
������� �	��
���
�
������������	�����������	��
�������
����! "�#��$%�'&
�	�"��
)(*�!
+
,
+���!
-���.�0/1�2��
-�3�

46587:9<;>=:?A@858BDC2?A587�EAFHGJIAB"EAFLKNMO9PB#7:7QBD46?AR87Q=Q9<ES=

TVU)U)WDX�Y�Z6[\WL]L^�_a`cb:dAefb\gAehY�ikjli"dmbnjo[�iqp>rmb�sqtauc^"^DvVikefjwi"emxNb-Y�bagAb:y8]{zA|}_"d{pQb
~c�c�#�c���a�k���S�c�A�k�#�q�k�S�c�k�S�V���c�

�����n�n���{�"�k� v	rf�wx��m_"�Lb:|o�wdS�N|>iqgAe{p:bnx�_#d{g��<i#|>��_"jl�l�nbnx2_6dfb: �`k_�|>�w_"dS��i"�{v	�l�Dbag
U�ef�>ik��_��}_A]fpn_#jwjlbag�v	�w�Db\TV_"¡Lb:jwbnghWfp>rmbagAemjl�ldm¢�U6ef�>i"��_#�}_q£AU¤v	�l�Db�TV_#¡Lbnjlbag
WAp}rfbagfefjw�ldf¢)U�ef�>ik��_��>ikd��lx�_OxN�wdf¢kjlb�p:jliqp>¥��l�D�mjlbn�DbndS�}_#�>�li"d-�DiqgAbnjcb:yA�A|>bnxNxN�ldm¢
¢"jwi"¡{_#jwj§¦¨�>rmb+�>�l�Db�p:ikdfx©�N|}_"�ldS�>x��>rm_#�-_'x©¦fx©�>b:�ªr{_#x��>i«�Dbnb:�a£HU�dJ_#jw¢"i"|>�§�>rm�
�lx	�A|>bnxNbndS�>bag¬�>i+xNrfia ­rmia ®_-v	�l�Db\TV_#¡Lbnjlbag«Wfp>rmbagAemjl�ldm¢-U6eA�>ik��_#�>i"d�pn_"d'¡Lb
x©¦AdS�>rmbnxN�l�nbng��¯|>ik�°_+�D�ldf�w��_#jm|>ba_"p}rm_"¡m�ljl�§�±¦«¢"|}_#�mr«gfb:|>�l`cbagD�P|>i"�°_+rf�w¢"rfX²jlbn`cbnj
xN�LbapQ�l³{pn_#�>�li"d1bQyf�A|>bnxNxN�ldm¢��>rfb�p:ik�D�Li"xN�§�>�wi"dhi"�2gA�l´8bQ|>bndS���>�w�Db�pQikdmx©�N|}_#�ldq�>xn£mµ��
�lx�xNrmia Odhrmia ¶�>rmb\|>ba_"p}rm_"¡m�ljl�§�±¦�¢"|}_"�frh��_n¦«¡Lb-p:i#|N|>bapQ�>bag·¡LbQ�<i"|>b�x©¦AdS�>rmbnxN�l�:X
�ldm¢¸�>rmb�v	�l�Db�T*_"¡Lbnjlbag,Wfp>rmbagAemjl�ldm¢1U6eA�>ik��_��>ikd!�>i1|>b:�Di#`kb«_#jlj��§�>x¬�Li#�>bndfX
�>�w_"jlj§¦1�ld{p:i"dmxN�lx©�>bndS��¡Lbnrm_�`q�li"|>xn£*Y�eA|N|>bndS��_#�m�mjl�wpn_��>�wi"dmx�i#���>rmb-�Diqgfb:j�_#|>b-�>rmb
x>p>rmbagAemjl�ldm¢\i#�8�ldq�>bQ|}_kpQ�>�l`cb��+emj§�>�l�Dbagf�w_)gAiqp:em�Db:dq�>x�_#d{g+_\xN�w�D�fjlb	�ljwjlefx©�N|}_#�>�likd
�lxO¢k�l`cbnd��wd«�>rm�lxO_#|>ba_q£
¹�ºq»H¼+½ �"¾V�k¿'À |>iqp:b:xNx�U�jw¢"bn¡f|}_q]�ÁSÂSÃ#Ä �"�q�c� ]�v	�l�DbagÅU�ef�>i"��_#�}_A]�Æ��ldm�l��_#j
[�ba_kp>r{_#¡m�ljl�§�±¦¶Ç6|}_#�mr*]	vVbn�D�Li#|}_"j�Y�i"dmxN�lx©�>bndmpQ¦S]Ov	�l�Db1TV_"¡Lb:jwbngÈWAp}rfbagfefjl�wdf¢
U�ef�>ik��_��}_

É ÊmË�ÌLÍ8Î�Ï+Ð-ÑVÌ8Ò>Î�Ë

Óm=:EA7}=:9¯F8Ô�ÕÖ7:?A×ØE�589PÔA58K±ÙPB#ÚfB#Ù�;Q@*BkÛ�9¯Ü*Û#Eq=Q9P?AFJ?qÕ�E'=:9¯×·B#K©GLB"@*B"FHGLB"Ff=-;QÝL;>=:B#×Ø=Q5HEq=\B#ÞL@8Ù¯9<ÛaK
9w=:Ù¯Ý¤B�ÞL@87:B";:;}Bk;hE­Û�?f×�@V?f;Q9¯=Q9P?AFß?qÕ¬=Q9P×·BàÛ�?fFH;}=Q7nEq9PFf=n;#á�?AR87h@8RH7Q@V?f;QB!9P;¸=Q?¶G8B#7:9¯ÚfB�EAF
?A@VB#7nES=Q9P?AF*EqÙ�;Q@*BkÛ�9¯Ü*Û#Eq=Q9P?AFJ?qÕ	=Q5HEq=-;}ÝL;}=QB"×ØâHEf;}BkG¨?fFJE·FHB#ãä=QB#×·@V?A7nEqÙ�×·?LGLB"Ù�áHÛ"EqÙPÙ¯BkG
E�å\9P×·B�C2EAâ*B"Ù¯BkGJÓLÛn5HB"GLR8ÙP9PF8Ô¸æ�RL=:?A×hES=:?AFèçÖéLêLëfì8íOÕÖ?f7�;QÛn58BkGLR8ÙP9¯FHÔHî

å\58BhéLê{ëfì!×·?LGLB#Ù65HEA;¬âVB#B"F®GLB";Q9PÔAF8BkGàã�9¯=Q589PFè=Q5HBhÕÖ7:EA×·B#ã)?A7:ï!?qÕ)=Q58Bhð{éHñfê{òfó8òHô
@87Q?Aõ>B"Û�=�Eq=�êfì{ì8ëLñföf÷{ð8ë*áfEAFHG¸=:58B�EA;:;Q?{Û#9PEq=QBkGh=Q?{?fÙP;)5HEcÚfB�âVB#B"F¨9PFm=QB"ÔA7nES=QBkG1ã�9¯=Q5H9¯FJ=Q5HB
ø óHùßç�ú	å)K©C2?q=Q?m;¸C2EAâ*?f7:Eq=Q?f7QÝHíD=Q?{?AÙ�B"F{Úm9P7:?AF8×·B#Fm=kîOû©=19<;¸EA;:;}RH×�BkGÈ=Q5HEq=h=Q58Bà;QÝL;>=:B#×
589¯Ôf5LK©Ù¯B"ÚAB#Ù*;}@VB"Û#9wÜ*Û"ES=:9¯?fFh9P;�ã�7Q9¯=}=:B#F¸9PFhð{é8ñfêLòfó8ò8ô'ü ýSþ©áAâHRL=67:B";QR8Ù¯=:;�EA7QB�EAÙP;Q?'EA@8@8ÙP9PÛ"Eqâ8ÙPB
=Q?'?A=Q58B"7OÕÖ?f7Q×hEqÙP9<;}×h;�=:5HES=\Û#EAFhB�ÞL@87:B";:;�Û�?f×·@*?m;}9¯=Q9P?AFh?AÕ�=Q9P×�B�Û�?fFH;>=:7:EA9¯Fm=n;#áfÙ¯9PïAB�=:9¯×·BkG
EqRL=:?A×hES=nEJü ÿSþ©á{=QB"×·@*?f7:EAÙ�B�Þ{=QB"FH;}9P?AF*;\?qÕ�M	B�=Q7:9oF8B�=n;�ü����kþ2EAFHG¨@87Q?LÛ#B";:;�EqÙPÔAB#âH7:E¨ü�����þ©î

å\58BD×hEq9PFJ@HR87Q@V?f;QBD?qÕ�=Q5HB�@HEq@VB#7-9P;\=:?h9¯Fm=:7Q?LGLRHÛ#B¬=Q58BDéLêLëfì¸×·?LGLB#Ù�EqFHG¨=Q?¸;Q58?Sã
58?Sã EhéLê{ëfìJÛ#EqFàâ*B�;}Ý{Fm=Q58Bk;}9��#BkGJÕÖ7Q?f×.EàçÖ×·9¯FH9¯×hEqÙÖí�7QBkEAÛn5HEAâ89¯ÙP9¯=>Ý1ÔA7nEq@H5JB#ÞL@87QBk;Q;Q9PF8Ô
=Q58B�ÔfÙ¯?fâHEqÙ-â*B"5HEcÚ{9¯?f7¸?qÕ�E­;Q@*BkÛ�9¯Ü*Û#Eq=Q9P?AF�î)æ éLê{ëfìÈ9P;¸E®ÚcEA7Q9<EqFm=¸?AÕDÛ#ÙPEf;Q;Q9<Û#EqÙ\=:9¯×·BkG
EqRL=:?A×hES=nE�9PFf=:B#FHG8B"Gh=:?'B#Þ{@H7QBk;Q;	��
���
���
�
��·=:58B+=Q9P×�B¬Û�?fFH;}=Q7nEq9PFf=n;�=:5HES=�E«;QÝL;>=:B#×ª5HEf;O=:?
×�B"B�=kî8û©=�9P;������\E·;}@VB"Û#9wÜVÛ#ES=:9¯?fF¨×·?LGLB"Ù�á8âHRL=�7:Eq=Q58B"7�EqFJ?A@VB#7nES=:9¯?fFHEqÙo9P×�@HÙ¯B"×�B"Fm=:ES=:9¯?fF
×�?LGLB"Ù�RH;Q9¯FHÔ·E·;Q9¯FHÔAÙPB¬Û#Ù¯?LÛnïoî

M	B#7QÕÖ?A7:×�9PF8ÔD=:58BD;}Ý{Fm=Q5HB";Q9P;)?qÕ�E'éLêLëfì«ÕÖ7:?A× E«7:B"EAÛn5*Eqâ89PÙ¯9¯=>Ý·ÔA7nEq@851@87QBk;}B"Fm=:;\E'×hEqK
õ>?A7�EfGLÚSEqFm=:EAÔAB��A9w=6EAÙ¯ÙP?Sã�;�=Q?�=:EqïfB�9¯Fm=:?'EAÛ"Û�?ARHFf=�=:58B�7:B";QR8Ù¯=:;�?AÕV=:58B�7:B"EfÛn5HEqâ89PÙP9w=>Ý�Ôf7:EA@85



EqFHEAÙ¯ÝL;Q9P;+ES=�=Q58B�Ù¯B"ÚAB"Ù0?AÕO=Q58B�éLêLëAì�;QÝmFm=:58B";Q9P;"îoå\5mR*;#áoã�58B"F�=Q5HB«ÚfB#7:9wÜ*Û"ES=:9¯?fF!@87Q?LÛ#B";:;
5HEA;\GLB#=QB"Û�=QBkGh=Q5*ES=�E'7:B"EfÛn5HEqâ89PÙP9w=>Ý�ÔA7nEq@85¸ÕÖB"ES=:R87:B";)9¯F*Û�?AF*;}9<;>=:B#Fm=6âVB#5*EcÚm9P?A7n;�ç²E«â*B"5HEcÚmK
9¯?f7'9<;«;:Eq9<G�=Q?,â*B������ ��������� �	� � �D9¯Õ�9w=�Ù¯BkEAG8;'=Q?àE�
�� ��
 
��
����� � ���	��á09�î BAî	Eà;}=:Eq=QB¨ã�58B#7:B
F8?J=Q7nEqFH;Q9w=:9¯?fFà9<;¬B#FHEAâ8ÙPB"G*íaá�9w=D9<;¬B"Ef;}Ý!=:?�B#ÙP9¯×·9PFHES=:B«=:58B";QB·9¯F*Û�?AF*;}9<;>=:B#FHÛ#9¯Bk;�ÕÖ7Q?f× =Q5HB
7QBkEAÛn5HEAâ89¯ÙP9¯=>Ý+Ôf7:EA@85�õ>RH;}=�âmÝ¬7:B#×·?SÚ{9¯FHÔ�=Q5HB6@HEq=Q5H;�ÙPB"EfGL9¯FHÔ�=Q?+=Q5HB\G8B"EAG8Ù¯?LÛnïD;>=nES=:B";"ákEAFHG
=Q58B"Fh=Q?�ÔfB#F8B"7:Eq=QB�=:58B�éLêLëfì�ÕÖ7:?A× =Q58B+Û�?A7:7:B"Ûa=:B"G·7:B"EfÛn5HEqâ89PÙP9w=>Ý�Ôf7:EA@85�îmå\5mR*;#ámE�Û�?fFH;}9<;}K
=QB#Fm=�?f@*B"7:Eq=Q9P?AFHEAÙL×·?{G8B#Ù8?AÕV=:58B�;QÝ{;}=QB"× ×hEcÝ�âVB�?fâL=:EA9¯F8BkG�ã�9w=:58?ARL=65HEcÚ{9¯F8Ô�=:?�×·?{G89wÕÖÝ
=Q58B¬589PÔA5LK©ÙPB#ÚAB"ÙV;Q@VB"Û�9¯Ü*Û"ES=Q9P?AF2î{å\5H9P;\Eq@H@87Q?mEAÛn5¸5*EA;6â*B"B#F�Û�?A×·@8ÙPB�=:B#ÙPÝ¸EqRL=:?A×hES=:B"G�áLEAFHG
9w='5*EA;�@H7Q?SÚfB#F,=Q?�âVB¸ÚAB"7QÝ,@*?Sã)B#7QÕÖR8Ù�ÕÖ?f7�=:58B1GLBk;}9PÔAF­EqF*G­;QÛn58BkGLR8ÙP9¯FHÔ!?qÕ�9¯Fm=:B#7nEAÛa=:9¯ÚfB
×'R8Ù¯=Q9P×·B"GL9<E�@87:B";QB#Fm=nES=Q9P?AF*;�ü��kÿ������cþ©îSû©=6ã�9PÙPÙ*âVB-9PÙ¯ÙPRH;}=Q7nES=:B"Gh9PF·=Q58B+F8B�Þ{=)@HEq7nEqÔf7:EA@85«?fF
E�;Q9P×�@HÙ¯BDB#ÞLEA×·@8Ù¯Bfî

å\58B�@HEq@VB#7h9<;h?A7:ÔfEAF89��#B"G¶EA;�ÕÖ?AÙPÙP?Sã�; ��Ó{BkÛa=:9¯?fF��,@87:?SÚ{9PGLBk;«=Q58B!9PFm=QR89¯=Q9P?AFß?qÕ�=Q5HB
é{êLëfìß×·?{G8B#ÙDEqFHG 9w=n;�RH;QBAá\âHEA;QB"G ?AFÅEqF B#Þ8Eq×·@8ÙPB�GLB"7Q9PÚABkGßÕÖ7:?A× =Q5HB�×«R8Ù¯=Q9P×�BkGL9<E
Eq7:B"E8îmÓ{B"Û�=Q9P?AF1ÿ¬ÕÖ?f7Q×hEAÙ¯9��#Bk;�=Q5HB+å\9P×�BkG¸C2EAâ*B"Ù¯BkG1ÓLÛn58BkGLR8ÙP9¯FHÔ«æ�R8=Q?A×hEq=Q?AFh×·?LGLB"ÙVEAFHG
Ó{B"Û�=Q9P?AF���@H7Q?f@*?m;}Bk;)EAFJEAÙ¯Ôf?A7:9w=:58×ª=Q?hGLB"7Q9PÚAB¬E�éLê{ëfì·ÕÖ7:?A×ØE�ç²×�9PF89P×hEqÙÖí67QBkEAÛn5HEAâ89¯ÙP9¯=>Ý
ÔA7nEq@85�î��09PFHEAÙ¯ÙPÝAáoÓ{B"Û�=Q9P?AF��·7:B#Ú{9¯B"ã�;�;Q?A×·B�Û�R87:7:B#Fm=�ã6?f7Qï19¯F�=:589P;�Eq7:B"EHá8EqFHG�ÓLB"Ûa=:9¯?fF��
GL7:Ecã�;\;Q?A×·BDÛ�?fFHÛ�ÙPRH;Q9¯?fFH;#î

� ÊmË�Ì8Ð+ÒNÌ8Ò>Î�Ë Ì ��Í8Î�Ð"!#�%$�Ë%&�'($*),+.-0/

å\589P;'B�Þ8Eq×·@8ÙPB1GLBkEqÙ<;�ã�9¯=Q5è=:58B¨;Q@*BkÛ�9¯Ü*Û#Eq=Q9P?AF®EAFHG­;QÛn5HB"GLR8ÙP9PF8Ô�?qÕ�9PFm=QB#7nEAÛ�=Q9PÚABh×«R8Ùw=:9wK
×�BkGL9<E¸GL?LÛ�R8×·B"Ff=n;#î�1 9¯=Q589PF�=:589P;�ÕÖ7:EA×·B#ã)?A7:ïVá*E·ÕÖ?A7:×hEqÙ2×·B#=Q58?LG!9<;�RH;QB"G!=Q?1GLBk;QÛ#7Q9PâVB
=Q58B�=:B#×·@V?A7nEqÙHÛ#?AFH;}=Q7nEq9PFm=:;�Ûn5HEA7:EfÛa=QB"7Q9��#9PF8Ô�â*?A=Q5·=:58B�@87:B";QB#Fm=:Eq=Q9P?AF·?qÕV=Q5HB�×·B"GL9<E�Û�?f×�K
@*?m;}9PF8Ô¶E®G8?{Û#R8×·B#Fm=¨EAFHG¤=Q58B,9¯Fm=:B#7nEAÛa=:9¯?fFH;hã�9¯=Q5ß=:58BàRH;QB#7ká6Ef;hã)B#ÙPÙ+EA;¸=Q58BàÔAÙP?AâHEAÙ
;}Ý{FHÛn587:?AFH9��kES=Q9P?AF¤Û�?fFH;>=:7:EA9¯Fm=n;�EA×·?AF8Ôè×·B"GL9<EèGLB�Ü*F8B"G¤â{Ý®=:58B�EqRL=:58?A7h?AÕ-=:58B�GL?LÛ�RLK
×�B"Fm="î6å\5HB�ÕÖ?A7:×·EAÙ-;Q@*BkÛ�9¯Ü*Û#Eq=Q9P?AF�á�G8B#7:9¯ÚfB"G¶ÕÖ7Q?f× =Q5HB�589PÔA5LK©Ù¯B"ÚAB"Ù-EqRL=:58?A7:9PF8Ôè×�?LGLB"Ù�á
Û�?AF*;}9<;>=n;-Bk;Q;QB#Fm=:9PEAÙ¯ÙPÝ�9¯F�E¨Û#?A×·@*?m;}9¯=Q9P?AFà?qÕ6;Q9¯×·@8ÙPB�çÖð{éHñAêLòfó8òHôAí6@H7Q?LÛ�Bk;Q;QB";�GLBk;QÛ#7Q9Pâ89PF8Ô
B#ÙPB#×·B#Fm=:EA7QÝ«=Q9P×·B�Û#?AFH;}=Q7nEq9PFm=:;"îfú�BkEAÛn5HEAâ89PÙ¯9¯=>Ý�EAFHEqÙPÝL;}9<;O9<;�=Q58B"F1@VB#7QÕÖ?A7:×�BkG·?AFh=:58B+ÕÖ?A7QK
×·EAÙL;}@VB"Û#9wÜ*Û"ES=:9¯?fF�=Q?DÛn58BkÛnï�=Q58B)=QB"×·@*?f7:EAÙ{Û#?AFH;Q9<;>=:B#FHÛ#Ý�?AÕH=:58B�;}@VB"Û#9wÜ*Û"ES=:9¯?fF�î32-954VB"7QB"Fm=
ÚcEA7Q9<ES=:9¯?fFH;�?qÕ)=Q589<;¬=:B#×·@*?f7:EAÙ�Û�?fFH;Q9P;}=QB"FHÛ�Ý�@H7Q?f@*B"7}=>Ý!5HEcÚfB·â*B"B#F­GLB�Ü*F8B"G�á�GLB#@VB#F*GL9¯FHÔ
?AFàã�5HB�=Q5HB#7¬=Q5HB·EfÛa=:9¯?fFH;-ÙPB"EfGL9PF8Ô1=:?�@*?A=QB#Fm=:9PEAÙ	G8B"EAG8Ù¯?LÛnï!;>=nES=:B";DEq7:B«Û#?AFm=Q7:?AÙPÙ<Eqâ8ÙPB'?f7
F8?q='ç�;}B"B·ü����8á �
�qþ�ÕÖ?A7�GLB#=:EA9¯Ù<;níaî

46?AFH;Q9PG8B#7¨=Q58B�B�Þ8Eq×·@8ÙPBèGLB#@89<Ûa=:B"G 9¯F6��9¯Ô*î��kE8î\å\58B�EARL=Q5H?A7J?qÕ�=:589P;�×«R8Ù¯=Q9P×�BkGL9<E
;QÛ#B#FHEA7Q9P?'ã�9<;}5HB";)=Q?�@87:B";QB#Fm=\=Q587:B#B�×·B"GL9<E·Û#EAÙ¯ÙPB"G¨æ�á�7 EAFHG�4 7QBk;}@VB"Û�=Q9PÚAB"Ù¯Ýfî{å\5HB�@H7QB#K
;}B"Ff=nES=:9¯?fF·G8R87:Eq=Q9P?AFH;	?AÕo=Q58Bk;}B�×·BkGL9PEDEA7QB\7:B";Q@*BkÛa=:9¯ÚfB#ÙPÝ«GLB#ÜHF8B"G·â{Ý'=Q58B�ÕÖ?fÙ¯ÙP?Sã�9PF8Ô�=Q9P×�B
9¯Fm=QB"7QÚSEAÙP; �Vü ÿ8á �Sþ©á*ü ÿ8á8�cþ�EqF*G�ü ÿHá ýqþ±î{å\589<;�×·BkEqFH;�=Q5HEq="ámÕÖ?A7)B�Þ8EA×�@HÙ¯BfáA=:58B+@H7QBk;}B"Ff=nES=:9¯?fFh?qÕ
×�BkGL9<E¨æª;Q58?AR8Ù<G�Ù<EA;}=DES=DÙ¯BkEA;}=¬ÿJ;QB"Û�?fFHG8;�EqFHG��¨;QB"Û#?AFHGH;�Eq=+=:58B·×·?f;}="î�å\5{RH;#áVÕÖ7:?A×
=Q58BDEqR8=Q58?f7
9 ;)@*B"7:;Q@*BkÛa=:9¯ÚfBAá8EqF{ÝhÚSEqÙPR8B¬âVB#ÙP?AF8Ôf9¯F8Ô«=Q?�=:58B�=Q9P×�BD9PFm=QB"7QÚSEqÙo9<;�EAÛ"Û�B#@8=:EqâHÙ¯Bfî

: ?A7:B#?SÚfB#7káq=Q5HB�EqRL=:58?A7�B#Þ{@H7QBk;Q;QB";6=Q5HB¬ÕÖ?AÙPÙ¯?Sã�9PF8Ôh;}Ý{FHÛn5H7Q?fF89��kES=:9¯?fF1Û�?fFH;>=:7:EA9¯Fm=n; �
�Aî)=Q58BD@H7QBk;}B"Ff=nES=:9¯?fF¨?AÕ0×·B"GL9<Ehæ EqF*G;7 ;Q58?fR8ÙPGJB"FHG�;}9P×'R8Ù¯=:EAF8B#?fRH;QÙ¯Ý=<
�Lî)=Q58BD@H7QBk;}B"Ff=nES=:9¯?fF¨?AÕ0×·B"GL9<E>7 EAFHG�4 ;Q58?AR8Ù<G�;>=nEq7Q=�;}9P×'R8Ù¯=:EAF8B#?fRH;QÙ¯Ý=<
ÿ8î)=Q58B�;>=nEq7Q=�?qÕo=:589P;6×'RHÙw=:9¯×·B"G89PE«;QÛ#B#FHEA7Q9P?D9P;6GLB�=:B#7:×·9¯F8BkG·â{Ý«=:58B-;}=:EA7}=�?AÕ2æ�á{EqFHG·9¯=:;
B#FHGJ9<;�GLB�=:B#7:×·9¯F8BkGJB#9¯=Q58B"7�â{Ýh=Q58BDB"FHGJ?qÕ	æ EqFHG?7�áL?A7�â{Ýh=:58BDB#FHGJ?AÕO4+î
å\58BDð{é8ñfêLòfó8ò8ô�;Q@*BkÛ�9¯Ü*Û#Eq=Q9P?AF�9<;�@87:B";QB#Fm=QBkG¨9PF���9¯Ô*î��"â�áHEqF*G1=:58B'Ef;Q;Q?LÛ�9<ES=QBkG,ç²×·9¯FLK

9¯×hEqÙÖí67:B"EAÛn5*Eqâ89PÙ¯9¯=>ÝhÔA7nEq@H51?Aâ8=:Eq9PF8BkG¨ã�9¯=Q5J=:58B ø ó8ù'=:?{?AÙ�9<;�@87:B";QB#Fm=QBkG19PF��09PÔHî8�qEHî



sA eAB

sBC eC

C[3,8]

A[3,6]

B[3,5]

�����������	�
���

����
�������
�������������	��

�����������
����������������������� �
������! �
"��
#����
�"	�� ��$��%'&(��)�*+&(�
%�)+&,��*-���./.. �
%+0� ������
� . 1 & 2�3/��%�)�4 1�5 0(��
�����36�6�6. �
)�*70� �������� . 1 & 8�3/��*�4�9 5 0(��
�����33 6�: �
)�*7&,��%�)�; 6. ��)�*70� ������
� . 1 & 9�3/��%�)�4�< 5 0(��
�����33 6
: ��%'&,�
)�*�; 6. �
%+0,����
�������� . ������3$�
)�*+0,�

�����3�
�� 	�������
= �

���
�"���
'�>  ������
� .  �?�&  �<�3@�����
���@ �������� .  �?�3�����
��
�	��� .  �< >  A?�3> �����/ �������
������������ �	��
��B�C�D BAEFD

GIH�J �(K{� B�C�D Æ�efjl�>�l�DbagA�w_�x>p:bndm_#|>�li�_"dmg BAELD [2v�X�T*i#�>ikxOxN�Lbap:�§³{pn_#�>�likd

å\58B¬×�9PF89P×hEqÙ�7:B"EfÛn5HEqâ89PÙP9w=>Ý·ÔA7nEq@H5¨EqÙPÙP?Sã�;�=:58B¬=QB"×·@*?f7:EAÙ�Û�?AF*;}9<;>=:B#FHÛ#Ýh?qÕ0=Q58BD×«R8ÙwK
=Q9P×�BkGL9<ED;QÛ#B#FHEA7Q9P?�=:?Dâ*B�EAFHEqÙPÝ �#B"G�îcå\5HB�;QÛ#B#FHEA7Q9P?-9<;O;:Eq9<G�=:?�âVBNM ���	� � � � ��
�
�� � ��������� �	� � �²á
9wÕ0=Q58B"7QB�B�ÞL9<;>=n;)Eq=�Ù¯BkEA;}=)?fF8B+@*ES=Q5�;}=:Eq7Q=Q9PF8Ô«ã�9w=:5PORQ#ôSìTShç�EAÛa=:9¯?fFUORQ#ôSìTS¬Ûn5HEA7:EfÛa=QB"7Q9��#Bk;
=Q58B�;}=:Eq7Q=�?qÕV×�BkGL9PR8× æ¤@87:B";QB#Fm=:Eq=Q9P?AF�ác58B"FHÛ�B)=:58B�;>=nEq7Q=�?AÕH=:58B�;QÛ#B#FHEA7Q9P?+@H7QBk;}B"Ff=nES=:9¯?fFVí
EqFHG1Ù¯BkEAGL9PF8Ô�=:?'=:58B�B#FHG1?qÕ�=:58BD;QÛ#B#FHEA7Q9P?�@87:B";QB#Fm=:Eq=Q9P?AFàç²B#9¯=Q58B"7)=Q58B�?LÛ#Û�RH7Q7:B#FHÛ#B-?AÕ0EAÛ�K
=Q9P?AFH;VORQFWföTSJ?A7VORQXWfì�Y�SAínî0C2?{?Aï{9¯FHÔ,ES= ��9¯Ô*î �AE8á0=Q58B!;:Û�B#F*Eq7:9¯?�9<;�9¯F*GLB#BkG®@V?q=QB"Fm=Q9<EqÙPÙ¯Ý
Û�?AF*;}9<;>=:B#Fm="î

æ�FHEAÙ¯Ý �#9PF8Ô�=:58B)589¯Ôf5LK©Ù¯B"ÚAB#Ùf7QB�ZmR89¯7:B#×·B"Ff=n;#á"?AF8B6×hEcÝ�FH?q=QB�=Q5HEq=0=:58B6;}=:EA7}=�?qÕL=:58B6@H7QB#K
;}B"Ff=nES=:9¯?fF1?qÕ 7 EqFHG�4¤5HEA;)âVB#B"F1ÙPB�Õ =�Û�?f×�@HÙ¯B#=QB#ÙPÝhR8FH;Q@VB"Û�9¯ÜHBkG17:B#ÔmEq7nGL9¯FHÔD=Q58B¬;}=:Eq7Q=\?qÕ
æ�î�[+F�;}RHÛn5·E¬;}9P×·@8ÙPB)B#Þ8Eq×·@8ÙPBAáS9¯=	9<;	B"Ef;}Ý¬=:?¬7QBkEqÙP9��"B�=:5HES=O9¯ÕH=:58B�;>=nEq7Q=�?AÕ*×·B"G89PE 7®EAFHG
4¤9P;6=:7Q9PÔAÔfB#7:B"G·=:?m?�Ù<ES=QB�ã�9¯=Q5J7QBk;}@VB"Û�=6=:?'=:58B�;}=:EA7}=\?qÕ�æ�á8;Q?A×·B�=:9¯×·BDÛ�?fFH;>=:7:EA9¯Fm=n;�ã�9PÙ¯Ù
F8B#ÚfB#7�âVB-×·B#=�ç ÕÖ?f769PFH;}=:EAFHÛ�Bfáq=Q5HB+Û�?fFH;}=Q7nEq9PFf=�=Q5HEq=)æ EAFHG>7ß;}5H?AR8Ù<G·ÜHF89<;Q51;}9P×'RHÙw=nEqF8B#K
?ARH;QÙ¯ÝHíaî8å\589P;-Ûn5HEq7nEAÛ�=QB#7:9��#B";6@V?q=QB"Fm=Q9<EqÙPÙ¯Ý¸9PFHÛ#?AFH;Q9P;}=QB"Fm=\âVB#5*EcÚm9P?A7n;)9¯FJ=:58BD@87:B";QB#Fm=:Eq=Q9P?AF
?qÕO=:58B«×«R8Ù¯=Q9P×�BkGL9<E¨;:Û�B"FHEq7:9¯?*á*ã�5H9PÛn5àEA7QB«7QB"@87:B";QB#Fm=QBkG!9¯Fà=Q58B�7:B"EAÛn5*Eqâ89PÙ¯9¯=>Ý�ÔA7nEq@85!â{Ý
=Q58BD@HEq=Q5H;-;>=nEq7Q=Q9PF8Ô�ÕÖ7Q?f× =Q58BD9PF89¯=Q9<EqÙ�;>=nES=QBDEAFHGJÙ¯BkEAGL9PF8Ô�=Q?¸GLBkEAGLÙP?LÛnï¸;>=nES=:B";�ç�;}B"BAáLÕÖ?f7
9¯FH;}=:EAFHÛ�Bfá8;>=nES=:B�GLB#F8?A=QBkGV\�]L^ ����_a`cb�Eq=\=Q58BDâV?q=Q=Q?A× ?qÕ*��9¯Ô*î �AEmínî

2-BkEAGLÙP?LÛnï«;}=:ES=:B";OEA7QB-F8?q=6G8B";Q9¯7nEqâ8ÙPB�EqF*G'=:58B#7:B�ÕÖ?f7QBfáA?fF8B�ã)EAFm=:;	=:?�B#ÙP9¯×·9PFHES=:B�=Q5HB#×
âmÝ�7:B#×·?SÚ{9¯FHÔhÕÖ7Q?f× =Q58B�7:B"EAÛn5*Eqâ89PÙ¯9¯=>ÝJÔA7nEq@85�EAÙ¯Ù0=Q58B�@HEq=Q5H;¬;}=:Eq7Q=Q9PF8Ô1ÕÖ7Q?f× =:58B�9¯F89¯=Q9<EqÙ
;>=nES=QB¸EAFHG�Ù¯BkEAGL9PF8ÔJ=Q?�=:58B";QB1GLBkEAGLÙP?LÛnïà;}=:ES=:B";"î 2+B"EAG8Ù¯?LÛnïà;}=:Eq=QB";'Eq7:B·;}=:Eq=QBk;Dã�9w=:58?AR8=
?ARL=:ÔA?A9PF8Ô�B"GLÔfB";"ácã�589PÛn5�Eq7:B6FH?q=	ÜHFHEAÙ{;}=:Eq=QBk;#îed6GLÔABk;2ÙPB"EfGL9¯FHÔ+=:?-=:58?f;QB�GLB"EfGLÙP?{ÛnïD;}=:Eq=QB";
EqFHG¨F8?Sã�58B"7QB+B#Ù<;}B"ã�58B#7:B�EA7QB¬Û#EAÙ¯ÙPB"G¨9PFHÛ�?fFH;}9<;}=QB#Fm=\@HES=:5H;�EqF*G17:B#×·?SÚABkG�î 76Ý17QB"×�?SÚ{9PF8Ô
EqÙPÙH=:58B-9PFHÛ�?fFH;Q9P;}=QB"Ff=)@HES=:5H;�ÕÖ7Q?f× =:58B-7:B"EfÛn5HEqâH9¯ÙP9w=>Ý«ÔA7nEq@85�ç�;}B"B.��9PÔHî ÿAEmí�ã6B-B#FH;QR87:B�=Q5HB
;QÛn58BkGLR8ÙP9¯FHÔ1?qÕ�E¨Û�?fFH;}9<;}=QB#Fm=¬;QÛ#B#FHEA7Q9P?¸Eq@8@HÙ¯Ý{9PF8Ô¸=:58B�Û#?AFHÛ#B#@L=�?qÕ�Û#?AFm=Q7:?AÙPÙPEAâ89PÙ¯9¯=>ÝAáH=Q5HEq=
9P;"áS@87:?A@V?f;Q9¯F8Ô¬E�ÚSEqÙP9PG«=QB"×·@*?f7:EAÙL9¯Fm=QB"7QÚSEAÙm9PFH;Q9PG8B�ã�589PÛn5«=Q5HB�;QÛ#B#FHEA7Q9P?+9<;�Û�?fFH;Q9P;}=QB"Ff=�ü��"ÿHá
� �qþ©î

�09PÔHî8�Sâ¤7:B#@87:B";QB#Fm=:;�=:58B�éLêLëfì®GLB#7:9¯ÚfB"GÈÕÖ7:?A× =:58B!7:B"EAÛn5*Eqâ89PÙ¯9¯=>Ý®Ôf7:EA@85È?AÕ ��9PÔHî8�qEHá
ÕÖ?AÙPÙ¯?Sã�9PF8Ô¸=:58BhEqÙPÔA?f7Q9¯=Q58× @87:B";QB#Fm=:B"G�9PF­Ó{B"Û�=Q9P?AF��*î�å\589P;�éLêLëfì�Û"EqF8FH?q=¬â*B�RH;QB"G�EA;�E
âHEA;Q9P;OÕÖ?A7);QÛn58BkGLR8ÙP9¯FHÔD=Q58B+×'R8Ù¯=Q9P×·B"GL9<E';:Û�B"FHEq7:9P?HáA;Q9¯F*Û�B�9¯=�ÕÖBkES=QRH7QBk;�=Q5HB+;:Eq×·B�9PFHÛ�?fFH;}9<;}K
=QB#Fm=¬â*B"5HEcÚ{9¯?f7:;+EA;+9w=n;¬EA;:;}?LÛ�9<ES=:B"G�7:B"EfÛn5HEqâ89PÙP9w=>ÝJÔA7nEq@852î��8?f7+B#Þ8Eq×·@8ÙPBAáVÙ¯B#=�RH;¬Ef;Q;QR8×·B
=Q58BJâ*B"5HEcÚ{9¯?f7'ã�58B"7QBJEAÛ�=Q9P?AFH;fORQ�ôSì�S{áIORQ#ô�Y8öTS{áIORQFWföTSJ?LÛ#Û�RH7«7:B";Q@*BkÛa=:9¯ÚfB#ÙPÝ�Eq=«=:9¯×·B";
gihkjml á gon-j �JEAFHG gqprj �Há�Ù¯BkEAGL9PF8ÔJ=Q58Bh;:Û�B"FHEq7:9¯?J9PFè;}=:Eq=QB ��?qÕ(�09PÔHî8�Sâ2î�û©='Û#EqF�âVB



i(sA)

t

i(sBC)

t

i(sBC)

t

t

t

i(sBC)

i(eC)

t

i(eC)

i(sBC)

t

t

i(eAB)

i(sBC)

i(eAB)

t

t

i(sBC)

i(eAB)

t

t

i(sBC)

i(eAB)

t

t

i(sBC)

i(eAB)

t

t

i(eAB)

t

i(eC)

i(eAB) i(eC)

t

i(eAB) i(eC)

t

i(eAB) i(eC)

t

i(eAB)

i(eC)

t

i(eC)

i(eC)

t

t

i(eC)

t

t

tt t

t

0-()

2-(1.5 0 0)

4-(3 3)

4-(inf 3)

1-(0 0)

1-(3 3)

2-(5.5 5.5 5.5)

4-(5.5 5.5)

1-(inf inf)2-(3 0 0)2-(4 3 3)

2-(3 2.5 2.5)

2-(inf 0 0)

1-(3.5 3.5)

4-(4 3)

2-(3 2 2) 2-(0 0 0)

2-(3.5 0 0)2-(4.5 3 3)

2-(3 1.5 1.5)

1-(0.5 0.5)

1-(6.5 6.5)

4-(4.5 3)

3-(8)

2-(0.5 0 0)

2-(6 5 5) 2-(6 3 3)

5-()

1-(1 1)

3-(3)

4-(6 3)

2-(1 0 0)

4-(6 5)

2-(inf 3 3)

1-(1.5 1.5)

2-(3 3 3)

2-(inf 8 8)

B�C�D

t0=0
i(sA)

0<=t4<=-t2+5
0<=t1<1
3<=t2<=5
i(eAB)

0<=t1<=inf
i(sBC)

0<=t4<=-t2-t1+6
1<=t1<=3
3<=t2<=6-t1
i(eAB)

3<=t2<=5
0<=t1<=1
i(eAB)

3<=t2<=6-t1
1<t1<=3
i(eAB)

3<=t2<=8
0<=t1<1
i(eC)

3<=t2<=5
t1=1
i(eC)

3<=t2<=6-t1
1<t1<=3
i(eC)

3<=t2<8
3<t1<=6
i(eC)

-t1+6<t2<8
1<t1<inf
i(eC)

0<=t3<=-t2+8
i(eC)

0

1

2

3 4

5
BAEFD

G H�J � � � B�C�D Æ��ldm�l��_"jH[6bn_kp>r{_"¡f�ljw�§��¦hÇ6|}_#�mr·_#d{g BAEFD _"xNxNiqp:�w_��>bag¸v�ToWfU



i(sA)

t

t

t

t

t

i(eAB)

i(eC)

i(sBC)

t

i(eC)

i(eC)

t

t

t

i(eAB)

i(sBC)

t

i(eAB)

t

t

t

i(eC)

i(eAB)

i(sBC)

t

i(eAB)

t

t

t

i(eC)

i(eAB)

i(sBC)

i(eAB)

i(eAB)

i(eAB)

i(sBC)

i(eC)

i(eC)

i(eAB)

0-()

2-(3 0 0)

2-(6 5 5)

1-(0 0)

2-(3 3 3)

4-(4 3)

1-(0.5 0.5)

2-(3 2.5 2.5)

4-(4.5 3)

2-(0 0 0)2-(3 2 2)

4-(6 3)

1-(1 1)

2-(3 1.5 1.5)

4-(6 5)

2-(0.5 0 0)

2-(6 3 3)

3-(8)

1-(1.5 1.5)

2-(4.5 3 3)

5-()

2-(1 0 0)

2-(4 3 3)

1-(3 3)

3-(3)

2-(1.5 0 0)

4-(3 3)

0

1

t0=0
i(sA)

2

0<=t1<=3
i(sBC)

3

3<=t2<=5
0<=t1<=1
i(eAB)

3<=t2<=6-t1
1<t1<=3
i(eAB)

4

3<=t2<=5
0<=t1<=1
i(eC)

3<=t2<=6-t1
1<t1<=3
i(eC)

5

0<=t3<=-t2+8
i(eC)

0<=t4<=-t2+5
0<=t1<1
3<=t2<=5
i(eAB)

0<=t4<=-t2-t1+6
1<=t1<=3
3<=t2<=6-t1
i(eAB)

B�C�D BAEFD

GIH�J ���H� B�C�D Y�ikdmxN�lx©�>bndS�)Æ��ldm�l��_"jH[�ba_kp>r{_#¡m�ljl�l��¦hÇ6|}_#�mrh_#d{g BAELD _"xNxNiqpQ�¯_��>bag¸v�ToWAU

F8?q=:Bh=Q5HEq="á09¯F­=:589<;';}=:ES=:BAá2=Q58B"7QB¸9<;�FH?!=Q7nEqFH;Q9¯=Q9P?AFèB#FHEAâ8ÙPB"G�á�;}9PFHÛ�B¸=Q58Bh=>ã)?�B"FHEqâ8ÙP9PF8Ô
Û�?AF*GL9w=:9¯?fFH;¬ç²;QB#B�=Q5HB+ÕÖ?f7Q×hEAÙo;QB#×hEAFf=:9PÛ";)?qÕ2=:58B¬éLê{ëfì·9PF¨=:58B¬F8B�Þ{=�@HEA7:EAÔA7nEq@85Ví�ÕÖB"ES=:R87:B
B#9¯=Q58B"7 l�� gon�� �¬?A7 � � gon�� ÿ�ã�58B#7:B"Ef; gon j �8î

�09PÔHî ÿqâ¤7:B#@87:B";QB#Fm=:;�=:58B�éLêLëfì®GLB#7:9¯ÚfB"GÈÕÖ7:?A× =:58B!7:B"EAÛn5*Eqâ89PÙ¯9¯=>Ý®Ôf7:EA@85È?AÕ ��9PÔHî ÿAEHî
å\589P;�é{êLëfì�EqÙPÙP?Sã�;+9P×·@8ÙPB#×·B#Fm=:Eq=Q9P?AFè?qÕ�E�Û�?fFH;}9<;}=QB#Fm=�;:Ûn58B"GLRHÙ¯9PF8Ô�?qÕ)=Q58Bh×«R8Ù¯=Q9P×�BkGL9<E
;QÛ#B#FHEA7Q9P?Háfã�58B#7:B-=:58B�@87QBk;}B"Fm=:ES=:9¯?fF¸?qÕ0×�BkGL9<E 7 EAFHG¨4ß;Q58?ARHÙPG1â*B"ÔA9PF1F8?�ÙPEq=QB"7�=:5HEqFJÿ
;}BkÛ�?AF*G8;�ESÕ =:B#7\=Q5HBDâ*B"ÔA9PF8F89PF8Ôh?qÕ	æ ç²;QB#B¬ÜH7:9¯FHÔ·Û#?AFHG89w=:9¯?fF l�� gon�� ÿ·GLB#ÜHF8BkG1ÕÖ?f7�=Q5HB
=Q7nEqFH;Q9w=:9¯?fFèâ*B#=>ã6B"B#F®;}=:ES=:B"; �¸EAFHG �fíaî0å\589<;D9PFLÕÖ?A7:×hES=:9¯?fF®Eq@8@VB"EA7:;¬B#Þ{@HÙ¯9<Û�9¯=QÙPÝ�Eq=�=Q5HB
Ù¯B"ÚAB#Ù{?AÕ*E�=:7:EAFH;Q9w=:9¯?fF'?qÕH=Q58B\éLêLëAìoá"ã�58B#7:B"Ef;29¯=�9P;�589<G8GLB"F«9PF'=:58B\;>=nES=QB�Ûn5HEA7:EfÛa=:B#7:9��kES=Q9P?AF
?qÕ�=Q58BD7:B"EfÛn5HEqâ89PÙP9w=>ÝhÔf7:EA@85�î

å\58B#7:B�ÕÖ?f7QBfáf=:58BD@87:?A@V?f;QB"GJEq@8@H7Q?mEAÛn51Û#?AFH;Q9P;}=:;\9PFJ=Q58B¬=:587:B#B�ÕÖ?AÙPÙ¯?Sã�9PF8Ôh;}=QB#@*; �
�Aî\RH;Q9¯F8Ô1ðméHñfêLòfóLòHô�ÕÖ?A7�B#Þ{@H7QBk;Q;Q9¯FHÔ�E·Û�?f×·@*?m;}9¯=Q9P?AFJ?qÕ�=Q9P×·B�Û�?AF*;>=:7:EA9¯Fm=:;"á
�Lî�GLB#7:9PÚm9PF8Ô·=:58B�7:B"EAÛn5*Eqâ89PÙ¯9¯=>Ý¸Ôf7:EA@85�?qÕ	=Q58B'ðméHñfêLòfóLòHô';Q@*BkÛ�9¯Ü*Û#Eq=Q9P?AF!EqF*G�7QB"×�?SÚ{9PF8Ô
EqÙPÙ�9w=n;�9PFHÛ�?fFH;}9<;}=QB#Fm=�âVB#5HEcÚ{9P?A7n;�=:?h?AâL=nEq9PFJE�� ����� ��� �	� � �67QBkEAÛn5HEAâ89¯ÙP9¯=>ÝhÔA7nEq@85�á

ÿ8î\@*B"7}ÕÖ?f7Q×·9PF8Ô�=:58B+;QÝ{Fm=Q58Bk;}9<;�?AÕ�=Q58B+éLê{ëfì«ÕÖ7Q?f× =:58B¬Û�?AF*;}9<;>=:B#Fm=67:B"EfÛn5HEqâH9¯ÙP9w=>Ý«ÔA7nEq@852î
å\58B'éLêLëfì¨×hEcÝJ=Q58B"FàâVB«R*;}BkG!ÕÖ?A7¬;:Ûn58B"GLRHÙ¯9PF8Ô1@HR87Q@V?f;QB";"áV9¯Fà=Q58B·;}B"FH;QB�=Q5*ES=¬9w=¬9P;

EqF­9P×�@HÙ¯B"×�B"Fm=:ES=:9¯?fF­×·?{G8B#ÙO=:5HES=�GLB�ÜHFHB";�ã�5HB#F®EAÛ�=Q9P?AFH;';}58?fR8Ù<G,?LÛ"Û�R87'=Q?!×·B#B#='=Q5HB
9¯F89¯=Q9<EqÙ0Û�?A×·@V?f;Q9w=:9¯?fF¨?AÕ2=:9¯×·B'Û#?AFH;}=Q7nEq9PFm=:;"î

Ó{B#×hEqFm=:9PÛ";0?AÕH=:58B�éLê{ëfì¬×·?LGLB#ÙLã�9PÙ¯ÙLâVB�@87:B";QB#Fm=QBkG�9PF·ÓLB"Ûa=:9¯?fF�ÿ¬EAFHG�=:58B�EqÙPÔA?f7Q9¯=Q58×
ÕÖ?A7�GLB"7Q9PÚ{9¯F8ÔhE�éLêLëAì·ÕÖ7:?A× E·7QBkEAÛn5HEAâ89¯ÙP9¯=>Ý�Ôf7:EA@85Jã�9¯ÙPÙ�âVB�GLB";:Û�7:9¯âVB"G¨9PF!ÓLB"Ûa=:9¯?fF?�Hî

� ��Ò0),/
	 $�� / - /2Ï�
�Ñ��"/2Ï-Ð.-}Ò}Ë"!�� Ð�ÌLÎ#),$0Ì $

����� ����������� �"!#�%$&�'�
å\9¯×·B"G1EqRL=:?A×hES=nE¸ü ÿqþ*5HEcÚfB�âVB#B#F1@87Q?f@*?m;}BkG«=Q?'×·?LGLB"ÙHÜHFH9w=:B�KN;>=nES=QB+7QBkEqÙ¯K�=:9¯×·B�;QÝL;>=:B#×h;#î
æ =Q9P×·B"G EqR8=Q?A×hEq=Q?AFß5HEf;1E�ÜHFH9w=:Bà;}B#=1?qÕ�Û#?AFm=Q7:?AÙ�;}=:Eq=QB";1EqFHG E�ÜHFH9w=:BàF{R8×'âVB#71?qÕ



Û�ÙP?{ÛnïL;"î�æ�ÙPÙ�Û�ÙP?{ÛnïL;�@87:?LÛ�B#BkGÈEq=«=:58B�;:Eq×·B¨7nES=:BJEAFHGÈ×�BkEA;QR87:B1=:58B!Eq×·?AR8Fm=h?qÕ-=Q9P×�B
=Q5HEq=�5HEA;�B"ÙPEA@H;QB"GJ;}9PFHÛ�B¬=:58B#Ý¨ã6B"7QBD;}=:EA7}=:B"G¨?A7�7:B";QB�=kî�d�EAÛn5¨=Q7nEqF*;}9¯=Q9P?AFJ?qÕ�=Q58B�;QÝL;>=:B#×
×�9PÔA5m=�7QBk;}B#=«;}?f×·B1?qÕ�=:58B¨Û#Ù¯?LÛnïL;"á0EqF*GèÕÖB"Eq=QR87:B";«EqF¶Ef;Q;Q?LÛ�9<ES=QBkGèB#FHEAâ8ÙP9¯F8Ô,Û�?AF*GL9w=:9¯?fF
B�ÞL@87:B";:;}BkG1EA;�EhÛ#?AFH;}=Q7nEq9PFm=)?fF1=:58BDÚSEqÙPR8B";�?qÕ2=:58B�Û�ÙP?LÛnïL;#î

æ éLê{ëfì�B"FSõ>?SÝL;O;Q?A×·B�;}@VB"Û#9wÜVÛ\ÕÖB"Eq=QR87:B";	=:5HES=)GL9 4oB#7:B#Fm=:9PEq=QB�9¯=OÕÖ7:?A× Û#ÙPEf;Q;Q9<Û#EqÙ{=:9¯×·BkG
EqRL=:?A×hES=nE8î#æ­éLêLëfì�5HEf;�EA;�×hEAFmÝ�Û�ÙP?LÛnï{;�Ef;o=Q5HB#7:B�Eq7:B�Û�?AFm=:7Q?fÙA;>=nES=:B";�9PF¬=Q58B6EqRL=:?A×hES=:?AF
=Q58Bk;}B1Û#Ù¯?LÛnïL;¬âVB#9PF8ÔàÛ#EAÙ¯ÙPB"G�ó�O���W ø ôLî�d�EfÛn5,=:9¯×·B"7'×·B"Ef;}R87:B";�=:58Bh=:9¯×·B1GLRH7Q9PF8Ô!ã�589<Ûn5
=Q58B�EqRL=:?A×hES=:?AF 7:B#×hEq9PFH;¸9PF E®Û#?AFm=Q7:?AÙ+;>=nES=QBfî��-?®B�ÞL@8ÙP9<Û�9¯=1ÕÖR8FHÛ�=Q9P?AFä9P;¨GLB�ÜHFHB"Gß=:?
GLB�=:B#7:×�9PF8B�ã�5HB#F�=Q9P×·B#7n;-;Q58?ARHÙPG�âVB';}=:Eq7Q=QBkG�?A7�7:B";QB�=kîHûNFHG8B#B"G�á8=Q5HBD=Q9P×·B#7+Ef;Q;Q?LÛ�9<ES=:B"G
ã�9w=:5�E�Û�?fFm=Q7:?AÙ	;>=nES=QB·9<;�7QBk;}B#=�ã�58B"Fà=:58BhEqRL=:?A×hES=:?AF,B#Fm=QB"7:;+=Q5HB·Û#?AFm=Q7:?AÙ�;}=:Eq=QBAá�EAFHG
9w=n;�Û#R87:7QB"Ff=�ÚSEqÙPR8B«9<;-ÕÖ7Q?��#B#F,ã�58B#Fà=Q58B·EqR8=Q?A×hEq=Q?AFàÙ¯BkEcÚAB";�=Q58B·Û�?fFm=Q7:?AÙ	;>=nES=QB n î�å\ã)?
=Q9P×�BkG�Û�?AF*GL9w=:9¯?fFH;�Eq7:BDEA;:;}?LÛ#9PEq=QB"G1ã�9w=:5�B"EAÛn5¨=Q7nEqF*;}9¯=Q9P?AFJ?qÕ�=Q58B�EARL=Q?f×hES=Q?fF �
�Aî)=Q58B���� ��� �	�*����
��
� ç�GLB#FH?q=QBkG��°í�=Q5HEq=�G8B�ÜHF8Bk;\=Q5HB+=:B#×·@V?A7nEqÙ�;QÙ¯?A=�G8R87Q9PF8Ô·ã�589<Ûn5
=Q58B+=Q7nEqF*;}9¯=Q9P?AF¸×hEcÝ·âVB-ÜH7:B"G�îfû©=)=:EAïAB";O=Q58B+ÕÖ?A7:×ª?qÕ0EAF¸9PF8B�ZmRHEAÙ¯9¯=>Ý�=Q?�â*B�;QEq=Q9<;>ÜHBkG
â{Ýh=Q58B¬=:9¯×·B"7-EA;:;}?LÛ#9PEq=QB"G1ã�9w=:5J=Q58B¬=:7:EAFH;}9¯=Q9P?AFJ9PF8@8RL=+Û#?AFm=Q7:?AÙ�;}=:Eq=QBAî

�Lî)=Q58B>� � ��
 
 ��� � � ����
 � � � ���®ç²GLB"F8?q=:B"G	
èí�=:5HES=�GLB�Ü*F8B";�=Q58B+=QB"×·@*?f7:EAÙ*Û�?fFH;}=Q7nEq9PFf=n;�=:?
â*B¬;:ES=Q9<;}ÜHB"G·=:?�ÜH7:B�=:58B�=:7:EAFH;Q9w=:9¯?fF�îfû©=)9P;)B#Þ{@H7QBk;Q;QB"GhEf;�E'Û#?AFSõ>RHFHÛa=:9¯?fF¸?qÕ29PF8B�ZfR*EqÙ¯K
9w=:9¯Bk;�=:?�â*B+;QEq=Q9<;>ÜHBkG�âmÝ·ED;QR8âH;QB�=�?AÕV=:9¯×·B"7:;�B#Þ8Û�ÙPRHGL9PF8ÔD=Q5HB�=Q9P×·B#76Ef;Q;Q?LÛ�9<ES=:B"G«ã�9w=:5
=Q58BD9PF8@8R8=+Û�?fFf=:7Q?fÙ�;>=nES=QB¬?AÕ0=:58B¬=Q7nEqFH;Q9¯=Q9P?AF�î
��?q=:B���� áA=Q58B�=QB#×·@V?A7nEqÙLÜ*7Q9PF8ÔDã�9PFHGL?SãDáq7:B#Ù<ES=:B";	?AFHÙ¯Ý'=Q?D=:58B-Û�RH7Q7:B#Fm=	=Q9P×·B#7kîAûNFm=QRLK

9w=:9¯ÚfB#ÙPÝAá���B#Þ{@H7QBk;Q;QB";)=:58B�=:9¯×·B'GLRH7Q9PF8Ôhã�589<Ûn5�=Q58B�;}ÝL;}=QB"×Ø9<;-EqÙPÙP?Sã6BkG1=:?¸;>=nEcÝ19PF!=Q5HB
Û�R87:7QB"Fm=+Û�?fFf=:7Q?fÙ0;}=:Eq=QBAî���?A=QB·EqÙ<;}?¸=Q5HEq=�
®á*=Q5HB'B#F*Eqâ8ÙP9¯FHÔ¨Û�?fFHGL9¯=Q9P?AF�áV7:B#Ù<ES=QBk;�?fF8Ù¯ÝJ=:?
@HEA;}=O=Q9P×·B#7n;6EAFHG·B�ÞL@87:B";:;QB";�ã�589<Ûn5h=:7:EAFH;}9¯=Q9P?AF*;OEq7:B�B#F*Eqâ8ÙPB"G·ã�9¯=Q5¸7:B";Q@VB"Ûa=6=Q?D=:58B-@*EA;}=
â*B"5HEcÚ{9¯?f7)?AÕ0=:58B�;QÝ{;}=QB"×�î

����� �"� �
����������� � $&��$&�'� �����! $"���$#��&%'�(�)� �+*�!-,.� ���.�&$ �./10 � ������� �%���
C�B�=	2 â*B!E�;}B#=�?AÕ�EfÛa=Q9P?AFÈÙPEAâ*B"ÙP;"î�C�B#=43 j65�g�798;: g=< l?> =Q58BJ=:9¯×·B!GL?A×hEA9¯F�á
3 h j 3A@ 5�l?> EqF*GB3�Ch j 3 h @ 5
DE> î

C�B�=4F GLB"F8?q=:Bh=Q5HBHG}R8F*GLB�ÜHFHB"G�I!ÚSEAÙ¯R8Bfá0EAFHG�3 hKJ j 3 h @ 5 F > î 7)Ý�GLB#ÜHF89¯=Q9P?AF�á
ã6BD;}=:ES=:B¬=Q5HEq=�FML1N j F«á�FPOQN j F ÕÖ?A7�EAF{Ý=N 7 3=Ch î

C�B�=	RTSVUXW jY5�gXZ[: \�7 ü l&]_^ O ��þ > âVBàE­;}B#=¸?qÕ � ��` �a���aáOã�9w=:5 gXZB7 3 hbJ î 1 9w=:589PF
=Q589<;�Û�?fFm=QB�Þ{=káHE«=Q9P×�BkG!Û�?fFHGL9¯=Q9P?AF�9P;-E�Û#?AFSõ>RHFHÛa=:9¯?fFJ?AÕ�9PF8B�ZfR*EqÙP9w=:9¯Bk;�?qÕ�=Q58B¬ÕÖ?f7Q×dcfe
gXZ e9g ã�5HB#7:Bhc ] g Eq7:B�ÙP9¯FHB"Eq7�B�ÞL@87:B";:;Q9¯?fFH;�?AÕ�Û�?AF*;>=nEqFm=:;�çÖ9PF!3=Ch í ���=
 � ��`>�a��� gji
ç gjik7 RTSVUXW:á�lnmjP\ í6EAFHGQe 7o5 �k]��p> î

C�B�=rq j ç"q h ]tsasasa] qTu(v n í 7 3	uhbJ â*B)=:58B\ÚcEAÙ¯RHB)?AÕH=:9¯×·B#7n; gXZ ã�9w=:5 \w7 ü l�]x^ O ��þ©ákEAFHG
yªEh=Q9P×�BkGàÛ#?AFHGL9¯=Q9P?AF�G8B�ÜHF8BkG!?AF�E1;}R8â*;}B#=+?qÕ�=:9¯×·B"7:; gXZ î���?q=nES=:9¯?fF$qQznyª9PFHGL9<Û#Eq=QB";
=Q5HEq=-EqÙPÙ�9¯F8B�ZmRHEqÙP9w=:9¯Bk;�?qÕ{y EA7QB g}|�~�� ã�58B#F�7:B#@8Ù<EAÛ#9¯F8Ô�=:9¯×·B#7n; gXZ â{Ý¸=:58B#9P7�ÚSEqÙPR8B";�q Z î
����� � $ �%$&�'� ���V $"���o#���%'�(�)� ��* !-,�� ����� $ ��/10 � ������� ���'�r�%�
�f� ��` �k� ��
 � 
 � 
	�=��� ��

� 
 ��� � � � � �
` ��� ������� �r` ] �"�,M 
5�'ç�� ]x�	][��h ík��� �a� ���
� zmi"|��>rf�wx�|>ba_#xNikdH]V 	b�x>_#�¯g¨�f|>bn`q�likefxNjl¦1�>r{_��+_·v�ToWAUÅ�lx+_·xN�ldf¢kjlb'p:jliqp}¥1�Diqgfbnj ]*xN�ld{p:bk]V�ld
_"dS¦«p:ikdS�N|>i"j*x©�}_��>bk]m�>rfb:|>b\�lx6i"dmb�_#d{g�i"dmj§¦'ikdfb\|>emdmdf�ldm¢+�>�l�Db:|a£



� � j 5-� h ]asastsa]b� u?v n�> ��� � � ��� � � � � � � _ � ��� �"����
=� � ��� ��� �
� � ��� ��� ��� �	� � � � � _ �j� ��� � � � � ��� � �o_ �"� � _ �-�K` ç � Z ]b� i ] � ] 
 ]�� í������ �a� � � Z ]b� i 7 �

�-� � �)� � � �-�?� ��� ���=
>
���� � ������� � ����� ��� �"����
�� � ���	����� _ �"� � �j� ����� � � � �����T� ���=
k
 �-� �
� ��`>��
 � ���=
3� � � ������� �	7 2 ��� � 
�� 
 � 
 ��� � ��� � � ���

� ��h ��� �)� � ����� � � ��
 � ��� �"����
 � � ���	���
å\58B��'� ��� � �*����
��-�+� ?qÕ2ED=Q7nEqFH;Q9w=:9¯?fF�ç ��Zx][��i ] � ] 
 ]�� í	9P;)E¬=Q9P×·B"G¨Û�?AF*GL9w=:9¯?fF¸GLB�K

ÜHF8B"G�EA;�EAF'9PF8B�ZmRHEAÙ¯9¯=>Ý�?AÕH=Q5HB6ÕÖ?f7Q×Ac e gXZ eEg ã�58B"7QB�c ] g�EA7QB)ÙP9¯F8BkEq7	B�ÞL@87:B";:;Q9¯?fFH;
?qÕ�Û�?fFH;>=nEqFm=:;'EqFHG,=Q9P×·B#7n; g
	 ç g
	o7 RTSVU}Wná���mj \ ínî0û©Õ�B#9¯=Q58B"7 c�?f7 g 9P;DB�ZmRHEqÙ�=Q?!F
ã�58B#F�7:B#@8Ù<EAÛ#9¯F8Ô«=Q9P×·B#7n; g
	 âmÝ¸=Q58B"9¯7�ÚSEAÙ¯R8Bpq 	 á8=Q58B"FJã)BDEA;:;}RH×�Bpq�
M� î

å\58B � ����
 
 ��� � � ���=
3� � � ���n
.?qÕ�E�=Q7nEqFH;Q9w=:9¯?fFJç � Z ]b� i ] � ] 
 ]�� í09P;�E�=Q9P×�BkG·Û�?AF*GL9w=:9¯?fF
GLB�ÜHFHB"G�Ef;�E¸Û�?fFSõ>R8FHÛ�=Q9P?AF!?AÕ	9PF8B�ZfR*EqÙP9w=:9¯Bk;�?qÕ	=:58B�ÕÖ?f7Q×�� 	 j ç"c e g 	 e+g°ínáVã�58B#7:B
� mj \ á�EqFHGHc ] g Eq7:B1ÙP9¯F8BkEq7«B�ÞL@87:B";:;}9P?AFH;'?qÕ+Û#?AFH;}=:EAFm=:;'EAFHG­=:9¯×·B"7:; g�� ç g�� 7 R SVU}W á
� mj ��EqF*G � mj \ ínî0û©Õ g 	 9<;�B�ZmRHEqÙ�=:?!F«á�=:58B#F­ã)B¸EA;:;}RH×�B4q+z�� 	 <2ÕÖR87}=:58B#7:×·?A7:BAá�9¯Õ
B#9¯=Q58B"7�c ?f7�g 9P;)B�ZfR*EqÙV=Q?=FÅã�58B"F¨7:B#@HÙPEfÛ�9PF8Ô�=:9¯×·B#7n; g�� â{Ý·=:58B#9P7�ÚSEqÙPR8B q � áf=:58B#FJã)B
EA;:;}R8×·Bpq$z�� 	 î

å\58B";QB¬7QR8ÙPB";�EA7QB�9PÙ¯ÙPRH;}=Q7nES=QBkGJ9¯F���9¯Ô*î �*î

1

3

W: 0<=t1<=2
a

4

W: t3=3-t1
K: 0<=t1<=2
     1<=t2<5
c

5

W: 0<=t3<5-t2
K: 0<=t1<=2
     1<=t2<5
d

2

W: 1<=t2<5
b

U6xNxNem�D�ldf¢��>rm_#�\ �bD_#|>b+�ldJp:i"dS�N|>ikj�x©�}_#�>b'tk]8�N|}_"dfxN�l�>�li"d,t����� s
�wx	³f|>bagD�ldmxN�wgfb)�>b:�D�Li"|}_"j{ O�ldmgfia ¶u������ � ���! q£fY�i"�D�wdf¢+�¯|>ik�
p:ikdS�N|>ikjOx©�}_��>b¨tk]��N|}_#dmxN�§�>�likd�s#"���%$ �lx¬dmi#�Dbndm_"¡mjlbag8]�¡Lbapn_#emxNb��&'�)(Ø_"d{gè�>rfbnd+*��lx��<_"jlxNb B xNbnb1�>rmb¨gfb:³mdm�§�>�likd®i"�-�>rmb¸³m|NX
�wdf¢· O�ld{gfia  D £�THiSik¥q�ldm¢¸_���bndm_"¡fjw�ldf¢¸p:ikdmgf�§�>�likd-,1i"�O�N|}_"dfxN�§�>�wi"d
s/.�0�21 ]H�>rmb¬³m|>x©���ldfb43Se{_"jl�§�±¦¨�lx�x>_#�>�lx©³{bag B u5���6� � ���7 D ]V_"x 	bnjlj8_"x2�>rmbOxNbap:i"d{gDikdfbk]SxN�ld{pQb�� & �8( B xNbnbO�>rmb�gfbQ³{dm�§�>�likd�i#�H�>rfb
bnd{_#¡mjl�ldm¢'p:ikdmgf�§�>�likd D £Lv*|}_#dmxN�§�>�likd1s .���91  O�ljwjo�>rfbnd·¡Lb�³m|>bng·_#��>�w�Db:�<;=�­s � � � £

GIH�J �4>V� µ�jwjlefx©�N|}_#�>�likdfx�i#���>rmb)³f|>�ldm¢�|>efjwb:x

æ¶Ù<EqâVB#ÙPB"G¬=:7:EAFH;Q9w=:9¯?fF';}ÝL;}=QB"×�2'R ��ç"R 2w�@?�í*9<;0Ef;Q;Q?LÛ�9<ES=QBkGDã�9¯=Q5'BkEAÛn5D=:9¯×·B)ÙPEAâ*B"Ù¯BkG
EqRL=:?A×hES=:?AF=R 2w�A?'î{æ ;}=:Eq=QBhç ��] q0í6?qÕ{2�R ��ç"R 2w�A?¬íná{EqÙ<;}?·Û#EAÙ¯ÙPB"GJE�Û�?AF8ÜHÔAR87nES=:9¯?fF�á{9P;
ÕÖR8Ù¯ÙPÝ·GLB";:Û�7:9¯âVB"G�â{Ý·;}@VB"Û#9wÕÖÝ{9PF8Ô¬=Q58B+Û�?AFm=:7Q?fÙ8;>=nES=QB � ?qÕ R 2��A?ßEqFHG«=:58B�ÚSEqÙPR8B�q 7 3=uhKJ
?qÕ*EAÙ¯Ùm=Q9P×·B#7n;�?qÕH=:58B\EqRL=:?A×hES=:?AF�îSå\58B6=Q7nEqFH;Q9¯=Q9P?AFH;�?qÕ�2'R ��ç"R 2w�@?�íVÛ�?f7Q7:B";Q@V?AFHGDB"9w=:58B#7
=Q?¸B#Þ{@HÙ¯9<Û�9¯=�=Q7nEqF*;}9¯=Q9P?AFH;\?AÕrR 2w�A?'áL7QB"@87:B";QB#Fm=Q9PF8Ô·=Q5HB�?LÛ#Û�RH7Q7:B#FHÛ#B¬?qÕOEqF!EAÛ�=Q9P?AF�áH?A7�=:?
9¯×·@8ÙP9PÛ#9w=¬=:7:EAFH;}9¯=Q9P?AF*;�7:B#@87:B";QB#Fm=Q9PF8Ô1=Q58B�@HEA;:;:EqÔAB'?qÕ�=Q9P×·BAî�å\58B«ÕÖ?A7:×·B#7�Eq7:B«GLBk;QÛ#7Q9Pâ*BkG
âmÝ¸=Q58B¬=:7:EAFH;}9¯=Q9P?AF�;QRHÛ#Û#B";:;}?f7)7:R8ÙPBDEqFHG¨=Q5HBDÙPEq=}=QB"7�â{Ýh=Q58B¬=:9¯×·B�;QRHÛ#Û#B";:;}?f7\7QR8ÙPBAî

����� � $ �%$&�'�+� � ���"$ ��$"���CB���� �t� � �EDGFGHCIJFGD:HLKNM?���
� � �>����� � � ��
 � � ���	� �o_�2�R ��ç"R 2w�A?¬í ��� �)� � � ����� � �?� ��� � ���­ç � h ] q h í�� ��� �a� �pq h 7 3=uhKJ
�*� �)� q h j ç l�] F ]tsasts�] FDíO�
����� � $ �%$&�'� � �
P�QSR.�&$ ! $ � ���-� �TB%$ �%$&��� � �UDGFGHCIJFGD:HLKNM?���
� � �hç ��] q0í 7 2'R���ç)R 2��A?�í ����
ßç ��][�WV"] � ] 
 ]�� í 7 � � �j� ������� � � ��� �o_=R 2��A?X�CY7_
q�zB� ���=
kq$z�
+� �)� � ��ç ��] q0í[ZO]\ ç �WV�]�^ ç � ]b�WV"] q0í}í_�



��� �a� � ^ ���������n3	uhbJ \63=uhKJ ��� �)� � _b� �=� � � ��� p 
 �"� ����
 �3���

^ ç ��Zx][��i ] q0í j q V ��� ��� �
��� �� q V i j l
q V 	 j F � �$mj \�: ç �J	(]b�Ki ] � ] 
 ]�� í 7��
q V � j q � � � 7 ü l�]x^ O ��þ ] � mj l ] � mj �

å\58Bh7Q?fÙ¯Bh?AÕ\ÕÖR8FHÛa=:9¯?fF ^ 9P;¬=:?àEcÚA?f9PG,@V?f;:;}9Pâ8ÙPB·ÜH7Q9PF8Ô!589<;}=Q?A7:Ý,Û#?AF	�*9PÛ�=:;D9PF®Û�ÝLÛ�ÙP9<Û
é{êLëfìoîfûNF1=Q58B�@87:B";QB#FHÛ#B+?AÕ0Û�ÝLÛ#Ù¯Bk;6EAFHG¸9PF¸=:58BDEqâH;QB#FHÛ#B-?AÕ�ÕÖR8FHÛ�=Q9P?AF ^ á{EAF¨EfÛa=Q9P?AF¸ÜH7QBkG
9¯FJE�@87:B#Ú{9P?ARH;�9w=:B#7nES=Q9P?AF¨Eq7:?AR8FHG�=:58B¬Û�ÝLÛ�ÙPB-â8R8=)F8?A=)âVB#ÙP?AFHÔA9PF8Ô�=:?�=Q5HB�Û#R87Q7:B#Fm=
�*?Sã ?qÕ
B�ÞLB"Û#RL=Q9P?AF�á8Û#?AR8Ù<GJ9¯F��HR8B#F*Û�B¬=Q5HB¬ÕÖRL=QR87:B�Û�?fFHGL9¯=Q9P?AFH;�� EqFHGn
¶î
����� � $ �%$&�'�
� � �a��R{�&$&! $ � ���-� �LB%$ ��$&�'� ���ED:FGHCI F:DGHLKNM(�%�
� � � ç ��] q0í 7 2'R���ç)R 2��A?�í ���=
 N 7 3'� YA_ ���cg ç ��]�� ç ��] q ] NAíQí�� �"� � �
ç ��] q0í��O \ ç ��]�� ç � ] q ] NAíQíO�

��� �a� � � �����n3	uhbJ �n3 \ 3	uhKJ ��� �"� � _b� ��� � � ����
��j� �=� 
 ���a�

� ç � Z ] q ] NAí j q V ��� ��� � � q V Z j q Z LHN
q V 	 j q 	 �S��mj \�7 ü l&]_^ O �#þ

����
���� �a� � ���cg �H��� 3	uhbJ \ 5,g}|�~���]��]� � ����> ��� �)� � M � ��
3� � ��� � �"� ��������
 ��]
����� ���4��� � �)� ��� �)� ��� � ��� � _ �-�;� ���t� � �?� ��� � ���¶ç � Z ] q0í�� ��� 
 ���3� � ������� ����
 
5��
 �j� ����� � � � ���
ç � Z ]b� i ] � ] 
 ]�� í ^	� � ����� �j� ��� � � � � ��� � ��� ���A_ �3��� � 
����"� � � � �'� ��� �p�*����
��-� ���=
 � � � � ����
 
 ��� �
������
 � � � ��� bW� �"��� ���-� �"� �-� ��� ��� � � � �a` M �-����
�M � ��� � � ��� � ���]� � � ��� M � � 
 � � ���	� ��� 
 �"� ����
 ���a�

���cg ç � Z ] q0í j ���� S �"! S"#$!&%'! ()! Z$*"+-, ç"q$zB�°í/.�ç)q$z�
�í
0 � Ë � - !�ÎOÍHÒNÌ �.) ÌLÎ 
21�Ë6Ì � /43{Ò65 / $ � 	�
 �

ûNFè=Q589<;�;QB"Ûa=:9¯?fF�á�ã)B¸GLB#ÚfB#ÙP?A@èEqF­EqÙPÔA?f7Q9¯=Q5H× =Q?�;QÝ{Fm=Q58Bk;}9��#BhE�éLêLëAì�ÕÖ7Q?f× E�×·9¯FH9¯×hEqÙ
7QBkEAÛn5HEAâ89¯ÙP9¯=>ÝhÔA7nEq@85�á{9¯=:;QB#Ù¯ÕOGLB#7:9¯ÚfB"G¸ÕÖ7Q?f× E�ð{é8ñfêLòfó8ò8ôD;Q@*BkÛ�9¯Ü*Û#Eq=Q9P?AF�î

æ-;�9PÙ¯ÙPRH;}=Q7nES=:B"G«9¯F ��9PÔHî8�Lác=Q5HB�ÜH7n;>=O;QR8âLKN;}BkÛa=Q9P?AFh;QR8×·×hEq7:9��"B";0=Q58B-×·EA9¯Fh;}=QB"@H;�?qÕV=Q5HB
ðméHñfêLòfóLòHô�7:B"EfÛn5HEqâ89PÙP9w=>Ý¤EqFHEAÙ¯ÝL;Q9P;"î�å\58B�;}BkÛ�?AF*G¤;QR8âLKN;QB"Ûa=:9¯?fF GLB�=nEq9PÙP;¸=Q58B�EqÙPÔA?f7Q9¯=Q58×
ã�589PÛn5!5*EA;�âVB#B"F!9¯×·@8ÙPB#×·B"Ff=:B"G!9PF�=Q5HB ø�7�8 óHù8ô:9�×·?{G8R8Ù¯B«9¯Fm=:B#ÔA7nES=:B"GJã�9¯=Q589PF!=Q5HB ø ó8ù
=Q?{?AÙ±î

ÁcÂqÃ#Ä �"�S�S�
xN�LbapQ�l³{pn_#�>�li"d ����

Æ��ldm�l��_"j
[�ba_"p}rm_"¡m�ljl�§�±¦�Ç6|}_"�fr &

���
v	�l�Db�T*_"¡Lbnjlbag

Wfp>rmbagAemjl�ldm¢�U6ef�>i"��_#�>i"d

GIH�J �<;H��= b:|>�l`"_#�>�likd·i#�o�>rmb�Â"Ä:><?
& µ±d¬�>rfb�bQym_#�D�mjlbOi"�Vzo�l¢f£ 1 ]S Orf�wjlb�³m|>�ldm¢\�N|}_#dmxN�§�>�likd¸t ��0� sA]S�>�l�Db:|L� & �lx0|>b:X²�ldm�§�>�w_"jl�l�nbagD O�§�>r
(¤¡S¦'�PemdmpQ�>�likdA@+£



� ��� �p ��b# � ��� B����(� !-,���% $)�&$&���P0 ���&���SB�$ B
ðméHñfêLòfóLòHô¸9<;�?fF8B¸?qÕ\=:58Bh=QB"×·@*?f7:EAÙ�B�Þ{=:B#FH;Q9¯?fFH;D?AÕ)=:58B¨;}=:EAFHG8EA7:GèêLòfóLòHô¸ÕÖ?f7Q×hEAÙ�GLB�K
;QÛ#7Q9P@L=Q9P?AF¨=QBkÛn58F89	ZmR8BAîHæ G8B�=:EA9¯ÙPB"GJGLBk;QÛ#7Q9P@L=Q9P?AFJ?qÕ�ð{éHñfê{òfó8òHôD9P;\@87:?SÚ{9PG8B"G¨9¯F­ü ýSþ©î

ðméHñfêLòfóLòHô·@87:?SÚm9<GLBk;�=Q587:B#B·×hEq9PF�=QB#×·@V?A7nEqÙO?f@*B"7:Eq=Q?f7:;"áoFHEq×·B#ÙPÝ��o=Q58B 
�� 
����àK-;}B"B
Û�?AF*;>=:7QRHÛ�=�� � � �
	 ç��Líná{=:58B 
����	� �=� �·?f@*B"7:Eq=Q?A76K�;QB#B¬Û�?AF*;>=:7QRHÛ�= � �/gX�t^ ��	 ç � íOEqFHG1=Q58B � ��` �
� � � �j� � � � �-�«?A@VB#7nES=:?A7)K�;}B"BDÛ�?AF*;>=:7QRHÛ�= �&5,g[> î

æ-;�GLB�=nEq9PÙ¯BkG 9PFªü �cþ±á\=:58Bè7QBkEAÛn5HEAâ89¯ÙP9¯=>ÝßEAFHEqÙPÝL;}9<;¨?qÕ�ðméHñfêLòfóLòHô­;}@VB"Û#9wÜVÛ#ES=:9¯?fFH;J9P;
Û#Eq7:7:9¯BkG�?AR8=DEf;�ÕÖ?AÙPÙ¯?Sã�; ��æ�Fèð{éHñfê{òfó8òHô·;Q@VB"Û�9¯Ü*Û"ES=Q9P?AF�9<;�ÜH7:;}=¬=Q7nEqFH;QÙ<ES=QBkGà9PFm=Q?!E�
{émì
K"2-Ý{FHEA×�9<Û·å\9¯×·BkG,æ-RL=Q?f×·Eq=Q?fF <�7QBkEAÛn5HEAâ89PÙ¯9¯=>Ý!EqFHEAÙ¯ÝL;Q9P;�9<;�=Q58B"F�EA@8@8ÙP9¯BkG�=:?¨=:58B�
{émì
7QB"Ù¯Ý{9PF8Ô¸?AF,E¸×·9¯FH9¯×·9��"ES=:9¯?fFàEqÙPÔA?f7Q9¯=Q5H× ü��"ýqþ2=Q5*ES=¬ÔAB#FHB#7nES=QBk;-Eh×·9PF89P×·EAÙ	7QBkEAÛn5HEAâ89¯ÙP9¯=>Ý
ÔA7nEq@85�áLã�5H9PÛn5�GLB";:Û�7:9Pâ*Bk;)=Q58BDÔfÙ¯?fâHEqÙ�âVB#5HEcÚ{9P?A7\?qÕ0=Q58BDð{éHñfêLòAó8òHô�;}@VB"Û#9wÜVÛ#ES=:9¯?fF�î

æÈÔfÙ¯?fâHEqÙL;}=:Eq=QB\?A7"� ����� � �?� ��� � ���h?AÕVE+=Q9P×·B"G·;QÝ{;}=QB"×°9PFHÛ�ÙPRHGLBk;�=Q58B�Û#?AFm=Q7:?AÙL;}=:ES=:B\?qÕ
=Q58B-=Q9P×�BkG1EARL=Q?f×·Eq=Q?fF�çÖ=Q58B�
{é{ì8íaáfEAFHG�=Q58B¬Û�ÙP?LÛnïL;�ÚSEqÙPR8B";"îmå\5HB#7:B�ÕÖ?A7:BAáq=Q58B�F{R8×'âVB#76?qÕ
Û�?AF8ÜHÔAR87nES=:9¯?fFH;�9P;OF8?q=�ÜHFH9w=:BAîAæßÜ*F89w=:B�EqFHEAÙ¯ÝL;Q9P;	?AÕo;QRHÛn5·ED;}ÝL;}=QB"×°7QB�ZmR89¯7:B";�E�@HEA7}=:9w=:9¯?fF
?qÕV=Q58B-Û#?AFLÜ*ÔAR87nES=:9¯?fF�;Q@HEAÛ#B\9¯Fm=Q?�E�Ü*F89w=:B�F{R8×'âVB#7�?qÕo7QB"ÔA9P?AFH;"îqæ�ÙPÔA?f7Q9¯=Q58×h;�=:?�@*B"7}ÕÖ?f7Q×
7QBkEAÛn5HEAâ89¯ÙP9¯=>Ý�EAFHEqÙPÝL;}9<;"áoEAFHGà=Q?J×�9PF89P×·9��"B·=Q9P×�BkG�=:7:EAFH;Q9w=:9¯?fF�;QÝL;>=:B#×h;�ã6B"7QB�@87:?A@V?f;QB"G
9¯F ü �Lá �kýSþ©î�å\58B¸;QB"Û�?fFHGèEqÙPÔA?f7Q9¯=Q58× 5HEA;¬âVB#B"F®EAG8EA@L=QBkG�=:?�
mé{ìàEAFHG�9¯×·@8ÙPB#×·B"Ff=:B"Gè9PF
=Q58B ø óHù'=Q?{?AÙ±îHå\58BD7:B";QR8Ù¯=Q9PF8Ô·ÔA7nEq@85¨9P;�En` ������` ��
�� � ����� ��
���
 � � �¨Ôf7:EA@851ã�5HB#7:B��

� E � ��
���ç�EqÙ<;}?!Û"EqÙPÙ¯BkG,E � 
������cí¬GLB#ÜHF8Bk;¬â*?A=Q5­E�Û�?AFm=:7Q?fÙ	;}=:Eq=QBfá�EqFHG�EJ7QB"ÔA9P?AFà7:B#@8K
7QBk;}B"Fm=QB"G­Ef;'E,Û�?AF{ÚfB�Þ,@V?AÙPÝ{58B"G87Q?fF­ã�58?f;QB1GL9P×·B#FH;Q9¯?fF®9<;�B�ZmRHEAÙO=:?�=Q5HB1F{R8×'âVB#7
?qÕ-Û#Ù¯?LÛnïL;D?qÕ\=:58B¨Û#?AFm=Q7:?AÙ�;}=:Eq=QB <0Û�?fFLÜHÔfR87:Eq=Q9P?AFH;�â*B"Ù¯?fF8ÔA9PF8Ô�=Q?à=Q58BJ;QEA×·Bh7QB"ÔA9P?AF
5HEcÚAB�=:58B';:Eq×·B¬7QBkEAÛn5HEAâ89¯ÙP9¯=>Ý¸@87:?A@VB#7Q=Q9PB";�;Q9¯FHÛ#B¬=Q58B"Ý¨Û"EqF8F8?A=�â*B«GL9 4oB#7:B#Fm=:9PEq=QB"GJ9PF
=QB"7Q×h;O?AÕ*ÕÖR8=QR87:B+EfÛa=Q9P?AF*;	=Q5HEq=�×hEcÝ'?LÛ#Û#R87�<q58B#F*Û�BAámE�Û�Ù<EA;:;�Û�?f7Q7:B";Q@V?AFHG8;�=:?'E�ÜHF89¯=QB
7QB"@87:B";QB#Fm=:Eq=Q9P?AF1?AÕ	EAF¨9PFLÜHFH9w=:BDFmRH×'âVB#7�?AÕ�Û�?fFLÜHÔfR87:Eq=Q9P?AFH;¬ç � ]�� ínî

� EqF �
� �-Û#?A7:7QBk;}@V?AF*G8;	B#9¯=Q58B"7�=:?'E�êLòfó8ò8ô¬EAÛ�=Q9P?AF·?LÛ#Û�RH7Q7:B#FHÛ#B�?A7O=Q?'E¬=:9¯×·B+@87Q?fÔA7:B";}K
;}9P?AFèç²EA7:Û�Ù<EqâVB#ÙPB"GJâ{Ý1óHínî

2-R8B�=:?«=:58B¬×·9¯F89P×·9��kES=:9¯?fFJEAÙ¯Ôf?A7:9w=:58×�á{EAÙ¯Ù�Û#?AFLÜHÔfR87nES=Q9P?AF*;�?AÕ�E·Û�Ù<EA;:;\Eq7:B-F8?A=\FHB"ÛaK
B";:;QEA7Q9PÙ¯Ý�7:B"EfÛn5HEqâ8ÙPB�ÕÖ7:?A× =Q58B·9PF89w=:9PEAÙOÛ�?fFLÜHÔARH7:Eq=Q9P?AF <V9w=�Û"EqFàâVBh@87:?SÚAB"F!=Q5HEq=�ES=¬Ù¯BkEA;}=
?AF8B�Û�?fFLÜHÔARH7:Eq=Q9P?AF¶@VB#7hÛ#ÙPEf;Q;�9<;hEAÛa=:RHEqÙPÙPÝ­7QBkEAÛn5HEAâ8Ù¯B�ü��kýSþ©î�å\58B�×�9PF89P×·9��kES=Q9P?AFßEqÙPÔA?AK
7Q9¯=Q58× EAÙ¯ÙP?Sã�;�7:B#Ôf9¯?fFH;�Ù<Eq7:ÔAB"7�=Q5HEAF!=Q5H?f;QB'7:B�ZmR89P7QBkGJÕÖ7Q?f× E1;>=:7Q9<Ûa=�7QBkEAÛn5HEAâ89¯ÙP9¯=>Ý¨@V?A9PFm=
?qÕ�Ú{9¯B"ã =Q?àâVB¨Û#?AFH;Q9<GLB#7:B"G�á0×·9¯F89P×·9��"9¯FHÔ�=Q5HB#7:B#â{ÝAá2=Q58B¨FmRH×'âVB#7'?AÕ�7QB"ÔA9P?AFH;�ã�9w=:589¯FÈE
ÔA7nEq@85�á8Û#?A×·@HEA7QBkGh=Q?·?A=Q58B"7�EqÙPÔA?A7:9¯=Q58×h;�;QRHÛn5JEf;Dü �qþ±î

å\58B�ÕÖ?A7:×hEqÙoGLB�Ü*F89w=:9¯?fF¸?qÕ�E'×�9PF89P×hEqÙV7QBkEAÛn5HEAâ89¯ÙP9¯=>Ý'ÔA7nEq@H5¸EqFHG�=:58B+ã\EcÝ'9¯=6×hEcÝ·âVB
GLB#7:9¯ÚfB"G1ÕÖ7Q?f×ØE�
{émì¨Eq7:B+@87:B";QB#Fm=:B"G¨9¯F­ü �kþ©î

� ���  #�*T0 *�� ����,.��B�$ B=0=�)/�� ��$ ��,.�
å\58B69PF8@8R8=	?AÕH=:58B6éLêLëfìD;}Ý{Fm=Q58Bk;}9<;�EqÙPÔA?A7:9¯=Q58× 9<;�E�×·9¯FH9¯×hEqÙL7:B"EfÛn5HEqâH9¯ÙP9w=>Ý�ÔA7nEq@H5�îSå\587QB"B
×·EA9¯F!;}=QB"@H;�Eq7:BDGLB�ÜHFHB"GJ9¯F¨=Q5HB�EqÙPÔA?A7:9¯=Q58× 9PF�?A7nGLB#7)=:?�@H7Q?LGLRHÛ#B�E�é{êLëfì�ç²;QB#B ��9PÔHî �mínî

å\58B�EAÙ¯Ôf?A7:9w=:58× ã�9PÙ¯Ù	ÜH7n;}=¬@H7Q?LÛ�Bk;Q;+B"EfÛn5�=:7:EAFH;}9¯=Q9P?AF�?qÕ�=Q58Bh×·9PF89¯×hEAÙ�7QBkEAÛn5HEAâ89¯ÙP9¯=>Ý
ÔA7nEq@85!çÖÙ<EqâVB#ÙPB"G·B"9w=:58B#7�âmÝ·ó«?A7�E�êLòfó8òHô-EAÛa=:9¯?fFVínîfû©=6;}=:Eq7Q=:;�ÕÖ7Q?f× =:58B�9PF89w=:9PEAÙH7:B"EfÛn5HEqâ8ÙPB
Û�?AF8ÜHÔAR87nES=:9¯?fF¸ç ��h ]��,h í�9PF�?A7nGLB#72=Q?�GLB�=:B#7:×�9PF8B�=Q58B)B"EA7QÙP9¯Bk;>=07QBkEAÛn5HEAâ8Ù¯B6Û�?AF8ÜHÔAR87nES=:9¯?fF¬?qÕ



Identification of the
Earliest Reachable Configuration

for each Class

Minimal Reachability Graph
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