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BDCEGF HDCJI<KMLON�PQCSR�TUNWVYXOC[Z9E\CSR�]_^a`<IbZcXedfNgLhR�TUISZDRji I<Z>NgZDPkXOZ>lWm>LnISV�oQpqZ>NSr�s>C[VYCGtCV\N9u�vwCSKME\NgV
x CLhRyNgZzF|{~}�scC�`�IbXOZ���m>C_PQEYX�NgZ~r�C7IgR>R9V\CSPYPGXOZ�EYs>XhP��DIb�DCVGXhPM��r�sDISE�IbVYC<E\s>C<Z>CSKMCSP\PYISVY��IbZDR
PQm��<KMX�CZ�E�KMNgZDR�XOEYX�NgZDP�NgZ.i�dfNgV�E\s>CV\CGEYN�HDC�I��c�b�[�O�a�n�b�G�)�w�)�[�g���n�g���n�w�<��E\V)IbZ�PQvwCV�PQC�E\N�iy �¡�CSKISLOL
I��c�b�[�O���n�S�¢�)�w�£�[�g���n�g�a�n�w����XhP�IG¤^��>LhIbZ>C x CLhR�R9XnPkEYV\XOH>m>E\XONWZ�lgX�vwCZ�LON�K[IbLOL���IWP�EYs>C¢¥wCV\Z>CLDNbd¦I�§£^fdfNgV\`
¨ PYISEYXnP�df�9X�Z>l ¨+©<ªw¨0«z¬ {�wXOZDK�C�r�C®IbV\C�NWZ>LO��X�Z9E\CVYC_PQEYC_R�XOZ7KMNWZ9dfNgL�XnIbE\XONWZDP�EYV�IbZDPkvwCV)PkC¯E\N�IGvwCSKME\NgVx CLhR�T9r�C¢`<I��IWPYPQmc`�C�EYs�IbE°��XnP�NgV\XOCZ�E)ISH>LOC�T>IbZ�R ¨ XhP�I	lWLONgH�IbLOL��<R9C x Z>CSR�§£^fdfNgV\`�{

± Z>C�Nbd�EYs>C��>V\XOZDK�XO�DISL>`�NgE\XedaPUXOZGE\s>C�EYs>C[NgVY�GNSd KMNWZ9E�IgKME¦]_^a`<IbZ>X�dfNgLhR>P�XnP EYs>C�PkEYmDR9�GNSd R9��ZDIS`�XnKISL
�>V\Ng�DCVYE\XOCSPGNbd²vwCSKMEYNWV x CLhR>P	E\V)ISZDPQvwCV�PQC<EYN�IyKMNWZ9E�IgKMEJ�w{z³�NWV�C[´>IS`��>LOC�T%µ$NbdfCVGs�IgP�C´�EYC[ZDPQX�vwCLO�
PQE\mDR9X�CSR�EYscC�R9��ZDIS`�XnKP�NSd¶¡·CC[H�vwCSK�EYNgV x C[LnR>P%i¸Nbd¶EYscC�KMNWZ9E�IgKME°§£^fdfNgV\` ¨ TcIbZDR�XOZ��DISVYE\XnKMm>LhIbV[T�s�IgPNgHcE)IbX�Z>CSR�C´�XnPkEYCZDK�C�VYCSPkm>LOE�P4dfNgV�KML�NwPkCSR�NgVYHcXOE)P�NSd%¡�CCH<vwCSK�EYNgV x CLhR>P�o�Kg{¹d\{�º�§g§M»fu){%¼�Z<EYs>XhP��DIb�DCV�r�C
r�XOL�L9C[´>IS`�XOZ>C%Ekr�N²KMLnIWPYPQC_P�Nbd2vwCSKME\NgV x CLnR>P�TgZDIS`�CLO�°EYs>C�½+NWV)PQC�^Yw`�IbLOC%vwCSK�EYNgV x CLnRcP�ISZDR	E\s>C�vwCSKME\NgV
x CLhR>P�r�s>NwPkC$NWVYH>X�E)P%IbV\C$E\s>C°KMXOV�KMLOC x HDCV)P%Nbd��CXedfCV\E x HDCV\CSR�Pk�DIgK�CSPMT�IbZ�R�R9C[EYCV\`�XOZ>C�Z>CSKMC_PYPYISVY�¾IbZDR
PQm��<KMX�CZ�E�R9��ZDIS`�XnKISL�K�NgZDR9X�EYX�NgZDP$NWZyi�dfNWV¯E\s>C�C´9XhPQE\CZDKMC¢Nbd·I�EYV)ISZDPQvwC[V)PQCG�DN�PQXOE\XOvwC�KMNWZ9dfNgL�XnISEYXONWZ
o¿NWV�K�NgZ�E)IgK�E�PQEYV\mDKME\m>VYCgu��w{

}�s>C�E\s>CNWVYC`<P�r�X�LOLUHDCGPkE)ISEYCSR�dfNgV°KMNgZ�E)IWKME�PkEYV\mDKMEYmcVYCSP�T�ISZDR�E\s>C¯dfm>L�L PQE�IbEYC[`�CZ�E)P4dfNgV°KMNWZ9dfNgL�XnI_^
EYX�NgZDP�r�XOL�LUHDCGR9CMdfC[VYVYC_R�mcZ9E\XOLULnISEYCV[{�À�m>E x V�PQE�LOCE�m�P$XOZ�EYV\N�R9mDKMC®PQNW`�C¢EYCV\`�XOZcNgLONWlg�w{�BDC[E¯Á¾Â¯Ã|F
HDC�IbZ�C`�HDCSR>R9C_R�R�XnPQ¥<r�X�EYs�EYscC�dfNgLOL�NSr�XOZ>l��>VYNW�DCVYE\XOCSP��¯ofX¿u�ÄUÁGÂ�XnP$E�IbZ>lWCZ9E°EYN�i�T�X�{ÅCw{OTDÄUÁGÂ�XnP°I
KML�NwPQC_R�NgV\H>XOE%Nbd¶i~TcIbZDR7o¿XOXfu i¸XnP%EYV�IbZDPkvwCV)PkC$E\N�ÁGÂ Æ�ÄÇÁ¾Â{ ± VYX�CZ�E·Á¾Â�PQN�E\sDIbE�i�XnP�EYscC�NgV\XOCZ�EYCSR
Z>NWVY`<ISL�NgZ�Á Â Æ�ÄÇÁ Â {%¼¿d EYs>C¢XOZ�R9mDKMCSR�HÈNWm>ZDR>ISVY�<NgV\XOCZ�E)ISEYX�NgZ<NgZ7ÄÇÁ Â XnP�EYscC¢PYIS`�C¢IgP�E\s>C¢NgV\XOCZ9^
E)ISEYX�NgZ<lgX�vwCZ�H���V\CSPQE\VYXnK�EYXOZcl�i�EYN�ÄUÁ Â T�EYs>C[Z�r�C¢KISLOL�Á Â I<ÉM�ËÊbÌ��fÍ¿Ìc�w�>Î9�\Î®R9XnPk¥�{ ± E\s>CV\r�XnPQC�TÈÁ Â XhP
�O�O���fÍ¿Ìc�w�>Î9�\Îg{°oQwCC²³�XOlWm>VYC�§g{�u

Ï L�CMdfEQ^asDISZDR9CSR�NWV�V\XOlgs�EQ^asDISZDR9CSR�R�XnPQ¥�Á Â XnP%PYISXnR�E\N����n��Ð°I¢�ÈC[VYXON�R�XnK$NWVYH>X�E4Ñ<X�dUÑ<XOZ�EYCV�PQCSK�E)P�E\s>C
XOZ�EYC[VYXONWV�Nbd°Á Â { Ï LOCMdfEk^�NWV¯V\XOlWs9Ek^�sDISZDR9CSR.R9XhPQ¥yÁ ÂÒ �)Ìc�wÎw�wÓÇ�²IbZ>NWEYs>CV¢L�CMdfEQ^ÔNgV¢VYX�lgs�EQ^asDIbZDR�CSRyR�XnPQ¥
Á ÂÂ X�d Õ�ÖD×MokÁ ÂÂ u�ÃzØ�oaÙqÚ+Á ÂÒ u�T9r�s>CV\C¢Õ�ÖD×MokÁ ÂÂ u¶XnP%EYs>C�X�Z9E\CVYX�NgV%Nbd%Á ÂÂ T>IbZ�R�Ø7�9ÙqÚ+Á ÂÒ�Û F `�Ib�DP
o¿×�Ü)Ý�u%ÞßÙàÚyÁ ÂÒ E\NGEYs>C¢EYX�`�CM^a×�áDNSrâNSd%Ý<m>ZDR9CV�i�{4ã.C¢Z>NSr|PQE�IbE\C¯NWm>V�VYCSPkm>LOE[�
ä�å æ�çÈèSæ�é ê(ë����Çi ìM�®���c�w���[�n�gÊwíw���wÉ¯î.�wÉY�S�)Í¿ïÈðG�g�O�®�b�\�M�a�wÉ¦ñ�����Î9ò�ó�ÌD���+�nÌD��É)�G�YôW�e���n�G���c�b�[�O�a�n�b�
�)�w�9�a�w�M������É�í9����í�É£�°�+�aÉY�w���[�b�£É��S�®���Gi � ���w�>Î7�w�9��õ<� �+öa�ø÷ß���b��É�õ�ùwÍ¿�k�>ÌD��É£�®�aÉY�w���[�b�£É��S�®���Gi �n�9�Q�£É£Í
�S�\�M�n�¾�w�y�g�f��É\�w�M�a�n�gÊ<�wÉ�É)���D�)�O���n�WÊ	�D��É��n�SÎw�n���wÉ�ì�O�ûúÔ�w�>Îyöa�n�ø÷7���b�£ÉMõ��O�O���fÍ¿Ìc�w�>Î9�\Î7Îw�e�)Ð<���O�nÌD��É����n��Ð�	�w�

§



Left-handed disk Right-handed disk

³�XOlWm>VYCG§W�·BDC�dfEQ^asDIbZDR�CSR�vcPM{�V\XOlgs�EQ^asDISZDR9CSR

�g�f��É\�w�M���n�WÊ<�wÉ¯É)���D�)�O�ü�n�gÊ	�D��É��n�SÎw�n�¢�wÉMì�O�Ô�wÉ$�)Ìc�wÎw�wÓÇ�®��É��ËÊbÌ��fÍ¿Ìc�w�>Î9�\Î<Îw�e�)ÐJ�Q�®�w��í��9��Ó¶�e���Q�\Î7�n�>Î9�Yô<ý
ön�[�wÎwÎ9�O�f÷<�wÉ�ì�O�kò

}�s>CV\C�ISLOr�I�cP4C´�XnPkE�NSvwCVYEkr�XhPQEYC_RGKMNgZ�E)IWKME�PkEYVYm�KMEYm>V\CSP�EYV�IbZDPkvwCV)PkC$E\NG½+NgV�PQCM^\w`<ISLOC�áDNSr�P4r�s>XhK£s
PYISEYXhPþdf�0EYs>CßKMNgZ�R9XOE\XONgZ�P	NSdG}�scCNgV\C` §g{z¼�E�XnP�PQEYX�LOL�Z>NWE�m>ZDR�CV)PkEYNwN�Rÿr�s>XhK£s ½+NgV)PkCM^\w`<IbL�C�áDNSr�P
IgR�`�XOE�EYV)ISZDPQvwC[V)PQC¢E\XOlgs�E�KMNWZ9E�IgKME�PkEYVYm�KMEYm>V\CSPM{

ãyC¢Z>NSr PQE�IbEYC¢NWm>V�EYs>C[NgVYC[` dfNgV�KMNWZ9E�IgKME�PkEYV\mDKMEYmcVYCSP%EYV)ISZDPQvwC[V)PQC¢E\NGEYs>C®KMX�V)KML�C x HDCV�P�Nbd�wCX�dfCVYE
x HDCV\CSRyPk�DIgK�CSPM{ Ï Z~Ö>^�E\m>�>L�C+o � Ò Ü������Ü ��� u®Þâo ¬ Ü§Su � XnP�É£�\�g�ü���[�wìM�O��Xed�E\s>CV\CGC´9XhPQE�P¯I��DCV\`�m>E�IbE\XONgZo¿Ñ Ò Ü������ÜYÑ � u�Nbd²o
	����Üo� Æ�	�u����Ü§����Ü������SÜ§���+u�r�XOE\s ¬�� 	 � �ISZDR0o
	DÜ�+u�p §�PkmDK)s�EYsDISE
����� Ñ � dfNgV�ISLOL ÕY{
ä�å æ�çÈèSæ�é �âë������ ��F Û � ìM����ïU��� �S��É)��ñ�ìM��É)�\Î��k�c�w�M�¾Ó��O�ûÌ7ïU��� �S��É)�°�n�>��wÉ��n�w�9�û��o��2o � u ��!bÜ[o ¨ Ò ú
" Ò u\ú¢o ¨ Â Ü " Â u�Ü������Ü[o ¨#� Ü " � uYu\ú®ÓÇÌD��É)�$!7Þ&% �w�>Î ¬'� " � � ¨#�(� §�òâó�ÌD���0�ûÌD�£É£�+�\ôW�e���û�����c�b�[�O�a�n�b�
�)�w�9�a�w�M�4���aÉ�í9�M�aí�É£���<��É\�w���[�b��ÉY�S�¢�����ûÌD��ñ�ìM�£É��¾� �®�w�>Î<�w�9�üõ�� �®�w�È�®�Q�¢�nÌD���[�g�O�ü�wÓ��n�gÊ�Ìc�g��Îb��)
ýwò*�,+ ¬ �w�>Î$!.- ¤���Æ0¤Dò
ù>ò*�Jp ¬ �w�>Î

öa�£÷/!.- Æ�¤�úÔ�wÉ
öaìþ÷/!$p Æ�§búÇÖ « ]wú��w�>Î�o " Ò � ¨ Ò Ü������SÜ " � � ¨#� u¯�e�®É£�\�g�����[�wì��O�YúÔ�wÉ
öa�þ÷/!$p Æ�§búÇÖßp ¤�úÔ�w�>Î " Ò � ¨ Ò10 " Â � ¨ Â -â§búÔ�wÉ
öaÎ£÷/!$p Æ�§J�w�>ÎGÖßp ¬ �wÉ�Ö+p|§9ò

}�s>CG¥wC�<XOZclgVYC_R9XOCZ�E�XOZ�EYscCG�>VYNwNSd�Nbd·}�s>CNWVYC` ¤�XnP�ISZ~ISZDIbL��>PkXnP$NSd�KMNW`�`�m>E)ISEYNgV�P�NbdÔs>Ng`�C[Nb^
`�NWVY�>s>XhPQ`<P�NSd�Ù r�s>XnK)s7R9CSPYK�CZDR�EYN�Ù2�3%ÿp54 Ò {�}�s>C¢E\V)IbZ�PQvwCV�PQC®KMNgZ�E)IWKME°PQEYV\mDKME\m>VYCSP�ISVYC®IbL�r�I�cP
EYX�lgs�E�dfNgV�wC[XedfCV\E x HDCV\CSR+Pk�DIgKMC_PM{

Ï dfEYC[V�EYs>XhP�r�NgV\¥Gr�IWP�KMNW`��>LOC[EYCSR�TSr�C�ZcNgEYXhKMCSRGEYsDISE%Ngm>V�`�NgE\XOvWIbE\XOZ>l¢�wm>CSPkEYX�NgZJIbHDNSvwC$rÔIgP%IgPk¥wCSR
H��G}�s�m>V)PkEYNgZ�XOZ�º ¤ ¬ »�{�}�scXnP��DIS�DCV%XnP�X�Z9E\CZDR9CSR¢EYN�HDC°I x V�PQE�PQE\C�GEYNSr�ISV)R>P%ISZDPQr�CVYX�Z>l�EYscXnP��wm>CSPkEYXONWZVYC[lwIbV�R9XOZcl�E\XOlgs�E�KMNWZ9E�IgKME�PkEYVYm�KMEYm>V\CSPM{

¤
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}�s>XhP�PQCSK�EYXONWZ�XnP�R�CvwNgE\CSR�E\N�EYs>C�PkEYmDR���Nbd�s>NgL�NgZ>NW`��<NWZ+áDNSrqKM��LOX�ZDR9CV�P$ISZDR+EYs>CGV\CLnISEYX�NgZDPks>XO��E\N
NSvwCVYEkr�XhPQEYC_R�R�XnPQ¥cPM{�³>NgV�VYC[LnIbE\CSR�XhR9CSIWP$ISZDR+XOZDPk�>XOV�IbE\XONgZ�TÈE\s>C�V\CSIgR9C[V$XhP·V\CMdfCVYV\CSR�E\N��CSKMEYX�NgZ�§g{Ë]�Nbd
º@?S»

¼�Z+r�sDISE$dfNgL�LONSr�PMT�F r�X�LOL�HDC�I�KMLON�PQCSR2T>NgVYX�CZ�EYCSR<]_^a`<ISZ>XedfNWLnR+ISZDR�i I	Z>NWZDPQX�Z>lgmcLnIbV�áDNSr¢{²BDC[E
ØBA�� �¸Û F HDC.ISZ XO`�`�C�V)PkXONWZ~EYV�IbZDPkvwCV)PkC+EYN�i~{ ÏDC �wÓq�õS���n�>Î9��ÉGNbd¾ØBAJXnP�IbZ XO`J`�CV)PkXONWZ
Øy�cÙ Ú �(Û F|T2PQN�EYs�IbE¢Ø o¿×�Ü)Ý�u%XnP�EYs>C®EYX�`�CM^a×�áDNSr|Nbd%i�T�PkE)IbV\EYX�Z>l<IbE°ØBASoaÝ�u�IbE�×�p ¬ {·ã.C�r�X�LOLPQL�XOlWs9E\LO�JIbH>mDPkC�Z>NWE)ISEYXONWZ�ISZDR�V\CMdfCV�E\N�E\s>C¢`<Ib��Ø�IbZDR<EYs>C®PQ��IgKMC®Ù Ú � HDNWEYs.IgP C �wÓ �õb�ü�n�>Î9��ÉY��{

E NgZDPkXnR9C[V¯E\s>C�áDNSrqK��9L�XOZDR9C[V.Fqp"Ù¸Ú~ÁGÂ¢r�XOEYs�KM��LOX�ZDR9VYXhKIbL K�NwNgV)R�XOZDISEYCSPGo
G>Ü HbÜ�Iwu)T2PQmDK)s.EYsDISE
Á¾Â	pKJ3H2- §�L�{�BDCE¢mDP��>m>LOL¶i ISZDR.��H�IgK)¥+EYN7Ù�Ú~ÁGÂ�v�XnIJØ ofr�CGr�X�LOL%PkEYXOL�L�K[IbLOL¶EYs>C`'i IbZDR
�gu){�ã.C¢EYs>C[Z+sDIvwC¢i�p MM�N ISZDR+�GXnP�lWXOvwCZ<H��<I�KMNgZ�E)IWKME�§)^¿dfNWVY` ¨ p ª G�ÆPO ª H�ÆQ� ª I�T�dfNWV�PkNg`�Cdfm>ZDK�EYXONWZDPRO�TS�JNgZ7Ù Ú�Á Â { ± Z7ÄTFzE\s>CVYC°XnP�ISZ+X�ZDR9mDKMC_R��£Ìc�wÉY�w���Q��É��e���a�n�¦�[�g���n�g�a�n�w�GÄTF<U<�w{�¼�E�s�IgP
Z>N�PkXOZ>lWm>LnISVYXOE\XOCSP�ofX�{ C�{OTgE\s>C¢K)sDIbV�IgKME\CVYXhPQEYXhK4dfNgL�XnIbE\XONWZ�XnP�I�lgCZ�m>XOZcC·dfNWLOXnISEYX�NgZ�u�T>PQX�ZDKMC�i¸XhP4E)ISZ>lgC[Z9E�E\N
ÄTF²{

E NgZDPkXnR9C[V�I�`<Ib´�XO`<ISL9X�Z9E\ClgV�IbL�KMm>VYvwC�Ñ��wÙ Û ÄTF¢T�Ñ o¿×)u�p|o�G>o¿×)u)Ü�Hwof×£u�Ü�I9of×)uYu)Twr�X�EYsWVI�o¿×)u�+ ¬ T>NbdEYscC¢K£s�IbV)IWKMEYC[VYXnPkEYXhKÔdfNWLOXnISEYX�NgZU{�Ñ7XnP4E\s>CZ<XO`J`�CV�PQCSR�X�Z<ÄTF²T>IbZ�R�C[XOEYscCV%lgXOvwC_P�IbZ<XhPQNg`JNgVY�cs>XnPk` E\N�I
LOC_I_d%NSd�Ä#F¢T>NgV°r�XOLOL�%�^þKMNSvwCV�E\s>C�L�CSI_d\{°}�s>CVYC�dfNgVYC�TÈr�C�r�XOL�LUZ>NgE²R9XnPkEYXOZclgm>XhPQs+HDCEkr�CCZ+E\s>C�X�Z9E\ClgV�IbL
KMm>V\vwC�Ñ�ISZDR�E\s>C®KMNgV\VYCSPk�DNgZDR9X�Z>l�LOCSId\{

³>NgV�EYs>C¢dfNgLOL�NSr�XOZ>lJKMLnIWPYPkX x KISEYX�NgZ<Nbd�XOZ�EYC[lgV)ISL KMm>V\vwCSP�NgZßÄTF¢T>E\s>C�V\CSIgR9C[V$XhP�VYCMdfCV\VYCSR�E\N�³�X�lgm>V\C
¤9{Gã.C�P\I��ÑysDIWP·ñ��c�O�Q�GÌc�g���w�>�wðGõ�X�d4dfNWV¢CSIgK)s�× A Þ�Ù�EYs>CV\CGC´�XnPQE°EYXO`JCSP·× Ò +|× A IbZDRy×�X Ò � × A
dfNgV®r�s>XnK)sYI9o¿× A u�pZI9of× Ò u�pZI9of×�X Ò u�`�N�R~¤[��{ Ï x Z>X�EYC�s>NgL�NgZ>NW`��.K�m>VYvwC�sDIgP¢�c�b�[�O���n�b�GÌc�g���w�c�wðGõ
o¿V\CSPQ��{��È�fÊw�g�a�n�b��Ìc�g���w�>�wðGõu)T9X�d EYs>C[VYC�C´�XnPkE)P�I�EYXO`JC�× Ò +ÿ× A dfNWV�r�s>XnK)s\I9of× A u%p]I9of× Ò u�`JN�R�¤[��TcIbZDR
G>o¿× A u � G>of× Ò u�ofVYCSPk�U{RG>of× A u^+_G>of× Ò uYu�{4Ñ�XhP$P\IbXhR�EYN�sDIvwC`�S��ÉY�GÌc�g���w�>�wðGõ$Xed¶dfNgV°PQNg`JC�EYX�`�C�× Ò +ÿ× A T
I9of× A u%p]I9of× Ò u�`�N�R�¤[�.IbZ�R�G>o¿× A u4paG>o¿× Ò u�{

ãyCJIbLhPQN<Z>CC_R+EYN7KMLnIWPYPkXedf��K�m>VYvwCSP�r�s>XnK)s.R9N<Z>NgE¢sDIvwC x ZcXOEYCGscNgLONWZ>Ng`��w{�Ñ.sDIWP	�S��ðG�OÍk�n�)ñ��>�O�k�
�c�b�[�O���n�S��Ìc�g���w�>�wðGõ�XedÔCXOE\s>CV®o¿Xfu$L�XO``bdcRe�f/G>o¿×)u�p 0(g ThI�o¿×)u�XnP�HDNgm>Z�R9CSR.IbHDNSvwCwT�ISZDRQI�o¿×)u�XnP�m>Z9^
HDNgm>Z�R9CSR�HÈC[LONSr¢TUNgVGofXOX¿uÔLOXO`ibdcjXkf'G>o¿×)u�p Æ g T#I�o¿×)u�XhP$HDNgm>ZDR�CSRjHDCL�NSr¢TUIbZDR/I9of×)u�XnP$mcZ9HDNgmcZDR9CSR
IbHDNSvwCw{ Ñ�sDIWP��n�£ñ��>�O�k���c�b�[�O�a�n�b��Ìc�g���w�>�wðGõ%Xed2LOX�`$bdcRe�f/G>o¿×)u%p 0(g TwLOX�`$bdcjXkf'G>of×£u¶p|Æ g TwISZDR`I9of×)u
XnP�HDNWm>ZDR9CSR�dfV\Ng` ISHÈNSvwC®IbZ�R�HDCL�NSr¢{�ãyC®KISZ+PkXO`�X�LnISVYLO�¾R9C x ZcC��S��ðG�OÍk�n�£ñ4�>�O�Q�	�È�fÊw�g�a�n�b��Ìc�g���w�>�wðGõST
IbZ�Rÿ�n�£ñ4�>�O�Q�	�È�fÊw�g�a�n�b�GÌc�g���w�>�wðGõb{®³�X�ZDIbL�LO�wTDXed%L�XO``bdcRl(G>o¿×)uÔIbVYC�HDNgE\s 0(g NWV¯HDNWEYs�Æ g T�E\s>CZ+r�C
PYI��Ñ�XhP�IbZ��n�£ñ��c�O�Q�¾�í�ÉM�b�¾Ó��O�nÌ\�S��ÉY��Ìc�g���w�>�wðGõS{

¼¿d�I�K��9L�XOZDR9C[V�ÄTFzsDIgP°I�KMm>V\vwC¯Ñ�NSd%�DNwPkXOEYX�vwC¢s>NgL�NgZ>NW`���o x Z>X�EYCwT2PQC`JXe^aXOZ x ZcXOEYC�NgV°XOZ x ZcXOEYCWu)T9r�C
PYI�<EYs�IbE¢Ä#Fqo¿NWV¢PQX�`��>L��2F¢T2XOZ�IJPQLOX�lgs�E�IbH>m�PQCGNbd�LhIbZ>lWmDIblWCgu¢Ìc�b�$�c�b�[�O�a�n�b�¢Ìc�g���w�>�wðGõ¢IbLONWZ>l�Ñ T�NWV
EYs�IbE(F(NWV�Ä#F sDIWP¯oaI	V\ClgX�NgZ<Nbd�u��ÈN�PQX�EYXOvwC¢s>NWLONWZ>Ng`��w{
mjn�o>éPp�q¿æsr E NgZDPkXnR9C[V¢Ùut¢r�X�EYs�K�NwNgV)R�XOZDISEYCSPGo�ÝUÜ�vDÜ�G9u�ISZDRyIJKM�9L�XOZDR�CV.F�w~pDJWÝÈÂ 0 v�Â²pWx�ÂyL�{¢¼¿d
¨ p ª G 0 Ý ª vGÆzv ª ÝUTUX�{ C�{OT ¨ XnP��ÈN�PQX�EYXOvwC�T�EYs>C[Z+dfNgV¢ISZ9�'x¢T ISLOL EYs>CGX�Z9E\ClgV�IbL%KMmcVYvwCSP�NgZPF�w s�I_vwC
Z>Cl�IbE\XOvwC�scNgLONWZ>Ng`��w{ ± Z�E\s>C�NWEYs>C[V�sDIbZ�R�TUXed ¨ p ª GGÆ�Ý ª v 0 v ª ÝUTÈXa{ Cw{�T ¨ XhP$Z>Cl�IbEYX�vwCwTDEYs>CZ.ISLOL
EYscC�K�m>VYvwCSP%NgZ/F w sDIvwC��DNwPkXOE\XOvwC�s>NWLONWZ>Ng`��w{

]



Infinite negative holonomyInfinite curve with zero holonomy

Finite negative holonomy Semi-infinite negative holonomy

³�X�lgm>V\C¢¤9��¼�Z9E\ClgV�IbL�KMm>VYvwC_P�NgZ<EYs>C�áDNSr|K��9L�XOZDR9C[V

{



¼�E�NbdfE\CZ�XnP�EYscC�KIgPkCGEYsDISE¯X�dÔ��XnP�I��ÈN�PQX�EYXOvwC�K�NgZ�E)IgK�E¢PQE\VYmDKME\m>VYC�T�EYs>C[Z.IbLOL¶EYs>CGX�Z9E\ClgV�IbL%KMmcVYvwCSP
NgZ7EYs>C¢HDNgmcZDR>IbV\�<Nbd�áDNSr KM��LOXOZ�R9CV)P%sDIvwC¢Z>ClwISEYX�vwC�s>NgL�NgZ>NW`���{�µ$NSr�C[vwCVTwEYscC²dfNWLOL�Nbr�X�Z>lGC´cIb`��cLOC
PQscNbr�P�EYs�IbE�EYs>XhP�XnP�Z>NWE�ISLOr�I�cP�EYs>C®KIWPQCw�
mjn�o>éPp�q¿æsr E NgZ�PQXnR�CV�I��DN�PQXOE\XOvwC¢NSvwCVYEkr�XhPQEYC_R�PQE\VYmDKME\m>VYC¢NWZ�Ù`t$r�X�EYs�K�NwNgV)R�XOZDISEYCSP¢o
HSÜ�I9Ü G9u)T9lWXOvwCZ
H�� ¨ p|KMN�P�H ª G 0 H�PQX�Z|H ª IS}U} Ib¥wC¾IbZ��+R�XnPQ¥.ofmDPQmDISLOL��+K[IbLOL�CSR<IbZ��w�b�£É£�aÓ��e���k�\Î+Îw�e�)Ðu�P\IbE\XnPþdf��XOZcl�E\s>C
dfNgL�LONSr�XOZcl>�~ofX¿u¢XOE�P�K)sDISV)IgK�EYCV\XnPQE\XnK�dfNgL�XnISEYXONWZÿsDIWP�NgZcC+CL�LOXO�cEYXnK��ÈNWXOZ�E�ISZDRÿNgZcC+LOX�`�XOE¾KM�cKMLOC�X�ZÿE\s>C
XOZ�EYC[VYXONWVTUISZDR0o¿XOXfu�EYscC�R9XnPk¥�XnP$E\V)IbZ�PQvwCV�PQC�EYN7��Ir�I�+dfVYNW`¸E\s>C�C[LOLOX��>EYXhK��ÈNWXOZ�E{ ± Z>C�PQm�K£s�R9XnPk¥+XhP
Á Â p5J�o�HbÜ�I�Ü�O�o�HbÜ I�uYu�~�H(-]� 0�� Ü�O o
HSÜ�I�u%p]H Â L�{¶}ÇNGNWH>E)ISXOZ<I¢vwCSKMEYNWV x CLnRGEYV�IbZDPkvwCV)PkC�EYN�Á Â ISZDR<�wT
PQE�IbV\E4r�X�EYsJI�vwCSKMEYNWV x CLhR`�âNgZ<Á Â TgZ>NWZDPQX�Z>lgm>LhIbVÔI_rÔI��dfVYNg`"EYs>C�CL�LOXO�cEYXnK��DNgX�Z9E[T�IbZDRGEYV�IbZDPkvwCV)PkC$E\N
��U+Á Â {�}�s>C[Z+CX�EYs>CV�� 0P��� NgV®Æ.� 0'��� T>r�s>CVYC � XnP�ISZ+NgV\XOCZ�EYC_R�ZcNgVY`�IbL�TcKIbZ<HDC�C[´9E\CZDR9CSR
EYNJI�vwCSKME\NgV x C[LnR�E\V)IbZ�PQvwCV�PQC¢EYN<Á Â IbZDR<��Z>CSISV$E\s>C¢CLOL�XO�>E\XnK��DNgXOZ�E�IgP�r�C[LOL�{

¼�Z	daIWKMETgE\s>C�C´9XhPQE\CZDKMC�Nbd x Z>XOE\C�NgV�PQC`JXe^aXOZ x ZcXOEYC�KMmcVYvwCSP�r�X�EYsG�DNwPkXOE\XOvwC�s>NWLONgZcNg`���NgZJÄTF~dfNWV)KMC_P
EYscC+K�NgZ�E)IgK�E�PQEYV\mDKME\m>VYC<EYN.HDC+NSvwCV\EQr�XhPQE\CSR�{~}�scXnPGKISZÿHDC7PQCCZ~dfV\Ng`�E\s>C7}�s9m>V�PQE\NgZ9^þÀ�CZ>Z>C_��m>X�Z
XOZcCS��m�IbLOX�Ek�<o�Kg{¹d\{��U{ {�� Nbd°º�?b»¿u�{

ãyC¢r�X�LOLUISLnPkN�Z>C[CSR�EYs>C�dfNgL�LONSr�XOZcl�IgR>R9X�EYX�v9X�EQ�GL�C`�`<I��
��æ�é0éPojê ö���ÎwÎw�O�a�n��O��õ<�Q�®Ìc�g���w�>�wðGõ�÷Jë��)�%�.ìM�¾�	�c�b�[�O�a�n�b���)�w�9�a�w�M������É�í9����í�É£�¾�w��F"p"Ù¸Ú~Á Â ú
�aÉY�w���[�b�£É��S�¢�a�¯i�p MM�N ò
ýwò$ë¶�)��Á Â p�� ��� � ìM�Ô�¯�[í9ì)Îw�n�[�e�[�n�w���n�9�a��ùwÍ¿�[�nð$�D���n�M�Y� � � �[�¯�nÌc�g���nÌD�%Ä�oaÙ(Ú � � u%Ìc�w�b���D�fÊw�g���n�S�Ìc�g���w�c�wðGõ ö¹ñ��>�O�k�Yú��S��ðG�OÍþ�n�£ñ��>�O�k�Yú7�wÉ7�n�£ñ��>�O�k�¿÷ �g���w�gÊz���b��É�õ0�n�9�Q�fÊ�ÉY�g�°�í9É��b�ò'ó�ÌD��� �£�b��É�õ

�n�9�k�fÊwÉ\�g� �í9É��b�®�w��Ä#F Ìc�b�®�È�fÊ��g���n�b�¢Ìc�g���w�>�wðGõwò
ù>ò$ë¶�)��ÁGÂ�p � Ò�� � Â ìM�����[í9ì)Îw�n��e�[�n�w�G�[�¯�nÌc�g���\�w�£Ì��n�9�k�fÊwÉ\�g�D�í�ÉM�b�·�w�¯Ä o�Ù Ú � � u�Ìc�b���D�fÊw�g���n�S�Ìc�g���w�c�wðGõ��wÉ¢�e�¾�n�£ñ��>�O�k�¾Ó��O�ûÌ\�S��É\�	Ìc�g���w�>�wðGõwò����)�[í9ð��YúÔ�n���wÎwÎw�O�a�n�w��ú��ûÌc�g��öa�ø÷��>�w�È�®�Q�²�ûÌD�

�n�£ñ4�>�O�Q���í�É��b�Y��Ó��O�nÌ��S��ÉY�~Ìc�g���w�>�wðGõ��w� Ä o�Ù Ú � � ußÓÇÌc�n�£Ì �n�9�k��ÉY�S�\�M�GÄ�oaÙ�Ú(Á Â u<Ìc�w�b�
ì)�g�nÌ.�>�b�[�O�a�n�b�ß�w�>Îÿ�D�fÊw�g���n�S�~���>Îb�ß���¿�.�w�0Ù�Ú(o � ÒR� � Â u\úJ�w�>Î(öa�n�ø÷0�aÓ��ÿ�n�£ñ4�>�O�Q�j�í9É��b�Y�
Ñ � Ó��O�nÌ'�S��ÉY�+Ìc�g���w�>�wðGõ.�w�yÄ o�Ù Ú � � uYú°ÕGp�§gÜ�¤�ú��[�g�a�e�n�[õg�n�WÊ�LOX�``bdcRl�fQG Ò o¿×)uGp 0(g �w�>Î
L�XO``bdcRl�f/G Â o¿×)u�p�Æ g öa�wÉ<��n�M�7�b�£É��[�£÷Sú¾Îw�~�>�g�®�n�9�k��ÉY�S�\�M�G�g�ü�w�gÊyÙ Ú o � Ò�� � Â uò"ó�ÌD���
���S��ÉMõJ�n�9�Q�fÊ�ÉY�g� �í�ÉM�S�®�Q��ÄTF"Ìc�b�®�È�fÊw�g�a�n�b�¢Ìc�g���w�>�wðGõ��wÉ¢�e�®�n�£ñ4�>�O�Q�¾Ó��O�nÌ\�S��ÉY�	Ìc�g�ü�w�>�wðGõ�ò

�$NWEYXnK�C$E\sDIbE���IbV\E�¤�Nbd%BDC[`�`<I�§�XnP�I®PQL�XOlgs�E�PkEYV\CZ>lgE\s>CZ>X�Z>l�NSd1��IbV\E�§�E\N�XOZ�KMLOmDR�C�KMC[VYE)ISXOZ�Ek�9�DCSP%Nbd
XOZ x Z>XOE\C�KMm>V\vwCSP�r�XOE\sGtCV\N�s>NgL�NgZ>NW`���{�}�s>C�IWR>R9XOE\XOv�XOEk�¢LOC`J`<I�r�NWm>LnRGZ>NgE%HDC�EYVYmcC�Xed2r�C°IbL�LONSr�CSRGISLOL
�DNwP\PQXOHcLOC¢KMmcVYvwCSP�r�X�EYs�t[CVYN¢s>NWLONgZcNg`��wTwIbZ�R�EYs>XhP4XhP¦E\s>C��>VYX�`<IbV\�GR9X��<KMmcLOEk��NSd R9CSISLOX�Z>l�r�X�EYs�XOZ x ZcXOEYC
KM��LOX�ZDR9CV�P$Ù'Ú�Á Â X�ZDPQE\CSIgR+NSdj4 Ò Ú~Á Â NgV¢X�Z x Z>X�EYCGK��9L�XOZDR9C[V)P�r�XOE\s�CZDR>P�r�s>XhK£sßIbV\C�PQE)ISZDR>ISV)R~ISE
� g {
�¢èSçUç���r¯o\§buÔ¼�E�Pkm9�<K�CSP�EYNJKMNgZ�PQXnR�CV$E\s>CGPkm>H2R9XOv�XnPkXONWZjÁ Â p � Ò � � Â {�ã.CGPkm>` EYNglWCEYscCV$X�Z9E\ClgV�IbL
KMm>V\vwCSP�Ñ � NSd�Ä�oaÙàÚ � � uÔr�s>XnK)s7IbVYC��wÎ��[�w�M���9��o¿X�{ÅCw{OTcPQsDISVYC�I�KMNg`J`�NgZ<CSR9lWCGISLONgZcl<Ù Ú����9TDr�s>CV\C

?



r�C<r�V\XOEYC � Ò^� � Â pZ����u�{��$NWEYC+E\sDIbE�EYscCVYC7KISZ>Z>NgEJHÈCßIbZ��0vwCVYE\XnKISL�IgPk�9`J�>EYNWEYCSP¯dfNWV�KMmcVYvwCSP
r�XOE\s~PkC`�X�^�X�Z x Z>X�EYC¢NgV¢XOZ x Z>XOE\C�Z>C[lwIbE\XOvwCGs>NWLONWZ>Ng`��wTUISLONgZcl�Ù¸Ú<���9{¾}�s>XnP�XnP�HÈC_KIbmDPkC�I<KMmcVYvwCGÑ Ò
r�XOE\s7PQC`�X�^�X�Z x Z>X�EYC�NWV$X�Z x Z>X�EYC�ZcClwISEYXOvwC¢s>NWLONWZ>Ng`���NgZßÄ�oaÙ Ú � Ò u%`�mDPkE�HÈC®Pkm>`�`�CSRGr�XOE\s+Ñ Â NWZÄ�oaÙ Ú � Â u�r�XOEYs7PkC`�Xe^aXOZ x Z>XOE\C�NgV�XOZ x Z>XOE\C��c�b�[�O���n�b��s>NgL�NgZ>NW`���{µ$CZDK�C¯E\s>CGXOZ�EYC[V)PQC_KMEYX�NgZ<Nbd�Ñ Ò ISZDRjÑ Â XnP�I�K�m>VYvwC¢r�XOE\s x ZcXOEYC®s>NgL�NgZ>NW`��7ISLONgZcl<Ù¸Ú\����{�}�s>XhP
CZDPkm>VYC_P�EYsDISE$E\s>C®PQm>` XhP�IbL�r�I�>P�ZcClwISEYXOvwC�{

o�¤wu�BDCE�Ñ�HDC¢ISZ�XOZ�EYC[lgV)ISLUKMmcVYvwC�NgZ7Ä o�Ù Ú<Á Â u�T9r�s>XhK£s�XOZ�EYCV�PQCSK�E)P%ÙqÚ$����{�¼¿d XOE�R9NwC_P�Z>NgE[T9XOE%XhP
KML�CSIbV\LO�®IbZ�XOZ x Z>XOE\C�KMm>V\vwC�r�XOE\sGZ>ClwISEYX�vwC�NgV%tC[VYN�s>NWLONWZ>Ng`��wTwPkXOZDKMC�XOE%PkXOE�P¦NWZ�NWZ>C�Nbd�EYs>C�Ä o�ÙâÚ � � u�{}�s>CV\CMdfNgV\CwTDr�C�NWZ>LO�ßKMNgZ�PQXnR�CV$Ñ�r�scXnK)s�IbV\CGNgH>E�IbX�Z>CSR+H��+Pkm>`�`�X�Z>l�Ñ Ò NWZ.Ä�o�Ù Ú � Ò u�IbZ�R+Ñ Â NWZÄ�oaÙ Ú � Â u){�¼¿d Ñ Ò IbZ�R�Ñ Â HÈNWEYs7sDIvwC�Z>Cl�IbEYX�vwC¢s>NgL�NgZ>NW`��wT�EYs>C[Z�r�C¢IbV\C�X�Z�E\s>C®PQX�EYmDISEYXONWZ<Nbd�o\§bu){wm>�>�DN�PQC�Z>NSr E\sDIbE�Ñ Ò XnP�X�Z x Z>X�EYC�r�XOE\s�t[CVYN¢s>NWLONgZcNg`��w{�ã.C$s�I_vwC�E\s>C�dfNgLOL�NSr�XOZ>l®KIWPQCSP���o¿Xfu¶}�s>C
�DNwPkXOEYX�vwC$C[ZDR�Nbd Ñ Ò s�IgP�IbZ7IWPQ��`��>EYNWEYC�NgZ<ÙqÚ`���9T�IbZDR�L�XO``bdcRe�f/G>o¿×)u�p|Æ g {4wX�ZDKMC�EYs>C�ZcClwISEYXOvwC
CZDR+NSd�Ñ Â s�IgP¢IbZ�IgPk�9`��cEYNgE\C�NWZ~Ù'Ú2����IbZDR/G Û Æ g T�E\s>CG�DNwPkXOEYX�vwC�CZ�R+Nbd�Ñ Â `�mDPQE�s�I_vwC�ISZIgPk�9`J�>EYNWEYC�Ir�I�+dfVYNW` Ù�Ú����<ISZDR'G Û Æ g {Jµ$CZDKMC�T�XOZ.EYs>XhP¢KIgPkCwT�E\s>C�Pkm>`�XnP�X�Z x Z>X�EYCGr�XOE\s
tCV\NGs>NgL�NgZ>NW`���{�o¿X�X¿u¦}�s>C¢�ÈN�PQX�EYXOvwC°CZDR�Nbd¶Ñ Ò s�IgP�IbZßIgPk�9`��cEYNgE\C�NgZ7Ù Ú:���9TcIbZDR<G Û 0(g {%}�s>C
Z>Cl�IbE\XOvwCGCZDR.Nbd�Ñ Â `�mDPkE�EYs>C[ZysDIvwC�ISZ0IgPk�9`��cEYNgE\C�NWZ0Ù¸Ú<���+ISZDR'G Û 0(g {<}�s>C[VYCMdfNWVYCwTUÑ ÂKISZ�HDC¢PQC`JXe^aXOZ x ZcXOEYC�NgV�XOZ x ZcXOEYC�Z>Cl�IbE\XOvwCwTgNWV�X�Z x Z>X�EYC�r�XOEYs�tCV\N�s>NWLONWZ>Ng`��wTwISLOLDNbd r�s>XhK£s�r�XOL�LDlgXOvwC
Z>Cl�IbE\XOvwC�s>NWLONgZcNg`���KMm>VYvwC_P�NgV�XOZ x ZcXOEYC�K�m>VYvwCSP r�XOEYs�tCV\N¢s>NgL�NgZ>NW`��wTwr�s>C[Z�Pkm>`�`�CSR¢r�XOE\s�Ñ Ò {�o¿XOX�X¿u
}�s>C®Z>ClwISEYX�vwC¯C[ZDR�NSd%Ñ Ò sDIWP$ISZ.IgPQ��`��>E\NgE\C�NgZ.Ù Ú�����T�ISZDR�G Û Æ g {�}�scC��DNwPkXOEYX�vwC¢CZDR�NSd%Ñ ÂsDIWP�G Û Æ g NWZ~Ù'Ú�����T�r�s>XnK)s�`�CSISZDP$E\sDIbE¢Ñ Â K[IbZ�HDC�PkC`�X�^�X�Z x Z>X�EYC¢NgV¢XOZ x Z>XOE\CGZ>Cl�IbEYX�vwCwT�NWVXOZ x Z>XOE\C�r�X�EYs�tCV\N�scNgLONWZ>Ng`��w{¢}�s>C¾PQm>`'r�XOL�L�ISlwIbX�ZyHDCGZ>C[lwIbE\XOvwC®NgV¢ISZyX�Z x Z>X�EYCGK�m>VYvwC®r�XOEYs7tCV\N
s>NWLONgZcNg`��w{+ofXOvDu�}�s>C�Z>C[lwIbE\XOvwCGCZ�RyNbdÔÑ Ò sDIgP®IbZ0IWPQ��`��>EYNWEYC�NgZ�Ù�Ú<���9T ISZDR'G Û 0(g {<}�s>C
�DNwPkXOEYX�vwCGCZDR�NbdÔÑ Â P\IbE\XnP x CSP(G Û 0(g NWZ~Ù'Ú�����T PQN<Ñ Â XhP$XOZ x Z>XOE\CGr�XOEYs.tCV\N�s>NWLONgZcNg`��wTUIgP�XhPEYscC�Pkm>`�{<o¿vDu°À�NgEYs.CZDRcP²NSd�Ñ Ò sDIvwC�IWPQ��`��>EYNWEYCSP¢Ir�I�<dfVYNg` Ù�Ú<���9{J¼¿d�Ñ Â XhP�Z>ClwISEYX�vwCwT�EYscCZEYscC�Pkm>` XnP�Z>Cl�IbEYX�vwC�NgV�XOZ x Z>XOE\C¢r�XOEYs7tCV\NGs>NgL�NgZ>NW`��w{%¼¿d¶Ñ Â XnP�X�Z x Z>X�EYC¢r�XOE\s+tC[VYNGs>NWLONgZcNg`��wT9E\s>CPQmc`àXhP�XOZ x Z>XOE\C¯r�X�EYs<tCV\N�scNgLONWZ>Ng`��wT�Xed¶HÈNWEYs�Ñ Ò ISZDR�Ñ Â sDIvwC¯E\s>CX�V|G�KMNwNWV)R9X�ZDIbE\CSP$lWN�E\N 0(g NWV
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Á Â L�XOZ>¥cP�IbZ.IbE\EYV�IgKME\XOZ>l�NWV$V\C�DCLOL�XOZ>l��DCVYX�N�R9XnK¢NgV\H>XOE[{.�$NWEYC�E\sDIbE°EYs>CV\C�XhP$I�L�XOZ>¥�XOZclG�>VYNW�ÈC[VYEk��dfNWV
dfNgL�XnISEYXONWZDP�r�s>XhK£s<XnP�PkXO`�X�LnISV¦^ÔPkCC�º � » IbZDR�ºe§ ¬ »�{}�s>C��>V\NwNbd dfNgV�EYs>C�C´�XnPQE\CZDKMC�Nbd¶I¢EYV�IbZDPkvwCV)PkC$�DNwPkXOE\XOvwC°KMNgZ9dfNWLOXhIbEYX�NgZ�XhP4HDIWPQCSR�NgZ�E\s>C¢KMNWZDPQE\VYmDK£^
EYX�NgZ<Nbd�wm>C`À�NwN�R9`<ISZ0º � »�NWZ+vwCSK�EYNgV x CLhR>P4E\V)IbZ�PQvwCV�PQC¢EYN�dfNWLOXnISEYX�NgZDP�TDPQm>�>�cLOC`�C[Z9E\CSR�XOZ<�>LhIgKMCSP�H��
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R9C�DCZ�R9CZ�E�NgZ<EYs>C�dfNWLOLONSr�X�Z>l�R9CSP\KMVYX��>EYX�NgZ<Nbd%E\s>C®½+NgV�PQCM^\w`<ISLOC�vwCSKMEYNWV x CLhR�i~�
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r�XOE\s��DNwPQX�EYX�vwC�s>NWLONgZcNg`��+NgZ.Ä#F|r�XOL�L�lWXOvwC�m�P¯IJKMNgZ�EYV�IgR9XhKMEYX�NgZUTUIWP�LONgZcl+IWP$EYscCGLOCMdfEk^�sDISZDR9CSR�R�XnPQ¥
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sDIvwC¢ISLOLUXOZ�EYC[lgV)ISL KMm>V\vwCSP4r�X�EYs x Z>X�EYC¢Z>Cl�IbEYX�vwC�s>NWLONgZcNg`���NWZ�Ä�oaÙ Ú � � u){ãyC°`�mDPkE�Z>NSrz�>VYN�K�CCSR�r�X�EYs<KISVYC¢XOZ�R9CSIbL�XOZ>l®r�XOE\s�E\s>C��DNgV\EYX�NgZ<Nbd�ÁGÂ�r�s>XhK£s�X�Z9E\CV)PkCSKME�PQE�IbH>L�C
`<ISZ>XedfNWLnR>P�Ð¾Ñ�o¿ÑUuGNWV�mcZDPQE�IbH>L�Cy`<ISZ>XedfNWLnR>P�Ð<Ò9ofÑUuGNbd¾XOZDR9C[´â§�NgV\H>XOE�P�Ñ ^�r�C.PksDIbL�L¢E)Ib¥wC.Pk`<IbL�L
Z>CX�lgs�HDNgVYscNwN�R>P�Nbd¹Ï.T�r�s>XhK£s�r�CGr�XOLOL¦PQm>H2R9X�v9XhR9C�X�Z9E\N<PQ`�IbLOL¶PQX�`��>L�XnKMCSP � � {ÔÓ$CZ>NWEYC\Ï`Ñ¢p Á¾Â �
o � Ð Ñ o¿ÑUuYu�ISZDR'Ï Ò p"Á Â � o � Ð Ò o¿ÑUuYu�T�r�s>CV\CGEYs>C®m>Z>XONWZyXhP·NSvwCV²IbLOL EYscCGXOZDR9C[´y§®NgVYHcXOE)P�Ñ {$Ï Ñ
IbZ�RÕÏ Ò r�XOL�L�`�C[CE%EYV)ISZDPQvwC[V)PQC[LO��HDCSKISmDPQC¢i XnP�½+NWV)PQC�^Yw`�IbLOC�{
��æ�é0éPo�� ë��)�k�+ÞQÏ0ò¾ó�ÌD�����ûÌD��É)�¢�YôW�e���n�¢���[ðG�g�O�U���>�wíSÊbÌ �×Ö �Èú �[í9�£ÌJ�nÌc�g�UÄ�oaÙ Ú � u·Ó��O�O� �>�g�Ìc�w�b�®�w�>õ��n�9�k�fÊwÉY�g� �[í9É��b�Y�	Ó��O�ûÌ¾�>�b�[�O�a�n�b��Ìc�g���w�c�wðGõ�ò
�¢èSçUç��·çS�¹��æ�é éYo�r4BDCE�mDP�KMNWZDPQXhR9CV�E\s>C�EYs>C$dfNWLOL�Nbr�X�Z>lGPkXO`��cLOX x KIbE\XONgZ x V)PQE[� � � Ï Ñ p�Ø�T9r�s>XhK£s
XnP�I�o�KMNWZ>Z>CSK�EYCSRÈu¦IbV�K²NWZ7Ä � {�o�¼�Z���IbVYE\XnKMmcLnIbV[T9E\s>C¢XOZ�EYCV�PQCSKME\XONWZ�sDIWP�NgZ>L���NWZ>C®KMNg`J�ÈNWZ>CZ�E{�u�BDCE�Ñ
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³�X�lgm>V\C®]9��¼þZ�EYC[lgV)ISLUKMmcVYvwCSP�NWZ+Ù Ú �

HDC�E\s>C¢XOZDR9C[´�§¯NWVYH>X�E�KMNgV\VYCSPk�DNgZDR9X�Z>l�E\N�Ø�{%³�NWV$E\s>C¢EYX�`�C$HDCX�Z>l>TDr�C¢r�X�LOLUK�NgZDKMC[VYZ<Ngm>V�PQCL�vwCSP�r�XOE\s
EYscC��DNwPQX�EYX�vwC$CZ�R�Nbd E\s>C·á�Nbr KM��LOX�ZDR9CV[{h��NgEYC�EYs�IbE�Xed ¨ XhP�ISZ<IbV�K$XOZ+Á Â r�s>XhK£sJIvwNgXnRcPÞÏ.T9E\s>CZ<ISLOL
EYscC�XOZ�EYClWV)ISLUKMm>V\vwCSP4NWZ7Ù Ú ¨ ISVYC�ñ��>�O�k�)TDX�{ÅCw{OTwR�NGZ>NgE�sDIvwC¢IgPk�9`J�>EYNWEYCSP%NgZ7Ù Ú ¨ {�}�s>XhP�XO`��>L�XOCSPEYs�IbE¢ISZ9�<¥�XOZDR<Nbd�XOZ x Z>XOE\C�o�IWPQ��`��>E\NgEYXhKbu%HDCsDIv�XONgV°`�mDPkE�N�KKMm>V°IgP�E\s>C�X�Z9E\ClgV�IbL¶KMm>VYvwC_P�Ib�>�>V\NwIWK£s
vwCV\EYXnK[IbL>L�XOZ>CSP�NWZ+ÙqÚÔØ9{�½+NWVYCNSvwCV[T�PQXOZ�KMC.Ø$áDNSr�P�X�Z9E\N�ISZ<XOZDR9C[´<§$NgV\H>XOE�Ñ T9r�C�¥�Z>NSr EYsDISE�IbLOLDE\s>C
XOZ�EYC[lgV)ISL�K�m>VYvwCSP�NWZ.Ù¸Ú¾Ø�IbV\C x Z>XOE\C®IgP$r�CLOLa{$µ�CZDKMCwT>E\s>C�NWZ>LO�<Ek���ÈC®Nbd�XOZ x Z>XOE\C¢HÈC[sDIv9X�NgV°IbE�E\s>C
�DNwPkXOEYX�vwC�CZDR<r�NWm>LnR�HDC®IgP�XOZ7³�XOlWm>VYC®]�{

ãyCJKISZ~VYm>L�CGNgm>E®�DNwPQX�EYX�vwC�s>NWLONWZ>Ng`���KMmcVYvwCSP�H��.IbVYlWm>XOZcl�IgP�dfNgL�LONSr�PM�Gws>V\XOZ>¥ � Pkm9�<K�XOCZ�EYL��
o�PkEYX�LOLD¥wCC�>X�Z>l � � ÏßÑ(àp]Ã9u)TcPQNGE\sDIbE²º ¬ Ü§x�»2Ú � PkXOE�P4XOZ�PQXnR�C¢I�PkE)IbZ�R>IbV�R+KMNWZ9E�IgKME�PQE\VYmDK�EYm>V\C�NgZ7Ù:t[T
dfNgV¢LhIbVYlWC2x²{�}�scCZyE\s>CV\CG`�mDPkE�C´�XnPkE¢I�tCVYNJs>NgL�NgZ>NW`��ßKMm>VYvwCGHDCEkr�CCZ�EYscCG�ÈN�PQX�EYXOvwCGscNgLONWZ>Ng`��
KMm>V\vwCSP�ISZDR	E\s>C�Z>Cl�IbE\XOvwC�s>NWLONgZcNg`��GKMm>V\vwCSPM{Uã.C$r�X�LOL�`�N�R9X�df��EYscC�áDNSr KM��LOX�ZDR9CVUdfNgV � E\N¢NgH>E�IbXOZ�I
EYX�`�CM^þR9C�DCZDR�CZ9EDáDNSr KM��LOX�ZDR9CVUr�scXnK)s�sDIWP¦HDNWEYsGCZDRcP�r�s>XnK)s�IbV\C�E\XOlgs�E{%wXOZ�KMC�HDNgE\s�C[ZDR>P�ISVYC�EYX�lgs�ET
EYscCVYC¢C´�XnPkE)P�IGPQmcH�R�XOv�XnPQX�NgZ7Nbd � dfNWV�r�s>XnK)s7IbL�LUEYs>C�áDNSr|KM��LOX�ZDR9CV�P4NSd%EYs>C®¤^kPkXO`��>L�XnKMC_P¦s�I_vwC x ZcXOEYC
Z>Cl�IbE\XOvwC�s>NWLONWZ>Ng`��wT�ISZDR�T%H9�.EYscC+IWR>R9X�EYXOv�XOEk��L�C`�`JI9TUEYs>C<E\XO`�CM^þR9C�DCZ�R9CZ�E$áDNSr K��9L�XOZDR9C[V¯NSd �KISZ>Z>NgE�s�I_vwC°tCVYN®s>NgL�NgZ>NW`���{�¼�Z<NgV)R�CV�E\NGNgH>E�IbXOZ7I�E\XO`�CM^þR9C�DCZ�R9CZ�E¦á�Nbr KM��LOX�ZDR9CV[TgXOEÔPQm9��KMCSP�E\N
R9C x Z>C�I�EYXO`JCM^kR�C�DCZDR9CZ�EUvwCSKME\NgV x CLhR�{�³�X�V)PkE%R9C x ZcC�I�PQ`<ISLOL��DCVYE\m>VYHDISEYX�NgZ�i�áwNbd�i Z>CSIbV¶Ñ�Twr�s>XhK£s
XnP%PkEYXOL�LD½+NgV�PQCM^\w`<ISLOC�H>mcE�r�s>N�PQC�X�ZDR9C´J§$NgV\H>XOE%Ñsá�sDIgP%HÈC[CZ�PkLOX�lgs�EYLO�®�>mDPks>CSR�Ir�I��dfV\Ng`qÑ7PQN®EYsDISE
EYscC·áDNSrzKM��LOX�ZDR9CV Nbd � ondfNgV%iyu¶Z>N¢LONWZ>lgCV�XOZ�EYCV�PQCSK�E)P�Ð Ñ o¿i�á�u){���XhK£¥¾IbZ���G A PQN®EYsDISE�Ä�o�º ¬ Ü�G A »cÚ � udfNgVGi KMNWZ9E�IbXOZ�P�EYs>C�t[CVYN�s>NWLONWZ>Ng`��~K�m>VYvwCw{/�$NSr R9C x ZcC�EYs>C<E\XO`�CM^þR9C�DCZ�R9CZ�E�vwCSKME\NgV x CLnR~i NH��.PQCE\EYXOZcl�i N pqi dfNWViGQ-KG A T�i N pqi�áUdfNgViG « G A 0 §gT¶IbZDR.XOZ�EYCV\�ÈNWLnISEYXOZcl�X�Z9HDCEkr�CCZU{�À��
KMNWZDPQE\VYmDKME\XONWZUTgEYscXnPÇáDNSr KM�9L�XOZDR�CVUXnP�PkEYX�LOL�EYV)ISZDPQvwC[V)PQC�EYN®��ISZDR�sDIgP��DNwPkXOE\XOvwC�C[ZDR�r�s>XnK)sGXnP KMNWZ9E�IbXOZcCSR
XOZ.I�Z>CXOlWs9HDNWVYs>NwN�RyNSd�ISZ�XOZDR9C[´ ¬ NWVYH>X�E{GwXOZDK�C�r�CG`�I_��IbLnPkN7IbEYE�IgK)s.I<PQE)ISZDR>ISV)R�Z>ClwISEYX�vwCGCZDR�Tr�C®sDIvwCGPks>NSr�Z�EYsDISE�EYs>C[VYCGK[IbZ�HDCGZ>N��DNwPkXOE\XOvwC¢s>NgL�NgZ>NW`��7KMmcVYvwCSP�NgZ.Ä o�Ù Ú � u � J3G «|¬ L�TÈdfNWVNgmcV$NWVYXOlWXOZDISLUi~{

�



�$C´�E%KMNWZDPQXhR9CV�E\s>C�PkXOE\mDIbE\XONgZ�r�s>CV\C � � Ï Ñ XhP4ISZ�ISV)K|Ø9Tgr�scXnK)s�PQm>H2R9X�v9XhR9CSP � X�Z9E\N � Ò ISZDR � ÂNbd¦EYs>C®EQ���DC¢EYVYC_IbEYC_R+IbHDNSvwCw{�}�scC	Á � PYIbE\XnP�df��E\s>C®KMNgZ�R9XOE\XONgZ�P·NSd^��IbV\E�¤�Nbd%E\s>C®IgR>R9X�EYX�v9X�EQ�JLOC`�`JI9T
IbZ�R�s>CZ�KMC¢KISZ>Z>NgE�sDIvwC®IbZ���XOZ�EYC[lgV)ISLUKMmcVYvwCSP�r�X�EYs<�DNwPQX�EYX�vwC�s>NgL�NgZ>NW`���NgZßÄ�oaÙ ÚyÁ � u){³�XOZ�IbLOL��wTWIgPYPkm>`�C � � Ï`Ñ%KMNWZDPQXhPQE�P�Nbd2XOZ x Z>XOE\CLO�¢`<ISZ9�°�DIbV�IbLOL�CLcIbV)K[PM{�BDCE�Ø�HDC�I$LOX�`�XOE ISV)K�r�s>XhK£s
KMNWVYVYC_PQ�DNgZDRcP$EYN�Ñ Ò TÈE\s>C x V)PQE�XOZ�R9C´�§�NWVYH>X�E$C[ZDKMNgmcZ9E\CVYCSR�H�� � {$wm>H2R9X�v9XhR9C®IbLONWZ>l\ØGXOZ�EYN � � { Ï PXOZ<E\s>CGPkXO`��>L�CV�KIgPkCGISHÈNSvwCwT>r�C¢VYC�>LhIgKMC¢E\s>C�áDNSr|KM��LOXOZ�R9CV�r�X�EYs7IGEYXO`JCM^kR�C�DCZDR9CZ�E4á�Nbr KM�9L�XOZDR�CV
Xed¦EYs>CV\C¢C´9XhPQE�XOZ�EYClWV)ISL KMm>VYvwC_P�r�XOEYs7�DNwPQX�EYX�vwC�s>NWLONgZcNg`���NgZßÄ�o�Ù Ú � � u){�}�s>XhP·Z>C[r(áDNSr"KM�9L�XOZDR�CV
R9NwCSP�Z>NgE�`�CCE�Ñ Ò TDPQN�r�C®KIbZ7�>VYN�KMC[CSR�X�ZDR9mDKME\XOvwCL��w{4�m>H2R9XOv�XnR9C � � X�Z9E\N�PQ`<ISLOL2CZ>Ngmclgs.PQX�`��>L�XnKMCSP
� �@â PQNGEYs�IbE � �@â o¿X¿u¦R9NwCSP�Z>NWE�X�Z9E\CV)PkCSKME�IbZ���PkE)ISH>LOC�`�IbZ>X�dfNgLnRcPMTDo¿X�X¿u XOZ�EYCV�PQCSK�E)P�Ð Ñ o¿i<áOu�X�Z�NgZ>C²IbV)KWT
NgV<ofXOX�X¿u�X�Z9E\CV)PkCSKME)P$Ð Ñ ofi�áOu°XOZ.XOZ x ZcXOEYC[LO��`<ISZ9�.ISV)KP�{�¼¿d � �@â ISVYC�NSd�EQ���DC�o¿Xfu�NWV�o¿X�X¿u�T�EYscCZ~EYscCXOV
o�ISlwISXOZ.`�N�R9X x CSR�E\XO`�CM^þR9C�DCZ�R9CZ�EMu�áDNSr"KM��LOXOZ�R9CV)P�R9N<Z>NWE�sDIvwC�IbZ��+�DNwPkXOE\XOvwC�scNgLONWZ>Ng`��7KMm>V\vwCSPM{
wX�ZDKMC � � Ï Ñ K�NgZDPkXnPQE\CSR�Nbd��DISV)IbL�LOCL¦IbV)K[P²E\N+HDClWXOZ.r�XOEYs�T�EYscC�IgR>R9X�EYX�v9X�EQ�7LOC`J`�IGlgmDISV)ISZ9E\CCSP¯m�P
EYs�IbE�E\s>C¢Ä o�ÙqÚ � � u¶R9NGZ>NWE�sDIvwC°IbZ����DN�PQXOE\XOvwC�s>NgL�NgZ>NW`���K�m>VYvwCSP�{�¼¿d EYscCVYC°IbV\C�Ek�9�DC®o¿XOX�X¿u � �@â T�r�C`�mDPQE�NgZDKMC®ISlwIbX�Z�Pkm>H2R9XOv�XnR9C®ISZDR+KMNWZ9E\XOZ�m>C�m>Z�EYX�L�r�C¯C[´9sDISmDPQE�ISLOLUE\s>C¢XOZDR9C[´+§¢NgV\H>XOE�PM{

}�s>C®PQX�EYmDISEYXONWZ�ISE$E\s>C¢Z>ClwISEYX�vwC�CZDR�XnP�XhR9CZ�EYXhKIbLa{�}�s>XhP��>VYNSvwCSP�E\s>C¢LOC`�`JI9{  

�$NSr¢TÈlWXOvwCZã�7ÞäÏ.TDEYscCVYC¢C´�XnPkE)P �×Ö �<r�s>XnK)s<sDIgP�I�áDNSr"KM��LOXOZ�R9CV�r�X�EYs>NWm>E��ÈN�PQX�EYXOvwC¢s>NWLONWZ9^
Ng`��w{ Ï LhPQNGZ>NWEYXnK�C¯r�C�`<I��PQscVYXOZc¥ � r�XOE\s>NgmcE�LONwP\P�Nbd%lWCZ>CV�IbL�XOEk�w{�wXOZ�KMC$Ï�XhP�KMNW`��DIgK�ET9r�C¢KMNSvwCV
Ï r�XOE\s<PQX�`��>L�XnKMCSP � IbZ�R�Pks>VYX�Z>¥�EYs>C`ßTgNgH>E�IbX�Z>XOZ>l¾I�Pkm>H2R9XOv�XnPkXONgZJNbd¦I¯Z>CX�lgs�HDNgVYscNwN�R�Nbd�Ï H�� � �dfNgV¢r�s>XhK£s�ZcNgZ>C�NbdÔEYs>CJÙ¸Ú � � sDIvwC��DNwPkXOE\XOvwC�s>NgL�NgZ>NW`��w{¢ã.C�ISLnPQN<E\s>VYNSr X�Z � � r�s>XhK£s.R�N+Z>NWE`�CC[EÞÏ.{

�$NgE\XnKMC�E\sDIbE¾Ï Ñ o¿V\CSPQ��{åÏ Ò uGXnP<I~LnIS`�XOZ�IbEYX�NgZ�NgZ|Á Â {q¼¿d®XOE<sDIgP<I0KML�NwPQC_RÿLOCSId\T$EYscCZ5Ë Á Â
PQs�IgR9NSr�P�ISZ>NgE\s>CV�L�CMdfEQ^ÔNgV�V\XOlWs9Ek^�sDISZDR9CSR.R9XhPQ¥2{�¼¿d%E\s>C�dfNgV\`�CV�sDIb�>�DCZ�PMTUr�CGr�X�LOL E)Ib¥wC�I�`�X�Z>XO`JIbL
LOC�dfEQ^asDIbZDR�CSR~R9XhPQ¥~r�s>XhK£s�R9NwCSPGZ>NWE�PQsDIWR9NSr ISZ>NgE\s>CVGLOC�dfEQ^asDIbZDR�CSR0R9XnPk¥�{�}�scC�LhIbE\EYCV®XnP¯C[´>KML�mDR9CSR
H���Ngm>V¾KMNgZDR�XOEYX�NgZDP�T�C´cKMC�cE�r�s>CZ~E\s>C�VYXOlWs9Ek^�s�IbZDR9C_R~R9XnPk¥.IbV\XnPQC_P²dfVYNW` I�Ekr�XnPkEYCSR�XOZ�R9C´0§GNgV\H>XOE[{
µ$CZ�KMCwTUr�C�s�I_vwCJEQr�N+�DNwP\PQX�H>XOL�XOEYX�CSPM�JoY§bu`Ï Ñ ofVYCSPk�U{QÏ Ò u�XnP®I+m>Z>X�NgZ~NSd¢ISV)KP�T�NgV<o�¤wu�E\s>CVYCJC´9XhPQE
KMX�V)KMm>LhIbVÔKMNg`��DNWZ>CZ�E)P�Nbd^Ï Ñ o¿VYC_PQ�U{RÏ Ò u�T>IbL�LUNbd%r�scXnK)s<IbV\XnPQC�dfV\Ng` IGEkr�XnPQE\CSR�XOZDR�C´+§¢NgV\H>XOE[{
æio�çæ~êsr¢o�Ï Ñ IbZ�RÕÏ Ò IbVYC¢m>ZcXONgZ�P·NSd�IbV�KPM{�uG¼�Z<EYs>XhP�KIgPkC�r�C�K[IbZ<XOZDR�mDKMEYX�vwCLO�Gm�PQC�E\s>C®IgR>R�XOEYX�v9X�Ek�
LOC[`�`<I�ISZDR�Pks>NSryE\sDIbE¶Ù~Ú$Á Â R9NwC_PÇZ>NWE�s�I_vwC¦I$KMmcVYvwC r�XOEYs¢�DNwPkXOE\XOvwC%s>NgL�NgZ>NW`���{�wXOZ�KMC�i XnPU½+NgV�PQCM^
w`<ISLOCwT�ÏßÑ�ISZDRQÏ$Ò�XOZ�EYC[V)PQC_KME�EYV�IbZDPkvwCV)PkCLO�<XOZ.ÁGÂS{¢µ$CZ�KMC¢r�CGZ>NWVY`<ISLOXOt[C � � p º�Æ�§WÜ§M»¶Úÿº�Æ�§WÜ§M»
r�XOE\s<KMNwNWV)R9X�ZDIbE\CSP�o�ÝUÜ�v>u�o¿r�C°Z>NSr EYs>X�Z>¥�NSd XOE�IgP�IG¤^kK�CLOLfu)T�PQN®EYsDISE.Ï`Ñ�IbVYC°Nbd EYscC$dfNgV\` Ý�p�è�IbZDR
ÏiÒGIbV\C�NSd%EYs>C�dfNWVY`év�p ª TDISZDR�E\s>C®KMNgZ�PQE)ISZ9E�P$P\IbE\XnPþdf�.Æ®§ � èbÜ ªã� §g{�BDCE�mDP�IgR>R7IgR�ê)IWKMCZ�E � Ò T
� Â { Ï PYPkm>`�CGr�XOE\s>NgmcE�LON�PYP¢Nbd�lgC[Z>CV)ISLOX�EQ��E\sDIbE®EYs>C[XOV®KMNg`J`�NgZ7CSR9lgCß����X�Z9E\CV)PkCSKME�P�Ï`Ñ�o¿H>mcE�Z>NWE
Ï Ò u�{

E VYX�EYCV\XONgZ<ofX¿uUdfNgV^��ISVYE�¤�Nbd�EYs>C�IWR>R9XOE\XOv�XOEk�¢LOC`J`<I�XnP�`�CE��bNWEYs>C[VYr�XnPkC$r�C�r�NWm>LnRGsDIvwC�I�XOZ x ZcXOEYC
KMm>V\vwC�r�XOE\s0tCVYN�scNgLONWZ>Ng`��.r�s>XnK)s~HDClgX�ZDP�IbZDR~CZDRcP	NWZÿÙ Ú¾����T4r�V�Ib�DP�IbV\Ngm>ZDR � Ò T�IbZ�R�s�IgP
G Û 0(g o¿r�X�EYs>NWm>E<LON�PYP�NSdGlWCZ>CV�IbLOX�Ek�Èu�{ BDCEã���~HDC~Ýqp §.IbZDR o\§gÜ§��S¤wu)Üo\§gÜÆ®§��S¤wu<HDCyE\s>C
IgPk�9`J�>EYNWEYCSP�dfNgV�E\s>C�X�Z x Z>X�EYC¾KMm>VYvwC¢r�X�EYs�tCV\N�scNgLONWZ>Ng`��w{�¼¿d%r�C�Pk�>LOX�E � Ò ISLONgZcl\v�p ¬ T�EYscCZ+E\s>CVYC[lgXONWZ � Ò�� J3v « ¬ L<r�XOL�L�sDIvwC�áDNSr KM��LOX�ZDR9CV�r�XOE\syX�Z x Z>X�EYC��ÈN�PQX�EYXOvwCGscNgLONWZ>Ng`��wT KMNWZ9E\V)IgR�XnKME\XOZ>l
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³�X�lgm>V\C(?9��¡·C[CH�dfNgLOXhIbE\XONgZ

³�XOlWm>VYC · ���IgR>R�LOC

� ^�ZcCXOlWs9HDNgV\s>NwN�R�Nbd^GGp §W{ Ï P�L�NgZ>l<IWP � XnP�PQ`<ISLOL2CZ>NgmclgsUTDr�C®KISZ+C´�EYCZ�R�Ø Ò IbZ�R+Ø Â EYNJIbL�L�NSd��PQN�EYs�IbE�EYs>C�JPYISEYXhPþdf�<¸%��mDISEYX�NgZ.§gT>H���`<IS¥9X�Z>l�E\s>C A PQL�Ng�DCSP�PQE\CC�<CZ>NWm>lgs#Â�{

ó|ô;F G�H ÷j÷^ù2÷^ùI����JLK#ûüÿ øMKON«÷�ù@P�Q|ÿ�÷RHsÿ%S ó
ã.C�r�XOL�LÈZcNbr �cVYNSvwC$E\s>C¢KMNWZ9vwC[V)PQC�TgZDIb`JCLO�wTWXed¶KMNWZDR9XOE\XONWZDP$ofX¿u¶IbZDR�ofXOX¿u NSd¶}�s>CNgV\C` ]�IbV\C¢PYISEYXhP x CSR2T
EYscCZ<EYs>CV\C¢C´9XhPQE�P�I�KMNgZ9dfNWLOXhIbEYX�NgZ7��EYV�IbZDPkvwCV)PkC¢EYN�i~{

ã sDIbE�dfNgLOL�NSr�P·XhP·CSP\PQCZ�EYXhIbL�LO�<wm>C:À�NwN�R9`�IbZ#Â P�KMNgZ�PQEYV\mDKME\XONgZ�T�Pkm>�>�>L�C`�CZ�EYCSR�H9�7IbZßIbV\lgm>`�C[Z9E
dfNgV EYscC�KMNWZ9E�IgKMEU�DISVYE[{�}�s>XhPÇX�Z9vwNWLOvwCSP2R9CSKMNW`��DNwPQX�Z>l�F�X�Z9E\N$V\Ngm>Z�R¯sDISZDR9LOC_P4okp�4 Ò Ú²Á Â u)T�KMNgZDPkEYV\mDKMEQ^
XOZcl�I�dfNgL�XnIbE\XONWZ�NWZ+CSIWK£s<sDISZDR9L�CwTDIbZDR<C´�EYCZDR�XOZ>lGE\s>C�dfNgLOXhIbE\XONgZ7EYNJI�K�NgZ9dfNWLOXnISEYX�NgZ<r�s>CZßIbEYE�IgK)s>XOZcl
EYscC¯V\Ngm>Z�R+½+NgV�PQC¢sDISZDR9LOC_PM{T��SæSpzêsr¯oa¼�ZDR9C´ ¬ u�ãyC�dfNWLOXnISEYC�C_IgK)sÕ4 Ò ÚyÁ Â H��<I�¡�CCH�KMNg`��DNWZ>CZ�E¢o�PQC[C¢³�XOlWm>VYCi?wu){T��SæSp��ìr¯oa¼�ZDR9C´7§bu�ãyC�dfNWLOXnISEYC�H��<PkE)IgK)¥�XOZ>l�P\IgR>R9L�CSP¢o�PQC[C¢³�XOlWm>VYC · u){

}�s>C�V\CSPQm>L�EYX�Z>l¢K)sDIbV�IgKME\CVYXhPQEYXhK4dfNgL�XnIbE\XONWZ�NWZ<Ä�oü4 Ò Ú�Á Â u r�XOLOLcLONwNg¥�LOX�¥wC�³�XOlWm>VYC(ÉwTwr�s>C[Z�4 Ò Ú�Á Â
XnP¢v9X�Cr�C_RyIWP��<ÚÿÁ Â r�XOE\s~CZDR>P¢XnR9C[Z9E\X x CSR0o(�.p º ¬ Ü§M»fu){<�$NgE\C�EYsDISE�Á Â XhP¯HDCSPkE�EYscNgm>lWs9EGNSd°IgP
IbZ.N�KME�IblgNWZ~XOZ�PQXnR�C�Ù Â {G³>NWm>V®PQXnR�CSP.	DÜ�èbÜVUgÜü�7IbV\C��DISV)ISLOLOC[L�EYN�E\s>CJÝc^þIb´�XnP�NgV¢EYs>Cãvg^þIb´�XnP�ISZDRji XhP
EYV�IbZDPkvwCV)PkC¢EYNGEYscC¯daIgK�CSPW�GÚ¾	DT9C[E)Kg{�ã.C®KIbZ<EYmcVYH>m>LhIbV\XOtC¢EYscC�PkE)IWK£¥wCSRJPYIgRcR9LOCSP�IbL�NgZ>l�EYscCSPQC�daIgK�CSPMT
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³ XOlgmcVYC$É�� E sDISV)IWKMEYCV\XnPkEYXnK$dfNWLOXnISEYX�NgZ

IbZ�R�NWH>E)ISXOZ7I²dfNWLOXhIbEYX�NgZ�NWZ/�®Ú�Á Â r�XOE\s�LOC_I_vwC_P��®Ú\	DT:�®Ú2èST>ISZDR<PQN®NgZU{ ± Z�EYs>C°NgEYscCV�sDIbZ�R�T9E\s>C
NgE\s>CV%dfNgm>V�daIWKMCSP$ofCw{ lc{R�²Ú2!u¶IbV\C$dfNgL�XnIbE\CSR��S^�Hcm>ZDR9L�CSPM�²Ú���ofr�s>CV\C$E\s>C¢PQC_KMNgZDR)�®p]!bT�ISZDR<PQNGNgZ2u
r�XOE\s<LOCSIvwCSP��GÚQJ ¬ L�IbZDR/�GÚQJ�§�L�{

�$NSr¢TwXed�4 Ò Ú�Á Â XhP�PQE�IbZDR>ISV)R�T�EYs>C[Z��ÔÚ�Á Â sDIgP%Ekr�N$daIWKMCSP�NgZ�r�s>XnK)sGi XnP%IbZ�NgmcEQrÔIbV�R	Z>NWVY`<ISL�{
± Z+E\s>C¢NgEYscCV�sDIbZ�R�T�IGEkr�XnPkEYCSR�sDISZDR9LOC¢XhP�NgH>E�IbXOZcCSR�H���lgL�m>XOZcl�v�XnIGIGVYNWE)IbE\XONWZ+H��\��T>ISZDR�E\s>CVYC¢XhP
NgZcLO�+NWZ>CGdaIgKMCGNWZyr�s>XhK£s�i XhP�IbZ.Ngm>EkrÔIbV)R�Z>NWVY`<ISL�{®}�s>CSPQCJIbV\CGEYs>CGdaIgK�CSP�IbL�NgZ>l<r�s>XhK£s�r�CGlgL�m>C
NgmcV�§)^�sDISZDR9L�CSP·NWZ9E\N�E\s>C®PQNWLOXnR�E\NgVYXUX�Z�wEYC�.§W{T��SæSpKµ#r Ï E\E)IgK)s>X�Z>l+X�ZDR9C´ §<sDISZDR9LOC_PM{ }�s>XhP�XnPGr�s>CV\C�r�C<r�XOLOL�V\CS�wm>XOV\C<KMNgZ�E)IWKMEJPQEYV\mDKME\m>VYCSP�X�Z
KMCV\E)ISXOZJPQXOE\mDIbE\XONWZDPM{%ãyC�r�XOL�LD�>VYNSvwC�EYs>XhP4H���X�ZDR9mDKME\XONWZUTwmDPQX�Z>l�E\s>C$daIgK�E�EYs�IbE�ÄUF � X Ò r�X�LOL2IbL�r�I�cP4HDCIGm>Z>XONWZ<Nbd%E\NgVYXa{
��æ�é0éPo2µ ÄÇF � �e�®�<í9�c�n�w���Q�¢���wÉ��¿ò
�¢èSçUç���ryã.C+mDPkC+EYscC�daIgK�E�E\sDIbE@X âZY o � â u�p ¬ T�X�d � â ISVYC+E\s>C�K�Ng`��DNgZcCZ9E�P�Nbd¾ÄÇF � T�ISZDR E\s>C
Z>NWZDPQX�Z>lgm>LhIbV�vwC_KMEYNWV x C[LnR�i�XnP�EYV�IbZDPkvwCV)PkC�E\N<ÄÇF � {�¼ad¦Z>NgE¢ISLOL � â ISVYCGEYNWVYXaTÈE\s>CZ�PkNg`�C � â p 4 Â {
wmDK)s7IbZ/4 Â v�XONWLnISEYCSP�KMNWZDR9X�EYXONWZ.o¿X¿u%NSd�}�s>CNWVYC` ]9{  

Ï PYPkm>`�C%EYscC�KMNgZ9dfNWLOXhIbEYX�NgZGsDIWP�IbL�VYCSIWR9��HDCC[ZGKMNWZDPQE\VYmDKME\CSR�NgZ�F � X Ò TwIbZDR�E\s>C�EYNWV)ISLDKMNg`J�ÈNWZ>CZ�E)PNbdÇÄÇF � X Ò ISVYC°KMLON�PQCSR�L�CSIvwCSP�Nbd�EYs>C°KMNWZ9dfNgL�XnIbE\XONWZU{�ã.C�lgL�m>C�IG§)^�sDISZDR9L�C$4 Ò Ú�Á¾Â4NWZ9E\N�ÄUF � X Ò CXOE\s>CVIbL�NgZ>l�NgZcC¯NWV$Ekr�N�IbZ>Z�m>LOX\[®T>R9C�DCZ�R9XOZ>l�NgZ<r�s>C[EYs>CV�E\s>C�§£^asDIbZ�R9LOC®XnP�PQE�IbZDRcIbV)R+NWV�Ekr�XnPQE\CSR�{
BDCE�m�P�IbE\E)IWK£s0ISLONWZ>l+E\s>C x V)PQE¾IbZ>Z�m>L�mDPM{<ã sDIbE®r�C�sDIvwC�XhP¢IbZ~C´�EYC[ZDPQX�NgZ.�>VYNWH>LOC`ß�¢³�XOZDR�I

KMNWZ9dfNgL�XnIbE\XONWZ�NgZ<o>]$ÂwÆ[¢u�Ú	�°PQN�E\sDIbEÔo;]�Â�Æ^[¯u�Ú�J ¬ Ü§�L°IbV\C�L�CSIvwCSP�Nbd�I·dfNWLOXnISEYX�NgZGISZDRGÄ�o>]$ÂWÆ[¯u�Ú	�IblWVYCC_P·r�X�EYs�Ä�[âÚ��cT>r�s>XnK)s7IbVYC®EYs>C�dfNWLOXnISEYCSR/�b^aH>m>Z�R9LOCSP�K�Ng`�X�Z>l�dfVYNW` EYs>C¢daIgKMC_PR!bÜ ª Ü O�Ü`_�IbHDNSvwCw{± m>V�CSP\PQCZ�EYXhIbL%R�XnPQE\XOZDK�EYXONWZ+XhP²r�scCEYs>C[V�EYs>C�ISZ>Z�m>LOmDP�XnP�Ìc�wðG�g���M�2�n�)�g����õ+�Y�)�S���9�a�n�g��NWZyE\s>C ¬ ^asDIbZ�R9LOCNgV¢Ìc�wðG�g�a�M�2�n�)�g�O��õG��É��n��n�g�Ë{
¼¿d�EYscC<IbZ>Z�m>L�mDP¯XhP²scNg`�NWEYNg�cXnKISLOLO�7CSPYPkCZ�EYXnISL�TUEYscCZ&] Â Æa[qXnP�ISZ0IbZcZ9m>L�mDPMT¶IbZDR.XOE�XhP�CSIgPk�yE\N

C´�EYCZ�R�E\s>C�dfNgL�XnIbE\XONWZ�NWZ<EYs>C¢HDNgm>Z�R>IbV\�+NbdÔo;] Â Æ&[¯u�Ú��®EYN�XOE�P�XOZ�EYCV\XONgV[{
§�?



³ XOlgmcVYC Ù � Ï EYE�IgK)s>XOZ>l�I�§)^�s�IbZDR9L�C

± Z�EYs>C®NgEYscCV�sDISZDR�T�X�d%EYs>C�ISZ>Z�m>LOmDP�XnP�Z>NgE�C_PYPQC[Z9E\XnIbLaTÈE\s>CZ�r�C�sDIvwCGPkXOE\mDIbE\XONgZ�P�IgP$X�Z�³�X�lgm>V\C
Ù {�Ó�m>C�EYN®s>NgL�NgZ>NW`���TgNgZ>C²PQCCSP�E\sDIbE�E\s>C�K�Ng`��DNgZcCZ9E�Á Â Ú��¢Nbd�o>] Â Æ/[¯u Ú.�¢KISZ>Z>NgE�HDC$dfNgL�XnIbE\CSR�T
IbZ�R�EYscC�K�NgZ�E)IgK�E�PQEYV\mDKME\m>VYCSP�`�Ib¥wC�EYs>CX�V x V)PkE�Ib�>�DCSISV)ISZDKMCw{

}�s>C.R9XhIblgV�Ib` EYN~E\s>C+V\XOlgs�E�XOZz³�X�lgm>V\C Ù sDIWP�I~KMNW`��DNgZ>C[Z9E<Á Â Úb�.r�X�EYszI~K)sDIbV�IgKME\CVYXhPQE\XnK
dfNgL�XnISEYXONWZ�NSdUZ>NWZ>�DNwPkXOEYX�vwC�s>NgL�NgZ>NW`��®NgZJÄÇÁ¾Â�Ú��cTgr�s>XhK£s�K[IbZ�HÈC�C´�EYCZ�R9CSR�EYN®I¢KMNWZ9dfNgL�XnIbE\XONWZ�r�s>XhK£s
XnP�KMNWZ9E�IgKME�NgZ E\s>C�XOZ�EYCV\XONWVGNbd�ÁGÂGÚa��IbZDRÿsDIWP�LOC_I_vwC_P�ÁGÂ�ÚaJ ¬ Ü§�L�T�H��z��V\Ng�DNwPkXOEYX�NgZ"§g{ }�s>C
NgE\s>CV¾KMNg`��DNWZ>CZ�E�o>]$Â�Æ(ÁGÂu�Ú��7K[IbZ0ISLnPQN7HDC�`<IgR�C�X�Z9E\N+I<�DNwPQX�EYX�vwC�KMNWZ9dfNgL�XnISEYCSR��S^aH>m>ZDR9L�C�H��
��VYNW�ÈN�PQX�EYXONWZ~§W{

}�s>C�R9XhIblgV�Ib`"EYN�E\s>C�LOCMdfE[TbNWZGEYs>C�NWEYs>C[V�sDIbZ�R�TglgX�vwCSPUVYXnPkC�EYN¢I�LOCMdfEk^�sDISZDR9CSRGR�XnPQ¥¢r�s>XhK£s¾R9NwCSP�Z>NWE
LOX�Z>¥�IbZ�IbEYE\V)IWKMEYX�Z>l�NWV�VYC[�ÈC[LOLOX�Z>l��DCV\XON�R9XhK$NgV\H>XOE[{�µ$NSr�C[vwCVTgX�dUX�E�PksDIgR�Nbr�P�I¢VYX�lgs�EQ^asDIbZDR�CSR�R9XhPQ¥2T�r�C
KISZ.KMNgZDPkEYV\mDKME®I�KMNWZ9dfNgL�XnIbE\XONWZ�NgZ0F � H9�7PQL�XOlWs9E\LO�<`�N�R9X�df�9X�Z>l�E\s>CGC´�XnPkEYXOZcl<KMNgZ�dfNgLOXhIbE\XONgZ�NWZ F � X ÒHDCMdfNgV\C¢C´9E\CZDR9X�Z>l>{��XOZDKMC°EYs>XhP�XnP�IGH>XOE�X�Z9vwNWLOvwCSR�TWr�C¢r�XOL�LUR9N�EYs>XhP�XOZ�wE\C� { {

µ$CZDK�CwT>r�C¾KIbZ7lgLOmcCGI+§)^�sDISZDR9L�C�NgZ�EYNc] Â ISLONWZ>l<IbZßIbZ>Z�m>L�mDP�[�T>�>V\NSv9XhR9CSR�E\s>CGISEYE�IgK)s>`�CZ�E�XhP
Z>NWE¯scNg`�NWEYNg�cXnKISLOLO�JEYVYX�v9XhIbL¶IbZDR�LOC�dfEQ^asDIbZDR�CSR�{®¼ad�E\s>C<§£^asDIbZ�R9LOC�r�IWP²Ekr�XhPQEYC_R�T�r�C®r�NWm>LnR�HDC�R9NgZ>C�{
± EYs>C[VYr�XnPkCwT�r�CGZ>CCSR<EYN7IbE\E)IgK)s�EYscCGNgEYscCV®IbZ>Z�m>LOm�P�[ NgZ�EYN<CX�EYs>CV�EYscC�PYIb`JC] Â NWV¢IbZcNgEYscCVd] Â {
�$NWEYC¢EYsDISE$E\s>C¢s>Ng`JNgEYNW�>XnK[IbLOL��GEYV\XOv�XnIbL�IbE\E)IgK)s>`�C[Z9E�Nbd·ì)�g�ûÌ¾IbZ>Z�m>L�XUXnP�R9XhPYIbL�LONSr�C_R�H9�7BDC`�`<I¢]9{

ãyC7r�XOL�L�Z>NSr �DCVQdfNWVY` ISLOL�EYs>C<�DNwP\PQXOHcLOC�ISEYE�IgK)s>`�CZ�E)P�NSd¢XOZDR�C´ §<sDIbZDR�LOCSP�IbZDR0C´�EYCZDR~E\s>C
KMNWZ9dfNgL�XnIbE\XONWZ+dfVYNg` F � X Ò E\N+F � {¢¼¿d�r�C¾IbE\E)IgK)s�EYscCGEQr�N<IbZcZ9m>L�X�NWZ9E\N�Ekr�N<R�XnPQE\XOZDK�E�] Â T�E\s>CZ�CSIWK£sKISZGHÈC�lgL�m>CSR�E\s>C�PYIS`�C�rÔI_��TwPQm>HkêYC_KME�EYN¢E\s>C�VYCSPkEYV\XnKME\XONgZ®EYsDISE%Z>NgE�HDNWEYs<ISVYC�s>NW`�NgE\Ng�>XhKIbL�LO�¢EYV\XOv�XnIbLa{
¼¿d EYs>C²IbZ>Z�m>LOX2ISVYC�lWLOm>CSR�NgZ�EYNGEYscC¢PYIS`�C�] Â T�CXOE\s>CV�oY§Su�NWZ>C®IbZ>Z�m>LOm�P4XnP%s>Ng`JNgEYNW�>XnK[IbLOL��GEYV\XOv�XnIbL�IbZDR
EYscC+NgE\s>CV�XnPGs>Ng`JNgEYNW�>XnK[IbLOL��~CSP\PQCZ�EYXhIbL�T%NgVßo�¤�u®r�C7sDIvwC+Ekr�N.�DISV)IbL�LOCL�K�Ng�>X�CSP	NSd®s>Ng`�NWEYNW�>XnKISLOL��
Z>NWZ9E\VYXOv�XnISL�IbZ>Z�m>LOXa{�¼�Z0KIWPQC�o\§bu)T%r�C x V�PQEGlgL�m>C<ISLONgZcl�EYs>C�ZcNgZ�EYVYX�v9XhIbLÔIbZ>Z�m>LOm�P�IbZ�R��DCVkdfNgV\`�E\s>C
C´�EYCZ�PQXONWZ.IgP$HDCMdfNWVYCw{®ãyC®EYs>CZ.lgL�m>CGISLONWZ>l<EYs>CGE\VYXOv�XnISL�ISZ>Z�m>LOmDP�T IbZDR�r�ISZ9E�E\N A K[Ib��N�È�ÂUEYs>CGEkr�N
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