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W�gYMDV;QlKLQI[DOAMDHlHI]DoPR�HNMDbdbcQlËUR+M�KLQI[DO1bL]jbcKLF+{¹bnXAM�h9F�yUF+F�O¹yZiZQIHlKCyj]
F�Ì;ÍUF+gLQI{1F�OPKLQIOZ\)q�QlKLX�{¹M'Oj]¹V;QlÎÉF+gLF+O9K�R�HNMDbdbLQ ËAF+gdb+o9R�[D{1ÍAMDgcÏ
QIOZ\�KLXZF+Qlg¼ÍÉF�g w [Dgd{1MDOAR�F�M'OAV�RYXZ[j[9bLQlOZ\�KLXZF1R�HNMDbdbcQlËAF+g�KLXUM�K
ÍÉF�g w [Dgd{¹b�yÉF+bcK+z�Ð�O w [9gcKdiZOAM�KdF�HI]DoÉKLXAQIb#F�Ì;ÍÉF�gdQl{1F�OPKYM'H�R�[D{3Ï
ÍUM'gdQIbL[DO�QIb�[ w KLF�O1V;QlÑ�R�iZHlKnQlO3gdF+M'HlÏ·qC[9gLHNV�F�OjhjQIgL[9OZ{1F�OPKdb�yUF�Ï
R+M'iAbLF�tDF+]TÍAM'gYM'{1F�KLF�gYb�M'gdF�OZ['K�tjOZ[�q�O=z�ÒZ[9g�F�ÌZM'{1ÍZHIFDo�KdXZF
[9Í;KLQI{¹M'H�R�[PbfK�Ó�yÉF�OZF�ËZK7KdgdM9V;F�[DÎ�bCM'OAV�KLXZF/KdM'gd\DF�KGR�HIM9bLbCV;QIbcÏ
KdgLQIyZi;KdQl[9OTM'gdFnbcF+HIVZ[D{»tPOA[�q�O�ÍAgLFeR�QNbcF+Hl]9z
W�XZQNb=QIO w [Dgd{¹M�KLQI[DO
QNb�R�gdiAR�QIMDH�KL[1KLXAFTRYXZ[DQNR�F�[ w M'O�[DÍ;KdQl{¹MDH
R�HNMDbdbcQlËAF+g+z
`aF�M'gd\DiZF3KLXUM�KTQlK)QIbTÍU[PbLbLQlyAHlF¹M'OUVaVZF+bLQlgYM'yZHIF3KL[�M�h9[DQNV

R�[D{1{1Q KLKLQIOZ\«KL[?M«bLQlOA\DHIF@yÉF+bcK�R�HIM9bLbLQlËAF�g�V;iZgdQlOZ\?bL]jbcKLF+{
R�[DOAbcKLgdiAR�KLQI[DO=z¡Ô©OAbcKLF+M9V�o�M�Xj]jyZgdQIV¡R�HNMDbdbLQ ËUR+M�KdQl[9O«bL]jbcKLF+{
R+M'O3yUF�yAiZQlHlK w gd[D{ÕKdXZF�yUFebfK7M�h�M'QIHNM'yZHIFGR�HIM9bLbLQlËAF�gYb�o'MDOAV)KLXZQNb
Xj]jyZgdQIV1q�QIHIHUÍÉF�g w [Dgd{ÖyÉF+bcK�iZOAV;F+gCM'Oj]�KdMDgL\9F�KCR�[9bcK�Ó�yÉF�OAF�ËZK
MDOAV�R�HNMDbdbGVZQIbcKLgdQlyAi;KLQI[DOAb+znW!M'gd\DF�K�R�[9OAV;QlKLQI[DOAb�R+M'O�KLXZF+O�yÉF
bLÍÉF+R�QlËAFeV¹M�KngdiZO1KLQI{1FDz�×�[DgdF�[�h9F�geo�QlO�R+MDbLF+b�q�XZF+gLF�ÍAgLFeR�QNbcF
QIO w [9gL{¹M�KdQl[9O�QNbGbcKLQIHIH�iZOAM�h�M'QIHIMDyZHIF/q�XZF+O�KLXAF¼bL];bfKdF�{ØQNbGgLiZO
Ù [DgCQ w KdXZF#R�[DOAV;QlKLQI[DOUb7RYXAMDOZ\DF�V;]jOAMD{1QIR+M'HIHl]1V;iZgdQlOA\T[DÍÉF�gYM�Ï
KdQl[9OUÚ�oAKLXZF�Xj]jyZgdQIV�bL];bfKdF�{ÛR+M'O�yÉF¼KLiZOZFeV�F+M9bcQIHl]�yAMDbLF+V�[DO
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w F�F+VZyAMDRYt w gd[D{½Q KYb�MDR�KLiAMDH�ÍUF+g w [9gL{¹M'OUR�FDz
W�XZF�MDgL\9iZ{1F�OPK�QNb@bcKLgdiAR�KdiZgLFeVÿMDb w [9HlHI[�q�b�z Ò!QlgYbcK�qCF

bct9F�KdRYX)yZgLQIF � ]¼KLXZFGKLgYMDVZQ KdQl[9OAM'H;M'ÍAÍZgL[PMDRYX¼Kd[�yAiZQlHNV;QIOZ\¼bciARYX
bc];bcKLF�{¹b+o+QIOT[9gdV;F+g�KL[�V;F�{1[9OAbfKdgdM'KLF�KdXAM�K!Q K!QIb
yZgdQ KLKLHIF7iZOAVZF�g
KLXZF�Kf]PÍÉF+b�[ w QI{1ÍZgdF+R�QNbLQl[9O�R�[D{1{1[DO�QIO�gdF+MDH Ï·qC[9gLHNVaÍZgd[Dy;Ï
HlF+{1b+zÿÔ©O?KLXZFabciAyAbcF��PiZF�OPK2bLF+R�KLQI[DOAb¹qGF�ÍZgd[�hDF�KdXAM�K2KLXZF
�����	�C[DOjh9F�Ì�
/iZHlH�o�q�XZQNRYX�QIb�M�{3F�KLXZ[;V w [9g�R�[9{1ÍAM'gdQlOA\
M'OAV�hjQNbciUM'HIQ
�+QlOZ\�R�HNMDbdbcQlËAF+g�yÉF�XAM�hjQI[Dg!QlO�Ql{1ÍZgdF+R�QIbLFGF�OjhjQlgd[DO;Ï
{3F+OPKdb Ù mngd[�hD[PbfK��ÕÒUM�qGR�F�KLK/u������'Ú�o9QNbGM'HNbc[)MDO�F�HIF�\PM'OPKCbL['Ï
Hli;KdQl[9OTKd[/KdXZF�ÍZgL[9yZHIF�{Õ[ w yZiZQIHIV;QIOZ\�M#gL[9yZiAbcK!R�HNMDbdbLQ ËUR+M�KdQl[9O
bc];bcKLF�{�z)W�XAF1bL[DHIi;KdQl[9O@QNb¼F�HIF�\9MDOPK#yÉF+R�MDiAbLF�KdXZF1gLFebciAH KdQlOZ\
XP]jyZgdQNV3R�HIM9bLbLQlËAF�gnQNb�gd[DyZiUbfK w [9g7M�q�QNV;F�h�M'gdQIF�Kf])[ w ÍZgL[9yZHIF�{
w [Dgd{)iZHNM�KdQl[9OAb�oÉM'OAV�Q K�QIb#F�Ñ�R�QIF�OPK#KL[�yAiZQlHNV�o�Kd[�bfKd[DgdFDo�M'OAV
KL[)iAÍÉVZM'KLF9z�`�F#KLXZF+O2bLXZ[�q¡KLXAM'KCKdXZF�XP]jyZgdQNV�R�MDO�MDR�KLiAMDHlHI]
V;[TyÉF�KcKdF�gGKLXUM'O�KdXZF/yÉF+bcK�tPOA[�q�O�R�HNMDbdbcQlËAF�gCQlO�bc[9{1F#bLQ KdiAM�Ï
KLQI[DOAb+z�Ò�QIOAMDHlHI]DoZqGF¼ÍZgd[�hPQNV;F¼F�{1ÍZQIgdQIR+M'H�F�hjQNV;F�OUR�F�KLXAM'K�KLXZQNb
Kf]PÍÉF¼[ w bc];bcKLF+{ QIb�OZF�FeV;F+V w [Dg�gdF+MDH Ï·qG[DgdHIV¹ÍAgL[9yZHlF+{¹b�z
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�C[DOAbLQIVZF�g�M1\DF+OZF�gdQNR#F�ÌZM'{1ÍZHIFDz7J bL];bfKdF�{¹bcÏ�yZiAQlHNV;QIOZ\3KLF+MD{
qGMDO9KYb�KL[�R�gLFeM�KLF�M�bL];bfKdF�{ KLXAM'K)q�QlHIH�KYM'tDF�M�HNM'gd\DF1OjiZ{3Ï
yUF+g�[ w QlOUbfKYM'OAR�F+b�MDOAV¡QIV;F+OPKLQ w ] KdXZ[9bLF w [Dg�q�XAQIRYX MDO?M9R�Ï
KLQI[DO¹bcXA[DiZHNV1yUF�KdM't9F�O=z�W�XZF�QIOAbcKdM'OUR�F+bCR�[9iZHIV3yÉF�ÍÉ['KLF+OPKLQNM'H
R�MDbLF+b#[ wCw gdMDiAV;iZHIF�OPKTMDR+R�[9iZOPK�yÉF�XAM�hjQI[Dgeo�[ wnw MDiZHlKf]�F��PiZQIÍ;Ï
{3F+OPK+o�[ w gdF+bLÍU[9OAbLQlh9F�R�iAbcKL[9{3F+gdb+o![ w QIO9KdF�gdF+bcKLQIOZ\�bdR�QIF�OAR�FDo
F�KdRDzC`aF)R�[DOAbLQIVZF�g�ÍZgd[DyAHlF+{1b w [Dg�q�XZQNRYX�KLXAFTyUFebfK�{1F�KLXA[jV
w [Dg�R�HNMDbdbcQ w ]jQlOA\�[9gGgYM'OAtPQIOZ\�QlOAbcKdMDOAR�Feb�QIbGOZ[DK�qCF+HlHlÏ·VZF�ËAOZFeV�o
bc[3KLXAF)bc];bcKLF+{ÛyZiAQlHNV;F�gYb�{¹M�]2R�[DOAbLQNV;F�g/J/Ô�{3F�KLXZ[;VZb/bciARYX
MDb1F�Ì;ÍÉF�gLK�bc];bcKLF�{¹b+oCOAF�iZgYM'H�OZF�KfqC[9gLt;b+o7HIF+MDgLOZFeV«VZF+R�QNbLQl[9O
KLgdF�F+b�MDOAV¹R�M9bcF�Ï�yUMDbLF+V)bL];bfKdF�{¹bnM9b�ÍU[DKLF+O9KdQIMDHAR�HNMDbdbLQ ËUR+M�KdQl[9O
{3[;V;F+HIb+z�Ô©\DOZ[9gLQIOZ\ w [Dg�KdXZF�{1[D{1F+O9K�QIbdbciAF+b�[ w F�Ñ�R�QIF�OAR�]Do
KLXZF w [DgdF�{1[9bcK��PiZFebfKdQl[9O w M9R�QIOZ\�KdXZF�bc];bcKLF�{ yZiAQlHNV;F�gYb�QIb��
q�XZQIRYX2[ w KLXZF�M�h�M'QIHIMDyZHIF#{1[;V;F�HNbGÍUF+g w [9gL{¹b �cyÉF+bcK"!3M�K�R�HIM9bfÏ
bcQlËUR�M'KLQI[DO$#
W�gdM9V;QlKLQI[DOAMDHlHI]Do�M'OÿF�Ì;ÍÉF�gdQl{1F�OPKYM'H�M'ÍZÍAgL[PMDRYXsXUMDb�yÉF�F�O

KdM't9F�O¡KL[«M'OAbLqCF+g1KLXZQNb��9iAF+bcKLQI[DO=o�yÉF+R�MDiAbLF�KLXZF�V;QIbcKLgdQIyZi;Ï
KLQI[DO [ w QlOAbcKdMDOAR�Feb�QNb2OZ['K�tjOZ[�q�O M�ÍZgdQI[DgdQ´o�yAi;K�iUbciAMDHlHI]
R�M'OkyÉFÂbLMD{3ÍAHlFeV�z W�XAF�bcKdM'OUVZM'gYV M'ÍAÍZgL[PMDRYX?QNb�Kd[ F+bcKLQlÏ
{1M'KLFÂKdXZF�F�gdgd[Dg�gYM�KLFÂ[ w FeMDRYXÿ{1[;V;F�H)bcKdM'KLQNbfKdQIR+M'HIHl]»M'OAV
KLXZF+O�KL[aRYXZ[j[9bLF1KLXZF2{3[;V;F+HCq�QlKLX KLXZF2Hl[�qGF+bcK)F+gLgd[DgTgYM�KdFDz
W�XZQIb�bfKdgdM'KLF+\D]sQNbaR�[D{1{1[DOÕQIO {¹MDRYXAQlOZF HlFeM'gdOZQlOA\Ao�ÍAM'KcÏ
KLF�gdOØgdF+R�[9\DOZQlKLQI[DO
o2VZM'KdMÕ{1QIOZQlOA\Ao�F�Ì;ÍUF+gcK?bc];bcKLF+{1b«M'OAV
{3FeV;QNR�M'H�V;QNM'\DOA[9bLQIb+z Ô©O bL[D{1FsR+MDbLF+b+o�[DKLXZF+g�{1F+MDbLiZgdF+b
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Ò!QI\DiZgdF u&� W�XZgdF�F&R�HNMDbdbcQlËAF+gdb iZOAVZF�g KLXAgLF+F&VZQ Î�F�gdF�OPK
p/F�]j{¹M'O;Ï©m�F+MDgdbL[DO2V;F+R�QIbLQl[9O�R�gLQlKLF+gLQNM

bLiARYX MDbÂR�[PbfKÂ[DgÂyÉF�OZF�ËZK M'gdF iAbLF+V MDbaqGF�HIH´z J�ÍZÍAHlQIF+V
bcKdM'KLQNbfKdQIR+bÂÍZgd[�hPQNV;Feb�{1F�KLXZ[;VZb�bLiARYX MDb�R�gL[PbLbcÏ�h�MDHlQNVZM�KdQl[9O
MDOAV»KLXAF yÉ[P[DKdbcKLgYM'Í w [9g�F+bcKLQI{¹M�KLQIOZ\�{3[;V;F+H)F+gLgd[Dg�gYM�KdF+b
MDOAVÖgLFeR�F�OPK�bcKLiAV;QIF+b�XAM�hDFkR�[9{1ÍAM'gdF+V KLXZFkF�ÎÉFeR�KLQIhDF+OZF+bdb
[ w KdXZF+bLF�V;Q Î�F�gdF�OPK�bcKdM�KdQIbcKLQNR�MDH�{3F�KLXZ[;VZb Ù S;M'H'��yÉF�gd\¡u��&�(�()
*#QIF�KcKdF�gdQIRYXÂu��&�&+PÚ�z
Ð�O w [DgLKLiZOAM'KLF+Hl]9ojKLXZQNb�F�Ì;ÍÉF�gdQl{1F+O9KYM'H=MDÍZÍZgd[9MDRYX�QIb�yZgdQlKcKLHIF

iAOAV;F�g�KfqC[�Kf]PÍÉF+b2[ w QI{1ÍZgLFeR�QNbcQI[DO?KdXAM�K�M'gdF�R�[9{3{1[9OkQlO
gdF+MDH Ï·qG[DgdHIV2F�OjhjQlgd[DOA{3F+OPKdb+z#SjÍÉF+R�QlËUR+M'HIHl]9o�R�[9bcKdb#M'OAV�yÉF�OZF�Ï
ËAKdbniUbciAMDHlHI])MDgLF�OZ[DKntjOZ[�q�O1ÍZgLFeR�QNbcF+Hl]9oDM'OUV3R�HIM9bLb7V;QIbcKLgdQIyZi;Ï
KdQl[9OAb![ w KdF�O�MDgLFCtjOZ[�q�O)[9OZHl]�MDÍZÍZgd[�ÌjQI{¹M�KdF�HI]¼M9b
qGF�HIH�z!W�XZQNb
w M9R�K)XUMDb�yÉF�F+O�ÍU[9QlOPKLFeVÂ[Di;KTyj]a{¹M'Oj]�MDi;KLXZ[9gdb Ù EGgdM9V;HlF+]
u��&�(�()��GM'KLHIF�KcKGu�����,DÚ�oeMDOAV�QNb
QIO w M9R�K
KdXZFCR�[DOAR�F�gdO�[ w M�HNM'gd\DF
bLiZy;ËUF�HNV [ w VZF+R�QNbLQl[9O M'OAMDHl];bLQIb Ù `aF�QIOAbcKLF�QIO-� Ò�QIOZF+yUF+gL\
u��&+9_9Ú�z
Ô©{3ÍAgLFeR�QNbcQI[DO)MDHIbL[/MDgLQNbcFeb=yÉF+R+M'iAbLF7KdXZFGF�OjhjQlgd[DOZ{1F+O9K
{¹M�]�RYXAM'OZ\9F¼yUF�KfqCF+F�O�KLXZFTKLQI{3FTKLXZFTbL];bfKdF�{½QNb/R�[DOAR�F�QIhDFeV
MDOAV�KdXZF�KLQI{1F�QlK¹QIb3iAbLF+V=oCM'OUV�F�h9F�O¡MDb3Q K¹QNb3iAbcFeV�z ÒA[Dg
F�ÌZM'{1ÍZHIFDoPHlF+hDF�HNbn[ w�w gdMDiAV�M'OUV1HlF+hDF�HNbn[ w R�iAbcKL[9{1F�g7gdF+bLÍÉ[DO;Ï
bLQIhDF�OAF+bdb�RYXAM'OZ\9F¹R�[DOPKdQlOjiAMDHlHI]@[�h9F�g�KLQI{1F�M'OAV w gd[D{ ÍZHIM9R�F
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Ò!Ql\9iZgdF�Ð��������k\DgYM'ÍZX�[ w KLXZgdF�FTR�HIM9bLbLQlËAF�gYb

KdXZFTbL]jbcKLF+{�oAM'OAV�qGF�qC[9iZHNV�HIQlt9F�²@Kd[¹yUF)\DF�OAF�gYM'H�F�OZ[9iZ\DX
Kd[¹M'ÍZÍZHI]�Kd[¹M�h�MDgLQIF�Kf]�[ w ÍAgL[9yZHlF+{ w [Dgd{)iAHIM'KLQI[DOAb+z
JGK!KLXZQNb
ÍÉ[DQIOPK+o�QlK!QNb�OZF+R�F+bdbLMDgL]/KL[�gLF+hPQIF�qÂyZgdQIF � ]�bL[D{1F7[ w

KdXZF�yAM9bcQNR�b�[ w ��FeR�F�QIhDF+g3�#ÍUF+gdM'KLQIOZ\¯�CXAM'gYMDR�KLF+gLQNbfKdQIR Ù ������Ú
MDOAM'HI];bcQNb+o!M�R�HIM9bLbLQNR¹{1F�KLXA[jVZ[DHI[D\D] w gL[9{ bcQI\DOAMDH7V;F�KLF+R�KLQI[DO
KdXZF�[9gL]�KLXAM'KTQIb¼OZ[�q R�[9{3{1[9O�QIOÂ{3FeV;QNR�M'HCV;QIMD\DOZ[PbcQNb¼M'OAV
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KdXZF ¢V£u¤V¤v¥ {3F�KLXZ[;V�KdMDtDFeb�MDb¼QIOZÍZi;K�M�bLF�K�[ w R�HIM9bLbLQ ËUF�gYb�o
MDHl[9OZ\aq�Q KdX«KdXZF�QIg�R�HNMDbdbLQ ËUR+M�KdQl[9O ÍÉF�g w [Dgd{1MDOAR�F�bcKdM�KdQIbcKLQNR�b+o
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ÍUF+OAVZb7ËAgdbcK7[9O¹KLXZF#F�Ñ�R�QIF�OUR�]1[ w yZiAQlHNV;QIOZ\TKdXZF#R�[D{1ÍU[9OZF�OPK
{3[;V;F+HIb+oeq�XZQIRYX�h�MDgLQIF+b�q�QNV;F�HI]�yP]�{1[;V;F�HDKf]PÍÉFDz�Sj[D{1F�{1[;VjÏ
F�HNb�yZiZQIHlK#yj]2{¹M9RYXZQlOAF�HlFeM'gdOZQlOA\�{1F�KLXA[jVAb/R�MDO�yUF�yZiZQIH K�QlO
bcFeR�[DOUVZb Ù [DOAR�F3VAM�KdM�M'gdF1M�h�MDQlHNM'yAHlF�Ú�zh
/MDOAVjÏ·yZiZQIH K�{1[;V;F�HNb
R�M'OTKdM't9FC]9F+MDgdb=KL[�yZiZQIHIV�z[
�[�qGF�h9F�geo�qCFGÍZgdF+bLiZ{1FnKLXUM�K�KLXZQNb
QIb�qG[Dgdt�KdXAM�K
qG[DiAHIV�yÉF7V;[DOAFnM'Oj]jqGM�]9z=W�XZF ¢V£u¤V¤v¥ Ï·XP]jyZgdQNV
R�M'O@yUF1yZiZQIHlK¼q�QlKLX�q�XAM�KdF�h9F�g�{3F�KLXZ[;VZb�MDgLF3M�h�M'QIHIMDyZHlF9o�yUF
KLXZF+gLF�KfqG[T[9gnKfqG[�KLXZ[9iAbdM'OAV�);M9b7V;FebLR�gLQIyUFeV¹yÉF�HI[�q�oPM9bnOZF+q
R�HNMDbdbcQlËAF�gYb�yÉF+R�[9{1F�M�h�M'QIHIMDyZHIFDo;KdXZF ¢V£u¤V¤v¥ Ï·Xj]PyAgLQNV�R�MDO�yUF
iZÍÉVAM�KLFeV?QlOUR�gdF�{1F�OPKdMDHlHI]Dz W�XAF�KLQI{1F@F�Ñ�R�QlF+OAR�]kV;F+ÍUF+OAVZb



MDHIbL[Â[DO¡KLXAF�F�Ñ�R�QIF�OAR�] [ w KdXZF�F�Ì;ÍÉF�gdQl{1F+O9KYM'H�F+h�MDHliUM�KLQI[DO
[ w KdXZF�R�HNMDbdbLQ ËAF+gdb+zÍ�#OAR�F�MD\9M'QIO=oCqCF�ÍZgdF+bLiZ{1F�KLXAM'K¹KLXZQNb
QNb�qG[Dgdt�KLXUM�KTqG[DiZHNVayUF�VZ[DOZF�MDOP]jq�M�] Ù {1[DgdF¹[DOaKdXZQIbTQlO
z
Ql{1QlKdM'KLQI[DOAbYÚ�z!Ò�QIOAMDHlHI]DoeKLXAFnKLQI{1FnF�Ñ�R�QlF+OAR�]�[ w KLXAF ¢V£u¤V¤v¥ Ï
Xj]jyZgdQIV¼V;F+ÍUF+OAVZb
[DO�KLXZF7F�Ñ�R�QIF�OAR�]/[ w yAiZQlHNV;QIOZ\�KdXZF ¢v£o¤V¤v¥ o
q�XAQIRYX)R+M'O�yÉFCV;[9OZF7QIOL� Ù uÿHl[9\bu@Ú�KdQl{1FCiAbcQIOZ\/KLXZFl�#iZQIRYtPÏ

/iZHIH�MDHl\9[DgdQ KdXZ{ Ù E�M'gdyUF+g+oV*/[9yZtjQlO
oV� 
/iZXAVZMDOZÍAM9M�u����&×9Ú
q�XAF�gdF+u QNbGKLXZF�OjiZ{�yUF+g�[ w R�HNMDbdbcQlËAF+gdb+z
W�XZF ¢v£o¤V¤$¥ QIb�bcÍAM9R�F�F�Ñ�R�QIF�OPK+o�Kd[P[Uo�yUFeR�M'iUbcF�QlK3R�[D{3Ï

ÍAgLQNbcFeb�[DOAHl]�R�HNMDbdbcQlËAF�gYb�KdXAM�K
{1QI\DXPK
yÉFn[DÍZKLQI{1MDH'iZOAVZF�g�bL[D{1F
KYM'gd\DF�K�R�[DOAVZQ KdQl[9OAb�z
JUK s(lU�=s�
 §v§�î©E�O HP?�G$?�HP?
ïM?�G�y L"ð@��L>7:B�L>K 7>E=<@Bz� B���L
¢V£o¤v¤v¥ �z��w&~:O@?FK�7>ECH/�vO@?}<ML:<�ECG�9¿wÖ7:9
;C<><>? A�L:O><«B���;�BJ;�O5LTE"�v�
BD?�H¬;C9`��GVK&LMOÏ<:E�HJL 7>E=<@B�;CGvKk7:9';=<><¯KC?}<@BzO@?F~M��BD?FECG�<M�

h·=ÿ(ÿ����/îuEC9�9'EC�[<hKC?�O5L>7MBz9±wf�>O5E�H	¨©LMH HJ;C< ��� M�;CGVKF5PLzA�G$?��
BD?FECG�<BMk;CGVKB7v�i,
W�XZF�OjiZ{)yÉF�g1[ w R�HNMDbdbcQlËAF+gdb)KLXAM'K¹{)iAbcK3yÉF�bfKd[DgdF+V«R�M'O

yÉF¡gLFeV;iAR�FeVÕQ w yU[9iZOAVZbÂR�MDOÕyUF¡ÍZHNMDR�F+VÕ[9OÕKLXZF¡ÍÉ['KLF+O;Ï
KdQIMDH�KdMDgL\9F�K�R�[DOAV;QlKLQI[DOUb�zsJ#b�V;FebLR�gLQIyUFeV¡yP]¡mngd[�hD[PbfK¹M'OAV
ÒUM�qGR�F�KLK Ù u��&�(�'Ú�o!gYM'OA\DF+b�[ w R�[DOUV;Q KdQl[9OAb3V;F�ËAOAF�bLF�\9{3F+OPKdb
[ w KdXZF ¢V£u¤V¤v¥ z�W�XjiAb�oDKLXZF ¢V£o¤v¤v¥ Ï·Xj]jyZgLQNV�{1M�]�OZF�FeV3[DOZHI]
M1bLiZyAbLF�K�[ w Â�z
J/VAV;QlOA\�OZF�q R�HNMDbdbLQ ËAF+gdb�Kd[�KLXZF ¢v£o¤V¤$¥ Ï�Xj]jyZgdQIV�QIb�M'HNbc[

F�Ñ�R�QIF�OPK+z3J/VZV;QIOZ\�M�R�HNMDbdbcQlËAF�g#KL[2KLXAF ¢V£o¤v¤v¥ q�QlHIH�F�QlKLXAF�g
Ù QNÚ�F�ÌPKdF�OAVTKLXZFGXjiZHIH´oDM9VZV;QIOZ\�Kd[ Ù M'OAV)ÍU[PbLbLQIyZHl]�bLiZy;KdgdM9R�KLQIOZ\
w gd[D{�Ú�KLXZF ¢v£o¤V¤$¥ Ï�Xj]jyZgdQIV�o9[Dg Ù QIQNÚCR�[9OAR�HIiAV;F�KdXAM�KCKLXZF�OZF+q
R�HIM9bLbLQlËAF�gYb�M'gdF�OA['K�bciAÍUF+gLQI[Dg�Kd[�KdXZF�F�Ì;QNbfKdQlOA\1R�HIM9bLbLQlËAF�gYbGQlO
MDOj]�ÍU[9gcKdQl[9O2[ w �����sbcÍAM9R�F¼M'OAV�R+M'O�yUFTV;QNbdR�M'gYV;FeV�z
W�XZF*gdiZO;Ï�KLQI{1F Ù R�HNMDbdbcQlËUR�M'KLQI[DOUÚ R�[D{1ÍZHIF�Ì;QlKf].[ w KdXZF

¢V£o¤v¤v¥ Ï·Xj]jyZgLQNV?QNb�OZF+hDF+g�qG[DgYbcF�KdXAM'OsKLXAM'K2[ w KdXZF�R�[D{3Ï
ÍÉ[DOAF�OPK)R�HNMDbdbcQlËAF+gdb+z�Ô©O�bcQlKLiUM�KLQI[DOUb�q�XZF�gdF¹gdiZO;Ï�KLQI{3F�R�[D{3Ï
ÍAHlF�ÌjQlKf]?QIb�R�gLiAR�QIMDH´o�KLXZF ¢v£o¤V¤v¥ bLXZ[DiZHNVkyÉFaR�[DOAbcKLgdiAR�KLF+V
q�QlKLXA[Di;K1ÍZgd[DXZQIyZQlKLQIhDF�HI]aF�Ì;ÍUF+OAbLQlh9F2R�HNMDbdbLQ ËUR+M�KdQl[9O�{3[;V;F+HIb+z
Ô·K3q�QlHIHnKdXZF�O�ËAOAVÂKdXZF�yÉF+bcK3bLiZyAbLF�K)[ w KLXZF�R�[D{1ÍZiZKdM�KdQl[9O;Ï
MDHlHI]�F�Ñ¹R�QlF+OPK�{3[;V;F+HIb+z

��}4��Êf<AÊL��~[�)Ç�:
} 57Æ#6D8;<Z~!8ZÊf5CÆÛ5b��Æ�:=:�Ç
��[DyZiAbcK�R�HNMDbdbcQlËUR�M'KLQI[DO�QNb�[ w KdXZF�[9gLF�KLQNR�MDH�QIOPKLF�gdF+bcK¼yUFeR�M'iUbcF
QlK�R�[9OAR�F+O9KdgdM'KLFebC[9O�qGF+MDtDF�OAQlOZ\�KfqG[�h9F�gd]�bfKdgL[9OZ\�M9bLbLiZ{1Í;Ï
KdQl[9OAb+z�`�F�XAM�h9F2M'gd\DiAF+VÂKdXAM�K3KLXZF�M9bLbLiZ{1Í;KLQI[DOUb)[ w ÍZgdF�Ï
R�QIbLF1tjOZ[�q�HlFeV;\DF3[ w R�[PbfK�M'OUVaR�HIM9bLb¼V;QNbcKLgdQlyZiZKLQI[DOAb�MDgLF3KL[j[
bcKLgd[DOA\AoZR�QlKLQIOZ\¹F+hPQNV;F+OAR�F w gd[D{�J�ÔGqC[9gLt�M9b�qCF+HlH�MDb�M¹bLiZy;Ï
ËUF�HNV1[ w V;F+R�QIbLQl[9O¹M'OAMDHl];bLQIb�V;FeV;QNR�M�KdF+V�KL[h�PiAMDOPKLQ w ]PQIOZ\TR�[9bcKdb
MDOAVayUF+OZF�ËAKdb+z^
/[�qCF+hDF+g+o={1QI\DXPK)QlK)OZ[DKTyUF¹KdXAM�K�F�Ì;QIbcKLQIOZ\
R�HIM9bLbLQlËAF�gYb�M'gdF)MDHlgdF+M9V;]2gd[DyAiAbfK@#�ÒA[Dg/F�ÌZM'{1ÍZHIFDoÉQ w M�\DQIhDF�O
R�HIM9bLbLQlËAF�g�QNb�[DÍ;KdQl{¹M'H�iAOAV;F�g�[9OZF�bcF�K�[ w R�[DOUV;Q KdQl[9OAb+o;{3QI\DXPK
QlK�OZ[DK�yUF�[9Í;KLQI{¹M'H�iZOAVZF�g�M'HIH�#
Ô·KTQNb�yUF+]D[9OAV�KLXZF�bdR�[9ÍUF1[ w KLXAQIb�ÍUM'ÍÉF�g�Kd[�['Î�F�gTM'OÂQIO;Ï

VZF�Í;KdX2F�ÌjÍÉF�gdQI{3F+OPKdM'H�bcKLiAVZ]�[ w KdXZQNb��9iAF+bcKLQI[DO=o;yZiZK�qGF¼R�M'O
bcKLQIHIH#ÍZgd[�hjQIVZF@bc[9HlQNVkF+hPQNV;F+OAR�F@KLXAM'K�KLXAF�M'OUbcqGF�g2QIbx�cOZ[Uz !
W�[�KdXZQNb/F+OAV�o�qCF�gLF w F�g/KL[2M2R�[9{3ÍAgLF+XZF�OAbLQIhDFh�����»M'OAMDHl]PÏ
bLQNb�[ w {1F+V;QNR�MDH�V;[9{¹M'QIOAb�gdF+R�F+OPKLHI]2R�[9OAV;iAR�KLFeV�yP]�EGgdM9V;HIF�]
Ù u������'Ú�z¯
�QNb¼ÍZiZgdÍÉ[9bLF�q�MDb#OZ['K¼Kd[�MDOAbLqCF+g/KdXZQIb��PiZFebfKdQl[9O`)
w [9gcKdiZOAM'KLF�HI]�XZQNb�ÍZiAyZHlQNbLXZF+V�gdF+bLiZH KYb�V;[¹M'Oj]jqGM�]9z
JØR�HNMDbdbLQ ËAF+g{K&E�HP?�GV;CB�L@<�Q w Q KYbh����� R�iZgLh9F¹R�[D{1ÍZHIF�KdF�HI]

VZF�ËAOZFeb!KLXZF ¢V£o¤v¤v¥�Ù q�XZQNRYX3{3FeM'OAb�VZ[D{1QlOUM�KLQIOZ\¼R�HNMDbdbcQlËAF+gdb
MDgLF2gL[9yZiAbcK3MDOAV�hjQNR�F�h9F�gYbLMPÚ�zaÔ w KLXAF�gdF2F�ÌjQNbcK�{1[DgdF�KdXAM'O
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Ò�QI\DiAgLF�,���EGgYMDV;HIF�]VY b�R�HNMDbdbcQlËAF+g�gLFebciAH KYb w [Dg KLXZF�XZF+MDgcK
yZHlF+F+V;QIOZ\¹VZM'KdMZz

M1KLgdQlhjQNM'HIHl] w F+q V;[D{¹M'QIOAb#q�XZF�gdF)OA[2R�HNMDbdbLQ ËAF+g/V;[9{3QIOAM'KLF+b+o
KLXZF+O«KdF+RYXZOAQ'�PiZFeb¹HlQItDF�KdXZF ¢V£u¤V¤v¥ Ï·Xj]PyAgLQNV?M'gdF�FebLbLF�OPKdQIMDH´z
ECgYMDVZHlF+]¼bcKLiUV;QlFeV�bLQlÌT{3FeV;QNR�M'HZVAM�KdM�bLF�Kdb+o�OZ[DKLQIOZ\�KLXAM'KÏ�LiZO;Ï
w [DgLKLiZOAM'KLF+Hl]9o�qGF¹gdMDgLF+Hl]@tPOA[�qÖq�XAM'KTKLXAF�QlOUV;QlhjQNV;iAMDH7{1QIbcÏ
R�HNMDbdbcQlËUR�M'KLQI[DO1R�[PbfKYbnM'gdFDz !«
�F/ÍZHl[DKcKdF+V3KLXAF/������R�iZgLh9F+b�[ w
bcQlÌ2R�HNMDbdbLQ ËAF+g�HlFeM'gdOZQlOA\3MDHl\9[DgdQ KdXZ{¹b Ù KfqC[1OZF+iZgYM'H�OZF�Kdb+o;KfqC[
V;F+R�QIbLQl[9O�KdgLF+F+b�MDOAV�KfqG[¹bfKYM�KdQIbcKLQNR�MDH�KLF+RYXAOZQ'�PiZFebdÚ�z
�#O¬GVECB©ECGVLC[ w KLXAF+bLFCVZM'KdM�bLF�KYb=q�MDb�KdXZF�gdF7M#V;[D{1QIOAM�KdQlOZ\

R�HNMDbdbcQlËAF�gez
W�XZQNb�{1F+MDOAb�KLXAM'K w [9g�F+MDRYX3V;[D{¹MDQlO=o'KLXZF+gLFGF�Ì;QNbfK
V;Q Î�F�gdF�OPK�bcF�Kdb�[ w R�[9OAV;QlKLQI[DOAb w [Dg�q�XZQNRYX)V;QlÎÉF+gLF+O9K�R�HNMDbdbLQ ËAF+gdb
M'gdF2ÍZgdF w F+gdMDyZHIFDzkÔ©O w MDR�K+oCKLXZF�KdXZgdF�F�F�ÌZM'{1ÍZHIF�R�HNMDbdbLQ ËAF+gdb
iAbcFeV�QIO�KLXAQIb3ÍAMDÍUF+g3MDgLF�KLXZF2KLXZgdF�F2yUFebfK¹R�HNMDbdbLQ ËAF+gdb w gL[9{
ECgYMDVZHlF+]vY b=gdF+bLiZHlKdb![DOTKLXZF�XZFeM'gLK�yZHIF�FeV;QlOA\�VZM'KdM�)'XZQNb�gdF+bLiZHlKdb
w [Dg=KdXZF w iAHlHjbcF�K�[ w bcQlÌ¼R�HIM9bLbLQlËAF�gYb
R+M'O�yÉF w [DiAOAV�QIO)Ò!Ql\9iZgLF�,;z
�CHIM9bLbLQ ËUF�gYbGR�[DOAbcKLgdiAR�KLF+V w [9g�KLXZF �CHIF�h9F�HNM'OAV2XZFeM'gLK/V;QIbLF+M9bcF
VZM�KYMZoZM'gdF¼bcXZ[�q�O�QIO�Ò!QI\DiZgdF�vZz
EGgYMDV;HIF�]VY b�gLFebciAH KYb=bcXA[�qÂR�HlFeM'gdHl]/KLXAM'K w [9g
{¹M'Oj]¼V;[D{¹M'QIOAb

KLXZF¹R�HNMDbdbLQ ËAF+g/KdXAM�KT{¹M'ÌjQI{1Q
�+F+b¼M'Oj]�bLQlOA\DHIF�{1F�KdgLQNR>�kyÉF¹Q K
MDR�R�iZgYMDR�]9o9R�[9bcK+oj[DgCKLXZF¼M'gdF+MTiZOAV;F+gCKdXZFÏ�����¡R�iZgdhDF@�kq�QIHlH
yUF1KdXZF1yUFebfK w [9gTbc[9{1F1R�[9bcKTM'OAVaR�HNMDbdb�V;QNbfKdgLQIyZi;KdQl[9OAb�M'OAV
q�QlHIH�OA['K¼yUF�KLXZF3yÉF+bcK w [9g�[DKLXZF+gdb+z � `aF�XAM�h9F�bLXZ[�q�O�KdXAM�K
KLXZF ¢V£u¤V¤v¥ Ï·XP]jyZgdQNV�q�QIHlH
yUF¼KdXZF�yUFebfK w [9g�M'HIH´z

�)ÊL} Êf8;~�8ZÊc57Æ/6
W�XZF�gdF�MDgLF#HlQI{1Q KYM�KdQl[9OAbGKL[3KLXAF ¢V£o¤v¤v¥ Ï·Xj]jyZgLQNV�M9bGqCF�XAM�hDF
ÍZgLFebcF+OPKLF+V¡QlK�XZF+gLF9z�`aF�XAM�h9F�V;F�ËAOAF+V?QlK�[DOZHI] w [Dg¹KfqG['Ï
R�HNMDbdb1ÍZgL[9yZHIF�{¹b�zs`�F�yÉF�HIQIF�hDF�KdXAM�K�QlK2R+M'O?yUF@F�ÌjKLF+OAV;F+V
KL[s{�iZHlKLQlÏ·R�HIM9bLb@ÍZgL[9yZHIF�{¹b�o�yZi;KÂXAM�hDF OZ['KÂV;[DOZF¡bc[Uz Ô·K
bcXZ[9iZHNV¹yUF¼OZ[DKLFeV1KLXAM'K�KLXZF¼V;QI{3F+OAbLQl[9OAM'HIQ Kf]1[ w KLXZF��5�����7Ï
XP]jÍÉF�gYbcÍUMDR�F�! \9gL[�q�b��PiAMDV;gYM�KdQIR+M'HIHl] QIO½KdXZFÿOjiZ{)yÉF�gk[ w
R�HNMDbdbcFeb�zÖ`�F�XAM�hDFaM'HNbc[ M9bLbLiZ{1F+VsR�[DOUbfKYM'OPK�F�gdgd[Dg2R�[9bcKdb
w [Dg1M�\DQIhDF+OÍBDw"��L�[ w F�gdgd[Dgeo!F9z \UzlonMDHlH w MDHIbLF�ÍÉ[9bLQ KdQlh9F+b1R�[PbfK
KLXZF�bdM'{1F9z�ÒA[Dg3bc[9{3F¹ÍAgL[9yZHlF+{¹b�o�V;QlÎÉF+gLF+O9K3F�gdgL[9gdb¼[ w KLXZF
bLMD{3F¼Kf]jÍÉF)XAM�h9FTV;QlÎÉF+gLF+O9K¼R�[PbfKYb�z�Ô©O�{¹M'Oj]�R�M9bcFeb�oAbLiARYX�M
ÍZgL[9yZHIF�{ R+M'OayUF1KdgdMDOAb w [9gL{1FeV@QIOPKL[�M'OÂF��PiZQIh�M'HIF�OPK�ÍZgd[Dy;Ï
HlF+{ q�QlKLX�iZOZQ w [Dgd{ QlOPKdgdM'Ï´Kf]jÍÉF/F�gdgd[DgCR�[9bcKdbCyj]1VZiZÍZHIQIR+M�KLQIOZ\
� ö3�+�f���f�Y­Y�d�'¦f�¤ª�¿=����£��j�9�d®;�Y�j�D�Y��¦�§·¦f¨j�Dª2§©³P���!�����¹�9�+¥�£��

�P��¦f£��P°C­Y� �+§©§©£¤¸j�L��¯I�+���e�P�¤ª/�e�9���+¯;¦f�d��§·¦c�+�P�P���c�#¥T�+­c³P£��9���������f�D�
£��9°�¶;�Y�9­L³9¥T���fµ'§�ý �=�f��¢��+§·¦�¿jÃP���!­Y�d¦©¦�¿2¡(¢��e³j��¢'£ ÷�ø+øeù þL±



0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

T
r
u
e
 
p
o
s
i
t
i
v
e
 
r
a
t
e

%

False positive rate

Bayes
K-NN
MLP2
C4.5
MSC

Perceptron

Ò!QI\DiZgdFTv��GEGgdM9V;HlF+]VY b�R�HIM9bLbLQ ËUF�g�gdF+bLiZH KYb w [Dg�KLXZF �CHIF�h9F�HNM'OAV
XAF+M'gLK�V;QNbcFeMDbLF¼VAM�KdM

QIOAbcKdMDOAR�Feb�QlO�ÍZgd[DÍÉ[DgLKLQI[DO�KL[1KLXAF�QIg�R�[9bcKdb w [9g�F�h�M'HIiAM'KLQI[DO=z
`aF�XAM�hDF�MDHIbL[�MDbdbLiZ{1F+V w [Dg¹KdXZQNb�ÍAMDÍUF+g�KLXUM�K�KdXZF�F+bcÏ

KdQl{¹M'KLF+b1[ w KLXAF�R�HIM9bLbLQlËAF�gYbMY!ÍÉF�g w [Dgd{1MDOAR�F�bfKYM�KdQIbcKLQNR�b Ù _�a
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