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o � F � F �àXpY�[ . W _ L/Wb\pOND'Y)¢ �'& f A �MWbU�W%$pP{��WRKMWRON[:Y�L/Y ���3�������������3�������������3����������� sRs
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Object Type 2

Object Type 0

predicate1: ObjectType2;

Object Type 1

predicate3:set(ObjectType2);

predicate4:graph(ObjectType1,ObjectType2);

predicate2:set(ObjectType1);

    

predicate1(Variable1, Variable2),

predicate4(Variable1,Variable4).

predicate2(Variable2,Variable3)

predicate3(Variable3,Variable4)
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predicate type
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#<97n297>%*7=+pAJ%>%-/t2>%*A35u | ,�� $����Ip%NA0�|\$'�~$+nA=2T
���
� � x+x sA-%3+*5L%?1>%-7o%-+>'O)9/Lg97>+n2-7$+L297n<Z/o2-w,5nA$297n+J7KX|\n �<*m97>+n2-7$+L297n<Z/o2-g3+*5L%?<Z/n<Z7*/L
,<�

xAx p<-/J
,+-�$29/L%=2-m,5{<-%3AZ5.<ZA3+97n2Z+*/L���$2-/J
,7-%,q*/J%n%-7$mL<*7?2-�$AnA=2T
p%@+�%0+lqp%l/k
s7l1$AnA=%T �
xAx N �<*m9+>7n2-7$+L<9/n<Z/o2-q$+J%>%-%,	O
xAx N+4<-r.<Z5$<,/nm$+J%>%-rn2-%,5n<,m,+*5K<-7n+4
Z5LA=c37*5K%{2>%-/W
| @A?A?2-7?+�2*7?2-%,�|\$AnA=2T��~@A��BA��� p%N%07�2*7?2-7N+M+{<-�|\@+��B��~@Al��7G����

0A>%*/:<97>A6A>%9%,+,�|\@Al
�/G � �5L
,5n29/L%n<Z797n2-7?'�~0%6AG����
0A6AG � 0A>%*5:<9+>A6A>A9%,A,�L<95K<-mv � @A��B �295K
-��
@A��B �29�K
- � vq@+l2s/J
3A3�L<95K
-	�

8 ñ?ÐtÎéÚcÑÝÞÕÎ
	�� �`ÈüÄ)Î�Þ�Ò{ÄÆÏ-Ä'ÚcÚ�ÅtÔ?ï§Î�ÔÕÙ�ÄÆßÉÏ¾ÎcÒ �üÑ ÒbÈVÞÕÅbÚ¾Ð �éæéãiÐbÑ�ï§Î�ÒtÄ Ï-òRÎcÎcÒ�Ï¾Î�Þ�Ï¾Î�ÈSìMÂ�Ï�Ø�Ñ�ÙiÐbÑÆá{áRÎcÒ�Ï¾ÐbÑ�Ï�ÊËß>Ï¾Ð{ÎéÞ�ÊÍÜÝÒtÑ Ï¾Å{ÔÀÎ�Þ
ÄÆß�Ï¾Ð{Î¡ÔÀÅ{ÇÍÎ�Þ�È{ÄàÒtÄÆÏ�Ä�ï§Î�ÔÕÇ±Ñ áeÊÍÒeÇËÊÉÞ�Ï�ß±ÄÝÔÀØ �üÊÍÒbÚ�ÄÆÔÀÔÀÎ�Ú�ÏZÚ�Ä'È{Î¡ÊÉÞ�ÜÝÎcÒ{ÎcÔ¾Ñ Ï¾ÎcÈ¬ì9 ñ?ÐtÎ Ï¾ÎcÔÀØiÊÍÒtÑ ÏÀÊÍÄÝÒ Ú¾ÐtÎ�Ú¾Ì ÊÉÞ ÊÉØ�áüÇÍÎcØ�ÎcÒ)Ï¾Î�È Ã-ÊËÏ¾Ð âéá{ÏÀÊÍØiÊËð ÊÍÏ�ÞÕÎ�ÇÍß�ì øMÇÍÎ�ÑÝÞÕÎ�ÇÍÄ)ÄÝÌ Ñ Ï Ï¾ÐtÎ�ÞÕáRÎ�Ú�Ê�7bÚcÑ ÏÀÊÍÄÆÒ 7{ÇÉÎ
-7W295KA{2>%-%, x n2-7$7K�Z�L<97n<Z+*5L�&�*7W ì
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@A��B �29�K
- � vq@+l �A$2-7?7L<95K
-
vAv �
�
| xAx @mo%-7$AMg,AZ K%{2>%-q$+J%>%-rn+4<9/nw*/L2>+Mqn2-%,/n<,q,+*5K
-7n74
Z5L%=

$AnA=2T � p%N%0 �
y NAl2s/N	| 3/=%>%ZA,/n��A-�K%{%nAM	|�$AnA=2TAE � @A?A?2-/?%�2*7?2-2,�� u%�<*/p%N%07�<*7?2-
�%�

vAv �
�� �

vAv �
xAx N+4<ZA,mZA,�n74<-r$+J2>A-m9%3/n<Z7*/Lg*7.mn74<-m*/L<-�$+J2>%-m*/.mn+4<-m*5J%n2-7$g,5nA$297n+J7K�O
xAx 97?+?w9zL<-��mL<*7?2-q9/L%?1>2Z�LAuCZ/n
@+#A#mL2-��2>%9/:2-+>'O�j/L2- �/?2-/LAn � &
lA?A=2-/N2-7$7K�Z�L<97n<Z+*5L%829/:<-7>2,�|\$'� L<-��2>29/:2-+>��

&
�

]3%FE � � /?� : � 8���/,) 1�4#/,1��98 + 
��*) + 
�8 ��� �V��
���/?� 8�� � 2 1��×�

+�P _ D'WRT B H�jef6PSK�D�g _ PSX�U�L/K�D��VLNU B U B D�Y�WRE"D�KMWRE"DVL/Y`QRD'KMD _ WbU�D'� � +�P _ U B D'Y�D _ PSX�U�L/K�D'Y�d����
	��
	�� QRD'K�D _ WbU�D'Y
kpW _ WRE6D)U�D _ O/L/Y�U�YV� B L/T B T§PSKMY�L/Y�UVPR~éU B _ D)D�Y�X�\pY�D)U�Y�PR~Zk�W _ WRE6D)U�D _ Y'¢

	 D§¦>k�O/L/T)LNU�ON[�Y�k?D'T)L±°pD'�wkpW _ WRE"D)U�D _ Y �
	 kpW _ WRE"D)U�D _ Y�Y�U�D'E"E�L/K�Q�~ _ PSE _ WRK�QRD3�MD'T)O/W _ WbU�LNPSKMY���LNU B WRX�U�PSE"WbU�L/T3kpW _ WRE"D)U�D _ Y �
	 kpW _ WRE"D)U�D _ Yi� B L/T B W _ D�Q _ Wbk B Y�U B WbUVW _ D�U�D'Y�U�D'�<L/K _ XMOND�U�D'Y�U�YVP _ WRY�Y�LNQSK�D'��L/K _ XMOND�U _ WRKMY�~�P _ E"WbU�LNPSKMY �
� ~éU B D�XMY�D _ Y�k?D'T)L±°pD'Y�WRO/O�XpY�D'�  E6P:�ML±°pD'��Q _ Wbk B Y�WRY�kpW _ WRE"D)U�D _ YiD§¦>k�O/L/T)LNU�ON[ � O/L/Y�U3¤ � ¥�L/YiD'E"kMU�[ � ��L/Y�U�¤ÀF�¥�L/Y

PSKMON[wQRD'K�D _ WbU�D'�<LN~Û��D'T)O/W _ WbU�LNPSKMYV�VLNU B WRX�U�PSE�WbU�L/T3Y�D)UVkpW _ WRE6D)U�D _ Yi��D _ D%Y�k?D'T)L±°pD'� �

� � � = ��|"� y �Zzp�{z 	 ª�yüª � x � ª |%� #é|Sz y ��� �
�29/$295K
-7n%-7$<, OAO~v �297$295K<-7n2-7$ xAx 	A��	 &
�29/$295K
-7n%-7$ OAO~v��297$<Z+9/:%>%-
	%O 	�6AE7NAM+{<- &

� ¦>k�O/L/T)LNUàk�W _ WRE6D)U�D _ Y�k?D'T)L±°�T)WbU�LNPSKMY�Y�D _ ¨RD�U�P B WRKM� B D'ONk�¨bW _ L/Wb\pOND'YàP{¨RD _ U�P�U B D�QRD'KMD _ WbU�D'� _ PSX�U�L/KMD � A�B D)[
T)WRK Y�D _ ¨RD�U�P<kpWRY�Y3U B D"D'KMQSL/K�D�Y�U�WbU�D � P _ PRU B D _ ¨bW _ L/Wb\pOND'Y8U B WbU8E"Wü[�\?D6XMY�D'� L/KçU�W _ QRD)U%k _ D'�ML/T)WbU�D'Y � A�B D'L _
U�[�k?D3E�XMY�Ui\?D�W�g ²�A [>k�D6¤�� B L/T B T)WRK�WRO/Y�P6\?D�W +¡O/WbU*+�P _ E A [>k?Db¥ �
!�zp�{z 	 ª�yüª � x6x'yüª 	 	�� � � ���ü��	 �{z � ��ª ¯ ª |�=�zp�{z y ��� ��x
� WRT B WRX�U�PSE"WbU�L/T _ WRK�QRD<��D'T)O/W _ WbU�LNPSK ¤ÕY�D'T§U�LNPSK �>��� ¥���D'O/LN¨RD _ Y�PSK�D�P _ U���P kpW _ WRE"D)U�D _ ��D'T)O/W _ WbU�LNPSKpY"~�P _ U B D
QRD'K�D _ WbU�D'� _ PSXMU�L/K�D �

!�zp�{z 	 ª�yüª � x6x'yüª 	 	�� � � ���ü��	 � �{z:�'& � x z ��ª
� WRT B Q _ Wbk B U�D'Y�U�D'� P _ E"WRKMLNk�XMO/WbU�D'�ê\�[êW _ XMOND6E�XMY�Ue\?D�kpWRY�Y�D'�çWRY�kpW _ WRE"D)U�D _ PR~àU B D6QRD'K�D _ WbU�D'� _ PSX�U�L/K�D �) Pü�àD)¨RD _ � U B D�XMY�D _ K�D)D'�6K�PRU£k _ Pü¨:L/��D���D'T)O/W _ WbU�LNPSKpY`~�P _ U B D'Y�D"�Md����
	��
	�� WRX�U�PSE�WbU�L/T)WRO/ON[×QRD'K�D _ WbU�D'YàW�T§P _�_ D'T§U
kpW _ WRE6D)U�D _ O/L/Y�U � A�B D�Q _ Wbk B kpW _ WRE6D)U�D _ O/L/Y�UVL/Y�P _ ��D _ D'� WRONk B Wb\?D)U�L/T)WRO/ON[ �
AVB D�XMY�D _ B WRY�U�P6U�W )RD%T)W _ D�U B WbU�U B D'Y�D�kpW _ WRE"D)U�D _ Q _ Wbk B YVW _ D�k _ D)kpW _ D'��T§P _�_ D'T§U�ON[�¢
	 WRO/O-Q _ Wbk B Y�E�XMY�Ui\?D�T _ D'WbU�D'��\>[�W"T _ D'WbU�D ² ~�XpKMT§U�LNPSK<PR~¡U B D�~ÕXMKMT§U�P _ O/LN\ _ W _ [
	 Q _ Wbk B Y�E�XMY�U B Wü¨RD"K�P:��D'Y×¤ÕWRKM�êD'��QRD'Y�LN~�U B D)[�W _ D6K�PRU�D'E6kMU�[p¥ � A�B D×K�P:��D'Y�E�XMY�U B W'¨RD×\?D)D'K WR�M��D'�
U�P"U B D%Q _ Wbk B \�[ T)WRO/O/L/K�Qw���	��� ��� � ² ~ÕXMKMT§U�LNPSKMYiPR~ÛU B D%Q _ Wbk B ~�XMKpT§U�P _ Y � Y�L/KMQSOND3D'��QRD'YeE"Wü[�\?D3WR�p��D'��\>[
���	�'����
 � ² ~ÕXMKMT§U�LNPSKMY � A�B D'K<E6P _ D�D'��QRD'Y�W _ D3T)WRO/T)XMO/WbU�D'��WRKM��L/KMY�D _ U�D'� \>[�U B D3QRD'K�D _ WbU�D'� _ PSX�U�L/K�D �

æpñ�Ò{Ä*)���÷§õ
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	 LN~Ûk _ D'�ML/T)WbU�D'YeW _ D�Y�U�WbU�D'��Pü¨RD _ U B D�Y�WRE6D3¨tW _ L/Wb\�OND � U B D%XMKMLN¨RD _ Y�D'YVPR~ÛU B D8T§P _�_ D'Y�k?PSKM�ML/K�Q6Q _ Wbk B YVE�XMY�U
\?DeU B D3Y�WRE6D"¤����'4 ��� � � , !�" ��#%�98 1�" !'� ����!�. ��� " + ¥ � deU B D _ �VL/Y�D�XMKMD§¦>k?D'T§U�D'� _ D'Y XMONU�Y�T)WRK�P:T)T)X _'�

]3%�] � 8,/?� 8?�0: /?��
��V� �×��2£��� /?� 8,+;1�
I)
gàP:��DàQRD'K�D _ WbU�LNPSK×~�P _ H�jef%WRKM��Y�U _ WbU�W _ D'O/LND'Y¡PSK�U B DàT§PSKpT§D)kMUÛPR~ � ��
$!�#%� �/#I� h!�¬nts � � AVB D�P _ ��D _ PR~pW�Y�U _ WbU�XME
L/Y _ PSX�Q B ON[ U B D�Y�WRE"D�WRY8U B DwE"Wt¦�L/E"WRO£K>XME8\?D _ PR~ _ P>PRU8KMP>��D'Y8L/K _ XMOND"U�D'Y�U�Y%� B L/T B B W'¨RD �ML('?D _ D'K�U%U�[�k?D'Y �
A�B D'Y�D%K�P:��D'Y8¤�U B D'Y�D8¨tW _ L/Wb\�OND'Y§¥iW _ D8T)WRO/OND'� !�#%� �/# � !'!98 ":!'� � + � +�P _ D'WRT B P _ ��D _ ONP�PRk K�P:��D8d����
	��
	�� K�D)D'�MY
W #%��"������ � � ��#%��� � !�" � L � D � W×Y�k?D'T)L±°�T)WbU�LNPSK�U�P6� B L/T B K�P:��D�Y�D)U�U B D%K�P>�MD�L/Y�L/KMY�U�WRK�U�L/WbU�D'� �
AVB D%E"PSY�UVY�L/E"kpOND3T)WRY�D�L/Y�LN~ÛU B D _ WRK�QRD%PR~£WRK<P _ ��D _ ONP>PRk�KMP>��D8L/YÛa�XMY�U�PSK�D3kpW _ WRE6D)U�D _ KMP>��D � AVB D'K�U B D

_ WRKMQRD3��D'T)O/W _ WbU�LNPSK�T)WRK�\?D�PSE"LNU�U�D'� � LN~ZU B D3¨tW _ L/Wb\�OND3L/YVY�k?D'T)L±°pD'� L/K�U B D�kpW _ WRE"D)U�D _ O/L/Y�U �
p<95L%=2-/#<-A37>%97$29/n<Z+*/L
,XOAO~v 	 p%@A�%07l�	"p<9/LA=2-/#<-%3/>%97$297n2Z+*/L�P � &
p<95L%=2-/#<-A37>%97$29/n<Z+*/L OAO~v �297$295K<-7n2-7$+p29/L%=2- � @+JAn2*5K
97n2ZA3 �297$%95K
-7n2-/$+p<9/L%=%- � p<-5J
,+-/p<95L%=2-X&

� ~iU B D _ WRKMQRD6PR~iU B D6P _ ��D _ ONP�PRk K�P>�MD6L/Y3W�Y�D)U3P _ W Q _ Wbk B K�P:��D6��PSE�WRL/K � W #%��"����$� � � � ��#7��� � !�" � L � D � W
��D'T)O/W _ WbU�LNPSK U�P�� B L/T B ��#%�98 1 " !'� �$��!�. ��� " P _ ":!'� � + �/��U B D"P _ ��D _ ONP>PRk KMP>��D6L/Y%L/KMLNU�L/WRO/LN�)D'� � jVWRKMQRD'Y%T)WRK
_ D)~�D _ U�P�XMY�D _ Y�k?D'T)L±°pD'� k�W _ WRE6D)U�D _ Y�P _ U�P"WRX�U�PSE�WbU�L/T)WRO/ON[ QRD'K�D _ WbU�D'��kpW _ WRE6D)U�D _ Y �

� z � �pª ¯ ª |�=�zp�{z y ��� ��x � � � x'ª � x � ª |"� # ª ¯ �Zzp�{z 	 ª�yüª � x
�29/$295K
-7n%-7$+p<9/LA=2-XOAO~v��<9/$<Z+9/:2>A-
	\�+v 	 �%97$295K
-/n2-7$2sA-/n� �<97$2Z+9/:2>%-
	��+v 	 �29/$295K
-7n%-7$%0+$295{A4 
�	%& 	 	~N+@+p20+lAN 	 �X&
�29/$295K
-7n%-7$2sA-7n OAO v �<97$2Z+9/:2>%-X&
�29/$295K
-7n%-7$%0+$295{A4 OAO~v��<9/$<Z+9/:2>A- &

h _ WRK�QRD6��D'T)O/W _ WbU�LNPSK PSK WwXMY�D _ kpW _ WRE"D)U�D _ T§PSKMY�L/Y�U�Y�PR~àW�Y�k�D'T)L±°�T)WbU�LNPSK � B L/T B kpW _ WRE6D)U�D _ PR~�U B D"H�jef
E�W )RD'YVX�k U B D _ WRK�QRD�PR~¡U B D�K�P:��D �

	 Y�L/K�QSOND3KMP>��D�kpW _ WRE6D)U�D _'�
A�B D'K K�P _ WRK�QRD3��D'T)O/W _ WbU�LNPSK�L/Y�K�D'T§D'Y Y�W _ [ �

	 K�P:��D�Y�D)U�Y�PR~¡Q _ Wbk B Y �
A�B D'K8U B D�P _ �MD _ ONP�PRk _ WRK�QRD�L/Y£L/KMLNU�L/WRO/LN�)D'��U�P�U B D�K�P:��D���PSE"WRL/K�PR~�W�kpW _ WRE"D)U�D _ Q _ Wbk B � � ~pU B D�E"P>�ML±°�D _

 + � � � & + L/Y�Y�k?D'T)L±°pD'� � U B D�U�W _ QRD)U�K�P:��D8��PSE"WRL/K ¤Õ��PSE"WRL/KêF�¥�PR~�W�\pLNkpW _ U�LNU�D�Q _ Wbk B ~ÕXMKMT§U�P _ L/Y�U�W )RD'K �
PRU B D _ �VL/Y�D�U B D3Y�PSX _ T§D3��PSE"WRL/Kç¤Õ�MPSE"WRL/K mt¥ �

	 Y�D)U�Y �
� ~éU B D�E"D'K¬U�LNPSK�D'��kpW _ WRE6D)U�D _ KMWRE6D�L/YVW×Y�D)U�U B D�P _ �MD _ ONP�PRk�K�P>�MD�L/Y�L/KMY�U�WRK�U�L/WbU�D'�<~ _ PSE U B L/YVY�D)U �

� z � �pª ¯ ª |�=�zp�{z y ��� ��x � � z � y ��	 z y ��|¬z = = « ��ª ��ª �{z yüª ¯���zp�{z 	 ª¬yüª � x
@+JAn2*5K
97n2ZA3 �297$%95K
-7n2-/$+p<9/L%=%- OAO~v �<97$<Z+95:2>%-
	\�+v'	 k�,+-7?A0+$29/{A4A�295K
- 
 	%& 	 	~NA@+p%0+lAN�	 �� �<97$2Z+9/:2>%-
	��+v 	)sA-/n+VAJAL
35n2*7$�	7|�	Q.%s/#%8+#<*�K
9%Z5L�	�� 	� �<97$2Z+9/:2>%-
	AO 	Q.2s/#A8+#<*5K
9AZ5L 	\�AE � 	 �<97$<Z+95:2>%-
	\�+v'	)sA-7n+V+JAL
3/n2*/$ 	/|�	Q.2s/#A8+#<*5K
9AZ5L�	�� 	� �<97$2Z+9/:2>%-
	AO 	Q.2s/#A8+#<*5K
9AZ5L &
k�,7-7?%0+$295{A4%�295K<- O+O~v �/?2-5L%nX&

� U�L/Y�WRO/Y�P k?PSY�Y LN\pOND�U�P�Y�W'¨RD6U B D×� _ LNU�L/K�Q PR~�kpW _ WRE6D)U�D _ Y�WRKM� OND)U%d����
	���	���L/K�~�D _ U B D'E � A�B D'K W _ WRK�QRD
��D'T)O/W _ WbU�LNPSK<E�XMY�UàQSLN¨RD3W B L/K�UiPR~Z� B L/T B U�[>k?D�U B D�K�P:��D�E8XpY�U�\?D�U�W )RD'K � g�X _�_ D'K�U�ON["U B D _ D�W _ D�U B D�~�PSO/ONP{�VL/K�Q
k?PSY�Y�LN\�L/O/LNU�LND'Y)¢
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	 Y�k?D'T)LN~�[wW�Q _ Wbk B KMWRE6D�� B L/T B L/Y�XpY�D'��L/K U B D _ XMOND'Y�WRY�k _ D'�ML/T)WbU�D �
A�B D'K U B D�P _ ��D _ ONP�PRk _ WRK�QRD%L/Y�L/KMLNU�L/WRO/LN�)D'��U�P"U B D8K�P:��D���PSE"WRL/K�PR~ÛU B WbU%¤�U�D'Y�U�D'��P _ E"P>�pL±°pD'�?¥ÛQ _ Wbk B �
h�O/Y�P6U B WbU�Q _ Wbk B L/YVL/KMY�D _ U�D'��WRX�U�PSE"WbU�L/T)WRO/ON[�L/K�U B D�kpW _ WRE"D)U�D _ O/L/Y�U�PR~éU B D�QRD'KMD _ WbU�D'� _ PSXMU�L/K�D �
� ~�U B DwE"P>�pL±°pD _ 
 + � � � & + L/Y8Y�k�D'T)L±°�D'� � U B D�U�W _ QRD)U6K�P:��D��MPSE"WRL/K ¤Õ��PSE"WRL/K F�¥�PR~VW�\pLNkpW _ U�LNU�DwQ _ Wbk B
~�XpKMT§U�P _ L/Y�U�W )RD'K � PRU B D _ �VL/Y�D�U B D3Y�PSX _ T§D3��PSE"WRL/Kç¤Õ�MPSE"WRL/K mt¥ �

	 Y�D)U�Y �
� ~`U B D _ WRK�QRD×L/Ye�MD'T)O/W _ D'�êU�Pw\�D�WRKêWbkMkpO/L/T)WbU�LNPSK PR~�W�Y�D)Ue~ÕXMKMT§U�P _ � WwY�D)U�kpW _ WRE6D)U�D _ L/Y�L/KMY�D _ U�D'�êWRX�U�P ²
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