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¤!YpÇ!Ya° [xGJL4GJORK�ef_pLb�8©t]bGVOR_pGJUýYxYxY^YxY^YxYtY^YxYxY^YxY^YxYxY^YxYtY^YxY^YxYxY^YxY^Yx¡W¡VÅ

¤!YpÊ ~�]4Lb_aL4�8UZ_a�!L4KVef]bOZG<¿á�bK!URGV`1_pLb`bG/Í�GVUþYxY^YxYtY^YxYxY^YxY^YxYxY^YxYtY^YxY^YxYxY^YxY^Yx¡W¡VÇ
¤!YpÊ!Y¥¡ ¢4GJ×�]bGJLrer_aK!vÁUZ_a�!L4KVef]bOZG^ú4vaGVU¹YxY^YxYtY^YxYxY^YxY^YxYxY^YxYtY^YxY^YxYxY^YxY^Yx¡W¡VÊ
¤!YpÊ!Ya� ¢4_a�!L4KVef]bOZGÜefORGVGJUµYxY^YxYxY^YxY^YxYtY^YxYxY^YxY^YxYxY^YxYtY^YxY^YxYxY^YxY^Yx¡W¡V¤
¤!YpÊ!Ya° ¬�Í�efGVLb`b_p�bvpGmUR_p�!LbK�ef]bOZGxn4K!URnb_pLb� YtY^YxYxY^YxY^YxYxY^YxYtY^YxY^YxYxY^YxY^Yx¡W¡Vâ
¤!YpÊ!YaÅ qXGJ�V]bORUZ_|jbGmvp_aL4GJK!OwUR_p�!LbK�ef]bOZGxn4K!URnb_pLb��YxYxY^YxY^YxYxY^YxYtY^YxY^YxYxY^YxY^Yx¡��!�

¤!Yp¤ qiGVUR]bvkefUXSTQ!O\]bL4_aSTQ!OZodv|ª;`4_aU�efOR_p�b]�erGJ`,`bKVefKxYtY^YxYxY^YxY^YxYxY^YxYtY^YxY^YxYxY^YxY^Yx¡��!�
¤!Yp¤!Y¥¡ qXG<erOR_pG<j�K!v{Õ\Q!U�efUüYxY^YxYxY^YxY^YxYtY^YxYxY^YxY^YxYxY^YxYtY^YxY^YxYxY^YxY^Yx¡��!�
¤!Yp¤!Ya� ËÌL4`bG<Í%¢b_p�JGïYtYxY^YxY^YxYxY^YxY^YxYtY^YxYxY^YxY^YxYxY^YxYtY^YxY^YxYxY^YxY^Yx¡��!Å

¤!Ypâ qiGVUR]bvkefUXSTQ!O\UZIWG<­¾GJ`1`bKVefKtYxY^YxYxY^YxY^YxYtY^YxYxY^YxY^YxYxY^YxYtY^YxY^YxYxY^YxY^Yx¡��!Ê
¤!Ypâ!Y¥¡ qXG<erOR_pG<j�K!v{Õ\Q!U�efUüYxY^YxYxY^YxY^YxYtY^YxYxY^YxY^YxYxY^YxYtY^YxY^YxYxY^YxY^Yx¡��!Ê
¤!Ypâ!Ya� ËÌL4`bG<Í%¢b_p�JGïYtYxY^YxY^YxYxY^YxY^YxYtY^YxYxY^YxY^YxYxY^YxYtY^YxY^YxYxY^YxY^Yx¡��!¯

¤!Yp¯ Õ\Q!Lb�Vva]bUZ_aQWLbUÿYxYxY^YtYxY^YxY^YxYxY^YxY^YxYtY^YxYxY^YxY^YxYxY^YxYtY^YxY^YxYxY^YxY^Yx¡�°�¡
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NPORQájz_a`4_aLb�8K!L®K!�bU«erORK!�/ewj�_pG<­ÈQ!S�`4KVefK6_aUwQ!L4GxQWS�efn4GxodK!_pL®K!`�j�K!LrefK!�WGJUXQ!S�K6`bKVerK!�bK!UZGto6KWLbK!�!G/¿
odGJLreHU�ªzU«efGVo ø�FH¦Üc'¢bùZY�ËÌL*FH¦Üc'¢bUÁefnb_pU§_pU KW��nb_aG/j�GV`®�rª,odK!I�_aL4�àKáj4KW_avpK!�bvpG¾odQ"`bGJvp_aL4�à�JQ!L4�JGJy)efU
efQ,odK!y,efn4G*ORGVK!v{­óQ!OZva`®efQ8ernbG*`bK�efK!�bKWURGJY%~\nbGVURG��JQWLb�JGVy�efUàKWORG*�VK!vpvaGV`,efnbG8`bKVerK'odQ�`bGVv QWSÜK
`bKVerK!�bK!UZGJYx~\nbGàybOZGJ`bQWo6_pLbK!Lred`4KVefK8o6Q"`bGVv�efQ"`bKáª%_pU efnbG^ORGVvaKVer_aQWLbK!v(o6Q"`bGVvag�­xnb_p��n%_pU¾_p`bGVK!v�STQWO
odQ�`4GJvp_aLb�¾�b]bUR_pLbGVURU�K!yby4va_p�JKVer_aQWLbURYÜÆiQá­óG/j�GJOZg�LbG<­ÎK!y4ybva_p�JK�ef_pQ!LbU}n4K�jbGÜGJodGVOR�!GV`¾efnbKVe§K!OZG `b_��d�J]bvke
efQ,odK!y®erQ,G/Í�_pU«er_aL4�ô`bKVefK®odQ�`4GJvpURY;~\nbGJOZGJSTQ!OZG*odK!Lrª�`bKVerK,odQ"`bGJvpUmUZ]byby�Q!O«er_aLb�1LbG<­ K!y4ybva_p�JK�¿
ef_pQ!LbUxnbKáj�G8�zGVGJLý_pLrefOZQ�`b]4�JGJ`4g§vp_aI�Gxefn4G8Q!�"É<GJ�<eZ¿�Q!OZ_aGVLrefGJ`�o6Q"`bGVv��p¡VÅ���gØQ!��É<GJ�/eR¿áORGJvpKVer_aQ!L4K!vPo6Q"`bGVv
�kâ!â���g�ST]4�J�<ª,`bK�efKmodQ"`bGJvpU��p¡V��g}¡W¡Vg�¡V¯���gzKWLb`*odQ"`bGJvpU§STQ!OPUZGJod_|¿áU«erOR]b�/ef]bOZGJ`�`bKVerK�ø�GJYp�!Y���c1À��k¯!Ê��¥ùZY
�ÄGX_pLrj�GVU«ef_p�!KVerGØeÌ­¾QmK!OZGJK!U�­xnbGVORGXFH¦Üc'¢bUØK!OZGX�VQ!LbSTOZQ!LrefGJ`H­x_kefn*L4G<­ `bGVodK!Lb`b_pLb�xK!ybybvp_a�VKVef_pQ!LbUZY
±D_pORU�efg(­¾G*vpQ"Q!IôKVexefnbG8_aLrefOZQ�`4]b�<er_aQ!L¹Q!SÜUZG<eR¿�j�K!va]4GJ`ýKVeZefOZ_a�b])efGJU^_aL�FH¦Üc'¢bUZg§K!L¹K!ORGVK6efn4KVe�n4K!U
KVeZefORKW�<efGV`ôva_keRervaG�K�eRefGVLref_pQ!L;URQ�STK!OZY6~\n4G6L4GJ�!vp_a�WGJLb�VG�Q!S�efnb_pUHK!ORGVK�_aUHvp_pIWGJvkª'erQ���nbK!Lb�!G¾­x_kefn�ernbG
�!OZQ�­x_pLb��_podyzQ!O�efK!L4�JG�Q!SP�JQWo6odGVOR�J_pK!vDQW��É<GJ�/eR¿�OZGJvpKVef_pQ!LbKWvD`bKVerK!�bK!UZG�U«ªzU«erGJodURgPK!UHodK!LrªìQWS{ernbGJo
K!vpORGVK!`�ªÄybORQájz_a`4G�URG<eZ¿�j�K!vp]bGJ`ìK�eRefOZ_a�4]�efGVU�Q!OX­x_pvav `bQôURQ1_aL1ernbG�LbGVK!OàST]�er]bORGVYý¢�ef]4`b_aGVU�Q!Lì`bKVerK
odQ�`4GJvp_aLb�¾K!vavpQá­x_aL4�HURG<erU��k¤!°!g"¯!¯���K!vaUZQóUR]4ybyzQWO«e}ernbGÜLbQ�ef_pQ!LmQ!S�_pLrefOZQ�`b]4�J_pLb�HURG/eR¿�j�K!vp]bGV`�KVeRerOR_p�b]�efGVU
efQóernbGHORGVvaKVer_aQWLbK!v�­¾Q!ORvp`bg{UZ_aLb�VGt_|exK!vpvpQ�­xUw]bUZGJOZUPerQ�STQ!ORo^]bvaK�efGtodK!Lrª;×�]bGJOZ_aGVUX_pL®K�o6QWORGtLbKVer]bORK!v
­¾K�ª!Yý~\nb_pU�_aUwefnbG*�JK!UZG�_aL�_aodK!�!G��|¯!gØÇ!���¥g\�!GVLbG<er_a�*Q!O^odQ!vpGJ�V]bvpK!Oà`bKVerK!�bK!UZGJU��k�!g �!â���Y�¢bGV�JQ!L4`bg
­¾Gx_pLrj�GVU«ef_p�!KVerGwernbGH��nbK!vpvpGJLb�!GVUPernbKVetn4K�jbGwerQ��zG§erK!IWGVL,QWL®_pL²FHKVefK��ÄK!OZGJnbQ!]4URGtGJLrjz_aOZQ!LbodGJLrerURY
FHKVerK��ÄK!ORGVnbQ!]bUZGJU\K!_poÃKVeHUZ]byby�Q!O«er_aLb�¾ernbGó`bGV�J_pUR_pQ!L�ybOZQ��VGJURUZGJUwQ!S�odK!L4K!�!GJOZ_aKWv�U«erK��®�fª1nbQ!vp`b_pLb�
n�]b�!G6K!odQ!]bLrefUxQ!S nb_aU�efQ!OZ_a�VK!vP`bKVerKdernbKVe*�JK!L%�zG6K!LbKWv|ªz�JGV`®erQ,��nbGV��I²ernbG6×"]4K!va_keÌªòQ!S `bGJ�V_aUZ_aQ!L4URY
±�ORQ!oÃefnbGHjz_aG/­xyzQW_aLre*Q!S FH¦§c'¢bU\efnbGdURn4GJGJOxUR_p�JG6Q!SÁefnbGóefKW�bvaGVU^_pL%FHKVefK �ÄK!ORGVnbQ!]bUZGJUxyzQ!UZGJUxK
ybOZQ!�bvpGJo ernbKVe^LbGJGV`bU�efQd�zGtK!`4`bORGVURURGV`bY
uîvpQVe�QWS\_aody�Q!O«erK!Lreà­óQWORI%nbK!Uà��GJGVLò`4Q!LbG�Q!L1ernbG�vpQ!�!_p�JK!vØvpG<j�GVvÜ�JQWLb�JGVORLb_pLb�;LbG<­Ô`bKVerK'odQ�`)¿
GJvpURYÎÆ¾Qá­¾G<j�GVORgÜefn4G,y�GJOZSTQ!ORodK!Lb�VG²Q!S¾K!�/ef]bKWvXFH¦§c'¢bUd_aU6K�j�GJO�ªÎ_aody�Q!O«erK!Lre1�VOR_kefGVOR_pQ!LÄSTQ!OóernbG
K!�V�JGJy)efK!Lb�VG,QWSiLbG/­ `bK�efK;odQ�`bGVvaUZY¨~\nbG²_aLrerORQ"`b]b�<er_aQWL�Q!S�efn4G®OZGJvpKVef_pQ!LbKWvÜodQ�`bGVv\�rªïÕ\Q�`4`ò_pL
efn4G8GVK!ORvkª?¡V¯!¤!�!Ut_pU^K,ybOR_podG8G/ÍzK!odybvaG8STQ!OxORGJvp]b�/efK!Lre*K!�J�VGJy�erK!Lb�JGVY;~\nbG*OZGJvpKVef_pQ!LbK!v�odQ"`bGJv{­¾K!U
LbQVe®KW�bvaGàerQ%OZGJybvpK!�VGdernbG²LbG<eÌ­¾Q!ORIìodQ"`bGJv\KWLb`���GJ�VQ!odGàefnbG²`bQ!od_pLbK!Lre,odQ�`bGVv\]bLref_pvwG!�d�J_pGJLre
K!vp�!Q!OZ_|ernbodUØKWLb`8`4KVefKxU«erOR]b�/ef]bOZGJUØnbK!`6�zGVGJL*`4G<j�GVvaQWyzGV`bYw¬{Ízy�GJOZ_aGVLb�JGinbK!UPURnbQá­xLtefnbKVePerQ^OZGJK!vp_a�VG
G!�d�V_aGVLfemFH¦Üc'¢4U\STQ!O\LbG<­íK!yby4va_p�JKVer_aQWLbURg4­¾Gt`bQdLbQVexLbGV�JGJUZURK!OZ_avkª%nbKáj�G\efQ�OZGJ`bGVUR_p�!L®K!Lb`²ORGV�b]b_pva`
`bKVerK!�bK!UZGÜU«ªzU�efGJodUØSTORQ!o UZ�JORK�ef��nbY\½iG<j�GVO«ernbGJvpGJUZURg"É<]4U«ewodK!yby4_aLb�tLbG/­Î`bKVefKHodQ"`bGJvpU�efQ¾Q!va`4GJO�Q!LbGVU
K!Lb`ô]4UR_pLb�²G<Íz_aU�ef_pLb�²`bKVerK!�bK!UZGàU«ªzU«erGJodUx`bQ�GVUóLbQVe��!G<eóernbGiÉ<Q!�ô`4Q!LbGJg}GJ_kefnbGVORYd~\nbG�odK!ybyb_pLb�!g�_pS
y�Q!URUZ_a�bvpG�KVe�K!vpvagÜOZGJUZ]bv|erUà_pLýK!LýQáj�GVORnbGVK!`1efQ1�bOR_pLb�'K!y4ybva_p�JK�ef_pQ!LbUà_pLrefQ'vp_aL4G^­x_|ernýFH¦Üc'¢4UiefnbK�e
nbKáj�G1LbQVe1G<j�GVL¨�zGVGJL·QWy�ef_pod_a�VGJ`·STQ!OHefn4GJodY ~\nb_aU*o6KáªÎvpGJK!`;efQ�UZG<jbGJORGôy�GJOZSTQ!ORodK!L4�JG1vpQ!UZURGJUZY
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~\n�]bU ­¾GmybOZQ!y�Q!URG\efQ8o6Q"`b_pS ª�efnbG^ybnrªzUR_p�JK!v�vaG/j�GJv�Q!S}G/Íz_aU�ef_pLb��U«ªzU«erGJodURYxu¾OZGJK!UiQ!L6ernbGmy4nfªzUZ_a�VK!v
vpG<j�GVv�QWSDFH¦Üc'¢bU�efn4KVeàn4K�jbGm�VQ!LrefOR_p�b]�erGJ`'�VQ!LbUZ_a`bGVORK!�4v|ª®efQ6yzGVORSTQ!OZodK!Lb�JG^�!K!_pLbUX_aLdefnbGxybK!U�eàK!OZG
G!�d�V_aGVLfexÉ<Q!_pL;K!va�WQ!OR_kefnbodUHK!L4`%odG/efnbQ"`bUtSTQ!OóK!UZURQ"�J_pKVef_kj�G6K!�V�JGJUZURY²¬�j�GVOxUZ_aL4�JGóefnbGd_pLrj�GJLrer_aQ!L¹Q!S
ORGVvaK�ef_pQ!LbK!v�`bKVerK!�bK!UZGiU�ªzU«efGVodURg�erORGJodGVLb`bQ!]bU§G!��Q!O«erU nbKájbG¾��GJGJL*]bLb`bGVO«efKWIWGJLmerQ^`4G<j�GVvaQWy�G!�d�J_pGJLre
É<Q!_pL�K!vp�!Q!OZ_|ernbodURY;~\nbG8ORGJKWURQ!LýSTQWOwernb_aU^_aU\efn4KVemÉ<Q!_pLbUxK!ORG6STORGV×�]bGJLre²Q!y�GJOZKVef_pQ!LbUwefnbK�e�K!OZGtjbGJO�ª
G<Ízy�GJLbUZ_|jbGàefQôG<j�K!vp]bKVerG�`b]bOZ_aL4�'×�]bGJO�ª¨ybOZQ��VGJURUZ_aL4�!Y�u¾LbQVernbGJOm_aody�Q!O«erK!Lre�ybOZGJORGV×�]b_aUZ_|erG²STQ!OXernbG
STK!U�ewybORQ"�JGVURUZ_aLb�xQ!S�`bKVerKH_aL�KHFH¦§c'¢d_aU�ernbGÜSTK!U�eXORG<erOR_pG<j�K!vbQWSWefnb_pU�`bKVerKHSTORQ!o URGJ�VQ!Lb`bKWO«ª�U�efQ!OZK!�!GVY
ËÌL�Q!OZ`bGJO�erQ�K!�J�VGJvpGJOZKVefG§ernbGóK!�V�JGJUZURg{_pLb`bG/ÍôU«erOR]b�/ef]bOZGJUwK!OZGó]bURGV`bY1�·G¾STQ��V]bU\Q!L^ernbGJUZG\eÌ­¾Q�K!OZGJK!UZg
É<Q!_pL²K!va�WQ!OR_kefnbodUwK!Lb`®_pLb`bG<Í%U�efOZ]b�<er]bORGVURgÁ_aL®Q!]bO}­¾Q!OZI"Y
�ÄG¹_pLrj�GJU�ef_p�!KVerG1efnbG%G!�d�J_pGJLre�y4ORQ"�JGJUZUR_pLb�·Q!SmURG<eZ¿�j�K!vp]bGJ`$KVeRerOR_p�b]�efGVU1_pL$Q!�"É<GJ�<eZ¿�Q!OZ_aGVLrefGJ`$K!Lb`
Q!��É<GV�<eZ¿�ORGVvaK�ef_pQ!LbK!v�`bKVefKW�bK!URGVURYÜ~\n4GÜodK!_aLmybORQ!�4vaGVo �VQ!Lb�JGVORLb_pLb�tURG/efUD_pUzernbGÜSTK!�/e}efn4KVe\UZG<efU}�JK!LbL4QVe
��GóQ!OR`4GJORGV`mefQVerK!vpv|ª!YÜc'K!Lrª*erORK!`4_|er_aQ!L4K!vzKWva�!QWOR_kefnbodUÜK!L4`�`bKVefKmU«efOZ]b�<er]bORGVU\_aL*FH¦Üc'¢bUZg�nbQá­óG/j�GVORg
ORGVv|ª8Q!LxQ!OZ`bGJOZGJ`à`bK�efK�ø�GJYp�!Ypg4URQWO«eR¿áodGJOR�WGÁÉ<Q!_pLbg"¦32"¿�efORGVGJUZùRY
�ÄG§�VK!LbLbQ�eÜK!y4ybv|ªHernbGJUZG(erGJ��nbLb_p×�]bGJU�_pL
Q!]bO}�JK!UZG!4Wefn4GJORGVSTQ!ORG}­¾GÜ`bG/j�GVvaQ!y�GJ`6LbG/­xg�G!�d�J_pGJLrePÉ<Q!_pLàK!vp�!Q!OR_kefn4o6U}UR]byby�Q!O�ef_pLb�HGJ×�]bK!vp_keÌª�g�UR]b�4URG<erg
K!Lb`²UZ]byzGVORUZG<emybORGV`b_a�VKVefGVUwK!Lb`²�JQ!odybKWORGJ`�efn4GJURGtK!vp�!Q!OZ_|ernbodUDefQ¾efn4GxL4K!_|jbGtLbGJU�efGJ`)¿�vpQ�Q!yàj�K!OZ_aK!LrerY
�ÄG8K!vpURQ,`bG<jz_pURGV`ýLbG<­ _pLb`bG/Í�U«efOZ]b�<er]bORGVUmSTQ!OtG/j4KWva]bK�ef_pLb�1×�]b_p��I�v|ªÄ×�]bGJOZ_aGVUX­x_kefnýybOZGJ`b_p�JK�efGJU^_aL)¿
j�QWv|jz_pLb�ìURG/eR¿�j�K!vp]bGV`£K�eRefOZ_a�4]�efGVURY5�ÄG'G<ÍzK!od_pLbGJ`ýernbG'y�GJORSTQWORodK!Lb�VG'Q!S§efn4GJURG1K!�J�VGJURU²odG<ernbQ"`bU
efn4GJQ!OZG<ef_p�JKWvavkªÃø��rª?`bG/j�GVvaQ!y4_aLb���VQ!U«e'o6Q"`bGVvaU�STQWO8GVK!��n¨_aL4`bG<Í$U«erOR]b�/ef]bOZGJù�K!Lb`ÄybORK!�/ef_p�JK!vpvkªÃø��fª
G<Ízy�Q!UR_pLb��efnbG�_pLb`bG/ÍïU«erOR]b�/ef]bOZGJUHefQôG/Í"erGJLbUZ_|jbG1G/Í�y�GJOZ_aodGVLferURùZY£±�Q!OXefnbG²FHKVerK6�·KWORGJn4Q!]bURG²GVL�¿
jz_aOZQ!LbodGJLrex­óGd`bGVK!vkex­x_kefn�É<Q!_pL;K!va�WQ!OR_kefnbodUHSTQ!O§É<QW_aLb_pLb�àj�GVO«ªòvpK!OR�WG�ORGJvpKVer_aQ!L4URgØORGJUZ]bvkef_pLb�,_pL%K!L
G!�d�V_aGVLfe®KWva�!QWOR_kefnboÖSTQ!O�¡VMa½ÿORGVvaKVer_aQWLbURnb_pybUZYò~\n4_aUàKWva�!QWOR_kefnboÖG<ÍzybvpQ!_kefU�UZyzGV�J_pK!v§��nbKWORK!�/efGJOZ_aU�ef_p�JU
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ø«�WYa°!ùDerQ'ø��!YaÊWùRYXÆ¾GJOZGJg ÑV>8Ñ4`bGJL4QVefGVUØefn4G^UZ_a�VG^Q!S�efnbGx×�]bGJO�ª¹URG<ergÁ_aYpGJYPefnbGxL�]bom��GJOiQ!S}GVvaGVo6GVLrefU¾_pL
>tYàÑW5 ¹ : = Ñ�_pUØefn4GmUR_p�JGmQ!Szefn4GàKVeRerOR_p�b]�erGXj�K!vp]bG = Q!SD`bKVerK�_kefGJoX5 ¹ Yx~\nbGi­¾GJ_p�!nredQ!SDK*UR_p�!LbKVer]bORGVg
_pYaGVYmefnbGdL�]bom��GJOtQ!SØ�b_kefUtURG/etefQ¹¡Vg��JKWL¹��G�GJU�ef_po6K�efGJ`¹K!UHSTQ!vpvaQá­xUZY®uiURUZ]bodGt­¾GdnbKáj�G6K®UZG<e?Y
­x_kefn®�JK!OZ`b_aL4K!va_keÌªíÑVY Ñ|Yw~\nbGÜ­óGV_a�WnfemQ!S(_|erUwUR_p�!LbKVer]bORGVg9Ñ|UR_p��ø�Y$ùÒÑkg{�JK!L®�zGtK!y4ybORQáÍz_aodKVerGJ`,�fª
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­xnbGVORG<~*_aUHefn4G®L�]bo^�zGVO8QWS¾�b_kefUd_pLÄK;UR_p�!LbKVer]bORG®K!Lb`å�'efnbG²L�]bom��GJO6Q!Si�b_|erUdURG<e1_pL�K%UR_pLb�!vpG
�JQ"`bGÜ­¾Q!OR`bY�a� _aU�efnbGtybOZQ!�bK!�4_avp_|eÌª�ernbKVe^K!L®K!OR�4_|erORK!O�ª;�b_kem_pL®K8UZ_aLb�WvaGx�JQ"`bGÜ­óQWOR`1_pUwURG/eierQ1¡�g{URQ
¡b^ca� _aUwefnbG6ybOZQ!�bK!�b_pvp_|eÌª;efn4KVe�_pUxURG<e^efQ®�!Y'u �b_ke�_pUmUZG<exefQ1�®_pL®efn4G*úbLbKWvØUZ_a�WLbKVef]4ORGJg _aS(efnb_pU
�b_ke�_pUó��_pL'K!vpv}Q!S�efnbGCÑWY Ñ�UZ]by�GJOR_podyzQWURGJ`;�VQ�`bGX­óQ!OZ`bURYm¢b]b��erORK!�/ef_pLb�mefnbGmORGJUZ]bvkedSTORQ!o ¡wªz_pGJvp`bU
efn4GmybOZQ!�bK!�b_pvp_|eÌª²efn4KVeàK6�b_ke�_pUiUZG<eà_aL8ernbGxúbLbK!v(UR_p�!LbKVer]bORGVYH~\nb_pUóSTQ!ORo^]bvpK*_pU¾K!L,K!ybybOZQ�Íz_podKVef_pQ!L
��GJ�JKW]bURG ­¾G¾KWURUR]4o6GØefnbKVe¾K!vpv��b_|erU§_pL*K^�JQ"`bGØ­¾Q!OR`*K!ORGXURG/eH_pLb`bGJy�GJL4`bGJLrefvkªôQWS�efnbGXQVernbGJOZURg"­xn4_a��n
_pUXL4QVe^K!v|­¾KáªzUPernbGt�JK!UZGx_pL®ORGJKWv|¿�­óQ!OZva`®K!yby4va_p�JKVer_aQWLbURY
�ÄGiLbQá­7ybOZGJUZGJLre§ernbGiSTKWvaUZG¾`bOZQ!y*ybOZQ!�bK!�4_avp_|er_aGVU§STQ!OPGVK!��n��JQWo6y4K!OR_pURQ!LteÌªzyzGiK!U `4GJUR�VOR_p�zGV`�_aL��|ÊW����Y

d�e ªgf�hjikh\Ð l×Ð h\Ð mV¹.npo�Ð ¯ ± q f
Ð «¦©f gªgl�¯�Ð

µ¬¶ ¤ÎÐ «¦©f �ªgl�¯�Ð�±áÐ «u©f �ªgmm¹rnpo9¯�Ð ªtsUupv>¯

dRw ªgf�hjikh\Ð l×Ð h\Ð mV¹.npo�Ð ¯yx ª q{z}|�~,�� _
����� ú _ ¯ a�� _ ��_ ªtsUup�>¯

dR� ªgf�hjikh\Ð l×Ð h\Ð mV¹.npo�Ð ¯yx ª q{z}|�~,�� _ ��_ ¯ aU� _
����� ú _ ªtsUup�>¯

d[� ªgf�hjikh\Ð l×Ð h\Ð mV¹.npo�Ð ¯yx q�z
a ~
7

� e%�
Ð «¦©f gªgl�¯�Ð� ª qMz ª qMz

i
f ¯ _
���t� ú _ ¯ � ª qMz

i
f ¯ _
����� ú _ ��_ «¦©f  �V����_ ~ � � ªtsUup�>¯

¬PK!��n*×�]bGVO«ª,ybOZQ�`b]4�JGJUØKx�JGJO�efK!_pL*L�]bo^�zGVO§Q!Sz`bORQWybU����fYÜuio6QWLb�XernbGJUZGi`bOZQ!ybUØK!ORG6���wOR_p�!nreó`bOZQ!ybUZg
­xnb_p��n1K!OZGÜefnbGtK!LbU�­óGVOPerQóefnbGt×�]bGJO�ª�gÁK!Lb`)���8STK!vpURGt`bOZQ!ybU�­x_|ern

���×� ø��)^N���Jù�\ SUT ø��!Ya¤Wù

�ÄG¾�JKWLbLbQVe¾`b_pU«ef_pLb�!]4_aUZn��zG/eÌ­óGVGJL�OR_p�!nreH`4ORQ!ybU K!Lb`8STK!vaUZG¾`bOZQ!ybU �fª,�VQ!odybK!OR_pLb�^Q!Lbvkª1UZ_a�WLbKVef]4ORGJUZY
¢bQ8K!vav����à`bKVerK*_kefGJodU ­xn4_a��nôK!OZG^`4ORQ!ybUinbKáj�GierQ*��G^STG/ef��nbGV`ôK!Lb`'��n4GJ��IWGV`;STQ!OiSTKWvaUZGm`bOZQ!ybURY.�ÄG
U«erOR_kj�G\STQ!O�KHvaQá­ÎSTK!vpURGÜ`4ORQ!y�ybOZQ!�bK!�4_avp_|eÌª^efQóI�GJGVy?���tK!Lb`¾­x_kefn�_keDefnbG§L"]4om��GJO�Q!S�K!�V�JGVURURGVU�efQH`bKVerK
_kefGJodUXURodK!vpvaYw~\nbGVORGx_aUwK!L²Q!y)ef_po6KWv{ORKVer_aQd��G<eÌ­¾GJGJL��²KWLb`0~iSTQ!O}­xnb_p��n SUT �zGV�JQ!odGJUXod_aL4_aodK!vpY
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±�Q!Ow_aLrerGJORUZGJ�/ef_pQ!LôybORGV`b_p�JKVerGJUóLbQ8�JvpQ!URGV`'STQ!OZom]bvpK*G/Í�_pU«erU efQ6�JKWva�V]bvaK�efGXernbGxQ!y�ef_podK!v(ORKVer_aQ S � �zG/¿
eÌ­¾GJGJL8��K!Lb`º~�YÜ±�Q!O«er]bLbKVerGJvkª¹ø«�!YpÊ!ùDQWLbv|ª��JQ!LrefKW_aLbUP`b_pUR�VORG/efG�j4KWva]bGVUPK!Lb`dSTQ!O�KHú�ÍzGJ`8~ K!LdQ!y)ef_po6KWv
j�K!vp]bG�STQ!OÎ�'�VK!L;�zGm�JK!vp�J]bvpKVerGJ`%ORGJvpKVer_|jbGJvkª�STK!U«e¾­x_|ern%K��4OR]�erGàSTQ!OR�VG�K!vp�!Q!OR_kefn4o6g}�JQ!odyb]�er_aL4� S �
STQ!O\K!vpv{y�Q!URUZ_a�bvpGÜj�K!va]4GJUXQ!S#��Y

:<;V: £¥¤àH§¦ B	M�@�F BÊD¨¤�¦3EVG<M Gª©5H1@¬«�HIB­¦.H]®	H1@�A<B	D'HIB¯¦3H
±�Q!O§efn4G6KWva�!QWOR_kefnbodUxK!Lb`%_aLb`4G<ÍòU«erOR]b�/ef]bOZGJU^ybORGVURGJLrerGJ`ý_pL²ernbGdLbG<Í�e*��nbK!y�erGJOZURg(­¾G6K!vaUZQ,L4GJGJ`¹K
­¾K�ª®efQ*ORK!yb_p`bvkªýU�efGVy8efnbOZQ!]b�!n1K!vav(UR]4�bURG/efUHK!Lb`1UR]by�GJOZURG<erUHQ!S�K�UZ_a�!L4KVef]bOZGmSTQ!OiK*�!_kj�GVL;URG<erY��ÄG
]bUZGXefn4G^K!vp�!Q!OZ_|ernboü]�er_avp_a�VGJ`'�rª±°XK!Lb�VGmK!L4`1c'K!_pGJOX_pL6efn4GJ_pOi�bvp_kef�JUZybvp_|eóÉ<QW_aL,Q!OR`bGVOR_pLb�*KWva�!QWOR_kefnbo
�k¯!����Y7~\n4G1K!vp�!Q!OZ_|ernboÔefQ¹�!GJLbGVORKVerG1K!vpvwUR]b�4URG<erU�Q!SóK¹�!_|jbGJL·�4_|eZ¿�U«erOR_pLb�ýUZ_a��ø��fù8_pU*�!_kj�GVL¨�zGVvaQá­
ø�ÔÃ`bGVLbQVerGJUº� Wudf�rWY[\S6c!a
] K!L4`¬²�`bGJL4QVefGVUº� Wud��rWY[\Sº_^Z!X�R#�fSVXCSVa
d ùZY��7nbGVL;G<ÍzGJ�V]�efGV`bg��*efORKájbGJORUZGJU
efn4ORQ!]b�WnòKWvavÜy�Q!UZUR_p�bvaG²UZ]b�bURG/efU6Q!SXUR_p��ø��fùRYBø�³�ø��bù�`bGJLbQ�efGJUdK;ST]bLb�/ef_pQ!L�K!ybybvp_pGJ`ôefQ�efnbG��V]bOROZGJLre
UR]4�bURG/ef´!UZ]byzGVORUZG<efYpù

´ ±³«¦©f �ª¬«u¯�µ�Íu«¦©f �ª¬«¦¯�´µ ª ´ ¯�´
Å�Æ ©f·f¡\ª ´ ¯ °´ ±¼«¦©f �ª¬«¦¯�µèª ´ Ík«¦©f �ª¬«u¯�¯�´µ ª ´ ¯�´Ì

[xGJLbGVORKVer_aLb�1K!vavPUZ]byzGVORUZG<efU�_pUmKW��nb_aG/j�GV`ò�rª�_pLfjbGJO�ef_pLb�*efnbG8UR_p�!LbKVer]bORG?¶�gÜU«erGJybyb_pLb�*ernbORQ!]4�!n®ernbG
UR]4�bURG/efU¾QWS�ernbGt_aLrj�GVO«erGJ`E¶8K!Lb`®_aLrj�GVO«er_aLb�tefnbGt�!GVLbGJOZKVefGV`,UZG<erURY
´ ±�·�«¦©f �ª¬«u¯Mµ�ÍU·g«u©f �ª¬«¦¯�´µ ª�· ´ ¯�´
Å�Æ ©f·f¡\ª ´ ¯ °´ ±�·g«¦©f �ª¬«¦¯�µ ª ´ ÍU·g«u©f �ª¬«¦¯�¯�´µ ª�· ´ ¯�´Ì
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uÎÉ<Q!_pLôQ!y�GJOZKVef_pQ!Lô�JQWom�b_pLbGJUÜer]bybvpGJUHSTORQWoÃeÌ­¾Q²`b_Ó��GJOZGJLre6ORGVvaK�ef_pQ!LbUHUR]4��n²ernbKVedK^É<QW_aLôybOZGJ`b_p�JK�efG
_pUXUZKVef_pURú4GJ`bYwFH]bG§erQ6L4Q!ORodK!vp_a�VKVef_pQ!L®_aL²OZGJvpKVef_pQ!LbK!v�`bKVefKW�bK!URGVUw`b_Ó��GJOZGJLre^ORGVvaKVer_aQWLbUwQ!S efGVL®�VQ!LrefK!_pL
ORGVvaK�efGJ`^`bKVerK!g�UZQPÉ<QW_aLxQ!y�GJORK�ef_pQ!LbUÁK!ORGØ�JQWo6odQ!L4v|ª6]bUZGJ`^`b]bOR_pLb�i×"]4GJO«ª8G/j4KWva]bK�ef_pQ!LbYØÆ¾Qá­óG/j�GVORgWÉ<Q!_pL
Q!y�GJOZKVef_pQ!LbUXK!ORGtLbQ�emQWLbv|ª%STQW]bLb`®_aL,ORGJvpKVer_aQ!L4K!v{`bKVerK!�bK!UZG^U�ª�U�efGVo6UZg}�b])eàK!vpURQ6_pL1Q!��É<GV�<eZ¿�Q!OZ_aGVLferGJ`
`bKVerK!�bK!UZG¹U�ªzU«efGVodU��kÇ!Ç��6K!Lb`p��c'ÀíORGJy�Q!UZ_|erQ!OR_pGJU��|�!¯��¥Yûh¾LbSTQWO«ef]4LbKVefGVv|ª!g¾É<Q!_pLÎQ!y�GJOZKVef_pQ!LbU²K!OZG
G<Ízy�GJLbUZ_|jbG§efQ^G<ÍzGJ�V]�efGHK!L4`*`b_��d�J]bvkeÜefQ^_aodybvpGJodGVLfeHG!�d�J_pGJLrefvkª�YX~\nb_pUÜG<ÍzybvpK!_pLbU�ernbG¾�VQ!LbUR_p`bGVORK!�bvpG
G!��Q!O�e�efnbKVe®n4K!Ud�zGVGJLò]bLb`bGVO«efKWIWGJL�_aLòQ!OZ`bGJO¾erQ%`4G<j�GVvaQWyÄG!�d�V_aGVLfe6É<Q!_pL�KWva�!QWOR_kefnbodURY¨¢)efK!O�ef_pLb�
STORQWoÔK²UR_podybvaG6LbGVU«efGV`�¿�vpQ"Q!y²É<QW_aL;K!vp�!Q!OZ_|ernbodg�efnbGdúbOZU«e8_aodybOZQáj�GJodGVLfe^­óKWU\ernbG�odGJOZ�!GóÉ<Q!_aLå�kâ���Y
ÀÁKVefGVORg{efnbG6nbK!UZn®É<Q!_pL��p¡V��gØ�W���iK!Lb`¹_|erU^_podybORQáj�GVodGJLrefU��kÇ!Å!gPÊ�¡ gP¤�¡�gPâ!¤��X��GJ�VK!odG*K!vkefGVORLbK�ef_kj�GJUZY
ø«±�Q!OiQáj�GJO�jz_aG/­xU^UZGJGC�k¤!�!g}âWÇ��\K!L4`ôSTQ!OóK��VQ!odybK!OR_pURQWL%��G<eÌ­¾GJGVL²ernbG�URQWO«eR¿áodGJOR�WGàK!Lb`;nbK!UZn*É<Q!_pLbU
URGVG��k°!Ç!gØ°!Ê���Yaù$u vpQVe�Q!S\G��zQWO«e*nbK!UàK!vpURQ1�zGVGJLìURy�GJLre²QWLýybK!OZK!vavpGJvp_p�J_pLb�8É<Q!_pLýK!vp�!Q!OZ_|ernbodUà�bK!UZGJ`
Q!L�URQ!O�ef_pLb���k�!ÇWgwÊ!¤Wg\Ê!¯!gwâ!���^K!L4`ÄnbK!UZnb_pLb�³�k��¡�gw°!�!g\âWÅ��¥Y$u¾LbQVernbGJO6_po6y�Q!O�efK!Lre1ORGJUZGJK!OZ��n¨K!ORGVK
_pUternbG²`bG<jbGJvpQ!ybodGJLre;Q!Si_aL4`bG<ÍÎU«erOR]b�/ef]bOZGJUHefnbK�e1KWvavpQá­îefQ%K!�J�VGJvpGJOZKVefG�efnbG®G<j�K!vp]bKVer_aQWL�Q!SPÉ<Q!_pLbU
�kÅ�¡Vg�Ç!¤Wg�Ç!Ê!g{¤!��g{¯�¡�g{¯WÇ���Y
ËÌL*efn4_aUó��n4K!y�efGVO ­¾Gà�!_kj�GàK�×�]b_p��I'OZG<jz_aG/­ÿQ!S�efnbGmo6QWU«ed_podyzQ!O�efK!LreiÉ<Q!_aL1o6G/efnbQ"`bUZM^LbGVU«erGJ`�¿ávaQ"Q!y
É<Q!_pL¹_pL%¢bGJ�/ef_pQ!L�°!Y�¡Vg�UZQ!O«eZ¿�odGJOZ�!GtÉ<QW_aL;_pL¹¢bGV�<er_aQ!L¹°!Yp�!gPnbK!URn)¿��bK!UZGJ`²É<Q!_aL4Ux_pL%°!Ya°WgØKWLb`¹vpK!U�e*�4]�e
LbQVexvpGJKWU«em_aLb`4G<Í�É<Q!_pLbUw_pL,¢bGV�<er_aQ!L,°!YpÅ!Y
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u7LbK!_kj�GxU«efOZKVefGV�Vª¹STQ!ODÉ<Q!_pLb_aL4�teÌ­¾Q�ORGVvaK�ef_pQ!LbUX_aUXUR_podybvaG^_|erGJOZKVef_pQ!LbY9�7n4GJL6É<QW_aLb_pLb�tefnbGxORGVvaKVer_aQWLbU
½îK!Lb` ù gÁ­óGmerORKáj�GVORURGmernbGxer]bybvpGJU�Q!Sb½ ø��JK!vpvpGJ`1efn4G*Q!]�erGJOàOZGJvpKVef_pQ!Lbù^K!Lb`ý�VQ!odybK!OZG^efnbGVo³erQ
GJKW��n�er]bybvpGH_aL ù ø«�VK!vavpGJ`àernbGH_aL4LbGJO\OZGJvpKVef_pQ!LbùZYXËÌSÁK¾er]bybvpGb¾�STORQWo¿½ odKVef��nbGVUwK¾ef]bybvpG7�tSTORQ!o ù g
­¾G�K!`b`*efn4G�ybK!_pOR_pLb��Q!S�efnbG¾eÌ­¾Qmef]4ybvaGVUÜefQmefn4GàORGVUR]bvkef_pLb�²ORGVvaKVer_aQWLbY8±}_a�!]4ORGà°!Y�¡m_pvavp]bU«erORKVerGJU§ernbG
K!vp�!Q!OZ_|ernbo K!L4`dernbGt�JQ!Lb�VGJy�emQ!S(LbGJU�efGV`1vpQ�Q!y4URY
±�G<er��nb_aL4�1GJKW��n,ef]by4vaG6_aL4`b_|jz_p`b]bK!vpvkª·STOZQ!o URGV�JQ!L4`bK!O«ª�U�efQ!OZK!�!GH­óQ!]4va`ývpGJKW`®efQ�j�GVO«ª�vpQ�­üyzGVORSTQ!O�¿
odK!Lb�VGJY$~\n4GJORGVSTQ!ORGVgó_pL�ybOZK!�<er_a�VGJgPef]bybvpGJU8K!ORG²OZG<efOZ_aG/j�GV`Ä_pLÄ�bvpQ���I�UZY$ÀÁG<e,]bU6K!URUZ]bodGd­¾G®nbKáj�G
�B�bvpQ"��I"U�QWS\o6KW_aLìodGJodQ!O�ª¨KVe�Q!]bOà`4_aUZyzQ!UZK!vpY��ÄG�OZGJK!`E�@^ ¡8�bvpQ"��I"U�QWS}efnbG�Q!])efGJOZgÜURodK!vpvpGJO
ORGVvaK�ef_pQ!LbY\~\nbGVL�­¾GtORGVK!`mefnbGH_pLbLbGVOÜORGVvaK�ef_pQ!L²�bvaQ"��I*�rª'�bvaQ"��I�g�É<Q!_pLb_pLb�¾efnbG§er]bybvpGJU\_pL²GJK!��n²�bvpQ���I
efQ*ernbG^er]bybvpGJUd_aL1ernbG��bvpQ���I�U�Q!SDernbG�Q!]�erGJOàOZGJvpKVef_pQ!LbY��7nbGJL'­¾G�ORGVK!��n'efnbG�GVLb`ìQ!SDefnbG�_pLbLbGVO
ORGVvaK�ef_pQ!Lbg�­¾GHORGVK!`mefnbG¾LbG<Í�eC�?^$¡¾�bvpQ"��I"U\QWS�ernbGóQ!])efGJO§ORGJvpKVer_aQ!L�KWLb`�ORGVyzGVKVe\efnbG¾ybORQ"�JGVURURYw~\nb_pU
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Ä§Å8ÆÈÇÊÉ§Ë8ÌÈÍÊÎÊÏÑÐ8ÇúØÃÓ8ÔÈÛ×Ö

ÌÊÉ§Ø8ÌÙØ§í*Ý§î�Î§ØÊÓUÔÊûÒÌÊÉ§Ø8ÌÈÄÊÎÊÔ§ËUÍ§ÓÊÅ8ÔåÌ§á
ÏÊÎÊÍÙØÃÓ8ÔÈÉÊÏÊÏÊÆÑÅ8ÏÊÆ§Ó8É2ÍÊÇ Å8ÎÊÍÊÏ2ÎÊÍÒÝÊÎÊÄÊÄÊÇ2ÆÈÛÑäÊÓß

Ä§Ð8Î§ØUÌÈÉÑÐÊÐæÝ2ÎÊÄÊÄÊÇÊÆÑØ�ÍÑÅæÞ§Ó2Ø8â
Ä§Å8ÆÙÓæñ×áæÍÑÅ��ÙÖ

Ä§Å8ÆÈÇÊÉ§Ë8ÌÈÍÊÎÊÏ§ÐUÇÈÆ×Ó8ÔÈÕ§äÊÓÈÖ
Ì2É§Ø8ÌÈÆ]í*É§î�Î§ØÊÓ8Ô2ûÈÌ2É§Ø8ÌÈÄÊÎÊÔ§Ë8ÍÑÓÊÅ8ÔåÌ �
Ï2ÎÊÍÚÍ2ÎÊÏ§Ð8ÇÙÓ8ÔÈÉÊÏÊÏÊÆ§ÅUÏÊÆ§Ó8ÉÊÍ2ÇåÜÊÉ§Ó8ÔÒÜÊÇÊÜÑÅ8Æ�
ÈÌÊÉ§Ø8ÌÒÍÊÉÊÝÑÐ8Çß

Ä§Å8ÆÈÇÊÉ§Ë8ÌÈÍÊÎÊÏ§ÐUÇÙØÚÓ8ÔÈÛ§äÊÓÈÖ
Ï2Æ§Å8ÝÊÇÈÄ§Å8ÆÈÜÊÉÊÍ§ËUÌ§Ó8ÔÊûåÍÊÎ2Ï§Ð8Ç§Ø�Æ×ÓUÔÚÜÊÉÑÓ8ÔÚÜ2ÇÊÜ§Å8Æ�
ÒÌÊÉÑØ8ÌÚÍ2ÉÊÝ§Ð8ÇúÅ8ÄÈÕ§äÊÓ
ÓUÄÃÆ]í*ÉÑî�ñ2ñcØ§í*ÝÑîÈÖ

ËÊÅ8Ü2Ý§Ó8ÔÊÇÒÆÈÉÊÔÊÞÙØ
ÉÊÞÊÞÈÍ§Å�ÆÊÇ§Ø8ÎÑÐ8Íß

ß
ß

±D_p�!]bOZGt°!YaÇWM\[^qXu\Õ\¬¹É<Q!_pL

Ä§Å8ÆÈÇÊÉ§Ë8ÌÈÍÊÎÊÏÑÐ8ÇÒÆcÓ8ÔÈÕ×Ö
ÐÊÅÊÅ8âÈÎÊÏÈÜÊÉÊÍ§Ë8ÌÑÓ8ÔÊûÒÍÊÎÊÏ§ÐUÇ§ØÒØÚÓ8ÔÚÛÚÎÑØÊÓ8ÔÊûúÓ8ÔÊÞ2ÇÊð
ËÊÅ8ÜÊÝ§ÓUÔÊÇÒÆÃÉÊÔÊÞÙØ
ÉÊÞÊÞÈÍ§ÅæÆ2Ç§Ø8Î§Ð8Íß

±}_a�!]4ORGt°!YpÊ!M\ËÌLb`bG/Í�É<Q!_aL
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FHGJUZyb_kefG¾efn4_aUHvpK!OR�WGà�zQ"`�ª�Q!S�­¾Q!ORI,Q!LôG!�d�J_pGJLretÉ<Q!_pLôybORQ"�JGVURUZ_aLb�WgØKWybybK!OZGJLrefvkªì]by*erQ�LbQá­ ernbGJOZG
nbK!Ux��GJGJL�LbQ6­¾Q!ORI;`bGVUR�VOR_p�b_aL4�*É<Q!_aL%K!vp�!Q!OZ_|ernbodUmSTQ!OÜefn4G*G!�d�V_aGVLfe��JQ!odyb])efKVer_aQ!L�Q!S(ernbGxÉ<Q!_pL�_pS
efn4G§É<Q!_aL²ybOZGJ`b_p�JK�efGt_aU\�4K!URGV`®QWL®UZG<ex�VQ!odybK!OR_pURQWLbUwva_pIWGtURG/e^GJ×�]bK!vp_|eÌªòø��tù\Q!O�ernbGHUR]b�4URG<e^OZGJvpKVef_pQ!L
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ãtFHc'[\¿�c'Q"`bGJv§øV�p¡VÅ���ùRg�Q!OóQ!�"É<GJ�<eZ¿�OZGJvpKVef_pQ!LbK!v�odQ�`bGVvaUº�kâ!â��\UR]4ybyzQWO«edUZG<eR¿�j�K!va]4GJ`;KVeRerOR_p�b]�erGJURg}K!Lb`
odK!Lrª%_aLrerGJORGVU«er_aLb�8×�]bGJOZ_aGVU¾ORGV×�]b_aOZG^KHÉ<Q!_pL²�bK!URGV`1Q!L®URG/eà�VQ!odybK!OZ_aUZQ!LbYXÕ\Q!LbUR_p`bGVOiSTQ!O\G/ÍzK!odybvaG^K
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_pUXKdUZ]b�bURG/e�Q!S�efn4Gxy�GJOZURQ!L4U��{URG/eR¿�j4KWva]bGV`1KVeZefOZ_a�b])efG [^ä>Wu�Y� [ Y
�ÄG�ybORQWyzQ!UZG�URG/j�GVORK!vÜ`4_Ó��GJOZGJLre²odK!_pLìo6GVodQ!O«ª¹É<Q!_aL�K!va�WQ!OR_kefnbodUàSTQWOXÉ<Q!_pLb_pLb�'ORGVvaK�ef_pQ!LbUàQ!L�URG<eZ¿
j�K!vp]bGJ`£KVeRerOR_p�b]�erGJUàefnbK�e%K!ORGô�bKWURGJ`ÎQ!LïLbGJU�efGV`�¿�vpQ�QWybgàURQWO«eR¿áodGJOR�WGJgm_pLb`bG/Í7K!Lb`ïnbK!UZn�j�K!OZ_aKWLferU
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� jmlkjml �í|
y�|}xQor{��5qgqü"þö vþ+gs.-9y�q
±�Q!OHefnbG,ORGJU�eôQ!S§ernb_pU*��nbK!y)efGJOZgÜ­óG,K!URUZ]bodG*eÌ­óQýOZGJvpKVef_pQ!LbU?½­7�K!Lb` ½­9^­x_kefn·UZG<eR¿�j�K!va]4GJ`�É<Q!_pL
KVeZefOR_p�b]�erGJUM¶mK!L4`8~�Y��ÄGw`bQtLbQVei�JK!OZG\K!��Q!]�e�efn4GXG/ÍzK!�<eØeÌªzyzGwQ!S�efnbGwKVeZefOZ_a�b])efGJU{¶^KWLb`8~��xefnbK�eX_aUZg
­xnbG/efnbGVO�efnbG/ª'KWORG¾KmORGJvpKVer_aQ!L4g�KàUZG<etQ!S�U«efOZ_aL4�!URg�QWO KàUZG<etQWS�Q!��É<GV�<et_p`bGJLrer_aúbGVORUZY'�ÄG É<]bU�eHK!UZUR]bodG
efn4KVemernbG*KVeZefOZ_a�b])efG^j�K!vp]bGJUmK!ORG8URG<erUàK!Lb`®efnbKVe^efnbG*GJvpGJodGJLrefU�QWS}efnbGVURG�UZG<efUmybORQájz_a`4G�K8­óKáªÄQ!S
��nbGV��I"_pLb�^­xn4G<efn4GJO�efnbG/ª;K!ORGtGV×"]4K!vaY
ãt]bOw�!Q!K!vz_aU�efQd�VQ!odyb]�efGÜernbGÜÉ<Q!_aL®G<ÍzybOZGJUZUR_pQ!LbU

½­7�� � e � ½­9
K!Lb`

½­7�� � w � ½­9
G!�d�V_aGVLferv|ª!Y*c'QWORG�URy�GJ�V_aú4�JK!vpv|ª!g�­óGd_pLrefORQ"`b]b�VG¾É<Q!_pL'K!vp�!Q!OR_kefn4o6UH�4K!URGV`%QWLôURQ!O�ef_pLb��K!Lb`ônbKWURnb_pLb�
K!Lb`;�VQ!odybK!ORGóernbGJ_pOtyzGVORSTQ!OZo6KWLb�JGó­x_kefn%K�UR_po6y4vaG6LbGJU�efGV`�¿�vpQ�QWy¹U�efORK�efGJ��ª�Y�ËÌL;K!`b`b_kef_pQ!L�efQàefn4_aUZg
­¾G^`bGVUR�VOR_p�zGxKóefORGVG<¿á�bK!URGV`6É<Q!_pL²K!vp�!Q!OR_kefn4o K!Lb`®G<j�K!vp]bKVerGt_|erUXy�GJOZSTQ!ORodK!L4�JGJY
±�Q!O*�VQ!Lrj�GVLb_aGVLb�JGVgi­¾G'K!URUZ]bodG*efnbK�e*efn4GJORG1G<Íz_aU�efU²KýST]bL4�<ef_pQ!L�! ­xnb_p��nïodK!ybU�GVK!��nïGJvpGJodGJLre
­x_kefnb_pL*efnbGmURG<erUHQ!S�½­7j: ¶�K!Lb`}½­9j:�~\erQ^efn4Gà`bQ!odK!_pLôQ!S�_pLferGJ�!GVORUZY�~\nbG�ST]bLb�/ef_pQ!L"! `bGJy�GJL4`bUtQ!L
efn4GmeÌª�y�G�Q!SDefn4G�GJvpGJodGJLrerU8Q!SDernbG�URG/eR¿�j�K!vp]bGV`òK�eRefOZ_a�4]�efGVURYò±�QWOà_aLrerGJ�!GVORURg�efn4G�ST]bLb�/ef_pQ!L�_aU¾ernbG
_p`bGJLref_keÌª�gPSTQ!O¾U«efOZ_aL4�!UtK!Lb`ôQVernbGJO§eÌªzy�GJURg�erGJ��nbLb_p×�]bGJU^va_pIWG�STQWva`b_pLb�²�JKWL%��G�]bUZGJ`bY8±�OZQ!o LbQá­îQ!L4g
­¾GàK!URUZ]bodG¾­x_|ernbQ!]�e�vaQ!UZUóQ!SD�WGJLbGVORK!vp_|eÌª,efnbK�e¾efn4GXeÌªzyzGmQ!S�efnbGmURG<eàGJvpGJodGJLrerUx_pUó_pLrefGJ�WGJORYmËÌS�efnb_pU
_pUXL4QVe\efnbGt�VK!URGVg�ernbGtST]bLb�/ef_pQ!L#! nbK!UDerQ6��GtK!ybybvp_pGJ`®�zGVSTQ!ORGÜ­¾Gx`4Q8K!Lrª�efn4_aLb�6GJvpURG\­x_kefn�efnbGtURG/e
GJvpGJodGVLferURY

� jmlkjmi 3 |�+%$¬-{ö v�orxQsuqü-ky
~\nbGx�JQ!U�efUiQ!S��VQ!odybK!OZ_aLb�teÌ­óQ8URG/efUX]bUR_pLb�8�ÈQWO��Ã`4_Ó��GJOXUR_p�!Lb_púb�JKWLferv|ª¹`bGVyzGVLb`b_pLb��Q!L�efn4G^K!vp�!QV¿
OR_kefn4o6Y Õ\Q!LbUZ_a`bGVO�efnbG �JK!UZGÜ_pLi­xnb_p��nH­¾G�­¾K!Lre}erQóG<j�K!vp]bKVerG.�Î���PSTQ!O�eÌ­óQ¾URG<erU'�ÜK!Lb`�� Y
�·G �JQ!]bvp`
��nbGV��I�­xn4G<efn4GJOXGJK!��n®GJvpGJodGJLreà_aL<�^Q"�J�V]bORUw_pLº� YwËÌS��ó_pUX_podybvpGJodGJLrefGV`'K!UwK!L®K!OROZKáªôQ!Owvp_aU�efg4efn4GJL
efn4_aUxK!vp�!Q!OR_kefn4oÿefK!I�GJUwef_po6G�&�øVÑ �gÑ('6Ñ �ÂÑ|ùRY®¢bG/e�GV×"]4K!va_keÌª��JK!L²efnbGVL���Gd_aodybvpGJodGJLrerGJ`ì�rª;efGJU�ef_pLb�
�	�é�^K!Lb`à�`� �fg�`bQW]b�bvp_aLb�àernbG�OR]bL4Lb_aL4�der_aodGJY*±�QWOóURodK!vpv�URG/efURg�ernb_aUHod_p�!nre8�zG�K²ORGVK!URQWLbK!�bvpG
U«erORKVerGJ�Vª!Y,±�Q!OHvpK!OZ�!GdURG<erURg nbQá­óG/j�GJOZg(ernbG8�VQ!odybK!OZ_aUZQ!L��VQ!U«et­x_kefn®ernb_pUxUZ_aodybvpG6U«efOZKVefGV�Vªò�JKWL¹��G
UR_p�!Lb_púb�VK!LrefYXÆ¾GJL4�JGJgb­¾Gt�JQ!LbUZ_a`4GJOXST]bO«ernbGJOwK!vkefGVORLbKVer_|jbGJUXSTQ!O\URG/eà�VQ!odybK!OZ_aUZQ!LbY
ãtLbGóQ!�rjz_pQ!]bU\K!vkefGVORLbKVer_|jbGH_aU(efQànbKájbGHKàURGVK!OR��nàefOZGJGóQWO§K�nbK!UZnmefK!�4vaGóOZGJybOZGJUZGJLrefKVer_aQWL®QWSÄ� Y\¢b_aL4�JG
­¾GxKWURUR]4o6GÜernbKVeÜernbGHORGVybORGVURGJLrerKVef_pQ!L1QWS(UZG<eZ¿�j�K!vp]bGJ`²KVeZefOR_p�b]�erGJUw_pU\LbQVexQ!Sbefn4_aU\I�_pLb`,�4]�et_pLbU«erGJK!`
�JQWLbUR_pU«erU^Q!SØK²va_pU«e6QWOHK!L;K!OROZK�ªìQ!S GVvaGVodGJLrefUZgÁ­¾G8KW�bK!Lb`bQWLbGJ`�efn4_aUtURQWva]�er_aQWL¹UZ_aLb�VGternbG�odGJodQ!O�ª
�JQWLbUR]body�er_aQWL'K!Lb`®�Jyb]6ef_po6GxLbGVGJ`bGV`'_aL®Q!OZ`bGJO�efQ6�JQ!L4U«efOZ]b�<eXefn4_aUi_aLb`4G<ÍzGJ`'OZGJybOZGJUZGJLrefKVer_aQWLbU¾K!OZG
efQ"QdG<Ízy�GJLbUZ_|jbGmSTQ!O\K6odK!_aL²odGJodQ!O�ª%K!vp�!Q!OR_kefn4o _pL,�VQ!odybK!OR_pURQWL6efQóernbGto6G/efnbQ"`bUDefn4KVe^STQ!vavpQá­xY
u¾L4QVefnbGVO}K!vkefGVORLbK�ef_kj�G§STQWO(_podybvpGJodGJLref_pLb�HUZG<e\�VQ!odybK!OZ_aUZQ!Là_pU}�bK!UZGJ`àQWLmURQWO«ef_pLb�PefnbGØGJvpGJodGJLrerURY\u¾U�¿
UR]4o6GwK!L�KWORORKáª�ORGJy4ORGJUZGJLrefK�ef_pQ!L8QWS�ernbGÜGVvaGVo6GVLrefUØQ!S!efnbG\UZG<efg�KWLb`d`bGJLbQ�efG}efn4G\_|¿�efn�GJvpGJodGVLfeiQ!S!ernbG
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nbKáj�GwKHUZ_aodybvpGJg�Q!OZ`bGJOZGJ`d`bQ!odK!_pLbgWefn4_aUDKWybybORQWK!��nd_aU�­¾GJvpvbI�LbQá­xLbY\Æ¾Qá­¾G<jbGJORg�Q!OZ`bGJOZ_aLb�tUZG<eR¿�j�K!va]4GJ`
KVeZefOR_p�b]�erGJUiURGJGVodU¾vpGJURUiQ!�rjz_aQ!]4U¾Q!L,úbORU�eàUZ_a�!nrerYH~\nbG^_p`bGVK*_pUØefQ6]bUZGmK6vaG/Í�_p�JQW�!ORK!y4nb_a�VK!v(Q!OR`bGVOR_pLb�
Q!L²URG/efUZY
c'Q!OZG^UZyzGV�J_púb�JKWvavkª�g(Q!]bOXURQ!O�eR¿áo6GVOR�!GÜÉ<Q!_pL®URQ!O�efU�efnbGxORGVvaKVer_aQWLbUi_pL6eÌ­¾Q*U�efGVybURYóËÌL,K8ú4ORU«e^U�efGJy4g�ernbG
egfihkjmlon�jmprq
s�p�tvuwj�lonxh+yozv{|n}s~pr�onw��nwz�n}hwj��~q�nws���nij��o�rs���nw��yoh(����pEs�z�� �L{|nijit n}nwh
���Eho�
�E����prsoj�lonS�Kn}� j���lo�Eho�v�����(n

pr�rj�l(n��o�ry(s�nk�Eho��{�nBjit/nwn}h��r� �Eho���r�r�/��pEs�j�lon�s��K�rlwj���lo�Eho�����K�onkpr�Ej�l(nk�o�ryos�n}�Sfih�j�l(nk{�pgj�j�pEz�s�p�tvumjmlon�h+yozv{|n}s
pr�xn}�Kn}z�n}hwjm� ���/�r� t �������r����prsSjmlon���nw� j���lo�rh(�N�����(n��(�ryos�n��Eho���r�r�6��prsSjmlon�s��K�rlwj���lo�Eho�������(n��(�ryos�n}�6���Kprho�vj�lon
� ���� �nw�ks�nw���gj��Kprh����K¡}nw���rs�nx�-�Es��Kn}�(�k¢klon\£_�¤�g �nw�k��l(p�tv�~j�lon ¥wqoym�¦j��Kz�n �Kh§z����K�K����n}¥wprho�o�kh(n}¥}nw�����rs¨����prs�¥}prz�qo�Knijm��h(�j�l(n�©�pE��hN�r�/z�n}�r��yos�n}�ªpEhª��«oyoh�«(qo�rs�¥v«mjm��jm��pEh�¬r�
tv� jmlN­E®r¯ª°±¯ª�E��h�¯ªn}z�prs¨�_��²³p�j�n�j�l(n��Kpr�E�rs�� jmloz���¥v��¥w�r�Kn
prh�{|p�j�l´�g �nw���
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URG/efU§­x_kefnb_pL*efn4GiÉ<Q!_pL'KVeRerOR_p�b]�erGJUóK!OZGàURQWO«efGV`bYàËÌLôK�UZGJ�VQ!Lb`;U«erGJybgzernbGàOZGJvpKVef_pQ!LbU ernbGJodUZGJvkj�GJUtK!OZG
URQWO«efGV`�QWLôernbGJ_pOóÉ<Q!_pL�KVeZefOZ_a�b])efGJUZY��·G²]bUZG®K;vpG<Íz_p�JQ!�!OZK!ybnb_p�®Q!OR`bGVOR_pLb�%STQ!O�URQ!O�ef_pLb��efnbGàer]bybvpGJU
K!�V�JQ!OZ`b_aL4�terQHernbGtURG/eR¿�j�K!vp]bGV`6É<Q!_pL²KVeRerOR_p�b]�efGVURYw±�Q!O\G<ÍzK!odybvpGJgbernbGtva_pU«e^Q!S�URG<erU

��¡!�JÅe�J¤��e����¡!�JÇe�V¤e�e���!�e�JÇ��
_pUXvpG<Íz_p�JQ!�WORK!ybn4_a�VK!vavkª¹Q!OR`4GJORGV`bg4­xnbGVORGJKWUPernbGtva_pU«e^Q!S(URG/efU

��¡!�JÇe�J¤��e����¡!�JÅe�V¤e�e���!�e�JÇ��
_pUóLbQVerYmu}edúbOZU«eà�!vaKWLb�JGiernb_pUóvaQ"Q!I�Uó×�]b_kefGà�VQ!odybvp_a�VKVefGV`%KWLb`'_pUóLbQVeàLbGJGV`bGJ`;STQ!OXGJ×�]bK!vp_keÌªìybOZGJ`b_k¿
�JK�efGJUZYàÆ¾Qá­¾G<jbGJORgPK!UP­óG¾­¾K!LreóerQ�]bURGXefnbGàUZK!odGiefGV��nbLb_p×�]bG�STQ!O¾UZ]b�bUZG<e6ybOZGJ`b_p�JKVerGJUZg�­óGàKWvaOZGJK!`�ª
_pLferORQ"`b]b�VG^_kexOR_p�!nre^nbGJOZGJY
½¾Qá­xg�efnbGXodGJOZ�!G¾ybn4K!URGiybORQ"�JGVGJ`bU K!U STQWvavpQá­xURY\±�Q!O�efnbGXQ!]�erGJOØORGVvaKVer_aQWL���URKáªª½­7���G<Íz_aU�e§eÌ­¾Qày�Q!_aLreZ¿
GJOZUtø �fZ!� K!L4` �eWYb>� ù(efQier]bybvpGJU�­x_kefnb_pL²_|erY\~\nbGJUZGHyzQW_aLrefGVORUÜ_pLb`b_p�JK�efG§efn4GóvaQá­¾GJU�exK!Lb`mefn4G¾nb_p�!nbGVU«e
ef]4ybvaGVU(­x_kefnb_pL^ernbGiUZQ!O«erGJ`8ORGJvpKVer_aQ!L4U(efn4KVeiK!ORGXGJ×�]bK!vpY\uìefnb_pOR`8yzQ!_pLrefGVOóøMµ�ù _pUØ]bURGV`^efQ^ORK!Lb�WGXQájbGJO
efn4Gó_aL4LbGJOÜOZGJvpKVef_pQ!L���URKáª}½­9ZY\~\nbG§É<Q!_pL�KVeRerOR_p�b]�erGJU\Q!S4ernbGóúbOZU«eÜeÌ­¾Q¾ef]by4vaGVU1� 7ÜK!Lb` � 9ÜQ!S4ernbGóORGVvaK�¿
ef_pQ!LbU�efQ8�zG\É<Q!_pLbGJ`1K!ORGx�JQ!odybKWORGJ`4YxËÌS�efnbGxURG/e¥¶�Q!ST� 7XvaG/Íz_a�VQ!�!ORKWybnb_p�JK!vpv|ª�ybOZGJ�JGV`bGJUØefnbG^URG<e ~HQ!S
� 9ág!efnbGVLx­¾G¾�VK!L*K!`)j4KWLb�JG�efnbG �fZ!� y�Q!_pLferGJOØQ!S¡½¯7áYÜËÌS�efn4GiUZG<eÎ~ÜQ!Sh� 9 y4ORGJ�VGJ`bGVUÜvpG<Íz_a�VQ!�!OZK!ybnb_p�JK!vpvkª
efn4G6UZG<e?¶1Q!S}� 7ág�efnbGVL²­¾GdK!`�j�K!Lb�VGternbGdyzQW_aLrefGVO8ø�µ�ùHQ!S{½­9áY²ËÌS{efnbG/ªòK!ORG�GV×"]4K!vagØK²ORGVUR]bvke^er]bybvpG
�JKWL%��Gà�b]4_avkefY6±�]bO«ernbGJOZg�­óG�nbKájbGHerQ���nbGJ��I1UR]b�bUZGJ×�]bGVLfe^ef]by4vaGVUH_aL@½­7§­xnbG/efnbGVO§efnbG/ªìnbKáj�GóernbG
URKWo6G ¶^j�K!va]4GJY �ÄG^`bQ8URQ8�fª¹K!`)j4KWLb�J_pLb�xernbGmUZGJ�VQ!Lb`'y�Q!_pLferGJOmø �eWYb>� ùiKWLb`1��nbGV��I�_aLb��UZGJybKWORKVerGJvkª
GJKW��nder]bybvpG^_kexyzQW_aLrefUDerQ6]4Lfer_av4­¾Gxo6GVG<e^Kóef]by4vaG\­xnbQ!UZG�¶tj4KWva]bGt_pUw]bLbGJ×�]bKWv4efQóefnbGt�V]bOROZGJLre�� 9áY­�
j�K!vp]bGJYwËÌS�efnbGtLbG/Í"ewer]bybvpGx_pL)½­9X`4Q�GVUXL4QVexodKVef��n�efnbGÜer]bybvpGJUw_aL)½­7w�zG/eÌ­óGVGJLdefnbGtvpQ�­ K!Lb`²nb_p�!n
y�Q!_aLrerGJORg�efnbGVURGier]bybvpGJUH�JKWL'�zGmURI�_ay4yzGV`bYÎ�·G^K!vaUZQ�nbKáj�GierQ��zG^�JK!OZGJST]bv�efnbK�e¾efn4GàvaQ"Q!y8j�K!OZ_aKW�bvaGVU
U«erKáª;_aL®��Q!]bLb`bUZY

ÐÊÅ ì ñO0/.
Ì§Ó8ûÊÌÈñ?0/.
;Ãñ?0/.
ì Ì§ÓÊÐUÇ]í8ÐÊÅ ì ÉÊÔ2Þ?;×Ó8ÔÈÝ§Å8ÎÊÔÊÞÑØÊîÒÖ
ì ÌÑÓÊÐ8Ç]í*ÕÑá/2*ÐÊÅ ì 3APHÉ ,�ñÃÕ � 2�;�3APHÝ>=�=×ÐÊÅ ì ÉÊÔÊÞ?;×ÓUÔÚÝ§ÅUÎÊÔÊÞ§ØÊîÒÖ
Ó8Ä]í*ÕÑá/2*ÐÊÅ ì 3APHÉ ï�Õ � 2B;�35PHÝ§îÒÖ
ÐÊÅ ì 1�1/.ß

Ç§ÐÊØ8ÇÙÖ
;�1<1/.ß

ß
Þ§ÅÈÖ
ÝÊÎ§ÓÊÐUÞÚÆÊÇÑØ8Î§Ð8ÍÒÍÊÎÊÏÑÐ8Ç/.
Ì§Ó8ûÊÌ<1�1/.ß ì Ì§ÓÊÐUÇ]í*Õ§á/2�Ì§Ó8ûÊÌ�35PHÉKñÊñÈÕ � 2B;<3APHÝ%=�=ÈÌ§Ó8ûÊÌÙÓ8ÔÈÝ§Å8ÎÊÔÊÞÑØÊîx.

;�1<1/.
Ó8Ä,í*Õ§á/2*Ð2Å ì 3APHÉ ,HñÚÕ � 2B;�3AP�Ý§îÒÖ
ÐÊÅ ì ñÃÌ§ÓUûÊÌ/.ß

ß



��* ��*�Â�Ú.+ÌÛiß��Û+�Ý#" Þ6b6/z$��}+�ÝLc�%'&iÞ'-�+�Ù#$XÝ}ÞPß �!Ç

¢b_pLb�JGXURQWO«ef_pLb�xnbK!U�efQx��GX`4Q!LbGw�zGVSTQ!ORGwK!y4ybv|ªz_pLb�Xernb_pUØKWva�!QWOR_kefnbodg!efnbGwUZG<e¾�JQ!odybK!OZ_aUZQ!L*KWva�!QWOR_kefnbo
_pUXefn4G*Q!LbG8�bK!UZGJ`ìQ!L¹URQ!O�efGJ`�URG<erURY¹~\nbG�y�GJORSTQWORodK!Lb�VG*G<j�K!vp]bKVer_aQWLýQ!SÜUZQ!O«eZ¿�odGJOZ�!GxÉ<Q!_pL��VK!Lý��G
STQ!]bL4`,_pL²¢bGJ�/ef_pQ!L1Å!Yp�!YpÇ

� jmikjHG ¶8xQ|}|Kùb-ksmy
~\nbG%�bK!UZ_a�;_p`bGJKò�zGVnb_pLb`$K'efOZGJG/¿��bK!UZGJ`�É<Q!_aLïK!vp�!Q!OZ_|ernbo _pUàefQ�]bURG%K'efGVo6y�Q!OZK!O«ª _pLb`bG/ÍzY �ÄG
�JQWLbUR_p`bGJOtK²�b_pLbK!O�ª1efOZGJGdK!U§ernbG¾efGVo6y�Q!OZK!O«ª�_pLb`bG/Í�U«erOR]b�/ef]bOZG,ø«_pL�ernbG�LbG/Í"e8UZGJ�<er_aQWL²­¾GdvaQ"Q!I1K�e
nbK!UZn�efK!�bvpGJUZùRY8À(G/e6]bUH�!_kj�G�K!L;G/Í�KWo6y4vaGVY*Õ\Q!LbUZ_a`4GJOtK�ORGVvaKVer_aQWL%�VQ!LrefK!_pLb_pLb�àefnbG�STQWvavpQá­x_aLb�²STQ!]4O
ef]4ybvaGVUP­x_kefn®KdURG/eR¿�j�K!vp]bGV`1KVeZefOR_p�b]�erGê¶�M
¡VY3� 7j: ¶×� ��¡��J°e�
�!Y3� 9j: ¶×� ��¡��J°e�JÅe�
°!Y3��·�: ¶×� ��¡��JÇe�
Å!Y3��¸�: ¶×� �!���J°e�JÅe�

~\nbGx�JQ!OZORGVURy�Q!Lb`b_pLb�HefORGVGt_aU

1

2 2

3

nomatch match

3

4 5 4: (t  ) : (t  )

: (t  )

: (t  )4 3

1

2

¬�j�GVO«ª%LbQ"`bGt_aL�efn4G\erORGVGx�VQ!LbUZ_aU�efUXQ!S}KdIWG/ª�gÁKdva_pU«erg{K!Lb`�eÌ­óQ6y�Q!_aLrerGJORUZM

Ø8ÍÊÆÊÎÑË8ÍÒÍÊÆÊÇÊÇÊÔÑÅ8ÞÊÇúÖ
Ó8Ô2ÍÚâÊÇ<
/.
ÐÊÓ2Ø8ÍÒÍÊÎÊÏ§Ð8ÇÑÐÊÓÊØ8Í/.
ÍÊÆ2ÇÊÇÊÔ§Å8Þ2ÇxD ÜÊÉÊÍ§ËUÌ/.
ÍÊÆ2ÇÊÇÊÔ§Å8Þ2ÇxD Ô§Å8ÜÊÉ2Í§Ë8Ì/.ß

~\nbGXIWG/ª®_aUØGJ×�]bK!v!erQxKxURG/eóGVvaGVodGJLre§ernbKVeX�JKWL*��GXSTQW]bLb`6_aL6KVeivaGVK!U«eiQ!L4GiQ!S�efn4GiOZGJvpKVef_pQ!L¹�pU�ef]bybvpGJUZY
¬PK!��nýLbQ"`bG8_aL²efnbGtefORGVGôø�`bGJLbQ�efGJ`��fªÄ_kefUmI�G<ªÄ_aL²efnbG8`b_pK!�!ORKWo K!�zQájbGJùmOZGJybOZGJUZGJLrefU�K,`b_Ó��GJOZGJLre
URG/efY�~\nbG�LbQ"`bG_�pU�va_pU«e�ø�_aLìy4K!ORK!LrernbGJUZGJURgiSTQ!vpvaQá­x_pLb��efnbG��VQ!vpQ!Lbù��JQWLferK!_pLbU�K!vpv(ef]4ybvaGVUóefnbKVe�nbKáj�G
K;URG/eR¿�j�K!vp]bGV`òK�eRefOZ_a�4]�efGàefn4KVe²_pU6GV×�]bK!v}efQ*ernb_pU6UZG<erY·~\nbG²yzQW_aLrefGVORU�vpGJK!`ôefQôST]4O«efn4GJOdURG/efURYÄu¾vpv
URG/efU§ernbKVed�VQ!LrefK!_pL*efnbGmLbQ�`4G_�pUHIWG<ªýK!ORGmSTQ!]bLb`ô�rª�STQ!vavpQá­x_aL4�mefnbG XCced�_V� yzQW_aLrefGVOdø«�4vaK!��Idef_pyby�GJ`



�!Ê Ù#"�$�%¾Ý}Þ'&���*æÂ�Ú3+ÌÛw$��{	^Ú.&�+�Ý#"��'ß)�§Ú.&ÒÂ�Ú.+ÌÛiß��Û+�Ý#" ßbÞiÝå%'&XÞk-�+�Ù#$XÝ}ÞPß
K!OZORQá­xùRYdu¾vpv}UZG<erU§efnbKVe�`bQ�LbQVe��JQ!LrefKW_aL�efn4GàLbQ"`bG_�pUHIWG/ªìK!OZGàSTQ!]bLb`ô�rªýSTQ!vavpQá­x_aL4�mefnbG a
Z!XCced�_V�
y�Q!_aLrerGJO^øé­xnb_kefGÜer_ayby�GJ`,K!OROZQá­xùRY
±D_pLb`b_pLb�1KWvavPodKVef��n4_aLb�6ef]bybvpGJU^STQ!OxK,�!_kj�GVLìURG/eR¿�j�K!vp]bGV`ýKVeRerOR_p�b]�erG8Q!S K1×�]bGVO«ª%ef]bybvpG6_aU^LbQá­ K!L
GJKWU«ª�efKWURI�Yw¢�efK!O�ef_pLb�H­x_|erndernbGtURodK!vpvaGVU«emGJvpGJodGJLre�_pLàefnbGxURQWO«efGV`,×�]bGVO«ª%UZG<e^K!Lb`�efnbGtOZQ�QVexQWS�ernbG
efOZGJGVg4­óGt�JQWo6y4K!ORG§ernbGHGJvpGJodGJLreX­x_|ernàefnbGtIWG/ª;Q!S�efnbGH�V]bOROZGJLre^LbQ"`bGJY\ËÌS�efnbG/ª;K!OZGHLbQVetGV×"]4K!vag4­¾G
efO�ª*erQ6ú4Lb`dernbGHGJvpGJodGVLfem_pL�ernbGtLbQ!odKVer��n,ybK�efn²Q!SbefnbGtLbQ"`bGVY\ËÌS�ernbG<ª;KWORGtGJ×�]bK!vpg4­¾GxSTQWvavpQá­ÎernbG
odKVef��nôGV`b�!GàKWLb`'�JQWLfer_aL�]bG�UZGJK!OZ��nb_pLb�²STQ!OPernbGàLbG/Í�edGJvpGJodGJLre6Q!S�ernbGmUZG<erYàËÌS�­óG�n4K�jbGàSTQ!]bL4`ôK!vav
GJvpGJodGVLferUm_pL²ernbGHefORGVGJg{efnbGVL²ernbGdva_pU«e*Q!S{efnbG6LbQ"`bGóefnbK�e*odKVer��nbGJ`²efnbGdvpK!U«e8GVvaGVo6GVLre�Q!S{efnbG6URG/e
�JQWLferK!_pLbUiKWvav�odKVer��nb_pLb�xer]bybvpGJURY

ÐÊÓÊØ8ÍÈÄ§Ó8Ô2Þ]í*ÍÊÎÊÏÑÐ8ÇåÍ§îÈÖ
ÍÊÆ2ÇÊÇÊÔ§Å8Þ2ÇxDåË8ÎÊÆÊÆ2ÇÊÔÊÍ��§ÅUÞÊÇåñÚÆÑÅÊÅ8Í/.
Ä§ÅUÆÚÉ§Ð2ÐæÇ§ÐUÇÊÜÊÇÊÔÊÍÑØåÓ8ÔÚÍ5PHÉ×ÓUÔÚÉ§Ø2Ë8ÇÊÔÊÞ§ÓUÔÊûúÅ8ÆÊÞÊÇÊÆúÖ
ì Ì§ÓÊÐUÇ]í8Ë8ÎÊÆ2ÆÊÇÊÔÊÍ��ÑÅ8ÞÊÇ§à�)UâÊÇ�
 ,HñÚÇÑÐ8ÇÊÜÊÇÊÔ2Í§îÒÖ
Ë8Î2ÆÊÆÊÇÊÔÊÍ<�§Å8ÞÊÇKñ×Ë8ÎÊÆÊÆ2ÇÊÔÊÍ��§ÅUÞÊÇ§à�)8ÔÑÅ8ÜÊÉÊÍ§ËUÌ/.
Ó8Ä,í8Ë8ÎÊÆÊÆ2ÇÊÔÊÍ��§ÅUÞÊÇKñÊñ?��º�»�»ÑîÈÖ
C�D�ÜÊÉÊÍ§Ë8ÌÑÓ8ÔÊûÒÍÊÎÊÏ§ÐUÇ§ØBÞ§ÅæÔÑÅ8ÍÚÇ2ð§ÓÊØ8Í¼D�C
ÆÊÇÊÍÊÎ2ÆÊÔÒÇÊÜÊÏÊÍ�
ÙÐÊÓÊØUÍ/.ß

ß
Ó8Ä]í8ÐUÉ§Ø8ÍÒÇ§Ð8ÇÊÜ2ÇÊÔÊÍ§îÒÖ
ÆÊÇ2ÍÊÎÊÆÊÔúË8ÎÊÆ2ÆÊÇÊÔÊÍ��ÑÅ8ÞÊÇ§à�)UÍÊÎÊÏ§Ð8ÇÑÐÊÓÊØ8Í/.ß

Ç§ÐÊØ8ÇÙÖ
Ë8Î2ÆÊÆÊÇÊÔÊÍ<�§Å8ÞÊÇKñ×Ë8ÎÊÆÊÆ2ÇÊÔÊÍ��§ÅUÞÊÇ§à�)8Ü2ÉÊÍ§Ë8Ì/.
Ó8Ä,í8Ë8ÎÊÆÊÆ2ÇÊÔÊÍ��§ÅUÞÊÇKñÊñ?��º�»�»ÑîÈÖ
C�D�ÜÊÉÊÍ§Ë8ÌÑÓ8ÔÊûÒÍÊÎÊÏ§ÐUÇ§ØBÞ§ÅæÔÑÅ8ÍÚÇ2ð§ÓÊØ8Í¼D�C
ÆÊÇÊÍÊÎ2ÆÊÔÒÇÊÜÊÏÊÍ�
ÙÐÊÓÊØUÍ/.ß

ß
ß

ß
¦Ü]b_pvp`b_aL4��ernbGierORGJG�_pUóK�vp_|eZefvpG�odQ!ORGà�VQ!odybvpG<ÍzY*¦ÜGVSTQ!ORGm_aLbUZGJO�ef_pLb�àefnbGier]bybvpGJUt_pLferQmefnbGXefORGVGJg�ernbG
GJvpGJodGVLferU�­x_|ernb_aL�GVK!��n�URG/eR¿�j4KWva]bGV`dKVeRerOR_p�b]�efG K!ORG§URQ!O�efGJ`4Ytøf�ÄG§`bQHL4QVe\LbGVGJ`¾erQHURQ!O�e}efn4GÜORGVvaKVer_aQWLbU
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ì Ì§ÓÊÐUÇ]í8Ë8ÎÊÆ2ÆÊÇÊÔÊÍ��ÑÅ8ÞÊÇ§à�)UâÊÇ�
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Diag-Join: first phase
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I/O cost of different join algorithms

Diag-Join
GRACE-hash

blockwise nested-loop
index nested-loop (hint:4000 pages)
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ç ß�Ñ~àiáØßoàiÑ�Òqâ\ÔeÏiä&Ë�Ðiérßoà�Ñ~ÒnÝ=Ñ�ÒBÒBç-ä&ç(ð¤ÒBÑ�ãfç~älíZälêlé\Ñ4ß�ânßoÜ�érßtâ�Ô�� �^ßoÑ�ÒBÒrç"!#�%$'&^Í/ÝaÜiÒqêlÒBé�Ô}Ðiâ�Ó�ÒBçsâ\Ô:ÏiÝ
!­Þ\ñ\î)(%*+&-áBâ\Ð�ßoé�ä&Ðjìié\älÑ~ç,!.-0/21eë43'57698sï0:<;�=?>}ë43'5¶ï4&^ÍA@�ÐOßoÜiÒvê&Òré\Ô�Ðiâ�Ó�ÒBçtâ\Ôaé�Ð�ÏiÝ²ÛyÒwæ�ÐiÓ�ßoÜiÒwç�é\í;Ò
älÐiÔ�â\Ñ~í;érß�ä&â�Ðvé\ç4ä&Ð�é\ÐvÏ�ÏiÊ:Í%B�Ò�áBé\Ð�áBâ\Ð�ç ßoÑ�àiá�ßyéqç�ä&ÐiË�ê&Ò�ç~älË\Ðiérß�àiÑ~Ò�Ñ~ÒBì�Ñ~ÒBç�ÒBÐ�ßoälÐiË{énê&Òré\ÔMÐiâÅÓiÒ�Ùoã
ç~à�ì6ÒrÑ~älíZìªâ\ç�ä&ÐiË;é\êlêªç~älË\Ðiérß�àiÑ~ÒrçaÔ�â\àiÐiÓwälÐqßoÜ�Òyê&Òré\Ô�ÐiâÅÓiÒ;ë"Ûnä¼ß�Ü2étÙiä­ß�Ûnä&ç�Ònâ�Ñ4�Gâ�ì6ÒrÑ~érß�ä&â\Ð�î6ÓiÒrÐiârß�ÒBÓ
Ù�ãDC�E#F\ï~Í�ÝaÜiä&çmárâ\Ñ~Ñ�ÒBç~ìªâ\ÐiÓ�ç�ß�âPà�Ðiä¼ß�ä&Ð�Ë{ß�ÜiÒ;ç~ÒØßoçmä&Ðwß�ÜiÒ;ê&Òré\Ô�Ð�â�ÓiÒrç~ÍGB+Ò{áBé\êlê:épàiÐiälâ\Ðzâ\Ô(ç~ÒØßoç
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Ô�Ñ~â�í½ê&â�Û-ÒBÑnê&ÒØð¤Òrê&çtälÐ2ßoÜiÒ/ßoÑ�ÒBÒZé�Ùªâ\àiÐiÓ�ä&ÐiËPç~ÒØßoÍ Ö ÐfälÐiÐiÒrÑ|Ð�â�ÓiÒZáBâ�Ðoß�é\älÐiç|ç�ä&Ë�Ðiérßoà�Ñ~ÒBç|â\Ô4é\ÐiÓ
Ñ~ÒrÔ�ÒBÑ�ÒBÐiárÒBç4ß�â;ÒBé\áGÜPáGÜiälê&Ó�Ðiâ�Ó�Òvë�ç~ÒrÒnÊeä&Ë\à�Ñ~ÒmÌ\Í��\ï~Í
BKÜiÒrÐ2Û-Ò;Ò�ð�é\êlàiérß�Ò{é,tÅà�ÒBÑ ãOÛyÒ;ÙªÒBË\älÐ�Ù�ãjç~Òré\Ñ~áGÜiälÐiË{ßoÜiÒ{Ñ�â�âÕß{Ô�â\Ñyí;érß�áGÜiälÐiË�ç�ä&Ë�Ðiérßoà�Ñ~ÒBç�ÍcB+Ò
Ñ~ÒráBàiÑ�ç~ä­ð¤Òrê¼ãDé\áBárÒBç�ç�é\êlê�áGÜiälê&Ó�ÐiâÅÓiÒBç}ÛnÜiâ\ç�Ò|ç�ä&Ë\Ð�érßoàiÑ�ÒBçsí;érßoáGÜPé\ÐiÓ{Ûyâ�Ñ~å2â\àiÑ:Û-é�ãzÓiâ�ÛnÐZßoâyß�ÜiÒ
êlÒBé\Ô�ÐiâÅÓiÒBç�Í�ÝaÜiÒBÑ�ÒqÛyÒ2Ô�ÒØßoáGÜjé\êlê�Òrê&älË\älÙiêlÒ2ÓiérßoéOä¼ß�ÒBí;ç{é\ÐiÓ�áGÜiÒráGå8Ô�â\Ñ|Ô�é\ê&ç�ÒwÓiÑ�â\ìiç~Ívu�éÕßoáGÜiälÐiË
ç~älË\ÐiéÕßoàiÑ�ÒBçaälÐ2ê&Òré\ÔcÐiâ�Ó�ÒBç�é\Ñ�ÒyÓiÒØßoÒBÑ�í;ä&ÐiÒrÓpÙoã�ßoÜiÒ-é\ìiìiÑ�â\ìiÑ~älérß�ÒyÙiä­ß�Ûnä&ç�Ò/â\ì6ÒrÑ~érß�ä&â�Ðzë ç~ÒrÒ/ÏiÒBáØßoälâ\Ð
Þ\Í2wrï~ÍxuOérßoáGÜiälÐiËfç~älË\Ðiérß�àiÑ~Òrç�älÐjä&ÐiÐ�ÒBÑZÐiâ�Ó�ÒBç;é\Ñ~ÒpÓiÒØßoÒrÑ~í;ä&Ð�ÒBÓ+é�çZÔ�â�ê&êlâ�Ûnç~Í»Ê�â\Ñ{Òyt�àié\êlä­ß�ãué\ÐiÓ
ç~à�Ùiç~ÒØßzt�àiÒrÑ~älÒBç}ÛyÒmáGÜiÒráGåPälÔ�-n/71eë7{mïR|}-n/71eë áGÜiälê&Ó�ÐiâÅÓiÒBï�ÍaÊªâ�Ñaç~àiìªÒBÑ�ç~Ò�ßGt�àiÒBÑ�ä&Òrç(ß�ÜiÒBÑ�ÒmÜié\çeßoâ;ÙªÒ
é;Ðiâ\Ð~��ÒBí;ì*ß�ãzälÐ�ßoÒBÑ�ç~Òrá�ßoälâ\Ðiî?älÍ&ÒrÍzE�-0/21eë7{mïd�g-0/21eë�áGÜiä&êlÓPÐiâ�Ó�ÒBï�E��^��Í
BKÜiÒrÐ+älÐiç~ÒrÑ ßoälÐiË8ézÐiÒØÛ Óiérß�éfä­ßoÒrí 3'���o�~î�Û-Ò�ç�ßoé\Ñ�ßOéÕßZß�ÜiÒPÑ~âÅârßoÍuÊ�â\Ñ;ÒBé\áGÜ�ä&ÐiÐ�ÒBÑZÐiâ�Ó�Ò;ß�ÜiÒ
ç~älË\ÐiéÕßoàiÑ�Ò�-n/71eë73��%�o��ï-â\ÔMßoÜiÒtÐ�Ò�Û Óiérßoé2ä­ßoÒrí älçyáBâ�íZì�é\Ñ~ÒrÓ2ß�âqßoÜiÒqç~älË\Ðiérß�àiÑ~Ò�-0/21eë4���25 ïyâ\Ô(Ò�ðiÒBÑ�ã
Ùªâ\àiÐiÓiälÐiËZç~ÒØßqälÐPÐiâ�Ó�Ò����-àiç~älÐiË/ßoÜiÒmìiç�ÒBàiÓiâ'�Gí;Ò�ß�Ñ~älá

Óiä��:ë4-n/71eë7���75¶ï�:�-0/21eë73��%�o��ï~ïR��Elë7-0/21eë7�i�25 ï_�g-0/21eë73��%�o��ï~ï_�x-0/21eë7�i�25 ï�E ë�Ì\Í�wÕï
ë7��ÓiÒBÐiâÕßoÒBç}ßoÜ�Ò�������� �����z y¡�â\ì6ÒrÑ~érß�ä&â�Ðiî_�xßoÜiÒa������� �����L¢£ y¡-â�ì6ÒrÑ~érß�ä&â\Ð�Í&ï
B+Ò�ÓiÒrç~árÒBÐiÓfß�ÜiÒpÙiÑ~é�ÐiáGÜfÛnä­ßoÜ�ßoÜiÒPç~í;é\êlê&Òrç ß�ð�é�ê&àiÒpÔ�â\Ñ;Óiä��eë7-0/21eë7�i�25 ï0:�-0/21eë43'���o��ï~ï�ÍvBKÜ�ÒBÐzÛ-Ò
Ñ~Òré\áGÜ2é{êlÒBé\Ô�ÐiâÅÓiÒ���¤�î�ßoÜiÒ�ß�àiìiêlÒ�!�-n/71eë73��%�o�~ï�:<;k=?>:ë73��%�o��ï�&}älç�älÐiç~ÒrÑ ßoÒrÓpé\ÐiÓ|ß�ÜiÒyç~älË\ÐiéÕßoàiÑ�ÒBçaâ\Ô�ß�ÜiÒ
Ùªâ\àiÐiÓiälÐiËZç~ÒØßoçsä&ÐtßoÜ�Ònì�é\Ñ~ÒrÐoßqÐiâÅÓiÒBç�â\Ô¥��¤:é\Ñ�Ò/í;â�ÓiälæiÒrÓiÍ
BKÜiÒrÐ�é\Ð;â�ð¤ÒrÑ�¦iâ�Û²â�áráBàiÑ�ç4Ó�àiÑ~älÐiËmé\Ð;ä&Ð�ç~ÒBÑ�ßoälâ\Ðiî�älÍ&ÒrÍeßoÜiÒrÑ~Òaälç4Ð�â/ç~ìié\árÒ�êlÒBÔ ßsälÐ;ê&Òré\ÔªÐiâ�Ó�Ò§��¤ î%��¤
ÐiÒrÒBÓiç7ß�âyÙ6Òbç~ìiêlä¼ß�Í�Ê�â\Ñªß�ÜiÒ�ç�ìiê&ä­ß�â\Ô¤é/Ð�â�ÓiÒrî*Û-Òaàiç~Ò=ß�ÜiÒ�Ô�â\êlêlâGÛnälÐiËZë�ê&älÐiÒBé�Ñ4�Gárâ\ç ß�ï:ç~ì�ê&ä­ßsé\êlË\â\Ñ~ä­ßoÜ�íZÎ

¨ª©�«�¬ ­�®°¯)±²�³£´ ¨�¬�µ ³�¶ ­'·�¸ª¹eº 5¥» ¬ ­'¼½µ?¸ª¹ ¶ ­'¹n¨¾­ » ¹n¬�µ?¼'­'¿¶ ¨ª¨�¬�µ ³ º 5 ­'ÀÁµ?¸ªÀ?·�©"Â?¿
º ��Ã ¨�¬�µ ³�¶ ­'·�¸ª¹�À?ÄÆÅkÀ?· ³�´ ¬ ³ µN¨�¹2­LÀ?ÄÇµ?¸�À?·�©�Â?¿
²�³£´ ¨�¬�µ ³�¶ ­'·�¸ª¹eº 5¥» ¬ ­'¼½µ?¸ª¹ ¶ ­'¹n¨¾­ ´ ¬�ÈÉ®¾º �<Ê º 5 ¯Y¿¶ ¨ª¨�¬�µ ³ º 5 ­'ÀÁµ?¸ªÀ?·�©"Ë?¿
º¥Ì Ã ¨�¬�µ ³�¶ ­'·�¸ª¹�À?ÄÆÅkÀ?· ³�´ ¬ ³ µN¨�¹2­LÀ?ÄÇµ?¸�À?·�©�Ë?¿
Ä°À?¸+®°¸ª¹nÍ ¶ ¬ ³ ¬ ³ µ[¨ª¬�µ ³�¶ ­'·�¸�¹n¨iº 5 ¯R±

¬�ÄY® ´ ¬�Èd®¾º �0Ê º 5 ¯RÎ ´ ¬�Èd®¾º¥Ì Ê º 5 ¯Y¯)±¶ ¨ª¨ª¬�µ ³ º 5 ­'Àcµ?¸ªÀ?·�©�Ë?¿
º¥Ì Ã º¥ÌdÏ�º 5Ð

¹n«�¨�¹L±¶ ¨ª¨ª¬�µ ³ º 5 ­'Àcµ?¸ªÀ?·�©�Â?¿
º � Ã º � Ï�º 5Ð

Ð
Ð

Ö Ô ß�ÒBÑ|ç~ìiêlä¼ß�ßoälÐkÑ�ß�ÜiÒvÐiâÅÓiÒrî?ßoÜ�Òvç~ä�Ñ\ÐiéÕßoàiÑ�ÒBçtälÐ�ßoÜ�Ò�ìié�Ñ~ÒBÐ�ßpÐ�â�ÓiÒrçqâ\Ô���¤sÐ�ÒBÒBÓPßoâOÙªÒvà�ì6ÓiéÕßoÒBÓ�Ò
ÝaÜiälç�í;é�ã
êlÒBé\Ó{ßoâ;Ô�àiÑ�ßoÜiÒrÑ�ç~ìiêlä¼ß�ç~îcìªâ\ç~ç�ä&Ùiê­ãzé\êlê�ßoÜiÒ�Û-é�ãwßoâ/ßoÜiÒmÑ�â�ârß/Ðiâ�Ó�ÒyÒ
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ÖG×yØÙ� Ú�����Û�¡��ÝÜ��Þ�� yß
ÜiÒrä9Ñ\Ü�ß ßoÜiÒmÜiÒrä9Ñ�Üoß|â\Ô�ßoÜiÒ�ß�Ñ~ÒBÒ
ç~ä�àBÒ+ámÔ�Ïiä9Ñ ßoÜiÒmç�ä9àrÒ|â\Ô¤ßoÜ�Ònç�ä9Ñ�Ðiérßoà�Ñ~ÒBçqë älÐpÙiä­ßoç~ï
Ðiâ%ámÔ�ÏiÒØß?â�ä­ßoç ��î�ßoÜ�ÒnÐ�àií|Ù6ÒrÑ�â�Ô=Ùiä­ßoç�ç�Ò�ß|ä&ÐPç~ä�Ñ\ÐiéÕßoàiÑ�ÒnÔ�â�ÑaÒBé\áGÜ�ÒBêlÒBí;ÒBÐ�ß
ìié%Ñ�ÒBÏiä�àBÒ ßoÜiÒmç�ä9àrÒ|â\Ô¤ßoÜ�Ònì�é%Ñ\ÒBç�älÐ;ß�ÜiÒmÓiérß�é\Ùié\ç�Òvë�ä&ÐPÙ�ã�ßoÒBç�ï
Ñ~âÅârß Ö Ñ~Òré%ã-â ßoÜiÒmé\Ñ�ÒBé;Ð�àiíqÙªÒBÑsâ\Ô�ßoÜiÒmÑ~âÅârßmâ�Ô�ß�ÜiÒ�ßoÑ~ÒrÒ
Ñ~âÅârß�äeé%Ñ\Ò+ã-â ßoÜiÒmìié�Ñ\ÒmÐÅà�íqÙªÒBÑsâ\Ô�ß�ÜiÒmÑ~âÅârßmâ\Ô�ßoÜiÒ�ß�Ñ~ÒBÒ

Ý=é\Ù�ê&ÒÁÕ%Ò��\Îb�sâ�ârßnâ�Ù�Ú�ÒBáØßqâ�Ô=é\ÐPÏiÝxä&ÐiÓ�Ò�×

endPtr sig oid sig oid endPtr sig oid sig oid

endPtr sig sig

å:ä9Ñ�àiÑ~Ò[Õ%Ò�(\Îbä=é%Ñ\ÒBçsâ\Ô?é;ç~ä�Ñ\Ðiérß�àiÑ~Ò�ßoÑ�ÒBÒ

æ'ç �	
4� ç �£�Æ���k�����¥���������k��
��
Ö Ï�ä9Ñ\Ð�érßoàiÑ�ÒtÝ?Ñ~ÒBÒqä&Ðiárê&à�ÓiÒBçméwÑ�â�ârßqâ\Ù�Ú�Òrá�ß�î6ÛnÜiäláGÜzárâ\Ð�ßoé\älÐiçqÑ�ÒBÐiÒrÑ~é\ê=ä&ÐiÔ�â�Ñ~í;érßoälâ\Ð�â�Ð�ßoÜiÒsßoÑ~ÒrÒ
é\ÐiÓ
älç/áBâ\ì�ä&ÒrÓzälÐ�ßoâpí;é\älÐ�íZÒrí;â\Ñ ãjà�ì6â\Ð�â�ì6ÒrÐiä&Ð�Ñ{ß�ÜiÒ{älÐiÓiÒ�×ÇÒwÝ?é\ÙiêlÒ"Õ%Ò��2ç~Üiâ�Ûnç�ßoÜ�Ò{áBâ\Ð�ßoÒrÐ�ßoç
â\Ô¤ßoÜiÒmÑ�â�ârßnâ�Ù�Ú�ÒBáØß?Ò
B+Ò�Óiälç ßoälÐkÑ\à�ä&ç�Ümß�Û-â/Óiä��6ÒrÑ~ÒBÐ�ßså�älÐiÓiç(â\Ô¤ÐiâÅÓiÒBç}älÐ{éyç�ä9Ñ\Ð�érßoàiÑ�ÒeßoÑ�ÒBÒBî¤älÐiÐiÒrÑ:ÐiâÅÓiÒBç}é�ÐiÓ{ê&Òré\Ô�ÐiâÅÓiÒBç<Ò
ÝaÜiÒ|æiÑ~ç�ßz(ZÙ�ãÅß�ÒBç�â\ÔeÒré\áGÜ�ìié%Ñ�Ò|é\Ñ�Òmä&ÓiÒrÐ�ßoäláBé\ê�Ò/ÝaÜiÒ�ãfé\Ñ�Ò|à�ç~ÒBÓZßoâZç ßoâ�Ñ~ÒaßoÜiÒnâ%�ªç~Ò�ßqâ\Ô�ßoÜiÒnæiÑ~ç�ß
Ô�Ñ~ÒrÒpÙoã�ß�Ò�â\Ðjézìié%Ñ\Ò+Ò�ÝaÜiÒPìié%Ñ\ÒrçZâ�Ô�älÐiÐiÒrÑ�ÐiâÅÓiÒrçZárâ\Ð�ßoé\älÐ ìié\älÑ~ç;â\Ôsç~ä�Ñ\Ðiérß�àiÑ~Òrç�é\Ð�Ó�è
Ù�ã�ßoÒ
Ñ~ÒrÔ�ÒBÑ�ÒBÐiárÒBç;ë�ìié%Ñ\ÒnÐ�àiíqÙªÒBÑ�çyé\ÐiÓ�é�Ñ~ÒBéZÐ�àiíqÙªÒBÑ�ç~ï�ß�âváGÜiälêlÓ�ÐiâÅÓiÒBç<Òc@�ÐOê&Òré\Ô:ìié%Ñ�ÒBç}ÛyÒtç�ßoâ\Ñ�ÒéèRámÏ
â\Ù�Ú�Òrá�ß|älÓiÒBÐ�ßoälæiÒrÑ~ç-â�Ô=ÓiéÕßoé;ä¼ß�ÒBí;çsä&Ðiç�ßoÒré\ÓOâ\Ô?ìié%Ñ�Ò/Ñ~ÒBÔ�ÒrÑ~ÒrÐiáBÒrç{ë ç�ÒBÒcå:ä�Ñ\àiÑ~Ò[Õ�Ò9(\ï<Ò

ò4ó�ô4ó�ê ë�ì�úÅý?ø[í/ö�î[ï�ý�õbö�÷�ø/ù}úÅû/ü¤ýñð�ù ò�ó/ö�ø/÷½ÿ?ë�õ�ðô�

�����	��
���
���������
����	�������
Ö ÐzÒ�×�ß�ÒBÐiÓiälÙiêlÒvç�ä9Ñ\Ð�érßoàiÑ�Ò;Üié\ç~Ü�ä&ÐkÑ�ä&Ð�ÓiÒ�× ë�è4Ï�õ-ïa!�(�H'&sälçnéPìié\Ñ�ßoä­ßoälâ\ÐiÒrÓfæiê­ßoÒrÑmä&ÐiÓ�Ò�× Ùié\ç�ÒBÓfâ\Ð
Ò�×�ß�ÒBÐiÓiälÙiêlÒOÜié�ç~ÜiälÐkÑx!­Þ%H+&2Òö@$ßOälçZÓiä¼ð6älÓiÒBÓ�ä&Ð�ß�âPß�Û-âDìié\Ñ�ßoç�î-ézÓiä&Ñ�ÒBáØßoâ\Ñ�ãué\ÐiÓ ÙiàiáGå�ÒØßoç<Ò}@�Ð
ß�ÜiÒ
ÙiàiáGå*Ò�ß�ç=ÛyÒ�ç ß�â\Ñ~Ò}ßoÜiÒ�ç~ä�Ñ\Ðiérß�àiÑ~Ò+÷\Ñ~ÒrÔ�ÒBÑ�ÒBÐiárÒyìié\älÑ~ç4â\Ô7é�ê&ê�Óiérß�é|ä­ßoÒrí;ç�Ò§B�ÒsÓiÒØßoÒBÑ�í;ä&ÐiÒ(ßoÜiÒsÙiàiáGå*Ò�ß
älÐoß�âpÛnÜ�ä&áGÜ�éfç�ä9Ñ\Ð�érßoàiÑ�Òy÷\Ñ�ÒBÔ�ÒrÑ~ÒBÐ�áBÒPìié\älÑZälç;ä&Ð�ç~ÒBÑ�ßoÒrÓ�Ù�ã»ê&âÅâ\å�älÐkÑféÕßPéfìiÑ�ÒBæ*×�-n/71�ø�ë43'52698sïZâ�ÔNù
Ùiä­ßoçnâ\ÔbéPç~ä�Ñ\ÐiéÕßoàiÑ�ÒyÒgå�â\Ñ/Òré\áGÜDìªâ\ç~ç�ä&Ù�ê&Ò�Ùiä¼ßváBâ�íqÙiälÐiérß�ä&â\Ðfâ\Ô?ß�ÜiÒZìiÑ~Òræ*×�ÛyÒ�æiÐiÓzé\ÐDÒrÐ�ßoÑ ã älÐ
ßoÜ�ÒtÓiälÑ~ÒBáØßoâ\Ñ�ãjìªâ\ä&Ð�ß�ä&ÐkÑqß�â|ßoÜ�Ò{áBâ\Ñ�Ñ~ÒBç�ì6â�ÐiÓiälÐkÑpÙiàiáGå�ÒØß?Ò�ÝaÜiÒ{ÓiälÑ~ÒBáØßoâ\Ñ�ã�Üié�çyÞ ø ÒBÐ�ßoÑ�ä&Òrç~î7ÛnÜiÒrÑ~Ò
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0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1

1

2

3

4

h  (x) = 002

h  (x) = 0103

h  (x) = 0113

h  (x) = 11

d = 3

d’ = 2

d’ = 3

d’ = 3

d’ = 1

[sig(o  .A), ref(o  )], ...

[sig(o  .A), ref(o  )], ...

[sig(o  .A), ref(o  )], ...

[sig(o  .A), ref(o  )], ...1

3

4

2

å:ä9Ñ�àiÑ~ÒÁÕ%Ò�*\ÎbèM×�ßoÒyú�Óiä&Ù�ê&Ònç~ä�Ñ%úiérß�àiÑ~ÒnÜié\ç�Üiä�úkÑ�ë�èRûkõ-ï

ùpä&çmáBé�ê&êlÒBÓýü£þ� ��n×�þ�ÿ��4Ü�����Ò[BKÜiÒyúzépÙiàiáGå�ÒØß�âGðiÒBÑ<¦iâ�Ûnç~î�ßoÜiälçmÙiàiáGå�ÒØßwälç/ç~ì�ê&ä­ßZé%úiÓ
é\êlê:ä­ßoç/Òyú�ß�Ñ~älÒBç
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size of query set

ST, equality queries, domain:0..1999, dbsize:100000, dist:uniform
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size of query set

ST, subset queries, domain:0..1999, dbsize:100000, dist:uniform
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size of query set

ST, superset queries, domain:0..1999, dbsize:100000, dist:uniform
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size of query set

ESH, equality queries, domain:0..1999, dbsize:100000, dist:uniform
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size of query set

ESH, subset queries, domain:0..1999, dbsize:100000, dist:uniform
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size of query set

ESH, superset queries, domain:0..1999, dbsize:100000, dist:uniform
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equality queries, domain:0..1999, dbsize:100000, dist:uniform
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size of query set

subset queries, domain:0..1999, dbsize:100000, dist:uniform
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size of query set

superset queries, domain:0..1999, dbsize:100000, dist:uniform
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equality queries, domain:0..1999, query size:10, dist:uniform
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size of database

subset queries, domain:0..1999, query size:5, dist:uniform
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superset queries, domain:0..1999, query size:15, dist:uniform
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size of database

equality queries, domain:0..1999, query size:10, dist:Zipf
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size of database

subset queries, domain:0..1999, query size:5, dist:Zipf
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size of query database

superset queries, domain:0..1999, query size:15, dist:Zipf
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size of domain

equality queries, dbsize:100000, query size:10, dist:uniform
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size of domain

subset queries, dbsize:100000, query size:5, dist:uniform
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superset queries, dbsize:100000, query size:15, dist:uniform
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