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S&TQUWVYX[Z!\&] UGX	^HS`_�a&b`cd\&efXg^HU�h0ikjHimlQ\&lonHp�S=X	qk\&_�S`_Hr�S&]sUtX	^HU�u qwvmX	^�pkUxS`rHq�_oy0VxS`nHu UN\&e
Vz^H] \&_oq�V�rHqku UxS`u UxiN{I_PXg^HqkuGVx\&nH_gXg]}|�~	X	^oU�UWu}Xgq�Z!SWXgUxr�\z�HUx]sS&p�p�VW\&u}XguBe�\&]GS&pkp�UW] y&qkV�] ^Hqk_HqwX	qku
q�_J�W�&�&��X	\WXgS&pkUxr��0�Hqkp�pkqk\&_�rH\`p�pkS&] u�S&_Hr*XI�0\N|�UWS&] u�p�SWXgUx]s~�Xg^HUNqk_HVW] UxS`u Uxr�S&�Hu UW_gX	UxUWq�usZ
S&_Hr�] UWrHnHVxUWr�lH] \�rHnHV�X	qw��qwXI|7rHnoU0X	\JS&pkpkUx] y`q�UWu�Vx\&u�X�X	\MVx\`Z;loS&_HqkUxu�Z!\&] U0Xg^HS&_�a&�`b
Z;qkpkp�qk\&_�ro\&p�pkS&]su��k�W�ki���\&] UW\z�HUx]s~Ae�] \&Z��W�&�&a
X	\��W�`�&�&~tX	^HU!lH]sUY��S&pkUx_HVWU�\&eNS&u}Xg^HZ!S
q�_HVW] UWS&u UWrCX	\��&�`c�S&Z!\&_oy
�0\&Z!Ux_+S&_Hr�a&a`c�S&Z!\&_Hy�Z!Ux_oiJ�*^HUxusU u�X	SWXgq�u�X	qkVxu?S&]sU
S&_�U�v�S`Z;lop�U�X	^HSWX0l¡Ux] e�UWVYXgp¢|�Vx\`] ] UWu l¡\&_HrHuBX	\PX	^HU£u qwX	nHS=X	qk\&_�S&_or�X	]sUx_Hr q�_ S&pkp¡\=X	^HUW]
Vx\&nH_gXg] qkUxu£q�_
X	^HUA�0\&] pkrHi¤ _!S&pkp�UW] yW|�q�u.S&_
S&�H_H\`] Z!S&po]sUxS&V�X	qk\&_0X	\�S`_
\&] rHqk_HS&]sq�pw|�^HS&] Z!pkUxusu�usnH�Hu�X	S&_HVWU*VxS&pkpkUxr
¥�¦�¦¨§ ©Yª�§ « ~[�k�=�[�¢¬&b`��i*­®^HUx_�S&_¯S&pkp�UW] y&UW_¯qku0S&�Hus\&] �¡Uxr�q�_gX	\�X	^HU��Q\�r°|�\&e�S&_�S&p�pkUx]sy&qkV
lQUW] u \`_H~QX	^oU�l¡Ux] us\&_H±ku#qkZ;Z�nH_HU²u�|Qu}X	UWZ³�QqkUY��u[X	^oU�S&pkp�UW] y&UW_�S&u0S`_¯q�_g��S&rHUW]0S&_or¯S
Vz^HS&qk_´\&e[S`�H_H\&]sZ;S`p�]sUxS&V�X	qk\&_Hu��QUWy&q�_ou i¯�*^HU UxT¡UxV�X	u�\`e�X	^Hqku�] UxuslQ\`_Hu U S&] U;] nH_o_	|
_H\&u UW~��0SWX	UW]}|µU�|�Uxus~#qwX	Vz^Hqk_Hy�S`_Hr7u _HUWUx¶xqk_Hy&i¸·.UW\&lHpkU!��qwX	^�X	^HUWu UCu}|QZ!l°X	\`Z;u;S&]sU
nH_HS&�HpkU#X	\²�0\&] ¹¯S`_Hr�UY��UW_CXg\Cusp�UWUxlHi��*^HU!Z!\&u�X;Vx\&Z!Z!\&_+S&p�pkUx]sy&Ux_ou�S`] Uxº
l¡\&pkp�UW_
lHS&]}Xgq�VWp�UWu ~�Z!\&pkrHu ~�rHnHu�X*Z!q¢XgUxus~�S&_HqkZ;S`p�roS&_HrHUW] ~He�\�\�rou ~�Z;UWrHqkVxSWXgq�\&_ou ~�qk_Hu UWVYX*u�X	qk_Hy&usi
·.\&pkp�UW_�y`] S&qk_HuGS&]sU�Vxpkq�_HqkVxS`p�pw|�X	^HU�Z!\&u�X�q�Z!l¡\&]}XgS&_gX�\&n°XgrH\�\`]GS&p�pkUx]sy&Ux_ouGS&_HrAX	^HU�Z!\&u�X
S&p�pkUx]sy&Ux_oq�V?u l¡UxVWq�UWu3S`] Uxº*»*¼ § ©¾½Y¿z¥x«´§	¦ ¼
~�À ¥ À § ©!Á ½�©W¿ Â ~ ©W§zÃJ¥�¦¨Ã�§ © ~�Ä Â�½YÅ}§²Æ	¥xÇ ~tÄ Â�½YÅ}§
¥xÈzÂ ~ Æ�¦ ½�É�§ ~.¼
Ê ¦¨Áz§ ©¾©¾Ë ~9À §z¿z¥x« ~ Á	¦¨¥�¿ Ç Ä ¥�¦ « Ê Å ~ ÈzËo¿z¥ ¼ Æx©W§ ~ ª	©W¥xÈzÈ ~ ¿ Â¡§ «�Æ À Æ	Ã ~ © Ê�¼ § Ì ~
À ¦¨¥x«�ÅÍ¥xª�Æ iÏÎ3\WX	U²X	^oSWX�S&u}Xg^HZ!S�S&_orÐS`p�pkUx]sy&q�UWu VWS&_ÐS&TQUWVYX�S&_g|�\`_HUx~#]sUxy&S`] rHpkUxusu?Xg\
S&y&Ux~Gy`Ux_HrHUW] ~G]sS&VxUWi

{I_Ð\&] roUx]�X	\+Z;S`¹`U�e�\`] UxVWS&u}Xgu S`_Hr+Xg\�S&qkrÐq�_�X	^HUCrHqkS&y&_H\&usq�us~NX	]sUxSWXgZ!Ux_gX¯S`_Hr
Z;S`_HS&y&UWZ;UW_gX?\&etS&pkpkUx] y`q�V3rHq�usUxS&usUxus~tZ!S&_g|�u�X	SWXgq�\`_Hu���qwX	^JS`q�]Nu S&Z!lHpkq�_oy²UxÑmnHqklHZ!Ux_gX
S&] U?u lo] UxS`r�qk_!Xg^HUAX	UW] ] qwX	\`]}|JXg\;VW\&pkp�UWVYX�S&q�]s�Q\`] _HU�l¡\&pkp�UW_�lHS`]}X	qkVxpkUxusi
�*^HU²Z!\&u}X²lQ\`lHnHpkS&]3roUY�Qq�VWU²qku�X	^oU É�Æ�¦ Ê�¼ §	ÅÒ©¾½Y¿#È À Æx©W§;Å¨©W¥ À¡~�usUxU²Ó.q�y&no] U�a&iÔ�=~9��^HqkVz^
rH] SÕ��u�S`q�];q�_gXg\�X	^HUCu S`Z;lop�UW]�SWX�S�y&qw��UW_Ö] S=X	U
X	^H]s\&nHy&^×S�pkq¢XsX	pkU�\&l¡Ux_oq�_Hy`iØ�*^HU
lHS&]}Xgq�VWp�UWu#qk_ X	^HU�S&qk]0pkS&_Hr�\&_�S&_�S&rH^HUWu qw��U²VW\&SWX	UWr¯Z!q�VW] \&usVx\&l¡U²usp�qkrHU�S=X X	S`Vz^HUxr�Xg\
S+usp�\Õ��pw|Ù] \=X	SWXgq�_Hy���^oUxUxpki ¤ eÚX	Ux]
S�l¡Ux]sq�\�r(\&e£u S&Z!lHpkqk_Hy&~Pe�\&]²U�v�S`Z;lop�UC\&_HUJroSz|
�Hn°X�Z;\`u}X�nHu noS&p�pw|+\&_HUA�0UxUW¹�~�X	^oU�l¡\&pkp�UW_�y&]sS&qk_HuPVxS&nHy`^	X�\&_
X	^oU�u�X	qkVz¹	|�usp�qkrHUxu£S&]sU
Vx\&nH_gXgUxr�no_HrHUx]AXg^HU!Z;qkVx]s\&u VW\&l¡U �g|Ðu qkZ!lHpw|ÐVxn°XsX	qk_Hy!Xg^HU!p�\`_Hy�u pkq�rHU;qk_	Xg\�u UY�HUx]sS&p
lHq�UWVxUWu iÛ�*^HU�S`_HS&pw|�usq�u SWX!X	^HU�Z!q�VW] \&usVx\&l¡U�qku l¡Ux]se�\&] Z!UWr$�g|7X	] S`q�_HUWr$\&�ou Ux]���UW] uÜ S&UW] \&�Hqk\&pk\&y&qku}Xgu ÝA��^H\�Vx\&no_	X S&_or+VWp�S`u u qkeÚ|7l¡\&pkp�UW_+y`] S&qk_Hu i��*^Hq�u?Z!UYXg^H\�r�qku�u pk\Õ��~
UYvQlQUW_Hu qw��UW~[S&_or�q�_HS`VxVxno] SWXgUxi�Ó.q�]su}X;\&e�S&pkp�ºPX	^HU
]sUxuslQ\&_ou U#X	qkZ!U
q�u�qk_HS&rHUWÑmnHSWX	U!e�\&]
Z;S`_	|JS&lHlHpkqkVxSWXgq�\&_ou iA{I_
S[XI|QlHqkVxS&p�q�_ou}X	S`p�pkSWX	qk\&_!l¡\&p�pkUx_
loS&]}Xgq�VWp�UWu�S&] UNVx\&pkp�UWVYXgUxr!rHnH]�Þ
q�_Hy!X	^HU��0UxUx¹+\&_�u}X	qkVz¹g|�XgS&l¡Uxi¯�*^HU?X	S&l¡U!q�u�S&_HS&pw|Q¶xUWr´\&_Hpw|Ð\&_HVWU�S
�#UWUx¹mi��*^HU
] UxusnHpwX	u£\&e.usnHVz^�S&_oS&p¢|Qusq�u£S&] UAXg^HUx]sUxe�\&]sU�us\&Z!UYXgq�Z!Uxu3SÕ�oS`q�pkS&�HpkU?\&_HUA�#UWUx¹MS&eÚXgUx]�X	^oU
e�S&VYXg~A] UW_HrHUx]sq�_oy�X	^HUWZßnou UxpkUxusu!e�\&]�lo] UxloS&] SWXgq�\`_Hu�\&e*Z!UWrHq�VWS&p[]sUxuslQ\&_ou UJqk_´^H\&uslHqwÞ
X	S&pku i
jHUxVW\&_HrH~�X	^HU�S&_HS&pw|Qu qku
\&eP\&_HU��0UxUW¹�pw|´XgS&lQU�X	S&¹°Uxu
nHl¯X	\���^H\&nH]su²\&e��#\`] ¹��g|$S
u ¹mq�pkpkUxrClH] \&e�UWu usq�\&_oS&p�~mX	^mnHus~�X	^HU�|�UxS`] pw|�Vx\`u}X?\&eGZ!UWS&u nH]sq�_oy
lQ\&pkpkUx_MVx\`_	XgUx_gX	u*qk_�X	^oU
S&q�]3SWX
\`_HU�pk\�VWSWX	qk\&_¯VW\&nHpkr�S&lHlH]s\&S&Vz^¯à`¬&b&~kb&b&b&~�X	\�\�U�v�l¡Ux_ou qw��U!e�\&]0Z!S&_g|�q�_ou}X	qwX	nfÞ
X	qk\&_Hu*S&_Hr²Xg\�\
U�v�l¡Ux_ou qw��U£Xg\
S&pkp�\Õ�âáH_HU�u loSWX	qkS&ptusS&Z!lHp�qk_Hy;\&eBS&qk]AlQ\`p�pkUx_�Vx\`_	XgUx_gX	usi
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F�G�H�IKJKLNMPO�MQIKLNR�SNGTOUG�HTOUM�IVLWM�X�X�O�MQY�YZH�F\[NH�MQ]KYQR_^ZG�H�]V[NX�G`OUaNG%MQLNbN[cO
M�d!]KJKG�X�IKefOUaNG%X�g�X�O�G�d
]KF�G�bNMQHTOU[NF�G�X/IKehXiOUM�H�jUgkO�]Vb�G�lm JKMPnoG�LpX\G�HqO�MQIKLpIKe�O�]Vb�G&aN]KXr]VH�H�[fds[NYQ]�O�G�St]KM�F\^�IVF�LNGubN]KFiOUM�H�Y�G�XrevIKF/d(]VL�gwaNIK[fF�X�lx [NH�aW]KLyMQd!]KJKG?H�IKLUOU]KM�LfX�a"[NLNSNF\G�SNX�IVe_bN]KF�O�MQH�YQG�X�YQM�jcG�z{bZIKYQY�G�LyJKF�]VM�LNX\R�SN[fXiO�R�M�LfX�G�HqO
bN]KFiOUX�R{GqO�H�l}|{aNGWSNGqO�G�HqO�MQIKL~bNF\I�H�G�X�XsX�aNIK[fY�S~�"[NMQH�j"Y�g��f]KJ'O�afG�YQI�H�]�O�MQIKL�IKehO�aNIKX\G
bN]KFiOUM�H�Y�G�X7OUaN]�OsaN]�noGs]�O�YQG�]KX�O�]'X�d!]KYQY#H�aN]KLNH�GsIKe�^ZG�MQLNJ'b�IKYQYQG�L�bf]KFiOUM�H�Y�G�X�l m O%OUaNMQX
XiO�]VJKG/O�afG�L�[fds^ZG�F
IKe�ev]KYQX�GsF�GT�TG�HTOUX�R�MQl�G�l(bZIKYQY�G�LpbN]KF�O�MQH�YQG�X`O�af]�O!]KF\GsLNI�O�X�G�YQG�HqO�G�SNR
ds[NX�O�^ZGkGT�"O�F\G�d!G�YPg5Y�I���^ZG�H�]K[NX\G�X\IKd!G�X\b�G�H�MQG�X(H�]KLBaN]�noG�Y�I���H�IK[NLUO�X!]KLfSt�%G
aN]�noG{O�I
O�]KjcG&MQLUO�I(]KH�H�IK[NLUOu]KYQX�I(H�YQ]KX�X\M��NG�F/d!MQXiOU]KjVG�X�l� YQ]KX�X\M��fH�]�OUM�IKL�IKe%^ZI�O�a�[NF�MQLNG�bN]KF�O�MQH�YQG�bN]�O�H�aNG�X�]KLNS�b�IVY�YQG�L�bN]�O�H�afG�X�af]KX&OUI
G�XiOU]K^NYQM�X\a�M�e7O�aNG�bN]KF�O�MQH�YQG�MQX�IKe/M�LUO�G�F�G�XiO�R�MQL��&aNMQH�a�H�]VX�G�O�aNG�H�YQ]KX�X��&M�YQY/^ZG�]KY�X\I
M�SNG�LUO�MQ�NG�SNRhI�OUaNG�F��&M�X\G�R#M�OuaN]VX�OUI!^�G�SNMQX�H�]KF�SNG�SNl
|{aNM�X
MQXr]un�MQX�[N]VYZ�����i����� �w����¡�¢�£��o¤T�	¤T¢���bfF�IK^NYQG�d!R��&afIKX�G�X\IKY�[�O�MQIKL�MQXrH�IKLfH�G�b�O�[N]KYQYPg
X�MQd(bfY�G�l¦¥uMPnoG�L�]�X�MQJKLN]KY�§�^ZG�YQIKLNJKMQLNJWO�I�]}H�Y�]VX�X'¨fR
¨ª© D�«U¬�¬�¬_«�­ R7O�afG�d!]KMQL
XiO�]VJKG�X?IKehH�YQ]KX�X\M��NH�]�O�MQIKL�]KF�G�z
D l
]�L"[Nds^ZG�F{IVe®evG�]�OU[NF�G�X�]KF�G%GT�"O�F\]KHTOUG�SkevF�IKd¯OUaNGrIKF\M�JKMQLN]KYZX�MQJKLN]VY"OUI�evIKF�d¯O�afG° �����²±����%³���¡���¢��u´pµ ¶8RfO�af]�O&M�X�O�afG&MQd!]KJKG`OUF�]KLNX\evIKF�d!G�S�MQL�OUI!]������i����� �ol
· l
]'SfG�H�MQX�MQIKL�ev[NLNHTOUM�IVL�du[NXiOu^ZG&SfGTO�G�F�d!MQLNG�SNz

¸!z ¶B¹ D�«U¬�¬�¬_«U­
´pº¹ ¸_»²´#¼ »i½Vl�¾K¼

¿ L�d!]KLUg�H�]KX�G�X�R#]!SNM�X\H�F\M�d!MQLN]KLUO�ev[fLNHTOUM�IKL(À+»²´ « ¨f¼`M�X?[NX�G�SNz

¸�zK´pº¹ d!]��ÁUÂcÃqÄ ÅPÅPÅ�Ä Æ À+»²´ « ¨f¼

|{aNMQXyH�]KL�^�G�F�G�JV]KF�SNG�Sª]KX(]��	����¤v�h��Ç(�����i�i�����È¡�É	��Ê�Ê�¤ÌË`��� Rr]KL�IK[cOUY�MQLNG�IVer]
H�YQ]KX�X\M��fH�]�OUM�IKL�Xig�XiOUG�dÍMQX?X\aNI��&L�MQL�Î+M�JK[fF�G
½Kl · l

¿ OyM�X/�%G�YQYPÏ�j"LNI��&LNR�O�aN]�OWMQL�O�aNG�bN]�O�OUG�F\L�F�G�H�IKJKLfM�OUM�IKL�OUaNG�H�F�[NH�M�]VY`XiOUG�b~MQX�SNGqÏ
X�MQJKLNMQLNJ�MQLNevIKF�d!]�OUM�nNGyevG�]�O�[NF\G�X�zWMQe�IK[fFsevG�]�O�[NF\G�XsSfI�H�]VbcO�[NF\GuO�afG�bZG�H�[fY�MQ]KF�MPO�MQG�XsIKe
O�aNGt]KbNbZG�]VF�]KLNH�GtIKeuIV[NFkIK^��TG�HqO�X\R/O�aNG�LNR�]KYQd!IKXiO}]KLUg=H�Y�]VX�X�MQ�NG�F!�&MQY�Y
bZG�F\evIKF�d ]
H�IKd!bZGTO�G�LUO/�TIK^w»iÐ
[fSN]!]KLNSkÑ%]KF�O�R7Ò D ½VÓQ¼�l

|{aNG+OU]KX�jsIKe�H�YQ]KX�X\M��NH�]�O�MQIKL(GTnNG�L�MQe�H�IKLfH�G�b�O�[N]KYQYPg�X�MQd(bfY�G�R�MQX�bNF�]VHTO�MQH�]VY�YPgk]
aN]KF\S
H�aN]KYQY�G�LNJKG�l(|{aNG�H�Y�]VX�X�MQ�NG�F&af]KX8O�I�aN]KLNSNYQG�MQd!]KJKG�X`�&MPO�a�nNG�F�g~YQI��ÔF�G�X�IKYQ[cOUM�IKLp]VLNS
IKeÌO�G�L�bZI�IVF{H�IKLUO�F\]KXiOUl
¿ L�]KSfSNM�OUM�IVLNR®b�IVY�YQG�L�M�SfG�LUO�MQ�NH�]�O�MQIKL�MQX�SNM�Õ!H�[NY�Os^ZG�H�]V[NX�G�Ò�ÖV¾VÓQz
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êBþ�øVò�òQí�ô�ð\ìNñKþZí��Ní�þ�í�ô��Nð�øVôwïPë�ðsøVî�ïQí�ôUë�ñ�ëUï�øVôwøKô}ð�òQï��Ní���ö(øVðiëWùvî\í��"õNí�ô�ëUò�ÿ�ñKî\í
ð�í�í�ô�ïQô�ë�ìNí�í��"õNñ�ë�øKî\ï�ñKò®þZøKð\ï�ëUï�øKô��®ï�ô��&ìNïQý�ì(ë�ìfíTÿtñKòQò®ñKþNþZí�ñVî{ñKð�ø��NøKï��

ê��qñKþNþfñKî�í�ô�ëUò�ÿ ë�î\í�í�ð��Nøªôfø�ë�î\í�ñ�� ò�ïPë�í�î�ñ�ëUõNî�í}ñKô��¯ïQôNð�ïQðië�õNþZøKô¯þNî\ø��Nõfý�ïQôNó
þ�øVò�òQí�ô~óKî\ñKïQôNð��&ïPë�ì�ë�ìfíyð�ñKö!íyô"õNöu÷�í�î�øKù{ð�ï��Ní�ð�ñKð�ð\øKö!íyøKù{ø�ëUìNí�î�þZøKòQò�í�ô
û"ï�ô��fð����! �"�#

$ î�ïQôNí�þNñKîiëUï�ý�ò�í�ý�ò�ñKð\ð�ï�%Ný�ñ�ë�ïQøKô�ïQð&�Nï�'!ý�õNò�ës÷Zí�ý�ñVõNð�í�(
êBð�øKö!í&ý�í�ò�òQð/ñVî�í
ð�í�ö!ï�ü�ë�î�ñVôNð�þNñVî�í�ôUë)�hï�*Qí�*�ý�ñKð�ë�ð?ñKô���ösõNý�õNð
êBñKòQö(øVðië�ñKò�ò�ý�ñ�ë�í�óKøKî�ïQí�ðuìNñ+�oí'ìNï�óVì,��ñKî�ïQñK÷NïQò�ïPë:ÿBïQôwð�ìfñKþ�í��úë�í
	"ë�õNî\í�ñKô��}ð�ï�-�í��
ùvøKî7í
	�ñKö!þNòQí���ëUìNí�î\í%ïQð8ôfø.�Ní�%NôNí��Wð\ìNñKþZí/ñVô���ð\ï�-�írùvøKî�ý�òQõNö!þNð���ý�î�ÿ�ð�ë�ñKòQð�ý�ñKô
÷�í&ð��"õNñVî�í��úî�í�ýTë�ñVôNóKõNòQñKî?øKî�ìNí
	�ñKóKøVôNñKò��/�&ìNïPë�íuý�í�ò�òQð%ý�ñKô�ìNñ+�Nísñ�ô"õNý�ò�í�õNðrøKî
ñ'õfôNï�ùvøVî�ö$ëUí
	"ë�õfî�í

êpë�ìNí�î�í�ï�ð(ñ�ð�ö!ø�ø�ë�ìpë�î�ñVôNð�ïPë�ïQøKôB÷�íqë0�rí�í�ô�þNñKî�ë�ïQý�òQí�ð(÷�í�ò�øVôNóKïQôNókëUø1�fï�2Zí�î\í�ôUë
ý�ñ�ëUí�óKøVî�ïQí�ð�ñKô��~í
�oí�ô�ì"õNö!ñKô í
	�þZí�î�ë�ð��NøpôNø�ëkñKóKî\í�íyïQô�ë�ìNíWý�ò�ñVð�ð�ï�%Ný�ñ�ë�ïQøKô
øKù�ð�øKö!ítý�ñVðië�ðWøVîy÷NòQø�ø3��ý�í�ò�òQð��(ùvøKîyí
	�ñVö(þfò�í���ñ4�q÷NïQó��~î�í���÷Nò�ø�ø3��ý�í�òQò
ïQð
ý�øKö!þNòQíTëUí�òPÿ}ôNø�ë5�NïQðiëUï�ôNóVõNï�ð\ìNñK÷NòQísùvî\øKöÔñ6�qð\ö!ñKò�ò��7�&ìNï�ëUíu÷fò�ø�ø��ký�í�òQò�*

8 øpð�õNö!ö!ñKî\ï�-�í���ë�ìNíyð�ÿ�ðië�í�ö ùvøKî�ñVõcë�øKö!ñ�ëUï�ý5��ïQð�õfñKò�î�í�ý�øKóVôNï�ëUï�øVô~øKù�þNñKîiëUï�ý�ò�í�ð
ï�ð
ý�øKö!þ�øKð\í��t÷Uÿ�ñ9�fíTë�í�ýTëUøKîrñKô��pñWý�ò�ñVð�ð�ï�%Ní�î�* 8 ìNí��NíTëUí�ýqë�øKîrïQðrð\ï�ö!þNòPÿ ñKý�ìNïQí
�Ní��
ï�ôtõNî\ï�ôNñVò�ÿ�ð�ïQð��7÷Zí�ý�ñVõNð�í!ñKòQò+øK÷3:Tí�ýTëUð�ï�ôtùvøKî\í�óKî\øKõNô��pñKî\í�øK÷�:Tí�ýTë�ð�øKù�ïQôUë�í�î\í�ð�ë5�&ìfï�òQí
ï�ô�þ�øKòQòQí�ô�î�í�ý�øKóKôNïPë�ïQøKô�ë�ìNí5�Níqë�í�ýqë�øKî�ìNñVð�ëUø;�fí�ñKò��&ïPë�ì�ñ'òQø�ë&øKùúôNøKôcü�þ�øKòQòQí�ô�þNñKîiëUï�ü
ý�òQí�ð�* 8 ìNí��Níqë�í�ýTë�øVî
ösõNð�ëyìNñ+�Ní(ñVô�í
	"ë�î�í�ö!í�òPÿBò�ø+�Aö!ïQð�ð\í��cü+�NíTëUí�ýTëUï�øVôwî�ñ�ë�í�* 8 ìNí
ý�òQñKð�ð\ï�%Ný�ñ�ë�ïQøKô�øKù�þNñ�ëUý�ìNí�ð�þNñKð\ð�í���÷Uÿ�ë�ìNí��Níqë�í�ýTë�øVî���ïQð
ð�ïQö(ïQòQñKî
ï�ôp÷Zø�ëUìpý�ñKð\í�ð�*=<:ô
÷�ø�ëUì!ð�ïPë�õNñ�ëUï�øVôNð�ï�ô!ùvñKýqë>�Vë�ìfí{ý�òQñKð�ð\ï�%Ní�î8ìfñKô��NòQí�ð�ïQö(ñVóKí�ð?�&ïPë�ì!þ�ø�øKî�î\í�ð\øKò�õ�ë�ïQøKô'ñVô��
ý�øKôUë�î\ñKðië)��ñKô��
ë�ìNí�î�í{ïQð7ñ�ð�ë�î�øVôNó@�fñVî�ïQñK÷NïQò�ïPë:ÿ1A�B>CEDFB�B�G�ý�òQñKð�ð\í�ðH��÷Nõ�ë%ð\øKö!íTëUï�ö!í�ðI:TõNð�ë
ñ'òQï�ë\ë�òQí@�fñVî�ïQñK÷NïQò�ïPë:ÿJDLK
CEMNKOG~ð�øKö!í�ý�ñ�ëUí�óKøVî�ïQí�ð�*

<:ôWë�ìNí(ôNí
	�ëyð�í�ýTë�ïQøKôNðH�P�%íQ�&ïQòQò8þNî\í�ð\í�ôUëWñKþfþNî�øKñVý�ìNí�ð5�Ní
�Ní�òQøKþZí��~÷UÿBø�ë�ìfí�î�î�íqü
ð�í�ñVî�ý�ìyóKî\øKõNþNð�ïQô�ëUìNíF%Ní�ò��'øVù3��ï�ð\õNñKò�î�í�ý�øKóVôNï�ëUï�øVô�øKùZþNñKî�ë�ïQý�òQí�ð7øKî���ö!øKî�í�óKí�ôNí�î\ñKòQò�ÿ��
��ïQð�õfñKò`î\í�ý�øVóKôNïPë�ïQøKôwøKù`ð�ö!ñKòQò8øK÷3:Tí�ýTëUðsïQôwïQö!ñKóKí�ð&�&ï�ëUì�òQø�� ý�øKôUë�î\ñKðiëyñKô��wî\í�ð\øKò�õ�ü
ë�ïQøKô�*



RTSVUVW�XTY[Z]\/^`_�abY[Zcabd0Y�e _@fgZ�Y[hiUFXTY[jkel_@Z�m npo

qsr�t5u�v�v&wyx)z�{yx,|�r�w�}�{Hu�~�u������0���0�l��{�u���r�z���z�v!��w�u�w=w���wyx>r���x>��z�x,u�w=wH����r
t5��zpx�����{
{�r��Or�{�r���}�rQ����u��)xQ�O��{�x>��rV��{�u���r7��{H���
r�}
x>��x)��r�����tVr�t5u�v�v�w�r�rQz�����x>��r�{@z�����{���z�}��9|���r
x>�.�7z�����r���r
x7z�v��Q� n������ �O��{Ix)��u�w�v�z�wyxV��r
x>����|��NtVrV��z�|=r�����������|�r
x>z�u�v�wPx>�5��z���r�z
��{�����{�z���~�z�w�r�|9���5x>��z�x7{Hr�w�r�z�{�}��9z���|�wH��t r�}�z����;z���r z¡|�u�{Hr�}
x7}����;��z�{�u�w�����~�r
¢
x0t r�r��.x>��u�wIx>r�}�����u�£3��r z���|;����{[��r
x)����|��¥¤¦u���z�v�v!�N��tVrbt5u�v�v/�O�3}���wb���7x>��rF|�r
x>r�}
x>u����
��{���~�v�r��kz���|§t r¥t5u�v�vI��{Hr�wHr��)xVx)��r@t ��{H�����P¨@��{HvIr
x¡z�v��.�!© � z�~����ªx¥x>��rQu�|�r��)x>u�«�}�z�¢
x>u����¬���/­���v�}�z����3r�w&u��§®Fr��¯��w&w���{H�Oz�}�r��Iz���|§tVr5}�����}�v���|�r¡u��)x>{��3|���}�u����;z x)r�}�����u�£¯��r
�O��{¥����v�v�r���{�r�}�������u°x)u������ ��±�� z���|¬z�����x>��r�{¦x>r�}�����u�£¯��r¡�O��{¥u!x>w&u�|�r��)x>u�«�}�zpx>u������c� np²�� �

³µ´>¶ ·b¸¹·bº »�¼[½>¾�¿ À.¾�À.Á�ÂÄÃT½>ÃÅÃ�ÂÄÃ�ÆT¿�Ç
È ��z����¯wbx)� x>��rQ}�����{yx)r�wy�Ä�����0�F�0����tVr&t5u�v�vI{Hr��Or�{Lx)�,�°É � z���|�x)���;z��>��|�u�wH}���wHw�u�����w
t5u°x)�¡wH}�u�r��)x>u�wyx)wT�O{����`�0�F�0�@x>�&|�r�wH}�{Hu�~�rix)��r�u�{Iwy��w�x>r����@Ê��+t r
­�r�{H�ªtVr[��z+­�rbz�­�z�u�v�z�~�v�r
����v!���Or
t4u����O��{���z�x)u�����z�~����ªx@x>��r7��z�}���u���r@x)��r
��z�{�r wHr�v�v�u����;z���|.tVr@t5u�v�v?~�r7z�~�v�r
x>�;w����+t�����v°��z��,����x>v�u���r5���/x)��r�u�{¦x>r�}�����u�£¯��r��

È ��r7Ë
Ì�Í�ÎNÎ5Ï¥Ð?ÑyÒ�Ó�ÔNÑÖÕ�×�Ø?ÙÚËOÛPÔNÜ ÝªÞ�ËOÞ ß�Ý�ÞªÑyÕ�Ó�u�w¥z�~�r���}���¢àx)����z���z�v!��á�r�{¥z�~�v�r@x)�
��r�{��O��{H�â}���r��;u�}�z�vFz���|ã�;u�}�{H��w�}�����u�}¬z���z�v!��w�u�w�� È ��r9�O��{H��r�{�����r9u�w��O��}���w�r�|ã���
x>��r7|�r
x>r�{���u���z�x>u��������i}���v���{�����{�z+­�u!x0�Jz���|9}���������wHu°x)u��������P��{�u���r�� È ��r7v�z�x�x)r�{¥����r
u�wQ��wHr�|9x>�¬z���z�v!��á�r x>��r�w�r�|�u���r��)x)�ix)��u�wQu�wQ��w�r��O��vLu���x)��r�|�u�z�������wHu�wQ���b{�r���z�v¦z���|
��{�u���z�{���x>{�z�}
x�|�u�wHr�z�wHr�wH��äbz�}����¯u���|6����z���z�v!�åwHu�w¡u�w5��r�{��O��{���r�|Ä~)�Äx0tV��|�u�æ�r�{Hr��)x
~���x9}�������r�}
x)r�|6���3|���v�r�w�� È ��r=����z�vL���Px>��r�����|���v�r;�O��{5��z�{�x>u�}�v�r={Hr�}�������u!x>u����6u�w
x>���+­�r�{�}�����r¡x>��r�v�u���u!x>z�x)u�����w.���c�;z��3��z�vc��u�}�{H��w�}����)�åç¬v�z�}��J���@w�x>z���|�z�{�|�u�á�zpx>u����
z���|6��{Hr�}�u�wHu������¥{�u�w��Ä���@~�u�����z�á�z�{�|��@w�v��+tè��{��3}�r�wHw�u�����z���|���u�����}���wyx>w.~�r�}�z���wHr�u!x
{�r�£¯��u�{�r�w���u�����v°�Äx>{Hz�u���r�|�x)r�}�������v�����u�w�x>w�� È ��u�w�z���z�v°��á�r�{�u�w.z�~�v�r¡x>��}�v�z�w�w�u��é�êz���|
£3��z��)x>u��é� n�� ��z�{yx>u�}�v�r§}�z�x>r�����{�u�r�w;ëìx>��r.w�z���r§����r�w7���L����{ ��{�u���r§|�z�x>z�~�z�w�r�í ~�z�wHr�|
���,z ­�u�w���z�vi{Hr�}�������u!x>u����,w���wyx>r����

�0�l¤¦u�����{�r9î���ï��L�����ð}�z��ðwHr�r¬z��l����x)v�u���r¬���Lx>��u�w��;�3|���v�r�� È ��r
�µx>z���r¬�O{����
z6��u!­�r��êwH��r�}�u���r�� ��ñ[ò ���7}�r��)x>{Hu��O����z�x>r�|ê��{�u���r��¥x)��r
�`��z���r�z,­�r�{y�lx>��u��êó��+t
x>��{H�������Jz¬}���z�����r�v[z���|�x>��r����?x>��r
��x)z���r � î9��u�}
x)��{�r�w¡��r�{7wHr�}�����|9t5u°x)�1z¬ô¥ô¥�
|�u���u°x)z�vi}�z���r�{Hz=}�������v�r�|;t5u°x)�,z;��u�}�{���wH}�����r�� �0��x>��u�wLt z+�N��x)��r
�Ä��r
x§z�{�������| ²�õ�õ
u���z���r�wPt5u!x>�={�r�wH��v���x>u���� npõ�� î�ö n���o�õ z���| õ ��É o&ñ?÷Äø�ù�úÖû �¥ü¡u!­�r���z5�O{�z���r��Nx>��r
��z�{Hr
z�~�v�r�x>�9|�r
x>r�}
x���zpx>}���r�w5}�r��)x>r�{�r�|Ä������z�{yx)u�}�v�r�w ~)�µ����{H������v�����u�}�z�v�����r�{�zpx>u�����w ��{
w�u��;��v°�J~)��x)��r z�����v�u�}�zpx>u����¬���izVx>��{Hr�w�����v�|���ý���x>rcx)��z�x@x)��r
���;r�}���z���u�}�z�v�v!�Jz+­���u�|
x>��r;�+­�r�{Hv�z���z�����������z�{�x>u�}�v�r�w¡~>�l{Hr�����v�z�x)u�����x)��rQx)��u�}��3��r�w�w.���Px)��r=ó���t5� È ��r����
x>��r
��r
ö¯x>{�z�}
xV�O{����þr�z�}�����z�x>}����Or�z�x>��{�r�wIx>��z�x[x>z���r�u��)x>�.z�}�}������)x>ç�x)��r�u���z���rFw�u�á�r��
x>��rQ}����>x){�z�w�x§������z�{yx>u�}�v�rQu����O��{Hr���{H������|�t5u°x)�,{Hr�wH��r�}
xFx>�7x>��rQ~�z�}��¯��{H������|,��r�z����
x>��r¡w���z���r§����x>��r¡}�r�v�vPz���|�u!x>w[x>r
ö¯x)��{�r��¡ü5u°­�r���x)��r�wHr.�Or�zpx>��{Hr�w �O{H���kr�z�}�����z�x>}����
x>��r
�lx){�z�u��ÿz1��r���{�z�vF��r
x0tV��{H��x)����z���r�z�|�r�}�u�w�u����su��1x)r�wyx)� È ��r
� }�v�z�u��èx>��zpx
���ÿ����{=|�zpx>z�~�z�w�r�x>��r�u�{=wy��wyx)r�� ��z�w=z¬­�r�{y� ���3��|ã��r�{H�O��{���z���}�r;t5u!x>�ðz��ÿr�{�{���{



����������	�

��������	�
�����	�� ����
�	�������	���� ��
�! "$#

%'&)(+*-,/.10324*)&1%'576981:<;>=�2?(-@4*A*CB4*D%E6GF4&H6JI4KL*M.10�(+@4*DNO%PKE6QKR(-*DSUTVNW(+@?(-@4*XF4&)(-&?.10
(-@4*)NY%[Z)I4KE(+.1S<*D%LK'\](-@^*C6_KE(-&$(-*�(+@4*PZD5O&1KLK'NO`4*D%a@4&bK[&12c*)%'%'.b%�%'&$(-*P.10d&beQ.1If( ")g :h;/i
K'jk*DZDNOS<*D2lNOKmj^%'.nZD*DKLK'*)FPNY2V24*)&1%'576 " S<NO2nIf(-*�&124F�(+@4*DNO%oKE6QKE(+*DS�&15O5Y.HTVKo&�Z).12+(-NO2nI^.1I4K
5Y.1&bF<TVN7(-@p&<Sh&$q]NOS/I^S�.10�818<KL&1S<j45Y*)K';
r @4*C6sZ)5Y&1NOSt(-@^&)(3(-@4*u@4&b%'FP(-&1KLvwK�0x.1%�(+@4NOK�KR6QKE(-*)SU&1%'*)y
z{(-.A@4&124F45O*/5O.HT|ZD.12+(+%'&1KR(lj4&1%R(-NOZD5O*DK[ek*DZ)&1I4KL*�(-@4*}6~jQ*)%'0x.1%LS�S<&1KLvwNY24�X.1jQ*)%'&)�
(-NO.124K�(-.?F^*C(-*)%'S<NO24*MK'.bSh*A0x*D&)(+I4%'*)K/5ONYv�*MK'@^&1jQ*A&124F~K'NO�D*D��0x.1%3(-@^NYK�%'*D&bK'.124\
(-@4*uS<.1KR(/2^.)(�ZD.1%L%'*DZ}(-576�ZD5O&1KLK'NO`4*DFcZ)5Y&bK'K'*)K�&b%'*u�cI4Z)I4K�&b24F��3&bKE(-K
z{(-.<@4&12^F45Y*VI424vw24.HTV2�j4&1%E(+NYZ)5Y*)K

r @4NYK�5O&1KE(�jQ.bNY2+(�%'*)�nI^NY%L*DK�&�KLjQ*)ZDNO&15�ZD.1S<S<*D2+(-;3=�2hI4%LNY24*)\w(+@4*D%L*�&b%'*3ZD.b%'j4I4KLZDI45O*DK�.10
I424vw24.HTV2/.1%LNY�bNY2�TV@4NOZ�@�@^&�B4*�24*CB4*D%oeQ*)*D2uKE(+I4F4NO*DFV&124F�TV@4NOZ�@/&1%L*d24.)(�.10nNO2-(+*D%L*DKE(�NO2
(-@4*�&1Z}(-I4&15^&124&1576QK'NOK';3i�5O5b(-@^*DK'*�j4&b%E(-NOZD5O*DK�K'@^.1I45OFAek*3ZD.15O5O*DZC(+*DFANY2<&12<&1%R(-NO0x&1ZC(�Z)5Y&1KLK
TV@4NYZ�@�Z).15O5Y*)ZC(-K�&15OK'.VNYS<&1�1*)K�.1If(�.b0]0x.nZDI4K�.1%�24.)(�T[*)5Y5kK'*)�1S<*D2+(-*)F4;���.HT�*CB�*)%'\�(+@4*C6
KE(-&$(-*�(+@4&)(�(+@4NOK�ZD5O&1KLKa`45Y5OK[&15O5�(-@4*�0x*D&)(+I4%'*�K'j4&1Z)*l&124FcS<&1v�*DKaZ)5Y&1KLK'NO`4ZD&$(-NO.12{�wI4NW(+*
F4NY�<Z)I45W(+;���.1%d(-@^NYK�%'*D&bK'.124\�(-@4*}6~@4&HB�*PZ�@4.bK'*D2X(+@4*{�}&1e4KR(-*D2+(+NY.12^��%'I45O*Dy�TV@^*D2X(-@^*
.1I�(-Z).1S<*�.b0�(+@4*uKE6QKE(+*DS�@4&1K�&h5Y.HT�ZD.124`^F4*D24Z)*�(+@4*C6sF^NYKLZD&1%LF<(+@4*uNYS<&1�1*u&12^F�j4If(
NW(/.12l(-@4*V&1%E(+NY0x&bZC(�ZD5O&1K'KL;[=�2h(+@4NOK�T�&H6�\�(-@4*}6_KL@4.HT�(-.a(-@^*�I4KL*D%�NYS<&1�1*)K�TVN7(-@�@4NO�1@
ZD.124`^F4*D24Z)*[&124Fh%'*)5YNO&1e4NO5ONW(�6�0x.1%](+@4*�(�T�*D57B�*�ZD&)(+*D�1.1%LNY*)K�.b0]NO2-(+*D%L*DKE(�TVN7(-@Xjk.1KLK'NOe4NY5ON7(�6
(-.�Z�@4*DZ�v{S<NOKE(+&1vb*)K���(+@4*lj4&)(+Z�@4*DKV&1%L*lKE(-.b%'*DF�NO2�(+@4*lS<*DS<.1%R6�.10�(�T[.pZD.1S<j4If(-*D%LK
jQ.1KLNW(+NY.b24*DF<I424F^*D%�(-@4*�eQ*)24Z�@4�'; r @^*D%'*�NOK KE(+NY5O5�(+@4*3j4%'.be45Y*)S¡(+@4&)( (+@4*3&1%E(+NY0x&bZC(�Z)5Y&1KLK
ZD&1j�(+I4%'*)Kd&15OK'.a&[5O.)(�.10�j^&1%E(+NYZ)5Y*)K eQ*)5Y.b24�1NO24��(-.[.$(-@4*)% ZD&)(+*D�1.b%'NO*DK';�=�2l.1I4% F4&$(-&1e4&bK'*D\
T[*V@4&HB�*V24.)(V&HB�&1NO5Y&1e^5Y*uj4&)(+Z�@4*DK�ek*D5O.124�1NO24�a(-.[(-@4*u&1%R(-NO0x&1ZC(VZ)5Y&bK'K';
¢ *�.1e4K'*)%EB4*�(-@4&$(�&VK'*)�1S<*D2+(-&$(-NO.12���0x%L*D*�&1j4j4%L.1&1Z�@AZD.1I45OFXKL.157B�*�(+@4*�j4%'.1e^5Y*)S£.10

ShNOK'Z)5Y&bK'K'NO`4Z)&)(-NO.12X&bSh.b24�a5Y.HT¤ZD.12+(+%'&1KR(�ZD&)(+*D�1.b%'NO*DKd&124F<ek.�.bKE(�(+@4*3jk*D%'0x.b%'S<&124Z)*3.10
(-@4*3KR6]KR(-*)Sh; r .�(-&1v�*3NY2+(+.V&bZDZD.bI42+(�0x*D&)(+I4%'*)Kde4&1K'*)F<.12<K'@4&1jk*D\�NO2+(-*)%'*DKR(�jQ.1NO2+(-KdZ)&12
eQ*u*Cqw(+%'&1Z}(-*DF�0x%'.1S¥&A�1N7B�*)2�j^&)(-Z�@4;�¦uI4%�S<*C(-@^.�FpNYK�e4&1KL*DFp.12l(-@4*u`4%LKE(/j4%'NO24ZDNOj45O*
&124F�&1Z�@4NO*CB4*DKX&MB4*D%E6G5Y.HT§*)%'%L.1%P%'&$(-*�NO2�(+@4*DKL*pZ)&)(-*)�1.1%LNY*)K'\�NYKlS�I4Z�@9KLNYS<j45O*D%L\�NOK
Sh.b%'*l*D&bK'NO5W6�I^jQF4&$(-*DFMTVN7(-@�24*}T¨Z)5Y&1KLK'*)K�*}B�*D2sNO0�N7(h@4&1K�&pKL5YNO�1@+(-576�@4NO�1@4*)%a�15O.1e4&15
*D%'%L.1%�%'&)(+*D;

©xª�«f¬d¬C­®­°¯)­�­°±)²E¬d³µ´�²E«¶¬�­°±)²E³µ¯�·b¬C²x¸]¬C¬L¹a²E«¶¬�¹Dºf»�·b¬C­�¯)¼�¹¶¯)²�½C¯)­°­®¬C½L²E¾µ¿�½C¾µ±$´®´®³ÁÀ¶¬LÂ[²E¬C´®²�³µ»�±)Ã$¬L´
±)¹¶Âh²°«¶¬�²E¯$²°±$¾�¹+º¶»�·b¬C­�¯$¼o²E¬C´®²E¬LÂh³µ»�±$Ã$¬L´HÄ�³Á²°´�Å'±)¾Áºf¬�±)¾Á¾µ¯�¸�´�²°¯�±)´°´®¬C´®´�²°«¶¬�Æb¬C­®¼�¯$­®»�±$¹¶½L¬�¯)¼�±
½L¾Á±)´°´®³µÀ¶¬C­�Ç



È�É�Ê�Ë�Ì�Í�Î
Ï�Ð�Ñ�Ò�Í�Î�Ò�Ó�Í�Ô Ñ�Õ�Î�Í�Ö�Ê�Ì�Í�×�Ô Ñ�Î�Ø ÙbÚ

Û ÜYÝbÞ4ß'àpá1âOã1äæå çwè$é�ê ënì<ínîmïHð�ïHñMòCó�ò}è�ìfôõîöí-÷uø4ê òCçQù-é�÷}ìfú®í-û-ë]ê è$ê í-ë_ínîmüQù'÷Cè$ê�ú�é ì�òMê ë~çw÷)ê ëwì
ý�ú®í-çn÷}è�ì�ò}ólínînïHð�ïHñwþ�ÿbòCì�ì�üQù'÷����������



�
	���
��
����������������������� � �!����"#�$�
��%&�'� ��( )+*

,.-0/ 1325476�809:6<; 9:=�=�8�> ?@6�AB>7CED�256�F

GIHKJMLONKNQP0ROLOSTHVUWROP0XZYK[\L^]�J`_Va�bdceLOHKX:J�fgJh]MLO[\iej *�)lknmporq J�fKJ`PsLO[tLOfK_ o J q X:J`fu]uL�] m ROf
UWP0J`JV[ mpv JZ]uHKJ o b o ]�J�Xxw�JgLOPsJV_KJ o S�P m a m f q7m f5]uH mpo ]�HKJ o0mpo iyGIHKJ m P m _KJ`Lz]uRdJ|{�]uP0LOS|]
UWJ`L�]uYKP0J o ]�HKL^] LOPsJ m fu}QLlP m LOfu]Ew m ]uH~P0J o NtJ`S|]E]�R o H m U�]��KPsR�]�L^] m ROfBLOfQ_ o S�LO[\J m\o NnR�w�J`P0UWYQ[
anJ�S`LOY o J m ]�LO[p[\R�w o ]�R:ROa�]uL m f�]�HQJ o LOX:JZX:J�L o YKPsJ`X:J`fu]~UWP0ROX�S�J`[p[ o ]�HQL�]�LOP0J�UWROYQfK_
m f�_ mp� J�P0J`fu]BNnR o0m ] m ROf o ��RlP m J`fu]�L�] m Rlf o LlfK_ o S`Ll[\J o i
GIHKJhb�L m X�]�RMS�[\L o0o0m U�b~]uHKP0J�J _ mp� J�P0J`fu] v�m fQ_ o ROU+P0J�_:aK[\R�R�_~S`J�[\[ o$� fKLlX3J�[�bO�������`�������`�
�0� ���0�I� �0���W� � �0� ���0��  � � � � �0� ����¡ m fzLB_KL^]�LOaKL o J$ROU q PsL�b o S`LO[pJ m X:L q J o w m ]�HzP0J o RO[pY�] m ROf*�)O¢ { *�)O¢ N m {�J�[ o i~£ m }KJ`f¤LOf m X:L q J���]uHKJhb¥Jh{�]uP0LOS|]�¦�ROYKP m J�P�§¤J�[\[ m f7aQL o J�_¤UWJ`L�]uYKP0J o
]�HKL�]BLOPsJ m fu}QLlP m LOfu]�w m ]�HdPsJ o NnJ�Sh]�]uR ) c¨P0R�]uL�] m ROfK� o S`LO[pJBLOfQ_3]�PsLOf o [\L�] m RlfKieGIHKJ`fQ�
]�HKJ|b©X:R�_KJ`[ª]�HQJ5_ mpo ]uP m aKY�] m ROf�RlU�]�HQJdROa o J`P«}+J`_¥]uP0L m f m f q _QL�]�LyY o0m f q £�LOY oso0m LOf
X m {�]�YKPsJ�_QJ`f osm ] m J o i­¬ osm f q ]�HQJ o J$X:R®_QJ`[ o�m f:LZ¯rLTbKJ osm LOfzUWP0LOX:J|wMROP v ]�HQJhb�LOPsJ­LOaK[pJ
]�R3NnJ�P0UWROPsX�]�HQJI]uJ o ]BLlfK_:]uR:LOSTH m Jh}+JZLOf�J`PsP0ROP­P0L^]�JeROU°LOanRlY�] *�±O² i

³ Jh]IanJI´Ej µ·¶s¸ k+¹ º »Oº L ) c�_ mpo S�P0J|]�J m X:L q J`� m ] o _ mpo S�P0J|]�JI¦�ROYKP m J�PEG°PsLOf o UWROP0X
m\o _KJ�¼KfKJ`_5L o

½ ��¾ ¶s¿t¡EÀ *
Á
º Â+Ã
Ä�ÅlÆ

ºrÂ+Ã
Ç ÅlÆ

´ªj È�¶uÉ k\Ê ÂªËÍÌ0ÎÐÏÒÑ�Ó«ÔÖÕ�×ÙØÚ ��Û iÒÜ * ¡

w m ]�HÞÝgÀàß á * LOfK_ ¾ ¶s¿âÀäã�¶ * ¶`å\åpå\¶ Á á * i�æÍ]5S`LlfçatJ�J`L osm [Òb o HQRTw�fÞ]�HKL^]
]�HKJ�LOX:NK[ m ]�YQ_KJ o NnJ�Sh]�PsYKXéèêRlU ½ ��¾ ¶s¿t¡ m\o�m fu}®LOP m LOfu]�w m ]uHgP0J o NtJ`Sh]�]�R­]�P0Llf o [pL�] m ROfK�
m fu}+J�P o J m f�}®LOP m Llf�]:w m ]�H'P0J o NtJ`Sh]3]�R o S`LO[ m f q LOfQ_Þ}®LOP m LOfu]�w m ]�H'P0J o NtJ`Sh]3]�RÞPsR�]�L�Ü
] m ROfKiB¯·b�]uP0LOf o UWROPsX m f q ]uHKJ~PsJ`Sh]uLOf q YQ[\LOP�S`R�ROP0_ m fKL^]�J o~�Ð¾ ¶s¿t¡$ROUªè ��¾ ¶s¿t¡�]uRgNnRl[\LOP
S`R�ROP0_ m fKL�]uJ o���ë ¶uì�¡�LOfK_íaubîY o0m f q [pR q LOP m ]uHKX m S o S�LO[\JzUWROP$]uHKJVPsLO_ m LO[�L�{ m\o � m X:L q J
o S`Ll[\J o LOfK_�PsR�]�L�] m Rlf o anJ�S`ROX:J o H m U�] o­m f:]uHKJ�[\R q ÜTNtRO[\LlPIP0J`NQP0J o J`fu]�L^] m ROfàïèðROU°è�i­æ�U
b+ROY5S`ROX:NKY�]uJ­]uHKJ�LOX:NK[ m ]�YQ_KJ o NnJ�Sh]uP0YKXòñóROUt]uHKJZ¦�ROYQP m J`P­G°PsLOf o UWROP0X�RlUôïè��QbKROY
S`LOfÞJh{�]uP0LOS|]3UWJ`L�]uYKP0J o w�H m STHõLOPsJ m fu}®LOP m LOfu]ew m ]�HÞP0J o NtJ`S|]e]�RöP0R^]�L�] m ROfQ� o S�LO[\J�LlfK_
]�P0Llf o [pL�] m ROfKiy§¤ROPsJ`R�}+J�P0� ïè mpo PsJ`LO[�}®LO[pYKJ`_K�·]�H�Y o ñ mpo~o b�X:X:Jh]uP m SgLOfK_�b+ROY.S�LOf
S`ROf osm _QJ`Pª]�HKJ }®LO[pYKJ o ]�HKL^]�UWLO[\[ m f~w m fQ_KR�wóROU o0mp÷ J�UWROPIJh{nLOX:NK[pJ )l± { *�) N m {nJ`[ oB� ]�HQJ
ROP mpqOm föw m [p[ªUWLO[\[ m fg]uHKJ:X m _K_K[pJ:ROU�L�[\ROf q J`P osm _KJ:ROUø]uH m\o w m fK_KR�w�¡0iöGIHQJhbôPsJ`_KYKS�J
]�HKJ�_ m X:J`f osm ROfQLO[ m ]�bõROUK]�HQJ o NKLOS�JI]uR:ùzY osm f q L:[ m fQJ`LOPI_ mpo S�P m X m fKLlf�]BLOfKLl[�b o0mpoZ� w�J
o YKNKNtR o J­]uHKJhb¤LONKNK[ÒbÞLOfK_~w�J�LONKNK[ m J�_ m f�ROYKP m X:NK[pJ`X:J`fu]�L^] m ROfd¦ mpo HQJ`P0ú o _ mpo S`P m X m Ü
fKLOfu] o �rjÒû k j )O±Ok ¡0i
¦tRlP�J|{nLOX:NK[\J�� m f3ROYKP m X:NK[pJ`X:J�f�]uL�] m ROfgRlU�]uHKJ m P o b o ]�J�XóY o0m f q ROYKP�YKP m fKJ$_KL�]uLOaKL o J
wMJ o LOX:NK[pJ`_~]�HKJ m X:L q J o ]uRBL~S�ROX:X3RlföP0J o RO[pY�] m ROföROUøülã�{nüOã~N m {nJ`[ oþý i ÿKRO�nP0J o HKLON�Ü
m f q ]�HKJ m X:L q J m fíLdS�RO[\YQX3f�}+J`S|]�ROP$wMJz_KJ`S�P0J`L o JZ]uHKJVUWJ�L�]�YKPsJ o NKLOS`JV_ m X:J�f o0m ROf
UWP0ROX ¢+* ãOã�]�R��OãOã�]�HKLlf v�o ]uR:]uHKJ o bnX:X3J|]�P«b@ROU�¦�ROYKP m J`Pe§dJ`[p[ m f5]�PsLOf o UWROP0X LlfK_
]�RZ]uHKJ$w m fK_KR�w m f q RONnJ�P0L�] m RlfK��]uHKJ`fVw�J~LOSTH m J|}+J�LVUWYQP�]�HQJ`P�PsJ`_KYQSh] m ROf7NKPsR��hJ`S|] m f q
�����
	��
	�����	����������
�������
�
�����
���! �������"$#�	��$����������"$"��� %	����
��&�'
()&
'!*+�$()��"����,�
��-�-��/.0 1�
���

����	��324�
"�#����%��5)#���"6	���	����7����	��$����	���-38���9;:)�
 1�
#���-<�����
�>=



?A@CBCD<EAF
GIHKJML<N�F
GON�P;F<Q L�RSG<F
T%BUEAF
VWQXL�G<Y Z[Z

\^]`_ba`c
\^cdcfehgfi`jda`khlm_�n�\)kogfi>p�jfkrq`_siut)vxwykhpm]`_�l�eokhi`_�cfl�a`khpmnsl�koz{khi`cfi)\^p|cfi>ad\)]~}`pm�,�C_
�3gfl��dkoi�c{�`i`cfe��[��a>koz{_si>pmkhgfi`cfe%��_sc
\^}`l�_�p��`cfn�_s�
� i�wykoj[}`lm_��f�o�[�K�C_bpm]`g4�S\^]>_�wKgf}`l�ko_�lC��_�eoehkoi���lmcfi>pm��gfl�z�g[�7c�t`cfn�\^_sl�ko}>z�khz{cfjf_s�
� g�\)_�\)]`c�\�khi�g[lma`_�l�\^g�n�]`cfi`j[_|\)]`_{nsg�gflma`khi`c�\)_sp|��lmg[z�lm_�n�\)cfi`jf}`ehcfl�\)g�ehgfj��4� gfehcfl
v¡gf}�]`c4q¡_C\)gdcf�`�`e¢v�\^]`_bkhi)q¡_sl�pm_{z{cf�`�`khi`jdcfi>a�koi)\^_�lm�£gfehc�\^_C\)]`_<q¤cfeh}`_sp�� � �<¥0¦�§�¨,©
cfi`aª¥¬«�§)­�©|cfl�_3\^]`_�nsg�gflma>koi`c
\^_sp|khi�\)]`_{nscfl®\^_sp�koc[i¯p�v p®\^_sz°cfi>a�khi�\)]`_{� g[eocfl|gfi>_
lm_sp�� _�n�\)krq`_se¢v6�£\)]`_si

«{± ¦K²O³u¨>²
­�±´cfl�n�\)cfi7¨¶µ�¦

¦�±ª«�nsgfpK­
¨d±X«!pmkhiU­ ¥��[�o·f©

¸ krq`_si�c¹jflmkhaºg[�!¥¬«�§)­+©
q¤cfeh}`_�pm�£\)]`_�nsgfl�lm_sp�� g[i`a`_si>ns_sp�khi»¥0¦�§�¨,©/cfl�_�n�gfz{�`}�\)_sa
cfi`ab\^]`_�q¤cfeh}`_spUkoi¼\)]`_sp�_��£gfkhi^\)p/cflm_�\^c[�[_si½¥�jf_�i`_sl�cfeherv���k¢\^]�khi^\)_sl�� gfehc�\)kogfi>©m�
¾ kr\)]¯lm_���_sl�_si`n�_�\^g�wykhjf}`lm_{�f�h�f��\^]`_��`ehg�\¹gfi�\)]`_�}`�`�£_sl�eo_���\�n�gflmi`_�l�khp�gft�\^c[koi`_�a
cf}�\^g[z�c
\^khnscfehervXt)vX��c
\^ehcft�n�gfz{z{cfi`aÀ¿�ÁsÂ�Ã0ÄsÅ,Æ6Ç �
koi`p®\^_�cfa�\)]`_¹�>eog�\¹gfid\^]>_¹}`�>� _�l
lmkhjf])\Èn�gflmi>_sl�kop|c�z�_�pm]�gf�%\)]`_�a`c�\^c�n�gfz{�`}�\^_�a¯t)vXkhi^q`_sl�pm_Èz{cf�>�`koi>jf�{ÉUg[}�n�cfi
cfeop�g¹i>g�\^khns_!\^]`_|p®v,z{z{_�\)l�v�gf�¡\^]`_|wKgf}`l�ko_�l/��_seheokhiº��lmc[i`pm��gfl�zÊkhi{\)]`_|eog4�C_slUlmkhjf])\
nsgfl�i`_sl�Ë|\)]`_�t g4ÌSp�}`� _�lmkhz{� gfp�_saMpm]`g4��p¼\^]`_���khi`a`g4� gf�|��_�c�\^}`l�_sp¼\^]>c�\d��koehe�t£_
_�Ì~\^l�cfn�\)_sa`�

Í i`n�_Cc ¸ cf}>pmpmkhcfi�z{k¢Ì~\^}`l�_Cz{g¤a>_se£kopO_sp�\)koz{c�\)_sa���g[lO_�cfn�]�nsehcfp�pm��\)g�n�eocfp�pmkh��v�cfi
gft`pm_�l�q¤c�\)kogfi{¦�Î Ï/\)]`_|Ð�c4v¡_�pmkhcfiºa`_�nskhpmkhgfiºl�}`eh_�khp/cf�`�`ehkh_sa

¦�ÑÒÓ«�¥0¦%©�±ÕÔ^«+Ö~×uÔ)¦£ØÚÙ�¥�Û>©�Ù%¥¬¦XÜfÛ>© ¥��[�o·f©

��]`_sl�_3Ù�¥�Û>©<kop�\^]`_�ÁCÅ£ÂÚÝ�ÆsÂÚÝ��`lmgft>cft`kheok¢\;v½g[�7nsehcfpmp|Û>�£Ù�¥¬¦ÀÜ`Û>©CkhpO\)]`_�¿^Ç0ÁsÞ�Þ¹¿�Æsß�àsÝ�á
Ã¬Ý�Æsß�Á6ÇK�`lmgft>cft`kheok¢\;v���gfl,\^]>_Ug[t`pm_�l�q¤c�\^khgfi|¦�jfk¢q¡_�iÈn�eocfp�p�Û{cfi`a�«¶¥¬¦%©
khp�\)]`_/nsehcfpmp�ko�>_sl
a`_sn�kop�kogfi>�

�!]`_!l�_sp�}`er\)p7gf�[\^]>kop,\)_sn�]`i`khâ~}`_/gfibgf}`lAa`c�\^c[t`cfpm_�cflm_�â~}`k¢\^_!j[g¤g�a<��k¢\^]bcfib_�lmlmg[l
lmc�\)_!gf� c[t gf}+\ Z ��ãä��gfl \^]>_Un�eoc[pmpmkh�`n�c�\^khgfi�gf�~\)]`_�� Z nsc
\^_sj[gflmkh_sp7gf�£}`l�koi`_/a`c
\^cft`c[pm_s�
pm_s_�wykhjf}`l�_��[�oåf�
�!]`kopO� _�lm��gfl�z{cfi`ns_UkhpOn�gfi`pmkhp�\)_si)\���k¢\^]|\^]`_Ugfi`_/cfn�]`kh_�q`_sadt)v{\^]`_Ucf}�\)]`gfl�p�g[i�\^]>_skhl
a`c�\^c[t`cfpm_���_sl�lmgfl!l�c�\^_3g[����å[ãægfi¼\)]`lm_�_�n�eoc[pmpm_�pm�UçCp�koi`j3\)]`_|pmcfz{_�a`c�\)cf�¶gf}>lA\^_sn�]+�
i`koâ~}`_�khpUc[t`eo_�\)g�]>cferq`_/\)]`khpU_�lml�gfl/lmc�\)_�¥�pm_�_��>cflm�!èf�håf� Z ©m�

�!]`khp�z{_�\)]`g�aékopÈ�`cfl�\)kon�}`ehcflme¢vÕkhi)\^_�lm_sp®\^khi`j»t _�nscf}>pm_�k¢\�khp�cft`eh_�\)g½cfn�]`kh_�q`_�c
jfg¤g�aé�£_sl���gflmz{cfi`n�_¹��k¢\^]Àâ~}`k¢\^_�p�koz{�`eh_���_sc�\)}`lm_�p�cfi`aÀk¢\�a>g¤_�p�i`g�\�l�_sâ~}`khlm_�c[i^v
pm_sj[z�_�i)\^c�\)kogfi>� Í i�\)]`_Cg
\^]`_�lO]`c[i`a`��\)]`_U� _�lm��gfl�z�c[i`ns_3khp�p®\^kheoe£i`g�\Ccfn�ns_s�+\^cft`eh_3��gfl
cfi)vulm_sc[e¶cf�`�`ehkhnsc�\)kogfi�cfi`a�i`g�\�n�gfz{�`cfl�cft`eh_/��k¢\^]�nsgfz{z{_sl�nskhcfe%p�v p�\)_sz{pm�



êAëCìCí<îAï
ðIñKòMó<ô�ï
ðOô�õ;ï<ö ó�÷Sð<ï
ø%ìUîAï
ùWöXó�ð<ú û[ü

−2
0

2
4

−5

0

5
0

100

200

300

Magnitude in polar coord.

−2
0

2
4

−5

0

5
0

100

200

300

Remapping magnitude in polar coord.

log pol. coord of magnitude

10 20 30 40

5

10

15

20

25

30

35

40

Fourier Mellin Transform

10 20 30 40

5

10

15

20

25

30

35

40

ýyþoÿ����������	��

������������� ������� � ���"! ���$#%� �&�('"�*)+�",-��.�������� ���/�"0213��.��4� ����56�$!7!7� �98"�4�����40:���4,<;
��=>��,
�2! �?����@����A0:�B�",C�ED2��)+�(���4� .2,C�7,<��F��$GIHJ�������K! �$0L�/)+���B�"���4;%,
���M'N�"0PO�)����B��Q����"!7R
)+�",6,<���2#&�(�S13��.��4� ���68"�4������0L���4,T�"0>�('"�K�7,6��F��$U�.��������V�4� F�' �<)+���B�"���4;�,
���M'W��D"����� ���$#
D�X&� �������B�B��,6�����2� ��F"U�! �4YZ���V! �$0L�[)+���B�"���4;\,<��F��]� �(.2#3���"0"1���.��4� ���[8"�4�����40:���4,^� �%! ��F�_`���"!7���
)+�����4#�� �]���(���4Ua! �4YZ���b�4� F�' �P)+���B�����4;c1���.��4� ���P56�$!7!7� �N8"�4������0L���4,6G



dfePgPhjifkclnmporqjs[kclbs[t(kju q
vwljkcxJg�ifkcyzu{q
lj| }�~

UNK BAC W C Y C CRS HYL NHL NSE RBC SPR SQE WBC MUC

BAC

W C

Y C

CRS

HYL

NHL

NSE

RBC

SPR

SQE

WBC

MUC

T
R

U
E

 C
L

A
S

S

ESTIMATED CLASS

Graphic representation of confusion matrix − ER = 21.5%
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OQPIO�R O�PTS U�V L O W�U�W U�X LNY W�U�Z
O�P Y V�O L O R Y O V�O L � R � Z
O�PIW V Y�L � R�Z�Z V�O L X R�U�R
O�P � V�W L O R�X+S V+S LNY R�X[S

OQPTS\O O�PTS U�X LIY W�U Y U�W LNY W�Z[S
O�P Y ]+^`_a^ b`c�] ]+^`_d^ b+egf
O�PIW V Y�LIY R�Z�R V�O L Z R�Z�U
O�P � V Y�L X R�X�O V+S L O R�U�W

OQP Y O O�PTS Z � LIY W�W � Y R L O ShV[S
O�P Y X�O LIY � U�O R Y�L � W�W�V
O�PIW X�W L Z R+ShU R�V L X W�U�R
O�P � X � L Z R�W�R Z�O L X W�X�O

OQPIW�O O�PTS O�R L � S�S�S O�O L � O�W LIY
O�P Y S�S L � ShZ�Z O�W L � Y W L O
O�PIW ShU LIY ShV � O�U L � W Y�L X
O�P � ShV L O Y ShO O�X L � W�R L X
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O�PIV�R X�U L Z � W�Z X�R L X � R�X
O�PIV�Z X�V L � � X+S X�X L � R�O�O
O�PIV�U ]+^`_a^ b`c�] ]+^`_d^ b+e+f
O�PIV�X V�O LIY R�R+S V�O LNY R�U�V
O�PIV�V V�O L Z R�X�W V�O L X Z�O�V
ShPIO�O V�O L X Z�O�V V�O L X Z�W+S
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Â�É�É ¢ Â�Å Ã�Ç É�È Æ £ À ¢ Ã £ Ã�Â Æ £ À ¢ Ã�Ê�Â�Â
Â�Å�Â�Å@Ã�Â É�É Ç £ Æ�É�À	Æ Ã�Ç £ Â Æ@Ã�ÀdÃ Ã�Ê�Å�Â
Â�Å�Â�Å@Ã�Ã È�Â Ã�Â�É Æ�È�À	Â Ã�È�É�Â Æ�Å�ÀdÃ É�Â@Ã�Â
Á�Â�Å�É@Ã�Â�É Ã�ÃhÇ ¢ É £ È�Æ�À	Æ Ê ¢ É È�Æ�À	Ê È�Å�Ç

Á�Â ¢ É�Å�Â ¢ Â�Ë5Ã�É Ã�Â�Â Ç�Â�Â Æ�Â�À	Â Ç@Ã�Æ Æ�Â�À	Â Ç�Å�È
Á�Â ¢ É�È�Â�É Ã�È�Â Ç�É�Â È £ À	Å Ã�É�Å £ È�È�ÀdÃ Ã�É�Å�Â
Â�ÆÄÃ�Æ�Â�Å Å�Â £�£ Æ�Å�À	Æ Ã�Â�Æ�Â Æ�Â�À	Æ Ã�Ã�È�Â
Ã�É�Â@Ã�Â�É ¢�¢ Ç £ Æ�È�À	É Ã�Ç £ Â Æ�È�À	É Ã�Ê�Å�Â
Ã�É�Â�É�Â�É È Ã�É Æ@Ã�À	Ê É�Å�Æ�Â Æ@Ã�À	Ê É�Ê�É�Â
Á@ÃhÉ�É�Æ�Â�É Ã�Ç�È É�Ê�Å Æ�È�À	É É ¢ Ê�Â Æ £ À	Â É £ É�Â
Á�Ì Í�Î	Ï�ÐR¾	Ñ É@Ã £ ¢ É ¢ Æ�Ê�À	É Ã�Â�Â�Â Æ�Ç�ÀdÃ Ã�Ã�Ç�Â
ÒªÓ Î�¼�¾�ÔªÕ�¾�¾	¹�Ï Ê@Ã É�Å�Ç Æ £ À £ Æ�Ç�Â Æ�Å�À £ Ã�Â�Â�Â
ÖH×�ÖJØÚÙ Û�ÜLÝJÞ ÞJßJàJÞ á~âqãxá áqáqä åJÛJæ½ç Û�ÜJèLà

Ò ¼�é�¾�¹.Ç�À�È�êWëªìwíxìbîdíhï ðlñ�ò�ìwó�ôõðló�ö ÷�ñfîdì0ðlñ�ìb÷lî½øùôõð1ú�û;ìwó{ð1ô�íxø:ì(îdü1óýóýìwñ�í0û:÷�íh÷�þf÷�ÿýì����^ñ)íxø:ì
ú�÷�ÿ�í óýð�����íxø:ì	�:ñ~÷lú�óýìwÿýüfú íÚï ÿ�
1ï �lìwñ
�
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BDCFEHGJIKCFG�LNM1C�G�OQPSR�TKUVCWM(IKCWOXG�Y�Y6EKCZCW[KO-R�\�U1CW]^Y6_NR�[-`�aNbZY6EHG�Y�YcEKC/d?G�_N[e]WG#fKU1C�U�R�\
CWM1MVR�M1UgG�M1ChOKfKCiY6R�OKfKU(Y jKG�MkY6_N]WLNCWUlYcEKG�YmG�M1C�G�Y1YcG�]JEKC�OFR�MnInCWMkPo]WLNR�U1CiY6R�jlR�LNLpC�[Fq�MVG�_p[HU
R�MhYcRrjlR�LpLNCW[-jHG�M(Yc_p]�LpC�U�Y6EKGsYtG�MVCZq�MVR�fKjlCWOe_N[-GrUV_p[Hq�LpC/TKLpR#TKa/uv[oYcEKCWUVCFU1_wY6fHG�Y6_NR�[KUVx
y CoG�M1Co[KR�YoG�L y GzP
UFG�TKLNC{YcR:EHGJIKC|G�[S_p[cY6C�M1C�U(Y}jlR�_N[cY|\~R�M{CWG#]JE�j
R#LpLNCW[Sq�M1G�_N[�G#[KO
Y6EKC�G�LNq�R�MV_�YcEKd�Y6R?�K[HO:G?jKMVR�jKM1C�M	T
R�fH[KOK_N[KqoTlRz�X]WG#[:\~G�_NLNa
� _p[H]WC�R�fKMg�K[KG�L�q�R�G#L�_NU
YcR�]WLNG�U1UV_p\�P{Y6EHC OKC�YcCW]^Y6CWO?jKGsY6]JEKC�U	�(UVCWC ]JEKG#jQY6C�M5���1x y C EHGJIKC
TKfK_NL�Y�GtOHG�Y6G�THG�U1C y _wY6E/YcEKC�OKC^Y6C�]�Y6C�O�jKG�Y6]JEHCWUZ�(fKUV_p[Hqt��R���_pd?G�q�C�U1� G#[KO y C�EHGJIKC
U1R�MkY6CWO�Y6EKC�d�G�]W]�R�M1OK_N[Kq�Y6R�Y6EKC{C��
jlCWM(Yc�pU�M1CW\~C�M1C�[K]WCZLp_NU(Yca���EKCW[Hx y C/EKGzIKC/]JEKC�]J�#CWO
Y6EKCtjKGsY6]JEKC�U�T
C�LpR�[Hq�_p[Hq/Y6RZYcEKCtd?R�U(Y?[�fKd?C�M1R�fKU�]�LpG�UVU1C�U�_p[-R�MVOKCWMhY6R}OK_NU1]�G�M1O|Y6EHC
�J��� UVG�d?jKLNCWU1ar� G�O-U1G#d�jHLpC�U{G#M1CFjKMVR�OHfK]WC�O3TcP�G}d�_NU(YcG��#C?R�\�R�fHM�T
R#fK[KOK_N[Kq�T
Rz�
G�Lpq#R�M1_wY6EKd�_N[rY6EKCtUV_�YcfKG�Y6_NR�[KU�G�T
RzIKCtd�C�[cY6_NR�[KCWOHao��EK_NU�jKM1R�]WC�OKfKMVC y _pLNL5q�_wInCtfHU�G
d�R#M1C�MVCWLN_pG�THLpC�jlCWMV]WC�[6YcG�q�C�R#\�OKC�YcCW]�Yc_pR#[}G�[KO}_wY y _NLpL
G�LpLNR y fKUgYcRFM1fK[}C^�
j
C�M1_Nd�C�[cY6U
R�\m]�LpG�UVU1_N�K]WGsY6_NR�[Ka&uv[�Y6EK_NU y GzP�x y CoOKR [KR�YoMV_pUV�oY6R ]WR�[HU1_NOKCWM{G�U{j
R�LNLNCW[3jKG�M(Yc_p]�LpC�U
U1R�d?C{\~G�LpUVC�G�LpG#M1d�UVG�d?jKLNCWU¡T
R�YcE:_N[tY6M1G#_p[K_N[Kq?G�[KOtY6C�U(YZU(YcG�q�C�a

¢ ]W]WR#M1OK_N[Kq�Y6R�Y6EK_NU	G�[KG�LwP
U1_NU1xKY6EHC{[HC y �K[HG�L�M1C�U1fKLwY6U¡G�M1C�UVEKR y [&_N[?YcG�TKaN`�aN��a
£��
G�d?jKLNCWUtR#\ q�R�R�O3G�[KO�THG�O�jKG�Yc]JEKCWU/\~R�MZUVR�d?CrR�\¤Y6EKCod�R#U(Y}[�fKd?C�M1R�fKU/]WLNG�U1UVCWU
G�M1C�U1EHR y [:_p[ ¥5_Nq�fKMVC�`�a§¦s¨�G#[KO:\~R#LpLNR y _p[Kq#a

©lª�«>¬¤­ ª�®°¯±ª�²´³�µ¶­ ·¤ª�³Wª�¸�³Wª�· ¹ ·¤ª�³�º ·¤ª�³Wª�¸�³Wª�·»©l¼°¼>· ¹ ·¤ª�³�º
½K¾k·gª�² ! ¦�¿ !�À b ��¿�aN¿ ¨�`�` Á�`�aN¨
½H­cÂ ¨�b�� ¨�b#¨ ��Á�aNÁ ¨ À ¨ ��b�aÃ¦

¸�ÂgÄk«mº�ª�¾kÅ `�b�b ` À ¿ ��¿�aN� ! ¿�¿ Á���aN¨
Æ ½K¸�½K²´½K«¤·g½ b�Á�b b�`#� �Ç¦�aNÁ b�b�¨ " ��aÃ¦
Å-¬g¾kÈ±ª�²´²�É ¦�¦�¦ Á�Á " ��aN¨ "�! ¿�¿�a "

¼Ç½KÊ ! ¦�¨ ¨�Á ! ��¨�a À ¨�b�� " ��a "
¼Ç¾(ÄkËÇª ¨�b�¿ b�Á#Á Á�Á�aN¨ b�b À ¿ " aN`
¯¤Ä(«¤ª "�À ` ¿�� ! ��Á�a ! ¿ À ¿ Á�¿�a À
Ì�Í�Ì�Î�Ï Ð�Ñ�ÒWÓ ÔlÕWÓ�Ó ÕWÓlÖ~Õ Ôl×�Ø�Ù Ú�Ð�Ö~Ò

�gG�THLpC�`#ap��Û Ü�ÝJÞ�ßáà6Þ�â�ã1ä°åÃÝmà�ßlæcÝJçvÝ�åÃçvà6Þ±è�é�ê ä�ëtìgà�íîêïâ�ã1ë6ÝJé±ð�ñ�ÝJä}åÃà6ä�é�êïæ6ÝJÞ�ê ä�ë�çvñ�Ý�â à6é^ç
ä#è
â ÝJÞ�à6è�é�åJòïã1é^é^ÝJé�ó5ô>ñ�Ý�ä#è
â�õKÝJÞ°à�ß�æcÝJçvÝ�åÃçvÝ�æmö°ã1çså~ñ�ÝJéhê é�ë�ê ÷6ÝJä�ã1ä
æ�ã6ò é^à çvñ�Ý5öKÝJÞ�åÃÝJä#çsã1ë6Ý
à�ß¤æcÝJçvÝ�åÃçsê à6ä}ð�ê çvñrÞ^Ý�ß�ÝJÞ�ÝJä
åÃÝ�çvà/çvñ�Ý�äQè
âhõKÝJÞhà�ßKÝJø#öKÝJÞ^çsù émö
ã1çså~ñ�ÝJé�ßáà6Þ Ý�ã6å~ñXåJòïã1é^é�ó�ô>ñ�Ý
òïã1é�çhç(ð�àoåÃà�ò è
â�ä�é�Þ^Ý�ßáÝJÞ�çvà{çvñ�Ý�ö
ã1çså~ñ�ÝJé�çvñ
ã1ç�åJã1äoõHÝ�Þ�Ý�ã1é^à6ä
ã1õ
ò ú�åJòïã1é^é�ê û�Ý�æ�ó
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GOOD PATCHES 

BAD PATCHES 

�������������	�! #"	$�%'&�(*)�+-, .0/21�3*4�+5(�687:9;.=<�/21�(*,?>@.=A�+�/2,?, .=BC.=&D6EAF(*7!6E.G>IH�JK>@.=6E.G7!6E/*A#LNMO9;.
P AQ<Q60R�AQ/8S�<
<T9;/8SU.=&V(*)�+5, .=<W/21'X*/D/V>Y<Q.=X2)�.=B�68(�68Z /*B5LYMO9;.[,?(�<Q6]\�AQ/8S�<
<T9;/8S^<#(*)
+5, .=<
6E9-(�6_95(Q`*.aH�.=.=BbAT.G)�/8`*.G>�H�.G7=(�c;<Q.]/21�(0H5(*>[<Q.=X2)
.=BD68(�68Z /*B5LbdVAQ/*H5, .G)
<_c;<Qc-(*,?, Je(�A#Z <Q.
Sf9;.=B�6E9;.=AT.YZ <fghc;B;iC(�6E68(*7:9;.G>a6E/]6E9;.�+j/2,?, .=Bk/*AfSf9;.=B�+�/2,?, .=B�X*AF(*Z B;<l(�AT._X*AQ/*c;+�.G>IZ Bm(
<FZ B;X2, .
H5, /*H5Lonp/*6E.
6E95(�6WZ?)0(�X*.=<�95(Q`*.
H�.=.=BYAT.=<#7=(*, .G>q6E/�(l7!/2)0)�/*B[AQ.=<Q/2, c268Z /*BbZ B[/*A#>@.=A
6E/ P 6�6E9;.
X*A#Z?>2L
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BAD PATCHES 

�����������N����� }����V�V�*���5� �Y�2�o�*�]�-���8���;�=���2�O�E�*�=���#���5�2�0���2�?� �=���=�D�E�F�*�!�E�G�k D¡e�@�=�E�G�!�E�*�F¢
£ �;�N¤;�Q�Q�¦¥k�Q�8§f�[�Q�;�8§¨�=�V�*���5� �=�[�2��©*�D�V�ª�Q�=©2���=���8���8« �*�5¢ £ �;�K�?���Q�b¬­�Q�#§��[�Q�;�#§
�F�*���5� �=�p�E�-���p�5�Q®*�f ��=�=�0�Q�G���#®*�G�
 ��G�=��¯;�Q�f�2�j�o 5�*�
�Q�=©2�
�=�D�8���8« �*�5¢f°V�Q�* 5� �G�
�±¯;�Q¯5�*�?� ¡
���F« �Q�
§��;�=�[�E�;�=�T��« �f��¯;�2²­���E�8�*���;�G�0�E�0�E�;�����2�?� �=�I�*�o§��;�=�[���2�?� �=�[©*�#�*« �2�_���Q�
©*�Q�*¯;���G�
« �K�_�#« �;©2� �q 5� �* 5¢�³±�*�E�l�E�5����«?�0��©*�=�
�5�Q®*�q ��=�=�k�Q�=�#�=�*� �G�a�E�¦�a�!�2�0�
�*�k�T�=�Q�2� ¯;�8« �*�K« �
�*�F�@�=���E�0¤;�f�E�;�
©*�#«?�;¢
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GOOD PATCHES

BAD PATCHES 

Á�Â�Ã�Ä�Å�Æ ¿	Ç!È#¿	É�ÊVËVÌ*Í�Î5Ï Ð�Ñ2ÒVÓ*Ô�Î5Ì�Õ8Ö�×;Ð=Ø�Ñ2ÒDÑ2Ì�Ù�Î�Ñ2Ï?Ï Ð=ÚaÐ=Ë�ÕEÛ#Ì*Ö!ÕEÐGÜ�Ý�Þ[Ü*Ð=ÕEÐGÖ!ÕEÑ*Û#ß�àO×;Ðfá;ÛQØQÕ
â ÛQÑ#ã�Ø�ØQ×;Ñ#ãäÐ=ËVÌ*Í�Î5Ï Ð=Ø
Ñ2Ò'å*ÑDÑVÜaØQÐ=å2Í�Ð=Ú�Õ8Ì�Õ8æ Ñ*Ú5ß0àO×2ÐçÏ?Ì�ØQÕ0è�ÛQÑ#ã�Ø�ØQ×;Ñ8ãUØ#Ì*Í
Î5Ï Ð=Ø
ÕE×5Ì�Õ
×-ÌEé*Ð�Ý�Ð=Ð=ÚNÛQÐGÍ�Ñ8é*ÐGÜYÝ�ÐGÖ=Ì�ê;ØTÐ�Ñ2ÒëÌ_Ý-Ì*Ü0ØQÐ=å2Í
Ð=ÚDÕ8Ì�Õ8æ Ñ*Ú5ßaìVÛQÑ*Ý-Ï ÐGÍ�Ø�ê;ØQê5Ì*Ï?Ï Þ�Ì�ÛFæ ØQÐlã�×;Ð=Ú
ÕE×2Ð=ÛQÐaæ Øfíhê;Ú;ÙNÌ�ÕEÕ8Ì*Ö�×;ÐGÜ]ÕEÑ]ÕE×2Ð
ÎjÑ2Ï?Ï Ð=Ú­Ñ*Û�ã�×;Ð=Ú�ÎjÑ2Ï?Ï Ð=Ú�å*Û#Ì*æ Ú;ØqÌ�ÛTÐWå*ÛQÑ*ê;Î�ÐGÜ[æ ÚªÌîØFæ Ú;å2Ï Ð
Ý-Ï Ñ*Ý5ßfïpÑ*ÕEÐ_ÕE×5Ì�Õqæ?Í0Ì�å*Ð=Øð×-ÌEé*Ð_Ý�Ð=Ð=ÚIÛTÐ=Ø#Ö=Ì*Ï ÐGÜ�ÕEÑNÌ0Ö!Ñ2Í0Í�Ñ*Ú­ÛQÐ=ØQÑ2Ï ê;Õ8æ Ñ*Ú�æ Ú�Ñ*Û#Ü@Ð=ÛfÕEÑ0á;Õ
ÕE×2ÐWå*Û#æ?Ü;ß
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@)ACB	DFE�G=DIH2BJD�G=K�B	L	A�MON=GQP	ARB	SUTVG�KVH.MOACP	ARMOWJP	L	G=X�MYH.W[Z]\^H.S�G9G;_�H2D�P	K;H�G�EC\FB	WJGQ`7MOA�E
B	abWcG�P	\�Z]D�G=WJG�A�H2\da$DFB	WeMfH�gdhji�G=\FGlkUP	mOZ�G�\l\�i�B	Z]m�EcGV_�n�DFG=\�\oH2i�GjK&i�P	DFP	KVH2G=D�MO\^H2M�K�\pP�A�E
P	m�moH2i�GqMOA�a$B	DFWcP"H�MOB	ArK�B	A2H�P	MOA�G=ErM�ARH�i�GcM�WJP	L�G=gtsuB	DFG=Bvk�G�D�XxwyGqi�Pvk�GQH�BCm�B�B	`za$B	D
H�i�G1\FWcP�m�mOG=\{H|\�GVH1B	a}k]P�m�Z�G�\~wQMfH�iuH�i�G�\�G1L	B�B�E�n�D�B�n�G�D^H�MOG=\[M�A�B	DFE�G=D�H�Bz\�n�G=G�E�Z�n
H�i�G�DFG=K�B	L	A�MfH�MOB	A�P	A]ECH�BuP�K&i�M�G;k�G1WJB	DFGqD�G�m�MOP	S�MOmOMYH)�	g�hji�MO\�K=B	W.S�MOA�P�H�MOB	A�B	ajMOA�n�Z,H
E�P�H�PQMO\'K�P	mOm�G�Eqa$G=P"H�Z�DFG~P	A]E�MfH~M�\�S�P	\FG=E�B	A�\FB	WJG~Z]A�E�G=DF\^H2P	A�E�MOA�L[B�a�H�i]G�n]P	D^H2M�K�Z�m�P�D
n�D�B	S]m�G�W�S�G=MOA�L9H�P	K&`7mOG=EuB	D�S2��\�B�WcG.P	Z0H2B	WJP�H�MOK9n�D�B�K=G�E�Z�D�G�\�X��Y�	�Ogy@:H[MO\�H2i�G.i]G=P	D{H
B	a�H�i�G[K=mOP	\�\FM���K�P�H�MOB	At\^��\{H�G=WJgJ@)aoH�i�G[a$G=P�H2Z�D�G�\5GV_7H�DFP	KVH2G=EtP	DFG[A�B�H�D�G�n�D�G�\�G=A2H2P�H�Mfk�G
B	axMOA�n�Z,H�MOWJP	L	G=\FX]H�i�G�A�X�A�BcK=mOP	\�\FM��]G=DlwQM�mOm�S�G9P	S]m�G�H�BJE�BcPJL	B�BUE[TVB	S]g

@)A�H�i�MO\�K&i�P	n0H2G=DFX�wyGQE�G=\FK=D�MOS�G�H)wyBqE�MO��G=D�G�A2H�`7MOA�E�\�B	axa$G�P�H�Z]D�G=g�hji�GQ��D�\{H.B	A�G=X
M�\�S]P	\�G�E1B	A.H�i]G5D�G�\�G=P�D�K&iRB	a���K&i�WJMOE1GVH9P�m�g9�O���	�Ogjhji�G5mOP�HFH�G=DpB	A�G5MO\dE]G=D�Mfk�G�ERa$D�B	W
P�w5B�D�`rB�ajhxB	DFD�P	mOS�PuG;H1P	mOg��f�b�"�OXjMOACwQi�MOK&izH2i�GV��P	MOW�H2BuE�MO\�K�D�MOWcMOA�P�H2G1S�G;H)w5G�G=A
\�K=G�A�G=\�K�B	A2H�P	MOA�MOA�LJWcP�A0�&WJP	E�GyB	SUTVG=K;H�\jP	A]E1\�K=G�A�G=\}wQMfH�i1A�P"H�Z�DFP	m�B�SUTVG=K;H�\�g�@)A[H�i]G
A�GV_7HyK&i�P	n0H2G=D�X7w5GlwQMOm�mb\�i]B&w�H�i�Glk�G�D^�|L	B�BUEJDFG=\�Z]mYH2\dB	a�K=mOP	\�\FM���G�D�\pZ�\�MOA�L�H2i�G=\FG�H)wyB
\�GVH2\~B�axa$G�P�H�Z�DFG=\Fg

����� �z�� ~¡.¢¤£q¥5¦�§

@)A���������X¨H�i�Gyn�D�B	S]m�G�W©B	a�WJP�H2K&i�MOA�L�P	A�MOWJP	L	G5MOA�P�mOP	D�L�GyE�P�H2P�\�G;H�wyP	\�P	E�E]D�G=\F\�G�E�g
@)ArH�i�MO\�WJGVH2i�BUE]XQa$DFB	W G=P	K&iªMOA2H�G�D�G=\{Htn�B	M�A2Hta$B�Z�A�E�MOAªP�MOWcP�L	G�«{Z�\�MOA�L�¬yP�D�D�MO\�­
E�GVH2G=KVH2B	D�®[P�\�G;H1B	adm�B�K=P	m�L	DFPv���¯kUP	m�Z]GqMOA�kUP	DFM�P�A�H2\�wyG=DFG�K=B	WJn�Z,H�G=E]g¤°9Z�DQa$G=P�H2Z�D�G�\
P	D�G9S�P	\FG=E|B	A�H�i�G�\�GQM�A2kUP	D�MOP	A2H�\FX±B	D�MOL	MOA�P	mOmY�u\^H�Z]E�M�G�E�S2��²9BUG�A�E�G�D�MOA�`�GVH.P	mOg.���"³��Og
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KML�NPOQB�RTSMR�U)VXWMFZY[F]\[FZE$BZV_^$L�RMY`B�Y`B�abN�RMO�V_^$L�RTL�a�VXWMF:OcWML�^$OZF:L�adOQLfe�B�\[^gB�RMOZF
h B=VX\[^jikY�VX\[N�O�VXN�\[F!B�RMUlB�Y]BmabN�RMO�V_^$L�RlL�adVXWMFnRoN h DpFZ\,L�a"OQL hmq L�RMFZR_VXY5^$RlrsL�t!H

uwvyx
z|{~}b���"� �C}b���`�'�
�
� ���"�o�

�d���
���Q�Z�Q�l� ������� IZ� ����� I � ��������� I �����
���/���/�d ¢¡£ � ���¤� I

ACB�D�E$F¥G�H¦I=§¥¨
©pª�«M¬c­|®°¯_±�²[­Z²Xª�¬c³¢¬c­µ´/¶ ·T¸n®°¹�©o´Q¶ ·oº)»½¼J®°ª�±M®X·o¬c·�³¢´/¶ ·�²¿¾8Ào¶Áª�¬c·°´Z¶ ®X·p²XÂ
¯�¬Ã²[³¢©o­µ¬5´µ±p²X¼J¬Ä²[´Å²�¯Æ©o·�¼J³=¶ ®X·m®°¯°³¢Ço¬Ä¼J®=ÈÉ²[­Z¶Á²[·p¼J¬�ªn²[³¢­Z¶ Ê�´µ³¢­µ©�¼J³¢©o­µ¬ÃË

Ì L�\7^gRMY�VXB�RMOZFQÍ°^$a ��Î IZÏ�Ð:B�RMU �ÑÎ �'VXWMFZRMÍXÒÅF/Y[W�L�NMEgU!FZY�V_^ h BZV_F�����ÏÉÓQÔ�Õ�ÕÉÓÉI�IZÖ�Ð�Ö
q B�\[B h FµVXFZ\[Y:^gR×B�OQOZL�\[U�B�RMOQF¿V_L,VXW�F)OcWML�Y�FQRØOQLfe�B�\�^$B�R�OQF h BZVX\�^ÆiÙY�VX\[N�O�VXN�\[FQH]ÚnRÛVXW�F
LZVXWMFZ\�WMB�RMU�ÍdB!OZL hPh L�RP\[NMEgF:L�a�VXWoN h DÜY�BcKpY7VXW�BZV`KdL�NÜRMFZFQUPBZV5EgFQB�Y�V5Õ�L�\`Ô q L�^$R_V_Y
VXLnFQY�VX^ h B=VXF5B!Y�^$R�Ý�E$F q B�\[B h F�V_FQ\�H�ÞM^gRMOQF5L�NM\�UMB=VXB�DMB�Y[F:WMB�Y/RML=V5B!Y�LÄWoNMÝ�F5RoN h DpFZ\
L�aC^ h B�Ý�FZY/Ò)FnWMBfedF:VXLm\[FQU�NMOQF�VXW�F!U�^ h FQR�Y[^gL�RsL�a"abFQBZV_NM\[FnY q B�OQFZH

ß RØL�\�UMFQ\`VXLP\�FQUMNMOZF�VXWMFnabFQB=VXNM\�F!Y q B�OZF!U�^ h FQR�Y[^gL�RMB�Eg^ÆV¢KØÒ)FnOQL�NMEgUlB qMq EjKkà/á:âã I @�ä ã @�ä Hså7i q FZ\[^ h FQR_VXB�EgEjKÉÍCÒ)FæabL�N�RMUØV_WMBZVÜEg^$RMFZB�\!UM^$Y�OQ\�^ h ^gRMB�R_VXY�B�RMB�EjK�Y�^$Y]ÒÅL�\[çoY
DpFµV[VXFZ\�VXWMB�Rmà/á:â,Hdà'B�\�VX^gOQNMEgB�\[EjKÉÍyÝ�^jedFZRnV_WMF'Ò!WML�EgF:Y[FµV,L�a�VX\[B�^$RM^gRMÝnabFQB=VXNM\�F'edFQOµVXL�\�Y
ÒÅF!OQL hPq NÃVXF Ì ^$Y�WMFQ\�è$Y]é
^gRMFQB�\]ê�^gY[OZ\[^ h ^gRMB�R_V_Y � Ì é
ê�� ã @�ä ã � ?�ä H

ë FìRMLfÒí^gR_VX\�L�UMN�OQF�VXWM^gY)VXFZOcWMRM^gîoNMFQH8ÞMN qMq L�Y[FØabL�\�Y�^ hPq Eg^$OZ^ÆV¢KïV_LkWMBfedFØUMBZV_B
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CEDGFHCJI�KMLON�PJF�QMPRCEQ=STIVUGW�CEX6YRFHZTIVY[IV\]PRC^DGP�_GIVK=CEF�UG`]PJaTPbCcNdPHP]U6CEDGP�Y[PHF�UGKeX�f
C^DGPdghQ8XjikPH`kC^PH_1`]lVmGK=CEP]Q8KnF�Uh_oYRI�UGIVYRI�\HP3C^DGP�K8gGQMP]F�_1X�fhCEDGPdgGQMXjikP]`bC^P]_1_GF'C^F >qp DhI�lVP
r�s$t K8PHP]uvK�CEDGPwKMmGa ? K8gGF�`HP�CEDGFHCwaTPHK=CyxHz={|x]z8}~z8���/}�C^DGP�_GFHCEF�L�������KMP]PHu�K�C^DGP�K8mGa ?
K8gGF�`HPnCEDGFHC�YRFHZTIVY[IV\]PHK�CEDGP�}~z={��]x]���8�k� �k�/��a|PkCcN�P]PHUeC^DhP�`Hl�F,K8K8PHK >
� DGP�W�P]UhP]Q8F,l�IV\]FHCEI�X,U4X,f�������C^X�K8Pb��PHQ8F�l�`Hl�F,K8K8PHK�f�X�l�lVX�N�K3C^DGPyK8F�YRP�Q8PHF�K8X,UGI�UhW >R� C
C^mGQMUGK�X�mjCoCEDGFHC�IVf$S�X�m�DGF���P�� `]lVF�KMK8P]K#SGX�m�`]F�U!DGF��GP4UhX Y[X,Q8P¡C^DhF�U�� 2�¢
_GI�QMP]`bC^IVX�UGK�N�DhP]Q8P$C^X[gGQMXjikP]`bC�CEDGP�_GFHC^F > �	X�QnPkZTF�YRgGlVP]L�IVf|N�PnCEDGI�UhuyC^X�NdX�QMuyN�I£CED
C^DGP ¢H¤ `]F'C^P]W,X�Q8IVP]K$X�f�mGQMI�UGP�_GF'C^F�aGF,K8P]LhN�P�K8DGX,mGl�_�DGF���P)CEDGP�`]X�UGK¥C^QMF�I�UECnC^XRQMP]_GmG`HP
C^DGP�f�PHFHC^mGQMPdK8ghF�`]P�_GIVYRP]UGKMI�X,U�f�QMX�Y ¢H¦ + CEX�l�PHK8K�CEDGF�U ¢H¤�>3� U�X�Q8_GPHQqC^X�QMP]_Gmh`]P3C^DhP
f�P]FHCEmGQ8P�K8gGF,`]P�_hI�YRP]UhK8IVX�UGKqN�I@C^DGX,mjCdF,U^S�`HX�UGK¥C^Q8F,I�UEC^LvNdP�K8gGlVI@CdQMF�UG_GX�YRl@S�C^DGP�_GFHCEF
X�fqPHF�`BD�`Hl�F,K8K�I�U1F[gGQ8X�g|P]Q$UvmGYwaTPHQ�X,fqKMmGa ? `HFHC^PHW�X�QMI�PHK 0 >
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p P�_GPHK8`]QMI�a|P�F�f�P]FHCEmGQ8P PbZ�CEQ8F�`bC^IVX�UÃaGF�K8PH_ÄX�UÄgGQ8IVUG`]IVgGF�l�`HX�YRgTX,UGP]UECÅF�UGF�l@STK8IVK
- r�s$t 7 L3Æ ¢HAjÇ Æ A�ÇV>
È I@��PHUÅ_GF'C^FÉIVU�F�Ê _GI�YRPHUGK8IVX�UGF�l3K8gGF�`HP]L�C^DGP�W,X�F�l�X�f r�s$t IVK�C^X²ËhUG_�F�ÌÍ_GI ?
Y[PHUGK8IVX�UGF,lqKMmGaGK8ghF�`]PwK8mG`BDeCEDGFHC$CEDGPwghQ8XjikPH`kC^PH_É_GFHCEFRF�Q8P$C^DGP�`Hl�X�KMP]K¥C�IVU�Î 0 UhX�Q8Y
- YRP]F�U¡K8ÏvmGF�QMPdP]QMQ8X�Q 7 CEX�C^DhP�X�QMI�W�IVUGF�l	_GF'C^F > � DhI�KOY[PHF�UGKqCEDGFHC�NdP�F�Q8P�l�X�X�uvIVUGWyf�X�Q
C^DGP�KMmGaGK8ghF�`]PdN�DGIV`BD�W�I£�GP]K)C^DhP#aTPHK=C[xHz={|xHz8}~z8���Ð���/�kÑ]�ÒX,f�C^DGP�X�QMI�W,I�UGF,lq_GF'C^F > � DGIVK
K8mGaGKMgGF�`HP[IVK�KMgGF�UGUhP]_�aESJCEDGP#P]IVW�PHU^�GP]`bC^X�QMK�X,fTC^DGPy_GFHC^F¡`]X��ÓF�Q8IVF�UG`HP#YRFHC^QMI£Z
DGF�� ?
I�UGWyCEDGP#DGIVW�DGPHK=C[`HX�Q8QMP]K8g|X�UG_hI�UGW�PHI�W,P]UE�ÓF�l�mhP]K >[Ô fÕC^PHUeC^DGPyf�mGl�lq`]X��ÓF�Q8IVF�UG`HP�YRFHC^QMI£Z
`]F�U�UGX'Cda|PdQ8PHl�IVF�aGl@S�P]K=CEI�YRFHCEP]_�f�QMX�YÖC^DGP�U�mhYya|P]Q)X�f;PbZTF�YRgGl�P�FB�ÓF�IVlVF�aGlVP]L�ahmjC)C^DhP
F�gGgGQMXBZTIVYRFHC^PnDGIVW�DGPHK=C�P]IVW�P]UE�ÓF�lVmGPnaGF�KMI�K ��PH`kCEX�Q8K�`]F,U[a|P$`]X,Y[ghmjC^PH_emGKMI�UhWwKMI�UGW,mGl�F,Q
�hF,l�mGP�_hP]`]X,Y[g|X�KMI£CEI�X�U -=×~Ø � 78> � D�mhK8L;IVf�ÙÚIVK�CEDGP�`]X��ÓF�QMI�F�Uh`]P�YRFHC^QMI£ZÉX�fGC^DGP�_hFHC^F�L
I£CEK ×~Ø �Û_hP]`]X,Y[g|X�KMI£CEI�X�U�IVK

Ù
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N�DGPHQ8P�IVfÓÙÒæ ç3è�ç�L^C^DhP]U á æ ç)è�çnL ä æ ç)è�ç
F,UG_ á�á å àÖé L äwä å à�é >

ã IVK�F�_GI�F,W�X�UGF�lvYRFHCEQ8I@ZwN�I@C^D�CEDGP3PHl�PHYRP]UEC^K�X�U�C^DGPO_GI�F,W�X�UGF�l - CEDGP3KMI�UhW�mGlVF�Q|�ÓF�lVmGP]K 7
I�Uê_hP]K8`HP]UG_hI�UGW4X�QM_GP]Q > � DGP¡ËGQ8K¥C�`]X,l�mGYRUGK�X,f á F�Q8P�C^DGPoPHI�W,P]UE��PH`kC^X,Q8K�N�I@C^D�C^DhP
DGI�W,DGP]K¥C#PHI�W�PHUE�hF,l�mGPHK�F,UG_J`HF�U�aTP�mGKMP]_�F,K$aGF�K8IVK�f�X�Q�C^DGP�X�QMI�W,I�UGF,l _GFHCEF >
� U[X,mGQ�K8g|P]`HI�Ëh`�`HF�K8PHL�l�PbCna|P�ë -íì�îkï�7 C^DGP$IVUEC^P]UhK8I@CcS1_GIVK=C^QMI�ahmjC^IVX�URX�f�C^DGP3I�YRF�W�P$F,l�X�UhW
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Separable data: linear svm
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Non separable data: linear svm
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Non separable data: poly. svm
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Non sep. data: rbf svm, C=10 σ=10
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Non sep. data: rbf svm, C=10 σ=1

0 5 10
0

2

4

6

8

10

 1

 2

 3

 4

 5

 6

 7

 8

 9

10

11

12

Non sep. data: rbf svm, C=100 σ=10
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aver. test ER = 6.8% σ = 0.6% (ERp = 6.5%)

96 0 1 1 2 0

88 0 0 3 5 3 2

0 3 93 2 0 0 0 0 1

2 93 1 4 1 0 0

0 0 96 3 0 1

0 1 0 1 3 92 1 2

2 0 3 91 3 1

1 2 94 3

1 0 1 2 2 94 0 0

1 1 2 1 94

0 3 1 1 2 1 92
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av. test ER = 16.6% σ = 0.1% (ERp = 16.3%)

94 1 2 3

77 8 0 2 10 1 1

5 81 9 2 2 1

1 2 8 77 7 1 3 1 0
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1 10 12 76

0 2 0 1 97
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aver. test ER = 7.5% σ = 0.8% (ERp = 7.2%)

95 1 0 3

0 89 1 4 4 2 1

0 3 89 3 1 2 1 1 2

0 0 2 94 1 1 1 0 0 0
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0 3 95 1
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Graphic representation of confusion matrix − av. test ER = 7.8% σ = 0.7% (ERp = 7.6%) av. train. ER = 5.2%
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Graphic representation of confusion matrix − av. test ER = 8.2% σ = 0.8% (ERp = 8.0%) av. train. ER = 6.6%
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Graphic representation of confusion matrix − av. test ER = 8.6% σ = 0.8% (ERp = 8.5%) av. train. ER = 6.5%
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UNK alder ash elmjacaran.mulber.oak olive pine

alder
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jacaran.
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ESTIMATED CLASS

av. test ER = 21.8% σ = 2.7 (abs. ER = 20.0%)

85.2 2.8 3.7 2.7 1.7 3.4 0.6

3.2 67.5 5.7 8.8 1.8 11.2 1.8

3.8 6.9 81.4 1.4 2.0 1.5 0.3 2.6

1.4 5.8 3.4 68.0 4.8 15.0 1.2 0.3

5.5 3.1 0.2 5.8 79.1 5.8 0.5

3.0 9.6 3.6 21.0 2.9 57.5 1.1 1.3

0.1 1.0 0.2 2.0 93.8 2.8

0.7 2.7 1.4 0.4 1.7 0.4 92.8

UNK alder ash elmjacaran.mulberryoak olive pine

alder

ash

elm

jacaran.

mulberry

oak

olive

pine

T
R

U
E

 C
L
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S

S

ESTIMATED CLASS

av. train ER = 17.0% σ = 2.5 (abs ER = 15.8%)

89.2 1.9 2.7 1.7 1.3 2.8 0.3

3.2 73.7 3.7 7.0 1.2 10.1 1.1

3.2 5.3 85.4 0.6 1.6 1.6 0.3 2.0

1.6 4.9 2.2 78.0 3.5 9.2 0.5 0.1

5.9 2.7 0.3 1.9 83.9 5.3

1.9 7.7 4.0 18.2 2.1 64.5 0.7 0.9

0.1 0.5 0.0 1.1 95.6 2.6

0.7 2.3 1.6 0.0 0.2 1.4 0.3 93.5
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UNK alder ash elmjacaran.mulber.oak olive pine

alder

ash

elm

jacaran.

mulber.

oak

olive

pine

T
R

U
E

 C
L
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S

S

ESTIMATED CLASS

av. test ER = 23.2% σ = 3.3 (abs. ER = 21.1%)

83.9 3.6 3.4 3.5 1.9 2.0 1.6

1.8 70.3 5.7 6.6 2.7 11.1 0.9 0.8

2.5 7.8 80.2 1.8 2.1 1.5 4.0

4.3 7.9 1.3 62.1 5.2 16.6 2.0 0.6

0.7 9.7 0.4 5.4 77.3 6.0 0.4

1.8 10.9 2.2 20.3 2.5 59.3 2.5 0.6

0.4 1.2 3.2 90.7 4.5

1.3 1.5 1.8 0.1 0.2 1.9 2.5 90.8

UNK alder ash elmjacaran.mulberryoak olive pine

alder

ash

elm

jacaran.

mulberry

oak

olive

pine

T
R

U
E

 C
L

A
S

S

ESTIMATED CLASS

av. train ER = 16.4% σ = 3.1 (abs ER = 15.2%)

90.1 2.8 2.6 2.3 0.5 1.1 0.7

1.7 75.6 4.8 5.7 1.6 9.4 0.4 0.8

2.0 6.9 84.8 1.5 1.2 0.8 2.9

2.7 5.7 1.7 78.1 2.3 8.4 1.0 0.3

0.4 7.6 0.1 2.7 84.7 4.3 0.1

1.5 9.1 1.7 15.1 1.8 68.8 1.4 0.6

0.2 1.8 1.9 92.8 3.2

0.8 0.9 1.4 0.0 0.1 1.2 1.5 94.0

¸K¹�º�»�¼$½n¾�¿�À�Á�ÂPÃ<Ä�ÅBÆ#Ç$È�ÅKÉUÅBÊZÉOËUÌ ÅoÍ¢É�Ê4Î�Ï%ÅoÐYÇ$Ñ�ÏgÉUÆ4Ç�Î ÑYÎ ÑSÈhËÒÆ#Î È�ÓEÉ�Ê#Î�Ï%ÅoÐrÔ�Õ�ÑYÍ¢ÖSÊ#Î Õ�Ñ5×JÇ$ÉUÆ#Î�Ô�ÅBÊPÕ`Í
Ø�Ù�Ù ÅBÚEÛ�ÅBÆ#Î�×iÅBÑ�ÉUÊdÎ Ñ5ÜOÓ�Î�ÔFÓpÏ%ÅBÉUÅoÔ�ÉUÕ�ÆnÛYÇ$ÉAÔFÓSÅBÊgÜbÅBÆZÅ�Ö`ÊZÅoÏ5ËÒÊZÅBÅ�Ì�Ç$ÊZÉ_Ô�Õ`Ì Ö�×iÑ5Õ`ÍSÉAÇ$Ý�Þ�ß�Þ�ß�ÐUÞ
à Ñ�ÉUÓSÅBÊZÅhÅBÚ�Û�ÅBÆ#Î�×iÅBÑ�ÉUÊ#á�Ü^ÅhÓYÇUÄ�ÅJÆ4Ç$ÑYÏ%Õ`×JÌ â�ÅBÚEÉUÆ#Ç�Ô�ÉUÅoÏ5ÉUÓSÅ Ø�Ù�ã Õ`Í^Î�×JÇ$È�ÅBÊ�Í¢Õ�Æ�ÉUÅBÊZÉ)Ç$É
ÅoÇ�ÔkÓ�Î ÉUÅBÆ4Ç$ÉAÎ Õ�ÑYÞ
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fOgdhji�k-l�l[m�n.h�k-o�g�p�q�m8qrk-s-sSt[m!uvm�t<h�odm.wyxym!t[k-z4m!gjh�l4{�o�g�m|o�gQ} t[k-g�m|{�~!hj~���~�l�m�����i�m
n�s-~�l[l�k$��n!~!h�k-o�g2m�t�t[o�t�l�qrk$s-s���m�~�g�~#s��y��m!{�qrk�hji2t�m�uvm!t[m�g n�mSh�o?hji�m��S~'��m!l[k-~�g�n�s-~�l[l�k$� m�t
}�l[k-g���uvm!~!h�} t[m���~�l�m�{�o�g�s$o�n�~�s �6m.h�l��
fOgQx�~�t�hjk$n!}�s-~�t[p�q<m|t[m!uvm�t+h�o�m.w�x�m�t�k$z�m!g�hjl�{�o�g�m�o#g�uv}�s-s�{�~�h�~�l�m6h�hj~���k$g�� U�V�� o�u
k$z�~���m!l8uvo�tShjm�l�hj�5��i�m�l�m�k-z4~#��m�l�~�t[m4t[~�g {�o�z�s���m.w�h�t[~#n6h�m!{��j��~�l[m.h|g�m.��m!t8}�l�m�{
uvo�t�h�t�~�k$g k$g��4~�g�{�� ~�s-k${�~�h�k-o�g��

fOg�¡�k$�#}�t[mr¢�� U pFq<m8l�i�o'q£h�i�m�z�k$l�n�s-~�l[l�k$��m!{5k$z�~���m!lMqrk¤h�i¥hji�mrm�l�hjk$z�~!hjm�{dn!s$~�l�l
~�g�{4hji�m8~#l[l[k-��g�m!{�x�t�o���~���k-s-k�hO�§¦�k-g�x�m�t�n�m!g�hj~���m!¨[����i�k-l<x�t�o���~���k-s-k�hO�©k-lBhji�m8x�t�o���~!ª
��k$s-k¤hO��o#u�h�i m?m!l�h�k-z�~!h�m!{�n�s-~�l�l«��k¤��m!g�h�i�mTm6w�hjt[~�n.h�m�{¥uvm�~!hj}�t[m���m!n6hjo�t[��¬­m?g�o�h�m�h�i�~�h
uvo�t+z4o#l�h8o�u�hji�m�l�m8k-z4~#��m�l�h�i�mrx�t�o���~���k-s-k�hO�©k-l?��m�s-o'q¯® V�� ����i�k-lTk$lT~���o�o�{2x�o�k-gjh
�ym!n�~�}�l�m+k$g�~�t�m�~�s�~#x�x�s-k$n!~!h�k-o�g<q<mTn!o�}�s-{�~�l[l�k$�#g�hji�m�l�m+k�hjm�z�l�h�o�~�g�} g���g�o'qrg¥n!s$~�l�l
uvo�t�uv}�t�hji�m�t+~�g ~�s��yl�k$l��

°±m6h4} l�hjt���hjo|��k¤��m4~2{ m�m�x�m�t�k-g�l[k-��ijh¥o�g�h�i�m�x�t�m6�yk-o�}�lrz4k-l[n!s$~#l[l[k-��n!~!h�k-o�g��2fOg
¡�k$�#}�t[m�¢��-²�p q<m�l[i�o'q¯~�n�o#s$s-~���m�k-g�qri k$n�i�k$g�h�i�m�n!m�gjh�t�~�s±n�o�s-}�z�g�h�i�m!t[m�~�t[m�l�o�z�m
¦�z�k$l�n�s-~�l[l�k$� m�{�¨4k$z�~��#m�l�o�u�¡�k-��}�t�m�¢�� U qrk�hjiQ~�l[l�k$�#g�m�{�i�k-��iQx�t[o#��~���k-s$k¤hO�³�GfOg�h�i m
��t[l´h?hji�t[m!mrn!o�s-}�z�g�lBhji�m�t�m�~#t[m�k-z4~#��m�lT�ym!s$o#g���k-g���hjo�h�i�mSh�t�}�mrn�s-~�l[l�h�i ~!h�~�t[mSh�i m
g�m�~�t�m�l´h4hjo�h�i�m|o#g�m|k$gGn!m�gjh�t�~�s�n�o�s-}�z�gGk$g�hji�m|m�}�n!s$k-{�m!~�g­g�o#t[z%o#u�hji�m|uvm�~�h�}�t�m
l[x�~�n!m�¦�~#uµh�m�tKh�i m<x�t�o¶�6m�n.h�k-o�g|o�g�¡�°¸·�¨��FfOg�h�i�m?s$~#l�h«hji�t[m!m<n!o�s$} z4g l[p�hji�m�t�m�~�t�m?k-z�ª
~���m�l���m�s-o�g��#k$g��Shjo«h�i�m+m�l´h�k-z�~!h�m!{¥n!s$~�l�l�h�i�~�hT~�t[m�hji�m�g�m�~#t[m�l´hTk$g�hji�m�l[~�z�m+uvm�~�h�}�t�m
l[x�~�n!m��
fOu±��o�}duvo�s-s$o'q¹~|t[o'qº��o�}dn�~#g»l�m�m<hji�m�l[z�o�o!h�i�hjt[~�g�l�k�hjk$o#g»k-g�h�i m�uvm�~!hj}�t[m!l�l[x�~�n!m
uvt[o�z¼o�g�m�n�s-~�l[lMh�o�hji�m8o!hji�m�t�½�qrk¤h�i�hji�k$l?k$gjhjm�t[x t[m6hj~!h�k-o�g�hji�m8z�k-l[n�s-~�l�l[k-��m�{»k$z�~��#m
k$l¥o�g©h�i m���o�}�g�{ ~�t��¾��m6hOq<m�m�g�hji�m4hOq<o�n�s-~�l�l[m�l�~�g�{­k¤hdn!~�g§��m�hji�o�}��#i�h�s$k-�#m�~
h�t[~#g�l[k¤h�k-o�g2k�hjm�z��

¬­m8g�o�h�mThji�~!h�l[o�z�m8m!t[t�o�t[l?n�o�}�s-{d��m8~'��o�k-{�m!{d���¿n�o#g�l[k-{�m�t�k$g �|uvm�~!hj}�t[m!l�qrk�hji
k$g�uvo#t[z�~!h�k-o�gÀo�gÀl[i�~�x�m��	¡Fo�t�m6wy~�z�x�s-m�p�k-g�h�i m©l�m�n�o#g�{Át�o�qÂo�u�¡�k$��} t[m5¢��-²�p�k¤h
l[m�m!z�l4n!s$m!~�t<h�i ~!h8hji�m|~'��m�t�~���m�o#uTs-o�n�~�s±�6m6h�l8{�o m!l[g�Ã¤h2~�s-s$o'q¯h�o�l[m�x ~�t[~!hjm|n�s-m�~�t�s��
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ß�à!á�à#â�à�ã[ä!å

æ?ç à�è-é�ê�é�ë�ã4à ç à#è�ìyã[í-ã�î!à ç â�ä�ß�é ç ä�é ç§ï é�è-è$ä ç ß�à!ájà�â�à�ã�ä�åDðBñ[ñ[é#ñ[ã�à#ñ[ä�ò�à�ß ä
âyä!î�à�ë�ã�ä�é#ë�ñ�óvä�à!ájë�ñ[ä!ã�ß�é ç é!á2î!à ï á�ë ñ[ä�à�è-è�á�ô�ä|ä!ã[ã�ä ç î!ä�é�ó�á�ä.õ�ájë�ñ[ä�í çGï à�ñ�ájí$î!è$ä!ã
à ç ß2âyä!î�à�ë�ã�ä+ö<ärà�ñ[ä ç é�á8ë ã[í ç ê¥î!é�è-é�ñ�í ç óvé�ñ[ò�à!ájí$é ç å

(1,9,9)

(1,5,80)

(1,9,62)

(2,11,82)

(2,11,73)

(2,7,89)

(2,11,59)

(2,7,93)

(2,7,92)

(2,10,53)

(3,4,57)

(3,11,100)

(3,11,78)

(3,4,81)

(3,2,67)

(3,7,51)

(3,4,58)

(3,2,61)

(4,3,72)

(4,3,93)

(4,7,53)

(4,9,100)

(4,7,100)

(4,7,3)

(5,9,99)

(5,6,100)

(5,10,89)

(5,6,54)

(5,6,100)

(5,9,15)

(5,6,96)

(6,5,64)

(6,2,42)

(6,5,94)

(6,10,75)

(6,10,1)

(6,3,62)

(6,5,62)

(7,2,88)

(7,2,3)

(7,2,76)

(7,2,88)

(7,2,55)

(7,2,46)

(7,4,59)

(7,6,14)

(7,6,13)

(8,4,99)

(8,4,63)

(8,11,85)

(8,11,89)

(8,4,72)

(8,4,0)

(8,11,99)

(8,11,68)

(8,4,91)

(9,1,96)

(9,6,82)

(9,5,97)

(9,3,39)

(10,5,79)

(10,6,99)

(10,7,36)

(10,2,97)

(11,2,50)

(11,2,51)

(11,2,98)

(11,3,65)

(11,2,75)

(11,7,85)

(11,1,65)

(11,2,97)

(11,4,65)

(11,8,96)

1: Bact 2: Wh. Cell 
Clumps 

3: Clumps
Ysts 

4: Crystal 5: Hyal 6: Nhyal 7: NSE 8: Red Bl.
Cells 

9: Sperm. 10: Sq.
Epitel. 

11: Wh. Bl.
Cells 

12: Mucus 

(true class, estimated class, prob.) 
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+-,/./0�1-2436587�.�9/.�:<;!=?>$=A@CB�2!3D3�@C3D= E�FHG

(2,530)(2,594)(2,973)(2,593) (7,892) (7,442) (7,772)

(2,820)(2,828)(2,574)(2,886) (11,412) (11,933) (11,317)

(3,792)(3,733)(3,741)(3,916) (4,915) (4,739) (4,413)

(4,767)(4,323)(4,6)(4,566) (7,824) (7,631) (7,628)

(5,892)(5,668)(5,257)(5,939) (6,266) (6,852) (6,363)

(6,627)(6,570)(6,341)(6,414) (5,23) (5,905) (5,523)

(7,551)(7,143)(7,11)(7,6) (2,961) (2,300) (2,828)

(7,826)(7,399)(7,119)(7,270) (4,661) (4,761) (4,705)

(7,661)(7,695)(7,582)(7,248) (6,500) (6,814) (6,13)

(8,970)(8,964)(8,916)(8,509) (11,817) (11,327) (11,493)

(10,707)(10,989)(10,421)(10,300) (6,630) (6,568) (6,572)

(11,795)(11,301)(11,170)(11,483) (2,805) (2,522) (2,573)

CENTRAL COLUMN: not correctly classified images
FIRST THREE COLUMNS: nearest images belonging to the true class
LAST THREE COLUMNS: nearest images belonging to the estimated class 

(index class, index images in data set) 
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ESTIMATED CLASS

av. test ER = 44.0% σ = 3.1 (abs. ER = 53.8%)

24.172.70.2 0.8 0.3 1.0 0.1 0.8

55.20.9 38.71.2 0.8 0.9 1.9 0.4

30.10.9 1.5 63.50.4 1.1 0.0 2.5

71.71.7 0.7 0.5 20.32.4 1.9 0.7 0.3

28.70.1 3.1 0.7 67.00.3

58.60.9 1.8 0.3 4.5 1.6 31.50.6 0.3

14.1 0.8 0.4 83.01.7

15.60.2 0.0 0.5 0.0 0.3 0.3 0.8 82.3

44.85.8 1.2 0.6 1.7 13.16.3 8.9 17.5

UNK alder ash elmjacaran.mulberryoak olive pine fa
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elm
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mulberry

oak
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pine

fa

T
R
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S

ESTIMATED CLASS

av. train ER = 38.3% σ = 2.9 (abs ER = 53.3%)

20.278.70.1 0.3 0.4 0.3

49.20.8 46.70.9 0.5 0.5 1.3 0.1

26.00.5 1.2 69.70.2 0.9 1.5

64.51.1 0.9 0.3 31.50.7 0.4 0.5

22.1 2.9 75.0

57.30.5 1.3 0.3 2.2 0.8 37.20.1 0.2

11.2 0.6 0.1 86.61.5

14.2 0.0 0.6 0.1 0.1 0.2 84.8

44.95.8 1.2 0.6 1.6 13.26.1 8.9 17.7
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UNK alder ash elmjacaran.mulber.oak olive pine fa

alder

ash

elm

jacaran.

mulber.

oak

olive

pine

fa

T
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E
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L

A
S

S

ESTIMATED CLASS

av. test ER = 35.1% σ = 3.1 (abs. ER = 15.5%)

8.9 76.51.4 3.3 3.0 1.3 1.3 0.4 0.6 3.3

18.42.5 46.08.1 6.4 2.6 9.8 0.5 3.4 2.3

13.12.4 6.9 60.75.7 1.6 3.1 4.8 1.7

20.22.8 8.4 5.6 41.34.5 10.20.5 2.6 3.9

13.7 7.1 5.7 66.62.9 4.0

19.41.1 6.6 1.3 13.43.1 44.42.5 2.2 6.0

3.6 0.2 0.9 0.6 87.30.9 6.5

8.7 0.7 1.0 2.8 0.7 0.2 2.2 2.0 74.86.9

6.7 1.4 1.4 1.1 0.5 1.8 1.7 1.3 4.4 79.7

UNK alder ash elmjacaran.mulberryoak olive pine fa

alder

ash

elm

jacaran.

mulberry

oak

olive

pine
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ESTIMATED CLASS

av. train ER = 33.5% σ = 2.5 (abs ER = 15.3%)

8.8 76.81.6 3.5 2.7 0.7 1.5 0.2 0.8 3.5

17.12.5 49.06.5 5.7 2.9 10.80.5 2.7 2.3

13.12.2 7.3 61.45.2 1.5 3.2 4.4 1.8

16.92.2 7.1 5.0 48.23.6 9.9 0.7 2.8 3.6

9.3 7.7 8.3 69.62.4 2.7

19.01.6 6.5 1.2 12.23.9 45.21.8 2.3 6.4

4.8 0.3 1.4 0.2 85.90.4 7.0

7.8 0.7 0.9 2.6 0.6 0.1 1.9 2.2 76.27.0

6.8 1.3 1.4 1.1 0.5 1.7 1.7 1.3 4.4 79.8
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av. test ER = 17.4% σ = 2.6% (abs. ER = 8.2%)

9.9 81.4 3.7 0.7 4.3

14.7 4.1 78.0 1.2 2.0

14.5 0.7 0.7 78.0 6.1

14.8 1.4 1.4 4.2 78.2
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av. train ER = 16.1% σ = 2.8% (abs ER = 7.9%)

9.2 83.9 2.5 0.7 3.7

14.4 3.3 79.2 0.5 2.6

13.7 0.7 0.7 79.2 5.7

14.5 1.4 1.3 4.0 78.7
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KlcmQ"n"T�M�ad`oR^a"hNhlT�GEO�Q"RpI�q�U8TV[r]kisM8R^a"U8T)IkU8Q"RLt
u JLTv[LTwIkTVOwIka"UxKNM)Q"]LhNT
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XZT�U8TPhNQ"]^TVhNTV[_]ki�Tw��R^TVUjIkM8tsF�IP[�TwI�T�OwIkM'Q"hNM8a6`badUgT�Q"O�J�R^a"hlhNTVG|I�T�G_a�I�J�TVUgRLQ"UjIkKlO�hlT�M
I�JLQ�I�Q"U\T�GLa�I�R�adhlhNTVGLt*��K�IkJvIkJLT�M\RLQ�IkKlQ"h�U\TVM\a"hlqSI�KNa"GWa"`^a"qLU�KNcmQ"n"TVM�IkJLKlM/U8T�M8qLh{I�M/Q"U\T
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