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KJO Zu[UZ\WNVNZ�� LN[]T-kUZ\W

�ed\OjXNLJQvZuQ]PcdmWBZu_c_Rs}T��jq-PcT-W Q1O�dJViT�_ckj`adm[�WBZuQ]LN[UZ\_�_cZ\WNomLNZ\omT
LNWiVNT�[SkSQvZuWNVNPcWio q�Z\W
fBZ �mT Z��4PRVNT �uZ\[]PRT-Q s d\`<Z\XNXN_RPcq�ZuQUPRdmWNk�kSQvZu[SQUPRWNo�`a[]d\O Q]T��hQ�O�PcWNPRWNo�Z\WiV0g LNT-kSQ]PcdmW0Z\W��
k�� T�[SPcWNo���Q]d
WBZuQ]LN[UZ\_ _^ZuWNomLBZ\o\T PcW$Q]T�[S` Zuq�T�k�Q]d
VBZuQUZ\MBZ\kST�k� ��edmWNk QU[]Z\PcW$Q�� MBZ\kST�V om[]Z\OjOjZ\[
`adm[SO Z\_RPckSOjk fBZ �mT!M�T�T-W!�4PRVNT�_ s�LNk]T-V `adm[4VNT-T�X _^Z\WNo\LBZ\omT�LNWiVNT�[SkSQvZuWNVNPcWio" $# T Q%� dmWNT+k]T-[]P&�
dmLNk�d\MNkSQUZ\q�_RT�`adm[ QUfiT�Pc[ LNk]T PcW
[ST�Z\_'�ed\[]_cV Z\XiXN_cPRq�ZuQ]PcdmWNkyPck�Q]fBZuQ�Q]fNT�kST `adm[]OjZ\_cPRk]O�k?fNZ �\T
d �mT-[]_cdhd)(uT�V Z\W+PcO�X�dm[SQUZ\W$QI[]T�g LNPR[]T-OjT-W Q���_RT�Z\[SWBZ\MNPR_cP Q s) *�eLN[S[]T-W Q]_Rs
�\QUfNT-[]T Pck�ZyX�dhdm[IO ZuQ]qvf
M�T-Q+� T�T�W QUfNT-k]T om[UZuOjOjZ\[e`adm[SO Zu_cPckSOjk Z\WNV1T��JPRkSQUPRWNo _cT�Z\[]WNPRWNo O�T-QUfidJVNk, 

�lfiPck4VNPckSk]T-[SQvZ QUPcd\W�VNT-bBWiT�k?Z WiT,� Q shX�T d\`(q-dmWNk QU[UZuPcW$Q�� MBZ\k]T-V o\[UZ\O�O Zu[]k�� � T��JPcq�Z\_&�
P.--T�V�/ T-_c_&�+0BdmLNWNVNT-V)t�[UZuOjOjZ\[]k21 � /30�t k54��6�4fNPcqvf)Z\_c_Rd
� VNT�T-X)_^ZuWNomLBZ\o\TlLNWNVNT-[]kSQUZ\WNVNPRWNo
Z\WNV}Z\[ST)_cT�Z\[]WNZ\MN_cT7 8�lfiT�k]TYom[]Z\O�O Z\[Sk!O�dJViT�_eM�d\Q]f kSshW$QvZ9�}ZuWNV k]T�OjZ\W$QUPRq�k Z\WiV}fNZ �\T
q�d\WNkSQ][UZ\PRW Q]kyZuQlQUfNT [SLN_cT _cT �mT-_�`adm[lk]T-O Z\W$Q]Pcq�q�d\OjX�dmk]P QUPRdmWYZ\WNV1k]T-O Z\W$Q]Pcq�PcW$Q]T�[]Xi[]T-QUZuQUPRdmW: 
�lfNTyPcW$QUT-[]XN[ST-QUZuQUPRdmWjq-dmWNk QU[UZuPcW$QUk Z\_R_cd�� Zuq�q�T-k]k QUd!O�T�ZuWNPcWNo VNLi[]PcWio+_cZ\WNomLNZ\omT4XN[]dhq�T-k]kSPcWNo" 
�lfNT s T�k QvZ\MN_RPckSf�_cPRW"( k�M T Q+�eT-T�W}_cPRWNomLNPRkSQUPRq T��JXN[]T-k]kSPcdmWNk�Z\WiV�QUfNT�T-W Q]PRQ]PcT�k<QUfNT s�[]T `aT�[!Q]d
PcW QUfNT [ST�Z\_'�edm[S_cV: ;/ T�LNkST Z\W
dmW$QUd\_cdmo\s6� MBZ\k]T-V
PcW$QUT-[]XN[ST-QUZuQUPRdmW:� Xi[]dmX�dmk]PRWNo�Z kST�OjZ\W$QUPRq



[]T-XN[]T-k]T-W QUZuQUPRdmW Q]fBZuQ+q�ZuW M�Tjq-dmWNq-T�P �\T�V Z\k+Z\W dmW$Q]dm_cdmous
g LNT�[ s _^Z\WiomLBZ\omT7 �lfNPck+[]T-XN[]T �
k]T-W$QvZuQ]PcdmW Pck k]L��jq-PcT-W Q]_Rs T �iXi[]T�kSk]P �mTjQ]d [ST�XN[ST�kST�W$Q�OjZ\W$s Z\kSX T-q-QUk<d\`n_cZ\WNomLNZ\omT Z\WNV smT Q
k]L��jq-PcT-W Q]_Rs�[ST�k QU[]PRq-Q]P �mT�Q]d�kSLNXNX�dm[SQy_RT�Z\[SWNPcWNo ZuWNV1Q][UZ\q QvZ\Mi_cT�PcWJ`aT�[]T-WNq�T-k� 

� WYQUfiPcknQUfiT�k]PRk��"� T XN[]dmX�dmkST<Z WNT�� [ST�_^Z QUPcd\WBZ\_�_cT�Zu[]WNPRWNo OjdhVNT-_ `adm[ � /30�t PRWNVNLNq �
QUPRdmW: �lfiT�_cT�Zu[]WNT-[nPcknXi[]T�kST�W$QUT-V!�4P QUfYZ�k]OjZ\_R_ kST-Q4d\`�X�dmk]P QUP �\T�[]T-XN[]T-k]T-W QUZuQUP �mT T��iZ\O�XN_RT�k��
�4fNPRqvf q�dmWNkSPck Q d\`4LiQSQUT�[]Z\WNq-T�k XBZ\PR[]T-V��4PRQ]f QUfNT-Pc[<k]T�OjZ\W$QUPRq [ST�XN[ST�k]T-W$QvZuQ]PcdmWNk, / T)fNZ �\T
XN[Sd �\T�V Q]fBZuQ QUfNTyk]T�Z\[]qvf�kSXBZ\q-T?`adm[�om[]Z\OjOjZ\[�PRWNVNLNq QUPcd\W�PRkeZ+q�dmO�XN_RT-QUT4om[]Z\O�O Z\[(_^ZuQSQUPcq-T
�
�4fNPRqvfYZ\_c_Rd
�4k QUfNT q�dmWNk QU[SLNq-Q]PcdmWYZ\WiV�omT�WNT-[UZ\_RP.-�ZuQUPRdmWjdu`�Q]fNT�f$shX duQUfNT-k]T�kyZ\WiV�omLBZ\[]Z\W$QUT�T-k
QUfiT�LNWNPcg LNT-WNT�kSk?du`�Q]fNT�k]d\_cLiQ]PcdmW:�J[]T-o$Z\[]Vi_cT�kSkld\`IQUfNT�d\[]VNT-[ld\`(_RT�Z\[SWNPcWio" / T�fBZ �mT XN[Sd �\T�V
Z _cT�Z\[]WBZuMNPc_RPRQ s QUfNT-dm[]T-O Z\WNVYfBZ �\T<XN[Sd �JPRVNT�VYX�dm_RshWNd\OjPcZ\_ Zu_comdm[SPRQ]fNOjk `adm[ � /30�t PRWNVNLNq �
QUPRdmW:��XN[]d �hPcWio QUfiT�Pc[ kSdmLNWNVNWiT�k]k, �lfNTj_cT�Z\[]WBZuMNPc_RPRQ s1QUfNT-dm[]T-O T �hQUT�WiVNk�k]PRomWNP bBq�Z\W$Q]_Rs
QUfiT
q�_cZ\k]k4d\`�XN[SdmMN_cT-Ojkl_RT�Z\[SWBZ\MN_RT�M$s � WNVNLiq-QUP �mT � dmomPcq r�[Sdmom[UZuOjO�PcWNo<OjT QUfNdhVNk, 

� W QUfiPck*VNPRk]kST�[SQUZuQUPRdmW:�)� TlfBZ �mTyPcO�XN_cT-OjT-W$QUT�V�Z k shkSQUT-O QUfBZ Q�[]T-XN[]T-k]T�W$Q]knZ\W T �iX�T�[ �
PcO�T�W$QUZ\_*XN_cZuQ]`adm[SO&`adm[+Z\_R_(QUfiT Q]fNT�d\[]T-Q]Pcq�Z\_�Z\_co\dm[]P QUfNO�k� �lfiTjk sJk QUT-O fNZ\k+Q]fNT XN[UZuq-QUPRq�Z\_

Z\V �uZ\W$QUZ\omT+d\`�PcO�XN_RT�O�T�W$QUPRWNo k]dmLiWNV
om[]Z\OjOjZ\[n[ST �hPckSPcdmW Z\WNV om[UZ\O�OjZ\[lOjT-[]omPRWNo"���4fiPcqvf
Z\_R_cd��6Z\W�PRWNq�[ST�O�T�W$QvZu_ q-d �\T�[]Z\omT�d\`lWNZuQULN[]Z\_e_cZ\WNomLNZ\omT `a[UZ\omO�T�W$Q]k� !/ T)fBZ �\T)XN[]d �hPcViT�V
g LBZ\_RPRQvZ QUP �\T
T �uZ\_RLBZuQUPRdmWNk)Q]fBZuQ q�d �mT-[ QUfiT `adm_R_cd��4PcWio Pck]kSLNT�k,� q�d �\T�[UZuomT d\`!VNP �\T�[Sk]T�ZuWNV
q�d\OjXN_RT�� _cPRWNomLNPRkSQUPRq!XNfiT�WNdmO�T�WNZ��wQUT�[SOjPRWNdm_RdmomPcq�Z\_ ( WNd��4_cT-VNomT�Z\q�g LNPRk]P QUPcd\W `a[]dmO&WBZuQ]LN[UZ\_
_^ZuWNomLBZ\o\TlVNT-bBWiPRQUPRdmWNk��JZuWNVjfNZ\WNVN_RPcWNo d\` M duQUf�XN[]T-q�PckST ZuWNV �uZ\o\LNT?g LNT-kSQ]PcdmWNk �4PRQ]f XN[]T-q�PckST
Z\WNk �eT-[]k?ZuQ4QUfNT q-dmWNq�T-XiQy_cT �mT�_  
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� B � ; A I�Y P CRYrEHI�WQY&I V CuEHTLC Z C N Y A N[i G Z GJE d E&TQC5I�YeC5^ _/I�Y ` Y N ^O^ N Y�G AQP gQDRE&G8I A ; \ C5C 3 C5D `EHGJI A). K��LK 8�Kp"j.�S C N \&\ gL^>C I�gLYUE N Y ` CRE ` Y N ^O^ N Y�E&I i C N � *[�-, b D5I A _/I�Y&^ N[Z!S	K Y K E KcNY&CRWQY&C \ C A E N EHG V C \ g iLZ N A ` g N[` C L =<K



���

� TLC � *[�-, b \�N Y&C�g A N ^ i G ` gQI[g \5oLN AQP E&T1g \5o P gLY&G A ` EHTQC ` C A CRY N E&G8I A I[_ EHTQCpY&C5W `Y&C \ C A E N EHG V C�C �QN ^>W Z C \Ro LRP o I[_ Np` Y N ^>^ N Y s o _/YeI�^ Nm\ g iLZ N A ` g N[` C L =1o�\5K E K LQP N L = Nqc= ;�s . ; [pZJ` I�YeGJEHTL^ "Qo1� TQCRI�Y&CR^ 8 .�o C N D�T C �LN ^OW Z C � Z T N[\rN g A G��jgQC Yeg Z C R N \&\ I1D5G N EHC PS GJE&T GJE K�� I�YeC5I V CRY o 0 � ,�� ; R .�� � ,�� ; � Z .Fo G K C KJo � Z G \ EHTQC \ d A E N[` ^ N3S GJEHT�E&TQC ^>G A G8^UgQ^` YeI�g AQP P C5YeG V N EHGJI A Z C A ` EHT o�S TQGJD�T G \ P CRY&G V C P _/YeI�^ R K 3 G A DRC�EHTLC�YeC5WQYeC \ C A E N E&G V C C �LN ^ `W Z C \mN Y&CUI[Y P CRY&C P o EHTLG \ GJ^>W Z G8C \ EHT N EnEHTLC d G AQP gLD5C N A I�Y P CRYpI A EHTQC ` Y N ^O^ N Y Y&g Z C \5Kg; A
, 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^
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(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 `
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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¯±
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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
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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
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� *~�%$O1x�%G@2?&)"�>¢*�$',� )$'�%=-='4<;��`��b ��� V =#PF&D2A2'��4/=A(/�@;��%(�P�&)(B(+27���J4/"]1x,�$-0s&9274/,)"¡*~�%$O28&)4B"�4/"] 2',
27�]� V 2'27�#$7&)"]G%�i4/=3h)�#*]2w4B"?27���i$'�#*�$'�#='�%"627&D274B,�"Qbd����4/=F&)(B(/,`S3= V =327,5,�.]28&D4/"?27��� V 2-27�#$7&)"�G#�
>�4B$'�%G@27(<NJ1x$-,�0 2'���K$'�#*�$'�#='�%"627&D274B,�" V ='4/"] L27����$',). V =-2j*�&)$'=-�%$ [9 ��%"��#$7&D2',�$ � =-�%� Yw*]*k�#"�>�4 O
Y�b N6��b

Y+2W27���j��� P (/�#;)�%(�PmyC(<27�%$-4/"� IGq&)"A28&)hD�g*�(H&)G#�)bRc 1zST�¤G8��,a,�='�¤2',_4/ )"�,�$'�327�]�g&)='*~�%G@2
4/"m1x,�$'0A&D274B,�" � &	�5q &��M�+SW��,�.]28&D4/"!27���I$'�%*]$'�%=-�%"628&9274/,)"U �4B;)�%"J4/" ��4/ V $-�-6]b�" � &6��bF���]�I1�&)G@2
27��&D2327���I&)='*~�%G@2¤4B=F4B �"�,�$-�%>?1x$',)0 27���i0A�%&)"�4B"� �,)1 2'��� V 2'27�#$7&)"]G%�)P~.~�%G%,)0A�#=lG#(/�q&D$3S3�]�%"



8 �9t
ST�A&D='hJ2'���K� V �%=O274B,�"�= � � �C� �]���_ ��9� 5@�8�@  47�'�13)�� �
f� �C� 5@�`����� &)"�>�� �C�73a�`� �@ �� �K47�'�13
� �C� 5@�`�����7bj�����%=-�K2eSW,!� V �%=O274B,�"�=j�C&q;��_2'���K=7&)05����� P $-�%*�$-�%='�#"628&D2'4/,�"	&)"�>�2'� V =g �4B;)�
27�]�K=7&)05�K&)"�=OSW�#$ � ='�], S3" 4B" � 4/ V $'�^6mb�"6��b �Z�KG%&)"	&)(/=-,?&)='hJ� V �%=O274/,)"�=j&D2¤2'���K*C&)=-='4B;)�
;�,)4/G%� � � �]�)� �]���  ��9� 5@�8�@  5@�@�� �
 48�'�13 5 ���i��� � &)"�>  ��@2�&D" &)"]=-ST�%$f�#;��#"^4B1i27�]�
V 2-27�%$'&)"�G#�JSW&)=s4B"¢&)G@274<;��!;�,�4BG%�)b¢����4/=5='��,`S3=s2'�C&D25='�#0s&D"M2'4/G%&)(/(<N�PT&)G#2'4B;��J&)"�>�*C&)=-='4B;)�
;�,)4/G%�s&)$'�A�%� V 4<;)&D(/�%"62 � ='�#�!rm�#G#274B,�" 6]b�umb�umb Nf1x,�$i,)27�]�%$��PO]&)0A*](/�%=I,)1F&)G@274B;)�L&)"]>E*C&)=-='4B;)�
G%,)"�=-2'$ V G@274/,)"�=8��b �F,`SW�@;��%$#P�4<1�ST�I&)='hs2'���j� V �%=O274/,)"�= � � �C� �]���-5@�8�@  48�'�13)�� �
5� �C�\5@�`�����7P
,�$ � �C� �]�135 ��9�	5@�8�@  47�'�13)�� �
K� �C� 5@�`����� � 4�b��DbBPm"�,K"��# 6&D274B,�"QPm&)"�>LS3$-,�"� _27�#"�='�q�dST�¤1�&)4/(
27,�,�.m28&)4B"J&D"J&D"�=-ST�%$#P~=-4/"�G#�j"��% 6&9274/,)"J&D"�>f2'�%"�=-�i&)$'�j*C&)$O23,)1�27��� V 2-27�%$'&)"�G#�I05�q&)"]4/"� �b

Y =-4/054/(/&)$s&D"C&)(BNa=-4/=L4B=L='��,`S3" 4/"
� 4B V $-� 6]b	�Z1x,�$s27�]� V 2'2'�%$7&D"�G%� 4/" � 8q.¥��b ���
='�], S ��,`S 0A,a>C&)(B=�&D$'�L$-�%*�$-�%='�#"627�%>�&)"�>:4B(/( V =-2'$7&D2'�52'�C&D2�ST�?Gq&D":G8��,m,)='�L27,�$'�%*]$'�%=-�%"62
05,m>C&D(/=�&)"]>J"��# 6&D2'4/,�"f&D2327�]����� P (/�@;��#(�bg�Z�i$'�#*�$'�#='�#"M2w0A,a>C&)(B=+.6N?27���#4/$�(B� Om4/G%&)(Q4B2'�%0
� �Db� ]bBPTY � umbo0A,a>�
¤G%, V (/>�\�='�], S3=F27�C&92F2'���j;��%$-.£Y � umbo4/= &�
¤S3$-4B2'�%\��C&)=l&)=F0A,a>C&)( E8�9�a��3C�@b
�����#$'�#1x,)$'�)Pa27���3;D&)(/4B>�� V �%=-2'4/,�"]=T27��&D2WG%&)"s.~�l&)='hD�%>?&)$-�F2'��,�=-�l27��&D2 V ='�F27���F=7&)05�F0A,a>C&)(
� ST�iGq&)"�"],)2F&)='h!&K� V �#=-274B,�"!S34B27� E'�) �,�$ � �C�9�a��3)P]1x,�$��PO]&)0A*](/�`��b
FHGJI!G�
 �������QP

�l, V "�=F&)$'�i&)"],)27���#$+SW�#(/( �e=-2 V >�4B�%>!(/�PO]4BGq&)(kGq&D2'�% �,)$-N?4B"f(B4/"� V 4/=O274/G327�]�%,�$-4/�%=#PC.k,D27�!=-Na"628&)G��
274BGq&)(B(BNA&)"�>f='�#0s&D"M2'4/G%&)(/(<N�b C �#2 V =lG#,�"�='4B>��%$+2'��$'�#�I�PO]&)0A*](/�%= �
� u)� &]b ���i�#")(-,`N��#>�N�, V $3ST,�"�>]�%$-1 V (�G#,�"�G#�%$-2 ,�"Jr]&92 V $->C&qN�b

.Qb �����i4/"627�#$'4B,�$+,)1�27���jG#,�"�G%�#$-2 �C&)(B(�4/=�= V *~�%$'.�b
G)b �),���"���=F,�.�=-�%$-;D&D2'4/,�" G#,�"627$7&D>�4/G@27�%>!27�]�i�6Na*~,)27���#='4B=%b



8 � �

� ZbI S�MONBPbQ�WBMF= ?)G�TFA L E@Z =Y=YAUW�=@?BAgfaM M �di

DFE 


G(H ����������������5 � �
G)I � �� ����=<) ����	�
G)I �����634��2
G)I � ��*"���6!(�69(�
G)I ��,(1���2
G)I ��5�*67������4-�5�'(�
G)I �&�634� G(H
G)I ��'�!(� G)K
G)K ���4�6'4��'6!��
G)K ��5�*67������� � 	�

? ���

� � ��� ��� �J� �
WOi � ?BM S�MONBPbQBW�
 = ?)G�TOA L E@Z =Y=YA_W =Y?)A
fdM M � �K i � ?)M�S�MFN)PbQ W 
 = L E@Z =@A�=Y?BAgfdM M � �
? ���

� ����� ���
� L ���J5 � �CB

? ���

� 4B V $-� 6]b � �FP �#*�$'�#='�%"627&D274B,�"�&D"�>J05�q&D"�4/"� _1x,)$ � 8q.¥�
�£��4B(/�5&)(/(R2'��$'�#� V "�>��%$-(/4B"��%>�(/� Om4BGq&)(n�#(/�%05�%"62'=I.~�%(B,�"� !27,J2'���iuB%��.u?Gq&927�% ),�$-N)P�2'���#N�&)= �
= V 0A�K&A>�4��k�%$-�%"62¤=ONm"627&)G#2'4/G%,��e='�#0s&D"M2'4/G_$-�%*�$-�%=-�%"628&D2'4/,�"�b �¥,)$l�PO�&D0A*�(B�)PDE8�9 FE8�F4@�34B" � uD.C�
4/=5& "�, V "¡05,m>�4<yC�%$#P}.k�#�C&q;m4B"� Z=-4/054/(/&)$'(<N�27,�&)>)(-�%G@274<;��%=#PWS3��4B(/�L27�]�J"�, V " �d5 �`�F4��9�)�����9 
4/=I&!"�,�054/"C&)(B4�Q%&D274B,�"QPQ.~�%�C&q;a4/"] �=-Na"628&DG#274BGq&)(B(BN &D=_&J"], V "QP�. V 2I�C&q;m4B"� J2'��� V "�>��#$'(BNa4B"� 
='�#0s&D"M2'4/G#=F,D1R&_;��#$'.Qb

ce" � 4B V $'�V6mb 8 �WST�d*�$'�#='�%"62�27���}�#(/�%05�%"627&)$-Nw='�%0A&)"6274BG}0A,�(B�%G V (/� 2'�%05*�(H&927�%=�"��%�#>��%>
1x,�$��%&)G8��,)1�27�]�%='�j*��]�%"�,�05�%"�&]b

���]�5"], V " E8�9 FE8�F4��w4/"�G#,�"�=O27$ V G#274B,�"�=g= V G8�Z&D=¤27���K,�"]�K4/" � uD&6�l�C&)=¤2'���K�%(B�%05�%" �
28&D$-N =-�%0A&)"6274BGU0A,)(/�%G V (/��*�$'�#='�%"62'�%> 4B"
� 4/ V $'� 6]b 8 � � &6��b��������]�q&)> ,)1j27����=-�%0A&)"6274BG
05,�(/�#G V (B� � �C��G%,�"628&D4/"�=_2'���?1x,�(/(B, S34B"� U&92'27$-4/. V 27�%= � Gq&927�% ),�$-NE&D2'2'$'4/. V 27�#= � ,)jDk-�@P}1x�q&92 V $-�
&D2-27$'4B. V 2'�%= � 2.o$k�q�&po)0	w2q`u10�qe,)j;w4orq y ���Yq>,.%��.uDk-�3&)"�>�;D&)$-4H&).](/�i&D2'2'$'4B. V 27�#= ��y o)jB2a�@b3�����IGq&D2 �
�% ),�$-N�&D2-27$'4B. V 2'�5=-*k�#G%4<yC�%=�1x,)$I(B� Om4/G%&)(n4B2'�%05=i2'���%4B$i*�&)$-2�,)1+=-*k�#�%G8�QPn4B"�27�]4/=iGq&)=-�)P uB%��.uMb
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� 4B V $'� 6]b 8 � � e (/�#0A�#"M27&)$-NZ='�#0s&)"62'4/G?05,�(/�#G V (B�%=�2'�%05*�(H&D2'�%=�1x,)$�27��$-�%�?2eNa*k�#=A,D1l"], V "�= �� &��W.C&)='4BGj"�, V "�=O! � .¥�+"�, V "!0A,a>�4By��%$.! � G`�W"],�0A4B"C&)(B4�Qq&9274/,)"
�����51x�q&D2 V $'�s&D2'2'$'4/. V 27�#=I0A&)$'hD�%>�.MN��aP &)=I4B"�2'���AG%&)='�A,)1+;)�%$'.]=%Pn�C&q;��s&)=j27���#4/$j;)&D( V �#=
;D&)$'4/&).�(B�%=%PaS3��4/G8�! ��@2F4/"�=O28&)"6274/&D27�#>L1x,�$+�%&)G8�J(B� Om4/G%&)(�4<27�#0JbR���]�#Nf&)$-�g0s&)4B"�(BNA&) )$'�%�#0A�#"62
1x�q&92 V $-�%=%bf�����51x�q&D2 V $'�s&D2'2'$'4/. V 27� 2.o$k uB%J='*~�%G%4<yC�%=I27�C&D2i27�]�s.C&)$-�sG#,�0A05,�"	"�, V "]=_&)$-�
"�,)2�>]�#27�#$'054/"��#>Qb]\n$-,�*k�#$K"�, V "]=A&D"�>:*�$',)"�, V "�=��C&q;)�f4B"�=-2'�q&)>:2'��4/=_1x�%&D2 V $-�!&D2'2'$'4B. V 27�
='�@2�2', nMP =-��,`S34/"� f27�C&92_&f>��#2'�%$'054/"]�%$iGq&)"�"],)2_05,m>]4B1�N�2'���%0fb!�����A;D&)$-4H&).](/�5&D2'2'$'4B. V 27�y o)jB2K='*~�%G#4ByC�#=W27�]�¤4/"�>]� OA,)1Q2'���¤"�, V "Qbn�����¤.~,m>mN�,)1�27���l='�#0s&)"62'4/Gw05,�(B�%G V (/� � .¥��P]4B=T27�]�
='�#0s&D"M2'4/Gg$-�%*�$-�%='�#"628&D2'4/,�" � �¤"627,Mrm� P O~�@P�S3��4BG8�J4B=3&�G#,�"�G#�%*]2l4/"?27�]�i,)"M2',�(/,) )N�b

���]��"�, V " E8�9 FE8�F4���4/"�2'����"�, V "��e"�, V "KG%,�05*k, V "�>_G#,�"�=-2'$ V G@274B,�"K4/" � uD.¥��4B=R&¤"�, V "
05,m>�4<yC�%$#P]S3��4BG8�J�C&D=F2'���j='�%0A&)"6274BGj0A,�(B�%G V (/�¤*]$'�%=-�%"627�#>U4/" � 4B V $'� 6mb 8 � � .¥��bdc 2F.~�%�C&q;)�%=
(/4Bh)�	&)" &)>)(-�#G#274<;��DPi=-,¡2'�C&D2J4B2'=f=-�%0A&)"6274BG	05,�(B�%G V (/��4/=!=-4/054/(H&D$A27, 27��&D2�,D1K&)>)(-�#G#2'4B;��#=
� =-�%�_rm�%G@274/,)" 6]b�8�b N�1x,)$l&D>)(-�%G@274B;)��=-�%0A&)"6274/G#=8��b+�����i���q&)>J,)1 2'���i='�%0A&)"6274BGI05,�(B�%G V (/� � �C�
G%,)"M27&)4/"]=g,�"�(BN�,�"��K1x�q&92 V $-�A&92'27$-4/. V 27� u10�PzS3�]4/G8�	4/=g='�@2j27,iw �]P�.~�%G%& V =-�5"], V "	0A,a>�4By��%$'=
Gq&D"�"�,)2�.k�5*�( V $7&)(�b Yw=I;D&)$-4H&).](/�5&D2'2'$'4B. V 27�#=%P�SW�L��&`;)�s.~,)27��27��� V = V &D( y o0j)2 &D2-27$-4/. V 2'�)P
 �4<;m4B"� �2'���¤4/"]>�� O � �	�T,D1�2'���¤(B� Om4/G%&)(�4<27�%0 � 4�b��DbBPa27���g05,a>�4ByC�#$W"�, V "¥�W&)"]>J&D"!&)>�>�4<274/,)"C&)(
&D2-27$'4B. V 2'� ��%/2CP�S3��4/G8�J �4B;)�%=�27���i4/"]>�� Of,)1�27���j05,m>]4ByC�#>f"], V " � � 8 ��bT�����i.~,m>]N!,D1 27�]�
='�#0s&D"M2'4/GI0A,�(B�%G V (/�i*�$',`;a4/>]�%=w2'���_='�#0s&D"M2'4/G#=w,)1n2'���_05,m>�4<yC�%$F"�, V "Qb¤c 2¤4B=¤&sG#,�"�G#�%*]2j4B"
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¤G%,�"�G#�%$O2��@P $'�%*]$'�%=-�%"6274B"� U27�]�s;D&)( V �5,)1F&�=-(/,)2�,)13&)"],)27���#$_G%,)"�G%�#*]2
 �4<;��%"A.6NK27���F0A,a>�4<yC�%>�"�, V "QP � � 8�b � 
��	��bRce"A2'���F� O]&)05*�(/� � u9.¥� 27���F0A,a>�4<yC�%>�G%,)"�G%�#*]2
4/= �]�)��� � � 8 �+&)"�>!27���j=-(/,)23"C&D0A�g4B= 1~�'4 1C�	�`� � ���@b

���]��"�, V " �d5 �`�F4��9�)�����9  4B=!& "],�0A4B"C&)(B4�Qq&9274/,)"QP+�C&q;a4/"� :2'��� ='�%0A&)"6274BG�0A,)(/�%G V (/�
 �4<;��%"K4B" � 4B V $'� 6]b�8 � � G`�@b��Z�W"�,)274BG%�#>_27�C&D2�27���W���q&)>K,D1C27���+=-�%0A&)"6274BG+0A,)(/�%G V (/�dG%,)"M27&)4/"]=
&)(B(]27���l&D2-27$'4B. V 2'�%=}$'�#(/�#;D&)"62}27,I&j"�, V "QPM.~�%G%& V ='�l"�,�054/"C&D(/4�Q%&D274B,�"�=�.k�#�C&q;��#=+=-Na"628&)G@274BGq&)(B(BN
&)=R"], V "�=#b��l,`ST�#;��#$%P627�]�%4/$ V "�>��#$'(BNa4B"� ¤05�q&)"�4B"� w4B=�2'�C&D2n,)1~&F;��%$-.Qbn����4B= 1�&)G#2 4/=�$'�6R��%G#2'�%>
.~,)27�L4B"A2'���w=-�%0A&)"6274/Gl$'�#*�$'�#='�%"627&D274B,�"QPmS3�]4/G8�L4B=T27�]�w$'�#*�$'�#='�#"M27&D274B,�"?,)1Q2'���¤G#,�$'$-�%='*~,�"�>��
4/"] _;��%$-. � �d5 �`�F4��)� ��P�&)"�>!4B"L27���j05,�(/�#G V (B�w���%&)>?27�C&D23��&)=+27���g='&)05�¤;)&D$'4H&D.�(/�w&D2'2'$'4/. V 27�#=
&)=}27���F,�"��#=W,)1k27���FG%,)$'$'�#='*~,�"�>�4B"� I;)�%$-. �5y o0j)2CP y o)jB2|{�P y o)jB2�~z��bm�g"]�w&)=-*k�#G#2W"��%�#>�=T2',�.~�
>�4B='G V ='='�#>��]�%$'�Dbg�����K"��@S�2eNa*~�K,)1}='�#0s&)"62'4/G�05,�(B�%G V (/�I1x,)$w"�,�054/"�&)(/40Qq&D2'4/,�"?4B=w$'�#� V 4/$-�%>
4B1�SW�wSW&)"62+2',_Gq&)*m2 V $-�w27��4B=W*��]�%"�,�05�%"],�"L4/"527���w �$7&)050A&)$%b Yw"�,D27���#$+*k,)='='4B.�4/(B4B2eN_ST, V (B>
.~��2',!�C&q;���27���50A,)(/�%G V (/��,)1+&!.C&)=-4/GK"�, V "QP�&)"�>�27,!27$-�q&D2i"�,�054/"�&)(/40Qq&D2'4/,�"f,�"�(<N�&D2j27�]�
4/"62'�%$'*]$'�#27&D274B,�"�(B�#;)�%( � ��� P (B�#;��#(���bw�����_4B0A*~,�$O28&)"62l&)='*~�%G@2g4/=327��&D2¤, V $w$'�#*�$'�#='�#"M27&D274B,�"
&)"�>f, V $�(B�q&)$-"�4/"] _1x$7&)05�#ST,�$'hL&)(/(B, S V =�2',5�POm*k�#$'4/05�%"623S34B2'�!>�4��k�%$-�%"62l&)(B2'�%$'"�&D274<;��%=#b

e O]&)05*�(/�#=z,)1]��� P &)"]>_��� P 4/"6;),�(B;a4/"] �"�, V "�=zS34/(B().~�} �4B;)�%"i4/"g27���}"��POa2�=-�%G@274/,)"�=
S3���#"�ST�34/"627$-,m> V G%��&D>)(-�%G@274B;)�%=#P6G%,a,�$'>�4B"C&D2'4/,�"�=#P)$-�%(H&9274B;)�+G%(/& V =-�%=}&)= 2'���#NIS34/(B(]&)(B(m*]$'�%=-�%"62
05,�$'�gG#,�0A*](/� OLG%,�"]=-27$ V G#2'4/,�"]=F4B"6;�,�(<;m4B"� K"�, V "�=%b
FHGJI!G�� �����+L��
	���
�L�P�� ��������
 L�N�OQP

ce"¢2'��4/=A>�4/=-='�%$O28&D2'4/,�"�PWSW��$'�%(<N¡0s&)4B"�(BNE,�"¢27�]��G%,)"M;)�%"6274B,�"C&)(FS34/=->�,�0 27�C&92?&)>)(-�#G#2'4B;��#=
05,m>�4<1�N	"�, V "�=5&)"]>¡2'�C&D2K27�]�#N:>��#"�,)2'�f=-,�05�?*�$',�*~�%$O274B�%=K,)1F27���?G#,�"�G#�%*]2'=A>��#"�,)2'�%>¡.MN
"�, V "�=%b

ce" � 4/ V $'�76]b�8 8 � &6��SW�f*�$'�#='�#"M2s27���f�%(B�%05�%"628&)$ON:='�#0s&D"M2'4/Gf0A,)(/�%G V (/�L1x,)$A&D>)(-�%G��
274<;��#=%P]S34<27�?&)"?4B"�=-27&)"�G#�w1x,�$T2'���g&)>B(-�%G#2'4B;)�K�/�9��3)bZYl=+Gq&)"?.~�¤=-�%�%"�P��%(B�%05�%"628&)$ONs=-�%0A&)"6274BG
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� 4B V $'�V6mb 8 8 ��e (B�%05�%"628&D$-Ng=-�%0A&)"6274/G}05,�(/�#G V (B�%=Q2'�%05*�(H&D2'�%=�1x,�$ � � &6��&)>)(-�#G#2'4B;��a! � .C�z&D>];��#$'.
05,�(/�#G V (B�%=g1x,�$j"�, V "�0A,a>�4<yC�%$-=I&D"�>Z&D>)(-�%G@274B;)�%=�&)$'�A&)(/05,�=O2j4/>��#"M2'4/G%&)(�Pz� OmG#�%*]2I27�C&D2i27�]�
05,�(/�#G V (B�!1x,)$L&)>)(-�#G#2'4B;��#=L>�,a�%=L"],)2s"]�%�%> 2'����1x�%&D2 V $-�U&D2-27$-4/. V 2'� u10�b ce"¢2'��4/=5S+&qN�P�ST�
='*~�%G#4B1�N�2'�C&D2j27���A&)>)(-�#G#2'4B;��54/=i&!G%,�"]G%�%*m2_4/"	&)"�,�"627,�(B,� )N � �:bo4/='& 
¤(/, V >C�@P�S3��4/G8��4/=g27�]�
;D&)( V �l,)1�&I='(/,D2 � *�$',�*~�%$O2eN]�d,)1�&iG%,�"�G#�%*]23 )4B;��#"L.6NA2'���w05,a>�4ByC�#>s"�, V " � � 8�b�� 
��	�@b �C,�$
� O]&)05*�(B�)P~�/�9��3A4B=d2'���l;D&)( V �F,)1Q27�]�w*�$-,�*k�#$-2eNJ�)�9��� �s� � �_�}1x,)$d2'���lG#,�"�G#�%*]2 �`�9�a "3 � � 8 �@P
4/"f&K"�, V "J*��]$7&)=-�5�/�9� 3 �`�9�a "3)b

���]4/=�$-�%*�$-�%=-�%"628&D2'4/,�"�4/=i= V 4<28&).](/�_1x,�$i4/"627�#$'=-�%G#2'4B;)�L&)>)(-�#G#2'4B;��#= � �)bo �bBP�27���5G%,)"�G%�#*]2
�/�9� 3 �`�9�m "3)P64B=R=-2'4/(B(]& �`�9�a "3_2'�C&D2d&)>]>�4B2'4/,�"C&D(/(BN¤�C&)=R27�]��*�$',�*~�%$O2eNK,)1~.~�%4/"] K�/�9��3C��bR�����%$-�
4/=¤&)"�,)2'���%$¤2eNa*~�5,D1W&D>)(-�%G@274B;)�%=#P�"],�" �e4B"627�%$-�%=-�%G#2'4B;)�A&D>)(-�%G@274B;)�%=#Pz1x,)$wS3��4/G8� 27�]4/=¤*�$-,�*~�%$-2eN
>�,a�%=n"�,D2n��,�(B> � �Db� �b<P)lq�)4 �s�F4 1"47� �@�X3a�@ C��4B=R"�,)2n&�1"48� �@�X3a�@ C�-��b ce"_27�]4/=R>�4B='=-�%$-27&D274B,�"QP)ST�3&)$-�
"�,)2�G%,)"�G%�#$'"��#>_S34B27�i27���T(H&D2-27�#$z2eNa*~�W,)1C&)>)(-�%G@274<;��%=#P�. V 2�SW�TGq&)"��%"6;a4/='4B,�"I2'�C&D2�27���@NiG%, V (B>
.~�A4B"�G%( V >��%>�S34<27� 27���5=7&)05���%(B�%05�%"628&)$ON ='�#0s&)"62'4/G�0A,)(/�%G V (/�DP�0s&Dha4B"� ?27���5>�4B=-274B"�G#2'4/,�"
.~�#2eST�%�%"J27���g2eST,52eNa*~�%=l&D2�27���j4B"M2'�%$-*�$'�@28&D2'4/,�"!(/�@;��#(�b

ce" ��4/ V $-��6mb 8 8 � .¥��PmST�¤*�$'�#='�#"M2�2'���w�#(/�#0A�#"M27&)$-NA='�#0s&D"M2'4/Gl0A,�(B�%G V (/��1x,�$W&)>];��#$'.�=#P
S34B2'�f&)"J4B"�=-27&)"�G#�¤1x,�$+27���i&)>m;��%$-.Z�)�F4��9bd���]4/=��%(B�%05�%"628&D$-N?=-�%0A&)"6274/Gg05,�(B�%G V (/�¤4B=3&K;)�%$ON
='��&)(/(B, S $'�#*�$'�#='�%"627&D274B,�"U,)1}&D>];��#$'.�=#bl�����@NU&D$'�i"�,)2¤G#,�"�G#�%*]2'=%P�. V 2w,)"�(BN?;D&)( V �%=F,)1n=-(/,)2'=
,)1�G%,)"�G%�#*]27=#bT����� ��%'2K1x�%&D2 V $-�g4/=+2'���g4/"�>]� O?,D1�2'���j0A,a>�4<yC�%>LG#,�"�G#�%*]2%P�SW�j>�,�"�,)23��&`;)�
27�]�!1x�%&D2 V $'� y o)jB2�1x,�$�&D>];��#$'.�= � 2'���#N¡&)$-�?���q&D>�(/�#='=%PT(/4Bh)�?>��@27�%$-0A4B"��%$-=8��b¡���]�f>]�%G%4B='4B,�"
27, &D>�,�*]2?2'��4/=L$-�%*�$-�%=-�%"628&D2'4/,�"X1x,�$L&)>];��#$'.�=?SW&)=f&E*�$7&D �0s&9274/GJ,�"��DPl=-4/"�G#�USW� >�,:"�,D2
�%"]G%, V "62'�%$F4/"?, V $�G#,�$'* V =3G%,�05*�(/�PO?G#,�"�=-2'$ V G@274B,�"�=34/"�G#( V >]4/"� K&D>];��#$'.�= � �Db� �b<P�(B4/h)�j&D>];��#$'.
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G%,a,�$->�4/"C&9274/,)"s27�C&92+SW, V (/>!$'�#� V 4/$-�j&�$-�%*�$-�%=-�%"628&D2'4/,�"?1x,�$3&D>];��#$'.�=3='4B0A4B(H&)$}27,_2'���g,�"��¤1x,)$
&)>)(-�#G#2'4B;��#=%P]S34<27�s& y o)jB2�1x�q&92 V $-�)P�&D"�>?&)"L�#"�$'4BG8���%>?=-�%0A&)"6274BGl$-�%*�$-�%='�#"628&D2'4/,�"¥��bDT V 2T27��4B=
$'�@yC"��#0A�#"M2IGq&D"�.~��*k�#$-1x,�$-0A�#>QP�&)"�> S34/(/(�= V .]='�%� V �#"627(BN�4/05*�(<N�,�"](BN�2'���5$'�#y�"��%05�%"62i,)1
27�]�i$-�%*�$-�%=-�%"628&D2'4B;)�I�PO�&D0A*�(B�%=34/"6;),�(B;a4/"] �&)>];��#$'.�=#b
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(not linked)
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OntoSeR
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OntoSeR
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Yes/No question consistent

inconsistentWhat  did John give a book to Mary
LEARNING

PROCESSING
(robust parser)
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utterance 
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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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