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I�JLK7MNKPO&QSR
T	UWV�XZY\[ ]_^a`\b_cd]_eZbf]4gh]_Xji�^k[ V�]_eS[

l ]_bnmoeZcpUWerq�sutv^wi�]_x&syeZtv[ cz[ Yo[ ]hU�{ l ]fbwmZeoUWxpUW|�}
~ i�cp{�i������W�W�S��sutv^wi�]fx

� V�i�cpx��Z�ocpmji�V��Nb_tf� [ ]_bnmoeZcpUWe�� i�bW� cpx
����� �om�[k[ X&� �W�<�����4� bftf� [ ]fbnmoeZcpUWe�� i�bW� cpxP�W�N�ZcpmZi�V��

�����f�f���j���W� sye9i�tk]_^ cp]ft�U�{jXZi�X�]_^ t���i�[wi�^ cpeCXo^ UWX�U�tk]ft�eZ]n�*]_��bfcp]fe�[�XZYZ�oxpcdb¡ �]_}
tv}\tv[ ]fV�tf�\¢¤£�]_^k}�cpe�[ ]_^ ]ftv[ cpeo|�Xo^ U�X�UWt i�x¥�\b<i�xpxd]f¦�§�¨�©�ª�«S¬j9®�«o¯f° ±¥²a³�´nµ�¶oµ�· ¸y´n¹
º ±�¸L»�¶r¼½ª<¾�´n· �ZU�^h§�©a�Scpt��ji�tk]<¦�U�e�[ mo]h¦\cp�GbfYZxz[u}GU�{�¦\]fbfU�V�X�UWtkcpeZ|$[ mZ]½tv[k^ YZb_¿
[ Y\^ ]GU�{�tk]_£�]_^wi�xÀ^ UWYoej¦\t4U�{�YZeo SeZU<��e�xpcpeZ]fi�^$[k^wi�eotv{�U�^ V�i�[ cpUWeZtCi�ej¦�`6��U<Áo]_tf�
l mocdt�¦\cz��bfYZxz[y}*cpt�¦oYo]r[ U6[ mZ]r¦ocz��bfYoxp[y}*U�{h¦o]fb_UWV�X�UWtkcpeo|�bfU�V�X�UWtkcz[ cpUWeot�U�{
V9YZxz[ cp£Wi�^ cPi�[ ]r�ocpeji�^k}�{�YoeZb_[ cpUWeotf��sue*[ mocdtCXji�X�]_^��	]rX\^ ]ftk]fe�[�iÂeoU�£W]fx�i�[k[wi�bn 
��mocdbwm��o^ ]<i� \t½[ mZ]9Ã�Ä�¿y�ocz[4�ZxpU�bw Â£Wi�^ cPi�e�[N��cz[ m�b_UWV�XZxp]_Á\cz[u}Åi���U�Yo[$��ÆkÇ�tv[ ]fXotf�
i�ej¦È[ mZ]�V�U�^ ]�tk]fbfYo^ ]ÂÉ<��Ê�¿Ë�ocp[��ZxpU�bw \tC£�i�^ cdi�e�[$��cz[ mÌb_UWV�XZxp]_Á\cz[u}�i���UWYo[G��Í Ç
tv[ ]fXotf�ÎsË[$cdtCcpe�[ ]_^ ]ftv[ cpeZ|Å[ UÅeoU�[ ]G[ mZi�[$[ mZcpt$b_^k}\Xo[wi�eji�xz}\tkcpt9Yotk]ft$UWeoxp}�[ mZ]�b_cp¿
XomZ]_^k[ ]_ÁS[ t½U�{Àtk]fxp]fbn[ ]<¦ÂXZxdi�cpe�[ ]_ÁS[ tf��i�ej¦Â¦oU�]_tNeZU�[hi�eji�xp}\Ïf]4[ mo]9¦\]_[wi�cpxptNU�{À[ mZ]
tkYoXZXZxpcp]<¦)]_eZb_^k}\Xo[ cpU�e)bfUS¦\]W�

Ð ÑZÒ½Ó�ÔFÕ4Ö9×CØ�ÓFÙ Õ½Ò

ÚhOFÛ½ÜnÛ�QSÝfÞfO�ß¥à\Ý¡Û�á6Þ�KLÛ�âZã7äFå�æFJPK�Þ�çoÛ�èGÞ�Ý_èjä�ãnàZÜwè�ÜwãnÛ�RÂÜ�K�Ü7QoÜ�à\J�é�Q\ÜÀãnOFÛaKLéFÛ�Q4à\ßjä�åFæFJLKLÞ½ç\Û�è
Þ�Ý_èZäFãnàoÜnè�Ü ã_Û�RÂÜ�KPã_ÜnÛ�JPß�êPë�ìvíoîÌQSâjè�àSßÎã_OFÛ$RÅàoÜwã�Û�á6Þ�KLÛ�âZã½ä�Ýnàoä&àZÜwÛWérÜ_ÞfOFÛ�RÅÛWÜ�ïaÛ�ÝnÛ4æ&Q\ÜnÛ�é
à\â�R�åFJPãnKLð�QSÝ_KLQSãnÛ�ä�à\JLèjâFà\RÅK�QSJ�Ü�ê ñFò ó�ò ôWìvò�æ�å�ã$ãnO�Û�èÈïaÛ�ÝnÛGå�Ünå�QSJLJLè�æFÝ_à\çoÛ�â�JLQSãnÛ�Ý�ê õFòPëWö�ò ÷\ìuí
økâ)Q�ÜwÛ�ÝnKLÛ�Ü¡àSß&ä�QSä�Û�ÝfÜ�ù�Q�ã_Q\ÝnKLâ�äFÝ_à\ä�àoÜnÛ�Ü¡âFÛ�ïúÜwÛWÞ�åFÝ_ÛaQ\â�érÛ�á6Þ�KLÛ�âZã�äFåFæFJLKLÞNçoÛ�è�Üwè�ÜwãnÛ�RÅÜ
ê ûFò ü�ìNæ�Q\ÜnÛ�éýàoâýO�KLé�KLâFþ*ã_OFÛ�ÜwãnÝ_å�Þ<ã_åFÝ_ÛÂàSß4ä&àoJPèjâFàoRÅKLQ\JLÜ�KLâ¤Q*é�KPá6Þ�åFJPãwÿuãnà\ÿvQ\â�QSJLè���ÛÅÛ�â�ÿ
Þ�Ý_èZäFãnKLà\âÅÞ�à�é�Û\òSQ\â�é)QSâ�Q\JPè���ÛWÜ	àSãnO�Û�Ý�ÜnKPRÅKLJLQ\Ý�ÜnÞfOFÛ�RÅÛ�Ü4ê ÷�ìuí��9âFÛhàSß&O�KLÜ�RÅà\Ý_ÛhäFÝ_à\RÅKLÜnKLâFþ
ÜnÞfOFÛ�RÅÛ)K�ÜGã_OFÛÂð\Û�Ýnè*Û�áÂÞ�KPÛ�âZã������
	�����������������������! ��#"%$&�('*)+�,$.-/ 102	(3���"�4yÜwOFàoÝwã_JPè
Þ�QSJLJLÛ�é5�6�
7Âê 8�ìuí	ÚhOFÛ�é�ÛWÜwKLþ\â�à\ßhãnOFK�Ü�Ü_ÞfOFÛ�RÅÛ6K�Ü�å�âFK:9ZåFÛ�Q\Ü�KPãrå�ÜnÛ�Ü�ãnÛWÞfOFâFK;9oå�Û�ÜGß¥Ý_à\R
ÜwèjRÅRÅÛ�ãnÝ_K�Þ)Þ�KPä�OFÛ�ÝfÜ�KLâ�éFÛ�ÜnKPþoâFKPâ�þÈQ�äFå�æFJPK�ÞÅç\Û�èÌÞ�Ý_èjä�ãnàZÜwè�ÜwãnÛ�RÈò�ï4O�KPJLÛ6Ü ã_KPJLJ½Þ�JLQ\KPRÅKLâFþ
ÜwÛWÞ�åFÝ_Kdã èÂæ&Q\ÜnÛ�é6àoâ�Ý_Û�J�Q�ã_KPàoâ6ãnàrãnO�Û�é�Kdá6Þ�åFJdã èÂà\ß	é�ÛWÞ�àoR)ä�àoÜnKLâFþ)Þ�à\RÅä�àoÜnKdã_KPàoâ�ÜNàSß7RråFJdÿ
ãnKLð�Q\ÝnK�Q�ã_ÛGæFKPâ&QSÝ_èÂß¥åFâ�Þ�ãnKLà\â�Ü�í

ù�Q�ã_Q\ÝnKLâ=< ÜhäFåFæFJLK�Þ�ç\Û�è�Þ�Ý_èjä�ãnàZÜwè�ÜwãnÛ�R ï4KPãnO?>Èæ�à#@jÛWÜ$Û�â�Þ�Ý_èjä�ã_Ü4æjèÈä&Û�Ýwß¥àoÝnRÅKLâFþÅãnO�Û
ß¥à\JLJPà�ï4KLâFþÂÜwÛWÞ�Ý_Û�ãhà\ä�Û�ÝfQ�ã_KPàoâ�Ühà\â�üS÷\ÿuæFKPã4à\Ý�ë�ôSõ�ÿvæFKPãNä�JLQ\KPâZãnÛ(@jã_ÜBA

ë\íhøkâjð\Û�ÝnãnKLæFJLÛGJPKLâFÛ�Q\ÝhãnÝfQSâ�Üwß¥à\Ý_RÂQ�ã_KPàoâDCFET
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S5S1 S2 S3 S4 S6 S7 S8S5S1 S2 S3 S4 S6 S7 S8

Linear Transformation L1

S5S1 S2 S3 S4 S6 S7 S8

Linear Transformation L2

Linear Transformation L0

Plaintext

Ciphertext
GIHKJ �MLj�ON Y\[ xdcpeo]hU�{7��i�[wi�^ cpeQP tN�(R tkbnmo]fV�]W�

ô�íTS	KPÝfÜ ã�J�Q�è\Û�ÝGàSß4õU4¥à\ÝÂëWüV7Gõ�@�õSÿuæ�KdãW9Zå�Q\éFÝ_QSãnK�Þ�> æ�à#@�Û�ÜWXOY%Z E�[B\(\(\]XOY%Z ^Sò7Þ�à\JLJPÛWÞ<ãnKLð\Û�JPè
é�Û�â�àSãnÛWéÈæZè_XOY

ñFíT`$âFà\ãnOFÛ�Ý$JLKPâFÛWQSÝNãnÝfQSâ&Ü ß¥àoÝnRÂQ�ã_KPàoâDC Y
÷�ía>jÛ�Þ�à\â�éÈJ�Q�è\Û�Ýaà\ß+>�æ�à#@jÛWÜaXcb Z E [(\B\(\dX=b Z ^ ò�Þ�àoJPJLÛ�Þ�ãnKLð\Û�JLè6é�Û�âFàSã_Û�éÈæjèDXcb
û�íTS	KPâ�Q\JÀJLKPâFÛWQSÝhã_Ý_Q\â�Ü ß¥àoÝnRÂQSãnKLà\âDCeb
üFí4ÚhOFÛ�Þ�KLäFOFÛ�Ýwã_Û�@jã4KLÜ2fhgji�4�kW7FgjC b 4lX b 4�C�YM4lXmY�4lCFEV4lkW7n7o7n7n7

S¡KLþ\å�ÝnÛÅëGà\å�ã_JPKLâFÛWÜhãnOFK�Ü$Ü_ÞfOFÛ�RÅÛoí
�9âFJPè�ã_OFÛ�à�ï4âFÛ�Ý)àSßCãnOFÛ*ÜnèjÜwãnÛ�R çjâFà�ï$Ü�ãnOFÛWÜwÛÈãnÝfQSâ&Ü ß¥àoÝnRÂQ�ã_KPàoâ�Ü�ò¡QSâ&é å�ÜnÛ�Ürã_OFKLÜ

çZâ�à�ï4JPÛWé�þ\Û9ß¥à\ÝCéFÛ�Þ�Ý_èjä�ãnKLà\â7íFÚhOFÛ�äFåFæFJLK�Þ�Q�ã_KPàoâ�à\ß¡ã_OFÛ�ÜnèjÜwãnÛ�RAOFK�é�Û�Ü4ãnOFÛ�ÜwãnÝ_å�Þ<ã_åFÝ_Û�æjè
þ\KLðZKLâFþ6Q\â*ÛB9ZåFKLð�Q\JPÛ�âZã9é�Û�Ü_Þ�Ý_KLä�ãnKLà\â�ß¥Ý_à\R;ï4OFK�ÞfO*KdãCK�ÜCÞ�JLQ\KPRÅÛWéÈãnà�æ�Û�ðoÛ�Ý_è�é�KPá6Þ�åFJPãCã_à
KLé�Û�âZãnKPß¥è*ãnOFÛ)à\Ý_KLþ\KLâ�QSJ	é�Û�Ü_Þ�Ý_KPäFãnKLà\âÀò�é�åFÛrãnà�ãnO�Û)é�KPá6Þ�åFJPã è à\ßaé�Û�Þ�à\RÅä�àoÜnKPâFþÈÞ�àoR)ä�àoÜnKPÿ
ãnKLà\â�Ühà\ß	æFKLâ�Q\ÝnèÂß¥å�â�Þ<ã_KPàoâ�Ü�í

økâ¤ãnO�ÛÈÝ_Û�ÜwãÅàSßCã_OFK�ÜÅä�QSä�Û�ÝÅïNÛÈQoÜnÜnåFRÅÛ�ã_O�Q�ã)ãnO�ÛÈÛ�â�Þ�Ý_èjä�ãnKLà\â ß¥åFâ�Þ�ãnKLà\âúKLÜÅþoKPðoÛ�â
Q\Ü�QSâ àoÝ_QoÞ�JLÛ�4¥æFJ�Q\Þfç�æ�à#@�7<íO�9åFÝGQSâ�Q\JPè�ÜnKLÜ9é�àjÛ�Ü9âFàSã�Ü ã_å�é�è�ã_OFÛ)ÜnåFäFä�JPKLÛ�é Þ�à�é�Û�à\ß�ãnO�Û
Üwè�ÜwãnÛ�R�ò	QSâ�é�é�àjÛWÜ�âFàSã�ãnÝ_èÌã_àÌé�Û�Þ�à\RÅä�àoÜnÛÅãnOFÛ�æFKPâ&QSÝ_è ß¥åFâ�Þ�ãnKLà\âÀíF�9âýãnOFÛÈÞ�àoâoã_Ý_Q\Ýnèoò
Kdã�à\æ�ÜnÛ�Ý_ð\ÛWÜhãnOFÛ�ß¥åFJLJ�éFÛ�ã_Q\KPJ�Ü9àSß�ãnOFÛrß¥åFâ�Þ�ãnKLà\â þoKPðoÛ�â*àoâFJPè�ãnO�Û)Þ�KPäFO�Û�ÝnãnÛ�@jãfÜ$àSß
4ËRÂQSâjèp7
ÜwÛ�JPÛWÞ<ãnÛWé6äFJ�QSKLâZãnÛ(@ZãfÜ�òZï4OFK�ÞfO�Q\ÝnÛ$Û�â�Þ�Ý_èjä�ãnÛWé6å�ÜnKLâFþ�ã_OFÛ�ÜnåFäFä�JPKLÛ�é�Û�â�Þ�Ýnèjä�ã_KPàoâÂß¥åFâ�Þ�ãnKLà\âÀí
î*à\Ý_Û�à�ðoÛ�ÝWòoKPãCé�àjÛ�ÜhâFà\ã$ÝnÛ�JPè�à\â�ãnOFÛW9Zå�Qoé�Ý_QSãnK�Þ�âFÛWÜnÜNà\ß¡ã_OFÛq>6æ�à#@�Û�Ü�í

` RÂQMr àoÝ¡àoæ�ÜnÛ�Ý_ð�QSãnKLà\â�K�Ü¡ãnO�QSã	ã_OFÛT>�æ�à#@�Û�Ü	QSÝ_Û½âFà\ã	æFK r Û�Þ�ãnKLð\Ûoí�ÚhO�ÛNé�ÛWÜwKLþ\â�Û�Ý�Þ�J�QSKLRÅÜ
ãnO�QSãrKPß$ãnOFÛ!>�æ�à#@jÛWÜ�ïNÛ�Ý_Û6æFK r Û�Þ�ãnKLð\Û\ò	ã_OFÛ�ÜnÛ�Þ�åFÝnKPã èýàSß4ãnO�Û�ÜnèjÜwãnÛ�R1R)KLþ\OZã)O�Q\é�æ�Û�Û�â
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Þ�à\RÅäFÝ_à\RÅK�ÜwÛWé�í\ÚhOFÛ�ÝnÛ�ß¥à\Ý_Û\òSé�ÛWÞ�Ý_èjä�ãnKLà\âÅK�Ü�âFàSãaåFâFK;9oå�Û\òoQ\â�éÅÜwàoRÅÛ4ÝnÛWé�åFâ�éFQ\â�Þ�è)ÜwO�à\åFJ�é
æ&Û�QoéFé�Û�é�ãnàÅã_OFÛ�äFJ�QSKLâZãnÛ�@jãhãnà6Q\JPJLà�ï�åFâ�K:9ZåFÛ�é�ÛWÞ�Ý_èjä�ãnKLà\â Y í

økâ ã_OFK�Ü6ä�Q\ä&Û�Ý6ïaÛ�äFÝ_Û�ÜnÛ�âZãÂã_OFÛts�ÝfÜ ã�Þ�Ýnèjä�ãfQSâ�Q\JPè�ÜnKLÜÅà\ß9ã_OFK�Ü6ÜnÞfO�Û�RÅÛ\ò�ß¥àoÝ6ï4OFK�ÞfO
ïaÛ�ÝnÛWÞ�Û�KPðoÛ�éÂã_OFÛGäFÝ_KK��Û9äFÝ_à\RÅK�ÜwÛWé6æjèÅãnO�ÛGéFÛ�ÜnKPþoâFÛ�Ýaß¥à\Ýhã_OFÛus�Ý_Üwãhä&Û�Ý_Ünà\â�ãnà)æFÝnÛWQSçÅã_OFKLÜ
ÜnÞfOFÛ�RÅÛ\íMv7QSãnÛ�ÝWò6w�Û\ò�v¡QSR QSâ&éyx�QSK�é�Û�ðZK�ÜnÛ�é)Q9é�KKzÎÛ�Ý_Û�âZã�Q�ãwãfQ\ÞfçGæ�QoÜwÛWé�àoâ�ãnO�ÛhQ\JPþoÛ�æFÝfQSK�Þ
Ü ã_Ýnå�Þ�ãnåFÝ_ÛGàSß	ãnOFÛ�Ü_ÞfOFÛ�R)Û6êPë\ë�ìuí�ÚhO�Û�KLÝ$Q�ãwãfQ\Þfç6K�Ü4JLÛ�Ü_ÜhÛ�á6Þ�KLÛ�âZã4ã_O�QSâ�à\å�Ý_Ü�ò�QSJPãnOFàoåFþ\O�KPã
KPRÅä�àoÜnÛ�ÜNRÅà\Ý_Û9Ý_Û�ÜwãnÝ_KLÞ�ãnKLà\â�Ü½ãnO&QSâ�ïNÛGé�à_4ËÛ\í þ�íLòZãnOFÛ�KPÝ$QSãwã_QoÞfçÅïaàoåFJLé�âFàSãhïNà\Ý_ç)KPß7ã_OFÛW>
æ&à#@�Û�Ü9ïNÛ�Ý_Û�âFàSã{9Zå�Q\é�ÝfQ�ã_KLÞ\ò&ï4O�KPJLÛ�àoåFÝ�QSãwãfQ\ÞfçÈKLÜ9âFàSãGð\Û�Ýnè�ÜnÛ�â�ÜnKdã_KPðoÛ�ã_à6ãnO�Û�RÅÛ�ã_OFà�é
å�ÜwÛWé�ãnàÂÞ�àoâ�Ü ã_Ýnå&Þ<ãhãnOFÛq>�æ�à#@�Û�Ü]7<í

�9åFÝ�Q�ãnã_QoÞfç Þ�Q\â�æFÝnÛWQSçÌãnOFÛ�ô�|�ÜnÞfOFÛ�RÅÛ6ï4Kdã_O¤Þ�àoR)ä�JPÛ(@jKPã è Q\æ&àoå�ã)ô�} E ï4O�Û�â�ãnO�Û
æFJPà�ÞfçÌÜnK:��ÛÅKLÜ�ü\÷�æ�KdãfÜ�í7î à\Ý_Û�à�ð\Û�Ý�ò&Kdã�Þ�QSâ�QSJ�ÜwàÈæFÝ_Û�Q\ç�ãnOFÛÂRÅà\Ý_ÛÅÜwÛWÞ�åFÝ_Ûrð�Q\ÝnK�QSâZãGï4Kdã_O
ëWôSõSÿuæ�KdãhæFJLàjÞfç�Ühï4KPãnO*Þ�àoRÅäFJPÛ(@�Kdã è�Q\æ&àoå�ã9ô�~ E í

ÚhOFKLÜhä&QSä�Û�Ý4K�Ü4à\Ý_þoQ\âFKK��Û�é�Q\Üaß¥à\JLJPà�ï$ÜBA�økâ�>jÛ�Þ�ãnKLà\â*ô)ïaÛ�é�ÛWÜnÞ�ÝnKLæ�Û�àoåFÝ4RÂQSKLâ�àoæ�ÜnÛ�Ýnÿ
ð�QSãnKLà\â�ÜrQSâ�é�ãnàjà\J�Ü�å�ÜnÛ�é¤JLQSãnÛ�ÝrKPâ¤ãnOFÛÈQSâ�Q\JPè�ÜnKLÜ�ò7QSâ&é�KPâ�>jÛ�Þ�ãnKLà\â ñ*ïNÛ�é�ÛWÜnÞ�ÝnKLæ�Û6ãnO�Û
Q�ãwãfQ\ÞfçÎí=>jÛ�Þ�ãnKLà\âý÷*é�KLÜ_Þ�å&ÜnÜnÛ�Ü�ä�àoÜ_ÜwKLæFJLÛ)KLRÅäFÝ_à�ð\Û�RÅÛ�âoãfÜ�àSß½ã_OFÛ6Ü_ÞfOFÛ�RÅÛ\í�ÚhOFÛÅä�Q\ä&Û�Ý�KLÜ
ÜwåFRÅRÂQSÝ_K:��Û�é�KLât>�Û�Þ<ã_KPàoâ�ûFí

� �/�a������ÙwÒ����2���ÀÔp���	ÓFÙ Õ½Ò2����ÒCÖ��)ÕhÕI�o�

�9åFÝ�RÂQSKLâ¤àoæ�ÜwÛ�Ýnð�QSãnKLà\â�KLÜ�ãnO&Q�ã�ã_OFÛ_>�æ&à#@�Û�ÜrQSÝ_Û6âFà\ã�æFK r Û�Þ<ã_KPðoÛ\ò�QSâ�é�ãnOjå�Ürà\å�ã_äFå�ã_Ü
àSßCé�KKz�Û�ÝnÛ�âZãrKLâFäFå�ãfÜ�ã_à ã_OFÛ�Ü_QSRÅÛ_>�æ&à#@�RÂQ�èýÞ�à\JLJPK�é�Ûoí���KLð\Û�â Q ä�Q\KPÝràSß$äFJ�QSKLâZãnÛ(@ZãfÜ�ò
Üwå�ÞfO_>Âæ�à#@jÛWÜ½ï4O�KLÞfO�O�Q�ð\ÛCéFK�zÎÛ�Ý_Û�âZãhKPâFä�å�ã_ÜhKLâ�æ�àSã_O�Û�â&Þ�Ý_èZäFãnKLà\â�ÜaæFå�ãhO�Q�ð\Û$ãnOFÛ�Ü_QSRÅÛ
à\å�ã_äFå�ã_ÜGï4KLJLJ�æ&ÛÂÞ�Q\JPJLÛ�é����($l�,�M�W>Ìæ&à#@�ÛWÜ�íÎÚhOFÛ�Ý_Û�ß¥àoÝnÛoò�ãnOFÛ�ÝnÛ)Û�@�K�Ü ã�RÂQSâjè*ä�Q\KPÝfÜ2kÅò=kq�
àSß�äFJ�QSKLâZãnÛ�@jãfÜ4ß¥à\Ý9ï4OFK�ÞfO*ãnOFÛrà\å�ã_äFå�ãfÜCà\ß�Q\JPJ¡ãnO�Û�>�æ�à#@�Û�Ü$KLâ*ã_OFÛWs�ÝfÜwãCÝnàoåFâ�é*Þ�à\JLJPK�é�Û\ò
ï4OFKLÞfO6Þ�QSå�ÜnÛ4ã_OFÛ9Þ�KPäFO�Û�ÝnãnÛ�@jãfÜ�ãnàrÞ�à\JLJLKLé�Û9Q\Ü�ïNÛ�JLJuí�>jå�ÞfO�Þ�à\JLJLKLÜnKPàoâ�Ü�Þ�QSâÂæ�Û9Þ�àoâ�ÜwãnÝ_å�Þ<ã_Û�é
Q\Ü½ß¥à\JLJPà�ï$ÜBAVS�à\ÝaQ\âjè�>Âæ&à#@�Xc�7ãnOFÛ�ÝnÛ9Û�@�K�Ü ãNä�QSKLÝ_Ü½àSß7õSÿuæFKPãað�Q\JPåFÛWÜe�-QSâ�é��y�9Üwå�ÞfO6ãnO�QSã
X Y]Z �o4���72g�X Y%Z �n4����(7�í=vÀÛ�ãu�Eæ&ÛÂQÈüS÷SÿvæFKPã9ð�QSJLåFÛ)ï4OFàoÜnÛ)æFKdãfÜGõ��][(\B\(\�[_õ��O� 8ÅÛ69Zå�QSJ+�6ò
QSâ�éÈJLÛ�ãT�/��æ�Û�ÛB9Zå�Q\JÎãnà��¤ò�Û�@FÞ�Û�ä�ã4ß¥àoÝhãnOFÛWÜwÛ�æFKPã_Ü�òFï4OFàZÜwÛGð�QSJLåFÛGK�Ü4ÝnÛ�äFJ�Q\Þ�ÛWé�æjè�����í
vÀÛ�ãWk¡g�Ca¢ YE 4��£7�QSâ�é/kq�yg�Ca¢ YE 4��/�B7<íÀÚhOFÛ�âÀòÎãnOFÛ6Þ�KPä�OFÛ�ÝnãnÛ(@ZãfÜ{i�4�kW7GQ\â�é?i�4lkq�67
QSÝ_Û�Û69Zå�QSJuípS	KPþoåFÝnÛ�ôrà\åFãnJLKPâFÛWÜNãnOFÛ�éFK�zÎÛ�Ý_Û�â�Þ�Û�Ü4KLâ�ä�QSKLÝfÜaà\ß	Û�â�Þ�Ý_èjä�ãnKLà\â&Ü�í

ÚhOFÛ�Q�ãwãfQ\ÞfçoÛ�Ýhé�àjÛ�ÜhâFà\ã$çZâ�à�ï ãnOFÛ�éFÛ�ã_Q\KPJ�ÜhàSß¡ãnOFÛ�JLKLâFÛ�Q\ÝhãnÝfQSâ�Üwß¥à\Ý_RÂQ�ãnKLà\â�QSâ�é�ãnO�Û
>�æ&à#@�ÛWÜ�ò	QSâ�é�Þ�QSâFâFà\ãrÞ�àoâ�ÜwãnÝ_å�Þ<ãrÞ�à\JLJPK�ÜnKPàoâ�Ü�å�ÜnKPâ�þ ãnO�KLÜrQSJLþ\à\Ý_KPãnOFR�ím¤Cà�ïaÛ�ð\Û�Ý�òÀKPß4ãnO�Û
Q�ãwãfQ\ÞfçoÛ�Ý�s�â�é�ÜaQ�Þ�à\JLJPK�ÜwKLà\â&Ü�òSO�ÛCRÅKPþoOZã½æ&ÛCKPâZãnÛ�ÝnÛWÜ ã_Û�é)ã_à�çjâFà�ï KPß�ãnO�ÛCÞ�àoJPJLKLÜnKLà\âÂQSJLÝnÛWQ\é�è
àjÞ�Þ�åFÝfÜCQSß�ãnÛ�ÝCã_OFÛWs�ÝfÜwã9JLÛ�ð\Û�J¡à\ße>�æ�à#@jÛWÜ�òÎQSâ&é*Kdß�ã_OFÛ�Ý_Û�K�Ü9à\âFJLè�à\âFÛ�QoÞ<ã_KPðoÛ�>�æ�à#@�í�¤CÛ
Þ�QSâ6Q\JLÜnà�æ�ÛCKLâZãnÛ�Ý_Û�ÜwãnÛWé)ãnà�çjâFà�ï KPß�ãnOFÛ�ÝnÛCKLÜNQ�Þ�àoRÅR)àoâ6Q\Þ�ãnKLð\Û2>)æ�à#@)KLâÂã ïNà�é�KKz�Û�ÝnÛ�âZã
Þ�à\JLJLKLé�KLâFþÅä�Q\KPÝfÜ�íjøkâÈãnO�Û�â�Û�@jãCÜwå�æ�ÜwÛWÞ<ã_KPàoâ�ÜNïaÛGäFÝ_Û�ÜnÛ�âZãhã ïaàÅQSJLþ\àoÝnKPãnO�RÅÜNï4OFK�ÞfOÈï4KPJLJÀæ�Û
å�ÜwÛ�ß¥åFJ�ß¥àoÝhãnOFK�Ü4äFåFÝ_ä�àoÜnÛ\í
¥ ¢axz[ moUWYZ|�m�i�e�i�[k[wi�bn �]n^�V�if}�¦\]fbfcd¦o]½eZU�[	[ U9iW¦Z¦G[ mocdt7^ ]<¦oYoej¦oi�eZbn}���mZ]_e�mo]a|�]feZ]n^wi�[ ]ft	[ mo]
bfcpXZmo]_^k[ ]_ÁS[ t�YZtk]f¦r{�U�^½[ mo]4i�[k[wi�bn ��
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S5S1 S2 S3 S4 S6 S7 S8S5S1 S2 S3 S4 S6 S7 S8

Linear Transformation L1

S5S1 S2 S3 S4 S6 S7 S8

Linear Transformation L2

Linear Transformation L0

Plaintext

Ciphertext]%¦�YZi�x
§©¨.ªa«c¬U§W¨.ª
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GIHKJ �(¼��ON Y\[ xpcdeo]4U�{Î[ mo]4V�i�cpe)U��Ztk]_^ £�i�[ cpU�e&�

½c¾l¿ ÀDÁ�Â�Ã�ÄMÅ.Æ6ÇmÈÉÀ

Ê Û)à\æ�ÜnÛ�Ý_ð\Û�ãnO�QSãGþoKPðoÛ�âÌQ�ä�QSKLÝ{kÅòËkq�rÜnå�ÞfO ã_O�Q�ã©i�4lkW7
gÌi�4�kq�B7<ò�ïNÛrÞ�Q\â K�é�Û�âZãnKPß¥è
ï4OFÛ�ã_OFÛ�Ý½ãnOFÛ�ÝnÛ4K�Ü�àoâFJPèrà\âFÛ$QoÞ<ã_KPðoÛ
>)æ&à#@)KPâÅã_OFÛTs�ÝfÜ ã�Ý_à\å�â�ét4ËQ\â�é)âFà\âFÛCKPâÅã_OFÛCÜnÛ�Þ�àoâ�é
ÝnàoåFâ�é�7�òNàoÝ�ã_OFÛ�Ý_Û�QSÝ_Û ã ïNà à\ÝÈRÅà\Ý_Û QoÞ<ãnKLð\ÛU> æ�à#@�Û�Ü�íNÚhO�KLÜÈK�é�Û�âZãnKKs&Þ�Q�ãnKLà\â�Þ�Q\â æ�Û
ä&Û�Ýwß¥àoÝnRÅÛ�é�æjèÂãnO�ÛGß¥à\JLJPà�ï4KLâFþÂQSJLþ\àoÝnKPãnOFR!A

ë\ía��KPðoÛ�âtk Q\â�é!k �
ô�íT|4Û�ä�Û�QSãCQSæ�à\å�ã�ëWö\öoö�ãnKLRÅÛ�ÜBA
4ËQV7_>jÛ�JPÛWÞ<ã2Í-Q�ã$ÝfQSâ�é�àoR
4¥æQ7tÎaà\RÅäFåFãnÛqÍq�agÏÍÑÐ�kÑÐÒkq�
4yÞB7tÎaOFÛWÞfç6ï4OFÛ�ã_OFÛ�Ý2i�4lÍW7Fgji�4ÓÍq�(7

ñFíTvÀÛ�ãuÔ)æ&Û�ãnOFÛ�ß¥Ý_QoÞ<ã_KPàoâ*àSß�ãnKLRÅÛ�Ü9ï4Kdã_O ÛB9Zå�Q\JPKPã è_i�4lÍW7�g»i�4ÓÍq�(7$KPâ�ã_OFÛ�ä�ÝnÛ�ðZKLà\å&Ü
Ü ã_Û�ä

÷�íhøvßÕÔ!Ö�ë#×\ô\û\üFò�àoå�ãnä�å�ã�	M��(�n���($Ó�,�#�(�& Q�n�]	(3oòÀQ\â�éÌÞ�à\â�Þ�JPå�éFÛrã_O�Q�ã�ãnO�Û�Ý_Û)K�Ü�à\âFJLè*à\â�Û
Q\Þ�ãnKLð\ÛW>�æ&à#@�KLâÈãnOFÛ{s&Ý_Üwã4ÝnàoåFâ�é�í

û�í
�CãnOFÛ�Ýnï4K�ÜnÛ�àoå�ãnä�å�ã©"(���M��Ød�M���n�V��$Ó�,�#�(�& Q�n�]	B3���"<í

ÚhOFKLÜaQSJLþ\àoÝnKPãnOFR-ïaàoÝnç�Ü�ÜnKLâ�Þ�Û4ã_OFÛ9éFK�zÎÛ�Ý_Û�â�Þ�Û�ÜaKPâÅã_OFÛCKLâFäFåFã_ÜaàSß�ãnO�Ûu>)æ�à#@jÛWÜ�KLâÂãnO�Û
s�Ý_Üwã4ÝnàoåFâ�é�QSÝ_ÛCã_OFÛ�ÜnQ\R)Û9ß¥à\ÝTk-QSâ�é_kq��QSâ�é6ß¥à\Ý
Í QSâ�é!Íq�9é�åFÛ�ãnàÅJLKPâ�Û�QSÝ_KPã è\í�ÚhOjå�Ü�ò
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ë\íhøvß�ãnOFÛ�ÝnÛ�KLÜ9QÂé�K�zÎÛ�Ý_Û�â&Þ�Û�àoâFJPèÈKLâ*à\âFÛy>Èæ�à#@Èß¥à\Ý
k�QSâ&étkq��ò�Üwà6K�Ü4ß¥àoÝ2Í�QSâ&é�Íq��í
>jKLâ�Þ�ÛyÍ-K�Ü$ÞfOFàZÜwÛ�â�ÝfQSâ�éFà\RÅJPèoò�QSâ&éÈÜnKLâ�Þ�ÛGã_OFÛ�Ý_Û�QSÝ_ÛÅëWôSõ)ä�Q\KPÝfÜ4à\ß	KLâFäFå�ãfÜ4ã_à6QSâ�>
æ&à#@ ï4Kdã_O ã_OFÛÂä�Q\Ýwã_KLÞ�åFJLQ\Ý�é�K�zÎÛ�Ý_Û�â&Þ�Û\òÎã_OFÛ�Ý_ÛÅKLÜ�QÈäFÝ_à\æ&QSæFKLJPKPã è à\ß9ë#Ù�ëWô\õÂãnO&Q�ã�ãnO�Û
ä�QSKLÝ�à\ß$KPâ�äFå�ã_Ü)à\ßNã_OFÛ�Q\Þ<ã_KPðoÛD>�æ�à#@�Q\ÝnÛ6ãnOFÛÈÜnQ\R)Û�KPâ æ&à\ãnO¤ä�Q\KPÝfÜ�ò¡QSâ&é�ãnOjå�ÜrQ
ß¥Ý_QoÞ<ã_KPàoâÌàSßhQ�ãGJPÛWQ\Üwã)ëMÙjë�ôSõ6à\ß�ãnO�Û)ä&QSKLÝ_Ü�àSßaà\å�ã_äFå�ã_Ü�Þ�à\JLJPK�é�ÛÅKLâ1Í QSâ�é/Íq��íÀÚhO�Û
ÝnÛ�ä&Û�ãnKPãnKLà\â ë�ö\öoö�ã_KPRÅÛ�ÜNÛ�â�Üwå�ÝnÛWÜ�ã_O�Q�ãhãnO�Û9äFÝ_à\æ&QSæFKLJPKPã èÅàSß¡Qrï4Ý_à\âFþrà\å�ã_äFå�ãhKLÜNð\Û�Ýnè
ÜwRÂQ\JPJuí

ô�íhøvß�ã_OFÛ�Ý_ÛNQ\ÝnÛNé�KKz�Û�ÝnÛ�â�Þ�ÛWÜ¡KLârãnOFÛNKPâ�äFå�ã_Ü�à\ßFã ïNà9àoÝ¡RÅà\Ý_ÛÕ>�æ�à#@jÛWÜ7KLârãnOFÛes�ÝfÜ ã�ÝnàoåFâ�é�ò
ãnOFÛ�Û�@�ä�Û�Þ�ãnÛ�éDÔGÝnÛWé�å�Þ�Û�Ü½ãnàÅQSæ�à\å�ã4ô ¢ ^dÚ à\ÝhQ�ÜnRÅQ\JPJ&ßËQ\Þ�ãnàoÝ½àSß¡KdãWòZï4O�Û�Ý_Û
Û;KLÜaãnO�Û
âjåFR�æ�Û�Ý$à\ß�>�æ�à#@jÛWÜhï4Kdã_O*é�K�zÎÛ�Ý_KLâFþÅKPâFä�å�ã_Ü�í

ñFíhøvß�ãnO�Û)àoå�ãnä�å�ã_Ü�àSß½ãnOFÛys�ÝfÜ ã�JLQ�èoÛ�ÝCà\ßÕ>*æ�à#@�Û�Ü9àSßek QSâ�é£k � é�àÈâFà\ãGÞ�à\JLJPK�é�Û\ò�æFå�ã
ãnOFÛ�Þ�KPäFO�Û�ÝnãnÛ�@jãfÜ4é�àÂÞ�à\JLJLKLé�ÛoòZãnOFÛ�Û(@jä�Û�Þ�ãnÛWéDÔ�KLÜhâFÛ�þ\JLKPþoKPæ�JPÛ�4�ã èjäFK�Þ�Q\JPJLè6QSæ�à\å�ãCô ¢ ~ E
à\Ý4JLÛ�Ü_ÜNß¥à\Ý$ü\÷SÿvæFKdã4æFJLà�Þfç�Üd7�í

½c¾,½ ÀDÁ�Â�Ã�ÄMÅ.Æ6ÇmÈÉÜ

Ê Û4Þ�Q\ârQ\JLÜnàCK�é�Û�âZã_Kdß¥è�KPß�ã ïNà�ä�QSKLÝ_Ü�k Y òMkq�Y QSâ&éqk�b\òMkq�b ï4OFK�ÞfOrÜ_Q�ã_KLÜwß¥èWi�4�k Y 7IgÑi�4lkq�Y 7
QSâ�é5i�4lkmb#7DgÝi�4lkq�b 7!4yQSâ�é Þ�à\JLJPK�é�Û*QSJLÝnÛWQ\é�è¤QSß�ãnÛ�ÝÂãnOFÛ!s&Ý_ÜwãÂÝnàoåFâ�é�7)O�Q�ðoÛÈéFKLÜwãnKLâ�Þ<ã
Q\Þ<ã_KPðoÛ
>)æ&à#@�ÛWÜ�KPâÅã_OFÛTs�ÝfÜwã�ÝnàoåFâ�é�òSàoÝ�ï4OFÛ�ãnOFÛ�Ý�ãnOFÛ�ÝnÛCKLÜ�Ünà\RÅÛCÞ�à\RÅRÅà\âÂQ\Þ�ãnKLð\Û
>ræ�à#@ËA

ë\ía��KPðoÛ�âtk Y [okq�Y [ok�b�[dkq�b
ô�í
Îaà\RÅäFå�ã_ÛqÍqYTgjk�YFÐÒk b Ð�k �b Q\â�étÍ �Y g k �Y ÐÒk b ÐÒk �b
ñFí
Îaà\RÅäFå�ã_ÛqÍ b gjk b ÐÒk+YFÐ�kq�Y Q\â�étÍq�b g kq�b ÐÒk�YFÐÒkq�Y
÷�íhøvß�i�4lÍ Y 7�Þg�i�4ÓÍq�Y 7CàoÝ©i�4lÍ©b67�Þg�i�4lÍq�b 79à\å�ã_äFå�ãD�]	M'�'�	��òÀQ\â�é Þ�à\â�Þ�JPå&é�Û)ãnO�QSã

ãnOFÛ�ÝnÛ�Û(@�KLÜwã_Ü4QÅÞ�àoRÅR)àoâÈQoÞ<ã_KPðoÛ©>�æ�à#@�í
û�íhøvßÕi�4ÓÍ Y 72g�i�4ÓÍ �Y 7�Q\â�é£i�4lÍ©b672g�i�4ÓÍ �b 79àoå�ãnäFåFã����;"%$l�,Ë��$½Q\â�éÌÞ�à\â�Þ�JPå&é�Û)ãnO�QSã

ãnOFÛ�ä&QSKLÝ_ÜhO�Q�ðoÛ�éFKLÜwãnKLâ�Þ<ãCQoÞ<ã_KPðoÛ©>�æ�à#@�Û�Ühï4KPãnO*Q)OFKPþoO�äFÝnàoæ�QSæ�KPJLKdã èoí

ÚhOFKLÜrQSJLþ\àoÝnKPãnOFR ÜwOFàoåFJ�é�é�Û�ã_Û�Þ<ã)QSJLR)àZÜ ã�Q\JPJaÞ�Q\ÜnÛ�Ü�àSß$Þ�àoR)RÅàoâ�QoÞ<ã_KPðoÛ�>ýæ&à#@�Û�Ü�í�øvß$KPã
é�àjÛ�ÜGâFà\ã�éFÛ�ãnÛWÞ<ã�Q\ÜGÜnå�ÞfOÀòÎã_OFÛ�Ý_ÛÅKLÜ�Q�OFKLþ\OýäFÝnàoæ�QSæ�KPJLKdã è�ã_O�Q�ãGã_OFÛ�Ý_ÛÂQSÝ_ÛrâFà*Þ�à\RÅRÅà\â
Q\Þ<ã_KPðoÛW>�æ�à#@�Û�Ü�í

ÚhOFKLÜ4Q\JPþoà\Ý_Kdã_OFRAïNà\Ý_ç�Ü�ò�Q\ÜNã_OFÛ�ä�Q\KPÝfÜTÍ Y []Í �Y 4ËQ\â�é!Í©b�[]Í �b 7héFK�zÎÛ�Ý$Û(@FQ\Þ<ã_JPè�KPâÈãnO�Û
ÜnQ\R)ÛW>�æ�à#@jÛWÜ4Q\Ühà\ß�k+Y#[dkq�Y 4�k b [dkq�b ò�ÝnÛWÜwä�Û�Þ�ãnKLð\Û�JLèp7<í�øvß	ãnOFÛ�ÝnÛ�Q\ÝnÛGâFà6Þ�à\RÅRÅà\â�Q\Þ<ã_KPðoÛ
>Èæ&à#@�Û�Ü�òjãnO�Û�Q\Þ�ãnKLð\ÛW>Èæ&à#@�ÛWÜhKPâ?ÍqYM[dÍq�Y 4lÍ b [dÍq�b 7hO�Q�ðoÛ�Û(@FQ\Þ<ã_JPè6ãnOFÛ�Ü_QSRÅÛ�KLâFäFå�ãfÜCQoÜ
KPâtk+Y#[okq�Y 4lk b [okq�b 7<ò&QSâ�é�ãnOjå�ÜNã_OFÛ�ÜnQ\RÅÛGÞ�à\JLJPK�ÜnKPàoâ�à�Þ�Þ�åFÝ_Ü�í�øvß7ã_OFÛ�Ý_Û�K�Ü4ÜwàoR)Û�Þ�à\RÅRÅà\â
Q\Þ<ã_KPðoÛa>�æ�à#@�ò�ãnOFÛ4KLâFäFåFã_Ü�KLâ�ÍqY6[dÍy�Y 4lÍ b [dÍq�b 7�QSÝ_Ûhé�K�zÎÛ�Ý_Û�âZã�ã_O�QSâ)KPâ�k+Y�ò�kq�Y 4�k b ò�kq�b 7<ò
QSâ�é�ãnOjå�Ühã_OFÛ�äFÝ_à\æ�Q\æFKLJPKPã è6àSß�Þ�àoJPJLKLÜnKLà\âÈKLÜ4ÜnRÂQSJLJyí
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ß �/�a��à�ÓjÓ���Øpá

â=¾l¿ ÀDãmäpÁ�å=æ�ÅlãmÂ1Æ6ÇmçtèTÅ�Ä#éBÆ�êIÅlãmç�ä�Ä�ëeÄMäpã�éBì&ÃQÄ#ÈÒä�ÆBÅlÃQã

ÚhOFÛÕs�Ý_Üwã�Ü ã_Û�ä)àSß�ã_OFÛ4Q�ãnã_Q\Þfç�Þ�à\RÅäFå�ã_Û�Ü¡ãnO�ÛhÞ�KPä�OFÛ�ÝnãnÛ(@ZãfÜ�àSß�RÂQ\âZè�Ý_Q\â�é�à\R äFJ�QSKLâZãnÛ(@ZãfÜ�ò
QSâ�érÞ�à\JLJLÛ�Þ<ãfÜ	ä�QSKLÝ_Ü�kÅòMkq�aï4OFàZÜwÛhÞ�KLäFOFÛ�Ýwã_Û�@jã_Ü�i�4lkW7<ò�i�4lkq�(7	QSÝ_ÛNÛB9Zå�QSJuò�QSâ�é�ß¥à\Ý�ï4OFK�ÞfO
`$JLþ\à\Ý_KPãnOFR¡` àoå�ãnä�å�ã_Ü4àoâFÛ�ÿkQ\Þ�ãnKLð\Û�ÿí>Zÿvæ�à#@Îí

��KPðoÛ�â�Üwå�ÞfO�ä�Q\KPÝfÜhïNÛ�å�ÜwÛ�Q\JPþoà\Ý_Kdã_OFRAM ã_à6é�KLðZK�é�ÛGã_OFÛ�R ãnàÂÛ�KPþoOoã$ÜnÛ�ãfÜ�ò�Ünà\ÝnãnÛWé�æjè
ãnOFÛCQoÞ<ã_KPðoÛ2>)æ&à#@�í�ÊýÛ9Þ�QSâÅå�ÜnÛ4ãnO�KLÜ½ÝnÛWÜwåFJPã�ã_à©s�â�éÂQ�æ&Q\ÜnKLÜ�ß¥àoÝ�ãnO�Û9é�KKz�Û�ÝnÛ�â�Þ�ÛWÜFk£Ð!kq�
àSß$Û�QoÞfO¤ÜwÛ�ã�í�ÚhOFÛ�Þ�à\RræFKPâ&Q�ãnKLà\â�à\ßCQSJLJ�ã_OFÛ�ÜnÛ�æ�QoÜwÛWÜ�ß¥àoÝnR3Q*æ�QoÜwK�Ü�ß¥àoÝ�ã_OFÛ�ä�JLQ\KPâZãnÛ(@jã
Üwä�QoÞ�Ûoò�ï4OFK�ÞfO Ý_Û�J�Q�ãnÛWÜhãnà�ãnOFÛrKPâ�äFå�ã_Ü9àSße>*æ&à#@�Û�Ü$àSß�ãnO�ÛWs�ÝfÜ ã9ÝnàoåFâ�é�í�økâ*ãnà\ã_Q\J7ïNÛ�þ\Û�ã
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ãnOFÛ�ÜnÛ�Þ�à\â�éÈÝ_à\åFâ&é�í�ÚhOFK�ÜCÜwãnÛ�äÈK�Ü$ä�Û�Ýnß¥à\Ý_RÅÛ�éÈæjè�Û�â�Þ�Ý_èjä�ãnKLâFþ�ô\û\ü)äFJLQ\KPâZã_Û�@jã_Ü$ß¥à\Ý$ÛWQ\ÞfO
>6æ�à#@6KPâ�ãnO�Û2s&Ý_Üwã4ÝnàoåFâ�é�òjï4OFK�ÞfO�Þ�à\âZã_Q\KPâÈQSJLJÎãnOFÛGä�àoÜ_ÜwKLæFJLÛ9KLâFäFå�ãfÜNãnà)ãnO�Û©>�æ�à#@Îò�Q\â�é
KPâ ï4OFKLÞfO¤ãnOFÛÈKPâ�äFå�ã_Ü)ã_à Q\JPJaãnOFÛÈàSã_OFÛ�Ý�>�æ�à#@�Û�Ü)QSÝ_Û�sp@�Û�éÀí�ÊýÛ�Þ�à\å�âoãrãnOFÛÈâjåFR�æ�Û�Ý
àSß4é�K�zÎÛ�Ý_Û�âZã�àoå�ãnä�å�ã_Ü�àSßhÛ�Q\ÞfO�> æ�à#@ KLâ�ãnOFÛ�ÜnÛ�Þ�à\â�é Ý_à\åFâ�éÀíÀøvßhãnOFÛ�Þ�à\åFâZã�K�Ürô Ú 4¥àoÝ
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ÜwJLKPþoOZãnJLèÅÜnRÂQSJLJPÛ�Ý]7�ß¥à\ÝhÜwàoRÅÛaÛ òZã_OFÛ�Ý_ÛCK�ÜaQ�OFKLþ\O�ä�Ýnàoæ�QSæFKLJLKdã èrãnO�QSãaã_OFÛCÝfQSâ�ç)à\ß�ãnOFÛ�JLKPâ�ÿ
Û�QSÝhã_Ý_Q\â�Üwß¥à\Ý_RÅQSãnKLà\â�ß¥ÝnàoRAãnO�Û�à\å�ã_äFå�ãCà\ß¡ã_OFÛq>Èæ&à#@�KPâÈãnO�Û©s�ÝfÜ ã4Ý_à\åFâ�é�ã_àÅãnOFÛ�KLâFäFå�ã
àSßT4¥à\â�JPèp7½ãnOFÛq>�æ�à#@�KLâ�ã_OFÛ�ÜnÛ�Þ�àoâ�é�ÝnàoåFâ�é�KLÜTÛýí

SFÝ_à\R1ãnO�Û�Ü_QSRÅÛ*éFQSã_Q ïaÛ*Þ�Q\â Û�ð\Û�âøs�â�é KLâ�ß¥à\Ý_RÂQ�ãnKLà\â à\â ãnOFÛ�ð�QSJLåFÛWÜÅàSßCã_OFÛ�>
æ&à#@�Û�Ü�ò&QoÜCæjèÈJPàjàoçZKLâFþ�QSãCã_OFÛ�àoå�ãnäFåFã_Ü�àSß�ã_OFÛ�>�æ�à#@�Û�ÜCKPâÌãnOFÛ)ÜwÛWÞ�à\â&é�ÝnàoåFâ�é*ïNÛ�Þ�Q\â
þ\Ý_à\åFä KPâFä�å�ã_Ü�ã_à�ã_OFÛ�> æ�à#@ KLâÌã_OFÛ�s�Ý_Üwã�ÝnàoåFâ�éÌæZè ãnOFÛÅð�QSJLåFÛ�Ü�à\ß½ãnO�Û�Û3æ�KdãfÜGàSßaKPã_Ü
à\å�ã_äFå�ã�ãnO&Q�ã�QMzÎÛ�Þ�ã	ã_OFÛ
>�æ&à#@�KLârãnOFÛ$ÜnÛ�Þ�à\â�érÝnàoåFâ�é�í�MNè�Þ�à\Ý_ÝnÛ�JLQSãnKLâFþ$ã_OFKLÜ�KPâ�ß¥àoÝnRÂQSãnKLà\â
QSRÅà\âFþÈÜwÛ�ð\Û�Ý_Q\J�>*æ�à#@�Û�Ü9KPâ ãnO�Û)ÜnÛ�Þ�à\â�é*Ý_à\å�â�é ïNÛrÞ�QSâ Þ�à\RÅäFJLÛ�ã_ÛrRÅàoÜwãGKPâ�ß¥àoÝnRÂQSãnKLà\â
à\âÅãnO�Ûu>)æ�à#@jÛWÜ�KLâÅãnOFÛ
s�ÝfÜ ã½Ý_à\å�â�é�ò\KLâ�Þ�JPå�éFKPâFþ�ãnOFÛ�KPÝNð�QSJLåFÛ�Ü�òoQ\â�é)ãnOFÛ9Q\Þ<ã_å�QSJ&æFKPã_Ü½ãnO�QSã
QSÝ_Û6ãnÝfQSâ&Ü ß¥Û�ÝnÛWé¤æjè�C Y ãnàýÛ�QoÞfO�> æ&à#@�í�ÚhOFÛÈà\âFJLè�ð�QSJLåFÛ�ÜrãnO&Q�ãÂïaÛ�Þ�Q\âFâFà\ãrK�é�Û�âZãnKPß¥è
QSÝ_ÛGãnOFÛ�QSáÂâFÛ�Þ�àoâ�Üwã_QSâZãfÜ�òFï4O�KLÞfO Þ�QSâ�æ&ÛrðjKPÛ�ïaÛWéÈQoÜ4ä�Q\ÝwãCà\ß�ãnOFÛ�ÜnÛ�Þ�à\â�ét>Èæ�à#@ÈJ�Q�è\Û�Ý
KPâ�ÜwãnÛWQ\é�í b øvã�KLÜCâFà�ï Û�Q\Ünè6ã_à�Þ�à\RÅäFJLÛ�ãnÛ�ãnOFÛ)ÜwÛWÞ�à\â&é�J�Q�è\Û�Ý$àSßI>�æ�à#@�Û�Ü�ò�Q\Ü9QSJLJÀã_OFÛ�Ý_Û�Üwã
àSß	ãnOFÛ�Þ�KPäFO�Û�Ý4K�Ü4QSJLÝnÛWQ\é�èÂÝ_Û�Þ�à�ð\Û�Ý_Û�éÀí

ù ú�Ùo�jØ�×
���jÙ Õ½Ò

` ä�àoÜ_ÜwKLæFJLÛ�KLRÅäFÝnà�ðoÛ�RÅÛ�âZã�KLÜ�å�ÜnKPâ�þ�æFK r Û�Þ�ãnKLð\Û�>*æ�à#@jÛWÜCKLâ ã_OFÛys�Ý_Üwã9J�Q�è\Û�ÝCà\ßÕ>*æ�à#@�Û�Ü�í
ÚhOFKLÜ�RÅà�é�K�s�Þ�Q�ã_KPàoâ Û�â�ÜnåFÝ_Û�Ü6ãnO�QSã6ãnOFÛ?s�ÝfÜ ã�Ü ã_Û�ä àSß�ã_OFÛ QSãwãfQ\Þfç K�Ü�âFàSã�Q\äFäFJLKLÞ�QSæFJLÛ\ò
QSJPãnOFàoåFþ\O à\ãnOFÛ�Ý9QSãwã_QoÞfç�Ü$RÅKPþoOZã9æ�Û�Þ�àoRÅÛ�äFÝfQ\Þ�ãnK�Þ�QSJuí&ÚhO�KLÜ9RÅàjéFK�s&Þ�Q�ã_KPàoâÌÞ�Q\â æ&ÛÅÞ�àoR)ÿ
æFKPâ�Û�éÅï4KPãnO6QSâÅKLâ�Þ�Ý_Û�QoÜwÛWé�âjåFRræ&Û�Ý½à\ß�Ý_à\åFâ&éFÜ�å�ÜnKPâ�þ�âFà\â�ÿvæFK r Û�Þ�ãnKLð\Û
>ræ&à#@�ÛWÜ�ãnà�äFÝ_àSã_Û�Þ�ã
QSþoQ\KPâ&Ü ãCà\ãnOFÛ�Ý9çjKLâ�éFÜ�àSß½QSãwãfQ\Þfç�Ü$ã_O�Q�ã�ÝnÛ69ZåFKPÝ_ÛrQSã9JLÛ�QoÜ ã9ã ïaà�ÝnàoåFâ�éFÜ9àSß�âFàoâ�ÿvæFK r ÛWÞ<ã_KPðoÛ
>�æ�à#@�Û�Ü�í

øvß	ã_OFÛ©s�ÝfÜwãCJLQ�èoÛ�Ý4à\ß+>Èæ�à#@�Û�Ü4Ý_Û�RÂQSKLâ*âFàoâ�ÿuæ�K r ÛWÞ<ãnKLð\Ûoò�ãnO�Û©s�ÝfÜ ã9ÜwãnÛ�ä*àSß�ãnO�Û�Q�ãnã_Q\Þfç
Þ�QSâ ÜwãnKLJLJms&â�é�ãnO�ÛWs�ÝfÜ ã�JPKLâFÛWQSÝ$ã_Ý_Q\â�Üwß¥à\Ý_RÅQSãnKLà\â�Ý_Û�þoQ\Ý_éFJPÛWÜnÜhà\ß�ãnOFÛrâZå�R�æ�Û�Ý�àSß�Ý_à\åFâ�é�Ü
QSâ�é ãnOFÛ*é�ÛWÜwKLþ\âúàSß9ãnOFÛ�à\ãnOFÛ�ÝÂÝnàoåFâ�éFÜ�í�ÚhOFÛ�Ý_Û�ß¥àoÝnÛoò�Ünå�ÞfO QÌð�Q\ÝnK�QSâZãÅàSßCã_OFK�ÜÂÜnÞfOFÛ�RÅÛ
RÅQ�è�Üwã_QSÝnã_Ü$ï4Kdã_O*ãnOFÛ�JLQ�èoÛ�Ý$à\ßF>Èæ�à#@�Û�Ü4ï4KPãnO�à\å�ãGQÂäFÝ_Û�Þ�ÛWé�KLâFþÂJPKLâFÛWQSÝ$ã_Ý_Q\â�Üwß¥à\Ý_RÅQSãnKLà\â
ï4Kdã_OFà\å�ãÂQMzÎÛ�Þ�ãnKLâFþÌKPã_ÜÅÜnÛ�Þ�åFÝnKPã è\í	økâ Ünå�ÞfO Q Þ�QoÜwÛ�ïaÛ�ïaàoåFJLé¤äFÝnàoä&àZÜwÛ�å�ÜnKPâFþýQ�ã)JPÛWQ\Üwã
ãnOFÝ_Û�Û�J�Q�è\Û�Ý_ÜNà\ßF>Èæ�à#@�Û�Ü�òFÛ�QoÞfOÈß¥à\JLJPà�ïNÛ�é�æjèÈQÅJLKPâ�Û�QSÝ$ãnÝfQSâ�Üwß¥à\Ý_RÂQ�ãnKLà\â�ãnà�Û�â�ÜnåFÝ_ÛGãnO�QSã
ãnOFÛ�ÝnÛWÜ ã�à\ßhãnOFÛ�QSãwãfQ\ÞfçýKLÜ�âFàSãrQ\äFäFJLKLÞ�QSæFJLÛ\í�¤$à�ïNÛ�ðoÛ�ÝWòÀQ\éFé�KLâFþ J�Q�è\Û�Ý_Ü�Þ�à\RÅÛÂï4KPãnO Q\â
åFâ�Q\Þ�Þ�Û�ä�ã_Q\æFJPÛGä�Û�â�Q\Jdã è�KPâÈã_OFÛ�ÜwK:��ÛGà\ß7ãnO�Û�äFåFæFJLKLÞGçoÛ�è�Q\â�éÈÛ�â�Þ�Ýnèjä�ã_KPàoâÈÜnä�Û�Û�éÀí

` ä�ÝnàoR)K�ÜnKPâFþ KPRÅäFÝ_à�ð\Û�RÅÛ�âZã)ÜnÛ�Û�RÅÜ)ã_àýéFKLÜ_Þ�Q\Ý_é¤ãnOFÛ�Ý_Û�é�åFâ&éFQSâZãÅKPâFä�å�ãÂð�Q\ÝnK�QSæ�JPÛWÜ
ß¥ÝnàoR1ãnOFÛ�äFåFæ�JPK�ÜwO�Û�é ÛB9Zå�Q�ã_KPàoâ�Ü�ò¡Ý_Û�äFJ�Q\Þ�KPâ�þ ãnO�Û�R æjè�ãnO�Û�KLÝ)Û69ZåFKPð�Q\JPÛ�âoã)ß¥à\Ý_R�å�JLQ\Û�KLâ
ãnÛ�Ý_RÂÜ�àSßhàSã_OFÛ�Ý�ð�Q\ÝnK�QSæFJLÛ�Ü�í�økâ�Üwå&ÞfO�QÈïhQ�è?`$JLþ\àoÝnKPãnO�RÝ`�RÅKPþoOZã�âFÛ�ðoÛ�Ý�à\åFãnäFå�ãrà\âFÛ�ÿ
Q\Þ<ã_KPðoÛ�ÿû>Zÿvæ&à#@GKPâ�ãnOFÛÕs�ÝfÜwã	ÜwãnÛ�äràSßFã_OFÛ4Q�ãnã_Q\ÞfçÎíWøvß�KLârQ\é�é�Kdã_KPàoârÜnà\RÅÛNàSß�ãnO�Ûhü\÷CÛ69oå&Q�ãnKLà\â&Ü
QSÝ_ÛGQ\JLÜnàÅé�KLÜ_Þ�Q\Ý_éFÛ�é�ò�KPãCÜwÛ�Û�RÂÜNãnO&Q�ãCQSJLJÎãnO�Û�çZâ�à�ï4âÈQSãwã_QoÞfç�Ühï4KPJLJ�âFàSã$ïNà\Ý_çÎí

|4Û�RÂQSÝ_çËA7ÚhOFÛ�Q\å�ãnO�à\ÝfÜ�àSß�êPë\ë<ìhäFÝ_à\ä�àoÜnÛÅãnO�QSã�ãnOFÛ!>ýæ&à#@�ÛWÜ�ÜwO�à\åFJ�é�âFàSã)æ&Û�ç\Û�äFã
ÜwÛWÞ�Ý_Û�ã�í�¤$à�ïNÛ�ðoÛ�ÝWò�Kdß�ãnO�Û�>Èæ�à#@jÛWÜ$QSÝ_Û�âFà\ã9ÜnÛ�Þ�Ý_Û�ãWòFKPã9ïNà\åFJ�é�ÜwKLRÅäFJPKPß¥èÈãnOFÛrÝnÛWÞ�à�ðoÛ�Ý_èÂàSß
ü l mZ]n}Âb<i�e�i�b_[ Yji�xdxz}6��]C]fxpcpV�cdeZi�[ ]<¦F��i�tN[ mo]$tkbnmo]fV�]9cpth]]¦SYocp£Wi�xd]_eS[½[ Uri�tkbwmZ]_V�]9cpeÂ��mZcpbwm
[ mZ]NÏf]_^ U�cpeZXoYo[ t�[ U�`���U�Á\]ft½i�xp��if}ot½mji<£�]NÏf]_^ UGU�Yo[ XZY\[ tf�ji�ej¦�[ mZ]4XZxdi�cde�[ ]_ÁS[�Ïf]n^ U ¨ U�^ai�e�}
U�[ mo]_^½tk]fxp]fb_[ ]<¦rXZxdi�cpe�[ ]_ÁS[ « cpt½]_eZb_^k}\Xo[ ]f¦rYZtkcpeo|GUWeoxp}�Ïf]n^ U�cdeoXZY\[ t�U�{7`���U�Á\]ftf�
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ãnOFÛNJPKLâFÛWQSÝ¡ãnÝfQSâ�Üwß¥à\Ý_RÂQ�ãnKLà\â&ÜÀKLâ�à\åFÝ�Q�ãnã_QoÞfç�òWþ\KLðjKPâ�þCRÅà\Ý_Û�KLâ�ß¥à\Ý_RÂQ�ãnKLà\â�ãnà9ãnOFÛhQ�ãnã_Q\ÞfçoÛ�ÝWí
Ê Û�O�KPþoOFJPè�ÝnÛWÞ�à\RÅRÅÛ�â&é�ã_àÂç\Û�Û�äÈãnOFÛq>�æ�à#@�Û�Ü$ÜnÛ�Þ�ÝnÛ�ã�ò#r å�Üwã9Q\ÜNã_OFÛ�è�ÜnOFà\åFJ�éÈæ&Û�KLâ�ãnO�Û
à\Ý_KPþoKPâ�Q\JÀô�|�ÜnÞfOFÛ�RÅÛ\í

ý þ4×
ÿîÿ��	Ô��

økâ ã_OFK�Ü�ä�Q\ä&Û�Ý�ïaÛÂäFÝ_à\ä�àoÜnÛ�éýQ�äFÝfQ\Þ�ãnK�Þ�QSJ�QSãwãfQ\ÞfçÎò�ï4OFK�ÞfO�KLÜGã_OFÛ�s�ÝfÜ ã�QSãwãfQ\ÞfçÌQ\þoQSKLâ�Üwã
ù�Q�ã_Q\ÝnKLâ=< Ü$ô�ÿí|4à\å�â�é�ù�åFæFJLK�Þ��GÛ�è_>�èjÜwãnÛ�R ï4KPãnO?>�MNà#@�Û�Ü�ípSFàoÝCQÂæFJLà�Þfç�ÜwK:��ÛGàSß�ü\÷ÂæFKdãfÜ�ò
ãnOFÛ Þ�à\RÅäFJLÛ�@�Kdã è àSßCã_OFÛ Q�ãnã_QoÞfç¤KLÜÂQ\æ&àoå�ã�ô�} E Û�â�Þ�Ýnèjä�ã_KPàoâ�Üt4�ã_O�Q�ãÂã_OFÛ Q�ãnã_QoÞfç\Û�ÝÅÞ�Q\â
Þ�à\RÅäFåFãnÛ4à\âÅOFK�Ü�RÂQ\ÞfO�KPâFÛ$QoÜ�ãnO�KLÜ�K�Ü�QGäFå�æFJPK�Þ4çoÛ�è�Ü_ÞfOFÛ�RÅÛ#7<í\ÚhOFÛ4RÅàoÝnÛ$ÜnÛ�Þ�åFÝnÛhð�QSÝ_K�QSâZã
ï4Kdã_O ë�ôSõ�ÿvæFKPãaæFJLà�Þfç�ÜNÞ�QSâ�æ&Û�QSâ&QSJLè���Û�éÂï4KPãnO�Þ�àoRÅäFJPÛ(@�Kdã è6Q\æ&àoå�ã4ô�~ E íFI�á6Þ�KLÛ�âZãhKPRÅäFJLÛ�ÿ
R)Û�âZã_Q�ã_KPàoâ�Ü4à\ß¡ã_OFÛ�Q�ãnã_QoÞfç6RÅKPþoOoã$Û�ð\Û�âÈO&Q�ð\ÛGRÂQSÝ_þ\KLâ�QSJLJPè�ÜwRÂQSJLJLÛ�Ý$Þ�àoRÅäFJPÛ(@�Kdã_KPÛWÜhãnO�Q\â
ãnOFÛWÜwÛoí

à Øpá4Ò$Õ��ø�û�¡Ö��Iÿ��7ÒaÓp�

Ê Û6Q\ÝnÛÅþ\ÝfQ�ã_Û�ß¥åFJ�ã_à	�oQoÞ(9ZåFÛWÜ�ù�QSã_Q\ÝnKLâ ß¥àoÝ�OFKLÜ�þ\Ý_Û�Q�ã�OFÛ�JPä�é�å�ÝnKLâFþ�à\åFÝ�ïNà\Ý_ç*à\âýã_OFKLÜ
Q�ãwãfQ\ÞfçÎòFQSâ&é6ß¥àoÝhãnOFÛ�KLâjðZKPã_QSãnKLà\â�ß¥à\Ý$Q\âÈÛ(@FÞ�Û�JLJLÛ�âZã4ÝnÛWÜ ãfQSåFÝfQSâZãhKPâ*ù�QSÝ_K�Üu4¥ãnOFÛ�ä�ÝnàoR)K�ÜnÛ�é
äFÝnK:��Û�ß¥àoÝ4æFÝnÛWQSçjKLâFþ)ãnOFK�Ü4Üwè�ÜwãnÛ�R�7�í


 ���d�7Ôp�7ÒCØË�m�
 É�� � �Wghcz��]W����� � � ~ ]fxpxpV�i�e&���C´ º�� ±�� ´k²_¸�±¥ª�¬Z·½±�¬����wµ��j¸Ëª����! "�\»Sµ��\s �¡�7�*l ^wi�eot i�b_[ cpU�eZt�U�e

syeo{�U�^ V�i�[ cpUWe l mZ]fU�^k}��$#7UWx��j�W���&%NU\�jÃS�'%aU�£F�FÉ)(+*�ÃS�
 �,� l tkY\[ UWV�Y-�Åi�[ tkYZV�U�[ Uo� ~ cP¦\]f Sc�syV�i�c���®�«Z¯f° ±�²/.�«$ ���0 �¸�±¥²C®½ª�° µ�¬jª�¹�±1 �°z¨"2Z«,��°d´n·�3_ª��54�6 ¨

²_±Ë´n¬o¸À¶Z±7��¬& �¸�«�� ´_¨,8j´"�w± 9¡²� �¸�±¥ª�¬� �¬�;:�´n·w·" <��´_¨=4�¬�²��wµ"�j¸�±�ª�¬Z�&>&]fb_[ Y\^ ]?%NU�[ ]_t�cpe)T	U�V�XZY\[ ]_^
`Sbfcp]feZbf]���¢a¦o£�i�eobf]ftNcpe�T¡^k}oX\[ UWxpUW|�}���Xo^ U�bf]f]f¦ocpeZ|�t4U�{ �A@ R N T�R�Bh� l P ÊWÊS��XZX&�FÄ\É<(�¿yÄ+C��S�
É)(WÊWÊS�

 �D� ~ � N eZ|\��Ta�F�Î��`\bwmZeoU�^k^<�F¢a¦ocÎ`\mji�V�cz^<��4�6ý²_±Ë´n¬o¸�¶Z±7��¬& �¸�«�� ´�¶�²w»Z´n¹�´n·$¼E �·_´ Âª�¬Â®�ªW° µ�¨
¬jª�¹�±1 �°F4EG_«$ �¸�±¥ª�¬Z· �H>�]fb_[ Y\^ ]I%NU�[ ]fthcpeÈT	UWV�XZY\[ ]_^$`Sbfcp]feZb_]W��¢N¦\£Wi�eZbf]ftacpe�T¡^k}\Xo[ U�xpUW|�}��
X\^ U�bf]f]<¦\cdeo|Wt½U�{7T�R�Bh� l N P Ê�Ä\�jXoX&�o�+*fq�Ä�ÃS�ÎÉ<(�Ê�Ä\�

 Ä��KJ�i�b%¦�YZ]ft���i�[wi�^ cde��5���nµ��j¸L �¬& W° µ�·w±L·)ªM3�¸L»Z´K:- �¸�· «\¹Gª�¸ËªN �¬jPOw¹� �±�®�«o¯f° ±¥²�³�´nµ6¶j²w»Z´n¹�´
ª03Q4�«��kª<²��wµ"�j¸,R S+SW�E>&]_b_[ Yo^ ]P%NU�[ ]ft�cpe T	UWV�XZY\[ ]_^r`\b_cd]_eZbf]W��¢N¦\£Wi�eZbf]ft�cpe¤T¡^k}\Xo[ U�xpUW|�}��
X\^ U�bf]f]<¦\cdeo|Wt½U�{7T�R�Bh� l N P (+C��jXoX&�Z��ÄWÊ�q\��Ã\É���É<(T(TCS�

 C,�KJ�i�b%¦�YZ]ft���i�[wi�^ cde���UN±¥��´n¬�V¡±Ë´_°p�·W4?G_«$ �¸�±¥ª�¬o·YX�UEV�4�ZP �¬�[Ow·nª�¹�ª��L�o»S±L·w¹9·�ª039®½ªW° µ�¬�ª�¨
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