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¹ M9T�¸%]^l�P�H*W�Y�T�JKS9i�HKRF[\RFYDJ\RFTnJKL�R�º´®1_ M�Y�T�W�H*s»S+WFs�RdHF¼D®CRda¢_�HKReW�Y'W�M�T9]^RFY�coR%_�a;VnW�JKL�RFVXW�JK]Ucd]UW�Y9[/W�J\J\RFY�T9]UY�l
JKL�Rw�5L�]^H*T Z YDJ\RdH*Y�W�JK]^_ Y�W�S>bgW�JKL�RFVXW�JK]UcdW�S0fh_ Y�l�HKRF[*[w½¿¾ }À5Á�[\RdR»W�SU[\_B½¿¾�Â�À¢ÃOeÄ�_�H`T�RFcdW�T�RF[dp1[Kcd]^RFYDJK]U[\JK[IL�W�T
®1RdRFY'co_ Y�a¢M�[KRFT'®"snT!¼´GeS^RFVª®1RdHKJd¼´[/P¶W�H*W�T�_FyÅÁ�º³T9]U[Kco_r�RdH*RFT!¼�]UYB¤}�¾�µ Ãpk[\JKW�JK]UY�lwJKL�W�J6Æ�Ç¢È�ÉdÊ\É�ËÍÌIÎkÏ'Ð�Ê¬ÑÒÓÏ�Î
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½´}�{�À#OçP0H*W�Y9T�JKS�T�RF[KcoH*]U®CRFT¦L�_¸èJKL�RgL�W�H*T�SUs�r�]U[K]^®9SURÓ®1_ M�Y9T�W�HKs�SUWs�RdHÓY�RFW�HnJKL�Rg[*M�HKa�W�coR-_�aÝJKL�R-®1_"T�s
HKRF[\_ SUr�RF[5JKL�]U[àikW�H*W�T�_Fy©JKL�H*_ M�l L.JKL�R¨]UY�é9M�RFY�coRÝ_�a>r"]U[*co_ [K]^J�s�O

Ä¶]^l M�HKR'¤�± ¹ M�T�¸%]^ljP�H*W�Y�T�JKS�Á¬¤Fz }�¾�«*¤F|�¾�² ÃÝRoy"i1RdH*]UVXRFY8JK]UY�lj¸%]^JKL-L�]+[�VXW�YDM9W�SUS^sÓ_�iCRdHW�J\RFTg¸àW�J\RdHIJKM9Y�Y�RFS
]UY©°eW�Y�Y�_�r�RdHwÁ¬¤F|�{�·DÃª½¿µ�·�À#O

P�H*W�Y�T�JKSE¼´[e°IRF]UT�RFS^®1RdHKlnSURFcoJKM�HKR»]U[ÝW'SUW�Y9T�VXW�HKê-]UYgJKL�RjT�Rdr�RFS^_�i9VXRFY8Je_�a/W'®�H*W�Y�cL¯_�a�VXW�JKL�RFVXW�JK]+cd[
Y�_�¸hW�T�Ws"[¯cdW�SUS^RFT=º³VnW�JKc*L�RFT=W�[\s�Vji�J\_�JK]Uc6Roy�i9W�Y�[*]^_ Y�[d¼^pÝW�S^JKL�_ M�l Lër�W�H*]U_ M�[.HK_"_�JK[-_�a»JKL�R6®1_ M�Y�T�W�H*s8«
SUWs�RdH¨]UT�RFW.cdW�Y6®1R»aÍ_ M9Y�TÅW�S^HKRFW�T�s¯]UYÅJKL�R©¤F|�JKL�coRFYDJKM�HKs¥½´}�·�À#OX�5L�RjVjRdJKL�_�TÅ_�ahVnW�JKc*L�RFTìW�[Ks"Vji9J\_�JK]Uc
Roy�i9W�Y�[K]^_ Y9[1J\HKRFW�JK[�T9]îíCRdH*RFY8JK]UW�S�RFï"M�W�JK]^_ Y�[
¸%L�RdHKR�W5[*VXW�SUS�i9W�H*W�VXRdJ\RdH�VwM�S^JK]^i9S+]^RF[9JKL�R�L�]^l L�RF[KJ;T�RdH*]^r�W�JK]^r�R�p
]EO¿R�O¶[\RdJ\JK]UY�lBJKL�R.[KVXW�SUS�i9W�H*W�VjRdJ\RdHjW�J»ðdRdHK_Å]UVji9SU]URF[�T�HK_�i�ik]UY�l©_ Y�R6Á¢_�HjVj_�HKR�Ã�®C_ M9Y�T�W�HKs6co_ Y�T�]UJK]^_ Y�[dO
Ge[nW�co_ Y9[\RFïDM�RFY�coR�p5Wì[\RdH*]URF[nT�Rdr�RFS^_�ikVjRFY8J']UY¦JKL�R¯[KVXW�SUSài9W�HW�VjRdJ\RdHÓ]+[XY�_�S^_ Y�l�RdHnr�W�SU]UT¦M�Y�]UaÍ_�H*VnS^s
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inviscid flow

STRONG INTERACTION
M>1

viscous flow

Ä¶]^l M�HKR�µ"±hm�M�®!T�]^r�]U[K]^_ Yj_�a>JKL�R`é�_�¸ëñ�RFSUT©W�H*_ M�Y�T©W�Y©W�]^HKa¢_ ]US1]UY©W�Y©]UYDr�]U[Kcd]UT�«#é9_¸òHKRdl ]^_ Y-W�Y9T©W»r"]U[*co_ M�[
[KL�RFW�HISUWFs�RdH»Á¢Roy�W�l�l�RdH*W�J\RFTÅ]UY.JKL9]UcKê�Y�RF[K[ÃO

JKL�HK_ M�l L�_ M�J¨JKL�R'T�_ VXW�]+Y!O-�%Roy�JwJ\_BJKL�RÓ®1_ M�Y�T�W�H*sB¸%L�RdHKR']UY�JKL�R'[*VXW�SUSî«#i9W�HW�VjRdJ\RdHªSU]+VX]^J`®1_ M�Y�T�W�H*s
co_ Y�T�]UJK]^_ Y�[�L�Wr�R%J\_¨®1R5T�H*_�i�i1RFT!p W`JKL�]UYjS+WFs�RdHàL�W�[�J\_¨®1R5W�T�T�RFTj¸%L�RdHKR5WªT�]îí1RdHKRFYDJ0[\RdH*]^RF[0T�Rdr�RFS^_�i9VjRFYDJ
]U[%HKRFïDM9]^HKRFT!OàP0H*W�Y9T�JKS;Y�W�VjRFTgJKL�]U[%JKL�]UY-SUWs�RdH.óhÊKÉoÎ�ô�ÌoÙdÈ8ËEÙoÈDÇ»Á�N�Y�l S+]U[KL.J\H*W�Y�[*SUW�JK]^_ Y!±h®1_ M�Y�T�W�HKsÓSUWFs�RdHoÃp
WXY�W�VXR`JKL�W�J%L�W�[�®1RdRFY-M9[\RFT.Rdr�RdHe[*]UY�coRÝaÍ_�He[K]UVX]+SUW�H/JKL9]UY©SUWFs�RdH[%]UY._�JKL�RdHeW�i�i9SU]+cdW�JK]^_ Y�[dO

Z YBW�RdH*_"T�s�Y�W�VX]+cªW�i�ikSU]UcdW�JK]^_ Y�[wÁ�Ä¶]^l�O1µ Ãp!JKL�Rª®1_ M�Y�T9W�HKs©SUWFs�RdH�]U[eT�H*]Ur�RFY-®"s-JKL�R»]UY8r�]U[Kcd]+T-i�HKRF[*[KM�HKR
T�]U[KJ\H*]^®9M�JK]U_ Y�õkö0W�Y9T-Á¢JKL�HK_ M�l LjxhRdH*Y�_ M9SUSU]E¼´[>SUWF¸ÝÃ>]^JK[¶HKRFSUW�J\RFTX[KJ\HKRFW�V¨¸I]U[\Ràr�RFS^_�cd]^J�sw÷köO Z Y»JKL�Rà®1_ M�Y�T�W�H*s
SUWs�RdHIJKL�Rª[\J\HKRFW�Vª¸%]U[\R�r�RFSU_"cd]^J�s©co_ Vji1_ Y�RFY8JI]U[�HKRFT�M9coRFT©J\_nðdRdHK_Ó]UY._�H*T�RdHIJ\_nco_ Vji9SUsÓ¸I]^JKL.JKL�R¨Y�_�«�[*SU]^i
co_ Y�T�]UJK]^_ Y§W�JÓJKL�RB[*M�HKa�W�coR�Oø�5L�R¯SUW�J\RdH*W�Seco_D_�H*T9]UY�W�J\RgùCp�J\_�l�RdJKL�RdH.¸%]^JKL¡]^JK[Óco_�HKHKRF[\i1_ Y�T�]+Y�l6r�RFS^_�cd]^J�s
co_ Vji1_ Y�RFYDJ�úkp�[KcdW�S^RF[�¸%]^JKL�JKL�Rh]UYDr�RdH*[\Rh[Kï"M�W�HKR�H*_D_�J>_�a�JKL�Ràû5Rds�Y�_ SUT�[�YDM�Vª®1RdH�û%ReÁ�T�Rdñ9Y�RFTª]UY�JKL�RhM9[KM�W�S
¸àWFskü�ÃOn�5L�R»é�_�¸ýRFï"M�W�JK]^_ Y�[`cdW�Y�®CRj[K]+Vji9SU]^ñ9RFTg®"s¯Y�Rdl S^RFcoJK]UY�l©JKL�Rjr�]U[Kco_ M9[�[\J\HKRFW�Vª¸%]U[\RXT�RdH*]^r�W�JK]^r�RF[dp
¸%L�RdH*RFW�[
JKL�RàSUW�J\RdH*W�S"Vj_ VjRFYDJKM�V�RFïDM9W�JK]^_ Yª[KJKW�J\RF[¶JKL�R/i9HKRF[K[KM�H*R0J\_I®1Rhco_ Y�[\JKW�YDJ�JKL�H*_ M�l L¨JKL�R�®1_ M�Y�T�W�H*s
SUWs�RdHFO�P0HW�Y�T�JKSE¼´[XóhÊKÉoÎ"ôoÌoÙdÈ8Ë�ÙdÈDÇUÒ�ÜUÉoËEÙoÈDã"Î"ÒDÉoÎ6RFVXRdHKl�R'Á�]UY-Y�_ Y�«�T�]UVjRFY9[K]^_ Y�W�SkaÍ_�HV'Ã±
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N0íCRFcoJK]^r�RFSUs�p9JKL�R`®1_ M�Y�T9W�HKsnSUWs�RdHIc*L9W�Y�l�RF[wÁ¢JKL9]UcKê�RFY�[IW�Y�T©[KVj_"_�JKL�RF[ÃàJKL�R¨[KL�W�i1RÝ_�a¶JKL�R`l�Rd_ VjRdJ\HKs�O
�5L�RjH*RF[KM�S^JK]UY�lÓRoí1RFcoJK]^r�RÓ[KL�W�i1RX]U[`cdW�SUS^RFTìJKL�RnT�]U[Ki9SUW�coRFVjRFYDJÝ®C_�T�sBù ����� >]^J`®1RFco_ VjRF[ªW-[\J\HKRFW�VnSU]UY�R
a¢_�H5JKL�R¨]UYDr�]U[Kcd]UT'é�_¸~Á¢R�O¿l�O ¹ ]^l L8JKL9]USUS¶½ ·8²�À¢ÃO

�5L�R0VXW�]UY�W�T�r�W�YDJKW�l�R/_�a�JKL�R0®1_ M�Y9T�W�HKsD«�SUWFs�RdH
co_ Y9coRdi�J�]U[1JKL9W�J
JKL�R0RFS+SU]^i�JK]Uc>c*L9W�H*W�coJ\RdH¶_�a"JKL�R��IWr"]URdH��
m"J\_�ê�RF[/RFïDM9W�JK]^_ Y�[0]U[�c*L�W�Y�l�RFTÓ]UYDJ\_¨W�VwM�c*LnRFW�[K]^RdH�L9W�Y�T�S^RFT»i9W�HW�®C_ S+]Uc�c*L�W�HW�coJ\RdHFO0�5L�R%S+W�J\J\RdH�¸àW�[0r�RdHKs
HKRFS^Rdr�W�YDJh]UY'W�YÓRdH*W¨¸IL�RdHKRÝVXW�]UY�S^s»W�Y�W�S^s"JK]UcdW�SkJ\_D_ S+[/¸hRdHKRÝWFr�W�]USUW�®9SUR%a¢_�Hà[K_ S^r"]+Y�l¨T�]îí1RdHKRFYDJK]UW�SkRFïDM�W�JK]U_ Y�[dO
�5L�R5[KJKW�®9S^R5T�]^H*RFcoJK]^_ Yj_�aCJKL�R5®1_ M�Y�T�W�H*s8«�SUWs�RdH�RFïDM9W�JK]^_ Y�[IÁ¬¤Ã�]U[�l�_r�RdHY�RFTn®"swJKL�R%[K]^l Y»_�a1÷�O¶°IRFY�coRIJKL�]U[
T�]^H*RFcoJK]^_ Yg[\¸I]^JKc*L�RF[I]UY-H*Rdr�RdH*[\RFT�«#é�_�¸4HKRdl ]^_ Y�[dpk¸%L�]UcLgL�W�[I]UVji9S+]UcdW�JK]^_ Y�[�a¢_�H%JKL�Rª¸àWFs-JKL�Rds-W�HKRª[\_ SUr�RFT!p
W�[5¸hR`¸%]US+SC[KRdR�®1RFS^_¸�O
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Ä�_�He[K]^JKM�W�JK]^_ Y9[�¸%]^JKL©W�J\JKW�cL�RFT¯é�_¸�JKL�R`®1_ M�Y�T�W�HKsÓSUWFs�RdHIi�HK_�r"]UT�RF[�_ Y�S^s.WX[KVXW�S+S1iCRdH*JKM�HK®9W�JK]^_ Y.J\_nJKL�R
]UYDr"]+[Kcd]UTÅé�_�¸�O-°%_�¸/Rdr�RdHp0]^J¨]U[¨aÍ_ M�Y9TìJKL�W�JwW�[ª[\_"_ Y�W�[ªJKL�R'é�_¸ ¸hW�YDJK[ªJ\_B[\Rdi9W�HW�J\R'a¢HK_ V JKL�Rn®1_"T�s
[KM�H*a¢W�coR�p�JKL�R5[KJ\RFW�T�s¨®1_ M�Y�T9W�HKs8«�S+WFs�RdH�cdW�SUcdM�SUW�JK]U_ Yª®9HKRFW�ê"[�T�_¸%Yw¸%]^JKL»WÝ[\_ SUM�JK]^_ Y¨JKL9W�J�J\RFY�T�[>J\_`®1RFco_ VjR
[K]UY�l M�SUW�HFO Z Y-L�]+[5Y�_¸�a¢W�VX_ M�[5i9W�i1RdH5_�a5¤F|�·8z"p;te_ SUT9[\J\RF]UY�½¿µ�²�À¶T�RF[KcoH*]^®1RF[�JKL�R¨co_ Vji9M�JKW�JK]U_ Y�W�S;ñ9Y9T�]UY�l [
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Ï¬ä�ÈDË+ÌeÙÏ�ÚIÛkã�Ç#Ñ�Ç�ËEÏ�Î�Ì*Ø�d�Ê¬Ï¬äFÉ�ÌÌoÏ�Ê6eªÑ�Ê�Ç�ÊKÉ*ÉÝá�Ñ�ÌeÙ*Ï�Î�ÞË¢ÎkÙÉ*ÐjÇ¢È"Ñ�Ç¶Ç¢È�ÉdÊ\ÉÝá�Ñ�ÌeÑªÌË¢ÎDÒ ã"Ü^Ñ�Ê�Ë¢Ç�ÖwË¢Î.Ç¢È�É%ÌoÏ�Ü ã�Ç�Ë�Ï�Î
Ñ�ÇeÇ¢È�É¨Û�Ï�ËÍÎ9Ç`Ï¬äXÌdÉ�Û�Ñ�Ê¬Ñ Ç�Ë�Ï�ÎYb\æòG Y"M�Vª®1RdH`_�ahi1_ [K[*]^®9S^RjcdW�M�[\RF[¨aÍ_�HªJKL�Rnco_ VjikM�JKW�JK]^_ Y�W�S�i�HK_�®9S^RFVn[`cdW�Y
RFW�[K]USUs'®1R`]UVXW�l ]UY�RFT!±

ËgfÅ�5L�R¯l�H*_¸5JKLç_�awJKL�Rì[\_ S+M�JK]^_ Yòr�]^_ SUW�J\RF[.JKL�RìW�[K[*M�Vji�JK]^_ YçVnW�T�Rì]UY ®1_ M�Y�T�W�HKsD«�SUWs�RdH©JKL�Rd_�HKs JKL�W�J
[KJ\HKRFW�V¨¸I]U[\R�T�RdH*]^r�W�JK]^r�RF[¶W�HKR�[KVXW�S+SEO��5L�R/HKRFVXRFT�s�¸h_ M�SUTw®1R/J\_`]UY�cdS+M�T�R0JKL�RF[KRà[KJ\HKRFW�V¨¸I]U[\R�T�RdH*]^r�W�«
JK]Ur�RF[/]UYXJKL�R5RFï"M�W�JK]^_ Y�[�_�a;Vj_�JK]^_ Y!pD®9M�J�JKL�RFY'JKL�R5RFSUS+]^i�JK]Ucàc*L9W�H*W�coJ\RdHà_�aCJKL�RI�eWFr�]^RdH���m"J\_�ê�RF[hRFï"M�W�«
JK]U_ Y�[5]U[àHKRdJKW�]+Y�RFT©¸%]^JKL©]UJK[5co_�HKHKRF[\i1_ Y�T9]UY�l»VªM�cLgL�]Ul L�RdH5co_ Vji9M�JKW�JK]U_ Y�W�S;co_ Vji9SURoy�]^J�s�O

Ë¢Ë*fÅ�5L�R»[\JKW�®9S^R»i9W�H*W�®1_ SU]+c�T�]^HKRFcoJK]U_ YB_�a�JKL�R»®C_ M9Y�T�W�HKsD«�SUWFs�RdHeRFï"M�W�JK]^_ Y�[Ýc*L9W�Y�l�RF[�S^_�cdW�SUS^s-]UYBHKRdr�RdH*[KRFT�«
é9_¸ HKRdl ]^_ Y9[dp¶¸%]^JKL×Y�Rdl W�JK]^r�R-[\J\HKRFW�Vª¸%]U[KR'r�RFS^_�cd]^J�s�OìGI[»WÅco_ Y�[\RFï"M�RFY�coR�p�]+Y�JKL�RF[KRÓH*Rdl ]^_ Y�[ªJKL�R
RFï"M�W�JK]^_ Y9[I[KL�_ M�SUT©®1Rª[K_ S^r�RFTga¢HK_ V T�_¸%Y9[\J\HKRFW�V J\_'M�ik[\J\HKRFW�V©p1L�RFY�coRª_ Y�Rª[K]+Y�l S^R¨T�_�¸%Y�[\J\H*RFW�V»«
VnW�H*c*L�]+Y�lXco_ Vji9M�JKW�JK]U_ Y�W�S;[\¸hRdRdiBT�_"RF[5Y�_�J5[*MihncoR¨W�YDs"VX_�HKR�O

�I_¸�p`_ Y�R L�W�[©J\_§ê�RdRdi=]UYçVX]UY9TòJKL�W�Jg]UYòJKL�R�ñ�H*[\J-L�W�SUa¨_�a»JKL�R�coRFYDJKM�HKsòJKL�RdHKR6¸hRdHKR�L9W�H*T�S^s W�Y8s
W�i�i�H*_�i�H*]UW�J\RBJ\_D_ SU[.J\_¦[\_ SUr�RBJKL�RÅé�_�¸ RFïDM�W�JK]U_ Y�[dO@GàJ.JKL�W�J.JK]UVjRÅ]^JÓ¸hW�[.]UVji1_ [K[*]^®9S^R©J\_¦c*L�RFcKê JKL�R
W�®1_r�RªJ�¸h_Xi1_ [K[K]^®9]+SU]^JK]^RF[dpDW�Y�T©JKL�R¨]+[K[KM�R`L�W�T©J\_nHKRFVXW�]UY._�i1RFY!O

Z Y�[\i9]UHKRFT ®"s§JKL�R6VXW�JKL�RFVXW�JK]UcdW�S`W�Y�TòY"M�VjRdH*]UcdW�SÝcL�W�SUS^RFY�l�R�p`te_ SUT�[KJ\RF]UYâ½¿µ�²"pei
O/·8¾�À§Æ�ã"ÎCÐ8ÉoÊoÇ#ÏFÏ�j
Ç#Ï¯Ç�ÊÖÅÇ#ÏªÔ0ÎkÐBÌdÏ�ÚnÉIäoÏ�Ê�Ú»ã�ÜîÑ8É©Ç¢È"Ñ�Çeá�Ï�ã�ÜîÐBÈ�Ï�ÜîÐ6ÎCÉKÑ�ÊÓÇ¢È8ËÍÌjÌË¢ÎDÒ�ã�Ü^Ñ�ÊË�Ç�Ö6Ñ�ÎkÐBá�Ï�ã�ÜîÐÅÈ�ÉoÜ Û ËÍÎ.Ô0Î�ËÍÌ*ÈDËÍÎDÒ
Ç¢È�ÉgÙ*Ï�ÚIÛkã�Ç#Ñ�Ç�ËEÏ�ÎkbKæ=Ge[»WBH*RF[KM�S^Jdp�L�R'i�HKRF[\RFYDJ\RFT¥W�Y×]+Y�«�T�Rdi�JKL T�]U[KcdM�[*[K]^_ Yì_ Y×JKL�RÓ®�HKRFW�ê�T�_�¸%Y�_�a%JKL�R
®1_ M�Y�T�W�H*s8«�SUWs�RdH»RFïDM�W�JK]U_ Y�[»W�JX[\Rdi9W�H*W�JK]^_ Y¥]UY×¸%L9]Uc*L¥L�R.W�T�T�RFT¥[\_ VjR-VX_�HKR.iC_ [*[K]^®9S^R'cdW�M�[\RF[dO×m�]UY�coR
JKL�RFY!p%JKL�R¯[*]UY�l M�SUW�H]^J�s¥W�JÓ[KRdi9W�H*W�JK]^_ Y ®1RFW�H*[ÓL�]U[nY9W�VjR�O Z Y¡i9W�HKJK]UcdM�S+W�HFpà_ Y§i9W�l�Rì¾�{ _�a¨L�]U[ni9W�i1RdHFp
te_ SUT9[\J\RF]UY a¢_�H*VwM�SUW�J\RF[ÓJKL�RBaÍ_ SUSU_¸%]UY�l�[KM�l�l�RF[\JK]U_ Y!± Æ��eÎCÏ�Ç¢È�ÉoÊXÛ�Ï�ÌÌË#ÕoË¢ÜvË�Ç�Ö¦Ë+ÌgÇ¢È�Ñ�ÇXÑ ÌË¢ÎDÒ�ã�Ü^Ñ�Ê�Ë¢Ç�Ö¥á�Ë¢ÜÍÜ
Ñ�Ü á�Ñ�Ö�Ì.ÏFÙÙdã�Ê.É(l8Ù�É�ÛCÇ>ädÏ�ÊÓÙ�ÉoÊoÇ#Ñ�ËÍÎ¥Ì�Û�ÉKÙFË�Ñ�Ü;ÛkÊKÉ�ÌÌã�ÊKÉ.Þ�Ñ�ÊËEÑ�Ç�ËEÏ�Î�Ì'Ë¢Î Ç¢È�É'ÎCÉdËîÒ�È�ÕKÏ�ã"ÊÈ"ÏFÏÐ Ï¬änÌdÉ Û�Ñ�Ê\Ñ�Ç�Ë�Ï�Î�Ø
Ñ�ÎkÐ�Ç¢È"Ñ�Ç¢Ø�ÉNloÛ�ÉoÊ�ËÍÚnÉdÎ9Ç#Ñ�Ü¢ÜvÖ�Ø;á¶È"Ñ�Ç�ÉdÞ�ÉdÊ/á/ÉhÚXÑ�Ö�Ð Ï�Ø!Ç¢È�É
ÛkÊKÉ�Ì*Ì�ã�Ê\É�Þ�Ñ�Ê�Ë�Ñ Ç�Ë�Ï�Î�Ì/ÎCÉ*Ñ�Ê�ÌFÉ�Û�Ñ�Ê¬Ñ�Ç�ËEÏ�ÎÓá�ËÍÜ¢Ü"Ñ�Üvá�Ñ�Ö�Ì
Õ*É¨Ì�ã�ÙoÈ©Ç¢È"Ñ�ÇhÎkÏnÌË¢ÎDÒ�ã�Ü^Ñ�Ê�Ë¢Ç�ÖÓá�ËÍÜ¢Ü�ÏFÙÙdã�ÊPb\æ

Z J�J\_"_�ê6J�¸hRFY8J�s�Vj_�HKR's�RFW�H*[¨®1Rda¢_�HKRXW�S^l�_�H*]UJKL�VX[�W�Y�T co_ Vji9M�J\RdH[�¸hRdHKRn[KMih'cd]^RFY8JKSUs¯T�Rdr�RFSU_�iCRFT�J\_
i1RdHKa¢_�H*Vè[\_ VXR»Y"M�VjRdH]UcdW�S;Roy�i1RdH*]UVjRFYDJK[I]+Y-_�H*T�RdHeJ\_.Roy"ikS^_�HKR¨JKL�Rª_�i�JK]U_ Y�[IVXRFY8JK]^_ Y�RFT¯W�®1_�r�R�O�u`Y�R¨_�a
JKL�RF[\RjRoy�i1RdH*]UVjRFYDJK[Ý¸àW�[`T�RF[KcoH*]^®1RFTÅ]UY¥¤F|�Â�Â.®"s6f�W�JKL�RdH*W�SUS¶W�Y�TìbBW�Y�l S^RdH'½¿Â�À#p
¸%L�_.J\H*]^RFTÅJ\_-[\_ SUr�RjJKL�R
[\J\RFW�T�s`®1_ M�Y9T�W�HKsD«�SUWFs�RdH�RFïDM�W�JK]U_ Y�[;¸%]UJKL`i�HKRF[KcoH]^®1RFT�T�]U[\ikSUW�coRFVjRFYDJ!JKL�]UcKê�Y�RF[K[FO Z Y�T�RdRFT!p�JKL�Rds�[KM�cdcoRdRFT�RFT
J\_%ikW�[K[;JKL�R/i1_ ]UY8J!_�a�é�_�¸×[KRdi9W�H*W�JK]^_ Y!p�®9M�J
H*W�Y�]UYDJ\_IT�]mhncdM�S^JK]^RF[!W5®9]^J;a�M�HKJKL�RdH�T�_¸%Y9[\J\HKRFW�V©O>�5L�R0HKRFW�[K_ Y
L�RdHKRd_�a0]+[%cdS^RFW�HFp1W�Y�T¯]UY-a�W�coJe¸hW�[eW�S^HKRFW�T�s©a¢_�H*VwM�SUW�J\RFTB®Ds©JKL�RªW�M�JKL�_�H[w½¿Â"pCi;O�¤}�z�À#± Æ8n
È8ËÍÌªËÍÌ�Û�Ï�ÌÌË#ÕoÜ Ö
Ç#Ï¦Õ*É¯ÉNloÛ�ÉKÙÇ�ÉKÐ�Ø»ÌË¢ÎkÙ�ÉgÇ¢È�É-ÊKÉ#Ò Ë�Ï�ÎçÏ\ä-Ê\ÉdÞ�ÉdÊ*ÌdÑ�Ü;ß�Ï�áýÌÈ"Ï�ã�Ü^Ð�ÊKÉKÑ�ÜÍÜ Ö¦ÕÉgËÍÎ9Ç�É�Ò�Ê\Ñ�Ç�ÉKÐ×Ë¢ÎòÇ¢È�ÉgÎCÉ#ÒDÑ�Ç�ËÍÞ�Épo�q
Ð�Ë¢Ê\É*ÙFÇ�ËEÏ�Îìá�Ë�Ç¢ÈÅÕKÏ�ã"ÎCÐ Ñ�Ê�Ö©ÙÏ�ÎkÐ�Ë�Ç�ËEÏ�Î�ÌIÛkÊ¬Ï�ÞËEÐ8ÉKÐ�äÊ\Ï�Ú Ð Ï�á�Î�ÌoÇ�Ê\É*Ñ�Úrb\ætsò]^JKL-cdM�H*HKRFY8Jeco_ Vji9M�J\RdHIi1_¸hRdHFp
JKL�]U[ni�HK_�®9SURFV ]U[XRFW�[*]US^s¥HKRFVjRFT�]URFT¦®Ds W T�_¸IY�[\J\HKRFW�V T�]U[KcoH*RdJK]^ðFW�JK]^_ Y _�a`JKL�RBco_ YDr�RFcoJK]^r�RÅJ\RdH*VX[ÓW�Y�T
[KM�®k[\RFïDM�RFY8J�HKRdi1RFW�J\RFTª[\¸hRdRdi9[�JKL�HK_ M�l LªJKL�R/®C_ M9Y�T�W�HKs`SUWs�RdHFO>�IRdr�RdHKJKL�RFSURF[K[dp W�[0fàW�JKL�RdH*W�S+S8W�Y�T»bgW�Y�l S^RdH
¸hRdHKR©Y�_�Jwco_ YDr�]UY�coRFT×_�a%JKL�RF]UHw[KM9cdcoRF[K[dp0JKL�Rds [\J\_�i�i1RFT�a�M�HKJKL�RdHªHKRF[KRFW�H*c*L¦]UYDJ\_¯JKL�]U[»[KM�®vu\RFcoJdO Z Y a�W�coJdp
fàW�JKL�RdHW�SUS�SURFW�H*Y�RFTB_ Y�S^s-[\_ VjRwJ�¸hRFYDJ�s¯s�RFW�H*[ÝW�aÍJ\RdH`i9M�®9SU]UcdW�JK]^_ YgW�®C_ M�J%JKL�R»SUW�HKl�R»]UVji9W�coJeJKL�RF]^Hei9W�i1RdH
L�W�T-coH*RFW�J\RFT ½ i�H*]Ur�W�J\R�co_ VXVwM�Y�]+cdW�JK]^_ Y!p;¤F|�|�µ�À#O
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Z YjJKL�R%SUW�J\RI[K]îy�JK]^RF[dp ]UY�[Ki9]^HKRFTw®"sw]UT�RFW�[�i9M�J�a¢_�HK¸àW�H*Tj®"s ¹ ]^l LDJKL�]USUS"]UY-¤F|�¾�²'½ ·8µ�À#p�m"J\Rd¸àW�HKJK[\_ Y¯Á¢aÍ_�Hh[\J\RFW�T�s
[KM�®k[\_ Y�]UcÓW�Y�T¦[KM�i1RdH*[K_ Y�]UcXé9_¸eÃ©½¿Â�z"po}�µ�À#pàbgRF[K[K]^J\RdH¯Á�[KM�®9[\_ Y9]UcÃÓ½ ·8z�ÀIW�Y�T¦�IRF]USUW�Y�TçÁ�[KM�i1RdH*[K_ Y�]UcÃ'½¿¾�µ�À
T�Rdr�RFS^_�i1RFT©W�[\s�Vji�J\_�JK]+cIJKL�Rd_�H*]^RF[�]UYÓJKL�R�Y�RF]Ul L8®1_ M�H*L�_D_�TX_�a¶[K]UY�l M9SUW�H/i1_ ]UYDJK[à]UYÓJKL�R`é�_�¸çñ�RFSUT!p�[KM�cL©W�[
WjJ\H*W�]+SU]UY�lwRFT�l�R�_�HeW»iC_ ]+Y8J�_�a>é�_¸=[\Rdi9W�H*W�JK]U_ Y!O

Z Yì®�H*_ W�T!p�ï"M�W�SU]^JKW�JK]Ur�RnSU]UY�RF[�JKL�RF]^H�HKRFW�[K_ Y�]UY�lg]+[�W�[�a¢_ SUS^_�¸%[dO ¹ RdJªM9[�[\JKW�HKJw]UYìWgL9]^RdH*W�H*cL�]UcdW�S¶¸àWFs
¸%]^JKLgWXl ]^r�RFYBi�HKRF[K[*M�HKR�T�]U[KJ\H*]^®9M�JK]U_ YÅÁ�M9[KM�W�SUS^sÓ_�®�JKW�]UY�RFT-a¢HK_ V JKL�Rw]UYDr"]U[*cd]UT�«#é�_�¸ëRFïDM9W�JK]^_ Y�[ÃhJ\_Ó¸%L�]+c*L
JKL�R'®C_ M9Y�T�W�HKsÅSUWFs�RdH»]U[ªW�[K[KM�VjRFT�J\_Bl ]Ur�R'W Á�Vn]UY�_�H�ÃÝco_�H*HKRFcoJK]^_ Y!O-�IRFW�HjW-i1_ ]UYDJ�_�a�é�_¸ [\Rdi9W�H*W�JK]U_ Y!p
_�H%W�Y�_�JKL�RdH%[K]UY�l M9SUW�H/i1_ ]UYDJdp�]^J�]U[�W�YDJK]Ucd]^i9W�J\RFT-JKL�W�J�JKL�R`HKRFS^Rdr�W�YDJ�i9L8s�[K]UcdW�S!SURFY�l�JKL©[KcdW�S^R�]UY.[\J\H*RFW�V¨¸%]+[\R

²



T�]^H*RFcoJK]^_ Yw®CRFco_ VXRF[0[KVXW�SUSURdHFO>Ge[�WÝHKRF[KM9S^J¶JKL�R�ÿ�«�T�RdH]^r�W�JK]Ur�Rà]+YªJKL�R5co_ Y8JK]UY"M�]^J�sªRFï"M�W�JK]^_ Yj]+Y.Á¬¤Ã¶®CRFco_ VXRF[
SUW�HKl�RdHp
W�Y�T6co_ Y�[\RFï"M�RFYDJKS^sÅ[\_-T�_"RF[`JKL�Rjr�RdHKJK]UcdW�S0r�RFS^_"cd]UJ�sÅco_ Vji1_ Y�RFY8JdOj�5L9]U[eJ\H*W�Y�[KSUW�J\RF[¨]UY8J\_-W©VX_�HKR
[KM�T9T�RFY6T�]U[\ikSUW�coRFVjRFYDJ`RoíCRFcoJwW�coJK]UY�lgM�i1_ YÅJKL�RnRoy"J\RdH*Y9W�S�]UYDr"]+[Kcd]UT¯é�_¸¨p�W�Y�T�¸%]^JKL6xhRdH*Y�_ M�S+SU]E¼´[ÝSUWF¸ ]^J
HKRF[KM9S^JK[à]UY©WjSUW�HKl�RdH�i�H*RF[K[KM�HKRÝT�]U[KJKM�HK®9W�Y�coR�O�Ge[�[\_"_ Y-W�[àJKL�]U[�T�]+[\JKM�HK®9W�Y9coRI®1RFco_ VjRF[�_�a�JKL�R�[KW�VjR`_�HT�RdH
W�[¶JKL�R5]UY9]^JK]UW�SUS^s`W�i�ikSU]^RFTªi�HKRF[K[KM�HKR/T�]+[\J\H*]^®9M�JK]^_ Y�JKL�R�W�[K[*M�Vji�JK]^_ Yw_�aCL�]^RdH*W�H*cL8sª®1RFco_ VjRF[�r�]^_ SUW�J\RFT!O¶xh_�JKL
]UYDr"]+[Kcd]UT-é9_¸@W�Y�TÅ®1_ M�Y�T9W�HKs-SUWFs�RdH�Y�_¸@L�Wr�RXW�YÅRFïDM�W�S�[*WFsB]+YBJKL�RwH*RF[KM�S^JK]UY�lni�HKRF[*[KM�HKR»T�]U[\J\H]^®9M�JK]^_ Y;O
Z YBW�RdHK_�T�s�Y�W�VX]UcdW�S�J\RdH*VX[FpCJKL�RwL�]URdH*W�H*c*LDs©®1RdJ�¸hRdRFYÅ®1_ M�Y�T�W�HKs©SUWs�RdH`W�Y�TÅ]UY8r�]U[Kcd]+T©é�_¸âcL�W�Y�l�RF[Ýa¢HK_ V
á/ÉKÑMj.]UYDJ\RdH*W�coJK]^_ Yg]UY8J\_-Ì�Ç�Ê\Ï�ÎDÒ©]UYDJ\RdH*W�coJK]^_ Y;O

¹ W�l�RdH*[\J\HK_ V ½¿²�z"p9i;O9µ�{ |�À�]UY6¤F| }�¾'T�RF[KcoH*]U®CRFTÓJKL�Rª[K]^JKM�W�JK]^_ YgW�[5a¢_ SUS^_¸I[d±gÆ��ÝÎBË¢ÚIÛ�Ï�ÊoÇ#Ñ�Î9Ç!äFÉKÑ�Ç�ã�ÊKÉªË+Ì
Ç¢È"Ñ�Ç>Ç¢È�É�ÛkÊKÉ�ÌÌã�Ê\ÉÝË+ÌàÌdÉdÜ ä8q ËÍÎkÐ�ã�Ù�ÉKÐ�Ø>Ç¢È"Ñ�Ç�Ë+ÌØ�Ç¢È�É�ÛkÊKÉ�Ì*Ì�ã�Ê\É`Ð�ã�ÉIÇ#ÏwÐ�ËÍÌ#ÛkÜ^Ñ ÙÉdÚnÉoÎ9Ç¶Ç¢È8ËEÙ0j�ÎCÉ�ÌÌàËÍÌ%Ð8ÉdÇ�ÉdÊÚ»Ë¢ÎCÉKÐ
ÌË¢Ú»ã�Ü Ç#Ñ�Î1ÉKÏ�ã"ÌÜ Ö�á�Ë�Ç¢È×Ç¢È�É©ÊKÉoÞ�Ë+ÌFÉKÐ¥ÕKÏ�ã�ÎkÐ Ñ�ÊÖìÜ^Ñ�Ö8ÉoÊ.ÌdÏ�Ü ã�Ç�ËEÏ�Îkb��Fb�b`b � Ç¢ÈDË+ÌÓÌoÏ�Ü ã�Ç�Ë�Ï�ÎçÉ(l�È8Ë#ÕoË�Ç¢Ì©Ñ Ð8É�Ô�Î�Ë¢Ç�É
Ü^Ï�Ì*Ì©Ï¬äXÈ8Ë#ÉoÊ\Ñ�Ê\ÙoÈ8Ö�bKæë�5L�]U[ªSUW�cKê6_�a%L9]^RdH*W�H*cL8s6[KL�_ M9SUTìW�SU[\_B®1Rnr�]U[K]^®9SUR»]+YìJKL�R.YDM9VjRdH*]UcdW�S0]+Y�aÍ_�HVXW�JK]^_ Y
Roy�c*L�W�Y�l�RÓ®1RdJ�¸hRdRFY×®C_ M9Y�T�W�HKsÅSUWFs�RdH»W�Y�T ]UY8r�]U[Kcd]+TÅé�_¸�p¶JKL"M�[ªl M�]UT�]UY�lÓJKL�RF]^HªW�i�i9HK_�i�H*]UW�J\R'YDM�VXRdH*]UcdW�S
]^J\RdH*W�JK]Ur�R�J\HKRFW�JKVjRFYDJPk[\RdR»m"RFcoJK]^_ Yg¾"O^O

Ä�_�H0[*M�i1RdH*[\_ Y�]Uc�é�_¸¨p WI[K]+VX]USUW�H>co_ Y�cdSUM�[K]U_ YªW�®1_ M�J>JKL�Rà®1_ M�Y�T�W�HKsD«�SUWs�RdH>]UYDJ\RdH*W�coJK]^_ YjY�RFW�H¶Wei1_ ]UYDJ
_�a
é�_�¸ [\Rdi9W�H*W�JK]^_ Y»¸àW�[�HKRFW�cL�RFTjW�S^HKRFW�T�sª[K]îy�J\RdRFY»s�RFW�H*[�RFW�HSU]^RdHFp�W�[0T�RF[*coH*]^®1RFT¨®"sª°eWFs�RF[�W�Y�TjP0HK_�®k[\J\RF]UY»]UY
JKL�RF]^H�Vj_ Y�_�l�H*W�i9L¨_ YªLDs"iCRdH[\_ Y�]Uc>é�_�¸ò½¿µ�Â"p�i;O�²�Â�¾�À#±.Æ�b�b`b5ËÍÎ¨Ò"ÉoÎCÉdÊ¬Ñ�ÜDË�ÇCÊ\É(�dã�ËÍÊKÉ�ÌhÌoÏ�ÜvÞ�ËÍÎDÒÝÌË¢Úwã�ÜîÇ#Ñ�ÎCÉ*Ï�ã"ÌÜ Ö
Ç¢È�É6ËÍÎ9Ç�É�Ò�Ê\Ñ�Ç�ÉKÐ ÚXÏ�ÚnÉoÎ9Ç�ã�Ú Ñ�ÎkÐ¡ÉoÎCÉdÊ�Ò Ö É(�dã�Ñ�Ç�ËEÏ�Î�Ì6Ñ�ÎkÐ Ç¢È�ÉÅË¢Î�ÞËÍÌoÙFË�ÐÓß�Ï�á ÊKÉoÜ^Ñ�Ç�Ë�Ï�Î4Ð8ÉoÌoÙFÊË#ÕoË¢ÎDÒ¦Ç¢È�É
ÛkÊKÉ�ÌÌã�Ê\ÉnÑ�Ü^Ï�ÎDÒ-Ç¢È�ÉjÙdã�Ê�Þ�ÉIù ����� Á¢ÿ!Ã0b\æ uÝY�R¨[KL�_ M�SUT©HKRFW�S+]U[\R�p�_�a0co_ M�H[\R�p9JKL�W�JeL�RdHKRªJKL�R¨]UYDr"]+[Kcd]UT.é�_�¸
]U[à[KM�i1RdH*[K_ Y�]Uc%W�Y9T'JKL�R�]UY8J\RdHW�coJK]^_ YìÁ¢®DsÓW»S^_"cdW�S!P�H*W�Y�T�JKS��"b-Rds�RdH�HKRFS+W�JK]^_ YkÃ�]U[h_�a>LDsDi1RdHK®1_ SU]+c5]UY�[\J\RFW�TÓ_�a
RFSUSU]Ui�JK]UceY�W�JKM�HKRnÁ�[\RdR¨®CRFSU_¸eÃO
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��_`HKRFW�c*LnJKL�R5]UY�[K]Ul L8J>®1RFL�]UY�TªJKL�R5W�®1_r�R5ikW�H*W�l�H*W�i9L�[Fp ]^J�J\_D_�ê»WÝl�HKRFW�J�]+Y8J\RFSUSURFcoJKM�W�S�RoíC_�H*J�_�akJKL�R5W�®1_�r�Ro«
VjRFYDJK]^_ Y�RFTÓW�M�JKL�_�H*[FO¶GeY�T'®1RFcdW�M�[\Re_�a!JKL�Re]+Vji9W�coJ�_�a
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RF[K[\RFYDJK]UW�S;cL�W�H*W�coJ\RdHe_�a¶JKL�R`J\H*]^i9SURÝT�RFcKêCOsòL�RFY��|�§²���z�JKL�R5J\RdH*Vëõ Ñ Ò�Ó ]U[¶JKL�R%S+W�HKl�RdH0_ Y�R%]+YgÁ#}�Ãp"W�Y9TX]^J0T�RdJ\RdH*Vn]UY�RF[dp8W�[/M�[KM�W�S#p�JKL�R5i�HKRF[*[KM�HKRÄ ]UY'JKL�RI®1_ M�Y9T�W�HKsjSUWFs�RdHO��5L�ReS^_¸hRdH\«�T�RFc*ê'RFï"M�W�JK]^_ Y�[hJKL�RFYÓi�H*_r�]UT�R È W�a¢J\RdH�¸%L�]UcLnJKL�Re[\RFco_ Y9T'J\RdHV
õ Ñ�ÔFÓ cdW�YÓ®1R%T�RdJ\RdH*VX]+Y�RFT!p8¸IL�]Uc*L']UYjJKM�HYXi�HK_�r"]+T�RF[�Wªi�HKRF[K[*M�HKR5co_�HKHKRFcoJK]U_ YÓ]+YXJKL�RI®C_ M9Y�T�W�HKs»SUWFs�RdHO0�5L�R
cdSUW�[K[*]UcdW�S!L�]^RdH*W�Hc*LDs'®1RdJ�¸hRdRFYg]+Y8r�]U[Kcd]UTÓé�_�¸�W�Y�T.®1_ M�Y9T�W�HKs'S+WFs�RdHI]+[àHKRFco_�l Y�]^ðdRFT!O

�5L9]U[5[K]^JKM9W�JK]^_ YgcL�W�Y�l�RF[eaÍ_�HA� � ²���zn¸%L�RFYg®C_�JKLgi�HKRF[K[*M�HKR�J\RdH*Vn[I]UY×Á#}�Ã5W�H*R¨RFï"M�W�SUS^s©]UVji1_�HKJKW�YDJdp
W�Y�T×JKL�]U[»]U[ª¸%L�W�Jjco_ Y�[KJK]^JKM�J\RF[»JKL�R.RF[K[\RFY9coRÓ_�aIJKL�R.J\H*]^i9SUR'T�RFc*êkO��%L�R'i9HKRF[K[KM�H*R'J\RdH*Vn[%õ Ñ Ò�Ó W�Y�TBõ Ñ�ÔFÓ
L�Wr�R`J\_j®CRÝ]UT�RFYDJK]UcdW�SEp"JKL"M�[h®Ds'RFïDM�W�JK]+Y�l»JKL�RF]^Hhr�W�SUM�RF[hW�J�ù � � {�p�a¢HK_ V ÁE¾ ÃhW�Y�T6ÁEÂ ÃhW»[\RFco_ Y�T.HKRFS+W�JK]^_ Y
®1RdJ�¸hRdRFY Ä W�Y9T È ]U[à_�®9JKW�]UY�RFT!±
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�5L�R©J\H]^i9S^Ro«�T�RFc*ê�RFï"M�W�JK]^_ Y�[nY�_¸èco_ Y9[K]U[\Jj_�aÝP0H*W�Y9T�JKSE¼´[»®1_ M�Y�T�W�H*s8«�SUWs�RdHjRFïDM9W�JK]^_ Y�[dph¸%]^JKL×®1_ M�Y�T�W�H*s
co_ Y�T�]UJK]^_ Y ÁE² Ã`W�Y�T�W-[\RFco_ Y�T6H*RFSUW�JK]^_ Y6®1RdJ�¸hRdRFYìi9HKRF[K[KM�H*R»W�Y9TìT�]U[\ikSUW�coRFVjRFYDJ`l ]^r�RFY6®"s¯JKL�RÓfàW�M�cL8s\�
°e]US^®1RdHKJX]UYDJ\Rdl�H*W�SªÁEz ÃOë�%L�RgSUW�J\J\RdH.]U[XH*RF[\i1_ Y�[K]^®9SUR'a¢_�H'JKL�R-RFSUSU]^i9JK]Uc©c*L�W�HW�coJ\RdHÓ_�aÝJKL�R¯VXW�JKL�RFVXW�JK]+cdW�S
a¢_�H*VªM9SUW�JK]^_ Y!O��5L�Rwñ9H*[\JÝYDM�VXRdH*]UcdW�S¶[\_ SUM�JK]U_ Y�[%J\_©JKL�RwJ\H]^i9S^Ro«�T�RFc*êgRFï"M�W�JK]^_ Y�[ÝL�Wr�RX®1RdRFY¯i�HKRF[\RFYDJ\RFT6]UY
JKL�R¨Vn]UT�«�[\Rdr�RFYDJK]^RF[¨½¿²�²"pK·8Â"poz�µ�À#O
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Ä¶]^l M�HKR'·�±X°I]URdH*W�H*c*LDsì®1RdJ�¸hRdRFY×i�HKRF[K[*M�HKRnco_ YDJ\H*]^®9M�JK]^_ Y�[¨]+Y�S^_�¸/RdHjW�Y�T×M�i�i1RdH¨T�RFc*ê�W�JjWg[\J\H*RFW�V¨¸%]+[\R
S^RFY�l�JKLg[KcdW�S^R`ÿ ��� Á�û%R �
� ÃO
ø ÉdÚjÑ�Ê(j�ù P¶W�H*W�SUS^RFS�J\_BJKL�R'W�®1_r�R©[KM�®k[\_ Y�]Uc»J\H*]Ui9S^RXT�RFc*êkp0WB[KM�i1RdH*[\_ Y�]+c»r�RdH*[K]^_ Y ¸hW�[wT�Rdr�RFS^_�i1RFT ®Ds
m"J\Rd¸àW�HKJK[\_ Y×W�Y�T�sò]USUSU]+W�VX[j½´}�µ�À#O Z J¨]U[¨[K]UVX]US+W�HFp!Roy�coRdi9J¨a¢_�H¨JKL�RnT�RF[KcoH*]^i�JK]U_ YÅ_�a�JKL�Rn]UYDJ\RdH*W�coJK]^_ Y�¸%]^JKL
JKL�R»]UYDr"]U[*cd]UT©é�_�¸�OI�5L�RwÒ�Ü^Ï8Õ*Ñ�ÜàfàW�M9c*LDs��D°e]US^®1RdHKJ%]+Y8J\Rdl�H*W�S�ÁEz Ã%]U[IHKRdi9SUW�coRFTB®Ds-WBÜ^ÏFÙ*Ñ�ÜhP0H*W�Y9T�JKSÕ�"bgRds�RdH
HKRFSUW�JK]U_ Y Ä Á¢ÿ � Ã � � È5§ Á¢ÿ � Ã 
xhRFcdW�M�[\R�_�a>]^JK[�LDsDi1RdHK®1_ SU]Uc%c*L�W�H*W�coJ\RdHIJKL�R�Y"M�VjRdH*]UcdW�SkJ\HKRFW�JKVjRFYDJ5_�a>JKL�R`[KM�i1RdH*[\_ Y9]Uc5RFï"M�W�JK]^_ Y�[�]+[àHKRFSUW�«
JK]^r�RFS^snRFW�[\sk±0]+YXJKL�R`W�®9[\RFY9coRI_�a;H*Rdr�RdH*[\RFTÓé�_¸çWw[K]UY�l SURIVXW�H*cL�]UY�lw[\¸hRdRdi©JKL�HK_ M�l L'JKL�Re®C_ M9Y�T�W�HKsjSUWs�RdH
[KMih'coRF[¨½´}�µ�À#O

ø ÉdÚjÑ�Ê(j�ú �%L�RÅJ\H*]^i9S^R¯T�RFcKêòL�W�[.®1RdRFY JKL�R6]UY�[\ik]^H*W�JK]^_ Y§_�awW×¸hRFW�S^JKLò_�a¨HKRF[KRFW�H*c*Lç_ YçW�[Ks"Vji9J\_�JK]Uc
T�RF[KcoH]^i�JK]^_ Y�[_DHKRda¢RdH5a¢_�H5Roy�W�Vji9S^R`J\_XJKL�R�HKRdr�]^Rd¸çi9W�i1RdH*[à®"s©m"J\Rd¸àW�HKJK[\_ Y×½¿Â�|�À#p1m�Vn]^JKLìÉdÇàÑ�Ü�be½¿¾�|"p�Â�¤�p�Â�µ"p
Â�·�À�W�Y�T×û�SUMD¸%]UcKêÅ½¿²�Â�À#pkW�Y�T-JKL�R¨Vj_ Y�_�l�HW�i9L©®"s©m"s�c*L�Rdr6ÉFÇhÑ�ÜÊbÝ½´}�²�À#O

ø ÉdÚjÑ�Ê(j±ü �5L�RàW�®1_r�R%]UYDJ\RdH*W�coJK]^r�R�®1_ M�Y9T�W�HKsD«�SUWFs�RdH�co_ Y�coRdi�J0]+[¶HKRF[\J\H*]UcoJ\RFTwJ\_�VX]+SUT�S^s�[\RdikW�H*W�J\RFT»é�_¸I[dp
]EO¿R�O;é9_¸%[ª¸%L�RdHKRnJKL�RXJKL�]Uc*ê"Y�RF[K[�_�a�JKL�RnHKRdr�RdH*[\RFT�«#é9_¸ HKRdl ]^_ Y�]+[¨co_ Vji9W�HW�®9S^RXJ\_BJKL�Rn®1_ M�Y�T9W�HKs8«�S+WFs�RdH
JKL�]Uc*ê"Y�RF[K[dO0Ä�_�H%S+W�HKl�RdH�HKRdl ]^_ Y�[à_�a>HKRdr�RdH*[KRFT.é�_¸ýÁ�VXW�H*l ]UY�W�S![\Rdi9W�HW�JK]^_ Y._�HFp�SUW�HKl�RdH5[KJK]USUSEp�VXW�[K[K]Ur�RÝ[KRdi9W�«
H*W�JK]^_ YCÃàJKL�R»W�[\s�Vji�J\_�JK]Ucª[\J\H*M�coJKM�H*RªL�W�[IJ\_'®1RªHKRdr"]+[\RFT ½î¤F|"pd}"¤�À#O Z Y-JKL�R»[KW�VjRªJK]UVjR�pCJKL�Rwé�_¸4]UY-JKL�RF[\R
SUW�HKl�RdHª[\Rdi9W�H*W�J\RFT�«#é9_¸ýH*Rdl ]^_ Y�[Ýi9LDs"[*]UcdW�SUS^s-®1RFco_ VjRF[ªM�Y�[\JKW�®kS^R�±`W�YìM�Y�[\J\RFW�T�sB®1_ M�Y�T9W�HKs8«�S+WFs�RdH�Vj_�T�RFS
L�W�[�J\_j®1R`M�[\RFT;p�¸%L�_ [\RÝr�W�SU]UT�]^J�s�p�]UY.JKM�H*Y!p�J\RdH*Vn]UY�W�J\RF[à¸%]^JKL©W»Q0W�Y×ýI_ VnVjRFS^RFY�« m�L�RFY©[K]UY�l M�S+W�H*]^J�s¯½î¤F¾�À#O
Z Y�Wgco_ Y9[K]U[\J\RFYDJª¸àWFs�p0Y"M�VjRdH]UcdW�S0[K]UVwM�SUW�JK]U_ YìVjRdJKL�_�T�[�®kW�[\RFT�_ Y�JKL�RnJKL9]UYì®1_ M�Y�T9W�HKs8«�S+WFs�RdH¨co_ Y�coRdi9J
J\RFY�T×J\_¯®�HKRFW�ê�T�_�¸%Y ¸%L�RFY JKL�R'JKL9]UcKê�Y�RF[K[w_�a5JKL�R.[\Rdi9W�HW�J\RFT�«#é�_¸ H*Rdl ]^_ Y�®1RFco_ VjRF[»[K]Ul Y�]^ñ9cdW�YDJdp¶R�O¿l�O
½¿µ }Dp�z }À#p
JKLDM�[Ýl ]Ur"]UY�lÓWÓ¸àW�H*Y�]UY�l.JKL�W�JÝJKL�RX[KRFS^RFcoJ\RFTÅé�_¸ Vj_"T�RFSUSU]UY�l'[KL�_ M�SUTB®1R»HKRFco_ Y�[K]UT�RdHKRFT!O¨û%RFW�T�«
RdH*[`VX]Ul L8JÝ¸%]U[*LgJ\_-co_ Y�[*M�S^J�fàL�W�i�J\RdHX¤o·©_�a/JKL�RjRFY�SUW�HKl�RFT¯RFT�]UJK]^_ Y¯_�aàm�cL�SU]UcL8JK]UY�l�¼´[¨º³xh_ M�Y9T�W�HKsD« ¹ WFs�RdH
�5L�Rd_�H*sk¼
½¿Â�{�À>aÍ_�H%WnVj_�HKR�T�RdJKW�]USURFT-T�]U[KcdM9[K[K]^_ Y'_�a¶JKL�RF[\R¨W�[\s�Vji�J\_�JK]+c�]U[K[KM�RF[dO

þ;� ÿB�k�>�*���d �z|{
��9����}t{0�k���C��n�
~Á���Í£$»
Z YòJKL�RìSUW�J\Rì[\Rdr�RFYDJK]^RF[dp`JKL�Rìï"M�RF[\J©a¢_�H©JKL�R�cdW�M9[\R6_�aªJKL�Rì[K]UY�l M�S+W�H*]^J�s¡L�W�[©W�SU[\_ Vj_�r�RFTøW�S^_ Y�l Y�_ Y�«
W�[\s�Vji�J\_�JK]UcªSU]UY�RF[%JKL�W�JI]+Y-HKRdJ\HK_ [KiCRFcoJecdW�Yg®1RªHKRFSUW�J\RFTBJ\_nJKL�R»W�®1_r�R�Oem"Rdr�RdHW�S�]UYDr�RF[\JK]^l W�JK]U_ Y�[I]+Y8J\_'JKL�R
®1_ M�Y�T�W�H*s8«�SUWs�RdHnHKRFS+W�JK]^_ Y ®1RdJ�¸hRdRFY i�HKRF[K[*M�HKR-W�Y�T T�]U[\ikSUW�coRFVjRFYDJXJKL�]Uc*ê"Y�RF[*[nL�Wr�R¯®1RdRFY¡cdW�HKH*]^RFT§_ M�Jdp
¸%L�]+c*L©W�SUS1i�H*_"T�M9coRFT©WX[K]UVX]+SUW�Hà_ M�JKco_ VjR�O

Ä¶]^H*[KJdp"¸hRÝ¸%]USUSki�HKRF[KRFY8JhJKL�R`HKRdé�RFcoJK]U_ Y�[h_�a ¹ RFxàW�SUSURFM�H�½¿²�|�À
W�JIuÝ�IN/û%GªO�°%R`co_ Y�[K]+T�RdHKRFT.W�Y©]UYDJ\Rdl�H*W�S
a¢_�H*VªM9SUW�JK]^_ Y _�a¨JKL�RÅJKM�H*®9M�S^RFYDJ'®1_ M�Y9T�W�HKsD«�SUWFs�RdHÓRFïDM9W�JK]^_ Y�[dpÝco_ Y�[K]U[KJK]UY�l×_�a¨Q�_ Y¦û��W�H*V��W�Y!¼´[©]UYDJ\Rdl�H*W�S
RFï"M�W�JK]^_ Y.W�Y�TÓ°%RFW�T!¼´[àRFYDJ\H*W�]UY9VjRFY8JhRFï"M�W�JK]^_ Y!O Z Y'cdW�[KRe÷Cö�]U[/i�HKRF[KcoH*]U®CRFT;p8JKL�RF[\RÝT�]îí1RdHKRFYDJK]UW�SkRFïDM�W�JK]U_ Y�[
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Ä¶]^l M�HKR.¾"±nm"_ VjR 
 « 
 ü H*RFSUW�JK]^_ Y�[KL9]^i9[`W�[»M�[\RFT W�JjuÝ�eN�ûIG ½¿²�|�À#p�û%GeN ½ ·�·�ÀàW�Y�T � ¹ û ½¿²�¤�ÀàW�HK_ M9Y�T
¤F|�z�{�O-�5L�RnJKL�HKRdRXHKRFS+W�JK]^_ Y�[�W�l�HKRdRÓ_ Y�L9WFr�]UY�lgW-Vn]UY�]UVwM�V Y�RFW�H 
�� µ  }Dp�co_�HKHKRF[KiC_ Y9T�]UY�l.¸%]^JKLìJKL�R
_ Y�[\RdJ�_�aC[\Rdi9W�H*W�JK]U_ Y!O>Ä�_�H�SUW�HKl�RdH�r�W�SUM�RF[>_�a 
 JKL�R�cdM�HKr�RF[�T�]+[KW�l�HKRdR�p ®9M�J�Roy�i1RdH*]UVjRFYDJKW�S�T�W�JKWeJ\_�[KM�i�i1_�HKJ
JKL�RF[\RªcdM�HKr�RF[�¸àW�[5H*W�H*R�W�J%JKL�W�J5JK]+VjR�O

¹ RFxhW�S+S^RFM�HÓ½¿²�|�ÀàT�RFVj_ Y�[KJ\H*W�J\RFT�JKL9W�J¨JKL�RnY"M�VjRdH]UcdW�S�i�HK_�®kS^RFVX[�W�Jw[\Rdi9W�H*W�JK]^_ Y W�HKR'cdW�M9[\RFTì®"sÅJKL�R
W�S^l�Rd®�HW�]Uc`HKRFSUW�JK]U_ Y©®1RdJ�¸hRdRFY 
 W�Y�T 
 ü O�m�]+Y�coR 
 ü a¢_ SUS^_¸I[�aÍH*_ V JKL�R�J�¸/_.T�]îí1RdHKRFYDJK]UW�S1RFï"M�W�JK]^_ Y�[wÁE| Ãp
JKL�R»W�S^l�Rd®�H*W�]+c¨HKRFS+W�JK]^_ YB[*L�_ M�SUTgi�HK_r�]UT�R 
 OÝ°I_¸hRdr�RdH�JKL�Rwl�H*W�i9L¯_�a 
 ü W�[`W'a�M�Y�coJK]^_ YB_�a 
 [KL�_�¸%[ÝW
VX]UY9]UVªM9V W�JnÁ¢_�H¨Y�RFW�HK®Ds�ÃIW.i1_ ]UY8JÝ_�ahé�_¸@[KRdi9W�H*W�JK]^_ Y!O»Ä¶]^l M�HKRX¾Ól ]^r�RF[�r�RdH*[K]^_ Y�[e_�ahJKL�]U[ÝHKRFS+W�JK]^_ YÅW�[
M�[\RFTgW�JÝuÝ�eN�ûIG~½¿²�|�À#p1û%GeNâ½ ·�·�À>W�Y�TB� ¹ û ½¿²�¤�À¶W�HK_ M�Y�TgJKL�W�J5JK]UVXR2k[KM�i9iC_�H*JK]UY�l»Roy"i1RdH*]+VjRFY8JKW�S
T�W�JKW
cdW�YÅ®1R¨a¢_ M�Y�TÅ]UYBJKL�RwHKRdr"]URd¸=ikW�iCRdHe®"s ¹ _�cKê¯W�Y�T½s ]US+SU]UW�VX[w½ ·8¾�À#O¨GI[`W.co_ Y�[KRFïDM�RFY9coR�p;Y�_�JIa¢_�H`Rdr�RdHKs
r�W�SUM�R¨_�a 
 ü ]U[I]^JeiC_ [*[K]^®9S^R`J\_Óñ9Y�T¯W'r�W�SUM�R¨a¢_�H 
�� ¹ RFxàW�SUS^RFM�Hea¢M�HKJKL�RdHI[*L�_¸hRFT¯JKL�W�JI¸IL�RFYBW�S+[\_'÷CöÝ]U[
co_ Y�[K]+T�RdHKRFTnW�[hW�YnM9Y�ê"Y�_¸%Y'Y�_¨T�]Êh'cdM�S^JK]^RF[0W�H]U[\RªÁ�W�Y'Roy"J\HW¨RFï"M�W�JK]^_ Y'L�W�[�J\_ª®1RIW�T�T�RFTnJKL�W�J/T�RF[KcoH*]^®1RF[
JKL�R¨]+Y8J\RdH*W�coJK]U_ Y©®1RdJ�¸hRdRFYg]UYDr"]+[Kcd]UTÓé�_¸�W�Y�T©®1_ M�Y�T�W�H*snSUWFs�RdHoÃO

Ge[%W�Y�_�JKL�RdH%Roy�W�Vji9S^R�p9WnYDM�VXRdH*]UcdW�S!Roy�i1RdH*]UVjRFYDJ�i1RdHKaÍ_�HVjRFT©W�J%JKL�Rª�IW�JK]^_ Y9W�S;G%RdH*_ [\i9W�coR ¹ W�®1_�H*W�«
J\_�HKsì� ¹ û~]UY GIVX[KJ\RdH*T�W�V ¸%]USUS�®1RnT�RF[KcoH*]^®1RFT§½´}�}Dpd}�|�À#O Z Y�JKL�]+[¨[\JKM�T�s¯JKL�Rn_�H*]^l ]+Y�W�S0®1_ M�Y�T9W�HKs8«�S+WFs�RdH
RFï"M�W�JK]^_ Y�[5Á¬¤Ãp"]EO¿R�O�W�[�WÝñ�RFSUT»VjRdJKL�_�T!p�¸hRdHKR5[\_ S^r�RFT»¸%]UJKLwWei�H*RF[KcoH*]^®1RFTwT�]U[\i9S+W�coRFVjRFY8J>JKL�]Uc*ê"Y�RF[K[�c*L�_ [KRFY
[KM�cLnJKL9W�J�é�_�¸ [\RdikW�H*W�JK]^_ Y'_"cdcdM�H*HKRFT!O��5L�RFY'W�J/Wªñ�y"RFTnÿ�«�[\JKW�JK]U_ Y ��� ¸àW�[hr�W�H*]URFT!p8ê�RdRdi9]+Y�l�Rdr�RdHKsX_�JKL�RdH
[\JKW�JK]^_ Y.ñ�y"RFT!p�W�Y�TÓJKL�Rer�W�H]UW�JK]^_ Y�[h_�a;÷Cö5W�Y�T'JKL�R`[KL�RFW�H\«�[\J\H*RF[K[�co_DRPh'cd]^RFY8J �	� ¸/RdH*RÝ[KJKM�T�]^RFT!O Z JhJKM�H*Y�RFT
_ M�JªJKL�W�Jª]UYìJKL�]U[�¸àWFs�÷köwW�[ªWga¢M�Y9coJK]^_ Y6_�a ��� i1_ [K[\RF[K[KRFT�WgVn]UY�]UVwM�V©p!JKL�W�Jw[\RdRFVjRFT J\_¯co_�H*HKRF[\i1_ Y�T
Á¢¸%]^JKL9]UY-_ Y�Rw_�HÝJ�¸h_.l�H*]UTgcoRFS+SU[Ã5¸%]^JKL-JKL�Rªi1_ ]UYDJ%¸%L�RdHKR �	� r�W�Y9]U[KL�RF[dpC]EO¿R�O1W'i1_ ]UYDJ%_�a�é�_¸4[\Rdi9W�H*W�JK]U_ Y=
Ä¶]^l�OkÂ���Ü^ÉEä�ÇÕf¨l ]Ur�RF[5JKL�R¨]+T�RFW�p 	 r�RdHKs.HKRF[\RFVª®9SUW�YDJ5_�a>Ä¶]^l�OC¾"O

GeSUS�[*]UVX]USUW�Hª[\JKM�T�]^RF[Ó½¿µ"p²�{�À5[KM�l�l�RF[\J\RFT×JKL�W�JwJKL�RÓr�RFS^_�cd]^J�s�T9]U[\J\H*]^®kM�JK]^_ YÅ÷ ö cdW�Y�Y�_�Jª®1Rni9HKRF[KcoH*]^®1RFT
W�HK®9]UJ\H*W�H*]US^s.Y�RFW�HÝWni1_ ]UYDJ%_�a�é�_¸4[\Rdi9W�H*W�JK]U_ Y!OI�5L�RdHKRª]U[eWÓcoRdHKJKW�]UY¯H*W�Y�l�Rw]UYg÷Cö\«#r�W�SUM�RF[I_ M�JK[K]UT�R¨¸%L�]+c*L
Y�_¨[K_ SUM�JK]^_ Yj[\RdRFVn[�J\_�Roy�]U[\Jdp"W¨[K]UJKM�W�JK]^_ YXco_�HKH*RFcoJKS^s»i�HKRFT�]UcoJ\RFTX®Dsnte_ SUT9[\J\RF]UYX[\_ VXR5JKL�]^HKJ�s»s�RFW�H*[0RFW�H*S+]^RdHFO
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Ä¶]^l M�HKRÓÂ"±wxhRFL�Wr"]^_ M�Hª_�a�÷CöªW�Y�T �	� W�[wW-a�M�Y�coJK]^_ Y6_�a ��� W�JwW-ñ�y�RFTì®1_ M�Y9T�W�HKsD«�SUWFs�RdH¨[KJKW�JK]^_ Y5��Ü^ÉEä�ÇÕf�p
W�Y�TBÄ�W�S^ê�Y�RdH���m"ê�W�Y-HKRFS+W�JK]^_ Y©®1RdJ�¸hRdRFYgi9HKRF[K[KM�H*R`i9W�H*W�VjRdJ\RdH/66p9[KL�RFW�He[\J\HKRF[K[#7 § § Á�{8Ã%W�Y�T-T�]+[\i9SUW�coRFVjRFYDJ
i9W�H*W�VXRdJ\RdH � �#Ê�ËîÒ�ÈDÇÕf�O��%L�R%S^Rda¢J¬«�L�W�Y�T'l�H*W�i9LÓ]U[0a¢HK_ V ®1_ M�Y�T�W�HKsD«�SUWs�RdH/cdW�SUcdM�S+W�JK]^_ Y�[h]UYg¤F| }�}$�JKL�ReH*]^l LDJ¬«
L�W�Y�T.l�HW�i9L-co_ M�SUTgL�WFr�R�®1RdRFY-T�H*WF¸%Y©]+Y6¤F|�¾�·�O

Z Y J\RdH*VX[n_�a`T�s"Y9W�VX]UcdW�S5[\s�[\J\RFVX[FphikW�[K[K]UY�l6JKL�RB[\Rdi9W�HW�JK]^_ Y i1_ ]UYDJj¸%]^JKL¦÷Cöni9HKRF[KcoH*]^®1RFT¦W�Vj_ M9Y8JK['J\_
coHK_ [K[*]UY�ljWj[KW�T�T�SURei1_ ]UYDJ�½¿²�·�p² }À#O/GeY�_�JKL�RdH%_�i�JK]^_ Y©L�W�[à®1RdRFY.J\_n[\_ SUr�R`JKL�R`®1_ M�Y�T�W�HKsD«�SUWs�RdH�RFïDM�W�JK]U_ Y�[
¸%]^JKL-i�HKRF[KcoH*]U®CRFT.¸àW�SUS;[*L�RFW�Hw½¿²�¾�À#pC®9M�J%W�[%¸%]USUS1®1R�_�®"r�]^_ M�[�a¢HK_ VèÄ¶]^l�O1Â»JKL�]U[5_�i�JK]^_ Y-HM�Y�[5]UYDJ\_n[K]+VX]USUW�H
T�]îí!cdM�S^JK]URF[dO Z J¨¸h_ M�SUT6®1Rn]+Y8J\RdHKRF[KJK]UY�l-J\_Å[\JKM�T�sÅJKL�]+[�]U[K[KM�RXaÍH*_ VåW-JKL�Rd_�HKRdJK]UcdW�S/iC_ ]+Y8J�_�aàr�]^Rd¸�OguÝY�SUs
SU]^J\JKSUR©JKL�Rd_�HKs¥_ Y Roy�]U[\J\RFY�coR¯W�Y�T M�Y9]UïDM�RFY�RF[K[»_�a`[\_ SUM�JK]U_ Y�[j_�aÝJKL�R-®1_ M�Y�T9W�HKs8«�S+WFs�RdHXRFï"M�W�JK]^_ Y�[nRoy�]+[\JK[
½¿¾�²"p�¾�·�p�z�·�À#p9®9M�Jà¸%]UJKL.JKL�R¨cdM�HKH*RFY8J5Y"M�VjRdH*]+cdW�S1Rdr"]UT�RFY�coR�]^J5]U[àê�Y�_¸IY©¸%L�W�J5J\_'S^_D_�êÓa¢_�HFO

Z YXHKRdJ\H*_ [\i1RFcoJdp"]^J/]U[�Y�_�JhT�]ÊhncdM9S^J¶J\_ªHKRFco_�l Y9]^ðdR%JKL�W�JhW�S^HKRFW�T�sjRFW�HSU]^RdH�[K]+VX]USUW�H�J�sDi1RF[/_�aCl�HW�i9L�[�co_ M9SUT
L�Wr�R`®CRdRFY.i9HKRF[\RFYDJ\RFT!p�R�O¿l�O�]UYÓHKRFSUW�JK]U_ Y'¸I]^JKLÓJKL�R`a¢W�Vn]US^sj_�a¶Ä�W�S^ê�Y�RdH���m"ê�W�Y©[K]UVX]+SUW�H*]^J�s»[K_ SUM�JK]^_ Y�[h_�a�JKL�R
®1_ M�Y�T�W�H*s8«�SUWs�RdH�RFïDM9W�JK]^_ Y�[¨½¿µ�{�À#Oh�5L�]U[àa�W�VX]US^sÓ]U[àl�_r�RdHY�RFTg®"sÓJKL�R�RFï"M�W�JK]^_ Y7 § § §�� 787 § §M� µ966 � ¤ Á¬¤6��7 § 	 Ã � {��57�Á�{8Ã � 7 § Á�{8Ã � {��57 § Á Æ Ã � ¤A�
¸%L�RdH*R(6 ]U[`W©i9W�H*W�VXRdJ\RdH¨HKRFSUW�J\RFTìJ\_gJKL�Rji�H*RF[K[KM�HKR»l�H*W�T9]^RFY8J`JKL�HK_ M�l L:6 � ÿ>Á�T�÷Cö8��T�ÿ!Ã/��÷köO Z Yìi9W�H\«
JK]UcdM�S+W�HFp�JKL�R'VXW�]UY�®�H*W�Y�cL�_�a5W�J\JKW�cL�RFT¥é�_�¸~[K_ SUM�JK]^_ Y�[�_ Y�S^s6Roy�]U[\JK[ªaÍ_�H;6   �%{v¯´{ |�{�·kp¶¸%L�RdH*RFW�[¨a¢_�H�5{v¯´{ |�{�·���6 �¡{nW�SU[K_XWn[\Rdi9W�HW�J\RFT-é�_�¸ø®�H*W�Y9c*L©Roy�]U[\JK[PkJKL�]U[à®�HW�Y�c*Lg¸hW�[I]UT�RFYDJK]^ñ�RFT.®"s-m�J\Rd¸hW�HKJK[K_ Y
]UY¡¤F|�¾�·§½¿Â }À#O¯Ä¶]^l M�H*RÓÂ<�#Ê�ËîÒ�ÈDÇÕf©l ]^r�RF[»W�Y M�Y"M�[KM9W�S0i�HKRF[KRFY8JKW�JK]^_ Y×_�a�JKL�R.Ä�W�S^ê�Y�RdH���m�ê�W�Y HKRF[KM�SUJK[d±»JKL�R
i�HKRF[*[KM�HKRei9W�H*W�VjRdJ\RdH$6 W�Y�TÓJKL�R�[*L�RFW�Hàr�W�H*]+W�®9S^R=7 § § Á�{8ÃhW�HKR`[KL�_�¸%Y©W�[�Wwa¢M9Y�coJK]^_ YÓ_�a
JKL�R`T�]+[\i9SUW�coRFVjRFYDJ
JKL�]Uc*ê"Y�RF[K[ � Á�T�Rdñ9Y�RFTìJKL�HK_ M�l L>7�Á@?�ÃA«A?�� � aÍ_�H;?�Å Æ Ã&¶JKL�RXHKRF[\RFVª®9SUW�Y9coRX¸%]^JKL6JKL�RnVªM9c*L�VX_�HKR
HKRFcoRFYDJ5l�H*W�i9Lg]UY©Ä¶]^l�OkÂ:��Ü^ÉEä�ÇÕfª]+[�[\J\H*]^ê�]UY�l �B1� CV�¢�_} �C�
�0�&���Y���¢�_}\�¢�����C�£"���
}����¢�k�®z�£D��y��!���
�5L�R0W�®1_�r�R�p�VnW�]UY�S^s5JKL�Rd_�HKRdJK]UcdW�SEp�co_ Y�[K]UT�RdH*W�JK]^_ Y�[1®�H*_ M�l L8J!JKL�R0]UY�[K]^l LDJ1J\_5JKW�cKê�S^R/RFY�l ]UY�RdRdH*]+Y�là®C_ M9Y�T�W�HKsD«
SUWs�RdH%i�HK_�®kS^RFVX[�]UY©W�Y-]+Y�T�M�[\J\H]UW�Skco_ YDJ\Roy�JdO/�5L�R�VXRF[K[KW�l�Rª]+[àJKL�HKRdRda¢_ SUT!±�-ñ�H*[\JKSUs�pkJKL�R»®1_ M�Y�T9W�HKs8«�S+WFs�RdHÝW�i�i�HK_y�]UVnW�JK]^_ YB]+[I[KM�hncd]^RFYDJKS^s-W�cdcdM�H*W�J\RjJ\_©Vj_�T�RFS>JKL�Rwé�_¸â]UYÅVX]US+T�S^s
[\Rdi9W�HW�J\RFT-é�_�¸ëHKRdl ]^_ Y�[_�Ó[\RFco_ Y9T�S^s�p�JKL�R¨]+Y8J\RdH*W�coJK]U_ Y-]UYDr�_ S^r�RF[5W�Y�T©H*RFïDM�]UHKRF[�WXS^_�cdW�S1HKRdl ]^_ Y©_�a�]UYDr�]U[K]UcdTÓé�_�¸·"Ã�'JKL�]UH*T�S^s�p�W�Y�T-Vj_ [KJ%]UVji1_�HKJKW�YDJdp�JKL�R¨L�]^RdHW�H*c*LDs'®1RdJ�¸/RdRFYg®C_ M9Y�T�W�HKsnS+WFs�RdHIW�Y9T-]UYDr"]U[*cd]UTÓé�_¸ø]+[5S^_ [\JdO
GeS^JKL�_ M�l Lòa¢_�H-JKM�HK®kM�S^RFYDJÓé9_¸åW¦T�]^íCRdHKRFYDJ-W�[\s�Vji�J\_�JK]Uc�[\J\H*M�coJKM�H*R¯Roy�]U[\JK[ ½ ·D}À#p`JKL�R�VjRF[K[*W�l�RF[-a¢HK_ V
SUW�VX]+Y�W�H\«#é�_�¸=JKL�Rd_�HKs¯cdW�H*HKsg_�r�RdHFp�W�Y�T6]+YBJKL�R»T9]U[KcdM�[K[*]^_ Yg_�a5te_ SUT9[\J\RF]UY!¼´[Ý[K]UY�l M�SUW�H*]^J�s©JKL�RXT�]U[KJK]UY�coJK]^_ Y
®1RdJ�¸hRdRFYìSUW�VX]+Y�W�HIé9_¸@W�Y�T¯JKM�HK®kM�S^RFYDJIé�_�¸@]U[ÝY�_�JÝHKRFS^Rdr�W�Y8JdO Z J`]U[el�_"_"TÅJ\_.HKRFW�S+]^ðdR»JKL�W�J¨te_ SUT�[\J\RF]+Y!¼´[
[K]UY�l M�SUW�H*]^J�s¯L9W�[¨Y�_Ba¢M�Y9T�W�VjRFYDJKW�S0i9LDs"[*]UcdW�S�®9W�[K]+[dp�®kM�J¨]^J¨]+[¨coHKRFW�J\RFT¥W�HKJK]^ñkcd]UW�SUS^sB®DsìVXW�JKL�RFVXW�JK]UcdW�SUS^s
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�5L"M�[¯]UYDJ\RdH*W�coJK]^r�R¥®1_ M�Y�T�W�HKsD«�SUWs�RdH¯Vj_�T�RFSU[B¸hRdHKR i9HK_�i1_ [\RFT!p�¸%L�RdHKR×P�H*W�Y�T�JKS#¼´[g®1_ M�Y�T9W�HKs8«�S+WFs�RdH
RFï"M�W�JK]^_ Y�[»¸hRdHKRgco_ M�ikS^RFT×¸%]^JKL¦WÅHKRFSUW�JK]U_ Y¦SU]^ê�RìÁEz ÃphT�RF[KcoH*]^®9]+Y�lBJKL�R-VXW�]UY¥]UYDJ\RdH*W�coJK]^_ Y¦¸%]UJKL¥JKL�R©]UY�«
r�]U[Kcd]UTÓé�_�¸�p�_�H5¸%]^JKL.W�Y-W�cdcdM�H*W�J\R¨]UYDr"]+[Kcd]UT�«#é�_�¸ç[\_ S^r�RdHFO/m�M9c*L©Wjco_ M�i9SURFT.i�HK_�®9S^RFV~cdW�Y©®1RÝ¸5H*]UJ\J\RFY©W�[dp
]UY.i�H]UY�cd]^i9SUR�p8J�¸h_nRFï"M�W�JK]^_ Y9[�¸%]^JKL.J�¸/_ÓM�Y�ê�Y�_¸%Y9[d±

Roy"J\RdHY�W�S;]UYDr"]+[Kcd]UTÓé�_¸ ÷kö � � ½ � � À>� Á¬¤d{8Ã
®1_ M�Y�T�W�HKsD«�SUWs�RdH5é�_¸ ÷kö � ¥ ½ � � À  Á¬¤�¤Ã

°IRdHKR � T�RFY�_�J\RF[`JKL�RjRoy�J\RdH*Y�W�S0]UYDr�]U[Kcd]UT�«#é9_¸4_�i1RdH*W�J\_�HFp;¸%L�RdHKRFW�[ ¥ ]U[ÝJKL�R»®1_ M�Y�T�W�HKsD«�SUWs�RdH`_�iCRdHW�J\_�H
a¢_�HIi�H*RF[KcoH*]^®1RFT©T�]U[Ki9SUW�coRFVjRFYDJ5JKL�]Uc*ê"Y�RF[K[P1Y�_�J\R¨JKL�W�JÝY�RFW�HIé�_¸4[\Rdi9W�H*W�JK]U_ YgJKL�Rw]UYDr�RdH*[\R ¥ � ü T�_DRF[IY�_�J
Roy�]U[\JdO Z Y»JKL�R5cdSUW�[K[K]UcdW�S#p _�Hàº³T�]^HKRFcoJd¼^p"VjRdJKL�_�T»÷kö/]U[�co_ Vji9M�J\RFTXaÍHK_ V4JKL�R5]UY8r�]U[Kcd]+T�«#é�_¸¥RFï"M�W�JK]^_ YX]+Y-Á¬¤d{8Ãp
¸%L�RdH*RFW�[àJKL�R�T�]U[\ikSUW�coRFVjRFYDJ/JKL�]+cKê�Y�RF[K[�]U[àT�RdJ\RdH*Vn]UY�RFTÓaÍH*_ V~JKL�RÝr"]U[*co_ M�[àé�_¸çRFï"M�W�JK]^_ Y©]+YÅÁ¬¤�¤Ãà¸%]^JKL.W
®�HKRFW�ê�T�_�¸%Y©_�a ¥ � ü%]+Y©[\Rdi9W�H*W�JK]^_ Y;O

Z Y�[\i9]UHKRFTj®"sjJKL�RIJKL�Rd_�HKRdJK]UcdW�S1T�Rdr�RFS^_�i9VXRFY8JK[àT�RF[KcoH]^®1RFTXW�®1_r�R�p�]UYnJKL�RI[\RFco_ Y9TÓL9W�S^a1_�a;JKL�RÝ[\Rdr�RFY8JK]URF[
W¯YDM�Vª®1RdHª_�aI]UT�RFW�[»L�WFr�R.®1RdRFY ®�HK_ M�l LDJªa¢_�HK¸àW�H*T×J\_6cd]^H*cdM�Vªr�RFY8JwJKL�RÓ®�HKRFW�ê�T�_¸IY×[*]UY�l M�SUW�H]^J�s�O¯�5L�R
[K]UVXi9S^RF[\Jw¸hWs¦]U[jJ\_�]UYDr�RdHKJjJKL�R-T9]^HKRFcoJK]^_ Y¥_�aeJKL�Rg]^J\RdHW�JK]^r�R©i�HK_�coRF[K[X]UY¥JKL�R-cdSUW�[K[K]UcdW�S�VXRdJKL�_"T;O¡uÝY�R
_�®�JKW�]UY9[ÝJKL�RX[\_�«�cdW�SUS^RFT¦º³]UY8r�RdH[\R�¼;VjRdJKL�_�T!p!¸%L�RdH*R�p;aÍ_ S+S^_¸%]+Y�l'JKL�RX]UT�RFW.[\RdJ�a¢_�HK¸àW�H*TÅ®Ds6fàW�JKL�RdH*W�S+S�W�Y�T
bBW�Y�l S^RdH6½¿Â�À#p5JKL�Rg®1_ M�Y9T�W�HKs¥SUWFs�RdH.]U[n[K_ S^r�RFT§¸I]^JKL¦i�HKRF[*coH*]^®1RFT T�]U[Ki9SUW�coRFVjRFYDJXJKL�]Uc*ê"Y�RF[K[dOçGIY¡RFW�H*S^s
[KM�cdcoRF[*[0¸àW�[0_�®�JKW�]UY�RFTj®DsnfàW�H*J\RdHI½¿¾�Àk¸%L�RFYXL�R5co_ Vji9M�J\RFTXJKL�R%[KRdi9W�H*W�J\RFTXé9_¸ i9W�[KJ�W�Yn]UY9T�RFY8J\RFT»ikSUW�J\R�O
Ä�_�H�RFY�l ]UY�RdRdH*]UY�l'W�i�i9S+]UcdW�JK]^_ Y�[dp!L�_�¸/Rdr�RdHp;JKL�Rj]UYDr�RdH*[\RjVjRdJKL�_�T6co_ Y8r�RdH*l�RF[�r�RdHKs¯[KS^_¸¨p;W�Y�TÅ]^JeL9W�[`Y�_�J
®1RdRFY M9[\RFTì_ Y¥SUW�HKl�RÓ[KcdW�S^R�OÅ�
_Å[\i1RdRFT�M�i×co_ YDr�RdHKl�RFY�coR�p/_�JKL�RdHwVXRdJKL�_"T9[¨¸hRdHKR.T�Rdr�RFS^_�i1RFT!p¶_�a5¸%L�]+c*L
J�¸h_ÅL�WFr�RÓ[KM�HKr�]^r�RFT§½ ·8¾�À#±jJKL�R'[\RFVX]î«�]UYDr�RdH*[\R'VjRdJKL�_�Tì_�a ¹ RFxàW�SUSURFM�H'½¿²�|"p*· {�ÀàW�Y�T×f�W�HKJ\RdHÓ½ ·�À#p�W�Y�T�JKL�R
ï"M�W�[K]î«�[K]+VªM�SUJKW�Y�Rd_ M�[àVjRdJKL�_�T�½´}�Â"po}�z�À#OS £�z����&�¢�Y�C£D���F£
�5L�R`[\RFVn]î«�]UYDr�RdH*[\R�VjRdJKL�_�TìÁ�Ä¶]^l�OC}Dp�S^Rda¢JÃh]UYDJ\HK_�T�M�coRFT.®"s ¹ RFxhW�S+S^RFM�H5]UY.Ä�H*W�Y9coR'½¿²�|"p*· {�À#p9W�Y9T-]UY�T�Rdi1RFY�«
T�RFYDJKS^sj®"s'fàW�HKJ\RdHà]UYXJKL�RÝq`m�G@½ ·�À#p�]U[/WªVX]îy�JKM�HKRI_�a!JKL�ReT9]^HKRFcoJ�W�Y�T'JKL�RÝ]UYDr�RdH*[\RIVXRdJKL�_"T;O Z Jà[\_ S^r�RF[/JKL�R
®1_ M�Y�T�W�H*s8«�SUWs�RdH`RFïDM9W�JK]^_ Y�[`¸%]UJKLÅi�HKRF[KcoH*]U®CRFTÅT�]+[\i9SUW�coRFVjRFYDJ`JKL�]Uc*ê"Y�RF[K[dp
W�Y�TìJKL�RX]UYDr"]U[*cd]UT¯é�_¸ý]+YÅJKL�R
J\H*W�T�]UJK]^_ Y�W�S1¸àWFsìÁ�L�RFY�coR¨W�S+[\_j¸%]^JKL.i�H*RF[KcoH*]^®1RFT.T�]U[\ikSUW�coRFVjRFYDJ�JKL�]UcKê�Y�RF[K[�Ã±

÷)Tö � � ½ � � ÑVU � ü Ó ÀòÁ�T�]^HKRFcoJÃ& ÷)Wö � ¥ ½ � � ÑVU � ü Ó À Á�]+Y8r�RdH*[KR�Ã&
� � ÑVU2Ó �¦� � ÑVU � ü Ó �YX�Z ÷)Wö �6÷)Tö�[ 

N�y�i1RdH*]^RFY�coR5]+Y»JKM�Y�]UY�l`JKL�R5HKRFSUW�y�W�JK]^_ Yji9W�HW�VjRdJ\RdH X L�W�[0T�Rdr�RFS^_�i1RFTnJKL�HK_ M�l L�_ M�J�JKL�R5s�RFW�H*[dp�W�Y�TXVnW�Y8s
W�i�i9S+]UcdW�JK]^_ Y�[à_�a¶JKL�R¨[KRFVX]î«�]UYDr�RdH*[\R�VjRdJKL�_"T!pk]UY�cdSUM�T9]UY�lªVnW�[K[K]^r�RFS^s.[\Rdi9W�HW�J\RFTgé�_�¸ªÁ � ÃpkcdW�Yg®1R`aÍ_ M�Y9T-]UY
JKL�R¨S+]^J\RdH*W�JKM�HKR�p�R�O¿l�O¶½¿µ�¤�p*·�¤�p¾�¾�À#O

Boundary layer

External flow

δ δ  = δ     + ω (u  - u  )
n       n-1 E       B 

u

uE

B

semi-inverse quasi-simultaneous

δ = −ψ

Interaction law

u = ∂ψ/∂n

External flow

Boundary layer
+

Ä¶]^l M�HKRª}D±àm"RFVX]î«�]UYDr�RdH*[\R`W�Y�TgïDM�W�[*]î«�[K]UVwM�S^JKW�Y�Rd_ M9[/Q ZKZ VjRdJKL�_�T!O

¤d{



\ �
�9�����*���Gz6���Í��9��£"�k���
�5L�R'ïDM�W�[*]î«�[K]UVwM�S^JKW�Y�Rd_ M9[�VjRdJKL�_�T�a¢_ SUS^_�¸%[�JKL�R'[KM�l�l�RF[KJK]^_ Y VnW�T�Rn®"s ¹ W�l�RdH*[KJ\HK_ V ½¿²�z�À#O Z Jª¸hW�YDJK[wJ\_
HKRdé�RFcoJ¶JKL�RàSUW�c*ê�_�a9L�]^RdHW�H*c*LDs�®1RdJ�¸hRdRFY»®1_�JKLª[KM�®1T�_ VXW�]UY�[d±!]UYªi�H*]+Y�cd]^i9S^R�p�]^J�¸àW�YDJK[�J\_`[\_ SUr�Rh®1_�JKLw[KM�®!T�_�«
VXW�]UY»i9HK_�®9S^RFVX[�[*]UVªM9S^JKW�Y�Rd_ M�[KSUs�O�sòL�RFYjJKL�R%®C_ M9Y�T�W�HKs¨S+WFs�RdH/]+[0Vj_�T�RFSUS^RFT»®"swW�Yn]UY8J\Rdl�HW�S�a¢_�H*VªM9SUW�JK]^_ Y
WÝ[K]UVwM�S^JKW�Y�Rd_ M9[
co_ M�i9S+]UY�lI]+[
¸hRFSUSDaÍRFW�[K]U®9S^R�p�¸%]^JKLªRFW�H*S^s�Roy�W�Vji9SURF[>T9W�JK]UY�le®9W�cKêªJ\_eJKL�Rh[\Rdr�RFYDJK]^RF[�W�S^H*RFW�T�s�p
R�O¿l�O;½î¤FÂ"pµ�µ"p�²�¤�p�¾�{�À#O Z Yni�H*]UY9cd]^i9S^R�p [KM9c*LÓW¨a�M�SUS^s»[K]UVwM�S^JKW�Y�Rd_ M�[�W�i�i9HK_ W�c*LÓ]U[/J\_ª®1R%i9HKRdaÍRdH*HKRFT!O¶°%_�¸/Rdr�RdHFp
¸%L�RFY»]UYª®1_�JKL»T�_ VXW�]UY�[>WÝñ�RFSUTªa¢_�H*VªM9SUW�JK]^_ Yw]U[¶c*L�_ [\RFY;p8[\_�a¢J�¸àW�HKR5co_ Vji9S^Roy�]^J�s¨VXWFswi�HK_ L9]^®9]^J
Wei�HW�coJK]UcdW�S
]UVjikS^RFVjRFYDJKW�JK]^_ Y!O�û%RFcdW�SUS�JKL�W�J0W�H*_ M�Y�T©¤F|�z�{�VXW�]+Y�aÍHW�VjR�co_ Vji9M�J\RdH*[0iC_ [*[\RF[K[\RFTjW`VjRFVX_�HKs¨_�aC_ Y�S^sÓ¤ Á � Ãbg®Ds"J\R�O'GàJªJKL�W�J�JK]UVjRjJKL9]U[`i�HKRdr�RFYDJ\RFT�W-a¢M�S+S^sg[K]UVwM�S^JKW�Y�Rd_ M�[`W�i�i�HK_ W�cL!p¶W�Y�T6JKL�Rn]+T�RFW.¸hW�[¨®1_�H*YÅJ\_
[\_ S^r�RIJKL�R%®1_ M�Y9T�W�HKsD«�SUWFs�RdH0RFï"M�W�JK]^_ Y9[�[K]UVwM�S^JKW�Y�Rd_ M�[KS^sw¸%]^JKLXWXÌË¢ÚIÛkÜ^ÉÝ®9M�J0l�_"_"T¯ÑÛ ÛkÊ\Ï_l ËÍÚXÑ�Ç�ËEÏ�ÎÅ_�a1JKL�R
]UYDr"]+[Kcd]UTXé9_¸�p�¸%L�]+c*LÓ¸hW�[àJ\RdHVjRFT.JKL�R`]UYDJ\RdH*W�coJK]^_ Y.SUWF¸¨O0�5L�RÝT�]îí1RdHKRFY�coRÝ®1RdJ�¸hRdRFY.JKL�]U[àW�i�i�HK_y�]+VXW�JK]^_ Y
W�Y�TjJKL�R`º´Roy�W�coJd¼�]UYDr"]+[Kcd]UTwé�_¸¡cdW�YXJKL�RFYn®CR5L9W�Y�T�S^RFTj]^J\RdHW�JK]^r�RFS^s�O Z YXJKL�]U[¶¸àWFs�p�JKL�R%ï"M�W�[K]î«�[*]UVªM9S^JKW�Y�Rd_ M�[
VjRdJKL�_�T�Á�Ä¶]^l�OC}Dp
ÊË^Ò�ÈDÇKÃàcdW�Y-®CR`a¢_�H*VwM�SUW�J\RFT-W�[

÷ ÑVU2Óö ��]e½ ��� ÑFUMÓ À � � ½ ��� ÑFU � ü Ó Àk��]e½ ��� ÑFU � ü Ó À>�
÷ ÑFUMÓö � ¥ ½ ��� ÑFUMÓEÀ � {�� Á¬¤Fµ Ã

¸%L�RdH*RÅÁ@^�Ã¨]U[ªJKL�RÓ]UJ\RdH*W�JK]^_ Y¥co_ M�YDJdOì�%_�J\R.JKL�W�J»JKL�RÓQ Z*Z ]^J\RdH*W�JK]^_ Y9[Xº´_ Y�SUsk¼¶Y�RdRFT×J\_6W�cdco_ M�Y8J»a¢_�H»JKL�R
T�]îí1RdHKRFY�coRn®CRdJ�¸/RdRFY×JKL�R'Roy"J\RdHY�W�S0é�_�¸ � W�Y�T ]^JK[wW�i�i�HK_y�]UVnW�JK]^_ Y�]�O Z Y _�JKL�RdHª¸h_�H*T�[Fp�JKL�RÓ]UYDJ\RdH*W�c�«
JK]^_ Y SUWF¸~]U[¨M9[\RFT�]UY�T�RdaÍRFcoJwa¢_�H*VªM9SUW�JK]^_ Y!±w]^J¨T�_"RF[¨Y�_�Jw]UY�é9M�RFY�coRXJKL�R'ñ9Y�W�S0co_ YDr�RdHKl�RFT×HKRF[KM�SUJdp�®9M�J¨]^J
cd]^H*cdM9V¨r�RFYDJK[ete_ S+T�[\J\RF]UY!¼´[�[*]UY�l M�SUW�H]^J�snW�Y9T©RFY�L�W�Y�coRF[5JKL�R�Q ZKZ co_ YDr�RdHKl�RFY�coR�O

�IRoy"Jdp¶JKL�RÓïDM�RF[\JK]^_ YìW�H*]+[\RF[¨L�_�¸ J\_¯c*L�_"_ [\R'JKL�R']UYDJ\RdH*W�coJK]^_ Y SUWF¸¨O.G~a�W�]^H¨T�RF[KcoH*]^i�JK]U_ Y6_�a�L�_¸~W�Y
]UYDr"]+[Kcd]UTªé�_¸ H*RFW�coJK[0_ YXT�]+[\i9SUW�coRFVjRFYDJ>RoíCRFcoJK[h]U[¶T�RFSU]^r�RdH*RFT»®DswJKL�]UY�«�W�]UHKaÍ_ ]+S JKL�Rd_�HKs�p"]UYj]^JK[�[K]+Vji9S^RF[\J>a¢_�H*V
l ]^r�RFY©®"s

÷kö�Á¢ÿ!Ã � ÷Cö�_ Á¢ÿ1Ã � ]e½ � � À �ë¸%]^JKL`]I½ � � À � ¤
Ì Í9a T ���Tio Tvo

ÿ���o � Á¬¤F² Ã

¸%L�RdH*Rn÷kö1_']+[�JKL�RÓRFT�l�R.r�RFS^_�cd]^J�sì¸I]^JKL�_ M�JwT�]U[\i9S+W�coRFVjRFY8JªRoíCRFcoJK[FOìGISU[K_gJ\H*]^ikS^Ro«�T�RFcKê6JKL�Rd_�HKsìi�HK_�r"]+T�RF[
JKL�]U[wJ�sDi1R._�aIW�i�i9HK_Fy�]UVXW�JK]^_ Y;p�coa�O5ÁEz Ãph¸%L�]UcL¥VXW�ê�RF[jJKL�RgfàW�M�cL8s\�D°e]US^®1RdHKJ»]UY8J\Rdl�HW�S�]UYçÁ¬¤F² ÃwWÅl�_D_�T
cdW�Y�T�]+T�W�J\R'a¢_�HjW�Y¥]UY8J\RdHW�coJK]^_ Y¦SUWF¸¨O Z Y�T�RdRFT;p0]^JwL9W�[ªJKM�H*Y�RFT _ M�JªJ\_Å®1R.[KM�cdcoRF[K[\a�M�SEOÅGeY Roy�W�Vji9SUR'_�a
JKL�RÓM�[\RX_�a�JKL�]+[�]UYDJ\RdH*W�coJK]^_ Y×SUWF¸ Á�T�RF[KcoH*]^®k]UY�l©JKL�]Uc*ê"Y�RF[K[�Roí1RFcoJK[Ã�J\_�l�RdJKL�RdH»¸%]^JKL�]UJK[�[\ê�Rd¸�«�[\s�VXVjRdJ\H]Uc
co_ M�YDJ\RdHKi9W�HKJjÁ�T�RF[KcoH]^®9]UY�lXcdW�Vª®1RdHÝRoíCRFcoJK[ÃI]U[%l ]^r�RFY¯]UY¯m"RFcoJK]U_ Y¯Â"O^OÝbgW�YDs-_�JKL�RdHÝRoy�W�Vji9S^RF[I_�a�JKL�R»M�[\R
_�a5Á¬¤F² ÃàcdW�Y-®1R`a¢_ M�Y�T©]UY.JKL�R¨SU]^J\RdH*W�JKM�HKR�p�aÍ_�H5Roy�W�Vji9SUR�]UY©JKL�R�Vj_ Y�_�l�H*W�i9L�½´}À#O

¹ W�J\RdHFpI¸IL�RFY¡S+W�HKl�RdH©co_ Vji9M�J\RdH*[Ó®1RFcdW�VjR6WFr�W�]USUW�®kS^R�p%]UY¡RFY�l ]UY�RdRdH]UY�l W�i9i9SU]UcdW�JK]^_ Y9[nJKL�]+[-º³[K]+Vji9S^R�¼
]UYDJ\RdH*W�coJK]^_ YXS+WF¸ L�W�[0[K_ VjRdJK]UVjRF[�®1RdRFY»HKRdikSUW�coRFT»®DswVj_�HKR5[\_�ikL�]U[\JK]UcdW�J\RFT»_ Y�RF[dp8a¢_�H0]UY�[\JKW�Y9coR5]UY8J\RdHW�coJK]^_ Y
SUW¸%[¶®9W�[\RFT»_ YXW`T9]U[KcoHKRdJ\R ¹ W�ikSUW�coR5T�RF[KcoH*]Ui�JK]^_ Yw_�a9JKL�R5]+Y8r�]U[Kcd]UTªé�_�¸�½¿²�À#p8_�H�®9W�[KRFT»_ YXW�Yj]UYDr"]U[*cd]UT¨ikW�Y�RFS
VjRdJKL�_�T�Á¢R�O¿l�O¶½î¤�¤�À¢ÃO Z Y©JKL�]U[à¸àWFs-W»®1RdJ\J\RdHIco_ YDr�RdHKl�RFY�coRª_�a¶JKL�R¨]^J\RdH*W�JK]U_ Y�[�]UYìÁ¬¤Fµ Ã�cdW�Yg®1R`_�®�JKW�]UY�RFT!O

uÝYBJKL�Rª_�JKL�RdHeL9W�Y�T!pkW�JÝS^RFW�[\Jea¢HK_ V W'[Kcd]^RFYDJK]^ñ9c¨iC_ ]+Y8J5_�a�r�]^Rd¸�p1]^J%]+[I]UYDJ\RdHKRF[\JK]+Y�lXJ\_Óñ9Y�T-_ M�JIL�_�¸
a�W�H%JKL�RwW�®C_�r�Rª]UYDJ\RdH*W�coJK]^_ Y¯SUW¸�cdW�Y-®1R¨[*]UVji9SU]Uñ�RFTÓ¸%]^JKL�_ M�J�®1RF]UY�lX[\J\H*M�c*êÓ®"sBte_ SUT9[\J\RF]UY!¼´[5[*]UY�l M�SUW�H]^J�s�p
¸%L�]+S^R%W�JhJKL�Re[*W�VjRIJK]+VjRIs�]^RFSUT9]UY�l�W�cdcoRdi�JKW�®9SUReco_ YDr�RdHKl�RFY�coR�_�a!JKL�Re]^J\RdHW�JK]^_ Y�[h]UY¯Á¬¤Fµ ÃOHs6Re¸I]USUS�i9M�H*[KM�R
JKL�]U[�ï"M�RF[\JK]U_ Y-]UYgm"RFcoJK]^_ Y¯}DO^O

ø ÉdÚjÑ�Ê(jcb Z Y-JKL�HKRdRwT�]UVjRFY9[K]^_ Y�[�W'[K]UVX]US+W�H5W�i�i�HK_ W�cLB]U[5aÍRFW�[K]U®9S^R�p�¸%]UJKL©J�¸h_'JKL9]UY�«�W�]^HKa¢_ ]US1Roy�i�HKRF[K[*]^_ Y�[
SU]^ê�RXÁ¬¤F² ÃhH*RFSUW�JK]UY�l»JKL�R`J�¸/_n]+Y8r�]U[Kcd]UTÓ[KM�H*a¢W�coRo«#r�RFS^_�cd]^J�s.co_ VXiC_ Y�RFY8JK[àJ\_XJKL�R�[KL�W�i1RÝ_�a�JKL�R`T�]+[\i9SUW�coRFVjRFYDJ
®1_"T�s�p8W�[0T�RFVj_ Y9[\J\H*W�J\RFTXa¢_�H0Roy�W�Vji9S^R%®Ds»û5_�l�RdJ`ÉdÇ¶Ñ�Ü�b�½¿¾�z�ÀCW�Y�TnN�T�¸àW�H*T�[5½î¤Fz�À#O��%L�R5SUW�J\J\RdH/W�M�JKL�_�H0¸àW�[
SUW�HKl�RFSUsn]UY�[\ik]^HKRFTX®"s�ýÝWr"]U[Fp�¸%L�_jW�JàJKL�R`RFW�[\J5co_ W�[\J�_�a�JKL�R`qÝm�G�L�W�[�]UY�]UJK]UW�J\RFTnH*RF[\RFW�H*c*Lg]UY.]UY8J\RdHW�coJK]^r�R
®1_ M�Y�T�W�H*sÝS+WFs�RdH*[5½¿z�Â�À#O0û%RFSUW�J\RFTw¸/_�HKêw]UY�JKL�Ràq5ûòL�W�[>®1RdRFYwcdW�H*H*]^RFTª_ M�J¶®Dswm�VX]^JKL¨W�Y9Twco_�«#¸h_�HKê�RdH*[I½¿Â�²�À#O
GàJ%JKL�R¨qÝm�G�¸hRF[\J%co_ W�[KJ`fhRd®1RFcd];L9W�[5®1RdRFY-W�YgW�coJK]Ur�RªW�T�r�_�cdW�J\Rª_�a�ï"M�W�[K]î«�[*]UVªM9S^JKW�Y�Rd_ M�[àQ ZKZ VjRdJKL�_�T�[
]UY©RFY�l ]UY�RdRdH*]UY�l»W�i9i9SU]UcdW�JK]^_ Y9[�Á�W�]^HKa¢_ ]US;W�Y�W�S^s�[K]U[�W�Y9T-T�RF[K]^l YCÃ`½î¤d{�À#OhÄ�_�HIJKL�H*RdRo«�T�]UVjRFY�[*]^_ Y�W�S1RFY�l ]UY�RdRdH*]UY�l
é�_�¸ø[K]UVwM�SUW�JK]^_ Y9[hVwM�cL©i9]^_ Y�RdRdH]UY�l»¸/_�H*êÓL�W�[5®CRdRFY©T�_ Y�R`®Ds-fh_ M�[KJ\RF]îy.W�Y9T©L�]U[�co_ SUS^RFW�l M�RF[%]UY.Ä�H*W�Y9coR
½¿z"p¤F²"p¾�z�À#O

¤�¤



ø ÉdÚjÑ�Ê(jed �5L�R�]+Y8J\RdH*W�coJK]+Y�lj®1_ M�Y�T�W�HKsD«�SUWs�RdHªÁ Z x ¹ ÃhaÍ_�HVªM�S+W�JK]^_ Y-cdW�Y-®1R`_�®�JKW�]+Y�RFT©a¢HK_ V _�JKL�RdHeco_ Y�«
[K]UT�RdH*W�JK]^_ Y�[dp [*M�c*LXW�[0JKL�R%W�i�i�H*_ W�c*Lj®"sjfà_ M�[\J\RF]îyjW�Y�TXbBW�M�[K[%½î¤o·�ÀC¸%L�RdHKR�JKL�R�é9_¸§Vj_�T�RFSUS+]UY�lÝ]U[�c*L�_ [KRFY
W�cdco_�H*T�]+Y�lnJ\_'JKL�Rª[KM9cdcoRF[K[K]^r�Rwco_ Vji9S^RFVjRFYDJKW�HKs.Roy�i9W�Y�[K]^_ YBVjRdJKL�_�T!O�xàM�JdpkM�Y9WFr�_ ]UT�W�®kS^s�p�JKL�RªJKL�HKRdRda¢_ SUT
VjRF[K[*W�l�R¨i�HKRF[KRFY8J\RFT-W�J%JKL�R�®1Rdl ]UY�Y�]+Y�lª_�a¶JKL�]+[�[\RFcoJK]^_ YgL9W�[�J\_X®1R�W�cKê�Y�_¸IS^RFT�l�RFT!O�ueJKL�RdH%W�i�i1RFW�H*W�Y9coRF[
_�a Z x ¹ VjRdJKL�_�T�[5cdW�Y©®1R`a¢_ M�Y�T.a¢_�H5Roy�W�VXi9S^R�]UYì½¿Â�Â�À#Of!� gL{W{>�G��} �����¢�C� �������9�
��k�W�`}B�
�¢��~��k���h>��»
�5L�R`i1RdHKa¢_�H*VXW�Y9coRe_�a¶JKL�R�ï"M�W�[K]^«�[K]UVwM�S^JKW�Y�Rd_ M�[�co_ M�i9SU]UY�l»co_ Y�coRdi�J%¸%]USUSC®1R�T�RFVj_ Y�[KJ\H*W�J\RFT©_ Y-WjJ�sDik]UcdW�S
cdW�SUcdM�S+W�JK]^_ Y¨_�akJ\H*W�Y�[\_ Y9]Uc0é�_�¸¥i9W�[\J¶W�YwûIGINhµ�z�µ�µÝW�]^HKa¢_ ]US ¸I]^JKL¨JKL�Rh� ¹ û¥QÝ]U[\J\H*W�a�[>co_"T�R�O��5L�R�®1_ M�Y�T�W�H*s
SUWs�RdH�¸hW�[¨Vj_"T�RFSUS^RFTB®Ds¯P0H*W�Y�T�JKSE¼´[eRFïDM�W�JK]U_ Y�[Ý¸%]^JKL¯JKL�RXW�S^l�Rd®9H*W�]UcXfhRd®1RFcd]î« m�VX]UJKLgJKM�H*®9M�S^RFY�coRwVj_�T�RFS:
Roí1RFcoJK[I_�a�[\J\H*RFW�VXSU]UY�RªcdM�HKr�W�JKM�HKR�¸hRdHKRª]+Y�cdSUM�T�RFT6½¿z�{�À#O5�5L�R¨]UYDr"]U[*cd]UT.é�_¸=¸àW�[%Vj_�T�RFSUS^RFT-®Ds.J\H*W�Y�[K_ Y�]Uc
a�M�SUS�i1_�J\RFY8JK]+W�S�JKL�Rd_�HKs�O0Ge[hW�Yn]UYDJ\RdH*W�coJK]^_ YÓSUWF¸¨p8JKL�Re]UY8J\Rdl�HW�S�Á¬¤F² Ã/L�W�[0®1RdRFY'M�[\RFTXJ\_wT�RF[KcoH*]U®CR�JKL�RI[\s�V»«
VjRdJ\H*]+c%T�]U[Ki9SUW�coRFVjRFYDJ0Roí1RFcoJK[�Á�º´JKL�]UcKê�Y�RF[K[/i�HK_�®kS^RFV©¼vÃp8J\_�l�RdJKL�RdHh¸I]^JKLn]^JK[h[\ê�Rd¸�«�[Ks"VXVXRdJ\H*]Uc%co_ M9Y8J\RdHKikW�HKJ
J\_nT�RF[*coH*]^®1RÝJKL�R`RoíCRFcoJK[I_�a�cdW�V¨®1RdHªÁ�º³S+]^aÍJ�i9HK_�®9S^RFV©¼vÃ&�a¢_�HIT�RdJKW�]+SU[�[\RdR�Q�RFSUT9VXW�Y ÉdÇhÑ�ÜÊbe½¿z�¤�À#O

0 0.5 1
0.5

0

-0.5

-1

-1.5
RAE 2822 - case 6:  pressure

+ experiment

2.2 2.4 2.6 2.8 3

0.72

0.74

0.76

0.78

lift       angle of attack  vs.

α

C
L

experiment   
Navier−Stokes
VII methods  
VII Vistrafs 

Ä¶]^l M�HKR-z"±-ûIGINhµ�z�µ�µ6W�]^HKa¢_ ]UShW�Jji � {v¯v}�µ�¾�p/û%R � Â�¯³¾�VX]+SUSEO^pH� � µ�¯¿·�·9p ÏlkY� {v¯v}�·8² Á#f�W�[\RgÂ ÃO¦P0HKRF[K[*M�HKR
T�]U[KJ\H*]^®9M�JK]U_ Ym��Ü^ÉEä�ÇÕfIW�Y9TXco_ Vji9W�H*]+[\_ Y»_�a!SU]^a¢J>i9HKRFT�]UcoJK]^_ Y9[�®"swr�W�H*]U_ M�[�Q ZKZ W�Y�Tn�Ým»VXRdJKL�_"T9[%½¿µ�z�À�#Ê�Ë^Ò�ÈDÇÕf�O

�5L�Reé9_¸ëcdW�[\R`i�H*RF[\RFY8J\RFT©]+YÓÄ¶]^l�O�zw]U[�VX]+SUT�S^swJ\H*W�Y�[\_ Y9]Uc�p�¸%]^JKL.Wj[KVXW�SUSCW�Vj_ M�YDJ�_�a�[KRdi9W�H*W�J\RFT.é�_�¸
Y�RFW�H5JKL�R`J\H*W�]USU]UY�l¨RFT�l�R�OhP�RdH*JK]UY�RFYDJhé9_¸ëi9W�HW�VjRdJ\RdH*[5W�HKRni � {v¯v}�µ�¾��5û5R � Â�¯³¾jVX]USUS+]^_ Y!p��porq�s � µ�¯³|�µ
Á¢¸%]^JKL©Wnco_�HKHKRFcoJ\RFTBr�W�SUM�Re_�aO� � µ�¯¿·�·"Ã�W�Y�T©ñ�y�RFT.J\H*W�Y�[K]UJK]^_ Y©W�JI²ut cL�_�H*T!O

�5L�R¨co_ Vji9M�JKW�JK]U_ Y�W�S
l�H]UT-co_ Y�[K]+[\JK[5_�a5¤}�²jvgµ�¤ªl�H*]UT©i1_ ]UYDJK[ªÁ#f/«#J�sDi1R�pC¸%]^JKLì¤Fµ�zni1_ ]UYDJK[%W�S^_ Y�lnJKL�R
W�]^HKa¢_ ]US0[*M�HKa�W�coR�Ã`]UY�JKL�Rn®1_ M�Y�T9W�HKs¯S+WFs�RdHFp0W�Y�T�JKL�R']+Y8r�]U[Kcd]UT�«#é�_¸@l�H]UTì¸àW�['¤Fµ�zwv�Â�·×Á#uI«#J�sDi1R�ÃO¯�5L�R
co_ Vji9M�JKW�JK]^_ Y�[0H*RFïDM�]UHKR5W�®1_ M�J%¤d{¨ï"M�W�[K]^«�[K]UVwM�S^JKW�Y�Rd_ M�[�]^J\RdH*W�JK]^_ Y�[0J\_ªco_ YDr�RdHKl�RÝJ\_w²��8·»T�]^l ]^JK[dp8¸%L�]UcLj_ Y
WwVj_"T�RdH*Y'Pàf§JKW�ê�RF[�S^RF[K[hJKL�W�YÓ_ Y�RÝVX]UY"M�J\RwÁ�]^Jh¸àW�[�[\_wVwM�cLÓT9]îíCRdH*RFY8Jà]UYXJKL�RÝVn]UT�«#RF]^l LDJK]^RF[0¸IL�RFYÓJKL�]U[
VjRdJKL�_�Tì¸àW�[¨T�Rdr�RFS^_�i1RFT!O^O^OvÃOÓ�%L�RXH*W�J\R'_�aàco_ YDr�RdHKl�RFY�coR.]U[¨l�_r�RdH*Y�RFT ®"s¯JKL�RnT�]îí1RdHKRFY�coRX®1RdJ�¸/RdRFY�JKL�R
Roy�W�coJª]UYDr"]+[Kcd]UTÅé�_�¸ � W�Y�Tì]^JK[ªW�i�i�HK_y�]UVnW�JK]^_ Y:]��W�[¨WBco_ Y�[\RFï"M�RFY�coRn]UJ¨]U[�]UY9T�Rdi1RFY�T�RFYDJe_�aàJKL�Rnl�H*]UT
[K]^ðdR�Ow�
_©W�i�i9HKRFcd]UW�J\R»JKL�Rja�W�[\J`co_ Y8r�RdHKl�RFY9coRXRdr�RFY6®1RdJ\J\RdHFp;_ Y�Rj[KL�_ M�SUTBHKRFW�SU]^ðdR»JKL�W�JÝJKL�RjRoy�J\RdH*Y�W�S>é�_�¸
]UY¯JKL�]U[eRoy�W�Vji9S^RX]+[IJ\HW�Y�[\_ Y�]Uc�p!¸I]^JKLÅW©[K]^l Y�]^ñkcdW�Y8J`[KM�i1RdH*[K_ Y�]Uc�é9_¸âHKRdl ]^_ Y;p;¸%L�RdHKRFW�[ÝJKL�RX]UY8J\RdHW�coJK]^_ Y
SUW¸ Á¬¤F² Ã�]U[à®kW�[\RFT-_ Y-[*M�®�Á � Ã [\_ Y�]+cIJKL�Rd_�HKs�OZ Yì¤F|�z�ÂnJKL�]U[àé�_�¸�cdW�[\RwL�W�[�®1RdRFY©JKL�R¨[*M�®vu\RFcoJ5_�a�Wj¸/_�H*ê"[KL�_�i ½¿µ�z�À#pk¸IL�RdHKR�W�®1_ M�J�J�¸hRFYDJ�sgW�RdHK_�T�sD«
Y�W�VX]+c`co_"T�RF[I¸hRdHKR¨co_ Vji9W�H*RFT!Oh�%L�R¨SU]^a¢J�co_DRPh'cd]^RFY8JIi�HKRFT�]+coJ\RFT©®Ds.JKL�RF[KRªco_�T�RF[%]U[5i�HKRF[\RFYDJ\RFTg]UYgÄ>]Ul�Okz�#Ê�Ë^Ò�ÈDÇÕf�p�¸%L�RdHKRÝW»T�]U[\JK]UY9coJK]^_ YnL�W�[à®1RdRFY.VXW�T�Re®1RdJ�¸hRdRFY©r�]U[Kco_ M�[¬«�]+Y8r�]U[Kcd]UTn]UY8J\RdHW�coJK]^_ YìÁ¢Q Z*Z Ã�co_"T�RF[�W�Y�T
�eWFr�]^RdH���m"J\_�ê�RF[Ýco_�T�RF[dO�Gâ[K]UVX]+SUW�H5[K]^JKM�W�JK]U_ Y©¸hW�[Ia¢_ M�Y�T©a¢_�H%JKL�Rª_�JKL�RdH%é9_¸4cdW�[\RF[I]+Y8r�RF[\JK]Ul W�J\RFTB]UY-JKL�R
¸h_�HKê"[*L�_�i;O-�5L�R'i9W�HKJK]Ucd]Ui9W�Y8JK[¨¸/RdH*R'W�SU[\_BHKRFï"M�RF[\J\RFT J\_¯ï"M�W�YDJK]^aÍsÅJKL�R.co_ Vji9M�JKW�JK]^_ Y�W�S�co_ VXi9S^Roy�]^J�s6_�a
JKL�RF]^HÝco_�T�RF[d±5]^JI¸hW�[ea¢_ M�Y�T-JKL9W�Jdp1T�RdiCRFY9T�]UY�lj_ Y¯JKL�R»]UYDr"]U[*cd]UT©é�_�¸=Vj_�T�RFS>M�[\RFT!pkQ Z*Z co_"T�RF[e¸hRdHKRw_ Y�R
J\_.J�¸h_._�H*T�RdH*[e_�a�VXW�l Y9]^JKM�T�R»c*L�RFW�i1RdHÝJKL�W�YÅ�eWFr�]^RdH���m"J\_�ê�RF[�co_�T�RF[dO`�5L�RwSUW�J\J\RdH`co_�T�RF[eHKRFï"M�]^HKRFT×¤d{�x&�
¤d{uy»é�_ W�JK]+Y�l�«#i1_ ]UY8JÝ_�i1RdH*W�JK]^_ Y9[`i1RdH`l�H*]UTÅi1_ ]UYDJP�W©i�H]UcoR»JKW�lgJKL�W�J¨]+[`[\JK]USUS>HKRdi�H*RF[\RFY8JKW�JK]Ur�Rna¢_�H�J\_"T9WFsC¼´[
�eWFr�]^RdH���m"J\_�ê�RF[eco_"T�RF[dp9W�[5cdW�Yg®CR�]+Y�aÍRdH*HKRFTÓaÍHK_ V JKL�R�HKRdr�]^Rd¸ëT�W�JKWji9HKRF[\RFYDJ\RFT-®"sÓGIl W�HK¸àW�S/½î¤�À#O

¤Fµ



G co_ Y�cdSUM�[K]U_ YB_�a/JKL�R»¸/_�H*ê"[KL�_�iìVªM�[KJe®1RwJKL�W�Jdp
]UYÅ[\ik]^J\Rª_�a/JKL�RF]^H`VwM�c*L6[KVnW�SUS^RdH`co_ Vji9S^Roy�]^J�s�p!JKL�R
ï"M�W�SU]^J�s§_�a»JKL�R6Q ZKZ H*RF[KM�S^JK[.]U[-co_ VXi9W�H*W�®9S^R6J\_¦JKL9W�J-_�a»JKL�Rì�IWr"]URdH���m"J\_�ê�RF[BHKRF[KM�S^JK[FO Z Yòa�W�coJdp`JKL�R
ï"M�W�SU]^J�s¦_�a¨é�_�¸ [*]UVªM9SUW�JK]^_ Y�[naÍ_�H.JKL�]U[ÓJ�sDi1R¯_�a�é�_¸ W�i9iCRFW�H[nJ\_¥®1R¯T�_ VX]UY�W�J\RFT¡®Ds§JKL�R6ïDM�W�S+]^J�s¦_�a
JKL�RÅJKM�HK®kM�S^RFY�coR¯Vj_"T�RFSEOýGeY8s§T9]îíCRdH*RFY�coRÅ®CRdJ�¸/RdRFYçW¥a�M�SUSI�IWr"]URdH���m"J\_�ê�RF[gVX_"T�RFSÝW�Y�TòW¥[K]UVXi9SU]^ñ�RFT
®1_ M�Y�T�W�H*s8«�SUWs�RdHXVj_�T�RFS�u\M�[KJXT�HK_¸IY�[»]UY¥JKL�R-M�Y�coRdH*JKW�]UY8J�s×]+Y¥JKM�HK®9M�SURFY�coRÓVX_"T�RFS+SU]UY�l�O�Ge[X[\JKW�J\RFT§®Ds
°I_ SU[\J�½¿µ�z�À#±gÆ��ÝÎÅÉoÎ"Ò�Ë¢ÎCÉ*ÉdÊË¢ÎDÒ'Ç�ã"ÊFÕoã�ÜUÉoÎkÙ�É`ÚXÏFÐDÉoÜ
Ç¢È"Ñ Ç/Ù*Ñ�ÎÅÑÛ8ÛkÊ¬Ï�l�Ë¢ÚjÑ Ç�ÉoÜ Ö¨ÛCÊ\É*Ð�Ë�ÙÇ/Ç¢È�É`Ì�Ë^ô�É¨Ñ�ÎkÐÓÉ(l Ç�ÉdÎ9Ç
Ï¬ä�ÌdÉ�Û�Ñ�Ê¬Ñ Ç�ÉKÐ¨Ê\É�Ò�ËEÏ�Î�ÌàË+ÌhÐDÉ�Ì#Û�ÉoÊ\Ñ�Ç�ÉoÜ Ö`ÎCÉ*É*Ð8ÉKÐ\b\æ»m�]UY�coR5¤F|�z�Â%JKL�R�[K]^JKM9W�JK]^_ Y�L�W�[�Y�_�J
c*L9W�Y�l�RFTª[*]^l Y�]^ñ9cdW�YDJKS^s�O
G N/M�HK_�i1RFW�Y×fàÄ1ýèr�W�SU]+T�W�JK]^_ Yìi9HK_�u¬RFcoJ»]UY¡¤F|�|�µg_ Y9coR.W�l W�]+Y�HKRdr�RFW�SURFT JKL9W�JªJKL�R.M�Y�coRdH*JKW�]UY8J�s�T�M�R'J\_
JKM�HK®kM�S^RFY�coR`Vj_�T�RFSUSU]+Y�l¨i�H*_"T�M9coRF[�WXSUW�HKl�R¨[Ki�HKRFW�T�]UY�lw_�a>JKL�R¨�eWFr�]^RdH���m�J\_�ê�RF[%HKRF[*M�S^JK[�½¿µ�¾�À#O

uea;co_ M�H*[\R�p��IWr"]URdH���m"J\_�ê�RF[�Vj_�T�RFSUSU]+Y�l�]U[0H*RFïDM�]UHKRFTn]UYÓ[K]^JKM9W�JK]^_ Y�[0¸IL�RdHKR%JKL�RIr�]U[Kco_ M�[/HKRdl ]^_ YÓcdW�Y.Y�_
S^_ Y�l�RdH%®CR�co_ Y9[K]UT�RdHKRFT©W�[%JKL�]UY!p�[*M�c*L-W�[IVXW�[K[K]Ur�R`é�_¸=[\Rdi9W�H*W�JK]^_ Yg]UY.JKW�ê�Ro«#_�í W�Y�T-S+W�Y�T�]UY�l»co_ Y�ñ�l M�H*W�«
JK]^_ Y�[Fp _�H�JKL�R%é�_¸§Y�RFW�H�RF[K[\RFYDJK]UW�SUSUsªJKL�H*RdRo«�T�]UVjRFY�[*]^_ Y�W�S"_�®vu\RFcoJK[dO Z YXJKL�]U[¶HKRF[\i1RFcoJ�]UJ0]U[�HKRFVXW�H*ê�W�®9SUR�JKL�W�J
VXW�y�]UVwM�V»«�SU]^a¢Jài�HKRFT�]+coJK]^_ Y.¸%]^JKL-WXQ ZKZ VjRdJKL�_"T-W�i9iCRFW�H[�J\_n®1R�a¢RFW�[K]^®9SUR�p�W�[%T�RFVj_ Y9[\J\H*W�J\RFT-®"sgfhRd®1RFcd]
W�Y�T-co_�«#¸h_�HKê�RdH*[»½¿|"p¤d{�À C[\RdR¨W�SU[\_'m�RFcoJK]^_ Yg|"O^Oz � {F�§�F£D�9��}My �
~%�����Gz¡{¶�¢£D�L�¢�C��£D����}����¢�C�¡�¢�$»
�5L�RÓ]UVji9SURFVjRFY8JKW�JK]U_ Yì_�a%W�Y×]UYDJ\RdH*W�coJK]^_ Y¥SUWF¸¨p>®1RÓ]^J¨JKL�R'JKL�]UY�«�W�]UHKaÍ_ ]+S�Roy"i9HKRF[K[K]^_ Y9[�a¢_�HªJKL�]+cKê�Y�RF[K[wW�Y�T
cdW�Vª®CRdH�_�H�W�Yª]UY�é9M�RFY9coR0VXW�J\H*]îyÝ_�a�W5i9W�Y�RFS8VjRdJKL�_�T!p�cdW�Yª®1R0cdM�V¨®1RdH*[K_ VjR�O��5L�RdHKRdaÍ_�H*R�p�]^J�]U[!¸h_�HKJKL8¸IL�]US^R
J\_Ý]UY8r�RF[KJK]^l W�J\RhL�_¸¥VªM�cL¨JKL�R/]UYDJ\RdH*W�coJK]^_ YwSUWF¸×cdW�Yw®CR/[K]UVji9S+]^ñ�RFTe¸%]^JKL�_ M�J;®1RF]UY�l%[\J\HM�cKê`®"s¨te_ SUT�[\J\RF]+Y!¼´[
[K]UY�l M�SUW�H*]^J�s�O/�5L�R�r"]+[Kco_ M�[¬«�]UYDr�]U[Kcd]UT.co_ YDr�RdHKl�RFY�coRj]U[%S+]^ê�RFS^sÓJ\_'T�RdJ\RdH*]U_�H*W�J\R�p9®9M�J5JKL�R¨Roí1_�HKJIJ\_'W�T�W�i�JeW�Y
Roy�]U[\JK]UY�l¯º³cdSUW�[*[K]UcdW�SE¼!®1_ M�Y�T9W�HKs8«�S+WFs�RdH�co_�T�RXJ\_-[\Rdi9W�HW�J\RFT�«#é�_¸~co_ Vji9M�JKW�JK]^_ Y�[Ý¸%]US+S�®1RX[KVnW�SUS^RdHFO»�5L"M�[dp
HKRda¢RdHKH*]UY�lwJ\_nJKL�R¨ï"M�W�[K]î«�[K]+VªM�SUJKW�Y�Rd_ M�[haÍ_�HVªM�S+W�JK]^_ YìÁ¬¤Fµ Ãp9JKL�RªïDM�RF[KJK]^_ Y©]U[

e¨Ï�á}| ÌÚXÑ�Ü¢Ü�~�ÙÑ�Î�]�Õ*ÉwÙoÈ�Ï�ÌdÉdÎ��
�5L�]+[nï"M�RF[\JK]^_ Y L�W�[Ó®1RdRFY§JKL�_�H*_ M�l L�S^s ]UYDr�RF[\JK]^l W�J\RFTò]UY¡JKL�RÅP�L�ýåJKL�RF[K]U['_�awfh_"RFY�RFY4½î¤Fµ�À#Oým�L�RÅL�W�[
i1RdHKa¢_�H*VjRFTÓW�Y©W�Y�W�S^s�[K]U[/®9W�[\RFTÓ_ YÓJKL�RÝJKL�Rd_�HKsna¢_�H�Y�_ Y�«�Y�Rdl W�JK]Ur�R�VXW�J\H*]UcoRF[�W�Y�T'JKL�R`cdS^_ [\RFSUsXHKRFSUW�J\RFT-b-«
VXW�J\H*]+coRF[hÁ�[\RdR`½¿µ�|"po}�¾�À¢ÃO1s6Rh¸%]USUS ñ�H*[\J
[*M�VXVXW�H*]UðdR0JKL�R�JKL�Rd_�HKs�W�[¶T�Rdr�RFS^_�i1RFT�®"sªfh_"RFY�RFY=�JKL�RdHKRFW�a¢J\RdH¶JKL�R
M�[\Rda�M�SUY�RF[K[5_�a/JKL�RªJKL�Rd_�HKsg¸%]+SUS!®1RwT�RFVj_ Y�[\J\H*W�J\RFT¯_ YÅ[\_ VjR»HKRFW�S+]U[\JK]Uc¨é�_¸âi�H*_�®9S^RFVX[dOeGI[`W'HKRFVX]+Y�T�RdHFp
]^JX]U[XHKRFVXW�HKê�RFT§JKL�W�J�] � {ìco_�HKHKRF[\i1_ Y�T9[j¸%]^JKL¥JKL�RBT�]^HKRFcoJXVjRdJKL�_"T¦JKL9W�Jn®9S^_�¸%[jM�i§]+Y§te_ SUT�[\J\RF]+Y!¼´[
[K]UY�l M�SUW�H*]^J�s�Og z��!�>£��H{>���k�>�¢£vz
��_Å[*L�W�i1RnJKL�R.JKL�Rd_�HKs�p/W�[jW¯VX_"T�RFS/i�HK_�®kS^RFVåJKL�RÓé9_¸~i9W�[\JjW�Y¥]UY�T�RFYDJ\RFT i9SUW�J\RìÁ�Ä¶]^l�O0| Ã¨]+[ª[\JKM9T�]^RFT
a¢_�H�¸%L�]UcLÅJKL�RjRoy�J\RdH*Y�W�S�é�_�¸ý¸%]+SUS
®1RXT�RF[*coH*]^®1RFT¯®Ds¯JKL�RjJKL�]UY�«�W�]^HKa¢_ ]US
Roy�i�HKRF[*[K]^_ Y Á¬¤F² ÃO Z J�]U[Ý_ M�HªW�]UV
J\_Bco_ Y9[\J\H*M�coJwWg[K]UVXi9S^Rj]UYDJ\RdH*W�coJK]^_ Y�S+WF¸ aÍ_�HªJKL�]U[�cdW�[\R�O ¹ RdJªM�[¨ñ�H*[\J�co_ S+S^RFcoJª[\_ VXRni�HK_�i1RdHKJK]URF[`_�aàJKL�R
_�i1RdH*W�J\_�H*[ � W�Y�T ¥ O

1 2 3 4 5 6

−1

−0.5

0

0.5

flow

Ä¶]^l M�HKR�|"±àtÝRd_ VjRdJ\HKs©[\ê�RdJKc*LB_�a¶]UY�T�RFYDJ\RFT©i9SUW�J\R`l�Rd_ VXRdJ\HKs�O

� l8Ç�ÉoÊ�ÎkÑ�ÜCßàÏ�á �5L�RÓ]UYDJ\Rdl�H*W�SeÁ¬¤F² Ãª]U[wT�]U[*coHKRdJK]^ðdRFTì_ Y¥WBM�Y�]^a¢_�H*V l�H]UTì¸%]UJKL�VjRF[KL×[K]^ðdR��!OÅ�5L�RÓT�]U[¬«
i9SUW�coRFVXRFY8J�JKL�]+cKê�Y�RF[K[ ��� ]U[�]UYDJ\RdHKi1_ SUW�J\RFT.®"s'Wji9]URFcoRo«#¸%]U[\R`SU]UY�RFW�Hha�M�Y�coJK]U_ Y=�_ Y�S^sn_ Y-JKL�R`J�¸h_n]UYDJ\RdHKr�W�SU[

¤F²



W�T�uKW�coRFY8JIJ\_XJKL�RªfàW�M9c*LDsÓi9H*]UY�cd]^ikW�S9r�W�SUM�R�WXï"M�W�T�HW�JK]Uc`]UYDJ\RdHKi1_ SUW�JK]^_ Y.]U[5M�[KRFT!±� ½ � � ÀO� ¤
Ì Í9a T ���Tvo Tio

ÿ��Y��o � ¤
Ì�� Íw���V� ���� ä$� �������� � � ü-� � ¤

Ì Íw����� ���� � T ���Tvo Tio
ÿ��À��o

� � µ��
Ì

T 	 � �Tio 	e����� � �
�
Ì ���9�� � � ü-� � T � �Tvo ���� � ¿ üD£�	 SUY ������

���
�
���¨� ¤ ����  Á¬¤o·DÃ

GIaÍJ\RdH>T�]U[KcoHKRdJK]UðFW�JK]^_ YÝ_�aDJKL�ROo�«�T�RdH*]^r�W�JK]^r�RF[;]UYXÁ¬¤o·DÃp�JKL�R/co_�HKHKRF[\i1_ Y�T�]+Y�lhT9]U[KcoHKRdJ\R0VXW�J\H]îy#�¥]U[![Ks"VXVXRdJ\H*]Uc�p
i1_ [K]^JK]^r�R`T�RdñkY�]^J\R`¸%]^JKL©T9]UW�l�_ Y�W�S1·$� Ì �!pCW�Y�T©¸%]UJKL©Y�_ Y�«#i1_ [K]^JK]^r�RÝ_�íC«�T�]UW�l�_ Y�W�S
RFY8J\H]^RF[dO� Ï�ã�ÎkÐ Ñ�Ê�ÖMq�Ü^Ñ�Ö8ÉoÊeß�Ï�á û%RdaÍRdH*H*]UY�l©R�O¿l�O>J\_×½´}�|�À#p�WgT9]U[KcoHKRdJ\RX®1_ M�Y9T�W�HKsD«�SUWFs�RdHª_�iCRdHW�J\_�H;� J�sDi9]+cdW�SUS^sÅ]U[
S^_�¸/RdH%T9]UW�l�_ Y�W�SEp�¸%]UJKL©Y�Rdl W�JK]^r�R¨T�]+W�l�_ Y�W�S!RFYDJ\H*]^RF[àa¢_�H%W�J\JKW�c*L�RFTBé�_�¸øW�Y�T�Á�[KS+]^l L8JKSUs�Ã�i1_ [K]^JK]^r�R`T�]+W�l�_ Y�W�S
RFYDJ\H*]^RF[�a¢_�H5HKRdr�RdH*[KRFT-é�_�¸·�co_ Vji9W�HKR¨JKL�R¨[KS^_�i1RÝ_�a¶JKL�RnÁ � � �\÷köoÃ�«#HKRFSUW�JK]^_ YB]UY©Ä¶]^l�O9Â:�#ÜUÉ�äoÇÕf�O�!�  =����M�¢¡¦��y�£D�k�  �k~6���¢�_} �C�
�0�&���Y���¢�_}\�¢�����C�£"���
}����¢�k�
��_ T�Rdr�RFS^_�i JKL�RBJKL�Rd_�HKs�p�ñ�H*[KJXJKL�RBï"M�W�[K]^«�[K]UVwM�S^JKW�Y�Rd_ M�[nVjRdJKL�_�T�Á¬¤Fµ ÃX¸%]USUSà®1R-HKRd¸%H*]^J\J\RFY§]+Y VXW�J\H*]îy
Y�_�JKW�JK]^_ Y

÷ ÑVU2Óö � { ��� ÑFUMÓ � ÁJ� � { Ã ��� ÑVU � ü Ó÷ ÑVU2Óö �>� � � ÑFUMÓ � { ��£ Á { ���XÃ � � ÑVU2Ó � Á { �>�`Ã � � ÑFU � ü Ó  Á¬¤F¾ Ã

GIaÍJ\RdHeco_ Y8r�RdHKl�RFY9coR�pkJKL�R�M9S^JK]UVXW�J\R�[\s�[\J\RFV J\_n®CR�[K_ S^r�RFT©HKRFW�T�[I]UY©VXW�J\H*]^yÓY�_�JKW�JK]^_ Y
ÁJ�¦���XÃ � � � {  Á¬¤FÂ Ã

Z YXJKL�]+[�[\JKM�T�sw¸hR%¸I]USUS�co_ Y�[K]+T�RdH/[K]UJKM�W�JK]^_ Y�[�¸I]^JKLn[\J\RFW�T�sjé�_¸�p"a¢_�H�¸%L�]+c*Ln]UJ�]U[�Y9W�JKM�H*W�S�J\_wVXW�ê�ReJKL�R
a¢_ SUS^_¸I]UY�ljW�[K[KM�VXi�JK]^_ Y=�Vj_�HKRd_�r�RdHe]UJ5W�SUS^_¸I[àJKL�Rd_�HKs.J\_X®1R�T�Rdr�RFS^_�i1RFT!±

�`Ì*Ì�ã�Ú%Û1Ç�Ë�Ï�Î �5L�RÝVnW�J\H*]îyj� �m�~]U[àW�[K[KM9VjRFTÓJ\_j®CRXÁ¢i1_ [K]^JK]Ur�R�Ã�[KJKW�®9S^R�p�]EO¿R�O�W�SUS1]^JK[àRF]^l�RFY�«
r�W�SUM�RF[»SU]URÓ]UY JKL�R©[\JKW�®9SUR.L9W�S^a�i9SUW�Y�R�p�¸%]^JKL iC_ [*]^JK]^r�R.T�]UW�l�_ Y�W�ShRFYDJ\H*]^RF[»W�Y�T¥Y�_ Y�«#i1_ [K]^JK]Ur�R
_�íC«�T�]UW�l�_ Y9W�S;RFYDJ\H*]^RF[¨Á�L�RFY9coR¨]^J5]U[�W�Ygb-«�VXW�J\H*]^y�ÃO

¤O¥-¥ Ë¢Ç�ÉdÊ¬Ñ�Ç�ËEÏ�Î�Ì GeY6]UYDJ\RdH*W�coJK]^_ Y6SUW¸âW�[�]UY¥Á¬¤F¾ ÃÝco_�HKHKRF[\i1_ Y�T9[%¸%]UJKL¯W.[\ikSU]^J\JK]UY�le���Y� � Á { �Y�XÃH�
Á { �w��ÃO1s L�RFY {=¦ �wp�M�Y�T�RdH/JKL�RÝW�®C_�r�ReW�[*[KM�Vji�JK]U_ Y { �w�@]+[�W�Y©b©«�VnW�J\H*]îy1p"VXW�ê�]UY�l.Á { �w�XÃ � ü ¦ {
½¿µ�|"p�i;O1¤�¤o·�À �L�RFY�coR%JKL9]U[/[Ki9SU]^J\JK]UY�l�]U[0HKRdl M9SUW�HÝ½´}�¾"p�i;O�z�z�À#O0Ge[/JKL�RI_�íC«�T�]UW�l�_ Y�W�S+[�_�ap�øW�HKRIY�_ Y�«#iC_ [*]^JK]^r�R�p
JKL�]U[%[KM�l�l�RF[\JK[%J\_nco_ Y�[\J\H*M9coJ { a¢HK_ V§�=®Ds©T�H*_�i�i9]UY�lw_ Y�R�_�HeVj_�HKR�_�íC«�T�]UW�l�_ Y9W�SU[ªÁ�Ä¶]^l�O
¤d{8ÃO5m�]UY9coR�W�SU[\_�¾��� ]U[ªW�Y¦b-«�VXW�J\H*]îy1p�JKL�R.co_ Vji9W�H*]+[\_ Y×JKL�Rd_�HKRFV _ Y×HKRdl M�SUW�H»[\i9SU]UJ\JK]UY�l ['½´}�¾"p/i;O>|�{�À%]+Vji9SU]^RF[�JKL�W�J
JKL�R.co_ Y8r�RdH*l�RFY�coR._�a5JKL�RÓQ ZKZ ]^J\RdHW�JK]^_ Y�[wT�RdJ\RdH*]^_�H*W�J\RF[»Vj_ Y�_�J\_ Y�_ M�[KS^s6¸I]^JKLìJKL�R.Y"M�V¨®1RdHª_�a%T�HK_�i�i1RFT
_�íC«�T�]UW�l�_ Y�W�SU[%]UY { O

3

4

1

2

0

−1

−2

−4

−3

1

2

0

−1

−2

0

0

E : I :

D
D

D

D
D

D

D
D

D

D
D

D

D
D

Ä¶]^l M�HKR»¤d{�±0�5Y�RÝ]UYDJ\RdH*W�coJK]^_ Y.SUW¸ { �#Ê�Ë^Ò�ÈDÇÕf�VXWsn®1RI_�®9JKW�]UY�RFT'aÍHK_ V JKL�ReRoy�J\RdH*Y�W�SCé�_¸ëVnW�J\H*]îy�����Ü^ÉEä�ÇÕf
®"s'_ VX]UJ\JK]UY�lX[\_ VjR¨_�ík«�T�]+W�l�_ Y�W�SU[¨Á�L�RdH*R�_ Y�S^s'J�¸h_'T�]UW�l�_ Y9W�SU[à_ Y-RFW�cLg[K]UT�RÝL9WFr�R¨®1RdRFY©H*RdJKW�]UY�RFTkÃO

¤o·



� Ï�ã�ÎkÐ Ñ�Ê�ÖMq�Ü^Ñ�Ö8ÉoÊÅË�Ç�ÉoÊ\Ñ�Ç�ËEÏ�Î�Ì N�W�cL¡Q ZKZ ]^J\RdHW�JK]^_ Y¡W�®1_ M�Y�T�W�HKsD«�SUWs�RdH'co_ Vji9M�JKW�JK]^_ YòL�W�[nJ\_×®1R-i1RdH\«
a¢_�H*VjRFT!p�]UY'¸%L�]UcL¯Á¬¤F¾ Ãh]U[/J\_w®CRÝ[\_ S^r�RFT;O0�5L�]U[/]U[/T�_ Y�RI®"sXHKRdi1RFW�J\RFT.VXW�H*cL�]UY�lwJKL�HK_ M�l LnJKL�Re®1_ M�Y�T�W�H*s
SUWs�RdHFpe[KJKW�HKJK]UY�l¥Y�RFW�H.JKL�R6[\JKW�l Y�W�JK]^_ Yòi1_ ]UYDJ'W�Y9T¡i9HK_"coRdRFT9]UY�l¥]UY¡T�_¸%Y�[KJ\HKRFW�V T�]^HKRFcoJK]^_ Y;O4�%LDM�[Fp%W
tÝW�M�[*[F��m"RF]UT�RFS/J�s"i1R._�aI]^J\RdH*W�JK]U_ Y×]+[ªi1RdHKa¢_�H*VjRFT;O¯�5L9]U[ªVXRdJKL�_"T¡º´_ Y�SUsk¼¶L�W�[»J\_6]^J\RdH*W�J\R._ Y¥JKL�R.M�i�i1RdH
J\H*]UW�Y�l M�SUW�Hwi9W�HKJ»_�a5JKL�R©VXW�J\H*]^y { ���Óp0¸%L9]Uc*L¥L�RdHKR.co_ Y�[K]+[\JK[w_�a%RFYDJ\H*]^RF[»a¢HK_ V { Oì°%RFY�coR-]UJwVXWs�®1R
Roy�iCRFcoJ\RFTgJKL�W�J%W.º³[*VXW�SUSE¼�M�i9iCRdHK«�T�]UW�l�_ Y�W�SCi9W�HKJ%¸%]USUS1[\i1RdRFT-M�i-co_ YDr�RdHKl�RFY�coR�O�GeY�T!p9]+Y�T�RdRFT!p�M�Y�T�RdH�JKL�R
W�®1_r�RXW�[K[*M�Vji�JK]^_ YÅ]^JÝcdW�Y6®1Rwi�HK_r�RFYÅJKL9W�J`JKL�RntÝW�M�[K[¬« m�RF]UT�RFS¶co_ Y8r�RdH*l�RFY�coRn]UVji9HK_r�RF[`Vj_ Y�_�J\_ Y�_ M�[KS^s
¸%]^JKL'JKL�R`Y"M�V¨®1RdHh_�a
T�HK_�i9iCRFTn_�ík«�T9]UW�l�_ Y�W�SU[�]UY { ½î¤Fµ�À#O��5L�]U[h]U[/_�i�i1_ [K]^J\ReJ\_»JKL�RI®1RFL�Wr"]U_ M�H/_�a�JKL�ReQ ZKZ
]^J\RdH*W�JK]U_ Y�[dp8L�RFY9coR5WÝJ\H*W�T�Ro«#_�í-]U[¶_�i�i1_�HKJKM�Y�RÝÁ�[\RdR%®CRFSU_¸eÃO¶Ä�M�HKJKL�RdHFp8]^J0]U[>HKRFVnW�HKê�RFTjJKL�W�J�W�Yn]UY8J\RdHW�coJK]^_ Y
SUW¸ë¸%L�]UcL._ Y�S^s.co_ Y�[K]U[KJK[�_�a>WnVXW�]UY©T�]UW�l�_ Y9W�S;T�_"RF[5Y�_�J�HKRFï"M�]^HKR`®1_ M�Y9T�W�HKsD«�SUWFs�RdH5]^J\RdHW�JK]^_ Y�[dO

separated flowattached

inviscid flow

δ*
i

boundary layer

uemin

uei
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HKRdJKW�]UY�RFT�]UY { OÓ�5L�RnS+]UVX]^J`Y"M�V¨®1RdH�_�a5]UJ\RdH*W�JK]^_ Y�[�]+[¨µ�«�²"O-Ä�_�H»W�J\JKW�c*L�RFT×é�_�¸ýJKL�]U[¨cdW�Y�®1RXco_ Vji9W�H*RFT
¸%]^JKLÓJKL�R`T�]UHKRFcoJ�VjRdJKL�_�T.¸%L�]UcLÓW�S+[\_»HKRFïDM9]^HKRF[�²»]^J\RdH*W�JK]^_ Y9[/J\_Xco_ YDr�RdHKl�R.Á�]UYÓJKL�R`[\Rdi9W�H*W�J\RFT�«#é9_¸�cdW�[KRF[
JKL�R¨T9]^HKRFcoJ�VjRdJKL�_�T©®�HKRFW�ê�[5T�_�¸%YkÃO

Ä�M�HKJKL�RdHFpkJKL�RªY"M�Vª®CRdH%_�a�Q ZKZ ]^J\RdHW�JK]^_ Y�[%T�HK_�i9[5a�W�[\JI¸%L�RFY©JKL�RwYDM9V¨®1RdH%_�a¶HKRdJKW�]+Y�RFTg_�íC«�T�]UW�l�_ Y9W�SU[
]UY�coH*RFW�[\RF[dOàu`Y©JKL�R¨_�JKL�RdHIL�W�Y�T-JKL�]U[5S^RFW�T9[�J\_'[KSU_¸hRdHIco_ YDr�RdHKl�RFY�coRw_�a�JKL�R�®1_ M�Y�T�W�H*s8«�SUWs�RdH%]^J\RdH*W�JK]U_ Y�[dp
W�Y�T×JKL�RdHKRda¢_�HKRÓJKL�R.J\_�JKW�S�YDM9V¨®1RdHw_�a5®1_ M�Y�T�W�HKsD«�SUWs�RdH»[K¸/RdRdi9[»L�W�[»W�SU[K_B®1RdRFY¥Vj_ Y�]^J\_�H*RFT ]UY×Ä¶]^l�O�¤Fµ�#Ê�Ë^Ò�ÈDÇÕf�O¯G SU_"cdW�S/VX]UY�]UVwM�V Roy�]U[\JK[ª¸%L�RFY JKL�RÓ]UY8J\RdHW�coJK]^_ Y¥SUWF¸ _ Y�S^sìco_ Y�[*]U[\JK[ª_�a�JKL�RÓVnW�]UY�T�]+W�l�_ Y�W�S
Á�]UY¦JKL9]U[jcdW�[\R-_ Y�Rg®C_ M9Y�T�W�HKsD«�SUWFs�RdH'[\¸/RdRdi§iCRdHnQ ZKZ ]^J\RdH*W�JK]U_ Y [KMihncoRF[�ÃO©s L�RFY¦_ Y�R-_�íC«�T�]UW�l�_ Y�W�S%]U[
W�T�T�RFT;p!JKL�RXYDM9V¨®1RdHÝ_�a�t`W�M�[K[F��m"RF]+T�RFS�[\¸hRdRdi9[Ýi1RdH`Q ZKZ ]^J\RdH*W�JK]^_ Y6]+Y�coHKRFW�[\RF[dp�W�Y�T6L�RdHKRd¸%]UJKLBJKL�RjJ\_�JKW�S
Y"M�V¨®1RdHX_�a`®1_ M�Y9T�W�HKsD«�SUWFs�RdHn[K¸/RdRdi9[FOòGeT�T�]+Y�lìVj_�HKRB_�ík«�T�]+W�l�_ Y�W�SU[XJKL�RBT�RFcoHKRFW�[KRB]UY¦Q ZKZ ]^J\RdH*W�JK]U_ Y�[
®1RFco_ VjRF[%T�_ VX]UY�W�YDJdO/G4VX]UY9]UVªM9V Y"M�Vª®1RdH�_�a>®1_ M�Y9T�W�HKsD«�SUWFs�RdH%[K¸/RdRdi9[I]U[�a¢_ M�Y�T-]+Y.JKL�R¨SU]UVn]^J { Å®�wO
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