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HESSI Imaging SpectroscopyHESSI Imaging Spectroscopy

Image
Reconstruction


Metering Structure
1.5 m long x 45 cm dia.

Spectrometer


Spin Rate
12-20 RPM


Spin Axis
 (to Sun Center 
within 0.2 degree)

Solar Aspect System
4 cm dia. area
(1 of 3)

Van Beek Grid
(1 of 5)

Tecomet Grid
(1 of 4)

Rear Grid
(1 of 9)

Roll Angle
System (RAS)



Flexure Mount
to Spacecraft
(1 of 3)

SAS Linear
Diode Array
 (1 of 3)

Rotation Angle

C
o

u
n

t 
R

at
e

10 arcsec

Time-Tagged

Detector Counts

186"

3.9" 6.9"

35.8"20.7"11.9"

62.1" 107"

2.3"10 arcsec

Cryostat

Sunpower Cooler

Thin Aluminum Window,
Beryllium Over Central
Area (1 of 9)

Germanium
Detector
(1 of 9)

1 keV 10 keV 100 keV 1 MeV 10 MeV 100 MeV
Photon Energy 

 

 

 

F
l
u
x
 
(
p
h
o
t
o
n
s
 
c
m

-
2  
s-1
 
k
e
V-
1 )

10-5

100

10
5

   

0.1 MeV 1 MeV

Model Spectrum

10 MeV

Photon Energy

 

 

 

 

 

 

10-5

10-4

10-3

10-2

10-1

100

 
F
l
u
x
 
A
b
o
v
e
 
P
o
w
e
r
 
L
a
w


(
p
h
o
t
o
n
s
 
c
m

-
2  
s-1
 
k
e
V-
1 )

Count Rates in Each Detector for One Rotation

Ñ+ª¼ÒaÖE°±© Û0â ' ý 1
3�E�F�/2+ ý @CB5/21
3�"�$�%a'*'*)�+�8
-S/2JSi
E�3�8*/U+�>�>�i
-S/2JKF�/2+�8
Wv/2143�+.E�F�W�+�84Wj-2I�3 ý s/2JK@�- ý @�I*n�kwO�sdJKF�n�-&FC8
T5W�F�EGE�FCsdJKF�n�-&B�JK@�E /2143G'�i*8�L�i*I�I�3�JR>.3�Bd/KQ�I
F�-S-R/21*JK@Ci
WC1�/2143G-2>�+./S-
@CB�/21
3�B�JK@C8*/~FC8
ThJK3�F�J�W�JS+.T�-G@CB�3�F ý 1A@�B�/2143�8*+�843^WCJS+.TfI
FC+�JK-�/S@bJK3�F ý 1Y/2143�W�3KJKE�FC8*+�i4ET�3X/S3 ý /S@CJ�kw;&-R/21
3�-2I
F ý 3 ý JKFCBd/&JK@!/SF�/S3�-R/21
3�T�3X/S3 ý /S@CJ ý @Ci*8*/&JKF�/S3�-~FCJK3�/S3XE,I�@CJKF�>�>.nfE�@�T�i�s>.F�/S3�T0L�>.@�`a3�JP>.3�Bd/KQ�k�y�1
3�-S3�E�@�T�i�>.F!/2+.@C8
- ý F�8�c�3�FC8
FC>.n���3�T^/S@&JK3 ý @�84-S/2JSi ý /a/21
3�+.E�F!W�3�k�y�1
3W�3�JKEGFC8*+�i4EjT�3�/S3 ý /S@CJK-aF�JK3 ý JKn!@�W�3K8�+ ý F�>�>�n ý @�@C>.3XTx/S@&I*JK@�]�+.T�3�1�+.W�1^-2I�3 ý /2JKF�>4JK3�-S@C>�i
/2+.@C8 ý FCsI4F�c�>.3�@�B4JK3�-S@C>.]�+�8
W,8
FCJSJK@�`AW�F!E�E�FCsdJKF�nR>�+�843�-(FC8
T�-S/S3�3�IG-S@C>.F�J ý @C8*/2+�8�i*i
E -2I�3 ý /2JKF,L�i*I�I�3KJJS+.WC1*/KQ�k�ya1
3RF�/S/S3�8�i
F�/S@�JK-RFCJK3R+�84-S3�JK/S3XThF�i4/S@!E�F�/2+ ý F�>�>.nh`a1
3�85/21
3 ý @�i�8*/�JKF�/S3~FCI*I�JK@!F ý 143X--SF�/2i*JKF�/2+.@�8zk�ya1
3~'=;<'xFC8
T0"�;R'�I�JK@�]�+.T*3�-S@C>.F�J&I�@�+�8*/2+�84W^FC8
TbJK@C>�>�F!-2I�3 ý /�+�8�B\@CJKE�F!/2+.@C8wk

T�fEi��gtIfg]^]�fE��Taf0iG<?]�f�t"J0K���fg>Z}2J�TBJ0�0V">+Ke_BTBS+�0_BJ0XZV.>O_e`+J�t"TBV"S+>+X�±WKeJ0J�y�<?t	8 	 ²08
p�`+J�<?>+KB_BTBS+]^J0>,_
��K �¢³ � �	J0rLXZVgUQh,<?J0n4<?K�] S+��`9n�<?X+J0T�_e`	fg>Z_B`+J � ´ � � � KBV"rsfgT
X+<sf�]�J0_BJ0TED"KBV�f�r?r{°QfgTBJ0K�fgTeJ)X+J0_BJ0�0_BJ0X�D	fg>+X5|	V"<L>I_B<L>+tO��f�> }	JOf�S+_BV"] fg_BJ0X�8

	 8\³I8���� %���( +�� ��� 1 '  ��

b X+J0_�fg<?rLJ0X4X+J0KB�0TB<?|+_B<LV">4VgU)_B`+J 7óRG��\+\,�9<?] fgt"<L>+t _BJ0�a`+>+< �,S+J <?KZt.<?h"J0>4<?>
R�S+T�UWV"TBX�J0_Ofgr�� � ´r´ � f
	�8Yb�_w`	fgTeX ����T�fEizf�>+X�tIfg]^]�fo��T�f0i^J0>+J0TBt"<?J0KED=S+>+r?<?m"J
KBV�U±_ ����Taf�i,K�D����� OD�f�>+X r?V">+t"J0T^n�fEh"J0r?J0>+t"_B`�J0]�<LKBKB<?V">+KED�U±V,�0S+KB<?>+t4V.|+_B<?�0K
fgTeJO>+V._GU±J�fgKe<?}+r?J"8�p�`+J9V">+r?i�h,<sfg}+r?J�]�J0_e`+VIX�VgU�V"}+_�fg<?>+<L>+t fgTB�0KBJ0�0V">+X,���0rÈfgKBK
<?] fgt"J0K�<?>9`	fgTBX ����Taf�i,K�fg>+X9tIfg]^]�fE��Taf0i,KQn�<?_B`+<?>9_B`+J�\,[������0V">+KB_BT�f�<?>I_eK�<?K

���������
	����� ��� ������������������� ����� ����� !#� ���



����������� ³ 	

Ñ+ª¼ÒaÖE°±©�ò0â ' ý 143�EGF�/2+ ý -214@�`a+�84W^/2143&I
FCJKF!E�3�/S3�JK-�/214F!/�T�3�V*8
3,/21
3&+.E�F�W�+�84W ý FCI
FCc*+�>�+./2n

n�<L_B`�y2V"S+TB<?J0T¡��_BT�fg>+K�UWV"TB] <?] fgt"<?>+t	DgKe<?]�<LrsfgT�_BV9_B`	fg_�S+KBJ0X <?> _B`+J)|+<?V.>+J0J0TB<?>+t
R�<?>+V"_BV.TB<g7�V"_afg_B<?>+t�[�V,X+S+rsfg_B<LV">ól�V"r?r?<?] fg_BV.T�±W[�fgmgfgKB`+<?] fqJ0_Çfgr�8?D4³������²=fg>+X

��V"`+m.V"`�RGfgTBX ����T�fEi�p�J0r?J0KB�0V"|2J9±�R �)p�²A±��GV.KBS+t"<�J0_Zfgr�8?D&³���z³4²08=7óRG��\+\,�
S+KBJ0Kq>+<?>+J��0V"rLr?<?] fg_BV"TBKED0J�fg�a`Z]�f�X+J%S+| VgU�fG|	fg<?T�V�UQn�<?X+J0rLiOKeJ0|	fgT�fg_BJ0X t"TB<?X+K�8
�qfg��`5t"TB<?X5<?K�f |+rsfg>	fgT)fgTBTaf�i^VgU�J��,S	fgr?r?i.��KB|	fg�0J0X�D�����T�fEi"��V"|	f �IS+J�KBrsfg_BK�KBJ0|,�
fgTafg_BJ0X },i _BT�f�>+KB|	fgTBJ0>,_�KBr?<L_BK5±Wy�<?t28 ��²08	p�`+JwKBr?<L_BK�VgU�J�fg�a`�|	fg<?T�V�U�t"TB<?X+K)fgTBJ
|	fgTafgr?r?J0r�_BV5J�fg�a`�V"_e`+J0TOfg>+X'_B`+J0<?T�|+<?_B�a`+J0K ±W|P²9fgTBJ <?X+J0>I_e<?��fgr�D=KBV5_B`	fg_�_B`+J
_BTafg>+KB]^<?KBKB<?V.>4_B`+TBV"S+t"` _B`+J�t"Te<?X |	fg<?T X+J0|	J0>+X+K�V"> _B`+JôX+<?TBJ0�0_B<?V.>ûVgU9_B`+J
<?>+�0<LX+J0>I_ ����Taf�i,K�8+y2V"T�KBrL<?_BK�fg>+X5KBrsfg_eK�VgU�J��,S	fgr�n�<?X+_B`�D+_B`+J9_BTafg>+KB]^<?KBKB<?V.>Z<?K
]^VIX+S+rÈfg_BJ0X UWTBV"] �0J0TeV _BV ��´�� fg>+Xô}	fg��m5_BV �0J0TBV^UWV"Twf^�a`	fg>+t"JZ<?>�KBV.S+TB�0J
fg>+t.r?J _BVô�0V"r?r?<?] fg_BV.TOf�¯+<?K7±WV"TB_B`+V.t"V">	fgr�_BV'_B`+J Ker?<?_BK!² VgUw|��";�n�`+J0TBJ�;�<?K
_B`+J�KBJ0|	fgT�fg_e<?V">Z}2J0_�n�J0J0>Zt.TB<?X+K�8,p�`+Jóf�>+t"S+rsfgT�TBJ0KeV"r?S+_B<?V.>O<LK�_B`+J0>^X+Ja�	>+J0X fgK
|���± � ;�²08
y2V"T97óRG��\+\,�aD�_B`+J5_BT�fg>+KB]^<?KBKe<?V">�VgU)_B`+J KBV"S+TB�0J |+`+V._BV">+KZ_B`+TeV"S+t"`'_B`+J

t"Te<?X+Kw<?K9]^VIX+S+rÈfg_BJ0X�},i�]^V"S+>I_e<?>+t _B`+J^<?>+KB_BTBS+]^J0>,_)V">�f5TBV._�fg_B<?>+t Ke|	fg�0Ja�
�0T�foU±_�8Ep�`+J ����T�fEi ��tIfg]^]�f���T�fEi�X+J0_BJ0�0_BV"T�}	J0`+<L>+XO_e`+J%�0V.r?r?<?] fg_BVgT	TeJ0�0V"TBX+K�_B`+J
fgTeTB<?hof�r	_B<?]^J)fg>+X J0>+J0TBt"i^VgU�<?>+X+<LhI<?X+S	f�r�|+`+V"_BV">+KED�f�r?r?Vgn�<?>+t�_B`+J)]�V,X+S+rsfg_eJ0X
�0V"S+>,_B<?>+t5T�fg_BJ _BV }2J�X+J0_BJ0Te]�<?>+J0X'fgKOf�U±S+>+�0_B<LV">�VgU�TBV"_afg_B<?V">�fg>+t.r?J"8�v�V"_BJ
_B`	f�_�_B`+J�X+J0_eJ0�0_BV"T�X+VIJ0K�>+V"_�>+J0J0Xw_BVG`	fEh"J�fg>,i)KB|	fg_B<sf�r"TBJ0KBV"rLS+_B<?V">)fg>+Xw`+J0>+�0J
��fg> }2JwV"|+_e<?]�<L�0J0XZUWV"T�`+<?t"` KBJ0>+Ke<?_B<?h,<?_�i�fg>+X J0>+J0TBt.i�TBJ0KeV"r?S+_B<?V.>�8
y2V"T%fã|	fgT�fgrLr?J0r+<?>+�0<?X+J0>,_�}2J�fg]zD._B`+J�]^VIX+S+rÈfg_BJ0X9n�f�h.JaU±V"Te]kt"J0>+J0T�fg_BJ0X^},i

fGKB]^V,V"_B`+r?iGTBV"_�f�_B<?>+tGKB|	fg�0J0�0T�fEUW_�`	fgK�fGX+<?Ke_B<?>+�0_B<?h.J��,S	fgKB<¢��_BTe<sfg>+t"S+rsf�T�KB`	fg|2J"D
n�`+V.KBJ%fg]^|+r?<?_eS+X+J�<?K�|+TeV"|	V"Te_B<?V">	fgr._BV�_e`+J�<?>,_BJ0>+KB<?_�i)VgU	_e`+J�}	J�f�]�fg>+X9n�`+V"KBJ
|+`	fgKeJ�fg>+X U±TBJ��,S+J0>+�0i9X+J0|	J0>+X V"> _B`+J�X+<?TBJ0�0_e<?V">ZVgU�<?>+�0<LX+J0>+�0J"8"y	V.T��0V"]^|+r?J�¯
KBV.S+TB�0J0K�D"fg>+XZVgh"J0T�Ke]�fgrLrITBV._�fg_B<?V.>Ofg>+t"rLJ0K�Dg_B`+J�fg]^|+r?<?_eS+X+J%fg>+XZ|+`	f�KBJ�VgU=_B`+J
n�fEh"JaUWV"TB]�|+TeVoh,<?X+J)f�X+<?TBJ0�0_�]^J�fgKBS+TBJ0]^J0>,_�VgUÇf�KB<?>+t"rLJ�y2V"S+TB<?J0T��0V"]^|	V">+J0>,_
VgU9_B`+J�fg>+t"S+rsf�T�X+<?Ke_BTB<?}+S+_B<LV">ûVgU9_B`+J�KBV"S+TB�0J ±WJ"8�t	8?Dq:�TB<?>+�0J�J0_�fgr�8?D�³ � �� ²08

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



³ � ���������
	�����������
H)< ��J0TBJ0>,_�y	V.S+TB<?J0T��0V.]�|2V">+J0>I_eK%fgTBJG]^J�fgKBS+TBJ0X�f�_�X+< ��J0TBJ0>,_�TBV._�fg_B<?V.> f�>+t"r?J0K
fg>+X�n�<?_B`�t"TB<?X+K�VgU	X+< ��J0TBJ0>,_�|+<?_e��`+J0K�8Ey	V.T�7óRG��\+\,�aDg_B`+J�KeJ0|	fgT�fg_B<LV">)}	J0_�n�J0J0>
t"Te<?X+KZ<?> J�fg�a`û7G[�l�<?K ;�� ³,8 ����] fg>+X _B`+J t.TB<?Xû|+<L_B��`+J0K^T�fg>+t.J UWTBV"]
|�� 	 ��� ]�_BV � 8 ���G]^]�<?>ZKe_BJ0|+K�VgU�� 	 8Ip�`+<?K�|+TBVghI<?X+J0K�fg>+t"S+rsf�T�TBJ0KBV.r?S+_B<?V">+K
KB|	f��0J0XzrLV"tIfgTB<L_B`+]�<L��fgr¢r?i9UWTBV"] � 8 	 fgTB�0KBJ0�9_BV � � 	 fgTB�0]^<?>�D	f�r?r?Vgn�<?>+t9KBV"S+Te�0J0K
_BV)}2J�<L]�fgt.J0XOVgh"J0T�fãn�<?X+J�Tafg>+t"J�VgU�fg>+t.S+rsfgT�KB��fgrLJ0K�8"H)< ��S+KBJ�KBV.S+TB�0J0K�rsfgTBt"J0T
_B`	f�> 	 f�TB�0]�<L>ûfgTBJ�>+V"_ <?] fgt"J0X4}+S+_^UWS+r?r)KB|2J0�0_BTBV"KB�0V.|+<?��<?>,U±V.TB]�f�_B<?V">'<?K
KB_e<?r?r�V"}+_�fg<?>+J0X�8=[�S+r?_e<?|+r?JwKe]�fgrLr?J0T�KBV"S+Te�0J0KOfgTBJ9<?] fgt"J0X5TBJ0tIfgTeX+r?J0KBK)VgU�_B`+J0<?T
KBJ0|	f�T�fg_B<?V.>�8
��> f�`	f�r¢UóTeV"_�fg_B<LV"> ± � K!²0D�_B`+J5>+<?>+J 7G[�l�K9]�J�fgKeS+TBJ�f�]�|+r?<L_BS+X+J0KZfg>+X

|+`	fgKeJ0KzV�U��h³�³
´�´�y2V"S+TB<?J0T��0V"]^|	V">+J0>,_BK�U±V"T�f�_�iI|+<L��fgr9KBV"S+TB�0J'r?V,��fg_B<?V">�D
�0V"]^|	fgTBJ0X^_BV 	�� y2V"S+TB<?J0T��0V"]^|	V.>+J0>I_BKqUWV"T�_B`+J ��V.`+m"V"` R �óp)DYKBV�UïfgT�]�V"TeJ
�0V"]^|+r?J�¯g°Qf�TBJ <?] fgt"J0K9��fg>�}	J5TBJ0KBV"r?h.J0X�8�b�rL_B`+V"S+t"`4V">+J5`	fgr¢U)TBV"_�f�_B<?V">'<?K
TBJ��,S+<?TBJ0X _BVw]^J�fgKBS+TBJGfGUWS+r?r	KBJ0_qVgU�y	V"S+Te<?J0T��0V"]^|	V.>+J0>I_BKEDg_B`+J�]^J�fgKBS+TeJ0]�J0>,_
VgUwJ�f���` �0V"]^|	V">+J0>,_Z_�f�m"J0K�V.>+r?iûf�Ke<?>+t"r?J5]�V,X+S+rsfg_B<LV">4�0iI�0rLJ"D�n�`+<L��`���fg>
}2J f�K)KB`+V"TB_)fgKh³I8 	 ]�K�U±V.T�_B`+J��	>+J0KB_)t.TB<?X+K�8=p�`,S+K�D=n�`+J0>��0V"S+>,_)T�fg_BJ0K)fgTBJ
KBS �^�0<?J0>I_er?i�`+<?t"`�D��0TBS+X+J5<?] fgt"J0KA±ÈUWTBV"] fg}2V"S+_Z_BJ0>4y2V"S+TB<?J0T9�0V"]^|	V">+J0>,_BK!²
��fg> }2JwV"}+_afg<?>+J0X�D,<?> |+Te<?>+�0<?|+r?J"D,V"> _B<L]�J0KB��f�r?J0K�VgU�_BJ0>+K�V�UÇ]^<?r?r?<LKBJ0�0V">+X+K�8
l�`	fg>+t"<?>+t _B`+J KBJ0|	fgT�fg_e<?V">v±�;�²ã}	J0_�n�J0J0>�t"TB<?X+K)V.TwX+<?KB|+rÈfg�0<?>+t _B`+JZt.TB<?X+K

|	fgTafgr?r?J0r2_BV9_B`+J�Ker?<?_BKq`	fgK�r?<?_e_Br?J�J���J0�0_�V">^<?]�f�t"<?>+t)|	J0T¡U±V"Te]�fg>+�0J"8.b1TeJ0rsfg_B<?h.J
X+<?Ke|+rsfg�0J0]^J0>I_)|2J0TB|	J0>+X+<?�0S+rÈfgTZ_BV5_B`+JZKBr?<L_BKOf ��J0�0_BK�_B`+JZ|+`	fgKeJ�}+S+_9>+V"_�_B`+J
fg]^|+r?<?_eS+X+J VgUw]�V,X+S+rsfg_e<?V">�8�b�>,iûKeS+��` X+<?KB|+rÈfg�0J0]�J0>,_Zn�<Lr?r�}2J�fg�0�0S+T�fg_BJ0rLi
]^V">+<?_BV.TBJ0XZ},i�_B`+Jw\,b)\=D	fg>+X ��f�> }	J)UWS+r?r?i^�0V"]^|	J0>+K�f�_BJ0XZUWV"T�<?> _B`+J)<L]�fgt.J
TBJ0�0V.>+KB_BTBS+�0_B<LV">)|+TBV,�0J0KBK�8gp�`+J��0TB<L_B<?��fgr"fgr?<Lt">+]�J0>,_=TBJ��,S+<?TBJ0]^J0>I_=<?K�f�KBKBV,�0<sfg_BJ0X
n�<L_B`)_B`+J�TeV"_�fg_B<LV">�V"T�_�n�<?KB_=VgU+V">+J�t.TB<?X)n�<?_e`)TBJ0KB|	J0�0_�_BV�_e`+J�V"_B`+J0T�fg}	V"S+_�_B`+J
r?<L>+J�VgU�Ke<?t"`,_�_BV�_B`+JqKBV"S+TB�0J"8�b4TBJ0rsfg_B<Lh"J�_�n�<LKB_=VgU	|��gH ±WH��çX+<sfg]^J0_BJ0T=VgU�t.TB<?XP²
TBJ0X+S+�0J0KG_B`+J�]�V,X+S+rsfg_BJ0X f�]�|+r?<L_BS+X+Jóf�r?]�V.KB_�_BVZ�0J0TBV	8=p�`,S+K�D+_B`+J�t"TB<?X |	f�<?TBK
]ZS+Ke_w}	J n�J0r?r�fgrL<?t">+J0X'<?>�_�n�<LKB_w_B`+TeV"S+t"`+V"S+_9_B`+J ]^<?KBKB<LV">�8=y	V"T9_B`+J^�	>+J0Ke_
t"Te<?X+Kg± � 8 	 f�TB�0KBJ0��TBJ0KeV"r?S+_B<?V.>P²�f ³0��fgTB�0]^<?> f�r?<?t">+]^J0>I_^<?K >+J0J0X+J0X�8)p�`,S+K�D
RG��\+\,�9��fg>ûfg�a`+<?J0h"J f�TB�0KBJ0�a� �,S	fgr?<?_�i�<?] fgt"J0K9n�<L_B`�f�>û<?>+KB_eTBS+]�J0>,_w`	fEh,<?>+t
V">+rLi fgTB�0]^<?> fgr?<?t.>+]�J0>,_�TBJ��IS+<LTBJ0]�J0>,_BK�82p�V^]�<L>+<?]�<L�0J�_�n�<?Ke_�D,_B`+J9t"TB<?X+K)fgTBJ
fgrL<?t">+J0X fg>+X ]�V.S+>I_BJ0X |+TBJ0�0<LKBJ0r?iûV.> t.TB<?X _BT�fEi,K n�`+<?�a` f�TBJ�fg_B_�fg�a`+J0X _BV
V"|+|2V"KB<?_eJ)J0>+X+K�VgU�f9t"T�fg|+`+<L_BJa��J0|	V�¯+i�KBS+|+|2V"TB_�_eS+}	J"8

	 8\³I8�³I8	��
�����
p�`+Jô]�fg<L>û�a`	fgr?r?J0>+t"J0K5<?> U�fg}+TB<?��f�_B<?>+t'_B`+J�7)R��q\+\,� t"TB<?X+K n�J0TBJ��0±W<2²^_B`+J
J�¯+_BTBJ0]^J0r?i �	>+J^KBr?<L_wfg>+X�Kersfg_)n�<?X+_e`+K ± � ´ f�>+X?³ � ]�<L�0TBV">+K�U±V"T 	 � ]^<?�0TBV.>
|+<?_e��`P²�TBJ��,S+<?TBJ0X�U±V.T�_B`+Jq�	>+J0KB_�t"TB<?X�Dz±W<?<2²=_B`+J�`+<?t"`�± ��´���³
²�fgKe|	J0�0_�T�fg_e<?V�V�U	_B`+J
KBrL<?_�n�<?X+_B` _BV t"TB<?X^_B`+<?�amI>+J0KeK�U±V.T�]�f
¯�<?] S+]�fg}+KBV"TB|+_e<?V"> �0V">+KB<LKB_BJ0>,_%n�<?_B` f
�¢³ � �	J0r?X V�U�hI<LJ0nwD+fg>+Xg±W<?<?<2²�_B`+J��	>+Jw_BV.r?J0T�fg>+�0JGV">^_B`+J)TBJ0rsfg_e<?h"J�|+<?_e��`+J0K�V�U
_B`+J�_�n%V t"TB<?X+KG<?> J�f���`5|	fg<?Tf±��b³O|	f�TB_�<?> ³
´+D.´�´r´�U±V.T�_B`+J��	>+J0KB_Gt"TB<?X5|	fg<?T!²08
p�J0�0V"]^J0_�D+��>+�"8LD+U�fg}+TB<?��f�_BJ0X _B`+J�UWV"S+T��	>+J0KB_)t"TB<?X |	f�<?TBKf±W|+r?S+K)f^_B`+<?TBX5KB|	fgTBJ
t"Te<?XP²�S+Ke<?>+t f U±V.<?r�KB_�fg�am,<?>+t�]^J0_B`+V,X <?>ôn�`+<?�a`z_e`+<?>�KB`+J0J0_BK)VgU�]�J0_�f�r�n�J0TBJ

���������
	����� ��� ������������������� ����� ����� !#� � �



����������� ³ �

a)

b) c)

Ñ+ª¼ÒaÖE°±©�Àaâ F�Q~' ý 143XE�F�/2+ ý @CB�/21
3�/2`a@^WCJS+.ThBdF�c�JS+ ý F�/2+.@C8 I�JK@ ý 3�-S-S3�- �z>.3�B\/�_�-S/SF ý ��+�84W53�/ ý 143XTBd@C+�>.-�F�84T^3�I�@�6*n�+�84W�/21
3�E /S@~@Cc
/SFC+�85/21
3�JK3 ��i�+�JK3�T0/21*+ ý ��843�-S-��
E,+.T*T=>.3~FC8
TxJS+.W�1*/�_�I
F ý ��+�84W]�3�JS+ ý FC>�c�>.F!T�3X-a`a+./21b-2I
F ý 3�JK-{+�8�c�3�/M`a3�3�8wk�c�Q{[H1
@�/S@!WCJKF�I�1^@CBwF~WCJS+.T��x��-21
@�`�+�8
W�/21
3�-2>�+./S-FC8
Txc*JS+.T�W!3�-&+�85/21
3&+�84-S3�JK/�k ý Q{[H1
@�/S@!WCJKF�I�1�@CB�q*+.WC1*/�WCJS+.T��,�*k

|+`+V"_eVg��J0_B�a`+J0X�fg>+X�|+TBJ0�0<LKB<?V">�KB_�f���m"J0X�n�<L_B`�J0|	V�¯�i�}2V">+X+<?>+t _eV |+TBVIX+S+�0J f
KBV.r?<?X�KB_eTBS+�0_BS+TBJg±Wy�<Lt	8��"f+D�r?JaUW_!²08�p�S+>+t"Ke_BJ0>4n�fgKwS+KBJ0X'UWV"TZfgr?r�VgUG_B`+J�t.TB<?X+K
J�¯+�0J0|+_qU±V"T�_B`+J��	>+J0KB_
	,t"Te<?XZ|	fg<?Tb³A±Wy�<?t.S+TBJ �g}P²�n�f�K�] fgX+J�V�U�]^V"r?i,}	X+J0>,S+]
±WKeS ���0<?J0>,_Br?iZ_B`+<L> _BS+>+t"KB_BJ0> Ke`+J0J0_BK�n�J0TBJ)>+V._�fEhofg<?rÈfg}+r?J�_B`+J0>P²�D+TBJ0KBS+r?_e<?>+tZ<?>
fG] f�¯+<?]ZS+] J0>+J0TBt.iwUWV"Tq]�V,X+S+rsfg_B<LV">wVgU �h³
´�´Gm"J0 9D"Tafg_B`+J0T�_B`	fg> � � ´�´)m.J0 
`	fgX'<?_)}2J0J0>4_BS+>+t"KB_BJ0>�8�p�`+J �	h"J��0V,fgTBKBJ0KB_�t"TB<?Xô|	fg<?TBK�n%J0TeJZ]�f�X+JZ}Ii�hgfg>
FqJ0J0mûl�V">+KeS+r?_�fg>+�0i�<L>ûp�`+Jzv�J0_B`+J0TBrsf�>+X+KZS+KB<?>+t�_eS+>+t"KB_BJ0>4}+rsf�X+J0KZ|	fg�am"J0X
_BV.t"J0_B`+J0T�Ke<?X+J�},iZKB<LX+J�n�<L_B`ZKB|	fg�0J0TeK%<L>�}2J0_�n�J0J0>7±Wy�<?t"S+TeJ �"f+D.TB<?t"`,_!²�_BV�t"<?h"J
_B`+J9TBJ��,S+<?TBJ0X�D=|+<L_B��`�D=Ker?<?_Gn�<?X+_B`�D=fg>+X�t"Te<?X _B`+<L��m,>+J0KBK�8�p�`+J9_B`+<L��m"J0Ke_)t"TB<?X+K�D
� �7±ïy�<?t	8��g�*²)fg>+X �7±�³,8 � �^fg>+X 	 �0] _e`+<?��m�²Gn�J0TBJ9X+J0KB<?t">+J0Xô_BV ]�V,X+S+rsfg_eJ
tIf�]�] fE��T�f�iIK�S+|5_BVU³��9[�J0  ±ïy�<?t	8 � }P²08
bGr?r�_B`+J t"TB<?X+K�n%J0TeJwUWS+r?r?i��a`	fgT�fg�0_eJ0TB<?�0J0X�fg_ZN)\,yÇl�}2V"_B`�V.|+_B<?��fgr?rLi fg>+X

S+KB<L>+t ����T�fEi,K�8��G|+_B<?��f�r�<?]�f�t"J0K�n�J0TBJZ_�f�m"J0>�fg_)`+<?t"`�] fgt">+<¢�	��fg_e<?V"> VgU�_B`+J
UWTBV">,_óf�>+XzTeJ�fgT)VgU%J�f���`�t"TB<LXzS+Ke<?>+t f^�0S+KB_BV"]^<?�0J0X�Uïfg�0<Lr?<?_�i"8	��f���`�t"TB<LX n�fgK
]^V"S+>,_BJ0X�V.>�fg> � �k_�fg}+r?JGn�<?_B`^rsfgKeJ0T�TBJ�fgX+V"S+_ED�f�>+X ]�J�fgKeS+TBJ0]�J0>,_BK�VgU�_B`+J
|+<?_e��`�DE|+`	fgKBJ"Dgfg>+X9V"TB<?J0>,_�fg_e<?V">GVgU	_B`+J�KBr?<?_eK�<?>wJ�f���`9t"TB<LXwn�J0TBJ�V.}+_�fg<?>+J0X�n�<?_B`
]^<?�0TBV"> |2V"KB<?_e<?V">	fgr�fg�0�0S+T�fg�0i"8=b KBJ0|	fgT�f�_BJ ����T�fEi �a`	fgT�fg�0_eJ0TB<?��fg_B<LV">^Uïf��0<?r?<?_�i

���������
	����� ��� ������������������� ����� ����� !#� ���



³�� ���������
	�����������
X+J0_BJ0Te]�<?>+J0X _B`+J4fEh"J0T�fgt.J ����T�fEi _BT�fg>+Ke]�<?KeKB<?V">4VgUZJ�fg�a` °	<?t"`,_ t"TB<?X1f�Kzf
UWS+>+�0_B<?V">�VgU)|+`+V"_BV">�J0>+J0TBt"iûfg>+X fg>+t"r?J^UWTBV"] t.TB<?Xû>+V.TB]�f�r�8���> f�X+X+<?_B<?V">�D
_B`+J�hofgTe<sfg_B<?V.> VgUÇ_e`+<?K�_eT�fg>+KB]^<?KBKB<LV">�fg�0TBV.KBK�_e`+J)UWS+r?r�fgTBJ�f VgU�J�fg�a` t.TB<?X n�fgK
]^J�fgKBS+TBJ0X^n�<?_e` �h³0���0]�TBJ0KBV.r?S+_B<?V">�8
bGr?r,t"TB<?X+K�n�J0TBJ�fgr?KBV�UWS+r?r?ib°	<?t"`,_ �,S	fgr?<¢�	J0X9fg_�Nó\,y�l�},iwh,<?}+T�f�_B<?V">)_BJ0Ke_B<?>+t

fg>+X�_B`+J0TB] fgr��0i,�0r?<?>+t'_BV�Nó��  Ke_�fg>+X	fgTBX+KE8%p�`+J5t"TB<?X+K^n�J0TBJ _e`+J0> _eT�fg>+K��
|2V"TB_BJ0X4_BV�:q\,�O<L>û\,n�<?_B�0J0TBrÈfg>+X4n�`+J0TBJ _B`+J0i'n�J0TBJ ]^V"S+>I_eJ0X�fg>+Xûf�r?<?t">+J0X
V"> _B`+J�U±TBV.>I_ fg>+X TBJ�f�T J0>+X _BTaf�i,K�8�:�TBJ0�0<LKB<?V"> �0V,V"TBX+<?>	fg_eJz]^J�fgKBS+TeJ0]�J0>,_
] fg�a`+<?>+J0K=n%J0TeJ�S+KBJ0X9_BV�J0Ke_�fg}+r?<?Ke`wfg>+Xwh"J0Te<¢U±iG_B`+Jq�0V"TBTBJ0�0_�f�r?<?t">+]^J0>I_=VgU+J�fg�a`
t"Te<?X�|	fg<?T�D=KBV _e`	fg_)<?>�_B`+J��	>	fgr�fgKBKBJ0] }+r?i _B`+JZKBrL<?_BKGVgU%_B`+J U±TBV.>I_wfg>+XôTBJ�fgT
t"Te<?X+K�VgU�J�fg��`^|	fg<?T�n�V"S+r?X }	J)|	fgT�f�r?r?J0r	_eVOn�<?_B`+<?>Z_e`+J�h"J0TeiZKB_BTB<L�0_�_BV"rLJ0T�fg>+�0J0K
TBJ��,S+<?TBJ0X^UWV"T�]^V,X+S+rsfg_B<?V.>ZVgU�_B`+J)<?>+�0<?X+J0>,_�|+`+V"_BV.>U°	Sz¯�8
b�UW_BJ0TOfgKeKBJ0]Z}+r?i5VgU�_B`+J�_eT�fEiIK�V">I_eV _B`+J�<L]�fgt.J0T)_BS+}	J fg_O:q\,��D�fg>'J0>+X,�

_BV���J0>+X��a`+J0��môV">�_e`+J�t"Te<?X�fgr?<Lt">+]�J0>,_BKGn�fgKw��fgTeTB<?J0X'V"S+_�8�\,<L>+�0J�fg> ����T�fEi
}2J�fg]�|	fgT�fgr?rLJ0r+_BV � � ³ófgTB�0KeJ0���0V"S+rLX�>+V"_q}	J)V"}+_afg<?>+J0X�DIfãT�fgX+<?V,fg�0_B<?h"J�KBV.S+TB�0J
³
´ u l�X5KBV"S+TB�0J9n�fgKG|+rsfg�0J0X }2J0`+<?>+X�_B`+J9KB|	f�TBJwt"Te<?X _BV^|+TBVgh,<?X+JOf^KBJ0Te<?J0K�V�U
X+<?h.J0TBt"<?>+t�U�fg>�}	J�fg]^K�VgU ��� m"J0  ����Taf�i,K�8�Fqi)]^VghI<?>+t�_B`+<LK�KBV.S+TB�0J �gt"TB<LX)n�`+<?r?J
] fg<?>,_�fg<?>+<L>+tOfg>�fg|+|+TBV"|+TB<Èfg_BJ)X+<?KB_afg>+�0J)UWTBV"] _B`+Jwt.TB<?X |	f�<?T�D	f ]�V,X+S+rsfg_e<?V">
<?>^_BT�f�>+KB]�<LKBKB<?V">9n�V"S+r?X }	J)X+J0_BJ0�0_BJ0X |+TeVoh,<?X+<?>+t9_B`	f�_�_B`+J)_�n�Vwt"Te<?X+K�VgU�_B`	fg_
|	fg<LT�n%J0TeJ%�0V.TBTBJ0�0_Br?i9fgr?<?t.>+J0X�8"p�`+<?K�_BJ0KB_�n�fgK���f�TBTB<?J0XZV.S+_�V">�fgr?r,}+S+_�_e`+J�_�n%V
�0VIf�TBKBJ0KB_�t"TB<LX |	fg<?TBKq��_B`+J0<?TGfgr?<?t">+]^J0>,_BK��0V"S+rLX }	Jw�a`+J0�am"J0X h,<?KBS	fgrLr?i"8
y2V"T^r?V">+tg��_BJ0Te] ]�V.>+<?_BV"TB<L>+tzV�Uw_B`+J�t"TB<?X fgr?<?t">+]^J0>,_O_e`+TBV"S+t"` fgr?rG_BJ0KB_��

<?>+t�fg>+X4J0>,h,<?TBV">+]^J0>I_afgr �IS	f�r?<¢�	��fg_B<LV">�|+Te<?V"T9_BV�rsfgS+>+�a`�D�fg>4V"|+_B<?��f�r�_�n�<?KB_
]^V">+<?_BV.TB<?>+t9KBi,KB_BJ0] ±�p�[�\�²�n�fgKGS+KBJ0X�TBJ0|	J�fg_eJ0X+r?i"8�p�`+<?KGKBi,KB_BJ0] TBJ0r?<?J0X�V">
V"|+_e<?��fgr�|+`+V"_BV,X+<?V,X+J0K9]�V"S+>,_BJ0X�}	J0`+<L>+X4|+<?>+`+V"r?J0K�<?>�_e`+JZTB<?]^K)VgU�_B`+J^TBJ�fgT
t"Te<?X+K�8�p�`+J�r?<Lt"`I_�U±TBV.]1_B`+J0KeJ�|+`+V"_BV,X+<?V,X+J0K�|	fgKBKBJ0X9_B`+TeV"S+t"`Of�>+>IS+r?<,]^V"S+>I_eJ0X
<?> _B`+J�UWTBV">,_�t"TB<LX+K�<?>ZKBS+�a`�fãn�f�i�_B`	fg_q_B`+J�X+< ��T�fg�0_eJ0XO}2J�fg]^K�UWTBV"]�fg>,i9V">+J
t"Te<?X�|	fg<?T)�0V.>Ih"J0Tet"J0X�V.>I_BV f5l�l�H���f�]�J0T�f^]^V"S+>,_BJ0X�fg_w_e`+J�fg|+|+TBV"|+Te<sfg_BJ
X+<?Ke_�fg>+�0JZ<?>5UWTBV">,_)VgU�_B`+JZ_BJ0rLJ0KB�0V"|	J^fgKBKBJ0]Z}+rLi"8Qp�`+J^|	V.KB<?_B<?V.>+K)VgU%_B`+J �0V">,�
h"J0Tet"<?>+t�}2J�fg]�KZfgK^X+J0_BJ0TB]^<?>+J0X'UWTBV"] _e`+J <?] fgt"J0K9|+TBVgh,<?X+J0Xûfg> f��0�0S+T�fg_BJ
]^J�fgKBS+TBJGVgU�fg>,i ��`	fg>+t.J)<?> _B`+J)TeJ0rsfg_B<?h.J�_�n�<?Ke_%V�UÇ_B`+JãU±TeV">I_�fg>+X5TBJ�fgT�t.TB<?X+K
VgU�fãJ�fg��`^|	fg<?TE8g��>^_B`+<?K�n�fEi"Dg_B`+JG�0V"TBTBJ0�0_�fgr?<?t.>+]�J0>,_�V�U�J0h.J0>�_B`+J��	>+J0KB_�t"TB<?X
|	fg<LT%�0V.S+r?X�}2J)h"J0TB<¢�	J0X S+| _eVOrÈfgS+>+��`�8+v�V9KB<?t">+<¢�	��f�>I_��a`	fg>+t"JG<?> fgr?<?t.>+]�J0>,_
n�fgK�J0h.J0T�]�J�fgKeS+TBJ0X)J�¯��0J0|+_�foU±_BJ0T�_B`+J�h,<?}+T�fg_B<LV">wfg�0�0<?X+J0>,_Çf�_�P�:q;�DEn�`+J0>9_B`+J
UWTBV">,_�t"TB<?X � � n�f�K%`+<L_�fg>+X ]^Voh.J0X�V"> <L_BK�]^V"S+>I_E8Ip�`+J��0V"]�|+rLJ0_BJ�<L]�fgt.<?>+t
_BJ0rLJ0KB�0V"|	J9KBi,KB_BJ0] n�fgKGKB`+<?|+|2J0X�}	f���m5_BV�:q\,��D�f^>+J0nk]�V"S+>,_G<?>+KB_�fgrLr?J0X UWV"T
_B`+J U±TBV.>I_)t"Te<?X �+D�fg>+X4fgr?r�t.TB<?X�fgr?<?t.>+]�J0>,_BKGn%J0TeJZTBJ0�a`+J0��m"J0X'fg>+X�h.J0TB<¢�	J0X�D
<?>+�0rLS+X+<?>+tZTBJ0|2J�fg_B<?>+tZ_e`+Jwp�[�\^��`+J0�amQ8

	 8\³I8 � 8�� �������	� ��
 ��������
p�`+J9fg}+<?r?<L_�i^_BV^]�f�m"Jóf�TB�0KBJ0�a� �,S	fgr?<?_�i <?] fgt"J0K�fg>+X�fg�0�0S+T�fg_BJ0rLi �0Vg��fgr?<?t.> _B`+J
<?] fgt"J0K)n�<?_B`�V"_e`+J0TwKBV"rÈfgTwV"}+KeJ0TBhofg_e<?V">+K�D=X+J0|2J0>+X+KZV">'mI>+Vgn�<?>+t5_B`+J^V"TB<?J0>,�
_�f�_B<?V">�V�U�_B`+J^�0V"r?r?<?] fg_BV.TBK�n�<?_B`'TBJ0KB|	J0�0_ _BV�_B`+J�X+<LTBJ0�0_B<?V">'_BV�_B`+J \,S+>ûfg_

���������
	����� ��� ������������������� ����� ����� !#� � �



����������� ³��

fgrLr�_B<?]^J0K�8+p�`+<?KGJ0KBKBJ0>,_B<sfgr�fgKB|	J0�0_G<?>,UWV"TB] fg_B<?V.>�<?KGV"}+_�f�<?>+J0X n�<L_B` _B`+JO\,V.rsfgT
bGKB|	J0�0_ \,i,KB_BJ0] ±�\,bó\�²0Dqn�`+<?�a` |+TBVghI<LX+J0K�|+<?_e��` fg>+X iIfEn ]^J�fgKBS+TBJ0]^J0>,_BK
TBJ0rÈfg_B<?h"J�_BV9_B`+J�KeV"rsfgT�r?<?] }+K�_BVZfgTB�0KBJ0�0V">+X f��0�0S+T�fg�0i^V">�_e<?]�J�KB��fgr?J0K�VgU�_eJ0>+K
VgU�]^K�D	f�>+X _�n�V�TBJ0X+S+>+X	f�>I_)7GV"r?r=bG>+t"r?JZ\,iIKe_BJ0]�K���f^l�l�HG��}	f�KBJ0X h"J0TeKB<?V">
±�l�l�H�7�b)\�²wfg>+X4f |+`+V._BV"]ZS+r?_e<?|+r?<?J0T���}	f�KBJ0X h"J0TeKB<?V">v±�:�[�p 7�b)\�²G�G_B`	fg_
J�fg�a`û|+TeVoh,<?X+J5_B`+J TBV.r?r�fg>+t"rLJ _BV�f�TB�0]�<L>IS+_BJ f��0�0S+T�fg�0i4KBJ0h"J0Tafgr�_e<?]�J0K9|2J0T
TBV._�fg_B<?V.>zn�<?_B`�TBJ0Ke|	J0�0_9_BV _e`+JZ��¯+J0X�Ke_�fgTBK�8=y2S+r?r�X+J0_afg<?r?K�VgU�_B`+J0KBJ^KBiIKe_BJ0]�K
fgTeJ)t"<?h"J0> },i c=J0`+>+X+J0TGJ0_ófgr�8(± � ´�´ � ²�UWV"T�_B`+J9\,bó\5fg>+Xzl�l�Hk7�b)\ f�>+X },i
R�S+T�UWV"TBX J0_�fgr�8(± � ´�´ � ²ÇU±V.T�_B`+Jw:�[�p 7Gb)\=8

	 8\³I8 	 8���������
 � � � � � ��� 
�� ��� 
	�������
p�`+J'\,V"rsfgT bGKB|	J0�0_�\,i,KB_BJ0] ±�\,bó\�²�|+TBVghI<LX+J0Kg±�³
²^`+<?t"`,��TeJ0KBV"r?S+_B<LV">�D�`+<?t"`,�
}	fg>+X+n�<?X+_B`�fgKe|	J0�0_w<L>,U±V"Te]�fg_e<?V">^UWV"T)<?] fgt"JwTeJ0�0V">+KB_BTBS+�0_e<?V">�DR± � ²GTeJ�fgr¢��_B<?]^J
fgKe|	J0�0_�J0TBTeV"T�KB<?t">	fgrLK�UWV"T�KB|	fg�0J0�0TafEU±_�|2V"<?>,_B<?>+t	Da± 	 ²q]^V">+<?_BV.TB<?>+t)VgU�_e`+J)TBJ0rsfE�
_B<Lh"J�_�n�<LKB_�VgU�_B`+J)_�n%V�t"TB<?X^_BT�fEi,K�DIf�>+Xg± � ²�U±S+rLr¢��\,S+>�n�`+<?_BJa��r?<?t.`I_q<?]�f�t"J0K�UWV"T
�0Vg��f�r?<?t">+]^J0>I_Gn�<?_e`�t"TBV"S+>+X,��}	f�KBJ0X�<L]�fgt.J0K�8	��_9�0V">+KB<?KB_eKwVgU�_B`+TBJ0J^<?X+J0>,_B<?��fgr
r?J0>+K¡�W�	r?_BJ0TZfgKBKBJ0] }+r?<?J0Kw]^V"S+>,_BJ0X'V">4_B`+J^UWV"TBn�fgTBX't"TB<?X'_BT�fEi�_eV UWV"TB] UWS+r?r¢�
\,S+>^<?] fgt"J0K�V">Z_B`+TBJ0J � ´ � ��� ³ 	 � � ] r?<?>+J�fgT�X+<LVIX+J)fgTBT�fEi,K�]�V.S+>I_BJ0X9V"> _B`+J
TBJ�f�T)t"TB<?X�_eT�fEi"8Q\,<?] S+r?_�fg>+J0V"S+KGJ�¯+|	V"KBS+TeJ0KOV�U%_B`+TBJ0J ��`+V"TeX+KwVgU�_B`+J9UWV,�0S+KBJ0X
KBV.rsfgT9<?] fgt"J0KOf�TBJ ]�f�X+J J0h"J0TBi ³
´�]^KO},i'J�fg��`�VgU)_B`+J fgTBT�fEi,K�8�b X+<Lt"<?_�fgr
_B`+TeJ0KB`+V"r?X�f�r?t"V"TB<L_B`+] <LKwS+KBJ0X'_BV KeJ0r?J0�0_)UWV"S+Tw|+<\¯�J0r?K�_B`	fg_�KB|	fg>�J�fg�a`'KBV"rsfgT
r?<L]Z}9UWV"T�<?>+�0r?S+KB<?V.>�<?>^_B`+J)_BJ0rLJ0]�J0_BTei"8Ip�`+J0KBJ)X+<Lt"<?_B<?�0J0X^|+<�¯+J0r=V"S+_B|+S+_BK�fgr?rLVon
KB<\¯�|+TBJ0�0<?KBJ)rLVI��fg_e<?V">+K�VgU�_B`+J)KeV"rsfgT�r?<?] }Z_BV9}	J)V"}+_afg<?>+J0X V"> _B`+J)t.TBV"S+>+X },i
<?>,_BJ0TB|2V"rsfg_e<?V">�DE_B`IS+K�|+TeVoh,<?X+<?>+t)m,>+Vgn�r?J0X+t"J�VgU�\,S+>Z�0J0>I_eJ0T%<L>O|+<L_B��`^fg>+X�i,f�n
_BVU³I8 �ZfgTB�0KBJ0�A± 	�� ²08

	 8\³I8 � 8�������� ������� ��� 
�� ��� 
	�� ����
y2V"T�<?] fgt"J�TeJ0�0V">+KB_BTBS+�0_e<?V">ZV"> _B`+J�t"TBV.S+>+Xp±W>+Vw<L]�|	fg�0_�V">ZTeJ�fgr¢��_B<?]^J�Ke|	fg�0Ja�
�0T�foU±_GV"|	J0Tafg_B<?V">+K�²0D+m,>+Von�r?J0X+t"JwV�U%TBJ0rsf�_B<?h"J)TBV.r?r�<?K)TBJ��,S+<?TBJ0X�fg_)fgr?r�_B<?]^J0K�_BV
	 f�TB�0]�<L>p± 	�� ²�8�\,<L>+�0JOfgr?r=KBV.S+TB�0J0K�VgU�_BV"T �,S+J)V"> _B`+J�KB|	fg�0J0�0T�foU±_�fgTBJ)n�J�fgm=D
_B`+JôTBJ��IS+<LTBJ0X <?>,UWV"TB] fg_B<?V.>4��fg>1}2J�V"}+_�f�<?>+J0X n�<?_e`1f4KB_afgT KB��fg>+>+J0T5_B`	fg_
K�f�]�|+r?J0K�_B`+J TBV"rLr%V.TB<?J0>,_�fg_B<?V.>�fg_Zr?J�f�KB_9V">+�0J |	J0T^TBV"_�f�_B<?V">�8���>,_BJ0TB|	V.rsfg_B<?V.>
}2J0_�n�J0J0>5]�J�fgKeS+TBJ0]�J0>,_BK�fgr?r?Vgn�K�_B`+J)TBV.r?r�V"TB<LJ0>I_�f�_B<?V">Z_eVZ}	J�X+J0_BJ0TB]^<?>+J0X fg_
<?>,_BJ0TB]^J0X+<sfg_eJ�_B<?]^J0K�n�<?_B`Z_e`+J�TBJ��,S+<?TBJ0X fg�0�0S+T�fg�0i"8,p�`+Jól�l�H 7�b)\9�0V">+KB<LKB_BK
VgU�f l�l�H fgTBT�fEi�fg>+X�J0r?J0�0_BTeV">+<?�0Kw}2J0`+<?>+X4fg>�U �z³I8.´+D ��´E��]^] r?J0>+K�8�b�KBS+>,�
KB`	f�X+JZr?<?]^<?_BK�_B`+JZy��� �KBV _B`	f�_wf 	 ´ � }	fg>+X�<?K)Ken%J0|+_)V.S+_wfg�0TBV"KBK)_e`+JZKBm,i
fg_f³ � � _BV V"TB_B`+V.t"V">	fgr�_BV _B`+J9KB|+<?>'f�¯�<LK�8=b�K)_e`+JZKB|	fg�0J0�0T�foU±_)TBV._�fg_BJ0K�D2J�fg�a`
X+J0_BJ0�0_eJ0X�KB_afgT�t"J0>+J0Tafg_BJ0K�f)}+TB<LJaU�KB|+<?m"JG<?>Z_e`+J�V"S+_e|+S+_%V�U�V.>+J�V"T�_�n�V)|+<�¯+J0r?K�D
n�`+V.KBJ)_B<?]^<?>+twX+Ja�	>+J0KG_B`+J)TBV.r?r=V"TB<?J0>,_�fg_B<LV">�8"y2V"T � � ] fgt">+<?_eS+X+J�KB_afgTBK�D._B`+J
X+J0_BJ0�0_e<?V">wKe<?t">	fgr¢��_eVg��>+V"<?KBJ�<LK�³ � ��³I8�b�r?rLVon�<?>+t�UWV"TÇ�qfgTB_B`�VI�0�0S+rL_�fg_B<?V.>wfg>+X9_B`+J
TBJ0�0Vgh"J0Tei)_B<?]^J�U±TBV.]�fg>I_e<?�0<?|	fg_BJ0X9��fgTe_B`+KB`+<?>+JqK�fg_BS+T�f�_B<?V">�D�f�_�r?J�f�KB_�V">+J0±�fg>+X
_�i,|+<?��fgr?r?i9KBJ0h.J0>P²�KeS+��` KB_afgT*±WK!²�n�<?r?r2}	J�X+J0_BJ0�0_BJ0X J�fg�a`�TeV"_�fg_B<LV">Z_B`+TBV.S+t"`+V"S+_

���������
	����� ��� ������������������� ����� ����� !#� � �



³ � ���������
	�����������

1
6

4
7

5

2

8
9

Detector #3

Attenuators
thick

thin

Mechanical
Cryocooler

Thermal
Radiator

CSA

High Voltage Filter

Ñ+ª¼ÒaÖE°±©qè�â ; ý i4/SF�`aF�n0@CB�/2143�'�I�3 ý /2JK@�E�3�/S3KJ�_z-21
@�`�+�8
W0/21
3,>.@ ý F�/2+.@�8 @CB�/21
3�W�3KJKE�FC8*+�i4ET�3X/S3 ý /S@CJK-�i�8
T*3�J53�F ý 1pWCJS+.T7L�c*nA8�i4ERc�3�JXQ�k�ya1
3f'�i*8�I�@�`a3KJ�'=/2+�JS>�+�8
WCs ý n ý >.3 E�3 ý 14F�8�+ ý FC>ý @�@C>.3KJb+.-xc�3�>.@�` /2143 ý @�>.TUI�>.F!/S3h14@�>.T=+�8
W�/21
30T�3�/S3 ý /S@CJK-�k�ya1
30/2143�JKEGFC>RJKF�T�+.F�/S@�JbBdF ý 3�-FC8*/2+�sM-2i*8*`aFCJKTA/S@bJK3d��3 ý /S-R/2143�1
3�F�/~@CB�/21
3 ý JKn�@ ý @�@�>.3�J�kPya143�F�/S/S3K8�i4F!/S@CJK-~FCJK3�FCi
/S@�E�F!/2+�sý FC>�>.n5E�@�]�3XTb+�8f`a1
3�8f/21
3 ý @Ci*8*/2+�84WbJKF!/S3,3K6 ý 3�3�T*-R/21�JK3X-214@�>.T�-�L ý @�EGE�FC8
T�F�c�>.3�Bd@�JKE /21
3
WCJK@�i�8
T4Q�k

_B`+J ]�<?KeKB<?V">�82[�J�fgKBS+TBJ0]^J0>I_eK)VgU%V">+rLizV.>+J�KB_afgT�D�fEh"J0T�fgt.J0XzVgh"J0Twf�]�<L>IS+_BJ"D
fgrLr?Vgnû_B`+J)TBV.r?r�fg>+t"r?J)_BV }	JwX+J0_eJ0TB]�<L>+J0X�_BV � 8 �9fgTB�0]^<?>p± 	 � ²08
p�`+JwbGKB|	J0�0_GHwfg_�f9:�TeVI�0J0KBKeV"T5±WbGHw:~²�TeJ0�0J0<?h"J0KG_B`+J)X	fg_�f�UWTBV"]�_B`+JO\,b)\

fg>+X 7Gb)\=DI|2J0T�UWV"TB]^K�V">,��r?<L>+J)|+TBVI�0J0KeKB<?>+t	8+p�`+Jw:�[�p 7�b)\=D,�0V">+KB<?KB_e<?>+twVgU�f
:�[�p�}	J0`+<?>+XZf�KBrL<?_�_BV�Ke��fg>)UWV"T�}+TB<Lt"`I_�KB_�fgTBKED0n�fgK�<?>+�0r?S+X+J0XãU±V.T�TBJ0X+S+>+X	f�>+�0i"8
	 8 � 8 � �  "�&'�$0) �  5'� "$

y�<?t.S+TBJ � KB`+Vgn�Kwf �0S+_�fEn�fEi VgU%_e`+J�\,|	J0�0_BTeV"]�J0_eJ0T�D=X+J0KB�0TB<?}2J0X�<?>�X+J0_afg<?r�<?>
\,]^<?_B`9J0_%f�r�8P± � ´�´ � ²�<?> _B`+<?K�<LKBKBS+J"8Ip�`+J�7)R��q\+\,��N�J0H X+J0Ke<?t">^|+TBVghI<?X+J0KqJ0>,�
J0TBt.iO�0Vgh"J0Tafgt"J�UWTBV"] 	 m"J0  _eVA³��ã[zJ0  n�<?_B`�fãKB<?>+t"rLJ�]�J0�a`	fg>+<?��f�r?r?iwTeV"}+S+KB_
X+J0_BJ0�0_eV"T�8+p�`+JwrÈfgTBt"J0KB_ED"TBJ�fgX+<Lr?i�fEhofg<Lrsfg}+r?J"D,`,iI|2J0TB|+S+TBJ ±ï>,��_�i,|	J*²��0VIf�¯+<sfgr�N�J
] fg_BJ0TB<Èfgr(± �+8�³0���0] X+<sfg] � � 8 �E���0]�rLV">+tw²�n�fgKqS+KBJ0X�8+p�`+J)<?>+>+J0T�J0r?J0�0_BTeVIX+JG<?K
KBJ0t.]�J0>,_BJ0X�<?>,_BV _�n%V �0V.>I_�f��0_BKw_B`	f�_)�0V"r?r?J0�0_���`	fgTet"J9UWTBV"] _�n�V J0r?J0�0_BTB<?��f�r?r?i

���������
	����� ��� ������������������� ����� ����� !#� � �



����������� ³��

<?>+X+J0|2J0>+X+J0>I_�X+J0_BJ0�0_BV"TqKBJ0t"]^J0>I_BKEDg_BVw|+TBVgh,<?X+J�_B`+JGJ��,S+<?hofgrLJ0>I_qVgUÇf!�h³,8 �E���0]
_B`+<L��mZ|+rÈfg>	fgT�NGJ0H1<L>ZUWTBV">,_�VgUÇf � ���0]�_B`+<?�amZ�0VIf�¯+<sfgr�N�J0HZ8+p�`+JG_BV"| fg>+X
�0S+TBh.J0X)V"S+_BJ0T�KBS+T¡Uïfg�0J0K�fgTBJ�<L]�|+rsf�>I_BJ0X�n�<?_B`wf�_e`+<?>A±K´+8 	 ]^<?�0TBV">P²Y}	V"TeV">wrsfEi"J0T
_BV)|+TeVoh,<?X+J�fãKBS+T�U�fg�0J�_BTafg>+KB|	fgTBJ0>,_�X+Vgn�>Z_BV 	 m"J0  ����T�fEiIKE8gj <L_B`ZfgX+hofg>+�0J0X
y��qp�Kwfg>+X'KB_�fg_BJa��V�Us��_B`+Ja��f�TB_)J0r?J0�0_BTBV.>+<?�0K�D=_B`+J U±TeV">I_)KeJ0t"]�J0>,_BKwfg�a`+<?J0h"J^f 	
m"J0 �J0>+J0TBt"i^_B`+TBJ0Ke`+V"r?X�8
p�`+J)UWTBV">,_�KBJ0t"]^J0>I_�_B`+<L��m,>+J0KBK�<?KG�a`+V"KBJ0> _BV^KB_BV"| |+`+V._BV">+K�S+|5_BV�� � ��´

m"J0  ±Wy�<?t28 � �*²0D�n�`+J0TBJ5|+`+V"_BV,J0r?J0�0_BTB<L� fg}+KBV"TB|+_e<?V">'X+V"]�<L>	fg_BJ0K�D�n�`+<?rLJ ]�<?>+<£�
]^<?�0<?>+t9_B`+Jwfg�0_e<?h"J)h"V"rLS+]�J�U±V.T�}	fg�amIt"TeV"S+>+X�8+y	TeV">I_¡��<?>+�0<?X+J0>,_�|+`+V"_BV">+K�_B`	fg_
l�V.]�|+_BV.>,��KB��fg_B_BJ0TED	fg>+X'}	fg��m,t"TBV.S+>+X�|+`+V"_BV">+K�V"Tw|	f�TB_B<?�0r?J0K)J0>,_BJ0TB<L>+t UWTBV"]
_B`+J)TeJ�fgT�D	fgTeJ�TBJK®eJ0�0_BJ0X5}Ii fg>,_B<?�0V"<?>+�0<LX+J0>+�0J)n�<?_B` _B`+J)TeJ�fgT�KBJ0t"]^J0>,_
	+fw|	f�K��
KB<Lh"J"D�t.T�fgX+J0X,��c#±�:�}�D%l�S�D�\,>P²^Te<?>+t�f�TBV"S+>+X _B`+J5U±TeV">I_^KBJ0t"]^J0>,_�fg}+KeV"TB}+K
`	fgTeX ����T�fEiIKq<?>+�0<?X+J0>,_�UWTBV"] _B`+J�Ke<?X+J"D,_BVw|+TBVgh,<?X+J�_B`+JGr?Vgnû}	f���m,t"TBV"S+>+X VgUÇf
|+`+V"Ken�<?�a`,��_�i,|	JGKB�0<?>,_B<?rLrsfg_B<?V.>OX+J0_eJ0�0_BV"T�8+:�`+V._BV">+K�n�<L_B`�J0>+J0Tet"<?J0KqU±TeV"] � � ��´
m"J0 k_eV�³�� [zJ0 9D+<?>+�0rLS+X+<?>+t�f�r?r�>,S+�0r?J�fgTGtIfg]^]�fE��Taf0i9r?<?>+J0K�D2KB_BV.| |+TB<?] fgTB<?r?i
<?> _e`+J)_B`+<?�am�TBJ�f�T�KBJ0t"]^J0>I_�fgrLV">+J"D,n�<?_B` KB] fgr?rLJ0T�UWT�fg�0_B<?V.>+K%Ke_BV"|+|+<?>+tZ<L> _B`+J
UWTBV">,_�KBJ0t"]^J0>,_�DaX+J0|	V"KB<L_B<?>+t�J0>+J0TBt.i)<?>w}2V"_B`w_e`+J�UWTBV">,_�fg>+XwTeJ�fgT�KBJ0t"]^J0>,_BK�DaV"T
<?>�_�n%V�V"T�]^V"TBJ�N�J0H)KE80b�rLr"_B`+J0KBJ�]^VIX+J0K��0V.>I_BTe<?}+S+_BJ�_BVG_B`+J�_eV"_�fgrg|+`+V"_BV.|	J�fgm
J����0<LJ0>+�0i9±Wy�<Lt	8 � �*²08
p�`+J%<L>I_BJ0>+KeJ%`	f�TBX!����T�fEi0°	Sz¯+J0K�_B`	fg_�S+KBS	fgr?rLiwfg�0�0V"]^|	fg>Ii)rÈfgTBt"J�tIf�]�] fE�

T�fEi^r?<?>+Jo°QfgTBJ0K)fgTBJOf�}+KBV"TB}2J0Xz},i _B`+JãU±TBV.>I_GKBJ0t"]^J0>I_EDIKeV�_B`+J�TBJ�fgTGKBJ0t"]^J0>I_
n�<Lr?r"fgr?n�fEiIK=�0V"S+>,_�fg_�]^V,X+J0T�fg_BJ�T�f�_BJ0K�80p�`+<?K�<LK�J0KBKBJ0>,_B<sfgr�U±V"T�tIfg]^]�fE��Taf0i�r?<?>+J
]^J�fgKBS+TBJ0]^J0>,_BK�n�`+J0TBJwV.|+_B<?] fgr=KB|	J0�0_BTafgr�TBJ0KBV.r?S+_B<?V"> f�>+Xz`+<Lt"` _B`+TeV"S+t"`+|+S+_
<?KqX+J0KB<?TBJ0X�8,p�V9fg�0�0V"]^]�V,X	fg_BJ�_e`+J�rsf�TBt"J�X+iI>	f�]�<?��T�f�>+t"J5± �¢³4´ ~ ²�<?>ZKBV�U±_����
T�fEio°	Sz¯OUWTBV"]k]^<?�0TBV�°QfgTBJ0K�_BV)h"J0TBi�rsfgTBt"J,°QfgTeJ0K�D"_�n�V�KeJ0_BK�VgU�fgr?S+]^<?>,S+]1X+<?Kem
fg_e_BJ0>IS	f�_BV"TBK�±�fgr?KeV)��fgr?r?J0XZKe`IS+_B_eJ0TBK!²���f�>Z}	JG]�Vgh"J0X9<?> U±TBV.>I_qVgU�_B`+J)N�J0H)Kq_BV
fg}+KeV"TB}9r?Vgn�J0>+J0Tet"i ±WKeJ0J%y�<Lt	8 � �*²�|+`+V"_BV">+K�8"p�`+J0KBJ�fg_B_BJ0>,S	fg_BV"TeKÇfgTeJ%<L>+KBJ0TB_BJ0X
fgS+_eV"]�f�_B<?��fgr?r¢i },i�`+J�fg_B<L>+t _BJ0]^|	J0T�f�_BS+TBJa��KBJ0>+KB<L_B<?h"J�\,`	f�|	J [�J0]�V.TBi bGr?r?Vgi
±�\,[�b0²9fg�0_BS	fg_BV.TBKwn�`+J0>4_e`+J �0V"S+>I_9T�f�_BJ�<L>+�0TBJ�fgKBJ0KZfg}2Voh.J |+TBJa��KBJ0_9hofgrLS+J0K
fg>+X f�S+_BV"] fg_B<?��fgrLr?iwTBJ0]^Vgh"J0X�fEUW_BJ0T�fO��¯�J0X5X+S+T�fg_B<?V.>9± ��� ]�<?>P²�8
p�`+J N�J0H)K�<?>k_B`+J0<?T�]^VIX+S+rLJ0K�f�TBJ�]^V"S+>,_BJ0X�V"> f�>�fgr?S+]^<?>IS+] �0V"r?X

|+rsf�_BJ�KBS+KB|2J0>+X+J0XkV"> �	}	J0TBt"rÈfgKBK Ke_BT�fg|+K5_BVûTBJ0X+S+�0J'_B`+J0TB] fgr)�0V">+X+S+�0_e<?V">�8
p�`+<LK�<?K�KBS+TeTBV"S+>+X+J0X },i ]ZS+r?_e<¢��rsfEi"J0T�T�fgX+<Èfg_B<?V">^KB`+<?J0rLX+K�fg>+X J0>+�0rLV"KBJ0X <L>zfg>
J0hgfg�0S	fg_BJ0X��0Tei"V"KB_�f�_�8	p�`+JZ�0Tei"V"KB_�f�_
��K��0S+TBh.J0X�KB<?X+J0n�fgr?r�<?K)TB<?}+}2J0X�_B`+<?>,��n�fgr?r
fgrLS+]�<?>,S+]�>+J�fgT�_B`+J^N�J0H)K)_BV^|+TBVgh,<?X+J� � ´^m"J0 �_B`+TBJ0KB`+V.r?X5U±V"TG>+V">,��KBV.rsfgT
����T�fEi ��tIfg]^]�fE��T�f�iIK�<?>+�0<LX+J0>I_�V.> _B`+J)KB<LX+J"8
p�`+J)N�J0H)K�fgTeJ��0VIV.r?J0XZV">,��V"Te}+<?_�}IiZfGKB<L>+t"r?J�\,S+>+|2Von�J0Tq��>+�"8"[ ��GKe<?>+t"r?Ja�

KB_afgt"J"D��0V.S+>I_BJ0Te}	fgrsfg>+�0J0X�D)\,_B<?Ter?<?>+tg���0i,�0r?J'�0TBi"V,�0VIV"rLJ0T�8�p�`+J4<L>I_BJ0T¡Uïfg�0J'<?K�f
°	J�¯+<?}+r?JZfgr?S+]^<?>,S+]���K�fg|+|+`+<?TBJG�0V"r?X5�	>+t"J0T)X+J0Ke<?t">+J0X�_BV ]^<?>+<?]^<?�0J��0V.S+|+r?<?>+t
VgUw]^<?�0TBV.|+`+V">+<?�0K^<?>I_eV�_B`+J'NGJ0H)K fg>+X _BVûfgr?r?Vgn f'Ke_BTBS+�0_BS+TBJ0X �0V,V"r?X+Vgn�>
_BVZfEh"V"<LX �0V">+X+J0>+K�fg_B<LV"> VgU��0V">I_afg]�<L>	fg>I_eK�V">I_eVZ_B`+J9N�J0H)KE8	p�`+J)�0TBi"V,�0V,V"r?J0T
S+KBJ0Kwf tIfgKG}	J�f�TB<?>+t ��°	J�¯+S+TBJ9KBi,KB_BJ0] _BV^|+TBJ0h"J0>,_)�0V">,_�fg�0_G}	J0_�n�J0J0>�]�Vgh,<?>+t
|	fgTe_BK�D�fg>+X4f5]�Vgh,<?>+tg��] f�t.>+J0_�]^V"_BV"TG_BV5J0r?<?]^<?>	fg_BJh°	J�¯+<?}+r?J^]�V"_eV"T�rLJ�fgX+K�8

���������
	����� ��� ������������������� ����� ����� !#� ���



� ´ ���������
	�����������

 

SEM 
(Spacecraft 
Electronics 

Module) 

Solar Arrays/4 

Battery 

CSS/8 
(Coarse Sun 

Sensors) 

Torque Rods/3 

SSR 
(Solid State 
Recorder) 

FSS 
(Fine Sun Sensor) 

IAD/2 
(Inertia 

Adjustment 
Device) 

MAG 
(Magnetometer) 

XPDR 
(Transponde

r) 
RF 

Switch Combiner 

Aft Tx 

Fwd Tx 

Aft Rx 

Fwd Rx 

IDPU 
(Instrument 

Data 
Processing 

Unit) 

IPC 
(Instrument 

Power 
Converter) CPC 

(Cryocooler 
Power 

Converter) 

Imager 

SAS/3 
(Solar Aspect 

Sensor) 

Spec-
trometer 

Atten. 

Cryocooler 

RAS 
(Roll Aspect 

Sensor) 

Spacecraft Bus Instrument 
Electrical Power 

Attitude Control 

Command & 
Data Handling 

Telecom 

Particle 
Detector 

RAS-PMT 
(Roll Aspect 

Sensor) 

Antennas 

Ñ+ª¼ÒaÖE°±©�¾0â  {>.@ ý �fT�+.F�W�JKF�E Bd@�J~/2143~"�$&%('�'*)&-2I4F ý 3 ý JKF�Bd/&c*i4-�L�>.3�B\/KQ&FC8
Th/21
3,+�8
-S/2JSi4E�3K8*/L�JS+.WC1*/KQ�k

p�`+<LKw�0V,V"r?J0Tw|+TeVoh,<?X+J0K�S+|�_BV � j VgU��0V,V"r?<?>+t�fg_ ��.�9D�fg_9fg>�<?>+|+S+_9|	Vgn�J0T
VgU,³
´�´gjk8Ip�`+J��0TBi.VI�0V,V"r?J0T�<?K�]^V"S+>I_eJ0XZ<?> fg> J�¯�_eJ0TB>	fgr=��fEhI<?_�i9}	J0_�n�J0J0>^_B`+J
T�f�X+<sfg_BV"T�fg>+XZ�0TBi"V.KB_�fg_�_eV)]�<?>+<L]�<?�0J�rLV"KBKBJ0K�<?>9_B`+J�`+J�fg_�TeJK®BJ0�0_B<LV">9|	fg_B`�8gp�`+J
fg>,_B<¢��\,S+>5U�fg�0<?>+t `+J�fg_�TBJK®eJ0�0_B<?V">�T�fgX+<Èfg_BV"Tf± ��^�0] X+<sfg]^J0_BJ0T!²�<?K)_B`+J0TB] fgr?r?i
�0V"S+|+rLJ0Xz_eV�_B`+J��0TBi"V"Ke_�fg_�`+V"S+Ke<?>+t�_eV�|+TBVgh,<?X+JOf^rÈfgTBt"J)_B`+J0Te]�fgr�]�fgKeK�8+p�`+J
J��,S+<?r?<?}+Te<?S+]�T�fgX+<sfg_eV"T�_BJ0]�|2J0T�fg_BS+TeJ�<?K�<?> _e`+JwT�fg>+t.J)VgU���³ �"l _BV�� 	 ´"l)8
7)fgX+<sf�_B<?V">5X	fg]�f�t"JwVgU�_B`+J�N�J0H)K)<?K�VgU%�0V">+�0J0Te>�KB<L>+�0JZ7óRG��\+\,�)|	f�KBKBJ0K

_B`+TeV"S+t"`�_B`+JZ\,V"S+_B`�b�_BrÈfg>I_e<?�wbG>+V"] fgr?i7±�\,b�b0²GV">�fg}2V"S+_!�^V"TB}+<?_eKóf^X	fEi"8
FqV"]Z}	f�TBX+]�J0>,_=}Ii�`+<?t"`9J0>+J0TBt"i9\,b�b�|+TBV"_BV.>+K�|+TBV,X+S+�0J0K�_eT�fg|+K�<?>9_B`+JGN�J0H)K
n�`+<L��`5X+J0t"T�fgX+J9_B`+J9KB|2J0�0_BT�fgr�TBJ0KBV"rLS+_B<?V">5n�<?_B`5_B<?]^J"8�p�`+J \,|2J0�0_BTBV"]^J0_BJ0TG<?K
X+J0KB<Lt">+J0X9n�<?_B`�_B`+J���fg|	fg}+<?r?<L_�iG_BV)fg>+>+J�fgr,_B`+JGN�J0H)K�DE},i)`+J�fg_B<?>+tG_B`+J0]kS+|9_BV
�¢³4´�´ � l)D,_BV9TBJ0�0Vgh"J0T�_B`+J)TBJ0KeV"r?S+_B<?V.>�8Ip�`+<?K�<?K�>+V"_�J�¯+|	J0�0_BJ0X5_BVZ}	J)>+J0J0X+J0X
n�<L_B`+<?>^_B`+J)>+V"]^<?>	fgr=_�n%V���i"J�fgT�]^<?KBKe<?V">Zr?<£U±J0_B<L]�J"8

	 8 	 8�� +�1 '�$����/ "+�',./!# "�&' $&) + (*��1

�qfg��`çN�J0H�<?Kw}+<ÈfgKBJ0X�fg_�}	J0_�n�J0J0> � f�>+X � m, �}Ii�f^KeJ0|	fgT�fg_BJ^fgX*®BS+Ke_�fg}+r?J
R� ó:q\=8I:�`+V"_BV">+K�<?>,_BJ0T�f��0_B<?>+tG<?>�f9NGJ0H t"J0>+J0T�fg_BJ���`	fgTet"J�|+S+r?KBJ0K�D.n�`+<?�a`�fgTBJ
�0V"rLr?J0�0_BJ0XZfg>+XZfg]^|+r?<¢�	J0Xw},iOfG_eT�fg>+KB<?Ke_BV"T���TBJ0KeJ0_�l�`	fgTBt.J%\,J0>+KB<?_e<?h"J�b�]^|+r?<¢�	J0T
±�l�\,be²^n�<L_B`1fg>1f�X+hofg>+�0J0X � ��_BJ0TB]^<?>	fgr�_�i,|	J'y���p _eV4|+TBVghI<?X+Jô_B`+J�}	J0Ke_
TBJ0KeV"r?S+_B<?V.>�f�>+X�`+<?t.`,���0V"S+>I_9T�f�_BJZ|	J0T¡U±V"Te]�fg>+�0J"8�p�`+J l�\,b�KZfg>+X'_B`+J^`+<?t"`
h"V.r?_�fgt"J��	r?_BJ0TBK�f�TBJ)]�V.S+>I_BJ0X^X+<?TBJ0�0_er?i�_eVO_e`+Jw\,|	J0�0_BTBV.]�J0_BJ0Th±Wy�<?t	8 � ²08

���������
	����� ��� ������������������� ����� ����� !#� ���



����������� � ³

 

IDPU

RAS

CPC

IPC

Imager

Spectrometer

CPC
IPC

CPC
IPC

PMT - RAS

Battery SEM

SSR

Antennas

IAD

FSS

Solar Arrays

Ñ+ª¼ÒaÖE°±©=Ô0Â0â ' ý 1
3�E�F!/2+ ý -21
@�`a+�84WR/21
3{>.@ ý F!/2+.@C8^@CB*+�84-S/2JSi
E�3�8*/PFC8
T�-2I
F ý 3 ý JKFCBd/ ý @�E,I�@�843K8*/S-@C8~/21
3{"�$�%a'*'�)�-2I4F ý 3 ý JKF�Bd/�k�ya143PF ý JK@C8*n�E�-z+�8G/2143(/S@CI~]�+.3�`AFCJK3 ���z+�8
3�'�i*8D'=3�8
-S@CJ�Ld�P'*'*Q�_'=@�>�+.T0'�/SF�/S3�"�3 ý @CJKT*3�J~LM'�'�"�Q�_
|(JKn!@ ý @�@C>.3KJ&[�@�`a3KJ�|a@C8*]�3KJK/S3�JRLM|a[a|�Q�_�)\8
-S/2JSi4EG3�8*/�[�@C`(3�J|a@C8*]�3KJK/S3�J0LM)t[(|�Q�_P)\8
-S/2JSi
E�3�8*/���F�/SFf[�JK@ ý 3�-S-2+�8
W ��8*+./0LM)t��[ �<Q �z+�8�/21
3xc�@!/S/S@�E�]�+.3�`R_
"�@C>�>�;�84W�>.3R'�n�-S/S3�E Ld"�;R'*Q�_![H1
@�/S@!E�i*>./2+�I�>.+.3�J<"�@�>�>w;�8
WC>.3R'�n�-S/S3�EvLd[PN0yU"�;R'*Q�_*)\8
3�JK/2+.F�>
;&TX� i
-S/SE�3�8*/��&3�]�+ ý 3xLM)d;&�RQ�_�'�I
F ý 3 ý JKFCB\/�%�>.3 ý /2JK@�8�+ ý -,N0@�T�i�>.3�LM'�%{N5Q�k

p�`+J���Hw: �wD�X+J0KB�0Te<?}	J0X�}Ii l�S+Te_B<?K^J0_zfgr�8b± � ´r´ � ²l±WKBJ0J�<?> y�<?t	8 �4fg>+X
³
´r²9�0V">,_�fg<?>+K�f�r?r�_B`+J TBJ0] fg<?>+<L>+t�\,|2J0�0_BTBV"]^J0_BJ0TZJ0rLJ0�0_BTBV">+<?�0KE8�p�`+J Ke<?t">	fgr?K
UWTBV"]�_B`+Jwl�\,bGK�fgTeJ�KB`	f�|	J0X�D=fg]�|+rL<¢�	J0X�D"|+TBV,�0J0KBKBJ0X�D2fg>+X X+<?t"<?_e<?�0J0X�},i^>+<?>+J
<?X+J0>,_B<?��f�roH)J0_eJ0�0_BV"T=��>,_BJ0T�U�fg�0J%FqVIf�TBX+K~±WH)��F�K�²0DaV">+J�U±V.T�J�fg�a`9N�J0HZ8�p�`+J�H)��FqK
UWJ�fg_BS+TBJh±�³
² �,S	fgKB<¢��_BTafg|	J0�0V"<LX	fgr+KB`	fg|+<?>+t9_BV)�0V.]�|2J0>+K�fg_BJ�UWV"Tq}	fgr?r?<?Ke_B<?��X+Ja�	�0<L_
J���J0�0_BKGVgU�_B`+J9��`	fgTet"Jw�0V"rLr?J0�0_B<?V"> <L> _B`+J0KBJ�rsfgTBt.J9N�J0H)K�D&± � ²�X+S	f�r�U�fgKB_ ��KBr?Vgn

���������
	����� ��� ������������������� ����� ����� !#� � �



��� ���������
	�����������
KB<Lt">	fgr�|+TBV,�0J0KBKB<?>+t'��`	f�<?>+K9UWV"T�|+S+rLKBJa��|+<?r?J0S+|�TBJK®BJ0�0_e<?V">�D�fg>+X¢± 	 ²9S+rL_BT�fg`+<?t.`
T�f�_BJ�<?]�f�t"<?>+tGn�<?_B`9_B`+J�U�fgKB_q��`	f�<?>Zn�<?_e`OrL<?h"J�_B<?]^J�]�J�fgKeS+TBJ0]�J0>,_BK�J0h.J0TBiA´+8 �
]^K�8
p�`+J9N�J0H U±TBV.>I_qKBJ0t"]^J0>I_qJ0>+J0TBt"i^T�fg>+t"JG<?K � 	 m"J0  S+| _eV � � 8 ��[zJ0 �<?>

� ³ � � ��`	fg>+>+J0rLK�n�<?_B`!�0´Y8 	�	 m"J0 ��g��`�8Ep�`+J�TBJ�f�TQKeJ0t"]�J0>,_BK=`	fEh"J�fg>wfgX+X+<L_B<?V">	fgr
r?Vgn���t,fg<?>ZKBrLVon fg]^|+r?<¢�	J0Tq_BV9�0Vgh"J0TqU±TBV.] � � � ��[�J0  S+| _BV�¢³ �w[�J0 #± � 8 �
m"J0 ��g�a`P²08+y2V"T�J�fg�a` X+J0_BJ0�0_eJ0Xz|+`+V._BV">�Da³ � ��}+<?_BK�VgU�J0>+J0Tet"i <?>,UWV"TB] fg_B<?V">^fg>+X
_B`+J�_B<L]�JqVgU�fgTeTB<?hof�r+_BVf³�]�<L�0TBV"KBJ0�0V">+X9fgTBJ�J0>+�0V,X+J0X�_BV.t"J0_B`+J0T�n�<?_e`OX+J0_eJ0�0_BV"T
<?X+J0>,_B<¢�	��f�_B<?V">�fg>+X'r?<?h"J _B<?]^JO<L>I_BV f � � ��}+<?_wJ0h"J0>,_wn�V"TeX�8�v�V"TB] fgr?r?i J0h"J0Tei
|+`+V"_eV"> <?K�KB_eV"TBJ0X <?>5_B`+JwKB|	f��0J0�0T�fEUW_�]�f�KBK�]�J0]^V"TBiZfg>+X5_B`+J0> _BJ0rLJ0]�J0_BJ0TeJ0X
_BV9_B`+J�t"TBV"S+>+X�8
b 	 ´�´E��]^<?�0TBV"> _B`+<L��m=D0³4�0] C fgTBJ�f+D�|	fgKBKB<Lhofg_BJ0X,��<LV">,��<?]^|+rsfg>,_BJ0X¡±�:���:~²

KB<Lr?<?�0V"> X+J0_BJ0�0_eV"T)n�<?_B`�f�l�\,b��"f�]�|��gX+<LKB�0TB<?]^<?>	fg_�V"T�J0r?J0�0_BTeV">+<?�0K�D+Ke<?]�<LrsfgT�_BV
_B`+V.KBJU°	Vgn�>4V">4_B`+J5j <L>+X 	 H :�rsfgKB] f5<?>+KB_BTeS+]�J0>,_�D�]^V">+<?_eV"TBKwJ0>+J0Tet"J0_B<?�
|	fgTe_B<?�0r?JU°	Sz¯+J0K�8�p�`+J ��Hw:�� rLVon�h"V"r?_�f�t"J�|2Vgn%J0T^�0V">,h"J0TB_BJ0T |+TBVghI<?X+J0K _B`+J
³
´r´E�� �V"r?_�}+<sf�K�KBS+|+|+r?i U±V"Tq_B`+J�|	fgTe_B<?�0r?J�X+J0_eJ0�0_BV"T�8,p�n�VwX+<?KB�0Te<?]�<L>	fg_BV"T�rLJ0h"J0r?K
|+TBVgh,<?X+J)]^J�fgKBS+TBJ0]^J0>I_eK�VgU�J0>+J0TBt"J0_B<L�A± � ��³w[�J0 0²�J0r?J0�0_BTBV.> fg>+Xj± � �a³
´r²�[�J0 
|+TBV._BV">�°	Sz¯�J0K�8
p�`+J�l�V.>I_BTeV"r?r?J0TG��fgTBX'�0V"r?r?J0�0_eKwfg>+X�UWV"TB] fg_BKGX	fg_�f�U±TeV"] _B`+J^H)��FqK9fg>+X

_B`+J5|	fgTB_B<L�0r?J X+J0_BJ0�0_BV"TED%fg>+X�|	fgKBKBJ0K^_B`+J�l�l�\,Hw\'UWV"TB] fg_B_eJ0X�X	fg_af�_BVô_B`+J
KB|	f��0J0�0T�fEUW_�Vgh"J0T�f�`+<?t"`ZKe|	J0J0X7± � � ´)[�}+|+K!²q}+S+K�8.b ]^<?�0TBV"|+TBV,�0J0KBKBV.T�V"> _B`+J
l�V.>I_BTeV"r?r?J0T���f�TBX��0V">I_eTBV"r?KG_B`+J9��Hw: �wD=<?>+�0rLS+X+<?>+t�_e`+JZ�0VIV.r?J0Tóf�>+XzKe`IS+_B_eJ0TBK�D
fg>+X4<L>I_BJ0T¡Uïfg�0J0K _BV�_B`+J KB|	f��0J0�0T�fEUW_ZVgh"J0TZf�r?Vgn�KB|	J0J0X�KBJ0TB<sfgr�<?>I_eJ0T�Uïf��0JZUWV"T
TBJ0�0J0<L|+_�VgU�t"TeV"S+>+X �0V"]^]�fg>+X+K�fg>+X J�¯+��`	fg>+t.J)VgU�`+V"S+KBJ0m.J0J0|+<?>+t�fg>+X KB_afg_BS+K
<?>,UWV"TB] fg_B<LV">�8
b4Ke|	fg�0Ja� �IS	f�r?<¢�	J0Xw|2Vgn%J0T��0V">Ih.J0TB_BJ0T~±�l�:�l�²=�0V.>+KB<?KB_B<L>+t%V�U	_�n�V�fg]^|+r?<¢�	J0TBK

n�fgK�X+J0h"J0r?V"|2J0X�UWV"Tw_e`+JZ�0TBi"V,�0VIV.r?J0T�8�b�|+S+r?KBJa��n�<?X+_e`,��]�V,X+S+rsfg_BJ0X�fg]^|+r?<¢�	J0T
fg]^|+r?<¢�	J0Kwf5_BJ0]^|	J0Tafg_BS+TBJZX+J0|2J0>+X+J0>I_^��Hw: ����|+TeVoh,<?X+J0X'KB<?>+J^n�f�h.J�fg_��+8 �
R�� _BV'X+TB<?h.J S+| _BVv³
´r´�n�fg_B_eKZ|	J�fgm4<L>I_BVô_B`+J�h"V"<?�0Ja���0V"<Lr¢��r?<?m"J^�0TBi"V,�0V,V"r?J0T
r?V,fgX�V�U �h³I8 ��� K�8	p�`+JwKBJ0�0V">+X�fg]^|+r?<¢�	J0T�D.X+TB<?h"J0>^UWTBV"] f�> ��Hw:�����|+TBVgh,<?X+J0X
|+`	fgKeJa��KB`+<¢UW_BJ0X�_eJ0]�|2J0T�fg_BS+TBJa��X+J0|2J0>+X+J0>I_�KB<?>+JGn�fEh"JGfg_�_B`+JGK�fg]^J�UWTBJ��,S+J0>+�0i"D
|2Von�J0TBK�_B`+J��0TBi"V,�0VIV.r?J0T��0V"S+>I_eJ0TB}	fgrsfg>+�0J0T�_BV9]�<?>+<L]�<?�0J�]�<?�0TeV"|+`+V">+<?�0K�8
bG>'��>+KB_BTeS+]�J0>,_O:�Vgn�J0Twl�V">,_BTBV"rLr?J0TA±W��:ql�²)�0V.>I_�f�<?>+K)_B`+J^r?Vgn fg>+X'`+<?t"`

h"V.r?_�fgt"J��0V">,h"J0TB_BJ0TBKGUWV"T�_B`+JZ<?>+KB_eTBS+]�J0>,_�8=p�`+J�l�:ql�fg>+Xô��:�l fgTBJZ`+V.S+KBJ0X
<?> |+`,i,KB<?��fgr?rLiZKBJ0|	fgT�f�_BJ)}	V�¯+J0K�U±TeV"]�_B`+JwTBJ0Ke_%V�UÇ_B`+J)��Hw:��#±Wy�<Lt	8�³
´r²08

��¤���� �P¬���¬4¨����K§

���������
	����� ��� ������������������� ����� ����� !#� ���



����������� ��	

� 8\³I8 �"'�$����0' ��$� %�+����  "����% +�( 1 �/1
p�`+J)7)RG��\+\,��KB|	fg�0J0�0T�foU±_�}+S+Kf±Wy�<?t28�³
´�²�n�f�K%X+J0Ke<?t">+J0Xzf�>+X ] fg>IS,U�fg�0_BS+TeJ0X
},ió\,|2J0�0_BTBS+]�b�Ke_BTBV	D0��>+�"8�V�UQNG<?r?}	J0Te_�Dabóc�8Ep�`+J�|+TB<L]�fgTei%Ke_BTBS+�0_BS+TBJ�KeS+|+|	V"TB_eK
fgrLr�KB|	fg�0J0�0TafEU±_ �0V"]�|2V">+J0>,_BK9X+S+TB<?>+t�_B`+J rsfgS+>+�a`4J0>,hI<?TeV">+]�J0>,_Of�>+X4]�fg<L>,�
_�f�<?>+K�_B`+J)TeJ0rsfg_B<?h.J�f�r?<?t">+]^J0>I_�V�U�_B`+J)��] fgt"J0T�fg>+X^_B`+Jw\,|	J0�0_BTeV"]�J0_eJ0T�8"[�V"KB_
VgUG_B`+J�Ke|	fg�0J0�0T�fEUW_9�0V"]�|2V">+J0>,_BKOfgTeJ�r?V,��fg_BJ0X'V">4fg>'VI�0_�f�t"V">	fgr�fgr?S+]^<?>IS+]
`+V">+J0i,�0V"]Z} J��IS+<?|+]^J0>,_%X+J0�amZ_B`	f�_%<LK%]^V"S+>,_BJ0XZ_BV9_B`+JGKB|	fg�0J0�0TafEU±_�fEUW_�TB<?>+t	8
p�`+J���] fgt"J0T�_eS+}	J9<?KGKBS+|+|	V"Te_BJ0Xzfg_G<?_BK��0J0>I_BJ0T)V�UÇt"Taf�h,<?_�iZ},i _B`+TeJ0J0°	J�¯+S+TBJ
]^V"S+>,_BK�_BV^fw] fg�a`+<?>+J0X fgr?S+]^<?>,S+]�<?] fgt"J0TqKBS+|+|	V.TB_�TB<?>+t9]^V"S+>,_BJ0X�V.> _B`+J
UWV"TBn�fgTBX5KB<?X+JZV�U%_B`+J9J��,S+<?|+]�J0>,_)X+J0�amQ8�p�`+JZ\,|	J0�0_BTBV.]�J0_BJ0T)<LKwfg_B_�fg�a`+J0X�_BV
_B`+J^KB|	fg�0J0�0TafEU±_9fEUW_OTe<?>+t n�<L_B`�<L_BKwrsf�TBt"JZ_B`+J0Te]�fgr�TafgX+<sfg_BV.Tb°	S+KB`4n�<?_B`ô_B`+J
rsf�S+>+��` h"J0`+<L�0r?J)KBJ0|	fgT�f�_B<?V">^|+rsfg>+JGUWV"T�fg> S+>+V.}+KB_BTBS+�0_BJ0X��	J0r?X VgU�hI<LJ0nw8
p�`+J%KeV"rsfgT�fgTBT�fEiG�0V">+KB<?Ke_BK�V�U	UWV"S+T�<LX+J0>I_B<L��fgrIn�<?>+t"K�DEJ�fg�a`On�<?_B`w_�n�VG|	fg>+J0r?K

�0V">+>+J0�0_eJ0X }Ii f'`+<?>+t"J"D�r?V,��fg_BJ0X KBi,]^]�J0_BTe<?��fgr?r¢i4fgTBV"S+>+X _B`+J�J��,S+<?|+]�J0>,_
X+J0�amQ8Yb1]^J0_�fgr2_B<?|,��] fgKBK%f�_%_e`+J)J0>+X VgU�J�f���` n�<L>+tZ<?>+�0TBJ�fgKeJ0K�_B`+J)X+J0|+r?Vgi"J0X
KB|+<L>,��f�¯�<LK�]^V"]^J0>I_�V�UQ<?>+J0TB_e<sf�UWV"T�KB|+<L>+>+<?>+t)KB_�fg}+<Lr?<?_�i"8�p�Vwfgr?<?t">�_B`+J�KB|+<?>Zf�¯+<?K
�0r?V.KBJ0T�_eV�_B`+J5<?] fgt"J0TZ}2V"TBJ0KB<?t.`I_^V">ûV.TB}+<?_�D�_e`+JzKe|	fg�0J0�0T�fEUW_�Ke|+<?> }	fgrsfg>+�0J
��fg> }2J �	>+Ja��_eS+>+J0X n�<?_B`�_�n%V'�0V">,_BTBV"rLrsfg}+r?J ��>+J0TB_B<sfôb�X*®eS+KB_B]^J0>,_�H)J0h,<?�0J0K
±W��b�H)K�²���]�V._BV"TB<?�0J0X�r?<?>+J�fgT�X+Te<?h"J�KB�0TBJ0n�Kq_B`	fg_�]^Vgh"J�_�n�V)VgUQ_e`+J�KBV"rsf�T�fgTBT�fEi
n�<L>+t"K�8"p�`+JG]�<LX,��n�<?>+twfg>+X^TBV,V"_�`+<?>+t"J0K�VgU�J�fg�a`�KeV"rsfgT�fgTeT�fEiwn�<?>+t�S+KBJGKB_BJ0J0r
_�f�|	J�]�J�f�KBS+TBJ ] fg_BJ0Te<sfgr�_BV'|+TBVghI<?X+J�}2V"_B` _B`+J�X+J0|+r?VgiI]^J0>,_ZUWV"TB�0J�fg>+X f
TB<Lt"<?XwrÈfg_B�a`O<L>Z_B`+J�X+J0|+r?Vgi"J0X9KB_afg_BJ"8"\,`	fg|2J�[�J0]�V"Tei)b�r?rLVoiU±�\,[�be²�f��0_BS	fg_BJ0X
TBJ0rLJ�fgKBJ�X+J0h,<?�0J0K�|+TBJ0r?VIf�XZ_B`+J�fgTeT�fEiw|	fg>+J0r?K�fgtIfg<L>+KB_�KB>,S+}+}	J0TeK%<L>Z_B`+J�KB_eVon�J0X
�0V">,�	t.S+T�fg_B<?V.>�8Çp�`+J0KBJzfg�0_eS	fg_BV"TBK9KB_eTBJ0_B�a`4_BV�KB>	fg|4_e`+J _B<?_afg>+<?S+] _B<?J0X+Vgn�>
}2V"r?_BK)_BV5TBJ0r?J�fgKeJZ_B`+JZn�<L>+t"K�8�p�`+JZ_eTB<?|+r?Ja�}®eS+>+�0_B<?V">�KBV.rsfgT)�0J0r?r?K9fgTBJZJ�¯+|	V.KBJ0X
V"> _B`+J�V.S+_B}	VIf�TBXZ|	fg>+J0r2KBVw_B`	f�_�KBV"]^J�|	Vgn�J0T�<?Kqt"J0>+J0T�fg_eJ0X�J0h"J0>^}	JaUWV"TBJ�_B`+J
|	fg>+J0rLK�fgTBJ)X+J0|+r?Vgi"J0X

� 8 � 8�� '�'�( ' ���� ��/) + ' $&) !
p�`+J'b�_B_e<?_BS+X+J4l�V">,_BTBV"rw\,S+}+KBi,KB_BJ0] ±Wb�l�\�²�J0>	fg}+r?J0K�7óRG��\+\,�5_BV4UWV"r?rLVon
_B`+J9\,S+>�Vgh"J0TG_B<?]^JwfgS+_BV">+V"]^V"S+KBrLiZn�<?_B`�f 	 K�|2V"<?>,_B<?>+t fg�0�0S+T�fg�0i5VgUG´ ��³ � �
± � 8 � fgTB�0]^<?>P²08�p�`+J^|+TB<?] fgTBi�fg_B_B<L_BS+X+JZKBJ0>+KBV.TO<LKOfg>'b�X+�0V.r?J���>+�"8��	>+J^KBS+>
KBJ0>+KeV"T ±Wy�\+\�²ãn�<?_B`�f	� 	��� �	J0r?XôVgU�hI<?J0n�fg>+Xj´ � ´�´�� � TBJ0KBV.r?S+_B<?V">�D2_B`	fg_�<?K
]^V"S+>,_BJ0XZ_BV9_B`+JGUWTBV">,_�VgU�_B`+JG<?] fgt"J0T�_eS+}	J"8	p�`+J)|2V"<?>,_B<?>+t�J0TBTBV"T�]^J�fgKBS+TBJ0X
},iû_B`+J�y�\+\=D�_BV.t"J0_B`+J0T^n�<?_B`�r?VI��f�r�] fgt">+J0_B<L� �	J0r?X ]^J�fgKBS+TBJ0]^J0>I_eKO] fgX+J
},i _B`+J KB|	fg�0J0�0T�fEUW_)] fgt">+J0_BV"]^J0_BJ0T�D2fgTBJ9<?>+|+S+_BK�_BV _B`+JZb�l�\ �0V.>I_BTeV"r�fgr?t"V��
TB<L_B`+]�K=<?>�_B`+JR°	<Lt"`I_�KBVgUW_�n�fgTeJ"8 p�`+<?K�TeS+>+K�V">�_B`+J�7GbGH ��´�´�´�°	<?t"`,_�|+TBVI�0J0KeKBV"T
<?>ô_B`+J�l�
GHwR�KBS+}+KBi,KB_BJ0] _BV5X+TB<?h"J^_B`+TBJ0J^V"TB_B`+V.t"V">	fgr?rLi"��]^VgS+>I_BJ0X���_B`	fg�0V
��>+�"8 ��´ bG]�|2J0TBJa��]�J0_eJ0T C ��r?J0�0_eTBV"] fgt">+J0_B<?�Gp�V"T �IS+J�7�V,X+K�_eV�] fg<?>,_�fg<?> _B`+J
KB|	f��0J0�0T�fEUW_ófg_e_B<?_BS+X+J"8+y�<L>	fgr?r?i"D	f KBJ0_GVgU�J0<?t"`,_��0VIf�TBKBJwKeS+>zKeJ0>+KBV"TG�0J0r?r?Kf±W_�n%V
]^V"S+>,_BJ0XwV">9J�fg�a`ZKBV.rsfgT�fgTBT�fEi)n�<?>+tz²�fgrLr?Vgn�_B`+J�b�l�\wKeS+}+KBiIKe_BJ0]k_BVwfg���,S+<?TBJ

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



� � ���������
	�����������
_B`+J'\,S+>�U±TBV.] fg>Ii <?>+<?_B<sf�rófg_e_B<?_BS+X+J�foU±_BJ0T5KBJ0|	fgT�f�_B<?V">�UWTBV"] _e`+J�rsfgS+>+�a`
h"J0`+<L�0r?J"8
p�`+J�b�l�\o°	<?t"`,_�KBVgUW_�n�fgTBJ�|+TeVoh,<?X+J0K�fg> b����,S+<?KB<?_e<?V">w]^V,X+J%n�`+<?��` X	fg]�|+K

T�f�_BJ0K�fEUW_BJ0T�rsf�S+>+��` h"J0`+<L�0r?JwKBJ0|	f�T�fg_B<?V.>�D�f^:�TeJ0�0J0KBKB<?V"> ]^V,X+J)n�`+<?�a` V"TB<LJ0>I_BK
_B`+J�KB|+<?>�f�¯+<?K�_BVgn�fgTBX�_B`+J�KBS+> UWTBV"]�fg>,iwKB_afgTB_B<?>+twf�_B_B<?_BS+X+J"Dgfw\,|+<L>�l�V">,_BTBV"r
]^VIX+J�n�`+<?�a`�fgX*®eS+KB_BKq_B`+JGh"J0`+<?�0r?J�Ke|+<?>�Tafg_BJ�_BVZfã�0V"]�] fg>+X	fg}+rLJ%hgfgr?S+J"D,fg>+X
fZv�V"TB] fgr=]^VIX+J�n�`+<?�a` <?K�S+KeJ0XzX+S+Te<?>+tZ]^V"KB_�]^<?KBKB<LV">�V.|	J0T�fg_e<?V">+K�_BV m"J0J0|
_B`+J�KB|+<?>Zf�¯+<?K�|	V"<L>I_BJ0X^fg_�_B`+J�\,S+>�8Ip�`+J�b�l�\ZfgrLKBV�`	f�K%fg>Z��X+r?J�]^VIX+J�n�`+<L��`
X+V,J0K)>+V"_)fg�0_B<?h"J0rLi��0V">,_BTBV.r�_B`+J9h"J0`+<?�0r?J9fg_B_B<L_BS+X+J"8	FqJ0��fgS+KBJZ_e`+Jw7)R��q\+\,��<?K
X+J0KB<Lt">+J0X4_BV }2J f5KB_�fg}+r?J^KB|+<?>+>+J0TED�_e`+J <?X+r?J^]�V,X+JZ|+TBVgh,<?X+J0KZf KafEU±J^]^VIX+J
_B`	f�_�<?K�J0>,_BJ0TBJ0X5<?> _B`+JwJ0h.J0>I_GVgU�fg> fg>+V"] fgr?i"8+p�`+J�b�l�\�°	<?t"`,_�KBV�U±_�n�fgTBJG<?K
fgS+_eVg���0VIX+J0X^S+KB<?>+t9[�fg_BTe<�¯ � KBV�U±_�n�fgTBJ�fg>+X <?>,_BJ0t"Tafg_BJ0XZn�<L_B`Z_B`+J)TBJ0] fg<?>+X+J0T
VgU�_B`+Jb°	<?t.`I_�KBVgUW_�n�fgTBJ"8

� 8 	 8 � ) � � % + � % +�����%"' %�� % + ��!�( +��
p�`+J9\,|	fg�0J0�0T�fEUW_���r?J0�0_BTBV">+<L�0K�[�VIX+S+r?JU±�\+��[4D,y�<?t	8�³
´�²q`+V"S+KBJ0KG_B`+JOl�`	fgTBt"J
l�V.>I_BTeV"rQFqVIfgTeX9±�l�l�F�²0D"_B`+J):�Vgn�J0T�l�V">I_eTBV"r	FqVIfgTBXg±�:�l�F�²0D,fg>+X _B`+JGb�Sz¯,�
<?rL<sfgTBi9H)TB<?h.J0T�FqVIfgTBX7±WbGHwFG²%U±V"T�_B`+Jw��r?J0�0_eTB<?��fgr�:�Vgn�J0T�\,S+}+KeiIKB_eJ0] ±���:q\�²�	
fg>+X�l�V.]�]ZS+>+<L��fg_B<?V">+K���>I_BJ0T¡Uïfg�0J^F�V,fgTBXv±�l���FG²�D=_B`+J�:�fEiIrLVIfgX 
 b�_e_B<?_BS+X+J
l�V.>I_BTeV"r+��>,_BJ0T�U�fg�0Jf±�:2b�l��X²q}2VIfgTBX�D,fg>+X�_e`+J�°	<?t.`I_q�0V"]�|+S+_eJ0T^±�l�: �^²q}2VIfgTBX
VgU�_e`+J l�V"]�] fg>+X fg>+X�Hwfg_afZR�f�>+X+r?<?>+tg±�l 
GHwRb²�KBS+}+KBi,KB_BJ0]�8+b�KBJ0|	f�T�fg_BJ
\,V"rL<?X \,_�f�_BJ�7�J0�0V"TeX+J0Tg±�\+\,7ODqy�<?t	8x³
´�²�D�}+S+<?rL_�},i \+��bó�G7 ��>+t"<?>+J0J0Te<?>+t	D
|+TBVgh,<?X+J0K � t"<?t,fg}Ii,_BJ0K�VgU�KBV"r?<LX,��KB_�fg_BJG]^J0]�V"Tei)UWV"T�KB�0<?J0>+�0J)X	f�_�f9KB_BV.T�fgt"J"8
p�`+Jw��Hw: � |+TeVoh,<?X+J0K�UWV"TB] fg_B_eJ0X�l�l�\,Hw\^_BJ0r?J0]^J0_BTBiZ|	fg�am"J0_BK�VgUÇKe�0<?J0>+�0J

X	fg_af�X+<?TBJ0�0_BrLi)_BV�_B`+J�\+\,74TBJ0�0V"TeX+<?>+t�`+<Lt"`,��KB|	J0J0X9|	fgTafgr?r?J0r"<L>I_BJ0T¡Uïfg�0J"8E\,�0<?J0>+�0J
X	fg_af�<?K�|+rÈf�i.J0Xw}	fg�am)UWTBV"]k_B`+J�\+\,7çU±V"T�X+Vgn�>+r?<?>+m�hI<Èf�fG`+<?t.`,��KB|	J0J0XZ|	f�T�fgr?r?J0r
<?>,_BJ0T�U�fg�0J9n�<?_e`z_e`+J�l���FGD=_B`+J �0V"]�] fg>+X�fg>+X�_BJ0r?J0]^J0_BTBi <?>,_BJ0T�U�fg�0J�U±V.T)_B`+J
\+��[�_BVG_B`+J�7Gy _BT�fg>+Ke|	V">+X+J0T�8gp�`+J�l���F�<?K�|	Vgn�J0TBJ0XãU±TBV.] _B`+J�J0KBKBJ0>,_B<sfgr.}+S+K
fg>+X^<?KqV"|	J0T�f�_B<?V">	fgr	f�_�f�r?r+_B<?]^J0K�8g��_�|+TBVgh,<?X+J0K��0V.]�] fg>+X9X+J0�0VIX+<L>+tO��f�|	fg}+<?r¢�
<?_�i�U±V"T��0TB<?_B<L��fgr�U±S+>+�0_e<?V">+Kw<L>+�0r?S+X+<?>+t�_B`+JZTBJ0KeJ0_Ofg>+X'|	Vgn�J0Tw�0V">,_BTBV.r�VgU�_B`+J
°	<?t.`I_G�0V"]^|+S+_BJ0T�D+�0V">,_BTBV.r�VgU%_e`+JO_eJ0r?J0]�J0_eTBi�_eT�fg>+KB]^<?_B_BJ0TEDIfg>+X�fgX*®eS+KB_B]^J0>I_
VgU�_B`+J)}	f�_B_BJ0TBi9�a`	fgTBt"JG�0V">,_BTBV"r2|	fgT�fg]^J0_BJ0TBK�8"p�`+<?K�`	fgTeX+n�f�TBJ��0V.]�] fg>+X9X+Ja�
�0V,X+<?>+tZ��fg|	f�}+<?r?<?_�i9VgU�_B`+Jwl���F�|+TBVghI<LX+J0K�f�> V"|	J0T�f�_B<?V">	fgr2}	fg�amIS+|^UWV"TqUïf�S+r?_BK
n�`+<L��` TBJ0KeS+r?_�<?> _B`+JwKe`IS+_BX+Vgn�> V�UÇl�:�� V"T�KeVgU±_�n�fgTBJ"8
p�`+J�:2b�l��^}	VIfgTeX <?K TBJ0KB|2V">+KB<?}+rLJ�U±V.T _BJ0r?J0]^J0_BTBi4J0>+�0V,X+<?>+t fg>+X X	fg_�f

fg���,S+<?KB<L_B<?V">�8���_ X+<?t"<?_�f�r?r?i�J0>+�0V,X+J0K�f�>	fgr?V"t�h"V"rL_�fgt"J"D��0S+TBTBJ0>,_�fg>+X�_BJ0]^|	J0T��
fg_eS+TBJ9X	fg_�f+D�fg>+X�UWV"TB] fg_BKG_BJ0r?J0]^J0_BTBi^UWT�fg]^J0K�UWV"TwX+Vgn�>+rL<?>+mzfg>+XôV">,��}	VIf�TBX
KB_eV"T�fgt"J"8���_�|+TBVgh,<?X+J0KZKBJ0Te<sfgr��0V"]^]ZS+>+<?��fg_B<LV">+Kw<?>,_BJ0T�U�fg�0J0K9UWV"TZ�0V.>I_BTeV"r�fg>+X
]^V">+<?_BV.TB<?>+t V�Uw_B`+Jz\+\,7 fg>+X _B`+J5��Hw: �w8�p�`+Jz:2b�l��Z}	VIf�TBXû<?K^|	Vgn�J0TBJ0X
},i _B`+J9J0KBKBJ0>,_B<sfgr�|	Vgn�J0TG}+S+Kwfg>+X�<?Kóf�r?n�f�i,K�|+TBV,X+S+�0<?>+t `	fgTeX+n�f�TBJwKB_afg_BJwV�U
`+J�fgrL_B`j±�\+�)Rb²�_BJ0r?J0]^J0_BTBiZ|	fg�am"J0_BK 	+n�`+J0>+J0h"J0T)_B`+J�_BT�fg>+Ke]�<?_e_BJ0T�<?KG|	Vgn�J0TBJ0X
V">9_B`+J0KeJ%|	f���m"J0_eKÇfgTeJ%_eT�fg>+KB]^<?_B_BJ0XG_BV)_B`+J�t"TeV"S+>+X�8op�`+<?K�U±J�f�_BS+TBJ%f�r?V">+tGn�<?_B`

���������
	����� ��� ������������������� ����� ����� !#� ���



����������� � �

_B`+J�l���F�`	f�TBX+n�fgTBJ��0V.]�] fg>+XGX+J0�0VIX+<?>+t2D"fgr?r?Vgn�K�|+TeV"}+r?J0]^K�_BVG}	J�X+<sf�t">+V"KBJ0X
fg>+X ��¯�J0X U±TeV"]�_B`+J�t"TBV"S+>+X�D.J0h"J0>�n�<?_B`+V"S+_�_B`+JGl�:���V"TqKBVgUW_�n�fgTeJ%TeS+>+>+<?>+t	8
p�`+J l�:���}	V,fgTBX <LKóf T�fgX+<sf�_B<?V"> `	fgTeX+J0>+J0X�7�bGH ��´�´r´w|+TeVI�0J0KBKeV"T�] fgX+J

},ióFqb)� \,i,KB_BJ0]^K�8a��_��0V.>I_�f�<?>+K&³ �� [�F V�U�H)7Gb�[ U±V.T�X	fg_�fq]^J0]�V"Tei%Ke_BV"T�fgt.J
fg>+X'��fg�a`+J�]^J0]^V"TBi KB_BV.T�fgt"J"D�fg>+X 	 [�F�VgU����q:�7��G[ UWV"T��0VIX+J^]�J0]^V"TBi
KB_eV"T�fgt"J"8�p�`+J4l�:�� }2VIfgTBX �0V.>I_BTeV"r?K _B`+J�V.|	J0T�fg_e<?V"> VgU�fgr?r)VgUZ_B`+JôV"_B`+J0T
}2VIfgTBX+K�<?>)_B`+J�\+��[48�p�`+J�\+��[�fgrLKBV�`+V"S+KBJ0K�Hwl �gHwl�|	Vgn�J0T��0V">,h"J0TB_BJ0TBK�fg>+X
fg> Vgh"J0> �0V.>I_BTeV"r?r?J0X^�0TBi,KB_�fgr=V"KB�0<Lr?rsfg_BV.T^±��)l �G�0²08+p�`+JwJ0KBKeJ0>I_B<Èfgr=}+S+K � ��  
|2Von�J0T�|+TBVgh,<?X+J0X }Ii^_B`+J)|2Von�J0T�KeS+}+KBiIKe_BJ0]�<?K�S+KeJ0X _BVZt"J0>+J0T�f�_BJ�KeJ0�0V">+X	fgTBi
���g 9D�fg>+X �h³ �g  KBJ0TBh,<?�0J0KZn�`+<?��`'|	Vgn�J0T9_B`+J \+��[ }2VIfgTBX+K�8�p�`+J �)l ���
|+TBVgh,<?X+J0K�fGKB_�f�}+r?J��0r?VI�amwKe<?t">	fgr+fg_�f�UWTBJ��IS+J0>+�0i9VgU ����� R��"Dgn�`+<?�a`9<?K�X+<?h,<?X+J0X
},iw_B`+J�l���F'_BVG|+TBVIX+S+�0J��0r?VI�amwKe<?t">	fgr?K�fg_,³�R��Gfg>+X ��� ´GR��5±�fg|+|+TBV�¯�<L]�fg_eJ0r?i
³9[�R��*²08=p�`+J0KBJ9KB<Lt">	fgr?K)fgTBJ�X+<?KB_BTB<L}+S+_BJ0X _BV _e`+JOl���F�D=_e`+J :2b�l���D=fg>+X�_B`+J
��Hw:���D	n�`+J0TeJw_B`+J0i fgTeJwS+KBJ0X5_BV�_e<?]�Ja��Ke_�fg]^|ZX	fg_�fZf����IS+<?Ke<?_B<?V"> f�>+X UWT�fg]^J
_BTafg>+KB]^<?KBKB<?V.>O_e<?]�J0KE8

� 8 � 8�� !�( � ��' �&) - '�� % $� 
p�`+J�y�r?<Lt"`I_�\,VgUW_�n�f�TBJ�<?K�`+V.KB_BJ0X9V">Z_B`+J�l�: �4}2VIfgTBX�8gbGr?r+KBVgUW_�n�fgTBJ�_afgKBm,K�J�¯,�
J0�0S+_BJ�S+>+X+J0T%fG x¯�j�V.TBmIK�� 7�J�f�r�p�<L]�J��G|	J0T�fg_e<?>+tO\,i,KB_BJ0]�D�n�`+<?��`9`	fg>+X+rLJ0K
KBV�U±_�n�fgTBJ�<?>+<?_B<Èfgr?<?��fg_e<?V">�fg>+X9KB�a`+J0X+S+r?<?>+tGV">9f�|+TB<LV"TB<?_�iG}	fgKB<?K�8�[zV.KB_�_�fgKemIK�fgTBJ
KB�a`+J0X+S+r?J0X9_BVGJ�¯�J0�0S+_eJ�<?>wV.>+J%V�U	_B`+TBJ0J�`	fgTBX+n�fgTBJ�t.J0>+J0T�fg_BJ0X9�0i,�0r?J�T�fg_BJ0K�D�_B`+J
U�fgKB_BJ0Ke_wVgU�n�`+<?�a`�<?K � R��"8�b�l�\�_�fgKBm,KOfgTeJ�t"J0>+J0Tafgr?r?i�KBi,>+��`+TeV">+V"S+K�D�n�`+<?r?J
KBV.]�J�l 
GHwR'_afgKBm,K�fgTBJq_BTB<?t"t.J0TBJ0XOfgKeiI>+�a`+TBV">+V"S+Ker?i�},i)J0h"J0>,_BK�8gl 
GHwR'_�fgKem"�
<?>+t |2J0T�UWV"TB]^Kwfgr?r�>+V">,��b�l�\�KB|	fg�0J0�0T�foU±_9fg>+X�|	fEiIrLVIfgX5U±S+>+�0_e<?V">+Kw<L>+�0r?S+X+<?>+t
�0r?V,�am�fg>+X�KB�a`+J0X+S+r?J�]�fg>	f�t"J0]�J0>,_�D��0V"]�] fg>+X+<?>+t5hofgrL<?X	fg_B<?V.>�fg>+X J�¯+J0�0S,�
_B<LV">�D=_BJ0r?J0]^J0_BTBi5�0V"r?r?J0�0_B<LV">�� U±V.TB]�f�_B_B<?>+t	DYt"TBV"S+>+X'�0V"]^]ZS+>+<?��fg_B<LV">�D+|	Vgn�J0T
�0V">,_BTBV.r�D"|	fEi,r?VIfgX^<?>,_BJ0T�U�fg�0<?>+tZfgK�TBJ��,S+<?TBJ0X�D2fg>+X^Uïf�S+r?_�] fg>	fgt"J0]^J0>I_E8

� 8 �+8�./!# "�&' $&( �&% !��/)��  "$ ���	�&1 � 1 '  ���
 .�� �	

p�`+J���r?J0�0_BTB<?��f�r�:�Vgn�J0TÇ\,S+}+KeiIKB_eJ0] ±��q:�\�²�S+_B<?rL<?�0J0K�UWV"S+T�_BTe<?|+r?Ja�}®eS+>+�0_B<?V">�tIfgr¢�
r?<LS+] fgTBKeJ0>+<?X+J9±¡NófgbGK!²GKBV"rÈfgTwfgTBT�fEi�n�<?>+t.K�D�J�fg�a`�|+TBV,X+S+�0<?>+t ³ 	�	 8 � j UWV"T
f�_BV"_�fgr�V�U � 	 � j fg_ 	 i"J�f�TBKwJ0>+X,��VgUÈ��r?<¢UWJ"8���>+J0TBt"i�UWV"T�J0�0r?<?|+KBJZV.|	J0T�fg_e<?V">+K
<?K^KB_BV.TBJ0Xû<?> f ³ �'fg]�|2J0TBJa��`+V"S+T^}	fg_B_BJ0Tei4�0V"]�|+Te<?KBJ0X4VgUwJ0r?J0h.J0> �0V.]�]^V">
|+TBJ0KeKBS+TBJ�h"J0KBKBJ0rLK�DgJ�fg�a`O�0V.>I_�f�<?>+<?>+tG_�n�VG>+<?�am"J0r¢��`,iIX+TBV.t"J0>w�0J0r?rLK�8"p�`+J�}	fg_B_BJ0Tei
��fg>4V.|	J0T�fg_eJ fg_��´�� X+J0|+_B`,��V�Us��X+<?Ke��`	fgTet"J^U±V.TO_e`+J^U±S+r?r�_B`+TBJ0J i"J�fgT X+J0KB<?t">
r?<£U±J"D�fg>+X4|+TBVghI<LX+J�S+|4_BV �� ´ j X+S+TB<?>+t�_B`+J >+V"]^<?>	fgr 	 � ]^<?>,S+_BJ^J0�0r?<?|+KBJ
X+S+T�f�_B<?V">�8	p�`+JOl�l�F S+KBJ0Kóf X+<?TBJ0�0_GJ0>+J0TBt"i _eT�fg>+K�UWJ0T�KBi,KB_BJ0] fg>+X <LK�}	J0_B_eJ0T
_B`	f�> ��� �kJ����0<?J0>,_�8+p�`+J)fg]^V"S+>I_�V�U��0S+TBTBJ0>,_�|+TBVIX+S+�0J0X5}Ii _B`+J�KeV"rsfgT�fgTBT�fEi
<?K �0V.>I_BTeV"r?r?J0X },i |+S+rLKBJa��n�<?X+_B` ]�V,X+S+rsfg_B<L>+t�y��qp KBn�<L_B��`+J0K }2J0_�n%J0J0> _B`+J
J0<?t.`I_)KBV.rsfgT)�0J0r?r��0<?Te�0S+<?_BKwfg>+X'_B`+JZ|2Von�J0T)}+S+K�8 ��>,S+KBJ0X'KBV"rsf�TófgTeT�fEi |	Vgn�J0T
<?K�X+<?KBKB<?|	f�_BJ0X <?> _B`+J�KBV"rsfgT�fgTeT�fEi"DI>+V._�<?> _e`+J)KB|	fg�0J0�0T�fEUW_�8	p�`+JOl�l�F�S+KBJ0K)f

���������
	����� ��� ������������������� ����� ����� !#� ���



� � ���������
	�����������
_BJ0]^|	J0Tafg_BS+TBJa���0V"]^|	J0>+Kafg_BJ0X9}	fg_B_BJ0TeiOh.V"r?_�fgt.J�f�r?t"V"TB<L_B`+]k_BVwKeJ0_�_B`+JG}	fg_B_BJ0Tei
�a`	fgTBt"Jô�0S+TBTBJ0>,_�8�p�`+J4:�l�F X+<?KB_BTB<L}+S+_BJ0K |2Von�J0T5_BVû_B`+JôKB|	fg�0J0�0T�fEUW_��0V"] �
|2V">+J0>I_eK�fg>+X4|+TBVgh,<?X+J0K9KBn�<?_B�a`+J0X'|	Vgn�J0TO_eVz_e`+V"KBJ �0V"]^|	V">+J0>,_BK�TBJ��IS+<LTB<?>+t
S+>+TBJ0t.S+rsfg_BJ0X�|2Vgn%J0Twf�_ �� �����E� �  O8=��_OfgrLKBV |+TBVghI<LX+J0Kw�0S+TBTBJ0>,_)KBJ0>+KBV.TBK)UWV"T
_BJ0rLJ0]�J0_BTei�]�V.>+<?_BV"TB<L>+t�f�>+XûVgh"J0T����0S+TBTeJ0>I_^|+TBV"_BJ0�0_e<?V">'UWV"T�_e`+J |	Vgn�J0T^}+S+K
fg>+X�S+>+X+J0T���h.V"r?_�fgt.Jwr?VIf�X KB`+J0X+X+<?>+t28�p�`+J9b�Sz¯+<?r?<sf�TBi�H)Te<?h"J0T)F�V,fgTBXj±ïb�HwF�²
|+TBVgh,<?X+J0K�X+TB<Lh"J�KB<?t">	f�r?K=UWV"T�_B`+Jq��bGH)K�fg>+Xw_e`+J�J0r?J0�0_BTeV"]�f�t">+J0_B<?��_BV"T �,S+J�TBV,X+K�D
fg>+X �0V.>I_BTeV"r?K�_B`+J)KBV"rÈfgT�fgTBT�fEiZn�<L>+tZX+J0|+r?VgiI]^J0>,_BK
� 8 �+8��  "!  "� ) � � ��+ (*�&%"'�(*)�+�1
p�`+J�p�J0r?J0�0V"]^]ZS+>+<?��f�_B<?V">+K+KBS+}+KeiIKB_eJ0] |+TBVghI<LX+J0K�\.��}	fg>+Xw7Gy^r?<?>+m,K=U±V.TQ_eJ0r?J0]�Ja�
_BTei f�>+X��0V"]^] fg>+X�8g��_�<?>+�0r?S+X+J0KGfg>�\.��}	fg>+X _BTafg>+KB|	V.>+X+J0T�]�f�X+J�}Ii^l�<?>+�0<?>,�
>	fg_e<	��r?J0�0_BTeV">+<?�0K�D"fg> 7�y��0V.]Z}+<?>+J0T�Dgfg>Z7Gy�KBn�<?_B�a`�D"fg>+X U±V.S+T�|	fg_B�a`�fg>,_BJ0>,�
>	fgKGr?V,��fg_BJ0X fg_G_B`+JãU±V"Ten�f�TBXg±Wy�<?t	8{³
´r²�fg>+XzfoU±_GKBJ0�0_B<?V.>+K�VgU�_B`+J�KB|	fg�0J0�0T�fEUW_
n�`+<L��` fgTeJ)�0V"]Z}+<?>+J0X fg>+X |+TeVoh,<?X+J)>+J�fgTer?i � ��| KB_BJ0T�fgX+<Èfg> S+|+r?<?>+m^�0Vgh"J0T�fgt"J"8
p�`+JqKBi,KB_BJ0]�<?K���f�|	fg}+r?J�V�U+U±S+r?r,X+S+|+r?J�¯9V"|	J0T�f�_B<?V">�8�F�fgKeJ0}	fg>+XwX	fg_af�UWV"TB] fg_=<?K
v�7óc�[�_BVwJ0rL<?]�<L>	fg_BJ�|+`	fgKBJGfg]Z}+<?t"S+<L_B<?J0K�_B`	f�_���fg>ZV,�0�0S+T�<?>Z_e`+J�S+|+r?<?>+m9fg>+X
X+Vgn�>+r?<L>+m�TBJ0�0J0<Lh"J0TBK�8 � mI}+|+K^�0V"]^]�fg>+XôX	fg_�f�<?K F�:�\+� ]�V,X+S+rsfg_BJ0X'V">,_BV
f ³���m+R���KBS+},����f�TBTB<?J0TZV.>û_B`+J�] fg<?> � ´ � ´�[�R�� ��fgTeTB<?J0T U±TBJ��,S+J0>+�0i"8�p�`+J
X+Vgn�>+r?<L>+m X	fg_�f^Tafg_BJw<LKw>+V"]^<?>	fgr?rLi � 8 ´Z[�}+|+K�D�fg>+X�_B`+J�UWTBJ��IS+J0>+�0iô<?K ��� ³ �
[�R��"8
p�`+J%TeJ0�0J0<?h"J0T�<?K �e`	fgTBX+n�<?TeJ0X���_BVG_B`+J�J0KBKBJ0>,_B<sf�r"|	Vgn�J0T�}+S+K�fg>+X9��fg>w>+J0h.J0T

}2J�KBn�<?_B�a`+J0X V ��8�p�`+J�7�y�|	fg_B` _BV4_e`+J�TBJ0�0J0<?h"J0T5�0V">,_�fg<?>+K >+V�KBn�<?_B�a`+J0K
<?>ôV"TBX+J0T)_BV5J0r?<?]^<?>	fg_BJ)TB<LKBm�fgKBKBV,�0<sfg_BJ0X�n�<L_B`5Uïfg<Lr?S+TBJ0K�8�p�`+J _BT�fg>+KB]^<?_B_eJ0T�<?K
|+rsf��0J0Xz<L>I_BV Ke_�fg>+X+},i ]^VIX+J9V"T)|2Von�J0TBJ0X�V �4}	J0_�n�J0J0>�X+Vgn�>+r?<L>+m fg�0_B<?h,<?_B<?J0K
_B`+TeV"S+t"`4_B<?]^JZ_�f�t"t"J0X4�0V"]^]�f�>+X+K�8�p�`+J X+Vgn�>+rL<?>+m�Ke<?t">	fgr�<?KZKen�<?_B�a`+J0X4_BV
J0<?_e`+J0TZ_B`+J UWV"TBn�fgTeX4V"T�fEUW_�fg>,_BJ0>+>	fô_BV�fEh"V"<?X4<L>I_BJ0T¡U±J0TBJ0>+�0J"8qp�`+J�t"TBV"S+>+X
|+TBVgh,<?X+J0K�_B<L]�Ja��_�f�t"t"J0XG�0V"]�] fg>+X+K=_BVGKBJ0r?J0�0_�_B`+J�}2J0KB_�fg>I_eJ0>+>	f�}	fgKeJ0XwV">�_B`+J
m,>+Vgn�>�KBS+>,��|	V"<L>I_BJ0Xôh"J0`+<?�0r?JZfg_B_e<?_BS+X+JZfg>+X�_B`+J9r?V,V"m�fg>+t"J0r�_BV _B`+J t"TBV"S+>+X
KB_afg_B<?V">�8,;=<?>+m fg���,S+<?KB<?_B<LV">Z}	J0t.<?>+K�},iZ_BT�fg>+Ke]�<?KeKB<?V">9VgU�f�}	J�fg�0V"> n�<?_B`^X	fg_�f
_BTafg>+KB<?_B<LV">+K�8+y2V"r?r?Vgn�<?>+t^X+Vgn�>+r?<?>+m5KB<?t">	f�r�fg���IS+<LKB<?_B<?V.>�D	_B`+J t"TBV"S+>+X�Ke_�fg_B<?V.>
_BTafg>+KB]^<?_BK _B`+J'S+|+r?<?>+m Ke<?t">	fgr�8Gp�`+J4KB|	fg�0J0�0TafEU±_�<?K�_B`+J0>��0V"]^]�f�>+X+J0X _BV
_BTafg>+KB]^<?_�KB�0<?J0>,_B<¢�	�)X	fg_afZfgK�n�J0r?r�fgK�>+V.TB]�f�r	KB_�f�_BJ�V�UÇ`+J�fgrL_B` _BJ0r?J0]^J0_BTBi"8
� 8 �+8�� �� "$ � % ! � )�+�'�$0)�!
p�`+J _e`+J0TB]�f�r��0V">I_eTBV"r�KBi,KB_BJ0] U±V.TO_e`+J KB|	fg�0J0�0T�fEUW_9}+S+KZ<?KZf�KB<L]�|+r?J"D��0V"r?X,�
}+<sf�KBJ0X4X+J0KB<?t">�S+KB<?>+t7°	<Lt"`I_ |+TBVgh"J0>4_BJ0�a`+>+V"r?V"t"<LJ0K�8�p�`+J _B`+J0Te]�fgr�T�f�X+<sfg_BV"T
KBS+T¡Uïfg�0J0K�fgTBJG�0Vgh"J0TBJ0X^n�<?_B`�³4´)]^<?r+KB<?r?h.J0T����0VIfg_BJ0X9_BJ�°	V.>�D�f�>+X�[�;=��}+rsf�>+m"J0_BK
`	fEh"Jwf � ]^<?r�D,��p��k�0VIf�_BJ0X��ZTeJ0<?>,U±V.TB�0J0X KBJ0�0V.>+X KBS+T�U�fg�0J �gmgfg|+_BV">5V"S+_B}2VIfgTBX
rsfEi"J0TED�´+8 � �^]^<?r�fgr?S+]^<?>+<?�0J0X�[�i,rsfgT)<?>+>+J0T�rsfEi"J0TBKwn�<?_B`�Hwfg�0TBV">ô]�J0KB`ôKBJ0|,�
fgTafg_BV"TBKE8�bG�0_B<?h.J _B`+J0TB] fgr��0V"]^|	V">+J0>,_BKZ<L>+�0r?S+X+J mgfg|+_BV"> J0_B�a`+J0X4UWV"<?r�Ke_BTB<?|
`+J�fg_eJ0TBK��0V">,_BTBV"r?rLJ0XO},i9}+<?]^J0_�fgr?r?<L��_B`+J0TB]^V"KB_�fg_eK�80p�`+J�_B`+J0TB] fgr,|	J0T�UWV"TB] fg>+�0J

���������
	����� ��� ������������������� ����� ����� !#� � �



����������� � �

ITOS

Real-time Displays
Engineering Data (VC0)

Telemetry Processing (VC0-VC3)
Command Generation

Mission Planning,TLM and CMD On-line Data and Archives

CD-ROM

BGS

Archiving and Distribution
Science Data Processing,

Scientific CommunitySOCMOC

Orbit EventsSchedules

CD-ROM Production

VC2

VC1,VC3

Data and Flare Catalog

Station Interface

Station Interface

Ephemeris Files

TLM / CMD

InternetSERS

Email /
Log Files

TLM / CMD

Email / Log Files

Log Files

Ephemeris Files

SDAC, GSFC

Real-time Displays
Science Data (VC2)

Observing_Summary

World Wide Web

ETH, Zurich

Co-Investigators

Local Archive

and Archiving
Quick Look Data Analysis

Command LoadsSystem Monitor

Track Files State Vectors

Observing_Summary

SatTrack
Real-time Orbit Displays

MPS

RHESSI Ground Data System

WLP

WHM

AGO

Ñ+ª¼ÒaÖE°±©�Ô0Ô0â

<?>�V"Te}+<?_�] fg_B�a`+J0K�_B`+J^fg>	fgr?i,_B<?��fgr�|+TBJ0X+<?�0_B<?V.>+K�h"J0Tei n�J0r?r�D2n�<?_B`�fgr?r��0V"]^|	Vg�
>+J0>,_BK�n�J0r?r=n�<?_e`+<?> _B`+J0<?T�X+J0KB<?t.> _BJ0]�|2J0T�fg_BS+TeJ)T�fg>+t"J0K�8

�a¤��¡ � �*2©a¦ � � �z¨ ��§*2©a¦ � �P¦&ª��U¨4©(«&¦�ª ����§�,��� ��§� � �

b KB��`+J0] fg_B<L�)VgU%_B`+J97)R��q\+\,�wNGTBV"S+>+X�Hwfg_�f \,iIKB_eJ0] ±�N�Hw\�²�<?K)KB`+Vgn�>�<?>
y�<?t.S+TBJU³�³I8�7)RG��\+\,�)<?K�V"|	J0T�f�_BJ0X�UWTBV"] _e`+JZ`+<?t"`+r?i�<?>,_BJ0t"Tafg_BJ0X�fg>+X4fgS+_BVg�
] fg_BJ0X'[�<?KBKB<?V.>û�G|	J0T�fg_e<?V">+K�l�J0>,_BJ0Tp±ï[��)lx²9r?V,��fg_BJ0Xûfg_�\,|	f��0J�\,�0<LJ0>+�0J0K
;�f�}	V"T�f�_BV"TBiZV�UÇ_B`+J ��>+<?h"J0TeKB<?_�iZVgU�l�fgr?<£U±V"Te>+<sfwfg_GF�J0Tem"J0r?J0i"8	p�`+J)[��)l�fgr?KBV
KBS+|+|2V"TB_BKq_B`+J�y=fgKB_�bGS+TBV"T�fgr	\,>	f�|+KB`+V"_%�<¯�|+rLV"TBJ0T�±Wy+b)\+p�²08"l�V���r?VI��f�_BJ0X9n�<?_B`
_B`+J�]ZS+rL_B<¢��]^<?KBKB<¢V">)[��)l4fgTBJ�_B`+J�7óRG��\+\,��fg>+XZy+b)\+p4\,�0<?J0>+�0J)�G|	J0T�fg_e<?V">+K
l�J0>,_BJ0TU±�\+�)l�²9fg>+X'_B`+J�FqJ0TBm.J0r?J0i'N�TBV"S+>+X4\,_�fg_e<?V">?±�F�N)\�²0D�_B`+J |+TB<?] fgTBi
t"TeV"S+>+X KB_�fg_e<?V">^_BV9KBS+|+|	V"Te_�7)R��q\+\,��V">,��V.TB}+<?_�8
�+8\³I8 � ( 1 1( )�+�� �  "$&%"'�( ) +�1 ��� 1 '� �� 1

7)R��q\+\,��<?K�V"|	J0Tafg_BJ0X9<?>wKe_BV"TBJa��fg>+X,��X+S+]^|w]^V,X+J"8op�`+J�KB|	f��0J0�0T�fEUW_�_BTafg>+KB]^<?_��
_BJ0T�<?K�_eS+TB>+J0X V">�fg>+X V ��},i _B<?]^JGKBJ��IS+J0>+�0J �0V"]�] fg>+X+KqKB_BV"TBJ0X5V">,��}	V,fgTBX�8
p�`+J0KeJO�0V.]�] fg>+X+K�fg>+X�] fg>,i�V"_e`+J0TBK�TeJ0rsfg_BJ0X�_BV^�0V">,�	t"S+TB<L>+t�<?>+Ke_BTBS+]^J0>I_BK
UWV"T�hgfgTB<?V"S+K�|+`	fgKBJ0KGVgUÇ_e`+J)V"TB}+<?_�f�TBJ)|	fgTB_�V�U�fg>5b�}+KeV"r?S+_BJwp�<L]�J)\,J��IS+J0>+�0J
±Wb�p�\�²�r?VIf�XOt.J0>+J0T�fg_BJ0XZn�<?_B`Z_B`+J�[z<LKBKB<?V">Z:�rsfg>+>+<?>+t9\,iIKB_eJ0] ±W[�:�\�²�8"l�V"] �
] fg>+X�r?VIfgX+K9fgTBJZS+|+rLVIfgX+J0X�_BV5_B`+JZKB|	f��0J0�0T�fEUW_wJ0h"J0TBi�_�n�V X	fEiIK9fg>+X��0Vgh"J0T
� ��� X	f�i,K�<?> fgX+hgfg>+�0J"8
p�`+J%Ke|	fg�0J0�0T�fEUW_��0V.]�] fg>+X)fg>+X9�0V">I_eTBV"r"KBi,KB_BJ0] UWV"T�7)RG��\+\,��<?K�_B`+Jq��>,_BJa�

t"Tafg_BJ0X�p�J0KB_�fg>+X �G|	J0T�fg_e<?V">+K�\,iIKe_BJ0] ±W��p��)\�²�8�\,<L>+�0J)��p��)\^n�fgK�fgr?KBV�S+KBJ0X
X+S+TB<L>+tw]^<?KBKB<?V.>w<?>,_BJ0t"T�f�_B<?V">9fg>+XZ_BJ0KB_e<?>+t	DE]�J0]Z}2J0TBK�VgU=_B`+J�FqJ0TBm"J0r?J0i9y�r?<Lt"`I_

���������
	����� ��� ������������������� ����� ����� !#� � �



�� ���������
	�����������
�G|2J0T�fg_B<?V.>+K�p�J�f�] ±Wy��)p�²9n�J0TBJ _BT�f�<?>+J0X4J�fgTBr?i'V">�V"|	J0T�f�_B<?>+t�_B`+J Ke|	fg�0Ja�
�0T�foU±_�8�p�`+<?KZfg|+|+TBVIfg�a`�fgrLr?Vgn%J0X5UWV"TOf5KB]^V,V"_B`�_BT�fg>+Ke<?_B<?V">5UWTBV"] KB|	fg�0J0�0T�fEUW_
<?>,_BJ0t"Tafg_B<?V">^fg>+X _BJ0KB_B<L>+tZ_BV9>+V"TB] fgr	V.>,��V"TB}+<?_�V.|	J0T�fg_e<?V">+K�8
y�rL<?t"`,_OX+i,>	fg]^<?�0KZfg>+Xû]^<?KBKe<?V">'|+rsfg>+>+<?>+t�|+TeVIX+S+�0_BK fgTBJ5t"J0>+J0T�fg_eJ0Xû},i

_B`+JZFqJ0TBm"J0rLJ0i y�r?<?t"`,_�H)i,>	fg]�<L�0K�\,iIKe_BJ0] ±�Fqy�Hw\�²0D+n�`+<L��`�<?KG}	fgKBJ0X�V">5_B`+J
\+fg_ap�T�f���m�\,S+<?_BJ   � 8 � 8�\+fg_�p�T�fg�am�fgrLKBV `	fgK `+J0TB<?_�fgt.JZn�<?_B`'hof�TB<?V"S+KZv�bó\,b
]^<?KBKB<LV">+K�f�>+X1<?K S+KeJ0X1_BV�t"J0>+J0T�fg_eJ�fgr?ro°	<?t"`,_ X+iI>	fg]^<?�0K |+TBV,X+S+�0_BK�KBS+�a`
fgK)t.TBV"S+>+X�KB_�fg_e<?V"> h,<?J0nk|2J0TB<?V,X+K�D=r?<?>+m�fg�0�0J0KBK)|	J0Te<?VIX+KED=_BJ0TB]^<?>	fg_BV"TED+`+<?t"`,�
rsf�_B<?_BS+X+J�TeJ0t"<?V">�D)fg>+Xk\,b�b �0TBV"KeKB<?>+t"K�D)fg>+X�V"_B`+J0T�V"Te}+<?_�J0h"J0>I_eKz>+J0J0X+J0X
fgK5<?>+|+S+_�_BVû[�:q\=8��G_B`+J0T�_BV,V"r?K <?>�_B`+J�\+f�_�p�Tafg��m \,S+<?_eJ�fgTeJ�J0]�|+rLVoi.J0X
_BV X+<LKB_BTB<?}+S+_eJOTeJ�fgr¢��_B<?]^J)J0h"J0>,_w]^J0KBK�fgt.J0K�_BV hgfgTB<?V.S+K)t"TBV"S+>+X�X	f�_�f^KBi,KB_BJ0]
J0r?J0]^J0>,_BK)KBS+�a`�fgK���p��)\'fg>+X'_B`+J�F�Nó\ô<?>�f�>�fgS+_BV">+V.]�V"S+K)�0rL<?J0>I_��gKBJ0TBh"J0T
>+J0_�n�V"TBm'J0>Ih,<?TBV.>+]�J0>,_�8�\+fg_�p�T�fg�amûfgr?KBVô|+TBVghI<?X+J0K fô]ZS+r?_B<?_eS+X+J�VgUwTeJ0rsfg_BJ0X
fgS+_eV"]�f�_B<?V">�UWS+>+�0_B<?V">+K�f�K�n�J0r?r�fgK � ��H�fg>+X 	 ��HkTBJ�fgr¢��_B<L]�J�V.TB}+<?_�X+<?KB|+rsfEi,K�8
bGr?r�7)RG��\+\,��KB|	fg�0J9fg>+X t"TeV"S+>+X KBi,KB_BJ0]^K�fgTBJ�_B<?J0X <?>,_BVZ_B`+J9\,|	fg�0J0�0T�fEUW_

��]�J0TBt.J0>+�0i)7�J0KB|2V">+KBJ�\,i,KB_BJ0] ±�\+��7)\�²0Dgn�`+<?�a`9<?K�fGX	fg_�fG}	fgKeJ%KeiIKB_eJ0]k_B`	fg_
TBJ0t.S+rsfgTBr?i |	f�TBKBJ0Kw_e`+TBV"S+t"`�r?V"t^�	rLJ0KOfg>+X�f�S+_BV"] fg_B<?��fgrLréi^�a`+J0��m,K)UWV"T)i"J0r?rLVon
V"T TeJ0X r?<?]^<?_^hI<?V.rsfg_B<?V.>+K�8���_�fgr?KBVûf��0_BK V"> n�f�TB>+<?>+tûfg>+X J0TeTBV"T ]^J0KBK�fgt"J0K
TBJ0�0J0<Lh"J0X5U±TBV.] hgfgTB<?V"S+K�N�Hw\�KBS+}+KBi,KB_BJ0]^K�h,<sf J0r?J0�0_BTBV.>+<?�w] fg<?r�8,��>���fgKBJZfg>
fg>+V.]�fgrLi�<?K�X+J0_BJ0�0_eJ0X�D�_B`+JqV">,����fgr?r.yÇ�)pô]�J0] }	J0T=<?K�fgrLJ0TB_BJ0Xwh,<sf � ��n�fEi�J0] fg<?r
|	fgt.J0T%<L>�V"TeX+J0T%_eV f�KBKBJ0KBK�fg>+X TBJ0KeV"r?h"JG_B`+JGKB<?_BS	fg_e<?V">�8I\+��7ó\ �0V"]^|+r?J0_BJ0Kq_B`+J
fgS+_eV">+V"]^V"S+K�t"TeV"S+>+X KBi,KB_BJ0] fg>+X f�X+X+Kóf9`+<Lt"` X+J0t"TBJ0J)VgU�TBJ0r?<Èfg}+<?r?<?_�i"8
�+8 � 8��  "$��  "!  ���
$0) ��+���� ' %"'�( ) + 
���� � 
p�`+J9FqJ0TBm"J0r?J0i5N�TBV.S+>+X \,_�fg_B<?V.>g±�F�Nó\�²�<?K�r?VI��f�_BJ0X fgX*®afg�0J0>I_�_BV�\,|	fg�0J9\,�0<¢�
J0>+�0J0K ;�f�}	V"T�f�_BV"TBi"8�p�`+J�f�>I_BJ0>+>	fô�0V">+KB<LKB_BK^VgUOf�|2J0X+J0KB_�fgrGn�<?_e` fg> ³�³0��]
|	fgTafg}	V"rL<?��TBJ�°	J0�0_eV"T�8gb _B`+TBJ0Ja��f�¯+<?K�X+TB<Lh"J�KBiIKe_BJ0]kJ0r?<?]^<?>	fg_BJ0K�_B`+J�m"J0i�`+V"r?J�fg_
_B`+J��0J0>+<L_B`�8�p�`+J�fg>,_BJ0>+>	f�<LK�J��IS+<L|+|	J0X9n�<?_B`)fqUWS+r?r¢��X+S+|+r?J�¯w\.��}	fg>+X�_BJ0r?J0]^J0_BTBi
fg>+X��0V"]^]�fg>+XGKBi,KB_BJ0]�8�p�`+JqTBJ0�0J0<?h,<?>+t�KeiIKB_eJ0]1`	fgK�fq�	t"S+TeJ%V�U	]�J0TB<L_<±¡N��"p�²
VgU � � 8 � X	F �"� <?>�J�fg�a` VgU�_e`+JO_�n�VZTBJ0�0J0<Lh"J9��`	fg>+>+J0rLK�±�;�R�l�: fg>+X�7óRGl�:~²
UWV"TGJ0r?J0hofg_e<?V">+Kwfg}2Voh.J � � 8=p�`+J9KBi,KB_BJ0] S+KBJ0K)X+S	fgr�TeJ0�0J0<?h"J0TBK)n�<L_B` X+<?h.J0TBKB<?_�i
�0V"] }+<?>	fg_B<?V.>�8Bbû�0V.>+<?��fgr"KB��f�>wUWJ0J0X9KBi,KB_BJ0] |+TBVgh,<?X+J0K�fgS+_BV"_BTafg��mG��fg|	fg}+<Lr?<?_B<?J0K
n�<L_B`�f�_�i,|+<?��fgrQf��0�0S+T�fg�0i^VgU<´ ��³ � 8+p�`+J)_BTafg>+KB]^<?_�|	V"rÈfgTB<?��fg_e<?V">Z<?K�KBJ0rLJ0�0_�fg}+r?J
fgK�;�R�l�:ôV"T�7)R�l�:�Dgfg>+XZ_e`+J�>+V"]^<?>	fgr"7Gy�V"S+_B|+S+_�|	Vgn�J0T�<?K�³
´r´Gj ±�����7):
� 	 8.´�X	F�j ²08
�+8 	 8���) $ � % ! � �  "$0%"'�( ) +�1

H)S+TB<L>+t�v�V.TB]�f�rQ�G|	J0Tafg_B<?V">+KED+�0V"]^]ZS+>+<?��fg_B<LVo>+Kqn�<?_B` _e`+J)KB|	fg�0J0�0T�fEUW_�<?K�J0K��
_�f�}+r?<?KB`+J0X�KB<�¯O_e<?]�J0K�|	J0T�X	fEi�hI<sfG_e`+J�FqJ0TBm.J0r?J0iZNGTBV"S+>+XZ\,_�fg_B<LV">w_BV)]^V">+<?_eV"T
_B`+JqKB|	fg�0J0�0T�foU±_�`+J�fgr?_B`Zfg>+X�K�fEUWJ0_�i"Dofg>+X�_BVGTBJ0_BTB<?J0h.J�KB�0<?J0>+�0J�fg>+X9J0>+t"<L>+J0J0TB<?>+t
X	fg_af+8�\,�a`+J0X+S+r?<?>+tûfg>+X J�¯+J0�0S+_B<?V">�VgUO_B`+J0KeJ |	fgKBK KeS+|+|	V"TB_eK�<?K^|	J0T¡U±V"Te]�J0X
UWS+r?r?i fgS+_BV">+V.]�V"S+Ker?i"8,7�V"S+_e<?>+J)V"TB}+<?_�X+J0_BJ0TB]^<?>	fg_B<?V.>ZUWS+>+�0_B<?V">+KGfgTBJw��f�TBTB<?J0X

���������
	����� ��� ������������������� ����� ����� !#� � �



����������� � �

V"S+_q}Ii ��\+\+:2b�l��ql��G[ ±ÈUWV"TB]^J0TBr?i9v��G7Gb�H5²�8��|2X	fg_BJ0X _�n�Vg��r?<?>+J�J0r?J0]^J0>I_
KBJ0_eKwfgTBJ�fgS+_eV"]�f�_B<?��fgr?rLiZX+Vgn�>+r?VIfgX+J0X'fg>+X�fgTB�a`+<?h"J0Xô_�n�<?�0JZf^X	f�i�<?>ôV"TBX+J0T
_BV9t"J0>+J0Tafg_BJwfgr?r=_BTafg��m,<?>+t9KB�a`+J0X+S+r?J0K)fg>+X ]�<LKBKB<?V">^|+rsfg>+>+<L>+tO|+TeVIX+S+�0_BKE8
p�`+Jó\+fg_ap�T�f���m N)fg_BJ0n�fEiO\,J0TBh.J0T�f�_%_e`+JóFqJ0TBm"J0rLJ0iZ[��)lû<L>Ih"V.m"J0K�KB�0Te<?|+_BK

_B`	f�_wTBJ0t"J0>+J0Tafg_BJ fgr?r�]^<?KBKe<?V">�|+rsfg>+>+<?>+t�|+TBV,X+S+�0_BKZfg>+X'�0V">,_�fg�0_wKe��`+J0X+S+r?J0KE8
p�`+J S+|	X	fg_BJ0Xô]ZS+r?_B<¢��]^<?KBKe<éV.> |	fgKBK)KBS+|+|2V"TB_wKe��`+J0X+S+r?J^<?K)_B`+J0>ôr?VIfgX+J0X�<L>I_BV
_B`+J5Nóf�_BJ0n�f�i�\,J0TBh"J0T�8�l�V">+>+J0�0_BJ0X4�0rL<?J0>I_eKwKBS+�a`�f�KO_e`+J�F�Nó\'fg>+X'hofgTe<?V"S+K
��p��)\'KBi,KB_BJ0]^KOTeJ0�0J0<?h"J KBS+|+|2V"TB_ZTBJ��,S+J0KB_Z]^J0KBK�f�t"J0KA³
´5]^<?>,S+_BJ0K9}	JaUWV"TBJ f
|	fgKeK�KBS+|+|2V"TB_�8.b�r?r2KBi,KB_BJ0]^K�_B`+J0>�f�S+_BV"] fg_B<?��fgr¢r?iG�0V">,�	t"S+TeJ�_B`+J0]^KBJ0r?h.J0K�fg>+X
V"|2J0>���: >+J0_�n�V"TBm �0V.>+>+J0�0_B<?V">+KGUWV"T)_BJ0r?J0]^J0_BTBi f�>+X��0V"]^]�fg>+X X	f�_�f�°	Vgn�K�8
�G>+�0JG_B`+J�KB|	f��0J0�0T�fEUW_�TB<?KeJ0K%fg}2Voh.J�_B`+J�`+V"Te<?�0V">�D"_e`+J�TBJ�fgr¢��_e<?]�Jq|	fgKBKqKBS+|+|	V"Te_
�0V"]^]^J0>+�0J0Kw},i�J0KB_�fg}+rL<?KB`+<?>+t5_�n�Vg��n�fEi��0V"]^]ZS+>+<?��fg_B<¢V">+K)n�<?_B`'_B`+J�Ke|	fg�0Ja�
�0T�foU±_9<?>�V"TBX+J0TZ_BVô|	J0T�UWV"TB] `+J�f�r?_B`ûfg>+X�K�fEUWJ0_�iô��`+J0�amIK fg>+X�_BV�X+Von�>+r?VIfgX
KB_eV"TBJ0X KB�0<?J0>+�0Jwf�>+X J0>+t"<?>+J0J0Te<?>+tZX	fg_�fY8

��|	V.> �0V"]^|+r?J0_B<?V">�VgU f'|	f�KBK KBS+|+|2V"TB_�D�_e`+J�X+Vgn�>+r?VIfgX+J0X J0>+t"<L>+J0J0TB<?>+t
X	fg_af�fgTeJOJ�¯	fg]^<?>+J0X UWV"Twfg>,i KBi,KB_BJ0] fg>+V.]�fgrL<?J0K�8 ��J0r?rLVon�V"TGTBJ0X�r?<L]�<?_�h,<?Vg�
rsf�_B<?V">+K)_BTe<?t"t"J0TG<?]^]�J0X+<sf�_BJw>+V"_e<¢�	��fg_B<?V.>zV�U�V.|	J0T�fg_e<?V">+K)|	J0TeKBV">+>+J0r�hI<Èf^_B`+J
\,|	fg�0J0�0TafEU±_G��]^J0TBt"J0>+�0i^7�J0KB|2V">+KBJw\,i,KB_BJ0] ±�\+��7)\�²08+\,�0<?J0>+�0J�X	fg_�fZfgTeJwfgS,�
_BV.]�fg_e<?��fgr?r¢iZ_BTafg>+K�UWJ0TBTBJ0X5U±TeV"] _B`+J9t"TBV"S+>+X�KB_afg_B<?V">5_BV _B`+J9r?J0h"J0r£���0J0TBV |+TBVg�
�0J0KBKe<?>+tv±�;�c�:,²wKeiIKB_eJ0]z8��G>+�0J _B`+J ;�c�: |+TBVI�0J0KeKZ<?K9�0V"]^|+r?J0_BJ0X�D�_e`+J X	fg_�f
n�<Lr?r	}2J)_BT�fg>+K�UWJ0TBTBJ0X _eVO_e`+J0<?T�V">,��r?<?>+J)fgTB�a`+<?h"J"8,��> f�X+X+<?_B<?V">�D,_B`+J)fgS+_BV.]�fg_eJ0X
l�HG��7G�G[ |+TBV,X+S+�0_B<?V"> KeiIKB_eJ0]��0S+_BK�]ZS+rL_B<?|+r?J��0V.|+<?J0K�VgU�_B`+J)X	fg_�fY8

�+8 � 8��/%���� � � � �  "!# ��/ 5' $ � %�+�� � ) � � % +���� � � � ) $ '

p�`+TeJ0J�fgX+X+<?_B<LV">	fgr)t"TBV.S+>+X1KB_afg_B<?V">+K f�TBJ�S+KBJ0X�TBJ0t"S+rsf�TBr?iû_eV4|+TBVghI<?X+J'fgX,�
X+<?_e<?V">	fgr�_eJ0r?J0]�J0_eTBi�f�>+X��gV"T^�0V"]�] fg>+X'KBS+|+|	V.TB_�8�p�`+J0KBJ�t"TBV"S+>+X KB_afg_B<?V">+K
fgTeJ�_B`+J)j'fgr?r?V"|+Kq��KBrÈfg>+X t"TBV"S+>+X Ke_�fg_B<?V.>Z<?>^ �<?Tet"<?>+<sf+D.V"|	J0Tafg_BJ0X },i�v�b)\,b9D
_B`+J j�J0<?r?`+J0<?] t"TBV.S+>+X�KB_�fg_e<?V"> <L>4N�J0TB] fg>,i"D+V"|2J0T�fg_BJ0X�},i�Hw;=79D�fg>+X�_B`+J
\+fg>,_B<sf�t"Vwt"TeV"S+>+X KB_afg_B<?V">^<?> l�`+<Lr?J"D,V"|	J0T�f�_BJ0X },i�_e`+J ��>+<?h.J0TBKB<?_�iZVgU�\+fg>,_B<¢�
fgt.V	8+bkX+J0X+<?��fg_eJ0Xzpq��³9r?<?>+JãU±TBV.]�_B`+JZFqJ0TBm"J0r?J0i [��)l _BV Nó\,y�l)D+n�`+<?��`5<?K
KB`	f�TBJ0Xwn�<L_B`)_B`+J�y+b)\+p�|+TBV4®BJ0�0_ED0<?K�S+KBJ0X9_BV�J0KB_�fg}+r?<LKB`)KBJ0�0S+TBJqTBJ�fgr¢��_B<L]�J��0V"] �
]ZS+>+<L��fg_B<?V">+Kqn�<?_B` _e`+Jw7)R��q\+\,�%Ke|	fg�0J0�0T�fEUW_�_B`+TBV.S+t"` _B`+Jwj'fgr?r?V"|+K�t"TBV"S+>+X
KB_afg_B<?V">�8,p�J0rLJ0]�J0_BTeiOX	f�_�f�TBJ0�0J0<?h"J0X fg>+X KB_BV.TBJ0X�f�_%_e`+J)t"TBV"S+>+X KB_afg_B<?V">+K�fgTBJ
_BTafg>+K�UWJ0TBTBJ0X _BV FqJ0TBm"J0r?J0i |2V"KB_���|	fgKeK�hI<ÈfZ_B`+J�V"|	J0>5��>,_BJ0TB>+J0_�8=p�`+J9f�h.J0T�fgt"J0X
r?<L>+m�fg�0�0J0KBK9UWV"T9_B`+J FqJ0TBm"J0r?J0i4fg>+X4j�fgrLr?V"|+KA³r³0��] t"TBV"S+>+X4KB_afg_B<?V">+K�<?K���
]^<?>��gX	fEi"80\+fg>,_B<sfgt"V���fg>9|+TBVghI<?X+J�fg>Of�X+X+<?_B<?V">	f�r �z³�]�<?>���X	f�i"DEfg>+Xwj�J0<Lr?`+J0<?]
³���]^<?>��gX	fEi"8
p�`+J 7óRG��\+\,��t"TBV"S+>+X4KBi,KB_BJ0] n�fgK9X+J0KB<?t.>+J0X4_BV�TBJ0�0Vgh"J0TZfgr?r�_e`+J X	fg_�f

±WJ�¯+�0J0|+_5U±V.T |	J0Te<?VIX+KôVgUZ]�f�®BV"TU°Qf�TBJ�f��0_B<?h,<?_�i ²^n�<L_B` � FqJ0TBm"J0r?J0i |	f�KBKBJ0K
X	fg<Lr?i"Dg}+S+_�_B`+J�KBV"rÈfgTR°	Sz¯+J0K�<?>Z_B`+J�|+TeJ0hI<?V.S+KBr?i9S+>+J�¯�|+rLV"TBJ0X 	 � � ´)m.J0  Tafg>+t"J"D
_B`+J)_eJ0TBTBJ0KB_BTe<sfgr	|+TeJ0�0<?|+<?_�fg_e<?V"> fg_�; � � � � 8 �+D+fg>+X _e`+J)}	fg��m,t"TBV.S+>+X n�J0TBJwfgr?r

���������
	����� ��� ������������������� ����� ����� !#� ���



	 ´ ���������
	�����������
`+<?t.`+J0T)_B`	fg>�fg>,_B<?�0<L|	fg_BJ0X�8=p�`IS+KED=_�i,|+<?��fgrLr?i � fgX+X+<?_B<LV">	fgr�|	fgKBKBJ0K�D=_afgm"J0>�fg_
fg>,i^VgU�_B`+J�V"_B`+J0T�_B`+TBJ0J�KB_�fg_B<LV">+K�DIf�TBJ)TBJ��,S+<?TBJ0X _BVZTeJ0�0Voh.J0T�f�r?r�_B`+J)X	fg_af+8

�a¤ ��¬r�� ¦&¬�� � � �z¨ ��§*2©a¦ � �P¦&ª ����§����¦���� � �� �

�+8\³I8 �0�&(  "+��� � �  "$0%"'�( ) +�1

7)R��q\+\,�wV"|2J0T�fg_B<LV">+KZ`	fEh"J }	J0J0>�X+J0KB<?t">+J0XçU±TeV"] _B`+J KB_afgTB_9_BV�}2J rsfgTet"J0r?i
fgS+_eV">+V"]^V"S+K�n�<?_B` ]�<?>+<L]ZS+]k<?>+|+S+_�<?>Z_BJ0Te]�KqVgU�X+< ��J0TBJ0>,_�V"|2J0T�fg_B<L>+tw]^VIX+J
V"TGV"}+KBJ0TehI<?>+t |+rsfg>+K�82b�rLr�KBi,KB_BJ0]^K�fgTeJwX+J0KB<?t.>+J0X _BV^V"|	J0Tafg_BJOf�S+_BV"] fg_B<?��fgrLr?i
n�<L_B`�>+V'] fg>IS	f�r�<?>,_BJ0TBh"J0>,_B<?V.>�8Çp�`+J ]�fg<L>�V"|2J0T�fg_B<LV">+KZ_�fgKem�<?KZ_B`+J5]�f�>,�
fgt.J0]�J0>,_�V�U%_B`+JZV.>,��}	VIfgTeXzKeV"r?<?X,��KB_afg_BJwTeJ0�0V"TBX+J0T ±�\+\,7e²GX+S+TB<L>+t |	J0TB<?V,X+KwV�U
`+<?t.`ûKBV"rÈfgT�fg�0_B<LhI<?_�i�V.T�n�`+J0>�KBS ���0<?J0>,_^t"TBV"S+>+X KB_�f�_B<?V">'X+S+]�|+K fgTBJ5>+V"_
fEhof�<?rsfg}+r?J9_BV5m"J0J0|'_B`+J�\+\,7�UWTBV"] �	r?rL<?>+t S+|�8�j `+J0>'KB_BTeV">+t�°QfgTeJ�fg�0_B<?h,<?_�i
fg|+|2J�fgTBK)r?<Lm"J0r?i"D+n�Jw_eTBi _BV m"J0J0|�_B`+J9\+\,7�}	J0rLVon � � ´���UWS+r?r�fg_G_B`+J9J0>+XzV�U
_B`+J)FqJ0TBm"J0r?J0i^|	fgKBKeJ0K�D,KBV9_B`	fg_�_B`+J0TBJ)<?K�|+r?J0>,_�iZVgU���f�|	fg�0<?_�i9TBJ0]�f�<?>+<?>+t)UWV"T�f
}+<?t �����0rÈfgKBKR°Qf�TBJ"8gb�> fg_B_eJ0>IS	fg_eV"T���fg>Z}2J�<?>+KeJ0TB_BJ0XZ},iZ�0V"]^]�f�>+Xw_BV�TBJ0X+S+�0J
_B`+J <?>+�0V"]^<?>+t�KeVgU±_ ����Taf�i¶°	Sz¯�D�V"TwKeV"]�J9VgU�_B`+J X	fg_�f^<?>�_e`+J�\+\,7���fg>�}2J
KBm,<?|+|2J0Xzfg>+X >+V"_�_BJ0r?J0]^J0_BJ0TBJ0X^X+Von�>�8
b _BJ�fg] KB�0<?J0>,_B<?KB_ED+]�V,X+J0r?J0X5V">�_B`+J ��V"`+m.V"`���p�V.`I}	fg>��^TBV"rLJ"D	]^V">+<?_BV.TBK

KBV.rsfgTOf��0_B<?h,<?_�i�fg>+X4_B`+J <?>+Ke_BTBS+]^J0>I_�V"|	J0T�f�_B<?V">'X	fg<?r?iô_BV�J0>+KBS+TBJ _e`	fg_9_B`+J
V"}+KeJ0TBhofg_e<?V">+K fgTBJ }2J0<?>+tû_afgm"J0>û_eV�] f�¯+<?]�<L�0J�_B`+J�KB�0<LJ0>I_B<£�	�zTeJ0_BS+TB>�8�p�`+J
p�V"`,}	fg>�fgr?KeV �0V,V"TBX+<?>	fg_eJ0Kwn�<?_e`�V"_B`+J0T�V"}+KBJ0TBhgfg_BV"TB<LJ0Kwfg>+X�>+V._BJ0KZfg>Ii�KB|2Ja�
�0<sf�r���fg]^|	fg<?t">,��KB_�i,r?J^V"}+KBJ0TBhgfg_B<?V">+K _B`	fg_Z] fEi�}2J V">+t"V.<?>+t�_BV'J0>+KBS+TBJ5_B`+J
V"|+_e<?]ZS+]�<L>I_BJ0Te��`	fg>+t.J)VgU�<?>,UWV"TB] fg_B<?V.>�8
p�`+J)X	fg_�fwf�TBJ)t"J0>+J0T�fgrLr?iZf�hgfg<?rsf�}+r?J�UWV"T�fg>	fgr?i,KB<?K�U±TBV.] V.>+J)_BVw_B`+TeJ0J)X	f�i,K

fEUW_BJ0TG_B`+JwV.}+KBJ0TBhof�_B<?V">5<?K�] fgX+J"8	�G>+�0J _B`+Jw<?>+Ke_BTBS+]^J0>I_�X	f�_�f�f�TBJwTBJ0�0V.TBX+J0X
<?>�_B`+Jz\+\,79Dq<?_Z_�fgm.J0K�S+|�_BV�_�n�V�X	fEi,K�_BVô}	J�_BJ0r?J0]^J0_BJ0TBJ0X4_BV4fôt"TBV"S+>+X
KB_afg_B<?V"> X+J0|2J0>+X+<?>+t�V"> `+Vgn�UWS+r?r�_B`+JZ\+\,7�}	J0�0V.]�J0K�8��G>+�0J V"> _B`+J t"TBV"S+>+X
fg_�FqJ0TBm.J0r?J0i"Dg_B`+J�|	fg�am"J0_B<L�0J0XZX	fg_�f��	r?J0K�fgTBJ��0V">,h"J0TB_BJ0X _BV)y���p�\OU±V"Te]�fg_�fg>+X
KB_eV"TBJ0XZV">^f)7Gb���H KBi,KB_BJ0]�8"p�`+J0iZfgTBJ�_B`+J0>^_BT�f�>+KB]�<L_B_BJ0XwVgh"J0Tq_B`+J���>I_BJ0Te>+J0_
_BVçN�V,X+X	fgTBX�Dqn�`+J0TBJ _e`+J0iûfgTBJ KB_BV.TBJ0XûV"> f�KB<?]^<?rsf�TO7GbG��H KBi,KB_BJ0]�8�p�`+J
X	fg_afOf�TBJóf�r?KBV9KB_BV"TeJ0X�fg_�_B`+JwRG��\+\,���<¯�|2J0TB<?]^J0>I_�f�r	Hwfg_�f�l�J0>,_BJ0T5±�RG��Hwl�²
fg_���p�R c=S+Te<?��`�8�b�_ _B`+<?K5|	V"<L>I_�DGfgr?r)_B`+J'X	fg_�f�fgTBJ�UWTBJ0J0r?i fEhof�<?rsfg}+r?J5UWV"T
X+Vgn�>+r?V,fgX+<?>+t9}Ii^V"S+_BKe<?X+J)S+KBJ0TBK�n�<?_B`+V"S+_�TBJ0KB_eTB<?�0_B<?V.>�8
�+8 � 8 ��%"' % �
+�% ! � 1 (*1
7)R��q\+\,��X+< ��J0TeK�UWTBV"] ] fg>,i <?]�f�t"J0TBK�<?>�_B`	f�_�D=<?>+KB_BJ�f�XzV�U%_BT�f�>+KB]�<L_B_B<¢>+t�f
|+TBJ0KeJ0r?J0�0_BJ0XûKeS+}+KBJ0_ZVgU)<?] fgt"J0K�D�_B`+J _BJ0rLJ0]�J0_BTei�<?>+�0r?S+X+J0K�f�r?r�VgU)_B`+J <?>,UWV"T��
] fg_B<?V.>�fg}	V.S+_�J�fg�a` X+J0_eJ0�0_BJ0X |+`+V"_eV">�8	p�`,S+K�D2_B`+J)X	fg_�f^fg>	fgr?i,KB_���fg>5]�fgm.J
_BTafgX+J0V ��K�fg]�V.>+tw_B<?]^J�TBJ0KeV"r?S+_B<?V.>�DIKe|	J0�0_BT�f�r�T�fg>+t"J)fg>+X5TBJ0KBV"r?S+_e<?V">�D"Ke|	fg_B<sfgr
TBJ0KeV"r?S+_B<?V.>�D+<?] fgt"J �,S	fgr?<L_�i"D2J0_B�"8?D2V">�_B`+JZt.TBV"S+>+X�8�p�`+J0KBJ9X+J0�0<?Ke<?V">+K)��fg>�}2J

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



����������� 	 ³

] fgX+J�V">Zf)��fgKeJa��}Ii.����fgKBJ�}	f�KB<?K�_BV)] fg_B�a`9_B`+J�S+>+< �,S+J��a`	fgT�fg�0_BJ0Te<?KB_B<?�0K�VgU=_B`+J
J0h"J0>,_�S+>+X+J0T�KB_BS+X+i^fg>+X _B`+JGTBJ0r?J0hof�>I_�KB�0<?J0>,_B<¢�	�)V.}w®BJ0�0_e<?h"J"8"b m"J0iZX+TB<?h.J0T%V�U
_B`+Jq7óRG��\+\,�=X	fg_af�fg>	f�r?iIKe<?K�fg|+|+TBV,fg��`)<LK�_B`+Jq|+TBJ0KBJ0TBhgfg_B<?V.>wVgU+_B`+<?K�°	J�¯�<L}+<?r?<?_�i
_BV J�¯+_BT�f��0_)_B`+J9]�f�¯+<?]ZS+]�KB�0<?J0>,_B<¢�	�9TBJ0_BS+TB>�U±TBV.] _B`+J9V"}+KBJ0TBhgfg_B<?V">+KE8�p�`+<?K
]^J�fg>+K9_B`	fg_�f�r?r�X+J0_�fg<?r?J0X4Ke�0<?J0>I_e<¢�	� fg>	fgr?i,KB<?K9n�<Lr?r�S+KBJ _B`+J K�fg]^J^|+TB<?] fgTBi
X	fg_afg}	fgKBJGn�<?_B` _e`+J)]�V"Ke_%�0S+TeTBJ0>I_���fgr?<?}+T�f�_B<?V">Z<L>,U±V"Te]�fg_e<?V">�8
y2S+TB_B`+J0TB]^V"TBJ"DD³
²Z_e`+J �0V"]^|+r?J0_BJ5X	fg_�fôV"S+_B|+S+_^VgUw_B`+J�R��q\+\,��]^<?KBKe<?V">

<?K^] fgX+J fEhofg<?rÈfg}+r?J |+TBV"]^|+_Br?i'_BV�_e`+JzKe�0<?J0>I_e<¢�	� �0V"]^]ZS+>+<?_�i"D�n�<?_B`+V"S+_ TBJa�
KB_eTB<?�0_B<?V.>�	�f�>+X � ²Gf9UWS+r?r?i^X+V,�0S+]�J0>,_BJ0Xzf�>	fgr?i,KB<?K�|	fg�amof�t"J"D	KeS+|+|	V"TB_eJ0Xz},i f
T�f�>+t"J�V�U�|+rÈfg_�UWV"TB]^K�D	<LK fEhgfg<?rsfg}+rLJZ_BV _e`+J�KB�0<LJ0>I_B<£�	���0V"]^]ZS+>+<?_�i"D2n�<?_B`ô_B`+J
K�f�]�J)_BV,V"r?}2V�¯�VgU�KeVgU±_�n�fgTBJ)S+KeJ0Xz},i _e`+JO:���_BJ�fg]�8+bk|+TBV"]^|+_Br?i.��t"J0>+J0T�fg_eJ0X
��fg_afgr?V"t�VgUÇKeS+]�] fgTBi9X	fg_�f�|+TBV,X+S+�0_BKG<?K�X+<?Ke_BTB<?}+S+_BJ0X^n�<?_e` _B`+JwR��q\+\,��X	fg_�f
}	fgKeJ"D�_BV�KBJ0TBh"J�fgK�f�]ZS+r?_B<¢��|	f�T�fg]ZJ0_BJ0T2<?>+X+J�¯ f�>+XwVgh"J0TBh,<?J0n�VgU+_B`+JqX	fg_�f�}	fgKBJ"D
fg>+X _eVZ|+TBVghI<LX+J�X	fg_af9|+TBV,X+S+�0_BK�_eVOS+KeJ0TBK�>+V"_�TeJ��IS+<?Te<?>+tZ�0S+KB_BV.] f�>	fgr?i,KBJ0K�8
p�`+J X	fg_�f'fg>	fgrLiIKB<LKZKBVgUW_�n�f�TBJ�<LK�X+J0KB�0Te<?}	J0X <?>�_B`+Jzfg�0�0V.]�|	fg>,i,<?>+t�|	fE�

|2J0T },i R�S+T�U±V.TBX J0_zfgr�8b± � ´r´ � ²08���_ <?K f�r?KBVôU±TBJ0J0rLi fEhofg<Lrsfg}+r?J�fg>+X ��fg> }2J
�0V">,h"J0>+<?J0>,_Br?i4X+Vgn�>+rLVIfgX+J0X fgK^|	fgTB_ VgUw_B`+J'\,V"rsfgT \,VgUW_�n�fgTeJg±�\+\,j ²^_BTBJ0J"8
p�`+J J�¯+_BJ0>+KB<Lh"J 7)R��q\+\,�wKBV�U±_�n�fgTBJ^|	fg�amofgt"J"D�]�V"Ke_Br?i�n�TB<?_e_BJ0>�<L>û_B`+J ��Hw;
|+TBV.t"T�fg]^]�<¢>+tZrÈfg>+t"S	fgt"J"D2�0V">,_�fg<?>+Kwf�r?r�|+TBV,�0J0X+S+TBJ0K9>+J0�0J0KBK�fgTBi�_BV TeJ�fgX�_B`+J
X	fg_af�y���p�\��	r?J0K�Dq|+TBJ0|	fgTBJ�fg>+X�|+r?V"_ZrL<?t"`,_Z�0S+TBh"J0K�Dq<?] fgt"J0K�D�fg>+X�KB|	J0�0_eT�f+D
fg>+X'V"S+_B|+S+_9_B`+J^TBJ0KBS+rL_BK�U±V"T�UWS+TB_B`+J0T9�0S+KB_BV.]�<?�0J0X'fg>	fgr?i,KB<?K�8=y2S+TB_B`+J0TB]^V"TBJ"D
_B`+J~®eV"<?>,_%f�>	fgr?i,KB<?K�VgU�] fg>,iOX+< ��J0TeJ0>I_�V"}+KBJ0Tehofg_B<LV">+K�VgUÇ_e`+J)K�fg]^J�J0h"J0>,_BK�},i
V"_e`+J0T)V"}+KBJ0TBhgfg_BV"TB<LJ0K)<?K)t"TBJ�fg_er?i^Uïf��0<?r?<?_�f�_BJ0X�D	Ke<?>+�0JZ]^V"KB_�V"_e`+J0TwKBV"rÈfgT�Ke|	fg�0J
]^<?KBKB<LV">+KÇf�>+X ]�fg>,iwt.TBV"S+>+X,��}	fgKBJ0X^V"}+KBJ0Tehofg_BV.TB<?J0K%f�r?KBVw`	fEh"J�_B`+J0<?T�fg>	fgr?i,KB<?K
KBV�U±_�n�fgTBJG<?>�_B`+<?K�Kafg]�J9\+\,j _BTBJ0J"82bk�0V">,h"J0>+<?J0>,_�<L>I_BJ0T¡Uïfg�0J�<?KG|+TBVghI<?X+J0X5_BV
fgrLr?Vgn4J�fgKBi9�0V"]^|	fgTB<?KBV.>OV�U�7)RG��\+\,��<?] fgt"J0K�fg>+X^r?<?t.`I_��0S+TBh.J0K%n�<?_B`ZKB<L]�<?rÈfgT
|+TBV,X+S+�0_BK^UWTBV"] \+�)RG�9D�p�7�b�l���DqNó�)�q\=D�F�<Lt�FqJ�fgT�DqJ0_B�"8�p�`+J�fg>	fgr?i,KB<?K
|+TBV,�0J0X+S+TBJ0K)��fg>�fgr?r�}	J9<?>,h"V"m"J0X^UWTBV"] _B`+J���Hw;'�0V"]^]�f�>+X�r?<L>+J"D	V"T)f ]�V"TeJ
S+KBJ0T¡�WU±TB<LJ0>+X+r?iZt"T�f�|+`+<?��fgr	S+KeJ0T%<L>I_BJ0T¡Uïfg�0JG<?K�fgr?KBV9f�hgfg<?rsf�}+r?J�UWV"T�}	fgKB<?�)fg>	fgr?i,KB<?K
_�f�KBmIKE8�bGr?r)_B`+J�KeVgU±_�n�fgTBJ <LK^U±S+r?rLiû�0V"]^|	fg_B<?}+rLJ n�<?_e` }2V"_B` _B`+J ��>+<�¯ fg>+X
j <?>+X+Vgn�K^V"|	J0Tafg_B<?>+t'KBi,KB_BJ0]^K�8�p�`+J�\+\,j KBi,KB_BJ0] f�r?r?Vgn�K9UWV"T^T�fg|+<?X�}+S+t
��¯+J0K%fg>+X KBVgUW_�n�fgTeJ%S+|+t.T�fgX+J0K�_e`	fg_���fg>Z}2J�X+Vgn�>+r?V,fgX+J0XZ_BV)J�fg�a`ZS+KBJ0T ��K�Vgn�>
�0V"]^|+S+_BJ0T)fg_Of�>Ii5_B<?]^J)UWTBV"] f �0J0>,_BT�f�r�KBJ0TBh"J0T�D=KeJ0h"J0T�fgr�VgU�n�`+<?�a`�J�¯+<?KB_)<?>
X+< ��J0TBJ0>,_��0V"S+>I_eTB<?J0K�fgTBV"S+>+X9_B`+J�n�V"Ter?X�80y	V.T�S+KBJ0TBK�n�<?_e`+V"S+_���Hw;�Dg_B`+J�RG��Hwl
|+TBVgh,<?X+J0K�<?>,_BJ0TB>+J0_�}+TBVgn�KeJ0T%KeVgU±_�n�fgTBJG_BVZfg�0�0J0KBK)fg>+X fg>	f�r?iI�0J)_e`+J)X	fg_�f+8
\,<L>+�0J�fgTeTB<?hof�r�_B<?]^J"D2TBJ0�0V"TBX+<?>+t�X+J0_BJ0�0_eV"T�D�f�>+X�J0>+J0TBt.i�<?>,UWV"TB] fg_B<?V">�fgTBJ

fEhof�<?rsfg}+r?JqUWV"T�J�fg�a`Z<?>+X+<?h,<?X+S	fgr=|+`+V"_BV.>�D"_B`+JGX	fg_�f�fg>	fgr?i,KB_���f�>�] fgm"J�f�n�<?X+J
hgfgTB<?J0_�iwV�U�Ke�0<?J0>+�0Ja��X+TB<?h"J0> _BT�fgX+J�V ��K�_e`	fg_�n�V"S+r?X+>��Ý_�V"_B`+J0TBn�<LKBJ�}	JG|	V"KBKe<?}+r?J"8
\,|2J0�0<¢�	��fgr?r?i"D._B`+J�fg>	f�r?iIKe_���fg>�KeJ0r?J0�0_�_B`+J�_B<?]^J�TBJ0KBV.r?S+_B<?V">Zfg>+X^��fgX+J0>+�0J"D._B`+J
J0>+J0TBt.i�T�f�>+t"Jwfg>+X TeJ0KBV"r?S+_B<LV">�DIfg>+X5_B`+J)KB|	fg_e<sfgr=TBJ0KBV"rLS+_B<?V">�D,<?] fgt"J �,S	fgr?<L_�i"D
fg>+X5�	J0r?X�VgU�hI<LJ0nw8Qp�T�fgX+J0V ��KG��fg>�}	J ]�fgX+J�<?>�TBJ0KB|2V">+KBJZ_BV^_B`+J9>	fg_BS+TeJOV�U
_B`+Jx°QfgTBJ)fg>+X^_B`+J)KB|2J0�0<¢�	�)KB�0<?J0>,_B<¢�	��V.}w®BJ0�0_e<?h"J0K�V�U�_B`+J)fg>	fgr?i,KB<?K�8,p�`+JG]�fg<L>
r?<L]�<?_afg_B<¢V">�<?K�<?>)_B`+J�|+TeVI�0J0KBKeV"T�KB|2J0J0X f�>+X)_B`+J�_B<L]�J�<?_�_�f�m"J0K=_BV���fgTBTei�V"S+_�_B`+J

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



	�� ���������
	�����������
hgfgTB<?V"S+K�fg>	fgrLiIKB<LK�_�fgKBm,K�8gp�`+J�V.>+r?<?>+J �IS+<L��m.��r?V,V"m�rL<?t"`,_��0S+TBh"J0K�<?>^8�|+>+tGUWV"TB] fg_
fgrLr?Vgn UWV"T�f�]^V"TBJ�T�fg|+<?X)J0hgfgr?S	fg_e<?V">)VgU+_B`+J%fEhgfg<?rsfg}+rLJ�V"}+KeJ0TBhofg_e<?V">+K�VgU+KB|2J0�0<¢�	�
_B<L]�J�<L>I_BJ0Tehofgr?K�|+TB<LV"T�_BV ��fgTBTBi,<?>+twV.S+_�]�V.TBJ�X+J0_�fg<Lr?J0X�f�>+X _B<?]^Ja���0V">+KBS+]^<?>+t
fg>	f�r?iIKe<?K�8
��>�fg>�J���V"Te_)_BV^Uïf�]�<?rL<sfgTB<¢�0JOf�K)]�fg>,i <?>,_BJ0TBJ0KB_eJ0X�KB�0<?J0>,_B<?KB_eKófgK�|	V"KeKB<?}+r?J

n�<L_B`ûfg>	fgr?i,�0<?>+t�7)RG��\+\,�9V"}+KBJ0TBhgfg_B<?V.>+K�D�_B`+TBJ0J5X	fg_�f�f�>	fgr?i,KB<?K9n�V"TBm,KB`+V"|+K
`	fEh"JZ}2J0J0>�`+J0rLX�8Çp�`+J0KBJZ|+TBVgh,<?X+J0X�_eT�fg<?>+<?>+t _eVzfg}2V"S+_w_B`+<LTB_�i KB�0<?J0>,_B<?Ke_BKwfg_
J�fg�a` n�V"TemIKB`+V.| <?>�fg�0�0J0KBKB<?>+t^7)R��q\+\,��X	fg_�fZf�>+Xz<L> _B`+J�S+KBJ9VgU�_B`+Jw<L]�fgt.J
TBJ0�0V.>+KB_BTBS+�0_B<LV">�fg>+X�Ke|	J0�0_BT�f�r�fg>	fgr?i,KB<?K)KBV�U±_�n�fgTBJ"8=�G>,��r?<?>+J^X+VI�0S+]^J0>,_�fg_B<?V.>
<?KZfEhof�<?rsfg}+r?J U±V"T^fgr?r�_e`+J KBVgUW_�n�fgTeJ9U±TeV"] }	J0t"<?>+>+J0T t"S+<?X+J0KZ_BV�_B`+J X+J0_afg<?r?J0X
] fg>,S	fgr?K�TBJ��,S+<?TBJ0X�},i |+TBV.t"T�fg] X+J0h"J0r?V"|2J0TBK�8�p�`+<LK�X+V,�0S+]�J0>,_�fg_e<?V"> ��f�>z}2J
fg�0�0J0KeKBJ0X _B`+TeV"S+t"`^_B`+J)UWV"r?r?Vgn�<L>+twn�J0} KB<?_BJ��
`,_B_B| � ���g`+J0KB|2J0TB<sf+8�t.K�U±�"8Ý>	fgK�f+8�t.V�h��gTB`+J0KBKB<LX	fg_Bfg�0J0>I_eJ0T �+8

� ¤ ��«�� � ��¨ �

�G>Zy2J0}+TBS	fgTBiU³ � D � ´�´ � DgV.>+J�n�J0J0m foU±_BJ0T�rÈfgS+>+��`�D._B`+J�t"J0Te]�fg>+<LS+]1X+J0_BJ0�0_eV"TBK
n�J0TBJ�_eS+TB>+J0XZV">�foU±_BJ0T�}2J0<?>+t9�0VIV.r?J0XZX+Vgn�>9_BVw_e`+J0<?T�V"|	J0Tafg_B<?>+t�_BJ0]�|2J0T�fg_BS+TeJ
T�f�>+t"J�}Ii _B`+J��0Tei"VI�0V,V"r?J0TED�fg>+X 7)R��q\+\,��X+J0_BJ0�0_eJ0X <?_BK��	TBKB_U°QfgTBJ"D�f�l �
°QfgTeJOfg_5´ � ³ � �Gp)8Q\,<L>+�0JZ_B`+J0>�D27óRG��\+\,��`	f�K)V"|	J0T�f�_B<?>+t^�0V">I_e<?>+V"S+KBr?i"D2fg>+X
_B`+TeV"S+t"`9_B`+J�J0>+XZVgU=b�S+t"S+Ke_�D � ´�´ � D�<?_�`	fgXZX+J0_eJ0�0_BJ0XZVgh"J0T,³���´�´x°QfgTeJ0K�fg}	Vgh"J
³ � m.J0  f�>+XzVgh"J0T �r´�´ fg}	Vgh"J � �^m"J0 98=��_w`	f�K)|+TBVghI<?X+J0Xô_B`+J9�	TBKB_)<L]�fgt.<?>+t
KB|2J0�0_BTBV"Ke�0V"|Ii^VgU�KBV"rsf�T�°QfgTBJ0K�8Y��_G`	fgK�X+J0_BJ0�0_BJ0X5_B`+J)�	TeKB_ 	 ��³
´ m"J0 k`	fgTBX ���
T�fEi�]^<?�0TBV4°QfgTeJ0K�D�fg>+XôU±V"S+>+X'_B`	fg_�_B`+J \,S+>4<?K9�0V">I_e<?>IS	f�r?r?i J0]^<?_B_e<?>+t `	fgTBX
����T�fEiIK�fg}	Vgh"J � 	 m"J0 98I�G> PIS+r?i ��	 D"<L_�V"}+_�fg<?>+J0X^_B`+J��	TeKB_�`+<?t.`�TBJ0KeV"r?S+_B<?V.>
KB|2J0�0_BTBS+] VgUQKBV.rsfgT�tIfg]^] fE��TBf�iGr?<?>+J0K�f�>+XZ_B`+J��	TBKe_�<?]�f�t"J0K�V�U�fGtIfg]^] fE��T�fEi
r?<L>+J"D"UWTBV"] f^Nó�)�q\ � � 8 � °Qf�TBJ"8
bGKZ<?>+X+<L��fg_BJ0X4},i�_B`+J J�f�TBr?i�TBJ0KeS+r?_BKZ|	fg|2J0TBKZ<?>4_e`+<?KZ<?KBKeS+J"D�7óRG��\+\,��<?K

fgrLTBJ�fgX+i4|+TBVgh,<?X+<?>+t']�fg>,i4J�¯+�0<?_B<?>+t'>+J0n TBJ0KeS+r?_BK�Dq|	fgTB_B<L�0S+rsfgTBr?i't"T�f�_B<¢UWiI<?>+t
t"<Lh"J0> _B`+J ]�fg>,i^_BT�fEhofg<Lr?K�_e`+JO|+TeV
®eJ0�0_�KBS ��J0TBJ0X�|+TBJa��rÈfgS+>+��`�8�R�Vgn�J0h"J0T�DY_B`+J
|2Von�J0T�VgU�7)R��q\+\,��rL<?J0K�<?>Z<?_eK���fg|	fg}+<?r?<L_�iGUWV"TqX+J0_�fg<?r?J0X �,S	fg>,_B<?_�fg_e<?h"J�|+TeV"}+<?>+t
VgUG_B`+J�|	f�TB_B<?�0r?J fg�0�0J0r?J0Tafg_B<?V">4fg>+X'J0>+J0TBt"i'TBJ0r?J�fgKeJ�]^J0��`	f�>+<?KB]�8�p�`	fg_9n�<?r?r
TBJ��,S+<?TBJ9��fgTeJaU±S+r�D2�0V"]^|+TBJ0`+J0>+KB<?h.J f�>	fgr?i,KB<?KGVgU�_B`+JZ7)R��q\+\,��X	fg_�fYD	_BV.t"J0_B`+J0T
n�<L_B`û_B`+J5�0V">,_BJ�¯�_^]^J�fgKBS+TBJ0]^J0>I_eK9U±TeV"] V"_B`+J0T Ke|	fg�0J0�0T�fEUW_�f�>+XûUWTBV"] _B`+J
t"TeV"S+>+X�8

�a¤ ��¬���¦�©�� ��� ª��0� � ��¦a§ �

p�`+<LK�n%V.TBm9n�f�K�KBS+|+|	V"Te_BJ0X�},iZv�b)\,b �0V">,_BT�fg�0_�v�bó\��o� � � ´ 	�	 8"p�`+J�n�V"TBm9<?>
\,n�<L_B�0J0TBrsfg>+X n�f�K�KBS+|+|2V"TB_BJ0X },i�f)t.T�fg>,_�UWTBV"]�_B`+J)\,n�<?KBK�v�fg_e<?V">	fgr=\,�0<?J0>+�0J
y2V"S+>+X	fg_B<?V.>�8=j�J�n�<?KB`�_BV�fg�amI>+Vgn�r?J0X+t.JO_e`+J�J���V"TB_eK)VgU�_B`+JZ_BJ0�a`+>+<?��fgr�fg>+X

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



����������� 	�	

KBS+|+|2V"TB_�KB_�f ��fg_�_B`+J�\+\+; 	gVgU	H)J0>+>+<?K�;=J0J"D"Fq<?r?r"HwfEh,<?K�DaP,<?] F�fgTeTBVgn�]�f�>�D¼fg>+X
p�V">,i�l�V.]Z}	J0TB<Èfg_BJG<?> _B`+JO�<¯�|+rLV"TBJ0T�V �^�0JOfg_)N)\,yÇl 	�f�>+X VgU%Fq<?r?r=j�f�t">+J0T�D
[�fgTB�0S+K5j�fg_Bm,<?>+K�D�l�`	fgTBr?J0K�R�V"rL]�J0K�D�f�>+X1�0V"rLr?J�fgt"S+J0K5<?> _B`+J4\,S+>,����fgTe_B`
l�V.>+>+J0�0_B<?V">+K�H)<?h,KB<?V.> f�_�v�b)\,b R�J�fgX��,S	fgTB_eJ0TBK�8"p�`+J�J���V"Te_BK�VgUQ_e`+J�hofgTe<?V"S+K
7)R��q\+\,��TBJ0h,<?J0n'|	fg>+J0r?K�fgTBJ�fgr?KBV)fg|+|+TBJ0�0<Èfg_BJ0X�DE<?>9|	fgTB_B<?�0S+rÈfgT�D0_B`	f�>+mIK�_BVG_B`+J
�a`	fg<?TBKq��p�<?] N�J0`+TB<L>+t"J0T�D,PIV,JwjôV">+KBJ0h"J0T�D+fg>+X5H)V"> [�<?r?r?J0T���fg>+X _eV N�J0TBTei
\,`	fgTeJ"D+n�`+VZ|+TBVgh,<?X+J0X KB�0<?J0>+�0J�<?>+|+S+_�8

� � � �z¨�� ¦&¬��"�

�r+�8w_4"Rk4[�k*FC8
T0$�i
T*-S@C8w_�$,k
'�k �������C��_ ¥"¯a¹¼§a° Ä+Å ³�¬�â _����r_w���C�*k
�*@C1*84-�_�|&k�F�84T	��+�8z_
"Rk4[�k �(���� ÿ=_ ¥"¯a¹¼§a° Ä�Å ³a¬�â _������r_z�¡ÿ=��k
"�F�E�F!/2n�_
"�k
FC8
TbNbi*JSI�1*n!_�"�k ��k �(�������=_ ¥a¦o§0¨�©�¥"¨�ª?â"ì=©�¶�â _�	
�r_oÿ�����k
|{1�i�I*Iz_
%�k �{k �a�������*_ Ä�Å ³a¬�ª?¨�§�¥"¨�°�ª ¦I²?§ _�����r_����=k
'�1
FCJK3!_��,k4$~k*FC8
T0Nbi�JSI*1*n�_4"Rk ��k �a������=_ ½�¬�²¢°±¯�¦ Å ³a¬�âEøgâ _�	
����_ �!���*k
"�F�E�F!/2n�_
"�k
3�/aF�>dk ��������=_ ½�¬�²£°±¯�¦ Å ³a¬�â�øgâ,"©B²L²?â _�	
���������C_ �{������k
%{EG-2>�+.3�_w�,k _*3�/�F�>dk ����������_ ½�¬�²¢°W¯�¦ Å ³�¬�â�øgâ _�	
��rk
"�F�E�F!/2n�_
"�k
3�/aF�>dk ������!��_ ½�Ða¶�â.¥a¦o§0¨�©�ì=©�¬�â _
���r_oÿ��!�=k
$&F�JKE�@C8w_4 &k*;~k43�/�FC>dk �������0ÿ=_ ª¢« Ä °W¯B¨Bâ+¯W·�² Å ©�¸=Ï=ì ë æ�¯a°±» ¬ Å ¯�¦ _�����k
��14F�84W*_w'�k
:,k*3�/�FC>dk ������!��_ Í §0²¢ÖE°±© _������r_�ÿ ���=k
�z+.-214EGFC8w_w�,k43�/aF�>dk ���������_ ¥"¨�ª?©�«"¨�© _�����	w_z���*���*k
N0FC�!F�-21*+.E�F*_ 
 k�3X/RFC>dk �0�����!�=_z+�8 Í ©�Þ�×�«g¬�²£°�Ö�É�©�«"²?§0²¢ª?¯a«�·�¯a°�¥a¦o§0¨�©Ç½�¬�²£°±¯a«"¯aÉ�³ L 
 k�;,k

]CF�80T*3�JR$�i ý 1*/�FC8
T0�,k
�{F�+.FC8
Fx3XT�-�k Q�_4:�3�` �a@�JS� �4[�3�JKW!F�E�@�80[�JK3�-S-�k
 @�-2i
WC+d_�yRk*3�/�FC>dk ������*��_ ¥"¯a¹¼§a° Ä�Å ³a¬�â _������r_z���=k
[HJS+�8 ý 3�_�yRk ;,k�3X/�F�>dk ��������*_ ¥"¯a¹¼§a° Ä+Å ³�¬�â _�����r_�ÿC����k
�43�1�8
T*3�J�_�;,k*3�/�FC>dk �Qÿ � �0ÿ=_ ¥"¯a¹¼§a° Ä�Å ³a¬�â _�/21*+.-&]!@C>�i
E�3
$�i*JSBd@CJKT�_��,k ��k*3�/�FC>dk �Qÿ � �0ÿ=_ ¥�¯a¹¼§a° Ä�Å ³a¬�â _�/21*+.-&]!@C>�i
E�3
'=E~+./21z_
�,k4Nfk
3�/�FC>dk �Qÿ ��� ÿ=_ ¥"¯a¹¼§a° Ä�Å ³a¬�â _�/21*+.-&]!@C>�i
E�3
|{i�JK/2+.-�_
�,k4�pk43�/�F�>dk �Qÿ � �0ÿ�_ ¥"¯a¹¼§a° Ä+Å ³�¬�â _�/21�+.-�]�@C>�i
E�3
$�i*JSBd@CJKT�_��,k ��k*3�/�FC>dk �Qÿ � �0ÿ=_ ¥�¯a¹¼§a° Ä�Å ³a¬�â _�/21*+.-&]!@C>�i
E�3
��k s �Pk� a@�i4W!3�JK3�/�3�/aF�>dk �(������=_ ä Å ©�Ï=¹¼¯0®�§a¹,Ï�©�¯a¬?¦g§0¨�©=ÓGª¢¬�¬�ª?¯a«�´,°W©È¦"°�ª¢«"²?©�Ð	·�°±¯aÉ'¥a¦o§0¨�©�¥"¨�ª?âì=©�¶�â�´����0´ Í ¯a¬�âIÔaÊ¢¿ _oÿC�*��s±ÿC�!�
"Rk�[�k �r+�8^3�/PFC>dk ���������=_ ä Å ©�Ï=¹¼¯0®�§a¹"Ï�©�¯a¬L¦o§0¨�©�Ó�ª¢¬�¬�ª?¯a«�´.°W©È¦"°�ª¢«"²?©�Ð+·�°W¯aÉ�¥a¦o§0¨�©�¥"¨�ª?âgì=©�¶�â�´

���0´ Í ¯a¬�â,ÔaÊ¢¿ _
�Bÿ���sK���C�

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



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


