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WfV1k�\_^>Yen[\bVIY[GILK\_neh 4 diLjLN1 . 3 � \bn�W�n[LK}SR]Lj�>6@��GIRTVTLr^SUIJMLKn[RXkKWfV
U�a>��RT^ g d[kwGILjJ/L¯dtWbneL3Y[n[W g R�Y[R]\_^�WfVTVTh�U�deL g Ye\�de\bVT}bL�GShSa+LKn[~B\_V]RXk�k�\_^�deLKn[}�WfYeRT\b^�d-VTW��-dC1 NbN 3  M�RT^�WbV]VThb£
Wb^ g Y[GIRXdrRXdsaIn[\b~�Wb~IV]h`��GSh¦P>YwWf^ qsdiGILjnrGBWbdraIR]\_^ILKLjneL g Y[GILN�BLKV g £§YeG�L�R g LjW�\ � neLjaIVTW_k�RT^I��u�F3£§R� L
de\bVT}SR]^���\bn g RT^�Wfn[h g R��1LKn[LK^>YeRXWfV1L¯®_UBWZYeRT\b^Bd>4¤q&#r��dV6 � \bn�ª	Wf�_n[Wb^I�bRXWf^/Y[n[WfopLjk Y[\bn[R]L¯d�Wb^ g \fY[GILKn�Wbd[de\SkKR� 
WfYeL g ª	Wb�bnwWf^I�_RTWb^M}�WbneRXWf~�V]L¯dK£S��R]YeG�Y[GILvk�\_J/a�UcY[WfYeRT\b^�\ � � UIVTLKn[RXWf^�}ZWbneRXWf~IVTLjdj£Sdi\_V]UcY[R]\_^�\ � m #r��dK£�RTd
WfY-YeG�L�GIL¯WfneYt\ � Y[GILs�iVTLK}bLjV�deL�Yi�vJMLKYeGI\ g 1 zb| 3  >^�W_diRXkKWbV]VThb£�YeGILv�pVTLK}_LKV#diLKYp��JML�YeG�\ g VbLKLja�d�Y[n[W_k�V�\ �
Y[GIL
ª	Wb�bnwWf^I�_RTWb^�Y[n[WfopLjk�Ye\bn[RTLjdrU�diRT^I� 4 aIn[LjkKRTdeLKVThG6�Y[GILMV]Lj}bLjV�deL�Ywds\ � Y[GIL
Wbd[di\ckKRTWfYeL g � UIVTLKn[RTWb^¦}ZWfn[R� 
Wb~IVTL� @F�GIRXd«}ZWbneRXWf~IVTLtRXd�YeGILvde\bVTUcYeRT\b^�\ � W�m #t� U�deU�WfVTVTh�k�\bJMaIUIYeL g \b^�WN��^IR]YeL g R]�+LjneLj^�k�Ls�bn[R g  X�¢^
��UIV]LjneRXWf^ ²�q GI\Z�"LK}_LKn¯£1n[W�hcd3Wfn[L/WbV]VT\Z�"L g Y[\`kKne\>dedsWf^ g Y[GIL
Wbd[di\ck�RXWZY[L g � UIVTLKn[RTWb^ � UI^Bk YeRT\b^BdvWfn[L
J�UIV]YeR] ¤}ZWfVTUIL g  +td�W�kK\b^�deLj®>UILj^�k�L_£_JMLjne�_R]^I��\ � Yp�"\�kKUIn[}bLjd"WZY"YeG�Lsd[WfJMLsV]Lj}bLKV+��RTV]V§^ILj}bLjn«G�WbaIa+LK^©£
Y[GILKh/kKWb^
R]^�diYeL¯W g RT^_Y[LKnwdiL¯k Y ~Sh�deRTJ/a�V]L-deUIa+LKn[R]JMa+\_deR�Y[R]\_^  PSLKV �  ¤RT^>YeLjn[deLjk�YeRT\b^/JMW�h/WfVXdi\3G�WbaIa+LK^�Wf^ g
RXd�W/JM\bn[L3deLKn[RT\bU�d"aIn[\b~IVTLKJ  
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a�G>hcdeRTkKRTdiY[d/Wf^ g WfaIa�V]RTL g JMWfYeGILjJ
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\ � YeGILvWbaIaIVTR]L g J
WfYeGILjJMWfYeRXk�RXWf^�d«Y[UIne^�L g \bUcY
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~BLvnwW g RTkjWfVTV]h
\_aIaB\>diL g Y[\ g LjkjW g L¯d�\ � u�F aInwWbk�YeRXk�L3RT^��_LK\_aIGShSdeRXkKd� �"J!UBdpYtkK\b^ � L¯ded"Y[G�WZY-RT^`YeGIL
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U�^ g LKn[LjdiYeRTJ
WZY[L g Y[GIL g R � k�U�V�Y[R]L¯d� @� }_LK^�YeGI\_UI�bG�}SRXdekK\_deR�YphMde\bVT}bLKnwd>4 R  L� ��nwdiY�Wbnen[R]}ZWbV�� UIVTLKn[RXWf^ �   ¡
de\bVT}bLjn[dV6vWbneL�deUIR]Y[Wb~IV]L�Wf^ g Wbk�YeU�WbV]VTh UBdiL g RT^DdeLK}bLjn[WbV�k�\_^>YeL�lSY/R]^�YeGIL�\bRTV«RT^ g UBdpY[nehL4 deLKL51 N_z 3 � \bn
RT^�diY[Wb^�k�L 6�^I\!deR]�_^IRP�BkKWb^_Y�WbaIaIVTRTkjWZY[R]\_^/\ � J!UIV]YeR] ¤}ZWbV]UIL g 4 \_n�J!U�V�Y[R�  aIG�W_diL 6�� UIVTLKn[RTWb^�di\_V]}_LKnwd�G�Wbd hbL�Y
LjJMLKn[�bL g R]^:�bLj\baIGShcdeRTkjdrW_dsYeGILjneL
Wfn[L/hbL�Y3^I\`\ba+LKnwWf^>Y3� UIVTLKn[RTWb^:WbV]�_\bn[R�Y[GIJ
d3Wf~IVTL!Y[\�di\_V]}_L!Y[neUIVTh
kK\bJMaIVTL�l�a�ne\_~IV]LjJ
d�J/\_neLsL � kKR]Lj^_Y[V]h�YeG�Wb^�u#F LK}_LK^�R]^�Yp�"\ g R]JMLK^BdiRT\b^�d� 

� U�V]LjneRXWf^ ²�q neLjJMWbR]^Bd�^I\_^IL�Y[GILKVTLjd[d�W � Wbd[k�RT^�WfYeRT^I� n[LjdeLjWfnwkwG�kwG�WbV]VTLK^I�_L���R]YeG W�aB\bYeLj^_Y[RTWbV]VTh
VXWfn[�bLjn ��LjV g \ � WfaIa�V]RXkKWfYeRT\b^�Y[G�Wf^��_LK\_aIGShSdeRXkKd-WbV]\_^IL;4 deLKL 1 ( N 3 1 ( ) 3 1 NL) 3 � \_nsW�aIVTW_diJ
W�WfaIaIVTRXkKWZY[R]\_^
� \_n RT^�dpYwWf^�kKL_6� �F�G�RTd�a�Wfa+LKn RXd JM\_neL-Wb^
R]^>Yen[\ g U�k�YeRT\b^/Ye\vY[GIL�Y[\baIRXk 4 W_dY�@deLKL-R]YV6#Y[G�Wf^�W�neL¯WfVIn[LK}SRTLK�
\ � YeG�L	�BLKV g  �P>Y[R]VTV £	R�Y3�bRT}bL¯drW��BW�}b\_nt\ � YeG�L g R]�1LKn[LK^>Y3WbaIaIn[\_W_kwGILjd	4 YeGBWZYC�tWfJ W���Wfn[L!\ � 6tUI^ g Ljni 
YwW�V_LK^�RT^�YeG�L�VXWbdiYtY[LK^¦h_LjWbn[d� 3q � kK\bUInwdeL�R�Y g \SLjdr^I\bYraIn[L�Y[LK^ g Ye\�~+L/L�lSYeLj^�diRT}bL/Wf^ g k�\bJMaIVTL�Y[LA4 �
WbaB\_V]\_�bR-,KL � \bn�Wf^Sh�\_JMRTd[diRT\b^@6  8� Y�J!U�diYv~BL
UI^ g LKnwdpY[\S\ g YeG�WfY�R�Y�RXdvW�aBLjn[de\b^BWfV�R]^>Y[LKn[aIneLKY[WfYeRT\b^¦\ �
Y[GILjdeLvJML�Y[GI\ g dtWb^ g kKWb^I^I\fY-~+L!deUI~�diYeR]YeUcY[L g`� \_n�YeG�L�\bn[R]�_R]^BWfV1YeL¯kwGI^IRXkKWbV	k�\_^_Y[LK^>Y-\ � Y[GIL�n[LK}SR]Lj�«L g
WbniY[RTkKV]L¯d� 0� Y3RTdrYeG�LKn[L � \bn[L�a+\fY[LK^>YeRXWfVTV]h�deUI~copL¯k YrYe\�R]^�W_kKkKUIn[WfYeL�\bntRT^�kK\bJMaIVTL�YeL g L¯dekKneRTacYeRT\b^Bd� 0�tWfVXde\
GBW�}bL3diLjR�,jL g YeGIRXd�\ba�aB\_niY[UI^IR]Yph
Ye\�dmVbLKY[kwG�JMRT^I\bntUI^IaIUI~�V]RXdiG�L g �«\_nmVcd"��GILj^�Y[GILKh;�IY� 

F�GIL«a�Wfa+LKn	RTd�\bn[�_Wb^IR�,jL g R]^�YeGIn[LKL aBWfneY[d� 	F�GIL ��nwdiY©YeGIn[LKL«diL¯k YeRT\b^Bd©RT^_Y[ne\ g UBk�L@Y[GIL J
WZY[GILKJ
WZY[RTkjWfV
JM\ g LjVTd�YeGBWZY Wfn[L�U�deU�WbV]VThvU�deL g RT^�YeGIRXd�V]R]YeLjn[WfYeUIn[L� �¬ L�diYeRXk�V3Ye\rYeGIL-{Z  #%kKW_diL«��GILKn[L"\b^IL g RTJ/Lj^�deR]\_^
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kjWf^ ~BL¦R]^>YeLjnea�neLKYeL g Wbd�W a�ne\_a�Wf�>WZYeRT^I� g RTneL¯k YeRT\b^ Wb^ g W_dedeRTJ/RTVXWZYeL g Ye\:YeRTJML� � Y�diRTJMaIV]RP��L¯dMYeGIL
a�neL¯diLj^_YwWZY[R]\_^`Wb^ g diYeRTV]V#L�lcGIRT~IR]Y[d�Y[GIL�kK\bJMaIVTL�lcR]Yph�Y[G�WZYsJMWUVbL¯d�� UIVTLKn[RTWb^¦²�q W g R � kKUIV]YraIn[\b~IVTLKJ  
F�G�LK^��"Lr®>UIRXk�VSV]hMn[LK}SRTLK�%YeG�Lr^SUIJMLKn[RXkKd«~BLjGIR]^ g u�F�Wf^ g di\_JMLt\ � R�Ywd«JM\_neLsdi\_aIGIRXdpY[RTkjWZYeL g }bLjn[deRT\b^
Wb^ g �_R]}_Lr~BWbdeRTkrR]^ � \bn[JMWfYeRT\b^�\b^�}SRXdekK\_deR�Yph�deRT^I�bVTL�  }ZWfVTUIL g de\bVTUcY[R]\_^�d�Wf^ g YeGILjR]n�kK\bJMaIUcYwWZYeRT\b^Bd04 Yp�«\
deLjk�YeRT\b^�dV6  "F�GILC��^BWfV � \_UIntdeLjk Y[R]\_^�d�aIn[LjdeLK^>Y�Y[GIL g R]�+LjneLj^>YtkKWZY[LK�_\bn[R]L¯d�\ � � UIVTLKn[RTWb^¦²�qx^SUIJMLKn[RXkKWfV
JMLKYeGI\ g d� 
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RT^_Y[LK�_n[WbV@RTd3Y[GIL�aIGShcdeRTkjWfV@VTLK^I�bYeG �"LKRT�bG>YeL g ~Sh�Y[GIL�RT^S}bLKnwdeL/\ � W�diYen[RXk YeVTha+\_deR]YeRT}bL�deJM\>\bYeG deaBLjL g:� UI^Bk YeRT\b^ I £�GILK^�kKL�W`Y[R]JML � \_n�Y[GIL�deR]�_^�WfV Ye\�Y[n[W�}_LKV¤£©Y[GIL/�pYenwW�}bLjV� ¤YeRTJML � £~+L�Yp�"LKLj^�Lj^ g   aB\_R]^>Ywd� #F�GIL�\bacY[R]J
WfVIkKUIn[}bLjdj£fkKWbV]VTL g n[W�hcdj£fWfn[L"kK\b^�diYenwWfRT^IL g WZY@~+\fYeG/LK^ g Wb^ g d[WZY[RTd � h
W!diLKY«\ � \_n g R]^�Wbneh g R]�+LjneLj^_Y[RTWbVBL¯®>U�WZY[R]\_^
�bRT}bLK^
~Sh/YeG�Lrk�VXWbd[deRTkjWfV���UIV]Ljni ¢ª	Wb�bnwWf^I�_L�Lj®>U�WZY[R]\_^�d \ � YeGIL
kjWfVXk�UIVTU�d�\ � }ZWfn[RTWfYeRT\b^51 |bN 3 1 N>{ 3  

�¢^�WsYphSaIRXkKWbV��_LK\ba�G>hcdeRTkjWfVIWbaIaIVTRTkjWZYeRT\b^	£fYenwW�}bLjV� ¤YeRTJMLjd@GBW�}bL�Ye\!~BLtkjWfVXk�UIVXWZY[L g/� \_n J
Wf^Sh3�ede\bUInwk�LK 
n[LjkKLKRT}bLjnp�raBWfRTn[d�\ � a+\bRT^>Y� �+td-YeGIL�W_k YeUBWfV	kK\bJMaIUcYwWZYeRT\b^�\ � Yp�"\
a+\bRT^_Y-nwW�hcd�RTd g R � kKUIV]Yt~BL¯kKWbU�diLv\ �
Y[GILMLK^ g  ¤a+\bRT^>YvkK\b^�diYenwWfRT^>Y[dj£©W g R��1LKn[LK^>YvaIn[\b~IVTLKJ RTd3�_LK^ILjn[WbV]VTh�k�\b^BdiR g LKn[L g /sYeGIL!��^BWfV�A�4F9m9YCZA skK\b^�diYenwWfRT^>YrRXdtn[LKVXWZlcL g ~IUcY3YeG�L/kKUIne}_LjdsWfn[L�WbV]VT\Z�«L g Ye\ g LKa+LK^ g \_^¦W�aBWfnwWfJML�Y[LKn-Y[G�WZY�kjWf^�LjR�Y[GILKn
n[LKa�neL¯diLj^_Y�Y[GILKRTn-RT^IR�Y[RTWbV g RTneL¯k Y[R]\_^ 4 \bn-Wb^I�bVTL_6"RT^�YeGIL!kjWbdeL3\ � Wf^`RTde\fY[ne\_aIRXksde\bU�n[kKLra+\bRT^>Yt\bn-deR]JMaIVTh
Y[GIL"R]^IR]YeRXWfVca+\_deR]YeRT\b^[A�4�r 9�C\A E £f��GILjneLBA E diaBWf^�d#Wt�_R]}_LK^!de\bU�n[kKL«deUI~c  JMWb^IR � \bV g  �¬:L"JMW�hvLKlcaIV]RXk�R]YeVTh
��n[R]YeLrYeGIL g LKa+LK^ g LK^�kKL7A:46517�A"EG9 RT^�Y[GILvdiL¯®>UILKV� �¬ L3k�\_^�k�Lj^_Y[n[WfYeLr\b^�Y[GILvdiL¯k�\_^ g kjWbdeL� �F�GILvWbk Y[R]\_^
kjWf^�~BL3J
W g L3deVTR]�_G_Y[V]h�J/\_neL3�_LK^ILjn[WbVB~Sh
Y[GIL�W gIg R�Y[R]\_^�\ � W��bRT}bLj^�RT^IR]YeRXWfV1YenwW�}bLjV� ¤YeRTJML � U�^�k Y[R]\_^^] E
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Y[GIL
di\_UInwk�L/neLj�bRT\b^�RT^ \_n g LKnsYe\`k�\Z}_LKn3Wbds�«LjV]V W_dsaB\>dedeR]~�V]L/YeG�L/n[LjkKLKRT}bLjnrn[LK�_R]\_^  �P>YwWf^ g Wbn g q&#t�
de\bVT}bLjn[d"kKWb^`~BLvU�deL g Ye\ g \�de\ 4 deLKLvdeLjk Y[R]\_^`{.6  

¬:L3��R]VTV§U�deL3W � UIneYeGILjn�diRTJMaIV]RP�BkjWZYeRT\b^�YeG�ne\_UI�bGI\_UcY�Y[GIRXd�a�Wfa+LKn-Wb^ g n[L � Ljn«Y[\�R]Y-Wbd«YeG�L �T���Q��W1	����
JM\ g LjV  � YtkK\b^�deRTdiY[d"RT^�W g R]JMLK^BdiRT\b^�WbV§neL g U�k�YeRT\b^�\ � YeGILvaIn[\b~�V]LjJ ��GILK^�YeG�LvaIGShSdeRXkKWfV©deR]YeU�WfYeRT\b^�RTd
deU�kwG/YeGBWZY�nwW�hcd�aIne\_a�Wf�>WZY[L"WbV]\_^I�vWvaIn[R]}SRTV]Lj�bL g WZlcRXd@U�deU�WfVTVTh g Lj^I\fY[L g�� 4 � \_n g LjacYeG@6�R]^
�_LK\_aIGShSdeRXkKd� 
/ \bn[L-aIn[Ljk�RXdeLKVTh!�"LrWbd[deUIJML�YeG�WfY«^I\�n[W�h/kKWf^MY[UIn[^�~�Wbk�V/RT^
YeGIL ��g RTn[Ljk Y[R]\_^  �F�GILK^©£ � kKWf^
~+LtUBdiL g
Y[\Ma�WfnwWfJML�Y[LKn[R�,jLtY[GIL�k�U�ne}_Ljd"R]^BdpY[LjW g \ � 5� +td-WMkK\b^�deLj®>UILj^�k�L_£>�"L�kKWb^��"\bnQV
��R]YeG (   #xk�UIn[}bL¯db/
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F�G�L aIn[\b~IVTLKJ GILKn[L RXd©Y[\tdeR]J�UIVTWfYeL a+\bRT^>Y#de\bUInwk�L@RT^IR]YeRXWfVTR�,¯WZY[R]\_^;4 nwW�hcd ��\Z��RT^I��R]^ g R��1LKn[LK^>Y g R]n[Ljk�YeRT\b^�d
� n[\bJ W/deRT^I�bVTL3aB\_R]^>YV6"U�^ g LKn�Y[GILva�Wbn[WflSRXWfV1JM\ g LKV§��G�LKn[LrY[GILv^�WfYeUInwWfV�¥"WbU�kwGSh g WZYwW�RT^IR]YeRXWfVTR�,¯WZY[R]\_^
WfY � C r�kK\bn[neL¯dia+\b^ g dtY[\�\b^�L
n[W�h�a+LKn!aB\_R]^>Y� �¬ GILK^­Y[GIL�de\bUInwk�LMa+\bRT^>Y;4 nwW�hSd �B\Z��R]^I�`RXdi\bYen[\bac 
RXkKWbV]VTh¦RT^ WfVTV g RTn[Ljk Y[R]\_^�dV6sRTdvVT\ckKWfYeL g RT^ W ,K\_^IL
\ � k�\_^�dpYwWf^>Y!deaBLjL g 4 YeGIL�Wb^�WfVTh>YeRXkKWbV di\_V]UcY[R]\_^­RTd
VS^I\Z��^/Wf^ g �"L�kjWf^MdiLKY�YeGIL�RT^IR�Y[RTWbV�k�\_^ g R]YeRT\b^MW��"W�h � n[\bJxY[GIL�di\_UInwk�L"aB\_R]^>Y�Ye\vW�}b\_R g YeGIRXd�aIn[\b~IVTLKJ  

F�GIRXdMRXdMGI\Z�«Lj}bLjn�^I\bY�WfVT�"W�hcd!YeGIL�kKW_diL`Wf^ g ���«\_UIV g VTR�V_L�Y[\:LKlcaIVTWbR]^ GILjneL`W:aIn[W_k Y[RTkjWfV�Wfac 
a�V]RXkKWfYeRT\b^­\ � YeGIL/�pnwWfn[L � W_k YeRT\b^ L��1Ljk�Yp�
\b~�deLKn[}bL g RT^ kKW_diL�¥r£����_UIn[L�z� �F�G�L
aIG�WbdeL � 465 � 7 O 9sG�WbdvW
g RTd[k�\_^_Y[R]^SUI\_U�d��bnwW g RTLK^>Y/WfY�� C �  YeGBWZYMaIne\ g UBk�Ljd g RT}bLjne�_R]^���n[W�hcd�\b^ L¯WbkwG diR g L� \+rdMWfVTneL¯W g h
^�\fYeRXk�L g £SYeG�LKn[LvRTd�W
kKLK^>YeLjn ,K\b^�Ls��G�RTkwG�RTd-^I\fY-k�\Z}_LKn[L g ~>h�YeGILt�ek�VXWbd[diRXkKWbV �sn[W�hcd� #F�GIL�ª�Wf�_n[Wb^I�bRXWf^
de\bVTUcY[R]\_^�kjWf^I^I\bY�Y[W�V_L3R]^>Ye\
W_kKk�\_UI^>Y�YeGIL�deR]^��bUIVXWfn[R�Yph
\ � Y[GILvaIG�W_diLvWZY � C��   

¬:L�Y[GILKn[L � \_neLMY[UIne^­Y[\`YeGIL g LB�B^IR�Y[R]\_^ 4�!>{+63\ � }SRXdekK\_deR�Yph di\_V]UcY[R]\_^�d3Y[\�UI^ g Ljn[diY[Wb^ g ��G�WfY�YeGIL
de\bVTUcY[R]\_^vRTd� A+DdiRTJMaIVTL���W�htY[\ � \bnwk�L"WfVTV_aBWZYeGBd©Y[\tLKJ
Wb^�WZY[L � ne\_JxW-�bRT}bLj^t�ide\bU�n[kKL �@aB\_R]^>Y��  RTd	Ye\rU�diLY[GIL-RT^IR]YeRXWfV�a�G�WbdeL � UI^�k�YeRT\b^ ] E Y[\�a+LK^�WbV]R-,KL-WbV]VB\fYeG�LKn a+\bRT^>Y[d� 0M�\bn RT^�diY[Wb^�k�L�] E 4���9 C _#"B7��-� �C��  
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(j+1) dt

j dt

i dx(i-1) dx (i+1) dx

(j+1) dt

j dt

i dx(i-1) dx (i+1) dx

(j+1) dt

j dt

i dx(i-1) dx (i+1) dx

(j+1) dt

j dt

i dx

C

(i-1) dx (i+1) dx

A B

D

M�RT�bU�neLvzG/ F�G�L � \_UIntu�RTLKJ
Wb^I^�a�ne\_~IV]LjJ kKW_diL¯dC4 M 9�C M 5_6� 

Wb^ g ] E 4��  9[C{r¦aIn[Ljk�RXdeLKVTh:W_kwGIR]Lj}bL¯d3YeGIRXd��b\_WbV  F�GIRTd�VXWbdiY/kwGI\_RTkKL�kKWb^I^I\fY�~BL�U�deL g RT^�aInwWbk�YeRXk�L� 
+ ^SUIJMLKn[RXkKWfVTVTh�deW � L���W�h`Ye\`WfaIa�ne\�lcRTJMWfYeL�R�Y�RXdP] E 4�� 9�C � 
 � �0�  
+��GILKn[L �%RTdsYwW�VbLj^ W_dr~�R]��Wbda+\_d[deR]~IVTL� �F�GIRXd�aIn[Ljk�RXdeLKVTh!k�\_nen[LjdeaB\_^ g Y[\t�pnwWfn[L � W_k Y[R]\_^S�"kKW_diLt¥ g RTd[k�UBdedeL g RT^MdeLjk�YeRT\b^ !� 8{r��GILKn[L�YeGIL
deVT\ba+Lv\ � YeGIL!n[W�hcd�RXd � �  ^"LjkjWfU�deL3YeG�L��bnwW g RTLK^>Y + � C 4 � � 7 ��� 9�d[WZYeRXdQ��Ljd"Y[GIL!� R-Vb\_^�WfV	Lj®>U�WZY[R]\_^4 |.6 � kjWf^I^�\fYrLKlIk�LKL g & ( YeGIL/RT^>}_LKnwdiL!\ � YeG�L/deaBLjL g  MIn[\bJ W�^>U�J/LjneRXkKWbV�a+\bRT^>Ys\ � }SR]Lj�v£BY[GIL�¥NM#ª
kK\b^ g R�Y[R]\_^�RXd�LK}_LK^�JM\bn[LsdiYen[R]^��bLK^>YC/

M 9M � ) 
 � � 

 ��� 
 C

 &( � ��� 6

� O
F�GIL/RT^IR�Y[RTWbV@aIG�W_diL ] E 4�� 9 C � 
 � � �  
BJMR]JMRXkKd3W�a+\bRT^>Y3de\bU�n[kKL�ª	Wb�bnwWf^I�_RTWb^�R]^�R�Y[RTWbV]R-,jWfYeRT\b^�~Sha�ne\ g U�kKR]^���W � Wf^�\ � � nwW�h_�-a�WZY[G�d � ne\_J �  YeGBWZY ��V]V1Y[GIL � Wf^�VTL � Y�LjJ/aIYph
~>hMY[GILvk�VXWbd[diRXkKWbV g R]}_LKn[�bRT^I�

nwW�hcd� �F�G�L�R]^>Y[ne\ g U�k�YeRT\b^­\ � W�deR]^I�_UIVXWfn[R�Yph�RT^­YeG�L�R]^�R�Y[RTWbV aIG�W_diL � UI^Bk YeRT\b^­Y[GILKn[L � \_neL
�_LK^ILjn[WfYeL¯dsW
a+\bRT^>Y-di\_UIn[kKL3R]^IR]YeRXWfVTR-,jWZY[R]\_^�Y[G�WZY-�"\bU�V g \fY[GILKn[��RTdeLs^I\fY-~+LvaB\>dedeRT~IV]L3U�deRT^I�/YeGILva�Wbn[WflcRTWbV+JM\ g LjV  

+xdeL�Y�\ ��g RT}bLKn[�bRT^I��n[W�hcdj£_Y[GI\bU��bG�^I\fY � n[\bJ W/diRT^I�_V]L3a+\bRT^_Y¯£IkKWb^�~+LvR]^�R�Y[RTWbV]R-,KL g U�deRT^I� ] E 4�� 9�C
� 
 ��� �  
 6� #¬:L3kKWf^�WfVXdi\�RT^>Yen[\ g U�k�LsWf^ �"a�Wbn[WbJ/LKYeLjn g LjaBLj^ g LK^>Y�diJM\S\fY[GIRT^I�!\ � YeGILsdiRT^I�bU�VTWbneR]Yph�\ �

 � � �  
�£bY[GILrdeR]^��bUIVXWfn � UI^Bk YeRT\b^�~BLjR]^I��YeGIL r3V]RTJMR�Y& �F�G�Ltk�\_^ZopLjk�YeUIn[L-\ � Y[GILtk�\_^S}bLKn[�bLj^�k�L�W_d � < r
\ � YeGIL/di\_V]UcY[R]\_^`Ye\Z��Wfn g d�de\bJML g R]�+nwWbk�YeRT}bL���W�}bLva�GILK^I\_JMLK^�W
RXdj£�R]YsdeLKLKJ
d-Ye\�JML_£+Wb^�R]^>YeLjneL¯dpY[R]^��
\_^IL� 
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��(
+rd/L�lcaIVXWfRT^IL g R]^ diL¯k YeRT\b^I!� ( £�Y[GIL�k�\bJMaIUIY[Wf~�V]L�}>RXd[k�\_deR]Yph­de\bVTUcY[R]\_^�RXd/deRT^I�bVTL�  }ZWfVTUIL g  F�GIL ��nwdpY
\_~S}>RT\bUBd/YeLjkwG�^IRT®>UIL�Ye\�kK\bJMaIUcY[L¦W J!U�V�Y[R�  }ZWfVTUIL g ²�q de\bVTUcYeRT\b^%~ShD��UIV]LjneRXWf^ JML¯Wf^�d�RTd�Ye\H��^ g
W�kK\bJMaIUcYwWf~IVTL���W�h�Ye\ diaIVTR]Y�YeGIRXd�J�UIV]YeR] ¤}ZWfVTUIL g de\bVTUcY[R]\_^:RT^>Ye\¦W_dvJ
Wf^Sh deRT^I�bVTL�  }ZWfVTUIL g de\bVTUcYeRT\b^�d
W_dM^ILjkKLjd[deWbneh� F�GIRTd/Y[UIn[^�d
\bUIY
Ye\­~BL�^�\b^ Yen[R]}SRXWfVv£�Ljd[deLK^>YeRXWfVTV]h � \_n��bLj\bJML�Y[neRXkKWbV�neL¯Wbde\b^�dj£�Wf^ g
WbaIa�WbneLj^_Y[V]hMkKWb^I^I\bY«~+L g \b^ILsWfUcY[\bJ
WZY[RTkjWfVTV]hM��R]YeGI\_UcY�W!aIn[R]\_neR:VS^I\Z��V]L g �bLt\ � Y[GILsdiYen[U�k�YeUIn[Lt\ � YeGIL
J�UIV]YeR] ¤}ZWfVTUIL g de\bVTUcYeRT\b^  � ��� &	�$*��!����) � ������� � ���
�
��-/� ��
 � *���� ��� �3����* 
#% � ����* � ��� �
¬:L�GILjneL�Wbd[deUIJML�Y[G�WZY �"L�Wfn[L g L¯WfVTR]^��s��R]YeG
W3k�UBdia+L g kKWbU�diYeRXk  �F�GIL�J!UIV]YeR] ¤}ZWbV]UIL g di\_V]UcY[R]\_^/kjWf^/~BL
deaIVTR�YvRT^>Ye\�YeGIn[LKL
deR]^I�_V]LK ¤}ZWbV]UIL g ~InwWf^�kwG�Ljd g LKVTRTJ/R]Y[WfYeL g ~Sh`YeG�LMkjWfU�diYeRXkMk�UIn[}bL���GIRXkwG:kK\bn[neL¯dia+\b^ g d
Y[\/YeGILvaIn[\fopL¯k Y[R]\_^�d"\b^>Ye\ 4�517�A?9"dea�W_k�L� 

�¢^	���bU�neL�*S£Z�"L�neLjaIneL¯diLj^>Y	YeG�L«Y[GIn[LKL � WfJMR]VTRTLjd�\ � n[W�hcd�\bn�aB\_niY[R]\_^�d#\ � nwW�hcd	��G�RTkwGMWfn[L«W_dede\ck�RXWZYeL g
��R]YeG�L¯WbkwG�~InwWf^BkwG`Wb^ g RT^����bUIn[L!|/Y[GIL�kK\bn[neL¯dia+\b^ g R]^I�MVTLK}_LKV�kKUIn[}bLjd�\ � YeGIL!aIG�WbdeL� �F�GIL!V]L � YsWf^ g
n[RT�bG>Yr~InwWf^BkwGILjd	4 � 4�� Wb^ g � 4 �&6rWfn[L�W_dede\ck�RXWZYeL g ��R�Y[G�Y[GIL�nwW�hcd-~+L � \_neL!YeGILjh�neL¯WbkwG`YeG�L/kjWfU�diYeRXkf£
Y[GILvVXWbdiY-~In[Wb^�kwG 4 _74C6�RXd��bRT}bLj^�~Sh�YeGILva+\bneYeRT\b^�d-\ � n[W�hcd"\b^�kKL3YeGILjh�G�W�}_L3a�Wbd[diL g Y[GIL!kjWfU�diYeRXk  +
kK\bJMa�WbneRXdi\_^¦��R]YeG5���_UIneL�!�deGI\Z�-dsYeGBWZYvYeG�L
}>RXd[k�\_deR]Yph¦di\_V]UIYeRT\b^:RTd�kK\bJMa+\_deL g \ � YeGIL
VTL � Y!~�n[Wb^�kwG� 4�� � \bn$A � r O��rWf^ g YeGIL�n[R]�_G_Y�~InwWf^�kwG�� 4 � � \bn$A�� r O��	4 YeG�LKhvJ
WZYwkwG�\_^�YeG�LNVSRT^?VPA C r O��+6� �F�GIL
}SRXdekK\_deR�Yph�di\_V]UIYeRT\b^`YeG�LKn[L � \bn[Lv^ILj}bLKn��pn[LjW_kwGILjdp�rY[GIL!kjWfU�diYeRXk  :^"h�YeGIRXdt�"L�JMLjWb^`YeG�WfYtY[GIL!a+\bneYeRT\b^�d
\ � nwW�hcd�R]JMaIVTRXk�R]YeVTh/W_dede\ck�RXWZYeL g ��R�Y[GMYeGIL-}SRXdekK\_deR�Yph�di\_V]UcY[R]\_^ g \v^I\fY«neL¯WbkwG�YeGILtkjWfU�diYeRXkC4 Y[GIL-^I\bY[Wb~IV]L
LKlIk�LKaIYeRT\b^¦RXdrYeGIL
deR]^��bUIVXWfnrYeRTa \ � Y[GIL/kjWfU�diYeRXk/WfVXdi\`kKWbV]VTL g YeGIL
k�UBdia 6� �PSUIa+LKn[RTJ/a+\_deRT^I��Y[GIL/YeGIn[LKL
a�V]\bY[d«R]^�L¯WbkwG!���_UIn[Lt�bRT}bL¯d ~�W_k�V�n[Ljdea+Ljk Y[R]}_LKVTh!Y[GIL3k�\bJMaIVTL�Y[L � WbJ/RTVTh/\ � n[W�hcd Wb^ g Y[GILrJ�UIV]YeR] ¤}ZWfVTUIL g
a�G�WbdeLM4\���_UIneL�{.6  

��W_kwGM~In[Wb^�kwGMdiLja�WfnwWZY[LKVTh!kKWb^�~+LtdeGI\Z��^!Y[\�deWfYeRXd � h/Wf^M\baIYeRTJMWbVIkwG�WfnwWbk�YeLjneR-,jWfYeRT\b^!VTR-VbLC4�!>{+6�Wf^ g
RXd3RT^_Y[LKn[aIn[L�YeL g W_dsYeGIL
}SRXdekK\_deR�Yph�de\bVTUcY[R]\_^ \ � YeG�L � WfJMRTV�Y[\b^c ¢¡>Wbk�\_~IR�Lj®>U�WfYeRT\b^ deL�Y�RT^:YeGIL g \_J
WfRT^
kK\bn[neL¯dia+\b^ g R]^���Y[\
YeG�L�Wbk�YeU�WbV	deUIaIa+\bneYt\ � YeG�L!~InwWf^�kwG 1 (U(
3  / \_neLvaIn[LjkKRTdeLKVThb£BR � �"L g Lj^I\fY[L�� ����� £� �	�

�
Wf^ g �'� � YeGIL�YeGIn[LKL�~InwWf^BkwGILjd
\ � YeGIL�a�G�WbdeLb£"YeG�LKh R]^ g R]}SR g U�WfVTVTh d[WZY[RTd � h�L¯®_UBWZYeRT\b^ 4¤{ ( 6

\_^­YeGILjR]n�neL¯dia+Ljk�YeRT}bL g \bJ
WfRT^ 4 n[LKaIn[LjdeLK^>Y[L g \b^ ���_UIn[L�|.63~+\bU�^ g L g ~>h YeG�L�kKWbU�dpY[RTk� �F�GIL�RT^IR]YeRXWfV
kK\b^ g R�Y[R]\_^�d � \bn�Y[GIL � 4x~�n[Wb^�kwGILjd�WbneL3�_R]}_LK^�~>h5] E Wf^ g �p\_UcYi  �b\_R]^��Z�r\_n�GI\bJM\b�_LK^ILj\bU�d�DtLKUIJ
Wf^�^
~+\bU�^ g Wfn[h k�\_^ g R]YeRT\b^�d�kKWb^�~BL:U�deL g WfVT\b^I� Y[GIL kKWbU�dpY[RTk� F�G�L _74 ~�n[Wb^�kwG©£-��GIRXkwG � \_neJ
d�YeGIL
n[LKJ
WbR]^IRT^I� a�WbniY�\ � YeGIL¦J!UIV]YeR] ¤}ZWbV]UIL g di\_V]UIYeRT\b^ \b^Bk�L�Y[GIL�nwW�hSd�G�W�}bL�a�W_dedeL g Y[GIL kjWfU�diYeRXkf£�U�deLjd
#rRTneRXkwGIVTL�Y ~+\bUI^ g Wfn[h�k�\_^ g R]YeRT\b^�d�] � � C ] �	��� \_^�Y[GIL-n[R]�_G>Y�aBWfneY \ � YeGILtkjWfU�diYeRXk�Wf^ g ] � � C�] �	�

�\_^�Y[GILvVTL � Y-a�WbniY  � ��� &	�$*��!����) ���`) �������+�3� �����
F�G�LKn[L«G�W�}_L�~+LKLj^/deLK}_LKnwWfVSWZYiY[LKJMacYwd#Ye\sR]JMaIVTLKJMLK^>Y�YeG�L"~�n[Wb^�kwG�deaIVTR�YeYeRT^I�vWfVT�b\bn[R]YeGIJ \ � diL¯k Y[R]\_^!N  (  
F�G�L"J
WbR]^ g R � kKUIV]Yph!RXd#YeGIL�VT\SkjWfVTR�,¯WZY[R]\_^!\ � YeGIL-kjWfU�diYeRXk"~B\_UI^ g Wbneh_£ZR]^M\_UIn@kKWbdeL�W � n[LKL�~+\bUI^ g Wfn[h!Wbd
R]Y g LKa+LK^ g d«\b^MY[GILrde\bVTUcY[R]\_^
R�YwdiLjV �  X�¢^
Y[GIL-\bn[RT�bRT^�WfVIaBWfa+LKn>1 (U(B3 £,��U�deL g Wb^
� UIVTLKn[RTWb^
}bLKnwdeR]\_^/\ � YeGIL
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M#RT�bUIn[L *,/0MIn[\bJ VTL � Y�Y[\�n[R]�_G_YT/	Y[GIL � WbJ/RTVTR]L¯d \ � nwW�h�W_dede\ck�RXWZYeL g ��R�Y[G
YeGILtYeGIn[LKL g R��1LKn[LK^>Y�~�n[Wb^�kwGILjd
\ � YeGILMª	Wb�bnwWf^I�_RTWb^�di\_V]UcY[R]\_^  rF�G�L/kjWfU�diYeRXk�RXdtUBdiL g Ye\�diaIVTR]YrY[GIL�nwW�hcd� T�¢^�a�WbniY[RTkKUIVTWbn-Y[GIL�~�n[Wb^�kwG_74 RTd-JMW g L3\ � YeGILvn[LKJ
WbR]^IRT^I�/a�WfneY[d�\ � Y[GILvn[W�hcd"\ � YeG�Lv~In[Wb^�kwGIL¯d � 43d�diYe\_aIa+L g WZY�YeG�L�kKWfUBdpY[RTk
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M#RT�bUIn[LM|G/ MIn[\bJ VTL � YvYe\`n[R]�_G>Y8/3F�GIL
k�\_nen[LjdeaB\_^ g RT^I��VTLK}_LKV@k�U�ne}_Ljds\ � Y[GIL
aIG�W_diL� �F�GILM}ZWfVTUIL¯dr\ �
Y[GILv~InwWf^�kwG�Ljd � 43d�Wf^ g _74 JMWfY[kwG�\b^�YeG�LKRTn�neL¯dia+Ljk�YeRT}bL3a�WfneY�\ � YeGILvkjWfU�diYeRXk  
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dehcdpY[LKJ \ � L¯®>U�WZY[R]\_^54 ( )+6"kK\bUIaIVTL g Y[\MYeGILv� R-Vb\_^�WfV§L¯®>U�WZY[R]\_^54¤{ ( 6«RT^`\bn g LKn�Y[\ g L�YeL¯k Y�Y[GIL�kKWbU�dpY[RTk
~+\bU�^ g Wfn[h� �F�GIRXd��>W�}bL
W�deL�Y!\ � � UIVTLKn[RTWb^­YenwWf^�deaB\_niY�L¯®>U�WZY[R]\_^�d�k�\_UIaIVTL g Y[\94 { ( 6 � \_n!W�}ZWfn[RTWb~IVTL
� 4�517�� 9 g LB�B^IL g Wbd
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