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Effect of minor and major perturbations on a 10 unit network.
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Þ�ß�àaáâàã�ä�åâæ�ä�å�ç_èêé±å ß�à ã�ä�åÇæ�ä�åvã�ëlå ß�à èêìÁí"ä�î�èïå-ðñÝò0óõô.öø÷%ù,úüûüýÿþ èsé}å ß�à î|ä���� àaá ã�ë�èêî�å àaá����	� é±èïî � é à �"è�
 åÇã�î à������� ð� ò���û��%ö��üù èêé}å ß�à ä.é àaá���à�� î à�� �³ä � åâèïæ �! èêî�""ë ��# åÇã á�$
�%ù,óõö ó���ûüý&%�÷aú-óÁû*ö�ó��*ô('*) $ )�+,	- èêé ���.��à/�0� é�å ß�à21436573 æ�èïå #�ß � à î �0# ã��8� � î � èêé #%à î�å á9�	� èêé à/� ð*éÇãvå ß.� å ���	� ä à é );: , �<#/� ä.é à=�>��à�#%áâà/� é àå ß�à æ.èÀå #�ß?� î �@�A��� ä à é , +>:CB ��DE� î]èêî #aáÇà�� é à8� é à-à é à�# åÇèêã�î - $ B �F$
Ã}Ä�Å}Ä Å GµËIH ÉKJ�ÔLHÖÏÖÓpË
MENPO�QSRUTVO�TFW � W�QPX�Y2RUZ[TFNPO � O	\]R_^P`?\]W]QSOEacbFO�dSb�R_^Se;fAO	^4eSYFW]QPXgTFNSO � O�TFNPRh^i^SO	YFfAb�Wkj&O	^4W]QlYFO	fATFWkR�Q
m_n]ocn]ogeSYFW]QSXqpFeSYVT � b/aUQS^PR � Qre � j&O�b�Y�n2MENPO	YFO8acb�O8YFO	\kO	fATVO	^(acTqW]QSWkTFW]aU\�W]YFacTFWkR�QlaUQ;^sb�O � aUW]QtfAR�Qhu
YVTFaUQrT>TFNSbFR�ePX�NPR�ePT�n � aUf�N(Q_e � jvO�b�W]Y�aUYFYVRhf�W]acTVO	^xw�W]TFNiR�QPO8RUZyTFNSOzR�eSTVd;ePTFY>RUZyTFNPOgNPR � O�R�YFTFacT�{
d;\]a�`_W]QSX|w0NSacTVO�}UO�b0QPRUTVO@W]YE^POA~IQSO	^(acTETFNSacTETFW � OYVTVO�d�aUf�fARUb�^SW�QPXlTVRlO × eSacTFWkR�Q ð n]ocnÂ NPO	Q�TFNPO�R�ePTVd;ePTFY�acbFO�YFTFacj;\kO�aUQS^�aU\]\fAR�Qr}UO�bFXUO	^�R�Q�Y�W]QPX�\kO�}caU\]ePO	Y�{gTFNSO � O	\kRh^P`�W]Y� aU^POxePd�RUZ2pFeSYVT � QSRUTVO	Y�n ¿ ePb�W]QPXCeSQSYVTFacjI\kOiRUb4R�YFf�W�\]\]acTVRUbF`�d&O�b�W]R_^SY�NPR�w>O�}UO�b	{ � RUbFOxfAR � u
d;\kO Á�� O	\kRh^SWkO	YqacbFOfAbFO	acTVO	^y{IaUYqTFNPO�dvO�b/WkR_^tRUZ�R�YFf�W]\]\�acTFWkR�Qxb�acbFO	\k`tfAR�W]QSf�W]^SO	Yqw�WkTFNx}caU\]ePO8RUZ2TFNPO
b�aUQS^PR � Q_e � j&O�bqw�WkTFN(w�N;W]f�N(WkTEW�YqaUYFYVRhf�W]acTVO	^[n
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Ã}Ä�Å}Ä Ã ����Ô}ÍU�¼Ê9ÏÖÐ��dËmÒ.ÐP�¼Ì|Ì�ÏÖÉyÓ��pÎnÒ�Í
MENPOs����^PO	YFfAb/Wkj&O	^�W]Q�YVO	fATFWkR�Q�m_n ð�� YFNPR�w�Q�W]Q�~IX�ePbFOim_n]oUo��/{KW]YgeSYVO	^�TVR�dSbFRh^SeSfAOla(b/N.`_TFN � {
d;\]a�`UO	^�j_` ð ^SW r O�bFO	QrT@d&O�b�f�eSY�YFWkR�Q�W�QSYVTVb�e � O	Q.TFY�nCMENPOsb�eS\kOtYVO�T?X�Wk}UO	Q�W]Q�~IX�m_n ð W]Y|eSYVO	^�TVR
XUO	QPO�b�acTVOETFNSO0���*d;acTVTVO�b/QlW]Q?a4o ðUÁ mUmgXUb�W]^&�AnKMENSW]Y�W]YK^PR�QPOEW�Q@RUb/^PO�bKTVRgdSbFO	YVO�b�}UOqTFNPOEf�NSaUQSXUO	Y
W]QCb�Nr`rTFN � W]f@^SO	QSYFWkT�` � acb�W]Y�W]QPXtZ�bFR � TFNSO4TVb�W]aUQPX�eS\�acb8Y�NSacd&O��/n|MENSO?YFTFacTVO	YgRUZ>W�QS^SWk}hW]^SeSaU\�fAO	\]\]Y
W]QxTFNPO|�q��acbFO@W]Q.TVO�b�dSbFO�TVO	^(}UO�bF`(YFW � d;\k`iaUY0a4b�Nr`rTFN � W]f8YFfARUbFOU�7R�Q Ù d;\�a	`U{SR rSÙ bFO	YFT�n � aUf/N
W]QSYVTVb/e � O	QrT7TFNPO	Q Ä b�O	aU^SY Æ aU\kR�QPX4O	aUf/N�YFeSf�fAO	YFY�Wk}UOgbFR�w�{PTFNPOg\]aUYVTqfAO	\]\[W]QtbFR�w�� j&O	W]QPX|Z�R�\�\kR�w>O	^
jr`xTFNPO�~;b�YVT0fAO	\]\�W]Q�bFR�w¡ocnEMENSW]Y�d;bFR_^;eSfAO	Y�as\kR�QPXlb�Nr`_TFN � W]fg\kR_RUdynqMENPO@f�NSaUQPXUO	Y8W]Q�YVTFacTVO@RUZ
fAO	\]\]Y@acT@^SW]Y�fAbFO�TVOiTFW � OiYVTVO�d;Y|W]Yb�O�dSbFO	YVO	QrTVO	^�aUY@TFNPO ð W]QSYFTVb�e � O	QrTFYgd;\]a�`�fAR�QSYVO	f�ePTFWk}UOtbFR�w�Y�{
TFNre;YEacT�aUQr`tR�QSOTFW � OU{PTFNPO�Z¢ePTFeSbFOU{PdSbFO	YVO	QrT�aUQS^�d;aUYVTEYVTFacTVO	Y0RUZKaUQ.`xfAO	\]\yacbFO@YFW � eS\kTFaUQPO�R�eSY�\k`
dSbFO	YVO	QrTVO	^(R�Q�^;W r O�b�O	Q.TEW]Q;YVTVb�e � O	QrTFY�n
Ã}Ä�Å}Ä�£ � Ò�É�Ð�Ë;J<�pÒ�ËÂ NSO	Q�TFNSO ò�¾�¤ Z�RUb � W]Y8fAbFO	acTVO	^y{yTFNPO?NPR � O�R�YVTFacT�aU\]XURUb�WkTFN � W]Y8W]QSWkTFW�aU\]W]YVO	^[{ Õ�¤g¿z¤³� O	YFY�acXUO	Y
acbFO?YVO	Q.T8TVRxYVO�T8TFNPO?QPO	fAO	YFYFacbF`�f�NSaUQSQSO	\]Y�TVRxTFNPO|bFO	\kO�}caUQrT0d;acTFf/NPO	Y � YV`hQ.TFN�W]Q;YVTVb�e � O	QrTFY/�/{vTFNPO
b�aUQS^PR � }caU\]ePO	Yq^SOA~IQSW]QPX|TFNPO � O	\kR_^S`lTFW � W]QSX�YqacbFOaUYFYFWkX�QSO	^�aUQS^xTFNPOYVTVb/eSfATFePbFOgRUZ�TFNPO@����W]Y
XUO	QPO�b�acTVO	^�aUQ;^�YVTVRUbFO	^�W]Q�a�mt^SW � O	Q;YFWkR�QSaU\�acbFb�a�`Un|MENSO?fAO	QrTVb�aU\ Ä TFacbFXUO�T Æ }�aU\�ePO?RUZ<O	aUf�N�eSQSWkT
W]Y�YFO�T@TVR�a�dIacbFTFW]f�eS\]acb@d;WkTFf/N�}caU\]ePO � NPO�bFOiTFNSOtf/NPRUb�^�RUZz�z{�jIePT�TFNPOtYV`hYVTVO � W]Y�YFeSbFdSb�W]Y�W]QPX�\k`
W]QSYVO	Q;YFWkTFWk}UO��/{PZ¢bFR � w�N;W]f�N�W]T�^PO�}hW]acTVO	Y�aUf�fARUb�^;W]QPXlTVRsTFNPO�d;W]TFf�N(j&O	QS^�a � R�eSQ.T0^PO�TVO�b � W]QSO	^(jr`
TFNPOgR�ePTVd;eSTFY�n

��T|O	aUf�N¥WkTVO�b�acTFW]R�Q[{2R�ePTVd;ePTFY@RUZEO	aUf�N�NPR � O�R�YVTFacT4eSQSWkT|acbFOsf�aU\]f�e;\]acTVO	^�aUQS^�TVb/aUQSYVZ¢RUb � O	^
W]QrTVR�d;WkTFf/NiaUf�fARUb�^;W]QPX�TVR|O × eSacTFWkR�Q ð n]ocn7MENPO	YVOzacbFO0aU\]\;d;\]a�`UO	^iR�}UO�b>TFNSO �¯Ä NSacb � R�Qr` Æ f�NSaUQ;QPO	\]Y
aUYgfAR�Q.TFW�QrePR�e;YgQPRUTVO	Y�n@�zQr`�Q_e � j&O�b8RUZ<TFNSO	YVOlQPRUTVO	Y � a�`CaU\]YFRtj&O|d;\]a�`UO	^�R�}UO�b�R�QSO|RUZ7TFNPO �ÄÀ� O	\kRh^P` Æ f�NSaUQ;QPO	\]YzWkZKYVRt^SOA~IQPO	^[n ¤ ZKTFNPOl���¦fAO	\]\�f�ePbFbFO	QrTF\k`(^POA~IQSW�QPXlaUQ.`�RUZ�TFNPO�d&O�b�f�e;YFYFWkR�Q
W]QSYVTVb/e � O	QrTFYEW]Y0R�Q[{ITFNSO�bFO	\kO�}caUQrT0d&O�b�f�eSY�YFWkR�Q(d;acb�T0W]Y0aU\]YVRtd;\]a	`UO	^yn�MENPO@TFW � O�b/acTFWkR�Y�RUZKTFNSO	YVOð d;acbFTFY�f�aUQ(j&OaU^�pVe;YVTVO	^(TVRiaU\]\]R�w§f/NSaUQPXUO	Y�W�QxbFO	\]acTFWk}UOTVO � d;W&RUZ2O	aUf�N�dIacbFT�n

� aUf/NiWkTVO�b/acTFWkR�QlW]YKYVO�dIacb�acTVO	^lj_`|a�eSYVO�b<^POA~vQPO	^?TFW � OEYVTVO�d � � O	aUYFePb�O	^lW]Q � Y/�/nK��T�TFNSOEO	QS^
RUZ<O	aUf/N�WkTVO�b�acTFWkR�Qy{yf�NPO	f�¨_Yacb�O � aU^PO?Z�RUbf/NSaUQPXUO	YW�QCe;YVO�bgfAR�Q.TVbFR�\�Y8w�NSW]f/NCacb�O?W � d;\kO � O	QrTVO	^
W]QxTFNPOQPO Á T�WkTVO�b/acTFWkR�Q[n�MENPOYF`_YVTVO � fAR�Q.TFW�QrePO	Y�eSQ.TFW�\&TFNPOeSYVO�bEd;bFO	YFYVO	Y Ä YFTVRUd Æ n
©��Lÿ}õCª¸ö9üMúXõkö9þ � MENPO�YV`hYVTVO � dSbFR�}_W]^SO	YEeSYVO�bzfAR�Q.TVbFR�\=RUZKTFNPO � R�YVT0W]Q � ePO	QrTFW]aU\&d;acb�a � O�TVO�b/Y�{
j&RUTFNxRUZ�TFNSO�NPR � O�R�YVTFacT0aUQS^(TFNPO�aUe;^SWkR?bFO	aU\]W]Y�acTFWkR�Q[n

��« öMþ/ø±��ÿ�ùEö9üMúZõZöMþÖ{ M�NPO8}UR�\]e � O	Y�RUZ=TFNPO � O	\kRh^P`iaUQS^xb/N.`_TFN � d;acbFTFYqf�aUQxj&OgW]QS^PO�d&O	Qhu
^PO	QrTF\k`?}cacb�WkO	^leSY�W]QPXYF\]W�^PO�b�Y�n ¿ eSOETVR Õ�¤C¿z¤ bFO	YFTVb�W]fATFWkR�QSY	{�TFNPO�NSacb � R�Q.`4f�aUQsR�QS\k`|j&OEYVO�T
R�Q(RUb0R r n7MENPOgRUTFNPO�bET�w7Rsd;acbFTFYEf�aUQ�aU\]YVR4j&OgTFePb�QSO	^xR�Q(RUb�R r W]QS^PO�d&O	QS^SO	Q.TF\k`Un

� �2ÿ����*öy{ M�NPO8TVO � d&R?f�aUQ�jvOgYVO�TEW�QtaUQxO	^;WkT�jvR Á {PaUQS^(W�Yq^POA~IQPO	^xaUY�TFNPOgTFW � O8W�Q.TVO�bF}caU\
� W]Q � Y/�[j&O�T¬w>O�O	Q@O	aUf/N4WkTVO�b�acTFWkR�Q@RUZPTFNPO�NPR � O�R�YVTFacT�n�M�NSW]Yyf�aUQ|TFac¨UOqaUQ.`�}�aU\]eSOU{caU\]TFNPR�ePX�N
TFNPO>d&O�b�f�eSYFY�WkR�Qd;acb�T=\kR�YVO	Y2^POA~vQSWkTFWkR�QacT2}caU\]ePO	Y=j&O	\kR�w�acj&R�ePT7o £c4� TFNSW]Y�W]Y�eSYVO	^@TVRzfAb�O	acTVO
aUQ�W�Q.TVO�bFO	YFTFW]QPX4O r O	fAT0W]QxTVb�aUf�¨ � �/n

®6¯ Ù Ý ÓÅÕgÖ��cÏtÉ Ý ÍcËAËÐÕCÏ=ÏtÙ�ÏtÉkÕ*ÌZÎtÊ Þ Õ*ÖkÙ Û )V° ÏtÙjÍ%$�Ù�Ê5Ø�ÍcÖü�  ?ÍcÑCÏtÙnÎtË Ý ÉkÊÅÑ;É Þ Í,��ÑgÙcÖkËvÏÐÎ;ÍcÊÅÖ�ÏtÉkÕ Þ ÕCÏtÕCÎ Û � ÉZÕÖLÒ Þ ÔGÕCÎyÙa �ÎtÙ Ý ËñÊÅËÃÕgËÐËÐÕgÖ¡ÏtÊ5ÍcÓÅÓ���Í�ÎtÔkÊfÏÐÎ;ÍnÎø� Û
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� � ~�õ���ö9ü|û/ù?²¯öoöaú�{ M�NPOqf�NPRUb�^lR�Q?w�NSW]f/N?TFNPOENPR � O�R�YVTFacT>W]YKYVO�O	^PO	^if�aUQ4j&O>TVb/aUQSYVd&R�YVO	^
ePd(RUbz^PR�w0Q � YVO � W³u6TVR�QSO	Y/�/n

� ô´¡µ�~�ùGúXö9õ.{ MENPO�R�ePTVd;ePT9u6dIWkTFf�N?j&O	QS^ � acd;d;W]QPX8f�aUQ4j&OEW]QSfAbFO	aUYFO	^?jr`?a8Z¢aUfATVRUb � aU\kw�a	`hY
bFO	\�acTFWk}UO4TVR�o?b�acTFNPO�b�TFNSaUQ�f�e � eS\]acTFWk}UO��0O	QrTVO�bFO	^�W�QCaUQ�O	^SWkT9u6j&R Á n4MENSW]Y � O	aUQSYTFNSacT�a
X�Wk}UO	Q�f�NSaUQPXUO|W]QxR�ePTVd;eSTq}�aU\]eSOgw�W]\]\&f�aUeSYVOalXUbFO	acTVO�bz^;W r O�b�O	QSfAOW]Qxd;WkTFf/N[n

� �Çöl��ÿröl�¡ú�~�ú�zLüMúXÿ}õ�¶�ÿrõkÿ}üñùEÿl{ MENPb�O�O@j;eSTVTVR�QSY�R�Q�TFNSO ò�¾�¤ aU\�\kR�wLTFNPO4eSYVO�b8TVR(f�N;aUQPXUO
TFNPOzR�ePTVd;eST7}caU\]ePO0RUZ�eSQSWkTzo�j_`ia@dSbFO	YVO�T�a � R�eSQrT��q·?¸�¹�º�»�aUQS^�·?¸¢¹�¼�½c¾K¹�W]QI¿�^SO	fAbFO	aUYVO
TFNPO�R�ePTVd;ePT�j_`(o�À � RUZ&TFNPOzfAb�WkTFW]f�aU\P^PO�}hW]acTFWkR�Q ÜhÁ�Â�Ã�Ä?ÅAÆ W�QSfAbFO	aUYVO	Y<TFNPOER�ePTVd;eST�jr`|T¬w0W]fAO
TFNPO@fAb�WkTFW]f�aU\[^PO�}hW]acTFWkR�Qyn�MENPO	YVOf/NSaUQPXUO	Y�acb�OO r O	fATVO	^CW]QxTFNPOgZ¢R�\]\kR�w�W]QPX4WkTVO�b/acTFWkR�Q[n

��« û �LùEöl�Xû,ú-w�{ MENPO4eSYVO�bgf�aUQ�aU\]YFRxf/NSaUQPXUO4TFNPO4}caU\]ePO|RUZ<TFNSO(Ç � a�ÈCf/NSaUQPXUOUÇ[}cacb�W]acj;\kOU{[acZ�u
Z¢O	fATFW]QPXTFNSO�YVTFacj;W]\�WkT¬`|RUZ&TFNPO�YV`hYVTVO � n�É�R�wÊ}caU\]ePO	Y�dSbFRh^SeSfAOqbFO�d&O�TFWkTFWk}UOEaUQ;^ � R�QPRUTVR�QSR�eSY
� W]QxTFNSOTVb�ePO	YVTEYFO	QSYVORUZ�TFNPOw>RUb�^I�>NSacb � R�QSWkO	Y�{SN;WkX�NPO�bq}caU\]ePO	Y � RUbFO�b�aUQS^PR � \kR_RUd;Y�n

� t ø=úXöPËa�*ÿ}õZúZø=õ��¼{lÌ NSO	Q�TFNPOlb/N.`_TFN � dIacbFT�W]YYFO�T�TVR�ÍÎR�QyÇk{=TFNSW�Yf�aUeSYVO	Y|aUQ�aUePTVR � acTFW]f
W]Q;fAbFO	aUYVOzRUZ�eSQSWkT0o�R�ePTVdIePT7j&O�`UR�QS^tfAb�WkTFW�f�aU\;\]W � WkTFY�{rW�QS^SeSf�W]QSXa@f/NSaUQPXUOgW]QlTFNSOzNSacb � R�Q.`
acTsO	aUf�NÏbFO�d&O�TFWkTFWkR�Q¥RUZgTFNSO�d&O�b�f�eSYFY�WkR�Q¥d;acbFT�nÐMEN;W]Y4O	QSacj;\]O	YlTFNPOCYV`_YFTVO � TVR�jvO�eSYVO	^
aUePTVR�QSR � R�eSYF\k`xaUYEw>O	\]\[aUYEW�Q.TVO�b�aUfATFW]}UO	\k`Un

�zQ.`x\kR_RUd;YqTFNPOeSYFO�b�\]Wk¨UO	Yqf�aUQ�jvOgb�O	fARUb�^PO	^�YVTVb/aUWkX�N.T0W]Q.TVRlai^SWkX�WkTFaU\[YVR�e;QS^xO	^SWkTVRUb	n

V�W�V ¥§¦©¨�k]ª «n«Ñ¥ Z]\�e bde³o¶e³Zdj�´µe oqcve³jm\n®·\n`a¯
ª Zdj�`a¯
ºBcpbdcv_®·\�e³
MENPOE�zePTVR�QPR � R�e;Y�W]Y2O	YFYVO	QrTFW]aU\]\]`|ag^PO�}UO	\]RUd � O	QrT�RUZ&TFNPOEÉyR_RUdlXUO	QPO�b�acTVRUb�W]Q4aUePTVR � acTFW]f � Rh^POUn
�ÊYFfAb�O�O	Q4YFNPRUT2RUZITFNSO ò�¾�¤ W]Y�X�Wk}UO	Q4W]Q?acdSd&O	QS^SW³È�Ñz{U~IX�ePbFO�Ñ0n�m_n ½ O�bFOqTFNPO ò"¾0¤ aUfATFY�dSb�W � acb/W]\k`
aUYEal^SW�YVd;\]a�`ib�acTFNPO�b�TFNSaUQ�fAR�QrTVbFR�\]\kO�b	n

Ò acTFNSO�b0TFNSaUQ�aiYFW � d;\kO � e;QSWkTENPR � O�R�YFTFacT�{ITFNPO|fAO	Q.TVb/aU\=fAR � d&R�QPO	QrT�W]Y�TFNPO�YVO	\]Z�u6bFO�X�e;\]acTVO	^
NPR � O�R�YVTFacTFW�f(QPO�T¬w>RUbF¨�^PO	YFfAb�Wkj&O	^�W]Q�YVO	fATFWkR�Q*m_n�m_n�m_n*Ó8ePTVd;ePTFY@RUZ�TFN;W]Y?QPO�T¬w>RUbF¨�acbFO(eSYVO	^�TVR
fAR�Q.TVb�R�\yQPRUT�R�QS\k`sTFNPO8d;WkTFf�NxRUZ�TFNPO � f�NSRUb�^SY�{Pj;eST7TFNPOg}UR�\�e � O	Y�RUZ�TFNPO � O	\kRh^P`iaUQS^(NSacb � R�Q.`
d;acbFTFY�{hTFNPO8TVb�aUQ;YVd&R�YFWkTFWkR�QsRUZ�TFNPOf/NPRUb�^[{PaUQS^tTFNPOg}caU\]ePOzRUZ � a�Èhf/NSaUQPXUO � aUYq^PO	Y�fAb�Wkj&O	^sacj&R�}UO��/n
�0\]TFNPR�ePX�N�TFNPO�eSYFO�b�f�aUQ�YVTFW]\]\0d&O�bFTFePbFj�TFNPO�R�eSTVd;ePTFY(acT�aUQr`Ôd&R�W]QrTtTVRÊW]QS^Se;fAOCa¥NSacb � R�Q.`
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acbFO�W � d;\kO � O	QrTVO	^xaUf�fARUb�^SW]QPXiTVRlTFNPOePd[^SacTVOg}caU\]ePOaUYqZ¢R�\]\kR�w�Y��
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� WkX�ePbFO ð n]oc���Pf�NPO � acTFW�f^SW]acXUb�a � RUZ2Y�a � d;\kOgaUYFYVRhf�W]acTFWkR�Q;YEW]QxTFNPO��z^SacdSTFW]}UO��_O × eSO	QSfAO�b
¾ YFW]QPX�TFNPO�R�ePTVd;ePTFYlRUZgTFNPO�eSQSW]TFY4TVR�fAR�QrTVbFR�\ETFNSO � eSYFW]f�aU\qdIacb�a � O�TVO�b�YiO r O	fATFWk}UO	\]`*QPRUbVu� aU\]W]YFO	Y�TFNPO	W]bz^SW�YVTVb�Wkj;eSTFWkR�Q[�<R�eSTVd;ePTFY8acbFO � R�YVT8Z�b�O × ePO	QrTF\k`(w�W]TFNSW]Q�TFNSO|\]W � WkTFYERUZ<TFNPO|fAb/WkTFW]f�aU\
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bFO � O	fATVO	^�W]QxTFNPO � eSYFW]f8dSb�R_^Se;fAO	^[n
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¤ Q�TFNPOxOAÈPa � d;\kOxW � dI\kO � O	QrTVO	^[{2TFNPOsd&O�bFTFeSbFj;acTFWkR�Q�RUZ�eSQSWkTtocÇÎY?R�ePTVd;ePT?ePd_w>acb/^�TVb�W]XUXUO�b�Y
a�w>RrRh^Pj;\]R_f�¨�\kRrRUd�{�a�¨_W�fF¨h^Pb�e � \]RrRUd�W]YdI\]a	`UO	^�acZ�TVO�b4^PR�w�Qrw>acb�^�d&O�bFTFePbFjIacTFWkR�Q[n(� YFNPR�w�Q
W]Q�~;X�eSbFO ð n]oc{KWkZ�eSQSWkTlolW�Y � R�}UO	^�ePd�{=aUQS^�m � R�}UO	Y@YFW � W]\]acb�\]`U{ya�TVb�W]aUQSX�\kOlYFa � d;\]Oi\kR_RUd;Y�{=W]Z
RUdSd&R�YFWkTVOU{UaUQ4acXURUXUR�\kR_RUd4W]Y�TVb�WkXUXUO�bFO	^yn2M�NPO7RUd;dvR�Y�WkTVO>aUY�YVR_f�W�acTFWkR�QSYKacbFO � aU^PO�Z¢RUb�a8^PR�w�Qrw�acb�^� R�}UO � O	Q.T0RUZ2e;QSWkTgocn

MENPO?YFa � dI\kO	Y0acb�O?aU\�\�YF`_QSf/NPbFR�QSW�YVO	^�aUYzTFNPO�`CacbFO?wEb�WkTVTVO	Q�eSY�W]QPXs\]R�w�u¬\kO�}UO	\ Õ�¤9ìz¤ YFW]X�QSaU\]Y
j&O	W]QPXlYVO	QrT0W]Q�TFNPO�YFa � O@WkTVO�b�acTFW]}UO@TFW � OAu¬\kRrRUd�aUY�TFNPO|NPR � O�R�YVTFacT8aU\kXURUb�W]TFN � n ¤ ZK^PO�}UO	\]RUdvO	^�TVR
eSYVOgRUTFNPO�b0YFa � d;\kO	Y�aUQ(OAÈ_TVb/a4j&O	acT/¿�TVO � d&R � acTFf�N;W]QPXiaU\kXURUb/WkTFN � w>R�eS\]^(QPO�O	^(TVRijvOaU^;^PO	^[n
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MENPOEZ¢bFR�QrT9u6O	QS^lRUZyaU\�\SYV`hYVTVO � Y>W]Y�a Ì W]QS^SR�w�Y ò"¾�¤ {r^SO�}UO	\kRUd&O	^iW]QlÑ>RUb�\�aUQS^s� Û�Û j;eSW]\�^PO�b	n��z\]\
W]QrTVO�b�aUfATFWkR�Qxw�WkTFNxTFNSO ò�¾�¤ w>aUYETFNPO�bFO�Z¢RUbFOgwEb�WkTVTVO	Q(W�Q(Ó�Ó � � Û�Û {_jIePT�TFNPO � aUW]QxaU\kXURUb�W]TFN � Y
acbFOxW]Q�d;bFR_fAO	^;ePb�aU\>�8n=�z\]\7fARh^POtw>aUY|wEb/WkTVTVO	Q�j_`�TFNPOxaUePTFNPRUb�{KOAÈhfAO�dST4a Õ�¤9ìz¤ fAR � d&R�QPO	QrT�{
w�NSW]f/NsfAR�Qr}UO�bFTFYE\]R�wqu¬\kO�}UO	\ Õ�¤9ì0¤·� O	YFYFacXUO	Y�TVRla Õ�¤�ìz¤ YV`_QrTFNxeSYFW]QSX�TFNPO Õ�¤�ìz¤ � � ¤ YVO�bF}hW]fAO	YA�
�0Y�TFNPO � R�YVT0fAR � dI\kOAÈ�aUQS^�^PO�}UO	\]RUdvO	^�YV`hYVTVO � {&aU\]\y^PO	YFfAb/WkdSTFWkR�QSYEbFO	\]acTVO�TVRsTFNPO@�zePTVR�QPR � R�eSY
�0^��_` Õ eSQS\]O	YFY>RUTFNPO�bFw�W]YFOYVTFacTVO	^[n

R�~�ú�~�uyúXõkøñùGúZøñõkÿ���~aüñ÷�ôµõZö�Saõ�~�� öaõ�S�~9üñû �*~�úkû,öMü M�RxO	QSacjI\kO@TFNSO|O	aUYF`C^PO�}UO	\]RUd � O	QrTzRUZ
^SW r O�bFO	QrTg}UO�b�YFWkR�QSYRUZ�YFRUZ�T�w>acbFOU{Ka � R_^Se;\]acbgacdSdSbFR�aUf/N�TVR�d;bFRUXUb�a � YVTVb/eSfATFePbFOlw�aUY�aU^SRUdSTVO	^[n
MENPO�bFO�Z¢RUbFO�YFTVb�eSfATFePbFO	Ylw7O�bFO�eSYVO	^*TVR�YVTVRUbFO�aU\�\q}�acb/W]acj;\kO	Y�{>aUQS^ÊfARh^PO�YFO�dvO�b/acTVO	^ÊW]QrTVR�^SW r O�bVu
O	Q.T|eSQSWkTFY	{=fAR�QrTFaUW]QSW]QPX�TFNPOsYVTVb/eSfATFePbFOt^POA~IQSWkTFW]R�QSYgaUQS^�aUY�YVR_f�W�acTVO	^�ZîeSQSfATFWkR�Q;Y � ac¨_W�Q�TVR�� Û�Û
RUjhpVO	fATFY/��aUf�fARUb�^SW�QPXlTVRifAR�QSfAO�d;TFeSaU\yaUQS^(ZîeSQSfATFW]R�QSaU\[eSYVOUn

MENPO|dSb�W�QSf�Wkd;aU\y^;Wk}_W�YFWkR�QSY0acbFO?TFNPO?jvO�T�w7O�O	Q�NSR � O�R�YVTFacTaU\kXURUb�W]TFN � aUQS^ Õ�¤9ìz¤ bFO	aU\]W�YFacTFWkR�Q
Z¢e;QSfATFWkR�QSY�{�TFNPO ò"¾0¤ OAÈPW]YVTFW]QPXCaUY?aUQPRUTFNPO�b4YVO�d&O�b�acTVOtRUjhp9O	fAT�n Õ�¤9ì0¤ NSaUQS^S\]W�QPX(Z¢e;QSfATFWkR�QSY|acbFO
Z¢eSbFTFNPO�bEYVO�d&O�b�acTVO	^�W]Q.TVR � O	\kRh^P`taUQ;^(b�Nr`rTFN � ~I\kO	Y�n>��Y�f�NPO � acTFW�f�^SW]acXUb/a � RUZ2TFNPO�YVTVb�e;fATVb�eSaU\
aUQS^(ZîeSQSfATFWkR�Q;aU\v^;Wk}_W�YFWkR�QSY�W]YqYFNSR�w�Q�W�Qt~;X�ePbFO � n]ocn�_d&O	f�W³~If�aU\�\k`U{�Í Õ aUW]QyÇyW]YgaUQ�RUjhpVO	fATTFNSacT�fAb�O	acTVO	Y�aUQS^�fAR�QrTVbFR�\]YTFNPO ò"¾0¤ {�N;aUQS^S\]W]QSXsW]QPZ¢RUbVu� acTFWkR�Q � R�wÐjvO�T�w7O�O	Q�TFNPO ò�¾�¤ ^SW]YVdI\]a	`hY"T�W]QrTVO�b�aUfATFWk}UOzZ¢aUf�W�\]WkTFWkO	Y>aUQS^x^SacTFa?NPO	\]^xW]QtYVTVb�eSfATFeSbFO	Y�n
MENPOzfAR�QSYVTFWkTFePO	QrT>}�acb�W�acj;\kO	Y7RUZ[TFNPOzNSR � O�R�YVTFacTEaU\kXURUb�W]TFN � W]QsO	aUf�Nx}UO�b/YFWkR�QtacbFOzNSO	\]^iW]QtaUQtO � u
j&O	^S^PO	^(YVTVb�e;fAT�n7�z\]\ Õ�¤�ìz¤ bFO	\kO�}caUQ.T�}�acb�W�acj;\kO	Y�Z¢RUb�TFNPO�N;acb � R�Qr`xaUQ;^ � O	\kRh^P`td;acbFTFYEacbFO@NPO	\]^
W]Q�atYVO�d&O�b�acTVO?YVTVb�eSfATFeSbFO � ½ Ó Õ¿Õ�¤9ìz¤ �/n[MENPO|fARUbFbFO	YVd&R�QS^;W]QPX4}cacb�W]acj;\kO	Y0fAR�Q.TVb�R�\]\]W]QPXiTFNPO	YVO?aUY9u
d&O	fATFYqRUZ=TFNSOgb�N.`_TFN � W�f0dIacbFT�{SacbFObFO�d;bFO	YVO	QrTVO	^�aUY � O � j&O�b�YqRUZ2YVO�d&O�b�acTVOW]QSYVTFaUQ;fAO	YqRUZ�alTFNSWkb�^
YVTVb�eSfATFeSbFO � � ¤(UVU&Ò³½XW M ½ Õ �/n � aUf�NÔYVTVb�eSfATFePb�O�W]Yl^PO	f�\]acb�O	^*W]Q¥YVO�d&O�b�acTVO�NSO	aU^PO�b4~I\kO	YiaU\kR�QPX
w�WkTFNxTFNPOaUY�YVR_f�W�acTVO	^�ZîeSQSfATFWkR�QSY	n

MENSW�Y � Rh^SeS\�acb0RUbFX�aUQ;W]YFacTFWkR�Q�aU\]\]R�w�Y � a�ÈPW � e � bFOAu¬eSYFacj;W�\]WkT¬`�W�Q�TFNSO?^SO�}UO	\kRUd � O	QrTgRUZ7^SW]Z�u
Z�O�b�O	Q.T�}UO�b�YFW]R�QSY�RUZ=NPR � O�R�YVTFacT9u6j;aUYVO	^�YFRUZ�T�w>acbFOUn>MENPOgeSYVOzRUZ2YVTVb�eSfATFePb�O	Y7Z¢RUbE^SacTFa?YVTVRUb�acXUO@aU\]YVR
Z¢aUf�W�\]WkTFacTVO	YzO	aUYV`�W]Q.TVO�b/aUfATFWkR�Q�w�WkTFN�TFNPO ò"¾0¤ �[aU\]\kR�w�W]QPXxeSYVO�bgf/NSaUQPXUO	YgTVR(^SWkb�O	fATF\k`�ePd[^SacTVO|TFNPO
® �&ñ�ö ü���ôqý��"��ö���øY�[õ�óZ�[
6òùø�ø6ö�� ÿ � \ ö�
 � ò3� ]���ôEõ"��õ_^*
���7�[õ�÷3)�ø õ"�') )@�	�V��÷��Aõ")�ö	)  
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���Uâ�ãxäAå)æji ç ï � ã í å � å�kml/nolAï7p�k ðGð

� WkX�ePbFO � n]oc� ì W]acXUb/a � RUZ � bFRUXUb�a � Z¢e;QSfATFWkR�QSaU\[aUQS^�YVTVb�eSfATFePb/aU\[^SWk}hW]YFWkR�QSY	n

� O � jvO�b/Y@RUZ�TFNPOxbFO	\kO�}caUQ.T4YVTVb�e;fATFePbFOxW]Q�TFNSO ¤ QrTVO�b�aUfATFWk}UO��z^��_` � n�MENSW]Y@bFO � R�}UO	Y?TFNPO(QPO�O	^
Z�RUb0^PR�ePj;\kO8bFO�d;bFO	YVO	QrTFacTFWkR�Q[{;aUQS^xOAÈhTVb�a�Í�f�NPO	f�¨�eSYVO�b�ePd[^SacTVOUÇhZîeSQSfATFWkR�Q;Y�n � RUb0Y�W � W]\]acb�bFO	aUYFR�QSY�{
TFNPO@W�Q.TVO�bFZîaUfAO�j&O�T�w7O�O	Q ò"¾0¤ aUQS^�^;acTFaiYVTVb�e;fATFePbFO	Y � O	aUQSY�TFN;acT0TFNPO ò"¾0¤ f�aUQ�O	aUYFW�\k`xjvO@eSYVO	^
TVR�YFW � dI\k`�¼c¸  » &kÂ'q {�b�acTFNPO�bgTFN;aUQ�bFO	fAO	Wk}UO4}cacb�W]acj;\kO	Y8aUYgWkTg^PR_O	YgW]Q�TFNPOl�zePTVR�QPR � R�eSYg�z^��_` � {
w�WkTFNPR�eST � ac¨_W]QSXlaUQ.`xb�aU^SW�f�aU\[f�NSaUQPXUO	Y�TVRlTFNPOd;bFRUXUb�a � acb�f/NSWkTVO	fATFePb�OUn

��ö��ªÿ}ö��¡ú�~�ú ¤â� d;\kO � O	QrTFacTFWkR�Q@RUZPTFNPO>NSR � RrO	YFTFacT�W]Y�Z¢aUW]b�\k`8TVb�Wk}hW]aU\�n�M�NPO<eSYVO7RUZ;YVO�d&O�b�acTVO>eSQSWkT
YVTVb�eSfATFeSbFO	Y�{vw�WkTFNSW]Q�at\�acbFXUO�b ½ R � YVTVb�eSfAT�{ � O	aUQ;Y0TFNSO|YFWsr�O@RUZ<YF`_YVTVO � f�aUQCj&O@O	aUY�W]\k`�f�N;aUQPXUOUn
¤â� d;\kO � O	QrTFW]QPXCaCQSO�T¬w>RUbF¨�W�Y@TFNSO	Q�pFeSYVT4a � acTVTVO�blRUZzYVO�TVTFW]QPX�TFNPO(fARUbFb�O	fATlfAR�QSQPO	fATFWkR�QSY	nB�_R
aU\kTFNPR�ePX�N@TFNPO ð dSb�RUXUb�a � Y2fAR�Q.TFaUW�Q@fAR�QSfAO�d;TFeSaU\]\k`^SW�YVd;acb�acTVO>NPR � O�R�YVTFacTFW]f�YV`hYVTVO � Y=dSb�aUfATFW�f�aU\]\k`U{
WkT�W]YhpVeSYFT�a � acTVTVO�b�RUZSf�N;aUQPX�W]QPXETFNSO7Q_e � j&O�byRUZPeSQ;WkTFY�{�aUQ;^�eSYFW�QPXEYF\]WkX�NrTF\k` � Rh^SW³~;O	^gfAR�QSQSO	fATFWkR�Q
Z¢e;QSfATFWkR�QSY�n

Ó8QSfAO�O � j&O	^S^PO	^ÔW]Q¥TFNPO�\]acbFXUO�d;bFRUXUb�a � {�dSbFRhfAO	YFYFW�QPX�bFO	YVTVb�W�fATFWkR�QSYlR�QÔYF\kR�w7O�b � aUf�NSW�QPO	Y
bFO × eSWkbFO	^la|\]WkTVTF\]O�fAR_^SO�RUdSTFW � W]YFacTFWkR�Q ê n�MENPO�R�QS\k`lYF\]W]X�N.T<fAR � d;\kOAÈPWkT¬`lNPO�b�O�TFNPO	Q[{hW]Y<TFNPO0aUYFY�WkX�Qhu� O	QrTzRUZ7TFNPO4YFa � O � O � RUb�`�aU^S^Pb�O	YFYVO	YzTVR(TFNPO?d&R�W]Q.TVO�b/Y0TVRxR�ePTVdIePTFY�{[aUQS^�W]QPdIePTFY�{vTFNPO4\]acTVTVO�b
j&O	W]QPX�eSYVO	^�W]Q�TFNPOtYFePj;YFO × ePO	QrT�WkTVO�b/acTFWkR�Q[{�RUjr}hW]acTFW]QPX�TFNPOsQSO�O	^�Z¢RUb|aUQPRUTFNSO�b@^PR�ePjI\kOiePd[^SacTVO
\kR_RUdyn�MENSW]Y>w�aUY�YFeutsf�WkO	QrTqTVRiYVR�\k}UOTFNSOW]Q.TVO�b/ePdSTFWkR�Q[n
ð�v ÷ùø6ñ��"� � ñEø6ñ�ö*���"��öw�  ø6ñ�ö�ý�
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���dn4zgl�{�|ji>}�~ � z��*{ � {�kml/nol�~7p�k � �
�]W-X ª «u�»«�� cv® ^-`%j�®·\n`ae³b
MENPO8fAR_^SO0Z¢RUbqYVO	\kO	fATFW]QPX|TFNPO Õ�¤�ìz¤ d&RUbFT�aUQS^sRUdvO	Q;W]QPX�TFNSO8f/NSaUQSQPO	\�Y7f�aUQxj&O�Z¢R�eSQS^tacT�TFNPO8TVRUd
RUZ Õ aUW]Q ½ R � ngÓgQSfAO@TFN;W]Y0W�Y0YVO�T�{[aUeS^;WkRsW]Y0dSbFRh^SeSfAO	^�jr`�YVO	QS^SW]QSXs\kR�wqu¬\kO�}UO	\ Õ�¤9ìz¤³� O	YFY�acXUO	Y�{
w�NSW]f/N(acbFObFO	aU\�W]YVO	^(eSYFW�QPX?TFNPOYVO	\kO	fATVO	^�YV`_QrTFNPO	YFW�YVO�b	n

t �ñõsû/ÿr¶�x[z7R�z��ñõsû �ªÿ}õy� Õ�¤�ìz¤ W]QPZ¢RUb � acTFWkR�Q�W]Y|TVb�aUQ;Y � WkTVTVO	^¥YVO�b/W]aU\]\k`�aUY � jr`_TVO	Y�n�MENPO
~;b�YVT|j_`rTVO(RUb  % Â %îº  ��7q % Å fAR�Qr}UO�`_Y4TFNSO�% q » Å RUZ � O	YFYFacXUOU{>TFNPOxZ�R�\�\kR�w�W�QPX�oxRUblm¥¼ Â % Â���q % Å� 
O	\]acj&RUb�acTVOU{vdSbFR�}hW]^SW�QPX4TFNPO�b�O	\kO�}�aUQrT0W�QPZ�RUb � acTFWkR�Q[nqMENPO@fAR � d&R�QPO	Q.TzeSYVO	^CYVO	QS^SY�TFNPO	YVO|aUY0NPOAÈ
f�NSacb/Y�n<�zQ(OAÈha � d;\kOW]Y�X�Wk}UO	Q�W]Qxj&O	\kR�w��

j_`rTVOT�`rd&OU� �_TFacTFeSY�jr`_TVO ì acTFa�o ì acTFatm� O	YFY�acXUO�^PO	YFfAb�W]dSTFWkR�Q[� f�NSaUQ;QPO	\�oQPRUTVO�R�Q d;WkTFf�N }UO	\]R_f�WkT�`
aUfATFeSaU\ � O	YFYFacXUOU� d;\]a�` � W]^S^S\]Og� }UO�b�`t\kR�e;^½ OAÈxZ¢RUb � �  ÈPÕ   È � �  È;��Ñ
MENPO � aUW]Q � O	YFY�acXUO<bFO × eSWkb�W�QPX�OAÈ_d;\�aUQSacTFWkR�QW]YyTFNPO Õ�¤�ìz¤ d;WkTFf/Nj&O	QS^gYFWkX�Q;aU\�n�MENSW�Y&RUdvO�b/acTVO	Y

R�QiaU\]\IQPRUTVO	Y7d;\]a	`UO	^sR�QsTFNPO0f/NSaUQSQPO	\;R�Qiw�N;W]f�NlW]T7W]Y�YFO	Q.T�{PaUQS^sf�NSaUQPXUO	Y>TFNPO0d;WkTFf/NiePdsRUb7^PR�w�Q
jr`Ôa�Z¢b�aUfATFWkR�QSaU\za � R�eSQrT�n¦MENPOCT¬w>R¥^SacTFa�jr`_TVO	YxacbFO � O�bFXUO�X�Wk}_W�QPX�aUQ Õ �hÑ aUQS^Ïa�Éw�hÑ
O	QSacj;\]W�QPX�o £ � ± � eSQSWkTFYERUZ�fAR�Q.TVbFR�\6n0MENPO@fAR�Q.TVbFR�\2W]Y0fAO	Q.TVb/aU\]W]YVO	^[��}caU\]ePO	Y�jvO	\]R�w �� Õ £ \kR�w7O�b/W]QPX
TFNPO?d;WkTFf/NCaUQ;^�TFNSR�YVOlacj&R�}UOU{yb�aUW�YFW]QPXtWkT�n�MENSW�Y�dSb�R�}hW]^PO	Y8fAR�Q.TVb�R�\K^PR�w�QCTVR(TFNPO4QPO	acb�O	YVT4o	mU±�Øs�
RUZ=a?TVR�QPOUn ½ R�w7O�}UO�b	{vYFeSf/Nt~IQPOzTFeSQSW]QPX?W]Y�aU\ � R�YFT�W � d&O�b�fAO�dSTFWkj;\]OU{rYVRlW]QtTFNPOgf�ePb�bFO	Q.T�dSb�RUXUb�a �
R�QS\k`�TFNPO Õ �hÑ¦W]YgeSYVO	^y{yX�Wk}hW]QPX £�� Øs�(TVR�QPO	Y � aUQS^�TFN_eSYgTFNPOsYVO � W³u6TVR�QPOsW]YgYVd;\]W]T8W�Q.TVR � m�aUYW]Q
YVO	fATFWkR�Q � n]o��/n�MENSO � a�pVRUbgYFNPRUbFTFfAR � W]QPXtRUZ�TFNPO4f�ePbFbFO	QrT8acdSdSbFR�aUf/N�W]Y�TFN;acT8fAR�Qr}UO�b�YFW]R�Q�RUZ7TFNPO
R�ePTVd;ePTFY � YVTVRUbFO	^�aUY�^PR�ePj;\kO	Y���TVR Õ�¤9ìz¤ dIWkTFf�Nrj&O	QS^ � f�NSacbA�q\kR�YVO	Y�YFWkX�QSW³~vf�aUQ.Tq^SWkX�W]TFY�n ½ R�w7O�}UO�b�{
TFNPO\kR�YFYEw�W]\]\vj&OfAR�QSYFW]YFTVO	Q.T�{;aUQ;^(YVRiYFNPR�e;\]^xQPRUT�fAbFO	acTVO|aUQ.`(acbFTVO�ZîaUfATFY(�Un
ª���~aüñüñÿmþ t �*�XûAS9ü±�ªÿmüMú �zY � O	Q.TFWkR�QSO	^[{=TFNSOid;WkTFf/N.j&O	QS^�RUd&O�b�acTVO	Y�R�}UO�b?TFNPOiw�NSR�\kOif�N;aUQhu
QPO	\�n<Ózj_}_W]R�eSYF\k`?NPO�bFOU{_O	aUf�N(QPRUTVO8W]Y>W]QS^SW]}_W]^;eSaU\]\k`4Çùj&O	QrT�Çk{_TFNSO�bFO�Z�RUb�O0O	aUf/Nt^;W r O�b�O	Q.T7d;WkTFf�Ns}caU\]ePO
W]YgaUYFYFW]X�QPO	^�a(^SW r O�bFO	QrT8f/NSaUQSQPO	\6n?M�NPO�bFO4acbFO�o £�Õ�¤�ìz¤ f�NSaUQ;QPO	\]Y�{�aU\�\�acb�OlO × e;Wk}�aU\]O	Q.T8OAÈPfAO�dST
f�NSaUQ;QPO	\=o  w�NSW�f�NtW]Y<TFNSO0d&O�b�f�eSY�YFWkR�Qlf/NSaUQSQPO	\�n<Ó8QsTFNPOzRUTFNPO�bgo � f�NSaUQSQSO	\]Y�{.TFNSOzYV`hQrTFNtW�QSYVTVb�ehu� O	QrT0W]YEYFO	\kO	fATVO	^Cjr`(YVO	QS^;W]QPXlasmljr`_TVO�dIacTFf�N�YVO	\kO	fATFWkR�Q � O	YFYFacXUOU{&aUQS^�f�aUQ�TFNPO	Q�j&O4ÍÎd;\]a�`UO	^[Ç
acTq^SW r O�bFO	Q.T>d;WkTFf/NPO	YqeSYFW�QPX�TFNPO|Í�QPRUTVO8R�Q&Í � O	Y�YFacXUO^PO�TFaUW]\kO	^xacj&R�}UOUn�Ó8Qxf�NSaUQSQSO	\�o  NPR�w7O�}UO�b�{
Â'&A& W]QSYFTVb�e � O	QrT7acbFOe;Q.TFeSQSO	^sd&O�b�f�e;YFYFWkR�QtW]QSYVTVb/e � O	QrTFY�nKMENSW]Y � O	aUQSY�{hTFNSacTqdIacTFf�N�YVO	\]O	fATFWkR�Q(W]Y
QPRUT�b�O × eSW]bFO	^[{;aUQS^CW]QSYFTVO	aU^[{;TFNPO»I¸�%��� � ^SacTFaCo��Ejr`_TVO|fAR�QrTVbFR�\]Y0w�NSW�f�N�W�QSYVTVb�e � O	Q.T�W�YEd;\]a�`UO	^[n
��NSaUQSQSO	\vaUQ;^(d;acTFf�N�aUYFYFWkX�Q � O	Q.TqZ¢RUbETFNPO@�0ePTVR�QSR � R�eSYE�z^��_` Õ W�YEaUYqZ¢R�\]\kR�w0Y��

��NSaUQ;QPO	\&QPR�Y � acbFT � acTFf�NC^PO	YFfAb�W]dSTFWkR�Q Õ�¤�ìz¤ QPR
ozu � NPR � O�R�YFTFacT0YFeSYFTFaUW]QPO	^(f�NSRUb�^SY YV`hQ.TFN�d;aU^ � w�acb � �  È � �� u>± b�aUQS^SR �µ� O	\kRh^P`t\�W]QPO }hWkjSb�acd;NSR�QPO  È;� 
oUo�u�o � d;WkTFf/NPO	^xb�Nr`rTFN � d;acbFT d;\]e;fF¨UO	^�YVTVb/W]QPX�Y  ÈSm �� RUb@TFNPOi�z^��_` � ¤ QrTVO�b�aUfATFWk}UOtÉyR_RUd ò O	QPO�b/acTVRUb	{=TFNSOlb�Nr`rTFN � W]f|d;acbFTw�aUY�YVO�T�TVR�f�N;aUQSQPO	\
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MENPOq^PO�}UO	\kRUd � O	Q.T<RUZvW]Q;^SeSYVTVbF`@YVTFaUQS^Sacb�^?TFW � OqTFNPbFO	aU^SY�w>aUYKj&O�`UR�QS^lTFNPOEYFfARUd&OqRUZ&TFNPOEf�ePbFbFO	QrT
dSbFR�pVO	fAT�n � RUbz^PO�}UO	\kRUd � O	Q.TEdIePbFd&R�YVO	Y�{hTFNPO�aUf�f�eSb�aUfA`(RUZ=TFNSO�YV`hYVTVO � f�\kRhfF¨(W]Y�YFe;tsf�WkO	QrT�n ½ O�bFO
TFNPO	Q[{�a(Y�W � d;\kO|TFW � O4TFNSbFO	aU^�W]YgW � dI\kO � O	QrTVO	^�eSYFW]QPXtTFNPO4w�W�QS^PR�w0Y0Ü0�qÉ*ZîeSQSfATFWkR�Q ò O�TFM�W]fF¨ru
�>R�eSQrT � �>w�NSW�f�NxbFO�TFePb/QSY�TFNPO�Q_e � jvO�bqRUZ � YEY�W]QSfAOgw�W]Q;^PR�w�Y>w�aUY�YVTFacb�TVO	^[n

�z\]\I\]RrRUd;Y7bFO × eSWkb�W�QPX�YV`hQSf�NSbFR�QSW]YVO	^sf�aU\]\]Y>TVR?TFNPO Õ�¤9ìz¤ fAR � d&R�QPO	QrT�RUdvO�b/acTVO0w�W]TFNSW]Qia?\kR_RUd
RUZ=TFNSOZ�R�\�\kR�w�W�QPX?Z�RUb � �
§@¨u©>©;ª�«;¬/£¬¡®�¯�ª±°³²µ´/¶�¬u£¬�®7¯�ª�°j·
¸ ªµ¹¡®@«»º�¨;¬uªy©u²µºµº�¼§�¨u©µ©uª'«u¬/�¬�®7¯�ª±°�½>ªy¬µ¾�®>§�¿/Àµº�¨>«;¬ÂÁ�Ã®�ÄaÁ�§�¨;©>©uª'«u¬u£¬�®7¯�ª±Åy°ÆÁ"²µ´¡¶�¬/�¬�®�¯�ª±Ç�¬�®7¯�ª/¶�¬uª'¼VÃµÃ¸ ªy¹¡®�«È®�«>«/ªy©u²µº>º'¼É¼µ¨u¬ÂÁ�Ê9Ë@Ì9ËÍ«/ºy¬;ª�º�«P¯�ª/¶>¶'´µ¹;ª/¶;ÃÉ²y´¡¶�¬u£¬¡®�¯�ª�°»§�¨;©>©uª'«u¬u£¬�®7¯�ªª�«uÎ»®�«>«/ªy©u²µº>º'¼ÉÉÉª'«/ÎÏº�¨;¬uª£©/²µºµº�¼

MENSW]Y@dSbFRh^SeSfAO	Y|aUeS^SW]R�R�ePTVd;eST|TFN;acT?YFR�eSQS^SY|YV`hQSf�NPb�R�QPR�eSY|TVR�TFNPO(Nre � aUQ�O	acb	n�Ñ7O	f�aUe;YVO�aU\]\
acdSd;\]W�f�acTFWkR�QSYb/eSQ�W�Q Ì W]QS^PR�w�Y�{�� � ¤ ZîeSQSfATFW]R�Q��0dSd;\]W�f�acTFWkR�Q � b�R_fAO	YFY Õ O	YFY�acXUO	Y � �W�Y|W�QSf�\]eS^PO	^
acT�W]QrTVO�bF}caU\]Y�TVRiaU\]\kR�w�w�W]Q;^PR�w�YqYF`_YVTVO � dSbFRhfAO	YFYVO	YETFW � OgR�Q(TFNPO|� � ¾ n
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×"W-X «mb \ncv_®°¯±\n`%²³cU¸�e�e³¹ ºBcpbdcv_®·\�e³
� ÈPa � d;\kO	YzRUZ � eSY�W]f�XUO	QSO�b�acTVO	^�j_`�TFNPO ¤ QrTVO�b�aUfATFWk}UOs�0^��h` � f�aUQ�j&O|Z¢R�eSQS^�R�Q�TVb�aUf�¨_Y � u��sRUZ
TFNPO�f�^[n � RUbtaU\]\�TVb�aUfF¨hY�{ � a�ÈPf�NSaUQSXUO Ù  n U ±_{qfAb�WkTFW]f�aU\q^SO�}_W]acTFW]R�Q Ù  n �� aUQS^¥TFNSO � eSQSWkT
NPR � O�R�YVTFacTzW]Y�ZîeS\]\k`ifAR�Q;QPO	fATVO	^[n
�2õ�~�ù�ØÚÙ2� ��ö��ªÿ}ö��¡ú�~�úªþ/öoö��±��~aüñ÷ õ�~aüñ÷ñö�� ��ÿmþ,öo÷�w MENSW�Y�TVb�aUf�¨¥^PO � R�QSYVTVb/acTVO	Y4TFNPO
NSacb � R�Q;W]fl\kR_RUd;Y|fAbFO	acTVO	^�jr`�TFNPOxNPR � O�R�YFTFacT?W�Q�YVTFacTVOxRUZ�YVTFacjI\kOiR�YFf�W�\]\]acTFWkR�Q[{2aUY|w7O	\�\<aUY|TFNPO
O r O	fAT0RUZ � W]QPRUbqd&O�bFTFePbFjIacTFWkR�QxaUQS^(TFNPO�aUf�fAR � d;aUQ.`hW]QPXib�aUQS^PR �µ� O	\]R_^P`t\kR_RUdyn
MEW � O	YFTVO�d Ù[���� Y	{ � ÑÏZ¢aUfATVRUb Ù o  n

��TtTFNPO�YVTFacb�TiRUZTFNPO�TVb�aUfF¨v{ETFNPOCNPR � O�R�YVTFacTxd;\�a	`hYieSQSaUf�fAR � d;aUQSWkO	^[�CTFNPOCYV`_YFTVO � W]YsW]Q
a�YVTFacjI\kO�YVTFacTVOCRUZR�YFf�W�\]\]acTFWkR�Q[{>TFNPO�^SW r O�bFO	QrTld&O�b�WkRh^SY4RUZgR�YFf�W]\�\]acTFWkR�Q*RUZgO	aUf/N�eSQSWkTifAb�O	acTFW]QPX
aUQ�W]Q.TVO�b�O	YVTFW]QPX�\kR_RUdyn¦��Txacj&R�ePT £ YVO	f�Y�{zTFNPO�R�ePTVd;ePTtRUZ�eSQ;WkT�o�W]YtZ¢RUb�fAO	^�^PR�w�Qrw�acb�^SYtjr`
�ê TFNPOxfAb�WkTFW�f�aU\<^PO�}hW]acTFWkR�Q[n�M�NSW]Y�f�aUe;YVO	Y@a�jSb�W]O�Z�N;acb � R�QSW]fi^PO�}_W�acTFWkR�Q[n�MENPOtYV`hYVTVO � × eSW]f�¨_\]`
bFO	YVTFacj;W�\]W]YVO	Y�aUQS^(TFNSORUb�WkX�W]Q;aU\[\kRrRUd�bFO�TFePb�QSY	n���T@o��?YVO	fAR�Q;^SYETFNPOlÍ � O	\kRh^P`IÇS\�W]QPOgW]Y�TFePb�QSO	^(R�Q[{
aUQS^�a4YFW � d;\kO � O	\kRh^P`t\kRrRUd�aUf�fAR � d;aUQSWkO	Y�n
�2õ�~�ù�Ø�Û9�]�ÇûAS����*�*ÿ}ÿr÷Ü�ñöl��ÿröl�¡ú�~�ú ¤ QxTFNSW]Y�TVb/aUfF¨v{;TFNPO�N;acb � R�QSWkO	Yqacb�Ogd;\]a	`UO	^�w�WkTFN@pFeSYVT
TFNPOgd&O�b�f�eSYFY�WkR�Qxd;acbFTEaUQS^�TFW � O	YVTVO�d�b�O	^SeSfAO	^xTVR�o � Y�n � Ñ�ZîaUfATVRUb Ù � n

��T<TFN;W]Y<YVd&O�O	^[{.TFNPO0W]Q;^SWk}hW]^SeSaU\_QPRUTVO	Y7RUZ[TFNPO�b�Nr`_TFN � d;acbFT>aUQS^laUQr`lNSacb � R�Q;W]fqR�YFf�W]\�\]acTFWkR�QSY
acbFO�aU\ � R�YVTtW � d&O�b�fAO�dSTFWkjI\kOU��TFNPO�b�Nr`rTFN � j&O	fAR � O	YxaU\ � R�YVTta�TFW � jSb�OU{EaUQS^ÊTFNSO�NSacb � R�QSWkO	Y
OAÈ_d&O�b�W]O	QSfAO	^laUY<Y�eSYVTFaUW]QPO	^if�NPRUb�^;Y�nKMENPO�f/NPRUb�^SY7acbFO0W]Q;^SeSfAO	^4aUY>acjvR�}UO�j_`?Z�RUb�f�W�QPXTFNPOER�eSTVd;ePT
RUZEeSQSWkTsoiR�ePTFY�W]^POsW]TFY�fAb�WkTFW�f�aU\7\]W � WkT�n ò Wk}UO	Q�TFNPO � W]fAbFRUTVR�QSaU\�WkT¬`�RUZETFNSOsYV`hYVTVO � {KTFNPOtf�NPRUb/^SY
dSbFRh^SeSfAO	^ÏacbFO�YFePbFd;b�W]YFW]QSX�\k`�Zîa � W]\]W�acb	n¦MENPOCdSbFRUXUbFO	YFY�WkR�Q�fAR�Q.TFaUW]Q;YxTVO	QSYFWkR�Q�aUQS^ÏbFO	YVR�\�ePTFWkR�Q
YFW � W�\]acb?TVR�TFNSacTlOAÈhd&O�b�WkO	QSfAO	^¥W]Q�TVR�Q;aU\ � e;YFW]fc{7aUQ;^¥O�}UO	QÊYVO�O � YlTVR�bFO�TFeSb�Q�TVR�TFNPO�RUb/WkX�W]QSaU\
f�NPRUb/^[n

�2õ�~�ù�Ø³ÝV�BÞ¡ßVàõ�á�ñöl��ÿröl�¡ú�~�ú �z\kTFNPR�eSX�N�f�NSaUQSXUO	Y�W]Q�W]Q;YVTVb�e � O	QrTFacTFWkR�Q�w>O�bFOlQPRUT�W�QSf�\]eS^PO	^
R�Q�TFNPO ò"¾�¤ {IaUQ�OAÈha � d;\kORUZKTFNPO�O r O	fATFYzRUZKeSYFW]QSXl^SW r O�bFO	Q.T0W]QSYVTVb�e � O	Q.TFY�W]YqX�Wk}UO	Q�NPO�bFOUn�MENPO� O	\kRh^P`l\]W]QSO0W]Y>d;\]a�`UO	^xR�QxTFNPO8d;W]aUQPR|aUQS^(^SW r O�bFO	QrT7d&O�b�f�e;YFYFWkR�QsW]QSYVTVb�e � O	Q.TFY�eSYFO	^[nKMENPOzTFW � O

� £
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YVTVO�d¥W]Y?YFW � W�\]acb�TVR�TFNSacT?RUZ0TVb�aUfF¨ � {<j;ePT|TFNPO � O	\kRh^P`�\]W�QPOsfAR�QrTFaUW]QSY4a�QPRUTVOxTFNSacT4W]Y|d;\]a�`UO	^
O�}UO�bF`�WkTVO�b�acTFW]R�Q[{=X�W]}_W]QSX�a�}UO�bF`�Í�^Sb�Wk}hW]QPXPÇ[O r O	fAT�n�MENPOsbFO�X�eS\]acb@bFO�d&O�TFWkTFWkR�Q�RUZqTFNSW�Y�QPRUTVOtaU\]YVR� ac¨UO	Y>TFNPO0YF`_YVTVO � YVTFacTVO	Yqf�\]O	acb�\k`4aUeS^SWkjI\kOU��TFNPOzOAÈPa � d;\kO0dSbFR�}hW]^PO	Y7a�XUR_Rh^sW]\�\]eSYVTVb�acTFW]R�Q?RUZyTFNPO
dSbFRUXUbFO	Y�YFWkR�QxTFNPbFR�eSX�N(}�acb/WkR�eSYqYVTFacTVO	Y0RUZ�YFTFacj;W]\]WkT�`saUQS^ � eSYVO�b�W]Q;^SeSfAO	^I�<d&O�bFTFePbFjIacTFWkR�Q[n

�2õ�~�ù�Øjæl{ t øÃúZö9üñöl��ö9ø����ªöo÷|ÿ ¤ QCTFNPO4acj&R�}UO4TVb�aUf�¨_Y�{�TFNPO4YV`_YFTVO � w>aUYgTVR(YVR � O4OAÈ_TVO	QrT
ÍÎd;\]a�`UO	^[Ç�\]Wk¨UO�aUQ�W]QSYVTVb�e � O	Q.T[RUb=YFa � d;\kO�byuI^SW r O�bFO	QrTyW]QSYVTVb�e � O	Q.TFY&TFeSb�QPO	^8R�QRUb�R r {cd;acb�a � O�TVO�b�Y
aU^�pFeSYVTVO	^�aUQS^�TFNPO?R�ePTVd;eSTFYgW]Q.TVO�b�Z�O�bFO	^Cw�W]TFN�TVR(d;bFR_^;eSfAO|N;acb � R�QSW]f|f�N;aUQPXUO	Y�n?MENSW]Y0OAÈha � d;\kO
^PO � R�QSYFTVb�acTVO	YETFNPOYF`_YVTVO � W]Q(aUePTVR � acTFW�f � Rh^POUn

�z\]\;TFNSbFO�O8d;acbFTFY�acbFO8d;\]a�`UO	^[{hTFNPO � O	\kRh^P`i\]W]QSO�eSYFW]QSX|asÍÎ}hWkj&O	Y�Ç.}UR�W]fAOU{PTFNSOzb/N.`_TFN � d;acbFT>R�Q
TVb�W]aUQPX�\]OU{hfAR�QSX�a4aUQS^(f�acj;aUYFah{;aUQ;^sTFNSONSacb � R�Qr`iR�Q(a4YV`hQrTFNxd;aU^[nKMEW � OgYVTVO�d Ù m UÂ� Y�{ � Ñ
Z¢aUfATVRUb Ù ocn

MENPO�NPR � O�R�YFTFacT × e;W]fF¨h\k`�YVO�TVTF\]O	Y2TVRazYFTFacj;\kO�R�YFf�W]\]\�acTFWkR�Q[{cTFNPO � O	\kRh^P`d;W�fF¨hW]QPX�R�eST�azY�W � d;\kO
\]W]QPO�Z¢bFR � TFNPO	YFO�QPRUTVO	Y�nKMENPOEf/NSaUQPX�W]QSXdSbFRUd&RUbFTFWkR�Q|RUZ[YVTFacTVO	Y>W]Q?TFNPOz�q�Ôf�aUQijvOEf�\]O	acb�\k`@NSO	acb�^[�
TFNPOd&O�b�f�eSY�YFWkR�Qxd;acbFT0W]QSWkTFW]aU\�\k`iW]QSf�\�eS^SW]QPX|bFO	YVTFY	{Sj&O	fAR � O	Y0aU\ � R�YVT�fAR�QrTFW]QPR�eSY	n>��T � mlYVO	f�Y�{ITFNPO
d&O�b�f�eSYFYFW]R�Q�\kR_RUd�O	QS^SY�{&TVb�WkXUXUO�b/W]QPXxatfAb/WkTFW]f�aU\�d&O�bFTFePbFj;acTFW]R�Q�RUZ7e;QSWkT?ocn���Z¢TVO�batjSb�WkO�ZKd&O�b�W]R_^[{
TFNPOYV`hYVTVO � b�O	YVTFacj;W]\]W�YVO	Y�{_bFO�TFePb�QSW�QPX?TVRlbFO�d&O�TFWkTFWk}UONSacb � R�QSW]f8\kR_RUd;Y�n
��ÿmü=ÿ}õ�~aþgª%öl� �ªÿmüMú�� MENPO	YFO|OAÈPa � d;\]O	YgW]\]\]eSYFTVb�acTVO@TFN;acTgTFNPOlNPR � O�R�YVTFacT@NSacb � R�QSW]O	Y�{&b�aUQhu
^PR � � O	\kR_^S`?aUQ;^x���Ïb�Nr`_TFN � dSb�R_^Se;fAO�YVR � O8W]QrTVO�bFO	YVTFW]QPX � eSY�W]f�aU\SZ¢b�acX � O	QrTFY�{_jvRUTFNsW]QS^SW]}_W]^Pu
eSaU\]\k`(aUQS^�W]Q�^SW r O�bFO	QrTzfAR � j;W]QSacTFW]R�QSY�n8MENPO�b/aUQPXUO@RUZ7O r O	fATFY8d;bFR_^;eSfAO	^?pFeSYVTzjr`�}�acbF`hW]QPXsTFNPO
fAR � jIW]QSacTFWkR�QxRUZ2d;acbFTFY	{PTVO � d&RiaUQS^xd;WkTFf/N(j&O	QS^xZîaUfATVRUb0W]Y × eSWkTVOW � dSbFO	YFY�Wk}UOUn

MENPOzYV`hYVTVO � w�aUY>dSbFO	YVO	QrTVO	^tacT7TFNPOç�heSYFYFOAÈ ¾ QSW]}UO�b�YFWkT�` Õ �hf�dvR�YFTVO�b7dSb�O	YVO	Q.TFacTFW]R�Q[{_aUY>w>O	\]\
aUYydSb/Wk}�acTVO	\]`0TVRzaEdSbFRUZ¢O	YFYFW]R�QSaU\U^SWkX�WkTFaU\ku � eSY�W]f�dSbFRh^SeSfAO�b�aUQS^@a � eS\kTFW³u � O	^;W]aqYVRUZ¢T¬w�acbFO<O	QPX�W�QPO�O�b	n
�0\�\;Z¢R�eSQS^tTFNPOgYV`hYVTVO � Í�W]QrTVb�eSWkX�W�QPXPÇk{rjIePT7R�Q;\k`lTFNPR�YVOgw0NPR4YVd&O	Q.T�YVR � OgTFW � O0d;\�a	`hW]QPX|w�WkTFNtTFNPO
d;acb�a � O�TVO�b/YzY�NPR�w>O	^�asN;WkX�N�\]O�}UO	\=RUZ>W]QrTVO�bFO	YVT�n8�_O�}UO�b�aU\2YVTFeS^SO	Q.TFYzRUZ � �g�h`�fAR ��� O	QrTVO	^�TFNSacT
d;\]a�`_W]QSX4w�WkTFN�aibFO	aU\³u6TFW � O@aUeS^SWkRl}UO�b/YFWkR�Q�RUZ�asNPR � O�R�YVTFacTzX�a	}UO|TFNPO � TFNPO	Wkbq~Ib�YVTEbFO	aU\=W]QSYFW]X�N.T
W]QrTVR�ÍÎw�N;acT2�zYFNrjr`�w>aUY2TFaU\k¨hW]QPX8acj&R�ePT�Çk{�YFePXUXUO	YFTFW]QPXzTFNPOqYV`_YFTVO � aU\�YVRgNSaUY2YVR � Oq^SW]^SaUfATFW�f�}caU\]ePOUn
Ó8QPOlRUZ�TFNPOt^PO�}UO	\kRUd&O�b�Y�RUZ>Ü0u�G�a � {2a�bFO	aU\³u6TFW � O Õ�¤9ìz¤ TVb�WkXUXUO�bFO	^�}_W�^PO�R � W³ÈhO�b	{�fAR ��� O	QrTVO	^
TFNSacT<TFNSOEd;acTVTVO�b�QSY<dSbFRh^SeSfAO	^?u�d;acbFTFW]f�e;\]acb�\k`j_`4TFNPOER�Y�f�W]\]\]acTVRUbF`4YVTFacTVO	Y<u � a	`4j&OEW]QrTVO�bFO	YVTFW]QPX�\]`
eSYVO	^(aUY�}_W]^SO�R4O r O	fATFY�n �
×"W,¤ ¥§¦Â® ¹]\_`,² c ¨�cÂ��Zdc¼bd¯�cv ª e�¦�ZÂ^ac
�0Q�aUe;^SWkRxOAÈha � d;\kO4RUZ>TFNPO � Rh^SeS\kO?fAR�Q.TVb�R�\]\]W]QPXxTFNPO4dIaUWkb�W]QPX�YzRUZ � ^SW r O�bFO	QrT8dSbFO	YVO�TYFa � d;\kO	Y
f�aUQ(j&OgZ�R�e;QS^xR�Q�TVb�aUf�¨�±?RUZ2TFNPOf�^[n>Ó8Q;fAOgTFNPO�YV`hYVTVO � N;aU^(YVTFacj;W]\]W�YVO	^[{PeSQSWkTgocÇÎY�R�ePTVd;ePTqw�aUY
^PO	fAbFO � O	QrTVO	^�Y�\]WkX�NrTF\k`�TVb/WkXUXUO�b�W]QPX�a�w7R_R_^Sj;\kRhfF¨�YFa � d;\kOU{=TFNPOlw>O	WkX�NrT�fAR�Qh~;X�ePb/acTFWkR�QSYacT@TFNSW]Y
TFW � Oxf�aUeSYVO(eSQSW]T@m_ÇÎY?R�ePTVd;ePT|TVR�YFW � W�\]acb�\k`�W]QSfAbFO	aUYFOU�sa�TVb�W]aUQPX�\kOxYFa � dI\kOsW]Y|d;\�a	`UO	^�YFW � eS\kTFa�u
QPO�R�eSYF\]`Un@�0Z�TVO�b � j;acb/Y � �tYVO	f�Y/�/{=e;QSWkT?ocÇÎY8R�ePTVd;ePT8w�aUY^PO	fAbFO	aUYVO	^y{yTVb�WkXUXUO�b�W�QPXxTFNPO4¨_W�fF¨h^Pb�e �
YFa � d;\]OUnsÑ>O	f�aUeSYVOsTFNPOiw>O	WkX�NrT�acbFOiTFNSOiYFa � OU{2eSQSWkT�m � R�}UO	Y?YFW � W]\]acb�\k`�^PR�w�Qrw�acb�^SYaUQS^�TFNPO
acXURUXUR�YFa � d;\]O@W]Y0d;\]a�`UO	^[n8�hNPRUbFTF\k`�acZ¢TVO�b8TFNSW]Y0d&R�W]Q.T�{vTFNPO?R�ePTVd;eST�RUZ7e;QSWkT � W]Y0d&O�bFTFePbFj&O	^(j&OAu
`UR�QS^�WkTFYgfAb/WkTFW]f�aU\K\]W � WkT�{[aUQS^�QPO�w¦w>O	WkX�N.TFY�acbFOiaUYFYFW]X�QPO	^[n?MENre;Y8w�NPO	Q�acZ¢TVO�b�aUQPRUTFNPO�b � j;acb�Y
® �&ñ�òÎóyò�ó�öVõ�ó�ò�÷ � òÎôqý�÷Îö9ôqö���ø6ö	)�õ/óVè*b0éAõ�ôê��ó�ö9ó*cd.0e�.vý�òÎø6ü¬ñ	ÿUö��')Eó�ò � ��õ/÷Îó�ø�>ü��!��ø+
��÷  
¬õ�ôqö9ó�ýUö9ö	)£-
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� acTto £ YVO	f�Y��/{KTFNPOsR�eSTVd;ePT�RUZ0eSQSWkTiosW]Y|W]QSfAbFO � O	QrTVO	^�aUQS^�TFNSOsw>RrRh^Pj;\]R_f�¨CdI\]a	`hY@acX�aUW�Q[{KTFNPO
acXURUXUR�YFa � d;\kOsfAR�Q.TFW]Q_ePO	Y�{2aUY@TFNPOiw>O	WkX�NrT|f/NSaUQPXUO	Y � O	aUQ�TFN;acT@eSQSW]T@m�QPR�w � R�}UO	Y|RUdSd&R�YFWkTVO
eSQSWkTzocn�M�R?O	QSY�ePbFOzTFNSacT�TFNSW]Y>W]Y>TFNPOzf�aUYFOU{SeSQSWkTzo0R�eSTVd;ePT�W]Y>Z�RUb�fAO	^x^PR�w�Qxa@~IQSaU\ITFW � OU{PaUQS^xaUY
OAÈ_d&O	fATVO	^[{;TFNPOg¨_W�fF¨h^Pb�e � YFa � d;\kOW]Y�d;\�a	`UO	^(w�W]TFN(TFNPOgTVb�W]aUQSX�\kOUn

MENPO�dSbFRUTVRUT¬`_d&O�w�aUYid;bFO	YVO	QrTVO	^*TVR�YVO�}UO�b�aU\Ed;bFRUZ�O	Y�YFWkR�QSaU\EaUQ;^ÊYVO � Wku6dSbFRUZ¢O	YFYFWkR�QSaU\q^;WkX�WkTFaU\� e;YFW]f|dSbFRh^SeSfAO�b�Y8aUQS^�YFRUZ�T�w>acbFOs^PO	YFWkX�QPO�b/Y/¿�O	QPX�W]QPO�O�b/Y�n|�z\]\2fAR ��� O	QrTVO	^�R�Q�TFNSOlf�ePbFbFO	QrTf�aU\]\
Z�RUb|YFeSf/N�aU^SacdSTFW]}UO � O	f/NSaUQSW]Y � YW]Q�^SW]X�WkTFaU\�aUeS^SW]R(O	QPX�W]QPO�O�b�W�QPX�aUQS^�fAR�QSZ�O�bFO	^�WkTTFNPOtYV`hYVTVO �
NSaU^(d&RUTVO	QrTFW]aU\[W]QxTFNSW]Yq~;O	\]^[n

×"W�V ¥ Z]\ne³bde oqe³Zdj[´µe³o¶cve0j�\�®·\_`%¯fª Zdjn`%¯f¨�k�j�\�cpo
MENPOg~Ib�YVT�o  � W]Q_ePTVO	YERUZKaiY�a � d;\kOd;bFO	YVO	QrTVO	^�j&RUTFN(d;eSj;\]W]fA`taUQS^�W]Q�TFNPO@\]W�YVTVO	QPO�b�YFeSbF}UO�`�f�aUQ
j&OgZ�R�eSQ;^xR�Q(TVb�aUfF¨�Õ?RUZ2TFNPOf�^yn

ë}Ä�Ã}ÄÇÆ �t�Âì7HÇÏÖÐîí��7�°ËmÎnÒ�Î_ÓpÐ�Ë�Ì
MENPO(�zePTVR�QPR � R�eSY4�z^��_` Õ w�aUY4}UO�bF`�w>O	\]\�bFO	fAO	Wk}UO	^*acT4T�w7R�d;ePj;\]W�fiacdSd&O	acb�aUQSfAO	Y � aU^PO(acT
^SW r O�bFO	QrT@YVTFacXUO	Y?RUZE^PO�}UO	\]RUd � O	QrT�n � acb�\k`�R�Q�W]Q�TFNSOidSbFR�pVO	fAT�{KTFNPOtj;aUYFW]fsNPR � O�R�YVTFacT � O	YFYFO	Qhu
TFW]aU\]\k`�pFeSYVTsTFNPOCN;acb � R�QSWkO	YsXUO	QPO�b�acTVO	^�W]QÏ�z^��_` Õ ¤ �lw>aUYxeSYFO	^ÊTVR�RUd&O	QÔaUQS^Ïf�\kR�YVO�a�\]Wk}UO
YVO�T4RUZ�TFNSOxNSO	aU^S\]W]QSW�QPX�aUfATxÍ � TFNSNSN[Ç ê RUZ�TFNPO�\�aUYVT4QSWkX�NrT|RUZ0TFNPO(Z¢O	YVTFWk}caU\7RUZÓ8f�f�eS\]TFePbFO(m U m_n
� wEwEwnùRhf�f�eS\kTFeSbFOUnùTV}P�/nï�_O�}UO�b�aU\<aUeS^SWkO	QSfAO � O � j&O�b�YgfAR ��� O	QrTVO	^�R�Q�TFNSO4O r O	fATFWk}UO	QSO	YFYRUZ>TFNPO
NPR � O�R�YVTFacTzaUYEaUQ�R�eSTFYVTFaUQS^SW]QSX?acT � R�YVd;NPO�b�W�f8O r O	fAT�n

MENPO�Z¢e;\]\E�zePTVR�QPR � R�eSYt�z^��_` Õ aUYidSb�O	YVO	Q.TVO	^�NPO�b�OU{qw>aUYtd;\]a�`UO	^ÊZ¢RUbxYVO�}UO�b�aU\8NPR�ePb�YsW]Q
j;acb5�he � RsTVRxaUQ�aUeS^;WkO	QSfAO@fAR�Q;YFW]YVTFW]QSXiRUZ�TFNPO � O � j&O�b�Y�RUZ�ð & ¸�»�u�añ�hf�WkO	QSfAO�¿��0bFTg^SW]Y�f�eSYFYFWkR�Q
Z�RUb/e � NSO	\]^�acTzTFNPO4Ñ>b�WkX�NrTVR�Q Õ O	^SW�ax�>O	QrTVbFOUngMENPO?YVO�TVTFW]QSXsdSb�R�}hW]^PO	^�aUQ�W]^SO	aU\=YVTFacXUO4Z¢RUb8TFNPO
YV`hYVTVO � {;aUYE\�W]YVTVO	QPO�b�YqfAR�e;\]^xOAÈ_d&O�b�W]O	QSfAOgTFNPO�\]acb�XUOYFf�aU\kO�YVTVb/eSfATFePbFOgRUZ�TFNPO�YV`hYVTVO � W�QxTVO�b � YERUZ
WkTFY�ÇPdSb�RUXUbFO	YFYFWkR�QxTFNSbFR�ePX�N(}cacb�WkR�eSYqYFTFacTVO	Y�R�}UO�b0aUQ�OAÈhTVO	QS^PO	^�TFW � OUn

�z\]\[TFNPR�YVO|acTVTVO	QS^SW]QSXlw7O�b�O4ÍÎ}UO�bF`�W � d;bFO	YFYVO	^[ÇSaUQ;^�fAR ��� O	QrTVO	^CTFNSacT�TFNPO@YV`_YFTVO � w�aUYÍÎOAÈ_u
fAO�dSTFWkR�QSaU\�\k` � eSY�W]f�aU\�Ç.fAR � dIacbFO	^iTVR|RUTFNPO�b	{_O�}UO	Qt¨_QSR�w�\kO	^SXUO�j;aUYVO	^y{rXUO	QPO�b/acTFWk}UOzYF`_YVTVO � Y�nKMENPO
�0e;YVTVb�aU\]W]aUQ�XUO	QPO�b/acTFWk}UO�acbFTFW�YVT � aUeS\qÑ>bFR�w�Qy{7TFNPO�O�}UO	QSW]QPX�Y�Ç � aUW]Q¥YVd&O	ac¨UO�b	{�YFNPR�w>O	^ÊY�W � W]\]acb
O	Q.TFN;YFW]aUY � {�aUYi^;W]^*a�bFO�d;bFO	YVO	QrTFacTFWk}UO�Z¢bFR � a�bFO	QPR�w0QPO	^ÊW]QrTVO�b�aUfATFWk}UO � e;\kTFW � O	^SW�a�fAR � dIaUQ.`
Í�aUeS^SWkRUb�R � nÎfAR � Çk{�w�NPR�OAÈhdSbFO	YFYFO	^�aUQ�W]QrTVO�bFO	YVT|W]Q�fAR ��� W]YFYFWkR�Q;W]QPXxTFNPOlw>RUbF¨�Z�RUb|aUQ�W]Q;YVTFaU\]\]a�u
TFWkR�Q�dSbFR�pVO	fAT�nmGUR�NSQ � O�TFWkXUbFO�w�{yR�QPO?RUZ7TFNSO4Z�R�eSQ;^SW]QPX � O � j&O�b�Y8RUZ1�/�_O�`UR�aU\]YFRtOAÈhdSbFO	Y�YVO	^�aUQ
W]QrTVO�bFO	YVTEW]QxTFNPO@YV`_YFTVO � Z�RUbzeSYVOgR�Q�N;W]Y�d;\]aUQSQSO	^�ÍÎO�}UR�\]}UO	^�acbFT�ÇIf�acj;\kOf�N;aUQSQPO	\�n

¤ Q4RUTFNPO�b<d;b�Wk}cacTVOEdSbFO	YVO	QrTFacTFWkR�Q[{_fAR ��� O	QrTFY7Y�eSf�NsaUYqÍÎR_R�NiW]YKTFN;acT<`UR�elR�QiTFNPOÇÎfAO	\]\]RµòUÇ2w>O�bFO� aU^PO|jr`CQSaUWk}UO?\]W]YVTVO	QSO�b�Y�{vw�NPRxw7O�b�O?aU\�\=YFeSbFdSb�W]YFO	^�TVR(\kO	acb�QCTFNSacT8w�NSacTzTFNPO�`�w7O�bFO4\]W�YVTVO	QSW]QPX
TVRiw�aUY�O	QrTFWkbFO	\]`xfAR � d;ePTVO�bzXUO	QPO�b�acTVO	^[nE�z\kTFNPR�ePX�N�QPRsfAR � d;acb�W]YVR�Q�w7O�b�O � aU^PO�TVRtaUQr`(RUZKTFNPOò bFO	acT7�>R � dvR�YFO�b�Y�{UYVO�}UO�b�aU\Pd&O�RUd;\]O>YFaUW�^|W]T�b�O � W]QS^PO	^�TFNPO � RUZV�_TVO�}UO Ò O	W]f/N[ÇÎY2w>RUbF¨I{�aUQ;^ � aUQ.`
^PO	YFfAb�W]jvO	^xWkTEaUYÍù~I\ �µ� eSYFW]fcÇk{SY�ePXUXUO	YVTFW]QPXlW]TENSaUYEYVTVbFR�QSXiacT � R�YVd;NSO�b�W]f8}caU\]ePOUn
ð �&ñ�ö;ÿcõ"��)2òÎó_ÿUö9óîø;)�ö9ó�ü�
6òÎÿUö	)Kõ�ó_ö9÷Îö9ü�ø+
�Aõ/ü��!��óîø6òÎü�b�õ $ õ"��ø+b � õ�
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¬õ�
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ë}Ä�Ã}Ä Å ô³ÏÖÌ�Í�Ë�ÓvËmÒÍõ2�pÒ�öyËÝÔ
�2û �¡úZÿ}üñÿrõø÷ ��~9þ/ø�~�úZû/öMüv{]x ÿrú��ñöo÷ô³~aõXúZû/ùIû �±~aüMú�� o �� aU\kOgaUQS^�o  Z¢O � aU\kO8d;acbFTFW�f�Wkd;aUQrTFY7j&O�T�w7O�O	Q(TFNSOacXUO	YqRUZ2mhogaUQ;^ � � TVRrRU¨
d;acbFT�W�QgTFNPO<\]W�YVTVO	QPO�b[O�}caU\]eSacTFWkR�Q[n � acbFTFW]f�WkdIaUQ.TFY[w>O�bFO>YVO	\kO	fATVO	^@TVR�fAR�}UO�bKaEb/aUQPXUO�RUZ � e;YFW]f�aU\�{caUQS^
�0^;acdSTFWk}UOï�_`_YFTVO � YgW]QrTVO�bFO	YVT8aUQS^C¨_QPR�w�\kO	^PXUOUn�z\]\=d;acbFTFW]f�W]d;aUQ.TFYzw>O�bFO4a	w�acbFO4TFNSacT8TFNPO � eSYFW]f
w>aUYs^SWkX�WkTFaU\�\k`�j;aUYFO	^[{7jIePTiQPR�QPO(¨hQPO�w TFNPO�OAÈPaUfATtQSacTFeSbFO(RUbs^PO�TFaUW�\]Y4RUZ8TFNPO�fAR � dvR�Y�WkTFWkR�QSaU\
dSbFRhfAO	YFY�n

R£ÿ��Zû0SMü ~aüñ÷ ôµõZöoùEÿ}÷Aø=õkÿ MENPOxO�}caU\]eS\]acTFW]R�Q*fAR�QSYFW]YFTVO	^¥RUZza � W³ÈhTFePbFOxRUZgYVTVb�eSfATFePb�O	^*aUQS^
YVO � W³u¬YFTVb�eSfATFePbFO	^xZ¢O�O	^Pj;aUf�¨I{ � aU^POj&RUTFN(^SePb/W]QPX?aUQS^�acZ¢TVO�b0\]W]YFTVO	QSW]QPXPn

MENPOlaUe;^SWkRxw>aUYdSbFO	YVO	QrTVO	^�W]Q�b�O	aU\2TFW � O4Z¢bFR � TFNPbFR�eSX�N�NPO	aU^Pd;NPR�QSO	YgZ�b�R � a�\]acdSTVRUdyn ¤ Q
RUb�^PO�b2TVRgO	QSacj;\]O�fAR � d;acb�W]YVR�Q|j&O�T¬w>O�O	Q4bFO	YFdvR�Q;YVO	Y�w�WkTFNSW]Q�TFNPOqY � aU\]\hYFa � d;\kOU{UTFNPOqYFa � O�}UO�b�Y�WkR�Q
w>aUY8d;bFO	YVO	QrTVO	^�TVR�aU\]\2\]W]YVTVO	QPO�b/Y�n � aUf/N�w7O�b�O4dSbFO	YVO	QrTVO	^�w�WkTFN�a ò"¾0¤ fAR�QSY�W]YVTFW]QPXtRUZ[pFeSYVT8Z¢R�ePb
j;ePTVTVR�QSY  % Â ��%î{  %6½/»v{IaUQS^ & ¸úù Å ¸�%�aUQS^�¼�½c¹9û % & ¸0ù Å ¸�% � Y�NPR�w�Q�W]QxacdSd&O	QS^SW³ÈiÑz{P~;X�eSbFOgÑ0n � �/n7MENPO
Z¢e;\]\ ò"¾�¤ w�aUYsN;W]^S^PO	Q�TVR�d;bFO�}UO	Q.Ts^SW]YVTVb�aUfATFW]R�Q*aUQS^*^SW�YFfAbFO�TVO�TFNPO�YV`_YFTVO � ^PO�TFaUW]\�Y?Z�bFR � TFNPO� RUbFO?W]Q × eSW]YFW]TFWk}UO\]W]YVTVO	QSO�b�Y�n � aUf�N�\]W]YFTVO	QPO�b�w�aUY8X�Wk}UO	Q�TFNPO|Y�a � O4YVO�T0RUZ<wEb�WkTVTVO	QCW]QSYVTVb/eSfATFWkR�QSY
� acdSd&O	QS^SW³È ì n]o��/n�MENSO	YVO@b�O × ePO	YFTVO	^CY�W � d;\k`xTFNSacTzTFNPO�`C\]W]YVTVO	Q Â� �& ½c¹µü Â� %A� Å�q ¾ Â ¹¡% Å ¼cn@MENSW]Y
w>aUY�^PR�QPOlTVR�d;bFR�}hW]^PO4aUQ�W � d;\]W]f�WkT � O	aUYFePb�OlRUZ>W�Q.TVO�bFO	YFT�n ¤ Q�aU^;^SWkTFWkR�Q[{[TFNSO�`Cw>O�bFO4X�Wk}UO	Q�TFNPO
RUdSTFWkR�QÊTVR�dSbFO	Y�Y & ¸0ù Å ¸�%?RUbC¼.½c¹�û % & ¸0ù Å ¸�%4acTsaUQr`¥dvR�W�Q.Ti^;ePb�W]QPX�TFNPO	W]bi\]W]YVTVO	Q;W]QPXPnÔM�NSW]Y4w�aUY
W]QSf�\]e;^PO	^�Z�RUb?T�w7RCbFO	aUYVR�QSY	�4TFNPOtW]TVO�b�acTFWkR�Q�Qre � j&O�b@aUQS^�T¬`_d&OiRUZEb�O	YVd&R�QSYVOlw�aUY|bFO	fARUb�^PO	^�TVR
W]Qr}UO	YVTFWkX�acTVOlw�NSO�TFNPO�bTFNPO�bFO4w>O�bFOiaUQr`�eSQSWk}UO�b�Y�aU\]\k`�^SW�Y/¿�acdSdSbFR�}UO	^�RUZ>dvR�W�Q.TFY Ü TFNPOlW]QSYFTVb�eSfATFWkR�Q
w>aUYzaU\]YVRs^PO	YFWkX�QPO	^�TVRiO	QSfAR�ePb/acXUO|asYFW � W]\�acbE\kO�}UO	\yRUZKacTVTVO	QrTFWk}UO	QPO	YFY8aUQS^�\]W]YVTVO	QSW�QPX4YVT¬`h\kO@W�Q�aU\]\
eSYVO�b�Y	n

�0Z�TVO�b�\�W]YVTVO	QSW]QSXP{�aU\]\cd;acbFTFW�f�Wkd;aUQrTFYv~I\]\kO	^zR�ePT�aqY�NPRUbFT × ePO	YVTFWkR�QSaUW]bFO � acdSd&O	QS^SW³È ì n�m��;bFO × e;Wkb�W]QPX
YVO	\kO	fATFWkR�Q�RUZza�YFf�aU\kO	^�bFO	YFdvR�Q;YVOUn ¤ Q¥aU^S^SWkTFWkR�Qy{KTFNPO�`�w>O�bFO�aUYV¨UO	^¥TVRtpFeSYVTFW]Z�`�TFNSO	Wkb?bFO	YVd&R�QSYVO
TVR¥w�NPO�TFNPO�b(TFNSO � eSYFW�f�j&RUbFO�aUQr` × eSaU\]W]TFWkO	YiTFNSO�`Ný ¹I½'��· Â'&0&�qÔÂ� " ½��	¸ Â % Å ¼Ï¾K¸�%A�Ô·?º  ¸+�¡ûzaUQS^
w7O�b�OgdSbFR � dSTVO	^xZ¢RUbgÍÎZîePbFTFNPO�bEfAR ��� O	Q.TFY	Çkn7MENPO	YFOgbFO × eSO	YVTFYEaUQS^xTFNPO?Í�^SR�Q[ÇùT/¿�\]Wk¨UOWkT�ÇPb�O	YVd&R�QSYVO	Y
w7O�b�O�W]QrTVO	Q.TFW]R�QSaU\]\k`�}�acX�eSOCW]Q*¨UO�O�d;W]QPX�w�WkTFN*TFNSO�W]QSNSO�bFO	Q.TF\]`�YFeSjhp9O	fATFW]}UO�QSacTFePbFO�RUZ � e;YFW]f�aU\
acdSdSbFO	f�W�acTFWkR�Q[n

MENPO8YFf�aU\kO	^ × ePO	YVTFWkR�QSQ;aUWkbFO0^SO�}UO	\kRUd&O	^tfAR�Q;YFW]YVTVO	^sRUZ7o  WkTVO � Y>TFNSacT�w>O�bFOg^PO	YFWkX�QPO	^iTVR?X�aUW]Q
^SWkbFO	fATsO�}�aU\�eSacTFWk}UOU{�aUYsw7O	\�\�aUY � RUbFO�acj;YVTVb�aUfATxYFePjPp9O	fATFWk}UO�Z�O�O	^Sj;aUfF¨ � W]TVO � Y�oc{�m_{ � { � {]o  aUQS^� { £ {!�r{�±_{�ÕCbFO	YVd&O	fATFWk}UO	\k`S�/n�MENPOiO�}�aU\]e;acTFWk}UOsWkTVO � Y�w>O�bFOs^SO	YFWkX�QPO	^�TVR�aUYFfAO�bFTFaUW�Q�TFNSOs^PO�XUbFO�OsTVR
w�NSW]f/NxWkTqw>aUY�^PO�O � O	^�W]QrTVO�bFO	YVTFW�QPXP{PO	Q�pVR�`�acj;\kOaUQ;^ � eSY�W]f�aU\ Ü TFNPOYFeSjhp9O	fATFW]}UO8W]TVO � YEaU^S^Pb�O	YFYVO	^
YVTVb�eSfATFeSb�aU\yaUYVd&O	fATFYzYFeSf�N�aUY�d&O�b�fAO�d;TFWkR�Q�RUZK^PO�XUbFO�O	Y0RUZKbFO�d&O�TFWkTFWkR�Q�aUQS^�QPR�}UO	\kT¬`Un � acb�TFW]f�Wkd;aUQrTFY
w7O�b�O�X�Wk}UO	Q�TFNPO@f/NPR�W]fAO�RUZ � bFO	YVd&R�QSYVOf�acTVO�XURUb/WkO	Y � �_TVbFR�QPX�\]`t�0XUbFO�OU{&��XUbFO�OU{ ¾ QS^PO	f�W]^SO	^[{ ì W]Y9u
acXUbFO�OU{4�_TVbFR�QSX�\k` ì W]YFacXUb�O�O��/nÏ�z\kTFNPR�ePX�N*TFNPO�R � W]Y�YFWkR�Q�RUZga�fAO	QrTVb�aU\�f�acTVO�XURUbF`¥TFNSO�RUbFO�TFW]f�aU\]\k`
Z�RUb/fAO	Y�d;acb�TFW]fAd;aUQrT@f�NSR�W]fAOU{KTFNPOse;YVOiRUZEYFe;f�N�YFf�aU\kO	Y|W]QSfAbFO	aUYVO	Y@TFNPOtf�NSaUQSfAO	Y|RUZEQPR�QPu6bFO	YVd&R�QSYVOUn
¤ TVO � Y�w>O�bFO<}UO�b�`�YFNPRUbFT=aUQS^@Y�W � d;\k`0w7RUb/^PO	^@aUQ;^�W]QSf�\�eS^PO	^ga � W³ÈhTFePbFOKRUZPd&R�YFWkTFWk}UO7aUQS^@QSO�X�acTFWk}UO
YVTFacTVO � O	QrTFY�n
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� W]X�ePbFO � n]oc� � b�O × ePO	Q;fA`x^;W]YVTVb�WkjIePTFWkR�QsRUZ�b�O	YVd&R�QSYVO	Y�Z¢RUbEO	aUf�NCWkTVO � n
�2û �¡úZÿ}üñÿrõø÷ ��~9þ/ø�~�úZû/öMüv{ t ü�~aþ�w��Xû ��~aüñ÷Ô²�ÿ��Xøñþ,ú��
t üy~aþ�w��Xû � � Õ aUQSQhu Ì NSWkTFQPO�` ¾ u6TVO	YVT(w�aUYtdvO�b�Z�RUb � O	^[{�fAR � d;acb/W]QPX�TFNPO�Z¢bFO × ePO	QSfA`*RUZ@bFOAu
YVd&R�QSYVO	Y7Z�RUb�O	aUf/N(WkTVO � RUZ�TFNPO × eSO	YVTFWkR�QSQSaUW]bFO�w�W]TFNiTFNPO8OAÈhd&O	fATVO	^sZ¢bFO × ePO	QSfA` � W]O0O	aUf/N(RUZyTFNPO �
f�acTVO�XURUb�WkO	YzfAR�Q.TFaUW�Q�m .í RUZ2TFNPOb�O	YVd&R�QSYVO	Y/� � n
²¯ÿ��Xø|þ,ú���{��eû �¡úXÿmüñûvü*S�úZû ��ÿ Õ O	aUQ�É=W]YVTVO	QSW]QSX@TFW � OU�7mUmUÕ4WkTVO�b�acTFW]R�QSY � acdSdSb�R	È&n7± � W]Q;Y/�
YVTFaUQS^Sacb/^(^PO�}_W�acTFWkR�Q[�Eo	m�� � acd;dSbFR	È&n ��� W]QSY/�
MENPO>a	}UO�b�acXUO�\�W]YVTVO	QSW]QSXETFW � O � R�}UO�b�T�w�W]fAO>`UR�ePb�a	}UO�b/acXUOqdvRUd?YVR�QPXuþ!�@YFeSXUXUO	YVTFY2TFNPO � eSY�W]f<w�aUY2W]Q
YVR � O8w�a	`xO	QPX�acX�W]QPXPn�M�NPOg\]acbFXUOgYF^(YFePXUXUO	YFTFYEa?\]acbFXUO^PO�XUbFO�OgRUZ=}�acb/W]acTFWkR�QtRUZ�W�Q.TVO�bFO	YFT�aUQ;^I¿�RUb
O	Q�pVR�` � O	Q.T0a � R�QPX�YVT�\�W]YVTVO	QPO�b�Y	n
²¯ÿ��Xø|þ,ú���{áÿ²øñÿ��¡úZû/ö9ü|üy~9û,õkÿ�õkÿ����*ö9ü��Lÿ � WkX�ePbFO � n]o4YFNPR�w�YzTFNPO@Z¢bFO × ePO	QSfA`�^;W]YVTVb�WkjIePTFWkR�QSYqRUZ
bFO	YVd&R�QSYVO	Y2Z¢RUb<O	aUf/NiWkTVO � n2M�NPO � Rh^SaU\Sf�acTVO�XURUbF`lf�aUQijvOEf�\]O	acb�\k`?YVO�O	QiW]Q?O	aUf/Nsf�aUYFOU{h±zRUZ&w�NSW�f�N
acbFOz}�aU\kO	Q;fAO	^ � W]OzQPRUT8ºh¹I¼ Å ��¸�¼ Å ¼S�/n ½ R�w7O�}UO�b�{;aUY>TFNPOgYV¨UO�w�RUZyTFNPOg^SW]YVTVb/Wkj;ePTFWkR�Q;YKYFePXUXUO	YVT�{PR�QS\]`
bFO	YVd&R�QSYVO�Z�bFO × ePO	QSf�W]O	Y<Z¢RUb>W]TVO � Y8oc{�m_{ � aUQ;^ � ^SW r O�b7YFW]X�QSW³~If�aUQrTF\k`?Z�b�R � TFNPOzO�}UO	Qx^SW]YVTVb/Wkj;ePTFWkR�Qyn
MENPO � Rh^POU{ ¾ u6TVO	YVT�}�aU\]eSOiaUQS^�d�}caU\]ePO	Y � m�u6TFaUW�\��gacbFOiX�Wk}UO	Q�W]Q�TFacj;\]O � n � n�m_{KWkTVO � YgZ¢RUbw�NSW�f�N
bFO	YVd&R�QSYVO	Yq^;W r O�b�O	^(YFWkX�W³~If�aUQrTF\k`sZ�bFR � TFNPO�Q_eS\]\&f�aUYVO�acbFO@YFNPR�w0Q�W]Qxj&R�\]^[n

�zQSaU\k`hYFW]Y�RUZ�TFNPO × ePO	YVTFWkR�QSQ;aUWkbFO8bFO	YVd&R�QSYVO	YqW � d;\]WkO	Y7TFNSacT�\�W]YVTVO	QPO�b�Y	�� v óSø6ñ�ö�
6öyòÎó����<ü��!��ø+
��÷ � 
�!��ýrþ�ø6ñ�ò�ó;ôqö�
6ö9÷ � ó�ö�
 $ ö9óIõ/óvõ�ü���ôqýcõ(
6òÎó+�!��õ"��)qõ2ôqöVõ"��ó��  õ�ó�ü9ö�
�ø¬õ�ò3��ò�� � ò  ø6ñ�ö�
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� ePO	YVTFW]R�QSQSaUWkbFO ¤ TVO � Õ Rh^POgbFO	YVd&R�QSYFO ¾ }caU\]ePO d�}caU\]ePO � m�T/�
ocn z�ú��d~m�²ûvüMúXÿrõkÿ��¡úZûvü2S t S9õZÿ}ÿ � n ��� � � ßV�sß¡ß¡ß��
m_n z�ú��d~m�²øñü±��ø��Xû/ù�~aþ R�û���~/Saõkÿrÿ u � n �c m � ßV�sß¡ß¡ß��� n ¤ Tqw>aUY�bFO�d&O�TFWkTFWk}UO ��XUbFO�O  n�±U±��   n]o	±�� �� n z��%öMøñþ/÷�ü=öaúÈ÷|ÿ��LùIõkû �*ÿ�û,ú�~m����ø��Xû/ù R�û���~/Saõkÿrÿ � n]o � |� ßV�sß¡ß¡ß	�� n z�ú��d~m��ÿ}ü�
Lö�w�~m�|þ/ÿ t S9õZÿ}ÿ m_n � �_o	Õ ßV�sß¡ß¡Þ�Þ£ n ¤ w>aUY0YVR � O�TFW � O	Y�YFePbFdSb/W]YVO	^ ��XUbFO�O ocn]o � ± �  n]o	m�� �
�rn ¤ Tqw>aUY0QPRUT�\]Wk¨UOgaUQr`rTFN;W]QPX ¤ NSa	}UO|NPO	acb�^(j&O�Z¢RUbFO ì W�YFacXUbFO�O u  n � m � ±  n � � � 
±_n ¤ Tqw>aUY0^SWkbFO	fATFWkR�Q;\kO	YFY ¾ QS^SO	f�W]^PO	^ u  n]o �£��  n �.� � £
Õ_n ¤ Tqw>aUY�dSbFO	^SW]fATFacjI\kO ¾ QS^SO	f�W]^PO	^  n � � �   n�mUÕ ��£
o  n ¤ T�fAR�eS\]^(NSa�}UO�j&O�O	QxwEb�W]TVTVO	Q(jr`xa4d&O�b�YVR�Q ��XUbFO�O ocn�mUm  o  n]oUoUo	m

M�acj;\kO � n]oc� Õ R_^SObFO	YVd&R�QSYVOgaUQS^ Õ aUQSQPu Ì NSW]TFQPO�`sTVO	YFT�YVTFacTFW]YVTFW�f�Y

� �0XUbFO�O	^�TFN;acTETFNPO � eSYFW]f8w�aUY�W]QrTVO�bFO	YVTFW�QPXPn
� ì W]YVXUb�O�O	^(TFNSacT�WkTqw�aUY�e;Q � e;YFW]f�aU\ � WkOZ¢O	\kTEWkTqw�aUY � eSYFW]f�aU\��
� ì W]YFacXUb�O�O	^(TFNSacTqTFNPO�`tw7R�e;\]^xQPRUTE^PO	YFfAb�W]jvO8WkT�w�aUY � e;YFW]f � WkO8TFNPO�`tw7R�eS\�^(^PO	YFfAb�Wkj&O8WkTqaUY� eSYFW]f��/n
� �0XUbFO�O	^�TFN;acT�WkTqw�aUYEO	Q�pVR�`�acj;\]OUn � acTEd�����  n  o��

Ó8QS\k`4m8d&O�RUd;\kO0^SW]YFacXUbFO�O	^iw�WkTFN4TFNSOEbFO � aUW]Q;W]QPXgO�}caU\]eSacTFWk}UOzWkTVO � ����� %��/½cº & ¼ � ÂcÆcÅ���Å/Å ¹(¾a��¸A%+% Å ¹��qlÂ » Å �  ½c¹����/n � O�b�N;acd;Y7QSRUT>YFeSbFdSb�W]Y�W]QPX�\k`U{UTFNPO�b�O0w�aUY�QPR|Y�WkX�QSW³~If�aUQrT7fAR�Q;YVO	QSYFeSY7R�QtTFNPO � RUbFO
YFePjhpVO	fATFWk}UO?WkTVO � Y�n ¤ T8W]Y0RUZ<W]QrTVO�bFO	YVT8NPR�w>O�}UO�b	{[TFNSacT £c.í RUZ�d;acb�TFW]f�Wkd;aUQrTFY0acXUb�O�O	^�TFNSacTzW]T0w�aUY
bFO�d&O�TFWkTFWk}UO|aUQS^ £���í acXUbFO�O	^CTFNSacTzTFNPO�`(w>O�bFO?YVR � O�TFW � O	Y8YFeSbFdSb�W]YFO	^[nqMENSW]Y0YFePXUXUO	YVTFYzTFNSacTzTFNPO� e;YFW]f8aUf�NSW]O�}UO	^�a � WkÈ_TFePb�OzRUZ2bFO�d&O�TFWkTFW]R�Q(aUQS^�QPR�}UO	\kT¬`Un
²¯ÿ�~aþyúkû ��ÿ�
Xøñ÷*S9ÿ���ÿ}üMú�� � WkX�ePbFO	Y � n�mzaUQS^ � n � YFNPR�w�TFNPO�TVRUTFaU\PW]Q;YVTFaUQSfAO	Y=RUZ;j;ePTVTVR�Q|dSb�O	YFYVO	Y
RUZ & ¸úù Å aUQS^L¼c¸  !& ¸0ù Å� n Ò O	Y�eS\kTFYtacbFOCY�NPR�w�QÔR�}UO�b|pFeSYVTsTFNPO�~;b�YVT � U WkTVO�b�acTFWkR�QSY	{EaUYx± .í RUZ
d;acbFTFW]f�W]d;aUQ.TFY8^SW�^CQSRUT\]W]YVTVO	QCj&O�`UR�QS^CTFNSW]Y8d&R�W]QrT�n ¤ QCTVRUTFaU\�{�m �� & ¸0ù Å! w>O�bFO � aU^POlfAR � dIacbFO	^
w�WkTFN�±UmÐ¼c¸  "& ¸úù Å! n�MENPO�bFO�W]YxQPRUT(a�XUbFO	acT�^SO�XUbFO�O�RUZ@acj;YVR�\�ePTVO�fAR � RUbFj;W]^;WkT¬`ÊW�QÔb�O	YVd&R�QSYVO	Y�{
aU\kTFNPR�ePX�NxTFNSOgTFW � OgW]QrTVO�bF}�aU\&j&O�T�w7O�O	Q�W]TVO�b�acTFWkR�QSYqW]Yqacd;dSbFR	ÈPW � acTVO	\]`sa4YVO	fAR�QS^(aUQ;^xTFNPO�bFO^PR_O	Y
YVO�O � TVR�jvOlf�\�eSYVTVO�b�W]QSXxW�Q�j&RUTFN�f�acTVO�XURUb�WkO	Y�nxMENPOl\�acbFXUO	YVT�^PO	f�W�YFWk}UO4X�acd�W�Q & ¸0ù Å bFO	YVd&R�QSYFO	YW]Y
acbFR�eSQS^�WkTVO�b/acTFWkR�Q�mUm ��Ü TFNSW�Y0d&R�W]QrT8aU\]YVR(YFNPR�w�Y8TFNPOlf�\kO	acbFO	YFTzjIePb�YVTzRUZ8¼U¸  !& ¸0ù Å� �� acTgTFN;W]YzdvR�W�Q.T
\kO	YFY�TFNSaUQ�NSaU\]Z�RUZKdIacbFTFW]f�Wkd;aUQrTFY�acb�O@\]W]YFTVO	Q.TFW]QSXr�/n ¤ QrTVO�bFO	YVTFW]QPX�\]`U{;TFNSW]Y�fAR�W]QSf�W]^PO	Y�w�WkTFN�aieSQSW × ePO
d;acTVTVO�b�QiRUZIj&O	NSa�}_WkR�eSb<W]Q?TFNPOEZ¢R�ePb<e;QSWkTFY2TFNSacT<^SOA~IQPOqTFNPOEdIWkTFf�N[n � WkX�ePbFO � n � YFNPR�w�Y�TFNPOqR�eSTVd;ePT
RUZ�TFNPO � e;QSWkTFY>TFNSacTE^POA~IQSOzTFNSOzdIWkTFf�N � aUQS^�TFNreSYq^SO	YFfAb�Wkj&O	Y7TFNPONSacb � R�Q;W]f0f/NSaUQPXUO	Y/�/n>��b�R�eSQS^
WkTVO�b�acTFWkR�QÐmUm � {zR�ePTVd;ePTt}caU\]ePO	Yxf�NSaUQSXUO�Y � RrRUTFN;\k`U{0W]QÏfAR�QrTVb�aUYVTxTVR�TFNPO�dSbFO�}hWkR�eSYsR�YFf�W]\]acTVRUbF`
j&O	NSa	}hWkR�ePb	{<dSbFRh^SeSf�W]QPX�a�XUb�aU^Se;aU\qfAR�Q.TVb�acb�` � RUTFWkR�Q�j&O�T¬w>O�O	Q*TFNPO � d;acb�TFYlW]Q¥fAR�QSYVTVb/aUYVT4TVR
dSbFO�}hWkR�eSY�\�acbFXUOKpFe � d;Y	n�MEN;W]Y � a�`lj&OEj&O	f�aUeSYVO�TFNSO�XUb�aU^Se;aU\;f�N;aUQPXUO � ac¨UO	Y<TFNPO � W]fAbFRUTVR�Q;aU\]WkT¬`� RUbFOgO�}hW]^PO	QrT�{;\]W]YFTVO	QPO�b�Y�j&O	W]QPX?eSQ_eSYVO	^(TVRiY�eSf�N�fAR�QrTFW]Q_ePR�eSYEf/NSaUQPXUO	Y0W]Qxd;WkTFf/N��cn
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�!��ò�ü/þ�õ/ó2�!��ö��  ø6ñ�ö�C�
6óîø�÷�õ��yó�ò�� � ö�óîø6ö�
�8ñcõ(
6ô1�!��ò�ó6õFø6ò��!�òÎó�ø�Eõ $ �/ò�)0÷!õ(
 � ö�����ôqý�ó & ò��ø6ñ�ö2ÿcõ�ó�ó�÷Îò���öKò��8ý�õ�
�ø6òÎü���÷!õ(
 / õ"�')0ö���ü��"��
¬õ � öKó�ô1�7�/ø6ñzý�
� � 
6ö9ó�ó�ò��!���



���dn4zgl�{�|Èây}±{��;n4� ¡ nol�~7p�k»ndk4ãändk4nd��¢Âå;~	å � m

0 50 100 150 200 250 300
0

1

2

3

4

5

Iteration number

F
re

qu
en

cy
 o

f ’
lik

e 
it’

 r
es

po
ns

es

Total instances of ’like’ responses

� WkX�ePbFO � n�m_�7Ñ>acbzf�NSacb�T�YFNPR�w�W]QPX4Rhf�f�ePbFO	QSfAO	YERUZ7Í�\�Wk¨UO	Y�ÇPZ¢RUb�aU\]\&d;acbFTFW�f�Wkd;aUQrTFY�n
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Outputs of ’harmony’ units in audio example.
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Outputs of all units in audio example.
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Ã �ÅÄ Æ.���ÈÇ´ÉËÊÍÌ ÎÐÏ

C § �\� ¥ ©9�L4HGIÑIÒyJ § �s� ¥ ©9�}�/Ó é 4HGIÑIÒpì�ÓUÔ ãh¼hº�Õpä�Ö�· Á�×(ØUÁ�× º*ä Ó è �jÙ�£OÚÛÙ9�FÙ9�z¢ÚÕ�ÙIÜÝÜ��O6��z¢�Þ�¢Oß � ßáàp�3Ó
C § �\� ¥ ©9�L4HGPâë��J § �s� ¥ ©9�L�DÓ é 4HGPâë��ì�Ó è àp�z�}Þ�~ � Ù9�z~�ÞKàIã+ÜÝÙ?äVåIÞÍ¢�©��jÙIÚæß;~ é ~Ç© ¥ Þ�ä\�}Þ � ß2~,ì±�P©�� � ÞHÚ�� à
è ä'ß � ß2~�ÙIÜ � ÙIÜÝçjÞHè+ã_àIä*è�éVÙ ¥ ßÝÜÝßÝéH©IÓ&ê × ¾ìë Á ã �B6I6  �é â  ëÓ ì�Ó

C ç Þ�ä'íjÙ?ä\¢¬�14  â�î�J ç Þ�ä'íjÙ?ä\¢�� è Ó é 4  â�î�ì�Ó3�1ÞHï�àPíjèTè'ç}äTÜáÞHèÐ£Oð}ÞHíjàPÚæÙ?ÞHí}ÞHè�¢}Þ�ÜÝÙ�ñ«ßáÞ�ï�àPÚæÚòçjíjè�ÙIç Æ
ÙIíjßÝÚÛÙIç Æ Ù?éUÙIç Æ ñIÞ�åIÞ�éVÙIç3Ó�ó�ô ã Á º�Â × äöõ�ã'ÂH¾ìë Á ã
÷Îã Á º�ã�¼ � é G?îIî�ì�Ó

C ç ßÝÜáÞHè8�14HGIG Ó J ç ß½ÜáÞHè8�xå}Ó é 4HGIG Ó ì�Ó|ø�ÞHí�Ò�ÙIÚ à�§ åIÞHíjÞ�éVßÝïKÙIÜÝåIàIä'ßáéVðjÚùã_àIäòåIÞHí}Þ�ä'Ù?éVßÝíjå�ÒVÙ?>�>¹èVàPÜáàPè�Ó
ú Á ·HÂ4ã\ãVûIº*äüÕI¼ò·�Ö
¾"â�ã�ýPþPþ�ÿ��?äB¾Hã Á ä × ¾ìº�·�ä × ¸���· ô À ë}¾Hã Á�� ë ¼�º�Â���·9äHÖ8ã Á ã8äBÂ?ã Ó

C ç àPçjÜáÞ�>9�L4HGIÒI:yJ ç àPçjÜáÞ�>9�O� Ó é 4HGIÒI:pì�Ó ú ãÇäj¼8ã Áò× ¸ � ë ¼hº��Hëzã × ë
	�·?ë Á û�� â!ë«º Ó�ø�àPíüéVðjßáÞ�äHÓ
C è à9£�Þ9�14HGIG«4hJ è à9£)Þ é 4HGIG«4,ì�Ó ��· ô À ë}¾Hã Á ¼ × ä)û � ë ¼�º�Â × ¸3÷)¾��¸2ã Ó�8��*� Ó
C �2ß1�]Ù?àPÜáà��)6?îIîIî�J���ß��]Ù?àPÜáà�� � Ó é 6?îIîIî�ì�ÓxÕ*àPÚ(Þ�àPè�éVÙ?éVßÝï�Ù9¢OÙ�£jéVÙ?éVßáàPí;é�à(ßÝíüñIÞ�ä'èVßáàPíKàIã1éVð}Þ2ñ«ßÝèVçjÙIÜ
ÑOÞHÜ2¢�ÙIí¢;àIéVð}Þ�ä*è�ÞHíOè�àIä'ßÝÚ(àIé�àIäW¢jßÝè�ä'çz£jéVßáàPíjè�ÓjÙ�í ú Á ·HÂ��T·�Ö�÷ ó Ø � ������� Ó��ÔÙN� �TäVÞHèVèHÓ

C æjç Æ �L4HGIÒIÑyJ�æOç Æ ��å}Ó é 4HGIÒIÑpì�ÓUó ä���º_¼h¾N· Á ºìÂ × ¸1÷)¾ìë}û�;·�Ö��3ëPÕIëã Ól� Þ�äVåPÙIÚæàPíjíF�Tä'ÞHèVè�Ó
C�ø2Ù?ä\¢jíjÞ�ä��14HGPâ�î�Jæø�Ù?ä\¢jí}Þ�ä����tÓ é 4HGPâ�î�ì�Ó���Ù?éVð}ÞHÚæÙ?éVßÝï�ÙIÜÅåPÙIÚ(ÞHè�éVð}ÞÛãìÙIíüéVÙIè�éVßÝïÛï�àPÚ ¥ ßÝíOÙ?éVßáàPíjè
àIãÒ�àPðjíöï�àPí « Ù�© Ê è*íjÞ « è�àPÜÝßáéVÙIßÝäVÞ2åPÙIÚ(Þ ï ÜÝßÝã_Þ ï Ó ÷)ÂHº�ã8äO¾ìº  &Â ó�ô ã Á ºìÂ × ä �B6I6I: à 4H6?î"!B4H6I: Ó

C�ø�à,©PÙ¹ÙIíz¢ ç àPÜÝÙ?åPíjÙIíOß��L4HGIGIGyJ(ø2à,©PÙ�� � ÓvÙIíz¢ ç àPÜÝÙ?åPíjÙIíjßò�hæÅÓ é 4HGIGIGpì�ÓÖÕ*àPÚ(Þ�àPè�éVÙIèVß½è8�véVðC©«ÚæßÝï
ð}àIä'ÚæàPí}ÞHè�ÙIíz¢�Ù?åPßÝíjå}Ó$# ã Á ãÇäO¾N·I¸�·VÕ� � Ó Ñ é :pì�Ó

C åIàIä\¢OÙIíFÙIíz¢�E�Ù?ãìÙIÜáÞHí}àPè8�v4HGIGPâXJÁåIàIä?¢jÙIí¬� � ÓjÙIí¢�E�Ù?ã©ÙIÜÝÞHí}àPè8� � Ó é 4HGIGPâ9ì�ÓÅ�LßÝèVé�ÞHíjßÝí}åòé�àÛÚòçjèVßÝï?Ó
è�ÞHÚæßÝàIéVßÝï�ÙIíz¢FíjÙ?ä'ä'Ù?é�àPÜáàIåPßÝï�ÙIÜ1Úæà�¢}ÞHÜ½è�Ó � ë ¼�º&%?· ô ãH¾ Á º&% × �)Ò Ó

C �LÙIí}åIé�àPí��L4HGIGI6yJ��vÙIí}åIé�àPí¬� è Ó é 4HGIGI6pì�Óòó Á ¾ìº  ÅÂ�º × ¸3õ�º Ö�ã$�'� �)ñIàPÜÝçjÚæÞ)(YàIã ÷*�+�
÷B¾ìëjû?ºòãh¼�º*ät¾"â�ã
÷)ÂHº�ã8äBÂ?ã�¼�·�Ö���· ô À ¸2ã-,Iºì¾� Ó § ¢z¢jßÝèVàPí Ï �|ÞHèVÜáÞ8©9� � Þ�¢ « àüà�¢ è ßáé'© è�§ Ó

C �LÙ?ä'ßÝñ�ÙIßÝÜ½ÜáÞ9�)4HGPâ Ó J(�LÙ?ä�ßáñ�ÙIß½ÜÝÜáÞ9�]�vÓ é 4HGPâ Ó ì�Ót� Ê ÙIíjÙIÜ�©«è�Þ é ÚæàIäs£Oð}àCì�ÜáàIåPß Å ç}Þ¡¢jç5äVÞHï�ßáé�Ó ú�·,ãH¾ìº��Hëã �
4HG à :IÒ  ! :  I Ó

C �7Ù?ä\ß çjèUÙIíz¢FE�çjè'ï'ð¬�14HGIGIÑyJ.�7Ù?äsß«çjè8�/�tÓ+ÙIíz¢rE�çOèVï'ð¬� Ù�Ó é 4HGIGIÑpì�Ó è ÞHÜÝÜÝçjÜÝÙ?ä¹ÙIç}é�àPÚæÙ?éVÙ ã©àIä
Ú(à�¢}ÞHÜÝÜÝß½í}åÛéVð}Þ(èVðjÞHÜÝÜh£OßáåPÚ(ÞHíüéVÙ?éVßáàPí�àIã�Ú(àPÜÝÜÝçjè'ï�è�Ó10 ·?ë Á ä × ¸&·�Ö Ø ºì·?¸á·VÕPºìÂ × ¸T÷2�¼�¾Hã ô ¼ �v: à GIGIG�!4�î}4I4?Ó

Ñ«4
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C �7ï § Ü�£Oß½í}Þ�ÙIíz¢ÖÕ*àIåIåPÙ?ä��v4HGIGIGyJ9�7ï § Ü�£Oß½í}Þ9��EæÓ"��ßáä'ÙIíz¢jÙ�� � Ó?ÙIíz¢�ÕUàIåIåPÙ?ä,��¨)Ó é 4HGIGIGpì�Ó:��Ù�ß«ßÝí}å
ÚòçjèVßÝï « ßáéVð�ÙIÜÝåIàIä'ßáéVðjÚæè à Ùæï�ÙIè�Þ Ï è�éVçz¢z©;ès© è�é�ÞHÚFÓ ��· ô À ë}¾Hã Á�� ë ¼�º�Â 0 ·?ë Á ä × ¸ �)6I: é 6pì�Ó

C �7ï § Ü�£Oß½í}Þ9�34HGIGIGyJ.��ï § Ü2£OßÝí}Þ9�TE(Ó é 4HGIGIGpì�Ó ó ÀPÀ ¸»ºìÂ × ¾ìºì·9ä}¼7·�Ö Ô ëä × ô ºìÂ × ¸�÷2�¼h¾Hã ô ¼F¾N· � ë ¼�º�Â��· ô À ·�¼hº©¾ìº�·�ä Ó��lðO�/éVðjÞHèVßÝè8�:��íjßáñIÞ�ä'èVéVßáéH©¹àIãlø2ÜÝÙIè�åIà « Ó
C �öÞ8©IÞ�ä,�v4HGIÑIÒyJ;�7Þ8©IÞ�ä��]�TÓ é 4HGIÑIÒpì�Ó=<�ô ·I¾ìº�·�ä × äBû � ã × äjº"äüÕ7º"ä � ë ¼�º�Â Ó è ðjßÝï�Ù?åIà��*íjßÝñIÞ�ä'èVßáé'©�Tä'ÞHèVè8� è ðjß½ï�Ù?åIà}Ó
C �7ßÝä'ÙIíz¢jÙ��14HGIGIÑyJ.�7ßáä�ÙIíz¢jÙ�� � Ó é 4HGIGIÑpì�Ó># Á�× äjë«¸ ×IÁ ÷2�äO¾"â�ã�¼�º_¼�·�Ö&÷�·?ë�äBû�¼�?
 � ã × ä}¼�·�Ö7�xã�¸©¸»ë ¸ ×?Áó ë}¾N· ô × ¾ × �OñIàPÜÝçjÚ(Þ�6  Ó&�1Þ�àPíjÙ?ä\¢jà}Ó
C �7ßÝä'ÙIíz¢jÙ��O6?îIî}4hJ.�7ßáä�ÙIíz¢jÙ�� � Ó é 6?îIî}4,ì�Ó ��· ô À ·�¼hº*ä ÕÚá�ºì¾"â@��· ô À ë}¾Hã Á ¼ Ó�æjà ï�ÙIÜv�TäVÞHèVèHÓ
C �7ßÝä'ÙIíz¢jÙ��O6?îIîP6yJ.�7ßáä�ÙIíz¢jÙ�� � Ó é 6?îIîP6pì�Ó � ñIàPÜáñ ß½í}å�ï�ÞHÜ½ÜÝçjÜÝÙ?ä�ÙIç}é�àPÚæÙ?éVÙ|ÚòçjèVßÝï à æ}äVàPÚ èVàPçjíz¢
èP©«í!éVðjÞHèVßÝè�é�àÛï�àPÚ�£�àPèVßÝéVßáàPí3Óx¢}à « íjÜáàPÙ9¢}Þ�¢;ã©äVàPÚ « «L« Ó�ï�èVÜ�Ó�èVàPí�©IÓ¨ã©äHÓ

C�8�äVé�àPí¬�14HGIG?î�JÛ8�äVé�àPí�� � Ó é 4HGIG?î�ì�Ó$��çjèVß½ï�ãìçjíz¢jÙIÚ(ÞHíüéVÙIÜÝè�Ó/�*íz£Oç ¥ ÜÝß½èVð}Þ�¢;ÜáÞHï�éVç}äVÞ�í}àIé�ÞHè�ÓA��íjß Ï
ñIÞ�ä'èVßÝéH©¹àIã < àIä\ßBÓ

C �]ÙIÜÝÚ(Þ�äUÙIíz¢öE�ä'çjÚæðOÙIíjèVÜ���4HGIG?î�Jò�]ÙIÜÝÚ(Þ�ä,� è ÓTÙIíz¢±E�ä'çjÚæðjÙIíOèVÜ�� è Ó é 4HGIG?î�ì�ÓB�7ÞHí!éVÙIÜ+ä'Þ8£jäVÞ Ï
è�ÞHíüéVÙ?éVßáàPíjèÅàIãvÚòçjèVß½ï�ÙIÜBÚ(Þ�é�Þ�äXÓC0 ·?ë Á ä × ¸L·�Ö < , À ã Á º ô ã8äO¾ × ¸BúÅ¼DPÂÇâ ·?¸á·VÕ��E���ë ô × ä;úWã Á Â?ã À ¾ìºì·9ä
× äBû À ã Á Ö�· Á ô × äBÂ?ã � 4HÒ é"Ó ì à â?6  !«â Ó 4?Ó

C �lð}àPí ÏH§ Úæí çjÙIßÝè'ç�ßÛÙIíz¢��rßáåIåPßÝíOè8�14HGIG  J��&ð}àPí ÏH§ Úæí çjÙIßÝèVç�ß��z¨)Ó��vçjèVàPí¬� § ÓjÙIíz¢;�rßáåIåPßÝíOè8�OøòÓ
é 4HGIG  ì�Ó � ñIàPÜáñ«ßÝí}å;ÚòçjèVßÝï�ÙIÜ]ðjÙ?ä'ÚæàPíjßÝèVÙ?éVßáàPí1Ó`�LÞHï�ðjíjßÝï�ÙIÜ � Þ8£)àIä'é2G?î Ó ���*íjßÝñIÞ�ä'èVßáé'©FàIã � ¢jßÝí Ï
¥ ç}ä'åPð3Ó

C �Tä'çOèVßÝí�ß«ßáÞ « ßÝï�>9��4HGIG Ó Jò�lä'çjèVß½í�ß ßÝÞ « ßÝï�>9���vÓ é 4HGIG Ó ì�Ó�µ�ß½èVçjÙIÜUÚæà�¢}ÞHÜ½èæàIã�Ú(àIäs£Bð}àIåIÞHí}ÞHèVßÝèHÓ �?ä
ó Á ¾ìº  ÅÂ�º × ¸Bõ]º Ö8ã �L4 é 4�F?6pì à ÒPâG!«â Ó Ó

C � Þ�ñ«ßÝÜÝÜ��34HGIGI6yJ � Þ�ñ«ßÝÜÝÜ��}�òÓ é 4HGIGI6pì�Ó1H â�ã�I+· ×?Á º"äüÕ¹÷Oº©¸�ã8äBÂ?ã Ó ç Üáà àPÚæè ¥ ç}ä\©IÓ
CÉ¨«ï'ðjàüÞHí ¥ Þ�äVå��14HGIÑ?î�J�¨}ï'ð}à ÞHí ¥ Þ�äVå�� § Ó é 4HGIÑ?î�ì�Ó ÷)¾��¸2ã × ä)û���û�ã × �Tï'ðjÙ�£Oé�Þ�ä è àPÚ�£�àPèVßáéVßáàPí « ßáéVð4H6�é�àPí}ÞHèHÓl�1Þ�à ç ÜÝÙIï\ßBÓ
CÉ¨«ï'ðjàIé�éVè�éVÙ?Þ�¢}é8�]4HG  GyJ�¨«ï�ð}àIé�éVè�éVÙ?Þ�¢}é8�)�/Ó é 4HG  Gpì�Ó § çjé�àPÚæÙ?éVßÝï�ï�àPçjíüé�Þ�äs£�àPßÝíüé�Ó � ë ÁhÁ ã8äO¾ Ô º Á ãVÂKJ¾ìº�·�ä}¼�º"äL��· ô À ë«¾Hã Á�� ëü¼hºìÂ�ILã�¼8ã ×IÁ Â8â Ó
CÉ¨«ßÝÚ(àPí���4HGIÒ  JÍ¨«ßÝÚæàPí¬��Õ�Ó é 4HGIÒ  ì�Ó �1· Á ô × ¸�I ã ÀBÁ ãh¼�ãÇäO¾ × ¾ìº�·�ä ·�Ö�â!ë ô × ä�	hë}ûXÕCã ô ã8äO¾ �1ï'ðjÙ�£Oé�Þ�ä�]Ù?é�é�Þ�ä'íöß½íM�7çjè'ßÝï���£OÙ?åIÞHè*6«4HG�! 6IÑ?î«Ó��rßÝÜáÞ8©IÓ
CÉ¨«Üáà«ï�çjÚSÙIíz¢ ç Þ�Þ�ä��)6?îIîIî�J�¨«Üáà«ï�çjÚÚ� § Ó è Ó«��à « íjÞ8©9�«�òÓ ÙIíz¢ ç Þ�Þ�ä�� � Ó é 6?îIîIî�ì�ÓjæjçjäVéVð}Þ�älÞ Æ £�Þ�ä Ï
ßÝÚ(ÞHíüéVè�ßÝíKéVð}Þ*Þ�ñIàPÜ½ç}éVßáàPí¹àIãvÚæß½íjßÝÚæÙIÜÝÜ2©�ï�àIåPíjßáéVßÝñIÞ ¥ ÞHðjÙXñ ßÝàIä à æ}äVàPÚ £�Þ�ä'ï�ÞHßáñ«ßÝí}å
Ù Ø àIä\¢jÙIíOï�ÞHè
é�à;è�ÞHÜáÞHï�éVßáñIÞ(Ù?é�é�ÞHíüéVßáàPí3Ó[Ù�í!å}ÓN�öÞ8©IÞ�ä�� § Ó ç Þ�ä'éVð}àI>9�1�òÓ�æÅÓÎÕ
Ó � Ó�ÙIíz¢7�ZßÝÜ½è�àPí¬�Î¨�Ó��BÞ�¢jßÝé�àIä'è8�
� Á · ô ó äOº ô × ¸¥¼¹¾N· ó äjº ô × ¾©¼=O�E�ú Á ·HÂ?ã?ãVû?º"äüÕI¼F·�Ö¹¾"â�ã;÷OºP,P¾"âQ�?äO¾Hã Á ä × ¾ìºì·9ä × ¸$��·�äHÖ�ã Á ãÇä)Â?ãF·9ä÷Oº ô ë ¸ × ¾ìº�·�ät·�Ö ó û ×�À ¾ìº&R9ã Ø ãÇâ × Ryºì· Á �£BÙ?åIÞHè Ó :?î"! Ó :IG ÓA�×ÙÛ� �läVÞHèVè�Ó

CÉ¨ é�à«ïsß«ðjÙIçjè�ÞHí¬�v4HG  GyJ�¨ é�à«ïsß«ðjÙIçjè�ÞHí��OE(Ó é 4HG  Gpì�Ó ÷B¾N·HÂ
%6â × ë ¼8ã8ät·�ä � ë ¼�º�Â ÓS��Ù?ä'ßáàPí ç à6©PÙ?ä'è�Ó
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C �vÙ�ßIÞHçOï'ðjß��v4HGIGI:yJÁ� Ù�ßIÞHçjï'ðOß�� § Ó é 4HGIGI:pì�Ó�� Þ�ä'ï�Þ8£jéVçjÙIÜ àIäVåPÙIíjßÝ>HÙ?éVßáàPí�àIãTé�ÞHÚ�£�àIä'ÙIÜj£OÙ?é�é�Þ�ä'íjè�ßÝí
ÚòçjèVßÝï?Óx�vÞHï'ðjíOßÝï�ÙIÜ � Þ8£�àIäVé Ó Ù��T�2Ò�� � ÞHèVÞHÙ?ä'ï'ð7�LÙ ¥ àIã � ÜÝÞHï�é�äVàPí3Ó��2�ÔÙN��Ó

C �|àPÜáã©ä'ÙIÚÚ�L4HG  ëÓ Jò�|àPÜáã_ä�ÙIÚÚ�	¨)Ó é 4HG  ëÓ ì�Ó>��íjßáñIÞ�ä'èVÙIÜ½ßáéH©ÛÙIí¢�ï�àPÚ�£OÜáÞ Æ ßáéH©¹ßÝí;ï�ÞHÜÝÜÝçjÜ½Ù?äÅÙIç}é�àPÚÛÙ?éVÙ«Ó
úªâUy¼hºìÂ × ý�� Ô
Ó

C (*ÞHíOÙ�ß ßÝè��14HGPâ 4hJ;(�ÞHíjÙ�ß«ßÝè8��ÙhÓ é 4HGPâ 4,ì�Ó �L· Á ô × ¸»º_¼8ãVû � ë ¼�º�Â Ó�Ù�íz¢jß½ÙIíjÙ)��íjßáñIÞ�ä�èVßáéH©;�Tä'ÞHèVè�Ó
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Ù�íOè�é�ä'çjï�éVßáàPíOè�é�àÛ�LßÝèVé�ÞHí}Þ�ä'è

< àPç « ßÝÜ½Ü)ðjÞHÙ?äUÙ(ï�àPí!éVß½íüç}àPçOè.£OßáÞHï�Þ2àIã�ÙIçz¢jßáà}Ó < àPç7ÚæÙ�©;ÜÝßÝè�é�ÞHí;é�àKßáé�ã_àIäUÙIèUÜáàPí}åæÙIè.©IàPç « ßÝèVð3Ó
82í;éVð}Þ
è'ï�äVÞ�ÞHíFßÝí;ã©äVàPíüé+àIãh©IàPç��z©IàPç « ßÝÜ½Ü)èVÞ�Þ�ã_àPçjä ¥ ç}é�é�àPíjè�Ól�Zðjß½ÜáÞg©IàPçFÙ?äVÞ
ÜÝß½è�é�ÞHíjßÝí}å��«ßáãh©IàPç
£OÙ?äVéVßÝï�çOÜÝÙ?ä'Ü�©ÛÜ½ß�ßIÞ2àIäW¢jßÝè'ÜÝßáÞ8ßæÙæï�Þ�äVéVÙIß½íÚ£�àPßÝí!é8�jï�Ü½ßÝïsß¹àPí�éVð}ÞÖí�ÜÝß2ßIÞ�ßáé ï àIäÍíP¢jß½èVÜÝß�ßIÞ�ßáé ïÁ¥ çjé�é�àPíjè�Ó
��ð}ÞHè�Þ2èVßÝÚ�£OÜ�©(äVÞHï�àIä\¢;ðC©IàPç}ä+äVÞHèP£�àPíjèVÞ9� Ù9¢jíÚ¢jàòí}àIé+Ù Ø ÞHï�é « ðjÙ?éª©IàPçFð}ÞHÙ?äXÓ < àPç�ÚæÙ�©¡¢}à�éVðjßÝè
ÙIè+àIã©é�ÞHíFàIä*ß½í}ã_ä'Þ Å ç}ÞHíüéVÜ�©ÛÙIèL©IàPç « ßÝè'ð3Ó
�lÜáÞHÙIèVÞ±£Oç}é+éVð}Þ
ðjÞHÙ9¢Ú£Oð}àPí}ÞHè�àPí1Ó

è Ü½ßÝïsß ï èVéVÙ?äVé ï é�à�è�éVÙ?äVé�ÜÝßÝè�é�ÞHíOßÝí}å}Ó è ÜÝßÝï\ß ï ÜÝß�ßIÞ(ßáé ï àIä ï ¢jßÝèVÜÝß2ßIÞ
ßáé ï¡« ð}ÞHí}Þ�ñIÞ�äg©IàPç
« ß½èVð3Ó è ÜÝßÝï\ß ï ¨ é�à9£ ï é�à�ÑBíjß½èVð3Ó

�ZðjÞHíÚ©IàPçöðjÙXñIÞ±ÑBíjß½èVð}Þ�¢;ÜÝßÝè�é�ÞHíOßÝí}å���£OÜáÞHÙIè�Þ±Ñ)ÜÝÜ�ßÝí;éVð}Þ Å ç}ÞHè�éVßáàPíOÙIßáäVÞIÓ
< àPç « ßÝÜ½Ü ¥ ÞUåPßáñIÞHí;à9££)àIä'éVçjíjßáé'©(é�à�ÙIèsß Å ç}ÞHè�éVßáàPíjèÅÙ?é�éVð}Þ2ÞHíz¢3Ó���ðjÙIízßC©IàPç¹ã©àIä.©IàPç}ä�éVßÝÚ(ÞIÓ

Ò?î



öW÷�÷ù&�Wý[þ{Ü ýÁü 4 þPÿ�øÐùl�[ùú ÿ Ý ú�þhù78 Ò«4

ú °�� ÿ ÀÁ¼l�z¸¬ºV�WÂ�ÂÁ¶Lº\Ä¬¼
� ¨¡ª���¬�®�ç�«µ«��/®�©uª

� ç��	µ>µ>>µ>µ>	��
;ª�� >µ>>µ>µ>>��ª����	µ>µ>>µ>µ
��� ª�����ª��µ®'©�� � ª�¬��¡ª�«µ¨����¡ªy©����9®������/ª���¬�©uª�� � ª��'¬ �"!±ç'¨u©Þç$#�®�«�®�ç�«%�

& ¬>©±ç'«�
 � ! & ¬µ©±ç�«�
 � !
��
y©uª>ª ��
µ©uªµª '>«�(;ª��µ®$(>ª�( )�®��$��
µ©;ª>ª )�®��$��
y©uªµª

é*�,+�¬������Ü®�«;¬uªy©;ª���¬�®�«�
��
é ë ì í î

ë-�,+�¬������B¨>«.�u¨/�y®��$� � �
é ë ì í î

ì��,+�¬������ê©uª0#¡ªy¬¡®'¬¡®01uª��
é ë ì í î

í��,+2�:ç�¨ � (±«:çy¬3(;ª�����©�®��/ªÏ®�¬����"�u¨4�µ®��5�
é ë ì í î

î-�,+�¬�������ª�«�6�ç�!��$� � ª��
é ë ì í î

ï��,+2�������ç7��ªy¬�®8��ª����@¨;©�#u©¡®��'ª�(��
é ë ì í î

ð��,+�¬������B«2ç£¬ � ®79uª��«�!>¬���®�«�
:+2���.1uª;�/ª��y©�(��¡ª��*çy©;ª��
é ë ì í î

ñ��,+�¬������;(¡®�©uª���¬�®�ç�« � ª����5�
é ë ì í î

ò��,+�¬������<#u©;ª�(¡®��'¬��$� � ª��
é ë ì í î

é"è��,+�¬=��ç�¨ � (>����1uª>�/ª>ª'«�;©¡®'¬>¬;ª�«���!���#¡ªy©?��ç'«@�
é ë ì í î



V WXWZY\[^]`_*a A

B C Ê k Ì ÆCe � �ih ö ���@fÈe � eWÉ á �ùk k e �lf��

�LßÝèVé�ÞHí}Þ�ä�4?Ó
íÛÙ�í
ÚæÙIíC© « Ù,© èväVÞHÚæßÝí¢jè3Ú(ÞTàIã § è'ßÝÙ?éVßÝïTè�é'© ÜÝÞHè1àIã}Ú�çOèVßÝï?Ó���ðjÞTäVÞ8£�Þ�éVßáéVßáñIÞTíjÙ?éVçjäVÞTàIã
éVð}Þ £OßáÞHï�ÞUÙIÜáàPíjå « ßáéVðæéVð}Þ�ñ?Ù?ä'ßÝÙ?éVßáàPíjèlßÝí(éVð}Þ�ñIàPÜ½çjÚ(ÞUÚæÙ�ßIÞ�ßáélè�àPçOíz¢®È�ï�àPÚ�£�àPè�Þ�¢ ÊÉï

�Lß½è�é�ÞHí}Þ�äU6 Ó
íÛÙ�é « ÙIè�Þ Æ £OÜáàIä'Ù?éVßáñIÞ�ÙIíz¢�ä'ðC©üéVðOÚæßÝï?ÓáÓáÓ[Ùaé�àüàI>�Þ�¢|Ù?éVÚæàPèP£Oð}Þ�äVÞ é àIãlÙ;ï�ä'Ù?>8©7åIä'ÙHñIÞ Ï
©PÙ?ä\¢ößÝí®Ù�ï�ÞHÜ½ÙIíz¢3@vì�ÓáÓáÓÙ�é « ÙIèL£OÜÝÙ,©üãìçjÜ�ÙIíz¢Fï�ä'ÞHÙ?éVßáñIÞIÓáÓáÓ�Ù�é�ÚæÙ9¢}Þ�ÚæÞ�ã_Þ�ÞHÜLðjÙ�£z£�© ï

�Lß½è�é�ÞHí}Þ�äU: Ó
íÛÙ�éUðjÙIè+éVðjÞ
Ù ¥ ßÝÜÝßÝéH©Ûé�àÛåIÞHí}Þ�ä'Ù?é�Þ�Úæàüà�¢¬�«éVð}Þ�äVÞ
èVÞ�ÞHÚ(Þ�¢Fé�à ¥ Þ�Ùæè�é�ä�çjï�éVç}äVÞIÓ ï

�Lß½è�é�ÞHí}Þ�ä*âüÓ
íP�vÞHíjèVßáàPí ¥ çjßÝÜ2¢OßÝí}å
ÙIíz¢FäVÞHè�àPÜáñ«ßÝí}å�àIã]é�ÞHíjèVßáàPí1Ó ï

�Lß½è�é�ÞHí}Þ�ä  Ó
í ç Þ�é�é�Þ�ä�éVðjÙIíFÙIíC©¹àIéVðjÞ�ä*í}àPí Ï ð çjÚæÙIí�ÚòçjèVß½ïgÙ Ê ñIÞ
ðjÞHÙ?ä\¢ ï

�Lß½è�é�ÞHí}Þ�ä�4HÑ Ó
í « ÞHßáä\¢FÙIí¢�èVç}äs£jä�ßÝèVßÝí}å¹©IÞ�é*è�é�ä�ÙIí}åIÞHÜ�©¹ã©ÙIÚæß½ÜÝßÝÙ?ä ï

�Lß½è�é�ÞHí}Þ�ä�4HÒ Ó
í�ÓáÓáÓ�ï�Þ�äVéVÙIß½íjÜ�©9�jßáã1í}àIé�ï�àPÚ�£�àPè�Þ�¢ ¥ ©ÛÙc£�Þ�ä'èVàPí¬�üéVðjÞHí¹Úòçjè�é�ðjÙXñIÞ ¥ Þ�ÞHíKäVÞHè�é�ä'ß½ï�é�Þ�¢¹ß½í
èVï�ÙIÜÝÞ9�jéH©�£�Þ
è�é�ä'çjï�éVçjäVÞ2Þ�éVï?Ó ï

ÜÝßÝèVé�ÞHí}Þ�äU6?î«Ó
íÛÙ�éUè�àPçjí¢}Þ�¢;ñIÞ�äs© È�è�àPçjíz¢jé�ä'ÙIïsß Ï ßÝèVð Ê � Å çjßáé�Þ`¢jä'ÙIÚæÙ?éVßÝï���Ù�ÜÝß�ßIÞ�¢�ßáé�ÓáÓáÓ ï
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