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ß ÙäÚ%ÛtáäÝ	é�×%Ù�Þ¶ÛrÔ#ß�Þ�ãbÚ�Ô�ÜsÙ�ÒoßËê(÷�Ð%ÝFØ ÝoÜ¢Ô�ÙäÚ%Þ%ÝoØ�Ñ#ç2Ö Ð%ÝFÕ�Ô�ÕIÝoØ�âEÙ�áäá>èIÝ�Ñ�Ø ÛrÔ�Ú�Ù�üoÝËÞzÔ�ßÄç{Ñtá�áäÑ�âEßoê�!çvÖ ÝoØmè%Ø.Ù�ÝJé%ã1Ø ÝJàbÙ�ÝËâEÙäÚ%ÛøÖ�Ð%Ý�ÝËìb×%Ô#Ö�ÙäÑtÚ%ßmÑ�ç±ÛrÔ�ßmÞ�ãbÚ�Ô#Ü¢ÙäÒoßoúHâ�Ý�ç{ÑtØ.Üå×%áíÔWÖ�ÝdÔ�Ú�Þ¸Þ�Ù�ß ÒË×%ß ß¶Ö�Ð�Ý
ß.Ö�Ô�ÛtÛtÝËØ ÝËÞ@ÛtØ ÙäÞ���Ô�Û�Ø�Ô�Ú%Û�Ý±Õ%áä×%ßHØ ÝoÜ¢Ô�Õ«ß Ò�Ð%ÝËÜ¢Ý#ê!÷�Ð%Ý���Ô�ÛtØ�Ô#Ú%ÛtÝ�ß.Ö�ÝËÕ@×%ß.ÝoßAÔsß.Ö�Ô#Ú%Þ�Ô�Ø.Þ@Ô�Õ%Õ�Ø ÑrÔ�Ò�Ð>ú
Ú�Ô�ÜsÝoáÀãtúhÔ�Õ%Ø.ÝoÞ%ÙäÒËÖ�Ñ�Ø�æ£ÒËÑtØ Ø.ÝoÒJÖ�ÑtØ>ç{Ñ�Ø Üå×%á�Ô#Ö�ÙäÑtÚ	ÙäÚ	âEÐ%Ù�Ò�ÐAÖ�Ð�Ý(é%Ñhâ�à#Ô�Ø Ù�Ô�è%áäÝoßPÔ�Ø.Ý�Ú%Ñ�Ö�ß�Ö�Ô�ÛtÛ�ÝoØ ÝËÞFÙ�Ú	Ö�ÙäÜ¢Ý
Ô�Ú%Þ¶âEÐ%ÙäÒ�Ð«Ñ�Ö Ð%ÝoØ�âEÙ�ß.ÝFç{Ñ�á�á�Ñ�âEß�Ö Ð%ÝFß Ò�Ð%ÝËÜ¢ÝFÞ%×�Ý�Ö Ñs÷�ÙäÕ�Ö�Ñ�Ú ñ<ò�ótó��tö ê  ÚzÕ�Ô�Ø�Ö�Ù�ÒË×%áíÔ#Øoú�ÙÀÖ�ÝoÜsÕ%áäÑhãbß�Ö�Ð�Ý
ß Õ%Ô#Ö�Ù�Ô�áÞ%Ù�ß.ÒoØ ÝJÖ�Ùäü}Ô#Ö Ù�ÑtÚsÑ�ç)�!ý �«ÿ·ñ ð´Ù�á�Ó8ÙäÚ%ßoú ò�ó�*#õ,+ ð´Ùäá�Ó8Ù�Ú�ß ò}ótótórö ú�Ô�Üå×%áäÖ Ù�Þ%ÙäÜ¢ÝËÚ%ß ÙäÑtÚ�Ô�á�ÝJïbÖ�ÝËÚ%ß ÙäÑtÚ
Ñ�çFÖ�Ð�Ýdß Ò}Ô#áíÔ�ØSÜsÑtÚ%Ñ#Ö�ÑtÚ%ÙäÒ@Ô�Ø�Ö�ÙÀî�ÒoÙ�Ô�áHàbÙäß ÒoÑ�ß ÙäÖ£ã\Þ%×%Ý@Ö Ñ¿ë�Ð%Ø Ùäß.Ö�ÝËÚ%ß ÝËÚ ñ<ò�ótó��tö úHÔ�Ú%Þ¸Ô�ÜsÑtÜ¢ÝËÚrÖ�×%Ü
ÒoÑ�Ú%ß ÝËØ.àbÙ�Ú%Û¿à#Ô�Ø Ù�Ô#Ö�ÙäÑtÚ©Ñ�ç�Ö�Ð%Ý�ß ÙäÜ¢Õ�á�Ý@Ó8Ù�Ú�ÝoÜ¢Ô#Ö�ÙäÒdÐ%Ñt×%Ø.ÛtáíÔ�ß.ßSî�áäÖ ÝoØ¶Þ%×%ÝdÖ Ñ � Ô#Ø ÛtÑtáäÙ�Ú´Ô�Ú�Þ ÿ ãb×%Ú
ñ�ò}ótô��tö ê ÷�Ð%Ý5Ô#Þ�àtÝËÒËÖ�ÙäÑtÚ¸ß.Ö�ÝËÕ·×%ß.Ýoß«Ô¹à#Ô�Ø.ÙíÔ#Ö Ù�ÑtÚ\Ñ�ç�Ö Ð%Ý�ÒoÑtØ.Ú%ÝoØmÖ�Ø Ô�Ú%ß.ÕwÑtØ�Öz×%ÕrâEÙ�Ú%Þ¸Ü¢ÝJÖ�Ð%ÑbÞ´Ñ�ç
ë�ÑtáäÝoá�á�Ô ñ�ò�ótó&�rö Ô#ß!ç{ÑtØ.Üå×%áíÔWÖ�ÝoÞzç{ÑtØHÜ¢Ñ�àbÙ�Ú%Û¢ì8×�Ô�Þ%Ø.Ù�áíÔWÖ�ÝoØ Ô�áPÛtØ.Ù�Þ%ß ñ ��ÝËá�á �J�E���À¬ ú ò�ótôtórö ê ñ.- ×%Ú ñ.�&�����rö
Ð�Ô�ßHÔ�Õ�Õ%á�ÙäÝoÞSÖ�Ð�Ý�ÒËÑtØ Ú�ÝoØ�Ö�Ø Ô�Ú%ß ÕIÑtØ�Ö!×�Õ8âEÙäÚ%Þzß Ò�Ð%ÝËÜ¢Ý�Ù�ÚzÔ½Ø ÝËÜ�Ô�Õ¶ß�Ö�ÝoÕ«Ô�ß�â�Ýoá�áUê ö

ð,Ý�Ú%Ý�ï�Ö�Ø ÝJà�ÙäÝËâ Ö Ð%Ý�ß.ÝoÒoÑ�Ú%ÞøÔ�áäÛtÑtØ ÙÀÖ�Ð%Üzú�Ô«ß.Õ�Ô#Ö ÙíÔ�áäáäã@ß.Õ%á�ÙÀÖFàtÝoØ.ß ÙäÑtÚ�Ñ�çÄÖ Ð%Ý�Ð�Ù�ÛtÐ%ÝËØ�æÊÑtØ Þ%ÝËØ±ûFÑ#æ
Þ%×%Ú�Ñhà«ß Ò�Ð�ÝoÜsÝåÞ%×%Ý�Ö�Ñmë�Ñ�á�ÝoáäáíÔ ñ ë�Ñ�á�ÝoáäáíÔ �J�E���À¬ ú ò�ótó�/0+>ÿ ÝoÜåèIÝoØ �J�E���À¬ ú ò}ótó�*1+2� Ùäá�á�ÝËØHÔ�Ú%Þ ÿ ×%Ò�Ó#ÝËÖ Öoú
ò�ótó&*rö êO÷�Ð%Ù�ßzÜ¢ÝJÖ�Ð%ÑbÞ¸ÝoÜsÕ%á�Ñ�ãbß¶Õ%Ù�ÝËÒoÝËâEÙäß Ý,á�Ù�Ú�Ý}Ô�ØmÒËÝoá�áAÕ�Ø Ñ�î�áäÝoß¶âEÐ%Ù�Ò�ÐD×%ß Ý5Ô¹ç{Ñ�×%Ø.Ö Ð�æ£ÑtØ.Þ%ÝoØ«Ô�Õ�æ
Õ%Ø.Ñ�ï�ÙäÜ�Ô#Ö Ù�ÑtÚSÖ ÑsÖ Ð%Ý�ß Õ�Ô#Ö ÙíÔ�á>Þ%ÝoØ.Ùäà#Ô#Ö�ÙÀàtÝËß ñ ë�Ñtá�ÝËá�áíÔ�ú ò�ótô�3tö ú�Ô#Ú@Ô�Õ%Õ�Ø Ñ}ï�Ù�Ü¢Ô#Ö�Ý4�EÙ�ÝËÜ�Ô�Ú�Úzß.Ñtáäà�ÝoØËúwÔ#Ú%Þ
Ö£â�Ñ«Ô#Þ%Þ%ÙäÖ Ù�ÑtÚ%Ô�á2Þ�Ù�ß ß.Ù�Õ�ÔWÖ�Ù�Ñ�ÚyÜsÝoÒ�Ð�Ô�Ú�Ù�ß Üsßoú�Ô
��Ô�Õ�Ù�Þ%×%ß	Ô�Ø.Ö Ùäî�ÒËÙíÔ�á�àbÙ�ß ÒËÑtß ÙÀÖ£ãdÔ�Ú�Þ�Ô¶ß.á�ÑtÕIÝ�éÔWÖ Ö�ÝËÚ%Ù�Ú�Û
Ö�ÝËÒ�Ð%Ú%Ùäìb×�Ý ñ ë�Ñtá�ÝËá�á�Ô¢Ô�Ú�Þ@ð5ÑbÑ�Þ�âÄÔ�Ø.Þ¯ú ò�ó�ô�õ8ö êF÷�Ð%Ý'Ô#Õ%Õ%Ø Ñ}ï�Ù�Ü¢Ô#Ö Ý��EÙ�ÝoÜ¢Ô�Ú%Úyß ÑtáÀàtÝoØ�Ù�ßAÔSáäÙ�Ú%ÝoÔ�Ø ÙäüoÝoÞ�EÙ�ÝoÜ¢Ô�Ú%Údß.Ñtáäà�ÝoØ ñ �EÑbÝ�ú ò�ótô�ò�ö âEÙäÖ Ð,Ô¶ß ÕIÝoÒËÙíÔ�á2Ö�Ø ÝoÔ#Ö�ÜsÝoÚrÖFç{ÑtØAØ Ô�Ø ÝJç�Ô�ÒËÖ Ù�ÑtÚ%ß ñ ë�Ñtá�ÝËá�á�Ô �J�!���À¬ ú ò}ótó�/1+
ë�ÑtáäÝoá�á�ÔåÔ�Ú%Þ ÿ ×%Ò�Ó�ÝJÖ Öoú ò�ó�ó��tö ê

ð,Ý5Ö�Ð%ÝËÚ ×%ß Ý�Ö Ð%Ý5Ö£â�Ñ1Ü¢ÝJÖ�Ð%ÑbÞ%ßyÖ Ñ©ÒoÑ�Ü¢Õ%×�Ö�Ý�ß.Ñtá�×�Ö Ù�ÑtÚ�ß«Ö�Ñ©Ô\Ú8×%ÜåèIÝoØ@Ñ�çsÑtÚ�ÝJæ¶Ô#Ú%Þ;Ö£â�ÑWæ
Þ%ÙäÜ¢ÝËÚ%ß ÙäÑtÚ�Ô�á8Õ%Ø.Ñtè%á�ÝËÜ¢ßËê ñ ð5Ý�âEÙäá�á8Ø ÝJç{ÝoØ_Ö Ñ	Ö�Ð%Ý�Ö£â�ÑFÜsÝËÖ�Ð�Ñ�Þ%ß_Ô�ß_Ö Ð%Ý5��Ô�ÛtØ Ô�Ú%ÛtÝÄÕ�á�×%ß2Ø ÝoÜ¢Ô�Õ½ß.Ò�Ð%ÝoÜsÝ
Ô�Ú%Þ¶Ö�Ð�Ý�Ð�Ù�ÛtÐ%ÝËØ�æÊÑtØ Þ%ÝËØ!ûFÑbÞ%×%Ú%Ñ�àmß.Ò�Ð%ÝoÜsÝ�ê ö76 ×%Ø�Ö�ÝËß.ÖHÕ%Ø.Ñtè%á�ÝËÜ¢ß�ÙäÚ%Òoáä×%Þ%ÝAÖ£â�Ñ�Ñ�ç6Ö�Ð%ÝFÕ%Ø.Ñtè%áäÝoÜsßHÝ�ï8æ
Ô�ÜsÙ�Ú%ÝËÞ@èrãyð,Ñ�ÑbÞ�â�Ô�Ø Þ�Ô#Ú%Þ�ë�Ñtá�ÝËá�á�Ô ñ�ò}ótô�õ8ö úwÖ�Ð�ÝåÙ�ÚrÖ�ÝËØ�Ô�ÒJÖ�ÙäÚ%ÛSè%á�Ô�ß.Ö	â�Ô}àtÝsÔ�Ú%Þ@Ö Ð%ÝåÞ%Ñ�×%è%á�Ý � Ô�Ò�Ð
Ø ÝJé�ÝoÒJÖ�ÙäÑtÚ¶Ñ�ç2Ôåß.Ö�Ø.ÑtÚ%Û'ß Ð�Ñ�Ò�Óê�ð5ÝFÔ#á�ß Ñ½Ý�ï�Ô�Ü¢ÙäÚ%ÝAÔ½Ú8×%ÜåèIÝoØ�Ñ�ç2Ô�Þ�Þ%ÙäÖ Ù�ÑtÚ�Ô#áIÕ�Ø Ñtè%áäÝoÜsßoú%Ú%Ô�Ü¢ÝËáäã�ú�Ö�Ð�Ý
Õ%á�Ô�Ú�Ô�Ø!	!ÑtÐ5Õ%Ø Ñtè�á�ÝoÜzú�Ö�Ð%ÝSÒJãbá�Ù�Ú�Þ%Ø ÙäÒ}Ô�á�Ï�ÝËÞ%Ñ�à5Õ�Ø Ñtè%áäÝoÜzúkÔzØ ÝËç{Ø Ô�ÒËÖ Ù�ÑtÚ,Ñ�çHÔ�Ú�Ñ�è%á�Ùäìb×�Ý¢ß.Ð%Ñ�Ò�Ó,Ô#Ö�Ô
Þ%ÝËÚ%ß ÙÀÖ£ã'Ù�ÚrÖ�ÝËØ.ç�Ô�ÒËÝ�úbÔ�Ú%Þ½Ö�Ð�Ý��PÝ8��áíÔ�Ú%Ò�ß.Ð%ÑbÒ�ÓåÖ�×%èIÝ�ê 6 ×%Ø(Ø.Ýoß ×�áäÖ�ß(Þ%ÝËÜ¢Ñ�Ú%ß.Ö Ø�Ô#Ö ÝEÖ Ð�Ô#Ö�Ö Ð%Ý�Ô#ÒoÒo×�Ø�Ô�ÒJã½Ñ�ç
Ö�Ð�ÝFÖ£â�Ñsß Ò�Ð%ÝËÜ¢ÝËß!ÙäßHÛ�ÝoÚ%ÝËØ�Ô�áäáäã¢Ýoì8×%Ùäà#Ô�áäÝoÚrÖ}ú�ÝoÔ�Ò�Ðzß Ò�Ð%ÝËÜ¢Ý�Þ%Ù�ß.Õ%áíÔ}ãbÙ�Ú�Û½èwÑ�Ö Ð¶Ø Ýoá�Ô#Ö�ÙÀàtÝAß�Ö�Ø ÝËÚ%Û�Ö Ð%ß�Ô#Ú%Þ
â�Ý}Ô�Ó8Ú%ÝËß ß ÝËßoêm÷�Ð%Ý'Ø.Ýoß ×�áäÖ�ßFß.Ð%Ñ�â Ù�Ú�Õ�Ô�Ø�Ö�ÙäÒo×%á�Ô�Ø�Ö�Ð%Ô#ÖAÖ�Ð%ÝsÙ�ÜsÕ%Ø.Ñhà�ÝoÞ�Ô�ÒËÒo×%Ø Ô�ÒËã�Ñ�ç�Ö�Ð�ÝsÕ�Ø Ýoß.ÝoÚrÖ���ÔWæ
ÛtØ Ô�Ú%ÛtÝ!Õ%á�×%ß�Ø ÝËÜ�Ô#Õ�ß Ò�Ð�ÝoÜsÝAØ Ýoá�Ô#Ö�ÙÀàtÝEÖ�Ñ�����ë\Ù�ß�Þ%×%Ý!Ù�Ú�Õ%Ô�Ø.Ö�Ö�Ñ±Ö Ð%Ý�×�ß Ý	Ñ�çPÔ�ÚSÙ�ÜsÕ%Ø.Ñhà�ÝoÞmÔ#Ø.Ö�ÙÀî�ÒoÙ�Ô�á
àbÙ�ß.ÒoÑtß.ÙäÖ£ãmÙäÚ¶Ö Ð%Ý%��Ô�ÛtØ�Ô#Ú%ÛtÝAß.Ö ÝoÕ«Ô�Ú%Þ«Ô�ÚzÙ�ÜsÕ%Ø Ñ�àtÝËÞ¶×%ÕrâEÙ�Ú%ÞzÜ¢ÝJÖ�Ð%ÑbÞ¶Ù�ÚmÖ�Ð�Ý�Ø.ÝoÜ¢Ô�Õ¶ß.Ö ÝoÕ¯ê

�



9 fbuI`bYWl6RUl):5`�;¯Î�X�ghR{fIl2n
÷�Ð%Ý@ÝËì8×�Ô#Ö�ÙäÑtÚ%ß¢Ñ�çAß ÙäÚ%ÛtáäÝ¶é%×%Ù�Þ©ÛtÔ�ß�Þ�ãbÚ�Ô#Ü¢ÙäÒoßsÒ}Ô�Ú©èIÝyÝ�ï�Õ%Ø ÝËß ß ÝËÞ´Ù�Ú\ÝËÙäÖ Ð%ÝoØ¢Ñ�ç	Ö£â�ÑøÝoì8×%Ùäà#ÔWæ

á�ÝËÚrÖ±ç{ÑtØ.Üå×%á�Ô#Ö�ÙäÑtÚ%ßoúPÖ Ð%Ý�ÒËÑtÚ%ß ÝËØ.à#Ô#Ö ÙäàtÝ�Ô�Ú%Þ5Ö Ð%Ý�Ü¢Ô#Ö ÝoØ Ù�Ô�ákÞ%ÝËØ ÙÀà�ÔWÖ�Ùäà�Ýsç{Ñ�Ø Üsßoê  Ú,Ö£â�Ñ@Þ%ÙäÜ¢ÝËÚ%ß ÙäÑtÚ�Ô�á
Ø ÝËÒËÖ�Ô�Ú%Ût×%á�Ô�Ø�ÒoÑbÑtØ.Þ%Ù�Ú�ÔWÖ�ÝoßËú�Ö�Ð�Ý�ÒËÑtÚ%ß.ÝoØ.à#Ô#Ö Ùäà�Ý�ç{ÑtØ.Üå×%á�Ô#Ö�ÙäÑtÚ�Ñ�ç6Ö�Ð�Ý�ÝËì8×�Ô#Ö�ÙäÑtÚ%ßEÙ�ß<>=<,?A@ <�B ñ = ö<,C @ <�D ñ = ö<FE G � ñ�ò�ö

âEÐ%ÝËØ Ý

= G HIIIJ KK�LK�MKON
PRQQQSUT B ñ = ö G

HIIIJ K�LK�L�V @XWK�L�MK�L2N @YW L
PRQQQSUT D ñ = ö G

HIIIJ K�MK�L�MK�M�V @XWK�M0N @YW M
PRQQQSZT

Ô�Ú%Þ N G\[ ] V ñ L�V @ MOV ö @_^ ê�÷�Ð�Ý�ÒËÑtØ Ø.Ýoß.ÕwÑtÚ�Þ%Ù�Ú%ÛsÜ¢Ô#Ö�ÝËØ ÙíÔ#áwÞ%ÝËØ ÙÀà�ÔWÖ�Ùäà�Ý	ç{ÑtØ Ü�×%áíÔ#Ö Ù�ÑtÚ�Ù�ß` K` ? G a K�bdc = ñ���ö
K ` =` ? G a b W ñ./tö` ^` ? G a W K bdc = Gea `` ?�f òKhg W ñ�õrö

âEÐ%ÝËØ Ý = G ñ L T M öji ê  Ú@ÝËÙäÖ Ð%ÝoØHç{ÑtØ Üå×�áíÔ#Ö Ù�ÑtÚ¯ú W Ù�ß!Þ%ÝËî�Ú�ÝoÞdèrã«Ö Ð%Ý�ÝËì8×�Ô#Ö�ÙäÑtÚ@Ñ�ç(ß�Ö�Ô#Ö Ý W�GkW ñ K T ^ ö êl ÑtØsÔ�á�á�ÝJï�Ô�ÜsÕ%á�ÝËß¢ÒËÑtÚ%ß ÙäÞ%ÝoØ.ÝoÞ0Ù�Ú¹Ö�Ð%ÙäßsÕ%Ô�ÕwÝËØoú W Ù�ß'ÛtÙÀàtÝËÚ\èrãøÖ�Ð%ÝzÕIÑtáäã8Ö�Ø.ÑtÕ%ÙäÒmÝoì8×�Ô#Ö Ù�ÑtÚ¿Ñ�çAß�Ö�Ô#Ö ÝW7G ñnm a òhö K ^ ê
p(X,:YWX%lo:`d^±|UÎ6nåQS`ba5X,prq¯T#V�`ba5` Ú±Ö Ð%Ù�ß6ß ÝËÒËÖ Ù�ÑtÚ�â�Ý�Õ%Ø ÝËß ÝoÚrÖ2Ö�Ð%Ýs�6Ô#ÛtØ�Ô�Ú�ÛtÝ(Õ%á�×%ß6Ø ÝËÜ�Ô#Õ±ß.Ò�Ð%ÝoÜsÝ�ç{ÑtØ6ß Ñ�áäàbÙ�Ú%ÛEÖ�Ð�Ý�Ü¢Ô#Ö�ÝËØ Ù�Ô�átÞ%ÝËØ Ùäà#ÔWæ
Ö�ÙÀàtÝHç{ÑtØ Üå×�áíÔ#Ö Ù�ÑtÚ'Ñ�çPÖ Ð%Ý	ý�×%áäÝoØ�ÝËì8×�Ô#Ö�ÙäÑtÚ%ßËú ñ���ö æ ñ{õ8ö úbÙ�ÚsÖ£â�ÑWæ£Þ%ÙäÜ¢ÝËÚ%ß ÙäÑtÚ�Ô�áØ ÝËÒËÖ�Ô�Ú%Ût×%á�Ô�Ø�ÒoÑbÑtØ Þ%ÙäÚ�Ô#Ö Ýoßoê
÷�Ð%ÝEÜsÝËÖ�Ð�Ñ�ÞåÙäß(Ô�Ú½ÑtÕIÝoØ Ô#Ö�ÑtØ_ß Õ%áäÙäÖkß.Ò�Ð%ÝoÜsÝEÙ�ÚåÖ Ð�Ô#Ö�ÙÀÖ�ÒoÑtÚ�ß Ù�ß�Ö�ß�Ñ�çÖ£â�ÑFÞ%Ù�ß�Ö�Ù�Ú�ÒËÖ�ß�Ö�ÝoÕ�ßoúrÖ�Ð%Ýt��Ô�Û�Ø�Ô�Ú%Û�Ý
ß.Ö ÝoÕdÔ#Ú%ÞyÖ�Ð�Ý�Ø ÝËÜ�Ô#Õyß.Ö ÝoÕ¯ê��	×%Ø ÙäÚ%Û¢Ô¢ß ÙäÚ%ÛtáäÝFÖ Ù�ÜsÝ±ß�Ö�ÝËÕyÖ�Ð%Ý±Ýoì8×�Ô#Ö Ù�ÑtÚ�ß�Ñ�ç�ÛtÔ�ß�Þ�ãbÚ�Ô#Ü¢ÙäÒoß!Ô�Ø ÝFî�Ø ß�Ö
Ô�Þ�à#Ô�Ú�ÒoÝoÞ«Ö�Ñ¢Ö Ð%Ý�Ú�ÝËâ Ö�ÙäÜ¢ÝFÑtÚyÔ¢ÛtØ.Ù�Þ¶Ö�Ð�ÔWÖ�ÜsÑ�àtÝoßHâEÙäÖ Ð«Ö�Ð�Ý±é�×%ÙäÞ¯ê�÷�Ð%Ý±ß Ñtáä×�Ö�ÙäÑtÚ«Ñ�Ú«Ö�Ð�Ù�ßHÛtØ ÙäÞ«Ùäß
Ö�Ð�ÝoÚmØ ÝËÜ�Ô#Õ%ÕwÝËÞ¢àbÙíÔ�Ô�ÚmÔ�Þ�à�ÝoÒJÖ�Ù�Ñ�ÚSÑ�àtÝoØÄÔ�Õ%ß ÝË×%Þ%Ñ#æ7Ö�ÙäÜ¢ÝËß.Ö�ÝËÕSÞ%×%Ø.Ù�Ú%Û�âEÐ%Ù�Ò�ÐSÖ Ð%Ý�Û�Ø Ù�Þ¢Ø ÝJÖ�×%Ø.Ú%ß�Ö�Ñ±ÙäÖ ß
ÑtØ.Ù�ÛtÙäÚ�Ô�áIÒoÑtÚ�î%Ût×%Ø�ÔWÖ�Ù�Ñ�Ú¯ê

ð,Ý	ß ÑtáÀàtÝ�Ö Ð%Ý	ÝËìb×%Ô#Ö�ÙäÑtÚ%ßÄÑtÚSÔ�ß.Ö Ø ×%ÒJÖ�×%Ø.ÝoÞ¶ÛtØ ÙäÞSÑ�ç�ì8×�Ô�Þ�Ø Ù�á�Ô#Ö�ÝËØ�Ô�áÒËÝoá�áäßoêk÷�Ð�Ý	é�Ñ�â¸à#Ô�Ø.ÙíÔ�è�á�Ýoß�Ô�Ø.Ý
ß.Ö�Ô�ÛtÛtÝËØ ÝËÞh# K Ô�Ú�Þ ^ Ô�Ø ÝåÒËÝoáäáÀæ£ÒËÝoÚrÖ�ÝËØ ÝËÞdìb×%Ô�ÚrÖ�ÙäÖ Ù�ÝËß!âEÐ%Ùäá�Ý = G ñ L T M ö Ù�ß�Ú�Ñ�Þ%Ý�æ£ÒËÝoÚrÖ�ÝËØ ÝoÞ>ê�÷�Ð�Ý½ÛtØ ÙäÞÙäÖ ß ÝËáäçPÙäß�Þ%ÝJî�Ú%ÝoÞ¶èrã�Ö Ð%Ý	ÕIÑtß ÙÀÖ�ÙäÑtÚ%ßvu G ñ C T E ö Ñ�çPÖ Ð%Ý	Ú%ÑbÞ%ÝËßoê�w Þ%ÝËÚ%Ñ�Ö ÝoßÄÖ�Ð�Ý	ÒoÝËá�áwÔ�Ø ÝoÔ + ß.ÝoÝ l ÙäÛt×%Ø Ý
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X=(x,y), U=(u,v)

ρ,e,V
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Õ%áä×%ß	Ø ÝËÜ�Ô#Õdß Ò�Ð%ÝËÜ¢ÝËß±ÔWÖ ? G � ��/tô ÑtÚ�Ô ò��&��� üoÑ�Ú%ÝåÞ%ÑtÜ¢Ô�ÙäÚ¯êA÷2ÑmÑ�è�Ö�Ô�ÙäÚ�Ô�è�Ô�ß.ÝoáäÙ�Ú%Ýåß.Ñtá�×�Ö�Ù�Ñ�Ú¯úwâ�Ý
Ô�áäß ÑyÒËÑtÜsÕ%×�Ö�Ý'Ö�Ð�Ý¢é�Ñ�â3èIÑ�Ö�Ð5âEÙÀÖ�Ð5Ô���Ô�ÛtØ Ô�Ú%ÛtÙ�Ô�Ú,Ð�Ù�ÛtÐ%ÝËØ�æÊÑtØ Þ%ÝËØåûAÑbÞ%×%Ú%Ñ�à�ÜsÝËÖ�Ð�Ñ�Þ ñ Ï�Ô�áÀÖ�üËÜ�Ô�Ú�Ú
Ô�Ú%Þ©ë�Ñtá�ÝËá�á�Ô�ú ò}ótô�3tö Ô�Ú%Þ0âEÙäÖ�Ð¿Ö�Ð%Ýzß.Ö�Ô�ÛtÛtÝËØ ÝËÞ©ÛtØ ÙäÞ ��Ô�Û�Ø�Ô�Ú%Û�Ý«ß.Ò�Ð%ÝoÜsÝ@ÑtÚ /�*���� üoÑtÚ�ÝyÞ%ÑtÜ¢Ô�ÙäÚ%ßoê
÷�Ð%ÝåÙäÚ%ÙäÖ ÙíÔ�á>üoÑtÚ%ÙäÚ%Û¢ç{Ñ�Ø!èIÑ�Ö�ÐÄ�6Ô#ÛtØ�Ô�Ú�ÛtÙíÔ�ÚzÒoÑ�Ü¢Õ%×�Ö�Ô#Ö Ù�ÑtÚ%ßHÙ�ßHß Õ%Ô#Ö�Ù�Ô�á�áÀãm×%Ú%ÙÀç{ÑtØ ÜzêE÷�Ð%Ý�Þ%ÝËÚ%ß ÙÀÖ�ÙäÝoß	ÔWÖ? G � ��/�ô ç{ÑtØ!Ô�á�á¯ç{Ñ�×%Ø!ÒËÑtÜsÕ%×�Ö�ÔWÖ�Ù�Ñ�Ú%ß�Ô#Ø Ý�Þ%Ù�ß.Õ%áíÔ}ãtÝËÞ@Ù�Ú l ÙäÛt×%Ø Ý õ ê�÷�Ð%Ý�Ö£â�Ñ7�6Ô#ÛtØ�Ô�Ú�ÛtÙíÔ�Úzß Ñ�á�×�Ö Ù�ÑtÚ%ß
Ô�Ø.ÝHàbÙ�Ø�Ö�×�Ô#á�áäãåÙ�Ú%Þ%Ùäß.Ö Ù�Ú%Ût×�Ù�ß Ð%Ô�è%á�ÝÄÔ�Ú%Þ�Ö Ð%ÝoØ.ÝËç{ÑtØ.Ý!ß.ÝoØ.à�ÝAÔ�ß�Ô±è�Ô�ß.ÝoáäÙ�Ú%ÝHß Ñtáä×�Ö�ÙäÑtÚ¯ê6ð5ÝHÚ%Ñ�Ö Ý!Ö�Ð%Ô#Ö�Ö Ð%Ýoß.Ý
ß Ñ�á�×�Ö Ù�ÑtÚ%ß!Ö�Ð%ÝËÜ¢ß.Ýoáäà�ÝoßFÐ�Ô}àtÝsÔSéÔ}âFú�Ômß Õ%×�Ø Ù�Ñ�×%ßAÑ�àtÝoØ.ß Ð%ÑbÑ�Ö±Ô#Ö C=< � ��*�3 ê�÷�Ð�ÝsÜ¢Ô�ÛtÚ�ÙäÖ�×�Þ%Ý�Ñ�ç�Ö�Ð�Ý
Ñ�àtÝËØ ß Ð�Ñ�Ñ�ÖEÙäß�Ö�Ð�Ý	ÑtÚ%áÀã�Þ%Ùäß ÒËÝoØ Ú�Ù�è%áäÝ�Þ%ÙÏ¹>ÝËØ ÝoÚ�ÒoÝAèIÝËÖ£â�ÝoÝoÚ¶Ö�Ð�Ý�Ö£â�Ñ'ß.ÝËÖ�ß�Ñ#çÂ��Ô�Û�Ø�Ô�Ú%Û�ÙíÔ�Ú¢Ø Ýoß.×%áäÖ ßoê(÷�Ð%Ùäß
Ñ�àtÝËØ ß Ð�Ñ�Ñ�Ö!Ð�Ô�ß�èIÝoÝËÚyÕ%Ø.ÝËàbÙ�Ñ�×%ß áÀãSÑtè%ß.ÝoØ�àtÝoÞ ñ ë�Ð%Ø.Ù�ß.Ö ÝoÚ%ß.ÝoÚ¯ú ò�ó�ó��rö êl Ø ÑtÜ l ÙäÛt×%Ø.Ý õ â�ÝAß ÝoÝ	Ö Ð�Ô#Ö�Ö�Ð%ÝAÐ%ÙäÛtÐ%ÝËØ�æ£Ñ�Ø Þ%ÝËØ�ûAÑ�Þ%×�Ú%Ñ�à�ß.Ò�Ð%ÝoÜsÝAèwÝJÖ Ö ÝoØÄÜ¢Ô#Ö�Ò�Ð�ÝoßÄÖ�Ð�Ý	Þ%ÝoÚ�ß ÙäÖ£ã
ÕIÝ}Ô�ÓzÔ#Ö C>< � ��3 úâEÐ%Ùäá�Ý±Ö Ð%Ý���Ô�Û�Ø�Ô�Ú%Û�Ý±Õ%áä×%ß�Ø.ÝoÜ¢Ô�Õ@ß.Ò�Ð%ÝoÜsÝåß Ð�ÑhâEß	Ô�ß áäÙ�ÛtÐrÖ!Ñhà�ÝoØ.ß Ð%ÑbÑ�ÖAÐ%ÝËØ Ý#ê 6 Ú
Ö�Ð�Ý½Ñ�Ö�Ð%ÝËØAÐ�Ô�Ú%Þ�Ö�Ð�Ý½áíÔ#Ö.Ö�ÝoØ�ß Ð%Ñ�âEß�ß Ð�Ô�Ø.ÕwÝËØAØ ÝËß Ñtáä×�Ö�ÙäÑtÚdÑ�ç(Ö�Ð%Ý'ÒËÑtÚrÖ�Ô�ÒJÖFÞ%Ù�ß.ÒoÑtÚrÖ�ÙäÚ8×%ÙäÖ Ù�Ýoß	Ô#Ö C7< � *
Ô�Ú%Þ C?< � ��3 ê_÷�Ð�Ý�Þ%ÝËÚ%ß ÙÀÖ£ã�èIÝËÖ£â�ÝoÝËÚ C@< � *�3 Ô�Ú%Þ C@< � �&3 Ô�áäß Ñ�ß.ÝoÝËÜ¢ß_Ö Ñ�èIÝÄèIÝËÖ Ö ÝoØ2Ø ÝoÕ�Ø Ýoß.ÝoÚrÖ�ÝËÞ'è8ã
Ö�Ð�Ý���Ô�ÛtØ Ô�Ú%ÛtÝHÕ%áä×%ß�Ø.ÝoÜ¢Ô�Õsß Ò�Ð%ÝËÜ¢Ý#ê(ð,ÝHÚ%Ñ�Ö�ÝEÖ�Ð%Ô#Ö�Ö Ð%Ý ÿ�ÿ�� Ø.Ýoß.×%áäÖ ß�ÙäÚ ñ ð,ÑbÑ�Þ�â�Ô�Ø.Þ�Ô�Ú�Þmë�ÑtáäÝoá�á�Ô�ú
ò�ótô#õ8ö ß Ð%Ñ�âÁÜå×�Ò�ÐyèIÝËÖ Ö ÝoØHØ ÝËß Ñtáä×�Ö�ÙäÑtÚ¶Ñ�ç_Ö Ð%Ý±ÒËÑtÚrÖ�Ô�ÒJÖ�Þ�Ù�ß ÒËÑtÚrÖ�ÙäÚb×�ÙäÖ�ÙäÝoß�Ö�Ð%Ô�ÚzÖ Ð%Ý�ûFÑbÞ%×%Ú%Ñ�à¶ß.Ò�Ð%ÝoÜsÝ
×%ß.ÝoÞdÐ%ÝËØ Ý�ê�÷�Ð%ÝåÙ�ÜsÕ%áäÝoÜsÝoÚrÖ�Ô#Ö Ù�ÑtÚ¶Ñ�ç ÿ(ÿ�� ×%ß.ÝoÞ@ç{ÑtØHÖ�Ð%Ñtß.ÝåØ ÝËß ×%áÀÖ�ß!Ù�Ú%ÒËá�×%Þ%ÝËß	Ô�ÒËÑtÚrÖ�Ô�ÒJÖAÞ%ÝJÖ�ÝoÒJÖ�ÙäÑtÚ
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Ô�Ú%Þ�ß.Ö�ÝËÝoÕIÝoÚ%ÙäÚ%Û½ß Ò�Ð�ÝoÜsÝ�ê  çPÖ�Ð�ÔWÖÄß Ò�Ð�ÝoÜsÝ	Ù�ß�Þ%Ù�ß Ô�è%á�ÝËÞ¯ú8Ö�Ð%Ý ÿ(ÿ�� Ø ÝËß ×%áÀÖ�ß�Ô#Ø Ý�ÝËß ß.ÝoÚrÖ�Ù�Ô�á�áÀãsÖ Ð%Ý�ß Ô�ÜsÝ
Ô�ßkÖ Ð%Ñtß ÝEÑtè�Ö�Ô�ÙäÚ%ÝoÞ'Ð%ÝËØ Ý ñ ë�Ñ�á�ÝoáäáíÔ�ú �&�����tö ê�ë�Ñ�Ú8Ö�Ô�ÒËÖ�Þ%ÝJÖ�ÝËÒËÖ�ÙäÑtÚsÔ�Ú%Þ'ß.Ö ÝoÝËÕwÝËÚ%Ù�Ú%Û�Ù�ß_Ú%Ñ�Ö(Ù�ÜsÕ%áäÝoÜsÝoÚrÖ�ÝËÞ
Ù�ÚSÖ Ð%ÝFÕ%Ø ÝËß ÝËÚ8Ö!ß Ò�Ð�ÝoÜsÝ�èIÝoÒoÔ�×%ß.Ý±Õ�Ô#Ø�Ô�èIÑtá�ÙäÒ�ÙäÚ8Ö ÝoØ.ÕwÑtá�Ô#Ö�ÙäÑtÚmÔ�Õ�ÕwÝoÔ�Ø ßÄÖ ÑsèIÝAÝoß.ß ÝËÚ8Ö ÙíÔ�áPÖ ÑsÙÀÖ�ßÄß.×%ÒoÒËÝoß.ßoê� ÑtØ.ÝoÑ�àtÝËØoú�ß�Ö�ÝoÝËÕwÝËÚ%Ù�Ú�Û�Ô�Õ�ÕwÝoÔ�Ø ßÄÖ Ñ½Ù�ÚrÖ�Ø.Ñ�Þ%×�ÒoÝAß Õ�×%Ø ÙäÑt×%ß�Ú8×%ÜsÝoØ ÙäÒ}Ô�á>Ô�Ø.Ö Ùäç�Ô�ÒJÖ�ßÄÙäÚmÜå×%áÀÖ�Ù�Þ�Ù�ÜsÝoÚ%ß.Ù�ÑtÚ�Ô#á
Ò}Ô#á�Òo×�áíÔ#Ö Ù�ÑtÚ%ßËê

ð,ÝSÚ%ÝJïbÖ½Ý�ï�Ô�Ü¢ÙäÚ%Ý¢Ö Ð%ÝSÝº¹>ÝËÒËÖ½Ñ�çHÔ#Þ�àtÝËÒËÖ�ÙäÚ%Û N Þ�Ù�Ø ÝËÒËÖ áäã,Ô�ßåÑtÕ�ÕwÑtß.ÝoÞ�Ö ÑdÔ�Þ�à�ÝoÒËÖ Ù�Ú%Û ^ Ô#Ú%Þ î ^ß ÝËÕ�Ô�Ø Ô#Ö�ÝËáäãtêv	HÑ�Ö�ÝHÖ�Ð�ÔWÖ�âEÐ%ÝËÚ N Ù�ß�Ô�Þ�àtÝËÒËÖ ÝoÞ¶Þ%Ù�Ø.ÝoÒJÖ�áäã�úbÖ Ð%Ý	Ø.ÝoÜ¢Ô�Õ%ÕIÝoÞ�à#Ô�áä×%Ý!Ñ#ç ^ Ùäß�Þ�ÝËî�Ú%ÝËÞzÔ�ß�Ö�Ð�ÝÞ%ÙÏ¹>ÝËØ ÝoÚ�ÒoÝHèwÝJÖ£â�ÝËÝoÚ N Ô�Ú%Þ'Ö�Ð�ÝHÓ8ÙäÚ%ÝËÖ Ù�ÒEÝoÚ%ÝËØ Û�ã½ç{Ñ�×%Ú%Þ'ç{Ø ÑtÜ®Ö Ð%ÝEØ ÝËÜ�Ô�Õ�ÕwÝËÞsà�Ýoá�ÑbÒoÙÀÖ£ãtê  Ú'Ö�Ð�ÝH×�Õ%ÕwÝËØ
Õ%áäÑ�ÖAÑ�ç l ÙäÛt×%Ø Ý 3 â�Ý'ß ÝËÝåÖ�Ð%Ý½Ø.Ýoß.×%áäÖ ß±ÔWÖ ? G � �&/tô ç{ÑtØ�Ö Ð%Ø ÝËÝ ��Ô�Û�Ø�Ô�Ú%Û�ÝåÕ%á�×�ßAØ ÝoÜ¢Ô�ÕdÒoÔ�á�ÒË×%áíÔ#Ö Ù�ÑtÚ�ßoê
÷�Ð%Ý�î%Ø ß.Ö�Þ%ÝoÚ�ß ÙäÖ£ã�Õ%Ø.Ñ�î�áäÝ�ß Ð�ÑhâEß±Ö�Ð%Ý¢ß�Ô�ÜsÝ�Ø.Ýoß ×�áäÖ�ß±Þ%Ù�ß.Õ%áíÔ}ã�ÝoÞ�ÙäÚ l ÙäÛt×%Ø Ý õ êz÷�Ð%Ý¢ß ÝoÒËÑtÚ%ÞøÕ%Ø.Ñ�î�áäÝ
Õ%áäÑ�Ö�ß�Ö�Ð�Ý�Þ%ÝËÚ%ß ÙÀÖ£ãzâEÐ�ÝoÚ N Ù�ß!Ô�Þ�à�ÝoÒËÖ ÝoÞ@Þ�Ù�Ø ÝËÒËÖ áäãtê�÷�Ð%Ù�ß!Õ%Ø Ñ�î%á�ÝFÒoÑtÚrÖ�Ô�Ù�Ú%ß!Ô¢Ú8×%Ü�èwÝËØ!Ñ�çkÚ%Ñ�Ö�ÙäÒoÝoÔ�è%á�Ý
Þ%ÝJî�ÒoÙäÝoÚ%ÒËÙ�ÝoßËêÄð5ÑbÑbÞ�âÄÔ#Ø Þ@Ô#Ú%Þdë�ÑtáäÝoáäáíÔ ñ�ò}ótô�õ8ö Ñtè%ß.ÝoØ�àtÝoÞ@Ö Ð�Ô#ÖEÖ�Ð�Ýoß Ý�Þ%ÝËî�ÒËÙ�ÝËÚ%ÒoÙäÝoßEâ�ÝËØ ÝåÞ%×�Ý�Ö Ñ¢Ö�Ð�Ý
ÒoÑ�Ü¢Õ%×�Ö�Ô#Ö Ù�ÑtÚ�Ñ�ç�×%Ú�Õ%Ðrã�ß.Ù�ÒoÔ�á�áÀã,Ð�Ù�ÛtÐ,Þ%ÝoÚ%ß.ÙäÖ Ù�Ýoß�Ô#Ö±Ý}Ô�Ø.áäãdÖ�ÙäÜ¢Ý#ê¶÷�Ð%ÝËã,ÒoÑtØ.Ø ÝËÒËÖ�ÝËÞ5Ö�Ð�ÝSÕ%Ø Ñ�è%á�ÝËÜ4è8ã
×%ß.Ù�Ú%ÛdÔ«Ü¢ÙäÚ%Ü¢ÑbÞ�á�ÙäÜ¢ÙÀÖ�ÝoØAÙäÚ,Ö Ð%ÝmÔ�Þ�à�ÝoÒJÖ�Ù�Ñ�Ú�ß.Ö ÝoÕ¯ê@÷�Ð�Ý�Ö�Ð%ÙäØ Þ�Õ�Ø Ñ�î�áäÝ¢ß.Ð%Ñ�â�Ñt×%Ø�Ø.Ýoß.×%áäÖ ß�ç{ÑtØFÖ�Ð%Ùäß
ß.Ö Ø�Ô#Ö ÝoÛ�ã�ê�	!Ñ�Ö Ý¢Ö�Ð%Ô#Ö±Ö Ð%Ýoß.ÝSØ ÝËß ×%áÀÖ�ß±Ô�Ø Ý¢ß ÙäÜ¢ÙäáíÔ�Ø�Ö Ñ«Ö Ð%Ñtß Ýsç{Ñt×%Ú%Þ�âEÙäÖ ÐZ����ë®èrã�ð5ÑbÑbÞ�âÄÔ#Ø Þ�Ô#Ú%Þ
ë�ÑtáäÝoá�á�Ô ñ�ò}ótô�õ8ö ê ÚåÖ�Ð�Ý�á�Ñ�â�ÝËØkÐ�Ô�áÀçÑ�ç l ÙäÛt×%Ø Ý 3 útâ�Ý�ÝJï�Ô�ÜsÙ�Ú%Ý�Ö�Ð%Ý�ÝoÔ�Ø áÀã�Ö Ù�ÜsÝ�èIÝoÐ�Ô}àbÙ�Ñ�ØkÑ�ç�Ö�Ð�ÝÄÖ£â�ÑAÝËÚ%ÝoØ.Û�ãåØ.ÝoÜ¢Ô�Õ
Ô�Õ%Õ�Ø ÑrÔ�Ò�Ð�Ýoß�ÝoÜsÕ%áäÑhãbÙäÚ%Û�à#Ô�Ú��PÝoÝËØ�á�Ù�ÜsÙäÖ ÝoØ.ßoêPð5Ý�Ù�Ú%Þ%ÝËÝoÞ'ß ÝËÝÄÖ�Ð�ÔWÖkâEÐ%ÝoÚ N Ùäß�Ô�Þ�à�ÝoÒËÖ ÝoÞsÞ%Ù�Ø.ÝoÒJÖ�áäã�ú�Ö�Ð�Ý
Þ%ÝËÚ%ß ÙÀÖ£ã½Ô#Ö�ÝoÔ�Ø áÀã±Ö Ù�ÜsÝ�ÙäßkÜå×%Ò�Ð'Ð%ÙäÛtÐ%ÝoØ2Ö�Ð�Ô�Ú½âEÐ%ÝËÚ ^ Ô�Ú�Þ î ^ Ô#Ø ÝÄØ.ÝoÜ¢Ô�Õ%ÕIÝoÞ'ß ÝËÕ�Ô�Ø�ÔWÖ�ÝoáÀãtê � ÑtØ ÝËÑ�àtÝoØËúâ�Ý!ß.ÝoÝEÖ�Ð�Ô#Ö(Ö Ð%ÝEÕ%Ø Ñtè�á�ÝoÜ¨Ô�ÒËÖ ×�Ô�á�áÀã±â�ÑtØ.ß ÝoÚ�ßÄÔ�ß�Ö�Ð�Ý�ë l �yÚ8×%ÜåèIÝoØ�Ù�ß�á�Ñ�â�ÝoØ.ÝoÞ¯êkð,ÝEÒoÑtÚ «.ÝËÒËÖ ×%Ø ÝEÖ�Ð�ÔWÖ
âEÐ%ÝËÚ ^ Ô�Ú%Þ î ^ Ô�Ø.ÝFØ ÝoÜ¢Ô�Õ%ÕIÝoÞ«ß ÝËÕ�Ô�Ø�ÔWÖ�ÝoáÀãtú�Ö�Ð�Ý�Ý}Ô#Ø áäã�Ö�Ù�ÜsÝAÑ�àtÝËØ ß Ð�Ñ�Ñ�Ö ß	Ô�Ø.Ý±Ø.ÝoÞ%×�ÒoÝoÞyèwÝËÒ}Ô�×%ß.Ý�Ö�Ð�ÝÝ$¹wÝoÒJÖ�ÙÀàtÝFÖ�Ñ�Ö�Ô�á¯ÝoÚ�ÝoØ Û#ãmß áäÑtÕwÝËßHÔ�Ø ÝAáäÙ�ÜsÙäÖ�ÝËÞ�Ö�ÑsÔ'ß áäÙ�ÛtÐrÖ�áÀã�Û�Ø Ý}ÔWÖ�ÝoØEÔ#Ü¢Ñt×�Ú8Öoê

ð,ÝyÔ�áäß Ñ�ÒoÑtÚ�ß Ù�Þ�ÝoØ'Ö�Ð%ÝzÝ$¹wÝoÒJÖ�ß�Ñ#ç	Þ%ÙÏ¹>ÝËØ ÝoÚrÖ¢ß.Ö Ø�Ô#Ö ÝoÛtÙäÝoß'ç{ÑtØ'ÝoÚ%ÝËØ Û�ã¹ÒËÑtÚ%ß ÝËØ.à#Ô#Ö Ù�ÑtÚ¯ê  Ú l ÙäÛt×%Ø Ý* â�Ýzß ÝËÝmÖ�Ð%Ý¶Ø ÝËß ×%áÀÖ�ßsÔ#Ö ? G � ��/tô ç{ÑtØåç{Ñt×�Ø��6Ô#ÛtØ�Ô�Ú�ÛtÝmÕ%á�×�ßsØ.ÝoÜ¢Ô�Õ¹Ò}Ô�áäÒo×%á�Ô#Ö�ÙäÑtÚ%ßËú�Ý}Ô�Ò�Ð¿×%ß ÙäÚ%Û�Ô
Þ%ÙÏ¹>ÝËØ ÝoÚrÖFß�Ö�Ø�ÔWÖ�ÝoÛ#ãtê�÷�Ð�Ý'î%Ø ß.ÖFß�Ö�Ø Ô#Ö�ÝËÛ�ãdÙ�ß!Ö�Ñ¶Ô�áÀâÄÔ}ãbßFÒoÑtÚ%ß.ÝoØ�àtÝ N ê�÷�Ð�Ù�ß	ÙäßAÑt×%Ø	Þ%ÝJç�Ô�×%áÀÖAß.Ö Ø�Ô#Ö ÝoÛ�ã�ú
ß Ñ@Ö Ð%ÝmØ ÝËß ×%áÀÖ�ßåÐ�ÝoØ Ý¶Ô#Ø ÝSÙäÞ%ÝoÚrÖ�ÙäÒ}Ô�á(Ö�Ñ@Ö Ð%Ñtß.ÝmÙ�Ú l ÙäÛt×%Ø.Ý õ ê�÷�Ð%Ýmß.ÝoÒoÑ�Ú%Þ¹ß.Ö�Ø Ô#Ö�ÝËÛ�ã�Ùäß±Ö ÑdÒoÑtÚ%ß.ÝoØ�àtÝN ÑtÚ�áäã,Ô#Ö½ß.Ð%Ñ�Ò�Ó8ßËê,÷�Ð%Ùäßåß.Ö Ø�Ô#Ö ÝoÛ�ã,Ù�ß±Ù�ÜsÕ%á�ÝËÜ¢ÝËÚrÖ�ÝoÞ5è8ã5×%ß ÙäÚ%Û@ÝËìb×%Ô#Ö�ÙäÑtÚ ñ�ò¬3�ö ÑtÚ%áÀã�Ùäçt®zÝJï�ÒoÝËÝoÞ%ß
ß Ñ�Ü¢ÝåÖ Ð%Ø ÝËß Ð%ÑtáäÞ¯ê½÷�Ð%Ý'Ö�Ð%ÙäØ Þdß�Ö�Ø�ÔWÖ�ÝoÛ#ãdÙ�ß	Ö ÑzÒËÑtÚ%ß.ÝoØ.à�Ý N ÑtÚ�áäãdÔWÖFß Ð%ÑbÒ�Ó8ß�Ô�Ú�Þ�Ñ�Ú%áäãyÙäç�×%ß ÙäÚ%Û ñ�ò¬3tö
Ù�Ú�ÒoØ ÝoÔ�ß ÝËß�Ö�Ð�ÝåÙ�ÚrÖ�ÝËØ Ú�Ô#á_ÝoÚ�ÝoØ Û#ã ñ ��ÝoÚ%ß.ÑtÚ¯ú ò}ótó��tö ê�÷�Ð%Ý½á�Ô�ß.Ö!ß.Ö Ø�Ô#Ö ÝoÛ�ãyÙ�ßEÖ�ÑmÒoÑ�Ú%ß ÝËØ.àtÝ N Ø ÝoÛtÔ�Ø Þ%áäÝoß.ß
Ñ�ç�Ö�Ð%Ý½Õ�Ø Ýoß.ÝoÚ%ÒËÝ�Ñ�ç�ß Ð�Ñ�Ò�Ó8ßFè%×�Ö�ÑtÚ%áÀã@ÙÀç�×�ß Ù�Ú�Û ñ<ò¬3tö ÙäÚ%ÒoØ.Ý}Ô�ß.ÝoßAÖ�Ð�ÝsÙäÚrÖ�ÝoØ.Ú�Ô�ákÝËÚ%ÝoØ.Û�ãtêåð,Ý'ß ÝËÝ'à�ÝoØ�ã
á�ÙÀÖ Ö á�Ý�Þ%ÙÏ¹>ÝËØ ÝoÚ�ÒoÝ	èIÝËÖ£â�ÝoÝËÚ¶Ö Ð%Ý�î�Ø.ß.ÖÄÔ�Ú%Þ�Ö Ð%Ý	ß ÝËÒoÑtÚ�Þmß.Ö�Ø Ô#Ö�ÝËÛtÙ�ÝËßoêkð´ÙÀÖ�Ð¢Ö Ð%Ý�á�Ô#Ö Ö ÝoØ(Ö£â�Ñåâ�Ý	ß.ÝoÝ	á�Ô�Ø ÛtÝ
ÝoØ.Ø ÑtØ.ßEÙ�ÚmÖ�Ð%ÝFß.Ñtá�×�Ö Ù�ÑtÚ>ú�Ù�Ú�Òoá�×�Þ%Ù�Ú%Û½ÙäÚ%ÒoÑ�Ø Ø ÝËÒËÖEß.Ð%Ñ�Ò�Ó¶Ô#Ú%Þ«ÒËÑtÚrÖ�Ô�ÒJÖHÞ%Ù�ß.ÒoÑtÚrÖ�ÙäÚ8×%ÙäÖ£ã�á�ÑbÒ}Ô#Ö Ù�ÑtÚ%ßËêAmfIÎ6c2|�`CB X�TWV«Yh`ED_`bT�ghR{fIlzf-FPX'nËg}YWfIl):sn}V6f¯THGk]l ÑtØ>Ö Ð%Ù�ßPÕ%Ø.Ñtè%áäÝoÜ ñ ð5ÑbÑbÞ�âÄÔ#Ø Þ�Ô�Ú%Þ±ë�ÑtáäÝoá�á�Ô�ú
ò�ótô#õ8ö â�Ýå×%ß.Ý½Ô¢é�Ñ�â*Þ%ÑtÜ¢Ô�ÙäÚ«Ñ�ç(áäÝoÚ%Û#Ö�Ð / ê 3 Ô#Ú%ÞyâEÙ�Þ�Ö�Ð ò ê � ê��ÄÖ ? G � Ô � Ô�Ò�Ð ò�� Õ�áíÔ�Ú�Ô#Ø!ß.Ð%Ñ�Ò�Ó
Ù�Ú¹Ô m G ò � õ ÕwÑ�áäã8Ö�Ø.ÑtÕ%Ù�Ò¢ÛrÔ�ßåÙäÜ¢Õ�Ù�Ú%ÛtÝËßåÔ#Ö½Ô�Ú¹Ô�Ú%ÛtáäÝSÑ�ç *��JI Ñ�Ú�Ö�Ð%ÝmáäÑhâ�ÝoØ±ç�Ô�ÒoÝmÑ�çEÖ Ð%ÝmÞ%ÑtÜ¢Ô�Ù�Ú
Ô#Ö�Ô�Þ�Ù�ß.Ö�Ô�Ú%ÒËÝ«Ñ�çåê / ç{Ø ÑtÜCÖ Ð%ÝyáäÝËçvÖsÝoÚ�Þ\Ñ�ç	Ö Ð%ÝzÞ%ÑtÜ¢Ô�Ù�Ú¯ê0÷�Ð%ÝyÕ�Ø Ýoß.Ð%ÑbÒ�Ó¿Þ�ÝoÚ%ß.ÙäÖ£ã0Ô�Ú%Þ0Õ%Ø ÝËß ß ×�Ø Ý
Ô�Ø.Ý ò ê õ Ô�Ú%Þ ò ú�Ø.Ýoß ÕIÝoÒJÖ�ÙÀàtÝoáÀãtê'÷�Ð%Ý'á�Ñ�â�ÝoØAç�Ô�ÒËÝ½Ñ�ç�Ö Ð%Ý'Þ%ÑtÜ¢Ô�Ù�ÚdÙäß	Ö�Ø.Ý}Ô#Ö ÝoÞ,Ô�ßFÔzØ.ÝËé�ÝËÒËÖ Ù�Ú%Ûmâ�Ô�á�á_Ö Ñ
Ö�Ð�ÝåØ ÙäÛtÐrÖ	Ñ�ç(Ö�Ð�ÝåÙ�ÜsÕ%Ù�Ú�ÛtÝoÜsÝoÚrÖ!ÕwÑtÙäÚrÖ + Ö Ñ�Ö�Ð%Ý½áäÝËçvÖoú>ÙäÖ!Ù�ß!Ö�Ø ÝoÔ#Ö�ÝËÞ�Ô�ßAÔ�ÚdÑ�×�Ö é�Ñ�â*èIÑt×%Ú%Þ�Ô#Ø.ãtê ñ ÷�Ð%Ý
Ù�Ú�ÙäÖ�Ù�Ô�á�ß Ð�Ñ�Ò�ÓsÕwÑ�ß ÙäÖ Ù�ÑtÚ�Ô�Ú%Þ�Ö Ð%Ý�Ö Ø Ý}ÔWÖ�ÜsÝoÚrÖÄÑ�çPÖ Ð%Ý	áäÑhâ�ÝoØ�èwÑ�×%Ú%Þ�Ô�Ø�ãtú�âEÐ�Ù�Ò�ÐSÞ%Ñ½Þ�Ù¸¹wÝoØ�ß á�ÙäÛtÐrÖ�áÀã½ç{Ø ÑtÜ
Ö�Ð�Ñtß Ý!×%ß ÝËÞmè8ã'ð,Ñ�ÑbÞ�â�Ô�Ø Þ�Ô�Ú%Þ¶ë�Ñ�á�ÝoáäáíÔ ñ�ò}ótô�õ8ö ú8â�ÝoØ.Ý	×%ß.ÝoÞSÕ%Ø.ÝËàbÙ�Ñ�×%ß áÀã¢èrã ÿ ÝËÜåèIÝoØ �J�����À¬ ñ<ò�ótó�3tö ê ö�ÄÖ	Ö Ð%Ý±Ö ÑtÕyç�Ô�ÒËÝ�â�Ý�Ù�ÜsÕwÑtß.Ý±ÙäÚ�é�Ñ�âÁèIÑt×%Ú%Þ�Ô#Ø.ã«ÒoÑtÚ%Þ�ÙäÖ�ÙäÑtÚ%ßHÜ�ÔWÖ�Ò�Ð%ÙäÚ%Û�Ö�Ð�Ý�ÝJï�Ô�ÒJÖAÝËà�Ñtá�×�Ö�Ù�Ñ�Ú@Ñ�ç�Ö�Ð�Ý
ß Ð�Ñ�Ò�ÓsÔ�ß�ÙäÖ(Ö�Ø Ô}àtÝoØ.ß ÝËßÄÖ�Ð%ÝHèwÑ�×%Ú%Þ�Ô�Ø�ãtê�÷�Ð%Ý!Ñ�Ö�Ð�ÝoØ�èwÑt×�Ú%Þ�Ô�Ø�ã'ÒoÑtÚ%Þ�ÙäÖ�ÙäÑtÚ%ß�Ô�Ø ÝHÙ�Ú�é�Ñ�â´Ô#Ö(Ö�Ð%Ý!á�ÝJçvÖ�Ô#Ú%Þ
Ñt×�Ö.é�Ñ�â;ÔWÖ�Ö�Ð�ÝAØ Ù�Û�Ð8Öoêk÷�Ð%Ý	é�Ñ�âDÙ�ß�ß ÝoáÀçíæ£ß.Ù�ÜsÙ�áíÔ#Ø�Ô#Ú%ÞmÒ�Ð�Ô�Ø Ô�ÒËÖ ÝoØ ÙäüoÝËÞ«Ô#ß�ç{Ñtá�áäÑ�âEßoêk÷�Ð%Ý	î%Ø ß.ÖÄØ ÝËé%ÝoÒËÖ ÝoÞ
ß Ð�Ñ�Ò�Óú�Ö�Ð%Ý�Ù�Ú�ÒoÙ�Þ�ÝoÚrÖEß Ð%ÑbÒ�Óú>Ô#Ú%ÞzÖ Ð%ÝAî�Ø ß�Ö � Ô�Ò�Ðyß�Ö�ÝËÜMÜ¢ÝËÝËÖ!Ô#ÖHÔ½Ö�Ø ÙäÕ%á�Ý�ÕwÑtÙäÚrÖ}ê(÷�Ð%ÝFî�Ø ß�Ö!ÒËÑtÚrÖ�Ô�ÒJÖ
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interacting blast wave: rho at t = 0.03800
1200 zonesM

Lagrange plus remap
higher−order Godunov
Lagrange only,  3600 zones
higher−order Godunov Lagrange, 3600 zones
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Lagrange plus remap
higher−order Godunov
Lagrange only,  3600 zones
higher−order Godunov Lagrange, 3600 zones

l ÙäÛt×%Ø Ý õ #�ë�ÑtÜsÕ%×�Ö ÝoÞyÞ�ÝoÚ%ß.ÙäÖ£ãzÔ#Ö ? G � ��/tô ç{ÑtØ�Ö�Ð%Ý�Ù�ÚrÖ�ÝËØ�Ô�ÒJÖ�ÙäÚ%Û'è%áíÔ�ß�ÖEâÄÔ}àtÝ�Õ%Ø Ñtè�á�ÝoÜzê�÷�Ð%Ý±×�Õ%ÕwÝËØ
Ô�Ú%Þzá�Ñ�â�ÝoØ�Õ%áäÑ�Ö�ß�ß.Ð%Ñ�â;Ö�Ð�ÝFâEÐ�Ñtá�ÝAÞ%Ñ�Ü�Ô�ÙäÚ¶Ô�Ú%Þ«Ô½Òoá�Ñ�ß Ýo×�Õ¯ú�Ø ÝËß ÕIÝoÒËÖ Ùäà�Ýoáäã�ê

ò¬�
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interacting blast wave: rho at t =  0.03800R
1200 zones total on [0,1]S

Lagrange plus remap, advect e and ke 
Lagrange plus remap, advect E 
Lagrange plus remap, advect E, minmod limiter
higher−order Godunov

0.15L 0.16L 0.17L 0.18L 0.19L0

5

10

Lag+remap, cfl=.9, e and ke advected
Lag+remap, cfl=.9, E advected
Lag+remap, cfl=.25, E advected
Lag+remap, cfl=.25, e and ke advected
higher−order Godunov

t = .00273
T

l ÙäÛt×%Ø Ý 3 #�÷�Ð%Ý@×�Õ%ÕwÝËØSÕ%áäÑ�ÖSß.Ð%Ñ�âEß¶Ô5ÒoáäÑtß ÝË×%Õ©Ñ�çAÖ Ð%Ý@ÒoÑ�Ü¢Õ%×�Ö�ÝoÞ1Þ�ÝoÚ%ß.ÙäÖ£ã\Ô#Ö ? G � ��/tô ç{Ñ�Ø¢Ö�Ð�Ý
Ù�ÚrÖ ÝoØ�Ô#ÒËÖ�ÙäÚ%Û5è�áíÔ�ß�Ö¢â�Ô}àtÝdÕ%Ø.Ñtè%á�ÝËÜ Ñtè�Ö�Ô�Ù�Ú%ÝËÞ\èrã¿Ö�Ð%Ý��6Ô#ÛtØ�Ô�Ú�ÛtÝyÕ%áä×%ßsØ ÝoÜ¢Ô�Õ©ß.Ò�Ð%ÝoÜsÝyâEÙÀÖ�Ð0Ö Ð%Ø ÝËÝ
à#Ô�Ø Ù�Ô#Ö�ÙäÑtÚ%ß�Ñ�ç_ÝoÚ%ÝËØ Û�ã«Ô�Þ�àtÝoÒJÖ�ÙäÑtÚ¯êÄ÷�Ð%Ý�á�Ñ�â�ÝoØHÕ%á�Ñ#Ö!ß.Ð%Ñ�âEß	ÔsÒoá�Ñ�ß Ýo×�ÕyÑ�ç2Ö�Ð%Ý�Þ%ÝoÚ�ß ÙäÖ£ã«Ô#Ö ? G � ��������/
ç{ÑtØÄÖ£â�Ñ¢Ñ#ç2Ö Ð%Ýoß.Ý�ê�!Ù�Û�Ð%ÝoØ<æ£ÑtØ.Þ%ÝoØHûAÑ�Þ�×%Ú%Ñ�àmØ ÝËß ×%áÀÖ�ßHÔ�Ø.ÝAß Ð%Ñ�âEÚyÙäÚ¶èwÑ�Ö Ð¶Õ%á�Ñ�Ö ßÄç{ÑtØ�ÒoÑ�Ü¢Õ�Ô#Ø Ù�ß.ÑtÚ¯ê
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interacting blast wave: rho at t = 0.03800
1200 zones total from x=0 to 1U

Lagrange+remap
L+R,conserve E at shocks
L+R,conserve E at shock if heating
L+R,conserve E if heating
higher−order Godunov

l ÙäÛt×%Ø Ý * # l Ñt×�Ø!Þ%ÙÏ¹>ÝËØ ÝËÚ8Ö�ß.Ö Ø�Ô#Ö ÝoÛtÙäÝoßEç{ÑtØ!ÝËÚ%ÝoØ.Û�ã«ÒoÑtÚ%ß.ÝoØ�à�ÔWÖ�Ù�Ñ�Ú@Ô�Ø.Ý�ÒoÑ�Ü¢Õ�Ô#Ø ÝoÞ>ê�HÙ�ÛtÐ�ÝoØ�æÊÑtØ Þ�ÝoØ�ûFÑ#æ
Þ%×%Ú�Ñhà¶Ø.Ýoß.×%áäÖ ß!Ô#Ø ÝAß Ð�ÑhâEÚzç{ÑtØ�ÒoÑ�Ü¢Õ�Ô#Ø Ù�ß.ÑtÚ¯ê

Þ%Ùäß ÒoÑ�Ú8Ö Ù�Ú8×%ÙÀÖ£ãmÝJïbÖ�ÝËÚ%Þ%ß�ç{Ø.ÑtÜ Ö Ð%Ù�ß�Ö�Ø.Ù�Õ%áäÝAÕwÑ�Ù�ÚrÖHÞ%Ñ�âEÚyÖ�Ñ'Ö�Ð%Ý�Ø ÝJé�ÝoÒJÖ�ÙäÚ%Ûsâ�Ô�áäá7úÔ#ÖEâEÐ%ÙäÒ�ÐyÕIÑtÙ�ÚrÖHÙäÖEÙäß
Þ%ÝJé�ÝoÒJÖ�ÝoÞdÙäÚrÖ�Ñ¢Ôsâ�Ô�á�á1«.ÝËÖHÖ�Ð%Ô#Ö!é%ÑhâEß�è�Ô�Ò�ÓmÖ�Ñ�â�Ô�Ø Þ%ßHÖ�Ð%Ý � Ô�Ò�Ð@ß�Ö�ÝËÜ«ê�÷�Ð%Ý±ÒoÑtÚrÖ�Ô�ÒËÖ�Þ%Ù�ß.ÒoÑtÚrÖ�ÙäÚ8×%ÙäÖ£ã
Ô�Ú%Þ�âÄÔ#á�á2«.ÝËÖ±ÝJï�Ð%Ùäè%ÙäÖ�ß.Ü�Ô�áäá�Ø Ñtáäá�×%Õ�ß�ÙäÚ%Þ%×%ÒËÝoÞ,è8ã,ÔWVAÝoáäàbÙäÚ�æ��HÝoá�ÜsÐ%ÑtáÀÖ�üåÙäÚ%ß.Ö�Ô�è%Ùäá�ÙäÖ£ã�ê¢÷�Ð�Ýsâ�Ô�á�á>«.ÝJÖ
Ô�áäß Ñ�Þ�Ù�ß Õ�áíÔ}ãbß	Ô�á�Ô�Ø ÛtÝËØ!Ø.Ñtá�áä×%ÕyÙäÚ%Þ%×%ÒËÝoÞ@èrã«Ö�Ð%Ý±Õ%Ø ÝËß ÝoÚ�ÒoÝ½Ñ�ç�Ö Ð%Ý � Ô�Ò�Ðdß�Ö�ÝËÜ«ê�®Òo×�Ø.àtÝËÞ�Ø ÝËé%ÝoÒËÖ ÝoÞ
ß Ð�Ñ�Ò�Ó�Ù�ßFÒËÑtÚ%Ú%ÝËÒËÖ�ÝËÞ5Ö�ÑzÖ�Ð%Ý'î�Ø.ß.Ö±Ø ÝËé%ÝoÒËÖ ÝoÞ�ß.Ð%ÑbÒ�ÓIê
��ß ÝËÒoÑtÚ�Þ5â�ÝoÔ�Ó�ÝËØ � Ô#Ò�Ð�ß.Ö ÝoÜ ÝJïbÖ�ÝËÚ%Þ%ß�ç{Ø ÑtÜ
Ö�Ð�Ù�ßHÕwÑtÙäÚrÖ!Ö Ñ¢Ö�Ð�Ý±î�Ø.ß.Ö	ÒËÑtÚrÖ�Ô�ÒJÖ	Þ%Ùäß ÒËÑtÚrÖ�Ù�Ú8×%ÙÀÖ£ãtêH÷�Ð%ÝoØ.ÝåÙ�ß!Ô�áäß Ñ¢Ô�ß ÝËÒoÑtÚ%Þdß.á�ÙäÕ%á�ÙäÚ%ÝFÔ#Ö Ö�Ô�Ò�Ð%ÝËÞyÖ�ÑsÖ�Ð%Ùäß
ÕIÑtÙ�ÚrÖ�âEÐ%ÙäÒ�Ð«ÙäßÄÖ�ÑbÑ'â�Ý}Ô#Ó�Ö�Ñ¢Ô�Õ%ÕIÝ}Ô�Ø�ÙäÚ¶Ñt×%Ø�ÒoÑ�Ü¢Õ%×�Ö�Ô#Ö Ù�ÑtÚ�Ô#á>Ø ÝËß ×%áÀÖ�ßËê

ð,ÝSÒoÑtÜsÕ%×�Ö Ý¢Ö Ð%Ý�é�Ñ�â�ÑtÚøÔ ò�ò¬�&� � /��&� ÛtØ ÙäÞ5âEÙäÖ Ð5Ö�Ð%Ý¢Ö£â�ÑdÜsÝËÖ Ð%Ñ�Þ�ßoêy÷�Ð�ÝmÞ%ÝoÚ%ß.ÙäÖ£ã5Ô#Ö ? G� ��ò Ù�ß±Þ%Ù�ß.Õ%áíÔ}ã�ÝoÞ�ÙäÚ l Ù�Û�×%Ø Ý � êy÷�Ð�ÝmÐ%Ù�ÛtÐ�ÝoØ�æÊÑtØ Þ�ÝoØ�ûFÑbÞ%×%Ú%Ñ�à,ß Ò�Ð%ÝËÜ¢Ý�Ù�ß�ß.á�ÙäÛtÐrÖ�áäã�èIÝËÖ.Ö�ÝËØåÔ#Ö�èwÑ�Ö Ð
ß ×�Õ%Õ%Ø ÝËß ß.Ù�Ú%Û¢Ñtß ÒËÙ�á�á�Ô#Ö�ÙäÑtÚ%ß�Ù�ÚmÖ�Ð�Ý�ÕIÑtß�Ö�ß Ð�Ñ�Ò�ÓmØ.ÝoÛtÙäÑtÚ¶Ñ�ç2Ö Ð%ÝFá�ÝJçvÖ�ÝoÚ%ÞzÑ�ç6Ö�Ð%ÝFÒË×%Ø.à�ÝoÞ@Ø.ÝËé�ÝËÒËÖ�ÝËÞyß.Ð%Ñ�Ò�Ó
Ô�Ú%ÞsÚ%Ñ�Ö�ß.×%Õ%Õ%Ø.Ýoß ß.Ù�Ú%Û�Ö�Ð%ÝHß Ü¢Ô�áäá�Ø Ñ�á�á�×�Õ%ß�Ù�Ú½Ö�Ð�ÝHâ�Ô�á�á¬«.ÝËÖ}ê_÷�Ð%Ý!Ø.Ýoß.×%áäÖ ß�Ô�áäß ÑFß Ð�Ñhâ1Ô�ß.á�Ù�Û�Ð8Ö áäã±ß Ü¢Ô�á�áäÝoØ
Ø Ñ�á�á�×�Õ«Ñ�ç_Ö�Ð%Ý�â�Ô�áäá,«.ÝJÖ�«.×%ß�Ö	èIÝËç{ÑtØ.Ý±Ö Ð%Ý � Ô#Ò�Ðdß.Ö�ÝËÜ«êH÷�Ð%Ý���Ô�Û�Ø�Ô�Ú%Û�Ý±Õ%áä×%ß�Ø.ÝoÜ¢Ô�Õyß.Ò�Ð%ÝoÜsÝ�ú>ÑtÚyÖ�Ð�Ý
Ñ�Ö Ð%ÝoØËú�Ù�ß�èIÝËÖ Ö ÝoØHÔ#ÖEß.×%Õ%Õ%Ø.Ýoß ß.Ù�Ú%Û¢Ñtß ÒËÙ�áäáíÔ#Ö Ù�ÑtÚ%ß�Ù�ÚmÖ�Ð�Ý�ÜsÙ�Þ�Þ%á�ÝAÔ#Ú%Þ¶Ø Ù�Û�Ð8ÖEß.ÝoÒJÖ�Ù�Ñ�Ú%ßEÑ�ç_Ö Ð%ÝFÕwÑtß�Ö�ß.Ð%Ñ�Ò�Ó
Ø ÝËÛtÙ�Ñ�ÚsÑ#çwÖ Ð%Ý!ÒË×%Ø.à�ÝoÞ¢Ø ÝËé%ÝoÒËÖ ÝoÞSß.Ð%ÑbÒ�ÓIêv��Ñ�Ö�Ðsß Ò�Ð%ÝËÜ¢ÝËß�Ý�ï�Ð�Ù�è%ÙÀÖ�ÔFß.Õ%×%Ø.Ù�Ñt×%ß(â�Ô�à�Ý!ÝËÜ�Ô#Ú�Ô#Ö�ÙäÚ%ÛAâEÐ%ÝoØ.Ý
Ö�Ð�Ý � Ô�Ò�Ð ò�� ß.Ð%Ñ�Ò�Ó'ÙäÚ8Ö ÝoØ.ß ÝoÒJÖ�ß�Ö Ð%Ý!Ö ÑtÕ�èIÑt×%Ú�Þ�Ô�Ø.ã�êk÷�Ð%Ùäß�â�Ô�à�Ý�ú�Ô#á�ß Ñ�Ñtè%ß.ÝoØ�àtÝoÞmèrãsð5ÑbÑbÞ�âÄÔ#Ø ÞSÔ#Ú%Þ
ë�ÑtáäÝoá�á�Ô ñ�ò�ó�ô�õ8ö Ù�ßEÞ%×�Ý�Ö ÑsÖ Ð%Ý±ÜsÙ�ß.Ü�ÔWÖ�Ò�Ð¶èwÝJÖ£â�ÝËÝoÚyÖ Ð%Ý�ÝJï�Ô�ÒËÖ�Ô�Ú%Þ¶Ö�Ð�Ý±Ú8×%ÜsÝoØ.Ù�Ò}Ô#áPØ ÝoÕ�Ø Ýoß.ÝoÚrÖ�ÔWÖ�Ù�Ñ�Ú%ß
Ñ�çÄÖ Ð%Ý�ß.Ð%ÑbÒ�Ó,Ñt×�Ö�ß ÙäÞ%Ý¢Ô�Ú%Þ�ÙäÚ%ß ÙäÞ%Ý�ú6Ø ÝËß ÕIÝoÒËÖ Ùäà�Ýoáäã�ú_Ö�Ð�Ý¢Ö�Ñ�Õ�èwÑ�×%Ú%Þ�Ô�Ø�ãtê¶÷�Ð%Ý¢ß Õ%×%Ø.Ù�Ñt×�ß±â�Ô�à�ÝSÐ�Ô�ß�Ô
ß áäÙ�ÛtÐrÖ áäãAÜsÑtØ Ý�Þ%ÝoáäÝËÖ ÝoØ ÙäÑt×%ß6Ý$¹wÝoÒJÖ�ÑtÚ�Ö Ð%Ý5��Ô�ÛtØ Ô�Ú%ÛtÝ�Õ%á�×�ß_Ø ÝËÜ�Ô#Õåß Ñtáä×�Ö�ÙäÑtÚ¯ê�÷�Ð%ÝÄß.Õ%×%Ø.Ù�Ñt×%ß2ÒoÑtÚrÖ Ñt×%ØkÙäÚ
Ö�Ð�Ý±Ð%ÙäÛtÐ%ÝËØ�æ£Ñ�Ø Þ%ÝËØHûFÑbÞ%×%Ú%Ñ�àmØ.Ýoß.×%áäÖ ß�«.×�ß.Ö!Ñt×�Ö�ß.Ù�Þ%ÝAÖ Ð%ÝFÒo×%Ø�àtÝoÞyØ ÝËé%ÝoÒËÖ ÝoÞ@ß.Ð%ÑbÒ�Ó¶Ô#Ö CW< ò � 3 T EX< � 3
Þ%ÝËá�Ù�ÜsÙäÖ ß�Ôyß Ü¢Ô�á�á�ÕIÝoØ.Ö ×%Ø è%Ô#Ö�ÙäÑtÚ,Ö Ð�Ô#Ö½ÙäßåÔ�áäß ÑyÕ�Ø Ýoß.ÝoÚrÖ'Ù�Ú,Ö�Ð%Ý
��Ô�Û�Ø�Ô�Ú%Û�Ý�Õ%áä×%ßåØ ÝËÜ�Ô#Õ�Ø ÝËß ×%áÀÖ�ßåè%×�Ö
âEÐ%ÙäÒ�Ð«Þ%ÑbÝoßEÚ%Ñ#Ö�Ô#Õ%ÕwÝoÔ�Ø�Ù�ÚmÖ Ð%ÝFÕ%á�Ñ�Ö�âEÙäÖ�ÐzÑt×%Ø�Ò�Ð�ÑtÙ�ÒËÝ�Ñ#ç_ÒËÑtÚrÖ�Ñt×%ØEáäÝËàtÝËá�ßËê

ð,Ý�Ú%Ý�ï�ÖåÝJï�Õ%á�Ñ�Ø Ý¢Ö Ð%Ý�Ýº¹>ÝËÒËÖ½Ñ#çÄÖ�Ð%Ø.ÝoÝSÞ�Ù¸¹wÝoØ ÝËÚrÖ�Ö�ÙäÜ¢ß�Ö�ÝËÕ%Õ%Ù�Ú�Û«ÑtÕ�Ö�Ù�Ñ�Ú%ß±ÙäÚ,Ö Ð%Ý
��Ô�ÛtØ Ô�Ú%ÛtÝsÕ%á�×�ß
ò�ó



l ÙäÛt×%Ø Ý � #Â�	ÝËÚ%ß ÙÀÖ£ã½ÒoÑtÚrÖ Ñt×%Ø ß(ç{Ø Ñ�Ü®Ò}Ô#á�Òo×�áíÔ#Ö Ù�ÑtÚ%ß_Ñ�ç¯Ô � Ô�Ò�Ð ò�� ß Ð�Ñ�Ò�Ó½Õ%Ø.ÑtÕ�Ô�ÛtÔ#Ö�ÙäÚ%ÛAÙ�ÚsÔAÕwÑ�áäã8Ö�Ø.ÑtÕ%Ù�Ò
ÛrÔ�ß ñnm G ò � õ8ö Ô#Ö /&�JI Ö�ÑSÖ Ð%ÝåàtÝËØ.Ö�ÙäÒ}Ô�á2Ù�ÜsÕ%Ù�Ú�ÛtÙ�Ú%ÛsÑtÚ�ÔSß Ñ�á�Ù�Þ«âÄÔ�áäá7êF÷�Ð%ÙäØ.Ö£ã«Þ%ÝoÚ%ß.ÙäÖ£ãdÒËÑtÚrÖ�Ñt×�Ø ßFÔ�Ø.Ý
×%ß.ÝoÞsÙ�Ú½Ý}Ô#Ò�Ð¢Õ%áäÑ�Ö}ê6÷�Ð%ÝEÞ%ÝËÚ%ß ÙÀÖ£ãåÒoÑ�Ú8Ö Ñt×%Ø.ß�Ø Ô�Ú%ÛtÝÄç{Ø.ÑtÜ ò ê õ Ö Ñ ��� ê 3�ò ê_÷�Ð�Ý�×%Õ%ÕIÝoØ(Õ%á�Ñ#ÖkÙ�ß�ÒËÑtÜsÕ%×�Ö�ÝËÞ
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Ö�Ð�Ý � Ô�Ò�Ðyß�Ö�ÝoÜ Ô�Ú%Þ¶Ö�Ð%ÝFÙ�ÚrÖ ÝoØ.ç�Ô#ÒoÝ�ú�Ú�Ô�ÜsÝoáäã�ú ��ôJI ê�#õ
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ê ���&*��tô&/ ê��Áß ÙäÚ%Ûtá�Ý�ÒoÑtÚrÖ�Ñ�×%ØEá�ÝËà�ÝoáPß.Ð%Ñ�âEßHÖ Ð%ÝFÕwÑtß.ÙäÖ Ù�ÑtÚSÑ#ç2Ö Ð%ÝFÒo×%Ø�àtÝoÞ«Ø ÝJé�ÝoÒJÖ�ÝoÞ«ß Ð%ÑbÒ�Óê�÷�Ð�Ý�×�Õ%ÕwÝËØ
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Ù�Ú�ÒoØ ÝoÔ�ß ÝËß ^ ê�÷�Ð�Ý±ß.Ò}Ô�áäÝAÙ�ßÄÖ�Ð�Ý�ß Ô�ÜsÝ±Ô#ßHÙäÚ l Ù�Û�×%Ø Ý ò�/ ê

l ÙäÛt×%Ø Ý ò�* #��	ÝoÚ�ß ÙäÖ£ã�ÒËÑtÚrÖ�Ñt×�Ø ß±ç{Ñ�Ø±ß.Ð%Ñ�Ò�Ó�Ø.ÝËç{Ø�Ô#ÒËÖ�ÙäÑtÚ�Õ%Ø Ñtè�á�ÝoÜ4ÒËÑtÜsÕ%×�Ö�ÝËÞ5èrã�Ö�Ð%ÝÇ��Ô�ÛtØ�Ô#Ú%ÛtÝ'Õ%á�×�ß
Ø ÝËÜ�Ô#Õzß.Ò�Ð%ÝoÜsÝFâEÙäÖ�Ð«Ô½ß Õ�ÔWÖ�ÙíÔ#á�áäã¢ÑtÕIÝoØ Ô#Ö�ÑtØ�ß.Õ%á�ÙÀÖHÔ�Þ�à�ÝoÒËÖ Ù�ÑtÚzß Ò�Ð�ÝoÜsÝ�ê�÷�Ð�Ý±ß.Ò}Ô�áäÝAÙ�ß�Ö�Ð%ÝFß Ô�Ü¢Ý�Ô�ßEÙäÚl ÙäÛt×%Ø Ý ò8/ ê

��ô



Ð%ÙäÛtÐ%ÝoØ<æ£ÑtØ.Þ%ÝoØ±ûAÑ�Þ�×%Ú%Ñ�àdÜsÝËÖ�Ð�Ñ�Þ + ß ÝËÝ l ÙäÛt×%Ø ÝËß ò¬� Ô#Ú%Þ ò�ô êsð´ÙÀÖ�Ð%Ñt×�Ö±ÜsÑbÞ%Ùäî�ÒoÔ#Ö�ÙäÑtÚ¯ú¯Ö Ð%Ý¢ÜsÝËÖ Ð%ÑbÞ
ÒoÑ�Ü¢Õ%×�Ö�ÝoßFÖ�Ð�Ý¢âEØ Ñ�Ú%Ûyß.Ð%Ñ�Ò�Ó�ß.ÕwÝËÝoÞ¯ê¶÷�Ð%ÝËØ ÝSÔ#Ø ÝsÝoß ß.ÝoÚrÖ�Ù�Ô�á�áÀãdÖ�Ð%Ø.ÝoÝ¢Ü¢ÑbÞ%Ùäî%Ò}Ô#Ö Ù�ÑtÚ%ß�ÑtÚ%Ý�ÒoÔ�Ú5Ü¢Ô�Ó#Ý
Ö�Ñ«Ö�Ð%ÝSÜsÝËÖ Ð%ÑbÞ�ß Ñ@Ö Ð�Ô#ÖåÙÀÖ�Þ�Ñ�ÝËßåÒoÑtÜsÕ%×�Ö Ý�Ö�Ð�ÝSÒoÑtØ.Ø ÝËÒËÖ½ß.ÕwÝËÝoÞh#sÙ�ÜsÕwÑ�ß Ý'Ö�Ð%ÝSÕIÑtß�Ö�ß Ð�Ñ�Ò�Ó,Õ%Ø ÝËß ß ×�Ø Ý
Ñ�ç ð ] ê Ô#Ö±Ö�Ð%Ý�Ø Ù�Û�Ð8Ö Ü¢Ñ�ß.Ö±ÒoÝoáäá�ç�Ô#ÒoÝ�ú_×%ß ÝSÖ£âEÙäÒoÝ¢Ö Ð%ÝSÚ%Ñ�Ø Ü¢Ô�ás��Ô�Õ�Ù�Þ%×%ß�àbÙ�ß ÒËÑtß ÙÀÖ£ã,Ô#Ö�Ö Ð%ÝSØ ÙäÛtÐrÖåÜsÑtß.ÖÒoÝËá�á�ç�Ô#ÒoÝ ñ ûAØ ÝËÝoÚ%Ñ�×%ÛtÐ¯ú �&�����tö ú�ÑtØ½×%ß.ÝzÔ�Ú¹ÝJï�Ô�ÒËÖ �EÙ�ÝËÜ�Ô�Ú�Úøß ÑtáÀàtÝoØåç{Ñ�Ø'Ô@ÕwÑtáÀã8Ö�Ø Ñ�Õ%Ù�ÒSÛtÔ�ß½Ù�Ú%ß�Ö�ÝoÔ�Þ
Ñ�ç�Ö�Ð%ÝsÔ�Õ�Õ%Ø Ñ}ï�Ù�Ü¢Ô#Ö�Ý�ß ÑtáÀàtÝoØ + Ô�ÛtÔ�Ù�Ú¯ú>ß ÝoÝ l ÙäÛt×%Ø ÝËß ò¬� Ô�Ú%Þ ò�ô ê ñ ÷�Ð%Ý'ÝJï�Ô�ÒJÖ±ß.Ñtáäà�ÝoØFÙ�ßAÝ�ï�Ô�ÒËÖFÖ�Ñ¶Ö�Ð�Ý
Ö�Ñ�á�ÝoØ Ô�Ú%ÒËÝ�Ñ�ç(Ö�Ð�ÝåØ ÑbÑ�ÖHî�Ú%Þ%ÝËØAÙäÖ	ÝËÜ¢Õ�á�Ñ�ãbßoê ö ÷�Ð%Ý½á�ÑbÒ}Ô#Ö Ù�ÑtÚzÑ�ç(Ö�Ð�Ýåß Ð%ÑbÒ�ÓyÙäÚ«Ö Ð%Ý½ÝJï�Ô�ÒJÖAß Ñtáä×�Ö�ÙäÑtÚ@ÔWÖ
Ö�Ð�Ù�ß	Ö�ÙäÜ¢Ý�Ù�ß C G � ��3&*�� ê���áäá2Ö Ð%Ø ÝËÝsÑ#ç�Ö Ð%Ýoß.Ý�Ô�Õ�Õ%Ø ÑrÔ#Ò�Ð%ÝoßFÝJï�Ð%Ùäè%ÙäÖFÕIÑtß�Ö�ß Ð�Ñ�Ò�Ó@Ñ�ß ÒoÙäá�á�Ô#Ö�ÙäÑtÚ%ßoê  Ú,Ô�Ú
Ô#Ö.Ö�ÝoÜsÕ�Ö�Ö�ÑåØ.ÝoÞ%×�ÒoÝ�Ö Ð%Ýoß.Ý�ú�â�Ý�Ö�Ø.Ù�ÝËÞSÔ½ë l �dÚ8×%ÜåèIÝoØ �ÄG � 3 âEÙäÖ�Ð¢Ö�Ð%Ø.ÝoÝ	Ô#Õ%Õ%Ø ÑtÔ�Ò�Ð%Ýoß$#�Ö�Ð%Ý��6Ô#Õ%Ù�Þ%×�ß
àbÙ�ß.ÒoÑtß.ÙäÖ£ã�èIÑt×%Ú%Þ�Ô#Ø.ãdÜsÑ�Þ�Ùäî�ÒoÔ#Ö�ÙäÑtÚ¯ú>Ö Ð%Ý'ÝJï�Ô�ÒËÖ��EÙ�ÝoÜ¢Ô�Ú%Ú�ß.Ñtáäà�ÝoØoú2Ô�Ú%Þ�Ö�Ð�Ý¢Ý�ï%Ô#ÒËÖ��HÙäÝoÜ¢Ô�Ú%Ú�ß ÑtáÀàtÝËØ
âEÙäÖ ÐSÖ�Ð%Ý��6Ô#Õ%Ù�Þ%×�ß�àbÙ�ß ÒËÑtß ÙÀÖ£ãSÒËÑtÜ¢Õ�á�ÝËÖ ÝoáÀã¢Þ�Ù�ß�Ô#è%á�ÝËÞ¯êk÷�Ð%ÝAá�Ô�ß.Ö�Ñ#çPÖ�Ð%ÝËß ÝFß Ð%Ñ�âEß�Ö�Ð�Ý	á�ÝoÔ�ß.ÖEÔ#Ü¢Ñt×�Ú8Ö�Ñ�ç
Ñtß.ÒoÙ�áäáíÔ#Ö Ù�ÑtÚ«Ù�ÚdÙäÚ@Ö�Ð%Ý'ÕIÑtß.Ö ß Ð%ÑbÒ�Ó@Ø ÝËÛtÙ�Ñ�Ú¯ú>âEÐ%Ùäá�Ý�Ö Ð%Ý½î�Ø ß�Ö�Ô�ÒËÖ ×�Ô�á�áÀãyß.Ð%Ñ�âEßFÜ¢ÑtØ.Ý½Ñtß ÒËÙ�áäáíÔ#Ö Ù�ÑtÚ%ßEÖ�Ð%Ô�Ú
Ö�Ð�Ý ��G � ó Ò}Ô�ß.Ý�ê

ð,Ý�Ú%Ý�ï�Ö�ÒoÑtÜsÕ%×�Ö Ý�Ö Ð%Ý±é%Ñhâ âEÙÀÖ�ÐzÖ�Ð%Ý!��Ô�ÛtØ�Ô#Ú%ÛtÝ�Õ%á�×%ßHØ ÝËÜ�Ô#Õyß Ò�Ð�ÝoÜsÝå×%ß ÙäÚ%Û�èIÑ�Ö Ð«Ö�Ð�Ý±ÜsÑtÚ%Ñ#æ
Ö�Ñ�Ú%Ù�Ò�Ô#Ú%ÞsÖ Ð%Ý�ß.Ö�Ô�Ú%Þ�Ô#Ø Þ¢Ô�Ø.Ö Ùäî�ÒËÙíÔ�á8àbÙ�ß ÒËÑtß ÙÀÖ£ã + ß.ÝoÝ l Ù�Û�×%Ø ÝËß ò�ó Ô�Ú%Þ �&� ê l ÑtØkÒoÑ�Ü¢Õ�Ô#Ø Ù�ß.ÑtÚ¯ú�â�ÝHÙ�Ú%ÒËá�×%Þ%Ý
Ö�Ð�Ý�Ð%ÙäÛtÐ%ÝoØ<æ£ÑtØ.Þ%ÝoØÄûFÑbÞ%×%Ú�Ñhàsß.Ò�Ð%ÝoÜsÝ	Ø ÝËß ×%áÀÖ�ßÄÒËÑtÜsÕ%×�Ö�ÝËÞS×%ß.Ù�Ú%Û�Ö�Ð%Ý�àbÙäß ÒoÑ�ß ÙäÖ£ãsÜsÑ�Þ�Ùäî�ÒoÔ#Ö�ÙäÑtÚ�Ô#Ú%ÞS×%ß<æ
Ù�Ú�ÛyÖ�Ð%ÝmÝ�ï�Ô�ÒËÖ��EÙ�ÝËÜ�Ô�Ú�Úøß ÑtáÀàtÝoØ±âEÙäÖ�Ð �rG � ó ú(Ô�Ú%Þ¹×%ß.Ù�Ú%Û@Ö Ð%ÝSÝ�ï%Ô#ÒËÖ �HÙäÝoÜ¢Ô�Ú%Ú�ß.Ñtáäà�ÝoØ�âEÙÀÖ�ÐøÖ�Ð�Ý��Ô�Õ%ÙäÞ%×%ß±àbÙäß ÒoÑ�ß ÙäÖ£ã�ÒËÑtÜ¢Õ�á�ÝËÖ ÝoáÀã�Þ%Ù�ß Ô�è%á�ÝËÞ,âEÙÀÖ�Ð �ÒG � 3 ê  Ú5Ö�Ð�Ý¢â�Ô�á�á�Ø ÝËÛtÙ�ÑtÚ>ú2Ö�Ð�Ý7��Ô�ÛtØ Ô�Ú%ÛtÝsÕ%á�×�ß
Ø ÝËÜ�Ô#Õøß Ò�Ð%ÝËÜ¢ÝmâEÙäÖ Ð�Ö�Ð%ÝmÜsÑtÚ%Ñ#Ö�ÑtÚ%ÙäÒÇ®yÔ�Ú%ÞøÖ�Ð%ÝmÐ�Ù�ÛtÐ%ÝËØ�æÊÑtØ Þ%ÝËØ'ûAÑ�Þ%×�Ú%Ñ�à5ß.Ò�Ð%ÝoÜsÝmâEÙäÖ�Ð�Ö Ð%ÝSàbÙ�ß<æ
ÒoÑ�ß ÙäÖ£ãyÜ¢ÑbÞ%ÙÀî�Ò}Ô#Ö Ù�ÑtÚ«ÒoÑtÜsÕ%×�Ö Ý�Ö�Ð�Ý½á�Ý}Ô#ß.ÖFÔ�ÜsÑt×%ÚrÖAÑ#ç�â�Ô�áäákÐ%Ý}ÔWÖ�Ù�Ú�Û%ê%	!Ñ�ÖFß.×%Ø Õ%Ø.Ù�ß.Ù�Ú%ÛtáÀãtúIÖ�Ð%Ý½×%ß.Ý½Ñ�ç
Ö�Ð�Ýsß�Ö�Ô�Ú�Þ�Ô�Ø ÞA®mØ ÝËß ×%áÀÖ�ßFÙ�ÚdÖ Ð%Ý'áíÔ�Ø.ÛtÝoß�Ö�Ô�Ü¢Ñ�×%ÚrÖFÑ�ç�â�Ô�áäá�Ð%Ý}Ô#Ö Ù�Ú%Û�ê  Ú�Ö Ð%Ý'ÕwÑtß�Ö�ß.Ð%Ñ�Ò�ÓdØ.ÝoÛtÙäÑtÚ¯úPÖ�Ð�Ý
ß.Ö�Ô�Ú%Þ�Ô#Ø ÞZ®zÔ�Ú%Þ�Ö�Ð%Ý �ÒG � 3 Ø.Ýoß ×�áäÖ�ß±ß Ð%Ñ�â Ö Ð%Ý�áäÝ}Ô�ß�ÖåÔ�ÜsÑt×%ÚrÖ�Ñ�ç�Ñ�ß ÒoÙäá�á�Ô#Ö�ÙäÑtÚ¯ê�÷�Ð�Ý�Ð%ÙäÛtÐ%ÝoØ<æ£ÑtØ.Þ%ÝoØ
ûAÑ�Þ%×�Ú%Ñ�à5ß.Ò�Ð%ÝoÜsÝSâEÙäÖ Ð�Ö�Ð%Ý�àbÙäß ÒoÑ�ß ÙäÖ£ã5Ü¢ÑbÞ%ÙÀî�Ò}Ô#Ö Ù�ÑtÚ�ÒoÑ�Ü¢Õ%×�Ö�ÝoßåÖ Ð%ÝSÜsÑtß.ÖoúkâEÐ%Ù�áäÝ¢Ö Ð%ÝSÑ�Ö Ð%ÝoØ�Ö£â�Ñ
ß Ò�Ð�ÝoÜsÝoß¶Ô�Ø.Ý«ÒËÑtÜ¢Õ%Ô�Ø�Ô�è�á�Ý�ê´÷�Ð%Ýyß Ñtáä×�Ö�ÙäÑtÚ0ÒËÑtÜsÕ%×�Ö�ÝËÞ©èrã0Ö£â�ÑøÝJï�Ô�ÒJÖ
�EÙ�ÝËÜ�Ô�Ú�Ú\ß Ñ�áäàtÝËØ�ÜsÝËÖ Ð%Ñ�Þ�ß
ß Ð�Ñhâ·Ö�Ð%Ý�èwÝËß.Ö!Ø ÝËß Ñtáä×�Ö�ÙäÑtÚ¶Ñ�ç_Ö Ð%ÝFß Ð%ÑbÒ�ÓêÄ÷�Ð%Ý!�6Ô#ÛtØ�Ô�Ú�ÛtÝFÕ%á�×%ßEØ.ÝoÜ¢Ô�Õ«Ø.Ýoß.×%áäÖ ß!ß.Ð%Ñ�â ß áäÙ�ÛtÐrÖ�áÀãSÜsÑtØ Ý
ß Õ�Ø Ý}Ô#Þ%Ù�Ú%ÛsÑ�çkÖ Ð%Ý�ß Ð%ÑbÒ�ÓúIâEÐ%Ùäá�Ý	Ö Ð%Ý±ß.Ð%ÑbÒ�Ózß.ÕwÝËÝoÞ@ÙäÚzÖ Ð%Ý±Ô�Õ%Õ%Ø.Ñ�ï�ÙäÜ�Ô#Ö Ý4�HÙäÝoÜ¢Ô�Ú%Úzß ÑtáÀàtÝËØHØ.Ýoß.×%áäÖ ß!Ùäß
ß áäÙ�ÛtÐrÖ áäã¢×%Ú%Þ%ÝËØ Ýoß�Ö�ÙäÜ�Ô#Ö ÝoÞ¯ê

p(`�[½|{X�l6Tmn}V�fPTHG�g�Î6c�`]  ÚSÖ�Ð�Ù�ßÄß.Ð%Ñ�Ò�ÓsÖ�×%èIÝ	Õ%Ø.Ñtè%áäÝoÜ ñ ��ÝËÚ%ß ÑtÚ>ú ò�ótó�� Ô + �PÝ8��áíÔ�Ú%Ò ö Ö Ð%ÝAÙ�Ú%ÙÀÖ�Ù�Ô�á
Þ%Ùäß ÒoÑ�Ú8Ö Ù�Ú8×%ÙÀÖ£ã¹ß ÝoÕ%Ô�Ø�Ô#Ö ÝoßmÔ�Ø ÝËÛtÙ�ÑtÚ0Ñ�ç	à�ÝoØ.ã0Ð%ÙäÛtÐ0ÝËÚ%ÝoØ.Û�ã\Ô�Ú%Þ\Þ�ÝoÚ%ß.ÙäÖ£ã¿ç{Ø ÑtÜ ÑtÚ�ÝyÑ�çAáäÑ�âMÝoÚ%ÝËØ Û�ã
Ô�Ú%ÞøÞ�ÝoÚ%ß.ÙäÖ£ãtê�÷�Ð%Ý�Ù�Ú%ÙÀÖ�ÙíÔ#á�Þ%Ù�ß.ÒoÑtÚrÖ�ÙäÚ8×%ÙäÖ£ã,Ù�ß�Ô#Ö C G / ê ñ K T ^ T L ö G ñ<ò T � ò T �rö ç{ÑtØ C ¨ / Ô#Ú%Þ
ñ � ����ò T ò8� ¶ ì T �rö ç{ÑtØ Cm / ê¢÷�Ð�Ý¢ÛrÔ#ß�ÙäßFÕwÑtáÀã8Ö�Ø Ñ�Õ%Ù�Ò�âEÙÀÖ�Ð m G 3 ] / � ÷�Ð%Ýsß Ñ�á�×�Ö Ù�ÑtÚ�ÒoÑ�Ú%ß Ùäß.Ö�ß�Ñ�ç�Ôß.Ö Ø ÑtÚ�Û�Ø�Ô#Ø ÝËç�Ô#ÒËÖ�ÙäÑtÚ�ÜsÑ�àbÙ�Ú%ÛFÖ�Ñ�Ö�Ð%Ý!á�ÝËçvÖoúbÔ�Ú%ÞmÔ�ÒoÑtÚrÖ�Ô#ÒËÖÄÞ�Ù�ß ÒËÑtÚrÖ�ÙäÚb×�ÙäÖ£ãsÔ�Ú%Þ�Ô�ß Ð�Ñ�Ò�Ó'ÜsÑhàbÙäÚ%Û�Ö Ñ�Ö�Ð�Ý
Ø ÙäÛtÐrÖ}ê

ð,ÝÄÒoÑtÜsÕ%×�Ö Ý�Ö�Ð�ÝÄé�Ñ�â¿âEÙÀÖ�Ð½èIÑ�Ö�Ð�Ü¢ÝJÖ�Ð%ÑbÞ%ßkÑtÚ½Û�Ø Ù�Þ�ß_Ñ�ç ò�ô�� Ô�Ú%Þ ò}õtõ�� üoÑtÚ�Ýoßoê l Ñ�Ø_ÒoÑ�Ü¢Õ�Ô#Ø Ù�ß.ÑtÚ¯ú
â�Ý!Ô#á�ß ÑAÒËÑtÜsÕ%×�Ö�ÝÄÖ Ð%Ý�é�Ñ�â\èIÑ�Ö Ð'âEÙÀÖ�ÐsÔ"��Ô�ÛtØ Ô�Ú%ÛtÙ�Ô�Ú½Ð%Ù�Û�Ð%ÝoØ<æ£ÑtØ.Þ%ÝoØ(ûAÑbÞ%×%Ú%Ñ�àåÜsÝËÖ Ð%ÑbÞ ñ Ï�Ô�áÀÖ�üËÜ�Ô�Ú�Ú
Ô�Ú%Þ�ë�Ñ�á�ÝoáäáíÔ�ú ò�ó�ô�3tö Ô#Ú%Þ@âEÙäÖ ÐyÖ�Ð%Ý�ß.Ö�Ô#ÛtÛtÝoØ.ÝoÞ�ÛtØ.Ù�ÞÄ��Ô�Û�Ø�Ô�Ú%Û�Ýåß Ò�Ð%ÝËÜ¢Ý½Ñ�ÚyÖ�Ð%Ý½ß Ô�ÜsÝ�Þ%ÑtÜ¢Ô�ÙäÚ¯ê�ð,Ý
Ô�áäß Ñ	ÒËÑtÜ¢Õ�×�Ö�ÝÄÖ Ð%Ý�ÝJï�Ô�ÒJÖ(ß Ñtáä×�Ö�ÙäÑtÚå×%ß.Ù�Ú%Û	Ö Ð%Ý�ÝJï�Ô�ÒJÖ��HÙäÝoÜ¢Ô�Ú%Úåß.Ñtáäà�ÝoØ�ÜsÝoÚrÖ�ÙäÑtÚ%ÝoÞ'Ô#èwÑ�àtÝ#êk÷�Ð%ÝEÙ�ÚrÖ ÝoØ�æ
Ú�Ô�á�ÝËÚ%ÝoØ.ÛtÙ�ÝËß�ç{Ñ�Ø(Ô�á�á�ç{Ñ�×%Ø(Ü¢ÝJÖ�Ð%ÑbÞ%ß�Ô�Ú%ÞsèwÑ#Ö�ÐsÛtØ ÙäÞ%ß(Ô�ß�â�ÝËá�á�Ö�Ð�ÝHÝ�ï�Ô�ÒËÖ�ß Ñtáä×�Ö�ÙäÑtÚsÔ#Ö ? G * Ô�Ø.ÝEß Ð%Ñ�âEÚ
Ù�Ú l ÙäÛt×%Ø.Ýoß ��ò Ô�Ú%Þ ��� ê 6 Ú¶Ö�Ð�Ý ò�ô&� üËÑtÚ%Ý�ÛtØ ÙäÞ¯úÔ�áäá>ç{Ñt×%ØEÜsÝËÖ�Ð�Ñ�Þ%ßEÐ�Ô}à�Ý±Þ%ÙnYsÒo×%áÀÖ£ã¶ÒoÑtÜsÕ%×�Ö Ù�Ú%Û½Ö�Ð�Ý
ÕIÑtß ÙÀÖ�Ù�Ñ�Ú�Ñ#ç�Ö�Ð�Ý�ß Ð�Ñ�Ò�Óê_÷�Ð�Ý�Ö£â�Ñ"��Ô�ÛtØ�Ô#Ú%ÛtÙíÔ#Ú�ÜsÝËÖ Ð%ÑbÞ%ß�èwÝËß.ÖkÒËÑtÜsÕ%×�Ö�Ý(Ö�Ð�Ù�ß�ÕwÑ�ß ÙäÖ Ù�ÑtÚ>úhâEÐ�Ù�á�Ý�Ö Ð%Ý�Ö£â�Ñ
ý�×%á�ÝËØ Ù�Ô�Ú@ß Ò�Ð�ÝoÜsÝsß.Ð%Ñ�â¨Ø.Ñt×%ÛtÐ%áÀãzÝoì8×�Ô�á(Ô�Ú�ÞdÑtÕ%ÕIÑtß ÙÀÖ�ÝåÝËØ Ø Ñ�Ø ßoê!��Ñ�Ö ÐA�6Ô#ÛtØ�Ô�Ú�ÛtÙíÔ�Ú«Ü¢ÝJÖ�Ð%ÑbÞ%ßËúPÐ%Ñ�âÄæ
ÝËà�ÝoØËú¯ÒoÑtÜsÕ%×�Ö ÝåáíÔ#Ø ÛtÝ�Ñ�àtÝoØ.ß Ð%ÑbÑ�Ö ßAÙ�Ú«Ö Ð%ÝåÕIÑtß.Ö ß Ð%ÑbÒ�Ó¶à�Ô#á�×%Ý#ê�÷�Ð%Ý½Ð%ÙäÛtÐ%ÝËØ�æ£Ñ�Ø Þ%ÝËØ	ûAÑ�Þ�×%Ú%Ñ�àyÜsÝËÖ Ð%ÑbÞ
Ù�ß½èIÝoß�Ö¢Ô#Ö'ÒoÑtÜsÕ%×�Ö Ù�Ú%Û@Ö Ð%ÝmÒoÑ�Ú8Ö�Ô�ÒËÖsÞ%Ùäß ÒËÑtÚrÖ�Ù�Ú8×%ÙÀÖ£ãtú(âEÐ%Ù�áäÝ�Ö�Ð�Ý���Ô�Û�Ø�Ô�Ú%Û�ÝmÕ%á�×%ß½Ø.ÝoÜ¢Ô�Õ¹ß Ò�Ð%ÝËÜ¢Ý¶Ùäß
ÜsÑtØ Ý'ß ×�ÒoÒoÝËß ß�ç{×%á�Ö Ð�Ô�Ú,Ö Ð%Ý'Ö£â�Ñ��6Ô#ÛtØ�Ô�Ú�ÛtÙíÔ�Ú�ÜsÝËÖ Ð%Ñ�Þ�ßoêS÷�Ð%Ý'Ö£â�Ñdý�×%á�ÝËØ ÙíÔ#Ú�ÜsÝËÖ Ð%ÑbÞ%ß±èIÑ�Ö Ð,ÒËÑtÜ'æ
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higher−order Godunov
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h.o.g., pressure bc
o
h.o.g., viscosity bc
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h.o.g., exact Riemann solver
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h.o.g., viscosity bc, cfl=.5
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h.o.g., exact, cfl=.5, Lapidus off
o
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h.o.g., pressure bc
o
h.o.g., viscosity bc
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h.o.g., exact Riemann solver
o
h.o.g., viscosity bc, cfl=.5
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h.o.g., exact solver, cfl=.5
o
h.o.g., exact, cfl=.5, Lapidus off
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h.o.g., pressure bc
o
h.o.g., viscosity bc
o
h.o.g., exact Riemann solver
o
h.o.g., viscosity bc, cfl=.5
o
h.o.g., exact solver, cfl=.5
o
h.o.g., exact, cfl=.5, Lapidus off
o
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h.o.g., pressure bc
o
h.o.g., viscosity bc
o
h.o.g., exact Riemann solver
o
h.o.g., viscosity bc, cfl=.5
o
h.o.g., exact solver, cfl=.5
o
h.o.g., exact, cfl=.5, Lapidus off
o
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Lagrange plus remap
Lagrange plus remap, standard q
h.o.g., viscosity bc
o
h.o.g., exact Riemann solver
o
h.o.g., exact, cfl=.5, Lapidus off
o
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Lagrange plus remap
Lagrange plus remap, standard q
h.o.g., viscosity bc
o
h.o.g., exact Riemann solver
o
h.o.g., exact, cfl=.5, Lapidus off
o

l ÙäÛt×%Ø Ý ò�ó #�	ÝoÚ%ß.ÙäÖ£ãyÔ#Ö ? G * ç{ÑtØ�Ö�Ð�ÝåÕ%áíÔ#Ú�Ô�Ø�	HÑtÐdÕ%Ø.Ñtè%á�ÝËÜ ÔWÖ ? G � �&/ ÑtÚ�ÔSÛtØ.Ù�Þ@Ñ#ç ô���� üoÑ�Ú%ÝoßËê��Ô�ÛtØ Ô�Ú%ÛtÝÄÕ�á�×%ß�Ø.ÝoÜ¢Ô�ÕsÔ�Ú%Þ'Ð%Ù�Û�Ð%ÝoØ<æ£ÑtØ.Þ%ÝoØ(ûAÑbÞ%×%Ú%Ñ�àåØ.Ýoß.×%áäÖ ß�Ô#Ø Ý�ß Ð�ÑhâEÚ>ê�÷�Ð%Ý�ç{×%á�á�Õ%Ø Ñtè�á�ÝoÜ Þ%ÑtÜ¢Ô�Ù�Ú
Ô�Ú%Þ«Ô½ÒoáäÑtß ÝË×%Õ«Ñ#ç2Ö Ð%ÝFß Ð%ÑbÒ�ÓmØ ÝËÛtÙ�ÑtÚ¶Ô#Ø ÝFß Ð%Ñ�âEÚ¯ê
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4.05
Lagrange plus remap
Lagrange plus remap, standard q
h.o.g., viscosity bc
o
h.o.g., exact Riemann solver
o
h.o.g., exact, cfl=.5, Lapidus off
o
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4.5 Lagrange plus remap
Lagrange plus remap, standard q
h.o.g., viscosity bc
o
h.o.g., exact Riemann solver
o
h.o.g., exact, cfl=.5, Lapidus off
o

l ÙäÛt×%Ø Ý �&� #�	ÝoÚ%ß.ÙäÖ£ãyÔ#Ö ? G * ç{ÑtØ�Ö�Ð�ÝåÕ%áíÔ#Ú�Ô�Ø�	HÑtÐdÕ%Ø.Ñtè%á�ÝËÜ ÔWÖ ? G � �&/ ÑtÚ�ÔSÛtØ.Ù�Þ@Ñ#ç ô���� üoÑ�Ú%ÝoßËê��Ô�ÛtØ Ô�Ú%ÛtÝ(Õ%áä×%ß�Ø ÝoÜ¢Ô�Õ±Ô�Ú%Þ±Ð%Ù�ÛtÐ�ÝoØ�æÊÑtØ Þ�ÝoØ2ûFÑbÞ%×%Ú�Ñhà	Ø Ýoß.×%áäÖ ß_Ô#Ø Ý(ß Ð%Ñ�âEÚ¯ê�ë�á�Ñtß.Ýo×%Õ%ß2Ñ�ç�Ö Ð%Ý�ÕwÑtß�Ö�ß.Ð%Ñ�Ò�Ó
Ô�Ú%ÞzÚ%ÝoÔ�ØÄâÄÔ#á�áPØ ÝËÛtÙ�Ñ�Ú%ßEÔ�Ø ÝAß.Ð%Ñ�âEÚ¯ê
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â�ÝoØ Ý�ÛtÝoÚ%ÝËØ�Ô#Ö ÝoÞd×%ß.Ù�Ú%Û¢Ö�Ð%Ý 6 à�ÝoØ�Ö�×%Ø.ÝåÕ�Ô�Ò�ÓWÔ�ÛtÝ ñ ��Ø.ÑhâEÚ �J�E���À¬ ú ò�ó�ótôrö ê�ð,Ý±Ö Ð�Ô�Ú%Ó��HÙäÒ�ÐÄ�HÑtØ Ú8×%Ú%Û�ú
Ï�ÒËÑ�Ö ÖCVAÑtÐ%Ú>ú2Ô#Ú%ÞA	!ÑrÔ�Ð�ý�á�áäÙ�Ñ�ÖHç{ÑtØ	Ö Ð%ÝoÙäØ	Ð%ÝoáäÕdâEÙäÖ�Ð,Ï0� � �t�  ú)��Ùäá�á��!ÝoÚ�ß Ð�Ô}â¨ç{ÑtØAÐ�Ù�ß	Ð%ÝËá�ÕdâEÙäÖ Ð6 àtÝËØ.Ö�×�Ø Ý�úh��Ñtèy÷�ÙäÕ�Ö�Ñ�Úyç{ÑtØHÐ%ÝoáäÕ�ç{×%á6Þ%Ù�ß.Òo×%ß.ß Ù�Ñ�Ú%ßoú - Ý$¹�ûFØ.ÝoÝoÚ�Ñt×%ÛtÐyç{Ñ�Ø!ß.×%ÛtÛtÝËß.Ö�ÙäÚ%ÛmÔ�Ú�Þ@Þ%Ù�ß.Òo×%ß.ß ÙäÚ%Û
Ö�Ð�Ý�ß.Ð%ÑbÒ�ÓmØ ÝËç{Ø Ô�ÒËÖ Ù�ÑtÚmÕ�Ø Ñtè%áäÝoÜzú�Ô�Ú%Þ{V	ãbá�Ý�ë�Ð�Ô�Ú�Þzç{ÑtØ�Õ�Ø Ñ�àbÙ�Þ%ÙäÚ%ÛsÔ�Ú¶ÝJï�Ô�ÒËÖHß.Ñtá�×�Ö Ù�ÑtÚmÖ Ñ'Ö Ð%Ý±Ï�ÝoÞ�Ñhà
Õ%Ø.Ñtè%á�ÝËÜ«ê

QS`_FÊ`8Yh`bl2Tt`bn��èIÞ�æ£ý(á æ l Ô#Ö.Ö�Ô�Ð¯ú&��ê � êäú�Ô�Ú%Þ �!ÝËÚ%Þ%ÝËØ ß Ñ�Ú¯ú,��ê l êäú4|�ÏbÐ%Ñ�Ò�Óåâ�Ô}àtÝËßÄÔ#Ö�ÔAç�Ô�ß.Ö�æ£ß áäÑ�â©Ù�ÚrÖ ÝoØ.ç�Ô#ÒoÝ�ú~}l� ¬��(��¡b��¤r¬��������¬ ú-�-�¯ú ò¬3 ù /��mñ<ò�ó���ôtö ê��ÝËá�á7ú - ê ��êÀú�ë�Ñtá�ÝËá�á�Ô�ú ÿ êÀú�Ô�Ú%Þø÷6Ø�Ô�Ú�ÛtÝoÚ%ß�Ö�ÝËÙ�Ú¯ú - êäú\|¦�HÙ�ÛtÐ�ÝoØ�Ñ�Ø Þ%ÝËØsûFÑbÞ%×%Ú%Ñ�à,Ü¢ÝJÖ�Ð%ÑbÞ%ßåç{ÑtØ�ÛtÝoÚ%ÝËØ�Ô�á
ß�ã�ß�Ö�ÝËÜ¢ßHÑ�ç2Ð8ãbÕIÝoØ.èwÑtáäÙ�ÒAÒËÑtÚ%ß ÝËØ.à#Ô#Ö Ù�ÑtÚ¶áíÔ}âEßËú�}?� ¬Ä¾��W���I¡��7¬��(�b¥h�o¬ ú`�-�¯ú /�*�� ù /tó��mñ<ò�ótôtótö ê��ÝËá�á7ú - ê �!êäúë�Ñ�á�ÝoáäáíÔ�ú ÿ êäú%÷6Ø�Ô#Ú%ÛtÝoÚ�ß.Ö�ÝËÙ�Ú¯ú - ê ��êÀú�Ô�Ú�Þ¶ð,ÝoáäÒoÑtÜsÝ�ú � êÀú�|³��Þ�Ô#Õ�Ö�ÙÀàtÝ	ÜsÝoß.ÐzØ.ÝËî�Ú�ÝoÜsÝoÚrÖHÑtÚ
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ÜsÑ�à�ÙäÚ%ÛFì8×�Ô�Þ%Ø.Ù�áíÔWÖ�ÝoØ Ô�á%ÛtØ.Ù�Þ%ßËú�}±Ù�Ú ����������� ¤��v�b�W��¼��HÅ����¨Ç��v�y¾��W���I¡��7���U�7�W�I�����(��¡b��¤C�F¥W�I���½�7���
¾��W�}�}�J���J�>��� ú,��×1¹¯Ô#á�Ñ%ú1	!ÝËâ���ÑtØ Óú - ×%Ú%Ý ò}õ æ ò�* ú ò�ótôtó ú%Õ¯ê õO��ò æ 3���ó ê��ÝËÚ%ß ÑtÚ>út��ê - êÀúX|�ë�ÑtÜsÕ%×�Ö�Ô#Ö�ÙäÑtÚ�Ô�á�ÜsÝËÖ Ð%ÑbÞ%ß¢ÙäÚ ��Ô�Û�Ø�Ô�Ú%Û�ÙíÔ�Ú0Ô�Ú%Þ\ý(×�á�ÝoØ.ÙíÔ�Ú0Ðrã�Þ�Ø ÑbÒoÑbÞ%ÝoßËú�} ¾��W���>¬���J�{��¬����r�I�À¬���������¬Eª��b�r¬ ú-�-�Pú ��/�3 ù /tó#õzñ�ò�ótó��tö ê��ÝËÚ%ß ÑtÚ>úO��ê - êÀú�| � Ñ�Ü¢ÝËÚ8Ö ×%Ü Ô�Þ�àtÝËÒËÖ Ù�ÑtÚ½ÑtÚåÔ�ß.Ö�Ô�ÛtÛtÝËØ ÝoÞ½ÜsÝoß.Ð¯ú~}X� ¬2¾��W���I¡b�7¬��(�b¥��o¬ ú��_�`�Pú ò}õ�/ ù ò�*��
ñ<ò�ótó�� Ô ö ê��ÝËØ ÛtÝËØoú � ê - êÀú�Ô�Ú%Þ�ë�ÑtáäÝoá�á�Ô�ú ÿ êÀú�|¦�PÑ�ÒoÔ�á_Ô#Þ�Ô�Õ�Ö ÙäàtÝ�Ü¢ÝËß Ð�Ø ÝJî�Ú%ÝoÜsÝoÚrÖAç{ÑtØ!ß Ð%ÑbÒ�Ó@ÐrãbÞ%Ø ÑbÞ�ãbÚ�Ô�ÜsÙ�ÒËßoú~}� ¬Ä¾��W���I¡b�Ê¬��(�b¥��o¬ ú`�-�Pú *#õ ù ô�õzñ<ò�ótôtórö ê��Ø.ÑhâEÚ>ú��åê ��êäú)�HÝoÚ%ß.Ð�Ô}âFú6ðÁê �åêÀú2Ô#Ú%Þ7�A×�Ù�Ú%á�Ô�Ú¯ú �åê - êäú ÃÄ���J����¡������\���0��¦��}���J�Uº �W���7�J���£� ¤F���.�����J���W���
�}�W�E���W�����v�b���������������¯¤�� �	�J���J���������¯� �o¡%�����7�W���±�W�d�W���J���À�J�r�I�v�b�F���J��¤W��¼ �6Ô}âEØ.ÝoÚ%ÒËÝ"�PÙäàtÝËØ ÜsÑtØ Ý�	�ÔWæ
Ö Ù�ÑtÚ�Ô#áh��Ô�èIÑtØ�Ô#Ö ÑtØ.ã�úF�PÙäà�ÝoØ ÜsÑtØ.Ý�úës�±ú � ë����¯æ - ë�æ ò�/��&��ò¢ñ�ò�ó�ótórö ê

ë�Ð%Ø.Ù�ß.Ö ÝoÚ%ß.ÝoÚ¯ú0�Fê ��êÀú Â!�o¤�¡��>�W�F���J�v���o¤W�	�W�z�±�J�Ê�����b�J��� ¤±�������@� ���m�v���I���W��� ¤½������� °Ä�J�����%�����������J�v�U¥�¼��Ô}âEØ ÝËÚ%ÒoÝ!�PÙäàtÝËØ ÜsÑtØ Ý4	!Ô#Ö�ÙäÑtÚ�Ô�á>��Ô�èwÑ�Ø�Ô#Ö ÑtØ.ã�úF�PÙäàtÝËØ ÜsÑtØ Ý#úës��ú � ë���>æ - ë�æ ò���3&�&*tó¶ñ�ò}ótó��rö ê
ë�ÑtáäÝoá�á�Ô�ú ÿ êÀú?|³� Þ%ÙäØ ÝoÒJÖ«ý(×�á�ÝoØ.ÙíÔ�Ú ��� Ï%ë��¨ß Ò�Ð�ÝoÜsÝ�ç{ÑtØmÛtÔ�ß¶Þ�ãbÚ�Ô�ÜsÙ�ÒoßËú�}�� Å �¡� � ¬ � �J��¬ � �Ê���7¬

¾��W���I¡b�Ê¬ ú��Pú ò8��õ ù òtò��mñ�ò�ótô�3tö ê
ë�ÑtáäÝoá�á�Ô�ú ÿ êäú¢| � ×%áÀÖ�ÙäÞ%Ù�ÜsÝoÚ%ß.Ù�ÑtÚ%Ô�á>×%ÕrâEÙäÚ%Þ@ÜsÝËÖ�Ð�Ñ�Þ%ß�ç{ÑtØHÐrãbÕwÝËØ èIÑtá�ÙäÒ�ÒËÑtÚ%ß.ÝoØ.à#Ô#Ö Ù�ÑtÚ«áíÔ}âEßoú~}£� ¬�¾��W�½º

�I¡b�Ê¬��(�b¥��o¬ ú`��¤>ú ò¬��ò ù �����¶ñ�ò�ó�ó��rö ê
ë�ÑtáäÝoá�á�Ô�ú ÿ êäúo��Ô}âEØ ÝoÚ�ÒoÝ ��ÝoØ.Ó�ÝoáäÝËãA	!Ô#Ö�ÙäÑtÚ�Ô�á~��Ô�èIÑtØ Ô#Ö�ÑtØ�ãtú)��ÝËØ Ó#Ýoá�ÝJãtú_ës��úPÕ%Ø.Ùäà#Ô#Ö Ý½ÒoÑtÜsÜå×%Ú%ÙäÒ}Ô#Ö Ù�ÑtÚ

ñ.�&�����rö ê
ë�ÑtáäÝoá�á�Ô�ú ÿ êÀúIûFá�Ô�ü�úF��ê � êäúÔ�Ú�Þ l ÝoØ.Ût×%ß.ÑtÚ¯úF�Fê»ý�êÀú�×%Ú%Õ%×�è%á�Ùäß Ð%ÝËÞ«Ø.ÝoÕIÑtØ.Ö ñ�ò}ótó�/rö ê
ë�ÑtáäÝoá�á�Ô�ú ÿ ê�Ô�Ú%Þ ÿ ×%Ò�Ó#ÝËÖ.Ö}úý�ê û½êÀú �(�v���v�£�u�A� �	�J���J�>�������J�{���o¤W�_�}�W�å¾��W���I¡b�Ê�����7�W�I�����(��¡���¤v�F¥W�I���½�7��¼

ñ ëÄÔ�Üåè%Ø.Ù�Þ%ÛtÝ � Ú%Ùäà�ÝoØ.ß ÙäÖ£ã ÿ Ø.Ýoß.ßoú�Ö�Ñ'èIÝ�Õ�×%è%á�Ùäß Ð%ÝËÞ ö êv�!á�ß ÑsÔ}à#Ô�Ù�á�Ô�è%áäÝ	Ô�ß
�������~¥E¥I�s���{��¬�¡�� ¤r�������o¬�� ¤�¡¦¥r�I¡%¦"¥I¡r���J���§¥P�7�J�E¥2¾��W���J�v�À� ���I¤ ��¡��f�r�J�U�¨¥ ê

ë�ÑtáäÝoá�á�Ô�ú ÿ êÀútÔ�Ú�Þ±ð,Ñ�ÑbÞ�â�Ô�Ø Þ¯ú ÿ ê ��êÀú©|�÷�Ð%Ý�Õ%ÙäÝoÒËÝËâEÙ�ß.Ý�Õ�Ô#Ø�Ô�èIÑtá�ÙäÒ�Ü¢ÝJÖ�Ð%ÑbÞ ñUÿ(ÿ��@ö ç{ÑtØ�ÛrÔ�ß<æ£Þ�ãbÚ�Ô#Ü¢ÙäÒ}Ô�á
ß.Ù�Üå×%á�Ô#Ö�ÙäÑtÚ%ßËú�}�� ¬Ä¾��W���I¡b�Ê¬����b¥��o¬ ú`ª�«�ú ò¬�#õ ù ����òsñ�ò�ó�ô�õ8ö ê

ë�Ø�Ô#Ú%Þ�Ô�áäá7ú � ê û½êÀúÄÔ�Ú%Þ � Ô¬«.Þ�Ô�ús��êÀú
|.÷�Ð�Ý«ÜsÝËÖ Ð%Ñ�Þ¿Ñ�ç!ç{Ø�Ô�ÒJÖ�Ù�Ñ�Ú�Ô�áÄß�Ö�ÝoÕ�ß¢ç{ÑtØ'ÒoÑ�Ú%ß ÝËØ.à#Ô#Ö�ÙäÑtÚ¿áíÔ}âEßoú~}¬�¡����J�Ë¬��d���{��¬ ú`�«�ú ��ô�õ ù /�ò}õ¶ñ<ò�ótô��tö ê�AÔ�Ø.á�Ù�Ú�Û�Ö�ÑtÚ>ú8�Fê � êÀú � Òé�!èwÝËÝ�úW÷Aê ��êÀú�Ô�Ú�Þ4�HÑbÞ%Ø ÙäÛt×%Ý#úWû'êÀú�|³��ß.Ö ×%Þ�ãAÑ#ç0����ýyß ÙäÜå×%áíÔWÖ�Ù�Ñ�Ú%ßwÑ#ç1�HÔ}ãbá�ÝoÙäÛtÐ�æ
÷EÔ}ãbá�ÑtØ!Ù�Ú%ß�Ö�Ô�è�Ù�á�ÙÀÖ£ãtú~} ¾��W���>¬C�(�b¥��o¬z¾��W�½�s¬ úß.×%è%ÜsÙäÖ Ö ÝoÞ¯ê���áäß ÑmÔ#Õ%ÕwÝoÔ�Ø ß�Ô�ß���Ô}âEØ ÝËÚ%ÒoÝ��PÙÀà8æ
ÝËØ ÜsÑtØ Ý4	!Ô#Ö�ÙäÑtÚ�Ô�á>�6Ô#èwÑtØ Ô#Ö�Ñ�Ø.ãtú,��ÙÀàtÝËØ ÜsÑtØ Ý#úës��ú � ë���>æ - ë�æ ò�/�3&*&/�õ úF�EÝËàIê ò¢ñ�ò�ótó�órö ê

ûAáíÔ�ü#ú0��ê � êäú%ë�Ñtá�ÝËá�áíÔ�ú 6 êäú�ûFá�Ô�ß ßËú  ê  êÀú�Ô�Ú�Þ
�	Ýoß.Ò�Ð�Ô�Üåè�Ô#×%áäÖoú1�Fê ��êÀú®|R�DÚ8×%ÜsÝoØ.Ù�Ò}Ô#áIß�Ö�×%Þ�ã¢Ñ#çPÑtè%áäÙ�ì8×%ÝJæ
ß.Ð%Ñ�Ò�ÓzâÄÔ}à�ÝsØ.ÝËé�ÝËÒËÖ Ù�ÑtÚ%ß!âEÙäÖ�ÐdÝ�ï�ÕwÝËØ Ù�ÜsÝoÚrÖ�Ô�á_ÒËÑtÜ¢Õ%Ô�Ø Ùäß ÑtÚ%ßËú�} �������o¬°¯E�W¥���� � ���o¬å³6�W�I¤b�W�£� ú-�-�¯ú òtò¬� ù òoõ��¶ñ�ò�ó�ô�3tö ê

ûAØ ÝoÝËÚ%Ñt×%Û�Ð¯ú - ê �±êäú���Ô}âEØ ÝoÚ�ÒoÝ��PÙÀàtÝoØ.Ü¢Ñ�Ø Ýt	�ÔWÖ�Ù�Ñ�Ú�Ô�áF��Ô�èIÑtØ�ÔWÖ�ÑtØ�ãtú��PÙäà�ÝoØ.Ü¢ÑtØ.Ý�ú�ës��úrÕ�Ø Ùäà#Ô#Ö Ý�ÒoÑtÜsÜå×�æ
Ú%ÙäÒ}Ô#Ö Ù�ÑtÚ ñ.�&�����tö ê�!ÝËÚ%Þ%ÝËØ ß Ñ�Ú¯ú1��ê l êÀú8Ô�Ú%Þ ÿ ×%Ò�Ó�ÝJÖ Ö}ú�ý�ê û½êÀú±|R��Ú%ÑtÜ¢Ô�áäÑt×%ß_Ø.ÝËç{Ø Ô�ÒËÖ Ù�ÑtÚ½Ñ�çwß Ð�Ñ�Ò�Ó�â�Ô}àtÝËß�ÙäÚsÜ¢Ô#Ö ÝoØ Ù�Ô�á�ß�âEÙäÖ Ð
ÛtÝËÚ%ÝoØ Ô�á>ÝËì8×�Ô#Ö�ÙäÑtÚ%ßÄÑ#ç2ß�Ö�Ô#Ö Ý�ê ÿ Ô�Ø�Ö  ê%÷�Ð%Ý	ß.Ð%ÑbÒ�ÓSÕ�Ô�ÙäØ�ß.ãbß�Ö�ÝoÜzú~} ��.�����o¬�¯E�W¥t��� � ���o¬E³��W�I¤b�W�� ú�ß ×%è�Ü¢ÙÀÖ Ö�ÝËÞ ñ�ò�ótó&/rö ê�!ÙäØ.Öoúkë�ê ðÁêäú���Üsß Þ%ÝËÚ¯úÂ�±ê �±êäú_Ô�Ú%Þ�ë�Ñ�ÑtÓú - ê ��êu|³��Ú5Ô�Ø è�ÙäÖ�Ø Ô�Ø.ãY�6Ô#ÛtØ�Ô�Ú�ÛtÙíÔ�Úbæ<ý�×%á�ÝËØ Ù�Ô�Ú@ÒoÑ�Ü¢Õ%×�Ö�Ù�Ú�Û
ÜsÝËÖ Ð%Ñ�Þmç{ÑtØEÔ#á�áwé%Ñhâ;ß ÕIÝoÝoÞ�ßoú~}{� ¬Ä¾��W���I¡��7¬��(�b¥��o¬ ú²�_«�ú �&��� ù ��3�/¶ñ�ò�ó��Wõ8ö ê�!Ñ�Ø Ú8×%Ú%Û%úO�Fê �åêäú�Ô�Ú%Þ
VAÑtÐ%Ú¯úbÏIê �Fêäú �¯¡b�U¡b���!¤��v�����J�U�7�W���>�}�W�E�r¤r�J�I���v�����������½���{°(�>�J���J���P�v�³� � ¾�ÅH���I¤
�W�v���J�H³�³²¬!³,�J�v�½¡��À�����7�W�½�I���'�}���J�v��¼ ��Ô}âEØ ÝËÚ%ÒoÝ"�PÙÀàtÝoØ.Ü¢Ñ�Ø Ý	�Ô#Ö Ù�ÑtÚ�Ô#á��6Ô#èwÑtØ Ô#Ö�Ñ�Ø.ãtú � ë���>æ  �!æ
ò¬�#ô�/�/¶ñ�ò}ótó��tö ê- ×%Ú¯úo��ê  êÀú � �J�v���I���'�r¤������J�U�7�W���������J���Ä�}�W�å�s���£�J�������k�v���<�J�v�Ë�b����¼ ��Ô�âEØ.ÝoÚ%ÒËÝÇ�PÙÀàtÝoØ.Ü¢Ñ�Ø Ý�	!Ô#Ö�ÙäÑtÚ�Ô�á��Ô�èIÑtØ�ÔWÖ�ÑtØ�ãtúF�PÙäà�ÝoØ.Ü¢ÑtØ.Ý�úës�±ú � ë����>æ - ë�æ ò8/tótó�ò¬�mñ.�&�����tö ê/tô



��Ô�Ú%Þ%ß.Ð%Ñ&¹2út��êÀú �:��¡b���J���7� �������J�{���o¤��}�W�z�U��� �����v�b��§�¡b��¤�§H�W�3�v�´�{���'�I�������J�>���d�<�S�������f����¼ ��Ñ�ß�!áíÔ�ÜsÑtß5	!Ô#Ö�ÙäÑtÚ�Ô�á>�6Ô#èwÑtØ Ô#Ö�Ñ�Ø.ãtú,��Ñ�ß��!áíÔ�ÜsÑtßËú,	 � ú��)�Eæ ò�ó&/��¶ñ�ò�ó�3�3tö ê�PÝ8��á�Ô�Ú%Ò#ú - êäú���Ô}âEØ ÝËÚ%ÒoÝ!�PÙäà�ÝoØ ÜsÑtØ.Ý4	�Ô#Ö Ù�ÑtÚ�Ô#á ��Ô�èwÑ�Ø�Ô#Ö ÑtØ.ã�ê� Ô�Ø.ÛtÑtáäÙ�Ú¯ú2��ê û½êäú�Ô#Ú%Þ ÿ ã�×�Ú¯ú - ê - êÀú � ���J�{���o¤	�}�W�½�U��� �����v�b�m���W¡b�U���À�W�����������<�J������¼ ��Ñ�ß"��áíÔ#Ü¢Ñtß�	�ÔWæ
Ö Ù�ÑtÚ�Ô#áh��Ô�èIÑtØ�Ô#Ö ÑtØ.ã�úF�PÑtßt��á�Ô�Ü¢Ñ�ßoú,� �Eæ � �Äæ ô�� æ õ�/�ómñ�ò�ó�ô��tö ê� Ùäá�á�ÝËØoú�û½ê ��êäú�Ô�Ú%Þ ÿ ×%Ò�Ó�ÝJÖ Ö}úÄýEê»û½êäú³|³�MÐ%Ù�Û�Ð�æ£ÑtØ.Þ%ÝoØsûAÑbÞ%×%Ú%Ñ�àøÜsÝËÖ Ð%Ñ�Þøç{ÑtØ'Üå×�áäÖ�ÙäÕ%á�Ý¢ÒoÑtÚ�Þ%ÝoÚ%ß.ÝoÞ
Õ%Ð%Ô�ß ÝËßoú~}{� ¬Ä¾��W���I¡��7¬��(�b¥��o¬ ú²�&�-�¯ú ò�/#õ ù ò�*�õzñ<ò�ótó�*tö	!Ñ�Ð¯ú>ðÁê l êäúh�6Ô}âEØ.ÝoÚ%ÒËÝ �PÙÀàtÝoØ.Ü¢Ñ�Ø Ý�	!Ô#Ö�ÙäÑtÚ�Ô�á���Ô�èIÑtØ�Ô#Ö ÑtØ.ã�úh�PÙäà�ÝoØ.Ü¢ÑtØ.Ý�ú¯ës��ú¯×%Ú�Õ%×%è%áäÙ�ß Ð�ÝoÞdØ ÝËÕwÑ�Ø.Ö}ú
ò�ó�3&* ê	!Ñ�Ð¯ú�ðÁê l êÀúl| ý�Ø Ø.ÑtØ ß�ç{Ñ�ØSÒ}Ô�áäÒo×%á�Ô#Ö�ÙäÑtÚ%ß'Ñ�ç�ß.Ö Ø ÑtÚ�Û�ß Ð%ÑbÒ�Ó8ß¶×%ß ÙäÚ%ÛøÔ�Ú´Ô�Ø�Ö�ÙÀî�ÒoÙ�Ô�á�à�Ùäß ÒËÑtß ÙÀÖ£ã©Ô�Ú�Þ´Ô�Ú
Ô�Ø�Ö�ÙÀî�ÒoÙ�Ô�á>Ð%ÝoÔ#Ö�é�×�ïwú~}{� ¬Ä¾��W���I¡b�Ê¬��(�b¥��o¬ ú�¤��Pú ��ô ù ò¬���«ñ<ò�ótô���ö ê
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