
���������
	��
������������������� ��������������� ��!"!�#%$��
&('

)+*-,/.10 243"5�6 7
698;:�0=<>0?3A@CBEDF0?GIHJ:�,>.FKE6AL
*-MAM9:�3"*N3EOPDF*-3"QR6AS�,1TA3A3A:�,

UWVYX[Z]\1^4_`Xbadc�e�f;g�X hji
\lk�\lV9m-no\1prq�^`a4i
\1VNa�e�fts�X[eupwvxcw_`X[yl_
z \1\1^`a z ^4exe�a4\lpw{|\1X|V�}x~umr�]�u}�������g�X hdi
\lku\lVEmr��vw\�g�\1a4vw\1^4{|q�VY�w_

�>�Y���]�-�u���;���N�u�u�-�����N�x�]�-�J���x�]�t���N�

�� ¢¡l£l¤�¥r¦�£u§�¨ V�a4vYX[_%q�^`a4X[yl{[\�©�\�p-^4eupªeu_`\�qFi
\>a4vYeN�«f=e�^%{[X[VY¬�q�ku\�q�VYq�{bc-_`X|_�a4vYq�a
X[_
­rq�_`\��+euV®s�qlcx\l_`X|q�V¯_ja/q�a4X[_ja4X[yl_l° ¨ a�X[_�VweuV-±�pYq�^/q�i
\1a`^4X[y�X[V+a4vY\R_`\1VY_`\�a4vYq�a
a4vw\1^4\WX[_�VYe�VY\1\��«a4e�_`pª\lylXbfIc��-X[_`\�q�_`\(prq�^/q�i
\1a4\1^4_�_`²Yy/v�q�_�pª\lVY\1a`^/q�VYyl\³Z�q�{[²Y\1_l°
´P\µ_`vwe�©¶a4vrq�a(a4vY\Fi
\1a4vweN�·vrq�_W_`X[kuVYXb¸Yy�q�Vxa4{bc¹i
e�^4\�_ja/q�a4X[_ja4X[y�q�{�pªe�©�\>^�a4vrq�V
\1º-X[_ja4X[VYkoi
\>a4vYeN�w_JeuV�q�^`a4Xb¸rylX|q�{[{bcµy1^4\�q�a4\l�«�Yq�a/q�­Yq�_`\l_l°]»CX|VYq�{[{bcxm�a4vY\�pªe�_`_`X|­wX[{|Xba�c
a4e�\>º-a4\1Vr��a4vw\oi
\1a4vweN��a4e«iµ²Y{ba4Xb±�{|exy1²Y_(�wX[_`\�q�_`\l_WX[_(�wX[_`yl²w_`_`\��E°

¼ ½Y¾(¿ªÀAÁ�ÂµÃFÄJ¿AÅ4Á(¾

Æ 3A:�ÇNÈC.1ÉA:FÊË*x24Çw,(ÌYTA:�</.>0IÇ-39<%0?3�Í-:�3E:�.>0=Î�<³0I<(.>Ç�GI0I3A@R*-3ËÇ-HE<>:�,1Ï-:uO�OA0I<>:�*w</:�.1Ç�*�Î�:�,>.1*N0I3
,>:�Í-0IÇ-3PÇ-3�.>ÉA:�ÎlÉE,>ÇwÊRÇY</ÇwÊ·:-6YÐÑÉA:�3+*·Oª0=</:u*-<>:�0I<o.1ÉAÇ-TEÍ-ÉY.�.>Ç·HJ:�ÒÓME*-,/.10I*-G?GIÔAÕWÍ-:�3E:�.>0=ÎNB
<>Î�0?:�3w.10I</.1<�Î�Ç-GIG?:uÎ�.
*�G=*N,1Í-:ROA*x.l*�H9*-<>:�Ç-È(M9:uOª0IÍ-,1:�:·OA*x.l*¹ÈÓ,1Ç-ÊÖÈ�*-Ê·0?GI0?:u<«0?3Ø×�ÉA0=ÎlÉ®Ç-3E:
Ç-,oÊ·Ç-,1:�*NÙJ:uÎ�.1:�O�0?3EOA0?Ïr0=OªTE*NG=<oÇªÎ�Î�TA,�6ª)"ÇY<4.�Çw,�*NGIGJÇ-È�.1ÉA:«È�*NÊ·0IG?Ô¹Ê·:�Ê�HJ:�,l<�*N,1:µÍw:�3AÇ-Ú
.4ÔYMJ:�O�×�0?.>É�Ê·*-,>@w:�,l<�B�*o.1:�ÎlÉA3E0IÌYTA:³×�ÉE0IÎlÉ
Î�*-3
H9:(TE</:uO«.>Ç�,1:�Î�Ç-3E</.>,1TEÎ�.J.1ÉA:(×o*]Ô�Íw:�3A:�.>0=Î
0?3ªÈÓÇw,>ÊË*N.>0IÇ-3�ÉE*-<�ME*-<1</:uO¯*-G?Çw3AÍP.>ÉA:�Í-:�3E:�,l*x.>0IÇ-39<ËÒÓÏ-:�,>Ô¯</0IÊ·0?G=*N,
.1Ç�.>:u<4.l<
ÈÓÇ-,�È�*x.>ÉE:�,>Ú
</ÉA0IM9Õ�6A5�G?.>ÉAÇwTAÍ-É�.>ÉA:�0I3ªÈÓÇ-,1ÊË*x.>0IÇ-3�0|.�MA,1ÇxÏr0IOª:u<(0=<�3A:�Ïw:�,oÎ�ÇwÊRMEG?:�.>:-Bª0?.o0I<�0I3�MA,l*-Î�.>0=Î�:«*
ÊR:�.>ÉAÇªOP.1ÉE*x.F0=<�ÍwÇrÇrOP:�3AÇ-TAÍwÉ�.>ÇËGIÇªÎ�*NGI0IÛ�:
Í-:�3A:�<�×�0|.1ÉA0?3¯*ËÎ�:�,>.1*-0?3",1:�Íw0?Çw3;6 Æ Ï-:�,�.>ÉE:
GI*w<4.�Oª:�Î�*-Oª:u<�BJ</:�Ï-:�,l*NG�*NMAMA,1Çw*wÎlÉA:�<�×W:�,>:�ÊË*wOª:�:�0|.1ÉA:�,«Ç-3�.1ÉA:�Ê·:�.>ÉAÇªO"Ç-È³:�Ür.>,l*-Î�.>0I3AÍ
.>ÉA:R0?3EÉA:�,10|.l*N3EÎ�:�0I3ªÈÓÇ-,1ÊË*x.>0IÇ-3tB9Çw,FÇ-3+.>ÉA:�.>:u<4.�<4.l*x.>0=</.>0=Î�<�B9×�ÉA0=ÎlÉ®0I3EOª0=Î�*N.>:�ÉAÇx×ÝG?0I@-:�G?Ô
.>ÉA:
Íw:�3A:�.>0=Îµ0I3ªÈÓÇw,>ÊË*x.10?Çw3P*N.F*·Î�:�,>.1*-0?3PGIÇrÎ�*x.10?Çw3�0=<�.>ÉA:�Î�*NTE<>:�ÇNÈ�.>ÉA:�OA0I<>:�*w</:w6
ÞAÇ-,·,1:�Î�Ç-3E</.>,1TEÎ�.10?3EÍ+.>ÉE:P0I3AÉA:�,>0?.1*-3EÎ�:�ME*N./.1:�,13�0I3ß*¯MJ:�Oª0IÍ-,1:�:wB�.1ÉA:�,1:�:�Üª0=<4.¹*NGIÍ-Ç-Ú

,>0?.>ÉAÊË<�B�×�ÉA0IÎlÉ¶*N,1:�:�Üª*wÎ�.·*N3EO�Ê·*-@-:�TE</:PÇNÈF*-G?G�*]Ïx*N0IG=*NHAGI:�ÊË*N,1@-:�,�OA*N.1*E6�àoÉA:�Ôá*N,1:
:�0?.>ÉA:�,
:�ÜªM9Çw3A:�3Y.10I*-G%0?3¯.>ÉA:Ë3rTAÊ�H9:�,
ÇNÈ�Ê·*-,>@w:�,l<�.l*N@w:�3®0I3Y.>Ç"*-Î�Î�ÇwTA3Y.Ëâ ãxä³Çw,«.>ÉA:Ë<>0?Û�:
ÇNÈ�.>ÉA:�M9:uOª0IÍ-,1:�:¹â?å�äj6Eæ`3�.>ÉE0I<«*N,>.>0=Î�GI:
×W:�TE</:�M9:uOª0?Íw,>:�:�<oÈÓÇw,F×�ÉA0=ÎlÉ"HJÇN.>É®ÊR:�.>ÉAÇªOA<µ*N,1:
.>,l*-Î�.l*NHAGI:-6
àoÉA:Ë</:uÎ�Ç-39O¯M9*N,>.�Ç-È�GI0I3A@x*NÍ-:Ë*-3E*NGIÔª</0=<·ÒÓÉAÇx×ç×W:�G?G%0=<�.1ÉA:¹Oª0=</:u*-<>:RM9*x./.1:�,13�0?3Ø.>ÉE:

È�*NÊ·0?GIÔÑ:�ÜªMAG=*N0I3A:uOÑHrÔß.>ÉA:Ø,>:uÎ�Çw3E<4.1,>T9Î�.>:uOß0?3EÉA:�,10|.l*N3EÎ�:uÕ�0I<�.1ÉA:¯ÊË*-0?3ÑÈÓÇªÎ�TE<PÇNÈ�.1ÉA0I<
*N,>.>0=Î�GI:-6wèr:�Ï-:�,1*-Gr</.1*N.>0=<4.10IÎ�<%×�:�,1:�ME,>ÇwM9ÇY</:uO�ÈÓÇw,%.>ÉA0=<%MATE,>MJÇw<>:-B-*-Ê·Ç-3AÍ�×�ÉA0=ÎlÉR.>ÉA:�.1,1*wOª0?Ú
.>0IÇ-3E*-Gªérê�ëCÚ`<>Î�Ç-,1:-B�.>ÉA:oÊË*xÜª0IÊ�TAÊìérê�ëCÚ`<>Î�Ç-,1:FÒ�*-3�:�ÜY.1:�3E<>0IÇ-39Õ�B�.1ÉA:�ítîAï�Új<1Î�Çw,>:�*N3EO�.>ÉE:
ð îAéNÚj<1Î�Çw,>:�â|å�äd6NàoÉE:�G=*-</.%Ç-3A:o0=<�.>ÉA:�OA:WÈ�*wÎ�.1Ç�</.1*-3EOA*-,1O�0?3R.>ÉE:oñE:�G=O�Ç-ÈJGI0I3A@x*NÍ-:o*N39*NGIÔr<>0=<
Ò�ÈÓ,1Ç-Êò.>ÉA:�ME,>ÇwÍ-,l*NÊ�Î�*NGIG?:uOØóbQ«:�3A:�ÉrTA3Y.>:�,�ôbÕ�BJ*NG?.>ÉAÇwTAÍ-É�.1ÉA:�Ò�Ê·*NÜª0?Ê�TAÊ¹ÕFérêtë¢Új<1Î�Çw,>:«0I<
*NG=</ÇRÈÓ,1:�ÌYTA:�3EG?Ô�<>:�:�3;6
æ`3�.1ÉA:�3A:�Ür.F</:uÎ�.>0IÇ-3�×�:�Oª:�<1Î�,10IH9:�.1ÉA:�MA,1Ç-HAGI:�Ê�0?3�.1:�,1Ê·<�ÇNÈ%*ËS�*]Ôw:�<>0I*-3�3A:�.4×WÇw,>@

*N3EO�MA,1Ç-MJÇw<>:�.>Ç·TE<>:«.>ÉA:�GI0?@w:�GI0?ÉEÇYÇªO�ÇNÈt.1ÉA:�Ç-HE<>:�,1Ï-:uO�OA*N.1*R*-<o*�.>:u<4.�</.1*x.10I</.>0=ÎN6ªæj.�×�0IG?G
H9:�</ÉEÇx×�3¹0?3P</:uÎ�.10?Çw3�ã�.1ÉE*x.�.>ÉE0I<�<4.l*x.10I</.>0=ÎF0=<�Ê·Ç-,1:FMJÇx×W:�,/ÈÓTAG9.>É9*N3Ë.1ÉA: ð îAéxÚ`</.1*x.10I</.>0=ÎN6
æ`3�.>ÉA:�GI*w<4.�<>:�Î�.>0IÇ-3õ×�:�Oª0=<>Î�TE<1<
.4×�Ç"ÇN.>ÉE:�,�0IÊ·M9Çw,/.l*N3Y.�MA,1Ç-MJ:�,>.>0I:�<�ÇNÈo.>ÉA:�MA,1Ç-MJÇw<>:�O



ÊR:�.>ÉAÇªO��%å]Õ�æj.
0=<�<4.1,1*-0?ÍwÉw.>Ú�ÈÓÇw,>×o*N,lOP.>ÇP:�Ür.1:�3EO¯0|.l<�Oª:�ñE3E0|.10?Çw3®.1ÇPOª0=<>:�*-<>:�<«Î�*-TE<>:�O+HrÔ
ÊRÇw,>:�.>ÉE*-3®Çw3A:�Íw:�3A:R*N3EO��-Õ�0?.
0I<µMJÇw<1</0IHAGI:�.1Ç�0I3EÎ�Çw,>MJÇ-,l*x.1:�MA,10?Çw,µ@r3AÇx×�GI:�OªÍw:�*NHJÇ-TA.
.>ÉA:�Oª0=<>:�*-<>:�:�0?.>ÉA:�,�Í-0IÏ-:�3�HrÔ¹:�ÜrMJ:�,>.1<�Ç-,oHrÔ�G=*N,1Í-:«M9ÇwMATAG=*x.>0IÇ-3�</.>TEOª0I:�<�6

� �����
	��¢¿���Á�Â Á�
��>Å/¾�����������¾��������rÅ��

æ`3PGI0I3A@x*NÍ-:�*-3E*NGIÔª</0=<�Br.>ÉA:
ÇwHª24:�Î�.>0IÏ-:�0I<�.>ÇËGI0?3A@P*N3�Ç-H9</:�,>Ïw:�OP*xÙC:�Î�.10?Çw3P</.1*N.>TE<�ÒÓMAÉA:�3AÇNÚ
.4ÔYMJ:uÕ
ÇNÈ�*NGIG(0I3EOª0IÏr0IOªT9*NG=<
0?3á*+M9:uOª0?Íw,>:�:·.>Ç�.1ÉA:�0I3AÉA:�,>0?.1*-3EÎ�:ËME*N./.1:�,13õÇ-HE<>:�,1Ï-:uO¯*N.�*
Î�:�,>.1*-0?3RGIÇrÎ�*x.10?Çw3�Çw3�.1ÉA:�ÎlÉA,>ÇwÊ·Çw<>Ç-Ê·:-6 Æ 3�.>ÉA:�Çw3A:oÉE*N3EO�.>ÉE:�,1:�0=<�0I3ªÈÓÇ-,1ÊË*x.>0IÇ-3·*NHJÇ-TA.
.>ÉA:�*NÙJ:uÎ�.10?Çw3�</.1*N.>TE<�ÇNÈo:�*-ÎlÉØ0I3EOª0IÏY0=OªTE*-GµÒ�*xÙC:�Î�.1:�OØÇ-,
TE3E*xÙC:�Î�.>:�O9Õ
*N3EO¯.1ÉA:�Oª0=</:u*-<>:
ÊR:uÎlÉE*N3E0I<>Ê Ò�OªÇwÊR0I3E*-3w.uB9,1:�Î�:�<1</0IÏ-:wBE:�.1Î�Õ�6¢àoÉA:�G=*x.>.>:�,«Ê·0?ÍwÉY.µHJ:�TA39</MJ:�Î�0|ñE:uO¢6 Æ 3".>ÉE:
ÇN.>ÉE:�,�É9*N3EO�0I3ªÈÓÇ-,1ÊË*x.10?Çw3á*NHJÇ-Tª.�.>ÉA:�0?3AÉE:�,10|.l*N3EÎ�:¹ME*x.>.>:�,>3��Ñ×�ÉA0=ÎlÉõÍ-:�3A:�<�ÒÓME*N.>:�,13E*-G
Ç-,�ÊË*x.1:�,13E*NG�Õ�*N,1:µ0I3AÉA:�,>0?.>:uO�HrÔË.1ÉA:�ÎlÉA0IGIO��ß0=<�*]Ïx*N0IGI*-HAGI:-6
ÞAÇ-,�:�*wÎlÉõG?ÇªÎ�T9<�Ç-3á.>ÉA:PÎlÉA,>ÇwÊ·Çw<>Ç-Ê·:-B¢.1ÉA:�0I3AÉA:�,>0?.1*-3EÎ�:�ME*x.>.>:�,13á×�0?.>ÉA0I3�*®M9:uOª0|Ú

Í-,1:�:
0=<FOª:�3AÇN.1:�O�HrÔ�.1ÉA:�0I3AÉA:�,>0?.1*-3EÎ�:�Ïw:�Î�.>Ç-,uB �"!>BE×�ÉA0=ÎlÉ+Î�Çw3w.l*N0I3E<�.4×�ÇËHA0I3E*N,1Ô�Ïx*-G?TA:uO
Ï]*-,>0=*NHEG?:u<·ÈÓÇ-,�:�*-ÎlÉß3AÇw3ªÚdÈÓÇ-TA3EOA:�,$#u6WàoÉA:Ø</TEHE<>Î�,>0IMª.&%ROª:�3EÇN.>:uOß.>ÉE:+G?ÇªÎ�*x.>0IÇ-3 *N.¹.>ÉE:
ÎlÉA,>ÇwÊ·Çw<>Ç-Ê·:�<�6wàoÉA:�HA0I3E*-,>ÔËÏx*N,10=*NHAGI:�<�0I3EOª0=Î�*x.1:�×�ÉA0IÎlÉ�Ç-3A:�Ç-È;.>ÉA:
ÎlÉA,1Ç-Ê·ÇY</ÇwÊ·*-G9M9*N0I,
0I<RÎ�ÇwMA0?:uO�ÈÓ,1Ç-Ê .>ÉA:�È�*x.1ÉA:�,·*N3EOá×�ÉA0IÎlÉ�Ç-3A:ËÈÓ,1Ç-Ê .1ÉA:�Ê·Ç-.>ÉA:�,�6('�3ªÈÓÇw,/.1TA3E*x.1:�GIÔ-B�.>ÉE:
0?3AÉE:�,10|.l*N3EÎ�:FÏ-:uÎ�.1Ç-,(Î�*N3A3AÇ-.WHJ:FÇwHª.1*-0?3A:uO¹Oª0I,>:uÎ�.1G?ÔwBwHATA.�*N3�0?3EOA0?,1:�Î�.WÊ·:�*w</TA,1:�Ê·:�3w.WTE<4Ú
0?3AÍ�ó ÊË*N,1@-:�,1<�ô;ÒÓÍw:�3AÇ-.4ÔYME0?3AÍrÕ�0I<�TE</:uO�.>Ç¹,1:�Î�Ç-3E</.>,1TEÎ�.)� ! 69èr0I3EÎ�:�0?3"Ê·Çw</.FÎ�*w</:u<�.>ÉA0=<�� !
Î�*N3E3AÇN.�H9:«Oª:�.1:�,1ÊR0I3A:uO¹TA3A0=ÌYTA:�GIÔ-BYÇ-3E:µÎ�ÇwÊ·MATª.>:u<W*�MA,1Ç-HE*-HA0?GI0?.4ÔROª0=</.>,10?HATA.>0IÇ-3�ÇxÏw:�,(*-G?G
<4.l*x.>:u<*� ! 6�5FG|.1ÉAÇ-TAÍwÉõ.>ÉE0I<�MA,1ÇrÎ�:�OªTE,>:Ë0=<
È�*-,�ÈÓ,1Ç-Ê .>,10?Ïr0=*NGdB�<>0?3EÎ�:�0?.�0=<�3AÇ-.�.>ÉE:�ÊË*N0I3
Ç-Hª24:uÎ�.�ÇNÈ(.1ÉA0=<
*N,>.>0=Î�GI:-BC×W:·*-<1<>TAÊ·:,+�Ò-� ! Õ«*w<µÍw0?Ïw:�3Ø*N3EO®,>:�ÈÓ:�,«.>Ç�â ãNä(*N3EO â|å�ä%ÈÓÇ-,«.>ÉE:
<4.l*N3EOA*-,1O�MA,1ÇªÎ�:�OATA,>:u<�6".FÇN.1:�.>ÉE*N.�B-OATA:�.>Ç�Î�,>ÇY<></ÚjÇxÏ-:�,l<�B�+�Ò-� ! Õ�Î�*N3·Ïx*N,1Ô�*NGIÇ-3EÍ�*
<>0I3AÍ-GI:
ÎlÉA,>ÇwÊ·Çw<>Ç-Ê·:-6

/�021 354�68729;:=<�7->?9-@BAC>?4ED�@F<HGJI�K LF9-4NM
5�.�.>ÉE0I<�M9Çw0?3Y.�ÊË*-3YÔ�*NTA.>ÉAÇw,1<�OA:�ñE3A:�</ÇwÊR:�@Y0I3EOõÇ-È�<>Î�Ç-,10?3AÍ�ÈÓTE3EÎ�.10?Çw3POPÒ-Q*RS� ! Õ
Oª:�Ú
M9:�3EOª0I3AÍ
Ç-3�.>ÉA:�*NÙJ:uÎ�.>0IÇ-3·</.1*x.1TE<�BN5�BNÇ-ÈJ*NGIGª0I3EOª0IÏY0=OªTE*-GI<%*-3EO�.>ÉA:o0I3AÉA:�,10?.1*N39Î�:oME*x.>.>:�,>3;6
)"TAG?.>0IMAG?Ôr0I3AÍ�.>ÉE0I<%HrÔ,+�Ò;� ! Õ�*N3EOR<>TAÊ·ÊR0I3AÍ
ÇwTª.�� ! B-Í-0IÏ-:�<�*�Ïx*NGITA:o×�ÉA0=ÎlÉ·0?3EOA0IÎ�*x.>:u<%ÉAÇx×
×W:�G?G(.>ÉA:¹ÇwHE<>:�,1Ï-:�OØ*xÙC:�Î�.>0IÇ-3õ</.1*x.1TE<�0=<�:�ÜªMAGI*-0?3E:�OØHrÔ+.>ÉE:�Ç-H9</:�,>Ïw:�O¯0?3AÉE:�,10|.l*N3EÎ�:Ë0?3ªÚ
ÈÓÇ-,1Ê·*N.>0IÇ-3¶ÒÓÊË*N,1@-:�,1<lÕ�6¢èr:�Ïw:�,l*NG%<1Î�Ç-,10I3AÍ¹ÈÓTA39Î�.>0IÇ-39<
*N,1:�MA,1Ç-MJÇw<>:�O;BJ*-ÊRÇw3AÍP×�ÉA0IÎlÉ¯.>ÉE:
éYê�ëCÚ`<>Î�Ç-,1:�Ò�G?ÇwÍNÚjÇrOEOA<«,1*N.>0IÇYÕµ*N3EOØ*�</Ç"Î�*-G?GI:�O ð îAéNÚj<1Î�Çw,>:�ÒÓ3EÇ-3ªÚjME*N,l*NÊ·:�.>,10IÎ�G?0I3A@x*NÍw:uÕ�6
5�G?.>ÉAÇwTAÍ-ÉP.>ÉE:�éYê�ëCÚ`<1Î�Ç-,1:«ÉE*-<�*·GIÇ-3AÍËÉE0I</.>Çw,>Ô¹0I3P.>ÉA:�ñE:�G=OPÇNÈ%Í-:�3A:�.10IÎ�<�BAOªTE:
.>Ç¹<>ME*-Î�:
G?0IÊ·0|.l*x.>0IÇ-39<
×W:Ë,1:�</.>,10=Î�.
.>ÉE:�Î�ÇwÊRM9*N,10I<>Ç-3ØÊË*-Oª:Ë0I3�.>ÉA0=<�*-,/.10IÎ�G?:·.1Ç�.>ÉA:¹Ê·Çw,>:Ë,1:�Î�:�3Y.
ð îAéNÚj<1Î�Çw,>:�*N3EO�,1:�ÈÓ:�,o.1Ç+â|å�ä¢ÈÓÇ-,�*·Î�ÇwÊ·ME*N,10I<>Ç-3�H9:�.4×W:�:�3+érêtë¯*N3EO ð îEéA6
æ`3õñEÍ-TE,>:+å�×W:�MA,1Ç-MJÇw<>:�*+Íw,1*-MAÉA0=Î�*NG(ÊRÇªOª:�Go×�ÉA0IÎlÉ Oª0?,1:�Î�.>GIÔ�G?:u*-OA<�.>Ç�*"G?ÇwÍ-0=Î�*-G

<>Î�Ç-,10?3AÍ�ÈÓTA3EÎ�.>0IÇ-3T�Y.>ÉE:«GI0I@-:�GI0IÉAÇrÇrO¹ÇNÈ;.1ÉA:
*xÙC:�Î�.10?Çw3�</.1*N.>TE<�BrÍ-0IÏ-:�3&� ! BY.>ÉrTE<)O�Ò2Q*R�� ! Õ�U
+�Ò-QWV � ! Õ�6CàoÉA:
ñEÍwTA,1:�</ÉEÇx×�<o.>ÉA:�ÊRÇªOª:�G�HJ:�GIÇ-3EÍ-0I3AÍ·.>Ç�*¹Ï-:�,1Ô�<>ÊË*NGIGtMJ:�Oª0IÍ-,1:�:wBEHATA.µ0?.
0I<R<4.1,1*-0?ÍwÉY./ÚdÈÓÇ-,1×�*-,1O®.>Ç+:�Ür.>:�39Oá0?.�.>ÇrÇ¯GI*-,>Íw:�,�MJ:�Oª0IÍ-,1:�:u<�6�àoÉA:�3EÇrOA:+óbO¢ô�OA:�.>:�,>Ê·0I3A:�<
.>ÉA:
MA,1Ç-H9*NHA0IG?0?.4ÔË.1ÉE*x.µ*RÊ�Tª.1*N.>:�O�Íw:�3A:FX«ÇrÎ�Î�TA,l<o0I3�.>ÉA:
MJÇ-MATEGI*N.>0IÇ-3;6EàoÉE:
MA,>ÇwHE*NHE0?GI0|.4Ô
Y g�e�Vw±Óf=e�²YVr�-\1^4_³q�^4\�X[VY�wX[ZNX?�-²rq�{|_³X[VRa4vw\opª\��wX[k�^4\l\o©³vYe�_WpYq�^4\lVxa4_³q�^4\Fq�{|_`e
X[V�a4vY\opª\��-X[k�^4\l\
Z ��vY\�ku\lVwe�adc-pª\um$[µm�yleuVw_`X|_ja4_Je�fYa�©�e³yle�pYX[\l_¢e�fYq%_`X[VYku{[\�k�\lVY\�°���q�y>vFe�f-a4vY\li�y�q�VF­ª\ti«²-a/q�a4\��
e�^;Vwe�a�°�no\lpª\lVY�wX[VYk(euVFa4vY\��wX[_`\�q�_`\%i
eN�-\l{�m�euVY\�e�^;i
e�^4\�e�fra4vw\l_`\�yle�i«­wX|VYq�a4X[euVw_Cy�q�V«y�q�²Y_`\
a4vY\��-X[_`\�q�_`\u°



G G

G G

A A

A A

f
d

1 2

3 4

1 2

3 4

Vi

����� §��r§ ��vw\�k�^/q�pwvYX[y�q�{Ci
eN�w\l{Ea4e�{|X[Vw¬·q�ku\1VY\1a4X[yµ�wX[_`\�q�_`\�a4e�q�yl\1^`a/q�X|V¹X[VYvw\1^4Xba/q�Vwyl\�prq�a`a4\>^4V
fIe�^oq�Z]\1^`c�_`i�q�{[{Jpª\��-X[k�^4\l\�e�f;fIeu²w^WX[Vr�-X|ZNX|�w²Yq�{[_l°A��vw\FVweN�w\l_({|q�­ª\l{[\��·©³Xba4v�� 	�
rq�^4\Fq
�A\ly>a4X|e�V
_ja/q�a4\l_��Óq
�A\1y1a4\���e�^�²YVYq
�A\ly1a4\l���>mª©³vYX[y/v�q�^4\
�wXb^4\ly1a4{bc¹y�q�²Y_`\���­xc�� z 
[mAa4vY\«ku\lVwe�adc-pª\µe�f�a4vw\
X[VY�wX[ZNX?�-²rq�{%q�VY��� f�
[m¢a4vw\R�-X|_`\lq�_`\·i
eN�-\l{�°;��vY\�ku\lVwe�a�cwpª\�e�f(a4vY\�f=e�²YVY�w\1^4_��=a4vw\�prq�^4\1VNa4_µe�^
X[VY�wX[ZNX?�-²rq�{C~oq�Vr��}���X[_³�w\>a4\1^4i
X[VY\���­xc
pªe�pY²Y{|q�a4X|e�VR_ja/q�a4X|_ja4X[yl_�� ��
|mN©³vw\1^4\�q�_�a4vw\Wk�\lVYe�adc-pª\�e�f
a4vw\«y/vYX[{|�-^4\lV���X[Vr�-X|ZNX|�w²Yq�{���q�VY������y�q�V�­ª\��-\1a4\1^4i
X[VY\l�RfI^4euiìa4vrq�aoe�f�a4vw\lXb^�prq�^4\lVxa4_okuX[Z]\1V� �! "
[°]��vYX[_#� �! "
[mNq�{[_`eF¬NVwe�©³V�q�_;a4vY\%X[VYvw\1^4Xba/q�VYy1\(Zu\ly1a4e�^�muyleuVw_`X[_ja4_�e�fªfIeu²-^�­wX|VYq�^`cµ_ja/q�a4\l_t©³vYX[y/v
�-\1a4\1^4i
X[VY\W©³vYX[y>v�prq�a4\1^4Vrq�{Jku\1VY\l_(q�^4\�y1eupYX[\��A°

.>ÉE*N.R*N3õ0I3EOª0IÏr0IOATE*NGWÉE*-<�MA,>:uÎ�0=</:�G?Ô¯Ç-3A:�Ê�Tª.l*x.>:uO�Í-:�3A:-BtÈÓÇ-,�0I3E</.1*-3EÎ�:wBt0=<
.>ÉE:�3áÍw0?Ïw:�3
HYÔ5�%$µÒ4å'&($YÕ�6 Æ 39Î�:
.1ÉA:�Íw:�3AÇ-.4ÔYMJ:Ëó[QRôEÇ-È%.>ÉA:�ÈÓÇ-TA3EOA:�,l<�0?3+.>ÉA:�M9:uOª0?Íw,>:�:�0=<F<>:�.�B9.>ÉE:
Í-:�3EÇN.4ÔrM9:�Ç-Èt.>ÉE:
3AÇ-3ªÚdÈÓÇ-TE3EOª:�,l<o0=<�Î�Ç-Ê·MAGI:�.1:�GIÔ�Oª:�.>:�,>Ê·0I3A:�OPHrÔ"ó �"!/ôI6
àoÉA:+Í-:�3AÇN.4ÔrMJ:-B*)·B�Î�*N3ÑHJ:®:�0?.>ÉE:�,+ó+&�&
ôIB�ó+&-,�ô?Bµô.,/&
ô³Çw,+ó0,�,�ô?BW×�ÉA:�,1:®*õMEG?TE<

Oª:�3AÇ-.>:u<�.>ÉA:�MA,>:u</:�3EÎ�:�Ç-È·*ßÊ�Tª.1*N.>:�O Íw:�3A:w6µèr0I3EÎ�:�.1ÉA:�,1:õ0=<+3AÇÑHA0IÇ-GIÇ-Íw0IÎ�*NG
Oª0?ÙJ:�,/Ú
:�3EÎ�:+H9:�.4×W:�:�3 ó+&-,�ô(*N39O ó1,/&
ô³Çw3A:+Çw3AG?Ô¶3A:�:�OA<¹.>ÉA:+ME,>ÇwHE*NHA0IGI0|.4Ô ÇNÈ�.>ÉA:¯*xÙC:�Î�.10?Çw3
<4.l*x.>T9<+Í-0IÏ-:�3 .>ÉA:�3YTEÊ�HJ:�,ØÇNÈËÊ�Tª.l*x.1:�O Í-:�3A:�<¯*N3Ý0I3EOª0IÏr0IOªT9*NGRÉE*-<�6FÞAÇw,®0I3E</.1*N39Î�:-B
+�Ò-QWV 2�Ê�TA.1*x.1:�OPÍ-:�3A:�<1Õ,U43�5ER65�R�å%7�ÈÓÇw,«*�MATA,1:�GIÔ�,>:uÎ�:u<><>0?Ïw:�Oª0=<>:�*-<>:-6Jæ`3®ME,>0I3EÎ�0IMAGI:R*-G?G
MA,>ÇwHE*NHE0?GI0|.4Ô�.1*-HAGI:�<�*N,1:�M9ÇY<><>0IHAG?:w6YàoÉE:F:�ÜA*wÎ�.(.1ÉA,1:�:FÏx*-G?TA:u<(*-,>:�@r3AÇx×�3�*-<�ó MJ:�3A:�.>,l*N3EÎ�:
Ï]*-G?TE:�<�ôJ*-3EO+*N,1:�,1:�ME,>:u</:�3w.1:�O�0I3".>ÉE:�ñEÍwTA,1:�×�0?.>É+.1ÉA:·</ÔrÊ�HJÇ-G(ó È�ô?6¢æj.�0I<µ0IÊRÊ·:uOª0I*N.>:�G?Ô
Î�GI:�*N,FÈÓ,>ÇwÊ�.1ÉA:�Íw,1*-MAÉA0=Î�*-G;Ê·ÇrOA:�GdBE.1ÉE*x.·Ò�*NG?.>ÉEÇ-TAÍwÉ�.>ÉA:�M9:�3A:�.1,1*-3EÎ�:�Ï]*-G?TE:�<F*-,>:�ÇNÈ�.>:�3
3AÇN.�@r3AÇx×�39Õ�*-G?G¢0I3EOª0IÏr0IOªT9*NG=<�</É9*N,1:F.1ÉA:�<>*-Ê·:�OA0I<>:�*w</:�Ê·ÇªOª:�Gd6
Æ 3EÎ�:W.>ÉA0=<�Í-,l*NMAÉE0IÎ�*NGYÊRÇªOª:�Gª0I<�<>M9:uÎ�0?ñE:�O;Bx0|.%0=<�,l*x.1ÉA:�,�.1,>0IÏr0I*-Gw.1Ç«Î�Ç-Ê·MATª.1:(.1ÉA:�.>Ç-.1*NG

<>Î�Ç-,1: �

O ! Ò2QµÕ U98;:=< +�Ò-Q V � ! ÕJ+�Ò;� ! Õ�U>8�:6<?8�@�8;AB8�C +�Ò-QWV )ED¢Õ +�ÒF) V � ! $rÕ +�ÒGD¢ÕF+�ÒG$YÕ"+�Ò � ! Õ
Ò4å]Õ

æ`3�MA,l*-Î�.>0=Î�*NGC<>0|.1TE*x.10?Çw3E<�Bw.>ÉE:«<1Î�Çw,>:µ0I<o*]Ï-:�,1*-Í-:uO�ÇxÏw:�,�*
ÈÓ:�× .>Ç·</:�Ï-:�,l*NG9ÉrTA3EOª,1:�O�M9:uOª0|Ú
Í-,1:�:�<�.1Ç¹ÊË*N@w:
0|.FÊ·Çw,>:
,1Ç-HAT9<4.u6EàoÉA0=<�.>Ç-.1*-Gt<>Î�Ç-,1:�0I<µÎ�Ç-Ê·MATA.>:�O"*N.�ÊË*N3rÔ�GIÇªÎ�*N.>0IÇ-3E< %
Ç-3®*-G?G�.>ÉA:·ÎlÉA,1Ç-Ê·Çw<>Ç-Ê·:u<�6 Æ HrÏr0IÇ-TE<>G?ÔwBE.1ÉA:�,1:�Íw0?Çw3E<�×�0?.>É®.>ÉA:RÉA0IÍ-ÉA:u<4.�<>Î�Ç-,1:�<µ*N,1:�.>ÉE:
ÊRÇY<4.�ME,>ÇwHE*NHAGI:Ë,1:�Í-0IÇ-39<µ,1:�<>MJÇ-3E<>0?HEG?:·ÈÓÇw,�Î�*-TE</0I3AÍP.>ÉE:�Oª0=</:u*-<>:-6 .FÇN.>:ËÉEÇx×ì:u*-<>0?GIÔ+×�:
Î�*N3ØOª:�*-G�×�0?.>É¯.>ÉE:�Ê·0=<><>0?3EÍ�0I3ªÈÓÇ-,1ÊË*x.10?Çw3®*NHJÇ-Tª.«.>ÉE:·OA0I<>:�*w</:�ÊRÇªOª:�G�6;èr0I3EÎ�:R0?.�0I<«3AÇ-.
</MJ:�Î�0|ñE:uO¢B¢×�:R<>0?Ê·MAGIÔ"0I3w.1:�Íw,1*N.>:�ÇxÏw:�,�*NGIG�M9ÇY<><>0?HEG?:�Ï]*-G?TE:�<�6Jæ`3�Î�*w</:�×W:RÉE*wO�ÒÓM9*N,>.>0=*NG�Õ
0?3ªÈÓÇw,>ÊË*N.>0IÇ-3+*NHJÇ-TA.F.>ÉE:�<>:�ME*N,l*NÊ·:�.>:�,l<�BE×�:�Î�ÇwTAGIO"<>0IÊRMEG?Ô�0I3EÎ�Çw,>MJÇ-,l*x.1:�.>ÉE*N.«*-<FMA,10?Çw,
@Y3EÇx×�G?:uOªÍ-:«0?3B+�ÒHD¢Õ�Ç-,�+�ÒG$YÕ�6 Æ .>ÉA:�,>×�0=<>:µ.1ÉA:�<>:�*N,1:-I9*x.u6



� ��¿���¿AÅ��w¿AÅ/Ä �����
Á�� �;À

àtÇ"*-<1<>:�<1<«.>ÉA:¹ÌYTE*-G?0?.4Ô+ÇNÈW.>ÉA:ËME,>ÇwM9ÇY</:uO®Ê·:�.1ÉAÇªO�Î�Ç-Ê·ME*-,>:uO+.1Ç+Q«:�3A:�ÉYTE3w.1:�,uô < ð îAéxÚ
<>Î�Ç-,1:-B-×�:�Î�,1:�*x.1:�OË*-,/.10|ñ9Î�0I*-GJOE*x.1*�</:�.1<W:�*wÎlÉ�Î�Çw3E</0=</.>0I3AÍ�Ç-È;.>:�3�MJ:�Oª0IÍ-,1:�:u<�6��(*-ÎlÉ�M9:uOª0|Ú
Í-,1:�:¹×o*-<�*�È�*NÊ·0IG?Ô�×�0?.>Éõ.1ÉA,>:�:�ÎlÉA0IG=Oª,>:�3õÇNÈ�×�ÉA0=ÎlÉáÇw3A:¹×o*-<�ÊË*-,>,10?:uOõ*N3EO�É9*-O�.4×�Ç
ÎlÉA0?G=Oª,1:�3;6ªào×�Ç�Oª0=<>:�*-<>:FÊ·ÇªOª:�GI<�×�:�,1:FTE<>:�O¹.>ÇRÍ-:�3E:�,l*x.>:F.>ÉA:�OA*N.1*��ª5 ,1:�Î�:u<><>0IÏ-:�Ê·ÇªOª:�G
×�0|.1É $CU 5	�?åwB D�
�U45	� 5��ªB D # U 5
� 5��P*-3EO D X U 5	� ��*-3EOõ*"OªÇ-Ê·0I3E*N3Y.�Ê·ÇªOª:�G(×�0|.1É$ U 5
� 5H�AB�D�
 U 5	� 5��ªB D # U 5	� ��*N39O�D X U 5	� �E6;ÞAÇ-,�*-G?G�.1ÉA:¹OA*N.1*�.>ÉA:ËGI0I@-:�GI0IÉAÇrÇrO�*w<
MA,>:u</:�3Y.>:�O�0I3�.1ÉA0=<�*N,>.>0=Î�GI:�×�*w<�Î�Ç-Ê·MATª.1:�O�*N39O¢BATE<>0?3EÍËQ«:�3A:�ÉrTA3Y.1:�,uBr.>ÉA:�0?, ð îAéxÚ`<1Î�Ç-,1:-6
Ð¯:®*w<><>TAÊ·:�O .1ÉE*x.¹ÈÓÇw,¹:�Ïw:�,1Ô�MJ:�Oª0IÍ-,1:�:"Çw3AGIÔ�.1ÉA:+ÊË*N,1@-:�,¹OA*x.l*õ*x.¹.1ÉA:®Oª0=</:u*-<>:

G?ÇªÎ�T9<�0=<Ë*]Ïx*N0IGI*-HAGI:-6%èr0?39Î�:P.>ÉA:�MA,1ÇªÎ�:uOªTA,1:¹.>Ç�ÉE*-3EOªGI:�Ê·0=<><>0I3AÍ¯ÊË*-,>@w:�,·OA*x.l*¯*-3EOõ.1Ç
Ê·*-@-:�TE</:�ÇNÈµ*wO]2/*-Î�:�3Y.�ÊË*-,>@w:�,l<�OªÇr:�<�3AÇ-.ROª0?ÙJ:�,·H9:�.4×W:�:�3á.1ÉA:PÊR:�.>ÉAÇªOA<RMA,1:�<>:�3Y.1:�O
ÉA:�,1:-B%.1ÉA:�,1:"0=<Ë3AÇõ3A:�:�O¶.>Çõ0I3rÏ-:u<4.10?ÍY*x.>:P.1ÉA0I<¹,>:�Í-0IÊR:w6(à�ÇõÊ·*-@-:P.>ÉE:®</0I3AÍwG?:"ÊË*N,1@-:�,
0?3ªÈÓÇw,>ÊË*N.>0IÏ-:®:�3AÇ-TEÍ-É;B�×W:Ø*-<1</TEÊR:+.>ÉE*N.P0?.P0=<PÏ-:�,>Ô¶M9ÇwG?ÔrÊ·Ç-,1MAÉA0=Î"�W.>:�3 *-G?GI:�GI:�<�×�0|.1É
:�ÌYTE*NG�MJÇ-MATEGI*N.>0IÇ-3®ÇªÎ�Î�TA,l*N3EÎ�:-6CàoÉA0=<«<>0?.>TE*N.>0IÇ-3Ø0I<�Î�ÇwÊ·ME*N,l*NHAGI:�.1ÇPÎlÉE,>ÇwÊRÇY</ÇwÊ·:�×�0IOA:
*]Ï]*-0?G=*NHEG?:ROA*x.l*¹×�0?.>ÉØG?:u<><µM9ÇwG?ÔrÊ·Ç-,1MAÉA0=Î�ÊË*-,>@w:�,l<�6J5�È�.>:�,�,1*-3EOªÇ-Ê·GIÔ"*-<1</0IÍ-3A0I3AÍP*NGIG?:�G?:u<
.>Ç·.>ÉE:
ÈÓÇ-TA39Oª:�,l<�BA.>ÉA:�ÊË*-,>@w:�,�OA*N.1*RÈÓÇ-,�.>ÉA:�3EÇ-3ªÚdÈÓÇ-TA39Oª:�,l<o×�*w<�Î�ÇwÊ·MATª.>:uO"*-Î�Î�Ç-,lOª0I3AÍ
.>Ç
*«,1*-3EOªÇ-Ê·GIÔ�ÎlÉAÇw<>:�3 �9B-×�ÉA0IÎlÉR0=<�BxÇ-ÈJÎ�ÇwTA,l</:wBu3EÇN.%MA,1:�<>:�3Y.>:uO�.1Ç�*-3rÔ
ÇNÈE.1ÉA:�Ê·:�.1ÉAÇªOA<�6
àoÉA:Ë0?39Oª:�Ü %µ0I<
OA,>ÇwMAM9:uO¢B;<>0?3EÎ�:Ë×W:·Çw3AG?Ô®0?3rÏ-:u<4.10?ÍY*x.1:R*"<>0?3EÍ-GI:RGIÇªÎ�TE<�B¢×�ÉA0=ÎlÉØÎ�*N3�HJ:
:�0?.>ÉA:�,%G?0I3A@-:uO�Çw,�TA3AGI0?3A@w:�O�.>Ç«.>ÉE:oOA0I<>:�*w</:w6J'µ</0I3AÍ«.>ÉE:o<1*NÊ·: ��.>ÉE:�3rTAÊ�H9:�,%ÇNÈJÊ�Tª.l*x.>:uO
Í-:�3E:�<�0=<FÎ�Ç-Ê·MATª.1:�OPÈÓÇ-,µ:�Ïw:�,1Ô¹0?39Oª0?Ïr0=OªTE*-G�*-3EO�.>ÉA:R*xÙC:�Î�.10?Çw3"<4.l*x.>T9<�0=<F<>:�.F,l*N3EOAÇ-Ê·G?Ô
TE</0I3AÍ�.>ÉA:�*NMAME,>ÇwMA,>0=*x.1:�MJ:�3A:�.>,l*N3EÎ�:FÏx*NGITA:-6r5 M9:uOª0?Íw,>:�:F0=<(0I3EÎ�G?TEOA:�O¹0I3Ë.1ÉA:«OE*x.1*�</:�.W0?È
*x.oG?:u*-</.�.4×�Ç�3EÇ-3ªÚdÈÓÇ-TA39Oª:�,l<o*N,1:µ*xÙC:�Î�.>:uO¢6ªæ`3�.1ÉA0=<o×�*]ÔwBw×�:«Î�Ç-3E</.>,1TEÎ�.oãEB 5 5 5�OE*x.1*R<>:�.1<
ÈÓÇ-,o.>ÉE:
,>:uÎ�:�<1<>0?Ïw:«*w<o×W:�G?G;*w<�ÈÓÇ-,o.>ÉE:�OªÇ-Ê·0I3E*N3Y.FÎ�*w</:w6
Ð¯:·Î�ÇwÊRM9*N,1:�.>ÉE:R<1Î�Çw,>:u<�ÈÓÇwTA3EO+0I3¯.>ÉA:u</:·OA*x.l*�<>:�.l<F×�0?.>É¯.>ÉE:·<1Î�Çw,>:u<�ÈÓ,1Ç-Ê ãEB 5 5 5

*N,>.>0?ñ9Î�0=*NGIG?Ô�Î�,1:�*N.>:uO�3YTEG?G�OA*x.l*®<>:�.1<�6�àoÉE:�<>:¹3rTAG?GoOA*N.1*+<>:�.l<�*-,>:�<>0IÊRMEG?Ô�Î�ÇwMA0?:u<
ÈÓ,1Ç-Ê
.>ÉA:µÇN.>ÉE:�,oOA*x.l*�</:�.1<�BwHETª.W.1ÉA:FÊË*-,>@w:�,WOE*x.1*�0I<WÍ-:�3A:�,l*x.1:�OË*NÍY*N0I3ËTE<>0?3AÍ�*�3A:�×Ñ,1*-3EOªÇ-Ê
0?3AÉE:�,10|.l*N3EÎ�:�Ï-:uÎ�.>Çw,�69æ`3�.>ÉA0=<µ×�*]ÔwBA.>ÉE:�,1:�0I<µ3AÇ¹GI0I3A@x*NÍ-:�H9:�.4×W:�:�3".1ÉA:�*NÙJ:uÎ�.>0IÇ-3+</.1*N.>TE<
*N3EO .>ÉE:"Ê·*-,>@w:�,ËOA*N.1*A6WàoÉA:�,1:�ÈÓÇw,>:wB%×W:�:�ÜªMJ:�Î�.Ë.>ÉA:®<1Î�Çw,>:u<R0?3¶.>ÉE0I<�OA*x.l*¯H9*-<>:�ÒÓ.>ÉA:
3YTEG?Gt<1Î�Çw,>:u<1Õ(.1Ç¹H9:¹Ò�</0IÍ-3E0|ñ9Î�*N3Y.>GIÔAÕ�G?:u<><�.>ÉE*-3�.1ÉA:�Ç-.>ÉA:�,1<�6A5F<F×�0|.1É+*NGIG;Ê·:�.>ÉEÇrOE<�Bª.1,>TE:
M9ÇY</0?.>0IÏ-:u<PÒÓ.>ÉA:�,>:�×o*-<RGI0?3A@x*-Í-:�*N3EO�×W:"Oª:�.>:�Î�.>:uO�0?.lÕ·Î�Ç-Ê·M9:�.>:P×�0|.1É¶.>,1TA:�3E:�Íw*N.>0IÏ-:u<
Ò�.>ÉE:�,1:«×o*-<W3AÇ·GI0?3A@x*-Í-:�*N3EO�×W:�Oª0=O�3AÇ-.oñE3EOP*N3rÔY.>ÉA0I3AÍYÕ�6ªàoÉA:µÉE0?ÍwÉA:�,�.>ÉE:«MJ:�,lÎ�:�3Y.1*NÍw:
ÇNÈ�.>,1TA:�M9ÇY<><>0|.10?Ïw:�<�Br.>ÉA:
GIÇx×�:�,�.>ÉA:
MJ:�,lÎ�:�3Y.1*NÍw:µÇ-È�.1,>TE:«3E:�Íw*N.>0IÏ-:u<�6
ÞAÇ-,R*NGIG�OE*x.1*¯</:�.1<�.>ÉA: ð îAéNÚ
*N3EOõGI0I@-:�GI0IÉAÇrÇrOªÚj<1Î�Çw,>:¹*-,>:PÎ�Ç-Ê·MATA.>:�O;6�àoÉA0=<R,>:u</TEG|.l<

0?3+ãEB 5 5 5�G?0I3A@-:uO"<>Î�Ç-,1:�<�*-3EO�ãAB 5 5 5�3rTAGIG�<1Î�Ç-,1:�<�ÈÓÇw,�.>ÉE:
.4×WÇ·Ê·:�.1ÉAÇªOA<�6��µ:�MJ:�3EOª0I3AÍ¹Çw3
×�ÉA:�,1:R.>ÉA:R.>ÉE,>:u</ÉAÇwGIO¯HJ:�.4×�:�:�3 ó G?0I3A@x*NÍw:-ô¢*N3EO�ó 3AÇ�G?0I3A@x*NÍw:-ô¢0=<
</:�.�BC.>ÉE:�,1:R0=<
*PÉA0IÍ-ÉA:�,
ÈÓ,1*wÎ�.>0IÇ-3õÇ-È�.>,1TA:¹MJÇw<>0|.10?Ïw:�<�Ç-,�.1,>TE:�3A:�Íw*x.10?Ïw:�<�6tàoÉA0=<�0=<�<>ÉAÇx×�3õ0I3õñEÍwTA,>: �N*PÈÓÇ-,�.>ÉE:
OªÇ-Ê·0I3E*N3Y.R*-3EOõ0I3áñEÍwTA,1:��xHõÈÓÇw,�.1ÉA:P,>:uÎ�:�<1<>0?Ïw:ËÊRÇªOª:�G�6%àoÉA:P<4.l*x.10I</.>0=Î�*-GWMJÇx×W:�,�Ç-ÈF*
ME*N,>.>0=Î�TAG=*N,�<1Î�Ç-,1:(0=<�:�ÜªMA,1:�<1</:uO
HrÔ
ÉAÇx×�Î�G?ÇY</:(.>ÉA:�Î�TE,>Ïw:(GI0?:u<�0I3�.>ÉA:�TAMAMJ:�,%,10?ÍwÉY.�Î�Çw,>3E:�,u6
5 ,1:�Î�.l*N3AÍwTAG=*N,�<>ÉE*-M9:+0=<P*áMJ:�,>ÈÓ:�Î�."Î�G=*-<1<>0|ñE:�,�B(×�ÉA:�,1:�*w<�*�OA0I*-Í-Ç-39*NGFGI0I3A:+ÈÓ,1Ç-Ê .>ÉE:
TAMAMJ:�,�G?:�È�.�.>Ç�.>ÉA:·GIÇx×W:�,F,10?ÍwÉw.
Î�Çw,>3E:�,F0=<µ.>ÉA:·×�Ç-,l<4.«Ç-3A:RÎ�*-3®Í-:�.�6CÐÑÉA:�3¯×�:�<>:�.�.>ÉE:
ÊRÇªOª:�G;ME*-,1*-ÊR:�.>:�,1<(.>Ç·.1ÉA:
Ç-3A:u<oTE<>:�O�.>ÇËÎ�,1:�*N.>:«.>ÉA:�*-,/.10|ñJÎ�0=*NG;OA*N.1*ABr.1ÉA:
</Ç·ÇwHª.1*-0?3A:uO
G?0I@-:�G?0IÉAÇrÇªOá<>Î�Ç-,1:¹Í-0IÏ-:u<�*-3á0IOA:�*+×�É9*x.�.1ÉA:PÊ·*NÜª0?Ê�TAÊ *-ÎlÉA0I:�Ïx*NHEG?:PÎ�TA,1Ï-:¹GIÇrÇ-@ª<�GI0I@-:-6
àoÉA0I<R0=<�.1ÉA:�</ÇwG?0=OáÎ�TE,>Ïw:�0I3�HJÇN.>É�ñEÍ-TE,>:u<�6�æj.R0=<·Î�GI:�*N,�.>ÉE*N.�.1ÉA:PG?0I@-:�G?0IÉAÇrÇªOáÎ�TA,1Ï-:�0I<
ÌwTE0|.1:RÎ�G?ÇY</:�.>Ç�.>ÉA:RÊË*xÜª0IÊ�TAÊÖÇw3A:-6Cæ`3®HJÇN.1É®ñ9Í-TA,1:�<�BE.1ÉA:�,1:R0I<�*�Î�G?:u*N,«0?Ê·MA,1ÇxÏ-:�Ê·:�3Y.
Î�Ç-Ê·ME*-,>:uOË.1Ç·.>ÉA: ð îEéxÚ`<>Î�Ç-,1:-6



0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

Fraction of true negatives

F
ra

ct
io

n 
of

 tr
ue

 p
os

iti
ve

s

Maximum score   
Genehunter NPL  
Likelihood score

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

Fraction of true negatives

F
ra

ct
io

n 
of

 tr
ue

 p
os

iti
ve

s

Maximum score   
Genehunter NPL  
Likelihood score

�Óq�� ��­������� §��E§ ��vY\³_ja/q�a4X[_ja4X[y�q�{ªpªe�©�\1^�e�fªa4vY\³Zuq�^4X[eu²Y_ti
\1a4vweN�w_;y�q�V
­ª\³_`\l\1V
X|V�a4vw\%pY{[e�a4_l°x��vY\³_`eu{[X|�
{[X[VY\%_`vwe�©³_ta4vw\�i�q�º-X[i«²wi pªe�_`_`X|­w{[\(pªe�©�\1^�m�©³vwX[y>v�X[_¢a4vY\%{[X[¬]\l{[X[vYexeN�µ_`yle�^4\%©³vY\>^4\�a4vY\�yle�^`^4\ly1a
�-X[_`\�q�_`\µi
eN�w\l{9X|_W_`pª\lylXb¸r\l�E°A��vw\«�-e�a`a4\��·{[X[VY\FX[_ z \lVw\lvN²YVxa4\1^ 
 _�������_`yle�^4\umªa4vw\F�Yq�_`vw\��·{[X[VY\
X[_�a4vw\�VYeuV-±�prq�^/q�i
\1a`^4X[yµ{[X[¬]\l{[X[vYexeN�¹_`yle�^4\��w\>¸rVY\l�·X|V¹\	�x²Yq�a4X[euV"~u° ¨ VË­ªe�a4v¹y�q�_`\l_lmAa4vY\�{|q�a`a4\1^
vYqu��a4vY\�i
e�_ja³_ja/q�a4X[_ja4X[y�q�{9pªe�©�\1^�°�
9\>fIa(X[_�a4vY\��-eui
X[Vrq�VNa��wX[_`\�q�_`\Fi
eN�-\l{�mx^4X[kuvxa%a4vY\�^4\1yl\l_`_`X[Z]\
e�VY\u°

�T021 
 9��NM�9����HK�M L�� K�@F<�@�� 4=G&729-M�:�K��=<
5�G?.>ÉAÇwTAÍ-É�.1ÉA:�MA,1:�Ïr0IÇ-TE<�</TAH9</:uÎ�.>0IÇ-3á<>ÉAÇx×�<�.1ÉE*x.�×W:�Î�*N3õ:�ÜrMJ:�Î�.�*N3õ0IÊ·MA,1ÇxÏ-:�O�</.1*NÚ
.>0=<4.10IÎ�*NGFMJÇx×�:�,ËÇ-3¶.1ÉA:+×�ÉAÇwG?:+,l*N3EÍ-:-B%0I3ÑMA,l*-Î�.>0=Î�*NG�<>0?.>TE*N.>0IÇ-3E<�Ç-3A:"TE<>TE*-G?GIÔ�0=<ËÇ-3EG?Ô
0?3Y.>:�,>:u<4.1:�O�0I3õ.>ÉE:�,10?ÍwÉw.�ÊRÇY<4.RME*N,>.�Ç-È�ñEÍ-TA,1:��A6�àoÉA0=<�0=<
.1ÉA:�,1:�Íw0?Çw3õ×�ÉA:�,1:¹×�:�Î�*-3
:�ÜªM9:uÎ�.�×�0?.>Éá*�Ïw:�,1Ô+ÉA0IÍ-ÉõÎ�:�,/.l*N0I3Y.4Ô".>ÉE*N.�:�Ïw:�,1Ô+MJÇw<>0|.10?Ïw:¹<>*-ÊRMEG?:·ÈÓÇwTA3EO�0=<
,>:u*NGIG?Ô¯*
Î�*-<>:FÇ-È;G?0I3A@x*NÍw:-6Yæ`3¹ÇN.1ÉA:�,�×�Ç-,lOA< �-.>ÉA:«MA,1Ç-HE*-HA0IG?0?.4Ô�.1ÉE*x.�*�Î�*-<>:�G=*NHJ:�GI:�O�*w<�ó G?0I3A@x*NÍw:-ôY0I<
0?3EÎ�Ç-,1,>:uÎ�.uBw.1ÉA:)+AÚjÏx*NGITA:-Bª0=<�Ïw:�,1Ô¹</ÊË*NGIGd6
Ð¯:�Î�*-3 3AÇ-.�ñE39OÑ.>ÉE:¯.1ÉA,1:�<>ÉAÇ-G=O 3A:�:�Oª:uOÑÈÓÇw,P<>TEÎlÉ <>ÊË*NGIG +AÚjÏ]*-G?TE:�<�HYÔ <>0IÊRMEG?Ô

Î�Ç-TE3w.10?3EÍ¯<1Î�Ç-,1:�<�0I3á.>ÉE:�3rTAGIG�OA*x.l*®HE*w</:wB�<>0I3EÎ�:�.>ÉA0=<R×WÇwTAG=Oá,1:�ÌYTA0I,>:P*x.·G?:u*-</.R*NHJÇ-TA.
å�� +¯<>*-ÊRMEG?:u<�.1Ç�:�</.>0IÊË*x.1:�.1ÉA:�.1ÉA,>:u</ÉEÇ-G=O",>:�G?0=*NHEG?Ô�:�3EÇ-TAÍwÉ;69ÞEÇ-,�</ÊË*NGIGN+AÚjÏ]*-G?TE:�<�BE.1ÉA0I<
3YTEÊ�HJ:�,�Î�*N3ßHJ:®TA3ªÈÓ:u*-<>0?HEG?Ô¶ÉA0IÍ-É;6�àoÉA:�,1:�ÈÓÇw,>:wB³×W:"T9</:+ÇwTA,�ãEB 5 5 5�3rTAGIGµ<1*NÊ·MAGI:�<·.1Ç

n�eui
X[Vrq�VNa �(\lyl\l_`_`X[Z]\
� ±�Z�q�{[²Y\ 
9X[¬]\1{|X[vwexeN� z \lVw\lvN²YVxa4\1^
� ~���� Z }
�!����� �]}�! � ~����
� ���
��! �
� ~����#" ~%$x~ �����&$�! � �!�]}/��}x~%! �
� ~�� �#' �&����� ���&! � ~��!�����x°[~%! �
� ~�� �)( ���u� �j~%$�! � }&$ � �N° �&! �
� ~����#* ~��&���Ó�-° �&! � � � �N°|~	! �
� ~�� �)+ ���/�j~u° ��! � � � �&! �

� ±�Z�q�{[²Y\ 
9X[¬]\l{[X[vYexeN� z \lVY\lvN²wVNa4\>^
� ~���� Z �u�-~ ��}u}&! � ~%$x~E���N° $&! �
� ~����#" }��u} � �-° �,! � }x~E� �-° $&! �
� ~�� �#' ~u~=� � �-° ��! � } � �-°[~%! �
� ~�� �)( �&���j~�° ��! � ~ � �-° ��! �
� ~����#* ~	��� �N° ��! � ~ � �-° ��! �

- ¥w /.10 �r§ ��vY\�VN²Yi«­ª\>^�e�f³{[X[VY¬]\���ylq�_`\l_µeu²waFe�f*�Nm �&�&�Ë©³vYX[y/v"yleu²w{|��­ª\�fIeu²wVr��©³Xba4v+q¹q�_j±
_`exy1X?q�a4\�� � ±�Zuq�{|²w\�{[\l_`_Wa4vYq�VËX[Vr�-X|ylq�a4\��A°A��vY\�{[\1fIaWa/q�­w{|\FX[_Wa4vw\µ�-eui
X[Vrq�Vxa�mwa4vw\�^4X[k�vNa�euVw\�a4vw\
^4\1yl\l_`_`X[Z]\�y�q�_`\u°r��vw\oVN²Yiµ­ª\1^4_�y�q�VR­ª\�^4\�q��Rq�_�2�� z X[Z]\lVRq��wX[_`\�q�_`\o©³X[a4v�a4vY\��-eui
X[Vrq�Vxa%pw^4e�pw±
\>^`a4X|\1_�q�Vr�·q��wq�a/q�_`\1aWq�_��-\l_`y1^4X[­ª\��Em-©�\�vYq�Zu\�q«pw^4e�­rq�­wX[{|Xba�cRe�f ����! a4e
�-\1a4\ly1a({[X[VY¬�q�k�\FXbf;Xba
X[_³pw^4\1_`\lVxa(©³Xba4vRq � ±�Zuq�{[²Y\o{[\l_`_³a4vrq�V�~	� �)' �Óq�VY�·��! f=e�^ z \lVw\lvN²YVxa4\1^6�>°1




Í-:�.�*N3+:u<4.10?ÊË*N.>:�Ç-È%.>ÉA:�.1*-0?G�ÇNÈ%.1ÉA:R3YTEG?G�Oª0=<4.1,>0IHATª.10?Çw3®*N3EO+Ê·*-@-:R*¹GI0?3A:u*N,FñA.«Çw3".>ÉE:
G?ÇwÍw*N,10?.>ÉAÊ ÇNÈW.>ÉA:·MA,1Ç-H9*NHA0IG?0?.4Ô-6 .�TEÊR:�,>0=Î�*-G%<4.1TEOª0I:�<ËÒÓ3EÇN.
</ÉAÇx×�3¯ÉA:�,1:uÕF0I3EOª0=Î�*x.1:R.>ÉE*N.
.>ÉA0=<�GI0?3A:u*N,�*-MAMA,1Ç]Ür0IÊË*x.10?Çw3¹0I<F*�MJ:�,>ÈÓ:�Î�.�ÊË*x.1ÎlÉ�×�0?.>ÉA0I3�:�,1,>Çw,WHJÇ-TE3EOA*N,10I:�<�6
à�*-HAG?:�å"<>ÉAÇx×�<RÉAÇx×�ÊË*N3rÔáGI0I3A@-:uO Î�*-<>:�<·Ç-TA.·Ç-Èµ.1ÉA:+ãAB 5 5 5®Î�Ç-TAG=O¶H9:+Oª:�.>:uÎ�.>:uO

</0IÍ-3A0?ñ9Î�*N3Y.>GIÔFÈÓÇw,�<>:�Ïw:�,l*NG +AÚjÏ]*-G?TE:�<�6�àoÉA0=<t0=<�Î�ÇwÊRM9*N,1:�O«.>Ç�Q«:�3A:�ÉrTA3Y.>:�,uBu×�ÉA0IÎlÉ�*-<1</TAÊ·:u<
*·Q�*-TE<1</0=*N3�3YTEG?GtOA0I</.>,10?HETª.>0IÇ-3PÈÓÇ-,�.1ÉA: ð îAéË<1Î�Çw,>:�*-<�,1:�MJÇ-,>.>:uO�HrÔË.1ÉA:
MA,1Ç-Í-,l*NÊ�6Yæj.�0I<
Î�GI:�*N,�ÈÓ,1Ç-Ê .>ÉA:�.l*NHAGI:o.>É9*x.³Ç-TE,%3AÇ-3ªÚjME*-,1*-ÊR:�.>,10IÎWGI0?@w:�GI0?ÉAÇrÇªO�ñE3EOA<�È�*-,³Ê·Ç-,1:�</0IÍ-3A0?ñ9Î�*N3Y.
Î�*-<>:�<W0I3¹.>ÉE:µGI0?3E@-:�O�OA*x.l*�<>:�.�.>ÉE*-3PQ«:�3A:�ÉrTA3Y.>:�,�OAÇY:u<�6rÐØ:«Î�Ç-3EÎ�G?T9Oª:F.1ÉE*x.�*NG=<>Ç�0I3¹.>ÉE:
MA,1*wÎ�.10IÎ�*NGE,1:�Íw0?Çw3ËÇNÈ�<>ÊË*NGIG +EÚdÏx*NGITA:u<³.1ÉA:µ3EÇ-3ªÚjME*N,l*NÊ·:�.>,10IÎoGI0?@w:�GI0?ÉEÇYÇªOË0=<(.>ÉA:«H9:u<4.o<>Î�Ç-,1:
Ç-3A:
Î�*-3�T9</:w6

� ��Ã�¿AÃ�À�� À�� � �T��ÀEÄ=�

Æ 3A:�Ç-È³.>ÉA:�ÊË*x24Ç-,�*-OAÏ]*-3Y.1*NÍw:�<�Ç-ÈWOª:u<>Î�,>0IHA0I3AÍË.>ÉE:�MA,1Ç-HEG?:�Ê 0I3+.1:�,1ÊË<FÇ-È(*�So*]Ô-:u</0=*N3
3A:�.4×�Ç-,1@CB(0=<Ë.>ÉE:®.1,>0IÏr0I*-GF:�Ür.1:�3E<>0?Çw3ß.>Ç¶Oª0I<>:�*w</:u<�Î�*NTE<>:�OßHrÔßÊ·Ç-,1:".>ÉE*-3 Ç-3E:+G?ÇªÎ�TE<��
*N3 *w</MJ:�Î�.RÇ-ÈµGI0?3E@]*-Í-:P*N3E*-G?Ôª<>0I<�×�ÉA0=ÎlÉ 0=<RÊRÇw,>:P*N3EO�Ê·Ç-,1:POª:u</0I,1:�O¢B�HATª.¹</.>0IG?Go0I3 0?.1<
:�*N,1GIÔ�</.1*-Í-:u<FÇ-È(Oª:�Ïw:�GIÇ-MAÊ·:�3Y.u6Jæ`3¯Ê·Çw</.�*-MAMA,1Çw*-ÎlÉE:�<�BAÇ-3A:·<>0?Ê·MAGIÔ"M9:�,/ÈÓÇw,>ÊË<«*�<>0I3AÍ-GI:
G?ÇªÎ�T9<¹<>Î�*N3Ñ*N39OßÉAÇ-MJ:�<·.1ÉE*x.P*NGIG�G?ÇªÎ�0FÉE*]Ïw:P:�3AÇ-TEÍ-Éß:�ÙC:�Î�.�Ç-3¶.>ÉE:�0I,�Çx×�3¶.>Çõ,1:�<>TAG?.
0?3�*�<>0?Íw3A0=Î�*N3Y.
<>Î�Ç-,1:-6��%:�,1ÔPÈÓ:�×ì*-MAMA,1Çw*wÎlÉA:�<F×W:�,>:�,>:uÎ�:�3Y.1G?Ô"ÊË*-OA:�.1Ç�.1,>:u*x.«.4×WÇ�G?ÇªÎ�0
</0IÊ�TAG?.1*-3A:�ÇwTE<>G?ÔØ×�0|.1ÉAÇ-TA.R3A:�Í-GI:�Î�.>0I3AÍ+.1ÉA:PÎ�Ç-,1,>:�GI*N.>0IÇ-3�HJ:�.4×�:�:�3á.>ÉA:�ÊPB�.1ÉYT9<�GI:�*wOª0I3AÍ
.>ÇáÊ·Ç-,1:"MJÇx×W:�,/ÈÓTAG�.>:�</.1<�6(S�Tª.¹.1ÉA:�<>:®*-MAMA,1Çw*-ÎlÉE:�<Ë*N,1:"<4.10?GIGFH9*-<>:�OßÇ-3ÑÎ�Ç-Ê·ME*N,10=</Çw3E<
H9:�.4×W:�:�3�ME*N0I,l<WÇ-È�0I3EOª0IÏr0IOATE*NG=<o0?39<4.1:�*-OPÇ-Èt.1*-@r0?3AÍR.1ÉA:
×�ÉAÇ-GI:�M9:uOª0IÍ-,1:�:-6
æ`3õ.>ÉA:PSo*]Ô-:�<>0=*N3ØÈÓ,1*-Ê·:�×�Ç-,1@JB�Ç-3A:�</0IÊ·MAG?ÔõÎ�Ç-MA0I:�<R*+G=*N,1Í-:ËME*-,/.RÇNÈ�.1ÉA:�3A:�.4×WÇw,>@

</ÉAÇx×�3�0?3�ñEÍ-TA,1:�åw6 Æ 3A:µÎ�Ç-MrÔ·0I<�MJÇ-0I3w.10?3EÍ�.1Ç�GIÇªÎ�TE< %³*N3EO�Ç-3A:F.>ÇRG?ÇªÎ�TE<��96ªàoÉA:«3AÇªOª:�<
Oª:�.1:�,1ÊR0I3A0I3AÍµ.>ÉA:�*xÙC:�Î�.>0IÇ-3R<4.l*x.>T9<�B Q�BxÉEÇx×W:�Ï-:�,uB]*N,1:W<>ÉE*N,1:�O
HrÔ
HJÇN.1É�3A:�.4×WÇw,>@ª<�6 Æ HrÏr0?Ú
Ç-TE<>G?ÔwB�.1ÉA:oOª0I<>:�*w</:WÊ·ÇrOA:�GdB]<>MJ:�Î�0?ñE:uO�HrÔ«.>ÉA:�ME*N,l*NÊ·:�.>:�,l< D�Bu0=<�Ê·Çw,>:(Î�Ç-Ê·MAGI0IÎ�*x.1:�O�3EÇx×
B
</0I3EÎ�:�.1ÉA:�Î�Çw3EOª0?.>0IÇ-3E*-GªMA,>ÇwHE*NHE0?GI0|.4Ô�ÈÓÇ-,�.>ÉE:�*xÙC:�Î�.10?Çw3Ë<4.l*x.>T9<�0I<�Íw0?Ïw:�3RHYÔ,+�Ò;QWV ) ! )	��D¢Õ�6
æ`3�.1ÉA0=<�Î�*w</:wBA*ËÎ�Ç-Ê·MAGI:�.1:�GIÔËÈÓ,1:�:�.>ÇËÎlÉAÇrÇY</:ED+Î�Ç-3Y.1*-0?39<�ã X�U �·ME*N,l*NÊ·:�.1:�,l<�6ræ`3P.>ÉE:�<>:
Î�*-<>:�<�BJ0|.�0I<«TE<>:�ÈÓTEG�.1Ç�.1ÉA0I3A@"×�ÉA:�.1ÉA:�,
Î�:�,>.1*N0I3+MA,10IÇ-,l<FÇw3 Dõ*N,1:�*-MAMA,1Ç-MA,10=*x.>:w69ÞEÇ-,«0?3ªÚ
<4.l*N3EÎ�:-BAí ð ë¢Ú³Ç-,µê�
9ÚdGI0I@-:«ÊR:uÎlÉE*N3E0I<>ÊË<�6A5FGI<>Ç·@Y3EÇx×�3P</.1*N.>0=<4.10IÎ�<
Ò�<>TEÎlÉP*w<�.>ÉA:�*RMA,10IÇ-,10
MA,>ÇwHE*NHE0?GI0|.4Ô·.1Ç·ÉE*]Ï-:µ.>ÉA:
Oª0=<>:�*-<>:«Ç-,�.>ÉA:
ME,>ÇwHE*NHA0IGI0|.4ÔR.>Ç·ÉE*]Ïw:F.1ÉA:�Oª0=</:u*-<>:µÍw0?Ïw:�3�.>ÉE*N.
</ÇwÊR:«,1:�G=*x.>0IÏ-:«0=<�*NÙJ:uÎ�.1:�OEÕ�Î�*-3�HJ:�TE<>:�OË.1Ç·,>:u<4.1,>0=Î�.�.>ÉA:�3rTAÊ�H9:�,�ÇNÈ;ÈÓ,1:�:�ME*-,1*-ÊR:�.>:�,1<�6
àoÉA:�<>:F3rTAÊ�H9:�,1<�*N,1:FTE<>TE*-G?GIÔ·HE*-<>:�OËÇw3�*�G=*N,1Í-:FM9ÇwMATAG=*x.>0IÇ-3ØÒÓ:w6 Í96Y*-G?GJ0?3EÉE*NHA0?.1*-3Y.1<�0?3�*
Î�Ç-TE3w.1,>ÔAÕ�<>TEÎlÉ�.1ÉE*x.�.1ÉA:�ÔP*N,1:�@Y3EÇx×�3�Ï-:�,>Ô�MA,>:uÎ�0=</:�G?Ôw6

� � 
 �tÀ��t¾FÄ ���

~�° 
;°�
o^4²wku{bcNq�¬ªm���° �w°Cnoq�{bcxm���° � �W\1\lZ]\1±�n�q�{[cxmEq�Vr���%° �A° 
Jq�Vr�-\1^�°��¢q�^/q�i
\1a`^4X[y�q�Vr��VYe�Vw±
pYq�^/q�i
\>a`^4X|yF{[X[VY¬�q�ku\«q�VYq�{bc-_`X|_�2?	Ñ²wVYXb¸r\��·iµ²Y{ba4X[pªeuX[Vxa4_�q�pYp-^4e]q�y/v9°������������ �"!$#&%�'(��!)�"*+%-,
./'&�0�"!21���!)��34���654mE��� 2|~��!��$87r~��u�!�-m;~	���u�-°
}x°ogF°J»-^4X|\l�wi�q�VEmªn«° z \lX[k�\1^�mCq�Vr�¹gµ° 
9e�a4VY\1^�° 
EX|¬u\l{[X|vwexeN��yle�i
pY²-a/q�a4X[euVw_o²Y_`X[VYk�Zuq�{[²Y\�q�­w±
_ja`^/q�y1a4X[euV9° ¨ V:9;�<%8�>=@?A�CB"3D����!E3GF2HI%"!J,8=I%�!LKM!)������3N�"�O!E34PQ�O!R����34� S��6�4�T*VU�!E3D�6*O* �XWY��!)���0Z�K)��UD[�m
} �&�&�N°�N°���° \W°C�;{[_ja4euV"q�Vr�]�-°^�xa4\1©%q�^`a�°E	 k�\lVY\1^/q�{�i
eN�-\l{¢f=e�^Fa4vw\�ku\1VY\1a4X[y�q�VYq�{bc-_`X[_Fe�f%pª\��-X|k�^4\l\
�wq�a/q-°;./'&�0�"!R._��� �<`"�O34P�mA}x~&2 �u}
�>7-� �x}xmt~���$x~u°


