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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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_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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��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
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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
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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
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±�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#�fSVXCSVad 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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� 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
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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
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±�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
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_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
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� jmlkjmi 3 |�+%$¬-{ö v�orxQsuqü-ky
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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
K!OZORKáª%ORGVybORGVURGJLrer_aLb��UZG<e �à�rª���� ����gbefnbGVL8efnbGxSTQ!vpvaQáx_pLb�*KWva�!QWOR_kefnboü_podybvaGVodGJLrefUóUZG<eà�JQ!odybK!OZ_aUZQ!L
���,� g{_aS�efnbGtUZG<efUXK!OZGxUZQ!O«erGJ`bM
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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���



�!Å Ù#"�$�%¾Ý}Þ'&���*æÂ�Ú3+ÌÛw$��{	^Ú.&�+�Ý#"��'ß)�§Ú.&ÒÂ�Ú.+ÌÛiß��Û+�Ý#" ßbÞiÝå%'&XÞk-�+�Ù#$XÝ}ÞPß
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 aZ!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
efn4GJodURGVv|jbGJUtK!UØ¾Gà`b_p`'STQ!O�efn4GmURQWO«eR¿áodGJOR�WGmK!yby4ORQ!K!��n4Yaù,~\nbGà_pLbURGVO«ef_pQ!L'QWS�Kxef]4ybvaG^ybORQ"�JGVGJ`bU¾K!U
STQ!vpvaQáxUZY��·GmU«efKWO«e¾x_kefn*ernbGàúbOZU«edUZG<edGVvaGVodGJLre6Q!S�efn4GXef]4ybvaGmK!Lb`ô�!Q�`4Q�xL*ernbGXerORGVGàK!vpQ!Lb�^ernbG
LbQ!odKVer��n²GJ`b�!GVUw]bLref_pv�óGtúbL4`®K�L4Q�`bG§x_kefn²K�I�G<ª�ernbKVex_pU\�!ORGVKVefGVOÜQ!O\GJ×�]bKWv�efQ�Q!]4O\GJvpGJodGJLrefYXËÌS
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ËÊÅUÔÊÔÊÇ§Ë8ÍåÔ2Ç ì ÔÑÅ8ÞÊÇÈÍ§ÅæÏ2ÉÊÆÊÇÊÔÊÍúÅ8Ä×Ë8ÎÊÆÊÆ2ÇÊÔÊÍ��§ÅUÞÊÇ/.
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Ó8Ä]í8ËUÎÊÆÊÆÊÇÊÔ2Í��§Å8ÞÊÇÑà�)8ÜÊÉÊÍÑË8ÌÁñ2ñ¾��º<»�»§îÈÖ
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ybOZQ!�bK!�b_pvp_|eÌª²QWL6QWLbGwnbK!Lb`dK!Lb`dod_pLb_aod_p�J_pLb�mU�efQ!OZK!�!G\Qáj�GVORnbGVK!`*QWLHernbGwQVefn4GJO�nbK!L4`bYÜÕ\Q!LbUZ_a`4GJOR_pLb�
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Ê!��GVvaGVodGJLrefUZg�efnbG^STK!vaUZGà`bOZQ!y'ybOZQ!�bK!�b_pvp_|eÌª�_aL4�JORGVK!URGVUH`bORKWo6K�ef_p�JK!vpv|ª!YàÆ¾GVLb�JGVgz¾G�]bURGàÊWÅ*�b_kefUóSTQWO
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9iö�ý|þ ¢�� ò��vû�öwò*���-÷Eð òôð��-ýG�E�-÷Eþ�ÿxý�ö���ö./=R�¨÷_ùK��ý4��ÿÈ÷_÷
	 õ¹ÿG���¹÷^��¨ó�ý�öwò*���¹þ��Êû�÷�üEý�õ��	!�¹ý��	G���¹÷
þ�ò2���¹ò)����òôðÍ�Iþ���òôðTþ�÷_þ�ý�ö�/x�¹õ�µÈ÷_öwù:7�ð�*/ ò�9����¹ò��N�¹õ�µÈ÷_ö§ý#�×÷Eö��¹ýmûK����û´÷>�¹õ����Tò*�N�-ý:	~ò2��i<ù�¿ ÷
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R1

Window size:
m  = 6 pages

Step size:
p = 2 pages

Hash table directories

p

first 
replacement

second replacement

ñ/òôó|õ¹ö�÷���ù¨ø��C¿Æò¨ð�	¹ýmû@ý�öwó���ð¹ò�À��P�-ò¨ý�ðV9iý�ö�?§ò2�|ó
��a�ý�ò¨ð

�����ý�ö�÷_üEý�þ�þ�÷_ð�	G�+ýËõ��w÷^��ð7ý?	�	Éð�õ¹þE�x÷Eö[9iý�ö / � �wýK�����
�Y���¹÷K��÷
��ö�ü��~òôð¹óZö���ð¹ó�÷N9iý�öh���~÷E¨ý�ý1i<õ~ÿ��
ò��H��/xþ#þ�÷;�-ö�ò¨ü��1ôù

l9mvnqp�n�p�u�p�mvppdwvz� ��k@w�k1tq��x�nqmvp��
¿ ÷5���#�¹÷G�-ýV����i�÷(��ÿÈ÷_üEò2�16ü
��ö�÷]ûK�¹÷_ð¡�}ý�òôð~òôð¹ó�ð¹ý�ð��#�����w÷Éö�÷
2�P�-ò¨ý�ð���ù�ïA9�û�÷(9i÷E÷�	Í�-õ¹ÿ�¨÷��49iö�ý�þ
ò¨ð��+÷_öwþ#÷
	¹ò��
�-÷Âý�ÿÈ÷_ö��
�-ý�ö��Í+�û�ý�ö�i<ò¨ð¹ó ý�ðî¢��H3M�.�+ö���ò¨ó����Tò¨ð��+ýà� ?§ò2�|ó
��a�ý�ò¨ðÄý�ÿÈ÷_ö��
�-ý�ö��O���¹ò��Zþ���/
	¹÷
�.�-öwý#/¡���¹÷W�./xð¹ü��¹öwý�ð¹ò�À��
�+òôý�ð���òôù¨÷_ù#û´÷�þW�#/,��ôò�	¹÷K���¹÷§û�òôð�	~ý9ûëý|ðJ¢`£�òôð~ü_ý�öwö�÷_ü;��)/�ù4¿ ÷G�wý�)�×÷
���~ò2�Lÿ¹öwý���¨÷_þ ��/±õ���ò¨ð¹ó`���~÷�7K����÷_ö��×÷Eö5ÿ��
���+÷_ö�ðV	¹÷
��üEö�ò��x÷
	çò¨ð f j1j g¤ù � �~÷§òôð��-÷Eð���ý19Ò���¹÷�7N����÷Eö.�¹÷_ö
ÿ��
���-÷Eö�ð=+.�����ýWi�ð¹ýmû�ð5�1�Lÿ¹õ���¨ò2�������wõ����wü_ö�ò��È÷�3�ò��Ã�-ý�ð¹ý
�+ò29Î/!����	¹÷_ÿÈ÷_ð�	¹÷_ð���ý����}÷_ü;���yx�£z']x�z'�#�#�#{']x �ý�9Ð���.���P�-÷ªü�����ð¹ó|÷Nò¨ð5�|ð7ý1���}÷_ü;��C-ùAñÊý�ö ��	¹÷��wü_öwòôÿ��+òôý|ðÉò¨ð5Ì��¹� ð¹ýP���
�+òôý�ðV�w÷_÷�ñ/òôó|õ¹ö�÷���ù���ù
� �¹÷7þ�÷"���~ý�	��V�����������¡��ð�	b'�)
��������ü_ý�ð~ð¹÷_ü;�(�|ð�	e	~ò2�wü_ý�ð¹ð~÷_ü"�±ý����}÷Eü"�����-ý¡�Í��õ��?�}÷_ü"�±ý����}÷Eü"�VC-ù
¿ �¹÷Eð CTü�����ð¹ó�÷
�Iò*���������
�+÷��Nò*�Tü
��2������¹÷Âþ�÷"���¹ý?	4�Ð&��~Z�|w�çûK�¹ò¨ü��?ò¨ð\�-õ¹öwð¾ü
���2�����~÷ þ#÷;���¹ý?	
>
WS'�����)�ý�9h�12�ý����w÷_ö.�¹÷_ö´ý1���}÷_ü;���§ü_õ~ö�ö�÷Eð���)/\�
������ü��~÷�	¹ùGï�ðÉý�õ¹ö�ü
����÷H���¹÷Gý|ÿx÷Eö��
�+ý�öD�|ü_ü_÷
���wòôð¹ó����¹÷
�-õ~ÿ�ô÷
�[9iöwý�þ ¢�� +.�wü���ð���ò¨ð�	¹÷"T=�wü���ð���÷"�+ü_ù�3Ið¹ý
�-ò�R¹÷
��?§ò���ó
��a�ý|òôð����Èý�õ��Y���¹÷�ÿÈý���ò)�-ò¨ý�ð#û�ò)���~òôðQ¢,�
9iö�ý|þ ûK�¹òôü������¹÷�ü_õ¹öwö�÷_ð��E�-õ¹ÿ�¨÷��E��ö�÷W9i÷"�+ü��¹÷�	~ù=� �¹÷Eð�?§ò���ó
��a�ý|òôðTò2�K����¨÷K�+ý5��ôò�	¹÷E���¹÷§û�òôð�	~ý9û
û�ò)���=���¹÷Éöwòôó����(��ÿÈ÷_÷
	Äý�ö�÷;�×÷Eð-��i�òôÿ ��ý�þ�÷Éÿ���ó�÷���ý�9�¢`£mù �6ý
�-÷������P�G���¹ò2�N�-÷Eü��¹ð¹ò�f<õ~÷Q��2¨ýmûK�
��ð�/ òôð��+÷_ö�þ�÷
	¹ò2�P�-÷Zý�ÿÈ÷_ö��
�-ý�ö �-ýÉý�üEü_õ¹öE�x÷;��û´÷E÷_ð!���¹÷G��ü
��ð�ý�ðà¢,� ��ð�	�?§ò2�|ó
��a�ý�ò¨ð������^¨ý�ð¹ó5���
ò)�Gÿ¹öw÷��w÷_ö.�¹÷��O���~÷�ö�÷
2�P�-ò)�×÷�ý|ö�	¹÷Eö�ý�9F���¹÷H�+õ¹ÿ�¨÷��wùE� �¹÷^��ôó|ý�ö�ò)���¹þ ò��[�wõ¹þ�þ���ö�ò�À_÷
	Tò¨ðÉñ�òôó�õ~ö�÷^�|ù2Ç�ù
ärô÷
����÷ªð¹ýP�-÷������
�O���¹÷§ü_õ¹öwö�÷Eð��Nþ�ò�	�	�¨÷�������¨÷§ò��Lð¹ý
�N���û[��/F�Y�
�ªÿÈý��wò*�+òôý�ð 2 ���È÷_ü��|õ���÷�û�÷§ö�÷_õ���÷
���~÷K�������U������ô÷
�6ò¨ð����¹÷N��öwö��#/�ù
Ë �wòôþ�ò�2�|öF�-÷Eü��¹ð¹ò�f<õ~÷5ü
��ðU�����ý`�È÷��|ÿ¹ÿ�¨òô÷
	��+ý[���|ð�	�¨÷Lòôð��-÷Eö�þ�÷�	~ò2�
�+÷Lý�ÿÈ÷_ö��P�-ý�ö��C�È÷"��û�÷_÷_ð`���¹÷O��ü
��ð
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ÚÕå�ÙSÓÕÓV}�úFÓ�ØÕÖ^~ÕØÕÖ
ó

þÕèÕáÕÙ?×ÕØÃë��Õþ?úÕôÕØFÚ�×92ÕòFã
ü

ÚÕå�ÙSÓÕÓ��ÕþÕúÕôÕØSÚ�×
ó

ÙÕ×Õ×ÕÙSÚ�ÛÃë]}�ú?ôÕØFÚ�×/2?òFã
áÕØÕ×ÕÙSÚ�ÛÃë]}�ú?ôÕØFÚ�×/2?òFã
ÝFÔ�×FÜ ê éÃë�òFã

ü
ñ/ò¨ó�õ¹öw÷K�|ù2��� 7N���w÷_ö��×÷_öHäC�P���-÷Eö�ð

ý�ð4¢`£���ð�	¡?§ò2�|ó
��a�ý�ò¨ð¹ù ¿ �~÷_ðM¨ý���	¹ò¨ð¹óE�^�������E���1��ô÷H	¹õ¹öwòôð~óD���¹÷D��	�����ð¹üE÷_þ�÷_ð��ªý19?���~÷vû�ò¨ð�	¹ýmûK�
ò)��ò��H�� û[�#/F�[R��ô÷
	±ü_ý|þ#ÿ�ô÷;�-÷�)/�ù�ïA9Ã��ð7òôð��-÷Eö�þ�÷�	~ò2�
�+÷�ý�ÿÈ÷_ö��
�-ý|öH	~ò2�wü���ö�	���þ���ð�/:�-õ~ÿ�ô÷
���Ò���¹÷K��ü
��ð
ý�ðG¢`£
þW�#/���õ¹öwö./����¹÷
��	#òôð#ý�ö�	~÷_ö��-ýKR��1���¹÷H�������N������¨÷_ù�ïA9Õ���¹÷H��ü
��ð�ý|ð4¢`£vð¹ý
�+ò2R¹÷
�F?§ò���ó
�#a�ý�ò¨ð
ý�9S���¹÷GÿÈý���ò)�-ò¨ý�ð��´ý19S���¹÷GüEõ¹ö�öw÷_ð���)/x�wü���ð¹ð~÷�	M�-õ¹ÿ�ô÷
���.?§ò���ó
�#a�ý�òôð#û�ò2�C�È÷�����¨÷D�+ý"ö�÷Eü_ý�ó�ð~ò2ÀE÷[���¹ò��
ü��1��÷_ù Ë �H��üEý�ð���÷
f�õ¹÷_ð¹üE÷��.?§ò���ó
�#a�ý�ò¨ð�û�ò�2Z	¹÷
2�#/:���¹÷Aû�ò¨ð�	¹ýmûÿ��ôò�	¹ò¨ð¹ó"ý�ð5¢`£6õ~ð��+ò2����¹÷E�wü���ðÉý�ð
¢������1�Nü
��õ¹ó�����õ¹ÿ¹ùU¿ã÷§û�ý�õ��	J�����ý�ôò�i|÷��-ý�	¹ö��9û �
���+÷_ð��-ò¨ý�ðV�-ý����¹÷W9B��ü;�K�����
�����¹÷N�+õ¹ÿ�¨÷���ý�9
¢`£ �����
��÷Eð��+÷_ö ���¹÷>?§ò���ó
�#a�ý�òôðÂý�ÿÈ÷_ö��
�-ý|ö�ð~÷_÷�	V�-ý��x÷����-ý�öw÷�	 ò¨ð¡���+÷_þ�ÿxý|ö���ö�/ ö�÷
2�
�+òôý|ð=9iý�öO���¹÷
��÷Eü_ý�ð�	�ÿ�������÷]ý�9����¹÷U��¨ó�ý�ö�ò)���~þ#ùW7O���¹÷Eö�û�ò���÷`���~÷U��ü��|ðTý|ðÍ¢`£���ð�	Í����ý�ÿÈ÷_ö��
�-ò¨ý�ð����È÷"��û�÷_÷Eð�ò)�
��ð�	U���~÷�?§ò���ó
�#a�ý�ò¨ð�û´ý�õ�2	5���#�×÷O�-ýW�x÷§öw÷_ÿÈ÷��
�+÷�	¹ù
� �¹÷D�+÷_ü��¹ð~ò2f�õ¹÷]ý�9 þ�ý?	¹ò�9Î/Sò¨ð¹óE���¹÷^��ôò�	¹ò¨ð¹ó:��ÿÈ÷_÷
	 ò2��ð¹ý
�U�1��÷�µÈ÷_ü;�-ò)�×÷]ý�ðW���¹÷^¢`£`�¹ö��|ð¹ü�� ý�9F���¹÷
�}ý�ò¨ð5�1�6ý�ðU���~÷^¢��t�¹ö���ð¹ü����Ð�¹ýmû�÷"�×÷Eö�ùªïA9C���-õ~ÿ�ô÷Nòôð5¢`£�ò��HR�*�+÷_öw÷�	Éý|õ����È÷"��û�÷_÷EðG���~÷E�wü���ð5��ð�	
���~÷�?§ò���ó
��a�ý|òôð��Êò)��û�ò�2Èð¹ý
�[�È÷�ÿ����ü_÷
	"ò¨ð��+ýD���~÷[�������E���1��ô÷Eù ÌLý�ð��w÷�f�õ¹÷_ð���*/ÂÿÈý
�+÷_ð��-ò���ÈþW�P�-ü��¹ò¨ð¹ó
�-õ~ÿ�ô÷
�
òôðG¢���û�ò�2×ð~ý
�HR¹ð�	#ò*�H�|ð�	��x÷Aü��������ò�R¹÷�	G��� þ�ò2���¹ò*����ùC¿ ÷/û�ò2�×ð¹ý
�HR¹ð�	�ý�õ_�h�����
�C���¹÷;/�	¹ý
ð¹ý
���È÷�¨ý�ð¹ó6òôðY���¹÷
ö�÷
��õ�)�-ò¨ð¹ó´öw÷���
�-ò¨ý�ð�õ¹ð��-ò� ���¹÷I��÷_üEý�ð�	Nÿ������w÷�ý�9 ���¹÷I��¨ó�ý�ö�ò)���~þ#ùvïA9_���¹ò�� ���|ÿ¹ÿx÷Eð��
�-ýËþW�|ð�/��-õ~ÿ�ô÷�òôðQ¢,�[�Èû�÷�	¹ý4�MôýP�]ý�9 õ¹ð~ð¹÷_üE÷�������ö./Éû´ý�ö�i�ûK�~ò2¨÷D�-ö�/xòôð¹ó^�+ýE�}ý�ò¨ðG���~÷���÷H�-õ¹ÿ�¨÷��wù
Ë ÿÈý�����ò���ô÷��wý�¨õ��-ò¨ý�ð^�-ýH���¹ò���ÿ¹öwý���¨÷_þ:ò2�Z�-ýGþ���ö�iN���¹÷`R�)�-÷Eö�÷�	Zý|õ����+õ¹ÿ�¨÷���ý�9Z¢[£O���O	¹÷
ô÷;�-÷�	:�~õ��
ð¹ý�ð~÷"���~÷�¨÷����]ÿ������D���¹÷_þÛý�ð��-ýW���¹÷ËýP���¹÷Eö�ý�ÿÈ÷_ö��
�-ý�ö���ù¡� �¹÷_ð�ò¨ð5���¹÷ ?§ò���ó
�#a�ý�òôðTý�ÿÈ÷_ö��
�-ý�ö���ò�9 �
�-õ~ÿ�ô÷�ò¨ð!¢��tR¹ð�	��[�#þW�P�-ü��¹ò¨ð¹óËÿ���ö.�+ð¹÷_öh�����P��ò��5þW�|ö�i|÷
	!���H	¹÷�¨÷"�+÷�	���ò)�Gü
��ð(�È÷N	¹ò2�wü���ö�	¹÷�	(��ð�	
ð¹÷E÷�	 ð¹ý
�^�È÷H�-öw÷��
�+÷�	!�1�[�Ëþ�ò����¹ò)�-ù ¿ �¹÷EðËû�ö�ò)�-ò¨ð¹óE���~÷H�-õ~ÿ�ô÷
�´ý�9h¢[£I�-ýG�K�-÷Eþ�ÿxý�ö���ö./�öw÷���
�-ò¨ý�ð
ý�ðQ	¹ò���i(9iý�ö����~÷U��÷_üEý�ð�	Âÿ����1��÷��\û�÷U	¹ýIð¹ý
��ð~÷_÷�	:�-ýZüEý�ð��wò2	¹÷Eö����¹÷[�+õ¹ÿ�¨÷��O�����
����öw÷]þW�|ö�i|÷
	Í���
	¹÷
ô÷;�-÷�	çõ¹ð�¨÷����r���¹÷"/¡��öw÷§ð¹÷_÷
	¹÷�	Éòôð�/×÷;���|ð¹ý
���~÷_öË?§ò2�|ó
��a�ý�ò¨ðZý�ÿÈ÷_ö��
�-ý�ö 9iõ~ö.���~÷_öAý�ð¹ù

I·�¹I·�¶ ¯ ÙvØ~à â:ÙAí§ì�Þ

7ªõ¹ökü_ý1�.�vþ�ý�	~÷��9iý�ö¥?§ò���ó
�#a�ý�ò¨ð´ò2�Z���1��÷�	�ý�ð����¹÷
ü_ý����vþ#ý?	¹÷
2��ÿ¹öw÷���÷Eð��-÷�	Nòôð¡f�ø�´*g�ù�� �~÷ ÿ���ö��|þ#÷;�-÷Eö��
ð¹÷E÷�	¹÷
	59iý�öÐ���¹÷ªü_ý1�.��þ�ý�	~÷����öw÷����¹ýmû�ð7òôðV�Ð����¨÷���ù�´�ù � �¹÷§ü_ý1�.�X�S� >�� 9iý|ö �-ö���ð���9i÷Eö�öwòôð¹ó�����÷;��ý�9
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L Ü�Ù?ç/7NMÕÔÕÜ�ÝÃë�ÞPOÕß9- Ü�ÝÕ×ÕØ?ÖP}�èÃë�ÞZO�0Fò/-=öZO�è.-,åÕò8ó:
2,èÕÛÕÙFÓ�Ø�ß 2

:

ÖÕÙÕ×FÜ?ÔxìWQ�ÞPO�0XQ
:
Q�ÞPOÕß�Q�ã

ÙFåÕåÕÔ?Ú�ÙÕ×ÕØ0ÙÕÖÕÖ?ÙÕé0ÙÕÖÕÖY÷�å�ø�Ô ê ÛÕÙFÓ�Ûb×?ÙÕúFå�ØFÓSã
ê ÜÕåÕå,ÙÕÖÕÖH÷�ß�ø0×FÔ,ÙÕÖÕÖY÷�å

:
âÕøVUFÜ�×ÕÛ0×Õþ?èFå�ØFÓ ê ÖFÔ�ö0ÞPO?ßFã

áFÔbó
×PO�0bìîÝÕØÕæ?×b×?þÕèFå�Ø ê ÖFÔ�ö�Ü�ÝÕ×?ØÕÖP}�èÃë�ÞPO�0FòFã
ðFÜ�ç/7�ð?ÙÕç�Ó�ØÕÙÕÖFÚ�ÛbÛ?ÙFÓ�Ûb×ÕÙÕúFå�ØSÓ ê Ô�Ö8ö?ÙÕ×FÚ�ÛFÜ�ÝÕç0×ÕþÕèFå�Øhã
Ü ê ë�öÕÙ?×FÚ�ÛFÜ�Ý?ç6×ÕþÕèFå�Ø ê Ô�þ?ÝÕáFò0ó

ôFÔ?Ü�Ý0×ÕþÕèFå�ØSÓFã
Ô�þ?×ÕèÕþÕ×0ÖÕØFÓ�þFå�×FÓFã

ü
ØFåÕÓ�Ø�óUÕÖSÜ�×ÕØ0×PO�0b×FÔ,×ÕöÕèN�Õþ ê ã
ü
Ü ê ë�ÝFÔ�×FÜ ê Ü�Ø?á ê ÖFÔ�öbÙFÚÕÚ�ØSÓÕÓ0Ô�èÕØÕÖÕÙ?×FÔ�Ö�Ô�ÝbúÕÙFÓ�Ø0ÖÕØFå�ÙÕ×FÜÕÔ�Ý0ÞPO
0Fò8ó

Ü ê ë�ÙFåÕåeÛÕÙFÓ�Ûb×?ÙÕúFå�ØFÓ,ÙÕÖÕØ ê þSåÕåÕòbó
ÚÕå�Ø?ÙÕÖ�å�ØÕÙFÓ�×bÖÕØFÚ�ØÕÝÕ×Få�éÿå?Ô�ÙÕáÕØÕá0ÛÕÙSÓ�Û8×?ÙÕúFå�ØÃã
åÕÔ�Ù?ábÝ?ØÕæÕ×bèÕÙÕçÕØFÓ ê ÖFÔ�öbÞZOÕß8Ü�ÝÕ×FÔbÚÕå�ØÕÙÕÖ?ØÕá0ÛÕÙFÓ�Û0×ÕÙÕúSå�ØÃã

ü
ü

ü UÕÛSÜÕå�Ø ë�×ÕþÕèSå�ØFÓ ê ÖFÔ�ö�Ü�ÝÕ×?ØÕÖP}�èÃë�ÞPO�0Fò Ö?ØÕöÕÙFÜ�ÝSòFã:
2,èÕÛÕÙFÓ�Øbâ 2

:

ôFÔÕÜ�ÝbÞPOÕß\UFÜ�×?Ûb×?öÕèN�Õþ ê þFÓÕÜ�ÝÕç0ÙÕÝÕé�Ó�×ÕÙÕÝÕá?ÙÕÖÕá0ôFÔÕÜ�Ý0ÙFå�çFÔ�ÖFÜ�×?ÛÕöÃã
ü

ñ/ò¨ó�õ¹öw÷K�|ù2Ç�� Ë 	�����ð¹üE÷�	V?§ò���ó
�#a�ý�ò¨ð:��ôó|ý�ö�ò)���¹þ

�Û�*¢� v�»��ÿ���ó�÷
�Y9iö�ý�þ 	~ò2��i^�-ý�þ�÷_þ�ý�ö./��ký�öÃ�xòôüE÷ �¹÷_ö����������~ö�ý�õ¹ó1�5���¹õ�µÈ÷_öAý�9Ð��ò�À_÷��� #ò2�Aó�ò)�×÷Eð5��/

�S� >�� +��»� ¢� Â�Û�J'(�� 13	� �Û� ¢, v�Û�
�� �{�P��� �Û�*¢� o�»�*�(�9� +���ù¨cP3
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Diag-Join of Order with Lineitem
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Diag-Join
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blockwise nested-loop
index nested-loop (hint:4000 pages)
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ß=í¸íJ4�*~ß=í7ªB�#^Ãeo_�íJ�b[b^NØ)^16.�;�)�#6m])�7��^�ß=[#4�*`�bí7U

egfihkjmlAnolApqjsrktvuktvu x á� t y w y+zb{b|#}�~ ó z � z óbrs zb~ t { wc� z\| ª�� � zL£ s y �¥ó z � z óbrs zb~ t { wc� z7ymx�� � Ê x��"! Ê`Í`Í#Í#Ê x��$#�yt{z x��&%(' x á� � | ó ~#y ª | sGwcódó*) y V�å+)�å+, }

l®F)��Ø��;�©4%6=�)4�*~ß.Ø)OI4fæi�)�#�A_c3C\��O�^§*-F)�C^��)O%FÃ4%696H])�J�#^�ß=[#4�*-�bí x á� ^%Ø'*-F)�í7��[b^%Ø)^�6.�;�)�#6¦4%Ø)^µ[bF)��[b�ß.MK*-F)�Ü_ [b^%Ø`*-�J4%^�ß=[;*I*-F)�8æi�)�#�A_F]B�7�#^Jß�[�4�*-��U�9§Ø)6�_ ß9M�*-F)���7�àß=íGØ�^þ[�^%Ø`*-�74N^�ß�[�*~ß=^%Ø:C\�ÃMd��*~[bF:*`F)�
[b^N�7�7��í%]q^%Ø)^�ß.Ø)O§])�7��^�ß=[#4�*`�bí�Md�%^�aÇ*-F)�>ªB�%í�*�6.�;�)�#6k4%Ø)^g[bF)��[b��*-F�^�íJ�#U�ghF)4�*hC\4�_fC\�[4N�7�Qí%�B�7�5*-F)4�*
Ø�^G^)4�*`4�ß]*-�baêC²ß.6.6�e�²^b�)�#�J6�^�^%�N��^)UTlm��4�íCí%��a'��C²ßZ*`F�^��p*L6�^�í%í�^NMaO%��Ø)�#�J4%6�ß]*`_�*-F)4�*L^B4�*-4§ßZ*`�baþÒ �í74�*~ß=í7ª)��í�*-F)��æ��B�#��_+])�J�#^�ß=[#4�*`��èýU:=k_!^)��ª)Ø�ß]*~ß=^%Ø x�� P�Ò � X²ß�í�*`�%�)�I4%Ø)^íCß9ØJ[#� x��-' x á� CE�I��ØJ^bC*-FB4�* x á� P�Ò � X;ß=í54%6=í%^\*`�%�)��UhghF)�#�J�#Md^%�J� x á� ñ è[�4%Ø)Ø�^�*>e��E4\[b^%Ø`*-�J4%^�ß=[;*oß�^%ØB3ke���[#4���íJ� x á� P�Ò � X ñ èBP�Ò � Xß=í�*-�C�)�#U ¤ í���4�[bF x�� ^%Ø)6�_�ß�a�])6=ß9��í x á� Md4%6=í7�L^B�%^�]�í¸a'4�_�����ß�í2*-3�ß.U9��UT*-F)���7�[b^��)6.^Ae�\[�4�í7��í�C[F)���7�
x á� ñ èß=í�Ø�^�*[4¬[�^%Ø`*-�74N^�ß�[�*~ß=^%Ø)3ke��+*LMd^N�5�#4�[bF x�� 3 x���ñ è\ß=íh4§[�^%Ø`*-�J4%^�ß=[;*~ß=^%Ø)U�@�^�íC^�a'�;*~ß=a'�bí�ª)�%í2*6.�;����6H])4%O%��í�4N�7�§Md�;*o[bF)�#^��)Ø)Ø)��[#�bíCí74%�Cß96�_cU
«¥�;*±�Jí5�7��*~�)�JØ_*o^�*-FB�.ß9ØB^)�;�AMd^%�;^��)�K�7��694�*oß�^NØ�ò�v\raó | x zbz Ualm�E4%6.�7�#4N^Ó_A^B�#ª)Ø)��^gß9Ø�@)��[;*oß�^%Ø�S%U.ô%U.ô*-FB�AO%�#ØB�#�74N6EMd^%�%a ^%M§æi�)����_ ]B�7�#^Jß�[�4�*-��í�4%Ø)^å^)��í%[#�Cß9eJß9Ø)O´])�J�#^�ß=[#4�*`�bíJUÇlm�µ[b^NØ�í�*`�%��[�*�í7�b[�^%Ø)^
6.�;����6�])�J�#^�ß=[#4�*`�bí.ß.Ø�*-FB�LMd^%6.6�^HC²ß.Ø)O�C\4�_cU ¤ í%í%�JaG� x á� ^)��í%[#�Cß9e�bíT*`F)��ª)�Cí�*�69�����#6�])�7��^�ß�[�4�*-��í/.êÕ
Þ x�� � Ê x�� ! Ê`Í`Í`Í�Ê x��0# ã%U

x á� P�Ò+Xçq.Õ+,21WÝRì4365 � å�ÒpÍ ¤ ON��å+,�Éiò�ì(375 �
C²ß]*-F

,21WÝçì(365 � ÕFa§ß.Ø¥P�ÞcÒ �&% Í ¤ O%�cî x��&% ð8.�ã%X
,�Éiò�ì(375 � Õ a'4��RP�ÞcÒ �&% Í ¤ O%�cî x��&% ð8.�ã%X

��^HC°*~^'^)�;*`�#�Ca§ß.Ø)��3kß.M x á� [b^%Ø`*-�J4%^�ß=[;*oí�4'æi�)�#�A_�])�7��^�ß=[#4�*`�LèPÙJÚÜÛTCE�§^�^>*-FB�[Md^N696=^HC²ß9Ø)ONq
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� Ý¬ß=í\á�Õ²âNq x á� ñ èPÙJÚÜÛ.ß=í�4§[b^NØ-*`�74%^Jß�[�*~ß=^%Ø ¦ ,21WÝRì4365 � ÿÖÌ:9;,�É�ò�ì(365 � Þ Ì
� Ý¬ß=í\á�Þ±âNq x á� ñ èPÙJÚÜÛ.ß=í�4§[b^NØ-*`�74%^Jß�[�*~ß=^%Ø ¦ ,21WÝRì4365 � ä�Ì
� Ý¬ß=í\á�ÿ±âNq x á� ñ èPÙJÚÜÛ.ß=í�4§[b^NØ-*`�74%^Jß�[�*~ß=^%Ø ¦ ,�Éiò�ì4365 � åÇÌ

¤ 6.6aC\�1Ø)���#^n*~^n��Ø�^HCÄ*~^³[bF)��[b��Md^N�§[�^%Ø`*-�J4%^�ß=[;*~ß=^%Ø�í§^%Mç*-F)��æi�)����_ ])�J�#^�ß=[#4�*`�'C²ß]*-F!4³í7�b[�^%Ø)^
6.�;����62])�7��^�ß�[�4�*-� x á� 4N�7�\*-FB�_6�^HC\�#�[4%Ø)^³��]�]�#�>eq^��)Ø)^Jí²^NM¥*`F)�¬ß9Ø`*`�#���©4%6ç^B�#ª)Ø)��^�eo_ x á� U�Q�ß.O��)�J�S%U=��í7F�^HC²í[4L*�C.^�6.�;�)�#62ß9ØB^)�;� Md^N�K*-F)�_�J�b[�^%�7^�í±^%Mj*`F)�_�7��694�*oß�^NØ�ò�v\raó | x zbz U���^�*-�\*`F)4�*>C\�_4%6=í%^�;��])6=^�ß]*-��^_*`F)�EMd4�[�*T*`F)4�*>4�*~^�*`4%6�^N�7^)���5�;��ß=í�*~í�^NØ�*-F)�\^�^�a'4�ß.Ø�Î±ÙZÚÜÛ�Uhõ�ØL*`F�ß=í¦CE4�_GCE�Q[�4%Ø�4H�N^�ß.^
6.4%�7O%��6!_8^b�)�#�J694�]J]�ß9ØBO�ß.Ø-*`�#�2�B4N6�íJU

Second Level

First Level 26 32 45

26,32 ...

53

45,53

Q�ß.O��)�7�§S%U=�%q��j��4�a�])6.�^%M�4E*�C.^I69������6mß.Ø)^)���

<#j=�of��¾nolAj?>jkf�@A�=��nB��lAnof�CD�
ghF)�>4%^+�B4NØ-*`4%O%��í;^%M)*-F�ß=í¦*�C�^�ob6.�;�)�#6L^%�JO%4%Ø�ß=<#4�*~ß=^%Ø)[b^�aG�>4�*>4¬])�Cß�[��#U���]^)4�*oß9Ø)O\*`F)�bíJ�Qí�*`�%��[�*~�)�J�bí
ß=í�a�^%�J�²[�^�í�*`6!_�*`F)4%Øç��]^)4�*~ß.Ø)OG4�íCß9ØBO%69�[6.�;����6kß.Ø)^)����U�l®F)��Øàß.Ø�í7����*~ß.Ø)OI4IØ)��CÙ^)4�*`4�ß]*-��a Ò � C\�*-�A_1*o^�ß9ØJí7�#�2*§ßZ*¬ß9Ø³í%�J[bF�4LC\4�_A*-FB4�*'Ø�^�íJ�b[b^NØ)^n69�����#6Y]B�7�#^Jß�[�4�*-�_Ø)���#^�í5*o^�e���[bFB4%Ø)O%��^)UIghFB4�*
ß=íKCE�L6�^�^%��Md^%��4%Øµß.^)�#4%6k])�7��^�ß=[#4�*`� x á� Md^%��C[F�ß=[bF x��(' x á� U�õ�MD*-F�ß=í�ß=íEØ�^�*¬]q^�í%íCß9e)6.��C\��F)4H���\*o^ß.Ø-*`�%^�^���[��G4ga�^�^�ß9ªB�#^�í7�b[�^%Ø)^:69�����#6Y]B�7�#^Jß�[�4�*-� x�E á� í%��[bF�*-FB4�* x á� ' x�E á� 4NØ)^ x���' x�E á� ULl®FB�#Ø
^�^�ß.Ø)O>*-F�ß=íRCE�§F)4H�)��*o^Ie�Q[#4%�J�#Md�)6B*o^�[�4���íJ�[Md��Cß4%^B^�ßZ*oß�^NØ)4%6kMd4%6=í7�§^)�C^�]�í7U
«¥�;*��í¯ß.696=��í�*`�74�*`�5*-F)�±ß.Ø�í7����*~ß=^%Ø�^%M¦4'Ø)��Cß^)4�*-4�ßZ*`�ba C²ß]*-F�^��)�h���D4�a§]B69��U�lm�5CE4%Ø`*�*~^�ß.Ø�í7����*L4
Ø)��CÄ^)4�*-4�ß]*-�ba'3çÒGFý3�ß.Ø`*~^�*-FB��í�*`�%��[�*~�)�J�_^)�b]�ß=[;*`�#^�ß9Ø�Q�ß9O��B�7��S%U=�%U'ghF)�\�©4%6=�)��^%Mj*`F)��4�*J*-�%ß.e��p*`�
ÒGFýÍ ¤ O%��ß�í8�#æi�)4%65*o^!ô�� 4%ØB^�*-FB�#�7��Md^%�7� x F�P�Ò+X�q.Õ Ò+Í ¤ O%��Õ ô��%U õ�Ø *`F�ß�í8�;��4�a�])6.�8C\��F)4H���
*�C�^�^�]+*~ß=^%Ø�íR*~^�ß.Ø�í7����*LÒHFý3·^%Ø�*-F)�§6.�#Më*ß9ØB^)�;��])4NO%�TC²ßZ*`F�íJ�b[�^%Ø)^Ã6.�;�)�#6H])�J�#^�ß=[#4�*`� x áà P�ÒýXçq9Õ ä%S²å
Ò+Í ¤ O%�¸åÖô%ä>4%Ø)^¬^%ØE*`F)�h�%ß.O%F`*¯ß.Ø)^)�;��])4%O%�¦C²ß]*-F�íJ�b[b^NØ)^I6.�;�)�#6N])�J�#^�ß=[#4�*-� x áá P�Ò+Xçq.Õ ���²å�Ò+Í ¤ O%�¸å
�%ô%Uh=�^�*-Fç^�]p*oß�^%ØJí�4N�7�§Ø�^�*h*`F)�±ß9^)��4%6L[#4�í7�#Uçlm�²[�4%Øçß9Ø`*-�C^©^J��[#�[4�]�í7���)^�^�o�aG��*-�Cß�[�Md^%��^��)��ß.Ø)^)���
*-FB4�*±a'�#4�íC�)�7��íR*-F)�>���·]�b[�*-��^1^�ß.i�#�7��Ø�[#�±ß.Ø��#±�[bß.�#ØJ[P_�Md^%�5eq^�*`F�^�]p*~ß=^%Ø�íJU ¤ íh4_æi��ß=[b�f�7��a�ß9Ø)^B�#�
4�]�í7���)^�^�o�a'�;*-�Cß�[²ß=í�^)��ª)Ø)��^Ã4�íhMd^%6.6=^bC²íJU
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T }-N PÒò�ÊPóDXRÕ N P ójÊbò)X

U } òGÕ+ó ' N P�ò�ÊCó�XRÕÖö
V }-N PÒò�ÊPóDXMW N P óDÊ�XNX2ä N PÒò�Ê�XpX

õ�Ø´^��)�'�;��4�a�])6.�'C\�_C.^��B69^!6�ß.�N�_*~^n�N���b]n*-F)�çß9ØJ[#�7��4�í7�ç^%Mç*-F)�gß.Ø`*-�#�2�©4%6�í§^%M�*-F)�gí7��[b^%ØB^m6.�;����6
])�J�#^�ß=[#4�*`�bígí%a'4%6.6.ß.ØÚ*-F)��F�^�]���*`F)4�*n6.�bíCí8Md4N6�íJ��^)�%^�]JíLC²ß96.6.^�[b[b�B�7U ¤ í%íC��a�ß9Ø)O�*-FB4�*n^�^�a'4�ß.Ø
ÎZY\[^]aÕ°õ �E3k4�]�^�í%í%ß.e)6.�]Jí7�b�B^�^�o�a'��*-�%ß=[²[b^��)6.^8e��

N P x áÏ Ê x áÐ X�q.ÕÙî.P_,�Éiò�ì4365HÏa`D,21�Ýçì(375HÏbW�V�Xc`ÇPd,�É�ò�ì(365HÐe`f,21�Ýçì(375HÐ?W�V�Xýî

õ�Ø�íJ�#��*oß9ØBO:ÒGFg^%Ø1*`F)�2g.�#Më*�ß.Ø)^)���s]ihNO%��C�^��ig.^��J�bíC�igZ*�ß9ØÃ*`F)��í7��[b^%Ø)^jg.�;�)�Bg;])�J�#^�ß=[Bh�*-� x E áà P�ÒýX_q9Õä%S�å¼Ò+Í ¤ O%�åßô��\k�ß.Ø�í7����*oß9Ø)Ogß]*�^%Øf*-FB���%ß.O%F`*§ß9ØB^)�;�]ih%O%��ß.Ø x E áá P�Ò+X�q.Õßô���åÓÒ+Í ¤ O%�\å®�%ôNU ¤ í
N P x áà Ê x E áà X�Õ°ô�ß=í¯í%a;h\glg9���ç*`Fih%Ø N P x áá Ê x E áá X�ÕF�>C\�²ß.Ø�íJ�#��*�ÒGF\^%Ø�*`F)�mg9��Më*\íCß9^B�#U
Q�ß.Ø)^�ß.Ø)O�*`F)�L�Cß9O%F`*�]�g&h�[��LMd^%��ß9ØJí7�#�2*~ß=^%Ø8ß=í\Ø�^�*�*-F)�^%Øig�_]B�%^%eig.�ba'U�ghF)�#�J��a;h�_�Ø�^�*�e����#Ø�^��)O%F
í%]�h�[#�/g.�#Më*±^NØL*-F)�>ª)�Cí�*ng.�;�)�Bgû]ihNO%�TC[F)�#�J�TCE�TC-h%Ø`*h*~^¬ß.Ø�íJ�#��*nh_^�h�*oh�ß]*-��aÄÒ � C²ß]*-Fph_^)�bíC[#�Cß9e�ß.Ø)O
])�J�#^�ß=[Bh�*`� x�� UTl ��*-F)��ØAFihH����*o^�íC]ig�ß]*\*`F�ß=í\ª)�Cí�*qg9�����Bgk]ih%O%��U5l ��^�^[*`F�ß�í�eo_�^JßZ��ß.^�ß9ØBOL*-F)���7�b]+o
�7��í7��Ø-*�h�*~ß=^%Ø�í¯^%M�*-FB�Q])�7��^�ß�[rh�*-��í x�� � Ê x�� ! Ê`Í#Í`Í#Ê x�� # ])�J�bí7��Ø`*\^NØ_*`F�ß=í�]ih%O%�/h%ØB^_*`F)�>�7��])�7��í7��Ø-*�h�*~ß=^%Ø
^%M x�� ß.Ø`*~^\*�C�^;h�]�])�C^b��ß=a;h�*-�rg!_n��æi�ih\gûíCß�<��#^gí7��*~ís.�õthNØ)^P.�öýUhQ¶^%��*`F)�bíJ�h*�C�^¬í7��*~íRC\�>^)�;*`�#�%a�ß.Ø)�
*�C�^�íJ�b[b^NØ)^Dg.�;�)�BgY])�J�#^�ß=[Bh�*`�bí x áõ h%Ø)^ x áö íC��[bF8*`Fih�*GMd^%�/h�g&g x ðu.�õ x
' x áõ F�^�g9^�í/hNØ)^:Md^N�/h\g&g
x ð8.�ö xv' x áö F�^\g.^�í7Ual®F)��Ø)í%]�g�ß]*7*oß9Ø)O\��][*`F)��^B�bí%[��%ß.e�ß.Ø)O¬])�7��^�ß=[Bh�*`�bí�ß.Ø`*~^q.�õqhNØ)^w.qöTCE��FihH���
*~^'e�±[Bh%�J�#Md�igkØ�^�*h*~^§[Bh���íJ�5*~^�^§a;h%Øo_�M�h\g=í7�§^)�C^�]�íJU
«¥�;*þ��íçß&glg��Jí�*-��h�*-��*-F)��í%]�g�ß]*7*oß9Ø)O+])�%^�[#��í%íGC²ß]*-Fxh%Ø ���6h�a�]ig9��U ¤ íCí%��a'�1C\�:F�hb�)�1*-FB�fh�[�[#��í%í
í�*`�%��[�*~�)�J�íJF�^HC[Øàß.Ø'*`F)�²��]�]�#��Fih\g.M�^%M�Q�ß.O��)�J�[SNUÈV�öNUal �hCyhNØ-*�*o^�ß.Ø�í7����*qh'Ø)�;CÙ^�h�*oh�ß]*-�baþÒ+à�ü
C²ß]*-F�Ò+à�übÍ=:�� z Õ°ä%²th%ØB^ x à�üýP�Ò+Xçq.Õ�Ò+Í=:�� z Õ°ä%²%U5ghF�ß=í¦*oß�a'�KC\��[rh%Øfª)Ø)^2h�^)�bíC[#�Cß9e�ß.Ø)O¬])�J�#^�ß=[Bh�*-�
^%ØL*`F)�.í7��[b^%ØB^Pg.�;�)�Bg©*`Fih�*Eªp*~í;]�#�JMd�b[�*og�_�kLß.U9��UaCE�>^�^LØ�^�*§Ø)���#^L*o^�a�^©^�ß.M{_Oh%Øo_8])�J�#^�ß=[Bh�*`�Q^%Ø�*`F)�
í7��[b^%ØB^zg.�;�)�Bg.U���^HCE�����#��kj*-F)���7��ß=í>Ø�^�*��#Ø�^��BO%F8í%]ih�[#�{g.�#Më*�^%Ø�*`F)��ª)�Cí�*;g.�;�)�BgY]ihNO%�Bkkí%^LC\�_FihH���
*~^§í%]�g�ß]*¬ß]*-U�ghF)�\��]J]�����Fih�g9M�^NMaQ�ß.O��)�J��S%UWV�ö§í7F�^HC²í�*-F)�²í�*�h�*-�[e���Md^%�7�²ß.Ø�í7����*~ß=^%Øik�*-FB�|g=^HCE���\Fih\g.M
*-FB�.í�*�h�*-�yhNMë*-�#��ß9ØJí7�#�2*~ß=^%Ø)U ¤ O�h�ß9Ø[CE�>FihH�)�>�;��]ig=^�ßZ*`�#^�*-FB��*~^�*oh\gq^%�7^B�#�;^%ØfÎ±ÙZÚÜÛ�*~^qh�*7*�h�ß9Ø�í%a;h\glg
ß.Ø-*`�#�2��h�g�í�Md^%�a*-FB�²íJ�b[�^%Ø)^Og.�;�)�BgH])�J�#^�ß=[Bh�*`�bíJU
�j����Ø-*o�ih\glg!_�*`F)�_�7��])�7��í7��Ø-*�h�*~ß=^%Ø�í²^%Mj*-FB�§]B�7�#^Jß�[rh�*-��í²^NØ�*`F)�¬í7��[b^%ØB^fg.�;�)�Bg}h\g=í%^�FihH���E*o^�e��{h%^+o
¨P��í2*-�#^¬^N��a�^H���#^BUhõ�MNCE�;íJF�ß.Më*R*-F)��a *~^K*`F)�5�%ß.O%F`*a*o^.a;h%�N�T�%^�^�aÇMd^%�eh�Ø)�;CFßZ*`�ba�í~k+*-F)�¦*`�b[bF)ØJß9æi�)�
ß=í¸[rh\glg9��^1õ�@ ¤ ? PAß9Ø)^B�;��o�íJ�#æi�)�#Ø`*oß&h\g?h�[�[#�bíCí�a'�;*`F�^�^)X Zô�� "ÈU
lm��[b^��ig9^vh\g�íC^L^)��í%[��%ß.e��Q])�J�#^�ß=[Bh�*-�bí�^%Ø[*`F)��íJ�b[b^NØ)^2g9�����rg�C²ß]*-F)])�J�#^�ß=[Bh�*-�bí�^%Øvh�*`F�ß.�7^vg.�;�)�Bg6h%Ø)^
í%^8^NØ)UÚõ�MRCE��^�^�Ø�^�*wg�ß=a�ßZ*�*`F)�fF�ß.�#��h%�%[bFJß�[rh\g;^%�JO\h%Ø�ß=<Bh�*oß�^NØÃ*~^I*�C�^�g9�����rg�íEC\�fO%�;*L*-�7���)í�*`�%��[�o
*~�B�7�bíJU§ghF)�#ØIC\��C�^��ig.^µí%]�g�ß]*¬^H�����~��^HC²ß.Ø)O�]ih%ON�bí��7�#O�h%�7^ig.�bíCí.^%M�*`F)�bß.�sg9�����Bg=h%Ø)^�])�%^�]�h%O\h�*`��*`F)�
[bFih%ØBO%�bí5*~^�FJß9O%FB�#�/g.�;���rg�íJU)�j�6h�a�]ig9��í§Md^%�.ß.Ø)^)�;��í�*-�C��[;*o�)�7��í5*-Fih�*\C.^%�J��h%Më*`�#�K*`F)�bíJ�§]B�%ß.Ø�[bß=]ig.�bí
h%�J�f=¦oW*`�7���bíg ]ô�"^k��±�ih%^po�*-�7���bíg ]ô%ö�"^k;ôçoW*`�7�#��íg ]ô���"^kah%Ø)^Ú@po�*-�J�#�bí� Zä%ö#"ÈU�(h�[bF«��íJ�bí_^�ß.i�#�7��Ø`*8�7�b]+o
�7��í7��Ø-*�h�*~ß=^%Ø�í�Md^%�R*-F)�§^)��í%[��%ß.e�ß9ØBO)])�7��^�ß=[Bh�*`�bí-hNØ)^1^Jß9i�#�J�#Ø`*�í2*-��h�*-��O�ß9��í\Md^%�hF�h%Ø)^ig=ß9ØBO�ß.Ø�í7����*~ß=^%Ø�í�k
e��p*�*`F)�±�)Ø)^)���~g�_·ß.Ø)O�])�%ß.Ø�[bß=]ig.�bísh%�7�5*`F)�±í~h�a'�#U
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Second Level

First Level 25 30 32

25,32

Second Level

First Level 25 27 30 32

25,27 30,32

Before insertion:

After insertion:

Q�ß9O��B�7�>S%UWV�ö%qh@�]�g�ß]*7*oß9Ø)OZh§])�7��^�ß�[rh�*-�

>�?A@�?A> ×àWYKNX�MCX�MP��RQMPRQS

ghF)�çí%]ih�[#���7��æ��Jß9�J�#^�*o^�í2*~^%�J���7�b]B�7�bíJ�#Ø`*oh�*~ß=^%Ø�í§^%M\^)��í%[��%ß.e�ß9ØBOþ])�J�#^�ß=[Bh�*`�bí§a;h�_sí�*~ßlglg�e��æi��ß]*-�
glh%�7O%��������Ø C[F)��Ø �Jí%ß.Ø)OnC\�BhN�N�#ØB�#^F]B�7�#^Jß�[rh�*-��í7Uêl®F)��Ø C\�8^%�7O�h%Ø�ß=<#��^)��í%[#�Cß9eJß9Ø)O ])�7��^�ß=[Bh�*`�bí
F�ß.�#��h%�%[bF�ß=[Bh�g&g�_�k¥CE�'^)��*-�#�Ca�ß9Ø)�>*-FB�§]B�7�#^Jß�[rh�*-��í^%Ø�*-FB�GFJß9O%FB�#�mg9�����rg�íhC[F)�#Ø:Ø)�#��^)�#^�k�ß.U9��ULC[F)�#Ø
C\��í%]ig=ß]*¬]ih%ON�bí7U[ghF�ß=í�ß=í-h§���#�A_Ú^�_DØ�h�a�ß�[�]B�%^�[#�bíCí~��ß.Ø)^)���#^ik¦^)�b]�#ØB^�ß9ØBO�^%ØIC[Fih�*L�iß9ØB^8^%MR^ih�*�h
ß]*-�ba�íhCE��ß.Ø�í7����*�ß9Ø�C[F�ß=[bFþ^%�J^)�#��kj*-F)�'^)��í%[#�Cß9eJß9Ø)Oà])�7��^�ß�[rh�*-��í^NØ:F�ß.O%F)���mg9�����Bg=í\[rh%Øzg�^�^%�G�)�#�A_
^�ß.i����7��Ø-*LMd�%^�a0[Bh�í7�h*~^�[Bh�íJ�#U
Q¶^%��[��#��*�h�ß.Ø�h�]�]ig=ß�[rh�*~ß=^%Ø�íEC\��[Bh%Ø ^)����ß�íJ�8��±�[bß.�#Ø`*�h�[b[��bí%í�í2*-�%�J[;*~�B�7�bí;h%ØB^�ØJ^�*gí�*o^%�7������]ig�ß=[bß]*
�7��])�7��í7��Ø-*�h�*~ß=^%Ø�í�^%Ma^)��í%[��%ß.e�ß9ØBO)])�7��^�ß=[Bh�*`�bí-h�*th\glg.U\õ�M�C\��F�hb�)�\í2*-�%ß=[;*L�%��g9��í\O�^H�����7Ø�ß.Ø)O�*`F)�[Md^%�%a
^%M`*-FB��æi�)����_�]B�7�#^Jß�[rh�*-��í=h%ØB^h*`F)�ç�7��])�7��í7��Ø-*�h�*~ß=^%Ø�ím^%M-*-F)�ç^B�bí%[��%ß.e�ß.Ø)O�])�J�#^�ß=[Bh�*-�bí�k+C\�2[Bh%Ømh%�J�~h%Ø)ON�
*-FB�L^ih�*�h�ß]*-��a§í�í�_�í�*`�ba;h�*~ß=[Bh�g&g�_cU�Y²ß]���#Ø�hIæi�)�#�A_])�J�#^�ß=[Bh�*-��ß]*\C�^��ig.^Ae�\]q^�í%íCß9eig.��*o^)[Bh\g=[b��g&h�*`�
*-FB��]�^�í%ß]*~ß=^%Ø�í.^%M}h�g&g�^ih�*�h)ßZ*`�ba�íTC[F�^�íJ��^)��í%[#�Cß9eJß9Ø)Og])�J�#^�ß=[Bh�*-�_^�^��bíEØJ^�*¬[�^%Ø`*-�~hN^�ß�[�*E*-FB��æi�)�#�A_
])�J�#^�ß=[Bh�*`�#U
lm�ç[rh%Ø��·ß=í%��h\g�ß=<#�'*-F�ß=í�])�%ß.Ø�[�ß�]ig.�_C²ßZ*`F ^��B�Gò�v\raó | x zbz �J�Bglh�*~ß=^%Ø)UghF)�8^)��í%[#�Cß9eJß9Ø)O�])�7��^�ß=[Bh�*`�bíFihH���5*`F)�EMd^%�Ca¼O�ß]����Øgß9Ø�@)��[;*~ß=^%Ø�S%U.ô%U.ô%U5Q¶^%�5Ø�^HC CE�/h�g&g=^HC�^NØig!_Aæi�)�#�A_³])�7��^�ß=[Bh�*`�bí�^%M)*-FB�>Md^%�%a
èCÙZÚÜÛ%P�Ò+Xçq.Õ�Ò+Í ¤ O%��Õ�Ì�UT@���]�]q^%��*oß9ØBO\*-F)���#±�[bß.�#Ø`*��;��h\g=�ih�*oß�^%Ø�^%Mkæi�)�#�Cß9��íaC²ßZ*`F�æ��B�#��_µ])�7��^�ß=[Bh�*`�bí
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o 1 o 4

Directory

BucketsQ�ß9O��)�7�§S%UWV%V�qh�=h%��*oßZ*oß�^%ØB�#^çß9Ø)^B�;�

FihH��ß9ØBO�^�*`F)�#��[b^�a�]ih%�Cß�íC^%Øç^�]����~h�*o^%�%í�ß=íhØ�^�*Qí�*-��h�ß.O%F`*-Md^%�2Cyh%�J^�^N�5Ø�^�*[�����#Øç]q^�í%íCß9eig.�#Uçlm�Q[b^��ig.^
í�*o^%�7��h\glg¥*o��]ig.�bí�Md^%�hC[F�ß=[bF�ÒpÍ ¤ O%�¯a�^�^ÃV�öAÕ�)�ß.Ø[�^%Ø`*oh�ß.Ø)�#�s)�U8lm��^%Øig�_!Ø)�#��^Ã*~^µí2*~^%�J�[*`F)�
�7��Md�#�J�#Ø�[��bíD*~^�*-F)��[b^%Ø`*oh�ß9Ø)���%í�kN*-F)�5�J�b])�J�bíJ�#Ø`*oh�*oß�^NØ�íY^%MN*-FB�T^)��í%[#�Cß9eJß9Ø)O±])�J�#^�ß=[Bh�*-�bí}hN�7�TØJ^�*�í2*~^%�J�#^
h%Øo_�C[F)�#�J�#U�ghF)�¯]iglh�[#�RC[F)���7�ç*-F)���J�#Md�#�J�#Ø�[��bí4h%�7�¯í2*~^%�J�#^§ß�í2[Bh�g&g.�#^ ~ tds zb{ � | sux�kc*`F)�¯[b^%Ø`*�h�ß9ØB�#�%í(h%�J�
[Bh�g&g.�#^µc%| {~��z � y PAí7����Q�ß.O��)�J��S%UÈVNV�X7UK=;��[b�N��*~í�hN�7�hØ�^�*�Ø)��[#��í%í~hN�%ßlg!_Ã�7��í�*-�Cß�[�*-��^[*~^±^%ØB��]ihNO%�#U¦l®FB�#Ø
í7�rh%�%[bFJß9Ø)OLMd^%�(h\g&g¶]�#�Cí%^%Ø�í�^%M7h²]ih%�2*~ß=[b�iglh%�4h%O%�rk�C\��[rh%Ø�[rh\g�[��iglh�*-�ç*-F)�¸]q^�í%ß]*~ß=^%Ø�ß.Ø[*`F)��^�ß9�J�b[�*~^%�A_
^%Mp*`F)�°[b^%�J�7�b[�*h�J�#Md�#�J�#Ø�[��5eo_�Ì�a�^©^ÃV�ö%Ukl �¥*-F)��Ø\íC[Bh%Ø�*`F)��[�^%�7�J�bíC]�^%ØB^�ß9ØBOEe���[b�p�;*�Md^%��æi�ih\g=ß9M{_�ß.Ø)O
^ih�*�h�ß]*-�ba�í[PA��í%ß.Ø)O\*-FB�yh%eq^b�)�Qa;h�]�]�ß.Ø)O_^ih�*�h�ß]*-�ba�íaC²ß]*-F�Ò+Í ¤ O%��Õ�ÌMWV�ö���)Zh%�7�yh�g�íC^�Md^��)Ø)^�ß.Ø
*-FB�²í�h�a'�§e���[b�N��*-XJU\ghF)�5*-��[bF)Ø�ß.æi�)�L^)��í%[��%ß.e���^Oh%eq^H���±ß�í¯[rh\g&g.�#^ç�w y �ct } �-Uh��íC�ih\glg!_�*-F)�§Md�)Ø�[�*~ß=^%Ø
��íJ�#^ Md^%�\[rh\g=[b�iglh�*~ß.Ø)O�*`F)�)[b^N�7�7��[;*g]q^�íCßZ*oß�^%Ø�k�[Bh\glg9��^��w y �)ªP| }�{ ��t |#} k�ß�í\a§^N�7��íC^�])F�ß=í�*oß�[rh�*-��^n*o^h\glg�^HC�hGe�;*J*-����^Jß�í2*-�%ß.e��p*oß�^NØà^%M�*-F)�§^ih�*oh�ßZ*`�ba�í¸ß9Ø_*-F)�§e��J[b�N�;*oí7U
ghF)�;a'��*-F�^�^�^%MN]ihN��*~ß]*~ß=^%Ø�ß.Ø)O.ß=í�^NØig!_�Md�Bh�í%ß.eig9��ß9MN*`F)�Te��J[b�N�;*oí�^�^EØ�^�*5O%�%^HC¬*o^Z^�g&h%�JO%�#U�95*-F)����C²ß=í7�
C\�LFihH����*~^�^J^vh�[�^�í�*�g!_þí7��æi�)�#Ø`*~ßlh\gkí7�BhN�%[bF8ß.Ø�g&hN�7O%�[e���[b�p�;*~íJU\��^bC\�;�)�#��k�CE�\[b^%Ø�í2*oh%Ø`*�g!_þß9ØJí7�#�2*
Ø)��C ^ih�*�hgßZ*`�ba�íß.Ø`*~^ph�^ih�*�h%eih�íJ�#U�ghF�ß=íß=ímh�M�h�[;*>C\�'FihH���>*~^g[b^%ØJí%ß.^)�#�hC[F)�#Ø�[#�J�Bh�*oß9ØBO1Fih�í7F
ß.Ø)^)�;����í7U�l®F)�#Øzh%Ø³^H�����~��^HC�^�[b[��)�%í�k°ß.U.�#U�*`F)�#�J�§ß=í§Ø�^gí%]ih�[#�;g9��Më*§ß9Ø
h�e���[b�p�;*�k�*-FB�#�7�_F�hb�)�§*o^
e���C�ig9��íK*-F�h�*�^Jß�[�*oh�*`�LF�^HC�*-FB�ß.Ø)^)���ÚFih�í�*o^�e�L�7��í�*`�%��[�*~�)�J�#^)U[�eh%�2*~ß]*~ß=^%Ø)��^µß9ØB^)�;�þí�*`�%��[�*~�)�J�bí
*-F�h�*�h%�7��^Ó_�Øih�a�ß=[Bh\glg!_Ã�7��í�*`�%��[�*~�)�J�#^wh%�J��[rh\glg9��^ ~ x } w#v_t { �w y �ct } �>t }�~cz%é>y ��s | { � |�s z7y U��j�6h�a�]ig.�bí
Md^%�h^Ó_�Øih�a§ß=[[Fih�í7FJß9Ø)OZh%�J�ng=ß.Ø)�Bh%��Fih�í7F�ß.Ø)Oà ZS%ô#"(h%Ø)^8�;��*-��Ø)^�ß.eig.�LFih�íJF�ß.Ø)Oµ ]ä%S�"WU

>�?A@�?�� ���/���	WYKN�
¤ g]*-FJ^��)O%Ffh�*fªB�%í�*�O\glh%Ø�[���ß.Ø)^)�;� í2*-�%�J[;*~�B�7�bí\í7�#��aÄ*~^_��hN��_nC²ß9^B�Bg�_�k¦*`F)�P_�h%�J�Ieih�í7�#^�^%ØDh1Md�;C
�)Ø)^B�#�~g�_�ß9ØBO�]B�%ß.Ø�[bß=]ig.�bí'Md^%�L�J�#^��J[bß.Ø)Of*-F)��*`�~h%ØJí7Md�#�\^%Mh^ih�*�hAMd�%^�a í7��[b^%ØB^ih%��_ í�*o^%�~h%ON��*~^µa;h�ß.Ø
a'�ba�^%�A_cULghFB��a;h�ß9ØG*oh�íJ��ß.ØAe���ßlg.^�ß9ØBO�F�ß9ONFµ]����7Md^%�Ca;h%Ø�[#�ß9ØB^)�;�í�*-�C��[;*o�)�7��í.ß=íEª)Ø)^�ß.Ø)Owh�]�])�%^�o
])�Cß&h�*`�5^)��í%[#�Cß9eJß9Ø)O±])�J�#^�ß=[Bh�*-�bí}hNØ)^\*-��h%Ø�í7Md^N�%a�ß9ØBOK*-F)��])�%^%e�g9��a�^%M�^)��*-��[;*~ß.Ø)OQ[�^%Ø`*-�~hN^�ß�[�*~ß=^%Ø�íYß.Ø`*~^
í%ß=a�]ig.�#�¸])�%^%e�g9��a§íç*-F�h�*²[Bh%Ø8e�²íC^\g]���#^1�#±�[bß.�#Ø`*�g!_�C²ß]*-F�^��+*qg=^�íCí¸^NMkíCß9O%ØJß9ª�[rh%Ø�[��#U
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9§Ø)��^)��aZhNØ)^ ^NM�a�^�^)�#�JØ�^�h�_�h�]�]ig=ß�[rh�*~ß=^%Ø�í�k\��í%]�b[bßlh\glg!_ ß.ØA*-F)��^Ne©¨;�b[�*7o�^N�%ß.�#Ø`*-��^+h%Ø)^«^%e�¨;�b[;*Jo
�7�rg&h�*~ß=^%Øih\gpC�^%��g9^�í�k�ß=íD*-FB����±�[bß.�#Ø`*E����h\g���h�*~ß=^%Ø�^%Mæ��B�#�%ß.�bí°ß.Ø-��^\g]�·ß.Ø)Oí7�;*JoW��h\g=�)�#^Zh�*J*-�%ß.e��p*`�bíJUhghF)�
�7�rg&h�*-�#^1�7��í7�BhN�%[bFG*o^�]�ß=[±^%M�ß.Ø)^)���·ß.Ø)OI^ih�*oh§ß]*-�ba�í¸^%Øçí7�;*JoW��h\g=�)�#^�h�*7*`�%ß.e��p*`�bí�Fih�í�h�*7*`�~h�[�*-��^�g=ßZ*J*og.�
h�*J*-�#Ø`*oß�^%Ø«íC^�M�h%�7UAlm��FihH����a�^©^Jß9ª)��^jh%Ø)^«[b^�a�e�ß.Ø)�#^´í7�����#��h\gh�;��ß=í�*oß9Ø)Of*`�b[bF)Ø�ß.æi�)�bí>*~^8íC]����#^
��]gí7��*7oH�7�;*`�%ß.�;��h\g.U�lm�Q[b^�a§]�h%�7��^�^��B�ah�[b[��bí%í¸a'�;*`F�^©^Jía*-F)��^%�7��*~ß=[Bh\glg!_zhNØ)^gí%�)e©¨;��[;*`�#^G*`F)�ba®*~^;h
í7���%ß.�bí¸^%M��;��]����%ß=a'�#Ø`*~íJU
�j�6h�a�]ig9��í)^%M�h�]�]ig=ß�[rh�*~ß=^%Ø�í�ß9Ø`��^\gZ��ß.Ø)OíJ�;*7o���h\g��B�#^�h�*J*-�Cß9e��+*-�bí§ß.Ø�[Bg=�)^)�A�p�P_�C�^%�7^ íJ�Bh%�C[bF)�bívh%Ø)^
æi�)�#�Cß9��í8ß9Ø�hNØ)Ø�^�*�h�*~ß=^%Ø�^ih�*�h%eih�íJ�bíµ[�^%Ø`*oh�ß.Ø�ß.Ø)Osß.Ø)Md^%�%a;h�*oß�^NØ ^%Ø ß=aZhNO%�bí´ ��\k²�%ä�"^kIO%��Ø)�;*oß�[�^N�
a�^\g.�b[b��g&h%�_^�h�*oh´ ]ä\k5ä%³ "ÈU�Q¶�)��*`F)�#��k�æ��B�#�%ß.�bíEC²ß]*-F«�)Ø�ß]�����%í�h\g�æ���h%Ø`*~ß.ª)�#�Cí§[rh%Ø e��vh%Ø�í�C\�#�J�#^!e~_
í7��*.[�^�a�]ih%�Cß�íC^%Ø�í� 9V�S#"ÈU5?Oh%Øo_çí7�;*oíKMd^��)Ø)^§ß9Ø§í7��*7oW��h\g=�)��^vh�*J*-�%ß.e��p*`�bí4h%�7�¯íCaZh�g&glk�[�^%Ø`*oh�ß.Ø�ß.Ø)O[Md�;C\�#�
*-F�h%Ø8h�^�^�<��#Ø¬�rg9��aG��Ø`*~í7U«�j�6h�a�]ig.�bí¬^%Mah�]J]ig�ß=[Bh�*~ß=^%Ø�í\C[F)���7�wh\g=a�^�í�*2h\g&g°í7��*~í{h%�J��^%Mag=^HC [Bh%�2o
^�ß.Øih\g=ßZ*`_s[Bh%Ø e��Md^��)Ø)^«ß.Ø´]B�%^�^���[;*PhNØ)^«])�%^�^���[�*~ß=^%Ø a�^�^)�Bg=íç ]ô%²�"mh%ØB^´a�^\g.�b[��iglh%�'^ih�*ohNeih�í7��í
 .Vrk�����"WULlm�_Md^Z[���í±^%Ø
h�]�]ig=ß�[rh�*~ß=^%Ø�í5C[F)���7�§í7��*~ímh%�7��íCaZh�g&gç��Ø�^��)O%F�*~^�e�_�ba�e���^)^)�#^�ß9Ø`*o^'*`F)�
^ih�*�h�ßZ*`�ba�í7U
õ�Ø)^)����ß9Ø)O�íJ�;*JoW��h\g=�)�#^�h�*7*-�Cß9eJ�p*-��í�ß=í-hI^�ß9±�[��igZ*�*oh�íJ��Md^%�R*-�~hN^�ßZ*oß�^NØih\gHß9ØB^)�;�þí�*`�%��[�*~�)�J�bí~k¦e���[Bh��Jí7�
*-FB�_^ih�*ohg[rh%Ø)Ø�^�*Ge�¬^%�J^)�#�J�#^
h%Ø)^f*-FB�Gæi�)���%ß.�bímh%�J�_Ø)�bß]*-F)���±]�^�ß.Ø`*Gæi�)�#�Cß9��í�Ø�^N�>�~h%Ø)ON�_æ��B�#�%ß.�bíJU
�\�rg&g.�#�Cí�*`�bß.Øik��±^��p*~íC^���]�ßlh�í�k7h%Ø)^��eh�]ihN^�ß�a�ß]*-�Cß�^���F�hb�)�Qí7F�^HC[Ø�ß.Ø³ ��%ô�"*-Fih�*yh%Ø�í2CE���%ß.Ø)O¬í7��*±ß9ØJ[Bg=�po
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Ê�ßlË��)�7�mÌ\Í.ä\ÎaÏ�ßlË\Ðih�*~�iÑ�Ònh�ÐiÓ�Ñ�ÒBÔ�ÒrÑ~ÒBÐJ[BÒng�ß=í�*|Ð�^ÅÓiÒ

<ÕCD�?��f�C�f�j·n���nolAp¶j»�kfin���l����
Ö ÐZÏiÏiÊ³ßlÐiÓiÒØ×ç[b^\Ð�íCß�í2*~í°^\ÔªhnÑC^Z^�*¯^\Ù�Ú�Ò�[;*ok\ÛnÜ�ß=[GÜ�ß=í2[b^�]Jß&ÒrÓ�ßlÐ`*~^²aZh�ß&Ð§a;Òba�^\Ñ�_qÛnÜiÒBÐ>*oÜiÒ¯ßlÐiÓiÒØ×
ß=í�^�]ªÒBÐiÒrÓikah\ÐiÓ]�h\Ë\Òbí\[b^\Ð`*oh�ß&Ð�ßlÐiË�*�ÜiÒ)í%ßlË\Ðih�*~�iÑ�Òbíth\Ð�Ó�Ñ~ÒBÔ�ÒrÑ~ÒrÐ�[BÒ�í~ÍjÝaÜiÒwÒrÐ-*�Ñ%ßlÒbí¬^\Ôa*�ÜiÒvÑC^Z^�*
^\Ù�Ú�Ò�[;*|h\Ñ�ÒnÓ�Òbí%[rÑ%ßlÙ6ÒrÓàßlÐ�Ý?h\ÙiglÒmÌ\ÍlÞ\Í
ÝaÜiÒ¬]ih�Ë\ÒbíQ[�^\Ð�ßoh�ßlÐ�ßlÐiËtßoÜiÒ¬íCß&Ë\Ð�hrßoàiÑ�Òbí/h\Ð�ÓzÑ�ÒBÔ�ÒrÑ~ÒBÐ�áBÒbímh\Ñ�ÒtÓiâ\à�Ùig¼ã8g&älÐiå*ÒBÓiÍwÝaÜ�Ò{æiÑ~ç�ßZè2Ùoã�ß�ÒBç
áBâ�Ðoß�é\älÐZßoÜ�ÒnêlälÐiåzë ìié�Ë\ÒmÐÅà�íqÙªÒBÑ~î?é\Ñ�ÒBéZÐÅà�íqÙªÒBÑ~ï(ßoâ/ßoÜiÒmÐiÒØ×�ßtìié�Ë\ÒBîißoÜ�ÒnÐ�Ò�×�ßtèZÙ�ã�ßoÒBç(ßoÜiÒnêlä&Ðiå
ßoâsßoÜiÒyì�Ñ~Ò�ð6älâ\àiç�ì�é\Ë\Ò;ë�ç~ÒBÒ-Ê:ä&Ë�àiÑ~Ò�Ì\Í&Þ�ï~Í�Ê�â\Ñ�ÒBí;ì*ß�ã�êlälÐiå�ç=ßoÜiÒ-ìié\Ë\Ò�é\ÐiÓwé\Ñ�ÒBétÐ�àií|Ù6ÒrÑ~ç�é\Ñ�Ò-ç~ÒØß
ßoâ;ñ\Í

ò4ó�ô4ó�ô õbö�÷4ø/ù}úÅû/ü¤ý¾þ�ü¤ý?ý¥ÿÅõbþ��

’|’ denotes bitwise or

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

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

[sig(o  .A), ref(o  )] [sig(o  .A), ref(o  )] [sig(o  .A), ref(o  )]1 1 2 2 3 3

4 4 5 5 6 6

7 7 8 8 9 9

[sig(o  .A) | sig(o  .A) | sig(o  .A),   ][sig(o  .A) | sig(o  .A) | sig(o  .A),   ] [sig(o  .A) | sig(o  .A) | sig(o  .A),   ]1 2 3 4 5 6 7 8 9

Êeä&Ë\à�Ñ~ÒmÌ\Í��\Î Ö Ïiä&Ë�Ðiérßoà�Ñ~Ò�ßoÑ�ÒBÒ�ë ÏiÝaï

�����	��
������������
����	�������
Ö ÏiälË\Ðiérß�àiÑ~Ò2Ý?Ñ~ÒrÒzë ÏiÝaï{älç;é�ÜiälÒBÑ~é�Ñ~áGÜiäláBé\êeðiÒBÑ�ç~älâ\Ð�â�Ô�é�æiêßoÒrÑ{ä&Ð�ÓiÒ�×»Ô�â�Ñtç~ÒØßoç~Í+ÝaÜiÒpä&Ð�ßoÒrÑ~Ðié�ê
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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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?¿
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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?¿
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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



S%U#Ó¥UjO�JLP^Ibh�ÔgMRPLO�V'ObhbQe] è%Õ

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
é\Ñ�Ò{Óiä¼ð6älÓiÒBÓfé\í;â%úkÑtßoÜ�Ò-ß�ÛyâPÑ~Òrç~àiêßoä�úkÑPÙiàiáGå�ÒØßoç<Ò @Yú
â\Ñ�ÓiÒBÑbß�âPÓ�Ò�ßoÒrÑ~í;ä�úiÒmß�ÜiÒ"úiÒØÛ Üiâ\í;Ò;â\Ô4é
ç~ä�Ñ%úiéÕßoàiÑ�Ò�ßoÜiÒqê&Ò+úkÑrßoÜ�â�Ô7ßoÜiÒ{ä�úiç~ìªÒBáØßoÒrÓzì�Ñ~ÒBæ�×�Üié\ç4ßoâwÙªÒtä�úiáBÑ�ÒBé\ç�ÒBÓ
àkú�ßoälêeérßtê&Òré\ç ß/ß�Û-â2â\Ô7ß�ÜiÒ
ç~ä�Ñ%úiéÕßoàiÑ�Ònì�Ñ~ÒBæ�×7Òrç-é\Ñ�ÒmÓiä&ç�ßoä�úiá�ß�Ò�ÝaÜ�Ònç�ä9àrÒ|â�Ô�ß�ÜiÒmáBàiÑ�Ñ~Òyú�ßqìiÑ~Òræ*× ù���â\Ôeé;Ùià�áGå�Ò�ßtä&ç�áré\ê&êlÒBÓ þ� ?Ûn×�þ
ÿ��4Ü�����Ò @�Ô(Û-Ò�úiârß�ä&árÒPé�Ô ßoÒBÑ{é�ç�ìiêlä¼ß;ßoÜ�érß{ßoÜiÒpêlâ�áré\ê�ÓiÒrì*ßoÜ ù��aâ\Ô�é
ÙiàiáGå�ÒØß�älç;ê&é�Ñ�Ñ\ÒrÑ-ßoÜié%ú�ß�ÜiÒ
Ñ\êlâ\Ùié\ê(ÓiÒrì*ßoÜ ù�îcÛ-ÒvÜié�ðiÒnßoâ�ä9ú�áBÑ~Òré\ç~ÒmßoÜiÒ�ç~ä�àBÒ�â\Ô?ß�ÜiÒ�Ó�ä&Ñ�ÒBá�ß�â\Ñ ã%Ò
ÝaÜiä&ç|ä&çnÓiâ%ú�Ò�Ù�ã�Óiâ\àiÙ�ê&ä�úkÑ
ßoÜ�ÒqÓiälÑ~Òrá�ßoâ�Ñ ã�Òcäeâ�ä9ú�ßoÒrÑ~ç�ß�âvÙià�áGå�Ò�ß�çbßoÜiéÕßtÜié�ðiÒzúiârßqÙ6ÒrÒyú�ç�ìiêlä¼ßté\Ñ~Ò�Ú�àiç ßqáBâ\ì�ä&ÒrÓkÒéå�â\Ñ}ßoÜ�Òqç~ì�ê&äß
ÙiàiáGå*Ò�ßsßoÜiÒÁúiÒØÛ ìªâ\ä9ú�ß�ÒBÑ~ç�é\Ñ�Ò/ìià*ß|ä�úoß�âmß�ÜiÒ/ÓiälÑ~Òrá�ßoâ�Ñ ãzé%úiÓtß�ÜiÒÁÑ\ê&â�Ùié\êMÓiÒrì*ßoÜPälçsä�úiárÑ~ÒBé�ç~ÒBÓ8ë ç�ÒBÒ
å:ä�Ñ\àiÑ�ÒéÕ%Ò�*\ï<Ò)B+Òqç ß�â\ìOç�ìiêlä¼ß�ßoä�úkÑnß�ÜiÒ|Ó�ä&Ñ�ÒBá�ß�â\Ñ ãfÙªÒ�ãiâ%úiÓ�éaÑ\ê&â�Ùié\ê�ÓiÒrì*ßoÜ�â�ÔeÞ\ñZé%úiÓ�ç ßoé�Ñ ßqàiç~ä�úkÑ
áGÜié\ä�úiÒrÓ�â�ð¤ÒBÑ<¦iâ�Û�ÙiàiáGå�ÒØßoçyéÕßsß�Üiälç�ìªâ\ä�úoß�î=é�çsÔ�à�Ñ ßoÜ�ÒBÑsç~ìiêlä¼ß�ßoä�úkÑwêlÒBé\Ó�ç(ß�âvé/ßoâÅâ�êlé\Ñ�Ñ�ÒnÓ�ä&Ñ�ÒBá�ß�â\Ñ ã\î
ÛnÜiäláGÜOä�ú;ß�àiÑ�ú{Û-â\àiêlÓ�ç�ê&â�Û Óiâ�ÛcúPç~àiÙ�ç~Ò�ßqé%úiÓPç~à�ì6ÒrÑ~ç~ÒØßzt�àiÒrÑ~älÒBç�áBâ%úiç�ä&Ó�ÒBÑ~é�Ùiê¼ã%Ò

ÖG×yØÙ� Ú�����Û�¡��ÝÜ����� yß
ÓiÒrì*ßoÜ ßoÜ�ÒcÑ�ê&â\Ù�é\êMÓiÒrì*ßoÜPâ\Ôªß�ÜiÒmÜié\ç�Ü;ß�é\ÙiêlÒ
ç~ä�àBÒ+ámÔ�ûiä9Ñ ßoÜ�Ònç�ä9àrÒ|â�Ô�ß�ÜiÒmç~ä�Ñ%úiérß�àiÑ~Òrçqë�ä9úPÙiäßoç�ï
úiâ%ámÔ�ûiÒØß?â�äßoç ��î�ß�ÜiÒÁúÅà�íqÙªÒBÑsâ\Ô=Ù�ä¼ß�çsç�Ò�ß|ä�ú�ç�ä9Ñ%ú�érßoàiÑ�ÒmÔ�â\ÑaÒBé\áGÜ�ÒBêlÒBí;Òyú�ß
ìié%Ñ�Òyûiä�àBÒ ßoÜ�Ònç�ä9àrÒ|â�Ô�ß�ÜiÒmìié%Ñ\Òrçsä�ú{ßoÜiÒmÓiérß�é\Ùié\ç�Ò�ë ä�úPÙ�ã�ßoÒrç~ï
Ñ~âÅârß Ö Ñ~Òré%ã-â ßoÜ�Òné�Ñ~ÒBé�ú�àií|Ù6ÒrÑ�â\Ô¤ßoÜ�ÒnÑ�â�âÕßcúiâ�Ó�Ònâ�Ô�ß�ÜiÒmÓiä&Ñ�ÒBáØßoâ\Ñ�ã
Ñ~âÅârß�äeé%Ñ\Ò+ã-â ßoÜ�Ònì�é%Ñ\Ò[ú�àiíqÙªÒBÑsâ\Ô�ßoÜiÒmÑ~âÅârßÁú�â�ÓiÒmâ\Ô¤ßoÜ�ÒnÓ�ä&Ñ�ÒBá�ß�â\Ñ ã
í;ér×Çäeâ\ç�ç��/Òrì*ßoÜ ßoÜ�Òní;ér×6älí;é\êdÑ\êlâ\Ùié\êMÓ�ÒBì*ß�ÜOâ\Ô¤ßoÜiÒmÜié�ç~Ü{ßoé\ÙiêlÒ�ë ÙªÒBÔ�â\Ñ�ÒmáGÜié\ä�úiä9ú�Ñ\ï

Ý?é\ÙiêlÒÁÕ%Ò�(\Îb��âÅârßmâ�Ù�Ú�ÒBáØßtâ\Ô?é%ú�èRûkõKä9úiÓ�Ò�×
ÝaÜiÒmÒ�ð�é\êlàiérß�ä&â�ú2â\Ô=é�ú2Òyt�àié\êlä¼ß�ã t�àiÒrÑ ã
älçaç ß�Ñ~é\ä�Ñ\Ü�ßoÔ�â�Ñ Û-é\Ñ~ÓkÒ§B+Ò/ê&âÅâ\åZàiìtßoÜiÒ/Ò+ú�ßoÑ ã�Ô�â\Ñb-0/21~øÅë7{mï
ä�ú;ß�ÜiÒ|Ó�ä&Ñ�ÒBá�ß�â\Ñ ã\îcÔ�Ò�ßoáGÜZßoÜiÒmáBâ�úoß�Òyú�ß{â�Ô�ß�ÜiÒ|árâ\Ñ~Ñ�ÒBç�ì6â%ú�Óiä9ú�ÑvÙiàiáGå*Ò�ß�îeáGÜiÒráGå{ß�ÜiÒnÔ�àiê&ê�ç�ä9Ñ�úiérßoà�Ñ~ÒBç�î
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size of query set

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

SSF, superset queries, domain:0..1999, dbsize:100000, dist:uniform
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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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RLSH, equality queries, domain:0..1999, dbsize:100000, dist:uniform
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32 bits
64 bits
96 bits

128 bits
160 bits

Mx%
Tlr�õ
%
!#ò$öâñ+õ�ò?ó/�Fò�! Mx��Tlr�õ�ð0òtó#!-ò�ö�ñ+õ�òtó#��ò�!
§±��Xõ�ó#ò0/>+�1� >4J� õ
�N%0òtóI�E-�ð
�E�XòL�	���tò�!#!#ò�!I-3�Xó.ò?ñ+õ
�	��aö�(Å$Q!-õ
%"!-ò$ö�$Q�X÷
�'!-õ�ð�ò?ó/!-ò$öâñ+õ�ò?ó/�Fò�!�Mx¬a5Qr?BIT

�!K���Xó#�	��÷
�	�C+�kl��ò���÷
�o(p�����@�Xó�ò@�6�?òtð7ö���X÷2��!ªr"kl$��	!I�S!-õ
%
!#ò$öpñ+õ�òtó)(y�"�	!Ëö��P%0ò�ð�ò?ó/-3�Xó#� ò��0�X÷ö���òJ�F÷�÷�ò?ó¿÷"����ò�!��	-�ö���ò�öOó#ò?ò-+4r�õ
%
!#ò$ö ñ+õ�ò?ó/�Fò�!1�G� ö����ª!#���	���ñ+õ�òtó)(S!#ò$ö���Xó#�
��÷
�	��aö�(n�Xó#òJ�K�
�+��?õ
�aö
���E!-ò�$U�	![� òI�G����d!-òtò-+Nkl��ò?ó#ò���!I�	�!#�n�X!#����	�bö���÷
�tó-ò��E!-ò���÷_ó-ò�öOó/�Fò�ô"�E�U���	!Iö�!,-3�XóI�F÷bô�òtóIöbò��0V
��ò�!K-3��óò?ñ+õ
�E���aö�(|ñ+õ�òtó#��ò�!#$W�E!4���Xó-ò,���!Iö�!J�
��ô�òÉö���%0òI!-ò��Xó#�O��ò��?+��÷n!-õ
�����Xóx(P� òK���X÷S!/�?( ö��
�töÉö���òK�
�E!#�ö��E%
�FòN�F÷"��ò@�0ò�!,�Xó-ò õ�÷â%0ò��töOòt÷0-3�Xó�ò?ñ+õ
�	��aö�( ñ+õ�òtó#��ò�!#$��	!I�aöC�X÷
�Ô( ö��	=�ò�!Ks£ð"�	�XòG�	���tò�!#!#ò�!Éö��£ó-ò��	�O�
���
�tö����aöOò���+
kl��ò ó-ò�!#õ
�aö�!G-3�XóN!#õ
%
!#ò$öMñ+õ�òtó#��ò�!N�Xó-ò���ò?ð"����öOò��p�F÷£§±����õ�ó-ò�/�+21"�¨Mx%
T.+hB ò?ó#ò�ö���ò�!#��X÷
�töbõ�ó-ò 7O%
�	!#ò��
��÷
��ò@�p!Iöbó-õ
��öOõ�ó#ò�!K�"��ô�òC�X!-ò$ô�ò?ó#ò��
��!/�	�7ô��X÷bö��E�Xò-+Lq,!#õ
�	��o(p!-õ"%
!-ò�ö ñ+õ�ò?ó/�Fò�!K�Xó-òG-3�Xó/�âõ
��töOò��X�G�aö��ñ+õ�ò?óx(S!#ò$ö�!~�
��ô6��÷
�L�K!#���	��
����ó#�
��÷
�	�� ö�(�+l��÷ ö���ò�!-òl���	!-ò�![r"kl$�ï~r?B,$
��÷
��¬a5Qr?B¦!#�
�?� ö���ò��Fó1�,�Xó#!3ö
%�ò��
��ô6����ó#$1�E!Jr
k ÷�òtò��
!¶ö���öOó/��ô�ò?ó/!-òª���X÷�(m%�ó#�X÷
�O��ò�!J�X÷"�Mï[rDB|�X÷
�P¬a5Qr?B ÷�ò?ò��âö�� ô6�!#�aöL���X÷�(
%�õ
�O=7ò$ö�!.+,r"�X-3�Xól!#õ
%
!#ò$öâñ1õ�ò?ó#��ò�!�ö���òG��÷bô�òtóIöOò��mV
��òL�F÷
��ò@�)ó-ò�����÷
!H!-õ�ð�ó#ò�� ò-+
§¨�Xó,!#õ�ð�ò?ó#!#ò$öpñ+õ�òtó#��ò�!Éö���ò���� ð.�XóIö��X÷bö����	!-ò�!ª�Xó-ò¼ñ1õ�ò?ó)(¡!-ò�ö�!4�G�aö��0�n��Xó#��òC����ó#�
��÷
�	�� ö�(�+�;,!K���X÷
%�ò�!#ò?òt÷£��÷£§����Xõ�ó-òd/�+21"�¨Mx��TÉö���ò����Xó#�"�F÷
�E���aö�(°�	-Uñ+õ�ò?óx(:!-ò$ö�!N�"�/ò�!w÷
�töX�
��ô�ò��âõ"�O�p��÷?V�õ�òt÷
�?òX�X÷
r
r
§D�X÷
�oö���ò��F÷bô�òtóIöbò��°V
��òP��÷
��ò@�,+Br
k«�!â÷
��ön!#õ
� öbò��y-3�XóG!-õ�ð0òtó#!-ò�ö ñ+õ�ò?ó/�Fò�!��töP�	��,Mx� öP�!âò$ô�ò?÷
�,�Xó#!#ò¼ö��
��÷yr
r
§±TN�X÷
�oö���òn�
�	!/�87O%"�	!-ò��y�F÷
��ò@�0ò�!��
��ô�òP!#�	� òMð�ó/�	%
��ò���!I�G�aö��y��Xó#�Xò ñ+õ�ò?óx(�!-ò�ö
����ó#�
��÷
�	�� ö��Fò�!.+;,�	�E�F÷�ö���òG��÷bô�òtóIöOò��mV
��òL�F÷
��ò@�B�!!#õ�ð�ò?ó#��XóI+



1�s	s ê �Ië,�I���~�ì�	�y���,íª�~�î�Q���Xï ê �GïW��~�m�&�l�|�
�I��ðO�ië,ñKïW�~í®ë�l�����òXï~���[�

0

200

400

600

800

1000

4 6 8 10 12 14 16

no
 o

f a
cc

es
se

d 
pa

ge
s

3

size of query set

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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subset queries, dbsize:100000, query size:5, dist:uniform
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subset queries, domain:0..1999, dbsize:100000, dist:Zipf

SSF
ST

ESH
RLSH

INV

0

200

400

600

800

1000

4 6 8 10 12 14 16 18 20

no
 o

f a
cc

es
se

d 
pa

ge
s

3

size of query set

superset queries, domain:0..1999, dbsize:100000, dist:Zipf

SSF
ST

ESH
RLSH

INV

Mx%
Tlr?§
%
!I�Q¤^�v§?�-¦/�6��! Mx��Tlr?§�ð,�"¦#!.��¤¥�v§?�"¦#�C��!

§±���§?¦I�0/>+�s	�>4l¬a��¤�¦#�C�Qª��	�W���	! ¤�!H-3��¦l!#=��@�E���0�
�"¤��	$]ª���¦x(1�C¢
�@�v§?�-¦x(B!.�Q¤N����¦#�
�C¢
�	��¨¤�(

¤��D�K!#�	����¦I���	!/��¢
!J�E�6¦I���	�8(A���-¢8¤�����¢D����-3��¦��"�v§
�	���¤�(K�v§?�-¦/�6��!.+�£¢n!-ð
�¨¤��,�	-D¤��?�,�?�Q¤8�-¦#���¦/�"¤����¢�¤��?�
�C¢�ª?�-¦$¤����gV
�6�L�C¢
�?� �B��!H! ¤�����D¤��D�G%���!$¤N�6¢
�D�@�B-3��¦l!I§
%
!.��¤¥�v§?�"¦#�C��!I+
kl�?�S�C¢
!#��	�8¤�!�-3�>¦�r
r
§±$Ëï~r?B,$&��¢
�y�C¢�ª?�-¦$¤����:V
�C��!�-3��¦C!.§
%
!I�Q¤©�v§?�"¦#�C��!��	�!#�0�Xð�ð"�o(²¤��0!I§�ð,�"¦#!I�Q¤
�v§?�-¦/�6��!.+Lr
k�!/�
�?�G!�¢
��-§?¦ ¤��?�-¦�?��¤��-¦/���>¦#�"¤�����¢A-3��¦!.§�ð��-¦/!.�Q¤¥�v§?�-¦/�6��!K-3��¦H!#=��@�E���0�
�"¤��	$Q%,������§"!.�
�¨¤�	�6¦I���	�Á(S�
�!-ð
��?(6!Q�,��¦#!$¤���	!I�H%,���
�³ª1���¦~-3��¦±!I§�ð��-¦#!I�Q¤a�v§?�-¦/�6��!&-3�>¦e§?¢
�-3��¦#���Ô(S�
�! ¤8¦#�%?§�¤8���P�"�"¤���+
kl�?�.ð��-¦/-3��¦#����¢
�"�J�	-i¬_5Qr?B¦�!'¢
�"¤J�	!±�
�!#�	!$¤�¦/��§
!��	!U-3��¦±!.§"%
!.��¤_��§D�-¦#�C��!/$¨%?§�¤l¬_5Qr?B��
�E!,¤�¦/��§
%
�C�
�Qª?�-¢°=>�"�?ð
�C¢
�	§�ð'�G��¤��yr
r
§e+[r
�m-3��¦G!.§�ð,�"¦#!.��¤7�v§?�-¦/�6��!E¤��?�P�6¢8ªF�"¦ ¤8���yV
�C��!��>¦.�P�>¢
�-�n����¦I�0¤��?�
�C¢
�?�@�B�E-U�O�
�E���"�-+

oTprqtsruvptwLuyxGza�t�?�8�D�r�?�-u	�8�$�Lu
kl�?�B�6¢DV?§?�-¢"�-�¡�	-G�
�"¤��	%
�	!I�£!/��R"�p��¢·¤��D�£�C¢
�?� �¯! ¤�¦I§
�Q¤8§?¦.��!g�!A!/�
�?�0¢��C¢|§±���§?¦I�²/>+�s	¢>+ ���
�	%
!I�-¦$ªF���£�A��C¢?����¦L��¦/�?�X¤��2�	-J¦.�Q¤8¦#�C�Qª��	�����	! ¤�!N-3��¦ªr"r
§*-3��¦ª�	��'��§D�-¦)(	¤�(0ð���!/$&�C+6�"+�!#=>� �����¡�
�"¤��
�
�	!0¢
�m�C¢?V?§D�-¢
�"�G�G�
�"¤�!#���Qª?�-¦���¢7¤��?�X�6¢8¤8�-¦.¢"�	�&!$¤�¦I§
�Q¤8§?¦.�X�	-Jr
r
§k+[�£¢£%6�T¤��p���	!.��!�M §D¢
��-3�>¦#���o(
�
�! ¤8¦#�%?§�¤�������¢
�n!/=>�@�E���'�
�"¤��	T4r"r
§¡���>¢
!#�! ¤�!l�	-W!.�"��§D�-¢8¤���	�÷V
�C��!d�G��¤��^¤��?�K!/�	���K�C�-¢
�"¤��
$5�G�"���O�
��¦I�n!#����¢?¢?���:!I�-�v§?�"¢�¤����E���Ô(*�?§?¦/�6¢"�	��§D�-¦)(��Qª��	�C§
�"¤�����¢D+ykl�?� ð��-¦#-3�>¦#����¢
�"�n�	-k¤��D�n�"¤��D�-¦��C¢
�?� �



1�s	  ê �Ië,�I���~�ì�	�y���,íª�~�î�Q���Xï ê �GïW��~�m�&�l�|�
�I��ðO�ië,ñKïW�~í®ë�l�����òXï~���[�

0

200

400

600

800

1000

1200

1400

50000 100000 150000 200000 250000

no
 o

f a
cc

es
se

d 
pa

ge
s

3

size of database

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

SSF
ST

ESH
RLSH

INV

M)�	T.ï¬�v§
�	��¨¤�(��v§?�"¦#�C��!

0

200

400

600

800

1000

1200

1400

50000 100000 150000 200000 250000

no
 o

f a
cc

es
se

d 
pa

ge
s

3
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subset queries, domain:0..1999, query size:5, dist:Zipf
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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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