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ã ST]KZALRJetKä �hU�@�wAJ�@ O QRw�gåLaJMQ\STU`@fi$Q\wAJ�FKYfQRS^P/UAJ�L°HKJ0w`@Vc @�LaJ�@C?AS O g3ST?AJ�UbQRSTæÎ@C� O J%cRSTç�JCi�cRw`@CY�JCi�P�F O FKL�i
@CUA? O FGP�@ÇQ\S^FCU0LRJ O @VQRSTHKJ1QRFÈQ\wAJ�� O F[FG?0HKJMcRcRJ O cMz
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� wAJ�FCYfQ\STP�UAJMLaHKJ3STc�FCUAJ�FC��QRwAJ�B/FKcaQ�S^B/Y¢FCLaQy@VU�Q/FKLa]b@CUAc�S^UÝQRwAJ�w�ZAB�@CUéLaJMQ\STU`@fz � wAJ�P�JMUbQ\L\@ O
LRJ¦Q\STU`@ O @CLaQRJ�L°g�@VUA?�PMJ�UbQ\LR@ O LaJMQRS^U`@ O HCJ�S^U�J�B�@CU`@VQRJ�QRwALRFKZf]Kw�QRwAJ�FKY[Q\S^P�UAJMLaHKJViAcRZfYAY O gGSTUA]�QRwAJ,ZfYAY¢JML
O @�gCJ�LRc�FC��Q\wAJ/LRJ¦Q\S^UA@���S�Q\wå� O FGF[?{z � wfJ�FKYfQRS^PÈUAJMLaHCJ9@ O caF�cRJ�L°HKJMcÈ@Cc�Q\wAJ/P�FCUA?AZAS�Q���FCL�QRwAJ%ê`FI�<FC�
S^U[��FKLRB�@VQ\STFKU ��LRFCBëQ\wAJ�JMgCJ,QRF�Q\wfJ,�ALR@CS^U{z } FKc°QXLaJMQRS^U`@ O YA@VQ\wAF O FK]Cg S^c O FGP�@ O S^U/STQ\c¼J�@VL O g caQy@V]KJ�cMi[UAFVQ
@Vì¢J�P¦Q\S^Uf]�QRwAJ�J�UbQ\STLRJ�LRJ¦Q\S^UA@fibcRF�Q\w`@ÇQ¼HGSTcRS^FCU/STB�YA@CS^LaB�JMU�Q�S^c
B/FKLRJ�]KLR@C?AZ`@ O z��hU�PMFKUbQ\L\@VcaQ�iGY`@VQRwAF O FK]Cg
FKU�FKL2UAJ�@CL2Q\wfJ�UAJMLaHKJ,P�@CU�w`@�HKJ�@�B/FKLRJ�cRJ¦HKJMLRJ1J¦ì{JMPMQ�STU�J�@CL O gÈcaQ\@C]KJMc�if?fZAJ�QRF�QRwAJ,UfJ�P�JMcRcaSTQhg�FC�jQ\wfJ
UAJMLaHKJ���FKL�HGS^caS^FKUîí²tIoÇï�ð�YA]Az¼ñ[t�nbò¦z
� wAJ�FCYfQ\STP�UfJ�LaHCJ�P�@CU���J�J¦óf@CB/S^UAJM?�STU�@ÈHGS^JM��STUA]/FC��QRwAJ�LaJMQRS^U`@ O ��ZfUA?AZAcMz � wAJ�Y¢FKL°Q\STFKU�FV��Q\wfJ

UAJMLaHKJ�Q\w`@ÇQ,STc�H[STcRST� O J�STUecaZAPyw3@ÈHGS^JM�mS^c�P�@ O^O JM?9Q\wAJ�FKYfQRS^P�?ASTcRPCiÎLaJM��J�LaLRSTUA]/QRF/QRwAJ�Qh�XFÇrh?ASTB�JMUAcRSTFKU`@ O
@CYAY�J�@VL\@CUAPMJ0FC��QRwAJ�Y`@VLaQ FV��Q\wAJ0UfJ�LaHCJ�Q\wA@VQ STc�HGS^caS^� O JCz ã ZfUA?AZAc STB�@V]KS^UA]�STc @�PMFKB�B/FKUîP O STUAS^P�@ O
YALaF[PMJ�?AZALaJ9ZAcRJM?ÒQ\F�LaJ�P�FCLR?ô@�HGS^J¦��S^UA]�FV��Q\wAJ0LaJMQRS^U`@fz � wfS^c�STB�@V]KJ�B�@�gõ��J0ZAcaJ�?Ò��FKL�?AS�@C]CUAFKcRSTc�i
Q\LaJ�@VQRB�JMUbQ�J¦HC@ O Z`@VQRS^FKU{i�@CUf?õQ\wAJ��CJMJ�YASTUA]�FC��YA@VQ\STJ�UbQ�wfS^caQRFKLagCz��hUõQ\wASTc���FKLa�å��J�?AJMcRPMLRS^��J0@�YALRFVr
P�JMcRc�Q\F�@CZfQRFKB�@ÇQ\S^P�@ O^O g O FGP�@VQRJ�Q\wfJ/FCYfQ\STPÈUAJ�L°HKJ�STUö@eLaJMQRS^U`@ O S^B�@C]KJCzÈk[ZAPywî@�QRF[F O P�FKZ O ?ö�¢J%ZAcaJ�?
��FKL,@CZfQRFKB�@ÇQ\J�?eY`@VQRS^JMU�Q,cRPMLRJMJ�UASTUA]Ai{J¦gKJ�FKLRSTJ�UbQy@VQRS^FKU�Q\LR@CPy��S^UA]fi�STB�@V]KJ�cRJ�÷�ZAJMUAP�JÈLaJ�]KSTcaQRL\@VQRS^FKUjiÎ@VUA?
@CZfQRFKB�@VQ\JM?eB/J�@VcRZALaJ�B/J�UbQ\c���FKL�QRLRJ�@ÇQ\B/J�UbQ�JMHV@ O ZA@VQ\STFKU9FKL�?AS^@C]KUAFKcaS^cMz
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ã S^]CZALRJ�lGä
>×LaJMQRS^U`@ÈP�FCU�Q\@CS^UfS^UA] O J�cRSTFKUAc�FC��Q\wfJ�cR@CB/J��ALRST]KwbQ\UAJMcRc,@Cc�Q\wAJ�UAJMLaHKJVz

ã S^]CZALRJ�t�cawAFI��c�Q\wfJ�]KLaJ�J�UõY O @CUfJ/FV��@CUõJ¤óf@CB�Y O J/LRJMQRS^U`@ O STB�@V]KJCz � wAJ�FKY[Q\S^P/UAJMLaHKJ0@CYAY�J�@CLac
Q\FI�X@CLR?fc/QRwAJ O J¦�øQ%cRS^?fJeFV�,QRwAS^cÈSTB�@C]CJ0@Cc/@3P�STLRP�Z O @CLÈ@VLRJ�@[i�LaFKZA]Kw O g�FKUfJ¦rhcaS�óGQ\wÒQRwAJ9��S^?fQRwÝFC��Q\wfJ
S^B�@C]KJ�STU�?fS�@CB/JMQRJ�L�i`�fLRS^]Cw�QRJ�L�Q\w`@VU�Q\wfJ�caZALRLaFKZAUA?ASTUA]0@VLRJ�@[i¢@Vc�QRwAJ�PMFKUbHKJMLR]KJMU�Q�@CLRJ�@�FC�=Q\wAJ�� O FGF[?
HKJMcRcaJ O UAJ¦Qh�XFCLR�Îzù�hUú@CUÝS^B�@C]KJ�FC��@åwAJ�@ O Q\wbgûLRJ¦Q\S^UA@fi�@ OTO QRwAJ�caJ�YALaFKY¢JMLaQRS^J�c�ðÊcaw`@CY�JCi�P�F O FKLMi�cRSTç�JCi
P�FCU�HCJ�La]KJ�UAPMJIò�wAJ O Y�PMFKUbQ\LRST�AZfQRJ1Q\F%Q\wAJ�S^?fJ�UbQ\S�æ`P�@VQRS^FKU9FV�=QRwAJ�UAJ�L°HKJCz
D,FI��JMHKJML�i�Q\wAJMcRJå��J�@VQRZALRJMc�cRwfFv�ü@ O @VLR]KJ3HV@CLRS^@CUAPMJöQRw`@VQ�B�@V�CJ�cecRSTB�Y O J3?AJ¦Q\J�P¦Q\STFKUmB/JMQRwAF[?fc

�ALaSTQRQ O JVi{Y`@CL°Q\STP�Z O @CL O g�S^U�QRwAJÈYALRJMcRJMUAP�J%FC�¼LRJ¦Q\STU`@ O ?AS^caJ�@CcaJCz ã S^]KZfLRJÈl�cawAFI��c�@CU3S^B�@C]KJ�FC��@0LRJ¦Q\S^UA@
P�FCU�Q\@CS^UfS^UA]9?ALaZAcRJMUjz � wAJ/�ALRST]KwbQ\UAJMcRc�FC�¼Q\wAJMcRJ O J�caS^FKUfc1FIHKJ�L O @CYfc�QRwAJÈ�ALRST]KwbQ\UAJMcRc�FC�¼Q\wAJÈUAJMLaHCJCi�caF
Q\wA@VQ�ZAcRSTUA]��fLRS^]Cw�QRUAJ�cac1@Cc�@ O FKUfJ���J�@VQ\ZfLRJ���FKL�?AJMQRJ�PMQRS^FKUeS^c�?AS�ý/P�Z O Q�z ã S^]KZALaJ�p/cawAFI��c1@CUeJ¦óf@CB/Y O J
FC�¼@�c°�XF O^O JMU3FKYfQRS^P�UfJ�LaHCJCij��wAJMLRJ QRwAJ P�STLRPMZ O @CL�cRwA@CY¢J @CUA?3cRSTç�JÈ@VLRJ ?ASTcaQRFKLaQRJ�?jz ã S^]KZALaJ�q0cawAFI��c�@
LRJ¦Q\STU`@/J¤ó[wAS^�AS�Q\STUA]�PywfFKLRFKST?`@ O UAJMFIHC@VcRP�Z O @CLaS^ç�@ÇQ\S^FCU�@CUf?�cRZf�ALRJ¦Q\S^UA@ O æ`�ALRFCcRS^cMi`��STQ\w�@��ALaS^]KwbQ�P�STLRPMZ O @CL
O JMcRSTFKUÒQ\w`@VQ�@CYfY¢J�@CLRc%cRSTB�S O @CL�Q\Fî@3UAJ�L°HKJCz ã S^]KZfLRJeu3cRwAFI��c�@åLaJMQ\STU`@3J¦ó[wAST�ASTQRS^UA]öP�JMUbQ\L\@ O @VLaQ\JMLag
@CUA?3HCJ�S^UåFGP�P O ZAcRSTFKUji{��wfJ�LRJ%Q\wfJÈUAJ�L°HKJ/S^c1PMFKB�Y O JMQRJ O g�FK�AcaP�ZALaJ�?å�bg3wAJ�B/FKLaLRw`@C]CS^UA]Az � wAJ�caJ�P�@CcRJMc
?AJMB�FKUfcaQ\LR@VQ\J¼Q\wAJX?ASTý/P�Z O Qhg�S^U�FKYfQ\STP�UfJ�LaHCJ�?AJMQRJ�P¦Q\S^FCUjib@CUA?�cRZAYAY�FKL°Q�Q\wfJ�UAJ�JM? ��FKL=@�LRFK�fZAcaQ
B/JMQRwAFG?
Q\wA@VQ�P�@CU���FKLR�9STU0Q\wAJ�YALaJ�cRJMUAP�J�FC��@%HV@CLaS^JMQhg�FC�=LRJMQRS^U`@ O ?AS^caJ�@CcaJ�cMz
�hU ã S^]KZfLRJ�c�tMr°uGi{Q\wAJ�FKU O g�P�FCUAcRSTcaQ\JMUbQ O g�HGS^cRST� O J�YALRFCY¢JMLaQhg�FV�
Q\wAJÈFKY[Q\S^P�UAJ�L°HKJ%S^c,Q\w`@VQ1STQ1STc�Q\wfJ

P�FCU�HCJ�La]KJ�UbQ�Y�FKS^UbQ�FC�=Q\wAJ�� O F[FG?0HKJMcRcRJ O UAJ¦Qh�XFCLR�Îz � wAJ�LaJM��FKLaJ���J��A@CcRJ�FKZAL�B/JMQ\wfF[?eFC��FCYfQ\STP�UAJ�L°HKJ
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ã S^]CZALRJ�pfä
>�c°�XF OTO JMUeUfJ�LaHCJCiÎcRwfFv��STUA]�@%?fS^caQRFKLaQRJ�?ecRSTç�J�@CUA?ecRwA@CY¢JVz

ã ST]KZALRJ�qAä
>��ALRST]KwbQ�P�S^LaP�Z O @CL O J�cRSTFKU9Q\w`@ÇQ O FGFK��c�cRS^B/S O @CL2Q\F/@CUeFKYfQ\STP�UAJ�L°HKJVz

?AJ¦Q\J�P¦Q\STFKU"ZAY�FKUôæ`UA?ASTUA]öQ\wAJeP�FKUbHCJ�LR]CJ�UAPMJ�FC��QRwAJe� O FGF[?ÒHCJ�cRcaJ O c�zú�hUÝQRwAJ�@C�AcRJMUAP�J�FC��@öZAUAST÷�ZAJ
@CUA?�caQ\LaFKUA] O g%S^?AJMUbQ\STæ`@C� O J�P�FCU�HCJ�La]KJ�UAPMJCi`FKZfLXB/JMQ\wfF[?�ZAcRJMc��ALRST]KwbQ\UAJMcRc�@Vc�@�caJ�PMFKUA?`@CL°g���J�@VQ\ZfLRJ,��FCL
FKYfQRS^P�UAJMLaHCJ�?AJ¦Q\JMPMQ\STFKUjz
þîJ�@ O cRFÈPMFKB/Y`@CLRJ1QRwAJ�cRZAPMP�JMcRc1FC�=J�@VPyw�FC��Q\wfJ�cRJ���J�@ÇQ\ZALaJ�c�ZAcRJM?�@ O FKUAJVz
�hU0YALaJMHGS^FKZfc¼��FKLR�%��J�?AJMcRP�LaS^��J�?9@�B�J¦Q\wAFG?%Q\F�PMFKB/YAZfQ\J,@��fS^U`@CL°g%cRJM]KB�JMUbQy@VQRS^FKU�FC�j� O F[FG?%HKJ�c�r

cRJ O c1í»tIsÇïÿz � wfJ1Y`@CLR@CB�J¦Q\JMLRcXFV�jQ\wASTcXcaJ�]KB/J�UbQ\JMLXP�@CU0��J1@C?��aZfcaQ\JM?0Q\F�YALRFG?AZAPMJ�HKJMcRcRJ O cRJM]KB/J�UbQy@VQRS^FKUfc
@VQ�?AS�ì{JMLRJMU�Q�caP�@ O J�c�z ã ST]KZALRJ%o9cawAFI��c�@CUåJ¦óf@CB/Y O JCiÉ��wAJ�LaJ/QRwAJ%cRJM]KB�JMUbQy@VQRS^FKUöFC�¼Q\wAJÈHCJ�cRcaJ O c��X@Cc
YALaF[?AZfP�J�?�ZAcRSTUA]%Qh�XF�?ASTì¢J�LaJ�UbQ�YA@CL\@CB/JMQRJ�L�cRJ¦Q\cMz��hU�QRwAS^c���FKLR�0��J�ZAcaJ�B�Z O QRS^Y O J�HKJMcRcRJ O caJ�]KB/J�UbQy@vr
Q\STFKUAc�FC�$Q\wAJ�cR@CB�J,S^B�@C]KJ,S^U0FKLa?AJ�L�Q\FÈLRJMS^Uf��FCLRP�J,Q\wAJ1?fJMQ\JMPMQRS^FKU�FC�$PMFKUbHKJ�La]KJ�UbQ�Y�FKS^UbQ\cMz � wAJ�S^?fJ�@�STc
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ã S^]CZALRJ�u[ä
>�UAJMLaHCJ�QRw`@VQ�S^c�PMFKB/Y O J¦Q\J O g0FK�fcRP�ZfLRJ�?��bg9wAJ�B/FKLaLRw`@C]CS^UA]Az

Q\wA@VQ�Q\wAJ�PMFKUbHKJ�La]KJ�UfP�J cawAFKZ O ?e��J�?AJMQRJ�P¦Qy@C� O J�ZAcRSTUA]ÈHKJ�cacRJ O caJ�]KB/J�UbQy@ÇQ\S^FCUAc�@VQ�?ASTì¢J�LaJ�UbQ�cRP�@ O JMc�z
� Fôæ`UA?úQRwAJ3HKJ�cacRJ O UAJ¦Qh�XFCLR�úP�FCU�HCJ�La]KJ�UAPMJCi1��Jî?fJ�cRPMLRST�¢Jö@ÒUAFIHKJ O @ O ]KFCLRSTQRwAB �XJöP�@ O^O ��Zfç�çMg

P�FCU�HCJ�La]KJ�UAPMJCz � wAJ1@ O ]KFKLaSTQRwABëSTc�@�HKFCQRS^UA]�QhgGY¢J,B�J¦Q\wAFG?%Q\w`@VQ¼��FKLR��cXSTU/QRwAJ�caY`@VQRS�@ O ?AFCB�@CSTU%FC�jQ\wfJ
S^B�@C]KJVz � wfJ�STUAYAZfQ
QRF�Q\wAJ�@ O ]KFKLRS�Q\wAB�STc2@��fS^U`@CL°g caJ�]KB/J�UbQy@ÇQ\S^FCUÈFC�¢QRwAJ�� O FGFG? HKJ�cacRJ O c�z N @CPyw%HKJMcRcaJ O
S^c2B/F[?fJ O JM?��bg�@���ZAç�ç¦g�caJ�]KB/J�UbQ�iG��wASTPyw0P�FCU�QRLRST�AZfQ\JMc¼QRF @�P�ZAB�Z O @VQRSTHCJ�HCFCQ\STUA]�STB�@V]KJCz � wAJ�FCZfQ\YAZ[Q
��LRFCB QRwAJ0@ O ]KFKLaSTQRwAB S^c�@�PMFKUbHKJ�La]KJ�UfP�J�S^B�@C]KJVi���wASTPywÒS^c�Q\wALaJ�cawAF O ?fJ�?�Q\F�S^?AJMUbQ\ST�øgöQRwAJ�c°Q\LRFCUA]KJ�c°Q
Y�FKS^UbQvð�cyòXFC�=P�FCU�HCJ�La]KJ�UAPMJCz
þõJ QRJ�c°Q�FKZAL1B/JMQRwAF[?3FCUöpftÈS^B�@C]KJMc�FC�¼wAJ�@ O QRw�g�LRJ¦Q\S^UA@Cc�@CUA?åuVs0S^B�@C]KJ�c,FC�¼?AS^caJ�@CcaJ�?öLRJ¦Q\STU`@Cc�z

þîJ�LRJ�Y�FKL°Q
Q\wAJ�caZAP�PMJ�cRc�FC��FKZAL
B/JMQRwAF[? QRF�?AJMQRJ�PMQ2QRwAJ�FKYfQRS^P�UAJMLaHCJ,ZAcaS^UA]1��Zfç�çMg P�FKUbHKJMLR]KJMUAP�J�@ O FCUAJCi
@CUA?eS^U9PMFKU��aZAUfPMQ\STFKU���STQ\w�ZAcaS^UA]%�ALaS^]KwbQRUAJ�cac�@Cc�@Èc\@ O S^JMUbQ���J�@VQRZALRJVz
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� wAJ3YALaFK� O J�B FC��FKYfQ\STP�UAJMLaHCJå?fJMQ\JMPMQRS^FKUúw`@Vc0L\@CLaJ O g"LaJ�P�JMSTHCJ�? ZAUAST÷GZfJö@VQRQRJ�UbQ\STFKUjz�� Q9w`@Cc��¢JMJ�U
S^UbHCJ�caQRS^]b@ÇQ\J�?î@Cc�@�YALRJMP�ZALacRFKL���FKL�FCQRwAJ�L�S^cacRZAJMc�i$��FKL�J¦óf@CB/Y O J�@Vc�ST?AJ�UbQRST�øgGS^UA]�@�caQ\@CLaQRS^UA]�Y�FKS^UbQ1��FCL
� O F[FG?�HCJ�cRcaJ O cRJM]KB/J�UbQy@VQRS^FKUÒí|lCp[iÉlVqÇïÿz�� Q�w`@Vc�@ O caF0��J�J�UöSTU�HCJ�c°Q\S^]K@VQ\JM?ö@Cc�@0�bgGYALRFG?AZAP¦Q�FC�¼]KJ�UAJML\@ O
LRJ¦Q\STU`@ O STB�@C]CJ�cRJM]KB/J�UbQy@VQRS^FKU{i$��FCL1S^UAc°Qy@CUfP�J%S^UbQ\F�caJ�Y`@CLR@VQ\J%ST?AJ�UbQ\S�æ`P�@ÇQ\S^FCUAc1FC�X@CLaQRJ�LaS^J�cMiÉHKJ�STUAc�i$Q\wfJ
UAJMLaHKJVi`Q\wAJ���FIHKJ�@fi�@CUA? O JMcRS^FCUAc�í»tCi�ñ[ijtIpfi{tvñÇï z2D,J�LaJ���J�LRJ¦H[STJM�ùQRwAJ�caJ�LRJ O @VQ\JM?e��FKLa�GcMz

o



ð @KòXcRY`@CLacRJML,caP�@ O J ðÊ�Îò�?AJMUAcRJML,caP�@ O J

ã ST]KZALaJ�ofä��XS^UA@CLag�cRJ�]CB�JMU�Q\@VQ\STFKU�FC�=� O FGF[?0HCJ�cacRJ O c�i�FC�=S^B�@C]KJ1STU ã S^]KZfLRJÈtKz

�hUúí²tIpÇï¼@�B/JMQ\wfF[?åS^c�YALaJ�caJ�UbQ\JM?õQ\FecRJM]KB�JMUbQ @�LRJ¦Q\S^UA@ O S^B�@C]KJ�S^UbQ\F�@CLaQRJ�LaS^J�cMiÉHKJ�STUAc�i$Q\wfJ�FKY[Q\S^P
?ASTcR�ÎiCQ\wfJ�B�@VP�Z O @fiK@CUf? �`@CPy��]KLaFKZAUA?jz � wfJ�B�J¦Q\wAFG? STc��`@CcaJ�?%ZAY�FKU caY O S�Qar�@VUA?[rhB/J�La]KJ2cRJM]KB�JMUbQy@VQRS^FKUji
��F OTO FI�XJM?ö��gö��J�@VQ\ZALaJ%�`@CcRJM?�P O @CcRcaSTæ`P�@VQ\STFKUjz � wAJ/��J�@VQRZALRJMc�ZAcaJ�?å��FKL�P O @VcRcRS�æ`P�@ÇQ\S^FCUåSTUAP O ZA?AJ%LRJM]KS^FCU
S^UbQRJ�UAcaSTQhgÝ@CUA?écaw`@CY�JCz � wfJ�YALRSTB�@VLagÒ]KFK@ O FV�1Q\wAJ�Y`@CY�J�L��X@Cc�HCJ�cacRJ O B�J�@CcRZALaJ�B/J�UbQ��,Q\wAJ�UAJ�L°HKJ
�X@Cc�S^?AJMU�QRSTæ`JM? FKU O gÝQ\FôYALaJMHKJMUbQ�S�Q\c0STUAP O ZAcRSTFKUúS^UéQRwAJöB�J�@CcRZALaJ�B/J�UbQeFC��HKJMcRcRJ O cMz � J�U wAJ�@ O Q\wbg
LRJ¦Q\STU`@Cc1@VUA?�Q\JMUåLaJMQRS^U`@Cc���STQRw3@CLaQRJ�LaS�@ O wbg[Y�J�L°Q\JMUAcRSTFKU3�XJMLRJÈZAcaJ�?3��FKL�J¤ó[Y¢JMLRS^B/J�UbQRc�z��1Z`@CUbQ\S�Qy@VQRSTHKJ
LRJMcRZ O Q\c���FKLXUAJ�L°HKJ�?AJMQRJ�P¦Q\S^FCU���J�LaJ�UAFCQ�YALaFIH[ST?AJ�?{z
> cRS^B/S O @CL¼@CYAYALaFb@CPyw9�X@Cc�Qy@C�VJ�U�S^Uåí�ñÇï iAS^U���wfS^Pyw
Q\wfJÈcRJ�]CB�JMU�Q\@VQ\STFKU3��@Vc�@VP�P�FCB�Y O S^cawAJ�?3ZAcaS^UA]�B�@VQ\PywfJ�?öcRY`@ÇQ\S�@ O æ O QRJ�Lac�FC�¼�ALRST]KwbQ�@CUA?ö?`@CLa��� O FK�Ac�z
�1Z`@CUbQ\S�Qy@VQRSTHCJ�LRJ�caZ O QRc���FKL�UAJ�L°HKJ�?AJMQRJ�P¦Q\S^FCUe��J�LaJ�UAFVQ�YALRFIHGS^?AJM?jz
�hU�í²tvñÇï,@îB/JMQRwAF[?ÝS^c%YALaJ�cRJMUbQ\J�?úQRFõcRJM]KB/J�UbQ9@åLRJMQRS^U`@ O STB�@V]KJ9S^UbQ\FåHKJMcRcRJ O cMi�QRwAJ�UfJ�LaHCJCi�Q\wfJ

��FIHKJ�@fi�cRPMFCQ\FCB�@CcMi
@CUA?õcRZA�ALaJMQRS^U`@ O¼O J�@C�Ç@C]KJMc�z��,J�L°HKJ0?fJMQ\JMPMQRS^FKU�STc��`@VcRJ�?õZAY¢FCUõQ\wAJ�Q\L\@VUAca��FKLaB FC�
]KLR@C?AS^JMUbQ�J�?A]KJMc�STUbQ\Fe@�D,FKZA]CwîcaY`@CP�J%?AJMcRPMLRS^�fS^UA]eP�STLRP O J�cMz � wAJ%cRJ�@VLRPywõSTc�LRJMcaQ\LaS^P¦Q\J�?åQ\F�FKUAJ¤r QRwAS^La?
FC��QRwAJ0S^B�@C]KJ%�`@VcRJ�?ÒZfY¢FKUô@VYALRSTFKLRS2��UAFI� O JM?A]KJ0FC��QRwAJ0J¤ófY�J�P¦Q\JM?û]CJ�UAJML\@ O�O FGP�@VQRS^FKUåFC��Q\wfJ�UAJMLaHKJVz
N
O J¦HKJ�UåLRJ¦Q\STU`@Cc���S�Q\wå@C]KJ¤rhLRJ O @VQRJ�?�B�@CPMZ O @CL,?AJ�]CJ�UAJML\@VQRS^FKUÝðÊ>! } _�ò��XJMLRJ%ZAcaJ�?ö��FKL1J¦ó[Y�J�LaS^B/J�UbQ\cMz
�hUôtIs0FKZfQ�FV�,tCtÈP�@CcaJ�c�i$Q\wfJÈUAJ�L°HKJÈ��@Vc�caZAP�PMJ�caca��Z OTO g3?AJ¦Q\JMPMQ\JM?jzÈ�hUÝí»tMï
@9B�J¦Q\wAFG?3S^c�YALRJMcRJ�UbQRJ�?îQRF
cRJM]KB/J�UbQ�@0LRJ¦Q\S^UA@ O STB�@V]KJ�STUbQ\F�@CL°Q\J�LaS^JMc�i{HCJ�S^Ufc�ijQ\wfJ FKYfQRS^P ?ASTcR�ÎiÉ@CUf? O J�caS^FKUfc�z��,JMLaHKJÈ?fJMQ\JMPMQRS^FKU3STc
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�`@CcaJ�?öZAY�FKU3Q\LR@CPy��S^UA]0QRwAJ HKJMcRcRJ O UAJMQh��FKLR��Q\F�@0P�FCB�B/FKU�c°Qy@CL°Q\S^Uf]0Y¢FCS^UbQ�z � wAJÈQ\LR@CPy��S^UA]9YfLRFGP�J�cac
ZAcaJ�c�Q\wfJ�@CUA] O J�cX��JMQh��J�JMUeHCJ�cacRJ O c�@VQ��ALR@CUAPyw�Y�FKS^UbQ\c�Q\F ST?AJ�UbQ\S��øg%Q\wAJ1QRLRZAUA�Îz
>ùLaJ�caZ O Q�STcXcawAFI��U���FCL
Qh��F�STB�@C]CJ�c"�f÷GZA@CUbQ\STQ\@VQ\S�HKJ�LaJ�cRZ O Q\c���J�LaJ�UAFVQ�YALRFIHGS^?AJM?jz
�hUûí|lÇqCï
@�B/JMQRwAFG?�S^c,?AJ�caP�LRST�¢JM?3Q\F0?AJ¦Q\JMPMQ�Q\wfJ FKYfQRS^P�UfJ�LaHCJ/@Cc1@0c°Qy@CL°Q\S^Uf]0Y¢FCS^UbQ,��FCL�Q\LR@CPy��S^UA]Vr

�`@CcaJ�?åcRJM]KB�JMUbQy@VQRS^FKUöFC��� O FGFG?�HKJ�cacRJ O c�z��,JMLaHKJ/?AJ¦Q\J�P¦Q\STFKUîSTc��`@CcaJ�?åZAY¢FCU O F[P�@VQ\STUA]�Q\wfJ/�fLRS^]Cw�QRJ�c°Q
LRJM]KS^FCUåSTUå@eLaJ�caQRLRSTPMQ\JM?îQRwAS^La?åFV�XQ\wfJ/STB�@V]KJCz � wALaJ�J/LRJMQRS^U`@ O S^B�@C]KJMc1�XJMLRJ/ZAcRJM?õ��FKL�J¦ó[Y�J�LaS^B/J�UbQ\cMz
> O Q\wAFCZA]KwÒQ\wAJ�wAJ�@ O QRwôFC��Q\wAJMcRJeLRJMQRS^U`@VcÈS^cÈUAFCQ/LaJ�Y�FKLaQRJ�?ji2Q\wAJ�UAJMLaHCJ�c/cRwAFI�ELaJ�@C?AS O gîS^?AJMUbQ\STæ`@C� O J
YALaFKY¢JMLaQRS^J�cXcRS^B/S O @CL�Q\F�Q\wAJ�UAJMLaHCJ�cRwAFI��U�S^U ã S^]KZALaJ�t1FV�ÉQ\wASTc�Y`@CY�J�LMz
�hU�@ O^O p�P�@VcRJ�cMiAQ\wAJ�UAJ�L°HKJ1�X@Cc
cRZfP�P�JMcRc°��Z O^O g�?AJMQRJ�PMQRJ�?jz¼>�cRSTB�S O @CL¼B�J¦Q\wAFG?�S^c�?AJMcRPMLRS^��J�?eS^Uîí�lCsVï z
�hUåí|lVpVïÿiGQ\wAJ�UAJ�L°HKJ1�X@Cc�?AJMQRJ�P¦Q\J�?�ZAcaS^UA]�Q\wAJ�QRL\@CUfca��FKLaBÄFC�$]CL\@C?ASTJ�UbQ�JM?A]KJMc�S^UbQ\FÈ@�D,FKZA]Cw9cRY`@CPMJ

?AJMcRP�LaS^�ASTUA]%P�STLRP O J�cMz���ZA@CUbQ\STQ\@VQ\S�HKJ1LaJ�caZ O QRc���J�LaJ�UfFCQ�YALRFIHGS^?fJ�?jz2> cRSTB�S O @CL¼B/JMQ\wfF[?�S^c�?fJ�cRPMLRST�¢JM?�STU
í�lÇïÿz
�hU í»t�qVïX@�B�J¦Q\wAFG?�STc�?AJMcRPMLRS^��J�?�QRF�Q\LR@CPy�åJMgKJ�B�FIHKJMB�JMUbQ\c �`@VcRJ�?ÒZfY¢FKUõLRJMQRS^U`@ O ��J�@VQ\ZfLRJ�cMi
S^U[r

P O ZA?ASTUA]�Q\wAJ�UAJ�L°HKJVz���J�L°HKJ�?fJMQ\JMPMQRS^FKU�S^c¼@CP�PMFKB/Y O STcRwAJM?/ZfcRS^Uf]��`@CcaS^P�Q\wfLRJ�cawAF O ?AS^UA]���FKL2�ALaS^]KwbQ�@CLRJ�@Cc�z
�1Z`@CUbQ\S�Qy@VQRSTHCJ�LRJ�caZ O QRc��XJMLRJ�UAFCQ�YALaFvHGST?AJ�?jz
�hUöí�uÇïj@�B�J¦Q\wAFG?�STc�?fJ�cRPMLRST�¢JM?�Q\F ?fJMQ\JMPMQ�Q\wAJ,FKYfQ\STP,UfJ�LaHCJ1S^U�@�LaJMQ\STU`@ O S^B�@C]KJVz���J�LaHCJ1?AJ¦Q\J�P¦Q\STFKU

S^c��A@CcRJM?�ZAY�FKU�Q\wALaJ�J���J�@ÇQ\ZALaJ�c�ä2�ALaS^]KwbQ�PMS^LRPMZ O @VLRSTQhgCi[HCJ�LaQRS^P�@ O HKJMcRcRJ O ?fJMQ\JMPMQRS^FKUjiÎ@VUA?�?AS^caP�LRJ¦Q\J�HKJMcRcaJ O
P�FCU�HCJ�La]KJ�UAPMJCz#�XLaS^]KwbQ%PMS^LRP O J9?AJ¦Q\JMPMQ\STFKUûS^c/@CP�PMFKB/Y O STcRwAJM?ûZfcRS^Uf] O J�@Cc°QarhB/J�?fS�@CU[r FC��rhca÷�Z`@CLRJMc�æAQaQ\S^Uf]
FC��]KL\@C?fS^J�UbQ�Y¢FCS^UbQ\cMz%$2J�L°Q\S^P�@ O HKJMcRcRJ O c0PMFKUbQ\LaS^�AZfQRJeQRFî�fS^UAc/?AS^c°Q\LaS^�AZfQRJ�?ÝwAFKLRSTç�FKUbQ\@ O^O gÒ@CPMLRFKcac�Q\wfJ
S^B�@C]KJ&�[QRwAJ�S^?AJ�@%STc�Q\w`@ÇQ�QRwAJ�YALRSTB�@VLag/��FKZAL�HKJMcRcaJ O c,J�B�@CU`@VQRJ�UAJ�@VL°r HCJ�L°Q\S^P�@ O^O g���LaFKBÄQRwAJ�UAJ�L°HKJ�S^Ue@
caQ\@CUA?`@VLR?eLRJMQRS^U`@ O S^B�@C]KJVz
_1S^caP�LRJ¦Q\J1HCJ�cRcaJ O P�FKUbHCJ�LR]CJ�UAPMJ S^c�@CPMP�FKB/Y O S^cRwfJ�?�ZAcRSTUA]/@ÈB�J¦Q\wAFG?�cRS^B/S O @CL
Q\F�Q\wAJ���Zfç�çMg�P�FKUbHCJ�LR]CJ�UAPMJ�LaJ�Y�FKLaQRJ�?9wAJMLRJMS^UjiAJ¤ó[P�J�Y[Q�Q\w`@VQXJ�@CPyw9HCJ�cRcaJ O STcXB/F[?AJ O JM?0�bg0@ caS^UA] O J O S^UAJ
S^Ue@ÈP�FK@CLRcaJ�HCFCQ\STUA]ÈcRYA@CP�JVz��hU O @VQRJ�LXQRJ�c°Q\S^Uf]�í pVï ijtIpKpÈLaJMQ\STU`@Cc�PMFKUbQy@CSTUAS^UA] HV@CLaS^FKZfc�wAJ�@ O Q\w�?ASTcRFKLa?AJ�Lac
��J�LRJ�ZAcaJ�?���FCL�J¦ó[Y¢JMLRSTB�JMU�QRc�z2�hUåtIsKoÈP�@CcaJ�c�ð('Ks*)/ò�QRwAJ�UAJ�L°HKJ���@Vc�caZAP�PMJ�caca��Z OTO g�?AJ¦Q\J�P¦Q\JM?jz
�1ZAL���FKLR�e?ASTì¢J�Lac,��LaFKB YALRJ¦H[STFKZAc1B/JMQRwAFG?Ac�STU�Q\wA@VQ���JÈZAcRJ�� O FGF[?�HKJMcRcaJ O P�FCU�HCJ�La]KJ�UAPMJ/@Cc�Q\wfJ

YALaS^B�@CLag ��J�@VQ\ZfLRJ,��FCL�?AJ¦Q\JMPMQ\STFKUjz�þîJ�QRJ�c°Q�FKZAL¼B�J¦Q\wAFG?�FCU+'ft,S^B�@C]KJ�c2cawAFI��S^UA]È@�HV@CLRSTJMQhg/FC�ÉLaJMQ\STU`@ O
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retinal image

segmentation
of blood vessels

illumination
equalized image

vessel network
scale parameters

fuzzy convergence
image

hypothesized optic
nerve location (r,c)

ã S^]CZALRJ�ñGä¼��Z[Q O STUAJ�FC�=FKZAL�B/JMQRwAF[?9��FKL�FCYfQ\STP�UAJ�L°HKJ�?AJMQRJ�PMQRS^FKU{z

?ASTcRJ�@VcRJ�cMiKP�FCUf��ZAcRSTUA] O J�caS^FKUAc�@CUf?�B�@CUAST��JMcaQ\@VQ\STFKUAc�z=�1U�QRwAS^c$?AS�ý/P�Z O Q=?A@VQy@�cRJMQ�iCFKZfL=B/JMQRwAF[?�@CPywASTJMHCJ�c
@CU,'Kn-) P�FKLaLRJ�P¦Q�?AJMQRJ�PMQRS^FKUeL\@ÇQ\JCz
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�1ZAL1B/JMQRwAF[?���FKL�FKY[Q\S^P�UAJ�L°HKJÈ?AJ¦Q\JMPMQ\STFKU�STc1FKZfQ O S^UfJ�?�STU ã ST]KZALRJ�ñ[z�� Q�S^c1�`@VcRJ�?3YfLRS^B�@CLaS O g0ZAY¢FCU3@
UAFIHKJ O @ O ]KFKLRS�Q\wABÄ�XJÈP�@ O^O ��ZAç�ç¦g�PMFKUbHKJ�La]KJ�UfP�JCz � wASTc�@ O ]CFKLRS�Q\wAB ST?AJ�UbQRSTæ`JMc�Q\wAJ�FKYfQ\STP�UAJMLaHCJ%@Cc�Q\wfJ
��FGP�@ O Y¢FKSTUbQ�FC�$Q\wfJ1� O FGFG?�HKJMcRcRJ O UAJMQh��FKLa��z¼�hU0Q\wfJ�@C�AcRJMUAP�J�FC��@ c°Q\LaFKUA]ÈP�FCU�HCJ�La]KJ�UAPMJCi�FKZAL�B/JMQRwAFG?
S^?fJ�UbQ\S�æ`J�c2Q\wAJ�FKYfQRS^P�UAJMLaHCJ�@Cc
Q\wAJ��ALaS^]KwbQ\JMcaQ�LRJM]KS^FKU/S^UÈQRwAJ,STB�@V]KJ�@V�øQ\JML2S O^O ZAB/S^U`@VQRS^FKU�J�÷�Z`@ O S^ç�@VQ\STFKUjz
k[JMPMQ\STFKU�l[z�t�?fJ�cRPMLRST�¢JMcX��ZAç�ç¦g�PMFKUbHKJMLR]KJMUAP�JVi�k[J�P¦Q\S^FCU�l[z l�?AJ�caP�LaS^��J�c�S O^O ZfB�STU`@VQ\STFKU�JM÷�Z`@ O STç�@VQRS^FKU{i[@VUA?
k[JMPMQ\STFKU�l[z|p/?AJMcRPMLRS^��J�c�FKZfL�wbgGY�FCQ\wAJMcRSTc�]CJ�UAJML\@VQRS^FKUe@CUA?eP�FCUAcRJMUAcRZAcMz
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� wAJ/� O FGFG?�HKJ�cacRJ O caJ�]KB/J�UbQ\c�B�@Ig��¢J%B/F[?AJ O JM?å�bg O S^UAJÈcaJ�]KB/J�UbQRc�z � wAJ�YfLRFK� O J�B FV��æ`Uf?AS^UA]�Q\wfJ
P�FCU�HCJ�La]KJ�UAPMJ�FC�$QRwAJ1HKJMcRcRJ O UfJMQh��FKLR�0B�@�g�QRwAJ�U���J�B�FG?AJ O J�?�@Cc�@ O S^UAJ,S^UbQ\JMLRcRJMPMQRS^FKU�YALaFK� O JMB�z
��ZfL
@CYAYfLRFb@CPywe?AS�ì{JMLRc���LRFKB Q\LR@C?ASTQRS^FKUA@ O B/JMQRwAFG?Ac�S^U9Q\w`@ÇQ��XJ�B�FG?AJ O J�@CPyw�HKJMcRcaJ O ��STQ\w�@ O STUAJ1cRJM]KB/J�UbQ
ðÊFV��æ`UfSTQ\J O J�UA]VQ\wÎò¤i$@Cc�FKYAY�FKcRJM?åQRFe@ O S^UAJ9ðÊFC��S^UfæAUASTQRJ O JMUA]CQ\w`ò¦z@�XJ¦��FKLRJÈ?fJ�cRPMLRST�AS^UA]�FKZfL�@VYAYALRFK@CPyw
��JÈLRJMHGSTJM��Q\wAJ O J�@VcaQ1ca÷�Z`@CLRJMc�@CUA?öD�FKZA]Kw�caY`@CPMJ �Ê@CB�S O STJ�c�FC�2caF O ZfQRS^FKUfc�i¢��wfS^Pywö@CLaJ�Q\wfJ�Qh�XF�B/FKcaQ
Q\LR@C?AS�Q\S^FCU`@ O @CYAYALaFb@CPywAJMc�QRF O S^UAJ�STUbQ\J�LacRJMPMQ\STFKUjz

n



� J�@Cc°Q�cR÷�Z`@CLaJ�c�caF O ZfQRS^FKUfc ð�cRJ�J9í»tA'Çïøò�@CUA?�LaJ O @ÇQ\J�?�@CYAYALaFb@CPywAJMc��XFCLR�e��g�B/S^UASTB�STç�S^Uf] Q\wAJ�B�J�@CU
cR÷�Z`@VLRJ�ðÊFKL�caFKB/J FCQ\wfJ�L1��ZAUAP¦Q\STFKUÎò�FC�¼J�LaLRFKLac��¢J¦Qh�XJMJ�Uõ@�caJMQ�FC��J�÷�Z`@ÇQ\S^FCUAc�@CUA?å@9cRSTUA] O J�cRF O ZfQ\STFKUjz
�hU YAwbgGcRS^P�@ O QRJ�LRB/c�i,@ O J�@CcaQ�cR÷�Z`@CLaJ�c�cRF O ZfQRS^FKU"QRF�Q\wAJ3STUbQ\J�LacRJMPMQ\STFKUúFC��@�cRJ¦Q�FC� O STUAJ�c/æ`UA?Ac9Q\wfJ
Y�FKS^UbQ�cRSTB Z O Qy@CUAJMFKZAc O g�B�STUAS^B�@ O^O gÈ?ASTcaQy@VU�Q���LaFKBE@ OTO QRwAJ O S^UfJ�c�z
>,Ue@CcRcaZAB�Y[Q\S^FCUePMFKB/B�FKU0QRF/QRwAJ�caJ
B/JMQ\wfF[?Ac�STc�Q\w`@ÇQ�Q\wAJ�?`@ÇQy@ÈcRJ¦Q,��J�STUA]ÈæAQRQRJ�?�S^c�ZfUAST��FKLaB O g/?AS^c°Q\LRST�AZfQRJ�?e@CLRFCZAUA?9Q\wAJ�FKY[Q\S^B�@ O cRSTUA] O J
cRF O ZfQRS^FKUjz=k[Zf�AcRJ¦Q\c
FC�`?A@VQy@�Q\w`@VQ�?AF1UAFVQ�B/J�J¦Q�Q\wfS^c�P�LRS�Q\JMLRS^FCU @CLaJ¼QRJ�LRB/J�?�FKZfQ O S^JMLRc�iV@CUA?�P�@CZAcaJX��LRFCUA]
cRF O ZfQRS^FKUAcMz9k[J¦HKJML\@ O B�STUAS^B/S^ç�@VQ\STFKU[rh�A@CcRJM?�cRF O ZfQRS^FKUAc�QRw`@VQ�FvHCJ�LaP�FKB/J�HV@CLaS^FKZAc�QhgGY�J�c @VUA?�@CB/FKZAUbQRc
FC��FKZfQ O S^JML1?`@VQ\@9w`@�HKJ/�¢JMJ�UåYALRFKY�FKcaJ�?"ðÊcRJMJ�í²tvuÇï�ò¦z ~ J�UfJ�L\@ O^O g�cRY�J�@V�GSTUA]AiÉQ\wfJ�cRJ/B/JMQ\wfF[?Ac���FKLR����g
Y`@CL°Q\S�Q\S^FCUAS^UA]eQ\wAJ9?A@VQy@�caJMQ/S^UbQ\F�S^U O S^J�Lac @CUf?ûFCZfQ O S^J�Lac�i
caFöQRwAJMgÒ@CLRJ0PMFKB/YAZfQy@ÇQ\S^FCU`@ O^O göJ¦ó[Y�J�UAcaSTHKJVi
@CUA?eLRJM÷�ZAS^LaJCBéuCs-) S^U O S^J�Lac�z
D,FKZf]KwÈcRY`@VP�J�B/JMQ\wfF[?Ac�ðÊcRJMJ�í»tIlvï�ò�@CUA?ÈLaJ O @ÇQ\J�? @CYAYALaFb@CPywAJMc2��FKLa���bg�QRL\@CUfca��FKLaB�STUA]�?`@ÇQy@�Y�FKS^UbQRc

��LRFCB�@VU�S^B�@C]KJ�cRYA@CP�J�QRF9@�÷�Z`@VU�QRS^çMJ�?3Y`@CLR@CB/JMQ\JML�caY`@CP�JVz N @CPyw3?`@VQ\@�Y�FKS^UbQ,S^U�J¦ì{JMPMQ,HKFCQRJ�c1��FKL,@
æ`UAS�Q\J�U�ZAB ��J�L,FC��Y`@VL\@CB/JMQRJ�L�cRJ¦Q\c�z � wfJ�Y`@CLR@CB/JMQ\JML�cRJMQ,��STQRweQRwAJ�wfS^]KwAJMcaQ�Q\FCQ\@ O HKFVQ\J�STc�Qy@C�VJ�U���FCL
Q\wfJ/caF O Z[Q\S^FCUjz �hUåYAwbg[caS^P�@ O Q\JMLRB/c�i�@�D�FKZA]Kw3QRL\@CUAc°��FKLRB cRF O ZfQ\STFKU�Q\F9Q\wfJ/STUbQ\J�LacRJMPMQ\STFKUåFC��@9caJMQ�FC�
O STUAJ�c�æ`Uf?Ac�QRwAJ/�AS^U"ðÊY�FKS^UbQ�@VQ�Q\wfJ�LaJ�cRF O ZfQRS^FKUåFC�XQRwAJ�D,FKZA]CwîcaY`@CP�J�ò�QRwALRFKZf]Kwî��wASTPywîQRwAJ O @CLR]CJ�caQ
U�ZAB ��J�L�FC� O S^UAJMcXY`@CcacRJMc�z ~ JMUAJ�LR@ O^O g�caY¢J�@C��S^UA]fifQ\wAJMcRJ�B/JMQRwAF[?fc�B�FG?AJ O�O STUAJ¦r O ST�CJ�cRw`@CY�J�c���S�Q\w O STUAJ�c
ðÊS z|JVzTi¼FC��S^Ufæ`UfSTQ\J O J�UA]VQ\wÎò¤i�caFõ@CUbgÒcaJ�UAcaJ�FC��P�FKUbHCJ�LR]CJ�UAPMJ�P�FCU�QRLRST�AZfQ\JM?"�bg�QRwAJ�JMUA?AY�FKS^UbQRc/FV��Q\wfJ
O STUAJ¦r O ST�CJ%cRw`@VY¢JMc S^c O FKc°Q�z3kGS^B/Y O J/D,FCZA]KwÒcRYA@CP�JMcÈ@ O caF�Q\JMUA?�Q\F��¢J/HKJ�L°g�caJ�UAcaSTQ\S�HKJ�QRF�Q\wfJ�PywAFKcaJ�U
LRJMcRF O ZfQ\STFKUjz
ã ZAç�ç¦g3P�FKUbHCJ�LR]CJ�UAPMJ3í nVï
S^c1@9HCFCQ\STUA]Vr �`@CcRJM?öB�J¦Q\wAFG?jz � wfJ%HCFCQ\STUA]0Qy@V�CJ�c�Y O @CP�JÈFCUöQRwAJÈS^UbQRJ�]KJML

]KLaS^?�FV��Q\wAJ�FKLRST]KS^U`@ O S^B�@C]KJVz N @CPyw O S^UAJ¤r O S^�CJ�caw`@CY�J S^c�B/F[?AJ O JM?��bg�@/��ZAç�ç¦g�caJ�]KB/J�UbQ�i���wAFKcaJÈ@CLRJ�@
P�FCU�QRLRST�AZfQ\JMc1HKFCQRJ�c1QRF0STQRc1P�FKUfcaQ\S�Q\ZAJMUbQ�YAS�ó[J O c�z � wAJÈcaZAB/B�@VQRS^FKU�FC�
HKFVQ\J�c�@ÇQ�J�@CPywöYAS»ó[J O YfLRFG?AZAP�JMc
@CUÈSTB�@C]CJXB�@CY���wAJMLRJ�J�@CPyw%YAS»ó[J O PMFKUbQy@CSTUAc
@�HV@ O ZfJ�YALRFCY¢FKL°Q\STFKU`@VQRJ�Q\F�S�Q\c=caQ\LaJ�UA]VQ\w%FC��P�FKUbHCJ�LR]CJ�UAPMJCz
� wAJ�B�@VYeSTc�Q\wAJMU�� O ZALRLaJ�?õð�QRF/LaJ�?AZfP�J�Q\wAJ�JMì¢J�P¦Q\c�FC��÷�Z`@VU�QRS^ç�@VQ\STFKUÎò�@CUA?�Q\wfLRJ�cawAF O ?AJ�?eQ\F%YALRFG?AZAPMJ
FKUAJ�ð�FKL
B/FKLRJViKST��?AJMcRS^LaJ�?Îò�Y�FKS^UbQRc�FC�¢caQ\LaFKUA]KJMcaQ¼P�FCU�HCJ�La]KJ�UAPMJCz � wAJ�YALaFKY¢FCcRJ�?/B/JMQ\wfF[?ÈLaZAUAc2S^U/�%ðÊU`ò
Q\STB�JVi{��wAJMLRJ%U3S^c1QRwAJÈU�ZAB ��J�L�FC� O STUAJ¦r O ST�CJ�caw`@CY�J�cMz � Q�?AFGJ�c�UAFCQ�LaJ�÷�ZASTLRJ%@CUbg3@VB�FKZfU�Q1FC�XSTU O STJ�Lac"�

tIs



S^UfcaQ\J�@C?ji¢@CU3@C�fcRF O ZfQ\J�Q\wALaJ�cawAF O ?���FKL,c°Q\LaJ�UA]CQRw3B�@�g���J @CYfY O STJ�?�QRF�?AJ¦Q\JMLRB/S^UAJ�ST�
@VU�g�@CLaJ�@�cawAFKZ O ?
��J�?fJ�J�B/J�?eP�FCU�HCJ�La]KJ�UbQ�z

D9EGFHEGF I
J�K-K Û"á�ÚMLONîÚQPSRTNîÞÉà�ÚVU
> O S^UfJ�cRJ�]CB�JMU�Q,S^c�?AJ¦æ`UAJM?��bg�STQ\c�Qh��F�JMUA?AY�FKS^UbQ\c�ðXW$tZY\[¢tIò�@CUA?Òð]W¢lQY\[flKò¦z¼�hU�QRwAS^c�caJ�PMQRS^FKU�@%��Zfç�çMg
cRJM]KB/J�UbQ�B�FG?AJ O S^c�YfLRFKY�FKcRJM?jz � wAJ1��ZAçMçMg9caJ�]KB/J�UbQ�i`wfJ�UAPMJM��FKL°��@CLa?�?fJ�UAFCQRJ�?�@Cc I iASTc�?AJMæAUAJ�?���g0@
cRJ¦Q�FC��YA@CL\@CB/JMQRLRSTP O S^UfJ1cRJM]KB�JMUbQ\c�ä

W=ð]^aò�_ W9`�acb�P�FCcvð(deagfKò7amð]WHh�ijW9`�iôl&b=P�FKcSf�PMFKcHd�òk^
[{ðX^aòl_ [V`9agb�caS^Ujð(deamfCò7amðX[Zh�in[V`oiûl&b=P�FKcHf�caS^Upd�òk^ ð°tIò

��wAJ�LaJ

s@qr^sq×t
s@q#f@q l�t
s@q�b@q#u ðÿlCò

� wAJ�@VB�FKZfU�Q�FC�wv°��ZAç�çMS^UAJMcRc�x�S^c%P�FCU�QRLRF OTO JM?Ý�bgôQ\wAJeY`@CLR@CB/JMQ\JMLTu i���wAS^Pywji�@VQ�çMJ�LaFAi�LRJM?AZAPMJ�c
Q\wfJ0��ZAç�ç¦gôcRJ�]CB�JMU�QÈQRF3Q\wAJ9caS^UA] O J O STUAJ0caJ�]KB/J�UbQÈ��LRFCB ðXW$tZY\[¢tIò�Q\Fûð]W¢lQY\[flKò¦z � wAJ�Y`@CL\@VB�J¦Q\J�Lyd
P�FCLRLRJMcRY�FKUA?Ac�Q\FÈQRwAJ�FKLRSTJ�UbQy@VQRS^FKU9FV�=QRw`@VQ�cRSTUA] O J�cRJ�]CB�JMU�Q�iÎ@CUA?eS^c�PMFKB�YfZfQ\JM?�@Cc

dz_ t
l iô@VLRPMQ\@CU

[&h�in[V`
WHh�ijW9` ð pKò

� wAJ���ZAçMçMg�cRJ�]CB�JMU�Q I ?AJMæ`UfJ�c�@�caJMQ�FC�$caJ�]KB/J�UbQRc�FC�$FKLaS^J�UbQ\@VQ\STFKUAc�@CUA? O J�UA]CQRwAc�LR@CUA]KSTUA]�@V�¢FKZ[Q
@ O S^UAJecRJM]KB�JMUbQ�z � wfJ�B�FVQ\STHV@VQRS^FKUÒ��FKL/Q\wAJe��ZAç�ç¦g"caJ�]KB/J�UbQ9STc���J�c°Q9?AJMB�FKUfcaQ\LR@VQ\JM?"Q\wfLRFKZA]CwéSTQRc
HGS^caZ`@ O STç�@VQRS^FKU{z ã S^]CZALRJ{'ÈS OTO ZAc°Q\LR@VQ\JMcXQ\wAJ�J�U�ZAB/J�LR@VQ\STFKU9��FKL�Q\wfJ�caZA�AcRJ¦Q�FV� I ��wfJ�LRJ|b|_}u z2� Q�B�@�g
��J%HGSTcRZ`@ O S^çMJ�?ö@Cc�@9B�FIHGS^Uf] O S^UAJ�cRJ�]CB�JMU�Q�iÉ��wAFKcRJ/S^UfSTQ\S^@ O J�UA?AY�FKSTU�QRc�@CLRJÈB�@CLR�VJ�?åS^U ã ST]KZALRJy'e@ÇQ
f+_<sfz�>�c�Q\wfJMQy@9B/FIHKJ�c���LaFKB�çMJ�LaF�QRF�l�t
ijQ\wfJÈJ�UA?AY�FKSTU�QRc1Q\LR@CP�JÈQ\wfJÈ�¢FKZfUA?`@CLaS^J�c�FV��PMS^LaP O JMc�iÉFKUfJ

tKt



X

Y

α
θ

(x1,y1)

(x2,y2)

R

π+α

θ

one member of
set of line
segments in
fuzzy segment

ã S^]CZALRJ4'[ä ã Zfç�çMg�caJ�]KB/J�UbQ�B/F[?AJ O z

S^U�Q\wAJ�P O FGPy����STcRJ�?ASTLRJMPMQ\STFKUji�Q\wAJ�FVQ\wAJML�P�FKZfU�QRJ�L�rhP O F[Py�b��STcRJCz���g�caQ\@CLaQRS^UA]@f|_msÈ@ÇQpd�iGQ\wAJ�caw`@CY�J1FC�
Q\wfJ���Zfç�çMg�caJ�]KB/J�UbQ�LRJMB�@VS^UAc�STU�HV@CLaS�@CUbQ�QRF%FKLRSTJ�UbQy@VQRS^FKU{z

 �J O J¦HC@VU�Q�YALRJ¦HGS^FKZAc��XFCLR�åS^Uî��Zfç�çMgî]KJMFKB�J¦Q\L°gÝðÊcRJMJöí qAi�'[i¼t�nVïøò�?AJ�@ O c�B�@CSTU O g���STQ\wå��ZAç�ç¦g O S^UAJ
B/F[?AJ O cMz � wAJ���Zfç�çMg�cRJM]KB/J�UbQ I STc�YALaFKY�FKcRJM?9@Cc�@�B�FG?AJ O ��FCL¼QRwAJ1@CLaJ�@�STU/��wfS^Pyw�@CU�FK�AcRJMLaHCJ�? O STUAJ¦r
O ST�CJ�caw`@CY�J�PMFKUbQ\LRST�AZfQRJ�c�Q\F�@/caJ�UAcaJ�FC�=P�FKUbHCJ�LR]CJ�UAPMJCz � wAJ�B�FG?AJ O YALRFKY�FKcaJ�c�Q\w`@VQ�QRwAJ�P�FKUbQ\LaS^�AZ[Q\S^FCU
FC�jQRwAJ�B/S^?fY¢FKSTUbQ2FC�jQ\wfJ O STUAJ¦r O ST�CJ�cRwA@CY¢J,S^c¼B�FCLRJ�P�FKB/Y`@CP¦Q�QRw`@CU�QRwAJ�JMUA?AY�FKS^UbQ\cMz � wAJ,��ST?fQ\w�FC�ÉQ\wfJ
��ZAçMçMg�cRJM]KB/J�UbQ,@VQ�STQRc�B�ST?AY¢FCS^UbQ�STc

u h
~ ðXWHh�ijW9`Rò h amðX[Zh�ij[V`aò h ðÊqbò

��wAS O J�QRwAJ���ST?fQ\w @VQ�STQRc0J�UA?fY¢FKSTUbQ\c0STc9lZu z � wAJ3B/FG?AJ O @ O caF�YALaFKY¢FCcRJ�c0QRw`@VQ0@ O S^UfJ¦r O S^�VJecaw`@CY�J
]KJMUAJ�LR@ O^O g3FKU O göP�FKUbQ\LaS^�AZ[Q\J�c�Q\F�@�P�FCU�HCJ�La]KJ�UAPMJ9S^UîSTQ\c{xKUfJ�@CL�x�UAJ�ST]Kw��¢FCLRwAFGF[?{z � wAJ�QRJ�LaB�xCUAJ�@CL�x
S^c�cRZA�M�aJ�PMQRSTHCJ O gõ@CYAY O S^P�@C� O J�@VUA?�S^B/Y O S^J�c�QRwAJ0@CLaJ�@���S�Q\wASTUõcaFKB�J�Y¢JMLRPMJ�YfQRZ`@ O^O gåLRJ O JMHV@CUbQ ?fS^caQ\@CUAPMJ
cRZfLRLRFCZAUA?ASTUA]�QRwAJ O S^UAJ¤r O ST�CJ�caw`@CY�JCz � wAJ B/F[?AJ O @ O^O Fv��c���FKL,@CU�STUbQ\J�LaYALRJ¦Qy@VQRS^FKUeFC����wA@VQ1STc,UAJ�@CL,HGS^@
Q\wfJ�YA@CL\@CB/JMQRJ�Lpu z

tvl



D9EGFHE�D � ÞSPO��Ú�ß�LÎÚQP
�KÚ��GN���LÎÚ
~ STHKJMU�@%�ASTU`@CLag0S^UAYAZ[Q,STB�@V]KJCi O S^�VJ�QRwAJ�FKUAJ�?AJ�YASTPMQRJ�?�STU ã S^]KZfLRJ�ofiÎ@%YALRFGP�JMcRc,��FCL�æAUA?AS^Uf]�PMFKUbHKJ�L�r
]KJMUAP�JMc���FKLR��c,@Cc���F O^O FI��c�ä

tKz � wASTU9Q\wAJ�S^B�@C]KJÈð���FKL�STUAcaQ\@CUAP�JVi`ZAcRSTUA]ÈQ\wAJ�@ O ]KFKLaSTQ\wfBÄ]KS�HKJMUeSTUîí»tvlvïÿi`YA]fz¼uCnbò¦z

l[z N L\@VcRJÈð�LRJ O @C��J O @Cc��`@CPy��]KLRFCZAUA?ÎòX@ O^O �ALR@CUAPywAY�FKS^UbQRc�if�fLRJ�@V�GSTUA] ZAY/Q\wAJ�J�UbQ\STLRJ���FKLRJM]KLRFKZfUA?0S^UbQRF
caJ�]KB/J�UbQ\c�Q\w`@VQ�P�FCU�Q\@CS^UûQh�XFÒJMUA?AY�FKS^UbQRc�J�@VPywjz6�hUé@îQ\wASTUAUAJM?"S^B�@C]KJViXJMUA?AY�FKS^UbQ\c�B�@�gû��J
?ASTcRPMFvHCJ�LaJ�?ö@Cc�@CUbg�YfS�ó[J O ��FKL���wAS^Pyw3@%Q\LR@IHCJ�LacRJÈFC��QRwAJ�JMS^]KwbQ,�¢FCLR?AJMLRS^Uf]�YAS»ófJ O c�S^U�P O FGPy�b��S^caJ
FKLa?AJ�L0gGSTJ O ?fc0FKU O géFKUAJ���FCLRJ�]CLRFKZAUf?[r QRFVrh�`@VPy�G]CLRFKZAUf?éQ\L\@VUAcRS�Q\S^FCUjz kGS^B/S O @VL O gCiX�ALR@CUAPywAY�FKSTU�QRc
B�@�g"��J3?AS^caP�FIHKJMLRJM?ù@Cc�@CUbg"YAS�ó[J O ��FKL���wASTPyw QRwAJ3c\@CB/J�QRL\@�HKJMLRcRJögGS^J O ?Ac0B/FKLaJ�Q\w`@VU Qh��F
QRL\@CUAcaSTQRS^FKUAcMz

pfz N óGQ\JMUA?�J�@VPyw�cRJM]KB/J�UbQ1@%?ASTcaQy@VUAP�J�FC�� ùYAS�ó[J O c�S^U��¢FVQ\we?AS^LaJ�PMQRS^FKUfc�z � wAJ�J¤ó[QRJ�UAcaS^FKU�S^c�?AFCUAJ
@ O FKUA]åQ\wAJ�HCJ�PMQRFKL9B�@C?AJ��bg"QRwAJ�caJ�]KB/J�UbQ���c9J�Uf?AY¢FCS^UbQ\cMz ã FKL�FKZAL0J¤ófY�J�LaS^B/J�UbQ\cMi���J3ZAcaJ�?
u}_×tvu�ð�QRwAJ�@�HKJ�LR@C]KJ�?AS^c°Qy@CUfP�J��¢J¦Qh�XJMJ�UeHKJ�cacRJ O c�STU9Q\wAJ�UAJMLaHKJ�S^U�FKZfL�?`@VQy@ÈcaJMQ¤ò¤z

qAz } FG?AJ O J�@CPywûcRJM]KB�JMUbQ�i�HGS^@öS�Q\c Qh��FîJ¤óGQ\J�Uf?AJ�?ÝJ�UA?AY�FKSTU�QRc�i¼��STQ\wû@���ZAçMçMgôcRJM]KB/J�UbQ I z � wAJ
STB�@C]CJ�@CLRJ�@îP�FIHCJ�LRJM?ú�bg I B�@�gô��J���FKZAUf?"�bgûJ�U�ZAB/J�L\@ÇQ\S^Uf] I @ÇQTbc_�u���STQRw"caZASTQ\@C� O J
?ASTcRPMLRJMQRS^ç�@VQ\STFKUAc�FC��f0@CUA?�^¤z ã FCL,Q\wfJ J¦ó[Y�J�LRSTB�JMUbQ\c1LaJ�Y�FKLaQRJ�?3wAJMLRJ�STUji9f/��@Cc�J�U�ZAB/J�L\@ÇQ\J�?�QRF
YALaF[?fZAP�J�ZAUAST÷GZfJ�YAS»ó[J O P�FGFKLR?fS^U`@VQRJ�c���FKL�J�Uf?AY¢FCS^UbQ\cMz ã FKL�J�@CPyw�f[i�^��X@Cc,@ O caF�JMUGZfB�JML\@VQRJ�?�QRF
YALaF[?fZAP�J/ZAUAST÷GZfJ�YAS»ófJ O P�FGFKLR?ASTU`@VQRJ�c�z0k[S^UfP�J%Q\wAJ O STUAJ%cRJ�]CB�JMU�QRc @VQ�?AS�ì{JMLRJMU�Q�fQ��c�FIHCJ�L O @CYji=@
caJ�P�FCUA?ö�AS^U`@VLag�S^B�@C]KJ�S^c�ZfcRJ�?öQ\F��CJ�JMYåQRL\@CPy�eFC�2��wASTPyw3YAS�ó[J O c�@CLaJ���FKZAUA?�QRF O STJ�STU I z � wASTc
STB�@C]CJ1S^c�P O J�@VLRJ�?e@V�øQRJ�L�J�@VPywe��ZAçMçMg�caJ�]KB/J�UbQ�J�U�ZAB/J�LR@VQ\STFKUe@CUA?�HKFCQRS^UA]%S^c�PMFKB/Y O J¦Q\J�?{z

u[z ã FKL�J�@VPywõYAS»ófJ O J�U�ZAB/J�L\@ÇQ\J�?îS^U I i�@�HCFCQ\J�S^c�P�@Cc°Q�z � wfJ�STB�@C]CJÈZAcRJM?õQ\F�Qy@ OTO g�Q\wAJMcRJ�HCFCQ\JMc
STc�Q\JMLRB/J�?ÒQ\wAJ9PMFKUbHKJMLR]KJMUAP�JeS^B�@C]KJVzõkGJMHKJML\@ O HCFCQ\STUA]���ZAUAP¦Q\STFKUAc ��J�LRJ9J¤ó[Y O FKLaJ�?ji¼S^UfP O Zf?AS^UA]
��J�ST]KwbQ\S^Uf]��bg�caJ�]KB/J�UbQ�caS^çMJCiA@VUA?���J�S^]Cw�QRS^UA]��bg�?ASTcaQ\@CUAP�J���LRFKB B/S^?AY�FKSTU�Q�z=�hUbQRJ�LRJMcaQRS^UA] O gKi[UAF
��ZAUfPMQ\STFKUöcRJMJ�B/J�?öQ\F9�XFCLR����JMQaQ\J�LMi$FvHCJ�LR@ O^O ijQ\w`@CUöQ\wfJÈcRS^B/Y O J�caQ�ä1J�÷�Z`@ O HCFCQ\STUA]åð�a tvò,��FCL�@ O^O
YAS»ó[J O c�STU�J�@CPyw I z

tIp



ðÊ@bòXcRY`@VLRcRJML,caP�@ O J/ðÿl FKZfQ�FC��obò ð��Îò�?AJ�UAcaJ�L�cRP�@ O J�ðÿu FKZ[Q�FC��oKò

ã ST]KZALaJ�nfä ã ZAç�ç¦g9P�FKUbHCJ�LR]CJ�UAPMJ�FC�=� O FGFG?0HKJ�cacRJ O c�cawAFI��U�STU ã S^]KZALaJ�ofz

ofz,k[B/FGFCQ\wéQRwAJöP�FKUbHKJMLR]KJMUAP�JîS^B�@C]KJ�QRFôS^?AJMU�QRST�øgÝQ\wAJöP�JMUbQ\J�LeFC��Q\wAJöY�J�@C�"FC��PMFKUbHKJMLR]KJMUAP�JMc�z
ã ST]KZALaJ�n0cawAFI��c1Q\wAJ caB�FGFCQRwAJ�?�PMFKUbHKJMLR]KJMUAP�J%S^B�@C]KJMc���FCL,Q\wfJ�HKJMcRcRJ O cRJM]KB�JMUbQy@VQRS^FKUAc�cRwAFI��U
STU ã ST]KZALaJ�o�cRZAY�J�LaS^B/Y¢FKcaJ�?�FKU�QRwAJ,QRwAS^UAUfJ�?0caJ�]KB/J�UbQ\cMz � wAJ1B/J�@CcaZALRJMcXFC�jP�FKUbHKJMLR]KJMUAP�J�wA@IHCJ
��J�JMUÒUAFKLRB�@ O S^ç�JM?îcaF�Q\wA@VQ�QRwAJ0wAST]KwAJ�c°Q�HCFCQ\J9@VYAY¢J�@CLRc�?`@CLa�CJ�c°Q�z ã FKL�FKZAL�J¦ó[Y¢JMLRSTB�JMU�QRc�i���J
ZAcaJ�?�@CUötKt,�ùtKt�B�J�@CU9æ O QRJ�L���FKL�caB�FGFCQ\wfS^UA]Az
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� wAJ0S O^O ZAB�STU`@VQRS^FKU�STU�@�LaJMQRS^U`@ O STB�@C]CJ�STc�ZAUfJMHKJMU6í»tKtMïÿz � wAJ0S^B��`@ O @VUAP�J%S^c�YALRSTB�@VLRS O g�?AZfJ�Q\F�@CU
FKYfQRS^P�@ O @C��J�LaL\@VQRS^FKU�P�@ O^O JM?9H[ST]KUAJ¦QRQ\STUA]�ðÊcaJ�J���FKL�J¦óf@CB/Y O J/í�l[t�ï iÎYA]Az¼qbnKsbò¤z�$�S^]KUfJMQRQRS^UA]%STc�Q\wAJ�LRJMcRZ O Q
FC�$@VU�S^B/YALaFKY¢JML���F[PMZAcRSTUA]�FV� O ST]KwbQ2Q\wALaFKZA]Kw�@CU�FKY[Q\S^P�@ O cagGc°Q\J�Bez � wAJ�LaJ�caZ O Q�S^c2Q\w`@ÇQ¼QRwAJ��fLRS^]Cw�QRUAJ�cac
FC��Q\wAJ%S^B�@C]KJÈ]CJ�UAJML\@ OTO g�?fJ�P�LaJ�@CcaJ�c LR@C?AS^@ O^O g�FCZfQh��@VLR?î��LaFKB UAJ�@CL�Q\wAJ%P�JMUbQ\J�L�FC�XQRwAJ%S^B�@C]KJVz ã S^]Vr
ZALaJ tIs`ðÊ@bò¼cawAFI��c,@�LRJMQRS^U`@ O STB�@C]CJ�?AJMB�FKUfcaQ\LR@VQ\STUA]�ZfUAJMHCJ�UeS O^O ZAB/S^U`@VQRS^FKU{z ã S^]KZfLRJ�t�s`ðÊ�Îò2cRwAFI��c�Q\wfJ
O FGP�@ O @�HKJML\@C]KJ�STU�QRJ�UAcaSTQhgCib?AS^caY O @�gKJM?%ZAcRSTUA]�L\@CUA?fFKBëcaw`@C?AJMc¼FV�{]KLaJMg�Q\F�cRwAFI�"S^cRFÇrhS^UbQRJ�UAcaSTQhg�P�FKUbQ\FCZALRcMz
�hU�FKZfL�P�@CcRJVi[Q\wfJ,STB �`@ O @CUAP�J�STc2P�FKB/Y O STP�@VQRJ�?/�bgÈQ\wAJ,FKYfQ\STP�c2FC�jQRwAJ�cagGcaQRJ�B ZAcRJM?�Q\F�P�@CY[Q\ZALaJ,Q\wfJ

S^B�@C]KJVz�>�LRJ¦Q\S^UA@ O S^B�@C]KJ�S^c�P�@VYfQ\ZALaJ�?���g�H[STJM��STUA]/QRwAJ�S^UAUfJ�L�LRJ�@CL�cRZAL°�Ê@CP�J�FC�=Q\wAJ�J¦gKJ��A@ O^O QRwALRFKZf]Kw
Q\wfJ�YfZAYAS O z � wAJ O J�UAc�FC��Q\wfJ�P�@CB�JML\@ ��FKLR��c�S^U�P�FKU��aZAUAPMQRS^FKU���STQRweQRwAJ O JMUAc�FC��QRwAJ�JMgKJM�`@ OTO QRFÈ��FKLRB

t�q



ðÊ@bò�L\@��ùSTB�@V]KJ ðÊ�Îò�@�HKJML\@C]KJ O F[P�@ O S^UbQRJ�UAcaSTQhgåð�S^cRFÇrhP�FCU�QRFKZALacyò

ã ST]KZALaJÈtIsfä � wAJ�S OTO ZAB/S^UA@VQ\STFKU�@VP�LRFCcRc�Q\wAJ�STB�@C]CJ1S^c�ZAUfJMHKJMUjiÎ?AZAJ�Q\FÈQ\wfJ�STB�@V]KS^UA]�YALRFGP�JMcRcMz

Q\wfJ�STB�@C]CJCzXk[S^UAPMJ�QRwAJ�Y¢FKcaSTQRS^FKU9FC��Q\wAJ�JMgCJ�LRJ O @VQRSTHCJ�QRF/QRwAJ�P�@CB/J�LR@%HV@CLaS^J�c���LaFKBES^B�@C]KJ�QRF�STB�@C]CJCi
Q\wfJ�J¤óf@CPMQ�YALaFKY¢JMLaQRS^J�c�FC��Q\wfJ�HGST]KUAJMQaQ\STUA]%@ O caFÈHC@VLag0��LaFKB8STB�@C]CJ�Q\F%S^B�@C]KJVz
� wAJÈZAUAJ¦HKJMUåS O^O ZAB�STU`@VQRS^FKU0wfS^UA?AJMLRc�@V�AcRF O ZfQ\J�S^UbQ\JMLRYALaJMQ\@VQ\STFKU�FC��QRwAJ STU�QRJ�UAcaSTQRS^J�c,S^U�QRwAJ STB�@C]CJCz

�hU�@%wfJ�@ O Q\wbg9LRJ¦Q\STU`@fifQRwAJ�FKYfQ\STP�UAJ�L°HKJ�S^c�ZAcaZ`@ O^O g�QRwAJ��ALRST]KwbQ\J�c°Q���J�@VQRZALRJVz�>,YAY O g[STUA]%@%cRS^B/Y O J1wAS^]Cw
Q\wfLRJ�cawAF O ?%QRF�@CU%S^B�@C]KJXFV�{@�wAJ�@ O QRwbg LRJ¦Q\STU`@�cRwAFKZ O ? gGS^J O ?%YAS�ó[J O c�STUAcRST?AJ�Q\wAJ�FCYfQ\STP�UAJ�L°HKJVz�D�FI�XJ¦HKJ�LMi
@�LaJMQRS^U`@ O STB�@C]CJ�S^c¼FC�øQ\JMU�P�@VYfQ\ZALaJ�?0caF�Q\wA@VQ�QRwAJ���FvHCJ�@ @VYAY¢J�@CLRc�B�ST?[rhSTB�@V]KJCiÇ��STQ\w/Q\wAJ,UAJ�L°HKJ�QRF�FKUfJ
cRST?AJCz��XJ�P�@CZAcRJ�FC��Q\wfJ�H[ST]KUAJ¦QRQ\STUA]AiCQRwAJ�UAJ�L°HKJ�B�@Ig @CYAY�J�@CL
?A@CLR�VJ�L
Q\w`@VU�@VLRJ�@Vc¼PMJ�UbQ\LR@ O Q\F1QRwAJ�S^B�@C]KJ
ð @Vc�STU ã S^]KZfLRJ tIsKò¦z
�hUÈFKLR?fJ�L=QRF�ZAUf?AF�Q\wfJXHGS^]KUAJ¦QRQRS^UA]Aiv��J�@CYAY O g�@CU S O^O ZfB�STU`@VQ\STFKU1JM÷GZA@ O STç�@VQRS^FKU�Q\F�QRwAJXSTB�@V]KJCz N @CPyw

YAS»ófJ O7� ðGb�Y��MòXS^U9Q\wAJ�STB�@C]CJ1S^c�@C?��aZAcaQRJ�?�@Cc���F O^O Fv��cMä

����� ðGb�Y��Mò�_ � ðGb�Y��Mò7ag��ij�ÈðXb�Y\��ò ðÿuCò

��wAJMLRJ{��STc�Q\wAJ�?fJ�cRSTLRJM?�@�HCJ�L\@V]KJ�S^UbQ\JMUAcRS�Qhgöð°tIlZ'ÈS^U�@CU,'Çr �ASTQX]KLRJ¦g[caP�@ O J�S^B�@C]KJ�ò�@CUA?e� ðGb�Y��MòXS^c�Q\wfJ
O FGP�@ O @IHCJ�LR@C]KJ�STUbQ\J�UfcRSTQhgCz � wAJ O F[P�@ O @�HKJML\@C]KJ,S^UbQ\JMUAcRS�Qhg%S^c¼P�FKB/YAZfQRJ�?�S^UA?AJMY¢JMUA?AJMU�Q O g%��FKL¼J�@CPyw�YAS�ó[J O
@Cc$Q\wAJX@�HKJ�LR@C]KJ�S^UbQ\JMUAcRS�Qhg�FC�AQ\wfJ�YAS»ó[J O c$��STQRwAS^U�@CU�� �å�ô��STUA?AFI��z � wfJ���S^Uf?AFI�ôcRS^çMJX�ôS^c$HV@CLRS^@C� O JCi
cRF�QRw`@VQ2@�HKJML\@C]CJ�c¼UAJ�@CL�QRwAJ���FKLR?AJML�FC��Q\wAJ�STB�@V]KJXZAcaJ�Q\wAJ�cR@CB�JXUGZfB �¢JML
FC�¢YAS�ó[J O c�ðÊ��JMQh��J�JMU0pKs�@VUA?
uCs%S^UeFKZAL�J¦ó[Y�J�LaS^B/J�UbQ\c\ò�@Cc�@�HKJML\@C]CJ�c�STUeQRwAJ�P�J�UbQRJ�L�FV�=QRwAJ�STB�@V]KJCz � wAJ O FGP�@ O @�HCJ�L\@V]KJ�STUbQ\J�UfcRSTQRS^JMc
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ã ST]KZALaJÈtKtKä � wAJ�LRJMcRZ O Q�FC��S O^O ZAB�STU`@VQRS^FKU%J�÷�Z`@ O S^ç�@VQ\STFKU9FKU9Q\wfJ�STB�@V]KJ1S^U ã ST]KZALaJ tIsfz

@CLaJ @ O cRF�caB�FGFCQRwAJ�?�ZAcRSTUA]�QRwAJ�cR@CB�J���S^UA?fFv��STUA]AiÎQ\F�YALRJ¦HKJ�UbQ�� O ZALRLaS^UA]%Q\wfJ�S^B�@C]KJ���J�@VQ\ZALaJ�cMz � wASTc
YALaF[PMJ�cRc�P�@CU��¢J�S^B/Y O JMB�JMUbQ\J�?/ZAcaS^UA]�@�c O S^?fS^UA]���S^Uf?AFI� @ O ]KFCLRSTQRwABEð�cRJMJ,��FKL2S^UfcaQy@VUAP�J í|l[t¦ïÿiGYA]Az
ñKuKò¦i
cRF�Q\wA@VQ�Q\wAJ/P�FCB�YAZ[Qy@VQRS^FKUAc1@CLRJÈ�Ê@Cc°Q�z ã S^]CZALRJ9tKt%cawAFI��c�QRwAJ%LRJ�caZ O Q�FC��S OTO ZAB/S^UA@VQ\STFKU�JM÷�Z`@ O STç�@VQRS^FKU
ZAY�FKU�Q\wAJ�S^B�@C]KJ,S^U ã ST]KZALRJÈt�sfz
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�XFCQRw QRwAJö��ZAç�ç¦g6PMFKUbHKJMLR]KJMUAP�JÒ@VUA?6S O^O ZAB�STU`@VQRS^FKUûJ�÷�Z`@ O S^ç�@VQ\STFKU @ O ]KFCLRSTQRwAB/c0YALRFG?AZAPMJîSTB�@V]KJ�c9STU
��wASTPyw�Q\wAJÈ�ALaS^]KwbQRUAJ�cac�FC�¼@0YAS�ó[J O S^c,S^UA?fS^P�@ÇQ\STHCJ�FC�
QRwAJÈYALaJ�cRJMUAP�J%FC�
QRwAJÈFKYfQRS^P�UAJ�L°HKJCz��hU3FKLa?AJ�L�QRF
]KJMUAJ�LR@VQ\J�@ wbgGY�FCQ\wAJMcRSTc�FC�$UAJ�L°HKJ O F[P�@VQ\STFKUji�J�S�Q\wAJML�S^B�@C]KJ�S^c¼Q\wALaJ�cRwfF O ?AJM?0Q\FÈST?AJ�UbQ\S��øg%Q\wAJ1�fLRS^]Cw�QRJ�c°Q
tKi uCsKs�YAS�ó[J O c,ðÊFKL2?`@VLR�CJMcaQ�tKi uVsKs�YfS�ó[J O c�@Vc¼?fJ�YASTPMQ\JM?0S^U ã ST]KZALaJ,nKò¦z � wAJ�÷�Z`@CUbQ\S�Qhg�tKi uCsKs���@Cc¼PywAFKcaJ�U
�`@CcaJ�?�ZAY�FKU0Q\wfJ1FK�AcaJ�LaHV@VQRS^FKU�Q\w`@VQXQ\wASTc�S^c¼Q\wAJ�@�HCJ�L\@V]KJ�U�ZAB ��J�L�FC�$YAS»ó[J O c�Q\w`@VQ@vacaQ\@CUA?9FKZ[Q\xÈS^U0@CU
FKYfQRS^P�UAJ�L°HKJ1STU�FKZfL�STB�@C]CJ�c�ðÊFKZAL¼S^B�@C]KSTUA]�LRJMcRF O ZfQ\STFKU�STcXoCsbu©�ÝñCsKs�YAS�ó[J O c�FCU0@ pbu&ª¼æ`J O ?[r FC��r HGS^J¦�,ò¦z
� wAJMcRJ�YAS�ó[J O c�@CLRJ�]CLRFKZAY�J�?eS^UbQRFÈLRJ�]CS^FKUAc�ZfcRS^Uf]/c°Qy@CUf?`@CLR?©'Çr P�FKUAUfJ�PMQRJ�?eP�FKB/Y�FKUAJ�UbQ�@CUA@ O gGcRSTc�z
>,U�g
LRJM]KS^FCUAc���STQ\wfS^Uîu�YfS�ó[J O c�FV��J�@VPywõFCQRwAJ�L�@CLaJ�]KLaFKZAY�J�?åZAcRSTUA]ecaQy@VUA?`@CLa?õB/FKLRYAwfF O FK]CS^P�@ O FKY�J�LR@VQ\FCLRc�z
� wASTc O @CcaQ�c°Q\J�Y�]KLRFCZAYAc,@CLRJ�@Cc�Q\w`@VQ�B�@�g9�¢J�cRJMY`@CLR@VQ\JM?��bg�� O FGFG?�HCJ�cacRJ O c�i{@Cc�P�FKB/B�FCU O g�F[PMP�ZALac,STU
Q\wfJ�UfJ�LaHCJCz
� wAJeLRJ�]CS^FKUAc%@VLRJ9cRFCLaQ\JM?"@VUA?ôcRJ�YA@CL\@VQRJ�?ÝS^UbQ\F�Qh��FîP O @CcacRJMc�i�@VP�P�FCLR?ASTUA]3Q\FöLRJM]KS^FKUÒcaS^çMJCi¼ZAcRSTUA]

ã STcRwAJML"��c O S^UfJ�@CL ?fS^cRPMLRSTB�STU`@CUbQ9ð�cRJMJ���FCLÈS^UAc°Qy@CUAPMJåí�oÇïÿi2YA]Az"tKt�q�ò¤z � wASTcÈcaQy@ÇQ\S^c°Q\STP�@ O Q\J�c°Q%æ`UA?AcÈQ\wfJ
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��J�caQ0cRJ�YA@CL\@VQRS^FKUÝFC��Q\wfJ�LRJM]KS^FCUAc�STU�QRFîQRwAFKcRJ�Q\w`@VQ0@CLRJrv O @VLR]KJ�xõ@CUf?"Q\wAFCcRJ�QRw`@VQ9@VLRJ�v°cRB�@ O^O xåFCL
S^UfcRS^]CUASTæ`P�@CUbQ�z�� QX�XFKLa��c�@Cc���F O^O FI��c�z � wfJ�LRJ�]CS^FKUAc�@CLRJ1caFKLaQRJ�?��bg0caS^ç�JVi`@CUA?9LaJ�Y�J�@VQRJ�? O g0Y`@VLaQ\S�Q\STFKUAJ�?
S^UbQRF�Qh��F cRJ¦Q\c�iQ�m@VUA?w«�z � wfJ1S^UAS�Q\S^@ O Y`@VLaQ\S�Q\STFKU�wA@Cc�FCU O gÈQRwAJ O @CLR]KJMcaQ�J O J�B/J�UbQ�ð�LRJM]KS^FKU/cRSTç�J�ò¼S^U/cRJ¦Q
��i{@CUA?3@ O^O FCQRwAJ�L,J O JMB�JMUbQ\c1STU�cRJ¦Q4«�z N @CPyw3Y`@CL°Q\STQRS^FKUfS^UA]ÈB/FIHKJ�c,Q\wAJ O @CLa]KJ�c°Q1LRJMB�@VS^UASTUA]%J O JMB�JMUbQ
��LRFCBëcRJ¦Q�« S^UbQ\F�caJMQ���ibZAUbQRS O QRwAJ�LaJ�S^c
FKU O g�FCUAJ�J O J�B/J�UbQ O J¦�øQ
S^UÈcaJMQ�«�z � w�ZAcMiG��FCL�¬0Q\FCQ\@ O J O J�B/J�UbQRc
ðÊLaJ�]KSTFKUAc\ò�Q\wAJMLRJ���S OTO �¢J4¬eiét�Q\FVQy@ O YA@CLaQRSTQ\STFKUAcMz
ã FKL�J�@CPyw�Y`@CL°Q\STQRS^FKU�­ÉiAQ\wAJ�?ASTcRPMLRS^B/S^UA@CUbQ�caQ\@VQ\STcaQRS^P{®O¯�S^c�PMFKB/YAZfQ\JM?�@Vc

®O¯!_ ðG°9±Tij°7²�ò h
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��wAJMLRJ+°"@CUA? ³ @CLRJ%Q\wAJ�B�J�@CU�@VUA?�caQ\@CUA?`@VLR?�?AJ¦HGS�@VQRS^FKUåFC��J�@CPyw�cRJ¦Q�z � wAJ O @CLR]KJMcaQ�HV@ O ZfJ�FC�>®O¯
S^Uf?AS^P�@VQ\JMc%QRwAJ���J�c°Q�YA@CLaQRSTQ\STFKUjzÝ� �1FKU O gôFKUAJeLRJM]KS^FKUûY`@CcacRJMc�Q\wASTcÈQ\J�c°Qöð�LRJ�caS^?AJMc�STU"caJMQ´� ��FKL%Q\wfJ
O @VLR]KJMcaQ�HV@ O ZfJ1FC��®O¯Çò¦ifSTQ\c�PMJ�UbQ\LaFKS^?�STc�?AJ�JMB�JM?�@ÈwbgGY¢FCQRwAJ�caS^c�FC��Q\wAJ�FKY[Q\S^P�UfJ�LaHCJ O FGP�@VQRS^FKUjz=� ��B/FKLRJ
Q\wA@CU3FKUAJ LaJ�]KSTFKU�YA@CcRcaJ�c�Q\wASTc,QRJ�caQ�i{Q\wfJ�U�Q\wfJ LRJMcRZ O Q�S^c,?AJ�JMB�JM?3S^UAPMFKUAP O ZAcRS�HKJViÉ@CUA?�UfF9w�gGY�FCQ\wfJ�cRSTc
S^c�]CJ�UAJML\@VQRJ�?jz
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þîJ¼QRJ�caQ�FKZAL$B/JMQ\wfF[?Ac�FKU�pftXSTB�@V]KJ�cÉFC�fwAJ�@ O Q\wbg�LaJMQ\STU`@Cc=@CUA? uCs�STB�@V]KJ�c$FC�fLRJMQRS^U`@Vc$��S�Q\w�?AS^caJ�@CcaJ1ðÊ@ O^O
Q\wfJ1S^B�@C]KJMc�cawAFI��U9S^U�QRwAS^c�Y`@CY�J�L�@VLRJ�STUAP O ZA?AJM?0S^U0FCZAL�QRJ�caQ�cRJMQyò¦z
> O^O Q\wAJMcRJ1STB�@C]CJ�c2�XJMLRJ�@CPM÷GZfS^LRJM?
ZAcaS^UA]e@ � FCYÎWXFKU �  7$�r°uCs0��ZAUf?AZAc�P�@CB/J�LR@�@VQ�pbuZª1æ`J O ?[r FC��r HGS^J¦��i$@CUA?öcRZf�AcRJM÷GZfJ�UbQ O gî?fS^]KS�Q\S^çMJ�?3@ÇQ
oKsbu>�ÈñVsKs�YfS�ó[J O c
S^U%LRJMcRF O ZfQ\STFKUjiGlVqVr �ASTQRc
Y¢JML2YAS�ó[J O ð�caQ\@CUA?`@CLa?T ~ ��ò¤zK�hU�QRwAS^c���FKLa��iGFKU O g�QRwAJ�]KLRJMJ�U
�`@CUf?eFV��QRwAJ�S^B�@C]KJ���@Vc�ZfcRJ�?õð�QRwAJ�LRJM?��`@CUA?�FC��@ LRJ¦Q\S^UA@ O STB�@C]CJ,Q\JMUA?Ac�Q\FÈ��J�c\@ÇQ\ZALR@VQ\JM?jiÎ@CUA?9Q\wfJ
� O ZAJ��A@CUA?�QRJ�UA?Ac�Q\F��¢J�J�B/YfQhgfò¦z � wAJ�UfJ�LaHCJ S^c�HGS^caS^� O J�STU�@ O^O 'ft�S^B�@C]KJ�cMi�@ O QRwAFKZA]KweS^Uåt�q�S^B�@C]KJ�c
STQ�S^c�FKU�QRwAJ1��FKLR?fJ�LXFV�ÉQ\wAJ,S^B�@C]KJ�cRF�QRw`@VQXFKU O g�@���LR@CPMQRS^FKU/FC�ÉQRwAJ�UAJMLaHCJ�S^c2H[STcRST� O JVif@CUf?0S^U0u�FC�ÉQ\wfJ
S^B�@C]KJMc�Q\wAJ UfJ�LaHCJ S^c�P�FCB�Y O JMQRJ O g�FC�AcRPMZALRJM?3��g�wAJMB�FKLaLRw`@V]KS^UA]fz�> O^O FKZfL�S^B�@C]KJMc�@CUA?�LaJ�cRZ O Q\c,B�@�g
��J�HGSTJM��J�?�@ÇQ�í|lKlIïÿz
þõJ�QRJ�caQRJ�?�FKZAL�B/JMQ\wfF[?Ac�STU���FCZAL�HV@CLRS^@VQ\STFKUAc�ä
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tKz N ÷�Z`@ O S^ç�JM?"�ALaS^]KwbQRUAJ�cac�z � wAS^c%HV@CLRS^@VQ\STFKUôZAcRJMc�S O^O ZfB�STU`@VQ\STFKUõJM÷�Z`@ O STç�@VQRS^FKUÒ��F OTO FI��J�?"�bgûwbgbr
Y�FCQ\wfJ�cRSTc�]KJ�UAJML\@VQRS^FKU{z

l[z ã ZAçMçMgöP�FCU�HCJ�La]KJ�UAPMJCi�caS^UA] O J%cRP�@ O JVz � wASTc�HV@CLaS�@VQRS^FKU�@CYAY O S^J�c���ZAçMçMgöPMFKUbHKJ�La]KJ�UfP�J�QRF�@�cRSTUA] O J
� O F[FG?�HKJMcRcRJ O caJ�]KB/J�UbQy@ÇQ\S^FCU0ðøQ\wAJ¼c\@CB/J2cRP�@ O J¼S^c$ZAcaJ�?���FCL=@ O^O S^B�@C]KJMcyò¤iv��F O^O FI��J�?��bg�w�gGY�FCQ\wfJ�cRSTc
]KJMUAJ�LR@VQ\STFKUjz

pfz ã ZAçMçMgôP�FCU�HCJ�La]KJ�UAPMJCi�B Z O Q\STY O J�cRP�@ O J�cMz � wASTcÈHC@VLRS�@ÇQ\S^FCUô@CYAY O S^J�c ��Zfç�çMgôPMFKUbHKJMLR]KJMUAP�J�QRFîcaS�ó
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PMFKLRLaJ�cRY�FKUA?ÒQRF�Q\wAJ0æ`LacaQ%caS�óõFC��Q\wAJ0QRJ�UôY`@CLR@CB�J¦Q\JML�HV@ O ZAJMc ]KS�HKJ�UôSTU í»t�sVïÿz � wAJ9?ASTcaQ\@CUAP�JMc
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cRS^Uf] O J B Z O Q\STY O J @CUA?�J�÷�Z`@ O S^çMJ�?
cRP�@ O J cRP�@ O JMc �ALRST]KwbQ\UAJMcRc

wfJ�@ O Q\wbg ñKñ*) ñVqM) 'bñ*) tIsCs-)
LRJ¦Q\S^UA@Cc
?AS^caJ�@CcaJ�? uKl*) ñVqM) ñVqM) 'blZ)
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B�J¦Q\wAFG?���FKL=æ`UA?ASTUA]1Q\wAJ�PMFKUbHKJMLR]KJMUAP�J�FC�ÎQ\wAJX� O FGF[?�HKJ�cacRJ O UfJMQh��FKLR� STc��`@CcaJ�?%ZAY�FKU%@�UAFIHKJ O
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k¢z�WXwA@VQRQRJ�LX�aJMJCi¼�fzo�XFIgG?ji N z�D�ZAUbQ\J�L @CUA?n �z��K@VS^Uji
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