
���������	�	
���
���� ���	
��������������
� ��� �!��"$#&%�%'�(�*)+�&
��,�.-/���+0 � � 12��354��!�768�!-�9

:<;�=?>A@$BDCFEHGJI KML!NPOQ=SRUT7CV;�W5L

X5Y[Z]\_^�`�abYdce` fhg�ijfha7Zlk�`�Y[^5mHndopYdcqndY�\rcqsutvcqwhopcqYdY[^�opclw
x&fdy<ze{h|_zQ{_}

~�clo��PY[^���o�`A�ufhg!��\r���qopclwr`�fPc
m�Y.\_`,`��pYr�]�����l~���m]�����]�h�����Q{.��|rze{r}

� Ydn[^�fQn��PYr��`�fPabZ]\����5nd�d���j\r���qopcqwr`�fec���Ydsqk

�lY[�q^�kl\_^��<|_}��8���h�h�

���J�h �¡j¢ £�¤A¥§¦A �£.¨� �¡F©P£�¡A¥§ªb«P¬Q­�®'¯!­_¦?°±¡S«P¬P¬Q­�¦?¤A¥§ªb �®²¬P£�¦A¤F©_³7¤?�h¥ ´v£�¤A �­�®P£�¨¶µr·� �¥�®P·�¥�¸Q­�«P®Pªe£.¤A �­�®'£�®Pª²¹»ºV¼»½Hº
«P®PªP¥�¦»¾&¦S£�®_¤�¹v¿�ÀÂÁÄÃ�Å�ÆeÇ�ÆdÈ_ÅhÉ

Ê



���������
	��
�
� Y5Zq^�frZ�fh��Y \�cqf.�PYd��\r�pwhfr^�o�`��qa$`��]\_`d�qwho��PYdcu\��pfhcqw±X�� � ��Y���kqYdcqndYr���lcqsl�&\_ZqZl^�fdy�opa²\_`�Y

^�Y[Z�Y.\_`��d�	\r�p�pf.��opcqwDwhYdclY[^�\r�	opcq��Y[^�`�opfhcq� \rcqs sqYd�pY[`�opfhcl�d��� �qYuopslY.\ op�'�]\r��Yds fhc `��qY��5o��q�l�
��\ra7Zl�popclw±\_ZlZq^�fP\rn�� fhg��!\.� ^�YdcqndY������
�! "� �qY5cqf��PYd��`A� fhg¶fhkq^j\r�pwhfr^�o�`��qa �,`�Ydab�j� \_^�whYd��� g ^�fha
fhk�^ �l\rcqsq�popcqwDfhg wP\_Zl� opc `��qY�abfr`�opg f�ndndk�^�^�YdcqndYd�.� � cqfr`��qY[^ ndfhcQ`,^�o��lk�`�opfhc/op� `��qY�kq��Y�fhg
^�Yd� \_`�o��PYbYdcQ`,^�frZ�� \r� \ cl\_`�k�^§\r�(��ndfr^�opcqw g klcqn[`�opfhc g fr^�\r�popwhclabYdce` fhg»`��qY±abfr`�opg&fQndndk�^�^�YdcqndYd�d�
� Y²sqYd��n[^�o���Y7`��qYb^�Yd��kq��`���fhgjY§yHZ�Y[^�opabYdcQ`�� �	o�`���`��qop��\r�pwhfP^�o�`��qa fhc `��qY'g kq�p�$#% $&('�)$*��+'�,��-�
whYdcqfhabYr�

.0/ 132�46587:9<;>=%4@?A7B2

CEDGFIHKJMLON+P�Q�RTSIUVLWJXQZY\[Z]ESIQ�^`_aQVbaU
DXbaPc_dbaefQ�Nhg�LAi-j"klLWb"inmWo�FpHaQq^`_aQVSrFIDXm-baSsm-bKFIHaQ�HamWNIDXtVm-b0edQVLWJdgqDGFIH
SIQ�^`_aQ�buU�QvLWbaLWJXi�SrD(S�wyx\baU�QzLOb{mWN+P`LWbfD(Srkz|}S0P�Q�bamWk0DXU:Y~[Z]�DXSKSIQV^`_aQ�baUVQ�e�j@Ham
g�UALWb�g8Q:efDXSIU�m��-Q�N
gqHdDXU+H�mWo�DGF+S�Sp_f�aSIQ�^�_aQ
buUVQ�S~LWNIQ~o�_dbaU�FpD(mWbuLWJ�juLWbae�gqHuLWF�FIHaQ
DXN�o�_dbdU�FIDXm-baSZLWNIQ��

�am-N�SIm-k0Q0m-osFIHaQ�SIQB^`_aQ�SpFpD(m-bdSVj$SrD(PWbdDX�dUALWb"F��fN+m�P-NIQVSpS�HuLWS�LWJGN+QVL-efi���QVQ
b�klL-edQWw��am-N�DGbaSpF+LWbaU�Q-j
FpHaQB^`_aQ�SpFIDXm-b�m-o8J(m�UALWFpDXbdPvFIHaQlP�Q�bdQVS�HuLWS�N+Q�UVQ
DX�-QVe�k�_aU+H�LOFIF+Q
b"FIDXm-b�j6LWbde�D(S�g8Q
JXJ@_dbaedQ
N+SrF+m�m�e�DGb
Spm-k0QcDGbaSrF�LWbaU�QVSAja�uLONIFIDXU�_fJMLWNpJXiBDXb:FIHaQcUVL-SIQ�m-o��dN+m-�WLWNpi�m-FIQVS�w

��QVSpS8g8Q
JXJ�_dbaefQ�N+SrF+m�m�e0D(SsFIHaQZ^`_aQVSrFIDXm-b�m-o�DXedQ
b�FpDXo�i"DGbaP�FpHaQZk�_dJXFpDXFp_aedQ~mWo��dNIm-F+Q
DXb��fDXbae�DXbaP�SpDGF+Q�SVj
NIQVP-_dJ(LWFIm-NIi>SpQV^`_aQ
baUAQVSVj$LWbde�SpQV^`_aQ�bdUAQVS�DXb"��mWJX�-QVe�DGb�NIQ��dJGDXUALWFpD(m-b�j�FpHdN+Q�Q
R�efDXk0Q
baSIDXm-buLWJho�m-JXefDGbaPdj�b"_fR
U
J(QVLWN�LObaU+Ham-NpDXbaPfj�LWbae�mWN+P`LWbfD(tVLWFIDXm-b�wE si�FpHdDXS0g@Qvedm¡bam-F0k0QALWbyJXm�UALWFpDXbaP¢DGbaSpF+LWbaUVQ�S�m-o~�"bam
gqb
NIQVP-_dJ(LWFIm-NIi�SpQV^`_aQVbaU�QVSAjqSr_aU+H£L-SK�dN+mWklmWF+Q�NISVj8o�mWNlgqHdDXU+HyFpHaQ�NIQzHuL-SK��QVQ�b�k�_aU+HESr_aUVU�QASISro�_dJ\g@m-Np�
¤ SIQVQWjdo�m-N�Q
¥fLWkK�dJXQ-j3¦ Ê j�§`ja¨fj ÊO© j Ê
ªO«�¬ ws­%LWFIHdQ�NAj�g8Q�LWNIQ~DXb"F+Q
N+Q�SpF+QVe:DGbzDXedQ
b�FpDXo�i"DGbaPKbam
��Q�J�o�_fbaU�FpD(m-baLWJ
SpQV^`_aQ�buU�QVSAw

x\baQ�LW�d�dNIm`L-U+H�FIHaLWFqHuL-Sq��QVQ�bzSp_dP�P�QVSrF+Q�e:FImKF+L-U+�"J(QcFIHfD(S��dNIm-�dJXQ�k®DXSqF+mn�dbae:SIQ�^`_aQ�baU�Q�k0m-FpDXo�S�j
FpHuLWFnDXSVj�LO�d�dN+mA¥�DGkBLOF+Q�JGi�N+Q
��QVLWFIDGbaP¡Sp_d�dSpFINpDXbdP�S0FpHuLWF0m�UVU�_fNnklmWN+Q�o�N+Q�^"_dQ�b"FIJGi�FIHuLWb{Q
¥���QVU
F+QVe��"i
U+HuLObaUVQWw@¯"_aU+H�L\k0m-FpDXo�UVmW_dJ(eK��Q�H"i"��m-FIHaQ�SpDXtVQ�elF+m�HuLA�-Q%o�_dbdU�FIDXm-buLOJaSpDXP-bdDG�aUALObaUVQ�j�LWbdeBL~J(LW��mWN�LWFIm-NIi
Q�¥���Q�NpDXk0Q
b�F�U�m-_dJXe�FIHaQ
b���Q~efQ��"D(SpQVe�F+m�FIQVSrF�FIHuLOF�H"i���m-FpHaQVSrD(S�w@°�b�LWedefDGFIDXm-b�F+m���m�SISrDX�fJ(Q\o�_fbaU�FpD(m-baLWJ
SrD(P-bfDX�aUVLWbaU�Q-j$FpHaQVSpQBN+Q
��QVLWF+Sc�dN+m
�"DXedQl�WLWJG_uLW�dJXQlDGbdo�m-NpklLWFIDXm-b<mWb�FIHdQlQ
��m-JG_dFIDXm-buLONIi¢HdDXSpF+mWNIi¡m-o8FpHaQ
Y~[%]�w

±8H"_aSVj`g@Q%LWN+Q8DGb"F+Q
N+QVSrF+Q�e0DGblL~P�Q�baQ
N�LWJfUVm-kK�d_fF�LWFpD(m-baLWJdF+m�m-J�FIHuLOFAj`P-DG��Q
bBL\JXm-baPcY\[Z]ESIQ�^`_aQ�buU�Q-j
DXedQ�b"FpDX�aQ�S3o�N+Q�^"_dQ�b"FIJGi�m�UVU
_dNINpDXbdP~Sp_f�aSpFpNIDGbaP�SVw3±8HdD(S�F+m�m-J"SpHamW_dJ(eKLWeaLW�dFpDX�-Q�JGi��dbdenLWNI�fDXFpN�LWNpi�b�_fk���Q�N+S
mWo�m�UVU
_dNINIQ�baU�QVS�m-o�FIHdQ~klmWFIDGo²jf�dbae�k0m-FIDGo�Sqm-o�LWNp�dDXFpN�LWNpilJXQ�bdP-FIH�jdLWbae:LWJGJ(m
g³P�Q�baQ
N�LWJ�DXbaSpQ�NpFIDXm-baS%LWbae
efQ�JXQ�FIDXm-baS0DXbym�U�U�_dNpN+Q�bdUVQVS�w´]ZJGFIHam-_dP-HyFIHdQz^`_aQ�SpFIDXm-b´m-oZJ(m�UALOFIDGbaP�NIQ���QALWFIS0HuLWSl��QVQ�bySpFI_defD(Q�e��"i
klLWb"iKN+Q�SIQVLWN+U+HaQ�N+S ¤ SIQVQWj�o�m-N@Q
¥fLWkK�dJXQ-j�¦ © j ª jfµfj Ê § «�¬ j�g@Q~edm�bam-Fs�"bam
g³mWo�LWb"iKg8mWNI�0FIHuLWF@edQ�SIU�NpDX��QVS
L>F+m�m-JqFpHdD(SlP�Q�bdQ�N�LOJ¶wy°�b{�uLWNpFIDXU�_dJ(LWNAj@g8QvLWN+Q�bam-FBLAg�LON+Q:m-ocLWb"i�g@m-NI��FIHaLWFK�dbaedSBLW�d�dNIm
¥�DGklLWF+Q
NIQ���QALWFIS%LWJXJXm
gqDXbdPlP�Q
baQ�N+LWJ�DGbaSIQ
NIFIDXm-baSZLWbae:edQ
J(Q
FIDXm-baSVw

C�Q%�fN+m-��m�SIQ%L~bam
��Q
J�LOJ(P�mWNIDGFIHdk·FIHuLWFh�dbdedS8LO�d�dN+mA¥�DGkBLOF+Q�N+Q���QALOF+ShgqDXFpHBP�Q
baQ�N+LWJaDGbaSIQ
NIFIDXm-baS8LWbae
efQ�JXQ�FIDXm-baS�j"LWbaeKL-edLW�dFIDG��Q
JXi�L-eW¸²_aSrF+S$FpHaQ8JXQ�baPWFIH0LWbae�b�_fk���Q�Nhm-oum�UVU
_dNINIQ�baU�QVSVwh±8HdQ8D(efQAL\DXS$�uL-SpQVenm-b
FpHaQ�¹�DG�d�aS�SILWkK�dJXDGbaPKk0Q�FIHdm�e:m-o$��LAgqNIQ�baU�Q�º
»�¼W½X¾$¦À¿ « jdgqHdDXU+HvDXS%Sr_dkKklLWNIDXtVQ�evDXb�¯�Q�U�FpD(m-b © wh±8HaQ
DXN

©



k0Q�FpHam�e�edm�QVS�bam-F�LWJGJ(m
g<o�m-N�P�Q
baQ�N+LWJ"DXbdSIQ�NpFIDXm-baS$LWbae�edQ�JXQ�FpD(m-bdS � FIHdQsbam
�-Q�JGFTi�m-ofm-_dN�LWJXP�m-NpDXFpHdk SpFIQ�k0S
J(LWN+P�Q
JXi>o�NIm-k m-_dN�HuLWbdefJXDGbaP�mWo�P`LW�dS�DGb<FIHdQ0k0m-FpDXoqm�UVU
_dNINIQ�baU�QVS�j$gqHdDXU+H�D(S�efD(SpU�_aSpSIQAe�DXb{¯"QVU�FpD(mWbaS
ª�� §"w3]ZbamWFIHaQ
NqUVm-b"FpNIDG�d_dFIDXm-b�efDXSIU
_aS+SpQVe�DXbv¯"QVU�FpD(mWb ª D(S@FIHaQ%_aSIQ�m-o�N+Q�J(LWFpDX�-Q�Q�b"FINIm-�"i�L-S8L�buLWFp_dN�LWJ
SIU�m-NIDGbaPKo�_dbaU
FIDXm-bzo�mWN%LWJXDXP-bdk0Q
b�FZm-o�FIHaQcm�UVU
_dNINIQ�baU�QVSVw

C�Q�HaL
�-QnDXkK�dJXQ�k0Q�b"FIQAe>FIHaQKLWJXP�m-NpDXFpHdk LWbae¢edm-baQ�SIm-k0QKQ
¥���Q�NIDGk0Q�b"F�LOFIDXm-b�mWb>FIHaQ�bamWbaUVm�efDGbaP
N+Q�P-DXm-baS~m-ohFpHaQ�o�_dJGJ���¾����
	��uº
���
¼"º%P�Q
bam-k0Q-w�¯�mWklQnmWo6FIHaQ�SIQnQ
¥���Q�NpDXk0QVb"F�LOJ3N+Q�Sp_dJGF+S�LWNIQ��dN+Q�SIQ
b�FIQVe
DGb¢¯�Q�U�FpD(m-b��fw

��/ ����� � ?
������� �"! #%$
�c5 7'&)(*�,+ 5-��2>=,� .0/214365

��LAgqN+Q�bdUVQnº
»3¼W½X¾�¦À¿ « �dNIm-��m-SIQVe0LWblLWJXP�m-NpDXFpHdk o�mWN3J(m�UALOJdk�_dJGFIDG�dJXQ\LOJXDXP-bdk0Q�b"Fsm-o87��dN+m-FIQ�DGbBSpQV^`_aQ
baUVQAS�w
C�QcgqDGJGJ�efQVSIU
NIDG��Q�FIHaQ
DXNZLWJXP�m-NpDGFIHdk®o�mWNqFIHaQ�SpDGkK�dJ(Q�UALWSIQ�m-o�_fbaP`LW�d��QVevLWJGD(P-bfklQ
b"F+S%UVm-baSrD(SrFIDGbaP�m-o$L
Sr_d�aSpFpNIDGbaP�m-o��f¥�QVeBJXQ�bdP-FIH'9´o�NIm-k QVL-U+H�m-o�FIHaQ:73�dNIm-F+Q
DXbdSVw3C�Q%gqDGJXJuNIQ�o�Q�NsF+m;9´L-ShFIHaQ=<>�@?W»BA~m-o�FpHaQ
LWJGDXP-bdk0Q�b"FAw ¤ ��LAgqNIQ�baU�Q�º
»8¼W½X¾fQ��-Q�b"FI_aLWJXJGi�P�Q
baQ�N+LWJXDXtVQ~FImKLWJGJ(m
gC9 F+m��WLWNpi�j�FImKLWJGJ(m
g£FIHaQcLWJGDXP-bdk0Q�b"F
FImlU�m-b"F�LWDGbvk0m-NIQcFpHuLWbvm-baQcSp_d�dSpFINpDXbdPBo�N+m-k®QAL-U+Hvm-o$FpHaQ��dN+m-FIQ�DGbaSVj�LWbae�F+mlL-U�UVm-kKk0m�edLWF+QcJXDGkKDXFIQVe
Sr�uL-UVQ
N+S�ju�f_dF�g8QcgqDXJGJ�bam-F�e�D(SpU�_aS+S�FIHdQVSIQcHaQ
N+Q-w ¬

±8HaQ
DXNc�uL-SrD(U0LWJXP�m-NpDXFpHdk DGF+Q
N�LWFIQVS�klLWb"i�FIDGk0QVS�m
��Q�NcFpHaQ�o�m-JGJ(m
gqDGbaPzSrF+Q
�aSVwEDhL-U+H¡DXFIQ�N+LWFIDXm-b�efD(S²R
UVLWN+edS�m-bdQ�SpQV^`_aQ
buUVQco�N+m-k®FpHaQ�LWJGD(P-bfklQ
b"F\LObae:NIQ��dJ(L-U�QVS�DXFqgqDGFIH�LnbdQ�g mWbaQ-juL-Sqo�m-JGJXm�g�SGF

Ê w%]�FqFpHaQ~��QVP-DGbdbdDGbaP0m-o�QAL-U+H:DXFIQ�N+LWFIDXm-b�jaLnSr_d�aSpFpNIDGbaP0m-o�J(Q
baP-FIH 9 o�NIm-k�QVL-U+Hzm-o�FpHaQH7s�dN+m-FIQ�DGbaS
HaL-Sq��Q�Q�b:D(edQ
b"FIDG�aQVe�w

© w,I@Hdm�m�SpQcm-baQcm-o�FIHaQJ78�fN+m-FIQ�DGbaS4K·_dbdDGo�m-NIkKJGi:LWFqN�LObaedm-k:w
ª w,I@NIQALWFIQ�L ©MLEN 9 o�NIQV^`_aQ�bdU�i�klLWFINpDG¥PO o�NIm-k�FpHaQ�N+Q�klLWDGbdDGbaPQ70R Ê Sp_d�aSrFINpDXbaP-S\m-o�J(Q
baP-FpH�9�w
±8HaLWF�D(S�j8O�SUT VZDXSqFIHaQco�N+Q�^`_aQ�baU
i�gqDXFpHvgqHdDXU+HvNIQVSrD(ef_dQ;W�m�UVU
_dN+S�DGbzFpHaQ4X�R¶FIH���m�SpDGFIDXm-bzm��-Q�N\LWJGJ
7YR Ê Sp_d�aSrFINpDXbaP-S%mWo�JXQ�bdP-FIHP9�j�o�m-N L[Z X'\*9�w ¤ ±8HaQ�LW_fFIHam-NIS�_aSIQ ]T�aSIQ
_aedm�UVm-_db"FIS_^djd�d_dFqg@Q
gqDGJGJ�D(P-bdm-N+Q�FIHaLWFqF+Q�U+HdbdDXUALWJGDXF²i�o�m-NqFpHaQ��d_dNp��m�SpQcm-o$FpHdD(S�m
��Q
NI�"DXQ�g�w ¬

` wZ�am-N\QAL-U+H¡N+Q�SpDXef_aQn��m�SpDGFIDXm-bba�DGb%KKj�JXQ�F=KYc3��Q�FIHaQnSr_d�aSpFpNIDGbaP�m-o�K m-ohJXQ�baPWFIH�9 SpF+LWNIFpDXbdP�LWF
��m�SrDXFpD(m-b'aIwh±8HaQ
N+Q�LON+Q�FTg8m�baLWFI_dN+LWJ�UVm-kK��Q�FpDXbaP�klm�edQ
J(SsFIHuLWFskKD(PWH�F8P�Q�bdQ�N�LOF+QHKYc�j"buLWk0Q�JGi'O
LObaeBFIHdQZ�uL-U+��P-NIm-_dbaeBefD(SrFINpDX�d_fFIDXm-bPdBwh��Q�Ffegc���QZFpHaQZJGDG��Q�JGDGHam�m�eBN+LWFIDXm�m-o�FpHaQVSpQ\FTg@m�k0m�edQ
J(S�w
±8HaLWF�DXSVjMehcjilk=monqpVsrgt ¤ OJSvuxw
yzT V
{|d}S@uxwGy ¬ j�gqHaQ�NIQJW
~ZDXS@FpHaQ\NIQVSpDXef_aQcLOF8��m�SpDGFIDXm-b��0m-ofKKj�LWbae�d}S@D(S
FIHaQ��uL-U+��P-NIm-_dbae:o�N+Q�^"_dQ�baU
i�m-o�NIQVSrD(ef_dQ;W�w

§�w}I@Ham�m-SIQKFIHaQ0SpF+LWNIFpDXbaP���m�SpDGFIDXm-b�a%m-o@FIHaQKbaQ�g Sp_d�aSrFINpDXbaPzDXb%K�N�LWbdedm-kKJXi-j�gqDGFIH��dN+m-�aLW�dDGJXDGFTi
�dN+m-��m-NpFIDXm-buLWJ�FImJegc�w

ª



��/ � 9��[#>4@?�2�� 4h7�� � � � ���v;���2>=,���
	 �02>9 � =Z=\7'! ! 7v9���4@?�2��
� �[#��

]\SpSp_dk0Q8o�mWN�FpHaQ@k0m-k0Q�b"F3FpHuLWFf7�D(S��f¥�QVe�w$°�F�DXS$SrFIN�LOD(P-H"Fpo�m-NIg8LWN+e�F+m~LWeaLW�dF�FIHaQ8LWJ(P-m-NIDGFIHdk mWo�¯�QVU
FIDXm-b
© F+m��fbae 7Z_fbaP`LW�d��QVe�j�bam-bam
�-Q�NIJ(LW�d�fD(baPdj�LO�d�dN+mA¥�DGkBLOF+Q�JGi�klLWFIU+HdDXbdP:Sr_d�aSrFINIDGbaP�Scm-ohJXQ�baPWFIHb9 DGb¡L
SpDGbaP-JXQ�J(mWbaP�Y\[Z] SIQ�^"_dQ�baUAQ ¤ gqHfD(U+H{g8Q�gqDXJGJ�UALOJXJ�FpHaQ ]rP�Q
bam-k0Q ^¢o�m-NKUVmWb��-Q�bdD(Q�baU�Q ¬ w���DGbaefDGbaP�L
P�m�m�e�g8LAi�F+m0L-U�UVm-kKk0m�edLWF+QcDXbdSIQ�NpFIDXm-baSZLWbae�edQ
J(Q
FIDXm-baS�D(SqJXQVSIS%SpFpN�LWDXP-H"FIo�mWNIg8LWN+e�w

°TedQALOJXJGi�j`gqHuLWF3m-baQ8g@m-_dJXe�JXDG��Q�FIm�edm\DGbn�dJ(L-UVQqm-ouSrF+Q
�aS ª LWbae ` mWoaFIHaQqLOJ(P�mWNIDGFIHdk D(S�F+m�UVmWk0�f_dF+QWj
o�m-NqQVL-U+H���m-SpDGFIDXm-b�a$DGb:FpHaQ~P�Q
bam-k0Q-jdL�k�_dJGFIDG�dJXQ�LOJXDXP-bdk0Q�b"F�m-oj7@SIQ�^`_aQ�baUVQVS�m-o�J(Q
baP-FpH�9 ¤ FpHaQ,7jR Ê
FIHaLWF$NIQ�klLWDGb�j��dJG_aS$FIHdQ�m-baQ@SpF�LONIFIDGbaP�LOF$��m�SpDGFIDXm-bEa ¬ w$°�bKSrF+Q��B§�m-baQ8g@m-_dJXe�FIHaQ
bKU+Ham�m�SIQ8FpHaQ�SrF�LWNpFIDGbaP
��m�SpDGFIDXm-b�aZm-osFpHaQ0bdQ�g Sr_d�aSpFpNIDGbaPz�aL-SIQ�e�m-b¡FIHaQ0SIU�m-N+Q�S�mWo8FIHdm�SIQnk�_fJXFpDX�dJXQ�LOJXDXP-bdk0Q�b"FISVw�±8HdDXSVj�m-o
U�m-_dN+SpQ-jdDXS��dN+mWHdDX�fDXFpDX�-Q F6k�_dJGFIDG�dJXQ�LOJXDXP-bdk0Q�b"FIS\LWNIQ~Q�DGFIHdQ�N%SpJXm
g m-N�LO�d�dN+mA¥�DGkBLOF+Q-juLObae�g8Q�g@m-_dJXe:��Q
L-Sr�"DXbaPKo�m-N�m-bdQck�_dJGFIDG�dJ(Q�LWJGD(PWbdk0Q�b"FZ��Q�NqNIQVSrD(ef_dQ�DGb:FpHaQcP�Q�bdm-k0Q���Q�NqDGF+Q
N�LWFpD(m-b�w

x\bvo�_dNpFIHaQ
NZNIQ
�aQ�U�FpD(m-b�j�DGFZDXS%NIQAL-Spm-buLW�fJ(Q�F+m0Q
¥���Q�U�FZFIHuLWFVj�LWFZFpHaQc��Q�P-DXbfbdDXbdP�m-o3QVL-U+H�DGF+Q
N�LWFpD(m-b�j
g@Q�HuLA��Q�bam-FKm-bfJXi�7 R Ê SIQ�JXQVU
F+QAe�Sp_f�aSpFpNIDGbaP�SVjs�d_dF0LWJXSIm ¤ DXbae�_aU�FpDX�-QVJXi ¬ L>P�m�m�e�LWJGDXP-bdk0Q�b"F���m-o
gqDXefFIH�9 m-osFIHam�SpQKSp_d�aSrFINpDXbaP-SVw�±8HdQK�fN+m-�dJXQ�k FpHaQ�b¡DXSck�_aU+H�k0m-NIQno�QAL-SrDX�dJXQ|Fco�m-NcQVL-U+H���m�SpDGFIDXm-b�a
DGb�FIHdQ�P�Q�bdm-k0Q-j�U�m-kK�d_dF+Q�LWb>m-�dFpDXklLWJ��a¼M���6<>���
ºZLWJGD(P-bfklQ
b"F�m-o�� LObaevFIHdQ�Sp_d�dSpFINpDXbdP�m-o6J(Q
baP-FpH�9
��QVP-DGbdbdDGbaP�LWF-apw ¤ ]ZU�Fp_uLWJGJXi-j�g@Q\edm�bam-Fh�"bam
gEFIHuLWFsFIHdQ%JXQ�baPWFIH�m-o�FIHaQ%Sp_f�aSpFpNIDGbaPnSpHamW_dJ(e0��Q%Q
¥fL-U
FIJGi
9�j���QVUVLW_aSIQlm-o8DGbaSpQ�NIFpD(mWbaS�LWbde�edQ
J(Q
FIDXm-baSVw�C�Q0gqDGJGJsNIQ�Fp_dNIb�F+mzFpHdDXS�^`_aQ�SpFIDXm-b<DGb�¯"QVU�FpD(mWb ` w ¬ �umWN
FpHdD(Sq�uLODXNpgqD(SpQ�LWJGDXP-bdk0Q�b"FAjaFpHaQcSpF�LObaeaLWNIezefi"buLOk0DXUc�dN+m�PWN�LWkKkKDXbdPlLOJ(P�mWNIDGFIHdk ¦ ÊHÊ j Ê ` « DXS�Q
�0U�DXQ�b"FAw

¯"_aU+HnL��uLODXNpgqD(SpQ�LWJGD(PWbdk0Q�b"FAjOFIHam-_dP-H�j�N+QV^`_dDGN+Q�S3LWb�LW�d�fN+m-�dNpDMLOF+QsSIUVmWNIDGbaPZo�_dbdU�FIDXm-b�� ¤ W�� X ¬ j�gqHaQ
N+Q
W�DXS8L�SpDGbaP-JXQZN+Q�SpDXef_aQ ¤ m-N@P`LW� ¬ j�LObae[X�DXS8L�UVm-JG_dkKb�m-o���j�U�m-b"F�LWDGbdDGbaP 78R Ê N+Q�SpDXef_aQ�SqLWbaelP`LW�aS�wh��Q
F
_aSqDXP-bam-NIQ�klmWklQ
b"F�LWNpDXJGi�FIHaQ���m�SISrDX�fDXJGDXFTi�mWo$P`LO�aSqDXb WnLWbaeQXaw

��Q�F X��%��Q�FIHdQ�UVmWJX_dkKb mWo 7�N+Q�SpDXef_aQVSvUVm-baSrD(SrFIDGbaPEm-o�FpHaQ¢N+QVSrD(e�_aQVS�DGb2Xy�dJG_aS�W�w �am-N ���
 �!�#"��%$&�%')("j�JXQ�F�K V+*~ ��Q Ê { 7nFpDXk0QVS�FpHaQ�b"_dk���Q�N�mWo�m�UVU
_dNINIQ�baU�QVS�m-ocN+Q�SpDXef_aQ���DGb X��(j%LWbaeEJ(Q
F
d,~���Q�FIHaQ��uL-U+��P-NIm-_dbae�o�N+QV^`_aQ
baUVi�m-o%N+Q�SpDXef_aQ��<DGb�FpHaQzP-Q�bam-k0QWw{C�Q�gqDGJGJZefQ��dbaQ:FIHaQ�SpUVm-NpDXbaP
o�_fbaU�FpD(m-b,� ¤ W-�UX ¬ FIm0��Q~FIHdQcNIQ�J(LWFIDG��Q�Q�b"FpN+m-�"i/. ¤ K V *10 d ¬ ws±8HuLWF�DXSVj

� ¤ W�� X ¬ i 2
~
3 4 y *576rgt

K V+*~ JXm�P98 ¤ K V+*~ {|d}~ ¬#:

CEH"inDXShFpHdDXS8L~N+QVL-SImWbuLW�dJXQ�SIUVmWNIDGbaP�o�_dbdU�FIDXm-b�����DGN+SpFVj`bam-F+QqFpHuLWF6DGFsFpN+QVLWF+S�W~Sri�kKk0Q�FpNIDXU
LWJGJXingqDGFIH
FpHaQ�N+Q
klLWDXbfDXbaP¢N+Q�SpDXef_aQ�SKDGb�FIHaQ�U�m-JG_dkKb�XajhSIm>FIHaLWF[W�edm�QVS�bdm-FKUALWNpNIi�_dbaef_aQ�g@Q�DXP-H"FAw{¯"QVUVmWbae�j
DGklL-P-DGbaQ>FIHuLOF:FpHaQ¡efD(SrFINpDX�d_fFIDXm-baS K V * LWbaeCd NIQ��dNIQVSpQ�b"FvU�m-kK��Q
FIDGbaP{k0m�edQ�JXS�o�m-N�FIHaQ¢N+Q�SpDXef_aQ�W
_fbaedQ�N�UVm-baSrD(efQ�N�LOFIDXm-b � FpHuLWF�D(S�j>W:DXS�Q�DGFIHdQ�NKP�Q
baQ�N+LWF+Q�e<��i¡FIHdQ�efDXSpFINpDX�f_dFIDXm-b�m-o�UVmWJX_dkKb�X;�Mj6mWN��"i
FpHaQK�uL-U+��P-N+mW_dbae��fN+m�UVQVSpSVj�N+QVSr��Q�U�FpDX�-QVJXi-w�±8HaQ
b�FIHdQ0NIQ�J(LWFIDG��Q0Q�b"FINIm-�"i<. ¤ K V * 0 d ¬ k0QVL-Sp_dNIQVS�FIHaQ
Q�¥���Q�U�F+Q�e>J(m�P�JGDG��Q�JGDGHam�m�e�N�LOFIDXm�m-o6FIHdQVSIQ�FTg@m�k0m�efQ�JXSVwc±8HaQ�k0m-NIQ�efD>=�Q
N+Q�b"F�FpHaQ�efDXSpFpNIDG�d_dFIDXm-baS�K V *
LObae�dljfFIHaQcP-NIQALWFIQ�N�FIHdQ�SpUVm-NIQ?� ¤ W�� X ¬ w

@%m�g SpHamW_dJ(e�FIHfD(SqSpUVm-NpDXbaPKo�_dbaU
FIDXm-b���QcQ�¥�FIQ�baefQVezFIm�FIHaQcUVL-SIQ~DGbzgqHfD(U+H'X;�akBLAi�U�m-b"F�LWDGbzP`LW�aS��
@%Q�NIQ¢g@Q¡Q
¥���Q
NIDGk0Q�b"F+QAe£gqDXFpH SpQ��-Q�N�LOJ�baLWFI_dN+LWJ~��m�SISrDX�fDXJGDXFpD(QVSVjcLWbae´SpQ�FIFpJ(Q�e m-b³Sp_f�aSpFpDXFp_dFIDGbaP�FIHaQ

`



�uL-U+��P-NIm-_dbaezefDXSpFINpDX�f_dFIDXm-b�d o�m-N�QVL-U+H�P`LO�:DGb'X��(ws±8HuLWF%D(S�jdgqHaQ�bvUVm-kK�d_dFpDXbdP'K V+*~ jdg@Q�L-efe � d,~~FIm
FIHdQcb"_dk���Q
N\mWo$m�UVU
_dNINIQ�baU�QVS\mWo��lDGb X;�MjdgqHdQ�N+Q � DXSqFIHaQ�b"_dk���Q
N\m-o�P`LW�dS�DXb'X;�Mw

]\SnL��dbuLWJsbam-FIQBm-b�FIHaQlSIUVmWNIDGbaPvo�_dbaU
FIDXm-b�j � ¤ W�� X ¬ L-S�edQ��fbaQVe<DXS�LWJGg8L
i�S�bdm-bdbaQ�P`LWFIDG��QWw>±8HdDXS
k0QALWbdS0FpHuLWFBL-edefDGbaP¢klmWN+Q:UVm-JG_dkKbaSlDGb�FIHaQzLWJGD(P-bfklQ
b"FlbaQ�UVQ�SIS�LWNpDXJGi�DXbdU�N+QVL-SIQ�SBFIHdQ:SpUVm-NIQ-j8gqHfD(U+H
N+Q
g�LON+edSqQ
��Q�b:��m�m-NpJXilUVmWbaSIQ
NI��Q�ezU�m-JG_dkKbaS%LWbae�FIHdQ\DXbdSIQ�NpFIDXm-b:m-o�klLWb"i�P`LW�dSVwh±�mnUVm-_db"FIQ�N�LWU�FqFIHfD(S�j
g@Qcbdm-NIklLWJGD(t�Q��"i�Sr_d�dFpN�L-U
FIDGbaP0FpHaQcQ
¥���QVU�FIQVev�WLWJG_aQ�m-o1� ¤ W-�UX ¬ o�NIm-k®QVL-U+HvU�m-JG_dkKb�| S%SIU�m-N+QWjaSImKFIHuLOF
FIHdQlQ�¥���QVU
F+Q�e<SIU�m-N+QKD(Scbam
g L w0°�b�LWedefDGFIDXm-b�j�g8Q0Sp_d�fFIN�LWU�F�L:SrkBLOJXJh��Q�buLWJGFTi>o�m-N�QALWU+H<P`LW�¡DGb�FpHaQ
UVmWJX_dkKb�j6FIm�N+Q
�dQVU�FnFpHaQ�o L-U
F�FIHuLOFnSp_d�dSpFIDGFI_fFIDXm-baS0LWN+Ql�dN+Q
o�Q�N+LW�dJXQ�F+m�DGbaSIQ
NIFIDXm-baS0LWbde�edQ�JXQ�FpD(m-bdSKDGb
Y~[%] k0m-FIDGo�SVw ±8HdD(Sl��Q
buLWJGFTi{DXSB_dbaefQ�N�_aSpQ�N�U�m-b"FINIm-J¶jqgqHdDXU+H´�dN+m
�"DXedQVS�Spm-k0Q �aQ
¥�DG�dDGJXDGF²i�DGbyFIHdDXS
klLWFpF+Q�NVw

�v/ 1>! #�5@7���?�2�� 4��b� ���>2b�"! ?A= ��5@7 �05-�"! ! ?�2��

CEDGFIH�FIHaQsSIU�m-NIDGbaP�o�_dbaU
FIDXm-b�DGb�HaLWbae�j�N+Q�UALWJGJ"m-_dN�Sp_f�aP�m`LWJ@F�P-DG��Q�b�LWb�LWJXDXP-bdk0Q
b�F1��m-o 7 R Ê SIQV^`_aQ
baUVQVSVj
g@Q�g�LWb"FqFIm��dbae�FIHaQ~��QVSrFq�uLWDGNIgqDXSIQ�LWJGD(P-bfklQ
b"F�m-o � gqDXFpH:FpHaQ�SIQ�^`_aQVbaU�Q�SrF�LWNpFIDGbaPKLWFq��m�SpDGFIDXm-b�a6m-o
FpHaQcP�Q�bamWklQWjdo�m-N�QALWU+H aIws±8HdDXSqN�LWDXSIQ�S%FTg@mK�dN+m-�fJ(Q
klSGF
Ê w%°�o�FIHdQcgqDXefFpHvm-o1� DXS49�jfg@Q�SrHam-_dJXe:UVm-baSrD(efQ�N\LW�d�dNIm
¥�DGklLWF+Q
JXi�9 NIQVSrD(ef_dQVS\SrF�LWNpFIDGbaP0LWF:aIjd�f_dF
FpHaQ~Q�¥dLWU�F�b"_dk���Q
N�o�m-N8FpHaQ\��QVSrF�LWJGD(P-bfklQ
b"F�D(Ss_dbaU
J(QVLWN
F6DGbaSIQ
NIFIDXm-baS8m-N�edQ
J(Q
FIDXm-baSqU�m-_dJXe�kBLO��Q
DGFqk0m-N+Qcm-N�JXQVSpS�FpHuLWb 9�w

© w%°�ohFpHaQ�JXQ�baP-FpH¢m-ohFIHaQ�P�Q�bamWklQ�DXS)$Kj�FIHdQ�b¢FIHaQ��dN+m-��m�SpQVe¢LWJXP�m-NpDXFpHdk NIQV^`_dDGN+Q�ScFpDXk0Q�� ¤ 9 8 $ ¬
��Q�N�DGF+Q
N�LWFpD(m-b�jaSpDGbaUVQ�QAL-U+Hz�uLWDGNIgqDXSIQ�LWJXDXP-bdk0Q
b�F%_aSpQVSZFpDXk0Qc^`_uL-efN+LWFIDXUcDXb:FIHaQcJXQ�baP-FpH�9 m-o�DGF+S
DGbd�d_fF�SIQ�^"_dQ�baUAQ�SVwc±8HaQ�LWJXDXP-bdk0Q
b�FIS�UVm-NpN+Q�Sp��m-baefDGbaP�F+mBUVm-baSpQVU
_dFIDG�`Q��WLWJG_aQVS~mWo�a8SIQ�Q�k F+mB��Q
efm-DXbdPKNIQVef_fbaeaLWb"F%g8m-Np��w

 8m-FpH m-o�FpHaQVSpQ �dN+mW�dJ(Q
k0S LWN+Q·SIm-JG��Q�e �"i FpHaQ·o�m-JGJXm�gqDGbaP�k0m�efDG�aUALWFpD(mWb�w I8m-bdSpDXedQ�N FpHaQ
¤ 9
	 ÊO¬-N ¤ $�	 Ê�¬ efi"buLWkKDXU��fN+m�P-N+LWkKkKDXbaP�F+LW�dJXQ�FIHuLOFnUVm-kK�d_fF+QVSnFpHaQ�m-�dFpDXklLWJ8�uLWDGNIgqDXSIQ�LWJGD(PWbfR
k0Q�b"F%m-o � LWbae�FpHaQ�Q�b"FIDGN+QcP�Q
bam-k0Q-j�gqHaQ�NIQ�Q
��Q
NIi�Q�b"FpNIi�DGb�N+m
g L mWo�FpHaQ~F�LO�dJ(Q~DXSqDXbfDXFpDMLWJGDXtVQVe�F+m L w
±8HaQ
bvFpHaQ�SpUVm-NIQ�DGb:N+m
g 9 LWbae:UVmWJX_dkKb�ahDXS�FIHaQcSIU�m-N+Q�m-o�FIHaQ���QVSpF\LWJGD(PWbdk0Q�b"F0º
�o?M���
��LWF���m�SpDGFIDXm-b
apw ¤ ±8HdDXSlDXSBSpDGkKDXJ(LWNlF+m<LOb ]rQ
bae�RTSr�uL-U�Qvo�N+Q�Q ^<LOJXDXP-bdk0Q�b"F¡¦ ` jZ¯"QVU�FpD(mWb ÊHÊ wx�fw ` « w ¬ [Zm-FIQ:FpHuLWF0FIHdDXS
SrDXk�_dJXF+LWbaQ�m-_aSIJGi�SIm-JG��Q�SZFpHaQ��dN+m-�fJ(Q
klSZLW��m
��Q|F
Ê wZ±8HdQ�J(Q
baP-FpH¢m-o6FIHaQ���Q�SpFcLWJGDXP-bdk0Q�b"F�Q
baefDGbaP�LWFZ��m�SrDXFpD(mWbba ¤ LWbdevFIHaQ���Q�SpFcLWJGDXP-bdk0Q�b"F~DGF+SpQ�JGo ¬
D(S�edQ
F+Q
NIkKDXbdQVe<LO_dF+m-klLWFpD(UVLWJGJXi-j���ivFIN�LWU�DGbaP��uL-U+��DGb¢FIHaQ�F+LW�dJXQ�o�N+m-k N+m
g 9·DXb¡UVmWJX_dkKb�a�F+m
N+m
g L ¦ ` j�¯�QVU
FIDXm-b ÊHÊ w ª w ªO« w

© w%±8HaQ�FIDGklQc��Q�NqDGF+Q�N+LWFIDXm-b:D(SqDGkK�dN+m
��Q�ezFIm�� ¤ 9 $ ¬ w
x\o�UVmW_dN+SpQ-jfFpHaQ�NIQ\D(Ssbam�baQ�QVe�FIm���Q�Q���FIHaQZQ�b"FIDGN+Q ¤ 9�	 Ê�¬ N ¤ $�	 ÊO¬ F+LW�dJXQZDGb�k0Q�k0m-Npi�LWF8m-baU�Q|F

FpHaQBSpUVm-NIQVS�DGb<QVL-U+H�U�m-JX_fk0b�mWbdJXi¡edQ
��Q
bae<m-b�FIHaQlSIU�m-N+Q�S�DXb�FIHaQK�dN+Q
�"D(m-_dS�UVm-JG_dkKb�w:°�b�m-NIedQ�N�F+m
��Q�Npo�m-NIk FIHaQ�FIN+L-UVQ
�uL-U+�KFIHuLOF@U�m-baSrFINI_dU�F+SsFIHaQZLWJGD(PWbdk0Q�b"F8DGF+SpQ�JGo²j�g@Q\LWU�FI_aLWJXJGiKN+Q
F�LWDGb�LO�d�dN+mA¥�DGkBLOF+Q�JGi
9 U�m-baSpQVU�_fFIDG�`Q�U�m-JG_dkKbaSZmWo�FpHaQcefi"buLWkKD(Uc�dNIm�P-N�LOk0kKDGbaPKF�LW�dJXQ-w

§



��/ ��;�! ! �n5 � 7 &³4���� � 7n4@? & � $ �l705q?�4���!

@ZQ
N+Q�DXSZLKSp_fk0klLWNpi�m-o�QAL-U+H:DXFIQ�N+LWFIDXm-bzm-o�FpHaQ�k0m-FIDGo3LOJ(P�mWNIDGFIHdkPF

Ê w�]�FcFIHdQK��QVPWDXbdbfDXbaP:m-o@QAL-U+H�DXFIQ�N+LWFIDXm-b¡FIHaQ
N+QnD(S�LWb�LWJGD(PWbdk0Q�b"F�� ��m-o�7\bam-bdm��-Q�NpJMLW�f�dDXbuPzSp_d��R
SrFINIDGbaP�S�m-o�FIHdQ�P-Q�bam-k0QWw8±8HdDXS%LWJGD(P-bfklQ
b"FZklLAi�UVmWb�F+LWDGbvP`LO�aSVw

© w}I@Ham�m�SpQ�LnSr_d�aSpFpNIDGbaPlFImnN+Q�k0m
��Q-juJXQALA�"DGbaPBLOb�LWJGDXP-bdk0Q�b"F
� m-o 7 R Ê Sp_d�dSpFINpDXbdP�SAw
ª w��vLO��Q�m-baQcefi"buLWkKDXU��dNIm�P-N+LWkKk0DGbaPn�uL-SpSZm
�-Q�N�FIHaQcP�Q
bam-k0Q-juU�m-kK�d_dFIDGbaPKFIHaQcSpUVm-NIQ4egc�mWo�FpHaQ
��QVSrF\LOJXDXP-bdk0Q�b"FZm-o1� gqDXFpHzFpHaQcSp_d�aSrFINpDXbaPlQ�bae�DXbaPBLWFq��m�SpDGFIDXm-b aIjfo�m-N%QVL-U+H�a6DGbzFpHaQcP�Q�bdm-k0Q-w

` w��%SIQ:egc�F+m0U+Ham�m-SIQ�LKbdQ�g bamWbam
��Q�NpJMLO�d�dDGbaP'7�R�FpHvSr_d�aSrFINIDGbaPdj�LWbde:FpHaQ�e�i�baLWkKD(Uc�dN+m-P-N�LWkKkKDGbaP
FpN�L-U�Q��uL-U+�<¦ ` j�¯�Q�U�FpD(m-b ÊHÊ w ª w ªW« FImlLOJXDXP-b:DXF�gqDGFIH,��jdi"D(Q
J(e�DXbaP0FIHaQ�LWJGDXP-bdk0Q�b"F � �uo�m-NqFIHdQcbdQ
¥�F
DGF+Q
N�LWFpD(m-b�w

C�Qsk�_aSrFhLWJXSIm~Sr��Q�U�DGo�i�LObnQ��WLWJG_uLWFpD(mWb�o�_dbaU
FIDXm-b�o�m-N�FIHaQ�7 N 9yLOJXDXP-bdk0Q�b"F � � jOo�m-N�FpHaQ@�f_dNI��m�SIQ�S3m-o
k0QALWSp_dNpDXbaPn�dNIm�P-NIQVSIS�LWbae�UVmWb�FpN+m-JGJGDXbaP�FpHaQ\b"_dk���Q
N�m-o�DXFIQ�N�LOFIDXm-baSVw3C�Q\_aSpQ~FIHaQ\m-�"��DXm-_aSqQ
�WLWJX_aLWFIDXm-b
o�_dbdU�FIDXm-b�jabuLOklQ
JXi�FpHaQcSp_dk:j�m��-Q�N\LWJGJ�UVm-JG_dkKbaS X;��m-o � ��jam-o�FIHaQ�SIU�m-N+Q�m-o$UVm-JG_dkKb X;�Mw@°�o>K edQ
bam-FIQVS
FpHaQ��fN+m-�uLO�dDXJGDGFTize�D(SrFINIDG�d_dFpD(mWb>m-o 9 U�m-baSIQ�U�_dFpDX��Q�N+Q�SpDXef_aQVS�j�gqHaQ
N+Q�FIHaQ�efDXSpFINpDX�f_dFIDXm-b>m-o�FIHaQcN+Q�SpDXef_aQ
U�m-NINIQVSp��m-bae�DXbaP�F+m�U�m-JX_fk0b,X;��D(SfK V+* j�FIHaQ
b�FpHdD(S�Q
�-LOJX_uLOFIDXm-bco�_dbaU�FpD(mWb�P-DG��Q�S$LOb�LO�d�dN+mA¥�DGkBLOF+QhklQVL-Sp_fN+Q
m-o�FIHdQcJGDG��Q�JGDGHam�m�e:m-o��fbaefDGbaPBLnSrDXFIQ�P-Q�baQ
N�LWFIQVe���i�efD(SrFINpDX�d_fFIDXm-b K DXbvLnP�Q�bamWklQ�gqDGFIH:�uL-U+��P-NIm-_dbae
efDXSpFpNIDG�d_dFpD(m-b dBw

±8HaQzLWJXP�m-NIDGFIHfk Sp_fk0klLWNpi�LW��m��-Q�edm�Q�Snbam-F0Sp��QVU
DXo�i�Ham
g FIHaQ�U+Ham-DXUVQ�S0DGb{SpF+Q
�aS © LObae ` LWNIQ
klL-edQWws±8HaQ�NIQ�LWNIQ�SIQ
�`Q�N+LWJ�UVm-k��dDXbaLWFIDXm-baS%m-o���m�SpSpDG�dDGJXDGFIDXQVSGF

Ê wZ±8HdQ@baQ
g 7�R�FIH�Sp_f�aSpFpNIDGbaP�L-edefQVe�FImZFIHdQ8LWJGDXP-bdk0Q�b"F$DGb�SrF+Q
� ` UVLWb���Q@U+Hdm�SIQ
bnedQ�FIQ�Npk0DGbdDXSIFIDXUALOJXJGi
¤ klLO¥�DXk�_dk egc ¬ m-NqN+LWbaedmWk0JGi ¤ gqDGFIH:�dNIm-�uLW�dDGJGDXFTi��dNIm-��m-NIFpD(m-baLWJ�F+mJegc ¬ w@x\_dN�Q
¥���Q�NIDGk0QVb"F+SZSIm
o LONqHuLA��Qc��Q�Q�bzedm-baQ�_aSrDXbaPKFIHdQ�efQ�F+Q
NIkKDGbdD(SpFIDXU�U+HamWD(U�Q�o�m-NqFpHdDXS%SrF+Q
��w

© wZ±8HdQZSr_d�aSpFpNIDGbaP�NIQ�k0m
��Q�eBDXblSpFIQ�� © UVLWbl��Q�U+Ham�SpQ�b�efQ�F+Q
NIkKDGbdD(SpFIDXUALWJGJXi ¤ kBL�¥�DGk�_fk Q
�WLWJX_aLWFIDXm-b
o�_fbaU�FpD(m-b�jfm
��Q
N%LWJXJo7hU+Ham-DXUVQ�S%mWo�N+Q�k0m
��Q�e�Sp_d�aSrFINpDXbaP ¬ m-N8N+LWbaedm-kKJGi ¤ Q�DGFIHaQ
Nq_dbdDGo�m-NIk:j�m-N8gqDGFIH
�fN+m-�uLO�dDXJGDGFTiz�dNIm-��m-NIFpD(m-baLWJ�FImBFIHdQ�Q��WLWJG_uLWFpD(mWb>o�_dbaU�FpD(mWb>gqDXFpH>FIHaQ�SIQV^`_aQ�baUVQ�NIQ�k0m
��QAe ¬ w�x\_dN
Q�¥���Q
NIDGklQ
b�FISZSpm0o LONqHuLA��Qc��Q�Q�bzedm-baQ�_aSrDXbaPK_dbdDGo�m-Npk®N�LWbdedm-k�U+HamWD(U�Q�o�m-NqFpHdDXS%SrF+Q
��w

x\o$U�m-_dNISIQ-jaFpHaQ�gqD(efFpH�9 mWo�FpHaQ�LWJXDXP-bdk0Q
b�F�gqDGJXJ��WLWNpi�L-eaLO�dFIDG��Q
JXi�o�NIm-k�DGF+Q
N�LWFpD(m-b:F+mnDGF+Q
N�LWFpD(m-b�j
ef_dQ�F+m~DGbaSIQ
NIFIDXm-baShLObaeKedQ�JXQ�FpD(mWbaS3DXbKFpHaQ8�uLWDGNIgqDXSIQ%LWJGDXP-bdk0Q�b"FAw$°�F6D(S6L~SrDXkK�dJXQqklLWFIFIQ�N3FImcLWJXJXm
g 7�jWFIHaQ
b"_dk���Q
N%m-o�DGbaSrF�LWbaU�QVS%m-o�FIHaQ~k0m-FpDXo²jfFImn�-LONIi�LWeaLW�dFpDX�-Q�JGi:L-S�g8Q
JXJ@F�78UVLWb���Q�DGbaU�NIQAL-SpQVe���i�Sp�"DX�f�dDXbuP
SrF+Q
� © j�gqHdDXU+H�N+Q
klm
�-QVSnm-baQlm-o�FpHaQQ7cSr_d�aSpFpNIDGbaP�SAj6mWN�edQ�U�NIQAL-SpQAe<�"i�NIQ�k0m
��DGbaP�FTg@m>Sp_d�dSpFINpDXbdP�DXb
FpHuLWF�SpFIQ���wz±8HaQ�edQ�U�DXSpDXm-b�m-o�gqHdQ�b<FIm�LWJGJ(m
g 7�FImvU+HuLWbdP�Q�UALOb���QBUVmWb�FpN+m-JGJXQVe��"i¡FIHaQlQ��WLWJG_uLWFIDXm-b
o�_fbaU�FpD(m-b�w

�



��/ ��� # �c5q? ! ��2B4�� 7B2 ��5����
	��E.
��� 1J.

C�Q�HuLA��QnDGk0�fJ(Q
klQ
b"F+QAe>FIHdQKLWJ(P-m-NIDGFIHdk LWbde¡efm-baQ�Spm-k0QnQ
¥���Q
NIDGk0Q�b�F�LWFpD(m-b¡m-b>FpHaQ�bamWbaUVm�efDGbaP�N+Q�R
P-DXm-baS�m-o�FIHaQco�_dJGJ ��¾ ���
	��aº
���
¼"º�P�Q
bam-k0Q-w ¤�� LWNpJXDGb�¦ � « DXedQ
b�FpDX�dQVSZklLWb"i�NIQ���QALWFIS�DGb:FIHdDXS\LObaezmWFIHaQ
N
�uL-U
F+Q
NID(LWJ$P-Q�bam-k0Q�SVw ¬ C�Q�o�m�U�_dS\m-b�FpHaQ�bdm-baUVm�efDGbaP�N+Q�P-DXm-baSZ��QVUVLW_aSpQ�FIHaQ�bam
��Q�JGFTi�mWohm-_dN%klQ
FIHam�e
JGD(Q�S�DGb�LWJGJ(m
gqDGbaPvDGbaSIQ
NIFIDXm-baS�LWbae�efQ�JXQ�FIDXm-baS � k0m-FpDXo8DXbaSrF�LWbdUVQVS�gqDXFpH<��mWDXb"F�DGbaSpQ�NIFpD(mWbaS�m-N�edQ
J(Q
FIDXm-baS
gqDGFIHdDGb�U�m�efDGbaP�N+QVPWD(m-bdS8LWNIQ%_fbdJXDG��Q
JXiKFIm���Q%mWo��dDXm-JXm�P-DXUALWJuDGb�FIQ�NIQVSpFVjfSrDXbaU�QZFpHaQ�iKUVLW_aSIQ%N+QVL-efDGbaP�o�N+LWk0Q
SpHfDXo�FISVwh±8H"_aS8g@Q\�dNISpF8NIQ�k0m
��Q�e�LWb"iBSpQV^`_aQ�bdUAQVS8o�NIm-k FIHaQ%o�_dJGJ�P-Q�bam-k0Q%FIHuLWF�LWN+Q%UVm�efDGbaP�NIQVP-DXm-baS@m-b
Q�DGFIHdQ�N%SpFpN�LWbae�jfN+Q�ef_aU�DGbaPKFIHaQcSpQV^`_aQ�bdUAQ�J(Q
baP-FIH:o�N+mWk Ê w µ �:��F+m ª § L �"��w6C�Q~DXbdSIQ�NpF+Q�e�LnedQ�JGDGk0DGF+Q
N
LWFcFIHdQlQ
bae�mWo�QALWU+H<bam-baU�m�e�DXbaP�N+Q�P-DXm-b�j�F+mz�fN+Q��-Q�b"F�k0m-FpDXo@DXbdSpF�LObaUVQ�S�o�N+m-k U�N+m-SISpDGbaPzSp_aU+H<��m-DGb"F+S
gqHaQ
N+Q�LvU�m�e�DXbaP>SpQV^`_aQ
baUAQ�HuL-e<��QVQ
b�Q
¥�U�DXS+Q�e�w>C�QBFpHaQ�b�edmW_d�dJXQVe<FIHdQ�SIQ�^"_dQVbaUVQ��"i�LW�d��Q�baefDGbaP
DGF+S�N+Q��-Q�NISIQ�UVmWk0�fJ(Q
klQ
b"FAj3F+mvLWJGJ(m
g DGbaSpF+LWbaUVQ�Snm-o�FpHaQlk0m-FpDXoqmWb<Q�DGFIHdQ�NnSrFIN�LObae�w�C�QKgqDXJGJ�UVLWJGJsFpHaQ
NIQVSp_fJXFpDXbaPlSIQ�^"_dQ�baU�Qb]²FpHaQcP�Q�bamWklQG^0DGb�gqHuLWF�o�m-JGJ(m
g�S�w

������� ������� �"!$#%� &('*),+-).!/&10%'.2��43657)8!�9�:<;$07=(�"!>'?2�#
DhL-U+H�NI_db�m-o8FpHaQ0LWJXP�m-NIDGFIHfk ��Q�P-DGbaS��"i>DGbdDGFID(LWJXDXt�DGbaP�FIHaQKN+m
g�S�m-o � ��F+m�7 t�N+LWbaedm-kKJGi>U+Ham�SpQ�b<_fbfR
P`LO�d��Q�e�Sr_d�aSpFpNIDGbaP�S3QVL-U+H�mWodJ(Q
baP-FpH 9 t�o�NIm-k FIHdQ@P�Q
bam-k0Q-jWgqHaQ�NIQ�7 t3LObae 9 t$LWN+Qh_dbaedQ
N$_aSpQ�N�UVm-b"FpN+m-J�w
±8HaQcLOJ(P�mWNIDGFIHdk FIHdQ�b�DGF+Q�N+LWF+Q�S�L-S�Sr_dkKkBLONIDXtVQVe�DGbv¯�QVU
FIDXm-b�§�w ¤ °�b�FpHaQ~Q�¥���Q�NpDXk0Q
b�FISqN+Q���m-NpF+QVe�HdQ�N+QWj
g@Q�e�D(e:bam-FZLWJGJ(m
g)78F+mn�WLWNIi�m
��Q
NZFpHaQcUVm-_fN+SIQ�m-o�FIHaQ�SIQ�DGF+Q
N�LWFpD(mWbaSVw ¬ ¯"DGbaU�Q�m-_fN%DGkK�dJXQ�k0QVb"F�LWFpD(mWb�m-o
SrF+Q�� ` LWededS\FImBFIHaQ�LWJXDXP-bdk0Q
b�F�FpHaQ�Sr_d�aSpFpNIDGbaP�FIHuLOF\klLO¥�DXkKDXtVQAS~FpHaQ�SpUVm-NIQHegc ¤ SIQVQl¯"QVU�FpD(mWb�§ ¬ j�g@Q
_aSpQ0FpHaQKo�m-JXJXm
gqDXbdPzF+Q
NIkKDGbuLWFIDXm-b�UVm-bdefDXFpD(mWbjF�FpHaQBLOJ(P�mWNIDGFIHdk U�m-b"FIDGb"_aQVS�L-S�JXm-baPzL-S�FIHdQBLWJGDXP-bdk0Q�b"F
U�m-b"F�LWDGbaSKL�N+m
g WvSr_aU+H{FpHuLWFVjhDGo�FIHaQ�bdQ
¥�FnDXFIQ�N+LWFIDXm-b�U+Ham�SpQ�FIm�N+Q
klm
�-QPW�j3DGFng8m-_fJ(e���Q�N+Q��fJML-U�QVe
gqDGFIH:L�e�D =�Q�NIQ�b"FqSp_f�aSpFpNIDGbaPdw6C�QZgqDXJGJ�UVLWJXJ�FIHdQ�LWJGD(P-bfklQ
b"F�LWF8gqHfD(U+H�FIHdQ�LWJXP�m-NIDGFIHfk FIQ�Npk0DGbuLWFIQVS8FpHaQ
@BA » � C�w

��DXP-_dNIQ Ê SrHam
g�S�LWb¢_dbdQ
¥�UVQV�fFIDXm-buLWJhQ�¥dLOk0�fJ(Q0m-o8L�k0m-FpDXo8m-_dFp�d_dF��"i>FIHdDXS��dN+SrFc��Q�NISpDXm-b�m-o@FpHaQ
LWJXP�m-NpDXFpHdk:w\±8HdQ�k0m-FIDGo6DXbdSpF�LObaUVQ�ScLWN+Q�SpHam
gqb>gqDGFIHdDGb¡LWbaP-JXQ��fN�L-U+�-Q�F+S�j�LWbae>Spm-k0Q�U�m-b"F+Q
¥�F�mWohQAL-U+H
DGbaSpF+LWbaU�Q�DXS�SpHam
gqb�mW_dF+SrD(edQWws±8HaQ���m�SrDXFpD(m-b�b"_dk���Q
N+S~LON+Q~gqDGFIHvNIQVSr��Q�U�F�F+mKFIHaQ�bamWbaUVm�efDGbaPn��m-NpFIDXm-b
m-o�FIHdQ�P-Q�bam-k0Qcm-bdJGi�w

CEDGFIH 7��f¥�QVeELOF Ê L LWbae 9�DXbdDGFID(LWJGD(t�QVe�FIm�9 t�i Ê L j@g@QzN+LWb Ê � L FINID(LWJXSlmWo~FIHdDXSK��Q�NISpDXm-bEm-o
FpHaQ¢LWJXP�m-NpDXFpHdk m-b´FpHaQ>P�Q�bdm-k0Q-j~LObae Ê � L FINpDMLWJXS�m-b³L�N�LObaedm-k SIQV^`_aQ�baUVQ¡m-ocFIHaQ¢SILWk0Q�J(Q
baP-FIH
LObae��uL-U+��P-N+mW_dbae:efD(SrFINpDX�d_fFIDXm-b�LWS�FIHaQ�P�Q
bam-k0Q-jdLWbae�gqDXFpHzFpHaQ�S+LOklQ�SrDXk�_dJ(LWF+Q�ezbam-bdUVm�efDXbdPKNIQVP-DXm-b
JXQ�bdP-FIHaS�w�±8HdQ�NIQVSr_dJXFISBLON+Q�Sp_dkKklLWNpD(t�QVe�DGb{FpHaQ�HdDXSpF+m-P-N�LWk0SKm-o\��DXP-_dN+Q © w�±8HdQ:HamWNIDXtVm-b"F�LOJ%LO¥�D(S
NIQ��dNIQVSpQ�b�F+S�klmWFIDGo$SpUVm-NIQVS ¤ FIHdQ ]rQ��WLWJG_uLWFpD(m-b:o�_dbaU
FIDXm-bq^Km-o6¯�QVU
FIDXm-b>§ ¬ jaLObae:FpHaQ���Q
NIFIDXUALOJ�LO¥�D(S�SpHdm�g�S
Hdm�g klLWb"i�m-o6FpHaQ Ê � L FINID(LWJXS~N+Q�Sp_dJGF+Q�e¢DGb�Llk0m-FIDGohFIHuLOFcL-U+HdDXQ��-QAe¡FpHuLWF\SIUVmWN+Q-w�±8HaQ�SIQnHdDXSpF+m-P-N�LWk0S
Sr_aP�P�Q�SpF�FpHuLWF�Q��-Q�b�FIHdDXS�SrDXkK�dJXQ���Q
N+SrD(m-b�gqDGJGJ8�dbae�klmWFIDGo�S�DGb�LzN+QVLWJ@P�Q�bamWklQ0FIHuLOF�g@m-_dJXe<bam-F���Q
Q�¥���Q�U�F+Q�ezFImlm�UVU
_dN���i�U+HuLWbaU�Q-w

¿



���������	��
�����������������
���
�
 �����������������������! #"�"�"%$
�&�������	��
�����������������
���
�
 �������������������'")(#*�"�"��%$
*��������	��
�����������������
	����� ��������������������(#*�+�*� �,-$
.������/�	��
�������0)��������
	��
�� �������������������1.�.���(#"�*%$
(2����
/�	��
�������0)��������
������ �������������������'+�+� #+���3%$
+������/�	��
�����������������
	����� �������������������'*�.�,� �3��%$
"�
������	��
�������0)��������
���
�� ��������������������(#3�+�.�+�.-$
,��������	��
�����������������
	����
 �������������������1.�(#+�+�.-$
 2�������	��
�����������������
���
�
 �������������������'"�,�,4�!,�(5$
3�
������	��
�������0)��������
�
�
�
 �������������������'*�*�*6����*%$

��D(PW_dN+Q Ê F6] SILWkK�dJ(Qck0m-FIDGo ¤ SIU�m-N+Q Ê ��w � ¬ �fN+m�ef_aUVQ�ez�"i�FpHaQ��uL-SpDXU�LWJ(P-m-NIDGFIHdk

0

10

20

30

40

50

60

70

80

10 12 14 16 18 20 22

tr
ia

ls
 o

ut
 o

f 1
60

score

noncoding genome
random sequence

��DXP-_dNIQ © F Ê � L FINID(LWJXSqm-o�FIHdQ~�uL-SpDXUcLWJXP�m-NpDXFpHdk�mWb�FIHaQ~bamWbaUVm�efDGbaPnP�Q�bdm-k0Q~��S�wsL�N�LWbaefm-k�SpQV^`_aQVbdUVQ

µ



��
�
����	��������
������������#������
�
/
���
�
 �)�����������6��� � ���! �"�"�.5$
�&
�
����	��������
������������#������
�
/
���
�
 �)�����������6��� �1"�(#*�"�+�,5$
*�
������	
�������
�������0)���#����
�
�
/
	����� �)�����������6��� �1*�*�*���3�3 $
.2
�
����	��������
������������#������
�
/
���
�
 �)�����������6��� �1"�,�,��!,�� $
(2�������	
�������
�������0)���#������
���
	����� �)�����������6��� �/( 3�+�.�+�� $

��D(PW_dN+Q ª Fh±8HaQck0m-FIDGo�m-o3��D(P-_fN+Q Ê LWo�F+Q
NqN+Q�gqDGbaedm
g�DGbaP ¤ SIUVmWN+Q ©ML w µ ¬

����� � � ����& !$&�0 '.2���� =�'?!��
	 !$&��1=�

±8HaQcS+LOk0�fJ(Q�k0m-FIDGo�SpHam
gqb:DXbv��DXP-_dN+Q Ê DXSqFTi"�dD(UVLWJ�DGb:klLWb"i�g8LAi�SZm-o�FIHdQ~klmWFIDGo�S��dN+m�ef_aU�QVe���iBFIHdDXS
SpDGkK�dJXQ��-Q�N+SrD(mWbjF

Ê w%±8HaQ
N+Q�LWN+QcLno�Q�g³kKD(Sr�dF%SIQV^`_aQ�baUVQ�SZDGbzFpHaQ�LWJXDXP-bdk0Q
b�F ¤ Sp_aU+H�L-S�SIQV^`_aQ
buUVQ�§�DGbz��DXP-_dN+Q ÊO¬ w
© w%±8HaQKN+Q
klLWDXbfDXbaPzSIQ�^"_dQVbaUVQ�S�klLAi>��QKDXbdSpF�LObaUVQ�S�m-o@FTg8mzm-NcFIHdNIQVQ0U�JXm�SIQK�d_dF�efDXSpFIDGbaU
F�k0m-FpDXo�S�w
°�b���D(PW_dN+Q Ê jao�m-NqDGbaSpF+LWbaU�Q-j�SpQV^`_aQ
baUVQAS L j Ê juLWbaevµlLON+Q�D(efQ�b"FIDXUALWJ�j�DGbaU
JX_ae�DXbaP0FIHaQ
DXNZUVmWb�FIQ
¥�F+S �
SpQV^`_aQ�bdUAQVS��lLWbae>¨�LON+Q�DXedQ
b�FpD(UVLWJ�j�DGbaU�JG_aefDGbaP�FIHdQ�DGN\JXQ�o�F~U�m-b"F+Q�¥�FISAwc¯`DXkKDGJMLWN\UVm-b"FIQ
¥�F�D(SZm-o�F+Q
b
Ln^`_dDXU+�:g8LAi�F+m0SIQ�Q�gqHdD(U+HvSIQ�^"_dQVbaUVQVS%��Q�JXm-baPKF+m�P-Q�FpHaQ�NVw

ª wZ±8HdQnUVm-b"F+Q�¥�F+S�m-ohFIHdQ�DXbdSpF�LObaUVQ�S�mWo@QVL-U+H¢m-ohFIHdQVSIQne�D(SrFIDGbaU�F�k0m-FpDXo�S�Sr_aP�P�Q�SpF~FpHuLWF~FpHaQ�k0m-FIDGo�S
SrHam-_dJXe���QcQ
¥�FIQ�baedQ�e�w

]\SBL¡NIQVSp_fJXF�mWo~FIHaQ�SIQzm-�aSIQ
NI�WLWFpD(m-bdSVj�m-_dN0baQ
¥�Fl��Q�NISpD(m-bEm-o~FpHaQ�LOJ(P�mWNIDGFIHdk ]²NIQ�gqDGbaedm
g�S_^�FpHaQ
k0m-FpDXo%m-�dF+LWDGbaQVe��"i<FIHdQ�LWJ(P-m-NIDGFIHdk LW��m
��Q-w<±8HdD(SnmW��Q
N�LWFpD(m-b�SpQ�JXQVU�FIS0L¢Sr_d�aSpQ�F0m-o�FIHaQ�NIm
g�SVj@LWbae
NIQAL-eW¸²_dSpF+S�FIHdQ�JXQ�o�F\LWbae�NIDXP-H"FZ��m-_dbdeaLWNIDXQVS%m-o�FIHaQ�k0m-FIDGo²ja��m-SISpDG�dJGi:Q
¥�F+Q
baefDGbaPlDGb"F+mlFpHaQ�UVm-b"F+Q�¥�FAj�SIm
L-S�FIm>U�NIQALWFIQ�FIHaQ�klLO¥�DXk�_dk NIQVSp_fJXFpDXbaP¡SIU�m-N+QWw ¤ ±�m¡LA��m-DXe�UVm-bdSpDXedQ�NpDXbaP�LWJGJqSp_f�aSIQ
F+S0m-o�FIHaQ�NIm�g�S�j
m-_fN8U
_dNINIQ�b"F8DGkK�dJ(Q
k0Q�b"F�LWFpD(mWb�_aSIQ�SqLcP-N+Q�QVefiKHaQ
_dNIDXSpFpD(U\FpHuLWF@LW�d�fN+mA¥�DXklLWFIQVS8FpHdD(ShklLO¥�DXk�_dk SIUVmWN+Q-w ¬
±8HaQcN+Q�Sp_dJGF%m-o�N+Q�gqDGbaedm
gqDGbuP0FpHaQ�k0m-FIDGo3m-o$��DXP-_dNIQ Ê DXS�SpHam
gqbvDGbv��D(PW_dN+Q ª w

±8HaQ%�dN+m�UVQ�SIS8mWo�DGF+Q�N+LWFIDGbaPcFIHaQZLWJXP�m-NpDXFpHdk m-o�¯"QVU�FpD(mWb:§�_fb�FpDXJuDGFhF+Q�NpkKDXbuLOF+QVS�j�o�m-JGJXm�g@QVel��inNIQ�gqDGbfR
edm
gqDGbaPdj\gqDGJGJ���Q>UALOJXJXQVe L �8Ad¼��
º
w ��D(P-_fN+Q ª Sp_aP�P-QVSpFIS:FpHuLWF�DGF�kBLAiE��Q��dN+mW�dF�LW�fJ(Q>F+m�_aSpQ¢FpHaQ
NIQ�gqDGbaedm
g�Q�e�LWJGD(PWbdk0Q�b"F~LWS�FIHaQ�DGbd�d_dF�F+mKFIHdQcbdQ
¥�F��dHuL-SpQ-w

C�Q�NIQ���QALWFIQVeKFIHaQ�Q�¥���Q�NpDXk0QVb"F@m-o���D(PW_dN+Q © j`�d_fF6FIHdDXSsFpDXk0Q�QALWU+HlFpNID(LWJd��Q�NIo�mWNIk0QVeKFTg8mc�dHuLWSIQVSsm-o
FpHaQ%LWJ(P-m-NIDGFIHdk:w$±8HaQqN+QVSr_dJGF+S@LWN+QqSr_dkKkBLONIDXtVQVe0DXbKFpHaQqFTg8mcHdDXSpF+m-P-N�LWk0Shm-o���DXP-_dNIQ ` w3±8HaQ�efD>=�Q
N+Q
baUVQ
��Q�FTg@QVQ
bvFIHdQ�efD(SrFINpDX�d_fFIDXm-bvmWo$SpUVm-NIQVS�m-b�FIHaQ�P-Q�bam-k0Q�LWbae�m-b�FpHaQ�N�LWbdedm-k®SpQV^`_aQ
baUAQ�D(Sqbam
g£k�_aU+H
k0m-NIQ��dN+m-bdm-_dbaU�QVe�j�DGbaefDXUALWFpDXbaP�FpHuLWF�FIHdQKLWJ(P-m-NIDGFIHdk DXS�Sr_aUVU�QVQ�efDXbuP�k0m-N+QnmWo�F+Q�b>DGb¢�dbaefDGbaP�k0m-FIDGo�S
FpHuLWFqg@m-_dJXezbam-Fq��QcQ
¥���QVU�FIQVevFImKm�U�U�_dN��"i�U+HuLWbdUVQ-w

C�Q�efDXSIUVm
�`Q
N+QAe>FpHuLWF\FpHaQ���QALW�vLWN+mW_dbae�SpUVm-NIQ ª §KDXS�ef_aQ�J(LWN+P-Q�JGizFIm�Llbam-baU�m�e�DXbaP�SpQV^`_aQ
baUAQnm-o
§�w ª �"��FpHuLWF�m�U�U�_dNIS�DGb�SpD ¥¡baQALWNpJXi¡DXedQ�b"FIDXUALOJ8DGbaSpF+LWbaUVQ�SVw�]%JXFpHam-_aPWH<FIHaQ�SIQ�SrDG¥�DGbaSpF+LWbaUVQ�SnL-U�UVm-_db"F
o�mWN\m-bfJXiz¨fw ©�� m-o3FpHaQ�bamWbaUVm�efDGbaP�P�Q
bam-k0Q-j�klmWN+Q�FpHuLWb�§ L�� m-o3FpHaQ Ê � L FINpDMLWJXS�N+QVSr_dJGF+QVe>DGb�k0m-FIDGo�S
U
J(QVLWNIJGi�DXedQ�b"FpDXo�i"DGbaPlSpm-k0Q���m-NpFIDXm-b:m-o�FIHaQ�SIQ�SpD ¥�DGbaSpF+LWbaUVQ�SVws]Zb�DGbaSp��QVU
FIDXm-bvmWo�FpHaQ�¹cQ
bu �LWbf��Q�b"FINpi

¨



0

5

10

15

20

25

30

35

40

10 15 20 25 30 35 40 45

tr
ia

ls
 o

ut
 o

f 1
60

score

noncoding genome
random sequence

��DXP-_dNIQ ` F Ê � L FINID(LWJXSKm-oZFpHaQ�FTg8mOR��dHuLWSIQzLWJ(P-m-NIDGFIHdk m-b�FIHaQ�bam-baU�m�e�DXbaP¡P�Q
bam-k0Q���S�w�L>N�LObaedm-k
SIQ�^`_aQ�buU�Q

Ê L



0

5

10

15

20

25

30

35

10 15 20 25 30 35 40 45

tr
ia

ls
 o

ut
 o

f 1
60

score

genome w/ long repeats removed
random w/ repeats removed

��DXP-_dNIQ�§ F Ê � L FINpDMLWJXS�m-o�FIHaQ�FTg@mWR��dHaL-SIQ�LWJXP�m-NIDGFIHfk®m-b�FIHdQcbdm-baUVm�efDGbaP0P�Q�bamWklQcgqDGFIH:J(m-bdPKNIQ���QALWFIS
N+Q
k0m��-QVe:��S�w8L�N+LWbaedm-k®SIQV^`_aQ
baUAQ

¦ Ê LW« N+Q��-QALWJXS�FIHaLWFnQALWU+H�m-oqFIHaQBSpD ¥�DGbaSpF+LWbaU�QVS�DXSnLvU�JG_aSrF+Q�NKmWoqFIHdNIQVQ�efD>=�Q�N+Q
b"FnN�­%[Z]�P-Q�baQ�SVj6�dJG_aS
SImWklQ8SpHam-NpF3DGb�FIQ�NISp��Q�N+SpQVenF�­%[Z]�P�Q�baQ�S$FIHaLWF6L-U�UVm-_fb�F$o�m-N$FpHaQ�efD>=�Q
N+Q
baUVQ�ShLWk0m-baP\FpHaQ�SpD ¥�DXbaSrF�LWbdUVQVS�w
±8HaQ�SIQ�Q
D(P-H"FIQVQ�bvN�­%[Z] P�Q�bdQVS~LWUVUVmW_db"F\o�m-NZLWJGJ�FIHaQ�LWbdbamWF�LWFIQVezN+­Z[%] P�Q�baQ�SZDGbvFpHaQ ��¾ ���
	-�aº
���
¼"º
P�Q
bam-k0Q-w

C�Q�N+Q
k0m��-QAe�FpHaQzQ
b"FIDGN+Q�bam-baU�m�efDGbaP¡N+QVPWD(m-bdSlU�m-b"F�LWDGbdDGbaP�FIHdQVSIQ�JXm-baP�NIQ���QALWFISVj8NIQVef_dU�DGbaP�FpHaQ
P�Q
bam-k0Q0JXQ�bdP-FIH�o�N+m-k ��¨ L �"��FIm�� Ê L �"��j$LWbae¡N+Q���QALOF+QVe¡FIHaQ0Q
¥���Q�NpDXk0QVb"FAw�±8HdQlN+Q�Sp_dJGF�D(S�SpHam
gqb
DGb¢��DXP-_dN+Q�§�w:D3��Q
b>gqDXFpH�FIHdQVSIQ�J(mWbaPlNIQ���QALWFISZN+Q
k0m��-QAe�j�FIHaQ
N+Q�LON+Q�SpFIDGJGJ�klLWb"i:FINID(LWJXS%DGb�gqHdDXU+H�FpHaQ
LWJXP�m-NpDXFpHdk�o�m-_fbae�_db"_aSp_uLOJXJGi�HdD(PWHfRTSpUVm-NpDXbaPnk0m-FpDXo�S�w

� ����
 ��
�����
�����������������������������
�
�
�
���
 �������������6��� ��(�( 3���*��%$
� ����
 ��
�����
�����������������������������
�
�
�
���
 �������������6��� ��(�(� �3�*�,-$
*	
���
 ��������
�����������������������������
�
�
�
���
 �������������6��� � *�.#*� �+�,-$
.�
���
 ��������
���������� 0�����
��������#��
�
�
�
���
 �������������6��� �� � #*� ��%$

��DXP-_dNIQ��hF6] S+LWkK�dJXQ�k0m-FpDXo ¤ SpUVm-NIQ © § ¬ �dN+m�ef_aU�QVe��"i�FTg8m0�dHuL-SpQVS

ÊHÊ



���������������������	������
�
���

�	�����	��

��

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

��

�����	�������������	��������������������������������������������������� �	�������������
�
������)� "!+*%$
,��������������������	�����������	���	�����	�����	�������	�������������	���������������������������������	����������������� �	�������������
�
��,�*�,�)�*�-%$
*��������������������	������������
�
(�����	�������������	�������������	��
(���������	�����������������������������.������� �	�������������
�
��)�)�,�/�,%$

��D(P-_fN+Q�¿ Fh±8HaQck0m-FIDGo$mWo3��DXP-_dNIQ=�0LOo�F+Q�N�SpQ��-QVbv�dHaL-SIQ�S ¤ SIUVmWN+Q=� ©�¬

��DXP-_dN+Q��nSrHam
g�SZLnSILWkK�dJ(Q�k0m-FpDXo��dN+m�ef_aU�QVe��"i�FIHaQ~FTg@mWR¶�dHuL-SpQc�-Q�NISpDXm-b�m-o�FpHaQcLWJXP�m-NIDGFIHfk�gqDGFIH
FIHdQ%JXm-baPcN+Q
��QVLWF+ShN+Q
klm
�-QVe�wh°�FhD(S@L-P`LODXblU�JXQALWNho�NIm-k FIHdQZU�m-b"F+Q
¥�F@FIHuLWFhFpHaQ�UVm-kK�dJXQ�FIQZk0m-FIDGo�DXShgqD(edQ
N
FIHaLWb�SrHam
gqb�w�±�mze�D(SpUVm
��QVN�DGF+S�Q
¥�F+Q
b"FAj�g@QK��Q
NIo�m-NpklQ�e��d�-QBLWedefDGFIDXm-buLWJ6�dHaL-SIQ�S�m-osFIHaQlLWJXP�m-NpDXFpHdk:j
gqHdDXU+HEN+Q�Sp_dJGF+Q�e�DGb�FIHdQzk0m-FIDGo�SrHam
gqbyDXby��DXP-_dN+Q�¿�wE]%JXFpHam-_aP-HyL¡o�Q
g UVm-JG_dkKbaS�LOFBQVL-U+HEQ�bde�m-o
FpHdD(Sck0m-FIDGo�kKDXP-H"F���QBLOJXFIQ�N+Q�e��"i>HuLWbae�j�FIHdQ0NIQ�klLWDGbaedQ�N�D(S�^`_dDXFIQlSr_aP�P�Q�SpFpDX�`QWw ¤ ¯�Q�^"_dQ�baU�QAS L LWbae
Ê UVm-b"FpDXb"_aQ�F+m>��Q�DXedQ
b�FpD(UVLWJ%o�m-N0LWbam-FpHaQ�N�§�§zNIQVSpDXef_aQ�Sl��Q�i-m-bae{FpHaQ�NIDXP-H"F0Q�bae�m-o���D(P-_fN+Qv¿�j@LWbae
LW�f�dN+mA¥�DXklLWFIQ�JGi�QV^`_uLWJ�jagqDXFpHvmWbdJXi:§�Q
NINIm-N+S�jdo�m-N%LWbvL-edefDGFIDXm-buLWJ ` ` N+QVSrD(e�_aQASVw ¬

0 / 1 $A7Q�s?�2�� 2 �;! �n543P�

±8HaQ
N+Q�LWNIQBb"_dk0Q�NIm-_aS��WLWNID(LWFpD(m-bdS�m-oqFIHdQB�uL-SrD(U�LWJXP�m-NpDXFpHdk P-DG��Q�b�DGb�¯�QVU
FIDXm-b�§�jhLWJGJ8LW�d��QALWJGDXbdP�F+m
Q�¥��fJ(m-NIQ|F

Ê wZ±8HdQ�bdQ�g*7�R¶FIH0Sp_d�dSpFINpDXbdP�L-efedQVe0F+m�FIHaQ�LOJXDXP-bdk0Q�b"FsDXb0SrF+Q�� ` UALWb0��QqU+Hdm�SIQ
bBN�LObaedm-kKJGi ¤ gqDGFIH
�fN+m-�uLO�dDXJGDGFTi��dN+mW��m-NpFIDXm-buLWJ�F+m�egc ¬ w

© wZ±8HdQ�Sp_d�dSpFINpDXbdP¢NIQ�k0m
��Q�e�DGb�SrF+Q�� © UALWb���QBU+Ham-SIQ�b�edQ
F+Q
NIkKDXbfD(SIFpD(UVLWJGJXi ¤ klLO¥�DXk�_dk Q
�WLWJX_aLOR
FpD(mWb�o�_dbdU�FIDXm-b�j�m
��Q
N�LOJXJ>7\U+Ham-DXUVQVS�m-osN+Q�k0m
��Q�e<Sp_f�aSpFpNIDGbaP ¬ m-N�N�LWbdedm-kKJXi ¤ gqDGFIH��fN+m-�uLO�dDXJGDGFTi
�fN+m-��m-NIFpD(mWbuLWJ�FImKFpHaQcQ��WLWJG_uLWFpD(m-b:o�_dbaU
FIDXm-b:gqDXFpHzFpHaQcSIQV^`_aQ
buUVQcN+Q
klm
�-QAe ¬ w

ª wZ±8HdQ:UVL-SIQ�m-o%N�LObaedm-k NIQ�k0m
�WLWJ%LWbae�N�LObaedm-k LWedefDGFIDXm-b�UVm-NpN+QVSr��mWbaedSKF+m¡��L
gqNIQ�baU�Q�º
»�¼W½X¾X|}S
¹~DG�d�aSsS+LWkK�dJXQ�NVwh±8HaQ�NIQ�LWN+Q%LWJXSIm���m-SISpDG�dDGJXDGFIDXQVS8m-o�Q
¥�FIQ�baefDGbaP�FpHdDXSsFIm�L �:Q�FINIm-��m-JXDXS@LWJ(P-m-NIDGFIHdk
¤ L-UVU�Q��dF%L�efQVU�NIQAL-SpQ�DXb:Q��WLWJG_uLWFpD(mWb�o�_dbaU�FpD(mWbzmWbdJXilgqDXFpH:SIm-k0Q~�dNIm-�uLW�dDGJGDXFTilJ(Q�SISqFIHuLOb ÊO¬ j�m-N�L
o�_fJXJ�SrDXk�_dJMLOF+QVevLWbdbaQVLWJGDXbaPlLWJXP�m-NpDXFpHdk:w

� =53�2>7�+ $ �c9 �Q�;! ��2�4

C�QnFIHuLWbf�766HfDXJ@¹~N+Q�Q�b¡o�m-N�Sp_aP�P-QVSpFpDXbdP:FpHaQ0�fN+m-�dJXQ�k:j�LWbae¢o�m-N�HdDXS�Q�¥���Q
NIFIDXSIQWj$P-_fD(eaLObaUVQWj$LWbde�Q
bfR
U�m-_dN�LWP�Q�k0Q�b"FVw

ÊO©



2 �;&|�c5-��2>=,���

¦ ÊV« �6w�­cwYI�LWN+efm-b<LObae�¹Kw�Y�w�¯"F+mWNIk0mdw D$¥���QVU�F+LWFIDXm-b¡klLO¥�DXkKDXtALWFpD(m-b�LWJXP�m-NpDXFpHdk o�m-N\D(edQ
b"FIDGo�i�DGbuP
�dN+mWF+Q�DGbfR¶�dDXbdefDXbdPBSpDGF+Q�SZgqDGFIHz�-LONID(LW�dJXQ�JXQ�baPWFIHaS%o�N+m-k�_dbaLWJXDXP-baQ�e�Y~[%]·o�N+L-P-k0Q�b"F+S�w�� A � �6��¼W½ A C
� A ½(º��
��½X¼ ���}� A ½ A ���Oj ©�©Wª F Ê §O¨ �¶Ê ¿ L j Ê ¨-¨ © w

¦ ©�«
	 w �¡w��dN�L-Q
bd��Q
J¶j 	 w �zLWbaedQ
J¶j�Y�w��dNIDXQVe���Q
N+Pdj�LWbae @�w �vLWNIP`LWJGDXFVw�°TedQ�b"FpDX�aUVLWFIDXm-b�m-osUVm-kKk0m-b
k0m-FIDGo�S�DXb�_dbaLWJXDXP-baQ�evY\[Z] SIQ�^"_dQ�baU�QAS F@LW�d�dJGDXUALWFpD(m-b�FImQD6SpU+HaQVNIDXU+HdDML0U�m-JXD���Np��N+QVPW_dJ(mWb�w�� A @�
�o��»Tº ��� ����½ ���+¼W» � A � ������»�Aaº��}� A ���
�¶º
����º#�
j ÊHÊ ¤ ` ¬ F ª ¿W¨ ��ª µ`¿�j Ê ¨�¨"§�w

¦ ªW« Y�w���w�¹�LOJML-S�j ��wfDhP-P�Q�NpFAj�LWbae ��w$¯�w�C<LWFIQ�NpkBLOb�wB­qDXP�m-N+mW_aS��uLWFIFIQ�NpbfR�NIQVUVm-P-bdDGFIDXm-b�k0Q�FpHam�edS
o�m-N�Y\[Z] SIQ�^`_aQVbaU�QAS F~]%buLWJGi�SpDXS�mWos�fN+m-k0m-FIQ�NcSIQ�^`_aQ�baUVQVS�o�N+m-k D6SIU+HaQ�NIDXU+HaDML�UVmWJXD�w�� A � �6��¼W½ A C
� A ½(º��
��½X¼ ���}� A ½ A ���Oj Ê µ ��F ÊHÊ ¿ �¶ÊO© µ�j Ê ¨-µ"§�w

¦ ` « Y�wf¹�_aSr�aQ�JXe�w��\½ � A �6��»�A @ � A ���u» �
���
������� �+º�º#���6¼M�o?���º��G�uº
����º#�
wYI�LOk��dNpD(edP-Q �%bdDG��Q
N+SrD(FTi 66NIQVSpSVj
Ê ¨�¨`¿�w

¦À§ « 6�w� \w @Zm-NpF+m-b�LObae ��w � LObaQ�HdDXS+L�w�]Zb�L-SpSIQ�SISpk0QVb"FKm-oqbdQ�_dN+LWJ8baQ
FTg8mWNI��LObae<SpF+LWFIDXSpFpD(UVLWJqLO�fR
�dNIm`L-U+HaQ�S%o�m-N��dNIQVefDXU�FpD(mWb�m-o D�waU�m-JGD��fN+m-k0m-FIQ�N%SpDGF+Q�SVw �J�!�
½(º
�������
�@?���"Zº#�
º+¼ ���zA�j ©ML ¤ Ê � ¬ F ` ª�ª�Ê6�
` ª�ª µfj Ê ¨-¨ © w

¦ � « ¯�w � LWNpJXDGb�w�]ZSISpQVSISrD(baP�DXbfHam-k0m�P�Q
baQ�DGFIDXQVSvDGb£�uL-U�FIQ�NpDMLWJcJXm-baP�P�Q�bdm-kKD(U¡SIQ�^"_dQVbaUVQVSVw®°�b#"�$ 

�&%'�(�*),+.-0/7� A ��º�º_?M���
��� A C~»�Aaº�1����%�
»2�,�q�q�d¼W½!3z�a»²º �6��¼W» � A ��¼W½4� A ��CAº �+º
����º A �5� A @ �o��»T¼W» � A ��¼W½
� A ½(º��
��½X¼ ���}� A ½ A ���Ojf�uLWP�QVS Ê � ` �¶Ê ¿ Ê ja¯�LWb"F�L0�aQ-ja[%Q�g �:Q
¥�D(U�mdj��-LWb�w Ê ¨-¨"¿�w

¦À¿ « I\w>Dqwh��LAgqN+Q�bdUVQ-jq¯�w6�8w$]ZJGF+SIU+H"_dJ�j �¡w@¯�w6 8m�PW_aSp�"D�j&��w@¯�w3��DG_�js]�w6�@w6[ZQ
_�g8LWJXe�j�LObae6��w�I\w
C�m�m-FpF+m-b�w�YZQ�F+Q�U�FpDXbaP¡Sp_f�dFIJXQ�SIQV^`_aQ
baUAQ�SpDXP-buLOJ(SGF�L¡¹�DG�d�aSnSILWkK�dJXDGbaP¢SpFpN�LWFIQVP-i�o�m-N�k�_dJXFpDX�fJ(Q
LWJGD(PWbdk0Q�b"FAw&�7�
�¶º
����º
j © � © F ©ML µ �d©qÊ ` jdµ0x~U�FIm-��Q�N Ê ¨�¨ ª w

¦ µ « ��w R 	 wu��Q
_dbaPdju Zw8D�w� @J(LWDXSIedQ
JXJ�joI\w� @_dN+P-Q-juLWbae�¯�w � LWNIJGDGb�wh]ZbzQ
�0U�DXQ�b�F~LOJ(P�mWNIDGFIHdk®o�mWN%DXedQ
bfR
FIDGo�i"DXbdPKklLWFIU+HaQVS�gqDGFIH:Q�NpN+m-NIS�DGb�k�_dJGFIDG�dJXQ�J(m-bdPKk0m-JXQVU
_dJ(LWN%SIQV^`_aQ
buUVQ�SAw � A � �6��¼W½ A C�� A ½(º��
��½X¼ �
�}� A ½ A ���Oj ©�©qÊ F ÊAª �"¿ �¶ÊAª ¿Oµfj Ê ¨�¨ Ê w

¦ ¨ « � wO[\LW�WLWF+Lfj �¡w � LWbaQ
HdDXS+Lfj-LWbae8��w�9�w �vLOD(t�Q�J�j:�ONAw�YZDXSIU�NpDXkKDXbuLWb"FhLWbuLOJXi�SpDXS$mWod�dN+mWklmWF+Q�N�N+Q�P-DXm-baS
DGb D6SIU+HdQ�NIDXU�HdD(LBUVm-JGD�SIQ�^`_aQ�baUVQVSAw�� A @ �o��»Tº ��� ����½ ���+¼W» � A � �����>»�Aaº*�4� A ���
�¶º
���+º#�
j ` ¤ ª"¬ F ª �"¿ ��ª ¿ Ê j
Ê ¨�µ-µfw

¦ Ê LW« [\LOFIDXm-buLWJ�I8Q
b"F+Q�N�o�m-N� @DXm-FIQVU+HdbamWJ(m�PWi¢°�bdo�m-NIklLWFpD(mWb�w&@\L-Q
klmW�dHdDGJX_aScDGb �d_aQ
bat
L-Ql­%e¡UVmWk0�fJ(Q
F+Q
P�Q
bam-k0Q-w ; ��� <>=?=��A@CB4� $ �ADCE $ �4��F $�G ��HI=�GIJ �?B �)�?K!=�GIJ ����ELJ��M=CB6�N@��!JPO��)�,=.Q6�!� ; =CF���� ; $RGMB?K j
[Zm
��w Ê ¨�¨`¿�w

¦ ÊHÊV« ¯�w$ \w6[ZQ�QVefJXQ�klLWb�LWbae I\w3Y�w$C¡_dbaSIU+H�w�]�P�Q
baQ�N+LWJ�k0Q�FpHam�e�LO�d�dJGD(UVLW�dJXQ�FIm�FIHaQ�SpQALWNIU+H�o�m-N
SpDGkKDXJ(LWNpDXFpD(Q�ScDGb>FIHdQKLWkKDXbam�LWU�DXe¡SpQV^`_aQVbdUVQKm-ohFTg8m��dNIm-F+Q
DXbdSVwS� A � �6��¼W½ A C*� A ½(º��
��½X¼ �T�}� A ½ A ���Oj
` µ�F ` ` ª � ` § ª j Ê ¨`¿ L w

Ê
ª



¦ ÊO©�« Y�w-¯�w�63N+Q�SpFINpD(efP�Q-w 66NIQVefDXU�FpDXbdP 6�mWJ�°p°��dNIm-k0m-F+Q
N$SpQV^`_aQ�bdUAQVS�_aSpDGbaP\FpN�LWbaSpU�NpDX�dFpD(mWb�o L-U
F+m-N��dDGbaefDGbaP
SpDGF+Q�SVw � A � �6��¼W½ A C�� A ½(º��
��½X¼ ���}� A ½ A ���Oj © ` ¨hF ¨ ©Wª � ¨ ª`© j Ê ¨�¨"§�w

¦ Ê
ªW« � w � _uLWbdefFAj � w��dN+QVU+H�j @�w � LON�L-S�j>Dqw�CEDGbaP�Q�bdedQ�NVj@LObae�±~w�C�Q�NpbaQ�NVw �vLWFI°�bae�LWbae �vLWF+°�b�R
Sp��QVU
F+m-N F�[ZQ
g·o L-SrF�LWbae>��Q
N+SILWFIDGJ(QnFIm�m-JXS~o�m-N�efQ�F+Q�U�FpD(m-b�m-osUVmWbaSIQ
baSp_aScklLWF+U+HdQVS�DXb¢b"_aU
J(Q�m-FIDXedQ
SIQ�^"_dQ�baU�Q�eaLWF+Lfw0�J�!�
½(º
�������
�@?���"Zº#�
º+¼ ���zA�j ©Wª F ` µ"¿Wµ � ` µ�µ ` j Ê ¨-¨"§�w

¦ Ê ` « ±~w��8w�¯"kKDGFIH�LWbae ��w�¯�w�C�LWF+Q
NIklLWb�wK°TedQ
b"FIDG�aUALWFpD(mWb<m-o@UVm-kKk0m-b¡k0m-J(Q�U�_dJ(LWN�Sp_d�dSIQV^`_uQ
baUVQAS�w
� A � �6��¼W½ A C�� A ½(º��
��½X¼ ���}� A ½ A ���Oj Ê ` ¿ ¤ Ê�¬ F Ê ¨"§ �¶Ê ¨"¿"j �vLWNAw Ê ¨�µ Ê w

¦ Ê § « �8w
C�mWJXo�Q
NIF+SrF+Q
FIF+Q
NAj � wO�dN+Q�U+H�j"¹nw @%Q�NpNIklLWbdb�j�LWbae�±~w�C�Q�NIbdQ�NAw�°TedQ�b"FpDX�aUVLWFIDXm-bKm-ofo�_dbaU�FpD(mWbuLWJ�Q�J R
Q�k0Q�b"FIShDGbK_dbuLWJGDXP-baQVenb"_aU
J(Q
DMU%L-U�DXeKSIQ�^"_dQ�buUVQ�Ss�"iKL\bdm��-Q�JaFp_d�dJXQ�SIQALON+U+HBLWJ(P-m-NIDGFIHdk:w'� A @ �o��»²º �
� ����½ ���+¼W»@� A � �����v»BAaº��}� A ���
�¶º
����º#�
j ÊO© ¤ ÊO¬ F!¿ Ê
� µ L j Ê ¨�¨ �fw

Ê `


