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skoPiT»°oPsk�h�n�§�FwAb!skiAckb,v��FenmpoXiPe��B�PgFenmpo)b,¾{�Psu�FenmpoÓ��wPehv?wÓeho�vd�h�PiAb,g'�	mk�Fw¼skiAckb,v��Fenckb¿skoPiÓiPen�	�Pgenckb�Ë°�fÍfb,gdz
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Ù �Pv?wµb,¾4�Psu�FehmpoPg�sulehg7b-q¬lFmp�D�FwAbÃeho4�7bd�klsk��q�mkl�£mkq}�FwAb¿v�mpoPg7bdlFcusu�Fenmpo8�hs©��mÆckbdl�skoXsulF��en�7lsul��lFbd�penmpo.-
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��wAbdlb ä8 e�g��FwAbÃmp�A����suli8¸	mpeho4�FehoA�)oAmkl�Ósk�Bsu���FwAbÃ�	mp�PoPiPsul� / - skoPi ä�8çWã���ì<
fæ ehg��FwPb¿Ë°�fÍ¼ckb,v��7mkl©�
À�wAb*e�o��7bd�klsk�Úmkq ÜPÝ ehg�v�mpoPgFbdlFckb,iI�P¸8�7mTË°�fÍfb,g��FwAlmp�A�pw8�FwAb*�	mp�Po�iPsulF�k��À�wAbÃq¹�PoPv��Fehmpo Ü lbd¸PlFb,g7b,o4�Fg
�FwAb2vdsu¸°skvden���XmkqE�FwAb*��b,iPe��P� skg�eh�h���Pg7�7lsu�7b,iXeho8�FwPbÃq¬mp�h�hm©��ehoP�§�ê�Sm¼b�Ífsk�T¸��nb,g �
|u���o§wAb,su�}v�mpoPi��Pv��FenmpoBzuenq Ý ehgÚ�FwAbN�7b,��¸	bdlsu�F�PlFbN�FwAb,o ã � æ �penckb,g}�Pmp�Alenbdl�= g?>Ús©�ÉmkqPwPb,su��v�mpoPi��Pv��Fenmpo
q�mkl!�FwAb2Ë��fÍ8mkqNwAb,su�!b,oAbdlF�k�k�¿À�wAb2b,oPbdlF�k�jg7�7mklFb,iºeho��FwAb2lFbd�pehmpo@-Ìehg5A 1 Ü�ÝB3�ëC3�í ��wAbdlFb Ü ehg
�FwPb2wAb,su��vdsu¸�skvdeh���XmkqE�FwAb2�Tsu�7bdle�sk�BskoPi ã ± æ sul?ehg7b,g�q�lFmp� v�mpoPg7bdlc�su�Fenmpo�mkq}b,oPbdlF�k�k�

x{�� q Ý lFbd¸PlFb,g7b,o4�Fg!�FwAb�v�mpoPv�b,o4�7lsu�FenmpoºmkqSs¼�7lskv�bdl*ehotg7mp��b§Ë°��ehi�gFsu�F�Plsu�FehoA�XsÓ¸	mklFmp��g!�Tb,iPeh�P�8z
sko�i enq ÜÚã�ë}ì7íAæ ehg!�FwAb�¸	mklFmpgFen�ê��mkqN�FwPbT��b,iPeh�P�Âg7m8�FwPsu�DA 1 Ü}ã�ëÚì7íPæ�3pëC3�í ehg!�FwAb�ckmp�h�P�Tb§mkqE-
�-wPehvwÊe�g�s,cuskeh�hsu���nbX�7m��FwPbXË°�PehiBz'�FwPb,oFA 1 ÜPÝ43pë53pí ehg)�FwAbj�7mk�Fsk���TskgFg�mkq!�FwAb8�7lskv�bdlµehoá�FwAb
lbd�penmpoF-¿�Gêq-�FwAbXË°�Pe�iÉehg§Ë°m©��ehoP�t�FwPlFmp�A�pwá�FwAbX¸	mklFmp�Pg���b,i�eh�P� ��en�Fw<�FwAbjÕ¿sulv��<ckb,�nmfvden���
ã�å}ìH'fæ)ã iAb�»�oAb,ij�	b,�nmÆ� æ �FwPb,o��FwAb)v�mpoPg7bdlc�su�Fenmpoº�hs©� ã ± æ sul?ehg7b,g-��en�Fw�Ë°�fÍfb,g ã � æ �) q'�FwAbÁ�7l?skv�bdl
sk��g7mÓiPe��B�Pg7b,g�ehoX�FwPbÃË°�Pehiµ�FwAb,o�iPe��B�PgFenckb!Ë°�fÍfb,g�sulFb2sk��g7m�¸PlFb,g7b,o4�d�

I-mk�7b��FwPsu�'�FwAb�eho4�7bd�klsk� A 1 ÜPÝ43pë53pí vdskoÓsk�hg7m!��b�eho4�7bdlF¸Plbd�7b,i§skg'sko�e�o��7bd�klsk�{mkq Ý mÆckbdlJ-É��en�Fw§lFb,g7¸	b,v��
�7m¿�FwAb���b,skgF�Alb 3,KIçèÜ�3�ëC3pí ��À�wPe�gÚeho4�7bdlF¸PlFbd�Fsu�Fehmpo§�Ós,�2�	b=�Pg7bdq¹�P�4e�oÁ�Po�iAbdlg7�FskoPi�ehoA��mp�Al���sulF�7b,gehsko
�klehiµ»�oPen�7b¿ckmp�h�P��bÁeho��7bd�kl?sk�hgd�

L4MON PRQJS�TVU#WXTVU,Y[Z#\	Q�]^Z2_a`GS�Y9WJY9S!\bZ�cedHfaQJS�Z#\bTgQh\OQiZ2T^jkQa\bZ2`mlgTgn	fao(`po^`qZ2_aTsrat.TgQU#`q]ifanbY9U@]VU,\	rat
ÄÌ»°oPeh�7b*ckmp�h�P��b§��bd�FwAmfiIe�g���skg7b,iImpotiPencfehiPehoA�)�FwAbÁ¸�w4�{gFe�vdsk��lFbd�penmpoteho4�7mT»°o�en�7b*ckmp�h�P�Tb,g ã e÷�òbk���klehi
v�b,�h�hg æ sko�i¼lbd¸PlFb,g7b,o4�FehoA�§�FwAbÃo4����bdlehvdsk�	su¸P¸Plm,ÍAeh�Tsu�Fenmpoµ�{�¼v�b,�h�	s,ckbdl?su�kb,g�mÆckbdl��FwAmpg7b*v�b,�h��gd�'À�wAbÃv�b,�h�
s,ckbdl?su�kbTehg-�P¸	i�su�7b,i�ehoIb,skvwt�Feh��b)g7�7bd¸t�4�Isu¸P¸PlFm©Ífeh�Ósu�FenmpoPg��7mX�FwAb2Ë°�fÍj�FwAlmp�A�pw�b,skv?wºb,iA�kb§mkq��FwAb
v�b,�h�÷� · bÁsulFb*v�mpoPv�bdloAb,i8wPbdlFbÃ��en�FwXsÓ��sulF�7b,gehskoX�klehiXmkq��FwAb¿q¬mkl?� gFwAmÆ��o8ehoX�Een�p�AlFb�|u� · b2gF�FsulF���4�
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��eh�p�AlFbT|��=��sul�7b,gFehsko8�kle�iX��en�Fw8v�b,�h�������2gFwAm©�-o8ehoXb,oP�hsulF�kb,�Tb,o��

v�mpoPgFe�iAbdlehoA�Ás§��oPenq�mkl�/�kle�iÓ��eh�Fw¼g7¸°skvdehoA��� ë skoPi�� í mpoXs2lb,v��FskoA�p�P�hsul�lFbd�penmpo�z{�-en�Fw¼oPm§enllFbd�p�P�hsul
�kbdmp��bd�7lF�8�7m¼wPskoPiP�nbk�

À�wPbÃ�klehi8ehg�eho�iAb�Í{b,iX�{� ãKJFì5L4æ skoPi �"!��� lbd¸PlFb,g7b,o4�Fg��FwAb2su¸�¸PlFm,ÍAeh�Tsu�FehmpoX�7mT�FwAb*s,ckbdl?su�kbÁcusk�h�Ab,g�mkq
Ý mpojv�b,�h� ãKJì5L4æ su�-�Feh��b î ! ��eh�FwXlFb,g7¸	b,v����7mT�FwAb2�Tb,skgF�AlFb Ü 3pëC3�í �
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+!gFehoA�Á�FwAb-q¹skv����FwPsu���FwAb¿sulFb,s2mkq�v�b,�h�,���	�!ehg-� ë � í z{�=b¿iPb�»°oAb��FwPb!s©ckbdlsu�kbÃc�sk���Ab-mkq Ü m©ckbdl�v�b,�h�,�����
skg
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I-mk�7b2�FwPsu��ehq Ü � |uzP�FwAb,o Ü ��� � |*sko�i ã ~ æ lFb,iP��v�b,g��7mT�FwAb*g7�Fsko�iPsulijv�b,�h�Ús,ckbdlsu�kbk�>Úbd�"/ �10 R�2�`&3 � skoPi54 � 3 �*0 R�2�` lFbd¸PlFb,gFb,o��!�FwAb)o4�P�Tbdlehvdsk�ÚË°�fÍfb,g-su�¿�FwAb)�nbdq��-b,iA�kb)skoPit�	mk�7�7mp�Âb,iA�kb
mkq��FwAb¿v�b,�h�÷z4lFb,g7¸	b,v��Fenckb,�n�k��À�wAb,g7b�Ë��fÍ{b,gS��eh���A�	b-��b,skgF�PlFb,i¼e�oÓ�PoPeh�Fg�mkq Ý Ë�m©��e�oA�2oAmkl�Ósk���7m§�FwAb!b,iA�kb
¸	bdlN�PoPeh���Fe���b�¸	bdlN�PoPeh�E�hb,oA�k�FwB� ��b,o�v�b��FwAb��7mk�Fsk��Ë°�fÍ)�FwAlFmp�P�pw��FwAb��nbdq���b,iA�kb�m©ckbdl=�FwAb��Feh�Tb�g7�7bd¸6� î z
q�mkl�b�Ífsk�T¸��nbkz�ehg��pehckb,o8�4��� î � í / �10 R�2�`&3 � �� oX¸	mklFmp��g���b,iPehs)¸Plmk���nb,�Tg��FwAb,gFbÃË°�fÍfb,g�sulFb2v�mp��¸°�A�7b,i�PgFe�oA�T�FwAb87  :9<;>=2ckb,�nmfvden�ê��skoPiteho�wAb,su�!�7lskoPgFq¬bdl!¸PlFmk���hb,�Tgdz��FwPbd�jsulFb§v�mp�T¸��A�7b,it�PgFehoA�¼sko����5��;7"$�@?2�
; �2�[���A;�"$�1?7�$"B=u� · b*b�Íf¸��hskehoX�	mk�FwXmkqE�FwAb,g7b2�Plenb�Ë��¼oAm©�*�

�Een�p�Alb§x¼gFwAm©�-g!sµvdsulF�7m{mpotmkq'Ë�m©�WehoIsÓ¸	mklFmp��g-��b,i�eh�P� �-wAbdlFb2�FwPb§gFw�skiAb,i�lbd�penmpoPg-lFbd¸PlFb,g7b,o4�
lFmfv��ºmkl2gFsko�iB�TÀ�wAb)Ë°��ehitckb,�nm{vdeh��� �Ts,�º�	b��hsulF�kbÓe�oº�FwAb�lFbd�penmpoPg*��wAbdlFb)Ë°��ehiºehg!Ë�m©�-ehoA�Az����P�*en�*ehg
�dbdlFmºehoôgFmp�hehi lFbd�pehmpoPg2�-wAbdlFbT�FwAbdlbµehgÁoAmjË��PehiB� ��b,o�v�b¼�FwAbXs,ckbdl?su�kbXwPmkle!�dmpo4�Fsk�Nckb,�nmfvden�ê�ôskv�lFmpgFg)s
ckbdlF�Fehvdsk�S�hehoAbTgFbd�p��b,o��§gF�Pv?wôskgÁ�FwAbTmpoAbµg,�kbd�FvwAb,i<eho �FwPbT»��p�AlbTehg2�nb,ggÃ�FwPsko��FwPbTË°�Pe�iIckb,�hm{vden�ê��su�
sko4��¸�sulF�Fehvd���hsulÁ¸	mpeho4�Áe�oô�FwAb¼Ë°�Pe�iB�IÀ�wPb å ��v�mp��¸	mpoAb,o��§mkq��FwPb�7  :9C;*=D?��*E �F;*�$"B=µsu��st¸	mpeho��§ehgÁ�FwPehg
s,ckbdl?su�kbÁckb,�nmfvden�ê�¼�Fs��kb,o�m©ckbdl¿skoÊÇ7ehof»°oPeh�7b,gFeh�Tsk�hÈÁckbdlF�Fehvdsk�Úg7bd�p��b,o4��v�b,o��7bdlb,i�su���FwAbÃ¸	mpeho4�dzf��wPehv?w8ehg
gFwAmkl��lFb,�hsu�FehckbÁ�7mµ�FwAb)gFvdsk�nb)su�-��w�ehvw��FwPehg�s©ckbdlsu�kb)Ë°�Pe�ijckb,�nmfvden����c�sulehb,gdz����P�-g7�Feh���Ú�nmpoA�¼lFb,�hsu�FenckbÁ�7m
�FwAbÃg7�7l��v��F�AlFb!mkqÚ�FwAb¿¸	mklFmp�Pg=��b,iPeh���8� ��b,oPv�b¿�FwAbÃÕ¿sulv��µckb,�nmfvden���µehgNlmp�A�pwP�n�Tb,¾{�Psk���7m)�FwAbÃs,ckbdlsu�kb
Ë°�Pe�i�ckb,�nmfvden�ê�t�§�P�n�Fen¸°�henb,i8�{�I�FwPb§q�lskv��FenmpoºmkqS�FwAbTehof»�oPen�7b,gF�Tsk�ÚckbdlF�Fehvdsk�'�he�oAbÁ�-wPehvwº�hehb,g-�-en�FwPehoI�FwAb
Ë°�Pe�iB�
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�Een�p�AlFbµx&� �'ÍAsk��¸��nbTmkq�¸	mklFmp��g*��b,iPeh���8���¿�Psko4�Fen�Fenb,g2g�PvwÉskg2ckb,�nmfvden�ê�ôsulFb¼s©ckbdlsu�kb,iám©ckbdl�sko<ehof�
»°oPeh�7b,gFeh�Tsk�	�hehoPb¿gFbd�p��b,o��dz°gF�Pvw�skg��FwAb*mpoPb*gFwAm©�-oB�

Ä��S�FwAb�b,iA�kb�mkq�s¿»°oPen�7b�ckmp���P��b��kle�iTv�b,�h� ã ��w�ehvw¼ehg�skgFgF����b,i��7m2�	b���sulF�kb�lFb,�hsu�Fehckb��7m2�FwAb-gFvdsk�nb�mkq
�FwAbÃ¸	mklFmp�Pg��Tb,iPeh�P� æ zfen��ehg�vd�hb,sul�n�Ó�FwPb*Õ!sul?v��¼ckb,�nmfvden�ê�Xsko�i8v�mklFlFb,g7¸	mpoPiPe�oA�2Ë��fÍÓ��wPe�vw8iAbd�7bdl�ÓehoAb,g
�FwAbÃË��fÍµeho4�7m��FwAb*�kl?ehi8v�b,�h�÷�

À�wPbT¸	mklFmpgFen�ê�Imkq�sj¸	mklFmp��g*��b,iPeh��� su�Ás8¸	mpeho4�*ehg*iAb�»�oAb,i�skoPsk�nmk�kmp��gF�n� skg*�FwAbÓq¬lskv��Fehmpo�mkq�sko
Ç7ehof»�oPen�7b,gFeh�Ósk�hÈºlFbd�penmpo - su�	mp�A�¼�FwAbt¸�mpe�o��T�-wPehvw�ehgÓm{vdvd�A¸°enb,i��{�Ê�FwAbIË°�Pehi�zS��wPbdlFb@-&ehgµsu�pskeho
�hsulF�kb)lFb,��su�Fenckb��7mX�FwAb�¸	mklFmp�Pg¿g7�7l�Pv��F�PlFbk�§ð¿�AlÃsu¸P¸�lFmpskvw �7mjw�skoPiP�hehoP�µ��sulF�7b,gFe�skoº�klehiPg!ehoºv�mp��¸��nb�Í
�kbdmp��bd�7lehb,gdzP��wPe�vwXehg�iAb,gFv�leh��b,iµ�	b,�nmÆ�*zAvdsko8�	b-cfenbd�=b,ijskg�sko8b�Íf�7b,oPgFenmpoXmkq}�FwAb,g7b*ehiAb,skg��7m��FwPb*vdskg7b
��wAbdlb��FwAb¿g7mp�hehi¼ehgNv�mpo�v�b,o��7lsu�7b,iXmpoXg7mp�Tb-¸	mklF�FenmpoÓmkqB�FwAb!�klehiÓv�b,���°�n�fehoA�2mp�A�FgFehiAb-�FwAb-Ë°�PehiTiPmp�TskehoBz
lsu�FwAbdlÃ�Fw�skoº��b,e�oA�¼iPe�g7�7len���P�7b,ij�FwAlFmp�P�pwAmp�A�¿�FwAb)�klehiºv�b,�h�÷�ÁÄ-g¿�=b�gFwAm©�/��su�7bdl,zB�Sb�vdsko�sk��g7m8iAb�»°oAb
su¸P¸Plmk¸Plehsu�7b!Ë°�fÍfb,g�skv�lFmpgg�b,iA�kb,g���wPehv?w8sulFb*mpoP�n�¼¸�sulF�Fehsk���n�¼ehoX�FwPbÃ¸�w��fgFehvdsk�BiPmp�TskehoXmkq'eho4�7bdlFb,g7�d��o¼wPb,su�SË°m©�èehoµv�mp��¸	mpgFen�7b-�Ósu�7bdlehsk�hgdz{mpoAbÃvdskoXskoPsk�nmk�kmp�Pg�n�TiAb�»°oAb!skom�$�5� ;�"$�1?�� ;����[���A;7"$�@?R� "B=¿skg
�FwAb)s,ckbdlsu�kbÓmkqN�FwAb)v�mpoPiP�Pv��Fehc{en�ê�jm©ckbdl*skoñÇ7ehoA»°oPen�7b,gF�Ósk�hÈÓ�he�oAb2g7bd�p��b,o4�Ã��wPe�vwtehg-gwAmklF�!lFb,�hsu�Fenckb§�7m
�FwAb��hb,oA�k�Fw�m©ckbdl���w�ehvw)�FwAb-s,ckbdlsu�kbÃv�mpoPiP��v��Fenc{eh���§c�sulehb,gdz����P���nmpoA�ÃlFb,�hsu�Fehckb��7mÁsko4��ehoPwAmp��mk�kb,oPb,en�Fenb,g
ehoX�FwAbÁv�mp��¸	mpgFen�7b*�Tsu�7bdle�sk�÷�
+!gFehoA�jo{�P��bdl?ehvdsk�EË°�fÍfb,gÃ��skgFb,i mpoôÕ¿sulv�� ckb,�nmfvden�Fenb,g2skoPi b��	b,v��Fenckbµv�mpo�iP�Pv��Fencfen�Fenb,gdz}sko�b�Íf¸��hehvden�

iPehgv�lFbd�Fe!�,su�FenmpoXmkqE�FwAb*v�mpoPgFbdlFc�su�Fehmpo��hs©� ã ± æ ehg��pehckb,o8�4�
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��eh�����	b v�mpoPg7bdlFckb,iè�A¸ñ�7máË°�AÍ{b,gµ�FwAlFmp�P�pwñ�FwAbº��mp��oPiPsulF�ÊmkqÁ�FwAb v�mp��¸��A�Fsu�Fenmpo�sk�ÃiAmp�TskehoB��À�wPehg
���{¸	bTmkqTÇ7vdsu¸�skvden�ê��q�mkl�TÈjiPen��bdlFb,o�vdehoA�jehg*i�ehgFvd�PgFgFb,i�eho���mklbÓiAbd�Fskeh��e�o �FwAb¼v�mpo4�7b�Íf�Ámkq�w4�4¸	bdlF�	mp�he�v
v�mpoPg7bdlc�su�FenmpoÉ�hs,�-g*eho �òxkx���� oô�Tsko��º¸Plmk���nb,�Tg Ü}ã�ëÚì7íPæ � |u� �-m©�=bdckbdl,zEbdckb,oÉq¬mkl*�FwPb,g7bÓ¸Plmk���nb,�Tg
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��skgFwAmp�A��vd�PlFckb,g�q�mkl��FwAb2skiAckb,v��FehmpojmkqEs�¸�skgFgFehckbÃ�7lskv�bdl��FwAlmp�A�pw8�FwAbÃ»°b,�hiB��oºsk�h�}gFbd�Fg-mkqSb�Ífsk�T¸��nb,gdz��Sb)�7b,g7�¿�FwAb)skiAckb,v��Fenmpo sk�h�kmklen�FwP�Â�PgFehoP�Óckb,�nmfvden�Fenb,g¿v�mp��¸��P�7b,iIq�lFmp� s
g7�7lFb,sk�&q¹�PoPv��Fenmpo�� ã�ëÚì7íPæ ��wPehv?wjwPskg-��bdb,oIiAbd�7bdl�Te�oAb,i8b,en�FwAbdl¿skoPsk�n�{�Fehvdsk�h�h�¼mkl¿o4����bdlehvdsk�h�h�k� I=bdq�mklFb
�FwAbXskv��F�Psk��v�mp��¸��A�Fsu�FehmpoPg)�PgFehoA�ºÎ�Ï4Ð�Ñ¼ÒkÐBÎ°ÔñsulFbXiAmpoAbkz'�FwAbXg7�7lFb,sk� q¹�PoPv��Fenmpo<ehg§v�mp��¸��A�7b,i<su��sk�h�
�klehiIoAmfiAb,g�skoPi��FwAb§c�sk�h�Pb,g�sulFbÁ�FwAb,oIi�e���bdlb,oPv�b,ij�7mXv�mp��¸��A�7bÁc�sk���Ab,g�mkq å skoPi ' su�!sk�h�}v�b,�h��b,iP�kb,gd�
À�wAb,gFbÃckb,�nm{vdeh�Fenb,g��FwAb,o8lb,�Tskehoµ»PÍfb,i8q�mkl�sk�h�B�Feh�Tb*g7�7bd¸�g�mkq��FwAb2vdsk�hvd���hsu�FenmpoB�

À}mÁiAbd�7bdl?�TehoAb��FwAb-o4�P�Tbdlehvdsk�Pv�mpo4ckbdlF�kb,oPv�b!lsu�7b�mkqBmp�PlNg7mp�h�A�FehmpoPg'mk�P�FskehoPb,iTeho��FwAb�q¬mp�h�hm©��ehoP�Ã�7b,g7�
¸PlFmk�°�nb,�Tgdzp�=b-v�mp�T¸�sulFb�mp�PlNlFb,gF���n�Fg��7mÁc�sk�h�Pb,g�mkq�s*lbdq¬bdlFb,o�v�b-g7mp�h�P�FenmpoBzpmk�P�Fske�oAb,iTb,en�FwPbdlSskoPsk�n�{�Fehvdsk�h�h�
mklÓo{�P��bdle�vdsk�h�n�k� · b�skgFgF�P�Tb8�FwPsu�Óv�mp��¸��P�7b,iÊc�sk���Ab,g �"���jsulbj�nm{vdsu�7b,i�su�T�FwAbjv�b,o4�7bdl¼mkq¿�TskgFg�mkq
lFbd�p�P��sulNskoPiÓehlFlFbd�p�P�hsul�v�b,���hgd� · b��FwAb,o¼�Pg7b��Fw�ehg'lFbdq�bdlFb,oPv�b!g7mp�h�A�Fenmpo)�7m§v�mp��¸��A�7b-�FwAb�bdlFlmkl��*���-eho�b,skv?w
v�b,�h�÷��À�wAbÃ�Sb,eh�pw��7b,iIoAmkl�5mkqE�FwPehg�bdlFlmkl�m©ckbdl!�FwAbÃb,o4�FenlFb2v�mp��¸°�A�Fsu�FenmpoPsk�B�kl?ehi8ehg�v�mp��¸��P�7b,ij�PgFehoP�
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À�wAb � ��oAmkl� ehg�iPb�»°oAb,i8ehoX�FwAbÁg7�FskoPiPsuliX��s,�jskg� � ��� ç �Ts�Í� 3 � � �*��� � ã �
� æ
�oIsk���Úmkq��FwPbÁq�mp�h�nmÆ��ehoA�Ó�Tb,gFwIsko�iIv�mpo4�7mp�Al¿¸��nmk�Fgdz��=b§mpo��n�X¸��nmk�¿g7mp�h�A�Fenmpo�c�sk���Ab,g-e�o�v�b,�h�hg-��wPe�vw

sulFbÁb,en�FwAbdl-v�mp�T¸��nbd�7b,�n�Xmkl�¸°sulF�Fehsk�h�n�Xeho8�FwPb*Ë�mÆ� iAmp�Tske�oB����b,�h�hg��FwPsu�!�henb2v�mp�T¸��nbd�7b,�n�8eho8�FwPbÁoAmu�÷Ë�mÆ�
iAmp�Tske�o8sulFb2�Tskg,�kb,iIeho8sk�h�	¸��hmk�Fg ã �PgFehoP�§�FwPb�� 0 �Ócusk�h�Ab*e�o���Ð ?�Ï�Ð :�æ ��4MON � rsli` S�Z#\bTgQ&Y Qar rJ\�� fat�\OTgQ&TVdDY WknbY Q�`�� Y!lg`�\OQ&YFS;_�Y QaQa` n
�Amkl)�FwPehg§g7bd�§mkq�b�ÍAsk��¸��nb,gdz'�=bX�nm4m
��su�§�FwAbµ��skgFehvÓ�	b,wPs,cfenmkl§mkq�mp�Al)g7mp�h�A�Fenmpo<ehoô�FwAb¼¸�lFb,g7b,oPv�bµmkq�s
¸��hsko�sul*�	mp�PoPiPsulF�t��wPe�vw�ehgÁoAmk�Ásk��en�poAb,i ��eh�Fw��FwAbÓv�mp�T¸��A�Fsu�FenmpoPsk�S�klehi��µÀ�wPbT¸�w4�{gFe�vdsk��iAmp�TskehoÉehg
sjv?wPskoPoAb,�'�-en�Fwº¸�sulsk�h�hb,�'gFehiAb,gdz�skgÁgFwAmÆ��o�eho �Een�p�Alb �{�¼À�wAbTv?wPskoPoAb,�Nehg¿mklenb,o4�7b,iôsu�2skoôsulF��en�7lsul�
skoA�p�nb ã su¸�¸PlFm,ÍAeh�Tsu�7b,�h�I² + ²�³uy�tlskiPehskoPg æ �7mj�FwPb��klehi skoPiº�FwAb)Ë°m©�£ehgÃskiPckb,v��7b,iôsu�2g7¸	bdb,i�� � zÚ��en�Fw
² � � � � |�eho�s*i�enlFb,v��Fenmpo§¸�sulsk���nb,�f�7m*�FwAb���sk�h�hgd� · b�eh�T¸�mpgFb�oPmu��oAmkl�Tsk���÷Ë°m©�Z�	mp�PoPi�sulF�2v�mpoPiPeh�FenmpoPg
mpo8�FwAbÁvwPskoPoPb,�B�=sk���hgd�

À�wPbSv�mp��¸��P�Fsu�FenmpoPsk�4�klehi§�Pg7b,i2wPbdlFb=e�g�������zk��wAbdlb � ehgÚ�FwAb�o4�P�Á�	bdlÚmkq�v�b,���hgÚehoÁ�FwAb=wAmkle!�dmpo4�Fsk�
iPenlb,v��FenmpojskoPi!� ehg��FwAb§o4�P�Á�	bdl�mkq'v�b,�h�hg-eho8�FwAbÁckbdlF�Fehvdsk��iPenlFb,v��FehmpoB�=�Pmkl-�FwAb§vwPsko�oAb,��¸Plmk���nb,�8zA�=b
wPs©ckbÁvwPmpg7b,o"� ç x#���=�=mpo4ckbdlF�kb,oPv�b2l?su�7b,g�sulFb*lbd¸�mkl�7b,i8ehoX�7bdl�Tg�mkq$�É�

À�wPbÃ��skgFehv¿¸���skoAb¿�=s©ckbÁgFwPsu¸	bÃ�FwPsu���Sb2��g7bÃ�7mÓehoPeh�Fehsk�he!�db!�FwAb¿Ë�mÆ� ehg��penckb,oj�4�
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Computational grid: 50x25
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�Een�p�AlFb �&�º�=mpsulgFbj�klehi ã yu² �áxky æ �PgFb,iÊq¬mklÓË�m©�ÂehoZv?wPskoPoAb,�÷��À�wAbjv?wPskoPoAb,�-�Ts��kb,g¼sko¥skoA�p�nbjmkq
# ² + ²�³uy�µlskiPehsko�g���en�FwX�	mk�7�7mp� mkqEv�mp��¸��A�Fsu�FehmpoPsk��iAmp�Tske�o8skoPijehg # | + ³{|Á�PoPen�Fg��-ehiAbk�
��wAbdlb é ç ² + ²A|¼ehgÃ�FwAbµiPe��B�PgFenmpoºv�m{b�ï¼vdenb,o4�ÁskoPi � ehgÃ�FwAb¼g7�7lFb,sk�Á��ehg7bÓi�ehg7�FskoPv�bTq�lFmp�½�FwAbÓv�b,o4�7bdl
mkq��FwAb*vwPsko�oAb,�÷���Amkl�¸�lFmk���nb,�Tg�eho4ckmp�ncfehoA��skiAckb,v��Fenmpo�zA�Sb2e�oPen�Fehsk�he��db�mp�Al�Ë�mÆ� ��en�Fwµ�FwPe�g��=s©ckb2gFwPenq��7b,i
�7m©��suliPg!�FwAb)ehofË°m©�Åb,o�i�mkq��FwPb§v?wPskoPoAb,�÷�!�AmklÃsÓ�pehckb,o�ckb,�nmfvden�ê� � � z��Sb)wPs©ckb§�Fw�su�-�FwAb)g7mp�h�P�Fenmpojq�mkl
�FwAb*¸°�AlFbÃskiAckb,v��Fenmpo�b,¾4�Psu�Fehmpojehg

Ý ����� ã��fì7î7æ � %§ã�� % � �pã�îi% � æ7æ ã ��± æ
À�wAbÃ¸°�AlFbÃiPe��B�PgFenmpoXg7mp���A�Fenmpo8ehg
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À�wAbÃ�kb,oPbdlsk��skiAckb,v��FenmpoA��iPe��B�PgFenmpo8g7mp���A�Fenmpo8ehg
Ý ������
���� � ã��fì7î7æ ��Ý ��� � ã�� % � �kã�î4% � æ?ì7îFæ ã �4� æ

�oj�Een�p�AlFb2~§�=b*¸��nmk���FwPb*q���oPv��Fenmpo Ý ������
���� � ã��{ì7îFæ su��q�mp�Al�i�e���bdlb,o����Feh�Tb,g�q¬mkl � ��ç |*skoPi é5ç ² + ²A|u�
 ¶���¶��   �����4 ® ª¬��¯���� ¨���¦�¨ ¯}��� ¨ �°�Iª¹¯ ®�� �I �Ú¨ ¯}¯}� ¦
À}m§g7bdb¿wAmÆ���FwPb!skiAckb,v��Fehmpo¼¸	mklF�FehmpoTmkq��FwAb¿sk�n�kmkleh�FwP�£�	b,wPs©ckb,g�skgS�FwPb-�kle�iÓehgSlFb�»°oAb,i�z��=b!v�mp��¸°�A�7b,i
�FwAbÃg7mp�h�P�FenmpoÓmpoµ�FwAlbdb¿i�e���bdlb,o��=�klehiPg,�?�oX�Een�p�AlFb)|d²fzA�SbÃgFwPm©�ñ�FwAb¿lFb,gF�P�h�FgNmkq}�FwPehg=g7bdlenb,g=mkq}v�mp�T¸��f�
�Fsu�FenmpoPg,��Ä-g-b�Í{¸	b,v��7b,iBz°�FwAbÁv�mpo4�7mp�Alg¿ehojb,skvwt¸��nmk��e�oj�Een�p�AlFbµ|d²TlFb,�Tske�ojb,gFg7b,o4�Fehsk�h�h�XoPmkl�Tsk�B�7mµ�FwAb
��sk�h�÷�

À�wPb-�p�heh�FvwAb,g�eho¼�FwAb!¸��nmk�Fg=sulFb¿���{¸�ehvdsk�h�n�Tvdsk��g7b,iµ�4�Óe�oPskvdvd�Alsu�7b¿cusk�h�Ab,g=ehoÓmpoPb-mkl����=m�ckbdlF�Óg�Tsk�h�
v�b,�h�hg�vd�A�}�4�*�FwPbS�	mp�PoPi�sulF�k�ÚÀ}m!g7mp�TbSb�Íf�7b,o��E�FwPe�g}oAmpo�gF��m{mk�Fw*�	b,wPs,cfenmklEehg�iP�AbN�7m!�FwAb��Pg7bSmkq ��Ð ?�Ï4Ð :
�7m�¸°�nmk�2v�mpo4�7mp�AlÁ�he�oAb,gd� �-Ð ?�Ï�Ð : �Fs��kb,g§�FwAbÓiPsu�FsIskg*�	b,ehoA�jsu�§�PoPenq�mkl�T�n�Ig7¸�skv�b,i�¸	mpeho4�Fgdz}��wPehv?w�ehg
lFb,sk�h�h�XoPmk�-v�mklFlFb,v��¿eho��FwAbÁgF�Ósk�h�Úv�b,�h��gdzP��wAbdlbÁen��e�g���mklFbÁ¸PlFmk¸	bdl�n�µcfenbd�Sb,itskg!�nm{vdsu�7b,itsu�¿v�b,o��7lFmpe�iPgd�
Ä!oAmk�FwAbdl2lb,skg7mpoô�Ts©� �henbTehoº�FwAbÓq�skv��Á�FwPsu�2gF�Tsk����v�b,�h�hg*su�2�FwAbÓ�A¸P¸	bdlÃb,iA�kb¼ehoPv�lFb,skg7b¼eho�gFe!�dbTe�o �FwAb
iPenlb,v��Fenmpo�mkq	�FwAb�Ë�mÆ�*z��-wAbdlFb,skg�su�S�FwAb��nmÆ�SbdlSb,iA�kb��FwAbd��iAb,v�lb,skg7b�ehoTge!�dbk� · b-wPs©ckb-oAmk�Ne�o�ckb,g7�Feh�psu�7b,i
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�Een�p�AlFb2~&�SØN�nmk��mkqEb�ÍAskv��-g7mp�h�P�Fenmpo Ý ����� 
���� � ã��fì7îFæ �7mT¸���skoAb¿�=s©ckb§skiAckb,v��Fehmpof��iPe��B�PgFenmpoXeho8v?wPskoPoAb,����À�wAbckb,�nmfvden���8ehg�gFbd���7m � ��ç |Ãsko�i8�FwAb*iPe��B�PgFehmpoµv�m{b�ï¼vdenb,o4��ehg�gFbd���7m é5ç ² + ²A|u�SÀ�wAb*Ø�b,vd�nbd�-o4�P�Á�	bdl�ehg
|d²k²f�

�FwPehg�skoPmp�Tsk�nmp�Pg���b,w�s,cfenmkl�eho8sko4�XiPbd�Fskeh�÷zA���A��iPmT��ehgFwµ�7m¼¸�mpe�o���mp�A���Fw�su��mp�Al�gFv?wAb,��b2vdsko�¸PlFmfiP�Pv�b
gF�heh�pw��F�n�Ti�e���bdlb,o��=lFb,gF�P�h�Fgdz{iPbd¸�b,o�iPehoA�*mpoX�FwPb!mkl?enb,o��Fsu�Fehmpo¼mkq}�FwAb¿�klehi¼�7m��FwAb¿�	mp�PoPiPsulF�kz{skoPiµmpoX�FwAb
mkliAbdl-ehoX��wPehv?w8gF�Tsk�h�Bv�b,���hg�su¸P¸	b,sul�skg��FwPb¿Ë�m©� ¸�skgFg7b,g��FwPlFmp�A�pw8�FwAb,�j�

· wPeh�nb¿�FwAbÁsk�n�kmklen�FwP� e�g�oAmk��¸	bdlFq�b,v���ehoX�FwAb,g7b*v�b,���hgdzPen��ehg�oAmk�Fsu���nbÃ�FwPsu���
 À�wAbT��bd�FwAmfi lFb,�Tske�oPgÃg7�Fsu���nbTsko�iº�FwAbÓehoPv�mkllFb,v��Ãc�sk���Ab,g¿���{¸�ehvdsk�h�h��lFb,�Tske�oº��en�FwPehot�FwAbÓlskoA�kb
mkqE�FwAb*oPb,sulF�4�8g7�Fsu�7b,g,�

 Ù �PvwIc�sk���Ab,g�mpo��n�Xm{vdvd�Al¿��wPb,o�sµgFwPsulF¸Iq¬lFmpo4�¿ehg�¸°skgFgFehoA�Ó�4�k�Ãð¿oPv�b)en�-wPskg-¸�skgFgFb,i��FwAb§cusk�h�Ab,g
l?su¸�ehiP�n�¼g7bd�7�F�nb2iAmÆ��o8�7mT�FwPb2v�mklFlFb,v���¸	mpg7����q�lFmpo4��g7�Fsu�7bk�

 À�wAb,g7b�ehoPskvdvd�Al?skvdenb,g¿eho��FwPb§�Fe�o���vd�P�¿v�b,���hg��ê�4¸°ehvdsk�h�n��w�s,ckbToAmXeh��¸�skv��!mpoº�FwAb�g7mp�h�P�FenmpoIe�o�q¹�P�h�
v�b,���hg�oAb,sulF�{�k� ã À�w�ehg�ehg��7b,g7�7b,iIeho8sT�hsu�7bdl�b�ÍAsk��¸��hbkz�g7bdb2�Een�p�AlbT|©³4� æ

 Ä!gEmk��g7bdlckb,iÁ�	b,�nmÆ�*zk��wAb,oÁ�FwPehg�skiAckb,v��FenmpoÓsk�n�kmklen�FwP�ÌehgEv�mp�A¸��hb,i2��eh�Fw2mp�Al'iPen�	�Pgenmpo2sk�n�kmkl?en�FwP�
q�mkl¿skiAckb,v��Fenmpof��iPen�	�Pgenmpojb,¾{�Psu�FenmpoBz°�FwPehg-skoAmp��mp�nmp�Pg-�	b,wPs,cfenmkl!sk�h��mpg7�!v�mp��¸��nbd�7b,�n�ji�ehgFsu¸P¸	b,sulg
skg��FwAb*eh��¸°�hehvden��iPe��B�PgFenmpo¼mk¸	bdlsu�7mkl-g��m4mk�Fw�g�mp�A���FwAb,gFb2g7¸�e!�kb,g�e�oX�FwAb2iPsu�Fsf�

�d� ®�� �) ¨��}¨ 4ª ® � ���}¯} ® ª���¯I��� ¨�¦¹¦ �t¯Ú�{p�{�,� ¨ �Æ���ºÄ!gEs�»�oPsk���7b,gF�}mkqP�FwPb=skiAckb,v��Fehmpo�eho2s!vwPsko�oAb,�÷z
�=b�iPb,��mpoPg7�7lsu�7b��Fw�su���{�Á��gFehoA�µÇ7vdsu¸�skvden���)q�mkl�.iPe��	bdlFb,oPvdehoP�pÈ-skg'iAb,gv�len�	b,iÁe�o2�FwAb�¸Plbdc{enmp��g�gFb,v��FenmpoBz
�=bXvdsko<b,gFgFb,o��Fehsk���n��b,�heh�ÓehoPsu�7b¼g��b,sulehoA�I�FwPsu�)�Smp���hiômfvdvd�Al�oAb,sul��FwAbµ�	mp�PoPiPsul��enq��FwAbXo4�P�Tbdlehvdsk�
gFv?wAb,��bÃiPehiµoAmk���Fs��kb*eho4�7m)skvdv�mp��o���sulFb,skg�mkqÚgF�Tsk�h�	v�b,�h��gd�'�Amkl��FwPehg=�7b,g7�dzA�=bÃv�mp��¸��A�7b¿���=mTg7mp�h�P�FenmpoPgdz
mpoAbº�PgFehoP�ô�FwAbºvdsu¸�skvden�ê��q¹�PoPv��FenmpoBz��Tm{iPen»�b,i�skgXoAb,v�b,gFgsulF���7máb,oPgF�PlFbIg7�Fsu�°eh�hen�ê�kz�skoPi��FwAbtgFb,v�mpoPi
��en�FwPmp�A���PgFe�oA���FwAb)vdsu¸�skvden����q��Po�v��Fenmpo ã e÷�òbk��gFbd�7�FehoA� Ü � |§ehojsk�h�}v�b,�h�hg æ �X�o��Een�p�PlFb¼|k|uz��Sb)g7bdbÁ�FwPsu�
��wAb,oº�FwPbÓvdsu¸�skvden�ê�tq¹�PoPv��Fehmpo ehgÃoAmk�2�PgFb,iBz��FwAb�lFb,g�P�n�FgÃsulFbÓg��b,sulFb,i mp�A�*v�mpo�gFehiAbdlsu�°�n�k� +-gFe�oA�8�FwAb
Õ¿sulv��)ckb,�nmfvden�Fenb,g�su���FwPb�v�b,�h�Peho4�7bdlFq¹skv�b,g'�penckb,gNs2g7�Fsu���nb���bd�FwPm{iBz����A�E�FwAb�ckb,�nmfvden�ê�§ehgNgF�Tsk�h�nbdl'su��b,iP�kb,g
mkq��FwAb�vd�A��v�b,�h�hgE�FwPsko)b,��g7bd��wAbdlFb��nb,ski�ehoA�!�7m2gF�nmÆ�Sbdl�skiAckb,v��FehmpoTsk�nmpoA�Ã�FwAb���sk�h�hg,�}À�wAb�gF�Ósk�h�nbdlEckb,�nmfvden���
ehg�mu�Bg7bd���{�µ�FwAb2gF�Tsk���BsulFb,s�mkq��FwAb2v�b,�h�hg��-wAb,o8mp�Al�vdsu¸°skvden���8sk�n�kmkleh�FwP� ehg��PgFb,iB�
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�Een�p�AlFbÃ|d²%�EÄ-iPckb,v��FenmpoTskoPi)iPe��B�PgFehmpo*mkq�¸��hskoAb=�=s©ckb�eho§vwPsko�oAb,�÷zpv�mp��¸��P�7b,i)mpo)�FwAlFbdb�iPe��	bdlFb,o4�}�kl?ehiPgd�
À�wAb)¸��hmk�Fg-mpoº�FwPb)�hbdq¬�ÃgFwAmÆ�W�FwAb)lFb,gF�P�h�Fg-mkq=¸��Alb§skiAckb,v��Fehmpo�skoPit�FwAb)¸��nmk�Fg¿mpoº�FwAb)leh�pw��ÃgFwAmÆ�W�FwAb
lFb,gF���n�Fg=mkq�skiAckb,v��Fehmpof��iPe��B�PgFenmpo��EÄ!�h��¸��nmk�Fg�sulb*gFwAm©�-oµsu���Feh��b î'ç ±{�N�AlFmp� �7mk¸8�7mÓ��mk�7�7mp�5�FwPbÃ�klehi
gFe!�db,g�sulFbÁyu² ��xky{z}|d²k² ��yu²Tsko�i�xu²k² ��|d²k²f�
 ¶���¶�� � ª�� �Ú�Æª¬��¯ñª�¯ ®�� �I �}¨ ¯}¯}� ¦
À}mµ�7b,gF�!�FwPb)i�e��	��gFenmpoj¸	mklF�Fehmpo�mkq��FwPb)v�mfiAbkzB�=b��nm4m
�kb,iºsu�Ã�FwAb)iPe��B�PgFehmpojmkqN�FwPb§eho�en�Fehsk��¸°�P�hg7bÁ�penckb,o
eho ã ��y æ skoPi�v�mp��¸°sulFbÓ�FwAbÓlFb,gF�P�n�Fg¿mkq�mp�Al§sk�n�kmklen�Fw�� �7mj�FwAbTb�ÍAskv��)g7mp�h�A�Fenmpoº�pehckb,oôeho ã �4³ æ � · wPeh�nb
�=b§iAmpoV=ò�-gFwAmÆ�Ìsko4�8¸��nmk�Fg-mkq'�FwAb§iPe��B�PgFenmpojsk�hmpoAbkz��=b§vdskotg7bdb)eho��Een�p�PlFbÓ|d²¼�FwPsu�-�-wAb,o�sµiPe��B�PgFenmpo
�7bdl� ehg=¸Plb,g7b,o��dzA�FwPbdlFb*ehg�oAm�oAmk�Fehvdsu���hb¿i�e���bdlb,oPv�b-�	bd�ê�Sbdb,o8�FwPb¿gFmp�h�A�FenmpoXehoXgF�Tsk����v�b,���hg�skoPiµ�FwPsu��eho
oAb,en�pw4�	mklehoA�¼q����h�Úv�b,�h��gd�  otq¹skv��dz��FwAb�iPe��B�PgFehmpoj�7bdl� �7b,oPi�g-�7mjg��m4mk�Fwºmp�P�¿sko4�IgF¸�e!�kb,g¿ehoI�FwAb�iPsu�Fs
¸PlFmfiP�Pv�b,i§�{�)�FwAb�skiAckb,v��Fenmpo¼sk�n�kmklen�FwP�j���Een�p�Alb�±{�h|u���§gFwAmÆ��g�g7b,v�mpoPiTmkliAbdlNv�mpo4ckbdlF�kb,oPv�b¿eho§�	mk�Fw��FwAb
|Ö��oAmkl�Óg*skoPi��Ts�Í{��oAmkl�Óg¿q¬mkl*�FwPbT¸��AlFb�iPen�	�PgenmpoIsk�h�kmklen�FwP�8z}skoPi �FwPsu�Ã�FwAbÓbdlFlFmklgÃiAb,v�lb,skg7b¼¾{�Pen�7b
gF��m{mk�FwP�n�Éskg��Sb8lb�»°oAbX�FwAbX�klehiB�<Ä-g)�=bjoAmk�7bjeho<mp�AlTi�ehgFvd�PgFgenmpo�mkq!�FwAb8v�mpo�ckbdl�kb,oPv�b�lFb,g�P�n�Fg)eho
Ù b,v��FenmpoI±{�h|u���Az°�FwPe�g�ehg�oAmk��oAb,v�b,ggFsuleh�n�¼�7l�AbÃ��wPb,o8�SbÁehoPvd�h�PiPb!skiAckb,v��FehmpoB�

�!�4� ���°��� ¨ ¯}p�Ê���	��ª ¤�
I¢��  � ª¹¯ ®�� �<«E¯�ª ® � �°� ¦ ���É�Ê��ª�� �}�©ª��°¯ ¨°¦�� ���uª ®�� � ¶ À}mºg7mp�nckb
�FwAbXoAmpof��g7�f�T��bd�7l?ehvÓ�he�oAb,sulÁg7�fg7�7b,� mkq�b,¾{�Psu�FenmpoPg)sule�gFehoA�jq�lFmp�ó�FwAbXeh��¸��he�vden�*iPehgFv�lbd�Fe!�,su�FenmpoÉmkq��FwAb
iPe��B�PgFehmpo�b,¾{�Psu�FenmpoBz¿�=bô�Pg7b,iñ�FwPbô�hehoAb,sul8en�7bdl?su�Fenckbô��bd�FwAmfi : e¬Î�<>=	?�Ð : �DÀ�wPehg8en�7bdl?su�Fenckb���bd�FwAmfi
wPskg¼g7bdckbdlsk��skiPc�sko4�Fsu�kb,gµm©ckbdlµmk�FwAbdl¼��bd�FwPm{iPgTq¬mklµoAmpof��g7�f�T��bd�7le�v8g7�{gF�7b,�Tgdz�skoPiZ�=b�wPs©ckb�q�mp�PoPi
en�Fg�¸�bdlq¬mkl�ÓskoPv�b2�7mµ�	b2¾4��en�7bÁskvdv�bd¸P�Fsu�°�nbk�$+!oP�he!�kb5<����� =uz : e¬Î�<�=�?4Ð : iAm4b,g!oAmk�-lFb,¾4��enlFb2skiPi�en�FenmpoPsk�
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�Een�p�AlFbT|k|��SÀ�wAb*g7mp�h�P�FenmpoXehoX�FwAbÃ»�l?g7��¸��nmk����skg�v�mp��¸��A�7b,ij��en�FwAmp�A���PgehoA��s�vdsu¸�skvden�ê�8q��Po�v��Fenmpo ã e÷�òbk�
Ü ��� � | æ �s oÓ�FwAb�g7b,v�mpo�iT¸��nmk�dz4�FwAb-vdsu¸°skvden����q¹�PoPv��FenmpoT�=skg=�Pg7b,i��7mÁ�Fs��kb!e�o��7m2skvdv�mp��o���sulFb,skgSmkq	g�Tsk�h�
v�b,�h�hg,��À�wAb*v�mp��¸��P�Fsu�FenmpoPsk�B�kle�i8ehg�xu²k² ��|d²k²f�
g7�7mklsu�kb�q�mkl}mkl�FwAmk�kmpoPsk�{ckb,v��7mklgdz�sko�iÁ�Po��he!�kb��FwAbSmklen�peho�sk� : e¬Î�<'zuiAm{b,g}oAmk��lFb,¾{�PenlFbSs-�Tsu�7l?e�Í "B9< 2�!�������*�
ckb,v��7mkl��§�P�n�Fen¸°�n�k�Å�P�Al�FwAbdl��mklFbkz : e�Î <�=�?4Ð : ehgXg7�7lsken�pw4�7q�mklF�=sul?i��7mÊeh��¸°�nb,��b,o4�d�Wð¿oPb�ckbdlF��vd�nb,sul
¸PlFb,gFb,o��Fsu�Fenmpojmkq��FwPb2sk�n�kmklen�Fw�� ehg��penckb,o�e�o ��|©³	����o �Een�p�AlFbX|,x{zÚ�=b�gFwAm©�/wPm©� : e¬Î�<>=	?�Ð : ¸�bdlq¬mkl�Óg-skg*sµq¹�PoPv��Fenmpotmkq=�klehiºgFe!�db�skoPitmkq�iPe��B�PgFenmpo
v�m{b�ï¼v�b,o��d�  o��	mk�Fw�vdskg7b,gdz��=bº��b,skgF�AlFb��FwAb�¸	bdlFq�mkl�TskoPv�b��4�Z�nm{m
�fehoA�ôsu�µo4�P�Á�	bdlÓmkq*en�7bdl?su�FenmpoPg
: e¬Î�<>=	?�Ð : oAbdb,iPg-�7mµlFb,iP�Pv�bÁ�FwAbÁlb,gFehiP�Psk��mkq'�FwAb§��ehoAb,sul-gF�{g7�7b,�&�7mµ�FwAb§iPb,gFenlFb,ij�hbdckb,� ã |d² 0�� z	eho��FwPehg
�7b,g7�*vdskg7b æ � �ot�FwAb)»�lg7�!�7b,g7�*vdskg7bkz}�SbT�hm4m
�tsu�¿wPm©�/cusulF�fehoA�µ�FwAbTgFe!�db)mkqN�FwPb)��ehoAb,sulÃg7�fg7�7b,� s���b,v��Fg
�FwAb�o{�P�Á�	bdl�mkq!en�7bdl?su�FenmpoPg : e¬Î�<>=	?�Ð : lFb,¾{�PenlFb,gd�p�oá�FwPehg��7b,gF�dz=�=b8cusulenb,iÊ�FwAb8�kl?ehiÊgFe!�db�sko�iÊwAb,�hi
�FwAb8iPe��B�PgFehmpoôv�m{b�ï¼vdenb,o4�)v�mpo�g7�Fsko��Tsu� é�ç ² + ²A|u� · b8�FwAb,oáiAbd�7bdl�ÓehoAb,iÉ�FwAb8s,ckbdlsu�kb�o{�P�Á�	bdl§mkq
en�7bdlsu�FehmpoPg�lFb,¾{�Penlb,i)q¬mkl : e¬Î�<�=�?4Ð : �7m§skiAcuskoPv�b��FwAb!g7mp�h�A�Fenmpo)q�lFmp� î �7m î4ß � î zpq�mkl � îEç ² + ²pxky{�=À�wPehg
s,ckbdl?su�kbÁ��skg�v�mp��¸°�A�7b,i8m©ckbdl!�FwAb2xu²��Fe���b*g7�7bd¸�g-oAbdb,iAb,i8�7mÓskiPc�skoPv�b2�FwAb*g7mp�h�A�FehmpoX�7m îNç ² + y{�

�AmklE�FwAb=g7b,v�mpoPi2�7b,g7��vdskgFbkzk�Sb=wAb,�hiÃ�FwAb=o4���2�	bdlÚmkqA�kl?ehiÃ¸	mpeho4�Fg ã skoPiÁwAb,oPv�bN�FwPbNmkliAbdl�mkqA�FwAb=�hehoAb,sul
g7�fg7�7b,� æ »PÍfb,iµsu� � ç xu²k²�skoPi¼c�sulehb,iÓ�FwAb¿iPe��B�PgFehmpoTv�m4b�ïµvdenb,o����	bd���=bdb,o |d² 0�� skoPi¼² + y{�SÄ��pskeho�z4�=b
wAb,�hiº�FwPbT�Feh��bTg7�7bd¸�»PÍ{b,iôsu� � î!ç ² + ²pxkyIskoPi v�mp��¸��A�7b,iô�FwAbTs,ckbdl?su�kbµo{�P�Á��bdlÃmkq�en�7bdl?su�FenmpoPgÃmÆckbdl
�FwAbÃ»°lg7��xu²��Feh��b,g�g7�7bd¸�gd���o8�	mk�FwX�7b,g7�!vdskg7b,gdzP�=b2g7mp�nckb,ijmpoP�n�µ�FwAb*iPe��B�PgFenmpoµ¸Plmk���nb,�8�

· wPsu�Áe�gÃeho��7bdlb,g7�FehoA�8�7mtoAmk�7bTq�lFmp�$�FwAb��ê�Smt¸��nmk�Fg2ehg¿�FwPsu�Áe�oPv�lFb,skgFehoP�µ�FwPbÓiPe��B�PgFenmpoºv�m{b�ï¼vdenb,o4�
wPskg�s2�Á�Pv?wT�klFb,su�7bdl�eh��¸°skv��'mpoT�FwAb�o{�P�Á�	bdl'mkq	eh�7bdlsu�FenmpoPg : e¬Î�<�=�?4Ð : lFb,¾{�PenlFb,g��FwPskoTiAm{b,g�ehoPv�lb,skgFehoA�
�FwAbÁ�klehi�ge!�dbk��Ä.�klehi�mkq �p²k² �Ixu²k²µsu� é&ç ² + ²A|§lFb,¾{�Penlb,ijsu�	mp�A�!³Óen�7bdlsu�FenmpoPg,zP��wAbdlFb,skg,z�sÓ�klehijmkq
wPsk�nqN�FwPsu�*gFe!�dbkz�q�mkl*s8iPe��B�PgFehmpo�v�m{b�ï¼vdenb,o4�Ãmkq é½ç ² + ²pyXlFb,¾{�PenlFb,i xkyXen�7bdlsu�FehmpoPgd�)ðÃoAb)b�Í{¸���skoPsu�Fenmpo
q�mklN�FwPehg'�Ós,�T�henb�ehoT�FwAb�q¹skv��N�FwPsu���FwPb��PoPiAbdl?�n�{e�oA�!�Ósu�7le�Í)�FwPsu� : e¬Î�<>=	?�Ð : ehg�eho4ckbdlF�FehoP�*iPe��	bdlgEq¬lmp�£s
g7�f�T��bd�7le�v-�Tsu�7l?e�ÍÓeho¼mpoP�n� � ã � æ lFmÆ��gd��Ä!gS�FwPb¿�Ósu�7le�ÍÓehoPv�lb,skg7b,g�eho¼ge!�dbkzf�FwAb¿lsu�Fenm§mkqÚ�FwAb¿o4���2�	bdl
mkqNlm©��g!¸	bdlF�F�AlF�°ehoA�T�FwAb�g7�f�T��bd�7l�jmkqN�FwAb��Tsu�7l?e�Í�ckbdlgF��g-�FwPb§�7mk�Fsk�'o{�P�Á�	bdl-mkqSlFm©��g¿�	b,wPs©ckb,gÃ�he!�kb� ã � 0 R æ �=Ä!g��FwPb*�klehijge!�db2ehg�e�oPv�lFb,skg7b,iBzAq�mkl�»�Í{b,iji�e��	��gFenmpo8v�m{b�ï¼vdenb,o4�dz��FwAb2�Ósu�7le�ÍX��b,w�s,ckb,g!��mklFb
�he!�kb*s�gF�{�T�Tbd�7lehvÃ�Tsu�7lenÍ��

ð¿oô�FwAbÓmk�FwPbdl§wPsko�iBz�e�oPv�lFb,skgFehoP�8�FwAb¼iPen�	�Pgenmpo�v�m{b�ï¼vdenb,o4�Ás��	b,v��Fg)�FwAb¼iPe�su�kmpoPsk�NiAmp�ÓehoPskoPv�bTmkq
�FwAb2��oPiAbdl�n�fehoA�§�Tsu�7le�Í	zPgFeho�v�b¿su�-�nb,skg7��s©�=s©�8q¬lFmp� �FwAb2eho4�7bdlFq¹skv�bkzP�FwAbÃmk¸	bdlsu�7mkl��=b2sulFb*e�o�ckbdlF�Fe�oA�Tehg
ã | ß � îféµà ` æ �XÄ-g2�Sb¼ehoPv�lFb,skg7b é z�À�wAbÓ�Tsu�7l?e�Íº�hm4m
�fg*��mklFbµ�he!�kb��FwAb¼iPehgFv�lFbd�7b�>Úsu¸��hskvde�skoBz���wPe�vw
lFb,¾{�PenlFb,g��Ósko��X��mklFb2eh�7bdlsu�FenmpoPg��7m¼eho�ckbdl���FwPskojen�Fg�¸°sulsu�	mp�hehv¿v�mp�Po4�7bdlF¸�sulF�d�

À�wPb,g7bjlFb,gF���n�Fg�sulFb�v?wPsulskv��7bdlehgF�Fehv8mkq¿�FwAbj�	b,wPs©c{enmklÓmkq : e¬Î�<�=�?4Ð : q�mklÓsk�h��¸Plmk���nb,� �kbdmp��bd�7lehb,g
eho4ckb,g7�Fen�psu�7b,iBz°skoPijg7mÓsulb*oAmk��lFbd¸	mklF�7b,i8q�mkl�mk�FwAbdl��7b,g7��¸Plmk���nb,�Tgd�
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�Een�p�AlFb¿|,x&�EØ}bdlq¬mkl�ÓskoPv�b�mkq : e�Î <�=�?4Ð : zÆskg'��b,skg�AlFb,i§�4�2�FwAb=s©ckbdlsu�kb�o{�P�Á��bdl�mkq�en�7bdl?su�FenmpoPg�lFb,¾{�PenlFb,i
�7mTskiAcuskoPv�bÃ�FwAb*g7mp���A�Fenmpoµq¬lmp� î �7m î�ß � î zfq¬mkl$� î�ç ² + ²pxky{���	 �� I-���2�	bdl�mkq}en�7bdl?su�FenmpoPg�ckbdlgF��g��klehi
gFe!�dbkz�q�mkl�»PÍfb,i*iPe��B�PgFehmpo!v�m{b�ï¼vdenb,o4�dz é5ç ² + ²A|������sI-�P�Á�	bdl�mkqAen�7bdlsu�Fenmpo�gBckbdlgF�Pg}iPe��B�PgFenmpo¿v�m{b�ï¼vdenb,o4�dz
q�mkl�»PÍfb,i8�klehiXmkqEgFe!�dbÁxu²k² ��|d²k²f�a�o8�	mk�FwX¸��nmk�FgdzA�FwPb*�Feh��b*g7�7bd¸I�=skg�»PÍ{b,i�su� � î�ç ² + ²pxky{�
 ¶���¶	�   �����4 ® ª¬��¯ ¨ ¯Ú���Eª � �Ú�©ª���¯�ª¹¯ ®�� �� �Ú¨ ¯�¯}� ¦
�EehoPsk�h�h�kz}�=b8v�mp�2��e�oAbÓ�FwAbXskiAckb,v��FenmpoÊsko�iÉiPen�	�Pgenmpo�gFv?wAb,��b,g��PgFe�oA�j�FwAbµq¬l?skv��FenmpoPsk��g7�7bd¸Êsu¸P¸PlFmpskv?w
iAb,gFv�l?en�	b,i�eho Ù b,v��Fenmpo y{�Ã��mpo��7mp�Al!¸��nmk�Fg¿gFwPm©��ehoP�T�FwAb§lFb,gF�P�n�Fg-q�mkl-�FwPe�g��7b,g7�¿¸Plmk���nb,� sulb§gFwPm©��oImpo
�FwAb¿len�pw4��gFehiAb-mkqÚ�Een�p�AlFb)|d²f�aI-mk�7bÃ�FwPsu���FwAbÃv�mpo��7mp�Al���ehoAb,gNsulb¿oPm©�ñ¸	bdlF¸	b,oPiPehvd�P��sul��7m)��mk�FwXgFe�iAb,gNmkq
�FwAb�vw�skoPoAb,�÷�§À�wAb�eh��¸���ehvden��iPen�	�Pgenmpo�sk�n�kmkl?en�FwP� gF��m{mk�FwPg!mp�A�Ã�FwAb�eho�v�mklFlFb,v��¿c�sk���Ab,gÃehotckbdlF�Ig�Tsk�h�
v�b,�h�hgÁskoPiôv�mkllFb,v��Fg2�FwPb¼skoAmp�Tsk�hmp�Pg*�	b,wPs©c{enmkl§g7bdb,o<su�2�FwAb¼��mp��oPiPsulF�ºeho �FwAb¼¸��AlFbTskiPckb,v��Fenmpoávdskg7bk�
�Een�p�AlFbT|��TgFwAm©�-g�sT��b,gFwj¸��nmk��mkq��FwAb*lFb,gF���n�Fg�mpo8�FwAb2v�mpsul?g7b,g7���kle�iB�
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�Een�p�AlFbt|��&�TÄ-iPckb,v��Fenmpof��iPe��B�PgFehmpo mkq�sj¸°�hskoAbT��s,ckb8iAmÆ��oô�FwPbµv?wPskoPoAb,�÷�jrIb,gFwÉ¸��nmk�FgÁmkq��FwAbXehoPen�Fehsk�
iPsu�FsTsko�ijg7mp�h�A�Fehmpo8su���Feh��b î�ç ±)mpo8�FwPb2v�mpsulg7b*�kl?ehiBzPyu² �jxky{�
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 ¶���¶�� ¤ �°¯ ���4� � �f¯}p�º�Æ�{� � ¦�® � ���°� ®�� �t �}¨ ¯�¯Ú� ¦ �����µ�Eª �S�4���{¯ ® �-�{ ¦ � ® ¯ � � ´ �{���
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1−norm convergence rates

Rate =   2.06  (Pe = ∞)
Rate =   2.24  (Pe = 100)
Rate =   1.79  (Pe = 10)
Rate =   1.97  (Pe = 1)
Rate =   1.99  (Pe = 0)
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∞−norm convergence rates

Rate =  −0.22  (Pe = ∞)
Rate =   1.37  (Pe = 100)
Rate =   1.91  (Pe = 0)
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v�mpo4ckbdlF�kb,oPv�b§lsu�7b*q�mkl�b,skvwtvdskg7bk�

I=b,vdsk�Pg7bÃ�FwPb!iPen�	�Pgenmpo��7b,oPiPg=�7m�gF��m{mk�Fwµmp�A��sko��ÓbdlFlFmklg=¸PlFmfiP�Pv�b,i¼ehoµgF�Tsk�h��v�b,�h�hgS�4�Ó�FwAb!skiPckb,vÖ�
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�Een�p�Albá|©³ ã v æ gwAm©��gX�FwPbºgFmp�h�A�FenmpoñoAb,sulX�FwAb �Tehi�iP�nb�mkqÁ�FwAb skoPo{�P�h�Pgdz-su� �èç ã � R ß � ` æ�� x{��Een�p�AlFb8|©³ ã i æ gFwAm©�-gÃ�FwAbTg7mp�h�P�Fenmpo "7��g7�ÃehoPgFehiPbÁ�FwAbTe�oPoAbdl¿�	mp�PoPiPsulF�kzBsu� � � R ç � R ß ( x � ë z}su�pskeho
eho4�7bdlF¸	mp�hsu�7b,iXq�lFmp� �FwAb*q¹�P�h���kle�i8v�b,�h�hgd�N�Eeho�sk�h�n�kzA�Een�p�AlFbT|©³ ã b æ gFwAm©�-g��FwAb*cusk�h�Ab,g�e�oX�FwAb*¸�sulF�Fe�sk�Bv�b,�h�hg
vd�A���{�¼�FwPb2ehoPoAbdl��	mp�PoPi�sulF�k�sI�mk�7bÁ�FwPsu��oAb,sul��FwPb*ehoPoAbdl��	mp�PoPiPsul�T�FwAb2g7mp���A�FenmpoXehg�¸	m{mkl�n�TlFb,gFmp�nckb,i
�	b,vdsk�Pg7bT�FwPbdlFbÓsulFbTckbdl�tq�bd�£�kl?ehi�v�b,�h�hg2sulFmp�PoPi �Fw�ehgÃvdenlvd�nb ã gFbdb¼�Een�p�AlFbI|,y æ ���o�sk�h��vdskgFb,g2�FwAbdlbÓehg
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 ¶ �B¶�� � ª�� �Ú�Æª¬��¯ñª�¯ ¨ ¯ ¨ ¯�¯ � ¦ �}�
À}mÉ�7b,g7�XiPe��B�PgFehmpoZehoZ�FwPbtskoPo{�P�h��gdz��Sbºsk�h�nmÆ�Sb,i¥�FwAbºehoPen�Fehsk��iPsu�Fsô�7máiPe��B�Pg7b�m©ckbdl8�Feh��b ã ��en�Fw�oAm
skiAckb,v��Fenmpo æ �NÀ�wAb�lb,gF�P�n�Fg'�=b�mk���FskehoAb,iÓsu�klbdb,i¼�=b,�h�A�-en�FwÓs2lFbdq¬bdlb,oPv�b-g7mp���A�FenmpoTv�mp��¸°�A�7b,iÓ�{��g7mp�ncfehoA�
�FwAb2i�e��	��gFenmpo¼b,¾4�Psu�Fehmpojeho8¸	mp�hsul�v�m{mkliPeho�su�7b,g��

/ Ý/ î ç |� // � � � / Ý/ � � ß |� ` / ` Ý/ � ` ì � R � � � � ` ì % � � � � � + ã ykx æ
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iPe��	bdlFb,o4�}�Fe���b,gd� ��ckb,o)oAb,sulE�FwAb��	mp�PoPiPsulehb,gBmkq��FwAb�skoPo{�P�h�Pg}en�EehgÚbdcfehiAb,o4���FwPsu�E�FwAb�oAmu�÷Ë°�fÍ*�	mp�PoPi�sulF�
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gFwAmÆ��oáeho<��eh�p�AlFbº|,~ ��ckb,o<�FwAb8v�mpsulg7b8�kle�iÉg7mp���A�Fenmpo<su�klFbdb,g�lFb,skg7mpo�su���n���=b,�h�S��en�Fw<�FwAbµlFbdq¬bdlb,oPv�b
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�Een�p�AlFbt|,~&�µ�=mpo4�7mp�Al)¸��nmk�FgÁmpoô�FwPbµv�mpsulgFb ã �u²"� �u² æ skoPi�»�oAb ã |,yu²!�Z|,yu² æ �klehiôgwAm©��e�oA��lFb,g�P�n�Fg
mkq¿g7mp�hehiá�	mfiA�ôlFmk�Fsu�FehmpoZv�mp�A¸��nb,iZ��en�FwÊiPe��B�PgFehmpoÉsu� � � ç |d²k²�ehoá�FwPb�skoPo{�P�h�Pg)su�Tcusulenmp�Pg)�Fe���b,g
m©ckbdl§mpoAb¼q��P���}lmk�Fsu�FenmpoB�XÀ�wAbÓg7mp��ehi �hehoAb,g¿lbd¸PlFb,g7b,o4�*lFb,gF���n�FgÃmkq=»°oPen�7b�ckmp���P��bÓgFv?wAb,��bkzEskoPiôi�skgFwAb,i
�hehoPb,g-sulFb§�FwAb)lFbdq�bdlFb,oPv�b�g7mp�h�P�FenmpoBz	eho��7bdl¸�mp��su�7b,i��7mX�FwAbÓ��sulF�7b,gehskot�klehiB�*�=mpo4�7mp�Al*�nbdckb,�hg¿gFwAmÆ��oºsulFb
ã ² + ²A| ì ² + ²py ì ² + | ì ² + |,y ì*+*+7+pì | + ² + æ



�u²

0

1

2

3

0

1

2

3

0

0.5

1

x

t = 0

y 0

1

2

3

0

1

2

3

0

0.5

1

x

t = 5

y

�Een�p�AlFbÃxu²%�NrIb,gFwµ¸��nmk�Fg=mpoXv�mpsulg7bÃ�kle�i ã �u² � �u² æ q�mkl�skiAckb,v��Fenmpo8skoPiXiPe��B�PgFehmpoÓeho¼�FwAbÃskoPo{�P�h�PgN��en�Fw
� � ç |d²k²f� ã s æ  oPeh�Fehsk�	iPsu�Fsf� ã � æ ��mp��¸��A�7b,ijgFmp�h�A�Fenmpo8suq��7bdl�mpoAb2v�mp�T¸��nbd�7b*lFbdckmp���A�FenmpoB�
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1−norm convergence rates

Rate =   1.28  (Pe = ∞)
Rate =   1.43  (Pe = 500)
Rate =   1.24  (Pe = 100)
Rate =   1.25  (Pe = 20)
Rate =   1.62  (Pe = 0)
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∞−norm convergence rates

Rate =  −0.18  (Pe = ∞)
Rate =   0.86  (Pe = 500)
Rate =   0.95  (Pe = 100)
Rate =   1.26  (Pe = 20)
Rate =   1.80  (Pe = 0)

�Een�p�AlFb�xf|�� �	 ���|Ö��oAmkl� v�mpo�ckbdlF�kb,o�v�bIlsu�7b,g¼skoPi ����� � ��oAmkl� v�mpo4ckbdlF�kb,oPv�btlsu�7b,gTq�mklÓskiAckb,v��Fehmpof�
iPe��B�PgFehmpo<e�oá�FwAb�skoPo{�P�h�Pg,z�q¬mklÓc�sulF�fehoA��Ø�b,vd�nbd�¼o4�P�Á�	bdlgd� Ù mp��ehiá�hehoAb8ehg��FwPb8��b,gF���÷»��Ó�hehoPbµ�PgFb,iÊ�7m
v�mp��¸��P�7b2v�mpo�ckbdl�kb,oPv�b2lsu�7bÁq¬mkl�b,skvw�vdskgFbk�
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�oI�Fw�ehg-gFbd�!mkqNb�Ífsk��¸°�nb,gdz	�Sb�v�mpoPgF�7l�Pv��7b,i s¼»�b,�hiImkqNenlFlbd�p�P�hsul�n�8gFw�su¸�b,itehoPvd���PgFenmpoPg�skoPiºgFeh�§�P�hsu�7b,i
�FwAb¿skiAckb,v��Fenmpoµmkq�sÁ¸�skgFgFenckb-�7lskv�bdl��FwAlFmp�P�pwT�FwPehgN»�b,�hi��'ð¿oPb-vdskoXeh�Tsu�pehoPb��FwPsu�=�FwPehgN»�b,�hiTlbd¸PlFb,g7b,o4�Fgdz
q�mkl�b�Ífsk�T¸��nbkzPlFmfv��fg�e�o8s�¸	mklFmp�Pg���b,iPe��P�5mkl��FwAb2v�lmpgFg�g7b,v��Fehmpo8mkqE¸�en¸	b,g�eho8sTwAb,su��b�Ífv?wPskoA�kbdl,�=À�wAb
¸��Al¸�mpgFbSmkq��FwPehgEg7bd�'mkq�b�Ífsk�T¸��nb,g'ehgE�FwAlbdbdq¬mp�hi����EenlgF�dzk�Sb�eh���h�Pg7�7lsu�7b=�FwPsu�'mp�Al'lb,�hehskoPv�b�mpo)�FwAb�g7�7lb,sk�)�
q¹�PoPv��Fenmpo§q�mkl�mk���FskehoPehoA�!mp�AlEckb,�nmfvden���2»�b,�hi)iAm{b,gEoAmk�'�heh�Ten���Pg��7mÃmk�%"7b,v��FgEq¬mkl'��w�ehvwÁ�Sb��foAmÆ�ásÃgF�7lFb,sk�
q¹�PoPv��Fenmpo8skoPsk�h�4�Fehvdsk���n�k� Ù b,v�mpoPiBzA�=b*gFwAmÆ� �FwPsu��mp�Al�¸�lFmk¸	mpg7b,i8skiAckb,v��Fenmpof��i�e��	��gFenmpoXsk�n�kmklF�FwPe�� ehg�oAmk�
¸�sulF�Fe�vd�P�hsul�n�µg7b,oPgFeh�Fenckb*�7mµ�kbdmp��bd�7lF��v?wAmpg7b,oB��Ä!oPi��FwPenliBzA�=b)iAb,��mpoPg7�7l?su�7b2�FwPsu�-mp�Al!vdsu¸°skvden���4��q¬mkl?�
iPe��	bdlFb,oPvde�oA����en�FwÁ�FwAb���mfiPe�»�b,iÁvdsu¸�skvden���§q¹�PoPv��FenmpoÁehgÚb��	b,v��Fenckb�su�ElFb,iP��vdehoA�-g��b,sulehoA�-bdckb,o)��wAb,oÁ�FwAb
g7�7lFb,sk����q��Po�v��Fenmpo ehg¿mpoP�n� �{oAmÆ��o su¸P¸Plm,ÍAeh�Tsu�7b,�n�k�)�Een�p�AlFbTxkx8gFwPm©��g¿�FwAb)»°b,�hitmkqSenlFlbd�p�P�hsul¿mk�%"7b,v��Fgdz
b,�Á��b,i�iAb,i8ehoX�FwAb2v�mpsul?g7b,g7���kl?ehi8�Pg7b,iXq�mkl��FwPehg�b�Ífsk��¸°�nbk�
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�Een�p�PlFb2xkx&���=mpsul?g7bÃ�klehi ã yu² ��xky æ ��en�FwXb,�Á�	b,iPiAb,i8mk�6"�b,v��Fgd�
À}m�v�mp��¸��P�7b��FwAbÓg7�7lFb,sk�½q���oPv��Fenmpo ehoº�FwAbT�§�P�n�Feh¸��n��v�mpoPoPb,v��7b,iôiAmp�Tske�oBzB�Sb¼g7mp�nckb,i�sko b,���hen¸P�Fehv

b,¾{�Psu�Fenmpo�e�o8�FwAb2iAmp�Óskehoj�PgFe�oA���FwAb ��T��bdlgFb,i. o4�7bdlFq¹skv�bÁrIbd�FwAmfi �òx
����skoPijsT¸�lFm{v�b,i��AlFb*gFeh�Óeh�hsul��7m
�FwPsu�*iAbdckb,�hmk¸�b,it�{���NskoA� ���ky��Eq�mklÃ�FwPehg!¸Plmk���nb,�8�*À�w�ehg¿��sulF�7b,gFehskoº�kle�iI��bd�FwPm{iº¸Plm{iP��v�b,g!gFb,v�mpoPif�
mkliAbdlÁskvdvd�Alsu�7bµc�sk�h�Pb,gÃmkq��FwAbÓg7�7lFb,sk�½q���oPv��Fenmpo su�Ásk���E�klehi ¸	mpeho4�Fgdz���w�ehvw �=bdlFbÓv?wAmpg7b,oô�7m��	b��FwAb
v�mkloAbdl?g�mkqÚmp�Al�»°o�en�7b-ckmp���P��bÃv�b,�h�hgd��Õ¿e��	bdlFb,oPvde�oA�Á�FwPb,g7bÃc�sk���Ab,g=�penckb,g��FwAb¿lFb,¾{�PenlFb,iµÕ¿sulv��µckb,�nm{vdeh�Fenb,g
su�*v�b,�h�Eb,iA�kb,g,�§�Een�p�Alb)x��gwAm©��gÃsXv�mpo4�7mp�Al*¸��hmk�!mkq=�FwAb�g7�7lFb,sk����q��Po�v��Fenmpo �Pg7b,itq�mklÃ�FwPehgÃg7bd�ÃmkqS�7b,g7�
¸PlFmk�°�nb,�TgdzAv�mp��¸��P�7b,i8mpojs�ckbdlF�µ»°oPbÃ�klehiB�
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Stream function Ψ

�Een�p�AlFb*x
�&� Ù �7lFb,sk� q¹�PoPv��Fenmpo8�PgFb,i8q¬mkl�Ë�m©� �FwAlFmp�A�pw8enllFbd�p�P�hsul�mk�%"7b,v��Fg
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· b���g7b�ehoPen�Fe�sk�{i�su�Fs Ýfã�ë}ì7í°ì ² æ � ²*skoPi�s*��mp��oPiPsulF�2v�mpo�iPen�Fenmpo ÝAã ² ì7í°ì7îFæNç |��A¸��7mÃ�Feh��b�xu² ã skoPi
�dbdlFmj�FwPbdlFb,suq¬�7bdl æ z}��w�ehvw v�mklFlb,g7¸	mpoPiPg!�7mj�FwAbÓe�o"�b,v��Fehmpoºmkq=sX�7lskv�bdl§su�*�FwAbT�nbdq�� ã ehofË°m©� æ �	mp�PoPi�sulF�
m©ckbdl!�FwPehg��Fe���b*eho4�7bdlFc�sk������eh�p�AlFb2x�ÓgFwPm©��g�¸°�nmk�Fg�mkq��FwAb2g7mp�h�P�Fenmpo8su��iPe��	bdlFb,o4���Feh��b,gd�
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�Een�p�AlFbÃx�6��Ä!iAckb,v��FenmpoXmkq�¸�skggFenckb!�7lskv�bdl��FwAlFmp�A�pwÓ»�b,�hi¼mkq}ehlFlFbd�p�P�hsul?�n�§gwPsu¸	b,iÓmk�%"7b,v��Fgd�=��mpsulg7b!�klehi
ã �nbdq���gFehiAb æ e�g�yu² ��xky�sko�iX»°oAb¿�klehi ã l?en�pw��-gFehiAb æ ehg�xu²k² ��|d²k²f�

�o)mkliAbdl��7mÁv�mp��¸�sulFb��FwAb�lb,gF�P�n�Fg'��mklb�¾4�Psko4�Fen�Fsu�Fenckb,�h�§skgN�FwAb��klehi)ehgElFb�»�oAb,iBzp�=b�sk�hg7m*v�mp��¸°�A�7b,i
Ç���skgFwAmp�A�FÈºvd�AlFckb,g %)ã�î7æ ��wPe�vwô�Tb,skgF�AlFbµ�FwAbµ�7mk�Fsk���TskgFg§¸�skgFgFe�oA�j�FwAlFmp�P�pwÉ�FwPb¼leh�pw��Áb,iA�kbXmkq��FwAb
iAmp�Tske�o8skg�s�q¹�PoPv��FenmpoXmkq��Feh��bk�SÀ�wPehg�ehg�v�mp�T¸��A�7b,i8�{�
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��wPe�vwôg�P�TgÁ�FwAb¼cusk�h�Ab,gÁmkq.�Âsk�nmpoP���FwAbµlen�pw4�F��mpg7�§lFm©�5mkq��kl?ehiôv�b,�h��g2mpoásko�� � ���klehiB�tÀ�wPehg
�penckb,gÓ�FwAbjvd�AlFckb,g¼gFwAm©�-oZehoÊ�Een�p�AlFb�xp³4�¥À�wAb8�kb,oAbdlsk���	b,wPs,cfenmkl�mkq!Ë�m©� �FwAlFmp�A�pwÊ�FwPbX»�b,�hiámkqÃenl7�
lFbd�p�P��sulTmk�%"7b,v��Fg¼ehgT¸PlFb,g7bdlFckb,i¥skgT�FwAbI�klehiZe�g�lFb�»°oAb,i�����ckb,o���en�FwÊ�FwPb�v�mpsulg7b,g7�¼�klehiBz=��wAbdlbj�FwAb
»°oAb���gvdsk�nb2g7�7l��v��F�AlFbÃmkq'�FwAbÃË°m©� e�g�¸	m4mkl�h�ÓlFb,g7mp�hckb,i�ehoj�Een�p�PlFb2x�Az��FwAb2�=skgFwPmp�A�-vd�Alckb2gFwAmÆ��g�¾{�Pen�7b
�km{m{i<su�klFbdb,��b,o4�d�I�Amkl)�Tsko4��su¸P¸��he�vdsu�FenmpoPgdz}bk�ò�A�nz��klFmp�PoPiP�=su�7bdl2Ë�m©�5gFeh�§�P�hsu�Fenmpo�gdzÚ�FwPe�g2ehg2mkq��klFb,su�
eh��¸	mklF�Fsko�v�bk�
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�oj�FwPehg��7b,g7�dz��Sb§gFeh�§�P�hsu�7b,i�sÓ�7lskv�bdlÃskiAckb,v��FehoA�µskoPi�i�e��	��gFehoA�)�FwAlFmp�P�pwj�FwAb§gFsk��bÁ»�b,�hi8mkq�enllFbd�p�P�hsul
mk�%"7b,v��Fgd�X��eh�p�AlFbÓxky8gFwPm©��g2�FwAbTlFb,gF���n�Fg¿mkq��FwPehg*gFe��Á�P��su�Fenmpo su���8iPen��bdlFb,o4�Ã�Feh��b,g,�¼À}m�g7bdbT�FwPsu�Á�FwAb
oAmkl�Ósk�SiAbdl?enc�su�FehckbÓmkq Ý ehgÁvd�hmpg7b¼�7m �dbdlFmºoAb,sul)�FwAbµ�	mp�PoPiPsulehb,gdz�skg§b�Íf¸	b,v��7b,iÉq�lFmp� �FwAb I�b,���TskoPo
�	mp�PoPiPsul�Óv�mpoPiPen�FehmpoPg���en�Fw8iPen�	�PgenmpoBz{�Sb2sk��g7mTgFwAmÆ� s�v�mpo4�7mp�Al�¸��hmk��mkq��Fw�ehg�g7mp�h�A�Fehmpo8eho8�Een�p�AlFb2xk±{�

· skgFwPmp�A�!vd�PlFckb,g-sulbÁsu�pskehotgFwAmÆ��o�eho���eh�p�AlFb§xp³4� · wAb,otiPe��B�PgFenmpo8e�g�skiPiAb,i�z��FwAbdlFb§ehg�cfenlF�F�Psk���n�
oAmTiPen��bdlFb,o�v�b¿e�o¼�FwPbÃ�=skgFwPmp�A��vd�AlFckb,g�su��i�e���bdlb,o����kle�i¼lb,g7mp�h�A�Fenmpo�gd� ��ckb,o8�FwAb*��oPiAbdl7��lFb,gFmp�nckb,iµ�klehi
mkq'�Een�p�AlFb*xkx��pehckb,g�b�Ífv�b,���nb,o���lFb,gF�P�n�Fg,�
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�Een�p�AlFb�xky&�'Ä!iAckb,v��FenmpoTskoPi)iPen�	�Pgenmpo2mkq�¸�skgFgenckb��7lskv�bdl��FwAlFmp�P�pw§»�b,�hi§mkq�ehlFlFbd�p�P�hsul?�n�*gFwPsu¸	b,i§mk�%"7b,v��Fgd�
�=mpsulgFb*�klehi ã �nbdq���gFehiPb æ ehg�yu² �jxkyÓskoPiµ»°oAbÃ�kle�i ã len�pw4��gFehiAb æ ehg-xu²k² ��|d²k²f�
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�Een�p�AlFbÃxk±&�S�=mpo4�7mp�Al�¸��nmk�=mkqÚskiAckb,v��Fehmpof��iPe��B�PgFenmpo¼lFb,gF���n�FgN�FwPlFmp�A�pw¼»�b,�hi¼mkqÚenlFlbd�p�P�hsul=mk�%"�b,v��Fg�q�mkl��FwAb
»°oAb§�klehitvdsk�hvd�P��su�FenmpoIsu�¿�Feh�Tb î�ç yu²f�DI-mk�7b)�FwPsu�¿�FwAb�v�mpo��7mp�Al*��ehoAb2sulFb)lFmp�P�pwP�n�8¸	bdlF¸	b,oPiPehvd���hsul��7m
�FwAb*�	mp�Po�iPsulF�Tmkq�b,skvwImk�%"7b,v��d�
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Washout curves for advection through irregular objects
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Washout curves for advection and diffusion through irregular objects
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∫ q
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0,
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 d
x

 50 × 25
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�Een�p�AlFbÃxp³-� · skgFwPmp�A��vd�AlFckb,g�v�mp��¸°�A�7b,iµmpoX�FwAlFbdbÃiPe��	bdlFb,o4�=�kl?ehiPgd�EÀ�wAbÃ�A¸P¸	bdlS¸��nmk��ehg=q¬mkl�skiAckb,v��Fehmpo
mpoP�n�k��À�wAb*�nm©�=bdl�¸°�nmk��ehg�q�mkl��FwAb2skiAckb,v��Fehmpof��iPe��B�PgFenmpoXb,¾{�Psu�Fenmpo��
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q(1)   at time t = 75

�Een�p�AlFbÓx
�&�§Ä-iPckb,v��Fenmpo�mkq�¸�skgFgenckbT�7lskv�bdlÁ�FwAlFmp�A�pwº»°b,�hiºmkq�enlFlFbd�p�P��sul�n��gFw�su¸�b,i�mk�%"�b,v��Fg,z��PgehoA�X�FwAb
skiPsu¸P�FehckbÁ��b,gFw�lFb�»°oAb,�Tb,o��!sk�n�kmklen�FwP� mkq�Ð����	Î°Ï�Ð4Ñj��À�wAb§v�mpsulg7b,g7�)>�bdckb,�=|*�kle�i�ehg �kx �ô|,±{�-À�wPehg
ehg�lFb�»°oAb,i��4�8s¼q�skv��7mkl¿mkq �Ó�7mµ�FwAb >�bdckb,�Ex��klehi�g�skoPi��4�jskotskiPiPen�FehmpoPsk�	q�skv��7mkl¿mkq �µ�7mÓ�FwAb >�bdckb,� �
�klehi�gd�'À�wAbÃ�klehi8��ehoAb,g�sulFb2gwAm©��oXmpo��n�¼mpo >�bdckb,�hgÁ|ÃskoPi�x{�
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