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(b)  Seed truth values assigned according to the value evaluation of the atomic objects

(a)  Evaluation Passage Graph of the Example Database
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API -- insert edge catelog

API -- insert edge item

����������� � À �~@_ò,&)SM-016#C+.Z6(�O5ò�+)ò'K5ò'N.(RN�-0Ñ*(

+./X+.Z6(Yò,BH+.(*&)15ò,+.-0L'(R/'15(�I�Z6(*1�-015N.(*&.+.-016#3òwB0/�I?(*&$/%KT±�(U78+=N�4�7�Z�ò'NRÈË�	��PÒ¶;I?(R+)ZM4�N$/'K�N�(U&.L%(�ò,1�/'F5F�/MN�-H+.(�F5&.(*9;(*&�9;&)/'E
OT(UBH(*+.-0/'1�7Uò'N.(UN º c�>�Z5(C&)(Uò%N�/%1�9;/'&~+.Z5-0N"-PN=+.Z5ò,+~+)Z6(Gò'7*7*(UN)N=+.-0EY(C+./:+)Z6(GK5ò'N.(CO6ò,+)òQKWS�/'46&"-015N�(U&�+)-H/%1�Ewò,-01M+.(U15ò,157*(
ò,F5F6&./Mò'7�ZQ-0N�&)(*BPò�+)(UO3+./G+.Z5(�N�-0Ñ*("/,9JN�45K6#'&�ò,F6ZQ+.Z�ò�+]N�+.(*EwN?9;&)/'E�+.Z6(R-015N.(*&.+.(UO:O6ò,+)ò6c

!$B0BD+.Z6&)(*(X(*«TF�(U&.-0EG(*1M+)NCò,&)(3OT(UN.-0#'16(VO¥+./�K�(QN.-HEG-0BH-Pò,&�+./¥!$K6-H+.(UK�/%46B]S NCID/%&.ñ � !Q��»������¸�§+)/�N.(8+�46F¢ò�&.(Vò,B0-�+�S
4616-H9;/'&)E�+)(UN�+.K�(UO¢K5ò'N.(UO¡/'1¦I�Z6-07�Z¢+.Z5(:(*«TF�(U&.-0EG(*1M+)ò'B?&)(UN.46BH+)NG7*ò'1¡K�(�78/'EGF5ò'&.(VO¡ò'#%ò,-015N�+Uc¡>�Z5(UN.(:(*«TF�(U&.-0EG(*1M+)ò'B
N�+.45OT-0(UN�Z6(*B0F�45N"+)/�-0OT(U1M+.-H9;S¥N.46-H+)ò,K5BH(X7Uò'N.(UN~9;/'&�/'46&�ò'BH#%/'&)-�+)Z6E ² ¶�Î º cQ>�Z6(3&.-P7�Z6(*&"+)Z6(kÓ¦� ×�-PNR-H1�+)(*&)EwNR/,9�F5ò�+)Z
78/%15OT-H+.-0/'15N"ò'15O�N�+.&)-078+RL�ò'BH45(CF6&)(UO6-078+)ò�+)(UNUc�>�Z6(U1 �£+.Z5(CK5ò%N�(GO6ò,+)ò,K�ò'N.(C-PN~(*L�ò,B045ò�+)(UO�ò,#%ò'-H1�N�+"ò3EG/'&)(G78/'EGF6B0(8«¼�" 
ò,1�OG+.Z6(=(*L�ò,B045ò,+.-0/'1X-PN§EG/%&.($(L��(V7b+)-HL%($+./YN.7*&.(U(*1X/%4T+D4515OT(UN.-0&.(VOw/'KT±�(V7b+�N*c�¶ H º c_!¼K5-H#YO6ò�+�ò,K5ò%N�($K�(Uò'&)NDò�BPò,&)#'(U&_&)ò,+.-0/
/,9J+)Z6(�ò�L'(U&)ò'#'(~/,9�/'K6±�(U7b+$/T7U7846&)&.(U1578(VN?+./w+)Z6(�BPò,K�(*BgOT-HL%(*&�N�-H+�S'�6+.Z6-PN$-015OT-P7*ò,+.-016#3òG#'/W/TO:&.(VOT4578+.-0/'19oò'78+./%&Uc~¶ ± º c�?C�*�
/'F�(*&�ò�+)-H/%15N�Z5ò'F6F�(*16-016#X+)/X+)Z6(�46F5F�(U&=/%KT±�(U78+)N=I�Z6-HB0(R+)Z6(G^8Ê6��/'F�(*&�ò�+)-H/%15N$/T7*7*46&)-H16#X+.Z6(CBH/�I?(*&$/%16(UNUc�¶ J º c~Æ�«TF�(*15N.(
/'1mN�+./'&�ò,#%(3-PNwB0(UN)NC-0EGF�/%&�+�ò,1M+X78/%EYF�ò,&)(UO¡+./¥+.Z6(16(*+�ID/%&.ñ¬7*/'EGE�4516-07Uò�+)-H/%1¢/%&C+)Z6(+.-0EG(UNw/'9~7*/'1616(V7b+)-H/%15NC+./�K�(
(UN�+)ò'K6B0-0N.Z6(UO c

R Ù Ý ð ß$ç6×�ÛeØ*Ý ð

|	1�#'(U16(*&�ò,Bó�6F6&)(*LW-0/'45N$+.(V7�Z616- Z%45(UN�9;/%&]-01578&)(*EG(*1M+�ò,B I?(*K�LW-0(*I®Ewò,-01%+)(*15ò'1578(CN�-0EGF6BHS:&)(U78/%EGF64T+.(�-�+$9;&)/'EÒN)78&�ò�+)7�Z/%&
±�45N�+R-H1M+.(U#'&�ò�+)(R+.Z6(G46F�O6ò,+.(UO�/'KT±�(V7b+ROT-0&.(V7b+.B0S�I�-H+.Z�+)Z6(YL�ò'&.-Pò,K5BH(C-�+R-PN]K6-015OT-016#Q+./:-H1�+.Z6(GI?(*K�LW-0(*I$NUcR}�(YF6&)/'F�/%N.(
ò,1�-015OT(*«W´óB0-Hñ%(�EG(U7�Z5ò'16-PN�Eq[]\�^.`R��I�Z6-P7�Z�78/'1�N�+)&.4578+]-H+)N.(*BH9§ò'7*7*/'&�OT-016#G+./3+.Z6(Yò,#'#%&.(U#%ò,+.-0/'13F�ò�+.Z�&.(VN�+)&.-P7b+)-H/%1:KWS:+.Z5(
}k@~�3ò,15O3ò'7*7*/'EGEG/TO6ò�+)(UN�+)Z6("78/'169;/'&)EY-016#C/'KT±�(V7b+)N_+./%#,+.Z5(*&?I�-�+)ZX+.Z5(*-0&DL�ò,B046(~(*L�ò,B045ò,+.-0/'1w&)(UN.46B�+�N*c�>�Z6-PNDI?ò�S%�MòCN�(*+
/,9DID(UK�LW-H(UI$N"N�F�(U7*-���7Uò�+)-H/%15N"7*ò,1�&.(U45N.(�+.Z5(*-0&�78/'EGEG/'1�F5ò,&.+=/'9DF5ò,+.Z�(*L�ò,B045ò�+)-H/%1�7*&.-H+.(U&.-Pò3ò'15O�7*/'EGF64T+)(�+)Z6(Y�515ò,B
LW-H(UI¤/%KT±�(U78+)N?+./G&)(UN�+.&)457b+)46&)(]+)Z6(RID(UKQLW-0(*I$N?9;&)/'Ec�!$BPN�/��W+.Z6(R45F�O6ò,+.(VOQ/%KT±�(U78+)N�7*ò'1QK�(R(8«TF6B0/'&)(UO3/'1Q+./wOT(U&.-0L'(~+.Z5(
I?(*K:LM-0(*IÀ:�F�ò�+)7�Z5(UNY<�+)/YK�(R-01%+)(*#%&)ò,+.(UOQ-01%+)/Y+.Z6(REwò�+)(*&)-0ò'BH-0Ñ*(VO3I?(*K:LW-H(UIRc

}¥(D78/%15OT4578++)Z6(D7*/%N�+gò,1�ò,B0SWN.-PN ò,15OR+.Z6(D(8«TF�(U&.-0EG(*1M+)ò'B%N�+.45O6-H(VN/%1R+.Z6(DEwò,-01%+)(*15ò'1578(§F�(U&�9;/%&.Ewò,1�78(§7*/'EGF5ò,&)-PN�/%15N



I�-H+.ZQ+.Z6(Rò,BH+.(U&.1�ò�+.-0L'("N./'B04T+.-0/'15N�ò,+D+)Z6(RN�+�ò�+.(*´ó/'9Ë´µò'&�+Vcg�?/'+.ZQ+.Z6(~+.Z5(*/'&)(8+)-07Uò,B£ò,1�ò,B0SWN.-PNDò'15Ow+)Z6("(8«TF�(U&.-0EG(*1M+)ò'B£&.(VN�45B�+�N
N.Z6/�I¬+)Z5ò�+_/%46&_ò,F6F5&./Mò'7�ZYI�-H1G/�L'(U&J-�+�N_78/%EYF�(8+)-�+)/'&�NJEG/%N�+_/,9�+.Z6(�+)-HEG(]ò'15OY-H1wN./'EG(�7*ò'N.(UNg+)Z6(�#%ò'-H1�NJ/,9�/'46&_N�+.&�ò�+)(*#'S
ò,&)(wN�-0#'15-���7Uò,1M+.B0S�I�-H+.Z�EG/'&)(YF5&./%K5ò,K6B0-H+�S�/,9�N�(UB�9Ë´µEwò,-01%+)(*15ò'K6-0BH-H+�S�/'&~9;(UID(U&�ò'7*7*(UN)N�(VN=+./�K5ò%N�(wO6ò,+)ò6cG}¥(XOT(*L%(*B0/'F¥ò
N.(8+G/,9=(*ôX78-0(*1M+GN�+.&�ò�+)(*#%-H(VNCò%N�9;/%&�+)Z6(-H15-�+)-0ò'BH-0ÑUò,+.-0/'1¡F5Z5ò'N.(Q/'9]I?(*K¡LW-0(*I (UL�ò,B045ò�+)-H/%1¢ò'NYI?(*B0B�ò'NC-�+�NG-H157*&.(UEG(*1M+)ò'B
Ewò,-01M+.(*1�ò,157*('c

}¥(R45N�(��0��h¥�5B0(UN?+./wN.-HEC46BPò�+.("I?(*KO6ò�+�òGN�/%46&)7*(UN�ò,1�O3Z5ò�L%(=-0EGF6B0(*EG(*1M+.(VOQ+.Z6(RI?(*K:LW-H(UI¤EG(U7�Z5ò'16-PN�E K�ò'N.(UO
/'1¥+)Z5ò�+VcQ}¥(wF6BPò,1�+./�(*«W+.(*1�O�/%46&�I?(*K�LW-H(UI�N.F�(U78-H��7Uò�+.-0/'1¥9;/%&�ò'7U78/'EGEG/TO6ò�+)-H15#ò'B0N./�&)(*#'45B0ò'&~F�ò�+.Z�(*«TF6&.(VN.N.-0/'15NU�
ò,1�O�OT(UL'(UBH/%F�EG/'&)(Y#'(*15(*&�ò,B§[]\�^.` N�+)&.4�7b+.45&.(Y+./�ò'BHB0/�I°9;/'&�N.457�Z�ò,1¥(8«W+.(U15N.-H/%1 cG}�(G�51�O�+)Z5ò�+R+)Z6(wN�+)/'&�ò,#%(YN.F5ò'7*(
[]\_^�` 7Uò,1�K�(C(V78/%16/'EG-0Ñ*(UOKWS78/%EYF5&.(VN.N.-H15#XòXE�45B�+)-�´	N�+)(*F�15/'1T´µK6&�ò,157�Z6-016#wF5ò,+.Z5N=-01%+)/3/%16(�N.-H16#%BH(*´µN�+.(UF�F5ò�+)Z c=>�Z5(
78/%&.&)(UN.F�/'15OT-016#YEwò,-01%+)(*15ò'1578(�N�+.&�ò�+)(*#%Sw-0N�F�/%N)N.-HK6B0('cD2�-015ò'BHB0S'��ID("I?/'46BPO:BH-0ñ'("+)/X78/'1�N�-POT(*&�(*«TF6BH/%-�+)-H15#O�0��h¬N)7�Z6(*Ewò5�
-H+)N�B0-H15ñM-016#GEG(U7�Z5ò'16-PN�E�ò'15O�ZM46(*&)SXBPò,16#%45ò,#%(]+)/Y/%FT+.-0EG-HÑU("+.Z6(RI?(*K:LW-H(UI¤Ewò,-01M+.(U15ò,157*('c

S æ$á,æ]Ü�æ ð ß�æ�Û
� !$K6- �£�¸� ��cC!]K6-H+.(*K�/'45B�c ©=46(U&.SW-016# �W(*EG-PN�+)&.4578+.46&)(UO �~ò�+�ò6c |	1 \ 7.ØV���)�B$,ÈËÊMÌ,�¼Ø¿1m�ËÍ5�¡^8Ê5��H��_Ø,Ê618�L7.�8Ê����AØ,Ê

?C�,�µ�%Ô����*�:Ð�Í5�)Ø�738��5F5ò'#'(VN"Î3��Î.�6��Î6���£�Tc
� !D�������.� ¨Jc6!?+.ÑU(*16-ó��ªYc=��(V7*7Uò6�6ò,1�O:¨JcF��(*&)-0ò'B0OT/�c¤>�/w}�(Vò�L'(=+.Z6(R}¥(*K ca|	1�^bÊ��+HD�_Ø�Ê.18��7.�*Ê����GØ�ÊA���L738KË��7�Ì%�

?C�,�µ�"T]���*�b�b�6F5ò'#'(VN H r W � H Î.³T��Î6���£�Wc
� !D��»��w�u�	� ��c !$K5-�+)(*K�/'46Bó�Tt5cT��7Lf$45#'Z �*��c »�STNU�£@�c£@_ò%N.N)ò,B0/%NU��ò'15O"t�c£}k-0(*16(U&Uc |	1�78&)(*EG(*1M+)ò'B(��ò,-01M+.(*1�ò,157*(�9;/%&

��ò�+)(*&)-0ò'BH-0Ñ*(VO3@=-H(UI$N�/�L'(U&$�W(*EG-PN�+)&.4578+.46&)(UOU�~ò�+)ò5cA|	1��;Í6�"\ 7.ØV���)�B$,ÈËÊMÌ,�CØ�1R�;Í6�ÐÉ§�8Ê��]8��]Ì�Ø	È�7b�;ÍX^8Ê5�	��7b�
Ê��,��ÈoØ,Ê����§��Ø,Ê618�L7.�*Ê����GØ�Ê¤����738@Ë��	7�ÌM�Q?Y���	�'Ô����8�8�B#e'��*ÉVU�Ø�7�5��6F�ò,#'(VN ± �¸� J �5�M!]46#'45N�+�Î6���u�5c

� !]©0�W�(�£�¸����cT!$K6-H+.(UK�/%46Bó�F��c5©=45ò%N.NU�£t�c���7Lf]46#'Z��t�cW}k-0O6/'E�Tò,15O t5cW}k-0(*16(U&Uc¼>�Z6(4h/'&)(*B�©=45(*&)S�h�ò,16#%45ò,#%($9;/%&
�W(*EG-PN�+)&.4�7b+.45&.(VO"�~ò�+)ò5c |	1�^bÊ5�	�L7bÊ����óÈoØ�Ê����YXTØ	È�7bÊ����_Ø�ÊA?�È�Ì'ÈË�µ�,�VËJÈoÔL7.�	7bÈo�8�B#Q¯���¯ � � F5ò'#'(VN W �¸�����6��!$F6&)-HBÎ6���£�Wc

� !$&)/��£�¸� ªYc6!$&)/T78(*1�ò6c¤}¥(*K�¯R©0h ² Æ�«TF6B0/'-H+.-016#��]/T7*46EG(*1M+=�M+.&)4578+.46&)("-H1}¥(*K�©=46(*&)-0(UNUc¼|	1^8Ê5��H=Ó¢Ó¦Ó �_Ø,Ê5�
18��7)�8Ê��)�*� Î.�u�£�Tc

� <?!}¬���	� ��c5<DZ5ò�I�ò�+.Z5('�6��cT!$K6-H+.(UK�/%46Bó�6ò,15OUt5cW}k-POT/'Ec¤»$(*F6&)(UN.(*1M+.-016#Yò,15O�©=46(*&)SW-H15#G<DZ5ò'16#'(VN§-01:�W(UEG-0N�+.&)457b´
+.46&)(UOA�=ò,+)ò5c |	1�\,7.ØU�����B$�ÈËÊWÌ��XØ�1G�;Í6�@Ì�Ø	È�7b�	���8Ê��ËÍ^8Ê5�	��7bÊ����óÈoØ�Ê������_Ø�Ê618�L7.�*Ê����:Ø�Ê"?Y���	�3Ï?ÊMÌ'ÈËÊ����L7bÈËÊMÌ�#
Õ,7b�H��Ê�$'Ø¸#(Ì_�0Ø	7bÈ2$'�,��F�ò,#'(VN J ��Î ± �T26(UK6&)45ò,&)S�Î6���u�6c

� <?»�<�Z4���	�[ZGc >"c�<DB0ò�SWF�/W/'Bó��Æ]c !�c»$4615OT(U15N�+)(*-016(*&V�Th_c�<DZ5(*1 �ò'15O¥�=c2Z"/'+.Z5ò'&.-óc »�(*´ó45N)ò,K5BH(G/TOTEG#,´µK5ò'N.(UO�+.(UEC´
F6BPò�+.(VND9;/'&?ID(UK3LW-H(UI¼#'(U16(*&�ò�+)-H/%13ò,1�OX&)(UN�+.&)457b+)46&.-016#�c¦|	1¢� ^	\6!^] ´`_¢ÓØ�7�5��.Í6ØBÏ�Ø,ÊkÓ�VÔ]^8Ê618Ø	73Pw���óÈoØ�Ê
��Ê�$@?Y���	�a!���Ê��*ÌM��Pw�8Ê��Q��Ów^¿??!^] ´`_ � #YÓ����ÍTÈËÊMÌ'�µØ,ÊF#e?"Hó��H%#e'�Ø��OH¶-��5F5ò'#'(VN ± Î J � ±�H Î'��Î6���u�6c

� 2g2�hg���£�¸� ��cT26(U&.15ò'15OT(UÑ'�F�Cc62�B0/'&)(UN)784�M!�cFh (*LWS%�Wò'15OU��c5�W4�78-04 c¤! ©=46(*&)S;hò'16#'4�ò,#'(~�WSTN�+)(*Eo�=(*EG/'1�N�+)&)ò,+.-0/'1
´§�M+.&)45OT(UB ² !a}¥(*KT´	N�-H+.(4��ò'15ò,#%(*EG(*1M+$�WSTN�+)(*Ec¼|	1�[C�b!Ã×T^� �!�Õ(?q�_Ø�Ê618�L7.�*Ê����YØ�Ê8!���Ê��*ÌM��Pw�*Ê5�?Ø¿1
?C�,�µ�,� Î6���£�Tc

� ªRª������£�¸�o��c�ª~BH4�7�Z6('��>"c�ª~&)45N�+V��<=c9��ò,-01MK�(*&)#'(U&U�6ò'15O���cÆf�c��67�Z6/'B0B�ca|	157*&.(UEY(U1M+)ò,BV�$F�O6ò�+)(UN�9;/%&D��ò,+.(*&)-Pò,B0-HÑU(UO
¯R©0h�@]-0(*I$NUc°|	1¥\ 7)ØU�����B$�ÈËÊMÌ,�GØ¿1��;Í6� R��;ÍQ^8Ê5�	��7bÊ����óÈoØ�Ê������_Ø�Ê618�L7.�*Ê����XØ,Ê�?Y�B$	È5�*��È}���w��Ê�$¥Õ$Ô;Ö*���*�.Õ,7bÈË�
�8Ê��µ�B$I?Y���	�'Ô����8�8�;�¶?XÕ"Õ�? � #b!�Ø�Ê��]7.�LÈ`cu#�×�É�ÈË�edV��7b�H�,ÊÆ$,�6F5ò,#%(UN�³ H � W�W ���](V78(UE�K�(*&RÎ6���£�Tc

� ª�����³	� !�cª~46F6+)òò,15O�|bc��cT��45EY-P7�ñ�c���ò'-H1M+.(U15ò,1�78(Y/,9 ��ò�+.(U&.-Pò,B0-0Ñ*(UO�@]-0(*I$N ² ¨_&)/'K6B0(*EwNU��>�(U7�Z516-¹ZM46(VN*�£ò'15O
!$F6F5BH-P7*ò,+.-0/'15NUck|	18T�ÈT�Ë�H�*��ÈËÊ¥Ø�1~�ËÍ5�QÐ����)ÍTÊ5Èo�����_�_Ø�PKPYÈË���	����Ø�ÊU?C�,�µ��Ï�ÊMÌ'ÈËÊ�����7bÈËÊWÌ	#w¯`_F�~C � �6F5ò'#'(VN ± ��Î6�5�t'4516(GÎ6�u�£³Tc

� ª������ ± � !�c�ª~46FT+�ò6�g|bcJ��ce��46EG-P7�ñ��Jò,1�O�@�c��W46K6&�ò,Z5EGò'16-Pò,1 c ��ò,-01M+)ò'-H16-016#�@=-H(UI$N�|	1�78&)(*EG(*1M+)ò'BHB0S'c�|	1¦\ 7)Ø��
���)�B$,ÈËÊMÌ,�~Ø�1=�ËÍ5�$[C�b!q×W^, K!�Õ�?°^bÊ��µ�L7bÊ��,��ÈoØ,Ê��,���_Ø�Ê.18��7)�8Ê��)��Ø�Ê�!���Ê��UÌ%�LPw�8Ê��DØ�1 ?C�,�µ�	#~Ó����.ÍWÈËÊWÌ,�	Ø�Ê=#
?IHó��H0�6F�ò,#'(VN"Î.³£�6��Î WuW ����ò�S�Î.�u� ± c

� Z4h���»����.� !�cfZRò�I�ò,#%457�Z6-ó���Cc62DcFh-H(U4WID(U1 �W|bc5��c���46EG-07�ñ��6ò'15O=ZGcT!�c6»�/%N)N*ck|	EGF6B0(*EG(U1%+)-H15#Y|	1�78&)(*EG(*1M+)ò'B�@]-0(*I
��ò,-01M+.(U15ò,157*(�-H1>à$(VN�+)(UO��~ò�+)ò4��/WO6(*BPN*c¢|	1w^8ÊG\ 7)ØU�����B$�ÈËÊMÌ,�=Ø�1]�ËÍ5�XÓ�Ø	7�5��.Í6ØBÏ�Ø,Ê�?Y���	�'Ô����8��\ 7)Ø.Ìu7.�	PY�
PCÈËÊWÌOË���ÊWÌ�È5�UÌ%�8�b�5!$45#'45N�+�Î6���£�Wc



� h����6�F��³¸� !$B0/'1hgCcDh(*LWS'�$!]BHK�(*&.+./¤¯Cc���(U15OT(UBHÑU/'1 ��g_(UZ6/%N.ZW45òk�Tò,#%-HL���ò,15Oq�=-HL%(UN.Z®�T&.-0L�ò'N�+)ò�L�ò6cq!]15N�I?(*&)-016#
ZM46(*&)-H(VN§4�N�-016#GLW-H(UI$N*ck|	1�\ 7.ØV���)�B$,ÈËÊMÌ,��Ø¿1~�ËÍ5�@¯�E5�ËÍQ[C�b!Ã×T^� §[C�]Ð �µ×T^� �!�Õ�?��µ×T^� §[$��Ð�×98	PDÏ6Ø���È}È�P
Ø�Ê�\ 7bÈËÊ��*È Ï��H�8�CØ�1Q?C�,�µ�%Ô)���*�R×Æ8����	�LP��B#�×��,ÊiXTØ��*��#]�["�£Î6����³6c

� ��-HZ9� W � ªYcu��-0Z5ò,-0BPò6c¡}¥(*K��5©0h´ò,1X�5©0h ´óB0-0ñ'(yZM46(*&)S�BPò,16#%45ò,#%(§9;/%&�+.Z5(�}k}k}°cX��ò'N�+.(*&.S Ng+.Z6(VN�-PN*���$16-0L'(U&)N.-�+�S
/,9J>/%&./%1%+)/5��Î6��� W c

� ¨Dª���}¬�£³¸�<gCcJ¨�ò,F5ò'ñ'/%15N�+�ò,1M+.-016/%4 �Tf�c�ª"ò,&�78-Pò�´l��/'B0-015ò6� ò'15Oót�c}k-POT/'Ec ¯=KT±�(V7b+CÆ_«T7�Z�ò,16#%(X!]78&)/%N)N@f](8+)(*&)/'#'(*´
16(*/%45N�|	1T9;/%&.Ewò�+)-H/%1�T/'46&�78(VN*c¼|	1�^)Ï_Ï_Ïk^8Ê5��H?��Ø,Ê61H_Ø,ÊU?Y���	��Ï?ÊWÌ,ÈËÊ��)�L7bÈËÊMÌ'�5F�ò,#'(VN H ³TÎ�� HuW r6��Î6����³6c

� »�ZR»$< � W � Æ$c�!�cD»�4615OT(U15N�+.(*-016(U&U��f�c§!�c�Z"4615/5�jgCc_»]ò6�_ò,1�O¡@Cc?<D&.(VN�+�ò,15ò%>�ò'46K�('c >�Z6(���46BH+.-0@]-0(*IÒ¨_&)/,±�(V7b+ ²
¯=KT±�(U78+b¯=&)-H(U1M+.(UO:@=-H(UI®>�(U7�Z516/'B0/'#%S3ò,15O�!]F6F6B0-07Uò�+)-H/%15N*ca|	1�\ 7.ØV�����Y$,ÈËÊMÌ,�YØ�1��ËÍ5�R[C�M!�×T^� �!�Õ�?�^8Ê5�
�µ�L7bÊ��,��ÈoØ,Ê��,�_�_Ø�Ê618�L7.�*Ê����GØ�Êi!��,Ê��UÌ%�LPG�*Ê5��Ø�1Q?C�,�µ�,�TF5ò,#%(4³�³u³6��t%4616(wÎ.�u� W c

� ���Qt£h�� W � �]-0L'(VN�Z��W&)-0L�ò%N�+�ò�L�ò6�6�WZ5ò'46B��~ò,&V�=f�c6@Cc9tMò,#Mò'OT-PN�Z�Wò'15O!$B0/'1�gCc9h (*LWS%ca!]15N�I?(*&)-016#wN�ZMBTZM46(*&)-0(UN�45N.-H15#
Ewò�+.(U&.-Pò,B0-0Ñ*(UO3LW-H(UI$N*cA|	1�\,7.ØU�����B$�ÈËÊWÌ���Ø�1���ËT?<T$� Î6��� W c

� ��hT>y�6ÎL� ��c*f�c �T7�Z6/%BHBó� <=c�h�ò'ò%N.7�Z ��ò,1�O���c£>&)(UN)7�Z cs�]F�O6ò,+)ò'K6BH(Y@]-0(*I$N~-01�¯=KT±�(V7b+8¯=&.-0(*1M+.(VO��~ò�+)ò'K5ò'N.(UNUc®|	1
\ 7.ØV���)�B$,ÈËÊMÌ,��Ø¿1Q�;Í6��C'ÊÆ$�^bÊ5�	�L7bÊ����óÈoØ�Ê����"�_Ø�Ê.18��7.�*Ê�����Ø�Êâ?Y�Y$�È5�8�óÈ}������Ê�$¦Õ$Ô;Ö*���*�.Õ,7bÈo�*Ê5�	�Y$�?Y���	�'Ô����8�8�
�¶?XÕ"Õ�? � #b!�ÈTÊ5Èo��Í£#] $�L73PG�,Ê=8��5F�ò,#'(VN~Î6�u�	� H r£�W���=(U78(UE�K�(*&RÎ.�u�6Î%c

� �W457L� W � ��cT�W457*-H4cA©=46(*&)SO�=(U7*/'EGF�/%N.-�+)-H/%1Xò,15Ow@=-H(UI¬��ò,-01M+.(U15ò,157*(�9;/'&�©=46(*&)S�hò,15#'45ò'#'(UN�9;/'&�]15N�+.&)457b+)46&.(VO
�=ò,+)ò5cA|	1�\ 7.ØV�����Y$,ÈËÊMÌ,�CØ�1��ËÍ5�IC�C'ÊÆ$G^8Ê5�	��7bÊ����óÈoØ�Ê��,�§�_Ø�Ê.18��7)�8Ê��)�GØ,ÊA���L738KË��	7�ÌM��?C�,�µ�%Ô)���*�b�B#�!�È�PwÔ)�,È
��T]Ø�PGÔ��	8 � #g^8ÊÆ$,Èo���5F�ò,#'(VN HuH �.� Hu± �6�T�W(UFT+.(UE�K�(*&�Î.�u� W c

�N�£ª��u�%ò	� gCc=��ZW46#%(=ò,1�O f�c6ª"ò'&)7*-0ò���/'B0-H1�ò6c¼ª~&)ò'F6ZQ�M+)&.4�7b+.45&.(VOX@]-0(*I$N�ò'15O3>�Z6(U-H&�|	157*&.(UEG(*1M+)ò'BÆ��ò'-H1M+)(*15ò'1578(%c
|	1k\,7.ØU�����B$�ÈËÊWÌ���Ø�1�;Í6�A¯�E5�ËÍ�^8Ê5�	��7bÊ����óÈoØ�Ê����R�_Ø�Ê.18��7.�*Ê����¥Ø�ÊÎ?Y���	��Ï?ÊWÌ,ÈËÊ�����7bÈËÊWÌ	#XÕ,7b�H�,ÊÆ$'Ø	#0Ì§�HØ	7bÈ2$%���
F5ò,#%(UN~Î'Î W ��Î H ³6�M25(*K6&)45ò'&.S�Î.�u�u�5c

�N�£ª��u�'K�� gCcF��ZW46#'($ò'15O>f�cTª"ò,&�78-Pòu��/'B0-H15ò5c¦�W(UB�9Ë´l��ò'-H1M+)ò'-H1�ò,K6-0BH-H+�SY/,9�ª~&�ò,F6Z3�M+)&.4�7b+.45&.(VOG@]-0(*I$NUc¦|	1mÐ5����ÍWÊ5Èo���,�
�]�lÏ6Ø�7b�2#$�_Ø�P�Ï�ÈT�µ�L7"×��*Èo�8Ê����Q?Y�~Ï5�	7b�¡Pw�8Ê��2#J×��	��Ê.18Ø	7�$JB�Ê�È}���L7��bÈË�]8��5F5ò,#%(UN~Î'Î W ��Î H ³6�T¯~78+./'K�(*&"Î.�u�u�5c



Ú ÚÃÛ�Û�æ ð é�Ø�k

^®ö�÷ ÅA_Mú�¾ � » øA» � úq�B»�ß ÅU
e�6ùl���e
(�¿¾D
e�Tý¿»§þÀ^d��ÿ�»�ß�ýl�6ùD¼

Procedure Path_Evaluation (o)
{    
       if  BFS_CRPs ({"root"}, {o}) = True 
            generate a "EPG" from o by including 
            objects that their In_EPG = T
}
Boolean BFS (Labels, Objs)
{    int has_obj = 0;
      get a l from queue Labels;
      if  the ending variable of l, v is a leaf variable
           if Labels is empty 
                 return True;
      else  {
           for each li in v-CRP, put li in Labels;
           for each object o of Objs[l] {
               o.set_labels;
               if  o.In_EPG = T  {
                    has_obj ++;
                    for each label li in o.Label[ ]
                        Objs[li] = Objs[li] + o.Objs[li];
               }
           }
           if  has_obj = 0
               return False;
      } 
      return BFS_CRPs (Labels, Objs);
}

Object  ::
Member 
{
   Boolean In_EPG = F;   int   T = 1;
   Set   Labels = m ;           Set  Objs[ ] = n ;  
   int   Count[ ] = 0;          int   CT[ ] = 0;  
}
Method  set_Labels
{ binding o with variable v;  
   if v is a variable for leave nodes
      In_EPG = True;
   else {
      for each li in v-CRP {
          Labels = Labels + {li};
          Objs[li] = null;  Count[li] = 0; 
          CT[li] = 0;
          for label li, for each of its paired subObj oij { 
               Objs[li] = Objs[li] + {oij};    
               Count[li] ++;   
          }
      }
      for each label li in Label[ ] {
          if  Count [li] = 0 
               In_EPG = False;
      }
   }
}

(a)  Path Condition Evaluation Conducted in a BFS Traversal (b)  Joint Variable Objects Index Structure Initialization

����������� � j�~¨�ò,+.ZÆ_L�ò,B045ò,+.-0/'1Q!]BH#%/'&)-�+)Z6E

^®ö]\ ÅA_Mú�¾ � » øA» � úq�B»�ßX^mÿ_ÿ�ß6ú ÿw
V�6ý¿»§þjÞ�¾]þ=ûÆ�Tý¿»§þ

Procedure Compute_Truth (EPG) 
//Aggregation Function for computing truth value; 
{  
    According to the QG within this EPG,
    sort the variables bottom-up in a partial order;
    excluding leaf variables,
    for each variable v {
          for each o of variable v;   
                o.comp_CT;
    } 
}

Object :: Method  comp_CT
{   T = 1;
     for each label li in Label[ ] {
          for label li, for its paired subObj oij { 
                CT [li] = CT [li] + oij.T;       
                if  (CT [li] == 0)  {
        T = 0;
                      exit;
                }
          }       
     }
}
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Procedure Ins (o1, l, o2)
{     If  o2 ∉ EPG   {
           PE(o2);    // result in a sub-"EPG" from o2;
           If  o2 ∉ "EPG"   or   o2.T = 0 {
                  Judged to be an Irrelevant Update;
                  exit;
           }
           else  {
                  if  o1 ∉ EPG  
                       re-evaluate on o1;  
                  else  {
                       cache o2 in EPG;
                       o1.Count[l] ++; o1.CT[l] ++; 
                       if  o1.CT[l] >0 and o1.T = 0  { 
                            for each of other labels li 
                                o1.T = o1.T q  o1.CT [li];
                                if   o1.T = 1  
                                     propagate on its parents
                       }
                  }
           }
     }
}
Procedure  Del (o1, l, o2)
{    If  (o1 ∉ EPG) or (o2 ∉ EPG)  {
         Judged to be an Irrelevant Update;
         exit;
     }
     o1.Drop_Obj (l);
}

Object  :: 

Method  Inc_CT(l)
{   CT[l] ++; 
     if  CT[l] = 1  { 
           for each label li in Label[ ] other than l
                T = T r  CT [li];
           if   CT = 1  
                for each of its parent o´ with label ll 

   o´.Inc_CT (ll); 
     }
}
Method  Dec_CT (l)
{   CT[1] -- ;
     if  CT[1] = 0  {
          T = 0; 
          for each of its parent o´ with label ll 
               o´.Dec_CT (ll);
     }
}
Method  Drop_Obj (l)
{   Count[l]--;   
     if  Count[l] = 0 {
          In_EPG = F; 
          for each parent o´ with label ll to it  
                o´.Drop_Obj (ll);
     } 
     else 
          Dec_CT(l);
}
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