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yRY�_�aLY£e1UWnoYEORyc5öY$S�_���¥�aLYlb�Ylh�ORb�Y£_�afYlb�Y£UWb�Yo�q�W�X\@OReqe1^,yR]�Y£noYlUWVf^,VLc�e�^,V;_�af^,e¶eqYlnoUWVf_�^,S{e1\@UWS�Yd��:dORb
Yl[*UWno\@],Yl¦� ¢¡�D��HCz�¤£¦¥�ORafV¨§©]��*�3XÛ�HCz�¤£ � UWb�m+§©]�_��Hb;XYJ��*����£ û OR�dYle�ª�¦*^,e|U{\@ORe1e1^,yR],YxnoY$UWVf^,VfcP^,V _�aLY
e1mde1_�Ylnr_�aLUW_L_�aLYZ^,VL}�^,�d^,}�i@UW]�eªno^,c�aL_LQPUWVL_f_�O<Yl[#\@b�Yle1e¨�

¥�af^,e�^,e�UI�dYlb�m<eq^�no\@],Y|eqYlnoUWVf_�^,Sue1\@UWS�Yl¦ÕORhRS�ORi@b�e1Yd��:dORb�Yl[*UWno\@]�Y$¦$_�afYªUW_�_�b�^�yRi@_�Y$s���UW],i@Y�VLOR_�UW_�^�ORV
}�ORYle�VLOR_LUW],],ORQ�h�ORbjb�YlS�i@b�e1^,��YIb�Y$\@b�Yle1YlVL_�UW_�^,ORVfe¨��¥�aLYI]�UWeq_Le1Y$S�_�^�ORVEORhL_�aL^�eg\@UW\@Ylb�QP^,]�]Rb�Yl_�i@b�V�_�O¯_�af^,e
^,e1e1i@YIUWVf}`e1i@cdcdYle1_RQPafUW_L^�no\@UWS�_L^,Vf_�b�OR}�i@S�^,Vfc�U�b�^�S�aLYlb�e1Y$noUWVf_�^,S�egno^�cdaL_fafUW�dYZORV~_�afYIe1mde1_�Yln�

« ÙÛÐpÆ�Ä$Î�ÏWÓ&Íªç#ÈuØWÎ�ÅÌÚÕÐÑÈ�Í{Î�ÏWÐ#ÐÑÄ$É�ÐRÐÑÄÕÅÌÆ�Æ�ÅÌÖIÏWÓ&É�ÐÑÅ&Î�Ú�ÜÛÏWÓ&õWÓ&Æ@Î�ÚÕÓÌàIÐÑËwÎ�Î�Üpß1ÐÑÈ�È�Ó&Æv¬lÐ�Ä$Ç�È�ÈuÊ�Î�ÚÕÆ�ÐÑÇ�É�Å&Ú$ÐÑÆ�ÜÛÏWÓÌÓ&à�î�Ã¨Ä$ÈuÆ�àÕÆ�ÐÑÈ�Ö
ÐÑÄÕÉ�ÐlÈ�Þ�Î�ÓÌÞ�È�ÆRÅÌÆRÚÕÎ�Ð$Ê�Î�ÖIØWÓÌÈ�ÐÑÈ�Ó&à�Î�ØWÈ�ÚÕá�Æ�Å&Ú$Ê�È@ÚÕÈ�Ë±ÖIÈ�É�Ú$Å&Ú$Ô�Æ�Í¨Î�ÚÕÎ�Ð$È�ÞÕÎ�Ó&ÞÕÈ�á�Î�Ú$Ó&àwÚÕÈ�Ë±Æ�Å&ÔÕÚÕÉ�Ó&Æ�î
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¥�afY<i@_�_�Ylb�UWVfS�YleI_�aLUW_�_�afY<^,Vf}�^,��^,}�i@UW],e¶^,V´_�aLY£eq^�noi@],UW_�^,ORV±QX^,],]�i@e1Y¯UWb�Y�e1_�b�^,VfcdeIORh�e1mdnoyROR],e�_�UW�dYlV
h�b�ORn _�afY~eqYl_k  �-§¯�<§¯J�§¯b�§��$ª<�x¥�aLYle1YES�UWV¡yRY~_�aLORi@cdaf_�ORhgUWe{_�afYEyRUWe1^,S£\@aLORVfYl_�^,S{cdYle1_�i@b�Y$exUW�dUW^,]�s
UWyR],Y¯_�O~_�afY¶^,Vf}�^,�d^,}�i@UW],e�UW],_�afORi@cdaL¦pi@Vf],^,�dY{^�V b�YlUW]�e1\@YlYlS�aL¦!_�afY$b�Y¶UWb�Y{VLOX\@aLORVfOR_�UWS�_�^,S�S�ORVfeq_�b�UW^,VL_�e
ORVµS�ORnoyR^,VfUW_�^,ORVfe<ORh§cdYle1_�i@b�Yle¨�E¥�afYlb�YX^,e<VfO´]�^,no^,_|\@],UWS�Yl}�ORVµ_�aLYX],YlVLcd_�a¡ORh§UWVi@_�_�Ylb�UWVfS�Yl¦�UWVf}
_�afY{eqafORb�_�Yle1_«\@OReqe1^,yR]�Y¯i@_�_�Ylb�UWVLS�Y¶^,eZORVLY{e1mdnoyROR]f],ORVfcz��vwUWVL}�ORn i@_�_�Ylb�UWVLS�Yle1¦pORVo_�aLY{OR_�afYlbgafUWVL}�¦
��QPaf^,S�aEUWb�Y§^,Vf_�b�OR}�i@S�Yl}EUWezVLOR^�eqYªORb@UWezS�ORno\@]�Y$_�Yl],m¶VfOR�dYl]W^,VfVLOR�dUW_�^�ORVLe1¦�UWejQPYªeqafUW],]¨e1YlYw]�UW_�Y$b��!��UWb�m
yRYl_�QPYlYlVEe1^,[{UWVf} _�Y$V~e1mdnoyROR]�eg^,VP],YlVfcd_�a~^,VP_�afYIe1^,noi@],UW_�^�ORVLeªb�Yl\@ORb�_�Yl}PafYlb�YR�

�;�3�;�@� °±®H�;�l�l�;®H�
¥�afY¶�dVLORQX],Yl}�cdYxORh�YlUWS�a ^�VL}�^��d^,}�i@UW]f^,Vo_�afYxe1^,noi@]�UW_�^,ORVo^,e�e1^,no\@],m`U¯cdb�UWnonoUWb§_�aLUW_�noUW\@e�noY$UWVfs
^,Vfcde¶ORVL_�Ooi@_�_�Ylb�UWVfS�Yle¶UWVL} �d^,S�Y~�dYlb�e1U��¶¥�afY�cdb�UWnonoUWbxh�ORb�noUW],^,e1n S�aLORe1YlV´^�e{UX\@b�ORyRUWyR^,],^,e1_�^,SEUW_�s
_�b�^,yRi@_�YEcdb�UWnonoUWb���� · Q¶�uUWh�_�Ylb�¼!_�OR],S��dYo���q�W�;PW���x¥�aL^�e�^,e¶UPS�ORVf_�Yl[*_jh�b�Y$YEcdb�UWnonoUWb�YlVLb�^�S�aLYl}¡QP^,_�a
e1_�UW_�^,e1_�^,S�UW]@^,Vfh�ORb�noUW_�^,ORV¢UWVf}ôU£QXUWm ORhj^,Vf_�b�OR}�i@S�^,Vfc UW_�_�b�^,yRi@_�Yls��dUW],i@Y<\@UW^�b�eZUWe�U£e1YlnoUWVL_�^�S�\@UWb�_jORh
YlUWS�a°b i@],Yd� · noORb�Y¶h�ORb�noUW]L}�Yle1S�b�^,\@_�^,ORV`ORh@_�aL^,e|_�md\@YxORh@cdb�UWnonoUWb§^,e|cd^,��Y$V ^,V°_�afY�UW\@\@YlVf}�^,[*¦!yRi@_
e1ORnoYIe1^,no\@],YIYl[#UWno\@],YlegUWb�YZcd^,��Y$VXyRY$]�ORQ��

· Vo^�no\@ORb�_�UWVL_�\@OR^,VL_�_�OPVLOR_�Y¶UWyRORi@_z_�aL^,e�b�Yl\@b�YleqYlVf_�UW_�^,ORVfUW]�e1\@UWS�Y{^,eI_�afUW_�^,_�}�ORYle§VfOR_�yR^,UWe�_�aLY
e1^,noi@],UW_�^,ORV�_�O¯VfUW_�i@b�UW]#],UWVLc�i@UWcdYls�],^,�dY�cdb�UWnonoUWb�e¨�l¥�afY§e1\@UWS�Y|ORhd\@ORe1e1^,yR],Y|� · Q�R e�^,euafi@cdYl�$_�aLY|�dUWe1_
noU65�ORb�^�_�mEORhf� · Q cdb�UWnonoUWb�eªUWb�YZ�dYlb�mEi@VLVfUW_�i@b�UW]��

²�³ �;�l´�µ��·¶���� ©	noUWcd^,VfY±U;],UWVfcdi@UWcdY´],YlUWb�VLYlb�QPafOafYlUWb�} _�afY¢noYlUWVL^�VLc¹¸AT"º;C��YT"�W�HG¼»µ�"_HLôYl[*s
\@b�Yleqe1Yl};UWe . UWy�²x_�QPYlVf_�m`_�^�noY$exUWVf} . yRU�²x_�Y$V´_�^,noYle¨�w¥�aLY£eq^�no\@],Yleq_jcdb�UWnonoUWbZ_�aLUW_�_�afUW_z],YlUWb�VfYlb
S�ORi@],}°YlVL}`i@\XQP^�_�aPQPORi@],} ],OROR�E],^,�dY-,

1 ==> a [30]

2 ==> b [30]

S --> 1 2 [20]
Agent=John
Patient=Mary
Predicate=Loves

S --> 2 1 [10]
Agent=John
Patient=Mary
Predicate=Loves

¥�afY
S
e1mdnoyROR]R^,e§_�aLY . e1_�UWb�_�²ªe1mdnoyROR]Rh�ORb�_�afYZcdb�UWnonoUWb�� B ��Y$b�mEi@_�_�Ylb�UWVfS�YZ\@b�OR}�i@S�Yl} yRm�_�aLY�^,VL}�^,s

�d^,}�i@UW],ew^,ewUWVPYl[*\@UWVfeq^�ORVEORhLUWV
S
b i@],Yd�l¥�aLY�Vfi@noyRYlb�e

1
UWVf}

2
UWb�YZUWb�yR^,_�b�UWb�m£S�UW_�YlcdORb�m<VfUWnoY$e98�^,V

_�afYxe1^,noi@]�UW_�^,ORVLe�b�Yl\@ORb�_�Yl}oafY$b�Yl¦pUW],]«_�aLY¶S�UW_�YlcdORb�m~VfUWnoYle<��OR_�aLYlbg_�afUWV
S
��UWb�Y{UWb�yR^,_�b�UWb�m`Vfi@noyRYlb�e¨�

¥�afY¯e1mdnoyROR],e
-->

UWVf}
==>

S�UWV¢yRY<_�afORi@cdaf_�ORhjUWeZnoYlUWVf^,VLc . ^,exnoUW}�Y£i@\´ORh�²q¦L_�aLY¯]�UW_�_�Y$b|yRYl^,Vfc
b�YleqYlb���Y$}°h�ORbu_�Ylb�no^,VfUW],e{��^�� YR�RS�UW_�Y$c�ORb�^,Ylew_�afUW_«eq\@Yl],]RORi@_f\@afORVLYl_�^,S§cdYle1_�i@b�Yle1���#¼#OR¦*UWV`i@_�_�Ylb�UWVfS�YZS�UWV
Yl^,_�afY$bZyRYPnoUW}�Y~i@\µORhgU

1
h�OR],],ORQXY$} yRm±U

2
¦�ORbZU

2
h�OR],],ORQPYl} yRm±U

1
�¯¼#^�no^,],UWb�],m�¦zU

1
^,e{noUW}�Y

i@\µORhgUWV
a
e1mdnoyROR]�¦@UWVL} U

2
^,e{noUW}�Y~i@\¡ORhgU

b
e1mdnoyROR]��x¥�aLY~Vfi@noyRYlbI^,V¡e1kdi@UWb�Y~yRb�UWS��dYl_�e¶^,e

_�afY�b i@],Yxe1_�UW_�^,e1_�^,S�¦*b�Yl¿@YlS�_�^,Vfc~_�aLYxUWnoORi@VL_«ORh«Yl�d^,}�YlVfS�Y�c�^,�dYlVX_�O�_�afUW_f\@UWb�_�^,S�i@],UWbwb i@]�YR�4:d^,VfUW],],m�¦!_�aLY
Ylkdi@UW_�^,ORVfegi@Vf}�Ylb�YlUWS�a

S
b i@]�YZ^,VP_�af^,egYl[#UWno\@],YZe1\@YlS�^,h�mE_�aLYIe1YlnoUWVf_�^,S�egh�ORb�_�aLUW_L\@UWb�_�^,S�i@],UWbub i@]�YR�
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²�³ �;�l´�µ��k½¿¾±À �XORQ�¦¨^�noUWcd^,VfYxU{}�^,h�h�Ylb�YlVL_«],UWVfcdi@UWcdYx^,V`QPaL^�S�aW¸AT"º;C~�YT"�W�HG�»�"_HL¯^,e§Y$[#\@b�Y$e1e1Yl}XUWe
. UWyRS�S�S*²ZUWVL}¼¸AT"º;C`�YT"�W�HGzÁ"F-C-bW��^,e�Yl[*\@b�Yle1eqYl} UWe . UWyR}�}�}ª²W� · e1^,no\@]�Yxc�b�UWnonoUWbwh�ORbg_�af^,e|],UWVfcdi@UWcdY
��^,cdVfORb�^,VfcE_�aLYIe1_�UW_�^,e1_�^,S�ewORV~_�aLYIb i@]�Y$eªh�ORbze1^,no\@]�^,S�^,_�md��¦#S�ORi@],}`]�OROR�£],^��dY-,

1 ==> a

2 ==> b

3 ==> c

4 ==> d

5 --> 3 3 3
0=Mary

5 --> 4 4 4
0=Tunde

S --> 1 2 5
Agent=John
Patient=(2).0
Predicate=Loves

:d^,b�eq_�]�m�¦¨VfOR_�^,S�YZ_�afUW_L_�afYlb�YZ^,e§ORVL]�mEORVfY
S
b i@],Yl¦*yRi@_f^,_«S�UWV yRYZi@e1Yl}`_�OEYl[*\@b�Yleqew_�QPO£noYlUWVf^,Vfcde¨�¨¥�af^,e

^,eEyRYlS�UWi@eqY`_�aLYlb�YPUWb�Y _�QPO´^�VL_�Ylb�noYl}�^,UW_�Y`QPORb�}�e
ccc

UWVL}
ddd

QPaL^�S�a_�afY$noe1Yl],�dYle¯noYlUWVÂ»µ�"_HL
UWVf}ÂÁ�F-C-bW��b�Yle1\@Y$S�_�^��dYl],m#�p¥�afYxQPaLOR]�Yxi@_�_�Ylb�UWVfS�YZ^�e§noUW}�Yxi@\°ORh@U

1
��QPaf^,S�a°^,e§UWV

a
�fUWVf}¢_�afYlVXU

2��QPaf^,S�a°^,e§U
b
��¦*h�OR],]�ORQPYl}¢yRm~U

5
QPaf^,S�a`S�UWV°Yl^,_�afYlbjYl[#\@UWVL}o_�O

3 3 3
T"_
4 4 4

��QPaf^,S�af¦p^,V`_�i@b�V
Yl[*\@UWVf}`_�O

ccc
ORb

ddd
���

¥�afYxeqYlnoUWVf_�^,S�e§ORhf_�afYZQXaLOR],Yxi@_�_�Ylb�UWVfS�YZ^,e¨JAT"UWV;T"G �Hb<yRmP_�UW�d^,Vfc�_�aLYxnoYlUWVL^,Vfc~ORh«_�aLY
0
h�Y$UW_�i@b�Y

ORh|_�aLY
5
QPORb�}�UWVL}�UWe1e1^,cdVf^,Vfc¡_�aLUW_|_�O;_�aLY

Patient
h�YlUW_�i@b�YXORh�_�afYXQPafOR],Y i@_�_�Y$b�UWVLS�Yd�`¥�afY

0h�YlUW_�i@b�Y£^,exe1^,no\@],m¢UWV´UWb�yR^,_�b�UWb�m¢h�YlUW_�i@b�YEVfUWnoYE¸ U~\@]�UWS�Y$afOR],}�Ylb�h�ORb�_�afY<e1YlnoUWVL_�^�S{^,VLh�ORb�noUW_�^,ORVL¦
^,h�m�ORio],^,�dYd�j��©	h�QPY¶QPYlb�Y�_�O~c�^,�dY¶_�aLYle1Yxh�Y$UW_�i@b�Yle§UWVL}´S�UW_�Y$c�ORb�^,YleªVfUWnoYle|^,VLe1_�YlUW}oORh�Vfi@noyRYlb�e1¦#QPY
no^,cdaf_«S�UW],]�_�afYZS�UW_�YlcdORb�m

5
. VfORi@V�²ªUWVf}o_�aLY�h�Y$UW_�i@b�Y

0
. \@Ylb�e1ORVu²W� �w¥�aLY�],^,VfY

Patient=(2).0
^,V

_�afY{eqYlnoUWVf_�^,S�e�^,eIQXaLUW_zUWeqe1^,c�VLe
Patient

_�aLY{��UW],i@Y<ORh�_�afY
0
h�YlUW_�i@b�Yd��¥�afY{Vfi@noyRY$b§^,VoyRb�UWS���Y$_�e

_�Yl],],e~i@e�QPaf^,S�a�ORhI_�afY°S�UW_�Y$c�ORb�^,Yle�ORVÀ_�afY°b�^,cdaf_IafUWVL} e1^,}�Y°ORhI_�afY b i@]�YoS�ORVL_�UW^,VfeP_�afY°eqYlnoUWVf_�^,S
^,Vfh�ORb�noUW_�^,ORV�QPY|VfY$Yl}ª��¥�afY|S�ORVL�dYlVf_�^,ORVEi@eqYl}�afY$b�Y|^,e�_�afUW_R_�aL^,e�Vfi@noyRYlb�^,euUWVE^,VL}�Y$[�^,Vf_�O{_�aLY|b�^,c�aL_
afUWVL}¡e1^,}�Y<S�UW_�Y$c�ORb�^,Yle1¦�e1_�UWb�_�^,Vfc°h�b�ORnÄÃWYlb�O��Å/´Y£S�UWV´_�af^,Vf� ORh�_�afY¯b�^,c�aL_�afUWVL}ôe1^,}�Y£ORhj_�afY

S
b i@],Y

^,Vo_�af^,e|Yl[*UWno\@],Y{UWe�afUW�d^,Vfc`^�no\@],^,S�^,_j^,Vf}�^,S�Yle�,
1 ÆÈÇ>É 2 Æ 0 É 5 Æ � É �«¥�aL^,e�UW]�],ORQPeIi@e|_�O~UW],QPUWm�eIyRY{UWyR],Y¯_�OYl[*\@],^�S�^,_�],m�b�Y$h�Ylbj_�O<ORVfYI\@UWb�_�^,S�i@]�UWbub�^,cdaf_�afUWVL}°e1^,}�YZS�UW_�Y$c�ORb�m#�
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Q¶^,�dYlVoU<c�b�UWnonoUWb�¦�YlUWS�a°^,VL}�^,�d^,}�i@UW]«noi@e1_�afUW�dY¯e1ORnoY{QPUWm`ORh�\@b�OR}�i@S�^,VfcXi@_�_�Ylb�UWVfS�Y$e|h�ORbªU<\@UWb�s
_�^,S�i@],UWbunoYlUWVf^,Vfcz�W¥�af^,eª^,ewUWS�_�i@UW],]�m~_�b�^,�d^,UW]�_�O<}�OEi@e1^,VLcEe1_�UWVL}�UWb�}°S�ORno\@i@_�UW_�^,ORVfUW]p],^,Vfcdi@^,e1_�^,S�eª_�Y$S�afs
Vf^,kdi@Yle¨�$¥�aL^�eueq^�noi@],UW_�^,ORVPi@e1Yle�U�_�OR\P}�ORQPVL¦$],Ylh�_�s�_�ORs�b�^,c�aL_LcdYlVLYlb�UW_�^,ORVEUW],cdORb�^,_�aLn�W¥�aLY�\@b�OR}�i@S�_�^�ORV
^,ekbW�����H_HUWXYC1XYG��3XYJ{yRY$S�UWi@e1Yl¦@cd^,��Y$V;_�QPOo\@ORe1e1^,yR],YEYl[*\@UWVfeq^�ORVLexORhgUPS�UW_�YlcdORb�m�¦f_�afYE\@b�OR}�i@S�Y$bZUW],QPUWmde
e1YlUWb�S�afYleu_�aLYZORVLY�_�afUW_�afUWeg_�afY�aL^,c�aLYlbjeq_�UW_�^�eq_�^�Sw^,V~_�afYIcdb�UWnonoUWb��¨©	V�OR_�aLYlb�QXORb�}�eq¦lb i@],Yleg_�afUW_�afUW�dY
yRYlYlVXcd^,��Y$V noORb�Y�QXY$^�cdaL_«e1_�UW_�^,e1_�^,S�UW],]�mXUWb�Y¶\@b�Ylh�Ylb�b�Yl}ª�!¥�af^,e|noYlUWVLe|_�afUW_f^�h�_�aLY�cdb�UWnonoUWbªaLUWe|_�QPO
QPUWmdew_�O<Yl[*\@b�Yle1euORVLYInoYlUWVf^,Vfcd¦W_�aLYlV~ORVf],mEORVLYIORhf_�afOReqY�QXUWmdegQP^,]�]RY$��Y$bjyRYIi@e1Yl}ª�
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¼!^,VLS�Y�ORVfY�ORhuORi@bIb�Y$k�i@^,b�Y$noYlVf_�e�h�ORbZUPnoOR}�Yl]�^,e¶_�afUW_u_�aLY�^,Vf}�^,�d^�}�i@UW],e{^,Vô_�afYE^�VL^,_�^�UW]z\@OR\@i@],UW_�^�ORV
afUW�dY~VLOo��VLORQP]�Y$}�cdY<ORhu],UWVfcdi@UWcdYl¦@e1ORnoY�QPUWm¢^,e¶VfYlY$}�Y$}¡ORhuVfYlQ»h�ORb�noe¶yRYl^,Vfc¢\@b�OR}�i@S�Yl}�¦«OR_�aLs
Ylb�QP^,e1YEVLORs�ORVfYEQPORi@],}¡Yl�dYlb�yRY�UWyR],Y~_�O°eqUWm±UWVLmd_�af^,Vfcz��¥�aL^,e¶^,e¶QPafYlb�Y£_�afY£^�VL�dYlVf_�^,ORV;UW],cdORb�^,_�afn
S�ORnoYle�^�VL_�O°\@],UWm#�§©�_j^�e�yRUWe1Yl}¡ORV±_�afY<UWe1e1i@no\@_�^,ORV±_�afUW_�ORS�S�UWe1^,ORVLUW]�],m¢^,Vf}�^,�d^�}�i@UW],e1¦@Yl�dYlV±_�afORi@cda
_�afY$m`aLUW��Y¯VLOXVLORb�noUW]«QPUWm ^,VoQPaf^,S�ao_�O`Y$[#\@b�Y$e1e|U<S�Ylb�_�UW^�VonoY$UWVf^,Vfcd¦dQP^�],]«VLORVfYl_�aLYl],Yle1eª\@b�OR}�i@S�Y
e1ORnoYI^,Vf�dYlVL_�Yl}`eq_�b�^,VLcEORhfeqm�noyROR]��

¥�afYlb�Y{UWb�Y<}�^,höh�Y$b�YlVf_�QPUWmde�^,VoQXaL^,S�ao_�af^,e�no^,c�aL_�yRY<}�ORVLYd�«¥�aLY¶e1^,no\@],Yle1_�UW\@\@b�ORUWS�ao^,e�_�OP\@b�ORs
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noUW_�^�S�UW]@noOR}�Yl]�h�ORbw_�afUW_�\@UW^,b§QPaf^,S�aonoUW�dYle�VfOPcdYlVLYlb�UW]�^,e1^,VLc`UWe1eqi@no\@_�^�ORVLe§UWyRORi@_�^,_�� . ¥�af^,e
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ÏH��´�Í��1�×�;�;������Ø-Ù  Ú¡¨Df�ACu�<£ � ^,�dY¤§Û]j�!�YX��KC��¿£�ÑgOR],_�UWV¨§Û]�_ �Kb�X�Jq�p�Û��£�MIVfORQPe�ª
ÏH��´�Í��1ÜHÀ1®H�lÙ �"���"�
ÏH���"À-®H´�À-®H�;���;ÌÖ�lÀ-Ì��;µ�Ù

1 ==> a [1]
2 ==> b [1]
3 ==> a [1]
4 ==> b [1]
S --> 1 2 3 4 [1]

Agent=Mike
Patient=Zoltan
Predicate=Knows

Ý �;®HØ-����Ø NPUW�d^,VfcôyRi@^,],_§U`c�b�UWnonoUW_�^,S�UW]gnoOR}�Yl]jORhªU e1^,Vfcd],YPi@_�_�Ylb�UWVfS�Yl¦�_�afY~UW],cdORb�^,_�afn eqYlYl�de{_�O
noYlb�cdYª_�aL^,e�noOR}�Yl]$QX^,_�a¯_�afYgYl[*^,e1_�^,Vfc�noOR}�Y$]lh�ORb«UWVfmx\@b�Yl�d^,ORi@e�i@_�_�Y$b�UWVLS�Yle¨��¼!_�OR],S��dYwUWS�aL^,Yl�dYle
_�af^,exQP^,_�a¢U~e1Yl_�ORh�T"VW�H_ �*�3T"_HG�_�aLUW_jnoUW�dYEcd],ORyRUW]�S�afUWVLc�Y$e�_�O`_�afY<c�b�UWnonoUWb�� · V¢Yl[*UWno\@],YEORh
e1i@S�a¢UWV±OR\@Y$b�UW_�ORbw^,e . S�UW_�Y$c�ORb�m`noYlb�cdYd²W�j¥�af^,eZe1^,no\@]�m _�UW��Y$e�_�QXOXS�UW_�YlcdORb�^,Yle�^,V´_�aLY<cdb�UWnos
noUWb§UWVf}´noUW�dYle�_�afYln»_�aLY¶e1UWnoYd� · VfOR_�afY$bwOR\@Y$b�UW_�ORbg^,e . S�afi@VL�j²q¦RQPaL^�S�ao_�UW�dYle�U<e1_�b�^,VfcPORh
S�UW_�YlcdORb�^,Yle¯UWVL}�b�Yl\@],UWS�Yle¯_�afY$n ^,Vµ_�afYPcdb�UWnonoUWb{QP^,_�a¡ORVfYPS�UW_�YlcdORb�m�¦z^,VL_�b�OR}�i@S�^�VLc;U°VLYlQ
b i@]�Y¯^,Vf_�OX_�afY{cdb�UWnonoUWb��j¥�afY$b�Y¶UWb�Y<h�ORi@bªeqi@S�aoOR\@Ylb�UW_�ORb�e§VfYlYl}�Yl}o^,V¢ORb�}�Ylbw_�OPe1i@S�S�Yle1e1h�i@],],m
noYlb�cdYI_�QXO<� · Qxe¨�$¥�afYlm£UWb�Y�}�YleqS�b�^,yRYl}XyRb�^,Yl¿@m�^,VP_�afYIUW\@\@YlVf}�^,[f�

©	VôORb�}�YlbZh�ORb�¼#_�OR]�S��dY-R e{eqm�eq_�Yln _�O¢yRY~U`e1i@S�S�Y$e1e1h�i@]�^�VL}�i@S�Ylb�¦�_�afY�noYlb�c�^,VLc;OR\@Ylb�UW_�ORb�exS�UWVLVfOR_
e1^,no\@],mxyRYwUW\@\@],^�Y$}EUW_*b�UWVL}�ORn�Õ¥�afYgnoYl_�b�^,Sz_�aLUW_#^,e�i@e1Yl}¯_�O�}�^,b�YlS�_*_�afYge1Y$UWb�S�a{_�afb�ORi@cda¶_�aLYg\@ORe1e1^,yR],Y
OR\@Ylb�UW_�ORbuUW\@\@],^,S�UW_�^�ORVLe|^,e�\@b�OR�d^,}�Y$}oyRmX��UWmdYle1^,UWVX],YlUWb�Vf^,VfcX_�afYlORb�m�¦¨QPaf^,S�a°h�ORb�noUW],^�eqYle|U¯_�b�UW}�Y$s�ORhöh
yRYl_�QPYlYlV noOR}�Y$]LS�ORno\@],Yl[*^,_�m UWVf}´}�UW_�U$�@_��z©	Vfh�ORb�noUW],],m�¦L_�aLY{yRYle1_�cdb�UWnonoUWb�^,eIORVfY{_�aLUW_zUWS�S�ORi@VL_�e
h�ORbw_�afY¶}�UW_�U¯cd^��dYlV ^�V _�afY{noORe1_@S�ORVLS�^�eqY{h�UWe1af^,ORV°¸ Yle1e1Y$Vf_�^,UW],]�m�¦#_�afY¶e1aLORb�_�Yle1_«cdb�UWnonoUWb§_�aLUW_@e1_�^,]�]
UWe1e1^,cdVfeg_�aLYZcd^,�dYlV~}�UW_�Uxe1Y$_�Uxaf^,cda~\@b�ORyRUWyR^,]�^,_�m#�

· eZVLOR_�Yl}±UWyROR��Y$¦L_�aL^�eZ�d^,Vf};ORhze1YlUWb�S�a¢h�ORbªU�cdOROR}´e1Y$k�i@Y$VfS�Y{ORhjOR\@Y$b�UW_�ORbwUW\@\@],^,S�UW_�^�ORVLe�^,eZ_�ORO
S�ORno\@i@_�UW_�^,ORVfUW],],m´S�OReq_�]�moh�ORbI_�aLY�e1^,noi@],UW_�^�ORVLe¶b�Yl\@ORb�_�Yl};afYlb�YR�Z©	Vfe1_�Y$UW}�¦LUPe1Yl_�ORhuaLYli@b�^�eq_�^�S�exafUW�dY
yRYlYlV<^,no\@],YlnoYlVf_�Y$}~QXaL^,S�aEUW\@\@b�OR[*^,noUW_�Y§_�af^,e�eqYlUWb�S�a<h�ORb�UWXYC-XYU¯���Wcdb�UWnonoUWb�e¨� B UWS�a£afYli@b�^,e1_�^,SI��}�Yls
e1S�b�^,yRYl} ^,VX_�afYIUW\@\@YlVL}�^,[*�L_�UW�dYleuUx\@UW^�bjORhLb i@],YlewUWVf}°S�ORno\@UWb�Yleg_�afYlno¦W],OROR�d^,VfcEh�ORbjOR\@Ylb�UW_�ORb�ej_�afUW_
noUWm~yRYxUW\@\@],^,Yl}o_�aLUW_«QP^�],]dnoUW�dYx_�aLY�b i@],YlewnoORb�Yxeq^�no^,],UWb��R¥�afYZafYli@b�^,e1_�^,S�eªaLUW�dY¶yRYlYlVPS�ORVfeq_�b i@S�_�Yl}
^,VEe1i@S�a£UIQXUWm¯_�aLUW_pUW_dYlUWS�aEe1_�Y$\E_�afY$m{e1afORi@],}~VfOR_!^�VL_�b�OR}�i@S�Y|],UWb�cdY|Vfi@noyRY$b�ezORhRVfYlQ cdb�UWnonoUW_�^,S�UW]
e1_�b�^,Vfcde¨�+:dORb|Yl[*UWno\@]�Y$¦L_�aLY£],Ylh�_�s�aLUWVf}¡e1^,}�Y¯S�UW_�YlcdORb�^,YleZORV¢_�QPO`b i@],Yle�UWb�Y£VLOR_jnoYlb�c�Y$};i@Vf],Yleqe�_�aLY
b�^,c�aL_�s�afUWVL}ôe1^,}�YleIORh�_�afY<b i@],Yle�UWb�Y£UW],b�YlUW}�moYlkdi@^,�dUW],YlVf_�¦LUWVf}¡_�afY$m afUW�dY£^�}�YlVL_�^,S�UW]@e1YlnoUWVf_�^,S�e¨�g©	h�¦
QPafYlVX_�afY$e1Y�OR\@Y$b�UW_�ORb�ewUWb�Y¶UW\@\@],^,Yl}�¦#_�aLYle1YZ_�QPO�b i@],Yle§yRYlS�ORnoYx^�}�YlVL_�^,S�UW]�¦!_�afYlVPORVfY�ORh@_�afY�b i@]�Y$e§^,e
}�Yl],Yl_�Yl}¢h�b�ORn _�afY{cdb�UWnonoUWb�� Þo¥�af^,eInoYlUWVfe�_�aLUW_z_�aLY¶afYli@b�^,e1_�^,S�e�QP^,]�]f_�YlVf}±_�OPnoUW��Y{_�aLY{cdb�UWnonoUWb
e1aLORb�_�Y$b�¦lafY$VfS�YIUW\@\@b�OR[*^�noUW_�^,VLc�_�afYI^,Vf}�i@S�_�^,ORV~\@b�ORS�Yle1eu}�YleqS�b�^,yRYl}`yRmE¼#_�OR]�S��dYd�
ß ÙÛÚuÐÑÄÕÈLÆ�Å&ÖZÏWÓ&É�ÐÑÅÌÎ�ÚÕÆ!Ç�È�ØWÎ�Ç�ÐÑÈ�ÍuÄ$È�Ç�È�á�Å&Ú$Í¨ÏWÊ�Ð�ÅÌÎ�Ú�Î�Ú$Ó&àjÐ�É�ï�È�Æ#ØWÓ&É�Ê�ÈLÅ&Ü�ÐÑÄ$È�Ä$È�É�Ç�È�ÇEà�á>âãâ�ävå�É�Ó&Ç�È�É�Í¨à�ØWÉ�Ç�Æ�ÈdÐÑÄÕÈfÅ&Ú$ØWÏWÐ�ÜÛÎ�Ç�ÖIî

ÙÛÜWÄ$È�Ê�É�ÚÕá�Ú$ÎgÅÌÚÕÍ¨ÏWÊ�ÐÑÅ&Î�Ú|ÐÑÉ�ïÕÈ�ÆdØWÓÌÉ�Ê�È�á�ç#ÏWÐWÐÑÄÕÈ�Ç�ÏWÓÌÈ�Æ�ÐÑÉ�ÐÑÅÌÆ�ÐÑÅ&Ê�Æ�É�ÇöÈ@ÅÌÚÕÊ�Ç�È�ÖIÈ�Ú$ÐÑÈ�ÍIÎ�Ú$Ê�È�ÜÛÎ�ÇpÈ�É�Ê�Ä|Ç�ÏWÓ&È@È�É�Ê�Ä|ÐÑÅ&ÖIÈ@ÅÌÐlÅ&Æ�ÏWÆ�È�Í
Å&ÚªÐÑÄÕÈ@ØWÉ�Ç�Æ�Å&Ú$ÔuÎ�ØWÈ�Ç�É�ÐÑÅ&Î�Ú$î
æ¯ç ÏWÇ�ÐÑÄ$È�Ç�ÖIÎ�Ç�È�á�ÐÑÄ$È@Æ�ÐÑÉ�ÐÑÅÌÆ�ÐÑÅ&ÊLÎ�ÚwÐÑÄ$È�Æ�ÏWÇ�ÞÕÅ&Þ�ÅÌÚÕÔ�Ç�ÏWÓ&È@ÅÌÆRÅ&Ú$Ê�Ç�È�É�Æ�È�Í*î



¼ 
�Z��gý M 
��<[�\ �

? hfS�ORi@b�e1Yl¦Õ_�afY�i@e1Y�ORhdafY$i@b�^,e1_�^,S�eu^,egU�S�aLYlUW\XUWVf} }�^,b�_�m¯QXUWm£ORhL}�OR^,Vfc<^,Vf}�i@S�_�^,ORVu�$¤{^,e1S�OR�dYlb�^,Vfc
e1i@S�S�Yleqe1h�i@]@afYli@b�^,e1_�^,S�ex^,e�U~]�UWyRORb�^,ORi@e¶_�UWe1� UWVf}µ^,exVfOR_jQXY$]�]�noOR_�^,�dUW_�Yl}¡_�afY$ORb�Yl_�^,S�UW],]�m#� � ORb�YlOR�dYlb�¦
_�afY$mEVfY$S�Yle1e1UWb�^,],mEyRi@^,],}o^�VXS�ORVfeq_�b�UW^,VL_�ewORVP_�aLYZeq\@UWS�Y�ORhL\@ORe1e1^,yR],YZ� · Q¶ew_�afUW_f_�aLYI^�VL}�i@S�Ylb�noUWm�Yl[*s
\@],ORb�Yd�L©	V`_�afY¶e1^,noi@],UW_�^,ORVfe|b�Yl\@ORb�_�Yl}o^,V°_�af^,e|\@UW\@Ylbö¦!h�ORbwYl[#UWno\@],Yl¦#_�afY¶cdb�UWnonoUWb�e�S�UWVfVLOR_@yRYlS�ORnoY
b�YlS�i@b�e1^,�dYd�l¥�af^,ew^�ewVfOR_�UxeqYlb�^�ORi@euS�ORVLS�Ylb�VPh�ORbji@ewafYlb�Y$¦le1^,VfS�YZ_�afYIe1YlnoUWVL_�^,S�eªORh�� · Q¶ew^,egVfOR_�b�YlS�i@b�s
e1^,�dYEUWVLm�QPUWm#�|NPORQXY$��Y$b�¦fQPORb��°^,exS�i@b�b�YlVL_�],moi@Vf}�Ylb�QPUWm°_�O°Yl[*_�YlVf};_�afY<e1^,noi@]�UW_�^,ORV´_�O°UW],]�ORQ»h�ORb
b�YlS�i@b�e1^,�dYZe1YlnoUWVf_�^,S�egUWVf} UWVX^,VL}�i@S�_�^,ORV~UW],cdORb�^�_�aLnÁQP^,_�aPe1YlUWb�S�aPQP^,]�]!\@b�ORyRUWyR],m~yRYZb�Ylkdi@^�b�Yl}ª�

· e1YlS�ORVf}�¦�UWVL}�noORb�Y°^,no\@ORb�_�UWVf_�¦u],^,no^,_�UW_�^�ORVÀORVÀ_�afY`^,Vf}�i@S�_�^,ORV UW],cdORb�^�_�aLn QP^�_�aLORi@_|e1YlUWb�S�a
^,e�_�afUW_I^,_�b�Ylkdi@^,b�YleEe1ORnoY aLYl],\�^�V¢G ��D1U<�HCz�3XYCEDÀ_�afY°^,Vf\@i@_�}�UW_�U��´¥�aL^�eE\@b�ORyR],Yln ^,e~UWVfUW],ORcdORi@e�_�O
�@Vf}�^,VfcE_�afYIQPORb�}�ew^,VXU¶e1_�b�^,Vfc£ORh«_�Yl[*_L^,VXUWVXi@VL�dVfORQPV~],UWVfcdi@UWcdY�QP^,_�afORi@_Le1\@UWS�Yle¨�W¥�af^,eª^,ewVfOR_LUWV
^,Vfe1OR],i@yR],Y<S�ORno\@i@_�UW_�^�ORVLUW]«\@b�ORyR],Ylno¦�ORhjS�ORi@b�e1Yl¦dyRi@_�^,_jcdYlVfY$b�UW],],m b�Ylkdi@^�b�YleIe1ORnoY¯e1YlUWb�S�a¢_�afb�ORi@c�a
_�afY~\@OReqe1^,yR]�YPe1Y$c�noY$Vf_�UW_�^,ORVfe¨� ? VfYPe1OR],i@_�^,ORVô_�O´_�aLYP}�^,h7�@S�i@]�_�m´ORh§}�OR^,Vfc±_�af^,e¯QP^�_�aLORi@_ªeqYlUWb�S�a¡^,e
_�O;\@b�OR��^,}�YX_�afYX]�Y$UWb�VLYlb¶QP^,_�aµyRb�UWS��dYl_�Y$}�Yl[*UWno\@]�Y$e¨�X©	Vµ_�afYleqYXeq^�noi@],UW_�^,ORVfeq¦�QPY`}�O;VLOR_§cdO±_�af^,e
h�UWb��~©	Vfe1_�YlUW}�¦�^,Vf}�^,�d^�}�i@UW],eEQPaLYlV¡e1\@YlUW�d^,Vfc±\@b�OR}�i@S�YPU . \@UWi@e1YPe1mdnoyROR]�²q¦�_�afUW_w_�afYP^,Vf}�i@S�Ylb�S�UWV
}�Yl_�YlS�_�¦dQPafYlVLYl�dYlb§UEVfYlQ®eqi@yR_�b�YlY¯^,exYlVL_�Ylb�Yl}±^,Vf_�O ^,V±_�afY<cdYlVfYlb�UW_�^,ORVo\@b�ORS�Yleqe¨� · eIQPY£eqafUW],]�e1YlYl¦
^,V`_�aLY�^,VL^�_�^,UW]�e1_�UWcdYlegORh«_�afYZe1^,noi@],UW_�^,ORVf¦*_�afYle1YI\@UWi@e1Y$eªaLUW��Y�VfO£Ylhöh�YlS�_�¦*yRYlS�UWi@e1YZUW],]L_�aLY�cdb�UWnonoUWb�e
UWb�Y{S�ORno\@],Yl_�Yl],m~¿@UW_��fNPORQPYl�dYlb�¦*],UW_�YlbªORVL¦!QPafY$V QPORb�}�e§UWb�Y{}�^,e1S�OR�dYlb�Y$}oyRm`_�aLYx\@OR\@i@],UW_�^,ORVf¦!_�aLYlm
cdb�YlUW_�],mEeq^�no\@],^,h�m~_�afYN5�ORy£ORhf_�afYI^,Vf}�i@S�Ylb �

n�o n è^��r�xK}>�¢u9��sct>}�y��Â��y�y��
Q¶^,�dYlV¡UXS�ORno\@i@_�UW_�^�ORVLUW]jnoOR}�Yl]�ORhªUWV¡^,VL}�^,�d^,}�i@UW]�8`noUW}�Y~i@\µORhgUWV¡^,Vf}�i@S�Ylb�¦�U`\@b�OR}�i@S�Y$b�¦@UWVf}
UWVô^,Vf�dYlVL_�ORb^8XQPY�VLYlYl}¡_�Ooe1Y$_�ORi@_u_�afY�QPUWmde¶^,VôQPaf^,S�aôUP\@OR\@i@],UW_�^,ORV;ORhu^,Vf}�^,�d^,}�i@UW],e¯^,Vf_�Ylb�UWS�_�e¨�
¥�afY£\@OR\@i@]�UW_�^,ORV±^,V;_�afY£e1^,noi@],UW_�^�ORVLe¶b�Yl\@ORb�_�Yl};afYlb�Y£^,e¶noUW}�YEi@\¡ORh�_�YlV±^,Vf}�^,�d^�}�i@UW],e{UW_uUWVfm¢ORVLY
\@OR^,Vf_�^,Vo_�^,noYl¦RORb�cdUWVf^,e1Yl}¢^,VoU<b�^,VLcj�@©	V°OR_�afY$bwQPORb�}�e1¦!YlUWS�aonoYlnoyRYlbªORh�_�aLY{\@OR\@i@],UW_�^�ORV`afUWeI_�QPO
VfY$^�cdaLyRORi@b�eW�R¥�aL^�eª^,e|U{e1^,no\@],Y¶QPUWmXORh@noOR}�Yl],],^,Vfc~_�aLYxe1\@UW_�^,UW]�ORb�cdUWVf^,e1UW_�^,ORV`_�aLUW_@QPUWe|noYlVf_�^,ORVLYl}
^,VPe1YlS�_�^,ORV~½����W�

:d^�cdi@b�Y;�£UWVL} ú e1afORQ afORQ³_�aL^�e<\@OR\@i@],UW_�^,ORV^,e£i@\@}�UW_�Y$}ÀOR�dYlb¶_�^,noYd�`¥�aLY`noORe1_w^,no\@ORb�_�UWVf_
h�YlUW_�i@b�Y$ewORh�_�afY$e1Y�_�QPO£¿@ORQPS�afUWb�_�egUWb�Y-,

é B UWS�a ^,Vf}�^,�d^,}�i@UW]�],YlUWb�VLe`ORVL]�m h�b�ORn i@_�_�Y$b�UWVLS�Yle±��h�ORb�nos�noYlUWVf^,VLc�\@UW^�b�e1��\@b�OR}�i@S�Yl} yRmÀ^,_�e
VfYl^,cdafyRORi@b�e¨�

é ¥�aLYInoUW��Y$i@\`ORhL_�afYI\@OR\@i@],UW_�^�ORV~S�aLUWVfcdYlegOR�dYlbj_�^,noYd�

é ©�VL}�^��d^,}�i@UW],eªUWb�YZb�Yl\@],UWS�Yl} YlVf_�^,b�Yl],m£UW_fb�UWVf}�ORn�

é ¥�aLY�\@b�ORyRUWyR^�],^,_�mX_�afUW_fORVLY�^,VL}�^,�d^,}�i@UW]LQP^,],]�aLYlUWbuUW],]dh�ORb�noeªh�ORbuUW],]�_�aLY�\@OReqe1^,yR]�YZnoYlUWVL^�VLcde§^,e
��UWVL^,e1af^,Vfcd],m~e1noUW],]�� ê

ë ì  #fJ�j�D"#

¥�af^,e{e1YlS�_�^,ORV´]�OROR�de¶^,V¡e1ORnoY~}�Yl_�UW^,]�UW_gORVfY~\@UWb�_�^,S�i@]�UWb�b i@VôORhw_�afY�e1^,noi@],UW_�^,ORV¡}�Yle1S�b�^,yRYl}µUWyROR��YR�
¥�afY<yRYlafUW�d^,ORi@bIORh�_�afY<e1^,noi@],UW_�^,ORV;^,exS�ORVLe1^,e1_�YlVf_�h�b�ORn b i@V±_�O b i@VL¦fe1O°UES�UWb�Ylh�i@]�UWVfUW],mde1^,e¶ORh�ORVLY
S�UWe1YZ^,ewQPORb�_�afQPaL^�],Yd� · VLmE\@OR^,Vf_�egORh���UWb�^,UWyR^,],^�_�mXUWS�b�ORe1egb i@VLewUWb�Y�\@OR^,Vf_�Y$}`ORi@_�QPafYlV~_�aLYlmEUWb�^,e1Yd�
í Ã¨Ä$È�Ç�È�É�Ç�Èdí�è�è@Í¨ÅÌÜÑÜÛÈ�Ç�È�ÚÕÐqØWÎ�Æ�Æ�Å ç!Ó&ÈdÖIÈ�É�Ú$Å&Ú$Ô�Æ�á�É�Ú$ÍªÉfÖIÉ�÷1ÅÌÖIÏWÖ±Î�Ü�í�è�è@ÏWÐÑÐÑÈ�Ç�É�ÚÕÊ�È�Æ!ÄÕÈ�É�Ç�Í@ç#àjÈ�É�Ê�ÄuÅ&Ú$Í¨ÅÌÞ�Å&Í*ÏWÉ�Ó&î ã Þ�È�Ú

Å&Ü$É�Ú§Å&Ú$Í¨ÅÌÞ�Å&Í*ÏWÉ�Ó�Å&ÆRÓÌÏWÊ�ïÕà�È�ÚÕÎ�ÏWÔ�ÄwÐÑÎuÄ$È�É�Çpí�è�è�ÏWÐÑÐÑÈ�Ç�É�Ú$Ê�È�Æ�ÅÌÚgÅ&ÐÑÆdÓÌÅ&ÜÛÈ�ÐÑÅ&ÖZÈ�á�ÐÑÄÕÈ@Ê�Ä$É�Ú$Ê�È�ÆLÐÑÄÕÉ�Ð$ÐÑÄ$È�Æ�È@ËªÅ&ÓÌÓ�Ê�Î�ÞÕÈ�Ç!Ð�Ä$È�È�Ú$ÐÑÅ&Ç�È
ÖIÈ�É�ÚÕÅÌÚÕÔwÆ�ØWÉ�Ê�È@É�Ç�È ÂYîYîYïÂYîYî�ðòñóñ î



�q� û§ügý|þ�ÿgügþ����������!ÿ�	�
��gý��
�	����gÿ�	Eý|ü�	pÿ��fü�������������	�
��wý

ô¿õ6ö�÷3ø"ùHõûú&ü@ýmþ&ÿ��-÷@ø����Eÿ
ü�����ü��;ü��
	�ø"÷

� þ�����>õ�����õ����(ýmú��
�(õKü��Eþ�����	����

��ø��Eõ�	�ýmýmõ��¯ø���ùHõNú^ü3ýmþ
��õ6ü��Eþ�����	��-ø����>ö�õ6ø��Eõ��1ø���
�(õKúSü����ü��Eü���	�ø�÷cø��¤þ�õ6ø��¯õ��

�� "!� "#%$

&9õK÷3õ6ýmõ��¯ø������'¦ü�����ü��;ü��
	�ø"÷

(�)�)*$,+.-/ "0

1�)�)�)2$,+.-/ "0
�3 "!� "#%$

:d^�cdi@b�Y£�;,l¥�afYInoUW^,V`],OROR\Xi@e1Yl}X^,VX_�aLYIe1^,noi@]�UW_�^,ORVLe¨�

4"5�6"7"8�6"9�5�9;:=<�>�?@6"A9;7"B�<�:=CDAE 6"7"9;6"9�FGBH<�>�?@6"A
I"A,J C/K

L�M;N�O"P�Q@RTSVUWNXM�Y[Z\�];^ S,L_R ];` RaM 4"5�6"7"8�6"9�5�9�:=<H>�?@6"AAcb;:=9�CE 6"7"9;6"9�FWB�<�>�?@6"A
I"A@J C/K

d :=eWf�FGB�g�f�7"5�5�6"B�A

hifH:=:=A@6�Cj9;7"B�<�:=ClkGm

4"5�6"7"8�6"9�FWB�n=6"B�eGAA�b�:%9�CE 6"7"9;6"9�FGBH<�>�?@6"A
I"A,J C/K4"5�6"7"8�6"9�FWB�<�>�?@6"A
I"A@J C/K

o%p�q

r�s

r�s

r�s

o=p;q

tiuav�w v"v�x

y u"v_w v"zo=p;q

r|{V}@~@�

���i�i�V�%�i�����{V�l���V��},{�r

}Wr|�H��r|�"}@{�r

:d^,c�i@b�Y ú ,�¥�afYE¿@ORQPS�aLUWb�_jh�ORbZY$UWS�a;i@_�_�Ylb�UWVfS�YR� . �w²¶UWVL} .H� ²¶UWb�Y~b�UWVL}�ORn Vfi@noyRYlb�exS�aLORe1YlV±yRYls
_�QPYlYlVkÃWYlb�O¶UWVf}�ORVLYd�Õ¥�afY$mxe1^,noi@],UW_�Y§_�aLYªYlh�h�YlS�_pORh#VfOR^,e1YwUWVf}�ORS�S�UWe1^,ORVLUW]*^,VLVfOR�dUW_�^,ORV£b�Y$e1\@YlS�_�^,�dYl],m!�
. n²ª^,ewUxnoYlUWVL^�VLcd¦WUWVf} . e¨²g^,eªU�e1_�b�^�VLcEORh�e1mdnoyROR],e¨�



¼ 
�Z��gý M 
��<[�\ ���

¥�afYx^,VL^�_�^,UW]�\@OR\@i@],UW_�^�ORVP^,e|noUW}�Yxi@\`ORh@_�YlVP^,Vf}�^,��^,}�i@UW],e1¦!UW],]�ORh«QPaf^,S�a aLUW�dYxVfOE��VLORQP]�Y$}�cdYIORh
],UWVfcdi@UWcdYE¸ _�afUW_j^�eq¦«_�afYlmoaLUW�dY¼ÃWYlb�O°cdb�UWnonoUWb�e¨��¥�aLYEe1^,noi@],UW_�^,ORVô],OROR\ô}�Yle1S�b�^,yRYl}ô^,V·�@cdi@b�Y$e~�
UWVf} ú ^,eª_�aLYlV~^,Vf^,_�^,UW]�^,e1Y$}oUWVf}o],Ylh�_f_�O<b i@VPi@Vf_�^,]R_�afYIyRYlaLUW�d^�ORi@buORhL_�afYI\@OR\@i@],UW_�^,ORVXeq_�UWyR^�],^,e1Ylex��UWh�_�Ylb
e1Yl�dYlb�UW]¨_�afORi@eqUWVf}�cdYlVLYlb�UW_�^�ORVLe1���Õ�@Ylb�^,OR}�^,S�UW]�],m�¦l�dUWb�^,ORi@e�noYlUWe1i@b�Y$ejORhR_�afYª\@OR\@i@],UW_�^�ORV�R e�yRYlaLUW��^,ORi@b
UWVf} ��VLORQP]�Y$}�cdY|UWb�Y�_�UW�dYlV�,

�W� Ý �;�;������Ø-� ¥�afYXVfi@noyRYlbxORh|noYlUWVf^,VLc�e<_�afUW_ªUWVÀ^,Vf}�^,�d^,}�i@UW]gS�UWVYl[*\@b�Yle1e`��QP^,_�afORi@_§^,VL��Y$Vfs
_�^�ORVL���

ú � ���a�;� ¥�aLYIVfi@noyRYlbzORhfb i@],Yleg^,VXUWVP^,Vf}�^,�d^,}�i@UW]vR eªc�b�UWnonoUWb��
½���� À-Ð-�;®H�;Ø-� ¥�afY£UW��Y$b�UWcdY£e1_�UW_�^,e1_�^,SxORV±UW]�]�_�aLYE_�OR\;],Yl�dYl]@b i@],Yle�^,V´_�aLY£cdb�UWnonoUWb��<��¥�aL^,excd^,��Y$e
e1ORnoY|noYlUWe1i@b�Y�ORh�_�aLY|cdYlVfY$b�UW],^,_�m<ORh�_�aLY|cdb�UWnonoUWb�¦We1^,VfS�Y�S�OR�dYlb�UWcdY�^,eunoUW[#^,noi@nÁQPaLYlVEORVLY
_�OR\`],Yl�dYl]pb i@],YZ^,ewi@eqYl} h�ORbzUW]�]Ri@_�_�Y$b�UWVLS�Yle¨� �

P�� °�®H�;�l�l�;®H� ¥�aLYEUWS�_�i@UW]�cdb�UWnonoUWb�e¶ORhu_�aLYE^,Vf}�^,�d^,}�i@UW],e{^,Vô_�aLYEe1^,noi@],UW_�^,ORVôS�UWV;yRY�}�^,b�YlS�_�],m
^�VLe1\@YlS�_�Yl}ª�

· cdb�UW\@a¢ORh�_�afY¯\@OR\@i@],UW_�^,ORV±UW�dYlb�UWcdY<ORh�_�afYW�@b�e1_j_�aLb�YlY¯ORh�_�aLYle1Y¯noYlUWe1i@b�Y$eZOR�dYlb§U�b i@V´ORhzafUW],huU
no^,],]�^,ORVXS�mdS�]�Y$eª_�aLb�ORi@cda�_�afYIe1^,noi@],UW_�^,ORV`^,egcd^��dYlVP^,V±�@cdi@b�YI½��

¥�afYZc�b�UW\@a~aLUWe§yRYlYlV~\@UWb�_�^,_�^,ORVfYl}`^,Vf_�OE_�aLb�YlYZe1_�UWcdYleuyRYl_�QPYlYlV~QPaL^�S�aX_�afYI\@OR\@i@],UW_�^,ORVPUW\@\@YlUWb�e
_�O±noUW��Y . \@afUWeqYX_�b�UWVLe1^,_�^�ORVLe¨²<^,VL_�O;b�UW}�^�S�UW],],m¡}�^,höh�Ylb�Y$Vf_§_�md\@Yle{ORhªyRYlafUW�d^,ORi@b��~©	V¡\@UWb�_�^,S�i@],UWb�¦u_�aLY
b�Yl],UW_�^,ORVfeqaf^,\@exyRYl_�QPYlY$Vo_�afY<_�afb�YlY<noYlUWe1i@b�Yle�cdb�UW\@afY$}ôUWVf}¡UW],e1O°_�aLY£eq_�b i@S�_�i@b�Y£ORhj_�afYEcdb�UWnonoUWb�e
S�afUWVLcdYlexb�UW}�^,S�UW]�],m±UW_u_�afYleqY<\@OR^,VL_�e¨�|¥�aLYle1Y¯e1_�UWcdYleZUWb�Y�\@b�Y$e1YlVf_z^,V;Yl�dYlb�m°b i@V´ORh�_�afY£e1^,noi@]�UW_�^,ORVL¦
UW],_�afORi@cda~_�afYI_�^,no^,Vfc�ORhL_�afY�_�b�UWVfeq^�_�^,ORVLew^,ew�dUWb�^,UWyR],Yd�

� o p �¤t"s��9r��
©	V;_�aLY$�@b�e1_uh�YlQ»cdYlVfY$b�UW_�^,ORVLe��wORhu_�afYEeq^�noi@],UW_�^,ORVôb i@VôVLOR_�af^,Vfconoi@S�a;afUW\@\@YlVLe¨�I�POo^,Vf}�^,�d^,}�i@UW]
^,Vµ_�afYP\@OR\@i@],UW_�^�ORV¡aLUWe£UWVLm;cdb�UWnonoUWb�¦�e1O±_�afY$m;afUW�dYXVfO±QPUWmôORhª\@b�OR}�i@S�^,VLc;i@_�_�Ylb�UWVfS�Y$e¨� B UWS�a
_�^,noY¯UWVo^�VL}�^��d^,}�i@UW]@^,eZUWeq��Y$}´_�OP\@b�OR}�i@S�Y{UEeq_�b�^,VLc`h�ORbªU£\@UWb�_�^,S�i@],UWb|b�UWVf}�ORno],m S�afOReqYlV°noYlUWVL^�VLcd¦
_�afY$moS�ORVfe1i@],_u_�afY$^�bZcdb�UWnonoUWb�UWVL} }�^,e1S�OR�dYlbI_�afYlmoaLUW�dY~VfOoQPUWm´ORhg\@b�OR}�i@S�^,Vfc¢UPe1_�b�^,Vfcoe1Oo_�aLYlm
e1UWm~VLOR_�af^,Vfcz��O|ORVfeqYlkdi@YlVf_�],mE_�aLYxVLYlQ¬^,Vf}�^,��^,}�i@UW],e|afUW�dY¶VLO�Yl[*Ylno\@],UWb�e§h�ORbuUWS�kdi@^,e1^,_�^�ORV`UWVf}¢UW],e1O
YlVL} i@\QP^�_�a ÃWY$b�ORs�cdb�UWnonoUWb�e¨�<vwY$S�UW]�],¦�aLORQPYl�dYlb�¦�_�afUW_w_�afYlb�Y~UWb�YPORS�S�UWe1^,ORVfUW]ub�UWVf}�ORn XYC-�W�HCj�3XYT"C
UWVf} C-T"XYG �jYl�dYlVL_�e¨��/ afYlVLYl�dYlb�ORVfY�ORh�_�afYle1Y§ORS�S�i@b�eq¦W_�afY�VfY$Q UWcdYlVL_LaLUWeweqORnoYl_�af^,Vfc¯_�O¯^,Vf_�Ylb�VLUW]�^,e1Y4,
U \@UW^,b�^,VfcôORhwU b�UWVL}�ORno],môS�ORVLe1_�b i@S�_�Yl}µe1_�b�^,Vfc´ORhªe1mdnoyROR],e1¦�UWVf}�U`b�UWVf}�ORno],m;S�afOReqYlVônoYlUWVL^�VLcz�
¥�afYlVL¦¨^�h@_�aL^,e§^,Vf}�^,�d^�}�i@UW]�^,e§],UW_�YlbuS�UW],],Yl}¢i@\@ORV`_�O£\@b�OR}�i@S�Y�UWV`i@_�_�Ylb�UWVfS�YZQX^,_�aX_�afUW_«noY$UWVf^,Vfcd¦*_�afUW_
e1UWnoYZe1_�b�^,Vfc<ORhfe1mdnoyROR],egQX^,],]RUWcdUW^,VXUW\@\@Y$UWb�^,VX_�aLYI^�VL\@i@_LORh�U¶VLYlQT],YlUWb�VfY$b��

¥�af^,eu\@b�ORS�Yle1ejORh�b�UWVL}�ORnr^,Vf�dYlVL_�^,ORV�UWVf}Xb�Yls�i@e1Y§]�Y$UW}�eu_�O{_�aLY|e1^,_�i@UW_�^,ORV�_�afUW_d^,eue1_�UWyR],Y�_�afb�ORi@c�aLs
ORi@_�_�afY �@b�eq_�YlnoYlb�cdYlVL_|e1_�UWcdY°^,V�_�afY e1^,noi@]�UW_�^,ORV��¡¥�aLY°\@OR\@i@],UW_�^�ORV S�UWV�Yl[*\@b�Yle1e£ORVf],mU±eqnoUW]�]
\@Ylb�S�Y$Vf_�UWcdY§ORhR_�aLY|noYlUWVf^,VLc�eq¦$i@e1^,Vfc¯UIe1noUW],]*c�b�UWnonoUWbzQXaL^,S�af¦lVLORVfYl_�aLYl],Yle1e1¦�afUWejnoORb�Y|b i@],Yle�_�aLUWV
Yl[*\@b�Yle1eqYl}´noY$UWVf^,Vfcde¨� · _�md\@^�S�UW]@cdb�UWnonoUWb�}�b�UWQXV¢h�b�ORn U�b�UWVf}�ORn³^,Vf}�^,�d^�}�i@UW]�UW_j_�aL^,e�e1_�UWcdY<^,V
_�afYwe1^,noi@],UW_�^,ORVE^,e�e1aLORQXV¯^,V��@c�i@b�Y¨P��c/;YwS�UWVEi@VL}�Ylb�e1_�UWVf}�_�aL^,ezcdb�UWnonoUWb�UWe�U�e1^,no\@],Y§�dORS�UWyRi@],UWb�m
],^,e1_Lh�ORb§���wORhd_�aLY�\@ORe1e1^,yR],Y<�q�W�xnoYlUWVL^�VLcde¨�$¥�afY��@b�e1_4�@�dYIb i@]�Y$eu^�V~_�aLY�cdb�UWnonoUWbze1^,no\@],mEUWe1e1^,cdV�_�aLY
�@�dYx\@ORe1eq^�yR],Y . \@afORVLYl_�^,S*²ªcdYle1_�i@b�Y$eZ��_�afYZ]�Y$_�_�Ylb�ew�§_�OE� �«UWb�yR^,_�b�UWb�m~S�UW_�Y$c�ORb�m£]�UWyRY$]�eW�#¥�afYZb�YlnoUW^,Vf^,Vfc
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Ê�Î�ÖIØWÓ&È�Ð�È«ÐÑÏWÇ�Ú$Î�Þ�È�ÇpÎ�Ü$ÐÑÄÕÈ@ØWÎ�ØWÏWÓ&É�ÐÑÅÌÎ�ÚwËªÎ�ÏWÓ&Í|Å&ÚªÜÛÉ�Ê�ÐlÐ�É�ï�È«É�ÐlÓÌÈ�É�Æ�Ð�í�èzÔ�È�Ú$È�Ç�É�Ð�ÅÌÎ�Ú$Æ�î
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:d^,c�i@b�Y�½1,ª¥�afY�\@OR\@i@],UW_�^,ORVôUW�dYlb�UWcdY~ORhge1^mÃWYl¦�noYlUWVf^,Vfcde{UWVL} S�OR�dYlb�UWcdY�OR�dYlb&dW�W�W¦��W�W�°e1Y$Vf_�YlVLS�Yle1¦
QPafYlb�YxU . e1YlVL_�YlVfS�Yd²w^�e§UWV°^,Vfe1_�b i@S�_�^,ORVX_�O~U<eq\@YlUW�dYlb�_�O�\@b�OR}�i@S�Y�U<b�UWVL}�ORn noY$UWVf^,Vfcz� B UWS�a°VLYlQ
UWcdYlVf_�^,egYl[#\@OReqYl}`_�O`�q�W�{e1i@S�a~eqYlVf_�YlVLS�YleI��UW],_�afORi@cda~e1ORnoYInoUWm�yRYZe1^,],YlVf_�^,hf_�aLYZeq\@YlUW�dYlbz}�ORYleuVLOR_
�dVfORQ afORQ _�OZYl[*\@b�Yle1e@Uª\@UWb�_�^�S�i@],UWb@noYlUWVL^,Vfcd���Õ¥�afYgcdb�UW\@a{^�e�}�^,��^,}�Yl}£^�VL_�Ox_�aLb�YlYue1_�UWcdYle@e1^,cdVf^,h�md^,Vfc
noU65�ORb . \@afUWeqY�S�aLUWVfcdYle¨²u^,VX_�aLYIc�b�UWnonoUWb�ewORhf_�afY�\@OR\@i@],UW_�^,ORVu�
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6 ==> e [39]

2 ==> a [34]

3 ==> d [27]

5 ==> b [26]

15 ==> c [21]

S --> 6 15 3 15 6 2 2 5 3 3 2 [3]
Agent=John
Patient=Zoltan
Predicate=Hates

S --> 2 3 2 5 6 6 5 [2]
Agent=Mary
Patient=Zoltan
Predicate=Finds

S --> 6 [2]
Agent=Zoltan
Patient=Mike
Predicate=Hates

S --> 2 3 2 5 2 5 15 15 15 6 15 2 3 15 5 15 6 [1]
Agent=Mary
Patient=Tunde
Predicate=Hates

S --> 3 3 2 3 5 5 5 5 2 5 6 6 3 2 6 6 6 [1]
Agent=Mary

Patient=John
Predicate=Hates

S --> 2 3 3 3 5 3 15 15 6 2 2 [1]
Agent=Mike
Patient=Mary
Predicate=Hates

S --> 2 5 2 15 3 3 3 5 6 [1]
Agent=Mary
Patient=Tunde
Predicate=Loves

S --> 2 15 6 2 5 5 15 6 6 6 2 5 6 6 2 [1]
Agent=John
Patient=Mary
Predicate=Finds

S --> 15 6 6 2 6 5 6 6 5 15 6 15 2 5 3 6 6 [1]
Agent=Mary
Patient=Zoltan
Predicate=Hates

S --> 15 6 2 3 2 6 6 2 5 5 6 [1]
Agent=John
Patient=Zoltan
Predicate=Finds

S --> 3 [1]
Agent=Zoltan
Patient=John
Predicate=Hates

:d^,c�i@b�Y�P1, · _�md\@^,S�UW]!cdb�UWnonoUWb�h�b�ORn �"���;Ø1��Ï �q©	_�^,euYleqe1YlVf_�^,UW],],m£UZe1^,no\@],Yl¦W^,}�^�OReqm�VLS�b�UW_�^�Sw�dORS�UWyRi@],UWb�m
QP^,_�aXORVLY�QPORb�} h�ORb�Y$UWS�aXS�ORno\@],Yl[xnoYlUWVf^,Vfcd¦¨UWVf} ]�^,no^,_�Yl}°Y$[#\@b�Y$e1e1^,�dY�\@ORQXY$b��
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:d^,c�i@b�Y&d1, · �"���;Ø-�zÏ \@afb�UWe1YIe1_�b i@S�_�i@b�YI_�b�Y$Y�e1afORQP^,Vfc£_�afYIi@_�_�Ylb�UWVfS�Y . UWS�YlUWyRyRS�YlY$YlUWyRYlYlU�²ªnoY$UWVf^,Vfc
¸AT"º;C[Æ�C1b;Gû»µ�"_HL��¨�POR_�Y�_�afYIS�ORno\@],Yl_�YI¿@UW_�VfY$e1egORhL_�aLYZeq_�b i@S�_�i@b�Yd�

���jb i@],YlejUWS�_R],^,�dY|U�}�^,S�_�^�ORVLUWb�m{noUW\@\@^�VLc{noYlUWVf^,VLc�eje1i@S�a£UWe-¸AT"º;C�Æ9C-b;G�»µ�"_HL
Ç«}�^,b�YlS�_�],m{ORVf_�O�e1_�b�^�VLcde
ORh�S�UW_�YlcdORb�^�Y$e{��e1i@S�a°UWeÉÈËÊHÌËÍÉÈÎÌ`�Ì��� �ZUWVf}±_�afY$b�Ylh�ORb�Y�ORVf_�O~U¯e1_�b�^,VfcPORh@e1mdnoyROR],e¨�f¥�afY¶e1_�b i@S�_�i@b�YxORh
UWVPi@_�_�Ylb�UWVfS�YIh�ORbj_�aL^,ew^,VL}�^,�d^,}�i@UW]�^,egYl[*\@b�Yle1eqYl}PUWeªU�_�b�YlYI^,V��@cdi@b�Y^d��

¥�afYE],UWVLc�i@UWcdY£UW_�_�af^,exeq_�UWc�Y<^,V;_�aLY£e1^,noi@],UW_�^,ORV;^,e¶S�],YlUWb�],m¢h�UW^�b�],m¢^,no\@OR��Y$b�^,e1aLYl}ôe1^,VLS�Y�ORVf],moU
e1noUW],]�\@ORb�_�^�ORV¢ORh�_�aLYEnoYlUWVL^,Vfcde�S�UWV´yRYEYl[*\@b�Yleqe1Yl}ª��:di@b�_�afY$b�noORb�Yl¦LY$UWS�a´i@_�_�Ylb�UWVLS�Y£e1Y$Ylnoe�_�O`yRY
S�ORno\@],Yl_�Yl],m¯^,}�^,ORe1mdVLS�b�UW_�^,S*�E:dORb�Yl[#UWno\@],Yl¦A¸AT"º;C$ºW�*���HG�Ï�T������"C<^,euYl[#\@b�Yle1e1Yl}EUWeu�HJKb;J�� ���"��b;bW��¦#QPafYlb�Y$UWe
Ï�T������"C¼ºW�*���HG<¸AT"º;C�^,ewYl[#\@b�Yle1e1Yl}PUWe�b��

� o � �¤t"s��9r��H�
¥�afY�e1YlS�ORVf}oeq_�UWc�YZ^,V _�aLYxe1^,noi@],UW_�^,ORV°b�Yle1i@],_�eª^�e§noUWb��dYl}oyRmPU{e1i@}�}�YlVPS�afUWVLcdYx^,V°_�afY�\@OR\@i@],UW_�^�ORV
noYlUWe1i@b�Yle¨�u¥�aLY¯Vfi@noyRYlb|ORhjnoYlUWVf^,VfcdeZS�OR�dYlb�Yl}´^�VLS�b�YlUWe1Y$e�}�b�UWnoUW_�^,S�UW]�],m±UWe�}�ORYleI_�aLY<eq^`ÃWY£ORhj_�aLY
cdb�UWnonoUWb�� � ORb�Y{^,no\@ORb�_�UWVf_�],m�¦p_�afYxVfi@noyRYlbwORhznoY$UWVf^,Vfcde�yRYlS�ORnoYle§c�b�YlUW_�Ylbg_�afUWVo_�aLY¶Vfi@noyRYlbwORh
b i@],Ylew^�VX_�afYZcdb�UWnonoUWb��#©	_f^,e§S�],YlUWbuh�b�ORn®_�af^,ew_�afUW_f_�aLY�],UWVLc�i@UWcdYZ^,e§VfO£],ORVfcdYlb�e1^,no\@],m�yRYlaLUW�d^�VLc~UWe
Ux],^,e1_LORhfi@VfUWVLUW],m�eqYl} �dORS�UWyRi@],UWb�m~^�_�Y$noewh�ORbzS�ORno\@],Yl[{noYlUWVf^,VLc�egUWew^,_fQPUWeg^�V �"���;Ø-�zÏ �

©	V´h�UWS�_u_�aLY£cdb�UWnonoUWb�exUW_�_�aL^�e�e1_�UWcdY£UWb�YEh�UWbInoORb�YES�ORno\@],Yl[~UWVL}¡yRm-ÃWUWVf_�^,VfY�_�aLUWV´_�aLY£Y$UWb�],^,Ylb
ORVfY$e¨�¨:d^�cdi@b�Y��~e1aLORQXeZORVfY£e1i@S�a±c�b�UWnonoUWb���¥�afY£}�Y$_�UW^�],e�ORh�QPafUW_u^,excdOR^,VfcoORV±^,V;_�afY<],UWVfcdi@UWcdY
ORhg_�af^,e¶^,Vf}�^,�d^,}�i@UW]zUWb�YPafUWb�}_�O��@cdi@b�Y�ORi@_���¥�aLYlb�Y�UWb�Y$¦�aLORQPYl�dYlb�¦«UXh�YlQ»\@OR^,Vf_�e¶_�aLUW_ue1afORi@],}µyRY
VfOR_�Y$}§�&:�^,b�e1_�],m�¦@_�afYlb�Y�UWb�Y~VfORQ . ^,Vf_�Ylb�noYl}�^,UW_�Yd²¶e1mdVf_�UWS�_�^,S¯S�UW_�YlcdORb�^,Yle¨��¥�afY$b�Y�UWb�Y~S�UW_�YlcdORb�^,Yle¶h�ORb
YlUWS�aORh|_�afYXyRUWe1^,S~e1mdnoyROR],e£�E_�Oô�¶UWeEyRY$h�ORb�Yl¦�UWVL}�UW]�eqOô_�afYX_�OR\ ],Yl�dYl]gS�UW_�YlcdORb�mÑÐ ¸ yRi@_|_�afYlb�Y
UWb�Y¶UW],e1OPS�UW_�YlcdORb�^,Ylew_�afUW_@b�YlQPb�^,_�Y¶_�O�OR_�aLYlbuS�UW_�YlcdORb�^�Y$e¨�p©�no\@ORb�_�UWVL_�]�m�¦#e1ORnoYxORh@_�aLYle1YZ^�VL_�Ylb�noYl}�^,UW_�Y
S�UW_�YlcdORb�^,Yle1¦lORbûÓ&T"_Hb;G ¦*afUW�dYZUxe1Y$noUWVf_�^,S�eªORh�_�afY$^�bzORQPVu�

¥�afYlb�Y{UWb�Y{ORVf],m`U<h�YlQ ORhz_�aLYle1Y�QXORb�}�e�h�ORbwUW_�ORno^,S�noY$UWVf^,Vfcde1¦RUWVL}´_�aLYlmPUWb�Y¯VfOR_�S�ORVfe1^,e1_�Y$Vf_�],m
cd^,��Y$V°ORVfY¶\@UWb�_�^,S�i@],UWb§e1mdVL_�UWS�_�^�SIS�],UWe1e¨�f¼#OR¦pUW],_�afORi@cda°_�aLY¶S�UW_�YlcdORb�mÒÊHÓ�ÔIYl[*\@UWVf}�e|_�O�J�� ¦R�Hb<UWVf}±����¦
Õ ówÈ�Ç�È�Ù«É�Ö ÏWÆ�Å&Ú$Ô¯ÐÑÄ$È ã Ú$Ô�Ó&ÅÌÆ�Ä¯Æ�È�Ú$Ð�È�ÚÕÊ�È�Ö¯äX×Aâ�Ø¿â�Ù�Ú3Û á¼��Ü~É�ÆgÉ�Æ�Ä$Î�Ç�Ð;ÝÛÄÕÉ�ÚÕÍPÜÛÎ�ÇzÐÑÄ$ÈIÜÛÈ�É�ÐÑÏWÇ�ÈÞÝÛÉ�Ð�ÐÑÇ�Å ç#ÏWÐÑÈ�Æ�ÐÑÇ�ÏWÊ�ÐÑÏWÇ�È

ßáà ����â�å�â{ò�Î�Ä$Ú�ã,ä(ávå��W��â�åTâXð¯É�Ç�à�ã,ä�@�åÙ_�Èà�ávå���â ç Å&Ú$Í¨Æçæzî
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S --> 2 149 149 149 149 147 149 147 149 2 [1]
Agent=Zoltan
Patient=Mike
Predicate=Hates

S --> 290 107 2 149 [1]
Agent=(1).0
Patient=Mike
Predicate=Finds

S --> 2 149 2 173 2 [1]
Agent=(1).11
Patient=(3).12
Predicate=Knows

S --> 149 173 2 2 149 [1]
Agent=(1).12
Patient=Mike
Predicate=Hates

S --> 147 107 5 5 [1]
Agent=(1).0
Patient=Zoltan
Predicate=Finds

S --> 2 173 2 17 2 2 149 2 173 [1]
Agent=Zoltan
Patient=(6).11
Predicate=Knows

S --> 149 17 149 2 2 2 [1]
Agent=Mike
Patient=Zoltan
Predicate=Knows

S --> 2 173 2 17 149 [1]
Agent=(1).12
Patient=Mike
Predicate=Knows

S --> 2 173 2 107 [1]
Agent=(1).12
Patient=(3).0
Predicate=Knows

S --> 2 149 2 17 149 [1]
Agent=Mary
Patient=Mike
Predicate=Knows

S --> 5 17 5 17 5 392 9 392 149 2 5 [1]
Agent=Zoltan
Patient=(8).11
Predicate=Loves

392 --> 17 17 [1]

S --> 17 17 4 147 2 [1]
Agent=Mike
Patient=Tunde
Predicate=Likes

S --> 2 2 173 2 5 9 [1]
Agent=(2).12
Patient=Zoltan
Predicate=Loves

S --> 2 17 4 107 [1]
Agent=Mike
Patient=(3).0
Predicate=Knows

S --> 9 173 2 107 [1]
Agent=(1).12
Patient=(3).0
Predicate=Loves

2 ==> d [173]

17 ==> a [127]

4 ==> e [117]

149 --> 4 [52]
11=Mary

9 ==> c [47]

5 ==> b [45]

148 --> 17 [36]

290 --> 5 [29]

107 --> 9 4 [25]
0=John

107 --> 4 2 [19]
0=Mary

173 --> 17 17 [16]
12=Tunde

147 --> 2 2 [12]

107 --> 17 17 2 [7]
0=Tunde

S --> 290 107 148 148 2 [5]
Agent=(1).0
Patient=Tunde
Predicate=Finds

S --> 290 107 148 149 [5]
Agent=(1).0
Patient=Mike
Predicate=Finds

S --> 149 107 107 [4]
Agent=(1).0
Patient=(2).0
Predicate=Hates

S --> 2 107 2 149 [4]
Agent=(1).0
Patient=Mike
Predicate=Knows

S --> 149 107 2 2 2 [4]
Agent=(1).0
Patient=Zoltan
Predicate=Knows

S --> 2 9 9 148 148 9 148 148 9 2 107 148 [3]
Agent=Zoltan
Patient=(10).0
Predicate=Hates

S --> 149 148 149 107 [2]
Agent=Mike
Patient=(3).0
Predicate=Hates

S --> 149 2 149 2 149 2 2 290
2 2 107 149 [2]
Agent=Zoltan
Patient=(10).0
Predicate=Finds

S --> 290 290 2 173 149 149 17 107 290 [2]
Agent=Mike
Patient=(7).0
Predicate=Likes

S --> 2 148 148 2 148 2 2 148 149 148 148 [2]
Agent=Zoltan
Patient=Mike
Predicate=Knows

S --> 9 107 147 2 [2]

Agent=(1).0
Patient=Tunde
Predicate=Loves

S --> 2 2 149 290 2 149 2 107 149 290 2 [2]
Agent=Tunde
Patient=(7).0
Predicate=Knows

S --> 148 107 147 2 [2]
Agent=(1).0
Patient=Tunde
Predicate=Likes

S --> 290 17 290 17 290 173 9 173 173 2 2 90 [2]
Agent=Zoltan
Patient=Tunde
Predicate=Loves

S --> 9 107 149 290 9 [1]
Agent=(1).0
Patient=Tunde
Predicate=Loves

S --> 148 147 2 107 [1]
Agent=Tunde
Patient=(3).0
Predicate=Likes

S --> 290 149 2 107 [1]
Agent=(1).11
Patient=(3).0
Predicate=Finds

S --> 2 107 147 2 [1]
Agent=(1).0
Patient=Tunde
Predicate=Knows

S --> 2 148 149 2 149 [1]
Agent=Mike
Patient=John
Predicate=Loves

S --> 149 149 2 148 149 [1]
Agent=Mary
Patient=Mike
Predicate=Hates

S --> 2 2 148 148 2 290 2 [1]
Agent=Tunde
Patient=Zoltan
Predicate=Knows

S --> 290 17 149 173 2 [1]
Agent=Mike
Patient=(3).12
Predicate=Finds

S --> 290 147 2 149 2 [1]
Agent=Tunde
Patient=(3).11
Predicate=Finds

S --> 2 2 2 173 2 173 2 2 107 17 [1]
Agent=Zoltan
Patient=(8).0
Predicate=Hates

S --> 149 149 9 147 2 [1]
Agent=Mary
Patient=Zoltan
Predicate=Loves

S --> 2 17 149 173 2 [1]
Agent=Mike
Patient=(3).12
Predicate=Knows

S --> 149 147 290 290 [1]
Agent=Mike
Patient=Zoltan
Predicate=Likes

:d^,c�i@b�Y¨�1, · _�md\@^,S�UW]*cdb�UWnonoUWb�h�b�ORn �"���;Ø-�&ÏHÏ ��©	_pafUWeze1ORnoY§QPORb�}�e�h�ORb�UW_�ORno^,SunoYlUWVL^,VfcdejUWVL}XeqORnoY
S�ORno\@ORe1^,_�^,ORVfUW],^,_�m�¦WyRi@_fVfO<b�Ylcdi@],UWb�QPORb�}`S�]�UWeqe1YlegORbjQPORb�}`ORb�}�Ylb��
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noYlUWVL^�VLc�¸AT"º;Cd¦�»µ�"_HL¶UWVL}SÁ�F1C-bW��b�Yle1\@Y$S�_�^��dYl],m�¦W_�afY$b�YI^�eªUWVfOR_�aLYlbjS�UW_�YlcdORb�mo�aÊ��
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UWVf}¢UW],e1O~UWVLOR_�afYlb�ORVLY~�aÊHÓ�Ôq��h�ORb�Á"F-C-bW���p¥�afYlb�Y�^,e|VfO�QPORb�}oh�ORb�» XYÔ��uORb[Ï�T������"C�¦#VfORbuUWb�Yx_�afYlb�Y�UWVfm
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2 ==> c [205]

3 ==> e [167]

10 ==> a [120]

4 ==> d [108]

S --> 66 62 62 [100]
Agent=(2).0
Patient=(1).0
Predicate=(0).4

62 --> 3 2 [49]
0=Mary

62 --> 2 10 [40]
0=Zoltan

62 --> 10 4 [39]
0=Mike

62 --> 2 2 [38]
0=Tunde

62 --> 4 3 [34]
0=John

66 --> 10 3 [24]
4=Likes

66 --> 2 3 [22]
4=Loves

66 --> 3 3 [19]
4=Knows

66 --> 4 10 [18]
4=Finds

66 --> 2 4 [18]
4=Hates
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S --> <some string of categories>
Agent=John
Patient=Mary
Predicate=Loves
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Agent=(2).3
Patient=(0).3
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�skj¥�µ�Vs¶·µ�V������
johnlovesmary ¸ ���Skjrqk\�]¹@º�»½¼9¾qº�¿�À�ÁÃÂÅÄ�ÆsÇ

2 ==> j [1]

3 ==> o [1]

4 ==> h [1]

5 ==> n [1]

6 ==> l [1]

7 ==> o [1]

8 ==> v [1]

9 ==> e [1]

10 ==> s [1]

11 ==> m [1]

12 ==> a [1]

13 ==> r [1]

14 ==> y [1]

S --> 2 3 4 5 6 7 8 9 10 11 12
13 14 [1]

Agent=John
Patient=Mary
Predicate=Loves

-----------------------------

MergeCat(3,7)

-----------------------------

3 ==> o [2]

2 ==> j [1]

4 ==> h [1]

5 ==> n [1]

6 ==> l [1]

8 ==> v [1]

9 ==> e [1]

10 ==> s [1]

11 ==> m [1]

12 ==> a [1]

13 ==> r [1]

14 ==> y [1]

S --> 2 3 4 5 6 3 8 9 10 11 12
13 14 [1]

Agent=John
Patient=Mary
Predicate=Loves

�skj¥�µ�Vs¶·µ�V������
johnlovespete ¸ ���Skjrqk\�]¹@º�»½¼9¾qº�¿�À�ÁÃÈ#À�ÉÊÀ

3 ==> o [2]

2 ==> j [1]

4 ==> h [1]

5 ==> n [1]

6 ==> l [1]

8 ==> v [1]

9 ==> e [1]

10 ==> s [1]

11 ==> m [1]

12 ==> a [1]

13 ==> r [1]

14 ==> y [1]

S --> 2 3 4 5 6 3 8 9 10 11 12
13 14 [1]

Agent=John
Patient=Mary
Predicate=Loves

15 ==> j [1]

16 ==> o [1]

17 ==> h [1]

18 ==> n [1]

19 ==> l [1]

20 ==> o [1]

21 ==> v [1]

22 ==> e [1]

23 ==> s [1]



ò�ôÓõ[ö~÷ÙøÑôÓù�ú�û k �

24 ==> p [1]

25 ==> e [1]

26 ==> t [1]

27 ==> e [1]

S --> 15 16 17 18 19 20 21 22
23 24 25 26 27 [1]

Agent=John
Patient=Pete
Predicate=Loves

-----------------------------

MergeCat(15,2)
MergeCat(16,3)
MergeCat(3,20)
MergeCat(17,4)
MergeCat(18,5)
MergeCat(19,6)
MergeCat(21,8)
MergeCat(22,9)
MergeCat(9,25)

MergeCat(9,27)
MergeCat(23,10)
Chunk(24 9 26 9 )
Chunk(11 12 13 14 )
AttribFeat(29,Mary)
AttribFeat(28,Pete)
MergeFeat(0,1)
MergeCat(29,28)

-----------------------------

3 ==> o [4]

9 ==> e [4]

2 ==> j [2]

4 ==> h [2]

5 ==> n [2]

6 ==> l [2]

8 ==> v [2]

10 ==> s [2]

S --> 2 3 4 5 6 3 8 9 10
28 [2]

Agent=John
Patient=(9).0
Predicate=Loves

11 ==> m [1]

12 ==> a [1]

13 ==> r [1]

14 ==> y [1]

24 ==> p [1]

26 ==> t [1]

28 --> 24 9 26 9 [1]
0=Pete

28 --> 11 12 13 14 [1]
0=Mary

�skj¥�µ�Vs¶·µ�V������
petelovesmary ¸ ���Skjrqk\�]È#À�ÉÊÀc¾qº�¿�À�ÁÃÂÅÄ�ÆsÇ

3 ==> o [4]

9 ==> e [4]

2 ==> j [2]

4 ==> h [2]

5 ==> n [2]

6 ==> l [2]

8 ==> v [2]

10 ==> s [2]

S --> 2 3 4 5 6 3 8 9 10
28 [2]

Agent=John
Patient=(9).0
Predicate=Loves

11 ==> m [1]

12 ==> a [1]

13 ==> r [1]

14 ==> y [1]

24 ==> p [1]

26 ==> t [1]

28 --> 24 9 26 9 [1]
0=Pete

28 --> 11 12 13 14 [1]
0=Mary

30 ==> p [1]

31 ==> e [1]

32 ==> t [1]

33 ==> e [1]

34 ==> l [1]

35 ==> o [1]

36 ==> v [1]

37 ==> e [1]

38 ==> s [1]

39 ==> m [1]

40 ==> a [1]

41 ==> r [1]

42 ==> y [1]

S --> 30 31 32 33 34 35 36 37
38 39 40 41 42 [1]

Agent=Pete
Patient=Mary
Predicate=Loves

-----------------------------

MergeCat(30,24)
MergeCat(31,9)
MergeCat(9,33)
MergeCat(9,37)
MergeCat(32,26)
MergeCat(34,6)
MergeCat(35,3)
MergeCat(36,8)
MergeCat(38,10)
MergeCat(39,11)
MergeCat(40,12)
MergeCat(41,13)
MergeCat(42,14)
Chunk(24 9 26 9 )
Chunk(11 12 13 14 )
AttribFeat(43,Pete)
MergeFeat(2,0)
MergeCat(43,28)
AttribFeat(44,Mary)
MergeFeat(3,0)
MergeCat(44,28)
Chunk(2 3 4 5 )
AttribFeat(45,John)
MergeFeat(4,0)
MergeCat(45,28)

-----------------------------

9 ==> e [7]

3 ==> o [5]

6 ==> l [3]

8 ==> v [3]

10 ==> s [3]
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S --> 28 6 3 8 9 10 28 [3]
Agent=(0).0
Patient=(6).0
Predicate=Loves

2 ==> j [2]

4 ==> h [2]

5 ==> n [2]

24 ==> p [2]

26 ==> t [2]

11 ==> m [2]

12 ==> a [2]

13 ==> r [2]

14 ==> y [2]

28 --> 24 9 26 9 [2]
0=Pete

28 --> 11 12 13 14 [2]
0=Mary

28 --> 2 3 4 5 [2]
0=John

�skj¥�µ�Vs¶·µ�V������
johnhatesmary ¸ ���Skjrqk\�]¹@º�»½¼Ë»�Ä�ÉÊÀ�ÁÃÂÅÄ�ÆsÇ

9 ==> e [7]

3 ==> o [5]

6 ==> l [3]

8 ==> v [3]

10 ==> s [3]

S --> 28 6 3 8 9 10 28 [3]
Agent=(0).0
Patient=(6).0
Predicate=Loves

2 ==> j [2]

4 ==> h [2]

5 ==> n [2]

24 ==> p [2]

26 ==> t [2]

11 ==> m [2]

12 ==> a [2]

13 ==> r [2]

14 ==> y [2]

28 --> 24 9 26 9 [2]
0=Pete

28 --> 11 12 13 14 [2]
0=Mary

28 --> 2 3 4 5 [2]
0=John

46 ==> j [1]

47 ==> o [1]

48 ==> h [1]

49 ==> n [1]

50 ==> h [1]

51 ==> a [1]

52 ==> t [1]

53 ==> e [1]

54 ==> s [1]

55 ==> m [1]

56 ==> a [1]

57 ==> r [1]

58 ==> y [1]

S --> 46 47 48 49 50 51 52 53
54 55 56 57 58 [1]

Agent=John
Patient=Mary
Predicate=Hates

-----------------------------

MergeCat(46,2)
MergeCat(47,3)
MergeCat(48,4)
MergeCat(4,50)
MergeCat(49,5)
MergeCat(51,12)
MergeCat(12,56)
MergeCat(52,26)
MergeCat(53,9)
MergeCat(54,10)
MergeCat(55,11)
MergeCat(57,13)
MergeCat(58,14)
Chunk(11 12 13 14 )
Chunk(2 3 4 5 )
AttribFeat(59,Mary)
MergeFeat(5,0)
MergeCat(59,28)
AttribFeat(60,John)
MergeFeat(6,0)
MergeCat(60,28)
Chunk(4 12 26 )
Chunk(6 3 8 )
AttribFeat(62,Loves)
AttribFeat(61,Hates)
MergeFeat(7,8)

MergeCat(62,61)

-----------------------------

9 ==> e [8]

3 ==> o [6]

4 ==> h [4]

10 ==> s [4]

12 ==> a [4]

S --> 28 61 9 10 28 [4]
Agent=(0).0
Patient=(4).0
Predicate=(1).7

6 ==> l [3]

8 ==> v [3]

2 ==> j [3]

5 ==> n [3]

26 ==> t [3]

11 ==> m [3]

13 ==> r [3]

14 ==> y [3]

28 --> 11 12 13 14 [3]
0=Mary

28 --> 2 3 4 5 [3]
0=John

61 --> 6 3 8 [3]
7=Loves

24 ==> p [2]

28 --> 24 9 26 9 [2]
0=Pete

61 --> 4 12 26 [1]
7=Hates


