
���������
	�	���
������	��

�������������� "!#��$%�&�('()+*-,.!�/��&*0)1���32"*4��'5�6$7)8/0�39:�('��%;� <�&*=2">�?A@B�B��CED�!F>G?A��$�*���?H�
!&,��-/0�JI

K�L:MON:LQPSR(T5UWVOX0PYN:Z\[^]7_GR(T(UWVOX`N�Z\acbdN:efN�g6hjiWk�l�m0n�oGp&UWRqPSR�V
r�s�t-uwv�xyv{z:v�|&}~�s�t��:z-uwv{�{x��� ��� x�|ft � |�������|��1t�x���|f��u�xyv��(}�~%��}�����}����&}�5���-�G�
���
�-���� |¢¡�z��{}5��z0���£}���}��

� ��¤ ��¥ ¤�	�¤�¦ ��§���t
�%� �5�x��©¨�r
ª<�4}�v«��}
¬�� ¢���t�¡¬�� ��xyv«u�z��{|®�¯8v����©° x�x�u¢° z � v�}����}�°±� � ° ²w§

³�´�µB¶6·O¸�¹
¶»º\¼F½B¾À¿6Á�Â£¿6Ã�¿BÁ�Â�Ä#ÅOÂ�½{Æ�¾ÀÁ�ÇÈÅ<ÉyÇ<Ê
Ëw¾ÀÂ�Æ�Ä#Ì7ÅOËw¿�ÂwÆ�¿q½«Ê
Ëw¿�Ê<Í�Î�Ï�Ð�Éy¾yÌwÆ�ÑfÌ�Ï�Ð:Ìw½«Ëw¾yÐ�¿qÌ�Ò�Ì�Â�¿BÄ#Ì£Ó�Æ�¾y½«Æ#Ëw¿6ÔÏ�¾yËw¿qÐ�Ê<ÂwÆ
ÍÕÅ
Ì�Â&Ì�¿¢ÅOË�½«ÆÖÅ<ÌÈÓ�¿BÉyÉ£Å
ÌÈ¿«¼F½B¾À¿6Á�Â�Ì�Ï�Î�Î�Ê
Ë�ÂÈÍÕÊ
Ë&×�ÒÁ:Å<Ä�¾y½#¾yÁ�Ìw¿BË�Â�¾ÀÊ
Á:Ì�ÅOÁ:×Ö×�¿6ÉÀ¿BÂw¾yÊ
Á�ÌBØAÙ�Ï�½{ÆÖÅ<ÉÀÇ
Ê
Ëw¾ÀÂwÆ�Ä#Ì�Å<Ëw¿#Â�Ò�Î�¾�½BÅ<ÉyÉÀÒ
×�¿¢Ì�¾yÇ<Á�¿6×(Ð:Å<Ìw¿6×(Ê
Á(Ä�¿BÄ�Ê
ËwÒ5Ì�ÂwËwÏ:½�Â�Ï�Ëw¿+ÍÕÊ<Ë�Î�¿BË�ÍÕÊ
ËwÄ#ÅOÁ:½«¿ÈËw¿6Å
ÌwÊ<Á:ÌBØ�Ú8¾yÃ�¿BÁ5Â�Æ�¿+¿«Û�Î�ÉyÊ�Ì�¾yÃ�¿+Ç
ËwÊfÓ7Â�Æ(Ê<Í`¾yÁ�ÍÜÊ
ËwÄ#ÅOÂ�¾ÀÊ
Á4Ý�¾ÀÂ
¾�ÌJÁ�Ê<Â�Å<ÉyÓ�Å¢Ò�Ì�Î�Ë�Å
½�Â�¾y½6ÅOÉyÉyÒFÍÜ¿¢Å<Ìw¾ÀÐ�ÉÀ¿+Â�ÊFÞ
¿B¿6Î5ÂwÆ�¿È¾ÀÁ:×�¿«ÛGÍÕÊ
Ë�¿BÃ�¿6Á�Â�ß�ÉÀÂw¿6Ëw¾ÀÁ�Ç#Ä�¿6Ä�Ê<ËwÒàáËw¿¢Ì�¾y×�¿BÁ�Â¢Ý�Â�Æ�¿6Ëw¿BÐ�ÒGÁ�¿¢½«¿6Ì�Ì�¾ÀÂ�ÅOÂ�¾ÀÁ�Ç
Â�Æ�¿�Á�¿B¿¢×AÍÕÊ
Ë1Å5Ì�¿¢½«Ê
Á�×�Å<ËwÒEÌ�ÂwÊ
Ë�Å<Ç
¿�Ì�ÂwËwÏ:½�Â�Ï�Ëw¿�Ø&â0Ê5Å
×�×�Ëw¿¢ÌwÌ8ÂwÆ�¾yÌ1Î�ËwÊ
Ð�ÉÀ¿BÄ(Ý4Ó%¿�Î�ËwÊ
Î�Ê�Ì�¿�Å(ãJäJÂ�Ëw¿B¿«àáÐ:Å<Ìw¿6× Î�Ëw¿6×�¾y½6ÅOÂw¿
¾yÁ�×�¿BÛ(ÍÕÊ
Ë8Ì�¿6½BÊ<Á:×�Å<ËwÒAÌ�Â�Ê
Ë�ÅOÇ
¿�Ì�Â�ËwÏ�½�Â�Ï�Ëw¿&Ó�¾åÂ�ÆæÌ�Î�Å
½«¿�½«Ê
Ä�Î�Éy¿«Û�¾åÂ�ÒEç&èÕÁ�éJÅ<Á�×(Â�¾yÄ�¿�½BÊ<Ä�Î�ÉÀ¿BÛ�¾ÀÂwÒAç�èÕÉyÊ
Ç�Á�é7ÍÜÊ
Ë8Ìw¿6Å<Ë�½�Æ�Ý
¾yÁ�Ì�¿6Ë�Âw¾yÊ
ÁEÅ<Á�× ×�¿6ÉÀ¿«Â�¾yÊ
ÁAÊ
Î�¿BË�ÅOÂ�¾ÀÊ
Á�Ì6Ø8â7Æ�¿&Ä#Å<¾yÁA¾�×�¿6ÅF¾�Ì�Â�Æ�ÅOÂ8Ç
ËwÊ
Ï�Î�¾yÁ�Ç�Î�Ëw¿6×�¾�½BÅOÂ�¿6Ì�Ð�Ò�Â�Æ�¿6¾ÀËqÊ
Î�¿BË�ÅOÂ�Ê<Ë�Ì�è�ê1Ý�ë�Ý0ì-ëÈÝ
í é%Â�Ê�Ì�Æ�Å<Ëw¿�½«Ê
Ä�Î�Ï�Â{ÅfÂ�¾yÊ
ÁEÅ<Á�×5ÍÕÊ
ËJ¿¢Å
½�Æ(Î�Ê
¾yÁÂ�¿BË�¾ÀÁ:Ì�¾�×�¿�ã�ä�Â�Ëw¿B¿�Ý�Å#Î�Ê
¾ÀÁÂ�¿BËJî:Å<Ç#Â�Æ�ÅOÂq¾yÁ�×�¾�½BÅOÂw¿¢Ì�ÂwÆ�¿+Â�Ò�Î:¿6Ì6èÕÇ
ËwÊ
Ï�Î�Ì�é
Ê<Í\Î�Ëw¿6×�¾�½BÅOÂw¿¢Ì�Ó�Æ�¾y½�Æ(Å<Ëw¿1Þ�¿BÎ�Â�¾ÀÁ�Â�Æ�¿+Éy¿6ÅOÍ\Á�Ê�×�¿6ÌBÝ�¾yÌ�Å
×�×�¿6×�ÍÜÊ
Ë�Ì�¿6Å<Ë�½{Æ5Ê
Î:¿6Ë�ÅfÂ�¾yÊ
Á�Ø
ïWð�ñ^ò�ó�·Oô0µöõ�Ëw¿6×�¾�½BÅOÂ�¿+÷øÁ�×�¿BÛ�Ý�º�Ã
¿6ÁÂ�ùWÅOÂ{½{Æ�¾yÁ�Ç�Ý�õ�Ï�Ð�Éy¾�Ì�Æ�ÑOÙ�Ï�Ð�Ìw½BËw¾ÀÐ�¿�Ù�Ò�Ì�Â�¿BÄ

ú�ûýüOþ�ÿ��������	��ÿ�
��0þ
����������������������! �����"# ��%$&��'��)(*�+��,-�.��/0$1�+'./2�3���1����4�(*,

$&�.��'��+�%�5 ����768��'�'��1�9��'.�:/�$;��(3�<��"=�3'�">�+��6?�� ��3�+'@6?��'����+�1A
6?�;'B %CED	/2�1��/F$;��'HG.'.�I��'��J������KB�3���L�3'�">����68�� ��*�)'H�%��/��*(*,
 ������+M��+�<4����+NO�1��/	(*�3N+�P ����=QF�;4SRT�� U ����V/���6?�P ��36W�+XY�*'<K+�����*A
�+M�/Z������(3�3$;�� ��3�+'�/;X�/2M�$��V��/[/2 ��B$&N\ ���$&N+�1��/;X] ^����_8$�$1�+'B 2���+(`X�'.�1 ^A
�!����Na6?�+'��* ������*'.��X�Qb�;4c(3�+�+/	��'.�d$1(3�3$�NB/^ 2���%��6?/;X���'.�9e��;'�/2���
'��1 ^������NB/;Xf�3'���M� ?���� ��g���2���3K)�c��/8$1�+'O ��*'BM��+M�/W�������1���%�L���� ��
/^ 2���%��6?/ih*j%k�l`C	��.�1���=�3/	�8�������m�3'��?'.�%$1�;/2/2�* n,d">���	/2,B/2 2�;6?/U ��
4T�o��4�(3�9 ��L$;���� 2M����9 ����o�B,�'.��6?��$7��/����%$& p��"q�*'�">����68�� ��*�+'rC
sZM�4�(3�*/���t�/2M�4./�$&���34��d/^,�/^ ��;6?/W������KB�3���c/2M.4�/�$&���34��1��/W�U�* 2�b ����
��4��3(*�* ^,< ��9�1u������;/�/P ����;�*�V�3'B ��1���;/^ �/P�3'F��'F�;K)�;'O =�*'F�������1�= ��
4T�?'��� ��vG.�%�o��"w ��1�2�m������/���"��+'B,<�;K)�;') �G����%�o4O,7�c�.M�4�(3�*/2�.�1�%X
68�� �$��.�*'��8 ����;�*�	���;�+�3/^ ��1���%�<�3'O ��1���;/2 �/;C\xy'7�� ����1�	�m������/%XT������A
��M.$1�1��/m��M�4�(3�3/2�p�*'�">����68�� ��*�+'d�+'p��M�4�(3�*/���t�/2M.4�/�$&���34T�\/2,B/2 2�;6?/
��'.�9$1�+'�/2M�6?�1��/m/2M�4�/�$&���*4T�� ��W ����;�*�U���;/2�*���%�c�3'�">����68�� ��3�+'=h k�l�C
����z�����%$1M���/2���� ��{��M.4�(*�3/2��t�/2M�4�/�$&���*4T�|/^,�/^ ��;6?/}�m��/

/2M.4B~^�%$& ^A�4.��/��%�YCFxy'L/2M�$��b/^,�/^ ��;6?/;X��*'�">����68�� ��*�+'5$1�+'./2M�6?�1��/
/2M.4�/�$&���34��U ��=�+'.�m����6?�����U/�M�4B~^�%$& �/���'.�W 2�.�U/2,B/2 2�;6�'��� ��vG��;/
 ����;60�U���;'��;K)�1�m��'9�;K)�;'O U$1(3��/�/2�*G.�%�c��/U4��;(3�+'��+�3'��W ��?�+'.�P��"
 ����;�*�m���;(*�;K)��'+ m/2M.4�~^�%$& �/!�3/m��M.4�(*�3/2�.�%�YC������;�����;/2�;'B ��� ��3K+���1uOA
��6?��(3�a��"U/2M.$&���</^,�/^ ��;6��3/V�<68���*(3�*'.�<(3�*/2 %C<����+M./���'.��/V��"
68���*(3�3'��q(*�3/^ �/��1u��*/2 ;X��;'.$1�+6?�.��/2/��*'.�q�=�U�3���UK+�����3�1 y,W��"S ��+����$1/;C
!���pM./2�1�?/2M�4�/�$&���*4T�;/V ��7(3�*/2 �/W��"U�.�*/&t����1�W�3'B ��1���;/^ �/W��'.�F���1A

$1�;�3K)�;/U6W�;/�/����+�;/\KB�3�868���*(`CU�\�]�!�;K+�1�%X��v \���Y�1��/\�+'�(v,<(*�36?�v ��%�
�1u������;/2/��*KO�;'��;/2/;Cf���*KO�;'?�* �/�$1�)����/2�\$1(3��/�/2�*G�$;�� ��*�)'8��"Y ��+����$1/;XB�* 
������KB�3���;/a����� ���<$&��M.���8������'�M�(������v n,o��"m�3'B ��1���;/^ =68�� �$����3'���X
 ����1���;4B,����;/�M�(v ��3'��g�3'L 2�.�cM./2�1�?���%$1�;�*KB�3'��g�;�v ����1�? ��O�g68��'B,
�*�2���;(*�;K+��'O !���m ��O�W">�1�#���;(3�;K+��'O !6W�;/�/����+�;/%C
�U/���'��� 2 ^�&�+$& 2�3K)����(* ��1��'.�� ��3K)�J ��0/�M�4�~^�%$& 2A�4.��/2�%����M�4�A

(3�*/���t�/2M�4./�$&���34��d/^,�/^ ��;6?/;X!$1�+'B ��;'O 2A`4���/2�%�b��M�4�(3�3/2��t�/�M�4�/�$&���34��
/^,�/^ ��;6?/a n,�����$;��(*(*,b�3'B 2���O��M.$1�7/2M�4�/�$&���*�� ��3�+'�/�$��.�;6W�;/84.��/2�%�
�+'� ����b�����+���1�2 ��3�;/7��"? 2�.�b�+�3K)�;'�'��� ��*G�$;�� ��*�+'./;C��	�+ ���4.(v,BX
�;K)�;'O �/c�����7'��� <$1(3��/�/2�*G.�%�@�+$;$1�������*'.�F ��b/��+6?�o�����1Ay���1G�'��%�
/2M.4B~^�%$& 8'���6?�+X�4.M� 8�+$;$1�������*'��� 2�g�����)���1�2 ��3�;/8��"	 ����d�;K)�;'O 
 ����;6?/2�;(3K)�;/%Cg�����V�1u���6?��(3�+X��o$1�+'B ��;'O 2A`4���/2�%�F/^,�/^ ��;6�">���8�
/^ ���$�N<68����N)�1 �6?�],o���1G.'��8�p/�M�4�/�$&���3�� ��*�)'g/�$&���;68�c��/P�p �M�A
��(3�p$1�+'B ����3'��3'��9 ������;�c�� 2 ^���34�M� ��;/%�p���]�W�.�O�r���c�B�d�)X��\�� �¡1�
��'.�5�q¢B�B�Y£B��¤U�O¥n ��<�m�* ��b/2 2���*'��.XZ¦��)�� ?��'.�b¦��)�� V ^,B���;/W���1A
/2�T�%$& ��*KO�;(v,OC§��.��M�/2�1�U$;��'c$&���)�+/���/^ ��B$&NW�3'�">����68�� ��3�+'c4B,W ����
K+��(3M��;/���"f�� ^ 2���34�M� ��;/!'.�� U4B,a/�M�4B~^�%$& 	¨§¥n��¡]©W�+'.(v,BC
����P$1�+/2 m��"i ����P�)���3'c�3'c�1uB�����;/2/2�3K)�;'.�;/2/���"§$1�+'B ��;'O 2A`4���/2�%�

/^,�/^ ��;6��*/q��'o�*'�$&���%��/2�W�*'7 ����8$1�+6?��(3�1u��v ^,9��"� ����W68�� �$��.�*'��
������$1�;/2/;C�����9�1_a$1�3�;'.$&,L��"P6?�� �$����3'��g���3�+��(v,����;�T�;'.��/a�+'
68�� �$��.�*'��7��(*�+�+���v ���6?/;Coxy'���M� W���� ��<���2���*KO�a��/W���� ��9/2 ^���%�+6
��'.�F ����c/2M�4�/�$&���*�� 2�3�+'�/?�����c�3'�/2�1�2 ��%�L��'.�L���;(3�1 2�%�L�B,�'.��6?�*A
$;��(3(v,BC
�U/!"ª���	��/!�m�\NB'����=XB�3'c ����=$1�+'B ��1uB ��+"§��M�4.(*�3/2��t�/�M�4�/�$&���34T�

/^,�/^ ��;6dX868��'B,J68�� �$&���*'.����(3�+�����* 2�.6W/F�����5�+�;'.�1����(*(*,H������A



�T�+/2�%�«4.��/2�%�«�+'¬6?�;6?���2,/^ 2��M.$& �M�����hvj;lOh ®�lBh ¯�lOh*j%°�l)h*j;®�lOh*j]±]l
h*j%¯�l`C��U/��T�+�*'B ��%�a�3'�h*j%k�l�X��3'���M� U���� ��V���2���3K)�	�3'p">����6��"§���� ��
/^ 2���%��6dXO�* %² /�KO�&��,?���v_a$1M�(* Z ��qN+�;�;�8�+(*(� ����	�*'����1u?���� ��=�*'? ����
6?�;6?���2,F�����+$& ���$;��(*(*,)Cg�! q ����p/���6?�8 ��*6?�+XZ">���V 2�.�p/��*6?�3(3���2A
�* n,���"U�+�Y�1���� ��*�+'./%³>����'��+�p���W�3'B ��1��K���(�´OM��1�2,Tµ�XZ/��+6?�p/��%����$���A
�3'��o�+(*�+�����* ���6?/W���;/2�3�+'��%�F">���W�+$& ��3K)�c���� ���4.��/2��h*j]¶]l`XZ/2�.�� ��3��A
 ��;6?��������(q���� ���4.��/��Zh ·�lOh ¸�lOh ±]lOhvj+j;lq$;��'�4T�����.��(*�3�%�@ �����M�4�A
(3�*/���t�/2M�4./�$&���34��=/2,B/2 ��;6cX� ����+/��q��(3�+�����* 2�.6W/	�����='.�� 	���;/2�3�+'��%�
�����3�+�*'���(*(*,o">���V�.M�4�(3�*/���t�/2M�4./�$&���*4T�8/2,B/2 2�;6dC9!���1,g(3�+$&N<¦.�1uOA
�34��*(3�* n,g��"	�*'./2�1�2 ��3�+'b��'.�L���;(3�1 ��*�)'b��'.�L���+'S²  V/�M����T���2 V���;(���A
 ��*�)'.��(S�+���1���� ����m¹�º »\¹8���*���%$& �(v,BC
xy'7 ����*/=�.���T�1�%XY�m�q�����+���+/��%�g�p/2�%$1�+'.�����2,</^ ��������+�?�����%���vA

$;�� ��?�*'����1ug/^ 2��M.$& �M����?4.��/��%�g�+'�¼m½U 2���;�?"ª���=�1_8$1�3�;'B P�;K)�;'O 
68�� �$��.�*'��.C!��������1/2 	��"f ����*/	�.���T�1�	�3/	�����)��'��3¾;�%�d��/U">�+(3(*���U/;C
eB�%$& ��3�+'¿¶9">����68��(3(v,L���1G.'��;/V ����c�;K)�;') V68�� �$&���*'.�<�����+4.(*�;6dC
eB�%$& ��3�+'W·	�3'B ^���B��M.$1�;/[ ��������;(��� ��%�=�!�+��N�C§eB�%$& ��3�+'V®����;/�$&���34T�;/
�+M��a�����+���+/��%�¿�����%����$;�� ��;/a�3'.���1u¿/^ 2��M.$& �M����+�osZ¼m½U 2���;�<��'.�
�;K)�;'O P68�� �$��.�*'��9��(3�+�����* ���6À�*'� 2�.�*/q$1�+'B ��&uB %C8xy'LeB�%$& ��*�+'bÁBX
��'.��(*,B 2��$;��(�$1�+6?�.�����3/2�+'�/V4T�1 n�!�;�;'g�+M��V�����+���+/��%�F��(3�+�����* ���6
��'.�7�1u��*/2 ��*'��p ��%$&��'���´OM��;/������W6?�+���+CV�[�3'.��(3(v,OXr$1�+'�$&(3M�/��*�+'o�3/
�+�3K)�;'p�3'<eB�%$& ��3�+'9¸�C

Â0û{ÃcÄ!Å�þ0ÿbÆ�Ç-ÿ��rÈ�
 þ	ÉIÆ��m�	ÅfÊ

����p�;K)�;') q68�� �$&���3'��<�����+4�(3�;6�$;��'F4T�a�1u������;/2/��%����/q">�+(*A
(3�]�U/;C\�\�3K)�;'7��'7�;K)�;'O 	�W��'��<�a/2�1 \��"Z/�M�4�/�$����*�� ��3�+'�/P¨�XY���1A
 ��1��6?�*'��W��(3([/2M�4./�$&���3�� ��*�+'./	�3'g¨¿ 2���� ������V68�� �$����%�94B,9�)C��
/2M.4�/�$&���3�� ��*�+'��*/V�d$1�+'�~^M�'�$& 2�3�+'��+"������%����$;�� ��;/;Cp�Ë�����%���3$;�� ��
�3/��P 2���3��(*�	$1�+'�/2�3/^ ��3'��P��"S��'p�� 2 2���*4�M� 2�+X��P$1�+'�/2 ���'B ;XO��'��?�����1A
(��� ��*�+'.��(T�+���1���� ����\³^Ì�XYÌU»VX�»VX�º »qXTÍU»VXTÍ�µ�Cf�@/2M�4�/�$&���*�� 2�3�+'
/�$&���;68�F���1G.'��;/p ����< ^,B���o��"= ����7�3'�">����68�� ��3�+'� ��L4��o/2M���A
�T���2 ��%�o4B,<��M.4�(*�3/2��t�/2M�4�/�$&���*4T�?/^,�/^ ��;6dC8��.�W�� 2 2���34�M� ��;/=�����
���1G.'.�%�F�3'L/2M�4�/�$&���*�� 2�3�+'¿/�$&���;68��CF�.���W�1u���6?��(3�+X� 2�����;�c�� 2A
 2���*4.M� ��;/;�������W���B�r���c�B�d�)X.�\�� y¡1�=��'.�d�q¢B�B�T£���¤	�B¥y ��=�m�* ��
/^ 2���3'���XZ¦.�)�� W��'���¦��)�� V ^,B���;/V���;/2�T�%$& ��*KO�;(v,�$;��'L4��d���1G.'.�%�
">���L/2 2��$&N�68����N+�1 %CÎ���)(*(3�%�U�3'����*/5��/2M�4./�$&���3�� ��*�+'��1u���6WA
��(3�9��"\/^ ���$�Nb/�$&���;68��X\³`�����W���B�r���c�B�d��»�Ï=��¢����OµV�U�	Ð
³��\�� �¡1�)ÍPj%°+°+°BµV�U�	Ð}³`�q¢B�B�Y£B��¤U�B¥y ��BÌU°�Ñ °)ÁOµ�C��U'5�;K+�;'O ?�3/
��'¿���2���],���"	�.���*��/W��"q³`�! 2 2���34�M� ��+X�Ò��+'�/^ ���'B ;µ�CF����c/2�3¾;�c��"
���2���],F���;�T�;'.��/W�+'L/2M.4�/�$&���3�� ��*�+'¿/�$��.�;6?��CF���+(3(3�%�U�*'.�<�3/?��'
�;K)�;'O Z�1u���6?��(3�m��"r/^ ��B$&Nq/�$&���;68��X.³��P�]�W�.�O�r���c�B�d�)X�Ó+�Y¥n�]Ô�µ�X
³��\�� �¡1�)X.Á�°+°+°Bµ�XY³��q¢B�B�T£���¤m�B¥y y�BX�°�Ñ °+·Bµ�CZ�U'a�;K)�;'O !�	68�� �$��.�;/
�L/2M�4�/�$&���*�� 2�3�+'�¨Ë�*"W��(*(\�����%���3$;�� ��;/d�3'#¨�����g/��� ��3/^G.�%�@4O,
/2�+6?�o³ª�! 2 2���34�M� ��+X§Õ���(3M���µ	�.���*��/V�*'L�)Co�����V�1u���6?��(3�+Xf�;KO�;'O 
³����]�W�.�O�r���c�B�d�)XYÏ=��¢����)µ�X§³*�.�] y¡1�)XSÁ�°+°dµ�X§³��V¢B�B�T£O��¤	�B¥y y�OX
°�Ñ3j�µ�68�� �$��.�;/V">�+(*(3�]�m�3'��o/2M�4�/�$&���*�� 2�3�+'L�U���3$��L�*/8�1uB�����;/�/2�%�
��/V�9$1�+'�~^M�'�$& 2�3�+'b��"� ^���d�����%����$;�� ��;/;�c³��\���W�.�O�r���c�B�d�c»
Ï=��¢����Oµ��U�	Ð0³`���] y¡1�8Ì�j%°+°+°Bµ�C
ÖfKO�;'O 68�� �$��.�*'�����(3�+�����* ���6?/0�*'z$&�)'B 2�;'O 2A�4.��/2�%����M.4�A

(3�*/���t�/2M�4./�$&���34��F/^,�/^ ��;6?/7$;��'J4��b$1(���/2/��vG.�%���*'O ��¿ n����$;�� ��1A
�+�����3�;/;�

× �U(3�+�����* ���6?/a4.��/��%���+'@�����%����$;�� ��7�3'.���1uYCI!���o��(3�+��A
���* 2�.6W/U4.��/��%�p�+'d�����%���3$;�� ����3'.���1u��*'.�8$1�+'�/2�3/^ U��"[ n���V/2 ��1�./;�
Ø !���fG.��/^ §/^ ��;�q���1 ��1��6W�3'��;/§��(3()�����%���3$;�� ��;/i ��.�� §������/��� 2A

�3/^G.�%�d4),a ����P�;K+�;'O %C
Ø !���b/2�%$1�+'���/^ ��;�HG.'.��/g��(3(q/�M�4�/�$&���3�� ��3�+'�/o ��.�� g�����

68�� �$��.�%��4B,g ����p�;K)�;'O �/q4���/2�%�b�+'b ����a���;/�M�(* 2/W��"U ����pG���/^ 
���.��/��+C
�U(*�+�����* ���6?/�4.��/��%�a�+'p�����%����$;�� ��	�3'.���1u��3'��q ��%$���'.�3´OM��;/�M�/��

�c/2�1 =��"��)'��1A����*6?�;'�/��*�+'.�+(f�3'.���1uo/^ 2��M.$& �M����W ��d�3'.���1uo�����%���*A
$;�� ����*'c 2�.��/2M�4�/�$&���*�� 2�3�+'�/%CZ!���1,p���v�Y�1�!"w���+60�%�+$&�p�� ����1�m4O,
 ������U�1,= ���/2�;(3�%$& Z�����%����$;�� ��;/["w���+6�/�M�4�/�$&���3�� ��3�+'�/;X+�U����$��V�����
N)�;�� ��3'c ����P�3'.���1up/^ 2��M�$� �M����;/Sh ®�lOh ¯�lOh*j%°�l)h*j]¶]lOh*j;®�lOhvj�±]lOhvj%¯�l`C
¼���/2��$;��(3(v,BXB ����q�����%����$;�� ��;/U�����=�����+M��T�;�94.��/��%�c�+'7��(*(S/�M�4�A

/�$&���3�� ��3�+'�/;C��������%����$;�� ���"ª��6?�*(*,c$1�+'�/2�3/^ �/!��"§�����%����$;�� 2�;/U�.��KOA
�3'��� ����9/��+6W�o�� ^ 2���34�M� ��+C������a�%�+$&�5�� 2 ^���34�M� ��+X!�+'.�<�����%���*A
$;�� ��=�3'.���1ud�3/	4�M��3(v %Cm�����	�1u���6?��(3�+X.">���\/^ ��B$&Np/�$&���;68�W�3'O 2����A
��M.$1�%�?�����;KB�*�+M./2(*,OX+ ������;�U�����%����$;�� ��m�3'.���1u��;/f�U�*(3(�4T�m4�M.�*(* Z">���
���]�?���B�Y���c�B�d�)XT�	�� �¡1�)XT�q¢B�B�T£���¤	�O¥n ��BC
× �U(3�+�����* ���6�4.��/2�%�?�+'8/2M�4�/�$&���*�� 2�3�+'W�3'.���1uPhvj1lBhvj]Á]l�Cf!���

 ��%$&��'���´)M��;/84.��/2�%�L�+'5/�M�4�/�$����*�� ��3�+'5�3'.���1u¿�*'�/��1�2 a/2M�4�/�$&���*��A
 ��*�)'�/i�*'O ��m�m68�� �$��.�*'��� 2���;�+C§ÖfKO�;'+ �/S�;'B ��1�r ����f ^���;�Z"w���+6#���B�� 
'���������'.�c�����	G.(* ��1���%�a ������+M��+�p4B,8�*'B ��1��6?�%������ 2�\'������;/;C��U'
�;K)�;'O P ��.�� q�.��/�/2�;/W��(3(Z�3'B ��1��6?�%���3�� ��8 2�;/2 ��*'��<'��B���;/q���%�+$����;/
(3�%��"r'.�B���;/��U���1���	���1">�1���;'.$1�;/���"S68�� �$��.�*'��=/2M�4./�$&���3�� ��*�+'�/������
/^ ������%�YC
Ù M��q�����+���)/2�%������ ��c/2 2��M.$& �M����?�*/q���;/2�3�+'��%�g">���=�����%����$;�� ��

�3'.���1uYC=�U(* 2�.�+M��+�rXr ����1���?�����q68��'B,9�����+���+/���(*/�">���P/2�;(3�%$� ��3�+'
��".�����%����$;�� ��;/i"w���+6J/2M�4./�$&���3�� ��*�+'./;C%h ¯�lOh*j%°�lOhvj�¶]l)hvj%¯�l�X� ����������%�BA
��$;�� 2�m�*'.���1uq�3/Z�;/2/2�;'B �����(O�U���3(*�U���1 ��1��6W�3'��;/���(3(B ����m�����%����$;�� ��1/
 ��.�� Z�����!/��� ��*/^G��%�q4B,� ����!�;KO�;'O §�� § �����G.��/^ f/^ ��;�rCf�����)6J'.�1uO 
�3'B ^���B��M.$& ��3�+'rXT�m�P�m�3(3(§$1�+'.$1�;'B 2���� ��q�)'9 ����V�����%����$;�� ��W�*'.���1u
">���a�+'.�c�����%���3$;�� ��d"ª��6?�3(v,L�U�v ����+M� a$1�+'./2�����1���*'.�g�+4T�+M� W ����
/2�%$1�+'��¿/^ ��;�rC����+�p���1 ����*(3/8��"q���v�Y�1���;'B 86?�1 ����B��/a��"P�����%���vA
$;�� ��;/m/��;(*�%$& ��3�+'rX���(*�%��/������1">�1�! ��Uh ¯�lBhvj%°�lBhvj]¶]lOh*j%¯�l�C

Ú`û{Û�Å§Ê�Ç-ÿ�ÅS�ÝÜÞ���.ß

�¿(*�� f��"T�+(*�+�����* ���6?/[���;(��� ��%�= ��\�;K)�;') [68�� �$&���3'��	�.��K+��4��;�;'
�����+�T�+/2�%�rCVeB�+6?�W�����V�����+���+/��%�<">���P��M�4�(3�3/2��t�/�M�4�/�$&���34T�q/2,B/^A
 ��;6?/ihvj1lOh ¯�l)h*j%°�lOh*j%¸�lOh*j]Á]lOh*j%¯�l8��'.�J$1�+'B ��3'BM��+M�/g´)M��1���*�;/ih ®�lOh Á]l
h*j%k�l`R§eB�+6?�8�����W�����+�T�+/2�%�o">���=�+$& ��*KO�W�.�� ���4.��/2��hvj]¶�l)hvj%·�lOh*j;®�l�X
/2���� 2�3��A` ��;6W�T������(i���� ���4.�+/2�fh ·�lOh ±]lOh*j+j1l`C
xy'=h ¯�lBhvj%°�l)h*j%¯�l�X������%���3$;�� ����3'.���1u�/§������4�M��3(v %C§!������(*�+�+���v ���6

$1�+'�/��*/2 P��"� ^���c���.�+/2�;/;�\ ����WG���/2 =/^ ��;�g�+�1 �/�/��� 2�3/^G.�%�g�����%���*A
$;�� ��;/;XB 2�.�U/��%$1�+'.�8/^ ��;�p$1�+(*(3�%$& �/�6?�� �$&���3'��P/�M�4�/�$����*�� ��3�+'�/��+$&A
$1�������3'��W ��W ����P���;/2M�(* �/U�+"[ �����G���/2 U/^ ��;�rC�xy'=h ¯�l`X� ������;�P�����%�BA
��$;�� 2�c�3'.���1u��;/?�����p4.M��*(* ?">���W�+�T�1���� �����/d³�»VXmÍPXmÌ�µ�Cb�.���?»
�+�T�1���� ����%XB�.��/��a ���4�(*�\���!4��3'.���2,a/2�%����$&�p$;��'p4��\M�/��%�YCZ�.���\Í
��'.�9Ì��+�Y�1���� ����%XO4.�*'.���2,?/2�%����$&�8 2���;�;/������UM./2�%�YC§xn'Ph ¯�l�XB�.��/��
 ���4�(3�=�3/mM�/��%�c ��?4.M��*(��9�*'.���1ua"ª���	�����%���3$;�� ��;/U�m�* ��<»��+�T�1����A
 ����%C%h*j%¯�lf�3/P�c�3'�">����68�� ��*�)'oÐ\�3/2/2�;6?�3'.�� ��*�+'�eB,B/2 2�;69³ªxyÐ=e�µm">���



����$1M�6?�;'B \G.(* ��1���3'���C?����1���+Xi�����%���3$;�� ��?�3'.���1u<�3/=�c�3'�K+�1�2 ��%�
(3�*/2 Z�m�.�3$&�W�3/�4�M��3(v �4���/2�%�?�+'W ����UK)�O$;��4.M�(3�����*�;/�M�/2�%�?�3'?�����;��A
��$;�� 2�;/%C
Ð\�*�T�1���;'B c"w���+6Þ�����;���3$;�� ��g�*'����1uTX;h*j1l=��'���h*j]Á]lP4�M.�*(* d/�M�4�A

/�$&���3�� ��3�+'9 2���;�W4.��/��%�<�+'o/2M�4�/�$&���*�� ��3�+'7/�$&���;68��C�xy'Phvj1l�XS�%�+$��
'��+'�A�(3�%��"m'.�B���d$1�+'O ����*'�/W�9 2�;/2 %XZ��'.�F�%���+�;/q"w���+6à 2�.�a'������
���;�����;/��;'B V���;/2M.(v �/?��"\ ��.�� W ��;/^ %C���.�d 2�;/2 8��'��b���;/2M�(* 8$1���2A
���;/2�T�+'.��/= ��9�����%���3$;�� ��+Cp�(*�%��"m'��B���a$1�+'B ����*'./P�d/2M�4./�$&���3��A
 ��*�)'rC!����=6?�� �$&���3'��?�3/m 2�8�m��(3N? ��.�=68�� �$��.�*'��V 2���;�q4),c�T�1�2A
">����6?�3'��9 ����p ��;/^ V�����;/�$&���34T�%�F4B,g�%�+$&�F'������p�+'.�F">�+(*(3���m�3'��
 ����7�%���+�7�+$;$1�������3'��F ��F 2�.�<���;/2M.(v c��"P ��;/^ %CH�v"q'�M�6V4.�1�p��"
68�� �$��.�%�p/2M�4./�$&���3�� ��*�+'9�*/U�����%�� ��1�m ����;'d�)'��+X.6VM�(* ��*�.(*���.�� ���/
�U�*(3(S4��\�m�+(*N+�%�rC§xy'=hvj�Á]l`X�sf����G.(3�)³>/�M�4�/�$����*�� ��3�+'Yµf 2���;�P�3/m4�M��3(* ;X
 ����P���;�3�+�B m��"[ 2���;�P�3/U'OM.6q4.�1�	��"f�� 2 2���*4.M� ��;/U���1G�'��%�c�3'd/2M.4�A
/�$&���3�� ��3�+'d/�$&���;68��CfÖ��+$&�c'��+'�A`(3�%��"§(3�;K)�;(S$1���2���;/2�T�+'.��/m ��W�+'��
�� 2 2���*4.M� ��V��"!�;K+�;'O �/�$��.�;6?��CVÖ��+$��o�� 2 2���34�M� ��?���+68���*'��*/P���*A
KB�3���%�V'��+'�A��]K)�1��(3���.���*'.�U/�M�4�����'.�+��4B,P �����K+��(*M.�Z��"������%���3$;�� ��+C
Ù '��Z(3�%��"�'�������$1�+'B ����3'�/S6VM.(v ��3��(*�Z/2M�4./�$&���3�� ��*�+'�/S�U���+/��Z�����%��A
��$;�� 2�;/U������/��� ��3/^G.�%�c4B,? �����K���(*M.�;/���"§�� 2 2���*4.M� ��;/!�3'p �����/2M�4�A
����'��+�;/%CP����1���V�3/\�+'�(*,<�p/2�3'��+(3�q�.�� 2�< ��p">�+(3(*�]�H�3'7�������1�	 ��
G.'.�c �����68�� �$����%�c/2M�4�/�$&���*�� 2�3�+'�/%C
xy'=hvj]¶]lBhvj%·�l)h*j;®�l�Xr��(3�+�����* 2�.6W/	���;(��� ��%�9 ��8��M�(3�W68��'.���+�;6?�;'O 

�!�1���F�����+���+/��%�YCà!���bNO�1,�$1�+6?�T�+'��;'B 7��"W ����L��(3�+�����* ���6
�3'Ph*j]¶]l!�3/V ����c�*'B ��1��K���(�4��*'����2,F/2�%����$&�F 2���;�)³ªxn¼!eOA` 2���;��µ�C�!���
xn¼meOAª 2���;�?�3/P���;/��*�+'��%�o">���P�1_a$&�3�;'B ����1 2���*�;K+��([�+"!��(*(f�*'B ��1��K���(3/
 ��.�� c��K+�1��(����@�F�T�+�*'B %Xm�m���3(*�g��(3(*���U�*'��L�B,B'���6?�3$<�3'�/��1�2 ��*�+'
��'.�F���;(*�1 ��3�+'b��"!�3'B 2�1��K���(3/;Ccxy'=h*j%·�l`X§ 2�.�8/���6?�a�����%�d��"mxn¼!eBA
 2���;�m�3/��*6?��(3�;6?�;'B 2�%�W4B,V/2NB�*�8(*�3/^ �/%C§¹)ÖfuB�����;/�/2�3�+'ae��*�+'.�� �M����;¹
�3/Z���;/��*�+'.�%�q ��������+M��?/2M�4./�$&���3�� ��*�+'�/���'.�W/2�.�����m$1�)6W�.M� ��� 2�3�+'
�3'Ph*j;®�l�C
ÖfKO�;'O �G�(v ��1���3'��W�*/	$&���* 2��$;��(S/^ ��;�d�+"f$1�+'B ��*'OM��+M�/U´)M.�1���*�;/%CZxy'

h Á]l`X+ÖfuB�����;/�/2�3�+'WeB�3�+'.�� �M������*/iM./2�%�P ��	�����+M��q´)M.�1���*�;/i"ª���§$1�)6VA
��M� ��� ��3�+'c/2�������*'��.C§xy'=hvj]±�l`X�">�+M��U���� ��q/2 ^��M�$& 2M����;/;�Z�V�+���%�� 2�1��A
 ��.��'54.�+(3��'.$1�%�54��*'����2,b 2���;�+X!�g(3�;/2/2Aª ��.��'�4.��(3�+'.$1�%�¿4��3'.���2,
 2���;�+XB��'8�%´)M���(*�* n,W����/2��A` ���4�(3�+XB��'.�8��'?�3'��%´OM.��(3�v ^,W�.��/���A` ���4.(*�
�!�1���c4�M��3(* %³>�m�c$;��(3(� ����;6}���� ��g/^ 2��M.$& �M����<�\���+M��5�[�3(v ��1�8�*'
eB�%$& ��3�+'�ÁOµ�C=��.�V/2 ^��M.$& �M����;/P�����W/2�36?�*(����	 ��p ��.�� P��"�h ¯�l�XY4.M� 
�3'��%´)M���(*�* ^,8�+�T�1���� ����]³^º »qµ§�3/!/�M����T���2 ��%�YCfxn'Ph ®�l�X������%���3$;�� ��\�*'�A
���1uW�3/�4�M��3(v �4.��/2�%�?�+'aám�%��A�¼�(3�+$&N= 2���;�+CfÖ��+$&�W'������	$1�+'B ����3'�/
G.KO���������%,�/[ ��.�� §/2 ������!´)M.�1�2,BxyÐ�/f��"� 2�.�m$1���2���;/2�T�+'.���3'��\�����%��A
��$;�� 2�;/%Cm�[�3K)�����;(��� ��3�+'.��(i�+�T�1���� 2�+��/q³^ÌPXiÌ	»qXY»VXiÍ	»qX[Í�µ������
/2M.�������2 ��%�9���v���%$� �(*,)C
¼��%$;��M�/2�c ����c����'��+�<´OM��1�2,L��"\/2�.�� ��3��A` 2�;6?�T������(m�.�� ���4.��/2�

M�/��;/p�+�T�1���� �����/�³^Ì�XqÌ	»qXqÍ	»qXqÍ�µW�*': ����7/��*6?�3(3���c�U�1,���"
�����%����$;�� ��W�*'.���1uTXY ����=���;(��� ��%�o���� ��p/^ 2��M.$& �M����;/�$;��'o4T�qM./2�%�
 ��F4�M.�*(* c�����%����$;�� ��<�3'.���1uYCHxy'=h ±]l�XU��':�*'����1u�/^ 2��M.$& �M����9"ª���
 ��*6?�W�3'B 2�1��K���([�3/�4�M.�*(* %C=�H/��1 ��+"�(3�3'��%����(*,9�������1���%�7�3'.���1u��*'.�
�T�+�*'B �/\�3/�68���*'B ����3'��%�<4B,<�c¼!½	 2���;�+XS��'��7">���P�%�+$&�<�T�+�3'B %Xr�
4�M.$&N+�1 Z��"Y���)�*'B ��1��/f���1">�1��/Z 2�P ����m��/2/���$1���� ��%�V/��1 ���"r�*'B ��1��K���(3/;C
xy'=h ·�l`X�xy'B ��1��K���(�¼!½	 2���;�p�3/?4�M��3(v 8��'.�F ����c(*�����1�V4Y�+M.'.��/W��"

 ������3'B 2�1��K���(3/§������M�/��%�W��/f�����*68���2,qN)�1,�/;C§â9M�(v ��*Ay���*6?�;'�/��*�+'���(
á! ^���1�Zhvj)j1l���'��o�v �/qK+�����3�+'+ �/P68�],<'.�� q4��;�.��K��W�m�;(*(§">���q�+'��1A
���36?�;'�/2�3�+'.��(��*'B ��1��K���(B">���� 2�.�����%��/2�+'8��"T��K+�1��(����V��"r�3') ��1��K���(`C

ã û{äoå5æEÿ���ÅSÅ�çpäg��Åi�=
`�rÇ-ÿ�Å5üOþ	�	ÅSè#åFÇfé�ÅS��êEþ
å5æEÿ���ÅSÅ

xy'b 2�.�*/W/��%$& 2�3�+'rXZ�!�a�m�3(*(!�*'B 2���O��M�$1�p�+M��?�����%���3$;�� ��c�*'.���1u
4.��/��%�c�+'d¼m½U 2���;�+C§Qb��$;��(3(r�* 	s�¼!½	 2���;�+C
ëiì)íïî�ð�ñ]òwó�ô.ñ%ò>ðTõ
¼!½	 ^���;�	�3/��P�T�+��M�(������*'.���1uW/^ 2��M.$& �M����U">����/2�%$1�+'.�����2,8/^ ����2A

���+�+CV¼��;/2�����;/��* �/�/2�36W�.(*��$1�v ^,9��"��36?��(*�;6?�;'B ��� ��3�+'7��'��76?�+�*'�A
 ��;'.��'.$1�+X���(*(Y ��������� ��V�����\N)�;�� ��*'p ��.�	(3�%��"i'������;/��U���3$��c�����
(3�*'�NO�%�a�*'c��'d�������1�m(3�*/2 ;C Ù M��!�3���%�V�3/� ��.�� !4�M��3(��c�V�����%����$;�� ��
�3'.���1uo">���q/��%$1�+'.�����2,�/2 2���&���+�84.��/2�%���+'F¼m½U 2���;�a��'���68��N+�
M�/��!��". ����!�������&�Z��"T(3�%��"�'��B���!(*�3/^ f ��\/��.�����m$1�+6?��M� ��� ��3�+'rC§�! 
 ����=/���6?�� ��*6?�+XT��(3(S ����=�����%���3$;�� ��;/	��"§�+'��q�����%����$;�� ��P"ª��6?�3(v,
�����\N)�;�� ��3'c�+'������� ��V/^ 2��M.$& �M�������'��a/2M����T���2 !���;(3�� 2�3�+'.��(Y�+��A
�1���� �����/q³nÌPXrÌU»VXT»VXYÍ	»qXSÍPXSº »qµ����*���%$& 2(*,BC
ëiì�öø÷Yñ;ù�ú[û+ñ%úiù�ü9ð�ý\þ�ù�ü�ÿ[ò>û+ô.ñ;ü��1õ[ÿSü��
����:4���/2��$�/^ 2��M.$& �M����:��"9�����%���3$;�� ��:�3'.���1uË�*/L/2���]�m'Ë�3'

�[�3��C*j+CZ����\$1�+'�/2 ��+'B ����1G.'��%�8�3'p�����%����$;�� ��U�3/�M�/2�%�a��/�NO�1,W��"
¼!½	 2���;�+C��U/m/������m'c�3'9�§�*��C	j+X����� ��?/2 2��M.$& �M����P��"Z¼!½	 ^���;�=�*/
�1uB 2�;'����%�p��'.�8 ������;�	(*�3/^ �/!�������+�����%�a4��;(3���:(*�%��"S'.�B���	(3�*/^ !��"
¼!½	 2���;�+C

SID SID SID SID

Extended B+tree

SID SID

SID SID SID

Non-Leaf nodes

Leaf node list

Inequality List

GreaterThan List

LessThan List

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

þ	ðTòªõYñ;üBùpò>õ+*%ò>ÿiü�,-�rñ%üBõ[ÿiü�ÿ/.10pñ;ù�üOü �U/W/2�����U'F�3'¿�[�*��C
¶BX����+�3'B ��1��¦T���V�*/!�+�.���%�a ��V�;K)�1�2,?�T�+�3'B 2�1���Y�+�3') ��3'��q ��W$��.�*(��
'������9�*'¿�+���*�+�3'.��(	¼!½	 ^���;�+C�sf�+�*'O ��1�W¦������3/a�g·g4��* �/8���2���],
��'.�a�%�+$&�84��v m$1���2���;/����+'.��/� ��=�+'.�	NB�3'.�a��"S�����%����$;�� ��;/;Cfxy"S4.�v 
K+��(3M����*/=j+X.�* !6?�%��'�/m ��.�� m ����P�����%���3$;�� ��;/m�m�* ��9$1���2���;/����+'.��A
�3'��q n,��.�)³��	���%�� 2�1��!�.��'rX32r�;/�/�!�.��'rX�xy'��%´OM.��(3�v ^,Tµ§�����\N)�;�� ��3'
 ����9(3�%��"�'������9��"��* 2/8/2M�4� 2���;�+C@!���d¦������3/8M�/��%�L ����+M������
/2�%����$&�p�+�Y�1���� ��3�+'rC
4 ðTõ+5wüBô.ý 4 ðSÿiü<ð�ý�,��rñ;ü�õ[ÿiüBÿ/.60añ;ù�üBü �[�3��C ·
/2�.�]�U/� ����P'.�+'�(*�%��"f'�������/^ 2��M.$& �M����P��"f�1uO ��;'.���%�c¼!½	 2���;�+CZ�
���%�+�d�*/U�+�����%�p ��W�����3�+�3'.��(i¼!½	 2���;�+² /U'��+'�(3�%��"['������+C
�	���%�� ��1�������'=Ò��+M�'B ��1�Y���%$1������/r'�M�6V4.�1�i��"B�T�+�3'B 2�1��/Y�U���+/2�

�	���%�� ��1��!�.��'c4.�v �/U�����Wj+Cfx� %² /mM./2�%�a ��V"ª��/2 U�+���1���� ��3�+'c��"f�*'�A
/2�1�2 ��3�+'9��'��c���;(3�1 2�3�+'rC



Pointer flag Pointer pointing to child

GreaterThan Bit LessThan Bit Inequality Bit

0/1 0/1 0/1

�7�8�	��
��9:!��	�8'����)
;����
��������
��<='���� #��?>�(@���)'�#��)#A�CB;��
�)�

�[�v��/2 <�	���%�� 2�1��!�.��'#s§�+�3'O ��1�p�3/p ��.�<G���/^ 9�T�+�*'B ��1�a�U���+/2�
�	���%�� ��1��!�.��'�4.�v ¿�3/:j:�3'� ����:'������+C !���@NO�1,H���;(��� ��%�
 ��� ����*/J�T�+�3'B 2�1�H�3/J ����Ë/�68��(*(3�;/^ I��6?�+'��¬ 2�.��NO�1,B/����1A
(��� ��%�� ��# 2�.�L�T�+�*'B ��1��/o�m�* ��Ë�	���%�� ��1�������'I¼��v �/gK+��(3M��:j+C
2i��/^ J�	���%�� ��1��!�.��'�s§�+�3'O 2�1�#�3/� �����(���/^ ��T�+�*'B ��1�@�U���+/2�
�	���%�� ��1��!�.��'a4��* ��3/	jU�3'8 ����U'.�B���+C�����	N+�1,W���;(��� ��%�? ��P ����3/
�T�+�*'B ��1�U�3/U ����=(������+�;/^ \�+6W�+'.�? ����VN+�1,�/m���;(��� ��%�c ��a���+�3'B ��1��/
�U�v ����	���%�� ��1��!�.��'�¼��v �/?K+��(3M��oj+C5!���1,L�����9M�/2�%�b ��o"ª��/^ 
/2�%����$&�p�3'B 2���O��M.$1�%�d�*'<�[�*�.C!j%·
����U���1G.'��* ��*�+'�/���"�2r�;/�/������'8��'��Vxy'��%´OM.��(3�* n,q�.���2 �/��*'W ����

���%�+�9������/2�36?�*(����m ��V ����+/2�=��"Z�	���%�� ��1��!�.��'rC
�	�� ��3$1�a 2���� %X[ ����1���8�3/q�+'.(v,��+'��a�*'��%´OM.��(3�* n,o���;(��� ��%�oG.�;(��Y�

xy'��%´OM.��(3�* n,�Ò��+M�'B ��1�%X=4��%$;��M�/��Fxy'��%´OM.��(3�v ^,@(3�*/2 o���O�;/�'r²  o���1A
´OM��v���=�������1�%C

Head of Node

GreaterThan 
Counter

Pointer0 Key0 Pointer1 PointerN KeyN PointerN+1..........

First 
GreaterThan 
Pointer

Last 
GreaterThan 
Pointer

LessThan 
Counter

First 
LessThan 
Pointer

Last 
LessThan 
Pointer

Inequality 
Counter

GreaterThan Related LessThan Related Inequality Related

�7�8�	��
�?DFEG�@#��?����
���)����
���	 H>"(����$'�#��$#A�CB;��
�$�

I üOô.ý 4 ðiÿiü9ð�ý�,-�rñ%üBõ[ÿiü�ÿ/.10añ%ù]üBü �	/m/2�.�]�U'p�3'9�[�3��C*j)X
 ������;�P(3�*/2 �/U�����P�+�.���%�c4T�;(*����(*�%��"f'��B���P(*�3/^ m��"Z¼!½	 ^���;�+C�!���
'������;/S�+'\ ����Z(*�3/^ �/[�����Z���+�3'B ��%�	4B,U ����f�T�+�3'B 2�1��/r�3'�(3�%��"B'.�B���;/%C
!���o���� ��b/^ 2��M.$& �M����o��"=�����3�+�3'.��(�¼!½	 2���;�7(3�%��"='������o�*/c�1uBA
 ��;'.���%�9��/!/2�.�]�U'c�3'd�[�3��C ®

KeyN

SidSet

INEQPointer

GTPointer 

LTPointer 

Head of Node

GreaterThan 
Counter

PriviousPointer ItemN NextPointer..........

LessThan 
Counter

Inequality 
Counter

Item0 Item1

�7�8�	��
�KJMLN���O�P����
��������
���� �QR�$�� �E;�S#��?�� 

����Ë���1G.'��* ��*�+'�/#��"Lsf���;KB�*�+M�/�s[�+�3'O 2�1�%XUTP�1,���'.��'��1uB 2A

sf�+�*'O ��1�?�����c/���6?�d��/? 2�.�+/2�9�3'5¼!½	 ^���;�c���;/����%$& ��3K)�;(*,)C¿!���
eB���.eB�1 F�*/g/2�1 F��"c/2M�4�/�$&���*�� ��3�+'�/g�U���3$&��$1�+'B ��+�*'������%����$;�� ��
�3'� ����g">����6WVU¥y¥y�� X$Y�¥^�#»WZ<�%��X[V	¥y¥y�� X$Y�¥n�HÌ	»WZ9�;�@���
VU¥y¥n�� \X%Y�¥n�IÍ	»]Z<�%��Càxn�\Ö;^\�T�+�*'B ��1�%Xq�P!sf�+�3') ��1�%C_2��A
sf�+�*'O ��1�q�����8 ����a���+�3'B ��1��/=��"mxy'��%´OM.��(3�v ^,o(*�3/^ %XZ�	���%�� 2�1��!�.��'
(3�*/2 ���'.�62r�;/�/������'a(*�3/^ Z���;/����%$& ��3K)�;(*,)C§!���1,?�����m�;'B 2�2,V�T�+�*'B �/
 ��8�+�1 	���;/2M�(* �/U��"Z�����%����$;�� ��=/��%����$��<�+$;$1�������3'��? ��a�*'��.M� 	N)�1,OC
!���aK+��(3M��8��"U�%�+$&�F��4T��K+�8�T�+�*'B ��1�=�U�3(*(�4T�a/2�1 8�`YTÔ>Ôm�*"! ����
�����%����$;�� ��9�U�v ��:$1�������;/2�T�+'.���3'��b�+�T�1���� ����c��'.��N)�1,5���B�;/2'r²  
�1u��*/2 ;CZ�	�� ��3$1�\ ��.�� %X.4T�;/2�����;/m�%´OM.��(3�v n,p�+���1���� ����=³�»qµ�X� �����x^��/
��"S/2M�4./�$&���3�� ��*�+'�/��U�* 2�p�����%���3$;�� ��\$1�+'B ����*'.�*'��=�+�T�1���� 2�+��/%³^ÌU»VX
Í	»=µ�X�������NO�;�� m�*'�/��3�����* ��;6«��"[(3�%��"§'������� ��B��C

 Leaf node list 

Key i

SidSet

previousPointer nextPointer

Key i+n

SidSet

previousPointer nextPointer

Inequality list 

Head Tail
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 Search(InputKey, Root,Result)
1    //Input: 
2    //          InputKey: input data from event, 
3    //          Root: root of B+tree
4    //Output:
5    //         Result: Pointer of Set of Sid 
6     Reset  Result,  BranchNodeOf InequalityPath
7               BranchNodeOfGreaterThanPath And  BranchNodeOfLessThanPath
8     // set pointer of above variables to be Null
9    EntryNode = GetEqualityPredicates(InputKey, Root,Result)
10   //Get predicates realted to equality operation
11   GetInequalityPredicates(BranchNodeOfInequalityPath, 
12                                                EntryNode, InputKey, Result)
13   //Get predicates related to inequality
14   GetGreaterThanPredicates(BranchNodeOfGreaterThanPath,
15                                                 EntryNode, InputKey, Result)
16  //Get predicates related to greater than operation
17   GetLessThanPredicates(BranchNodeOfLessThanPath,
18                                               EntryNode, InputKey, Result)
19  //Get predicates related to less than operation
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GetEqualityPredicates( InputKey, Root, Result)
1   // Input:
2   //       InputKey: input data from event
3   //       Root: root of B+tree
4   //Output:
5   //         Result: Set of Sid 
6   //         EntryNode: entry node of  equality path
7    Assign  Root to CurrentPointer
8    While CurrentPointer points  nonleaf node
9          Get ChildPointer in  the original way of   B+tree search algorithm
10       If GreaterThan Bit of  ChildPointer and CurrentPointer is different
11             Assign CurrentPointer to BranchNodeofGreaterThan          
12       Endif
13       If  LessThan Bit of  ChildPointer and CurrentPointer is different
14             Assign CurrentPointer to BranchNodeofLessThan        
15       Endif
16       If  Inequality Bit of  ChildPointer and CurrentPointer is different
17                Assign CurrentPointer to BranchNodeofInequality      
18       Endif       
19       Assign ChildPointer to CurrentPointer
20  EndLoop 
21  If  InputKey is found in the leaf node pointed by CurrentPointer 
22        Add content of  SidSet in  item with key value InputKey  into Result
23 Endif
24 Return CurrentPointer //return entry node of Equality Path 
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 GetInequalityThanPredicates(BranchNodeOfInequalityPath,
                                                EntryNode, InputKey, Result)
1   // Input:
2   //        BranchNodeOfInequalityPath: Pointer of branch node
3   //                                                                 of  InequalityPath
4   //       EntryNode: EntryNode of Equality Path
5   //       InputKey: input data from event
6   // Output:    
7   //      Result: Set of Sid.
8   //
9   If  (BranchNodeOfInequalityPath is Null
10                      and   InputKey is found in EntryNode)
11       Add all nodes on Inequality list except the node
12                corresponding to key InputKey into Result    
13  Else
14      Add all nodes on Inequality list into Result 
15  Endif
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 GetGreaterThanPredicates(BranchNodeOfGreaterThanPath,
                                               EntryNode, InputKey, Result)
1    //Input:
2    //        BranchNodeOfGreaterThanPath: Pointer of Branch node of 
3    //                                                GreaterThan Path
4    //       EntryNode: Pointer of entry node of equality path
5    //       InputKey: input data from event
6    // Output
7    //      Result:set of Sid 
8    //
9    If BranchNodeOfGreaterThanPath is Null
10       //Operation on leaf  node
11      GTEntryItem = GetGTEntryItem(InputKey, EntryNode)
12  Else
13       // Operation on nonleaf  node
14       GTEntryNode = GetGTEntryNode(InputKey,
15                                                 BranchNodeOfGreaterThanPath)
16       GTEntryItem = GetGTEntryItem(InputKey,  GTEntryNode)
17  Endif    
18  Put nodes between head  node and node pointed by  GTPointer 
 19     of the GTEntryItem into Result.
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GetGTEntryItem(InputKey, EntryNode)
1  //Input:
2  //    InputKey:input data from event
3  //    EntryNode:  Entry Node of  GreaterThan search path 
4  //Output:
5  //    EntryItem: Entry Item 
6  Assign the item which contains the largest key among
7           the items whose GTPointers are not empty to LargestItem. 
8  If  (InputKey  is greater than the Key of LargestItem) 
9          Return LargestItem.
10  Else
11         Search for GTEntryItem from LargetItem in descending 
12                 order on EntryNode. The  GTEntryItem is the  last met
13                 item whose key is greater than or equal to InputKey and 
14                 has no empty  GTPointer. 
15          Return GTEntryItem
16  Endif    
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 GetGTEntryNode(InputKey, BranchNodeOfGreaterThanPath)
1  //Input:
2  //       InputKey: input data from event
3  //       BranchNodeOfGreaterThanPath: pointer of branch node of 
4  //                                                             GreaterThan Path.
5  //Output:
6  //      GTEntryNode: Entry Node of GreaterThan Path
7
8   Assign  BranchNodeOfGreaterThanPath to CurrentNode
11  While CurrentNode is not leaf node
12        In CurrentNode,  check all pointers whose GreaterThan Bit is 1, 
                         get  ChildNode on GreaterThan Path in the same way
                         as original B+tree algorithm.   
13        Assign ChildNode to CurrentNode
14   EndLoop
33   Return CurrentNode
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