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GeSUVj_ [\J.Roy�W�coJKS^s�¤d{�{¥s�RFW�H*[gW�l�_¦JKL�R6L�]U[\J\_�HKs§_�a¨JKL�R6T�Rdr�RFS^_�ikVjRFY8J©_�aªr"]+[Kco_ M�[¬«�]UYDr�]U[Kcd]UT¡]UY8J\RdH­W�coJK]^_ Y
VjRdJKL�_�T�[%®CRdl W�Y;O%�
_'®1R�i�HKRFcd]U[KR�pk]^JI®CRdl W�Y¯]UY-°IRF]UT�RFSU®CRdH*lnW�Jª¤�¤�±³²�{.W�O´V©OC_ YBGeM�l M�[KJª¤Fµ"p¶¤F|�{�·�pC¸IL�RFY
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¬Ñ
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ËÍÌoÙdËEÐ¨ßàÏ�áâÏ�Ç¢È�ÉdÊ­á�ËÍÌdÉ.ËÍÎ×ã�Î�Ë ädÏ�Ê�ÚåÚXÏ�Ç�ËEÏ�Î�æ
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�SUW
s�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�W
s"[¯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«
SUW
s�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�W
r�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-SUW
s�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÷kö
O Z Y»JKL�Rà®1_ M�Y�T�W�H*s
SUW
s�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
SUW
s�RdHFO�P0H­W�Y�T�JKSE¼´[XóhÊKÉoÎ"ôoÌoÙdÈ8Ë�ÙdÈDÇUÒ�ÜUÉoËEÙoÈDã"Î"ÒDÉoÎ6RFVXRdHKl�R'Á�]UY-Y�_ Y�«�T�]UVjRFY9[K]^_ Y�W�SkaÍ_�H­V'Ã­±

þ9÷
þ9ÿ�� þ9ú

þ9ù�� {�� ÷ þ9÷þ9ÿ�� ú þ9÷þ�ù�� ÷kö T�÷CöT�ÿ�� ¤
û%R

þ
	o÷
þ9ù 	 � Á¬¤
Ã

¸%]^JKL.®1_ M�Y9T�W�HKsnco_ Y�T9]^JK]^_ Y�[

÷>Á¢ÿ��K{8Ã � ú1Á¢ÿ��K{8Ã � {�
ë÷>Á¢ÿ��\ù ö�Ã � ÷kö�Á¢ÿ!Ã��
¸%L�RdH*R`ù ö%T�RFY�_�J\RF[5JKL�R�_ M�J\RdHIRFT�l�R�_�a>JKL�R�®1_ M�Y�T�W�H*snSUWFs�RdH
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N0íCRFcoJK]^r�RFSUs�p9JKL�R`®1_ M�Y�T9W�HKsnSUW
s�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��IW
r"]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«�SUW
s�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�RdH
p0]^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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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«�SUW
s�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
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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�W
r"]^_ 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«�SUW
s�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«�SUW
s�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�W
r�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«�SUW
s�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/��÷kö
O 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[P
kJKL�]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«
SUW
s�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«�SUW
s�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«�SUW
s�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«�SUW
s�RdH`_�iCRdH­W�J\_�H
a¢_�HIi�H*RF[KcoH*]^®1RFT©T�]U[Ki9SUW�coRFVjRFYDJ5JKL�]Uc*ê"Y�RF[K[P
1Y�_�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¸hW
s¦]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�RdH
p;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«�SUW
s�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
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�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�ýÝW
r"]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«�SUW
s�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
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Ä¶]^l M�HKR©¤Fµ"±��eM�Vª®CRdHÝ_�ahQ Z*Z ]^J\RdH*W�JK]U_ Y�[XÁ Ü^ÉEä�ÇKÃeW�Y�TÅJ\_�JKW�S�YDM�Vª®1RdH`_�a�®1_ M�Y�T9W�HKs8«�S+WFs�RdH�[\¸hRdRdi9[nÁ Ê�ËîÒ�ÈDÇKÃ
W�[%W»a�M�Y�coJK]U_ Y._�a>JKL�R¨YDM9V¨®1RdH�_�a>HKRdJKW�]UY�RFT©_�íC«�T�]UW�l�_ Y9W�SU[dO

Á¢¸%L�RFY¯JKL�RjT�RFYDJ`]U[Ir�RdHKsB[KL9W�SUS^_
¸ÝÃ­pC_ Y�Rw¸I]^JKLÅVX]USUTB[\Rdi9W�H*W�JK]^_ Y;p1W�Y9TB_ Y�Rw¸I]^JKLÅ[\Rdr�RdHKRj[\Rdi9W�H*W�JK]U_ Y Á�W�[
]UY©Ä¶]^l�Ok| Ã­O

Ä�_�HeW�SUS!c*L�_ ]UcoRF[5_�a { JKL�R`Q ZKZ ]^J\RdH*W�JK]^_ Y�[�W�H*R�aÍ_ M9Y�T.J\_nco_ YDr�RdHKl�R�Oàbg_�HKRd_�r�RdHFpkW�cdco_�H*T9]UY�lXJ\_XJKL�Rd_�HKs�p
JKL�R6co_ YDr�RdHKl�RFY�coR6_�a¨JKL�RBQ ZKZ ]^J\RdH­W�JK]^_ Y�[.]UVji�H*_
r�RF[.Vj_ Y�_�J\_ Y�_ M9[KS^s¦¸%]^JKL¡JKL�R6Y"M�V¨®1RdHÓ_�a¨T�]UW�l�_ Y9W�SU[
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«�SUW
s�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«�SUW
s�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
°IRdHKR�pkJKL�RªY"M�V¨®1RdHI_�a�®C_ M9Y�T�W�HKsD«�SUWFs�RdHe[\¸hRdRdi9[I[*L�_ M�SUT©®1R�RFï"M�W�S
J\_'JKL�RwYDM9V¨®1RdH%H*RFïDM�]UHKRFT©a¢_�HIW'a¢M�S+S^s
[K]UVwM�S^JKW�Y�Rd_ M�[àJ\HKRFW�JKVjRFYDJdpk]EO¿R�O9¸%L�RFYìÁ¬¤FÂ Ã�]+[�[\_ S^r�RFT-®"s-tÝW�M�[K[F��m�RF]UT�RFSEO Z Y�T�RdRFT!p�JKL�]+[�]U[�JKL�R�cdW�[\R�O

�5L"M�[
aÍ_�H>JKL�R/]+Y8J\RdH*W�coJK]U_ YªSUW
¸ J�¸/_Ý]UYDJ\RdHKRF[\JK]UY�l%c*L�_ ]+coRF[�Roy�]U[\JdO�uÝY�R/_�i�JK]^_ Y¨]+[;J\_Ýc*L�_"_ [\Rà]^J
W�cdco_�H*T�]+Y�l
J\_wJKL�R¨º´a�M�SUS#¼ Roy"J\RdH­Y�W�S9é9_
¸·
�JKL�Re_�JKL�RdHà_�i�JK]^_ YÓ]U[/J\_wc­L�_D_ [KRÝ]UJ�RFï"M�W�S9J\_w_ Y�S^sjJKL�ReT�]+W�l�_ Y�W�S9·$� Ì �Ó_�a
JKL�R
Roy�J\RdH*Y�W�Sî«#é�_�¸@VXW�J\H*]îy1O�Ge[ÝJKL�R»ñ�H*[\Je_�i�JK]^_ YÅ]U[ÝW�l W�]UY�[KJI_ M�H�ï"M�RF[\Jea¢_�H�[K]UVji9S+]Ucd]^J�s�pk®1RFS^_
¸4¸hRj¸%]USUS
J\RF[\J
JKL�R¨[KRFco_ Y�T©_�i�JK]^_ Y-_ Y-WjHKRFW�SU]+[\JK]Ucei�HK_�®9SURFV~_�a�®1_ M�Y�T9W�HKs8«�S+WFs�RdH5é�_�¸ëi9W�[\J5WXJ�¸h_�«�T�]UVjRFY�[*]^_ Y�W�S!W�]^HKa¢_ ]USEOS �
�>�F�k�W��}g�
�¢��~��Y�¢�
h¶��»
�5L�ReW�®1_
r�RÝ]UT�RFW�[/_ Y'[K]+Vji9SU]^a¢s�]UY�leJKL�Re]+Y8J\RdH*W�coJK]U_ Y'SUW
¸¡¸I]USUS�Y�_�¸ ®1R5J\RF[KJ\RFT.aÍ_�HàW�RdHK_�T�s"Y9W�VX]Uc�é�_�¸¡ikW�[\J
Ww�IG%fàGe{�{�¤FµwW�]^HKa¢_ ]US
Á�W�J9µ·¶ � |H¯d¤d{�x�p�W�Y�T�i Î � {8Ã&
"Roy�i1RdH*]UVjRFYDJKW�S9T9W�JKWª]U[/WFr�W�]USUW�®9SUR�O¶�%L�RI]UYDr�]U[Kcd]UT
é�_�¸~]+[ªVj_�T�RFSUSURFT6®Ds�iC_�J\RFYDJK]UW�S/JKL�Rd_�HKs�p�W�Y9T co_ VjikM�J\RFT×®DsìVjRFW�Y9[ª_�aIWgi9W�Y�RFS/VjRdJKL�_"T!O¯xh_ M�Y�T�W�HKs
SUW
s�RdH�i9SUM�[I¸àW�ê�RnW�HKRXVj_�T�RFSUS^RFTB¸%]^JKLÅ°IRFW�T!¼´[`RFYDJ\H*W�]UY�VXRFY8J`VjRdJKL�_�T Á¢a¢_�H¨Vj_�HKRj]UY�a¢_�H*VXW�JK]U_ YB¸hRjHKRda¢RdH
J\_B½î¤Fµ�À¢Ã­Oà�5L�RdsÓW�HKR¨[\_ S^r�RFT-J\_�l�RdJKL�RdHI¸I]^JKL.JKL�R¨]UYDJ\RdH*W�coJK]^_ YgSUWF¸{ � T9]UW�l Ç ·$� Ì �ÀÉ ­ Á¬¤
}�Ã

s6RÝ[\J\HKRF[K[�JKL�W�J/JKL9]U[0]UYDJ\RdH*W�coJK]^_ YÓSUWF¸ ]U[�M9Y�WF¸àW�HKR%_�a!JKL�RÁû�M�J\JKWªco_ Y�T�]^JK]U_ YXW�Y�Tn]UJK[0Roí1RFcoJh_ YnJKL�R%l SU_�®9W�S
cd]^H*cdM9SUW�JK]^_ Y=
�]^J�_ Y�SUs'W�cdco_ M�YDJK[%a¢_�H5JKL�RªS^_"cdW�S1Q ZKZ i9LDs"[K]+cd[��'®9M�J�JKL�]+[àJKM�H*Y�[à_ M�J%J\_X®1R�[KMihncd]^RFYDJ �G SUW�H*l�R'i9W�H*J¨_�a�JKL�R.SU]^a¢J�i1_ SUW�HªL9W�[¨®1RdRFY�co_ VXi9M�J\RFT!Og�%L�R'cdW�SUcdM9SUW�JK]^_ Y�[¨JKM�H*Yì_ M�JªJ\_¯®1R'L�]^l L9S^s
HK_�®9M9[\JdO Z JnW�i�i1RFW�H*[jJKL9W�JnRdr�RFY¡aÍ_�Hn[KRdi9W�H*W�J\RFT�«#é�_�¸ cdW�[KRF[n®1Rds�_ Y�T¡VXW�y�]+VªM�V SU]^a¢JwJKL�RgcdW�SUcdM�SUW�JK]U_ Y�[
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Ä¶]^l M�HKRX¤F²"± ¹ ]^a¢J�i1_ SUW�H�aÍ_�HI�IG%fàGe{�{�¤Fµ'W�]^HKa¢_ ]USE±>r"]U[*co_ M�[¬«�]UYDr"]+[Kcd]UT.cdW�SUcdM�SUW�JK]U_ Y.r�RdH*[KM�[�Roy�i1RdH*]UVjRFYDJdO

co_ YDr�RdHKl�RÅ¸%]^JKL�_ M�J'W�Y8s Y�RdRFT¡a¢_�H'Wìl�_"_�T¡]UY9]^JK]UW�Sàl M�RF[K[_
IJKL�Rds cdW�Y¡®1Rg[\JKW�HKJ\RFT a¢HK_ V [*coH*W�JKc*L � �5L�R
Y"M�V¨®1RdH�_�aàQ ZKZ ]^J\RdH*W�JK]^_ Y9[`¸%]^JKL6JKL�RnRoy�J\HKRFVjRFS^s6[K]UVXi9S^Rj]UYDJ\RdH*W�coJK]^_ Y�S+WF¸ Á¬¤
}�Ã�J�s"i9]UcdW�S+S^s¯]+[�S^RF[K[¨JKL�W�Y
¤d{�{`W�J¶ðdRdHK_�SU]^a¢J�M�i�J\_j¤d{�{�{`W�HK_ M�Y�T»VXW�y�]UVwM�V4SU]^a¢JP
�_ Y9S^s�a¢_�H0SUW�HKl�RdH�W�Y�l S^RF[¶_�aCW�J\JKW�cKê»JKL�R�co_ Vji9M�JKW�JK]U_ Y�[
®�HKRFW�ê`T�_�¸%Y!O>�5L�R0Y"M�V¨®1RdH;_�a�]^J\RdH­W�JK]^_ Y�[
VnWFs`[\_ M�Y�T¨SUW�HKl�R�p�®9M�J!JKL�Rds�cdW�Y¨RFW�[K]US^sÝcdW�Y�®1R�co_ Vª®9]UY�RFT�¸%]^JKL
JKL�RIJK]UVjRo«�[\J\Rdi�ik]UY�l¨]UY'W�Y'M9Y�[\J\RFW�T�sX]UYDr�]U[Kcd]UT�«#é9_
¸ [\_ S^r�RdH
O0GIYDsD¸àWFs�p�a¢_�H�J�¸/_�«�T9]UVjRFY�[K]U_ Y�W�S9[K]+VªM�S+W�JK]^_ Y�[dp
JKL�R¨co_ VXi9M�JK]UY�l»JK]UVXRF[5co_ M�YDJ%]UY¨uKM�[\J5[\RFco_ Y�T9[�_ Y-W�YgW
r�RdH*W�l�R»PhfeO

ø ÉdÚjÑ�Ê(j�¯ N�y�i1RdH*]^RFY�coRÝ¸%]^JKL.JKL�R�W�®C_�r�Rª[K]+Vji9SU]^ñ9RFTn]UYDJ\RdH*W�coJK]^_ Y-S+WF¸%[�a¢_�H5JKL�H*RdRo«�T�]UVjRFY�[*]^_ Y�W�SC®1_ M�Y�T�«
W�HKs.SUWFs�RdH­[%L�W�[�®1RdRFY-T�RF[KcoH*]^®1RFT.]UYgfh_"RFY�RFY!¼´[5P/L�ý=JKL�RF[K]U[ª½î¤Fµ�À#O
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P0H­W�Y�T�JKSE¼´[e¤F|�{�·X®1_ M�Y�T�W�H*s8«�SUW
s�RdH/JKL�Rd_�HKsna¢_�H*VjRFTÓJKL�R`[\JKW�HKJK]+Y�lªi1_ ]UYDJhaÍ_�HàJKL�RÝr�]U[Kco_ M�[¬«�]+Y8r�]U[Kcd]UT']UYDJ\RdH*W�c�«
JK]^_ Y-VXRdJKL�_"T9[�JKL�W�J%L�W
r�R¨®1RdRFY-T�Rdr�RFSU_�iCRFTg]UY.JKL�R¨SUW�[KJ5J�¸h_'T�RFcdW�T�RF[5_�a¶JKL�Rªµ�{�JKLBcoRFY8JKM�H*s�O/�5L�Rds.L�W
r�R
®1RFco_ VjR-r�RdHKs¦i1_�i9M9SUW�HFp�[K]+Y�coR-]UY co_ VjikW�H*]U[\_ Y¦¸I]^JKL¦®�H*M�J\Ro«#aÍ_�H*coRB�IW
r"]^RdH/��m"J\_�ê�RF[.[\_ SUM�JK]^_ Y9[»JKL�Rds¦W�HKR
W�®1_ M�JÝJ�¸h_-_�H*T�RdH­[eSURF[K[ÝRoy"i1RFY�[*]^r�R�p!¸%L�RdHKRFW�[Ýa¢_�H`é�_�¸@co_ Y�T�]^JK]^_ Y9[I¸I]^JKL¯JKL�]UY¯[KL�RFW�H¨SUW
s�RdH*[ÝJKL�RjHKRF[*M�S^JK[
W�HKReRFïDM9W�SUS^sXM�[\Rda�M�SEO¶xhRFcdW�M�[\RÝ_�a;JKL�RF]UHhVj_�T�RF[\Jàco_ Vji9M�JKW�JK]^_ Y�W�S1co_ Vji9S^Roy�]^J�s�pDJKL�Rds'W�HKR`]UT�RFW�S�J\_»®1RIM9[\RFT
]UY©W�RdHK_�T�s�Y�W�VX]Uc`W�]UHKaÍ_ ]+SCW�Y9T©¸%]UY�l»_�i�JK]+VX]^ðFW�JK]^_ Y©[\JKM9T�]^RF[dp�R�O¿l�OI½î¤
}DpoÂ�¾"p­z�²"p�z�¾�À#O

�5L�R©l�HKRFW�J\RF[\J.c*L�W�SUSURFY�l�RgL�W�[j®1RdRFY¦J\_ M�Y�T�RdH*[KJKW�Y�T¦W�Y�T¦HKRF[K_ S^r�R-JKL�Rg[*]UY�l M�SUW�H­]^J�s×W�Jn[\Rdi9W�H*W�JK]U_ Y!p
¸%L�]+c*L-_�cdcdM�H*[I¸%L�RFYgJKL�Rw®C_ M9Y�T�W�HKsD«�SUWFs�RdHIRFïDM9W�JK]^_ Y�[eW�HKRw[K_ S^r�RFTg¸I]^JKL-i�H*RF[KcoH*]^®1RFT©i�H*RF[K[KM�HKR�O Z Y�¤F|�·8z"p
te_ SUT9[\J\RF]UY©W�S^HKRFW�T�sna¢_�HKRF[KWF¸øJKL�R`i1_ [K[K]^®9]+SU]^J�s»JKL�W�J5Y�RFW�H%[\Rdi9W�H*W�JK]U_ Y©]UY.l�RFY�RdH*W�S!Y�_X[K_ SUM�JK]^_ Y.T�_"RF[àRoy�]+[\Jdp
M�Y�SURF[K[%JKL�Rwi9HKRF[K[KM�H*Rª[KW�JK]U[Kñ�RF[ÝcoRdHKJKW�]UYÅi�HK_�i1RdHKJK]URF[dO`�
H*]Ui9S^Ro«�T�RFc*ê-JKL�Rd_�HKsBi�HK_
r�]UT�RFTBJKL�Rj]UY�[*]^l L8JI®1RFL�]UY�T
JKL�RF[\RªT�]ÊhncdM�SUJK]^RF[dp�W�Y�T.l WFr�RªJKL�R¨cdSUM�RÝJ\_�¸hW�H*T9[5JKL�RF]^HI[\_ SUM�JK]^_ Y;O0tÝ_ SUT�[\J\RF]UY.JKM�H*Y�[à_ M�J�J\_nL9WFr�R¨i1_ ]UYDJ\RFT
]UYÓJKL�RÝH*]^l LDJàT�]^HKRFcoJK]^_ YÓ_�a>Y�_ Y�«#Roy�]U[\J\RFY�coR2
�T�_ M�®9JK[/_ Y.JKL�Rer�W�SU]UT9]^J�sj_�a�JKL�R`®1_ M�Y�T�W�HKsD«�SUW
s�RdHhVj_�T�RFSC¸hRdHKR
a¢_ M�Y�T©Y�_�J5J\_n®CR`RF[*[\RFY8JK]+W�S;L�RdHKR�O

m"J\Rd¸àW�HKJK[\_ YÓW�Y�TÓL�]U[5¤F|�Â�|ªco_ YDJ\RFVji1_�H*W�H*]^RF[hL�WFr�Rei�HK_�r"]+T�RFTXJKL�ReW�[\s�Vji�J\_�JK]Uc%aÍH*W�VXRd¸/_�HKê»r�W�SU]UT'Y�RFW�H
[\Rdi9W�H­W�JK]^_ Y!±>JKL�R%J\H*]Ui9S^R�T�RFcKêCO Z Y-¤F| }�¾ ¹ W�l�RdH*[\J\HK_ V T�RF[KcoH­]^®1RFTjL�]U[�r�]^Rd¸ _ YnJKL�R5J\H*]^ikS^R�T�RFcKêCp"W�Y9TXJ\_�T�WFs
¸hRIê�Y�_
¸òJKL�W�J�L�]+[0i9W�i1RdHàco_ Y8JKW�]UY9[/JKL�RIRF[K[KRFY8JK]UW�SCVjRF[K[*W�l�ReH*RFïDM�]UHKRFTXJ\_»_
r�RdH­co_ VjR`JKL�RÝ[K]UY�l M�S+W�H*]^J�sjW�JàW
i1_ ]UYDJ�_�a�é�_
¸4[\Rdi9W�H*W�JK]U_ Y!±�®1_ M�Y�T9W�HKsÓS+WFs�RdHÝW�Y�Tg]UYDr�]U[Kcd]UT.é�_�¸�L�W
r�RªJ\_'®1R¨[\_ S^r�RFTB[K]UVwM�S^JKW�Y�Rd_ M�[*S^s�O Z J
]U[¶JKL�H*_ M�l LjJKL�]U[¶J�sDi1R5_�a1]UY�[*]^l L8J¶JKL�W�J�JKL�R5M�[\R�_�a1r�]U[Kco_ M�[¬«�]+Y8r�]U[Kcd]UTw]UYDJ\RdH*W�coJK]^_ YXVXRdJKL�_"T9[0]UY»RFY�l ]UY�RdRdH*]UY�l
W�i�i9S+]UcdW�JK]^_ Y�[�co_ M�S+T.é�_ M�H*]U[*L!O

GeY ]+Y8J\RdHKRF[KJK]UY�lBï"M�RF[\JK]U_ Y ]U[ªL�_
¸ cdS^_ [KR'_ Y�R.cdW�Y l�RdJwJ\_ÅP0H­W�Y�T�JKSE¼´[¨_�H*]^l ]UY�W�S�®1_ M�Y�T�W�HKsD«�SUW
s�RdH¨a¢_�H\«
VwM�SUW�JK]^_ Y©_�a¶i�H*RF[KcoH*]^®1RFTÓRFT�l�R�r�RFS^_�cd]^J�sÓ¸I]^JKL�_ M�J�H*M9Y�Y�]UY�l»]UYDJ\_Óte_ SUT9[\J\RF]UY!¼´[5[*]UY�l M�SUW�H­]^J�s�O Z J5¸àW�[5a¢_ M�Y�T
JKL�W�J%Wn[K]UVji9SUReVj_�T�]^ñkcdW�JK]^_ Y©[KMihncoRF[² ÷kö � ·
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�5L�]+[![KSU]^l LDJ;c*L�W�Y�l�R�p�M9Y�SU]^ê�RFS^s%J\_%®1R�a¢M�HKJKL�RdH;[K]UVXi9SU]^ñ�RFT;p�H*RF[KM�S^JK[;]+Y`W5L�]^l L�SUs%HK_�®9M9[\J;cdW�SUcdM�SUW�JK]U_ Y�VjRdJKL�_�T!p
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