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ï EHUXWcU�h�WdU�TVGIGÖP�hN[geèM�hNC^Tdb"Ya[Sk]YaCXh�TdYa[ v CXJZU\h�WcJaeèTdE]h�T.ðºnµñ�[]h�TdRHWchNJ!J²hN[ v R]h v U�ò�CXhN[][]GNT�óLU�R]bVU\k
hNb¦h�ôI[HG�õ¦JZU\k v UªWcUXQ]WdU\bVU\[gTdh�TdYZGK[´MöGNWcP�hNJaY²bdP´z·BIeD[�TdhNC^TdYaC�ñ�JZU^÷HYaCXhNJ�hN[]k�bVTVWFR]C^TdRHWchNJøò
hNP®óSY v RSYZT«e)hN[]k
QLGKJZeDbVU\P­e+C^GKP�U�ùSWcbVT?TVG´P�Ya[]k7zyú�RHTXm�UX`NU\[ÖYZM5TdEHU\bVU�Q]WcGNóSJZU\P�b?k]Yakû[HGNTyU^÷DY²bVTXm7h�Q]WdGNóSJZU\Püõ
GKR]Jak
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WdU\P�hNY²[�m5[]hNP�U\JZeÖTdE]h�T�TdEHU´P�U\hN[]Ya[ v GNM¦JaY²[ v R]YabVTdY²C�RHTVTVUXWchN[]C^U\b�k]UXQ¼U\[SkÖGK[
TdEHU)ôD[HG�õºJZU\k v U�TdE]h�T
TdEHU.WdU\hNkHUXW�ó]WcYa[ v bªTVG+óLU\h�W\z ï EgRSbXmoh+TVU^÷DT®GNM$QSEgeDbdYaCXb¶õºYZTdEÖhNJaJ
YZTdb®hNP­óSY v R]YZT«e WcU\P�G�`NU\kîõ
GKR]Jak
P�U\hN[ûk]Y��LUXWdU\[gT¦TdE]Ya[ v b$TVG�h.óLU v Ya[][HUXWºbVTdR]kHU\[gT¦TdE]hN[+TVG.h.QSEgeIbcYaCXb!Q]WcGNMøU\bdbdGNW\z!ðºh�TdR]WchNJ�J²hN[ v R]h v U
bVU\[gTVU\[]C^U\b)kHGÖ[HGNT�E]h\`NU�P�U\hN[]Y²[ v óge TdE]U\P�bVU\JZ`NU\b.Ya[]kHUXQLU\[]kHU\[gT�GNMyTdEHU&WcU\hNkHUXW\z0ú�RHTXm$óLU\CXhNR]bVU
WdU\hNkHUXWFbjó]WcYa[ v k]Y��LUXWdU\[gT�óShNCcô v WcGKR][]k�ôD[HG�õ¦JaU\k v UNmKbVU\[gTVU\[]C^U\b5h�WdU v GKYa[ v TVGªE]h�`NU!k]Y��LUXWdU\[gTjP�U\hN[]Ya[ v
TVG®kSYZ`NUXWcbVU$WdU\hNk]UXWcbXz·BIUXU®ñ��LhNk]WdGNw\[�e�t������gò5MöGNW£hªWdU\C^U\[gT·MöGNWcP�hNJ²YZw\h�TdYZGK[�GNMLóShNCcô v WdGKRS[]k�ôD[HG�õºJZU\k v U
R]bdY²[ v QSh�WdTdYahNJ5TdEHUXGNWcYZU\bXmjhN[]k ñ
	fõ�hN[]bVô�hÖt����NuKò­MöGNW®h�`DYZUXõ/U^÷DQ]WdU\bcbdYa[ v TdE]h�T�[]h�TdRHWFhNJ5JahN[ v R]h v U�Yab
WdUXQ]WcU\bVU\[�Tdh�TdYaGK[]hNJ7JahN[ v RSh v UNz

ð¦GNTfõ¦YZTdE]bVTdhN[Sk]Ya[ v TdEHU\bVU�C^GKP"P�U\[�Tdb\m
õ
U�kHG TdE]Y²[HôÆTdE]h�T"hN[geîôI[HG�õ¦JZU\k v U´WcUXQ]WdU\bVU\[gTdh�TdYZGK[ MöGNW��
P�hNJaY²bdPühNY²P�Ya[ v h�TybdGKP�U v U\[]UXWchNJaYZTfeNm�UNz v zZm7TdEHU¸U\[]C^GIkSYa[ v GNM·h)Jah�W v U¸ôI[HG�õ¦JZU\k v U�óShNbdU¸h�Q]Q�JaYaCXh�óSJZU
hNC^WdGKbdbyk]Ya`NUXWcbVU­kHGKP"hNYa[]b¦hN[Sk&TdEHU¸R]bVU®GNM5TdE]Yab¦ôI[HG�õ¦JZU\k v U®óShNbVU®óge�k]Y
�¼UXWdU\[gT¦QSWdG v WchNP�bXm¼P®RSbVTºóLU

v WdGKR][SkHU\k)GK[´ðºn·z�O
GK[]bVU��IRHU\[gTdJZeNm���� ñöôD[HG�õ¦JZU\k v UªWdUXQSWdU\bVU\[gTdh�TdYZGK[�ò£óLU v Ya[]b�õ¦YaTdE�JaU^÷DYaCXhNJ�bdU\P�hN[��
TdYaCXb�hN[]k�ó�R]YaJak]b±MøWcGKP TdE]UXWdUNz ï EHU����¦nèñöôI[HG�õ¦JZU\k v U�WdUXQSWdU\bVU\[gTdh�TdYZGK[�JahN[ v RSh v U�òoP®R]bdToóLU�P�GDkHU\JZU\k
õ¦YZTdE�TdE]U v GKhNJ5GNM�óLU\Ya[ v R]bVU\k�TVGûR][]kHUXWFbVTdhN[]k�JahN[ v R]h v UNmoTVG&hNC��IR]YZWdU�ôD[HG�õ¦JZU\k v U�MöWdGKP J²hN[ v R]h v U
hN[]k´TVG.bVGKJZ`NU¶Q]WcGNóSJZU\P�b�Ya[´[]h�TdR]WchNJ7JahN[ v RSh v UNz

ú£eÆbch\eDYa[ v TdE]h�T®TdEHU����ºn P¸R]bVT­ó¼U v WdGKR][]kHU\kÆGK[Öð?n5m7õ
U.P�U\hN[èTdE]h�T­YaT­P®RSbVT¶óLU�óShNbVU\kÖGK[
TdEHU�R][SkHUXWcJZeDYa[ v GNW®kHUXUXQÆbVTVWcR]C^TdR]WdU\byGNM£JahN[ v R]h v UNm±Wch�TdE]UXWªTdE]hN[�GK[ YZTdbªbdRHWcMöhNC^U�JaY²[ v R]YabVTdY²CªMøGNWFP�bXz
ï EHU����¦n
P¸R]bVT?óLU­óShNbVU\k+GK[ûTdEHU�P�U\[�TdhNJaU\bVU¸RS[]kHUXWcJZeDYa[ v J²hN[ v R]h v UNmLGNWªYa[�GNTdEHUXWyõ
GNWck]bXm¼GK[ûTdEHU
JZG v YaCXhNJ�MöGNWcP�b�GNMºTdEHU�bVU\[gTVU\[]C^U\bXz ï EHU´EgegQLGNTdEHU\bcYab¸TdE]h�T�kHUXUXQ bVTVWcRSC^TdRHWdU\b�ñ
�(YZTVT v U\[]bVTVU\Ya[ t����Ns��
O�EHGKP"bVôge�t��Nu��Kò¦R][]kHUXWcJ²YZUªJaYa[ v R]Y²bVTdYaCºMøGNWcP"bXmSE]hNbº[HGNT!óLUXU\[�WdUXM�RHTVU\k�m�bVUXU\P�b!õ
U\JaJ�U\bdTdh�óSJaYabdE]U\k�hN[]k
E]hNb­ó¼UXU\[Öh�óSJZU�TVG+U^÷IQSJ²hNYa[�TdEHU.RS[]kHUXWcJZeDYa[ v P�U\hN[]Y²[ v GNM!k]YZ`NUXWcbdU�bdRHWdM�hNC^U"C^GK[]bVTVWFR]C^TdYZGK[]b®bdR]CcEèhNb
QShNbdbcYZ`NUªhN[]k´hNC^TdYZ`NU¶`NGKYaC^UNmHTdE]U¶k]Y��LUXWdU\[�T$bVeD[gTdhNC^TdYaCyWdU\hNJaYZw\h�TdYaGK[]b�GNM�TdE]UybchNP�UªTdEHU\P�h�TdYaCyWcGKJZUNmDUNz v zZm
��� UXTVUXW´CXRHT��NU\[S[]YZMöUXW� {b�h�WcP´m"!î`Db ��� UXTVUXW´CXRHT��KU\[][]YZMöUXW�GK[ TdE]U&h�WcP´m"!
TdEHU&MöhNC^T.TdE]h�T.bVeD[gTdhNC^TdYaC
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hNJZTVUXWc[Sh�TdYZGK[]b£GNM�`NUXWdóSb£MöhNJaJ¼Ya[gTVG®CXJahNbcbVU\b·GNM�YakHU\[gTdYaCXhNJ]GNW�bdYaP�Y²Jah�W·P�U\hN[]Y²[ v ñ�n±UX`IYa[ût����NpKò£hN[]k�P�hN[�e
GNTdEHUXWcb\z·ú�hNbdYa[ v TdEHU�� �¦nÆGK[�TdEHU¶P�U\[gTdhNJZU\bVU¶GNMj[]h�TdRHWchNJ±JahN[ v R]h v U¶P�U\hN[Sb$TdE]h�T!TdEHU�� �¦nÖbcEHGKR]Jak
WdUXQ]WcU\bVU\[�TªWcU\Jah�TdYZGK[]bªGNM�hN[ge�h�WFYZT«eNmohN[]k�U\P­óLU\k]k]U\k�WdU\Jah�TdYZGK[]b\z � U\[]C^UNmohNJaJ �¶n �|lyð��µñ�ú
WchNCcE]P"hN[
� BDCcESP�GKJZwXU�t��Ns��Kò£MöhNP�Y²JZe�GNM±JahN[ v RSh v U\b
hN[Sk�mHhNJabVGHm]O��¶O ñ�n±U\[]h�T ��� R]E]h"t��Ns��KòFm�h�WdUª[HGNT£ó�hNbVU\k
GK[ []h�TdR]WchNJ!JahN[ v RSh v U´ó¼U\CXhNRSbVU�TdEHUXeîWdUXQ]WdU\bdU\[�T�GK[SJZeÖóSY²[]h�WdeÖWcU\Jah�TdYZGK[]bXm
hN[]k TdEHUXe
[HUXU\k TVGèR]bVU
WdU\Y�ù¼CXh�TdYZGK[�MøGNW·WdUXQ]WdU\bVU\[gTdYa[ v WcU\Jah�TdYZGK[]bjGNMLh�WcYZTfe v WdU\h�TVUXW
TdE]hN["r�ñ�bdUXU!óLU\JZG�õ?òFz�n±G v YaC$Yab5[HGNT�U\YaTdEHUXW·h
MöGNWcP�hNJaYabcP(óShNbVU\k¶GK[­TdEHU·P�U\[gTdhNJZU\bVU
R][]kHUXWFJZeIY²[ v J²hN[ v R]h v UNzjioYaWcbVT�GNM]hNJaJ m�TdEHU5GK[gTVGKJZG v eªGNM]JZG v YaC�bch\eDb
[HGNTdE]Y²[ v h�óLGKRHT5TdEHUºGK[�TVGKJaG v e�GNM7[]h�TdRHWchNJ�JahN[ v R]h v U
	jU\[gTdYZT«eNmDQSEgeDbdYaCXhNJ�� TdE]Y²[ v m�Ya[gTdhN[ v YZóSJaUNm�JZGDCXh�TdYZGK[�m
bdRHó�bVTdhN[]C^UNm$UXTdC�z ï EIR]bXm$JZG v YaC+E]hNb"[]GèhN[]bVõ
UXW"TVGîTdEHU �IRHU\bVTdYaGK[ GNMªõ¦E]Y²CcE U\[gTdYZTdYZU\b.h�WdU+[]UXU\kHU\k
Ya[ûGNWckHUXWªTVG�C^GKP�Q]WdU\EHU\[]k J²hN[ v R]h v U�hN[]k hNC��IR]YZWdU�ôD[HG�õºJZU\k v U�MøWcGKP YZTXz�BDU\C^GK[]k]JZeNm�TdEHU�bdeI[gTdh%÷ûGNM
JZG v YaCªY²b![HGNT$TdE]h�TºGNM�TdEHU®P�U\[�TdhNJaU\bVU­R][]k]UXWcJZeDYa[ v J²hN[ v R]h v UNz 	¡[´M�hNC^TXmSYZT!Yab �gR]YaTVUªWdU\P�G�`NU\k&MøWcGKP YZTXm
hNb��KhNCcôNU\[]kHG �
E]hNb?Q¼GKY²[�TVU\k+GKRHT�ñ �KhNCcôNU\[]kHG �0t��NsNpKòFz ï E]Y²b¦P�h�ôNU\bªYZT?`NUXWdeûE]h�Wck+TVG�ó�R]YaJak�JaG v YaCXhNJ
MöGNWcP�bjMöWdGKP TdEHU!bVU\[gTVU\[]C^U\bXmghN[Sk¸hNC��IR]YZWcU
ôD[HG�õ¦JZU\k v U$MöWdGKP YZTXz�ijYa[]hNJaJZeNmNJZG v Y²C
C^U\[gTVUXWcb5YaTdb�bVU\P�hN[gTdYaCXb
GK[(WdUXMöUXWdU\[]C^UNmyGNW�kHU\[HGNTdh�TdYaGK[�mºõºE]YaCcE(Yab)GK[SJZe GK[HU GNM®TdEHU T«õ
G U\JZU\P�U\[gTdb�Ya[(iHWdU v U� {b&U��gRSh�TdYZGK[
GK[ P�U\hN[]Ya[ v m
TdEHU�GNTdEHUXW.GK[HU&óLU\Ya[ v���
�����
 z��ºJaTdEHGKR v E WdUXMöUXWdU\[]C^U+kHGgU\b"QSJah�eîhÖWdGKJZU�Ya[ [Sh�TdRHWchNJ
JahN[ v RSh v UNm�TdEHU"WdU\k]R]C^TdYZGK[ÆGNM
P�U\hN[SYa[ v TVG�WcUXMøUXWdU\[SC^U�eIYaU\Jak]byMöGNWcP�hNJaYabcP�byTdE]h�T­h�WdU.WdU\P�G�`NU\kÆMöWdGKP
TdEHUyP�U\[gTdhNJZU\bVUªR][]kHUXWFJZeIY²[ v []h�TdRHWchNJ¼JahN[ v RSh v UNm]hN[]k�mDhNb
h�C^GK[]bdU��gRHU\[SC^UNmDE]U\RHWcYabVTdY²CXhNJaJZe�Ya[]hNkHU��IR]h�TVU
MöGNW�P"hN[�eî[]h�TdRHWchNJ�JahN[ v RSh v U�TdhNbdôIb�ñ�bVUXUÖñ
�(YaJZôDb�t��Ns��Kò¸MøGNW�h�C^WcYZTdY �gRHU�GNM¦TdE]U.WdGKJaU�GNM¦WdUXMøUXWcU\[]C^U
Ya[ []h�TdR]WchNJ�JahN[ v R]h v U�òFz ï EHU�h�óLG�`NU.C^WFYZTdY �IRHU�h�Q]QSJaYZU\byhNJabdG´TVG&E�eIó]WcY²k+ôD[HG�õ¦JZU\k v U�WdUXQSWdU\bVU\[gTdh�TdYZGK[
MöGNWcP�hNJaYabcP�b�TdE]h�T�C^GK[gTdhNYa[(h
bVTVWdGK[ v JZG v Y²C+C^GKP�QLGK[HU\[gTXz�� v GIGDk(U^÷DhNP�Q�JZU+GNM®TdE]Yab�Yab 
��������������
 �"!
�#� ñ � õ�hN[ v � BHCcEIRHóLUXWdT¦t����NpKòFz ï EHU\bVU¦GNó�bVUXWd`�h�TdYZGK[]b
bdEHGKR]Jak"[HGNT£óLUºQ¼UXWFC^U\YZ`NU\k"hNb�k]YabdQSh�Wch v Ya[ v
WdU\P�h�WcôIb�h v hNY²[]bVT�TdEHU+h�ó¼G�`NU�MöGNWcP�hNJaYabcP�bXm5óSR]T%$VR]bdT�hNb"bdh�eIYa[ v TdE]h�T�TdEHU\bVU&MøGNWcP"hNJaYabdP�b�h�WcU&[HGNT
óShNbVU\kîGK[îTdEHU)P�U\[gTdhNJZU\bVU´R][]kHUXWFJZeIY²[ v []h�TdRHWchNJ
JahN[ v RSh v UNz ï EHU.WcU\hNkHUXW�P�h\eèõ
hN[gT®TVG JZGIGNôÖYa[gTVG
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ñö`�hN[îú
U\[gTdEHU\P � TVUXW��&U\RSJZU\[ �ºJaY²C^U+t������NòFm�h+óLGIGNôÆC^GK[�TdhNY²[]Ya[ v h v GgGDk
C^GKJaJZU\C^TdYZGK[îGNM¦h�WdTdY²CXJZU\b
h�W v R]Y²[ v MöGNW£TdEHU?WdGKJZU¦GNM±JZG v YaC!Y²["[]h�TdRHWFhNJSJahN[ v RSh v UNz��&GKbdT£GNM�TdEHUºQSh�QLUXWcb·Y²[�TdE]Yab·óLGgGNô�U\P�QSEShNbdYZwXU
TdEHU!WcGKJZU!GNM�TVWcRHTdE �«C^GK[]k]YZTdYZGK[�bdU\P�hN[�TdY²CXbXmIhN[Sk�mghNJZTdE]GKR v E"bVGKP�U®ñ � h�WdTVUXU¸t������Nò£k]Y²bdCXR]bdbjGNTdEHUXW
`DYZUXõ¦b
ó]WcYaU��SeNmSP�GKbVTºGNM�TdEHU\P kHG.[HGNT?hNk]kHWdU\bcb!TdEHU¸bVUXWcYZGKR]b¦Q]WdGNóSJaU\P�b$õ¦YZTdE&h"`DYZUXõ GNM5[Sh�TdRHWchNJ±J²hN[ v R]h v U
bVU\P�hN[gTdYaCXb¦TdE]h�T!WdU\k]RSC^U\b!P�U\hN[]Ya[ v TVG"WdUXMøUXWcU\[]C^UNz

ly[HUªGNMjTdEHU­bVTVWcGK[ v U\bVT¦h�W v RSP�U\[�TdbºYa[´M�h\`NGNW?GNM�ó�hNbdYa[ v TdEHU ���¦nÖGK[&P�U\[gTdhNJZU\bVU­Y²b$TdE]h�T!TdEHUXWcU­Yab
hN[�GK[gTVGKJZG v e"RS[]kHUXWcJZeDYa[ v []h�TdR]WchNJ]JahN[ v RSh v UNz ï E]Yab�GK[gTVGKJZG v e"Y²b5hNJZWdU\hNkHe�QSWdU\bVU\[gT5`NUXWde�U\h�WcJZe�Ya[�GKRHW
P�U\[gTdhNJLkHUX`NU\JZGNQSP�U\[gT£hNb
TdEHUybVTdR]kSYZU\b5GNM �ªU\Y²J�ñ �ªU\YaJot��Ns��Kò£hN[]k´O�h�WdUXe&ñ O�h�WdUXe+t��Ns��Kò
E]h\`NUybdEHG�õ¦[�z
O�E]Y²JakHWdU\[¸WdU\C^G v []YawXUºbVU\[gTVU\[]C^U\b�Ya[�õ¦ESYaCcE�CXh�TVU v GNWce�`IYaGKJah�TdYZGK[]b5ESh\`NU?Tdh�ôNU\[.Q�JahNC^UNm�UNz v zZm � ï EHU¦Tdh�óSJZU
h�TVU�TdEHU�h�QSQSJZUNm"!�hN[]k�WcU\hNC^T¶TVG�TdEHU\P õºYZTdEûU^÷IQ]WcU\bdbdYZGK[ bdRSCcEÆhNb � bcYaJaJZeNm"!)óSR]Ty[]GNT � õ!WdGK[ v z"! 	|T¶Yab
hNJabVG&ó¼U\C^GKP"Ya[ v h�Q]QSh�WcU\[�TªTdE]h�T®GK[�TVGKJaG v YaCXhNJ·CXh�TVU v GNWcYaU\b­QSJ²h\e hN[ U\bdbVU\[gTdYahNJ·WdGKJZU�Ya[ bVGKJa`IYa[ v P�hN[�e
k]Y���CXR]JZT$Q]WdGNó�JZU\P�b!Ya[&bVU\P�hN[gTdYaC­Ya[gTVUXWdQ]WcUXTdh�TdYZGK[èñ � GKP�UXwNm7BDU v hNP�Y m � � RSJaJ5t������NòFzºi]GNW?Ya[SbVTdhN[]C^UNm
YZM]GK[]U!YabjQ]WdU\bVU\[gTVU\k�õ¦YZTdE�TdE]U�bdU\[�TVU\[]C^U ��� UXTVUXW
h�TVU¦hªCXh�ôNU!õ¦YaTdE
	¸m"!ªhN[]k�hNbVôNU\k�õ¦E]YaCFE�C^GK[]bVTdYZTdRHU\[gT
Ya[)TdEHU®bVU\[�TVU\[SC^U­TdEHU � � � õ¦YZTdE�	 !�P�GIk]YZùSU\bXmDTdEHU­hN[]bdõ£UXW¦k]UXQ¼U\[Sk]b�GK[´TdEHU¶GK[gTVGKJZG v YaCXhNJ�CXh�TVU v GNWde
GNM�	®z�	|M
	(YabjMöGgGDk�mNTdEHU!h�TVTdhNCFE]P�U\[gT£õ
GKR]Jak¸óLU�TVG � hªCXh�ôNUNm"!¸óSRHT�YZM�	(Yab�hªRHTVU\[]bcYaJ mNTdEHU!h�TVTdhNCFE]P�U\[gT
õ
GKR]Jak)óLUªTVG�TdEHU¶`NUXWcó7z

ðºh�TdRHWFhNJªJahN[ v R]h v U GK[gTVGKJZG v e/ñ�bVUXU ñ��ûYaJaJZUXW 
����  �� t����NpKò)MöGNW�h C^GKP�Q]WdU\EHU\[SbdYZ`NU�GK[�TVGKJaG v e GNM
�·[ v JaYabdE�ò£C^GK[gTdhNYa[]b?h�WcYaCFE&bVUXTºGNM�CXh�TVU v GNWcYZU\b?TVG"õ¦ESYaCcE´UX`NUXWceNGK[HU®WcU\Jah�TVU\bXmSõºE]YaCcE&hNJaJZG�õºb!R]b!TVG�R][��

Specialized Ontology Specialized Ontology Specialized Ontology

MENTALESE
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ijY v RHWdU�t�	 �¦U\Jah�TdYZGK[´óLUXTfõ£UXU\[�ly[�TVGKJaG v YZU\b
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kHUXWcbdTdhN[]k´U\hNCcE+GNTdEHUXWyP�GKbVT!GNM�TdE]U¶TdYaP�UNm]TVG�JZU\h�Wc[�h.[HUXõ JahN[ v R]h v UNm�hN[]k&TVG�TVWchN[]bcJah�TVU®JahN[ v R]h v U\b
õ¦YZTdE]GKRHT£WFhNk]YaCXhNJaJZe.k]Y��LUXWdU\[�T
GK[gTVGKJZG v YZU\b­ñ�kHU\bdQSYZTVU��yR]Ya[]U� {b£GNó�$¡U\C^TdYZGK[Æñ��ªR]Ya[HU�t��Nu���ò
TdE]h�T$TVWchN[SbdJah��
TdYZGK[ÆY²b¶YaP�QLGKbdbdYaóSJZU�ò¦YZM
bcR]CcEÆJ²hN[ v R]h v U\b®U^÷DYabdT¶hNb��(EHGNWdM$CXJahNYaP�U\k ñ
� EHGNWcMyt����NuKòFz �µWdU\hNbVGK[Sh�óSJZU
EgegQLGNTdEHU\bdY²b?Y²byTdE]h�T¶P�GNWdU�bVQLU\CXYahNJ²YZwXU\kûGK[�TVGKJZG v YaU\bXm�bdh�e�TdEHU�GK[�TVGKJaG v eûTdESh�T¶h)QSE�eDbdYaCXY²hN[û[]UXU\k]bªYa[
GNWckHUXW"TVGÖk]Yah v [HGKbdU�h JaYZ`NUXW"k]Y²bVU\hNbVUNm£h�WcU�óShNbVU\k GK[ TdE]Yab�óShNbdY²C´hN[]k P�GNWdU v U\[]UXWchNJ$GK[gTVGKJZG v eNm!hNb
kHUXQSY²C^TVU\k�Ya[�ù v RHWcU�t�z

	fT�Yab�hNJabdGûWcU\hNbVGK[]h�óSJZU)TVGÆhNbdbcR]P�U)TdE]h�T�TdEHU)WdU\hNbVGK[
õºE�eîh�QSE�eDbdYaCXY²hN[èCXhN[ C^GKP"P®R][SYaCXh�TVU´EHUXW
GK[gTVGKJZG v eÆTVG�h&Jah�eIP�hN[èGNW¸TVGûh&ó¼U v Y²[][HUXW­bVTdRSkHU\[�T¸Yab¶óLU\CXhNR]bdU"TdEHUXeÆbdESh�WdU"TdE]Y²b¶óShNbdY²C�GK[�TVGKJaG v eNz
ï EHU�h�óLG�`NU"GNóSbVUXWd`�h�TdYZGK[]bªh�WdU�C^GKP�QSJZUXTVU\JZe�h v hNYa[]bVTªTdE]U�`IYZUXõ TdESh�T¶[]h�TdRHWchNJ�JahN[ v R]h v U�Yab�$dR]bVTyTdEHU
Ya[gTVUXWdM�hNC^U¶TVG�bVGKP�U­k]UXUXQ¼UXW$WcUXQ]WdU\bVU\[gTdh�TdYZGK[�z 	|M±óIe � []h�TdRHWchNJ�JahN[ v R]h v U�!�õ¦E]h�T!Y²b$P�U\hN[�TºYab$bVeD[�Tdh%÷Lm
TdEHU\[�m�eNU\b\m5TdEHU)h�ó¼G�`NU´`IYaUXõµYab¸C^GNWdWdU\C^TXzèú
R]TXm5YZM!C^G v []YZTdYZ`NU´bdCXYaU\[�TdYabdTdb®h v WdUXU´GK[
hN[gegTdESYa[ v TdE]U\bVU
k]h�eIbXm7YaT?YabºTdE]h�Tªð?n Yaby[HGNT $dR]bVTybVeD[�Tdh%÷Lz ï E]U¸k]Y²bdh v WdUXU\P�U\[gTdb?ó¼U v Y²[+Ya[ûhNbdbVU\bcbdYa[ v TdEHU�WdU\JZUX`�hN[]C^U
GNMyTdEHU´WdGKJZU\b�GNMybdeI[gTdh%÷ hN[]k bVU\P�hN[gTdYaCXbXz ï EHU´`DYZUXõ õ£U+h�WdU�Q]WdGNQLGKbdY²[ v Yab�TdE]h�T�TdEHU+hN[]bVõ
UXW�TVG
óShNbdY²C�Q]WdGNóSJZU\P"bXmº[HGNT´GK[SJZe Y²[ ôD[HG�õ¦JZU\k v U WdUXQSWdU\bVU\[gTdh�TdYZGK[�mªóSRHT´hNJabdG Ya[(Q]WdGNóSJaU\P �«bVGKJZ`DYa[ v hN[]k
ôD[HG�õ¦JaU\k v U �«hNC��gRSYabdYZTdYZGK[7mIGNW?JZU\h�Wc[]Y²[ v mHP�h\e´JaYZU¶Y²[)TdEHU¶Q]WdGDC^U\bdbVU\b¦hN[]k�kHUXUXQ&bdTVWcR]C^TdRHWdU\b!TdE]h�T¦hNJaJZG�õ
R]b£TVG¸RS[]kHUXWcbVTdhN[Sk"[]h�TdRHWFhNJ�JahN[ v R]h v UNz ï EHUyhNkH`�hN[�Tdh v U\b�GNM±h����ºn+ó�hNbVU\k�GK["TdEHUykHUXUXQ´bVTVWcRSC^TdRHWdU\b
R][]k]UXWcJZeDYa[ v bVU\[�TVU\[SC^U\b�h�WdU
P®RSJZTdYZQSJZUNz ï EHU·P�GKbVT�GNóg`DYZGKR]b7GK[HU£Yab7TdE]h�T±TdEHU£hNC��gR]Y²bdYZTdYZGK[ªGNMDôD[HG�õºJZU\k v U
MöWdGKP []h�TdRHWchNJIJahN[ v R]h v U$C^GKR]J²k­óLU£P�GNWdU�U\hNbdYaJZe¶hNRHTVGKP"h�TVU\k�m�bdYa[SC^U£TdEHU
óSR]Y²Jak]Ya[ v óSJaGICcôIboGNM]TdEHU����ºn
õ
GKR]Jak´óLU¶JZG v YaCXhNJ7MøGNWcP"bXz
ly[HU­GNM�TdEHU®P�GKbVT¦QLUXWd`�hNbdYZ`NUªQSWdGNóSJZU\P�b$Y²[ ��� Y²b�TdE]h�Tºk]Y
�¼UXWdU\[gT$QLUXGNQSJZU
Q]WdG�`IY²kHU�k]YZ`NUXWcbdU�WdUXQ]WdU\bdU\[�Tdh�TdYZGK[Sb¶GNM�TdEHU"ôD[HG�õ¦JZU\k v U"C^GK[gTdhNYa[HU\kèYa[Æh+bdEHGNWdTªQSh�WFh v Wch�QSE�z�ly[HU�GNM
TdEHU�WcU\hNbVGK[]b¶MöGNW­TdESYab¶YabªTdESh�T­õ
U�TdEHUXGNWcYZwXU.MöhNC^Tdb®Ya[Æk]Y
�¼UXWdU\[gT¶õ�h\eDbXz 	yESh\`NU.hNbdôNU\kèP®e bVTdR]kHU\[gTdb
TVG�WdUXQ]WcU\bVU\[�T$TdE]UªôI[HG�õ¦JZU\k v U¶Y²[�h�bcEHGNWdT�QSh�Wch v Wch�Q�E´R]bdYa[ v O��­O ñ�n7U\[Sh�T � � R]E]h´t��Ns��KòFm¼hN[]k�mHYa[
P�GKbVTªCXhNbVU\b\m7TdEHUXe�Q]WcG�`DYakHU¸WdUXQ]WdU\bVU\[gTdh�TdYZGK[]byTdESh�T?õ
GKR]Jak+óLU®`NUXWce+E]h�WckûTVG)WdU\C^GK[]CXY²JZUNm�hNbªh.WcU\bdR]JZT
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P�h�ôDYa[ v YZT�`NUXWce¸k]Y �.CXR]JZTjTVG­bdESh�WdU$TdEHU\bVU!WcUXQ]WdU\bVU\[gTdh�TdYZGK[]b�õºYZTdE�GNTdEHUXW£RSbVUXWcbXz ï E]YaboQ]WcGNóSJZU\P õ
GKR]Jak
k]Yabch�Q]QLU\h�W?YZM·TdEHU�bVeIbdTVU\P õ£UXWdU�h�ó�JZU®TVG�hNR]TVGKP�h�TdYaCXhNJaJZe+WdUXQ]WdU\bdU\[�TªhN[]k�Ya[gTVU v Wch�TVU�TdEHU�ôD[HG�õºJZU\k v U
Ya[)TdEHU­QSh�Wch v Wch�QSE7z

�º[HGNTdE]UXW�YaP�P�U\[]bVU5hNkH`�hN[�Tdh v U�Yab�TdESh�T±MöGNW±GNTdEHUXW�Q]WdG v WchNP�b
ñöGNW � h v U\[gTdbXm"!ªTVG?R]bVU�TdEHU£MöhNbdESYZGK[]h�óSJZU
U^÷DQ]WdU\bdbdYaGK[ÖTdEHU\bdU)kSh\eDbFò¸Ya[gTVUXWdMöhNCXY²[ v õºYZTdEÖTdESYab � �¦n(õ
GKR]JakîóLU v WdU\h�TdJaeèbdYaP�QSJaY�ùSU\k7m±óLU\CXhNR]bVU)YZT
C^GKR]JakÖTdh�ôNU.Q�JahNC^U.Ya[Ö[]h�TdRHWchNJ£JahN[ v R]h v UNz ï E]U\bVU"Q]WcG v WchNP�b¶õ
GKR]Jakè[HUXU\kÖh&`NUXWdeÖbdY²P�QSJZU �·[ v JaYabdE

v U\[HUXWch�TVGNW�m$õ¦E]YaCFE õ£GKRSJak v U\[HUXWch�TVU�hN[ �£[ v JaYabcE �IRHU\bVTdYaGK[ MöWdGKP TdEHU\YaW"Ya[gTVUXWc[]hNJ$WdUXQSWdU\bVU\[gTdh�TdYZGK[�z
ï EHU v U\[HUXWchNJLQ�RHWdQLGKbVU � �¦n�õ
GKR]Jak�óSR]YaJ²k�TdEHUªJZG v YaCXhNJ¼MöGNWcPµGNM±TdEHU �IRHU\bVTdYZGK[7mDhN[Sk.õºYaJaJSC^GKP�Uªõ¦YZTdE
hN[�hN[]bVõ
UXW\z � Tdh%÷DGK[HGKP®e�GNM�hN[]bVõ
UXW�T«eIQLU\b�C^GNWdWdU\bVQLGK[]kSYa[ v TVGªTdE]U$T«eIQ¼U�GNM �gRHU\bdTdYZGK[]b�CXhN[�óLU$P�hNkHU
ôD[HG�õ¦[.TVG¸ó¼GNTdE"TdEHUºh v U\[gTdb$hN[]k.TdE]Yab ���¦n·zDBIQLU\CXYahNJaYawXU\k ���(JahN[ v R]h v U\b�C^GKR]Jak"óLU¦hNJabVG�kHUX`NU\JZGNQLU\k
hNb!WcU^ù�[HU\P�U\[gTdb$GNMoTdE]Yab v U\[HUXWFhNJ�QSRHWdQLGKbVU ���ºn5z

	|[
TdEHU)MöGKJaJZG�õ¦Ya[ v bVU\C^TdYZGK[]b\m·õ
U´ó]WcYZU��SeÖQ]WdU\bVU\[gT�h ���¦n0ó�hNbVU\k
GK[ TdEHU\bVU�Y²kHU\hNbXm·hN[]k
QSWdG�`DYakHU
bVGKP�U�WdU\bdRSJZTdbXz ï EHU�CXJZGKbVUXW ���ºn±b¶TVG�TdE]Y²b­JahN[ v RSh v U�h�WdU�BDðºU � B ñ BDE]h�QSYZWcG � �ºh�QSh�QLGNWdT)t����NrKòFm
hN[]kîC^GK[]C^UXQ]TdR]hNJ v WFh�QSE]b)ñ BIG�õ�h
t��Ns��gòFz ï EHU)P�h $VGNW�kSY��¼UXWcU\[]C^U\b­óLUXTfõ£UXU\[
GKRHW ���ºn(hN[]kÖTdE]GKbVU
JahN[ v RSh v U\b¶h�WdU�GKRHW¶kSYabVTdYa[]C^TdYaGK[+óLUXTfõ£UXU\[ ��� ������� � �����"
 � hN[]k ���
	 
 � ����� ������� ����� 
�� m �IR]hN[gTdY�ùSUXWcb\m±hN[]k
TdEHU¸WdUXQ]WdU\bdU\[�Tdh�TdYZGK[+GNM5U^÷HYabVTVU\[gTdYahNJaJZe �IR]hN[gTdY�ùSU\k&bdU\[�TVU\[]C^U\bªhN[Sk&WdU\bdTVWcYaC^TdYZ`NU¸P�GIkSY�ùSUXWcb!hNbyCXJahNbcbdY�ù��
CXh�TdYZGK[ E]YaUXWch�WcCcESYZU\bXz ï E]YabºJahN[ v R]h v U�E]hNb?óLUXU\[�R][]kHUXW?C^GK[]bVTVWcR]C^TdYaGK[+MöGNWªbVGKP�U�eNU\h�Wcbª[HG�õ¶m�hN[]k�Yab
óLU\Ya[ v R]bdU\k�óge.BHðyl � ��mgh­bVeIbdTVU\P=kHU\bcY v [HU\k�MöGNW·TdEHUºhNC��gR]Y²bdYZTdYZGK[�GNMLôD[HG�õºJZU\k v U¦MöWdGKP U^÷IQLGKbdYZTVGNWce
TVU^÷DTdbXz
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is-ais-a is-a

root node
Concept Hierarchy

arg1

(relation (arg2 a0001)

arg2

(inverse-relation (arg1 a0001))

..... argi

(pointer-to (a0001))

a0001
(instance-of (action/event/description/state/proposition))
(args (arg1 arg2 .... argi))
(pr (predicate))
(thematic-role (arg1 (quantifier)))
(thematic-role (arg2 (quantifier)))
                     ......
<other roles>

ioY v RHWdU­r 	
BDCFEHU\P�h�MöGNW �¦UXQ]WdU\bVU\[gTdYa[ v �¦U\Jah�TdYZGK[]b

C^GK[]bdY²bVTdb?GNM·h�Q]WdU\k]YaCXh�TVU�hN[]k�bVGKP�U¸TdEHU\P�h�TdY²C®WcGKJZU\bXzªú
e � TdEHU\P�h�TdYaC¸WdGKJaU\b !�õ£U¸WdUXMöUXWy[]GNT?GK[SJZe´TVG
h�W v R]P�U\[�Tdb�Ya[ � G�`NUXWc[SP�U\[�T!hN[Sk.ú�Ya[]kSYa[ v TdEHUXGNWdeûñ O�EHGKP�bVôIe�t��NsDt � � WcY²P�bdE]h�õ t�������� �KhNCcôNU\[]kHG �
t�������òFmLóSRHT!hNJabdG"TVG.JaGICXh�TdYZ`NU®hN[]k�TVU\P�QLGNWchNJ�hNk $dR][]C^TdbXz
iHWdGKP h�ôD[HG�õ¦JaU\k v U¶WdUXQ]WcU\bVU\[�Tdh�TdYaGK[�`DYZUXõ¶m
õ
U�ESh\`NU�h�WdU\Jah�TdYZGK[�mLTdEHU¸Q]WdU\kSYaCXh�TVU®GNM£TdEHU�n±i
m�hN[]k�h�bdUXTºGNM
h�W v R]P�U\[gTdbXm�TdEHU¸TdEHU\P�h�TdYaC¸WdGKJaU\bºGNM
TdEHU�JZG v Y²CXhNJ£MöGNWcP´z �5`NUXWde
h�W v R]P�U\[�T�GNMºTdEHU´WdU\Jah�TdYZGK[
Yab�Y²[]kHU^÷DU\kèhNb�hN[
GNó�$¡U\C^TXm
õ¦E]YaCFE
Yab¸TdEHU\[
JaYa[]ôNU\k�TdEHWdGKR v E � ��� � WdU\Jah�TdYZGK[]b¶TVG&TdEHU.GNTdEHUXW­GNó $VU\C^Tdb¸Ya[ TdEHU"ESYZUXWch�WcCFE�e�GNM$C^GK[]C^UXQ]TdbXz´n�Ya[HôDb¶h�WdU
hNJabVG�C^WdU\h�TVU\k+C^GK[][HU\C^TdYa[ v TdE]U?GNó�$¡U\C^Tdb$TVG�TdE]UªWdU\Jah�TdYZGK[)YZTdbVU\JaMfmDõ¦E]Y²CcE)Yab
WdUXQ]WdU\bdU\[�TVU\k´Ya[)h�bVUXQ�h�Wch�TVU
bVTVWcRSC^TdRHWdUNm�CXhNJ²JZU\k hN[ � ��� ����� � �����"
 z ï EgR]b\m±h´WdU\Jah�TdYaGK[ �®ñ�h�W v t�mjh�W v rIm
zZzZz.h�W v YöòyYabyWdUXQ]WcU\bVU\[�TVU\kèhNb
Ya[]kSYaCXh�TVU\k´Ya[�ù v RHWcU­rIz

ï EHU bVU\C^GK[]k¾h�W v R]P�U\[gT´GNM®TdEHU WcU\Jah�TdYZGK[0Yab´Ya[SkHU^÷IU\k óIe R]bcYa[ v YZTdb´Ya[g`NUXWcbVU�WdU\Jah�TdYaGK[�z lyTdEHUXW
h�W v R]P�U\[�Tdb.h�WdU&Ya[]k]U^÷IU\k
óIe $dR]bVT�hÆQ¼GKY²[�TVUXW�TVGÆTdE]U&hNC^TdYZGK[ bdTVWcR]C^TdRHWdUNz ï EHU�[HGDkHU � ��������� E]hNb
bVTVGNWdU\kûYa[�YaT¦TdEHU®WdUXQ]WdU\bVU\[gTdh�TdYZGK[+GNM�TdEHU­WcU\Jah�TdYZGK[&YaTdbVU\JZM|z ï E]U®bdJZGNT ������� ����� 
 � ��� C^GK[gTdhNYa[]bºTdEHU­TfegQLU
GNMjWdU\Jah�TdYZGK[7z ï E]U­bdJZGNTdb � ��!
� hN[]k � � C^GK[gTdhNYa[&TdEHU®h�W v RSP�U\[�Tdb¦GNM�TdEHU¶WdU\J²h�TdYZGK[�mShN[]k&TdEHU¶Q]WcU\k]YaCXh�TVU
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GNM±TdE]UyJaG v YaCXhNJ¼MøGNWcP�mIWcU\bVQLU\C^TdYZ`NU\JZeNz ï EHU\P"h�TdYaC?WdGKJZU\b�h�WdU¶JaYabdTVU\k"MöGKJaJZG�õ£U\k)óIe�TdEHU\YZW��IR]hN[gTdY�ùSUXWcbXz �?[
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ï EHUybdC^GNQSY²[ v GNM�TdEHU �gRShN[�TdY�ù�UXWcb�Yab
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 P"h\eÆóLU�WdU\Jah�TdYZGK[]b®TdEHU\P�bdU\JZ`NU\bXz ï E]h�T¸õ£GKRSJakÖóLU
TdEHU�CXhNbVU"MøGNW¶TdE]U�WdUXQ]WdU\bdU\[�Tdh�TdYZGK[ÆGNM � �·`NUXWdeNGK[HU"õ�hN[gTdb¶TVG�G�õ¦[Æh´EHGKR]bdUNm"!&Ya[�õ¦ESYaCcE�TdEHU�bdU\C^GK[]k
h�W v R]P�U\[�TºGNM�TdEHU­WdU\J²h�TdYZGK[ ����� � m¼TdE]U ! � �  WdGKJZUNm¼Yab¦h"WdU\Jah�TdYZGK[+YZTdbVU\JZM|z ï EHU¶M�hNC^T?TdE]h�T¦TdEHU®`%h�WFYah�óSJZU
GNM5TdEHU �IR]hN[�TdYZùSUXW¦GNM5TdE]U­ùSWFbVTºh�W v RSP�U\[�T?GNM ����� � Y²b¦TdEHU�bdhNP�U�hNb?TdE]h�T?GNM5TdEHU®ùSWcbVT?h�W v R]P�U\[gTºGNM

��� � Yab$CXh�Q]TdRHWdU\k�óge)R]bdYa[ v õ¦ESh�T$õ£U­ESh\`NU­CXhNJaJaU\k�hN[ � Ya[]kHU^÷ �IR]hN[�TdYZùSUXW\z"! ï EHUy`�h�WcYah�óSJaU?GNMjYa[]k]U^÷
�IR]hN[�TdYZùSUXWcb!CXhN[][]GNT!óLU¶Ya[]bVTdhN[gTdYah�TVU\k�õºYZTdE´k]Y��LUXWdU\[gT!Ya[]k]YZ`DYak]RShNJab·Ya[�TdEHU � ��� ����� � ����� 
�� õºEHUXWdU¶TdEHUXe
GDCXCXRHW\m�ó�RHT�GK[]JZe�õ¦YZTdE�TdE]UºbdhNP�UºYa[]k]YZ`DYak]RShNJ z ï EHU$Q]WcGNóSJZU\P TdE]h�T£õ£Uºh�WdUºk]Y²bdCXR]bdbdY²[ v Y²b�TdEHUºkSYZ`NUXWcbVU
WdUXQ]WcU\bVU\[�Tdh�TdYaGK[´TdE]h�T¦[HUXU\kSb$TVG"óLU v YZ`NU\[�MöGNW � �·`NUXWdeNGK[HU­õ�hN[gTdb!TVG�G�õ¦[�h�EHGKRSbVU�! 	
� ñ�	Lò^ñ�.0/21435�·ñ�	Lò6�7�8��ñ��]ò^ñ�.0�9/:(9��ñ��]ò4 4;<35�=*^ñ�	,+>�9?@�·ñ�	7+-�]òVòVòVò
hN[]k � �5`NUXWceNGK[HU­õ�hN[�Tdb¦UX`NUXWdeIó¼GDkHe.TVG"G�õº[�h�EHGKR]bdU�! 	
� ñ�	Lò^ñ�.0/21435�·ñ�	Lò6�7����ñ��]ò^ñ�.0�9/:(9��ñ��]ò6 � ñ�Agò^ñ�.B/C143D�·ñ�AIò6��� ;<35�=*^ñ�	,+>�E?F�·ñ�AG+-�]òVòVòVòVò
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 � CXhN[�hNJabVG¶óLU¦C^GK[][]U\C^TVU\k.TVG®GNTdEHUXW � � ������� � ��� �"
 � óIe�TVU\P�QLGNWchNJ
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(ingest (berry a1))

a1

(instance-of (action))

(pr (ingest))

(theme (berry (quantifier (?))))

Robin Berry
(ingest-by (robin a1))

(args (robin berry))

(actor (robin (quantifier (?))))

ijY v R]WdU­p 	 �!UXQSWdU\bVU\[gTdh�TdYZGK[�GNM � �!GNóSY²[]b$U\h�T!óLUXWdWcYaU\bXz"!

hN[]kèGNTdEHUXW�T«eIQLU.GNM¦J²Ya[HôDbXm�hNb¸WdU��IR]YZWdU\kèYa[èTdEHU.WcUXQ]WdU\bVU\[gTdh�TdYZGK[îGNM � ú
U\h�Wcb�P�h\eîh�TVTdhNCdô
EgRSP�hN[]bXm
YZM�TdEHUXe h�WdU�[gRHWFbdYa[ v m"!&GNW � �Æh�Wdó�JZUXWcb¸EHU\JZQÆM�h�WcP�UXWcb­óge�ôDYaJaJaY²[ v Ya[]bVU\C^Tdb­TdE]h�T®kHU\bdTVWdG�eÆMöWcR]YaTdbXz"! �

v WdU\h�TyhNkH`�hN[�Tdh v U¸GNM � ��� ������� ����� 
�� Y²b$TdE]h�T¦TdE]U­WdUXQ]WcU\bVU\[�Tdh�TdYaGK[�GNM�WdU\Jah�TdYaGK[]b!GNM�h�WcYZTfe v WdU\h�TVUXW?TdE]hN[
r�óLU\C^GKP�U¸Wch�TdEHUXW?bdYaP�Q�JZUNmSbdYa[SC^U­YZT¦WcU\k]R]C^U\b!TVG�TdEHU¸hNk]k]YZTdYZGK[�GNM5[HUXõ h�W v RSP�U\[�Tdb?TVG.TdEHU­WdU\J²h�TdYZGK[�z
ï EIR]bXm�TdEHU�WdUXQ]WcU\bVU\[�Tdh�TdYaGK[ÖGNM�� ��� ��� � 
 � � � 
 ��� � 
 � � � ��� 
 ���  � Yab­hNCcE]YZUX`NU\kèóIe�hNkSk]Ya[ v h+bdJZGNT � ���
����� 
 hN[]k � MöhNJ²J !�hNb¦h"TdE]YZWck&h�W v R]P�U\[gT¦TVG.TdEHU � ��� ����� � �����"
 k]UXQSYaC^TVU\k&h�óLG�`NUNz ï EHU¶WdUXQSWdU\bVU\[gTdh�TdYZGK[
GNM5WdU\J²h�TdYZGK[]b!õºYZTdE+h�WFYZT«e v WdU\h�TVUXWªTdEShN[ûr.YabºWch�TdEHUXWyYa[�`NGKJa`NU\k+Ya[ûP�hN[ge´ôI[]G�õ¦JZU\k v U®WdUXQSWdU\bVU\[gTdh�TdYZGK[
JahN[ v RSh v U\bXz ï E]h�TºYab¦C^UXWdTdhNY²[]JZe)TdEHU®CXhNbdU®GNM �­n �|lyð%� ñ�ú
WchNCFE]P�hN[ � BHCcE]P�GKJawXU.t��Ns��KòºhN[]kûbVGKP�U
GNMjYZTdb$kHU\bdC^U\[]kShN[�Tdb¶ñ�ú
WchNCFE]P�hN[ 
 � �  � t����Dt � �ûhNC � WdU v GNW�t����NpKò�Ya[�õ¦E]YaCFE)GK[HU¶[HUXU\k]b�TVG�WcU\CXRHW$TVG
WdU\Y�ù¼CXh�TdYZGK[´TVG�WdUXQSWdU\bVU\[gT!WdU\Jah�TdYZGK[Sb$õ¦YZTdE�h�WFYZT«e v WdU\h�TVUXWyTdE]hN[&rIz 	fT¦Y²b!hNJabVG"h�Q]WdGNóSJZU\P Y²[+O��­O?m]Ya[
õ¦E]Y²CcE YZT­Y²by`NUXWdeÆh\õ!ôIõ�h�Wck TVG&WcUXQ]WdU\bVU\[gT¶Q]WdU\kSYaCXh�TVU\bªGNM$h�WcYZTfe v WcU\h�TVUXW®TdE]hN[èrIz ï EHU�EgeIQ¼GNTdE]U\bdYab
U^÷DQ]WdU\bdbVU\k Y²[ O �¶O TdE]h�T­TdEHUXWdU�h�WdU�MöUXõ/Q]WdU\k]Y²CXh�TVU\byGNM
h�WcYaT«e+ESY v EHUXWªTdE]hN[ÆrIm±hN[Sk�TdE]h�T¶TdE]Yab?M�hNC^T
P�h�e¶WdU��SU\C^ToEgR]P"hN[­C^G v []YZTdYa`NU
JaY²P�YZTdh�TdYZGK[]b�Y²b�[HGNTobdRHQ]QLGNWdTVU\k¶ógeªGKRHW�GNóSbVUXWd`�h�TdYZGK[]b�GNMHU\[]C^eDCXJZGNQLU\k]YaC
TVU^÷DTdbXz 	|[&MöhNC^TXm¼õ£U¸E]h\`NU®MøGKRS[]k´TdE]h�TºQ]WdU\k]YaCXh�TVU\b¦GNM�h�WcYZT«e�ESY v EHUXW!TdE]hN[ûr�h�óLGKR][]k´hN[Sk�TdEHUXe)MöGNWcP
QSh�WdT®GNM!GKRHW¸UX`NUXWdeDk]h\eîJaYZMöUNzûO
GK[]bdY²kHUXW\m � �übVQSYak]UXW­bVTdh�óSb�hN[îYa[]bVU\C^T®õ¦YZTdEîYZTdb­CFEHU\JaYaC^UXWch�UNm"! � ï EHU
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ù�bdE]UXWcP�U\[îCXhNR v E�T�TdEHU´C^GDkîõ¦YZTdEîYaJaJZU v hNJ
[HUXTdbXm
 ��� UXTVUXW"JaGKhNkHU\kîTdEHU�ESh\eèY²[�TVGûTdEHU)TVWcR]CcôÆõ¦YZTdE
h
C^WchN[HUNm"!®UXTdC�z 	|M�GK[HU¦õ
hN[gTdb5TVG¶M�RHWdTdE]UXW5C^GKP�QSJaYaCXh�TVU¦TdE]Ya[ v bXm�GK[HU!GK[]JZe¸[HUXU\k]b�TVG¸hNk]k�bVGKP�U!TVU\P�QLGNWchNJ
hN[]k�JaGICXh�TdYZ`NU®hNk $VRS[]C^Tdb�TVG�TdEHU\bVU­U^÷DhNP�Q�JZU\bXz
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� U�[HG�õ TdRHWF[+GKR]W?h�TVTVU\[gTdYZGK[�TVG)TdEHU�WdUXQ]WdU\bdU\[�Tdh�TdYZGK[ûGNM·C^GKP�QSJZU^÷+[HGKRS[ v WdGKR]QSbºhN[Sk�m�Ya[ v U\[]UXWchNJ m
hN[ge�WdU\bVTVWcY²C^TdYZ`NU®P�GDk]Y�ù�UXWcbXz ï EHU®Q]WdGNóSJZU\PüYab¦E]G�õ TVG.WcUXQ]WdU\bVU\[gTºC^GK[]C^UXQSTdbºU^÷DQ]WdU\bcbVU\k&óIe � bVQ�YakHUXWcb
õ¦YZTdEîh�C^WcYZóLU\JaJaRSP´m"! � P"hNP�P�hNJab¸TdE]h�T�JaYZ`NU)Ya[èTdEHU´bVU\hDm"! � bVU\h P"hNP�P�hNJ ! � U\h v JZU\b�TdE]h�T�Q]WcUXeÆGK[
P�GK[HôNUXeDbXm"! � ijJZGNWcYakSYahN[]b$õ¦E]G.JaYZ`NU­GK[&TdEHU�� U\bVT¶O
GKhNbVTXm"!)UXTdC�z?iHGIk]GNW�ñ�i]GIkHGNW�t��NsDt�ò?E]hNbºWdUXMöUXWdWdU\k
TVGÖC^GK[]C^UXQSTdb�U^÷DQ]WdU\bdbVU\k ógeîWdU\bVTVWcY²C^TdYZ`NU�P�GDk]Y�ùSUXWcb�hNb�Q�EHWchNbdhNJ$C^GK[]C^UXQSTdb"hN[]k EShNb�k]YabVTdY²[ v R]YabdE]U\k
TdEHU\P MøWdGKP=bdYa[ v JaU � õ£GNWck�C^GK[SC^UXQ]Tdb£bcR]CcE.hNb � õ¦E]hNJaUNm"! � P�hNP�P"hNJ m"!­UXTdC�z � Uºõ¦YaJaJHRSbVU!iHGDkHGNW� {b£TVUXWcP
TVGûWdUXMøUXW®TVG+TdE]U\P´z ï E]Y²b¶Yab¶TdE]U"T«eIQLU"GNM!C^GK[]C^UXQST®TdE]h�T�bVTdR]k]U\[�Tdb®TVU\[]kÆTVG�EgegQSE]U\[]h�TVUNm�hN[]kÖhNb�h
WdU\bdRSJZT�TdE]UXe­MöGNWdU\bVTdhNJaJHhNJaJDYa[]MøUXWdU\[SC^U\b�ó�hNbVU\k�GK[�TdEHU�WdU\Jah�TdYZGK[SboC^GK[S[HU\C^TdYa[ v TdEHU!bdY²[ v JZU·õ
GNWck�C^GK[]C^UXQSTdb
TdE]h�T!MöGNWcP TdE]U\bVU­C^GKP�QSJaU^÷)C^GK[]C^UXQSTdbXz
O
GK[]bcYakHUXW$TdEHUªMöGKJaJZG�õ¦Ya[ v QShNbdbch v U
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	fM£GK[HU�GNóSbVUXWd`NU\b¶TdE]Yab?QShNbdbdh v U"õ¦YZTdE�hN[ GNó $VU\C^T �«C^U\[�TVUXWcU\kÆWdUXQ]WcU\bVU\[�Tdh�TdYaGK[ÆYa[�P�Ya[]k7m¼GK[]U�E]hNbyTVG
C^GK[]CXJaRSkHU"TdE]h�T¸TdEHU�C^GK[]C^UXQ]T � bVQSYak]UXWcb¶TdE]h�T�JaYZ`NU.R][]kHUXW®õ
h�TVUXW !�[HUXU\kSb­TVGûóLU"WdUXQ]WcU\bVU\[�TVU\kîhNb�hN[
GNó $VU\C^T!Ya[´P�U\P�GNWce.bVG�TdE]h�T!bcRHóSbVU��IRHU\[gT�Y²[HMøGNWFP�h�TdYZGK[)h�óLGKRHT$YZT!CXhN[)óLUyY²[�TVU v Wch�TVU\k&GK[)TdE]h�T![HGDkHUNz
�?[ U\[�TdYaWdU�QSh�Wch v Wch�Q�E P�h\e�MöGKJaJZG�õ TdE]U�ùSWcbVT¶bVU\[gTVU\[]C^U"k]U\bdC^WcYZóSY²[ v TdE]U\bVU�bVQSYak]UXWcbyhN[]k�m7Q]WcGNóSh�óSJZeNm
CXJahNbdbcYZMøeDYa[ v TdEHU\P M�RHWdTdE]UXW
Ya[.bdRHó�CXJahNbdbdU\bXz 	¡[.GKRHW£WcUXQ]WdU\bVU\[gTdh�TdYZGK[)JahN[ v R]h v UNmDQSE]WchNbdhNJSC^GK[SC^UXQ]Tdb$h�WdU
WdUXQ]WcU\bVU\[�TVU\kîhNb¸CXJahNbdbdY�ù¼CXh�TdYZGK[ÖE]YaUXWch�WcCcESYZU\bXz ï EHU"C^GKP�QSJZU^÷ÆkHU\bdC^WcYaQ]TdYZGK[ GNM!h+QSEHWchNbchNJ5C^GK[]C^UXQ]T�Yab
WdUXQ]WcU\bVU\[�TVU\k
hNb�h�bdYa[ v JaU"C^GK[]C^UXQ]T�óIeÆTdEHU�MøGKJaJaG�õ¦Ya[ v P�UXTdEHGDk�z � k]R]P"P­eÆ[]hNP�U�Yab¸C^WdU\h�TVU\k
MöGNW
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TdEHU�Q�EHWchNbdhNJ5C^GK[SC^UXQ]TXm�hN[]k�m±TdE]U\[�m�TdE]U�WdU\Jah�TdYZGK[Sb¶TdE]h�T­k]U^ù�[HU"YZT®h�WdU"bVQLU\CXY�ùSU\kÖYa[ h&bVQLU\CXYahNJ·bdJZGNTXz
iHGNW?Ya[]bVTdhN[]C^UNm � P�hNP"P�hNJab$TdE]h�T!J²YZ`NUªYa[)TdEHU �º[gTdh�WcC^TdYaC�!.Yab
WdUXQ]WdU\bdU\[�TVU\k´óIe)C^WdU\h�TdYa[ v TdEHU¶C^GK[SC^UXQ]TXm
bdh�eNm�� � mjh v U\[SbVeIP Ya[ TdE]U.hNC^TdR]hNJ£Q]WdG v WchNP�m�õ¦ESYaCcEèYab¶kHU^ù�[]U\kÆóIe�bch\eDYa[ v TdESh�T®YZT¸Yab¶h&CXJ²hNbdb­GNM
P�hNP�P"hNJab$TdE]h�T¦J²YZ`NUªYa[)TdEHU �?[�Tdh�WFC^TdYaC�z"! � U¸E]h\`NU
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ï EHU�bcJZGNT � � m±õ¦ESYaCcE bVTdhN[Sk]byMøGNW¸CcE]h�WFhNC^TVUXWcYabVTdYaC�MøU\h�TdRHWcU\bXm�C^GK[gTdhNYa[]bªTdE]U"[HU\C^U\bdbdh�Wce�hN[Sk bdR �.CXYZU\[gT
C^GK[]k]YaTdYZGK[]bjTdE]h�T5kHU^ù¼[HU$TdEHU!C^GK[]C^UXQ]T�	¸t�z ï EHU$WcU\Jah�TdYZGK[ � JaYZ`NU!Y²[�TdEHU �º[gTdh�WcC^TdYaC�!­Q]WdU\k]Y²CXh�TVU\k�GNM 	�t
Yab·WdUXQ]WdU\bVU\[gTVU\k�Ya[�TdEHU � ��� ������� ����� 
 hKrIz ï EHU¦P�U\hN[]Y²[ v GNM�TdEHUºWdUXQ]WdU\bdU\[�Tdh�TdYZGK[.MöGNW 	�tºY²[�ùSWcbdT � GNWckHUXW
Q]WdU\kSYaCXh�TVU¶CXhNJaCXR]JaRSb$Yab 	
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ï EHU$[]hNP�U v YZ`NU\[�TVGªTdESYab�C^GK[]C^UXQ]T5Yabjh�Wdó�YZTVWch�WdeNm�hN[Sk¸Y²b�[HGNT5R]bVU\k¸MöGNW�WdU\C^G v []YZTdYZGK[�QSRHWdQLGKbVU\bXz ï EHU
WdUXQ]WcU\bVU\[�Tdh�TdYaGK[)GNM±TdEHUªC^GK[]C^UXQ]T 	�tªYab�C^GKP�QSJaUXTVU\k)óge"C^WcU\h�TdYa[ v TdEHUªbdJZGNT �  � � � 
���� ��� mHTdE]UyY²[�`NUXWcbdU?GNM

����� � moY²[ TdEHU.C^GK[SC^UXQ]T � P"hNP�P�hNJ !�hN[SkÆóIe�ù�JaJaYa[ v YZT­õ¦YZTdE 	�t�z � hNkèTdEHU�bdJZGNT �  � � � 
���� ��� U^÷DY²bVTVU\k
Ya[ TdEHU�C^GK[]C^UXQ]T � P�hNP�P�hNJ !èTdE]U\[ 	�t+õ£GKR]J²k óLU�Ya[]bVUXWdTVU\k Ya[gTVGîYaTXz��@WdU\C^G v []YZTdYZGK[(hNJ v GNWFYZTdE]P
CcE]U\CdôDbºTdE]U¸C^GK[gTVU\[�TyGNM�TdEHU � � bdJaGNTºYa[´GNWFkHUXWºTVG�U\bVTdh�óSJ²YabdE�YZMjTfõ£G�QSEHWchNbchNJ±C^GK[]C^UXQ]Tdbyh�WdU®TdEHU�bdhNP�U
C^GK[]C^UXQ]TXz ï E]Yab
WdUXQSWdU\bVU\[gTdh�TdYZGK[�QLUXWcP�YaTdb£TdE]U­C^GKJaJah�QSbdU?GNMj`NUXWde)C^GKP�QSJaU^÷)kHU\bcC^WcYZQ]TdYZGK[Sb�GNMoC^GK[]C^UXQSTdb
Ya[gTVG¶GK[HU?C^GK[]C^UXQ]TXz·iHGNW�Ya[]bdTdhN[]C^UNm�TdEHUº[HGKR][ v WcGKRHQ � TdEHU v YaJaJabjGNMLù¼bdE�m"!­CXhN["óLU!WdUXQ]WdU\bdU\[�TVU\k.hNb?ñöõ
U
E]h�`NU�bVQLU\CXY�ùSU\k�TdE]U¸WcU\Jah�TdYZGK[�m �"���
. � � ��� ��� ��� m�Ya[+TdEHU � � bdJaGNTXm�Wch�TdEHUXWyTdE]hN[ûõ!WcYZTdY²[ v TdEHU � ��� ����� � ����� 

v U\[]bVeDP´z¤ò 	

/0�1�2��	�����
3�4�5��6��4���������87�94:�;���<��3=�>��49�	?��	���
A@0�����

ï EIR]bXm � TdEHU®P�U\P­óSWchN[HU\b!Ya[)TdE]U v YaJaJab�GNM�ù�bdE�m"!�Y²b�WdUXQ]WdU\bVU\[gTVU\k&hNb�	

/����2��	�����
3�4�5�B�DC��E7�=E�
F�CD�����87�9�:4;���<��4=�>��49�	?�,/0�4�����
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ï EHGKbVU�JZG v YaCXhNJjMöGNWcP�b?õ¦E]GKbVU¸ùSWcbVTªh�W v R]P�U\[�TªYab?U^÷HYabVTVU\[gTdYahNJaJZe �IR]hN[gTdY�ùSU\k�h�WdU�hNJabdG�WcUXQ]WdU\bVU\[gTVU\k
hNb¦CXJ²hNbdbdY�ù�CXh�TdYaGK[´E]YZUXWch�WcCFE]YZU\b!Y²[´h�bdYaP�Y²Jah�W$P�hN[][HUXW¦hNb!õ£U­ESh\`NU®k]GK[HU¶MöGNW!QSEHWchNbchNJ�C^GK[]C^UXQ]TdbXz ï EHU
bVU\[gTVU\[]C^U � BIGKP�UªP�hNP"P�hNJab�JaYZ`NUyYa[.TdEHU �º[gTdh�WcC^TdYaC�!�Ya[gTVWdGDk]R]C^U\b£TdEHUªC^GK[]C^UXQ]T � P�hNP"P�hNJ¼TdE]h�T!JaYZ`NU
Ya[ TdEHU �º[gTdh�WcC^TdYaC�z"! 	|MªTdE]h�T´bVU\[gTVU\[]C^U Yab"WcUXQ]WdU\bVU\[gTVU\k óge P�U\hN[]b�GNM­hN[ � � ������� � ��� �"
 m?hN[]k TdEHU
[HU^÷DT!bVU\[gTVU\[]C^U­Yab � ï E]U\bVU¶P�hNP�P�hNJ²b$h�WdUªU\[]k]hN[ v UXWcU\k�m"!�TdEHU\[´h�[HGDkHU¶kHGIU\b$[HGNT$U^÷HYabVT!Ya[)P�U\P�GNWdeNm
C^GNWdWdU\bdQ¼GK[Sk]Ya[ v TVG � TdE]U\bVU¶P�hNP�P�hNJ²bXm"!�Ya["õºE]YaCcE�TVG�Ya[gTVU v Wch�TVUªTdEHUyM�hNC^T
TdESh�T$TdEHUXe.h�WdUªYa[gTVU\JaJaY v U\[�TXz
ï EIR]bXm!TdE]U+WdUXQSWdU\bVU\[gTdh�TdYZGK[(GNM � BIGKP�U P�hNP"P�hNJab)JaYZ`NUûYa[ TdE]U �?[gTdh�WcC^TdYaC�! Yab�ñöõ¦EHUXWdU�hKrîYab�TdEHU
WdU\Jah�TdYaGK[ � JaYZ`NU¶Ya[)TdE]U �º[gTdh�WcC^TdYaC�!"Q]WdU\k]YaCXh�TVU\k�GNM 	�t�ò 	

� �1�2��	�����
3�4�5�B�D�����D�����������������

� U�E]h�`NU´MøGKR][SkÖóLU\hNRHTdYZM�R]J·TVU^÷ITdb�Y²JaJaR]bVTVWFh�TdYa[ v TdEHU´[HUXU\kîMöGNW�WdUXQ]WdU\bdU\[�TdYa[ v U^÷HYabVTVU\[gTdYahNJaJZe �IR]hN[gTdY��
ùSU\k�bVU\[gTVU\[]C^U\b­hNbªCXJ²hNbdbdY�ù�CXh�TdYaGK[ûESYZUXWch�WcCFE]YZU\bXz­i]GNW­Ya[]bVTdhN[SC^U¸Ya[ûTdEHU�MöGKJaJZG�õ¦Ya[ v TVU^÷ITXmoCcE]Y²JakHWdU\[ûh�WdU
hNbVôNU\k+TVG"õ!WFYZTVU¶TdEHU¸CXJahNbdbdY�ù¼CXh�TdYZGK[´GNM5hN[]YaP"hNJab$Q]WdU\bdU\[�TVU\kûYa[´TdEHU®TVU^÷ITXz ï EHUªùSWcbdT¦bVU\[gTVU\[]C^U¸Y²[´TdEHU
QSh�Wch v WFh�QSE�Ya[gTVWdGDk]R]C^U\b�TdEHU­CXJ²hNbdb$GNMjR][gRSbdR]hNJLóSYZWFk]bXz

BIGKP�UªóSYZWFk]b£h�WcU¶R][gRSbdR]hNJ�ó¼U\CXhNRSbVUªTdEHUXe)CXhN[][HGNT �SeNz ï E]U?U\P¸R�mHTdEHUªWcU\hDm]hN[]k)TdEHUªGKbVTVWcY²CcE�h�WdU
bdR]CcE�óSYZWck]b\z ï EHU$U\P¸R�Yab�hN[ �ºR]bdTVWchNJaYahN[¸óSYZWFk�z ï E]U
WcU\h¶JaYZ`NU\b�Ya["BDGKRHTdE �ºP�UXWcYaCXhDz ï EHU$GKbVTVWFYaCcE
JaYZ`NU\b!Ya[ �ºMöWcYaCXh�hN[]k)WcRS[]b�`NUXWde)MöhNbdTXz

�5ä�� í��&ì å�é�å%æ � ç �  �îæ ê$���! �ë��� �&ìÆç�ê � ��ç.åNí ��� ���

ï EHUºWdUXQ]WdU\bdU\[�Tdh�TdYZGK[)bVTVWFR]C^TdRHWdU\b
ó]WcYaU��Se�U^÷IQSJ²hNYa[HU\k�QLUXWcP"YZT5TdEHUyhNRHTVGKP�h�TVU\k´hNC��IR]YabdYaTdYZGK[�GNM7ôD[HG�õ¦J��
U\k v U.MøWdGKP []h�TdRHWchNJ£JahN[ v R]h v UNz)ú
U\bdYakHU\b­TdEHU�GNóI`IYZGKRSb­[HUXU\kÖMøGNW¸h´QSh�WcbVUXW¸hN[]kÆh+bVU\P�hN[gTdYaC�Ya[gTVUXW��
Q]WdUXTVUXW�moTdE]U.MöGKJaJZG�õ¦Ya[ v C^GKP�Q¼GK[]U\[�Tdb¸h�WdU)[HUXU\kHU\k 	�hûiHGNWcP�h�TdYZGK[
hNJ v GNWFYZTdE]P@TdESh�T¸C^GK[]bdTVWcR]C^Tdb¸TdEHU
ù�[]hNJ±ôI[]G�õ¦JZU\k v U¶WdUXQ]WdU\bdU\[�Tdh�TdYZGK[+MöWdGKP TdE]U®JZG v YaCXhNJ±MøGNWFP�bXm�hN[Sk&hN[ 	|[gTVU v Wch�TdYZGK[ûhNJ v GNWcYZTdESP õ¦E]Y²CcE
Ya[gTVU v Wch�TVU\b�TdEHU � � bVTVWcR]C^TdR]WdU\bjYa[�n ï � ñ�JZGK[ v � TVUXWcP P�U\P�GNWde]òFz ï EHU 	¡[�TVU v Wch�TdYaGK[�hNJ v GNWcYZTdESP []UXU\k]b

t\r



TVGûWdU\JZe GK[ �!U\C^G v []YZTdYaGK[èhN[]k O�JahNbcbdY�ù�CXh�TdYZGK[ ñ�ú£WFhNCcE]P�hN[ � BDCcESP�GKJZwXU�t��Ns��Kò­hNJ v GNWcYZTdE]P�b\z ï EHU
iHGNWcP"h�TdYZGK[ÖhNJ v GNWFYZTdE]P TVWchN[SbVMøGNWFP�bªTdEHU"JaG v YaCXhNJ5MöGNWcP�b¶Y²[�TVG�TdE]U�ù�[]hNJjôD[HG�õºJZU\k v U�WdUXQSWdU\bVU\[gTdh�TdYZGK[
bVTVWcRSC^TdRHWdU\bXz ï E]Y²b­Yab¶hûkHUXTVUXWcP"Ya[]YabVTdY²C¸P�U\CcE]hN[]Y²bdP´moõ¦E]YaCFEÖYab­Wch�TdEHUXW®bcYaP�QSJZU�óLU\CXhNR]bdU"WdU\bVTVWFYaC^TdYZ`NU
P�GDk]Y�ùSUXWFb5h�WdUyhNJZWdU\hNkHe�C^GKJaJ²h�QSbVU\k"Y²[�TVG�bdYa[ v JaU¦C^GK[]C^UXQ]Tdb
óIe�GKRHW
bdU\P�hN[�TdY²CºYa[gTVUXWdQ]WcUXTVUXW\z ï EgRSbXm � �?JaJ
óSh�Tdb�TdE]h�T!J²YZ`NU?Y²[.TdE]U?TVWcGNQSYaCXb�E]h\`NUªMöGIGIk)hNJaJ¼eNU\h�W¦h�WdGKRS[]k�m"!¸óLU\C^GKP�U\b � hNJaJ�	¸tªESh\`NUªMöGgGDk)hNJaJ¼eNU\h�W
h�WdGKR][Sk�m"!�õ¦EHUXWdU 	�t¶C^GK[gTdhNYa[]b$TdE]U¶WdUXQ]WdU\bdU\[�Tdh�TdYZGK[�GNM � ó�h�Tdb!TdE]h�T¦J²YZ`NU¶Ya[)TdEHUªTVWdGNQ�YaCXbXz"!

ï EHU �¦U\C^G v []YZTdYZGK[ûhNJ v GNWcYZTdESP Yabº[HUXU\kHU\k&bdG"TdE]h�TyC^GK[]C^UXQ]Tdb?hN[]k+WdU\Jah�TdYZGK[]bºhNJZWdU\hNkHe´Ya[+n ï � h�WdU
[HGNT´bVTVGNWdU\k(h v hNYa[(R][SkHUXW�kSY��¼UXWcU\[�T)[HGDkHU\bXz ï EIR]bXm$TdEHU 	¡[�TVU v Wch�TdYaGK[0hNJ v GNWcYZTdE]P�GK[]JZe bdTVGNWdU\b´Ya[
n ï ��TdEHGKbVU�C^GK[]C^UXQ]Tdb®hN[]k�WdU\Jah�TdYaGK[]byTdE]h�TªTdEHU �¦U\C^G v []YZTdYZGK[ÆhNJ v GNWcYZTdE]P M�hNYaJab?TVG�WdU\C^G v [SYZwXUNz ï EHU
WdU\C^G v []YaTdYZGK[�GNM
bcYa[ v JZU�õ
GNWck C^GK[]C^UXQ]Tdb®Yabªh)Wch�TdEHUXWªTVWcYa`IYahNJoTdhNbVô¼m±ó�RHTyTdEHU�WdU\C^G v []YZTdYaGK[�GNM£QSE]WchNbdhNJ
C^GK[]C^UXQ]Tdb\mgTdEHGKbdU¦WdUXQ]WcU\bVU\[�TVU\k.óIe�RSbdYa[ v h � � bdJZGNTXmIYab·P�GNWdU¦CcEShNJaJZU\[ v Ya[ v m�WdU��IR]YZWcY²[ v TdEHUº[HUXU\k"GNM�TdEHU
O�JahNbcbdY�ùSUXW\z ï E]YabºhNC^TdYZ`%h�TVU\b­hN[+hNJ v GNWFYZTdE]P´mLCXhNJaJZU\k O
GKP�QSh�WcU �|O�JahNbdbVU\b?TdE]h�T?WdUXTdRHWF[]b¦MöGNWyT«õ
G v YZ`NU\[
QSEHWFhNbdhNJ�C^GK[]C^UXQ]TdbXmobdh\e 	�t�hN[]k 	ªrIm�õºEHUXTdEHUXW 	�t�Yabªh�bdR]óLC^GK[SC^UXQ]TyGNM 	ªrIm 	ªr´Yabªh&bdRHó�C^GK[]C^UXQ]T
GNM 	¸t�m¼óLGNTdE 	�t­hN[]k 	yr"h�WdU®bdR]óLC^GK[SC^UXQ]Tdb$GNM�U\hNCcE+GNTdEHUXW\m�GNW¦TdEHUXWcU®Yab![]G"bdRHóSbcR]P�Q]TdYZGK[)WcU\Jah�TdYZGK[
óLUXT«õ
UXU\[ 	�t�hN[]k 	yrIz ï õ
GÖC^GK[]C^UXQ]Tdb�h�WdU&Yak]U\[�TdYaCXhNJ¦YZMºTdE]UXe
h�WcU&bdRHó�C^GK[]C^UXQ]Tdb�GNM?U\hNCFE GNTdE]UXW\z
ú
U\CXhNR]bVU�TdEHU ���¦n hNJ²JZG�õ¦b.MöGNW�TdE]U+WdUXQSWdU\bVU\[gTdh�TdYZGK[ GNM­[��«h�Wde WcU\Jah�TdYZGK[]bXm$TdE]UÆO�GKP�QSh�WdU �|O�J²hNbdbVU\b
hNJ v GNWcYaTdE]P E]hNb�h P�GNWdU�kSY��.CXR]JZT¸TdhNbVôîTdE]hN[ YZMºTdEHU´WdU\Jah�TdYaGK[]b¸õ£UXWdU&GK[]JZeÖó�Ya[]h�WdeNz � G�õ£UX`NUXW\m�õ
U
E]h�`NU�[]GNT.[HGNTdYaC^U\k hN[ge kHU\Jah�e Ya[ TdYaP�U+Ya[ TdEHU+TVU\bdTdb.õ
U�E]h\`NUûQLUXWdMøGNWFP�U\k�z ñ BIUXU�k]YabdCXRSbdbdYZGK[ GNM
WdU\bdRSJZTdb�óLU\JZG�õ¶z¤ò ï EHU¶hNJ v GNWcYZTdESP CXJahNbdbdY�ù�U\b�TdEHU­C^GK[]C^UXQ]T � � 
 � ��� ����� ��� � � 
 � ��� � �!� � ��� � � ����� hNb¦h
bdRHó�C^GK[]C^UXQST$GNM�� �'�������
��� ��� 
 � ��� � �4� ����� � � 
���� �  � m¼YZM � �?P�UXWcY²CXhN[�!�hN[]k � MöGNWdô�!"h�WdU®Ya[�n ï �<hNb
bdRHó�C^GK[]C^UXQSTdb$GNM � EIR]P�hN[ !�hN[]k � RHTVU\[]bcYaJ m"!�WdU\bVQLU\C^TdYZ`NU\JaeNz

ú£U\CXhNRSbVU¶TdEHU ���ºn hNJaJZG�õºb�MøGNW!h�k]YZ`NUXWFbVUªCXJahNbdb�GNM �IR]hN[gTdY�ùSUXWcb\mIWcU\Jah�TdYZGK[]b�Ya[)bdRHQLUXWcC^GK[SC^UXQ]Tdb�CXhN[��
[HGNTºó¼U¸hNRHTVGKP�h�TdYaCXhNJ²JZe�Ya[]EHUXWFYZTVU\k´óIe�bdRHó�C^GK[]C^UXQ]TdbXzºlª[]JZe�TdEHGKbVU¸WdU\Jah�TdYZGK[]b¦õ¦EHGKbVU¸h�W v R]P�U\[gTdbyh�WdU

t\p



R][]Ya`NUXWcbdhNJaJZe �IR]hN[�TdYZùSU\k�mIGNW£TdEHGKbdU?TdESh�T£óLU\JZGK[ v TVG¸h � � bdJZGNT£h�WcUyY²[]EHUXWcYZTVU\k�óge"bcRHó�C^GK[]C^UXQ]TdbXz ï EIR]bXm
TdEHU$WdU\J²h�TdYZGK[ � U\h�T·QSJ²hN[HôgTVGK[ !ªYa[¸TdEHU!C^GK[]C^UXQ]T � õºE]hNJZU�!¶CXhN[][]GNT�ó¼U!Y²[]EHUXWcYZTVU\k®óIe®TdEHUºC^GK[]C^UXQ]T � óLU\J��
R v hDm"!¸h¶bdRHó�C^GK[]C^UXQST�GNM � õºE]hNJZUNz"! ï EHUºO�J²hNbdbdY�ùSUXW�TVWcU\h�Tdb·hNJaJ��IR]hN[gTdY�ùSUXWcbjTdESh�T£h�WdU¦[]GNT·R][]YZ`NUXWFbdhNJHhNb
U^÷HYabVTVU\[gTdYahNJ��gR]hN[gTdY�ùSUXWFbXz � G�õ
UX`NUXW\mgbdGKP�U
Y²[]k]R]C^TdYZ`NU
hNJ v GNWcYZTdESP�b±TdESh�Tjh�WcU�[]G�õ R][]kHUXWoC^GK[]bVTVWcRSC^TdYZGK[
kHG�R]bdUªTdEHU­C^GK[gTVU\[�TºGNMoTdE]U\bVU��gRShN[�TdY�ù�UXWcb$TVG�U\bVTdh�ó�JaYabdE´bVGKP�UªGNMoTdE]U¶Ya[HMöUXWdU\[]C^U\bXz

�jä�å%æ 
& �é� �æ í�å�æ �

ï EHUXWcU.h�WdU.TdEHWdUXU.JaUX`NU\Jab­GNM!Y²[HMøUXWcU\[]CXYa[ v Ya[ÖTdEHU�� �¦n5z ï EHU�O$JahNbdbdY�ù�UXW\m±õ¦ESYaCcEÖôNUXUXQSb�n ï ��GNW v h��
[]YZwXU\k7mIYab·TdEHUyP�hNYa[�Ya[HMöUXWdU\[]C^UºP�U\CcE]hN[]Y²bdP õºYZTdE]Ya[�TdE]U ���ºn5zIú£U\CXhNRSbVUªTdEHGKbVUyJZG v YaCXhNJ�MøGNWFP�b·õºEHGKbVU
ùSWcbdT�h�W v R]P�U\[gT"Yab�U^÷HYabVTVU\[gTdYahNJaJZe �gR]hN[gTdY�ùSU\k h�WcU´WdUXQ]WdU\bVU\[gTVU\k hNb�CXJ²hNbdbdY�ù�CXh�TdYaGK[ E]YZUXWch�WcCFE]YZU\bXm£TdEHU
O�JahNbcbdY�ùSUXW?hNJaJZG�õºbºTdE]U�k]U\k]R]C^TdYZGK[ûGNM£C^GKP�QSJZU^÷+Ya[]MøUXWdU\[SC^U\bºóIe $dR]bVT?ôNUXUXQSYa[ v n ï � GNW v hN[]YZwXU\k�z¶i]GNW
Ya[]bdTdhN[]C^UNm�BDðªl�� � õºYaJaJ¼Ya[HMöUXW
TdESh�T!bVGKP�U¶QSh�WcWdGNTdb$h�WdUªU\[]k]hN[ v UXWdU\k)MøWcGKP � �ºJ²J�Q�h�WdWdGNTdb!h�WdUªó�YZWck]bXz
�?JaJ�óSYZWFk]b�TdE]h�T¦JaYa`NU­Ya[´TdEHU­WchNYa[´MöGNWdU\bVT?h�WdU¶U\[]k]hN[ v UXWdU\k�z �+hN[ge´QSh�WdWdGNTdbºJaYZ`NU­Y²[)TdEHU­WchNY²[´MøGNWcU\bVTXz"!
ï E]Y²b?Y²[HMøUXWcU\[]C^U¸Y²byQ¼GKbcbdYZóSJZU®óLU\CXhNR]bVU � �+hN[ge�QSh�WdWdGNTdbªJ²YZ`NU�Ya[ûTdEHU�WchNYa[ûMöGNWdU\bVT !�Yab?WdUXQSWdU\bVU\[gTVU\kÆhNb
h�Q�EHWchNbdhNJ5C^GK[SC^UXQ]TXm�[]hNP�U\JZe ����� � � � � ��� � � � � ��� ������� � � 	���� mjõ¦EHUXWdU � 	 YabªTdEHU.WdU\Jah�TdYZGK[ � JaYZ`NU"Ya[ÆWchNYa[
MöGNWdU\bVTXz"! ï E]UªO�J²hNbdbdY�ùSUXW
õ¦YaJ²JSYa[]bdUXWdT·TdE]Y²b
C^GK[SC^UXQ]T$R][]kHUXW 	�t�m � ó�YZWck]b£TdE]h�T$JaYZ`NUyYa[�TdEHUyWchNYa[.MøGNWcU\bVT !
hN[]k�RS[]kHUXW$TdEHU¶C^GK[]C^UXQST � QSh�WdWdGNTXm"!.hNb¦Ya[Sk]YaCXh�TVU\k)Ya[)ù v R]WdU �Hz

�ºboYabobVTdhN[]k]h�Wck7m%TdE]U�O�JahNbcbdY�ùSUXWoYab±hNJabdG?R]bdU\k¶óIe¶TdEHU �ªRHU\bVTdYZGK[�� �?[]bVõ
UXWcYa[ v C^GKP�QLGK[HU\[gT�TVGyhN[]bVõ
UXW
�IRHU\bVTdYZGK[]b­h�ó¼GKR]T¶C^GK[]C^UXQ]Tdb®TdE]h�T­kHG&[]GNT¶U^÷DY²bVT­Ya[ n ï �èm±hNb¶õ
GKR]JakÆó¼U�TdE]U"CXhNbVU.YaM£GK[HU.hNbVôIb­TdEHU
�IRHU\bVTdYZGK[ � �¦WcU
õºE]hNJZU\b�TdE]h�T�JaYZ`NU£Y²[­TdEHU �?[�Tdh�WcC^TdY²C£U\[Sk]hN[ v UXWdU\k
	 ! v YZ`NU\[ � �ºJaJIõ¦EShNJZU\b�h�WcU
hN[]Y²P�hNJabXz
�?JaJ±hN[]Y²P�hNJab$TdE]h�TyJaYZ`NU®Ya[´TdEHU �º[gTdh�WcC^TdYaC®h�WdU¸U\[]k]hN[ v UXWdU\k7m"!"Ya[&õ¦E]YaCFE�TdEHU¸C^GK[]C^UXQ]T � õ¦E]hNJZU\b¦TdE]h�T
JaYZ`NU¶Y²[)TdEHU �º[gTdh�WcC^TdYaC�!.kHGIU\b![HGNT!U^÷HYabVT!Ya[´n ï �èz

� bVU\C^GK[]k�TfegQLUyGNM±kHU\k]RSC^TdYZGK[.Y²b£ó�hNbVU\k�GK[�Y²[HMøUXWcU\[]C^UºWFR]JZU\b£õ¦YZTdE�hNJaJSTdE]U\YZW£`�h�WcYah�ó�JZU\b£RS[]YZ`NUXWcbdhNJ²JZe
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(state (endangered))
PARROT

BIRD

is-ais-a

is-a is-a

X2 (cf (is-a (parrot) (X1)))

X1 (cf (is-a (bird)) (a ))j

ijY v RHWdU ��	 ï E]U?WcUXQ]WdU\bVU\[gTdh�TdYZGK[)GNM � �ºJaJ¼QSh�WcWdGNTdb$h�WdUyóSYZWckSbXz �?JaJ¼óSYZWFk]b·TdESh�T!JaYZ`NUyYa[�TdEHUªWchNYa[�MöGNWdU\bVTh�WdU¶U\[Sk]hN[ v UXWdU\k�z �ûhN[ge�Q�h�WdWdGNTdb!JaYa`NU¶Ya[)TdEHU¶WchNY²[)MøGNWdU\bdTXz"!

�IR]hN[�TdYZùSU\k�z ï E]U´ôI[HG�õ¦JZU\k v U+Ya[ bVU\[gTVU\[]C^U\b.bcR]CcE hNb � �º[SYaP�hNJab�U\h�T"õ¦E]h�T�TdEHUXe JaYaôNUNm"!ÖGNW � ï EHU
k]YZUXTyGNM£WchNCXC^GgGK[Sb¶Yab?TdEHU�bdhNP�U�hNbyTdEHU�kSYZUXTyGNM·óLU\h�Wcb !�WdU��IR]YZWdU¸WcR]JaU\b¦TVG´óLU�CXh�Q]TdRHWdU\k7z ï EHU ���ºn
E]hNb!bdGKP�U¶GNMjTdEHU\bVU¶WFR]JZU\b$bVTVGNWdU\k&Ya[´TdEHU¶E]YaUXWch�WcCcEge�GNMjY²[]YZTdYahNJL[HGKP�Y²[]hNJLC^GK[]C^UXQ]Tdb?hN[]k�bVGKP�U®Ya[)TdEHU
`NUXWdóShNJ±C^GK[]C^UXQ]TdbXz ï EgRSbXmDTdEHU¶WcR]JaU

��	 @��4�D��F ������� ��FE: 	�9�9�: � ;���� ��FE: �E���EC �����
	8;���� >4@�C�F��AF�6�C�
�> �����
	 ;��E�

Yab®bdTVGNWdU\k
R][]kHUXW¸TdEHU)C^GK[]C^UXQ]T � EgRSP�hN[�!�hN[]kîYab®Y²[]EHUXWcYZTVU\kÖMøWcGKP hNJ²J£YZTdb¸bdRHó�C^GK[]C^UXQSTdbXz lyTdEHUXW
WcR]JaU\b!h�WdU®bdTVGNWdU\k�GK[+TdEHU­`NUXWcóShNJ±C^GK[]C^UXQSTdbXz ï EHU¶WcRSJZU\b$óLU\JZG�õ h�WdU®bdTVGNWdU\k&GK[&TdEHU � � ������� 
 m � � ! 
�� � m
hN[]k � � � � 
 Q]WdU\k]YaCXh�TVU\b\m]WdU\bVQLU\C^TdYZ`NU\JZeNz ï EHU\bVUªWcR]JaU\b$h�WdUªùSWdU\k´Y²[´h�óShNCdôIõ�h�Wck�M�hNbdE]YZGK[7z


 � �
	 <E=E94:����3C ������	��
;�� �
F�: 7���:E�3	�93= ����;�	������
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	 �3��� 
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ï EHU\bVU?WcR]JZU\b
h�WdUyóLU\Ya[ v RSbVU\k)[HGNT�GK[]JZe�TVG�U\bVTdh�óSJaY²bdE.Y²[HMøUXWcU\[]C^U\bXmIóSRHT£hNJ²bVG®TVG�U\bVTdh�ó�JaYabdE.U^÷IQ�JahN[]h��
TVGNWdeÖC^GK[S[HU\C^TdYZGK[]b®óLUXT«õ
UXU\[ bVU\[�TVU\[SC^U\bXzûi]GNW�Y²[]bVTdhN[]C^UNm�WcRSJZU\b �®t�m �ºr+hN[]k �?p�h�WdU)R]bVU\kèTVG+ù�[]k
GKRHT
TdEHUyC^GK[][HU\C^TdYZGK[]b
óLUXT«õ
UXU\[)TdEHUºùSWcbVT
hN[]k�bVU\C^GK[]k)bVU\[gTVU\[]C^U\b$Ya[�TdE]U?U^÷HhNP�QSJaU\b?ñ¡t�òFm±ñ rKò£hN[]k�ñ pKò

t��



óLU\JZG�õ­z

ñ¡t�ò!O�h�Wcb!h�WcU¶óShNk´MöGNW!QLUXGNQSJZUNz ï E]UXe.Q]WcGIk]RSC^U?QLGKJaJ²RHTdYZGK[�z
ñ rKò �+hN[ge v UXWcP�b!U\[�TVUXW?hN[]YaP�hNJab\z ï EHUXe�h�WcU­Ya[)TdEHUªMöGgGDk´TdEHUXe)U\h�TXzñ pKò!BIGKP�U v UXWFP�b!h�WdU¶ó�hNk´MøGNWºEgR]P"hN[]bXz ï EHUXe)CXhNR]bVU¶Y²[HMøU\C^TdYaGK[]b!Ya[´EIR]P�hN[]b\z

n7U\h�Wc[]Y²[ v TdEHU£C^GK[S[HU\C^TdYZGK[­J²Ya[HôDYa[ v U\hNCcE®QShNYZW7GNM]bdU\[�TVU\[]C^U\boYab�U\bcbVU\[�TdY²hNJ�YZMDTdEHU·bdeIbVTVU\P Yab�TVG?hN[]bVõ
UXW
TdEHU �IRHU\bVTdYZGK[ � �(E�e h�WdU�CXh�WFbyóShNk�MøGNW­Q¼UXGNQ�JZUNm"!)GNW � � G�õ=kHG v UXWcP"bªU\[�TVUXW®hN[]YaP�hNJab\z"! � U"E]h�`NU
CXh�TVU v GNWcYZwXU\k TdEHU\bVU)WcR]JaU\b¸Y²[�TVG�T«õ
GÖ[HGNT�k]Y²CcEHGNTVGKP�GKRSb�CXJahNbdbVU\bXm
CXhNJaJZU\k
hN[]hNJZeITdYaCXhNJ$hN[]kîU\P�Q�YZWcYaCXhNJ
WcR]JaU\bXm5óShNbVU\k
GK[
TdE]U´QSE]YaJZGKbdGNQSE]YaCXhNJ£k]YabVTdYa[SC^TdYZGK[ÖóLUXTfõ£UXU\[ hN[ShNJZegTdY²CXhNJ$hN[]k
U\P�QSYZWFYaCXhNJ�bVU\[�TVU\[SC^U\bXz
ñ BIUXU�O�h�Wc[]h�Q  {b�� 
 ��� � � ! ��� ��� 
 � 
�� � ��� . ñ O�h�WF[]h�Q t����NuKò­MöGNW¸hûkHUXMöU\[]bVU.GNM$TdEHU�kSYabVTdYa[]C^TdYaGK[ÆhN[]k
�yR]Y²[HU� {b � � ��� �"!���� � ñ��yR]Ya[HU�t����NpKò?MöGNWyh)C^WcYaTdY �gR]UNz¤ò 	¡[ ñ � GKP�UXw�t����NuKòFm7TdE]U¸WcU\hNkHUXWªP�h\e&ù�[]k
h+Tdh%÷IGK[HGKP®eÆGNM!U^÷DQSJahN[Sh�TVGNWdeÆJaYa[HôDb¶C^GK[][]U\C^TdYa[ v bVU\[�TVU\[SC^U\b¸hN[Skèhûk]YabdCXRSbdbdYZGK[ GNM$TdE]U.ôD[HG�õºJZU\k v U
[HUXU\kHU\k�TVG"YakHU\[gTdYZMöe"TdEHU­C^GK[S[HU\C^TdYZGK[]bXz
�!U\C^U\[gTdJZeNm]õ¦EHU\[)õ
U¶h�Q]QSJ²YZU\k�TdEHU¶bVeDbVTVU\P TVG�TdEHU¶hNC��IR]YabcYZTdYZGK[�GNM�ôD[HG�õ¦JZU\k v UªMöWdGKP U\[]C^eDCXJZGNQLU\k]YaC
TVU^÷DTdbXm7õ
U¸WcUXQ]WdU\bVU\[gTVU\k hN[]kûGNW v hN[]YZwXU\k�TdE]U¸WFR]JZU\byk]Y��LUXWdU\[gTdJZe�Ya[ûGNWckHUXWyTVG�bVQLUXU\k�RHQûTdEHU�bVeDbVTVU\P´z
	¡[
TdE]Yab�C^GK[gTVU^÷ITXm!YZT�óLU\CXhNP�U�U\bcbVU\[�TdY²hNJ$TVGÆYa[HMöUXW�TdE]h�T�óShNJak
U\h v JaU\b�U\h�T"C^GIGNTdb�MöWdGKP WdU\hNkSYa[ v TdEHU
bVU\[gTVU\[]C^U � ú
hNJ²k"U\h v JZU\b�CXh�TdCFE´C^GgGNTdbXm"!¸GNW
TdE]h�T
ó¼U\h�WFb5U\h�T
WdGgGNTdb
MöWdGKP � ú
U\h�Wcb�k]Y v RHQ"WcGgGNTdbXz"! ï E]Yab
Yab�YaP�QLGNWdTdhN[gT�YZM7TdEHUªbVeDbVTVU\P Yab
WdU\hNkSYa[ v hN[)U\[]C^eICXJaGNQ¼U\kSYaCºh�WcTdYaCXJZUNmDMøGNW$ó�R]YaJak]Y²[ v h¸ôI[HG�õ¦JZU\k v U � ó�hNbVU
GK[îTdEHU � �Se�!ûh�óLGKRHT¸TdEHU´k]YZUXT¸GNM¦hN[]Y²P�hNJabXm5Ya[èGNWckHUXW�TVG hN[]bVõ
UXW�h�R]bVUXW� {b �IRHU\bVTdYZGK[
h�óLGKRHT¸õ¦E]h�T
U\h v JZU\b�GNW�óLU\h�Wcb£U\h�TXz 	|[ ñ � GKP�UXwNm � R]J²J m � BIU v hNP�Yot������gò
GK[HUyCXhN[.ù�[]k�h®CXJ²hNbdbdY�ù�CXh�TdYaGK["GNM7`NUXWcóShNJ
C^GK[]C^UXQ]Tdb¶WdU\Jah�TVU\k�TVG´TdEHU�k]YZUXT?GNM£hN[SYaP�hNJabyhN[]kûTdEHU�Ya[]MøUXWdU\[SC^U\bºTdESh�T?TdE]U\bVU�`NUXWdóShNJjC^GK[]C^UXQ]Tdb­P�h\e
TVWcY vNv UXW�z ï EHUyWdUXQ]WdU\bdU\[�Tdh�TdYZGK[)GNM�TdEHUªYa[HMöUXWdU\[]C^U?MøGNW$TdE]U?QSWdU\k]YaCXh�TVU � 
 ��� 
 � ��� �����  Y²b v Ya`NU\[´Ya[.ù v RHWdU
�Iz ï E]U?Ya[]MøUXWdU\[SC^UyY²b
Y²[.TdE]UybcJZGNT � � ���������
� � ���  
�� z � U­E]h\`NU¶Y²[]k]YaCXh�TVU\k�TdEHUªbVU\JZU\C^TdYaGK[]hNJLWdU\bVTVWcY²C^TdYZGK[]b
MöGNW!TdEHU ��� �
	 
 � � hN[]k ��� �"
"� � ���
	 
 � � GNMoTdEHU¶bVU\[gTVU\[]C^UNz ï EHU¶Ya[HMöUXWdU\[]C^UyGK[]JZe.Tdh�ôNU\b¦Q�JahNC^U¶YZM±TdE]U¶hNC^TVGNW
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ijY v RHWdU � 	 ï EHUªWdUXQ]WdU\bdU\[�Tdh�TdYZGK[&GNM�TdE]U­Ya[HMöUXWdU\[]C^UyMöGNW¦TdEHUªQ]WcU\k]YaCXh�TVU¶bVU\YZwXU �«hN[SYaP�hNJ

GNM$TdEHU.Q]WdU\k]YaCXh�TVU.Yab­[HGNT¸h&bdR]óLC^GK[SC^UXQ]TªGNM � EgRSP�hN[�m"!ûóLU\CXhNR]bVU"EIR]P�hN[]b®kHG&[HGNT¸[HU\C^U\bdbdh�WFYaJZe�U\h�T
TdEHGKbVU.hN[]YaP�hNJab¶TdE]h�T¶TdEHUXe CXh�TdCcE7z ï E]U\bVU"Ya[HMöUXWdU\[]C^U�WFR]JZU\bªh�WdU"Y²[]EHUXWcYZTVU\k�óIeû`NUXWdóShNJ·bcRHó�C^GK[]C^UXQ]Tdb
MöWdGKP `NUXWdóShNJ±bdRHQLUXWcC^GK[]C^UXQ]Tdb\z

�jä�é� $�jì ��ç��

	¡[ �ºQ]WcYaJ�t������HmLõ
U®h�Q]QSJ²YZU\k)TdEHU®P�GIkHU\J±ó]WcYZU���e.kHU\bdC^WFYZóLU\k�EHUXWdU¶TVG�TdEHU­hNC��IR]YabcYZTdYZGK[´GNM�ôD[HG�õºJZU\k v U
MöWdGKP U\[]C^eDCXJZGNQLU\k]YaC®TVU^÷ITdbXz ï EHU�U\[]C^eDCXJZGNQLU\k]Yah�CcE]GKbVU\[ õ�hNbªTdEHU � � 

	 � �  ���%��� � � � ��. �  � ��
 �����
ñ
� GNWcJak¸ú
GgGNô¼m�	¡[]C�zZm�O�E]YaCXh v GHmHt��Ns��gz¤òFmKõ¦ESYaCcE®Yab7GK[HU£GNW�Tfõ£GªJZUX`NU\J²b±JZU\bdboC^GKP�QSJaU^÷yTdEShN[­TdEHU�
 �   � 
 ��� �
� � ��. �  � ��
 ����� z ï EHU v GKhNJHõ�hNbjTVGªóSR]YaJak®h?ôI[HG�õ¦JZU\k v U�óShNbdU!h�ó¼GKR]T�TdEHU!kSYZUXTohN[Sk¸ESh�óSYZTdh�TjGNM�hN[]Y²P�hNJab
óIe­WdU\hNk]Y²[ v hN[�h�WdTdY²CXJZU$Ya[­TdE]U
U\[SC^eICXJZGNQLU\k]Y²hDm�hN[Sk®TdE]U\[�hN[]bVõ
UXWcYa[ v �gR]U\bVTdYZGK[]bjR]bdY²[ v TdEHU�ôD[HG�õºJZU\k v U
óShNbVU£C^GK[]bVTVWcR]C^TVU\k7z ï EHU�U\[gTdYZWdU·U\[]C^eICXJaGNQ¼U\kSYah�Yab7hNCXC^U\bdbVU\k®MöWdGKP¾hºO�� � �!l � kHWcYa`NUNm�hN[]kªTdE]U·bVeDbVTVU\P
õ�hNb®TVWFhNYa[HU\kÖRSbdYa[ v t �ûh�WdTdYaCXJaU\bXz ï EHU\[�mjTVU\bVTdb¸õ
UXWdU.C^GK[Sk]R]C^TVU\kîógeÆbdU\JZU\C^TdYa[ v h�WdTdYaCXJZU\b­WchN[]kHGKP�Jae
Tdh�ôNU\[îMøWcGKP TdEHU�U\[]C^eDCXJZGNQLU\k]YahDz � Q]WcUXQ]WdGDC^U\bdbVGNW­õ�hNb�R]bVU\kèTVG&WdU\C^G v [SYZwXU)Q]WdGNQLUXW­[]hNP�U\b\mjkSh�TVU\b
hN[]kûbVGKP�U¸QSR][]C^TdRSh�TdYZGK[&bVeDP®ó¼GKJ²bXz ï E]U\[�m�h�bVôDYaP�P�UXW?bVU\JZU\C^TVU\k�bVU\[gTVU\[]C^U\byWdU\Jah�TVU\kûTVG�TdEHU®TVGNQ�YaCXbXz
ï EHGKbdU®bVU\[gTVU\[]C^U\bªCcE]GKbVU\[ûóge´TdEHU�bVôDYaP�P�UXWºõ£UXWcU®TdEHU\[+QSh�WcbdU\k�m�Ya[gTVUXWdQ]WcUXTVU\k�m�MöGNWcP�U\k7m�WdU\C^G v [SYZwXU\k
hN[]k�Y²[�TVU v Wch�TVU\kûYa[gTVG�n ï �Öz ï EHUªQSh�WFbVUXW¦C^GK[gTdhNYa[]b¦h"JZU^÷DY²C^GK[´GNM�� �Dm½uDt ��õ
GNWck]b¦hNb!GNMjTdE]Yab$õ¦WcYZTdYa[ v z
ï EHU!bdeIbVTVU\P=hNCXC^U\bdbVU\b
TdEHU¦kSh�Tdh­Ya[�TdEHUºJZU^÷DY²C^GK[�TdEHWdGKR v E"h­CXJaYZU\[gT5hN[]k�h®bVUXWd`NUXW\mgõ¦E]YaCFE�h�WdU!õ¦WcYZTVTVU\[

t �



Ya[ � UXWFJ z �·hNCFE�Y²[]bVTdhN[]C^UºGNM7TdEHUºbdeIbVTVU\P bVTdh�WcTdb
YaTdb·G�õ¦[.CXJ²YZU\[�T
hN[]k�CXh�Q]TdRHWdU\b�YZTdb
Ya[HQSR]T5hN[]k"GKR]TVQSRHT
bVTVWdU\hNP"b�R]bdYa[ v hyn±YabdQ®M�R][]C^TdYZGK[7z ï E]U
bVUXWc`NUXW·bVTVGNWdU\bjU\hNCFE�õ£GNWFk�hN[]k�YZTdboù�JZU
QLGKbdYZTdYZGK[¸Ya[¸hªkHóSP ù�JZUNz
�(EHU\[)BHðyl � � []UXU\k]b5TVG�JZGIGNô�RHQ"h®õ£GNWck7mgYZT·ùSWcbVT·CFEHU\CdôDb�YZTdb·CXhNCFEHUNz
ly[.h®P"YabdbXmIBH[HG�õ!e�hNbdôIb
YZTdb
CXJaYZU\[gT�TVG v UXT£TdEHU$õ£GNWFk�MøWcGKP TdEHU¦bVUXWc`NUXW\z ï EHU!bVUXWd`NUXW v UXTdb5TdEHU¦õ£GNWck  {bjù�JZU�QLGKbdYZTdYZGK[�MöWdGKP TdE]U!kHóSP
ù�JZU¶hN[Sk�bVUXUXôDb¦k]YZWcU\C^TdJZe.TVG.TdEHU¶õ
GNWck�Ya[�TdEHU­JZU^÷HYaC^GK[�z ï EHUªQSh�WcbVUXWºYab!h�TVGNQ �«k]G�õ¦[+hNJ v GNWcYZTdE]P TdE]h�T
R]bVU\b¸Tfõ£G bVTdhNCcôIb�TVG EHGKJakèTdEHU)[HGK[�� TVUXWcP"Ya[]hNJ
bVeIP®óLGKJab­hN[SkèTdE]U�hNC^TdYZGK[Sb¸hNbcbVGICXY²h�TVU\k
õ¦YZTdEèTdEHU\P´m
WdU\bVQLU\C^TdYZ`NU\JaeNz � h�WFbdYa[ v Yab�kHWcYZ`NU\[îP�GKbVTdJaeÖóIeÆTdEHU)õ£GNWFkîbcRHó�CXh�TVU v GNWcYZw\h�TdYZGK[]b�TdESh�T�h�WcU)bdTVGNWdU\k Ya[
TdEHU�JZU^÷HYaC^GK[�z ï EHU\bdU¸bdR]óLCXh�TVU v GNWFYZw\h�TdYZGK[]byh�WdU�QSR]bcEHU\k&GK[gTVG)TdEHU�bVTdhNCdôDbªhNbyTdEHUXeûh�WdU®U\[SC^GKR][�TVUXWcU\k
Ya[&TdEHU®bVU\[gTVU\[]C^UNz ï EHU­Q�h�WcbVUXW¦WcU\bVGKJZ`NU\b?hNJaJ v h�QSbºWdU\bdRSJZTdYa[ v MöWdGKP WdU\Jah�TdYZ`NU¸CXJahNR]bVU\b?hN[]k �gRHU\bdTdYZGK[]bXz
ú�RHTXm]YZT$kHGIU\b$[HGNT$WdU\bVGKJa`NU¶P�GIkSY�ùSUXW$h�TVTdhNCcE]P�U\[�TXm�õ¦E]YaCFE�Y²b�TdEHUªTdhNbVô�GNM�TdEHUªbVU\P"hN[�TdYaCªY²[�TVUXWdQSWdUXTVUXW\z
�yRHWcYa[ v Q�h�WcbdYa[ v m·TdEHU´QSh�WcbVUXW�RSbVU\b�h�óSR]YaJaT �«Ya[ÖTdh vNv UXW�TVG WdU\bVGKJa`NU�P�GNWdQSEHG �«bdeI[gTdhNC^TdYaC�hNP®óSY v R]YaT«eNz
ï EHUºTdh vNv UXW!Yab5ó�R]YaJZT5hNb
h®bdUXT£GNM7CXh�TVU v GNWcY²CXhNJLWcR]JZU\b·TdE]h�T
hNCXC^U\bcb£TdE]U?C^GK[gTVU\[�T�GNM�TdEHUybVTdhNCcôIb�hN[]k.TdEHU
bVU\[gTVU\[]C^U?ó¼U\Y²[ v QSh�WcbVU\k�TVG®kHU\CXYak]U¦h�óLGKRHT5TdEHU?CXh�TVU v GNWde�GNM7hªõ
GNWck�z �?b·GNMLTdE]Yab·õ!WcYZTdY²[ v mNTdEHU¦Q�h�WcbVUXW
Yab¸QSh�WcbcYa[ v C^GNWcWdU\C^TdJZeîsNr��<GNM!TdEHU´bVU\[gTVU\[]C^U\b�GNM¦TdE]U�U\[SC^eICXJZGNQLU\k]Y²h+CFEHGKbVU\[
WchN[]k]GKP�JZe MöWdGKP hN[�e
h�WdTdYaCXJaUNz ï EHU¦QSh�WFbVUXW£QSWdGIkSR]C^U\b·h­QSh�WdTdYahNJSQSh�WcbVUNmDP�U\hN[]Ya[ v h¶Q�h�WcbVUºY²[�õ¦E]Y²CcE"P�GIk]YZùSUXW£h�TVTdhNCFE]P�U\[gT
Yabª[HGNT­WdU\bVGKJZ`NU\k�z��&GDk]Y�ùSUXWªh�TVTdhNCFE]P�U\[gT¸Yab¶TdEHU�bVGKJZU�TdhNbVô�GNM�TdEHU"bdU\P�hN[�TdY²C�Ya[�TVUXWcQ]WdUXTVUXW.ñ � GKP�UXwNm
BIU v hNP�Y m � � R]JaJ�t������NòFmKõ¦E]YaCFE®k]U\hNJab±õºYZTdE­JZU^÷HYaCXhNJIhNP­ó�Y v R]YZTfeNm�h�TVTdhNCFEHU\b5P�GDk]Y�ù�UXWcb±hN[]k¸kHUXTVUXWcP"Ya[HU\b
TdEHU\P�h�TdY²CºWcGKJZU\bXz ï EHUªh�`NUXWch v U­TdYaP�UºTdh�ôNU\[´TVG�U\[gTdYZWdU\Jae�Q]WdGDC^U\bdb$h�bVU\[gTVU\[]C^UNmSYa[]CXJ²R]k]Ya[ v bVôIY²P�P�Ya[ v m
QSh�WcbcYa[ v mHYa[gTVUXWdQ]WdUXTdh�TdYZGK[7mIMöGNWcP�h�TdYaGK[�mHWdU\C^G v []YZTdYaGK[´hN[]k´Ya[gTVU v Wch�TdYZGK[�mHõ�hNb!h�óLGKRHT¦pIz½r�bVU\C^GK[]kSb$GK[�h
B � � �$O O�JahNbdbcYaCªP�hNCcESYa[HU"ñ�P�YaC^WcGgB � � �!O ��� � � w�O � _ ò�WcR][][]Y²[ v �?JaJZU v WcG.O
GKP�P�GK[+n±YabVQ±z ï EHU
h\`NUXWFh v U.JZU\[ v TdE�GNM�h´bVU\[gTVU\[]C^U"Ya[ûTdEHU�U\[SC^eICXJZGNQLU\k]Y²h�Y²b�t\u�õ£GNWckSbXz 	¡[�WdU\C^U\[gT¶TVU\bVTdbXm±TdEHU�h\`NUXWch v U
TdYaP�U$Yab�t�z½rybVU\C^GK[Sk]b�GK[�h � � � � ��� P"hNCcE]Ya[]UNz � kHUXTdhNYaJZU\k�k]Y²bdCXR]bdbdYaGK[¶GNM¼TdEHU\bVU�WdU\bdR]JaTdboCXhN[�ó¼U
MöGKR][]k
Ya[ ñ � GKP�UXwNm � R]JaJ m � BIU v hNP"Yºt������gòFz ï EHU�bVeIbdTVU\P õ�hNb®h�ó�JZU"TVG�Ya[gTVU v Wch�TVU�Y²[�TVGûn ï � r����Im£rNpNu
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hN[]YaP"hNJab5hN[]k"TdEHUºbVeDbVTVU\P  {b
hN[]bVõ
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TdEHU­h�WcTdYaCXJZU\bXz
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	 hNbdbdYabVT 	 v WcYa[]k]Y²[ v � Q]WdGDC^U\bdb
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�� �ºC^WdG�õ¦[]U\k�� U\h v JZUyJaYZ`NU �«Ya[ 	 h�T �«JaGIC 	 h�MøWFYaCXh � Yab �«hªU\h v JZUNmHhN[]k.hNJaJ
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hNJZGK[HU 	 h�T �«JZGDC 	 TVWdUXUNz
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Ya[ v U\bVT$óSJaGgGDk
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 ��� eNU\bXmobVGKP�U"P�GK[]ôNUXe�EShNb � U\[HU\P®eûCFEHUXUXTdhNEèEgeNU\[]h $dhNCdô�hNJ·JaUXGNQSh�Wck
JaYZGK[+ó¼U\CXhNRSbVU �ºP�GK[HôNUXeDbªYa[]E]h�óSYaT¦h�T �«JZGDC v WcGKR][]k
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JaYZGK[
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	¡[�C^GK[]CXJaR]bcYZGK[�mHõ
U­E]h\`NU¸h�W v RHU\k&TdE]h�Tºh � �¦nÖP¸R]bVT¦ó¼Uªó�hNbVU\k�GK[&TdEHU¶WdUXQ]WcU\bVU\[�Tdh�TdYaGK[&bVTVWcRSC^TdRHWdU\b
hN[]k®WdU\hNbVGK[]Y²[ v P�U\CcE]hN[]Y²bdP�bo[HU\C^U\bdbdh�Wde­TVGyRS[]kHUXWcbVTdhN[Sk­[]h�TdRHWFhNJgJahN[ v R]h v U$hN[]k®hNC��IR]YZWcU£ôD[HG�õºJZU\k v U
MöWdGKP YZTXz ï EHU ��� bVTVWcRSC^TdRHWdU\b�kHU\bdC^WcYaó¼U\k
h�WdU)óSY²hNbVU\k
ógeèTdEHU)TdhNbVôîTdE]h�T�TdEHUXe
Ya[�TVU\[SkèTVGÆbdUXWd`NUNm
[]hNP�U\Jae�hNC��IR]YZWcY²[ v ôD[HG�õ¦JZU\k v U¶MöWdGKP []h�TdR]WchNJ7JahN[ v RSh v UNz � U­E]h�`NU®hNJabVG�óSWcYZU��Se�kHU\bdC^WcYZóLU\k)h ���ºn
óShNbVU\k�GK[�TdE]Yabj`DYZUXõ¶zjijYa[]hNJaJaeNmNõ£U¦ESh\`NU¦QSWdG�`DYakHU\k�bVGKP�U!WdU\bdR]JaTdbjGNM¼TdESYab ���¦n+Ya[�TdEHU¦h�QSQSJaYaCXh�TdYZGK[�GNM
hNC��IR]YZWcYa[ v ôD[HG�õ¦JZU\k v U!MöWdGKP U\[]C^eICXJaGNQ¼U\kSYaC�TVU^÷ITdb\z£l?TdEHUXW5WdU\bcR]JZTdb5CXhN["ó¼U$MöGKR][]k"Ya[&ñ � R]JaJ � � GKP�UXw
t����NsKò·Ya[�õ¦E]Y²CcE�TdEHUºP�UXTdEHGDk]b5h�WdU?h�Q]QSJaYZU\k¸TVG®TdEHU¦hNC��IR]YabdYZTdYaGK[�GNMLóSYZG v Wch�QSESYaC
ôI[HG�õ¦JZU\k v U¦MøWdGKP TdEHU
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U\CXhNR]bVU�BDðªl�� � kHGIU\b¦[HGNT¦ESh\`NU®bdQ¼U\CXY²hNJaYZwXU\k´ôD[HG�õºJZU\k v UNm]õ
U
E]h�`NUºR]bVU\k"TVG­GKRHW£hNkH`%hN[gTdh v U?TdEHU¦M�hNC^T·TdE]h�T£TdEHU 	 ���  � �%��� � � ��� .
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"��� � kHGIU\b5[HGNT·QSWdU\bdRHQ]QLGKbVU
bVQLU\CXYahNJaYawXU\k�ôD[HG�õ¦JaU\k v U�Ya[&GNWFkHUXWyTVG�óLU¸R][]kHUXWcbdTVGgGDk�mLhN[]k�mLC^GK[]bVU��IRHU\[�TdJaeNm�TVG)hNC��IR]YZWcU®ôD[HG�õºJZU\k v U
MöWdGKP YZTXz ï E]U)bchNP�U�CXhN[][HGNT�óLU)bdhNYakîGNMºGNTdE]UXW�U\[]C^eICXJaGNQ¼U\kSYahNb�bdR]CcE hNb�TdEHU �!� ��� ��� � �#� � m
õ¦E]Y²CcE
hNbdbdRSP�U\bªP�GNWdU�ôD[HG�õ¦JaU\k v U�GK[�TdEHU�QSh�WdTyGNM·TdE]U�WdU\hNkHUXW\z 	fTyõ
GKR]JakûóLU¸Ya[gTVUXWdU\bVTdY²[ v TVG�Ya[�`NU\bdTdY v h�TVU
YZM®BDðªl � ��C^GKRSJak RS[]kHUXWcbVTdhN[Sk hN[(h�WdTdYaCXJZUNmºbdh\eNmºGK[ bdQSYakHUXWcb.Ya[ TdE]U � � � � ��� � ��� � óIe R]bdYa[ v TdEHU
ôD[HG�õ¦JaU\k v UyùSWcbVT!hNC��IR]YZWcU\k)óge)WdU\hNk]Y²[ v TdEHU­bVQSY²kHUXW$h�WdTdYaCXJZU¶Ya[)TdE]U 	 � �  � �%��� � � ��� .
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lyRHW v GKhNJ¼Yab·TVG¸hNC��IR]YZWdUºôI[]G�õ¦JZU\k v U¦MöWdGKP/U\[]C^eDCXJZGNQLU\k]YaC!TVU^÷ITdb�Ya[.h¶õ�h\e�TdE]h�T�Yab£R]bdh�óSJZUº[HGNT·GK[]Jae
óIeûBDðªl�� �¸mLóSR]T?hNJabdG.óIe+hN[ge&GNTdEHUXWyQ]WcG v WchNP´mLGNW¶h)EgR]P"hN[�m�WcU��gRHU\bdTdYa[ v QSYZU\C^U\b?GNM·ôD[HG�õºJZU\k v UNz
O
GK[]bdU��gRHU\[gTdJZeNm]TdE]U ��� bdTVWcR]C^TdRHWdU\b!Q]WdU\bVU\[gTVU\k&EHUXWcU¶E]h\`NUNm¼GNM�C^GKRHWcbVUNmSJ²YaP�YZTdh�TdYZGK[SbXz ï G�[]hNP�U $dR]bVT
GK[HUNmKTdE]UXe®h�WdU!Ya[ShNkHU��gRSh�TVU
TVGªWcUXQ]WdU\bVU\[gTjôI[HG�õ¦JZU\k v U!h�óLGKRHTjQ]WcGIC^U\bdbdU\b�hN[]k�bVeIbdTVU\P�bXz�iHGNW·Ya[SbVTdhN[]C^UNm
C^GK[]bdY²kHUXW$TdEHU¶MöGKJaJZG�õ¦Ya[ v QShNbdbch v U­kHU\bdC^WcYaóSYa[ v ù�bdE)WdU\bdQSYZWch�TdYZGK[ 	
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h�TVUXW¦Y²[�TVG�TdEHUªP�GKRHTdE7zji]WdGKP TdEHUªP�GKRHTdE7mIõ�h�TVUXW$U\[gTVUXWcb$TdEHUyQSE]h�WceI[D÷LzjiHWdGKP TdEHU
QSE]h�WdeD[D÷LmIõ�h�TVUXW¦Q�hNbdbVU\b¦Y²[�TVG�TdEHU v Y²JaJabXz �?b!õ�h�TVUXW �SG�õ¦b$G�`NUXW?TdEHU v YaJ²JabXmDG\÷De v U\[+Ya[)TdEHU¶õ�h�TVUXWQShNbdbVU\b�TdE]WdGKR v E
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