
���������
	���
���� ��	�
���������������
����������  !����"�	#���$�%��������
&���'�)(

*)+-,/.0.21&35463�783�90:�3�7<;
=?>A@�B#BDCEBGFIH%BDJLK)M-NPO2Q�=?>SRTOVU�>WO

X�Y�ZD[5\ U�R^]_OSQa`bRTN�cd=�NaQbOSOWN
e >gfhRiCjC \ U�R^]_OSQa`bRTN�c

e BGU�NaQ�kOglGCnm�o�M�kOSpqOV>rmqH6lGU)lGs)l

t .Pu�vbwx463�78w�9
y OSKzl�QbN0lGJLOVU_NPB{s�O e l�NaOSJ|l�NPRj>Sl~}�K)CjRj>SlGs)l

� \���� }�O2QaBDU)lGM-NPRj>Sl
\ U�RT]DOSQa`bRjs)lGs���BDCjR^NaOV>2U�Rj>Sl{s�O e lGs�QaRis

e lGs�QaRjsEmz=#KzlrRjU

�$wgu��PvA;&.Pu��)w�+?90923�;�,�1
=?>A@�B#BDCEBGFIH%BDJLK)M-NPO2Q�=?>SRTOVU�>WO

X�Y�ZD[5\ U�R^]_OSQa`bRTN�cd=�NaQbOSOWN
e >gfhRiCjC \ U�R^]_OSQa`bRTN�c

e BDU�NaQ-kOglrC�m�o�M�O/kOSpqOV>rmqH6lGU)lGs)l

���r�&�����W�b�
���������2���I�� W�E¡W¢�£�¤2¥¦��§�£�¨D©�£bªP«��&¢���¬¦ªW­®��¢¯¬¦°�ªW­b�W¥¦°±��������£b§®°�¬¦ªW����£I²0�W°���¢³°�ª�­b�W¥¦°µ´��¬¶£bªW�&·g�WªW���&¢¸°�«µ°±¢³¬¶�&�T��£�¨-©�£bªW����¢¯°�¬¹ªa���&º¸����£�¤W��°�¬¦ª$°�«±°±¢¯¬¶�&�T��£�¨?©¯ 2°±¢¯°�©����&¢¯¬¶»�°±��¬¶£bª2�

¨¼£�¢�½z ���ª�°���¢¯¬¦°�ª�­b�2¥¦°±��¬¶£bª¿¾À£�¨)��£b§��I����¢¯�2©�����¢��®���2©¯ �°��Á°�¡g£b¥¶�0­�£bªÂ·D���&�
£�¨�¡g£b¬¦ªP���&·¥¦¬¦ª��z���&­b§Ã��ªa���-£�¢�¡2¥¦°�ª2°±¢?����¤Â�W¬¦«0¬¦�¯¬¶£bªSÄ�°��W§�¬¶���-°�²0�W°���¢³°�ª�­b�W¥¦°±��¬¶£bª®½z¬¶�� �£b�W���� ��¸�W���
£�¨?Å0����¬¦ª��&¢)¡g£b¬¦ªP���&·W£�¢�½z¬¶�� %°�¤g£b�WªW�W����ªP�W§�¤g�&¢z£�¨?Å0����¬¹ª��&¢)¡g£b¬¦ªP���&º����Á°�¥¦��£I¬¦ªP«����Æ´
��¬¶­b°±���
�� ��
��ÇV��©���£�¨_����§�°�ªW�W¬¹ª�­Ã�� W°±�)�� ��ÃÅ0����¬¦ª��&¢z¡V£b¬¹ªa����¤g�E°��W�W����¬¦ª��� W�
¬¦ªP���&¢¯¬¶£�¢£�¢���ÈA���&¢¯¬¶£�¢�£�¨z°%��¢¯¬¦°�ª�­b�2¥¦°±�������¯¬¦§Ã¡2¥¶�®¡V£b¥¦�P­�£bª�°�ªW��¡W¢�£�¡g£b���®��É�©&¬¶��ªa��°�¥¶­�£�¢¯¬¦�� W§��
¨¼£�¢)°�©&©�£b§Ã¡S¥¦¬¦�� W¬¹ª�­
�� ������/��°���Ê0��º#Ë�£�¢)��È�°�§Ã¡2¥¶��·A½-�/­b¬¶«��E°Ã¥¦¬¦ªW��°±¢�´^��¬¦§Ã��§Ã�&�� �£A�Ì�� W°±�

Í¯ÎDÏbÐÁÑaÒjÓTÔEÕ�Öa×�ÔiÏbØÙÒÆ×%Õ�Ú�ÔiÏbÛ�ÒjÓ�ÜGÐ¯ÒjÐÁÓiÚbÝbÝ0Û�ÒiÔiÐn×�Þ±ß�à-á�â�ã�ä5å-ÒÆÕ�ÖµÔ¸ÖbÛaæ�ç�å�è�é�é�é�êµë�ê�ìÃÕ�Öa×6íVäGî?ãå-ÒjÕ�ÖµÔzÖbÛaæ�ê�ì�ïðârãDïðéµë�êañ�æÃÎDÏbÐ�ÓiÐ³ò¯Û�Öa×�Õ�Ú�ÔjÏbÛ�Ònó ÓzÒiÐnÓTÐnÕ�ÒÆòÆÏÌÜGÕ�Ózò¯Õ�ÒiÒjØÙÐ³×�Û�Ú�Ô/×�ÚbÒjØÙÖbô�ÏbØõÓzö±ØõÓTØ÷ÔzÔjÛIø�ònå-Ø÷ùÙùú�ÖbØÙö�Ð³ÒjÓiØ÷Ô^ß/Ø÷ÖÌñ³ê�ê�ûqÕ�Öa×�ÜDÕ�Ó_ÓiÐ¯ù÷ü¶ïðÓiÚbÝbÝ0Û�ÒiÔiÐn×�æ
ý



²P�W°��W¢¯°�ª�­b�W¥¦°±�����Ã°$��¢³¬¦°�ª�­b�W¥¦°±�����h�¯¬¦§Ã¡2¥¶��¡g£b¥¶�0­�£bª ½z¬¶�� ��� ���§�¬¦ª2¬¦§��2§ ª0�W§�¤V�&¢Ã£�¨£b�����&¢ÃÅA����¬¦ª��&¢E¡g£b¬¦ªP���E¢���²0�W¬¶¢¯���$¨¼£�¢Á�� W°±�
��¢³¬¦°�ª�­b�W¥¦°±��¬¦£bªÂºI���Ì�� �£�½��� W°±�Á�� W¬¦�
§�¬¦ªA´
¬¦§��2§�©&°�ª ¤g�I°±�Ã§Ã£b��� ��������� ·�°�ªW���� W°±���� ��&¢�����È�¬¦���Á¡V£b¥¦�P­�£bªW���� W°±�Á¢���²0�W¬¶¢��I�� W¬¦�§�°�ªa�����W©³ �ÅA����¬¦ª��&¢�¡g£b¬¦ªa����ºG����°�¥¦��£��� �£�½ �� 2°±�)°���¢³¬¦°�ª�­b�W¥¦°±�����Ì��¬¹§Ã¡2¥¶� � ´^­�£bª�§�°��
¤V�Ã²0�W°���¢¯°�ªW­b�W¥¦°±������½z¬¦�� �°±�
§Ã£b��� �����
	�� Å0����¬¦ª��&¢E¡g£b¬¦ªP���/¬¦ªW�¯¬¦���Á�� ���¡g£b¥¶�0­�£bª�°�ªW�°±��§Ã£b���
£bª��®£b�����¯¬¦����º
�) W¬¦�E°�¥¦­�£�¢¯¬¶�� W§ °�¥¹��£�°�¥¦¥¶£�½z�
�2�/��£%£�¤2��°�¬¦ªÂ·r¬¹ª'¥¦¬¦ª���°±¢
��¬¦§Ã��·
²P�W°��W¢¯°�ª�­b�W¥¦°±��¬¦£bªW��¨À¢�£b§�­���ª��&¢¯°�¥g��¢³¬¦°�ª�­b�W¥¦°±��������£b§�°�¬¹ªW�/¾ð���W©¯ �°�����¢³¬¦°�ª�­b�W¥¦°±��¬¦£bªW�#£�¨
¡V£b¥¦�P­�£bªW�)½z¬¶�� � W£b¥¶���&·2°����&�z£�¨_¡g£b¬¦ªP����£�¢¸¥¦¬¦ª��E���&­b§Ã��ªa���nÄ�½z¬¦�� �°®¤g£b�Wª2������ªP�2§
¤g�&¢£�¨_Å0����¬¹ª��&¢)¡g£b¬¦ªP���&º

� ��������������������� �

!#"
$�%'&)(+*-,�./(1032/,4$
576�%8&)9:$;5<*-%>=:?@*A"
&)=:(+64%:B�64%/C:=/D1&+(1EF"
03%/"
$�(+%:DG&+9/$;D+6�5
=/,4*A&)6�03%80-?H*<I�6�C/$
J *-(164$
&KEF0-?L.:(+0M"�$�D1D+$
D�NOD1=/"P9Q*-DSRT=:64C�RT0�IU64%V6�%XW1$�"Y&)640-%�5Z03,�C/64%:B/N[2'EVD+03, J 64%/B\"
035Z.:,464"�*A&)$
C
D]E^D]&)$
5ZD_0A?�.T*-(1&+6`*-,TC:6�a�$�(+$
%'&)6`*A,b$
c>=T*A&)6�03%/DGd ýAýYegf�h 0
5Z*-i-$j&)9/6�Dk&)*-D+i $�*-D164$
(�N^&+9/$l5 $
&+9/0MC<0-?
monTprqKs
sYt4sYu<sYnTqrv 6�D_=/D1=T*-,4,wE<$
5Z.:,40�E3$
Cxdzy-{ e|fo} %\&)9/6�D~*-././(10'*-"P9�*
D+03,�64C\5 0^C:$�,�0A?�&+9/$S032MW1$
"
&
=/%:C/$�(�D]&)=/C^EQ��03(l6w&)Dj2�03=:%/C/64%:B�D+=/(]?@*-"�$���64DjC/6 J 6�C/$�C8=/.�64%'&)0ZD+5Z*-,4,�./6�$�"
$�D�C/$Y&)$
(+5 64%/$
CF2'E
CT*X&P*;.�0-64%'&)D~D+*-5Z.:,4$�C�03%�&)9:$�0-2MW1$�"Y&��zDjD1=/(1?@*A"�$ f
} %VD+"�*A&+&+$�(+$
C�2/6 J *-(+64*A&)$�CT*A&P*�6�%'&)$�(1.�0-,`*A&+6403%F0-%/$;64DS(1$�c>=/64(1$�C�&)0�"
03%/D1&+(+=/"Y&�*�2:6 J *-(+64*A&)$

?�=/%:"
&)6�03%��@03(jD+=/(]?@*-"�$��~&+9T*A&j�/&)DjCT*A&)* &+9T*A&j9T*-D�2�$
$�%8"
03,4,�$�"Y&)$�C�*A&�D)*-5 ./,�$�C�.�036�%'&)Dj03%�&+9/$
./,4*-%/$�d��-� e|f�� %/$ *-./.:,464"�*A&)6�03%F0-?kD1=/"P9x*\./(1032/,4$
5�6�%F&)9/$ *-(1$�*\0-?k"�035 ./=:&+$�(S"�*-(1&+03B3()*A./9'E
6�DZ&)9:$8"�0-%/D1&+(+=/"Y&)640-%�0-?�*-././(10��:6�5<*X&)$�5Z0MC/$�,�DZ0A?S&)$�(1()*-6�%/DZ?�(1035 CT*A&)*�"�03%:D+64D]&)6�%/B�0-?S&+9/$
$
,4$ J *A&+6403%�*A&
*�B36 J $�%��T%/6�&+$ZD1$
&;0A?~D)*-5 ./,�$�C�.b036�%>&+D\d ý���e|f�h 08?@*A"�64,�6�&)*A&)$
&+9/64D�./(+0M"�$
D+D�&+9/$
CT*X&P*
.b0364%'&)DL64%<&+9/$S./,`*A%/$S*-(1$�=/D+$
C�&+0;C/6 J 6�C/$�6�&L64%'&)0�D+5Z*-,4,�./64$
"�$�D fo� *-"P9�D1=/"P9�./64$
"�$�&+9/$�%
B36 J $
D~(+64D1$�&)0 *
D+=:(1?@*-"
$�./*A&)"P9�*-%/C\&)9:$�D+$GD1=/(1?@*-"
$G.T*A&)"P9:$�Dj*-(+$��/%T*-,4,wEQ�]D1&)6w&)"P9/$
C/��&)03B3$Y&)9/$
(
&+0�?�0-(+5�&+9/$GC/$�D164(1$�C�*-././(10��^6�5<*A&+6403%�&+0;&)9/$GD+=:(1?@*-"
$ f
� %/$x?�=/%/C/*-5Z$
%'&P*-,�B3$�035 $
&+(+6�"�./(1032/,4$
5 6�%�*-./.:,464"�*A&)6�03%/D�D+=/"P9�*-D8&+9/03D1$Q5Z$
%>&+6403%:$�C

*-2b0 J $V64D�&+9/$�"�0-%/D1&+(+=/"Y&)640-%�0-?�* u<sPvP  ?�(+035 &)9/$�B36 J $
%�D1$
&�0-?�CT*A&P*x.b036�%>&+D f¢¡ 03(�D1$ J'£
$
()*-,¤C/$
"�*-C/$
DH&+9/$j?@* J 03(+$
C�5Z$
D+9Z=/D+$
C�64% D+=/"P9�*-././,�64"�*X&)640-%/D�9T*-Dk2�$
$�%<&+9/$ q|¥¦p@§-nM¨-©Mtw§-¥lu<sPvP 
03(�&)(16`*-%:B3=/,`*X&)640-%ª0A?S&)9/$�CT*A&P*�.�036�%'&)D�d ý���egf�} %�*�&)(16`*-%:B3=/,`*A( 5 $�D19«&)9:$8�T%/6w&)$�$�,4$
5Z$
%'&)D
*-(1$-N¬*-DS&)9:$ %/*-5Z$;6�5Z.:,464$
D�Nb&)(+64*-%/B3,�$�D f !lD�*\(+$�D1=/,�&�N­&)(+64*-%/B3=:,`*A&+6403%/D�0-?HD+$
&+D���D+=/"P9�*-DGD+$Y&)D
0-?l.�0-64%'&)D
NL,46�%/$\D+$
B35 $�%'&)D
N_.�0-,�EMB303%/D
NL$Y&)" f �®9T* J $�2�$
$�%¯D1&)=:C/64$
C«64%°C/$
.:&)9±*-%/Cª5
=/"P9«6�D
i>%/0�I�%²*-2b03=:&�&+9/$�5³dz´ egf�µ 0�IH$ J $�(�N�6�%FD+035 $
D16�&)=/*A&)6�03%/D�?�0-(l2b0-&)9F&+9/$��T%/6w&)$
$
,4$
5Z$
%>&S*-%/C
&+9/$SD+"�*A&+&+$�(+$
C�C/*A&P*;64%'&+$�(+.b03,4*A&)6�03%<./(1032/,�$�5 D�N:6w&~64DL./(+$Y?�$�()*A2/,4$�&+9T*A&~&)9:$��T%/6�&+$�$�,�$�5 $�%'&)D�2b$
¶ ©:§'·-¥1§-nM¨-t4sPv �@c>=T*AC/(+6�,`*A&+$�()*A,4DP�l6�%/D1&+$�*-C�0-?_&+(+6`*A%/B3,4$
D f<¡ 0-(�$¦�/*A5Z./,�$-N¬6�&�9T*-D�(+$
"�$�%'&+,�E²2�$
$�%
D19/0�I�%�&)9/*A&¬cM=/*-C/()*A%/B3=/,4*A&)6�03%/D­9T* J $kD+$ J $
()*-,^*-C J *-%'&P*AB3$�D�0 J $
(¬&+(+6`*A%/B3=/,4*A&)6�03%/D�?�0-(�&+9/$o./(+0-2 £
,�$�5¸0-?�D+"�*X&+&)$
(+$
CFCT*A&)*Z64%'&+$�(+.b03,4*A&)6�03%²d¹yA´ e *-%/C�&+9T*A&j645 ./(10 J $�5 $�%'&)Dj64%�$�,4*-D1&+64"�6w&KE\*-%/*-,�EMD+6�D
"�*-%�2b$<032^&P*-6�%/$�C�64%V�T%/6�&+$Z$
,4$
5Z$
%>&�5Z$Y&)9/0MC/D�2'E�=:D+64%:B8c>=T*-C/(+*-%/B3,�$�D�()*A&+9/$�(G&)9T*A%�&)(16`*-% £
B3,�$�DGdzy e|foº %:?�0-(1&)=:%T*A&)$
,�E-N:%/0-&_5
=/"P9�64D_i>%/0�I�%�*-2b03=:&~c>=T*AC/()*-%:B3=/,`*X&)640-%/DL0-?¬.b0364%'&LD+$
&+Dj*-%/C
B30M0MC�c>=T*-C:()*-%/B-=/,`*-(�5 $�D19/$�DS*A(+$�9T*-(+C:$�(�&+0ZB-$�%/$
()*A&+$�&)9/*-%FB30M0^C�&)(16`*-%:B3=/,`*A(~5Z$
D+9/$
D;dzy ý�e|f
} %�?@*-"Y&�N[6w?o$�C/B3$
D�*-(+$;*A,4,40�IH$�CF&+0\2�$;6�%/D+$
(1&)$
CV03%/,�E�2b$
&KIH$�$�%V&)9:$;B36 J $�%VCT*A&)*�.�036�%'&)D���6 f $ f N

y



%/08$Y�M&)(+*8.�0-64%'&)D�"�*-,�,4$�C��M&)$
64%/$
(�.b0364%'&+D�*-(1$<.b$�(15Z6w&+&)$
C¤��&)9/$
%Q%/0-&;*A,4,oD+$Y&)D
0-?�.b036�%>&+D�*AC £
5 6�&G*�c>=T*-C/(+*-%/B3=:,`*A&+6403% f�h 9/$ "P9T*-(+*-"
&+$�(16���*X&)640-%²0A?_c>=T*-C/(+*-%/B3=:,`*A&+6403%/DS0A?_.b0364%'&GD+$Y&)D�*-%/C
&+9/$;C/$�D164B3%V0-?H*-,�B303(16�&)9:5ZD�?�03(l&+9/$�6�(�$�� "�6�$�%'&�"�035 ./=:&)*A&)6�03%F=/D164%/B\&+9/$;5Z6�%/645�=/5 %>=/5
2b$�(
0-?��M&+$�64%:$�(�.�036�%'&)DG9T* J $ 03%/,wEZW1=/D1&�2b$�B3=:%�d ý { e|f<} %«d ý { e 6�&G6�D�D19/0�I�%�&)9/*A&�*�D1$
&�0-?_.b036�%>&+D
*-C:5Z6w&)D~*�c>=T*-C/(+*-%/B3=/,4*A&)6�03%\I�6�&+9/03=:&��M&+$�6�%/$�(�.b0364%'&)D�6w?O*A%/C803%:,�E�6w?�&+9/$G%>=/5
2b$�(j0-?O.b036�%>&+D
03%\&+9/$G"�03% J $¦��9M=:,4,[6�Dj$ J $
% f
} %«.:()*-"Y&)64"�*-,~./(1032/,4$
5ZD;?@*-"
$�C¯2>E°$
%/B36�%/$�$
(+D�NH&)9/$�&KEM./64"�*-,�64%/./=^&Z"
03%/D164D1&+DZ0A?S*VD+$
&Z0-?

.b0364%'&+D;,�EM64%/B�6�%Q&)9/$�64%'&+$�(+6�03(
0-?l*V.�03,wEMB303%xI�6�&+9¯9:03,4$
D�d ý	� Noy3y e|f �^64%:"�$�,46w&+&),�$<6�D;iM%:0�I�%
*-2b03=:& "
035Z.:=:&)6�%/BVcM=/*-C/()*A%/B3=/,4*A&)6�03%/D�NoI�9/$
(+$�*AD &+(+6`*A%/B3=/,4*A&)6�03%/D
9T* J $82b$�$�%ªIL$
,4,~D]&)=/C/6�$�C
?�03(HD+$ J $�(+*-,­C/$
"�*-C/$
D�dz´ e N^$�%/B36�%/$�$
(+D~9T* J $SC/$ J 0-&)$
C�D1035 $S*A&+&+$�%'&)6�03%<&+0�&)9/$S.:(+032/,�$�5¢0-?�
�� n�

� sY¥¦q@prnM¨ &+(+64*-%/B3=/,4*A&)6�03%/D�&)0\c>=T*-C:()*-%/B-=/,`*A&+6403%:D;d ý	� N�y3y>N­� ��egf�h 9/$�D1$ 5 $
&+9/0MC/DS9/0�IL$ J $
(�*-(1$
9/$
=/(+6�D1&+64"-N>"
03%/"�$
.:&)=/*-,4,wE;()*A&+9/$�(o"
=/5
2b$�(+D1035 $�*A%/C<5Z*�E;(+$
cM=:64(+$�5Z*-%'E��M&)$
64%/$
(o.�036�%'&)D f�¡ 0-(
$¦�/*A5Z./,�$-N��-039/%/D]&)03%¯$
&<*-, f dzy3y e 64%'&+$�B3(+*A&)$�D+$ J $
()*-,�9/$�=/(164D]&)64"
DZ6�%'&)0�*²D]E^D]&)$
5 &+9T*A&<*-=:&)0 £
5Z*A&)6�"�*-,�,�EZ"�03% J $�(1&+DS*;&)(+64*-%/B3=:,`*-(~5 $�D19864%'&+0<* cM=/*-C/()*A%/B3=/,4*-(�5Z$
D+98I�9/6�"P98(1=/%/Dl6�%��<�����¦�
&+645 $�*-%:CF5<*�E8*-C/CF5 03(1$�&)9/*-%����M&+$�6�%/$�(�.b036�%>&+Dl6�%8&)9/$�./(+0M"�$
D+D�N�I�9/$�(1$��x64Dj&)9/$�D+6��
$
0-?
&+9/$�&+(+6`*A%/B3=/,4*-(�5Z$
D+9 f�� 0\*A&1&)$�5 .:&+D�*-./.b$�*A(�&)0Z9T* J $;2b$�$
%�5<*-C:$�&+0�03.:&+645 6���$G$
6�&)9:$�(�&+9/$
%>=/5
2b$�(�0-?��M&+$�64%:$�(~.b0364%'&)D�03(_&+9/$G"�035 ./,�$Y�^6�&KE<0-?�&+9/$G"�03(1(+$
D+.b03%/C/6�%/B *-,4B30-(+6�&+9/5 D f

� $�(1$�5Z*-(+iZ&)9T*A&�c>=T*AC/()*-%:B3=/,`*X&)640-%/D~0-?�.�03,wEMB303%/D��rI�6�&)9:03=:&jB36 J $�%�CT*A&)*�.b036�%>&+D~64%/D164C/$��
9T* J $82b$�$�%«64% J $
D1&)6�B'*A&+$�C±6�%ª&+9/$8"
035Z.:=:&P*A&+6403%/*-,_B3$
035Z$Y&)(]E°,46�&+$�(+*A&)=/(1$\?�03(ZD1035 $�&+645 $\64%
D1$ J $
()*-,OC/6�a�$�(1$�%'&�"
03%'&)$Y�M&+D fG¡ 6�(+D1&jIH$
%/0-&+$�&)9T*X&�N[*AD�I�6�&+9F.b0364%'&)D
N�*A(+2/6w&)()*A(1E�D+6�5Z.:,4$�.�03,wE £
B30-%/DlC/0<%/0-&S*A,�IL*�EMDS*AC/5Z6w&�* c>=T*-C/(+*-%/B3=/,4*A&)6�03% fj} %F?@*-"
&�N�6w&l6�D�%/0A&�C/6��Z"
=/,�&�&)0�"
03%/D]&)(+=:"
&
.b03,�EMB30-%/D�&+9T*A&
(1$�c>=/6�(+$! G�"�­�#�M&+$�6�%/$�(
.b036�%>&+D�6�%x03(+C:$�(�&+0F"�035 ./,�$
&)$<*8c>=T*-C/(+*-%/B3=:,`*A&+6403% f
� %�&)9/$G0-&+9/$�(�9T*-%:C$� ¥¦qr  � ¨ � nb§-t .b03,�EMB30-%/D��|*-,�D+0�64D10-&)9/$Y&)6�"S03(~(+$
"
&)6�,46�%/$�*-()�L*-,wI_*�EMDl*AC/5Z6w&�*
c>=T*-C:()*-%/B-=/,`*A&+6403%�% prqr  � ©Mq �M&)$
64%/$
(S.�036�%'&)D f�} %V?@*-"
&�N­D+=/"P9�.�0-,�EMB303%/D�*-,wI_*�EMD�*-C/5 6�&Sc>=T*AC £
(+*-%/B3=/,4*A&)6�03%/D�64%FI�9/6�"P9²$ J $
(1EVc>=T*-C/(+*-%/B3,�$;64D�
�� n � s'& N[*�=:D+$
?�=:,�./(+0-.�$
(1&KE�%/0A&G03%/,�E�64%F&+9/$
"
03%'&)$Y�M&�0-?¬.b03,�EMB30-%T*-,b(+$�B-6403%\6�,4,4=:5Z6�%T*A&)6�03%;03(_B-=T*-(+C:64%/B
2:=:&�*-,�D+0;64%Z�T%/6�&+$�$�,�$�5 $�%'&~5 $
&+9 £
0MC/D f²¡ 03(�&)9/6�D�(+$�*-D+0-%[No%/03% £ "�03% J $¦�°c>=T*-C/(+*-%/B3=:,`*A&+6403%/D�0-?�03(]&)9/03B-03%T*-,k.�0-,�EMB303%/D
*-(+$�%:0-&
6�%>&+$�(1$�D1&+64%/B�*-%/CZ9T* J $�%/0A&L2b$�$
%�D1&+=/C/64$
C f !l%<$Y�^64D]&)$�%'&+6`*-,¤./(10^0-?�&)9T*A&H03(]&)9/03B-03%T*-,T.b03,�EMB30-%/D
*-,wI_*�EMDZ*-C/5 6�&;"
03% J $Y�«c>=T*-C/(+*-%/B3=:,`*A&+6403%/D
IL*-D��T(+D]&<B-6 J $
%«2'E)(G*-9/%[N*(S,`*�IL$�*-%:C+(S,4$
6�& £
5Z*-%«d¹y-� egf !�"
03%/D1&+(+=/"Y&)6 J $<.:(+0M0-?LI�6w&)9�*-%��<���­�l&+645 $�*-,4B30-(+6�&+9/57IL*-DG�T(+D]&
032^&P*-6�%/$�C²2'E
�:*A"Pi-, h 03=/D+D+*-64%'&~dz�'y e ?�03(¬D1&)*-( £ D+9T*A.�$
C
.�0-,�EMB303%/DO*-%/C
D1=/2/D1$�c>=/$�%'&+,�E
B-$�%/$
()*-,�6���$
C�&)0�(+=/%�64%
�<���S,40-B��­�k&+645 $~?�03(_*-(12/6�&+()*-(]E�D+6�5Z./,�$�03(1&+9/03B303%/*-,¤.�03,wEMB303%/DH2>E.�:*-"Pi8d�� ý
e|fo� C/$�,�D+2/(1=/%/%/$
(�N
� �0/j03=:(+i-$�*-%:C � $�,1��,kd ý ´ e N�2­=/2/6�IUd¹y43 e *-%/C5�:*-"Pi6, h 03=:D+D)*A64%'&�dz�3� e N¤*-5 03%/B;0A&)9/$
(+D�N¤,4*A&)$
(
032^&P*-6�%/$�C�*-C:C/6�&+6403%T*A,�"
03%/D1&+(+=/"Y&)6 J $ J *-(+64*-%'&)D_I�6�&+9\D+6�5Z6�,`*-(o&)6�5Z$�"�035 ./,4$¦�^6�&)6�$�D f !l%�03(]&)9/03B £
03%/*-,_.b03,�EMB303%xI�6w&)9°9/03,�$�D
C:0^$
D %:0-&�%/$�"
$�D1D)*-(164,�EQ*-C/5 6�&;*�"
03% J $Y�ªc>=T*AC/()*-%:B3=/,`*X&)640-%°*-%/C
2­=/2/6wI�dzy73 e D19/0�IL$
CZ&+9T*A&o&)0GC/$Y&)$�(15Z6�%/$~6�?b&)9:64D�64D�.b03D1D+642:,4$~64D ��8 £ "�035 ./,�$
&)$ f�¡ 03(�(1$
?�$�(1$�%/"
$�D
&+0�*-C:C/6�&+6403%T*A,:D+.b$�"
6`*-,¤"�*-D+$
DH0-?�c>=T*-C/(+*-%/B3=/,4*A&)6�03%�./(+0-2/,4$
5ZD
N3&)9/$j(+$�*-C/$�(k64Do(1$
?�$�(1(+$
CZ&)0<d��3´ e|f
} %<&+9/64DH.T*-.b$�(HIH$lD]&)=/C^EZ&+9/$�./(1032/,4$
5U0-?*
�� n � sY¥¦q@prnM¨ B3$�%:$�()*A,�&)(16`*-%:B3=/,`*X&)$�C C/035Z*-6�%/D�&)0

c>=T*-C:()*-%/B-=/,`*A&+6403%:D�NX=/%/C/$
(�* J *-(164$
&KE�0-?¤"
03%/D]&)()*A64%'&)D f � $H?�0M"�=/D�03%;*l"�*-(+$Y?�=/,^D]&)=/C^E�0-?¤c>=T*AC £
(+*-%/B3=/,4*A&)6�%/B D+645 ./,�$�.b03,�EMB30-%/D�*-%:CFD+9/0�I�,`*A&+$�(�&)9T*X&l&)9:$�D+$
&+$�"P9/%:64c>=/$�DS$¦�M&)$�%:CV&+0�B3$
%/$�(+*-,
&+(+6`*A%/B3=/,4*A&)$
C<C/035Z*-6�%/DHD1=/"P9�*-D_.b03,�EMB30-%/DHI�6w&)9\9/03,�$�DL*-%/C\CT*A&)*�.b0364%'&)DL64%/D164C/$
��&)9:$�"�*-D1$�0-?

�



.T*A(1&)6�"�=/,4*-(o64%'&)$
(+$
D1&L&+0
$�%:B364%/$
$�(1DP� f � $lC:$�5Z*-%/C<&+9T*A&L&+9/$lc>=T*AC/()*-%:B3,4$
DL032:&)*-64%:$�C<2b$ vYq@¥¦p 
 q
c>=T*-C:()*-%/B-,4$�D
N-6 f $ f NX&)9T*A&�c>=T*-C/(+*-%/B3,�$�D�%/0-&�"�03%'&P*A64%�&+9/(+$
$_"�0-,4,46�%/$�*A( J $�(]&)6�"�$�D
N-I�9/6�"P9�IL0-=/,4C�64%
$Ya�$
"
&j5<*Ai-$S&)9/$
5®&)(16`*-%:B3,4$
D fo¡ 03(_$¦�/*A5Z./,�$-NT6�%�D1035 $S5Z$
D+9�B3$�%/$
()*A&+6403%�5 $
&+9/0^C:D�d ý 3 e *-%/C
6�%�&)9:$�(+$
"�$�%'&;$ � "�64$
%'&�D+"�*X&+&)$
(+$
CQCT*A&P*�64%'&)$
(+.b03,`*A&+6403%²*-,�B303(16�&)9:5ZDZdzy-´ e NO&)9/$<cM=/*-C/()*A%/B3,4$
D
5
=:D1&~2b$lD]&)(+6�"
& f !l,�&+9/03=/B-9�D1&+(+64"Y&_c>=T*-C:()*-%/B-=/,`*A&+6403%:DL5Z*�E 2b$�032:&)*-64%:$�C�2'E\*AC/C/64%:B �M&)$
64%/$
(
.b0364%'&+D~03%�&+9/$�2�03=:%/CT*-(]E\03(�C/6`*AB303%T*-,�D�NMIL$�032:&)*-64%�D1&+(+6�"
&�c>=T*-C/(+*-%/B3=:,`*A&+6403%/D~2'E�"
03%/D+6�C/$�( £
6�%/BS03%/,wE �M&+$�64%:$�(�.b0364%'&)Do*AC/C/$�C 64%
&+9/$�$Y�M&)$
(+6�03(�03(�64%'&+$�(+6�03(~�@*-%/C %/0-&o03% *SC/64*-B303%T*A,r�¬0A?b&+9/$
.b03,�EMB30-% fO¡ 03(�&)9/$�D+6�5Z.:,4$L"�*-D+$~I�9/$
%Z%:0-�>&)$�6�%/$�(�.b036�%>&+Do*-(+$�*A,4,40�IH$�C[N-6 f $ f N3I�9/$�% 6�&�6�D�*-D1i-$�C
I�9/$Y&)9/$
(S*<c>=T*-C:()*-%/B-=/,`*A&+6403%�"�*A%F2�$�032:&)*-64%/$
C8D1645 ./,�E�2'E�(+$
5Z0 J 64%/B<*<"�*A(+$
?�=:,4,�E�D1$�,�$�"
&+$�C
D1=/2/D+$Y&_0-?�$�C:B3$�DH0-?�&+9/$�&)(+64*-%/B3=:,`*A&+6403%[NXIL$j.b0364%'&o03=:&o&+9/$�"
03%/%/$
"
&+6403% 2�$Y&KIL$
$�%\c>=T*-C:()*-%/B-= £
,4*A&)6�03%/D�*A%/C � sY¥���s 
 q¬u §-q 
  MprnM¨Xv 0-?b&)9:$~C/=T*-,TB3(+*-./9/D�0A?�&+9/$~&)(+64*-%/B3=:,`*A&+6403%/D�64%;c>=/$
D1&)6�03% f � $
032^&P*-6�%<* J *A(+64$Y&KE�0-?­"P9T*A()*-"Y&)$�(16���*A&)6�03%/Do?�03(kI�9:$�%\*�&+(+64*-%/B3=/,4*A&)6�03%��@0A?[D+0-5Z$�D1&)(1=/"
&+=/(+$�D+=/"P9
*-D�*<.b03,�EMB30-%[NTD+$Y&S0-?�.b036�%>&+D�Nb,46�%/$GD+$�B-5Z$
%>&+D�03(j$ J $�%V* &+(+64*-%/B3=/,4*A&)$
C�.:,`*-%T*A(jD1=/2bC/6 J 64D16403%T�
*-C:5Z6w&)D�*Sc>=T*-C/(+*-%/B3=:,`*A&+6403%�I�6w&)9/0-=:&o=/D+6�%/B �M&+$�64%:$�(o.�0-64%'&)D���03(�I�6�&+9 *G2b03=/%:C/$�C %>=/5
2b$�(�0-?
�M&+$�6�%/$�(�.b036�%>&+DP� f � $�*A,4D+0<64% J $
D1&)6�B'*A&+$�&)9:$;$
a�$�"
&�0-?kC/$�5Z*-%/C/6�%/BZ&+9T*A&�&+9/$ �M&+$�6�%/$�(�.b036�%>&+D
2b$�*-C/C/$
CV64%F&)9:$ 6�%'&)$�(16403(�03(�$¦�^&+$�(16403(S0-?H*�&)(16`*-%:B3=/,`*X&)$�C8D+645 ./,�$�.b03,�EMB303% f�¡ =/(]&)9/$
(+5 03(+$AN
IH$G./(+03.b03D1$�$ � "�64$
%'&�*-,�B303(16�&)9:5ZDk?�03(�*-"�"
035 ./,46�D+9/6�%/B�&)9:$�D+$G&P*AD+i>D f
} %!�M$�"
&+6403%<y^N'IH$lD+9:0�I«&)9T*A&k$ J $�(]E � £ B30-%Z5Z*�E;2�$�c>=T*-C:()*-%/B-=/,`*A&+$�CZ64% ���"�­�O&)6�5Z$_I�6w&)9

*A&�5 03D1&�� ���-�	�<03=:&+$�( �M&)$
64%/$
(G.�036�%'&)D�N¬*-%:C�&)9/*A&G&)9/$
(+$ $Y�^64D]&�.b03,wE^B-03%/DS&)9T*X&�(1$�c>=/6�(+$;&)9/6�D
5Z*-%'EF03=^&)$�( �M&+$�6�%/$�(S.b0364%'&+D ��IH$ C:$
�T%/$�� ©Mq sY¥�
¤qKsYprn�sY¥ � � prnTq�v &)0�2b$��M&)$
64%/$
(S.�036�%'&)D�&)9/*A&
*-(1$ *-C/C/$
C�03=^&)D+6�C/$;&)9/$�D1645 ./,4$
.b03,wE^B-03%¤� f;} %V&)9:$ (1$�5Z*-64%:C/$�(S0-?k&)9:$ ./*-.�$
(�N­IH$ZC/$
D+"
(+642b$
*-,�B303(16�&)9:5ZD�?�0-(�"
03% J $�(]&)6�%/Bl&)(16`*-%:B3=/,`*X&)640-%/D�&)0�c>=T*-C/(+*-%/B3=/,4*A&)6�03%/D
�AIH$L"�*A,4,3&)9:$�D+$ � sY¥ 
�� tw§-q@p � n
§-tz¨ � ¥¦prqr Mu�v fL} %��M$�"
&+6403%��:NTIH$�B36 J $�* ,�64%/$�*-(_&)6�5Z$G*-,�B303(16�&)9:5�?�03(�"�0-5Z./=^&)64%:B<*�5<*��:6�5
=/5
5Z*A&)"P9:64%/B�64%�*�&+(+$�$ &)9T*X&
*-,�D+0�9T*-D�&)9/$<*-C/C/6w&)640-%T*-,�./(103.b$�(1&KEV&+9T*A&�*-,4,�=/%:5<*A&+"P9/$�C�%/0^C:$�D
*-(1$�,4$�* J $�D~0A?¬&+9/$l&+(+$�$ foh 9/64D_5Z*A&+"P9/64%/B
*-,4B30-(+6�&+9/5#EM64$
,4C/DL*
5Z$Y&)9/0MC�&)9T*X&~c>=T*-C/(+*-%/B3=/,4*A&)$
D
*�&+(+6`*A%/B3=/,4*A&)$
C±D+6�5Z./,�$8.b03,�EMB30-%«I�6�&+9±&)9/$ u;prnTpru;©Mu %>=/5
2b$�(\0-?�03=:&+$�( �M&+$�6�%/$�(�.b036�%>&+D
(1$�c>=/64(1$�C°?�03(
&)9/*A&;&)(16`*-%/B-=/,`*A&+6403%�NO&)9/6�D�5Z6�%/645
=:5 2b$�6�%/B²*A&�5 03D1&�� ���-�	� f°} % �^$�"Y&)6�03%¯�:N
IH$\D+9/0�I�&)9T*A& *8&+(+64*-%/B3=/,4*A&)$
CxD+6�5Z.:,4$<.b03,wE^B-03%x5Z*�E�2�$<cM=/*-C/()*A%/B3=/,4*A&)$
C°I�6w&)9°*A&
5Z03D]&
� ���A���.�M&)$
64%/$
(G.�036�%'&)D prn:vYp@·Ms &)9/$ .�0-,�EMB303%²*-%/C�*A&G5 03D1&�03%:$ 0-=:&)D164C/$ f � $ D+9/03=:,4C².�036�%'&
03=^&;&)9T*A& 6w&;64D�%/0-& *A,�IL*�EMD .�0-D+D+6�2/,4$�&+0VcM=/*-C/()*A%/B3=/,4*A&)$�*VD+6�5Z./,�$�.b03,�EMB303%xI�6w&)9 �M&)$
64%/$
(
.b0364%'&+D<03%/,wEª03%«&)9:$F64%/D164C/$	�l?�03(Z$Y�:*-5 ./,4$AN�*�.�$
%'&P*-B30-% f � $8"�03%/"
,4=/C:$ �^$�"Y&)6�03%±��I�6w&)9
*�C:64D+"
=/D+D16403%«0-?S&)9/$8*-././,�64"�*A&)6�03%/D�0-?S&)9:$�D+$8.�$
(+"�0-,`*A&+6403%°&)$
"P9/%/64c>=/$
D�&)0�&+9/$8.:(+032/,�$�5 0-?
032^&P*-6�%/64%/B;c>=T*AC/()*-%:B3=/,`*X&)640-%/D~?�(+035¸B-$�%/$
()*-,­&)(16`*-%:B3=/,`*X&)$�C\C:035<*A64%/D
NTD+=/"P9�*ADj&+(+6`*A%/B3=/,4*A&)$
C
D1$
&)DS0A?o.�036�%'&)D�N�,46�%/$�D1$�B35 $�%'&+DS03(l.b03,�EMB30-%/D�I�6w&)9�9/03,�$�Dl*-%/C�CT*A&)*<.b0364%'&)D�64%/D164C/$ fS¡ 6�%T*-,4,wE3N
IH$G"�03%/"
,4=/C:$G&+9/$G.T*-.b$�(�2'E�./(+$
D+$
%>&+64%/B D+0-5Z$S03.b$�%�./(1032/,4$
5ZD~6�%5�^$�"Y&)640-% �Mf

� �¯�o������� �����G���S� � ���
����� ���

} %�&+9/64D_D1$�"Y&)640-%�IL$S(1$�D1&+(+6�"
&~03=:(~*A&+&+$�%'&)6�03%<&+0;D+645 ./,�$l.b03,�EMB303%:D f�¡ 6�(+D]&LIH$SC/64D1.�$
%/D+$�I�6w&)9�*
(1$�5Z*-(+i�"�0-%/"�$
(+%/6�%/B�03=/(l%/03% £ D1&P*A%/CT*-(1C8&)$
(+5 �1c>=T*-C/(+*-%/B3,�$��Z?�0-(�&)9:$
=/2/6�cM=:6�&)0-=/D\�1c>=T*AC/(+6 £

�



¡ 6�B3=/(1$ ý���� �/*A5Z./,�$�0-?­D+6�5Z.:,4$�D]&k"�03%/D]&)(1=/"
&+6403%Z0-?�*�c>=T*AC/()*-%:B3=/,`*X&)640-% ?�(1035¢*�&+(+6`*A%/B3=/,4*A&)$
C
.b03,�EMB30-%

,4*A&)$
()*-, f ��!l,4,T.b03,wE^B-03%/D�$Y�^"
$�.:&S��?�03(�D1035Z$�=/%:iM%:0�I�%<(+$�*AD+03%¤�O&+9/$�.�03,wEMB303%�0-?�?�0-=/( J $
(1&)6�"�$
D�N
*-(1$l(1$
?�$�(1(+$
C�&+0
2'EZ&+9/$�6�(L%>=/5
2b$�(L0-? J $
(1&)6�"�$
DG�|*-%:B3,4$
DP�k(+*A&)9:$�(L&+9T*-%<&+9/$�6�(LD+6�C/$�DS�@,`*X&)=/D)� f�} %
&+9/$�IH03(+C/Dl0-?��L0��:$Y&)$
( d ý � e N�� prq~p4v
u � ¥)s�©>vY©:§-t�q ��
 §-trt¬qr Mp4v�§ ¶ ©/§'·-¥¦prtw§-qKsY¥+§-t��	��©Mq~q � · � v �
p4v�©MnT¥)s+§Xv � nb§
��t4s��j§Xv�qr Ts %*� ¥1·�q@¥¦p@§-nM¨-t4s;¥)s ��sY¥)v�q � prq�v � sY¥¦q@p 
 sPv�¥1§-q� TsY¥;qr :§-nxprqrv
vYp@·MsPv���§-nb·
v � q �	� · � sPv
q� Ts %*� ¥+· � sYnTq §�¨ � n
��� � $ *-D+D1=/5 $
&)9T*A&S*�.b03,wE^B-03%�9T*-D������ J $�(1&+64"
$�D f !lD
.b0364%'&+$�Cx03=^&;64%�&+9/$�./(1$ J 640-=/D
D+$
"
&+6403%[N�%:0-&�*-,�,k.b03,wE^B-03%/D;*-C:5Z6w&
*8c>=T*AC/()*-%:B3=/,`*X&)640-% f8} %
D1=/"P9�"�*-D+$
D�N¬6�&G64DS%:$�"�$
D+D+*-(1EV&)0�*-C/C � �M&+$�6�%/$�(S.b0364%'&+D+���@6 f $ f .�036�%'&)DS&)9T*X&�*-(+$�%/0-& J $�(]&)64"
$�D
0-?�&+9/$
03(164B36�%T*-,­.b03,�EMB30-%¤�j6�%F03(+C:$�(l&+0�c>=T*-C/(+*-%/B3=/,4*A&)$�&)9/$;.b03,wE^B-03% fl} %F&+9/64D�*-%/C8&+9/$
?�03, £
,�0�I�6�%/B�D+$
"
&)6�03%[N¬IL$Z*-C/C/(1$�D1D�&)9:$Zc>=/$
D1&)6�03%�0A?~032:&)*-64%/6�%/B�*�c>=T*AC/()*-%:B3=/,`*X&)640-%²0A?~*�D+645 ./,�$
.b03,�EMB30-%�*A?r&+$�(L6w&L9/*-D_2b$�$�%�&+(+64*-%/B3=/,4*A&)$
C fOh 9:64D_6�5Z./,�64$
DoIH$S*-(1$�*-,�,40�IH$�C<&+0
C/$�,�$
&+$l$Y�^6�D1&)6�%/B
C/64*-B303%/*-,4D
N^2/=^&�%:0 %:$
I C:6`*-B30-%T*-,4DL2�$Y&KIL$
$�%8./*-64(1D~0-? J $�(]&)6�"�$�D�*-(1$G*-,4,�0�IH$�C\&+0 2b$S64%:D+$�(]&)$
C f
!�,4D+0:N:IL$GC/0 %/0-&j*A,4,40�I C/$
,4$
&+6403%�0-? J $
(1&+64"�$
D�0A?�&+9/$G03(+6�B364%T*A,�.b03,�EMB30-% f

8 (+032/*-2/,�E�&)9:$~D+645 ./,�$�D1&�5Z$Y&)9/0MC
&)0S032^&P*-6�%�*�cM=/*-C/()*A%/B3=/,4*A&)6�03%
0-?�*l&)(16`*-%:B3=/,`*X&)$�C�.�03,wE £
B30-%�6�D�&+0 �/(+D1&�64%:D+$�(]&�*��M&+$�64%:$�(�.�0-64%'&j64%�&)9/$�64%'&)$
(+6�03(~0-?�$ J $
(1E�$�C/B-$�*-%:C8C/64*-B303%T*A,[0-?O&+9/$
&+(+6`*A%/B3=/,4*A&)$
C�.�0-,�EMB303% ��%/0-&)$�&+9T*A&­&)9:64D J 6403,4*A&)$
D[03=/(­C:$
�T%/6w&)6�03%S0-?��+*-,4,�0�IL$
C/� �M&)$
64%/$
(­.�0-64%'&)D
N
*-D�C/$�D1"�(1642b$�C�64%�&)9/$_6�%'&)(+0MC/=/"Y&)6�03%¤� f¬h 9/$
%[N3?�03(O$�*-"P9
&)(16`*-%:B3,4$k64%/D1$�(]&�*-%
$¦�M&)()* �>&)$�6�%/$�(O.�036�%'&
*-%'E>I�9/$
(+$�64%F&+9/$�64%'&)$
(+640-(l0-?o&)9:$
&)(+64*-%/B3,�$\�@*-DS,403%:B\*-DS6�&�C/0^$
DS%/0-&G5Z*-i-$
&+9/(+$
$;"�03,�,46�%/$�*-(
�M&+$�6�%/$�(o.b0364%'&)D�I�6w&)9 *-%'E�0-&+9/$�(�.T*A64(�0-? �M&)$
64%/$
(o.�036�%'&)D�64%;&+9T*A&o&)(16`*-%/B-,4$���*-%/C "�03%/%:$�"
&k6w&�&)0
&+9/$S&)9/(1$�$�0-&)9/$
( �>&)$�6�%/$�(�.b0364%'&+D~0-?O&+9T*A&�&)(16`*-%/B-,4$ f �M=/"P9�*�cM=/*-C/()*A%/B3=/,4*A&)6�03%\64D�64,�,4=/D]&)(+*A&)$
C
6�% ¡ 64B-=/(+$ ý3fSh 9/64Dl5Z$Y&)9/0MC�9T*-D�D1$ J $�()*A,o*-C J *-%'&P*-B-$�D f�¡ 03(�03%/$-N�2>E8"P9/0M03D+6�%/B�&)9/$�64%'&)$
(+640-(
�M&+$�6�%/$�(j.�0-64%'&j"�*-(1$
?�=/,�,�E��@6 f $ f N¤6�%�&+9/$�6�%>&+$�(16403(�0-?�&)9/$�&)(+64*-%/B3,�$SC/$
�/%/$�C�2'E�&)9/$�0-&)9:$�(�&)9/(1$�$
�M&+$�6�%/$�(�.b0364%'&+DP��*S"�03% J $¦�ZcM=/*-C/()*A%/B3=/,4*A&)6�03%;"�*-%�2b$�032:&P*A64%/$
C8d ý 3 e|f�h 9/$j*-,�B303(16�&)9:5�6�D�&)(+6 J'£
64*-,^&+0S645 ./,4$
5Z$
%>&�*-%/C�6�&�(+=/%/D�6�%;,46�%/$�*-(�&)645 $ fO� 2/D+$
( J $j&+9T*A&�&+9/64Do*-,�B303(16�&)9:5 IH03(1iMD�?�03(�*-%'E
&+(+6`*A%/B3=/,4*A&)$
C�C/0-5<*-6�% f�h 9/$�./(1032/,4$
5 I�6�&+9�&)9/6�D
*-.:./(+0'*A"P9Q64DG&)9T*A&
*-,�&+9/03=/B-9�6�&�,4$�*-C/D�&)0

�



(a) (b)

(c) (d)

¡ 6�B3=/(1$�y ��� =T*-C/(+*-%/B3=/,4*A&)6�03% J 6`* µ *-5 64,w&)03%/64*-%�&)(16`*-%:B3=/,`*X&)640-% f �@*'� � (164B36�%T*-,[&+(+6`*A%/B3=/,4*A&)$
C
.b03,�EMB30-% f �@2¤���S$�035 $
&+(+64"�*-,[C/=/*-,[&)(1$�$�64%/D1$�(1&+$�C�I�6�&+9�$�*-"P98%/0MC/$G0-?�&)9/$G&)(1$�$G"�03%:%/$�"Y&)$�C�&)0
&+9/$�&)9:(+$�$ J $�(]&)6�"�$�DS0A?o6�&)D�"�03(1(+$
D+.b03%/C/6�%/B�&)(16`*-%/B-,4$ f �@"�� � (+6�B364%T*A,¬C:6`*-B30-%T*-,4D�(1$�5 0 J $�C f ��C¤�
!�(+$�D1=/,�&+64%/B�cM=/*-C/()*A%/B3=/,4*A&)6�03%ZI�6w&)9\*
D164%/B3,�$j&+(+64*-%/B3,�$�(1$�5Z*-64%/6�%/B/N'I�9/$
(+$S*-%\0-=:&)$
( �M&)$
64%/$
(
.b0364%'&~6�D�64%/D1$�(1&+$�C f

D]&)(+6�"
&�c>=T*-C/(+*-%/B3=/,4*A&)6�03%/D
NT6�&j=/D+$
D�&+0^0 5<*A%>E��M&+$�6�%/$�(j.�0-64%'&)D~I�9/$
%F6�&j64DjC/$
D+64(+*-2/,�$G&+0<iA$�$�.
&+9/64D�%M=:5
2�$
(�D+5Z*-,�, f�} %F?@*-"
&�N�&+9/64Dl*-././(10'*-"P98I�6�,4,¬*-,�IL*�EMD�=/D+$�� ��� � �M&+$�6�%/$�(�.�036�%'&)Dl6�%�*
&+(+6`*A%/B3=/,4*A&)$
C\D+645 ./,�$ � £ B303% f
!l%:0-&)9/$
( *-././(10'*-"P9°&)9T*A&�=:D+$�DZ*-2b03=:&�03%:$�&+9/64(1Cª*-D;5<*A%>E$�M&)$
64%/$
(;.�036�%'&)D�64D J 6`*8&+9/$

µ *-5Z6�,�&+03%/6`*A%8&)(16`*-%/B-=/,`*A&+6403%V*A,4B303(16�&+9/5�0-?_!l(+i>6�%�$
&
*-, f d�� e|f � 6�&+9x* J $�(]E�C/6wa�$
(+$
%>&�B30'*A,
6�%�5Z6�%/C[Nj%T*-5 $�,�E-Nj?@*AD1&�(+$
%/C/$
(+64%:B¯6�%�"�035 ./=:&+$�(\B3(+*-./9/6�"�D�N�!l(1iM6�% $
&�*-, f ./(+0-.�03D1$�C�*-%
$
,4$�B3*-%'&�5 $
&+9/0MC80-?O032:&P*A64%/6�%/B;I�9T*A&j&)9/$YE�"�*-,4,�* µ *A5Z6�,�&)0-%/6`*-% £ "
EM"
,4$l&+(+6`*A%/B3=/,4*A&)6�03% f �^=/"P9
*�&+(+64*-%/B3=/,4*A&)6�03%G9T*-DO&+9/$_./(103.b$�(1&KE�&)9/*A&�6w&)DOC:=T*-,MB3()*-.:9�*-C/5 6�&)D�* µ *-5Z6�,�&+03%/6`*A%S"
EM"�,�$ f�� 0-D+$
*-%:C h 03=:D+D)*A64%'&Zd ý { e (1$�"�$
%'&),�EF./(+03.b03D1$�C²*�5Z$Y&)9/0MCF&)0\0-2:&P*-6�%Fc>=T*-C/(+*-%/B3=:,`*A&+6403%/Dl0-?k.�036�%'&
D1$
&)D J 6`*�I�9T*A&G&+9/$
EV"�*-,4,�$�CVD+$
(+.b$�%'&)6�%/$ &+(+64*-%/B3=/,4*A&)6�03%/D f !U&)(16`*-%/B-=/,`*A&+6403%864DSD+$
(+.b$�%'&)6�%/$ 6�?
6w&)DLC:=T*-,�B-()*-./9�*AC/5Z6w&)DH* µ *-5 64,w&)03%:6`*-%�.T*A&+9 f�� EZ"�035�2/64%/6�%/B�&+9/$�6�C/$�*-DL64%Vd ý { e *-%/C²d�� e IH$
"�*-%Z0-2:&P*-6�%�*-%Z*-,4B30-(+6�&+9/5�?�03(�c>=T*-C/(+*-%/B3=:,`*A&+64%/BG*S&)(16`*-%/B-=/,`*A&+$�C;D1645 ./,4$_.b03,wE^B-03%�*-D�?�03,4,�0�I�D
��(+$
?�$
(�&)0 ¡ 6�B3=/(+$�y3� fU¡ 64(+D]&�* µ *-5 64,w&)03%:6`*-% £ "
EM"�,�$�&+(+64*-%/B3=/,4*A&)6�03%«6�D\032:&)*-64%/$
C±I�6�&+9 &+9/$
*-,�B303(16�&)9:5 0A?:!�(+i>64%�$
&�*-, f d�� egf �L03%/D164C/$
(¬*�&+(+6`*A%/B3=/,4*A&)$
CSD+645 ./,�$�.�0-,�EMB303%G*-D�6�% ¡ 64B3=/(1$kyG�|*'� f

´



¡ 6�(+D]&�N>*S./,`*A%T*-(�C/=T*A,/&)(+$
$�64Do64%/D1$�(]&)$�C 64%;&+9/$~&)(+64*-%/B3=:,`*A&+$�C�.�0-,�EMB303% f¬h 9T*A&k&)9:64D�"�*A%<*-,wI_*�EMD
2b$
C/03%:$;64%V*<&)(16`*-%:B3=/,`*X&)640-%�03(S"
03% J $¦�Vc>=T*-C/(+*-%/B3=/,4*A&)6�03%8IL*-D��T(1D1&G./(10 J $�C²2'E � $�(1%²*-%/C
�S64,�2�$
(1&<d03 egf � $Y�M&�N�6�%x$�*-"P9x&+(+64*-%/B3,�$ &+9/$�%/0MC/$�6�%�&)9/$<C/=T*-,o&)(1$�$�"
03(+(1$�D+.b03%/C:64%/BF&+08&)9/6�D
&+(+6`*A%/B3,4$<64D;"�0-%/%/$�"Y&)$
C¯I�6�&+9¯$
C/B3$
D &+0V&+9/$\&)9/(1$�$ J $
(1&)6�"�$
DZ0-?j&)9:$�&+(+64*-%/B3,�$ f°¡ 6�%T*-,4,wE3NO&+9/$
03(164B36�%T*-,[C:6`*-B30-%T*-,4D~0A?�&)9/$G&)(16`*-%:B3=/,`*X&)$�C�.b03,�EMB30-%F*-(1$�(1$�5 0 J $�C8&+0ZEM64$
,4C�&)9/$ µ *A5Z6�,�&)0-%/6`*-%
&+(+6`*A%/B3=/,4*A&)6�03%VD+9/0�I�%ª64% ¡ 6�B3=/(1$\yx��"�� fVh 9/$ µ *-5 64,w&)03%/64*-%²"
EM"�,�$�"�03%'&)*-64%/$
CQ64%�&+9/$\C/=T*A,
0-?H&)9/$;&+(+6`*A%/B3=/,4*A&)6�03%F"�*A%�2b$�?�0-=/%/C�2'EV.b$�(]?�03(+5 64%/B�*\&)(1$�$�&)(+* J $�(1D)*-,k0-?k&)9/$ B3$�0-5Z$Y&)(+6�"�*-,
C/=/*-,�&+(+$�$	�:&)9:64D_*A,4,40�I�DH=/DL&)0 J 6�D+6�&L$ J $�(1EZ&)(16`*-%/B-,4$j64%<&+9/$ µ *A5Z6�,�&)0-%/6`*-%�03(1C/$�( f�h 0;0-2:&P*-6�%\*
c>=T*-C:()*-%/B-=/,`*A&+6403%<6�&_D1= � "�$
Dj&+0
?�03,4,�0�I�&+9/$ µ *A5Z6�,�&)0-%/6`*-% 03(1C/$�(���D1&P*A(1&)6�%/B;*A&~*-%'E�&)(16`*-%/B-,4$��
*-%:C
C/$�,�$
&+$_$ J $�(1E�0-&)9:$�(�C/64*-B303%/*-, f !±c>=T*AC/()*-%:B3=/,`*X&)640-%�032:&)*-64%:$�C�6�%�&)9:64D�IL*�E
6�DO64,�,4=/D]&)(+*A&)$
C
6�% ¡ 64B-=/(+$Fy��@C¤� f � 0-&)$�&)9T*A&<&)9/$�,4*-D1&<$�,4$
5Z$
%'&\5<*�E¯2�$F*�&)(+64*-%/B3,�$�6�%«I�9/6�"P9 "�*-D+$FIH$
5Z*�E�*-C/C�03%/$�*-C/C/6w&)640-%T*-, � ©MqKsY¥ �M&)$
64%/$
(�.b0364%'&�&)0 "�0-% J $�(]&l&)9:64D�&)(+64*-%/B3,�$l&)0<* c>=T*AC/()*-%:B3,4$ f
!�,�&)9:03=/B39�&)9:64DG*-,�B303(+6w&)9/5 64DSD1,46�B39'&),�E�5 03(+$;"
035Z.:,464"�*A&)$
C�&)9T*-%�&+9/$Z.:(+$ J 6�03=/DG03%/$AN¬6w&GD1&+64,4,
(1=/%/D�6�%����"�­��&+645 $ f�¡ =/(1&+9/$�(15Z03(1$-N�*A&�5 03D1&l03%/$
0-=:&)$
( �M&)$
64%/$
(l.b0364%'&l64Dl%:$�$�C:$�C²*-%/C8&+9/$
%>=/5
2b$�(S0A?H6�%'&)$�(1%T*-,��M&)$
64%/$
(S.�036�%'&)D�6�DS*-,�IL*�EMD�� �±yMN[6 f $ f *A&G5 03D1&���� ý �M&+$�6�%/$�(�.b036�%>&+D
6�% *-,4, f � 0-&+$F&)9T*A&\&+9/64D<5Z$Y&)9/0MC�C/0M$�D\%/0-& J 6�03,`*A&+$803=:(�"�03%:C/6�&+6403%/DZ?�03(�"�0-% J $�(]&)64%:B°&+9/$
&+(+6`*A%/B3=/,4*A&)6�03%�&+0�*�c>=T*-C/(+*-%/B3=/,4*A&)6�03%82b$�"�*-=/D1$ $ J $
%²&+9/03=/B39�6w&�C/6�D+"�*-(+C/D §-trt C:6`*-B30-%T*-,4D
N�6w&
C/0M$�DG%/0A&G64%/D1$�(1&G%:$
I#C:6`*-B30-%T*-,4D�2�$Y&KIL$
$�%x./*-64(1DS0-? J $�(]&)6�"�$�D f !l,�&+9/03=/B-9V&+9/$ µ *A5Z6�,�&)0-%/6`*-%
*-.:./(+0'*A"P9<B36 J $�DH*�5Z*-(1i-$�CZ645 ./(+0 J $�5 $�%'&L6�% &+9/$j%M=:5
2�$
(L0-? �M&)$
64%/$
(H.b036�%>&+DH=:D+$�C�N^IH$lD+9:0�I
&+9T*A&G2'E�=/D164%/B�"�0-,403(164%/B�*-(1B3=/5 $�%'&)D�?�0-(�&)(+64*-%/B3=:,`*A&+$�C�.b03,�EMB303%:D d ý �MN ý��Xe N­IL$ "�*A%V?�=:(1&)9:$�(
(1$�C/=/"
$�&+9/$G%>=/5
2b$�(�0-?��M&)$
64%/$
(~.�036�%'&)D�2'E�*
?@*-"
&+03(~0-?O&+9/(+$
$�*-%/C\&)9/6�D�64D~03.:&+645Z*-, f

� $Y?�03(+$F.:(+0M"�$�$
C/64%:B/NjIH$�5Z*-i-$F0-=/(�C/$Y�T%/6�&+6403%¯0-?-�M&)$
64%/$
(�.b0364%'&)D<5Z03(1$8./(1$�"
64D+$ f !lD
.b0364%'&+$�C\03=:&L64%�&+9/$�64%'&+(+0MC/=/"
&+6403%�N^%/0 �>&)$�6�%/$�(L.�036�%'&)D_5Z*�E<2b$�./,4*-"�$
C\03%�&)9/$S2b03=/%:CT*-(1EZ0-?
&+9/$l.b03,�EMB30-%Z03(H03%<C:6`*-B30-%T*-,4D fOh 9/$
(+$Y?�03(+$AN^IH$�"�03%:D+64C:$�(L0-%/,�E;&KIH0�&KEM.�$
D_0-? �>&)$�6�%/$�(H.�0-64%'&)D �
prnTn�sY¥ *-%:C � ©^qKsY¥ f�} %/%/$
( �M&)$
64%/$
(L.b0364%'&+DL,46�$�64%<&+9/$lD]&)(+6�"
&L64%'&)$
(+640-(H0-?�&)9/$�.b03,wE^B-03%���2/=:&_%:0-&
03%²*\C/64*-B303%T*A,r��*A%/C�0-=:&)$
(-�>&)$�6�%/$�(S.b036�%>&+DS64%�&)9:$ D]&)(164"
&G$¦�M&)$�(16403( f�¡ =/(1&+9/$�(15Z03(1$-N[?�03(�&+9/$
"�*-D+$~I�9/$
%<03%/,wE
03=^&)$�( �M&+$�6�%/$�(�.b0364%'&+Do*-(+$j*-,�,40�IL$
C[N3&)9:$j2b03=/%:CT*-(1E
0-?�&+9/$�03(+6�B364%/*-,^.b03,wE^B-03%
5Z*�EF2b$ 5 0MC/6��T$
C�64%�&)9:$�?�0-,4,40�I�6�%/B<IL*�E ��� *-"P9�0-=:&)$
(-�>&)$�6�%/$�(G.b0364%'&���64DG* �Z,�6`*A&+$�CFI�6w&)9
*<D164%/B-,4$�$
C/B3$��;0-?�&+9/$
03(164B36�%T*-,­.b03,�EMB30-%[N�&+9/$
$�C:B3$��;64D�C/$�,�$
&)$
CV*-%/CF&KIH0\%/$
I�$�C:B3$�DG*-(1$
"
(+$�*X&)$�C�2'E�"�03%:%/$�"Y&)64%:B���&)0;&+9/$S&KIL0 $�%/C £ .b0364%'&)D�0-?�� f
h 9/$L?�0-,4,40�I�6�%/Bj&+9/$�0-(+$�5 B36 J $�DO=/DO&)6�B39'&�2b03=/%/C:D�03%�&+9/$_%>=/5
2b$�(�0A?¤03=:&)$
( �M&+$�64%:$�(O.b036�%>&+D

&+9T*A&�*-(+$o(1$�c>=/64(1$�C�&)0jcM=/*-C/()*A%/B3=/,4*A&)$k*~&)(+64*-%/B3=:,`*A&+$�CS.b03,�EMB303%�=/%/C:$�(�&)9/$k*-2b0 J $L"
03%/C/6w&)6�03%/D f

	�

��������� ����� � ���A�	� � ©^qKsY¥ 
¤q sYprn�sY¥ � � prnTq�v�§-¥)s
§-t % §���vSvY©�� 
 pgsYnTq �~§-nb· v � u<sYq@pru<sPvGn�s 
 

sPvPv�§-¥�� �Gq � ¶ ©/§'·-¥1§-nM¨-©Mtw§-q s\§²q@¥¦p@§-nM¨-©^tw§-qKs+·�vYpru � t4s � � t���¨ � n � � � � sY¥¦q@p 
 sPv �! [©M¥¦q� TsY¥¦u � ¥)s��
qr TsPv�s 
¤qKsYprn�sY¥ � � prnTqrvGu §�� �Ys�t �	
 §-q s+· prn ���"�­� q@pru<s �

" ������#%$ ¡ 64D+iªd ý���e 0-2/D+$
( J $
CQ&)9T*A&�D164%/"
$Z&)9:$ J $�(1&+64"
$�D
0-?_*�&+(+6`*A%/B3=/,4*A&)$
C².b03,wE^B-03%�"�*-%x2b$
&+9/(+$
$ £ "
03,40-(+$�C�N_$ J $�(1Eª&)(16`*-%:B3=/,`*X&)640-%Q0-?G*-% � £ B-03%'& "�*-%±2b$�.T*A(1&)6w&)6�03%/$�Cª64%'&+0)( � ���-�	�
�
§-n:v 2'E\"P9/0M03D+6�%/B;&)9/$G,�$�*-D]& £ 0M"�"
=/(+(164%/B�"�03,�03(G�|* �
§-n 64D~*
&+(+6`*A%/B3=/,4*A&)6�03%ZI�9/$
(+$G03%/$ J $�(1&+$Y��N
"�*-,4,�$�C�&+9/$ �
§-n 
 sYnTq sY¥ N[6�DlD+9/*-(+$
C²2'E8*-,4,�&)9:$�&)(16`*-%/B-,4$�D)� fG� 2/D1$�( J $;&)9T*X&�&)9/$
(+$
6�DS*-,wI_*�EMDS*

3



v’e
v

fan arms

Steiner point p

¡ 6�B3=/(1$G� � ! �
§-n 6�%�&+9/$GC/$�"
035 .�03D16�&+6403%\*A,�IL*�EMDj2�$
B364%:D�*-%/C�$�%/C/D~I�6w&)9�*�.b03,wE^B-03%\$�C/B-$ f

C/$
"�035 .b03D+6w&)640-%
D+=/"P9�&)9/*A&�&)9/$
D+$~?@*-%/D�D]&P*-(]&k*-%/C�$�%:C<*A&o$
C/B3$
Dk0A?b&+9/$�.�0-,�EMB303%��r&)9/6�D�?�03,4,�0�I�D
?�(1035�&+9/$�&)9/(1$�$ £ "�0-,403(164%/B;*A(+B3=/5 $�%'&�=/D1$�C�2'E ¡ 64D1iZ&+0;.T*-(1&+6�&+6403%<&+9/$S&)(16`*-%/B-=/,`*A&+$�C�.b03,wE^B-03%
6�%>&+0\?@*-%/DP� f � $�(+$
?�$
(�&+0�D1=/"P9�$
C/B3$
D�0-? & *-D �
§-n�
]§-¥¦u�v ��D+$�$ ¡ 64B-=/(+$��'� fZ} &G?�03,�,40�I�D�&)9/*A&
$�*-"P9�?@*A% £ *-(15¸*-.:.�$�*-(+D�64%�03%:,�E�0-%/$S?@*-% f

�L03%/D164C/$
(�%/0�I�* J $�(]&)$¦� � 0-?�&�&)9/*A&j64D�*
?@*-%�"�$
%>&+$�( f�� $
(1&)$¦� � C/$Y�T%/$
D�*;D+$
cM=:$�%/"
$�0-?
&+(+6`*A%/B3,4$
DL6�%<&)9/$�&+(+64*-%/B3=/,4*A&)6�03% f¬h 9/$�D1$S&)(+64*-%/B3,�$�DH"�*-%\2b$S.T*-6�(+$�C\=:.�&)0
?�03(15�c>=T*-C:()*-%/B-,4$�D f
} ?�&)9:$�%>=/5
2b$�(_0-?¬D1=/"P9\&)(+64*-%/B3,�$�DH64DL0MC/C[NMIL$�I�6�,4,b2�$l,4$
?r&HI�6�&+9�03%/$l&+(+64*-%/B3,�$-NM03%/$�0-?�I�9/0-D+$
$
C/B3$�D;6�D
*8?@*-% £ *-(15 � f�� %/$�0A?~&)9/$\$
%/C/.b0364%'&)D�0-? ��6�D � �k,4$
&�&)9/$<0-&)9/$
(;2�$ ��� f � $<"�*-%
"
03% J $�(]&H&+9/64D�&+0�*Sc>=T*-C:()*-%/B-,4$~2'E *-C/C/6�%/B�* �M&)$
64%/$
(k.b036�%>& � 6�%Z*GD+=:6�&P*A2/,4$_,�0^"�*A&)6�03%;03=:&+D+6�C/$
�3NTC/$
,4$Y&)64%:B
&)9/$G$�C:B3$ ��*-%/C�"�0-%/%/$�"Y&)6�%/B ��&+0�&+9/$S&KIL0 J $
(1&+64"�$
D � *-%/C ��� f
h 9>=/D�IH$_%/$�$
C
&)0l*-C/C;*A&O5Z0-D1&�03%/$ �M&+$�6�%/$�(�.�036�%'&O.b$�(¬?@*-% f �^64%/"
$ &�"�*-%�2�$H.T*-(1&+6�&+6403%/$
C

6�%>&+0 ( � ���-�	��?@*-%/D�N�6�&�?�03,�,40�I�Dj&+9T*A& � ���-� �;03=:&+$�(��>&)$�6�%/$�(j.b0364%'&)Dl*-(+$�*-,�IL*�EMDlD+= �Z"
64$
%>&l&)0
c>=T*-C:()*-%/B-=/,`*A&+$G*
&)(+64*-%/B3=:,`*A&+$�C\D+6�5Z.:,4$�.b03,�EMB30-% f
} %�03(+C/$
(j&+0�D+$�$G&)9/*A&�� ���-� �
03=:&+$�(��M&+$�64%:$�(�.�0-64%'&)D�*-(1$�D1035 $
&)6�5Z$
D~%/$�"
$�D1D)*-(]E�&+0Zc>=T*AC £

(+*-%/B3=/,4*A&)$j*�&+(+64*-%/B3=/,4*A&)$
CZ.b03,wE^B-03%[N>"�03%:D+64C:$�(H&+9/$�&+(+64*-%/B3=/,4*A&)$
CZ.b03,wE^B-03%<6�% ¡ 6�B3=/(+$j�\�r&)9/6�D
6�D�D1645 64,`*A(l&)0�*A%�$Y�:*-5 ./,�$Z0-?~*8.�0-,�EMB303%V&)9T*X&
(+$
c>=/64(1$�D � ���-�	��B3=T*-(1C/DP� f�h 9/$
(+$\*A(+$ 03%/,�E
&+9/(+$
$GIL*�EMD�6�%�I�9:64"P9�?@*-%/D�5<*�E<2�$G"P9/03D1$�% �

� } ? ��� 6�D
"P9/03D1$�%¯*-D�03%/$\0-?�&+9/$�?@*-%°"�$
%>&+$�(1D�NH&+9/$�%Q&+9/$\0-&)9:$�(
?@*-%°"�$
%'&)$�(1DZ5�=/D1&�2b$
&+9/$ J $�(]&)6�"�$�D �
	��
�����
���������������
�
�
� � f�h 9/$�D1$�?@*-%:DH"
03%/D+6�D1&L0-?[D164%/B3,�$~&)(+64*-%/B3,�$�Do*-%:C<9/$
%/"�$&+9/$
E<I�64,4,�$�*-"P9�%/$�$
C803%:$S03=:&)$
(��M&)$
64%/$
(j.b036�%>&L?�03(_&)9/$Gc>=T*-C:()*-%/B-=/,`*A&+6403% f

� } ? �����������
�������������
�
�
��������� *-(+$�"P9/03D1$�%Q*AD�&+9/$;?@*-%�"
$�%'&)$
(+D
N�$�*-"P9�0-?L&+9/$�?@*-%/DG9T*-D�*-%
0MC/C�%M=:5
2�$
(�0-?L&)(+64*-%/B3,�$�D
N�*A%/Cx9/$
%/"�$�$�*-"P9x0-?L&)9/$
5 I�6�,4,�%/$
$�CQ03%:$Z03=^&)$�(#�M&)$
64%/$
(
.b036�%>&L?�03(_&)9/$Gc>=T*-C:()*-%/B-=/,`*A&+6403% f

� } ? � � ���
�����
 ����������������!� *-(+$�"P9/03D+$
%�*-DH&+9/$�?@*A%�"�$
%>&+$�(1D�N:IH$�9T* J $�*�"�*-D1$lD1645 64,`*A(�&)0�&+9/$

�



v2 v4

v10

vn

v7

vn - 2

v1

vn - 1

¡ 6�B3=/(1$�� � �L03% J $
(1&)6�%/B<&+9/64D�&)(16`*-%/B-=/,`*A&+$�C�.�0-,�EMB303%�&)0<*Zc>=T*-C/(+*-%/B3=:,`*A&+6403%�(+$
cM=:64(+$
D � ���-�	�
03=^&)$�( �>&)$�6�%/$�(�.b0364%'&+D f

*A2�0 J $ f

� $
D+$
$�&)9T*X&�64%8$�*-"P9�0-?�&+9/$
*A2�0 J $;"�*-D+$
D�N � ���-�	��0-=:&)$
(��M&+$�64%:$�(l.b036�%>&+D�*-(1$�%/$
"�$
D+D)*A(1E
6�%�0-(+C/$
(_&)0 032:&P*A64%�*;c>=T*-C/(+*-%/B3=/,4*A&)6�03%�?�(+0-5®&)9/$S&+(+6`*A%/B3=/,4*A&)$
C�.�0-,�EMB303% f
h 0�D+$�$\&+9T*A&
&+9/$�D1$ �M&)$
64%/$
(;.�036�%'&)D
"�*-%Q2�$\,�0^"�*A&)$
Cx64%$�<���[�G&)6�5Z$AN�"�0-%/D+6�C/$�(
&+9/$�?�03, £

,�0�I�6�%/B f�h 9:$G&+(+64*-%/B3=/,4*A&)$
C\.�0-,�EMB303%\"�*-%�2b$�&)9:(+$�$ £ "
03,403(1$�C�64%�,�64%/$�*-(L&)6�5Z$;� (S0^0-D+9/$
D+9�*-%/C
� 0-(+$
&�d¹y ��e � f�h 9/$_$
C/B3$~03%�I�9/64"P9�*�B3=/*-(+C
6�D�./,4*-"�$
C
B36 J $�D�=:D�&)9/$L?@*A% £ *-(15 ��0-=:&)D164C/$kI�9/64"P9
IH$l./,4*-"�$~&+9/$ �>&)$�6�%/$�(k.b0364%'& f�h 0��T%/C\*A%<*-.:./(+03.:(+6`*X&)$�./,`*A"�$�5 $�%'&H0-?�&+9/$ �M&)$
64%/$
(H.b0364%'&�N>IH$
5Z*�E�&+(+64*-%/B3=/,4*A&)$S&+9/$�D1645 ./,4$�.�0-,�EMB303%x�@03(j.�0-,�EMB303%/D)��&+9T*A&�,464$�03=:&+D+6�C/$ &¢*-%/C�I�6�&)9:64%�&+9/$
"
03% J $Y�\9M=:,4,�0A?�&�N:6�%!���"�­��&)645 $l=:D+64%:B��L9T*4��$
,4,�$-�zD~*-,4B-03(+6w&)9/5 d ý y e|f�h 9/$ �M&+$�64%:$�(_.b0364%'&H?�03(
��"�*-%\2�$�./,`*A"�$�C�*A%>E>I�9/$
(+$S6�%/D+6�C/$�&+9/$�&+(+6`*A%/B3,4$j64%:"�64C:$�%'&_03% �Z�@*-%/C�6�%<&)9:$l$Y�M&+$�(+6�03(L0A?
&�� f
} ?��l64DH*-% $�C/B3$�0-?�&+9/$j"�03% J $¦��9>=/,�,gN3&+9/$�%<&+9/$ �M&)$
64%/$
(k.b036�%>&k"�*-%<2b$�,�0^"�*A&)$
CZ6�% &+9/$j64%'&)$
(+640-(
0-?O&)9/$�(+$
B36403%�C/$
&+$�(15Z6�%/$�C�2>E�&+9/$�6�%'&)$�(1D+$
"
&)6�03%F0-?�&)9/(1$�$�9T*-,�?O./,`*A%/$�D
N�03%:$�C/$Y&)$�(15Z6�%/$�C�2'E
&+9/$�$�C/B3$ �Z6�%VcM=:$�D1&+6403%�*-%/CV&)9/*A&�C/0^$
D�%:0-&G"�03%'&)*-64% & N¬*-%:C²&+9/$�0-&)9/$
(S&KIL0�C/$
&+$�(+5 64%:$�C
2'E &)9/$�$�C/B3$
D~0-?[&+9/$�"�0-% J $Y��9M=:,4,�*-CXW+*-"
$�%'&_&)0 �S*-%/C<&+9T*A&_"
03%'&P*-6�% & f�} &L?�03,�,40�I�Do&)9/$
(+$
?�0-(+$
&+9T*A&j*-,�, �M&)$
64%/$
(~.�0-64%'&)D~"�*-%�2b$G,40M"�*A&+$�C�64% �<���­�o&)645 $ f

h 9/$
03(+$
5 y f¹ý *-"Y&)=T*A,4,�E°6�5Z.:,464$
D *�5 03(+$�?�=/%/CT*-5 $�%'&)*-,�(1$�D1=/,�&<"�03%/"
$�(1%/64%/B�&)9/$Fc>=T*AC £
(+*-%/B3=/,4*A&)6�03%°0-?�D1645 ./,4$�.b03,�EMB30-%/DZ6�%¯B-$�%/$
()*-,|NL6 f $ f NLI�6w&)9/03=^&<(1$
?�$�(1$�%/"
$8&)0 �1"
03% J $�(]&)6�%/BQ*
&+(+6`*A%/B3=/,4*A&)$
C8.b03,�EMB303% f � ¡ 64(1D1&�N�B36 J $�%V*�D1645 ./,4$�.�03,wEMB303%[N�6�&S"�*-%V*-,�IL*�EMDS2�$
&+(+6`*A%/B3=/,4*A&)$
C
6�%����"�­��&+645 $�d ý y e 2b$
?�03(1$;*-././,wEM64%/B<&+9/$
"
03% J $�(1D+6�03%²*-,4B30-(+6�&+9/5 f �M$�"�0-%/C[N[&)9:$
.�0-,�EMB303%�64%
¡ 6�B3=/(1$\�x*-C/5 6�&+D;03%/,wEQ03%/$�.�0-D+D+6�2/,4$\&+(+6`*A%/B3=/,4*A&)6�03% �|*ADZD19/0�I�%¤�Z*-%:C[NLD164%/"
$�%/0�64%'&)$
(+%T*A,
�M&+$�6�%/$�(�.b0364%'&)D�*A(+$�*-,4,�0�IL$
C[N/03%/,wE<&+9/$�D1$�C/64*-B303%/*-,4D_5Z*�E�2b$G=/D+$
C864%�c>=T*-C:()*-%/B-=/,`*A&+64%/B
&+9/$

�



.b03,�EMB30-% f � $G&+9/$�(1$
?�03(1$G9T* J $G&)9/$S?�03,�,40�I�64%/B�(+$�D1=/,�& f

� ����������� ���)� ��� � ���-�	�6� ©^qKsY¥ 
¤qKsYprn�sY¥ � � prnTq�vG§-¥)s�§-t % §���v�vY©�� 
 pgsYnTq �H§-nb·�v � u<sYq@pru<sPv�n�s 
 

sPvPv�§-¥�� �¬q � ¶ ©:§'·-¥1§-nM¨-©^tw§-qKsl§-n �GvYpru � t4s � � t���¨ � n � � � � sY¥¦q|p 
 sPv �� [©M¥¦q� TsY¥¦u � ¥)s��¬qr TsPv�s 
¤q sYprn�sY¥
� � prnTqrvGu §�� �YsGt �	
 §-q s+·<prn �����[� q@pru<s �

� 	 ������� ����� �����G����� ��� ����� 
 �G�������������

�L03%:D+64C:$�(�* ./,`*A%T*-(�D+=/2bC/6 J 6�D+6�03%�I�9/6�"P9F9T*-Dj&)9/$�./(103.�$
(1&KE�&)9T*X&l$ J $�(]E�?@*A"�$�6�D�"
,`*-D1D+6w�T$�C�64%
03%:$�0-?¬&)9:(+$�$�I_*�EMD � *-%$� ©MqKsY¥ �
§ 
 s N¤*-%$� ��
�s 
 q �
§ 
 s 03( §   � t4s fLh 9/$�03=:&+$�(�?@*-"�$G6�D�&+9/$�03%/,�E
=/%>2b03=/%/C:$�C<?@*-"
$ f�� 0-=/%/C/$
C<?@*-"�$
DH&+9T*A&HC/0�%/0A&L2b$�,�03%/BG&)0�&+9/$l0-2MW1$�"Y&~*-(1$�"�*-,4,�$�C 9/03,4$
D f�� E
* q@¥¦p@§-nM¨-©^tw§-q@p � n N>IL$�5 $�*A%\*�./,4*-%T*-(kD+=:2�C/6 J 64D+6�03%<6�%<I�9/6�"P9�$ J $�(1E<032MW1$
"
&_?@*-"
$l6�D_*�&+(+6`*A%/B3,4$
*-%:C8$ J $�(]E8$
C/B3$�0A?O&)9:$�D+=:2�C/6 J 64D+6�03%�2�$
,403%/B-D�&+0�*A&�,4$�*-D1&j03%:$�032>W1$�"
&�?@*-"�$ f�¡ (+035 %/0�I 03%�N
I�9/$
%ªIH$�=/D+$\&)9:$�.:9/()*-D1$¯�]&)(16`*-%/B-,4$<0A?�&+9/$\&)(+64*-%/B3=:,`*A&+6403%/�:NOIL$�(1$
?�$�(�$¦�:"
,4=/D16 J $�,�E�&)0²*-%
032>W1$�"
&�?@*-"�$�0A?~&)9/$<&+(+64*-%/B3=/,4*A&)6�03% f�h 9/$ ·-©:§-t�¨-¥1§ �   0-?j*8&+(+64*-%/B3=/,4*A&)6�03%V64D�&)9/$�B-()*-./9�64%
I�9/6�"P9 &+9/$�(1$�64Do*S%/0MC/$~?�03(�$ J $�(1E;&+(+64*-%/B3,�$_0-?b&)9/$~&)(16`*-%:B3=/,`*X&)640-%[N-*A%/C<*A% $
C/B3$�2b$
&KIH$�$�%Z&KIL0
%/0MC/$
Dj6w?�&)9/$G"�0-(+(+$
D+.b03%/C/6�%/B�&KIL0�&)(16`*-%/B-,4$�DLD+9T*-(1$�*;D164C/$ f

�S6 J $
%F* B3()*-.:9����¢��� ��� ����.�0-D+D+6�2/,�E\IH$�6�B39'&)$
C¤��I�6w&)9�� *-D�&)9/$�D+$
&l0-?�%:0^C/$
D�*-%:C �
*-D�&+9/$�D+$Y&�0A?L$
C/B3$�D
NO* u §-q 
  MprnM¨�� 03%��¸6�DG*�D1$
&�0-?H$�C/B-$�DGD+=/"P9²&)9T*X&G%/0\&KIL0�0-?k&)9/$
5
9T* J $�*
"
035 5Z03%<%/0^C:$ f�h 9/$ u § &3pru;©Mu 
 §-¥1·-prnb§-t prq �;u §-q 
  MprnM¨ ./(+0-2/,4$
5�6�DL&)9T*X&~0-?��T%/C/6�%/B
*�5<*A&+"P9/64%:B�0-?_5<*X�^6�5
=/5�D16��
$ f �^645 64,4*-(+,wE3N�&+9/$ u § &3pru;©Mu % sYpw¨X Mqju §-q 
  MprnM¨ ./(+032:,4$�5 6�D
&+9T*A&�0A?T�T%/C/6�%/BS*l5Z*A&)"P9:64%/B�0-?T5Z*X�^645
=/5 IH$�6�B39'& f ! � sY¥���s 
 q­u §-q 
  MprnM¨ 6�D�*l5Z*A&+"P9/64%/B�D+=/"P9
&+9T*A&�$ J $
(1E�%/0MC/$
6�%���2b$�,�03%/B3Dj&)0\*-%�$
C/B3$
0A?k&+9/$
5Z*A&)"P9:64%/B f � 0-&+$�&)9/*A&�&)9:64Dl6�DlD1,464B-9>&+,�E
C/6wa�$
(+$
%>& ?�(+0-5 D+035 $�C/$
�T%:6�&)6�03%/D 0-?�.b$�(]?�$�"Y&�5Z*A&)"P9/6�%/B�?�03=/%/C¯64%°&)9/$�,46w&)$�(+*A&)=:(+$²d ý Nk�3{ e N
I�9/$
(+$;&)9:$;C/$
�T%:6�&)6�03%�*-,�,40�I�D�03%:$;$Y�M&)(+*¯� ?�(+$�$
��6 f $ f =/%/5Z*A&)"P9/$
CV%/0^C:$���I�9/$
%������¤64Dl0^C/C�N
&+9/$�(1$�I�6�,4,­2b$�*A&j,�$�*-D]&�0-%/$�=:%/5<*X&)"P9/$
CF%/0MC/$�6�%8*�5Z*X�^645
=/5�5<*X&)"P9/6�%/B>� f_� =/(�C:$
�T%/6w&)6�03%
6�D~5Z03(1$G*-././(103./(16`*A&+$�64%\&)9:$�"
03%'&)$¦�^&�0-?�c>=T*-C/(+*-%/B3=/,4*A&)6�03%/D f

� 9/$
%°IH$\032:&)*-64%x*FcM=/*-C/()*A%/B3=/,4*A&)6�03%�?�(+0-5 *8&+(+64*-%/B3=/,4*A&)6�03%[N�IL$�IH03=/,�CQ,46�i-$<&+0V*-C/C
*-D~?�$YI �M&)$
64%/$
(�.b036�%>&+Dj*-D�.�03D1D+6�2/,4$SI�6�&+9�&+9/$�"�03%/D]&)(+*-64%'&�&)9T*X&�C:6`*-B30-%T*-,4D~2b$
&KIH$�$
%F.T*-6�(+D�0-?
J $�(1&+64"
$�DG"�*-%V03%:,�EF2b$;C/$
,4$
&+$�C²*-%/C²%/0-&�64%/D1$�(1&+$�C f �L0-%/D+$
cM=:$�%'&),wE3N�&)9/$;6�C/$�*\0-?k.T*-6�(+6�%/B�=/.
%/$
64B39>2b03(+6�%/Bl&+(+6`*A%/B3,4$
DO6�%;*l&)(16`*-%/B-=/,`*A&+6403%G&)0�?�0-(+5 cM=/*-C/()*A%/B3,4$
D�645 5Z$
C/6`*X&)$�,wES645 ./,�64$�D�&)9/*A&
03=:(~B30'*-,[6�D_&)0;�T%/C�&)9/$G5Z*X�^645
=:5�.b03D+D1642/,�$S%>=/5
2b$�(�0-?�D+=/"P9�.T*-64(164%/B-D f�h 9/6�D~"�03(1(+$
D+.b03%/C/D
./(1$�"
64D+$
,�E�&)0F&)9:$\5<*X�^6�5
=/5 "�*-(1C/64%T*A,46�&KEV5Z*A&+"P9/64%/B�.:(+032/,�$�5 ?�03(
&)9:$\C/=T*-,_B-()*-./9Q0A?j&+9/$
&+(+6`*A%/B3=/,4*A&)6�03% f
} ?O*�&)(+64*-%/B3=:,`*A&+6403% � "�*-%�2�$Sc>=T*-C:()*-%/B-=/,`*A&+$�C�I�6w&)9/03=^& �M&)$
64%/$
(~.�0-64%'&)D
N/6�&L5Z$�*-%/D_&)9/*A&

IH$�"�*-%²$�,�645 64%T*A&+$�D1035Z$;0A?H&+9/$�$�C/B3$
D�0A?H&+9/$;&)(+64*-%/B3=:,`*A&+6403%�D+0�&)9T*A&S&+9/$�(+$
D+=/,w&)64%:B�D1$
&�0-?
032>W1$�"
&L?@*-"�$
D_*-(1$lc>=T*-C/(+*-%/B3,�$�D f�} %\0-&)9/$
(HIH03(+C:D�N/*A,4,T&)9/$lcM=/*-C/()*A%/B3,4$
D_*-(1$�?�03(15Z$
C<2'EZ.T*-64(1D
0-?^&)(16`*-%/B-,4$�D[&+9T*A&¬D+9/*-(+$H*jD164C/$ fO} %�&)9/$kC/=T*-,'B-()*-./9�NA"
03%/D+6�C/$�(�&)9:$HD1$
& � 0-?:$�C/B3$
DOC/$Y�T%/$
C
2'E
&+9/$�D1$l.T*-6�(+Dk0-?[&+(+6`*A%/B3,4$
D f�h 9/$l5Z*A&)"P9:64%/B � 64Dk.b$�(1?�$
"
&��@D164%/"
$!� "�*A%<2b$lc>=T*-C/(+*-%/B3=:,`*A&+$�C¤� f
�L03% J $�(+D1$�,wE3NM,4$
& � 2b$�*S.�$
(1?�$
"
&o5Z*A&)"P9/6�%/B�0-?b&)9:$~C/=T*-,/B-()*-./9 f�� *-"P9 $�C/B3$~6�% � B-6 J $
D�=/Do*

ý {



c>=T*-C:()*-%/B-,4$o*-%/C�NXD164%/"
$ � 6�D­.�$
(1?�$�"Y&�N�&)9/$
(+$k*-(1$�%/0�,�$
?r& £ 0 J $
([&)(+64*-%/B3,�$�D[6�%�&)9/$�&+(+6`*A%/B3=/,4*A&)6�03% f
} &G?�03,�,40�I�D�&)9T*X&�IH$Z"�*-%�0-2:&P*-6�%²*�c>=T*-C:()*-%/B-=/,`*A&+6403%V0-?��#I�6�&+9/03=:&�=/D164%/B��M&+$�64%:$�(G.�0-64%'&)D f
h 9/$
(+$Y?�03(+$AN_*F&)(16`*-%/B-=/,`*A&+6403%�*-C/5 6�&+D;*�cM=/*-C/()*A%/B3=/,4*A&)6�03%xI�6�&+9/03=:&��M&+$�6�%/$�(;.b0364%'&+D;6�?l*-%/C
03%:,�E�6w?�&)9/$GC/=T*A,­B3()*-.:9�0A?O&)9:$G&+(+64*-%/B3=/,4*A&)6�03%�*AC/5Z6w&)D~*;.b$�(]?�$�"
&�5Z*A&)"P9/6�%/B f
!lD~IH$SI�64,4,�D+$
$�6�%�&)9/$G(1$�5Z*-64%/C:$�(_0-?¬&)9:64D_.T*A.�$
(�N/&)9:64D_(1$�,`*X&)640-%\2�$Y&KIL$
$�%8c>=T*AC/()*-%:B3=/,`* £

&+6403%/DG*A%/C�5Z*A&+"P9/64%/B-DSB36 J $�DG=/D�*�.b0�IL$
(1?�=/,o=/%:6��T$
C�*A././(+03*-"P9�&+0�9/*-%/C/,�$�&+9/$�./(+0-2/,4$
5�0-?
032^&P*-6�%/64%/BGc>=T*-C:()*-%/B-=/,`*A&+6403%:Dk?�(1035#&)(16`*-%/B-=/,`*A&+6403%:D�I�9/64,�$�.b03D+D1642/,wE *-C/C/6�%/B��>&)$�6�%/$�(H.�0-64%'&)D f
¡ 03(�$Y�:*-5 ./,4$AN�,4$Y&�=:D;*-D+D1=/5 $<IL$�*-(+$ZB36 J $�%°*�&+(+6`*A%/B3=/,4*A&)$
C�C/0-5<*-6�%�D1=/"P9ª*-D
*�&)(+64*-%/B3= £
,4*A&)$
C�.b03,wE^B-03%\&)9T*A&�"
03%'&P*-6�%/D�9/03,�$�D f !�././,�EM6�%/B�*-%'E�0-?¬&)9/$G"�,4*-D+D164"�*-,[5Z*X�^645
=/5�5<*X&)"P9/6�%/B
*-,�B303(16�&)9:5ZDj&)0\&)9/$�C/=/*-,�B3()*A./9V0-?H&+9/$;&)(16`*-%/B-=/,`*A&+$�C�.b03,�EMB30-%�5<*X�^6�5Z61��$�D�&)9/$�%>=/5
2b$�(G0-?
c>=T*-C:()*-%/B-,4$�DG032^&P*-6�%/$�CVI�9/64,�$�5Z6�%/645 6��
64%/B�&)9/$ %>=/5
2b$�(�0-?_,�$
?r&G0 J $
(�=:% £ .T*A64(+$
C²&+(+64*-%/B3,�$�D f
h 9>=/Dj"�035 ./=:&+64%/B�*;5Z*X�^645
=:5�5Z*A&)"P9:64%/B�*-%:D1IH$�(+D�&)9:$�c>=/$
D1&+6403%�0-?¬I�9/$
&+9/$�(�&)9:$�&)(+64*-%/B3= £
,4*A&)6�03%\*-C/5 6�&+D�* c>=T*AC/()*-%:B3=/,`*X&)640-%�I�6�&)9:03=:&~&)9:$�=:D+$�0-? �M&+$�6�%/$�(~.b0364%'&+D fkº D164%/B�&)9/$S?@*-D]&)$
D1&
5Z*A&)"P9:64%/B�*-,4B-03(+6w&)9/5�* J *-6�,`*-2/,�$�C/=/$k&)0 � 6�"�*-,�6>*-%/C � * ��64(+*-%/6�dzy �Ae &)9/6�DO"�*-%
2b$_*-"
"�035 ./,46�D+9/$
C
6�%����"� ��� � �j&+645 $ fG� %F&+9/$
0-&+9/$�(�9/*-%/C[N­6w?�&)9/$;C:035<*A64%86�DS*Z&+(+6`*A%/B3=/,4*A&)$
C8D+6�5Z.:,4$�.b03,wE^B-03%
&+9/$�% &)9/$jC/=T*-,¤B3(+*-./9 64Dk*�&+(+$
$l*-%:CZ5Z*X�^645
=:5#5<*X&)"P9/6�%/B3Do"�*-% 2b$�"
035Z.:=:&)$
CZ?@*-D]&)$�(k2'E�$Y� £
./,�036�&+64%/Bk&)9/6�D�*-C/C/$
C�D]&)(1=/"
&+=/(+$ f /�$�"�$
%'&),�ES*�B-$�%/$
()*-,-&+9/$�0-(1ES9T*AD­2�$
$�%�C/$ J $�,40-.�$
C�?�03(­D103, J 6�%/B
* J *-(164$Y&KE<0-?�0-.:&)6�5Z61��*A&+6403%�./(1032/,4$
5ZDH03%�*�"
,`*-D1D_0-?�B3(+*-./9/DG��"�*-,�,4$
CZ&)(1$�$ £ C/$
"�035 .�0-D)*-2/,�$��o64%
,�64%/$�*-(k&+645 $�=:D+64%:B;C:EM%T*-5 64"l.:(+03B3(+*-5 5Z6�%/B�d � N^� e|f�h 9/64D_"
,`*-D1D_0-?�./(1032/,�$�5 DL64%:"�,4=:C/$�D_5Z*X�^6 £
5
=:5¸5<*X&)"P9/6�%/B3Dj*-%/C�&)9/$�"�,4*-D+D�0-?OB3()*A./9/Dj64%/"
,4=/C/$
D~&)(+$
$�D f~� %�&+9/$G0-&)9/$
(�9/*-%/C�* D1645 ./,4$
(
*-%:C�5 03(1$lD1&+()*-6�B39'& £ ?�03(1IL*-(+C\,�64%/$�*-( £ &)6�5Z$j*-,�B303(+6w&)9/5U?�03(L"�035 ./=:&+64%/B
5Z*X�^645�=/5¢5<*A&+"P9/64%:B3D
0-?�*-"YE^"
,46�"~B3()*-.:9/D�I_*-DkC/6�D+"�0 J $�(+$
C<2'E (S,4$
$�*-%/C J *A%ZC/$
%���(164$
D+D+"P9:$
dzyA� e &KIH$�%'&KE�E3$�*-(+DH*-B30:N
*-,w&)9/0-=/B39�&+9/64D�IH03(1i�D+$
$�5 D
&)0�2b$\=/%/i>%/0�I�%ª64%xB3(+*-./9x&+9/$�03(]Ex"
64(+"
,4$
D f � $�"�*-%°=/D+$�&+9/$
,4*A&+&+$�(�*A,4B303(16�&+9/5 &)0\C/$Y&)$�(15Z6�%/$
6w?�&)9/$
&+(+6`*A%/B3=/,4*A&)$
CF.�0-,�EMB303%�*AC/5Z6w&)Dl*�cM=/*-C/()*A%/B3=/,4*A&)6�03%
I�6w&)9/03=^& �M&)$
64%/$
(�.b0364%'&)D f�µ 0�IL$ J $�(
N�6w?kD+=/"P9²64D�%:0-&�&)9:$;"�*-D1$-N­IL$�*A(+$�*-,�D+0�D]&)64,�,O6�%>&+$�(1$�D1&+$�C
6�%�032:&)*-64%:64%/B�*�c>=T*AC/()*-%:B3=/,`*X&)640-%²I�6w&)9�&+9/$<5 64%:645
=/5�%M=:5
2�$
(�0-?_03=:&)$
(#�>&)$�6�%/$�(�.�0-64%'&)D f
º D+64%:B�&+9/$�*-2b0 J $�*-,4B30-(+6�&+9/5 D�NM6�?�IL$�*-(1$G,4=/"Pi'E3N/&+9/$G=/%/.T*A64(+$
C\&)(+64*-%/B3,�$�DLI�6�,4,�$�*-"P9�9T* J $�*-%
$
C/B3$;03%�&)9:$;2�03=:%/CT*-(]EF0-?o&)9:$;.�03,wEMB303%�D+0\&+9T*A&�&+9/$
E�"�*-%V2�$�"�03% J $
(1&+$�C�&+0�cM=/*-C/()*A%/B3,4$
D
=/D164%/BZ03=:&+$�(��>&)$�6�%/$�(j.b0364%'&)D f � $�IL03=:,4C8&+9/$�%F0-2:&P*-6�%8*ZcM=/*-C/()*A%/B3=/,4*A&)6�03%\I�6�&)9�&)9/$�5Z6�%/6 £
5
=:5 %M=:5
2�$
(l0-? � ©MqKsY¥ �>&)$�6�%/$�(j.b0364%'&)Dj.b03D+D1642/,�$�?�03(j&)9/$�B36 J $�%�&)(+64*-%/B3=:,`*A&+6403% f � $�IL03=:,4C
,�64i-$�&)0�.b036�%>&l03=:&�&)9T*A&�6�&�64D�%/0A&l&)(1=/$
6�%FB3$�%:$�()*A,�&)9/*A&l&+9/$
%>=/5
2b$�(S0-?o=:%/5<*X&)"P9/$
C�%/0^C:$�D
6�%�*�5<*��:6�5
=/5 5Z*A&)"P9:64%/B�0A?k&+9/$
C/=/*-,�B3(+*-./9F6�D�$�c>=T*-,�&)0�&)9:$
%>=/5
2b$�(S0-? �M&+$�6�%/$�(�.b036�%>&+D
(1$�c>=/64(1$�C8&+0�c>=T*-C/(+*-%/B3=:,`*A&+$�&)9:$�B36 J $�%�&)(+64*-%/B3=:,`*A&+6403% f�¡ 03(j$Y�:*-5 ./,�$-Nb2>E8*-C/C:64%/BSW1=/D1&l03%/$
6�%/%/$�( �M&)$
64%/$
(l.b0364%'&�NbIH$
"�*A%F032:&)*-64%8*<c>=T*-C/(+*-%/B3=/,4*A&)6�03%80A?�&)9/$�&)(+64*-%/B3=:,`*A&+6403%\I�6�&+9FC/=T*A,
� ��� � �rI�9/03D+$G5Z*X�^645
=:5®5Z*A&)"P9/6�%/B;9T*-D~&KIH0Z=:%/5<*X&)"P9/$
C8%/0MC/$�D)� f
} %�&+9/$_(+$
D1&O0-?T&)9/6�DOD1$�"
&+6403%�NAIH$_D+9/0�Iª&)9T*X&�*l5Z*X�^645�=/5�5<*X&)"P9/6�%/B�0A?T&)9/$HC/=T*-,M&)(+$
$HI�6w&)9

*-,�,¤=/%/5Z*A&)"P9/$
C\%/0MC/$�D~*X&H&+9/$�,4$�* J $�DL"�*-%\2b$l"
035Z.:=:&)$
C�64%�,�64%/$�*-(�&)6�5Z$ fOh 9/6�D_645 5Z$
C/6`*X&)$�,wE
EM64$
,4C/D�*-,4B30-(+6�&+9/5 D�&)0S0-2:&P*-6�%�*ScM=/*-C/()*A%/B3=/,4*A&)6�03%�?�(+0-5#*-%'E
B-6 J $
%;&)(+64*-%/B3=:,`*A&+$�C;.b03,�EMB303%�64%
,�64%/$�*-(¬&+645 $HI�6w&)9�&+9/$_5 64%/6�5
=/5�%>=/5
2b$�(�0A?�0-=:&)$
( �M&)$
64%/$
(�.b0364%'&)D_��?�03(¬&)9T*X&�&)(16`*-%/B-=/,`*A&+6403%T� f
� $�I�6�,4,­*A,4D+0 B36 J $G2�0-=/%/C/Dj03%�&+9/$�%M=:5
2�$
(�0A? �M&+$�64%:$�(j.�036�%'&)D~&)9T*X&�5Z*�E�2�$G%/$
"�$
D+D)*A(1E�?�03(
&+9/$�c>=T*AC/()*-%:B3=/,`*X&)640-% fO} %<*-C/C/6w&)640-%[N-&)9:$l5 $
&)9:0^C/Do=/D1$�C�6�% &+9/$�D1$�*-,�B303(16�&)9:5ZD�*A,4D+0�B36 J $j(+64D1$

ýAý



&+0�$�� "�6�$�%'&G*-,�B303(16�&)9:5ZD~?�03(�032:&P*A64%/6�%/B<c>=T*-C:()*-%/B-=/,`*A&+6403%:D�2'E�*AC/C/64%:B\*<2b03=/%/C/$
C�%>=/5
2b$�(
0-? �M&+$�64%:$�(�.�0-64%'&)D�03%/,wE prn:vYp@·Ms &)9/$�.b03,�EMB303% f � $
?�03(1$�IH$�./(+0M"�$
$�C[NkIL$�B36 J $�D+035 $�2T*-D+6�"
C/$Y�T%/6w&)640-%/D�*-%:C�./(+03.b$�(]&)6�$�D�0-?�5Z*A&)"P9:64%/B3D &)9T*X&�*-(+$8(+$�,�$ J *-%'&�?�03(<03=/(<.:=/(+.b03D+$ª��D+$
$F?�03(
$¦�/*A5Z./,�$ d ý NT�3{ e � f
h 9/$_$
C/B3$
D�64%;*�5<*A&+"P9/64%:B � 0-?¤*A%
=/%/C/6�(+$
"
&)$
C;B3()*A./9 � �#��� ��� ��*-(1$L"�*-,4,�$�C u §-q 
  MprnM¨

s+·�¨MsPv *-%/CV&)9/$ $�C:B3$�D�%/0-&�64% � *-(+$�"�*A,4,4$
C �¦¥PsPs f !¢%/0MC/$Z6�D u §-q 
  Ts+· 6�?H6�&G6�DS03%/$ 0-?H&+9/$
%/0MC/$
D;0-?�*F5<*A&+"P9/64%:BF$�C/B-$�*-%/C �¦¥)sPs �@03( ©MnTu §-q 
  Ts+· ��0-&+9/$�(]I�64D+$ f�} ?���� � � ��6�D;*-%Q$
C/B3$
6�% � N¬&)9/$
%�&+9/$Z%:0^C/$��Q64DG"�*-,4,�$�C�&)9/$Z5<*X&)$�0-? � 64%V&)9/$ 5<*X&)"P9/6�%/B � f !l%x*A,�&)$
(+%T*X&)64%:B
.T*X&)9²64D�*�D1645 ./,4$;.T*X&)9²64% �®I�9/03D+$Z$�C/B-$�D
*A(+$ *-,�&+$�(1%T*A&)$
,�E�5Z*A&+"P9/64%/B�*-%:C�?�(+$
$ f�} ?L2�0A&)9
&+9/$G$�%/C�%/0MC/$�D�0-?O*-%�*-,�&+$�(+%/*A&)6�%/B;.T*A&+9�*A(+$S?�(+$
$-N/&)9:$�%�&)9/$G.T*A&+9�6�D~"�*-,�,4$
C�*-%8*A=/B35 $�%'&)6�%/B
.T*X&)9 fj} ? � 9T*-Dl*-%�*-=:B35Z$
%'&)64%:BZ.T*X&)9[Nb&)9/$
% � "�*-%:%/0-&�2b$
* 5<*��:6�5
=/5¸5Z*A&+"P9/64%/B � &)9/6�D
6�D_2�$
"�*-=:D+$SIL$G"�*-%�032:&P*A64%\*;5Z*A&)"P9/6�%/B
0-?¬D16���$ � � ��� ý 2'E\6�%'&)$�(1"P9T*-%/B-64%/B
&+9/$S5<*X&)"P9/6�%/B
*-%:C�?�(+$
$�$
C/B3$
D�*-,�03%/B�&)9/$�.T*A&+9 f 2­$�D+D�032 J 6403=/D1,�E-N¤&+9/$�"�03% J $
(+D1$;64Dj*-,4D10 &+(+=/$�*-%/C�IL$�9T* J $
&+9/$S?�03,4,�0�I�6�%/B �

� � � � ����� �	��
 �
����� � p4v�§ u § &3pru;©Mu u §-q 
  MprnM¨ � �G§�¨-¥1§ �   � �#� � ��� � p �S§-nb· � nTt��;p �
�  :§XvGn � §-©-¨-u<sYnTq|prnM¨ � §-q� 'v % prqr �¥)sPv � s 
 qkq � � �

� $ %:0�I B36 J $
&)9/$�C/$
D+"
(+64.^&)640-%²0A?LD1645 ./,4$
,�64%/$�*-( £ &)6�5Z$�*-,4B-03(+6w&)9/5 D�NbI�9/64"P9VIL$ "�*A,4,�&+9/$
� sY¥ 
�� tw§-q@p � nV§-tz¨ � ¥¦prq� Mu�v N/&+9T*A&jB36 J $G=/D�5Z*X�^645�=/5®5Z*A&)"P9:64%/B3D_?�0-(j2:64%T*-(]E�&)(1$�$
D f � 0-&)$S&)9/*A&
IH$�?�0M"�=/DH03%<2:64%T*-(]E
&)(1$�$
D_2�$
"�*-=:D+$�&+9/$lB-()*-./9:Dk&+9T*A&L*-(+$�0-?[6�%>&+$�(1$�D1&H&)0�=/D_*-(1$�$
6�&+9/$�(kC/=T*-,�D
0-?l&)(+64*-%/B3=:,`*A&+6403%/D�0-?S.b03,�EMB303%:DZ03(�&)9:$8D+./*-%/%/6�%/B�&+(+$�$
D<0-?�C/=T*-,jB3()*A./9/D f h 9/$�%/0MC/$�DZ64%
&+9/$�D1$ZC/=/*-,�B3(+*-./9/DG9T* J $ C/$
B3(+$
$<*A&G5 03D]&�� f � �^0-5Z$;0-?k&)9:$�D+$�&)$
"P9/%/6�cM=:$�DGI�64,4,�B3$�%:$�()*A,46��
$
&+0�B3$
%/$�(+*-,�&)(1$�$�D
NO2/=^&�IH$ZI�6�,4,�%/0A&�B30�64%'&+0�&+9T*A&�9/$�(1$�� f\} %>&+$�(1$�D1&+64%/B-,�E3N�&)9:$Z5 $
&+9/0^C:D�C/$ £
D1"�(+6�2�$
CV9/$�(1$ .:(+0 J 64C/$;=/DSI�6w&)9²*-%²*-,�&+$�(1%T*A&)$�./(+0M0-?k0-? h 9/$�03(1$�5 y f¼ý3f � 03(+$;6�5Z.b03(]&P*-%'&),wE3N
&+9/$ &+$�"P9/%:64c>=/$�2b$�9/6�%/C�&+9/$ .�$
(+"�0-,`*A&+6403%²*-,�B303(+6w&)9/5 D�"�*-%x2b$Z=/D1$�C�&+08032^&P*-6�%�c>=T*-C:()*-%/B-= £
,4*A&)6�03%/D�?�(1035 ¨MsYn�sY¥1§-t &)(16`*-%/B-=/,`*A&+$�CxC:035<*A64%/D
2'E°*AC/C/64%:B �M&)$
64%/$
( .b036�%>&+D fQ¡ 03(�$Y�:*-5 ./,4$AN
IH$
I�64,�,�2b$;*-2/,�$�&+0\B36 J $
=/./.b$�(�2b03=/%:C/DS03%F&)9:$;%M=:5
2�$
(�0-?*�M&+$�64%:$�(�.b0364%'&+D�?�03(�0-2:&P*-6�%/64%:B
c>=T*-C:()*-%/B-=/,`*A&+6403%:Dk?�(1035U&)(+64*-%/B3=:,`*A&+$�C<.b03,wE^B-03%/DHI�6w&)9�9:03,4$
D~*-%/C<&+(+64*-%/B3=/,4*A&)$
C<D1$
&)D~0A?�,464%:$
D1$�B35 $�%'&)D f�} &L6�Do=/D+$Y?�=/,b&+0�032:D+$�( J $l&+9T*A&o&)9:$l%>=/5
2b$�(k0-?[0-=:&)$
(��M&+$�6�%/$�(k.�0-64%'&)DkB36 J $�%Z2>E;&+9/$
.b$�(1"�03,4*A&)6�03%�*-,4B-03(+6w&)9/5 DH?�03(_&+(+64*-%/B3=/,4*A&)$
C\D+6�5Z./,�$�.b03,�EMB303%:D_I�64,4,|N:6�%\B3$�%/$
()*-,|NT2�$G,�$�D+D~&+9T*-%
&+9/$;%>=/5
2b$�(S0-?*�M&+$�64%:$�(�.b0364%'&+D�B36 J $�%V2'E8&+9/$
?@*-% £ C/$�"
035Z.b03D16�&)6�03%F*A././(+03*-"P9VC/$�D1"�(+6�2�$
CV64%
h 9/$
03(+$
57y f¼ý �¤&+9/64D~?�03,�,40�I�D~?�(+035¸&+9/$G?@*-"
&�&)9/*A&�&+9/$�5<*A&+"P9/64%:BZ6�5Z./,�64$
C\2>E�&+9T*A&�*-././(10'*-"P9
6�D~%/0-&�N:64%�B3$�%:$�()*A,gNT*�5<*��:6�5
=/5 5<*X&)"P9/6�%/B f

2­$
& � � ��� ��� �G2b$Z*�2/6�%T*-(]E�&)(+$
$-NO*-%/C�I�6w&)9/0-=:&�,403D1D�0A?~B3$�%:$�()*A,46�&KE-N¬*-D+D1=/5Z$�&)9/*A& �
6�D (10^0A&)$�Cª*A&Z*V%/0MC/$�0A?lC/$
B3(+$
$�0-%/$x�r&)9/6�D�5<*-iA$�D %/0²C/6�a�$�(1$�%/"
$�&+0�03=:(Z*A,4B303(16�&+9/5�NO2/=:&
5Z*-i-$
D
&)9/$\C:64D+"
=/D+D16403%°D1645 ./,4$
(P� f 2­$Y&��ª2b$<&)9/$\%>=/5�2�$
(;0-?j,4$ J $�,�D;64% � ��I�6�&+9x&)9/$\(10^0A&
2b$�6�%/B�*A&~,�$ J $
, ý � fo¡ 0-(_*-%'E\%/0MC/$���64% ��NMIL$G=/D1$�� �������w�����k&+0;C/$�%:0-&)$�&+9/$S,4$ J $�,[*A&_I�9/6�"P9��
0M"�"
=/(+D f �L0-%/D+6�C/$�(j%/0�I &+9/$S?�03,4,�0�I�6�%/B
5Z*A&)"P9:64%/B *-,�B303(+6w&)9/5�N'I�9/64"P9�IL$G"�*-,4,�&+9/$ � sY¥ 
�� tw§-qKs 

© � §-tz¨ � ¥¦prq� Mu f 2­$Y& ���Z2�$
&+9/$�D+$
&�0-?H%/0MC/$�D�*A&�,�$ J $
,��²0-? � f !l,w&)9/03=:B39²*-,4,¬&)9/$
D+$ %/0^C:$�D
*-(1$
,4$�* J $�D
N�"�,4$�*-(+,wE�%/0-&G*-,�,�,�$�* J $
DG0-? �#*-(1$
64%���� f 2­$
& �! �"�Z*A%/C�,4$Y&�#�$&% � � ��(+$
./(+$
D+$�%'&
� �zDj./*-(+$
%>& f � $G9T* J $G&)9:$G?�0-,4,40�I�6�%/B
"�*AD+$�D �

ý y



u

v

par(u)

par(par(u))

 matching edge

 free edges
 path in T from u to v

 unmatched nodes

¡ 64B-=/(+$ � ��h 9:$�(+$�"�*A%/%/0-&j2b$G*-%8*A=/B35 $�%'&)6�%/B;.T*A&+9�6�%���?�(+035 ��&+0 � f

� � � ��� $ } ? #�$&%K� � ��6�D
*F%/0MC/$�0-?jC/$
B3(+$
$\03%/$AN�&)9/$
% ��"�0-%/D+6�D1&)D�0-?�&KIL0V%/0MC/$�D�W10364%/$
CQ2'E
*A%�$�C:B3$ f\} %²&)9/6�D�"�*-D+$AN�5<*X&)"P9 � *-%/C #�$�% � � � f6� 0-&+$ &+9T*A&�6�? #�$&%]� � ��64D ��} 2 ��6 f $ f �
C:0^$
D�%/0A&�9/* J $�*�.T*-(1$�%'&¦��&)9/$
% �¢"
03%/D+6�D1&+D�0-?�W1=/D1&�*�D+64%:B3,4$�%/0MC/$ *-%/C²IL$Z,4$�* J $Z6w&
=:%/5<*X&)"P9/$
C f

� � � � ��$ #�$�% � � �L6�D�* %/0MC/$S0-?�C/$
B3(+$
$
y f�} %�&)9:64D~"�*AD+$-N¤5Z*A&)"P9 � *-%/C #�$&% � � � f
� � � � � $ #�$�% � � ��64DG*�%/0MC/$�0-?_C:$�B3(1$�$Z��*-%:C � 6�D�&)9/$ ,4$Y?r&G"P9/64,�CV0-? #�$&%K� � � f } %V&)9/6�D�"�*-D+$AN

5Z*A&+"P9 � *-%/C #�$&% � � � f
� � � �!� $ #�$�% � � �~64D�*<%/0MC/$�0A?�C/$�B-(+$�$���*-%/C � 64D�&)9/$�(+64B-9>&�"P9/6�,4C80A? #�$&% � � � f�} %8&)9:64Dl"�*-D+$AN

,�$�* J $ � =/%/5Z*A&)"P9/$
C f

¡ 03(�$�*-"P9 �  �"�3Nl.b$�(]?�03(+5 &)9/$V*-2b0 J $V5Z*A&)"P9/6�%/BQD1&+$�.�*-%/C�&)9:$�% ./(+=/%:$�� 64%±&+9/$
?�03,�,40�I�64%:BZIL*�E ��} ?	�_*AD+$ {�*-././,�64$�D
N­C/$�,�$
&+$ � *-%/C #�$&%K� � ��?�(+035 � ��6�? #�$&% � � �l6�D ��} 2�N[&+9/$�%
W1=/D]& � 64D�C/$
,4$
&+$�C¤� fL} ? �_*-D+$ ý *-.:./,46�$�D�N:C/$�,�$
&)$ � *-%:C #�$&%K� � �L?�(+035 � f*� 0-&+$S&)9T*A&�?�03(�$ J $�(]E
�_*-D1$�y^N�&)9/$
(+$\5
=:D1&;2b$�* �_*-D+$�� f�µ $�%/"
$�6w? �_*-D+$�yF*A././,46�$�D
N�IL$�C/$
,4$
&+$ � N #�$&% � � ��*-%/C
� �zD_D+6�2/,46�%/B\� � *-%:C #�$&%]� � �k*-(+$�5Z*A&+"P9/$�C[N/*-%/C � �¹D_D1642/,�64%/B�(+$
5<*-6�%/DL=:%/5<*X&)"P9/$
C¤� f !�?r&+$�(L&+9/$
5Z*A&)"P9:64%/B�*-%:C�.:(+=/%/6�%/B;D1&+$�./Dj9T* J $G2b$�$
%�"�*-(+(164$�C\0-=:&~?�03(�*-,�, �  ���'N:IH$G9T* J $�*
%/$
I�&)(1$�$
6�%FI�9/64"P9V&)9/$;%>=/5�2�$
(S0-?L,�$ J $�,4DS6�DS$�6w&)9/$
( � � ý 03( � ��y f 2­$
& ��� ��� C/$�%/0A&)$;&)9/6�DS./(+=:%/$�C
J $�(+D16403%\0A? � f /j$
.�$�*A&L&+9/$�*-2b0 J $�5Z*A&+"P9/64%/B
*-%/C�./(1=/%/6�%/B
D1&+$�.\03%�*-,4,¤%/0MC/$�D_*A&H&+9/$�,�0�IH$�( £
5 03D1&L,4$ J $�,�0-? ��� ��� NT*-%/C\032^&P*-6�%\*
%/$
I�./(1=/%/$�C�&)(1$�$SC/$
%/0-&+$�C�2'E ��� � � f �L03%'&)6�%>=/$�&)9/6�D_D1&+$�.
I�6w&)9<D1=/"�"
$�D1D+6 J $�,wE\./(+=:%/$�C�&+(+$�$
D ��� �	� N ��� 	
� *A%/C�D+0�03%�=/%'&)6�,bIH$�032^&P*-6�% ����� � NMI�9/$�(1$ ����� � 6�D
&+9/$G$�5 .:&KE�&)(1$�$ f � 0-&)$S&+9T*A&�
 ( � f
h 9/$S5Z*A&)"P9:64%/B � ?�03=:%/C\2'E<&)9:$�.�$
(+"
03,`*A&+$ £ =/.�*-,4B-03(+6w&)9/5#?�03(k&)9/$�&+(+$
$ � "�*-%/%/0A&~9T* J $

*-%'E�*-=:B35Z$
%'&)64%:BZ.T*X&)9/D�I�6�&+9�(1$�D+.b$�"Y&l&+0 � *A%/C89/$
%/"�$�6�&�?�03,�,40�I�D_?�(+035 2�$
5Z5Z* � f¼ý &)9/*A&

ý �



� 64DG*\5Z*X�^645
=/5 5Z*A&)"P9/6�%/B f�h 0�D+$
$�&+9/64D
N­"�03%:D+64C:$�(�*-%'EF&KIH0�=/%:5<*A&+"P9/$�C²%/0MC/$�D ��*-%/C
� 6�% ��*-%/C8(1$
?�$
(j&+0 ¡ 6�B3=/(1$ �^f � 6w&)9/03=^&�,�03D+Dj0-?OB3$�%/$
()*-,�6�&KE-NT,4$
& � �����&� ������� � �������w� � � f*� 0-&+$
&+9T*A&GD+6�%/"�$ � ������� ������� � � ���&� � � �YN �²"�*-%:%/0-&�2�$
&+9/$;(+0M0-& f � E�0-=/(G*-,4B-03(+6w&)9/5�N �²"�*A%�2b$�*-%
=/%:5<*A&+"P9/$�C\%:0^C/$�03%/,wEZ6w?­6�&H64Do&)9:$�(+6�B39'&L"P9/6�,4CZ0-?¬*�%/0MC/$l0A?�C/$�B3(1$�$S� f�} %�&)9/6�DL"�*-D+$AN #�$&%K�����
6�D�5Z*A&)"P9:$�C8&+0<6�&+D�,�$
?r&j"P9/6�,4CQ� ���¹DjD+6�2/,46�%/B>� f �M64%/"
$�� �����&� ������� � ������� � � �_&)9:$�.T*A&+98?�(+0-5 �F&)0
� 5
=/D]&SB30<&+9/(+0-=/B39 #�$&%K������*-%:C #�$&% ��#�$&%]�����1� f�} &�?�0-,4,40�I�D�&)9/$
(+$Y?�03(+$
&+9T*A&l&+9/$�(1$;"�*-%:%/0-&S2b$
*
.T*X&)9�0-?�*-,�&+$�(1%T*A&)6�%/B�?�(1$�$G*-%/C\5Z*A&+"P9/64%/B;$
C/B3$
D�?�(1035 ��&+0 � f�} %�0-&+9/$�(_IH03(1C/D�N � "�*-%/%:0-&
9T* J $�*-%'E�*A=/B35 $�%'&)6�%/B;.T*A&+9/D f

�L03%/D164C/$
(�%/0�I &)9/$�&)6�5Z$�"�035 ./,�$Y�^6�&KEª0-?S&+9/$F*-,�B303(16�&)9:5 f 2­$
& ���SC:$�%/0-&+$8&)9:$8D+$Y&\0-?
J $�(1&+64"
$�D�0A? � *A&�,4$ J $�,��1N�I�9/$
(+$ ý ( � ( � f\� *-"P9 ���L"�*-%�2b$�?�03=/%/Cx2'EV=/D164%/B�IL$
,4, £
i>%/0�I�%�D1&)(+*A&)$
B364$
D��@D1=/"P9F*-D~C:$�.:&+9 £ �T(1D1&j03(~2/(1$�*-C^&)9 £ �T(+D]&�D+$�*A(+"P9¤�_&)0
&+()* J $
(+D+$G&)9:(+03=/B-9�&+9/$
&+(+$�$ f � $ *-D1D+=/5 $
&)9/*A&�$�*-"P9²D+$Y&�6�DS5<*A64%'&P*-6�%/$�CF*-D�*�,�64%/iA$�C�,�64D1&S*-%/CV&)9T*A&G$�*-"P9²%/0^C:$;64%
�¢5Z*-64%'&)*-64%/DG*�.�0-64%'&)$
(G&+086w&)D�,40M"�*A&+6403%�6�%�03%/$ 0-?_&+9/$ ��� f\h 9:$�D+$<D1&)$
./D�"�*-%x2b$ZC:03%/$ 64%
�<���­�H&+645 $ fk� J $
(1E�&)6�5Z$l&+9/$�.�$
(+"�0-,`*A&+$ £ =:.�*A,4B303(16�&+9/5�C:$�,4$Y&)$
Dl*�%/0MC/$S?�(+035 ��N/&+9T*A&j%/0MC/$
6�D�*A,4D+0�C/$
,4$Y&)$�C�?�(+035�&)9/$ ���¬&+0 I�9:64"P986w&�2�$
,403%:B3D fk} %F*-C:C/6�&+6403%[N^&)9/$GC/$
B3(+$
$�0-?¬&)9/$�.T*-(1$�%'&
��6�?�=/%/C:$�,4$Y&)$
C¤�H0-?�&)9/*A&~%/0MC/$�6�D_*-,�D+0
=/.bCT*A&+$�C foh 9>=/D_&+9/$�(1$S64D_*
"
03%/D]&P*-%'&j*-5 03=/%'&_0A?¬IH03(1i
C/0-%/$<.b$�(�%/0^C:$ZC/=:(+64%:B�&)9:$<5Z*A&)"P9/6�%/BF*A%/Cx./(1=/%/64%:B8D1&+$�./D�0-?_&)9:$�*-,�B303(+6w&)9/5 f<} &�?�03,4,�0�I�D
&+9T*A&~&)9:$G&+0-&P*A,[(+=/% £ &)6�5Z$l0-?O.b$�(1"�03,4*A&)$ £ =/.�6�D �����[� f
h 9/$V.b$�(+"
03,`*X&)$ £ =/. *-,4B-03(+6w&)9/5 B36 J $�D�*Q5Z*X�^645
=/5 5Z*A&)"P9/6�%/B°64%±I�9/6�"P9�D1035 $�0-?�&+9/$

=/%:5<*A&+"P9/$�CV%/0MC/$
DS*-(+$�64%'&)$
(+%T*-, fGµ 0�IH$ J $
(�N�IL$�*A(+$
6�%>&+$�(1$�D1&+$�CV64%F*�5<*X�^6�5
=/5 5<*X&)"P9/6�%/B
6�%
I�9/64"P9�&)9/$�=/%:5<*A&+"P9/$�C %/0MC/$�DH*-(1$�*A&�&)9/$�,�$�* J $
D f�h 9/6�D�64D�2b$�"�*A=/D+$ANM?�03(�D1645 ./,4$L.�03,wEMB303%/D
N
&+9/$�c>=T*AC/()*-%:B3=/,`*X&)640-%\"�*-%�&)9/$
%82b$�032^&P*-6�%/$�C�645 5 $�C/64*A&)$
,�EZ2>E�*AC/C/64%:BZ* �M&)$
64%/$
(�.�036�%'&�64%
"
03%/D1&)*-%'&�&+645 $
?�03(S$�*A"P9x=/%/5Z*A&)"P9:$�C�%:0^C/$��rI�9/64"P9�"�03(1(+$�D1.�0-%/C/DG&)0�*�2b03=/%/C/*-(1E�&+(+6`*A%/B3,4$
6�%�&)9/$Z&)(+64*-%/B3=:,`*A&+6403%¤� f � $�%:0�I D19/0�I�&+9T*A&�&+9/$�5Z*X�^645
=:5 5<*A&+"P9/64%:BF032:&)*-64%/$
Cx2'E�&+9/$
.b$�(1"�03,4*A&)$ £ =/.8*-,4B30-(+6�&+9/5®"�*-%F2b$�5 0MC/6��T$
CF*-.:./(+03.:(+6`*X&)$�,wE3N/I�9/6�,4$�5<*A64%'&P*-6�%/64%:B;,464%:$�*-(�(+=:% £
&+645 $-N­&)0�EM64$�,�C²*�5Z*X�^645
=/575<*X&)"P9/6�%/B\I�6�&)9�*-,�,�6�&)DG=/%:5<*A&+"P9/$�C�%/0MC/$�D�0^"
"�=/(1(+6�%/B8*X&�&+9/$
,�$�* J $
D f

� � � � ����� �
	  TsY¥)sFs'&3p4vYqrv8§�u § &3pru;©Mu u §-q 
  MprnM¨ � � ¥�§�q@¥)sPs � vY© 
  ªqr :§-q;§-trt_prqrv�©^n�

u §-q 
  Ts+·Zn � ·MsPv�§-¥)sGt4s+§ � sPv � � � �

" ������#%$ 2­$
& � 2�$�&+9/$G5<*X�^6�5
=/5 5<*A&+"P9/64%:B
?�03=/%/C�2'E�&)9/$G.b$�(1"�03,4*A&)$ £ =/.�*-,�B303(16�&)9:5 f 2�$Y&
�°2b$�*-%Q=/%/5Z*A&)"P9:$�C°64%'&)$
(+6�03(�%:0^C/$\6�% �®*-%/CQ(+$Y?�$�(�&+0 ¡ 64B-=/(+$<´ f²¡ 64(1D1&�N�IH$\D+9:0�I &)9/*A&
&+9/$�(1$�6�D�*-%�*-,�&+$�(+%/*A&)6�%/B
.T*A&+9�?�(1035 ��&)0 *�,4$�*X? f

� 0A&)$l&+9T*A& ���zDL"P9/6�,4C/(1$�%\5
=/D]&~2b$�5<*X&)"P9/$
C\%/0^C:$�D_2b$�"�*-=/D+$S0A&)9/$
(1I�64D1$�IL$S"
03=/,�C�5<*X&)"P9
�Z*-%/C *-%�=/%/5Z*A&+"P9/$�C "P9/64,�C
&)0S6�%/"�(1$�*-D1$_&)9/$�D+61��$~0-? � 2'E;03%/$AN3I�9/64"P9�"�0-%>&+()*-C:64"
&+D�&)9/$_?@*-"Y&
&+9T*A& � 6�D_*�5Z*X�^645�=/5¢5<*A&+"P9/64%:B f 2­$
& � � 2�$l&+9/$�"P9/6�,4CZ0-? � �:6�? �\9/*-DL&KIH0;"P9/64,�C/(+$
%[N^&+9/$�%
,�$
& � � 2�$�&+9/$G,4$Y?r&~"P9/64,�C\0-? � f 2�$Y& � � 2b$�&)9/$S%:0^C/$S5Z*A&+"P9/$�C�I�6�&+9 � � fkh 9:$�"P9:64,4C:(+$�%\0A? � �5
=:D1&H2�$�5Z*A&)"P9/$
C<%/0MC/$
DH2b$�"�*-=/D+$�0-&)9:$�(1I�6�D+$�&)9/$
(+$�$Y�^64D]&)DH*-%�*-=:B35Z$
%'&)64%:B�./*A&)9 ?�(+035 �Z&)0
*-%<=/%/5Z*A&)"P9/$
C\"P9/64,�C[N>I�9/64"P9�"
03%'&)(+*-C/64"Y&)DL&+9/$�?@*A"
&L&+9T*A& � 64DH*�5<*��:6�5
=/5U5Z*A&)"P9:64%/B f 2�$Y&
� � 2b$�&)9/$;"P9:64,4C80-?�� � � � � 6�D�&+9/$;,4$Y?r&�"P9/6�,4CF6w? � � 9/*-D�&KIL0�"P9/6�,4C/(1$�% f 2­$Y& � 	 2b$�&+9/$;%/0MC/$

ý �



u6

u4

um - 1

Tum 1–

Tu5

Tu3

Tu2

Tu1

u

u5

u3

u2

u1

   An alternating path from an unmatched
                   nodeu to the leaflu.

: a free node

: a matched node

: either a matched or a free node

: a matching edge

: a free edge

lu

Tu

Tu4

¡ 6�B3=/(1$�´ �o� J $
(1E\6�%'&)$�(1%T*-,�=/%/5Z*A&)"P9/$
C�%:0^C/$lB36 J $�%�2'E<&)9:$S.�$
(+"�0-,`*A&+$ £ =:.�*-,4B30-(+6�&+9/5U"�0-(+(+$ £
D1.�03%:C/D~&)0Z*�5Z*A&+"P9/$�C�,4$�*A? f

5Z*A&)"P9:$�C�I�6w&)9 � � f�} %�&+9/64D�5<*A%/%/$�(
NO"
03%'&)64%>=/$Z&)0��/%/C�&)9:$<(+$
5<*A64%/6�%/B�%:0^C/$
D � ��� � � $
&)" f
=/%'&+64,�IH$Z(1$�*-"P9Q*�,4$�*A?H%/0^C:$ f �_*A,4,�&)9:64DG,4$�*A?L%:0^C/$�������IH$<=/D1$ &+9/64DG%/0-&)*A&)6�03%V2�$
"�*-=:D+$-N�*-D
IH$�D19T*-,�,[D+$
$�D19/03(1&+,�E-NT$�*-"P9�D+=/"P9�,4$�*X?O"�*-%�2b$�* � ,464*A&)$
C�I�6w&)9�03%/,wE\03%/$G=/%:5<*A&+"P9/$�C�%/0MC/$�� f
h 9/6�DO,�$�*A?¤%/0MC/$H5
=/D1&�2�$~*�5<*A&+"P9/$�C;%:0^C/$AN3D+6�%/"�$L0-&)9/$
(1I�6�D+$LIH$_9T* J $_?�0-=/%/C�*-%;*A=/B35 $�%'&)6�%/B
.T*X&)9 f � $�=/D1$ &��S&)0
C/$
%/0-&+$�&)9:64DL./*A&)9<?�(1035 ��&)0���� f�} %\0-&+9/$�(kIL03(1C/D�N &��G6�Dk&+9/$�?�03,�,40�I�64%:B
.T*X&)9 64%�� � ��� � � � � � � � � � � 	 ����� �
	 �!� � ��	 � ��� fo� 2/D1$�( J $�&+9T*A&kD+=/"P9
*S.T*A&+9Z6�D�=/%/6�cM=:$�,�E
C/$
�T%:$�CZ?�0-(�$�*-"P9Z64%'&)$
(+%T*-,:=/%/5Z*A&)"P9/$
C<%/0MC/$ � f�¡ =/(]&)9/$
(+5 03(+$AN�&���6�Do*-%
*-,w&)$
(+%T*A&+64%/B�.T*A&)9�N/I�9/$�(1$�� � � � � � � � ��� ��� � 	 � � ��� ��� � � � ��������� � �
	 �!� � ���A�~*-(+$S5Z*A&)"P9:64%/B�$�C:B3$�D f

� $�%/0�I D+9/0�I &)9T*A&�?�03(�$ J $
(1E�&KIH0V=/%/5Z*A&)"P9:$�CQ64%'&+$�(+%/*-,H%:0^C/$
D��ª*-%/C � NO&+9/$�.T*A&+9/D
&���*-%/C &���*-(+$�C/64DrW10364%'& fj} ? �V*A%/C � *-(1$
*A&j&)9/$�D)*-5 $�,�$ J $�,�&)9/$
% &�� *-%:C &���*-(1$�C/6�D�W1036�%'&
2b$�"�*-=/D+$
&+9/$
E�,46�$�6�%8&)9:$
D+=/2^&)(+$
$�DS(10^0-&+$�CV*A& �²*-%/C � N[(1$�D+.b$�"Y&)6 J $�,wE3N­*A%/CF&)9/$
D+$
D1=/2 £ &)(+$
$�D
*-(1$
C/6�D�W1036�%>& f�h 9:$�(+$Y?�03(+$ *-D1D+=/5 $
I�6�&+9/03=:&�,403D1DS0-?kB3$�%/$
()*-,�6�&KE�&)9T*X& � ������� � ��� ( � ������� � � � f�} ?

ý��



� C/0M$�DS%/0-&�,464$�64%8&+9/$;D+=:2 £ &+(+$�$;(10^0A&)$�CV*X& ��N�&)9/$
% &��Z*-%/C &���*-(1$
C/64DrW10364%'&�?�03(l&)9:$;D)*-5 $
(1$�*-D103%[N�5 $�%'&)6�03%/$�C°*A2�0 J $ fV} ? � ,46�$�D�64%�&+9/$�(+6�B39'&
D1=/2 £ &+(+$
$²�@6�?�6w&
$¦�:6�D1&+DP��0-? ��NO&+9/$�% &��
5
=:D1&j,46�$S$�%'&)6�(+$�,wE\64%\&+9/$�(164B39'&jD+=:2 £ &+(+$�$�0-? ��*-%/C�9/$�%:"�$�&��;*A%/C &��S"�*-%:%/0-&j0 J $�(1,`*-. fL} ? �
,�64$�D�64%F&+9/$;,4$Y?r&SD+=/2 £ &)(1$�$�0-?���N�&)9:$�% � "�*-%/%/0-&G,�64$�03%�&)9/$;.T*X&)9 &�� D+6�%/"�$�*A,4,O%:0^C/$
DG*-,40-%/B
&+9/64D�.T*A&+9F*-(1$�5Z*A&+"P9/$�CF%:0^C/$
D f~h 9/6�D�5 $�*A%/Dj&+9T*A& � 5
=/D]&l,�64$G64%�*ZD1=/2 £ &)(+$
$�"
035Z6�%/B;?�(+035
03%:$
0-?�&)9:$;%/0^C:$�D����o*-,�03%/B &)9/$;.T*X&)9 &��>N�D+=/"P9V&)9/*A&l&+9/$;D+=/2 £ &)(1$�$;6�Dl"�0-5Z./,�$
&+$�,�E�C/6�D�W1036�%'&
?�(1035 &�� fO} %<0-&+9/$�(�IH03(+C/D
N � 5�=/D1&H,46�$~64%�03%/$j0-?�&+9/$jD+=/2 £ &)(1$�$�DH5<*A(+i-$
C � � � � � � � ��������� � � ��� �6�% ¡ 6�B3=/(1$�´ f_} &�?�0-,4,40�I�D_&+9/$�(1$
?�03(1$�&)9/*A& &���*-%:C &��G"�*-%/%/0A&l0 J $
(+,4*-. f_h 9>=/D�$�*-"P985Z*A&+"P9/$�C
,�$�*A?k"�*A%²2b$ * � ,464*A&)$
C°�@6�%V&+9/$;5Z*-%/%/$
(SC/$�D1"�(+6�2�$
C�*A2�0 J $��lI�6�&)9²*A&G5 03D]&G03%/$;=/%/5Z*A&+"P9/$�C
6�%>&+$�(1%T*-,[%/0MC/$S&)9:(+03=/B-9�*�=/%/6�c>=/$G.T*A&)9 f
h 9/$\5Z*A&)"P9:64%/B � "�*-%°%/0�I®2b$�5 0^C/6w�T$�C�64%x&)9:$<?�03,4,�0�I�64%/B�5<*-%:%/$�(
D10F&)9T*X&
IL$\0-2 £

&)*-64%�*-%/0A&)9/$
(j5Z*X�^645�=/5®5Z*A&)"P9:64%/B;I�6�&+98*A,4,[=/%:5<*A&+"P9/$�C�%/0MC/$�Dj*A&�&)9:$�,�$�* J $
D f !�Dl*A2�0 J $AN
,�$
&��ª2b$\*-%Q64%'&+$�(+%/*-,L%/0MC/$<&+9T*A&;6�D�=/%:5<*A&+"P9/$�CQI�6w&)9Q(+$
D+.b$�"Y&;&)0 � *-%/CQ,�$
&�&���2�$<&+9/$
.T*X&)9V?�(+035 ��&)0 ��� f � $�"�*-%�$¦�^"P9T*-%/B3$ &)9/$�5Z*A&)"P9:64%/B�*-%/CV?�(+$
$Z$
C/B3$
D�*-,�03%/B &���D+0�&)9/*A&
� � � � � � � � � � � � � � � ��� 	�� � � � ��������� � �
	 � � � ��	 �!� ��*-(+$�%/0�I 5<*X&)"P9/6�%/B�$
C/B3$�D<*-%/C ���V64DZ*-%«=:% £5Z*A&)"P9:$�C %/0^C:$ fo� 2/D1$�( J $l&)9/*A&�&)9/$j%/$YI�5<*X&)"P9/6�%/B � � 9/*-Dk&+9/$�D)*-5 $�D+61��$�*-D � *-%/C 9/$
%/"�$
6�DL*-,�D+0�5<*X�^6�5
=/5 f � $l"�*-%�C/0�&)9/6�DH?�03(k$ J $�(1EZ=/%/5Z*A&+"P9/$�C\%/0MC/$ �\B36 J $�%�2'E &)9/$�5<*X&)"P9/6�%/B
� f �^64%:"�$�&+9/$�./*A&)9/D &�� *-(1$�C/6�D�W1036�%'&�NT&)9/$�$Y�^"P9T*-%/B-$
0-?o5Z*A&)"P9/6�%/BZ*-%/C8?�(1$�$�$
C/B3$
D�64%�03%/$
.T*X&)9<I�6�,4,¤%/0-&L64%'&)$
(1?�$�(1$�I�6w&)9<&+9/$�$Y�^"P9T*A%/B3$S03%\*A%>EZ0-&+9/$�(H.T*A&)9 f�} &L?�03,�,40�I�Dk&+9/$�(1$
?�03(1$l&)9/*A&
� � 6�DS*�5<*��:6�5
=/5 5<*X&)"P9/6�%/B<?�03( ��N[I�6w&)9F&)9:$;./(+03.b$�(]&KEF&)9/*A&G*-,�,O=/%/5Z*A&+"P9/$�CV%/0MC/$�D�*-(1$
,�$�* J $
Dj0A?O&)9:$G&+(+$
$ f

h 9/$�*-2b0 J $�./(10^0-?oD1=/B3B3$
D1&+D�*�5 0MC/6��T"�*A&)6�03%80A?k&+9/$;.b$�(+"
03,`*X&)$ £ =/.�*-,�B303(16�&)9:5 &+0\B36 J $;*
,�64%/$�*-( £ &)645 $j*-,4B-03(+6w&)9/5#?�03(_�/%/C/64%:B�*
5<*X�^6�5
=/5¢5<*X&)"P9/6�%/B
I�6�&+9�*-,4,�6�&)DL=/%/5Z*A&)"P9/$
C�%/0^C:$�D
0M"�"
=/(+(164%/B�*A&o&)9/$j,4$�* J $�D f � $jC/0G&)9/6�Dk*-Dk?�0-,4,40�I�D f�¡ 6�(+D1&��/%/C�*�5<*X�^6�5
=/5 5Z*A&+"P9/64%/B � ?�03(
&+9/$�(10^0A&)$�C &)(1$�$ � 2>E =/D164%/B�&)9/$j.b$�(+"
03,`*X&)$ £ =/.Z*-,4B30-(+6�&+9/5 f�h 9/$
%�.b$�(1?�0-(+5¢*S&)(+$
$ £ &)()* J $�(+D+*-,
03% � 2>E =/D164%/B�*�./(1$ £ 0-(+C/$
(k&+(+$�$ £ IL*-,4i¤NMI�9/$�(1$l&)9/$�(+0M0-&k64DH$Y�:*-5 64%/$
C�*-%/C &)9/$
%\(+$
"�=/(1D+6 J $�,wE
6w&)D�,�$
?r&�D+=/2 £ &)(1$�$�?�03,�,40�IL$
Cx2'E�&+9/$�(+6�B39'&
D1=/2 £ &+(+$
$²�@6�?�6w&
$¦�:6�D1&+DP� fVh 9/$\6�C/$�*�64D�&+9T*A&;6w?j*-%
=/%:5<*A&+"P9/$�C864%'&)$
(+%T*-,�%/0MC/$ ��64Dj$�%/"
03=/%'&)$
(+$�CFI�9:64,4$GIL*-,4i>64%:BZ&)9:(+03=/B-9 ��N�6w&j64Dj.�$
(+"�0-,`*A&+$�C
· � % n *A,403%/B�&)9:$�.T*A&+9 &���2'E�D1IL*-././6�%/BF5Z*A&)"P9:64%/B8*-%/C�?�(1$�$<$
C/B3$
D
03%/$Z$�C/B3$�*A&
*�&)645 $ f
!_&Z&)9/$�$�%/C±0A?S&)9/$�&)(+$
$ £ I_*-,�i¤N~$�*-"P9�D1=/"P9 �±I�64,�,~2�$�5<*A&+"P9/$�C *A%/C¯&+9/$F,4$�*A? � ��I�64,4,�2b$
=/%:5<*A&+"P9/$�C f

2­$
& � 2�$�&)9:$k5Z*A&+"P9/64%/B_?�0-=/%/C�2>ES&+9/$o.�$
(+"
03,`*A&+$ £ =/.�*-,4B30-(+6�&+9/5 f[} ?­� � ��� ��64D¬*~5<*X&)"P9/6�%/B
$
C/B3$86�% � N~&+9/$�%«IH$FD+*�Eª&)9/*A&�� $	� �3����� � � *-%/C
��$�� �>� � � � � f } ?G*�%/0MC/$ ��6�D
=/%:5<*A&+"P9/$�C�No&+9/$�%�� $	� �'����� ��
 f²h 9:$�&+(+$
$�&)()* J $�(+D+*-,_6�D;*-CT*-.^&)$�CQ?�03(�03=/(;./=:(+.b03D+$
D�NH*-D
C/$
D+"
(+642b$�C�2�$
,40�IU6�%V&+9/$ ./(+0M"�$
C/=/(+$�� §-q 
   	 ¥)sPs���§-t�� f � *A&)"P9 h (+$
$ � *-,4i�I�6�,4,�5 0^C:6�?rE8&+9/$
5Z*A&)"P9:64%/B � &)0�0-2:&P*-6�%Z&+9/$�%/$YI�5Z*A&+"P9/64%/B � � I�6w&)9\*-,�,¤=/%/5Z*A&)"P9/$
C\%/0MC/$�DL*A&L&+9/$�,4$�* J $�D f
� $G"�*-,�,�&)9/6�D~%/$
I *-,4B-03(+6w&)9/5¢&)9/$ � sY¥ 
�� tw§-qKs 
K© � 
]§-nb·4
]· � % n8§-tz¨ � ¥¦prq� Mu �

� /�=/%\&)9:$ � sY¥ 
�� tw§-qKs 
K© � *-,�B303(+6w&)9/5 03%\&)9:$G&+(+$
$ ��&)0��T%/C�&)9/$G5Z*A&)"P9:64%/B � f

� 8 $�(]?�03(+5 *
&+(+$�$ £ IL*-,4i<03% ��2'E\"�*-,�,46�%/B � *A&+"P9 h (+$�$ � *A,4i�����N¤(+0M0-&¦� �

ý ´



� *A&)"P9 h (+$
$ � *-,4i�� ��N"��� �

} ?_������ ��} 2¬�H&+9/$�%
} ?�� ��$�� �'� ��� � 
F*-%/C��86�D�*-%�64%'&)$
(+%T*-,­%:0^C/$��H&)9/$
%
� � $�� �'������� � N:I�9/$
(+$ � 6�D �¬�zD�"P9/64,�C��@,4$Y?r&~"P9/6�,4C[N/6w? ��9T*-D~&KIH0Z"P9/6�,4C/(1$�%¤�
��� � ��$�� �'� � � �
� $�� �'� � ��� � �
� $�� �'� � � ��� 
 � � 0-&+$G&+9T*A&~&+9/$G=/%/5Z*A&)"P9/$
C8%/0MC/$S9T*ADj2b$�$
%8.b$�(1"�03,4*A&)$
C�C:0�I�%

2>E�*A%�$
C/B3$�*-,�03%/B
&)9:$�./*A&)9 &�� f
�

� *A&+"P9 h (+$�$ � *A,4i�����N¤,4$Y?r&�"P9/64,�C\0-? ��� �
� *A&+"P9 h (+$�$ � *A,4i�����N¤(+6�B39'&�"P9/64,�C\0-? ��� �

!_&_&+9/$�$�%:C�0A? � §-q 
   	 ¥)sPs���§-t�� N^IH$�9T* J $S&)9:$�(+$
cM=:64(+$
C\5<*X&)"P9/6�%/B � � *-DLB36 J $�%\2'EZ&+9/$
?�=/%:"
&)6�03% ��$�� � f � $S&)9>=/D�9T* J $G&)9/$S?�03,�,40�I�64%:B
(+$
D+=/,w& f

	�

��������� ����� 	  Ts � sY¥ 
�� tw§-qKs 
K© � 
]§-nb·4
]· � % n §-tz¨ � ¥¦prqr Mu ¨-p � sPv~§ ¶ ©/§'·-¥1§-nM¨-©Mtw§-q|p � n � �~§Gq|¥¦p 

§-nM¨-©Mtw§-q s+·�vYpru � t4s � 
@¨ � n � �G©>vYprnM¨Gq� Ts�u;prnTpru;©Mu nT©Mu��YsY¥ � � � ©Mq sY¥ 
¤qKsYprn�sY¥ � � prnTqrv~¥)s ¶ ©^pr¥)s+·
q � ¶ ©:§'·-¥1§-nM¨-©^tw§-qKs�qr Ts\¨-p � sYn�q@¥¦p@§-nM¨-©^tw§-q@p � n
���¦n�qr Ts %*� ¥PvYq 
 §Xv�s��<§-q�u � vYq � ���-� � � ©MqKsY¥

¤qKsYprn�sY¥ � � prnTq�v�§-¥)sG©'v�s+·
� 	  Mp4v�§-tz¨ � ¥¦prqr Mu¸¥¦©^n:v�prn �<���­� q@pru<s �

" ������#%$ � 2/D1$�( J $l&)9/*A&L&+9/64Dk5Z$Y&)9/0MC<B-6 J $
DH&+9/$�5 64%/6�5
=/5 %>=/5�2�$
(L0-?­0-=:&)$
( �M&+$�64%:$�(L.b036�%>&+D
&+9T*A&�*-(+$ (+$
c>=/64(1$�C�&+0�c>=T*-C:()*-%/B-=/,`*A&+$ &+9/$ B36 J $�%�&+(+64*-%/B3=/,4*A&)6�03%[N[D164%/"
$Z.b$�(1"�03,4*A&)$ £ =/. £ *-%/C £
C/0�I�%��T%/C/D�*;5<*��:6�5
=/5 5<*X&)"P9/6�%/B;?�03(_&)9/$GC/=/*-,[&)(1$�$ f
h 0�D1$�$;&)9/*A&�&)9:64DG*-,�B303(+6w&)9/5 =:D+$�D�*A&S5 03D]&�� ���A�	� 03=:&)$
( �M&)$
64%/$
(S.�0-64%'&)D
N[6�&S6�D�$�%:03=/B39

&+0�D+9/0�I &)9T*A&�&)9/$\%>=/5
2b$�(�0-?j=/%/5Z*A&)"P9/$
C°%/0^C:$�D;64%�&)9/$\C/=/*-,H&+(+$�$ � �|*AD
B36 J $�%Q2'E�&+9/$
.b$�(1"�03,4*A&)$ £ =/. *-,�B303(16�&)9:5��\64DV*A&V5 03D]& � ���A�	� f h 9/6�D�64D�2b$�"�*A=/D+$°03%/$ �M&+$�6�%/$�(�.b0364%'&�6�D
*-C:C/$�C ?�0-(�$�*-"P9 =/%/5Z*A&+"P9/$�C�%/0MC/$ f�� 2/D1$�( J $x&)9/*A&�&+9/$�.b$�(1"�03,4*A&)$ £ =/. *-,4B-03(+6w&)9/5 B36 J $�D
*-% =/%:5<*A&+"P9/$�C�%/0MC/$�03%/,wE±I�9/$�% &)9:$²(10^0A&)$�C &)(1$�$���Nl03(\0-%/$V0-?�&+9/$V./(+=:%/$�C J $�(1D+6�03%/D
��� ��� � ��� � � � ��� �	� ��������� ����� � 9/*-D�*²%/0^C:$80-?SC:$�B3(1$�$�&+9/(+$
$FD+=:"P9±&)9T*A&Z2b0-&)9¯6�&)D "P9/6�,4C/(1$�%�*-(1$
,�$�* J $
D fo} %\&)9/6�D_"�*-D1$-N:&+9/$S%/0MC/$S*-%:C�6w&)D_,�$
?r&L"P9/64,�C�*-(+$�5Z*A&+"P9/$�C�*-%/C�&+9/$S(+6�B39'&_"P9/6�,4C\6�D_,4$Y?r&
=/%:5<*A&+"P9/$�C�N�*A?r&+$�(�I�9/64"P9F*-,4,[&+9/(+$
$�%/0MC/$�Dl*-(+$�C/$�,�$
&+$�C f�h 9>=/D�N�$ J $�(1E�&)6�5Z$S&+9/$�.b$�(1"�03,4*A&)$ £
=/.�*-,�B303(16�&)9:5 B-6 J $
Dj*-%�=/%/5Z*A&)"P9/$
C�%:0^C/$AN/&)9/(1$�$S%/0MC/$
D�*A(+$S./(1=/%/$�C�?�(+035 &)9/$�&+(+$
$ fo} ?�&+9/$
&+(+$�$G"
03%/D+6�D1&+D�0-?�* D164%/B-,4$S%/0MC/$-NT&+9/$�%�&)9T*X&�%:0^C/$�(+$
5<*A64%/D~=/%:5<*A&+"P9/$�C fLh 9>=/D�&+9/$G%>=/5
2b$�(
0-?H=/%/5Z*A&+"P9/$�C²%/0MC/$�DG64%V*�&+(+$�$ ��I�6�&)9	�l%/0^C:$�DG64DG*A&G5 03D]&�
�� �-��
 f �M64%/"
$�� � � �±y<?�03(
&+9/$GC/=T*-,�&+(+$
$ ��N/6w&~?�03,4,�0�I�DL&)9T*X&~&)9/$G%>=/5
2b$�(�0-?�=/%/5Z*A&)"P9:$�C�%/0^C:$�D�64%\&)9:$SC/=T*-,[&+(+$�$G0-?O*
&+(+6`*A%/B3=/,4*A&)$
C\D+645 ./,�$ � £ B303%�64D�*A&�5 03D]& � ���-� � f
¡ 6�%T*-,4,wE3NA%/0-&)$~&+9T*A&o2b0-&)9;&)9:$j.b$�(1"�03,4*A&)$ £ =/. *-,�B303(16�&)9:5�*ADoIH$�,�,T*-D � *A&+"P9 h (+$�$ � *A,4i
&P*Ai-$

�<���­�H&+645 $�$�*A"P9 foh 9/$�(1$
?�03(1$�&+9/$G$�%'&)6�(+$�*-,4B-03(+6w&)9/5U&P*Ai-$�D����"�­�H&+645 $ f

h 0<"�0-%/"�,�=/C/$-NTIH$�(1$�5 64%/C�&)9:$�(1$�*-C:$�(�&)9T*A&j?�(+0-5 �L03(+0-,4,`*A(1E�y f¼ý Nb6w&~?�03,4,�0�I�D_&)9T*A&�� ���-�	�
03=^&)$�( �>&)$�6�%/$�(�.b0364%'&+D~64D_&)9:$�2b$�D]&l.b03D1D+642:,4$ f

ý 3



� �������S�������������S� � � ����� � ����� 	 ������� ����� �����G������� � �S���
�S� � � �ª�k� ����� ������� �S� � ��� �������

� $_%/0�I¯64%'&)(10^C/=:"�$�*�.b$�(+"
03,`*X&)640-%
*-,�B303(+6w&)9/5 &+9T*A&�IH$~"�*A,4,^&+9/$
	 � ������
�� ��� � ��� ��*-,�B303(+6w&)9/5�N
I�9/6�"P9�"�03% J $�(1&+D�*�&)(+64*-%/B3=:,`*A&+$�C«.b03,wE^B-03%«&)0°*�cM=/*-C/()*A%/B3=/,4*A&)6�03%«I�9/6�,4$F*AC/C/64%:B$�M&)$
64%/$
(
.b0364%'&+D prn:vYp@·Ms &)9/$�.�0-,�EMB303%���IH$l"�*-,4,T&+9/$�D1$ prnTn�sY¥ 
¤q sYprn�sY¥ � � prnTq�v �¦N'I�6�&)9Z*A&H5Z0-D1&k03%/$�03=:&)$
(
�M&+$�6�%/$�(�.b0364%'& f � 0A&)64"
$S&)9T*A&�IH$�"�*-%/%/0-&�*-,wI_*�EMD�* J 0364C8*-C/C/6�%/B�03%/$-�M&)$
64%/$
(�.�036�%'&�0-=:&)D164C/$AN
6 f $ f &)9:$�(+$l*-(+$�.b03,�EMB30-%/D�&)9T*A&k"�*-%/%/0-&H2b$�c>=T*-C:()*-%/B-=/,`*A&+$�C�I�6�&+9 � nTt�� 6�%/%/$�(*�M&+$�64%:$�(o.�0-64%'&)D f
�^6�%/"�$�*-%)� £ B303%°9T*-D�$¦�/*A"
&),wE��!��y�� � yF&)(16`*-%:B3,4$
D
64%¯*-%'Ex&)(16`*-%:B3=/,`*X&)640-%�I�6�&+9���64%/%/$
(
�M&+$�6�%/$�(j.�0-64%'&)D
Nb6w&�?�03,4,�0�I�D�6�5Z5 $�C/64*A&)$
,�E &)9T*X&l6�%/%/$�(��M&+$�6�%/$�(�.�036�%'&)Dj*-,40-%/$SI�64,4,­%:0-&lD1= � "�$
I�9/$
%���6�Dl0MC/C°��&+9/64Dj?@*-"
&l64D�*-,4D10<=/D1$�CV64%xd ý { e � fl} %/%:$�( �M&+$�6�%/$�(�.�036�%'&)D�*A(+$
*A%F645 .�0-(1&P*A%>&
"
03%/D+6�C/$�(+*A&)6�03%ZI�9:$�%�&)9:$�B30'*-,¤6�DH&)0�cM=/*-C/()*A%/B3=/,4*A&)$�*�D+6�5Z.:,4$j.�03,wEMB303%ZI�6w&)9/0-=:&L5 0MC/6�?rEM64%:B
&+9/$l2b03=/%/C/*-(1E�0-?�&)9/$�.�03,wEMB303% f�� $
?�03(1$jIH$�./(10^"
$�$�C�N^IH$lC/$Y�T%/$�6�%/%/$�(*�M&+$�64%:$�(k.�036�%'&)Dk5Z03(1$
./(1$�"
64D+$
,�E f !lD�I�6w&)9�03=^&)$�( �>&)$�6�%/$�(l.�036�%'&)D�N[IH$�*-,�,40�I�&)9/$;C:$�,4$Y&)6�03%�0-?kC/6`*AB303%T*-,�D�?�(1035 &+9/$
03(164B36�%T*-,¬&)(+64*-%/B3=:,`*A&+6403%8*-%/C�IH$ C/0�%:0-&�*-,4,�0�I�*-%'EV%/$YIUC/64*-B303%T*A,4Dl&+0�2b$ *-C/C/$
C�2b$
&KIH$�$�%
J $�(1&+64"
$�D�0A?L&)9:$<64%:./=:&�.�0-,�EMB303% f � $ 03%/,wEV*-,4,�0�I &)9:$<*-C:C/6�&+6403%V0-?~C:6`*-B30-%T*-,4DS2b$
&KIH$�$
%°*-%
6�%/%/$�( �>&)$�6�%/$�(�.b0364%'&�*A%/C J $�(]&)64"
$�Dj0-?¬&)9/$G.b03,�EMB303% f
h 9/$ � £ .b$�(+"
03,`*X&)640-%�*-,4B-03(+6w&)9/5 ?�03(Sc>=T*-C/(+*-%/B3=:,`*A&+64%/B�*\&)(16`*-%/B-=/,`*A&+$�C�D1645 ./,4$
.b03,wE^B-03%

=/D1$�D_6�C/$�*ADHD1645 64,`*A(O&)0�&)9/03D1$l6�%Z&)9:$�.b$�(1"�03,4*A&)$ £ =/.<*-,4B30-(+6�&+9/5 f�¡ 64(+D]&L"
03%/D164C/$
(H&)9:$j?�03,�,40�I�64%:B
D1645 ./,4$
( J $�(1D+6�03%�0-?^&)9/$k*-,�B303(16�&)9:5�N�I�9/6�"P9�B-6 J $
D�=:DO*-%�=/./.b$�(¬2�0-=/%/C�0-? � ���3y � prnTn�sY¥ �M&)$
64%/$
(
.b0364%'&+Dk�|*-%/C�*A&�5 03D1&�0-%/$o03=:&)$
( �M&)$
64%/$
(­.�036�%'&¦��?�03(­c>=T*-C:()*-%/B-=/,`*A&+64%/B�*_&+(+6`*A%/B3=/,4*A&)$
CSD+645 ./,�$
.b03,�EMB30-% f � $�I�6�,4,O&+9/$�%²(+$Y�T%/$�&)9/6�DG*-(+B-=/5Z$
%'&S&)0�&)64B-9>&+$�%�&)9:$ 2b03=/%:C f !lDG2�$Y?�03(+$AN�,4$
& �
2b$l&)9:$SC/=T*-,b&)(+$
$S0-?­&)9:$�&)(+64*-%/B3=:,`*A&+$�C<D1645 ./,4$�.�0-,�EMB303%<I�9:64"P9�IH$�*AD+D+=:5Z$l&+0;2�$l(+0M0-&)$
C�*A&
* %/0^C:$�0-?�C:$�B3(1$�$
03%:$
*-%/C�,4$Y& �F2b$�&)9:$�%>=/5
2b$�(�0-?�,4$ J $
,4Dl6�% ���rI�6�&)9�&)9/$�(+0M0-&�2�$
64%/B<*A&
,�$ J $
, ý � f !lDj64%\&+9/$�.b$�(1"�03,4*A&)$ £ =/.�*-,�B303(+6w&)9/5�N>&)9/$ � £ .b$�(1"�03,4*A&)6�03%�*-,4B-03(+6w&)9/5 D1&)*-(1&+Dl*A&~&+9/$
,�0�IH$�( £ 5 03D1&l,4$ J $�,O0-? �#*A%/C�./(+=:%/$�DS&)9:$�&)(1$�$�*-D�6w&�./(10^"
$�$
C/DG=/.F&)9/$�&)(+$
$ f 2­$
& �"��2�$�&+9/$
D1$
&_0A?­%/0MC/$�DL*A&L,�$ J $�, �<0-? � f 2­$
& �  �"�S*-%:C<,4$Y&�#�$�% � � ��(+$
./(+$
D+$�%'& � �zDL.T*A(+$�%'& f � $j9T* J $
&+9/$S?�03,4,�0�I�6�%/B
"�*-D+$
D�Nb*-%T*-,�03B303=:DL&)0;&)9:$�"�*-D+$
D�6�%\&)9/$G.b$�(+"
03,`*X&)$ £ =/.�*-,4B-03(+6w&)9/5 �

� � � ��� $ } ? #�$&%K� � ��6�DS*�%/0MC/$
0-?kC/$
B3(+$
$;03%/$-N�&)9/$
% � *-%/C #�$�% � � �
��6 f $ f &)9:$�&)(16`*-%/B-,4$�D�"�03( £
(1$�D1.�03%:C/64%/B�&+0\&)9/$
D+$�%/0MC/$�D)��?�03(+5�*�cM=/*-C/()*A%/B3,4$ f /�$�5 0 J $
&)9:$�D+$;&KIH0�%:0^C/$
D�?�(+035
� f�} ? #�$�% � � ��64D �j} 2�N[&)9/$
%�IH$Z9T* J $ZD1645 ./,�EF*�&+(+6`*A%/B3,4$�I�9/64"P9²"�*-%�2�$�c>=T*-C:()*-%/B-= £
,4*A&)$
CZI�6w&)9<0-%/$ � ©Mq sY¥ �M&+$�64%:$�(k.�036�%'&�N>I�9/64"P9�6�DL.b03D+D1642/,�$�2b$�"�*-=/D1$l&)9/6�DH6�D_*�2�03=:%/CT*-(]E
&+(+64*-%/B3,�$ f � 0-&+$
&)9T*X&�&)9/6�D�64D�&+9/$;03%/,wE80-=:&)$
( �M&)$
64%/$
(S.�036�%'&G*-C/C/$
CV64%F&)9:64D�5 $
&+9/0^C f
/�$�5 0 J $ � ?�(1035 � f

� � � � ��$ } ? #�$�% � � ��64D�*�%/0^C:$F0-?GC/$
B3(+$
$8&KIL0:N�&+9/$�% � *-%:C #�$&% � � �;?�03(+5 *�c>=T*AC/()*-%:B3,4$ f
/�$�5 0 J $S&)9:$�D+$G&KIH0Z%/0MC/$
D�?�(1035 � f

� � � � � $ } ? #�$�% � � � �@"�*-,4,o&)9/6�D ���S64D�*�%/0MC/$�0-?_C/$�B3(1$�$<&+9/(+$
$-NO&+9/$�%Q,�$
&���2b$ � �zD�D+6�2/,46�%/B f
h 9:$�%[N^*-Do64,�,4=/D]&)()*X&)$�C�6�% ¡ 64B3=/(1$ 3^N'IL$�"�*-%Z*-C/CZ* �M&)$
64%/$
(H.b0364%'& �Z64%;&)9:$j&+(+6`*A%/B3,4$�� �
"
03(+(1$�D1.�03%:C/64%/BZ&)0<%:0^C/$ � f �L03%/%:$�"
& �F&)0<&+9/$�&+9/(+$
$ J $
(1&+64"�$
D�0-?����>N�&+9>=/D�C/6 J 6�C/64%:B

ý��



Steiner point p inside shaded triangle ∆u

Remove these two
nodes from the tree

u

v w

∆v ∆w

∆u1

∆u2
∆u3

¡ 6�B3=/(1$ 3 � ! �M&)$
64%/$
(k.b036�%>& �<5<*�E�2b$l*-C:C/$�CZ64%�&)9/$�&)(16`*-%/B-,4$
���S"�0-(+(+$
D+.b03%/C/6�%/B�&+0�*�%/0MC/$
0-?�C/$
B3(+$
$G&+9/(+$
$�6�%�&)9/$GC/=/*-,[&)(1$�$-N¤*ADjD19/0�I�%803%�&)9:$�(164B39'& f

6w&�6�%'&)0�&+9/(+$
$<D15<*-,�,4$
(G&+(+64*-%/B3,�$�D�� � � � � � � *A%/C ��� � D+=/"P9x&+9T*A& ��� � 6�D
*-CXW+*A"�$�%'&�&)0&+9/$G&)(+64*-%/B3,�$ ����*-%/C � � � 64Dj*-CXW+*-"
$�%'&l&+0 &+9/$G&)(+64*-%/B3,�$ � � fLh 9M=:D�&)9:$�&+(+6`*A%/B3,4$
D � �*A%/C ��� � "�*-%\2b$�.T*-6�(+$�C\=:.�&)0�?�03(15�0-%/$�c>=T*-C/(+*-%/B3,�$-N:*-D_"�*A%�&)9/$�&+(+6`*A%/B3,4$
D � � *-%/C��� � f � 0�I 6�%<&)9/$�&+(+$
$ ��N:C/$
,4$
&+$�%/0MC/$�D � *-%:C � f�h 9/$l%/0^C:$���%:0�I "
03(+(1$�D+.b03%/C:D_&)0
&+9/$S&)(16`*-%/B-,4$ ��� � f

!�?r&+$�(�&+9/$ *-2�0 J $ D]&)$
.�6�D�"�*-(1(+6�$�CV03=:&S?�03(G*A,4,O%:0^C/$
DG64%��"�'N[IL$�"�0-%>&+64%>=/$;I�6�&+9F&)9/$�D1$
&
0-?O%/0MC/$�Dj64%�&)9/$�,40�IH$�( £ 5 03D1&�,�$ J $
,�0A?O&)9:$�./(1=/%/$
C J $
(+D16403%�0-? � f_h 9/$�D1&+$�.�64Dj(+$�.b$�*X&)$�C�03%
D1=/"�"
$�D+D16 J $�,�E8./(+=:%/$�C8&+(+$
$�D�=/%'&+64,­IL$
*-(+$�,4$Y?r&�I�6w&)9�&+9/$�$
5Z.^&KE�&+(+$
$ f !lDl6�%�&+9/$�.b$�(1"�03,4*A&)$ £
=/.V*A,4B303(16�&+9/5�N/&+9/$
D1$
&S0-?o%:0^C/$
DS*A&l$ J $
(1E8,4$ J $�,�0A? ��"�*-%F2b$
5Z*-64%'&P*A64%/$
CF*-D�,464%:i-$�C�,�64D]&)D f
� 2/D1$�( J $�&+9T*A&j*-,�, �M&+$�6�%/$�(�.b0364%'&)D���$Y�^"�$
.:&�.�03D1D+6�2/,�EZ03%/$���*A(+$G*-C/C:$�C�64%\&)9/$G6�%>&+$�(16403(H0-?�&+9/$
.b03,�EMB30-% f�¡ =/(]&)9/$
(+5 03(+$AN�&)9:$Z%>=/5
2b$�(�0-? �>&)$�6�%/$�(�.b0364%'&)D�*-C:C/$�Cx6�DG$�c>=T*-,o&)0�&)9/$ %>=/5
2b$�(
0-?�&+(+6`*A%/B3,4$
D_64%\&+9/$�&)(16`*-%/B-=/,`*A&+6403% &)9T*X&�"�03(1(+$�D1.�0-%/C�&+0�%/0^C:$�D�0-?�C/$�B3(1$�$S&)9:(+$�$G6�%�&)9/$GC/=T*A,
&+(+$�$�� f �^6�%/"�$�&KIL08%/0^C:$�D�*-(+$ C/$�,�$
&+$�C�$ J $
(1E²&)645 $�* �>&)$�6�%/$�(�.b0364%'&�64D�*-C/C:$�C[N�6�&G?�03,4,�0�I�D
&+9T*A&~6�%�&+9/$�IH03(+D]&�"�*-D+$�&+9/64D�*A,4B303(16�&+9/5 *-C/C/D�*A&�5 03D]& � ���-y ��64%/%/$
( �M&)$
64%/$
(~.�0-64%'&)D~*A%/C�*A&
5 03D1&�0-%/$G03=:&)$
( �M&)$
64%/$
(�.�036�%'& f
h 9/6�DS5Z$Y&)9/0MC²*-C/C/D �M&+$�6�%/$�(S.b0364%'&+DS"�03%/D1$�( J *X&)6 J $�,wE f
} %V0-&+9/$�(�IH03(+C:D�N�IL$�"�*A%V&+64B39'&+$�%

&+9/$�=/./.b$�(G2�0-=/%/C²2>EV$¦�^./,4036w&)6�%/B<&)9:$ D]&)(1=/"
&+=/(+$ 0-?L&+9/$;&)(1$�$ � f � $;I�64,�,�%/0�I#D19/0�I#&)9/*A&
6w&S64DS.b03D+D1642/,�$
&)0�C/$
,4$
&+$�*A&�,4$�*-D1&S?�03=:(S%/0^C:$�DG0-? �#$ J $�(]E�&)645 $;*-%V6�%/%/$�( �>&)$�6�%/$�(G.b0364%'&S6�D
*-C:C/$�C f~} %�03(+C:$�(�&)0<.:(+0 J $�&)9/$�&)64B-9>&+$�(�2b03=/%/C[N¤IH$�=/D1$�&+9/$�./(103.b$�(1&KE\&+9T*A&�.�$
%'&P*-B30-%/D�*-(1$
D]&P*-( £ D+9/*-.�$
C\?�(+035 D+035 $�.b0364%'&L64%\6�&+DL6�%>&+$�(16403( f /j$
"�*-,�,�&+9T*A&�*
.b03,�EMB30-%�64D_D]&P*-( £ D19T*-.b$�C�6�?�6w&
"
03%'&P*-6�%/Dl*�.b0364%'&���D+=/"P9�&)9T*A&j?�03(�*-,4,��\64%�&+9/$�.�03,wEMB303%[N/&+9/$�"
,403D1$�C8,�64%/$GD1$�B35 $�%'&�����,�64$
D
6�%�&+9/$G.�0-,�EMB303% f

	�

��������� � ��� 	  Ts � � trt � % prnM¨	��
 � sY¥ 
�� tw§-q@p � n8§-tz¨ � ¥¦prqr Mu 
�� u � ©^qKsPvG§ ¶ ©:§'·-¥+§-nM¨-©Mtw§-q@p � n � �
§�q|¥¦p@§-nM¨-©Mtw§-q s+·
vYpru � t4s � 
@¨ � n % prqr �§-q�u � vYq � ���A��� prnTn�sY¥ 
¤q sYprn�sY¥ � � prnTq�vS§-nb·<§-q�u � vYq � n�s
� ©Mq sY¥ 
¤qKsYprn�sY¥ � � prnTqkprn �<���[� q@pru<s �

ý	�



par(par(v))

par(par(v))

  par(v)

  par(v)

  par(v)

(a)

(b)

(c)

a

b

c

a

b

c

d

p

p

a

b c
d

e

p

v w
∆v

∆w

v w

par(par(v))

v w

���������
	���
�����	��
���
	�	�������	�������� �!� �
�"��	#�"$%���&	('!)+*,	��
��-�./� �
�"-�$%� ."��-������
��021

3�4657598�:<;=	�	�$>��0?	���� �
	#����	#@A-�.�."-CB��"$��D������	D��$���.�EF�
���<B���	��
	(G�H��"�!����IJ	�@A-���	�1

K,LCM>NPO :�QR-S���&	<@A-�.".�-CB��"$���@A-���	����T�U$�-FV�	XWZY[G�H\
^]+@JW����������T�_����� �<`ba cedfW�gh�"��ij]lk%����	�$UBm	
���Cn�	#�o���"$���."	����
�"��$���.�	������ �<����$ZI,	jpF����V���� $�����."� ��	�VZB����
�Z-�$�	Uqbr�sutwvXx>��	��"$�	��m*J-��"$\��y
B��&�"�T�[�"�R*J-����
�"I&."	_IJ	���� ���
	_���&�"�R�����zI,-��&$�V����eE{�����/��$���."	�1#;=	_V�	�.�	��
	|W}@A�
-�0�~�1D]+@
`babcedAW&gX�"�S�Z$�-FV�	D-�@�V&	�����	�	z��y9���&	�${���&	��
	o�uB<-%$�-FV�	��R��-����
	��
*J-�$�V{��-Z�Zp>����V��
��$���.�	
� $�V%B<	�V�	�.�	��
	�WZ��$�V[`ba cedfW&g�@A�
-�0�~o1���-���� .".7��	�0?���"$���$��($�-FV�	��!W�Y�G�H��
�&�T�2����� �
`babcedAW&g����X�($�-FV�	#-�@^V�	����
	�	o�Fy&V&	�."	w��	#W?��$�V{`ba cldAW&g�@A��-�0�~�dAW?��$�V{`babcedAW&g�B���.".9@A-��
0
�_p>����V&����$���."	6g<� $�V2�&*,V��b��	#����	�V�	����
	�	�-�@��
��	�*�����	�$\�S- @m`ba cldAW&g�1

K,LCM>N�� :#]+@�G�HR�"��$�-���	�0|*&�uE�y&V�-�����	�@A-�.".�-CB��"$��R@A-���	�� �T�zWZY�G�H\1�i!-���	������b�X��.�.��
	�0Z����$��"$&�
W}��$=G�H(B���.".^I,	(�����T�[����� �D`ba cedfW�g��"�R�zV&	�����	�	U�z$�-FV�	�1�kh	��R��I,	o����	(���"I�.��"$��?-�@�W91
��	�@A	�����-����������
	X�&
��
��	��������T�(V�-�����	�VU.��"$�	X��$�V������ �
	������&	!*�������-�@J~��
��� ������V�	�.�	���	�VU�"$
�
���"�����
	�*|��$�V(�
��	��
��� V�	�V_�����/��$&��."	��
	w@A	��
���
-S���&	��
	����"-�$DB��&	��
	X�
��	X*J-�.�EF��-�$(*,-��
�
��I�.�E

� �



"
03%'&)6�%M=:$�D f � $�*-D1D+=/5 $;&)9T*X&SI�9/$�%/$ J $
(�%/0MC/$
D�*A(+$
C/$
,4$Y&)$�CV?�(+0-5 ��N[&)9:$;C/$�B3(1$�$�0-?
*A%�*Xa�$
"
&)$
C8%/0MC/$S6�D~=/.�C/*A&)$
C8*-.:./(+03.:(+6`*X&)$�,wE fk� %/$S0-?�&)9/$S?�03,�,40�I�64%:B�"�*AD+$�D�*-./.:,464$
D �
� � � � � $ #�$&% ��#�$&% � � �1� p4v
§\n � ·Ms � �
·Msg¨-¥)sPs ý � ¥ yF��D+$�$ ¡ 64B3=:(+$ � �|*'�1� f 2­$
&�&+(+6`*A%/B3,4$

��� 
�"�03(1(+$
D+.b03%/C«&+0 #�$&%K� � � f�} %ª&)9/6�DZ"�*-D+$�IL$8*-C/C�* �M&)$
64%/$
(<.b0364%'&��±6�%ª&+9/$
64%'&)$
(+640-(�0-?o&)(16`*-%/B-,4$ ��� 

D+=:"P9²&+9T*A&G6�&lC/0M$�DG%/0-&S"
(+$�*A&)$;&)9:(+$�$�"
03,4,�64%/$�*-(�.b036�%>&+D
I�6�&)9ª*-%'E J $�(]&)64"
$�D 0-?j&)9/$\?�03=/(
&+(+64*-%/B3,�$�D
6�%ªc>=/$
D1&+6403% fQ} %:D+$�(]&<C:6`*-B30-%T*-,4D � �TN
���
*-%/C � 
�?�03(+5 64%/BZ&)9/(1$�$�c>=T*-C/(+*-%/B3,�$�D � &)9/$�=/%/6�03%�0-?k&)(16`*-%/B-,4$�D � ����*-%/C ���XN
&)9/$�=/%/6�03%�0-?O&+(+6`*A%/B3,4$
D ��� 
S*-%/C�� � N¤*-%:C�&)9:$�=:%/6403%�0-?¬&)(16`*-%/B-,4$�D � � 
S*A%/C�&+9/$&)(+64*-%/B3,�$�"
03(+(1$�D1.�03%:C/64%/BZ&)0 #�$&% � #�$&%K� � �+� f ��$�,�$
&+$ � N ��N #�$&%K� � ��*-%:C #�$&% ��#�$&% � � �1�
?�(+035 � f

� � � � ��$ #�$&% ��#�$&% � � �1� p4v~§�n � ·Ms � �L·Msg¨-¥)sPs � fO� 2/D+$
( J $H&)9T*A&¬2b$�"�*-=/D+$H0-? �>&)$�. ý *A2�0 J $AN
&)9/$�D+642:,464%:B 0A? #�$&%K� � ��5�=/D1&�2�$�*Z%:0^C/$�0-?OC/$�B3(1$�$ ý 03(j0-?�C:$�B3(1$�$
� f~µ $
%/"�$�IH$
9T* J $G&)9/$S?�03,�,40�I�64%/B�&KIL0 D+=/2 £ "�*AD+$�D �
� � � � ������$ 	  Ts
vYp ��t prnM¨ � � #�$&%K� � � p4vZ§8n � ·Ms � � ·Msg¨-¥)sPs ý ��D+$
$ ¡ 6�B3=/(1$ � ��2¤�+� f

h 9/$l� J $l&+(+6`*A%/B3,4$
DH"
03(+(1$�D1.�03%:C/64%/B�&)0�&+9/$�� J $S%/0MC/$�D_6�%<c>=/$
D1&)6�03%�*-(1$l"�0-% £
J $
(1&+$�C�&+0ª&+9/(+$
$�c>=T*AC/()*-%:B3,4$
D8*-%:C�03%:$²&+(+6`*A%/B3,4$F*-D�?�0-,4,40�I�D f 2­$Y& ��� 
��
C/$
%/0-&)$ &)9/$Zc>=T*-C/(+*-%/B3,�$Z?�03(15Z$
C�2'E�&+9/$<=:%/6403%�0-?_&+9/$Z&KIH0F&)(16`*-%/B-,4$�D ��� 

*-%/C � 
��Z"�0-(+(+$
D+.b03%/C/6�%/B/N/(1$�D1.�$
"
&)6 J $
,�E3N/&+0 #�$&% � � �_*A%/C!#�$&% ��#�$&% � � �1� f ��$
,4$
&+$
C/64*-B303%T*A, � 
 f � =T*AC/()*-%:B3,4$ ��� 
��<5
=/D]&�2�$SD]&P*-( £ D+9/*-.�$
Cx�@*A&~,�$�*-D]&~?�(+035®*-%'E
.b0364%'&j64%�&)9/$�64%'&)$
(+6�03(�0-?�D+$
B35 $�%'& � 

� f 8 64"Pi�*.�>&)$�6�%/$�(j.b0364%'& �F64%�&)9:$�64% £
&)$
(+6�03(L0-?�&+9/$�i-$
(+%/$
,­0-? ����
���D+=/"P9�&)9T*X&~6�&LC/0^$
D_%/0-&_"�(+$�*A&)$�&+9/(+$
$S"�03,�,46�%/$�*-(
.b0364%'&)DkI�6�&+9�&)9/$ J $�(]&)64"
$�D~0-?�&+9/$l&)(16`*-%:B3,4$
DH6�%\cM=:$�D1&+6403%\6�%/"�,�=/C/6�%/B�&+9/$�.T*-( £
$�%'&�0A? #�$&%]� #�$�% � � �1� fO} %:D+$�(]&�C/64*-B303%T*A,4D�?�(+035 �
&)0 �TN���N 
H*-%/C��S"�(1$�*A&+64%/Bl?�0-=/(
%/$YIª&+(+64*-%/B3,�$�D­I�6�&+9 ��*-DO*-.�$¦�;*A%/C�&)9:$_D+6�C/$�D�0-? ����
��G*-D�2T*AD+$�D f � 0�I°C/$
,4$Y&)$
C/64*-B303%T*A,4D ����N�� 

*-%/C 
��\&)0\?�03(+5 &)9:$
&)9/(1$�$;%/$YI#c>=T*-C/(+*-%/B3,�$�D f�h (+64*-%/B3,�$
� ����64D�%/0�I &+9/$�%/$YI�&+(+64*-%/B3,�$ "
03(+(1$�D1.�03%:C/64%/BF&+0 #�$&%K� #�$&%K� � �+� f ��$�,�$
&)$ � N
��N #�$&%]� � �_*-%:C�&)9:$�D1642/,�64%/B;0A? #�$&%K� � �L?�(+035 � fkh 9/$�%/0^C:$ #�$�% � #�$�% � � �1�~%:0�I
(+$
./(+$
D+$
%>&+D~&)9/$SD15<*-,�,4$
(k&+(+6`*A%/B3,4$j032:&)*-64%:$�C\2'E\*-C:C/64%/B�&)9/$�?�03=:(_C/6`*AB303%T*-,�D f

� � � � ��� � $ 	  Ts
vYp ��t prnM¨ � � #�$&% � � � p4v<§Fn � ·Ms � �Z·Msg¨-¥)sPs ���@D1$�$ ¡ 64B3=/(1$ � �@"��+� f
h 9/$�D+$ J $�%�&)(16`*-%:B3,4$
Dj"
03(+(1$�D1.�03%:C/64%/BZ&)0Z&+9/$�D1$ J $�%V%/0MC/$�D�6�%8c>=/$
D1&)6�03%�*-(1$
"�0-% J $�(]&)$�CV&)0�?�0-=/(�c>=T*-C/(+*-%/B3,�$�DG*-%:C�03%/$
&)(16`*-%:B3,4$�*-D�?�03,�,40�I�D f 2­$
& ��� 
�� �
C/$
%/0-&)$�&)9:$Z.b$�%'&P*AB303%�?�0-(+5 $�CV2'E²&+9/$ =/%/640-%�0-?H&)9/$�&)9:(+$�$�&)(16`*-%:B3,4$
D ��� 
�N

�� �L*-%/C � 
��_"�03(1(+$
D+.b03%/C/6�%/B/N-(1$�D1.�$
"
&)6 J $
,�E3NA&)0 #�$�% � � �¦NX&+9/$LD1642/,�64%/B�0-? #�$�% � � �¦N
*-%/C #�$&% ��#�$&% � � �+� f ��$�,�$
&)$G&)9:$�C/64*-B303%/*-,4D
� 
G*-%/C�
 � f~h 9:$�.b$�%'&P*AB303% ��� 
�� �
5
=/D]& 2�$�D1&)*-( £ D+9T*A.�$
Cª?�(1035 *�%/03% £ ��$
(+0 £ 5Z$�*-D+=/(1$�(+$�B-6403%°64%°6w&)D;64%'&+$�(+6�03( f
8 64"Pi�*!�M&+$�64%:$�(l.b036�%>& ��64%�&)9/$�64%'&)$
(+640-(�0-?�&+9/$
iA$�(+%:$�,�0-?o.b$�%'&)*-B303% ��� 
�� �
D+=:"P9V&+9T*A&l6�&�C:0^$
D�%/0-&�?�03(+5 &)9:(+$�$;"
03,4,�64%/$�*-(�.�0-64%'&)DjI�6�&)9F*-%'E J $�(1&+64"
$�DS0-?
&)9:$�&+(+64*-%/B3,�$�D
6�%ªc>=/$
D1&+6403%ª64%/"
,4=/C:64%/BF&+9/$�.T*-(+$
%'&Z0A? #�$&%K� #�$&% � � �+� fQ} %/D+$
(1&
C/64*-B303%T*A,4DL?�(1035 ��&+0 �TN	��N 
XN	��*-%:C ��"
(+$�*X&)64%:B�� J $�%:$
I�&)(16`*-%:B3,4$
D_I�6�&)9 �
*-D�*-.b$Y��*-%/C�&)9/$kD+6�C/$�D�0-?T.b$�%'&P*-B-03% ��� 

���_*ADO2T*-D1$�D f � 0�IQC/$
,4$Y&)$LC:6`*-B30-%T*-,4D
����N�� 
XN 

�8*-%/C�����&)0�?�0-(+5�&+9/$ ?�0-=/(�%:$
I¢c>=T*-C/(+*-%/B3,�$�D f�h (16`*-%:B3,4$ � ���<6�D

y ý



%/0�I#&+9/$�%/$
I#&+(+64*-%/B3,�$;"�03(1(+$�D1.�0-%/C/64%:B�&+0 #�$&%K� #�$&%K� � �+��6�%�� f � 0�I#C/$
,4$Y&)$
&)9:$l?�03,4,�0�I�64%/B�%/0MC/$�DL?�(1035 � � � N ��N�#�$&% � � �YN^&+9/$�D1642/,�64%/B�0-? #�$&% � � �H*-%/C�&+9/$
&KIH0F��,4$�*X?P�H"P9:64,4C:(+$�%�0-?¬&)9/6�D~%/0MC/$ f

/�$�.b$�*A&�D]&)$�.:D ý *A%/C�y�03%�&)9/$S.:(+=/%/$
C J $�(1D+640-%�0A? ��NT*A%/C\"�03%'&+64%>=/$GC/036�%/B
D+0�=/%'&+64,�&+9/$
(1$�5Z*-64%/6�%/B�&)(+$
$
64Dj$�5 .:&KE fG� 2/D+$
( J $
&+9T*A&S$ J $
(1E8&+645 $�&+9/$ � £ .�$
(+"�0-,`*A&+6403%�*-,4B-03(+6w&)9/5 *AC/C/D
*-%\6�%/%/$
( �M&+$�64%:$�(_.b0364%'&�N/*A&L,4$�*AD1&_?�03=:(L%/0MC/$�D�*A(+$�(1$�5 0 J $�C�?�(1035 � f !_&_&+9/$ J $�(1E�,`*-D]&_D1&+$�.
2b$
?�03(1$�&)9/$S&+(+$�$�2b$�"�0-5Z$
Dj$
5Z.^&KE3NT03%/$S0-=:&)$
( �>&)$�6�%/$�(�.b0364%'&~5Z*�E\2b$�*AC/C/$�C f

� $Z"�*-%x*-,�D+0�D+0-, J $ D+$ J $
()*-,k03.:&+645 6���*X&)640-% J $
(+D+6�03%/D�0-?L&+9/$ cM=/*-C/()*A%/B3=/,4*A&)6�03%V./(+032:,4$�5
I�6w&)9�5<*X�^6�5
=/5 % sYpw¨X MqKs+· 5Z*A&+"P9/64%/B *-,�B303(16�&)9:5ZD fH¡ 03(�$¦�/*A5Z./,�$-NT6w?�IH$
*-D1D+6�B3%8*;IH$�64B-9>&�0-?
5Z*-B3%/6w&)=/C:$�� n�s ��D)*�E:�­&+0j*-,4,3$
C/B3$
D¬6�%S&)9/$oC/=T*A,'B3()*-.:9�0-?M&)9:$o&+(+64*-%/B3=/,4*A&)6�03%�&+9T*A&¬"�0-(+(+$
D+.b03%/C
&+0 %:03% £ "
03% J $¦��cM=/*-C/()*A%/B3,4$
D�N¤*-%:C�IH$�*-D+D164B3%�*-%�*-././(103./(16`*A&+$S9/64B39:$�(_IH$�64B-9>&�&+0�&+9/$G$�C/B-$�D
"
03(+(1$�D+.b03%/C:64%/BG&)0�"�03% J $¦�ZcM=/*-C/()*A%/B3,4$
D�N>&)9/$
%�*�5<*X�^6�5
=/5�IH$�6�B39'&)$
C<5Z*A&)"P9/6�%/B�*-,4B30-(+6�&+9/5
I�6�,4,:B-6 J $~=:Do&+9/$�c>=T*-C/(+*-%/B3=/,4*A&)6�03%�&+9T*A&o5Z*X�^645 6���$
DO&)9:$~%M=:5
2�$
(o0-?�"
03% J $¦� cM=/*-C/()*A%/B3,4$
D�NM*
./(103.b$�(1&KE;&+9T*A&oD1035Z$Y&)6�5Z$
D�64DoC/$�D164(+*-2/,4$~6�%�./()*-"Y&)6�"�$�d¹y ý�egf �^645 64,4*-(+,wE3N�IL$j"�*-%Z*-D1D+64B-% IH$�6�B39'&)D
&+9T*A&�5 $�*AD+=/(1$
0-&)9:$�(l.:(+03.b$�(]&)64$
Dl0-?�&+9/$
c>=T*-C:()*-%/B-,4$�Dl2�$
D+64C:$�D�"
03% J $Y�^6w&KE3N­D+=:"P9�*AD �
§-q@n�sPvPv N
*-%:C�0-2:&P*-6�%�"�03(1(+$�D1.�0-%/C/64%:B 0-.:&)6�5<*-,�c>=T*-C/(+*-%/B3=/,4*A&)6�03%/D f

� $H"
,403D1$o&+9/64D�D1$�"
&+6403%GI�6�&+9�*�C/6�D+"�=:D+D+6�03%�0A?T*-%�645 .�0-(1&P*A%>&�?�$�*A&+=/(+$k0-?M&)9/$ � £ .b$�(+"
03,`*X&)640-%
*-,�B303(16�&)9:5�N¤I�9/64"P9²64D�&+9T*A&�6�&�"�*-%²2�$�=/D1$�CV&)0�032:&)*-64%Vc>=T*-C:()*-%/B-=/,`*A&+6403%:Dl?�(+035�*-%'EF&)(16`*-% £
B3=:,`*A&+$�C�C/0-5<*-6�%��r&)9T*A&_64D�N^%/0-&~%:$�"�$
D+D+*-(+6�,�E &)(+64*-%/B3=:,`*A&+6403%/Do0-?¬D1645 ./,4$j.�0-,�EMB303%/D)� f 2­$
&��²2b$
*-%'E�&+(+6`*A%/B3=/,4*A&)6�03%[N[*AD�6�%V&+9/$ C/$
�T%:6�&)6�03%VB36 J $�%�*A&G&)9/$ 2�$
B364%:%/64%/B\0A? �^$
"
&)6�03%�� f � $�"�*-%
c>=T*-C:()*-%/B-=/,`*A&+$��±2'E�"�03%:D1&)(1=/"
&+64%/B8*�D1.T*-%/%/6�%/B8&+(+$�$Z0-?_&+9/$ZC:=T*-,kB3()*-.:9�0-?���N�*A%/C�&+9/$�%
*-.:./,�EM64%:B�&)9:$ � £ .�$
(+"
03,`*A&+6403%Z*-,�B303(+6w&)9/5#&+0�&)9:$S(+$�D1=/,�&+64%/B�&)(1$�$ ��&+0
$�*A"P9�&+(+$
$�64%�*�?�0-(+$�D]&~0-?
D1.T*-%/%/6�%/B�&)(+$
$�D
Nb6w?�&+9/$�C/=T*-,�0-?���64D�%/0A&l*�"�0-%/%/$�"Y&)$
CFB3()*A./9¤� fL� 2/D+$
( J $�&)9T*X&j&+9/$G5Z$Y&)9/0MC
=/D1$�CF6�%�&+9/$�.b$�(1"�03,4*A&)$ £ =/. £ *-%/C £ C/0�I�%F*A,4B303(16�&+9/5®6�D�%/0A&l.T*A(1&)6�"�=/,4*-(+,wE�=/D1$
?�=/,�?�03(�&)9/$�D+.T*A% £
%/6�%/BZ&+(+$
$
0-?�&)9:$
C/=T*-,�B3()*A./9F0-?�� f�h 9/6�D�64D�2�$
"�*-=:D+$�&+9/$
,4$�* J $�DS0A?�&)9/$
D1.T*-%/%:64%/B<&+(+$
$
C/0
%/0A&H%:$�"�$
D+D+*-(+6�,�E "�03(1(+$
D+.b03%/CZ&+0�2b03=/%:CT*-(1E;&+(+64*-%/B3,�$�Dk*-%/C 9/$�%:"�$l=:%/5<*X&)"P9/$
C�,4$�* J $�DH"�*-%/%:0-&
2b$�C/$�*-,w&�I�6�&+9Z6�%�&+9/$jD1&)(+*-64B-9>&1?�03(1IL*-(1C 5Z*-%/%:$�(o0-?�&+9/$�.�$
(+"
03,`*A&+$ £ =/. £ *A%/C £ C:0�I�%Z*-,�B303(+6w&)9/5 f
h 9/$ � £ .b$�(1"�03,4*A&)6�03%�*-,�B303(16�&)9:5¢*-C/C/Dj*A&~5 03D]&~03%/$ �M&+$�6�%/$�(~.b0364%'&L03=:&)D164C/$G*�&+(+64*-%/B3,�$l0-?

&+9/$�&+(+64*-%/B3=/,4*A&)6�03% f�h 9/6�Dj&+(+64*-%/B3,�$S"�03(1(+$�D1.�0-%/C/D�&+0 &+9/$�(+0M0-&j%/0^C:$�0-?�&)9/$�C/=T*A,�&+(+$
$ f_h 9>=/D
6�% 0-(+C/$
(�&)0G=/D+$�&)9:$ � £ .�$
(+"�0-,`*A&+6403%;*A,4B303(16�&+9/5 03%���N3IH$�W1=:D1&o9T* J $�&)0G$
%/D+=/(1$j&+9T*A&o&)9:$j(10^0A&
%/0MC/$�0A?~&)9/$�D1.T*-%/%:64%/B8&+(+$
$�0-?~&)9:$�C/=T*-,HB3()*A./9x0-?���"�03(1(+$
D+.b03%/C/D
&+0�* � � ¥1·MsY¥<q@¥¦p@§-nM¨-t4s f
� E�*�2b03(+C:$�(S&)(16`*-%/B-,4$-N[IH$ 5Z$�*-%²*�&+(+6`*A%/B3,4$�0-?L&+9/$;&)(+64*-%/B3=:,`*A&+6403%8&+9T*A&�9T*-D�*A&�,�$�*-D]&G03%/$
$
C/B3$�&)9/*A&~2b$�,40-%/B3DL$
6�&+9/$�(L&+0
&)9/$S0-=:&)$
(L?@*-"�$l03(L&)0�*
9:03,4$ f�h 9/$G%>=/5
2b$�(_0-? �M&+$�6�%/$�(_.b036�%>&+D
(1$�c>=/64(1$�C
&+0�c>=T*-C/(+*-%/B3=/,4*A&)$k&)9/$
D+$L&+(+64*-%/B3=/,4*A&)6�03%/D�64DO*A&�5 03D]& ��� �X���'N3I�9/$
(+$ �¬64D¬&)9/$H%>=/5
2b$�(
0-?¬&)(16`*-%:B3,4$
D_64%\&)9:$G&+(+64*-%/B3=/,4*A&)6�03%�� f
} &G?�03,4,�0�I�Dl&)9/$
(+$Y?�03(+$;&)9/*A&SIL$ "�*A%²c>=T*AC/()*-%:B3=/,`*X&)$
&)(16`*-%:B3=/,`*X&)$�C�.b03,wE^B-03%/D�I�6�&+9V9/03,4$
D

*-DkIL$
,4,�*-DH&+(+64*-%/B3=/,4*A&)$
C<,�64%/$�D+$
B35 $�%'&)D fk} %\./*-(1&+64"�=:,`*-(
N3IL$�9/* J $�&)9/$j?�03,4,�0�I�64%/B�2�0-=/%/C/Dk?�03(
*�&)(+64*-%/B3=:,`*A&+$�C � £ B-03%�I�6w&)9 �x9/0-,4$�D<�@D164%/"
$<6w&�"�*-%x*-,wI_*�EMD
2b$ZC:$�"�0-5Z.b03D+$
Cx64%'&+08$Y�:*-"Y&),wE
���¯y � �ªy�&)(16`*-%:B3,4$
DP� �

y3y



	�

��������� � � ��� q|¥¦p@§-nM¨-©Mtw§-q s+· � � t���¨ � n & % prqr  � � sY¥¦q@p 
 sPvG§-nb· �   � t4sPv 
 §-n �Ys ¶ ©/§'·-¥1§-n�

¨-©Mtw§-q s+·;prn8t prn�s+§-¥�q|pru<s % prqr �§-q�u � vYq �]�"� ��y � �²y3� �X��� 
¤q sYprn�sY¥ � � prnTq�vlprn:vYp@·Ms�qr Ts � � t���¨ � n
§-nb·�§-qku � vYq � n�s � ©^qrvYp@·Ms �

� 2/D+$
( J $<*-,�D+0�&+9T*A& §-n � &+(+64*-%/B3=/,4*A&)6�03%�0-?_*�D1$
&�0-? �Q.b0364%'&)Dl"�*-%V2b$;"�03% J $
(1&+$�C�6�%'&)0�*
c>=T*-C:()*-%/B-=/,`*A&+6403%�I�6w&)9�*A&�5Z03D]& �]�gy � � y � �¤� �X���6�M&+$�6�%/$�(G.b0364%'&)D
N¬I�9:$�(+$ ��64DG%/0�I#&+9/$
%>=/5
2b$�(O0-?b.�036�%'&)DO0-%
&)9/$_"
03% J $¦��9>=/,4,^0-?¤&)9/$_6�%/./=:&OD+$Y&o0-?b.�036�%'&)D~�r&)9/$L%M=:5
2�$
(�0-?T&)(16`*-%:B3,4$
D
6�%
&)9/$_&+(+6`*A%/B3=/,4*A&)6�03%�6�D�$Y�:*-"Y&),wE�y � ��y � �¤� f !�,4,��>&)$�6�%/$�(O.�036�%'&)DOI�6�,4,:,�64$kI�6�&)9:64%�&+9/$�"�03% J $¦�
9>=/,�,gN:$¦�^"�$�.^&l.b03D+D1642/,wE�03%:$G&+9T*A&j,46�$�D_0-=:&)D164C/$ f

�^6�5Z6�,`*-(1,�E3N�*A%>EV&+(+6`*A%/B3=/,4*A&)6�03%V0-?�*8D1$
&;0-?��«,46�%/$ D+$�B-5Z$
%>&+D
"�*A%x2�$Z"�03% J $�(1&+$�C°64%'&+0F*
c>=T*-C:()*-%/B-=/,`*A&+6403%\I�6w&)9F*X&�5 03D]& �]���7� �¯y � �¤� �X��� �M&+$�6�%/$�(j.�0-64%'&)D
NbD164%/"
$�*�&)(16`*-%/B-=/,`*A&+6403%
0-?�� ,46�%/$\D+$
B35Z$
%'&)D 64D�*F&)(16`*-%/B-=/,`*A&+6403%�0-?�&+9/$8y ��.�0-64%'&)D;&)9/*A&Z*-(+$ J $�(1&+64"
$�D 0-?l&+9/$�,464%:$
D1$�B35 $�%'&)D f � 0-&+$Z&+9T*A&�?�0-(�,46�%/$ D+$�B-5Z$
%>&+D�N�&+9/$�C/=T*A,LB3(+*-./9x6�D�C/$Y�T%/$
Cª6�%�&)9:$�=/D+=/*-,kIL*�E
$¦�:"
$�.:&�?�03(S&)9:$�?�0-,4,40�I�6�%/B � I�9:$�%x*�"�0-5Z5 03%�2b03=/%/CT*A(1E�2b$
&KIH$�$
%�&KIL0�&)(16`*-%/B-,4$�Dl64DG*�,464%:$
D1$�B35 $�%'&_?�(1035U&)9/$�6�%/./=:&LD+$Y&�N:&+9/$�C/=T*A,�I�64,�,¤%/0-&_"
03%'&P*-6�%�*-%�$
C/B3$�2b$
&KIH$�$
%�&+9/$l&KIH0;%/0^C:$�D
"
03(+(1$�D+.b03%/C:64%/B�&+0�&)9/$
D+$
&KIH0�&+(+64*-%/B3,�$�D fS} %V./(+*-"
&+64"�*-,�.:(+032/,�$�5 D�0-?o6�%>&+$�(1$�D1&S&+0\$�%/B-64%/$
$�(+D
N
&+9/$�&)(16`*-%/B-=/,`*A&+$�C�C:035<*A64%\64DLC/$�(16 J $
C�?�(1035¸*
.b03,wE^B-03%�I�6�&+9�9:03,4$
D�*-%/C�CT*A&)*
.�036�%'&)D~64%�&+9/$
6�%>&+$�(16403(�0-?�&+9/$�.b03,�EMB30-% f�� =/(l*-,4B-03(+6w&)9/5 D�"�*-%�*A,4D+0Z2�$�=/D+$
C�&)0<$ � "�64$
%'&),�E�"�0-% J $�(]&�&)9/$
D+$
&+(+6`*A%/B3=/,4*A&)6�03%/DL6�%'&)0;c>=T*-C/(+*-%/B3=:,`*A&+6403%/D f

� $�IL03=:,4C�,46�i-$l&+0;.�036�%'&~03=:&_&+9T*A&�6w&~64D~*A"
&)=/*-,4,wEZ.b03D1D+642:,4$l&+0 D19/0�I�&+9T*A&~?�03(_*-%'E<&)(16`*-% £
B3=:,`*A&+$�C;C/035Z*-6�%[N ��� �-�	��03=:&+$�( �M&+$�64%:$�(�.b0364%'&)Do*A(+$j*-,�IL*�EMDkD1= � "�6�$�%'&o&)0Gc>=T*-C/(+*-%/B3=/,4*A&)$_&+9/$
&+(+6`*A%/B3=/,4*A&)6�03%[N:I�9/$
(+$ �F6�Dj&+9/$�%>=/5
2b$�(�0-?�$
C/B3$�Dl0-?�&)9:$�&)(16`*-%:B3=/,`*X&)640-%�&+9T*A&l*-(+$�*-CXW+*-"
$�%'&
&+0
&)9/$�0-=:&)$
(L?@*-"�$S0-(_*
9/03,�$ f�h 9:64D~(+$
D+=/,w&~"�*A%\2�$�C:$�(+6 J $
C�?�(1035�*
2T*-D+6�"l&)9:$�03(1$�5®6�%�B3(+*-./9
&+9/$�03(]E°� 8 $
&+$�(1D+$�%��¹DG&)9/$
03(+$
5���&)9T*A&GD+*�E^DS&+9T*A&S$ J $�(]EV� £ (+$�B-=/,`*-(�B3()*A./9�I�6�&)9:03=:&S"
=:&G$�C/B-$�D
9T*ADH*S.b$�(]?�$�"
&H5Z*A&)"P9/6�%/B f � $�I�64,�,:%/0A&HB-0�6�%'&)0S&)9/$�D1.�$
"�6��/"�Dk9/$�(1$-N>2/=:&k(+$Y?�$�(�&)9:$�6�%>&+$�(1$�D1&+$�C
(1$�*-C/$
(�&)0Vd �Ae ?�0-(lC/$Y&P*-6�,4D�N�I�9/$�(1$
IL$;./(1$�D1$�%'&�$Y�^.�$
(+6�5Z$
%>&)*-,�(1$�D+=:,�&)Dl03%V"�035 ./=:&+64%/B�c>=T*AC £
(+*-%/B3=/,4*A&)6�03%/DH0-?¬()*-%/C:035�D1$
&+Dj0A?�.b036�%>&+D~2'E�=:&+64,461��6�%/B�D1035 $S0-?�&)9/$S6�C/$�*-DL./(+$
D+$�%'&+$�C86�%�&)9/6�D
.T*A.�$
( f

� ��� ��� ��������� ���

� $�./(1$�D+$
%'&)$�C�$�� "�6�$�%'&�*-,�B303(16�&)9:5ZDo?�03(L"
03% J $
(1&)6�%/B;&)(16`*-%/B-=/,`*A&+$�CZC/035Z*-64%/Dk&)0;c>=T*-C:()*-%/B-= £
,4*A&)6�03%/D�N^I�9/64,�$SB36 J 64%:B;2�03=:%/C/Dj03%�&+9/$�%M=:5
2�$
(�0-? �M&+$�6�%/$�(�.b0364%'&)D~&+9T*A&j5Z6�B39'&�2�$G(1$�c>=/64(1$�C
&+0�032:&)*-64%�&)9/$_c>=T*AC/()*-%:B3=/,`*X&)640-%/D f � $LD+9/0�IH$�C;&)9T*X&�N36�%�,46�%/$�*A(¬&+645 $-N3*j&)(+64*-%/B3=:,`*A&+$�C�D+645 ./,�$
� £ B303%�"�*-%�2b$�cM=/*-C/()*A%/B3=/,4*A&)$
C�I�6w&)9�&)9/$G,�$�*-D]&�%>=/5�2�$
(j0A?�03=:&+$�(��M&+$�64%:$�(�.�0-64%'&)D~(1$�c>=/64(1$�C
?�03(H&)9T*A&L&)(+64*-%/B3=:,`*A&+6403% f � $SD+9/0�IH$�C�&)9T*A& � ���-�	��03=^&)$�( �M&)$
64%/$
(~.�036�%'&)D~*-(1$SD+= � "
64$�%'&�N¤*-%/C
D1035Z$Y&)6�5Z$
D_%/$�"
$�D1D)*-(]E3N¤&)0;c>=T*-C/(+*-%/B3=:,`*A&+$G*;&+(+64*-%/B3=/,4*A&)$
C�D+6�5Z.:,4$ � £ B303% f � $�*-,�D+0;D+9:0�IH$�C
&+9T*A&�� ���A���Z64%/%:$�( �M&+$�6�%/$�(S.b0364%'&+D �|*-%/C²*A&�5Z03D]&G03%/$;03=^&)$�( �>&)$�6�%/$�(S.b036�%>&P�l*-(1$;D+= � "�6�$�%'&
&+0�c>=T*AC/()*-%:B3=/,`*X&)$ *�&+(+64*-%/B3=/,4*A&)$
C�D+6�5Z./,�$�� £ B303%[N¬*-%/CV&)9:64DS"�*A%�2b$ C:03%/$�64%²,46�%/$�*-(�&)645 $ f

� 0-(+$�0 J $�(�N¤&)9:64D~5 $
&)9:0^C�"�*-%�*-,�D+0�2�$G=/D1$�C8&+0�cM=/*-C/()*A%/B3=/,4*A&)$�*-(12/6�&+()*-(]E<&)(16`*-%:B3=/,`*X&)$�C\C:0 £

y-�



5Z*-64%:D f
�^035 $k03.�$
%�c>=/$
D1&)6�03%/DO*-(+6�D+$o?�(+035 &+9/$�D1$L(+$
D+=/,w&)D f�¡ 03(�64%/D]&P*-%/"
$-N-*-(+$ � ���X���~64%:%/$�( �M&)$
64%/$
(

.b0364%'&+D�D+0-5Z$Y&)645 $�D�%/$�"
$�D1D)*-(]Ex&)0�c>=T*-C:()*-%/B-=/,`*A&+$\*8D1645 ./,4$ � £ B303%�� } %°0-&+9/$�(�IL03(1C/D�Nk*-(1$
&+9/$�(1$\D+645 ./,�$ � £ B303%/D
&+9T*A&
IH03=/,�C°%/$�"
$�D+D+*-(+6�,�E�(+$�c>=/6�(+$ � ���A�����M&+$�64%:$�(;.b0364%'&)D
N�I�9/$�(1$�IH$
*-,�,40�I²&)9/$*�M&)$
64%/$
(�.b036�%>&+D¬&+0�2b$H*-C/C/$
C�03%/,wEG64%/D164C/$�&+9/$H.b03,wE^B-03%��rI�6�&+9�.b03D+D1642/,wEG03%/$*�M&)$
64%/$
(
.b0364%'&�03=:&+D+6�C/$���� � $ C/08%:0-&
i>%/0�I¢0-?�*A%>E²%/0-% £ &+(+6 J 64*-,�,40�IH$�(�2�0-=/%/C/D�?�03(�&+9/64D�./(1032/,4$
5 f
h 9/$S,�$�*-D]&_%>=/5
2b$�(~0A? �M&)$
64%/$
(_.�0-64%'&)D_(1$�c>=/6�(+$�C�&+0;c>=T*-C/(+*-%/B3=/,4*A&)$l*
D+6�5Z./,�$�.b03,wE^B-03%[N:0 J $�(
*-,�,�&)(+64*-%/B3=:,`*A&+6403%/D
N�64D
*A,4D+08*-%x03.b$�%�./(+032:,4$�5 f�} %Q*-C/C/6w&)6�03%[N¬6�&�IL03=:,4Cx2b$<6�%>&+$�(1$�D1&+64%/B�&)0
,�0^03i�6�%'&)0�&+9/$�c>=/$
D1&)6�03%Q0-?�032^&P*-6�%/64%/B�2b$
&+&+$�(�2�03=:%/C/D
03%x&+9/$<%>=/5�2�$
(
0-?��M&+$�64%:$�(�.b036�%>&+D
(1$�c>=/64(1$�CV&)0�c>=T*-C/(+*-%/B3=/,4*A&)$�5 03(+$;B-$�%/$
()*-,�&)(16`*-%:B3=/,`*X&)$�C�C:035<*A64%/D
N¬D1=/"P9x*AD�&+(+6`*A%/B3=/,4*A&)$
C
.b03,�EMB30-%/D_I�6�&+9�9:03,4$
D~03(~&)(+64*-%/B3=:,`*A&+$�C�D1$
&)Dj0-?�,46�%/$SD+$
B35Z$
%'&)D f

�������
	���
������������������ h 9/$�*-=^&)9/03(1D;&)9T*-%:i 8 (+03D1$�%XW16w& � 03D+$AN � 6�,4, �L0^03i¤N ¡ ()*-%/"
64D1"�0
���035 $ �-N 8 $
&+$�( �S(+6w& ��5Z*-%[NA!l( J 6�%/C �S=/.:&P*^N ¡ *AC:E µ *-2/(+*:N � 6�"
&+03( (S,4$
$-N3!�%/%T* 2­=/2/6�IGN �^=/%/6�,
�^9:$�%/C/$AN h 9/035Z*-D �^9/$
(+5 $�(�*A%/C �l=/%!��=:$H?�03(¬64%'&)$
(+$
D1&)6�%/B�*A%/C�=/D1$
?�=/,MC/6�D+"�=:D+D+6�03%/D f � $L*-,4D10
&+9T*-%/i6�-0M$ � � /�03=/(1i-$�*-%/C�*-%/0-%>EM5 03=/D�(+$Y?�$�(1$�$�D�?�03(~9/$
,4.:?�=:,­"�035 5Z$
%'&)D�*-%/C�D+=:B3B3$�D]&)6�03%/D f

" �
#��S� �S��� � �

d ý�e / f !�9M=�W+*:N hSf � *-B3%T*-%'&+6gN[*A%/C � f­� (+,�64% f%$ sYq %*� ¥ �  ot � % v'& 	  Ts � ¥�� � � tz¨ � ¥¦prqr Mu�v�§-nb·
� � � t p 
 §-q|p � n:v f 8 (1$�%'&)6�"�$ µ *-,�,gN � %:B3,4$YIL0M0^C �L,�6�a�D�N � �:N ý	�7� � f

dzy e � f � f !�,4,45Z*-% f ! c>=T*-C/(164,4*A&)$
()*-,T�T%/6w&)$�$�,4$
5Z$
%'&~64%/"
,4=/C:64%/B J $
(1&)$¦�\(10-&P*A&+6403%:Dk?�03(H./,`*A%/$
$
,`*-D]&)64"
6�&KE�*A%T*-,�EMD164D f �YnTqKsY¥Ynb§-q@p � nb§-t�( � ©^¥¦nb§-t � � ¥ $ ©Mu<sY¥Yp 
 §-t � sYq�  � ·Xvlprn*)HnM¨-prn�sPsY¥YprnM¨ N
y-´ � 3 ý 3,+ 3-�3{^N ý	� ���:f

d�� e��~f !l(+i>6�%[N � f�µ $
,4C[N�� f � 6�&+"P9/$�,�,gN�*-%/C$� f �^i>6�$�%T* f�µ *-5Z6�,�&+03%/6`*A%F&)(+64*-%/B3=:,`*A&+6403%/D�?�03(
?@*-D]&~(+$
%/C/$
(+64%:B fO} % � f J *A%62�$
$�='IH$�%[N¤$�C:6�&)0-(�N � tz¨ � ¥¦prqr Mu�v 
-) 
 �/. �'0 N 2 � � � �'�3� NM.T*-B-$�D
�3´,+M� 3^N º &)(1$�"P9'&�N h 9/$ � $Y&)9/$
(+,4*-%/C/D
N �M$�.:&+$�5
2b$�( ý	�7� � f

d � e � f !�(+%>2�0-(+B/N � f 2�*-B3$�(1B3(+$
%[N�*-%/C � f �M$�$�D1$ f\� *-D]E²./(+032:,4$�5 D�?�03(S&)(1$�$ £ C/$
"�035 .�0-D)*-2/,�$
B3(+*-./9/D f ( � ©M¥¦nb§-t � � � tz¨ � ¥¦prq� Mu�v N ý y � �3{ � +^�A�'{:N ý �7�Vý3f

d �Xe � f � $�(+B-$ f�h IH0 h 9:$�03(1$�5 Dj6�% �G(+*-./9 h 9/$
03(1E f�} %/1 ¥ �	
 � $ §-q@p � nb§-t � 
 §'·
� � � 
 
 pgsYn 
 s N
J 03,4=/5 $S�'�:N:.T*-B3$
D � �'y,+ � �3�:N ý	�'� 3 f

d�´ e � f � $�(+%�*-%:C � f:� ././D1&+$�6�% f � $�D19�B-$�%/$
()*A&+6403%�*-%:C�0-.:&)6�5<*-,¤&)(16`*-%:B3=/,`*X&)640-% f�} % ¡Hf ( f
µ I_*-%:B\*-%/C � f £�2 f ��=[N¤$�C/6w&)03(1D�N43 � u � ©Mq|prnM¨�prn5)H© 
 t p@·Ms+§-n76�s � u<sYq@¥�� f � 03(+,�C �^"
64$
% £
&+6��T"AN ý	�7� y f

d 3 e � f � $
(+%Q*-%:C$� f / f �G6�,42b$�(]& f ��(+*�I�64%/B�&)9/$Z./,`*-%/*-(GC/=T*-, f �Yn�� � ¥¦u §-q|p � n 1 ¥ �	
 sPvPvYprnM¨
8 sYq@q sY¥)v NT�'� � 3,+ ý �:N/!l=:B3=/D1& ý	�4� y f

yA�



d �Ae � f � f � $
(+%[N �~f 2 f 2�*�I�,4$
(�NM*-%/CZ! f 2 f � 03%:B f 2­64%:$�*-( £ &)6�5Z$L"�035 ./=:&)*A&)6�03%�0-?[03.^&)645Z*-,
D1=/2/B3(+*-./9/Dj0-?�C/$�"
035Z.b03D+*-2/,4$SB-()*-./9:D f ( � ©^¥¦nb§-t � � � tz¨ � ¥¦prqr Mu�v N � � y ý ´ +:yA� � N ý � � 3 f

d �Ae 8¬f � 0-D+$-N � f /j*-5<*AD1IL*-5Z6|N � fbh 03=/D1D)*-6�%'&�Nb*-%/C�! fbh =/(1i>6 f~� �^.�$
(+6�5Z$
%>&)*-,�"�035 .T*-(164D103%
0-?oc>=T*AC/()*-%:B3=/,`*X&)640-%8*-,�B303(16�&)9:5ZD_?�03(jD+$Y&)D�0A?�.�0-64%'&)D fj} %�1 ¥ �	
 � � ��qr Ts � �'q�  )H©^¥ � � s+§-n
� � ¥ ��vP  � � � n 3 � u � ©^qg§-q@p � nb§-t 6�s � u<sYq|¥�� N ���=/%/D]&)$�(
N �G$
(+5Z*-%'E3N � *-(+"P9 ý	�7� ´ f

d ý { e 8¬f � 03D+$�*-%:C � f/hSfTh 03=/D1D)*-6�%>& f � 0�c>=T*-C/(+*-%/B3=:,`*A&+6403%\6�D~$Y�M&)(1$�5 $�,�E<0^C:C f�} % 1 ¥ �	
 � � �
qr Ts �¦nTq sY¥¦nb§-q@p � nb§-t 
��Au � � vYpr©Mu � n � tz¨ � ¥¦prqr Mu�v�§-nb· 3 � u � ©Mq §-q@p � n N �_*A64(+%:D�N-!�=/D1&+()*-,�6`*:N
��$
"�$�5�2�$
(j� £ ´ ý	�7�'�Mf

d ýAý�e � f � 0�I�% f �Yn 
�s 
 q@p � n � � ©Mtw·-prnM¨ � � 1 tw§XvYq@p 
 3 � u � � n�sYnTq�v f � " �G(+*�I £ µ 6�,4,|N � $YI��k0-(+i¤Ný	� 3 �:f
d ý y e �lf �L9T*4�
$�,�,4$ f�h (+64*-%/B3=/,4*A&)6�%/B *ZD1645 ./,4$G.b03,�EMB303%�64%�,46�%/$�*-(~&+645 $ f�� p4v 
 ¥)sYqKs�§-nb· 3 � u�


� ©Mq §-q@p � nb§-t 6�s � u<sYq@¥�� N¤´ � � �'� + � yA�/N ý	�7�Vý3f
d ý � e ��f �L9 J *X&P*-, f ! "�0-5
2/64%/*A&)03(16`*-,o&)9:$�03(1$�5 6�%Q./,`*-%:$�B3$�0-5Z$Y&)(1E f ( � 3 � u���prn
� 	  Ts � ¥��


[sY¥ �	� N ý � � � � +M� ý N ý	� 3 �Mf
d ý � e�µ�f � f � f �L0��^$
&)$
( f 1 ¥ � 
�s 
 q@p � s 6�s � u<sYq@¥�� f �^./(164%/B-$�( £ � $�(1,`*-B/N � $YI
�k03(1ibN ý � � 3 f
d ý��Xe 2 f ��$ ¡ ,403(16`*-%/6|N ��f�¡ *-,4"
64C/6�$�%/0/NO*-%/C�� f 8 64$
%/0 J 6 f ��$�,4*-=/%T*�E £ 2T*AD+$�C°(1$�./(1$�D+$
%'&P*A&+6403%

0-?¬D1=/(1?@*-"
$�D~C/$Y�T%/$
C�0 J $�(�*-(12/6�&+()*-(164,�E�D19T*-.b$�C\C/0-5<*-6�%/D f 3 � u � ©Mq sY¥��­p4vYp � n � 6_¥1§ �  Mp 
 v
§-nb· �¦u §�¨Ms 1 ¥ �	
 sPvPvYprnM¨ NT�'y �¹ý y73,+ ý �'{:N ý	� �'�Mf

d ý ´ e�µ�f^� C/$
,4D12/(+=/%:%/$�(
N � f^� �0/�03=/(+iA$-N^*-%/C �~f � $�,��
, f �>&P*A&+6403%/6�%/BSB3=T*A(+C/DH64% (+$�"Y&)6�,464%:$�*-(o*-(]&
B'*A,4,4$
(+6�$�D f 3 � u � ©^qKsY¥
��p4vYp � n ��6_¥1§ �  Mp 
 v�§-nb· �Yu §�¨Ms 1 ¥ �	
 sPvPvYprnM¨ NTy73 �¼ý ´73,+ ý 3-´^N ý	� � � f

d ý 3 e�µ�f^� J $�(+$Y&+&�N � f 2�$
%/9T*-(]&�N � f^� J $�(15<*A(+D�N hSf �^9/$�(15Z$
(�N^*-%/C.� f^º (+(1=:&)64* f �M&+(+6�"
&),wE;"�0-% £
J $Y��c>=T*AC/(+6�,`*A&+$�()*A,46���*A&)6�03%/D_0A?o.�03,wEMB303%/D fl} % 1 ¥ �	
 � � ��qr Ts
0Tqr  3 §-nb§'·-p@§-n 3 � n���sY¥)sYn 
 s
� n 3 � u � ©Mq §-q@p � nb§-t 6�s � u<sYq@¥�� NT.T*AB3$�D�373,+ � y^N��>& f �-039/%:D�N � $YI~?�03=/%/C/,4*-%/C[N ý	�7� y f

d ý��Ae � fb¡ 6�D+i f ! D+9/0-(1&�./(+0M0-?�0A?�"P9 J *A&P*-,|�¹D�IL*A&)"P9/5Z*-%�&)9/$
03(+$
5 f ( � 3 � u���prn
� 	  Ts � ¥���
[sY¥ �
� NbyX� � �73A�/N ý � 3 �:f

d ý	�Ae��~f>µ $
64B39'IL*�E f !�5 $�D19ZB3$
%/$�(+*A&)0-(o?�0-(o*-=:&)0-5<*A&+64"�*-,4,wEGD+=/2bC/6 J 6�C/64%/BG6�(+(+$
B3=/,4*-(O.b03,�EMB30-%/D
6�%>&+0�cM=/*-C/(+6�,`*A&+$�(+*-,4D f � ) ) ) 	 ¥1§-n:v�§ 
 q@p � n:v � n � §�¨-n�sYq|p 
 v N ý � �|´'� � y � � � +:y � � � N ý	� � � f

dzy-{ e ( fMµ 0 £ 2­$ f�¡ 6�%/6�&+$~$�,4$
5Z$
%'&L5 $�D19<B3$
%/$�(+*A&)6�03%Z5 $
&+9/0MC/D � ! (+$ J 64$
I *A%/C<"
,`*-D1D+6��/"�*A&+6403% f
3 � u � ©Mq sY¥ � p@·Ms+· � sPvYpw¨-n NTy-{ � y73,+M� � N ý	��� �:f

dzy ý�e �lf �-0^$ f � =T*-C/(164,`*X&)$�(+*-,o5Z$
D+9QB3$
%/$�(+*A&)6�03%x6�%x.�0-,�EMB303%T*A,H(1$�B36�03%/D f 3 � u � ©^qKsY¥ � p@·Ms+·
� sPvYpw¨-n NTy73/�|�3� � y-{ � +:y-y3y^N � *-(+"P9 ý	�7�3�^f

dzy3y e �lf 8�f �-0-9/%/D1&+03%[N � f � f �^=/,�,46 J *A%[NM*-%/C\! f (SIL*-D1%/64i f !�=:&)0-5<*A&+64"�"�03% J $
(+D16403%�0-?­&)(16`*-% £
B3=:,`*-(¬�T%/6�&+$L5 $�D19/$�D�&+0ScM=/*-C/(+6�,`*A&+$�(+*-,>$�,4$
5Z$
%'&)D f �¦nTq sY¥¦nb§-q@p � nb§-t ( � ©M¥¦nb§-t � � $ ©^u<sY¥¦p 
 §-t
� sYq�  � ·Xv�prn5)HnM¨-prn�sPsY¥¦prnM¨ N/� ý � ý � � ´73,+ � �/N ý	�7�Vý-f

y �



dzy-� e � f (G*-9:%[N � f (S,`*�IH$-NT*A%/C � f (S,4$�6w&)5Z*-% f¬h (+*-C/6w&)640-%T*-,bB'*-,4,�$�(164$�DH(+$
cM=:64(+$�?�$YIL$
(~I_*A&+"P9 £
5 $�% f 
 � � � ( � ©^¥¦nb§-t � � � tz¨ � ¥¦prq� Mu�v�§-nb· � p4v 
 ¥)sYq s � sYqr  � ·Xv NH�T�gy3� �¼ý	� � +:y-{3´^N �-=/%/$
ý	��� � f

dzyA� e ��f (G,�$�$�*-%:C 8¬f J *-%�C/$�% ��(+6�$�D+D1"P9/$ f 2­64%/$�*-(o*-,4B-03(+6w&)9/5 D�?�03(�&+$�D]&)64%:BG&+9/$�D+6�B3%;D1&)*-2/64,�6�&KE
0-?[*�5Z*A&+(+6w�
*-%/C ?�03(��T%/C:64%/B � £ 5<*X�^6�5
=/5 5<*A&+"P9/64%:B3Do64% *-"
EM"
,464"�B3(+*-./9/D f�$ ©^u<sY¥¦p4v 
  Ts
� §-q� TsYu §-q@p � Nby � � y73-�,+:y �'� N ý	� 343 f

dzy �Xe ! f ! f (S0M03D+9/$
D+9;*A%/C �lf � fA��f � 03(1$
& f:h 9/(1$�$ £ "�03,�03(+6�%/B�&)9/$ J $�(]&)6�"�$�DO0-?¤*�&+(+6`*A%/B3=/,4*A&)$
C
D1645 ./,4$�.b03,wE^B-03% f 1 §-q|qKsY¥¦n���s 
�� ¨-nTprq|p � n N¤y � N ý	�7� y f

dzy-´ e � f � f 2�*-6�*-%/C62 f 2 f �M"P9M=:5<*-iA$�( f �^"�*A&1&)$
(+$�C\C/*A&P*
6�%>&+$�(1.�03,4*A&)6�03% =/D+6�%/B�� �~.:64$�"
$
I�6�D+$
.b03,�EM%/0-5Z64*-,4D~0-?OC/$�B-(+$�$�D+6w� f~} % 	  Mpr¥1· � � ¥ ��vP  � � � n 1 ¥ � &3pru;prq � 6_¥1§ �  'v N��M&)*-(+i J 64,�,4$-N

� 6�D+D164D+D164./.:6gN ��$
"�$�5�2�$
( ý £ � ý	�7� � f � 6�D+D+6�D+D164././6 �>&P*A&+$ º %/6 J $�(1D+6w&KE f
dzy73 e ! f 2­=/2/6wI f ��$�"�0-5Z.b03D+6�%/B<.b03,wE^B-03%T*-,¬(+$
B36403%:Dl64%'&+0�"�03% J $Y�Vc>=T*-C:(+64,4*A&)$
()*-,�D f�} % 1 ¥ �	
 �

� �Gqr Ts � vYq � 3 � 
��Xu � � vYpr©^u � n 3 � u � ©^qg§-q|p � nb§-t 6�s � u<sYq|¥�� NT.T*-B3$
D � 3,+ ý {3´^N ý	� �'�Mf
dzy �Ae � f � 64"�*-,46�*-%/C ��f �
f � *4��6�()*-%/6 f !l% ����� � � ��� � � � ���j*-,4B-03(+6w&)9/5¸?�03(��T%/C/6�%/B\5<*��:6�5
=/5

5Z*A&)"P9:64%/B3DZ64%¯B3$�%/$
()*-,�B3()*A./9/D f } % 1 ¥ �	
 � � � vYq � nTnT©/§-t � )4) ) 
��Au � � vYpr©Mu � n q� Ts
 � ©^nb·'§-q@p � n:v � � 3 � u � ©MqKsY¥ 
 
 pgsYn 
 s N^.T*-B3$
D ý 3,+:y73MN ý	� � { f

dzy �Ae / f 2 f � 03(+5Z*-%�*-%:C � f¤�
f /j*-2/64% f !l%�*-,�B303(16�&)9:5#?�03(�*
5Z6�%/645�=/5U"�0 J $
(�0-?�*�B-()*-./9 f
} % 1 ¥ �	
 � � u<sY¥¦p 
 §-n � §-qr  � 
 �	
 pgsYq � N J 0-,4=/5 $ ý {:N/./*-B3$�Dj� ý�� +^� ý	� N ý	�'�4�^f

d��3{ e � f�µ�f�8 *-./*-C/645 6�&+(+6�03=�*-%/C�( f �M&+$�64B-,46�& � f 3 � u���prnb§-q � ¥¦p@§-t�� � q|pru;p	��§-q@p � n & � tz¨ � ¥Yprqr Mu�v
§-nb· 3 � u � t4s'&3prq�� f�8 (1$�%'&)6�"�$ £ µ *A,4, } %/" f N ý	��� y f

d�� ý�e � f / f �:*-"Pi f !l% ���"�S,403B �[�
*-,4B-03(+6w&)9/5 ?�03(;C/$
"�035 .�0-D+64%:B�D+645 ./,�$�(+$
"
&)6�,46�%/$�*-(�.�03,wE £
B30-%/D�6�%>&+0�"
03% J $¦�Qc>=T*-C/(164,4*A&)$
()*-,�D f<} %71 ¥ �	
 � ��
Xqr  � nTnT©/§-t � trt4sY¥¦q � n 3 � n���sY¥)sYn 
 s � n
3 � u;u;©MnTp 
 §-q|p � n � 3 � nTq|¥ � tb§-nb· 3 � u � ©Mq|prnM¨ N'./*-B3$�Do´A� + 3 � N º (+2/*-%T*:N } ,�,464%:0364D
N � "
&+032�$
(ý	��� y f

d��'y e � f £ / �:*-"Pi�*-%/C � f¬hSf�h 03=/D1D)*-6�%>& f !�,464%:$�*-( £ &)6�5Z$�*A,4B303(16�&+9/5�?�03(�C/$�"
035 .�03D164%/B8(+$�" £
&+64,46�%/$�*A(�D1&)*-( £ D+9T*-.b$�C².b03,�EMB303%:D�6�%'&)0�"�03% J $Y��c>=T*-C/(164,`*X&)$�(+*-,4D f;} %71 ¥ �	
 � � �-qr  � nTnT©/§-t
� trt4sY¥¦q � n 3 � n�� � � n 3 � u;u;©^nTp 
 §-q@p � n:v�� 3 � nTq@¥ � tk§-nb· 3 � u � ©^q@prnM¨ N�./*-B3$�D�y ý +^�3{:N º ( £
2T*A%T*:N } ,4,�64%/0-64D�N ý	���Vý3f

d��3� e � f £ / f �:*-"PiG*A%/C � f�hSf�h 03=/D1D)*-6�%'& f �S=T*-(1C�.:,`*-"
$�5 $�%'&�64%G(+$
"
&+64,46�%/$�*A(�.b03,�EMB303%:D f3} % � f�hSf
h 03=/D1D)*-6�%>&�NS$�C/6w&)03(
N*3 � u � ©Mq §-q@p � nb§-t � � ¥ �   � t � ¨�� N�.T*-B3$
D ý�� � + ý 3 �^f�� 03(1&+9 £ µ 03,4,4*-%/C[Ný	��� �:f

d��-� e 2 f 2 f �^"P9>=/5<*Ai-$�( f�� %²&+9/$ZC:645 $�%/D16403%²0-?_D1.T*-"
$�D�0A?_./6�$�"�$YI�64D1$Z.b03,�EM%/0-5Z64*-,4D�64%V&KIL0
J *-(16`*-2/,�$�D f�} % � f �^"P9/$
5Z.:.«*-%:C ( f 2 $
,4,�$�(�N�$
C/6�&+03(+D
N � ©Mt q|p � §-¥¦p@§-qKs � � � ¥ � &3pru §-q@p � n
	  Ts � ¥�� NT.T*-B3$
D�� � ´ +M� ý0ý3f � 6�(+i>9T*-=:D+$�( � $
(+,`*AB/N ý	� 3 �:f

y-´



d�� �Xe ��f �^(164%/6 J *-D)*-%�N�2 f / f � *-"Pi>5Z*-%[N � £ � f�h *-%/B:N�*-%/C�� f ��f � $�D+9:iA*X& f !�=:&)035Z*A&+64"�5Z$
D+9
B3$
%/$�(+*A&)6�03%�=/D+6�%/B;&)9/$SD]EM5Z5 $
&+(+64"G*��:6�D_&)(+*-%/D1?�0-(+5Z*A&)6�03%�0-?¬.b03,�EMB303%/*-,�C/0-5<*-6�%/D f 1 ¥ � 


 sPs+·-prnM¨Xv � � q� Ts � ) ) )�� 
 � s 
 p@§-t �)vPvY©¤s � n 3 � u � ©Mq §-q@p � nb§-t 6�s � u<sYq|¥���� N � {T� � � �¹ý � �'� +ý�� { ý N ý	�4� y f

d��3´ e � f'h 0-=/D+D+*-64%'& f � =T*-C/(+*-%/B3=:,`*A&+6403%/DO0-?�.:,`*-%T*A(�D+$
&+D f�} % 1 ¥ �	
 � 0Tq� ��¦nTq sY¥¦nb§-q@p � nb§-t � � ¥ � 

vP  � � � n � tz¨ � ¥¦prqr Mu�v�§-nb· � §-q § 
¤q|¥¦© 
 q|©M¥)sPv��	� � � 
�� N J 03,4=:5Z$ �'�3� 0-? 8 $ 3 
 N�.T*-B-$�D
y ý � +:y3y73 f �^./(164%/B-$�( £ � $�(1,`*-B/N ý	�7�'�Mf

y73


