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mqcd\_^I` c ^n\#Xgm	c ypeIc;`IeOk,oIX*\#XIe:`nyIX[Z o J/@ xIXbkns kIl � @O\�`Lh @bm s kIl � opepm XRxpeis}\ m eOkIZRc yIXL\#Xno J*ebh [HeWJIm
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 ^bk[cds htc @OZieWJ 
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F)yIX.��� �\U<mqc \P^p` c ^b\ X*s m 
 XgmgxIXI`Ls eih}h J2f
@O\)h @ kIlRm X��t^pXnkI`[Xgm 
�^iknh}s a XLh J cq@ opX X�� ^peih=cq@ c yIX*kpeIc s RpX
s koRbs R�@2mqc \_^I` c ^n\#Xi�.�YXnkI`[X 
 s c;s m�`S@ u�uL@�k xp\�ep`gcds `[X cq@ s kI`Lh ^pZbX{mg^ioO@ xgc s u3eih ma@th ^gc s @ kIm4s k4c yIX
xI\�@i`IXgmjmH@bf mqc \P^p` c ^b\ X$XLh ^p`Ls ZieIc s @�kO�wF)yIXiX\ mqc�eOxbxI\�@�ep`by-cq@)`S@�u;xb^gcjX-eih ma@�mg^boO@�xgcds u0eih ma@th ^[cds @ k[m
[Hepm.s u�xnh Xnu0XnkgcjX[Z	s k������ � � ��� �<�=V$^IX)c @�c yIX;s u�xnh Xbu�Xnkgc eIcds @ k 
�c yns m$eOxbxI\�@�ep`by�s m)kO@bc `peix:eiobh X
@nfYxp\p@OZt^I`Ls kIl	ebh hImg^boO@�xgc s u0eih[mqc \_^I` c ^n\#Xgm 
ob^gcw@ knh J�c yO@im X3oIXLs kpl�Z]s mjm s u�s h e:\=c @N@bc ypXL\=mqc \_^I` c ^n\#Xgm
c @�ma@�u�X�ZbX[lt\ XIXi� F)yIX�yIXn^n\Ps mqc s ` Xh cjXL\ m�c ypeIcHe:\#X�^[m X[Z�f
@O\=c yns m�h XIe:Z3cq@;e;ons epm X[Z�m eiu�xnh X�[.yns `ny
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kIX�RpXL\5mgy�@O[N^bx��`F�yIX e:ZgR:eOkgc e:lbX-@bf-c yns m;eOxbxp\�@Oe:`ny*s m3c ypeIc�c yIX2^[m XL\)y:eIm3cq@,ypeOkIZth Xm@ knh JAe
mgu0eih}h]kb^bu�oIXL\%@bf�mqcd\_^I` c ^n\#Xgm 
�ob^gc5c yIX0ZieOkIlbXL\;@nf u;s mjm s kpl�c yIX�@ kIX�yIX;s m�h @(@ a:s kIl�f @O\Y\#Xnu0eis kImI�
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�XgmgxpX[`Ls eih h J s k c yIX `Iepm X @bf xpeis}\6[�s m X
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7"Xgmqc \Ps ` c s kIlAcq@Amqcd\_^I`gc ^n\#Xgm�c ypeIc�e:\#X{kIXpe:\QUx@ xgc s u3ebh�s m0e \#XIepma@ kpeOonh X{eOxbxp\p@�e:`ny 
Gob^gc�xO@im Xgm�c yIX
xI\�@ obh Xnu @nf ZbX�X"kbs kIl kIXIe:\QUx@ x[cds u0eih}s c J �
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 c ypeIc�fE^ikI` c s @ k:ebh �jo JRu0XIeOk[mj@bf)mqcd\_^I`gc ^n\#X �/798D:Gm�`IeOk oIX2ZbX cjX[` cjX[Z�o:eIm XIZ @ k e
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F)yIX�xp\�@ xIXn\ c JN@nf�eOkC798D:,cq@ opX�xI\#Xgm Xbkgc.s k�Xns c yIXL\f@ kpX @nf�c [H@;eih cjXL\_kpeIcjX�`S@�kgf
@O\_u0eIc s @ kIm)oO@nc y
ypeORbs kIl�e�Z]s ��XL\#Xnkgc�f ^bkI` c s @�k�s m�aLkO@�[.k�epm `S@ kgf @O\Pu3eIcds @ kpeihpm [�s cq`nybs kIl��0V-s kIl;eOkIZ-^ie�[�\#Xnkp`[X ��� �
xI\�@ x�@bm X eAu�Xgc yO@OZ4cq@ Xnh ^I`Ls ZieIcqX	mg^p`ny4`S@ kgf @O\Pu3eIcds @ kpeih m [�s cj`nyns kIl opepm X[Zm@ k�c yIXns}\Gmqc eIcds mqcds `Ieih
m eiu�xnh}s kIl xp\p@O`[X[Zt^b\ X�f @i\ 7H8D:�m X[`S@�kIZie:\6J�mqc \_^I` c ^n\#Xi�iF�yIX	s ZbXIe{s m�c ypeIc-c yIX�X � s mqcqXnkp`[XC@bfYc [H@ebh cqXn\Pk:e[c s kpl4`S@ kgf @O\Pu3eIcds @ k[m�s m�\ X[m Xnu;onh X[Z s k�e�c [H@ZU R:eih}h X\J0mgypeOxIX�@bf'c yIX�mqcd\_^I`gc ^n\#X3mgxpe:`[XO��>1@i\
c yns m�\#XIepma@ k 
]c yIX)Zt\#e�[�k�mqcd\_^I`gc ^n\#X�m eOu;xnh X.mgyO@ ^bh Z yO@th Z�c [H@3f_eOu�s}h s Xgmi@bf�mqc \_^I` c ^n\#Xgm)\#Xnxp\#Xgm XnkgcxU
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:-k�@nc yIXL\�eOxbxp\p@�e:`ny s m ��� 	��� �����65(5�� 
n[�ybs `ny�s m,opepm X[Z @�k c yIX xpeis}\6[�s m X `O@ u;x:e:\Ps ma@ ky@nf

mg^boO@ x[cds u0eih:mqc \_^I` c ^n\#XgmI�.z c�^[m Xgm�eik�Xgmqcds u0eIcjX�f
@O\c yIX�XnkpXL\#lgJ�o:e:\P\�s XL\ eOkIZ�e0Z]s mqc eOkI`[X�u�XIepmg^n\#X
c @ s kgf�XL\3mqc \P^p` c ^b\#eih Z]s mjm s u�s h e:\Ps c Jg� F)yns m ZOe[c e s m mg^io[m X��t^IXbkgcdh J ^[m XIZ f
@O\3e `Lh ^ImqcqXL\Ps kIl mqcjXnx
[�ybs `ny�s m c yIX3opepm s mGf @O\ c yIX3xp\ XIZ]s ` c s @�kL@bf�`S@ kIm Xnk[mg^[m5mqc \_^I` c ^n\#XgmI�wF)yIX[m X)`S@ kIm Xnk[mg^[m5mqc \_^I` c ^n\#Xgm
mgyO@ ^nh Z4\#Xgm Xnu�onh X)c ypX�c [H@;`O@ kgf @i\_u3e[c s @�k[m @bf?c yIX.m [�s cj`ny�eOkIZ�lbX cwRpXL\Ps X�X[Z{o J0`S@ u�xpe:\Ps kIl�XIe:`ny
`S@ k[m Xbk[mg^[m0mqcd\_^I` c ^n\#X�c @Aeih}htm eOu;xnh X[Z mqc \_^I` c ^n\#XgmI�;z f�eih}h2@nfHc ypXgm X{y:eSR:X�e yns l y�XnkpXL\#lgJ2ope:\P\Ps XL\
c @r@�kIX `S@�k[m Xnk[mg^ImG[.yns}h X ypeORbs kIl*e h @�[(c @2c yIX`@nc yIXL\ 
 c yIX `S@�k[m Xnk[mg^[m�mqcd\_^I`gc ^n\#Xgm	epmL[HXLh}heIm
c yIX�xp\�@ xIXL\ c JC@bf `S@ kgf @O\Pu3eIcds @ kpeihim [�s cj`nyns kIl s m�xp\#X[Z]s `gcqX[Z ��F)yns m3u�X c yO@iZ{s m$c yIX0mqcje:\ c s kIl x�@ts k[c
f
@O\Hu J [H@O\_a�eikpZAs m�ZbXgm `L\Ps opX[Z s k B ypeOxgcjXL\;E=�
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F)yIX f @th Z]s kIl @nf 798D: s m e a:s kpX cds ` xp\�@i`[Xgmjm 
L[.yns `ny mqc e:\ c mm[�s c y,c yIX f @i\_u3e[c s @�kc@nf�ecX\ mqc
�q\�eikpZ1@ u ��o:eIm X xpeis}\ 
 c yIX4ma@ `Ieih h X[Z kb^I`Lh XIeIcds @ k xO@ts kgc[�-F)ypX{e:ZbZ]s c s @�kAeOkIZ \#Xnu @ZR:eih?@bf�opepm X
xpeis}\ m�h XIe:Znm5c @3f @O\Pu3eIcds @ kn@nf s kgcjXL\_u�X[Zts eIcqX�mqcd\_^I`gc ^n\#Xgm5c ypeIc�u0eWJ.`S@O\P\ X[mgxO@ kIZ�cq@	h @O`Ieih�u;s kns u0e]�
z�k4c yns m�`peIm X c ypX 798;: u�s ltygc�lbX c3cd\�eOxbxIXIZ s k4c ybs m�mqc eIcqX2opX[`IeO^[m X*s c�`IeOkbkO@bcN@1RpXL\#`S@�u�X4c yIX
mg^n\P\p@�^bkIZ]s kIl �<XnkIXL\#lgJ	��opeL\�\Ps XL\ mL[�s c yns kA\ XpeIma@�kpeOonh X4cds u�X�eOkIZ 
 yIXbkI`[X 
 s m�kO@nc�eOonh X�c @ e:`nyns X\RpX
s cqm)XnkIXL\#lbX c s `o@�xgc s u;^iu��=F)yIX;mqcjeIcjX�c yIXu7H8D: lbXgc m.c \�eOxbxIX[Z s k ypepm.c @ oIX�ejRLebh s Z{m X[`S@ kpZie:\6J
mqcd\_^I` c ^n\#X�eOkIZ�c yIXL\#X f @i\#X�s c.ypepm cq@ oIX�xp\#Xgm Xnkgc)s k)c yIX)m Xgc�@bf'mg^ioO@ xgc s u3eih:mqc \_^I` c ^n\#XgmI�w:-kpeih JIm s m
@nfc yIX�mqcd\_^I` c ^n\#X)mgx:ep`IX.`IeOk�c yIXn\ Xgf
@O\#X�oIX3^[m X[Z0cq@�XLh ^I`Ls ZOe[cjX)mg^p`ny�a:s kIX c s `.cd\�eOx[m @nfc yIX�f
@ h Z]s kIl
xpeIc y\[�eWJ �H:-xixI\�@Oe:`nypXgm�e:ZbZ]\#Xgmjm s kIl c yns m0xp\�@ onh Xnu e:\#X�ZbX[m `L\Ps oIX[Z s k;| X[` c s @�kjA=�YE�� 4 �
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F)yIX eOxbxIXIe:\�eOkI`[X @nf3c ypX mqc \_^I` c ^n\#X h eOkIZnm `IeOxIX s m xp\#X[Z1@ u;s kpeOkgc h J ZbXgcqXL\_u;s kIX[Z o JRc yIX h @O`Ieih
u�s kbs u0e;eikpZ	c ypX�m e:ZbZ]h X{xO@ts kgcqm)m Xnxpe:\�eIc s kIl{c ypXnu���F�yb^[m 
=cq@ \�@ ^Il ynh J	ZbXgm `L\Ps opX;c yIX�mqc \_^I` c ^n\#X
mgxpe:`[X s c;s m3mg^�3 `Ls Xbkgc3c @ aLkO@�[(c yIX[m Xi�oF)ypX�c @(@th
� �  
� � �� �65 4 �5e:ZbZ]\#Xgmjm Xgm�c yns m	s ZbXpe��2z c�s m
ZbXgm s l kIX[ZRcq@*eOkpeih JIm X c ypX `S@�u;xnh X cjX`@O\)xpe:\ cG@nf�c ypX mqc \P^p` c ^b\ XAmgxpe:`[X 
 [.yns `ny s m;l]s RpXnkAepm�eOk
XnkIXL\#lgJ.ma@O\ cqX[Z�h s mqc9@nf�mqc \P^p` c ^b\ X[m�liXnkIXL\�eIcqXIZ	o J 	����������	 �����>]\p@�u c yns m �����
���� ��`S@ kImqcd\_^I` cqm
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c yIX ope:\P\Ps Xn\�c \ XIXRepm e \#Xnxp\ X[m Xnkgc e[c s @�k @nf0c yIX*XbkIXL\#lgJ h eOkIZnm `IeOxIXO� F�yns m*ope:\P\Ps XL\�cd\#X[X yO@ h Znm
s kgf @i\_u3e[c s @�kC@ k	h @i`Ieih�u�s kns u3e 
tc yIX3m e:ZbZth X4xO@ s kgcqm�`S@�kbkIX[`gcds kIl c yIXnu eOkIZ�c yIXLs \ Z]s �'XL\#XnkI`[Xgm;s k
XnkIXL\#lgJg�
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Yebh h?ypeORbs kIl c yIXLs}\ mgxIXI`Ls X�`{e:ZgRLeik[cje:lbXgm;eOkIZ2Zts m e:ZgR:eOk�U
cje:lbXgmI�9F [w@;Z]s u�Xnk[m s @ kpeih�\#XnxI\#Xgm XbkgcjeIc s @�k[m�eL\ X�s kgc ^ns c s R:X�c @�c yIX3yi^bu0eOk)X�JgX 
�[.yIXL\#XIepm�c yIX�J�e:\#X
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Validation of clustering results of attenuator

E�@ B ������� F � J�mi" ( / m�"1.0/ ��,Iu ( �'.�4(�J2 u-71�>N >$u-71� � > ) .Z.a�',-e]"1./�J2&v

�2� @���� @�� � �c@�� �%� ��� � � � � � ��� � � @ 
� �H��n�u�e*.a"1.\/ ��,r"�,]m�u ( �-.Z.\/L,]H �'4+.\7]��u]"�/z2���/ )#�|m=/ )%.#"J,18E�*)
4(�J2 ��� [ � �YXSZ_[ "J,1m �]�}� H�"�]��.\71� m=/ )%.a"J,181�ku ( �-.�)!)*7���c,k/L, ��/ H?e'23�Q� vED v � 7]�pu ( �'.%)!)*7��� .#�$�
8 ( ��e1m')��'4�u�?/G,*.�)+.57]"1. "�2}�^23�1"])5��,]"Jq ( & )#�'u]"_2M"1.%�1mL� �*)*u]�E8�/ " (L( & /L,h.571�^u ( �'.c47��2 ����[ v � 71�pu� ��2
u1��2W4(�J2gn!"J,18E�9�-4 �YXSZ_[ /G,+.57'/ )�81"])#��n!" & q1�+m�e1�+.8�h.571�+46"_85. .57]"1.d" (L( )%.02ge185.5e'23�*)!/L,+.571�!)$"�nhu ( �
8 ��nhu126/ )#����, ( & ��,1��q-e*.^,��'.
.571�I)$"Jn!�x7]"�/z2gu'/G,Jv��O,]�ru]"�2X.M�-4�.571�p)%.02ge18*.\e'23�k)$"Jn�u ( � 7_"1) "
7]"�/z2gu'/L,k8 ��n�u]2�/ )5/L,1H~,1�1"_2 ( & .\7]�^8 ��nhu ( �*.%�t)#�2?e1�',181���"�c7'/ ( �x/G,t.571�
�'.571��2 u]"�2X.+.\7]�x7]"�/z2gu'/G, / )
)*n!" (z( ��2`"J,1m )*7-/ 4M.a�Em ./���f"_23m') .571� �<=?>Z�',1m v

� 
� � � � � ��� � � ��� ��� ������� 4 �*)*u-/ .a�t.571�ku���J2�u1��2W4(�J2gn!"J,181�O�'4 � XSZ_[ � w e1)#�Em|/ .
"1)C� � (L( "]) ����[
"�,]m �]�}� 47��2?.571��8 ( eE)%.a��26/L,]H{"�,]m 8 ��,E)#�',E)*eE) 81" ( 8-e ( "1.\/ ��,�)%.a�'u%�-4 ���_�J�������=v6��/ H?e-2}�6� v A�¬ m��'u'/ 8*.�)
.\71� u]23�Em=/ 85.%�1mI8 ��,E)#�',E)*eE)c)%.\2ge185.5e'23�*) + � Td"J,1m � � ,5v � 71� & )*7��� H����Jmt8 �J2�23�*)*u���,1m-�-,18E��./��.571�
�l�Cu1��26/Gn+�',*.#" (z( & �]��26/ J��Emx)%.\26e]85.\e-2}�E) +�P`T "�,]m|P � � )#�1�P��/ H?e'23�O�Nv�A�A-,5v � 7]�;��, ( & m=/ 4 ��23�',18E�r/ )
.\71�In{/ )a)5/L,1Ht)*nO" (z( 7]"�/L26u-/L,t"E. .571��¡<=?>Z�',]mO�'4 � � v � 71�^23�1"])5��,h4(�J2 .\7'/ )O/ ) �N.57]"1.�.57'/ )
7]"�/z2gu'/L,p/ )
e-,E)%.#"�q ( �I/L,{.a��2gn ) �-4f�',]��23H & � / vG��v+/ .O7]"]){u��)5/ .\/ �]�h�',1��23H & �'4���& � 81" (?B nC� ( ���c7'/ 8'7pu]23�K�]�',E.�)
/ .%)�u]23�Em=/ 85.0/ ��, �c71�',k23�1"Ju-u ( & /L,1Hr.571��4(� ( m=/G,1H�" ( H���26/ .\7-n v�) ( .57��e1H?7^.57'/ )h/ )
�',��e]H?7p�K��/ m-�',]8E�
.8��)*e-qE)%.#"J,*.0/ "1.%�I.\7_"E.!�������J����� )*e]8E8E�E�Em��Em|4(�J2 .571��N u ( / 8E�Em L-�]"]m���2 � "O�_" ( / m�"1.\/ ��,�/ )�)%.0/ (z( �'4
/L,*.a��23�*)%.Ev N;/L,181��.\7]�d4�e-,185.\/ ��,E) �'4 .571�c" ( .%�'26,_"E.\/L,]H{8 ��,E4(�J2gn!"1.0/ ��,E)d"_23�!e-, � ,���c,��J.571��23�!23�'n!"�/L,
)5��n+�Om���e-q*.%) ��,!.571�O)8��/ .a8'7'/L,]H ,]"1.5e'23� �'4`.57'/ ) � �0) v

� 
� � � � � ��� � � ��� �	� � � �� � �A@�� � � @ 
� N;/L,18E� .571�c"J,]" ( & )#�E) 47�J2�.571��m=/ 4 �'2}�-,*. m?/ )%.#"�,]8E�On+�1"])*e'23�*)
" (L( m-� ( / �_��23�Em�.\71�^)$"�n!�p2}�E)*e ( .%) � .571�Q�_" ( / m�"1.0/ ��,�7]"])O.8�Rq]�xu1��2W4(�J2gn+�1m3$aeE)%.9��,181��v � 71�;��e*. >
8 ��n!�|/ ) )*7���c,R/L,x.571����" ( / m�"1.\/ ��,�u ( �-.p/G, ��/ H?e-2}�P�Nv�A]« "J,1m�8 ��,.J 2gn )�.\7]��u123�Em=/ 85.\/ ��,�"])^"
8 ��,*47�J26nO"1.0/ ��,]" ( )8��/ .%8'7Cv � 71� ,/.10�243]S�57682Q�'4 .571�
8 ��,E)#�',E)*e1) )%.02ge18*.\e'23�*)O/ )�:=<Nv



� ��� ��@ �	� @ 
��
���� � � ��� ��� � @ �CB������ ��� � 
� � � �
	 � � ��� �	� � � ��� �$�

 0

 50

 100

 150

 200

 250

 0  2  4  6  8  10  12  14  16

M
D

 d
is

ta
nc

e

EB distance [kcal/mol]

paRNAss - Morphological Distance Plot of spliced leader

�&����� � [

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 0  2  4  6  8  10  12  14  16

T
A

D
 d

is
ta

nc
e

EB distance [kcal/mol]

paRNAss - Tree Distance Plot of spliced leader

�('���� XSZS[

E�@ B � � ��� F � J 4 / )%.#"�,]8E�tu ( �'.%)�47�J2^N u ( / 8E�Em L-�1"_m-��2�v



� � � ������@ �	� @ 
��
�� � � � ��� ����� @ �CB ����� ��� �	
� � � � 	 � � ��� ��� �������

A
A

C
UA

A
A

A
C
A
A
U
U

U
U

U
G
A
A
G

A
A
C
A
G

U
U U

C
U
G
U

A
C
U
U
C
A

U
U

G
G
UA
U
G
U

A
G

A
G A

C
U

UC

������� T

A
A

CUAAAA
C

A
A
U
U
U
U

U
G A A G A A

C
A G U U U C U G U A C U

U C
A
U

UGGUAUGUAGAGACU
U
C

�('���� �

E�@ B ������� FIH � J � ��,E)#�',E)*e1)c)%.02ge185.5e'23�*)c47�J2^N u ( / 8E�Em L-�1"_m-��2dq]"])#�Em
��, ����[ � � XSZ_[ "J,1m �]�}� v

A
A

C
UA

A
A

A
C
A
A
U
U

U
U

U
G
A
A
G

A
A
C
A
G

U
U U

C
U
G
U

A
C
U
U
C
A

U
U

G
G
UA
U
G
U

A
G

A
G A

C
U

UC

�&����� T

AAC
UAAAA

CA
A

U U U U U G
A
A

G A A C
A G U U U C U G U A C U

U C
A
U

UGGUAUGUAGAGACU
U

C

�C'$��� �

E�@ B � ��� � FIH HKJ ���Cu1��26/Ln!�',*.#" (z( & �]��26/ J��Em )%.\2ge185.5e'23�*)M+�P`Td"J,1mpP � , 47��2 N u ( / 8E�Em L��1"_m-��2�v



� ��� ��@ �	� @ 
��
���� � � ��� ��� � @ �CB������ ��� � 
� � � �
	 � � ��� �	� � � ��� � �

 0

 2

 4

 6

 8

 10

 12

 14

 0  2  4  6  8  10  12  14  16

E
B

 d
is

ta
nc

e 
to

 s
tr

uc
tu

re
 2

 [k
ca

l/m
ol

]

EB distance to structure 1 [kcal/mol]

Validation of clustering results of spliced leader

�&����� � [
E�@ B � � ��� FIH�� J mi" ( / m�"1.\/ ��,Iu ( �'.�47�J2^N u ( / 8E�Em L-�1"_m-��2�v

R�S���S�, � Y �7Z��5� ]�4 YEX1� [�Z\a:#��DC 	TXT�7Z\a�X

E �������0@��	� � 71�pn!"1.\e-23"1.\/ ��,��'4cu]23� > ���0)[/G,.��� ( �]�*) .\71��� ��8'/ )5/ ��,
�'4 /L,*.\2���,E)1v wA,�H-�',1�'23" ( .571�
� ��8�/ )5/ ��, �'4 /G,*.02���,E) / ) u1��2W47��2gn!�EmRq & )*n!" (z( ,-e18 ( �1"_2 2�/Gq��,�e18 ( ���u]2 �-.%�'/L,E) +g)*, ���d� ) ,K�;)*e18'7�"1)
/L,|n����")l)*u ( / 8�/L,]H�v�wA,I.\71��81"])#� �'4
u123� >#2 � �0)[.\71�p)*u ( / 8�/G,1H ��8E8-e'2})p/G,I.571��"�q1)#�',18E� �-4c"J, &
u12��'.a��/G,E)f"J,1m+8 ��e ( m�q]�d)*7���c,d./�{q1� u1��2W4(�J2gn+�1m{q & .\7]�c/L,E.02���,1) .571�'n )#� ( �]�*)1v � 71� q1�*)%. 8'7]"_2M"_8 >
.%��26/ )#�Emtn+�-n�q1��2��'4 .571�*)#��)#� ( 4�>�)*u ( / 8�/G,1HhH?2 ��e-uhwJ/G,*.02���,E) / )f.\7_"E.@�'4�
 � 	��� ����� � * � 	 � � � ��� % � �  �-v
�;�E8 �JH?,'/ .0/ ��,��-4 .571���<=�)*u ( / 8E�{)5/ .%��23� 2?e-/z23�*)�q_"1)#� u_"-/L26/L,1Hrq1�5.#� �E�-,^,-e18 ( � �'.\/ m��*)!"1.d.571�
�',1mO�'4
.\71���<=?� ����,
"�,]m
.571�
/G,*.%�'26,_" ( H�e'/ m-�!)#� 2�e1�',18E�
+0w UCN ,@�'4 .\7]�
/L,E.02���,Cv � 71� �3A )*u ( / 81�+)5/ .%��71� ( / �
m���8 � )h/L,*./�r"t8 ( �54�.�/L, .571� 81"1.#" ( & .\/ 8t8 �J23�
�'4 .571�p/L,*.\2���,Jvkw�,�u]23� >#2 ���0) ) � 8 ��,*.#"�/L,'/G,1H�,_"E.5e'2M" (
� PgNK2 � �0) � �-��,�)#�2?e1�',181�*) �`)*u ( / 8E�t)5/ .%�p23�E8 �JH?,'/ .0/ ��, / )�/G,-7'/Gq'/ .a�EmRq & "�,t" ( .a��2g,]"1.0/ �]�x7]"�/L26u-/L,��
81" (z( �1m��"+(> A ,K� .\7_"E.�/ )+8��,E)#��2��]�1m�/L,�.571��n!"1.\e-2}� � P)N 2 ���0)�v � 7]� �!=;)5/ m-�Q�'4+�"+(> A-,+/G,.��� ( �]�*)
.\71�!)$"Jn+�h,-e18 ( � �-.0/ m-�*)I�-4`.\71���!=�� ����,!.\7_"E.�" ( )5�xq]"])#��u]"�/z2H��/ .57O.\71�tw UCN v ) )�"t23�*)*e ( ..� �"+(> A ,
m=/z23�E85. ( & 8��n�u]�5.%�E)'��/ .57 4(�J2gn!"1.\/ ��, �-4N.571�
�3A )*u ( / 8E��)5/ .%�!71� ( / ��v � 7'/ ) ( �]"]m-) ./�+.#�$�
" ( .a��2g,]"1.0/ �]�
u123� >#2 ���")�8 ��,*47�J26nO"1.0/ ��,E)�� "J,h/L,]"_85.\/ �]�!47�J26n .57]"1.�8 ��,*.#"�/L,E){�"+7> A , ��"J,1mt"J,
"]8*.0/ �]�+4(�J2gn .57]"1.
/L,18 ( e1m-�*)��3A
"J,1m�/ )c8 ��n�u1�5.a�',*.�.8� )#� ( 4�>�)*u ( / 81����� D���v

�! #" �>%$ � $�"�&

� �;,1��23H & 2M"J,1H-�#� :�V�'�. � 3������
	��
� N �1"_238'7�)*u]"_8E�(� 81"J,��,'/ 81" ( )
��� �'nhu1��2M"1.\e'23�(�*)J�h�
� V�" �?v N?.\2ge185.5e'23�*)��*�#+



� � � "$ ��@�� �0@��	� � � ��� � $�" �  �0@ � B ������� $ � �	���  #" 	 � � "�� ��� � "$�&

�! @ " � @ & $ �c@ & �  ��� $��  �� � �	�� �0@��	� w�,�8]"1)#�
�-4 .\7]� 
 � 	�����
 ��� � * �tH?2 ��e-urw /L,*.\2���,�� ���_�J�����J�
u12���m�e18E�Em�.571�^m=/ )%.a"J,18E�ru ( �-.�)hm=/ )*u ( " & �EmR/G,���/ H?e'23� �Nv�A )Nv� �'.57ru ( �'.%)
)*7��� .#�$� 8 ( eE)%.%�'2W)N�'4
u�?/G,*.�)��c7'/ 8'7h"_23�G� � (z( )#�'u_"_2M"E.a�EmL�;"])+/ . / )c� �Cu1�E8*.%�Em^4(�J2 )*e]8'7h"J, ���0)�v

� �	� & $ � &��#&�& � "�� � � ��"�$�& � 71� 8 ( eE)%.a��26/L,]H )%.a�'uM� "1)hu1��2W4(�J2gn+�1m�4(�J2 " (z( .57'23�E�tm=/ )%.a"J,18E�kn!�1" >
)*e'23�*)1v � 71�
)*e-qE)#�2?e1�',*. 8]" ( 8'e ( "E.\/ ��,N�-4 .571�{8 ��,E)#�',E)*eE)+)%.02ge18*.\e'23�*) ( �1"_mk/G,h" (z( .57'23�E��8]"1)#�E)�.8�
.\71�h)$"Jn+�!.#�$��8 ��,*4(�J2gn!"1.\/ ��,1) )*7���c,I/G,���/ H?e'23�N�Nv�A.� v � 7]�hm=/ 4 ��23�',181�*) q1�5.#� �E�-,�)%.\2ge185.5e'23�*)
� T�"J,1m � � "_23�tn!"�/L, ( & "1.�.571� )<=?>Z�',]mL���c71��23����/ .\7]��2'��,1�M��2 .57'23�E�^7_"-/L2gu'/L,E)O"_23�tu]2}�E)#�',*.Ev � 7'/ )
2}�E)#�'n�q ( �*)
.571�I� �J/ )%.a�',18E� �'4���/ .571��2d.571�r�'A +�"_85.\/ �]� ,���2 .571���3+(> A ,M+%/G,]"_85.0/ �]� , 7]"�/z2gu'/L,Cv � 71�
8 �J2�23�E8*. "])a)5/ H�,-n+�',E.$�'4 .571�
�3A�"�,]m .571�O�"+(> A-,f7]"�/z2gu'/G,E) ./� .571��8 ��,E)#�',E)*eE) )%.\2ge185.5e'23�*)�/ )�2M"E.571��2
)*e-q*. ( ��� "1)�w�8 ��e ( m�,�'.�J;,1mI"�)%.\2ge185.5e'23�InG��m-� ( �c7'/ 8'7�" ( )5��H=/ �]�*) .571�
)#�2?e1�',181�ku�-)5/ .0/ ��,E)��'4
.\71�E)#�t7]"�/z2gu'/G,E)1v ���J2 .\7'/ )!2}�]"1)5��,t/ . / )c�*)a)#�',*.\/ " ( .8�xu]��2W4(�J2gn .\71�G��" ( / m�"1.\/ ��,{)%.%�-uJv

� �	� & $ � &��#&�& � "�� ��� � "$   �� @��  �0@��	� � "�/L2 ��/ )#�{8 ��nhu]"_26/ )5��,��-4 � T�"J,1m � � .8�I" (L( )%.\26e]85.\e-2}�E)
/L,
.\71� )$"Jnhu ( ��23�*)*e ( .a�Em{/L,d" �_" ( / m�"1.\/ ��,cu ( �'. +g)#�E� ��/ H?e-2}�*�Nv�A � , 7� ( m=/L,1H .#�$�!23�1"])5��,]"Jq ( & )#�'u]"�23"1.a�Em
8 ( ��e1m') �'4 u��?/L,E.�)1v � ��n�q'/G,]"1.0/ ��,�/L,E.8�r" uE)#�'e1m�� � ,�'.�/ )�e-, ( / � � ( & "])�,I.10�2g3]S75�682�� 2�e]" ( )9R4< v
� �JH-�5.571��2 ��/ .57�.571� m=/ )%.#"J,18E��u ( �'.%) .57'/ )I�_" ( / m�"1.0/ ��,I"Ju-u]2 ���]�*)!.571��)8��/ .%8'7-/L,1H�u]2���u1��2W. & �-4f.571�
.%�5.\2M"J7 & n+�-,]"{H=2���e-u�w�/L,E.02���,Cv

R�S���S-R � C����gU c Y�� b YEZ

E � �����0@��	� � 71�r4Ze (L( > ( �',1H�.57�ydw m3> A ���0) )#��2��]�*)�q�'.57�"1)rn+�*)a)#�',]H-��2�� �0) +an�� �0)1,�"J,1m
"1)I.\7]� �-/L23" ( H-�-,��n!��v � 71� e-,*.\23"J,E) ( "1.%�Em ( �1"_m-��29�'4!.\7-/ ) � �0)s81"_2626/ �*)k)#�K�]�'23" ( 23�EH?e ( "1.8�J2 &
� ( �'n!�',*.%)1v � 71��/z2 2}�1H?e ( "1./�J2 & 4�e-,185.\/ ��,E)�8]"�,|q1� 2 ��e1H?7 ( & )*e-q1m=/ �-/ m-�1m /L,*./��.#�$�rH=2���e-uE)���23�EH >
e ( "1.\/ ��, �'4�H-�-,1�^� �Cu]23�*)a)5/ ��,:+g.02M"J,E)#8�26/LuE.0/ ��,�� .\2M"J,E) ( "1.\/ ��, � �5.a8�v ,K"J,1m��-/L2�/ ��,K>�"])a)5�J8�/ "1.a�Em 4�e-,18 >
.0/ ��,E)Q+&m=/Gn+��26/ �1"1.\/ ��,�� 2}�.�]��2})#��.02M"J,E)#8�26/Gu*.0/ ��,��i�5.%8Jv ,*v L�"Jq�J2�/ ��eE){� �Cu1��26/Ln!�',*.%) q & y e*.57� 4�"J,1m
� ��2 � 7��e*. � P(+ � )*7��� �Emh.57]"1. .\7'/ )�m?e_" ( ,_"E.5e'23�OH����E) u]"_2M" (z( � ( ��/ .57+.#�$��" ( .%��2g,]"1.\/L,1Ht8��,*47��2gnO".>
.0/ ��,E) � "�q12M"J,18'7]�Em^)%.\2ge185.5e'23�
+�P � ,�"J,1mt" nC�J23�+)%.a"Jq ( �+)%.\2ge185.5e'23�
+�P`T ,@�c7'/ 8'7tn!"�/L, ( & 8��,E)5/ )%.�)
�'4 .#�$�^"_m���"_8E�-,*.!7]� ( / 8E�*)1v

�! #" �>%$ � $�"�&

� �;,1��23H & 2M"J,1H-�#� R$. � 3������
	��
� N �1"_238'7�)*u]"_8E�(� 81"J,��,'/ 81" ( )M+%23�54(� ( m-�1m ,
��� �'nhu1��2M"1.\e'23�(�*)J�h�
� V�" �?v N?.\2ge185.5e'23�*)�� A�+#+

�! @ " � @ & $ �c@ & �  ��� $ �  �� � �	�� �0@��	� �N"�/z2���/ )#��8 ��nhu]"_26/ )5��,:�-4O" (z( )%.02ge185.5e'23�*)�/L,x.571�r)$"�nhu ( �
"�,]m�H��',1��2M"1.0/ ��,O�-4 .\7]�hm=/ )%.a"J,181�ku ( �-.�)!)*7���c,k/L, ��/ H?e'23�
� v A@P�23�K�]�1" ( )!.571��� �J/ )%.a�',181�;�'4 .#�$�
)%.02ge185.5e'2M" (z( & m=/ )a)5/Ln�/ ( "�2C4g"Jn{/ ( / �*)f/G, .\7]� )$"Jn�u ( ��v � 71� & "_23� � � (L( )#�'u_"_2M"E.a�Em{/L, .a��2gn )0�'4�)%.\2ge185.5e'23�
+64(�J2 ����[ "J,1m �YX=Z_[ ,�"])%� � (L( "]) /G,O.%��2gn+)6�-4i�',1��23H & q_"_262�/ ��2�v



� "$ ��@�� �0@��	� � ����� � $�" �  �0@ � B������ � $ � �	� �  #" 	 � � "�� � � ��"�$�& � �

 0

 50

 100

 150

 200

 250

 300

 0  2  4  6  8  10  12  14  16  18  20

M
D

 d
is

ta
nc

e

EB distance [kcal/mol]

paRNAss - Morphological Distance Plot of tetrahymena group I intron

�&����� � [

 0

 20

 40

 60

 80

 100

 120

 140

 160

 180

 200

 0  2  4  6  8  10  12  14  16  18  20

T
A

D
 d

is
ta

nc
e

EB distance [kcal/mol]

paRNAss - Tree Distance Plot of tetrahymena group I intron

�('���� XSZS[

E�@ B ��"$ � FIH�� J 4 / )%.#"J,18E�tu ( �'.%) 4(�J2 .%�5.\2M"J7 & n+�-,]"{H=2���e-u�w�/L,E.02���,Cv



�+� � "$ ��@�� �0@��	� � � ��� � $�" �  �0@ � B ������� $ � �	���  #" 	 � � "�� ��� � "$�&

G

AUUUCUGCCCA
G
UGCUCUGAA

U
GUC

AA
A
G U

G A C
G

CAA
U

U
C

A A C C
A
A

G
C G

C

G G G U A A A
C
G G C G G G A G UAACUAU

G
A
C

U
C

U
C

U
A

A
A U A G

C
A
A
U

AUUU
A

C
C
U

U
U

G
G

A
G

G
G

������� T

GAU
U

U
C
UGCCCAGUGCUC

UGAAUGUC
AA

A
G U

G A CGCAA U U C AACCA
A G C G C G G G U A

A
A C G G C

GGG A G U
A

A C
U
A

UGACUCUC
U
A A A U A G

C
AA

UAUUU
AC

C
U

U
UG

G
A

G
GG

�('�� � �

E @ B ��"$ � FIH � J��H��,E)#�-,E)*eE) )%.\2ge185.5e'23�*)�4(�J2 .%�5.\2M"J7 & n+�-,]"{H=2���e-u�w�/L,E.02���,Cv

 0

 2

 4

 6

 8

 10

 12

 14

 16

 18

 20

 0  2  4  6  8  10  12  14  16

E
B

 d
is

ta
nc

e 
to

 s
tr

uc
tu

re
 2

 [k
ca

l/m
ol

]

EB distance to structure 1 [kcal/mol]

Validation of clustering results of tetrahymena group I intron

�&����� ��[
E�@ B ��"�$ � FIH � J mi" ( / m�"1.\/ ��,Iu ( �'.�47�J2 .a�5.\23"J7 & n+�',]"�H=2���e-ukw�/L,*.\2���,Jv



� "$ ��@�� �0@��	� � ����� � $�" �  �0@ � B������ � $ � �	� �  #" 	 � � "�� � � ��"�$�& � H

 0

 500

 1000

 1500

 2000

 2500

 0  5  10  15  20  25  30  35  40  45

M
D

 d
is

ta
nc

e

EB distance [kcal/mol]

paRNAss - Morphological Distance Plot of HIV1 leader

�&����� � [

 0

 100

 200

 300

 400

 500

 600

 0  5  10  15  20  25  30  35  40  45

T
A

D
 d

is
ta

nc
e

EB distance [kcal/mol]

paRNAss - Tree Distance Plot of HIV1 leader

�('���� XSZS[

E�@ B ��"�$ � FIH � J 4 / )%.#"�,]8E�^u ( �'.%) 4(�J2 y�w m�A ( �1"_m-��2�v



� � � "$ ��@�� �0@��	� � � ��� � $�" �  �0@ � B ������� $ � �	���  #" 	 � � "�� ��� � "$�&

G
G
U

CU
C
UC

U
GG

U
U

A
G
AC

C
A

G
AU
UUG

A
G

C
C

UG
G
G

A G
C

U
C

U
C

U
G

G
C

U
A

A
C
U

G G
G

A
A

C C
C
A C

U
G C

U
UAAG

C
C

U
CAA

U
A

A A G
C
U

U
G

C
C
U U

G
A G

U
G

C
U

U
C

AAG
U

A
GU

G
U G U

G
C

C
C G

U
C

UGUU
G

U
G

U
G

A C
U

C
U

G
G

UA
A
C
U
AG

A
G

A
U C

C
C
U
CA

G
AC

C
C

U
U

U
U

A

G
U

C
A
G U

G
U

G
G

A
A

A A
U

CU
C

U
AG

C
A
GU

G
G

CG
C C C

G A
A
C

AGGG A
C
U
U

GAAA
G
C
G

A
A

A
G

G
G

A
AA

C
C

A
G

A
G
G A G C

U
CU

CUC
GA

C
G

C
A

G
G

A
C
U

CG
G

C
U

U
G

C
U

G
A

A
G

C
G

C
GC

A
CG

G
C

A
A

G
A

G
G

C
G

A
G
GG

G
A

�&��� � T

G
G

U
C
U
C
U
CUG

G
U

U
A

G
AC

C
A

G
AU
UUG

A
G

C
C

UG
G
G

A G
C

U
C

U
C

U
G

G
C

U
A

A
C

U
GGGA

ACC
CACUGCUUAAGCCUCAA

UAAA
G
C
U

U G C
C
U U G A GUG C U UCA A G U A G U G U

G U G
C C C

G U C U
G U U G U G U G

A C
U

C
U

G
G

UA
A
C
U
AG

A
G

A
U C

C
C
U
CA

G
AC

C
C

U
U

U
U

A

G
U

C
A
G U

G
U

G
G

A
A

A A
U

CU
C

U
AG

C
A
GU

G
G

CG
C C C

G A
A
C

AGGG A
C
U
U

GAAA
G
C
G

A
A

A
G

G
G

A
AA

C
C

A
G

A
GG
AG

C
UCUC

U
C

GAC
G

C
A

G
G A

C
U

CG
G
C

U
U

G
C

U
G

A
A

G
CGCGCACGGCAA

GAGGC
G
A
G
G
G
G

A

�C'$� � �

E�@ B ��"�$ � FIHg� J � ��,E)#�',E)*e1)c)%.02ge185.5e'23�*)c47�J2 ydw m�A ( �1"_m-��2 q]"])#�Em;��, ����[ v

� �	� & $ � &��#& & � "�� � � ��"�$�& � 71�RH�� ��m 23�*)*e ( .�)|23� � �E85.a�Emb/G,|.\71��m=/ )%.a"J,181��u ( �-.�)�)*7��e ( m�H?/ �]�
2�/ )#�
./�
� � (z( >Zm��KJ;,1�Emx"J,1mx2M"1.571��2im=/ )a)5/Ln{/ ( "_2i8��,E)#�',1)*eE)+)%.\2ge185.5e'23�*)1v6)i)c)*7���c,I/L, ��/ H?e'23�M� v�AE�
8 ��,E)#�-,E)*eE)d)%.\2ge185.5e'23� � T / )�q]"])5/ 81" (z( & 8 ��nhu�-)#�Em9�-4;.#�$�{"_m���"_8E�',E. 71� ( / 81�*) � �c71��23�1"]) � � )*7��� )d"
nC�J23��q]2M"J,18'71�EmO"Ju-u1�1"�23"J,181��v �H��nhu]"_26/ )5��, �'4�.571��u]2}�1m=/ 85.a�EmI��/ .57 .\71� � �Cu1��26/Ln!�',*.#" (z( & m-�Em?e181�Em
)%.02ge185.5e'23�*) +g)#�1�Q��/ H?e'23���Nv�A8o ,d)*7��� )�.57]"1. � T / ) ,]�1"_2 ( & � 2�e]" ( .8�IP`T "J,1mh.57]"1. � � )*7��� )�H�� ��m
8 �J2�23�*)*u���,1m-�-,18E�r.8�RP � v � 71��m=/ 4 �'2}�-,18E�*)kn!" & "_26/ )#�I4�2���n "_2W.%�54g"_85.�)hm?e'26/L,1H|.571�p8 ��,E)#�-,E)*eE)
)%.02ge185.5e'23��81" ( 8'e ( "1.0/ ��,��=��vGH�vi" q_"1)#� u]"�/z2L�c7'/ 8'7+/ ) u]"_2W.3�'4 ��,1�6�'4 .\7]� ,]"1.\/ �]��8 ��,*47�J26nO"1.0/ ��,E)fm=/ m
,�'. "Ju-u1�1"�2�/L,�.\7]�^n!" � �J26/ . & �-4 .571��)%.02ge185.5e'23�*)1v � eE.c.\71� & n!" & " ( )5� ( / �M� / .\7-/L, � �Cu1��26/Gn+�',*.#" (
"_2W.%�54g"_85.�) �-"]) � �Cu1�'2�/Gn+�',E.a" ( m�"1.#"�" ( � " & ) ( �1"�]�*) )#8 ��u1�f4(�J2N/L,*.a��2gu]2}�*.a"1.\/ ��,+q & .571� � �Cu]��26/Ln+�-,*.%�'2&v
wA,%�J23m-��2 .8�O"Ju-u]2 ���]��.\71�*�-/ "�q-/ ( / . & �-4 .571��)%.02ge185.5e'23�*)�u]2}�1m=/ 85.a�Em q & ���_�J�����J�hw]"Ju-u ( / �1m .571� eE)*e]" (
�_" ( / mJ"E.\/ ��,^u]2 �J8E�Em?e-2}�Jv

� �	� & $ � &��#& & � " � � � ��"$   � @��  �0@��	� � 71� �_" ( / m�"1.\/ ��,:�'4+.\71�r8 ��,E)#�-,E)*eE)I)%.\2ge185.5e'23�*)^47�J2 .571�
( �1"_m-��2 �-4+ydw m'> Ap2}�E)*e ( .a�Em�/G, .\71��u ( �'.Om-�'u'/ 85.%�1mR/L,P��/ H?e'23�
�Nv�A�D�v�w . 8 ( �1"_2 ( & )*7��� )!.#�$� � � (z( >
)#�'u]"_2M"1.%�1mI8 ( eE)%.%�'2W) � n!�1"J,'/L,1H�.57]"1. / 4 "
)%.\2ge185.5e'23�M�'4`.571�O)$"Jn�u ( � 7]"])c"t7'/ H?7 �]�}� ./� � T�/ . 7_"1)
" ( ��� �]�}� .8� � � � "�,]mM��/ 8E�I�]��2})$"=v � " ( 8'e ( "1.0/ ��, �'4 ,/.10�243]S�57682 & / � ( m')��I:�v � ��H-�5.571��2H��/ .57 .571�
��e*.a8 ��n!�9�'4`.571� u]2}�.�-/ ��eE)c)%.%�-uE) .\71�G��" ( / m�"1.\/ ��,�"�u�u12����_�*)�.\7]� u�'.a�',*.\/ " ( �-4`.\7]�^ydw m'> A ( �1"_m-��2
.8��)#��2��]�+"])�"!8 ��,E4(�J2gn!"1.0/ ��,]" ( )8��/ .a8'7Jv6�=e'2W.571��2gnC�J23���?.571� % � � * � : / ) /L, H�� ��m�8 �J262}�E)*u��,1m��',18E�
.8��.571�t� �Cu]��26/Ln+�-,*.a" (L( & m-��26/ �]�Em )%.\2ge185.5e'23�*) � ,�-.#� / .\71)%.a"J,1m=/G,1Hr.\71�h4g"]8*. .\7_"E. .\71�E)#�kn{/ H�7*.�q1�
) ( / H�7*. ( & /L,]8 �J2�23�E8*.+"�,]m�.\71� % � � * � : 8 �J2�23�E8*.*v



� "$ ��@�� �0@��	� � ����� � $�" �  �0@ � B������ � $ � �	� �  #" 	 � � "�� � � ��"�$�& � �

G
G
U

CU
C
UC

U
G

G
U

U
A

G
AC

C
A

G
AU
UUG

A
G

C
C

UG
G
G

A G
C

U
C

U
C

U
G

G
C

U
A

A
C

U
G

G
G

A
A

C C
C
A C

U
G C

U
UAAG

C
C

U
CAA

U
A

A A G
C
U

U
G

C
C
U U

G
A G

U
G

C
U

U
C

AAG
U

A
GU

G
U G U

G
C

C
C G

U
C

U
G

U
U

G

U G
U
G

A C
U

C
U

G
G

UA
A
C
U
AG

A
G

A
U C

C
C
U
CA

G
AC

C
C

U
U

U
U

A

G
U

C
A
G U

G
U

G
G

A
A

A A
U

CU
C

U
AG

C
A
GU

G
G

CG
C C C

G A
A
C

AGGG A
C
U
U

GAAA
G
C
G

A
A

A
G

G
G

A
AA

C
C

A
G

A
G
G

AG
CU
CU

CUC
G

A
CG

CAG
G

A
C
U

CG
G

C
U

U
G

C
U

G
A

A
G

C
G

C
GC

A
CG

G
C

A
A

G
A

G
G

C
G

A
G
GG

G
A

������� T

G
G

U
CU

C
UC

U
G

G
U

U
A

G
AC

C
A

G
AU
UUG

A
G

C
C

UG
G
G

A G
C

U
C

U
C

U
G

G
C

U
A

A
C

U
G

G
G

A
A

C
C

CACUGCUUAAGCCUCAA
UAAA

G
C
U

U G C
C
U U G A GUG C U UCA A G U A G U G

UG UG
C C C

G U C

U G
U

U
G U

G
U

G

A C
U

C
U

G
G

UA
A
C
U
AG

A
G

A
U C

C
C
U
CA

G
AC

C
C

U
U

U
U

A

G
U

C
A
G U

G
U

G
G

A
A

A A
U

CU
C

U
AG

C
A
GU

G
G

CG
C C C

G A
A
C

AGGG A
C
U
U

GAAA
G
C
G

A
A

A
G

G
G

A
AA

C
C

A
G

A
G
G A G C

U
CU

CUCGAC
G

C
A

GG
A

CU
CG
GC
U
U
G
C
U
G A

A
G
C

GCG
C
A
C

G
G

C
A

A
GAGGCGA

GGGG

A

�('$��� �

E�@ B ��"�$ � FIH � J � �Cu]��26/Ln+�-,*.a" (L( & m-�Em�e18E�Emp)%.02ge18*.\e'23�*)�+�P T5� P � , 4(�J2dydw m'> A ( �1"_m-��2�v

 0

 5

 10

 15

 20

 25

 30

 35

 40

 45

 0  5  10  15  20  25  30  35

E
B

 d
is

ta
nc

e 
to

 s
tr

uc
tu

re
 2

 [k
ca

l/m
ol

]

EB distance to structure 1 [kcal/mol]

Validation of clustering results of HIV1 leader

E @ B ��"$ � FIH � J mi" ( / m�"1.0/ ��,pu ( �-.�4(�J2dydw m A ( �1"_m-�'2&v



��� � "$ ��@�� �0@��	� � � ��� � $�" �  �0@ � B ������� $ � �	���  #" 	 � � "�� ��� � "$�&

R�S���S � W S��Ia�cS	0����	n_ c Y��dbCY^Z
E � �����0@��	� � 71� �<=?> F � � �-4�� 9d: �  � 	 
 ��� �"�c7'/ 8-7 �',18 �Jm-�*)t47��2c"�u]2 �-.%�'/L,P�-4c.\71�p.57'/ "Jn�/L,1�
q'/ ��) & ,*.571�5.\/ 8�u]"1.\7.� " & � 7�� ( m-)h" n!�'n�q]��2@�-4�.571�^8 ( "1)a) �-4+n!�5.a"Jq� ( / .%�t)#�-,E)5/L,1H�26/Lq��)8� / .%8-71�*)1v
^�/L, �_( ��2 �5.�" ( v ����A � )*7��� �Em�.57]"1.�	 
 ��� .\23"J,E) ( "1.0/ ��,]" ( 4ZeE)5/ ��, 8 ��,E)%.02ge18*.�)^� �=7'/Lq'/ .�.57'/ "Jn�/L,1� >
m-�'u1�',]m-�',*.c)*e-u-u]23�*)a)5/ ��,����c71��23�1"])�.02M"J,E)#8�26/LuE.0/ ��,]" ( 4ZeE)5/ ��,E)cm���,�-.*v')K)%.02ge185.5e'23� >$u]2���q'/G,1H|u12��->
8E�*)a)x23�K�]�]" ( �EmR.57]"1. 	 
 ��� ( �1"_m-�'2 ���0)�e�,1m-��23H��J�*)p)%.\2ge185.5e'23��nG��m?e ( "1.0/ ��,~e�u��,�q-/L,1m=/G,1H��'4
)*u1�E8�/ J�8 ( / HJ"�,]m') �N)*e18'7{"])d.57'/ "Jn{/G,1�O"�,]m�.57'/ "�n�/L,1�hu & 2���u-7��)*u-7]"1.a�O+ � � � ,5v � 7]�O"Je*.57�J2})Ou12��->
u�-)#�r"~n+�18'7]"J,'/ )*n �c71�'2}� � � �!>$q-/L,1m=/G,1HR./��.571� ���") ( �1"_m') ./��.571�k)#� 2?e1�E)%.02M"1.0/ ��, �'4 .571�
N 4 )#�2?e1�',181��� �c7'/ 8-7�/ )t23� 2?e'/L23�Em�./� q]�re-,�u]"�/z23�Em|4(�J2��=Mt8'/ �',*.�.02M"J,E) ( "1.\/ ��,�/L,|u12�� � "_2 & �-.%�*)1v
F u���,t.57'/ "Jn�/L,1� )%.#"_2��_"1.0/ ��,t.571� � �0)lH-�5.%)O4�23�E�Em�"�,]mr"t)%.\2ge185.5e'2M" ( 23�1"_262M"J,1H-�'n!�',*. ( �]"]m-)O.8�
"�8 ��,*4(�J2gn!"1.\/ ��,t/L,��c7'/ 8'7
.571��N 4 )#� 2?e]�',18E�I/ )Oe-,-u_"-/L23�Em�v � 7'/ )��-,]"Jq ( �*){2�/Gq�-)5��n+�{�-,*.02 & "J,1m
.02M"J,E) ( "1.\/ ��,��'4`.571� u]2��'.a��/L,9�c7'/ 8'7t/ )+23� 2�e'/z23�EmI4(�J2 .\7'/ "Jn{/L,]�hq-/ �-) & ,*.\7]�*)5/ )1v

�! #" �>%$ � $�"�&

� �;,1��23H & 2M"J,1H-�#�"& V��$. � 3������
	��
� N �1"_238'7�)*u]"_8E�(� 81"J,��,'/ 81" ( )M+%23�54(� ( m-�1m ,
��� �'nhu1��2M"1.\e'23�(�*)J�h�
� V�" �?v N?.\2ge185.5e'23�*)�� A�+#+

�! @ " � @ & $ �c@ & �  ��� $ �  �� � ���� �0@��	� � 71�|"�,_" ( & )5/ )�q]"])#�Em ��,~u]"�/L2 ��/ )#��m=/ )%.a"J,181�|8]" ( 8'e ( "E.\/ ��,
m����*) ,�-.!m-� ( / �_��2 .\71��u]23�54���2623�Em�2}�E)*e ( .9�'4 .#�$�k)#�-u]"_2M"1.%�Emr8 ( ��e1m') /L,�.571�tm=/ )%.a"J,18E�ku ( �'.%)
+g)#�E�
��/ H?e'23� � v � + ,*v �`�K�]��2W.571� ( �*)a) �N.\7]��23��"_23�O.#�$�knO"�� �J2`8 ( e1)%.%��2})��c7'/ 8'7�)*7���[23�1"])5��,]"Jq ( �{)#�'u]"�23" >
.0/ ��,����E)*u1�E8�/ " (L( & q]"])#�EmM��, ��� [ �?"J,1m
.571�
u��?/L,E.�)c/G,K>$q1�5.#�f�E�', n{/ H?7*.�q]� m?e1� .8��"_2W.%�*46"_85.%) �'4 .571�
m=/ )%.#"J,18E�tn!�1"])*e'23�*)1v$) u12����_�!4(�J2 .57'/ )c8 ��e ( m q1�
"]8-7'/ �K�_�Emk/ 4i.\71�C�_" ( / m�"1.\/ ��,��'4 .\7]�
8 ��,E)#�-,E)*eE)
)%.02ge185.5e'23�*) m�� ( / �]��2})+"tu��-)5/ .\/ �_��2}�E)*e ( .Ev

� �	� & $ � &��#& & � "�� ��� � "$�& )i)h.\71� "J,]" ( & )5/ )
�'4 ����[ m-� ( / �_��23�Em�q1�*.Z.a��2O23�*)*e ( .%)rwfeE)#�Em|.57'/ )h47�J2
.\71�k)*e�qE)#� 2?e1�-,*.t)%.%�'u1)1v � ( eE)%.a��26/L,1H "�,]mR8 ��,E)#�-,E)*eE)t)%.\26e]85.\e-2}�r81" ( 8'e ( "1.0/ ��, & / � ( m-�Em�.571��.#�$�
8 ��,*47�J26nO"1.0/ ��,E)�)*7���c,�/G, ��/ H?e'23���Nv � AJv �=2 ��n .571�*)#� ��, ( & � T{/ )^/G,�8 �J2623�*)*u��,1m-�',181� ./� ��,1�
�'4 .571�ku-e-q ( / )*71�1mr8 ��,*4(�J2gn!"1.\/ ��,1)1v ) nG��23� m-�5.#"�/ ( �Emr"J,]" ( & )5/ )9�'4 .571��u-e-q ( / )*71�Em|� �Cu]��26/Ln+�-,*.�)
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� �	� & $ � &��#&�& � "�� � � ��"�$   �� @��  �0@��	� wA,��J23m-��2 .8��H-�5.d4�e'2W.\7]��2 �.�-/ m-�-,18E�O47��2 .\71��u ( "JeE)5/Lq'/ ( / . & �'4
.\71� % � � * � : .571�;��" ( / m�"1.\/ ��,�)%.a�'u �f"])^u1�'2X47�J26n!�Em�v � " ( 8'e ( "E.\/ ��, �'4 ,/. 0 243]S�57682�23�*)*e ( .a�Em /L,
�
� v � 71�9��" ( / m�"1.\/ ��,pu ( �'.O/L, ��/ H?e'23�N�Nv �(� )*7��� )c.57]"1.+/ .+/ )+"Ju-u12���u126/ "1.a�h.8�ru123�*)*e-n!�
.57]"1.�.571�



� "$ ��@�� �0@��	� � ����� � $�" �  �0@ � B������ � $ � �	� �  #" 	 � � "�� � � ��"�$�& ���

 0

 200

 400

 600

 800

 1000

 1200

 1400

 1600

 1800

 0  5  10  15  20  25  30  35  40

M
D

 d
is

ta
nc

e

EB distance [kcal/mol]

paRNAss - Morphological Distance Plot of thiM leader

�&����� � [

 0

 200

 400

 600

 800

 1000

 1200

 1400

 0  5  10  15  20  25  30  35  40

T
A

D
 d

is
ta

nc
e

EB distance [kcal/mol]

paRNAss - Tree Distance Plot of thiM leader

�('���� XSZS[

E�@ B ��"�$ � F�� � J 4 / )%.a"J,181�tu ( �-.�) 47��2 .57'/ V ( �1"_m-��2�v



� � � "$ ��@�� �0@��	� � � ��� � $�" �  �0@ � B ������� $ � �	���  #" 	 � � "�� ��� � "$�&

GG
A
A
C
CAAAC

G
A
CUCG

G
G
GU

G
C C

C
U
U

C U
G
C
G
U
G

A
A
G

G
C
UGAGAAAUACC

C
GU

A
U

CA
C

C U
G

A
U C

U
G

GAUAAU
G

C
C

A
G

C
G

U
A
G G

G
A
A
G

U
C
A
CG G

A
C

C
A C

C
AG

G
U

C
A
U

UG
C

U
U

C
U
U

CA
C

G
UU
AU

G
G

C
A

G

G
A
G
CA

A
A

CU
A
U
G
C
A

A

G
U
C
G A

C

C

U
G
C
U
G

G
AU

C
C

A
G

CGCAA

�&��� � T

GGA
A

C
C
A
A

A C GACU
CG

GGGUG
CCCUUC

UG
C
G

U G A A G GCUGAGAAAU A C C CGU
A
U C

AC
C

U
GA

U
C

U
G

GA
U
A A U

G
C
C
A
G C

G
U
A
G
G G

A
A G U CACG G A C C A C C A G G U C

A
U U G C U U C U U C A

C G
U
UAUGGCAGGAGCA

A
A C U A

U
G

CA
AGUC

GACCUGCUGGAUCC A
G
C
G
C

A
A

�C'$� � �

E�@ B ��"�$ � F��*HKJ � ��,1)#�',E)*eE) )%.\2ge185.5e'23�*)�4(�J2 .\7-/ V ( �1"_m-��2 q]"])#�Em;��, ����[ v

% � � * � : 23�'u]2}�E)#�',*.c.571�O.#�$�xu��-)5/ .\/ ��,E)I�-4 .\7]�O.\7-/ V ( �1"_m-��2 26/Gq�-)8��/ .a8'7Jv 4 �*)*u'/ .%�{.\71�
46"_85.�.57]"1.
.\71�h"�,_" ( & )5/ )�� "1) ��, ( & )*e]8E8E�*)a)%4�e ( eE)5/L,1H ����[ wC.57'/L, � / . / ) "_m-�2?e]"1.%�{.8�I81" (z( .57'/ ) "{)*e1818E�*)a)%4Ze (
"�,_" ( & )5/ )1v ) . ( �1"])%.�/ .��f"])�"�q ( �I.8�~23�K�]�1" ( "J,p" ( .a��2g,]"1.0/ �]��)#�5. �'4 8��,*47��2gnO"E.\/ ��,E){.57]"1.{8 ��e ( m
2}�E)#�'n�q ( �O.571�{" ( .a��2g,]"1.0/G,1H^)%.\2ge185.5e'23�*) �'4 .57'/ ) )8��/ .%8'7Cv

R�S���S�� � � L a�� c Y��dbCYEZ a�-�� S ��#5L���	 cS	�� 4 Y.��W

E � �����0@��	� wA,x"]m�m=/ .\/ ��,x.8� 26/Lq��-)8��/ .a8'71�*) 2}�1H?e ( "1.\/L,1H �-/ .#"Jn{/L,|q'/ �-) & ,*.571�*)5/ ) � � u1)*7*.%�'/L,r�5.h" ( v
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 	 �  � � � .57]"1.p"_23�KnC��)%. ( &
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+VN >$q�� � , .\7]"1.+4Ze-,18*.0/ ��,E) "1){"J,I"J,*.\/ >�"J,*.\/ .a��2gn{/L,_"E./�J2�v N >�"_m-�',��) &-( >$n!�5.\7-/ ��,-/L,1�km=/L2}�185. ( & q'/G,1m')
N >$q� � ���") ./��)%.#"�q-/ ( / )#��/ .%)t"�,E.0/ >�"�,E.0/ .%��2gn�/L,]"1.\/ ��,x)%.\2ge185.5e'23��� .57-eE) 81"JeE)5/G,1H�.a��2gn{/L,_"E.\/ ��, �'4
.\71� ( �1"_m-��2`.\2M"�,1)#8�26/Lu*.Ev

�! #" �>%$ � $�"�&
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	��
� N �1"_238'7�)*u]"_8E�(� 81"J,��,'/ 81" ( )M+%23�54(� ( m-�1m ,
��� �'nhu1��2M"1.\e'23�(�*)J�h�
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�! @ " � @ & $ �c@ & �  ��� $ �  �� � �	�� �0@��	� � 71�!m=/ )%.#"J,18E��u ( �-.�) /L,
��/ H?e'23�G�Nv � )h)*7����.571�hq1�*)%. )#�'u]" >
23"1.\/ ��,�w��K�]��2 �',18 ��e-,*.a��23�Em�eE)5/L,]HO�������������?v � 71��)%.02ge18*.\e'23� )$"�nhu ( � )#�E�-n ) .8� 7� ( m
)%.\2ge185.5e'23�*)
�'4d.#�$�x46"Jn{/ ( / �E)+.57]"1.O"�2}�I8 ( �1"�2 ( & )#�'u_"_2M"E.a�Em~q & " ( "_23H-�p�',1��23H & q]"_2626/ ��2�"J,1m�"_23�t)%.02ge18*.\e'2M" (z( &
�]��2 & m=/ )a)5/Gn{/ ( "_2�v

� �	� & $ � &��#& & � " � � � ��"$(& � 7]��8 ( eE)%.a��26/L,1H�"�,]mp8 ��,E)#�',E)*e1)!)%.\2ge185.5e'23�t81" ( 8'e ( "1.0/ ��,^)%.a�'u�q]"])#�Em
��,h�'/ .571��2 ��� [ � �YX=Z_[ �J2 �]�}� �1"_8'7hm-� ( / �_��23�Em�.\7]�{)$"Jn+�
8 ��,E)#�',E)*e1)+)%.\2ge185.5e'23�*)I�c7'/ 8'7t"_23��H=/ �]�',
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/ .
/ )+� �Cu1�E85.a�Em�4Z2 ��n .571�
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)<=?>Z�',1m / )�u]2}�E)#�',*.I/G,�q�'.57�u123�Em=/ 85.a�Em�8 ��,E)#�',E)*eE)t)%.\2ge185.5e'23�*) � )5��.57]"1.
.\71�E)#�x8 ��,*47�J26nO"1.0/ ��,E)
m�� ,�'. 23�*)#�-n�q ( �r.571�R"_85.\/ �]�R"J,1m�/L,]"_85.\/ �]�Ku��-)5/ .\/ ��,E) �'4
.571��)8� / .%8-7Jv �`�K�_��2W.\71� ( �*)a) � )*e18'7
)%.026/ � /G,1Hk23�*)*e ( .�)
/Gn�u ( & "
)8��/ .a8'7'/G,1H�81"Ju]"Jq'/ ( / . & q]�5.#� �E�',�.\7]�*)#��8 ��,*4(�J2gn!"1.\/ ��,E)c)5�rw?8 ��,*.\/L,-e1�1m
.\71�!���_�J�����J� "J,]" ( & )5/ )1v

� �	� & $ � &��#&�& � "�� ��� � "$   �� @��  �0@��	� F u
.8� ,��� .571��"J,]" ( & )5/ ) 8 ( �1"_2 ( & u12���u�-)#�*)O"�8��,*47��2gnO".>
.0/ ��,]" ( )8��/ .a8'7O"J,1m�.57'/ ) / ) " ( )5��)%.\2���,1H ( & )*e-u-u�J2W.%�1mkq & .\7]�
23�*)*e ( .�)��'4 .\7]� �_" ( / m�"1.\/ ��,O)*7���c,h/L,
��/ H?e'23�N�Nv � �Nv � 7]�9�_" ( / m�"1.0/ ��,�u ( �-.+"])�� � (z( "]) " ,/. 0 243]S�57682;�'41R &�8 ��,.J 2gn .571�^u ( "JeE)5/Lq'/ ( / . &
�'4 .571� % � � * � : v )i)kq�'.57�8��,*47��2gnO"E.\/ ��,E)I81"�2�2 & .571� .%��2gn�/L,]"1./��2
7]"�/L26u-/L,���.571� % � � * � : m����*)
,�'.{8 �J2623�*)*u��,]m�.8�r.571�ru�e-q ( / )*71�EmKnG��m-� ( v ) 8 ( ��)#��2 ( ��� � "1.+.571��u-e-q ( / )*71�Em~8 ��,*47�J26nO"1.0/ ��,E)
)%.a"1.a�*)c.#�$��u12���q ( �'n+)��G+ A , � 71��.#�$��u12���u��-)#�Emk8 ��,*4(�J2gn!"1.\/ ��,1)!m=/ 4 ��2 ./�k"�q���e*.�A + � 8]" (?B nG� (
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+ � , NL) V�q'/G,1m=/L,]H ( �1"_m')!./��4(�J2gn!"1.\/ ��,
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�$��e ( m
.\71�'2}�-q & H�"�/L,h�.�]�',^nG��23�
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m=/ )%.a"J,18E�|47�J2
7-e-n!"J, F � )*, � �0)%��)*7��� /G,1H .57'23�E�
)#�'u_"_2M"E.a�{8 ( ��e1m-)I�'4du��/L,*.%)1v

n!"1.0/ ��,E)
"_m-m=/ .0/ ��,]" (z( & v�w 8]"�,�,�'.
m=/ )*u]2����]�^.\7_"E. .\71�ku�e-q ( / )*71�Em�)%.02ge18*.\e'23�*)�"_23�t8 �J2�23�E8*.K� q�e*. w
81"J,
)$" & .57]"1. �������J�����p23�K�]�1" ( �1mI"
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.\71� )$"Jn!�I2M"J,1H-��"])+.571�xq]�54(�J23�^)%.#"1.%�Em ��" ( e1��v � 71�k23�1"])5��,^4(�J2f.\7]�k/Lnhn+�Em=/ "1.%�t"Ju-u1�1"�23"J,181�
�'4f.\7'/ )!� ' �E85.
/G,�.571� 81"])#���-4 .\71��) .Z.a�',-e_"E./�J2f81"J,�q1��)#�E�',N�c71�',�.#" � /G,1H�" ( ��� � "1. .571��.#�$�
" ( .%�'26,_"E.a�t)%.\2ge185.5e'23�*) �'4 .571�k,]"1.\/ �]� )#� 2�e1�',18E� /L,P��/ H�e'23�;�Nv � o v � �JH-�5.571��2 � .571� & )*u]"J,I"Jq��eE.
D(+=( �'4�.\7]�I)#� 2�e1�',18E��� )5�|�1"_8'7|n�e*.#"1.0/ ��,x/ )9�]��2 & ( / � � ( & .8�|" ' �E85.�"1. ( �1"])%.9��,1�p)%.02ge185.5e'23��v
�=e'2W.\7]��2gnC�J23���;.571��.#�$��)%.02ge18*.\e'23�*)O)*7]"�2}�Go#+)( �'4f.\7]�Iq]"])#�*) � )5�|q�'.57N�-4 .\71�-n "_23�t" ' �E85.a�Em
/L,InG�-)%.�81"])#�*)1v � �pH=/ �]�h"J,�� �'"Jn�u ( �(� �i7]"J,1H=/G,1Hp.\7]� UH>-,t./�p"��K"J,1mI� ( /Ln�/L,]"1.\/L,1HI.\7]�^q]"])#�
u]"�/z2}) UH>-, � "1)r/L,.� � ( �_�Em /L,��+" ( .%�'2W)�.571��4�23�E�R�',]��23H & �_" ( e1�E)k"])p4(� (L( ��� )�� � 71�|4�23�E���',]��23H &
�'4 )%.02ge18*.\e'23� AI/L,]8�23�1"])#�*)O4�2���n.*�&/:�V)& � � 81" ( �=nC� ( ./�/*�&I:JV���R � 81" ( �CnC� ( � ��7]��23�1"])!)%.\2ge185.5e'23�
� ( �-)#�*)/* �NV : � 81" ( �=nC� ( �!/L,18'2}�]"1)5/G,1HK.571��4�23�E���',1�'2}H & 4�2���n *�& ��V���R � 81" ( �CnG� ( ./�0*�: RNV ( R
� 81" ( �=nC� ( v � 71�|8 �J2�23�*)*u���,1m=/G,1H�)%.02ge185.5e'23� / )I)%.0/ (z( /L,�.571� 47� ( m=/L,1HK)*u_"]81��"J,1m�/ .k/ )I)%.\/ (z( .571�
n+�'nhq1��2<��/ .\7c.571� ( ��� �*)%.f4�23�E� �-,1��23H & /G,
/ .%) 46"Jn�/ ( & ��q�e*.�/ . ,���K4g" (L( )cq1� & ��,1m
.571��.57'23�*)*7� ( mN�'4
R � 81" ( �CnG� ( v � 7'/ ) )#�E�'n+)d./�kq1�
"��]�'2 & m=2M"])%.0/ 8
� �'"Jn�u ( ��� q-e*.�)*7��� )���,1� u��)a)5/Lq ( � 23�1"])5��,
47�J2
.\71����qE)#��2��]�EmQ� � ( "1.\/ ( / . & v!U �-,1��2M" (z( & �`wC"])a)*e-n!� .57]"1.�)#�K�_��2M" ( n+�E8'7_"�,-/ )*n )c"_23�
"_8E8 ��e�,*.a"Jq ( �{47�J2
.\71�E)#�t23�*)*e ( .�)��G+ A-, �O,1��)%.02ge18*.\e'23� ( � �-)#�*) 4�23�E���',1��23H & "J,1mIH-�*.�) ( �-)%.O/L,�.\71�{)%.02ge185.5e'23��)*u]"_8E�
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1  �����$ ��� � / )`8E8E�E)a)5/ ��,p,-e-nhq1��2}) �'4 .571��7-e-nO"�,�)!=F> F � � )6��/ .57tu�-)5/ .0/ �]� % � � * � : u]2}�1m=/ 85.\/ ��,E)1v
) y N<) +!A>P(+!A8o )Ny N<) + � +(+!A ) )Ny N<) +<A � � D�D
) y N<) +!A.�)o#)() )Ny N<) + � +(+()�� )Ny N<) +<A � P��)o
) y N<) + � +(+�� D )Ny N<) +<A � ,#) D )Ny N<) +<A � ,7P(+
) y N<) + � o Dgo#+ )Ny N<) +<A@P<A �#, )Ny N<) +<A � o#�)P
) y N<) +!A � o7P4o )Ny N<) +<A � D �(�

+g)#�E�O� �'"Jn�u ( �+"Jq���]� , H + � , �O,]�G�-4 .\71� .#�$��u]2 ��n{/G,1�',*.�)%.\2ge185.5e'23�*) H�"�/L,1) �',]��23H & � � / 8 � /L,]H�.571�
�'.571��2 ��e*.��'4 .571��.57'23�*)*7� ( m H + ) , ) ,1�.�[)%.\2ge185.5e'23���0�c7'/ 8-7
�f"]) q-e'26/ �Em�/L, .571� )*e-q��u*.\/Ln!" ( ) �
H-�5.%)�u]2���n�/L,1�',E.K�f23�K�]�]" ( /L,1H|"t.57'/L2}m ( ��81" ( n{/L,-/Ln�e�n�v�)�,�'.571��2 46"_85.h/ ) � .57]"1. .\7]�Q) .�.a�',-e]"1./��2
/ )
"t8 ��,E4(�J2gn!"1.0/ ��,]" ( )8��/ .%8'7^"])C� � (z( "])O"t8 ��m?/L,1H � �0) v'���J2i.57]"1.
2}�]"1)5��,t)#� ( �185.0/ �]�xu]23�*)a)*e'23�
/ )!u123�*)#�',E.+/G,O.#�$� m=/ ' �'2}�-,*.%� " & ) � "J,1mh.571�
�K��� ( e*.\/ �_� u�-)a)5/Gq'/ ( / .\/ �*)c./��/Lnhu12����]�+.\71�!)8��/ .a8'7�"_23�
2}�E)%.026/ 8*.%�Em v wA,+.\7]�+81"])#���'4`.571��N;u ( / 81�Em 7-�1"_m-�'2#��.571�*)#� n+�18'7]"J,'/ )*n+)d)#�E�'n ./�I/G,*.a��2��]�',1�tnG�J2}�
)*nC���-.\7 ( & v ) m�m=/ .\/ ��,]" (z( & � .571�k)%.\26e]85.\e-2}�E)^8 ��,*.#"�/L, ( "_23H-��2 �<= e�,-u]"�/z23�Em�2}�1H=/ ��,E) �1�c7'/ 8'7 8 ��e ( m
)#��2��]��"])tq-e ' ��2}){47��2 nhe*.#"E.\/ ��,]" ( �K�_�',*.%)1v � 71�^4��K� % � � * � : ){.57]"1.
"_23�ru123�Em=/ 85.a�Em|4(�J2 7'/ H?71��2
23"J,1m���n{/ )$"1.0/ ��,+23"1.a�*) /Gn�u ( & "�)*nO" (z( u��)a)5/Lq'/ ( / . & ./�I��q*.#"-/G, " 8 ��,*4(�J2gn!"1.\/ ��,_" ( )8��/ .a8'7+q & 8-7]"J,18E��v
� �EH�"_23m=/G,1H+.\71� u123�Em?/ 85.\/ ��,E)f4(�J2?.\7]� )#�5.3�'4 n����")i)`"�,]m
2M"J,1m���n )#� 2?e]�',18E�*) "]) 46" ( )#� u�-)5/ .0/ �]�

u123�Em=/ 85.\/ ��,1) � /Ln�u ( / �E)�"J,G���]��2M" (z( ��262���2 2M"E.a�G�'4 A�v�))( v � 7'/ )+n�eE)%.�q1�+)#�E�',
"1) "�,he-u-u1�'2fq��e-,1mL�
"1)dw581"J,-,��'. � ��8 ( e1m-�d.\71��u��-)a)5/Lq-/ ( / . & .57]"1. )5��n+�d"_23�f.\26e]� +aq-e*.fe-,-u]2����]�',�, u��)5/ .\/ �]�E)1v�wA,f.571�d81"])#�
�'4N.\71�+7-e-nO"J, )<=?> F � �;)`.571� 4Z2}�2?e1�',18 & �'4 % � � * � : u]23�Em=/ 85.0/ ��,E) / ) ) v��,(����c7'/ 8'7!/ ) )*e�qE)%.a"J,*.\/ " (L( &
+ � v ,->&47� ( m ,�7'/ H�71��2�v N;/L,]8E��.\7]�*)#��23�EH=/ ��,E) �'4�.%�-,�u��-)a)#�*)a)�23�EH?e ( "1.8�J2 & 4Ze�,185.\/ ��, �dwN"])a)*e-n!�{.57]"1.
.\71�E)#�Iu]23�Em=/ 8*.0/ ��,E){"_23��H����Jmp81"J,1m?/ m�"1.a�*) 47�J2 )%.02ge185.5e'2M" ( ���0)�)8��/ .a8'71�*)O"�,]mt.57]"1.�.57'/ )+)*7��e ( m
�',18 ��e'2M"]H��h� �=u1��26/Ln!�',*.a��2})�.8�^8-71�E8 � 4(�J2`8 �J2�23�E8*.\,1�E)a)C�'4`.571�*)#� % � � * � : ) +g)#�E� � "Jq ( �9� v � ,5v

� 71�tm�"Jn�u1�-,'/L,1HR2}�E)*e ( .%) �'4d.571�kq ( /L,1m .%�E)%.K� �c71��23�rw!�f"]) ,�'.hn�e18'7xq]�5.Z.a��2f.\7_"�,^8-7]"J,18E���
,1�E�Em "r8 ( �-)#��2 ( ��� � v � 71�R7_"_23m-�*)%.^8 ��,]8 ( eE)5/ ��,|4�2���n .\7'/ )^� �Cu1�'2�/Gn+�',E.�n�/ H?7*.�q1��� .57]"1.�.571�
u123�Em=/ 85.\/ ��,1)Q��q*.#"-/G,1�Em � / .\7^.\71� 71� ( u �'4O�������J�����r"_23�x,��'.O)5/ H?,'/ J�81"J,*.Ev � 7'/ )^/ )O./���x)%.\2���,1HL�
"1)+/ . 8 ��e ( mxq1����.57]"1.!w �f"])�./����23�*)%.\26/ 85.\/ �_��"J,1m^"J,�'.571��2 u1��2})5��,9�$��e ( mx7]"�]�
"_8'7'/ �K�]�Em q1�5.�.%��2
2}�E)*e ( .%)1vC) m�m=/ .\/ ��,]" (z( & � / . 8 ��e ( m|q1�
.57]"1.�w�m?/ m�,�'.�.\2 & �',��e1H?7xu]"_2M"Jn+�*.%��2i8��n�q-/L,]"1.\/ ��,1)O"J,1m
.\7]"1. )*u]�',1m=/G,1H�nG��23��.0/Gn+�N��, .57'/ )C�$��e ( m�7]"�]��/Gn�u]2����]�Emp.571��23�*)*e ( .�)1v � .571��2�e-,181��2W.a"�/L,E.0/ �*)
( / ��/G,I.571�k"1)a)5/ H?,-n!�',*.M�'4�.571�p)*7-e��^�Em|)#� 2?e1�-,18E�*) ./�~q]�r,��,K>�)8��/ .a8'71�*) � )5/G,18E��.571�*)#��n{/ H?7*.
u�-)a)#�*)a)p.571��+ae-,-u]2����]�',�,I"Jq'/ ( / . & ./� )#��2��]�R"1)k"�8 ��,E4(�J2gn!"1.0/ ��,]" ( )8��/ .%8'7 � "�,]m�/G,r.571��)*n!" (z(
)$"�nhu ( �!)5/ �E� .571�+.a�*)%. �f"]) q_"1)#�1m
��,Jv V�"�� �J2 8 ��,18 ( eE)5/ ��,E) 4�2���n .\7-/ )c� �Cu1�'2�/Gn+�',E. "_23�!.\7_"E. .571�
u]"_2M"Jn+�5.a��2})+7_" �_�!"�7'/ H?7�/Lnhu]"_85.*��,+������������� ��.57]"1. .\71�h23�*)*e ( .�)��'4i"+���_���J���J��"J,]" ( & )5/ ) 7]"�]�
.8�Rq]�k/L,.�_�*)%.0/ H�"1.%�1mx.57�J2 ��e1H?7 ( & "J,1m�.57]"1. .57'/ ) /L,*.a��2gu123�5.#"1.0/ ��,�)%.%�-ux/ )O)*eE)#8E�-u*.0/Gq ( �p./�x��262���2})1v
� 71��23�547�J2}��� / .In{/ H?7*.I,��'.pq]�r" H�� ��mK/ m-�1"r./�KeE)#���������������|4(�J2�)#�1"_238'7'/G,1H 8��,*47��2gnO"E.\/ ��,]" (
)8� / .%8-71�*)p/L, ( "_23H-��)#� 2?e1�-,18E�*) ��q-eE.�/ .{8 ��e ( m|)#��2��]��"])�"J,k�1"_2 ( & .%�*)%.��c71�',x"�23�*)#�1"_238'7]��2!7_"1)
)5��n+�!�K�-/ m-�',181�O.\7_"E.�"J, e-, � ,���c,
)#� 2?e]�',18E�In{/ H�7*. q1�
"
8 ��,*4(�J2gn!"1.\/ ��,_" ( )8� / .%8-7Jv$) n+�5.57��m
.8� )#�1"�2}8-7O4(�J2�� �0)K)8��/ .a8'71�*)!/L,
H-�-,��n�/ 8O)#� 2?e]�',18E�*)�eE)5/L,1H ( �*)a)Ou]"_2M"Jn+�5.a��2})!n{/ H�7*. q1��q]"])#�Em
��,�.\7]� "Ju-u]2��J"_8'7;�-4�"�q1)%.02M"_85. )*7]"Ju1�E) � �c7'/ 8'7rw ��/ (z( u]23�*)#�',*.h/L,�.\7]�I,1� �].+8'7]"Ju*.a��2�vO���_�J�����J�
8 ��e ( mt.571�',tq1� e1)#�Em ./�N�_" ( / mJ"E.a�!.57�-)#� u]23�Em=/ 8*.0/ ��,E)1v

� 71�{���_�J�����J�k2}�E)*e ( .%) 47�J2`.\71�I7-e-nO"�, F � )*, � �0) + N��E8*.0/ ��,Q�Nv�� v , ,�m��J8'e-n+�-,*.c.\7]�^eE)#�N�'4
���_�J�������O.8�t2}�.�]�1" ( nG�J2}� .57]"J,c.#�$�h8 ��nhu1�5.\/L,1H{)%.02ge185.5e'23�*)1v � 71�O23�*)*e ( .�)�m?/ ' ��2 4�2���nb.57�-)#�C�'4
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� / .#"]HJ" �f"��5. " ( v ��A + �i"J,1mI"�2}�h8 ��,E.02M"_m=/ 8*.8�J2 & .8� .571�Iq'/ � ( ��H?/ 81" ( ,1�E�1mt4(�J2 "h8E��2W.#"-/G,h)%.\2ge185.5e'23�
�'4�.571� F � )*, ���") v � eE.K�$��,1�r7]"])
.8�~q1�1"_2 /L,rn�/L,1mx.\7]"1.!.\7]�x,]"1.0/ �]�^)%.\2ge185.5e'23���'4�"J, ���0)
n{/ H�7*. H-�5.f)%.a"Jq'/ ( / )#�Em^q & "]m�m=/ .\/ ��,]" ( 4g"_85.8�J2}) � ( / � �Ou12��-.%��/G,E)�"J,1m �-.\7]��2 � �0)i)1v3)`m-m=/ .\/ ��,]" (z( & �?.571�
.\7'23�E�!8 ��,E)#�',E)*eE) )%.\26e]85.\e-2}�E)�)*7��� 23�1"])5��,_"�q ( �
m=/ )a)5/Ln{/ ( "_26/ . & )5��.\7]"1. w�"Jn 8 ��,.�-/G,18E�Emh.57]"1.f.571�
���_�J�������I23�*)*e ( .%) "_23�
8 ( ��)#��2`.8��23�1" ( / . & .57]"J,O.\7]� e-,'/ > ��" (L( � & u12���J ( �tu]2 ��u�-)#�1mrq & � / .#"]HJ" �f" � 	
�  3Wv
�������J������/ )hq1�5.�.%��2 )*e'/ .%�Em�47�J2 .\7]�pu]23�Em=/ 85.0/ ��, �'4�8 ��,*4(�J2gn!"1.\/ ��,_" ( )8� / .%8-7'/L,1H�.57]"J,�.\7]� "JuK>

u12��J"_8'7
q_"1)#�1m9��, � ��� � � + N��E8*.0/ ��,�) v �Nv�A-, �C"]) .\7-/ )$��,1�c8'71�18 � )i47��2 nC�J2gu-7� ( ��H?/ 81" ( m?/ )a)5/Ln�/ ( "_26/ . &
��, ( & "J,1m m��J�*)^,�-.+.#" � ��/L,*./��"_8E8��e-,*.
.57]"1. .571�^8��,*47��2gnO"E.\/ ��,E){)*7��e ( m q1�t)#�-u]"_2M"1.%�Em q & "
2}�]"1)5��,]"Jq ( �h�',1��23H & q]"_2626/ ��2�v

� 7]�+)*nO" (z( ,�e-n�q1�'2 �'4 u]2 ���]�',
8 ��,*4(�J2gn!"1.\/ ��,_" ( )8��/ .%8'7]�*) 8]"�, �L��,+.\7]�C��,1� )5/ m-��� q1�!)#�E�',
"1)
"�m=2M" �cq]"_8 � ./��n & �K��" ( e]"1.0/ ��,Ou]2 �J8E�Em?e-2}���;q-e*..����, .\71�6�'.571��2N)5/ m-���Nw1.57'/L, � .\7]"1.`.57'/ )f� �Cu]23�*)a)#�*)
.\71�O� �=u ( / 8�/ .!,1�E�Em�47��2 " q'/ �?/G,*4(�J2gn!"1.\/ 8*) "Ju-u]2 �C"_8'7t/L,O.57'/ )�"_23�1"M�'4 23�*)#�1"�2}8-7Jvf�������J�����I/ ) )*e18'7
"�, "Ju-u]2��J"_8'7!"J,1m^w�"Jn 8 ��, �-/L,181�Em
.57]"1.d/ .'� / (z( q]�O71� ( uE4Ze ( .8��23�K�_�1" ( ,1�K��8 ��,E4(�J2gn!"1.0/ ��,]" ( ���0)
)8� / .%8-71�*) � "�,]mr/G,�.\e'2g,tH-�5.%)h/Ln�u]2����]�1mrq]"])#�Em ��,�.571�*)#�NJ;,]m=/L,1H-)1v;�=e'2W.571��2�/Lnhu12����_�'n+�',E.�)c./�
���_�J�������I81"J,^23�*)*e ( . 4Z2 ��n ,1�.� m=/ )%.#"J,18E��n+�1"])*e'23�*) � nC�J23�t23� ( / "Jq ( �^" ( H���26/ .\7-n+)c4(�J2i)%.\2ge185.5e'23�
u123�Em=/ 85.\/ ��,�"�,]m�n!�5.57��m') .8�|n!" � �
.\71�p/G,*.%�'26u]23�5.#"E.\/ ��,O�'4 .571�I2}�E)*e ( .%)!�]"1)5/ ��21��2f�K�]�',ke-,-,]�E8 >
�*)a)$"_2 & q & )5��n+� � /G,1m:�'4�)#8 �J2�/G,1H�v�w .026/ �Em�.8�|m-�K�]� ( ��ur"�)#8��23�|q]"])#�Em ��,|n+�]"1)*e-2}�E){4(�J2d.571�
2?e]" ( / . & �'4f.571��8 ( eE)%.a��26/L,1HL� q-e*.�.571�t23�*)*e ( .%) � ��23�p,�'. 8 ��,18 ( eE)5/ �]�Jv ) . .\71��)$"Jn+�O.\/Ln!� � ��q]��2W.
U / �EH-�'2�/ 8'7 m-�K�]� ( ��u1�1m^.571� / m-�1"N�'4f"JqE)%.\2M"_85. )*7_"�u]�*) �'4 � �0)%�<�c7'/ 8-7t/L,^n & u��?/L,E.��-4'�-/ �K�[7_"1)
"k7'/ H�7k/Ln�u_"]8*. ��,����_�J�������=v � 71�'2}�*4(�J23����w m-�E8�/ m-�Emx./� �$�J2 � ��,�.57'/ )CJ 2})%.+"�,]mI./�|u�-)%.5u��,1�
.\71�!���_�J�����J�h)#8 �J26/L,]Ht.#"1) � .8�xn & 4�e*.\e-2}�9�$�J2 � v



��� � "$ ��@�� �0@��	� � � ��� � $�" �  �0@ � B ������� $ � �	���  #" 	 � � "�� ��� � "$�&



� � � ��� � � �

� 	�
��������� ����������
 ��� � � �

�! �#"%$'&ge)(*$5e+&3�,"*u.-/(E�N�+01-32����0)�4 " m?e]�5$/��4 $6"!( ��n�u+7 � �34 $ & m84 M9(-e+7 $�$/�:4Gn�-/;84<2]��-321m�m?e1�5$/�
4 $%"�"*4 �E�  -/&3m=$/��->2/-?7 & "#�t�+2@$A4B&3�C7 & v N �K�]�C&D->7E-Ju-u.&��3-/(  �F"O+G"#�E��N �F(*$A4 �H2F" � v ��-321m )Nv?� v�) ,+� �34 "%$
$8�I-/(F(��n�u?7B4 "  $  4 "xu.&���q+7 �'n�v )J2]�K�J-�u�u)&��3-/(  q.-."#�Em��K2�"%$A&ge)(*$5e+&D->7L-JqF"%$A&D-/(*$'4 �K2��M4B7B7fq1�
4<2@$A&���m?e)(1�Em=4<2�$  �#2]� �.$"#�F(*$A4 �H2Jv�w $d�+2.-Jq+7 �@"N$  ��eF"#�+&O$8�P;-�@$Q-  �R7<4 "%$A4 (G�?4 �K� �+0S$  �T"%$A&ge)(*$5e+&3�"*u.-/(E�U-321m,$8� � �/$'&D-/(*$V$  � 
�q+4 ;ku+7 - & �C&W" � � �C4 $  �C& q.-."#�Em
�K2
�+21�+&W; & �3&0�H2�u.&���q.-Jq+4<7B4 $ & ��qF$X->4<2]�Em
0Y&���nZ$  �+u/-/&[$'4 $'4 �K2M0Ze>2)(*$A4 �K2Cv%�=e?&\$  �C&gnG�>&3���;w)"  ���]-Ju-u?7B4 (.-F$A4 �H2F"1$  -)$du�R4^2@$_-)$`$  �+u��?"X"*4Lq?4B7B4 $ &
$8�=4^2@0��+&L"%$'&ge)(*$5e+&D->7 � �C7B7 >Zm-�KJO21�1mR21�@"X"U-321ma->7 $a�C&G2.-)$A4 �]�#"#�F( �K2]m>-/& & "%$A&ge)(*$5e+&3�@"1v �! 4 " �$�3& � �1-)"
m��K21�b4<2c( ����u1�C&D-)$'4 �K2��M4 $  � ��q1�+&\$ U14 �F;-�C&d4 (  �@�  �  -_m�$  �:4^2+4 $A4 ->7S4 m��)-�-321m|m-�KJO21�EmP�  -)$-�q)"%$'&D-/(*$P"  -Ju1�@"e-/&3��v�V & u/-/&[$��_-.",$  �f4Lnhu+7 �-n+�+2@$g-)$'4 �K2��h$%�@"%$A4<2.;i-321m��K�C-?7Ge.-)$'4 �K2:�+0T$  �
n+�*$  ��m v

` �Aj ' ! �1kml	�%$Mn � ��po ( !=!/q"�%
 � � �	! ��%$&�Tq � 
; �����
r q�$ ���s � !.t r 
4!"("$ 
 ( !/q u !CqNs � $ 
�����

wv2U$  �pu)&3�K�>4 �Kw)"x(  -Ju@$%�+&�w u)&3�@"#�+2F$%�Em:$  �#yKzC{>|3}����e-Ju-u.&��3-/(  07�>&~$  �Iu.&3�Em84 (@$'4 �K2O�?01( �H2@0(�3& >
n�-)$'4 �K2.->7)"8�M4 $%(  4<2);a4<2����0)�v w�$V4 "cq/-)"#�1mM�K2!$  ��->2/-?7 & "#�@"*�?0�$  ��"%$A&Gw)(*$*w+&3�T"*u.-/(E�C�+0`->2����0)
->2]m�u1�C&[07�>&gn�"^u.->4B&��M4 "#�c( ��nhu.-/&d4 "5�H2F"��?0Q"@w-q���u@$A4Lnx-?7E"%$A&dw.(*$Aw?&}�F"#$/�r�C7^w)(C4 m>-)$%�e$  � u�?$%�?2@$'4�->7
�+0"#�C&��?4^2);b-."�-a( �K2@07�3&6nx-)$'4 �K2.->7�"8�M4 $%(  vpy`�?2)(E����$  �P( ��nhu?w@$g-)$'4 �K2.->7 � 'H�>&[$��+0h$  4 "x"%$a�'u
�+0
$  �NyHz/{3|>}��J�x-Ju-u.&��3-/(  4 "12Rw.-_m8&D-)$'4 (54<2!$  �x2>w-n�q1�+& �?0�"%$'&Gw)(@$Aw+&3�@"$  -)$  - �_�N$8� q1��->2/-?7 & "#�Em�v
�! �hu)&���q+7 �'n�$  -)$d�'n+�C&�;-�F"T4 " �8$  -F$1$  ��2?w-n�q]�C& �+0S"@w-q��u@$A4Ln�->7+"%$A&dw.(*$Aw?&}�F"M;R& ���h"�� �Cu�K2]�+2K>$'4�-?7��N4 $  4^2)(C&3�)-."*4<2.;a"#� 2Kw1�+2)(E�a7 �?2);C$  � �K�]�+2��  �?29&3�@"%$'&d4 (*$'4^2);a$8��-InC�Jm-�C&D-)$%�
�+2]�C&�; & &D-32);-��v
�! �C&3�*07�3&}����$  ��yHz/{>|3}��J�c-Ju-u)&���-.(  4<2)(�>&gu�3&D-)$%�F"�-P"�-Jn�u+7<4<2);c"%$a�'u�� �  4 (  (  ���>"#�@"#-9;84 �]�+22?w-n�q]�C& �?0�"@w-q��u@$A4Ln�->7)"%$A&Gw)(*$*w+&3�@"�� 2Kw.->7B7 & m84 "%$A&d4Lq?w@$a�EmN���]�+&�$  �M"#�*$ �+0�"@w-q���u@$A4Lnx-?7."5�R7<wF$'4 �K2F"1v
�! 4 "5"�-�nhu+7B4^2);�4 "92�+$�0Y&3�E��0Y&���n�-/&[$%�*0G-/(*$6" �~-)"P4 $hn#4 ;  $�nU4 "X"O�?2@$'4<&3��0G-�n#4B7<4 �@"1v�y`�+2)(E���h4 $,4 "
0d-���Kw?&�-Jq+7 ��$/��&3�EmKw)(E�a$  �b2?w-nhq1�C&*�+0N"%$'&Gw)(@$Aw+&3�@"pu1�C&0G-JnU4B7 & $8���+2F"@w+&3�e$  -F$5-�n+�'nhq1�C&1�+0
�)-/(  0d-JnU4<7 & 4 "M"�-Jn�u+7 �EmL���3&_2��"�-�nhu+7B4^2);c4 "�21�E�1m-�Eme-)$N->7<7 v

)V2��+$  �C&�m84 "�-]m��/-32@$X-/;-�O�+0V(+w+&d&3�+2@$ � �0)p0(�K7 m84^2);b->7 ;��3&d4 $  n�"�4 "�$  -)$!$  �9( ��n�u?wF$%�Em ��F � >
"%$'&Gw)(*$*w+&3�kn�- & m84 ' �+&�0Y&���n�$  �e2.-)$'4 �]���H21��vQ���3&f� �+-Jn�u+7 ���E0(�3&_"5��n+�5$�� �0)�"�$  �,( ��nhu?w@$a�Em
n!0��K>Y"%$'&Gw)(*$*w+&3�M4 "h2�+$�$  � � �Cu1�F(@$%�Em 
�(C7 ���]�+&�7 �)-)0 � q?w@$`-Q"*4<2);87 ��7 �K2);  ->4B&gu+4<2Cv 7�� � � 4<2.;�-)$�"@w-q���uK>



� � � �#& � " ��� ���# ���$�& � � �����

$'4Gn�->7)"%$A&dw.(*$Aw?&}�F"0(�3&E$  �@"#��$����")�"N&3�K�]�)->7 "$  �T(C7 ���]�C&d7 �)-)0`06w+&[$  �+& m����M2#4<2�$  �+�+21�C&�; & "5�>&[$a�Em
7B4 "%$��+0�"@w�q��u@$A4Lnx->7>"5�R7^w@$'4 �K2F"1v ���>&S$����0)~"$  4 "cm��J�@"52�?$Q"%$g-F$a�5-tu.&���q+7 �'n�� q?w@$V0(�3&�"%$A&Gw)(*$*w+&3�
�C7<w)(+4 m>-)$A4 �K2 �?0 ���0)~"I�M4 $  w>2 � 2���M2a"%$'&Gw)(*$*w+&3�:4 $#4 "��]�C& & 7 -Jq�3&d4 �HwF"5$/�:"#�)-/&�(  $  &��Hw);  $  �
7B4 "%$9�+0!u�?"X"*4Gq+7 & A�+#+L� +(+#+�"@w�q��u@$A4Lnx->7 "%$A&Gw)(*$*w+&3�@"U$/��JO21m�$  �O�K21�rq1�C4<2.;�4<2c( �3&d&}�F"*u�K21m��+2)(E�
�N4 $  u.&d4 �3& � 2���N7 �Em?;-���3& � �=u1�C&d4Ln!�+2@$g-?7=m>-)$X-=v

� - � 4^2);#-�(C7 �>"#�C&`7 � � � -)$L$  �x7B4 "%$@�?0�"@w-q��u@$A4Ln�->7)"%$A&Gw)(*$*w+&3�@"!&3�K�_�)->7 "V-�;-�+21�C&D->7C0��)-)$*w+&3�(� �! �
"%$'&Gw)(*$*w+&3��"*u.-/(E�!( �H2@$X->4^2F"Q-U7 -/&�;-�#2?w-n�q]�C& �+0�"*4GnU4B7�-/&E"%$'&Gw)(*$*w+&3�@" � m84 ' �+&�4^2);N�K2+7 & 4<2�-!0��.� q.-."#�
u.->4B&W"C�3&L$  �pu�?"*4 $'4 �K2
�+0�q?w+7 ;-�@"5->2]m�4^2@$%�+&d2/-?7 7 ����uF"1v�w 2InC�>"%$M(.-)"#�F"!$  �9&3�@"#�)-C&W(  �C&10(�3(+wF"#�@"
�K2{m84 "X"*4LnU4<7 -/&`"%$A&Gw)(*$*w+&3�@"T-321mc4 "x2�?$T4<2F$%�C&3�@"%$a�Em�4<2x$  �?"#�9�?0  4 ;  "*4LnU4<7 -/&d4 $ & v

4 4 "X"*4GnU4<7 -/&d4 $ & ()-32Oq1�T4<2@06�C&d&}�1mPwF"*4<2);
mR4 "%$g->2.(E�!n+�)-."@w+&3�@" �K7B4 � �V$  �6�K21�F" m-�@"g(+&�4Gq1�Em�4<2 N��F(@$'4 �K2
) v � v �! 4 "�->7 �_- & "#&}�F"@w+7 $%"#4^2P-�q?4 -."#�Em="�-Jn�u+7 ��mRw]�#$/�a$  ��m84 "%$X-32)(E�,$  &3�@"  �K7 m:(  �?"#�+2Jv �521�
( �Kw+7 m 0 w+&[$  �C&Om-�KJO21�Rm84 "X"*4Ln#4B7 -C&�4 $ & -."a$  �|m84 ' �C&3�+2)(E� 4<2f"%$'&Gw)(@$Aw+&D->7i�C7 �'n+�+2F$6"e$  -F$P07�>&gn -
"%$'&Gw)(*$*w+&3��v N�w)(  (�3-/&W"#�U;8&D->4<2?4<2);;�_-."M->7B&3�)-_m & n!�+2@$A4 �H21�Emc4<2ON �F(*$A4 �H2�) v�AJv � v �! � q.-."*4 (P4 m-�.-
4 "�$8�="8�M4 $%(  0 &���n $  �c&3�'u)&3�@"#�?2@$X-)$A4 �H2 �?0�4<21m84 �?4 mKw.->7 q/-)"#�ku/-?4<&W"5-321mfw>2-u.->4B&3�Em q.-."#�@"�$8�c$  �
&}�-u)&3�@"#�+2F$X-)$A4 �K2 �+0h"%$A&dw.(*$Aw?&�->7 �+7 �'n!�+2@$%" ��"@w)(  -."  -?4<&gu+4<2:7 ����uF" �iq>w+7 ;-�c7 ����uF" �L4^2@$a�C&G2.->7O7 � ��uF"
->2]mRn#w+7 $'4<7 � ��uF"1v �T 4 "{m����@"92�?$G�H2+7 & 4^2@0��+& mR4 "X"*4Ln#4B7�-/&d4 $ & �?0V"%$'&Gw)(@$Aw+&3�@" ��q?w@$U->7 "5�b->7B7 ���1"x07�3&
$  �{u.-/&[$'4 $'4 �K2+4^2);N�+0 $  �M0(�K7 m84^2);U"*u/-.(1�x4<2@$/�{m84 ' �C&3�+2@$(C7�-."X"#�@"*�+0O"%$A&Gw)(*$*w+&3�@" �K"  -/&d4<2);x$  ��"�-Jn!�"%$'&Gw)(*$*w+&D->7=�+7 �'n!�+2@$%" �O4AvL�Jv  - �>4<2);P$  ��"�-Jn+��"  -Ju1��v

` ��� ' q�� � � �	� ��l	� 
�!#�%$ 
 r �"���Uq �

�L7 -."X"#�@" �?0L"%$'&Gw)(*$*w+&3�@"T(.->2tq]�!m��KJO21�Em=4^2tn�-32 & �_- & " � q?w@$N-50��K� &3� 2Rw+4<&}�-n+�+2@$%"!"#�E�-n -Ju-u.&��->
u)&d4 -)$a�e$8� ()-)$%(  $  �b4<2@$*w+4 $A4 �H2 �+0!- 
D"  -Ju1� � � ^  �+2 � �a0��E�C73+&�+4 $  �C&T4^2@$*w+4 $A4 �]�+7 & �3&!4<2e"5��n+�
0(�3&gn�->7."#�+2)"#� ,~$  -)$�$#�$�#"%$'&Gw)(@$Aw+&3�@"M-/&3�!"*4GnU4B7�-/& ��$  � & "  �Hw+7 m��C4 $  �C&  -�]�M$  ��"�-Jn+�M"  -Ju1���L�3&$  �+4B&O"  -Ju1�@"V"  �Kw+7 m^q1�T"*4Ln#4B7 -C&�4^2�$  ��"�-Jn+�M"#�+2F"#�Jv�^ 4 $  4<2+�.-.(  -JqF"%$A&�-/(*$1"  -Ju1����-T( �H2)(C&3�*$a�
"%$'&Gw)(*$*w+&3�94 "cm-�@"*4 ;K2.-)$%�Em=-."T4 $6"�&3�'u.&3�@"#�+2@$g-)$'4 �]��� "@w)(  $  -F$�7 � � � 4<2);e-F$�->7B7?$  �,&3�'u.&}�F"#�+2@$g-F$A4 �_�@";84 �]�F"Q-{n!�)-32+4<2.;C0 w+7����_�C&��?4 �K� �?0 �  -)$V4 "1$  �C&3�54<2T$  �M0(�K7 m84^2);#"*u/-.(1��v%�Rw+&[$  �+&6nG�3&}�����)-/(  -�q.>
"%$'&D-/(*$"  -Ju1��"  �Hw+7 m9->7 "5�  -�]��->2O� �Cu?7B4 (+4 $!&3�'u.&3�@"#�+2@$g-)$'4 �K2�� $  -)$M4 "T2��+$V-x( �K2.(C&3�*$%�x"%$A&Gw)(*$*w+&3�->2]mc4<21m-�-u1�+21m-�?2@$C�+0du.&d4Lnx-/& & "#� 2Rw1�+2.(E��v

�T �tm���nx->4<2
�+0V"#�2Rw1�+2)(1�@"94 "5(C7 �?"#�Em w?21m-�C& �Xw �/$X-Ju�>"*4 $A4 �K2�
 ( �K2.()-)$%�+2/-F$A4<2.;b"#� 2Kw1�+2)(E�F"�
->2]m��K� � �:��qF$X->4<2�$  �b"#�2Rw1�+2)(1�����*v �T �b"�-Jn!�  �K7 m+"e0(�3&T"%$A&Gw)(*$*w+&3�@"�
 4 0 # -321m�"�-/&3�
 ->4B&gu+4<2)" �E-321mM� �hu.-."%$%�T$  ��)!=?�+21mQ�+0 #e$/�#$  � �<=��+21mQ�+0 ""� �f�C��q@$X->4^2x-x"%$A&Gw)(*$*w+&3�C�  4 (  4 "
"*4Ln�u?7 & ->2�� �.$a�C&G2.->7+7 � ��u��M4 $  $#�$�5-]m �Y-.(1�+2@$  -?4<&gu+4<2�"%$A&Gw)(*$*w+&3�@"1v�wv2N-_m-mR4 $A4 �K2!$8� �Xw �.$g-Ju�?"*4 $'4 �K2��"%$'&Gw)(*$*w+&3�@"#-/&3�,07�>&gn!�Em|q & &3�F(+w+&W"*4 �]�I�'nhq1�Em-mR4<2);�v����3& � �+-Jn�u?7 ���L4Ln�u?7 -32@$A4<2);=$  &3�E��-_m��Y-/(E�+2F$
 ->4B&gu+4<2)"=4<2@$/�f$  ��7 ����u �+0T-=07�Kw+&[$  �@� ����qF$X->4<2�-b(C7 ���]�C&d7 �)-)0�"%$'&Gw)(*$*w+&3��v � �+4<2);f07�3&6n!�Em q &
�Xw �.$g-�u��?"*4 $A4 �H2c-321mk�'nhq1�Em-m84^2);L�`"%$A&Gw)(*$*w+&3�@"#-/&3�c4<2  �C&3�+2@$A7 & $'&3�E� >g7<4 � �JvM)V7 $  �Kw.;  $  � & ()-32xq1�
&}�-u)&3�@"#�+2F$%�Em 4<2|n�-32 & �_- & "�
I"@w)(  -."U"%$'&d4^2);+" �_"52Rw+4 ;?;87 ��u+7 �?$6" �@�3& q.-."#�ru/-?4<&!7B4 "%$6"�
 -e$'&3�E�
&}�-u)&3�@"#�+2F$X-)$A4 �K2a4 "V$  �G�K2]�T$  -)$()-32hq]��w)"#�Em�0(�3&�->7B7?u?w+&gu�>"#�@"��M4 $  �KwF$�4<2@$A&���mRw)(+4<2);c-/&[$%�*0G-/(*$6"
�>&_7 �>"*4<2);p� �Cu+7<4 (C4 $�4^2@0(�3&gn�-)$A4 �H2Jv
w 2!m>-)$g-�$ & u1��$  � �3& & �K$  4 "T4 "N(.-?7<7 �Em�-32�4<2+4 $'4�->7Jm>-)$X-5$ & u1�(� �! �C&3�,4 "N-5"*4Ln�u?7 ��n�-Ju-u+4^2);�0Y&���n

$  �,4^2+4 $A4 ->7Jm3-F$g-x$ & u1��$8�9-32 & �+$  �C&_&3�'u)&3�@"#�?2@$X-)$A4 �H2�� �  4B7 �U-32�4^2.�]�C&W"#� nx-�u�u+4<2);knx- & q]�hnG�3&}�
( ��nhu+7B4 ()-)$%�EmO�>& n�- & 2�?$��K�]�?2�� �34 "%$*v



� �#& � " ��� ���# ���$�& � � ����� � -

N  -Ju1�@"x"  �Kw?7 m|q1�  ��nG��nG�>&gu  4 (a4Ln�-/;-�F"C�+0h"%$A&Gw)(*$*w+&3�@" � �  4 (  n+�.->2)"!$  -)$6�  �?2,"%$A&Gw)( >
$Aw+&3� #�4 "��'nhq1�Em-m��Eme4<2x"%$'&Gw)(@$Aw+&3� "3�8$  �+2�$  ��"  -Ju1���+0d# 4 "N->7 "5�t�'n�q1�1m-m-�Eme4<2�$  ��"  -Ju1���+0
" v ���3&K$  4 "&3�)-."5�K2��3$  � u.&d4<2)(+4Lu+7 �@"*�+0��Xw �.$g-Ju�?"*4 $'4 �K2T-321m!�'n�q]�Em-m84^2); n#wF"%$L-Ju-u+7 & $/�!$  �Q"  -Ju1�
m���nx-?4^2x-."*� �C7B7Av � �*07�3&}�5;��R4<2.;c4<2@$/�,$%�)(  2+4 ()->7Cm-�*$g->4B7 �L� �x-/&d&d4 �]�U-)$1$  ��0(�R7<7 ���M4<2);Im-�KJO2+4 $'4 �K2F"��

� $�� ��� �����	� ��� :�� - � � 	�� 
 � 	 
 � 	�� �����  � ( � & �(� � � * ��F � 	� �
	 	 � � � ��� � * &� � 	� �����  � ( � & �#� � � *
��F � 
 � % � � 3 D � 
�� % � � 
 � 	���� 	 	 � �g* � � � � � %4% � *@?�� F � �#� � 	 �  	 
 � 	 % � � � � �  � ��� ��� 	�� % � � � 	 � �)*
� * & � � 
 � &4& � *@? 3

� �$� � 	� �
	 	 � � � � #�-321m "  -�]�U$  � � � � � "  -Ju1�N�  �+2 � � #;��� � � " �5v � �$� � ��� � � * 	�� � �->2]m �  -�]�#- 	 �(� ���g* "  -Ju1�P4 0�$  � &  -�]�5"%$A&Gw)(*$*w+&3�@" #��N-321mG#��`"@w)(  $  -)$ � � #��$��� � � #��&�5v
� ��( ��nhu.-/&3�h$  �"  -�u]�@"'�+0�$#�$�!"%$A&Gw)(*$*w+&3�@" �>$  � & 21�E�1mU2�?$  - �_�1$  �"�-Jn+��u.&d4Ln�-C& & "#� 2Rw1�+2.(E���
2�3& �K�]�?2�"#� 2Kw1�+2)(E�U"*4LnU4<7 -/&d4 $ & �3&�"�-Jn!�!"#� 2Rw]�+2)(E�P7 �+2);C$  v � w+&G2+4<2);�2��� $/�U$  ��0(�K7 m84^2);P"*u.-/(E�
� � �-�1�?0~-#;R4 �]�+2 � �0) "#� 2Rw]�+2)(E� � �L� �
m-�KJO2]�x$  �!m��@"*4B&3�Emc(C7 -."X"#�@"!-."�4<2.�_�C&W"#�P4Lnx-.;��@"6�?0 � �

� $�� ��� �����	� ��� :�� :! � � � ? �  � * ACBED � ��� � � * 	�� � ��� 	 � + 	 �)* 	 � � 	 � 9 F �  & � *>? � % � 	�� � � �-� � �
	 
 � � � 	 ��F �    � ? �  � 	�� �"	 	 � � � � � 	�	 � �n& � *>? 	 � 	 
 � � �  � � �$F 
 � � � % � � � � *>? 3$# 	 � + � 
 � 	���� 	 	 9
� 
 � % � � % � 	�� � �  � �-�%�'& � � #;�)( # � � � �-�+* 3 
 
 �,	  � � � �$F , � � 
 � % � & � 	� �
	 	 � � � ��� * � � �'� � �
& #-( #k� � � �-��. � � #;�/� ,0*

wv2Q�+$  �C&$�$�3&3m+" �O$  �,"  -Ju1�P(C7�-)"X"�,f4 " �/132 � ,���4 � � �-�5vC)�"!$  �a4<2.�_�C&W"#�c4Ln�-/;-���+0V-,06w?2)( >
$'4 �K2!->7 �_- & "V4^21mRw)(E�F"V->2c� 2Kw+4 �/->7 �+2)(E�#&3�C7 -)$A4 �K2 �Ew?2+4 2Kw1�x&3�'u.&}�F"#�+2@$g-F$A4 �_�@"Q-/&3�cm-�KJO2]�EmU-."�07�R7B7 ���1"��

� $�� ��� �����	� ��� :�� � 
 
 � � � % � � � � * 	� 	 �  � � 	�� �
	 	 � � �65, F � � � 
 � % �7	  � � � , � � 	 
 ���  � � � * 	 	 
 � 	

 � � � � * � � �  F � ��� � * � � ? � � ���)*>? �   � 	�� �"	 	 � � � � � * 	 
 �8	  � � � 3

�! �C&3��4 "�$  �=&D-/&3�e()-."#�P$  -F$�$#�$�:"%$A&Gw)(*$*w+&3�@"�4^2e-a"  -Ju1�e->7 "5�  -�]�P$  �9"�-Jn+� �+2]�C&�; & �4<2
�  4 (  (.-)"#�N$  �x&3�'u.&3�@"#�+2@$g-)$'4 �]�#4 "_$  �M"*n�->7B7 �@"%$$�K2]�5w?21m-�+&O-U7 � �34 ( �3;8&D-Ju  4 (��3&3m-�C&d4<2.;��H2M$'&3�E�@"1v
�! �,"  -Ju1�e&3�'u.&}�F"#�+2@$g-F$A4 �_�9"%$'&Gw)(@$Aw+&3�@"G�M4B7<7;q1�P()->7B7 �Em � 
 � � % � 0(�3&�"  �3&[$K��$/��mR4 "%$A4<2);Rw?4 "  $  �'n
0Y&���n -32�� �Cu+7<4 (C4 $U&3�'u)&3�@"#�?2@$X-)$A4 �H2O�+0~$  ��"  -Ju1�,-)"�- �  �K7 ��� �  4 (  � � �N4<7B7E4<2F$'&���mKw)(E�kq1�C7 ��� v
�! �9-Jq���_�hm-�.JO2+4 $A4 �H2F" n#wF"%$
q1�P( ��n�u+7 �'n+�+2F$%�Em�q & ( �H2)(C&3�*$a�^m>-)$g-,"%$'&Gw)(*$*w+&3�@"P&3�'u.&3�@"#�+2@$A4<2);
���0)m"%$'&Gw)(@$Aw+&3�@"�-321mi"  -Ju1�@"1v �! �|mR4 ' �C&3�+2F$e"%$A&dw.(*$Aw?&�->7~(��n�u��K21�+2F$6"b4<2 ���0) -/&3��"*4<2);87 �
"%$'&D-321m-�Em &3�F;84 �K2F" �  ->4B&gu+4^2 7 ����uF" �Q"%$X-/( � 4<2.; &3�F;84 �K2F" �Oq?w?7 ;-�@" �K2:$  � �<= �3&I�K2:$  � )!=_"*4 m-���
4<2@$a�C&G2.->7O7 � ��uF" �`-321m|n#w?7 $A4B7 � ��uF"1v �8w+&[$  �C&gnC�3&3���H� �  -�]�e7B4 "%$6"��+0Q-_m��Y-/(E�+2F$�"%$A&dw.(*$Aw?&}�F" �S"@w)(  -)"�$  �9( ��nhu�K2]�+2@$%" �+0$  �t� �.$a�C&G2.->7�7 ����uJv �! �F"#�9"%$'&Gw)(@$Aw+&D->7 ( ��nhu�K21�?2@$6"#-C&}�tm��+2�+$a�Em~q &
2��m-��7�-�q]�C7 "�N/N ��y 7L�CN �3� �27f-321m � �3��w 7L�3V 7L�~-321m�) 4 &3�@"*u]�F(*$A4 �]�C7 & v � �)(  2+4 ()->7B7 & ��7�-�q]�C7
� 4 "#21�1�Em-�Emc$/�km-�+2�?$%�9-32��-n�u@$ & 7B4 "%$I�?0V-]m �Y-.(1�+2@$�( ��n�u�H21�+2@$%"1vtwv2]m84 �?4 mRw.->7�2?w.(C7 � �?$'4 m-�@"9)6�
�$�1U �:9$� -." � �+7B7K-)"�"%$A&d4<2);?"!$  �C&3� �+08�`&3�'u.&3�@"#�+2@$�$  �-nT"#�C7 �]�@"1v9�H4 ;Rw?&}� �Nv A#"  ���h"�-pu.-/&[$A4 (+w+7�-/&
"%$'&Gw)(*$*w+&3�I4<2b"#�.�]�C&D->712��+$g-F$A4 �H2F" �T4<2)(C7^w1m84^2); $  �P�K2]�rm-�KJO2]�Em  �C&3��v �"�?$%�=$  -)$c4<2:$  �:$A&3�E�2�+$g-)$'4 �K2���$  ��u)&d4Lnx-/& & "#� 2Rw1�+2.(E�a()-32kq1�c&3�)-_me0Y&���nm$  �e7 �)-�]�F"��?0h$  �#$A&3�E�c4<2c7 �*0D$!$/� &d4 ;  $
+ �<=E$/� )<= , �3&}m��C&�v�w 2#$  ��$a� �.$�-321me0(�3&1( ��nhu?w@$a�C&Q4^2-u?w@$.��$'&3�E�F"C�M4<7B7;q1�N�M&d4 $6$%�?29-."�0(�3&gn#w+7�-." �
"@w)(  -."�;=< �?>->A@ ; �CBEDCDAF�.)GCF �3&H;�< @+IKJL@ �-.�DCDCDM.�B=F�.)GCF�N



�,: � �#& � " ��� ���# ���$�& ���������

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

)*)+
+*+
+,)+�)*)
)*)%-.)/-
-*-
-.)
�10��324� '65&5����! "����5�7

8:9<;>="=?;�@ A
A:@ BDC 8�9<;>=FE,;G@ A:@HC =FE,;�@ I<@HC =FEJ;�@ KL@HC MONP;G@ 8L@HCH@ I<@HC Q*NR;�@ A:@HCH@ K*8*I,A:@HCH@ I<@ BSCH@ I<@HC @ KJ@ BDCH@ 8<@ BDCH@ A:@ BSCH@ I<@ BDC 8�9L;O="=/;G@ 8L@ BSC TRBGB�B
�U$V�XWZYJ[]\�\ ^U "�G'_'

CL E

AD

��`P�XYLa��PbV'

ESS SR

SR

SR

IL

HL

AD

AD

AD

SS

’CC’ ’C’

’C’

’C’

’G’

’G’

’G’

’G’’G’’A’

’A’’U’

’U’

’A’

’UAGC’

��'_�3c]�G'?'

d�e�f<gih6jlk�mon,p�q�rRs"tPs"uGrv�wxrRy.z{q�|~}��FuG��tP�����F�Ut�F�xtRv���wF�_�Vrv:�,tR����w�s"�����_sF���F���F���J���<�o�����?�



� �#& � " ��� ���# ���$�& ��������� � �

) J &["%$M"  -��1�P-��F"%$'&D-/(*$A4 �H2a4 "�$����K2+7 & ()-C&}�P-����KwF$����1�+29-32�	a(C7 �?"#�
	e"%$A&dw.(*$Aw?&}�F" ���.&D->2.(  4<2.;
->2�	�-	��Y-/(E�+2)( & N �! �@"#�Q"*4 $*w.-)$A4 �K2)"_-/&3��&3���.&3�@"#�+2@$a�
	�� & 2���	-�T7 -��1�C7 " ���L���27L�L� � +d0 &���� 
�0��3&�� � ,K�
) 4 �+->2�	��LN + � � >�wF"*4<2.; ) 4 -32�	��94<2h$  ��	����x-?4^2��+0 "  -��1�@"L"  �Hw+7 	�2��?$�;84 �]��&d4 "#�$��T(
�K2@06wF"*4 �H2��
$  � & -C&}� �Xw)"%$N;-�+2]�C&d4 (a7B4 "%$N(
�K2F"%$A&Gw)(*$��3&[")N ,
  �i-��F"%$A&�-/(*$A4 �H2!�x-����+4<2); � 0 &���� "%$A&Gw)(*$*w+&3�@"�$�� "  -��1�@" 4 ""	-�KJO2]�
	#� & $  �f0$�K7B7 ��M4^2);

� 2Rw.-)$A4 �K2)")N&%��cwF"#�('/-C&�4�-��+7 �@"*) .
+P0$�3&Q2?w.(C7 �
�?$'4 	-�@"
�-, ..,0/ 0��3&V7 �����P"#�
1Rw]�+2)(E�@"
��2�0$�3&h-c7B4 "%$3�+0
-�	 �Y-.(1�+2@$�(
���(���K21�?2@$6"
�E-32�	*4=0$�3&L-/&5�+4 $A&D-/&76#"%$'&Gw)(@$Aw+&3�@")N

� @ >->�@ , F F � 8*9 : �0N7;<
� @+IKJL@ ) .., .
+�F F � = J : �0N � <
� @ >�>�@ ) .?4�.@+�F+F$� � @ 4�F : �0N�)A<

� @CB JL@ ) .., .?4�.@+�F+F$� � @ 4�F : �0NEDF<
� @CB3>�@ ) .?4H.., .@+�F F � � @ 4�F : �0N��A<
� @HG?JL@ ) .@, .?4H.@, / .@+�F F � � @ 4�F : �0NJI�<
� @CK J @ ) .@2 .
+�F F � LNM @ � @ 2 F+F : �0N ,A<

� @ ;=< @?>->A@ , F�.@2 F+F$� � @ 2 F : �0NPOA<
� @ ;=< @ 4H.@2 F+F$� ;�< @ � @ 4�F�. � @ 2 F F10$�3&Q4SR� >->�@ , F :UT0NJV�<

� @ GCF � G :WT NX; +�<

Y $e4 "t�)-."�6�$���"#�E�=$  -)$#$  4 "a-��)"%$'&D-/(*$A4 �K2b0 w?2.(*$'4 �K2i&3�*$X->4^2F"  ->4B&5�+4^2F"c-32�	Z�#w+7 $'4<7 �����F"
[\�>w@$
-��)"%$'&D-/(*$%"V0 &]��� "%$g-/(��57 �+2);C$  "
[^�?w+7 ;��@"
[�4<2@$a�C&G2.->7K7 �����F"
[E-32�	�"*4<2);87 �`_Y"%$A&�-32�	��
	�&3�F;R4 �K2)"a:��HbC(E���F$
0$�3&Q$  �:()-."#�"�?0!$  �:(
���(�+7 �@$%�C7 6 w?2��.->4<&}��	I"%$A&Gw)(*$*w+&3�<�N Y $�(
���(�+7 �@$%�C7 6 -��F"%$A&�-/(*$%",0Y&����c�.&d4 _
��-/&76:"#�
1Rw1�?2)(E��N   4 "e-��F"%$A&D-.(@$'4 �K2S�#4 ;  $��1�=$���� "%$'&��K2.; 4<2b"d���+�:(.-)"#�F"
[��@"@�1�)(C4 ->7B7 6feM4 $  
"  �3&\$,"#�
1Rw1�?2)(E�@"9$  -)$(	�� 2��+$  -�']�g�#w)(  (  ->2.(E�:$��f"  ��e "  -��1�h'/-/&d4 -)$A4 �K2"�H2=$  4 "c7 �.'_�C7
�+0V-��F"%$'&D-/(*$A4 �H2 N Y 2�"@w)(  (.-)"#�F"
[Qe �.-��0�C&1-��F"%$A&D-.(@$'4 �K2P0 w>2)(*$A4 �K2)"x$  -)$5&3�*$g->4<2i�j�3&3�#"%$A&Gw)(*$*w+&D->7
	-�*$g-?4<7 ()-32"�]��	-�.kO21�
	 4<2e-�"*4E�#4B7 -C&le_-.6�N   �m�K21�F"x$  -)$5-/&3�c4E���?7 ���!�+2@$a�
	f4<2P$  �h�.&��>;8&D-��{>|>}���nHz.yAo?�9-C&}�p	��@"g(C&d4E�1��	�4^2�q��F(@$'4 �K2�T NEr N
%  4<7 �#->7<7?$  �5(
���(�?w@$g-F$A4 �H2.->7�-32.->7 6)"*4 "��+0L"  -��1�@"x4 "j�/-)"#��	m�K2x$  �@"#��$A&3�E�,&3���)&3�@"#�?2@$X-)$A4 �H2F"
[4 $54 "�(
�K2
']�+2+4 �+2@$�0$�3&L$  �  w���-32 �.65�#$��b4^2@$A&]��	Rw)(E��"%$'&d4<2.; &}���)&3�@"#�+2F$X-)$A4 �K2)"50$�3&�"%$A&Gw)(*$*w+&3�@"U-)"

e �C7B7>-."0��3&�"  -��1�@")Nlsp2��+$g-)$'4 �K2�0$�3&�"  -��1�F"
[�wF"*4^2);  ���&���&�>&5�  4 "@�utwv�4 "�	��.kO21�
	9-."0��R7B7 ��e1"
[
e  �C&3��x
x
xx
x�xx
x
xPyz�!�)-32F"3{�	��+$%"
[ (P, (R4 "N$  �,7 �+2);C$  �?0L"%$'&d4<2.;i,$[ ->2�	�|\	-�+2��?$%�F"M$  �
�����@$56x"%$'&d4^2);3N

t�} @ 8(9CF � � � � :WT NX;�;<
t�} @ = J F � ~A�~��~F� :WT NX;��A<

t�} @ L�M @ 2 F F � ~ ~ ~�t�} @ 2 F���� :WT NX;�rA<
t�} @ ;=< @ 4H.@2 F F � t�} @ 4�F�t�} @ 2 F :WT NX;
DF<

t�} @ GCF � � :WT NX;�TA<



��� � �������	��
��������������� �������

  4 "�4 "M-32.->7 �>;��KwF"M$��,$  �T0G-��U4B7<4 -/&����V4 �+2?2.-��U2��?$X-)$A4 �K2x0��3&�"%$A&dw.(*$Aw?&}�F"
[  �C&3�p	-�.kO21��	a-."Nt����
t�� @ >/>A@ , F F$� x7xXxx7x7xxXx7x��  !� :WT N7;�I�<

t�� @+I J @ ) .., .@+�F F � @ x7x7x@ x7x7x@ x7xXx��  "� F F F :WT N7;�,A<
t�� @ > >�@ ) .?4H.@+�F F � @ @ @ t�� @ 4�FAFF F :WT N7;
OA<

t�� @CB J @ ) .., .?4H.@+�F F � @ x7x7x@ x7x7x@ x7xXx��  "��t�� @ 4LF/FFF :WT N7;�V�<
t�� @CBj>�@ ) .?4�.., .@+�F F � @ @ @ t�� @ 4�F�x7xXxx7x7xxXx7x �  !� F F F :WT NP��#�<
t�� @CG?J @ ) .., .?4H.., / .@+�F F � @ x7x7x@ x7x7x@ x7xXx��  "��t�� @ 4LF�x7x7xx7xXxx7x7x��  $!� F F F :WT NP��;<
t�� @HK JL@ ) .@2 .@+�F F � @ @ @ t�� @ 2 F�FF F :WT NP���A<
t�� @ ;�< @ 4�.@2 F F$� t�� @ 4�F�t�� @ 2 F :WT NP��rA<

t�� @ GCF � | :WT NP��DF<

% �+$a�1$  �h"*4E�(�+7 ��&}�)(+w+&W"*4 ']� 	-�@kO2+4 $A4 �H2F"
[�e  �+&}�.-)"1- 	R4B&3�F(*$�	-�@kO2+4 $A4 �H2N�?0H$  �\�x-����+4<2);�0Y&���� $  �
�V4 �?2?2.-e"%$'&d4^2);"t�� @ 4�FN$��c$  �P(
�3&d&3�@"@���K2�	84<2); "  -��1�'&<"P2��?$X-)$A4 �H2 t�} @ � @ 4�F F�&3�
1Rw+4<&}�F"�-i�.-/&W"*4^2);
0 w?2)(@$'4 �K2 N qOw.(  "*4E�(�+7B4 (C4 $56f4 "�$  �:-�	�'/-32@$X-/;-�h�?05wF"*4<2); -:$'&3�E��&3���.&3�@"#�+2@$g-)$'4 �K2 N)(H4 ;Kw+&3�"T0NPr
"  ��e1"N"d���!�!"%$A&Gw)(*$*w+&3�@"�4<2��V4 �?2?2.-a2��+$g-)$'4 �K2�[K$��3;-�*$  �C& eN4 $  $  �C4B&�"  -��1�,2��+$g-)$'4 �K2Pw?2�	��C&�$  �-��)"%$'&D-/(*$A4 �K2#0 w?2.(*$'4 �K2 � N
sQ2@6e"#�+2)"*4E�+7 �f2��+$g-)$'4 �K2c0 w?2.(*$'4 �K2 �#w)"%$*�1�b4<2+*&�F(*$A4 ']��[N4 NG��N�4 $��#wF"%$P2��+$m�x-��9$5el�g	84 "%$A4<2)(@$

���,*&�F(@$6"a$��f$  �:"�-��!�f2��+$g-)$'4 �K2 N   4 "e-����1�)-C&["a$��Z�1�i'?4 �R7 -)$a�
	�[M-." t�� @CG?JL@ ) .., .�4H..,0/ .@+�F+F �
t�� @CK J @ ) . ;�< @ 4�.)GCF�.@+�F � @ @ @ t�� @ 4�F F F F�N.- ��e �@']�C&W[1$  ��&}�)(+w+&d&3�+2)(E�@"a$  -F$P->2/-?7 6)"#�e$  �="#�)-/&�(  "@�.-/(E�  -�']�i�1�E�?2m	-�@"*4 ;K21�
	:$�� �1�cw?2.-��(�+4 ;Rw��KwF"0/ I ,'1W[�-32�	  �+2)(E�a-�()-32�	84 	3-F$a�m�?0h$  �,0��3&��
K JL@ ) . ;=< @ 4H.)GCF�.@+�F`[K-a2��K2@_C�)&D-32)(  4^2);g�#w+7 $'4<7 ������[�4 "x21�.'_�C&L(
�K2F"*4 	-�C&3�
	3N�% 4 $  $  4 "�4^2��U4<2�	�[4 $N4 " �)-."�6!$��5"  ��e]$  -)$N���+$  t��5-32�	�t�},-/&3�x4<2,*&�)(*$'4 ']��N2-`�?2)(E��[�$  �p�.&��>;8&D-���{3|>}���nKz/yAo=�U()-32
�$�E����$  �!$A&3�E�U&3���.&3�@"#�+2@$g-)$'4 �K2F"!0$�3&L4 $%"#�C7 0?[H-32�	#0d->4 $  06w+7B7 65(�������w?2+4 ()-)$%�\eN4 $  4 $%"!wF"#�C&W"�'?4 -�$  �
"%$'&d4<2.;=&3���)&3�@"#�?2@$X-)$A4 �H2F"&�?0L"%$'&Gw)(@$Aw+&3�@"�->2�	P"  -��1�@")N

30465 7�l98�:�!<;%$=:?>A@CB DMqFEMq9G	8

Y 25$  ��-32.->7 6)"*4 "3�?02H % s "#�F(��K2�	>-C&X69"%$A&Gw)(*$*w+&3�(	84 ' �C&3�+2@$�"%$'&Gw)(*$*w+&D->7��C7 ���!�+2@$%"�-/&3�94^2U0��>(+wF"&�+0
$  ��&3�@"#�)-/&�(  �+& N Y 25$  ��()-."#�z�+01(
�K2@0��3&��x-)$'4 �K2.->7R"�eM4 $X(  4<2.;b4 $&�#4 ;  $j�1�U$  ��21�@"%$A4<2);f�.-)$ $a�C&G2
�+0T"%$a���T"
[ e  �+&}�.-)"=4^2:$  �:()-."#�"�+0(�)&��+$a�C4^2S�+4^2�	84<2.;I"*4 $%�@"=4 $ �U4 ;  $ �1�c$  � �Hb34 "%$%�+2.(E� �?0�-
�?w+7 ;����3&N4<2@$a�C&G2.->7S7 ����� NI(��>&h$  4 "�&3�)-."d�H2 Y 	-�@']�C7 ���1�
	 kF']��	84 ' �C&3�+2@$x$56��1�F"z�+0V"  -��1�F"
[ �)-/(  
-��)"%$'&D-/(*$A4<2);�0Y&���� "%$'&Gw)(@$Aw+&D->7�	-�*$g->4B7*$���-N	84 ' �C&3�+2@$l	-�);8&3�E��N   �3�j�>"%$S-��F"%$A&�-/(*$S$56��]� T#4 "L;84 ']�+2
�C6�$  �,-��F"%$'&D-/(*$A4 �H2#06w?2)(*$A4 �H2,"  ��e�2e4<2i��1Rw.-)$A4 �H2F"&T N7; 
FT N7;�#=-32�	e-��F"%$A&D-.(@$6"T0Y&���� �>w+7 ;-�9-32�	
4<2@$a�C&G2.->7�7 �����F"T-."�ef�C7B7R-)"Q0Y&���� "*4<2);87 �@"%$A&�-32�	?")N�J(�3&}��	-�*$g-?4<78-����Hw@$N"*4^2);87 �@"%$'&D-32�	-��	b&3�F;R4 �K2)"54<2
�#w+7 $'4<7 �����F"Q-32�	U$  � �Hb.$a�C&G2.->7�7 �����U4 "��0���@$�wF"*4<2.;5$56��1�3D Nlq  -��1�!$56��1�jr�-/;>->4<2x-��)"%$'&D-/(*$%"h0Y&����
-?7<7��/4<2�	?" �?0!"*4<2);R7 �@"%$A&D->2�	+" �?wF$�&3�*$X->4^2F"=4<2@0��3&��x-)$'4 �K2"�K2=$  � 21�@"%$A4<2.; �+0z�?w?7 ;-� ->2�	I4^2@$a�C&G2.->7
7 �����F")N2H;�._6-�	�	84<2);9$  �,&3���.&3�@"#�+2@$g-)$'4 �K2 �+0L"*4^2);87 �F"%$'&D-32�	+"54^2��#w+7 $'4<7 �����F"!-32�	�$  �
�Hb.$a�C&G2.->7K7 �����
6?4 �C7 	+"x"  -��1�@"p�+01$56��]�*� N   �i�&�?"%$�	-�*$g->4B7 ��	:"  -��1�,$56��1�P-��F"%$A&�-/(*$%"a�K2+7 6,0 &����m$  �a7 �+2);C$  "
�+0~"%$g-/(��/4<2);=-32�	�"*4^2);87 �@"%$'&D-32�	-��	 &}�);84 �H2F"x-32�	�4 "x&3�*06�C&d&}��	a$��e-."M$56��]��;�N�sQ2��Hb+-����?7 �x0��>&`$  �
	84 ' �+&}�?2@$T-��)"%$'&D-/(*$A4 �K2)"54 "M"  ��e�2P4<2K(H4 ;Rw+&3��T NE� N   �P4P���+7 ���+�?2@$X-)$A4 �H2�4 "M"  ��eM2�4<2ps ���1�+2�	84 b
L NP�0NED N



� �������	��
��������������� ������� ���

� o����Ao����wo
	 �����Hz>z�����Hz��������Hz>z�Hz>z��+z>z��Rz������Rz��Kz>z��������Hz�������+z��Kz>z�z��?z
� ��������������o
	 +*+
+*+�) +*+�)*)
)
)*)%-*- )%-*-
-*- )
)*)
)*) +*+
+:+
+�):)
)*)/-*-
-*-*- )
):)
)
):)
)*)
� nHz.yAo����>yFo���	 ��� ���� �� � �!�� �
� nHz.yAo����>yFo#"
	 � �$  � �! �
� nHz.yAo����>yFo&%'	 � �$  �$ 
� nHz.yAo����>yFo�()	 �! � �$ �
� nHz.yAo����>yFo#*
	 �! �! 

+3�-,�. � � �0/2103 ��b?-��(�+7 ��"  ��eM4<2.;P$  �p	84 4 �+&}�?2@$T-��)"%$'&D-/(*$A4 �K2�7 �.']�+7 ")N

304�5 6 @CGds >+B	� 7 ;28OqMs @CB r98 ;;:Uq 8

<>=@?>=BADCFEHG'IKJML2N�O
P

  ���.&��>;8&D-���{3|>}���nKz/yAo?�*e1-)"�	-�@']�C7 ���1�
	�wF"*4<2.;9$  �psRQ ��0 &�-��!�.el�3&5�*:G"#�1��q��)(*$'4 �K2*r0NED N7;<�N
q 4^2)(E�je �3e_-32@$1$�� �Hb��?7 �3&3�T$  �3e  �R7 �&�3&�-)$M7 �.-)"%$Q-P7 -/&�;-�*�.-/&[$ �?0�$  �T0$�R7 	84<2.;P"@�.-/(E�a�+0 H % sN[$  �a�.&��>;8&D-�� �x-��0�@"VwF"#���?0�-!;R&�-��(��-/&�	��@"g(C&d4E�+4^2);#$  �N0��R7 	84<2);#"@�.-/(E�\�?0 H % s]4^2)(C7<w�	84<2); 	>-32._
;87B4^2); �/-)"#�F"T->2�	 	84 "�-?7<7 ��eM4<2);�4 "d�R7 -)$a�
	"�/-)"#� �.->4B&W")N   ���.'/->7<w.-)$A4 �H2a4 "p�.-."#�
	 �H2�->7 ;-���.&D-."U7B4P�$�
$  �a�H21�@"M"  ��e�294<2m��1Kw.-)$'4 �K2F"\T NX; 
FT NX; #a-32�	�T NX;�I 
�T0NP��Da0$�3&�"  -��1�F"T->2�	 � �V4 �?2?2.-��#2��+$g-)$'4 �K2�[&}�F"@�1�F(*$A4 ']�+7 6�N�sV2.->7 �>;��HwF"!$��,$  �@"#�{�Hb+-��(�+7 �@"
[E-32#->7 ;-���.&D-�0$�3&�0Y&3�E�{�+2]�C&�;w6,()->7 (+w+7 -)$A4 �H2#"g(
�3&3�@"
$  �M"%$A&Gw)(*$*w+&D->7'�+7 ���!�+2@$%"leM4 $  $  �C4<&;�+21�C&�;w6x(
�K2@$A&d4E�?wF$'4 �K2a���@$g->4<21�
	#0Y&����p$  �N$  �C&5�&��	w6>2/-��#4 (
�+21�C&�;w6i�.-/&D-��+�*$a�C&W")N   �a4E�(�+7 ���+�+2@$g-)$'4 �K2m�x-��$�@"xwF"#���?01-,(
�����+4^2.-)$'4 �K2 �+0�$  �@"#�U$  &}�1�,->7 _
;-���.&�-."�4<25-�$A&d4E�+7 �`_6->7 ;-���.&D- �+0S$  ��0$�3&5�C��:��+21�C&�;w6.[H"  -��1��[ � �Q4 �+2>2.-��x2��?$X-)$A4 �H2w<�N   �O�@"X"#�?2@$'4�->7
�.-/&[$ �?0L$  �94P���+7 ���+�+2F$X-)$A4 �K2P4 "M$  �z���,*&�)(*$'4 ']�#0 w?2)(@$'4 �K29S�e  4 (  k 7 $%�C&W"M$  �97<4 "%$��+0�:X4<2@$a�C&5�+�`_
	84 -)$a�<!"d�R7<wF$'4 �K2F"U-32�	g�$�E���)"!�+2F$'&d4 �F"aeN4 $  7 ��e �F"%$T0Y&3�E� �+2]�C&�;w690$�3&f�.-.(  	84 "%$A4<2)(@$�"  -��1��N Y $54 "
	-�.kO21�
	e-)"Q0$�K7B7 ��eh"��

S @ ~ � 2 .�x7x7x . �UT�� F �VS / @ ~?� . @XW�Y , �[Z�\ @ Z�]^\@)�_�`�Z .�~ � 2 .�x7x7x . �UT�� F F F`[Fe  �C&3�S/ @ ~ ��S 2 .�x7x7x . ��SaQ� .p~ � 2 .�x7x7x . �UT?� F �VS/ @bY _ ��Z�\ � @ � 2 .�~ ��S 2 .�x7x7x . ��S�a � F�.p~ �bc�.�x7x7x . �Ua � F`[�e  �C&3�Y _ ��Z�\ � @ @ 4�d�.?4���.�4�e�F�.&~�� FA�u~ @ 4�d�.?4���.�4�e�FU�
Y _ ��Z�\ � @ @ 4�d�.?4���.�4�e�F�.&~ @gf d�. f ��. f e+F 2 .�x7x7x . @gf d�. f ��. f e+Fha � F

�










~ @gf d�. f ��. f e F 2 .�x7xXx � . 4�� � f �jiki 4�dml f d
~ @ 4�d�.?4���.?4�e F�. @gf d�. f ��. f e+Fnc).�xXx7x � . 4�� � f �jiki 4�dpo f d
~ @gf d�. f ��. f e F 2 . @bY _ ��Z�\ � @+@ 4�d�.�4���.?4�e+F�.&~ @gf d�. f ��. f e�Fnc).�x7x7x � F � . 4��\R� f �

�Uq�&}�@0��C&W"e$�� -32 :%4^2@$a�C&5�+�
	84�-)$%�<�"d�K7<w@$A4 �H2�-32�	 ��Sqc$��]-32 :%4<2@$a�C&5�+��	84 -)$a�<C��"  -��1�`_ ���F$'4P��->7 �"d�R7<wF$'4 �K2�[�e  �C&3� �D"  -��1�`_ ���@$A4E��->7 �a�!�)-32F"$  -)$�4 $Q-)$6$X->4<2)"$  � :G"d��0d-/&$<M7 ��e �@"%$0 &3�E�
�+21�C&�;w650��3&
4 $%"~"  -��1� N �UqV-32�	���SqN-/&3�&���+$  �+0E$  �N$'&d4P�+7 �`_ 0��3&�� :��+21�C&�;w6.[8"  -��1��['� �V4 �+2?2.-��T2��?$X-)$A4 �H2w<�N   �0 w?2)(@$'4 �K2 W�Y , �XZ�\T&3���&��']�F"h"d�R7<wF$'4 �K2F"Q$  -F$  -�']�  4 ;  �C&�0 &3�E�+�?21�C&�;w6x$  ->2T$  �T(+w+&d&3�+2@$&�U4^2+4E�x-?7
"d�R7<wF$'4 �K2 �+7<w)"U$  �e(  �?"#�+2x�+2]�C&�;w6f&�-32);��g:UZ�]r\@)�_�`sZ�<�N   �c-/(*$*w.->7S4E���?7 ���!�+2@$g-F$A4 �H2��?0N$  �
-?7 ;-���.&D-)"p�!�+2@$A4 �H21�
	=4^2x$  4 "M"#�F(*$A4 �K2�()-32��1��0$�Hw?2�	=4^2ps ���1�?2�	84 b L N



��� ��� �����	��
��������������� �������

<>=@?>=�� C����
E L
	��sN�LHI���

Y 0U2��?$ �+�+2F$'4 �K21�
	~�Hb��+7<4 (C4 $'7 6`[h$  �c0��R7B7 ��eN4^2);i-����?7B4 (.-F$A4 �H2F"e-/&3� �.-."#�
	S�K2c$  � �j�?"%$�-��F"%$A&D-/(*$
"  -��1�x$56��1�pT�[Fe  4 (  ;84 ']�@"N$  �P21�@"%$A4<2);m�?0  ->4B&5�+4^2�7 �����)"�-32�	i��w+7 $A4B7 �����F")N

� � ����� � � � �����
 &D-32F"%0��+& H % s~" :G$ H % s�"`<�-/&3�\�K2]�\�+0O$  �a�1�F"%$1-32.->7 6)"#��	 H % s 0d-��U4<7B4 �F")N ��-/&d4 �HwF"��Hb��]�C&d4E�+�?2@$6"
 -�']�9&3�.']�.-?7 �
	a$  � �+4 �K7 �3;84 ()->7 -/(*$A4 '_�U"%$A&dw.(*$Aw?&}�*�+0_$�H % s~"�e  4 (  4 "p�C2���e�2,-."M$  � 	������������������
"%$'&Gw)(*$*w+&3��N Y 2�(
�K2@$A&D-."%$a$�� $  4 "
[\�KwF$ �+0(V�V $�H % s "#�
1Rw]�+2)(E�@"b0Y&���� $  � � �!�#" 	>-)$X-��.-."%$
/JI�O�1W[Q�H2+7 6�r�#  -�'&$P-,(C7 ��'&$C&d7 $)-)0N-."�$  $C4<& �.&'$�	84 (*$($
	 ")�!� _Y"%$'&Gw)(*$*w+&*$ :W	>-)$X-c2��+$�"  ��e�2w<�N   $
�+4 �K7 �>;R4 ()->7�$`b��+7 -32.-)$A4 �H2P0$�3&L$  4 "54 "
[ $  -)$M$ H % s�"p���>"X"%$@"X"*�j��	R4 k+$
	f�.-."%$@"\e  4 (  ��-`6��H2#$  $
�K2,$  -32�	g�,$c2���7 �H2);-$C&()-��.-��+7 $��+0_0$�3&5�U4^2);g�.-."%$��/-?4<&W"
[^�3&l�H2#$  $ �+$  $C&  -32�	:-/&*$P-��+7 $�$��
4<2@$($C&D-/(*$a4^2:- 	84 4.$C&*$+2@$*e_-`6�N   4 "�->7 $($C&W"�$  $e0 &'$,$�$+2,$C&�;w6 �?0N$  $g�.&'$�	84 (*$($
	i(
�K2@0��3&��x-)$'4 �K2
"@w)(  $  -)$4 $V&d4 "%$@"N-�����'&$M$  $N0 &'$,$�$+2,$C&�;w6a�+0O$  $!(+7 ��'/$C&d7 $)-)0 :W�3& '>4 (0$ '/$C&W"�-�<.[H7 $*$6$'4^2);x$  $x7 -)$6$1$+&
-.(  4 $.'/$P$  $2$+2,$C&�;-$*$A4 (.-?7 ���F$'4P�#w�� N0(��3&_"%$A&Gw)(*$*w+&*$h�.&'$�	84 (*$A4 �H2�[ e  $?2P$  $i�&��	84 kH()-)$'4 �K2F"U-/&*$w?2��C2���e�2�[3(?w+&d&'$?2@$ �.&�-/(*$A4 (,$�4 "`$��T()->7 (+w+7 -)$($N"@w������F$'4P��->7@"%$'&Gw)(*$*w+&*$@"~0$�3&�-M(0$C&[$g->4<23$+2,$C&�;w6x&D-32);-$
->2�	a$��c"@w��F"%$
1Kw,$+2@$A7 6a"%$.-/&�(  :��H64$.6�$*�>&N�C6�-,"*4E�(�+7 $ �.-)$6$1$+&d2i�x-F$X(  4^2);=-?7 ;��3&d4 $  �p<�0$�3&L$  $(C7 ��'&$C&d7 $)-)0�"%$'&Gw)(*$*w+&*$ 4<2e$  $�7B4 "%$��?0�"@w������F$'4P��->7 ")N (��3&Q$ H % s�"5$  4 " �5$.->2)"U$  -)$U-����Hw@$76�8 

9 8:8c"%$A&Gw)(*$*w+&*$@"  -�'&$�$��g�,$,(  $)(��;$
	3N  �:;R4 '&$P-324$`b+-����+7 $ Y (  �>"%$#$  $�< ��=����?>-�:@-�
	#=�����ACBD"
E�F �0���#�:>#A G $ H % s�0$�3&�->7�->2?4<2,$ :Y;F��� s L #'#�r�D�#�V3N7;/H�V�I_`;�I-IF<�N   $ �)&*$
	R4 (*$($
	 ")�!� _Y"%$'&Gw)(*$*w+&*$4 "a�K2,$  ->4<&��?4<2�eM4 $  $5el� �?w+7 ;-$a-32�	i�K2&$c4<2@$($C&G2.->7�7 ������[S-."a	-$��+4 (*$($
	f4<2I(H4 ;Rw+&*$mT0NPr�:��w<�N   $
(C7 ��'&$C&d7 $)-)0L"%$A&Gw)(*$*w+&*$�[H"  ��e�2�4<2 (K4 ;Rw+&*$aT0NPr�:U	�<h-����,$.-/&W"M-)$ ���?"*4 $'4 �K2)J,8-Ka4^2!$  $5$?2,$C&�;w6x"d�>&[$($
	7B4 "%$��?0LJ&M:M�"@w������@$A4E��->7 "
[��.&]��	Rw)(0$�	��C6�{3|>}ON�:P+Q.y��MN 9�"*4^2);�{>|>}+N�nHz.yAo�N�[8;84 '&$@"L$  &*$0$Q"  -��,$@"Q4<2
->2R$+2,$+&W;�6,&D-32);-$a�?0�6���()->7SHA�j�K7+-�����'&$!$  $ "2�T� �+0 e  4 (  $  $#&D->2��\r G F ��� E 4 "$  $�(C7 ��'&$C&d7 $)-)0"%$'&Gw)(*$*w+&*$�N   $p�KwF$`�?wF$N�+0N{>|3}ON�nHz.yFoUN�->2�	#$  $x"d1Rw?4 ;?;87 $m�+7 �+$%"N0$�3&�$  $ G F �V� E G -/&*$x"  ��e�2P4<2
(K4 ;Rw+&*$�T NPr0N

W ����X ��� � �3YRZ\[^]`_ , �U����aC�
 �b $dc $,e	-$Df3�-gC- Y ��_`; :Vh%$0$"qi$0jlk`m �+n D NET NEDF<om h �Dn���epnqk��rh�e3m k(j b �,$lk5es$0$#ntk5e �ue:c k($DfVn&e,k�m�n,v
j
�On�g��?f��Re,k�m �On0h
[+e��&f*e?n,j b $
	wh1k�fGw,j�kAw#f*$(: > c`<se?n�	7ez�&�:f*$3h1k%e��#c $xh1k�fGw,jlk*w#f*$�: > 2 <�e b m j b �Re-m�n#c 6j
�On0hlm h1kyh&�#gsk5el�qe�	 *ze&j,$#n�k b $Dc{m j0$0h)NjqOk�fGw,j�kAw#f*$ �&f'$�	Um jlk`m �+nqm{n2e?n7$#n,$#f'v�6|f}e?n,v-$*�#g 9 ��j,e:cSH��&��c
�&e&h%$
	 �On~k b $~e����&f��?e/j b �#g�e��0h1k`f}e&j�koh b e��,$�h�f*$.'&$,e:c $�	�k b f*$0$ G F �V� E G e b m j b eDf'$~h b ��epn�m{n
(Om vRw#f*$�h�T0NED :ze�< 
 :�jw<�N (+m vRw#f*$iT0NED�:ze�<�h b ��e�h�k b $ ")�!� _zh1k�fGw,jlk*w#f*$�[le b m j b j��:f�f*$�h@���+n�	#h4k��tk b $
e0g��?f'$��5$#n�k`m �+n,$
	dh1k`fGw,jlk*w#f*$ > 2 N  �b $ok b m{f]	 G F �V� E :�(+m vKw#f*$ T NED�:�j<C<Rh b ��e�h7v�����	dj
�?f�f*$�h@���+n._
	-$#n,j0$�k���k b $|j
�On0g$�?f5��e,k�m �On > c�N (8w#fTk b $Df�e?n&e:c 6,hlm h
[�e3m k b etf*$Dc�e@bD$
	d$#n,$Df*vw6qk b f*$�h b �Oc 	 �#gx�
�;j,e:cSHA�j��c��&f���	Rw&j0$
	�J&M G F �V� E G e?n�	|f*$.'&$,e:c $�	4k b e0k G F �V� E J0�h:�(+m vKw#f*$zT0NED�:U	�<d<pm h3$
1Rw&e:c-k�� > c�N
qOw��(��e/f�m hlm{n,v7k b m h&�5$,e?n0h�k b e,k�J&M G F �V� E G|b e	�k��i�,$Rj b $,j��;$
	:w:n�k�m{c����#k b j
�?f�f*$0jlk�j��On�g��:f5�Re@_
k�m �On0h�j
�Hw#c 	 �,$4m 	-$#n�k`m k+$
	0Nj�i$DfTg$�?f5��m�n,v4k b $�h;e��5$�e����&f]��e/j b �&e&h%$
	��On�j
�����#c $lk($�h@w�������k�mP��e:c
g$��c 	Um{n&v e�m k b �Kw�kxj
�+n0hlm 	:$Df�m{n,vdc �On,$#c 6h�&e&h%$ �/e-m{f'h\el�Hw#c 	 b e�'&$ �5$,e?n�kpj b $0j��&m�n,vte����&f]�
b?mP��e,k($Dc 6
�?8:83.;8:8?82h1k`fGw,jlk*w#f*$�h)N



��� �����	��
��������������� ������� �,�

Shape GGGCCCAUAGCUCAGUGGUAGAGUGCCUCCUUUGCAAGGAGGAUGCCCUGGGUUCGAAUCCCAGUGGGUCCA

[] (((((((((((((((.((((.....(((((((...))))))).))))))))))).........)))))))). -35.9 kcal/mol
[[][]] ((((((((.....((.((((.....(((((((...))))))).))))))(((.......))).)))))))). -32.2 kcal/mol

[[][][]] ((((((...((((.......)))).(((((((...))))))).....(((((.......))))).)))))). -31.7 kcal/mol
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gzf���� 8�� J,8��;j,e:cSHA�j��c�e�$Df*$p$Hb#e���m�n,$
	�k��wf*$.'&$,e:c,k b $�m�n�� !,$#n,j,$3�#g k b $p$-n,$Df*vw6�f}e?n,v-$ / s�h�e�c e&h1k
$Hb��,$Df�mP�5$#n�k@[ Y $�h1k�mP��e,k($
	qk b $"�&e&h%$��#g^k b $)$`b����On&$#n�k`m e:c $Hb��&f*$�h(hlm �+n�f*$Dc�e,k�m�n,vtk b $�n)!����&$Df �#g
h1k�f-!,jlk.!#f*$�hN:�e3m k b �,!�ksm hd�Oc e,k($
	z�&e&h%$3�&e:m f'h`<�e?n�	ph b e��,$0h :�k56��,$ TA<`[�f*$�h@�,$,jlk�m '&$Dc 6`[:k��3k b $�h%$�1/!,$#n,j,$
c $#n,v#k b % : H Y�� Z������ H������ 2���� )	�Q[)H Y � Z!��
"� H	���#� 2�v$� +%� < / (��?fOk b m h��5!#f5���-h%$ Y j
���(�)!�k($
	�k b $
n)!����&$Df �#gpe-c{c^���:h(hlmE�#c $oh1k`f-!,jlk.!#f*$�h2e:n�	�h b e��,$�h�g��?fpf*e?n�	���� h%$�1/!,$#n,j,$�h*�-g '/eDf m �,!0h)c $#n,v#k b h /
Y j b �:h%$ 9 8 h%$�1/!,$#n,j,$�h�g$�?fx$,e/j b c $#n,v#k b ��g$�?fpk b $th b e��,$de?n&e:c 6,hlm h|e,k|c $#n,vDk b J0�?8 �+n#c 6 �On,$
	:e,k(e ���Om{n�k�e�e,h|j,e:c j !#c�e,k1$
	 	,!,$tk��uj������5!�k(e,k`m �+n&e:cLj��On0h1k`f}e-m�n�k1h / (+m v,!#f*$�hhT / I�:ze�<4e?n�	 :��w<
m c c !0h1k`f*e,k($�k b $�hlc ��e�$#f :d�)!�k h1k`m c{c�$Hb����+n,$#n�k`m e:c <�vUf���e�k b �-g�
�� H	� j
�����&e/f*$
	�k������ H�� e3m k b vUf���e3m�n,v
h%$
1/!,$#n&j0$wc $#n&vDk b m{nRe?n5$#n,$#f'v�67f}e?n,v-$&�#g�6 { 2A)�, ����� ,+e�����'/$pk b $ ")�!��/ (��?f e5v�f]��e3m{n&vw$-n,$Df*vw6
f*e?n,v:$j�5!�k k�bD$
	xh%$
1/!,$#n&j0$Rc $-n,vDk b [	
"� H	��vUf���e�h hlc ��e�$#f :��)!0k h1k�m{c c0$Hb����+n,$#n�k`m e:c <�k b e?n���� H	�`[/k����
:W	:e,k(e)n��#k h b ��e3n�< /  �b $wf}e,k�m ���#g h b e��,$0h k��4h1k`f"!&jlk#!-f'$0hRm h 	-$0jDf*$,e&hlm{n&v :ze&h�6��(��k��-k�m j,e:c c 6�< e3m k b
vUf���e3m�n,vth%$
1,!,$#n,j0$tc $#n&vDk b e,hje�$Dc{c�e&h\e3m k b vUf���e3m{n,vt$-n,$Df*vw6tf}e?n,v-$":�h%$0$ (Om v/!#f*$�h�T / I�:�j<5e?n�	
:W	�<d< /  xb m h e:c hd�x$Hb��&f'$0h(h%$�hLk b $ 	Um 4.$Df*$#n,j0$�h^m{n�vUf���e�k b f}e,k($�h-�,$lk5e�$0$-n$
�� H�� e?n�	���� H�� g$�?f�$Dm k b $Df
h%$
1/!,$#n&j0$�c $#n&vDk b �?f $#n,$#f'v�6|f}e?n,v-$ / (+m v/!#f*$ T / I�:�$<�h b ��e�hpk b $(��'&$Df}e:c c n)!����,$Df �#g�h1k`f-!,jlk.!#f*$�h
e:n�	�h b e��,$�h�g��?f f}e?n�	���� h%$
1/!&$#n,j0$�hN�#g m�n,jDf*$,e&hlm{n&voc $#n,vDk b /  �b $Dm f e����&f��@b�mE��e,k`m �+nz�C6pg !-n,jlk`m �+n0h
$Hb����+n,$#n�k`m e:c m�n7h%$
1,!,$#n,j0$�c $#n,v#k b % v�m '&$�h�$�h1k`mE��e,k($�hpg��:f H Y � Z!���&� H��'�pe?n�	 H Y � Z!��
"� H��'� /& �b $
e:n/e-c 6,h%$�hRf*$�h8!#c k1$�	qm{n H Y�� Z������ H	��� � 8�x 8-K(�pJ�x{K � e?n�	 H Y�� Z���
�� H	��� � 8�x{��J)�pJ�x!J � /

<>=@<>=�� * I Jl�'O ImEHI G,+

 �b $Rh1k`f-!,jlk.!#f*$Rh@�&e/j0$p�#g H % s m h�	-$0h%jDf�mE�,$
	 �C6Rk b $wn��#k`m �+np�#g�n,$Dm v b ����!#f b ����	 /&Y kpm h�j
���(�j�+n
�,f}e/jlk`m j0$�k�� !0h%$tk b $ ���&$#n#m{n&v e?n�	�jDc �-hlm{n&v �-g(�&e&h%$S�&e:m f'h�e&h2k b $ n&$Dm v b ���,!#f b ����	 f'$#c e,k�m �On�[
�5$,e?n#m�n,vRk b e,k^n,$Dm v b ����!#f�m{n,v4h1k`f-!,jlk.!#f*$�h 	Um 4 $Df�m{n�$Hb-e&j�k�c 63�On,$p�/e,h%$a�/e-m{f / s�h�e,g��:f*$���$#n�k`m �+n,$
	�[
k b m hxj,e?nm�,$ !0h%$
	ok��)j#c e&h(hlm g 67h1k`f"!&jlk#!-f'$0h�e&h�c �:j&e-cQ:W�?f vUc ���&e:c <a��m�n#mE�Re�[ �5$��(�,$Df'h��#gse�'/e:c{c $.6.[
�:f5h;e�	�	Uc $ ����m�n�k1htm{n�k b $�$#n,$#f'v�6�c�e?n�	#h%j,e��,$ /  �b $un,$#m v b ���,!#f b ����	 f*$Dc�e,k�m �On0h �#g�k b $�h b e��,$
h@�&e/j0$te/f*$te	�	Um k`m �+n�e?n�	�f*$��j��'/e:cQ�#gpk b $qh1k�f-!,j�k#!#f}e:c.$#c $���$#n�k1h�k b e,kwe/f*$qj
�On,hlm 	-$Df*$
	 �H6�k b $
e&j�k#!&e:c h b e��&$~k56��,$ / (��?fxk b m h~f*$,e&hd�On�[pk b $dh b e��&$ e��,h1k�f}e/jlk`m �Onrhd���5$ b ��e j
���(�,f*$�h(h%$0h|k b $
h1k�f-!,jlk.!#f*$�c e?n�	-h%j,e��,$�m{nwk($Df5�xh\�#g3f*$��#c�e/jDm{n,v�e('/e:c c $@6 �-g�:d��e?n@6�<^h1k`f-!,jlk.!#f*$�h&e�m k b e*'/e:c{c $.6��#g
:(n��#k�hd�f��e?n@6�< h b e��,$�h / % �-k1$�k b e0kp�Re:n
6`[ $.'&$-n|n��+n._;n,$Dm v b ����!#f�m{n,v~h1k`f-!,jlk.!#f*$`_W'/e:c c $.6,h ��m v b k
v-$lk�j������-m{n,$
	�m{nz�On&$�h b e��,$`_W'/e:c{c $.6 /  �b $Rh b e��&$�h\�#g k5e �qn,$Dm v b ���,!-f m�n,vqh1k`f"!&jlk#!-f'$0hxe/f*$�$Dm k b $Df
k b $^h;e��5$�[��,$Dc �On,vxk��pk b $�h;e��5$�h b e��,$�'/e:c c $.6��?fQ�,$Dc �On,vxk���n,$Dm v b ����!#f�m{n,v�h b e��&$ '/e:c c $.6,h /  xb $Df*$
m h�n�� ���-h(hlmP�#m c{m k56�k b e,k k b $Dm{f�h b e��,$0hN�&$Dc �+n,vRk��7n��On._;n,$#m v b ���,!#f�m{n&v4h b e��,$N'/e:c c $.6,h
[�e b $Df*$,e&hpn��On._
n,$Dm v b ���,!-f m�n,vqh1k`f"!&jlk#!-f'$0hp��e`6 b e�'&$4n,$Dm v b ����!#f�m{n,v�h b e��,$0h /
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+��-,�. � � �0/ �03 �^�����&eDf m hd�Onz�-g g$�Oc 	Um�n,v)h@�&e/j0$7e:n�	2h b e��,$�h@�&e/j0$ :��&e&h%$
	m�+n�h b e��,$�k56��&$pTA< / s�c{c
vUf}e�� b hph b ��e k b $Rhlc ��es$Df vUf���e�k b �#g k b $Rh b e��,$Rh@�/e&j,$�j
���(�&e/f*$
	wk��wk b $Rh1k�f-!,jlk.!#f*$�h@�/e&j,$ /
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<>=�
j=BA � ImP �� N#� N�LHI�
Y n"q+$,jlk�m �Ongr / D / ;�[�m kom h7h b ��epn b ��e k b $ �&e/fTk�m k�m �On�g !-n,jlk`m �+n�j,e?n �,$ !,h%$
	~k��rj&e-c j !#c�e0k($�k b $
�,f����/e��-m c m k56 �#gpe:n�m{n�	�m '-m 	/!&e:c h1k�f-!,j�k#!#f*$ / s h7e:c{f'$&e�	�6f�5$-n�k�m �On,$�	�[ k b $ "2�!� _zh1k�f-!,j�k#!#f*$qe:c ese`6&h
b e&h k b $ b m v b $�h1k��&f����&e��#m{c m k56 /- �b $&�&f����&e��#m{c m k`m $0h �#g�m{n�	Um '-m 	/!&e:c&h1k`f-!,jlk.!#f*$�h 	-$0jDf*$,e&h%$ e3m k b c �+n,v-$Df
h%$
1/!,$#n&j0$�h
[Le&hpk b $�k��#k%e:c�e?n�	�n,$,e/fX_ ����k�mP��e:c n)!��(�,$Dfl�-gsh1k`f-!,jlk.!#f*$�h�m�n,jDf*$,e&h%$�h / (%!#fTk b $Df5�j�?f*$�[
e�h%jDm $#n�k`m h1ki��m v b kon��-k��,$~m�n�k1$#f'$0h1k1$
	 m{nqk b $ �&f]���&e��#m c{m k56 �#g3�On&$�h@�,$0jDm k+j�h1k`f"!&jlk#!-f'$�[\�)!�k|m{n
k b $ �&f����&e��#m{c m k56g�#gRetjDc�e,h(h��-gxhlmE��m c eDf�h1k`f-!,jlk.!#f*$�h
[�h8!,j b e&h�k b �-h%$ b e
':m{n,vdk b $qh;e��5$|h b e��,$ /
 �b m h^h8!,v-v:$�h1kyh k��2mE�(�#c $��5$#n�ksk b $5j&e-c j !#c�e0k`m �+nz�#g k b $(�&e/fTk`m k`m �+nxg !-n,jlk`m �+n�e?n�	w$��(�,$
	2m k3m{n�k b $
e����,f��?e/j b �#g�e��0h1k`f}e/jlk�h b e��&$�h /�� $#n,$#f*e:c{c 67h@�����;$#n�[+k b $ �&f����&e��#m{c m k56��#g h b e��&$���m h�k b $Rh8!�� �#g
k b $ �&f����&e��#m{c m k�m $�h&�-g�e:c c:h1k`f-!,jlk.!#f*$�h������ /

9������ � ∑

�����
9����	� :WT / ��TA<

s n/e-m '&$Re-c v��?f�m k b � �&e&h%$
	 �On5k b m h $
1,!&e,k�m �Onael��!#c 	wj,e:c j !-c e,k1$�k b $(�,f����&e��#m c{m k56��#g $,e/j b m�n�	Um ':m 	_
!&e:c�h1k`f-!,jlk.!#f*$�e?n�	�h8!�� k b $�h%$ / -L$#n,j,$�[Lk b m h�e:c v��?f m k b � el��!#c 	�h8! 4 $Df�g f���� k b $)$HbA���On,$-n�k�m�e:c
$Hb��#c �-hlm �+nae�$�e�e:n0k�k��wjDm f*j !��\'&$#n0k e�m k b k b $�e����&f��?e/j b �#g e��0h1k`f*e/jlk�h b e��&$�h / s�jDc �-h%$Dfsc �����xe,k
��1/!&e,k`m �+n*r / I|h b ��e�h��  xb $m�&eDf!k`m k`m �+n�g !-n,jlk`m �+n�m h3k b $�h8!�� �-g k b $ L ��c k����Re?n-npe�$Dm v b k($
	ogzf*$0$
$#n,$Df*vUm $�hp�#g�e-c{c�h1k�f-!,jlk.!#f*$�ha�#gsk b $�h1k`f-!,jlk.!#f*$7h@�/e&j,$ �&� H�� /� �b $�gzf*$0$w$#n,$#f'v�6 �-g�e?n|m{n�	Um '-m 	,!&e:c
h1k�f-!,jlk.!#f*$��2m h�k b $�h8!�� �-g k b $�$#n,$Df*vw67j��On�k`f�mE�)!�k`m �+n0h! ��#" � �-gse:c c:h1k`f-!,jlk.!#f}e:cU$Dc $��5$-n�kyh$"��%� /
 �b !0h
[ ��1/!&e,k�m �On�r / I)j,e?n��,$wf*$`_We3f�m kyk1$#nwe,h��

& � ∑

��� �('*)#+
Z-,

P.�/10�2�3 .�45�6 :WT / ��I�<

� ∑

��� �('*)#+
∏

7 �#�
Z , 2�3 .845�6 :WT / �:IA<

e b $Df*$ > m h�k b $ !-n#m '/$Df'h;e-c v:e&hRj
�On0h1k%e?n�k�:+# / #'#�;�V�O:I�;,IS��j,e:cSH:9�<�e?n�	<; k b $wk1$>=@?,$Df}e,k.!#f*$qm{n
9�$Dc '-m�n /BA�b m h�$
1/!&e,k`m COn|h b C�e�h b C�e k b $D?&e/fTk�m k�m COn2g !-n,jlk`m C+n�m hRjECF=@?)!�k($EG~f*$0j !-fThlm '&$Dc 6qe&hxk b $
h8!>=HC#g�k b $I?,f8CJG,!,jlk1h�C#g�k b $ L COc kK�L=�e?n-n*e�$Dm v b k($EGt$#n,$#f'v�6ojECOn�k`f�m�M)!0k�m COn0hBC#g�k b $7h1k`f-!,jlk.!#f}e:c
$Dc $L=�$#n�k1hNC�'&$Df e:c c:h1k`f-!,jlk.!#f*$�h /
Y =@?#c $L=5$#n0k1$EGtm{n*sRQ�O k b m h\6-m $Dc G-hRe?n2e-c v-$LM&f}e�e b m j b = !#c k�mP?#c m $�hxk b $ L C�c kK�L=�e?n-n�e�$Dm v b k($EG

$#n,$Df*vw6rjECOn0k�f�m�M5!�k�m COn0hDC#g5k b $�h1k�f-!,j�k#!#f}e:c $Dc $>=5$#n�k1hoe?nQG !,h%$�h)h8!>=�=�e,k�m COnte&hwk b $RCSM,*�$0j�k�m '&$
g�!-n,j�k�m COn /�A�b $^v>C?e:c/m h�kTC�jECS=�?)!�k($�h b eU?,$�h kKC?v-$lk b $DfFe3m k b k b $Dm fV?&f8CSM&eUM#m{c m k�m $�h /�A�b $W?,f8CSM/eJM-m c m k56
C#g3h b eU?,$X� m h2m k1h�jEC+n�k�f�mPM)!�k`m COnR& � kKCtk b $R?&e/fTk`m k`m COn�g !-n,jlk`m C+nIGUm '-m G:$EGYMC6)k b $)g�!#c{cZ?/e/fTk�m k�m COn
g�!-n,j�k�m COnB& /

9������ � & �
& :WT / ��OA<

-[C�e j,e?n e�$4jECF=@?)!�k($\& �E] A�b $)e?n0h�es$Df3m h5kKC�jECF=@M#m�n,$wk b $4h b eU?,$�nQC-k(e,k`m C+noe-c v-$LM&f}eme3m k b
k b $^?/e/fTk�m k�m COn�g !-n,jlk`m C+n7e:c v-$LM&f}eom{nRh8!,j b eaese`6Rk b e0k@[+$&e&j b k�mP=5$�m{n�k($Df_=5$EG�m e,k1$Rh`COc9!�k`m C+n0h b e�'&$
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+��-,�. � � �0/ �03� F �V� E G C#g3k b $)k b f*$0$<=%C:h1kB?&f8CSM&eUM#c $�h b eU?,$�hBC#g3k b $~<"! EOF �0���#�:>#A G k�H % s�_ye-c�e
kKC?v-$lk b $Df e3m k b k b $^?&f8CSM&eUM#m{c m k�m $�h%C-gLk b $Rh b eJ?&$�hz:Vh`C?fTk1$EG MC64m{n&jDf*$,e&hlm{n,v�$#n,$Df*vw6�< /

k b $7h;eU=5$�h b eJ?&$�[ k b $Dm{f L C�c kK�L=�e?n-n�e�$Dm v b k($EG�$#n,$Df*vUm $�h�e/f*$4e GJG-$EG !>? /%A�b m h5jECF=@M#m�n&e,k�m COn�m h
e&j b m $.'/$EG !0hlm{n,v7k b $5h`Cwj&e-c{c $EGI?&f8CJG/!,j�k�e:c v-$LM&f}e / I�#�1W[Ae b m j b m h�eRv-$-n,$Df}e:cF=5$lk b CUG�kTC7jECF=@M#m�n,$
k5e�C e:c v:$LM,f}e&h / A�b $uf*$�h8!#c k`m{n&v e:c v-$LM&f*eujECS=�?)!�k($�h|e:c c.g $&e,hlmPM#c $~h b eU?,$0h)kTC:v-$lk b $Dfje3m k b k b $Dm f
f'$0h ?,$0jlk`m '&$�jEC+n�k�f�mPM)!�k`m COn,h^kTCRk b $ ?&e/fTk`m k`m C+nxg !-n,jlk`m C+n /�A�b $@?,f8CSM/eJM-m c m k56�C-g�e?nRm{n GUm '-m G/!&e:c-h b eU?,$�[
e b m j b m h)j,e:c j)!#c e,k($EG e&j,jEC?f G�m{n,v kTC$#�1,!&e,k�m COn T / ��O�[pm h4k b $�h8!>= C#g5k b $ ?,f8CFM&eUM#m c{m k`m $�h�C#g�e:c c
h1k�f-!,jlk.!#f*$�h�k b e,k5e/f*$X=�$L=@M&$Df'h C#g�k b $7h;eU=�$�h b eU?,$�[.$Hb#e/jlk`c 6�c m&%;$wh1k(e,k($EG�m{nwk b $ M,$,vUm{n-n-m{n,v<C#g
k b m h�h%$0jlk`m C+n / % C#k($2k b e,k�k b m h7eU?>?,f8C�e&j b e?n&e:c 6,h%$�h�k b $oh1k�f-!,jlk.!#f*$�h ?&e/j0$qe:n GunQC-kRk b $oh b eU?,$
h ?&e/j0$�[$M,$0j,e7!0h%$ok b $R?&f8CSM&eUM#m{c m k`m $0h^C-g�h b eJ?&$�hwe/f*$|jECS=�?)!�k($EGtg f8CS= k b C-h%$IC#g�h1k�f-!,j�k#!#f*$�h2e?nQG
h1k�f-!,jlk.!#f*$�h�e/f*$�nQC-k ?,f*$�h%$#n0k�m�n�k b $~h b eU?,$dh ?&e/j0$ / A�b $umP=@?#c $L=5$-n�k(e,k`m C+n C-gRk b $Y?&eDf!k`m k`m C+n
g�!-n,j�k�m COn7e?nQGwk b $^?&f CUG/!,jlkxe:c v:$LM,f}eom hpvUm '&$#n2m�nps ?>?&$#nQGUm b L /

<>=�
j=�� C����
E L
	��sN�LHI���
� � �����,�	� ����� �
s ?>?#c 6-m{n&v2k b $�h b eU?,$ ?,f8CSM/eJM-m c m k562eU?>?&f8C?e/j b kKC)k b $�k�H % s $Hb#eU=@?-c $�gzf8CF= q+$0j�k�m COn(T / D / �ovUm '&$�h
k b $|f*$�h8!#c kyhRh b C�epnqm{n (+m v,!#f*$mT / I /@A�b $wh b eU?,$ b C�c G�m{n,vtk b $I=xg $`_zh1k`f-!,jlk.!#f*$om hRe:c h`Cqk b $X=	C-h1k
?,f8CSM/eJM-c $ C+n,$":Vh b eJ?&$ ;<`[�M)!0kReU?>?&f C
b /  

' C#g�k b $2h1k`f"!&jlk#!-f'$0h@C#g�k b $)$#n,h%$L=@M#c $�f*$�hlm G-$tm{n2k b $jDc C�'&$Df�c $,e,g3h b eU?,$h:Vh b eU?,$ rA< /�A�b m h4m hB= !,j b =	C?f'$wk b e?nwg C?fsk b $4h%$,jECOnQG�h b eU?,$ e b m j btb COc G#h
e:n�$#n,$Df*v-$lk`m j&e-c{c 6 M,$�k k($Df G F �V� E / Y nqk1$#f#=5h!C#gxk b $�h1k�f-!,jlk.!#f*$�h ?&e/j0$�k b m hR=5$,e?n0hwk b e,k7k b f*$0$
'/e:c c $@6,h)e/f*$ ?,f*$�h%$#n0k�m�n�k b $dn,$,e/fX_�CF?�k�mP=�e:c.$-n,$Df*vw6 f}e?n,v-$�[$COn,$�g C?f3$&e&j b h b eU?,$ / Axb $i'/e:c{c $.6
b C�c GUm{n,v|h1k`f"!&jlk#!-f'$0h	C-g k b $pk f'h1k h b eU?,$om h3k b $�G:$0$L?,$�h1k�:`=�m{n-m�= !J= g f'$,$�$#n,$#f'v�6�<�e?nQG|e-c h`C)k b $
M,f8C?e G-$0h1kh:`=%C-h1k7h1k�f-!,jlk.!#f*$�h�f'$0hlm G-$ m{n�k b m h2h b eJ?&$< / A�b $"'/e:c c $@6he�m k b h1k�f-!,jlk.!#f*$�hogzf8CS= k b $
h%$0jECOn G�h b eU?,$tm hRk b $2h%$0jQCOnQG G-$0$L?&$�h1k\M)!�kwm kwm ha'&$#fX6�n&e/f�f8C�e /DAxb $2h1k`f"!&jlk#!-f'$0hBC-g�k b $2k b m f8G
h b eU?,$�e/f*$4f*$L?&f'$0h%$#n�k($EGRMH6�e2nQC-k h`C\G:$0$L?\M)!0kxf}e,k b $#f�M&f8C?e G '/e:c c $.6 /

� � � �U� . �'� � �
A�b $(s.k k($#n)!&e,kTC?f5[�e:c f*$,e Gw6\G-$�h%j#f mPM,$EGdm�n qi$0jlk`m C+n D / T / ;�[ m h(%DnQC�epn7kKC�h�e3m k(j b gzf8CS= e7k�f}e?n0hlc e
_
k�m COn&e:c.m{n&e/jlk`m '&$|kTC�eok`f*e?n0hlc�e,k�m COn&e:c e/jlk`m '&$|jECOn�g#C?f#=Re,k�m COn !-nQG-$Df�h ?,$0jDm k+j|jQCOnQGUm k�m COn0h / Axb $�h%$
k5e�C�jECOn0g C?f_=�e,k�m COn0h�jQC:f�f*$�h ?QC+nQG�kKC�k5e�Ci'/e:c c $.6,hwm{n4k b $4h1k`f"!&jlk#!-f'$tc e?nQG#h%j&eJ?&$)k b e,k�e/f*$4h%$L?&e
_
f*e,k($EGYMC6�e =%C�!-n�k%e:m{n :�$#n,$Df*vw6 M&eDf f�m $Df$< / (LC?f h b eJ?&$qe?n&e:c 6,hlm h7k b m h =�$,e?n0h�k b e,k�k5e�C~h b eU?,$�h
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+��-,�. � � �0/ �03  F �V� E G C#g k b $Rk b f*$0$X=%C-h1k%?,f8CSM/eJM-c $7h b eU?,$�hWC-g k b $ps.k k($#n)!/e0kTC?f kTC:v-$lk b $Df e3m k b
k b $^?&f8CSM&eUM#m{c m k�m $�h	C-gLk b $Rh b eU?,$�hz:Vh`C?fTk1$QGDMC64m{n&jDf*$,e&hlm{n,v�$#n,$Df*vw6�< /

e�m k b f*$,e&h`C+n&eUM#c $ ?,f8CFM&eUM#m c{m k56�h b C,!#c G M,$ ?&f*$�h%$#n�k / Axb $tjEC?f�f*$�h ?QCOn GUm{n,v $`b ?,$Df�m�=�$#n�k^G-$Dc m '&$Df'h
k b $�f*$�h8!#c k1h^h8!J=@=�eDf m h%$EG4m�nC(+m v/!-f'$aT / O / Axb $�k f'h1k�h1k`f m&%/m{n,vof*$�h8!#c k C-g k b m h�e:n/e-c 6,hlm hxm h
[�k b e,k�k b $
h b eU?,$ b C�c GUm{n&vqk b $ ")�!� _zh1k�f-!,jlk.!#f*$�m h7nQC#kxk b $I=	C-h1k ?,f8CFM&eUM#c $\C+n,$ /mY n�gVe/jlk.[�e4h b eU?,$(e3m k b e
M,$�h1kx$#n,$#f'v�6*e b m j b m h � ��{�2A)�, ����� ,.eUMQC�'/$�k b $ "2�!�|b e&h�k b $ b m v b $�h1k@?&f CFM&eUM#m c{m k56 / q b eU?,$h;
e:n G"rth%$0$>= kKC�M,$qf}e,k b $#f�hlm�=�m{c e/f e3m k b f*$�h ?,$0j�k�kTC�k b $Dm{f G F �V� E G [ h`Ctk b $Dm fN?&f CFM&eUM#m c{m k`m $�h2j,e?n
M,$)e G>G-$EG /�A�b m h^=5$,e?n0hxk b e0kpk b $wh b eU?,$*e3m k b k5e�C b e:m f_?#m�n0h
[ e b m j b =�e`6IM,$4$L=@M&$EG>G-$EGrm{n)e
= !#c k�m{c CJCF?�[ b e&hwe ?&f CFM&eUM#m c{m k56RC-g2# / V�V�O e?nQGtk b $|h b eU?,$�e3m k b C+n,$ b e:m f_?#m{n b e&h4e ?,f8CSM/eJM-m c m k56
C#gF# / #'#�� /�Y n�C-k b $#f�e�C?f8G#h�k b $(s kyk($#n)!&e,kTC:f�C:j0j !-fTh5kTC V�V / O�� m{n7h b eU?,$i;@C?flrqe?nQG2kTC # / ���
m{n�h b eJ?&$ � / q b eU?,$ ;DHwr jEC?f f*$�h ? COnQG#h�kTCrk b $ � C�4 �R?QC-hlm k�m COn C#gxk b $�h�e3m k1j b e?nQGrk b $ b m v b
?,f8CSM/eJM-m c m k56|f*$�h%$>=@M#c $�h3k b e0k^k b m hRm h�m k1hRn&e,k�m '&$^?QC:hlm k`m COn / A�b $ � COn���?QC:hlm k`m C+n�:Vh b eU?,$��A<�m hN'&$#fX6
!-n#c m&%;$Dc 6�e b m j b =�m v b k�$Hb ?&f*$�h(h5k b e,k3k b $we,kyk1$-n)!&e,kKC?f m h�e7k`m v b k�f*$0v/!#c�e,kKC?f /�A�b $^GUm 4 $Df*$#n,j,$qm{n
k b $^?&f8CSM&eUM#m{c m k56wj,e?n�e:c h`C)v�m '&$�e?n4m�=�?,f*$�h(hlm COn@C+nRk b $�$M4 C?fTk5n,$0$QG-$EG2kTCwk`f m v-v-$DfLk b $Rh�e3m k(j b /

X � � �
Y n�j,e&h%$ C-g-G#hlf]s�[/k b $N=	C-h1k.eUM0h1k`f}e/jlk.h b eJ?&$3m h�nQC-kLeU?>?-c m j&eJM-c $pe&h�M C#k b e:c k($DfVn&e,k1$ jECOn�g#C?f#=Re,k�m COn0h
C#g k b m h�jECOn�g#C?f#=Re,k�m COn&e:cUh�e�m k1j b e�C,!-c G M&$Dc C+n,v)kTC4k b $�h b eU?,$ �$ p�$ m�! / s^n7e?n&e:c 6,hlm h !0hlm�n,v2k b $
c $�h(hpeUM0h1k�f}e/jlk^h b eJ?&$xk56U?,$jr b e G�k b $%C�!�k1jQCS=5$5h b C�epnwm{n0(+m v/!#f*$pT / V / Axb $ G F �V� E G m�=@?-c 6xk b e,k
m k�m h�f*$,e&h`C+n&eUM#c $okKC�jQCS=@M-m{n,$2h b eJ?&$�hm;)e?nQGiD�e?nQGqh b eU?,$�hz�te?nQGhr / L e&h%$EG C+n4k b m h
[.h b eU?,$
;/HD b e&h e�?&f8CSM&eUM#m{c m k56�C-g # / DAV4e:n G�h b eU?,$&�UH�r�C-g # / D���[Ae b m j b m hpm�n5v>CUCJGwjEC?f f*$�h ? COnQG-$-n,j0$�kKC
k b $Rh�e3m k1j b m{n,v�n&e,k#!#f*$�C-gLk b m h H % s /

� �	�'
 . � ��� � ���^a � 
'�	� ��� � $ � � ] �
=�m j#f C H % s�h�:T=�m H % s h`<�eDf'$ h =�e:c{c�: � ���+n�kH<sf*$0v/!-c e,kKC?f76 H % s h k b e,k�e/f*$%?,f8C:j,$�h(h%$EG�g f8CS= c e/f*v-$Df
?,f*$0j !-fTh`C?f'h
[ g C?fle b m j b k b $4h%$0jQCOnQG:eDfX6�h1k�f-!,j�k#!#f*$tm h�e&h(h8!>=5$EG|kTC ?#c�e`6|e?nqm�=@? C:fTk%e?n�k�f8C�c $ / s
jECS=�=%COn|g $&e0k.!#f*$�C#g5e:c{c %/n C�epn ?&f*$0j !#f'h`C?f'h�m h
[sk b e,k�k b $.6qg C?f_= e b e:m f_?#m�n"e b C-h%$�$-n,$Df*vw6rm h
hlm v�n#m k+j,e?n�k`c 62c C�e�$#f k b e?nxg#C:f f*e?nQGJCS= h%$
1/!,$#n&j0$�h C#g�k b $5h;eJ=�$ GUm�n)!,jDc $EC#k`m G-$�GUm h1k`f�m�M)!0k�m COn / I�; 1 /
A�b m h3m h�e b m�n�k kTC�e�e�$Dc c _�G-$.k n,$QG�h%$0jQCOnQG:eDfX6�h1k�f-!,j�k#!#f*$�[Fe b m j b mP=@?#c{m $�hsk b e,k k b $pjEC?f�f'$0h ?QCOnQG�m{n,v
h b eU?,$)h b C�!#c G b e�'&$oem'&$Df76 b m v b ?&f8CSM&eUM#m{c m k56 / s^n|e?n&e:c 6&hlm h4f*$.'&$,e:c $EG�[Lk b e,kxg#C?fsk b $�?&f*$0j !#f'h`C?f
C#g�� ! ���{�����D>&G c m{n@_UD / I��'1�k b $�h b eU?,$ �! b e&hxeX?&f CFM&eUM#m c{m k56!C#g�8�x M:M?M:M:M?M-6�[ e b m j b =5$&e:n,h k b e,k
COn#c 6 ;�m{ni��#�[!#�#'# =%COc $0j !-c $�h b e&h7eIGUm 4 $#f'$-n�k�h b eU?,$IC?f�k b e,k�$,e/j b =%COc $0j !-c $�m h(V�V / V�V�V�V�T	�
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+��-,�. � � �0/T_%�03  F ��� E G C#g.k b $pg#C,!#f =	C-h1k ?,f8CSM/eJM-c $Rh b eU?,$�h C#g.k b $ � ! �0�{���U�#>,G c m{n@_UDI?&f*$0j !#f'h`C?fW[
kKC?v-$lk b $Df e3m k b k b $Rh b eJ?&$^?,f8CSM/eJM-m c m k�m $�h :Vh`C?f!k($EGDMH6@G-$0jDf*$,e&hlm�n,vR?&f8CSM&eUM#m{c m k56�< /

C#g�m kyhwc m g $lk`m�=�$qm{n)k b $)hlm{n,vUc $ b e:m{f#?-m{n�h b eU?,$ / (LC?fsk b $\C�!�k ?)!�k�e ?&f8CSM&eUM#m{c m k56�j !�k _�C�4 C#gRJ&8����
ese&h !0h%$EG�[ e b m j b =�m v b k	M&$�k b $2f*$,e&h`COn7k b e,k�nQCog�!-f!k b $Df�h b eU?,$�h�eU?>?&$,e/f / s^n C#k b $Df gVe&j�k k b e,k
b e&h�kTCXM&$�jQCOn0hlm G-$Df*$EG�m h�k b e,k�k b $5h b eJ?&$ReUM0h1k`f}e/jlk�m COn!=�m v b k b e
'/$@M,$,$#nRkKCUCwh1k�f8COn&v / (LC?f k b m h
f'$&e,h`C+n�[ Y ?&$DfTg C?f_=5$EG~e:n�e:n/e-c 6,hlm hae3m k b eoh b eU?,$qf*$lk%e:m{n#m�n,vY=%C?f*$4h1k�f-!,j�k#!#f}e:c G-$lk%e-m{c :Vk56J?,$�rA<.[
vUm '-m�n,v4k b $7f*$�h8!#c k1hph b C�epn2m{n (+m v/!#f*$zT / ; # / s�c{c G F �V� E G e/f*$&'&$Df76�hlm�=�m c�e/f.h`C�m kxm hxf*$,e&h`COn/eJM-c $�kTC
jECS=�M#m{n,$7k b $L= m{n4k b $whlm{n&vUc $ b e-m{f_?#m{n)h b eJ?&$ /@Axb $Dm{fsh8!>=�=5$EGK!>?D?&f CFM&eUM#m c{m k56�m h�8�x M:M?M:M:M5L���J
e b m j b m h�M,$�hlm G-$�h2g f CF= f8C,!-nQG�m{n,v m{n&e/j0j)!#f}e&j#m $�h�k b $qh;eU=5$�e&h7k b $ ?&f8CSM&eUM#m{c m k56 C#gxk b $thlm{n,vUc $
b e:m f_?#m{n7h b eU?,$ /

304�� � >	8 A��98 8 >A@CB

Y n�k b m h j b eJ?0k1$Df Y ?,f*$�h%$#n0k1$EGxk b $�jEC+n,j0$L?�k C-g�eUM0h1k`f*e/jlkLh b eU?,$0h e:n G3k b $Dm f+$��)jDm $#n�k jECF=@?)!�k%e,k�m COn /
 m k b k b m h<=�$lk b CJG k b $�n)!>=@M&$Df	C-g4n&$,e/fX_�CS?�k`m�=Re:c h`C�c !�k�m COn0hdm�n.H % s h%$0jEC+nQG:e/f"!uh1k`f-!,jlk.!#f*$
?,f*$EGUm jlk`m COn�m hwf*$EG/!&j0$EG�g f8CS= h%$�#&$#f*e:c b !-nQGUf*$EG#hBC?f�k b C,!,h;e:n G#hRkKCRCOn#c !|e4g $@e�[^e b m j b $#n&eUM#c $�h
k b $�f'$0h%$,e/f*j b $Df kKC�v-$lk�e:nXC�#&$Df"#-m $.e C#g^k b $oh1k�f-!,j�k#!#f*$oh ?&e/j0$ / (%!#fTk b $Df_=%C?f*$�[Lk b m h4f'$QG/!,jlk`m C+n
=�e %;$�h3jECS=�?&e/f}e,k�m #&$�h1k.!QGUm $�h@= !,j b g�e&h1k($Df�e?nQG)$,e&hlm $Df / (LC?fL$`b#eU=@?#c $�[ik b $)m G-$-n�k�m k+j,e,k�m COn!C#g�e
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f'$,v/!#c e,kTC?f !�$Dc $L=5$-n�k m�n5jEC�_%f*$0v/!#c�e0k($EG H % s h�j,e?n@M&$WG>C+n,$�M !�= !#c k`m�?#c $ph1k`f"!&jlk#!-f'$�e:c m v�n>=�$#n�k C#g
h8!>MQCS?0k�mP=�e:c&h1k`f-!,jlk.!#f*$�h /�Y g(C+n#c !�k5e�C�h8!,j b h%$ � !,$#n&j0$�h�eDf'$5e:n/e-c !,h%$EG�[�k b $Rn5!>=@M,$#f C-g�n,$,j0$�h(h;e/f"!
?&e:m f7e3m h%$wjECS=�?&e/f�m h`C+n0hxvUf8C�e�h5e:c f*$,e G ! � !&e GUf}e0k`m j�e3m k b k b $)n)!J=@M,$Df C-g�h8!>MQCF?�k`m�=�e:c�h`C�c9!0k�m COn0h /
A�b !0h
[:k b $^jECF=@?)!0k(e,k`m COn/e-cLM)!-f G:$#npj,e?nWM,$xf*$EG/!,j0$QG3e3m k b k b $�jECF=@?)!�k%e,k�m COn C#g eJM,h1k�f}e/jlkLh b eU?,$�h
m{n�e � !&e GUf}e0k`m jzese !.[�kTCJC /
Axb $�m�n�k�f8CUG/!,jlk`m C+n C#g�k b $R?&e/fTk`m k`m COn|g�!:n,jlk`m COnteU?>?&f8C?e/j b kKC�j,e:c j !-c e,k1$|k b $ ?&f8CSM&eUM#m{c m k�m $�h\C#g
h b eU?,$�h�vUm #&$�h3g�!-f!k b $Df�m�n0hlm v b kyh�m{n�kTC4k b $�h1k`f"!&jlk#!-f'$�h ?&e/j0$�C-g H % s / (+m f'h1k@[ik b $�$`b#eU=@?#c $�h3h b C�e
k b e,kRk b $)h b eU?,$ b COc GUm�n,v~k b $ "2�T� _zh1k`f-!,jlk.!#f*$�m h)nQC-k�e7!�kTCS=Re,k�m j,e:c c !|k b $ =%C:h1kB?&f8CSM&eUM#c $�COn,$ /
q+$0jQCOnQG�[�m{nok b $oj,e&h%$\C#g jQCS=@?&$lk�m�n,vth1k`f-!,jlk.!#f*$�h�k b $�?&f8CSM&eUM#m{c m k�m $�hw$`b ?,f*$�h(h�k b $2gzf*$ � !,$-n,j�! C#g
$,e/j b h b eU?,$dm�n�k b $�$#n0h%$L=�M#c $ / sZGJGUm k`m C+n&e:c c !.[�e b $#nth%$,e/f*j b m{n,vuk b $�jECS=�=%COn�h b eU?,$ C-g�k5e�C
h%$ � !,$#n&j0$�h�e ?&f8CS=�m hlm{n,v5eJ?J?,f8C?e/j b e�C�!#c G@M,$skKC�h%$,e/f*j b g#C?f�k b $ C+n,$-e3m k b k b $ b m v b $�h1k jECF=@M#m�n,$EG
?,f8CSM/eJM-m c m k ! /
Axb $tf*$L=Re/f %�eUM#c $�f*$�h8!#c k�g C?f�k b $tc{m{n._�� ?&f*$0j !#f'h`C?f C#g � ! �������U�#>,G [�kTC:v-$lk b $Df�e3m k b k b $og�e/jlk1h
k b e,k�e:c c %DnQC�epn�=�m H % s ?,f*$0j)!#f'h`C:f'h b e�#&$xe b e:m f_?#m�nRe&h�k b $Dm{f "2�!� _zh1k�f-!,j�k#!#f*$�e:n GRk b e0ksk b $�!�e/f*$
f*e,k b $Df.h =�e:c c�� � J,8?8|n�k��.[�c $,e G#h kKC�k b $�m G-$,e@C#g�!0hlm{n,v 27456+N�n,130Ao�N�kKC7h%$,e/f*j b e b COc $Rv-$#nQCF=5$�h
g C?f b e-m{f_?#m{n0h	C#gLk b m h3hlm �0$ b e�#-m{n&voe #&$#f ! b m v b ?&f8CSM&eUM#m{c m k ! / Axb $�h%$�h b C,!#c G M,$�v>CUCJG)j&e:n GUm G:e,k($�h
g C?fsn&$.e =�m H % s ?,f*$0j !-fTh`C?f'h�e?nQG b $#n,j0$we-c h`C4g C?f�n,$.e =�m H % s h /
sdv-$#n,$#f*e:cJ?&f8CSM#c $L= m{n�h1k�f-!,j�k#!#f*$�e?n&e:c !&hlm h�m h kTC5j b CJC:h%$�e5f'$&e,h`C+n&eUM#c $pj)!�kU_�C�4|g#C?f+h8!>MQCF?�k�mP=�e:c
h1k�f-!,jlk.!#f*$�h / *�n,j0$#f!k%e:m{n�k`m $0h2m{n4k b $4$#n,$Df*v !<?&e/f}eU=5$lk($Df'h�mP=@?#c !4k b e,k�h1k`f-!,jlk.!#f*$�hpe b C-h%$2$-n,$Df*v !
m hBO � eUMQC�#/$�k b $\=xg $ b e
#/$�kTCRM,$wjEC+n0hlm G-$#f'$QG�[ e b $Df*$,e&hxh1k`f-!,jlk.!#f}e-c #/e/f�m eUM#m{c m k !DM !X=%COc $0j)!#c e/f
%&m�n,$lk`m j�h�m h MQC�!-nQG M !�e�j,$DfTk(e:m{nt$-n,$Df*v !df}e:n&v-$�[�$ / v / 6 {	��
� �����	� /  m k b k b $<?&f8CSM&eUM#m{c m k�m $�h
C#g�h b eU?,$�h~m k�m h�nQC�e ?QC-h(hlmPM#c $~kTC j b CJC:h%$ e ?&f CFM&eUM#m c{m k ! j)!�kU_�C�4 / A�b m h
[3k b C,!&v b M&e&h%$EG COn
$#n,$Df*v !R?/e/f}eJ=�$lk($Df'h
[ m h�m�nQG-$L?,$-nQG-$#n�k@C-g�k b $4e/jlk.!&e:c "2�T� #/e:c9!,$2e?nQG�[ZG/!,$wkTC|k b $7h8!J=@=�e,k`m C+n
C�#&$Df e:c c�h1k�f-!,j�k#!#f*$�h�M,$Dc COn,vUm�n,v|kKC|e�h b eJ?&$�[Z=%C?f*$wf8CSM)!0h1k�e/v:e:m{n0h1kphlc{m v b kp$Df�f8C?fTh�m{n�k b $�$-n,$Df*v !
?&e/f}eU=5$lk($Df'h /@Axb $)e/jlk.!&e:c #/e:c9!,$!C-g�k b m hRj !�k _�C�4 h%$0$L=5hxkTC M,$�f*$,e&h`COn&eUM#c $|e,k�eUMQC�!�kwJ,8 �� e&h
k b m h e�C�!#c GX=5$,e?npk b e,k COn#c !���m{n�� #�[!#'#�#\=	C�c $0j !#c $�h�e�C�!#c G4e,k k%e:m{nxk b m h�h b eU?,$ / % C?f_=�e:c c !`[:C+n#c !
!>?pkTC�epg�$.e�k b C�!0h;e?nQG�jQCS?#m $�h C#g�e:nCH % sue/f*$ ?&f*$�h%$#n�k3m�npk b $�j0$Dc{c / Y n�e %&m�n,$lk`m j@?QC�m�n�k C-g #-m $.e\[
e�j !�k _�C�4�e,k�J&8 �� =�$,e?n0h k b e,kse�f'$#c $�#/e?n�k�h b eU?,$ b e&hskTC^M,$�?,f*$�h%$-n�k�g C?f e,k�c $,e&h1k # / r��Rh%$0jEC+nQG#h
m g k b $0H % s m h3h1k(eUM#c $�g C?fZC+n,$ b C�!#f /
Axb $|jQCS=@?-c $��?m k !IC-g k b $qe-c v>C?f�m k b =xhom h���e&h�g#C?f�k b $ %DnQC��pnog#C�c G�m{n,vre:c v>C?f�m k b =5hI!0hlm�n,v Q O��

� �h_ ' �5m{n�k`m�=�$�e?nQG�� �h_ c ��m{n7h ?&e/j0$ /�Axb $7e:c vJC:f�m k b = g C?fLk b $�jQCS=@?5!�k(e,k`m C+n�C#gsh b eU?,$\?&f8CSM&e��
M#m c{m k`m $�h !,h%$�h���k(eUM#c $�h�e?nQGhrdc{m h1k1h��z6 _ c! 9 _"�#�$� b $Df*$,e&h�k b $)e:c v>C?f�m k b = kTC�jECS=�?)!�k($4h b eU?,$�h
e:n G G F �V� E G m{n2e4j0$DfTk%e:m{n2$#n,$Df*v !qf}e?n,v-$I=�e %;$0h !0h%$�C-g�r)k%eUM#c $�hRe?nQG%�oc{m h1k&� 9 _ c  J�_"� /WA�b $
f'$&e,h`C+nxg#C?f k b $�c e/f*v-$Df�=5$L=	C:f"!Rf*$ � !#m{f*$L=5$#n0kyh�C#g k b $�e:c v>C?f�m k b = g#C?f h b eU?,$@?&f8CSM&eUM#m{c m k�m $�h�c m $0hpm{n
k b $ !0h%$!C-g�k b $ !-n/eJ=�M#m v,!QC,!0h�vUf}eU=@=Re/f /	A�b m h�C+n,$ b e&h�$#�&k�f}e ?,f8CJG,!,jlk`m COn,h��Lh`CS=�$�C-g'� b m j b
b e�#&$�kKCDM&$�k(eUM)!#c�e,k1$EG2kKC2$#n,h8!#f*$�k b e,k�k b $�jECS=�?)!�k%e0k`m C+n)( n#m h b $�hRm{n4f*$,e&h`COn/eJM-c $�k`m�=�$ /
Q !,$�kKC5jECS=�?)!�k%e0k`m C+n&e:cDc m�=�m k%e,k�m COn0h��*� b m j b ?&e/fTk�c !xf*$�h8!#c kLgzf8CS= k b $9- e&h %;$Dc{c&mP=@?#c $L=5$#n0k(e,k`m COn"�

k b $7e-c v>C?f�m k b = g#C:f j&e-c j !#c�e0k`m{n&v�eUM0h1k`f}e&j�k3h b eJ?&$�hRm h�j !-f f*$#n0k�c !|c{m�=�m k1$QG4kKC)h%$ � !,$#n&j0$�h�C#g^c $#n,vDk b
!>?�kTC(r"��#on�k�e:n G�k b $5e:c vJC:f�m k b = g C?f j,e:c j !#c e,k`m{n,vwh b eU?,$�?&f CFM&eUM#m c{m k`m $�h�kTC�h%$ � !,$#n,j,$�h C-g�c $#n,vDk b
!>?�kTC+�,��# n�k / (LC?f�euf*$,e&h`COn&eUM#c $ n)!>=�M,$Df%C-gxg�!:n,jlk`m COn/e-c H % s�h4k b m h�m h|h8!��)jDm $-n�k-�	M)!0k�m k
m h�C-g�jEC,!#f'h%$�G-$0hlm f}eUM#c $qkTCYM,$qeJM-c $|kKCre?n&e:c !&h%$tc COn,v-$#f3h%$ � !,$#n,j,$�hoe&h.��$Dc{c /0/ !-f f*$#n0k�c !#�21.eJ=
��C?f
%/m�n,v�kTC:v-$�k b $#f!��m k b Oi$lk($Df q�k($M4 $-n2kKCrm�=@?&f8C�#&$2k b $D?&$DfTg C?f_=�e?n,j0$RM !R=Re %&m�n,v !0h%$\C-g b m h
sRQ�O�jECS=�?#m c $Df3�$� b m j b GUm{f'$,jlk�c ! ?,f8CUG/!,j0$�h�g�e&h1k / � / CJG-$ / qFCF=5$w$��&k($#n0hlm COn0hRkTC|k b $wh1k%e?nQG:e/f8G
jECS=�?#m c $Df e/f*$4n,$0j0$�h(h;eDf !7kKC4h;e,k`m h1g�!�k b $Rh ?,$,jDm (+j2n&$0$EG#h C-g h b eU?,$�e?n&e:c !,hlm h /
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1Cn3k b m h�k b $�hlm h 1 b e�#&$ ?&f*$�h%$#n�k($EG7k ��CRkTCJCOc h�g#C:f k b $xe?n&e:c !,hlm h C-g k b $ph%$0jEC+nQG:e/f"!Rh1k�f-!,j�k#!#f*$5h ?&e/j0$
C#g �"!$# /-A�b $ 0,1 25476ON:N)eU?>?&f C�e/j b m hRm{n�k($#nQG:$EG|kKCtf'$�#&$,e:cUjQCOn�g#C:f_=Re0k`m C+n&e:c�h �3m k1j b m{n,v�m{n%�&!$#
e:n G�k b $o$�#De-c !&e,k�m COnqh b C���$EG�k b e,kwm k7m h !0h%$lg !#c g C?f�k b m h ?)!#f_?QC-h%$ /(' !-f!k b $Df_=	C:f*$� G/!&$)kTCtk b $
m�=@?&f8C�#&$>=5$#n�k1h&1 m�n�k`f CUG/!,j0$QG ��m k�j,e?n M,$ !0h%$EGokTC GUm h%jEC�#&$#f$=%C?f*$�v-$-n,$Df}e:c(?,f8CF?,$DfTk�m $�h�� h8!,j b e,h
k b $	?&f*$�h%$#n,j0$%C#g k b f*$0$�e:c k($DfVn&e,k�m #&$�e?nQG�GUm h(hlmP=�m c�e/f h1k�f-!,jlk.!#f*$�h / # =�e*)�C?f(?&f CFM#c $>= f*$L=�e:m{n-m{n,vwm h��
k b e,k�eI!0h%$Df b e&h�kTC�m{n�k($Df_?,f*$lkpk b $wf*$�h8!#c kyh�� � b m j b m h�k b $�jDf-!,j#m e:c�h1k($L?Rg#C:fLjEC?f�f*$0jlk ?,f*$EG�m jlk`m C+n0h /
+ !�k ���3m k b C,!0k<0,1327456+N:NRk b $WG-$lk($0jlk`m C+n C#gLjECOn�g#C?f#=Re,k�m COn&e:c#h �3m k(j b m{n&v&��C,!#c G\M,$�= !,j b�b e/f8G-$Df /
#�gVe�# C,!#f}eUM#c $�m�=@?&f8C�#&$>=5$#n�k ��C�!#c GBM,$ kTC�h ��m k1j b g f8CS= !,h%$DfikTCRe5!0kKCF=�e,k1$QG�m�n�k1$#f#?&f*$lk%e0k`m C+n5e?nQG
$�#&$#nNM,$�k k($Df�kKC�h`CS=�$ %/m�nQGNC#gOh%jEC?f�m{n&v /,' m f'h1kLe0kyk($L=@?�k1h kTC�h%jEC?f*$�jECOn0g C?f_=�e,k�m COn&e:c`h ��m k1j b $�h ��$Df*$
nQC#kpjECOn&jDc9!0hlm #&$ / 1 n�h`CS=�$�j&e,h%$0hpk b $�!�G-$Dc{m #&$#f'$QG�f*$,e&h`C+n&eUM#c $of*$�h8!#c k1h�� h`C)k b e,k.1OeU= jECOn�#:m{n,j0$QG
k b e,k�m k�m h�?QC:h(hlm�M#c $�kTC!G-$�hlm v�n�h8!,j b e�h%jEC?f�m{n,v /
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� ����q �,]Lo�e �go�x1xye �J{y^<{�z��:{ye ��{ye	
�� 9~eRw�e
] �GbBf8w@i!n!u�c1eBi
o�x1xye �J{y^<{�z��:{ye ��{ye	
�� 9N`!z8z�m�eRw=`Hl=i x1xFq �%{U`�{��.��{�q ��{�q 
=�,e�w.e
] x1xydLbBu@i@eMf|{~m�{~m=�:{~m�{~m=� o�r.cRa.cDrEt!r�q�e
] w=mEd ��� o ���
] w=mEd,q�e,opiLq8fEnE`@^Mf�m@e�w=`Bl@i@e ��� n�i�eLmEdEc1eRf
] u1w@i!n�i
] n�i@eBm�d1c1eMfvo���c8dMf@iLn�m1iLn�`Ha�j�i xydLbBu@i@eMf
�8f�`Lh@i�eE� q�e
] ��c8dMf@iLn�m1iLn�`Ha�j�i
m ��� o ���
] ��c8dMf@iLn�m1iLn�`Ha�j�ivdEcDrJcRf�x1x8xFq �J{~`�{��J�:{�q ��{�q
�� 90q�e1�
] ��q ��� �|� � ����q �,�!okd1c�r.cMf
] o x1xFq �%{U`�{��.��{�q ��{�q 
=� 9LxF��c!dHf@iLnEm8i!n1`BaEj�i,d1c�rJcRf�q�e1�
] �PbBf8w=iLn!u�c1eLi o���c8dMf@iLn�m1iLn�`Ha�j�ivdEcDrJcRf�q�e
] iLq1f1n�`�^Mf@m�eRw@`Bl=i�e�e�w.e ��� o�eRw�e
] iLq1f1n�`�^Mf@m�eRw@`Bl=i�e�e�w.e x�q 90q�eE�Ro�iLq8fEnE`@^Mf�m@e�w=`Bl@i@esx `Lz1z�m�eRw@`Bl=i�qseRw.e1�gq�e
] `!z1zEm@e�w=`Bl@i,q ��� o � q �
] `!z1zEm@e�w=`Bl@i�x8xFq �J{~`�{��J�:{�q ��{�q
���x1x8x4e �%{y^�{Fz���{ye
��{}e 
�� 9 e�w.eE�
] �Nq �vo1o�e
� ����q �,�_e � o�x1x�q �J{~`�{0�J�:{�q ��{�q
�� 9~eRw�e
] �Nq �vo1o�e
� ����q �,]Lo�e �go�x1xye �J{y^<{�z��:{ye ��{ye	
�� 9~eRw�e
] �GbBf8w@i!n!u�c1eBi
o�x1xye �J{y^<{�z��:{ye ��{ye	
�� 9N`!z8z�m�eRw=`Hl=i x1xFq �%{U`�{��.��{�q ��{�q 
=�,e�w.e
] x1xydLbBu@i@eMf|{~m�{~m=�:{~m�{~m=� o�r.cRa.cDrEt!r�q�e
] w=m�c,ovw
] w=m�e,ovw
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] x m�{�aJ��ov�@bBt8a�z�e,`!n1nE`L�
]ke�w=`Bl@i@e � o�eRw@`Bl=i�e�eRw@`Bl@i��
]ke�w=`Bl@i@e
��o�eRw@`Bl=i�e�eRw@`Bl@i��
]ke�w=`Bl@i@e	
vo�eRw@`Bl=i�e�eRw@`Bl@i 

]ke�w=`Bl@i@e � o�eRw@`Bl=i�e�eRw@`Bl@i �

]ke�w=`Bl@i@e���o�eRw@`Bl=i�e�eRw@`Bl@i��

���������  "!�#%$'&(!$)#+* � 6"$). !�5 .A�

]k^BbBt1a1f-9�9I`��H]
���B]?=E`Ha=bBa�c1^B`�d!mB��dHj�iB�En�`vc x��DaEf|{ ��a1f.� ��aEf�i!jEi!n �DaEf@iLj�iLn
]k^BbBt1a1fpm�mvo�x4eB`!z1z�{y^B`!z1z�{~`MrE��z�{�a�c8d3{Ui!z@d3{~iLz8n�{~iLz@dHn|{�z1n�iMrV{}c1e�{}eMn|{Qw�d3{}e�l�{���d<{0��n�{yc8d<{
] r�d3{0r�dBz8n|{0r�d!`Lz1n|{Qr.dHz=dBn�{0r�d!`!z@dHn�{0r�dHz@d!`Bz1n|{Qr�dL`!z@dHz8n|{\r.dBz@d<{Qr.dL`Lz@d3{F`!z1z=e8e�{
] e8eL`!z8z|{}^LbBa�e<{0t�d3{}^LbMrE�.c�a=i�{~`@^BbMr1�V{0w�{0w=mEc<{�w@mEd<{�w@m�e1�#u1w@i!n�i
] eL`Lz1zpm��pov�
] ^L`Lz1zp`��pop`��R�
] `Hr1��zp`�m
�po_`��M�
] a.c!dvm�o �
] i!z@dvmv�po��
] i!z8np`pmvo_`
] i!z@dBnpm��kmvo��
] z1nEiHr�`�op`
] c1ev`vo_`
] eHn_m
��mvov�
] w�d�m�m�m�m�m�o �
] eRl�m�mk^�m�m�o�^
] ��d�m_^
o�^
] ��n�^�m�o�^
] c8d�m_^vmvo�^
] r.d�m�mk^�m�m�o�^
] r.dHz1npm�m_^�m�m�m�o�^
] r.dL`!z1npm�mk^�m�m�m�o�^
] r.dHz=dBnpm�m�m_^vm�m�mvo�^
] r.dL`!z=dHnpm�m�mk^�mpm�m�o�^
] r.dHz=d!`Lz1n�m�m�mk^�m�m�mvo�^
] r.dL`!z=dHz1n�m�m�mk^�m�m�mvo�^
] r.dHz=dvm�m�m_^vm�m�o�^
] r.dL`!z=dvm�m�m_^vm�m�o�^
] `!z8z�e1e�`�m�op`
] e1eB`!z1zpm
�_ov�
] ^LbHa.e�`��pop`����
] t�d�` op`
] ^LbMrE�.c�a=i�`��po_`��R�
] `@^BbHrE�k`�m��po_`��R�
] w ��� o ���
] wpq�e,o � e�t8r�q�e �
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] w=m�cHovw
] w=mEdBovw
] w=m�eHovw

��������� ��3 # !�5 !�576". �)$0. & !�576". � 3��7& $��73 !�576".

]vnEm!jE`@e,o �|� � �����	�������_�1� � h�^B`�d��Mr�bEd � �@�1� �:�	�	������� � ^B`�d��Mr�bEd �
]�f�iHr1l=i!nE`Lf!t�n�i o 
�� �|� � � �1� ��
 �
],rEh@mHl���q�opiLq!l�x1x4�Rq���� � �=�� xFn�m!jE`@e �
f�iHrEl@i!nE`Lf8tEn�i@�1�
]
l@m!�Lt1a.^ 9�9Z�En8n�`B� ��aEf<;L�=`�eLi_�H]���d!b8`Lfs�H] �1��^!d!b@eBi!z `Ba�eRu=iLn
] =E`Ha=bHa.c1^B`�dLmL��dHj�iH��n�` ��a1f�x��DaEf|{ ��a1f.� x ��dLb1`Lf|{ �DaEf�{ ��a1f.�
] x��=d!b8`Lf�{!x��DaEf�{ ��a1f.��{!x��DaEf�{ ��a1f.�!�
]
l@m!�Lt1a.^,`!n1nE`L��f�`Lh@i�e�o�x4eB`!z8z|{y^B`!z8z|{~`MrE�Ez�`Ln1n�`B��{0a.c8d<{~iLz=d�`!n1nE`L�|{~i!z8n�`!n8n�`B��{
] iLz=dHnp`!n1nE`L�|{Fz1nEiHrV{yc1eO`!n8n�`B��{yeMn�`!n8n�`B��{�w�d
`Ln1n�`B��{}eRl_`Ln1n�`B��{
] ��dv`!n8n�`L�|{��En�`!n8n�`L�|{yc!d
`!n8n�`B��{0r�d�`!n8n�`B��{0r�dBz8n�`!n8n�`B��{
] r�d!`Lz1np`!n8n�`B��{0r�dBz@dBnv`!n1nE`L�|{0r.dL`!z@dBn�`Ln1nE`L��{Qr.dHz=d!`Lz1nv`!n8n�`L�|{
] r�d!`Lz=dBz8n�`!n8n�`B��{0r�dBz@d
`!n8n�`B��{0r�d!`Lz=d
`Ln1nE`L��{U`!z8z�e1e�{ye8eL`!z8z|{
] ^BbBa�e<{�t�d3{}^LbHr1�.c�a=i�{U`@^BbHrE�v`Ln1nE`L��{0wV{0w=m@c�{�w@m�d3{0w=m�eE� u1w@i!nEi
] eL`Lz1zv��x �{}dR�V{FnL�J� o�x �{ dM�V{�n!�.�
] ^L`Lz1z�x ��%{ dM���J{FnL���!��x ���{ dM� ��{FnL� �=� o�x �� � ���{�dR���%{�n!� �!�
] `Hr1��z�cRa8l x ��%{ dM���J{FnL���!� ��x ���{}dR� ��{Fn!� �=�
] o�x �� � ��
] ��r�h@mHl���x�rJc�a�xFz1n�m8iBa@i!n1j!�kc�a1l�xydR���J{Fn!� �!�8�:xUz@d!m8iBa=iLn1j!��cRa1l�x}dM� ��{FnL� �@�1�1�:{}dR���%{�n!� �!�
] a.c!dvmvo�x ��� ��{�a�{�a.�
] i!z@d cRa8l�z=d x �{}dR�V{�n!�J� o x ��OrEh@mHl���xUz@d!m8iBa=iLn1j!�kcRa8l xydR�V{�n!�J�8��{ dM�V{�n!�.�
] i!z8n cRa8l x �{}dR�V{�n!�J� z1n�o x ��OrEh@mHl���xUz8n�m8iBa=iLn1j!�kcRa8l xydR�V{�n!�J�8��{ dM�V{�n!�.�
] i!z@dBn�cRa8l�z=d x �{}dR�V{�n!�J� z1n
] o�x ��,rEh@mHl���xFz=d!m8iBa@i!n1j!�kc�a1l�xydR�V{�n!�J����z1n�m8iBa@i!n1j!��cRa8l xydR�V{�n!�J�8��{ dM�V{�n!�.�
] z1nEiHr_o�cHz
] c1e�c�a1l x �{ dM�V{�n!�.� o x ��Or�h@mHl���x�f@i!nBr�`Ht1l=iHa=`EdHf1� x4c�a1l �~dM�.��xycRa1l ��nL�J�1�:{}dR�V{FnL�J�
] eHn�c�a1l�dM��x �{Um�{~m@�On!�po x ��Or�h@mHl���xyeHn�m8iBa@i!n1j!�kc�a1l�xydR�V{�n!�J�8��{ dM�V{�n!�.�
] w�d�c�a1l�d1dR��dM��dLb1bBlpnL�pn1nL�
] o�x0r�h@mHl���x�w�dLm1iBa@i!n8j8�kc�a1l�x}dM�V{�n!�.����eHnEm1iBa@i!n8j8��c�a1l�xyd8dM��{Fn1nL�J�8��{}d8dM��{Fn1nL�J�
] eRlsc�a1l�d1dR��dM��x �{~m�{~m@�On!�pn8n!�
] o�x ��,rEh@mHl���xyeHn�m8iBa@i!n1j!�kc�a1l�xyd8dM��{Fn1nL�J�8��{#d8dM��{Fn1nL�J�
] ��d�c�a1l�xyd<{Fn�� x �{}d!iHa�z�{Fn�iHa�z��
] o�x ��,rEh@mHl���x���d!m8iBa@i!n1j!�kc�a1l�d x}d3{Fn�� xUnEiBaEz
� �L�1�:{}d3{�n�iHa�z��
] ��n�c�a1l�x �{}dLiBa�z�{FnEiBa�z��sx}d3{�n��
] o�x ��,rEh@mHl���x���n�m8iBa@i!n1j!�kc�a1l�xydLiBaEz�� �L� xyd<{Fn�� xUn	� �!�8��{ d!iBaEz|{�n��
] c8d�c�a1l�xyd �%{ d �=��x �{ d3{�n�� xFn �%{�n �@�
] o�x ��,rEh@mHl���xyc8d!m8iBa@i!n1j!�kc�a1l�xyd �%{ d �=��xUn �J{Fn �=�1�:{#d �%{In �@�
] r.d�c�a1l�d1dR��dM��x �{~m�{~m@�On!�pn8n!�
] o�x ��,rEh@mHl���x 

�����eMn�m8iBa=iLn1j!�kcRa8l�xyd8dM�V{�n1nL�J�
� ��f�i!nBr�`Bt8l=iHa=`�dMf1� x4c�a1l �UdM�.��x4c�a1l ��n!�.�1�:{}d1dR�V{�n1n!�.�
] r.dHz1n�cRa8l�d1dR��dM��x �{~m�{~m=� z1n�n!�pn8n!�
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] o x ��OrEh@mHl���x 
	�����z8n�cLm8iBa@i!n1j!�kc�a1l�xydR�V{�n!�J� ��eHnEm1iHa=i!n8j8�_cRa1l�x}d1dR�V{Fn8n!�.�
] ��f�i!nBr�`Bt8l=iHa=`�dMf1� x4c�a1l �UdM�.� x4c�a1l �0n!�.�1��{ d1dR�V{Fn8n!�.�
] r.dL`!z1n�c�a1l�d8dM��dM��x �{Um�{8x�h�{ d��1� z1n�nL�pn1n!�
] o x ��OrEh@mHl���x 

� ����z�`Ha�j=dLi1m8i���eHnEm1iBa@i!n8j8�kc�a1l�x}d1dM��{Fn8n!�J�
] ��f�i!nBr�`Bt8l=iHa=`�dMf1� x4c�a1l �UdM�.� x4c�a1l �0n!�.�1��{ d1dR�V{Fn8n!�.�
] u1w=iLn�ivzE`Ba�j@d!i8m1i
ovr.cRa�xUz8n�cBm1iBa@i!n8j8�pcRa1l�x}dM��{Fn!�.�1� xFz1nEm1iBa@i!n8j8�kc�a1l�x�h�{}dE�1�
] r.dHz=dBn�c�a1l�d8dM��dM�pz@d�x �{~m�{Um=�Oz8n�n!�pn8n!�
] o x ��OrEh@mHl���x 
	�����z@dEcLm8iBa@i!n1j!�kc�a1l�xydR�V{�n!�J� ��z1n=cLm8iBa=iLn1j!�kcRa8l�xydR�V{FnL�J�
] �seMn�m8iBa=iLn1j!�kcRa8l�xyd8dM�V{�n1nL�J����f�i!nLr=`Bt8l=iBa@`�dMf1� x4cRa8l �UdM�J�sx4c�a1l �0n!�.�1��{ d1dR�V{Fn8n!�.�
] r.dL`!z=dHn�cRa8l�d1dR��dM�_z=d�x �{8xyc<{�����{!xFh|{}d��8� z1n�n!�pn8n!�
] o x ��OrEh@mHl���x 
	�����zE`Ba�j@d!i8m1i���eMn�m1iHa=iLn1j8�_cRa8l�xyd1dR�V{�n1n!�.�
] ��f�i!nBr�`Bt8l=iHa=`�dMf1� x4c�a1l �UdM�.� x4c�a1l �0n!�.�1��{ d1dR�V{Fn8n!�.�
] u1w=iLn�ivzE`Ba�j@d!i8m1i
o x0rJcRa�xUz=d1cLm8iBa=iLn1j!�kcRa8l�xydR�V{FnL�J�8� xUz@d!m1iHa=iLn1j8�_cRa8l x4c�{����8�1�
] � x0rJcRa�xUz1n=cLm8iBa=iLn1j!�kcRa8l�xydR�V{FnL�J�8� xUz8n�m1iHa=iLn1j8�_cRa8l xFh|{}d��8�1�
] r.dHz=d!`Lz1nkc�a1l�d8dM��dM�pz@d�x �{8x4c�{��=��{8x�h�{ d��1�Sz1n�nL�pn1nL�
] o x ��OrEh@mHl���x 
	�����zE`Ba�j@d!i8m1i���eMn�m1iHa=iLn1j8�_cRa8l�xyd1dR�V{�n1n!�.�
] ��f�i!nBr�`Bt8l=iHa=`�dMf1� x4c�a1l �UdM�.� x4c�a1l �0n!�.�1��{ d1dR�V{Fn8n!�.�
] u1w=iLn�ivzE`Ba�j@d!i8m1i
o�z@dEcLm8iBa@i!n1j!�kc�a1l�xydR�V{�n!�J�
] �vr.cRa�xUz8n�cBm1iBa@i!n8j8�pcRa1l�x}dM��{Fn!�.�1� xFz1nEm1iBa@i!n8j8�kc�a1l�x�h�{}dE�1�
] r.dL`!z=dHz1nkc�a1l�d8dM��dM�pz@d�x �{8x4c�{��=��{8x�h�{ d��1�Sz1n�nL�pn1nL�
] o x ��OrEh@mHl���x 
	�����zE`Ba�j@d!i8m1i���eMn�m1iHa=iLn1j8�_cRa8l�xyd1dR�V{�n1n!�.�
] ��f�i!nBr�`Bt8l=iHa=`�dMf1� x4c�a1l �UdM�.� x4c�a1l �0n!�.�1��{ d1dR�V{Fn8n!�.�
] u1w=iLn�ivzE`Ba�j@d!i8m1i
o x0rJcRa�xUz=d1cLm8iBa=iLn1j!�kcRa8l�xydR�V{FnL�J�8� xUz@d!m1iHa=iLn1j8�_cRa8l x4c�{����8�1�
] ��z8n�cLm8iBa@i!n1j!�kc�a1l�xydR�V{�n!�J�
] r.dHz=d�cRa8l�d1dR��dM�pz=d�x �{Um�{~m@�On!�pn8n!�
] o x ��OrEh@mHl���x 
	�����z@dEcLm8iBa@i!n1j!�kc�a1l�xydR�V{�n!�J����eHn�m8iBa@i!n1j!�kc�a1l�xyd8dM��{Fn1nL�J�
] ��f�i!nBr�`Bt8l=iHa=`�dMf1� x4c�a1l �UdM�.� x4c�a1l �0n!�.�1��{ d1dR�V{Fn8n!�.�
] r.dL`!z=d�c�a1l�d8dM��dM�pz@d�x �{8x4c�{��=��{~m@�gnL�pn1n!�
] o x ���x 

� ���pi ��zE`BaEj=d!i8m1i���eMn�m8iBa=iLn1j!��cRa8l xyd8dM�V{�n1nL�J�
] ��f�i!nBr�`Bt8l=iHa=`�dMf1� x4c�a1l �UdM�.� x4c�a1l �0n!�.�1��{ d1dR�V{Fn8n!�.�
] u1w=iLn�ivzE`Ba�j@d!i8m1i
ovr.cRa�xUz@dEcBm1iBa@i!n8j8�pcRa1l�x}dM��{Fn!�.�1� xFz=dLm1iBa@i!n8j8�kc�a1l�xyc<{��=�1�
] `!z8z�e1e x �{!xydM� �%{�n!���L��{!xydM� ��{�n!� �@�1�_xyc<{����
� o�x ���rEh@mBlE��xye1eLm8iBa@i!n1j!��x4c<{����8��{8x}dM� �%{FnL���L��{8x}dM� ��{FnL� �@�8�
] e1eB`!z1z�xyc<{���� x �{}dR�V{�n!�J� o x ���r�h�mBl���x � ����e1eBm1iBa@i!n8j8��xyc<{����1�:{8x}dM�V{�n!�.��{8x}dM��{Fn!�.�1�
] ^LbHa.e x ��%{ dM���J{FnL���!�sx ���{}dR� ��{Fn!� �=�So�x �� � ���{ dM���J{FnL���!�
] t�d x �{}dR�V{FnL�J� o�x  �Or�h�mBl���x � �=��{!xydR�V{FnL�J�:{8xydR�V{�n!���1�
] ^LbMrE�.c�a=i x ��J{8xydR���J{Fn!� �!�:{~m=��x ���{Um�{8x}dM� ��{FnL� �@�1� o�x �� � ���{!xydM� �%{�n!���L��{!xydM� ��{�n!� �@�1�
] `@^BbHrE�sc�a1l�x ��%{!xydR�=`�{�n!�@`=��{!xydR���%{�n!� �!�!� ��x  ��{8x}dM� ��{FnL� �=�:{8x}dM�1��{FnL�1�J�8�
] o x �� �  �
] �,rEh@mHl���x0rJcRa�xFz1nEm1iBa@i!n8j8�kc�a1l�x}dM���J{FnL���!�8��xFz=d!m8iBa@i!n1j!�kc�a1l�xydR� ��{Fn!� �=�8�1��{
] xydM�@`�{�n!�=`@��{!xydM�8�V{�n!�1�.�1�
] w ��� o ���
] wpq�e o � �Eb�dBz@d �sxyeRt!r�mLf1n�c�l�d!i�eE� q�e �
] u1w@i!nEipeRt!r�mLf1n�c�l�d!i�e x�q �%{Um�{Um=� x�q ��{ d3{�n��go x�q � �!q ��{}d3{�n��
] w=mEd ��� o ���
] w=mEd,q�e
o � x���{~`�{��.����xF�|{~`�{0�J�,�@� � �Eb�dBz@d �sxyeRt!r�mLf1n�c�l�d!i�eE� q�e � {G�_]!o �:� � �
] u1w@i!nEipeRt!r�mLf1n�c�l�d!i�e x�q �%{Um�{Um=� x�q ��{ d3{�n��go x�q � �!q ��{}d3{�n��
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] w=m�e ovw
] w=m�c ovw
] x m�{�aJ�go��@bBt8a�z�e,`!n1nE`L�

��������� � #+6��8$'&(! 
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]_c�a��=cMq ��� �
] x~`�dHj � ��� ��`�dHj �@�g�=`@eBi1`Ln1n�`B�vf�`Lh@i�e�o
] x4eB`!z8z|{y^B`!z8z|{~`MrE�Ez|{�a�c8d<{~i!z@d3{Fi!z8n|{Fi!z=dHn�{�z1n1iHrV{yc!e<{yeMn�{0w�d�{ye�lV{Q��d3{0�En�{ycLd3{
] r�d3{Qr.dBz8n|{Qr.d!`Lz1n�{0r.dHz=dHn|{0r�d!`Bz=dHn|{\r.dBz@dL`Lz1n�{0r�d!`Bz=dBz8n�{Qr.dMz=d<{0r�d!`!z@d<{U`!z!z�e8e<{ e1eL`Lz8z�{
] ^BbBa�e<{�t�d3{}^LbHr1�.c�a=i�{U`@^BbHrE��{�w|{�w@m@c:{�w=mEd<{0w=mEeE� u8w=i!nEi
] x4eB`!z1z��%{}^L`!z8z �J{~`Hr1��z��%{�a�c8d �%{Fi!z=d �J{Ui!z!n �J{~iBz=dBn��J{�z1n1iHr��%{ c1e �J{}eMn �.{�w�d �.{yeRl �J{0��d �%{0��n��%{yc!d �J{
] r�d �%{Qr.dHz1n �J{0r�d!`!z8n �J{0r.dHz=dHn �.{0r.dL`Lz@dBn��%{Qr.dMz=d!`Lz8n��%{\r.dL`!z�dBz1n��J{Qr.dMz=d �%{\r.d!`Lz@d �%{F`!z8z�e!e �%{
] e8eL`!z8z �J{y^LbHa.e �%{�t�d �J{y^LbMrE��cRa�i��%{U`�^BbHr8���J{�w �%{�w@m�c �%{Qw=mEd �.{�w=m�e �L�Mo,`EdBj��S�=`@eBi1`Ln1n�`B�vf�`Lh@i�e
] x4eB`!z1z ��{}^L`!z8z ��{~`Hr1��z ��{�a�c8d ��{Fi!z=d ��{Ui!z!n ��{~iBz=dBn ��{�z1n1iHr ��{ c1e ��{}eMn �3{�w�d �3{yeRl ��{0��d
��{0��n���{yc!d ��{
] r�d ��{Qr.dHz1n ��{0r�d!`!z8n ��{0r.dHz=dHn �3{0r.dL`Lz@dBn���{Qr.dMz=d!`Lz8n ��{\r.dL`!z�dBz1n ��{Qr.dMz=d ��{\r.d!`Lz@d ��{F`!z8z�e!e ��{
] e8eL`!z8z ��{y^LbHa.e
��{�t�d ��{y^LbMrE��cRa�i���{U`�^BbHr8� ��{�w ��{�w@m�c
��{Qw=mEd �3{�w=m�e
�@�Mo,`EdBj �
�=`@eBi1`Ln1n�`B�vf�`Lh@i�e
] eL`Lz1zv��x `��%{U`��=�go�x4eL`Lz1z�� ��`��%{ eB`!z8z �,��`��@�
] ^L`Lz1z�x4^ �%{}^ �=�sx `��%{~`��=�Oo xy^L`!z8z �
^ ��`��J{ ^L`!z8z �p^
��`��@�
] `Hr1��z�x4^ �%{}^ �=� ��x `��J{~`��=�Oo�x~`HrE�Ez �
^ �S��`��%{#`MrE�Ez �p^
�
��`��=�
] a.c!dv`vo�x�a.c!d �O`�{Pa.c8d ��`=�
] i!z@d���x4^ �J{y^
�=�Oo x iLz=d � �s^ �J{#i!z=d �
�s^ �@�
] i!z8n�x4^ �J{y^
�=� �po x iLz1n��
^ �S��{#i!z1n �_^ �
�.�
] i!z@dBnv��x4^ �%{}^ �=�S� �Io�x iLz=dHn �S�s^ �S� �1{#iLz=dBn �,��^ �
� �4�
] z1nEiHr�x4^ �%{}^ �=� o xUz1nEiHr��
^ �J{Iz1n�iMr��p^
�=�
] c1e xy^ �%{}^ �@� o x4c1e �
^ �J{ c1e
�_^ �=�
] eHnv��x4^ �%{}^ �=� � � o�x4eMn �S�s^ �S� �1{ eMn �
��^ �
� �4�
] w�d�� �S� �
t�� ��P��� �Io�x�w�d �S���S� �
t�� ���P�����1{Zw�d �
� �S� �
t�� ��P��� �y�
] eRl�� �S� � x4^ �%{}^ �=�S� ���P� � �Io x4e�l�� � �S� �k^ �S� ���P� � �1{}eRl ����� � �_^ �
� ��P�����4�
] ��d�t�x4^ �%{}^ �=� o x���d � t�^ �J{P��d �
ts^
�=�
] ��n�xy^ �%{}^ �@� tpo x���n��
^ � t�{P��n �_^
�
tJ�
] c8d
n���x4^ �J{y^
�=�On �vo�xyc8d � n �v^ �gn ��{yc!d �vn ��^
�vn �@�
] r.d�� �S� � x�r��%{Qr��=�S� ���P� � �Io x�r�d � � �S� �
r �S� ���P� � �1{�r.d �
� �S� �
r��
� ���P� � �4�
] r.dHz1nv���S� � x�r��%{0r �=�Ozv� ���P� � �Io�x�r�dBz8n �S���S� �,r �gz�� ��Z�����1{
] r�dBz8n �
���S� �,r��vz�� ��Z�����4�
] r.dL`!z1n
���S� ��x0r �%{Qr��@�gz�� ��P��� �Io�x0r.dL`!z1n�� ���S� �,r �Ozv� ��P�����1{
] r.dL`!z1n �,���S� �,r���zv� ��P�����4�
] r.dHz=dBn
���S� ��z�x0r �%{Qr��@�Oz�m
� ���P�����Io�x�r�dBz=dHn � � �S� ��z�r �gzEm
� ��P��� �8{
] r�dBz=dHn �,� �S� ��z�r��vzEm
� ��P��� �y�
] r.dL`!z=dHn����S� �vz x�r �J{0r �=�OzEm
� ���P� � �Io�x0r.d!`Lz=dHn � � �S� �vz�r �OzEm
� ���P� � �8{
] r.d!`Lz=dHn �,� �S� �vz�r���zEm
� ���P� � �y�
] r.dHz=d!`Lz1n�� �S� �vz x�r��%{Qr��=� z�m�� ��Z�����Io x�r.dHz=dL`!z1n�� � �S� �vzvr �gzEm
� ���P� � �8{
] r.dHz=dL`!z1n ��� �S� �vzvr��vzEm
� ���P� � �y�
] r.dL`!z=dHz1n�� �S� �vz x�r��%{Qr��=� z�m�� ��Z�����Io x�r.dL`!z@dBz1n�� � �S� �vzvr �gzEm
� ���P� � �8{
] r.dL`!z@dBz1n ��� �S� �vzvr��vzEm
� ���P� � �y�
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] r.dHz=d����S� �vz x�r �J{0r �=� � ���P�����Io�x�r�dBz=d � ���S� �vzvr �S� ��P�����1{
] r�dBz=d �,���S� �vzvr��
� ��P�����4�
] r.dL`!z=d�� �S� �vz x�r��%{Qr��=� � ��P��� �Io x0r.d!`Lz=d � ���S� �vz�r � � ��Z�����1{
] r.dL`!z=d �
���S� �vz�r���� ��Z�����4�
] `!z8z�e1e xy^ �J{y^ �@� tpo x `Lz1z�e8e ��^ � tV{#`Lz1z�e8e �p^
�
tJ�
] e1eB`!z1zvt�xy^ �J{y^ �@�Oo x4e8eL`!z8z ��t ^ �%{ e8eL`!z8z �,ts^
�=�
] ^LbHa.e x4^ �%{}^ �=��x4^Lm��%{}^Lm��@�go x4^BbBa�e �
^ ��^Lm��J{ ^LbHa.e ��^ �_^Lm��=�
] t�d x4^ �%{}^ �=� o x�t�d ��^ �J{Zt�d �_^ �=�
] ^LbMrE�.c�a=i xy^ �J{y^ �@� x4^Bm��J{y^Lm��=� o�xy^LbMrE�.c�a=i��,^ ��^Bm��J{ ^LbHr1�.c�a=i���^ �k^Lm��=�
] `@^BbHrE��xy^ �J{y^ �@� ��x4^Bm��J{y^Lm��=� o�x~`@^BbHrE� �
^ �S�s^Bm��J{#`@^LbMrE� �p^ �
��^Lm��=�
] wpq�e o � x�q �%{�q �@���(q ���=�Oa1t8��� w�� � � � �,x�� �%{�� �@�,�=�Oq�e � {
] q ���=� w � � � � �,x�� �%{�� �@�,�=�Oq�e<{G� �go8o�q � � �
] w=m�c�q�e
o � x�q �%{�q �@���(q ���=�Oa1t8���
w=m�c � � � � �,x�� �%{�� �@�,�=�Oq�e � {
] q ���=� w=m�c � � � � �,x�� �%{�� �@�,�=�Oq�e<{G� �go8o�q � � �
] w=mEd,q�e
o � x�q �%{�q �@���(q ���=�Oa1t8���
w=mEd � � � � �,x�� �%{�� �@�,�=�Oq�e � {
] q ���=� w=mEd � � � � �,x�� �%{�� �@�,�=�Oq�e<{G� �go8o�q � � �
] w=m�e�q�e
o � x�q �%{�q �@���(q ���=�Oa1t8���
w=m�e � � � � �,x�� �%{�� �@�,�=�Oq�e � {
] q ���=� w=m�e � � � � �,x�� �%{�� �@�,�=�Oq�e<{G� �go8o�q � � �
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