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Z\A<[]^_f<ÞgNOê
^_EOCFEO^_;>^�U?VM;�^MASU\A�EO[jU\fÅU?;c[�ãàfjNO^]=!æSLsA<ÜIV�ãàf<NG^�Ü!f<[rU\A<EQ[];c^�ASâMâMZ\fDé_EQÞ�ASU?;!NOêÅU?V];
=?A<Þ�;Å[FXMÞ�R�;cZ&fSã	â�fr=eEQU?EOC<;�AS[�^¼[];!mjASU?EOC<;�;9éMASÞgâMNO;c=cæ

�5�Sñ?ø!ù½üTú 
jô!üTô9õ�ùGõ$�]
BXMZYU\VMEQZI^�^MAKUIA<=?;9U�Ü9fj[]Ü9;cZ?[�=�U\VM;�íY;!NON�å �F[MfKí&[ËâMZ\f<R]NQ;cÞ$fSã�âMZ?;>^_EGÜ�Ueå
EQ[Mm�ÜcASZIÜ9EO[Mf<mj;![MEGÜ9EQUtê
U\;c=eU�f<X_UIÜ9fjÞ�;>=Yf<[ËZ\f_^_;![rUI=?�����	��æ �,V]EO=,^MASU\A<=?;9U&V]Aj=,A
[FXMÞ�R�;cZ&fSã
AKUeU\Z\AjÜ�U\EQCj;&ãà;cASU?XMZ\;c=�ijEQUsEG=,AS[�EOÞgâ�fjZeUIAS[rUsâMZIA<Ü9U?EGÜ!A<N]âMZ\f<RMNO;!Þ�%jU?VM;�R]AjÜ �rmjZ?fjXM[]^ �F[MfKí&NQå
;c^_mj;gÜ!f<[]=?EG=tUI=Bf<ãYAl[FXMÞ
RT;!ZÅf<ãs[Mfj[_å�^M;9U?;cZ?ÞgEO[]AKU\;gâMZ?;>^_EGÜ!AKU\;�^M;9ë][MEQU?EOf<[�=&%³;!éFâT;!Z\EO;![]Ü!;



=eXMmjm<;>=tUI=�U\V]AKUhA�ãûA<EQZ\NQêËNOA<Z?mj;�=?;cA<Z\ÜIVl=eâ]AjÜ9;�[M;!;>^M=,U\f�RT;�;9éMA<Þ�EO[M;>^1U\f�fjR_U\A<EQ[�A�m<fFf_^
Ü9NGASX]=?;<æ �,VM;�^MASU\Aj=e;!U�Ü!f<[rU\A<EQ[�=����Tmöâ�fr=eEQU?EOC<;�ÜcASZIÜ9EO[Mf<mj;![MEGÜ9EQUtêðU?;>=tUI=�AS[]^ � � �ö[M;cmjASå
U?EOC<;lU?;>=tUI=!æ5�î;�Z\A<[]^_fjÞ�NOêý^_EOCFEO^_;>^ýU\VM;ä^MASU\AÊEQ[rU?fîU\;![Çãàf<NG^M=cæ�L�A<ÜIVýãàf<NG^ÇÜ!f<[rU\A<EQ[];c^
ASâMâMZ\fDé_EQÞ�ASU?;!NOêgU?V];(=?A<Þ�;Å[FXMÞ�R�;cZ&fSã	â�fr=eEQU?EOC<;�AS[�^Ë[M;cmjASU?EOC<;Å;9éMASÞgâMNO;c=cæ

�h÷��cùGõ!ôI÷ ������
BX]Z
NGA<=eU�^MAKUIA<=?;9U�Ü!f<[]Ü!;!Z\[]=�NO;cA<Z?[MEO[Mm�í&VM;!U?VM;cZ
fj[M;1;![rU\E�UtêîEO=�A<^MCrEG=?;c^
RrêèA<[MfSU\VM;!Z¼;![rU?EQUtê<J,AS[]^ EQU�EO=ËR]A<=?;c^èfj[èZ?;>ASN�^MAKUIAýf<RMU\ASEO[M;>^ Rrê $&EGÜIV]A<Z\^M=?f<[èA<[]^
@hfjÞ�EO[Mmjfj=	ãàZ\f<Þ U?VM;hïh[MEOC<;!ZI=?E�Utê�fSã �îAj=eVMEO[Mm<U?f<[Ëd,qg@B;!â]A<ZeU\Þg;![rU ����89��æ �,VM;&;!éMASÞgâMNO;
^_EO=eU?Z\EORMX_U?EOf<[öEO=�= �j;!íY;c^³J�í&E�U\V � �/��âTfj=?E�U\EQCj;(;9éMASÞgâMNO;c=hC<;cZ\=?X]= mMJ j � ��[M;cmjASU?EOC<;(;!é_A<Þ�å
âMNQ;>=!æ&)MfjNQNOfKí&EO[MmðU?VM;Êf<Z\EQmjEQ[�ASNhA<X_U?VMfjZ\=cJ�íY;Ê^_EOCFEO^M;�U?VM;î^MAKUIA�EO[ 1îãàf<NG^M=cJs;>A<ÜIV f<[];
Ü9f<Z\Z\;c=?â�fj[]^_EO[Mm
U\f�A�^ME�ì.;!Z\;![rU�m<Z\f<X]â¼EO[ËU\VM;�d,ql@h;câ]ASZ?U?Þg;c[jU>æ

� ����<]@�Ö]Û ;=@«Ô�Õ��5> E @³ÕMÙ#<���ÔhØ	� @�
rÙ >aÕ�



B[ U\VM;�ë]ZI=eU�U?VMZ\;!;ä^MASU\Aj=e;!U\=gíY;�â�;cZeãàfjZ?Þ =tU\Z\ASU?EQë];c^³J�U?;![Må�ãàfjNO^ Ü9Z\fj=\=gCKASNOEO^]AKU?EOf<[ EO[
f<ZI^_;!ZÅU\f�f<R_UIASEO[ð=?EOm<[MEQë�Ü!A<[]Ü9;�Z\;c=?XMNQU\=cæ+
B[ð;cAjÜIVÊZ\f<XM[�^Êf<ã,Ü!Z?fr=?=ÅCKA<NQEG^MAKU\EQfj[�J�íY;�X]=?;
ë]C<;�ãàfjNO^M=ËA<=�AîU?ZIASEO[MEO[Mmý=?;9UcJ�ãàf<XMZ�ãàfjNO^]=1A<=�AîU\XM[MEO[Mmý=e;!UËAS[]^Çfj[M;�ãàf<NG^ A<=1AîU\;c=eU
=e;!Ucæ7�î;äfj[MNQê =\AKU?X]Z\ASU?;�;9éMA<Þ�â]NQ;>=gãàZ?fjÞ U\VM;äU\Z\A<EQ[MEO[Mmý=?;9U>æYqFEO[]Ü9;äU?VM; �B^_CFEO=?;c^èWYê
^MAKUIA<=?;9U
fj[MNQêÊV]A<=(ë]C<;gãàfjNO^]=!J«ís;1X�=e;>^îUtísf�ãàfjNO^M=(ãàf<Z�A�U?ZIASEO[MEO[Mmä=e;!U�AS[�^îUtísf�ãàfjNO^M=
A<=,A�U\XM[MEO[Mm�=e;!Ucæ �,VM;�Ü9fjÞ�Þ�XM[MEGÜ!ASU?EOf<[1RT;9UtíY;!;c[1U?V];ÅW,ADêj;c=�[];9U&NQ;>ASZ\[M;!Z,AS[�^�U?V];�`tÝ«k
ASNOm<f<Z\EQU?VMÞ EG=�Ü!f<ÞgâMX_UIAKU\EQfj[]ASNONQêð;!éFâT;![�=eEOC<;jæ �,V];lW,ADê<;>=
[];9U�ASNOm<f<Z\EQU?VMÞ ÞgEQmjVrU�V]ADCj;
U?fäNO;cA<Z?[�A�[M;cí/[M;9UtíYf<Z��äU\f<âTf<NOf<m<êîAS[]^î[M;cí â]ASZIASÞg;!U?;!ZI=cæ )MXMZ?U?VM;cZ?ÞgfjZ?;jJ�EQ[Mãà;!Z\;![]Ü!;
Þ
X]=eUYRT;Åâ�;cZeãàfjZ?Þg;>^gU?fgÜ9fjÞ�â]X_U?;BU?VM;Å=\Ü9f<Z\;BASã½U?;cZYEO[]Ü!f<Z\â�fjZ\ASU?EO[Mm
A([];!íèãà;>AKU?X]Z?;jæ �,V];
q �+3�ï A<NQmjf<Z\E�U\VMÞ EO=�=eU?Z\EOÜ9U?NOê�Þgf<Z\;¼;!éFâT;![�=eEOC<;¼U?V]A<[Ç=eU\A<[]^MA<Z\^�`tÝ«k Aj=�q �+3�ï A<NO=?f
V]A<=gU\f�âMZ\fKC<;lí&VM;9U\VM;!ZlAÊZ\XMNO;äÜ9fKCj;!ZI=�;>A<ÜIV ;9éMA<Þ�â]NQ;�EO[ f<ZI^_;!ZgU\fýÜ9Z\;cAKU\;lU?VM;ä[];!í
ãà;cAKU\XMZ\;<æ �«f�Z\;�
];>Ü�U,U?V];ÅAj^M^_;>^¼Ü!fj=eUcJ_íY;�X�=e;ÅA�U?EOÞ�;!å�R�A<=?;c^l=tU\f<â¼Ü!Z?EQU?;cZ?EGA
ãàf<Z,U?V];�[];!í
ASNOm<f<Z\EQU?VMÞ�æ]`a[�;!ìT;>Ü�U>JTíY;�U\;c=eUBí&VM;!U?VM;cZcJTm<EOC<;c[�A<[ä; �rX]A<N«A<Þ�fjXM[rUhfSãYdYksï U?EOÞg;<JTU?V];
Utísf<å�=eU?;câlA<âMâMZ\fjA<ÜIVËf<Zhq �+3Åï â�;cZeãàfjZ?Þ�=,RT;9U?U?;!Z>æ

��f1fjR_U\A<EQ[äA1â�;cZeãàfjZ?Þ�AS[�Ü9;�R]Aj=e;cNQEO[M;(íY;�ë]ZI=tUBZ\A<[äA1=e;!UhfSã�;!éFâT;!Z\EOÞ�;c[rU\=&U\V]AKU�X]=?;
U?VM;(fjZ?EOm<EO[]A<N.Utísf<å�=eU?;câ¼âMZ\f_Ü9;>=?=cæ_`a[äASNON�;9é_âT;!Z\EQÞg;c[jUI=&íY;�X]=e;
q_Z?EO[MEOCDAj=?A<[�� = ��NO;!âMV�`tÝ«k
qFê_=tU\;!Þ ����(	�«A<=&U?VM;�Z\XMNO;�NQ;>ASZ\[MEQ[]m1ASNOm<f<Z\EQU?VMÞ�æ!)�EQZI=eUcJMíY;�X]=?;c^ ��NO;!âMV�Z\XM[M[]EQ[Mm�X][]^_;!Z
����������� ��������� U?f1NO;cA<Z?[äA1=?;9UBfSã�Z?X]NQ;>=&ãàf<ZB;cAjÜIV¼ãàfjNO^�æ�� ��������� ��������� EOÞgâMNQ;cÞg;![rU\=BA
A
CKASZ\EGAS[rUYf<ã«k�Z\f<mjf<N � = cä@B`tL mjZ?;c;c^_ê1Ü!fKC<;!Z\EO[Mm
ASNOm<fjZ?EQU?V]ÞlJrí&VM;cZ?;�ís;Å^_f�[MfSU�^_EG=\Ü!ASZI^
âMZ?;cCFEQfjX]=eNOêöÜ!fKC<;!Z\;c^Ê;9éMA<Þ�â]NQ;>=�í&VM;![�íY;1=\Ü9f<Z\;�A�[M;!í Ü!NOA<X]=e;jæ«qF;>Ü9f<[�^³J�íY;1=e;cNQ;>Ü�U?;>^
U?VM;�Z?XMNO;c=hX]=?EQ[Mm1A1m<Z\;!;c^MêlA<NQmjf<Z\E�U\VMÞ�JMí&VM;!Z\;(íY;(âMEGÜ �ËU\VM;(Z\XMNO;(í&E�U\V�U?V];
VMEOm<VM;>=tUBÞ�å
;c=eU?EOÞgASU?;�=?X]ÜIVËU\V]AKU&EQUhÜ9fKCj;!ZI=�AS[lXM[M;!é_âMNOA<EQ[];c^ËU?ZIASEO[MEQ[]m�;!éMASÞgâMNO;<æMqFXMR]=?; �rXM;c[rU?NOê<J_íY;
Ü9f<[FCj;!Z?U?;c^(;cA<ÜIV
Z?XMNO;YEQ[rU?fÅABRMEQ[�ASZ\êBãà;>AKU\XMZ?;sãàf<Z	A?,hA/. p Cj;sW,ADê<;>=�AS[�^�� ��, Ü9NGA<=\=eEQë];cZcæ>`a[
U?VM;YR]A<=?;!NOEO[M;s;!é_â�;cZ?EOÞg;![rU\=cJDís;sX]=e;>^(RTfSU\V
U\VM;�U\Z\A<EQ[]EQ[Mm�AS[]^(U?XM[]EQ[MmÅ^MASU\AhU?fÅÜ9f<[�=tU\Z?X]Ü9U
U?VM;�Ü9NGA<=\=?E�ë];cZ&AS[]^¼NQ;>ASZ\[ËEQU\=,â]A<Z\A<Þg;9U?;cZ\=cæ )MXMZ?U?VM;cZ?ÞgfjZ?;jJríY;ÅZ?;>Ü9fjZ\^_;>^gU?V];�dYk�ï5U?EOÞ�;
U?V]ASUhE�UBU?fFf �¼ãàf<Zh;cA<ÜIVlãàfjNO^�U\f1Z\XM[�U?fËÜ!f<ÞgâMNO;9U\EQfj[�æ �,VMEG=�U\EQÞg;(í,A<=�X]=e;>^�A<=�U?VM;
=eU?fjâ
Ü9Z\E�U\;!Z\EOA
ãàf<Z,U\VM;(Ü9fjZ?Z\;c=?â�fj[]^_EO[Mm�ãàf<NG^¼í&V];![l;!CKASNOX]AKU\EQ[]m�U\VM;�EO[jU\;!mjZ\ASU?;c^lASâ]âMZ?frA<ÜIV�æ �«f
fSì³=e;!U�â�f<U?;c[jU\EOA<N�^_EQì.;!Z\;![]Ü!;c=�EO[1Ü9fjÞ�â]X_U?;cZ�=eâT;!;>^M=cJjASNON]f<ã.U?VM;�;!é_â�;cZ?EOÞg;![rU\=	ãàfjZ�A�mjEQCj;![
^MAKUIA<=?;9U&ís;cZ?;ÅZ\XM[lf<[¼U?VM;(=\ASÞg;ÅÞ�A<ÜIVMEO[M;<æ
)Mf<Z�q �+3Åï(JSíY;sX�=e;Yf<[MNOêÅU?V];sU\Z\A<EQ[]EQ[MmÅ=?;9U�U?fÅNQ;>ASZ\[�U?V];YZ\XMNO;c=cæ'�Ê;,X]=?;�U\VM;YU?ZIASEO[MEO[Mm

=e;!U«U\f�NO;cA<Z?[(U?VM;&=eU?Z\X]Ü�U\XMZ?;,AS[�^(â]A<Z\A<Þ�;!U?;cZ\=«fSãMU\VM;&W,ADê<;c=«[M;!UcJKAS[]^�íY;sX]=?;sU?VM;YU?X][MEQ[]m
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)«EOm<X]Z?;>= ��U\VMZ?fjXMm<VI�l=eV]fKí â]Z?;>Ü9EG=eEOf<[_å�Z\;cÜ!A<NQN«Ü9XMZ\C<;>=,ãàf<ZÅASNON�ãàfjXMZ�^]AKU\Aj=e;!U\=cæ]`a[öA<NQN
m<ZIASâMV]=cJ�Ü9X]Z?Cj;c=ÅíY;!Z\;�mj;![M;cZ\ASU?;>^öRFêöâTfFf<NOEQ[]m�Z?;>=eXMNQU\=ÅfKCj;!Z(A<NQN�U\;![îãàf<NG^M=cæ«q �+3Åï&åV,hW
Z?;!ãà;!ZI=�U?flU?VM;�EO[rU?;cm<ZIAKU?;>^öA<âMâMZ\fjA<ÜIVÊfSãYEQ[]Ü!Z?;cÞg;![rU\A<NQNOêäNO;cASZ\[MEO[Mm�Ad,BA�. p C<;gW,ADê<;>=B[];9Ucæ
q �+3�ï�å � ��, Z?;!ãà;!ZI=�U\f1U\VM;
EO[rU?;!mjZ\ASU?;>^�ASâMâMZ\fjAjÜIV�fSã�EO[]Ü9Z\;!Þg;![rUIASNONQê�NO;cASZ\[MEO[MmËA � ��,
[M;9UtíYf<Z��.æ ��NO;!âMV_åV,hW Z\;9ãà;!ZI=�U?f�U\VM;�UtíYfSåa=tU\;!âðASâMâ]Z?frA<ÜIVÊÜ!f<[]=?EG=tU\EQ[Mm�f<ãYZ\XMNO;�NQ;>ASZ\[MEO[Mm
í&E�U\V �hNQ;câMV�AS[]^ËZ?XMNO;�Ü9fjÞ
RMEO[]AKU\EQfj[1í&EQU?VI,hA/. p Cj;BW,ADê<;>=!æ��î;�X�=e; ��NO;!â]V_å � ��,ÌU\f�Z\;!âMå
Z?;>=e;c[jU&NO;cA<Z?[MEO[Mm�Z?X]NQ;>=,í&E�U\V �hNQ;câMVäAS[�^1U\VM;![�NGADê<;!Z\EO[Mm�A � ��, [M;!UtísfjZ ��fKCj;!ZYU?V];!Þ�æ

�,VM; cöASÞgÞgf<m<ZIASâ]Vrê�^MASU\Aj=e;!UÅß[)«EOm<X]Z?;"�>áY=?VMfKí�=sA�Ü9NO;cA<Z,í&EQ[¼ãàf<Z�q �+3Åï fKC<;!ZsU?V];
f<Z\EQmjEQ[]A<N�UtíYfSåa=tU\;!â�Þg;9U\VMf_^_f<NOf<mjê<æ_�Ê;�X]=e;>^�U\VM;
â]A<EQZ\;c^ýþ �aþaô�õ�þYU?flÜ9fjÞ�â�ASZ\;�U?VM;gASZ\;cAj=
XM[]^_;cZ(U?V];¼Ü9X]Z?Cj;gãàf<Z(;cC<;!Z\êäãàfjNO^�J«AS[�^ðís;�ãàfjXM[]^ðU\VM;Ë^_EQì.;!Z\;![]Ü!;�U?fäRT;¼=eU\ASU?EG=tU\EOÜcASNONQê
=eEOm<[MEQë�ÜcAS[rUBAKUhU?VM;"( (��$NO;!C<;cN�f<ã�Ü!f<[_ëT^_;![]Ü!;<æ �,VM;
^_EQì.;!Z\;![]Ü!;
RT;9UtíY;!;![�X�=eEO[Mm¼q �+3Åï&å
� � , A<[]^ðq �+3�ï�å ,BW EO=Å[]fSU(=eEOm<[]E�ë�ÜcAS[rUcæ �,VM;g^_EQìT;cZ?;c[]Ü9;gRT;9UtíY;!;c[ÊX]=?EO[Mm � ��,/A<[]^
,hA/. p Cj;YW,ADê<;>=�U\f�Ü9f<Þ�RMEO[M;YU?VM; ��NO;!â]V�NO;cA<Z?[];c^(Z\XMNO;c=	EG=�ASNG=ef�[Mf<U�=?EOm<[MEQë�Ü!A<[rUcæhc�fjZ?;cfKC<;!Z>J



 0

 0.2

 0.4

 0.6

 0.8

 1

 0  0.2  0.4  0.6  0.8  1

P
r
e
c
i
s
i
o
n

Recall

Carcinogenesis

SAYU-TAN
SAYU-NB

Aleph TAN
Aleph NB

� 'W_ ¸ � ¸ � y!zt�I��}r~c¥>wI}jwI�a��� � ztwI�I���a��~>}j� ¢ wI��y!��� � ¹jzt�Dw\� ¬

U?VM;¼Z?;>=eXMNQU\=(X]=eEO[MmÊq �+3�ï$Þ�ASU\ÜIV�f<X]Z(R�;>=tU�Z?;>=eX]N�UI=�f<[ðU\VMEO=�^MASU\A<=?;9U�� m'��J�í&V]EOÜIV�V]Aj^
Z?; �jX]EQZ\;c^¼Þgf<Z\;�Ü!f<ÞgâMX_UIAKU?EOf<[�ASN³;9ì.f<Z?Ucæ

�,VM;*3�;cAj=tU
k�Z?f<U?;!EO[ð^MAKUIA<=?;9U1ß )�EOm<XMZ\;dm<áÅA<NO=?f�=eVMfKí�=�A�í&EO[îãàf<Z�q �+3�ï fKCj;!ZÅU?V];
f<Z\EQmjEQ[]A<N.Utísf<å�=eU?;câ¼Þg;!U?VMf_^_fjNQfjm<ê<æ �,V];(^_E�ì.;!Z\;![�Ü9;�EG=&[MfSUhAj=&=tU\Z?E �FEQ[]mgAj=&EO[¼U\VM; cäA<Þ�å
Þ�fjm<ZIASâMVFê1^MASU\Aj=e;!UcJMÞgfj=eU?NOêËRT;cÜcASX]=?; ��NO;!â]V�� � , NQ;>ASZ\[MEO[Mm�^_EO^�Cj;!Z\ê1íY;!NON�f<[�f<[];�fSã
U?VM;Ëãàf<NG^M=!æ�`a[�U\VMEO=�Ü!Aj=e; �hNQ;câMV � ��, EO=�=?EQmj[ME�ëTÜ!AS[rU\NQêÊR�;!UeU?;cZ�U?V]A<[ ��NO;!âMV ,hW í&E�U\V
(���� Ü9fj[_ë�^_;c[]Ü9;jærq �+3Åï&å � � , NO;cASZ\[MEO[MmÅEO=s=eEOm<[]E�ë�ÜcAS[rU?NOê
RT;9U?U?;cZ�U?V�AS[ ��NO;!â]V�,hW í&E�U\V
( (�� Ü!f<[_ë�^M;![]Ü!;<JFAS[]^ �hNQ;câMV � ��,Ìí&EQU?V�(�1 � Ü9fj[_ë�^_;c[]Ü9;jæFq �+3�ï&åV,hW EO=sR�;!UeU\;!ZYU?V]A<[
��NO;!âMV",hWîí&E�U\V ( ( �ÌÜ9f<[Më�^_;![�Ü9;<æ���fKíY;!Cj;!Z>J9E�U	EG=�[Mf<U�=?EQmj[MEQë�Ü!A<[jU\NQê�RT;9UeU\;!Z«U?V]A<[���NO;!â]V
� � , ßûf<[MNOê�AKU?(Tk�� Ü9fj[_ë�^_;c[]Ü9;Dá�J.^_;c=?âMEQU?;
U?VM;�ãûA<Ü9UhU?V�AKU(q �+3�ï�å ,BW R�;>AKU\=hUtíYfSåa=tU\;!â
� � , f<[�[MEO[M;Åf<X_U�f<ã«U\;![lãàf<NG^M=cæ

�,VM;�Z\;c=?XMNQU\=Bãàf<Z(dYASZIÜ9EO[Mfjm<;![];c=?EO=�ß )�EQmjXMZ\;"�ráhA<Z?;�ASÞ
R]EQmjXMf<X]=�iT[Mf¼Þg;!U?VMf_^ÊEO=Å=?EQm<å
[ME�ëTÜ!AS[rU\NQê�R�;!UeU?;cZ�U?V�AS[�U?VM;&f<U?VM;cZcæ�
B[];&â�fr=?=?EQR]NQ;&;!éFâ]NOA<[]AKU\EQfj[
EG=	U?V]ASU�âMZ\;cÜ9EG=?EQfj[_å�Z\;cÜcASNON
Þ�EOm<VrUY[MfSUYR�;�AS[ËA<âMâMZ\f<âMZ\EOASU?;&;cCDA<NQX�AKU?EOf<[�Þg;!U?Z\EOÜ�ãàf<Z�U\VMEG=s^MASU\Aj=e;!Ucæjïh[MNOE �j;�U?V];Bf<U?VM;cZ
^MAKUIA<=?;9U\=cJMU\VMEG=Bfj[M;(fj[MNQê�V]Aj=hA¼=eÞ�ASNON«= �<;cí EQ[äU?VM;�Ü9NGA<=\=h^_EG=tU\Z?EORMX_U\EQfj[öAS[�^�U?VM;cZ?;�ASZ\;
Þ�fjZ?;öâ�fr=eEQU?EOC<;ä;!éMASÞgâMNO;c=�U\V]AS[è[];!mjASU?EOC<;�;!é_A<ÞgâMNQ;>=!æ �7Þgf<Z\;öA<âMâMZ\f<âMZ\EOASU?;ä=\Ü9fjZ?EO[Mm
ãàXM[]Ü�U\EQfj[�ãàf<Z�U?VMEG=s^]AKU\Aj=e;!U�ÞgEQmjVrU�R�;�U?VM;�ASZ\;cA�XM[]^_;cZ�U\VM;�$#
�d Ü9XMZ\C<;jæ	�î;hZIAS[1q �+3�ï
X]=eEO[MmÅU\VMEO=�Þg;9U?Z\EGÜ&AS[]^gASmrASEO[
ãàfjXM[]^g[Mf(^ME�ì.;!Z\;![]Ü!;&R�;!Utís;c;![gU\VM;�EO[jU\;!mjZ\ASU?;c^�ASâ]âMZ?frA<ÜIV
AS[]^ËU?VM;ÅUtíYfSåa=eU?;!â¼Þg;9U?V]fF^�æ!�Ê;ÅRT;!NOEQ;cC<;�AS[l;c=\=?;![rU?EGASN.âMEO;cÜ!;�fSã�ãàXMU?XMZ\;ÅísfjZ ��EG=YU?fgZ\XM[
AË=?EQÞ�XMNOASU?EOf<[ä=eU?X]^Mê�U?f1U\Z?ê�RT;9U?U?;!ZÅ^_EG=?Ü!;!Z\[�U?V];�Ü9fj[]^_EQU?EOf<[]=BXM[]^M;!Z�í&VMEOÜIVäU?VM;�q �+3�ï
ASNOm<f<Z\EQU?VMÞ âMZ\fKCFEO^M;c=&AS[�A<^MCDA<[rU\ASmj;BfKCj;!ZYU?V];ÅUtísf<å�=eU?;câ¼ASâ]âMZ?frA<ÜIV�æ
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�h=�ís;�V]Aj^ö^_EG=?Ü!X]=\=e;>^äRT;9ãàf<Z\;<J.EOÞgâMNQ;cÞg;![rU?EO[Mm�q �+3�ï/EG=ÅÜ9fj=eU?NOê<J³Aj=híY;�[]fKí [M;!;>^
U?fgRMXMEONO^�Ag[M;cí5âMZ\f<âTfj=?EQU?EOf<[]A<N.Ü!NOAj=?=?EQë];!Z,í&VM;c[l;cCKASNOX]AKU\EQ[Mmg;>A<ÜIVlZ?XMNO;<æ cäf<Z\;!fKC<;cZcJjU?V];
^_E�ì.;!Z\;![�Ü9;c=�EQ[1=\Ü9fjZ?EO[Mm�Þ�;!U?VMf_^M=�Þ�ADê
NO;cA<^�U\f�NQ;>ASZ\[MEQ[]m�Cj;!Z\ê
^_EQìT;cZ?;c[rUs=e;!U\=�f<ã.Ü!NOA<X]=?;c=cæ
�«A<RMNQ;>=#�&U\VMZ\f<XMmjV �(^_EG=eâMNGADê�=?;!Cj;!ZIASN]=eU\ASU?EG=tU\EOÜc=�ãàfjZ�U?V];�ë]ZI=tU�U?VMZ\;!;�^MAKUIA<=?;9U\=cæ	�î;hV]ADCj;
f<ÞgE�U?U?;>^lU?VM;�=tUIAKU?EG=eU?EGÜ!=,ãàfjZ�U?V];��h^_CFEG=e;>^�WYêl^MASU\Aj=e;!U�EQ[äEO[rU?;cZ?;>=tU�f<ã�=?â]AjÜ9;<æ_)«EOZI=tU>J]íY;
NQfFf ��ASU�U?V];�ADCj;!ZIASm<;&[FXMÞ�R�;cZsf<ã«Ü9NGASX�=e;>=�EO[¼A�U\VM;!fjZ?êgEO[1U\VM;hUtíYfSåa=eU?;!â1A<âMâMZ\fjAjÜIV�JjA<[]^
Ü9f<Þgâ]A<Z?;,EQU�í&EQU?VËq �+3Åï&åV,hWÇAS[]^�q �+3Åï&å � � ,(æ_qF;cÜ!f<[]^³J<ís;�Ü!f<Þgâ]ASZ\;&ADC<;cZ\A<m<;,Ü9NGASX]=?;
NQ;c[MmSU\V�J«Þg;>A<=?XMZ?;>^�RFêîU?VM;¼[rX]Þ
RT;!Z�fSãhNOE�U\;!ZIASNG=(âT;!ZgÜ9NGASX]=?;ËRTf_^_ê<æ5)�EO[]ASNONQêjJ«íY;¼=?VMfKí
U?VM;gADC<;cZ\A<m<;([FXMÞ�R�;cZBf<ãsÜ9NGASX]=?;c=�=\Ü9f<Z\;c^äEQ[Ê;cA<ÜIVäãàf<NG^³æ �«A<RMNO;��g=eVMfKí�=hU?V�AKU(q �+3�ï � =
U?VM;cf<Z\EQ;>=�Ü9f<[rUIASEO[
ãûA<Z	ãà;!íY;!Z�Ü9NGASX�=e;>=�U\V]AS[�U\VM;,Utísf<å�=eU?;câ�A<NQmjf<Z\E�U\VMÞ EO[ cöASÞgÞgf<m<ZIASâ]Vrêjæ
c�f<Z\;!fKCj;!Z>JTEQã&ë][]^]=
=?VMf<Z?U?;cZ(Ü9NGASX]=?;c=cJ�=?f<Þg;1;!Cj;![ðí&EQU?V A�=?EQ[]m<NO;ËAKU?U?Z\EQRMXMU?;<æ �,VM;�UtíYf
Ü9f<NOXMÞg[]=sASZ\;&C<;!Z\ê�=?EOÞ�EONGASZ�ãàfjZsq �+3Åï&åV,hW AS[]^1q �+3�ï&å � ��,(æ �,VM;hNOAj=tUsÜ!f<NOXMÞg[1=eV]fKí�=
U?V]ASU
U?V];¼Ü9fr=tU�fSã&X]=?EQ[Mmîq �+3�ï EO=�C<;cZ?êÊVMEQmjV�f<[�U\VMEG=
^MASU\A<=?;9U�i�íY;1f<[]NQêîm<;c[M;!ZIAKU\;1A
U?;![rU\VËfSã³U\VM;�[rX]Þ
RT;!ZYfSã�Ü9NGASX�=e;>=�í&VM;c[1X]=?EQ[]m�,hA/. p C<;hW,ADê<;>=!æ�$&;c=?XMNQU\=sãàf<Z&q �+3�ï�å � ��,
ASZ\;�;!C<;c[�ísfjZ\=?;�A<=�EQU�fj[MNOêöm<;c[M;!ZIAKU\;c= � �7Aj=�Þ�AS[FêÊÜ!NOA<X]=?;c=(Aj=�U?V];1f<Z\EQmjEQ[�ASN ��NO;!â]V
Z?XM[�æ]L�Cj;![¼=?f]JFU\VM;
q �+3Åï&å�R]A<=?;c^�ASNOm<fjZ?EQU?V]Þg=YâT;!Z?ãàf<Z\Þ$RT;9UeU\;!Z>æ

�,VM;&3�;cAj=tUs^]AKU\Aj=e;!Uhß ��ASRMNO; mjá�U?;cNQNG=�A�=?EQÞgEONOA<Z�=eU?f<Z\ê<æ ��mjA<EQ[�JKU?VM;Åq �+3�ï�å�R�A<=?;c^�ASâMå
âMZ?frA<ÜIVM;>=�Z\; �rXMEOZ?;hãà;!íY;!Z,Ü9NGASX]=?;c=�U?f�f<RMU\ASEO[¼A
R�;!UeU\;!Z,Z?;>=eX]N�U>æ �hmjA<EQ[�JMq �+3Åï m<;![];!ZIAKU?;>=
=eÞ�ASNONO;!Z�Ü9NGASX]=?;c=�í&EQU?V U?VM;�ADC<;cZ\A<m<;1Ü!NOA<X]=e;lNO;![Mm<U?VÇNQfKíY;!Z�U?V]A<[ýãàfjZ cöASÞgÞgf<m<ZIASâ]Vrêjæ
�,VM;BÜ!fj=eU�fSã�EOÞgâMNQ;cÞg;![rU?EO[Mm�q �+3�ïÌíYAj=�NO;c=\=�EO[�U?VMEG=YÜ!A<=?;<æ��Ê;BR�;cNQEO;!Cj;�U\VMEO=sEG=�RT;cÜ!A<X]=?;
fSã�U?V];�Ü9fr=tU�fSã�U\Z\A<[]=eâTf<Z?U?EO[MmgU\VM;�R]E�U\ÞgA<â]=�ßàZ\;!âMZ\;c=?;![rU?EO[MmgU\VM;�[];!í ãà;cASU?XMZ\;>á&U?VMZ\f<X]m<V



U?VM;l:jADCKAKåak�Z\f<NOf<mlEO[jU\;!Z?ãûA<Ü!;1EO=�=?ÞgA<NQNO;!Z>J«=?EO[]Ü9;�U\VM;�^MAKUIA<=?;9U
EG=
[]fSU�Aj=
NGASZ\m<;jæB)�EQ[]A<NQNOê<J
dYASZIÜ9EO[Mf<mj;![M;>=eEG=�ß ��ASRMNO; �rá&ASmrASEO[l=?VMfKí�=hq �+3Åï&å�R]A<=?;c^�A<âMâMZ\fjAjÜIVM;c=,NO;cA<Z?[MEO[Mm1=?Þ�ASNONQ;cZ
U?VM;cf<Z\EQ;>=&í&E�U\Vö=?VMf<Z?U?;cZhÜ9NGASX]=?;c=cJ]A<[]^�â]ADêFEQ[]m1A�VM;cADCFê¼âMZ?EGÜ9;(ãàf<ZhEO[rU?;cZeãûAjÜ9EO[Mm�í&E�U\V�U?V];
âMZ?fjâ�fr=eEQU?EOf<[�ASN�NQ;>ASZ\[MEQ[]m]æ�dYASZIÜ9EO[Mf<mj;![M;>=eEG=�EG=BU?VM;�=?Þ�ASNONQ;>=tUÅR�;c[]ÜIVMÞ�ASZ��.J³=eflE�UI=�Ü9fr=tUÅEO=
=eÞ�ASNONO;!Z,U?V�AS[5cäASÞgÞgf<mjZ\A<âMVFê�f<Z&3�;cAj=tU�k�Z?f<U?;!EO[�æ

`a[ËASNONT^]AKU\Aj=e;!U\=cJ<U\VM;�U\VM;!fjZ?ê�ãàfjXM[]^1RFê1q �+3ÅïÌÜ!f<[]=?EO=eU\=sfSã�=?EOm<[MEQë�Ü!A<[rU?NOê
ãà;cís;cZYA<[]^
=eVMfjZeU\;!Z1Ü!NOA<X]=e;>=!æsL�C<;c[ í&E�U\V U?VM;ö=?EOÞ�â]NQ;cZËÜ9NGA<=\=eEQë];cZcJ�q �+3Åï�^_fF;>=1AKU1NO;cAj=tUËAj=�ís;cNQN
A<=
U?VM;¼Utísf<å�=eU?;câýASâMâ]Z?frA<ÜIV�æ+)MXMZ?U?VM;cZ?ÞgfjZ?;jJ�q �+3Åï AjÜIVMEQ;cC<;>=�U?V];c=?;¼RT;![M;!ëMU\=g^_;>=eâ]E�U\;
;!CKASNOX]AKU\EQ[]mg=?EOm<[MEQë�Ü!A<[rU?NOê�ãà;!íY;!Z&Z\XMNO;c=YU?V�AS[ ��NO;!âMV�æ

qFXMR]=?; �rXM;c[jU�U\fÅU?VM;>=e;h;9é_â�;cZ?EOÞg;![rU\=cJSíY;&V]ADC<;&ÞgfjZ?;,Z\;cÜ9;c[rU?NOê
Z\XM[�A�ãàXMZeU\VM;!Zs;9é_âT;!Z?å
EQÞg;![rUÅf<[�U\VM;�� �h^MCrEG=?;c^FåaWYê���UIA<= ��fSãs@Bf<ÞgEO[Mm<fr=!J�X]=e;>^�U?f¼U?;>=tU�NQ;>ASZ\[MEO[MmËEO[ecäA<Z �jfKC
Ý�f<mjEOÜb,h;9UtíYf<Z��F=Åß9cäÝB,�á]� ��j/��æ �,VM;ÅU\Aj= �¼EO=&U?f�âMZ\;c^_EGÜ�U�=eU?X]^M;![rU\=���Aj^_CFEO=?f<ZI=sãàZ?fjÞ$ís;cR
â]ASmj;c=cæ]ïh=?EQ[]m�U?VM;�=?A<Þg;�ãàf<NG^M=&ãàfjZ?1Kå�ãàfjNO^�Ü!Z?fr=?=eå�CKA<NQEG^MAKU\EQfj[¼X�=e;>^�EQ[ ���Zj'��J.q �+3�ï í&E�U\V
;!EQU?VM;cZ � ��,5f<Z ,BA�. p C<;�W,ADêj;c=�AjÜIVMEQ;cC<;>=�VMEOm<VM;cZsASZ\;cAÅX][]^_;!ZsU?V];Bk7$èÜ!XMZ\C<;&U\V]AS[dcöÝB, %
=eâT;cÜ!E�ë�ÜcASNONQêjJ�q �+3�ï�å � ��,+AjÜIVMEQ;cC<;>=-k]æ �_� �]J&q �+3Åï&åV,hW7AjÜIVMEQ;cC<;>=-k]æ ��(	�]JYAS[]^ cäÝ ,
A<ÜIVMEO;!Cj;c=�kMæ m	(�1¼ß½UIA �j;![1ãàZ\f<Þ � ��j/�àá�æ �î;Å^Mf�[]fSU �F[MfKí í&VM;!U?VM;cZ,U?VM;�Ü9fjÞgâ]ASZ\EO=?f<[Ëí&E�U\V
cäÝB, EO=�=eEOm<[]E�ë�ÜcAS[rUcJ>RT;cÜ!A<X]=?;�ís;Y^_fh[]fSU«V�ADC<;�U\VM;�âT;!Z?å�ãàfjNO^([rX]Þ
RT;!ZI=�f<ã cäÝB,
æDq �+3Åï&å
� � ,(J_q �+3�ï�å ,BWBJ ��NO;!âMVMå � ��,ÌAS[]^ �hNQ;câMV_åV,hWÇASNON�A<ÜIV]EQ;cC<;,Z?fjXMm<V]NQê
U?VM;h=\ASÞg;hA<Z?;>A<=cJ
AS[]^ËU?VM;(^ME�ì.;!Z\;![]Ü!;c=�A<Þgf<[Mm�U?VM;cÞ A<Z?;Å[Mf<Uh=eEOm<[MEQë�ÜcAS[rUcæ

��NONjfjXMZ�Z\;c=?XMNQU\=�=?VMfKíð[Mf�=eEOm<[MEQë�ÜcAS[rU�RT;![M;!ëMU«ãàZ\f<Þ X]=?EQ[]m�q �+3Åï&å � � , fKCj;!Z«q �+3Åï&å
,hW�æ �Ê;ÅRT;!NOEQ;cC<;�U?V];!Z\;�A<Z?;BUtísf�Z\;cA<=?f<[�=�ãàfjZsU\V]AKU>æ!)�EQZI=tU>JFU?VM;(q �+3Åï ASNOm<fjZ?EQU?VMÞ EQU\=?;!NQã
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