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 u��po'o v&c&gihªf�wxly}x�
¨Qn�gi�t��ce��c&l�w|ou�msyc&gbwxc���¨Awxhb�ywxl�f�©Df�hbv^��f?gbc�n�o��qf?gbw|f?©F}|c
}|c&ly��hb�y�&® e(stgÐd�c&gboÓn�gbj�f�lyv&c �Uhbsy�t� n�l¼�isFvª�¼©Yf?hbv^�yc&�
&¬lyn�h�gbced�n�gihbc&�Ù�ycegbc�5Ð�Ff���c �i�yn�¨Al�hb�Ff?h�hb�yc7gbc�}|f?hbwx�qc
d�c&gboÓn�gbj�f�lyv&c ©�ceh�¨Qc�c&l 	���
 u��po'o f�ly� 	f�g
 u�� gbce¢j�f�wxlF�0}áf?gb��c�}���hb�yc��bf�jkcLf��Ýhb�Ff?h0gbced�n?gihbc���w|l�hb�yw|�ÝdYf?d�c&g�®

 }x}Ýc"!�d�c&gbwxjkc�l�hb�[¨Qcegbcrv�n�lF�ysyvehbc�� nql fSum~({ ¥ ¢R�m�?¡j�f�vª�yw|lycqzy¨Awxhb�#h�¨Qn���¡�¡TXGh-H�pJ�%~ f�ly����� 	 nqoTj�f�wxljkc&jkn�gi�q® ���ycIv&nqjkj�f�ly� }|wxlFcSoån�g�hb�yc�dFgbn���gªf�j wx��f��

oånq}x}|n�¨�¦ 2�{%. � 0).1{�{]y ' 2�{%. � 0 = y � � .10).�"63B{ ý y�3 5�4 ý"�^þ "63z{ ý
y � � 4 0 '
4 0#" 3z{ ý y$"%" y'&)( y+*-,�®
���ycIgbc��isy}xhb��&¬�iv&n�gbc&�

f?lF� f?}|w|��lFjrc�l�h"5 n�©yhªf�wxlyc�� sy�iw|ly� 	���
 u��po'o ¨Qc&gbc
v&nqjrdYf?gbc&��hbn�hb�Ff?h�gbcehigbw|ce��c���©m��{�p 	 �£¢ 	���
 ut�[®�~(lF}xc��i�n?hb�Fcegi¨Aw|�ic[�Uhªf?hbc&��zt¨Qc[sy�ic&��hb�yc[�Fc&o¬f?sF}�h��ic&hihbwxlF���Qgbc�v&nqjr¢
jrc�ly�yc��#©m� 	f�g
 u��ãoån?gA©�n�hb�#�U�t�Uhbc&jk�&®J��l#hb�yc&�ic�v�f��ic&�&zhb�yc�gbc��isy}xhb�&zJf��kc"!�d�c�vehbc���z0¨Qcegbc#oÓnqsylF��hbn ©�c�wx�Fc&l�hbw|v�f�}f?lF���inI¨Qc�n�lF}��Ðdygbc��ic&l�h�hb�yc�c�dkv�wxc�lyve�Ænqo 	���
 u��po'of?�Av&nqjrdYf?gbc&�#hbnk{�p 	 �£¢ 	���
 u��ãoÓn�gL©Yf?hbvª�Fc&�D�msyc&gbwxc��&®


/.B� 021 �tµ�²W�3� /T� �t³�� � � � ' ² �
��l
hb�yc ` gb�Uh
c"!�d�c&gbwxjkc�l�h�z7¨QcÙ�Uhbsy�t��hb�yc)c"$�c�veh¼nqo
��sFcegi�8}xc�ly��hb� n�l�hb�yc gbc�}|f?hbwx��c d�c&gboÓn�gbj�f�lyv&c¼nqoÆhb�yc
h�¨Qn��ivª�yc�jrc��&® AÐc ` ! hb�yc lmsyj�©�c&gSn�oc��sFcegbw|c&��hbn�©�cdygbn�v&c&�i�ic��¼v&nq}|}xc�vehbwx�qc�}��Nhbn ��¡t® �Ýwx�qstgbcH� &Wf\5 f?lF� &å©V5
�i�yn�¨�hb�Fc�hbwxjkc�hªf���c�lÆ©�� 	f�g
 u���f?lF� 	���
 u��po'o)wxl
�ic�f?gbvª�yw|ly�khb�yc.h�¨Qnk�Ff?hªf?�ic&hb��gbc��Ud�c&v&hbw���c�}���®
�Ýw�gb�Uh�zZ¨Qc n�©F�ic&gi��c¼hb�Yf�h 	���
 u��po'o w|� f?©F}|c¼hbnf?v^�yw|ce��c#f ��f?w|l�nqo$f?hr}|c�f��Uh��?¡\s wxl�c"d�v&w|c&lyv&��f��rv&nqjr¢

dYf?gbc&��hbn 	��g
 u��7oån�g�©�n�hb�#�Ff?hªf?�ic&hb�&®%��l#o¬f?v&h�zyoÓn�gA�i�yn�gih
��sFcegbw|c&�&z 	��g
 u��poOo hªf���c���}xc��i�.hb�Ff�lÆ��¡\s nqoJhb�ycrhbw|jkcgbc��msywxgbc&�#oån�g 	���
 ut�Hhbnkv&nqjrdF}|cehbc�®
umc�v&nqly��z:¨Qc�lyn�hbc�hb�Yf�h�oån�g/�msycegbw|c&��}|nqly�qceg�hb�Ff�l��t���

©yd5zFhb�yc.gªf?hbc�nqoTwxlFvegbc�f��ic�wxl�hbwxjkc.hªf?��c&l�oån?g 	���
 u��po'owxlyv&gbc�f��ic&�$jkn�gbc.gªf?dFw|�y}x��f��Av�nqj�dDf�gbc��#hbn 	���
 ut�[®Y���yw|�wx�%�ysyc�hbn(hb�Fc�}áf�gb�qc&g%lmsyj�©�ceg<nqo ��¢WhbstdF}|c&�<jkf?hbv^�yc&�%wxlrhb�yc
��sFcegbw|c&�%f�ly�rhb�yc��Ff?hªf��icehb�&®0���ycLwxlFvegbc�f��icLwxlrhb�yc���¢WhbstdF}|c&�
jkf?hbv^�yc&�Lgbc&�isy}xhb�Awxl�jkn�gbc.dygbn�v&c&�i�iw|ly�khbwxjkc[hbnk�Uhbn�gbc�f�ly�
gbcehigbw|ce��c�hb�yc�j�f?hbvª�yc��&®.��l f��y�ywxhbwxnql�z5jkn�gbc���cegbw ` v�f?hbw|n�lF�oÓn�gSf���n�n�� f�}xw|�qlyjkc&l�hS�Ff���c hbn�©�c d�cegboån�gbjrc��ãwxlãhb�yc
f?}|w|��lFjrc�l�hAdF�Ff��ic�®
���ywxgb��z5¨Qc�n�©F�ic&gi�qc�hb�Ff?h 	f�g
 u��poOo¼��f�w|ly�.jrn�gbcrwxl

�ic�f?gbvª�yw|ly�Zhb�yc�h(sFjkf�l �(c&lynqjkcÐ�Ff?hªf��iceh�hb�Yf?l w|l hb�yc�(c&l�©Yf�lt�N�Ff?hªf?�ic&h�® AÐcÆlFn?hbc�hb�Ff?hIhb�yc��ic���sFc&lyv�c&� wxl
hb�yc h(syj�f�l �(c�lynqjrcÆ�Ff?hªf��iceh f?gbc ��cegi� j�sFvª�ú}|nqly�qceghb�Ff�l hb�ynq�ickw|l hb�yc��(c&lm©Yf�lt� �Ff?hªf��iceh�®��Ac�v�f�}|}Ýhb�Ff?h�hb�yc
©�n�hihb}xc�lyc&vª� nqo 	��g
 u�� wx��wxl hb�yc��ic�c&�Ð�ic�f?gbvª�yw|ly��dF�Ff��ic
¨A�ywxv^� gbc��msywxgbc&�[c�!yf?jkw|lyw|ly��hb�Fc�c�l�hbw�gbcr�ic��msyc�lyv&cq®ru�wxlyv�c
	f�g
 u��poOo w|���yc&�iw|�qlyc&�ãhbn�jkwxlyw|jkw%H�c hb�yc lmsFj�©�cegSnqo
�ic&c&�Z�ic�f?gbv^�ywxlF�tzQwxhb�r©�c&lyc ` hr©�c�v&nqjkc&�kjkn�gbc#�iw|�qlyw ` v�f�l�hoÓn�g�}xnqly�Æ�ic���sFc&lyv�c&�&® 
 ��¨QcSc�!�d�c&v&h�jrnq�Uh�nqo(hb�yc�©Fw|n�¢}xnq�qwxv�f�}:gbc��ic�f?gbvª� hbn�©�c�d�c&gboÓn�gbjkc&� n�l~h(syj�f�lÐ�(c&lFn�jkc
�Ff?hªf?�ic&h�z\¨Qc�©�c&}|wxc&�qc 	���
 ut�poOo
¨Qnqsy}x� ©�c�f�dFgªf?v&hbwxv�f�}f?lF�#sF�ic&oåsy}�hbn�nq}¬®
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[Q1, (3, 22, 39), D2, (1)]
[Q2, (32, 48), D2, (1)]
[Q2, (1, 24), D1, (5)]
[Q5, (77, 106), D1, (5)]
[Q22, (3), D1, (5)]
[Q2, (1, 24), D2, (23)]

[Q1, (3, 22, 39), D1, (45)]
[Q2, (32, 48), D1, (45)]

[Q1, (3, 22, 39)] [Q2, (32, 48)]

[Q2, (1, 24)] [Q5, (77, 106)] [Q22, (3)]

k-tuples
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[Q1, (3, 22, 39), D1, (45)]

[Q2, (32, 48), D1, (45)]

[Q2, (32, 48), D2, (1)]

[Q2, (1, 24), D1, (5)]

[Q2, (1, 24), D2, (23)]

[Q1, (3, 22, 39), D2, (1)]

Query 1
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��l hb�yw|���ic&v&hbwxnql�z:¨Qc���f?gi� hb�yck©Yf?hbvª�Ð�iwjH&cG&¬w¬® c�®|zTlmsyj�©�c&g
nqo#�msyc&gbwxc���hbn�©�c�©Yf?hbvª�yc��Q5.oágbnqj �&¡�hbn �?¡q¡t®_h(cegbcqzT¨Qc
` ! hb�yc�}xc�ly��hb�Ænqo�c�f�v^�}��sFcegi� hbn����q¤#©yd5®_�Ýwx�qstgbc � &Wf\5f�ly�i&å©V5J�i�yn�¨ hb�yc[gbc��isy}xhb�Lnqo:hb�yc.c�!md�cegbw|jrc�l�h�®
�Twxgb�Uh�z ¨Qc�lyn�hbc8hb�Ff?h�hb�Fc8hbn�hªf?}ãhbwxjkc�nqoú©�n�hb�

	���
 ut�poOo f�ly� 	���
 u�� w|lyvegbc�f��ic&� &Wf?}|jknq�Uh"5�}|wxlFc�f?gb}��¨Awxhb��hb�Fc[©Yf?hbvª���iw%H�c�® h(n�¨Qc&�qc&g�z 	��g
 u��poOoú��gbn�¨A�Af?hAfj�syv^�Æ�i}|n�¨Qceg�gªf?hbcq®S���Fwx��w|��©�c�v&sFf��ic�nqoQhb�Fc��bf��twxlF����w|l
v�n�jrdFsyhªf�hbw|nql�n�oFlyn�hTgbced�c�f?hbc&�y}x���iv�f?lFlywxlF�$hb�ycJ�Yf�hªf?©Yf��icqzf�ly� }xn�v�f�hbw|ly�Hhb�Fc�j�f�hbv^�yc&� nqokhb�yc �q¢WhbstdY}xc�� oÓn�g c�f�vª�
�msyc&gi�q® 
 ��f�wxl�z�hb�ywx���yc&jknqly�Uhigªf?hbc&�Zhb�ycS�istd�cegbw|n�gbw�h��Znqo
	���
 ut�poOoún��qc&g 	��g
 u��[®
umc&v�n�lF��z%f���w|lÐhb�yc�c�f�gb}|w|ceg�c�!�d�cegbw|jkc&l�h�zÝhb�yc���f�wxl�w|l

	���
 ut�poOo n��qc&g 	���
 u��Ùw|��jkn?gbcS�iwx�qlyw ` v�f?lmh�oÓn�g�hb�yc
h(syj�f�l7�(c�lynqjrcS�Yf�hªf��ic&h�hb�Ff�l�hb�yc �(c�l�©Yf�lt�Z�Ff?hªf?�ic&h
oån�gLhb�yc.�bf�jkc.gbc�f��inqly�Ajrc�l�hbw|n�lFc&��c�f?gb}|wxc&g�®
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��l hb�yckc�f?gb}|wxc&g�c"!�d�cegbw|jkc&l�hb�&z\gbc��qf?gb�y}|c&�i��nqo<hb�ycklmsyj�©�c&g
nqoV�msyc&gbwxc��&z�¨QcL�Ff���cAv&nqly�iw|�ycegbc��khb�yc&j
f?�Jf.�iwxly�q}|cL©Yf?hbvª�5®��l�hbsFw�hbwx��c&}x�qzã�qwx�qc�l 7 �msyc&gbwxc��&z7¨Qc)v�f�l d�n�hbc&l�hbwáf�}x}x�
��gbnqstdZhb�yc&j w|l�hbn�� &U������� 7�5�©Yf?hbvª�Fc&���isyv^��hb�Ff?h
	�
��
 `�� � � 7 ¨A�Fcegbc � � wx�rhb�yc#lmsyj�©�c&g�nqo-�msycegbw|c&�rw|lhb�yc �Whb� ©Yf?hbvª��®�{(n�¨ ¨A�yc&l����Ù�?z�¨Qck�Ff��qc�f?}|} �msycegbw|c&�
w|lúfZ�iw|ly�q}|cÐ©Yf?hbvª� &å¨A�yw|vª�úwx�S¨A�Ff?hS¨QcÐ�Yf&��cÆ�ynqlycÆw|lhb�yc�c�f?gb}|wxc&g[c�!md�cegbw|jrc�l�hb�b5ª® Aã�yc&l���� 7Æz�¨Qc��Ff���c�nqlyc
�msyc&gi��d�cegH©Yf?hbvª�!¨A�yw|vª�!c��i�ic&l�hbwáf�}x}x�)v�n�gigbc&�Ud�nqly�y�Hhbn
	���
 ut�[®\��l hb�yw|��c"!�d�c&gbwxjkc&lmh�z:¨Qc�¨Qnqsy}x�Æ}|wx�qc�hbnS�Uhbsy�t�¨A�yc&hb�yceg�hb�Fcegbc w|��fÆv�cegihªf�w|l����qf?}|syc hb�Ff?h#wx�#n�dyhbwxj�f�}W®
�Yn?g��iw|jrdF}|wxv�w�h���z�¨Qc n�gb��f�lyw%H�c hb�ycZ©Yf?hbvª�yc��Æ�isFvª�
hb�Ff?hhb�yc&�#f?gbc�nqo:hb�yc��bf�jrc��iwjH&c�zYwW® cq®xzFhb�yc&��v�n�lmhªf?w|l#hb�Fc��bf�jkc
lmsFj�©�ceg�nqoO�msyc&gbwxc��&® ���Fc ��sFcegi��}xc�ly��hb� w|���ic&h�hbnH����¤©yd\® AÐc#v�nqly�ysyv&hbc&��h�¨Qn c"!�d�c&gbwxjkc&lmhb�rnql�hb�yc h(syj�f�l
�(c�lynqjrc��Yf�hªf��ic&h�®%���yc.gbc&�isy}xhb�$f?gbc.�i�yn�¨Al�w|l �Ýw|�qstgbc��m®
��lãhb�yc ` gb�UhSc"!�d�c&gbwxjkc�l�h�z(¨Qc ��f?gi�Hhb�yc lmsyj�©�cegInqo©Yf?hbv^�yc&�:¨A�Fwx}|c<��c�cedFw|ly�(hb�ycJlmsyj�©�c&g0nqo ��sFcegbw|c&�Tv�n�lF�Uhªf?lmh�®

h(c&gbc�zD¨Qc��Ff���c��iceh(hb�yc�lmsFj�©�ceg.n�o+�msycegbw|c&�$hbn#��¡q¡t®-�Fn�g
�iw|jrdF}xw|v&wxh��qzy¨Qc[gªf�ly�ynqjk}���n�gb��f?lFw%H�c(hb�FcO�msycegbw|c&�Lwxl�hbnrhb�yc�qf�gbw|nqsy��©Yf?hbvª��®}�Tw|�qstgbcI� &Wf\5��i�yn�¨A�rhb�yc�gbc��isy}�hb�kn�oAhb�yc
c�!md�cegbw|jrc�l�h�®0�£hQw|�Qw|l�hbcegbc��UhbwxlF��hbn�lyn�hbc(hb�Ff?hJhb�yc(n�dyhbw|j�f�}
���qf?}|syc w|�Ð�1t e(l �Fwxly�F�iwx�q��h�z[hb�Fwx�Swx��lyn�hS�istgidygbw|�iwxlF�t®
pJnqly�iw|�yceg ��©Yf?hbvª�yc���n�oc�msyc&gbwxc��&® � c&h#hb�yc lmsFj�©�cegSnqo�yw|�Uhbw|lyveh ��¢WhbstdF}|c&�Thb�Ff?hÝj�f�hbv^�yc&�Thb�ycQ�Ff?hªf?©Yf��icJ�ic��msyc&lyv�c&�©�c��úf�ly���Ðgbc��Ud�c&v&hbw���c&}x�q®���lãhbn�hªf?}Wz$hb�FcegbcÐf�gbc��Go��
�ic�c&�I�ic�f�gbv^�yw|ly��n�d�c&gªf�hbw|nqly�&®'e$lShb�Fc�n�hb�yc&g(�Ff�ly�5zD¨A�Fc&l

hb�yc�h�¨Qn ©Yf?hbv^�yc&��f?gbcSv&nqj�©FwxlFc&��zLwxh�w|���Fwx�q�y}x��d�nq�i�iw�©Y}xc
hb�Ff?h.hb�yc&gbckf?gbc��iwx�qlyw ` v�f�l�h�n���cegb}áf?dÐ©�ceh�¨Qc�c&l hb�yc��Ðf�ly�� ��¢WhbstdF}|c&�&®����msy�&z%hb�yc��ic�c&���ic�f?gbv^�ywxlF� �Uhbced�wx�k�iwx�qlyw ` ¢v�f�l�hb}x��gbc��ysyv�c&��®%{(n�¨�zYf?�Lhb�yc[©Yf?hbvª���iwjH&c�wxlyv&gbc�f��ic&�&zFhb�yc
n���c&gb}|f?d�f?}|�inIwxlyv&gbc�f��ic&�&®I���msF�&zT©Df�hbv^�yw|ly�Ijkn�gbc �msycegbw|c&�©�c&lyc ` hb�Zjkn�gbc�® e(oIv�nqstgb�ic�zShb�yc&gbc w|�Zhb�yc n���cegb�yc�f?�n�oÆ�Yf&�tw|ly��hbn��UdF}|w�h hb�Fc f�ly�U¨Qc&gb�ãhbn�hb�ycNgbc&�Ud�c&vehbwx��c
��sFcegbw|c&��wxl7f ©Df�hbv^��z�©Ysth�hb�ywx��n���c&gb�yc�f��Hw|��}|c&�i���iwx�qlyw|oÓ¢wxv�f?lmhp&¬�iwxlyv�cQhb�yc��ic�c&�r�ic�f�gbv^�yw|ly�.�Uhbc&dkwx�Ýhb�FcJ©�n?hihb}|c&lFc&vb� 5ª®
AÐc�lFn?hbc�hb�Ff?h�hb�yc�f?©�n���c�gbc&�isy}xhb���ynq}x�Ð©�c&v�f�sy�ic�hb�yc

©Yf?hbvª�yc���f?gbc�gªf�ly�ynqjk}���dygbn��ysyv&c���®���oAhb�yc#©Yf?hbvª�yc���f?gbc
kU�Fwx�Uhbw|lyveh�lyzD¨Qc��ic&c�f��i}xw|�q��hb}x���yw%$�cegbc�l�h$dFwxv&hbstgbc�®A��l�hb�yw|�c"!�d�cegbw|jkc&l�h�zÝ¨Qc ` ! hb�yc�lmsyj�©�c&g�nqoQ©Yf?hbvª�yc���hbn ��z0f�ly���f?gi�rhb�yc$�iwjH&c$nqo�hb�ycA©Yf?hbvª�yc��&®�AÐc$�qc&lFcegªf?hbcAhb�ycA©Yf?hbvª�yc��f?�$oÓnq}|}xn�¨A�&®�AÐc�vª�yn�nq�ic�h�¨Qn�v&}|sy�Uhbceg$v�c&l�higbnqw|�y�/&Wfrdygbc�f��U¢
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