýgLUÑ
��.¨;)­�.cC/2�=I=z.1¥�.a�1��,/DI;<4À,/DI��.{��>�;<��DI4�2�,�.a>À±z�¢,��8.�G�=B;)®«.aGR, ð ;�DB4���DBGGH,�.:�K±z��GH,�.c��C/.c>8���1.a>�2<Gy032�C¨2�G
��;<G/G�DI±8=B.�L

SUTWVYX�Z\[�]_^+`'^\acb U ^eded\d)^5b�fYgihj X�ZiVWX�Z\[Iak` U ^ededed\^+` f gihl jnmpo_q e Z j ]sr j`ut q e hj r�h`�vxwyvxz { q `&|}]_h~�� SU� ��` vxwxvxz {�� h r j�������)����� � �)�x�_��� � �i� be�` �	� ol_��t�� b't` tY� h`6� q `6��� e h`�vxwxvxz { q `�vxwyvxz {O| e hj r }
@UDB9���C�.�ü�98ï � =B9�;�C/DI,��8� ,/;&2�G/GHDB9�4 i �8C/;��1.aG�G�DI4�9À�84�D`,QG
,�;�Ç ð ;�DB4�G

½�±z­zDI;<��GH=B��ª-,/�8DBG�2�=B9�;�C/DI,��8� ��DB48DB�·DB�:.aGx�&2)¥È � � Èi È  l2�4�>��8.c4��1.� S���2�¥È � � Èi È  �g �i û3�g0RL�+z.c�1,�DB;�4 9�LBüaý
DI0µ,��8. Þ � Þ ��2<G 48;·DB4<,/.:9<.:C
GH;<=I��,/DI;<4µL ³ 4��c2�G�.¨,���. Þ � Þ ��2<G«2�4�DB4-,�.:9<.:C
GH;<=I�8,�DB;�4µª-,���.
2�=I9<;�C/D`,/�8��Ð�4�>8G«,���.
.1¥82<�g,¨GH;<=I�8,�DB;�4K2�Gy,���. i ÈM2�C�.
DI4O�1C/.c2�G�.c>µª82�4�>��8.:4O�1.l2�=B= � Èi È 2�C�.P>�.a�1C/.c2�G�.c>µª��84-,�DB= � Èi È S � i ��;�=?>8Gy0�;�C¨2�=I=aËQL


