
������� �	�
��� ��
������������������! #"%$&"('�
��*),+��&$-�
".����+�
�"/�&01���2$3��45"%$��6�7�

8�9;:=<>:@?BAC:ED*FG9H9;:

IKJKLHMONQP�L FSR IKT>TKU

V



W�XZY@[]\�^�_�`a_bXEcdXE\eXEf=gihb[]\Kjlknmo`dge`dpq`a_
X]r�st_b\uf=gupwv xzy{W%s

^}|wx�~lW�^�j�s&~�xzy3~l����~l�=� VEV
��c�[Zr�`��=_6camdguX=k

�t�%� ��xzyOW�y ��� W%�

j�mamdpw_ �z[Z`d_ ���w� cdXZ�E_6�*��Y W�_H[=mdX=k*r�XEc�h��n[]knf=_
�%c�[Zr�`��E_bc�moguX=k V;�E��V=VZ��VH�=�=� kn_b�B�qXqh�pwv�_bk@`

�



W�XZY@[]\�^�_�`a_bXEcdXE\eXEf=gihb[]\Kjlknmo`dge`dpq`a_
X]r�st_b\uf=gupwv xzy{W%s

^}|wx�~lW�^�j�s&~�xzy3~l����~l�=� VEV
��c�[Zr�`��=_6camdguX=k

� �>�������¡ Q¢C£¤�-¥��7�

¦3§o¦ ¨ª©%«w¬.­{®@¯B­¤°¡±w²%³d®µ´�­�¶�©�·
¯�¸{±
���w_ � pnc � XEmd_�X]rt`d�wgim7�qXqh�pnv¹_6k@`7gum/`aX�f=gu�=_�[]kº_6mo`dguv¡[Z`ageXEk»X=r&`a�w_*[=h6h�pwc�[=hbY�X]rt`d�w_
xzy{W�s¼�w[Z`�[ � cdXq�qp½h¾`amt`a�n[Z`���gu\u\2�½_.fE_bkw_6ca[]`d_H�*��Y¡`d�n_7W�^�j�s¼xzy&W�sO¿¤caXqh�_HmdmdgeknfnÀ
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���w_�_�Ã>_6h¾`/X]r3`a�w_��qgÄÃ>_bca_bk@`zÅ@knXZ��k�_bcacdXEc%mdX=pwc�h�_Hm����wgih��ªhbX=k@`dcage�npq`d_.`aX�`a�w_¹xzy&W�s
�w[]`a[ � caX��wpnh¾`�_bcacaX=c�mt[=cd_/h�XE\e\u_6h�`d_H��Æw[]kn�Q`a�w_bguc�h�XEvÇ�wgukw_6�C_bÃK_Hh¾`�gim�_6mo`dguv�[]`d_H��À
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���w_�W�^�j�sÌxzy&W�sµ¿¤caXqh�_Hmdmdgeknf��q_6cdgu�=_Hm�pnkqÍn\e`d_bca_6�Çca[E�qgi[]knhb_6m�[]kn�7ÎnpqÏq_6m-r�caX=vÐfE_bXE\eX=~
hb[]`d_H�CÍn\Ä`a_bca_6��c�[=�wgu[=knh�_HmbÀ�^�pn\Ä`ag � \u_Ç_6cdcaX=c�moXEpwcahb_6m�h�X=k@`acdgu�wpq`a_.`dX�`d�w_�_bcacdXEcam�XEk�`d�w_
Ínkn[=\ � cdXq�qpnh�`am6À-���n_%_bcacaX=c{mdX=pwc�h�_Hm3`a�n[Z`�[]ca_�gekn�w_bca_bk@`{`aX � caXqh�_Hmdm3X=r�ÎnpqÏ¡_6mo`dguv¡[Z`ageXEk
r�caX=vÑ[¹�wcaXE[E���n[=kn�Qca[E�qgeXEv�_�`d_6c�[]ca_=Ò

•

h6[]\uge�nca[]`dguX=kCX]r�Í½\Ä`a_bca_6�Cca[E�qgi[]knhb_6m

•

`a�w_bcav¡[]\ � mdX=\i[]ctca[E�qgi[]knhb_/md_ � []c�[Z`dguX=k

•

m � _6h¾`aca[=\�pwkqÍn\e`d_6cdgukwf

•

c�[=�wgu[=knh�_z`dX¹ÎnpwÏCh�XEk��=_bc�mdgeXEk
¿3[]cd`dgih�pw\i[]c�[E�w�qge`dguX=kn[=\�_bcacdXEc�mdX=pncahb_6m�[]ca_=Ò

•

_bÃK_Hh¾`�X=r��qgeÃ>_bca_bk@`�m � _6h�`dc�[]\�ca_6m � XEknmo_Hmtr�X=c��qgeÃ>_bca_bk@`��q_�`a_6h¾`aX=c�hb_b\u\um

•

r�X�X=` � cagek@`%�q_b`d_6cdv�gukn[Z`ageXEk

•

_bÃK_Hh¾`�X=r-kwXEkQca_ � _6[]`a[=�wge\uge`�Y*X]r � XEgek@`dgukwf
ÓwXEc�`d�w_Hmo_/_6cdcaX=c�mdX=pwc�h�_HmbÆq[]kC_6mo`dguv¡[Z`ageXEkQX=r�`a�w_.gek½�qpnh�_H�C_bcacdXEcam&��ge\u\2�K_.f=gu�=_6k2À
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ÓwXEc&_6�=_6cdY¹_bcacdXEc&mdX=pwc�h�_%`d�w_zv¡[ZÏqguvÇpwvÛ[=�nmoXE\epw`d_%_6cdcaX=c�Ü�_bcacaX=ctX=k�[=kQ[]�½moXE\epq`a_�mahb[=\e_;Ý
[]k½�µ`a�w_�cdX�X=`¹v�_6[=kÞmdß@pn[=cd_C_bcacdXEcCÜGkwX=gimd_C\u_b�E_b\�Ý���ge\u\��K_�_6mo`dguv�[]`d_H��ÀàjárzkwXâ�qguca_6h¾`
_6mo`dguv¡[Z`a_�X]r>`d�w_%v�[]Ïqgev�pwv
[=�nmoXE\epw`d_�_bcacaX=c3gim¤[;�Z[]gu\u[=�w\e_EÆ]ge`{��ge\u\½[Emdmdpwv�_6��`aX7�½_%_6ß@pn[]\
`dX¹`a�wcd_6_/`dguv�_6mt`d�n_.cdX�X]`�v�_6[=kCmaß@pn[]ca_/_bcacdXEc6À
ÓwXEc7`d�n_�h�XEvÇ�wgukn[Z`ageXEkºX]r�_bcacdXEcam6Æ�`a�w_*v¡[ZÏqguvÇpwvÚ[]�nmdX=\upq`a_¡_bcacdXEcam.[=cd_*mdpwv�v�_6��Æ

[]k½�*`a�w_7mdß@pn[=cd_zX]r-`d�n_.cdX�X]`�v�_6[=kCmaß@pn[]ca_z_bcacdXEcamt[]ca_.mopwv�v�_6�2À
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���w_.�n[Emogih/ß@pn[]k@`dge`dgu_6m�v�_H[=mdpwcd_H����Y�`d�w_Çxzy{W%sOguknm�`acdpnv¹_6k@`%[]ca_�Í½\Ä`a_bca_6�Cca[E�qgi[]knhb_6m6À
���w_6gec%h6[]\uge�nca[]`dguX=k,cd_6\egu_6m�X=k,`d�n_ÇX=kw~ôfEcdXEpwkn�Chb[]\ugu�wca[]`dguX=k,X]r�`a�w_�xzy{W�s�guknmo`dcapwv�_bk@`6Æ
[]k½��gim�v¡[=gek@`a[=gekn_6��gukªÎngefE�@`zpnmdgukwf�`a�w_�X=kq~á�KXE[]c���h6[]\uge�wc�[Z`ageXEk}mdX=pwc�h�_HmbÀ7���w_¹_bcacaX=c�m
r�X=c�`a�w_/Ín\e`d_6cd_H��c�[=�qgi[]k½h�_6m6Æ@r�cdXEvöõ �;÷ Æn[]ca_�fEge�E_bkC�½_6\eXZ�.À

Ín\e`d_6cd_H�C\eXEkwf��t[;�E_/ø Ín\e`d_6cd_H�,mo�wXEco`���[;�=_
_bcacdXEc&XEkC[=�nmoXE\epw`d_.mdh6[]\u_ �nÀ �Eù¹ú ÜGm � _Hh]À¤�nÀ ã*ú Ý �wÀ ù]ã¡ú ÜSm � _6h=À¤�wÀ û ú Ý

knX=gimo_/\u_b�=_6\ �wÀ �]ü¡úÑý �nÀ �E��þ¼� v � mdc �wÀ �=û úÑý �wÀ Vbÿ¹þ¼� v � mdc
Ówpn\e\�mahb[=\e_z�Z[]\upw_*Ü V �=� ú Ý¾õ V�÷ �E�Çþ¼� v � mdc �Zÿ � þ¼� v � moc

ø�Ò¤�q_bÍnkw_H��[=m.Ü�`aX]`�[]\�Ín\e`d_6cd_H�Cca[E�qgu[=knh�_;Ý{~ � ÜGmd�wX=cd`��t[;�E_zÍn\Ä`a_bca_6�Qca[E�qgi[]knhb_HÝ¾Æwmd_b_
õ ã;÷ Æ½[=mamopwv�gukwf¹`d�n[]`�`d�w_6cd_.[=cd_zkwX*h�XE\e\uXqhb[]`dguX=k � cdXE�w\e_6v¡mbÀ
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|�_6_¹õ ù;÷ À

`d�w_6cdv¡[=\�\eXEkwf��t[;�E_;ø mdX=\i[]c�mo�nX=cd`���[;�=_
ã moguf=v¡[ �nÀ � �E�Çþ¼� v � mdc �wÀ � ù=ãÇþ¼� v � moc

kwX=gimd_z\u_b�E_b\¤Ü V mdguf=v¡[EÝ ù À ��úÑý �wÀ � ãnV�þ¼� v � moc � À �¹úÑý �nÀ � V6ü7þ¼� v � mdc
Ówpn\e\�mahb[=\e_z�Z[]\upw_/r�X=c�_6cdcaX=c/Ü V �=� ú Ý V À û �Eù@�Zã À V6ÿ7þ¼� v � mdc �wÀ �]� � �]ã À Vbÿ7þ¼� v � moc

ø����w_._bcacdXEct~ô���wgih��Cgum�h6[]pnmd_6�Q��YQmdX=\i[]c�h�XEkE`�[]v�gukn[Z`ageXEkq~ôgim&_b�Z[]\upn[Z`a_6�,[Z`�[¹v�_6[=k
mdX=\i[]c��b_6kwgÄ`a��[]kwfE\e_zX]r ù ���q_6f=ca_b_6m6À

`d�w_6cdv¡[]\�\uX=knf¹��[;�=_Zø mdX=\i[]c�mo�nX=cd`���[;�=_
ã mdgefEv�[ �wÀ � �@�.þ¼� v � moc ý �wÀ VH��ú �nÀ � ù]ã�þ¼� v � mdc ý �nÀ � ü�ú

^�_H[]kC�;[=\epn_�r�XEc�ca[E�qgi[]knhb_�Ü V �E� ú Ýdø �]ãEù@�Zã À V6ÿÇþ¼� v � moc � ø V � �=�Zã À V6ÿ7þ¼� v � moc

ø�r�cdXEv y{W�sty f=\uX=�n[=\��w[]gu\eYÌv¹_H[]knm6Ò�| þ Î½pqÏ ýÚV � ��þ¼� v � Æ�� þ ÎnpqÏ�Ò �]ã@ù
þ v � Ænmd_b_�õ üZ÷

í�§�� Ât¬.¯�¶K±�«nï�ð�©�¸�òzð�±q¯2«n³o¸
	
|�_6_¹õ �H÷ ��gÄ`a�Cp½mo_/X]r3[]\u\�|�y���j�W�j�h��n[]kwkn_b\imbÀ

ÿ



W�XZY@[]\�^�_�`a_bXEcdXE\eXEf=gihb[]\Kjlknmo`dge`dpq`a_
X]r�st_b\uf=gupwv xzy{W%s

^}|wx�~lW�^�j�s&~�xzy3~l����~l�=� VEV
��c�[Zr�`��=_6camdguX=k

`d�w_6cdv¡[]\�c�[=�wgu[=knh�_ mdX=\i[]c�ca[E�qgi[]knhb_
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ø�r�cdXEv y{W�sty f=\uX=�n[=\��w[]gu\eYÌv¹_H[]knm6Ò�| þ Î½pqÏ ýÚV � ��þ¼� v � Æ�� þ ÎnpqÏ�Ò �]ã@ù
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`a�w_bcav¡[]\�c�[=�qgi[]k½h�_ mdX=\i[]c�ca[E�qgi[]knhb_
_bcacaX=ctX=k�[]�nmdX=\upq`a_zmahb[=\e_ �nÀ ÿ û ú V À �]ù�ú
kwX=gimd_z\u_b�E_b\¤Ü V moguf=v¡[EÝ �wÀ �=�Çþ¼� v � moc �wÀ ã � þ¼� v � mdc

í�§�� �àï3´%³�ï3¸�¶>¯ ±q­��z©���¶>­{¸��{¯2«n®�³o­{¸
|�_6_¹õ �Z÷ r�X=c�`d�n_/`d�w_6cdv¡[]\>Î½pqÏQ[]k½�ªõ V � ÷ r�X=c�`a�w_7moXE\u[=ctÎnpqÏ�À
r�X=c�kn[E�qguc��@gu_b�.Ò

`a�w_bcav¡[]\>ÎnpqÏ moXE\u[=ctÎnpqÏ
ã mdgefEv�[ � À üEã�ú ü À �wV7ú

kwXEgumd_/\e_6�=_b\&Ü V moguf=v¡[@Ý � À û V7úÑý ûwÀ V6ã�þ¼� v � V � þ¼� v �¡ý/� À �@�¹ú
W�_br�_bca_bknhb_z�Z[=\epw_zr�XEc�ÎnpqÏ2Ü V �=� ú Ý �]ã@ù7þ¼� v � ø �nÀ ã øZh�X@m6Ü ãEù �q_bfEcd_6_6m�Ýdø VHã ûEû þ¼� v � ø=ø

ø7r�cdXEvÑy{W�styàf=\uX=�½[]\2�w[=ge\uY*v�_6[=k
ø=ø�[=mamdpwv�gekwf�v�_6[=kQ_H[]cd`d�,[]\u�½_H�qX�X]r3�wÀ ã
r�X=c���gu_b��gukwf��b_bkngÄ`a�,[=kwf=\u_/X]r ù �¹�q_bfEcd_6_6m/Ü��ny¤pwcaX � _HÝ¾Ò

`a�w_bcav¡[]\>ÎnpqÏ moXE\u[=ctÎnpqÏ
ã mdgefEv�[ V À �=ã�ú ÿ À ÿ û ú

kwXEgumd_/\e_6�=_b\&Ü V moguf=v¡[@Ý �wÀ ÿnV7úÑý �wÀ �@�7þ¼� v � ù�þ¼� v �¡ý V À ÿ@�*ú
W�_br�_bca_bknhb_z�Z[=\epw_zr�XEc�ÎnpqÏ2Ü V �=� ú Ý �]ãEù�þ¼� v � �nÀ ã øZh�X@m6Ü ãEù �q_bfEcd_6_6m�Ýdø VHã ûEû þ¼� v �
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r�X=c�k½[=�qguc���ge_6�.Ò

`d�w_6cdv¡[=\>ÎnpqÏ mdX=\i[]ctÎnpqÏ
_6cdcaX=ctX=k�[=�nmoXE\epw`d_/mdh6[]\u_ ü À ã*ú V �wÀ ��ú
kwXEgumd_/\e_6�=_6\¤Ü V mdgefEv�[@Ý ûnÀ ��þ¼� v � V � þ¼� v �

r�X=c���gu_b��gukwf��b_bkngÄ`a�,[=kwf=\u_/X]r ù �¹�q_bfEcd_6_6m/Ü��ny¤pwcaX � _HÝ¾Ò

`d�w_6cdv¡[]\>Î½pqÏ mdX=\i[]ctÎnpqÏ
_bcacaX=c�X=k,[]�nmdX=\upq`a_/mahb[=\e_ V À ��ú ûnÀ ��ú
kwXEgumd_/\e_6�=_b\¤Ü V moguf=v¡[EÝ V À �Çþ¼� v � ù À V/þ¼� v �
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���w_.m � _Hh¾`dc�[]\>ca_6m � XEknmd_6mtX]r�`d�w_.�qgeÃK_6cd_6k@`��w_�`d_Hh¾`aX=c�h�_6\e\im�[]ca_zmd\ugefE�E`a\eY*�wgÄÃ>_bca_bk@`6À¤���ngum
gim3`a[=Å=_6k¡gek@`dX�[=hbhbX=pwk@`{guk¡`a�w_%v�_6[Emopncd_6v¹_6k@`¤X]r�`d�n_�rG[=h�`dX=c � r�XEc{_b�E_bcaY��q_b`d_Hh¾`dXEc&hb_b\u\SÀ
jlk `d�w_�m � _6h¾`aca[=\�pwkqÍn\e`d_6cdgukwf � caXqh�_6mam6Æ&[ºv�_6[=k m � _Hh¾`aca[=\�cd_Hm � X=knmd_Cr�pwknh�`dguX=k r�X=c*[=\e\
�q_b`d_6h�`dXEc{h�_6\e\im{gim{[Emdmdpwv�_6�2À-���w_%gekn�wpnh�_H�¡_bcacdXEc¤�q_ � _bk½�wm{XEk�`d�w_z�qgim � _bc�moguX=k��K_�`��t_b_6k
`d�n_7�qgÄÃ>_bca_bk@`�m � _Hh¾`dc�[]\�ca_6m � X=knmd_.h�pwca�=_HmbÀ
���w_��qgum � _bc�moguX=k7�K_�`��t_b_6k.`d�n_t�qgeÃ>_bca_bk@`�m � _6h¾`aca[=\@hbpwca�=_6m��n[=m��K_b_bk�_6mo`dguv¡[Z`d_H�/r�caX=v

`d�n_7v�_6[=mdpwca_6��m � _Hh¾`aca[=\2cd_Hm � X=k½mo_Hm�r�X=c%`d�w_¹�qgÄÃ>_bca_bk@`��w_�`d_Hh¾`aX=c�hb_b\u\um6À � r�`a_bc/mo_ � []c�[Z`a_
kwXEcdv¡[]\ugimd[]`dguX=k¡X]r�`a�w_.| þ � [=co`t��gÄ`a�Q[��w\i[=h�Å¹�½Xq�qY¡X=r ù]ü �=��%�Æ�[]kn��X]r2`a�w_&� þ � []cd`
��ge`d�ª[��w\i[=h�Å,�½Xq�qY�X=r ã �E�'%!~�mo_6_�õ ãZ÷ ~�[Qca_b\i[Z`dgu�=_��qgum � _bc�moguX=k�X=r � À �Cú guk�`a�w_*| þ
[]k½� ã À ü*ú gukC`d�w_(� þ _bÏqgumo`6À

��§SÁ )�­�­3±q¬%«½³o¸&±Ì´�¯�±q¯2«½·!³d¸�ï-±w³�­{¸
���w_7c�[=�wgu[=knh�_.v�_6[Emopncd_H�Cr�X=c�XEkw_�xzy{W�s � geÏq_b\ôÆ½gimz[¡m � []`dgi[]\u\eYC�t_bguf=�@`d_H��[;�=_bc�[]fE_�X=r
[*mah�_6kw_7c�[=�qgi[]knhb_=À�jár3`a�w_�[Eh¾`dp½[]\ � XEmdge`dguX=k�~&`d�w_�f=_bXE\eXqh6[Z`dguX=kC~tX=c�`a�w_�[Eh¾`apn[]\-mo�n[ � _
~.`d�n_�¿�X=gukE`�| � cd_H[=�àÓwpwk½h¾`dguX=k ~ÇX=r%`a�w_}m � [Z`agu[=\�[;�=_bc�[]fEgeknf�r�pwknh�`dguX=kÞ[]ca_��qgeÃK_6cd_6kE`
r�caX=v ���n[]`¹`a�w_bY []ca_Q�K_b\uge_6�=_H�â`dXº�K_=Æ&`d�wgim�ca_6mdpw\Ä`�m¹gekà[]k _6ß@pwgu�Z[]\u_bk@`¹_6cdcaX=c¹X]r�`d�w_
xzy{W�s¼v�_6[Emopwca_6�,c�[=�wgu[=knh�_EÀt���w_Çv�[=f=kwge`dp½�q_7X]r�`a�w_7_bcacaX=c��q_ � _6kn�wm�X=kC`d�w_¹m � [Z`dgi[]\
�Z[]cagu[=�wgu\ege`�Y¡X]r-`d�w_.XE�nmd_bca�=_6�Qmdhb_bkw_EÀ�y�À f½À3gekºõ ÿZ÷ `a�wgum�Å@gukn�CX]r-_bcacdXEc�gum�hbX=knmdgu�w_bca_6��À

��§��  "!7¯�¶K±Ì­¤°Q¸�­{¸�«w¯�¬.¯2ï-±�ï�ñz³oðo³�±*
Û­¤°*¬.­&³o¸&±w³o¸+	
���w_¹\eXEkwf=��[;�=_/Í½\Ä`a_bca_6��c�[=�wgu[=knh�_7v�pnmo`z�K_¹h6[]\ih�pw\i[Z`a_6�ª[=m%`d�w_��qgeÃK_6cd_6knh�_¹�½_b`��&_6_bk}[
`dX=`a[=\�c�[=�qgi[]knhb_Ç[]k½� � `dguv�_6m/[*md�wX=cd`%��[;�=_.c�[=�qgi[]k½h�_=À����n_7`dX=`a[=\�c�[=�qgi[]k½h�_7[]k½�,`d�w_

û



W�XZY@[]\�^�_�`a_bXEcdXE\eXEf=gihb[]\Kjlknmo`dge`dpq`a_
X]r�st_b\uf=gupwv xzy{W%s

^}|wx�~lW�^�j�s&~�xzy3~l����~l�=� VEV
��c�[Zr�`��=_6camdguX=k

md�wX=cd`z��[;�=_�ca[E�qgi[]knhb_�[]ca_¹v¹_H[=mdpwca_6����Y�`a�w_¡md[=v�_¹�q_b`d_Hh¾`dXEc.[Z`7�qgeÃK_6cd_6kE`/`agev�_6m6À¹jlk
�K_�`��t_b_bk�ÆE[=h6h�XEca�qgukwfz`dX7`d�w_�guknmo`dcapwv�_bk@`&m � _Hh�geÍ½hb[]`dguX=knm6Æ]`a�w_ � geÏq_b\Khb[]k�v�XZ�=_���Y V;�]� �
`d�¹X]rKgÄ`�m3kwXEv¹gukn[=\�mdg,�b_=À-jár�[�mdgev � \u_��qgeÃK_6cd_6knh�_��K_�`��t_b_6k � geÏq_b\im-gum3h6[]\ih�pw\i[Z`a_6��Æ=[/m � pwcagÄ~
X=p½m�md�wX=cd`���[;�=_th�XEkE`acdgu�wpq`ageXEk7ca_bv¡[]guknm�gekÇ`d�w_�hb[=\uhbpw\u[]`d_H�7\uX=kwf��t[;�E_¤ca[E�qgi[]knhb_=À2jlkQõ û ÷ Æ
`d�n_�ca_6mdpw\e`dgukwf�_6cdcaX=c�gimzhb[]\ih�pn\u[]`d_6��r�X=c�`d�w_¹�&XEcamo`zh6[=md_=Æ½`d�wgimzgum%`d�n_�v�XEmo`zhbX=k@`dc�[=mo`d_H�
md�wX=cd`��t[;�E_zmah�_6kw_z~{[��wcdguf=�@`�h�\uX=p½��XZ�E_bc�Xqh�_6[=kQ��ge`d�,XZ�E_bca�w_6[E��mdpwk2À3já`�gim�mop �n� X@mo_H�
`d�½[Z`�kw_6geca_6mo`�kw_bguf=���KX=pwc � geÏq_b\2�Z[]\upw_Hm�[]ca_/mdpw�q`aca[Eh¾`a_6��À

\eXEkwf��t[;�E_�c�[=�qgi[]k½h�_
v¡[]Ï>À _bcacaX=c -/.10324-�57698;:=<;>@?

r�pw\e\-mdh6[]\u_¹Ü V �E� ú Ý Ü üE� À ãBAz�wV À ã Ý �]�.þ¼� v � mdc

jlkÇ`a�w_�W�^�j�s xzy{W�sâ¿¤caXqh�_HmdmdgeknfnÆ;`d�ngum�_bÃK_Hh¾`¤gim3moXEv¹_6�wXZ�âv�gÄ`agef@[Z`a_6�¹moguknh�_�\ugekn_6[]c
m � [Z`agu[=\&guk@`d_bc � X=\i[Z`dguX=kâgim�pnmo_H�µ�K_�r�XEcd_�`d�w_,mopn�q`dc�[=h�`dguX=k2Æ3md_b_»õ VEV¾÷ Àº���w_Cpwkn�q_6cd\uY�geknf
f=c�[ � �}mo�nXZ��m�`a�w_Ç`a�w_bXEcd_b`dgihb[=\�r�XEcz[Cmd�n[]c � `dc�[]k½moge`dguX=kª�½_b`��&_6_bkª[Q�wcagefE�@`zh�\uX=p½�}[]k½�
�w[=cdÅ7Xqhb_6[]k¹guk�r�pnknh¾`ageXEk¹X=r½`a�w_ � XEmdgÄ`ageXEk�X=r½`a�w_�`dc�[]k½moge`dguX=k��K_�`��t_b_bk�h�\uX=p½�¹[=kn�¹Xqh�_6[=k
~�mo_6_�õ û ÷ Àz���w_¹p �w� _bc/h�pncd�E_Çf=gu�=_Hm�`a�w_�kn_bgucd_Hm�`zkw_bguf=���KX=pwczhb[=md_7~���ge`d�ª[�v¡[ZÏqgev�pwv
_bcacaX=c/[]caX=pwkn� VHù,ú À¹���w_¡\uXZ�t_bc/h�pwca�=_¹f=gu�=_Hm%`a�w_�\egukw_H[]c.gukE`a_bc � XE\u[]`dguX=k»hb[=md_�~���gÄ`a�
v¡[ZÏqguvÇpwvæ_bcacdXEc*[]cacdXEpwkn� V � ú À¼jlkO[=\e\�`d�w_Hmo_}h6[=md_6m�`a�w_ªxzy{W%sÑ¿&|wÓ
�½[=m¡�K_b_6k
mdgev�pw\u[]`d_H�Q[Em�[�x/[=pnmamogi[]kC��gÄ`a��[Çr�pn\e\2��gi��`a�,[]`��n[]\er��n_bguf=�@`�_6ß@pn[=\>`dX�X=kw_ � geÏq_b\ôÀ

�



W�XZY@[]\�^�_�`a_bXEcdXE\eXEf=gihb[]\Kjlknmo`dge`dpq`a_
X]r�st_b\uf=gupwv xzy{W%s

^}|wx�~lW�^�j�s&~�xzy3~l����~l�=� VEV
��c�[Zr�`��=_6camdguX=k

-0.1

-0.05

0

0.05

0.1

0.15

0.2

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
Distance between pixels

Relative LW errors due to 0.05 pixel pointing repeatability

’pointinglwerror5.txt’ using 1:4
’pointinglwerror5.txt’ using 1:5

jlk�XEca�w_bc2`aX���gimop½[]\ugumd_{`a�w_t_bcacdXEc6ÆZmdgev�pw\u[]`dguX=knm��n[;�E_{�K_b_bk��qXEkw_{��ge`d��^�y{��y � | � �
�n[Emo_H��_Hm�`agev¡[Z`a_6mtr�XEc V6�=�E� Æq�w[;Y VH�]ÿ Æ@�nX=pwc V6ÿ �=�nÀ
���w_�xzy{W�sºca_6mdX=\upq`dguX=kÇ�n[=m-�K_b_bk�mdgev�pw\u[]`d_H�7��Y7hb[=\uhbpw\u[]`dgukwf�[�v�XZ��gekwf�v�_6[]k�XZ�=_6c

ù �7Å@v Ï ù �.Å�vÛ[Z`&k½[=�qguc6À3���w_�cd_Hmopn\Ä`agekwfC� þ guv¡[]fE_%XZ�=_6c¤y¤pwcaX � _�ÜG^�y{��y � | � �Os
r�X=cav¡[Z`¾Ý{gim�md�wXZ��kQ�K_b\uXZ�.À

ü



W�XZY@[]\�^�_�`a_bXEcdXE\eXEf=gihb[]\Kjlknmo`dge`dpq`a_
X]r�st_b\uf=gupwv xzy{W%s

^}|wx�~lW�^�j�s&~�xzy3~l����~l�=� VEV
��c�[Zr�`��=_6camdguX=k

jlkCxzy{W%s�Æ�kwXEk*ca_ � _6[Z`�[]�wgu\ugÄ`�Y�X]r�`a�w_ � XEgek@`dgukwf¹��ge\u\>hb[]p½mo_zh�X=k@`�[]v�gek½[Z`dguX=k¡X=r2`d�ngum
Å�gek½�ÇX=r½guv�[=f=_Hm���ge`d��[zf=c�[=�qgu_bk@`-X]rn`a�w_%| þ gev¡[]fE_=À-���w_��&XEcamo`�h6[=md_&ca_6mdpw\e`6Æ]Xqh6h�pwcageknf
[Z`�XZ�E_bca�w_6[E��mdpwk2Æqgim�mo�nXZ��k��K_b\uXZ�.À

�



W�XZY@[]\�^�_�`a_bXEcdXE\eXEf=gihb[]\Kjlknmo`dge`dpq`a_
X]r�st_b\uf=gupwv xzy{W%s

^}|wx�~lW�^�j�s&~�xzy3~l����~l�=� VEV
��c�[Zr�`��=_6camdguX=k

\uX=knf¹��[;�=_�ÎnpqÏ
v¡[ZÏ�À _bcacdXEc 5;DFE,G7698/:=< ý � À ��ú
W�^}|Q_6cdcaX=c ùÇþ¼� v �

r�pw\e\�mdh6[]\u_�Ü V �E� ú Ý ã=ÿEã�þ¼� v �

���w_6md_%_6cdcaX=c�m¤[=cd_�pnkn[=h6h�_ � `a[]�n\eY¹�wguf=�2À � mt[]kQ[]\e`d_bcakn[]`dgu�=_ � pncd_6\eY*|�y���j�W�j¤�n[Emo_H�
� þ _6mo`dguv¡[Z`d_Hm¡hb[=kÌ�K_Cp½mo_H� �qpncdgukwfº�w[;Y@`dguv¹_EÀ ���w_Hmo_�|�y���j�W�j¹_6mo`dguv�[]`d_Hm¹h6[]k �½_
`dc�[]gukw_H�â�qpwcagekwf}kwgefE�@`7`dguv�_*~����n_bkâ`a�w_C| þ hbX=k@`a[=v�gekn[]`dguX=kâ�qX�_6mÇkwX]`�X�h6h�pwcÇ~���Y
xzy{W�szÀ � mamopnv¹gukwf¡`a�n[Z`%`d�w_�cd_6f=ca_6mamoguX=kQ_bcacdXEc�r�X=c�[*kwX=gimo_6\e_Hmdm�gev¡[]fE_bc�~��wÀ û V�ú Æ½md_b_
õ ùH÷ ~&gum�ca_6[Eh��w_6��Æ@`a�w_._bcacdXEcam&r�XEc�`d�w_ � pncd_6\eYQ|qy��%j�W�jt�n[Emo_H�Q[ �w� caXE[=h��C[]ca_=Ò

\uX=knf¹��[;�=_�ÎnpqÏ
v¡[ZÏ�À _bcacdXEc HIEJ<K698/:L< ý � À ÿ�ú
W�^}|Q_bcacdXEc V À û þ¼� v �

r�pn\e\�mahb[=\e_¡Ü V �=� ú Ý ã=ÿEã�þ¼� v �

V �



W�XZY@[]\�^�_�`a_bXEcdXE\eXEf=gihb[]\Kjlknmo`dge`dpq`a_
X]r�st_b\uf=gupwv xzy{W%s

^}|wx�~lW�^�j�s&~�xzy3~l����~l�=� VEV
��c�[Zr�`��=_6camdguX=k

� v�geÏ�_H�*mdX=\upq`dguX=k¡gim&[=\umdX � XEmamogu�w\u_=Ò�`d�wX@mo_�xzy&W�sàv�_6[=mdpwca_bv�_bk@`�m3���wgih��*�q_b��gi[Z`d_
��Y,\e_Hmdm�`d�½[]k ã mdgefEv�[*r�cdXEv�`d�w_¡|�y���j�W�j%_Hm�`agev¡[]`d_�~t`a�wgim��½[ �w� _bknmzguk üEãCú X=r¤`d�w_
hb[Emo_Hm�~�[]ca_��K_b\ugu_b�=_H�ª`dX,�½_*hbX=cacd_Hh¾`HÆ�`d�w_¡X=`d�w_6c.X=kw_Hm.[]ca_�ca_ � \u[Eh�_6�ª��Y�`d�n_�|�y��%j�W�j
_6mo`dguv¡[Z`a_=À3���w_7mdgev�pw\u[]`d_H���tX=c�m�`�h6[=md_�_6cdcaX=c�mtgekC`d�ngum�mah�_6kn[]cageX�[]ca_=Ò

\uX=knf¹��[;�=_�ÎnpqÏ
v¡[ZÏ�À _bcacdXEc -BGIEJ<K698/:=< ý ã À � ú
W�^}|Q_6cdcaX=c V À � û þ¼� v �

r�pw\e\�mdh6[]\u_�Ü V �E� ú Ý ã=ÿEã�þ¼� v �

M Ë�NZË��-Ë��C£&Ë�Ê

õ V�÷ xzy{W�s mah�gu_bknhb_�cd_Hß@pwgeca_bv�_6kE`�mÛm � _Hh�geÍ½hb[]`dX=k�Æ ^}|wx�~lW � �2~lxzy¤~l|�¿¤~á�E�=� V ÆPOnÀ
��_b\i�q_bcdÍn_b\i�

õ �;÷ � []\ugu�wca[]`dguX=kC_bcacdXEc&�npn�qf=_b`6Æw_bÏwh�_b\u\2md�w_b_b`�r�cdXEvÑW.Àn^�X@mdma[;�Z[Z`ag
õ ãZ÷ xzy{W�sO�n[=md_b\ugekn_zh6[]\uge�wc�[Z`ageXEk�[]\uf=XEcdge`d�nv�m6Æ�^}|wx�~áj � ��~�xzy3~á����~á�E�=� ù ÆQO½Àq^�pw_6\e\u_bc
õ ÿ]÷ W�[E�qgeXEv�_�`dcagih%_6cdcaX=ct�qpw_�`dX���|*mdv�_6[=c6Æq^}|wx�~lW � ��~�xzy3~á����~á� VH�]ÿ ÆE^µÀ � []\i�q�&_6\e\
õ ù;÷ W�^�j�s¼xzy{W�sà¿¤caXqh�_6mamdgekwfÇ~{|�y��%j�W�j � caXqh�_6mamdgekwfQÒ¤| � _Hh¾`aca[=\Kv�Xq�q_6\e\ugeknfnÆq^}|wx�~
W�^�j�s&~�xzy3~l����~l�=�=� ù Æq�7À � \e_6cd�n[=pqÏ�Æw|>Àn��_b��ge`o`d_

õ û ÷ ¿�X=guk@`dgukwf,cd_ � _H[Z`a[=�wgu\ege`�YC~�_�Ã>_6h¾`.XEk}\uX=kwfE�t[;�E_7_bcacdXEc6Æ ^}|wx�~lW � ��~�xzy3~á����~á� V=VEV Æ
^âÀ � [=\u�w�&_6\e\

õ �H÷ jlv � caXZ�@gukwfQ`d�w_�ca_�`acdgu_b�Z[]\�X=r&�wcaXE[E���n[]k½�}c�[=�qgi[]k½h�_6m�pnmdgeknfQ`a�w_�gev¡[=f=_bcHÆ�ca_ � X=cd`
þ ¿ ã@� �=�&r�XEc�`d�w_&m�`apn�qY�R�ca_6ß@pwgucd_6v�_bk@`am>r�XEc�mdY@kn_bcaf=_�`aguh-pnmd_¤X=r@`a�w_¤y{W%^ gev¡[=f=_bcTS¾Æ
�7À � \e_6cd�n[=pqÏ�Æn|>Àn��_b��ge`o`a_

õ üZ÷ � y{W�yt|C�wcdXqh���pwca_
õ �Z÷ W�^�j�sBxzy{W�s�¿¤caXqh�_HmdmdgeknfnÒ � kwf=pn\u[=c%�%_ � _6kn�q_6knh�Y�^�Xq�q_6\um6Æ½^}|nx�~áW�^�j�s{~�xzy3~
����~l�=�E� ü Æ��ÇÀ � \u_bca�n[]pqÏ�Æn|>À ��_b��ge`o`d_

õ V � ÷ ca_ � X=cd` þ ¿ ãEã �=�zr�XEc¤`a�w_�mo`dpn�wY(Roca_6ß@pwgucd_6v¹_6k@`am�r�XEc&mdY@kn_bcaf=_�`aguh�pnmo_%X]r�`d�n_%y{W�^
guv�[=f=_6c�S¾Æ � Àwj � _

õ V=V�÷ RdW�^�j�s¼xzy&W�sO¿¤caXqh�_HmdmdgeknfnÒ3xzy{W�s¼¿¤cdXqhb_6mamogukwfUS

V=V


