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

$%'&'()&�*+&-,.,.&0/2143456%87:9<;=,>9�&@?A%',.B4()(DCFE81:G�%2H0C)I4;KJLB:,>9<%'()I4C)M'14%87:I�NO7-P>&'74C)&Q?�&'()CD7R%-/
SUTWV6X-Y<ZU[\Y<]^V6_`[baKcdV+e'fhgi[bV6] Y=gkjl_dmFa<Zb]onY<[bfhp6a=gkq�r�a=]^X-sd[\Y<p6f>nat_

u _-fhv2V.ZbgUfDcdYtc�wxatyhfz['nV6p6_-fhp{Y c'VW|�Y<yhV6_-p6f}Y�~�e8X0Y<f}_0�
�{�`�`�`�2�t���i�6�0�2�`�{�'�`�<�=�'�2�2�����2�`�����`�

�>jl�W�������LV6_da<v=Y�Y<_0c�TWfhX0Y<ZU[bfh]^V6_`[ba�cdf4j�_'mFa=Zb] Y�[bfhp{Y
u _-fhv2V.ZbgUfh[<�Y�cdfRw fhgbY@~¡j�[\Y=yzq-�
�0�`���'�t�`�=�t�'�t�2�����2�'�<¢`�£�U��¤

¥ TWfhX0Y�ZU[bfh]^V6_`[baKcdf4jl_dmFa<Zb] Y<[bfhp{Y�V¦e8p6fhV6_-§>VOcdV6yhy¡¨ j�_dm)a=Zb] Y<§6fhat_-V
u _-fhv2V>ZbgUfz[<�Y�c'fx�LV>_-a�vtY�~¡jl[\Y=yzq-�
© �d�2�t�t�=�'�=�t�8�2�2�����t�d�<¢`�£�i�<¤

ª «£¬66®�¯0°=t±�² a=Z\coe'V6_dgUV�TWfhgbY=]�³-fh´ts-Y<[bfhat_ofhg^at_-V�a=mL[bµdV�]^a=gi[^fh]^X¶a=ZU[\Y=_`[
a=X¶V6_oX'Zbat³dy}V>]^gKfh_·�LY<[bs'Z\Y=y¹¸�Y<_-´ts-Y=´=VQw�Zba`p>V6gUgUfh_-´dº�»¼µ-V�Y=³dgUV6_-p6V�a=mLgUV6_-gUV
[\Y<´t´tV6cO[UZ\Y<f}_dfh_-´¹c-Y�[\Ykfhg�YZbV6Y=y`XdZba=³-yhV6]½mFa<Z�[bµ-V ² a<Z\cOe'V6_dgUV�TWfhgbY=]�³dfh´ts0Y�[bfhat_
[\Y<gU¾4º0»¼µ-fhg¹X0Y=X¶V.Z¿V.ÀdXdyha=ZbV6g¿Y�mFsdy}yzq@Y=sd[ba=] Y<[bfhp+]^V>[bµda8c�Ákµ-fhp\µQX¶V>ZUmFa<Zb]^g[bµ-V
_dats-_½gUV6_dgUVÂc'fhgbY=]�³dfh´ts0Y�[bfhat_ÃÁkfz[bµ-ats'[ÄY=_`qÅ¾'fh_-cÆa=m¦[UZ\Y=fh_-fh_-´·XdZba`p>V6gUgQY=_-c
ZbV6yzq'fh_-´+a=_-yzq�a=_K[bµ-V¼[bµdV ² a=Z\c'�LV>[�a=_`[batyhat´<q`º`»¼µ-Vk¾8_-a{ÁkyhV{c'´tV>��³0Y<gUV{cK]^V>[bµda8c
ZbV6yhfhV6gWa=_Q[bµ-VOp6at_dp6V6X'[bgLa=m�gUV6] Y<_8[bfhp+ZbV6y}Y<[bV6cd_-V>gUg+Y=_-c@gUV6_-gUVOm)ZbV{Ç`sdV6_-p>q`º0»¼µ-V
_dats-_Äc'fhgbY=]�³dfh´ts0Y�[bfhat_QV>À'X¶V>Zbfh]^V6_`[bg¼Á¼V.ZbV�Y<sd[bat] Y�[bfhp{Y=yhyzqQV6v=Y=yhs0Y�[bV{c@Y<´2Y=fh_dgi[
[bµdV¦e'V6]�r�a<Z{È'[bµdV+gUV6_-gUV.��[\Y<´t´=V{c�v2V>ZbgUfha=_@a=m£[bµdV+É�Zba{Ák_�r�a=ZbXds-g6º-»¼µ-VWZbV6gUsdyh[bg
Y�ZbV�XdZba=]^fhgUf}_d´dÊ<YXdZbV>p6fhgUf}a=_�a<m0Ë8Ìtº Í2ËtÎÏY=_-cOYkZbV6p6Y=yhy`a=m-Y=XdXdZba{À'f}] Y�[bV6yzqOÐtÑ8ºhÌ�ÒtÎ
Ákfz[bµÃY�v2V>ZUqAgU] Y=yhykp6a=_8[bV.À'[^Ákfh_-cda{ÁÓgUf}§>VQa=mL[lÁ¼a�_datsd_-g6º�»¼µ-VQY�[U[bV6]^Xd[Ka=m
V>À'X-Y=_0c'fh_-´�[bµdV�p6a=_`[bV>À8[+Ákfh[bµ�[bµ-VK´=yhatgUg¦a=m¼[bµdV�_-a=s-_�[ba�³¶V^c'f}gbY<]�³df}´=s0Y�[bV{c
Á¼Y=g¿Y=yhgUa^fh_'vtV6gi[bfh´2Y<[bV6c�fh_�a=Z\c'V>Zk[baKfh_-p>ZbV6Y=gUV+ZbV6p{Y<y}y�Y=_-c�p6a�v2V>Z\Y<´tVO]^V{Y<gUsdZbV6g6º

Ô Õ-Ö¹×¶Ø4Ù+Ú�Û¦Ü�×4ÝbÙ¹Ö

ÞWß4;AP6%',.àá&'â ão&d5>Iåä¶;<7:,.;·G�C),>%8æ�ç4CDèdB:%`P>CD&d7êé�ãåä¶GKëÂ9�&d7:,\CF,\P>,ÄC)7ì;<í¶%'æ@CD74C)74è½îL&'56I
P.&'àd;<7:,�%87:IÆ,.ïR;t9�CDâ�ð-C)74è�;<í¶%d9{P>(Dðoî+ß4C)96ßÃ,.;<7:,.;Q&8âW;=%d96ßÆî¿&d5>IoC), çR;=CD74è·B:,\;tIòñ ó'ô�õ ÞWß:;
ão&d5>I4ö¦;�PKé�ãìö�ë¹&'7-P>&'()&'è'ðd18ç:%d,\;tI@&'7�,.ð07:,\;<P>,�éU÷<ø�ùl÷&8â÷{ú`û'&d70ð-æ@&dB:,>ë�1'CF,kP>ß4;¦;<í0P.;<5>7:%'(
(D;<í0CF9<%'(05.;t,\&dB45>9<;kî+ß4CF96ß�CF,�&8â¡P.;=7�B:,.;=I P.&�ïR;=5\â�&d5.æüP>ß4;Wãåä¶GÏP>%d,\àQñ ý`ôiõ`ÞWß4;L,.;<();=9�P.C)&'7�&8â
P.ß4;+ï45>&'ï�;<5,.;<7:,.;WC),¹%�7:&'7¶þ�P.5>CDH0CF%8(0B47:I4;<5.P>%8à0C)74èKè'C)H';=7 P.ß:;+ï4ß4;<7:&'æ@;<74&d7�&'â�ï�&'()ð¶,\;=æ�ðdõ
ÿU7ìâ�%'9�P=1Wç�;=9<%'B:,.;o&'â P.ß4;Åæ�B:(}P>CDï4();Æ5.;=()%8P.;tI æ@;=%87:CD74è-,<1+%á,\C)74è'();Åî¿&d5>Iì9=%87ìç�;<()&'7:è
P.&Aæ@&'5>;@P.ßR%87Ã&'7:;�,\ð07:,.;�P�&8â+ãìö õä0ð¶,bP>;<æQ,^î+ß4&o9<%85>5>ð·&'B4P P.ß4;ÄP>%',.àÅ&8âO,\;=æQ%87-P.CF9
P>%8èdè'C)74è:1£&dïR;=5>%8P.;QC)7Ã%�,bP6%87:I0þU%8()&'7:;�â�%d,\ß:CD&d7�1�æQ%8à0C)74è�æ@CD74C)æQ%8(¹%d,.,.B4æ@ï¶P>CD&d7:, %8ç�&'B4P
î+ß:%`POC)7¶â�&'5>æQ%`P>CD&d7ÂCF,O%2H`%8C)(F%8ç4();�â�5.&dæ &8P>ß4;<5¦ï45.&¶9<;=,>,\;t,<õ¶34&d5OC)7:,bP6%87:9<;'1¶â�5>&'æ $%85.P\þ � â¡þ
ä0ïR;=;=96ß é�$ � ä4ë�P>%'è'è';=5>,=1�P.ß4;=ð 5>;=9�;=CDHd;�C)7¶â�&d5.æQ%`P>CD&d7Ï%'çR&dB¶P@P.ß4;A,.ð07-P>%'9�P.CF9�9<%`P>;<èd&'5>ð
é�74&dB47�14Hd;<5>ç�14%'I��b;t9{P>CDHd;�&d5O%'I¶Hd;<5>çRë¹&8â%�9<;<5.P>%'CD7Âî¿&d5>Ioñ �2ô�õ
ÿU7�æ@&d,\P+&8â�P.ß4; %'ï4ï45>&d%'96ß:;=,¹P.&�P.ß4;^ï:5.&dç4(D;=æ &8â¼ãåä¶G�1:%�î¿&d5>I�C),+I¶CF,>%8æ�ç:CDèdB:%`P>;=I

%8()&'74è�î+CDP.ß %�ï�&'5.P.C)&'7Æ&8âLP.ß:;QP.;<í-P�CD7Ãî+ß4CF96ßÃCDP�C), ;<æ�ç�;=I:I¶;=I£1 P.ß:%8P�CF,<1�C}P6, 9�&d7dP>;�í0P=õ
ã ß4;<7·P.ß4;�CD7:C}P>C)%'(�C)74ï4B4PK,.&'B4569�;�&8âkC)7¶â�&'5>æQ%`P>CD&d7 é�C�õ ;dõD1�P>ß4;�îL&'56IA%'7:I�CDP>,K9�&d7dP>;�í0P6ëOC),
&'74()ð^ï45>&09<;=,>,\;tIKP.&dè';<P.ß4;=5�î+CDP.ß�P.ß4;W();�í¶C)9=%8(-à074&`î+(D;tI¶è';L,\&dB4569�;�é�;'õ è:õtão&d5>I:öO;�P{ë{18%Oâ�B4(D()ð



� wxº��¿a=gUgUadÈ0��º¶�@Y<gUs-yhyhf�È0T�ºdÉ�s-gUp{Y<y}cdfxY<_0c��Oº-��atyhfh_0Y
%8B¶P>&'æQ%`P>C)9�æ�;<P.ß4&¶I·î+ß4C)96ßoI¶&�74&'P�5>;��-B4C)5>;�%870ð�à0CD7:IA&8âkP>5>%'CD74C)74èÄï:5.&¶9�;t,.,�CF,¦74;=;=I¶;tI
P.&KïR;=5\â�&d5.æêP.ß4;+îL&'56I�,.;<7R,\;+I¶CF,.%'æ�ç4C)è'BR%`P.C)&'7Âñ��<ô�õ`ÿU7�P>ß4C),¼ïR%8ï�;<5îL;+ï45.;t,\;=7-P¼%�æ@;�P>ß4&¶I
â�&'5WP.ß:; %8B¶P>&'æQ%`P>C)9�74&dB47�,\;=7:,\;^I¶CF,>%8æ�ç:CDèdB:%`P>CD&d7ÄP>%d,\àxõ
ÿU7QP.ß4;K,.;=9�&d7:IÄ,.;=9�P.C)&'7Ä&'â£P.ß4CF,Lï:%8ï�;<5t1dîL;¦C)()(DB:,\P.56%`P>;OP>ß4;�7:&8P.C)&'7�&8â 9�&d7:9�;=ï¶P.BR%8(�5.;<þ

()%8P.;=I474;=,>,¼%8æ@&'74è�9�&d7:9�;=ï¶P>,Wé�C�õ ;'õ)1tãÅ&'56I4ö¦;�P,\ð07:,.;�P6,>ë�õtÿU7Qä0;t9{P.C)&'7�ÞWß45>;<;Lî¿;¿CD7-P.5>&¶I¶B:9<;
P.ß4;@74;=î 9�&d7:9�;=ï¶P.BR%8(I¶;<7R,\CDPbð�â�&'5>æ�B4(F%�&'B45^%8B4P.&'æQ%8P.CF9�æ@;�P>ß4&¶I·CF,�ç:%',.;=I·&'7�õ£ÿU7oP.ß:;
9�&'7R9�;<ï4P.B:%'(LI¶;=7:,.C}PbðÅâ�&'5>æ�B:()%�P>ß4;�â�5.;	�dB:;<7:9<ðÅ&'â+P.ß4;�I¶C�
�;=5.;=7-P�æ@;=%'74CD7:èd,�&8â¦%AîL&'56I
é�C)7¶â�&'5>æQ%`P.C)&'7ò%2H`%8C)()%'ç4();�C)7ÏP.ß4;�ãìö &d7dP>&'()&'èdð¶ë�CF,Q%8(F,\&oP>%'à';<7ÏC)7dP>&Ã%'9�&dB47-P=õÿU7ÏP.ß:;
â�&'B45.P.ßÅ,\;t9{P.C)&'7oI¶C�
x;<5>;<7-P^9�&d5.5>;=9�P.C)&'7�æ@&¶I¶;<(F,K%85>;�%8ï:ï4(DC);=IAP.&�&'B45K%8ï4ï:5.&-%'96ß�C)7·&'56I¶;=5
P.&�CDæ@ï45>&`H';�5>;=9<%'(D(%'7:Io9<&`H';=5>%'è';'õ�ÞWß4;Q5>;=,.B4(}P6,�&8â¹P>ß4;Ä%8B4P.&'æQ%8P.CF9�;=H`%8()B:%`P>CD&d7·î+ß4CF96ß
îL%d,9<%85>5>CD;tI�&dB¶Pk&'7�P.ß:;�ä0;<æ�¿&d5k9�&'5>ï4B:,¹%85>;Lï:5.;t,\;=7dP>;=I�C)7Qä¶;=9{P>CD&d7Q3�C)H';dõ'3�CD7R%8()(Dðd18P.ß:;
()%d,bPW,\;t9{P.C)&'7Ä9<&'7:9<(DBRI¶;=,kP.ß4;�î¿&d5.à�ç0ð@I4C),>9�B:,>,.CD74è P.ß4;�5.;t,\B4(DP>,L%87RI@ï45.;t,\;=7-P.C)74è ï�&d,>,\C)ç4();
;�í0P.;=7:,\C)&'7R,<õ

� �oÙ¿Ö¦Ü����¦×¶Û�������� Ö��0ÝU×��
NLP�P>ß4;�çR%',.C),�&8â¹&dB45�î¿&d5.à�,\P>%87RI4,OP>ß4;�C)I¶;t%�&'â��! `û#"6ø%$�ù'&)(+*-,�ø�û:÷/.¡ùlú102�3,54`õ3�LG CF,�%
æ�;t%',.B45>;O&8âxP.ß:;�9�&d5.5>;<(F%`P>CD&d7�%'æ@&'74è^P>ß4;�,.;<7R,\;O&'â�% è'C)H';=7@î¿&d5>IQ%'7:I@C}P6,¿9<&'7-P.;<í0P=õdÞWß:;
â�&'B47:I:%`P.C)&'7�&'â¼P.ß4CF,Oæ@;=%d,\B:5.;^CF,+P>ß4;6�! `û�">ø%$�ù'&)(+*3,7.F÷6ù%(`û�"6ø�1�I¶;98:7:;=I�%',OP.ß4;�(D;=74è8P>ß�&8â
P.ß4;�,.ß4&d5\P>;=,\P ï:%`P>ßÃî+ß4C)96ß½9<&'747:;=9{P6,KPbîL&A9�&'7R9�;<ï4P>,^C)7½%�ß4C);<56%85696ß4CF9<%8(,.;<æQ%87-P>C)9Q7:;�P=õ
ÞWß4;L,.;<æQ%'7dP>C)9¹74;�P¼B:,.;=I â�&'5�&'B45�ï4B45>ïR&-,\;t, CF,�ão&d5>I4ö¦;�P:�'õ ;4õ2ÞWß4;¹ãìöÏ&d7dP>&'()&'èdð�CF, ïR%85.þ
P.CDP.C)&'74;tI�CD7-P>&@P.ß45>;<;�I:%`P>%'ç:%',.;=,=14;t%'96ß�&'74;�%',>,\&¶9�CF%`P>;=I�P.&ÄI4C�
x;<5>;<7-P�();�í¶CF9<%'( 9<%8P.;<èd&'5>CD;t,
é�74&dB47�1¼H';=5.ç�1�%'I��b;t9{P>CDHd;=<�%'I4H';<5>çRë�õ N ,.ð07:,.;�P�9<&'7:,\P.CDP.B4P.;=,�P.ß:;Â,.;<7:,.;�5>;<(F%`P>;=IÅP>&·&'7:;
&'5�æ�&d5.;�î¿&d5>I4,�C)7Aão&d5>I:öO;�PQé�C�õ ;'õ)1x%�ïR&d(Dð¶,.;<æ@CF9 ();�í¶;<æ@;�çR;=(D&d74èd,¦P.&�æ�&d5.;�P.ß:%'7A&'7:;
,\ð07:,.;�P{ë{1x%87:I�ï45>&`H0C)I4;=,Oï�&'C)7-P.;=5>,OP.&Ä&'P.ß4;=5�,.ð-7R,\;<P>,O()C)74à';tI�ç0ðÂ%�(D;<í0CF9<%'( 5>;<(F%`P>CD&d7Æé�ß0ðdþ
ïR;=5.70ð0æ�ðd1�ß0ð-ï�&'70ð0æ�ðd1�æ@;<5>&'70ð0æ�ðd1�;�P698õzë{õ ÿU7Ã&dB45�,\P.B:I4ðoîL;Ä9�&d7:,\CFI¶;=5.;tIo&d74()ðáû� +&¶û4÷
%87:IòP>ß4;·5>;<(F%`P>CD&d7:,Q&'â ß-ð0ï�;<5>70ð-æ�ðá%'7:I ß0ð0ïR&d7-ð0æ�ðÏ%'æ�&d74èÆP.ß:;<æ�õ+N�÷{ú`û4÷<ø<ù5$)(`ù?>01
â�&'5 %�è'C)H';=7o,.ð07:,\;<P=1�CF,KP>ß4;Qï:%`P>ßÃ9�&'7:74;=9�P.C)74èÂP.ß4CF, ,.ð-7R,\;<P�P>&�P.ß4;Q5>&0&8P^C)7ÅãÅ&'56I4ö¦;�P=1
î+ß4;<5>;A;=%d96ßò74&¶I¶;ACF,�%½,.ð07:,\;<P=1L%87:Iò;t%'96ß ;=I4è';A9�&d7474;t9{P>,ÄPbî¿& 74&¶I¶;=,�CD7ì%Ãß0ð0ï�;<5.þ
7-ð0æ�ðA@`ß0ð-ï�&'70ð0æ�ð@5>;<(F%`P>CD&d7Åé�C}â¼5.;t%'I�5.;t,\ï�;=9�P.C)H';=(DðÄç�&8P.P.&dæ�þiB4ï�&'5LP>&'ï¶þUI¶&`î+7Rë�õ
ÞWß4;�,\P>%'5\P>CD74è�ïR&dCD7-P¦â�&d5¦&dB45¦îL&'5>à�îW%',OP.ß4;B�¿&'7:9<;<ï¶P>B:%8(�G¦;=7:,.C}PbðÂâ�&'5>æ�B:()%Q&'â¦ñ��<ô�1

î+ß4C)96ß�9<&'æ@ï:%85>;=,W%'5.;t%',L&8â¼,\B4ç:ß4CD;=5>%'5>96ß:CD;t,DC

��,�éFE+GIH�ëKJMLONQP /RTS3U ûV>0úW$ R
LYX�P /RTS3U ûV>0úW$ R

éZ�2ë
î+ß4;<5>;[E�CF,�P.ß4;A,.ð07:,\;<PÄ%`P@P.ß4;ÂP>&'ïÏ&8â^,\B4ç:ß4CD;=5>%'5>96ß0ðd1\H P>ß4;�7-B:æ�ç�;<5Q&8â�î¿&d5>I:,

,\;=7:,\;t,Lâ�%8()(DC)74è@î+CDP.ß4C)7�%�,.B4ç4ß:CD;=5>%'5>96ß0ð'1A]�P>ß4;^ß4;<C)è'ß-P+&8â�P.ß4; ,.B4ç4ß:CD;=5>%'5>96ß0ð'1¶%'7:I^-])_=`
P.ß4;Ä%2Hd;<56%8è';tI�70B4æ�ç�;<5�&8â¿ß0ð0ï�&'70ð0æ@,�â�&d5^;=%d96ßo74&¶I¶;Aél,\ð07:,.;�P{ë�CD7ÅP>ß4;Ä,\B:ç4ß4C);<56%85696ß-ðdõ
ÞWß4;·70B4æ@;<56%`P>&'5Ä;<í¶ï45.;t,.,.;=,ÄP.ß4;o;�í¶ï�;=9{P>;=Iì%'5.;t%Åâ�&'5�%½,.B4ç4ß4C);<56%85696ß0ðá9�&d7-P>%8C)74C)74è½æ
æ@%'5.à¶,Ké�îL&'56IÂ,\;=7:,\;t,>ë�1¶î+ß4C)(D;KP>ß4; I¶C)H-CF,.&'5+CF,LP.ß4; %d9{P.BR%8(�%85>;=%:õ
ÞWß4;Ä,\ð07:,.;�P6,K&8âLP.ß4;�,\;=7:,\;t,K&8âLP.ß4;�î¿&d5>I·P.&�ç�;ÄI¶CF,.%'æ�ç4C)è'B:%8P.;tIAâ�%'(D(¿CD7ÃI¶C�
�;=5.;=7-P

ï4()%d9�;t,+CD7ÂP>ß4; ß4C);<56%85696ß0ð'1¶%87:IÂC)7�æ@&d,\P¦9<%',.;=,LP>ß4CF,Oæ@;=%'7:,LP.ß:%8POP.ß:; ß4C);<56%85696ß-ðÄ9=%87�ç�;
ï:%85.P.CDP.C)&'74;tI C)7�,.B4ç4ß4C);<56%85696ß4C);=,=1=;t%'96ß�9<&'7-P>%'CD7:CD74è�;�í4%'9�P.()ð^&'74;L,\;=7:,.;¿&'â4P.ß4;WîL&'56IKP.&�ç�;
I¶C),>%8æ�ç4C)è'B:%8P.;=Iáé¡P>ß4;<5>;�â�&d5.;d1x%�îL&'56I�ß:%2H0CD7:èÂ,.C}í·,.;<7R,\;t,�C)7Åão&d5>I4ö¦;�PKî+CD()(kI¶;<P.;<5>æ@CD7:;
,\CDíáï:%'5\P>C}P>CD&d7:,6ë{õkãÅ;A5>;�â�;<5@P>&ÆP.ß4;·ï:%85.P.CDP.C)&'7:,@&'âKP.ß4;�5>;<();<H`%87-P�,.ð07:,\;<P>,Ä%d,6"9*�&0÷6ùUøDa6÷61



�¿s'[bat] Y�[bf}pL�Latsd_Qe8V6_-gUVWTLf}gbY<]�³df}´=s0Y�[bf}a=_ �

P.ß4&dB4è'ßÂP.ß:;<ð�%85>;^74&8P�9<(DBR,bP>;<56,+CD7�P>ß4;�,\P.5>C)9�P¦,\;=7:,.;^&8â¼P.ß4; P.;<5>æ�õ:ã ß4;=7�Pbî¿&Q&d5Oæ@&'5>;
,\;=7:,\;t,¹&'â�P.ß:;�îL&'56IQ%85>;¦&d74;¦ß0ð0ïR&d70ð-æ &'â�;=%d96ßÄ&8P>ß4;<5¿P.ß4;Kï:%'5\P>C}P>CD&d7�9<%'7474&'P¿ç�;�I¶&d74;'õ
ÞWß4;<5>;�â�&d5.;d1:C)7·,\BR96ß·9�&d7:I¶CDP.C)&'7:,¦P.ß4;�îL&'56I�,\;=7:,\;�I¶C),>%8æ�ç4C)è'B:%8P.C)&'7A9<%'7474&'P�ç�;�9<%'5.5>C);=I
&'B¶Ptõ8NO7�;�í4%8æ@ï4();¿&'â�,.B4ç4ß4C);<56%85696ß0ð�C)7:I¶BR9�;=I�ç0ð^P.ß:;W,.ð07:,.;�P>,�ï:%8P.ß:,�CF,,\ß:&`î+7�C)7�3�C)è'B45>;
�'õ

Synset
Synset of context word

Synset of word to be disambiguatedTop of subhierarchy

����� ±��-± »¼µ-V+gUs-³dµ-fhV>Z\Y�Zbp.µ`q�fh_0cdsdp6V{c�³8q [bµdVWgiq'_-gUV>[bgkX0Y�[bµ-g

ÞWß4; ,\&d(DCFI�ï:%8P.ß:,O%'5.;KP>ß4&d,.; I¶;<P.;<5>æ@CD7:;=I�ç0ðÄP>ß4; îL&'56I�P>&QçR;�I¶C),>%8æ�ç4C)è'B:%8P.;=I�%'7:I
C}P6,�9<&'7-P.;<í0P=õ£ÞWß4;�;<7:I¶C)74è�74&¶I¶;=,�&8â¹P.ß4;t,\;�ï:%`P>ß:,K%85>;^P.ß:;[a>ø9*Dø	�+(`û:ùO÷6ú`û:÷<ø�ùl÷{1:P>ß4;@&'74;t,
74;<;tI¶;=I�P.&�;<H`%8()B:%8P.;�P.ß4;^I¶;=7:,\CDPbðQ&8â�P.ß4;�ï:%'5\P>C}P>CD&d7�õ¶ÞWß4;^I4%',.ß4;=I�ï:%`P>ß:,L5.;<â�;<5LP.&�P.ß:&d,.;
,\ð07:,.;�P6,k9�&d7dP6%8C)74;=I�C)7�P>ß4;+â�B4()(4ãÅ&'56I4öO;<P¹ß4C);<56%85696ß0ð^ç4B¶PP.ßR%`P¿%'5.;W74&'Pk5.;=(D;=H2%'7-P�â�&d5P.ß:;
�LG â�&'5>æ�B4(F%4õ£ÞWß4;Q,\P.56%`P>;<è'ð�&'âLNOèdCD5>5>;�%'7:Io*OCDè-%8Bòñ��<ô¼îW%',�P>&�9<&'7:,.CFI¶;<5�P.ß:;Ä,\ð07:,.;�P6,
çR;=(D&d74è'C)74è�P>&�P.ß4;ÂI4%',.ß4;tIÆï:%`P>ß:, P>&0&:1�%'7:IÅP.ß:;�%2H';=5>%'è';tI·70B4æ�çR;=5�&8â+ß0ð0ïR&d70ð-æQ,�&8â
;=%'96ß�74&¶I¶;�C)7ÄP>ß4;^,\B:ç4ß4C);<56%85696ß-ðdõdNLP 8:56,bPt1-îL;�%'(),.&�9<&'7:,.CFI¶;<5>;=I@P>ß4;K%2H';<56%8èd;=I�70B4æ�ç�;<5
&8â�ß0ð0ïR&d7-ð0æQ,=1'P>ß:%`P+9<%'7ÄçR;�H0CD;=î¿;tIÄ%',L% æ@;t%',.B45.;¦&8â�P>ß4;�,.ï:%856,.C}Pbð�&8â�%�,\B:ç4ß4C);<56%85696ß-ðdõ
NO70ð0îL%2ðd1RI¶B4;�P.&�P.ß4;�â�%'9�P�P>ß:%`P�P.ß:;�%2H';=5>%'è';tI�70B4æ�çR;=5�&'â¹ß0ð0ïR&d7-ð0æQ,+â�&d5�;t%'96ßA7:&0I4;
CD7ÆP>ß4;�æ@&'5>;�8:74;<þ�èd5>%'74;=IÅHd;<56,\C)&'7 �'õ ;�&8â+ãÅ&'56I4öO;<P�C),�è'5>;=%8P.;<5 P.ß:%'7ÃCD7ÆP>ß4;�Hd;<56,\C)&'7
�'õ óòé�î+ß4CF96ß îL%d,@B:,\;tIÏCD7òP>ß4;A&'5>C)è'C)7:%8(WîL&'5>à½ï45>;=,.;<7-P.;tIáC)7 ñ��<ô¡ë�1¹îL;AI¶CO74&'PÄ&'ç¶P6%8C)7
P.ß4;�,>%8æ@;�5.;t,\B4(DP>,=õÞWß4;<5>;�â�&d5.;d1¼î¿;�I¶;=9<C)I4;=Iá74&8P@P.&Ã9<&'7:,.C)I4;<5�P.ß4;�â�B4()(O,.B4ç4ß4C);<56%85696ß0ð
I¶;�P>;<5>æ�C)74;tI�ç-ð�P.ß4;�,\ð07:,.;�PQEK%8POP.ß4; P.&'ï�&'â¼,.B4ç4ß:CD;=5>%'5>96ß0ð'1¶ç:B¶P¦&'7:(Dð�P.ß4;�ï:%85.PO&8â¼P.ß:;
,\B4ç:ß4CD;=5>%'5>96ß0ðÂI¶;�P>;<5>æ�C)74;tI�ç0ð�P>ß4;�,.ð07:,\;<P¦ï:%8P.ß:,�&8âP>ß4;�,.;<7:,.;=,¦&8âç�&8P.ßAP.ß4;�î¿&d5>I�P>&
çR;ÂI¶C),>%8æ�ç4C)è'B:%8P.;=IÆ%'7:IÆC}P6,�9<&'7-P.;<í0P=õ�ÞWß:;Qâ�&'5>æ�B4(F%�CF,�ç:%d,\;tIÅ&'7ÆP.ß:;�70B4æ�ç�;<5�
�&8â
5.;=(D;=H2%'7-P�,\ð07:,.;�P6,�é�9<&'5>5.;t,\ï�&'7RI¶CD7:è�P.&�P>ß4;�B(+a��`÷ H CD7½3:&'5>æ�B4(F% �të I¶CDH0CFI¶;=I½ç-ðoP.ß:;
P.&8P6%8(£70B4æ�çR;=55^-]Â&8â,\ð07:,.;�P6,W&8â�P.ß4; ,.B4ç4ß4C);<56%85696ß0ð'õ

����������� é�
 GI^-]�ë�J�
��+^-] é��dë

 �oÙ"!$#�Ý.Ö¦Ý\Ö&% �oÙ¿Ö¦Ü����¦×¶Û�������� Ö��0ÝU×��M�Ö¦Ú('+ØA�*)LÛ�� Ö¦Ü#�

3�C)è'B:5.;+�Ä,\ß4&`îO,OP.ß4;�,\B:ç4ß4C);<56%85696ß4CD;t,+&'ç4P>%8C)74;tIÂâ�&'5OP>ß4;�I4C),>%8æ�ç4CDèdB:%`P>CD&d7�&8âP.ß:;�74&dB47
, C)5.5>;<èdB4()%'5.CDPbð�-kî+CDP.ß 9<&'7-P.;<í-P�7:&'B47:, , C)7-Hd;=,\P.C)èd%8P.C)&'7.-:1 , NLP.(F%87-P>%/-41 , ï45.C)æQ%85>ð-þ�;=(D;t9{P.C)&'70-41



Í wxº��¿a=gUgUadÈ0��º¶�@Y<gUs-yhyhf�È0T�ºdÉ�s-gUp{Y<y}cdfxY<_0c��Oº-��atyhfh_0Y
, ;<H0CFI¶;<7R9�;�-0/tõ`ÞWß4;¿,.B4ç4ß:CD;=5>%'5>96ß4C);=, 5.&0&'P>, 9<&'5>5.;t,\ï�&'7RI�P.&�P.ß4;¿â�&'()(D&`î+C)74è¦,.ð07:,.;�P>,Lé�î+ß:;<5>;
& 
£,\;<PLCF,W%�70B4æ�çR;=5¿CFI¶;<7-P>C}â�ð0C)74è@B474C �dB:;<()ðÄ%�,.ð-7R,\;<P6ë/C , %'9{P -�é�& 
£,\;<P � �2ó � �8ë�1 , �dBR%8()C}Pbð�-
é�ý �V�<ó ���8ó0ë{1 , ï45>&'ï�;<5.Pbð�-�élý � ó � �����dë¹%87:I , ï:,\ð¶96ß4&d(D&dè'CF9<%'(}þ�â�;=%8P.B45>;�-QéI� � � ;��dë{õ

top of subhierarchy
Top

17487

698797

113067

118873

119389

261466

377835

416938

472071

474548

475542

13018

1891620056

18604

38487003714294

3745305 3951638

3953966

3954192

12865

13243

4404854

4450489

4450733

4467427

4467719

4470360

4480483

4485976

10266258

10310911

Cluster 1

Cluster 2

Cluster 3

Cluster 4

����� ±	�4± e8s-³dµ-fhV>Z\Y<Zbp\µ-fhV6g¼m)a=Z¹[bµ-V+c'fhgbY=]�³dfh´ts0Y�[bfhat_@a<mx[bµ-V+_dats-_�
�fzZUZbV6´=s-y}Y<Zbfz[�q��

ÞWß4;�9<&'5>5.;t9{PK,\;=7:,\;�C),�P>ß4;�&'74;�çR;=(D&d74è'C)74è�P.&�P.ß4; 8:56,bP^,.B4ç4ß4C);<56%'96ß0ð'õ��;<P^B:,K9�&'74þ
,\CFI¶;<5¹P.ß4;�,\B4ç:ß4CD;=5>%'5>96ß:CD;t,ß:%2H0CD7:è 9�&'7-P>;�í0Pk74&'B:7:,¹,.;<7:,.;=,¹CD7R,\CFI¶;'1'P.ß:%8P¿CF,<1'P.ß4;58:5>,\P¿%'7:I
P.ß4;�â�&'B:5\P>ß�õ£ÞWß4;<C)5^9�&'7R9�;<ï4P.B:%'(�I¶;=7:,.C}P>CD;t,<1£;=H2%'(DBR%`P.;tIAî+CDP.ßo&'B457�LG â�&'5>æ�B4(F%41£%'5.;�5.;<þ
,\ï�;=9�P.C)H';<()ð��4õ � ��%87RI��4õ ���¶õ:ÿiâ¼îL; ()&0&'à�%`POP>ß4;�,.;=9�&d7:I�%87RIÂP.ß4;�P.ß4C)5>I�9<(DBR,bP>;<56,OîL; ,\;=;
P.ß:%8P^P.ß4;=ð·ß:%2Hd;@%�I¶;=7:,.C}PbðA&'âL5>;=,.ï�;=9{P>CDHd;<()ð��4õ����Â%87RI��:õ ���¶õ£ÞWß4;=5.;<â�&'5>;'1xP.ß:;Ä,\;=(D;t9{P.;tI
9�()B:,bP>;<5K,\ß:&'B4(FI�çR;Âé�;=5.5>&'74;=&'B:,.()ð¶ëWP.ß4;�,\;t9�&'7RI�&'74;dõ�ÞWß4CF,�æ�;t%87:,OP.ß:%8P¦P>ß4;�9<&'7-P.;<í0P¦C),
74&8PQ;<7:&'B4èdßá5>C)96ßáP.&Ã%'(D()&`î %Æ9�&d5.5>;=9�P@I¶CF,>%8æ�ç:CDèdB:%`P>CD&d7 &8â�P.ß:;Â7:&'B47�õ¹ão;�&dç:,\;=5.Hd;=I
P.ß:%8P¹9�&'7R,\CFI¶;<5>C)74è�P.ß4;¦%2Hd;<56%8èd;=I^70B4æ�çR;=5k&8âxß0ð-ï�&'70ð0æQ,�â�&'5;t%'96ß@74&¶I¶;'18P.ß4;+5>;=,.B4(DPkîL%d,
;<H';=7�îL&'56,\;d1d,.CD7R9�;�P.ß4;Q8:56,bP+,.B4ç4ß4C);<56%85696ß0ð�ß:%d,Læ�&d5.;¦P.ß:%'7 ������ß-ð0ï�&'70ð0æQ,<1-î+ß4C)(D;�P.ß:;
â�&'B45.P.ß�&d74;^ß:%',¦&'74()ð��:õ:ÞWß4;=5.;<â�&'5>;'1¶P>ß4;�,.;<();=9{P>;=I�,.B4ç4ß4C);<56%85696ß0ðÄîW%',LP.ß:; â�&'B:5\P>ßÂ&d74;'1
î+ß4C)96ßá9�&'5>5>;=,.ïR&d7:I4,KP>&�P.ß4;Â();=%',\P â�5>;��-B4;=7dP@,\;=7:,.;Ä&8â+P>ß4;�îL&'56I£õ�ÞWß:C),�ï4B:,.ß4;=IÃBR, P>&
CDæ@ï45>&`H';WP>ß4; �LGåâ�&'5>æ�B4(F%^ç0ð�CD7:9<(DBRI¶CD7:è�%8(F,.&KP.ß4;�CD7¶â�&d5.æQ%8P.C)&'7Ä%8ç�&'B4P¹â�5>;��-B4;<7R9�ð�P.ß:%8P
9�&'æ@;t,Lâ�5.&dæ ão&d5>I:öO;�P	C

��,�é�
 G<ûV>3G��£ë!J�
�� é ����� ����� ë�� ��� � é�ý-ë
î+ß4;<5>;�
 C),+P.ß4;K70B4æ�ç�;<5+&'â�5>;<();<H`%'7dP+,.ð-7R,\;<P>,=1"!ÃC),+%@9<&'7:,\P>%'7dP é�P.ß4;^ç�;=,\PO5.;t,\B:(}P6,

î¿;=5.;k&dç¶P>%'CD7:;=I^C)7 P>ß4&d,.;k;�í¶ï�;<5>CDæ@;=7dP6, î+CDP.ß#!�7:;=%85$�4õT�%�-ë{1t%87:I&��CF,�%87 C)7-P.;<èd;<5Lé�56%874èd;=I
��þ ���'ë¦5>;<ï45>;=,.;<7-P.C)74è�P.ß4;�â�5>;��-B4;<7R9�ðA&'â¹P.ß:;@,.B4ç4ß:CD;=5>%'5>96ß0ð-þ�5>;<(F%`P>;=I�,.;<7:,.;@CD7ÅãÅ&'56I4öO;<P
éZ�Kæ@;=%87R,¹P>ß4;^æ@&d,\P¿â�5>;��-B4;=7-P=1.��P.ß4;^,.;=9<&'7:I�æ�&-,bPWâ�5>;��-B4;=7dPt1¶;�P698õzë{õ4ÞWß4CF,Wæ@;=%87R,LP.ß:%8P
P.ß4;[8:56,bPQ,.;<7:,.;�&'âOP.ß4;�îL&'56Iìé�C�õ ;'õ)1¼P.ß4;Âæ@&d,\P�â�5>;��-B4;=7dP{ë�è';�P6,�%8P�();=%d,bPQ%ÅI¶;<7:,.CDPbðÃ&8â
��%87RIÃ&'74;�&8â+P>ß4;�();=,>,�â�5.;	�dB:;<7-P�,.;<7:,.;=,�î+CD()(WçR;Â96ß4&d,.;<7 &'74()ðÆC}â¦CDP�î+C)()(L;<í49�;<;tIÆP.ß:;
I¶;<7:,.CDPbðo&'âLP>ß4; 8R5>,\P�,.;<7:,.;'õ ÞWß:; 
 � â�%d9{P.&d5 îW%',^C)7-P.5>&0I4B:9�;tIÅP.&AèdCDHd;Qæ�&d5.;QîL;<C)è8P>ß
P.&�P.ß4; ,.B4ç4ß:CD;=5>%'5>96ß4C);=,Lî+CDP.ß�%�è'5>;=%8P.;<5W70B4æ�çR;=5+&8â¼5.;=(D;=H2%'7-P+,.ð07:,.;�P>,=1¶î+ß4;=7�P>ß4; ,>%8æ@;
SkgUV6_`[bV6_-p>V^a=m¼[bµdV e'V6]�r�a<Z('0yhV^³dZU�lY=Ñ'ÌtÊ)
i�ds-yz[bat_'�ir�a=s-_`[�q8���¿Z\Y=_-c'�+*is'ZUqÄgbY=f}c��dZbf}cdY{q�Y<_Âfh_d�
v2V6gi[bfh´2Y�[bfhat_�a=m��[by}Y<_8[\Y8¨ gOZbV>p6V6_`[OXdZbfh] Y<ZUq8��V6yhV6p>[bfha=_�XdZba8c's-p6V{c�_-a�V6v8fDc'V6_-p>VK[bµ0Y<[¦Y<_`q�fzZU�
ZbV6´tsdy}Y<Zbfz[bfhV6g¿[ba`a=¾8��XdyDY<p6V��



�¿s'[bat] Y�[bf}pL�Latsd_Qe8V6_-gUVWTLf}gbY<]�³df}´=s0Y�[bf}a=_ �

I¶;<7:,.CDPbðÏCF,Ä&dç¶P>%'CD7:;=Iì%'æ�&d74èÃæQ%870ðò,\B4ç:ß4CD;=5>%'5>96ß:CD;t,<õkã CDP.ßåP.ß4;t,\;·5.;D8:74;<æ@;=7dP6,<1¿P.ß:;
74&'B47 , C)5.5>;<èdB4()%'5.CDPbð�-�&'â¼P.ß4;�;�í4%8æ@ï4(); CF,�I¶CF,>%8æ�ç:CDèdB:%`P>;=I�9�&d5.5>;=9�P.()ð'õ4ÿU7Aâ�%'9{Pt14P>ß4;�8:56,\P
,\B4ç:ß4CD;=5>%'5>96ß0ð�è';<P>,L%�9<&'7:9<;<ï¶P>B:%8(xI¶;<7R,\CDPbðQ&8âK�dõ����^î+ß4;=5.;t%',¹P.ß4;�â�&'B45.P.ß�&'74;�è';<P>, �4õT�%�:õ

� �oÙ"!$#�Ý.Ö¦Ý\Ö&% �oÙ¿Ö¦Ü����¦×¶Û�������� Ö��0ÝU×���� '+Ø)� )WÛ5� Ö�Ü#� �Ö¦Ú����bÙK� �
ÿU7QP.ß4CF,W,\;<P.C)&'7ÄîL;¦C)()(DB:,\P.56%`P>;+P.ß:;�I¶C�
x;<5>;<7-PL9<&'5>5.;t9{P.C)&'7Qæ@&¶I¶;=(),¿î+ß4CF96ßÄî¿;=5.;�%8ï4ï4()C);=I@P>&
&'B45K%8B¶P>&'æQ%`P>C)9�%8ï4ï:5.&-%'96ß�C)7·&'56I¶;=5OP.&�5.;D8:74;�P.ß4;�74&dB47·,.;<7:,.;�I4C),>%8æ�ç4CDèdB:%`P>CD&d7�õRÞWß:;
5.;t,\B4(DP>,W&'â�P>ß4;^;<H`%'(DB:%8P.C)&'7Â&8â�P.ß4;t,\;KP>;=96ß474C �-B4;=,+%'5.;Kï45>;=,.;<7-P>;=I�CD7ÂP.ß:;^74;�í0PO,\;t9{P>CD&d7�õ

���
	 ����������������������! "�#����$%$%�����&���'�)(*��+,��-�.�/0���!$213�4�5��67���8$%$9���:�&�
���
ÿU7^P.ß4;W,.;=9�&d7:I^,.;=9{P>CD&d7 îL;¿I¶;t,.9<5.C)çR;tI�P.ß:%8P=1`I¶B45>C)74èOP>ß4;¿I¶CF,>%8æ�ç:CDèdB:%`P>CD&d7^&8â:%O7:&'B47�1=P.ß:;
ß4CD;=5>%'5>96ß0ð�C),Lï:%'5\P>C}P>CD&d74;=IÄCD7Â,\B4ç:ß4CD;=5>%d96ß4C);=,L%87:IÄP.ß:%8PL&dB45¿æ@;<P.ß4&¶IÂI¶&0;=,¿74&8P+9�&d7:,\CFI¶;=5
;=%'96ß�â�B:(D(¼,\B:ç4ß4C);<56%85696ß-ð�ç4B¶P�&d74()ð�P>ß4;�ï:%'5\P�I¶;�P>;<5>æ�C)74;tI�ç0ð�P>ß4;�,.ð07:,\;<P¦ï:%8P.ß:,¦&8âP.ß:;
,\;=7:,\;t,k&'â�çR&'P.ßQP>ß4;¦74&dB47@P.&�çR;�I¶CF,.%'æ�ç4C)è'B:%8P.;tIQ%87:I@CDP>,L9�&d7dP>;�í0P�é�5.;=(D;=H2%'7-P>,¹,.ð07:,.;�P>,6ë{õ
ÿU7Ã&'B45 8R5>,\P�%`P.P.;<æ@ï¶P�P.&�C)æ@ï45.&`Hd;@P.ß4;�ïR;=5\â�&d5.æQ%87R9�;@&8â+&'B:5�%8B¶P>&'æQ%`P>C)9@æ@;<P.ß4&¶IÆîL;
CD7:9<(DBRI¶;=I@,.&'æ@;+%'I��bB:,\P.æ@;=7dPâ�%d9{P>&'56,¼ç:%',.;=I�&'7@9�&d7dP>;�í0Pß0ð-ï�&'70ð0æQ,<1`C)7@&'56I¶;<5�P>&K%d,.,.C)è'7
%87Åß4CDèdß4;<5^9<&'7:9<;<ï¶P>B:%8(kI¶;=7:,.C}Pbð�P>&ÂP.ß4;Q5>;<(F%`P>;=I·9<(DBR,bP>;<5^C)7oî+ß4CF96ßÆ%Â9<&'7-P.;<í0PK7:&'B47ÅC),
%87Qß0ð0ïR&d7-ð0æ &8â % ,.;<7R,\;O&'â£P.ß4;�74&'B:7@P.&�ç�;�I4C),>%8æ�ç4CDèdB:%`P>;=I�é¡P>ß4;¦ß0ð0ï�&'70ð0æ�ð�5.;=()%8P.C)&'7
5.;0;:;=9�P>,�%O9�;=5\P6%8C)7�9�&d5.5>;<(F%`P>CD&d7�ç�;�PbîL;<;=7^P.ß:;¹PbîL&O();�í¶;<æ@;=,6ë{õtãÅ;¿5>;�â�;=5�P.&�P.ß:C), P.;t96ß474C �dB:;
%',¼P>&KP.ß4;=<�$4ø2"D. > "��! `ûRùiø@?dù �! a/a.ø2"�ù'.  `û 0A<\�:�#4`õdÞWß4;OCFI¶;t%KC),¼P>&�,.;<();=9{P¹%d,¼P.ß:;Oî+CD7:74CD7:è
9�()B:,bP>;<5¦P.ß4;�&'74; î+ß:;<5>; &'74;�&'5¦æ@&d5.; ,.;<7:,.;=,¦&8â¼P.ß:;�9�&d7-P.;�í0P¦7:&'B47:,Oâ�%8()(�ç�;<7:;=%`P>ß�P.ß:;
,\ð07:,.;�P+&8â�P.ß:;^74&'B47�P.&Qç�; I¶CF,.%'æ�ç4C)è'BR%`P.;tI£õ
NO7 CFI¶;=%¦9�&'7:74;=9�P.;=I�P>&OP>ß4;¹ï45>;<H0C)&'B:,�&'74;d1=îW%',xP>&¦èdCDHd;æ�&d5.;¹î¿;=CDèdßdP P.&OP>ß4;¿9<(DBR,bP>;<56,

ï4()%d9�;tI·C)7ÃI¶;<;=ïR;=5 ïR&-,\CDP.C)&'7R,<õ£ã ß4;=7Ã%Â9<(DBR,bP>;<5 CF,KçR;=(D&`î %�9�;=5\P6%8C)7ÅI¶;=ï¶P.ß é�P.ß:%8P îL%d,
I¶;�P>;<5>æ�C)74;tI·C)7Å%'7o;=æ@ï4CD5>CF9<%8(¼îW%2ðÂP.&�çR;Q%'çR&dB¶P �8ë�%87:I�1xP.ß4;=5.;<â�&'5>;'1xC}P6,^,\;=7:,.;�&'â¹P.ß:;
74&'B47�P>&QçR;�I¶C),>%8æ�ç4C)è'B:%8P.;=I�CF,Oæ@&'5>;^,\ï�;=9<C�8R9'1:CDP>,�9�&'7R9�;<ï4P.B:%'( I¶;<7R,\CDPbð�CF,¦%'B4è'æ@;<7-P>;=I
ïR&d5.ï�&'5.P.C)&'7:%'(D()ðQP>&@P.ß4; 70B4æ�çR;=5O&8â�P.ß:;�9�&d7dP6%8C)74;=I�5>;<();<H`%87-P¦,.ð-7R,\;<P>,=õ4ão;^7R%8æ@;=IÂP>ß4C),
P.;=96ß:74CT�-B4;�%d, � *�&0÷6ùUøDaB,�ø%$�ù?> �! +a/a.ø2"<ùF.  8û 02��, �#4`õkÞWß4;�â�&'5>æ�B:()%oî+ß4CF96ßáP6%8àd;=,�CD7-P>&
%'9<9<&'B47-PWP.ß:; �LG �å9�&d5.5>;=9�P.C)&'7�CF,�C

���CB é�D � `8EI]�é EGF�ë�H �4I!J D � `8EI]�<��tëLK é�ó0ë
î+ß4;<5>;�C

M EGF�C),+P.ß4; 9<B45.5>;<7-P+9�()B:,\P.;<5�N
M D � `�EI] éFEGFlë�5>;�P>B45.7R,�P.ß4;�I4;<ï¶P>ßÅ&'â:E0FWî+C}P>ßÅ5>;=,.ï�;=9{P^P>&�P.ß4;ÄP.&'ïÆ&'â¿P>ß4;Qãìö 74&dB47
ß4C);<56%85696ß-ð�N

M �4I�J D � `�EI]ÄCF,kP>ß4;�%2Hd;<56%8èd;=I@I¶;<ï4P.ßÄ&'â�%8()(R9<(DB:,\P.;=5>,¿C)7QP.ß4;K,.B4ç4ß4C);<56%85696ß4C);=,&dç¶P>%'CD74;tI
â�5.&dæ ä0;=æ@9<&'5�N¶C}P6,+H`%8()B4;^îW%',L;<æ@ï4C)5.CF9<%'(D()ð�I¶;<P.;=5.æ@C)74;=I�P.&@ç�;^;��-B:%'(xP.&Qó8N

MPO C),+%Q9<&'7:,\P>%'7-P^é�P.ß4;�çR;t,bPO5>;=,.B4(DP>,+îL;<5>;K&'ç¶P6%8C)74;=IÂC)7�P>ß4&d,.;K;�í¶ï�;<5>CDæ@;<7-P6,+î+C}P>ß O74;=%'5 �4õ � �-ë{õ



Ð wxº��¿a=gUgUadÈ0��º¶�@Y<gUs-yhyhf�È0T�ºdÉ�s-gUp{Y<y}cdfxY<_0c��Oº-��atyhfh_0Y
����� � ( $%�������	� ������4�%6�
 (�����
��� �������'.5���3-��'/�/
ão;ÄC)70H';t,bP>CDè-%`P.;tIAP>ß4;Qï�&d,>,\C)ç4C)(DCDPbð·&'âW;<í¶ï:%87:I4CD74èÂP>ß4;�9�&d7-P.;�í0P î+CDP.ßÆP>ß4;Qè'()&d,>,K&8âWP.ß:;
74&'B47 P.&Oç�;¿I¶CF,>%8æ�ç:CDèdB:%`P>;=I£õtÞWß4C), (D;tIKP.&¦î¿&d5>,.;5.;t,\B:(}P6,<1t,\C)7:9�;¹P.ß4;¿è'()&d,>,£îW%',£;<í¶%'æ@CD74;tI
î+C}P>ß4&'B¶PK9�&d7:,\CFI¶;=5.C)74è@P.ß:;�,.ð-7-P6%'9{P>C)9^9=%`P>;<è'&d5.ð�&8âCDP>,�î¿&d5>I4,¦%87:I�%Ä%�9�;<5.P>%'CD7 , 74&'CF,.;�-
îL%d,�C)7-P.5>&¶I¶B:9�;tI·%d,�9<&'7:,.;��-B4;=7:9�;�&8âW9�&d7:,\CFI¶;=5.C)74è�%'(D(¼();�í¶;<æ@;t,^%',�ïR&-,.,.C)ç4(D;�74&dB47:,=õ�N
5.;D8:74;<æ@;=7dPîW%',I¶&d74;Wç0ð�9�&d7:,\CFI¶;=5.C)74è�&'74()ð æ@&'74&-,\;=æ@C)9LîL&'56I4,�â�5.&dæ P.ß4;+èd(D&-,.,=12ç4B¶PkC)7
,\ï4CDP.;¦&8âxP.ß:%8PkP.ß:;OïR;=5\â�&d5.æQ%'7:9�;Wâ�&d5P.ß4;�74&'B:7@I4C),>%8æ�ç4CDèdB:%`P>CD&d7�P>%',.à�I4C)I@74&'P¹C)7:9�5>;=%d,\;dõ
ÿU7Â&d5>I4;<5LP.&Ä9<&'7:,.C)I4;<5W&'74()ðQP>ß4;^74&'B:7:,<1:î¿; 8:56,bPO$%'5\P.þ � â¡þbä0ï�;<;=96ß�P>%'è'è';tIQP>ß4;^è'()&d,>,<õ
N��5(+a{ù�������� <�$4ø6ø2"2>��)(����-øDa�%d,.,.CDèd7:,�P.ß4;�9<&'5>5.;t,\ï�&'7:I4CD74èÆ,.;��-B4;<7R9�;Â&8â�$ � äÃP6%8è-,

P.&�%�,.;<7-P.;=7:9�;dõ£ÞWß4;Q$ � äAÞ�%8èdè';=5¦B:,.;=IoCD7·P.ß4CF,KîL&'5>àÂCF,�ç:%',.;=I·&'7��;�í¶CF9<%'(DCF,\;tI! ¦C)I0þ
I¶;<7Æ?A%85>à'&`H�?�&¶I¶;=(),@é" �?A?·ë@ñ ;`ôiõ£ÞWß4C),�P>;=96ß474C �-B4;Q9�&d7:,\CF,\P>,�&8â¹C)7:9�&d5.ï�&'56%`P>CD7:è�%Â,\;<P
&8â¿,.;<();=9�P.;=I·î¿&d5>I:,¦C)7-P.&ÄP>ß4;  %'74è'B:%'è';�?A&0I4;<(+é �?·ë�CD7Å%'I4I¶CDP.C)&'7·P.&�P.ß4;@$ � ä�P>%'èd,=õ
ÞWß4;=,.;@î¿&d5>I4,KßR%2H';�çR;Ä,.;<();=9�P.;=IÅ;=æ�ï:CD5>C)9=%8()(DðAâ�5.&dæ P.ß4;@P>5>%'CD7:CD74è�,.;�Ptõ NO(DP.ß4&dB4è'ßÅP>ß4C),
(D;<í0CF9<%'(DCF,>%`P.C)&'7�C)7:9�5>;=%d,\;t,WP.ß:;�,.C$#=; &8âP>ß4; �?Ã14P>ß4;�ï�;<5.â�&'5>æQ%87:9<; &8â¼P.ß:; P>%'è'èdCD74èQï:5.&'þ
9�;=,>,�CDæ@ï45>&`H';t,<õ�ÞWß4;�();�í¶CF9<%'(DCF,.%8P.C)&'7�ï45>&¶9�;t,.,¦C),K9<%'5.5>C);=I�&'B4PKI¶B:5.C)74èÄP>ß4;�P.56%8C)74CD7:è�,.;�P=1
ï45.&`H0CFI¶C)74èÂ%�74;=îêP.56%8C)74C)74è�,\;<P^CD7Åî+ß4CF96ßÅ%Â$ � ä-þ�P>%'è � C),�5>;<ï4(F%'9<;=IAç0ð�P>ß4;Q74;=îêP>%'è
é&%�G � ë�1dCDâ�% C),¼P6%8èdè';=I�î+CDP.ß � CD7�P.ß:;+P.56%8C)74C)74è^I4%`P6%^,\;<P¹%87:I@CDPkîL%d,k,.;<();=9{P>;=I@%',%KîL&'56I
P.&Ä,.ïR;t9�CF%8()C),.;�P.ß4;Kæ@&¶I¶;<(�õ
ÞWß4;Wï:%856%8æ@;�P>;<56,�&8â�P.ß4;('�ø ?�. "2(+*�.F÷�ø�)*�"+-,.,�1'P>5>%'7:,\CDP.C)&'7@%87RI�&dB¶P.ï4B4P¹ï45>&'ç:%'ç4CD()CDP.C);=,=1

9<%87�ç�; ;=,\P.C)æQ%`P>;=I�ç0ð�?A%8í¶CDæ�B4æ  CDàd;<()CDß:&-&¶I�â�5>&'æ P>ß4CF,O74;=î P>5>%'CD7:CD74èÄ,.;�Ptõ:ÞWß4;^P6%8è'þ
è'C)74è�ï:5.&¶9�;t,.,�CF,�9=%85>5.C);=I &'B¶Pç0ð G¦ð07:%'æ@C)9W$k5>&'èd5>%'æ@æ�C)74èOG�;=9<&0I4CD74èKB:,.C)74è¦P>ß4;0/¦CDP.;=5.ç4C
%8()è'&'5>CDP.ß4æ�õ
N¦,¦P.ß4;�(D;t%85>74CDè�%87:I�P6%8èdè'C)74èÄï45>&¶9�;=,>,¦%'5.;�74&8P�æ�&¶I¶C�8:;tI£1xî¿;�B:,\;tI�P.ß:;�ÞW7:Þ P6%8è'þ

è';<5�ñ �`ô î+ß4CF96ßÂCF,O%QHd;<5>ðÄ;�1Ä9<CD;=7dP¦,\P>%8P.CF,bP>C)9=%8( $ � ä�P>%8èdè';=5+ç:%',.;=IÂ&'72 ¦C)I4I4;<7A?A%'5.àd&`H
æ�&¶I¶;=(),=õ:Þ�&QI¶;=%'(�î+C}P>ß�,\ï:%'5>,.;�ï45.&dç4();<æQ,<1¶CDPOB:,.;=,+()C)74;=%'5+CD7-P.;=5.ï�&'(F%`P>CD&d7�%d,O,\æ@&0&8P>ß4C)74è
P.;=96ß:74CT�-B4;@P>&�;=,\P.C)æ@%8P.;@P>ß4;  ? ñ � ôiõ Þ &�ß:%'7:I¶();QB474à074&`î+7Åî¿&d5>I:,<1£CDP B:,.;=,^%Âï45>&'ç:%8þ
ç4CD()CF,bP>C)9Kæ@;�P>ß4&¶IÂç:%',.;=I�&'7ÂP.ß:;K%'7:%8()ð¶,\CF,W&8â�P.ß4; ,.B31@í�&'â P>ß4;^î¿&d5>I:,<õ
ÞWß4;·P6%8èdè';<5�îL%d,ÄP>5>%'CD7:;=Iìî+CDP.ßåP.ß4;Æï:%'5\PÂ&8â�P.ß4;ÅãÅ%'(D( ä-P>5.;=;�P24'&dB45>7:%8(K9�&d5.ï4BR,

î+ß4C)96ß�îW%',Wï45>&¶9�;t,.,.;=I�CD7ÂP>ß4;5�+ø<û:û6�Aa.ø6ø87W(8û � a.øD*Dø2(2÷<ø59'õ:ÞWß4;KP>5>%'CD7:CD74èÄ,.;�P¦9<&'7:,.CF,bP>;=I
&8â+,\;t9{P.C)&'7R, ����P.& �%�Åé � � ;:1 �8ó��ÄîL&'56I4,6ë�%87:I·P.ß4;@P>;=,\P�,\;<P CD7R9�()B:I¶;=IÆ,.;=9�P.C)&'7:, �'ý�%'7:I
�`ó�é � �:1 �/����î¿&d5>I4,6ë{õ � 74;K&8â P.ß4;Kç�;=,\PW();�í¶CF9<%'(DCF,.%8P.C)&'7Â9�5>C}P>;<5>C)%:1dî+ß4CF96ßÂîL%d,¿5>;<ï�&'5.P.;tIÄC)7
ñ ;8ô�1£CF,^ç:%d,\;tI·&d7·P>ß4;@â�5.;	�-B4;<7:9<ðA&8âLP.ß:;Qî¿&d5>I4,�C)7ÅP.ß4;@P>5>%'CD74C)74è�I4%8P>%�,\;<P=õ;:�,\C)74è�P.ß:;
,\;<P¹&8â£îL&'56I4,î+ß4&-,\;Wâ�5>;��-B4;=7:9�ð�îL%d,ß4C)è'ß4;=5P.ßR%87 �������@él%8ç�&'B¶P¿ý��Kî¿&d5>I:,>ë�1`P.ß4;¦P>%'è'è';=5
%'96ß4C);<Hd;=I�%@ï:5.;t9�CF,\C)&'7�&8â ��;4õ � �=< &'7�P.ß4;KP>;=,\P¦,\;<P=õ

> ?A@ � ��Ø:Ý�! ��Ö¹×V���5B �\�-ÛQ�U×A�
ÞWß4;Ä;�í4%'æ�ï:(D;Q&'âW3�C)è'B45>; ��,\ß:&`îO,KP.ß4;�CDæ@ï�&'5.P>%87R9�;Q&8â+9�&d7-P.;�í0Ptõ�ÿU7Æâ�%'9�P=1�P>ß4;�96ß4&dC)9<;
&8âL9<&'7-P.;<í0P�îL&'56I4,�9<%87Å%+
x;=9�PKß:;=%2H0CD()ð�P.ß:;�ï�;<5.â�&'5>æQ%87:9<;�&'â¿&'B:5�%'B¶P.&dæ@%8P.CF9�æ@;<P.ß4&¶I£õ
ÞWß4;<5>;�â�&d5.;d1`P.ß4;58:5>,\Pkè'&-%8(¶&'âx&dB45kîL&'5>à îW%',¼P>&�I¶;�P>;<5>æ@CD74;+C)7Qî+ß4CF96ßQîL%2ð�î¿;¦9<&'B4(FI�è';<P
%87Q;9
x;=9�P.C)H';�9�&'7-P>;�í0P=õ-ÞWß4; 8:56,bPW,bP>;<ïQîW%',kP.&�I¶;t9�CFI¶;¦CDâ�îL;¦,\ß:&'B4(FI@î¿&d5.à�&'7�,.;<7-P>;<7:9<;=,=1
&'7Æï:%856%8èd5>%'ï4ß:,=1R&d5^&'7ÅP.ß:;Q;<7-P.C)5.;@P>;�í0P=õ�ä0;<7-P.;=7:9�;t, %85>;@&8â¡P>;<7ÅP.&0&�,\ß:&'5.P�é¡P.ß:;Qî¿&d5>,\P
9<%',.;^CF,+î+ß4;<7�&d74()ð�&'7:; 74&'B:7�1¶P.ß:;�,\B:ç �b;=9�P=1:CF,+â�&dB47:I�C)7�P.ß4;�,\;=7dP>;<7:9<;të�14î+ß4;<5>;=%d,WP.ß:;
;<7-P.C)5.;�P.;<í0PKæQ%2ð�74&'P�ß:%2Hd;�%'7·ß4&dæ@&'è';=74;<&dB:,¦9<&'7-P.;<í0P@é�Clõ ;'õ)1xP.ß4;@9�&d7-P.;�í0PKæQ%2ðAI¶C�
x;<5



�¿s'[bat] Y�[bf}pL�Latsd_Qe8V6_-gUVWTLf}gbY<]�³df}´=s0Y�[bf}a=_ Ò

,\C)è'74C�8R9=%87-P.()ð^â�5>&'æÓ%Kï:%'5>%'è'56%8ï4ß P.&^%874&'P.ß4;=56ë�õ'ÞWß4;+96ß4&dC)9<;LîW%',�P>& 9<%'5.5>ð^&'B¶P¼P>ß4;+î¿&d5.à
&'7o%�,.CD7:è'();�ï:%'5>%'è'56%8ï4ßA%8P^;=%'96ß·P.C)æ@;'1�%',K9<&'7-P.;<í-P^,.ß4&'B4(FIÅ%8()îL%2ð¶,�çR;@ß4&dæ�&dè';=74;<&dB:,
î+C}P>ß4CD7ÆP>ß4;�,>%8æ@;Qï:%'5>%'è'56%8ï4ß�õ�ÞWß:;Ä,\;t9�&'7RIÅ,\P.;=ïÃîL%d,KP.&A96ß:&-&-,\;Ä%�,.B4CDP>%'ç4(D;Ä,.C #<;Qâ�&d5
P.ß4;Q9�&d7-P.;�í0PKî+CD7RI¶&`î^õ£ÞWß4C),K%d,\ï�;=9�PK7:;<;=I4;=I·,.;<Hd;<56%8(�;�í¶ï�;<5>CDæ@;<7-P6,�î+ß:&d,.;�5>;=,.B4(DP>,K%85>;
,\ß4&`î+7ÆC)7 3�CDèdB45>;�ý4õ ÞWß:;=,.;ÄCDæ@ï4()CF9�CDP.()ðÆI4;<æ@&'7:,\P.56%`P>;QP.ßR%`P P>ß4;�96ß4&dC)9<;@P>%'à';<7½%8P P.ß:;
ï45.;=H0CD&dB:,�,\P.;=ï é�î¿&d5.à0C)74è·&d7 ï:%'5>%'è'56%8ï4ß:,6ë�îW%',�9�&'5>5>;=9{Pt1�,.C)7:9�;�P.ß4;�H`%8()B4;t,�&dç¶P>%'CD74;tI
î+C}P>ß·%Qî+C)7:I¶&`îü,\C #<; èd5.;t%`P>;<5+P>ß:%87A,.C}í�îL;<5>; 9<%8(F9�B:()%8P.;=I�9<&'7:,.CFI¶;<5>CD7:è@P.ß4;�î+ß4&'();^P.;<í0P
%87:I@74&'PkP.ß:;¦,\C)74èd(D;+ï:%'5>%'è'56%8ï4ß�é�CDP¹CF,K�-B4CDP.;¦9<&'æ@æ@&'7�P.ßR%`P¿%^ïR%856%8è'56%8ï:ß�ß:%d,k();=,>,¼P.ß:%'7
,\CDí�74&dB47:,6ë{õ

2 3 4 5 6 8 10
0

10

20

30

40

50

60

70

80

precision

recall

window size

����� ± � ± w£ZbV6p6fhgUfhat_ÄY<_0c�ZbV6p6Y=yhyRm)a=Z¿cdf��4V>ZbV6_`[kp6a=_`[bV>À8[Ákf}_-cda{ÁágUf}§>V6g

ÞWß4;o5>;=,.B4(DP>,ÂîL;<5>;·&'ç4P>%8C)74;tIì&`H';=5 ��� 56%87:I4&'æ@(Dð ,.;<();=9�P.;=I ä0;<æ�¿&d58:();=,>EdõWÞWß:;
ä0;<æ�¿&'5Qé <xø	��%'7dP>C)9 �¿&d7:9�&�"W abI4%87R9�;të�ñ �2ôkCF,^%�,.;�P^&8â+ä��K? áâ�&'5>æQ%`P.P.;=I 8:();=,K&'â¹P.ß:;
J¿5>&`î+77�¿&'5>ï4B:,xî+ß4&-,\;îL&'56I4,£ßR%2H';ç�;<;<7 ,.ð07-P>%'9�P.CF9<%'(D()ð¦%87RI^,\;=æ@%'7-P.CF9<%8()()ðOP>%'è'èd;=I�î+C}P>ß
P.ß4;=CD5+$ � ä�%87:I�,\ð07:,.;�PLP>%'èd,=õ¶ÞWß4;�ç�;=,\P+5.;t,\B:(}P6,¿C)7�P.;<5>æ &8â�ï45.;t9�CF,\C)&'7 M îL;<5>;¦&dç¶P>%'CD74;tI
î+C}P>ß�P>ß4;^,\æQ%'(D();=,\P+î+CD7:I4&`îå,\C #<;d149�&d7V8:5>æ�C)74è�P.ß:%8PO9�()&d,.;<5W74&'B:7:,Wè'C)H';K%�æ�&d5.;�ï45>;=9<C),.;
I¶;98:7:C}P>CD&d7 &8â+P>ß4;�9<&'7-P.;<í0P�P.ßR%87½â�%'5\P>ß4;<5�&'74;t,<õ¼ÞWß4;ÂI¶5>%2î+çR%'96à·&'â+P.ß4CF,@%8ï4ï:5.&-%'96ßÆC),
P.ß:%8PLP>ß4; %2H';=5>%'è';O5>;=9=%8()(���C¶5.;t,\B4(DP>,W%'5.;Q84í¶;=IÂ%85>&'B47RI�%�P.ß45>;=,.ß4&d()I�&8â�%'çR&dB¶P5;��=<Ä1¶%'7:I
H2%'5.ð�,\()CDèdß-P.()ðÄ;<Hd;<7�î+ß4;<7�9<&'7:,.C)I4;<5>CD74è�æQ%870ð�9<&'7-P.;<í0PW7:&'B47:,=õ:ÞWß4CF,+CF,WæQ%8C)74(DðÂI¶B4;KP>&
P.ß4;@â�%d9{PKP.ß:%8P^æ@%'70ðA74&'B:7:,�ß:%2H';@,\;=7:,.;=,�P.ßR%`P I¶C�
�;=5 ,\()CDèdß-P.()ðA&'74;�â�5>&'æ ;t%'96ßÅ&8P.ß:;<5tõ
ÞWß4C),K9=%87Aç�;@H-C);<îL;=IACD7Å%�ß4C);<56%85696ß0ðÂ%d,�I4;<;<ïÅ9�()B:,\P.;<56,�î+C}P>ß·&'7:(Dð�&d74;�,.ð07:,\;<P�C)7:,.C)I4;
P.ß4;=æ é�9<&'5>5.;t,\ï�&'7:I4CD74èAP.&oP.ß4;�,\;=7:,.;�&8â¦P.ß4;�74&dB47½P>&·ç�;�I4C),>%8æ�ç4CDèdB:%`P>;=I:ë�õ�ÿU7áæ@&d,\P
9<%',.;=,=1�P>ß4;<5>;�%'5.;�74&o9<&'7-P.;<í-P�74&'B47R, â�%'(D()CD7:è·C)7ÃP.ß4;t,\; , ,.CD7:è'B4(F%85 -�9�()B:,\P.;<56,=1�%'7:IÆP.ß:;
5.;t,\B4(DP+C),+P.ß:%8P¦,\;=7:,\;^I¶CF,>%8æ�ç:CDèdB:%`P>CD&d7�9<%'7474&'PWç�; I¶&d74;'õ
ão;�ï�;<5.â�&'5>æ�;tI %Æ,.;<5>CD;t,�&'â¦P.;t,bP6,�P.&Æ&'ç4P>%8C)7á%Åæ@&'5>;�%'9<9<B456%`P.;�H`%8()B4;Ââ�&'5�P.ß4; !

ï:%856%8æ@;�P>;<5 BR,\;tIÆCD7½3:&'5>æ�B4(F%�ý4õ�ÞWß4C),�î¿&d5.àoîL%d, I¶&d74;�%`â¡P>;<5�P.ß4;ÄC)74CDP.CF%8(L;<H`%8()B:%8P.C)&'7
&8â+9�&'7-P>;�í0P î+CD7RI¶&`î ,.C #<;Qî+ß4CF96ßÆîL%d, 9�&d7:I¶B:9�P.;=IÅî+CDP.ß½%[84í¶;tIÅ%'(Dï:ß:%�H`%8()B4;Q&8â(�4õ ���4õ
ÞWß4;�;<í4%8æ@CD7:;=IÄH`%'(DB4;t,Lî¿;=5.;�CD7�P.ß4;KC)7-P.;<5>H`%8(¼ñ �:1���ô�%87:IÄP.ß4;Kæ@&¶I¶;<(£,.;<();=9�P.;=IÄâ�&'5LP.ß:;=,.;
P.;=,\P>,�îW%',+P>ß4;�&d74; î+CDP.ßoî+CD7:I4&`îü,.C #<;�óoé�î+ß4CF96ßA&'ç4P>%8C)74;tIA%Qè'&0&¶I�ç:%'()%'7:9�; C)7�P>;<5>æ@,
� ³dZU�lYtÑ8ÌtÈ ³RÌ �'È p{Ñ8ÌtÈ c-Ñ � È V �	� È Z\Ñ%�8È ´-Ì>ÍdÈ µ � ÌtÈ *bÑ'ÌtÈ ¾'Ñ8ÌtÈ ¾4Ì=ÌtÈ yDÑ	�dÈ ] Ñ � È _0Ñ%�`È X-Ñ2Ò`È Z\Ñ<ÍdÈ Z\ÑtÐdÈ Z\ÑtË'È Z\Ñ
�
¥�������������������ü_8s-]�³¶V>Z+a<m¿p>a=ZUZbV6p>[byzq�cdfhgbY=]�³-fh´ts-Y<[bV{cÂ_datsd_-g���_8s-]�³¶V.ZOa=m¹cdfhgbY<]�³-fh´=s0Y<[bV6c
_-a=s-_-g
� �����!	"�"#�Ï_8s-]�³¶V>Za=m�p>a=ZUZbV6p>[byzq�cdfhgbY=]�³-fh´ts-Y<[bV{c�_-a=s-_-g$�¦_'sd]�³¶V>Z¼a=m£_dats-_dgkf}_�[bµ-V '-y}V>g



Ë wxº��¿a=gUgUadÈ0��º¶�@Y<gUs-yhyhf�È0T�ºdÉ�s-gUp{Y<y}cdfxY<_0c��Oº-��atyhfh_0Y
&8â¿ï:5.;t9�CF,\C)&'7 @Q5>;=9=%8()(Fë�õ�ÞWß4;@çR;t,bP^ï�;<5.â�&'5>æ@%'7:9�;�îW%',�&'ç¶P6%8C)74;=Ioî+CDP.ßoP.ß4;@H`%8()B4; �4õT�%�:õ
ä0CDæ@C)()%'5+P.;t,bP6,+îL;<5>;^ïR;=5\â�&d5.æ@;=I�P>&@P.B474; P.ß4; O ï:%'5>%'æ@;�P.;=5+B:,.;=IÂCD7A3:&'5>æ�B4(F%�óQ&8â¼P.ß:;9�()B:,bP>;<5LI¶;<ï¶P>ßÄ9�&d5.5>;=9�P.C)&'7�P.;t96ß474C �dB:;'õdÞWß:;OçR;t,bP¿ïR;=5\â�&d5.æQ%87R9�;+îW%',&dç¶P>%'CD74;tI@î+C}P>ßQP.ß:;
H2%'(DB:; �4õ � �:õ:ÿU7A&d5>I4;<5+P>&�B47:I4;<56,bP6%87:I�ß:&`î ;D
�;t9{P>CDHd; P.ß:;��LG � P.;t96ß474C �dB:;�îW%',=1R,.&'æ@;
;�í¶ïR;=5.C)æ@;<7-P>,�îL;<5>;L9=%85>5.C);=I &'B¶P¼â�&'5I¶C�
x;<5>;<7-PkI¶;<ï¶P>ß�H`%'(DB4;t,�&'ç¶P6%8C)74CD7:è¦P>ß:%`P¼P.ß:;WI4;<;<ï�;<5
P.ß4; 9<(DB:,\P.;=5+C),+P.ß4;^ß4C)è'ß:;<5+CF,LP.ß4;^ï45>;=9<C),.C)&'7Â&'ç¶P6%8C)74;=I�B:,.CD74è�P>ß4; �LG � P.;t96ß474C �-B4;=,=õ
3�C)è'B:5.;�óo,.ß4&`îO, P>ß4;Â5.;t,\B4(DP>,�&'ç4P>%8C)74;tI½9�&dæ�ç4C)74C)74èoI¶C�
x;<5>;<7-P@9<&'5>5.;t9{P>CD&d7Ãæ�&¶I¶;=(),

é�,.ïR;t9�C�8R9 9�&d7-P.;�í0P�9<&'5>5.;t9{P>CD&d7Â%'7:I�9�()B:,\P.;<5�I¶;<ï¶P>ß·9�&d5.5>;=9�P.C)&'7Rë¿&`Hd;<5WP.ß:; î+ß4&'(); ç45>&`î+7
éZ�¹%'7:I �'ë#8:();=, &8â:ä0;=æ �¿&d5 9�&d5.ï:B:,�%87RI¦â�&d5�I¶C�
x;<5>;<7-P î+C)7:I¶&`îÆ,\C #<;t,ké¡PbîL&:1<â�&'B45 %'7:I^,.C}í:ë{õ
ÞWß4;Oç:%d,\;=(DC)74;Oï45>;=9<C),.C)&'7QîW%',k9=%8(F9�B4(F%`P>;=IQ%',>,.CDèd74CD7:èKP.ß4;�æ�&-,bP¹â�5.;	�dB:;<7-P¿,.;<7:,.;+P.&�;<H';=5.ð
74&'B47 1:î+ß4;=5.;t%',WP>ß4; ç:%d,\;=(DC)74;^5>;=9<%'(D(¿éZ�të+îL%d,O9<%'()9<B4()%8P.;tIÂâ�&'5Oæ@&'7:&d,.;<æ@C)9K7:&'B47:,=õRÞWß:;
çR;t,bP¼ï45>;=9�CF,.CD&d7 æ@;=%',.B45>;¹&'â � �dõ ó � <åîL%d, &dç¶P>%'CD7:;=I^î+CDP.ß4&dB¶Pk%870ð^9�&d5.5>;=9�P.C)&'7Kâ�%'9�P.&d5�%'7:I
î+C}P>ß�%+H';=5.ð�,\æQ%'(D(dî+CD7:I4&`îÅ&'â4,\C #<;PbîL&�é�5.;t9<%8()(�;��4õT��� <ò%87:I^9<&`H';=5>%'è';�� �8ý4õ � � <�ë�õ :¦,.CD7:è
P.ß4;+ä)� �·P.;t96ß474C �-B4;'1`%8(DP.ß:&'B4èdß ï45>;=9�CF,.CD&d7^îL%d, 74&'P�% 
�;t9{P.;tI�,.CDèd74C�8R9<%'7dP>(Dðd1<îL;¹&dç¶P>%'CD74;tI
&'74()ð·,.æ@%'(D(¼C)æ@ï45.&`Hd;<æ@;<7-P6,�&d7o5>;=9=%8()(%87:IÅ9�&`Hd;<56%8è';�æ�;t%',.B45>;=,=õ�ã CDP.ßÅ5>;<èd%'5>IAP.&ÂP.ß:;
�LG �ÓP>;=96ß474C �-B4;'1�P.ß:;�5>;=,.B4(}P6,�I¶CFI½7:&8P�I¶C�
x;<5@,\C)è'74C�8R9=%87-P.()ð·P>&AP>ß4&d,.;Ä&'ç4P>%8C)74;tIÆî+C}P>ß
P.ß4;�ï45.;=H0CD&dB:,�9<&'5>5.;t9{P.C)&'7Åâ�%d9{P.&d5=õ�ÿUæ@ï45.&`Hd;<æ@;<7-P6, &'7Ã5>;=9=%8()(�éF;A�'õ � � <�ë^%87:I 9�&`H';=5>%'è';
é � �¶õ � � <�ë£æ@;t%',.B45.;t, %'5.;¿&'ç¶P6%8C)74;=I�CD7:9<5.;t%',.CD7:è+P.ß4;+,.C$#=;¹&'â4P.ß4;W9�&d7-P.;�í0P¼î+CD7RI¶&`î^õt*O;=9<%'(D(
5.;=æ@%'CD7R,+%8ï4ï45>&2í¶CDæQ%8P.;<()ðQ%85>&'B47RI�%�P.ß:5.;t,\ß4&d()I�&8â¼%8ç�&'B¶P�;�� < %'7:I�H2%'5.ð�,\()CDèdß-P.()ðQ;<H';=7
î+ß4;<7@9�&d7:,\CFI¶;=5.C)74è�æ@%'70ð 9�&'7-P>;�í0P�7:&'B47:,+é�;'õ è:õ8,.C}í:ë�1`î+ß4;<5>;=%d,�9<&`H';<56%8èd;kC)æ�ï:5.&`Hd;=,�;<H';=7
C}â%`P+P>ß4;^ï45>C)9<;�&'â�&dç¶P>%'CD74C)74èQ%�(D&`îL;<5+ï:5.;t9�CF,\C)&'7�æ�;t%',.B45>;'õ

base−
line

2 2 + 
cdc

2 + 
scc

2 + 
cdc 
+scc

4 4 + 
cdc

4 + 
scc

4 + 
cdc + 
scc

6 6+cdc
0

10

20

30

40

50

60

70

80

90

100

precision

recall(1)

coverage

Models

����� ±���± w�ZbV>p6fhgUf}a=_RÈ0ZbV>p{Y=yhyxY<_0c�p6a�v2V>Z\Y=´=VOat³d[\Y<fh_-V{c�Ákfz[bµ�[bµ-VOcdf��4V>ZbV>_8[kp>a=ZUZbV6p>[bfha=_Q]^a8cdV6yhg

34&'5@;t%'96ß 7:&'B47áP.&ÅçR;AI4C),>%8æ�ç4CDèdB:%`P>;=I£1¼îL;�C)70H';t,bP>CDè-%`P.;tIÃP>ß4;�ïR&-,.,.CDç:CD()C}Pbð &8â�;<í0þ
ï:%87:I4CD74è�C}P6,¿9<&'7-P.;<í0PL%'I:I¶CD7:è P.ß:;¦è'()&d,>,=1'&'7R9�;�9<(D;t%874;tI@â�5>&'æ ;�í4%8æ@ï4();Oï4ß:5>%d,\;t,<õdÿU7ÄP.ß:;
8:5>,\P¿%'ï4ï45>&2í0C)æQ%`P>CD&d7�îL;�9<&'7:,.CFI¶;<5>;=I@%8()(�î¿&d5>I4,k&8â£P.ß:;¦è'()&d,>,k%d,k74&dB47:,L%87:I�P>ß4C),¿();=IQB:,
P.& %�î¿&d5>,.;Lï45.;t9�CF,\C)&'7 õ`ÿU7�P>ß4;O,.;=9�&d7:I�%8ï4ï45>&2í¶CDæQ%8P.C)&'7�1tCD7@&d5>I¶;=5¼P.&K5>;=I¶B:9<;WP.ß4; , 74&'CF,.;�-
CD7-P.5>&¶I¶B:9<;=IÆ9�&d7:,\CFI¶;=5.C)74èA%8()(P>ß4;ÄîL&'56I4,K&8âWP.ß:;Äè'()&d,>,<1 &'74()ð·æ@&'7:&d,.;<æ@C)9@îL&'56I4,KîL;<5>;
%'I4I¶;tI�P.&@P.ß:;�9�&d7dP>;�í0PO&8â�P.ß:; 74&'B:7�P>&QçR;�I¶C),>%8æ�ç4C)è'B:%8P.;=I�õ43�C)7:%'(D()ð'14îL; $ � ä0þlP6%8è'èd;=I
P.ß4;@îL&'56I4,O&'â¹P.ß:;�èd(D&-,.,�%87:I·;�í0P.56%'9�P.;tI�&'74()ð�CDP>,�æ@&'74&-,\;=æ�CF9�74&'B47R,�î+ß:C)96ßoî¿;=5.;�CD7¶þ
� �����
� �!�� � �Ï_8s-]�³¶V.Za=m�c'fhgbY=]�³dfh´ts0Y�[bV{c�_dats-_dg$��_8s-]�³¶V>Za=mx_-atsd_-g+~¡³'Zba�Ák_�Ì>� � '0yhV6g\�



�¿s'[bat] Y�[bf}pL�Latsd_Qe8V6_-gUVWTLf}gbY<]�³df}´=s0Y�[bf}a=_ �

9�()B:I¶;=I·CD7·P.ß4;@9�&d7-P.;�í0PtõxÞWß:; P.;t,bP6,�î+C}P>ßAP.ß:C), , ;<í¶ï:%87:I4;=IA9<&'7-P.;<í-P -ÄîL;<5>;�9<&'7:I¶BR9{P.;tI
&`H';<5�P.ß:;K8:56,\P:��� 8:();=,�â�5>&'æêç:5.&`î+7��¹&8âxä¶;<æ�¿&'5tõ`ÞWß4;L9<(DBR,bP>;<5I¶;<ï4P.ß@9�&'5>5>;=9{P>CD&d7^â�%'9�P.&d5
îL%d,�%'(),.&�;=æ@ï4(D&`ðd;=I£õ£Þ�%8ç4();[�@,.ß4&`îO,�$¦é�5.;t9�CF,\C)&'7Rë�1£* é�;t9<%8()(¡ë�%'7:I1��é�&`H';=5>%'è';tëWâ�&'5KP.ß:;
P.ß45>;<;Kæ@&¶I¶;<(F,DC
�'õWæ@&0I4;<(�î+CDP.ß�$ � ä0þlP6%8è'èd;=IQèd(D&-,.,+%'7:I �LG � P.;t96ß474C �dB:;
�¶õWæ@&0I4;<(�î+CDP.ß�è'()&d,>,W%87:I6�LG �òP>;=96ß47:CT�-B4;
ý4õWæ@&0I4;<(�î+CDP.ß �LG �òP>;=96ß474C �-B4; %87RI�74&@èd(D&-,.,
ÿU7o&d5>I¶;=5KP.&�ß:%2Hd;@%�9<;<5.P>%8C)7Åç:%8(F%87:9<;@CD7ÅP.;=5.æQ,K&'âLï45>;=9<C),.C)&'7 @�5>;=9=%8()(l1£%Âî+C)7:I¶&`î

,\C #<;K&8â�ó�é�ï45>;<H0C)&'B:,LP>&�CDP>,O;�í¶ï:%87R,\C)&'7�î+C}P>ß�P>ß4;^æ@&'74&-,\;=æ@C)9�74&'B:7:,+&8â�P.ß4;^èd(D&-,.,6ë¹îL%d,
B:,\;tIQâ�&d5¿P>ß4;K;�í¶ï�;<5>CDæ@;<7-P6,<õ¶ÞWß4;K,\C #<;�&8â P.ß4;K;�í¶ï:%'7:I¶;tI�9�&d7-P.;�í0PWîL%d, �4õ � �^&d7�%2H';=5>%'è';
é�C�õ ;dõD14CDP¦9�&d7-P>%8C)74;tI ;�74&dB47:,O%'ï4ï45>&2í0C)æQ%`P>;<()ð¶ë�õ
ã C}P>ß4&'B¶PO$ � ä-þlP6%8èdè'C)74èKP.ß4;Kèd(D&-,.,=1d;=H';=7�9�&d7:,.C)I¶;=5.C)74è�&'74()ð@C}P6,Wæ�&d74&d,.;<æ@CF9OîL&'56I4,=1

P.ß4;Q5>;=9=%8()(kI¶;=9<5.;t%',.;=IÅ,\()&`î+(Dðo%87:IoP.ß:;Qï45.;t9�CF,\C)&'7ÆI¶;t9�5>;=%',.;=Ioç0ðo%'7Æ%2Hd;<56%8èd;�&8âWæ@&'5>;
P.ß:%'7 � < î+CDP.ßÏ5>;=,.ïR;t9{P�P.&oP.ß4;�ï45>;=9<C),.CD&d7½&'ç4P>%8C)74;tI½î+CDP.ß4&dB¶P@P.ß4;�è'()&d,>,=õ�ÞWß4;�$ � ä0þ
P>%8èdè'C)74è^ï45>;<ï45>&¶9�;t,.,&'âxP.ß4;Oèd(D&-,.,kïR;=5.æ@CDP\P.;tI@P.&�&'ç¶P6%8C)7QCDæ@ï45>&`H';=æ@;<7-P>,¼ç�&8P>ßÄ&'7Q5>;=9=%8()(
%87:IÂ9�&`Hd;<56%8è';�î+C}P>ß4&'B4POï45>%d9{P>C)9=%8()(DðÄ()&d,.C)74è�C)7�ï45>;=9�CF,.CD&d7�õ

����� � � � � � � � � � � � � � � � � � �
YtÑ8Ì Ë'Ì=º �2Ò Ë=Ñ'º �tË Ë'Ìtº �tÒ Ð	�8º Ñ � Ð
�'º Ò=Ñ ÐtË8º ËtÒ Ë<ÍdºhÌ � Ë=Ð'º Ò � Ë=Í'º Ñ �
YtÑ � Ë%�`º Ñ'Ì Ë � º �tÒ Ë%�8º �tÒ ÐtË8º ÐtË Ð=Ë'º � Ð ÐtË8º � Ð Ë=Ñ'º Ò
� Ë � º Ð2Ò Ò
�8º ���
Y'Ì=Ì Ë � º �tÑ Ë � º Ñ%� Ë � º Ë<Í Ð �8º Í9� Ð��'º � Ñ Ð �8º � Ñ Ò<Ð'º �<Í Ò=Ò8º Ñ � Ò=Ð8º � �
Y'Ì � Ò
�8º � Ñ Ò�Ídº Ë � Ò
�'º �	� �=Ð8º Í`Ò �	�'º ËtË ���`º Ò<Ð Ò`Ìtº � � Ò � º ÑtÑ Ò=Ñ8º}Ì=Ì
Y'Ì � Ë=Í'º Ð	� Ë<ÍdºhÌ � Ë=Ídº �=Ë Ð=Í'ºhÌ�Ò Ð<ÍdºhÌ�Ò Ð=Í'º}Ì{Ò Ò&�8º ÒtÒ Ò<Ð'º � Ë Ò��`º �`Ì
Y'Ì>Í Ò
�8º Ò�� Ò=Ò8º ËtË Ò
�'º Ð=Ð ÐtÑ8º ÐtÑ ���'º �
� ÐtÑ8º ��� Ò<Ð'º Ñ'Ì Ò<Ð'º �8Ì Ò��`º Ò&�
Y'Ì � Ò=Ð8º �=Ë Ò � º Í2Ë Ò=Ð'º Ë=Ñ ���`ºhÌ6Í �	�'º Í � �<Í'º Ë<Í Ò � º ÑtÑ Ò	�'º Ò8Ì Ò8Ì=º Í �
³RÌ�� Ò=Ë8º Ë'Ì Ò�Ídº Ò � Ò
�'º Ñ�� ÐtÑ8º �tË ���'º � � ÐtÑ8º �=Ë Ò<Ð'º Ð � Ò��'º Ð%� Ò=Ð8º ÍtÑ
³ � Ñ Ë'Ì=º ÑtÐ Ò<Ë'º ÒtÒ Ë'Ìtº Ñ=Ñ Ð �8º �<Í Ð��'º ËtÑ Ð �8º � Ë Ò<Ë'º �tË Ë=Ñ'º �tË Ò=Ë8º}Ì �
p{Ñ'Ì ÒtÒ`º Ò8Ì Ò<Ð'º Í2Ñ ÒtÒ8º �<Í Ð � º ÒtÒ Ð��'º Ñ'Ì Ð � º Ò=Ò Ë=Ñ'º ÒtÒ Ë � º Í2Ë ËtÑ8º �	�

Y{v2V.Z\Y=´tV ËtÑ8º ÒtÒ Ò<Ë'º Í � ËtÑ'º �8Ì Ð � º Í � Ð8Ìtº ËtÐ Ð � º}Ì � Ò=Ò8º � Í Ò<Ë'º ËtÑ Ò=Ð8º Ë8Ì
� ¯d«	��� �-± w£ZbV6p6fhgUfhat_:ÈtZbV6p6Y=yhy0Y<_0c�p6a�v2V.Z\Y=´tVk]^V{Y<gUsdZbV6gxÁkfz[bµ^Y<_0c�Ákfz[bµdatsd[¹~�w�
+e8��[\Y=´=´tV{c-��´tyhatgUg

� �oÙ¿Ö¦Ü3�\ÛQ�0ÝbÙ¹ÖQ� �Ö¦Ú('OÛ¦Ø¶×�5��Ø�� Ù¹Ø��

ÞWß4;Â%'B¶P.&dæQ%`P.CF9Äæ@;<P.ß4&¶IÃâ�&d5 P>ß4;ÂI4C),>%8æ�ç4CDèdB:%`P>CD&d7½&8âO7:&'B47:,�ï45>;=,.;<7-P.;tIÃC)7½P.ß:C),�ï:%8þ
ïR;=5K9=%87Aç�;�B:,\;tI�&'7oï45>;<H0CD&dB:,.(Dð�$ � ä-þ�P>%'è'èd;=IÂP.;<í0P�&'â¹%870ð�è';<7:;<56%8(�I4&'æQ%8C)7�õ�ÿiP�B:,.;=,
ão&d5>I4ö¦;�Pk,.;<7:,.;¹P6%8è-,�%'7:I CDPkI¶&0;=,¼74&'P74;<;tI�%870ðKP>5>%'CD74C)74èRõ2ÞWß:;W%'(Dèd&'5>C}P>ß4æ CF,�çR%',.;=I &d7
%Äè';=74;<56%8( æ�;t%',.B45>; &8â¹,.;<æQ%87-P>C)9^5>;<(F%`P>;=I¶7:;=,>,+â�&'5�74&dB47:,Oî+ß:C)96ß·9<&'7:,.CFI¶;<56,¦%'(),.&�,.;<7:,.;
â�5.;	�dB:;<7:9<ð'14,.;<7:,.;^I¶;<ï¶P>ß�CD7�P.ß:;^ão&d5>I4ö¦;�PO&d7dP>&'()&'èdðÄ%87:IÂ$ � ä-þ�P>%'è'èd;=IÄèd(D&-,.,=õ
ÞWß4;k%8()è'&d5.CDP.ß4æ I¶CF,.%'æ�ç4C)è'B:%8P.;tI¦P>ß4;P>;�í0P &8â0ç45>&`î+7��k%87:I �L&'â-P>ß4;¿ä0;=æ�¿&'5 9<&'5>ï4B:,=õ

ÞWß4;�5.;t,\B4(DP>,�îL;<5>;�&'ç¶P6%8C)74;=Iá%8B¶P>&'æQ%`P>C)9=%8()(Dð½9<&'æ@ï:%85>C)74è·P>ß4;ÂP>%'èd,�CD7 ä0;=æ �¿&d5@î+C}P>ß
P.ß4&-,\;O9<&'æ@ï4B¶P>;=I@ç0ð P>ß4;¦%8()è'&d5.CDP.ß:æÂõ8ÞWß:;O5.;t,\B:(}P6,%85>;+ï45.&dæ@C),.CD7:è�CDâ£î¿;O9<&'æ@ï:%'5.;LP.ß:;<æ



Ì6Ñ wxº��¿a=gUgUadÈ0��º¶�@Y<gUs-yhyhf�È0T�ºdÉ�s-gUp{Y<y}cdfxY<_0c��Oº-��atyhfh_0Y
P.&+P>ß4&d,.;k&'ç4P>%8C)74;tI^B:,.CD74èOP.ß4;k&d5.C)è'C)7:%'('9�&d7:9�;=ï¶P.B:%'(dI¶;=7:,.C}Pbð�â�&'5>æ�B4(F% é�ï45.;t9�CF,\C)&'7 � �'õ � � <
H0,=õV;�;:õ ó3< %87:I�5.;t9<%8()(3;��:õ � � <ÓH¶,<õ"� � õ � <�ë���;=,.ïR;t9�CF%8()(DðQCDâ�îL;^9�&'7R,\CFI¶;<5¿P.ßR%`PWP.ß4;Kæ�B:96ß
æ�&d5.; 8:7:;�þiè'56%8C)74;=I �'õ ;�Hd;<56,\C)&'7�&8â�ão&d5>I4ö¦;�POîW%',WB:,.;=I�õ
NLP�P>ß4;Ææ�&dæ@;<7-PÂ&'â�î+5>C}P>CD74è P.ß4CF,�ï:%'ïR;=5�æ@&'5>;Å;�í0P.;=7:,\C)H';o;�í¶ï�;<5>CDæ@;<7-P6,<1Wî+ß4CF96ß

CD7:9<(DBRI¶;�$ � ä-þ�P>%8èdè'C)74èKP.ß:;�èd(D&-,.,¹&8â %8()(xão&d5>I:öO;�PL74&'B:7:,<10%85>;¦B:7:I¶;<5LîW%2ð'õ-ã C}P>ßÄP.ß:;=,.;
;�í¶ïR;=5.C)æ@;<7-P>,�îL;�îL&'B4(FI�()CDàd; P>&�â�B4()()ð�;<H`%8()B:%`P>;�P>ß4;�;9
x;=9{PK&8â¿;�í0P.;=7:I¶C)74èÄP>ß4;�9<&'7-P.;<í0P
&8â�P.ß4;^74&dB47�P.&ÄI¶CF,.%'æ�ç4C)è'BR%`P.;�î+CDP.ß�C}P6,+è'()&d,>,=õ
34B45.P.ß4;=5+î¿&d5.à�74;<;tI4,WP.&Qç�; I¶&d74;KP.&Qï�;<5.â�&'5>æ P.ß:;�%8()(}þiîL&'56I�I¶CF,.%'æ�ç4C)è'BR%`P.C)&'7�P>%d,\à

%87:IoP.ß:;Ä;<H`%8()B:%8P.C)&'7Æ&8âWP.ß:;Qæ�;<P.ß4&¶I4,�%8è-%8C)7:,bP^P>ß4;�ä0;=7:,\;=H`%8(¿9<&'5>ï4B:,=õ�ÞWß4;B8:7R%8(¹%'CDæ
C),OP.ß4;�%'ï4ï4()C)9=%`P>CD&d7Â&'â�P>ß4CF,Oãåä¶GÓP.;t96ß474C �dB:;KP.&QP>ß4;�I¶CF,.%'æ�ç4C)è'BR%`P.C)&'7Â&8â¹ä0ïR%874CF,\ß�%'7:I
ÿiP>%8()CF%87�BR,\C)74è�P.ß4;��¹B45.&dão&d5>I:öO;�P�&'7-P.&d(D&dè'ð^%87RI£1=8:7:%'(D()ð'12P>ß4;WCD7-P.;=è'56%`P>CD&d7 &8âRP.ß4;Wãåä¶G
P.&0&'(xC)7dP>&�ö  $Ï,\ð¶,\P.;=æ@,L%87RIQP.ß:;<C)5W%'ï4ï4()C)9=%`P>CD&d7ÄP.&@9�&d7:9�;=ï¶P.BR%8(xCD74â�&'5>æ@%8P.C)&'7Ä5>;�P>5.C);<H`%'(
ï45.&dç4();<æQ,<õ

� Ü��+ÖOÙ�� �Z��Ú %!� ! � Ö¿×A�
ÞWß4;ÄîL&'5>àA&8âO$%8&d(D&�*+&-,.,.&�%87:IÃN¦7dP>&'74C)&A?�&d(DC)7:%�îW%',^ï:%'5\P>C)%'(D()ðo,.B4ï4ï�&'5.P.;tIÅç-ðoP.ß:;
ä0ï:%87:C),.ß *+;=,.;=%'5>96ßòG¦;=ï:%85.P.æ@;=7dP·é �¿ÿ ����Þ ï45>& �b;t9{PÄÞWÿ � �������`þ ��;�;8ó'þZ� � �'ë�õ¼ÞWß:;�5.;<þ
,\;t%85696ßÄïR;=5.C)&¶I�&'â�$%'&'()&�*+&-,.,.&�%8PLP>ß4; :O7:CDHd;<56,\CDPbðQ&8â ��;=74&`H`%�é�ÿiP>%'(Dð4ëLîW%',¿â�B47:I¶;tI�ç0ð
%�5>;=,.;=%'5>96ßÄèd5>%'7-P¿&8â�P.ß4;-/�C)9<;<5>5.;t9{P.&d5>%dI¶&�I¶;�ÿU70H';t,bP>CDè-%'9�C
	&'7 1-G�;=,>%85>5.&d(D()&�;�ÿU7474&`H`%d9�C
	&'7
é":¦$ /�ë�õ

B ���W� ØA� Ö¦Ü��\�
Ìtº5�¹´tfzZUZbVtÈ�º-Y<_0c7�¿fh´2Y<sRÈ-��ºhÈ4Ì �	�=Ð'º\� w�Zba=X¶atgbY=y4mFa<Z ² a=Z\c�e'V>_-gUVWTWfhgbY<]�³-fh´=s0Y<[bfha=_�s-gUfh_d´
r�a=_-p6V>Xd[bs0Y<y£TWfhgi[\Y=_dp6VtºWjl_�w�Zba`p6V>V{cdfh_-´=gWa=m [bµ-V¦j�_`[bV>Zb_-Y<[bfhat_-Y=y r�a=_dmFV.ZbV6_-p6V�at_ �¹V6p6V6_`[bg�¿cdv=Y=_dp6V6g¼fh_@�LY<[bsdZ\Y<y�¸RY=_d´ts0Y<´tV¦w£Zba`p6V6gUgUfh_-´'º

� ºOÉ Z\Y=_`[bg6È8»LºhÈ � Ñ=ÑtÑ'ºx»¼_0»A��Y¦e8[\Y<[bfhgi[bfhp{Y<yRw£Y�ZU[U��a=m)��e8X¶V6V6p\µ »xY=´=´tV>Z{º�j�_ w£Zba`p6V6V{c'f}_d´tg¼a<mR[bµdV
e8fzÀ'[bµ �¿XdX-yhfhV{c��LY<[bs'Z\Y=yR¸�Y=_d´ts-Y=´tV¦w£Zba`p6V6gUgUfh_-´'È:e'V6Y<[U[byhVtÈ ² �¦º

�'ºO�dV6yhy}³-Y=sd]@È0r¿º�~��c4º �.ÈRÌ �	�tË8º ² a=Z\cd�¿V>[{Ê��¿_� yhV6p>[UZba=_-fhp¦¸RV>À'fhp{Y<y�T+Y�[\Y=³0Y<gUVtº¼��ji» w�ZbV6gUg6È
r¼Y<]�³'ZbfDc'´tVtÈ0���¦È u e��¦º

Ídº��=sdZ\Y<m)gU¾`q`ÈxT�º�Y=_-cA�@Y<ZU[bfh_RÈ��dºhÈ � Ñ=ÑtÑ'º�e8X¶V6V6p\µ�Y=_-c�¸�Y<_-´ts-Y=´=V�w£Zba`p6V6gUgUfh_d´dº�w�ZbV>_8[bfh_dp6V
� Y=yhy¡º�8ºO¸RY=_-cdV6g6È2e4ºhÈ`¸:V{Y=p>a`p.¾¶ºhÈ'r¿º`Y<_0cK»RV6_-´=f�È	�¦º j\º}ÈdÌ �
�tË'º:É�s-fhy}cdfh_-´¦e8V6] Y=_`[bfhpkr�at_dp6a=Z\cdY=_dp6Vtº4j�_
�dV6yhy}³-Y=sd] r¿º�~� c:º �.È ² a<Z\cd�LV.[{ÊA�¿_��y}V>p>[UZbat_df}pK¸RV>À'fhp{Y=y�T+Y�[\Y=³-Y=gUVtÈ:X-X:ºxÌ �
�<� � Ì6Ð'Èx��ji»
w£ZbV6gUg6È¶r¼Y=]�³'Zbf}cd´tV=È¶���OÈ u e��Oº

Ð'ºOw�y}Y'È4��º0Y=_-cÄ��atyhfh_0Y'ÈV�¦ºhÈ � ÑtÑ'Ì=º¿w£Y<ZU[U��a=mD�ie8X¶V6V6p\µÄ»xY=´=´tfh_-´^Ákfz[bµÄ¸RV.Àdfhp{Y<yhf}§>V{c � �Q��ºkj�_
w£Zba`p6V6V6cdfh_-´=g a<m0jl_8[bV.Zb_0Y<[bfha=_0Y=ydr�a=_dmFV.ZbV6_-p6Va=_Q�¹V6p6V>_8[bg��Lcdv=Y=_dp6V6gxfh_¦�WY�[bsdZ\Y=y'¸RY=_-´=s0Y<´tV
w£Zba`p6V6gUgUfh_d´dÈ4»¼§6fh´=a<v�r�µ0Y�Zb¾¶È0É�sdyh´2Y<Zbf}Y8º

Ò8º¦e`[bV6v2V6_dgUat_:È2��º2Y=_-c ² fhyh¾'g6È���ºhÈ � ÑtÑ8Ìtº4»¼µdVj�_`[bV>Z\Y<p>[bfhat_Ka<m��+_-a{ÁkyhV{cd´=VLe8ats'Zbp6V6g�fh_ ² a<Z\c
e8V6_-gUVLTWfhgbY=]�³dfh´ts0Y�[bfhat_Rº�r�a=]^X-sd[\Y�[bfhat_0Y<y�¸:fh_-´tsdfhgi[bf}p=È��d~ � Òt�.È-X-XRº/� � Ì>���<Í �'È4e'V6X'[bV6]�³¶V>Z{º

Ë'º���atsd_-´'È�e4º�Y=_-coÉ�yha`a<[bµ-a`a=mD[{È¹��ºkÈkÌ �	�tÒ8º r�a<ZbX-sdgi�l³-Y=gUV{cÅ��V>[bµ-a8c'g f}_o¸�Y<_-´=s0Y=´=VÄY=_-c
e8X¶V6V6p\µ@wxa`p6V>gUgUf}_d´dº��¸�e'���»Ã³¶a`at¾�V{c'fh[bfha=_Rº

� ZbV6gUs-yz[bgkat³'[\Y=fh_-V6c�mFa<Z¿[bµdV '0yhV+³dZU�lY=Ñ'Ì+a<m e'V6]�r�a<ZO~ � ÑtÒ
��Á¼a<Z\cdg¹yhat_-´2�


