
� �������	��
������
���
�����������
�������
�� �!"���$#%�&��'��(���)���!��*+�,�
- �&*	.0/ �21�
034� ��'5�6.��)���!��*+��*+78
2�9':���;��� - �6���!*5�)��
�<

=?>A@!BDCACAE�FHGAIJE!E!K�E�L
IJM�NPO!E!LRQPE!N6S;MDTVU?QPE!OXWACAYZO�[)CAYZ\�E�NRLRYZQ]UD^

_ E!`AB�NPQRa(E!C?Q2McbHd�BDQRWAE!a(B�QPYVO�B�T =?O!YZE!CAO!E�L!^
IJMDNRO!E!LPQRE!N�^�d�e%fAgih�f�jlknmDm�oDf
p k]aqB�YZTsr�LPt2E!E�K�E!LXu)t"`vYwGxE!yv>

z E�NRLRYZMDC r2{|M}\�E!a�~�E!N"�}NRy�^�m�f�fvg
���]�X�)�A���R�!�����i�|�x���i�]���������6�i�]�P�]���!�����?���]�,�����R�����X�]�P�R�6���R�|���i�����i�P���X�!�?���x���s���i�X�����?�

� �!�R���A�R�]���} c���X�!�x�Z�6���� | }���]�X�����s�x�}�����¡�s���,�x�6�s�����i¢�£¤�)�s����� ���R�s���P���i¥l���;�¦�����s�� D�P���§� � �����R�����i���i�s���!��s�D�R�!�?�!�J�q�]�X�|�A�!�R�������i�|�x���i�]�q���?�R�R���s�����A�P�]���} ¨�!©"�s���� c���]�s���]�������X�(�6� � �x�����s���R�������$�s���
���X }���(���&���!�R�i���R�P���i�s� � �(�]��ª��s�����A�P�]���} J�!©)�s�?�������|�x���i�s������¢4£«�)�������!�R�s�5���i�s�x���¨�s���i���s���
�X�����]�s���s�?�R���������]�P�]�������"�!�? ��s�?�"�|�x¬}�x�����¦�}�P��P���P���2�X�����A�"�]�?���]�P�q�]���s���i���s�?�"�R®A�X�X�s� � �|�s�A�¦�X �x�����]�X�)�A���R�!� ���i�|�x���i�]�|���2¯i°]±R²}³´±X°;�s�������s�?���x�� }� � �� D�?�!�����?���]�|�s�A�¦�X D�X¢

µ(�"�s���!�¶�s���i���s���|�!�?�!���}�s���|���R�������X���� D�)���]���]�]�������"����������� � �"�6�} D�X�X¥��D�����s�?�!�R�]�P�"�§� � �
���} D�¦�����R�!�8���"�s�?�¦�&���i�]�"�s���R���������s���·�����|�x���i�]�����!�i�P�R�X¢6¸��i�|�����s�x�?����� � �)���i�s���!���s�D�R�!�?�!�
�s�D�����X�i�|�¡�i�s���]�����X }�x�?�$�?�s�x���"�s�?���]�]���� ����R "�D�����x�� v¥i¹������]�Pºw c�x®A�R�R�P�?�¦�����X�s���} "�D�� D�R���s�?�§¸�» ¼
�X���� c���s���!�¨©´�!�"�}�?�6�P�]���X���2��� � �,���R�����i���i�s���!�¨�x���s�����x�? }� � �� c���i�"�6�X c���q���x�x�����R�} c���X���!�R�!�H�x���
�s�?�!�R� ��� � �����} ��X�X¢�½������P�]���¦���?�R�X�s�����]�����R�� D�¦���R�i ��X ��s�x���X�2�i�X�P���R�i�¦�·����¾i�D���]¿}�������i�]�� c�����]�"�s���
���R�!���s����©��s�����R����� � �X�;�������n���P���]�R�;�x���]�)�s�?�2�X�i�)�D���]�i�s���!���s���R���������s�]�D���X���s�������!�? ��R�!�D�� cºw�!®
�P�]�R���!¢ �¨���X�$¸�» ¼��X�!�?�]�s�R�!�x�������� ��P�]� � �¦ &©´�!���"¹D�����]�Pºw }�x®A�P�R�P���X�|�}�����P�]���X�!� �]�]�?�¦�����������n�����x�x�
���x���!�À�����]���X���|���?�]���s�����]�]�!�D�������!�?���§� � �����i�s���!��¢:½������P�]���X�!���R�X�s�D���]���!�R����� � �P�¨©¤�����s���
 c�x�R�X�¦�H�}�����P�]���¦���§�s���·�����i�s���!���!©��s�?�����i�����i�P����ÁX���s���������R�������X��Â´ª2ÃÅÄlÆP¢

Ç�È�É$Ê	ËcÌ¦ÍcÎ�Ï LRQPB�~AYZTZYZQ]U�^AO!MDaq`�M�LPYVQPE�aqB�QPE!NRYZBDTVL�^?Ð�CAYZQRE&yAYÒÑÓE!NPE!CAO!Ec^§Ô"Õ�F�^�yvYVLPO!M�C?QPYVC?>?k
MD>AL"O!M?EXÖqO!YZE!C?QPL!^�t�B}\�E�`ANPM�`ABD×�BDQRYZM�C ^?yAU?CABDaqYZO"aqBDQRE!NPYVBDTZL

gcGÙØ]{)Ú)Û"Ü _ [6Ô�Ú"ØRÜ|{
Ø]CJQPWAYZL�`ABD`�E�N!^�t�EqO!MDCALRYZyAE!N�t�B}\�E�`vNRM�`vB�×�BDQRYZM�C¨QRWvNRM�>v×�W$B5M�CAEXk]yAYZaqE�CALRYZM�CvB�T�QRE!aÝk

`�M�NPB�TZTZU�TVBDaqYZCABDQRE!y�aqE�yAYZ>Aa�G�e�QRE�aq`�M�NRBDT�TVBDaqYZCABDQRE�YZL6B�a(B�QRE�NRYZB�T;t"WAM�LPE�`AB�NPB�aqE�QRE!NPL
BDNRE�WAMDaqMD×�E!CAE�M�>AL�YZC:LP`AB�O�Eq~A>AQ&\}B�NRU¨`�E!NRYZM?yAYZO!B�TZTZU�B�CAyJyvYVLPO!M�C?QPYVC?>AMD>ALRTZU�YZCJQPYVa(E}G�e)L
BDC$EXÞABDaq`ATZE�M}b�LR>AOXW ^"O!MDCALRYZyAE�NqB�C¶E!TZE!O!QPNRYZO�QRNPB�CALPaqYZLRLPYZM�CJTZYZCAEqt"WAE�NRE�QPWAE�YVCvyA>AO!QPB�CAO!E
BDCAy¨O!B�`ABDO!YZQRBDCAO!E�ß�>AO�QR>ABDQRE�~�E!Q]t2E�E!C$Q]t�MqLPQRB�QPE!L!G�Ú"WAE�OXWAB�CA×DE�YZC:O!BD`AB�O�YVQPB�CAO�E�O!B�C¨~�E
EàÑÓE!O�QRE!y(~�U&QRWAE">ALPE"M}b `AYZE!@!M?E!TZE!O!QPNRYZO)a(B�QPE!NRYZB�TZL�^lt"WvYVTZE�QRWAE"YZCAyv>AO!QRBDCAO!E"\}BDNRYZB�QPYVMDC�aqB}U|~�E
BDO!O!MDaq`ATZYZLRWAE�y�~?U�\}B�NPU?YVCv×6QPWAE)`�E!NPaqE!BD~AYZTVYZQ]U�YZC�QPWAE|bwE!NRNPM�a(B�×�CvE!QRYZO�aqB�QPE!NRYZBDTAYZC�QPM�t"WAYZOXW
QPWAE�TZYVCvE)YZL"E!a�~�E!yAyAE!y�G

Ú"WAE�×DM}\�E!NPCAYZCA×�E�á�>vB�QRYZMDCqbsM�N�t2B}\DE6a(M�QPYVMDC�QPWANRMD>A×�W�B�QPE!aq`�M�NPB�T�TVBDaqYZCABDQRE"YZL
âsã�äiå¦ænå�çJè?ä�éié�ê f?ë

Ú"WvE�`AB�NPB�a(E!QRE!NPL ãvâ´ì¦æ BDCAy è�â«ì¦æ a(B}U�~�E�QPWAE�yAE�CALRYZQ]U�B�CAy5LRQRYÒÑ CAE!LPL6Mcb�BqLRTZE!CvyAE!N�E!TZB�LPQRYZO
NPM?yJLR>A~�íXE�O!Q�QPM�TZM�CA×DYZQR>AyAYZCABDT�yAYZLRQR>vNR~ABDCAO!E!L ä ^�MDN�QRWAE�yvYVE�TVE�O!QRNPYVO(`�E�NRaqYZQPQRYZ\?YVQ]U�BDCAyJQRWAE
NPE!O!YZ`ANPM�O�B�T"M}b)a(B�×DCAE!QRYZO�`�E�NRaqE�B�~AYZTZYZQ]U�M}b)B¨aqE!yvYV>vaÙQRWvNRM�>v×�W$t"WvYVOXWJB¨`ATZB�CAE�E�TVE�O!QRNPM}k
a(B�×DCAE!QRYZO�t�B}\�E�t"YZQRW¨E!TZE!O!QPNRYZO�Ð�E�TVyJO�M�aq`�M�CvE!C?Q,î êïä å `ANPM�`ABD×�BDQRE!L�GðÕvM�N�B�QRE!a(`�MDNRBDT
TZBDaqYZCAB�QPE}^�t�E�aqB�KDE�QRWvE�bwMDTZTVM}t"YZCA×"LP`�E�O!YÒÐ�O)BDLRLR>vaq`AQPYVMDCAL�BD~�MD>AQ�QRWAE"O�M�aq`�M�LPYZQRE�a(E!yAYZ>Aa�r

g



ñPò ó B�Q"E!BDOXW	`�M�YZC?Q âõô�öPì¦æ ^AQRWvE�O!M�C?QPNRM�TZL ã B�CAy è O!B�C5QRB�KDE�E!YZQRWAE!N|QRWAE&\}B�TZ>AE!L âsãA÷iöàèv÷¦æ MDN
âwã�øDö!è?øXæXù t�E�NREXbsE!N)QPM�QRWAE!LPE�B�L)úÒa(B�QRE�NRYZB�T�gcûAB�CAy�úÒaqBDQRE!NPYZB�T�m¡û ù

ñPü�ó QRWvE�`�E!NPYZM�y¶M}b"QRWAE(`AB�QPQRE!NPCJYZL�O!M�a(`�MDLRE!yJMcbýQ]t�M�LR>AO�O!E!LRLPYZ\�E�TZB}U�E!NPL�Ð�TZTZE!y ^�NRE!LP`�E!Oàk
QRYZ\�E!TZUD^§~?U¨aqBDQRE!NPYVBDTZL�gÝB�CAy$m¡^�QRWAE(\�M�TZ>Aa(E�bwNPB�O!QPYVMDCAL�M}b"QRWAE!LPE�TVB}UDE!NRL�~�E!YZCA×�þ ÷
B�CAy�þ ø â þ ÷iö þ ø|ÿ f ö þ ÷�� þ ø ê g æXù

ñ��?ó QRWvE!LRE�a(B�QPE!NRYZB�TZL�BDNRE�`vTVBDO!E!y�t"YZQRWAYZC(B�TZQRE!NPCAB�QPYZCA×�TZB}UDE!NRL ì�ê O!MDCALRQiG
Ü|C�QPWAE�YZC?QRE!NnbwB�O�E!L ì·ê���� B�CAy ìýêïâ��	� þ ÷àæ
� bwM�N �Jê f ö g ö m ö����� ^ t�E�NRE!á?>AYZNPE�NPE!×�>ATZBDN
QPNRBDCALRYZQRYZMDC$M}b�O!M�C?QPYVC?>AMD>AL�yAYZLRQR>vNR~ABDCAO!E ävâõô�öRì¦æ ^�B�CAy8E!C?bsM�NRO�E	K?YZCAE!a(B�QPYVO�BDCAy8yAU?CAB�a(YZO
O�M�aq`vB�QRYZ~AYZTZYZQ]U�O!M�CAyvYVQPYZM�CAL"BDO!NRMDLRL)QPWAE�aqBDQRE!NPYVBDT�YZC?QRE�N]bwBDO!E!L!G

Ú�E!a(`�MDNRB�T;TZB�aqYZCABDQRE!L"BDNRE�B�LR`�E!O!YZBDT�LR>A~v×�NRMD>A`¨M}b"QRWAE�O!TZBDLRL�M}b"O!M�a(`�MDLRYZQRE�L6QPWAB�Q�t�E
O�B�TZT�yvU�CvB�aqYZO"a(B�QRE�NRYZB�TZL!G _ U?CAB�a(YVO�aqBDQRE!NPYZB�TZL�B�NPE|bwM�NPaqB�QPYZM�CAL�BDLRLPE!a�~ATZE!y�bsNRM�aïa(B�QRE�NRYÒk
BDTZL)yAYZLRQPNRYZ~A>AQPE!y¨M�C�B(aqYZO!NRMDLRO!BDTZE6YZC�QPYZaqE�B�CAy¨YZC�LR`ABDO!E}G�Ü|`AQPYZaqB�T a(B�QPE!NRYZB�T;yAE!LPYV×DC�bwMDN
LPQRBDQRYZOqMDN�CAM�C¡kõLPaqB�NPQ�B�`A`ATZYZO!BDQRYZM�CAL&×�E!CAE�NRB�TZTZU¨NRE!LP>ATZQRL�YZCJQRWAEÝbwM�NPaqBDQRYZM�C�Mcb)O!M�a(`�MDLRYZQRE�L
t"WvE!NRE|QRWAE"yAE�LRYZ×�C�\}BDNRYZB�~ATZE!L�^�LR>vO¦W(B�L�aqBDQRE!NPYZB�T?yAE!CALPYZQ]U�^?LRQPY�Ñ CAE!LPL!^AU?YZE!TZy�bsM�NRO�E}^AB�CAy�M�QPWAE!N
LPQRNP>AO!QR>vNRB�T"`vB�NRBDaqE!QPE!NRL�B�NPE�`�MDLRYZQRYZM�CJyvE!`�E�CAyAE!C?Q!^"~A>vQ�YZC?\}B�NPYVBDC?Q6YZC¶QRYZaqE}G¨Ú"WAEqLPQRNP>AOXk
QP>ANRE�L2QPWAB�Q�NRE�LR>ATZQ�bwNRMDa%QRWvE!LRE|yAE!LRYZ×DCAL2BDNRE"QPWAE"M�NPyAYZCAB�NPU�O!MDaq`�M�LPYVQPE2a(B�QPE!NRYZB�TZL�^lBDCAy�QRWvE!YZN
`vNRM�`�E!NPQRYZE!L�yAE!`�E!CAy�M�C�QPWAE)YZCAyAYZ\?YZyA>ABDT�`vNRM�`�E!NPQRYZE!L"M}b QRWvE)O!MDCALRQPYVQP>AE!C?Q"aqBDQRE!NPYZB�TZL�BDCAy�QRWAE
a(YZO!NRMD×�E!MDaqE!QPNRU�Mcb§QRWvE6a(YÒÞ¡QP>ANREcG�Ú"WAE�EXÑ E!O!QRYZ\DE�`ANRMD`�E�NRQ]UqMcb§B�yAU?CAB�a(YZO"aqB�QPE!NRYZBDTw^}WAM}t�k
E�\�E!N�^�BDTVLPM�yAE!`�E!CAyvL2MDC�QRWAE|QRE!a(`�MDNRB�T?BDNRNRBDCA×�E�aqE!C?Q!^?LRM&~�U&\}B�NRU?YZCA×�QRWvE)LR`vB�QRYZMckõQPE!aq`�M�NPB�T
`vB�NRBDaqE!QPE!NRL�YZC8QRWAE�aqBDQRE!NPYZB�T�aqYÒÞAQR>ANPE}^�t2E�O!BDC8EXÑÓE�O!Q�B:NPB�CA×DE	Mcb�NRE!LP`�MDCALRE!L�LPM�aqE(M}b
t"WvYVOXW(B�NRE&>ACAB�OXWAYZE!\}BD~ATZE)QPWANRMD>A×�W�`A>ANPE!TZUqLP`AB�QPYVBDT aqBDQRE!NPYVBDT�yvE!LRYZ×�C��Zgi^ÓmD^Ó���]G

e QPE!aq`�M�NPB�T TZB�a(YVCvB�QRE|YZL"M�CAE�M}b�QPWAE�TZYZaqYZQRYZCA×�O!BDLRE!L�M}b�B Î��������wË����sÈ����AË}Ì��! � "�!�#�%$&���sÈ G
=¡`AB�QPYVMckõQPE!aq`�M�NPB�T}TZB�a(YZCAB�QPE!L�BDNRE�yAEXÐ�CAE�y�~�U â B æ('�â ~ æ t"YVQPW â O æ NRE!`vTVBDO!E!y�~?U�QPWAE"O!M�CvyAYZQRYZM�C
QPWAB�Q�QRWvE6a(B�QPE!NRYZB�TZL�BDNRE|`ATZB�O!E!y�t"YZQRWvYVC(B�TZQRE�NRCABDQRYZCA×�TZB}U�E�NRL"WAB}\?YZCA×�QPWAE�LRTZM�`�E*) ô&+ ) ìHê�,
MDCqQPWAE âõô�öRì¦æ kõ`ATZBDCAE}G�Ø]CqB�QPE!aq`�M�NPB�T�TZB�aqYZCABDQRE}^ , ê.- G�Ú"WAE�M�QPWAE!N"TZYZaqYZQRYZCA×�O!BDLRE�t"WAE!C,�ê f�×DYV\DE!L"QRWvE�MDNRyAYZCABDNRUqLPQRBDQRYZO�TZB�a(YVCvB�QREcG2=?QRBDQRYZO�TZB�a(YVCvB�QRE�L2WAB}\DE�~�E!E�C:t�E!TZT�LPQR>AyAYZE!y
BDCAB�TZU?QRYZO!BDTZTVU â � /A^10¡^Óh?^12¡^�o?^ j�� æ ^ABDCAy�WAB}\�E�~�E!E!C�LPQR>AyAYZE!y5O!M�a(`A>AQRBDQRYZM�CvB�TZTZU�YZC3�Vgif���BDCAy�x���]^ibwM�N;EXÞAB�a(`ATZE}G Ú"WAE2C?>Aa(E!NRYZO!BDT�LPQR>AyAU&~�U�QPWAYZL�B�>vQRWAMDN§YZC4�x���AYZL�Mcb�QRWAE�O!TZB�LPL�M}bALR>A~vLRM�CvYVO
LP`AB�QPYZM}k]QRE!a(`�MDNRB�T;TZB�aqYZCABDQRE!L|t"WAE!NPE65 , 5�748 ÷ ö 8 ø bsM�N98;: ê=< è : +}ã :¦^;QRWAE(O¦WvB�NRBDO!QRE�NRYZLRQPYVO
LP`�E�E!y:YZC�aqBDQRE!NPYZB�T�>PG)Ú"WAE�O!>ANRNPE!C?Q�LRQR>vyAU�M}b2t�B}\�E�aqMDQRYZM�C(YZC	QPE!aq`�M�NPB�T;TVBDaqYZCABDQRE!L�YZL"B
LPQRE!`JQPM}t2BDNRyAL&LR>AO!O�E!LRLnbw>ATZTZU:O!MDaq`A>vQRYZCA×qt�B}\�E�aqMDQRYZM�C�YZCJLR>v`�E!NPLRMDCAYZO�TVBDaqYZCABDQRE!L â 5 , 5@?8 : G æ

Ø]Q�WvB�L�~�E!E!C¶YVTZTZ>ALPQRNRBDQRE!yJBDCAB�TZU?QRYZO!BDTZTVU�BDCAyJC?>AaqE!NPYZO!B�TZTZUA�Zgi^§m¡^H���"QRWvB�Q�QPWAEq`�E!N]bsM�N]k
a(B�CAO�E�McbýLPQRNR>vO!QR>ANPE!L�O!BDCJ~�E�YZaq`vNRM}\�E�y�~?U:>ALPYZCA×�LR`ABDQRYZM}k]QRE!a(`�MDNRBDT§O�M�aq`�M�LPYZQRE!L�t"WAYZOXW
a(B�QPO¦W¨QRWvE	QPYZaqE�yAE!`�E!CAyvE!C?QqE!C?\?YZNRM�CvaqE!C?Q�Mcb)yAU?CAB�a(YVO�`ANPM�~ATZE!a(L!GCB2UJBD`A`ANPM�`ANPYVBDQRE!TZU
O�M�C?QRNPM�TZTZYVCv×	QPWAE�yAE!LPYV×DCJbwBDO!QRMDNRL�M}b)B¨yAU?CAB�a(YZO�TZB�a(YZCAB�QPE}^�YZQ�YZL�`�MDLRLPYV~vTVE(QRM�LPE!TZE!O!QPYV\DE!TZU
LPO!NRE�E!C4TZBDNR×�E(yAM�a(B�YZCAL�YZC8LR`vB�O!EXk]QRYZa(E�bwNPM�a QPWAE�YZC?\}B�LRYZMDCJM}b�TZM�CA×¨t2B}\DEqyAYZLPQR>ANP~AB�CAO�E!L
t"WvYVOXW�aqB}U�QPB�KDE�QRWAE,bwM�NPa McbHLP>ANR×DE!L�M}b�LRQPNRE!LPL�t�B}\�E!L|B�CAy�M�QPWAE!N�>ACAyvE!LRYZNRBD~ATZE�YZaq`A>vTVLPE!L
YZC�QRWvE�LPQRNR>vO!QR>ANPE�M�N|aqE!OXWABDCAYZLRa�G"I YZQPW	BDC�M�NPyAYZCAB�NPU�LRQRBDQRYZO�O!M�a(`�MDLRYZQRE}^�QRWAYZL ÎED�Ì¦ÈXÈ�$��%$GF
È�H"È�D� YVL"YZa(`�MDLRLRYZ~ATZE}G�Ú"WvYVL"LPO!NRE�E!CAYZCA×�EXÑ E!O!Q�YZL"NRE!LP`�MDCALRYZ~ATZE�bwMDN"QRWAE&B�`A`�E!B�NPB�CAO�E�M}b�LR>vO¦W
YZa(`�MDNRQRBDC?Q2`AWvE!CAM�a(E!CAB�BDL)QRWvE�E!TZYZaqYZCABDQRYZM}C�M}b�QRWAE�O�>AQ]k]M}ÑJbwNPE!á?>AE!CAO�U�YZC	BD`A`ANPM�`ANPYVBDQRE!TZU
BDO!QRYZ\}BDQRE!y�E!TZE!O!QPNRM�a(B�×DCAE!QRYZO�t2B}\DE2×D>AYZyAE!L�G�Ø]C�B�yAyAYZQPYVMDC ^}YZQ§YZL�NPE!LR`�M�CvLRYZ~ATZE�bwM�N�QPWAE)BD`A`�E�B�N]k
BDCAO!E�McbJIàTVEàbwQ]k]WAB�CvyAE!y�K�O!MDaq`�M�LRYZQPE�a(B�QRE�NRYZB�TZL"k)a(B�QPE!NRYZB�TZL|t"WAYZO¦WJWvB}\�E�~�E!E�C �MLAÈXË}Ì��MN�ÈXÍ ^
BDCAy$MDCATZU:NPE!O!E!C?QPTVU¶`AW?U?LRYZO!B�TZTZU Ì¦È��� O�"NiÈ¦Í ^�QRM¨NRE!\DE!NRLPE�LRMDaqE�K?CAM}t"C¶`AW?U�LPYZO!B�T�EXÑ E!O!QRL(M�~?k
LPE!NR\DE!y¨YVC5M�NRyvYVCvB�NRU�a(B�QRE�NRYZB�TZL�YVC5NRE!LP`�MDCALRE�QPMqE!TZE!O!QPNRMDaqB�×DCAE!QPYVO&NRB�yvYVBDQRYZM�C�^�LR>vO¦W¨B�L|QRWAE
_ MD`A`ATZE!N;bwNRE�á�>vE!CAO!U�LPWAYÒbwQ!^?B�CAy�Ô�WAE!NPE!CAKDM}\�NRB�yvYVBDQRYZM�C â LRE�E){)E�t"LýÛ·E!TZE!B�LPE"{6=AÕ¨S�Û)fDfikRj æ G

Ø]CP�ZgQ�]^lB"LPQRBDCAyAB�NPy�B�CABDTVU?QPYVO�B�T}WAMDaqM�×DE!CAYZ@!BDQRYZM�C"`ANPM?O!E!yA>ANPE2YZL >ALPE!y�QRM"O!BDTVO�>ATZB�QRE�QPWAE�EXb´k
bsE!O!QRYZ\DE2`AWvB�LRE�\�E�TVM?O!YZQPYVE�L§BDCAy�QPWAE2×DM}\�E!NPCAYZCA×)yvY�Ñ E!NPE!C?QRYZB�TAE�á�>vB�QRYZMDCAL�YZC�B�LR`vB�QRYZMckõQPE!aq`�M�NPB�T

m



O�M�aq`�M�LPYZQRE�t"WAE!C�QPWAE�`�E!NRYZM?y�Mcb¡QPWAE�aqE!yAYZ>Aa5^ � ^�YZL a�>AOXW�LRa(B�TZTZE!N�QPWAB�C&QRWAE�t�B}\�E�TVE�CA×�QPW�M}b
QPWAE�YVCvYVQPYZB�T�yvYVLPQR>ANP~AB�CvO!E}G�[)LPYZCA×)QPWAE2CvM�QRBDQRYZM�CSR%TGU ê þ ÷ T ÷ � þ ø T ø B�CAyCVT ê þ ÷ T øW� þ ø T ÷ ^
YZQ�YZL�bwM�>ACvy	QPWAB�QXR ä Uà^�QRWvE�\}B�TZ>AE|M}b�QRWAE�yAYZLPQR>ANP~AB�CAO�E ä B}\DE!NRBD×�E!y�M}\�E�N"QRWAE�`�E!NRYZM?y�M}b�QRWAE
BDNRNPB}U�^?M�~�E!U?L)QPWAE|bwM�TZTZM}t"YZCA×�yAYÒÑ E!NRE!C?QPYVBDT E!á?>AB�QPYZM�C r

g8 ø ÷ 8 øøZY , ø ç Vè\[ V gã^]`_ R ä U å´å � m , Y Vã\[ V gè^] ça[ V g8 ø ]`_ R ä U å´é
ç Vã [ V gè ]cbd , ø ç gVãPe V ÷f�g`hi R ä U éié ê f¡ë

Ø]Q�YZL(QRWAE!C LRQRNPB�YZ×�W?QnbwM�NPt2BDNRy8QRM¶yAE!yA>AO�E:QPWAB�Q(YVC8QPE!aq`�M�NPB�T"TZB�a(YVCvB�QRE�L âj, ê3-8æ ^"QRWAE
EàÑÓE!O�QRYZ\�E�×DM}\�E!NPCAYZCA×�E!á?>AB�QPYVMDCqYZLR ä U å´å ç RXg +cã U&R è U&R ä U é�é ê f ö â g æ
BDCAyqQPWAE�EXÑ E!O!QPYZ\�E�t�B}\�E�\�E�TVM?O!YZQPYVE�L2BDNREk < R¦g +}ã U&R è UXë â m æ
IJE|CAM�QPE�QRWvB�Q"M�CvE6O�B�C�OXWAM?M�LPE�`AB�NPB�aqE�QRE!NPL ã : ö!è : LP>AOXW�QRWABDQ"QRWAE&EXÑÓE�O!QRYZ\�E&LR`�E!E!y¨YVC(QRWAE
QPE!aq`�M�NPB�T�TZB�a(YVCvB�QRE�YZL FcÌ¦È����sÈ!Ì QRWvB�CJQRWvEqYZCAyAYZ\?YZyA>AB�T�`AWvB�LRE(LR`�E!E!yAL�YZCJQPWAEqO!MDCALRQPYZQR>AE!C?Q
a(B�QPE!NRYZB�TZL�G

Ø]Q�YZL2WAE�TV`¡bw>AT QRM�NRE�O!B�LPQ)QRWvE6LPE!O!MDCAy�M�NRyvE!N"LRO!BDTZB�N"`ANPM�~ATZE!a�BDL2B&Ð�NPLRQ"M�NPyAE!N"LPU�LPQRE!a�YZC
ä BDCAyqB�yv>AB�T \}BDNRYZB�~ATZE�lAr

äiå;ç g
ã l é ê f ö â � æl å ç è?ä é ê f?ë â / æ

Ø]C�QRWvYVL(bwMDNRa�>ATZBDQRYZM�C ^�QRWAEJYZC?QRE�N]bwBDO!EJO!M�CvyAYZQRYZM�C YZL�QRWvB�Q ä B�Cvy.l8NRE�aqB�YZC O�M�C?QRYZC?>AM�>vL
QPWANRMD>A×�W�QPWAE�QPNRBDCALRYZQRYZMDC ^�QPW�>vL)t�E�B�NPE�TZM�MDK?YVCv×�BDQ)B�LRE�á�>vE!CAO!E�McbHB�`vB�YZN)McbHYZCAYZQPYVBDT \}B�TZ>AE
`vNRM�~vTVE�aqL!G)F�E!QRQPYVCv× �:ê f ö g ö m ö����� YZCAyvEXÞ�QRWAE�LRE!á?>AE�CAO!E}^�QRWAE&Ø z S `AB�YZN"O!MDCALRYZLRQPL�M}b�QRWAE
S _6p LPU�LPQRE!a B�~�M}\�E|bwMDN ì*m � ���Dö�â��	� þ ÷àæ
� ��t"YZQRW â]è�ö¦ã?æ2ê�â]èv÷!ö¦ãv÷àæ B�CAy�yABDQRB(×�YZ\�E!C�BDQ
ì�ên��� ^DbwM�TZTZM}t2E�y�~?U�QRWAE"LPU?LRQRE�a t"YZQPW�`ABDNRBDaqE!QPE!NRL â]è ø ö¦ã ø æ bwM�N ìom � âp�q� þ ÷�æj�Dö�â��r� g æj� �]^
BDCAyqYZCAYZQPYVBDT�yvB�QRB�×DYZ\�E!C(B�Q ìHêÀâp�	� þ ÷ æj� G

Ø]C(QRWAE�EXÞAB�O�Q2LPM�TZ>AQRYZMDCqQRM�QRWvE)B�CvB�TZU?QRYZO)`ANPM�~ATZE!a5^�QRWvE6LPWAM�NPQRE!N"t�B}\�E|O!M�a(`�MDCAE!C?QRL�B�NPE
BDaq`ATZYÒÐ�E!y�B�L"QPWAE!U(×�M&bwNRMDa�M�CAE�a(B�QRE�NRYZB�T�TZB}U�E!N�QRM�QPWAE�CAEXÞAQ!^�QRWAMD>A×�W(QRWAE!U(yAM�CAMDQ2×DNRM}t
t"YZQPWAYZC�B�NRE!×DYVMDCqMcb§`A>ANPE�aqB�QPE!NRYZBDTwG;e)L"QRWvE6TZBDaqYZCAB�QPE"`�E�NRYZM?y � ×DE!QRL|LRaqBDTZTVE�N!^�MDN"B�L�QRYZaqE
×DE!QRL�TZB�NP×�E!N|QRWAE�LRE�aqM?yAE!L|t"YVTZT;×�NRM}t t"YZQPWAM�>AQ|~�MD>ACAy G�Ú"WAE!NPE�YZL�B�C �%$GLAÈ�Ì¦È�$1�`�%$vÎE����s��% O�p�´É
QPM:QPWAE�`ANRMD~ATZE!a�Gut)M}t�E!\�E!N�^"t2E�B�NPE�YVC?QPE!NRE!LPQRE!y M�CATZUJYZC$LPQR>AyAU?YZCA×¨TZM�CA×¨t2B}\DEqa(M�QRYZMDC
QPWANRMD>A×�W5QRWAE�aqE!yvYV>va�G*B�UvIXTZM�CA×;KA^ t�E�aqE!BDC�yAYZLRQP>ANR~vB�CAO!E�L�O!M�CvLRYZLRQPYVCv×qM}b�aqM?yAE!L|t"YVQPW
t�B}\�E|C?>Aa�~�E�Nxw8LR>AOXW�QRWABDQ � w8YZL2LPaqB�TZT�E!CAMD>A×�W(QRWABDQ"QRWAE!LPE�aqM?yAE�L2NPE!aqBDYVC�~�M�>vCAyAE!y�YZC
QPYZaqE}G§Ü|>AN|×�MDB�T YZL2QPM�Ð�CAy�B�LROXWAE�aqE�QRWABDQ"NRE!`vNRM?yA>AO!E�L6QPWAE�LPQRB�~vTVE�TZM�Cv×�t�B}\�E�aqMDQRYZM�C�YZC
QPWAE�TZYVa(YZQ �Xy f?G

Ú"WAYZL�B�NPQRYZO!TZE�`ANPM�O�E!E!yAL�BDL�bwM�TZTZM}t"L!G�Ø]C¨QRWAE(CAEXÞAQ�LPE!O!QRYZMDC ^�t2E�`vNRM}\�E�QRWvB�Q�B�×DE!CAE!NPB�T
yvYVLPQR>ANP~AB�CvO!E�YVa(`AB�NPQRE!y�QPM�B�QRE�aq`�M�NRBDT�TZBDaqYZCAB�QPE2t"YZTZT�EXÞAWAYZ~AYZQ2YZCAWAE�NRE!C?Q"YZCALRQPB�~AYZTZYZQ]U�^Dt"YVQPW
LPM�a(E�t2B}\DEqaqM?yAE�L�×�NPM}t"YVCv×�B�CAy¶TZM�CA×DE!N�t�B}\�E(aqM?yAE!L�NRE�aqB�YZCAYZCA×�LPQRB�~vTVEcG$Ø]C =?E!O!QPYVMDC
Ú"WvNRE!E}^�t2E�LPWAM}t4QPWAB�Q�E!\DE!C�>ACAyvE!N"QRWAE�BDO!O!E!`AQPE!yJÔ"Õ§F¨O�M�CAyAYZQPYVMDCqt"WAYZOXWqE�CALR>ANPE!L�LRQPB�~AYZTÒk
YZQ]U&bwM�N�QRWAE|t2B}\DE"`ANRMD~ATZE!a�YZC�QRWAE|YZCAyAYZ\?YVyv>AB�TAa(B�QPE!NRYZB�TZL�^lQPWAE"Ð�NRLRQ"MDNRyAE�N�Ð�CvYVQPE)yAYÒÑ E!NRE�CAO!E
BD`A`ANPMiÞ¡YZa(B�QRYZMDC"QRM�QRWAE�QRE�aq`�M�NRBDT�TZB�a(YZCAB�QPYVMDC"`ANRMD~ATZE!a%a(B}U"×�YZ\�E�>ACALRQPB�~ATZE�NRE!LP>ATZQRL�G2F M�Cv×

�



t�B}\�E"YZCAYZQPYVBDT?yAYZLRQR>vNR~ABDCAO!E!L"t"WAYZOXW�B�NPE)LPQRB�~vTVE|B�CABDTZU�QPYZO!B�TZTZU�O!B�C(~�E|yAE!×�NPB�yAE�yqYZC�QRWAE|O!M�aÝk
`v>AQRBDQRYZM�C�yA>AE|QRM�QRWAE|YVC?QPNRM?yA>AO!QPYZM�C�M}b�LPWAM�NPQRE!N"t�B}\�E"a(M?yAE!L�O!M�a(YZCA×|bwNRMDa NPM�>ACvy?kõMcÑ	BDCAy
QPNR>ACvO!B�QPYVMDC�E!NRNPM�NPL!G2IJE�yAE!NPYZ\�E)LPQRBD~AYZTVYZQ]U�O�M�CAyAYZQPYVMDCAL�bwMDN�B�O!M�a(`A>AQPB�QRYZMDCAB�T?LROXWAE�aqE"t"WAYZOXW
t"YZTZT�yvB�aq`�MD>AQ�QRWAE"LPWAM�NPQRE!N�t�B}\�E�aqM?yAE!L�B�Cvy�QRW?>AL�NPE!QRBDYZC�QPWAE2YZC?QRE�×�NRYZQ]U�Mcb�QRWvE2C?>Aa(E!NRYZO!BDT
NPE!LR>vTVQPL!G�Ø]C(QRWAE|Ð�CABDT�LPE!O!QPYVMDC ^�t�E)O�M�CAO!TZ>AyvE6~?U�×DYV\?YZCA×�B�C�>vaqE!NPYVO�B�T�EXÞAB�aq`vTVE�QRM�LR>v`A`�MDNRQ
MD>AN�NRE!LP>ATZQRL!G

m¡GÙØ]{*t p Û p {)Ú�Ø]{6=?Ú�e*B�ØRF Ø]Ú`z Ü�Õ Úqt p e){|e6F;z�Ú"ØRÔ4S�Û"Ü�B"F p d
p á?>ABDQRYZM�C â � æ O!B�C�~�E2yAE�O!M�>A`vTVE�y�YVC?QPM"Q]t2M|B�yA\DE!O!QRYZMDC�E!á?>ABDQRYZM�CvL�YZC�QRWvE"O¦WvB�NRBDO!QRE�NRYZLRQPYVO

\}BDNRYZB�~vTVE�L ä�ç l +!{ BDCAy ä*� l +�{ r[ ä|� l +�{ä�ç l +�{ ] å � [ ç 8 f
f 8 ] [ ä*� l +!{ä�ç l +!{ ] é ê [ ff ] ë â 0 æ

IJE�>ALPE { QRM�yvE!CAM�QPE"QRWAE|aqBDQRE!NPYVBDTAú�YZa(`�E!yvB�CAO!E�L!ûG} è?ã G§Ø]Q�YVL�E!B�LPYVTZU�LPE!E!C(CAM}t8QRWABDQ�YZC?bwM�Nnk
a(B�QPYVMDC ä&ç l +!{ B�CAy ä*� l +�{ QRNPB}\�E!TABDTZM�CA×"OXWABDNRB�O�QRE!NPYVLPQRYZO)TZYZCAE!L�t"YZQRW&NRE!LP`�E!O�QRYZ\�E�OXWAB�NPB�OXk
QPE!NRYZLPQRYZO2\DE!TZM?O!YZQRYZE!L k 8�t"WAE!NPEq8 ê < è�+cã ^�LPM�QRWABDQ âsä�ç l +�{�æXâ]ô öPì¦æ�ê âsä�ç l +�{�æàâõô�ç 8 ì!ö f æ
BDCAy âwäX� l +�{�æXâ]ô öPì¦æ�ê âwä*� l +!{�æXâõô~� 8 ì!ö f æ G:e"Q�BDC�UJ`�M�YZC?Q�YZCJLR`vB�O!EXk]QRYZa(E äAâõô�öPì¦æ�ê÷ø � âwä*� l +!{�æ�� âsä�ç l +�{�æ � âõô�öRì¦æPæ BDCAy\l âõô�öPì¦æ�ê�� ø � âsä*� l +!{§æ;ç¶âwä�ç l +!{§æ �]G

Ú"WAE�t�B}\�E(E!á?>AB�QPYVMDCJt"YZQRW ã BDCAy è O!MDCALRQPB�C?Q�YVL�LPQRBD~ATZE}G$e)C8YZCAYZQRYZBDT�YZaq`A>ATZLPE�O!M�C?k
LPYZLRQRYZCA×�Mcb2BqLPYZCA×�TZE�t�B}\�E�a(M?yAE�M}b�t2B}\DE�C?>Aa�~�E!Nqw"^ âwävö l æXâõô�öPì¦æ"êïâ Vävö Vl æj� :M� é B�Q|QRYZaqE ìE�\�M�TZ\DE!L�BDO!O!M�NPyAYZCA×�QRM�QRWvE"×�NRM}t"QPW�M�N�BDaq`ATZYÒÐ�O!BDQRYZM�C|aqB�QPNRYÒÞ�� LRM�QPWAB�Q âwävö l æXâ]ô öPì��P�&ì¦æ�ê� â w öE�&ì¦æàâwävö l æXâõô�öPì¦æ2ê���� ÷E� â w ö��&ì¦æ�� G�t)E!NPE � YZL�QRWAE�QRNPB�CALnbwM�NPaqB�QPYZM�C(bwNRMDa QRWAE�`ANPY�k
a(B�NPU�\}BDNRYZB�~ATZE!L ä B�CAy\l(QRM�QRWvE�OXWAB�NPB�O!QPE!NRYZLRQPYZO�\}BDNRYZB�~ATZE!L ä*� l +�{ B�CAy ä�ç l +!{ ^�BDCAy �
YZL�QRWAE&×�NRM}t"QPWqa(B�QRNPYÒÞ�McbHQPWAE�OXWAB�NPB�O!QPE!NRYZLRQPYZO�\}BDNRYZB�~ATZE!L�r� ê [ g g +!{

g ç g +�{ ] ö � ê [ � :M����� å f
f ��� :M����� å ] ö

LPYZCAO!E âwä&ç l +!{§æàâõô�öRì¦æ�ê0âwä&ç l +�{§æàâõôðç 8 ì!ö f æ B�Cvy âsä*� l +�{�æàâõô�öRì¦æ(ê0âwä*� l +!{�æXâõô\�8 ì!ö f æ G§Ú"W?>AL�^� ê [ ÷ø9� � :M���� å �C�;� :M���� åj� ÷ø � � � :M���� å ç6� :M���� åj�� ø�� � :M���� å ç�� :"���� åj� ÷øX� � :M���� å �v� :M���� åj� ] ê [ O!MDL â wx8 �&ì¦æ > ÷� LPYZC â wx8 �&ì¦æ> { LRYZC â wx8 �&ì¦æ O!MDL â w�8 �&ì¦æ ] ë

IJE�CAMDQRE�QPWAB�Q\� â w ö��&ì¦æqê � â wx8 �&ì¦æ G Ú"WAE5E!YZ×�E!C?\}B�TZ>AE�L�M}b#� â BDCAy � æ BDNRE�O�TVE�B�NRTZU��� :M���� å QRW?>AL|QRWAE�CAMDNRa M}b�QPWAE�E�YV×DE!C?\}B�TZ>AE!L|YZL�g}^ NPE!×�BDNRyATZE!LPL6Mcbo8 öE�&ì M�N�w"G6Ú"WAE�NRE�B�NPE
CvM�×DNRM}t"YZCA×�aqM?yAE!L�B�CAy�QPWAE�O!M�CALPQRBDC�Q|O!M?EXÖqO!YZE!C?Q)`vNRM�~vTVE�a�YZL">ACAO!MDCAyAYZQRYZM�CvB�TZTZU�LPQRB�~vTVEcG

ÕvM�N"QPWAE�TZB�a(YVCvB�QRE|`ANRMD~ATZE!a�^At�E�O!M�CvLRYZyAE!N�aqM?yAE|×�NPM}t"QRW�McbHB�t�B}\�E�`A>vTVLPE�QRNPB}\�E!TZTZYZCA×
QPWANRMD>A×�W¶B:TZB}UDE!N�Mcb6a(B�QRE�NRYZB�T�g�bsM�N�QRYZaqE �&ì ÷ ê þ ÷ � B�Cvy$QRWvE!C8B:TZB}U�E�N�Mcb6aqBDQRE!NPYZB�T
m5bsM�N�BJQRYZa(E �&ì ø ê þ ø � G�Ú"WAE�YZC?QRE!NnbwB�O�E�O!M�CvyAYZQRYZM�C8YZL�QRWABDQ ä BDCAy�l$NRE�aqB�YZC¶O!M�C?k
QPYZC�>vM�>AL�QRWvNRM�>v×�W¨QRWAE�QPNRB�CvLRYZQRYZM�C�^�QRW?>AL�t�E�B�NPE�TZM�MDK?YVCv×�B�Q�B�LRE�á�>vE!CAO!E(M}b"YVCvYVQPYZB�T�\}B�TZ>AE
`vNRM�~vTVE�aqL!G¨Ú"WAEqYZCAYZQPYVBDT2yvB�QRBðbwM�N�QRWAE(`ANRMD~ATZE!a BDQ�QPWAE�YVC?QPE!N]bwBDO!EqMcb6a(B�QRE�NRYZB�T)gÝB�CAy8m
YZL�QRW?>ALP� ÷!â w�8 ÷��&ì!÷àæàâ Vävö Vl æj� :"� é ^2LRM¨QRWvE	×DNRM}t"QPW$M}b)B¨yAYZLRQP>ANR~vB�CAO!E�t"YZQRW¶t2B}\DEqC?>Aa�~�E!Nw%YZL�×�M}\DE!NRCAE�y$~?UJQRWAE�a(B�QRNPYÒÞ6� ÷�� ø â w ö��&ì!÷!ö��&ì ø æ�ê � ÷�� ø âp�D÷iö�� ø æ�ê � ÷!âp� ø æ � ÷iâp�D÷àæ�ê� � ÷ø � øcâp�}ø�æQ��ø�� � ÷÷ � ÷ âp� ÷ æ�� ÷ ê[ O!MDL â��løiæ > ÷��� LRYZC â��lø}æ> {�ø LRYZC â��løiæ O!M�L âp�}øiæ ] [ O!MDL â�� ÷ æ > ÷�W� LRYZC â�� ÷ æ> { ÷ LRYZC â�� ÷ æ O!M�L âp� ÷ æ ] ê

/



� O!M�L �lø O!M�L � ÷ ç�� �� � LPYZC � ÷ LRYZC �lø >`� ÷� � LRYZC � ÷ O!MDL �lø`� ÷� � O!M�L � ÷ LRYZC �}ø��>&� {�÷ LPYZC ��÷ O!M�L � ø �v{ ø O�M�L ��÷ LRYZC � ø � O!MDL � ø O!M�L �D÷�ç ���� � LRYZC �D÷ LRYZC � ø �
t"WvE!NRE � : ê w�8 : �&ì : ê wx8 : þ : � ë
â =?YZCAO!E�QPWAE�B�CA×D>ATZB�N|bwNPE!á?>AE!CAO!UJMcbýQPWAE�yAYZLRQP>ANR~vB�CAO!E(YZC:a(B�QRE�NRYZB�T^>)YZLX8 : w"^�QRWAE�C � : YZL�B
a(E!B�LP>ANRE�McbHQPWAE�yAYZLPQR>ANP~AB�CAO�E�bwNPE!á?>AE!CAO�U	NPE!TZB�QPYV\DE�QRM�QPWAE�bwNPE!á?>AE!CAO�U�M}b�QRWvE�TZB�aqYZCABDQRE � G æ
Ø]C¨QRE�NRaqL�Mcb2QRWAE�QPNRBDCALRa(YVLPLRYZM�C5O!M?EXÖqO!YZE!C?QRL�^���B�CAy¡ ��^�M}b"B�yAYZLRQP>ANR~ABDCAO!E�a(M}\�YZCA×�bsNRM�a
MDCAE)a(B�QPE!NRYZB�TvQRM�QRWAE�CAEXÞAQ�^AB�L�O!M�a(`A>AQRE�yqYZC�QRWAE�BD`A`�E�CAyAYÒÞ ^AQRWAE�B�a(`ATZYÒÐ�O!B�QPYZM�C�a(B�QRNPYÒÞ�YZL¢£ � ÷�� ø O�M�L â�� ÷ �C�}øiæ¤�  � ÷�� ø O!M�L â�� ÷ çC�}ø�æ :� � �M� ÷�� ø LRYZC â�� ÷ �C�}øiæ¤�  � ÷�� ø LRYZC â�� ÷ ç��}ø�æ
�> { ÷ �¥� ø �Ò÷ LPYVC âp� ÷ �u�løiæ��  � ø �Ò÷ LRYZC â�� ÷ ç6�}øiæj� � ø �Ò÷ O!M�L âp� ÷ �¦�lø}æ��  � ø �Ò÷ O�M�L â�� ÷ ç��}øiæ¨§© ë

IJE�O�B�C�yAE�QRE!O!Q�YVCvLRQRBD~AYZTZYVQ]U|B�CAy&LRQRBD~AYZTZYVQ]U|~?U6TZM?M�K?YZCA×"BDQ�QRWvE2LP`�E!O�QRNR>va Mcb�QRWvYVL;aqBDQRNRYÒÞ G
Øsb�w8YZL2LP>AOXW	QPWAB�Q�QRWvE6LP`�E�O!QRNP>Aa Mcb�� ÷�� ø YVL�×�NPE!B�QPE!N"QRWvB�C:gc^�QPWAE!C�QRWvYVL�aqM?yAE|YZL2>ACvLRQRBD~ATZE
BDL�QRWvE"E!CAE!NP×�U�YZC�QRWAYZL�a(M?yAE2YZCAO�NRE!BDLRE!L�^AB�CAy�YZL�LPQRB�~vTVE"MDQRWAE�NRt"YZLRE}G�IJE2CvM�QRE|QRWABDQ2Õ;TZM�á?>AE�Q
BDCAB�TZU?LRYZL"O!BDC�B�TZLRM(~�E�>vLRE!y�bsM�N)QPWAYZL)`ANPM�~ATZE!a5G2Ú"WAE&E!YZ×�E!C?\}B�TZ>AE�L"M}br� ÷�� ø B�NPE�E!LPLRE!C?QRYZBDTVTZU
E�á�>vYV\}BDTZE!C?Q2QPM ��ª« t"WAE�NRE#¬(YZL"QRWAE�Õ;TZM?á�>vE!Q"EXÞA`�MDCAE!C?Q)LP>AOXW�QRWvB�Q[ Vä Vl ] â w öPì¦æ�ê�� ª« [ Vä Vl ] â w öRì�ç��}æ ë
Ú"W?>AL�^�5 �ª�« 5W?4g�YZa(`ATZYVE�L�QRWABDQ"QRWAE�LPM�TZ>AQRYZMDCq×�NPM}t"L"YZC	QPYZaqE}G

Ú"WAE�yAE�QRE!NPaqYZCAB�C?Q�M}bo� ÷�� ø YZL�gc^AB�CAy�® QPNRBDO!E â � ÷�� ø æ�ê mHO!M�L �D÷ O�M�L � ø çv¯ LPYZC ��÷ LRYZC � ø
ê â g ��¯|+ m æ O!MDL â���÷^�v� ø æ�� â g ç6¯X+ m æ O!MDL âp�D÷�ç�� ø æ

ê â g �°¯X+ m æ O!M�L â���÷iâ g �u±�æRæ�� â g çC¯X+ m æ O!MDL âp�D÷�â g ç6±�æPæ§ê  â���÷�æàö â h æ
t"WvE!NRE ±:ên�}ø�+�� ÷ ê 8 ø þ ø�+ 8 ÷ þ ÷ ö â 2 æ
BDCAy ¯4ê {�÷{�ø � { ø{ ÷ ë â o æ

{|M�QPEqQRWvB�Q ¯ ÿ m�t"YZQPWJE!á?>AB�TZYZQ]U:WvM�TZyAYZCA×�M�CATZU¨t"WAE!C {�÷�ê¡{ ø G:Ú"WAE(`AW?U�LPYZO!L�Mcb)QRWAE
`vNRM�~vTVE�a�yAEXÐ�CvE6QPWAE�ÐAÞAE!y(`AB�NPB�a(E!QRE!NPL ¯ B�CAy ±�ù��D÷ \}BDNRYZE!L"t"YZQRW(QRWAE�t�B}\�E|aqM?yAE!L�G§Ú"WAE
E�YV×DE!C?\}B�TZ>AE!L�M}bo� ÷�� ø B�NRE�QPWAE�NRM?MDQRL"M}b�QRWAE&O¦WvB�NRBDO!QRE�NRYZLRQPYVO&E!á?>AB�QPYVMDC\² ø ç  ² � g}r² � ê  k }  ø ç /

m ë

Øsb@w YZL�LR>AOXW�QRWABDQ#5  5;³ m?^¤5 ²�´q5 ê 5 ² � 5 ê g ö LRM�QPWAYZL2t�B}\�E�a(M�yvE"YVL"LPQRBD~ATZE}G�Øsb¤w8YVL�LR>vO¦W
QPWAB�Q#5  5!? m?^AQPWAE!C°5 ²&µ%¶�·¸O¹�º�5;?  + mJ? g�B�CAy(QRWAE�w aqM?yAE|YZL">ACALRQPB�~ATZE}G

I WvE!C8QRWAE!NPE:YZL�CAMJO�M�C?QRNPB�LRQ�YZC8YZaq`�E!yAB�CvO!Eq~�E!Q]t�E!E!C�aqB�QPE!NRYZBDT�g�B�CAy8aqBDQRE!NPYZB�T"m
âj¯ ê m æ ^ABDTZT aqM?yAE!L�B�NPE6LPQRBD~ATZE6LPYZCAO!E�QPWAE�aqBD×�CAYZQP>AyAE"M}b  YVL"~�M�>vCAyAE!y�~?Uqm¡G

Ô�MDCALRYZyAE!N"QPWAE�O!BDLRE ¯ ? m¡GHÕvNRMDa â h æ ^) ) � ÷ êÀç�â g �u±�æ�â g �u¯X+ m æ LPYVC âp�D÷}â g �C±�æPæ�ç$â g çC±HæÓâ g ç6¯X+ m æ LRYZC â���÷}â g ç�±�æRæàö
0



) ø ) � ø ÷ ê�ç�â g �C±�æ ø â g �u¯|+ m æ O�M�L â���÷}â g �C±�æRæ;ç8â g ç6±�æ ø â g çv¯X+ m æ O!MDL âp�D÷�â g ç�±�æRæ ë
I WAE!C~w ê f?^�» ¹»�¼ � ê f�BDCAyv» � ¹»�¼ � � â f æ 7 f?^ALPM  WAB�L"B�TZM?O!B�T a(B}ÞAYZa�>va%B�Q � ÷ ê f?G2=?YZCAO!E â f æ"ê m?^ QRWvE!NRE�EXÞAYZLRQRL�B~½	? f?^ LR>AOXW¨QRWABDQ"bwMDN¾5 w|5&³�½?^  7 m�B�Cvy�QRWAE�LRE�aqM?yAE�L)B�NPE
LPQRBD~ATZE}G

Ü|C8QRWAE5M�QRWvE!NqWABDCAy ^"t"WAE!C ��÷:êÀ¿¤+?â g ��±�æ ^ýBDCAy ¯ ? m?^"QRWvE�QRNPB�O!E�Mcb�aqB�QPNRYÒÞ� ÷
� ø YZL ç�â g ��¯X+ m æ���â g çv¯|+ m æ O!MDL â�¿�â g çn±�æQ+?â g ��±HæPæ t"WvYVOXW8O!BDC NPB�CA×DE�~�E!Q]t�E!E!C
ç�â g �.¯X+ m æ^� â g çn¯|+ m æ�ê ç*¯ 7 ç m5B�CAy ç�â g �.¯X+ m æ�ç�â g çÁ¯X+ m æ�ê ç m¡G:Ú"WAE
TZBDQRQRE�N�\}B�TZ>AE�YZL�BDQRQRBDYZCAE!yJM�CvTVU¨YÒb ± YZL�LP>AOXW$QPWAB�Q â g ç�±HæQ+?â g �Á±Hæ�êÂ� bwM�N � BDCJM?yAy
YZC?QRE�×�E!N�G:Ú"WAYZL�t�M�>ATZy¨NRE!á?>AYZNPE ± ê â g ç���æ�+¡â g �n��æ G:Ú"WAYZL�YZL�YZa(`�MDLRLRYZ~ATZE&bwM�N ± ? f¡Gt|E!CAO!Ec^At2E|B�NRE|×�>ABDNRBDC�QPE!E!y(QRWABDQ�bwM�N�t2B}\DE"aqM?yAE!L�YZC�B�LPaqBDTVT?E!CvM�>A×DW�CAE!YZ×�W?~�M�>ANPWAM?M�y(M}bw ê�¿¤+¡â g �¦±�æXâ 8 ÷ þ ÷ �læ|â YsG EcG�t"YVQPW�t2B}\DE!TZE!CA×�QPWAL"QRWvB�Q"B�NPE9Ã â 8 ÷ þ ÷ �}æRæ t�E�WAB}\�EP5  5;? m
BDCAyqWvE!CAO!E�B�a(`ATZYVQP>AyAE"×DNRM}t"QRW�G

ÕvNRMDa�QRWAE�`ANPE!O!E!yvYVCv×qyAYZLRO�>ALRLPYVMDC ^�t�E�aqB}U�LRQPB�QRE&QRWAE�bsM�TZTZM}t"YVCv×ArÄ�LvÈ!ÌXÈx�«Î���$GLAÈ�Ì¦È�$1�&�%$AÎ�����s��% ¥���´É�Å!Ë}Ì`�"LvÈ`�%$��p���p�� ;Æ��! ¥ÇAÈ@��ÌXË�s� VÈ�� ËQÅ^Èo�!ÆlÈ@��Ì¦Ë����F;�����wË!$¾�ML?ÌXË�Ç�FL�sÈ��*�AË}Ì��� W "�!�#�%$&���sÈ!Î)ËQÅqD¦Ë!$1�«Ì��}Î����%$GFJ�%���¡ÈXÍ;��$1DXÈ9É {�÷9Êên{ øQËGÌÎÍ Ë!$GF�Èo�!ÆlÈ|Í��´Î���Ç�Ì�s��!$1DXÈ!Î"ÌXÈ���P����$�Î�����s� VÈ�Ï1È�L��% VÈ�Í��«ÎE��Ç?Ìs���$1DXÈ�ÎoÈÎ�p�"L�Èo��Æ}È` VÈ�$GF;�"L¡Î2Ë�Å`�MLAÈ"Ë}ÌXÍ�È�ÌýËQÅo�MLAÈ`�P���sÈ�Ì��p�� ����;�p�sÈ�Ì�$�cÌ¦È�ÇW$AÎ�����s� VÈ Ì p CAE!NR×DU�QRWvB�Q�YZL6`v>Aaq`�E!y�YZC?QRM�LRU?LPQRE!a B�Q|bwNRE�á�>vE!CAO!UCÐ â g +��}æ QRMqO�NRE!BDQRE
QPWAEqTZBDaqYZCAB�QPE�YZL�O�M�C?\�E!NPQRE!y8YZC?QRM�E�CAE!NR×DUJM}b)t�B}\�E!L�M}b)O�M�aq`vB�NRBD~ATZE�bsNRE!á?>AE!CvO!U$BDCAyJQRWAE
BDaq`ATZYZQR>vyAE"M}b�QRWAE!LPE�M�LPO!YZTZTVBDQRYZM�CvL2×DNRM}t�G

Õ;YZ×�>ANPE$g�~�E!TZM}t�yAYZLR`ATZB}U?LqQPWAE�LR`�E!O!QPNR>Aa Mcb,QPWAE�BDaq`ATZYÒÐ�O!BDQRYZM�C¶aqB�QPNRYÒÞ°� ÷�� ø B�L(B
bs>ACAO!QPYVMDC�M}b�QRWAE�NPB�QRYZM(M}b*¬ ^ QRWvE�t�B}\�E!TZE!Cv×�QRW¨M}b�QRWAE�yAYZLRQP>ANR~ABDCAO!E � ê ø
Ñ� � ^�QRM ��âjÒ QRWAE
TZBDaqYZCAB�QPE�úÒt2B}\DE!TZE!CA×DQRW û æXù BDCAyJB�L�B�bw>vCAO!QRYZMDC$M}b �D÷ ^�t"WAYZO¦WJYZCAyvYVO�B�QRE�L�QPWAEqNPB�QRYZM�Mcb)QRWAE
t�B}\�E;bwNPE!á?>AE!CAO�U�YZC�a(B�QRE�NRYZB�TAg�QRM)QPWAB�Q;M}b�QPWAE�TVBDaqYZCABDQRE}G Ú"WAE�Q]t�M)BDNR×D>AaqE!C?QPL�B�NPE�NRE�TVBDQRE!y
BDO!O!MDNRyAYZCA×�QRM ª « ê m ¿ 8 ÷ þ ÷+��D÷ ë�ÕvM�N�QRWAE"TZBDaqYZCAB�QPE�YVC�QRWvYVL�O!MDaq`A>vQRB�QPYZM�C ^}QRWvE"`AB�NPB�aqE�QRE!NPL
BDNRE âõè ÷ ö¦ã ÷ æ�êÀâ g ö g æàö�â]è?ø!öXã�ø�æ�ê â g�f ö j æXö þ ÷ ê f¡ëÓ0¡^}WAE!CAO!E ±:ê g}ë�f�0!/�f�jD� ö�¯$ê j?ë¥0�jDm�m!/�m?G
Ø]Q�YVL�YZTZTV>vLRQRNPB�QPE!y�YZC�QRWAYZL�Ð�×�>ANPE)QPWAB�Q�yAYZLRQP>ANR~ABDCAO!E!L"t"YZQPW�t2B}\DE!TZE!CA×�QPWAL�×�NRE�B�QRE�N"QRWABDC	Ã â��læ
NPE!aqBDYZC�LRQRBD~ATZE}^�t"WvYVTZE|M�QRWvE!N)LPWAM�NPQRE!N|t2B}\DE)yAYZLRQP>ANR~vB�CAO!E�L6t"YZTZT�~�E!O�M�aqE�>ACvLRQRBD~ATZE}G

�¡GÙ{)[�d p Û·ØRÔ�e6FJd p Úqt�Ü _ Õ�Ü�Û F;Ü){XÔ I�e z6p S�Û"Ü6S�e*Ô,e�Ú"ØRÜ|{
Ø]C¶WAM�a(M�×�E�CAYZ@!B�QPYVMDC ^�MDCAEqYZL�O!M�CAO�E!NRCAE�y t"YZQRW$QPWAE �Õy f�TZYZaqYZQ!^;LRM¨YVCJQPWAE�QRE!a(`�Mck

NPB�T�TZB�aqYZCABDQRE�`vNRM�~vTVE�a QPWAE�t2B}\DE�YZaq`A>ATZLPE�QPNRB}\�E�TVL�QRWvNRM�>v×�WJaqMDNRE�BDCAyJaqMDNRE�TZB}U�E!NPL�YZC
Ð�CAYZQRE�QRYZaqEcG2Ø]C�M�>AN|t2MDNRK�^At�E�B�NPE�YZC�QPE!NRE�LRQRE�y:YZC�QRWAE&~�E!WvB}\�YZMD>AN)Mcb§yAYZLRQP>ANR~vB�CAO!E�L6t"WvM�LRE
t�B}\�E�TVE�CA×�QPWAL�B�NPE�TZM�CA×�NPE!TZB�QPYV\DE�QRM�QPWAE�`�E!NRYZM?y$Mcb)QRWAE�a(E!yAYZ>Aa�^ YsGxE}G â g + w æ�+!� TZB�NP×�E�MDNw � LRa(B�TZTs^ t"WAE!NRE~w YZL�QRWAE(t2B}\DE�C?>Aa�~�E�N�M}b)QPWAEqyAYZLPQR>ANP~AB�CAO�E}G ÕvNRMDa QPWAEqBDCAB�TZU?LRYZL�YZC
=¡E!O!QRYZMDC m¡^�YZQ6YZL�O�TVE�B�N�QRWABDQ�bwMDN6YZCAYZQPYVBDT�yABDQRB�aqBDyAE�>A`JMcb2LR>vO¦WJa(M?yAE!L!^;QRWAE�`ANPM�~ATZE!a YZL
t�E!TZTÒkõ`�M�LPE!y GCt)M}t�E!\DE!N!^�QRWAE!NPE�t"YVTZT�~�E�yAYÒÖqO!>vTVQ]U¨B�yv\}B�CAO!YZCA×5QRWAE(`ANRMD~ATZE!a C?>AaqE�NRYZO!B�TZTZU
E�\�E!C(t"WAE!CqQPWAE)YZCAYZQPYVBDTAyABDQRB�YZL�LRM�NRE!LPQRNRYZO!QPE!y G�Ú"WAYZL2YZL�~�E!O�B�>ALPE6NPM�>ACvy?kõMcÑ§^?YZC?QRE!NP`�MDTVBDQRYZM�C�^
BDCAy�QRNR>vCAO!B�QPYZM�C�E!NPNRM�NPL2YZC?QRNPM?yA>AO!E|LR`A>ANPYZM�>AL�yvYVLPQR>ANP~AB�CvO!E!L"YZC?QRM�QRWAE"O�M�aq`v>AQRBDQRYZM�C G;Ú"WAE!LRE
`�E!NPQR>ANP~AB�QPYVMDCAL�t"YZTZT�YVCvE!\?YVQPB�~ATZU�O!MDC�QPB�YZC¨LRWAMDNRQRE�N�t�B}\�E�aqM?yAE!L�t"WAYZOXW¨t"YVTZT�~�E�B�aq`vTVYÒÐ�E�y
~?U�QPWAE�yA>AE�CABDQR>ANPE�M}b�QRWAE�`ANPM�~ATZE!a�B�Cvy	QPWAE�O!M�a(`A>AQPB�QRYZMDCAB�T�NRE!LP>ATZQRL|t"YVTZT�~�E&yAE!×�NPB�yAE�y G

IJE(E!aq`ATZM}U¨B:LPQRBDCAyAB�NPy¶Ð�NRLPQ]k]M�NRyvE!N!^)>v`�t"YZCAy�^�Ð�CAYZQPEXkõyvY�Ñ E!NPE!CAO!E�BD`A`ANPMiÞ¡YZa(B�QRYZMDC:QPM
LPM�TZ\�E|QRWAE�LPU�LPQRE!a â � æ ^ â / æ·â M�N â 0 æPæ G�Ú"WAYZL�C�>vaqE!NPYVO�B�T�aqE!QPWAM?yqB�yvyAL2C?>Aa(E!NRYZO!BDT�\?YZLRO�M�LRYZQ]U
QPM:QPWAE�LRMDTV>vQRYZM�C G8IJE�Ð�CAy8QRWABDQ�~�UJBD`A`ANPM�`ANPYVBDQRE!TZUJO!MDC?QRNRMDTZTVYZCA×5QRWAE�LPYZ@!E�M}b6QPWAE�aqE!LPW
t"YZyAQPW�NRE!TZB�QPYZ\�E�QRM�QPWAE�aqB�QPE!NRYZBDT `ANRMD`�E!NPQ]U�`AB�QPQRE!NPC ^�E!CvM�>A×DW�yAYÒÑÓ>vLRYZM�C(O!B�C�~�E�`ANPM?yA>AO!E!y
QPM�yvB�aq`(aqM?yAE!L�LRM�QPWAB�Q"QPWAE!U(CAE!\�E�N)×�NPM}t yA>ANPYZCA×�QRWAE�C?>Aa(E!NRYZO!BDT O!M�a(`A>AQRBDQRYZM�C�G

Ô�MDCALRYZyAE!N�B|LR`ABDQRYZB�TZTZU)>ACvY�bsM�NRa�Ð�CAYZQRE�yAYÒÑ E!NRE�CAO!E)×DNRYZy�t"YZQRW&×�NRYZy�O�E!TZTVLq� ô;Ö � ÷�× ø öàô;Ö ´ ÷�× ø �]GF�E!Q ��ô yAE!CAMDQRE(QRWAE�t"YZyAQPW:McbýQPWAE!LRE�O�E!TZTVL&B�CAy ô Ö ê�â]ô�Ö � ÷�× ø � ô;Ö ´ ÷�× ø æ�+ mqyvE!CAM�QPE�QRWAE
h



0 5 10 15 20 25 30 35
0

2

4

6

8

10

k
1
=1 ρ

1
=1   k

2
=10 ρ

2
=9    m

1
=0.5   α=1.0541   R=9.5922

ν/ε

S
pe

ct
ru

m
 o

f A
na

ly
tic

 S
ol

ut
io

n

0 1 2 3 4 5 6 7
0

2

4

6

8

10

θ
1

S
pe

ct
ru

m
 o

f A
na

ly
tic

 S
ol

ut
io

n

ØqÙ�ÚZÛÎÜ =?`�E!O!QRNP>Aa M}b�QPWAE�×�NRM}t"QPW�aqB�QPNRYÒÞ�bwM�N�QRWAE&B�CABDTVU?QPYVO|`ANRMD~ATZE!a�G

O�E!TZT O!E!C?QRE!N�G"IJE)QRBDK�E|B�TZQRE!NPCAB�QPE�QRYZaqE"LPQRE!`AL|M}b�LRYZ@!E �&ì ÷ ê þ ÷ � B�CAy �&ì¦ø"ê þ ø�� G�Ú"W?>AL!^
a(B�QPE!NRYZB�Tv`ANRMD`�E!NPQRYZE!L"BDNRE)O�M�CALPQRB�C?Q"t"YZQRWvYVC�B�LR`vB�O!EXk]QRYZa(E"O!E!TZT \�MDTV>vaqE}^�BDCAyqB�LRYZCA×DTZE"QRYZaqE
LPQRE!`�QRBDK�E!L�>AL;bwNRMDa M�CAE�aqBDQRE!NPYVBDT�YZC?QRE!NnbwB�O�E"QRM�QRWAE�CAEXÞAQ�G�Ú"WAE � k]QRW�QRYZa(E�TZE!\�E!T?YZL�yAE!CAMDQRE!y
~?U ìjÝ B�CAy5YVL|QRWAE&>A`A`�E!N�~�MD>ACAyABDNRU�M}b2QPWAE � QRW�YZCAyAYZ\?YZyA>ABDT aqB�QPE!NRYZBDT TVB}UDE!N!G|Ú"WAE�\}B�TZ>AE�L
Mcb ä BDCAy	l(B�Q"QRWvE6×DNRYZyq`�M�YZC?QRL ô Ö BDQ"QRYZaqE ìjÝ BDNRE�yAE!CAMDQRE!y5~�U ä ÝÖ ö l ÝÖ ^ABDCAy�QRWAE!LPE�\}B�TZ>AE�L
LPYZa�>ATZQRB�CvE!M�>ALPTZU�NRE!`ANPE!LRE�C�Q�QRWvE�B�`A`ANPMiÞAYVa(B�QPYVMDCAL�QRM ä B�CAyZl5B�Q)QPWAM�LPE�`�MDYZC�QPL�YVC5LR`ABDO!EXk
QPYZaqE}^�BDL�t2E!TZT"BDL�QPWAE�\}B�TZ>AE�L�Mcb ä B�Cvy°lJB}\DE!NRBD×�E!y8M}\DE!N�O!E!TZT`ÞJB�Q�QRYZaqE ìjÝ G IJE(>ALRE
ã Ý ö!è Ý ö�{ Ý ö����� ^�QPMqyAE!CvM�QRE&QRWAE�\}BDTZ>AE!L"M}b�QPWAE�NRE�LR`�E!O!QRYZ\DE�aqB�QPE!NRYZBDT�`ABDNRBDaqE!QPE!NRL|~�E!Q]t�E!E!C
QPYZaqE!L ì Ý BDCAy ì Ý ´ ÷ ^�QRWABDQ"YVL�^AYZCqQRWvE âp�P� g æ LPQ"aqBDQRE!NPYVBDT�TZB}UDE!N!G

Ø]C?QRE�×�NRBDQRYZCA×�QRWvE�O!M�CALPE!NR\}BDQRYZM�C¨TZB}t â 0 æ M}\DE!N�QPWAE�ÞlQPW:LP`AB�O�EXkõQPYZaqE�O!E!TZT�\�MDTZ>AaqE�bsNRM�a
QPYZaqE ì Ý QRM�QRYZaqE ì Ý ´ ÷ ^�×�YZ\�E�L[?äX� l{&Ý ] Ý ´ ÷Ö ê=[vä*� l{&Ý ] ÝÖ �8 Ý��ôPß åpà�á �

å à Y [?ä|� l{&Ý ] â]ô�Ö ´ ÷�× ø öRì¦æ;çâ[?ä|� l{&Ý ] âõô;Ö � ÷
× ø öPì¦æ _ ) ì â j æ[?ä&ç l{&Ý ] Ý ´ ÷Ö ê=[vä�ç l{&Ý ] ÝÖ ç8 Ý��ôPß åpà�á �
å à Y [?ä�ç l{&Ý ] â]ô�Ö ´ ÷�× ø öRì¦æ;çâ[?ä�ç l{&Ý ] âõô;Ö � ÷
× ø öPì¦æ _ ) ì ë â g�f æ

Ô�MDCALRE�NR\}B�QPYZ\�E�QPE!OXWACAYZá?>AE!L�yAYZLRQPYVCv×�>AYZLRW�QPWAE!aqLPE!TZ\�E!L�bwNRMDa4E�B�OXW�MDQRWAE�N§~?U|QRWAE!YZN�B�`v`ANRMiÞAYZaqBck
QPYZM�CAL�QRM�QRWAE|ß�>¡Þ¡E�L*ã äAö l âõô;Ö ´ ÷�× ø öPì¦æ G�=?YZCAO!E�M�>vN2E!á?>ABDQRYZM�CvL â 0 æ B�NPE�TVYZCAE�B�N!^?t�E6O�B�TZO!>ATZB�QPE
QPWAE)\}BDTZ>AE!L�M}b ä*� l +!{�ö¦ä�ç l +�{ B�TZMDCA×�QRWAE�O!E!TZT YZC?QRE!NnbwB�O�E!L2YZC(B�LRQPNRB�YZ×DW�QnbwM�NPt2BDNRy(aqB�CvCAE!N2



~?U�QPNRB�O�YVCv×�O¦WvB�NRBDO!QRE�NRYZLRQPYVO�L!G"Ú"W?>AL!^ß åpà�á �
å�à âwä*� l +�{&ÝÓæàâõô;Ö ´ ÷�× ø öRì¦æ�ê g8 ÝSß é�ä á �%åj� ´ � ä � å

é ä á �æåj� âwä*� l +�{&ÝÓæàâõô�öRìjÝ�æ ) ô�ö
ß åpà�á �
å à âsä�ç l +�{ Ý æàâõô;Ö ´ ÷�× ø â´ì¦æàöRì¦æ�ê g8 ÝSß é ä á �%åj�

é ä á �æåj� � � ä � å âwä�ç l +!{ Ý æXâ]ô öPì Ý æ ) ô ö
t"WvE!NRE �&ìjÝÝê ìjÝ ´ ÷ ç(ìjÝ G2=?YZCAO!E ä ÝÖ ö l ÝÖ B�NPE)O!E�TVTÒk]B}\�E!NPB�×DE!y ^?O!E!TZTÒkõO!E�C�QPE!NRE�y	\}BDTZ>AE!L�M}b ä BDCAyl&YVC�QPWAEqÞ}QRW(O!E!TZTs^�QPWAE"Ð�NRLRQ�M�NPyAE!N�NRE!O�M�CALPQRNR>vO!QRYZM�C�Mcb�QRWAE"`ANPM}Ð�TZE!L�B�NPE)`AYZE!O�E!t"YZLRE)O�M�CALPQRB�C?Q
QPB�K?YZCA×�M�CqQPWAE�\}BDTV>vE!L � ÝÖ YVC�O!E�TVT�Þ�G p á�>vB�QRYZMDCAL â j æ B�CAy â g�f æ B�NPE6BD`A`ANPMiÞ¡YZa(B�QRE�y�~�U

ä Ý ´ ÷Ö � l Ý ´ ÷Ö { Ý ê ä ÝÖ � l ÝÖ{ Ý � 8 Ý1�&ìjÝ��ô Y [vä ÝÖ ´ ÷ � l ÝÖ ´ ÷{ Ý ] ç�[Aä ÝÖ � l ÝÖ{ Ý ]`_
ä Ý ´ ÷Ö ç l Ý ´ ÷Ö { Ý ê ä ÝÖ ç l ÝÖ{ Ý ç 8 Ý1�&ìjÝ��ô Y [ ä ÝÖ ç l ÝÖ{ Ý ] ç [ ä ÝÖ � ÷ ç l ÝÖ � ÷{ Ý ]`_ ö

BDCAy�~?U�O�M�a�~AYZCAYZCA×|QRWAE|E!á?>AB�QPYVMDCAL�BD~�M}\DE}^ â � æ ^ â / æ YZL�B�`A`ANPMiÞAYVa(B�QPE!y�~?U�QPWAE)LPM�TZ>AQPYVMDCAL�QPM
QPWAE|Ð�CAYZQRE�yAYÒÑ E!NRE�CAO!E�aqE!QPWAM?y r

ä Ý ´ ÷Ö ê ä ÝÖ � g
ã Ý �&ìjÝm ��ôCç l ÝÖ ´ ÷ ç l ÝÖ � ÷�è � 8 Ýé�&ìjÝm ��ô � ä ÝÖ ´ ÷ ç m ä ÝÖ �¶ä ÝÖ � ÷ � ö â g�g æl Ý ´ ÷Ö ê l ÝÖ �8è!Ý �&ìjÝm ��ô ç ä ÝÖ ´ ÷ çJä ÝÖ � ÷ è � 8 Ý��&ìjÝm ��ô � l ÝÖ ´ ÷ ç m�l ÝÖ � l ÝÖ � ÷ � ö â g�m æ

BDCAyqYZL"BDO!O!>ANPB�QRE&>A`�QRM	Ã â(�&ì!ö���ô�æ G
ÕvM�Nx8 ö!è BDCAy ã O!M�CvLRQRBDC?Q2YZCqQPYZaqE}^�QPWAYZL2LPOXWAE!aqE|YZL2LPQRB�~vTVE|>ACAyAE�N"QRWAE�Ô"Õ§F5NRE�LRQRNPYZO!QRYZM�C8 �&ìjÝ1+���ô ³ g}G�IJE)CvM�QRE�BDTVLPM�QPWAB�Q"QPWAE�LROXWAE!a(E�WAB�L�~A>AYZTZQ2YZC�C?>AaqE�NRYZO!B�T�\?YZLRO!MDLRYZQ]U�LRYZCAO!E

YZQ�B�`A`vNRMiÞAYZaqB�QPE!L�QPWAE�S _�p LRU?LRQPE!a

ä å ç g
ã l é êÀâ g çvê�æ 8 ��ôm ä éié ö â g�� æl å ç è¡ä é êÀâ g çvê�æ 8 ��ôm l é�é ö â g�/ æ

>v`	QPM¾Ã â(�&ì ø ö���ô ø æ t"WAE!C ê�ê �� å� é YZL2TZE!LPL)QPWAB�C�>ACAYZQ]UDGë*ì&í�î�ï&í1ð¡ñ1òpó�ò Í È� ±:ê 8 ø þ ø + 8 ÷ þ ÷ Ï¤�!$�Í ¯ ên{ ø +�{�÷��J{�÷+�{ ø;Ì Ä�LAÈ�$	�MLAÈ"Î�D�LAÈ���È
â g�g æ ^ â g�m æ BD~�M}\DE)YZL"LRQPB�~ATZE·bwM�N�QRWAE�QPE!aq`�M�NPB�T�TVBDaqYZCABDQRE�`ANRMD~ATZE!a�t"WAE!C ��ô YZL2LP>AOXW�QRWABDQ8 ÷ þ ÷ ���ô ³ a(YZCGôAg ö g +�±�ö VêGõ ë â g0 æ
Ú"WvE6NPE!TZE!\}B�C?Q"á?>ABDC�QPYZQRYZE!L�B�NRE&yAEXÐ�CAE�y�B�L�bwMDTZTVM}t"L�r

Vê�ê÷öøù øú
g YÒb	Û ê m öê;û YÒb ê�û ³ êýü�ö�¯þÊê m öê;û�û ö YÒb ê;û ? êýüDöE¯�Êê m ö

BDCAy ê ü ê m â g �u±Hæ±�â(¯u� h æ öê û ê g �C±/ ± ç 5Òg ç6± 5/ ± ÿ ¯ ç m¯u� m ö ê û�û ê m } ± ø �u¯�± � g ç$â�± � g æ±�â(¯¶ç m æ ë

o



��ÌXË�ËQÅ Ì Ú�M)LPQR>AyvU�QRWAE�LRQPB�~AYZTZYZQ]U)Mcb�QRWAE�LROXWAE�aqE}^�t�E�`�E!N]bsM�NRa�B)\DM�C�{|E!>AaqBDCAC�BDCAB�TZU?LRYZL
BDCAy�TVM?MDK�B�Q�QPWAE)EàÑÓE!O�Q2Mcb�QRWAE"LPO¦WvE!aqE|M�C�YVCvyAYZ\�YZyA>vB�TAÕAMD>ANRYZE!N�aqM?yAE!L�t"YZQRW�t�B}\�E"C?>Aa�~�E!Nw"^ [ äl ] â]ô öPìjÝ�æ�ê [ Vä Vl ] � :M� é ëB�UqEàÞ¡`vNRE!LPLRYZCA×qQPWAE�LROXWAE!a(E�B�L!r[ äl ] Ý ´ ÷Ö êÀ[ g çvê Ý f

f g çvê Ý ] [ äl ] ÝÖ �¡[ ê Ý + m ç�ê Ý + m { Ý
ç�ê Ý { Ý + m ê Ý + m ] [ äl ] ÝÖ � ÷� [ ê�Ýé+ m êWÝé+ m {&ÝêWÝ&{&Ýý+ m ê�Ýé+ m ] [ äl ] ÝÖ ´ ÷ ö

YZQ�YZL"E!B�LPUqQRM�LPE!E�QPWAB�Q [ Vä Vl ] Ý ´ ÷Ö ê � ÝÓâ���æ [ Vä Vl ] ÝÖ ^At"WvE!NRE� Ý ê [�� Ý >�� Ý>�� Ý � Ý ë ]
Ú"WvE6E�C�QPNRYZE!L|M}b§QPWAE�a(B�QRNPYÒÞ�BDNREê Ý ê 8 Ý �&ì Ý +;��ô ö � Ý ê g ç6ê Ý ��ê Ý O!M�L âp��æàö� ÝÝê�ê�Ý LPYVC âp��æ�+!{&Ý§ö � Ýqê.ê�Ý1{&Ý LRYZC â���æXö
t"WvE!NRE ��ê w ��ô G�Ú"WAE�E!YZ×�E�C�\}BDTZ>AE!L�M}b*� Ý BDNRE â g ç°ê�ÝÓæ^�°ê�Ý1��� : ¼ G�Ú"WvE�LP`�E!O�QRNR>va M}b� Ý YVL�QRWvE!NREXbsM�NRE&~�MD>ACAyAE!y(~?U�g)YZCqBD~ALRMDTZ>AQRE|\}B�TZ>AE"bsM�N�B�TZT � t"WAE!C êWÝ ³ g}^AB�CvyqyAE!Q â � Ý æ
ê g ç m ê�Ý â g çvêWÝÓæàâ g ç O!M�L âp��æPæ TZYVE�L)~�E!Q]t2E�E!C$f�BDCAy$g}G�IJB}\DE�aqM?yAE!L|yAMqCAMDQ)×DNRM}t YZC
BDaq`ATZYZQR>vyAE"QRWANPM�>A×DW�B�`A>vNRE�a(B�QRE�NRYZB�TsGt|M}t2E!\DE!N!^�BDL�B5yAYZLRQR>vNR~ABDCAO!E�×�M?E!L&bwNRMDa�QRYZaqE ì Ý QPM�QRYZaqE ì Ý ´ ø >ACvyAE!N�M�>AN�LROXWAE!a(E
QPWANRMD>A×�W�B�TZB}U�E!N�M}b�aqBDQRE!NPYZB�T g"bsM�TZTZM}t2E!y�~?U�B&TVB}UDE!N�M}b�aqBDQRE!NPYZB�TAm?^?LRB}UD^�QPWAE)a(M?yAE!L�×DNRM}t
MDN2yvE!O!B}U�B�O!O�M�NRyvYVCv×�QRM [ Vä Vl ] Ý ´ øÖ ê � ø â���æ � ÷iâp��æ [ Vä Vl ] ÝÖ ë
t"WvE!NRE�QPWAE�B�a(`ATZY�Ð�O!B�QPYVMDC�a(B�QPNRYÒÞ�YZL� âp��æ�ê � ø â���æ � ÷iâp��æ�ê=[�� ø >	� ø>�� ø � ø ] [
� ÷ >�� ÷>�� ÷ � ÷ ] ë â g�h æ

Ú"WvEJE!YZ×�E!C?\}B�TZ>AE�L ² � M}b � â���æ LRMDTV\DE:QPWAEJOXWAB�NPB�O!QPE!NRYZLPQRYZO$E!á?>ABDQRYZM�C�² ø ç� ² ��� ê
f¶t"WAE�NRE � ê QRNRBDO!E â � æ B�Cvy � ê yvE!Q â � æ B�NPE:~�M�QPW NRE!BDT�C?>Aa�~�E!NRL�G {|M}t 5 � 5 ê5 yAE�Q â � ÷¦æ 5M5 yAE!Q â � ø æ 5�³+g}^|bwMDNðfþ³ ê�÷�ö�ê ø ³ g}^�LPM YÒb � ø ç / � ³ f?^�QRWvE!C�² � ê
f¡ë¥0 â�� k > } / � ç�� ø æ ^AB�Cvy¦5 ² � 5 ø ê 5 � 5 ø ³ g"bwMDN"B�TZT � G2Ú"W?>AL!^At�E�O!B�C�E!CvLR>ANPE�QPWAB�Q�QRWAE
LP`�E�O!QRNP>Aa M}bx� YZL"TZE!LRL"QPWAB�C�M�N�E!á?>ABDT�QRM�g�YÒb ê ÷iö�ê ø B�NPE�LR>AOXW�QPWAB�Q � ø ç / � ³ f&bwMDN2BDTZT� G
ÕvM�N�LRQPB�~AYZTZYZQ]U�^?YZQ2QPW?>AL)LP>?ÖqO!E!L|QRM
Ð�CAy ê ÷ ö�ê�ø ³ g�LP>AOXW	QPWAB�Q � ø ç / � ³ f,bwM�N"BDTZT � G
ÕvNRMDa�E!á?>ABDQRYZM�C â g�h æ ^

QPNRB�O�E â � æ�ê��%ê m � ø � ÷ ç¶â � ø � ÷ � � ÷ � ø!æXö
j



yAE�Q â � æ�ê�� ê â � øø � � ø � ø æXâ � ø ÷ � � ÷ � ÷Xæ ë
F�E!Q ê ® ê ÷ B�CAy ±�ê�ê�ê�ø t"WAE!CAO�E ±:ê 8 ø þ ø+ 8 ÷ þ ÷ G§Ú"WvE!C�QRWAE�Ð�NRLPQ�LPQRB�~vYVTZYZQ]U"NRE�LRQRNPYZO!QRYZM�C
YZL�QRWABDQ ê ³ a(YVCWôAg ö g +�±xõ ë â g2 æ

Ú"WAE�O!MDCAyAYZQRYZMDC � ø ç / � ³ f�YZL2E!á?>AYZ\}BDTVE�C�Q"QPM
â m � ø � ÷�ç$â � ø � ÷^� � ÷ � ø æPæ ø ç / â � øø � � ø � ø æXâ � ø ÷ � � ÷ � ÷àæ ³ f��� â � ø � ÷�ç � ÷ � ø æ ø ç / â � ÷ � ø � � ø � ÷!æXâ � ÷ � ø � � ø � ÷!æ ³ f��� ê���± ø â(¯ ø ç / æ LPYVC �¤�|ç / ê ø LPYZC ø � ç g �u¯*±\�u± ø çvêý±2â g ç O!MDL ��æàâp±Z� g æXâj¯v� m æ è

ç / ê ø LRYZC ø � ç ± ø ê ø â g ç O�M�L ��æ ø â(¯v� m æ è ³ f��� ê ø ± ø â(¯ ø ç / æ LPYVC ø �|ç / ç g �u¯�± �u± ø çvêý±�â g ç O�M�L ��æXâp±Z� g æXâj¯v� m æ è
ç / ç ± ø ê ø â g ç O!M�L ��æ ø â(¯u� m æ è ³ f��� ê ø ± ø â(¯u� m æ ç â(¯ ç m æ LRYZC ø ��ç / â g ç O�M�L ��æ ø è � / ±xê�â(¯C� m æàâ g ç O�M�L ��æXâ g �C±�æ
ç / ç g ��¯�± �¦± ø è ³ f ö

t"WvE!NRE ¯ ên{ ÷ +!{�øx�u{�ø�+�{ ÷ ÿ m?G _ EXÐ�CAE�QRWAE�bs>ACAO!QPYVMDC�� â(ê�ö���æ BDL�bwMDTZTVM}t"L�r� âjê ö���æ�ê.ê ø ± ø âj¯v� m æ ç âj¯8ç m æ LRYZC ø ��ç / â g ç O!MDL ��æ ø è �/ ±xê�â(¯v� m æXâ g ç O!M�L ��æXâ g �¦±Hæ;ç / ç g �u¯*±\�u± ø è ë â g�o æ
IJE|a�>ALRQ�Ð�CAy ê ? f�LR>AOXW�QPWAB�Q�� â(ê�ö���æ ³ f&bsM�N ��m �xf ö�¿ �]G

I WvE!C ¯ ê m¡^AQRWABDQ"YZL!^ACAM�YZaq`�E!yABDCAO!E|O!M�C?QRNPB�LPQ!^ t2E�WAB}\DE� âjê ö���æ2êÀç g�hq� ±xê â g ç O�M�L ��æ � ø � gih â g �C±�æ � ±xê�â g ç O!MDL ��æ � ç / â g �u±�æ ø
êÀç /*� ±xê�â g ç O!MDL ��æ�ç m â g �C±�æ � ø ³ f?ë

Ú"WvE6MDCATZU�LRQPB�~AYZTZYZQ]U�NRE!LPQRNRYZO!QPYZM�C�YZC�QRWAYZL"O!BDLRE�YZL â g2 æ ^AQRW?>AL|YVQ�LR>¡ÖqO!E!L�QRM�LRB}UCVêqê g�B�L"YZC
QPWAE�LRQPB�QRE�aqE!C?Q"M}b�QRWAE&QRWAE!MDNRE!a5Gt|E!CAO!EXbsM�NRQPW ^ B�LPLR>Aa(E ¯ ? m?G

ÕvM�N�B�C?Uq×DYZ\�E!C ê ^���WAB�L"EàÞ¡QPNRE!a(B�B�Q � LRMDTV\?YZCA×� �� � ê m ±xê�â(¯u� m æ LRYZC � � m â g �u±�æ��C±xê�âPâ(¯�� m æ O!MDL ��ç / æ � ê f¡ë
Ú"W?>AL�^At"WAE!C ��ê f ö�¿ M�N"t"WvE!C

O!M�L  ��ê / ±xê�ç m ±�ç m
âj¯v� m æ
±�ê ö â g�j æ

�5B�QPQRBDYVCvL)YZQRL"TZM?O!B�T;EXÞAQRNPE!aqBvG)Ú"WAE�NPYV×DW?Q"WAB�CAy5LRYZyAE�McbHQPWAE�EXÞA`ANRE!LPLRYZM�C¨B�~�M}\�E�YZL)BDTZt2B}U?L
TZE!LPL�QRWABDC�M�N�E!á?>ABDT§QPM:gc^ÓLPM  � EXÞAYZLRQPL6t"WvE!C:O�M�L â  ��æ"ê ����� � ø � � ø¸! ´ ø º ��� ÿ ç g}ë Ú"WABDQ)YZL!^ t"WAE!Cê ÿ ê ü ^?bwMDN ê ü ê m â g �u±Hæ±�â(¯u� h æ ë â m�f æ

Ü|CAE"a(B}U�OXWAE!OXK�QRWvB�Q#" �%$" ¼ � âjê ö f æ ? f?^?LRM�QPWAE!NRE�YZL�B�TZM?O!BDTAaqYZCAYZa�>Aa4BDQ ��ê f ù QPW?>AL�t"WAE!Cê ÿ ê ü ^  � YZL"QRWvE6TZM?O!BDT B�CAy�B�~vLRM�TZ>AQPE�aqB}ÞAYZa�>Aa M�CC�xf ö�¿ �]G
ÕvNRMDa â gio æ ^&� â(ê�ö f æ�êÀç / â g ��¯�±	�u± ø æ B�CAy� âjê ö�¿�æ�ê � âjê ö f æ@� o ±xê�â g �u±�ç m ±xê�æ�ö

LPM'� âjê ö�¿�æ ÿ � âjê ö f æ YÒÑ ê ³ ÷ ´ �ø � G2=?YZCAO!E ê�ü 7 ÷ ´ �ø � ^At2E�aqB}U�O!MDCAO!TZ>AyAE�QPWAB�Q

g�f



( bwM�N ê ³ ê ü ^�QPWAE�aqBcÞ¡YZa�>Aa%\}BDTZ>AE)Mcb)�5YVL�� â(ê�ö�¿�æXù( bwM�N ê ? ê ü ^�QPWAE�aqBcÞ¡YZa�>Aa%\}BDTZ>AE)Mcb)�5YVL�� â(ê�ö  ��æ r
â(¯ ç m æ � â(±xê�æ ø âj¯8ç m æ�� / âp±\� g æ�â�±�ê�æ;ç / ±^��ö â mAg æ

>ALRYZCA× â g�j æ BDCAy â g�o æ G
IJE"a�>vLRQ�OXWAE!OXK�bwMDN�t"WABDQ ê QRWvE!LRE�aqBcÞAYVa�>Aa�\}B�TZ>AE!L�B�NPE)CAMDC?k]`�MDLRYZQRYZ\�E�bsM�N�BDTVT ��m �xf ö�¿ �]G

Õ;YZNRLPQ!^*� â(ê�ö�¿�æ ³ f,bwMDNê ³ ê û ê g �¦±/ ± ç 5Òg çC± 5/ ± ÿ ¯8ç m¯v� m ö ê ÿ g �C±/ ± � 5Òg çC± 5/ ± ÿ ¯ ç m¯u� m ë

I WAE!C ¯ ? m?^ â g ��±HæQ+ / ± ? ê ü ^}LRM|t2EHbwM?O!>AL�M�C�QRWvE�Ð�NPLRQ;YVCvE!á?>AB�TZYZQ]U)BD~�M}\DE§BDCAy�O!MDCAO!TZ>AyAE
QPWAB�Q�YÒb ê û 7 ê ü ^§YZQ�YZL�×�>ABDNRB�C?QPE!E!y¨QRWABDQ+� âjê ö���æ YZL�CAM�C¡kõ`�M�LPYVQPYZ\�E&bwM�N�f\7 ê ³ ê û ^§~A>vQ
t"YZTZT�~�E�`�MDLRYZQRYZ\�E,bwM�N ê û 7 ê 7 ê ü G�Ü|C�QRWvE�MDQRWAE!N�WABDCAy ^�YÒb ê û�ÿ ê ü ^ YVQ|YZL)×�>vB�NRBDC?QRE!E!y
QPWAB�Q�� â(ê�ö���æ YZL2CvM�C?k]`�MDLRYZQRYZ\DE)bsM�N"f�7 ê ³ êýü ^ABDCAy�`�MDLRLRYZ~ATZU�~�E!U�MDCAy G

{|EXÞAQ!^AbsNRM�a â mAg æ ^&� â(ê�ö  �?æ ³ f�t"WAE�C ê ³ ê;û�û ^?bwM�Nê û�û ê ç m â g �u±�æ�� m â } ± ø �°¯�±	� g±2âj¯8ç m æ ë â m�m æ

Øsb ê û ? ê ü ^�QRWAE�C fÕ?,� âjê ü ö�¿�æ�ê � âjê ü ö  ��æ ë�Ú"W?>AL ê ü 7 ê û�û ^�BDCAyJt2E�a(B}U�QRWAE!C¶LRB}U� â(ê�ö���æ YZL"CAM�C¡kõ`�M�LPYVQPYZ\�E"bsM�N"f�7 ê ³ ê;û�û ë
Ú"W?>AL�^�QRWvE6LPE!O!MDCAy�LRQPB�~AYZTZYZQ]U�NRE!LPQRNPYVO�QRYZM�C(bwMDN"YVL"QPWAB�Qê ³ Vê

t"WvE!NRE Vê�ê�- ê û YÒb ê ü ? ê ûê û�û MDQRWAE�NRt"YZLREDë
Ú"WvYVL�^}QRM�×DE!QRWvE!N�t"YZQRW�QRWAE�yAEXÐ�CAYZQRYZM�C\Vê(ê g�t"WAE�C ¯ ê m|B�CAy â g2 æ `ANRM}\DE!L�QRWAE�QRWAE�M�NRE�aB�E!LRYZyAE�L)QRWvE�B�yAyvYVQPYZM�CqMcb§C?>Aa(E!NRYZO!BDT \�YZLPO!M�LPYVQ]U�QPM�QRWAE&LRU?LRQPE!a M}b�E!á?>AB�QPYVMDCAL!^�M�CAE�O!BDC
O�M�CALPYVyvE!NqBDCAM�QPWAE!N�aqE�O¦WvB�CAYZLRa0B�O!QPYVCv×JQRMJ×�YZ\DEqLRQPB�~AYZTZYZQ]UJM}b�QRWvE�CAE!t�LROXWAE!a(E}G4e|Lqt�E
LPB�YZy8YZC =¡E!O!QRYZMDC4m?^"yAYZLRQP>ANR~vB�CAO!E�L	t"YZQPW t�B}\�E�TVE�CA×�QPWAL�×�NPE!B�QPE!N�QRWABDCÁÃ âp�}æ t"YZTZT"NRE�aqB�YZC
LPQRBD~ATZE}^�t"WAYZTZE�LPWAM�NPQRE!N&t2B}\DE�yAYZLPQR>ANP~AB�CAO�E!L�aqB}U(~�E�O!M�a(E�>ACvLRQRBD~ATZE}Gq=?YZCAO!E�QPWAE�LPWAM�NPQRE!LPQ
t�B}\�E�TVE�CA×�QPW	QPWAB�Q"O�B�C�~�E�NRE�LRM�TZ\DE!y�M�C�QPWAE�×�NPYZy	YZL)m ��ô ^�~�U(OXWAM?M�LRYZCA× ��ô TVBDNR×DE6E�CAM�>A×DW
QPMqMD~�E!U5QRWAE�Ô"Õ�FJNRE�LRQRNPYZO!QRYZM�CJYZC â g0 æ ^ t2E�B�NPE�~�M�>vCAyAYZCA×�bwNPM�a ~�E!TZM}t QRWAE�NPB�QRYZM�Mcb2QRWAE
O�M�aq`v>AQRBDQRYZM�CABDTZTVU�NRE�B�TZYZ@!B�~ATZE�t�B}\�E�TVE�CA×�QPWAL)QPMqQRWvE�TZB�a(YZCAB�QPE"bwNPE!á?>AE!CAO!U � ^ÓQPW?>AL�`A>ALRWvYVCv×
>vL�bw>ANRQPWAE!N|YVC?QPM�QPWAE�LRQRBD~ATZE�@!M�CAEcG

Õ;YZ×�>ANPE!L)m&B�CAy��&~�E!TZM}t yvYVLP`ATZB}U�QRWAE�LP`�E!O�QRNR>va M}b§QPWAE�C?>AaqE!NPYZO!B�T�B�a(`ATZY�Ð�O!B�QPYVMDC�a(B}k
QPNRYÒÞ ��B�L"B�bw>vCAO!QRYZMDC	Mcb§QPWAE�NRBDQRYZM�M}bx¬ ^AQPWAE�t2B}\DE!TZE!CA×DQRW�M}b�QRWvE6yvYVLPQR>ANP~AB�CvO!E}^ QRM �Dù BDCAy
BDL"B�bw>vCAO!QRYZMDC	Mcb � G)Ú"WAE&Q]t2M(B�NR×D>AaqE�C�QPL"B�NPE�NRE!TZBDQRE!y�BDO!O!MDNRyAYZCA×(QRM ª « ê m ¿ 8 ÷ þ ÷ +�ê ÷ � ë
ÕvM�N"QPWAYZL"TZB�aqYZCABDQRE}^?QRWvE�`ABDNRBDaqE!QPE!NRL"BDNRE â]è ÷ öXã ÷ æ�ê�â g ö g æXöiâõè?ø�ö¦ã?ø!æ2ê�â g�f ö j æXö þ ÷ ê f?ë¥0¡^
WvE!CAO!E ±Jê g}ë�f�0!/�fDj�� ö�¯$ê j?ë¥0Dj�m�m!/�m¡G�Õ;YZ×�>vNRE�m�LPWAM}t"L"QRWvB�Q�>ACAyAE!N"QPWAE�QRNPB�yAYZQRYZMDCAB�T Ô"Õ�F
O�M�CAyAYZQPYVMDCAL�t"WAE�NRE�t2E|QRBDK�E)a(B}Þ âjê ÷iö�ê ø æ�ê g}^ALPWAM�NPQRE!N"t�B}\�E!TZE!Cv×�QRWvL2BDNRE)BDaq`ATZYÒÐ�E!y�G§Õ;YV×ck
>vNRE���LRWvM}t"L6QPWAB�Q�>ACvyAE!N�QRWAE�CAE!t�Ô"Õ�FJO�M�CALPQRNRBDYZC�QPL�YVC â g�0 æ ^Ót"WvE!NRE Vê�ê f¡ë �Dh�fD��0�m,bwMDN
QPWAYZL"EXÞAB�a(`ATZE}^�QPWAE�LROXWAE!a(E�NRE!a(B�YZCAL�LRQRBD~ATZE|bwM�N"BDTVT�t�B}\�E!TZE!CA×DQRWAL�G

g�g



0 5 10 15 20 25 30 35
0

2

4

6

8

10

k
1
=1 ρ

1
=1   k

2
=10 ρ

2
=9  m

1
=0.5  α=1.0541   R=9.5922    λ

1
=0.94868  λ

2
=1

ν/ε

Analytic     
Computational

0 1 2 3 4 5 6 7
0

2

4

6

8

10

θ

Analytic     
Computational

ØqÙ�ÚZÛ/. =¡`�E!O�QRNR>va M}b�QPWAE4×DNRM}t"QPW a(B�QPNRYÒÞ bwM�NJ>vCAyAE!N8QRWvE QRNPB�yAYZQRYZMDCAB�T(O!M�CALPQRNPB�YZC?Q
a(B}Þ â(ê ÷ öEê�ø!æ�ê g}G/vG {)[6d p Û"ØRÔ�e�FJÛ p =?[�F?Ú)=(e){ _%_ ØR=AÔ�[6=v=?ØRÜ|{

IJE�O!MDCAO!TZ>AyAE�QPWAYZL�BDNRQRYZO!TZE(~�UJ`vNRE!LPE!C?QRYZCA×JQRWvE	NPE!LR>vTVQPL�M}b�LRM�a(E�C?>AaqE!NPYZO!B�T�O�M�aq`v>?k
QPB�QPYVMDCAL)t"WvYVOXW�YZTZTZ>ALRQPNRBDQRE�QPWAE�LPQRBD~AYZTVYZQ]U�0}YZCALPQRBD~AYZTVYZQ]U�EXÑ E!O!QRL&M}b2O!MDaq`A>vQRYZCA×�QRWAE�QRE!a(`�MDNRBDT
TZBDaqYZCAB�QPE2`vNRM�~vTVE�a�G

Ô�MDCALRYZyAE!N"QPWAE�QPE!aq`�M�NPB�T�TVBDaqYZCABDQRE"`ANPM�~ATZE!a âsã�ä å æ å çJè?ä éié ^�t"YZQRWq`vB�NRBDaqE!QPE!NRL
â]è ÷ öXã ÷ æ�ê â g ö g æXö âõè?øiöXã�øiæ�ê â g�f ö j æXö þ ÷ ê f?ë¥0 ö â m�� æ

BDCAyqYZCAYZQPYVBDT�yvB�QRB
äAâ]ô ö f æ�ê � � é � ö+äiåXâõô�ö f æ�ê f¡ë â m�/ æ

Ú"WvE"`�E!NPYZM�y(M}b QRWAE|TZB�aqYZCABDQRE�YZL2f¡ë�fAg}G;Ú"WAYZL�LRa(M�MDQRW�YZCAYZQRYZB�TAyvB�QRB�WABDL2B&LR>A`A`�M�NPQ2McbÓt"YZyAQPW
×DNRE!BDQRE!N(QRWABDC�/AG%Õ;YV×D>ANRE�L	/JB�CvyÁ0¨~�E!TZM}t�LRWAM}t QPWAE�C?>AaqE�NRYZO!B�TZTZU¨B}\�E!NPB�×�E�y LRMDTV>vQRYZM�CR ä UàGýÚ"WvYVL"O�M�aq`v>AQRBDQRYZM�C(YVL"`�E!NnbwM�NPaqE!y�t"YZQRW�QRWvE�LROXWAE!a(E�×�YZ\DE!CqYZC�QRWAE&`ANRE!\?YZM�>vL)LRE�O!QRYZM�C
>vLRYZCA×�QPWAE�>A`A`�E!N�TZYVa(YZQ6Mcb)QRWAE�LPQRB�~vYVTZYZQ]U¨O!M�CALPQRNPB�YZC?Q�YZC â g0 æ G$Ø]C¶QRWAYZL�O!B�LPE V1�8�þ2��)W8 ê
f¡ë���h�fD��0Dm?^}yAE!QPE!NRa(YVCvYVCv×�QRWAE|×�NPYVy(LRYZ@!E|bwMDN�QRWAE�O!MDaq`A>vQRB�QPYZM�C G�IJE">vLRE�B�QPNRBD`�E!@�M�YZyAB�T NP>ATZE
QPM�B�`A`ANPMiÞAYVa(B�QPEqR ä U Ö ^?t"WAYZOXW�YVL ävâõô Ö ö��æ B}\�E�NRB�×DE!y�M}\�E�N§B&`�E!NPYZM�y�Mcb�QRWAE"TZBDaqYZCAB�QPE}G Ú"W?>AL!^
bsM�N�QRWAE#3}QPW�`�E!NPYZM�y�t"WAYZOXW�×�M?E!L�bwNPM�a ì2ê¶ì ø54 QRM ì ø54 ´ ø ^R ä U Ö ê g

m e þ ÷Xä ø54Ö �Jä ø54 ´ ÷Ö � þ ø ä ø54 ´ øÖ g ë
Û·E!O!BDTVT�QPWAB�Q ì¦ø54 ´ ÷ çJì¦ø54�ê þ ÷ � B�CAy ì¦ø54 ´ ø·çJì¦ø54 ´ ÷ ê þ ø�� t"YZQRW5þ ÷ � þ ø�ê gcG�Ú"WAE
B}\DE!NRBD×�E!y(LRMDTV>vQRYZM�C�YZL�LRWAM}t"C(B}bwQPE!N"QRNPB}\�E!TZTZYZCA×�QRWvNRM�>v×�W 0Df�f�TZBDaqYZCAB�QPE2TZB}UDE!NRL�G�Ú"WAE|0Df�f}QPW
TZBDaqYZCAB�QPE�LP`AB�CvL�QRWAE�QPYZaqE�YZC?QRE!NP\}B�T9� /Aë�j�j ö 0��]^�LRMJQPWAE�LRM�TZ>AQPYZM�C$YZL�NPE!`ANRE�LRE!C?QRE�y4BDL�QRYZaqE

g�m



0 5 10 15 20 25 30 35
0

0.2

0.4

0.6

0.8

1

k
1
=1 ρ

1
=1     k

2
=10 ρ

2
=9    m

1
=0.5       α=1.0541   R=9.5922    CFL=0.36035

ν/ε

0 1 2 3 4 5 6 7
0

0.2

0.4

0.6

0.8

1

θØqÙ�ÚZÛ&6 =¡`�E!O�QRNR>va Mcb�QRWvE2×DNRM}t"QRW�aqBDQRNPY�Þ)>vCAyAE!N�QPWAE�CAE!t"TZU�yAE!NRYZ\DE!y�LRQPB�~AYZTZYZQ]U)NRE�LRQRNPYZO!QRYZM�C
YZC â g0 æ G/vë�j�j�0¡G IJE5LRE!EJ\DE!NRU LPQRBD~ATZEJ~�E!WvB}\�YZMD>AN!G�Ø]C�QRWAE¨TZM}t2E�N	`vTVMDQqMcb�Õ;YV×D>ANREÕ/A^�t�E:WAB}\DE
@�M�MDaqE!y�YZC¨M�C�QPWAE�TZEXbwQ)×DM�YZCA× _ ûxe|TVE�a�~�E!NPQ"t2B}\DE}G�ÕvM�N�QRWAE�yABDQRBq>vLRE!y ^�QRWvE�QPWAE!M�NPE!QRYZO!BDT
WvM�aqMD×�E!CvYV@�B�QRYZMDCJLR`�E!E!y â m æ YZL:gcë¥2�/�oDfAg�0�LPM$B�Q(QRYZaqE~/Aë�j�j;0¨QRWAE¨B}\�E�NRB�×DE�yAYZLRQP>ANR~vB�CAO!E
LPWAM�>vTVy¶QRNPB}\�E!T|BJyAYZLRQRBDCAO!E�o?G¥2D�Ag��ðbwNPM�a QPWAE�M�NRYZ×DYVC�G Ú"WAE�C�>vaqE!NPYVO�B�T�NRE!LP>ATZQRL�B�CAy¶QRWAE
QPWAE!MDNRUqBD×�NPE!E�á�>vYVQPE�t2E!TZTsG

Õ;YZ×�>ANPEýh·LRWAM}t"L�QPWAE2LPB�a(E�`ANRMD~ATZE!a O!MDaq`A>AQPE!y�>A`�QRM�QPYVa(E�f?G�f�2;0�t"YVQPW�QRWvE"O!M�CALPQRNPB�YZC?Q
a(B}Þ â(ê ÷ öEê�ø!æ)ê gcëÓÚ"WvE�YVCvLRQRBD~AYZTZYVQ]U(yA>AE�QRM�QRWvE�×�NRM}t"QPW�M}b"QRWvE�LPaqB�TZTZE!N"t�B}\�E�aqM?yAE!L|YZL
BD`A`ABDNRE!C?Q"E!\DE!C:QPWANRMD>A×�W�íX>vLRQ)LPE!\�E�C�TZB�aqYZCABDQRE|TVB}UDE!NRL�GýÔ�MDaq`A>AQPYZCA×�~�E!UDM�CAy�QRWvYVL|QRYZaqE|YZL
`�M�YZC?QRTZE!LPL!^ABDL"QRWAE�>vCALRQPB�~ATZE�aqM?yAE!L�yAE!LPQRNPM}U	QPWAE�LRMDTV>vQRYZM�C G

{|M�QRE"QPWAB�Q�YZC�QRWAE"EXÞABDaq`ATZE�>ALRE!y�^�QPWAE"EXÑ E!O!QRYZ\DE)t�B}\�E�LR`�E!E!y:gcë¥2�/�oDfAg�0�YVL�×DNRE!BDQRE!N�QRWABDC
QPWAE"LR`�E!E!yvL"YVC�QPWAE"YZCAyAYZ\?YZyA>AB�TvaqB�QPE!NRYZBDTVL;t"WAYZOXW�B�NRE�g·B�CAy�gcë f;0�/�g}G�Ú"WAE"WvM�aqMD×�E!CvYV@�B�QRYZMDC
LP`�E�E!y `ANPE!yAYZO!QRE�y ~?U¶QRWAE�QRWvE!M�NPU$YZL < RXg +}ã U&R è UXG8Ú"W�>vL!^2YZQ�YZL�E!B�LPU$QRM¨LRWvM}t QPWAB�Q�QRWAE
EàÑÓE!O�QRYZ\�E�LP`�E�E!y�YZL"×�NPE!B�QPE!N)QPWAB�C�QRWvE6YZCAyvYV\?YZyA>ABDT�`vWAB�LPE�LR`�E!E!yAL|YÒb§B�Cvy	MDCATZU�YÒb

ç m ��ãG��è 7 ã ÷ ��è,ç è?ø���ã 7 f ö â m�0 æ
t"WvE!NRE ��ã�ê ã ø ç	ãv÷ B�CAy ��è�ê4è ø ç�èv÷ ë�Ú"W?>AL�^AYZC�B�C�E!TZE!O!QPNRMDaqB�×DCAE!QPYVO"BD`A`ATZYZO!B�QPYZM�C ^�~?U
\}BDNRU?YZCA×"QRWvE"`�E!NPaqE!BD~AYZTZYVQ]U|B�CAy&`�E!NPaqYZQRQPYZ\�YZQ]U|QRE!a(`�MDNRB�TZTZUD^�t�E2O!BDC�a(B�KDE§E�TVE�O!QRNPM�aqBD×�CAE�QRYZO
LPYZ×�CABDTVL�QRNPB}\�E!T�bwB�LPQRE!N|QRWABDC�QRWAE!U�t�M�>ATZy(YVC�E!YZQPWAE!N)`v>ANRE�a(E!yAYZ>Aa5G§Ú"WAE&`AB�NPB�aqE�QRE!NPL"QRWABDQ
t�E)>vLRE!y(YVC(QRWAE|O!M�a(`A>AQPB�QRYZMDCAB�TAEàÞ¡BDaq`ATZE!L�YZC	Õ;YZ×�>vNRE!L`/�BDCAy	0&LRB�QPYZL]bwU�QRWAE�O!MDCAyAYZQRYZMDCAL�YZC
â m�0 æ LPYVCvO!E ��ã�ê o öE��è�ê j�BDCAy ã ÷ ê g ö!è�ø�ê g�f?ë

Ú"WAE�C?>AaqE�NRYZO!B�T�BD`A`ANRMDB�OXW¨yAE!\�E�TVMD`�E�y:WAE�NRE�YZL�>ALREXbs>AT�bwMDN6`vNRM�~vTVE�aqL)t"WvE!NRE�WAMDaqMD×�EXk
CvYV@�B�QRYZMDCqQRE�O¦WvCAYZá�>vE!L)BDNRE�yAYÒÖqO!>vTVQ�QRM�BD`A`ATZUD^AE}Gx×AGZ^�bsM�N"`ANPM�~ATZE!a(L2MDCqÐ�CAYZQRE�yAM�a(B�YZCAL�^�BDCAy
bsM�N�QRWAE�OXWAE�O¦KDE!NR~�M�BDNRy¶LR`ABDQRYZM}k]QRE!a(`�MDNRBDT�O!MDC?Ð�×�>vNRB�QPYZM�C¨YVC¨QRWvE âõô�öRì¦æ `ATZB�CvE}G	d�MDNRE!M}\DE!N!^
~?UJQPWAE�O¦WvB�CA×DEqM}b�\}B�NPYVBD~ATZE!L87 ê ì"ç ô&+�, B�Cvy:9 êÙô ^2QPWAE(bwB�LPQ]k]NRBDCA×�E â LR>v`�E!NPLRMDCAYZO æ

g��



−15 −10 −5 0 5 10 15
0

0.2

0.4

0.6

0.8

1
Averaged Solution    Time = 4.995

ε =0.01      λ
1
 = 0.36035     ∆ x=0.013875

−11 −10.5 −10 −9.5 −9 −8.5 −8 −7.5 −7 −6.5 −6
0

0.1

0.2

0.3

0.4

0.5

k
1
=1 ρ

1
=1       k

2
=10 ρ

2
=9        m

1
=0.5ØqÙ�ÚZÛ&; e)\�E�NRB�×DE!y�LRMDTZ>AQRYZM�C�QRM&QRWAE|QRE!a(`�MDNRB�T?TZB�a(YZCAB�QPE�`ANRMD~ATZE!aït"YZQRW�YVCvYVQPYZB�T?yAB�QPB â m!/ æ ^

`vB�NRBDaqE!QPE!NRL â m�� æ ^AB�CvyqLRQPB�~AYZTZYZQ]U�O!M�CvLRQRNPB�YZC?Q â g�0 æ

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

−10 −5 0 5 10

0.5

1

1.5

2

2.5

3

3.5

4

4.5

k
1
=1 ρ

1
=1   k

2
=10 ρ

2
=9  m

1
=0.5     ε =0.01  λ

1
 = 0.36035

T
im

e

Contour plot of averaged solution

ØqÙ�ÚZÛ
< Ô�MDC�QPM�>AN�`ATZM�Q�>A`�QRM�QPYZaqEq/AG�jDj�0�Mcb§QRWvE6E�\�M�TZ>AQPYZM�CqMcb§QPWAE�B}\�E�NRB�×DE!yqLPM�TZ>AQPYVMDCqQPM
QPWAE�QRE!a(`�MDNRB�TDTZB�aqYZCABDQRE;`ANRMD~ATZE!a t"YZQRW�YZCAYZQRYZBDT�yABDQRB â m�/ æ ^}`AB�NPB�a(E!QRE!NPL â m�� æ ^�B�Cvy�LRQPB�~AYZTZYZQ]U
O�M�CALPQRNRBDYZC�Q â g0 æ G

g�/



−2 −1.5 −1 −0.5 0 0.5 1 1.5 2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Detailed Solution    Time = 0.075

k
1
=1 ρ

1
=1   k

2
=10 ρ

2
=9  m

1
=0.5

ε 
=0

.0
1 

   
  λ

1 =
 0

.9
48

68
   

  ∆
 x

=0
.0

05
27

05

ØqÙ�ÚZÛ
= Ø]CALPQRBD~AYZTVYZQ]U�B�Q"QPYVa(E)f?G�f�2;0�YZC�QRWAE�LRMDTZ>AQRYZM�C(M}b�QRWAE�QRE�aq`�M�NRBDT TZB�aqYZCABDQRE�`ANRMD~ATZE!a
t"YZQPWqYZCAYZQRYZB�T�yABDQRB â m!/ æ ^A`AB�NPB�aqE�QRE!NPL â m�� æ BDCAy ��ô LR>AOXW�QPWAB�Q"a(YVC â(ê ÷ ö�ê�ø�æ�ê gcG

TZBDaqYZCAB�QPE�`ANPM�~ATZE!aït"YZQRW�5 , 5;?�8;:§~�E!O!MDaqE!L�B&QRE!a(`�MDNRB�TvTVBDaqYZCABDQRE�`ANPM�~ATZE!aïYZC�QRWvE â 9 ö 7 æ
`vTVBDCAE}^

ã�ä?>�� g, l >�ê lA@ ö
g
è l >|� g, äB>�ê ä @Dë

Ú"WvE�aqE!QPWAM?yAL�>ALPE!y8QRM�LPQR>AyAUJQPWAEqQPE!aq`�M�NPB�T�TZBDaqYZCAB�QPE�`vNRM�~vTVE�a O�B�CJQRWvE!C$~�E�B�`A`ATZYZE!y
QPM�QRWvEqYZC?\�E!LPQRYZ×�BDQRYZM�C¨M}b)QPWAE�YVCvLRQRBD~AYZTZYVQ]U�`ANPM�`�E!NRQPYZE!LqMcbýQPWAE�LR>A`�E!NRLPM�CAYZO�`ANPM�~ATZE!a5G	Ú"WAE
yvE!\�E!TZMD`AaqE!C?Q�Mcb)B�C¶B�`A`ANPM�`ANPYZB�QRE(C?>AaqE!NPYZO!B�T�aqE!QPWAM?yJt"YZTVT�~�E	QPWAEqLP>A~�íXE!O�QqM}b)BDCAM�QPWAE!N
BDNRQPYVO�TVEcG

Ø]C�QRWAYZL(t2MDNRK�^6YZQ(WAB�L�~�E!E!C aqBDyAE�O!TZE!B�N�QPWAB�Q�E!CAE�NR×�U�`ATZB}U?LqBDCAy YZaq`�M�NPQRB�C?Q�BDCAy
YZC?QRE�NRE!LPQRYZCA×�NPM�TZE�YZC:t�B}\�E�`ANPM�`ABD×�BDQRYZM�C¨QRWANPM�>A×DWJQRE!a(`�MDNRBDT§BDCAyJLR>v`�E!NPLRMDCAYZOqTZB�a(YVCvB�QRE�L!G
SHNRM�a(`AQRE�yq~?UqQPWAYZL�Ð�CAyAYZCA×v^�t�E�O!MDCALRYZyAE!N�bs>ANRQPWAE!N)CvM}\�E!T E!CvE!NR×DU	YZLPLR>AE!L|YZC6�ZgDgQ�õG

e�S�S p { _ Ø	C�e�r�Û p Õ�F p Ô�Ú"ØRÜ|{ e){ _ Ú)Û·e){6=vd�ØR=A=?ØRÜ|{ Ô"Ü p Õ�Õ;ØRÔ�Ø p {|Ú)=

Ô�MDCALRYZyAE!N�t�B}\�E�a(M�QPYVMDC ^2×DM}\�E!NPCAE!y�~?U âsã�ä å æ å ç4è?ä é�é ê f ö QRWANPM�>A×DW B$a(B�QRE�NRYZB�Ts^
WvM�aqMD×�E!CvE!M�>AL�YVC�LP`AB�O!Ec^�t"YZQRW�aqBDQRE!NPYZB�T�\}B�TZ>AE!L�×�YZ\�E�C	~?U

âõèÓö¦ã?æ�ê - âõè ÷ öXã ÷ æ bwM�N ì 7 f ö
âõè?øiöXã�øiæ bwM�N ì ? f¡ë

IJE�YZC?\�E!LPQRYZ×�BDQRE�QPWAE¨t2B}\DE!LqQPWAB�Q(NRE!LP>ATZQ	t"WvE!C4BDC YZCAO!YZyAE!C?Q(t2B}\DE�QRNPB}\�E!TZTZYZCA×JQRWANPM�>A×DW
a(B�QPE!NRYZB�T|g}^�EXÞA`�E!NRYZE!CAO�E!L�QRWAE�LRt"YZQPO¦W¶YZC$aqBDQRE!NPYZB�T�\}BDTV>vE!L�BDQ�QPYZaqE ìqê f?^�BDCAy$CvM}t�YZL

g0



a(M}\?YVCv×)YZCqa(B�QRE�NRYZB�T�m¡G§I YVQPWAM�>vQ2TZM�LPL2Mcb�×�E!CvE!NRBDTVYZQ]UD^�QPWAE�B�CABDTZU�LPYZL2YZL�O!B�NPNRYZE!yqMD>AQ�bwMDN�QRWAE
O�B�LRE�McbHB�yAYZLRQP>ANR~vB�CAO!E8D â]ô#� 8 ÷ ì¦æ aqM}\?YZCA×�B�Q"\DE!TZM?O!YZQ]U ç 8 ÷ G

e"Q�QRWAE�YZC?QRE!NnbwB�O�E ì�ê f¡^At2E|NRE!á?>AYZNPE6O�M�C?QRYZC?>AYZQ]U�M}b�QPWAE�yAYZLRQR>vNR~ABDCAO!E�B�CAy(YZQRL"aqMDaqE!C¡k
QP>Aa�r

TZYZaå�E üGF äAâõô�öPì¦æ§ê TVYZaå�E ü á ävâõô�öRì¦æàö â m�h æ

TZYZaå�E ü F ã ÷ � ä� ì âõô�öPì¦æ§ê TVYZaå�E ü á ã?ø � ä� ì â]ô öPì¦æ ë â m�2 æ
Ø]C(×�E!CvE!NRBDTw^�B�yAYZLRQP>ANR~ABDCAO!E�t"YZTZT�QRB�KDE�QRWAE�bsM�NRa

äAâ]ô öPì¦æ�ê � ÷ âõô�ç 8 ÷ ì¦æ@�IH ÷ â]ô#� 8 ÷ ì¦æXö ì 7 f ö â m�o æ
äAâ]ô öPì¦æ�ê � øcâõô�ç 8 øPì¦æ@�IH�øiâ]ô#� 8 øàì¦æXö ì ? f ö â m�j æ

t"WvE!NREX8 : ê < è : +cã : YZL�QRWAE|LR`�E!E!y�Mcb�LRMD>ACAyqQPWANRMD>A×�W(aqBDQRE!NPYVBDT�>PGHÕvNRMDa MD>AN�B�LRLP>Aaq`vQRYZM�C
MDC�QRWAE�CvB�QR>vNRE�McbHQPWAE�yAYZLPQR>ANP~AB�CAO�E�YZC�aqBDQRE!NPYVBDT§gc^�YZQ"YZL"O!TZE!B�N|QRWABDQJ� ÷"ê f�B�CAy HA÷�âõô�æ2êD âõô�æ G�Ú"WvE6YZC?QRE�N]bwBDO!E�O!MDaq`ABDQRYZ~AYZTZYVQ]U�O!MDCAyAYZQRYZMDCAL!^ â m�h æ ^ â m�2 æ ^AB�NPE6QPWAE!CD â]ô�æ�ê � ø âõô�æ��KH ø âõô�æXö â ��f æ

ãA÷ 8 ÷ D?L âõô�æ§ê ã ø 8 ø âMH Lø âõô�æ;ç ��Lø â]ô�æPæ ë
Ø]C?QPE!×�NPB�QRYZCA×�QRWvYVL"TZBDQRQRE�N"E!á?>AB�QPYVMDC�t"YVQPWqNPE!LR`�E!O!Q�QRM ô ×�YZ\�E!L{ ÷ D âõô�æ�ê {�ø�âNH�ølâõô�æ�ç � øcâõô�æRæÓö â �Ag æ
t"WvE!NRE { : ê ã : 8 : YZL�O!BDTVTZE!y�QPWAE2a(B�QPE!NRYZB�T}YZa(`�E!yvB�CAO!EcG¤B2U�LPM�TZ\?YVCv× â ��f æ BDCAy â �vg æ QPM�×�E�QRWAE!N�^
t�E�×�E!Q"QPWAB�Q � øcâõô�æ�ê � ÷�� ø D âõô�æXö H�øiâ]ô�æ�ê  � ÷�� ø D â]ô�æàö
t"WvE!NRE � ÷�� ø ê {�øx�u{ ÷

m {�ø ö  � ÷�� ø ê {�ø�çC{ ÷
m {�ø ë

=?Mv^A~?U â mDo æ BDCAy â m�j æ ^�QPWAE�LRM�TZ>AQPYZM�CqYZL
äAâ]ô öPì¦æ�ê � ÷�� ø D â]ô9� 8 øPì¦æ¤�  � ÷�� ø D âõô�ç 8 øPì¦æ9ì ? f ö

ävâõô�öRì¦æ�ê D â]ô9� 8 ÷nì¦æXö ì 7 f¡ë
Ú"WvB�Q�YZL!^?M�C�EàÞ¡`�E!NPYVE�CAO!YZCA×�QRWvE)aqBDQRE!NPYZB�T?LRt"YZQROXW ^AQPWAE)YZCAO�YVyvE!C?Q�t2B}\DE�D|~ANRE!BDK?L2YZC?QRM�t�B}\�E�L
t"YZQPW�BDaq`ATZYZQR>AyvE!L aqBD×�CAYÒÐ�E!y&~�U&QRWAE"BDaqM�>vC�QPL  � ÷�� ø BDCAy#� ÷�� ø â QPNRB�CvLRaqYZLPLRYZM�C�O�M�EàÖqO!YZE!C?QRL æ G
=¡YVa(YZTVBDNRTÒU�^DbwM�N|B�C¨YZCAYZQRYZB�T yAYZLPQR>ANP~AB�CAO�E'D â]ô�ç 8 ÷Pì¦æ ^ aqM}\?YZCA×�QRWANPM�>A×DW:QPWAE�aqB�QPE!NRYZBDT t"YVQPW
`vB�NRBDaqE!QPE!NRL âwãA÷iö!èA÷Xæ ^?B�CAy�EXÞA`�E!NRYZE!CvO!YZCA×�B&LRt"YZQROXW�QRM&`AB�NPB�aqE�QRE!NPL âwã ø öàè ø æ BDQ�QRYZa(E ì2ê f¡^
QPWAE�LRMDTV>vQRYZM�C(YVL

ävâõô�öRì¦æ�ê � ÷�� ø D â]ô�ç 8 ø ì¦æ��  � ÷
� ø D âõôJ� 8 ø ì¦æàö ì ? f ö â ��m æ
ävâõô�öRì¦æ�ê D â]ô�ç 8 ø¦ì¦æXö ì 7 f¡ë â ��� æ

ÕvM�N�B�yAYZLRQR>vNR~ABDCAO!E�YZCqQRWvE6yv>AB�T \}BDNRYZB�~ATZE�lA^ANRE�`ATZB�O!EX� â  � æX÷�� ø ~?UP� â  � æ ø �Ò÷ G2ÕvM�N�EXÞAB�a(`ATZE}^l âõô�öRì¦æ|ê � ø �Ò÷ D âõô(ç 8 øàì¦æ¤�  � ø �Ò÷ D âõôP� 8 ø¦ì¦æ bsM�N ì ?%fqt"WvE!C�l âõô�öRì¦æ|ê D âõô(ç 8 øPì¦æ bwMDN
ì 7 f¡ë

{|M�QRE�QPWAB�Q�~?U�TZM?M�K?YZCA×qBDQ�QRWAE�O!M?EXÖqO�YVE�C�Q&M}b ô ^�YZQ�YZL�O!TZE!B�N�QRWvB�Q�B�t�B}\�E�M}b2B�×�YZ\DE!C
t�B}\�E"C?>Aa�~�E!N�×DYZ\�E!L�~AYZNRQPW�QRM�CAE!t t�B}\�E!L�M}b�QPWAE�LRBDaqE"t�B}\�E!C?>Aa�~�E!N!G;Ú"WAB�Q�YZL2QPM�LRB}UD^�CvM
CvE!t4t�B}\�E�C�>va�~�E!NPL2LPWAM�>vTVy�~�E�M�~ALPE!NR\DE!y G

g�h



Û p Õ p Û p {�Ô p =�ZgE�PO�G�e&G�F >ANPYVEc^ p Ñ E!O!QRYZ\DE6S�NPM�`�E!NRQPYVE�L�M}bÓ=¡aqB�NPQ p TZBDLRQRYZO"F BDaqYZCAB�QPE!L�BDCAy�QPWAE)=?O!NPE!E!CAYZCA×
SHWAE!CAMDaqE!CAMDC ^RQ $1�sÈ!Ì�$1�����wË�$&�� TS�Ë!Ç?Ì�$1�� "Ë�ÅVU�Ë� O�wÍ}Î	�!$�ÍWU1�´Ì�Ç�D���Ç�ÌXÈ!Î ^ 6�; ^"g�� â g�j�j;2 æ ^
`v` G gih��D�ik!g�h�/?�?G�xm��PO�G�e�G2F�>ANRYZE}^2Ô�MDC�QPNRMDT2YZCJQRWvE	Ô�M?EXÖqO!YZE!C?QRL�Mcb6F YZCAE!BDN9t)U?`�E!NR~�M�TZYZO p á�>vB�QRYZMDCAL�\?YZB
=¡`AB�QPYVMckõÚ�E!a(`�MDNRBDT�Ô�M�aq`�M�LPYZQRE!L�^ÓYZC�X Ë���Ë�FDÈ�$��"N������wË�$ ^ z GéB�E!NPyAYZO¦WvE!\?LRK?U�^ z G�YDYVKDM}\�^Ô�GHS;B�`vB�CAYZO!MDTVBDM�> ^�E�yAL!GZ^ý=¡E!NRYZE!L�MDC$e)yv\}B�CAO!E�LqYZC$d�B�QPWAE!a(B�QRYZO!L&bwMDN�e|`A`ATZYZE!y =?O�Y�k
E�CAO!E!L�^�0Df?^AIJMDNRTZy	=?O�YVE�C�QPYÒÐ�O}^§gij�jDj?G�x���&=ÓGcFHG}IJE!E!K�E�L!^?{)>Aa(E!NRYZO!BDT¡dðM�yvE!TZTVYZCA×"Mcb�IJB}\�E�S�WAE!CAMDaqE!CvB)YZC _ U?CABDaqYZO�d�B�QPE!NRYZB�TZL�^Z ���& ¥�wÈXÍ+[�ÇW��È�Ì��pD��� &\Õ�;�"LvÈ��P�����pD�Î ^ 6^] â m�f�fvg æ ^A`A` G�/�g�2 ' /�/�f¡G� /!�,e&G�B2E!CvLRM�>vLRLRBDC ^�YAG?F�G�F YZM�CvL!^GÔ�G�S;B�`vB�CAYZO!MDTVBDM�> ^AZ ÎXÉ����é�sË����pD Z $1�! �É}Î��´Î�Å!Ë}ÌT�"È�Ì��wËiÍ��pDU&�´Ì�Ç�D��%Ç?ÌXÈ!Î ^A{)MDNRQPW?k(t|M�TZTZB�CAy�^�e|aqLRQPE!NRyvB�a�^ g�j;2�o¡G� 0�� p G�t�G�F E�E}^�IÀG�t�G�z2BDCA×A^�Ü|C�IJB}\�E!L�YZC�Ô�MDaq`�M�LRYZQPE2d�B�QPE!NRYZBDTVL�t"YZQRW�S;E!NRYZM?yAYZO"=?QRNP>AOXk
QP>ANRE�L!^ U Q�Z \_S�Ë!Ç?Ì�$1�� �Ë�$ Z ���& ¥�wÈXÍ+\Õ�;�"LvÈ��P�����pD�Î ^ .`< ^�� â g�j;2�� æ ^A`A` G\/�jDm ' /�j�j¡G�xh�� p G�=¡B�CAOXWAE!@àknS;B�TZE!CvO!YZBA^�{)M�CvWAM�a(M�×�E�CAE!M�>vL6d�E!yvYVB(B�CAy z YZ~ANPB�QPYVMDC�Ú"WAE!MDNRUD^ Í È�D��%Ç?Ì¦È[&Ë��sÈ!ÎX�%$2�xL?É}Î��pD�Î ^ Üa.^] ^�=¡`ANRYZCA×DE!N]k z E!NPTVBD×A^�B�E!NRTZYZC ^�g�j�oDf?G� 2��&Õ�G�=?B�C?QPM�LRBv^§IÀG§I G�=?U?aqE!L�^�e _ YVLP`�E�NRLRYZ\DE p Ñ E!O!QPYV\DE�d�E!yAYZ>Aa bwMDN�IJB}\�E�S�NRMD`AB}k
×DB�QPYVMDC�YZC:S;E!NRYZM?yAYZO�Ô�M�aq`�M�LPYZQRE!L�^ U Q�Z \bS�Ë�Ç?Ì�$1�! �Ë�$ Z ���& ¥�wÈXÍ�\Õ���MLAÈ��¾�;�%�pD�Î ^ <�Ü ^ /
â g�jDjAg æ ^A`A` G�jDo�/ ' g�fDf�0?G�xo��&FHGoB�NRYZTZTZM�>AYZC ^ Ê ��Æ}Èc��ÌXË����F;�����wË�$n��$d�"È�Ì��wËiÍ��pDWU1�«Ì�Ç�D��Ç?Ì¦È�Î ^ _ M}\�E�NqS�>A~ATZYZO!B�QPYZM�CAL�^
{|E!t z2M�NPK�^�gij�0D�?G�xj��PYvG�YAG�=?QPM�K�E�N!^ [�Ë!$� ¥��$�È��}ÌKe¤��s!Ì������wË�$AÎ��%$�\¨È�D�Lý��$���D��! r�!$�Ícf` ZÈ�D��«Ì��pD��� gUAÉ}Î��sÈ���Î ^§Ø]C?k
QPE!NRLPO!YZE!CAO!E�S�>A~vTVYZLPWAE!NRL�^ Ø]CAO}GZ^A{)E!t z2MDNRK�^A{�G z�GZ^�gij�0�f¡G�Zgif��6Ú�G2Û,G2ÕAMD×�BDNRQ]UD^2Û�GTYAG"F E z E!á?>AE}^qt)YZ×�W8Û"E!LPM�TZ>AQPYVMDC Õ;YZCAYZQRE z MDTV>vaqE�d�E!QRWvM�yvL�bwMDN
e|O!M�>vLRQRYZO�IJB}\DE!L�YZC S;E!NPYZM�yvYVO�BDCAyJÛ"B�CvyAM�a�d�E!yAYZBA^ S Ì Z DXË!Ç�Î�� Ì U�Ë�D Ì Z ��È�Ì Ì Ü�h&=
â g�jDj�j æ `A` G�g2lknmDo?G�ZgDg��JO�G e�G�F�>ANRYZE}^�=�G�F�G�IJE!E!KDE!L!^§=¡`AB�QPYVMckõÚ�E!a(`�MDNRBDT _ YZE!TZE!O!QPNRYZO�Ô�MDaq`�M�LPYVQPE!L"t"YZQRW�{|E!×}k
BDQRYZ\�E z BDTZ>AE!LqMcb+i�B�CAy { BDCAy {)E�×�B�QPYZ\�E p CvE!NR×DU _ E!CALRYZQ]UD^"LR>A~Aa(YZQRQRE�y QRMkj Ë}É��! U�ËD��wÈ��´É G

g2


