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Range query time (20), synthetic
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Time for an inequality range (50), synthetic

0

3

6

9

12

15

0 200 400 600 800 1000

attribute cardinality

se
co

n
d

s

BBC basic
BBC phys opt
BBC all opt
ExpGol basic
ExpGol phys opt
ExpGol all opt

A-k^�
zgxyu � � 7Mk�m�u8ly��uv�Hn]��zgn]lyu�n�r�k�reuF��zgn$�^kNl«~�x6n$re��u��H�$uIx
�\1��Hn]��zeuIwM��wF�in]lylyxykN|gzgl{u¬tvn�xysgkNrgn$�^kNl«~�µ+w{~er
ly�euFl{k�t�sgn]l6ne·
pZ�H¡�uIx�xyuv��xyuFw6wyk^�
r�����x�ly�eu&�¯�gp � ���PuFrPt4�eseuFs�|ekNlymon$p\ en�rgs
n��^k�reuIn$x�xyuv��xyuFw6wyk^�
ro����xMl6�eu�jMj ��uFrPt4�eseuFs1|ekNlymon$pPwv�
xp���
	8� 
�9C�v��� � ���
	Y����B]� A-k^�
zgxyu��­wy�e�H¡?w)ly�eu¨l{k�m�u�ly�­uF�Hn]�^�
zgn$l{u�n�r�k�reuI�
zPn]�Nk^l«~Å�
zguFxy~²�H�$uIx�ly�eu�w{~er
ly�euFl{k�tSsgn]l6ng�1°�r
n$sPsek^lyk^�
r�ly��w6�e�H¡�kNrg��ly�gu�lykNm�uÅl{��uF�Hn]��zgn]lyu²ly�gu�D5�XIS�'a
pe��n$rÅn$rgs�ly�gu �5c�c J�� ��pe��n$r\ Ä¡¨uSwy�g�H¡Àly�euSlykNm�uSly�1uF�Hn]�^�
zgn$l{uSly�gu�pe��n$rÅ�$uIreuFx6n]lyuFsÅzgw{k�re��l6�eu<pg�
~ew{k�tvn$�i��pelykNm�kNÁvuFx
|gzel�¡�kNly�&re��xyuv¡?xykNl{k�re��µ��Bb �XI J> �c ��·y�67��eu<pZuFx{����x6mon$rgtvu
k�m�pPx{�H��uFm�uFr
l�k�w�sgzeu�l{�²n�|gwy��x6|ekNrg��ly�eu £M¦M© ��pZuFx6n]ly��x6wk�r�ly� ¢�£¨¤ £�¦M© ��pZuFx6n]ly��x6wv�
� �C��� �E
��#�C(��a(!	 � ���
	/�C��B�(:�u�E�

 9��3
��#
8��°�r,A-k^�$�
zgxyu �g �¡¨u�w6�e�H¡�l6�eu�lykNm�u�l{�YuF�Hn]��zgn]lyu�n?x6n$re��u¯�
zguFxy~­zgwykNrg�
ly�gu �\c�c�J�� �¯pe�Nn�r�sgk^��k�seuFs�|�~²ly�euouv�Hn$�Nzgn$l{kN��r�lykNm�uSzgwykNrg�
ly�guL���>I��'a?pe�Nn�r²µ¶¡�u�t��gn�re�$u ��zPx¨pPx{uIw{uIr�l6n]lyk^�
r�m�uvl6�e�es�ly�
zgrgtv�Nzgl{l{uIx)l6�eu�t��Pn$xylywv·y�D.­�$lyu¯ly�gn$l)l6�eu�seuF��xyuvu¯�$�gkNmopgxy�H�$uv�
m�uFr
l��Hn�x{kNuFw�t4�
rgw{k�seuIxyn�|e�^~Ån$w8ly�eu1n]lylyxykN|gzgl{u�tFn$x6sek�rgn]�Nk^l«~
k�rgtvxyuFn�w{uIwv�¬7��guÅpZuFx{����x6mon$rgtvu��$�8ly�guÅuF�Hn]��zgn]lyk^�
r}n]�N�$�$�
xyk^l6�gmowv \n$rPs�ly��zgw­ly�eu���pgl{k�m8kNÁvuIxv UseuIpPuIrgsgw ��r�l6�euot��gn$x{�
n$tvl{uIx{k�w{lykNtFw?�$�¯ly�eu�|ek^l6mon$pgwF� 7��gu8sgn$lyno���
xYl6�euFwyu�uv�epZuFxyk^�
m�uFr
lywYkNwYx{uIn]�)sgn$lynP Zn$rPs�l6��zgw?¡¨u¬tvn�rgre�$l­pgx{uIt4k�w{uF�^~�lyzgrgu
ly�gu²|ekNlymon$p�t��gn�xyn�t4lyuFxykNwyl{k�tvwF� �Y�H¡¨uv��uFxol«¡¨� lyxyuFrgsPw<n$xyu
t4�NuFn�x��5AP�
x­l6�euojMj ��uFrgtv�eseuFs�|ek^l6mon$pgwF Ä��pgl{k�m8kNÁvk�re��ly�gu
uv�Hn$�Nzgn$l{kN��r<pg�Nn�r�xyuFw6ze�^l6w¨kNr�n�l«¡¨�]�-l{�8�P�$uv�¶�����Ns�wypZuvuIs<k�m��
pgxy�H�$uIm8uIr
lv�/A9zgx{l6�euFx6m���xyu$ Bly�eu1k�m�pPx{�H��uFm�uFr
l¬k�rgtvxyuFn�w{uIw
¡�kNly�ÅkNrPtvxyuFn$wyk�re�1n$l{l6x{k�|gzelyu<tvn$x6sek�rgn]�NkNl«~$� ABkN��zPx{u�A�wy�g�H¡?w
wykNm�kN�Nn�xBxyuFw6ze�NlywE����x-k�reuI�
zPn]�Nk^l«~¬��zeuIx{kNuFwB�H�$uIx)l6�eu?xyuFn]�esgn$lynP�
® r1ly�eu8w{~er
ly�euFl{k�t¬sgn$lyng Zly�eug.�® 7¨�+�³x{uFu¬x{uF¡?x{kNl{k�re�<�gn�w

�Nk^lyl{�NuYu4¼UuFtvl�|ZuFtvn�zgwyu�uv�$uIx{~�n]lylyxykN|gzgl{u?�Hn]��zeu?�gn�wily�gu­w6n$m�u
seuIrgw{kNl«~$�1°�r A-k^�
zgx{u ;P E¡¨uSk�w{���Nn$l{uSly�gu�pPuIx����
xymon�rgt4uok�m��
pgxy�H�$uIm8uIr
l?sgzeu�ly� .�® 7¨�+�³xyuvu�xyuv¡?xyk^lykNrg�P Ztv��mopgn�x{k�re�Sly�gu
pZuFx{����x6m�n�rgt4u¨��|glyn]k�reuIs�|
~�ly�eu¡��b �XI�J�� �gpe�Nn�r�¡�kNly��n pe�Nn�r
��|glyn]k�reuIsS|�~S|Z�$l6�<x{uF¡?x{kNl{k�re�¬n�rgs<pg�
~ew{k�tvn$�g��pgl{k�m8kNÁFn$l{kN��r\�
½��ekN�^u1re�$l8n$w�sPxyn�m�n$l{k�tSn$w�ly�eu�|ZuFrgu4�Pl8�]��ly�eu1pg�
~ew{k�tvn$�
��pgl{k�m8kNÁvuIxv Uxyuv¡?xyk^lykNre��se��uFw n$tvtv��zgr
l����
x­nS�³zgx{l6�euFx �
� ly�
(<1
�´pZuFx{����x6m�n�rgt4u k�m�pPx{�H��uFm�uFr
lv�

Performance improvement for a range query (50)
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