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, G ` gQY&C . K 8�o E&TQC 7 EHT \ E&C5WwI[_ [�Z8` I�YeGJE&TQ^ " G \�` G V C A o<S TQG8D�T \ TQI S \ TQI S E&TQC 7 D � Y&CRWQY&C \ C A `E N EHG V CuC �LN ^OW Z CuG \	` C A C5Y N EHC P E&I ` CRE&TQC5Y S GJE&T�E&TQCuY&g Z C _/Y&I�^ S TLG8D�T G�E	G \ P CRY&G V C P K � TQCY&g Z C R � � Z.� ��� ? G \ P CFEHCRY&^OG A C P _/YeI�^ � � N AQP � Z o1N AQP EHTQC A N PLP C P EHI � �
	 K 3 G A DRC sG \ A I�Ye^ N Z G��RC P N AQP DRI A _/I�Ye^ N Z�S	K Y K E K L = ; N \&\ gL^>WLE&G8I A [�"j.�o G�E�_/I ZJZ I S \ EHT N EnEHTLCfY&g Z C RD N AQA I[E i C�_/gQYeE&TQC5Y ` C A CRY N[Z G��5C P K , I�Y N[Z8Z A I A EHCRY&^OG A N Z8\ �-: |/��E&T N E i C Z I A ` EHImE&TQC�D�T N G A
��� Cj; �-: .�olS C T N V C>EHTQCO_/I Z8Z I S G A ` WQY&I�WXC5Y E d � �-: G \ E&TQC3^OG A G8^fgQ^ A I A EHCRY&^OG A N[Z G A EHTLCD�T N G A ��� Cj; �-: . EHT N E�^ N�� G8^OG��RC \ E&TQC	Y&C P gQD5C P Y&g Z C \ CR^ N A E&G8D \ N ; R .FK2� TQG \ ^>C N A \ EHT N E RG \�` C A C5Y N Z C A I�g ` T S	K Y K E K L =1K � TQCp_/I ZJZ I S G A ` ^fg \ E i C A I[E&G8D5C P � ` G V C A EHTQC N \&\ gL^>WLE&G8I A \
[ 8[o [��<o [ �Lo!N ALP [�"Qo EHTQC 7 D � Yeg Z C o T N V G A ` EHTQC N i I V C3WQY&I�WXC5Y E d�o D N A i C ` C A C5Y N EHC P oi�N[\ C P I A ZJd I A EHTQC>Y&CRWQY&C \ C A E N EHG V C C �QN ^>W Z C � Z o E&TQC '�Y \ E 7� 8 Yeg Z C \ I[_ � � 	 N AQP EHTLC\ g iQZ N A ` g N[` C L =1K � TQG \ ^>C N A \ EHT N E�EHTLC ` Y N ^>^ N Y s87 D N A i C Z C N Y A C P i I[EeEHI�^ ` gLW o G K C KJoEHTLC 7 D � Y&g Z C�D N A i C Z C N Y A C P N _ E&C5Y�EHTLC6'�Y \ E 7� 8 Yeg Z C \pN YeC Z C N Y A C P ; , G ` gQYeC . Kp"j.FK;� TQCZ C N Y A G A ` N[ZJ` I�YeGJEHTL^ G \ WQYeC \ C A EHC P G A 3 CRDREHGJI A . K 8�K��1o�N AQP E&TQC Z C N Y A N[i G Z GJE d EHTLC5I�YeC5^ G A
3 CRDREHGJI A . K��LK98[K	"QK

, I�Y N � I�Y&^ N[Z G)�5C P * C � G8D N[Z G)�5C P � C ZJZ `O, I�g AQP C P brY N ^>^ N Y o s o DRI A _/I�Ye^ N Z EHI Nr\ CFEI[_ \ed A E N[` ^ N[\Ro L =<ojS CpT N V CnEHT N E�_/I�Y!C N D�T C��jgQG V N[Z C A D5CnD Z8N[\&\ ;�� Z � � Z .Fo EHTQCnD Z8N[\&\ ;�� Z � B .FoN[\�S C Z8Z�N[\ E&TQC3D Z N[\e\ ;�� Z ��� . ; S TQC A GJE�C � G \ E \H.�N YeC ` C A C5Y N EHC P g \ G A ` E&TQC [�Z8` I[Y&GJE&TQ^ �<K
3 G A D5C ;�� Z � B .�� ;�� Z ��� .�� ;�� Z � � Z .�o _/I�Y�C N D�T A I A EHC5Ye^>G A N[Z � Z o EHTLC Z C N Y A G A ` N Z8` I�YeGJE&TQ^



���

(Algorithm 7)

Bottom−up
learned rules

Preterminal rules are not learned

l+1

l

1 � � �
� � ��� ?

~
~��KKK

, G ` gQY&C . K�� �abrY N ^O^ N Y A I A EHCRY&^OG A N Z�Z C V C ZJ\5K \ YeCRE&C5Y&^OG A N[Z8\uN YeC I A Z C V C Z 8aN ALP E&TQC5GJYY&g Z C \nN YeC A I[E Z C N Y A C P K
S G ZJZmZ C N Y A '�Y \ E�EHTQC�I�Y P C5Y&C P@A I A ` YeC5D5gLY \ G V C Y&g Z C \ ; \ TQI S A G A , G ` gQY&C . K ��.�o EHTQC A EHTLCI�Y P C5YeC P Y&CRD5gQY \ G V C Y&g Z C \uN ALP Z N[\ EUEHTLC A I A ` I�Y P CRY&C P Y&g Z C \ ; \ C5C [�Z8` I�YeGJE&TQ^ � .FKV; A EHTLCN[iQ\ C A DRCuI[_cEHTQG \ I�Y P C5YeG A `Qo EHTQC Z C N Y A G A ` ^ N D�TQG A C5Y d ^OG ` TvE A C5C P E&TQC5I�Y d YeC V G \ G8I A \ EHCRW \
; \ C5C [pZJ` I�Y&G�EHTQ^ � .�K

�lN[iQZ C . K98 WQYeC \ C A E \ N \ gQ^O^ N Y d I[_pE&TQC ^ N G A WQY&I�WXC5Y EHGJC \ I[_ � I�Y&^ N[Z G��5C P * C �,`G8D N[Z G)�5C P � C ZJZ ` , I[g AQP C P brY N ^>^ N Y \fN AQP EHTQCRG8YuD5I A \ C��jgQC A D5C \ _/I�Y Z C N Y A G A `QK � TQCj'�Y \ EWQYeI�W�CRYeE d[o�S C Z8Z ` _/I�g AQP C PQA C \&\ I[_pE&TQC ` Y N ^O^ N Y A I A EHC5Ye^>G A N[Z�\ CRE o�N[Z8Z I S \ _/I�YuEHTLC�E&I[E N[ZI�Y P C5YeG A ` I[_]EHTLC ` Y N ^O^ N YcYeg Z C \ CFE oLN AQP E&T1g \�N�i I[EeEHI�^ ` gQWOG ALP gQDRE&G8I A I[_]E&TQC ` Y N ^O^ N Y K
� TQG \ GJ^>W Z G8D N EHGJI A G \ \ TQI S A G A , G ` gQY&C . K �<o�S TQC5YeCUG�E D N A i C \ CRC A EHT N E EHTQC�Y&g Z C \ D5I�YeY&C `\ WXI AQP G A ` EHI	WQYeCREHCRY&^OG A N Z8\!N YeC A I[E Z C N Y A C P ; N[\&\ gQ^>W<EHG8I A [L�v.FovS TQG Z C N[ZJZ EHTLC�I[E&TQC5Y!Yeg Z C \N YeC Z C N Y A C P i I[EeEHI�^ ` gLW K � TLC \ C5DRI AQP N AQP EHTLC(EHTQGJY P WQYeI�WXC5YeE&G8C \ C A \ gQY&C�EHTLC(EHCRY&^OG A N E&G8I AD5I AQP GJE&G8I A _/I�Y Z C N Y A G A `QK2� TQC�_/I[gQYeE&T�WQYeI�WXC5YeE d	\ E N E&C \ EHT N E E&TQC!D N E&C ` I[Y d � Y D o ` G V C A G A EHTLCD5gLY&Y&C A E Y&C5WLY&C \ C A E N EHG V CrC �LN ^OW Z Cn_/Y&I�^ S TQGJD�T EHTQCpY&g Z CpG \�Z C N Y A C P o WLY&I V G P C \ EHTQC Z C N Y A CRYS GJE&TaEHTLC A N ^OCfI[_cE&TQCfWQYeC P GJD N E&C ; G K C KJo EHTQC A N ^>C�I[_cEHTLC Z CF_ E ` T N AQP \ G P C A I A EHC5Ye^>G A N[Z .FK
� TQC 'Q_ EHTOWQY&I[W�CRYeE dO\ TQI S \�S TQG8D�T Z C N Y A G A ` W N Y N P G ` ^ G \�\ gQG�E N[iLZ C`� ; AQP gLDREHG V C * I ` G8D \ Y&I `



���
�������
	�����	���������������� ����� �!	�"$#%	��%&'	��(�)�*���+	�,����-�.� /
0 � :S�9�ATF2F�C,E0RBHplJATl 1#EO<�<�E0h321RJi :HBlBRBKg<?:E0HrEOC�<?>JA|IOPMNOh8h8NXP
4 �OAjPm��HBE0Hc<�AjPmh�:HBNOF|:S�N F=AjC,<521>pNOHBl S?:lBA :H�NX<F=ATNOS�<;E0HJA|EOPmlJAjP?ATl HJE0H�2�P?ATKjRJPMS?:=�OA|PmRBFA n AjPmh8:HBNX<?:E0HwKgE0HBlB:=<?:=E0H@C�EOP�ipNXPMS?:HJI76
8�KjNOHpHJEO< e ADlJAjPm:=�OATl�C,P?E0h NOH"�wHJE0H"<�AjPmh8:HBNOF 9 {5: ; lJATKj:lBN e :2F:=<1�
<�=?>A@ �9 = >BNT�OA <?>JAqS?NOh�AqKjNX<�AjIOEOP?� EOCu<?>JAT:=PS�ATh8NOH"<?:KDh8E0F=ATKjRBF=ATS ; PmATlB:KjNX<�AD:H"�OATHc<?:E0HwC,EOP�:HBlBRBKg<?:E0H
B P?E0RpHBlwS�� Hc<?NXI0h8NrlJAjPm:=�XNX<?:=E0H @ � �9 = B PmNOh�h8NXPC2�iBP?E ��N e :F:=<���DFE =HG 7JI @ ] = bK AjipP?ATS�ATH"<?NX<?:=�OAuAg�JNOh�ipF=ATS L h8NOF2FsS?ATh8NOHc<?:2K|<�P?AjA e NOH7MK AjipP?ATS�ATH"<?NX<?:=�OA5S?R e FNOHJI0RBNXIOA N�AjopHJATSz<?>BADP?ATlBRBKgATlwS?ATh8NOHc<?:2KjS= KgE0HJC�EOPmh8NOF�<�E <?>BA P?AjiBPmATS�ATHc<?NX<?:�OA SmR e FNOH�2I0RBNXIOA : ATNXPMHBN e :F:<1�8C�P?E0h i�E0S?:=<?:�OA|Ag� NOh�iZF=ATS
O S 5:,Q+A;;a) t�9x,BJ�;9%7%@c/	2 \ L=5-,�,�9%7BNU5:0�G�7F)�5>) t�9x;	9<2 )�sut�+A0UG 0�5-0*)�9<,�6M/0�+-; @`))t�9<0u\QP \Ot g3h \AtE/0 ) t�9

,�/	1Ht:) s tU+A0�GQ7./�GO9-@�/	0�L<;	JUGO/	0�1]L t�+A/0�7%d

�+R�S?T�U .*V 8 � \XWZY�[%UW]\_^`U�a�Y�b � *[�-,dcea�R�f?gh\Zi?U�^`Wj^�kl[?T�^`mnR�\Z^�Y�f�a�boY�WjT`UnR�W]f?^�f�p

p�WZR�kqkl^�f�prSsR�aZUgtY�f ;Cf�u�U�W]aZUwvXf7\xR�^`T�klU�f7\zy �|{?p�p�T�U}\_Y�f�~�8 � � .�� ~d{?aZ^`f?p�R�a�[ U�W�boY�WZkqR�f?mU
m�W]^`\ZU�WZ^`Y�f�\_i?UlWZUg?{?mU�gtp�WZR�klkzR�Wea]U�kqR�f7\_^`m�a�~ N y)� �}V�� i?Uqa]^T��\_i�[?WZY�[%UW]\C��R�T�T`Y���ae{?a(\ZY
U ] m^�U�f7\ZT`��T`UnR�W]frm�Y�kl[?T`U-�zWZ{?T`U�a�yoaZU�U 3 U�m\Z^�Y�f .*V 8 V �*~�y��|{?W]U�a_R�f�~ �|{?W]U�a_R�f�~$R�f?g \�Y�\_Y�T`UnR�~
������� �Z�!V *�UnR�W]f?^�f�p�boW]Y�k�R�aZkqR�T�T�f�{?k�S%UW�Y�b�U-��R�kl[?T�Ua�i?R�a�[�W_R�m}\_^�m�R�T�^�kl[ Y�W]\_R�f?m�U�a]^�f?mU
aZUkzR�f�\Z^�m�R�f?f�Y�\xR�\Z^�Y�f�a�R�WZU�f?Y�\�W]UnR�g�^�T`��Rnu�R�^�T.R�S?T�U�R�f?g�R�WZUjisR�W]gl\ZY�S�{?^�T`g�boY�W�R�u�R�W]^�U\C��Y�b
g?Y�kqR�^`f?a V�� i?U�T�R�a]\�\C��Y�[?W]Y�[%UW]\Z^�U�a�R�T`T�Y���{?a�\ZYqT`UnR�W]f|Y�f�T`��boW]Y�k�[%Y�aZ^`\Z^`u�U(g?R�\xR�~?��i�^�mxi
^�ajUaZa]U�f7\_^�R�T�~sp�^�u�Ufw\ZisR�\�f?Up7R�\_^�u�U�Uu�^`g?U�f?mU�^`ajW_R�W]U�T��rRnu�R�^�T�R�S?T�U�^�fwT.R�f?p�{sR�p�U3T�U�R�WZf?^`f?p V

� ������� � �d�) $'& �;"� ���� �2 .	" &�"3�¡ .��%� ¢ .�	e£�.s£�	¤�¥£�/�.s£���£�"%$?¦ $'&C§�£t¨w©jª
¦�« /e�A£��

�|Y�a�\�mY�klkqY�f�T`��~�WZU�a]UnR�W]mxir^�f�kqR�mxi?^�f�U�T`UnR�W]f?^�f�p(i?R�a�boY�m�{�aZU�gqY�fzT`UnR�W]f?^�f�pem�T.R�aZaZ^ ' mnR¬\_^�Y�f
bo{?f?m}\_^`Y�f?a�boWZY�kgsR¬\xR®WZU�[�WZU�a]U�f7\_Ug¯R�alu�U�m}\_Y�W]azY�b�R¬\Z\_W]^�S?{*\_U�alR�f�gQ\_i�U�^�W�u�R�T�{�U�a°y±R V $ V R�~
R�\]\_WZ^`S?{�\ZU^`5u�R�T`{?U�WZU�[�WZU�a]U�f7\xR¬\_^�Y�f �}V vXu�U�f²\_i�Y�{?p�i�\Zi?^�a�WZU�a]UnR�W]mxi�isR�a+^�\_a�Y'��f²klU�W]^`\Za�~�\Zi?U�W]U
R�W]U3kqY�WZU³mY�kl[?T�UA�z[�WZY�S?T`U�kla�\ZisR�\jW]U � {?^�W]U3klY�WZU�U-�*[?WZUaZa]^`u�U(WZU[?WZUaZUf�\_R�\_^`Y�f?a�R�a���UT�T�R�a
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\_i�U {�aZU®Y�b�SsR�m $ p�WZY�{?f?g $ f�Y'��T`U�g?p�U�g?{�WZ^�f�pt\_i?U®T�U�R�WZf�^�f?p [?W]Y*mU�a]a V ;Cf?g?{?m}\_^�u�U *�Y�p�^�m
\XWZY�p�W_R�klkq^`f?p y�;O*2\ � ~���i�^�mxi ^�a�R°m�T�R�aZa�Y�b�WZU�T�R�\_^`Y�fsR�T�T`UnR�W]f?^�f?p�~+U�k�S%Y�g?^�Ua�S Y�\_it\Zi?U�a]U
mxisR�WZR�m\ZU�W]^�a]\Z^�ma³y��|{?p�p�T�U\ZY�f�R�f?g��3U���R�U�g�\�~08 � � "����3U���R�Ug�\n~08 �^��� � *�T�Y���g�~������ � �}V ;O*�\
klU\_i�Y*g?aXi?R�u�U�S%UU�fl{?aZUgq^`f�Reu�R�W]^�U}\C��Y�b-R�[?[?T`^�m�R�\_^`Y�f?a
boY�WXfsR�\Z{?W_R�T�T.R�f?p�{sR�p�U�[�WZY�m�U�a]aZ^`f?p
y��-UT�T`U²R�f?g �|Y*Y�f?U��~;8 �^� ���2[³g?W]^.R�R�f?a(R�f?g	�³R�R�a~;8 � � � � / {?aZa]U�f?a�R�f?g	��
� UWZY�a $ ^±~ ���������
� R�f?pHR�f?g �hY*Y�f�U��~ �����-8 � R�f?g¥WZUT.R�\Z^�Y�fsR�T�g?R�\xR kl^�f�^�f?p?~�^�f?mT�{?g?^`f?ptR�[?[?T�^`mnR�\Z^�Y�f�a�boY�W
S?^`Y�^�f�boY�WZkqR�\_^`m�a³y��
� UWZY�a $ ^�R�f?g *dRnu�W_R�
m�~ �����-8 �}V

� {?WXT`UnR�W]f?^�f�peR�T�p�Y�WZ^�\_i?k¤boY�W�p�W_R�klkzR�W�^`f?g?{?m}\_^�Y�f²^�a�SsR�aZU�glY�f²Y�{�WX[?WZU}u*^`Y�{?a���Y�W $
y �h{?WZUa_R�f�~
�|{?W]U�a_R�f�~?R�f�g \�Y�\_Y�T`UnR�~ ����� � � R�f?gzS U�T`Y�f?p�a�\_Y�\_i?U�m�T�R�aZa�Y�bp;Cf?g�{?m\Z^`u�UF*�Y�p�^�m
\XWZY�p�W_R�klkq^`f?p�kqU}\_i?Y�g?a�y�;O*�\ � ~�SsR�a]U�g�Y�f ;Cf7u�UWZaZU�vXf7\xR�^`T�klU�f7\�y��|{?p�p�T`U\ZY�f�~'8 �^� .��}V ��fZ`
T�^ $ U�U-�*^`a]\_^`f?plWZU�T�R�\_^`Y�fsR�T-T�UnR�WZf?^`f?pqklU\Zi?Y�g?aj\_isR�\�{?a]U�W_R�f?g?Y�klT`� `Ca]U�T`U�m\ZU�ghU-��R�kl[?T�Ua³R�f?g
boY�W���i?^�mxi�\Zi?U�m�T�R�aZa³Y�b�U ] m�^`U�f7\_T��hT�UnR�WZfsR�S�T�U�W]{?T�Ua³^`a�u�UW]�°T�^�kl^`\ZU�g y / Y�i�U�f�~ 8 � � .�� ~%Y�{�W
R�T`p�Y�WZ^�\_i?k�T`UnR�W]f?a³boWZY�k R�f�Y�W]g?U�W]U�g aZU}\�Y�b�W]U�[?W]U�a]U�f7\xR�\Z^`u�UlUA��R�kq[�T�U�a~
R�T�T`Y���^�f?prR�[ Y�T��,`
f?Y�kl^.R�T%U ] m^�Uf?m��boY�W�kqY�WZU3mY�kq[�T�U-�zWZ{�T�U�a VX� i?U�aZ^ � UeY�b
\_i�^�a�a]U\�^�a�aZkqR�T�T-R�f?g�\_i�{?a�Y�{�W
R�T`p�Y�WZ^�\_i?k ^`a�R�S?T�U3\ZYqT`UnR�W]f�~���i?UWZU�f?YlT.R�W]p�UeR�f�f?Y�\xR¬\_U�gw\_W]U�USsR�f $ a�mnR�fhS%U�U�R�aZ^`T`��S�{?^�T�\ V

;O*2\HkqU}\_i?Y�g?a�i?R�u�U3\_i?U3R�S?^�T`^`\C��\ZY�{?a]UeSsR�m $ p�WZY�{?f?g $ f?Y���T�Ug?p�Ueg?{?W]^�f?p�T�U�R�WZf?^`f?p V
,sY�W²Y�{?W²\_R�a $ ~���U|{�aZUhSsR�m $ p�WZY�{?f?g $ f?Y���T`U�g?p�U�� \ZisR�\lm�Y�f7\_R�^�f?a � 8 � \_i?Uh[?WZU}u�^�Y�{?a]T`�
T�U�R�WZf�U�gwp�W_R�kqkqR�W�~ � � \Zi?Ue[?W]Uu�^�Y�{�aZT`�zT�U�R�WZf?Ugrm�Y�kl[ Y�aZ^�\_^�Y�fsR�T$aZUkzR�f7\Z^�mem�Y�f?a]\ZW_R�^`f�\Za�~�� �
\_i�UrY�f7\_Y�T`Y�p���~e" � \_i?UrT`U-�*^�mY�f�~X��i?^�mxiHa][%Um�^ ' U�a²boY�W�U�R�mxi¡��Y�W]g¡^�\_a²[sR�W]\²Y�b�aZ[ U�Umxi�~�R�a
��U�T�T�R�a�\_i?Uea]U�kqR�f7\_^`me^�f�boY�W]kzR¬\_^�Y�fqp�^�u�Uf|R�ajU�T�UkqUf7\xR�W���aZUkzR�f�\Z^�m3klY�T`U�m�{�T�U�a~?R�f�g .�� R
WZU}u�UWZaZ^`S?T�U³WZY�S?{�a]\�[?R�WZa]U�WjR�a�^�f?fsR¬\_U�^�f�boUWZU�f�m�U3Uf?p�^�f�U V ;Cf?^�\_^.R�T�T`��~ y)8 � R�f?g y�� � m�R�f�S U³\_i�U
U�kl[�\C�ra]U\�~ 5 V

� i�U�T`UnR�W]f?^�f?p�Uf?p�^�f�Ue{?aZUa�\C��Yqa]U\_a�Y�b+U-��R�kl[?T�Ua�R¬\�g?^��%U�W]U�f7\�a]\xR�p�U�a V ,+^`WZa�\n~?\_i�U
m�Y�u�U�W�a]U\rR�T�p�Y�W]^`\Zi?k ^�alSsR�a]U�g Y�f?T`�HY�fQ\_i?U|WZU�[�WZU�a]U�f7\xR¬\_^`u�U�U-��R�kl[?T`U|a]U\n~ LQP ~���i�^�mxi
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� � ÈH»Ë²�½|²�± Å »Ë²~½8¿¯¼�¹K²�±�ÌÎÍaÏ 	9Å ¿¯º�²~¸f±�Ð ÆfÇ ±ÒÑt±�¼f± Å » Ç ½ÔÓ�»Ë²~½8¿¯¼ÖÕ Å ¿¯Ì�± Å ²�× ¨ Õ Å ¿�Ìa± Å ²�× b ® ¿�À
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# ¼f±'¿�À�²~¸f±?º¥»%$K¿ Å ¾�¿¯¼f¾�± Å ¼)¹ Å ± Ã » Å Éf½8¼ ÃtÃ¯Å »�ºyº¥» Å Éf±�Þ�± Ç ¿�Ìfº^±�¼P²ä»�¼)É¥±�¼ Ã ½8¼f±�± Å ½8¼ Ã ½8¹+¸f¿OÝ
²�¿YÀ�¿ Å º^» Ç8Ç ×�Éf± í ¼f± Ã¯Å »Ëº^º^» Å º^¿6É ÆfÇ » Å ½|²�×¯ÈC¹ Æ ¾�¸�²�¸f»Ë²\Éf½'&�± Å ±�¼P²äÀ Å » Ã ºy±�¼P²�¹A¿�À Ã¯Å »�ºyº^» Å ¹
¾�»Ë¼ ¶ ±'¾�¿�º ¶ ½8¼)±�É^²~¿ Ã ±p²�¸f± Å ½8¼¥»�¹K¿ Æ ¼fÉ¥ÝA»�× ¨ g ½8¼P²~¼f± Å È9Ø �(� Ø ® Ï ê ¼¥²�¸f½Ô¹V¹K±�¾p²�½8¿�¼^ÝV±�¹~¸f¿OÝ
¸f¿OÝ , g 	 Ñ·¹�¾�»�¼ ¶ ±^ºy± ÅKÃ ±�É�½8¼�»£¹K¿ Æ ¼fÉ�Ýä»�×¯È ¶ ×î²~¸f± Æ ¼f½8¿�¼Ö¿�ÀV²�¸f±�½ ÅtÅ ±�Ì Å ±�¹~±�¼P²�»Ë²�½|Þ¯±
± ! »�ºyÌ Ç ±�¹�È�²�¸f±�½ Å ¹ Æ ¶ Ç »�¼ Ã¯Æ » Ã ±�¹�»�¼fÉ<²�¸)±Y¹ Æ ¶ ¹~±*) Æ ±�¼P² Æ ¹~±�¿�À¦²~¸f± Ã¯Å »�º^º^» Å?Ç ±�» Å ¼)½8¼ Ã » Ç (
Ã ¿ Å ½Ô²~¸fº�Ï g ±ã» Ç ¹~¿t¹K¸f¿OÝÄ²�¸9»Ë² Ã�Å »�ºyº¥» Å º^± Å~Ã ½Ô¼ Ã Éf¿6±�¹+¼f¿�²H¾�¿�¼f¹~½Ô¹K²Hº^± Å ± Ç ×�½Ô¼4²~¸f± Æ ¼f½8¿�¼
¿�À
²�¸f±�½ Å Ì Å ¿�É Æ ¾�²~½8¿¯¼ Å~Æ)Ç ±�¹�Ï

ê ¼Î²�¸f±�Ì Å ±pÞ�½Ô¿ Æ ¹^¹~±�¾p²�½Ô¿¯¼f¹�È\½|²y¾�¿ ÆfÇ É ¶ ±�¼)¿�²�½Ô¾�±�ÉÎ²�¸9»Ë²yÀ�¿ Å »+
'¿ Å º^» Ç ½ÔÓ�±�É g ± ÇÔÇ (
	 ¿ Æ ¼fÉ)±�ÉrÑ Å »Ëº^º^» Å « ¾�¿�¼)À�¿ Å º^» Ç ²~¿¤»v¹ Æ ¶ Ç »�¼ Ã¯Æ » Ã ± �'ç È *�Ç8Ã ¿ Å ½|²�¸fº b »�¼)É *�ÇÔÃ ¿ Å ½Ô²�¸)º^¹
, � æy» ÇÔÇ ¿OÝÊÀ�¿ Å ²�¸f± Å ±�¾�½8Ì Å ¿6¾�» Ç2Ã ±�¼f± Å »Ë²�½Ô¿¯¼£¿�ÀÚ²~¸f± Ã�Å »�ºyº¥» ÅäÅ~ÆfÇ ±�¹.-0/�»�¼fÉ£²�¸f± Å ±�Ì Å ±�¹~±�¼ (
²�»�²�½ÔÞ�±¥± ! »Ëº^Ì Ç ±�¹ �'� º^±�Éf½!»�²�±�É ¶ ×�²~¸f±¥¹ Æ ¶ Ç »Ë¼ Ã¯Æ » Ã ± �?ç Ï g ±^Éf±�¼)¿�²�±¥²~¸f½8¹ Å ±�¾�½ÔÌ Å ¿6¾�» Ç
Ã ±�¼f± Å »Ë²�½Ô¿¯¼ « 1324 % ��� ÏHâ\¸f±vÉf½ Å ±�¾�²~½8¿¯¼ % ½8¹ Ã ½|Þ¯±�¼ ¶ × *�ÇÔÃ ¿ Å ½|²�¸fº b »�¼fÉ�²~¸f±tÉf½ Å ±�¾p²�½8¿�¼
4 ¶ × *ãÇ8Ã ¿ Å ½Ô²~¸fº , � æ)È Å ±�¹KÌa±�¾�²~½ÔÞ¯± Ç ×�Ï
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27�#0A*](H&D2'�%=�2'�C&D2KG#,�$'$-�%='*~,�"�> 27,�(B� Om4/G%&)(WG%&D27�# �,�$-4/�%=#b �£4<27��4B"E27���?(B�q&)$-"�4/"] �1x$7&)05�#ST,�$-h~P
27�]�_(/�PO]4BG%,�"U&)"�>U27�]�%='�_2'�%05*�(H&927�%=¤&)$'�L�21"4����)4��� �4B;)�%" &)=¤.�&)G8hM �$', V "�> ha"], S3(B�%>� )�)bj� &��
.�(B� 6]b 8j �4<;��#=l&D(/(�(B� Om4/G%&)(QG%&D27�# �,�$'4B�%= � *C&)$-2'=�,)1�='*~�%�%G8�C�@P¥27���j" V 0_.~�%$�,)1�27�]�%4/$3&D='=',aG%4/&D27�#>
�%(B�%05�%"628&D$-NA='�%0A&)"6274BG¤05,�(/�#G V (B�l27�#0A*](H&D2'�%=+&D"�>L27���g" V 0�.k�#$�,)1�&D2'2'$'4B. V 27�#=W27��&D23&)*�*~�q&D$
4/"U2'���K05,�(/�#G V (B�����%&)>�=%b �Z�K=-��, V (B>	$-�%054/"�>�, V $g$'�%&)>��#$¤27�C&D2w27���5&D2-27$'4B. V 2'�%=w2'�C&D2i&)* �
*~�q&)$34/"f='�#0s&D"M2'4/Gj05,�(/�#G V (B�g���q&)>]=w&)$-�j,)1 2'��$'�#�i2eNa*~�%= � 1x�q&D2 V $'�DPC;)&D$'4H&D.�(/�j&)"]>JG#,�"�=-27&)"62
� =-�%�frm�#G#2'4/,�" t�b�8 �@b ���sS+&D"M2K2',�*k,)4/"62K, V 2�27�C&D2�27���#='�!�%(B�%05�%"628&)$ONZ=-�%0A&)"6274BGL0A,)(/�%G V (/�
27�#0A*](H&D2'�%=FGq&)"U.~�i�q&)=-4/(BN!$-�#yC"]�%>QP�&)"�>�2'���I )$7&)050s&D$F(B�q&)$-"�4/"] �1x$'&)05�#ST,�$'h!*�$-, ;a4B>��%=w&)"
4/05*�(B4/G%4<2} �$7&D0A0A&)$d$'�#;a4B='4/,)"QbR��� V =%PC4B"L ��#"��%$'&)(�Pm>�4��k�%$-�%"623&D2-27$'4B. V 2'�%=+,�$W$'�%*]$'�%=-�%"628&9274/,)"�=
Gq&D"f.~�¤27$-4/�#>!&)"�>L27�]�g� �k,�$-234B=+0A4B"�4/0A&)(C=-4/"�G#�g4B2WS34B(/(k"�,)2�4B"M;),�(B;)�g$'�@yC"�4/"] K.MNL�C&)"�>?27�]�
 �$'&)0A0A&)$T$ V (B�%=3,�$+27�]�iG#,�"�=O27$7&D4/"627=#b

ce"�2'���K"�� Oa2i='�#G#2'4/,�"�=¤ST�KS34/(B(�.�$-4/�"R�NU>��#='G#$'4/.~�K�q&DG8�	,D1T2'���%=-�K(/� Om4BGq&)(�Gq&D2'�% �,�$-4/�#=
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� &D.�(/� 6]b�8 � C � Om4/G%&)(QG%&D27�# �,�$'4B�%= � rM28&D2'4/=-2'4/G#=
&)"�>!27�]�i�#(/�#0A�#"M27&)$-Ns='�#0s&)"62'4/Gj0A,)(/�%G V (/�l27�%05*�(/&D27�#=3&)='=-,mG#4H&D2'�%>?S34B2'�!2'���%0fb
FHGJI!GJI KML"N�OQP

�}�%$-.�=n&)$-�TG#�%"627$'&)(]G%&D27�# �,�$-4/�%=�,)1¥&D"MNI&)*]*�$',6&DG8�_27,w=ONa"M27&�O_&)"�>_=-�%0A&)"6274/G#=%b�ce"�27��4B=�>]4/='=-�%$ �
28&9274/,)"QP]ST�I �4<;��i&)"J&)G%G#, V "62l,)1 $-�%*�$-�%=-�%"6274B"� sG#,�0A*](/� OL;��%$-.C&)(zG%,)"�=-2'$ V G@274/,)"�=%P¥4/"]G%( V >�4/"� 
27�#"�='�DP�&D='*~�%G#2%Pk"]�% 6&D2'4/,�"�PC0A,a>C&)(B=%P]yC"]4B27�i&)"]>J"�,)" � yC"]4B27�g;)�%$'.]=%b �C,�$�27��4B=%P�ST��4B"M2'$',a> V G#�
N6uK='�#0s&)"62'4/Gi0A,�(B�%G V (/�#=32'�%05*�(H&927�%= � u�uK1x,)$l0A&)4/"?;)�%$'.]=g&)"�> 8 � 1x,)$l& V Om4/(/4/&)$'4B�%=7�W&)"�> 8 u
1x�q&92 V $-�%=%bZYl=WG%&)"s.~�l=-�%�#"s1x$',�0 ��&).�(B��6mb 8�PM�#(/�%05�%"627&)$-N�05,�(/�#G V (B�%=n27�#0A*](H&D2'�%=d$'�%(/&D27�#>52',
;��#$'.C&D(QG%,�"]=-27$ V G#2'4/,�"]=�$'�%*]$'�%=-�%"62w&)(/05,�=-2 � ��R ,)1�&)(B(~2'���g�%(B�%05�%"628&)$ONs=-�%0A&)"6274BG¤0A,)(/�%G V (/�
27�#0A*](H&D2'�%=%b �l,`SW�@;��#$%Pk2'����=-�%0A&)"6274BGi4B"627�%$-*�$'�@28&D2'4/,�"!S34/(B(�.k�i*C&)$O274/&)(�P�>]�%*~�%"�>�4B"� s,)"J27�]�
='*~�%G#4ByCG+&)*�*�(B4/Gq&9274/,)" � �)bo �bBP�&¤*C&)$-2'4H&)(a&)G#G%, V "M2 1x,�$ "��# 6&D2'4/,�"K&D"�>K0A,a>C&)(B=�1x,�$�2'�%$'054/"],�(/,� DN�P
&)"�>�27�%"]='�!&)"�>:"]�% 6&D2'4/,�"	1x,�$�=-,�05�A1�&)G@2 V &)(dG%,)"�=-2'$ V G@274/,)"�=8��b �£��4/(B�52'���s1 V (B(d=-�%0A&)"6274BG
4/"62'�%$'*]$'�#27&D274B,�"	,)1+G#,�0A*](/� OU;��%$-.C&)(dG%,�"]=-27$ V G#2'4/,�"]=I4B=i, V 27=-4/>���27���5='G#,�*~�A,)1W27��4B=i>]4/='=-�%$ �
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MONNNNNNNNNNNNNNNNNNNNNNNNNNNNNNP
QSR @ > �6�2'�78�UTV#��XWD@Y3 7 �2TL=D3 ���0W)@ > Z �<=$[)T\B]WD@ > Z �9=^E_TUG W W$@ > Z �<=$I)TUG`K0a

b4cccccccccccccccccccccccccccccccccccd
� 4B V $-� 6]bb6 �fe (B�%05�%"628&D$-N?=-�%0A&)"6274/Gg05,�(B�%G V (/�w1x,�$ )���)� �

28&9274/,)"QPnSW�f*�$',`;a4/>]�J&D"��PO]*]$'�%=-='4<;���$-�%*�$-�%=-�%"628&D2'4/,�"¡27�C&92AG#, V (B>¡.~� V ='�#>�2',�>��@;��#(/,�*�&
='�#0s&D"M2'4/Gg4B"M2'�%$-*�$'�@28&D2'4/,�"!05,m> V (/�w1x,�$+2'��4/=�* V $'*~,�='�Db

Yl"_� O]&)05*�(B�d,D1¥&)"i�%(/�#0A�#"628&)$ONj='�%0A&)"6274BGT05,�(B�%G V (/�R1x,�$zyC"�4<27�)P9>�4<27$7&D"�='4<274B;)�)PD&)G#2'4B;)�
;�,)4/G%�j0A&)4/"A;��%$-.�=F4/=� �4<;��%"f4/" ��4/ V $-� 6]b[6]P]S34B2'�f&)"!4/"�=O28&)"6274/&D274B,�"L=-��,`S3"J1x,�$+2'���j(/� Om4BGq&)(
4B2'�%0 )���)� �@b�g ���]�ih N � �^,)132'���?�%(B�%05�%"628&)$ONE=-�%0A&)"6274/Gs0A,�(B�%G V (/�A �4B;)�%" 4/"�� 4B V $-� 6]b[6
G%,)"M27&)4/"]= � E'�)�e��a�)4��K�)���Y4��X5%�a�[� � � ,)jDk-�@PDlq�'�)���/47�¤�)���X4��X5%�m�e� � �6m k�n1&porq m �Xk�q m j1#<q m �5q m %ts ,0orq.k5ovu;w�o^q
&po)0	w2q &��xq &	���@P��9�d4@���15%�/�i�)���X4��X5%�m�e� � �5y o)jB2zq y o)jB2|{}q y o0j)2�~\�pq y o)jB2�~��6�@b

�C,�$l(/�PO]4BGq&)(�4B2'�%05=%P~27���PE'�)�e��a�)4��f�)���X4��X5%�m�e��=-*k�#G%4By��%=¤27�]�_*C&)$O2g,)1}='*~�%�#G8�QP�4/"J27��4B=
Gq&D='�)P m o)0��Mb

���]�_lq�'�)���'47�w�)���Y4��X5%�a�[� �lG%&)"�.k��>�4<;a4/>��#>54B"_2eSW,iGq&927�% ),�$'4B�%=%P6.�&)='�#>A,�"K2'���%4B$R;)&D( V �#=
4/"j27�]�T�#(/�%05�%"627&)$-Ng=-�%0A&)"6274BGT05,�(/�#G V (B�R27�#0A*�(/&D27�#=%bz�����d;)&D( V �#=�,D1]27�]�W&D2-27$-4/. V 2'�%=�0s&D$'h)�#>� : W =@?BA	PbA5� ZRS�MFW LeA	?aG�TFAU�)TOAV<+MOEYI U MF< TFA_EYfQU G=UDUXM SUZbGJ=YA_Q L Z[=Y?��)TFA	= .cdA9U MJ< A_P[A_IDAUW.=@GFE �UXA_IKGJW.=YZRS
IDMFPbA_SUNBP[A UUiz�>MFWQUYZRQ AUE@Z[W)C��)WBZ[=YA&��WBMOWD�)WBZ[=YAe<+MOEYI UMjJGJW)Q	Z[W.=YEHGJW UXZ[=YZbTFA&��=YEHGJW UXZ[=YZbTFA&��Q Z[=YEHGJWQUYZ[=YZbTFA TFA_EYf Uaj�=Y?)AUE@A
GJE@A K2K Q Z U�=@Z[W)S�=�AUPbAUIDA_WO=HGJE  UXA_IKGJW.=YZRS�I$MOP[A�S�NBPbA =YA_IDcBPbGJ=YA UUi
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.6N�� � k5o^u;w4orq &poa0!w$q m k8n1&ro`�j&)$'�5;)&D$'4H&D.�(/�#=j2'�C&D2I ��#2�4/"�=O28&)"62'4H&D2'�%>	,�"�(BN�S3�]�%" &)*�*](/4/�#>	2',
&L*C&)$O274BG V (/&)$w(B� Om4/G%&)(�4<27�#0Jbj����4B=g0A�%&)"�=w2'�C&D2¤ST��>�,?"�,)2g$-�%� V 4B$'�K='�#*C&)$'&D27�K�#(/�%05�%"627&)$-N
05,�(/�#G V (B�_27�%05*�(/&D27�#=i1x,�$j>�4 ���#$'�#"M2i;D&)( V �%=i,)1 k5ovu;w�os&D2'2'$'4/. V 27�DP	&roa0	wI&D2-27$'4B. V 2'�)P�,�$ m k8n1&ro
&D2-27$'4B. V 2'� � 27��4B=�&92'27$-4/. V 27��>�4/=O274B"� V 4B='���#=i.~�#2eST�%�#":"�,�$-0s&)(�Pz$7&)4B='4/"] f,)$IG#,�"627$',)(};)�%$-.�=8��b��
������$'�#=-2I,)1d27���K1x�q&92 V $-��&D2'2'$'4/. V 27�#=i4B" R V �#"�G%�K2'���K;��%$-.Z=-�%0A&)"6274/G#=%b �C,�$g�PO�&D0A*�(B�)P�27�]�
;D&)(/�#"�G%�F&D2-27$-4/. V 2'� m j # >]�#27�#$'054/"��#=n27���3" V 0_.~�%$},)1Q&)$' V 0A�#"M2'=n27����;��#$'.A�C&)=%b �¥,)$n>�4B2'$7&)" �
='4<274<;��w;)�%$'.]=%P�ST�g�C&q;��¤27�]$'�%�j&D$' V 05�%"62'=%P�&D=�Gq&)"?.~�¤='�#�%"!4/" ��4/ V $-� 6]b[6]bR���]�¤;��%$-.?1x,�$'0
2eNa*k�F&D2-27$-4/. V 2'�%= m �Xk�=-*k�#G%4By��%=}4B1¥27�]�+;��%$-.A4B= yC"�4<27�+,)$R"�,�" ��yC"�4<27�)P�S3�]4/G8��(/�%&)>�= 2',i>]4��k�%$'�#"62
='�#0s&D"M2'4/Gj$'�#*�$'�#='�#"M27&D274B,�"�=#b������_&D2-27$-4/. V 2'�%= &	�5q &��A=-*k�#G%4<yC�%=F27���i*k�#$-1x�#G#2¤,)$F*]$',� �$-�%=-='4B;)�
&)=-*k�#G#2F,)1�yC"�4B2'�g;��%$-.�=%PCS3��4BG8�J4B=�0s&D$'h)�#>J4B"?27���j='�#0s&D"M2'4/Gg$-�%*�$-�%='�#"628&D2'4/,�"Qb

ce"Z ��%"��#$7&)(�PT�9�d4����15%�/�s�)���Y4��X5%�a�[� �!&)$'�54/"6;�,)(B;��#>Z4B"�27�]�sG%,)0A*~,�='4<274B,�"�*�$',aG%�#='=K&D"�>
(/4B"�hL&5='�#0s&)"62'4/Gj0A,)(/�%G V (/�¤S34<27�J,)27���#$3='�%0A&)"6274BGI05,�(B�%G V (/�%=#b �C,�$+;)�%$'.�&)(�G#,�"�=O27$ V G#274B,�"�=#P
27�]�g" V 0_.k�#$+,)1z;D&)$'4/&).�(B�w&D2-27$-4/. V 2'�%=+4B=+4/" R V �%"]G%�%>!.6Ns2'���w;D&)( V �¤,)1 m j1#M&D2-27$'4B. V 2'�)bRce"?27�]�
Gq&D='�K,)1d>�4<27$7&D"�='4<274B;)�I;)�%$'.]=%P�SW���C&q;)�_1x, V $g&D2-27$-4/. V 2'�%= � y o)jB2!S3��4/G8��4B=w27���K4B"�>��PO�,)1}27�]�
;��#$'.QP y o0j)2|{kP�S3��4/G8�US34B(/(�.k��(/4/"]h)�%>U2',s27�]�K= V ./(-�#G#2j,)1}2'����;��#$'.QPz&D"�> y o)jB2�~ �pq y o)jB2�~ �]P
S3��4BG8�5S34B(/(].~��(/4B"�h)�#>K27,g27����2eST,IG#,�05*�(/�#0A�#"M2'=%P6$-�%='*~�%G@274<;��%(<N�bn������;D&)$-4H&).�(B�%=n&D='=',aG%4/&D27�#>
S34B2'�?27��4B=3&D2'2'$'4/. V 27�#=l&D$'�j&)(B=',�*�$'�#='�#"M2l4/"?2'���j='�%0A&)"6274BGg$'�#*�$'�#='�%"627&D274B,�"Qb

���]����M � " ,)1W27���A�%(/�#0A�#"628&)$ON�=-�%0A&)"6274BGs05,�(/�#G V (B�5 )4B;��#"E4/"�� 4/ V $'� 6]b[6�$'�#*�$'���
='�#"627=n27����=-�%0A&)"6274BG�$'�%*]$'�%=-�%"628&9274/,)"5,D1~2'����(/�POm4/Gq&D(]4B2'�%0 )���)� � � 4�b��DbBP�4<27=}�¤"627,6rm� P O �@b������
;D&)$'4/&).�(B�%=g4/" 27�]�A$-�%*�$-�%='�#"628&D2'4/,�"Z&)$'��G%,)"�G%�#*]2_,�$i&D2-27$-4/. V 2'�,[D$-,�(/�K4B>��%"62'4ByC�#$'=j4/" 27���5,�" �
27,)(/,� )N)b ��� V =#P���S34B(/(C0A&)*A,)"M2',I2'���wG#,�"�G%�#*]2�&D='=',aG%4/&D27�#>sS34B2'�A2'���F;)�%$-. )���)�@PMS3�]4/(/�327�]�
&)$- V 05�%"627=	��
���mP���
�"8�P���
��uLS34/(B(}0s&)*�,�"627,�2'���s;)�%$'.E2'���%0A&D2'4/G5$',�(B�%= � �)bo �b<P����kP�����P
��� WBPbZ��FA�MF=Y?BA_E PbA5� ZbS_GJPbZ��_A_QKGFcBcBE@MOGFSH?)A9UMj=UXNaSH?�G=U����! "Sj.L>A QBMVWBMJ=eNQUYA�GVQ Z�#dA_EYA_W.="P[A4� ZbS_GJP UX=YE@N)S�=YNBE@A

<+MFE�E@GFZ UYZ[W)CDGFW)Q S�MOW.=YE@MFP1TFA_EYf UajBLeAVMOWBP 4UXcdA_SUZ < �=Y?)AUZbE ��� "0#�� i%$ ?BA9UYA	SUMFWQUX=YE@N)S;=@Z[MOWQU GJE@A =YE@A_GJ=YA�Q�GJ= =Y?)ACFEHGJIDIKGJE E@NBPbA�PbAUTOAUP jBG=U S_GJW�faA�UYAUA_W�ZbW& A_S�=YZbMFW&'Bi K i



8 �)u

elementary semantic molecule templates

< X.tense=pr, X.neg=y, X.pf=y,  X.pg=y, X.isa=give, X.Arg0=Y, X.Arg1=Z1, X.Arg2=Z2 >OntoSeR

string

vingSbeenSauxnotSauxtnsS

has    not         been      giving

� 4/ V $'� 6]b�� � �¤"627,Mrm� P ,)1 &K;)�%$-.C&)(zG%,�"]=-27$ V G#2'4/,�"?S34<27�J& V Om4/(B4H&)$-4/�%=
��� �����@bT�����j;)&D$'4H&D.�(/�#=��AP�� 8�P��¤uKS34/(B(Q0s&D*f,)"M2',s,)2'���%$3G#,�"�G%�#*]27=l4/"!27���i,�"627,)(/,� )NA27�C&92
$'�#*�$'�#='�#"M232'���j&)$' V 0A�#"627=+,)1z2'���¤;��#$'.QbFYw=�G%&)"!.k�w"�,)274BG%�#>QP]ST�¤SW,�$-hAS34<27�!&�1x$7&D0A���e(/4Bh)�
$'�#*�$'�#='�#"M27&D274B,�"Qb?ce"	27��4B=jSW&qN�P 2'����27�%"]='�s4B=i&)G#2 V &)(/(<N &!='(/,D2I4B"	2'����1x$7&)05��,)1W2'���A;)�%$'.�b
rm4B0A4B(H&)$-(BN�P &)='*~�%G@2qPT"��% 6&9274/,)"QPT05,a>C&)(/=_&)$'�!$'�#*�$'�#='�#"M2'�%> .6N =-(/,)2'=K4/":27���?;)�%$'.���=51x$7&)05�)b
���5*]$'�%=-�%"62_4B"���4/ V $-� 6]b��L2'���5='�%0A&)"6274BGK$'�#*�$'�#='�%"627&D274B,�"Z,)1T27����G#,�"�=-2'$ V G@274B,�" �]���� ��9�
5@�8�@  )���`�� ��&)"]>E='��,`S ='G8���#0s&9274/G%&)(/(<N���,`S �q&)G8�:(B� Om4/G%&)(d�%(/�#0A�#"62 � 05,�$-�A*�$-�%G#4/='�#(BN)PR4B2'=
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Yes/No question

(not linked)

John    gave   a book   to   Mary

OntoSeR

robust
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did John give what to Mary 

What did  John  give    to Mary
OntoSeR

OntoSeR

?

Yes/No question consistent

inconsistentWhat  did John give a book to Mary
LEARNING

PROCESSING
(robust parser)

rep. example

utterance 

wh−question
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QUESTION+ANSWERa) 

UNIQUE  GROUND−DERIVED  TRUE  SYNTAGMA

Hepatitis A is caused by a virus that does not persist in the blood serum.

b)

#virus25=matched
conceptA3= #HepatitisA

What is caused by something that does not persist in the blood serum.
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#something

#characterize

thagX Y

What was characterized by something? #characterize

#something #what

thagY X

#what

What characterizes something?
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