
����� ���	�
����
������������ ���	������
���� �! "�$#%�&�(' ���%� � �*)������	���+


,.-0/214365878369:3<;=/�>@?09:36/BA8?DCFE45HGI;J>K>H3</�>KLNM	?DOPCFQ=;JLNM436/BR	?(STE�QUCWV?DC�143X5
Y 36LNM�/�;J>KLNM436/2ZI/�;\[]3X5@>@;UCWV?DCI^_?D5F-0QJ-D`�ab;=QJM436QJ9c;=/	?ed6Egfh5i?(E�/�>@LiM�G�3<;\j

[�-k/ml�CF3XO&?0/onm?0E�>
?0E�>�p%?09rq	E45Kj

?0/4jk36/�-k9c9�3</438p8?(q	;=QJ;UCN?WCi;=-k/�>K>KLNM45@;=OsC
d<E45�t�5@QJ?0/4j]E�/4ju14365�,h36/�;v?wQ=3Xjk3</�1�;$OiVE45�1	?0>�xy3<M45Kjk3Xq	;=3zC8783<-({	M�|T>K;=S

f.5F?0E�/�>KLNM]G_36;=j
}(~0~	�





� �����������
	

�
���
������� �

� ��� �����������! #"%$&�!'�"(�)�+*,�- .'����/� �10 �#*2� 0!3 �! #� 0 "4� �65 "(�7$&�8"6*9�:��� ;
<,=>< ?A@CB/DFEGB9H1@1I:JLK&MONF@PK&QRDFMFS-TU=V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <ZY

<,=><9=>< ?A@�[-K&M\E]QZB/H^[CB9M\T_I,`�E]Qa@PI�JLK&MbN\@1KRQRDcM\S-TdK&NeDcE>TfB/DFI,Mg=V=X=W=V=V=W=V=W=V=V=W=V= <Zh
<,=><9=ji k�I9DcKR`(DFEGB9H1lCK&H>m%@PI:JnKRMON\@1KRQRDFMcBo=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <:p
<,=><9=qh r�I9DsB/H^E]`tDcKR`-NFEuDwv7NF@PK&QxDcM\S-T =V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <Zy
<,=><9={z k8HGB/`-Ka@1I:JLK&MONF@PK&QxDcMFS�TdK&N\DFE]T_B/DcI9Ma=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <Z|

<,=ji r!KRN\DcNOI9}�Dc[-KXQRI,T_@-B/DcE>~-E]H>E>Dwv�I9}�Dc[-KXKRN\DcE>TfB)DcI,M\N�=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= i6<
<,=qh ��B9�,`-KxDcE>Q�lCK&H>m%B)DODF[-KXQ&I,M\Kx��TfB9`tDFH]K�~PI,S-`-m-B9M\v_=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= i9�
<,={z ��E]NFQRS-NFN\E]I,`�B9`�m�QRI,`-QRH]S-N\E]I,`-N�=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= i/|
<,=jp ��@-@PK&`-m�Eu�7DFIf�n[-B9@�DcKRMX<�=V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= i/�

� ��� �����-�)�#$ �P0o�����  � ���C �� 0!3 ��" � � �P0 �C L� �65 "(��$&�8"6*9�:��� �C�
iA=>< ?A@CB/DFEGB9H1@1I:JLK&MONF@PK&QRDFMFS-TdKRN\DFE]T_B/DcI,M\N =X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= hA<
iA=ji �XMFB:�6EuDwvflCKRH]m�=V=W=X=V=W=V=V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= h,i
iA=qh ��B9�,`-KxDcE>Q�lCK&H>m�=W=X=V=W=V=V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= h/z
iA={z ��E]NFQRS-NFN\E]I,`�B9`�m�QRI,`-QRH]S-N\E]I,`-N�=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= h,�

� � ���)�#"��:"6���8"(���������)" 3 "(����'�"6$R���#������� �P0 ���
h�=>< r�[-K&I,Mevo=V=V=W=V=W=X=V=W=V=V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= h9�

h�=><9=>< k�I�JLK&MONF@PK&QxDcM\S-TdI9}�Dc[-KXT_B9�,`-KxDcE]Q�lCK&H>mU=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= z,Y
h�=><9=ji ?AKRH>}G��NFE]T E]H]B9M¡TfB/�,`-KRDFE]¢RK&m2NFH]B9~2T_I6m-K&H£=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= zti
h�=><9=qh ¤
E]T E>DcB/DcE>I,`-N�I9}�Dc[-KaDc[�K&I,Mev
=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= z,h

h�=ji ��@-@-H>E]Q&B/DcE>I,`-N�=V=W=X=V=W=V=V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= z9z
h�=ji6=>< ?AS�M\�,Kxv�B9MFK&B9NX=W=V=V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= z9z
h�=ji6=ji ¥bK&N\I,H]S�DFE]I,`7I/}!DF[-KXm-K&@�DF[�DFI_~PI9D\DcI,T§¦+��rb¨�© =V=W=V=X=W=V=V=W=V=W=V=V=W=V= z,y
h�=ji6=qh ¤
I,`-��MFB9`-�,KaQRI,MFM\K&HGB)DcE]I9` =V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= z,|
h�=ji6={z ª«[-EuDcKam-KR@�Dc[�T IAm-KRH]N =W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= z,|

h�=qh ��E]NFQRS-NFN\E]I,`�B9`�m�QRI,`-QRH]S-N\E]I,`-N�=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= z,|
<



� � �-�)� ��� ���C� � 0 �C ��$Z�#$ �:'�" � �:� ���
z-=u< ?A@PK&QxDcMFB9H�T_I6m-K&H>N
=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= pA<

z-=u<,=u< ��B9�,`-KxDcE>Q�lCK&H>m�@PI:JnKRM�N\@1KRQRDFMFS-T =V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= pA<
z-=u<,=qi �XMFB:�6EuDwvflCKRH]m2@1I:JLK&MONF@PK&QxDcMFS�T =V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= p,i
z-=u<,={h ?AQZB9H>E]`-� K �A@1I,`�K&`tDcN2=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= p,i

z-=qi ?A@-B9Q&KVm-I,T_B9E]`7QRI,S-`tDcKRMF@CB/M\DcN�=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= p9h
z-=qiA=u< �O��� �9K&MFN\S-Nb�9B/MFE]I9�,McB9T =W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= p9h
z-=qiA=qi ��B9�,`-KxDcE>Q��9B/MFE]I9�,McB9Tg=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= p/z
z-=qiA={h �XMFB:�6EuDwvf�/B9MFE>I,�,MFB9T =W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= p9y
z-=qiA= z �nI,`t�,K&M\�,K&`�Q&K�I/}!DF[-KXE]`tDcKR�,McB9H>N�E]`7z-=qiA=qi B9`-m�z-=ji6=qh =X=W=V=W=V=V=W=V=W=V=V=V= p9y
z-=qiA=qp ¤�E>T_EuDsB/DFE]I,`�N£=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= p,�

z-={h �aMcB9@�[-NbI9}!DF[-Ka�/B9MFE>I,�,McB/T =V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= p,�
z-={h�=u< �aM\E]KR`(DcB/DcE>I,`7I9}�Dc[-KX@-M\I9lCH>K&N�MFKRHGB/DFE>�9K�DcI Dc[-KX`-I9MFT_B9H lCKRH]m�=V=V=W=V=W=V=V=V= p9|
z-={h�=qi �w`(DFK&`-N\E>Dwv2I9}!NFS�NFQ&KR@�DcE>~-E]H>E>Dwv �/B9MFE]B/DcE>I,`-N4=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= p9|
z-={h�={h ��K&@�DF[2DFI_N\I,S-M\Q&K�=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= y,Y
z-={h�= z ?AQZB9H>E]`-��� �A@PI,`-K&`tD =V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= y�<

z-= z k8McB/QRDcE>QZB9H�B/NF@PK&QRDFN =W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= y,h
z-= z-=u< �nI,T_@�S�DcE>`-��Dc[-KXT IAm�K&H �/B9M\E]I,�,MFB9T N =W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= y,h
z-= z-=qi �¡NeDcE>TfB/DFE]`-�WDc[-Ka�/B9MFE>I,�,MFB9T }�M\I,T B�NFKR�,T K&`tDOI9} B @-M\I9lCH>KU=V=V=W=V=W=V=V=V= y,h
z-= z-={h � �6DFK&`-m-KRm�T IAm�K&H
B9QRQ&I,S�`(DFE]`-��}�I,M�H>E]`-K&B9MnDcM\K&`-m�N =V=X=W=V=W=V=V=W=V=W=V=V=V= y9z

z-=qp �nI,`�Q&H]S�NFE]I9`�=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= ytp
� � �-�)� ��� ���C� � 0 �C ��$Z�#$����!�! +�#*,����� �P0 $	� 
��

pA=u< ?A@PK&QxDcMFB9H�T_I6m-K&H =V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= y,�
pA=qi �8N\DFE]T_B/DcE>`-� T_B9�,`-KxDcE]Q�m-K&@�DF[�=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= �9Y

pA=qiA=u< �w`(�9K&M\NFE]I9`�=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= �A<
pA=qiA=qi �%E]Nel-D�}�S-`-QxDcE]I9` =V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= �,i
pA=qiA={h ¤�E>T_EuDsB/DFE]I,`�N£=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= �9h

pA={h ?AS�M\�,Kxv%B9MFK&B =W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= �/z
pA={h�=u< �XKRI,H]I,�/v =V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= �/z
pA={h�=qi 
�r B9`-m����LTfB9�9`-KRDFE]Q�T_B9@-N =X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= �9y

pA= z ��B/�,`-KRDFE]QXm-KR@�Dc[2}�MFI,T DwJnI NcB9T @-H>KXB9MFK&B9N =V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= �9y
pA= z-=u< ��K&@�DF[2}�M\I,TgDF[-KXNF@PK&QRDFMcB9H
N\H]I,@PKg=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= �,�
pA= z-=qi ��K&@�DF[2}�M\I,TgDF[-KXK&`tDcE>MFKaNF@PK&QxDcM\S-T =V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= �,�
pA= z-={h ��K&@�DF[2}�M\I,TgDF[-Ka�9B/MFE]I9�,McB9T =X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= �9|
pA= z-= z �.B9H]E>~-McB/DFE]I,`_I9} m�K&@�DF[ =V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= �9�

pA=qp ¥bK&N\S-H>DFNb}�I9M.Dc[-KXK&`tDFE]MFKXN\S-M\�9KRv%B9MFK&B =X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= |,Y
pA=qpA=u< ��K&@�DF[2�9K&M\NFS-N��L� MFKRNFE>N\DcEu�6E>DcE>K&N =V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V= |�<

i



pA=jp6=ji ¨.B/NFK&T K&`tDOMFKRH]E>KR} =V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= |,i
pA=jp6=qh ��M\E]H]H>E]`-�VMFKRNFS-HuDcN =V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= |,i

pA=qy ��E]NFQRS-NFN\E]I,`�B9`�m�QRI,`-QRH]S-N\E]I,`-N�=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= |/z


 � ���/� ��� �)�-� � 0 �- ���$&�+$ �-���  #�#*,����� �10 $	� � � 

y�=>< ?6v6`(DF[-KRDFE]QXT IAm-KRH]E>`-�d=W=V=V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= |9|

y�=><9=>< i9� K � S-Eu�/B9H]KR`(DbH]BZv,K&MbT IAm�K&H]N�=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= |9|
y�=><9=ji ?AKRH>}G��NFE]T E]H]B9M¡�,MFE>m7N\v6`tDc[-KRNFE>N =W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= |9|
y�=><9=qh ?6v6`tDc[�KRDcE>QXTfB9�9`-KRDFE]QamCB/DcB =V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= |9|
y�=><9={z ��B9M\E]I,�9McB9T B9`CB9Huv6NFE]N.B9H]�,I9MFE>DF[-T =V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= |9�
y�=><9=jp ?AH>I,@-E>`-� ~CB9N\K&T K&`tD =W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= �9Y
y�=><9=qy k!B9H]KRIAQs[CB/`-`-K&H>N =V=V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= �9Y
y�=><9=j� �O`��(`-I:Jb`�NFQ&B9H]E>`-� Kx�A@PI,`-KR`(D4=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= �9Y
y�=><9=q| ¥bS-�,�,KRm2~CB9NFKRT_KR`tD =W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= �,i
y�=><9=q� �OI,`A�w`�K&�,H>E]�,E>~-H]KONFKRm-E]T K&`tDOTfB/�,`-KRDFE]¢&B/DcE>I,` =V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= �,i

y�=ji ��K&H>E]QRI,@�DcKRM.NFS�M\�,Kxv�I9}!DF[-K��aS-E]N\K&~%��S-`-KX��M\KZB =W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= �/z
y�=ji6=>< �¡KRM\DcE>QZB9H1�,K&M\NFS-N�HGB/DFK&MFB9H M\K&NFI9H]S�DFE]I,` =W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= �9|

y�=qh ��E]NFQRS-NFN\E]I,`�B9`�m�QRI,`-QRH]S-N\E]I,`-N�=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= �9�
y�=qhA=>< �nI,`�Q&H]S�NFE]I9`-N.}�MFI,T Dc[-KXN\v6`tDc[�KRDcE>QXT_I6m-K&H>E]`-�g=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= �9�
y�=qhA=ji ��E>NFQ&S�NFNFE>I,`2I9}�Dc[-K��aS-E]N\K&~%��S-`-Ka��MFKZB�NFS�M\�,Kxv4=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <:Y,Y
y�=qhA=qh � M\K&Q&I9T_T K&`-m-B/DcE>I,`�}�I,MbB9KRMFI,T_B9�,`-KxDcE>QaNFS-Me�,KRv2m�K&NFE>�,`2=W=V=V=W=V=W=V=V=W=V= <:Y,Y

� �&����� �
	 " 3o� *,"(� 0�� " � � 3 ��"6$ �  #����� �P0 � � � � ��"(�Z�)�-*���" 3 �C ���#��"t�:"(� 5 � 	 " ��� �)�
$ � � �
�A=>< ¨.B9NFE>Qa@-MFE>`-Q&E>@-H]KRN =X=V=W=V=V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <:Yti
�A=ji ?6DsB9`�mCB9MFm7JnBZ�,KR}�I9MFTUB9`CB9Huv6NFE]N�=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <:Y,h
�A=qh �wT_@-M\I:�,K&m2DcMFBZ�,K&H
DFE]T K�K&NeDcE]T_B/DFK&N.}�MFI9T MFKxDcMcB/Q
�6E>`-� =W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <:Y9z

�A=qhA=>< �%E>N\l-D�}�S�`-QRDFE]I,` =V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <:Ytp
�A=qhA=ji �w`t�,KRMFN\E]I,`
=X=V=W=V=V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <:Y,y

�A={z ?A@-H]E>`-K��,KRI,E]m2N\I,H]S�DFE]I,` =V=V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <:Y,y
�A=jp � �A@PK&QxDcK&m%@1I:JLK&MONF@PK&QxDcMFS�TdI9}!DF[-KaDcM\S-KX�,K&I,E>m =W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <:Y,�

�A=jp6=>< ?AQ&B9H]E>`-� Kx�A@PI,`-KR`(D�I9}!IAQRKZB9`��,MFB:�6EuDwvg=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <,<,<
�A=qy �¡`A}�I,MFQRE]`-� B MFK&B9H]E>N\DcE>Q��,KRI,E]m7N\I,H]S�DFE]I,` =X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <,<,<

�A=qyA=>< k�K&`CB9HuDwv�}�I,M�I,N\Q&E>H]HGB)DcE]`���NFI9H]S�DFE]I,`-N�=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <,<�i
�A=j� �nI,[-K&M\K&`-QRKWI/} M\K&@PKZB/DbDcMFB9Q
�(No=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <,<Zz

�A=j�6=>< ?6DFS-m�v2B/MFKZB7=V=W=V=V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <,<�p
�A=j�6=ji ¥bK&N\S-H>DFN�=W=X=V=W=V=V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <,<:y

�A=q| �nI,`-Q&H>S-NFE>I,`-Nd=V=W=X=V=W=V=V=W=V=W=V=V=W=X=V=W=V=W=V=V=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V= <,<:y
h



� � 0 ��'�"����-���C��"t�:�)���t����� �P0 ����� "6 3 � �
3 "A #$ ��� �7$&�A�:"6 + #���Z"%��� �P0 "t���#* 3 ���Z� ��� �
|�=u< � E>MFNeDbI,MFm-KRMbMcB9m-E]B9H K �A@CB9`-N\E]I,`�I9}�Dc[-KXT_B9�,`-KxDcE]Q�l-K&H]m2N\QZB9H]B9MFN =V=W=V=V=W=V=W=V=V=V=g<,<:�

|�=u<,=u< � E]M\N\D�I,M\m-K&Mb@PI,H]I9E]mCB9HPNFQ&B9HGB/M�� =W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V=g<,<:�
|�=u<,=qi � E]M\N\D�I,M\m-K&M�DFI,MFI,E>mCB9H1NFQZB/HGB9M�� =W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V=g<�i9Y
|�=u<,={h � E]M\N\D�I,M\m-K&MbT_B9�,`-KxDcE>Q�lCK&H>m%T I6m-K&Hb=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V=g<�iA<
|�=u<,= z � E]M\N\D�I,M\m-K&MbKRH]K&QxDcM\E]QaQ&S�MFMFKR`tDcN =W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V=g<�i,i

|�=qi �OE]�,[-KRM�I,MFm�K&MbMcB9m�EGB9H^K �A@CB9`-N\E]I,` =W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V=g<�i9h
|�=qiA=u< ��E]�9[-K&M�I,M\m-K&M�N\QZB9H]B9MFN�}�I,M��2=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V=g<�i9h
|�=qiA=qi ��E]�9[-K&M�I,M\m-K&M�N\QZB9H]B9MFN�}�I,M�� =V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V=g<�i9h

|�={h ¥OB9m-E]B9H^m-KRQZBZv2I9} B�m�E]@PI,HGB9M�lCK&H>mA� B/H]E]�9`-K&m7QRS-MFM\K&`tDON\v6N\DFK&T =X=W=V=W=V=V=W=V=W=V=V=V=g<�i/z
|�= z ��E>NFQ&S�NFNFE>I,`%B9`-m2Q&I,`�Q&H]S�NFE]I9`-N�=W=V=W=V=X=W=V=V=W=V=W=V=V=W=V=X=W=V=W=V=V=W=V=W=V=V=V=g<�i9|

	 " � "(��" 0 *,"6$ �6� ;
� 0!3 "�
 � ���

z



��� � � �����

��B9@-@�E]`-�XDc[-K��,McBZ�6E>Dwv B/`-m DF[-K�T_B9�,`�KRDcE>Q.lCK&H>m�B/D�Dc[�K��¡B9MeDc[
	 NnN\S-M\}#B9QRK�QRI,`tDcE>`6S�K&NLDFI�~PK�I9`-K�I/} Dc[�K
T_I9N\D�K�� Q&E>K&`tD�J.BZv6N!DFI�S-`-MFBZ�,K&H6NFS�~-NFS-Me}#B9Q&KLN\DFMFS-QxDcS-M\K.B9`-mWH]EuDc[-I,H>I,�9v9= ��I:JLKR�,KRM�
,DF[-KLE>`tDcK&M\@-MFKxDsB/DFE]I,`
I9}L@1I9DFK&`tDcE]B9H lCKRH]m mCB/DcB�E>NaQ&I,T @-H]E>QZB/DFK&m ~tv Dc[�K E>`-[-KRMFK&`tDW`-I,`A��S-`-E � S�K&`-KRNFNVI9}nDF[-K�Q&I,M\MFK&N\@1I9`-m-E]`��
E]`t�,KRMFN\K�@-MFI9~-H]KRT�
PE]`�Dc[-K�N\K&`-N\K�Dc[CB)D�Q&I9T_@-H>KRDFK&H>v2m�E��1K&MFKR`tD�NFS�~-NFS-Me}#B9Q&K N\I,S-M\Q&K�m-E>N\DFMFE]~�S�DcE>I,`-NOTfBZv
�,E>�9K�MFE>NFKfDFI4Dc[-K7NFB9T KflCK&H>m B/D�DF[-K �¡B9M\DF[
	 N NFS-Me}#B9Q&K/= �w` Dc[�E]N�N\E>DcS-B/DcE>I,`
B4NeDsB/DFE]N\DFE]Q&B9HnB/@-@-MFI,B9Qs[
QZB9`�~PKV[�K&H]@A}�S-H =��nKR`(DFMcB9H
DFI�DF[-KXN\DcB/DcE>N\DcE>QZB9H T_KxDc[-I6m-NbE]NbB�Qs[CB9MFB9QRDFK&MFE>¢ZB/DFE]I,`2I9}!NF@-B/DcE]B9H �/B9MFE]B9~-E>H]E>Dwv
I9}8Dc[�K�lCK&H>m-NaB9`�m4Dc[-KRE]M�N\I,S-M\Q&K&Na~tv4BfNF@CB)DcEGB/H!@PI:JnKRMaNF@PK&QRDFMFS-T�=ar�[-E>N�@1I:JLK&M�N\@1KRQRDFMFS-T§E>N�S-N\KR}�S-H
E]`4DwJLI7J.BZv6N�
�K&EuDc[-KRMaB9NXB9` KRN\DFE]T_B/DcKRm I,S�Dc@�S�D�

I,M�B9NaB9`���������������E]`-@�S�DZ= �w`4Dc[-K�l-MFN\DXN\K&`-N\K�

Dc[�K
@1I:JLK&MbNF@PK&QxDcM\S-T K&NeDcE>TfB/DFK&m7}�MFI9Tg�,MFB:�6EuDwv7B9`-m2T_B9�,`-KxDcE>Q�mCB/DcB�QZB9`�~1KaS�NFK&m2DcI�E>m-K&`tDcEu} v�m-E�� KRMFKR`(D
Dwv6@1KRN�I9}�N\I,S-MFQRK&N�¦ �n[CB/@�DcKRM�i © 
CK&NeDcE>TfB/DFK�T_B)�AE]T�S-T�¦ �n[-B9@�DcKRM�h ©�B9`-m2T_E>`-E]T�S-T�¦ �n[CB9@ADcK&M\N�z)� y ©
NFI,S�MFQ&Kam�K&@�DF[

CB9`-m2E>m-K&`tDcEu} v mCB/DsB�`�I,E]N\K�H]Kx�,K&H>NX¦ �n[-B9@�DcKRM�� ©x= �w`7Dc[�KaMFKR�9K&M\NFKXNFKR`-NFK!
-Dc[-Ka@-M\K&N\S-T_KRm
DcM\S-K�@PI:JnKRM%N\@1KRQRDFMFS-T I9}VDc[-K�lCKRH]m I,M2E>DcN2N\I,S-MFQRK&N%TfBZv N\K&M\�9K
B9N%B9` B9m-m-EuDcE>I,`CB9H�E]`-@-SAD%E>` B/`
E]`t�,KRMFN\E]I,` ¦+�n[CB9@�DFK&M�� ©fB9`�m QZB9`«B9QxD2B9N7B
�9S-E]m-K�DcI B9`oK�� Q&E>K&`tD2@CB9MFB9T_KxDcM\E]¢ZB)DcE]I9` I9}WB�T I6m-K&H
NF@CB/Q&Kf¦ �n[CB9@ADcK&MO| © =

¨nKR}�I,M\K�m-E>NFQRS-NFN\E]`-�VDc[-KRNFK�T KRDF[-I6m-NnB/`-mfDc[�K&E]M�B9@�@-H]E>QZB/DFE]I,`-N�
 � m-KxlC`-KaBWi9� N\@CB/DcE]B9HC@PI�JLK&MLNF@PK&Q �
DcM\S-TgB/`-m7m-K&M\E>�9KaE>DcNLMFKRNF@PK&QRDFE>�9KaK&N\DFE]T_B/DcI9MFNnE>`7@-HGB/`-K�B9`�m7NF@-[-KRMFE>QZB9H1Q&I6I,MFm-E>`CB/DFK&NX¦+�n[CB9@�DFK&MX< ©x=8�
Q&I,`t�9K&`-E>K&`tDcHuv�m-KRlC`�K&m
N\@CB/DcE]B9H @PI:JnKRMWN\@1KRQRDcM\S-T E]NaE>`-m-K&@PK&`�m-K&`tDWI9}nDF[-K�Q&I6I,MFm-E>`CB/DFK Nev6N\DcKRT B9`-m


DcI�B:�9I,E]m�T_E>Ne��E]`tDcKRMF@-M\KRDsB)DcE]I9`

�[CB9N�B#"�B/DWNF@PK&QxDcMFS�T }�I,MVNF@-B/DcE]B9H]Huv4S-`-QRI,MFM\K&H]B/DcKRm�Jb[-E>DFK_`�I,E]N\K9= �w`
Q&I,`tDFMcB9NeD�
-Dc[�KaNF@-[-KRMFE>QZB9H
[CB/MFT I,`-E]Q�Q&I6K�� Q&E>K&`tDONF@PK&QxDcMFS�T S-NFKRm�E>`7�,K&I,T_B9�,`�KRDcE>NFT E]N�E>`-Q&I,T @CB/DFE]~-H>K
~1KxDwJnKRK&` N\@-[-K&M\K&NWI9}.m-E�� KRMFKR`(DWMcB/m-E]E¡B9`�m�[CB/N�B9`�S-@tJ.B/MFm
N\H]I,@-E>`-�7Jb[-E>DFK�NF@PK&QRDFMFS-T�=�r�I�~PK&QRI,T_K
E]`-m�K&@PK&`-m-KR`tD7I9}aDc[�K�NF@�[-K&M\E]QZB/H�McB/m-E]S-N�
.Dc[-K�NF@-[-KRMFE>QZB9HONF@PK&QxDcMFS�T E]N NFI9T_KxDcE]T K&N_m-E>�6E>m-K&m ~(v Dc[�K
J.BZ�9K&`(S-T�~PK&MLE]`��,K&I6m-KxDcE]Q�NeDcS-m�E]K&NR= ��KRMFK�
 � @�MFI,@PI,NFKOBaNF@�[-K&M\E]QZB/HPN\@1KRQRDFMFS-T�Jb[-E>Qs[_[-B9NnB$"�B)D�Jb[�E>DcK
NF@PK&QxDcMFS�T�B9`�m�E]N!Q&I,T @CB/DFE]~-H>K JbE>DF[WDc[�K.B9¢RE]T�S�DF[CB9H>H>vaBZ�9K&McB/�,K&m N\@1KRQRDcM\S-T Q&I,T T_I9`-H>vaS�NFK&m�E]`�@�HGB9`-K
Q&I6I,MFm�E]`CB/DFK&NR= ��`�E>`(DFK&M\K&N\DFE]`-�XB/NFE]m�K.E]N DF[CB/D DF[-K�`-KxJoT_B9�,`-KxDcE>QL�,KRQRDFI,M¡NF@PK&QRDFMFS-T�`-IaH]I,`��,K&M QRMFK&B/DcKRN
Dc[-KWE]`-QRI,MFM\K&QxDaE]T @-MFKRNFN\E]I,`%I9}¡B_Jb[-EuDcKW`-I,E]N\KWlCKRH]m B)D�Dc[�K�Q&I,M\Kx��TfB9`tDFH]KV~1I,S�`-mCB9Mev,= �bB9H>NFI_m-K&M\E>�,K�B
MFKRHGB/DFE]I,`-N\[-E]@ }�I,MXDc[�KfK&NeDcE>TfB/DFE]I,`�I9}LDc[-K_TfB/�,`-KRDFE]Q �,KRQRDFI,M�N\@1KRQRDcM\S-T }�MFI,T§DFI9DsB9H¡E>`(DFK&`-N\E>Dwv�mCB)DsB�=
r!KRN\DFN�I,`�Nev6`(DF[-KRDFE]Q7B/`-m�M\KZB9H¡mCB/DcB%QRI,`�lCM\T DF[-KfQRI,T @CB/DcE>~-E]H>E>Dwv�B9`-m
m�K&T I,`-N\DFMcB/DFK DF[-KfSADcE]H>E>Dwv�I9}
Dc[-K��/B9M\E]I,S�N�K&NeDcE]T_B/DFI,MFNR= �ONFE]`��4Dc[-KRNFK2K&NeDcE]T_B/DFI,MFN�
8@1I:JLK&M NF@PK&QxDcMFB Q&B9` ~1K�QRI,T @CB9MFKRm `-I9D I,`�H>v
E]` NF[CB/@1K!
 ~-S�D�B9H]N\I%E>`�B/~-NFI,H>S�DcK�DcKRMFT N�
!MFK&�,B9MFm-H>K&N\NWI9}.NF@-[-KRMFE>QZB9H¡McB/m-E]E%
��9MFE]m NFE>¢&KRN�B9`-m�NcB9T @-H>E]`-�
E]`tDcKRM\�/B9H>N&=

p



ª«E>DF[4Dc[-K�B9~1I:�9K m-KRlC`�E>DcE>I,`-N�
 Dc[-K N\@CB/DFEGB9H�@1I:JLK&MaN\@1KRQRDcM\S-T§Q&B9`�~1K�KRN\DFE]T_B/DcKRm �,H]I,~-B9H]Huv�}�MFI,T
N\@-[-K&M\E]Q&B9Hb[CB9MFT I,`-E>Q2Q&I6K�� Q&E>K&`tDcN�
bB9N JLK&H>HOB9N_H>IAQ&B9H]Huv�}�M\I,T MFKR�,E]I9`CB9H��,M\E]m-NR= �w` B�N\DcS�m�v S-`-m-KRMe�
DcB �9KR` JbEuDc[��n[-MFE>Nar B/MFH]I:JbN �6E8I/}LDF[-K���S-NeDcMcB/H]EGB/`��XKRI,H]I9�,E]Q&B9H ?6S-M\�9KRv ��MF�tB/`-E]NFB/DcE>I,` ¦#�O�V? �X© 
^JLK
QRI,T_@-B9MFKW�,H]I,~-B9H!N\@-[-KRMFE]Q&B9H [-B9MFT I,`-E>QW�,MFBZ�AEuDwv4B/`-m TfB/�,`-KRDFE]QV@1I:JLK&MaN\@1KRQRDcMFBfJbE>DF[4Dc[-KRE]M�M\K&�,E>I,`CB9H
QRI,S-`tDcKRMF@CB9MeDcNLE]`f�n[CB9@�DFK&M�i = r�[-KO�,H>I,~CB9HC�,MFBZ�AEuDwv NF@PK&QxDcM\S-T [CB9NLBW~PK&`-mfB/D¡J.BZ�,KRH]KR`-�9Dc[�NnI9}8<ZY,Y,Y��
i9Y9Y,Y �(T�=�¤
I6QZB9H�[-E]�9[�MFKRNFI,H>S�DcE>I,`%}�M\K&K�B9E]MO�,McBZ�6E>Dwv��,M\E]m-NO@-M\I��6E>m-K�E>`-m-K&@PK&`�m-K&`tDaKx�AE>m-K&`�Q&K�}�I,MbDc[-E>N
~PK&`-m =8�%I,NeD H>E �/K&H>v�
�E>D�NFKR@CB9McB)DcK&N!N\DcB/DcE>Q¡}�M\I,T m�v6`CB9T E]Q&B9H]Huv�N\S-@-@PI,M\DFK&m��9McBZ�6E>DwvVB9`-I9TfB9H>E]KRN&=
r�S-MF`-E>`-�
DFIfDc[-K�TfB9�9`-KRDFE]QWl-K&H]m 
1JLK�Q&I,T @CB9M\K�Dc[�K��,H]I9~CB9H�NF@-[�K&MFE>QZB9H![CB9M\T_I,`�E]QVTfB9�9`-KRDFE]Q�@PI:JnKRM�NF@PK&QxDcM\S-T
JbEuDc[ H]I6QZB9H8N\@1KRQRDcMFB%KRN\DcE>TfB)DcK&m }�MFI,T�Q&I,`tDcE>`-K&`tDcB9H�B9K&M\I,TfB/�,`-KRDFE]Q�Q&I9T_@-E>HGB/DFE]I,`�N�
 lC`�m-E]`-��Dc[CB)DVDF[-K
QRI,`tDcE]`�K&`tDsB9H�Q&M\S-N\DcB9H�T_B9�,`-KxDcE>Q�lCKRH]m�E>NfN\E]�,`-EulCQZB/`(DFH>v NeDcMFI9`-�,K&M_Dc[CB9` Dc[-K4�9H]I,~CB/H�BZ�9K&McB/�,K9= r�[-E>N
QRI,S-H]m�~PK�m-S-K DcI7Dc[�K m�E��1K&MFKR`tDVDF[-E]Q
�(`-KRNFNVI9}�Dc[-K TfB/�,`-KRDFE]¢RK&m HGBZv9K&M&=��w`-m�K&K&m 
 B2m-K&@ADc[ Kx�6DcKR`(DWI9}
h,Y �(T }�I,MOQ&I,`tDcE>`-K&`tDcB9H�TfB9�9`-KRDFE]¢ZB)DcE]I9`��,K&M\NFS-N�<:Y �(T }�I,MbDc[�KW�,H>I,~CB9H^B:�9K&MFB9�,KWJLI,S-H>m%K �A@-HGB9E>`�DF[-K
m-E>NFQRMFK&@-B9`-QRv9=

r�[-K�K��1K&QxD�I9}WDF[-K�H]E>T_EuDcK&m m-K&@ADc[ Kx�6DcKR`(D�I9}VDc[�K QRMFS-NeDsB9HaT_B9�,`�KRDcE>¢ZB/DFE]I,` I,` Dc[-K�T_B9�,`-KxDcE>Q
lCKRH]m E>N�}�S-M\DF[-K&MXB9`-B9H>v6¢&KRm�E]` �n[CB9@ADcK&MOh =Wr�[-K �¡B9M\DF[
	{NaQRMFS-NeDVE]N�T_B9�,`-KxDcE>¢&K&m m�I�Jb`�DcI7DF[-K �nS-MFE>K
DFK&T @1KRMcB/DFS-MFK�m�K&@�DF[%B)DOB9~1I9S�Da<:Y �(T DFI p9Y �(T%=8r�[�E]N.H>E]T E>DcKRmfm-KR@�Dc[2K �ADFK&`tDOI9}�Dc[-KaQRMFS-NeDsB9H TfB9�)�
`-KxDcE>¢ZB/DFE]I,`�E>N.m-E>NFQ&KRMF`-E>~-H]K�E]`�DF[-K�@PI�JLK&MbN\@1KRQRDcMFB I9}�TfB9�9`-KRDFE]Q�T_B9@-NnI9}!?AI,S�DF[2��}�MFE>QZB�B/`-m%�nK&`tDcMFB9H
��NFEGBA= �.DLNF[-I,MeDLJnBZ�,KRH]K&`��9Dc[-N�Dc[-KO@PI�JLK&MLE]`-QRMFK&B9NFKRNnB9N�McB/@-E]m-Huv�DFI�JnB9M\m-NnH>I,`-�,KRM J.BZ�,KRH]KR`-�9Dc[�N�B9N¡Kx�(�
@PK&QxDcK&m�}�I9M BONFK&Hu}G�wN\E]T E]HGB/M^TfB/�,`-KRDFE]¢RK&m�QRMFS-NeD JbE>DF[�S-`�H]E]T E>DFK&mXm-KR@�Dc[ K �ADFK&`tDZ=8��~1I:�9KLJnB:�9K&H>K&`-�9DF[-N8I9}
B9M\I,S-`-m2<:Y9Y �(T�DF[-K�@PI�JLK&M¡NeDsB9MeDcN¡E]`-QRMFK&B9NFE>`-�XH]K&N\N8McB9@�E]m-Huv 
,E>`-m-E]Q&B/DcE>`-��DF[-KOB9~-NFKR`-Q&KOI9}Pm-KRK&@fN\KZB/DFK&m
N\I,S-MFQRK&NR=�r�I � SCB9`tDFE>} v�Dc[-E>NnK � KRQRD.DF[-K�DF[-K&I,M\KRDFE]QZB/H1@PI:JnKRM.NF@PK&QxDcMFS�T m-S�K�DcI�B�NFH]B9~fQ&B9M\�9K&m2I,S�DnI9}�B
N\K&H>}G��NFE>T_E>HGB9M.T_B9�,`�KRDcE>¢ZB/DFE]I,`2m-E>N\DFMFE]~�S�DcE>I,`%E>N�m-KRMFEu�,K&m =�r�[-E]N�T_I6m-KRH�@PI:JnKRM�NF@PK&QxDcM\S-T�T_B/DcQs[�K&N�DF[-K
@PI:JnKRM8NF@PK&QRDFMcBaI9} ?AI,SADc[���}�M\E]QZB�B9`-m �nK&`tDFMcB9HC��NFEGBO}�I,M8B�NFKRH>}G��NFE]T E]H]B9MFEuDwv�@CB/McB9T KRDFK&M I9}1h � p������ zB9`�m��nS�MFE]KaDFK&T @1KRMcB/DFS-MFKXm-KR@�Dc[-NbI9}L<�p�DcI�ztY �(T%=

�n[CB9@ADcK&Mbz @�MFI:�6E]m-KRN Dc[-KLDc[-KRI,M\vV}�I,M�Dc[-K.[�E]�,[WMFK&N\I,H]SADcE]I9`�T_B9@-@-E>`-��I9}�N\I,S-M\Q&K.@CB/McB9T KRDFK&MFN!S-NFE>`-�
B�NF@PK&QxDcMcB/HOT I6m-K&H.Jb[-E>Qs[ [-B9N_~PK&KR`oN\[-E>} DFK&m DcI�Dc[-K�NF@CB/Q&K�m�I,TfB/E]`
}�I,M�E]T @-M\I��9K&m @1KRM\}�I,M\TfB/`-Q&K/=
�%I6m-KRH^�9B/MFE]I9�,McB9T Nnm�K&NFQRMFE>~1KaDc[�KVN\@CB/DFEGB9H �/B9M\EGB9~�E]H]EuDwv�I9}!TfB9�9`-KRDFE]QaB9`�m%�,MFBZ�AEuDwv�mCB)DsB E]`7Dc[�KVNFB9@PQ&K
m-I9TfB9E>`^= ��B9MFE>I,�,McB/T�B9`-B9H>v6NFE>NXQZB9`�~1K S�DcE>H]E>¢&K&m DFI%T_B9@ E]`tDcKR`-NFEuDwv 
�m-K&@�DF[
B9`�m�NFQ&B9H]E>`-�2Kx�A@PI,`-K&`tD
¦�NFK&Hu}G�wQRI,MFM\K&HGB)DcE]I9`�©�I/}VDF[-K NFI9S-MFQRK9= �w`«@-M\KR�6E]I,S�N7N\DsB)DcE]NeDcE>QZB9H�T_KxDc[-I6m-N�Dc[�K T_K&B9NFS-M\K&m«mCB/DcB�JnKRMFK
�,M\E]m-m�K&m


DcMFB9`-Ne}�I,MFT K&m DcI2Dc[�K�JnBZ�,KR`6S�T�~1KRM�m-I,T_B9E>`


B9`-m�Dc[�K&E]MX@PI:JnKRMVN\@1KRQRDFMFS-T JnB9N�B/`CB9H>v6¢RK&m
S-N\E]`-��B N\@1KRQRDcMFB9H^T IAm�K&H = r!I BZ�,I,E>m7Dc[-KaH>I,NFN�B/`-m2m-E]NeDcI,MeDcE]I9`�I9}!E]`�}�I,M\TfB)DcE]I9`_m-S�MFE]`�� �9MFE]m�m-E]`-��B9`-m
JnBZ�,K&`(S-T�~1KRM�m�I,TfB/E]`�DFMcB9`-Ne}�I,MFT 
 �
DFMcB9`-Ne}�I,MFT Dc[-KnNF@PK&QRDFMcB9H�T_I6m-K&H(DcI�DF[-K�NF@-B9Q&K�m-I9TfB9E>`

9E>`-N\DFKZB9m =
��B9M\E]I,�9McB9T N�B9M\K�Dc[-K B9@�@-MFI,@�MFEGB)DcK NF@-B9Q&K�m-I,T_B9E>` Q&I,S-`tDFK&MF@-B9M\DFNWI9}LT_B9�,`-KxDcE]Q�B9`-m��,McBZ�6E>Dwv4@1I:JLK&M
N\@1KRQRDcMFB�= r�[-K��9B/MFE]I9�,McB9T I9}�DF[-K%lCKRH]m B9~PI��9K4B NFK&Hu}G�wN\E]T E]HGB/M�[CB9Hu}G�wN\@CB9Q&K2T IAm�K&HbE]N��,I:�,KRMF`-KRm ~tv
DF[-MFKRK_@CB/McB9T KRDFK&MFN��WE>`tDcK&`�NFE>Dwv�
!m�K&@�DF[
B9`-m NFQ&B9H]E>`-�2Kx�A@PI,`-K&`tD&=�r�[-K&N\KfN\I,S-MFQRKf@CB/McB9T KRDFK&MFNXQ&B9`�~PK
T_B9@-@PK&mfJbEuDc[�[�E]�,[_MFK&N\I,H]SADcE]I9`�B9`-m2B/Q&Q&S�McB9Qxvf~tv l-DFDFE]`-��T I6m-K&HC�/B9MFE>I,�,MFB9T_N¡m-E>MFKRQRDcHuv�DcI�T_B9�,`-KxDcE>Q
B9`�m��9McBZ�6E>Dwv7H>E]`-K�m-B/DsB �/B9MFE>I,�,McB/T_NR=

�w` Q&I,H>HGB9~PI,McB)DcE]I9`�JbE>DF[ DF[-K«[-K&H>E]QRI,@�DcKRM �,MFI9S-@ I/}4¨��X¥ ��B9`-`-I:�,KRM�
�Dc[-E>N `�KRJ �/B9M\E]I,�9McB9T
y



B9`CB9Huv6NFE]N T_KxDc[-I6mg[-B9N�~PK&K&` B/@-@-H]E>K&mgDFI B�`(S-T�~PK&M I9}�N\v6`tDc[�KRDcE>Q B9`-mdM\KZB9H�TfB/�,`-KRDFE]Q mCB/DcB
NFKxDcN ¦+�n[CB9@�DFK&M\N�p B9`-m%y © =�r�[-K%�,K&I,T_B9�,`�KRDcE>Q�lCK&H>moI:�,KRMfN\K&m-E>T_KR`(DcB9M\v ~-B9NFE>`-N_E>N �,K&Mev NFK&`�NFE>DFE>�9K
DcI �/B9MFE]B/DcE>I,`-NLE]`2~CB9N\K&T K&`tDOm-K&@�DF[^=¡r�[-K&M\KR}�I,M\K�
�T_B9�,`-KxDcE]Q�NFS-Me�,KRv6N�B9MFK�JbE>m-K&Huv�S-N\K&m%DFI�TfB9@2~CB/NFKx�
T_KR`tDODFI,@PI,�,McB/@-[tv7E]`2@PKRDcM\I,H]KRS-T B/`-m%�9MFI,S-`�m�J.B)DcK&MOKx�A@-H>I,McB)DcE]I9`^= ª�KXS-N\KV�/B9M\E]I,�9McB9T B9`CB9Huv6NFE]NOB9N
B7T_I,M\K B9QRQ&S-MFB/DcK�B9HuDcKRMF`CB/DFE>�9K�DcI�Dc[�K QRI,`t�,KR`(DFE]I,`-B9H8@1I:JLK&MXNF@PK&QxDcMFB9H T KRDc[�IAm-NR= �aB/DcBf�9B/MFE]I9�,McB9T N
B9MFKWQ&I,T @-S�DFK&m m-E>MFKRQRDcHuv2}�MFI,T Dc[-K�B9K&M\I,TfB/�,`-KRDFE]Q "CE]�9[(D�H]E>`-KWm-B/DsB�=�r!I7KRN\DcE>TfB)DcK�m�K&@�DF[

 Dc[�K�mCB/DcB
�/B9MFE>I,�,McB/T_N�B9MFK�QRI,T @CB9MFKRm JbE>Dc[ DF[-K7T_I6m-KRHL�/B9MFE>I,�,MFB9T_NWm-K&M\E>�9K&m E]` �n[CB/@�DcKRM z }�I,M�B4McB9`-�9K7I9}
NFI,S�MFQ&K m-KR@�Dc[-NR= ��B9M\E]I,�9McB9T�B9`CB9Huv6NFE]NaT_B �/K&NVTfB)�AE>T�S-T�S�NFK I9}LDF[-K�NF[-I9M\DVJ.BZ�,KRH]KR`-�9Dc[�TfB/�,`-KRDFE]Q
NFE>�,`CB9H%
 Jb[-E]Qs[ E]N Dc[�K �/KRv DFI�DF[-K2MFKRNFI,H>S�DcE>I,` I9}�NF[CB9H>H]I:J ~CB9NFKRT_KR`tD DFI,@PI,�,McB/@-[tv,= �w`��n[-B9@�DcKRM�p
JnK�T_B9@�DF[-K ~CB9N\K&T K&`tDXDcI,@PI,�,MFB9@-[tv�I/}LDF[-K ��TfB9M\S-MFS���H]H>S��6EGB9H!k8HGB9E>`-N�E>` ��B9T E]~�EGB�=a� QRI,T_@-B9Me�
E]N\I,` JbE>Dc[ ��� MFK&N\E]NeDcE>�6EuDcE]KRN�B9`-m m-M\E]H]H>E]`-�%E]`�}�I9MFT_B/DcE>I,`
Q&I9`�lCMFT N Dc[-K�B9QRQ&S-MFB9QRv�
n~-SADfB/H]NFI N\[-I:JbN
Dc[-K H>E]T E>DcB/DcE>I,`-N�I9}¡�/B9MFE>I,�,MFB9T B9`CB9Huv6NFE]N�m-K&@�DF[�K&N\DFE]T_B/DcE>I,`^= �w` B�NFKRQ&I,`�m�NeDcS-m�v ¦ �n[CB/@�DcKRM�y © 
^JLK
}�S-M\DF[-K&M�DFK&N\DbDF[-KVB9Q&QRS-McB9Qxv�B9`-m�MFKRNFI,H>S�DcE>I,`7I9}�Dc[-Ka�/B9MFE>I,�,MFB9TgB/`CB9H>v6N\E]N�T KRDc[�IAm2I,`�N\v6`tDc[-KxDcE>Q�B9`�m
MFK&B9HCmCB/DcB�=¡?6v6`tDc[-KxDcE>Q�T_B9�,`-KxDcE>Q "CE]�,[tD¡H>E]`-K�mCB)DsBVB9MFKb�,KR`-K&MFB/DcKRm_}�I,M¡~CB9N\K&T K&`tDLT_I6m-K&H>N8I9}1E]m-K&B9H]E>¢&K&m
�,K&I9H]I,�,E>QZB9H�NFKxDcS-@�N&=��nI,T @CB9M\E]`-���/B9M\E]I,�9McB9T m-KR@�Dc[-NXI9}¡DF[-K�mCB/DsBfJbEuDc[ DcM\S-K T IAm-KRH m-KR@�Dc[�NVN\[-I:JbN
Dc[CB)D �9B/MFE]I9�,McB9T m-KR@�Dc[-N_B9M\K%B/Q&Q&S�McB/DFK%B/`-m S�`6~�EGB9N\K&m B9N�H]I,`-��B/N�DF[-K2mCB/DcB B/`CB9H>v6N\E]N�JbE]`�m-I:J E]N
HGB9M\�,K&M�Dc[CB9` <:Y�DcE>T_KRN�Dc[-K�m-KR@�Dc[�DcI2~PK�K&N\DFE]T_B/DcKRm^= ��I:JLKR�9K&M�
!~CB9N\K&T K&`tDW}�K&B/DcS�MFK&NXN\TfB9H>H]KRM�Dc[CB/`
Dc[-E>N�JbE]`�m-I:JgN\E]¢&K2B/MFK�`-I/D MFKRNFI,Hu�,K&m =�ª�KfE]`t�,KRN\DcE>�tB/DFK�Dc[-K�DFMcB9m-K �wI��o~1KxDwJnKRK&` JbE]`-m�I�J NFE>¢&K2B9`�m
HGB/DFK&MFB9H M\K&NFI9H]S�DFE]I,`�~tv7QRI,T @CB9MFE>`-���/B9M\E]I,�,MFB9T m-K&@ADc[2JbE>Dc[7m�MFE]H>H]KRm�~CB9N\K&T K&`tDOm-K&@�DF[2E]`�Dc[�K �aS-E>NFKR~
��S-`-K���MFK&B 
 ��B/T_E>~-EGB�= ��I9M�Dc[�E]N�m-E�� Q&S-HuD�mCB/DcB�NFKxDaDc[-K�I9@�DcE>T�S-TdJbE]`-m�I�J NFE>¢&K�E>N�T I,MFKVDc[CB9` i/Y
DcE>T_KRNXDF[-K m-K&@�DF[�DcI%~1K MFKRNFI,Hu�,KRm^=7��M\�,SCB9~-Huv 
!B9Q&QRS-McB/QRv�B9`-m�HGB/DFK&McB/H8MFK&N\I,H]SADcE]I9`�I9}nm-K&@ADc[�JLI,S-H>m
[CBZ�,K�~PK&KR` ~1KxDFDcKRM E>}CDF[-K.T_B9E]`WNFS-Me�,Kxv H]E>`-K&N�[CB9m�}�I,H>H]I:JLK&m�DF[-K.m-S-`�Kn�/B9H]H>KRv6N B9`�m T_I,M\KLDFE]KnH>E]`-KRN [CB/m
~1KRK&` "-I�Jb` =�� @-M\I:�,I6QZB/DFE>�,KVQ&I9`-Q&H>S-NFE>I,`%}�M\I,T I,S-MON\DFS-m�v�E]NbDc[-B/DOI,`-KVNF[-I,S�H]m�QRI,`-N\E]m-KRM�B9M\McB9`��,E]`-�
NFS-Me�,KxvfH>E]`-KRN�E>`�BXMFKR�,S-HGB/M�T K&N\[

6E]`-NeDcKZB/mfI9}^DF[-KOQ&S-M\MFK&`tD�@�McB9QxDcE]QRK�I/} "-v6E]`���BWm�K&`-N\K�NFKxD.I9}^@CB9McB/H]H]KRH
TfB/E]`fH>E]`-KRNnB/`-m7I,`-HuvfBV}�KRJ @1KRMF@PK&`-m�E]Q&S�HGB9M�DcE]K�H]E>`-K&NR= � H>v6E>`-��B�M\K&�,S�HGB9MLT_KRNF[fJLI,S-H>m7I,@�DcE>T_E>¢&K�Dc[�K
MFKxDcMFE>KR�/B9H^I/} m-KR@�Dc[�E]`A}�I,MFT_B/DcE>I,`�@PK&MbH]E>`-Kx� �(T N\S-M\�9KRv,KRm^=

r!S-M\`-E]`���DcI�DF[-K.N\K&Q&I9`-m NFKR`-NFK�E>`�Jb[-E]Qs[�B�@1I:JLK&M N\@1KRQRDcM\S-T TfBZvW~1KLS-NFKRm

,Dc[-Kn@-MFKRNFS-T K&m @PI:JnKRM
NF@PK&QxDcMFS�TdI9} DF[-KX�,McBZ�6E>Dwv7lCKRH]m2E]NbS�DFE]H>E]¢&KRm�DcI Q&I,`�N\DcMFB9E]`2Dc[�KVN\T_I6I9DF[-`-K&N\N�I/} �,KRI,E]m2NFI9H]S�DFE]I,`-N.}�M\I,T
NcB/DFK&H>H]E>DFKVB9H>DFE]T KRDcKRMbmCB/DsB4¦ �n[CB9@ADcK&M�� © =�r�[-K�I6Q&K&B9`4�,KRI,E]m�QZB9`4~PK�E>`�}�K&M\MFK&m%}�MFI,TdDc[�K�DcI,@PI,�,MFB9@-[tv
I9}
Dc[�K�T_K&B9`�N\KZB�N\S-M\}#B9QRK9=L?�B/DFK&H>H]E>DFKOB9H>DFE]T KRDcKRMFN¡DcMFB9`-NFT E>DLMcB/mCB9Mn@�S-H]N\K&N�B9`�m�m-KRDFK&M\T_E>`-K�DF[-K�MFKxDcS-M\`
DcMFB:�9K&H^DFE]T K�DcI�T KZB9N\S-MFKaN\KZB�NFS-Me}#B9Q&KX[-KRE]�,[tDZ=8r�[�K �¡¥�?(�s<VB9HuDcE>T_KxDcK&MLN\DcB9Q
�(N�pA<aQRI,`-N\K&Q&SADcE>�9KWMFB9mCB9M
MFK "CK&QxDcE]I9`-N�I9`A�w~PItB9M\m2DF[-KVNcB/DFK&H]H>E>DFK�DcI_B N\E]`-�,H>KaJ.BZ�,Kx}�I,MFT�=.r�McB9Q
�(E>`-� DF[-KXDcE]T KXNF[-Eu} DbI9} DF[-KXJ.BZ�,K �
}�I,MFT �,E>�9K&N B/`WKRN\DcE>TfB)DcK¡I9}�DF[-Knm�E]N\DcB9`-QRK�DFI�N\KZB�N\S-M\}#B/Q&K9= �w`�BbN\DcS�m�vXDcI,�,KxDc[-KRM�JbEuDc[���K&MFK � ��B9E]M\[-KZB9m
B9`-m_�n[-M\E]NL�XM\K&KR`_I9} � �8r �L� � ¦ �O`-E>�9K&M\NFE>Dwv�I9}^¤
KRK&m-Nc© 
(JnKbMFKxDcMFB9Q
��Dc[-K �¡¥�?(�s<bMFB9mCB9M DFMcBZ�,KRH�DFE]T K&N
S-NFE>`-��BVT_I6m-KRH-Jb[-E]Qs[�E>N�}�I6Q&S�NFK&mfI,`_DF[-K�H>KZB9m-E>`-�XK&m-�9K�I9}^DF[-K�JnBZ�,Kx}�I,MFT N&= ª«[-E>H]KbKZB/MFH]E>K&M¡T KRDc[�IAm-N
MFKR�tB9MFm�K&m B9m � B9QRK&`tD8JnB:�9KR}�I,M\T_N�B9N8E>`-m-KR@1KR`-m-K&`tD�N\DcB/DcE>N\DFE]QZB/HAKx�,K&`tDFN�
(JnKbE]`t�9K&M\D�B�Jb[-I9H]K.N\K � S-K&`�Q&KOI9}
J.BZ�9KR}�I,M\T_NaN\E]T�S-HuDsB9`�K&I,S-N\H>v7}�I,M�BfNF@�H]E]`�K��,KRI,E]m4N\I,H]SADcE]I9`^=a?AT I6I9Dc[-`�K&NFN�E]N�QRI,`tDcM\I,H]H>K&m4~tv%NF@PK&QRDFMcB9H
Q&I,`�N\DcMFB9E]`tDFNOI9`�DF[-KXNF@-H>E]`-KXQ&I6K�� QRE]K&`tDFN&= �aS�MO�9K&I,E>m�N\I,H]SADcE]I9`-N�[CBZ�,K�B:�9K&MFB9�,KX@1I:JLK&MONF@PK&QxDcMcB K � SCB9H

�



DFI_Dc[�K�Kx�A@PK&QRDFK&m @PI:JnKRM�NF@PK&QxDcMFS�T�I9} DF[-KWDFMFS-K��,K&I,E>m^=br�[-K�QRI,[-K&M\K&`-QRK I9}8M\K&@PKZB/D�DcMcB/Q
�%N\I,H]S�DFE]I,`�N
E>`-m-E]Q&B/DcKRN�B�N\@CB/DcE]B9H M\K&N\I,H]S�DFE]I,`�I9}Lh�< �(T�

B/N�Q&I,T @CB9M\K&m4DFI7z-< �(T�MFKRNFI,H>S�DcE>I,`�}�I,M�Dc[-K	�8S-M\I,@PKZB9`
?A@-B9Q&K����,KR`-QRv�	 N ���������
	���
 ����� � ����� ��� = ª«[-E]H>KfDc[�K%M\K&NFI9H]S�DFE]I,` I9}�Dc[-K2H]B/DFDFK&M m-KxDcK&M\E]I,MFB/DcKRN DcI
z(� �(T }�I9MbJnBZ�,K [-KRE]�,[tDFN�B9~PI:�,K�i_T�
�I,S�M��,KRI,E]m�NFI9H]S�DFE]I,`�TfB/E]`tDsB9E>`-NbE>DFNOM\K&N\I,H]S�DFE]I,`�I9}¡hA< �(Td}�I,M
M\I,S-�,[%NFKZBA=b¥OKxDcMcB/Q
�6E>`-��B/H>DcE>T_KxDcKRM.J.BZ�,Kx}�I,MFTUmCB/DcBfB9`�m�Q&I9`-N\DFMcB9E>`-E]`-��Dc[�KWN\I,H]S�DFE]I,`�~tv%B_NF@PK&QxDcMFB9H
T IAm�K&H^H>KZB9m-N.DFI B M\KZB9H>E]N\DFE]Q��,K&I,E>m2NFI,H>S�DcE>I,`�JbE>DF[�N\E]�,`�E>lCQ&B9`tDcH>vfE]T @-MFI:�9K&m�B9H]I9`-�/��DFMcB9Q
�_MFKRNFI,H>S�DcE>I,`^=

�w`��6E]KxJ«I9}
Dc[-K�`-KRJ���MFNeDcKRm2B9`-m�S-@PQ&I9T_E>`-� �n[CB/T_@�NFB/DcKRH]H>E>DcKbT E]N\NFE]I9`-N�
(m-E>NFQ&S�NFNFE>I,`-NnJbEuDc[ �OE]H>N
��H]N\K&`«B9`�m«k!KRDFK&M�ª�K&E>m-K&HuD�I,`�DF[-K4@-M\K&NFS�T_KRm N\@CB/DFEGB9HOm-E]NeDcM\E]~-S�DFE]I,`oB9`-m MFB9m-EGB/H�m-KRQZBZv�I/}alCK&H>mA�
B9H>E]�,`�K&m K&H]KRQRDFMFE]Q�Q&S�MFMFKR`tDcN�[CBZ�9K�T I9DcEu�9B)DcK&m B9`�E>`t�,K&NeDcE>�tB/DcE>I,` I,` DF[-K�K �_QRE]KR`(Df@CB9MFB9T_KxDcM\E]¢ZB)DcE]I9`
I9}nDc[-K TfB/�,`-KRDFE]Q�lCK&H>m
B/DWNcB)DcK&H>H]EuDcK�B9HuDcE>DFS-m-K%¦ �n[-B9@�DcKRMO| ©x=2��`�K�� Q&E>K&`tD @CB/McB9T KRDFMFE]¢&B/DcE>I,` I9}.DF[-K
T_B9�,`-KxDcE>Q�lCKRH]m7E]NnK&NFN\K&`tDcE]B9H^}�I,MnDF[-K�@-M\IAQRK&N\NFE]`��_B/`-m�B9`CB9HuvAN\E]NLI9}�NcB/DFK&H]H>E>DFK�T_B9�,`-KxDcE]Q�mCB/DcB�= ª�KaS�NFK
DwJLI_@PI,H>I,E]mCB/HPN\QZB9H]B9MFN.}�I9M.Dc[-KaE>`(DFK&M\`CB9H
B9`�m�K �6DcK&M\`CB9H�T_B9�,`-KxDcE]QOlCK&H>m-NOB9`-m2I,`-K�DFI,MFI9E]mCB9H1NFQ&B9HGB9ML}�I,M
DF[-K�T_B9�,`-KxDcE]Q lCK&H>m m-S-K�DFI�lCK&H>mA� B/H]E]�9`-K&m�K&H]KRQRDFMFE]QfQ&S-M\MFK&`tDFN&=�ª«[-E]H>K_Dc[�K7McB9m-E]B9H�~1KR[CBZ�AE>I,M�I9}�DF[-K
@PI,H]I9E]mCB9H8N\QZB9H]B9MFN�E]NWJLK&H>H �(`-I:Jb`

8JLK�m-K&M\E>�9K2B�McB9m�EGB9H¡Kx�A@CB/`-NFE>I,`
}�I,MWDF[-K�DcI9MFI,E>mCB9H¡NFQ&B9HGB9M�
 ~CB9N\K&m
I,`�N\DcB/DcE>N\DFE]QZB/H }�KZB/DFS-MFKRN�I/} B�m-E]@PI,H]B9M.N\v6NeDcK&T I9}!lCK&H>mA� B/H]E]�9`-K&m7QRS-MFM\K&`tDcNR=.r�[-KVS-@1QRI,T E]`-� N\E>DcS-B/DcE>I,`
JbEuDc[�T�S-H>DFE]@-H>K8TfB9�9`-KRDFE]Q8lCK&H>m�T KZB9N\S-MFE>`-�ONcB/DFK&H]H>E>DFK&N�E]`WI,MF~-EuD�TfBZvX@PK&MFT E>D�DF[-KLM\K&N\I,H]S�DFE]I,`WI9}�}�S�M\Dc[�K&M
lCKRH]m @CB9MFB9T_KxDcKRMFN&= ��I9M Dc[-E>N�@�S-MF@PI,NFK!
6JLK�@�MFI,@PI,NFKOB9`_B9m-m�E>DcE>I,`CB9H�@1I,H>I,E]m-B9HAlCKRH]m NFQ&B9HGB9M }�I9M¡DFI,MFI9E]mCB9H
QRS-MFM\K&`tDcN�JbEuDc[-E>`%DF[-K�N\[-K&H>H!I9}¡T KZB/NFS-M\K&T K&`tDcN�
^B9`-m%}�S-M\DF[-K&M�[-E]�,[�K&M�I9MFm-KRM�DcI9MFI,E>mCB9H
T_B9�,`-KxDcE]QXlCKRH]m
N\QZB9H]B9MFN�}�I,M�DF[-K�@PI,H]I9E]mCB9HCQRS-MFM\K&`tDcNR=¡r�[-E]N.I9@�DcE>T�S-T Qs[-I,E>Q&K�I9}�@CB9MFB9T_KxDcKRMFNnN\[-I,S-H>m�@-M\I��6E>m-K�Dc[�K �9Kxv
}�I,M�E>T_@�MFI:�,KRm�E>`tDcK&M\`CB9H�B9`�m�K �6DcK&M\`CB9H�T_B9�,`-KxDcE]Q�lCK&H>m%T IAm�K&H]NR=

�w` NFS�T_T_B9M\v�
9NeDsB/DFE]N\DFE]Q&B9HAT KRDF[-I6m-N B9M\K.E]T @PI,M\DcB9`tD�DFIAI9H]N�}�I,M!DF[-K.@-M\IAQRK&NFN\E]`-�XB/`-m E]`tDcKRMF@-M\KRDcB/DcE>I,`
I9}.�,McBZ�6E>Dwv�B9`-m�TfB/�,`-KRDFE]Q mCB/DcB�=2r�[-KfNeDcMcB/E]�,[tD\� }�I,M\JnB9M\m
B9`CB/H>v6NFE>NWI9}.NF@CB/DFEGB9H¡@PI:JnKRM�NF@PK&QxDcMFB B9`-m
DF[-K&E>M��/B9M\E]I,�,MFB9T�QRI,S-`tDcKRMF@CB9MeDcNL@-MFI:�6E]m-KRNnE>`�}�I,MFT_B/DFE]I,`�I,`_NFI,S-M\Q&K�@-B9McB9T KRDFK&M\NnB9`�m�`-I,E>NFKOH]KR�9K&H>N&= �w`
DF[-KXE]`t�,KRMFNFE>I,`2I9}!T_K&B9NFS-M\K&m�mCB/DcB 
-Dc[-KXE>`-Q&H>S-NFE>I,`�I9} @1I:JLK&MbNF@PK&QxDcMcB B9`-m2�/B9MFE>I,�,MFB9T_NnB9NbN\DcB/DcE>N\DcE>QZB9H
QRI,`-N\DFMcB9E>`tDcN�I,`7Dc[�KVT I6m-K&H^@-B9McB9T KRDFK&M\N�H]KZB/m-N.DcI�@-[tv6NFE>QZB9H>H>v_T_K&B9`-E]`��9}�S-H N\I,H]SADcE]I9`-N&= ª«[�E]H]KaNeDsB/DFE]N �
DFE]QZB/H1DcKRQs[-`-E � S�K&N�B9MFKaN\I,T_KxDcE>T_KRN.MFKR�tB9MFm�K&m�B9NbE]`CB/Q&Q&S�McB/DFKaB9`-m�S-`-M\K&H]E]B9~-H>K�
 �LN\[-I:J [-KRMFKaDc[CB)D�Dc[-Kxv
QRI,T_@�H]K&T K&`tDbI9DF[-K&M�DFK&Qs[-`-E � S-K&N�E>`2�,McBZ�6E>Dwv2B/`-m�T_B9�,`-KxDcE>Q�TfB/@-@-E]`�� 
-H]K&B9m-E>`-� DcI NFE]�9`-E>lCQ&B9`tDb�tB9E>`-N
E>`�M\K&N\I,H]S�DFE]I,`2B/`-m�B/Q&Q&S�McB9Qxv,=

|



� � ��� ��� � �

� � � � ������� �!� 		� � � �
��� �
� � ��� � �§� ��� �d� �

� � �d� � � ��� � � 		� ���o� � �

r�[-K&M\K%E>N�B9` E]`-QRMFK&B9NFE>`-��E]`tDcKRMFK&NeD E]` NF@�[-K&M\E]QZB/H�[CB9MFT I,`-E>QfJb[-I,H>K ��B/M\Dc[ T IAm�K&H]N I/}��/B9M\E]I,S-N��,K&I/�
@-[tv6NFE]Q&B9HO@CB9McB/T_KxDcK&M\N&= ��`�E>`tDcK&M\K&NeDcE]`���Qs[CB9MFB9QRDFK&M\E]N\DFE]Q�I9}aDc[�K&NFK%T_I6m-KRH]N E]N�Dc[-KRE]M NF@CB/DFEGB9Hb@PI:JnKRM
NF@PK&QxDcMFS�T ¦ �XB9S�HGB 
�<:�,y,�,©bJb[-E>Qs[ TfBZv�MFKx�,K&B9H E>T_@PI,M\DcB9`tD�@�MFI,@PK&MeDcE]KRN�I9}8DF[-K�S-`�m-K&M\H>v6E]`-�f�,K&I,@�[(v6N �
E]Q&B9H�@-MFI6Q&KRNFNFKRN&= �CI,MOKx��B9T @-H]K!
1Dc[�K���B9S-KRMFN\~1KRMF�,KRM��9¤
I:JnKRNX�,K&I,T_B9�,`�KRDcE>QWN\@1KRQRDFMFS-T ¦+¤
I:JnKRN�
8<:�,�/z��
¤�B9`-�,KRH8B9`-m �8N\DFK&N�
L<:�9|ti,©�QRH]KZB/MFH>v�E>`-m-E]Q&B/DcKRN�Dc[�K m�I,T_E>`CB9`-QRK�I9}�Dc[�K TfB9�9`-KRDFE]Q�QRI,MFK�l-K&H]m B/D�H]I,`-�
J.BZ�9K&H]KR`-�9DF[-NOB9`-m�Dc[�KaQ&MFS�N\DsB/H^TfB/�,`-KRDFE]QOlCK&H>m2B/D�NF[�I,M\D.JnBZ�,KRH]K&`��9Dc[-NR=L�.D\DcKRT_@�DFN�[CBZ�,Ka~PK&KR`�T_B9m-K
DcIXE]`A}�K&M DF[-KbNF@PK&QRDFMFS-T�I9}1DF[-KbQ&M\S-N\DcB9HCTfB/�,`-KRDFE]Q�lCK&H>m�}�M\I,T�NeDsB/DFE]NeDcE]Q&B9H�T I6m-K&H>N I9}PDc[-KbQ&M\S-N\DcB9HCT_B9�/�
`-KRDFE]¢&B/DcE>I,`�¦��,B9Q
�(NFI9`

 <:�9�,y��P�%Q&¤�KRIAm 
!<:�9�,y��P��B9S�N�KRD�B9H+=�

<Z�,�t�,© =��%Q&¤�KRIAm4B9`-m��nI,H]KRTfB9`�¦e<Z�,|,Yt©
m-K&M\E>�9K&m2Dc[-Ka@PI:JnKRMON\@1KRQRDFMcB I9}!TfB9�9`-KRDFE]Q�l-K&H]m7�9K&QRDFI,MbQ&I,T @PI,`-K&`tDFN�I,`�B:�9K&MFB9�,KX�,MFK&B/DbQ&E>MFQRH]K&Na¦#Q&E>Me�
Q&H>K&NaJbE>DF[�DF[-K�NcB9T K m-E]B9T_KxDcKRMXB9NaDc[-K�NF@�[-K&M\K:©�}�MFI,TUDc[-K�NF@�[-K&M\E]QZB/H8[CB9MFT I,`-E>Q�Q&I6K�� QRE]K&`tDFNWI9}�Dc[�K
TfB/�,`-KRDFE]Q2@PI9DcKR`(DFEGB9H+= � 	{¨nMFE]B9` KxD�B/H =O¦e<Z�,�,�t©�E]`t�9K&M\D Dc[�K&NFK%MFKRHGB/DFE]I,`-N DFI�K&NeDcE>TfB/DFK7Dc[-K���B9S-KRMFN �
~1KRMF�,KRM��9¤
I:JLK&NXNF@PK&QxDcMFS�T�}�MFI9T��,KRQRDFI,MaQ&I,T @PI,`-K&`tDXB/K&MFI9TfB9�9`-KRDFE]Q�N\S-M\�9KRv�H>E]`-KRN�I:�,KRM�Dc[-K I6Q&K&B9`-N&=
?A@-[-KRMFE>QZB9HC[CB/MFT I,`-E]Q��9McBZ�6E>Dwv @PI9DcKR`tDcEGB/HCNF@PK&QRDFMcBV[CBZ�,K�~PK&KR`fKRN\DcE>TfB)DcK&m }�M\I,T��,MFB:�6EuDwv B9`-I,T_B9H]E>K&N I9`
HGB9`�m ¦ �CI,M\NF~PK&M\� 
n<:�9|9z(© 
 B9`-m�}�M\I,T NcB/DFK&H>H]E>DFK�B9H>DFE]T KRDFM\v mCB)DsB�I9}nDc[-K_IAQRKZB9`
�9K&I,E>m ¦+¥OB9@-@ 
.<:�,|,y,©x=
�w` B_NeDcS-mAv�I,`%Dc[-KWm-K&Q&B:v%I9} DFI,@PI,�,McB/@-[tv�B/`-m4�,KRI,E]m%NF@PK&QRDFMcBfI/} Dc[-K �¡B9M\DF[

^¥OB9@-@
¦e<:�,|9�t©bS�NFK&N�B
NF@PK&QxDcMcB/HCm-K&`-N\E>Dwv�I,~ADsB9E>`-K&m }�MFI9T�m-E>�6E>m-E]`-��Dc[-KOS-NFS-B9HCNF@-[�K&MFE>QZB9HC[-B9MFT I,`-E>Q.Q&I6K�� Q&E>K&`tDLNF@PK&QRDFMFS-T ~tv
Dc[-KVJ.BZ�9K&`(S-T�~PK&M��1=br�[-E>N � SCB/`(DFE>Dwv�E]NOE]`�m-K&@PK&`-m�K&`tDaI9} DF[-K�N\@-[-KRMFE]Q&B9H�McB9m-E>S-N�B9`-m%JnB9N�I9MFE]�9E]`CB9H>H>v
m-KRl-`-K&m ~tv�r!S-M\Q&I9D\DcK%¦e<Z�,|t�,©ODFI7Q&I,T @CB9M\K�DcI,@PI,�,MFB9@-[tv B/`-m��9K&I,E>m NF@PK&QRDFMcB2I9}�Dc[-K��¡B9MeDc[

!�%I6I,`


�¡K&`(S-NVB9`-m���B/MFN&=��nI,MFM\K&N\@1I,`�m-E]`-�2B/¢&E]T�S�Dc[CB/H]H>v2N\S-T T_KRm QRMFI,N\Ne��NF@PK&QRDFMcB9H8m�K&`-N\E>DcE>K&N�}�I9M�NF@-[�K&MFE>QZB9H
B9`-m @-HGB/`-K�Q&I6I,MFm-E>`CB/DFK&NaJnKRMFK_m-KRlC`�K&m
~tv��%Q �XKR`-¢&E>K ¦ <:�,�9z(©�DFI%NeDcS-mAv DF[-K B9m-T E>D\DsB9`-QRK�~1KxDwJnKRK&`
DcI,@PI,�,MFB9@-[tv2B9`�m��,MFB:�6EuDwv7I,`���B/M\Dc[�B9`-m �¡K&`(S-N&=nr�[-K�B/m-T_EuDFDcB9`-Q&K���¦ � ©.E]Nbm-KxlC`-K&m4B9N�Dc[-KXDcMFB9`-Ne�
}�K&M�}�S-`�QRDcE>I,` E]`��� ¦ � © ����¦ � © �! ¦ � © 

Jb[-KRMFK"�� B9`-m �! B/MFK Dc[-K �CI,S-M\E]KRM�DcMFB9`-N\}�I9MFT NaI9}n�9McBZ�6E>Dwv�B9`�m
DcI,@PI,�,MFB9@-[tv 
�MFK&N\@1KRQRDFE>�,KRH>v�
1B/`-m � E>N.Dc[-KaJnB:�9KR�9K&QRDFI,M&=

r�[-K�NF@�[-K&M\E]QZB/H [CB9M\T_I9`-E]Qb@PI�JLK&MnNF@PK&QRDFMFS-T QZB9`f~1K�N\K&KR`2B9NLDF[-K��,H>I,~CB9HPBZ�,KRMcB9�,K�I9}�B�H>IAQ&B9H�NF@CB)�
DcE]B9H @PI:JnKRMWN\@1KRQRDcM\S-T�= r�[�E]NXH]I6QZB9H!@1I:JLK&MVNF@PK&QxDcMFS�T E]NXB7Q&I,`tDFE]`(S-I,S-N � SCB9`tDcEuDwv4Jb[-E>Qs[�E>Nam-KRlC`�K&m
� ����������� 
-[-K&`�Q&K�
�EuD�Kx�AE]NeDcNbE]`�m-K&@PK&`-m�K&`tDcHuv7I9} B9`tv7T_K&B9NFS�MFK&T K&`tDFNbDF[CB/DbT_BZv�[CBZ�,KX~PK&KR`%T_B9m-KXB9`�m

�



E>`-m-K&@PK&`�m-K&`tDcHuv I9}�DF[-K2Qs[-I,N\K&`�QRIAI,M\m-E]`-B/DcK2N\v6NeDcK&T�= ��D_E]N `�I9D Kx�A@1KRQRDFK&m�DcI ~PK�NeDsB/DFE]I,`-B9M\v I:�9K&M
DF[-K�NF@-[-KRMFK!
8B9NaDc[-K E]`tDFK&MFT K&m�EGB/DFK�DcI2NF[-I9M\DVJ.BZ�,KRH]KR`-�9Dc[��9B/MFEGB/~-E]H>E>Dwv�I9}nB��,KRI,@-[tv6NFE>QZB9H¡@CB9MFB9T KRDcKRM
S-N\SCB9H>H>v Qs[CB9`-�9K&N�JbE>DF[7H]I6QZB/DFE]I,`

(K/={�-=�
-~PKRDwJLK&KR`%I6Q&K&B9`-N�B9`�m�QRI,`tDcE>`-K&`tDcNR= �w`�Dc[-E>N.NFKR`-NFK!
-Dc[-Ka�,H>I,~CB9H
N\@-[-K&M\E]Q&B9H�[CB9M\T_I,`�E]Q�N\@1KRQRDcM\S-T T_B:v�NFKRM\�,K�B9N�B9` K&NeDcE]T_B/DFK�I9}�DF[-K2H]I6QZB9HLNF@CB)DcEGB/H.NF@PK&QxDcMFS�T B9`-m
Q&B9`�~PK�Q&I,T @CB9M\K&m JbE>DF[�NF@PK&QRDFMFS-T KRN\DFE]T_B/DcKRNX}�M\I,T�H>IAQ&B9H �9MFE]m�N�DcI�N\DcS�m�v MFKR�,E]I9`CB9H �/B9M\EGB9~-E>H]EuDwv2E]`
B �,H>I,~CB9H^QRI,`tDcK �AD�¦ �n[-B9@�DcKRM�i,©x= �CI,M.Dc[�E]N�@-S-M\@1I9NFK�
 �Lm-KRlC`�KWN\@-[-K&M\E]Q&B9H
[CB9M\T_I,`�E]QaB9`�m%@-H]B9`-KaN\@1KRQx�
DFMFS-T�KRN\DFE]T_B/DcI,M\N Jb[-E]Qs[_B9M\KOQRI,T @CB/DcE>~-H]K!
9M\K&�tB9M\m-H]KRNFN¡I9} Q&I6I,MFm-E>`CB/DFK.N\v6N\DFK&T I,M\E]K&`tDcB/DcE>I,`

,N\@-[-K&M\E]Q&B9H
MFB9m-E]S�N�
P�,MFE>m%N\E]¢&K!
^B9`�m�NcB/T_@-H>E]`-� E]`tDFK&M\�/B9H+=.ª«[-E]H>KVDF[-K�@�HGB9`-KVNF@PK&QxDcM\S-T�KRN\DFE]T_B/DcI,MbM\K&NFKRT�~-H>K&N�DF[-K
QRI,T_T I,`-HuvXS�DcE>H]E>¢&K&mW@-HGB/`-K.B9¢RE]T�SADc[CB9H>H>vVBZ�,KRMcB9�9K&m � McB/m-EGB9H � N\@1KRQRDFMFS-T ¦ ?A@PK&QxDcI,M¡B9`�m �XMFB9`tD�
-<:�,�9Yt© 

DF[-K�`-KRJ N\@-[-K&M\E]Q&B9H8NF@PK&QxDcMFS�T KRN\DFE]T_B/DcI,Mam�E��1K&MFNa}�M\I,T�Dc[�K_S-N\SCB9H¡NF@�[-K&M\E]QZB/H8[CB9MFT I,`-E>Q Q&I6K�� Q&E>K&`tD
N\@1KRQRDcM\S-T I9}�m-K&�9MFK&K���~tvfBW}#B9QxDcI,M������^¦ i	��
 <�©�����
��Z= �¡B9H>NFIWm-KRlC`�KaB�T_B9�,`-KxDcE]QblCKRH]mf�9K&QRDFI,M.N\@1KRQx�
DFMFS-T Jb[-E]Qs[ Q&B9` ~PK�K&NeDcE]T_B/DFK&m�}�M\I,TUDFI9DsB/H!E>`(DFK&`-N\E>Dwv%mCB/DcBfS-`-m-KRM�Dc[-K�B9NFN\S-T_@ADcE]I9`4I9}LBf@PI,H]I,E>mCB9H
B9`�m�@-MFE>TfB/MFE]Huv�m�E]@PI,HGB9M�l-K&H]m = r�[-K%�9B/H]E]m�E>Dwv B/`-m B9QRQ&S-MFB9QRv I9}�DF[-K%DF[-K&I,Mev E]N m-K&T I,`-NeDcMcB)DcK&moE]`
DFK&N\DFN�
nJb[�K&MFK%NF@-[�K&MFE>QZB9Hb[CB/MFT I,`-E]Q7N\@1KRQRDFMcB�B/MFK2Q&I,T @CB9M\K&m JbE>Dc[ @-H]B9`-K2NF@PK&QxDcMcB I9}�I9`-K�B/`-m DF[-K
NFB9T_K�}�S�`-QRDFE]I,`^=

����� ����������� �!�#"%$'&)(+*��#&),-��(�.0/
¤
KRD21«~1KXDc[�K�NFQ&B9HGB/MO�9K&I,@-[tv6NFE>QZB9H�@CB9MFB9T KRDcKRMOJLK�B/MFKVE]`tDcKRMFK&NeDcKRm4E]`^= �CI,MbK �-B/T_@-H>K�
CDc[�E]NOQ&I,S-H>m�~PK
DF[-KLDFI,@1I9�,McB9@�[-E]QLB9H>DFE>DFS-m-K�
)�,MFB:�6EuDwv�B/Q&Q&KRH]KRMcB/DFE]I,`

)I,M�Dc[-K�DcI9DcB9H(E]`tDcKR`-NFEuDwvWI/}CDc[-KLTfB9�9`-KRDFE]Q¡lCK&H>m^=�ª�K
JLI,S-H>mfH]E �9K�DcI � SCB9`tDcEu} v DF[-KONF@CB/DFEGB9HC�/B9M\EGB9~-E>H]EuDwv�I9}31 I9`fNFI9T_K�B9MF~�E>DcMFB9MFE>H>vWQ&S-Me�,KRm

-~-S�DnMFK&B9NFI,`-B9~-H>v
N\T_I6I9Dc[_NFS-Me}#B9Q&K/= ��M\I,T B�NeDsB/DFE]N\DFE]Q&B9H1@PI,E>`(DLI9}
�6E]KxJ 
�1�¦54 �76 4 � ©�E]NnB�NFQ&B9HGB/MnMcB/`-m-I,T lCKRH]m�¦98LB9�,H]I9T�

<:�9|,yt©x= r�[-K&`

:1�¦54 �76 4 � ©�[-B9NOB9`2Kx�A@1KRQRDFK&m��/B9H>S-K%;=<	1�¦54 �>6 4 � ©>? 
CB9`�m�B��/B9MFE]B9`-QRK

;�<A@B1�¦54 �>6 4 � ©�CD;=<	1�¦54 �>6 4 � ©E?�F � ? �G;�<	1�¦H4 �76 4 � © � ?ICJ;�<	1�¦H4 �76 4 � ©>? � � ¦ <,=u<�©
r�[-K � SCB9`tDcEuDwv=;=<	1�¦54 �>6 4 � ©K��?�NF[CB9H>HC~1KbM\KR}�K&M\MFKRm_DcIWB9N8Dc[�K�K ��@PK&QxDcKRm�@1I:JLK&MR=8r�[-E]N¡Kx�A@PK&QxDcK&mf@1I:JLK&MQ&B9`W~PK8JbMFEuDFDcKR`�B/N B9`XE>`(DFK&�,MFB9HtI9}ADc[-KLi9� @1I:JLK&M�NF@PK&QxDcMcB/H6m�K&`-N\E>DwvML_¦�� �>6 � � © I:�,KRM!DF[-KLi9� JnBZ�,KR`6S�T��~PK&MWm-I,T_B9E]`o¦�� �>6 � � © = ��NFE>`-�4KRN\DsB/~-H]E>NF[-KRm�DcKRMFT N�I9}nDc[-KfB9@-@-H>E]K&m�H]EuDcK&MFB/DcS�MFK�
 �aNF[-B9H]H¡MFKx}�K&MVDcI%DF[-K
@PI:JnKRM�NF@PK&QxDcMFB9H�m-K&`-N\E>DwvNL_¦�� �>6 � � ©bB9N�B_@PI:JnKRM�NF@PK&QxDcM\S-T I,M � S�N\D�NF@PK&QRDFMFS-T�=�r�[-KR`�Dc[-KVKx�A@PK&QxDcK&m
@PI:JnKRMOE>N�MFKRHGB/DFK&m2DcI Dc[-KXN\@1KRQRDcM\S-T B9N

;=<	1�¦54 �76 4 � © � ? � OQP� P
OQP� P

Lf¦ � ��6 � � ©3R � � R � � ¦ <,=qi,©
� OQPS O �UTS L_¦��nQRI,N:V 6 �nN\E]`-V ©3RWV �XR � 6 ¦ <,={ht©

Jb[-KRMFK � �ZY � �� 
 � �� E]N
Dc[�K�JnBZ�,K&`(S-T�~1KRM T_K&B9NFS�MFK&m�E]`VMcB9m-E]B9`-N�@PK&M �6T 
/B9`-m V7E>N�DF[-KnB/¢&E]T�S�Dc[^= �w`
QRI,`tDcMcB/N\D.DFIWDc[�K�J.BZ�9K&`(S-T�~PK&M�
-Dc[-KaB/¢&E]T�S�Dc[_m-K&@PK&`-m�N�I,`fDc[�K�I,MFE>K&`tDsB)DcE]I9`_I9}
DF[-K�H>IAQ&B9H�Q&I6I,MFm-E>`CB/DFK
NevANeDcKRT%=8r�[-KRMFKXB9M\K�DF[-MFKRK�@1I9NFNFE>~-E]H>E>DFE]K&N DFI�m-KxlC`-KXB�M\K&m-S�Q&K&m7@PI:JnKRM.NF@PK&QxDcM\S-T'L_¦��-© Jb[-E>Qs[7E]N�I,`-H>v
BX}�S-`-QRDFE]I,` I9}^DF[-K�JnBZ�,KR`6S�T�~1KRM�B9`-m_E]`-m�K&@PK&`-m-KR`tD�I9}^DF[-K�B/¢&E]T�S�Dc[^= r�[-KRv_B9M\K�H>E]N\DFK&m_E]` r B9~�H]KV<,=><9=
r�[-KVB9¢RE]T�SADc[CB9H>H>v E]`tDFK&�,MFB/DcKRm%N\@1KRQRDcM\S-T

<:Y



r!��¨.¤ � <,=>< �Wr�[-M\K&K_Q&I6I,MFm-E>`CB/DFK E>`-m-KR@1KR`-m-K&`tD�NF@CB/DFEGB9H8N\@1KRQRDFMcB4B9M\K_m�KRlC`-KRm
E]`�Dc[�K_lCM\N\DWQ&I,H>S-T_`
B9`-m�Dc[-KRE]MbMFKRHGB/DFE]I,`�DFI_Dc[�KWK ��@PK&QxDcKRm4@1I:JLK&M�E]Nb�,E>�9K&`%E]`7Dc[-KVNFKRQ&I,`�m4Q&I,H>S-T `^=nr�[-KXlCM\N\D�NF@PK&QRDFMFS-T
NFH>I,@1KRN�S-@tJnB9MFm }�I,MOJb[-E>DFK�`-I9E]NFK!
1Jb[-E>H]KXDc[-KWDc[-E>MFm4E>N�E>T_@-MFB9QRDFE]Q&B9H =O¥bK&T_B9E]`-NbDc[�K�NFKRQ&I,`-m4Jb[�E]Qs[ E]N
B9m��9IAQ&B/DcKRm%[-KRMFK/=

m�KRlC`-EuDcE>I,`7I9}�L � ¦ �-©.MFKRHGB/DFE>�,K�DFI=Lf¦ � ��6 � � © ;=<	1�¦54 �76 4 � © � ? Dwv6@1K
L � ¦ �-© � �UT� S L_¦��nQ&I9N:V 6 �nN\E]`�V © R V P� S L � ¦ �-© R � B9¢9=8E>`(DFK&�,MR=
L � ¦ �-© ��UT �UT� S Lf¦ �nQ&I,N:V 6 �nNFE>`2V © R V P� S L � ¦��-©�i�� �)R � B/¢9=¡BZ�P=ni/�
L���¦ �-© ��UT �UT� S P�� P

L_¦��nQRI,N:V�C
���� N\E]`-V 6 �nNFE>`-V�
 ���� Q&I,N:V ©3R ���� R V i P� S L��:¦��-©3R � B/¢9=¡BZ�P=O<Z�

L � ¦ �-© � �-O �UTS L_¦��nQRI,N:V 6 �nNFE]`�V © R V ¦e<9={z(©
E]Na@PI,@-S-H]B9M�E>`�Jb[�I,H]K��¡B9MeDc[ N\DcS�m-E]KRN&=���DcNXT_B � I,M�N\[-I,M\DFQ&I,T E]`��7E]N�Dc[-B/DVE>DcN�Jb[�E>DcK `�I,E]N\K NF@PK&QRDFMFS-T
NFH>I,@1KRN�S-@tJ.B/MFm^=�� ~1KxDFDcKRMbI,@�DcE>I,`

6Dc[-KRMFKR}�I9MFK�
�E>N.DcI BZ�,K&MFB9�,KVI:�,K&M�DF[-KVB9¢&E>T�S�Dc[�B9NbE>`

L � ¦ �-© � <
i�� O �UTS Lf¦ �nQ&I,N:V 6 �.NFE>`-V ©3R V � ¦e<9=jp,©

r�[-E]NVB9¢RE]T�SADc[CB9H>H>v%BZ�,KRMcB9�,KRm
i/� N\@1KRQRDcM\S-T E]Na@PI,@-S�HGB9M�E>`�H]I6QZB9H!N\DcS�m-E]KRN&=���NVB�Dc[-E>MFm�@PI,NFN\E]~-E>H]E>Dwv�

I,`-K Q&I,S�H]m S-NFK Dc[-K Kx�A@PK&QRDFK&m <:� NF@PK&QxDcMFS�T }�I9MWB/`
B9M\~-E>DFMcB9M\E]H>v%I,M\E]K&`tDFK&m�@�MFI9lCH>K9= �w`tDFMFI6m-S-Q&E>`-�%B
Q&I6I,MFm�E]`CB/DFK�N\v6NeDcK&T£¦H4 � � 6 4 � � © 
CM\I9DsB)DcK&m2QRI,S-`tDcKRMe�wQRH]I6Q
�tJbE]NFKV~tv�Dc[�KWB/`-�,H]K%V B/N

¦54 �76 4 � © ��¦54 � � Q&I,N V C 4 � � N\E]`�V 6 4 � � N\E]`-V�
D4 � � QRI,N V © 6 ¦e<9=qyt©
Dc[-KONFH>E]QRK.Dc[-KRI,MFKRT�¦#k B9M �9KRMnB9`�m � 	q¨LMFE]KR`

�<:�,�t� 
tK � =�<�i,© �,E>�9K&N¡Dc[-KONF@PK&QxDcM\S-T L���
	 ¦ � � � © }�I9MLBX@-M\I9lCH]KI,MFE>K&`tDcKRm%E>`�Dc[-KX4 � � ��m-E]M\K&QRDFE]I,`2B/N

L ��
	 ¦�� � � © � O P� P
L ���	 ¦ � � � 6 � �� ©3R � �� ¦e<9=j�,©

� O P� P
Lf¦ � � � Q&I,N:V�C � �� NFE>`�V 6 � � � NFE>`-V�
 � �� Q&I,N:V ©3R � �� � ¦e<9=q|t©

���9K&McB/�,E]`-��I:�,KRM�B/H]H I/}!DF[-KX@1I,N\NFE>~-H]Ka@-M\I9lCH>Kam-E]M\K&QRDFE]I,`�N-V �9E>�,KRN
L��)¦ �-© � <

i�� O �UTS O P� P
L_¦��nQRI,N:V�C
� �� N\E]`-V 6 �nNFE>`-V�
 � �� Q&I,N:V ©3R � �� R V � ¦e<9=q�t©

��I:JLKR�,KRM�
 DF[-E]NVB9¢RE]T�SADc[CB9H>H>v�BZ�,K&MFB9�,KRmo<:� NF@PK&QRDFMFS-T E>NVE>T_@�McB9QxDcE]Q&B9H!DFI%KRN\DFE]T_B/DcK/=_r�[(S-N�
 m-KxlC`-Eu�
DcE>I,` ¦e<,=qp,©LDFS-MF`-NOI,S�D�DFI�~1KaDc[�KV~PK&NeDOI,@�DcE>I,`7}�I,MbB Q&I6I,MFm�E]`CB/DFKaE]`-m�K&@PK&`-m-KR`tD�N\@1KRQRDcM\S-T�=

��I9M�TfB9�9`-KRDFE]Q�@PI:JnKRMON\@1KRQRDFMcB�E>D�[CB/N�B/m��/B9`tDsB9�,KRN�DcI�S-NFKaDF[-KX�,K&I,T KRDFMFE>Q�T_K&B9`

-E>`-N\DFKZB9m�I9}�Dc[�K
B9MFEuDc[-T KRDFE]Q�T KZB/`

LE>` Dc[-K�B9¢RE]T�S�DF[CB9HnB:�9K&MFB9�,K�I9}�K � =�¦ <,=qp,©7¦#N\K&K��n[CB9@�DFK&M_h 
L@ =8z(i,©x= �OI:JnKx�,K&M�

Dc[-E>N_QRI,T @-H]E>QZB/DFK&N Dc[-K%`-I,M\TfB9H>E]¢&B/DcE>I,` I9}�DF[-K�N\@1KRQRDcMFB
B9QRQ&I,M\m-E]`-��DcI�K � =�¦ <,={ht©x=«r�[-KRMFKR}�I9MFK�
.DF[-E]N
@1I9NFNFE>~-E]H>E>Dwv NF[-B9H]H^`�I9DO~1KX@-S-M\NFS-KRm%}�S-MeDc[-KRMb[-K&M\K9=

<,<



ª«E>DF[2m-KRlC`�E>DcE>I,`�¦e<,=qp,©LDF[-KXKx�A@1KRQRDFK&m�@PI:JnKRM�Q&B9`2~1KaJbM\E>DFDFK&`%B9N
;�<	1�¦H4 �76 4 � © � ? � O PS L � ¦��-©
i	� �)R � � ¦ <,=><ZYt©

��B9H>S-K&NnI9} L � ¦ �-©LQZB/MFM\v_Dc[-KaS�`-E>DFN%@B1 F � �6T � 
6Jb[-E]Qs[�B9M\K�Dc[-KaS-`�E>DcNnI9}!B�i9� @1I:JLK&MbNF@PK&QxDcMFB9H^m-KR`-NFEuDwv
¦#kL?A�X©x=Pr�[-K�B9¢RE]T�SADc[CB9H>H>v2BZ�9K&McB/�,K&m @PI:JnKRM�NF@PK&QxDcMFS�T+L � ¦��-©bQZB9`�~1KWK&N\DFE]T_B/DcKRm%}�M\I,T mCB/DsB_�,E>�9K&`
E>`_B/`(v�Q&I6I,MFm-E>`CB/DFK�N\v6N\DFK&T B9`-m�Dc[(S-N¡@-M\I��6E>m-K&NLBaS-`-E>�9K&M\NcB9H>H>v QRI,T_@-B9McB9~�H]K.T KZB9N\S-MFK�}�I,M DF[-KbNF@CB)DcEGB/H
�/B9M\EGB9~-E>H]EuDwv_I/} 1�=���M\I,T I,`�KWH>IAQ&B/DcE>I,`7DcI_B9`-I9DF[-K&M�
�DF[-E]NONF@-B/DcE]B9H
NF@PK&QxDcMFS�TUQ&B9`%�/B9Mev2�,McB/m-SCB9H>H>v 
�E]`
DF[-K�NFKR`-NFK DF[CB/D�DF[-K�JnBZ�,K&H>K&`-�/Dc[ I9}8�/B9MFE]B/DcE>I,`-NOE]`0L � ¦��-©OT�S-N\D�~1K�H>I,`-�_Q&I,T @CB9M\K&m4JbE>DF[�i�� � �1=a�}�S-H>H�}�I9MFT_B9H m-KxlC`-EuDcE]I9`4I9}�`-I,`A��N\DcB/DcE>I,`CB9Mev�N\@1KRQRDcMFB7QZB9`�~PK�}�I,S-`-m E>`�k¡M\E]KRN\DcH>KRv�	 Na~1I6I ��¦e<:�,|A<�©x= ��D
E>NnE]T @PI,M\DcB9`tDLDFI�~1K�B:JnB9M\KaI9}
Dc[-K�m-E��1K&M\K&`-QRK�~1KxDwJnKRK&`2Dc[-K�H]I6QZB9HPNF@CB)DcEGB/H1@PI:JnKRM.NF@PK&QxDcMFS�T B9`-m�DF[-K
KRN\DcE>TfB)DcI,M\NXDF[-K&M\K&I9} = �ONFE]`���B9`�K&NeDcE]T_B/DFI,M�
�JnK_QZB9`�Q&I,T @-S�DFK�B9`�K&NeDcE]T_B/DFK I/}.Dc[-K NF@-B/DcE]B9H¡@1I:JLK&M
N\@1KRQRDcM\S-T 
-}�I,MbKx��B9T @-H]K�}�M\I,T @-H]B9`-K �CI,S-M\E]K&M�I9MON\@-[-KRMFE]Q&B9H
[CB9M\T_I9`-E]Q�QRIAK � Q&E]KR`tDcN&=Lr�[-KVK&N\DFE]T_B/DcKRN
JLI,S-H>m_~PKbE]m-KR`(DFE]Q&B9H�DcIXDc[�KbDFMFS-KONF@-B/DcE]B9H-NF@PK&QxDcM\S-T I,`-H>v�E>}PDc[-KbK ��@-B9`-NFE>I,`fQRIAK � Q&E]KR`tDcN¡JnKRMFK �6`�I�Jb`
B9QRQ&S-MFB/DcKRH>v�B/`-m DF[-KbNF@PK&QxDcMFS�T�JnKRMFKON\DsB)DcE]I9`CB9M\v�I:�,K&M¡Dc[�KOKR`tDcE]M\KOB9MFK&B 
tJb[-E]Qs[ NF[-I9S-H]m McB9M\K&Huv�~PKbDF[-K
Q&B9NFK/= �CI,MVKx��B9T @-H]K!
!DF[-Kf�,H>I,~CB9H8N\@-[-KRMFE]Q&B9Hn[-B9MFT I,`-E>Q N\@1KRQRDFMFS-T I9} �¡B9MeDc[�DFI,@1I9�,McB9@�[(v�I:�9K&MFKRN\DFEu�
T_B/DcKRN Dc[-K.DFMFS-K�N\@CB/DFEGB9HA@1I:JLK&M¡NF@PK&QxDcMFS�T I9}�DcI,@PI,�,MFB9@-[tv�E>`�Dc[-K ��KxDc[-KRMFH]B9`-m-N¡B9`�m S�`-m-K&M\K&NeDcE]T_B/DFK&N
EuD�E]`7Dc[�K �OE]T_B9HGBZv,B9N&=

r�I4BZ�,I,E>m
T E]Ne��E]`tDcKRMF@-M\KRDcB/DcE>I,`


@PI�JLK&MWNF@PK&QxDcMFS�T£KRN\DcE>TfB)DcI,M\NVN\[-I,S-H>m�~PKfE>`-m-K&@PK&`�m-K&`tD�I/}��,MFE>m
N\E]¢&K!
,NcB/T_@-H>E]`-�bE>`(DFK&Me�9B/H�B9`�m�NF@-[�K&MFE>QZB9H6McB/m-E]S-N�
/Jb[-E>Qs[ E]N�}�S-H>l-H]H]KRmWEu}-Dc[�KRv�B9MFK�`-I,M\TfB9H>E]¢RK&mWB9Q&QRI,MFm-E>`-�
DFI7¦e<9=><:Y,©x= �CS-MeDc[-KRMFT I,MFK!
6N\@CB/DFEGB9H>H>v�S�`-Q&I,M\MFKRHGB/DFK&mfJb[-EuDcKO`-I,E>NFKONF[-I,S�H]m�[CBZ�9K�B "�B)DnN\@1KRQRDcM\S-T�=¡B9NLE>N
DF[-K8QZB9N\K8}�I,M^Dc[-K�i/� B/¢&E]T�S�Dc[CB/H]H>v�BZ�,KRMcB9�9K&mVNF@PK&QRDFMFS-T B/m��,I6QZB/DFK&mX[-KRMFK�
/~-S�D�`-I/D
}�I,M
B9`VB9¢RE]T�S�DF[CB9H>H>v
E>`(DFK&�,MFB/DcKRm�N\@1KRQRDcM\S-T�=�r�[-E>N�QZB/`
~1K_NFKRK&` ~tv
B/¢&E]T�S�Dc[CB/H]H>v�E]`tDcKR�,McB)DcE]`���DF[-KfN\@1KRQRDcM\S-T Lf¦ � �E6 � � ©I,~ADsB9E>`-K&m7}�MFI9T B9@-@�H>v6E]`-� �a[-E>`-Qs[-E>`
	{N�}�I,M\T�S-H]B2¦H8LB9�,H>I,T 
1<:�9|,y 
-K � =¡z-=qp9yt©

Lf¦ � �E6 � � © � <
¦+i���© � O=P� P

OQP� P � � �������	�
�	����
���
�������� ¦�� �>6 � � ©3R�� � R�� � ¦ <,=><9<�©

DFI_B i9� Jb[-EuDcKX`-I,E>NFKXB9S�DFI/�wQRI,MFM\K&H]B/DcE>I,`f}�S-`-QxDcE>I,`�¦#�O���8©X¦H8LB/�,H]I,T 
P<:�,|,y 
�K � =¡z-=qy,i,©
����� ¦�� �>6 � � © ���A¦�� � ©���¦�� � © 6 ¦ <,=><:i,©

Jb[-KRMFK���E]Nb��E>McB9Q!	{N�m�K&H>DcB�}�S-`-QRDFE]I,` =
r�[-KXB9¢RE]T�SADc[CB9H>H>v BZ�,KRMcB9�9K&m � McB9m�EGB9H � @PI:JnKRMON\@1KRQRDFMcB Q&I,T T I,`-H>v�S�NFK&m�E]`�B9@-@-H>E]K&mf�,McBZ�6E>Dwv�B9`-m

T_B9�,`-KxDcE>Q&NX[CBZ�,KfB#"�B)DWJb[-EuDcK�`-I,E>NFK NF@PK&QxDcMFS�T�
!~-S�DWTfBZv [CBZ�9K_DcI�~PK_T�S�H>DcE>@-H]E>K&m ~tv B%QRI,`-NeDsB9`tD
�,M\E]m m-KR@1KR`-m-KR`(D�}#B9QxDcI,M8E>` I9MFm-KRM¡DFIa}�S-H>lCH>H^¦ <,=u<:Yt©x= �w` QRI,`tDcMFB9N\D�
(DF[-KbNF@-[�K&MFE>QZB9HC[-B9MFT I,`-E>Q.Q&I6K�� Q&E>K&`tD
N\@1KRQRDcM\S-TgS�NFK&m7E>`fJb[-I,H>K �¡B9MeDc[7N\DFS-m-E>K&NX¦ �VB/S-HGB 
P<:�,y,� ��¤
I:JLK&N�

<Z�t�/z(©8NFH>I,@1KRN.S-@tJnB9MFm7}�I,MnBWJb[-E>DFK
`-I9E]NFK�B9`-m4Q&B9`4I,`�H>v�~1KWS�DcE>H]E>¢&K&m2DcIfQ&I,T @CB9M\KW�/B9MFE]B9~-E>H]E>Dwv�B9T I,`-�fK � SCB9H]Huv2NFE>¢&K&m N\@-[-KRMFK&N�
^~PK&QZB/S-NFK
DF[-K NF@CB/Q&E]`��7I9}¡Dc[-K m-KR�,MFKRK&N)��E]`4Dc[�K�J.BZ�,KR`(S-T�~PK&MVm-I,T_B9E]`%Qs[CB9`-�,KRNaJbE>Dc[4DF[-K NF@�[-K&M\E]QZB/H McB9m�E]S-NR=
¨nI/Dc[4N\[-I,M\DFQ&I,T E]`��,N�Q&B9` ~PK�BZ�,I,E>m-K&m�~(v%S-N\E]`-��N\@-[-KRMFE]Q&B9H [-B9MFT I,`-E>QWN\@1KRQRDcM\S-TUK&N\DFE]T_B/DcI9MFNbJb[-E]Qs[
QRI,T_@�H>v JbE>Dc[�m-KxlC`-E>DFE]I,` ¦ <,=qp,©.B9`-m�`-I,M\TfB9H>E]¢&B/DcE>I,` ¦ <,=><ZYt©x=

<�i



��������� ���
	���
���������	���
������
������� �!�"
$#%�����'&(
�)
� �"#*&%���+�,&%��

�w`2�,K&I6Q&KR`(DFMFE>Q�NF@-[�K&MFE>QZB9H @1I,H]B9MnQRIAI9MFm-E>`CB/DcKRNnJbE>DF[7McB9m�E]S-N 
 
-QRI,HGB/DFE>DFS-m-K�-�B9`-m2H]I,`��,E>DFS-m-K
.2JnKXQZB/`
JbMFEuDcKaB�N\QZB9H]B9Mn}�S-`�QRDcE>I,` 1 m-KRlC`�K&m2I,`�Dc[�KaNFS-Me}#B9Q&KaI9}�B�N\@-[-KRMFKaI9}�McB/m-E]S-N 
�B9N.B�NFS-T I9}�NF@-[�K&MFE>QZB9H
[CB9M\T_I,`�E]Q�QRI,`tDcMFE>~-S�DFE]I,`-N 1�/0 I9}!m-KR�,MFKRK%�aB9`-m%B9¢&E>T�S�Dc[-B9H I,M\m-K&M21�B9N

1�¦3- 6 . © � P4065 S 04/ 5 � 0 1 /0 ¦3- 6 . © 6 ¦e<,=u<:ht©

Jb[-K&M\K�E]`�Q&MFK&B9NFE>`-�f�/B9H>S-K&N�I9}��WQ&I,M\MFK&N\@1I9`-m4DcI�m�K&Q&M\KZB9N\E]`-�_J.BZ�,KRH]KR`-�9Dc[�N87 ��i��3
 � ¦9� 
 < � i9©x=�r�[�K
Q&I,`tDFMFE]~�S�DcE>I,`-NbB9M\KaI,M\DF[-I,�,I,`-B9H^E]`7DF[-KXNFK&`�NFKXDc[CB/D

9 1 /0 ¦3- 6 . ©K1 /�:0 : ¦6- 6 .1©<; � Y }�I9M �>=� � � I,M?1@=�$1 � 6 ¦e<,=u<Zz(©
Jb[-K&M\K 9�A ;.m-K&`�I9DcKRN�BZ�,KRMcB9�9E]`-��I:�,KRMODF[-KXNFS-Me}#B9Q&KVI9}�Dc[-KVNF@-[�K&MFK/= �ONFE>`-� DF[-KX�,H]I9~CB9H T KZB/`%@PI:JnKRM�B9N
B9`2K&NeDcE]T_B/DFI,MCB;Q< A ?V}�I9M.Dc[-KXH]I6QZB/H]H>v K ��@PK&QxDcKRm4@1I:JLK&MOB9N

B;�<	1�¦6- 6 .1© � ? � 9 1�¦3- 6 . © � ; � P4035 S 04/ 5 � 0 9 1 /0 ¦3- 6 . © � ; ¦e<,=u<�p,©

m-KRl-`-K&N B%m-E]N\Q&MFKxDcK�M\K&@-M\K&N\K&`tDsB/DFE]I,`�I9}�Dc[-K_K&NeDcE]T_B/DFK&m�H>IAQ&B9H¡@1I:JLK&M�E>`�DFK&MFT N�I/}�Q&I,`tDFMFE]~�S�DcE>I,`-NVI9}
m-K&�9MFK&K ��B9`�m�B9¢&E>T�S�Dc[-B9H!I9MFm-KRMD1 =V¤
KRDaS-N�Qs[-IAI9NFK�BfN\KRDaI9}�N\@-[-K&M\E]Q&B9H [CB/MFT I,`-E]QV~CB9N\E]N�}�S�`-QRDFE]I,`-N
� /0 ¦6- 6 .1©a¦+¨.B/Q
�6S�N�KxD�B/H =�
^<:�,�,y 
�@^=b<Zz-<x�s<Zz(i9©�JbE>DF[

� /0 � Y ¦ i	� 
 <�©�E 0 Q&I9NF1G.IHL /0 ¦#QRI,N�-,© 6 Y �J1 � � ¦e<,=u<:yt©
� �K/0 � Y ¦ i	� 
 <�©�E 0 NFE>`21G.LHL /0 ¦#QRI,N�-,© 6 < �M1 � � 6 ¦e<,=u<��,©

Jb[-K&M\KNE 0 ��<X}�I,MOB }�S-H]Huv�`-I,M\TfB/H]E]¢RK&m7~CB/NFE]N�
PB9`-mOE 0 ��< � ¦ i���
 <�©L}�I9MbDF[-K�?AQs[-T E]m�DO`-I,M\TfB/H]E]¢RK&m
~CB9N\E]N�Q&I9T_T I,`-HuvfS-N\K&m%E]`2TfB/�,`-KRDFE]QRN&= �OK&MFK!
CDc[-Ka}�S-`-QxDcE>I,`-N HL
/0 ¦QP�©.B9M\KVm�KRlC`-KRm4B9N

HL /0 ¦6P�© � RS TVU i � 0 �K/ �XW� 0 � / �XW L
/0 ¦QP�©�E>}�< �M1 � �
L 0 ¦QP�© E>} 1
� Y 6 ¦e<,=u<:|t©

Jb[-K&M\K=LY/0 ¦6P
©�B9MFK�DF[-K B9NFN\IAQREGB/DFK&m ¤
K&�,KR`-m-M\K�}�S-`-QRDFE]I,`�N ¦+¨.B9Q
�(S-NVKRDVB/H =�
 <:�,�,y 
^K � = h�=q�A=qi,©x=Vª«E>DF[
MFKRNF@PK&QRDODcI DF[-E]N�~CB/NFE]N�
Cm-KRl-`-KWN\@-[-KRMFE]Q&B9H
[CB9M\T_I9`-E]Q�QRIAK � Q&E]KR`tDcN �Z/0 B/N

1 /0 ¦6- 6 .1© � � /0 � /0 ¦3- 6 . © ¦e<,=u<:�t©
B9`-m2Dc[-KXm-E>NFQRMFKRDFKXMFK&@�MFK&N\K&`tDsB)DcE]I9`%I9}�Dc[�KVKRN\DFE]T_B/DcKRm�H>IAQ&B9H @PI:JnKRM�¦ <,=u<�p,©n~PK&Q&I9T_KRN

B;=<	1�¦3- 6 . © � ? � P4035 S 04/ 5 � 0 ¦ � /0 © � 9 � /0 ¦6- 6 .1© � ;
� P4035 S 04/ 5 � 0 ¦ � /0 © � E 0 � ¦e<,=qi9Yt©

<:h



�w`
¦e<,=qi9Yt©.JnKW[CBZ�,K B NFS-TUI:�,KRM�Dc[�K�B9¢RE]T�S�DF[CB9H
E>`-m-Kx�O1 
�}�I,H]H>I:JnKRm%~tv�B_NFS�TUI:�9K&M�DF[-K�[-B9MFT I,`-E>Q
m-KR�,MFKRK �/= �w`WQRI,`tDcMcB/N\D�DcI��!
�Dc[-KLB9¢RE]T�S�DF[CB9H,E>`-m-K �81�m-K&@PK&`�m-N I,`XDc[�KLI,M\E]KR`(DcB/DcE>I,`XI9}�DF[-K�Q&I6I,MFm-E>`CB/DFK
NevANeDcKRT%= ��N8E]`�m�KRlC`-EuDcE>I,`2¦e<9=jp,©�
/JLK�~1KRQ&I,T K.E>`-m-K&@PK&`�m-K&`tD¡I9}�Dc[�K.Q&I6I,MFm�E]`CB/DFKnNevANeDcKRT�~tv BZ�,KRMcB9�,E>`-�
I:�,KRM�Dc[-KVB9¢RE]T�S�DF[CB9H^E>`-m-K � 1 =�k!K&Me}�I,MFT E]`���Dc[-KXE]`�`-K&MbB9¢RE]T�SADc[CB9H NFS-T E>`�¦e<,=qi9Yt©LDF[-K&`��,E>�9K&N

B;=<	1�¦3- 6 . © � ? � P4065 S E 0 ¦ i���
 <:© � �0 ¦ <,=ji6<�©

Jb[-KRMFKXDc[-KVB9¢RE]T�SADc[CB9H BZ�,K&MFB9�,K � �0 E]N�m�KRlC`-KRm4B9N
� �0 � <

i	��
«<
04/ 5 � 0 ¦ � /0 © � � ¦ <,=ji9i,©

�OI�J 
PH]KxD�S�N�@-M\IAQRK&K&m%}�MFI,T B m-E]N\Q&MFKxDcKVDcI�B Q&I,`tDFE]`(S-I,S-N�MFKR@-MFKRNFK&`tDcB/DcE>I,`4I9} DF[-K�KRN\DFE]T_B/DcKRm�@PI�JLK&MR=
� �6DcKR`-m-E]`���Dc[-K�m-E]N\Q&MFKxDcK�}�S�`-QRDFE]I,`-N E 0 B9`-m � �0 E]`tDFI�Q&I,`tDFE]`(S-I,S-N�}�S-`-QxDcE]I9`-N E�¦H�Z©nB9`-m � � ¦9�Z© 
�K/={��=¡B9N
NeDcK&@2}�S-`-QxDcE>I,`-N�
-JLKVQZB9`7JbMFEuDcKXK � =�¦ <,=ji6<�©.B9N

B;�<	1�¦6- 6 .1© � ? � O P��� � � E
¦H�Z©R¦ i	� 
«<�© � � ¦H�Z© R � � ¦ <,=ji/ht©

�OKx�6D�
1H]KRD�S-N�DFMcB9`�N\}�I,M\TUDF[-K�E>`(DFK&�,MFB9`-m�DFI7B }�S�`-QRDFE]I,`4I/} Dc[-KWJ.BZ�,KR`(S-T�~PK&M��1=�r�[-K�JnB:�9K&`(S-T�~PK&M
I9} B NF@-[�K&MFE>QZB9H
[-B9MFT I,`-E>Q�I9}!m-K&�,M\K&KX�aE>NV¦+¨.B9Q
�(S-N�KRDOB9H+=�
 <:�,�,y 
�@^=�<:Y,ht©

� � Y �,¦H��
«<�©
 �
��
«< � i
 � ¦ <,=ji)z(©

ª�KXQZB9`�NFS-~�N\DcEuDcS�DFKMR � �G
 R � 
-�9E>�6E]`-�
B;�<	1�¦6- 6 .1© � ? � O PS E
¦9�:©X¦+i	��
«<�© � � ¦9�Z© 
 R �

� O PS E
¦5
 � C�< � i9© 
 � � � ¦ 
 � C < � i,© � i � R �
� OQPS

z � 
��DE�¦ 
 � C < � i,© � � ¦ 
 � C�< � i9©K�
¦+i���© �

� ��� �BL��8¦��-©
i�� � R � ¦ <,=ji9p,©

�OK&`-QRK�
�Dc[-K KRN\DFE]T_B/DcKRmd@1I:JLK&M B;=<	1�¦3- 6 . © � ? QZB/`U~PK JbM\E>DFDFK&` B9N«B/`dE]`tDcKR�,McB9H�I:�,KRM«DF[-K B9¢ �
E>T�S�Dc[-B9H]Huv B:�9K&MFB9�,K&m @PI�JLK&M7N\@1KRQRDFMFS-T KRN\DcE>TfB)DcI,M BL	�8¦ �-© 
�B9N7@-M\K&NFQRMFE>~1KRm E>`�Dc[-K `�I,MFT_B9H]E>¢ZB/DFE]I,`
QRI,`-m-EuDcE]I9` ¦ <,=><ZYt©x= r�[-K4N\@-[-K&M\E]Q&B9H�[CB/MFT I,`-E]Q2QRIAK �_QRE]KR`(DFN � /0 @-M\I:�AE>m-K%DF[-K4KRN\DcE>TfB)DcI,M BL	� ¦��-© B/D
JnBZ�,K&`(S-T�~1KRMFN � 0 ��¦9��
«< � i,© � 
WJbEuDc[

BL	� ¦�� 0 © � z � 
 � E�¦H�Z© � � ¦9�Z©K�
¦ i���© � � z � 
�� E
¦9�:©

¦ i���© � ¦ i	� 
 <�©
04/ 5 � 0 ¦ � /0 © � ¦ <,=ji/yt©

r�[-E>N�KRN\DFE]T_B/DcI,M BL��8¦�� 0 ©�E]NOMFKRHGB/DFK&m%~(v%B_}#B/QRDcI9MOz � 
 �:¦ i���©��W��¦ i�� 
 <�©�����DcI �VB/S-HGB 	 NONF@-[-KRMFE>QZB9H�[CB9M �
T I,`-E>Q�@PI�JLK&MbN\@1KRQRDcM\S-T ¦ �VB/S-HGB 
P<:�,y,�,©x=��%S�H>DcE>@-H]E>QZB/DFE]I,` ~tvfDF[-KaNFS-Me}#B9Q&KVB9M\KZB�I9}�Dc[�KaNF@-[-KRMFKXz � 
��

<Zz



TfB �9K&NVDc[-K_`-KRJ KRN\DFE]T_B/DcI,MXE>`-m-K&@PK&`�m-K&`tD I9}nDc[-K NF@-[�K&MFE>QZB9H�McB/m-E]S-NR=2r�[6S�N�
8S-N\E]`-�
¦e<,=qi9yt©�
�JLK�QZB/`
m-E]M\K&QxDcH>v2QRI,T @CB9MFKW@1I:JLK&M�N\@1KRQRDFMcB�I9}8DF[-K	�¡B9M\DF[�JbE>DF[4I9DF[-K&M�Q&K&H>K&NeDcEGB/H!~PIAm�E]K&N�
1M\K&�tB/MFm-H>K&NFN�I9} Dc[�K&E]M
NFE>¢&K9=W��E>�6E>NFE]I9`�~tv ¦ i	��© � E>N�MFK � S�E]MFKRm�E]` I,M\m-K&M�DFI�}�S-H>lCH>H.¦ <,=u<:Yt©x= � E>`CB9H>H>v 
�JLK N\JbE>DFQs[ }�M\I,T�B9`�B9¢x�
E]T�SADc[CB9H>H>v�N\S-T_T K&m7DFI�B9`�B9¢&E>T�S�Dc[-B9H]Huv B:�9K&MFB9�,K&m�NF@PK&QxDcM\S-T E]`7m�E>�6E]m-E>`-��~tv ¦+i	��
 <:© 
CB9M\MFEu�AE>`-� B/D
B m-KRlC`�E>DcE>I,`2E]`7Jb[-E>Qs[�Jb[-EuDcKa`-I9E]NFKXM\KZB9H>H>v_[CB9NOB�Jb[-E>DFKVN\@1KRQRDFMFS-T�=

��������� � ��&%��� &F�������Y����� �N� � ��
$#(�N�"�'&%
F�
�w` T_B9`tv«QZB9N\K&N�
XDF[-K @CB9McB/T_KxDcK&M�1�¦ 
 6 - 6 . ©�NcB)DcE]NelCK&N�¤�B9@-HGB/Q&K�	 N2K � SCB/DFE]I,` = r�[-K&` 
X}�I9M�E>`tDcK&M\`CB9H
NFI,S�MFQ&KRN�
CDc[�KVN\@-[-KRMFE]Q&B9H
[CB9M\T_I9`-E]Q�K �A@CB9`-N\E]I,`�QZB9`�~PKVK �6DcK&`�m-K&m%McB9m-E]B9H]Huv ~(v

1�¦ 
 6 - 6 . © ��� P4035 S 	 � 
�
 0 � � 04/ 5 � 0 � /0 � /0 ¦6- 6 .1© � ¦e<,=qi,�,©

�^�8"6*9�:�)��� �P� ��'�"�� � �:" 0 �����C 
?AI,T KRDFE]T K&N�
 1 E>DFNFK&Hu}�E>N DF[-K%@-B9McB9T KRDFK&M S-`-m-KRM_QRI,`-N\E]m-KRMcB/DFE]I,`^= �w`��,K&I6m-KRN\v 
L}�I,M_K ��B9T_@�H]K�
LE>D E]N
Q&I,T T I,` @�McB9QxDcE]QRK�DFI�QRI,`-NFE>m-K&M Dc[-K�NF@PK&QxDcM\S-T I/}�Dc[-K%�,McBZ�6E>Dwv @PI9DFK&`tDcE]B9H =�r�[�K&`�Dc[�K%KRN\DcE>TfB)DcI,MBL	�8¦ �-©L}�I,M.DF[-KVB9¢&E>T�S�Dc[-B9H]HuvfBZ�9K&McB/�,K&m%@1I:JLK&MONF@PK&QRDFMFS-TdE>`�Dc[-KXH>IAQ&B/DcE>I,` ¦ 
 6 - 6 . ©nE>N

BL��8¦ 
 6 � 0 © � � � 	 � 
 
 � 0 � � z �3
 � E 0
¦ i���© � ¦+i	��
«<�©

04/ 5 � 0 ¦ � /0 © � � ¦e<,=qi9|t©

�^�8"6*9�:�)��� �P� ��'�"���� 3 �#�- 3 "6�)� 	 ���:� 	 "
�w`%�9McBZ�6E>Dwv2B9`�m%T_B9�,`-KxDcE>Q&N.JLKWI9} DFK&`�[CBZ�,KXDc[-KVNF@�[-K&M\E]QZB/H
[CB9MFT I,`-E>QaQ&I6K�� Q&E>K&`tDcNOI9}�Dc[-KX@PI9DcKR`tDcEGB/H�

Jb[-E]H>K4JnK�B9M\K�B/QRDcS-B9H]HuvoE>`(DFK&M\K&N\DFK&m E]` Dc[-K McB/m-EGB9H�m-K&M\E>�/B/DcEu�,K4DF[-K&M\K&I9} = r�[-K K&N\DFE]T_B/DcI9Mf}�I,M�Dc[�K
NF@PK&QxDcMFS�TdI9}!DF[-KXMcB9m�EGB9H1m-K&M\E>�/B/DcEu�,KaI9}�1�E]N��9E>�,KR`%~tv

BL
�� ¦ 
 6 � 0 © � 	 � 
 
 � 0 ��� z � 
��W¦H��
«<�©K��E 0
¦+i���© � ¦+i	��
«<�©

04/ 5 � 0 ¦ � /0 © � � ¦e<,=qi9�t©

�^�8"6*9�:�)��� �P� ��'�" � "6 3 	 "6*9� � �
��I9DFKWDF[-K�m-E�� KRMFK&`�Q&K�~PKRDwJLK&KR` DF[-K�lCKRH]m��9K&QRDFI,MaNF@PK&QxDcM\S-T�m�K&NFQRMFE>~-E]`-����� � � �XB9`-m4DF[-KWDFI9DsB/H!E>`(DFK&`A�
NFEuDwv�NF@PK&QRDFMFS-T m-KRNFQ&M\E]~-E>`-������� �� =7r�[-K���B9S-KRMFNF~PK&M\�,K&M �9¤
I:JnKRN��,K&QxDcI,MWNF@PK&QxDcMFS�T£I9}nDc[-K TfB/�,`-KRDFE]Q
lCK&H>m�¦ ��B9S�K&MFN\~1KRMF�,KRM�
�<:�tp/y��C¤
I:JnKRN�
�<:�,y,y �C¤�B9`-�,KRH
B9`-m��8N\DcKRN�
�<:�,|,i,©nE]N

9 ���=1 0 � � ; � 	 � 
 
 � 0 ��� ¦H��
«<�©&¦+i	� 
 <�©�E 0 04/ 5 � 0 ¦ � /0 © � 6 ¦e<,={h,Yt©

Jb[-E]H>KXB9`2K&NeDcE]T_B/DFI,Mn}�I,M.DF[-KVB9¢&E>T�S�Dc[-B9H]HuvfBZ�9K&McB/�,K&m%NF@CB/DFEGB9H1�,K&QxDcI,MONF@PK&QxDcM\S-TdE]N��,Eu�,KR`�~tv

BL��� ¦ 
 6 � 0 © � 	 � 
 
 � 0 ��� z � 
���¦9��
«<�©
¦ i���© � E 0 04/ 5 � 0 ¦ � /0 © � � ¦e<,={h�<�©

<�p



��������� � ��&(��� ��� &%����#%� &��I#%�N�"�'&(
�)
�
��K&MFI9TfB9�9`-KRDFE]QVNFS-Me�,KRv6NXS-N\SCB9H]Huv2MFKRQ&I,M\m I,`-H>v7DF[-K�DFI9DsB9H�E]`tDFK&`-N\E>Dwv�I9}8Dc[�KWlCKRH]m^=�r!I�QRI,T @CB9MFKWNFS-Qs[
mCB)DsB JbE>Dc[%�,H]I9~CB9H lCKRH]m%T_I6m-K&H>N�
CI,`�KWQ&B9`�KRN\DcE>TfB)DcKaDc[-KXDcI/DsB9H
E>`(DFK&`-N\E>Dwv2N\@1KRQRDcM\S-T }�MFI,TgDF[-KWB9K&M\I/�
T_B9�,`-KxDcE>Q�mCB)DsB�B9`�m7Q&I,T @CB9M\K�E>DLJbE>DF[fDc[-K��,H]I,~-B9HCDcI9DcB9H1E>`tDcK&`�NFE>Dwv_NF@PK&QxDcM\S-T%=8��`-I9DF[-K&M.@PI,N\NFE]~�E]H]EuDwv 

m-E>NFQRS-NFN\K&m HGB)DcK&M�
.E]N�DcI�K&N\DFE]T_B/DcK%B �9K&QxDcI,M�N\@1KRQRDFMFS-T }�MFI,T DF[-K4H>IAQ&B9H.DcI9DcB9HbE]`tDcKR`-NFEuDwv mCB/DsB�B9`-m
QRI,T_@-B9MFKaEuD�JbE>Dc[7DF[-KX�,H]I,~-B9H T_B9�,`-KxDcE>Q��,KRQRDcI9M�N\@1KRQRDcM\S-T�=

r�[-KRMFK_B9MFK DwJLI%JnB:v6NVI9}.I9~�DsB9E>`-E]`��2B2�9H]I,~CB/H]H>v�BZ�,KRMcB9�,KRm�DFI9DsB9H E]`tDcKR`-NFEuDwv NF@PK&QxDcMFS�T }�M\I,T�DF[-K
N\@-[-K&M\E]Q&B9Ht[CB9M\T_I,`�E]Q8Q&I6K�� QRE]K&`tDFN I9}ADc[-K¡T_B9�,`-KxDcE]Q8@PI9DFK&`tDcE]B9H =�r�[-K�Kx��B9QxD B9@�@-MFItB/Qs[�E]N
DFI�QRI,T_@�S�DcK�B
H>I,`-�,EuDcS-m-K �/HGB)DcE>DFS-m-K��,MFE>m I9}�Dc[-KbT_B9�,`-KxDcE>QLlCKRH]m � }�M\I,T Dc[-KbQ&I6K�� QRE]K&`tDFN � /0 ~tv BaM\KR�,KRMFN\K�N\@-[-K&M\E]Q&B9H
[CB/MFT I,`-E]Q�DcMFB9`-N\}�I9MFT�= r�[-KR` QRI,T @-S�DcK � ���:B9`�m I9~�DsB9E>`�Dc[-K�N\@-[-KRMFE]Q&B9H-[CB/MFT I,`-E]QLQ&I6K�� Q&E>K&`tDcN¡I9} � ���
~tv%B_}�I,MeJ.B9M\m�DcMFB9`-Ne}�I,MFT�=�r�[-K&N\K Q&I6K�� Q&E>K&`tDcN�QZB9`�DF[-K&`�~1KWS-NFKRm4DcIfQRI,T @-S�DcKVDc[-KWKx��B9QxD��,H>I,~CB9H>H>v
BZ�,KRMcB9�9K&m�DcI/DsB9H�E]`tDFK&`-N\E>Dwv_NF@PK&QRDFMFS-T ~tvfK � =
¦e<9=ji9y,©x= r�[-K�~-H]S�K�NF@PK&QxDcMFB�E]` �!E]�-=�<,=u<�JLK&M\K�Q&I,T @-S�DFK&m
E>`2DF[-E]N.JnBZv,=

��HuDcKRMF`CB/DFE>�9K&H>v�
1DF[-K�DcI/DsB9H�E]`tDcKR`-NFEuDwv�NF@PK&QRDFMFS-T�QZB9` ~PK�KRN\DcE>TfB)DcK&m�m-E]M\K&QRDFH>v2}�MFI9T DF[-K�N\@-[-K&M\E]Q&B9H
[CB/MFT I,`-E]Q�Q&I6K�� Q&E>K&`tDcN�I/}�DF[-KaT_B9�,`-KxDcE]Q�@1I/DcK&`tDFEGB9H+=8�aE>�,KR`�Dc[-Kam�I,T_E>`CB9`-QRK�I9}�Dc[�K�TfB/E]`�T_B9�,`-KxDcE>Q
lCKRH]m

,B�[-E]�,[ I9MFm-KRM TfB/�,`-KRDFE]Q�lCK&H>m [CB9MFT I,`-E>Q �N/0 Q&I,`tDcM\E]~-SADcK&N DFI�Dc[-KLDcI9DcB9H�E>`(DFK&`-N\E>Dwv�I,`-H>vXJbEuDc[ E>DFN
QRI,T_@PI,`-KR`tD �����0	� / @CB9McB/H]H]KRHPDFI�Dc[-K�TfB9E>`flCKRH]m^= �OK&`-QRK�
-Jb[CB/D�JLKa`-KRK&m7DcI m-I E>N.m-KRMFE>�9KXB9`2K&NeDcE]T_B/DFKI9}8DF[-K Kx�A@PK&QxDcK&m @PI�JLK&M);=< �������0 � � ?(= ��}LB9H>H�@PI:JnKRMaI9}¡Dc[-K�TfB9�9`-KRDFE]QWl-K&H]m4�9K&QxDcI,M�JLK&M\K m-E]NeDcMFE>~-S�DFK&m
K � S-B9H]Huv%E>`�Dc[�K�McB9m�EGB9H�B9`-m4DwJLI�DsB/`-�,K&`tDFEGB9H�m-E]M\K&QxDcE]I9`-N�
 ;=< �������0 � � ? JLI,S-H>m4NFE>T_@�H>v�~1KWI,`-K�DF[-E]M\m4I9};�< ��� /0 � � ?�¦+¤
I:JLK&N�
�<:�t�)z(©x= ��I:JLKR�9K&M�
�Dc[�E]NbMFKRHGB/DFE]I,`7E>N�I,`-H>v7B9@-@-M\I:�AE>TfB/DFK&Huv_�/B9H>E]m�}�I,M�Dc[�K �¡B9MeDc[
	 N
T_B9�,`-KxDcE>QXl-K&H]m 
�Jb[�E]Qs[4E>N�T I,MFKXMFB9m-EGB/H^Dc[CB9`%DsB9`-�9K&`tDcE]B9H�B/DODc[-K ��B/M\Dc[ 	{N�NFS-Me}#B9Q&K/= �w`�m-K&KRm

^B T_I,M\K
@-M\K&QRE]NFKXM\K&HGB)DcE]I9`7QZB9`�~1Kam�K&MFEu�,KRm4B9N�}�I,H>H]I:JbN �

¤
KRD7S�N�B9N\NFS-T K�Dc[-B/DfDF[-K4Q&M\S-N\DcB9H�T_B9�,`�KRDcE>Q�l-K&H]mo[CB9NfNeDsB/DFE]I,`-B9M\v B9`-moE]NFI/DcMFI9@-E]Q�N\DcB/DcE>N\DcE>QZB9H
@-M\I,@PK&M\DFE]KRN�I:�,KRM�Dc[�K �¡B9M\DF[
	 N�NFS-Me}#B9Q&K/=�r�[�K&`4Dc[�K�Q&I9`(DFMFE>~-S�DcE>I,`�I/} �N/0 DcI_DF[-K�@PI:JnKRM�I9} DF[-KWDFI9DsB/H
E>`(DFK&`-N\E>Dwv7E>N ;�< �������0 � � ? � ;=<A¦ � A � /0 © � ? �G;�<A¦�
 �
� �0	� / 
 ��� A � �0�� / © � ? ¦ <,=qh,i,©
Jb[-KRMFK � E]NnB�S-`-EuDn�,KRQRDFI,M�E]`fDF[-K�m-E>MFKRQRDcE>I,`fI/}
Dc[-K�T_B9E>`_lCKRH]m7B9`�m�Dc[-K�E]`-m-E>Q&KRN 
�B/`-m���m-K&`�I9DcK�DF[-K
MFB9m-EGB/H ¦�� � ©nB9`-m7DcB9`-�,KR`(DFEGB9H8¦�� � ©L@CB9MeDcN�I9}�Dc[�K��,K&QxDcI,M\N�B)D.Dc[-KaH>IAQ&B/DcE>I,` � = ª�K�J.B9`tDbDcI m�K&MFEu�,KVB
M\K&HGB)DcE]I9`%Jb[-E>Qs[ m-K&@PK&`-m�NaI,`-H>v�I,`4DF[-K�H>IAQ&B9H�E]`-QRH]E]`-B/DcE>I,`��%I9}8DF[-K�T_B9E]`�lCK&H>m^=�r�[-K E>`-Q&H>E]`CB)DcE]I9`�E>N
DF[-KVB9`-�,H>KVI/} Dc[�KXl-K&H]m�B9�tB9E>`-N\D�DF[-KXH]I6QZB9H
[�I,MFE>¢&I,`tDsB/H^@-HGB/`-K9= �w`%DF[-E]NbQZB/NFK�
�NeDsB/DFE]N\DFE]Q&B9H
Kx�A@PK&QRDcB/DcE>I,`
T KZB9`�NXDF[CB/DaJLK_[-B:�9K DFI�BZ�9K&McB/�,K_`�I9DXI,`-Huv I:�,K&MWB9H>H H]I6QZB)DcE]I9`-N�I,`�Dc[-K�N\@-[-K&M\K�
!~-S�DWB9H]N\I2I��9K&MWB9H]H
DF[-KX@1I,N\NFE>~-H]KXB9¢RE]T�SADc[-N-V
I9}�Dc[�KVT_B9E>`�lCK&H>m�m�K&Q&H>E]`CB)DcE]I9` ¦#E>DFNbB9`-�,H>KXB9�tB9E>`-N\D.H]I6QZB9H ��I,MeDc[�©�
�B9N
;=<A¦ �����0	� / © � ? � 9 <i�� O �UTS ¦�
 ��� �0	� / 
 ��� A � �0	� / © � R V ; ¦ <,=qh9ht©

� 9 ¦�
 ��� �0	� / © � 
 <� O �UTS 
 ��� �0	� / ��� A � �0�� / R V
� � � �5 S 
 <

i�� O �UTS ¦�NFE]` � V�� ��� � � ��� �0	� / � � R V ;
� 
 �� 9 ¦ � �0�� / © � ;�
 <

i � ��� � � 9 � � �0	� / � � ; ¦ <,=qh/z(©

<:y



� N\E]` � � 9 ¦ � �0	� / © � ;�
 <
i QRI,N � � 9 ��� �0�� / � � ; � ¦e<,={htp,©

��KRMFK�
-DF[-KXMcB9m�EGB9H^@-B9M\D � �0�� / B9`-m7DsB/`-�,K&`tDFEGB9H^@-B9M\D � �0	� / I9} � /0 B9MFK

� �0	� / ¦5
 6 - 6 .1© � ¦H� 
 <�© 	 � 
 
 0 � � � /0 � /0 ¦3- 6 . © ¦e<,={h,yt©
� �0	� / ¦5
 6 - 6 .1© � C 	 � 
 
 0 � � � /0 � � � /0 ¦6- 6 .1© 6 ¦e<,={ht�,©

Jb[-K&M\K � � �G
 � C ��� � E>N Dc[-K�N\S-M\}#B9QRK��,McB/m-E]KR`(D8B9`-m � /0 B9MFK.DF[-KO�XB9S-NFN8QRIAK � Q&E]KR`tDcN¡I9}�Dc[-K�E>`tDcK&M\`CB9HlCK&H>m^= ��`�BZ�9K&McB/�,K�
-DF[-KXN\DcM\K&`-�/Dc[-NOI9}�Dc[-KXMcB/m-EGB9H^B9`-m7DsB9`��,K&`tDcE]B9H^@CB/M\DcNOB9M\K
9 ¦ � �0	� / © � ; � ¦H� 
 <�© � 	 � 
 
 � 0 ��� ¦ � /0 © � 9 ¦ � /0 © � ; ¦e<,={h,|t©
9 ��� �0	� / � � ; � 	 � 
 
 � 0 ��� ¦ � /0 © � 9 � � � /0 A � � � /0 ;

� 	 � 
 
 � 0 ��� ¦ � /0 © � 9 C � /0 � � � � /0 ;
� �,¦H��
«<�© 	 � 
 
 � 0 ��� ¦ � /0 © � 9 ¦ � /0 © � ; � ¦e<,={h,�t©

�CI,M!DF[-K�[-E]�9[�m-K&�9MFK&Kb@CB/M\DcN I9}�Dc[-K�T_B9�,`-KxDcE>Q�lCKRH]m 9 � �� ; �%9 � � � � � ; � ¦H��
�<�© � � � < 
,N\I�Dc[-KRE]M NeDcM\K&`-�9DF[
E]N�[CB/H>}�McB9m�EGB9H
B/`-m2[CB9H>}�DsB/`-�,K&`tDFEGB9H¡¦ ��I,H>T_K�B9`-m �,B9Q
�(NFI,`

�<:�9�t�,©x= r�[6S�N�
�K � =!¦e<,={htp,©n~PK&QRI,T K&N

;=<A¦ �����0	� / © � ? � ¦ <i NFE>` � � 
 <
z Q&I,N � �a© 9 ��� /0 � � ;

� < 
 NFE>` � �
z 9 � � /0 � � ; � ¦e<,= ztYt©

�w`
@CB9MeDcE>Q&S-H]B9M�
�Dc[-K_McB/DFE]I%E]N < �/z%}�I9M�K � SCB)DcI,M\EGB9H�B9`-mo< �,i2}�I9MW@PI,HGB/MWH>IAQ&B/DcE>I,`-NXI,`�DF[-Kf�,H>I,~PKfB9`�m
E>DFN�NF@-[-KRMFE>QZB9H�BZ�,KRMcB9�9KX}�I9MbB�m�E]@PI,HGB9MLTfB/E]`�lCKRH]m2E]NOp �6<�iA=�?AS-@PK&M\E]T @1I9NFE]`�� B [-B9MFT I,`-E>Q�I9}!m-K&�,M\K&K)�
I,`tDcI�B [-B9MFT I,`-E>Q7I9}�m-KR�,MFKRK�<��,Eu�,K&N [CB9M\T_I9`-E]QRN I9}�m-KR�,MFKRK
¦9��C <:©�B/`-m ¦9�I
�<�©x= r�[-K%@�MFK&QRE]N\K
MFKRHGB/DFE]I,`�¦ <,=qy9Yt© 
tm-KRMFEu�,K&m_E]` Dc[�KO��@-@PK&`-m-E ��DcIaDc[�E]N¡Qs[CB9@�DFK&M�¦ ?6K&QRDFE]I,`�<,=qp,© 
(N\[-I:JbN�DF[CB/D¡Dc[-K�DFK&MFT�I9}
m-K&�9MFK&K�¦H�AC <�©�m-I9T_E>`CB/DcKRN�I,`�BZ�,KRMcB9�9K9= �OK&`-QRK�
 �����0 Q&I,`tDcM\E]~-SADcK&N!E>DFN�@PI:JnKRM T_B9E]`�H>v�DFI������ 0 ��� 
/McB/DF[-K&MDc[CB/`%DcI������ 0 =br�[-E]NOE]N�B9H>NFIfT K&`tDFE]I,`-KRm%JbEuDc[-I,SAD�m-KRMFEu�9B)DcE]I9`%~tv���M �/B/`-Eu� ��B9T K&m 
�� ����� ¦ <:�,�9z(© = �w`
NFS-T T_B9M\v�
�JnKXI,~ADsB9E>`2DF[-KXMFKRHGB/DFE]I,`

;=< ����� �0 ��� ? �
< 
 NFE>` � �

z 9 � � /0 � � ; 6 ¦e<,= z-<�©
Jb[-E]Qs[7Q&B9`7~PK�S-NFKRm7DcI�M\K&HGB)DcK�DF[-K�H>IAQ&B9H�NF@PK&QRDFMFS-T I9}�Dc[-K�DcI9DcB9H1E>`tDcK&`�NFE>Dwv L � � � ¦5
 6 - 6 .1©¡DcIWDc[-K�H>IAQ&B9HNF@PK&QxDcMFS�TdI9}!DF[-KalCK&H>m7�,K&QxDcI,M2L � ¦ 
 6 - 6 . ©.B/N

L � � � ¦ 
 6 - 6 . 6 � 0 ��� © � < 
 NFE>` � �1¦ 
 6 - 6 . ©z L � ¦5
 6 - 6 . 6 � 0 © 6 ¦e<,= z(i,©
Jb[-K&M\K � 0 �g¦H� 
 < � i,© � 
A= �CI,M�DF[-K�T KZB9`�DFI9DsB/H!E>`(DFK&`-N\E>Dwv�NF@PK&QxDcM\S-T�I9}�B_@-MFKRm-I,T E]`CB9`tDFH>v2m-E>@1I,H]B9M
lCK&H>m

�DF[-KXMcB/DFE]I QZB/`%~PKXMFK&@�HGB9QRK&m�~(v�E>DcN�N\@-[-KRMFE]Q&B9H�BZ�,KRMcB9�,KWB9N

9 L � � � ¦5
 6 - 6 . 6 � 0 ��� ©�; � p
<:i 9 L � ¦ 
 6 - 6 . 6 � 0 ©<; � ¦e<,= ztht©

<��



6

7

8

9

10

11

12

13

14

15

20000 5000 2000 1000

1 10 50
lo

g(
P

S
D

 [n
T

2 km
2 ])

wavelength [km]

spherical harmonic degree

only dipole and quadrupole --> <-- full

exact global total intensity spectra
estimated from eq. (37)

� �e� =�<,=>< ���CI,MODc[-K�K ��B9QRDX�,H>I,~CB9H>H>v2BZ�9K&McB/�,K&m DcI/DsB9H!E]`tDcKR`-NFEuDwv�N\@1KRQRDcMFB�¦#~-H>S-K:©�
 Dc[�K�DcI9DcB9H�E]`tDcKR`-NFEuDwv
I,`fBVH>I,`-�,EuDcS-m�K �/H]B/DcEuDcS-m-Kn�,MFE>m_E>NLQRI,T_@�S�DcKRm_}�MFI9T�Dc[-KONF@-[�K&MFE>QZB9H�[CB/MFT I,`-E]QbQRIAK �_QRE]KR`(DFNnI9}1Dc[-K��.|,�
�,H>I,~CB9H�T_B9�,`-KxDcE>QWlCKRH]m4T IAm�K&H =���}�I,M\JnB9M\m NF@-[-KRMFE>QZB9H![CB9MFT I,`-E>QVDFMcB9`�N\}�I,M\T��,Eu�,KRN�Dc[-K QRIAK � Q&E]KR`tDcN
I9}!Dc[-KaDFI9DsB9H
E>`tDcK&`�NFE>Dwvf}�MFI,TgJb[�E]Qs[%DF[-KXDcI9DcB9H^E]`tDFK&`-N\E>Dwv2NF@PK&QxDcM\S-TdE]NbQZB/H]Q&S�HGB/DFK&m2S-NFE>`-� K � =!¦e<,=qi9yt© =r�[-K MFKRm�H>E]`-K�E]`�m-E]Q&B/DcKRNXDF[-K NF@PK&QRDFMFS-T KRN\DcE>TfB)DcK&m�}�MFI9T§K � =n¦e<,= ztht© =fr�[-KfB9@-@-M\I:�AE>TfB/DFE]I,`4DFI�DF[-KQRMFS-NeDsB9H^lCKRH]m7DcI/DsB9H^E>`tDcK&`�NFE>Dwv�NF@PK&QRDFMFS-TdE>N��,I6IAm^=

�OI�JLKR�9K&M�
,MFKRHGB/DFE]I,`-N�¦ <,= z(i,©^B9`-m�¦e<,= ztht© I9`-H>va[�I,H]mXE>}6Dc[�KLm-KRQZBZvXI9}ADc[-K¡DcM\S-K8DcI9DcB9HtE]`tDcKR`-NFEuDwvaNF@PK&QxDcM\S-T
E>NWH>K&NFN�N\DcKRK&@
DF[CB9`
Dc[�Kfm-KRQZBZv
I9}�DF[-K_DFI9DsB/HLE>`(DFK&`-N\E>Dwv NF@PK&QxDcM\S-T I9}nDc[-K�H>I:JnKRM�[CB9M\T_I9`-E]QRN�I9}.DF[-K
lCKRH]m^= ��Dc[�K&M\JbE>NFK!
^Dc[-KRNFK�H]I:JLK&Ma[CB9M\T_I9`-E]QRN�m-I,T E]`-B/DcK�B9`-m ¦e<9={z(i9©�B9`-m ¦ <,={z,ht©�S-`-m�K&MFKRN\DFE]T_B/DcK�DF[-K
DFMFS-KaDcI/DsB9H
E>`(DFK&`-N\E>Dwv2N\@1KRQRDcM\S-T�=nr�[-E>NO[-B9@-@PK&`-NbJbE>DF[�DF[-K �¡B9MeDc[
	 NOTfB9E>`7lCK&H>m

�B9NbE]NbE]H>H]S-NeDcMFB/DcKRm7E]`
� E>�,S-M\K <,=><9=��w`�QRI,`tDcMcB/N\D�
�Dc[�KWM\K&HGB)DcE]I9`�E>N��,K&Mev%B9Q&QRS-McB/DFKV}�I9MODF[-KWQRMFS-NeDsB9H�T_B9�,`-KxDcE>QXl-K&H]m =�� E>`CB9H]Huv 

`-I/DcK.Dc[-B/D�MFK&H]B/DcE>I,`-Nb¦ <,= z(i,© B9`�m4¦ <,={z,ht©!QZB/`_~PKbMFKR�9K&M\NFK&m =¡ª«[�E]H]KLDc[-KbQ&M\S-N\DcB9HCT_B9�,`-KxDcE]QL�,K&QxDcI,M¡lCKRH]m
Q&B9`-`-I9DX~PK E]`A}�K&MFM\K&m�S-`-E � S-K&Huv�}�MFI9T�DcI/DsB9H!E]`tDcKR`-NFEuDwv4mCB/DcB 
^JLK Q&B9`��,KRDVB7M\K&H]E]B9~-H>K�K&NeDcE>TfB/DFK�I9}�E>DFN
�9K&QRDFI,MbNF@PK&QxDcMFS�T%=

������� � � ������� �N���!�"
$#%�N�"�'&(
�)
� �"#K&F�����,&(��

��NfE]` NF@-[�K&MFE>QZB9HOQ&I6I,M\m-E]`CB)DcK&N�
nJLK4NF[CB/H]H�JbMFEuDcK 1gB9N_B�N\S-T I9}aI,MeDc[-I,�9I,`CB9HbQ&I9`(DFMFE>~-S�DcE>I,`-N�}�MFI,T
m-KRQ&M\KZB9N\E]`-�2J.BZ�9K&H]KR`-�9DF[-N&= �CI,MX@-MFB9QRDFE]Q&B9H @-S-M\@1I9NFK&N�
 H>KRDVB9` K � S-E>m-E]NeDsB9`tDV�,MFE>m 1)@ 4!¦�� � © 6�� ¦�� � © F8JbEuDc[N\E]m-K�H>K&`-�/Dc[��§~PK �,E>�9K&` ~tv4Dc[�K�N � SCB9M\K_��B/DcM\Eu���f¦	� �>6 � � © 6 � �76 � � ��Y 6 � � 6�
 C <,=Xr�[-K�TfB/DFMFE ��QZB9`

<:|



~1KaJbM\E>DFDFK&`�B9NOB m-E]N\Q&M\KRDcK �CI,S-M\E]KRM�NFS-T
�f¦	� �>6 � � © � <




� ���4
� � 5 S � ���4��
 5 S K ��@ i�� �c¦�� ��� � 
 � ��� � ©




��f¦ � �76�� � © 6 ¦e<,= z,z(©

Jb[-K&M\K ��f¦ � �>6�� � ©�E]N DF[-K.m-E>NFQ&M\KRDFK.Q&I,T @-H>Kx� �CI,S-MFE>K&M�DcMcB/`-N\}�I,M\T I9} �f¦	� �76 � � © B9`�m � � B9`-m � � B9M\K.E]`tDcKR�,K&ME]`-m�E]Q&KRN&= ª«EuDc[2m-KRl-`-E>DFE]I,`�¦e<9={z,zt©�Dc[-K �CI,S-M\E]KRM.DcMcB/`-N\}�I,M\T_KRm2TfB/DFMFE �f}�S-HulCH]H>N
�����4
� � 5 S �����4� 
 5 S �f¦	� �76 � � © � � �����4

� � 5 S �����4��
 5 S � ��f¦ � �76�� � © � � 6 ¦e<,= z(p,©

Jb[-K&M\K
� ��_¦ � �76�� � © � QZB9`X~PK8MFKx}�K&MFM\K&mXDcIOB9N�B�m-E>NFQ&M\KRDFK �CI,S�MFE]KRM
B9T @-H]EuDcS-m�K9= �w`-m-KRK&m

/E>D
E>N
MFKRQ&I,T T_KR`-m-KRmE]`�DF[-K @-MFB9QRDFE]QZB/H B9@-@�H]E]Q&B/DcE>I,`�I9}¡Dc[-K�}�I,H>H]I:JbE]`�� DFI7Qs[-K&Q
�4}�I,M�@-MFI,@PK&MeDwv ¦ <,={ztp,© 
1NFE]`�Q&K�}#B9NeD �CI,S-MFE>K&M
DcMFB9`-N\}�I9MFT ¦ � � rO©bQ&I,T @-S�DFK&M�@�MFI,�,MFB9T N�DcKR`-m DcI7B/m-m4}#B9QRDFI,MFN�I9}



B9`-m



��DcI7K&EuDc[-KRM�NFE>m-K�I9}8DF[-E]N

K � SCB/DFE]I,` = ?AE]`-QRK��f¦	� �76 � � ©�E]N7M\KZB9H��/B9H>S-K&m 
�E>DFN7Q&I,T @-H>Kx� �CI,S�MFE]KRMfDcMFB9`-Ne}�I,MFT ��_¦ � �76�� � ©�[CB9N�Dc[�K@-MFI9@1KRM\Dwv ��_¦ � �>6�� � © � ��_¦


C � �76�
 C � � © 6�� �76�� � � < 6 � � 6�
 C < 

Jb[-KRMFK�Dc[-K�~CB/MVm�K&`-I9DFK&NVQ&I,T @-H>Kx�

Q&I,` � S-�tB/DFE]I,`^=�r�[(S-N�
LJLK7QZB9` E]`tDFMFI6m-S-Q&K�B�M\Kx�wB9MFMFB9`-�,KRm ��I9S-MFE>K&M��9MFE]m �� ��¦ � �76�� � ©�
¡Jb[�K&MFK � �76�� � �C


� i-
 < 6 � � 6�
 � i�B/MFKaDc[-KX[CB/MFT I,`-E]QRN.I9}�Dc[-KX�,M\E]m �

�� � ¦ � �76�� � © � ��f¦ � �76�� � ©
�� � ¦KC � ��6�� � © � ��f¦ � �76�
 C � � ©
�� � ¦ � �76 C � � © � ��f¦



C � �76�� � ©

�� � ¦KC � �76 C � � © � ��f¦


C � �76�
 C � � © ¦e<,= ztyt©

ª«E>DF[2DF[-E]N�M\Kx�wB9MFMFB9`-�,KRm��9MFE]m 
CB9`-m�S-NFE>`-� Dc[-KXKRN\DcE>TfB)DcK

B;=<	1I@ 4!¦	� � © 6�� ¦	� � © F � ? � <

 �

� ���4
� � 5 S � ���4� 
 5 S �_¦�� �>6 � � © � 6 ¦e<,= z(�,©

JnKXQ&B9`�JbM\E>DFKVK � =�¦e<,= z(p,©.B9N

B;�<	1)@ 4!¦�� � © 6�� ¦�� � © F � ? � <

 �

� � �4
� � � � 
 5 ��� � � � �4 � �� � ¦ � �76�� � © � � � ¦e<,= zt|t©

r�[-E]N�E]N�DF[-K�@-H]B9`-K�QRI,S-`tDcKRMF@CB9MeDaDcI�DF[-K�m-E>NFQ&M\KRDFK NF@-[-KRMFE>QZB9H [-B9MFT I,`-E>QWM\K&@-M\K&NFKR`tDsB/DFE]I,`�I9}¡Dc[�K�K&NeDcEu�
TfB)DcK&m @PI:JnKRM¡E]`�K � =P¦e<9=ji9Y,©x=8?6E]T E]HGB/M�DFIW�%Q �aK&`�¢&E]K!	{N¡m-KxlC`-EuDcE]I9` I9}^B/`_B/¢&E]T�S�Dc[CB/H]H>vXN\S-T T_KRm @�HGB9`-K
NF@PK&QxDcMFS�T ¦+�%Q �aKR`-¢&E>K�
 <Z�,�9z(©�
-JnKWQZB9`4m�KRlC`-K�B9`4B/¢&E]T�S�Dc[CB/H�B:�9K&MFB9�,K �� � ¦�	)©bB9N�B }�S-`�QRDcE>I,`�I/} Dc[�K
[CB9M\T_I,`�E]Q
	 � Y � �� 
 � �� B/N

�� � ¦�	�© � <


�
4
���
� �� � ¦ � �76�� � © � � 6 ¦e<,= zt�t©

Jb[-K&M\K�Dc[�K�NFS�T�K �ADFK&`-m�N�I:�,K&M�B9H]H�E]`�m-Kx�%@CB9E>MFN�¦ � �76�� � ©bJbE>DF[
	IC Y � p � Y � �� 
 � ���� 	 
oY � pA=�r�[�K`(S-T�~PK&M¡I9}1NFS-Qs[ E]`-m�Kx��@CB/E]MFN8E>N8m-K&`�I9DcKRm_~tv


�x= ª«EuDc[�m-KxlC`-E>DFE]I,`�¦ <,= zt�t© B9N¡B9` B9¢RE]T�SADc[CB9H-B:�9K&MFB9�,K�


Jb[-E]Qs[�E]N�QRI,`tDcE>`6S�I,S-NbE]`�	 
-JnKXQ&B9`%M\KRJbM\E>DcKXK � =�¦ <,= zt|t©.B9NB;=<	1I@ 4!¦	� � © 6�� ¦	� � © F � ? � <

 � O PS �� � ¦�	�©
i���	�R�	 � ¦e<,=qp9Yt©

<:�



� E>`CB9H>H>v 
 Kx�A@-MFKRNFN\E]`-� Dc[-K7E>`(DFK&�,MFB9`-m E]` DFK&MFT N I9}ODc[-K7JnBZ�,K&`(S-T�~1KRM ��� i	��	 � � B9`-m NFS-~�N\DcEuDcS�De�
E>`-��R�	 � � � i�� R ���,Eu�,KRN

B;=<	1I@ 4!¦	� � © 6�� ¦	� � © F � ? � O PS
�Q�

¦+i���© � 
 � �� � ¦ � �i	� ©
� ��� �BL

�
¦���©

i	� � R � ¦ <,=jp6<�©

B9N¡Dc[�K�@-H]B9`-KOQ&I,S�`(DFK&M\@CB9M\D�DcIWK � = ¦e<,=qi,p,© =!ª«E>DF[fm-KxlC`-EuDcE]I9`4¦ <,={z,�t© 
tDc[�K�@PI:JnKRMnNF@PK&QxDcM\S-T K&N\DFE]T_B/DcI9M

BL
�
¦ �-© � � �

¦ i	��© � 
 � �� � ¦ � �i�� © ¦ <,=jp9i,©

E>N�S-NFS-B9H]Huv
KR�/B9H>SCB/DFK&m I,`-Huv�}�I,MWJ.BZ�,KR`(S-T�~PK&MFN �
Q&I,M\MFK&N\@1I9`-m-E]`���DFI�E]`tDcKR�,K&M [CB/MFT I,`-E]QRN 	�I/}ODF[-K
�,M\E]m^= ��I:JLKR�,KRM�
�DF[-K�lCM\N\D�DFK&NeD7E]`oDF[-K�}�I,H>H]I:JbE]`���N\K&QRDFE]I,`oNF[-I:JbN7Dc[CB)D�`-I,`6�wE]`tDFK&�,KRM_�/B9H]S�K&N�I9} 	
B9M\K4B9H>NFI B/m-T_E>NFN\E]~-H>K9= ��KRlC`-EuDcE>I,` ¦ <,=qp,i,© E>NfQRI,`-NFE>N\DFK&`tD�JbE>DF[oDc[�K B9¢&E>T�S�DF[CB9H]Huv BZ�,KRMcB9�,KRm«@1I:JLK&M
N\@1KRQRDcM\S-T£¦ � MFB9m-E]B9H
@1I:JLK&M�NF@PK&QRDFMFS-T � ©�Q&I,T T I,`-H>v�S-NFKRm4E]`%B9@-@-H>E]KRm%�,MFBZ�AEuDwv�B9`-m4T_B9�,`�KRDcE>Q&N�
CK9= �-=
?A@PK&QxDcI,M�B9`-m4�XMFB9`tD�¦e<Z�t�9Yt©.I,M�¨nHGB �9K&Huv�¦e<:�9�tp,©x=��%S�H>DcE>@-H]E>QZB/DFE]I,`f~(v
¦ � �



© ��Q&I9`(�9K&`-E>K&`tDcHuv�T_B �/K&N

DF[-E]N�K&N\DFE]T_B/DcI9M�E>`-m-K&@PK&`�m-K&`tDXI9}8DF[-K��,M\E]m4N\E]¢&K�B9`-m NFB9T_@�H]E]`��_E>`(DFK&Me�9B/H =�r�[-K�m-E>�6E]N\E]I,`%~tv ¦ i	��©K��E>N
`-KRQ&KRNFNcB/M\v E]` I,M\m-K&MaDFI2}�S�H>lCH>H Q&I9`-m-E>DFE]I,` ¦ <,=u<:Yt© 
�M\K � S-K&NeDcE>`-��DF[CB/DaDF[-K�E]`tDcKR�,McB/DFK&m�@PI�JLK&MVNF@PK&QxDcMFB9H
m-KR`-NFEuDwv7~PKVK � SCB9H
DcI Dc[�KVK �A@1KRQRDcKRm�@PI:JnKRM&=

� "6*9� � �_� �65 "(��$R�8"A*9�Z�/��� "6$R���#�����:" 3 � � � � �! #� 0 "�� � �:�- n� 0 �:" 0 $&��� � 3 ���:�
� � SCB/DFE]I,`-N7¦e<,= z(i,©VB9`-m ¦e<,= ztht©X@-MFI:�6E]m�K7B9` K&NeDcE>TfB/DFK�I9}�DF[-K�DcI9DcB9HnE>`tDcK&`�NFE>Dwv�NF@PK&QxDcM\S-T£}�M\I,T DF[-K
�9K&QRDFI,M�N\@1KRQRDcM\S-T }�I,M�B%H]I6QZB/DFE]I,`�I,`

 I,M�B9~PI:�,K!
 Dc[-K �¡B9M\DF[
	{N�NFS-Me}#B9Q&K/=%ª�KfQZB/`
`-I:J MFKR�9K&MeD�Dc[-E>N
M\K&HGB)DcE]I9`�B9`-m I9~�DsB9E>`�B��,KRQRDFI,M¡NF@PK&QRDFMFS-T K&NeDcE]T_B/DFI,M BL �

�
¦��-©!}�M\I,T B�@-HGB9`�KnDcI9DcB9H�E>`tDcK&`�NFE>DwvWNF@PK&QxDcM\S-T

KRN\DcE>TfB)DcI,M BL � � �
�
¦���©x= ��N\E]`-� � 0 � � � � 0 
 < � 
�JnKX[CBZ�9KBL �

�
¦ �%
 <
 © �

z
< 
 N\E]` � � BL � � �

�
¦��-©

� z
< 
 N\E]` � � � �

¦+i���© � 
 � �� � � � � ¦ � �i�� © 6 ¦ <,=jp/ht©

Jb[-KRMFK ��E]N�DF[-K H]I6QZB/H!E>`-Q&H>E]`CB/DFE]I,`�I9}¡Dc[�K�TfB/E]`4T_B9�,`-KxDcE>QWlCKRH]m^= �CMFI,T Dc[�E]N�}�I,H>H]I:JbN�B/` K&N\DFE]T_B/DcI9M
}�I,M.DF[-KW��B9S-KRMFN\~1KRMF�,KRM��9¤
I:JnKRN�N\@1KRQRDcM\S-Td~tv2T�S-HuDcE]@�H>v6E]`-�VJbE>DF[��¡¦ i	� 
 <�© � 
 � =

i9Y



Coefficients
Model

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

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

gm

=P (k)
?

P (k)
� �e� =!<,=qi �br�K&N\DFN ��z,Y��O� z,Y���JbE]`�m-I:JbNXB9H]I,`��_Dc[�K�K � SCB/DFI,MXB9M\K�S-N\K&m B9N�NFB9T_@�H]K��9MFE]m�N�E]` ¦#`-K&B9MFHuv-©�.B9M\DFK&N\EGB9`
QRIAI9MFm-E>`CB/DcKRN&=�� E]�9S-MFKRN_<,={h%DFI
<,={|%m-E>NF@-H]B:v�DF[-K�BZ�,KRMcB9�9K�NF@PK&QxDcMFS�T£KRN\DcE>TfB)DcK&N BL

�
I9}��

B9m � B9QRK&`tDbJbE]`-m�I�JbNb�,KRMFN\S-NODF[-KXKx��B9QxD��,H>I,~CB9H>H>v BZ�,KRMcB9�9K&m�N\@1KRQRDFMFS-T 
C�,E>�9K&`�~tv7Dc[-KXK&NeDcE>TfB/DFI,M BL�� =
����� �D&X* � * "	�G��
�& ,-"=/ �������
�0� � � ��� "	� ��
�& &X* ��� / ����"Q( *
r!I�DcKRN\DODc[-KWB9QRQ&S-MFB9QRv�B9`�m�m-KRT_I,`�N\DcMFB/DcKaDF[-KWS�NFKR}�S�H]`-KRNFN�I/} Dc[�K�B9~PI:�,KXDc[-KRI,M\v�
 �LDcMFB9`-Ne}�I,MFT lCKRH]m-N
�,E>�9K&`�E]`�N\@-[-KRMFE]Q&B9H�[CB9MFT I,`-E>Q�Q&I6K�� Q&E>K&`tDcN�DFI4B%h,y,Y � �o<Z|,Y � H>I,`-�,EuDcS-m�K �/H]B/DcEuDcS-m-K �9MFE]m =7r�[-K&`

 �
JbE]`-m�I�JbNLI9}
ztY � �_ztY � B/MFKOQ&S�DnI,S�DnB9H]I,`��VDF[-K�K � S-B/DcI,M�
6Jb[�K&MFK�Dc[-K�B9`-�,S-H]B9M¡Q&I6I,MFm�E]`CB/DFK&N�¦3- 6 . ©¡B9MFKB9@-@-M\IZ��E>TfB)DcK&Huv �.B9MeDcK&N\EGB9` ¦ � E>�-=�<,=ji9©x= r�[-K�@-HGB9`�K�@PI:JnKRM.NF@PK&QxDcMcB B/MFK�KRN\DFE]T_B/DcKRmfS-N\E]`-��K � =^¦ <,=jp9i,© 

B/} DcKRMbB9@-@-Huv6E]`-� B�DsB9@PK&M���¦	� �76 � � ©LJbE>DF[

��¦	� �76 � � © � i






 < N\E]`�¦H� � � 
«<




 < ©�NFE>`
¦5� � � 
 <




 < © 6 � �76 � � � Y 6 � � 6�
 C < 6 ¦e<,=qp/z(©

Jb[-E]Qs[%E]NbDc[-KXlCM\N\D�I,MFm-KRMODFK&M\TdI9}¡B�NFE]`(S-N\I,E]m-B9H�T�S-H>DFE>DcB9@1KRM.NFKRMFE>K&N ¦#¥OE>K&m-KRH�B9`-m4?AE]m-I9MFK&` �9I 
�<:�,�tp9© 

Kx�6DcKR`-m-KRm�DFI�B�T�S-HuDcEu��m-E]T K&`�NFE]I9`CB9H�DcB9@1KRM�B9N.@�MFI,@PI,NFKRm2~(v ��B9`�NFNFKR`�¦e<:�,�,�,©x= r�[�K�}#B9QRDFI,M�i



�



o<

Q&I,T @PK&`-NFB/DcKRN�}�I,MXDc[-K�H>I,NFNWI9}�@PI:JnKRM�E]`
T�S-H>DFE]@-HuvAE>`-�7Dc[-K_�,MFE>m�JbEuDc[�DF[-K_DcB9@1KRM&=%r�[-K�NF@PK&QxDcMFB4I9}
Dc[-K��7B/m � B9Q&KR`tDVJbE>`-m-I:JbNXB9M\K�B:�9K&MFB9�,K&m�DcI�DF[-K @-H]B9`-K�@PI:JnKRMVN\@1KRQRDFMFS-T§KRN\DFE]T_B/DcK!
 Jb[-E]Qs[�E>N�Dc[-KR`
Q&I,T @CB9M\K&m JbE>Dc[_Dc[-K�@1I:JLK&M.N\@1KRQRDcM\S-T I9}^Dc[�K�NF@�[-K&M\E]QZB/H [CB9M\T_I9`-E]QbQ&I6K�� QRE]K&`tDFN&=¡r�[-E]NL@-MFI6Q&KRm-S-M\K�E]N
E]H>H]S-NeDcMcB)DcK&mfE]` � E]��= <,=qiA=

� E]M\N\D�
PDc[-K M\K&N\@1I,`�NFK�DcI2B�M\K&QxDsB9`-�9S-HGB9M�~CB9`-m H>E]T E>DFK&m�N\@1KRQRDFMFS-T�I,`�B�S-`-EuD�NF@�[-K&M\K E>N�NeDcS-m-E>K&m^=
r�[-K&` �
Q&I,T @CB9M\K�DF[-KnN\@-[-K&M\E]Q&B9HA[-B9MFT I,`-E>Q�@PI:JnKRM N\@1KRQRDcM\S-T JbE>Dc[W�,MFE>m�NFB9T_@�H]K¡NF@PK&QxDcMFS�T KRN\DcE>TfB)DcK&N

iA<



0

0.2

0.4

0.6

0.8

1

0.5 0.2 0.15 0.1 0.08 0.07

0 10 20 30 40 50 60 70 80 90 100
po

w
er

 s
pe

ct
ra

l d
en

si
ty

 (
P

S
D

)

wavelength on the unit sphere

spherical harmonic degree

spherical harmonic power spectrum

plane power spectrum estimate

� �e� =C<,={h �¡?A@�[-K&M\E]QZB/H1B/`-mf@-H]B9`-KO@1I:JLK&MLNF@PK&QRDFMFS-T KRN\DcE>TfB)DcI,M\N¡}�I9MnBX}�S-`-QRDFE]I,`�JbE>DF[�BV~CB9`-mA��H]E>T_EuDcK&m
Jb[-EuDcKaN\@1KRQRDcM\S-TdI,`%B S-`-E>DbN\@-[-KRMFK9=

}�I,M�B �9H]I,~CB/H��,MFB:�6EuDwv«B9`-m B �,H]I9~CB9H�T_B9�,`�KRDcE>Q�lCKRH]m«T_I6m-KRH = �w` B9H>H�@-H>I9DcN�
ODF[-K�H]I:JnKRM2B9~-N\Q&E]N\NcB
E>N_H]B9~1KRH]KRm JbEuDc[oDF[-K%JnBZ�,K&H>K&`-�/Dc[ i�� � � 
.E]`�N\DcK&B9m�I9}�Dc[-K�J.BZ�,KR`(S-T�~PK&M � E>DcN\K&Hu} 
.B9`-m Dc[-K%S-@-@PK&M
B9~�NFQ&E>NFNFB �,Eu�,KRNbDF[-KXQ&I,M\MFKRNF@PI,`-m-E>`-��NF@-[-KRMFE>QZB9H
[CB/MFT I,`-E]Qam�K&�,M\K&K)�/=

� � '�"(�)�+*,�C L'����/� �10 �#* 5 � 	 "(��� 0!3

� N\@-[-KRMFE]Q&B9H }�S-`�QRDcE>I,`�JbE>DF[7~CB9`-m2H>E]T E>DcKRm Jb[�E>DcKaN\@1KRQRDFMFS-T }�MFI,T m-K&�,M\K&KRNbhtiWDcI ztY�E>N.N\v6`tDc[�K&NFE>¢&KRm
~tv4m�E]N\DFMFE>~-S�DcE>`-��Dc[-K @-M\K&N\Q&MFE>~1KRm Q&I,`�N\DsB/`(DVk�?���}�I,M�KZB9Qs[�m-KR�,MFKRK McB9`�m-I,T H>v2E]`tDFIfDc[-K QRIAK � Q&E]KR`tDcN
I9}aB9H]H�I,M\m-K&M\N&= ��} DFK&M�DcMcB/`-N\}�I,M\T_E>`-��DcI
B H]I,`��,E>DFS-m-K �)HGB/DFE>DcS�m-K��,M\E]moI9`�B�S�`-E>D_NF@-[�K&MFK!
bQ&I,`tDcE>`(SA�
I,S�NW@-H]B9`-K @PI:JnKRM�NF@PK&QxDcMFB�B9M\K KRN\DFE]T_B/DcKRm JbEuDc[o¦e<,=qp,i,©�}�M\I,T ��NFB9T @-H]K �,M\E]m-NXI9}nztY���� ztY��VB9H]I9`-�
DF[-K K � SCB/DFI,M&=Wr�[-K �7@1I:JLK&MaNF@PK&QxDcMFB%B9M\K�Dc[�K&`�B:�9K&MFB9�,K&m�B9`-m�m-E>NF@-H]BZv,K&m B9�,B9E]`-NeD�DF[-K DcMFS�K @1I:JLK&M
N\@1KRQRDcM\S-T E>` � E>�,S-M\K�<,={h�=4r�[-Kf@-HGB9`�KfNF@PK&QxDcM\S-T KRN\DcE>TfB)DcK�B/�,MFKRK&N�JLK&H>H�JbEuDc[
Dc[�K_DcM\S-K�N\@-[-K&M\E]Q&B9H
[CB/MFT I,`-E]Q7N\@1KRQRDFMFS-T B9`-m Dc[�K&MFK�E]N�I,`�H>v B�H]E>T_EuDcK&m�H]KZB �/B/�,K2I9}�@PI:JnKRM DFI�`-KRE]�,[(~PI,MFE>`-��[CB9M\T_I,`6�
E>Q&N&= ��S�M\Dc[�K&MFT I,M\K�
 DF[-K�E]`tDFK&�,MFB/DcKRm
@1I:JLK&M�I/}�Dc[-K�@�HGB9`-KfB9`-m N\@-[-K&M\E]Q&B9HnN\@1KRQRDcM\S-T KRN\DFE]T_B/DcI,M\NWE>N
`-K&B9MFHuv�E]m-KR`tDcE]Q&B9H�
�B9NVm-KRTfB9`�m-K&m
~tv�QRI,`-m-EuDcE]I9`�¦ <,=><ZYt©�}�I,MVDF[-K NF@CB/DFEGB9H¡@PI:JnKRM�NF@PK&QxDcM\S-T B9`-m�DF[-K
QRI,MFM\K&NF@PI,`-m�E]`-��`-I,M\TfB/H]E]¢&B/DcE>I,`fI/} EuDcN�K&NeDcE>TfB/DFI,MFN�E>`�¦e<,=qi,p,©nB/`-m
¦ <,=qpA<�©x=

i,i



3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

10000 5000 2000 1000 500 200 100

3 10 100 400

lo
g(

P
S

D
 [m

G
al

2 km
2 ])

wavelength [km]

spherical harmonic degree

EGM spherical harmonic coefficients
plane sample grids

� �e� =�<,= z � �¡K&M\DFE]Q&B9H-Q&I9T_@PI,`-KR`(D �,McBZ�6E>Dwv�@1I:JLK&M¡NF@PK&QxDcMFS�T�I9}PK � =P¦e<9=ji9�,©�DcI,�9KRDc[�K&M JbE>DF[ Dc[-KbBZ�,KRMcB9�9KH]I6QZB9H1@1I:JLK&MONF@PK&QxDcMFS�TdK&N\DFE]T_B/DcKRm7}�MFI,T Dc[-KXNcB/T_@-H>Ka�,MFE>m-N�S-N\E]`-��K � =�¦ <,=jp9i,©

�2 � �!�C � �)� 	 � � � � "6 3
r�[-K����V���,y��9K&I,@PI9DcKR`tDcEGB/HtT_I6m-K&H1¦#¤�KRT_I9E]`-K¡KRD B9H =�
6<:�,�,|t©
E]N�DcMFB9`-Ne}�I,MFT K&mVDcI�BOH]I,`��,E>DFS-m-K �)HGB/DFE>DcS�m-K
�,MFE>m I9}��,KRM\DcE>QZB9H�Q&I,T @1I9`-K&`tD¡�,MFB:�6EuDwv B9`-m DF[-KbBZ�,K&MFB9�,KbH]I6QZB/HANFB9T_@�H]K.N\@1KRQRDcM\S-T K&NeDcE>TfB/DFK&N8B/MFK�Q&I9T��
@CB9M\K&m%JbEuDc[2Dc[-K ���W���9y N\@-[-K&M\E]Q&B9H![-B9MFT I,`-E>QaNF@PK&QRDFMFS-T 
�m-E]N\@-HGBZv9K&m4E>` � E>�-=^<,= z-=.r�[�K�B9�,M\K&KRT_KR`(D
E]N��,I6I6m^=

i9h



6

8

10

12

14

16

18

20

22

24

20000 5000 2000 1000 500

1 5 10 50 100
lo

g(
P

S
D

 [n
T

2  k
m

4 ])

wavelength [km]

spherical harmonic degree

spherical harmonic coefficients set to zero
spherical harmonic power spectrum

plane power spectrum

� �e� =�<9=jp � ��B9�9`-KRDFE]Q�@PI9DcKR`(DFEGB9HA@1I:JLK&M¡NF@PK&QxDcM\S-T�I9}PK � =P¦ <,=ji/|t©!I9}PT IAm-KRHC�.|,��JbEuDc[�Dc[�KOQRIAK � Q&E]KR`tDcNI9}!m-KR�,MFKRK&NX<R�s<:i�NFKRDbDFI ¢RK&M\I 
-DcI,�9KRDc[�K&M.JbE>DF[7Dc[-KVBZ�,KRMcB9�,KXH>IAQ&B9H @PI:JnKRM�N\@1KRQRDcM\S-T 
-K&NeDcE]T_B/DFK&m7}�MFI,T
DF[-KXNcB9T @-H]K��,MFE>m-N�S-NFE>`-� K � =�¦e<,=qp,i,©

�7 � ���C n��� �10 "t���#* � "6 3
� E>MFNeD�
�Dc[-K%Dc[-KRI,M\voE]N7B9@�@-H]E>K&moDFI
Dc[-K T_B9�,`-KxDcE>Q�@PI9DcKR`(DFEGB9H+= � DcMcB/`-N\}�I,M\T DF[-K4T_B9�,`-KxDcE]Q%T_I6m-KRH
�.|,�«¦+�.B9E]` KxD2B9H+=�
X<:�,|9�t©�DFI B
H]I,`-�9E>DcS�m-K �/H]B/DcEuDcS-m�K��9MFE]moI9}XDc[-K T_B9�,`-KxDcE>Q�@PI9DcKR`(DFEGB9H%
�K&NeDcE]T_B/DFK
DF[-K�BZ�,KRMcB9�9KfNF@PK&QxDcM\S-T£I/}.Dc[-K_K � SCB/DFI,MFE]B9H¡NcB9T @-H>K �9MFE]m�NWS-N\E]`-�%K � =n¦e<,=qp,i,©XB9`-m
QRI,T @CB9MFK E>DXJbEuDc[
DF[-K%N\@-[-KRMFE]Q&B9HbQ&I6K�� Q&E>K&`tD_@1I:JLK&M NF@PK&QRDFMFS-T I9}�K � =�¦e<,=qi9|t© = �CI,M � E>�,S-MFK�<,=qp 
�Dc[-K�Q&I6K�� Q&E>K&`tDcN I9}
m-KR�,MFKRK&N�<x�s<�i�JnKRMFK_NFKRD�DcI�¢RK&M\I-=2r�[-K&`�DF[-K�BZ�9K&McB/�,K�@-H]B9`-K NF@PK&QRDFMFS-T KRN\DcE>TfB)DcK E]NVE]`
B/�,MFKRK&T K&`tD
JbEuDc[ DF[-K4N\@-[-K&M\E]Q&B9H�[-B9MFT I,`-E>Q%N\@1KRQRDcM\S-T�= ��I:JLKR�9K&M�
OE>}�Dc[-K4H>I:Jd[CB9M\T_I,`�E]Q�m-K&�,M\K&K4QRIAK � Q&E]KR`tDcN
B9M\K�`-I/DaNFKxD�DcI�¢RK&M\I 
 Dc[�K&MFK E>N�BfN\KR�9K&MFK�@PI:JnKRMaH]KZB �/B/�,KV}�M\I,TUH]I:J NF@-[�K&MFE>QZB9H![CB9M\T_I,`�E]QVm-K&�,M\K&KRN�DcI
[-E>�,[�J.BZ�,KR`(S-T�~PK&MFN7¦ � E>�,S-MFK2<,={yt© =fr�[-E>NWH>KZB �)B9�,K�I6Q&QRS-MFNVE]`�Dc[-K_K&NeDcE]T_B/DFE]I,` I9}LDc[-K_@-HGB/`-K�@1I:JLK&M
N\@1KRQRDcMFB�= ��K&`�Q&K�
8EuD�E>NW`�I9D�B%@-MFI,~�H]K&T I/}.Dc[-K_NF@PK&QxDcMFS�T£KRN\DcE>TfB)DcI,MXm-KxlC`-E>DFE]I,`�N&=2��N�E>H]H>S-N\DFMcB/DFK&m


DF[-K S-NFS-B9H�@-M\IAQRK&m-S-M\K&N2I9}Vm-KxDcMFKR`-m-E>`-� 
ONFS-~�DFMcB9QxDcE>`-� B
NFK&QRI,`-m I,MFm�K&M�@PI,H>v6`-I9T_E]B9HbI,M�i9���wT�S-H>DFEu�
DcB9@1KRMFE>`-��¦ ��B9`-NFN\K&`

�<:�9�t�,©L}#B9E>H1DcI�@-M\KR�9K&`tD�DF[-KXH]KZB �/B/�,K9=

r�[-KXH]K&B �)B9�,K�@�MFI,~-H>K&T E]N�NFI9H>�,KRm2~(v�NFS-~�DFMcB9QxDcE>`-� 
-N\K&@CB9MFB/DcKRH>v�}�M\I,T KZB9Qs[�NcB9T @-H>Ka�,MFE>m � � � 
�DF[-K
QRI,T�~-E>`CB/DcE>I,` � 0 / I9}!NF@�[-K&M\E]QZB/H
[CB9MFT I,`-E>Q&N � 0 /� � Jb[-E]Qs[�T_E>`-E]T E]¢RK&N�Dc[-KXMFKRNFE>m-SCB9H

� � � �4035 S 04/ 5 � 0
�� 4
� � �
¦�� � � C � 0 / � 0 /� � © � 
 � ¦ � 0 / © ���� 6 ¦ <,=jp9p,©

Jb[-KRMFK�DF[-K mCB9T @-E]`��_DcKRMFTUJbE>Dc[�� � Y � Y,Y�< E]N�MFK � S�E]MFKRm�NFE]`�Q&K�DF[-K NF@-[�K&MFE>QZB9H [CB9MFT I,`-E>Q&N�B9MFK�`�I9D
i/z



10

12

14

16

18

20

22

24

20000 5000 2000 1000 500

1 5 10 50 100

lo
g(

P
S

D
 [n

T
2  k

m
4 ])

wavelength [km]

spherical harmonic degree

C89
multi-taper

simple taper
+ linear detrend

+ quadratic detrend

� �e� =1<,={y �¡�%B9�,`-KxDcE]Q�@1I/DcK&`tDFEGB9H�@PI�JLK&M�N\@1KRQRDFMFS-T B9N.E>` � E]��=P<9=jpX~-S�D�E>`-Q&H>S-m-E]`���m-KR�,MFKRK&N�<R�c<�iA= r�[�K
S-NFS-B9H�B9H]�9I,MFEuDc[-T Nnm-I�`-I/D�@�MFKR�9K&`tD�H]KZB �/B/�,KaI9}!H]I,`-� JnBZ�,K&H>K&`-�/Dc[�@PI:JnKRM�DcI�[-E]�9[2JnBZ�,KR`6S�T�~1KRMFNR=

6

8

10

12

14

16

18

20

22

24

20000 5000 2000 1000 500

1 5 10 50 100

lo
g(

P
S

D
 [n

T
2  k

m
4 ])

wavelength [km]

spherical harmonic degree

n = 3

n = 4
n = 5

C89
plane spectra

� �e� =�<9=j� � �%B9�,`-KxDcE]Q @PI9DcKR`(DFEGB9H�@PI�JLK&MWNF@PK&QxDcMFS�T B9NWE]` �!E]�-=8<,={y�=%¨nKR}�I9MFKfKRN\DFE]T_B/DcE>`-��DF[-Kf@�HGB9`-K
NF@PK&QxDcMcB 
-Dc[-KXNcB/T_@-H>Ka�,MFE>m-N.JLK&MFKVQ&H>KZB9`�K&m�S-NFE>`-��K � =�¦e<,=qp,p,©LJbEuDc[7�/B9H]S�K&NbI9} h��np�}�I,M 
 =

i,p



4

6

8

10

12

14

16

20000 5000 3000 2000 1000 500

1 5 10 50 100
lo

g(
P

S
D

 [n
T

2 km
2 ])

wavelength [km]

spherical harmonic degree

n = 3

n = 4
n = 5

C89
plane spectra

� �e� =�<,=q| � �¡KRQRDcI9M�@1I:JLK&MaN\@1KRQRDcM\S-T�I/}¡K � =¡¦e<9=qh�<:©bDcI9�,KRDF[-K&M�JbEuDc[4DF[-K BZ�,KRMcB9�,K H>IAQ&B9H�@1I:JLK&MaN\@1KRQx�DFMFS-T 
�K&NeDcE>TfB/DFK&m«}�MFI,T Dc[-K Q&H>KZB9`-KRm NFB9T_@�H]K �,M\E]m-N2S-N\E]`-� K � =�¦e<,=qp9ht© = ���tB9E]` 
�Q&H>KZB9`-E>`-� S-NFE>`-�
K � =�¦ <,=qp,p,©LJbE>DF[2` � z_H>KZB9m�N.DcI B �,IAI6m2B9�,M\K&KRT_KR`(DOI9}�Dc[�KV@�HGB9`-KXB/`-m2NF@-[-KRMFE>QZB9H
[CB/MFT I,`-E]Q�@1I:JLK&M
N\@1KRQRDcM\S-TdK&NeDcE>TfB/DFI,MFNR=

I,MeDc[-I9�,I,`CB9H�I,`�BfN\S-~A�wB9MFK&B�I9}¡Dc[-K�N\@-[-KRMFK9=Vr�[-E>N�@-MFI6Q&KRm-S-M\K E]N��9K&Mev4K�� QRE]K&`tDVB9`�m


��z�B9H]M\KZB9m�v

M\K&T I��9K&N�DF[-K�KR`(DFE]M\K�TfB/E]`2lCK&H>m4}�MFI,TUBf�,M\E]m
¦#NFKRK�� E]��=
<,=j�9©x=�ª«EuDc[4[-E>�,[-KRM


JLK N\DcB9M\D�DcI�M\K&T I:�,K

DF[-KXQ&MFS�N\DsB/H^lCK&H>m%B/NbJLK&H>H�
�Jb[�E]Qs[�E]N�`-I9DOE>`(DFK&`-m�K&m�[-K&M\K9=
� E>`CB9H]Huv 
aH>KRD4S�N�DcMev DFI K&N\DFE]T_B/DcK Dc[-K��,K&QxDcI,M N\@1KRQRDFMFS-T }�MFI,T DcI9DcB9HVE]`tDcKR`-NFEuDwv mCB)DsB 
VS-NFE>`-�

K � = ¦e<,=qp9ht© = �CI,M�T I6m-K&H �.|,� 
 �OQRI,T @-S�DcKWDc[-K�H>I,`-�,EuDcS-m�K �/H]B/DcEuDcS-m-Ka�9MFE]m�I9}8DcI9DcB9H�E]`tDcKR`-NFEuDcE]KRN�
1Q&H]K&B9`
DF[-K ztY � �4ztY � NcB/T_@-H>K��,M\E]m-N�S�NFE]`��7K � =�¦e<,=qp,p,©�JbE>DF[ ` � z 

KRN\DcE>TfB)DcKWDF[-K�BZ�,KRMcB9�,K�N\@1KRQRDcM\S-T§S-N �
E>`-��K � =�¦e<,=qp9ht©aJbE>Dc[ � � Y � 
¡B/`-m
m-KRT_I,`�N\DcMFB/DcK_Dc[-K�QRI,`-N\E]N\DFK&`-Qxv�JbEuDc[
Dc[�Kf�,KRQRDcI9M�NF@PK&QxDcMFS�T I9}
K � =O¦ <,={h�<�©�E]` �!E]�,S-M\K <,={|�= ��~(�6E>I,S-NFHuv 
8Dc[�K�QRH]K&B9`-E]`�� @-MFI6Q&KRm-S-MFK�I9}�K � =O¦e<9=jp,p9©WJnI,M �(NfB9H>NFI4JbEuDc[
DFI9DsB9H
E>`tDcK&`�NFE>Dwv2m-B/DsB B9`-m�E>DOE]NbE>`-m-K&KRm�@PI,NFN\E]~-H>K�DcI K&NeDcE]T_B/DFKWB �,KRQRDFI,M�N\@1KRQRDcM\S-Td}�MFI,TgH]I6QZB9H DFI9DsB/H
E>`(DFK&`-N\E>Dwv7m-B/DsB�=

i9y



2
2

14

15

axial dipole
UFM excl. axial dipole

lo
g(

P
S

D
 [n

T
  k

m
  ]

)

16

17

20000 5000 3000 2000 1600
wavelength [km]

spherical harmonic degree
0 2 4 6 8 10 12

� �e� =
<,=q� � �¡K&QxDcI,M�@1I:JLK&MONF@PK&QxDcMFS�T ¦ <,=qhA<�©.I9} Dc[�KWT_B9�,`-KxDcE>QXl-K&H]m�B/DbDc[-KWQ&I,M\Kx��TfB9`tDFH]Ka~PI,S-`-mCB/M\v 

K&NeDcE]T_B/DFK&m�}�M\I,T DF[-K.N\@-[-K&M\E]Q&B9H�QRIAK �_QRE]KR`(DFN8I9}�Dc[-KnQ&I,M\K.lCK&H>m�T_I6m-KRH � �8� ¦+¨nH>I:�A[CB/T B/`-m �,B9Q
�(NFI,` 

<:�,�ti9©

����� � ������&I��� ,�� &X�
	 �M� ��
�& ,-"=( &�� / �
� � � & � "Q.���	�� (��
� E]`-B9H]Huv 
¡H]KxD_S�NfH]I6I � B)D DF[-K�`�KRJd�,KRQRDFI,MfN\@1KRQRDcM\S-T I9}�DF[-K%T_B9�,`�KRDcE>Q7lCK&H>m�B/D Dc[-K�Q&I9MFKx��TfB/`(DFH]K
~1I9S-`-mCB9Mev,=�r�[-K�T_B9E]` T_B9�,`-KxDcE>Q�lCK&H>m E>NaI9} DcKR`�NFB9E]m DFI�~PK � Jb[-EuDcK � B/DXDF[-K�Q&I,M\Kx�wT_B9`tDcH>K�~PI,S-`-mA�
B9M\v_~PK&QZB/S-NFKXE>DFNb��B9S�K&MFN\~1KRMF�,KRM��9¤
I:JLK&NbNF@PK&QxDcMFS�T E]N.`�KZB9M\H>v "�B/D.DF[-K&M\K ¦+¤�B9`-�,KRH^B9`�m��8NeDcK&N�

<:�,|ti9©x=
��I:JLKR�,KRM�
 � Jb[-E>DFK&`-KRNFN � �9K&`-KRMcB9H>H>v2T KZB9`-NbDc[-B/DaB9H>H�BZ�9B/E]HGB/~-H]KaT IAm�K&N�E>`%DF[-KWJnBZ�,K&`(S-T�~1KRMam-I,T_B9E]`
B9MFK2S-`�Q&I,M\MFK&H]B/DcKRm�B9`�mo[CBZ�,K%K � SCB9HbT KZB9` K&`�K&MF�/v,= ��`�B�NF@�[-K&M\K�
.Dc[�K�BZ�/B9E]H]B9~-H>K�T_I6m-KRN_B/MFK�E]`A�
m-Kx�AKRmo~tv#��B9`�m 1 = ?AE>`-Q&K7KR`-K&M\�9v E]N N\S-T T_KRm MFB/Dc[�K&M�Dc[-B9`oBZ�9K&McB/�,K&m I��9K&M>1 
LB�Jb[-EuDcK7`-I9E]NFK
��B9S-KRMFN\~1KRMF�,KRM��9¤
I:JnKRN%N\@1KRQRDFMFS-T E]Nf`�I9D "�B/D�~-S�D7E>`-Q&M\KZB9N\K&N7~tv B�}#B9QxDcI,M�i	�X
 <,= �w` QRI,`tDcMcB/N\D�

Dc[-K�B9¢RE]T�SADc[CB9H>H>v�BZ�,K&MFB9�,KRm �,KRQRDFI,M_N\@1KRQRDFMFS-T B9m��9IAQ&B/DcKRmo[-KRMFK!
LJb[-E>Qs[oQZB/` ~PK%KRN\DFE]T_B/DcKRm S�NFE]`��
K � =
¦ <,={h�<�© 
6E]N "�B/DL}�I,M.BWJb[�E>DcK�`-I,E>NFK�l-K&H]m = � E]�,S�MFKV<,=q�WNF[-I:JbN.Dc[-B/Dn}�I,M¡Dc[�K �¡B9M\DF[
	{NnTfB9�9`-KRDFE]QblCK&H>m
Dc[-E>N�N\@1KRQRDcM\S-T m�K&Q&M\KZB9N\K&N�~tv i�I,M\m-K&M\N�I9}bT_B9�,`-EuDcS-m�K_}�MFI9T m�K&�,M\K&K&N i%DFI
<�iA= �OK&`-QRK�
¡KR�9K&` Dc[�K
`-I,`A��m-E]@PI,H>KOT_B9�,`�KRDcE>QOl-K&H]m7E>Nn`-I/DnJb[-EuDcK�~�S�D�Q&I9MFMFKRHGB/DFK&m�I:�9K&M�HGB/MF�,KOm-E]NeDsB9`�Q&K&N.B/DnDF[-K�Q&I9MFKx��TfB/`(DFH]K
~1I9S-`-mCB9Mev,=

i,�



����� � � *�,�.0*�*�� " � �
��	 ,-"��0,2��.0*���"��0*
� NF@CB)DcEGB/H8@1I:JLK&M�N\@1KRQRDFMFS-T Qs[CB9MFB9QRDFK&M\E]¢&KRN�N\@CB/DcE]B9H8�/B9MFE]B9`-Q&K B9NWB�}�S�`-QRDFE]I,` I9}.DF[-K JnBZ�,KR`6S�T�~1KRM&=
��DaE>NaB�Q&I9`(DFE]`(S-I,S�N � S-B9`tDcE>Dwv�
^Jb[-E]Qs[�E>N�m-KRl-`-K&m ������������� 
^[-KR`-Q&K!
�EuD�K ��E>N\DFNaE]`-m-KR@1KR`-m-KR`(DFH>v�I9}LB9`tv
T KZB9N\S-MFKRT_KR`tDcN Dc[-B/D T_BZv�[CBZ�9K�~1KRK&`�TfB/m-K.B9`�m E]`-m-KR@1KR`-m-KR`(DFH>v�I9}CDc[-KnQs[-I,NFKR`_QRIAI9MFm-E>`CB/DcKLN\v6N\DFK&T�=
r�[-E>NaNF@CB)DcEGB/H @1I:JLK&MXNF@PK&QxDcM\S-T QZB9`�~PK�K&N\DFE]T_B/DcKRm


`-I9DXQRI,T @-S�DcKRm


}�MFI,T�T_K&B9NFS�MFK&m mCB/DcB�= �OK&MFK!

�a[CBZ�9KfDcM\KZB/DFK&m
Dc[�K7i9� Q&B9NFK!
 Jb[-K&M\K7T_K&B9NFS�MFK&T K&`tDFN B9MFK_H]I6QZB/DFK&m�I,` B�QRS-M\�9K&m

8~-SAD MFK&B9NFI,`-B9~-H>v
N\T_I6I9Dc[ N\S-M\}#B9QRK9= ª�K2[CBZ�9K%N\I,T_K7}�M\K&K&m�I,T E]` DF[-K%K ��B9QRD m-KxlC`-E>DFE]I,` B9`�m `-I9MFT_B9H]E>¢ZB/DFE]I,`�I9}�DF[-K
N\@CB/DcE]B9H�@1I:JLK&M�N\@1KRQRDcM\S-T�=ar!I�~PK�E>`-m-K&@PK&`�m-K&`tDXI9}8DF[-K�Q&I6I,M\m-E]`CB)DcKVN\v6N\DFK&T 
^I,`-K�Q&B9` E]`tDFK&�,MFB/DcKWI,M
BZ�,KRMcB9�9KnI:�,KRM!Dc[�K.B9¢RE]T�S�DF[^= �w`WJb[-I,H>K �¡B9MeDc[�NeDcS-m�E]K&N!E>D�E]N�Q&I9T_T I,`V@-McB9QxDcE>Q&K¡DcI�S�NFK.B/`�B9¢RE]T�S�DF[CB9H>H>v
N\S-T_T K&m NF@PK&QxDcM\S-T%=fr�[-E]NVE]NVB%@PK&QRS-H]E]B9M � SCB9`tDcEuDwv 
�Jb[-E]Qs[�QZB9M\MFE]KRNaDc[-K S-`-EuDcNVI9}�B�<:� N\@1KRQRDFMFS-T 

~-SAD¡m-IAKRN¡`-I9D¡m-KRNFQ&M\E]~PKbNF@CB/DFEGB9H6�/B9MFE]B9~-E]H>E>DwvXI,` B <:�«@-MFI/lCH]K/=8�nI,`tDcMFB9M\v�DcIXK&NeDsB9~-H>E]N\[-K&m�Q&I9`(�9K&`tDcE>I,`-N
EuDcN�Jb[-EuDcK2`-I,E>NFK7NF@PK&QxDcM\S-T NFH]I9@1KRN S-@tJ.B9M\m^= �w` Q&I9`(DFMcB9NeD�
�Dc[-K�B9¢RE]T�S�DF[CB9H>H>v�BZ�,K&MFB9�,KRmoNF@PK&QxDcM\S-T
QRI,T_T I,`-Huv�S-N\K&m�E>`_H>IAQ&B9HCN\DFS-m-E>K&NnE>N�B�i9� NF@PK&QRDFMFS-T Jb[-E>Qs[fE]N�Q&I9T_@CB)DcE]~�H]K.JbE>DF[ DF[-K�`�I,`A� BZ�9K&McB/�,K&m
i9� N\@1KRQRDFMFS-T 
-B9`�m7E>DcN�Jb[-E>DFK�`-I,E>NFK�NF@PK&QRDFMFS-T E]N "CB/DZ= �O} DcKRM.I,@�DFE]`-��}�I9M.B9`7B/¢&E]T�S�Dc[CB/H]H>v BZ�9K&McB/�,K&m
N\@1KRQRDcM\S-T 
�JLKfNeDcE]H>H [CBZ�,K Dc[-K�}�MFKRK&m-I9T I9}.`-I9MFT_B9H]E>¢ZB/DFE]I,`^= ��D�T_B �9KRNWE>`tDcS-EuDcE>�9K NFKR`-NFKfDFI%m�K&T_B9`-m
DF[CB/DVDc[-K�E>`tDcK&�9McB9H¡I9}.DF[-Kf@PI:JnKRM�NF@PK&QxDcMFB9Hnm-KR`-NFEuDwv�I:�9K&MWDF[-K2i9� J.BZ�,KR`(S-T�~PK&M m-I,T_B9E>`�~PKfK � S-B9H
DFI�Dc[-K�Kx�A@1KRQRDFK&m«H]I6QZB9HO@PI�JLK&MR= r�[-E]NfH]KZB/m-N_DFI B
m-E>�6E>NFE]I9`o~tv ¦+i���© ��E]`oDF[-K4m-KxlC`-EuDcE]I9`-NfI9}aDF[-K
N\@1KRQRDcM\S-T KRN\DcE>TfB)DcI,M\N&= ��HuDcK&M\`CB/DFE>�,KRH>v�
OI9`-K Q&I,S�H]m m-KxlC`-K Dc[-K�NF@CB/DFEGB9H�@1I:JLK&M2NF@PK&QxDcM\S-T B9NfDF[-K
�/B9M\EGB9~-E>H]EuDwv E]`�DFK&MFT N�I9}�Dc[�KaNF@CB/DFEGB9HP}�MFK � S�K&`-Qxv2E]`7QRv6QRH]K&Nb@PK&M �(T�=8r�[-K&`7Dc[�KX}#B/QRDcI9MX¦ i���© �W� E]`�DF[-K
N\@1KRQRDcM\S-TgKRN\DFE]T_B/DcI,M\NnJLI,S-H]m7m�E]NcB/@-@1K&B9M&= ��I:JnKx�,KRM�
�E]`2B9QRQ&I,M\mCB9`-QRK�JbE>DF[7K&N\DcB9~-H>E]NF[�K&m7Q&I9`(�9K&`tDcE>I,`-N
B9`�m Q&I,T @CB/DFE]~-E>H]E>Dwv�JbE>Dc[�DF[-K4T_B/Dc[�K&T_B/DcE>QZB9HbH]EuDcKRMcB/DFS-MFK!
OEuD�E>N�@-MFKx}�K&MFB9~-H]K%DcI S-N\K4J.BZ�,KR`(S-T�~PK&MFN
E>`-N\DFKZB9m2I9}!NF@CB)DcEGB/H }�MFK � S�K&`-QRE]K&N�B9`-m�MFKxDsB9E>`7Dc[-Ka}#B9QxDcI,MV¦+i���© �W� E>`2DF[-KXK&NeDcE]T_B/DFI,M.m-KxlC`-E>DFE]I,`�N&=

�nS-M\MFK&`tDFH>v 
�N\@CB/DcE]B9H @PI:JnKRMVN\@1KRQRDFMcB�B9MFK�K&NeDcE>TfB/DFK&m4JbEuDc[ Dc[-K�@-M\E]T_B9M\v%I,~ � KRQRDFE>�,K�I9}nB9`CB/H>v6¢&E>`-�
DF[-K&E>M NF[-B9@1K�E>`�DcKRMFT N I9}P@PKZB �(N¡B9`-m N\H]I,@PK&NR= �OI�JLKR�9K&M�
AEu}�I,`-K.QRI,S-H]m�B9�,MFKRK.I,`�B�QRI,T_T I,`�m�KRlC`-EuDcE>I,`
B9`�m `�I,MFT_B9H]E>¢ZB/DFE]I,` 
nKR�9K&`«Dc[-K�B/~-NFI,H>S�DcK�B/T_@-H>E>DFS-m-K&N_I9}VNF@CB)DcEGB/H�@PI�JLK&M2N\@1KRQRDcMFB
}�MFI,T m-E��1K&M\K&`tD
NeDcS-m-E>K&NLQ&I,S-H>m_~PK�QRI,T @CB9MFKRmfm-E>MFKRQRDcHuv 
tJbE>DF[-I,S�DL[CBZ�6E]`-�VDcIVJnI,M\M\v_B9~PI,S�D�NF@�[-K&M\E]QZB/H1MFB9m-E]E%
t�,MFE>m_N\E]¢RK&N
B9`�m
NcB9T @-H>E]`-��E]`tDcKRM\�/B9H>N&=���I9MWK �-B/T_@-H>K�
!Q&I,T @CB9M\E]`-� � E]�,S�MFK&N <,={�4B9`-mo<,=q|2JnKfQZB9` NFB:v Dc[-B/DWDF[-K
@PI:JnKRMnm-KR`-NFEuDwvfI9} Dc[-K�TfB9�9`-KRDFE]QblCK&H>m�B/D.h,Y,Y,Y �(T JnBZ�,K&H>K&`-�/Dc[7E]NO<:Y��LDcE]T K&N¡NeDcMFI9`-�,K&MnB/DnDF[-K�QRI,MFK �
T_B9`tDcH>K�~1I9S-`-mCB9Mev Dc[CB/` B)D DF[-K �¡B9M\DF[
	{N�N\S-M\}#B9QRK9= r�[-K�MFK&m�KRlC`-KRmo@PI:JnKRM_N\@1KRQRDcM\S-T B9H>NFI�NF[-I:JbN
DF[CB/D�
CQRI,`tDcMFB9M\v�DFI_K&B9MFH>E]KRM�B9NFN\K&N\NFT K&`tDcN�
1Dc[�KWT_B9�,`-KxDcE>Q�lCK&H>m�B)DODF[-KXQ&I,M\Kx��TfB9`tDFH]Ka~PI,S-`-mCB/M\v7E>NO`�I9D
Jb[-EuDcK/=

i9|



����� � �0�#& ��	0��� ��" � 
�� � ��&X( �
�w`f�,KR`-K&MFB9H�
(N\S-@1KRMFE>T_@PI,NFE>`-�WBV[CB/MFT I,`-E]QbI9}1J.BZ�9K&`(S-T�~PK&M�� � I9`(DFI�BX[CB9M\T_I,`�E]QbI9} JnBZ�,KR`6S�T�~1KRM�� �H]K&B9m-NWDFI�B�NFS�T£I9}b[-B9MFT I,`-E>Q&NWJbEuDc[�JnBZ�,KR`6S�T�~1KRMFN�¦�� � C�� � ©WB9`-m ¦	� � 

� � ©x=4��@-@-H]E>K&m�DFI�Dc[�KNFEuDcSCB/DFE]I,`�I9}^B9` �¡B9MeDc[ JbE>Dc[_BWm�E]@PI,HGB9M TfB9E>`�TfB9�9`-KRDFE]Q�lCK&H>m_I/}^[CB9M\T_I9`-E]Qbm-KR�,MFKRKW< 
ABX[-E]�,[ m-KR�,MFKRK
[CB9M\T_I,`�E]Q �N/0 T_B �9KRN.Q&I9`(DFMFE>~-S�DcE>I,`-N.I/}�m-K&�,M\K&KRNV¦H� C <�©nB/`-m�¦H��
 <�©¡DFI�Dc[-K�DFI9DsB/H1E>`(DFK&`-N\E>Dwv_I9}
Dc[�K
lCK&H>m^= ��N�N\[CB9H>HC~1KbNF[�I�Jb`fE]` Dc[-Kb}�I,H>H]I:JbE]`-� 
/Dc[�K�QRI,`tDcMFE>~-S�DFE]I,`�E]` DFK&MFT N¡I9}^@PI:JnKRM�DFIWm�K&�,M\K&K�¦H��C <�©
E]N�B9@-@�MFIZ�AE]T_B/DcKRH>v�I9`-K�I9MFm-KRM�I/}^T_B9�,`-EuDcS-m-KbNeDcMFI9`-�,K&M8DF[CB9`_DFIWm�K&�,M\K&K�¦H� 
�<�©�
6N\IWDF[-KbHGB/D\DcK&M¡N\[-I,S-H>m
~1KX`-KR�,H]E>�,E]~�H]KOE]`2T_I9N\DbQZB/NFK&NR=

¤�KxDOS-NOB9NFN\S-T_KaDF[CB/DbDc[-KXQRIAI,M\m-E]`-B/DcKaB���E>NbE]NbB9H>E]�,`-KRm�JbE>DF[2DF[-KXm-E]@PI,H>KaB)�AE]NR=8r�[-K&`

� �����0	� / � � � S � A �N/0��� S � � � � �� � S � �0	� / 
 � � � � S A � �0	� /��� S � � 6 ¦e<,=qp9yt©

Jb[-K&M\K �����0	� / E]NaDc[-K @-M\I � K&QxDcE]I9`�I9} �N/0 I,`tDcI2Dc[-K m-E>MFK&QxDcE>I,`�I/}nDc[�K_T_B9E]` lCKRH]m^= �CMFI,T§K � N&=n¦e<,={h,yt©
B9`-m�¦e<,={ht�,©�
AJbEuDc[ � S ��� QRI,N�-�}�I,H]H>I:JbN



� /0 	 � 
 
 0 � ��� ����� < 
 h8Q&I,N � - �������0	� / �

� ��� �� /0
� i-¦H� 
 <�©�QRI,N - � /0 C N\E]`F- ��� � /0 � ¦e<,=qp,�,©

r!IOK&H>E]T E]`CB)DcK B/H]H,I6Q&QRS-MFM\K&`-QRK&N I/}%-OB9`-m ��� 
)JLK�MFK � S-E>MFK8Dc[�K�}�I,H>H]I:JbE]`��.MFKRHGB/DFE]I,`-N^}�I9M^}�S-H]Huv�`-I,M\TfB/H]E]¢RK&m
NF@-[�K&MFE>QZB9H
[-B9MFT I,`-E>Q&N

	 � ��� � /0 � ¦H� 
 <�©�P � /0 C
� ¦ i	� 
 <�©R¦H� C 1 
«<�©&¦9��
 1 
 <�©
i	��
 h � /0 � � ¦e<,=qp9|t©

P � /0 � ���� ¦H� C 1�©&¦9��
 1�©
¦+i	� Co<�©&¦+i	��
«<�© � /0 ��� 
 ���� ¦H� C!1 
«<�©&¦9� 
 1 
«<�©

¦ i	� 
 <�©R¦ i	� 
 ht© � /0 � � 6 ¦e<,=qp9�t©

Jb[-K&M\K 	 � N\E]`2-2B9`-mCP � QRI,N -A= ¥bK&HGB)DcE]I9`-N�¦e<9=jp9|,©�B9`-mo¦e<,=qp9�t©�B9M\K �9B/H]E]m4}�I9MWB/H]H,1 B9`-m�QZB9`�~1K
m-K&m�S-Q&KRm�}�M\I,T @-M\I,@1KRM\DFE]K&N!I9}-DF[-K�B9N\NFI6Q&EGB)DcK&m�¤
K&�,KR`-m-MFKL}�S-`-QRDFE]I,`�N�¦+¨nB9Q
�(S-N KRD B9H =�
�<Z�,�,y 
)K � N&=,h�=j�6=qh,|
B9`-m hA=j�A=u<Zz(©�JbE>DF[4m-KRl-`-E>DFE]I,`-N�¦e<9=><:y,©w�x¦ <,=u<:|t©bB9`-m E 0 � <,= �ONFE>`-�flCM\N\D�¦ <,=qp9|t©�B/`-m�Dc[�K&` ¦e<9=jp9�,©OE]`
K � =�¦e<9=jp,�9©n�,E>�9K&N

� /0 � hC¦9��
 <:©����� ¦9� C 1�©&¦9��
 1�©
¦ i	� C�<�©&¦+i	��
«<�© � /0 ��� 
 ¦H� 
oi,©����� ¦9� C 1 
 <�©R¦H��
 1 
«<�©

¦ i	� 
 <�©R¦ i	� 
 ht© � /0 � � � ¦e<,={y,Yt©

��BZ�6E]`-�7S�NFK&m }�S-H>H>v�`-I,M\TfB/H]E]¢RK&m%NF@-[-KRMFE>QZB9H![CB9MFT I,`-E>Q&N�
1JLK QZB9` B9M\�,S-K�DF[CB/D�DF[-K�lCM\N\DaDcKRMFTUI,`4Dc[�K
MFE>�,[tD�E>N�h2DcE]T K&NVN\DFMFI,`��,K&MWE]`�B9T_@�H]E>DFS-m-K!
![-KR`-Q&K!
8MFI,S��,[-H>v�I9`-KfI,M\m-K&MVI9}�T_B9�,`�E>DcS�m-K_NeDcM\I,`-�,KRM�E]`
@1I:JLK&MVDc[CB9` Dc[-K NFKRQ&I,`�m
DcK&M\T%= ��I:JnKx�,KRM�
 Dc[�E]NXQ&I,`�Q&H]S�NFE]I9`�E]Na�/B9H>E]m I,`-H>v4E>}nDF[-K Kx�A@1KRQRDcB/DcE>I,`�}�I,M
¦ � 00 ©K��B9`-m�¦ � � 00 ©K�bE]N�`-I/D�[�E]�,[-KRM.Dc[CB/`�}�I,M.DF[-KXH]I:JLK&M�I,M\m-K&M\N � 1 � � �/=

i9�



� � � � ��� � �

� � � � ���
� 	 ��� ��� � �!� � � � � � � �
��� �!��� � �

� ��� � � 		� � ��� � � �8� � � ��� �
� � �d� �

� ����� � ����� 	

?A@-B/DcE]B9H��/B9MFE]B9~-E>H]E>Dwv I9}�B �9K&I,@-[tv6NFE>QZB9HX@CB/McB9T KRDFK&M�1dE]N2Q&I9`(�9K&`-E>K&`tDcHuv«m-K&N\Q&M\E]~PK&m ~tv«E>DFN7NF@CB)DcEGB/H
@PI:JnKRMWN\@1KRQRDcM\S-T�= r�[�K_N\@CB/DcE]B9H N\@1KRQRDcM\S-T S-N\SCB9H]Huv4Qs[CB/`-�,K&NXJbE>DF[�H>IAQ&B/DcE>I,` �
EuDaE]NX`-I9DXNeDsB/DFE]I,`-B9M\v9=
��DFN��,H]I9~CB9HbT_K&B9`�Q&B9` ~1K�E]`�}�KRMFMFKRmo}�MFI9T DF[-K4Q&I6K�� QRE]K&`tDFN7I9}VB�NF@�[-K&M\E]QZB/H�[CB9M\T_I9`-E]Q�Kx�A@CB9`�NFE]I9`^=
¤
I6QZB9H>H>v 
8EuD�QZB9` ~1K2KRN\DcE>TfB)DcK&m }�M\I,T �CI,S-M\E]K&M QRIAK � Q&E]KR`tDcN E]` B @�HGB9`-K7QRIAI9MFm-E>`CB/DcK7Nev6N\DcKRT%= r�[-K
M\K&NF@PK&QxDcEu�,K�K&N\DFE]T_B/DcI9MFN QZB/`o~PK�T_B9m-K2QRI,T_@-B/DcE>~-H]K�~tv m-KRTfB/`-m-E]`���DF[CB/D�Dc[�K&E]M�E>`(DFK&�,MFB9H.I:�,KRM DF[-K
JnBZ�,K&`(S-T�~1KRM_m-I9TfB9E>`�N\[-I,S-H>m �9E>�,K_Dc[-K7K ��@PK&QxDcKRmoH]I6QZB/HL@PI:JnKRM <	1 � ?(= �w`
Dc[-E>N�NFKR`-NFK!
LDF[-K7S-NFS-B9H
N\@-[-K&M\E]Q&B9H�[CB9M\T_I,`�E]QfQRIAK � Q&E]KR`tD_N\@1KRQRDFMFS-T ¦ �VB/S-HGB 
b<:�9yt� �.¤
I:JLK&N�
�<:�t�/zt©W}�I,M m-K&�9MFK&K ��T�S-N\D ~PK
T�S�H>DcE>@-H]E>K&m�~tv ������¦ i	� 
�<�©E��� 
 �¡DcIV~PK&Q&I9T_KbQ&I9T_@CB)DcE]~�H]KnJbEuDc[�Dc[-K�B9¢&E>T�S�DF[CB9H]Huv�BZ�9K&McB/�,K&m � McB9m�EGB9H �
N\@1KRQRDcM\S-TdQ&I9T_T I,`-HuvfS-N\K&m�E]`2@-H]B9`-KaQ&I6I,M\m-E]`CB)DcK&NV¦�NFKRK��n[CB/@�DcKRM�i9©x=

�CI,MnDF[-Ka�,McBZ�6E>Dwv_lCK&H>m

�JLKXQ&I,T @CB9M\K�Dc[-Ka�,H>I,~CB9HPNF@PK&QxDcM\S-TdI9}�T_I6m-KRH ���W�%�,y�¦+¤
K&T I,E]`�K�KRDOB9H+=�

<:�9�,|t©�JbEuDc[ H>IAQ&B9HAN\@1KRQRDFMcBaK&NeDcE]T_B/DFK&m�}�MFI9T M\K&�,E>I,`CB9H6NcB/DFK&H>H]E>DFK.B9HuDcE>T_KxDcM\vVB/`-m �,MFI9S-`-m��,McBZ�6E>DwvW�,M\E]m-NR=
r�[-K�H]I6QZB/DFE]I,`-N�I9}^DF[-K��,M\E]m-NnB9MFK�Qs[-I,N\K&`2E]`�N\S-Qs[2BWJnBZv7B9NnDFI�MFK "CK&QxD.Dc[�K�`CB/DFS-McB9HPNF@�MFKZB/m�}�MFI,T H]I:J
DFI [-E]�,[f�,McBZ�6E>Dwv_NFE>�,`CB9H+= k B/M\DcE>Q&S-H]B9MFHuv E]`tDcKRMFK&NeDcE>`-� E]N�Dc[-Ka~PK&`-m2E>`fDc[-Ka�9H]I,~CB/HP�9McBZ�6E>Dwv�N\@1KRQRDFMFS-TgB/D
JnBZ�,K&H>K&`-�/Dc[-N I/}^<:Y,Y9Yb�^i9Y,Y,Y �(T%= ��D E>N!QRH]K&B9MFHuv��6E]NFE>~-H]K¡E>`VDF[-KnM\K&�,E>I,`CB9HtN\@1KRQRDcMFB�B9N�JnKRH]H%
/KRN\DsB/~-H]E>NF[-E>`-�
EuDOB9NOB �,KR`(S-E]`-KVQs[CB9MFB9QRDFK&M\E]N\DFE]QXI9}�Dc[-KV�,MFB:�6EuDwv�lCK&H>m^=�r�[-KW~PK&`�m�@-M\I,~CB9~-Huv�N\K&@CB9MFB/DcKRN�DwJLI_m�E]N\DFE]`-QxD
N\I,S-MFQRK&NOI9}�Dc[-KalCKRH]m

-@PI,N\NFE]~�H>v�I/} N\DcB/DcE>QXB9`-m2I9}!m�v6`CB9T E]QaI,M\E]�,E>`^=

�CI,M�Dc[�K7�,K&I,T_B9�,`�KRDcE>QflCKRH]m

n�%QZ¤
KRIAm B9`-mo�nI,H>K&T_B9` ¦e<:�9|,Yt©Wm-KRMFEu�,K&m }�I,M\T�S-HGB/N�MFKRHGB/DFE]`-��DF[-K
@PI:JnKRM_I9}O�,KRQRDFI,M_QRI,T @1I,`�K&`tDcN�I,` �,MFK&B/D Q&E>MFQ&H>K&N�DFI DF[-K2NF@-[-KRMFE>QZB9H�[CB/MFT I,`-E]Q7QRIAK � Q&E]KR`tDcN I9}�DF[-K
@PI9DcKR`tDcEGB/H =���	{¨nM\EGB9` 
�� �����_¦ <:�,�,�,©bS-N\K�Dc[�K&NFKW}�I,MFT�S�HGB9NbDcI�E>`t�,K&MeD�}�I,MODc[-KW�,H]I,~-B9H�NF@PK&QRDFMFS-T�S-NFE>`-�
�9K&QRDFI,MOQ&I,T @1I9`-K&`tD�B9K&M\I,TfB/�,`-KRDFE]QaN\S-M\�9KRv%H]E]`�K&N�I:�,KRM�Dc[�KWI6Q&K&B9`-N&=nr�[-K&E>MOM\K&N\S-H>D�E]NbE]`��,I6IAm�B9�9MFK&K �
T K&`tDaJbE>DF[4Dc[-K N\@1KRQRDFMcB2I9}��,H]I,~-B9H�l-K&H]m�T IAm�K&H]NR= �OK&M\K�
^JLK QRI,T @CB9MFK�DF[-K NF@PK&QxDcMFB2I/}n�,H>I,~CB9H�lCKRH]m
T IAm�K&H]N��.|,��¦+�.B9E]`4KxDXB9H+=�
!<:�,|,�t©bB9`-m ��¤�k��/z ¦#��M �)B9`-Eu� ��B9T K&m%KRDXB/H =�
!<:�9�9z(©bJbEuDc[ H>IAQ&B9H�NF@PK&QRDFMcB
KRN\DcE>TfB)DcK&m2}�MFI9T Q&I,`tDFE]`-KR`(DcB9H�B9K&M\I,T_B9�,`-KxDcE]QXQRI,T_@�E]HGB)DcE]I9`-N&=¡r�[-KVQ&I,`tDFE]`-KR`(DcB9H�NF@PK&QRDFMcB_B9MFKWB9MFI9S-`-m
I,`�K�I,M\m-K&M.I/}�TfB9�9`-E>DFS-m-KON\DcM\I,`-�,KRMLDF[CB9`fDF[-K��,H>I,~CB9HPBZ�,KRMcB9�,K/=¡r�[-E]NL~1KR[CBZ�AE>I,MnE>NnM\K�"CKRQRDcKRm2E]`fK � SCB)�

h,Y



DcI,M\EGB9H
NFB9T @-H]KX�,M\E]m-N�DsB �9K&`%}�MFI,T DF[-K��,H>I,~CB9H^l-K&H]m�T IAm-KRH]N�Dc[�K&T NFK&Hu�,KRN&=Or�[-K�T KZB9`%I9} DF[-K�NFB9T @-H]K
NF@PK&QxDcMcBXE]N K � S-E>�/B9H>K&`tD8DcIaDF[-Kb�,H]I,~-B9H-BZ�,KRMcB9�9K�
tJb[-E]H>K.Dc[-K�I6Q&K&B9`-E>Q�NF@PK&QRDFMcBVB9MFK.JLKZB �9K&MLB9`-m DF[-KbQ&I,`A�
DcE>`-K&`tDsB/H NF@PK&QxDcMFB%B9M\K N\DFMFI,`-�9K&M&=Vª�K�B)DFDcM\E]~-SADcK�DF[-K�m-E��1K&M\K&`-QRK�DcI�Bf�/B9M\v6E]`��7m-K&@�DF[�K �6DcK&`tDVI9}¡Dc[�K
TfB/�,`-KRDFE]¢RK&mfH]BZv,K&MR=��%I6m-K&HPNF@PK&QxDcMcBWI9}
NFH]B9~-N�JbE>Dc[ �/B9M\v6E]`��WDc[�E]Q
�(`-K&N\N.NFS�@-@1I9M\DnDF[-E]NLE]`tDcKRMF@-M\KRDcB/DcE>I,`^=

� ��� �����M� ��� �!�#"%$'&X( *��#&X, � ( .0/ &X* � ��/ ����"=( *
ª�KXH>E]N\DnDc[-KVNF@PK&QxDcMFS�TdK&N\DFE]T_B/DcI9MFN�S-N\K&m�E>`7Dc[-Ka}�I,H>H]I:JbE]`-��B9@-@-H>E]QZB)DcE]I9`-N&=¡��KRMFE>�/B/DFE]I,`�N�B9`-m2}�S-M\DF[-K&M
m-KRDcB9E]H>NVB9MFK �,E>�9K&`�E]` �n[-B9@�DcKRMf<,=7�nI,T_@-B/DcE>~-E]H>E>Dwv%I9}.Dc[�K_�,H>I,~CB9H8N\@-[-KRMFE]Q&B9HLB9`-m�H>IAQ&B9H8@-H]B9`-K�K&NeDcEu�
TfB)DcI,M\N�[CB9Na~PK&KR` DFK&N\DFK&m�Dc[-KRMFK/=�r�[-K�K&NeDcE]T_B/DFI,MFN�}�I9M�Dc[-K �9H]I,~CB/H NF@PK&QxDcM\S-T§I9}�Dc[-K @PI9DFK&`tDcE]B9H�
1E>DcN
McB9m�EGB9H1m-K&M\E>�/B/DcEu�,K!
CB9`-m�E>DFN��,McB9m�E]K&`tDOB9M\K

BL_¦ 
 6 � 0 © ��� � 	 � 
 
 � 0 � � 
���E 0��¦ i���
 <:©
04/ 5 � 0 ¦ � /0 © � ¦ i6=><�©

BL � ¦5
 6 � 0 © � 	 � 
 
 � 0 ��� 
��L¦H� 
 <�© �,E 0��¦+i	� 
«<�©
04/ 5 � 0 ¦ � /0 © � ¦ i6=ji,©

BL � ¦ 
 6 � 0 © � 	 � 
 
 � 0 ��� 
 � ¦H��
«<�©�"E 0 04/ 5 � 0 ¦ � /0 © � 6 ¦ i6=qht©

Jb[-K&M\K � 0 � ¦H�I
�< � i,© � 
%E]N�DF[-K7J.BZ�,KR`(S-T�~PK&M�
 ��E]N�DF[-K2MFKR}�KRMFKR`-Q&K�McB9m�E]S-N�
 E 0 � <7}�I,M�B4}�S-H]Huv
`-I,M\TfB9H>E]¢RK&m�B9`-m E 0 �d< � ¦+i	� 
 <:©�}�I9MXB�?AQs[�T_E>m�DX`-I,M\TfB9H>E]¢RK&m ~CB9N\E]N�
 B9`�m � /0 B9M\K�DF[-K�NF@-[�K&MFE>QZB9H
[CB9M\T_I,`�E]QaQ&I6K�� QRE]K&`tDFN�I9} m-K&�9MFK&KX�VB9`�m�I,M\m-K&M21 =��CM\I,TgDc[�KVH>IAQ&B9H^�,M\E]m-N�JLKWKRN\DFE]T_B/DcKaDc[�KWN\@CB/DcE]B9H
NF@PK&QxDcMFS�TdS-NFE>`-� BL ¦��-© � �Q�

¦+i���© � 
 � �� � ¦ � �i	� © 6 ¦ i6={z(©

Jb[-K&M\K � �


E]N�Dc[-KXNFB9T_@�H]E]`�� E]`tDcKRM\�/B9H
I9}!Dc[-KV�,MFE>m

CB9`�m �� � ¦ 	 ��UT ©�E>N�Dc[-KVB9¢RE]T�S�DF[CB9H�BZ�,KRMcB9�9KWI9}�Dc[�KN � SCB9M\K&m%m-E]N\Q&MFKxDcK �CI,S-MFE>K&M�B/T_@-H>E>DFS-m-K&NV¦�NFKRKVm�KRlC`-EuDcE>I,`2E]`2K � =�<,= zt�t©x= � E>`CB9H>H>v 
6m-S-KaDFI DF[-KX@1I,H>I,E]m-B9H

B9`-m7@-M\E]T_B9MFE>H>v m�E]@PI,HGB9M�`CB/DFS-MFKaI/}�DF[-K�T_B9�,`-KxDcE>Q�lCKRH]m2B/D.DF[-K �¡B9M\DF[
	 N�NFS-Me}#B9Q&K!
�Dc[-K�DFI9DsB/H E]`tDFK&`-N\E>Dwv
NF@PK&QxDcMFS�T L � � � E>N�MFKRHGB/DFK&m2DcI Dc[-Ka�9K&QRDFI,MbNF@PK&QxDcMFS�T L � ~tv

L � � � ¦ � 0 © � <
z ¦ < 
 NFE>` � �A©3L � ¦�� 0 � � © 6 ¦ i6=jp,©

Jb[-K&M\K�� E>NXDF[-K H]I6QZB9H8E>`-Q&H>E]`CB/DFE]I,`�I9}.Dc[�K_�,KRI,T_B9�,`-KxDcE]Q�l-K&H]m =7r�[-K_�9H]I,~CB/H¡B:�9K&MFB9�,KfI/}nDc[�K }#B9QxDcI,M
¦e< 
 N\E]` � ��© � z }�I,MbB m-E]@PI,H]B9MnT_B9E]`�l-K&H]m�E]NOp � <�iA=

h�<



� �e� =�iA=u< ���aMcBZ�6E>Dwv��9MFE]m�N�S-NFKRm%}�I,M � E>�,N&=-iA=qi B9`�m�i6=qh

10000 5000 2000 1000 500 200 100 50 25
wavelength [km]

9

8

7

6

5

4

3

2

1

0

lo
g(

P
S

D
 [m

G
al

  k
m

  ]
)

Siberia East + subduction

Central Siberia

Indian Ocean

East Pacific MOR

West Pacific subd.

EGM96

2
2

� �e��=�i6=ji ���nI9T�~-E]`�K&m��,McBZ�6E>Dwvf@1I:JLK&MONF@PK&QRDFMcB 
CKRN\DFE]T_B/DcKRm�S�NFE]`�� K � N&=!¦ iA=qi,©.B9`�m
¦+iA={zt©

� ��� � ( ��� �7� � � &X�
	
r�[-K ���W�%�,yaNF@-[-KRMFE>QZB9H�[CB9M\T_I9`-E]Q.�9McBZ�6E>Dwv T IAm�K&H-JnB9NLQRI,T @-E]H>K&m�}�MFI9T�NcB/DFK&H>H]E>DFKnDcMFB9Q
�(E]`-� 
6NFB/DcKRH]H>E>DcK
B9HuDcE>T_KxDcM\v�B9`-m HGB9`�m �,MFBZ�AEuDwv,= ��DFN_N\@1KRQRDFMFS-T [CB9N_B�~1KR`-m�B/D JnB:�9K&H>K&`-�9DF[-NfI/}�<:Y,Y9Y ��i9Y,Y9Y �(T 

N\E]T E]HGB/MnDcIfDF[-K 	 �(`-K&K!	 E>`%Dc[�K��,KRI,TfB/�,`-KRDFE]QVNF@PK&QxDcMFS�T�
P~-S�D�H]K&N\N�@-M\I,`-I,S-`�Q&K&m =�r�I�E]`t�,KRN\DFE]�tB/DFKVDF[-K
N\E]�,`-EulCQZB/`-Q&K�I9}�DF[-E]N�~PK&`-m

)JnKLQ&I,T @CB9M\K�DF[-K �L�V���,yONF@PK&QxDcMFS�T JbEuDc[VH]I6QZB9HtN\@1KRQRDcMFB�K&NeDcE>TfB/DFK&mX}�MFI,T
[-E>�,[4M\K&NFI9H]S�DFE]I,`%�,McBZ�6E>Dwv%�,MFE>m-N�I/}LN\K&H>K&QRDFK&m�B9M\KZB9N�
^@-M\I � K&QxDcK&m�I,`tDFI��.B9M\DFK&NFE]B9` Q&I6I,M\m-E]`CB)DcK&NR= �CMFI,T

hti



dynamic compensation
isostatic

static

1000 500 200 100 5010000
wavelength [km]

9

2000

6

5

4

3

2

1

0

8

7

5000 25

lo
g(

P
S

D
 [m

G
al

  k
m

  ]
)

2
2

� �e� =PiA=qh � ��S-MOE]`tDcKRMF@-M\KRDsB)DcE]I9`%I9} � E]�-=CiA=ji6= �wNFI,NeDsB/DFE]QVQ&I,T @1KR`-NcB)DcE]I9`%N\KRDcN�E]`%B9~PI��9K p9Y �(T J.BZ�,K �
H]KR`-�9Dc[ 
aB9H]H>I:JbE]`-� m�v6`CB/T_E>QZB9H>H>v�N\S-@-@PI,M\DFK&m B9`-I,T_B9H]E>K&N�DFI m-I9T_E>`CB/DcK4DF[-K��9McBZ�6E>Dwv�lCKRH]m B/D�H]I,`-�
J.BZ�9K&H]KR`-�9DF[-N

?�B9`-mAJnKRH]H�	 Nb�,H]I9~CB9H^I6Q&K&B9`%�9McBZ�6E>Dwv��9MFE]m�¦+?�B9`-m�JLK&H>H�B9`-m�?AT_EuDc[

 <:�,�t�,©LB9MFK&B9N�I/} H>I�J �,McBZ�6E>DwvfNFE>�,`CB9H
}�MFI,T Dc[-KVKZB9NeDcKRMF` k!B9Q&EulCQ�
�T K&m-E>S-T NFE>�,`CB9H1}�MFI,T DF[-K �w`�m-EGB9` ��Q&K&B9`

PB9`-m%N\DcM\I,`-� NFE>�,`CB9H^}�M\I,TgDc[�K
JnKRN\DFK&MF`fk B9QRE>lCQOB9M\KbNFK&H>K&QxDcK&m = ��S�M\Dc[�K&MFT I,M\K�
,JLK�E>`-Q&H>S-m-KbB9M\KZB9N }�M\I,T�Q&KR`tDcMcB/H�B9`-m KZB9NeDcK&M\`�?6E]~PK&MFE]B 

Q&I:�,KRMFKRm�~tv4DF[-K ��`-Eu�,KRMFNFEuDwv4I9}n¤
K&KRm-Na}�MFK&K�B/E]M��9McBZ�6E>Dwv4QRI,T @-E]H]B/DcE>I,`^=�r�[-K H>IAQ&B/DcE>I,`-N�I9}¡Dc[-K �,M\E]m-N
B9MFKWE]`-m�E]QZB)DcK&m%E]` �!E]�,S-M\K�i6=><,=Oª�KW@-H]I/D�DF[-K�@PI�JLK&M�NF@PK&QRDFMcB9H!m-K&`�NFE>Dwv
¦+k�?��X©bE]`%H]I,�tB/MFE>DF[-T E]QaNFQ&B9H]K
¦ � E>�-=Ci6=ji,© =¡�nI,`-N\E]m-KRMFE>`-� Dc[CB/D�DF[-KVB9MFEuDc[-T KRDFE]Q�B:�9K&MFB9�,KXI9}�Dc[-KaN\@1KRQRDcMFB E>N�Q&H>I,NFKRM.DcI Dc[-KaT_B)�AE]T�S-T
Dc[CB/`_DcIVDc[-K�T_E>`-E]T�S-T�E>`fH]I9�tB9MFEuDc[-T E]QLNFQ&B9H]K!
ADc[�K����V���,y��,H>I,~CB9HCN\@1KRQRDFMFS-T E]NLBWM\KZB9H>E]NeDcE]QOBZ�,KRMcB9�9K
I9} DF[-KVH]I6QZB9H
N\@1KRQRDcMFB�=�r�[-KW~1KR`-m�E>NO@�MFK&N\K&`tDaE>`%K&B9Qs[

PK&N\DcB9~-H>E]NF[�E]`-��E>D�B9N�B_�9K&`(S-E]`�KWQs[CB/McB9QxDcK&M\E]NeDcE]Q
I9}ODc[-K2�,H>I,~CB9HL�,McBZ�6E>Dwv
l-K&H]m = ��N�E]` Dc[-K2Q&B9NFK2I9}�Dc[-K2�,KRI,TfB/�,`-KRDFE]Qfl-K&H]m 
�DF[-K2~1KR`-m E>N�H]E �/K&Huv�DFI
NFKR@CB9McB)DcK�DwJLI�m-E�� KRMFK&`tD �(E>`-m-NnI/}�NFI,S-M\Q&K!
-@-MFI9~CB9~-Huv�I9}�N\DcB/DcE>Q�B9`-mfm�v6`CB9T E]QOI,MFE>�,E]`�¦ � E>�-=AiA={ht©x= r�[�K
N\DcB/DcE>QnlCK&H>m�NFH]I9@1KRN8N\DcKRK&@-Huv B/D¡N\[-I,MeD8J.BZ�,KRH]KR`-�9Dc[�NnB9`�m H>KR�9K&H]N8I!�fDcI:JnB9MFm�N�H>I,`-��JnBZ�,K&H>K&`-�/Dc[-N�m-S-K.DFI
E]N\I,N\DcB/DcE>Q�QRI,T_@PK&`�NcB/DFE]I,`^= ��vA`-B9T_E>QZB9H>H>v�NFS-@-@PI,MeDcK&m7m�K&`-N\E>DwvfB9`-I,T_B9H]E>K&N8Dc[�K&`7m-I,T E]`-B/DcKbDc[-K��,H]I9~CB9H
�,McBZ�6E>Dwv7l-K&H]m�B/DOJ.BZ�,KRH]KR`-�9Dc[�NaI9}8T I,MFKaDc[-B9`
<:Y,Y9Y �(T�= �!E]`CB9H>H>v�
-E>DOE]NOE]`tDFK&MFKRN\DFE]`-� DcIfN\K&KVDc[CB/DODc[�K
NcB/DFK&H>H]E>DFK�B9HuDcE>T_KxDcM\v%�,M\E]m-NaE>` � E]�,S�MFK iA=qi�[CBZ�,K [-E]�,[�K&Ma@PI�JLK&MaDF[CB9`�Dc[-K_?AE>~1KRMFEGB/` �,MFI,S�`-m�mCB/DsB2B/D
J.BZ�9K&H]KR`-�9DF[-NXNFT_B9H]H>K&MbDc[CB9`�h9Y �6T�= �8E>Dc[�K&M�DFI,@1I9�,McB9@�[(v%E]N�T_I9MFK�M\S-�,�,KRm E]`�DF[-K IAQRKZB9`�N�Dc[CB9` I9`
HGB9`�m

-I,M.DF[-KVB9H>DFE]T KRDcMev mCB/DsB�[CBZ�,KV[-E>�,[-K&M�`�I,E]N\KaH]KR�9K&H>N&=

h,h



� �e� =�iA= z ����B9�,`�KRDcE>QX�,MFE>m-N�S-NFKRm�}�I9M � E]�,NR=�iA=qp B9`-m�iA=qy

� ��� � � � ��&2� � ,�� &X�
	
ª�K Q&I,T @CB9M\K�Dc[�K��,H]I9~CB9H N\@1KRQRDFMcB7I9}�T_I6m-KRH]Na�.|9�7B9`-m���¤�k¡�9z 
^KRN\DFE]T_B/DcKRm S-NFE>`-�7K � =¡¦+iA=qh,© 
 JbEuDc[
H>IAQ&B9H�TfB/�,`-KRDFE]Q2�,M\E]m-N�Qs[-I,N\K&`�}�M\I,T Q&I,`tDFE]`-KR`(DcB9HONFQZB/H]K�Q&I,T @-E]H]B/DcE>I,`-N�I/}XB9K&M\I,T_B9�,`-KxDcE]Q2N\S-M\�9KRv6N�

}�M\I,T�Jb[-E>Qs[ DF[-KfB/@-@-MFI9@-MFE]B/DcK �aK&I,T_B9�,`�KRDcE>Q�¥OKx}�K&M\K&`-QRK � E>K&H>m [-B9m�@�MFKR�6E>I,S-NFHuv ~PK&K&`�NFS-~ADcMcB/QRDcKRm^=
h B9MFK&B9N_B9MFK�Qs[-I,N\K&`o}�M\I,T Dc[-K�?AI:�6E]KxD7�%E>`-E]NeDcMev I9}X�aK&I9H]I,�9v B9K&M\I,TfB/�,`-KRDFE]Q7QRI,T_@�E]HGB)DcE]I9`
I9}�DF[-K
}�I,M\T_KRM�?6I��6E>KRD �O`-E]I9` ¦ � ? ��©�
!m-E>�,E>DFE]¢RK&m ~(v Dc[�K ��B/DFE]I,`-B9H��XKRI,@-[tv6NFE>QZB9Hn�aB/DsB��nK&`tDcKRM2¦ ���V�X��© =
�CS-MeDc[-KRMFT I,MFK!
PJLK�S-N\K�Dc[-K���S-NeDcMcB/H]EGB/` �aK&I,H>I,�,E]Q&B9H�?AS�M\�,Kxv ��MF�,B9`-E]NFB/DcE>I,`�¦#�O�V? �X©�B9KRMFI,T_B9�,`-KxDcE>Q
QRI,T_@�E]HGB)DcE]I9`_I9}!��S�N\DcMFB9H]E]B�=8�aB/DcB�JnKRMFKX@-M\I � K&QxDcK&m�I,`tDcI_�.B9MeDcKRNFEGB/`�QRIAI9MFm-E>`CB/DcKRN�~1Kx}�I,MFKaK �6DcMcB/QRDcE>`-�
N � S-B9MFK �,MFE>m-N_¦ � E>�-=
i6={z(© =_�O} DcKRMWKRN\DcE>TfB)DcE]`���Dc[-KRE]M�DcI/DsB9H8E>`(DFK&`-N\E>Dwv N\@1KRQRDFMcB�}�M\I,T§K � =L¦+iA={zt© 

Dc[-KRNFK
B9M\KfQRI,`t�,K&MeDcKRm E>`tDcI��9K&QRDFI,M�N\@1KRQRDcMFB4S-NFE>`-�4K � =.¦ iA=qp,© =�r�[-K�QRI,`tDcE>`-K&`tDsB/Hn�,M\E]m-NV[CBZ�,K7N\E]�,`-EulCQZB/`(DFH>v
[-E>�,[-KRM�@1I:JLK&MaDc[-B9` Dc[-K��,H>I,~CB9H!T_I6m-K&H>N�E]`4DF[-K I:�,KRMFHGB/@-@-E]`��2JnBZ�,KR~CB9`-m�¦ � E>�-=
iA=qp,© =Wª�K Q&B9`�MFS-H>K
I,SAD�B/`�E]`�Q&I,`-N\E]NeDcK&`�QRv E]`�Dc[-K NF@PK&QxDcM\S-T K&N\DFE]T_B/DcI9MFN�
�mCB/DcB�KRMFM\I,MFN�
 B9`-m�@1I:JLK&MWH]KZB �/B/�,K }�MFI,T�DF[-K
T_B9E]`�lCK&H>m B9N�N\I,S-M\Q&K&NaI/}8Dc[-K�m�E]NFQRMFKR@CB9`-Qxv,=Xr�[-K Q&M\S-N\DcB9H T_B9�,`�KRDcE>QVl-K&H]m�B)D�Dc[�K�H]I6QZB/DFE]I,`�N�I9}¡I9S-M
NFB9T_@�H]K �,M\E]m-NXT�S-NeD�E>`-m-KRK&m ~1K N\DFMFI,`-�9K&MXDc[CB9`�Dc[�K_�,H>I,~CB9H>H>v%BZ�,KRMcB9�,KRm
Q&M\S-N\DcB9H8lCK&H>m^=fr�[�E]NXQ&I,S�H]m
KRE>Dc[�K&M�~PK�m-S-K�DFI�Dc[-K m�E��1K&MFKR`-Q&K E>`4Q&I9`(DFE]`-KR`tDsB9H �/IAQRKZB9`�E]Q�T_B9�,`�KRDcE>¢ZB/DFE]I,` 
1I,M�m-S-K�DcI2B/` E]`-QRMFKZB/NFK
I9}�QRMFS-NeDsB9H T_B9�,`�KRDcE>¢ZB/DFE]I,`�JbE>DF[ HGB/DFE>DcS�m-K9=X��H>H!�9MFE]m�N�E]` � E>�-= iA=jp�B/MFK�}�M\I,T�[�E]�,[-KRM�HGB)DcE>DFS-m-KRN&= ��I9M
K � S-B9H(H]E>DF[-I,H>I,�9v 
RDc[-K�@1I:JLK&M�I9}-E>`-m-S-QRK&mWTfB9�9`-KRDFE]Q lCKRH]mWB9`-I,T_B9H]E>K&N
E>`-Q&M\KZB9N\K&N�~(vVB�}#B9QxDcI,M�zb}�MFI,T DF[-K
K � S-B/DcI,M�DFI7Dc[-K @PI,H]KRN&=�¤�I6QZB/H]H>v%B9Q � S-E]M\K&m�B9`-m �6E]NFQRI,S-NaM\K&T_B9`-K&`tDVT_B9�,`-KxDcE]¢&B/DcE>I,`-N�Q&I,S-H>m ~1KR[CBZ�,K
E>`%B N\E]T E]HGB/M�JnBZv�¦#��M �)B9`-Eu� ��B9T K&m2B/`-m���v6T K&`tD�
 <:�,�,yt© =

r�I E>`t�,K&NeDcE>�tB/DcK�DF[-K2MFKRHGB/DFE>�,KfE]T @1I,MeDsB9`�Q&K�I9}��,KRI,TfB/�,`-KRDFE]Q_HGB/DFE>DcS�m-Kf�,KRMFN\S-N_QRI,`tDcE>`-K&`tD �)IAQRKZB9`
m-E�� KRMFKR`-Q&KRN�
 JLK S-NFK�B_NF@-[-KRMFE>QZB9H![CB9MFT I,`-E>Q�K ��@-B9`-NFE>I,` I9}8DF[-K���¤�k¡�9z�DFI9DsB9H�E]`tDFK&`-N\E>Dwv�B/D�ztY9Y �(T
B9HuDcEuDcS-m-K/=2r�[-K��,H>I,~CB9H8DcI/DsB9H�E]`tDcKR`-NFEuDwv NF@PK&QRDFMFS-T£E]NVK&NeDcE]T_B/DFK&m�}�M\I,T§Dc[-KfKx�A@CB9`-N\E]I,` QRIAK � Q&E]KR`tDcN

h9z



4

6

8

10

12

14

16

20000 5000 2000 1000 500 200 100 50 25

lo
g(

P
S

D
 [n

T
2 km

2 ])

wavelength [km]

DTB

5 km
10 km

30 km

crustal field|main field

axial dipole
C89 excl. ax. dipole

ALP94 Crust
Siberia

Eastern Europe
Australia

� �e� =.iA=qp ����B9�,`�KRDcE>Q��,KRQRDFI,M7@1I:JLK&M2NF@PK&QxDcMFB
K&N\DFE]T_B/DcKRm S-NFE>`-�«¦+iA=qh,©fB9`-m K � NR=V¦ iA= z(©�Q&I,T�~�E]`-KRmJbE>DF[�¦ iA=qp,© =¡�%I6m-K&H>NnI9}
K � =
¦ i6=qyt©8}�I,M �	� h � p�B9`�m�m-K&@ADc[�DcIW~1I/DFDcI9T�¦#��rb¨�©�I/}!p��(T�
1<:Y �(T 
-B9`�m
h,Y �(TdB9MFKXN\S-@1KRMFE>T_@PI,NFKRm

S-NFE>`-�4K � =n¦ i6=><�©VB9`-m�DF[-K&`�Q&I,`t�,KRM\DFK&m E]`tDcI4B��,KRQRDFI,M�NF@PK&QxDcM\S-T£JbEuDc[�DF[-K��,H>I,~CB9H8T KZB/`�}#B9QRDFI,MVI9}
p � <�iOE]`�K � =C¦ iA=qp,©x= �CI,M Dc[�K.H]I6QZB9H6�,M\E]m-N�
9JnK�K �6DcMcB/QRD�B�H]E>`-KnI/} h9Y�� � h,Y�� NFB9T @-H]KRN8B9H]I9`-��Dc[�K.K � SCB/DFI,M�

B9NOE]`-m-E>QZB/DFK&m%E]` �!E]�-=PiA= z-=�r�[-KRE]MO�,K&QxDcI,M�NF@PK&QxDcMcBfB9MFKVK&NeDcE]T_B/DFK&m�S�NFE]`��fK � NR=8¦ i6={z(©bB9`-m
¦ iA=qp,© =Or�[�K
K � SCB/DFI,MFE]B9H6BZ�,K&MFB9�,KLNF@PK&QRDFMFS-T B9�,M\K&KRN JnKRH]H(JbE>DF[WDc[�Kn�,H>I,~CB9HtT KZB9`WNF@PK&QxDcMFS�T ¦ � E]�-=)i6=qyt© = � @1I9NFNFE>~-H]K
K��1K&QxDXI9}¡�,K&I9TfB9�9`-KRDFE]Q�H]B/DcEuDcS-m�K�T�S-NeD�Dc[�K&MFKx}�I,MFK ~PK�I9}�N\K&Q&I9`-mCB9Mev4E]T @PI,M\DcB9`-Q&K/= �w`�Q&I,`tDcMFB9N\D�
 Dc[�K
@1I:JLK&MLI9}
Dc[-K��,MFE>m-N¡JbE>Dc[_Q&I,`tDFE]`-KR`(DcB9HPQ&MFS�N\D.E>NLT I,M\KODF[CB9`�I,`�K�I,M\m-K&M�I9}�T_B9�,`-EuDcS-m-KbNeDcMFI9`-�,K&M�Dc[CB/`
I9}�Dc[-I,N\KaJbE>Dc[2I6Q&K&B9`-E]QXQRMFS-NeDZ=

� '��+* � 0 "6$Z$ �P� ��� �P0 "t��� �t" 3 *,�)��$R�
� @�MFE]T_B9Mevf}#B9QxDcI,MOE]`2Dc[-KVQ&I9`(DFE]`-KR`tD �/I6Q&K&B9`�m-E�� KRMFKR`-Q&KWTfBZv7~PKVDF[-KXDc[-E>Q
�6`�K&NFN�I9} DF[-K�T_B9�,`-KxDcE>¢&K&m
HGBZv,KRM&=4r�[�K7�,MFK&B/DcKRM�Dc[-K_TfB/�,`-KRDFE]Q_m-K&@�DF[
DcI4~PI9D\DcI,T ¦+��rb¨.© 
!DF[-K�NeDcMFI9`-�,K&MWDc[-K�@PI:JnKRM�E]`�H]I,`-�
J.BZ�9K&H]KR`-�9DF[-N&=�r�[�E]N�K � KRQRDaQ&B9`4~PK � SCB9`tDFE>lCKRm ~(v�B_N\E]T @-H]KVT IAm-KRH = ��D�E]N �(`-I:Jb`4DF[CB/D�DF[-K�QRMFS-NeDsB9H
m-E]NeDcM\E]~-S�DFE]I,`fI9} B/@-@CB9M\K&`tDONFS-N\Q&K&@ADcE]~�E]H]EuDwv ¦�E]`-QRH]S-m�E]`-��M\K&T_B9`-KR`(DOT_B9�,`-KxDcE>¢ZB/DFE]I,`_@CB9McB/H]H]KRH^B9`�m%B/`(DFEu�
@CB9MFB9H]H>K&HCDcI�DF[-K�T_B9E]` lCK&H>m�©�E>N.B9@�@-MFIZ�AE]T_B/DcKRH>v�N\K&H>}G��NFE>T_E>HGB9MO¦#k¡E>H �(E]`��9DcI,`_B9`-m7r�I6m-IAKRNFQs[(S-Q
� 
�<:�,�,h,©x=
��KR`-Q&K!
8H]KRDWS-NWQ&I,`-N\E]m-KRM�Dc[�KfT_B9�,`-KxDcE]Q lCKRH]m
E>`-m-S-QRK&m
~tv�B�Q&I9`-N\DcB9`tD�T_B9E]`�lCK&H>m ��E>`
B�N\HGB9~�I9}

htp



2.5

3

3.5

4

4.5

5

5.5

6

2000 1000 700

lo
g(

P
S

D
 [n

T
2  k

m
2 ])

<--  wavelength [km]

ALP94 global average
equator:     average

continental
oceanic

� �e� =�iA={y ����B9�9`-KRDFE]Qa�,KRQRDcI9MO@PI:JnKRM�N\@1KRQRDFMcB�I9} ��¤�k��/zfB/Dbz,Y,Y �6T B9H>DFE>DcS�m-K

S-`�E>}�I,M\T£Dc[�E]Q
�(`-K&N\N � Q&B9M\�9K&m I,S�D_I9}�B�NFKRH>}G��NFE]T E]H]B9M�h9�UN\S-NFQRK&@�DFE]~-E>H]E>Dwv
m-E]NeDcMFE>~-S�DFE]I,`
JbEuDc[ @1I:JLK&M
N\@1KRQRDcM\S-T � � � � � � 
LJb[-KRMFK � E>N�DF[-K�h,�UJnBZ�,Kx�,K&QxDcI,M�B9`-m � E]N�B�NFQZB/H]E]`���K ��@PI,`-KR`tDZ= ¥bKZB9H>E]NeDcE]Q
�/B9H>S-K&NO}�I,M � B9MFK�E]`�DF[-K�McB/`-�,K�I9}�B/~1I,SADah)��z 
^B9`�m E]`�DF[-K�}�I,H>H]I:JbE]`-�_Bf�/B9H]S�K�I9} � � h � p NF[CB9H>H ~PKB9N\NFS-T K&m =ar�[-K�DcI9DcB9H�E]`tDcKR`-NFEuDwv�N\@1KRQRDcM\S-T§I9}8DF[-K�T_B9�,`-KxDcE>QVlCKRH]m I:�,KRM�Dc[-K�NFS-Me}#B9Q&K I9}8DF[-K�N\HGB9~4E>N
�,Eu�,KR`�E>`2K � =!¦+h�=qiA<�©�
-m-K&M\E>�9K&m�E]`%�n[CB9@�DFK&MOh�=8r!B �(E]`-� E>DFNbB9¢&E>T�S�DF[CB9H^BZ�9K&McB/�,KWH>KZB9m�N.DcI

Lf¦�	 6 �\© � � Kx�A@�¦ C � 	�© 	 � � OQPS @ Q&I9NF[�¦ � 	�©�C QRI,N�¦ � ��� © Fw¦ < 

� ��
	 � © ��� � � � � R ��� 6 ¦+iA={yt©

Jb[-E>Qs[o@-M\I:�AE>m-K&N_B�T_I6m-K&HbB/Q&Q&I9S-`tDcE]`���}�I,M Dc[�K%m-KR@�Dc[ DcI ~1I/DFDcI9T � = �w`oH>I,�tB9M\E>DF[-T_E>QfN\QZB9H>K�
LDF[-K
QRI,`-N\DcB9`tD¡�
B9QxDcN8B/N B��9K&MeDcE]Q&B9H6I�� N\KRD&=!ª�Knm-KxDcK&M\T_E>`-K � ~tvVDc[-KL~1KRN\D �6E>NFSCB9H(l-D!JbE>Dc[VDc[-KL��S-NeDcMFB9H]E]B9`
N\@1KRQRDcM\S-T B/D�[�E]�,[
JnBZ�,K&`(S-T�~1KRMFN&= r�[-K2T IAm-KRHnQRS-M\�9K&N�}�I,M p 
b<:Y 
�B9`-m h,Y �(T ��rb¨U¦ �!E]�-= iA=qp,©
m-KRT_I9`-N\DFMcB/DFKnDc[CB)D Dc[-K�E>`-Q&M\KZB9N\K&m�@PI�JLK&M8E>`�Dc[-K�QRI,`tDcE>`-K&`tDsB/H-�,MFE>m-N E>N E]`�m-K&KRm K �A@-HGB9E>`-K&m ~tv�Bah,Y �(T
m-KR@�Dc[7K �6DcK&`tD�I/}
Dc[-K�Q&I,`tDcE>`-K&`tDcB9H T_B9�,`-KxDcE>¢ZB/DFE]I,` �,KRMFN\S-Na<:Y �(T m-K&@�DF[f}�I,M�Dc[-K��,H]I,~-B9HPB:�9K&MFB9�,K9=

h,y



� ��� � � *�,�.0*�*���"�� ����	 ,-" �0,�� .0*�� " �0*
��NF@-B/DcE]B9H @PI:JnKRMaNF@PK&QRDFMFS-T�QZB9` ~PK K&NeDcE]T_B/DFK&m4}�MFI9T�N\@-[-K&M\E]Q&B9H [CB/MFT I,`-E]QWQ&I6K�� Q&E>K&`tDcNVB9N�JnKRH]H8B9N
}�MFI,T @-H]B9`-K �CI,S-M\E]KRMnQ&I6K�� QRE]K&`tDFN&=8ª«[-E]H>K�DF[-K�HGB)DFDcKRM.�,Eu�,K&NnH]I6QZB9HPK&NeDcE]T_B/DFK&N�
6Dc[-K�}�I9MFT K&Mn@�MFI:�6E]m-KRNbB
�,H]I9~CB9H-BZ�9K&McB/�,K9=8�«Q&I9T�~-E]`-B/DcE>I,` I9}1~1I9DF[ JnB9N¡S-N\K&mf[�K&MFKbDcIXNeDcS-m�v�M\K&�,E>I,`CB9HA�9B/MFEGB/~-E]H>E>DwvVE]` Ba�,H]I9~CB9H
Q&I,`tDFKx�6DZ= ��S-M�QRI,T @CB9MFE>NFI,`�I9}¡T_I6m-KRH ���V���,y_JbEuDc[ H]I6QZB/H�[�E]�,[4M\K&N\I,H]S�DFE]I,`�}�MFKRK B9E]M��,McBZ�6E>Dwv��,M\E]m-N
NF[-I:JbN�DF[CB/D�B_~PK&`-m4E>`%DF[-K��,H>I,~CB9H
�9McBZ�6E>Dwv�NF@PK&QxDcMFS�T�E>N�B9H>NFI_@-MFKRNFK&`tDaE>`4B9H>H
I9}8Dc[�K�H]I6QZB/H
NF@PK&QRDFMcB�=
�%I,NeDaH]E �9K&Huv 
1E>D�N\K&@CB/McB/DFK&NaNF[�I,M\D�JnBZ�,KRH]K&`��9Dc[�N\DcB/DcE>Q�NFI9S-MFQRK&N�}�MFI9T�H>I,`-�fJnBZ�,K&H>K&`-�/Dc[�m�v6`CB9T E]Q&B9H]Huv
NFS-@�@1I,MeDcKRm NFI,S-M\Q&KRN�I9}8Dc[�K�B9`-I9TfB9H>I,S-Nb�,MFB:�6EuDwv�l-K&H]m =���N\E]T E]H]B9M.Q&I9T_@CB/MFE]N\I,`�I/}8�,H]I9~CB9H�B9`-m4H>IAQ&B9H
TfB/�,`-KRDFE]QXNF@PK&QxDcMFB�MFKR�9KZB9H>N�DF[CB/DODc[-KWQ&I,`tDcE>`-K&`tDcB9H!QRMFS-NeDsB9H�lCK&H>m�E>N�N\E]�,`-EulCQZB/`(DFH>v2NeDcMFI9`-�,K&MODc[CB/`%Dc[�K
IAQRKZB9`�E]Q�QRMFS-NeDsB9Hnl-K&H]m = �g@-MFE>TfB9Mev QZB9S-N\K7TfBZv�~1K_Dc[-K7m-KR@�Dc[ K �ADFK&`tD I9}�Dc[�K7TfB9�9`-KRDFE]¢&KRm HGBZv,KRM&=
�w`-m-KRK&m

 Bfh,� NFK&Hu}G�wN\E]T E]HGB/MnT_B9�,`-KxDcE]¢RK&m%NFHGB/~%T IAm�K&H
JbE>DF[�h,Y �(T DF[-E]Q
�(`-KRNFN�}�I9MOQRI,`tDcE>`-K&`tDsB/H!QRMFS-NeD
�,KRMFNFS�N�<:Y �(TdI,`�B_�,H>I,~CB9H�BZ�9K&McB/�,K�K ��@�HGB9E>`-N�Dc[-KWm-E��1K&M\K&`-QRK9=.ª�K�m-E>m%`-I/D�lC`�m B9`�E>`-m-E>QZB/DFE]I,`�}�I,M
Dc[-KX@-M\K&N\S-T_KRm%E>`-Q&M\KZB9N\KXI9} QRMFS-NeDsB9H
T_B9�,`-KxDcE>Q�lCK&H>m2@1I:JLK&MbJbE>Dc[2H]B/DcEuDcS-m-K/=

ht�



� � � � ��� � �

� � �
�!� ��� � � � � � � � �
� � � � � � ��	%��� � �����!�§�
� 	 �8� � � 	���� ���_	 � � � � � � � � ��� � ����� �����!���
� � � �����

�CK&M\MFE>TfB9�9`-KRDFE]Q T E]`-KRMcB9H>N
~1KRQ&I,T K�@CB9McB/TfB9�9`-KRDFE]QO¦#E+={K/=!KRNFN\K&`tDcE]B9H]Huva`-I,`A��TfB/�,`-KRDFE]QZ©^B/D�DcK&T @PK&McB)DcS-M\K&N
B9~PI:�,KXDc[-KRE]M�E>`-m-E>�6E>m-SCB9H^�nS-MFE>KXDFK&T @1KRMcB/DFS-MFK/=L� @CB/McB9T_B9�,`-KxDcE>Q�T_E>`-K&MFB9H^M\K&NF@PI,`-m�NODFIfB9`�Kx�6DFK&MF`-B9H
T_B9�,`-KxDcE>QVlCKRH]m ~tv B/H]E]�9`-E]`-� E>DFN�S-`-QRI,S-@-H>K&m N\@-E]`-N�
^�,KR`-K&MFB/DcE>`-�2B_JLKZB �4N\K&QRI,`-mCB9Mev4T_B9�,`-KxDcE>QWlCKRH]m
Jb[-E>Qs[ E>N B9H]E>�,`-K&m JbEuDc[ Dc[-K�E]`�m-S-Q&E>`-� lCK&H>m^= �w` }�KRMFMFI9TfB9�9`-KRDFE]Q7T E]`-KRMcB9H>N�
8Dc[-K�S-`-QRI,S-@-H>K&m NF@-E>`-N
B9M\KaB9H>E]�,`-KRm�~tv7B9`2B/m-m-E>DFE]I,`-B9H � S-B9`tDcS-T �wT K&Qs[CB/`-E]Q&B9H K � KRQRD�
�H]KZB/m-E]`-�WDcI��,KRM\v7NeDcM\I,`-� E]`�m-S-Q&KRm�B9`-m
M\K&T_B9`-K&`tD�¦#NeDsB9~�H]K:©�T_B9�,`-KxDcE>¢ZB/DFE]I,`-NR= �w` DF[-K%@�MFK&N\K&`-QRK�I9}�DwJnI }�K&M\MFI,T_B9�,`-KxDcE>Q7NFS-~A��HGB/D\DcE>Q&K&N�
�DF[-K
T E]`-KRMcB9H
E>N�Q&B9H]H>K&m4B/`(DFEu� }�K&MFM\I,T_B9�,`-KxDcE]Q�Jb[�K&`4Dc[�K�T_B9�,`-KxDcE]¢&B/DcE>I,`-NbI9} DF[-K�DwJLI�NFS�~A�wH]B/DFDFE]Q&KRN�Q&B9`-Q&KRH
¦�K9= �-=�E]` ��K&T_B/DFE>DcKZ© 
�B9`�m%}�K&M\MFE>TfB9�9`-KRDFE]QaE>}!Dc[-KWQZB9`�Q&K&H>HGB/DFE]I,`2E>N�I,`�H>v7@CB/M\DcE]B9H�¦#K/={��=OE>`4�%B9�,`-KxDcE>DFK:© =
¤
I:JdDcEuDsB9`-E>S-T DcEuDsB9`�I/�wT_B9�,`-KxDcEuDcK�E>NfH]E �9KRH>v DcI�~1K�Dc[-K�m-I,T E]`CB9`tD NFI9S-MFQRK4I9}aDc[�K�T_B9�,`-KxDcE]Q2lCKRH]m
E>`�Dc[-K_H]I:JLK&M�QRI,`tDcE]`�K&`tDsB9HLQ&M\S-N\D%¦+?AQs[-H]E>`-�,KRM�
n<Z�,|tp � �CMFI,NeD B9`�m ?A[-E>�9K�
�<:�9|,yt©x=%r�[-E]N�T_E>`-K&MFB9H¡[CB9N
�nS-M\E]K�DFK&T @1KRMcB/DFS-MFKRN I/}�p9�,p����Wy,Y,Y�� ��¦+?AQs[-H]E>`-�,KRM�
b<:�,|tp � �CMFI,NeD�B9`-mo?A[-Eu�,K�
O<:�,|9y��Lª�B9NFE>H]KxJbN �(E
B9`�m ��BZv6[-KRJ 
!<:�,�ti9© 
CJb[-E]Qs[%Q&I,M\MFKRNF@PI,`-m-N�DFI_m�K&@�DF[-N�E]`2Dc[�KWMFB9`-�,KVI9}�<:Y �.p9Y �(T�=�¨nK&`�KZB/DF[�Dc[-E>N
�nS-M\E]K�DFK&T @1KRMcB/DFS-MFK2m-KR@�Dc[ Dc[-K2H>E>Dc[�I,NF@-[�K&MFK7E>N��6E]M\DFSCB9H>H>v�`-I,`-T_B9�,`-KxDcE>Q9= �CS-MeDc[-KRMFT I,MFK!
�DF[-K&M\K�E>N
QRI,`-NFE>m-K&MFB9~-H>K.@1KxDcM\I,H]I,�9E]QZB/HAKx�AE>m-K&`�Q&K.}�MFI9T �AK&`-I9H]E>DF[-N DF[CB/D DF[-KO�%I,[-IXE>N8B9H]N\IXB�TfB/�,`-KRDFE]QL~1I,S�`-mCB9Mev
¦ ª
B9N\E]H>KRJbN �(E!KRDXB9H+=�
�<:�t�/������BZv6[-KRJ KRDaB9H =�
 <:�9|tp,©x=�ª«[-E]H>KWDcI/DsB9H�TfB/�,`-KRDFE]¢&B/DcE>I,`%H>KR�9K&H]N�QZB9` M\KZB9Qs[
S-@ DFI <:Y,Y7��T ��� E]` T_B/lCQ H>I�JLK&MaQRMFS-NeDsB9H���KR`-I,H>E>Dc[�N�

S-`CB/H>DcKRMFKRm S-@-@PK&MXTfB/`(DFH]K�S�H>DcMFB9T_B/lCQ&N�[CBZ�,K
H>I�J TfB9�9`-KRDFE]¢ZB)DcE]I9`-NW¦�ª�B9NFE>H]KRJbN �(E B9`�m ��BZvA[�KRJ 
 <:�9�ti,©x= �w`�DF[-KW}�I,H>H]I:JbE]`�� JLK�JbE]H>H^Dc[-KRMFKx}�I,MFK�S�NFK
DF[-KXT_I,M\Ka�,K&`�K&McB/H�DFK&M\T m-K&@ADc[%DFI_~PI9D\DcI,T§¦+��rb¨�©�
CH]KZBZ�6E]`�� I9@1KR`�Jb[-KxDc[-KRMODF[-KV~1I9D\DcI,T E]NbE]`7}#B9QxD
B @PKRDcM\I,H]I9�,E]Q&B9H1I9M�B�DFK&T @1KRMcB/DFS-MFKa~PI,S-`-m-B9M\v9=

��S-K�DFI�Dc[�K�H]E>T_EuDcK&m�m-KR@�Dc[2K �ADFK&`tDbI9}
DF[-K�Q&M\S-N\DcB9H T_B9�,`�KRDcE>¢ZB/DFE]I,` 
6T_B9�,`�KRDcE>Q�B/`-I,T_B9H]E>K&N�B/DnDF[-K
�¡B9MeDc[
	 N NFS-Me}#B9Q&K2B/MFK�mCB/T_@PK&m B/D�H]I,`-�%J.BZ�,KRH]KR`-�9Dc[�N&=�r�[�K7HGB9Q
��I9}bH]I,`���J.BZ�9K&H]KR`-�9DF[ @PI:JnKRM [CB9N
~PK&KR` � SCB/`(DFE>lCKRm E>`
`(S-T K&MFI9S-N�N\DcS�m-E]KRN�DcI m-KRMFE>�9K7Dc[-K2��rb¨�}�MFI9T£T_B9�,`-KxDcE>QfNFS�M\�,Kxv6N ¦ ��B/Q � S-E]KRM
B9`�m �
	 K&Q
� 
�<:�9z-< ��¨L[CB/DFDcB9Qs[CB9Mev(vtB2B9`-m ¤
K&S

8<Z�t�,p ��?A[(S-Kxv KRDVB/H =�
 <:�t�9� ���nI,`-`CB/MFm�KRDVB9H+=�
 <:�,|,h��
�
��������������������� �"!$#&%�')(+*-,/.&02143)#25)6-780918:-7<;=!
6-7809;>,/#97?091A@/BDC2�<�FE<GIHKJ$�)HK�LC2���
M�C2��JN����CK�AEAO�PKPRQ2S

h,|



��KR�,E!KxDXB9H+=�
�<:�,|,h �^¨nH]B �9KRH>v 
�<:�,|9|�� �OK&MF¢x}�K&H>m�B9`-m ¨nM\IAm�NFQs[-I,H>H�
�<:�,�9z�� � �(S-~1IfKRDXB9H+=�
�<:�,|,p � � �(S-~PI
B9`-m4��B/DcN\S-`CB9�,B 
!<Z�,�9z(© =b�%I,NeD�I9}!Dc[-KRNFK�E>`t�,K&NeDcE>�tB/DcE>I,`-NO[CBZ�,KW~1KRK&`4~CB/NFK&m�I,`%DF[-K�K ��@�H]E]QRE>DbI,MOE]T �
@-H]E>Q&EuD B9N\NFS-T @�DFE]I,`�DF[CB/D8H>I,`-�OJ.BZ�,KRH]KR`-�9Dc[_B9`-I9TfB9H>E]KRN�`�K&Q&KRNFNFB9MFE>H>v�I9MFE]�9E]`CB/DFKLI9`-H>vX}�MFI9T m-KRK&@�NFK&B/DcKRm
NFI,S�MFQ&KRN&=	��}¡Dc[�E]N�JLK&MFK�M\KZB9H>H>v2Dc[-K�Q&B9NFK!
^Dc[-K�H]E>T_EuDcKRm%m-KR@�Dc[ Kx�6DFK&`tDVI9}LDF[-K Q&M\S-N\DcB9H T_B9�,`-KxDcE>¢ZB/DFE]I,`
JnI9S-H]m B9H>MFK&B9m�v ~1K_�AE>NFE>~-H]K E]`
T_B9�,`�KRDcE>QfT_B9@-NWQ&I:�,KRMFE]`�� H>K&N\N�Dc[CB/` <:Y,Y �(T ��<:Y9Y �(T%= �w`-m�K&K&m 

� �6S�~1I�¦e<:�,|,p,©�[-B9Nfm-KRMFEu�,K&m�B�m-KxDsB9E>H]K&mo�nS-M\E]K�E>NFI9DF[-K&M\T TfB/@oI9}�DF[-K �wN\HGB9`�moI9} ��v6S-N\[6S S�NFE]`��
y,Y �(T ���,Y �(T�JbE>`-m-I:JbN&=¡¨nH]B �9KRH>v7¦e<:�,�,p,©!MFKRQ&I,T T K&`-m-N¡BaT E]`-E>T�S-T NFS�M\�,Kxv m-E]T K&`-N\E]I,` I/}^p/Y �(T
B9`-m <:y,Y �(T }�I,MW��rb¨�I9}�S�@�DcI�<:Y �(T B9`-m�S-@�DcI4p9Y �(T 
 M\K&NF@PK&QxDcEu�,K&Huv,= ��`�Dc[-K_I9Dc[�K&MV[CB9`-m


?AK&M\NFI,`�¦ <:�tp,�9©�B9`-B9H>v6¢&KRm B9KRMFI,T_B9�,`-KxDcE>QL@-M\I9lCH>K&N K �6DcK&`�m-E]`-��I��9K&M N\KR�9K&McB/H�Dc[-I9S-NcB9`�m �6E>H]I,T KRDFK&M\N B9`�m
}#B9E]H>K&m�DFI N\K&KXDc[-KV��rb¨«~1KRQZB9S�NFKXDc[-KVB9S�DFIAQRI,MFM\K&H]B/DcE>I,`�m-E>m�`�I9DbDsB9@PK&M�I�� DFI�¢&K&M\I 
CKR�9K&`�}�I,MbHGB9�,NnI9}
NFKx�,K&MFB9H�[(S-`-m-M\K&m �(E>H]I,T KRDFK&MFNR=

��`tv T KRDc[�IAm�I9}L��rb¨ K&NeDcE]T_B/DFE]I,`4M\K � S-E>MFK&NVB7T IAm-KRH!}�I,M�DF[-K T_B9�,`-KxDcE]¢&B/DcE>I,`�m�E]N\DFMFE>~-S�DcE>I,` E]`
Dc[-KnQ&MFS�N\DZ= ��B/MFH]E>K&M�T_I6m-KRH]N�I9} DcKR`�}#B9E]H>K&mVDcIaB9QRQ&I,S�`(D8}�I9M!N\[CB9H]H>I:J H]I,`-�OJ.BZ�9K&H]KR`-�9DF[��/B9M\EGB/DFE]I,`�N!E>`WDc[�K
TfB/�,`-KRDFE]¢&B/DcE>I,`^=�r�[-K&N\K��/B9M\EGB/DFE]I,`-N B9MFK�Q&B9S-NFKRmf~tv�MFKR�,E]I9`CB9H-�,KRI,H]I9�,E]Q&B9H6}�K&B/DcS�MFK&N�
AN\S-Qs[�B/N�K �6DcK&`�NFE>�9K
NFKRm-E]T K&`tDsB/M\vW~CB9NFE>`-N�
9I,M QRI,`tDcMcB/N\DcN ~1KxDwJnKRK&` Q&I,`tDcE>`-K&`tDcB9H�B/`-m IAQRKZB9`�E]QnH>E>DF[-I,NF@�[-K&M\K9= �a`�K.QZB9`�B/MF�,S-K
Dc[CB)DbI,`�BZ�9K&McB/�,K�
CT_B9�,`-KxDcE>¢ZB/DFE]I,`�QRI,`tDcMFB9N\DFN�B/DbH>I,`-��NFQ&B9H]KRNOB9MFKaN\E]T E]HGB/M�DFI DF[-KaDc[-KXI,`-KRNbI,~-NFKRM\�9K&m
B/D�NFT_B9H]H�NFQZB/H]K&NR=8r�[-E]N�E]m�KZBaH]K&B9m-N¡DcIXDc[-KO@1I:JLK&Me}�S-H1QRI,`-QRK&@�DLI9}^N\K&Hu}G�wNFE>T_E>HGB9M\E>Dwvf¦ �aI,H>T_I9�,I,MFI:��
-<:�/z-< �
��B9`-m�K&H]~�MFI9D�
-<:�,|,h,© 
9Jb[-E>Qs[�E]N QRI,`-NFE>N\DFK&`tD¡JbE>Dc[ N\S-NFQRK&@�DFE]~-E>H]EuDwv�H>I,�,N�¦#k8E]H �(E>`-�9DcI9`�B9`-m�r�IAm�IAKRNFQs[(S-Q
� 

<:�,�,h � ��B/S-N�B/`-m
��E>T_M\E�
 <:�9�tp/~�©�
�N\S-NFQRK&@�DFE]~-E>H]EuDwv4NFS�M\�,Kxv6N2¦+k8E]H �(E]`-�9DFI,` B9`-m r!I6m-I6K&N\Qs[6S�Q
��
�<Z�,�tp,©
B9`-m�TfB9�9`-KRDFE]Q�TfB/@-N_¦ �aMFK&�9I9DcN �6E¡KxD B9H+=�
¡<:�,�A< � k8E]H �(E]`-�9DFI,` B9`-m�r!I6m-I6K&NFQs[(S-Q
� 
b<:�,�9h��8��B/S-N�B9`�m
��E]T MFE%
P<Z�,�tp/~ �C��B9S-N�B9`-m���E]T MFE%
1<Z�,�,yt© =

��K&M\K�JLK2m-K&M\E>�9K�B NF@PK&QxDcMFB9H�m-K&`�NFE>Dwv T I6m-K&Hn}�I9M�Dc[-K�B9`-I9TfB9Huv�I/}�DF[-K7DcI9DcB9H.E]`tDFK&`-N\E>Dwv I9}ODc[�K
TfB/�,`-KRDFE]Q.lCKRH]m^= r�[-K�T I6m-K&H�B9QRQ&I,S�`(DFNL}�I,M DF[-KONFK&Hu}G�wN\E]T E]HGB/MFE>DwvVB/N�JLK&H>H�B9N�DF[-KOH]E]T E>DFK&m�m�K&@�DF[fKx�6DFK&`tD
I9} DF[-KVQ&MFS�N\DsB/H�T_B9�,`�KRDcE>¢ZB/DFE]I,` =¡ª�KWB9@-@-Huv7Dc[-E>NOT I6m-K&H^DFI_E>`(�9K&NeDcE]�,B/DcKXDc[-KVKx�A@PK&QxDcK&m�m-E��1K&M\K&`-QRK�E]`
Dc[-KXN\@1KRQRDcMFB9H
m-KR`-NFEuDwv2I9} T_B9�,`�KRDcE>Q�T_B9@-N.}�I,M�m-E�� KRMFKR`(D���rb¨�=

����� � 
�&)"=(��
r�[-K�@PI9DcKR`tDcEGB/H!I9}8DF[-K�T_B9�,`-KxDcE>QVlCKRH]m4E>` Bf[-I9MFE]¢RI,`tDsB9H�I,~-N\K&Me�9B)DcE]I9`�@-H]B9`-K�B)DaB�[-KRE]�,[tD � B/~1I:�,K�B
NFH]B9~ JbEuDc[ Dc[�E]Q
�(`-K&N\N �8I/} T_B9�,`-KxDcE>Q�NFI,S-M\Q&KRNn[CB9N�~PK&K&` �,Eu�,K&`_~tv ��B9E>m-S%¦e<:�,y9| 
tK � =8zth 
tJbEuDc[ m � � ¢
B9`-m�m � � ¢�
 Ds©

1�¦H4 6�� 6 � © � P Si O P� P O P� P O P� P �� ¦�� 6��:6�� © A ¦�� "
	 
 � "
� 
 ��	 "
� ©
Kx�A@�¦ C 	 � © @ K ��@!¦ C 	 ��C � � �\©�C < F

��	_¦�	 
 � � ©
Kx�A@�¦��
��4 
 � � � © R�� R � R � 6 ¦+hA=><�©

Jb[-K&M\K �� ¦�� 6��:6�� ©aE]N�B4NF@PK&QRDFMcB9HnMFK&@�MFK&N\K&`tDsB)DcE]I9` ¦�K9= �-= ��I9S-MFE>K&MWDFMcB9`�N\}�I,M\T�©XI9}bDc[-Kf�9K&QxDcI,M�T_B9�/�
`-KRDFE]¢&B/DcE>I,` � "�	 
 "�� B9`-m "
� B9MFK DF[-K_S�`-E>DX�,KRQRDFI,MFNWI9}nDF[-K_QRIAI9MFm-E>`CB/DcK Nev6N\DcKRT�
 $ ��¦�� 6�� ©���E]NaDc[�K[-I,M\E]¢&I9`(DcB9H JnBZ�,KR�9K&QxDcI,M�B9`-m 	 � � $ �j=

h,�



��N\NFS-T E]`��fDc[CB)DaB9`tv%MFK&T_B9`-KR`tD�T_B9�,`-KxDcE]¢&B/DcE>I,`�E]N�KRE>DF[-K&M�@CB9McB/H]H]KRH
I,M�B/`(DFE]@CB/McB9H>H]K&H^DFIfDc[�K��,KRI/�
T_B9�,`-KxDcE>QVlCKRH]m � � ¦


�� 6�
�� 6�
 � © � 
 JnK Q&B9` m-KRNFQ&M\E]~PK�Dc[-K�TfB9�9`-KRDFE]¢ZB)DcE]I9`%~tv B/`�B9@-@CB9M\K&`tDaN\QZB9H]B9MN\S-NFQRK&@�DFE]~-E>H]E>Dwv�}�S-`-QRDFE]I,`��L¦54 6�� 6 � ©¡B9N � ¦54 6�� 6 � © ���L¦H4 6�� 6 � © � = �CMFI,T Dc[-KOH]E>`-KZB9M\E>Dwv�I9}^Dc[�K�N\@1KRQx�
DFMcB9H8M\K&@-M\K&NFKR`tDsB/DFE]I,` }�I,H]H>I�JbNaDF[CB/D �� ¦�� 6��:6�� © � ��L¦�� 6��:6�� © � 
 B/`-m�K � =.¦#h�=><:©aQ&B9`�~PK NFE]T @-H>E>lCKRm
DFI

1�¦54 6�� 6 � © � P Si O P� P O P� P O P� P ¦�� 
�� 
 � 
�� 
 ��	


�x© ��L¦�� 6��:6�� ©

K �A@�¦KC�	 � ©�@ Kx�A@!¦KC�	 ��C � � �\©�C <�F
��	f¦�	 
 � � ©

K �A@�¦�� ��4 
 � � � © R
� R � R � � ¦#h�=qi,©

�?������� � ���!�"
$#%�N�"�'&(
�)
� �	� &F	�� �+��
 ��� &%��� �Y�����
r�[-K�B/`-I,T_B9H>v I9}XDc[�K4DcI9DcB9H�E>`(DFK&`-N\E>DwvoI9}WDF[-K T_B9�,`-KxDcE]Q�lCK&H>m �
�.¦54 6�� 6 � ©�
�M\KR}�KRMFMFKRm DFI E]` H]B/DcKRM
Qs[CB/@�DcKRMFNO~(vfDc[-KXK&NeDsB9~�H]E]N\[-K&m2DcKRMFT 
 � 
CE]N�M\K&H]B/DcKRm2DFI Dc[-KX@PI9DcKR`(DFEGB9H ~(v �
� � �

� � �
A ��1�= �OK&`-QRK�


����¦H4 6�� 6 � © � P Si � E � O P� P O P� P O P� P �s¦��

�� 
 � 
�� 
 ��	



�x© � ��L¦�� 6��:6�� ©

K ��@�¦ C 	 � © @ K �A@ ¦ C 	 � C � � �\©�C < F
��	�¦�	 
 � � ©

Kx�A@�¦	� ��4 
 � � � © R�� R � R � � ¦#h�={ht©

r�[-KR`�B_i9� NF@PK&QxDcMcB/H
MFK&@�MFK&N\K&`tDsB)DcE]I9`%I9}�Dc[�KVT_B9�,`�KRDcE>Q�lCK&H>m2E]N��,Eu�,K&`�~tv
��
�.¦�� 6��:6 � © � P Si � E�� �c¦�� 
�� 
 � 
�� 
 ��	



�x© � Kx�A@�¦ C 	 � © O P� P

��n¦�� 6��:6�� © @ K ��@^¦KC�	 ��C � � �\©�C�<�F
��	�¦�	 
 � � ©

R � �
¦#h�= z(©

¤
KRD S-N m-KR`-I9DcK.DF[-K.[-I9MFE]¢RI,`tDsB9H6Q&I9T_@PI,`-KR`(D I9}�Dc[-K.�9K&I,T_B9�,`-KxDcE>QLlCKRH]m�~tv��gB9`-m�Dc[�KbB9`-�,H>Kn~PKRDwJLK&K&`
DF[-KX[-I,MFE>¢&I,`tDcB9H^@-M\I � K&QxDcE]I9`��§I/}!DF[-KalCK&H>m�B9`�m2DF[-KX[-I,M\E]¢&I9`(DcB9H JnBZ�,KR�9K&QxDcI,M $ ~tv -A=¡r�[-KR`
��
��¦�� 6��:6 � ©�� P Si � E�� ¦ 
 ��
 ��� QRI,N�-,© � 	�Kx�A@�¦ C 	 � © O P� P ��.¦�� 6��:6�� © @ < C Kx�A@�¦KC�	 ��C � � �\© F

¦�	 
 � � ©
R � � ¦#h�=qp,©

r�[-K_NF@PK&QRDFMcB9H¡M\K&@-M\K&NFKR`tDsB/DFE]I,` ��
�.¦�� 6��:6 � ©�I9}LDc[-K TfB/�,`-KRDFE]Q�lCKRH]m�QZB9` ~1K MFKR�tB9M\m-K&m�B9N�B2Q&I9`A��9I,H]S�DFE]I,` I9}�DF[-K�NF@PK&QRDFMcB9HOMFKR@-MFKRNFKR`(DcB/DcE>I,` ��n¦�� 6��:6�� ©�I9}�Dc[�K%N\S-NFQRK&@�DFE]~-E>H]E>Dwv m�E]N\DFMFE>~-S�DcE>I,` JbE>DF[�B}�S-`�QRDcE>I,`��.¦ � © ��
�.¦�� 6��:6 � © � OQP� P
�.¦ � © ��L¦�� 6��:6�� ©KR � ¦#h�={yt©

Jb[-KRMFK
�.¦ � © �

P Si � E � ¦ 
 ��
 ��� Q&I,N�-9© � 	�Kx�A@�¦KC�	 � © @ <-C K ��@�¦ C 	 ��C � � �\© F
¦�	 
 � � ©

¦#h�=q�,©
��@«DcI [-KRMFK I,`-K�Q&I,S�H]m Dc[-E>`���I9}VDc[�K�N\@1KRQRDcMFB9HaMFKR@-MFKRNFKR`(DcB/DcE>I,`-N�B9N ��I9S-MFE>K&MfDFMcB9`-Ne}�I,MFT N2I,`

DF[-K2~CB9NFE>N�I9}�DF[-K�S-NFSCB/Hb¥OE>K&T_B9`-` E]`tDcKR�,McB/H = r!B �(E]`-� Dc[�E]N �6E]KRJ 
 ��
�.¦�� 6��:6 � ©�B/`-m ��L¦�� 6 � 6 � ©�B9M\Km-KxDcKRMFT E]`-E>N\DcE>Q�}�S-`-QxDcE>I,`-N�
CI9~�DsB9E>`-K&m2~tv2B9`�E]`tDFK&�,MFB9H DcMFB9`-Ne}�I,MFTg}�M\I,T DF[-KXNF@CB/Q&KVm-I,T_B9E]`7T_B9�,`-KxDcE>Q
lCKRH]m �
�.¦54 6�� 6 � ©�B9`�m�DF[-KXNF@CB9QRK�m-I9TfB9E>`7NFS-N\Q&KR@�DcE>~-E]H>E>Dwv�m�E]N\DFMFE>~-S�DcE>I,`��L¦54 6�� 6 � © = �w`�Dc[-Ka}�I,H>H]I:JbE]`��JLKWN\[CB9H>H DsB �/K�B�N\DFIAQs[-B9N\DFE]QX@1I9E]`tDbI9} �6E>KRJX=�r�[-K&` �
�.¦54 6�� 6 � ©�B9`-m��L¦54 6�� 6 � ©�B9M\KXMFK&�,B9MFm-KRm�B/NbDF[-K

ztY



I,S�DFQ&I,T K_I/}�NFI,T K �6E>`-m�I/}�McB9`�m-I,T Kx�A@PK&M\E]T K&`tDZ=2r�[-KRE]MVNF@PK&QRDFMcB9H�MFKR@-MFKRNFKR`(DcB/DcE>I,`-N�B9MFK_�,E>�9K&`�~tv
�CI,S-MFE>K&M �e?6DFE]K&HuD � KRNnE]`tDFK&�,MFB9H]NX¦98LB9�,H>I,T�
1<:�,|,y,©LE]`7Dc[�KX}�I9H]H]I:JbE>`-��NFKR`-NFK �

� ¦541© � O P� P Kx�A@�¦	� ��41© ��¦ R
� © 6 ¦+hA=q|t©

Jb[-K&M\K2¥�¦G�-©WE]N�DF[-K�MFB9`-m-I,T }�S-`-QxDcE>I,` E]`�DF[-K�N\@CB9Q&K2m-I9TfB9E>`
B9`�m
��¦ R
�1©VE>N�B4Q&I9T_@-H>Kx��McB9`�m-I,T
T_K&B9NFS�MFKXm-KRDFK&M\T_E>`-K&m7}�I,MbB9`tv7E>`tDcK&Me�/B9H�R
��B9`�m%[CBZ�6E]`���DF[-KX@-MFI9@1KRM\DcE>K&N
<,= 9 ��¦ R
� ©�; � Y }�I,MbB9H>H E]`tDFK&M\�/B9H>N-R
� �
iA= 9 ��¦ R
� © ��¦ R
� � ©<; � Y�}�I,M�`-I9`-E]`tDcKRMFN\K&QRDFE]`-� E]`tDFK&M\�/B9H>N R
�4B9`�m R
� �
h�= ��¦ R�� � R
� � © � ��¦ R
�1©3
 ��¦ R
� � ©L}�I,M�`-I9`-E]`tDcKRMFN\K&QRDFE]`-� E]`tDFK&M\�/B9H>N-R
��B9`�m R
� �

r�[-KXNF@PK&QxDcMcB/H�m�K&`-N\E>Dwv ¦�@1I:JLK&MONF@PK&QRDFMFS-Tf© Lf¦��1© 
�Eu}�E>DbKx�AE>N\DcN�
CE]NbMFKRHGB/DFK&m7DcI ��¦ R
� ©�~(v
9 ��¦ R
�1© ��¦ R
� ©�; �GL_¦��1© R
� ¦+hA=q�t©

� E]`-B9H]Huv 9 ��¦ R
�1© ��¦ R
� � ©�; ����¦��QC � � ©3Lf¦�� © R�� R
� � � ¦+h�=u<:Yt©
��KRMFK�
 9�A ;.N\DcB9`-m-Nb}�I,M.Dc[�KVK �A@1KRQRDcKRm%�/B9H>S-KXB9`-m ��¦��1©nE]N.Dc[�KW��E>McB9Q �:� }�S-`-QRDFE]I,` =

�w`�DF[-E]N�`-I/DsB/DFE]I,`2K � SCB)DcE]I9`�¦#h�={yt©n~1KRQ&I,T K&N
�����¦ R
� 6 R �:6 � © � O P� P

�.¦ � © ��L¦ R
� 6 R �:6 R � © 6 ¦+h�=u<,<�©

Jb[-K&M\K �����¦ R
� 6 R �:6 � ©nB9`-m ��L¦ R
� 6 R � 6 R � ©LB9M\KaDwJnI McB9`�m-I,T T KZB9N\S-MFKRN�
�Q&I9MFMFKRNF@PI,`-m-E>`-� DcI ��¦ R
�1©nE]`
K � SCB/DFE]I,`
¦+h�={|t© =���`4B9@-@�H]E]Q&B/DcE>I,`�I9} Dc[�K �CI,S-M\E]K&M �e?6DFE]KRH>D � KRN �w`tDcK&�9McB9H�DcI7B MFKRHGB/DFK&m�@�MFI,~-H>K&T QZB/`4~1K
}�I,S-`-m�E]` ��B/S-N�B9`-m ��E>T_M\E�¦e<:�,�9yt©x=%r!I4m�K&MFEu�,K7B/` Kx�A@-MFKRNFN\E]I,` }�I,MVDc[-K�N\@1KRQRDFMcB9HLm-K&`-N\E>Dwv�I9}�Dc[�K
TfB/�,`-KRDFE]Q�l-K&H]m 
-JnKXT�S-HuDcE>@-H>v ~PI9Dc[�NFE>m-K&NbI9}.¦+h�=u<,<�©LJbEuDc[7Dc[�K&E]M�QRI,T @-H]K �7Q&I9` � S-�tB/DFK&N

��
�.¦ R
� 6 R �:6 � © ����n¦ R
� 6 R � 6 � © � O P� P
O P� P

�.¦ � © ��n¦ R
� 6 R �:6 R � © �.¦ � � © ��n¦ R
� 6 R �:6 R � � ©o¦+h�=u<�i,©
B9`-m�TfB �9KaS-N\KWI9}!MFKRHGB/DFE]I,` ¦#h�={�t©L}�I,M �4B/`-m � 
�B/`-m2I9} M\K&HGB)DcE]I9`�¦+h�=u<:Yt©L}�I9M � B9`-m � ��
C�,E>�6E]`��

L � ¦�� 6��:6 � ©KR�� R � � O P� P
O P� P

�.¦ � © �n¦ � � ©��A¦ � C � � © L���¦�� 6 � 6 � © R
� R � R � R � � ¦+h�=u<:ht©
L � ¦�� 6 � 6 � © � O P� P

�n¦ � © �.¦ � © L���¦�� 6��:6�� © R ��6 ¦+h�=u<Zz(©

Jb[-K&M\K L � ¦�� 6��:6 � ©_E]N�DF[-K�NF@PK&QRDFMcB9Ham�K&`-N\E>Dwv I9}XDF[-K DcI9DcB9H�E>`(DFK&`-N\E>Dwv I/}VDF[-K�TfB/�,`-KRDFE]Q�l-K&H]m B9`�mL��C¦�� 6��:6�� ©�E]N DF[-KbNF@PK&QRDFMcB9HCm�K&`-N\E>Dwv I9}PDc[�KON\S-NFQRK&@�DFE]~-E>H]EuDwv�m-E>N\DcM\E]~-SADcE]I9`�JbE>DF[-E]`�DF[-KbNFHGB/~^= ¥bK&Q&B9H]H>E]`-�
z-<



DF[-KXm-KRlC`�E>DcE>I,`7I9} �.¦ � ©L}�MFI,T K � SCB/DFE]I,`�¦+hA=j�,©

�.¦ � © �.¦ � © � P3�Sz E � ¦ 
 ��
 ��� QRI,N -,© � ¦


��
 � � Q&I,N�-9© � 	 � Kx�A@�¦KC�i 	 � ©

<-C K ��@�¦ C 	 � C � � �\©
	 
 � �

� <-C
Kx�A@�¦KC�	 ��C � � � �\©
	 
 � � � � ¦#h�=><:p,©

� P �Sz E � ¦ 
 �� 
 � � Q&I,N � -,© � 	 � Kx�A@�¦ C�i 	 � ©@ <-C Kx�A@�¦KC � 	2C ��� � ©�C K ��@�¦ C � 	 
 ��� � © 
 K ��@�¦ C�i � 	)© Fw¦�	 � 
 � � © ��� ¦#h�=><Zyt©
� P �Sz E � ¦ 
 �� 
 � � Q&I,N � -,© � 	 � Kx�A@�¦ C�i 	 � ©

i K ��@�¦ C � 	�© @ QRI,NF[�¦ � 	)©�C QRI,N:¦ � � © Fw¦�	 � 
 � � © ��� � ¦#h�=><:�,©

�nI,T�~-E]`-E>`-� K � SCB/DFE]I,`-N�¦+hA=><Zzt©OB9`�m ¦+hA=><��9©bH>KZB9m-NbDcIfBfMFKRHGB/DFE]I,`�NF[-E>@�~PKRDwJLK&KR` Dc[-KWNF@PK&QRDFMcB9H�m-KR`-NFEuDwv
I9}nDc[-K_TfB9�9`-KRDFE]Q lCK&H>m
B9`�m�Dc[-K_NF@PK&QxDcMcB/HLm-KR`-NFEuDwv�I/}.Dc[-K_NFS-N\Q&KR@�DcE>~-E]H>E>Dwv m-E>N\DFMFE]~�S�DcE>I,` JbEuDc[-E>` DF[-K
N\HGB9~�B9N

L � ¦�� 6 � 6 � © � P �Si E � ¦ 
 �� 
 � � QRI,N � -9© � Kx�A@!¦KC�i 	 � C � 	)©
OQP� P

@ QRI,NF[�¦ � 	�©�C Q&I,NZ¦ � � © Fw¦ < 
 � �
	 � © ���L��C¦�� 6��:6�� © R � � ¦#h�=><Z|t©

�?����� � � ��� ��� #(����������
J����
���� &F����� � #(����� �+� �
���
��NFNFS�T_E>`-��NFK&Hu}G�wN\E]T E]HGB/MFE>Dwv�I9} �L¦H4 6�� 6 � ©.E]N�Kx�A@-M\K&N\NFK&m�~(v

L���¦�� 6��:6�� © � � �&¦�� � 
 � � 
 � � © � � � � ¦#h�=><Z�t©
� � � 	 � � ¦ < 
 � �

	 � © � � � � 6 ¦#h�=ji/Yt©

Jb[-KRMFK � ��B9`-m � B9MFK QRI,`-N\DcB9`tDcN�
 � ~1KRE]`-�7Q&B9H]H>K&m4Dc[�K�h,� NFQZB/H]E]`��7Kx�A@1I9`-K&`tDWI9}¡Dc[-K N\S-NFQRK&@�DFE]~-E>H]E>Dwv
m-E>N\DFMFE]~�S�DcE>I,`^=8?6S-~-N\DFE>DFS�DcE>`-��K � SCB)DcE]I9`�¦+h�=qi9Yt©¡E]`tDcI�K � SCB/DFE]I,`�¦#h�=u<:|t©��9E>�,KRNnDc[�KXi9� NF@PK&QxDcMFB9H^m-KR`-NFEuDwv
¦�@1I:JLK&MbNF@PK&QxDcMFS�T�©.I9}�Dc[-KXT_B9�,`-KxDcE>Q�lCK&H>m�m�S-KaDcI B N\HGB9~2I9}!NFKRH>}G��NFE]T E]H]B9M¡NFI,S�MFQ&KRN

L � ¦�� 6��:6 � © � ���
P �SE � ¦ 
 �� 
 � � Q&I9N � -,© � K ��@�¦ C�i 	 � C � 	�© 	 � �

O PS @ Q&I,N\[�¦ � 	�©�C Q&I,N:¦ � � © Fw¦ <�
 � �
	 � © ��� � � � � R � � ¦#h�=ji6<�©

��DXE>NaQ&I,T T_I9` @-McB9QxDcE>Q&K�DcI�MFKR�tB9M\m�DF[-K�H]I,�,B9MFEuDc[-T I9}�Dc[-K B9¢RE]T�SADc[CB9H>H>v�BZ�,KRMcB9�9K&m � McB9m-E]B9H � @1I:JLK&M
N\@1KRQRDcM\S-T ¦ ?A@PK&QxDcI,M�B9`-m
�XMFB9`tD�
n<Z�t�9Yt© = ��I:JLKR�,KRM�
¡E]`�N\DcK&B9m�I/}.Dc[-K H]I9�tB9MFEuDc[-T�I9}.DF[-K�B9¢RE]T�SADc[CB9H
BZ�,KRMcB9�9K @1I:JLK&M�
�EuDaE]NaB/m��6E]NcB/~-H]K�DFI�DsB �/K Dc[-K�B9¢RE]T�SADc[CB9H!BZ�,KRMcB9�,K�I9}¡DF[-K H]I,�,B9MFEuDc[-T I9}¡Dc[�K @1I:JLK&M
¦+��B9S-N B/`-m ��E]T MFE%
�<Z�,�tp/~�© =4r�[-E>N�E]N�K � S-E>�/B9H>K&`tD�DFI4S-N\E]`-��DF[-K��,KRI,T KRDcM\E]Q_T_K&B9`
E]`�N\DcK&B9m
I9}�DF[-K

z(i



B9MFEuDc[-T KRDFE]Q�T_K&B9`2E]`7Dc[-KVB9¢RE]T�SADc[CB9H^B:�9K&MFB9�,E]`��-=8r�[-K&`%K � =�¦+hA=jiA<:©n~1KRQ&I,T K&N
<
i�� O �UTS H]`
¦ L � ©KRK- � <

i�� O �UTS H>` @ ��� P �SE � ¦ 
 �� 
 � � QRI,N � -,© � F R*-
� ��� �

�

C�i 	 � C � 	�C �VH]`
¦�	�©

 H>` 
 O PS @ Q&I9NF[�¦ � 	�©�C QRI,N:¦ � � © F�¦e< 
 � �

	 � © ��� � � � � R � � � ¦+h�=qi,i,©

r�[-K_B9`-E]N\I9DcM\I,@tv I9}�Dc[-K�lCKRH]m E]N�Dc[�K&`�M\K�"CKRQRDFK&m�I9`-H>v E>` B2DFK&MFT � Jb[-E]Qs[�E]NXE]`-m�K&@PK&`-m-KR`tD�I9}�Dc[�K
J.BZ�9K&`(S-T�~PK&M 	,=��nI9`-NFK � S�K&`tDcHuv 
�E>DaE>N�`-I/DX`-K&QRK&NFNFB9M\v�DcI7MFKRm-S-QRK�DF[-K�N\@1KRQRDcM\S-T�DFI�Dc[-K @PI,H]K/= �w` B
MFKRm-S-QRDFE]I,`�DFI�Dc[�Ka@1I,H>K�DF[-K�NF@PK&QxDcM\S-TgE>N.m-E>�6E>m-K&m�~tv ¦



�� 
 � ��Q&I,N � -,©K�:=8r�[�E]N.E>NnmCB9`��,K&M\I,S-NbB/DnH]I:J

TfB/�,`-KRDFE]Q�H]B/DcEuDcS-m�K&N�
�~1KRQZB9S-N\K


�� 
 � �CQ&I9N�� - �/B9`�E]NF[�K&NOB/D -�� �,Y � =

�2������� � ����� &(�,&F������#M�	� &%	�� &%	��"��
 �
� � S-B/DcE>I,` ¦+h�=u<�©�E]N ~-B9NFKRmoI,` Dc[�K�E>T_@�H]E]QRE>D�B9NFN\S-T @�DcE>I,` Dc[CB/D DF[-K2TfB/�,`-KRDFE]Q�lCKRH]m B9N JLK&H]HbB/N E>DcN
NFI,S�MFQ&KWm-E]NeDcM\E]~-S�DFE]I,`2Q&B9`�~PKVJbM\E>D\DcK&`�B9N�B �CI,S-M\E]K&MbE>`(DFK&�,MFB9H =Lr�[-E]NOQ&I9`(DFMcB9m�E]QRDFN�DF[-KWN\K&Hu}G�wNFE>T_E>HGB9M\E>Dwv
B9NFN\S-T @�DcE>I,`�E]`�K � SCB/DFE]I,`o¦+hA=ji9Y,©x=�� NFK&Hu}G�wN\E]T E]HGB/M�MFB9`-m-I,T�}�S-`-QRDFE]I,` QZB/`-`-I9DV~PK M\K&@-M\K&N\K&`tDcKRm B9NVB
NFS-T�I9}¡[CB9M\T_I9`-E]QXJ.BZ�9K&N&=Wr�[-K�NFB9T_K�I,~ � K&QxDcE>I,`�B9@-@-H>E]KRN�DcI���� � � 
 � ����� 
 
1Jb[-E>Qs[�E]N�I/} DcK&` S�NFK&m B9N
B_T IAm�K&H
}�I,MONFI,S-M\Q&K�m�E]N\DFMFE>~-S�DcE>I,`-NR= �w`�Dc[-E>N�Q&B9NFKVDc[-KW@-MFI9~-H]KRTUI/}¡B_m-Eu�,KRMF�,E>`-� �CI,S-M\E]KRMOE>`tDcK&�9McB9H�E]N
Q&I,T T I,`-H>v�BZ�,I,E>m-K&m4~tv%B9N\NFS-T E]`-��� ��� � � �
	�� � 
 ����� � � 
 � ����� 
 = �w`%Dc[�K�NcB/T_KXJ.BZv�I,`-KWQZB9`�B9NFN\S-T K
Dc[CB)D�DF[-K�N\K&Hu}G�wNFE>T_E>HGB9M\E>DwvXI9}
BVNeDcI6Qs[CB9N\DFE]QO@-MFI6Q&KRNFNLE]N�MFK&NeDcM\E]QRDFK&m DcIWBWH]E>T_EuDcKRm ~CB9`-m_I9} JnBZ�,K&`(S-T�~1KRMFN
¦ �aI���B9`-m	�9I9MFmCB9` 
 <:�,|9|��
��B/S-N�B9`�m���E]T MFE�
 <:�,�,yt© = �OKR�9K&M\DF[-K&H>K&N\N�
�K � SCB/DFE]I,`�N ¦+hA=jiA<:©OB9`�m ¦+h�=qi,i,©
[CBZ�,K�DcI ~PK M\K&�tB/MFm-KRm B9N�B9@�@-MFIZ�AE]T_B/DcE>I,`-N�MFB/Dc[�K&M7Dc[CB/` K �-B/QRD�MFKRHGB/DFE]I,`-NR= r�[-K � SCB9H]EuDwv�I9}VDc[�K
B9@-@-M\IZ��E>TfB)DcE]I9`�E]N�H>E �9KRH>v_DcI �/B9M\v�JbEuDc[7Dc[�KX�/B9H>S-KaI9} �¡=

zth



6

7

8

9

2000 400 200 100 50

lo
g(

P
S

D
[n

T
2 km

2 ])

wavelength [km]

magsat data
aeromag data

half-space
CTD = 40 km
CTD = 30 km
CTD = 20 km
CTD = 10 km

� �e� =8h�=u< �7k�I:JnKRM_N\@1KRQRDcMFB I/}�B9KRMFI,T_B9�,`�KRDcE>Q7B9`-mo��B9�9NcB/D��,M\E]m-N I:�9K&M_?1=8��}�M\E]Q&B ¦+B/} DFK&M�ª«[CB9H>K&M�

<:�9�9z 
 � E>�-=�<:Yt© 
^DFI,�,KxDc[-KRM�JbE>Dc[4DF[-K T IAm-KRH @PI�JLK&MXN\@1KRQRDcMFB7I9}�K � SCB/DFE]I,` ¦+hA=ji,i9©O}�I,M � � h 
 � � Y
B9`�m2�/B9M\E]I,S�Nb��rb¨�=Cr�[-KX[CB9Hu}G�wNF@-B9Q&KXT IAm-KRH QRI,MFM\K&NF@PI,`-m�NODFIfB9`2E>`�lC`-EuDcKX��rb¨�=

����� � �0�0��� ,��M� ��"��0*
�ONFE]`�� K � SCB/DcE>I,` ¦+h�=qi,i,©�
�JLK%E>`t�,K&NeDcE>�tB/DcK7DF[-K2@1I,N\NFE>~-E]H>E>DcE>K&N�B9`-m H]E]T E>DcB/DcE>I,`-NVI9}���rb¨ KRN\DcE>TfB)DcE]I9`
}�M\I,TdDc[-K @PI:JnKRMaNF@PK&QRDFMFS-T�I9}¡DcI9DcB9H�lCK&H>m TfB9�9`-KRDFE]QWB9`-I,T_B9H>v�T_B9@-NR=ar�[-K T_I6m-KRH!@PI:JnKRMaNF@PK&QRDFMcB
B9M\K�I,~ADsB9E>`-K&m ~(v `(S-T K&MFE>QZB9HbKx�9B/H]SCB/DFE]I,` I9} ¦#h�=qi,i,©�}�I9MfB @CB9M\DFE]QRS-HGB9M NFKxD�I9}�T_I6m-K&HO@CB9MFB9T KRDcKRMFNR=
r�[-KRNFKaT IAm�K&HP@1I:JLK&M�NF@PK&QxDcMFB B9MFK�DF[-K&`7@�H]I9D\DcK&m2B/�tB9E]`�N\DL@1I:JLK&M�NF@PK&QxDcMFB�I9}�m-E��1K&M\K&`tD.N\S-M\�9KRv2B9M\KZB9NR=
r�[-KWQ&I,`�N\DsB/`(D � E>`�K � S-B/DcE>I,` ¦#h�=ji9i,©bE>N�Qs[�I,NFKR` E]`�N\S-Qs[�B_JnBZv�DF[CB/D�Dc[-KWT_I6m-K&H�@PI:JnKRM�NF@PK&QxDcM\S-T
l-DFN�Dc[-KX@PI�JLK&MbN\@1KRQRDcM\S-TdI9}�Dc[-KXT_B9�,`-KxDcE>QaTfB9@�B/Db[�E]�,[7JnB:�9K&`(S-T�~PK&M\N&=

�?��� ��� ��)�
 � ��� ��
F�"��#
��S-M7lCM\N\D�NcB9T @-H>K @1I:JLK&M�NF@PK&QRDFMFS-T E>N�DsB �/K&` }�M\I,T DF[-K�H]E>DFK&MFB/DcS-M\K9= ��D2J.B/N%KRN\DcE>TfB)DcK&m«E>`«DF[-K
S-N\SCB9H�J.BZv_~tv_ª«[CB/H]K&M�¦e<:�9�9z(© }�MFI,T B9KRMFI,T_B9�,`�KRDcE>QOB9`-m2��B/�,NcB/DnmCB/DcB�I9}�?AI9S�Dc[��O}�MFE>QZBWm�I�Jb`tJnB9MFm
QRI,`tDcE]`(S-KRm�DcI�N\S-M\}#B/Q&K�H>KR�,KRH =8r�[-E>Nn@PI:JnKRM�NF@PK&QRDFMFS-T E]NLm-E]N\@-HGBZv,KRmfDcI9�,KRDF[-K&MnJbEuDc[fDF[-K�T IAm�K&HP@1I:JLK&M
N\@1KRQRDcMFB7I9}�K � SCB/DFE]I,` ¦+hA=ji,i9©O}�I,M � � Y�B/`-m �9B/M\v6E]`-�fNFQZB/H]E]`��7Kx�A@1I9`-K&`tDcNVB9`�m N\HGB9~4DF[-E]Q
�(`-KRNFN\K&NVE]`
� E>�,S-M\K&Nbh�=u<R� hA=qh�=

?AE>`-Q&K%K � SCB/DFE]I,` ¦#h�=qi,i,© E]N_B9QRDFSCB9H]Huv B�T IAm�K&H�}�I,M�Dc[-K�B9¢&E>T�S�Dc[-B9HOB:�9K&MFB9�,K4I9}�Dc[-K%H]I,��@1I:JLK&M
B9`�m�`-I9DX}�I,MXDc[�K_H>I,�2I9}.Dc[�KfB9¢RE]T�SADc[CB9H>H>v�BZ�,K&MFB9�,KRm
@1I:JLK&M�
 JnK [CBZ�,K_K&NeDcE]T_B/DFK&m�I9S-MXI�Jb`�@1I:JLK&M
N\@1KRQRDcMFB�}�MFI9T DwJnI
H]B9MF�9K�T_B9�,`�KRDcE>Q2�,MFE>m-N_I/}�Dc[-K�}�I,MFT K&M_?AI:�6E]KxD �O`-E]I9` ¦ � ? ��©�
LBZ�/B9E>HGB9~-H>K�}�MFI,T
��B/DcE>I,`CB9H¡�aK&I9@-[tvAN\E]Q&B9Hn�aB)DsB��nK&`tDcKRM7¦ ���X�X��© 
�¨nI,S-H>m-K&M�
 �nI9H]I,MFB9m-I-= r�[-Kf�9MFE]m�NXJLK&M\KfQRI,T_@�E]H]KRm

z,z



6

7

8

9

10

11

2000 400 200 100 50

lo
g(

P
S

D
[n

T
2 km

2 ])

wavelength [km]

magsat data
aeromag data

half-space
CTD = 40 km
CTD = 30 km
CTD = 20 km
CTD = 10 km

� �e� =Ch�=qi �¡�aB/DcB I9} �!E]�,S-M\Kah�=u<aDcI,�,KxDc[-KRM�JbE>Dc[7DF[-KXT_I6m-K&H @1I:JLK&MONF@PK&QRDFMcB }�I,M �"� z-=

6

7

8

9

10

11

12

13

2000 400 200 100 50

lo
g(

P
S

D
[n

T
2 km

2 ])

wavelength [km]

magsat data
aeromag data

half-space
CTD = 40 km
CTD = 30 km
CTD = 20 km
CTD = 10 km

� �e� =Ch�={h �¡�aB/DcB I9} �!E]�,S-M\Kah�=u<aDcI,�,KxDc[-KRM�JbE>Dc[7DF[-KXT_I6m-K&H @1I:JLK&MONF@PK&QRDFMcB }�I,M �"� pA=

z(p



4

5

6

7

8

9

10000 5000 2000 1000 500 200 100 50 25

lo
g(

P
S

D
[n

T
2 km

2 ])

wavelength [km]

FSU-West
FSU-East

half-space
CTD = 50 km
CTD = 30 km
CTD = 20 km
CTD = 10 km

� �e� =Ch�= z �Lk!I:JLK&M�N\@1KRQRDFMcB_I/}!DF[-KV}�I9MFT K&MO?AI:�6E]KxD �O`-E]I,`7DFI,�,KRDF[-K&MbJbE>DF[�DF[-KXT_I6m-KRH
@1I:JLK&MONF@PK&QRDFMcB
}�I,M � � z B9`-m � �£h9Y,Y�T E>` H]I,�)�wH]I9��N\QZB9H>K9= �.D7[-E]�9[�J.BZ�,KR`(S-T�~PK&MFN2Dc[�K TfB9�9`-KRDFE]Q%l-K&H]m E>N
N\K&H>}G��NFE>T_E>HGB9MOB9`-m�EuDcNaH]I9�/�wH>I,�f@PI:JnKRMVN\@1KRQRDFMFS-T§E>NXB7N\DcMFB9E]�9[(D�H]E]`�K9=��.DaJnBZ�,KRH]K&`��9Dc[-NWB9~PI:�,K_p9Y �(T
¦�Q&I,M\MFK&N\@1I9`-m-E]`��4DcI4JnB:�9K&`(S-T�~PK&M\N_~PK&H>I:J Y�={Yti%Qxv6Q&H]KRN�� �(Tf©WDc[-K7@PI:JnKRM�E]N�m-KRQ&M\KZB9N\K&m m-S-K�DcI4DF[-K
H>E]T E>DcKRm4m-KR@�Dc[
K �6DcK&`tD�I9}nDF[-K_QRMFS-NeDsB9H¡T_B9�,`-KxDcE>¢ZB/DFE]I,`^=�r�[-K T IAm-KRH8E]`-m�E]QZB)DcK&NVB���rb¨ I9}.B9MFI9S-`-m
<�p �(T S-`�m-K&MbDc[-KVB9N\NFS-T @�DFE]I,`7I9} ��� z-=

}�M\I,T NFS-Me�,KxvAN "-I�Jb` B)D i9Y9Y%T§DcI4p9Y,Y�T DFI,@PI,�,McB/@-[-E]Q B9HuDcEuDcS-m-K/=7r�[-Kf�9MFE]m �8? ����ª�K&N\D�Kx�6DcKR`-m-N
}�M\I,T htp��LDFI��9|8�LHGB/DFE>DFS-m-K�B9`-m7y�< �nDcI�<ZY9z?��E]`�H>I,`-�,EuDcS-m-K!
tJb[-E]H>K�Dc[�K��,MFE>m �8?
�b� �¡B9NeD.[CB/NnDc[-K�NcB9T K
H]B/DcEuDcS-m-K�~-S�D¡K �6DcK&`�m-N8}�MFI,T <:Y9z?��DcI <Zzt��� E]`�H]I,`-�9E>DcS�m-K9=�r�[-K�E]`tDFK&MF`-B/DcE>I,`CB9H(�,KRI,TfB/�,`-KRDFE]QLMFKR}�KRMFKR`-Q&K
lCKRH]m�¦ �e�X¥ �8©
I9}
<Z�,ytp�B/`-m BOl-MFN\D I,MFm-KRM�DFMFKR`-m�JnKRMFK.M\K&T I:�,K&mW}�MFI,T Dc[�KnmCB/DcB�= r�[�K&E]M�@PI�JLK&M NF@PK&QRDFMcB
B9M\KfN\[-I:Jb` E]` �!E]�,S-M\K&NWh�= z%DcI4h�=qyA=�r�[�K��,McB/@-[-N�E>` � E>�,S-M\K&NWh�={z4B9`-m h�=qp%B/MFKf@�H]I9D\DcK&m�E]`�H]I,�/��H]I,�
N\QZB9H>K�DcI7m-KRT_I9`-N\DFMcB/DFK�Dc[-K N\K&Hu}G�wNFE>T_E>HGB9M\E>DwvfI9}8Dc[-K T_B9�,`�KRDcE>QWlCKRH]m�B/D�[-E]�,[%J.BZ�,KR`(S-T�~PK&MFNWB9`-m4DF[-K
m-KR@CB9MeDcS-M\KX}�M\I,TgN\K&Hu}G�wNFE>T_E>HGB9M\E>Dwv B/DbH>I:J JnBZ�,K&`(S-T�~1KRMFN&=

�?��� � � � �"#(����)�&%��� � � � &%	�� �
� ��&%	 &(� �N��&*&%��� ��� �����

��D¡E>N�`�I9D¡I,S-M8E>`(DFK&`tDcE>I,` DcIVm-K&M\E>�9KO@�MFK&QRE]N\K���rb¨ K&NeDcE>TfB/DFK&N8I9}PDc[�KON\S-M\�9KRv_B9M\KZB9N�
6~�S�D8DcIVE]`t�,KRN\DFE]�tB/DFK
DF[-K�@1I9NFNFE>~-E]H>E>DFE]K&N!B9`-m H]E>T_EuDsB/DFE]I,`�N
I9}^��rb¨ KRN\DcE>TfB)DcE]I9`�E]` �,KR`-K&MFB9H = �CMFI,T Dc[-K�@-H>I9DcN8E>`�� E]�9S-MFKRN¡h�=><x�
h�=qp�JnKVm-MFB:J Dc[-Ka}�I,H>H]I:JbE]`���Q&I,`�Q&H]S�NFE]I9`-N �
<9=O� `�I9DcE>Q&KZB/~-H]K.m�E��1K&MFKR`-Q&K�~PKRDwJLK&KR`_DF[-KbT_I6m-K&HA@1I:JLK&M¡NF@PK&QxDcMFBa}�I9M8m-E��1K&M\K&`tD���rb¨ IAQRQ&S-M\N8I,`-H>v
B)D�J.BZ�,KRH]KR`-�9Dc[�N�B9~PI:�,K <:Y,Y �(T ¦#N\K&KVE]`7@CB/M\DcE>Q&S-H]B9M � E>�,S-M\KXh�=jp9©x=

i6=bª�KLl-`-m�BODFMcB9m-K �wI��_~PKRDwJLK&K&`�E>`-Q&M\KZB9N\E]`-��NFS-N\Q&K&@ADcE]~�E]H]EuDwvVNFQZB/H]E]`���K ��@PI,`-KR`tDcN ��B9`-m B�m-K&QRMFKZB/Ne�
E>`-�X��rb¨�=t�«NFQ&B9H]E>`-�XKx�A@PI,`-K&`tDLI9} �	� zV�,E>�9K&N�BXMFKZB/H]E]NeDcE>Q.��rb¨ I9}
B9M\I,S-`-m_i9Y �(T�}�I,M�?AI9S�Dc[

zty



4

5

6

7

8

9

10000 5000 2000 1000 500 200 100 50 25

lo
g(

P
S

D
[n

T
2 km

2 ])

wavelength [km]

FSU-West
FSU-East

half-space
CTD = 50 km
CTD = 30 km
CTD = 20 km
CTD = 10 km

� �e� =/hA=jp ��k�I�JLK&M8N\@1KRQRDFMcB�I9}-DF[-K�� ? � E>`�H]I9�/�wH>I,�bNFQZB/H]K.B/N E]` � E]�9S-MFKLh�= z�~-S�D!JbE>Dc[VDc[-KnT_I6m-K&H(@PI:JnKRM
NF@PK&QxDcMcB�}�I,M � � h � pA=�r�[-K_H]I:JnKRMVDF[-K_B9NFN\S-T_KRm
NFQ&B9H]E>`-��Kx�A@1I9`-K&`tD�I/}nDc[�KfQ&M\S-N\DcB9H�NFS-N\Q&K&@ADcE]~�E]H]EuDwvm-E]NeDcM\E]~-S�DFE]I,` 
ADc[�KV�9MFKZB)DcK&M.DF[-KXMFKRNFS-HuDcE]`�� KRN\DFE]T_B/DcK�}�I,M.DF[-KV��rb¨�=

��}�M\E]Q&B ¦ � E>�,S-M\K�h�=qi,© = ��I9Ma�nK&`tDFMcB9H!��NFE]B7BfNFQ&B9H]E>`-��K ��@PI,`-KR`tDXI9} � � z�H>KZB9m�N�DcI7B7��rb¨ I9}
<�p�� p �(T ¦ � E>�,S-MFK�h�={zt©x=8r�[-E>NOT_BZv7~PK�DcI6I N\[CB9H>H]I:JX=��n[-I6I,NFE>`-� B�H>I:JnKRMON\QZB9H>E]`-� K �A@1I,`�K&`tD
I9} � � h � p_H>KZB9m-NODcI7B_��rb¨ K&NeDcE>TfB/DFK�B9M\I,S-`-m�ztY �(T£¦ � E>�,S-MFK�h�=qp,©x= ��KR`-Q&K!
 Dc[-KW}#B9QRD�Dc[CB/D
Dc[�K_K �-B/QRDV�9B/H]S-K�I9}LDc[-K NFQ&B9H]E>`-�2Kx�A@1I9`-K&`tD�� I/}nDc[�K_QRMFS-NeDsB9H¡NFS�NFQ&KR@�DcE>~-E]H>E>Dwv m�E]N\DFMFE>~-S�DcE>I,` E]N
S-`��(`-I:Jb`%H]KZB/m-N.DcI HGB9M\�,K�S-`�Q&K&MeDsB9E>`tDcE]KRNbE]`�B9~-N\I,H]S�DFKX��rb¨ KRN\DFE]T_B/DcKRN&=

h�=br�I�MFKRNFI,Hu�,K�Dc[�K�@1I:JLK&MXB/D�H]I,`��_JnB:�9K&H>K&`-�9DF[-NaJbE>DF[4NFS � QRE]K&`tDX@-M\K&QRE]NFE>I,`

1HGB9M\�,K�N\S-M\�9KRv�B9M\KZB9N
B9M\K.MFK � S�E]MFKRm^= ��D¡E>N S-`-H>E �9KRH>vVDc[CB)D¡B�MFKRH]EGB/~-H]KLK&N\DFE]T_B/DcKLI9}PDc[-Kb��rb¨
Q&B9`�~1K�I,~ADsB9E>`-K&m�}�M\I,T�B/`
B9M\KZB�N\TfB9H>H]KRM�DF[CB9`4<:Y9Y,Y �(T ��<:Y,Y9Y �(T%=��nI,`�NFK � S-KR`tDcH>v�
CE>DLNF[-I9S-H]m7~PK�m-E��_QRS-H>D�DcI KRN\DFE]T_B/DcK
Dc[�K4��rb¨ }�M\I,T E]`�m-E>�6E]m�SCB9HbB9KRMFI,T_B9�,`-KxDcE>Q7NFS-Me�,KRv6N�
ODwv6@-E>QZB9H>H>v [CBZ�6E]`-��m-E]T K&`�NFE]I9`-N�I9}a`-I9D
T I,MFKXDc[CB/` B_}�KRJ [(S-`-m�MFK&m �(E]H>I,T KRDcKRMFNR=�r�[-K�NFE>DFSCB/DFE]I,`�TfBZv�
 [-I:JLKR�,KRM�

~PK�T I,MFKX}#BZ�,I,MFB9~-H]K
}�I,M.v9I,S-`-� IAQRKZB9`�E]QaQ&M\S-N\DOJbE>DF[2NF[CB9H>H]I:JLK&Mb��rb¨�=

z-=b� QRI,`-NFK � S-K&`-QRK%I/}ODF[-K7HGB/MF�,K_NFS-Me�,KRv B/MFKZB/N�MFK � S�E]MFKRm E]N�DF[CB/D M\KZB9H>E]N\DFE]Q TfB/@-N�I9}bDc[�K2��rb¨
JLI,S-H]m [-B:�9K B��,K&Mev H]I:JUHGB)DcK&MFB9HOMFK&N\I,H]SADcE]I9`^= ��D2E]N�S�`-H]E �9K&Huv Dc[CB/D2EuDfJbE>H]HO~1K4@PI,N\NFE]~�H]K�DFI
MFKRNFI,Hu�,K�H]B/DcKRMcB9HP��rb¨o�/B9M\EGB/DFE]I,`-N8}�I,MLm-E]NeDsB9`�Q&K&NnI9}�H]KRNFNnDF[CB9`7NFKx�,KRMcB9H <ZY,Y �(T }�M\I,T TfB/�,`-KRDFE]Q
mCB/DcBf~tv4N\@1KRQRDcMFB9H T KRDF[-IAm�N&=V?AS-Qs[ ��rb¨ T_B9@-N�JLI,S-H>m `-I9D�NF[-KRm T�S-Qs[�H]E]�9[(D�I,` �,KRI,H]I9�,E]Q&B9H
}�KZB)DcS-M\K&N�JbE>DF[�NeDcM\I,`-� HGB/DFK&McB/H1DcKRT_@PK&MFB/DcS�MFKa�/B9MFE]B/DcE>I,`-N�
ANFS-Qs[�B9N�NFS�~1m-S�QRDcE>I,`�¢&I,`-KRN&=

��`-KVB9H]N\I [-B9N�DcI�DsB �/KVE>`tDcI Q&I,`-N\E]m-KRMcB/DFE]I,`�DF[CB/DOH]I9`-�/��JnBZ�,KRH]K&`��9Dc[%B9`-I,T_B9H>E]K&NLE]`�Q&I,`tDFE]`-KR`(DcB9H
NFQ&B9H]K
TfB/�,`-KRDFE]Q_Q&I,T @-E]H]B/DcE>I,`-NVQZB9` ~PK7NFKx�,K&M\K&Huv Q&I,T @-MFI9T_E>NFK&m ~tv�NFS-Me�,KRv NeDcEuDcQs[-E>`-��@-MFI6Q&KRm-S-MFKRN�
�`-I,`A�

z(�



S-`�E>}�I,M\T�mCB/DcB�B9Q � S�E]NFEuDcE>I,`�@CB9McB/T_KxDcK&M\N�¦�K&N\@1KRQ&EGB/H]H>v�
tDc[-KOK&H>KR�/B/DcE>I,`�©8B9`-m_~tv DF[-K�Qs[�I,E]QRK�I9}^�,K&I,T_B9�/�
`-KxDcE>QaMFKR}�KRMFKR`-Q&KXlCK&H>m^=

�?��� ��� �>� � 
�
F��� 
�� ����
F
F�����,&%��� �
ª�K�E]`�}�KRM�}�MFI,T � E]�,S�MFK&N2hA=><R�wh�=qp
DF[CB/D�B NFS�NFQ&KR@�DcE>~-E]H>E>DwvoNFQZB/H]E]`�� Kx�A@1I9`-K&`tD%I9} h � p � � � z E>N
QRI,`-NFE>N\DFK&`tDfJbEuDc[ DF[-K�TfB9�9`-KRDFE]Q2TfB/@-N_I/}X?1=���}�M\E]QZB B9`-m��nK&`tDcMFB9HO��NFE]B�= r�[-E>N_E>NfB9` E]T @1I9M\DsB/`(D
M\K&NFS�H>D�
(~PK&Q&B9S-NFK�E>D�E]T @-H>E]K&N!Dc[CB/D¡DF[-K�NFB9T K�N\QZB9H>E]`-�XHGBZJoI,~-NFKRM\�9K&m7~tv_k¡E>H �(E]`��9DcI,`�B/`-mfr�IAm�IAKRNFQs[(S-Q
�
¦ <:�,�,h��C<Z�,�9z(©�}�I9M8NFS-N\Q&K&@ADcE]~�E]H]EuDwv�H>I,�,N8B/`-m�NFS-Me�,KRv6NLI,` BXH>IAQ&B9H�N\QZB9H>K�QZB9` ~PK.�9B/H]E]m�B/D¡MFKR�,E]I,`-B9H�N\QZB9H>K&N
I9}nS-@�DFI%DF[-I,S-NFB9`-m-NWI9} �(E]H>I,T KRDcKRMFN�
 B9NXJLK&H]H+= �w`�@CB9M\DFE]QRS-HGB9M�

Dc[-K Q&M\S-N\DcB9HLT_B9�,`�KRDcE>¢ZB/DFE]I,` Q&B9`
~PK
QRI,MFM\K&HGB)DcK&m�I��9K&M�QRI,`-N\E]m-KRMcB9~-H>Kfm-E>N\DcB9`-Q&KRN&=4r�[�E]N�QRI,`tDcMFB9m-E]QxDcNWKZB9M\H]E]KRM�B/NFNFS�T_@�DFE]I,`�N�I9}bQRI,MFM\K&HGB)DcE]I9`
H>K&`-�9DF[-N�I,`-Huv�S-@2DcI NFKx�,KRMcB9H
DcKR`-NbI9} �6E>H]I,T KRDFK&M\NV¦��,B9Q
�(NFI9`

�<:�,�,Y����,B9Q
�(NFI,` 
!<:�9�9z(©x=

�?��� � � � 	
� &%� �
����&%	 ��� �
����#
r�I4Q&I9T_@CB/MFKfI9S-M�MFKRNFS-HuDcN�JbEuDc[�DF[-I,N\K�I9}bKZB/MFH]E>K&MVN\DFS-m-E]KRN�
8H>KRD�S�N B/DFDFK&T @�D�DFI4E]`tDFK&MF@�MFKRD�Dc[-K � ? �
N\@1KRQRDcMFB E>` Dc[-K�Q&I,`t�9K&`tDcE>I,`CB9H�JnB:v ¦+?A@PK&QRDFI,M B9`-mo�XMFB9`tD�
O<:�t�9Y �b�nI,`-`CB/MFmoKxD_B9H =�
b<:�,|,ht© = r�[-K&`
DF[-K�NFH]I9@1K I9}LDc[-K�@PI:JnKRMWN\@1KRQRDcM\S-T E]`�m-E]Q&B/DcKRN�Dc[-K m-K&@ADc[�DcI2Dc[-K DcI9@�I9}LNFI9T_K �(E]`-m�I9}nN\DcB/DcE>N\DcE>QZB9H
KR`-NFKRT�~-H]K I9}n@-MFE>NFT N&= r�[-KfH>E]T E>DcKRm4m-KR@�Dc[�Kx�6DcKR`(D�I9}nDF[-K&N\Kf@-M\E]N\T_NXH]K&B9m-NaDcI%B%T_B)�AE]T�S-T�E>`�DF[-K
@PI:JnKRMaNF@PK&QRDFMFS-T ¦ ?A@PK&QxDcI,MaB/`-m��XMFB9`tD�
 <:�,�9Yt©x=ar�[�K�J.BZ�,KR`(S-T�~PK&MVI9}¡Dc[-E>N�TfB���E>T�S-T E]N�m-E]M\K&QxDcH>v
M\K&HGB)DcK&m_DcI�DF[-Ka��rb¨ ¦#¨nHGB �/K&Huv 
 <Z�,�tp,© = r�[-E]NLE]`tDcKRMF@-M\KRDcB/DcE>I,`�E]NL~CB9N\K&m7I,`�DF[-K�E]T @-H>E]Q&EuD¡B9N\NFS-T @�DcE>I,`
I9}.B�Jb[-EuDcK @1I:JLK&MWNF@PK&QRDFMFS-T I9}LDc[-K_TfB/�,`-KRDFE]Q�lCKRH]m�B/D�N\I,S-M\Q&KfH>KR�9K&H = ��K&`�Q&K�
 E>DVQ&I,M\MFKRNF@PI,`-m-NVDcI
� � <4E>`oDcKRMFT NfI9}XI9S-MfT IAm�K&H = � E>�,S-MFK%h�={y�NF[�I�JbN�DF[-K4QRI,MFM\K&NF@PI,`-m�E]`-�
@PI:JnKRM�NF@PK&QxDcMFB�= r�[-K
I,~t�6E]I9S-N.m-E>NcB9�,M\K&KRT_KR`(D�JbEuDc[�DF[-K�I,~-N\K&Me�,K&m%@1I:JLK&M�N\@1KRQRDcMFB 
-E>`7@CB9M\DFE]QRS-HGB9M�Dc[-K�T_E>NFNFE>`-��T_B)�AE]T�S�T�

E>N¡Ba}�S�M\Dc[�K&M8E]`�m-E]Q&B/DcE>I,`�B9�tB9E>`-N\D S-NFE>`-�aJb[-E>DFK�m-K&@�DF[_T I6m-K&H>N DcIXK&NeDcE]T_B/DFKnDc[-Kbm-KR@�Dc[�DcIaDF[-Kb~1I9D\DcI,T
I9} B TfB/�,`-KRDFE]Q�H]BZv,K&MR=

����� � � *�,�.0*�*�� " � �
��	 ,-"��0,2��.0*���"��0*
ª�K�[CBZ�,Kfm�K&MFEu�,KRm�B2NF@PK&QxDcMcB/H�T I6m-K&H }�I9MVT_B9�,`�KRDcE>Q TfB/@-NXB/DWB�M\K&�,E>I,`CB9H NFQZB/H]K9=_¤
I,`-�2McB/`-�,K�Q&I,M �
M\K&HGB)DcE]I9`�E>N�B/Q&Q&I9S-`tDcK&m%}�I,M�~tv2Dc[�K�NFQ&B9H]E>`-� Kx�A@1I9`-K&`tD�I/}¡B9`4B/@-@CB9M\K&`tD�N\S-NFQRK&@�DFE]~-E>H]E>Dwv2m�E]N\DFMFE>~-S�DcE>I,`^=
r�[-KX[-E>�,[-KRM.Dc[-Ka�/B9H]S�K&NbI9} � 
ADc[-KXN\DFMFI,`��,K&M�Dc[�KVH>I,`-� MFB9`-�,KXQ&I9MFMFKRHGB/DFE]I,` =

�CI,M �"� <�I,S-MnT I6m-K&H�m-KRNFQ&M\E]~PK&NnDF[-K�l-K&H]m_m-S-K�DFI�BWJLKZB �6Huv Q&I,M\MFK&H]B/DcKRm�Q&M\S-N\DcB9HPTfB9�9`-KRDFE]¢ZB)DcE]I9`
B9NOB9N\NFS-T K&m%~tv7Dc[-KV@1I9@-S-HGB/M ��� � � 
 � ����� 
 lCK&H>m%T I6m-K&H>NV¦ ��B/[-`�KxD�B/H =�
^<:�t�9y,©x=n��B9`tv2KZB9M\H]E>K&Mb��rb¨
KRN\DcE>TfB)DcK&NVB9M\K_~-B9NFKRm
I,`�N\S-Qs[
T IAm�K&H]NR= � E>�,S-MFK h�=u< NF[-I:JbN�
 [-I:JnKx�,K&M�
 Dc[CB)D�M\KZB9H>E]N\DFE]Q��/B9H>S-K&NVI9} �
B9M\K�QRK&M\DcB9E]`�H>v%B9~PI��9K���� h�=X�nI,`�NFK � S-KR`tDcH>v�

Dc[-K���rb¨ E]N�T_B9`-Eu}�K&NeDcK&m�T�S-Qs[ H]KRNFN�@-MFI,T E]`�K&`tDcHuv2E]`
T_B9�,`-KxDcE>Q�TfB/@-N.Dc[CB/`�B9N\NFS-T K&m�E]`2K&B9MFH>E]K&MnN\DcS�m-E]KRN&=

��Kx�,KRM\Dc[�K&H]KRNFN�
�E>D�NFKRK&T N_@PI,N\NFE]~�H]K�DcI Q&I9T_@-SADcK7T_B9@-N�I9}ODc[-K%��rb¨�=���B9E>` I,~-N\DcB9Q&H>K&N B9M\K2DF[-K
H>I�J MFKRNFI,H>S�DcE>I,` B9`-m Dc[-K7DFMcB9m-K �wI���~1KxDwJnKRK&`�[-E>�,[-KRM NFQZB/H]E]`�� Kx�A@1I9`-K&`tDcN � B9`�m N\[CB9H]H>I:JnKRM_��rb¨�=

zt|



4

5

6

7

8

2000 100 50 25 20 16 12.5

lo
g(

P
S

D
[n

T
2 km

2 ])

wavelength [km]

FSU-West
FSU-East

half-space
CTD = 50 km
CTD = 30 km
CTD = 20 km
CTD = 10 km

� �e� =th�={y � k�I�JLK&M�NF@PK&QxDcMFBVI9}PDc[�K � ? ��JbE>Dc[ DF[-KbT_I6m-K&H�@1I:JLK&M�NF@PK&QRDFMcBa}�I,M �"� <�B/`-m � � h�=qp �(T%=
r�[-E]N�Q&I,M\MFK&N\@1I9`-m-N�DcI�B9` E]`tDcKRMF@-M\KRDcB/DcE>I,`4S-N\E]`-�fDF[-K�Jb[-EuDcK�m�K&@�DF[ T I6m-K&H>NOJb[-E>Qs[4JnKRMFK�S�DFE]H]E>¢&KRm�E]`
KZB9M\H]E>K&M NeDcS-m-E>K&N8DcIXm-KRMFEu�,KO��rb¨
}�MFI,T�DF[-K�H]I6QZB)DcE]I9`�I9} BXT_B)�AE]T�S-T�E>`�Dc[-Kb@PI�JLK&M¡N\@1KRQRDcM\S-T�=8r�[-K&M\K
E]NO`-IfT_B)�AE]T�S-T E]`�Dc[-K �8? � @1I:JLK&M�NF@PK&QRDFMcB�=���B)�AE>TfB B9MFKVI,`-Huv7}�I,S-`-m%E]`%@1I:JLK&M�N\@1KRQRDFMcB_Jb[-E>Qs[
B9MFKaE>`CB9QRQ&S-MFB/DcKRH>v7m-KRMFEu�,K&m2}�MFI9TgNFT_B9H>H^NFS-Me�,Kxv�B9MFK&B9N&=

¥OKRNFI,H>S�DcE>I,` I9}PDc[-KO��rb¨ MFK � S�E]MFKRN�B9`fB/NFNFS�T_@�DFE]I,`�I,` �¡= ��B9H>S-K&N8I/} �%Q&I,S-H>m_~PK�HGB/MF�,KRM8E]` Dc[-KbH>I�JLK&M
Q&M\S-N\D�
!E>`-m-E]Q&B/DcE>`-�7B2NFT IAI/Dc[-KRMam-E]NeDcMFE>~-S�DFE]I,` I9}LT_B9�,`-KxDcE]¢&B/DcE>I,`^= �OI:JnKx�,K&M�
 B9N\NFS-T E]`��%B2Q&I9`-N\DcB9`tD
�/B9H]S-KbI9} �"� zWB9`-m T I��6E>`-��BaJbE]`�m-I:J I:�,K&MLBa�,K&Mev HGB9M\�,KOB9MFK&BXJLI,S-H>m_@-M\I,~CB9~�H>v�H]K&B9m DcI�BVN\T_I6I9Dc[
��rb¨ MFK&H>E]Kx} 
�JbE>DF[%B QRK&M\DcB9E]`2m-KR�,MFKRKWI/} S-`�Q&K&MeDsB9E>`tDwv7E]`7Dc[�KWB/~-NFI,H>S�DcKXm-KR@�Dc[ =

k!K&M\[CB9@-N�I,S-MbT_I9N\DOE]`tDcKRMFKRN\DcE>`-�_l-`-m-E]`��_E>NbDF[CB/DODc[-KVNFKRH>}G��NFE]T E]H]B9MFEuDwv I9} DF[-KWQRMFS-NeDsB9H�T_B9�,`-KxDcE]¢&B)�
DcE>I,`�Kx�6DFK&`-m-N�JbEuDc[7B�[-E>�,[�N\QZB9H>E]`-�WKx�A@1I9`-K&`tDOI9} � � 	 Q&H>I,NFK�DcI z�S-@7DFI�MFKR�,E]I,`-B9HPJnBZ�,KRH]K&`��9Dc[-NR=Lr�[�Kh,� N\QZB9H>E]`-�VKx�A@PI,`-KR`(D � � 	 I9}^DF[-K�N\S-NFQRK&@�DFE]~-E>H]EuDwv�m-E]NeDcMFE>~-S�DFE]I,`�E]N�MFKRHGB/DFK&m DcIWDF[-K�N\QZB9H>E]`-�VKx�A@PI,`-KR`(DFNI9}bH]I:JLK&M �wm-E>T_KR`-NFE>I,`CB9H¡Q&M\I,NFN �wN\K&QRDFE]I,`�N�I9}�Dc[�K�NcB9T K�m-E>N\DFMFE]~�S�DcE>I,`�~tv�� � 	 � � ��	 
 < � � �
	 
 i¦ ��B/S-NXB9`-m ��E]T MFE%
�<:�,�9z(© =W� � � 	 QRH]I,N\K�DcI7z7Dc[�K&MFKx}�I,MFK�l�DcN�JLK&H]H!DcI�Dc[�K MFK&N\S-H>DFNaI9}�KZB9M\H]E>K&M�NeDcS-mA�
E]KRNXJb[�E]Qs[�N\S-�,�,KRN\DWDc[CB/DXDF[-K_N\S-NFQRK&@�DFE]~-E>H]EuDwv4m-E>N\DcM\E]~-SADcE]I9` E>` DF[-K Q&MFS�N\DW[CB9NVNFQZB/H]E]`���K �A@1I,`�K&`tDcNWI9}
� �
	 � i
¦+k8E]H �(E]`-�9DFI,`
B/`-m r!I6m-I6K&N\Qs[6S�Q
��
�<:�,�,h,©WB9`-m � ��	 � h ¦#k¡E>H �(E]`��9DcI,`�B9`-m r�IAm�IAKRNFQs[(S-Q
� 

<:�,�tp9©x= �CS-MeDc[-KRMFT I,MFK!
tDc[-KOQ&I,M\MFKRNF@PI,`-m-E>`-�WT_B9�,`�KRDcE>Q.lCK&H>mfB)DLN\S-M\}#B/Q&K�H>KR�9K&H�NF[-I9S-H]m [CBZ�,K�B�i9� NFQ&B9Hu�
E]`-��K ��@PI,`-KR`tD�I9} � ��	 � � � 	 C <,= �w`-m�K&K&m 
^�aMFKR�,I9DcN �(E�
 �9K&`�NFK&`�B9`-m%��M �)B9`�Eu� ��B9T K&m�¦e<:�9��<�©L}�I,S-`�mNFQ&B9H]E>`-��Kx�A@1I9`-K&`tDcN�I9} � ��	 � h }�I9MOH>IAQ&B9H^T_B9�,`-KxDcE>QaB9`-I,T_B9H>E]K&NnE]` ��I,MeDc[���T K&MFE>QZB�= �OI:JnKx�,K&M�
 N\E]�/�
`-E>l-QZB9`tDcHuv H]I:JLK&M�NFQ&B9H]E>`-�WK �A@1I,`�K&`tDcN.I/} � �
	 � Y � z�B9`�m � ��	 � iaJnKRMFKO}�I,S-`-m }�I,M8Dc[-K�NFS-N\Q&K&@ADcE]~�E]H]EuDwv
m-E]NeDcM\E]~-S�DFE]I,` B/`-m DF[-K2TfB/�,`-KRDFE]Qfl-K&H]m E]` DF[-K�B9MFK&B�I/}�Dc[�K��aK&M\TfB/`o�nI9`(DFE]`-KR`tDsB9Hb��KRK&@ ��MFE]H>H]E>`-�
k8MFI � KRQRD�¦ �arb¨�©X¦ �%B9S-NOB9`-m%��E]T MFE%
1<:�9�tp/~�© =

zt�



� � � � ��� � �

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

���! #"%$'&)(+*, #-."0/#"%1!�324&%$65#$876$8&)(9-#$8"0&;:0$65#/<&;$6=, #">$8 ?&;@#�BAC*,:D&;@FEG"H13=I J&%$6 #�! K&;*,7L13:0/#"0&M*N:%�O"%�!78PRQS"%$6TU$676*,:WVX"01Y*,7ZQ
$8 #[#\#P]:;*N1!&^*N7`_a\#bB$'&;@c*d2e=fbg�!:h"%2e�31a&;:0/#T�ijV]kl_m2#:%=I2e=I:D&;$6=, L*,7F&;=on kWnqpKr<\sbB@4�3:%�9k�$8"B&%@#�9bg*YtI�atI�31a&;=I:
*, 4-vuw$8"d13*,7678�3-�&;@#�c"%13*,76$8 #[o�ax<2y=, #�3 J&�VXzC$876{K$6 4[,&;=I |*N #-v}~=<-4=<�!"%1^@K/#1^{s\9�Y�I�I�4��zH$678{�$8 #[,&%=I �*, #-
}~=<-4=<�!"%1^@K/#1^{s\��Y�I�I�4�LzH$876{K$6 #[N&;=I �*N #-c}~=�-#=<�!"%1^@K/#1^{s\~�f�I�J�I_��M�<�37'PRQ)"0$6TU$67R*N:M:%*, #-#=,T�P]/# #1a&;$6=, #"mbg�!:%�
� :0"0&B2#:0=I2e=I"%�!-c5J(���=I78Td=I[,=I:%=ftcVD�Y�,�#�I�F�Y�I�4��_M&%=+Td=�-#�!7�tI�!76=�13$8&)(U�L/#1a&;/L*�&;$6=, #"O$6 �*+�I�w&;/4:%5#/#78�3 J&
TU�3-#$8/#T���}O@#�3$8:O$6TU2y=,:0&^*N #13�hP]=,:m&;@#��AC*,:0&%@c"013$8�3 #1!�3"Bbm*,"�-#$8"%13=ft,�3:%�!-�5J(c��*, 4-#�3785#:%=,&9V��f�I�I�I_a�

}O@#��"%2e�31a&;:;*U=,P�[,:;*Yt�$8&)(�*, #-�Td*,[I #�a&;$61 � �376-4"�13*, �5e��:%�376*N&;�!-�&%=U&%@#��"%2e�31!&%:;*U=,P>&%@#�3$8:�:0�3"02y�!1aQ
&%$8tI��"%=,/#:%1!�?-#$6"D&;:0$65#/4&%$6=I 4"�VX�h*,$8-#/F\~�f�I�I�I_a���<�!78PRQ)"0$6TU$676*,:g"0=I/#:%1!�?TU=<-#�!76"B76�3*,-c&%=j:0�Y*,78$6"0&%$61�"%2e�31a&;:%*,7
TU=<-4�376"OP]=I:B[I:%*Yt<$'&)(�*, #-cTj*,[, #�!&%$61�-L*N&;*�V¡ �:%�![I=,&%"%{K$l�!&h*,7¡�'\l�f�I�4�I�ezH$678{K$6 #[,&%=I �*, #-c}�=�-#=��3"%1^@K/#1^{s\
�f�,�I�4�<zC$876{K$6 4[,&;=I U�!&O*,7¡�'\y�Y�I�,�#�4��*,/#"m*, #-���$8Td:0$¡\L�f�I�I�N5F�4��*,/#"B*, 4-���$6TU:%$¢\L�f�I�I�J_��H�</41^@�TU=�-#�378"
13*, +2#7R*Y(�*, +$6TU2e=I:0&;*, J&>:0=I76�m$8 �&;@4�m2#:%=�13�!"%"0$6 #[�*, #-+$8 J&;�3:02#:%�a&^*N&%$6=I �=,Pe2y=,&%�3 J&;$6*,7 � �378-+-L*N&^*.V¢��*,/#"!\
�f�,�I�J_a\yP]=I:��ax4*,TU2#76��$6 o[I:%$8-#-#$8 #[oV¢zH$876{K$6 #[N&;=I ��a&9*,7¡�'\��f�I�N�K_a\F"0/#"%1!�324&%$65#$876$'&)(�Td*,2#2#$8 #[oV¡ �:%�![I=,&%"%{K$
�a&.*,7¡�'\m�f�,�4��_a\H-4�324&%@��!"0&%$6Td*N&;$8=I £VXzC$876{K$6 4[,&;=I ¤�!&.*N7¡�'\m�f�I�,�4�m��*N/#".*, #-|��$8Td:0$¡\M�f�I�J�,*I_9*, #-¥&%@#�
1!=ITd24/4&^*N&%$6=I �=NP>$8"%=I"D&^*N&%$61�[I:%*Yt<$'&)(�:%�!"%$8-#/L*,78"�V¡¦g@L*,24$6 F\��f�,�I�J_a�

§) +-#�!24&;@+�!"0&;$8Tj*�&;$6=, 95J(9"%2e�31!&%:;*,74*, L*,7'(�"%$6"!\,Td*,[I #�a&;$81W-L*�&^*�*,:0�g$8 K&%�3:02y=I76*N&;�!-�&;=h*h:%�![I/#76*,:>[I:0$6-F\
&%:;*, #"DP]=I:%TU�3-�5K(?¨�¨>}�&;=�bm*YtI�! K/#T?5e�3:C-#=ITd*,$6 ?*, #-?&;@4�3$6:>*,©3$8T?/4&%@L*,767'(�*YtI�!:;*,[I�!-.2y=fbW�3:H"%2e�31a&;:0/#T
$8"�*, L*,7'(<©!�3-vV¡�<2e�31a&;=I:�*, 4-¥ �:;*, J&3\H�f�Jª,�J_��.«�=fbW�!tI�!:3\��atI�! �$8PC&%@#�+P]=I:%TU�3:�"02y�!1!&;:%*,7C"%78=I2y�+TU=�-#�378"
*,:0�B"%/#5#"D&;$'&;/4&%�3-¬5J(.&;@#��TU=I:%�B:%�3*,76$8"0&%$61m"0�378PRQS"%$8Td$87R*,:�Td=�-#�378"3\J-#�!24&;@dP]:%=IT­Td*,[I 4�!&;$81O2y=fbW�3:W"%2e�31!&%:;*
:0�3Td*,$6 #"H$8 L*,1!13/#:%*N&;�9V¡�c*,/#"M*, #-d��$6TU:%$¢\4�f�I�,�J_a��}O@#$6"C$6"C-#/4�B&%=�&%@#�B-#$6"D&;=I:D&;$8 #[��!®y�31!&%"W=NP�[I:0$6-#-4$6 #[#\
2#:0�32L*N:;*N&%$6=I ¬P]=I:B¨>¨>}�\s*, #-c*,©3$8T?/4&%@L*,7F*Yt,�3:;*N[I$6 #[.=I �&;@4��-#*N&^*+2e=�bW�3:�"%2e�31a&;:%*4�

«��!:%�N\L§W&;:%*, #"DP]=I:%T�*."0�37'PRQ)"%$8Td$87R*,:C"02y�!1!&;:%*,7�TU=<-#�!7�*, L*N78(K&;$81Y*,7878(+&;=+&%@#��"%2L*N13��-#=ITd*,$6 ¬$8 �=I:%-#�!:
&%=�*YtI=I$8-¤&%@#�d-4$6"0&%=I:0&%$6 #[��!®y�31a&;"?=NPg&;:%*, #"DP]=I:%TU$6 #[�TU�Y*,"0/#:%�!-�-L*N&;*�&%=c&;@4�dbg*ft,�3 K/#T?5e�3:�-#=ITd*,$6 F�
§h*,:%[I/4�.&%@L*N&�tN*,:%$8=I[I:;*NTd"�*N:%�+&;@#�d*,2#24:%=I2#:0$R*N&%�+"%2L*N13�U-#=ITd*,$6 o"0&;*N&;$8"0&%$61Y*N7�Td=�-#�!76"�P]=I:�*, L*N78(�©3$8 #[
Td*,[I #�a&;$81d*N #-�2e=I"%"0$65#7'(¯[I:%*ft�$'&)(o-L*N&^*<��°�P`&;�!:9-4�3"%1!:%$85#$6 #[cT�(o"%2e�31a&;:%*,7WTU=�-#�37�P]=I:�&;@4�dTd*,[I #�a&;$81
� �!76-F\�§j-#�!:%$'tI�¯&;@#�o1!=I:%:0�3"%2e=I #-4$6 #[�tN*,:%$8=I[I:%*,T TU=�-#�37hP]=,:¬&;@#�o13=,Td2#78�ax±13*,"%�o=,P�*,�!:%=ITd*,[I #�a&;$81
2#:0= � 78�3"~$6 9*� #=, <QSt,�3:0&%$613*,7K$6 #-#/413$6 4[ � �!76-F��}O@#�Ct,*N:%$6=,[I:;*,T²Td=�-#�37IP]=,:~[,:;*Yt�$8&)(�-L*N&;*�$8"~"0/#5#"0�3³K/#�3 J&%78(
´Dµs¶�·�¸º¹¼»X½�¾%¿h¹qÀ¬ÁlÂSÃ¡Ä�ÅfÆ;Ç)È'É)ÇCÊ'Ë�Ì�¶�»0ÍJÎ0Ï!ÏaÏ!Ð

�,�



-#�3:0$8t,�3-¯*,"�*d"02y�!13$6*,7l1Y*,"0�,�� �:%*,2#@#"�=,P�&%@#��Td=�-#�37FtN*,:0$6=I[,:;*,TU"O$67876/#"D&;:;*�&;��&;@4��$6 <�L/#�3 413��=NP�2#:0= � 76�
=I:%$8�3 J&^*�&;$6=, F\C-#�324&%@F\m"0=I/#:%1!�c$8 J&;�3 4"%$8&)(�*N #- "01Y*,78$6 #[o��x42e=I #�! J&Y�£¨>$8 L*,7878(I\C*o"%�!1!&%$6=I �=I �2#:;*,1a&;$81Y*,7
*,"%2e�31a&;"H2#:0=I2e=I"%�!"�"%=I78/4&;$8=I #"~&;=�{N�!(?-4$ � 13/#7'&;$8�3"~$6 ?$8Td2#78�3TU�3 J&;$8 #[�*�tN*,:%$8=I[I:;*NT�*, L*,7'(<"0$6">*,76[I=,:%$8&%@#T��
¦m*,"%�M"0&%/#-#$8�3"3\,$6 #1!76/#-#$8 #[mP]/#:D&;@#�!:���x4247R*, L*�&;$6=, #"3\N*�1!=ITU2L*,:%$8"%=I �bB$8&%@?��2y�!1!&;=,:>*, 4-+ �:;*, J&YEG"lTd�a&;@#=�-F\
*, #-�&;�!"0&;"B=I �"0(� J&;@4�!&;$819-#*N&^*.*,:0��[I$8t,�3 �$6 c¦g@L*,24&%�3:0"��+*, #-c�4�

����� ���
	���
�������� ����	����
��� �!�"� # $�% ��&�&('*),+-&/.*02143��5&76$#(14&7)'&86:9�;
<��!&9/#"?*,"0"%/#TU�.&;@L*N&9Td*,[I #�a&;$6©3*N&;$8=I o*,"9*�P]/# 41!&;$8=I �=,Pm&;@4�d78=<13*N&;$8=I >=¬1Y*, ¤5y�d�ax<2#:0�3"%"0�3-|*,"�&;@4�
2#:%=�-#/#1a&�=,P�*."%13*,7R*N:O"%/#"013�32<&;$654$676$'&)(@?WVA=N_m*, 4-�*.13=I 4"0&^*N K&�[I�!=ITd*,[I #�a&;$61 � �376-CB��M}O@4$6"B$6TU2#76$8�3"!\4$6 
2L*,:D&;$61!/#7R*N:3\<&%@L*N&B #=."0$6[I #$ � 1Y*N K&m13=ITU2y=, #�3 J&�=,P~:%�!Tj*, 4�3 J&�Tj*,[, #�!&%$6©Y*�&;$6=, ¬�ax<$6"D&;"B$6 �*N K(¬-#$6:0�31!&%$6=I 
=,&;@4�3:9&%@L*, DB���}O@#�! ¥&;@#�¬2e=fbg�!:?"%2e�31a&;:0/#T iFEHG>VXkl_�=,PO&;@4�d&;=N&^*,7M$6 J&;�! #"%$'&)(¥*N #=ITd*,78(>I�J $6 �*
@#=I:0$6©3=, K&;*,74=,5#"%�!:0tN*N&;$8=I +2#76*, #�m-#/4�B&%=�*�"%7R*N5+=,Pe"%1Y*N76$6 4[�"%=I/4:%13�!"W$8"�[I$'tI�3 .5J(?"0/#5#"D&;$8&%/4&;$8 #[��3³K"!�K�4�8�Y�
*, #-c�4�LK,�?$6 J&;=.�!³e�e�4�'�Y�U*,"

iFEHG�VNMY_PO QSRT�VU R VXW RY[Z]\^R 13=," R`_ _ Rba�R ��x42~V*c�K aed _fhg
p gji ��c��ax<2~V c�k a c5lAk*m�_[c���x42~V*cnk aoZ lNk*m�_ Z ��x42~V*c�Kek a _qp
V a�R�Z m R _ psrutbv V a�R[Z m R _ pKr�w Ryx m VX�4�8��_

bB@#�3:0�@MzO VA{7|~}<_�$6"�&;@#�d@#=I:%$8©3=I J&;*,7�bm*Yt,�!tI�!1!&%=I:3\ a O n�M�n¼\[m $8"�&%@#�dt,�3:0&%$613*,7C13=ITU2y=, #�3 J&?=NPg&;@4�
bm*Yt,�!tI�!1!&%=I:3\ d $8"?&;@#��-#$8"0&;*, #13��5e�!&)bW�3�! &%@#��=I5#"0�3:0tN*N&%$6=I �247R*, #��*N #-¥&;@#��&%=I2�=,P�&;@#��"07R*,5F\�k9$6"
&;@#�c&;@#$81^{� 4�3"%"�=NP�&;@#��"07R*,5�\yB O VAW`�V|~WH��|~W Y _d$6"U&;@#��[I�3=ITd*,[I 4�!&;$81 � �376-�\yU O n�B�n�$8&%"j$8 K&%�3 <Q
"%$'&)(I\ \ O nZVXWH��|~WH�Y_�ns$'&;"�@#=I:0$6©3=, K&;*,7�$8 K&%�3 #"0$8&)(,\ _ $6"�&%@#�U*, #[I78�+5y�a&)bg�!�3 �MU*, #-��¤\~*, #- Q T $6"�&;@4�Tj*N[I #�!&%$61¬2e�3:0Td�3*,5#$876$8&)(�=,P�P]:%�!��"%2L*,1!�,��}O@#��2L*,:%*,Td�a&;�!:%" t�v *, #-�u²:%�aP]�3:?&%=�&%@#��"%/#"013�32<&;$654$676$'&)(
-#$6"D&;:0$65#/4&%$6=I z?WVX=,_g=, c*+P]/#787'Q)"02L*,1!�hbB$8&%@�2e=fbg�!:�"02y�!1!&%:%/#T

i7�sVX{F|�}`|�m�_�O t�v VA{ R/Z } R/Z m R _ pKr�w R | VX�4��KI_
=,P�bB@#$61^@�&;@#��"%76*,5�$6".*o"%2L*N&%$R*,7g"%/#5#"0�!&3�£«��! #13�N\g&;@#��"07R*,5�$6"?&%@#=I/#[I@J&.&;=�5e��13*,:0t,�3- =,/4&.=,P�*N 
$6Td*,[I$8 #�3-£"0�378PRQS"%$8Td$87R*,:j�I� "0/#"%1!�324&%$65#$876$'&)(£-#$6"D&;:0$65#/4&%$6=I �� ��=,&;�o&;@#*N&�&;@#��"%76*,5 $8 ²*N =,&%@#�3:DbB$6"0�
�3TU24&)(�"02L*,13��$6"O 4�3$8&%@#�3:O"0�37'PRQ)"%$8Td$87R*,:M #=I:O-4=<�!"�$'&B@L*YtI�9*+2y=fbW�3:�"%2e�31!&%:%/#T
*N"O$6 ��3³K/L*N&%$6=I ¤V]�#��K,_a�

}O@#�978$6TU$8&%�3-j-4�324&%@��ax�&%�3 J&h=NP>1!:%/#"D&^*,7�Td*,[I #�a&;$8©Y*N&%$6=I ¬@#*,"B #=. #=,&;$813�3*,5#76���a®��!1!&�=I �&;@#��2e=fbg�!:
"%2e�31a&;:%/4T�=,Pl&;@#��Td*,[I #�a&;$81 � �!76-�/#2�&;=?bg*YtI�378�3 #[N&;@#"�=,P�*,5e=I/4&O&;@4:%�3��&%$6TU�3"g&%@#��-#�!24&;@�&;=+5e=,&%&%=IT
VX"0�3��¨>$8[I/#:%�!"m�4�G�+*, 4-��4�¼�,_a�H¨L=I:WTd=I"D&m2#:%*,1!&%$613*,7y13*,"%�!"O$6 ¬5#*,"%�!Td�! K&B-4�324&%@��3"0&%$6Td*N&;$8=I F\JbB@#�!:%��&;@4�
"%$8©3��=NPH&;@#�?-#*N&^*¬*N L*,78(�"0$6"BbB$6 #-#=fb $6"�T?/#1^@�"0Tj*N7676�!:3\LbW�+1Y*, �"0$6TU2#76$'P`(��3³K/L*�&;$6=, ��#�'�?5J(�/4&%$678$6©3$8 #[

�<�



*+@L*,7'PRQ)"02L*,13��TU=�-#�37¢\413=,:%:%�!"%2e=I #-#$8 #[.&;=+& O � �H}O@#�! 

iFEHG>VNMf_2O tbv Q RT�VU R VXW RY Z]\^R 1!=I" R`_ _ R a�R ��x<2~V c�K a�d _f g
p g V a R Z m R _ pKr�w R psr x m V]�#�q�J_

O tbv QSRT�VU R VXW RY Z]\^R 1!=I" R`_ _ R a pKr �ax<2~V c�K a�d _f g
p g i � Z VAm�� a _ R p pKr�w R psr x m V]�#�G�K_

O tbv Q RTK�U R VXW RY Z]\^R 1!=I" R`_ _ R a pKr��Hr �ax<2~V c�K a�d _f g
T i � Z�� R p pKr�w R psr x�� | V]�#�º�I_

bB$'&;@ � O m�� a �M�<=I7't<$8 #[?&;@4��$8 J&;�3[,:;*,7F/4"%$6 4[j �:;*N-#"%@J&;�a(� �VD�Y�I�,�#\#�!³s�s�4��K,�<�I�LKI_g[I$8t,�3"
i/EHG~VNMf_ O tbv V7Q TK�U _ R	� i �
� K |�V]u Z ��_���K�pdVAW RY�Z \^R 13=I" RH_ _ R� 
�� ������������

a pKr��Hr ��x<2~V c�K a�d _� 
�� �� � v �
| V]�#�q�J_

bB@#�!:%� � $6"m&;@4��5e�!&;*.P]/4 #1!&%$6=I � V��7| �#_�O"!MV#�y_�!MV#�#_��$!MV#� Z �4_a�

�y�"�!�&% ' 6 $)( ' &+* +-&F. 021 3 �5&76M#814&7)'&(6:9�;
}O@#�o"02y�!1!&;:0/#T i-,c=,P�&;@#�¯t,�3:0&%$613*,7�-#�3:0$8tN*N&%$8tI�¯=NP9&%@#��*, #=ITd*,76=,/#"¬[I:%*ft�$'&)( 2e=,&;�! K&%$R*,7h-#/#�¯&;=�*
"0�378PRQS"%$8Td$87R*,:W-#�3 #"0$8&)(�-#$8"0&;:0$65#/<&;$6=, �bB$'&;@#$8 �*U@L*,7'PRQ)"%2#*,13��1Y*N �5y��bB:%$'&%&%�3 �VX�h*,$8-#/F\l�f�I�,�4�y��*,/#"h*, #-
��$8Td:0$¡\s�f�I�J��5s_m*,"

i-,NVAMf_2O tbv �$. R
/ R �ax<2~V c�K a�d _ f g

p g V a�R[Z m R _ pKr�w R psr x m V]�#�ºªI_

O tbv �$. R
/ R � i �
� K |fVXu Z ��_�� K�p a pKr�psr �ax<2~V c�K a�d _b| V]�#�q�J_

bB@#�!:%�0.c$8"�&;@#�B/# 4$8tI�!:%"%*,7s[I:;*Yt�$8&)(+1!=I #"D&^*, J&g*, #- t�v *N #-du�*,:%�B2L*,:%*,TU�!&;�!:%"C-#�!"%13:0$65#$8 #[�&;@#��*, 4=ITj*�Q
78=I/#"O-#�! #"%$'&)(�-#$6"D&;:0$65#/4&%$6=I �=NP�*+@L*,7'PRQ)"02L*,13��TU=�-#�37�*N"�$8 ¤VX�#�LKI_a�

¦g=ITU2L*,:0$6 #[?�!³K/L*N&;$8=I #"�V]�#�º�I_m*, #-¤VX�#�q�J_W"0@#=fbB"�&%@L*N&m&%@#��[I:%*ft�$'&)(¬TU=<-#�!7F$6"WtI�3:D(�"%$8Td$87R*,:C&;=?&%@#�
I�JwTU=�-#�37�P]=,:m&;@#��"%2e�31!$R*,7�13*,"%��=,P>*+tI�3:D&;$81Y*,7�$8 #-#/#1!$6 #[ � �!76- B O VX�8|^�8| U�_a�
�y�"�!�21 3 ) $ . '�� % &54�1 3 ��&�� &%#
}O@#���I��"%13*,76$8 #[+�ax<2e=I #�! K&%"h=,P�13:0/#"0&;*,7�"%/4"%13�!24&;$85#$678$8&)(¬*, #-�-#�3 #"0$8&)(�13*, �5y��$6 <P]�3:%:0�3-�P]:%=,T �f� *, #-
K,� 13:%=,"%"DQS"%�!1!&;$8=I #"!\F"%/#1^@o*N"h5e=I:%��bg�!7676"h*, #-�"0/#:0t,�!(�"�*N&�&;@#�9"%/#:DPX*,13�N��¨L/#:0&%@#�3:0Td=I:0�,\s&;@#�a(�1Y*, ¯5e�
-#�!:%$'tI�3-¯P]:0=IT�&%@#�?:0�3"%2e�31a&;$'tI�.Tj*N[I #�!&%$619*, #-o[I:%*ft�$'&)( � �!76-#"!�76��!7R*N&%$6=I #"0@#$624"�5e�!&)bW�3�! ¤&;@4�?"%13*,76$8 #[
��x42e=I #�! J&;"�=,PH* � �!76-�*, #-�$'&;"B"%=I/4:%13�!"�$6 �-#$'®��!:%�3 J&h-#$6TU�3 #"0$6=I 4"�@#*ft,�?5e�3�3 �-#�3:0$8tI�!-�5J(���*,/#"h*, #-
��$8Td:0$�V��f�I�,�K_��

� K



��*,:%$8 #�+[I:%*ft�$'&)(�=,®���=I:Dbm*Y(o*, 4-�"0=I/4&%@�=NP��I*N2L*, F\l*,"�bW�3787H*,"�P]:0�3�.*,$8:�*, #-��g=I/4[I/#�3:�[,:;*Yt�$8&)(
=,Pm&%@#�¬¨L=I:0Td�!:?�<=ft�$6�a&��� #$6=I ¤@L*YtI��*c13=I #"0$6"D&;�3 J&+u O����º��V¢¦g@L*,24&%�3:.ª��¼�I_���zH$876{K$6 #[N&;=I �*, #-�}�=NQ
-#=��3"%1^@K/#1^{�VD�f�I�,�J_l-4�3:%$'tI�!-+"%1Y*N76$6 4[h�ax<2e=I #�! K&%"H=,Pe*,:0=I/# #-¬�,\I13=I:0:%�!"%2e=I #-#$8 #[h&;=hu	�w��P]:0=IT�-#�3 #"0$8&)(
76=I[,"3�

 �:0�3[I=,&%"%{K$��!&H*N7¡�gVD�f�I�<��_F�3"0&%$6Td*N&;�!-�"01Y*,78$6 #[��ax<2y=, #�3 J&;"�P]:%=IT �h*N�3:%=,Tj*,[, #�!&%$61C-L*N&;*�"%�a&;" �  #-#$6 4[
tN*,76/#�!"�$8 �&%@#�M:;*, #[,�W=,PsK
�q�B&%=����G�#\�13=I:0:%�3"02y=, #-#$6 4[�&;=����q��� u�� ���q�#�~°h �*YtI�3:%*,[I�W"%1Y*N76$6 4[���x<2y=I 4�3 J&
=,PMu O ��bm*,"�P]/4:0&;@4�3:�13=, � :%TU�3-o5J(¯zH$876{K$6 #[N&;=I �
�
�������V��f�I�I�<�H�f�I�,�#�H�Y�I�J�I_OP]:%=IT "%/#"013�32<&;$654$676$'&)(
76=I[,"3\H*,�!:%=ITd*,[I 4�!&;$81d-#*N&^*�*N #-�"%/#"013�!24&;$85#$678$8&)(�"%/#:DtI�a(<"!�¤§) �1!=I J&;:%*,"0&3\g�c*,/#"+*, 4-|��$6TU:%$�VD�f�,�J�N5s_
-#�3:0$8t,�3-�"01Y*,78$6 #[U�ax<2e=I #�3 J&%"�=,PHu�� �UP]:%=,T�@#�378$613=,24&;�!:�Td*,[I 4�!&;$81�-L*N&^*d*, #-¯*U�j{KT�tI�!:0&;$81Y*,7l:0=<1^{
"%/#"013�!24&;$85#$678$8&)(¬24:%= � 78��*N&O&;@4�� ��3:0Tj*N �¦g=, K&%$6 #�! J&^*,7l���!�32c��:%$67876$8 #[9"0$8&%�,�

§) ¤[I�! #�3:%*,7¡\l-#�! #"%$'&)(o76=I[,"�*,:%�."%TU=�=,&;@#�!:�&;@L*N ¤"0/#"%1!�324&%$65#$876$8&)(�76=I[,"3�.}O@#�."%13*,76$8 #[��ax<2y=, #�3 J&9=,P
-#�3 4"%$8&)(¬"%@#=I/476-�&;@#�!:%�!P]=,:%��5y��@#$8[I@#�!:m&;@L*, �&%@L*N&�=,P�"%/#"013�32<&;$654$676$'&)(I\L*�&B76�Y*N"0&B=I c*+76=�1Y*,7y"%1Y*N76�,�

����� �����4�n	 ��� � ����� �n���	�@
�	�� ���4��
��
���&% �"� � ��! ( &76F#89�# (�$ 6:'*3 % 6 $ ;
}O@#��Td=I"D&.=I5Jt�$6=I/#"U"%2#*,13��-#=ITd*,$6 �1!=I/# J&;�!:%2L*N:0&d=,P�*o2e=�bW�3:U"%2e�31a&;:0/#T $6"+&;@4�c*N/4&;=NQS13=I:0:%�!7R*N&%$6=I 
P]/# #1a&;$6=, �V]°�¦m¨H_

"$#&% V('M_]O )+*�VA= Z 'M_,*�VA=N_.-b| VX�4�º�J_
bB@#$61^@�$6"O:0�376*N&;�!-�&%=+&;@#��2e=�bW�3:�"%2e�31a&;:0/#T�5J(�*d¨L=I/4:%$6�!:g&;:%*, #"DP]=I:%T

"/#0% V('M_ O f g
p g

f g
p g ��x42~VXl1'32�Mf_OijVAMf_ x { x }4� VX�#�'�f�J_

«�=fbW�!tI�!:3\�$'PCbg�U/#"%��VX�4�8�f�I_�&%=�-#�3:0$8tI�.&;@4�U°�¦m¨ 13=I/4 K&%�3:02L*,:0&�=,PW&;@#�."02y�!1!&;:%*,7CTd=�-#�!7�-#� �  #�3-¥5J(
VX�#�q�J_�\Ibg�BPX*,13�O&%@#��24:%=I5#78�3T &;@L*N&C&%@#�B$6 J&;�![I:;*,78"H-#=� #=,&M13=I Jt,�3:%[,��P]=I:Cu35 �4��}O@4$6"C:%�a�L�31a&;"W&%@#�OPX*,1!&
&;@L*�&OP]=I:Ou�5£�+�!³�/#*N&;$8=I ¤VX�#�q�J_W-#�!"%1!:%$65e�3"�*, �$6 4@#=ITU=I[I�3 4�3=I/#"O:%*, #-#=,T P]/# #1a&;$8=I ¤VX�3³K/#$'tN*,76�! K&O&%=U*
 #=I #"D&^*N&%$6=I #*,:0(�2#:0=<1!�3"%"�$8 ¥�f��_mbB$8&%@¯$6 �  4$8&;��tN*,:%$6*, #1!�?*, #-o*Ut,*N:%$R*N5#76��Td�3*, �tN*,78/#�,��}O@4$6"�$8"h #=,&
6 /#"0&g*9Td*N&%@#�3Td*N&;$81Y*,742#:%=I5476�3T��>°� J(I=I #�h@L*Yt<$8 #[?*�&%&;�!Td2<&;�3-U&;=��3"D&;$6Td*N&%�h*, d°�¦m¨�P]:0=IT Tj*N[I #�!&%$61
-L*N&;*�T�/#"0&M@L*YtI�BPX*,1!�3-d&%@#�B-#$ � 1!/#78&)(�=,PF�!"0&;$8Tj*�&;$6 4[h&;@#��5L*,"0�378$6 #�N\J$¡�G�,�>�!"0&%$6Td*N&;$8 #[�°�¦m¨OV¢�I_a��}O@K/#"!\
&;@#��°�¦m¨�$8"W*N j$6 #*,2#2#:0=I2#:%$6*N&;�B-#�at�$613��P]=I:H&;@#��"0&;*N&;$8"0&;$81Y*,7L1^@#*,:;*,1a&;�!:%$6©3*N&;$8=I U=,P I�J±Td*,[I #�a&;$61B-L*�&^*4�

¨s=,:9�7�­u8� �<\��!³K/L*N&;$8=I £V]�#�q�J_�-#�3"013:%$85y�!"?*�:;*, 4-#=IT P]/# #1a&;$8=I �bB@4$61^@¥5e�378=I #[I"�&;=�&;@4�j1376*,"%"
=,P�78=<13*,767'(+@#=ITU=I[I�! #�3=I/4"g:;*N #-#=IT P]/# #1a&;$8=I #"�V]13=I:0:%�!"%2e=I #-#$8 #[�&;=�2#:%=�13�!"%"%�!"mbB$8&%@¬"0&;*N&;$8=I L*,:D(.$6 #1!:%�aQ
Td�! J&;"�$6 ��Y��_a�y¨s=,:h&;@#�!"%�N\l&%@#�+-#$'®��!:%�3 413�+5e�!&)bW�3�3 �&)bg=�tN*,78/#�3"!\�Td�3*,"%/#:0�3-�*N&�*¬1!=I #"D&^*, J&�tI�!1!&;=,:
"%�!2L*,:;*�&;$6=, F\C$6"+"0&;*N&;$8=I L*,:D(I�¤°�78=<13*,767'(o@#=ITU=I[I�! #�3=I/4"+:;*, #-4=IT P]/# #1a&;$8=I �$6"+1^@L*N:;*,1a&;�3:0$6©!�3-�5K(¥$8&;"
tN*,:%$8=I[I:;*NT V¢¦g:%�3"0"%$8�,\l�f�I�I�<\42#2F�e�N�J_

9jV+'W_�O ) i *�VA=N_/c:*�VX= Z 'W_*p R -;� VX�#�'�I��_
}O@#$6"OtN*,:0$6=I[I:%*,T @L*,"�*+"%2e�31!&%:;*,7�:0�32#:0�3"0�3 J&^*N&%$6=I �V=<W*N[I76=IT�\��Y�I�I�4\<2F�L�J�J�I_

9jV+'W_�O fhg
p g

f g
p g i ��c�1!=I"�V('�2eMf_qplijVAMf_ x { x }4� VX�#�'�eKI_

�,�



¨L=I:H&;@4�hTd*,[I #�a&;$61�TU=<-#�!7�VX�#�q�J_�&;@#��$6 J&;�![I:;*N76"M$6 j�!³K/L*N&;$8=I ¯V]�#�'�eKI_H13=I JtI�!:%[I��P]=I:Wu3�±�jV]"%�!�h-#$8"%13/4"DQ
"0$6=I d5y�!76=fb�_a��}O@K/#"!\4&;@4��tN*,:%$8=I[I:%*,T $6"W*,2#2#78$613*,5#76�O&%=?*9bB$8-#�3:W*, #-¬TU=I:0��:0�Y*,78$6"0&%$61B:;*N #[I�h=NP�"%13*,76$8 #[
��x42e=I #�! J&;"B&;@L*, �&;@4��°�¦m¨W�

�±@#�a&;@#�!:�$'&O$6"g5y�a&%&;�!:O&;=+/4&%$676$8©3��&;@#��°�¦m¨|=I:g&%@#��tN*,:%$8=I[I:;*NT &%=+1^@L*,:;*N1!&;�!:%$8©3��&;@#��"D&^*N&%$6"D&;$61!"m=,P
TU�Y*,"0/#:%�!-¯-L*N&;*¬$6"�*N ¯$6TU2y=I:D&^*, J&�³K/#�3"D&;$6=, F��}�=¬P]/#:D&;@#�!:�$67876/#"D&;:;*�&;��&;@#�+24:%=I5#78�3T�\�78�!&�/4"�13=I 4"%$6-4�3:
&%@#��I�J
TU�Y*,"0/#:%�!Td�! K&%"�*,78=I #[¤*, £*,�!:%=ITd*,[I #�a&;$81�24:%= � 78��*N"¬* �Y� :;*, 4-#=IT 2#:%=�13�!"%"!���� #�c1Y*, 
�!"0&;$8Tj*�&;�h&%@#��tN*,:%$8=I[I:;*NT =NP~&%@#$6"O24:%=�13�3"0"O/#"%$8 #[.�3³K/L*N&%$6=I �V]�#�'�I��_a�H}O@4��°�¦m¨�13*, �&;@#�! �5e��-#�!:%$8t,�3-
P]:0=IT &%@#��t,*N:%$6=,[I:;*,T /#"0$6 #[+&;@4��:0�376*N&;$8=I #"%@4$62�V=<W*N[I76=IT�\e�f�I�I�4\4�3³s�C�#��KN�I�J_

"/#0% V��s_�O �
��K i 9dV � _[c 9dV��s_qp1� V]�#�8�Y�J_

«�=�bW�!t,�3:!\W&;=¯5e��*,5476�j&%=¯/#"%�¬&%@#$6"?:0�376*N&;$8=I #"%@4$62F\>&%@#�¬tN*,:%$8=I[I:%*,T @L*,"?&%=¯76�!t,�37m=N®v&;=o*�1!=I #"D&^*, J&
tN*,78/#��P]=I:�*¬76*,[��o"%Td*,7678�3:�&;@L*, ¯&%@#�+bB$6 #-#=fb "%$8©3�,����&%@#�3:DbB$6"0�,\ 9¬V � _�:%�3Td*,$8 #"�/# #{K #=fbB F�.}O@#$8"
$8"���x4*,1!&%78(¬bB@#�!:%��&;@#��2#:%=,5#76�!T�76$8�3"3�	�M*,:0$6=I[,:;*,TU"m=,P�I.}²-L*N&^*+&;�! #-c&%=d{N�3�!2�$6 #1!:%�3*,"%$8 #[#\#�atI�3 cP]=I:
76*,:%[I�h7R*,[I"!�

 ��3 #�!:;*,7878(�"%2e�Y*,{K$8 #[#\F&;@4�?/#"%�.=,PCtN*,:0$6=I[I:%*,TU"�$8 #"0&%�Y*,-¯=,PM°�¦m¨>"�$8 �&;@#�+$8 J&;�3:02#:%�a&^*N&%$6=I �=,P I.}
Td*,[I #�a&;$81�-L*N&^*?Qg*, #-c2#:%=I5#*,5#78(¬=,P�[I:%*Yt<$'&)(�-L*N&;*d*N"�bW�3787�QWTd*,{,�!"�"0�3 #"0��5e=,&;@�P]:%=,T
*.&%@#�3=I:0�!&%$61Y*N7
*, 4-c*.2#:%*,1!&%$61Y*N7F2y=,$6 J&B=,P~t<$8�!b��

�y��% �&% # $�% ��& &s'*) (�$ 6:'*3 % 6 $ ;
<��!&�/#"�$8 J&;:%=�-#/#1!�d@4=I:%$8©3=I J&^*N7M2e=I76*,:�13=�=I:%-#$8 L*N&%�3"jV a |�
�_�$6 �&;@#�@K,� bg*YtI�! �/4T?5y�!:+-#=ITd*,$6 �=,Pm&%@#�
=I54"%�3:DtN*N&;$8=I o2#7R*, 4�,\FbB@#�!:%� a $6"�&%@#�+bm*YtI�! K/#T?5e�3:?*N #-�
�$8"�&;@#�U*,©!$6T?/<&;@F�
�¤�U*,:%�.$6 J&%�3:%�!"0&%�3-�$6 1^@L*N #[I�3">=,PL7R*N[ 'o*,78=I #[�2#:%= � 76�!"�bB$8&%@?*h1!=I #"D&^*, J&�-4$6:%�!1!&%$6=I F�/<��!&>/#">1^@#=�=I"0�g&;@#�W13=�=I:%-4$6 L*N&%�W"D(�"0&;�!T
$8 +"%/#1^@j*�bg*Y(+&;@L*�&�
zO ��P]=I:�&;@4$6"H-#$8:%�31a&;$8=I F�>}O@4�3 .&;@#�B"%13*,7R*N:H2#:%=�-#/#1a& ' 2Sk�$6 �V]�#�'�f�J_�*, #-cV]�#�8��KI_
:0�3-#/#1!�3"B&;=�� a 13=I"�
�*, 4-�bW��1Y*, �bB:%$'&;�UVX�4�8�eK,_m*,"

9¬V��s_5O fhg
T

f R��T i ��c�13=I"�V�� a 13=I"�
y_*p6i/EHG�V a |�
�_ x 
 a�x a | V]�#�8�3�K_

bB@#�!:%��i/E`G�V a |�
y_W$6"g&%@#��2e=�bW�3:B"02y�!1!&;:0/#T�-#� �  #�!-c5J(¬�!³K/L*N&;$8=I ¤VX�#�q�J_W$8 ¬@#=I:0$6©!=I J&^*,7y2y=I76*,:g1!=<=,:%-#$ZQ
 L*�&;�3"!��§SPM&;@#�+$8 J&;�3[,:;*,78"�13=I Jt,�3:%[,�,\�&;@#�+:0$6[I@J&�@#*, #-o"%$8-#�+=,PM�3³K/L*N&%$6=I �V]�#�'�Y�K_�$8"hbg�!767�-4� �  #�!-F\�*, #-
bW�c=,54&^*,$8 v*o"%2#*,13�c-#=ITd*,$6 �TU=<-4�37mP]=I:+&;@4��tN*,:0$6=I[I:%*,T =NP�TU�Y*,"0/#:%�!-v2#:0= � 76�!"+bB$8&;@v*�1!=I #"D&^*, J&
-#$8:%�!1!&;$8=I F�

���3 4=,&;$8 #[�&;@#�U-#�31!76$8 L*N&;$8=I o=,Pg&%@#�U #=I:%Td*,7 � �!76-
B $6 o&;�3:0Td"�=,Pg=I/#:� #�!b­13=�=I:%-#$8 L*N&%�U"D(�"0&;�!T
V��!Q�*�x<$6"g2L*,:;*N7676�!7y&%=U&%@#��2#:%= � 76�3";_g5J(��W\4bW��=I54&^*N$6 _ O�
 c��W�C«��3:0�,\�
�$6"m&%@#��*, #[I78��5y�a&)bg�!�3 c&%@#�
bg*YtI�!t,�31a&;=I:.*, 4-¤&;@4�d2#:0= � 78�3"9*, #- _ $6"�&;@4�j*, 4[I76�.5e�!&)bW�3�3 ¥&%@#�dbg*YtI�atI�31a&;=I:.*N #-¤&%@#�d@4=I:%$8©3=I J&^*N71!=ITd2e=I #�! J&�=,P B V]"%�!�d*N76"%=¬&%@#�+&;��x<&�P]=I7876=fbB$6 4[j�3³K/L*�&;$6=, vV]�#�'��_%_��?}O@#�3 ¤�3³K/L*N&%$6=I V]�#�8�3�K_�1Y*N ¤5e�
bB:0$8&%&%�3 �*,"

9jV��s_ O tbv V Q TK�U _ R � i �
� K |fVXu Z ��_�� K�p f g
T

f R��T i ��c¥13=,"�V�� a 13=,"�
�_*p�� l��4V�
 c��>_ x 
��dV a _ a�x a �?V]�#�8�f�I_
�N�



}�=."0=I78t,��&%@#��$6 # 4�3:3\s*N #[I/#76*,:m$6 J&%�3[I:%*,7F$6 ��!³�/#*N&;$8=I ¤VX�#�'���I_
����� ,������ � V�� a _ O f R��T i �nc�1!=I"fV�� a 13=I"�
y_*p � l �#V 
hc���_ x 
7| VX�#�'�f�J_

&;@#��&%�3:%T � l��4V�
hc��>_g-#� �  #�3-c$6 ��3³K/L*N&%$6=I ¤V]�#�º�I_g1Y*, �5y����x424:%�3"0"%�!-�$6 �&;�!:%TU"B=,P>2e=fbg�!:%"�=,P�"%$6 

�hl��4V�
hc��>_ O 	eW RY�Z \^R i 13=I"YV�
 c���_qp R�
eR VX�#�'��ªI_

O 	eW RY�Z \^R i 13=I"�
h1!=I" � Z "0$6 
h"%$8 �Fp R�
eR VX�#�'�f�J_
O i W RY Z VXWH�~13=I"�
 Z WH��"%$6 
y_ R p R VX�#�'�f�J_
O VXW�
 � c|� W R� W R� Z W�
� _�"0$6 �
 
 Z VX� W`��W��� c�� WH�bW��� _�1!=I"�
h"%$6 ���


Z V¢� W R� W R� Z K�W R� W RY cDK W 
� c K W R� W RY _�"%$8 R 

Z VX��WH�bWH��W RY Z � WH��W �� _�1!=I"�
h"%$8 
 Z W 
 Y Z W 
� Z K W RY W R� VX�#�LK,�J_

O��,J 
 "%$6 �
 
 Z J � 1!=I"�
h"%$8 ���
 Z J R "%$6 R 
 Z J r 1!=I"�
h"%$8 
 Z J T | VX�#�LK<��_
bB@#�3:0�nO��,-#�! #=,&;�!"�&;@#�g-#� �  4$8&;$8=I ?=,PsJ T |������ |�J 
 �>}O@4�O$6 # #�!:>$8 K&%�3[I:%*,7������ ,������ � V�� a _�=,Ps�3³K/L*�&;$6=, �VX�#�'�f�J_1Y*, �&;@4�3 �5y��bB:%$'&%&%�3 �*,"

����� ,������ � V�� a _2O f R��T i �nc�13=I"�V�� a 13=I"�
y_*pSVXJ 
 "0$6 
 
 Z J � 13=,"�
h"%$6 � 
 Z J R "0$6 R 
Z J r 1!=I"�
h"%$8 
 Z J T _ x 
 VX�#�LK KI_
O � f

�
w RT i �nc�1!=I"�V�� a 1!=I"�
�_qp)V J 
 "0$6 �
 
 Z J R "%$8 R 
 Z J T _ x 
 � VX�#�LK,�J_

}O@#$6"U$6 J&%�3[I:%*,7B1Y*, 5e��"0=I78t,�3- /4"%$6 4[:�g�!"%"%�!7�P]/# 41!&;$8=I #"�����=,P�$6 J&%�3[I�!:d=I:0-#�3:hW­V¢ �:%*,-#"D&;�!(� ±*, 4-
6B(�©!@#$6{s\��f�I�N�#\#�3³s�L�#�G�#�I�,�q�K_

���#V#�y_ O K4V#� � KI_ �
� / !MVAW Z ��� KI_ f

�
w RT 13=I"~V��h1!=I"�
�_�"%$6 R � 
 x 
F| VX�#�LKN�K_

bB@#�3:0� !�$6"m&%@#��[J*,TUTj*�P]/# 41!&;$8=I F\L*N #-�&%@#��P]=I:%T�/#7R*,�
f
�
w RT "0$6 �� 
 x 
 O ! i V�� Z �f_�� K�p � /K$! i V�� Z KI_�� K�p | VX�#�LKI�I_

!WV��
� KI_ O � / | VX�#�LK,�J_
*, 4- !MV#� Z �f_ O � !WV��y_�� VX�#�LKIªI_

AH³�/#*N&;$8=I ¤VX�#�LK,�J_W&%@#�3 �5y�!13=ITU�3"
����� ,������ � V�� a _�� / O,K�J T c K�J T � T V�� a _ Z J R c K�J R� a � r V�� a _ Z �

� J 
 c � J 

� R a R � R V�� a _ | VX�#�LK,�J_

*, #-�bB$8&%@�V]�#�'���I_WbW��=,54&^*,$8 �&;@#� �  L*N7F�3³K/L*N&%$6=I 

9jV��s_ O / tbv V Q TK�U _ R	� i �
� K |�V]u Z ��_���K�p f g
T i J]c K�J T � T V�� a _[c K�J R� a � r V�� a _
c � J 

� R a R � R V�� a _*p! p R Y

v a�R pKr x a VX�#�LK,�J_
�I�



J O �
� VAW R� Z W R� _ R[Z K W RY VAW R� Z W R� Z W RY _ V]�#�º�,�J_

O �
� \ 
 Z K W RY U R V]�#�º�<��_

J T O W�
 Y�Z W�
� Z K W RY W R� V]�#�º� KI_
J R O ��W R� W R� Z K W R� W RY c�K W�
� c K W R� W RY V]�#�º�,�J_
J 
 O W�
� c|��W R� W R� Z W�
� V]�#�º�N�K_

«��3:%�N\8B O VAWH� |~WH��|~W Y _C$8"M��x<2#:%�!"%"%�!-�$6 U13=�=I:%-#$8 L*N&%�3"M:%�376*N&;$'tI�O&;=�&;@4���L$8[I@J&W78$6 #�!"3�C��$6 #1!��=I 478(+�atI�3 2e=fbg�!:%"�=,P�W`�J\:WH��\e*, #-CW Y *N2#2y�3*,:3\LbW�9 4�3�3-c #=,&�&^*,{N�913*,:%��=,P�&;@#��=I:0$6�3 J&;*N&;$8=I �=,P>&%@#��13=�=I:%-#$8 L*N&%�"D(<"D&;�!Tc\�*N"�76=I 4[¬*,"�W`� O �dP]=,:�� 2#*,:;*,7876�!7l&%=j&;@4�?2#:%= � 76�!"�*, #-�W`�jO �dP]=I:�� 2y�!:%2e�3 #-4$613/47R*,:�&;=
&%@#��-#$6:0�31!&%$6=I �=NP�&%@#��2#:%= � 76�3"!�

�y��% �21 ' 6 $)( ' &+* (�$ 6:'*3 % 6 $ ;
}O@#�+[,:;*Yt�$8&)(c"%2e�31!&%:%/#T =,PhVX�#�q�J_�$8"htI�!:0(¯"0$6TU$676*,:O&;=#\�*N #-¯"%=ITU�!bB@#*N&�"%$8Td2476�3:�&;@L*N �&;@#�+Td*,[I #�a&;$81
"02y�!1!&;:0/#T
=,PBV]�#�q�J_a�W}O@#��1!=I:%:0�3"%2e=I #-4$6 #[.tN*,:%$8=I[I:;*NT�TU=<-#�!7FP]=I: � Y [I:;*Yt�$8&)(�-#*N&^*.1Y*, c5y��=I54&;*,$6 4�3-P]:0=IT �!³�/#*N&;$8=I �VX�#�LK,�J_�*N"�&;@#�+"02y�!13$R*N7H1Y*,"0�U=NP W`� O WH� O ��*, #- W Y O��I�+¨L/#:0&%@#�3:�"0/#5#"D&;$8&%/4&;$8 #[
c�u¤P]=I:nK�c�u�*, #-c*,- 6 /#"D&;$6 4[.&%@#��13=I 4"0&^*N K&%"�24:%=ft�$6-#�!"

9jV��L_ O �$. R tbv
/ � i ��� K |�V]u Z ��_�� Kep f g

T i ��c � T V�� a _*p! p R Y v a pKr x a � V]�#�º�I�I_
§) |&;@#$8"+1Y*,"0�,\M&;@#��tN*,:%$8=I[I:%*,T $8"+@#=I:0$6©3=, K&;*,767'(�$6"%=N&;:%=,2#$61N�|¦g=I #"0�3³K/#�3 J&%78(I\W&;@#��TU=<-#�!7m$6".*N2#2#76$81Y*�Q
5#78�+&;=c*, J(o"%�!&�=,Pm[,:;*Yt�$8&)(¯TU�Y*,"0/#:%�!Td�! J&;"�78=<13*N&;�!-o$6 ¤*c@#=I:0$6©!=I J&^*,7�=,5#"%�!:0tN*N&;$8=I �247R*, #�N\�bB@#�3:0�Y*,"
�!³�/#*N&;$8=I �V]�#�LK,�J_�:%�!³�/4$6:%�!"M&%@#��Tj*,[, #�!&%$61OTU�Y*,"0/#:%�!Td�! K&%"W&%=95e�B76=�1Y*N&%�3-U=I ¬*�2#:%= � 76�ObB$8&%@d1!=I #"D&^*, J&
-#$8:%�!1!&;$8=I F�

�y��% �X� � 3 � ( &F6 % &���) & 3�� &���& '�� &(& % 6 $ .�# '�� ���&% ��% $ ��0 ���&%u�21
}O@#��tN*,:0$6=I[I:%*,T Td=�-#�!76"O=,P~�3³K/L*�&;$6=, #"9VX�#�LK,�J_g*N #-¤VX�#�q�J�I_m*,:0��-#� �  #�3-c=I #78(UP]=I:B*+76$8Td$'&;�!-j:;*N #[I��=,P
"01Y*,78$6 #[+��x42e=I #�! J&;"3� ��"0$6 #[.&;@4��:0�376*N&;$8=I #"%@4$62oV <W*,[I76=,Tc\y�f�I�I�4\<2F�s�J�I�,_

� � � p R � w R V#�y_� � � p R � w R O K � R p � � w R!MVAW5� KI_ i ��c � RK W Z � 
K/2f� W�VAW Z KI_ c � ��� pLP]=I:�W O K |^� |�� ��� V]�#�º�,�J_

$'&�1Y*N �5e�+"%@4=�bB o&;@#*N&�&;@4�+$6 J&;�![I:;*,7�$6 ¯�!³�/#*N&;$8=I �VX�#�LK,�J_�13=I JtI�!:%[I�!"�$6 �&;@4�+$6 J&;�!:0tN*,7 a�� V¢� |Y� p~P]=I:
u3�±��*N #-¬*, J( d �H§) U&;@#��:%�!Tj*,$8 #$6 4[�$6 J&;�!:0tN*,7 a�� V�� | � _>&;@4��$8 K&%�3[I:%*,7L13=, Kt,�3:0[I�3"O*N78bg*f(�"M$8P d 5£�<�
§) �1Y*,"0� d O �<\W@#=fbW�!t,�3:3\m&%@#��$6 J&;�![I:;*N7m13=I Jt,�3:%[,�3"j=, #78(¤P]=I:.u 5 �<��}O@4$6".7R*N&0&;�!:?:%�!"0&;:0$61a&;$6=, �$8"
2#:0=I5L*,5478(¬=NP�76$'&%&%76�h24:;*,1a&;$613*,7�13=, #"%�!³�/4�3 #1!�,\�"0$6 #1!��*U"0Tj*,787F-#$8"0&^*N #13��5e�!&)bW�3�3 c&;@#��"%=I/4:%13�!"h*N #-�&%@#�
=I54"%�3:DtN*N&;$8=I ¬2#76*, #��13*, �*,78bg*Y(�"m5y��*,"%"0/#Td�!-F�C}O@#��:0�3"0&%:%$81!&;$8=I #"gP]=,:W&;@4��[I:;*Yt�$8&)(UtN*,:%$8=I[I:%*,T 1Y*, �5e�
P]=I/4 #-�5K(�*+"0$6TU$67R*N:g76$8 #��=,P�:%�3*,"%=, #$6 #[4�

§) ±"%/#TUTd*,:0(,\�&%@#�oTj*,[, #�!&%$61ctN*,:0$6=I[,:;*,T VX�#�LK,�J_U�ax<$6"D&;"¬P]=I:�u � ��bB@#$876��&%@#�¯[I:;*Yt�$8&)( tN*,:%$ZQ
=I[,:;*,T VX�#�q�J�I_g��x4$8"0&%"BP]=,:Ou��£�4�

�,�



���&% � � �h' ; ' & $ &s'*3���#
}O@#��"0&;*N&;$8"0&;$81Y*,7�Td=�-#�37�-#�!t,�376=,2y�!-c@#�!:%��@L*,"O&;@4��P]=,7676=fbB$8 #[?{K #=fbB c78$6TU$8&;*N&;$8=I #"��
�I�B§S&�-#=��3"� #=,&9*,131!=I/# J&�P]=I:�13=ITU2e=I #�3 J&%"9=,Pg:%�!Tj*, 4�3 J&�Tj*,[, #�!&%$6©Y*�&;$6=, ¯2y�!:%2e�3 #-#$813/#76*,:�&;=�&;@4�
 #=I:0Tj*N7�Td*,[I #�a&;$61 � �376-��

K<�B§S&9-#=<�!"? #=,&�*,1!13=I/# J&?P]=,:�*, 4=ITj*N76$6�!"�1Y*,/4"%�3-�5J(�&;=I2e=I[I:%*,2#@J(I��§) ¥2#*,:0&%$613/47R*,:!\~&%=I2y=,[I:;*,24@#$61
[I:%*ft�$'&)(U*, #=ITd*,76$8�3"M*,:0��=,P`&%�3 ¬"D&;:0=I #[I�!:W&;@#*, ¬[I:%*ft�$'&)(U*, #=ITd*,76$8�3"C1Y*N/#"%�!-�5K(U"0/#5#"%/4:0PX*,1!��-#�3 <Q
"%$'&)(¬tN*,:%$6*N&;$8=I #"!�

�4�B§S&�$6">5#*,"%�!-?=I �&%@#�g"0$6TU2#76$'P`(<$8 #[B*,"0"%/#TU24&;$8=I 9&%@L*N&�Td�3*,"%/4:%�3TU�3 J&%"H*,:%�M76=�1Y*�&;�3-9$6 �*�@#=I:0$6©!=I J&^*,7
2#76*, #�,\<bB@#�3:0�Y*,"�[I:%=,/# #-c*, #-��!t,�3 �*N$6:%5e=I:0 #��"%/#:DtI�a(<"�/#"%/#*,767'(jP]=I7876=fb "%/#:DPX*,13��&;=,2y=I[,:;*,2#@J(,�

�#� �±$8&%@#$6 *|2L*,:D&;$61!/#7R*N:�-L*N&^*�*, L*N78(�"%$8"�bB$8 #-#=fb�\�&;@4�¤"0=I/#:%1!��2L*N:;*,TU�!&%�3:%" d \�u *N #- tbv *,:%�
*,"0"%/#TU�3-�&;=+5e��13=I #"D&^*, J&3�W«��3 #1!�,\LtN*,:%$6*N&;$8=I #"W$6 d \Lu�*, #- t�v 1Y*, �=I #7'(j5e��-#�!&%�31!&%�3-�$8Pl&;@4�3$6:
bg*ft,�378�3 #[,&%@�$8"O7R*,:0[I�3:g&%@L*, �&;@#��"0$6©3��=,P~&;@4�9*N L*,78(�"0$6"mbB$6 4-#=fb��

�<�B}O@#��1Y*N"%��=,P>T�/#78&%$62#78�h"%=,/#:%1!�976*f(,�3:0"�$8"O #=,&B1!=I #"%$8-#�3:0�3-F�
�4��¨L=I:�*�"%/4"%13�!24&;$85#$678$8&)(c-#$6"D&;:0$65#/4&%$6=I cbB$8&;@ou � �4\F&%@#�.Td=�-#�37�-#=��3"� #=,&�24:%=ft�$6-#�+P]=I:h&%@#�+tN*,:DQ
$6=,[I:;*,T =,P9&;@#�oTd*,[I #�a&;$61 � �378-²*N&�[,:%=I/# 4- 78�!tI�!7¡\�-4/#�¯&;= *|-4$8tI�!:%[I$8 #[|$6 J&;�![I:;*N7�$6 �3³K/L*�Q
&;$8=I �VX�4��K,�I_a�

ª<�B° -#�! #"%$'&)(�-#$6"D&;:%$85#/4&%$6=I ¬bB$'&;@�u��±�+76�3*,-#"O&;=U*+-#$'tI�3:0[I$6 4[U$8 J&;�3[,:;*,7F$8 ��3³K/L*N&%$6=I ¤VX�4�º�J�,_a�
�4�B}O@#�?$8 J&;�3[,:;*,7�$6 ��!³�/#*N&;$8=I |VX�4��K,�I_�@L*,"�&;=�5e���!tN*,78/L*N&%�3-¯ K/#TU�3:%$81Y*,7878(,��AH³K/L*N&;$8=I |V]�#�º�I�I_�@L*N"
*, �*, L*N78(K&;$81Y*,7y"%=I78/4&;$8=I �VX2e�3:0"%=I L*N7�13=ITUT?/# #$81Y*N&%$6=I �5J(�z~�!&%�3: ���!$6-#�!78&�_��

����� �P������� � �
	 
���	 � ��� � ��
 �����
�<=ITU�h"02y�!13$R*N7y13*,"%�!"O=,PF&;@4�htN*,:%$8=I[I:;*NTd" 9 -#� �  #�!-�5K(j�3³K/L*N&%$6=I ¯VX�#�LK,�J_C*, #-¬=NP 9s��-#� �  #�3-�76*N&;�!:g$6 
�3³K/L*N&%$6=I �VX�4�q�J�I_>"%@L*,787# #=fb£5e�B$67678/#"0&%:;*N&%�3-F�~§) U2L*,:0&%$61!/#7R*,:!\,&;@4���a®��!1!&M=,P�&%@#�BTd=�-#�!7#2L*,:%*,Td�a&;�!:%"!B¤\t�v \ d \�*, #-��¤=I �&;@4�?[I:;*N2#@#"�=,PH&%@#��tN*,:0$6=I[I:%*,TU"h*,:0��-#�!Td=, #"0&%:;*N&%�3-F��¨L=I:�13=ITU2L*N&%$65#$876$8&)(¬5y�a&)bg�!�3 &;@#�CI�J�*N #- � Y "%2e�31!&%:;*,7OTU=�-#�378"3\C[I$8t,�3 �5J(��3³K/L*N&%$6=I 4"�V]�#�LK,�J_?*, #- V]�#�º�I�I_a\C76�a&./#".$6 J&;:0=<-4/#13���
*,"B&;@#��K,� "01Y*,78$6 #[U�ax<2e=I #�3 J&%"�=,P�&%@#� � �376-4"h$6 �&;@4��@#=I:0$6©!=I J&^*,7�=I54"%�3:DtN*N&;$8=I �2#76*, #�N\e:0�376*N&;�!-c&;=.&;@4�
"%13*,76$8 #[��ax<2y=, #�3 J&;"9=,Pg&%@#�3$8:��I� "0=I/#:013�U-#$6"D&;:%$85#/4&%$6=I #"�5J(�� EHG�O u v � v�� cw�d*, #-�� ,�O u������ v Z �I\
:%�!"%2e�31!&%$8t,�378(¤V]"%�!�9*N76"%=d��*N/#"�*, #-c��$6TU:%$¡\s�f�,�,�K_a�

�Iª



0

2

4

6

8

10

0 2000 4000 6000 8000 10000

nT
2

lag [m]

90o75o

60o

45o
30o15o0o

¨>§D +�Y�#�'���lA�®y�31!&~=,P�&;@4�H2#:%= � 76�H=I:0$6�3 J&;*N&;$8=I �:%�!7R*N&%$8tI��&%=O&;@#�H@#=,:%$6©!=I J&^*,7,13=ITU2y=, #�3 J&l=,P�&;@#�CTd*,[I #�a&;$81
� �!76-����o��$6"02#7R*Y(I�!-|*,:%�d&;@#�¬TU=�-#�37CtN*,:%$8=I[I:;*NTd" 9 =,PB�3³s�BV]�#�LK,�J_�P]=,:�-#$'®��!:%�3 J&+24:%= � 78��*,©!$6T?/4&%@
*, 4[I76�!"�bB$8&%@ d O �,�I�dTc\ ��O Kd*, #-�W Y O �4\e@#�! #13�.*N&�&;@#�9Tj*N[I #�!&%$61��3³K/L*N&%=I:hbB@#�!:%��&%@#�?�a®��!1!&
=,P�2#:0= � 76��=,:%$6�! J&^*N&%$6=I �$8"O"0&;:0=I #[I�!"0&3�

�y�&1u� � � 6:' &�� & $ &s'*3 �23�� & ��& 1�6s3!+ .*&"#�6s&F. $ &s' ( &�&(3+&���& ��3!6:; $ .j+-&F. 0
}O@#��2L*,:;*NTd�a&;�3:�B $6"�-#�!&%�3:0Td$8 #�3-¯5J(�&;@#�+=I:0$6�! K&;*N&;$8=I �=NPH&;@#�?TU�Y*N"%/#:0�3-¯2#:0= � 76�!"hbB$8&%@�:%�![J*,:0-�&;=
&%@#��-#$8:%�!1!&;$8=I c*, #-�$8 K&%�3 #"0$8&)(�=,P�&%@#�?AC*,:D&;@FEG"� #=,:%Td*,7lTj*,[, #�!&%$61 � �378-F��§S&h$8"h #=,&h*UtN*,:0$R*,5476��Td=�-#�!7
2L*N:;*,TU�!&%�3:3��¨>$8[I/#:%�!"l�#�8�W*, #-9�#�LK�"%@4=�b�&%@#�MTd=�-#�37ItN*,:0$6=I[,:;*,TU" 9 *N #-�9(�HP]=I:l-#$8®y�3:0�3 J&�=I:%$8�3 J&^*N&%$6=I 4"
=,PO&%@#�¬2#:0= � 78�3"? #�3*,:�&%@#�¬Td*,[I #�a&;$61U�3³K/L*�&;=I:�VXW Y O
�J_a\>bB@4�3:%�¬&%@#�¬�a®��!1!&.=,PB2#:0= � 78�j=I:0$6�3 J&;*N&;$8=I 
$8"�[I:0�Y*N&%�3"D&Y��}O@#�9t,*N:%$R*�&;$6=, #"�*,:%�?78�Y*,"D&�P]=,:h2#:0= � 76�!"h2e�3:02y�! #-#$61!/#7R*N:�&;=U&;@#��[I�3=ITd*,[I 4�!&;$81 � �376-�*, #-
"D&;:%=, #[I�3"D&�P]=I:�2#:0= � 78�3"�2L*,:%*,7678�37l&;=¬&%@#� � �378-F��°m&�@#$6[I@4�3:�[I�!=I[I:%*,2#@#$81?7R*N&%$8&%/#-#�3"�&;@#�.*, 4$6"%=N&;:%=,2K(c=,P
&%@#�jtN*,:%$6*N&;$8=I #"�=,PB&;@#�jTj*,[, #�!&%$61 � �376-�$8"�78�3"%"+24:%=I #=,/# #13�!-F��¨>$6[,/#:%�d�#�º��-4�3TU=I #"0&%:;*N&%�3"?&%@L*N&�&%@#�
tN*,:0$6=I[I:%*,TU"g-#$'®��!:O #=,&�=I #7'(¬$6 �*,TU2#78$8&;/4-#�,\�5#/4&�*,78"%=.$6 �"%@#*,2y�N�

�y�&1u�&% � � &(&���#8' &$* 3�� #(9�#8) &F1�&('���' . ' &$* (�$ 6:' $ &s'*3���#
}O@#��2L*N:;*,TU�!&%�3: tbv Tj*Y(¥5e��=,P�13=I #"0$6-#�!:;*,5476��2#:;*N1!&;$81Y*,7g$6 J&;�!:%�3"D&Y\W"%$6 413��$8&+:0�!�L�!1!&%"U&%@#��$6 J&;�! #"%$'&)(
=,P�"%=I/#:013��t,*N:%$R*�&;$6=, #"3�£¨L=I:UTd*,[I #�a&;$61�-L*�&^*4\g&%@#��"0³K/L*,:%��:%=�=,&U=,P tbv $8"d2e=I"0"%$65478(|:%�!7R*N&%�3-�&;=¤&%@#�
Td*,[I #�a&;$8©Y*N&%$6=I �=,P>&;@#�9"%=I/#:013�9:%=�1^{�"!� �� �&;@#�9[I:;*N2#@�=,P�&;@#��tN*,:%$8=I[I:;*NTc\#@4=�bW�!t,�3:!\�&;@#��2L*,:%*,TU�!&;�!:tbv *,1a&;"B=I #7'(�*,"�*+13=I 4"0&^*N K&�PX*,1a&;=I:!�

�,�



0

1

2

3

4

5

0 2000 4000 6000 8000 10000

nT
2

lag [m]

profile
azimuth

0o

15o

30o

45o

60o

75o

90o

¨>§D +�4�#�LK��HA�®y�31!&B=NP~&%@#��2#:0= � 76�h=I:%$8�3 J&^*N&%$6=I j=I ¬&;@#��TU=�-#$ � �!-¬TU=<-#�!7ytN*,:0$6=I[I:%*,TU"�9(�h=NP��!³s�~VX�#�G�J�J_
P]=I:+-#$'®��!:%�3 J&.2#:0= � 78��*,©3$8T?/4&;@|*N #[I76�!"?bB$8&%@ d O �N�I��Tc\�� O K¯*, #-DW Y O �4\M";*NTd��13*,"%��*,".$6 
¨>$6[,/#:%���4�8�

0

2

4

6

8

10

0 2000 4000 6000 8000 10000

nT
2

lag [m]

profile
azimuth

0o

15o

30o

45o

60o

75o

90o

¨>§D +�4�#�q��� �M*,:0$6=I[,:;*,TU"�9(��=NP~¨>$6[I/4:%���#�LK9:0�3"%13*,76�!-�&;=+@L*YtI���!³�/#*,7�*,TU2#76$'&;/#-4�h*N&m7R*,[ O ��{KTc�H}O@4�
tN*,:%$8=I[I:;*NTd"~P]=I:H-#$8®y�3:0�3 J&M2#:%= � 76�B*,©!$6T?/<&;@U*, #[I78�3"H-#$'®��!:H #=,&M=I #7'(?$8 d*NTd2#78$8&%/#-#�m5#/<&M*,76"0=�$8 ."%@L*,2e�,�

�,�



0

2

4

6

8

10

0 2000 4000 6000 8000 10000

nT
2

lag [m]

100 200 500m 1000m

2000m

5000m

¨>§D +�4�4�q� �CA�®y�31a&�=NP�&%@#��-#�32<&;@�&;=."%=I/4:%13�N�g��$8"%2#76*Y(I�3-�*N:%��tN*,:%$8=I[I:;*NTd"�9 =,P>�!³s�~VX�#�LK,�J_MP]=,: �>O K��

�y�&1u�21 � &F1�& �L&(3�#83 9�6s) &

}O@#�9�!®y�31a&�=,PH-#�!24&;@�&%=j"0=I/#:%1!� d =I �&;@#�9t,*N:%$6=,[I:;*,T 9 =,PH�!³s��V]�#��KN�J_B$8"�-4$6"%247R*Y(I�!-¯$6 c¨>$6[I/4:%���#�q�4�
�±$'&;@¯$6 413:%�3*,"%$8 #[�-#�!24&;@o&;=�"%=,/#:%1!�,\�&;@#�?tN*,:0$6=I[,:;*,T�=,PC&;@#�.2e=,&;�! J&;$R*N7 � �!76-o�ax<2e�3:%$8�3 #1!�3"�*�-#:;*N"0&;$81
-#�!13:0�Y*,"0�c$8 �=ft,�3:;*N767B*,TU2#76$'&;/#-4�,��«�=�bW�!t,�3:!\m&;@#$8"U=ft,�3:;*N767O*,TU2#78$8&;/4-#�¬$6".*N76:%�3*,-4(�1!=ftI�3:0�3- 5J(¥&%@#�
$8 K&%�3 #"0$8&)(|2L*N:;*,TU�!&%�3: t�v � }~=��!"0&;$8Tj*�&;��-#�32<&;@ P]:0=IT tN*,:%$8=I[I:%*,T *,TU2#78$8&;/4-#�,\HbW�cbW=I/#76- @L*YtI��&;=
*,"0"%/#TU� tbv O 13=, #"0&;*, J&f��§) �[I�3 #�!:;*,7¢\e&%@#$6"h*,"%"0/#TU24&;$8=I �$8"�&%=<=d"0&;:0=I #[�*N #-�$8&�$8"�*,-4t�$8";*,5#78��&%=j{N�3�32tbv t,*N:%$R*N5#76�N��§SP t�v $8"�{,�!24&�tN*,:0$R*,5476�+&;@#�! ¥-#�!24&;@�@L*N"9&;=c5y�d-#�!&%�31a&;�3-�"0=I76�!78(�P]:0=IT -#$8®y�3:0�3 #1!�3"9$6 
tN*,:0$6=I[I:%*,T "%@L*,2e�,�

��$8®y�3:0�3 #1!�3"?$8 ¥"%@#*,2y�j=,PO&;@#�dTd=�-#$ � �3-�tN*,:0$6=I[,:;*,T 9(�d-#/#�j&%=�-#�32<&;@|*,:0�¬$67876/#"D&;:;*�&;�3-�$6 ¥¨>$6[NQ
/#:0�W�4�¼�<�>�<$8 #13�M/#2Jbm*N:%-?1!=I J&;$6 K/L*�&;$6=, 9"0/#2#2#:0�3"%"0�3">tN*,:0$R*N&%$6=I 4"�=,P#"0@#=I:0&~bg*ft,�378�3 #[,&%@?"0&%:%=I 4[I�3:l&;@L*N �=,P
78=I #[�bm*YtI�!76�! #[,&;@�\4tN*,:%$8=I[I:;*NT "%@#*,2y�h-#$8®y�3:0"W2#:0$6Td*,:%$878(�*N&W"%@#=I:D&m76*,[I"3� �±@#$678�B&%@#�3:0�h$8"g*�"%$6[, #$ � 13*, J&
-#$'®��!:%�! #13�+5e�!&)bW�3�! ¤&;@4�.tN*,:0$6=I[,:;*,TU"�P]=,:+�f�I�I�jT *, #- K,�I�,�¬T -#�!24&;@F\�&%@#�.-#$8®y�3:0�3 #1!�.*N&9�,�I�I�dT
-#�!24&;@c$6"B #�![I76$8[I$65#78�,�M«��! #13�N\e&%@#��Tj*�x<$8T?/#T�:0�3"0=I78tN*,5#78��-#�324&%@�$8"�*N2#2#:%=Yx<$6Td*N&%�378(¬=I #� � P`&;@�=,P>&%@#�
tN*,:0$6=I[I:%*,T�78�3 #[N&;@F�g¨s:0=IT�T�(¬�ax<2y�!:%$8�3 #1!�,\s&;@#��bB$6 #-4=�bw"%$6©!�9@#*,"�&%=d5e�9*N&�76�Y*N"0&B&)bB$61!��&%@#�978�3 #[N&;@
=,Py&;@#�BtN*,:%$8=I[I:%*,T &;=�5e���!"0&;$8Tj*�&;�3-���}O@#�3:0�!P]=I:!\4*�tN*,:%$8=I[I:;*NT �3"D&;$8Tj*N&%�3-.P]:%=IT *�[I$'tI�3 UbB$6 #-4=�b 1Y*, 
:0�3"%=,78tI�9-#�32<&;@#"h&%=j #=N&�TU=I:%��&;@L*N �=I #��&;�! K&%@¯=,P�&%@#�9bB$8 #-#=fb�"%$8©3�,��}O@#�9�ax4*,1!&�:;*N&%$6=U-#�32e�3 #-4"�=I 
P]/#:D&;@#�!:�PX*,1a&;=I:0"3\y"%/#1^@o*,"�&;@#��"%1Y*N76$6 4[d��x42e=I #�! J&�=,P�&;@4�?"%=I/4:%13��-#$6"D&;:%$85#/4&%$6=I F�O}O@4�?"%Td*,7678�3:BuC\e&%@#�
5e�!&0&;�3:O&%@#��:%�3"0=I76/<&;$6=, �=,P>-4�324&%@F�

�I�



0

2

4

6

8

10

0 2000 4000 6000 8000 10000

nT
2

lag [m]

20m
50m

100m
200m
500m

1000m
2000m
5000m

¨>§D +�y�#�º���BA�®y�31!&�=NP�&;@#��-#�324&%@�&;=�"0=I/#:%1!�?=I �&%@#��tN*,:0$6=I[I:%*,TU"$9(�9=,PC�3³s�HV]�#�G�J�J_BP]=,: �5O K<� �M*,:0$'Q
=I[I:%*,Td"m*,:%��:%�!"%13*,76�!-�&%=U$8 J&;�3:0"%�!1!&h*N&��?{�T�76*,[#�

���21u�A� 3 ) $ ."'�� % � 4�143 ��&�� &
}O@#�B"%13*,76$8 #[��ax<2e=I #�! K& �j-#�!&%�3:%TU$6 4�3"�bB@#�a&;@#�!:C&%@#�OtN*,:%$8=I[I:;*NT 9 VX¨>$6[,/#:%�m�4�º�J_~$6"H[I�! #�3:%*,767'(�1!=I JtI�ax
=I:>1!=I #13*ft,�,\J$¢�q�N�8\,bB@4�!&;@4�3:�$'&>&;/4:% #"�/42Kbg*,:0-#"�V � 5£�J_~=,:�&;=fbg*,:%-4"�@#$6[,@#�3:�7R*,[I"gV � � �J_��>}O@#�m"01Y*,78$6 #[
�ax<2e=I #�3 J&B$8 4�L/#�! #13�!"m&;@#��"0@L*,2e��=,P�&;@4��t,*N:%$6=,[I:;*,TU"C$6 �*?"0$6TU$676*,:�bm*Y(¬*,"g&;@4��-#�324&%@¬&;=+"0=I/#:%1!�,�C}~=
"%�!�d&;@4$6"3\~13=,Td2L*N:%�U¨>$6[,/#:%�.�#�q��bB$'&;@�¨>$6[I/4:%�.�#�G��P]=I:&9�*, #-¥¨�$6[I/#:0�+�#�ºª�bB$8&%@�¨�$6[I/#:0�.�#�¼�¬P]=I:&9(�,�
}O@#$6"�TU�Y*, #"B&;@#*N&h$'P�bW��=I5#"0�3:DtI�+*U"%TU=<=,&%@cTd*,[I 4�!&;$81 � �378-�$8&�13*, ��3$'&;@#�!:�5e��1Y*,/#"0�3-¯5J(c*d:0/#[I[I�!-
"%=I/4:%13��-#$8"0&;:0$65#/<&;$6=, �VX"%Td*,787#u�_�*N&W*�[,:%�Y*�&;�3:C-#�!24&;@�\<=I:C5J(U*�"%TU=<=,&%@#�3:H"0=I/#:013��-#$6"D&;:%$85#/4&%$6=I �V]7R*,:0[I�3:
u�_M*N&g*9"0@L*,7876=fbg�!:W-4�324&%@F�H° 1!=I #"0�3³K/#�3 413��=,PF&%@#$6"W*,T?54$6[I/#$'&)(+$6"C&;@#*N&guo*N #- d 13*, # #=N&g5e�h:0�3"%=,78tI�!-"%$8T?/#78&;*, #�!=I/#"%7'(I\</# #76�!"%"B2e�3:%@#*,2#"3\s5J(�/#"0$6 #[.tI�!:0(�76*,:%[I��bB$6 #-#=fbB"!�

�4�



0

1

2

3

4

5

6

7

8

9

10

0 2000 4000 6000 8000 10000

nT
2

lag [m]

1.0

1.5

2.0

2.5

3.0
3.5

¨>§D +�s�#�q���BA�®��!1!&�=NPH&;@#�9"%1Y*N76$6 4[d��x42e=I #�! J& �¤=, c&;@4��tN*,:%$8=I[I:;*NTd"�9 =NPH�3³s�HV]�#�LK,�J_mP]=I: d O��Y�dT��
}O@#�d13/#:DtI�!"+*,:%�U:%�!"%13*,76�!-�&;=c$6 J&;�!:%"%�!1!&?*N& �5O �f��{�T���}O@#�d-#�324&%@ d bg*,"�1^@4=I"%�! �[I:%�3*N&;�!:�&%@L*, ©!�3:%=4\�=,&;@#�!:0bB$8"%�+&;@#�+$8 J&;�3[,:;*,7�$6 ¯�3³K/L*�&;$6=, vV]�#�LK,�J_�bW=I/#78-� 4=,&�13=, Kt,�3:0[I�UP]=,:h&;@#�?tN*,:0$6=I[,:;*,TU"�bB$'&;@
� � K<�

0

2

4

6

8

10

12

0 2000 4000 6000 8000 10000

nT
2

lag [m]

1.0
1.5
2.0
2.5
3.0
3.5

¨>§D +�L�#�ºª��mA�®y�31a&h=,P>&;@#��"%13*,76$8 #[d��x<2y=I 4�3 J& �o=I �&;@4�9tN*,:%$8=I[I:%*,Td" 9s��=,P��3³s��VX�#�G�J�J_mP]=I: d O��f�.T��
�M*,:0$6=I[,:;*,TU"�*,:0�.:%�3"01Y*,78�3-oP]=I:�5e�!&%&%�3:�13=,Td2L*N:%$6"0=I F�?}O@4�d"01Y*,78$6 #[���x42e=I #�! J&�$8 4�L/#�! #13�!"�&%@#�."%@L*,2e�
=,P~&;@4��tN*,:0$6=I[,:;*,T $6 �*+"%$8Td$87R*,:M5#/4&� #=,&B$8-#�3 J&%$61Y*N7�bm*Y(�*,"O&%@#��-#�324&%@�&%=d"0=I/#:013�dVX"0�3�9¨>$6[I/4:%���#�º�I_��

�VK



��� � � ���4��
 ���n�4� �����
	���
��
¨L=I7678=�bB$8 #[O*,:0�W"0=ITU�W*N-#-#$8&%$6=I #*,7,P]=I:0T?/#7R*N��bB@#$61^@�*,:%�C�3"0"%�! K&%$R*,7�$6 �*,242#78(�$6 4[�&%@#�MtN*,:0$6=I[,:;*,T *, L*,7'(�"%$6"
Td�a&;@#=�-�&;=.:%�3*,7�Td*,[I #�a&;$61h-L*N&^*+"0�!&;"!�

���X�y�"� � 3 ; 1�9�&('�� % & ��& ; 3�0�&F. (�$ 6:'*3 % 6 $ ;+#
}�=�13=ITU2#/4&%�j&;@#�jTd=�-#�37CtN*,:%$8=I[I:%*,T -#� �  #�3-|5J(��!³K/L*N&;$8=I ±V]�#��KN�J_�P]=I:�*�[I$8t,�3 ¥"0�!&+=NPBTd=�-#�37M2L*�Q
:;*,TU�!&%�3:0"3\�bW�¬@L*Yt,�j&;=c �/4Td�!:%$613*,767'(o*,2#24:%=Yx<$6Td*N&;�+&;@4�j$6 J&%�3[I:%*,7¡��°m& � :%"D&?[I76*, #13�.&;@4$6"�78=<=,{�"�76$8{,�
*¬&;�31^@4 #$613*,7H2#:%=,5#76�!T bB@#$81^@�1!=I/#78-�5e�."%=I7'tI�!-¤5J(¯³K/L*,-4:;*N&%/#:%�U*,78[I=I:%$'&;@#TU"�*ftN*,$87R*,5476��$8 ¯"0&;*, #-L*,:0-
Tj*�&;@o"%=,P`&)bg*,:0�U2#*,1^{�*,[I�3"!�j«�=fbg�atI�3:!\�&%@#�+&;�3:0T $6 o"0³�/#*,:%�.5#:%*,1^{,�a&;"9&%�3 #-4"�&%=�bg*,:0-#"�©3�3:0=�P]=,:�76=fb
tN*,76/#�!"h=,P a \ybB@4�3:%�3*," a R pKrj&%�3 #-#"�&%=¬$6 �  #$8&)(,��}O@#�?24:%=�-#/#1!&�=,PH&;@#�9&)bg=�&;�!:%TU"�&%�3 #-#"�&%=¬©3�!:%=¬P]=I:u ���o*, 4-|&%=¯$6 �  #$8&)(�P]=I:?u 5��#��}~=¯$6 J&;�![I:;*�&;�¬ K/#TU�3:0$61Y*N7678(�=ftI�!:+&;@#$8"?2#:%=�-#/#1a&.1Y*, |78�Y*,-¥&%=
*,:%54$8&;:%*,:0(d:%�!"%/#7'&;"!�

° "0=I76/<&;$6=, .&%=�&;@#��2#:%=,5#76�!T $6"H&%@#�OP]=I7678=�bB$8 #[ ���¤��/4"%���3³s�yVX�#�q�I�J_�bB$'&;@ ��O � a &;=9*,2#24:%=Yx<$6Td*N&;�&;@#�0�g�!"%"0�37lP]/# #1!&%$6=I 4"�$8 c�!³K/L*N&;$8=I ¤VX�#�LK,�J_��g¨L=I:O"0Tj*N767�tN*,78/#�3"B=,P � a \s";*Y( � a "%Td*,7678�3:m&;@#*, c"0=ITU� � \$8&h$6"�"0/ � 13$6�! J&�&%=�13=I 4"%$6-4�3: 6 /#"D&�&;@#� � :0"0&�&)bW=�&;�3:0Td"�$8 �VX�#�q�I�J_��9�<$6 #1!�?&;@#$8"�*,2#24:%=Yx<$6Td*N&;$8=I �=I 478(
@#=I78-#"mP]=I:O"%Td*,787�� a \#bW�9@#*ft,��&%=."%2#78$8&O&;@4��$8 J&;�3[,:;*,7F$8 ��3³K/L*N&%$6=I �VX�4��K,�I_W$6 J&;=+&)bW=j2L*N:0&;"

9¬V��s_ O f g
T ��� � O

f � w��
T � ��� Z f g� w�� O�� 9 r V��8| � _ Z 9 R V��8| � _�� VX�#�q�JªI_

}O@#�O"%�!13=I 4-d$8 K&%�3[I:%*,7 9 R V��(| � _>$6">"0&;:%*,$6[,@K&0P]=I:0bg*,:0-.*, #-.1Y*, .5e�m�!tN*,78/L*N&%�3-+bB$8&%@.*�"0&^*N #-L*,:0-U³K/L*N-#:;*�Q&;/#:0�?*,78[I=I:0$8&;@4Tc�W¨L=I:O&;@#� � :%"D&�$6 J&%�3[I:%*,7¡\#bW�?1Y*N �/#"0�9&;@4� � :0"0&h&)bW=j&%�3:%TU"�$6 c&%@#��"%³K/L*,:0�?5#:;*N1^{,�!&%"
=,P��3³s�~VX�#�q�I�J_m*N #-c"0/#5#"D&;$8&%/4&;$8 #[jJ O,KeJ T Z J R Z �
 J 
 $6 ��!³K/L*N&;$8=I �VX�#�LK,�J_MbW�9*,:%:0$8tI��*�&

9 r V��8| � _�O / tbv V Q TK�U _ R � i �
� K |fVXu Z ��_�� K�p i K�J T Z J RK Z J 
� p � R� f � w��
T a 
 pKr  p R Y v x a � VX�#�q�I�J_

}O@#��$6 J&;�![I:;*N7F1Y*, � #=fbw5e��"%=I7'tI�!-c/#"0$6 #[.&;@4��:0�376*N&;$8=I #"%@4$62
f �
T ��� psr  p�� � x �@O Q p � ! � � � V�� | Q {y_b| VX�#�q�I�J_

bB@#�3:0� ! � � � $8"m&;@#��$8 #13=ITU2#78�!&;��!FQ¡P]/# #1a&;$6=, F\#76�3*,-#$8 #[?&;=
9 r V��(| � _�O / t�v V7Q TK�U _ R	� i ��� K |�V]u Z ��_�� Kep i K�J T Z J RK Z J 
� p K rNp
	 d rNp�� ! � � � V¡��c¥u | K d+�

�
_ � R � VX�#�G�J�J_

°h-#-4$6 #[�&;@#��&)bg=?2#*,:0&%" 9 r *, #- 9 R *,1!13=I:0-#$6 4[9&;=¬VX�#�q�JªI_�&;@4�3 j(�$6�!76-#"C&;@4�h-#�!"%$6:0�3-¬TU=�-#�37LtN*,:%$8=I[I:%*,T9jV��s_a�

���X�y��% � #*&(' ; $ &('�� % &���& (�$ 6:'*3 % 6 $ ; � 6s3 ; $ # & % ; &�� & 3 � $ 1�6s3 + . &
§) ¬2#:%*,1!&%$613�N\<bW�hbg*, J&g&;=�=I54&^*N$6 d&%@#�h5e�3"D&O2e=I"%"0$65#78���!"0&;$8Tj*�&;�BP]:%=IT &;@4�h"%@4=I:0&%�3"0&m2y=I"0"%$85#76��"%�![ITd�! J&
=,P~&;@#��2#:0= � 76�N�H}O@#$6"B13*, c5e��*,1^@#$8�!t,�3-�5J(�/4&%$678$6©3$8 #[9&%@#���3"D&;$6Td*N&%=I:


9jV��s_ O �J c�� f G p��
T i *�V k Z �s_�c�*�V k0_*p R x k | VX�#�G�#��_

�I�



bB@#�!:%� *�VXk0_�$8"+&;@#��TU�Y*,"0/#:%�!- � �!76-F\MbB$8&%@�*|V¢�J_?*, 4- *�V Jh_?*N&.&;@#��5e�3[I$8 # #$6 4[¤*N #-|�3 #- =,P�&%@#�
"0�3[ITU�3 J&Y\L:0�3"02y�!1!&;$'tI�!78(I� 
9­$6"B*?tN*,:%$8=I[I:%*,T �!"0&%$6Td*N&;�!-�P]:0=IT�TU�Y*N"%/#:0�3-�-L*N&^*<�

�y�A�y�21 � 42&8&���0�&F02; 3�0�&F. $ ) ) 3 9
� &s'�� % � 3!6 ."'���& $ 6M&86s&���0
#
}O@#�BTU=<-4�37<tN*,:0$6=I[,:;*,T -#� �  #�3-d5K(?�3³K/L*N&%$6=I cVX�4��K,�I_�$6"�&%@#�m&;@#�!=I:%�a&;$81Y*,74tN*,:0$6=I[,:;*,T =,Ps&;@#�BTd*,[I #�a&;$81
� �!76-�-#/4��&;=.*?@#=I:0$6©!=I J&^*,7878(U$6 �  #$8&%�h@L*,7'PRQ)"02L*,13�h=,P~"%1Y*N76$6 4[?"%=I/4:%13�!"3�M§) �2#:;*N1!&;$813�N\#@#=fbg�atI�!:3\Lbg��*,:0�
$8 K&%�3:0�3"0&%�3-�=I #7'(j$8 ¬"%=,/#:%1!��2L*,:;*NTd�a&;�3:0"gbB$8&%@#$6 ¬*?76$6TU$8&%�3-d*,:%�3*�V]bB$8 #-#=fb�_a�M¨L/#:0&%@#�3:0Td=,:%�,\�bg��bg*, J&
&%=¬{,�!�32o&;@#$8"�bB$6 4-#=fb *N"�"%Td*,767�*,"�2e=I"0"%$65476��$8 �=I:0-#�3:h&%=��3 #@#*, #13�+"02L*N&%$R*,7~:%�!"%=I78/4&;$8=I F� 6B�3[J*N:%-#$8 #[
"0Tj*,787J"%�![ITd�! J&;">=NPs*hTU�Y*,"0/#:%�!-?2#:%= � 76�N\N=I 4�g=,P`&%�3 �  #-#"H*�"0&;:0=I #[�78$6 #�3*,:F&;:0�3 #-���}O@#$6"l&;:0�3 #-�/#"%/L*N7678(
:0�!�L�!1!&;"�7R*,:0[I��"%13*,76��[I�3=,76=I[I$81Y*,7eP]�Y*N&%/#:%�!"�bB@#$81^@¯*,:0��/4 #:%�!7R*N&%�3-c&%=d&%@#�978=<13*,7�Td*,[I #�a&;$6©3*N&;$8=I F�g�</#1^@
76*,:%[I�W"%13*,76�g&%:%�! #-#"C*,:0�m�ax<2e�31!&%�3-+P]=I:� 4=I <Q)"D&^*N&%$6=I #*,:0(�-L*N&;*�*, #-.*N:%�m1!=I #"%$8"0&%�3 J&HbB$8&%@?&;@#�gtN*,:0$6=I[,:;*,T
TU=<-4�376"�=,PB�!³�/#*N&;$8=I #"�V]�#��KN�J_9*, 4-±VX�#�q�J�I_��¯«�=fbW�!t,�3:3\C�!³�/#*N&;$8=I #"�V]�#�8�,��_9*, 4-±VX�#�G�#��_�"%@#=fb &;@L*�&+*
78$6 #�3*,:�&%:%�! #-¯$6 �&%@#�?-L*�&^*j@L*N"�*j-#:%*,Tj*�&;$61��!®y�31a&�=I �&%@#�?"%@#*,2y��=,PH&;@#���3"0&%$6Td*N&;�!-�tN*,:%$8=I[I:%*,Tc�B§) 
=I:0-#�3:M&;=?P]=�13/#"M&;@#��*, L*,7'(<"0$6"W=I ¬&;=�&%@#��1!/#:%:0�3 J&O-L*N&;*+*, L*,7'(�"%$6"CbB$6 4-#=fb�\#76$8 #�Y*,:C&;:0�3 #-4"m$6 j&%@#��-L*�&^*
@L*Yt,�9&;=U5e�9-#�3*,78&BbB$'&;@�$6 �"%=ITU��bm*Y(�=I:B=,&;@4�3:3�g°h:%[,/L*,5#7'(I\L&;@#$8"B$6"O&;@#��{,�a(�2#:%=I5476�3T�$8 c-4�3"%$8[I #$8 #[
*+:%�!76$6*,5#76��tN*,:%$8=I[I:;*NT�*, #*,78(�"%$8"B*,76[,=I:%$'&;@#T��

§S&9Tj*Y(o*,242y�3*,:�*,"�&%@#�U=I5Jt<$8=I/#"�"%=I78/4&;$8=I ¯&;=�-#�!&%:%�! #-¥*�"%�3[,Td�! K&9$6 ¯&%@#�d/4"%/L*,7Hbg*Y(I\� L*NTd�!78(I\
� &�*?"D&;:%*,$6[I@J&O78$6 #�h$6 �*?76�3*,"0&B"0³K/L*,:%�!"B"%�3 4"%�,\s"0/#54&;:%*,1!&�$'&mP]:%=IT &;@4��-L*N&^*<\#�3"D&;$6Td*N&%�h&;@#��tN*,:0$6=I[,:;*,T
P]:0=IT &%@#��-#�!&%:%�! #-#�3-�"%�![ITU�3 J&Y\s*, 4-�1!=ITU2L*,:%�h$8&mbB$'&;@�&;@#��TU=�-#�37et,*N:%$6=,[I:;*,TU"g=NP��!³K/L*N&;$8=I #"�V]�#��KN�J_
=I:�V]�#�q�J�I_a�>«�=fbW�!tI�!:3\�&;@#�B76$8 #�Y*N:>&;:0�3 #-#"M*,:0��*, .$6 J&;�![I:;*,742L*,:0&C=NPy&%@#�3"0��TU=<-4�374tN*,:0$6=I[I:%*,TU"3�>��&;:0$61!&%78(
"02y�3*,{K$6 #[#\�&;@#�dTd=�-#�37HtN*,:0$6=I[I:%*,TU"�=NPO�3³K/L*N&%$6=I 4"�VX�4��K,�I_�*, 4-±VX�#�q�J�I_�-#=� 4=,&+*,242#78(o&;=c-#�!&%:%�! #-#�3-
-L*�&^*4� �� #�h13=I/#78-�$6[I 4=I:%�B&;@#$8"m2#:0=I5#76�!T *, #-�@#=I2e�h&%@L*N&m-4�!&;:0�3 #-4$6 #[?bB$8767 6 /#"0&m76�Y*N-j&;=+78=�bW�3:WTd=�-#�!7
"01Y*,78$6 #[+��x42e=I #�! J&;"3�W«�=fbW�!t,�3:3\s&;@4$6"B$6"mPX*,:mP]:0=IT�=,5Kt�$8=I/#"3�

°£1378�Y*, +"0=I76/<&;$6=, ?$6"�&%=� #=,&H=I 478(9-#�!&%:%�3 4-U&%@#�O-L*N&;*4\J5#/4&M*,78"%=�TU=<-4$8P`(�&;@4��TU=�-#�37�t,*N:%$6=,[I:;*,TU"l&;=
*,1!13=I/4 K&BP]=I:W&;@#��-#�a&;:%�! #-#$8 #[#� �W(¬&%@#��76�3*,"0&O"0³K/L*,:%�!"�TU�!&%@#=�-�=NP�-4�!&;:0�3 #-4$6 #[.&;@#��-#*N&^*?tN*,:%$8=I[I:%*,Td"
*,:0��*,7'&;�3:0�3-�$8 �*�bm*Y(d&;@L*N&m§g*,T /# L*N5#76�h&%=+³K/L*, J&;$'P`(I�H§) ¬&;@4��P]=I7678=�bB$8 #[#\K§H&;@#�!:%�aP]=I:%��/#"0��&;@#�hTd=I:0�
2#:0$6TU$8&%$8tI��TU�!&%@#=<-¯=NP � &%&%$6 #[�*¬"D&;:%*,$6[I@J&h76$6 4�9&;@4:%=I/#[,@�&;@#�?�! #-¯2e=I$6 J&;"h=,PH&;@#�+"0�3[ITU�3 J&3�9¨L=I:�&;@#$8"
-#�a&;:0�3 #-#$8 #[#\#&%@#��Td=�-#$ � �3-�TU=<-#�!7�tN*,:%$8=I[I:%*,Td"W1Y*, �5e��P]=,/# #-c*,"mP]=I7678=fbB"��

<��!&�/4"�-#�3 #=N&;�?&;@4�?Td�3*,"%/4:%�3-o-L*�&^*jbB$8&%@#$6 c&;@#�?1!=I #"0$6-#�!:%�3-o"0�3[ITU�3 J&�=,PC&;@4�?2#:%= � 76�?5J( *�VXk0_��
<��!&�/#"�P]/#:0&%@#�3:�-#�3 4=,&;��&;@#��5y�![I$6 4 #$6 #[U=,P�&%@#$6"B"0�3[ITU�3 J&�5J(�koO �d*, 4-�&;@#���3 4-�5J(Ck O J *, 4-�76�a&
/#"�"0/#54&%:;*,1a&�*, o=,®�"0�!&�P]:0=IT &%@#�+-L*N&;*¬"%=¬&%@L*N& *�VX�J_�O �<�9}O@#�! ¯bg�.1Y*N �-4� �  #�.*�2#:0=<1!�3"0"���VXk0_�\
bB@#$81^@c$8"O-#�3:0$8t,�3-�P]:%=IT *|VXk0_g5J(

�jVXk0_ �LO *�V k0_[c kJ *|VXJh_�� V]�#�q�VKI_
}O@#�¯ 4�!b�2#:%=�13�!"%"��¬V k0_d@L*,"d&;@#�¯*N-4tN*, J&^*,[I�c&;@L*N&j&;@#��24:%�3"0/#TU�3-±76$8 #�Y*,:.&;:0�3 #-±$8 *�VXk0_.$6"¬ 4=,&
:0�!�L�!1!&;�!-�$6 ��¬VXk0_���}O@#�jtN*,:%$8=I[I:%*,T =,P��jVXk0_�1Y*, �5y�d�3"0&%$6Td*N&;�!-¤P]:0=IT &;@#�dTd�3*,"%/4:%�3-�-L*N&^*�/#"%$8 #[
�!³�/#*N&;$8=I �V]�#�G�#��_a� ����@L*YtI�h*�TU=�-#�374tN*,:0$6=I[,:;*,T 9¬V��L_H-4� �  #�!-¬5J(.�3³K/L*N&%$6=I �VX�4��K,�I_�P]=,:C&%@#�B2#:%=�13�!"%"
*�V k0_9P]:%=IT bB@#$81^@�bW�� #=fb�@L*Yt,��&%=o-#�3:0$8tI��&%@#��Td=�-#�!7WtN*,:%$8=I[I:%*,T P]=I:��¬V k0_a�¥}O@#��$8-#�Y*�5e�3@#$8 #-

�,�



&;@#��P]=I7678=fbB$6 #[+-#�!:%$'t,*�&;$6=, c$8"�&%=j*, 4"0bW�3:h&%@#��³K/#�!"0&;$8=I � � §SP�bg�9@L*YtI�+*.tN*,:%$8=I[I:;*NT�Td=�-#�!7 9¬V��L_OP]=I:
&;@#��2#:0=<1!�3"0"�*�V k0_a\4bB@#*N&�$6"m&;@4����x<2y�!1!&;�!-ctN*,:0$6=I[I:%*,T ) 9s�,V��s_.-mP]=I:m&%@#��-#�!&%:%�3 4-#�3-c2#:%=�13�!"%" <UV]&^_�� � �
��"0$6 #[+&;:0$R*, 4[I/#7R*N:g5#:%*,1^{,�a&;"�) 2 -gP]=I:m&;@4����x<2y�!1!&;�!-ctN*,78/#�,\#�!³K/L*N&;$8=I �VX�#�G�#��_W[,$8tI�!"

) 
9(�IV��s_ -PO ) �J c�� f G p��
T i �jVXk Z �s_�c �¬VXk0_*p R x k - VX�#�G�J�J_

O ) �J c�� f G p��
T 	 �J *�VXJh_[c i *�VXk Z �L_�c:*�VXk0_qp 
 R x k - VX�#�G�I�K_

O ) � RVXJ c �s_*J R
f G p��
T *�V Jh_ R x k - Z ) �J]c�� f G p��

T i *�V k Z �s_�c�*�V k0_*p R x k -
c ) �J�c�� f G p��

T i
K �J *|VXJh_ *�V k Z �s_[c K �J *�VXJh_,*�VXk0_qp x k - VX�#�G�K�I_

O � RJ R 9jVXJh_ Z 9dV��s_�c �J�c�� f G p��
T i

K �J )(*�VXJh_,*�VXk Z �L_.-

Z K �J )(*�V J�_,*�VXk0_ - p x k VX�#�G�J�J_
�<$6 413� *�VXk0_�O �+P]=,: k O �<\#&;@#��$6-4�3 J&;$'&)(oV=<W*N[I76=IT�\��Y�I�I�4\<�3³K"3�M�#�LK K K+*, #-��#�LK KN�K_

) i *|VXk Z � r _[c:*�VXk0_qp i *�V k Z � R _[c:*�V k0_*p - O �K i 9¬V�� r _ Z 9dV�� R _[c 9jV^n � r c � R n _ VX�#�G�KªI_
:%�!-#/#13�!"�&%=

)(*�V�� r _ *|V�� R _.- O
�K i 9jV�� r _ Z 9¬V�� R _�c�9¬V^n � r c�� R n _ VX�#�G�J�J_

"%=.&;@L*�&
) 9(�IV��s_ -!O 9¬V��L_ Z � RJ R 9dVXJh_�c

�J�V J c��s_ f G p��
T i 9¬VXk Z �s_�c/9�VXk0_ Z 9¬VXJ cyk0_bc 9�VXJ cykbc �L_*p x k��UVX�#�G�J�J_

AH³�/#*N&;$8=I |VX�4�q�J�I_B-#�!"%1!:%$65e�3"�@4=�b &%@#�?TU=<-4�37lt,*N:%$6=,[I:;*,T 9¬V��L_�=,PH&%@#�?=I:0$6[I$8 L*,7�"%�![ITU�3 J&$*�V k0_�1Y*N 
5y��&%:;*, #"DP]=I:%TU�3-�$8 K&%=U*.TU=�-#�37�tN*,:0$6=I[,:;*,T 9s�,V��s_gP]=I:m&;@4��-4�!&;:0�3 #-4�3-�"0�3[ITU�3 J& ��V k0_a�

 ��! #�3:%*,767'(?"%2e�Y*N{�$8 #[#\K$8&C$8"H�3"0"%�3 J&%$R*,7L&;=�-#�a&;:0�3 #-j*�"0�3[ITU�3 J&M2#:%$8=I:�&;=��!"0&;$8Tj*�&;$6 4[�$8&;"�tN*,:0$6=I[,:;*,T��
}O@#��76�3*,"0&+"0³K/L*,:%�!"dTU�!&%@#=�-�2#:%=ft�$6-#�!"U*o5e�!&0&;�!:+�3"0&%$6Td*N&;�j=,P�&%:%�! #-F\M5#/4&+&;@4��TU=�-#�37Mt,*N:%$6=,[I:;*,TU"
P]=I:B&;@#�?-4�!&;:0�3 #-4�3-o2#:%=�13�!"%"�Td*Y(�5y�?-4$ � 13/#7'&�&%=¬13=,Td2#/<&;�,�h¨L=I:��! #-<QS2y=I$8 J&�-#�a&;:%�! #-#$8 #[j&;@4�?�!®y�31a&
=I �&;@#��TU=<-#�!7�tN*,:%$8=I[I:%*,Td"W$6"O-#�!"%1!:%$65e�3-c5J(��3³K/L*N&%$6=I �VX�4�q�J�I_a� �� <P]=I:0&%/# L*N&%�378(,\4&;@4���! #-�2e=I$8 K&%"B*,:%�
 #=,&B*N78bg*f(�"B*+[I=�=<-j�3"0&%$6Td*N&;�h=,Pl&;:%�! #-F�W¦g=I #"0$6-#�!:3\4P]=,:m�ax4*,TU2#76�N\L*?2#:0=ITd$8 #�3 J&O-4$6{,��*N13:%=,"%"DQS76$8 #��*N&
=I #��"0$6-#��=,Pl&;@4��-#*N&^*.*, L*N78(�"%$8"gbB$6 #-4=�b��M��/#��&%=+&;@#��:0�3"%/478&;$8 #[."%2#$8{,��*N&B=I 4���3 #-�=,Pl&;@#��"0�3[ITU�3 J&Y\
*¥"0&%:;*,$8[I@J&�76$8 #�c&%@#:%=I/4[I@ &;@#�¯�! #-±2y=,$6 J&;"jbW=I/#78-± #=,&�:0�!�L�!1!&�&;@#��[I�3 #�!:;*,7�&;:%�! #-F� §) 24:;*,1a&;$61!�,\
&;@#�j-#$6"D&;=I:D&;$6 4[��!®y�31a&.=,PB"%/#1^@ *�-#$8{,�¬13*, �5y��TU$6 4$6TU$6©3�!-¤5J(�/#"%$8 #[�"%�![ITU�3 J&;"."%@4=I:0&%�3:�&%@L*, ¥&;@4�
bB$6 #-4=�b "%$8©3��*N #-�*ft,�3:%*,[I$6 4[�t,*N:%$6=,[I:;*,TU"�P]=I:?"%�atI�!:;*,7B"%�![ITU�3 J&.2y=,"%$8&%$6=I 4"?*,78=I #[NQS76$6 4�.bB$'&;@#$8 �&;@4�
";*,TU��bB$6 4-#=fb��

����� � ��� �y� � � � ���
°h"0"%/#TU$6 #[�"%�37'PRQ)"0$6TU$67R*N:�"%=I/#:013�¬-4$6"0&%:%$85#/4&;$8=I #"!\>§�@L*YtI��-#�!:%$'tI�3-¥tN*,:0$6=I[,:;*,T "D&^*N&%$6"0&%$613*,7WTU=�-#�378"�P]=I:
I�JwTd*,[I #�a&;$61�*, #- � Y [I:%*ft�$'&)(�-L*N&;*4� �M*,:%$8=I[I:%*,T Td=�-#�378"gP]=I:O@#=,:%$6©!=I J&^*,7F*, #-�tI�!:0&;$81Y*,7�-4�3:%$'tN*N&;$'tI�3"

�J�



=,P[I�J *, 4- � Y V][I:;*N-#$6=ITU�!&%�3:m-#*N&^*J_g1!=I/#78-�5e��P]=I/# #-�$6 �*+"%$8Td$87R*,:Cbg*f(,���&;*N&;$8"0&;$81Y*,7CP]�Y*�&;/#:0�3"+=,PyI�J�78$6 #�d-L*N&;*�*,:%��*�&%&;:0$65#/<&;�3-¤&;=¯�¯2L*,:%*,TU�!&;�!:%"��¯VD�f_9=I:%$8�3 J&^*�&;$6=, �=,P
2#:0= � 78�3"�:%�!7R*N&%$8tI�?&%=�&;@#�U-#$6:0�31a&;$6=, ¯=,Pg&%@#�.Tj*,$8 � �378-F\WV KI_�$8 K&%�3 #"0$8&)( tbv \gVX�J_h"%13*,76$8 #[��ax<2e=I #�3 J&9uC\
*, 4-�VX�J_B-#�!24&;@ d =,PH"%=,/#:%1!�,��§m-#�!t,�378=I2y�!-�&;@#$8"�TU=�-#�37�&;=d-#�31!=ITU2y=I"0��*N�3:%=,Tj*,[, #�!&%$61�"%/#:DtI�a(<"�$8 J&;=Td*,2#"?=NP t�v \Hu²*N #- d \HbB$8&%@¥&;@#��@#$8[I@#�!"0&+2e=I"%"0$65#78�¬*,1!13/#:%*,1!(¥*, #-|:%�!"%=I78/4&;$8=I F�¯}O@#��$8 J&;�3 4"%$8&)( tbv
13*, �5e��Td*,2#2e�3-�P]:%=IT�"0$6 #[I78���L$6[I@J&�76$8 #�3"B/#"0$6 #[j*UtI�!:0(c"%Td*,767ybB$6 #-#=fb�$'P d $8"�"0/#5#"0&%$8&%/4&;�!-�5J(�&%@#�"0/#:0t,�!(�&%�3:0:;*,$8 �1378�Y*,:%*, #13��*, #-¯u|$6"�{,�!24&�13=, #"0&;*, J&UV¢¨>$8[I/#:0�+�<�ºªI_a���</#1^@¯@#$8[I@�:0�3"%=,76/4&%$6=I cTj*,24"h=,Ptbv *,:%�B�3*,"%$8�3:H&;=�$6 J&%�3:%24:%�!&M&;@#*, I�J£Td*,2#"M*, 4-d13*, U&%@#�3:0�!P]=I:0��5e��*, d*N&%&%:;*,1a&;$8t,�Obm*Y(.=,P�2#:%�!"%�3 J&%$6 #[
Td*,[I #�a&;$81d-L*�&^*4�7�m*N"%�3TU�3 J&?&%=I2e=I[I:;*N2#@J(�13*, �5y�j�3"0&%$6Td*N&;�!-¥{,�!�32#$8 #[ou±13=I #"D&^*, J&U*, 4- t�v *, #- dtN*,:0$R*,5#78�+V¢¦g@L*,24&%�3:��<�LK<� �M*,:0$6=I[I:%*,T *, L*,7'(<"0$6"m13*, �*,76"0=+5y��/4"%�3-�&;=.Td*,2�uC\L*,"O2#:0=I2e=I"%�!-�5J(��c*,/#"
*, 4-���$8Td:0$mV��f�I�J�N5L_a�U«�=fbW�!tI�!:3\�-#/#�.&;=�&;@#�U7R*N:%[I��bB$8 #-#=fb :0�3³K/#$6:0�3-oP]=I:��3"D&;$8Tj*N&%$6 #[�uC\lTd*,2#"�=,P
&%@#��"%1Y*N76$6 4[+�ax<2y=, #�3 J&h*,:%��5#78/#:%:0�3-�*, #-�Tj*Y(j5y��=,P�76$8Td$'&;�3-j2#:;*,1a&;$81Y*,7F/4"%�,�

°h2#*,:0&9P]:%=IT &;@4�3"%��*N2#2#76$81Y*N&%$6=I 4"3\lt,*N:%$6=,[I:;*,TU"�2#:%=ft�$6-4�j"%2#*,13��-#=,Tj*,$8 ¤"D&^*N&%$6"D&;$613*,7CTd=�-#�!76"�P]=I:
Td*,[I #�a&;$81.*, #-�[,:;*Yt�$8&)(o-L*N&;*4����/#1^@¥"0&;*N&;$8"0&%$61Y*N7HTd=�-#�378"�"%@#=,/#76-¤5y�U/#"%�aP]/#7M$6 � 78&%�3:%$8 #[#\�[I:0$6-#-4$6 #[#\
$8 Kt,�3:0"%$6=, c*N #-c=N&;@#�!:�24:%=�13�3"0"%$8 #[U&%�31^@# 4$6³K/#�3"!�

�I�



� � ��� �¤� � �

� �������
	�����
 ��� ����� �¤��� ��� � �H��� � ����� � � ���

��/#��&;=+&%@#��$6 #"D&^*,54$676$'&)(U=,P>Td*,[I 4�!&;$81�TU$6 #�!:;*,78"g$6 �=Yx<$6-4$6©3$8 #[+�3 Jt�$6:0=I #TU�3 J&;"!\#&;@#��Td*,[I #�a&;$8©Y*N&%$6=I d=,P
"%�!-#$6TU�3 J&;"B$8"O/#"%/L*N7678(dbg�3*,{�13=,Td2L*N:%�3-�bB$'&;@�&;@#��Td*,[I #�a&;$6©3*N&;$8=I ¬=,P~&;@4��1!:0(�"0&;*,7678$6 #�h5L*,"%�!Td�! J&Y�C§) 
&;@#$8"O1Y*,"0�,\#&%@#��13:0(�"D&^*,7876$6 4��5L*,"0�3TU�3 J&�$6"O�3³K/#$'tN*,76�! K&O&%=+&;@#��Td*,[I #�a&;$61h5L*,"%�!Td�! J&Y\L5e�3$6 4[U-4� �  #�!-�*,"
&;@#��/#242y�!:%TU=I"0&B=�131!/#:%:0�3 #1!�9=,P>:%=�1^{K"�13*,:%:D(�$6 #[U*+"%$8[I #$ � 1Y*, J&BTd*,[I #�a&;$6©3*N&;$8=I F�

I.}�Td*,[I 4�!&;$81�Tj*,24"j*,:0�c&%@#��"0Td=�=,&;@4�3:+&;@#�c[I:%�3*N&;�!:d&%@#�c@4�3$6[,@K&j=,P�&%@#�c=,5#"%�!:0tN*N&;$8=I v247R*, #�
*,5e=�t,��&;@#��Td*,[I 4�!&;$81h5L*N"%�3TU�3 J&3�M}O@4$6"O�!®y�31a&B$6"m³K/#$'&;��24:%=ITU$6 #�! J&Y\#*N"O$67678/#"0&%:;*N&%�3-d$6 �¨>$8[#�#���8�I�H}O@4�
"%TU=<=N&;@# #�!"%"��N:%/#[,[I�3-# 4�3"%"�=,P>&%@#��Tj*,[, #�!&%$61 � �!76-�$6"B:%�a�L�31a&;�3-c$6 �$8&%"�2e=fbg�!:�"02y�!1!&%:%/#T�idVNMf_�\#bB@#�3:0�
M�$6"M&;@#� K,�w@4=I:%$8©3=I J&^*N7ebg*YtI�!t,�31a&;=I:!�g}O@#��@#$8[I@#�!:g&;@#�h:%�376*N&;$'tI��2y=fbW�3:mP]=I:m"0Tj*N767Lbm*Yt,�3 K/#T?5e�3:0"Un M<n¼\
&;@#�.TU=I:%�+:0/#[I[I�!-¯&;@#�U*,2#2e�Y*N:;*, #1!�.=,PW&%@#� � �378-F�+}O@#�U2y=fbW�3:�idVNMf_h=,PM&;@4�UTd*,[I 4�!&;$81 � �!76-�$6 �&;@4�
=I5#"0�3:0tN*N&%$6=I �2#76*, #��$8"O:%�376*N&;�!-�&;=.&;@#��2e=�bW�3:B=,P~&;@4� � �376-c*N&B5L*N"%�3TU�3 J&�76�atI�!7li T VNMY_g5K(

idVNMY_�O i T VAMf_  p R Y
	 ��	 | V¡���8��_

bB@#�3:0� d $6"�&%@#�+-#�!24&;@�&;=�&;@#�+5#*,"%�!Td�! K&3\�@4�3 #1!�,\l&;@#�.2L*,:%*,TU�!&;�!:�=,PW$6 J&;�!:%�3"D&Y�+}~=c=,54&^*,$8 d P]:0=IT�3³s���<�'�I\�*, *,"0"%/#TU24&;$8=I =I &%@#�o2y=fbW�3:�"%2e�31a&;:%/4T i T VNMY_�=NP�&;@4� � �376- *N&�5L*,"0�3TU�3 J&c76�!t,�37�@L*N"
&;=c5y�¬Td*,-#�N�c°�"%"0/#Td$8 #[c&%@L*N&9&;@#�  p R Y
	 ��	 &%�3:0T -#=,Td$8 L*N&;�!"�&%@#�j"0@L*,2e�¬=,Pm&%@#�j2e=fbg�!:?"%2e�31a&;:0/#Tc\
"%2e�31a&;:;*N7h"%78=I2e�cTU�!&%@#=<-4"oV¡�<2e�31a&;=I:j*, #-± �:;*N K&3\��f�Jª,�I_U*,:0��5L*N"%�3-±=I &;@#�c$6TU2#76$813$8&+*,"%"0/#Td2<&;$6=, 
i T�� t�� W a k � WHk��M«�*,@# 
�
 �����hVD�Y�Jª,�J_C2#:%=I2e=I"0�3-�&;=+"%/454&;:%*,1!&��f��� P]:%=,T &%@#�3"0� � bB@#$8&%��-#�324&%@#" � P]=I:
*�Td=I:0�O:%�!76$R*N5#76�W-#�324&%@j�!"0&;$8Tj*�&;�,� 6��!13�! K&C(,�Y*,:0"W@L*Yt,��"0�3�3 j*�5#:%�3*,{J&;@#:0=I/#[I@U$6 .=I/#:H/4 #-#�3:0"0&;*, #-#$8 #[
=,PBTd*,[I #�a&;$61U2e=�bW�3:�"%2e�31!&%:;*�bB$'&;@�&%@#� �  4-#$6 #[c&;@L*N&9&;@#�jTj*,[, #�!&%$61 � �378-�*N&?"0=I/#:013�¬78�!tI�!7g$8"�"%�!78PRQ
"%$8Td$87R*,:hV � P]:%*,1!&;*,7 � _W*, #-�13*, �5y��-#�!"%1!:%$65e�3-�5J(�*+Td=�-#�!7Fi T VNMf_�� n�M�n p�� \4bB$'&;@�� � ��V¢ �:0�3[I=,&%"%{K$��!&
*,7¡�'\~�f�I�4�I�yzH$678{�$8 #[,&%=I �*N #-¯}�=�-#=��3"01^@�/41^{e\H�Y�I�I�J_���}~=�13=I:0:%�!1!&hP]=,:h"%�!78PRQS"%$6TU$676*,:m"0=I/#:%1!�,\�zH$876{K$6 #[N&;=I 

�
 �����eV��f�I�,�J_~"%/4[I[I�3"D&;�!-U&%=�-#$8t�$8-#�g&;@4�m2y=fbW�3:C"%2e�31a&;:0/#T 5J(�n M<n p � 5e�!P]=,:%�O*,242#78(�$6 4[�*�"%2e�31a&;:;*N7#"%78=I2y�
Td�a&;@#=�-F��«�=fbg�atI�!:3\~�!tI�! ¤bB$'&;@¯&;@#$8"�13=,:%:%�!1!&%$6=I o-#�!24&;@��3"D&;$6Td*N&%�3"�:0�3Td*,$6 ¯/# 4:%�378$R*,5476��V¢��*,/#"�*, 4-
��$6TU:%$¢\e�Y�I�I�J_�\#-#/#��&;=U"%�atI�!:;*,7l:%�3*,"%=, #"��

¨s=,:�"%2e�31!&%:;*,7�*, #*,78(�"%$8"F&;@#�CTd*,[I #�a&;$81��L$6[I@J&l78$6 #��-#*N&^*B@L*YtI�C&;=B5e�M&%:;*, #"DP]=I:%TU�3-�&%=�*B:%�![I/#76*,:�[I:%$8-F�
�<$6 413�U-L*N&^*�-#�! #"%$'&)(¤$8"�&)(<24$61Y*N7678(o�,��&%$6TU�3"�@#$8[I@#�3:9*,78=I #[NQO&%@L*, �*,13:0=I"%"�Q)76$8 #�,\~[I:0$6-#-#$8 #[�$6 JtN*,:%$6*,5#7'(
´Dµs¶�·�¸q¹¼»¢½�¾0¿h¹ºÀjÁlÂSÃ¡Ä�ÅYÆ;Ç)È'É�ÇHÊ8Ë�Ì�¶N»DÍ��Y¾0À��
��¹q¾0¸8Í��f¹q¾��� !ÀKÍ�!�" 
#$#%�!¾�&lÌaÀ�¿(') �&¡¿f¹+*I¾aÍJÎ0Ï!ÏaÏ3Ð

�Jª



-6

-4

-2

0

2

4

6

8

1 2 3 4

nT

km

20 m depth to basement
200 m depth to basement

¨>§D +�J���8���>��(� J&;@#�a&;$81yI+} Tj*,[, #�!&%$61m-L*�&^*�=I .2#:0= � 76�!"C*N&C-#$'®��!:%�3 J&C@#�!$6[I@J&%"C*,5y=ft,��*�78�!t,�37L5L*,"0�3TU�3 J&
TU=<-4�37FbB$8&%@c"0�37'PRQ)"%$8Td$87R*,:MTd*,[I #�a&;$6©3*N&;$8=I F�H}~=j�!76$6TU$6 #*N&;���3-#[I���!®y�31a&;"�&;@#��2#:%= � 76�!"�=NPH�.{�T�78�3 #[N&;@
*,:0��76=�1Y*N&%�3-�=ftI�!:�&%@#��13�3 J&%�3:�=,P�*+76*,:%[I�!:B�+{�T xc�?{�T�TU=�-#�37¢�

78�Y*,-#"M&;=�*�76=I"0"g=,Pl$8 4P]=I:0Tj*N&%$6=I ���¨L/#:D&;@#�!:%TU=I:%�N\<[,:%$6-4-#�3-¬-#*N&^*?*N:%�h78$6{N�378(+&%=�5e��"%TU=�=,&;@#�!:M&%@L*, j&%@#�
*,1a&;/L*N7#Tj*N[I #�!&%$61 � �378-F��}O@#�B"%/45#"%�!³�/4�3 J&m"D&;�324"M=NPyTd*,{K$6 4[�&;@#�O[I:0$6-+2e�3:0$6=�-#$61N\I¨�¨>} *, #-U*,©!$6T?/<&;@L*,7
*YtI�!:;*,[,$6 #[U*,[J*N$6 �76�3*,-�&;=.-#$8"0&;=,:0&;$8=I #"O$8 �&%@#��2y=fbW�3:B"%2e�31a&;:0/#Tc�

z�=fbW�3:."%2e�31a&;:0/#T �3"D&;$8Tj*N&%$6=I ¤1Y*, �5e��*YtI=I$8-#�3-|*N78&;=,[I�!&%@#�3:?5J(¤&;:;*N #"0P]=I:0Td$8 #[�*�TU=�-#�37W2y=fbW�3:
"02y�!1!&;:0/#T *N L*,78(K&%$61Y*N7678(¤&;=¥&%@#��"%2#*,13��-4=ITj*N$6 F� }O@#$6"�*N2#2#:%=I*,1^@£$6"d$6 J&;/#$'&;$'tI�37'(�*,2#2e�Y*,78$6 #[�*,"¬$'&
TU�Y*, 4"�&%= 13*,:%:D( &;@4��TU=�-#�37�bB$'&;@#=I/<&�76=I"0"�=NP?$6 <P]=I:%Td*N&;$8=I v&%=�bg*,:0-#"�&%@#�o-L*N&;*4\�$6 4"0&;�3*,- =,P9&%@#�
-L*�&^*�&;=fbm*N:%-#"�&;@#�UTd=�-#�!7¡�j}O@4$6"�-#$8®y�3:0�3 #1!�j$6 ¤*,2#24:%=J*,1^@¤$6"�$67876/#"D&;:;*�&;�3-o$8 �¨>$8[#�l�<�LK<�¬° "%2e�31a&;:%*,7
*, #*,78(�"%$8"?$6 ¥&%@#��bm*Yt,�3 K/#T?5e�3:U-#=ITd*,$6 £VX76�aP`&+"%$8-#�f_?13*, |5y��"0/#5#"0&%$8&%/4&;�!- 5J(|*, |�!³�/4$8tN*,76�! J&U*,/4&;=�Q
1!=I:%:0�37R*�&;$6=, �*, L*,7'(�"%$6"�V]Td$8-#-#78�f_�=,:.*otN*,:0$6=I[I:%*,T *, L*,7'(�"%$6"�V]:%$8[I@J&+"%$8-#��$6 |¨>$8[#�H�<�LKI_�$8 |&%@#��"%2L*N13�
-#=,Tj*,$8 F� �±@#�a&;@#�!:�$8&h$6"�5e�!&0&;�3:�&;=�/#"0�?&;@#�.*,/<&;=NQS13=I:0:%�376*N&;$8=I �P]/# #1!&%$6=I �V]°�¦m¨H_�=I:�&;@#��tN*,:0$6=I[,:;*,T
-#�!2y�! #-#"�=, c&;@4��"0&;*N&;$8"0&%$61Y*N7� L*N&;/4:%��=NP�&;@#�9-L*N&;*4�O°h"�-#$6"013/#"0"%�3-¯$8 ¯¦g@L*N24&;�!:h�#�LK<�'�I\yTd*,[I 4�!&;$81�*, #-
[I:%*Yt<$'&)(¬-L*�&^*U*,:%��5e�!&0&;�3:B-#�!"%1!:%$65e�3-�5J(�tN*,:%$8=I[I:;*NTd"M&;@L*, �5J(�°�¦m¨>"!�

«��!:%�N\,bg�g-#�3TU=I #"D&;:;*�&;�C&;@#�W/4&;$876$8&)(�=,P#&;@4�MtN*,:0$6=I[I:%*,T *, #*,78(�"%$8"�TU�!&%@#=�-�=I 9@#�378$613=,24&;�!:�Td*,[I #�a&;$81
-L*�&^*�=,Ph&;@#� ��Td*,:%/4:%/v°�7678/4t�$R*,7BzH7R*N$6 #"U$6 v�h*,TU$65#$6*4� ¨>$6:0"0&3\gbg��-#�3"013:%$85y�c&;@#�c"%2e�31!&%:;*,7�Td=�-#�!7
bB@#$81^@|$6"+5L*,"0�3-|=I |"%$8Td2476$8P`(�$8 #[�*,"0"%/#TU24&%$6=I #"�:%�3[I*,:%-#$8 #[�&;@4��-4$6"0&%:%$85#/4&;$8=I ¥=,P�Td*,[I #�a&;$8©Y*N&%$6=I ¤$6 
&%@#�j1!:%/#"D&Y��°h78&%@#=I/#[,@¤&;@4�3"%�¬*,"%"0/#Td2<&;$6=, #"?*,:0�d1!=ITUTd=I �&;=�*�tN*,:%$8�!&)(�=,POTd*,[I 4�!&;$81.Td�a&;@#=�-#"9bW�
�  4-U$'&�bW=I:0&%@KbB@4$676�m&%=�:%�32e�Y*�&H&;@#�!T­@#�3:0�,�H}O@#�B/#"0�B=,Py*�"02y�!1!&%:;*,7LTU=<-4�374$8 ?&;�!:%TU"H=,PF*N U�!³K/#$8tN*,78�3 J&
tN*,:0$6=I[I:%*,T�*, #*,78(�"%$8"�$8"�=,/4&;78$6 #�!-c$8 c&;@4�9P]=I7876=fbB$6 #[."0�31!&%$6=I ���°�P`&;�3:�*, �$8 J&;:%=�-#/#1a&;$8=I �&%=j&;@4��"%/4:0tI�a(
*,:0�Y*¤bW��$87676/4"0&;:%*N&;��-#$'®��!:%�3 J&j"0&^*�&;$6"D&;$81Y*,7�Td�a&;@#=�-#"d=,P��3"D&;$6Td*N&%$6 #[�-#�32<&;@£=I &)bW=�";*,TU2#78��*,:0�Y*,"!�

�I�



estimated
ACF

estimated
variogram

space
domain

grid

model
ACF

model
variogram

wavenumber
domain

grid

estimated
spectral
density

spectral
density

measured data

model

?
=

?
=

?
=

¨�§D .�s����K��H}O@4��-4$8®y�3:%�! J&�2e=I"0"%$654$676$'&;$8�3"g=NP>/#"0$6 #[U*+"%2e�31a&;:%*,7lTd=�-#�37y&;=.$6 JtI�!:0&�Td*,[I #�a&;$61h-L*N&^*<�
����&;@4�3 v1!=ITU2L*,:%��&%@#��tN*,:0$6=I[,:;*,T *, L*,7'(<"0$6".-#�!24&;@#"UP]=I:+&;@#��bB@#=I78�c"0/#:0t,�!( *,:0�Y*�bB$'&;@|&;@#�cAM�
:%�!"%$6"D&;$'t<$'&;$8�3"�&;=�tI�!:%$'P`(?&;@#��5e=I/# #-L*N:0(+=,Py&;@#��*,7876/4t�$6*,74-#�!2y=,"%$8&%"3��°±1!=ITd2#*,:%$8"%=I .=,P�5L*,"%�!Td�! J&g:0�376$8�!P]"
-#�3:0$8t,�3-¬5J(+tN*,:%$8=I[I:%*,T­*, #*,78(�"%$8"M*, #-¬*N ¬*,/4&%=ITd*N&;�!-d"02y�!1!&;:%*,7e"%76=,2y�BTU�!&;@4=<-�V¡�<2e�31a&;=I:W*, #-¬ �:%*, J&Y\
�f�Jª,�I_�$67876/#"D&;:;*�&;�3"~&;@#�B$8Td2#:0=ftI�3TU�3 J&%"�&;@L*N&M*N:%�B2y=,"%"%$85#76�WbB$8&;@+&%@#�O #�!b Td�a&;@#=�-F��¨�$6 L*,7878(,\�bW�OtI�3:0$8P`(
5L*,"0�3TU�3 J&�-#�324&%@cbB$'&;@�-#:%$87678$6 #[9:%�3"0/#78&%" �  #-#$8 #[U*.:0�Y*,"0=I L*,5476��*,[I:0�3�3TU�3 J&3�

�z��� ���
	���
�������� ����	��
}�=�-#�3:0$8tI�¬*�:%�Y*N76$6"D&;$81UTU=�-#�37CP]=I:?i T VNMY_9$6 ¤�3³s�H�<�'�I\H=I 4�j@L*,"9&;=�Td*,{,�¬*,"%"0/#Td2<&;$6=, #"�=I ¤&;@#�¬"D&^*�Q&;$8"0&;$81Y*,7�-#$6"D&;:0$65#/4&%$6=I ¯=NPmTd*,[I #�a&;$6©3*N&;$8=I �$8 o&%@#�U5L*,"%�!Td�! J&9:0=<1^{s�U}O@#�UTj*,[, #�!&%$6©Y*�&;$6=, �� VX=N_�*�&�*
76=�1Y*N&%$6=I �=+$8"�&%@#��t,�31a&;=I:�"0/#T
=,P�&%@#��$8 #-#/#1!�3-�Td*,[I 4�!&;$8©Y*N&%$6=I ����¢VA=N_�*N #-�&;@4�9:0�3Td*, #�3 J&hTj*,[, #�aQ
&;$8©Y*N&%$6=I ����fVX=N_a�+}O@#�.Td*,[I #�a&;$6©3*N&;$8=I ����¡VX=N_a\�$6 4-#/#13�!-¤5J(¯&%@#�.[I�3=ITd*,[I 4�!&;$81 � �!76-
B¥VA=N_�\�1Y*, �5y�
bB:%$'&%&;�! �*,"

���¢VA=N_�O �¯VA=N_"B�VA=N_b| V¡����KI_
bB@#�3:0� ��VX=,_�$8"9*c�I� "0/#"%1!�324&%$65#$876$'&)(�&;�! #"%=I:!��°h"0"%/#TU$6 #[�$6"0=,&;:0=I2#$81+"%/#"013�32<&;$654$676$'&)( �oVA=N_-O ?WVA=N_ 	N\
bB@#�3:0� 	�$8"�&;@4�+$6-#�! K&%$8&)(cTj*�&;:%$Zxy\�*, 4-o*¬13=I #"D&^*, J&�$8 #-#/#1!$6 #[¬[,�3=ITd*,[I #�a&;$81 � �!76->B�VA=N_ � B�
+"%$8T.Q
2#76$ � �3"O�!³s�e�<��K�&%=

���¡VX=,_ O ? � VA=N_"B�
 V¡���º�J_
«��!:%�,\8? � VA=N_W$8"W&;@4��"%/#"013�32<&;$654$676$'&)(.&;@L*N&m=I #�hbW=I/#78-�Td�3*,"%/#:0�hP]:%=,T�*?:0=<1^{U";*,TU2#78��$6 �*?76*,5e=I:;*N&%=I:0(,�

�I�



�±@#$876��$6 #-#/413�3-�Td*,[I 4�!&;$8©Y*N&%$6=I U1Y*N ¬5y�h-#�3"013:%$85y�!-�5J(¬*�"01Y*,76*,:M"%/#"013�32<&;$654$676$'&)( ? � VA=N_a\�:%�!Tj*N #�3 J&
Td*,[I #�a&;$8©Y*N&%$6=I 9$6"H*�&;:0/#�mtI�!1!&%=I: � �378-F��«�=�bW�!t,�3:!\<&;=�*N:%:%$'tI�B*N&H*�"0$6TU2#76�W"0&;*N&;$8"0&;$81Y*,7<Td=�-#�!7¡\,bW�O@L*YtI�
&%=d*N"%"%/4Td��&;@#*N&�*, J(� #=I �Q) #�![I76$8[I$65#78�h:0�3Td*, #�3 J&BTd*,[I #�a&;$8©Y*N&%$6=I ¬$8"B*,76$8[I #�!-¬bB$8&;@�&%@#�� #=I:%Td*,7 � �376-��
}O@#�! F\s:%�!Tj*, 4�3 J&BTj*N[I #�!&%$6©3*N&;$8=I �1Y*, �5e��-#�3"013:%$85y�!-�5J(

���fVX=,_ O ? � VA=N_"B�
 | V¢�<�G�K_
"0$6TU$67R*N:W&;=.&;@4�9$8 #-#/#1!�3-�Td*,[I 4�!&;$8©Y*N&%$6=I ��Wz~=I"%"0$65#78��13=I #"0�3³K/#�! #13�!"�=,P>&%@#$6"B"%$8Td2476$8P`(�$8 #[+*,"0"%/#TU24&;$8=I 
*,:0�+-#$6"013/#"0"%�!-¥$6 ¯2e=I$6 J& K¬=,PW"%�!1!&;$8=I ��<��K��º��=I o76$8Td$'&^*N&%$6=I 4"�=,PM&;@4�UTU�!&%@#=�-F�.¦g=IT?54$6 #$8 #[��3³K"3���<�q�
*, 4-����q�#\#&%@#��Tj*N[I #�!&%$6©3*N&;$8=I � VA=N_g1Y*N c5e���ax<2#:%�!"%"0�3-¯*,"

� VA=N_�O i ? � VA=N_ Z ? � VA=N_*p B 
�O ? � � � VA=N_"B�
 � V¢�<�º�I_
$8 �&;�3:0Td"�=,Pg*, �*,2#2#*,:%�! K&�"01Y*,76*,:�"%/#"013�!24&;$85#$678$8&)(c-#$6"D&;:%$85#/4&%$6=I ? � � � VA=N_�$6 ¯&%@#�.5L*,"%�!Td�! J&9:0=<1^{s�+§) &%@#�� #�ax�&�"0&%�32F\e*+"0&;*N&;$8"0&;$81Y*,7��ax<2#:%�!"%"0$6=I �P]=I:�? � � � VX=N_O@#*,"O&;=.5y��P]=I/4 #-F�

6B�313�! J&¤"D&;/#-4$6�3"�"%/#[I[,�3"0&o&%@L*N&�&%@#�¥"%/4"%13�!24&;$85#$678$8&)( -#$6"D&;:0$65#/4&%$6=I 4"^? � VX=,_c*, #- ? � � � VX=N_c$6 ²&%@#�
AC*,:D&;@FEG"d1!:%/#"D&¬*N:%��"%�!78PRQ)"0$6TU$676*,:¬VXzH$676{K$8 #[,&;=, |*, #-�}�=�-#=��3"%1^@K/#1^{s\��f�I�,�4�OzH$678{�$8 #[,&%=I ��!&j*,7¡�'\��f�I�,�#�
��*N/#"�*, 4-+��$6TU:%$¢\J�f�I�J�N5L_a�~° 1^@L*N:;*,1a&;�3:0$6"D&;$61M=,PL"0�37'PRQ)"%$8Td$87R*,:�:;*, #-4=ITwP]/# #1a&;$6=, #">$8"~&%@L*N&~&;@#�!$6:~2y=fbW�3:
"02y�!1!&;:0/#T­idVXk�_�$6"�2#:%=I2e=I:D&;$6=, L*,7K&;=�*�2e=�bW�3:H=NPL&;@#�mbg*YtI�3 K/#T�5y�!:Mk>\J L*,TU�378(9idVXkl_ � n kgnqpKr<\,bB@#�!:%�
u $6"�*¬tN*,:%$6*,5#78�?"%13*,76$8 #[��ax<2e=I #�3 J&3�U° "0�37'PRQ)"%$8Td$87R*,:B-#$8"0&%:%$654/4&;$8=I ¯=,PC&;@#�."0/#"%1!�324&%$65#$876$8&)(^? � � � VX=,_�$6 &%@#�g5L*N"%�3TU�3 J&C:0=<1^{�1Y*N/#"%�!"C*h"%�!78PRQ)"0$6TU$676*,:FTd*,[I #�a&;$61 � �!76-?$8TdTU�3-#$6*N&;�!78(�*,5y=ft,�m&;@#�W5L*,"%�!Td�! J&�V¢zH$678{IQ
$8 #[,&;=, ¯*, #-o}~=<-#=��3"01^@K/#1^{s\g�f�I�,�4�~��*,/#"�*N #-���$6TU:%$¡\l�f�,�J�N5s_��9§) o13=,T?5#$6 #*N&;$8=I �bB$8&%@¯�3³s�~�<�'�?&;@#$8"
78�Y*,-#"m&%=U*U"02y�!1!&;:%*,7�TU=<-#�!7

i/EHG~VNMf_2O tbv V Q TK�U _ R	� i �
� K |�V]u Z ��_�� K�p�VXW RY[Z]\^R 1!=I" R`_ _ R� 
�� �������� ���
a pKr��Hr �ax<2~V*c�K a�d _ V¢�<�q�J_

P]=I:U&;@#��IjJ Td*,[I #�a&;$61 � �!76- $8 £*¥@#=I:0$6©3=, K&;*,7�=I5#"%�!:0tN*N&%$6=I 247R*, #�¥V¡¦g@L*N24&;�!:¬�#�'�I�8�f_a��«��!:%�N\yM�$8"
&%@#�9@4=I:%$8©3=I J&^*N7Fbm*YtI�atI�!1!&;=,:3\ tbv $6"O&;@4�9$8 K&%�3 #"0$8&)(�=,P>"%/#"013�!24&;$85#$678$8&)(jtN*,:0$R*N&%$6=I 4"3\ Q T $6"O&;@4�9Td*,[I #�a&;$812e�3:0Td�3*,5#$678$8&)(o=,POtN*,1!/#/#T�\!B $6"9&;@#�¬t,�31!&%=I:+=,PB&;@4�¬[I�3=,Tj*,[, #�!&%$61 � �376-�\ � $8"9&%@#��5y�a&^*�P]/# 41!&;$8=I 
� V��7| �4_�O !WV��y_�!MV �4_�� !WV�� Z �#_�\�� l��4V _ _h-#�3"013:0$65e�3"�&;@#�.*, 4$6"%=N&;:%=,2K(�=,PW&%@#�+2e=�bW�3:�"%2e�31a&;:0/#T *,"�*
P]/# 41!&;$8=I j=NPF&;@#�h*, #[I78� _ 5e�!&)bW�3�3 �&%@#�h@#=,:%$6©!=I J&^*,7 � �!76-d13=ITU2y=, #�3 J&o� *, #-U&;@#��bm*Yt,�!tI�!1!&%=I:nM,\<u¯$8"
&%@#���,� "%13*,76$8 #[U�ax<2y=, #�3 J&�=NP>&;@4��"%/4"%13�!24&;$85#$678$8&)(�-4$6"0&%:%$85#/4&;$8=I �? � � � VX=,_m$8 �&%@#��5L*N"%�3TU�3 J&�:%=�1^{�*, #-
d $6"m&%@#��@#�3$8[I@J&�=NP�&%@#��=I5#"%�!:0tN*N&%$6=I �2#76*, #��*,5e=ftI��&;@#��Td*,[I #�a&;$81�5L*,"%�!Td�! J&Y�
�z��� � �/
 ��� � 
 ����
 � � 
���	�
 ��� ��	��^
��
°�"?$67876/#"D&;:;*�&;�3-�$6 ¥¨>$6[#���<�LK<\�$8 JtI�3:0"%$8=I ¥=,P�*�Td*,[I 4�!&;$81d-#*N&^*�"0�!&+/4"%$6 4[¯*�"%2e�31a&;:%*,7gTU=<-4�37M1Y*, �5e�
13*,:%:0$6�3-v=I/4&�$8 "%�atI�3:%*,7�-#$'®��!:%�! K&jbm*Y(�"3� AC*,:%78$6�3:d"%2e�31a&;:;*N7�*, L*N78(�"%$8"jTU�!&;@4=<-#"j2#/#:%"0/#�3-£&%@#�¯76�aP`&
2L*�&;@�$6 c¨>$6[#�e����K<�g���324&%@cbg*,"��3"0&%$6Td*N&;�!-�P]:0=IT�76$8 #�Y*N:O"%�31a&;$8=I #"�$6 �&;@#��2y=fbW�3:�"%2e�31a&;:%/4T V¢�<2e�31!&%=I:
*, 4-¯ �:;*, J&Y\l�f�Iª,�J_a�O}O@4�3:%��bm*N"h #=�*N L*,78(K&%$61Y*N7F�ax<2#:0�3"%"0$6=I �P]=,:B&%@#���! J&;$6:0�92e=fbg�!:�"%2e�31a&;:0/#T�bB@#$61^@

ª,�



13=I/476-o@L*YtI�d5y�!�3 �"0@#$8P`&%�3-o&;=�&;@4�d"02L*,13�U-#=ITd*,$8 F�.���324&%@�&%@#�3:0�!P]=I:0�d@#*,-�&%=c5e�.�3"D&;$6Td*N&%�3-o$6 ¯&;@4�
bm*Yt,�3 K/#T?5e�3:�-#=ITd*,$6 F�l§) 913=I J&;:%*,"0&3\N�!³K/L*N&;$8=I V¡���º�J_F2#:0=ft<$8-#�3"�*BTd=�-#�37NP]=I:�&;@#�C�3 J&%$6:%�oK,�|Tj*N[I #�!&%$61
2y=fbW�3:�"%2e�31a&;:0/#Tc� }O@#$8"�"%2e�31!&%:;*,7�TU=�-#�37�@#*,"�*, ±�ax4*,1!&�tN*,:%$8=I[I:%*,T 1!=I/# J&;�!:%2L*N:0&�$6 £&;@4��"02L*,1!�
-#=ITd*,$6 ¬bB@4$61^@�$6"O=I54&;*,$6 4�3-�5J(¬&;@#��$8 K&%�3[I:%*,7�&%:;*, #"DP]=I:%T V=<W*,[I78=IT�\y�f�,�I�4\#2F�C�J�I�I_

9¬V('M_�O fhg
p g

f g
p g i �nc�1!=I"fV+'�2eMf_qpKi/E`G>VNMf_ x { x }:| V¡���¼ªI_

bB@#�3:0� M4O�VA{7|~}<_�$8"�&;@4�?@#=I:0$6©3=, K&;*,7�bg*YtI�atI�31a&;=I:�*, 4-	' $8"h&;@4�?13=I:0:%�!"%2e=I #-#$8 #[jtI�!1!&%=I:�"%�!2L*,:;*�&;$6=, 
$6 o&;@#�U"%2#*,13�U-#=ITd*,$6 ��d° tN*,:%$8=I[I:;*NT 9jV+'W_�-4�32#$81!&;"�&;@4�d��x42e�31a&;�!-�"%³K/L*,:0�j=,PW&;@#�U-#$8®y�3:0�3 #1!�d5e�aQ
&)bg�!�3 �&)bg=�-L*N&;*¯tN*,78/#�3".*N"d*�P]/# 41!&;$8=I |=,P�&;@#�!$6:?tI�!1!&%=I:."%�32#*,:;*N&%$6=I �'O���±$'&;@|�3³K/L*N&%$6=I V¢�<�¼ª,_?*
"%2e�31a&;:;*N7�*N L*,78(�"0$6"B$6 �&;@#��bg*ft,�3 K/#T?5e�3:h-#=ITd*,$6 �/#"0$6 #[U�3³s�y�<�q�U13*, �5e�9"0/#5#"D&;$8&%/4&;�!-�5J(c*, ��3³K/#$8tN*�Q
76�! K&BtN*,:0$6=I[I:%*,T�*, #*,78(�"%$8"B$6 �&;@#��"%2L*N13��-4=ITj*N$6 F�W«��! #13�N\�$6 4"0&;�3*,-�=NP�13=,Td2#/<&;$6 4[j*, 4-�$6 J&%�3:%24:%�!&%$6 #[
2y=fbW�3:9"%2e�31!&%:;*4\�bg�j*, L*,7'(<©!�UtN*,:0$6=I[,:;*,TU"3�d}O@#�jTU=I"0&9$6TU2e=I:0&;*, J&�*,-4tN*, J&^*,[,�d$8"�&%@L*N&�t,*N:%$6=,[I:;*,TU"
1Y*, |5e���3"0&%$6Td*N&;�!-�-#$6:0�31a&;78(¤P]:%=IT &;@#���L$8[I@J&+76$8 #�¬-L*�&^*4\MTj*N{�$8 #[¯/#"0��=NP�&%@#�3$8:?@#$6[,@#�3:.*,78=I #[NQS76$8 #�
:%�!"%=I78/4&;$8=I j*N"W1!=ITd2#*,:%�!-d&;=9[I:%$8-#"3��¨s/4:0&;@4�3:%TU=I:0�,\K13=ITU2#/4&%$6 #[�tN*,:%$8=I[I:%*,Td"H$8"W"0$6TU2#76��*, 4-j"0&%:;*,$8[I@J&0Q
P]=I:0bg*,:0-F� �M*,:%$8=I[I:%*,Td"B*N:%�9*,76"0=d�3*,"%$8�3:B&;=U/# #-#�!:%"0&;*, #-�&%@L*, �2e=fbg�!:h"02y�!1!&;:%*4\e:%�3-4/#13$8 #[d&%@#�9:0$6"0{�=,P
Td$8"DQS$6 J&;�!:%2#:0�!&^*�&;$6=, F�

}O@#�.Td=�-#�37ltN*,:%$8=I[I:%*,T
-#� �  4�3-�5K(��3³K"3�~���º��*, 4-����¼ªj$8"�[I=ftI�!:% #�!-¤5J(�&%@#:%�!�+/# #{K #=fbB #"�� d \ t�v*, #-¥uC�c°�"%TU=<=N&;@�Td*,[I 4�!&;$81 � �376-�Tj*Y(�5y�j1Y*,/#"0�3-��!$8&;@4�3:?5J(�*�[I:%�3*N&?-4�324&%@¥&;=�"0=I/#:%1!� d =I:�*"%TU=<=N&;@¯-#$8"0&;:0$65#/<&;$6=, �=,PM5L*,"0�3TU�3 J&�Tj*,[, #�!&%$6©Y*�&;$6=, �:%�a�L�31a&;�!-�$6 o*�@#$8[I@�tN*,76/4�?=,PWuM����/#�?&;=¬&%@#$6"
&;:%*,-#�aQS=,®�\�=I #78(c=I #�.=,PM&;@4�+2L*,:;*NTd�a&;�3:0" d *N #-¤u�1Y*N ¤5e�+:%�!"%=I7'tI�3-¤*N&�*¬&;$8Td�N��§) ¤*,:%�3*,"�bB$8&%@#=I/4&Tj* 6 =I:B1^@L*, #[I�!"h$8 �&%@#��[I�!=I76=,[,(�=,P�&;@#��5L*,"0�3TU�3 J&�$'&�$8"�:0�Y*,"0=I L*,5476��&;=j*,"%"0/#Td��*U1!=I #"D&^*, J&�"01Y*,78$6 #[
�ax<2e=I #�3 J&U=,P�&;@#��"0/#"%1!�324&%$65#$876$'&)(�-#$8"0&%:%$654/4&;$8=I ±V¡�c*,/#"U*, #-���$6TU:%$¢\g�f�,�J�N5s_��¥¨L=I:�&%@#��2#/#:%2e=I"0��=,P
-#�3:0$8t�$6 4[�*�:%�378$6�aPm=,Pm&%@#�jTd*,[I 4�!&;$81.5L*,"%�!Td�! J&Y\>&%@#�j=I2<&;$6T�/#T tN*,76/4�3"�=NP d *, #- t�v *,:0�d�!"0&%$6Td*N&;�!-
P]:%=IT &;@#��tN*,:0$6=I[I:%*,TU"3\�{,�3�!2#$6 4[du¤13=I #"D&^*, J&3� ��"%$8 #[U*.78=fbg�!:O"%1Y*N76$6 4[+�ax<2y=, #�3 J&�u�76�3*,-#"m&%=U[,:%�Y*�&;�3:
-#�32<&;@��3"D&;$8Tj*N&%�3"!\C*, #-¥t�$61!�aQSt,�3:0";*�V¡��*N/#"+*, #-|��$8Td:0$¡\M�f�I�I�I_a��}O@K/#"!\M-4�324&%@��!"0&%$6Td*N&;$8=I �13*, �5y�
1Y*,78$65#:%*N&;�!-j5J(d1^@#=<=,"%$6 4[�&;@#�h13=I #"D&^*, J&O"01Y*,78$6 #[9�ax<2e=I #�3 J&O$8 ¬"%/41^@c*�bm*Y(U&;@L*N&W&;@#�h$6 JtI�!:%"%$8=I j(�$6�!76-#"
&;@#��*YtI�!:;*,[,��"0�3 #"0=I:�*,78&%$8&;/4-#�hP]=I:O-L*�&^*+=ftI�3:�=I/4&%13:0=I2#2#$8 #[.5L*,"%�!Td�! J&Y�

� �&% �"� � � ( &76��('*3 �
}O@#��=I24&%$6T?/#T tN*,78/#�3"mP]=I: d *, 4- tbv *N:%��=I54&;*,$6 4�3-�5J(�$6 Jt,�3:%"0$6=I ��M°� �*,2#2#:0=I2#:%$6*N&;�!78(U"%$8©3�!-�bB$8 #-#=fb
$6"�TU=ftI�3-¤=ftI�3:�&%@#�dTd*,[I 4�!&;$81?-L*N&;*�"%�!&3\>*N"�$87678/#"0&%:;*N&%�3-¯$6 �¨>$8[#�����º�4�UzH76=N&;"�=,PWTd=�-#�37�t,*N:%$6=,[I:;*,TU"
P]=I:h-4$8®y�3:%�! J&�tN*,76/#�!"h=,P d $8 #-#$613*N&;��&;@#*N&�&;@4��bB$6 #-4=�b "0$6©3�9T?/#"D&�5y�?*N&�78�Y*,"D& � t,�?&;$6TU�3"�&;@#��Tj*�xKQ
$6T?/4T -4�324&%@|&%=¯5y�j:%�3"0=I78t,�3- V¢¨�$6[I/#:0�j�#�º�I_��¯}O@#��*,131!/#:;*N1!(¥=NP�-4�324&%@��!"0&%$6Td*N&;�!"�$6 413:%�3*,"%�!"?bB$8&%@
bB$6 #-4=�b "%$8©3�N\FbB@#$678�9&;@4�+7R*N&%�3:;*N7>:%�!"%=I78/4&;$8=I �-#�!13:0�Y*,"0�3"3�.¨L:0=IT =,/#:��ax<2e�3:0$6�3 413�,\~*¬bB$6 4-#=fb "0$6©3��=,P
*,:%=,/# #-�&)bW�3 J&)(�&;$8Td�!"�&%@#�?Td*�x<$6T?/#T
-#�!24&;@¯$8"�*j[I=�=�-�13=ITU2#:0=ITd$8"%��5y�a&)bg�!�3 �7R*N&%�3:%*,7�:0�3"0=I76/4&%$6=I 
*, #-j*,131!/#:;*,1a(U=,PF-#�!24&;@dP]=I:W"0/#:0t,�!(j*,:%�3*,"CbB$8&;@d"%@L*N7676=fbv5L*,"%�!Td�! J&Y�C¨L=I:C�Y*,1^@j2y=I"0$8&%$6=I .=,Py&;@#��bB$6 <Q
-#=fb�\F&;@#�?tN*,:0$6=I[,:;*,T
=,PH&%@#�+-L*N&;*jbB$8&;@4$6 �&;@4��bB$6 #-4=�b $6"h13=ITU2#/4&%�3-�*, #-¯1!=ITd2#*,:%�!-�bB$8&;@¯TU=�-#�37
tN*,:%$8=I[I:;*NTd"OP]=I:h*j:;*, 4[I�?=,P d tN*,78/#�3"!��}O@#�+TU=<-#�!7~tN*,:0$6=I[,:;*,TU"B1Y*, ¯5e��1!=ITd24/4&;�!-¯5y�aP]=I:%�!@L*, #-�&%=

ª<�



¨>§D +�y�<�q���g° bB$6 #-#=fb $8"�TU=ftI�!-�=ftI�3:�&;@#��"%/#:DtI�a(¯*,:0�Y*�VX*J_a��¨L=I:B�Y*N1^@�bB$6 #-4=�b�2e=I"0$8&;$8=I �&;@#��tN*,:%$ZQ
=I[,:;*,TU"g=,Pl&%@#��$6 J&;�!:%"0�31!&%$6 #[?�#$6[I@J&O78$6 #�!"m*,:0��13=ITU2#/4&%�3-F�H}O@#��TU�Y*N ¬t,*N:%$6=,[I:;*,T $8"g&;@#�! �13=ITU2L*,:0�3-
bB$'&;@|Td=�-#�!7gtN*,:%$8=I[I:;*NTd"�&%= �  #-|&;@#��=I24&%$6T?/4T -#�!24&;@�$6 �*o76�Y*N"0&."%³K/L*N:%�3"U"%�! #"%�N�£¦g=I 4"%�31!/4&;$'tI�
-#�!24&;@��3"D&;$8Tj*N&%�3"B*,:0��2#76=,&0&;�!-�@4�3:%��*,"�*+2#:0= � 76�UV]5s_a�

"%*ft,�?13=,Td2#/<&;$6 4[U&%$6TU�,�m}O@#�95y�!"0& � &%&%$6 #[UTd=�-#�!7ltN*,:0$6=I[,:;*,T�24:%=ft�$6-#�!"�*, c�3"0&%$6Td*N&;��P]=I:B&;@4��-#�!24&;@
&%=¤5L*N"%�3TU�3 J&3� }�=�P]=<1!/#".&;@#�c*, L*,7'(�"%$6"+=, &;=o&;@4�c2#:0�3"0�3 J&jbB$8 #-#=fb�2e=I"%$'&;$6=, F\g*o76$8 #�Y*N:?&;:%�! #-v$8"
:0�3TU=�t,�3-�P]:0=IT�&%@#��Td*,[I #�a&;$81�-#*N&^*.=,PH�3*,1^@��L$8[I@J&�78$6 #��"0�31!&%$6=I c5y�aP]=I:%��13=,Td2#/<&;$6 4[d$'&;"OtN*,:%$8=I[I:;*NTc�
}O@#�9Td=�-#�!7Ft,*N:%$6=,[I:;*,TU"O*,:0�9TU=�-#$ � �!-�*N1313=,:%-#$8 #[I78(,�m���a&^*,$876"O=,P�&%@#$6"B-#�a&;:0�3 #-#$8 #[¬*N:%��-#$6"013/#"0"%�3-�$6 
¦g@L*N24&;�!:m�#�G�#�º�<� ����/<&;$678$6©!��=I 478(��f� *,78=I #[NQS76$6 4�mt,*N:%$6=,[I:;*,TU"3\�*YtI�!:;*,[,�3-�=ftI�3:B*N- 6 *,13�! J&m�L$6[,@K&g76$8 #�3"!�
§) ?24:%$6 413$62476�,\N*�KN� tN*,:%$8=I[I:;*NTw13=I/476-�5e�g1!=ITU2#/4&;�!-�P]:%=,Tw&;@#�M�L$6[I@J&�76$8 #�W-#*N&^*BbB$8&;@4$6 ��3*,1^@�bB$8 #-#=fb��
«�=�bW�!t,�3:!\�&;@#�4K,��t,*N:%$6=,[I:;*,TU"O=,PHTd*,[I 4�!&;$81�-L*N&^*U*,:0��*, 4$6"%=N&;:%=,2#$61�*, #-�*, �*N L*,78(K&%$61Y*N7�"%=I78/4&;$8=I �&;=
&%@#�9$8 J&;�3[,:;*,78"O$6 ��3³K/L*N&%$6=I ¥V¡�<�ºªI_m-#=��3"� #=,&��ax<$6"D&Y�m°�2L*,:0&BP]:0=IT�&;@#�� K/#TU�3:%$81Y*,7�-4$ � 13/#7'&;$8�3"B=,PH* K,�
tN*,:0$6=I[I:%*,T *N L*,78(�"0$6"3\�*,1!13/#:%*,1!(�Td*f(¯*,76"0=c5e�j*�®��!1!&;�!-�5J(�76$8 #�+76�atI�378$6 #[��3:0:%=I:0"3�¬§) ¤13=I J&%:;*,"D&Y\�&%@#�
�f� tN*,:%$8=I[I:%*,T�*N L*,78(�"0$6"m-#=��3"B #=N&�:0�3³K/#$8:%��*, J(�76$8 #��78�!tI�!76$8 #[U*N&�*,767¢�

� ��% �&% # ' � + � �b9 � ) � '*3 �
¨L:%=,T =I/4:H�ax<2y�!:%$8�3 #1!�,\JtN*,:%$8=I[I:;*NTd"�=,P�Td*,[I 4�!&;$81g-L*�&^*�@L*YtI�B76$8T ��� T 9jV x _�O²��*, #-+&%@#�BTj*,$8 ?-#�!24&;@
$8 4P]=I:%Td*N&%$6=I d$6"O13=, K&;*,$6 4�3-�$6 �76=fb 7R*,[I" ���H}O@#$6"BTU=,&;$'tN*N&;�!"m/#"%$8 #[d*.TU$6" � &OP]/# #1a&;$8=I 

�c$6" � &oO��
� i 78 �9 � v�� V�� � _[c�76 �9 ��� � � �¢V�� � _*p R V¢�<�q�J_

P]=I:�=I2<&;$6TU$6©!$6 #[j-#�324&%@F� �g�aP]=I:%�U2#:%=�13�!"%"0$6 #[�*�"0/#:0t,�!(I\�&%@#�d*,"%"0/#Td2<&;$6=, ¤78$6T ��� T 9¬V x _�O���"%@#=I/476-
5e�9t,�3:%$ � �3-o5J(c�ax4*,TU$6 #$8 #[d&%@#��tN*,:%$8=I[I:%*,Td"B=,PC"%*,TU2#76��*,:%�3*,"3��§SPH&%@#�+*,"0"%/#TU24&%$6=I �-4=<�!"� #=,&h@#=I76-�\
�!³e�~V¢�<�q�J_gTj*Y(�@#*ft,��&%=.5y��TU=<-#$ � �3-��

ª K



}�°$� <lA �<�'�����M*,:0$6=I[I:%*,T *, L*,7'(�"%$6"+-4�324&%@ �!"0&;$8Tj*�&;�3"?P]:0=IT *¯:0�Y*,7m-#*N&^*�tN*,:%$8=I[I:%*,Tc�¤AH"0&%$6Td*N&;�!-
-#�32<&;@�"0&;:0=I #[I7'(�-4�32e�3 #-#"U=I ¥&%@#��*,"%"0/#Td�!-|-#$6:0�31!&%$6=I �=NPh5L*N"%�3TU�3 J&.Td*,[I #�a&;$8©Y*N&%$6=I F��¨L=I:?��x4*,T.Q
2#76�N\H*�Td*,[I #�a&;$61d2#:%= � 76�d=�t,�3:.*�t,�3:0&%$613*,767'(oTj*,[, #�!&%$6©3�!-¥5L*,"0�3TU�3 J&cVX$8 #137¢��O��I� � _�*N&+�,��T -#�324&%@
$6"j*,"¬"%TU=�=,&;@£*N"¬*¥2#:0= � 76�c=ftI�3:�*¤5L*,"%�!Td�! J&�*N&�� K�T -#�!24&;@ bB$'&;@ @4=I:%$8©3=I J&^*N7�Td*,[I #�a&;$8©Y*N&%$6=I 
2y�!:%2e�3 #-4$613/47R*,:m&%=.&%@#��2#:%= � 76��-#$8:%�!1!&;$8=I �VX$8 #137¢��O�� � \L-#�!137¡�LO��I� � _a�

-4�31378$6 L*�&;$6=, 
� � �f� � �I� �

� � �I�+T �,�.T � K?T
$6 #1!76$6 #*N&;$8=I �,� � �I�+T �,�.T �4��T

�I� � �,�.T �N�UT �,�.T

� �&% �&1 �h' ; ' � $ � '*3 � �
§) v&;@4�cP]=I7876=fbB$6 #[4\MbW��76$8"0&.&;@4��{K #=fbB £"%=I/#:013�!"¬=,P��!:%:%=,:j$6 �tN*,:%$8=I[I:;*NT *, L*,7'(�"%$6"U-#�!24&;@F� }O@#�3"0�
76$8Td$'&^*N&%$6=I #"y*,:0�W2#:0$6Td*,:%$878(�-#/#�M&;=B&;@#�M$6 #@4�3:%�! J&� #=I �Q)/# #$8³K/#�3 #�!"%"�=,P#&;@4�WTd*,[I #�a&;$81M$8 JtI�3:0"%�W2#:%=I5476�3T��
�<$6TU$676*,:M2#:%=I5476�3TU"O1Y*N �&%@#�3:0�!P]=I:0��5e���ax<2e�31a&;�3-cbB$8&;@�*,787FTd*,[I #�a&;$61h-#�324&%@c�!"0&%$6Td*N&;$8=I �Td�a&;@#=�-#"!�
�I����=, �/4 #$6³K/#�! #�3"0"�5e�!&)bW�3�3 �[,:%�Y*�&;�3:�"0=I/#:%1!�d-4�324&%@¥*, #-¤"%TU=<=N&;@#�!:�"%=I/#:013�d-#$6"D&;:%$85#/4&%$6=I ¯78�Y*,-#"
&;=�*U&;:;*N-#�aQS=,®¥5e�!&)bW�3�! d *, #-¯uC��}O@#�+ #�!13�!"%";*N:0(�*,"0"%/#TU24&;$8=I �=,PMuDO t
� W a k � WHk�13=I/#78-¯5y�
t�$6=I76*N&;�!-�5J(�1^@L*, #[,�3"�$6 �5L*,"0�3TU�3 J&h78$8&%@#=I76=,[,(I�

K<����=, �/4 #$6³K/#�! #�3"0"�=NP�-4�324&%@�t,�3:0"%/#"B-#$8:%�31a&;$8=I ¬=,P~Td*,[I #�a&;$6©3*N&;$8=I U$6"m"0/#TdTd*,:0$6©3�!-¬$6 j}>*,5476���<�'�I�
° ���U24:%= � 78��*N&W&%@#��Tj*,[, #�!&%$61B�3³K/L*N&%=I:g=ft,�3:m*N d$8 #-#/#1!�3-¬Td*,[I #�a&;$81�"0=I/#:013�h13*,:%:0$6�!"M"D&;:0=I #[I�!:
&;��x�&;/#:0�?&;@L*, o*¬24:%= � 78��$8 oA	� -#$8:%�!1!&;$8=I |V]@#�3 #1!�+&;@#��bW�3787�{K #=fbB o:%�31!=ITUTd�! #-L*N&%$6=I �&;=¬�#(
����:;*�&;@#�!:.&%@L*, A � *N&.76=fb�Tj*,[, #�!&%$61¬76*N&;$'&;/#-#�!"^_���}O@4�c"0Td=�=,&;@4 #�3"0"U=NP�*, A � 2#:0= � 76�
13=,:%:%�!"%2e=I #-#"�&;=|&;@4�¤"0Td=�=,&;@4 #�3"0"c=,P�*���� 24:%= � 78��*N&�*,76TU=I"D&�&)bB$613�o&;@4�¤*N78&;$'&;/#-4�o*,5y=ft,�
5L*,"0�3TU�3 J&Y�C°m&m&%@#��Td*,[I #�a&;$81h�3³K/L*�&;=I:!\L*?-#�32<&;@��3"D&;$8Tj*N&%��=,P~�I�?T P]:%=,T�*?�h�¬2#:%= � 76�h1!=I/#78-
*,1a&;/L*,7878(�5e�O-#/#�O&;=�*�5L*,"0�3TU�3 J&W*N&M� K�T -#�324&%@.1Y*,:0:0(�$6 #[�*, UA � :%�3Td*, #�! J&CTj*,[, #�!&%$6©Y*�&;$6=, F�
«��! #13�N\s"0&;:0=I #[.@#=I:0$6©!=I J&^*,7F:0�3Td*, #�! K&�Td*,[I #�a&;$8©Y*N&%$6=I #"m*,:%��*.2y=N&;�3 J&%$R*,7y"%=I/#:013��=,P��3:%:0=I:3�

�4����*,[, #�!&%$61�*, #=ITd*,78$6�3"d1Y*,/4"%�3-²5K(±5#*,"%�!Td�! K&�&%=I2y=,[I:;*,24@K( 1Y*, # 4=,&�5e�o-#$6"D&;$8 #[I/#$8"%@#�!-±P]:0=IT
*, #=,Tj*,78$6�!"�-#/#�C&;=�$6 J&%:;*�QS5L*,"%�!Td�! J&lTj*,[, #�!&%$6©Y*�&;$6=, �13=I J&%:;*,"D&;"3��¨s=,:��ax4*,TU2#76�N\�&%@#$6"l13*, 978�Y*,-�&%=
=ftI�!:%"%@4=<=,&%$6 #[�-#�!24&;@U�3"D&;$8Tj*N&%�3"H*�&C"0&;�!�32.&;=I2e=I[I:%*,2#@#$81m[I:%*,-#$6�! J&;"3�>}O@#�B�3 #"0/#$6 #[�&%=I2y=,[I:;*,24@#$61
Td*,[I #�a&;$619*, #=,Tj*,7'(�13=, #"0&%$8&;/<&;�3"�*j76=I 4[Ubg*YtI�378�3 #[N&;@¯P]�Y*N&%/#:%�N\�$8 #13:0�Y*,"0$6 #[U&;@#�?78=I #[U&;=¬"0@#=I:0&
bg*ft,�378�3 #[,&%@�2e=fbg�!:�:%*N&;$8=#\478�Y*,-4$6 #[?&%=d=ftI�!:DQS�3"0&%$6Td*N&;�!-�"%=I/#:013��-#�32<&;@F�

�#��¦m*,:0�9T?/4"0&�5y��&^*,{N�3 �&%=j�378$6TU$6 L*�&;�h&%$6TU��t,*N:%$R*�&;$6=, #"B=,P>&%@#��Td*,[I #�a&;$81 � �378-F�B��=I$8"0(�"0�31!&%$6=I 4"
=,PH&%@#���L$8[I@J&�76$8 #��-#*N&^*j@#*ft,�?&;=�5e����x41!76/#-4�3-¯P]:%=IT
&;@4�+*, L*,7'(�"%$6"�5y�!1Y*,/4"%�?&;@4�!(�54$R*,"�-#�324&%@
&;=fbg*,:%-4"�"0Tj*N7676�!:gtN*,76/4�3"3�

�<���</#:DPX*,13��=I:O$8 J&;:;*�Q)"%�!-#$6TU�3 J&BTd*,[I #�a&;$8©Y*N&%$6=I #"W=I5Jt�$6=I/#"078(j:%�3-4/#13��-#�32<&;@��!"0&%$6Td*N&;�!"3�

ª,�



¨�§D .�s���q� � <�=�1Y*N&%$6=I �*N #-�*N2#2#:%=Yx<$6Td*N&%�h�L$6[,@K&B78$6 #�!"O=,P~&;@#�.�f�I�+{KT x KN�.{KT�@#�!76$813=I24&%�3:m"0/#:0t,�!(,�

�z��� � � � �h	 � ����	��
§) 78$6 #��bB$'&;@ &%@#��*N[I:%�!�3TU�3 J&¬=I �&;�!1^@# #$613*,7�13=NQS=I2y�!:;*N&%$6=I �5e�!&)bW�3�3 ��*,Td$85#$R*o*, 4-£ ��3:%Td*, J( *, 
*,:0�Y*.=,PO�f�,�U{KT�x�K,�.{�T�bg*,"�"%/#:DtI�!(,�3-o5J(c*,$6:05y=I:0 #��[I�3=,2#@J(<"0$61!"+V¢¨�$6[#�s���q�K_O$6 �=I:0-#�3:B&;=U$6-#�! J&;$8P`(
2#:0=I2e=I"%�!-#78(�[I:%=I/4 #-4bg*N&;�!:H5y�3*,:%$8 #[�2L*,78�3=�1^@L*, # #�!76"H=,Ps&%@#� ��Tj*,:0/#:%/ 6B$8t,�3:!��}O@#�O@#�!76$61!=I24&%�3:H"%/4:0tI�a(
bg*,"g�L=fbB �*�&m13=, #"0&;*, J&m&;�!:%:;*N$6 j1!76�3*,:;*, 413�,\�&;@#��Tj*N[I #�!&%$61�"%�! #"%=I:m*N&m*N2#2#:%=Yx<$6Td*N&%�378(U�,�9T *, #-j&%@#�
AM� "0(�"0&%�3T�*N&B�J�+T�*,5e=ftI��&;�!:%:%*,$6 F�

� �&1u� � ' &73o.*3 % *

}O@#� ���c°�z -#:;*,$8 L*,[I�+5#*,"%$8 ¤@L*N"�5e�3�! �$8 Kt,=I78t,�3-�$6 o&;�!1!&;=, #$61+TU=ftI�3TU�3 J&%"9"0$6 #1!�d}~�3:D&;$R*N:0(�&%$6TU�3"3\
=I 4�hPX*,/#7'&;$6 4[��!t,�3 J&�@L*,"m5e�3�! �-L*N&;�!-�*N&��c$8-#-#78��&;= <l*N&%��zH76�!$6"0&%=<1!�3 #�h=I: 6B�31!�3 J&Y�g�<�3$8"%TU$61�*,1!&%$8t�$8&)(
*,78=I #[�&)bW=o"%�a&;".=,Py<l*, #-#"%*N&+76$8 #�Y*NTd�! K&%"3\H=I 4��=,PBbB@#$61^@|$6"�2L*,:;*N7676�!7M&%=�&;@#��24:%�3-4=ITd$8 L*, J&? 4=I:0&%@<Q
�3*,"0&%�3:%7'(U-#$6:0�31!&%$6=I d=,Pl��*,Td*,:%*�PX*,/478&;"!\<"0/#[I[I�!"0&%"g&;@L*�&g2#:0=<1!�3"0"%�3"O=NP�PX*,/#78&%$6 #[�*, 4-¬/#2#78$8P`&;$8 #[�*,:%��"0&%$6767
*,1a&;$'tI��V(�g$8&0&; #�!:h�!&�*,7¡�'\>�f�,�,�K_a� }O@#�?"D&;:%*N&;$8[I:;*,24@K(c=,PH&%@#��&;�!"0&�"D&;/#-4(�*,:%�3*j$6 ��h*,TU$65#$6*�V(�g$8&0&; #�!:
�a&B*,7¡�'\e�f�I�,�K_�V¢¨>$8[#�<�<�º�I_W1Y*N �5y��"0/#5e-#$8t�$6-4�3-�$6 J&%=�&)bg=.Td* 6 =I:W13=ITU2y=, #�3 J&;"!\<&%@#��=I76-4�3:m��*NTj*,:%*?�<��Q
³K/#�! #13�dVN<l*N&%��zH:%=,&%�3:0=I©3=I$81f_W1!=ITU2#:%$8"%$6 4[�[I:%*, #$8&%$61N\<³K/L*,:D&;©!$8&;$81�*, 4-�³�/#*,:0&%©aQ)TU$613*�"%1^@4$6"0&B78$8&%@#=I76=,[I$6�!"3\
$8 K&%:%/#-4�3-o5J(oTj*,$8 #78(� #=,:0&;@4�Y*,"D&;�3:078(�&%:%�! #-#$6 4[�-4=I76�!:%$8&%�?-#$8{,�3"�=,PW}~:%$R*N"%"%$81+*,[I�N\~*, #-¯&;@#�.=ftI�!:%7'(<$8 #[
*,7876/4t�$6*,7�-#�32e=I"0$8&;"�bB@#$61^@�*,:0��=,PW��*,7R*N@L*,:%$~*,[,��VX}~�3:D&;$R*N:0(�&;= 6B�31!�3 J&�_���}O@4�3"%�."0=NQ)13*,7678�3- ��Td*,:%/#:0/
°�7676/<t<$6*,7yzC76*,$6 4"�V����c°�zM_gbW�3:%��&;@4��&;*,:%[,�!&OP]=I:O[I:0=I/# #-<bm*N&%�3:B�ax<2#78=I:;*�&;$6=, �VX�h*YbB:%=fbB"0{�$¢\��f�I�I�I_a�

ªN�



¨>§D +�M�<�¼���� ��3=I78=I[I$81Y*,7m"0{,�a&;1^@£=,P�&;@#��"%/#:DtI�a( *,:0�Y*4\W5L*,"0�3- =I �&;@#��[I�!=I76=I[,$61Y*N7gTd*,2 =NP��h*,TU$654$R*
���'�I�º�,�I�4�q�I�I�¬V¢�c$67876�!:W*N #-��<1^@L*,78{s\��f�I�,�J_a�BV]°�_W°�7678/4t�$6/#T�\eV¡ �_g �:;*, 4$8&;�!"3\�V¢��"%1,\#��/F\L��{s\#��/42F\º��[I7`_
��*,Td*,:;* ��:%=,[I�3 ?�<�3³K/#�! #13�m1!=ITU2#:%$8"%$6 4[OTd�a&^*,TU=I:%24@#=I"%�!-�*N13$6-�tI=,761Y*N #$61!"3\�Td$81Y*O"%@#$8"0&%">*, 4-�[I #�!$6"0"%$61
76�!/#13=I[,:;*, #$'&;�!"3�

¨>§D +�~�<�º���?�<@#*,-#�3-�I+} &;=,&;*,7 � �!76-¤*, #=ITd*,78(�Tj*N2vVXz>*N&%�3:0"%=I �*N #- 6B�3�atI�!"3\m�f�,�J�I_�=,Pg&%@#�U"%/#:DtI�!(
*,:%�3*?bB$8&;@�2#:0�3"0�3 J& ��Td*,:%/#:0/ 6�$'tI�!:3�C}mbg=U";*NTd2#78��*,:%�3*,"�*,:%��$8 #-#$81Y*N&%�3-�*,"B-L*,"0@#�3-c:%�31a&^*, 4[I76�!"3�

¨>§D +�#�<�ºª��C�c*,2¬=,P�&%@#��$6 J&%�3 #"0$8&)( t�v \<�!"0&%$6Td*N&;�!-¬5J(jtN*,:%$8=I[I:%*,T *, L*N78(�"%$8"WP]:%=,T "0$6 #[,76�h�,�I��T *,76=, #[NQ
76$8 #�m"%�!1!&%$6=I #"H=NPSI+}v-#*N&^*4\K*N"%"%/4Td$8 #[�u � K
�q��*, #- d O£&;�!:%:;*N$6 +1378�Y*,:%*, #1!�,�H��=I <Q)Td*,[I 4�!&;$81m*,7876/4t�$6*,7
-#�32e=I"0$8&;"�*,78=I #[?&%@#��13�3 J&%�3:�=,P�&%@#��*,:%�3*.*,:%��:%�a�L�31a&;�!-�$6 �78=�b tbv tN*,76/#�!"3�

ªI�



}O@#�d"%=I/4&%@<Q)�3*,"0&%�3:078(�-#$6"02#7R*N13�3TU�3 J&9=,P ��Td*,:%/#:0/¤-4:;*,$8 L*,[I�.2L*N&%@#"9bg*,"92#:%=I5#*,5#78(¯&%�31a&;=I #$81Y*,7878(
$8 #-#/#1!�3-F��¦g@#*, # #�!76"�@#*ft,�¬*�&;�! #-#�3 41!(�&;=�Td$8[I:;*N&%�+-#=fbB ¤&%�31!&%=I #$81U&%$678&dVA<��3�3-4�3:9*, #-�°�76��x#*N #-#�3:!\
�f�,�JªI_a� �M*,:%$6*N&;$8=I #"�$8 �1^@#*, # #�!7M-4$6"%1^@#*,:%[I�.-#/4�.&%=�"%�Y*�Q)76�atI�!7H1^@L*, #[I�N\>*N #-�tN*,:0$R*N&%$6=I 4"h$6 o"0�3-#$8Td�! <Q
&;*,:0(�:0�31^@L*N:%[I�c-#/#��&;=�1376$8Tj*�&;$61j1^@L*, #[I��13=,/#76- @L*YtI��5e�3�! P]/#:D&;@#�!:d:0�Y*,"0=I #".P]=I:.1^@L*, # 4�37�Td$8[I:;*�Q
&%$6=I �V]°h76��x4*, #-#�!:��a&�*,7¡�'\F�f�I�N�K_a�

� �&1u�&% ��� $ � 0���� ; $�% � & � ' ) ; $ 1 �
}O@#��&%=,&^*N7 � �!76-�*, 4=ITj*N78(.Td*,2¬=,P�&%@#��"%/4:0tI�a(�*,:0�Y*?$6"W"%@#=fbB �$6 �¨�$6[#�<�<�q�4� �W(UtN*,:%$8=I[I:;*NT *, L*,7'(<"0$6"!\
&%@#�C"%=I/#:013�M$6 J&;�! #"%$'&)( t�v bm*,"~�3"D&;$8Tj*N&%�3-�P]:%=IT &;@#�!I+}��L$8[I@J&l76$6 4�H-L*N&^*B/#"0$6 #[�*��,�I�OTwbB$6 #-4=�b¥*,76=, #[
"0$6 #[I78�?76$8 #�3"�*N #-�P]/4:0&;@4�3:�*,"%"0/#TU$6 #[�u � K
�º��*, 4- d O &;�!:%:%*,$6 o1378�Y*,:%*, #1!�,�.}O@#$6"�@#$8[I@o:%�!"%=I78/4&;$8=I tbv $6 J&;�! #"%$'&)(�Tj*N2c$8"�"0@#=fbB �$6 �¨>$8[#�e�<�ºª<�g}O@4� tbv Tj*N2c2#:0=ft<$8-#�3"�"%/#2e�3:0$6=I:B #�3*,:�"%/#:DPX*,13��:%�!"%=I78/4&;$8=I 
=,PmTj*,[, #�!&%$61+"%=,/#:%1!�,\�"0$6 #1!� tbv $8"9�!"0&%$6Td*N&;�!-�P]:0=IT tI�!:0(¤"%@#=I:D&?*N76=I #[�Q)76$8 #�jI+}­tN*,:%$6*N&;$8=I #"!\~@4�3 #1!�,\
��x#*N1!&;7'(�&;@4�+"%@#=I:D&�bm*YtI�!76�! #[,&;@¤$6 4P]=,:%Td*N&;$8=I c&%@L*N&�$6"�78=I"0&�$8 o[I:%$8-#-#$6 4[zI+} -L*N&;*4�+}O@#� tbv Tj*,2¯$8"
�3*,"0(�&%=�$6 J&;�!:%2#:0�!&3�?§) o13=I J&;:%*,"0&�&%=CI.}�\ t�v $8"�@#$8[I@�bB@#�3 �Td*,[I #�a&;$6©3*N&;$8=I �$8"�@#$6[,@o*, #-o76=fb bB@#�3 
Td*,[I #�a&;$8©Y*N&%$6=I ¬$8"O76=fb��

�z� � � � 
 ��	y
 ��� ��	��^
 � 	V��� � 
	� � �/��� � � 	 ����	����
}~=¯$67876/#"D&;:;*�&;�d&%@#�¬"02y�!1!&;:%*,7OTU�!&;@4=<-#"�-#$6"013/#"0"%�3- *,5e=ftI�,\CbW��@L*YtI��"%�!76�31a&;�!-�&)bW=o";*,TU2#76�j*,:%�3*,"+=,P
�o{�T x K,�¤{KT bB@#$81^@±*,:%��$6 #-4$61Y*�&;�3- $6 v¨>$6[#�º�<�q�4�£}O@#� � :%"0&¬*,:%�3*�@L*,"d=I/4&%13:%=,2#2#$6 4[�5L*,"0�3TU�3 J&
bB@#$876�.&;@#�d"%�!13=I #-¥*,:%�3*�$6"�"%$'&;/L*N&%�3-¤=�t,�3:�&%@#�j1!�3 J&;�!:?=,PO=, #�j=,Pg&;@#�dTj*,$8 ¤2#*,76�!=<1^@L*N # #�378"3��¨L:%=IT
&%@#�?-#:0$67678$6 #[.:0�3"%/478&;"h-#$6"013/#"0"%�3-o5e�378=�b�&%@#�?-#�!24&;@�&%=�5L*,"%�!Td�! J&�$6 �&%@#�?1!�3 J&;�!:�=,PH&;@#��"%�31!=I #-�*,:0�Y*
$8"B*,:%=I/4 #- K,�I�+Tc\45#/4&�2#:%=,5L*,5#7'(¬"%@#*,7678=�bW�3:B*�&�$'&;"O"0$6-#�!"3�

ª,�



-2

-1

0

1

2

3

10 3 2.0 1.5 1.0 0.8 0.6

lo
g(

P
S

D
[n

T
2 km

2 ])

wavelength [km]

500 m

610 m

280 m

390 m

basement outcrop
paleochannel

¨>§D +�L�<�q���Cz�=fbW�3:�"%2e�31a&;:;*.=,P~&;@#��&)bW=d*,:%�3*,"B$6 #-#$81Y*N&%�3-�$8 �¨>$6[#�#�<�q�+bB$'&;@�*+"%2e�31a&;:;*N7�"%76=,2y��TU�!&%@#=�-
$6 J&;�!:%2#:0�!&;*N&;$8=I F�H��=,&;��&;@4���!³K/L*,7�-#$'®��!:%�3 413��$6 �-#�32<&;@�=,Pg�,�f�+T�$6 �5e=,&;@�bg*ft,�35L*N #-#"3�

� �X�y�"� � &F1 � � � 6s3 ; � ��& �(14&7) � 6 $ . �8. 3 14&
§) �2#:0�!t�$6=,/#"h"02y�!1!&;:%*,7�*, L*,7'(<"0$6"BTU�!&;@4=<-#"�-#�32<&;@�$8"��!"0&%$6Td*N&;�!-cP]:%=,T�&;@#��"%78=I2y��=,P�&%@#�9*,©3$8T?/4&;@#*,767'(
*YtI�3:%*,[I�!-¯2y=fbW�3:h"02y�!1!&%:%/#T�\F*,"�-#�3TU=I #"D&;:%*N&;�!-�$6 �¨>$6[#�e���º�4�B}O@#�!"%�.*,54"%=I78/4&;��=I: ����� 
 
B-#�!24&;@4"�*,:%�
*N&nK,�,�?T�*, #-��N�I�?T�$8 ¬&;@#� � :0"0&�*,:0�Y*�bB@#$876�h&%@#�!(¬*,:%��*�&B�I�I�?T�*, #-��4�f��T $6 ¬&%@#��"%�!13=I #-c*,:0�Y*4�
zH$676{K$8 #[,&;=, 
�
������HV��f�I�,�K_O@L*YtI�+2e=I$8 K&%�3-�=,/4&h&%@L*N&h&%@#�3"0�?bB@#$8&%��-#�!24&;@4"�=�t,�3:0�3"0&%$6Td*N&;��&;:0/#�?-#�!24&;@F�
§) #-#�!�3-F\~$8&�$8"�/# #76$8{,�!78(�&%@L*N&�*�@#=I:0$6©3=, K&;*,7�"0=I/#:%1!�.$6 J&;�!:0PX*,1!�.bW=I/#78-¤13*,/#"0�d*�76$8 #�Y*N:�"%�!1!&;$8=I �$6 �&;@4�
2y=fbW�3:B"%2e�31a&;:0/#T
*N&�*,767¢�

<l�a&U/#". #=fb��ax4*,TU$6 4�¬:%�!7R*N&%$8tI��-4�324&%@F��}O@#��-#$8®y�3:0�3 #1!��$8 �"%78=I2y��5e�!&)bW�3�! *,:0�Y*,"���*, #-]K�$6"
$6-#�! J&;$613*,7#$8 U5e=,&%@.bg*YtI�!5L*, #-#"m*, #-U13=I:0:%�3"02y=, #-#"C&;=�*�:0�376*N&;$'tI�O-#$'®��!:%�3 413�B$6 .-#�!24&;@d=,P>�,�f��Tc��§SP�bW�
/#2Jbm*N:%-j1!=I J&;$8 �/4�B&%@#�B"%2e�31a&;:%/4T­=,Pe&;@#�B2L*,78�3=�1^@L*, # 4�37s*,:0�Y*�5J(��I�f��T­$'&HTj*�&;1^@#�!"M&%@#�O"%2e�31a&;:%/4T =,P
&;@#�W*,:0�Y*mbB$8&%@9=I/<&;13:0=I2#2#$8 #[�5L*,"%�!Td�! J&Y�>}O@4$6"l1Y*, 95y�C$8 K&%�3:02#:%�a&;�3-9$6 �"%/#1^@�*Bbg*Y(�&;@L*N&l&%@#�C"%2e�31!&%:%/#T
=,PH&;@4�?5L*,"0�3TU�3 J&�Td*,[I #�a&;$61 � �!76-¯$6"�$6-#�! J&;$613*,7l$6 �5e=,&%@¯*,:%�3*,"3\ybB@#$678�9&;@4��tI�!:0&;$81Y*,7~-#$8"0&^*N #13��&%=j&;@4�
=I5#"0�3:0tN*N&%$6=I �2#76*, #��$8"O[I:%�3*N&;�!:O5J(¯�I�f�+T�$8 ¬&;@#��2L*N76�3=�1^@L*, 4 #�37�*N:%�Y*<�M}O@4��-4$8®y�3:%�! #13��$8 �"%76=,2y��$8 �*
� x<�3-�bg*ft,�35L*N #-c&%@#�3:0�!P]=I:0��2#:%=ft�$6-#�!"B*, ��3"D&;$6Td*N&%��P]=I:g&%@#��:%�!7R*N&%$8t,��-#�32<&;@�&;=?&%@#��5L*,"0�3TU�3 J&Y\#bB@#$876�
&;@#��*,54"%=I78/4&;��bB@#$'&;��-#�!24&;@#"�*,:0��Td�3*, #$6 4[I76�!"%"3�

� �X�y��% � &F1 � � � 6s3 ; � ��& & � � '*6s& �814&7) � 6:9�;
§) #"0&%�Y*,-�=,P<13=ITU2L*,:0$6 #[O"076=I2e�3"�$8 � x<�3-�bm*YtI�!5L*, #-4"3\,&%@#�C-#�324&%@�PX*N1!&;=,:F1Y*, �5e�C*, L*,7'(<©!�3-�bB$8&%@�[,:%�Y*�&;�3:
2#:%�!13$8"%$6=, ¤5J(�/#"%$8 #[�*�Td=�-#�!7�P]=I:�&%@#�U�3 J&;$8:%�U2y=fbW�3:�"02y�!1!&%:%/#T���}O@#$6"�*,2#2#:0=J*,1^@¤$6"�$67678/#"0&%:;*N&%�3-o$6 

ªIª



-2

-1

0

1

2

3

10 3 2.0 1.5 1.0 0.8 0.6

lo
g(

P
S

D
[n

T
2 km

2 ])

wavelength [km]

120 m

230 m

basement outcrop
paleochannel

¨>§D +�s�<�q���M�4*NTd��2e=fbg�!:�"02y�!1!&%:;*U*,"O$6 �¨>$8[#�L�<�q�+$6 J&;�!:%2#:0�!&%�3-�/#"%$8 #[U*."0�37'PRQ)"%$8Td$87R*,:  p R �
v a p � TU=<-4�37¡�

¨>$8[#�O���º�4� «��!:%�,\�*|"0�37'PRQ)"%$8Td$87R*,:.TU=<-4�37  p R �
v a pKr��Hr $6" � &�&%=|&%@#�¯2e=�bW�3:�"02y�!1!&;:0/#T�� }O@#�o5y�!"0&

78�Y*,"D&?"%³K/L*N:%�3" � &?P]=I:?*c13=I #"D&^*, J&.u±2#:0=�t�$8-#�3"+*N ��3"0&%$6Td*N&;�d=,PB:%�!7R*N&%$8t,�j5L*,"0�3TU�3 J&+-#�!24&;@���§SPO&%@#�
1!=I:%:0�31!&ht,*N76/#��=,PCu|$6"�{� 4=�bB �\�&;@#�! ¯�!t,�3 ¯&;@#�?*,5#"%=,76/4&%��-#�!24&;@�&%=¬5L*,"0�3TU�3 J&�1Y*N ¯5y�9=I54&^*N$6 #�!-�5J(
&%@#$6"�*N2#2#:%=I*,1^@ V¡��*,/4"9*N #-���$6TU:%$¡\~�f�I�,�J_a�9«��!:%�,\FbW�./#"%�!-¤u]O �#\�24:%=I2e=I"%�!-o5K(¯zC$876{K$6 4[,&;=I �*, #-
}~=<-4=<�!"%1^@K/#1^{�VD�Y�I�J�I_h*N"�&;@#�+TU�Y*, o"01Y*,78$6 #[¬��x<2y=I 4�3 J&�=NPW1!=I J&;$8 #�3 J&^*N7�13:0/#"0&3� �g�3"0$6-#�!"���x<2#7R*,$8 #$6 4[
&%@#�UP]/4767H"%@#*,2y�!"�=,PW&;@#�.&)bW=�2e=�bW�3:9"%2e�31a&;:;*<\�&;@4$6"�*,2#2#:0=J*,1^@�*,76"0=c78�Y*,-#"�&;=�:%�3*,76$8"0&%$61+�3"D&;$8Tj*N&%�3"�=,P
*,54"%=I78/4&;��-#�!24&;@�P]:%=,T &;@4��=I5#"%�!:0tN*N&%$6=I �2#76*, #��&;=?&%@#��5L*,"0�3TU�3 J&Y�W�</#5<&;:;*N1!&;$8 #[+&;@#��*Yt,�3:;*N[I�9"0�3 #"0=I:
1!76�Y*N:;*, #1!��=,P��4��T�*N #-c�,�+T�[I$'tI�3"O5#*,"%�!Td�! K&�-#�!24&;@4"�5e�378=fb &%�3:0:;*,$8 �=,PH�N�?T�*, #-o��ª��+T P]=I:g&%@#�
=I/<&;13:0=I2�*, #-�&;@#��2L*N76�3=�1^@L*, 4 #�37l*,:0�Y*4\4:%�3"02y�!1!&%$8tI�!78(,�

� �A�y�21 � &F1 � � � 6s3o; � ��& (�$ 6:'*3 % 6 $ ;
}O@#�j:%�3"0=I76/<&;$6=, �*, #-|*,1!13/#:%*,1!(¤=,PB-#�!24&;@|�!"0&;$8Tj*�&;$6=, ¤13*, �5y�j$6TU2#:%=ftI�!-¥P]/#:0&%@#�3:�5K(¤"%@4$8P`&;$8 #[c&%@#�
*, #*,78(�"%$8"�&;=�&;@#�B"02L*,13��-#=ITd*,$8 d*N #-j*N L*,78(�©!$6 #[�tN*,:0$6=I[I:%*,TU"3\J*,"M$67876/#"D&;:%*N&;�!-+$6 U¨>$6[4�J�<�'�f�4�C��/#54&;:%*,1!&DQ
$8 #[j&;@4�?"%�! #"%=I:�1!76�Y*N:;*, #1!��P]:%=,T�&%@#�?TU=<-#�!7>-#�!24&;@4"�[I$8t,�3"��3"D&;$8Tj*N&%�3"�=,P��eKjT *N #-��f�,�¬T�P]=I:�&%@#�
-#�!24&;@¯5e�378=fbw&;�!:%:;*N$6 F��§) �2L*,:D&;$813/#76*,:�P]=,:�=I/<&;13:0=I2#2#$8 #[j5#*,"%�!Td�! K&3\�&;@4�9tN*,:%$8=I[I:%*,T
*, L*,7'(�"%$6"�-#�!24&;@
=,PW�eK?T�5e�378=�b &;�!:%:%*,$6 �$6"OT�/#1^@c5e�!&0&;�!:B&%@L*, �&;@4��2e=fbg�!:�"02y�!1!&%:%/#T�-#�!24&;@�=,P��,�+T�5e�376=fb &;�3:0:;*,$8 
VX¨>$6[#���<�q�J_a��}O@#�.[I:0�Y*N&%�3:�2e=fbg�!:�"%2e�31a&;:%/4T -#�32<&;@o$6 �&%@#�+7R*N&0&;�!:h1Y*N"%�+$6"h2#:%=I5#*,5#78(c1Y*N/#"%�!-¤5J(�&%@#�
"0Td=�=,&;@4$6 #[d�!®y�31!&�=,PC[I:%$8-#-#$8 #[#��}O@#��[I:%$8-�-#=��3"� #=N&�:%�a�L�31a&�&;@#�9P]/#767~:%/#[,[I�3-# 4�3"%"�=,PH&%@#�?Td*,[I #�a&;$81
� �!76-�=ftI�!:�=I/<&;13:0=I2#2#$8 #[.5L*,"0�3TU�3 J&Y�

ª,�



0

5000

10000

15000

20000

0 0.5 1 1.5 2 2.5 3

nT
2

lag [km]

73 m

240 m

basement outcrop
paleochannel

¨>§D +�~�<�8�Y���9�c=<-4$ � �!-�tN*,:0$6=I[I:%*,TU"�=,Pg&%@#�+&)bg=�*,:%�3*,"�$6 �¨>$6[4�l�<�q��&%=I[I�!&%@#�3:�bB$'&;@o&;@#�U5y�!"0& � &%&%$6 #[
Td=�-#�!7,tN*,:%$8=I[I:;*NTd"F$8 #-#$81Y*N&%�3-�*,"l"%=I78$6-�78$6 #�!"3��¨s=,:�5y�a&%&;�!:l13=ITU2L*,:0$6"%=, F\f&;@#�C2L*,78�3=�1^@L*, # 4�37ItN*,:%$8=I[I:%*,T
$6"B*,TU2#78$ � �!-�5K(�*+PX*N1!&;=,:��4�º�4�

� �X�y�A� �5$ . '���6 $ � '*3 � 3 ��0�&F1 � �
°h"�-#�3"013:0$65e�3-�*,5e=ftI�N\�&;@4�d"01Y*,78$6 #[��ax<2e=I #�! K&�u£@L*,"�&;=�5y�U{,�!24&+*�&�*�13=I 4"0&^*N K&�tN*,76/4�.&%=�5e�U*,5#76�
&;=�:%�!"%=I7'tI�U-#�324&%@ d �j}O@#$6"�13=,:%:%�!"%2e=I #-#"�&;=�&;@#�d*,"0"%/#TU24&;$8=I �=,PO*�13=I 4"0&^*N K&9"%@#*,2y��VX54/4&9tN*,:0$R*,5476�*,TU2#76$'&;/#-#�Y_h=,Pg&%@#�jTd*,[I 4�!&;$81+2y=fbW�3:9"%2e�31!&%:%/#T *N&�5L*,"0�3TU�3 J&?78�!t,�37¡�j§) #-#�3�!-F\>&%@#�j"02y�!1!&;:%*,7C"%78=I2y�
Td�a&;@#=�-�$6"B5L*,"0�3-c=I �&%@#��";*,TU��$6TU2#76$813$'&m*,"0"%/#TU24&%$6=I F�C° @#$6[,@#�3:O"01Y*,78$6 #[.�ax<2e=I #�! K&�76�3*,-#"O&;=U"%@#*,7'Q
76=fbW�3:C-#�32<&;@j�!"0&%$6Td*N&;�!"W*N #-Ut�$813�BtI�3:0";*4� <�=�=I{K$6 #[�*N&CtN*,:0$6=I[I:%*,T­*N L*,78(�"0$6"H-#�!24&;@d=�t,�3:M=I/4&%13:%=,2#2#$6 4[
5L*,"0�3TU�3 J&hbW��=I5<&^*,$8 �-#�!24&;@#"�1378=I"%��&;=d&%@#��"%�3 4"%=I:h&%�3:0:;*,$8 c1!76�Y*N:;*, #1!�9P]=I:�u
O K �º�4�O§S&�$6"� #=,&�1378�Y*,:
bB@J(?&;@#$8">tN*,76/4�m$6"�"0=�T?/#1^@.76=fbW�3:�&;@#*, +u O ��bB@4$61^@.[I$8t,�3"C*�:%�3*,76$8"0&%$61M$6 J&;�!:%2#:0�!&^*�&;$6=, +=,Ps&;@#�O2e=fbg�!:
"%2e�31a&;:;*<� �g=,&;@�tN*,76/#�!"9"0@#=I/#78-�$8 �&%@#�3=I:D(o5y�U$6-4�3 J&;$81Y*,7¢�¬z�=,"%"%$85#76�U:%�3*,"%=, #"9P]=I:�&;@4�d-#�at�$R*N&%$6=I ¤*,:%�
&;@#�9"%TU=<=N&;@# #�!"%"�=,PH[I:0$6-#"!\e78�Y*,-4$6 #[.&;=d@#$6[I@c2y=fbW�3:�"%2e�31!&%:%/#T�uC\�*N #-c&%@#��"0/#54&;:%*,1!&%$6=I c=,PC*U76$6 4�Y*,:
&;:0�3 #-�5y�aP]=I:%���!"0&;$8Tj*�&;$6 4[�&;@#��tN*,:0$6=I[I:%*,TU"3\478�Y*,-4$6 #[?&%=U78=fb tN*,:0$6=I[I:%*,T uM�

ª,�



¨>§D +�����8�I� � �M*,:0$6=I[,:;*,T�*, L*N78(�"%$8"�-#�32<&;@#"!���m«��I\ �m«�K�*N #-7�m«h��$8 #-#$613*N&;��&;@#�+2e=I"0$8&;$8=I #"�=,PC&;@#:0�3�
[I:0=I/# #-�bg*N&;�!:���x<2#76=I:%*N&;$8=I ¬bW�37678"�VX"0�3��&^*,5#78���<�LKI_
�z��� � 	�� � ��
�� 	 � � 
 ��	 	/�z
 ����	 � � ��� 	 � ����	��
�¤�O/4&;$876$8©3�3-.*�"01Y*,78$6 #[���x<2y=I 4�3 J&g=NPyu�O K<�q��*, #-d*hbB$6 4-#=fb "%$8©3�O=,PF���c��{KT�V¢*,78=I #[NQS76$6 4���c*,1!:%=I"0"DQ
78$6 #�Y_�P]=I:H&;@#�BtN*,:%$8=I[I:;*NT­*, L*N78(�"%$8"hVX¨>$6[4�K�<�q�J_a� �±$'&;@#$8 +&;@#$8"CbB$8 #-#=fb bW�h13*,761!/#7R*N&%�3-.&;@#�BtN*,:%$8=I[I:%*,Td"
P]=I:�"0�31a&;$6=, #">�B{KT $6 �76�! #[,&%@F\N=, #�C�!tI�!:0(U�f�I�OT�\,*N #-9"D&^*,1^{N�3-�&%@#�Ct,*N:%$6=,[I:;*,TU"F=,P�&;@4�W"0�31!&%$6=I 4">*,78=I #[NQ
78$6 #�U*,"�bg�!767M*,"?*N13:%=,"%"DQS76$8 #�,��«��3 #1!�,\>&%@#�j:0�3"%/478&;$8 #[ctN*,:0$6=I[,:;*,T $6"9*, �*YtI�!:;*,[I�d=,PnK<��V¢*,78=I #[NQS76$8 #�f_
x?ª�VX*,13:0=I"%"�Q)78$6 #�Y_FOw�Y�JªBtN*,:%$8=I[I:%*,Td"!��}O@#$6"�[I$8t,�3">*�5e�!&%&%�3:�:%�3"0/#78&�&;@L*N �/#"0$6 #[��B{KT�tN*,:0$6=I[,:;*,TU"~*, #-
"D&^*,1^{K$6 4[�=I #78(�*,1!:%=I"0"DQ)78$6 #�N� �¤�OTU=�t,�3-+&;@4�mbB$6 #-#=fb *,78=I #[NQS76$6 4�M5J(��Y�I�hT $8 #13:0�3TU�3 J&;"!�>°�13:%=,"%"DQS76$8 #�
&%@#�dbB$8 #-#=fb 2y=,"%$8&%$6=I obg*,"�$8 #13:0�3TU�3 J&;�!-¥5J(�=I 4�d�L$8[I@J&�78$6 #�U*N&�*c&;$8Td�N\�1!=I:%:0�3"02y=I 4-#$6 #[�&;=¥�d{KT
$8 K&%�3:Dt,*N76"3�>}O@#�9:0�3"0/#78&OP]=I:O&%@#���3 J&;$8:%��"%/4:0tI�a(�$6"O"%@4=�bB �*,"B-#�32<&;@�5y�!76=fb &%�3:0:;*,$8 �$8 �¨>$6[#�#�<�'�I�I�

�I�



¨>§D +���<�8��K��H��*N2j=,P � 
 P]:%=,T *��fQ)7R*Y(,�3:C$6 JtI�!:%"0$6=I d=,PFTU�Y*,"0/#:%�!Td�! J&;"CP]:%=IT *, d*,1a&;$8t,�h��Q)1^@L*, 4 #�37eAM�
"0(�"0&%�3T

� � � �"� � &F1 � � ( &76��(9 � � # 6s& �8' � � ' ( ' � ' & �
}�=�"%=ITU�j��x<&%�3 J&Y\�tN*,:0$6=I[,:;*,T *, #*,78(�"%$8"9-4�324&%@#"?5e�376=fb &%�3:%:%*,$6 ¤1Y*, �5y�jt,�3:0$ � �!-¥5J(¥*�1!=ITU2L*,:%$8"%=I 
bB$8&%@£Td�3*,"%/#:0�3TU�3 J&;"¬P]:0=IT *���Q)1^@L*N # #�37�*,1!&%$8tI��AW� "D(<"D&;�!Tc� }O@#�¯Tj*N2£=,P � 
 P]:%=IT *|��Q)76*Y(I�3:
$6 JtI�!:%"0$6=I �V¡�<�! #[I2#$8�37¢\��f�I�,�J_a\#"0@#=fbB �$8 c¨�$6[#�#�<�8��K<\#2#:0=�t�$8-#�3"�*+@#=I:%$8©3=I J&;*,7F:%�!"%$8"0&;$'t�$8&)(¬1!:%=I"0"DQS"%�31a&;$8=I 
*N&>*,2#2#:0=fx<$8Tj*N&%�37'(��I��T�-#�!24&;@F��«�$6[,@�:%�!"%$8"0&;$'t�$8&)(�$6 4-#$613*N&;�!">13:D(�"0&^*N7676$8 #�C5L*,"0�3TU�3 J&Y��<�=fb|:%�!"%$8"0&;$'t�$8&)(
$6"�-#/4�.&%=�"%�!-#$6TU�3 J&;"!���C�3:0(�76=fb :%�3"0$6"D&;$8t�$'&;$6�!"�1Y*N ¤5e�+1Y*,/4"%�3-¤5J(¯";*,78$6 #�9bm*N&%�3:�=I:�1!7R*Y(I�?°�:%�3*,"�=,P
76=fb :%�3"0$6"D&;$8t�$'&)(¬$6 �¨>$8[#�L���8�eK?"0@#=I/#78-�&%@#�3:0�!P]=I:0�91!=I$6 413$6-4��bB$8&;@�*,:0�Y*,"B=,P�-#�!24&;@�[I:%�3*N&;�!:O&;@L*, �*,5e=I/4&
K,�?T�$8 �¨>$8[#�#���8�I�,�H°h767y$6 �*,787¡\J&;@4��*,[I:%�!�3TU�3 J&B5e�!&)bW�3�3 �&;@#��&)bW=.Tj*N2#"m$6"g[I=<=�-F�C��=ITd�h"0&;:0/#1!&%/#:%�!"
bB@#$61^@�*,:0�?"%Td*,787�:0�37R*�&;$8t,��&;=¬&%@#�U�j{KT 5J(¯�¬{KT�t,*N:%$6=,[I:;*,T�*, #*,78(�"%$8"h-L*�&^*jbB$6 4-#=fb­*,:0�?TU$6"%"0$6 #[
$6 �&;@4��tN*,:0$6=I[,:;*,T *, L*,7'(�"%$6"O-4�324&%@�Td*,2F�H}O@#$8"�24:%=I5#78�3T�$8"B*,2#2L*N:%�3 J&h*N&O&;@4��@4$6[I@¤VX:0$6[I@J&^_m*, #-�76=fb
VX78�!P`&�_lTj*N:%[I$8 #"�=NPL&;@#�m"0/#:0t,�!(.*N:%�Y*<\,bB@#�3:0�O L*,:0:%=fb�2L*,76�!=<1^@#*, # #�!76"H*,:0�m2e=<=I:078(�:0�3"%=,78tI�!-F��}O@#�mbB$8-#�3:
1^@L*, # 4�37l$6 �&;@4��1!�3 J&;�!:�=NP�&%@#��"0&;/4-4(�*,:0�Y*4\L=I �&%@#��=,&;@#�!:B@L*, #-F\L$8"OTj*N2#2y�!-�³�/4$8&;��*,1!13/#:%*N&;�!78(,�

�4�



}~°/� <lA±�<�LK��C��:0$67678�3-jt,�3:0"%/#"�2#:%�!-#$61a&;�!-c5L*N"%�3TU�3 J&�-#�32<&;@#"
�m«�� �m«�K �m«h�

76$'&;@#=I78=I[,( Td�a&^*�QS5L*,"%*,78& [I:%*, #$8&%� *NTd2#@4$65e=I76$'&;�
-#:0$67876�3-�-4�324&%@ �Y�#��T �f�,�.T �I�f�+T

tN*,:0$6=I[,:;*,T *, L*,7'(�"%$6"O-4�324&%@ �f�I�+T �f� K+T �,�UT
�!:%:0=I:�VX=,®o"0�3 #"0=I:^_ �I� � � � �K� �

� � � �&% � $ �8&F; & � � 6s&/. '*& �
}~=j-#$8"%2#76*Y(¬&;@#���3"D&;$8Tj*N&%�3-�-#�32<&;@�$8 c"0/#1^@¯*.bm*Y(�&;@L*�&�2#*,76�!=<1^@L*N # #�378"�13*, �5e��$6-#�! K&%$ � �!-F\Lbg� � :0"0&
"0/#54&;:%*,1!&%�3-j&%@#��*N78&;$'&;/#-4�B*4�qT��G"3�G7¡�>=NPF&;@#� ��Tj*N:%/#:0/j:%$'tI�!:g*N&C&%@#�h$8 K&%�3:0"%�31a&;$8=I dbB$'&;@j�3*,1^@j�L$8[I@J&M76$6 4�
P]:0=IT &%@#�+&;=I2e=I[I:%*,2#@J(¯*4�GT��q"!�q7¢�+*,76=, #[NQ)78$6 #�N�9}O@4� ��Td*,:%/4:%/o:%$'tI�3:�&%@#�3 ��L=fbB"�*,78bg*Y(<"�*N&�*N78&;$'&;/#-4�
©!�3:%=4\�bB@#$678�j$8&?*,1!&%/L*,7878(o-#�!"%13�! #-#"+P]:%=,T *,:0=I/# #-|�,�I��T *4�qT��G"3�G7¡��$8 �&;@4����=I:D&;@<Q)AM*N"0&�&%=o*,:%=,/# #-
�I�,�cT $6 o&;@#���<=I/4&%@<Q��¤�3"D&Y��}O@#$6"9:%�376*N&;$'tI�U[I:%=,/# #-¤&%=I2e=I[I:;*N2#@J(¤$8"9-4$6"%247R*Y(I�!-¥$6 �¨>$6[#�~���8�f�<� �¤�
&%@#�3 �*N-#-#�3-¥&%@#�j 4�3[J*N&%$8t,�j5L*,"0�3TU�3 J&+-#�!24&;@��!"0&%$6Td*N&;�!"3\>:0�3"0/#78&%$6 #[c$6 �*�5L*,"%�!Td�! J&+:%�!76$6�aPm:0�37R*�&;$8t,�
&%=c&;@4�d2#:0�3"0�3 J&+-L*Y( ��Tj*,:0/#:%/¤:%$'tI�3:!��}O@#�j:0�3"%/478&9"%@#=fbB �$6 ¤¨>$8[#�~�<�'�Y��1!76�Y*N:%78(�$6 #-#$81Y*N&%�3"�"%�atI�3:%*,7
2L*N76�3=�1^@L*, 4 #�378"3�

§) ¯¨>$8[#�s�<�'���+&;@#��13=I:0:%�!"%2e=I #-#$8 #[j5L*N"%�3TU�3 J&h:%�378$6�aP�=I54&;*,$6 4�3-�5J(c*, �*,/4&;=,Tj*N&%�3-�"%2e�31a&;:;*N7�"076=I2e�
TU�!&%@#=<-£$8"¬-#$8"%2#76*f(,�3-F� ° bB$6 #-4=�b =,P9�¥{KT x±�¥{KT bg*,"�TU=ftI�3-±=ftI�!:�&;@#�¯Td*,[I #�a&;$81�[I:%$8- =,P
&%@#�o"%/#:DtI�!(²*,:0�Y*4� }O@#��2y=fbW�3:�"%2e�31!&%:%/#T bg*,"��3"D&;$6Td*N&%�3-±P]=I:��Y*,1^@ bB$6 #-4=�b 2y=I"0$8&%$6=I £/#"0$6 #[ *
1!=ITdTU�3:013$6*,767'(U*ftN*,$87R*,5476��"%=,P`&)bg*,:%��2L*N1^{N*N[I�,�C}O@#$8"O"%=,P`&)bg*,:%�9*,78"%=+2#:0=�t�$8-#�3"B*, ��!"0&;$8Tj*�&;��=,P���QS2y=I$8 J&
"076=I2e�,� �W(d&;:0$R*,7y*, #-��3:0:%=I:Wbg��P]=I/# 4-�&%@#��bg*ft,�35L*N #-cbB@#�!:%��:%�!7R*N&%$8t,��-#$8®y�3:0�3 #1!�3"B$6 j"%76=,2y��[I$'tI�h&%@#�
5e�3"D&g�!"0&;$8Tj*�&;�3"H=NPF5L*,"0�3TU�3 J&W-#�324&%@F�H°h"M2#:0�3-#$81!&;�!-¬*,5e=ftI�N\4*,54"%=I78/4&;�B-#�!24&;@d5y�!76=fbv&%�3:%:%*,$6 .:%*, #[I$8 #[
P]:0=IT �I�,��T &%=?�I�,�9T $6"M³K/#$8&%�h=,®�&;@4�hTd*,:%{s�H���!tI�!:0&%@#�378�3"%"!\L"%/#5<&;:;*N1!&;$8 #[+�,�,�9T 76�3*,-#"C&;=�*�13:0/#-#�
5#/<&�:0�Y*,"0=I L*,5476��5L*,"0�3TU�3 J&�:%�!76$6�aP��

� � � �21 � 6:' . ."' � % 6s& �(9�. � �
�hPW #$6 #��2#:%=I2e=I"0�3-�[I:%=I/4 #-4bg*N&;�!:���x<2#76=I:%*N&;$8=I �bW�37678"3\�=I 478(�&%@#:%�!�?bg�!:%�U-#:%$87678�3-F�jV �m«��I\ �m«�K<\~*, #-
�m«���$8 #-#$81Y*N&%�3-|$6 �¨>$8[I"3�C���8�I�,\M�<�8�Y��*N #- ���8�Y�J_a��°�P`&;�!:��eK,�¯T =,Ph[I:;*YtI�!7¡\M";*, 4- *, #-�1376*Y(I\��g«9�
�! #13=I/4 K&%�3:0�3-¯bg�3*N&;@4�3:%�!-¯-#=I78�3:%$'&;$81�5#*,"%�!Td�! K&�";*, #-�\ybW�Y*N&%@#�3:0�3-¯TU�!&^*�Q)5L*,"%*,78&�*N&��Y�#�9T *N #-�P]:%�!"%@
TU�!&;*�Q)5L*N";*,7'&+*N&��f�I�¯T V]tN*,:%$8=I[I:%*,T *N L*,78(�"0$6"+2#:0�3-#$81!&;$8=I ±�f�I�¯Tj_a���m«�K�P]=,/# #-�5L*,"%�!Td�! J&d"%*, #-
V]Tj*,[, #�!&%$8&;�N\�TU$613*4\OP]�378-#"%2L*N:^_�*N&o�f�VK¥T *, #- @#$8&�*�[I:%*, #$8&%$61c5L*,"%�!Td�! J&�*N&o�Y�I��T V]tN*,:0$6=I[,:;*,T
*, #*,78(�"%$8"l2#:%�!-#$61a&;$6=, U�Y�VKBTj_a��¨L/#:0&%@#�3:l-#=fbB #"D&;:0�Y*,T�\ �m«���P]=I/4 #-�-L*N:%{�5L*,"0�3TU�3 J&�";*, #-¬VXTd*,[I #�a&;$'&;�,\
@#=,:% K5#76�! #-#�Y_g*N&O�,��T *, #-�*, �*NTd2#@4$65e=I76$'&;$61O5#*,"%�!Td�! K&O*N&��I�Y��T V]tN*,:%$8=I[I:%*,T *, L*,7'(�"%$6"W2#:%�!-#$61a&;$8=I 
�,�.Tj_a� �� 4P]=I:0&%/# L*N&%�37'(I\# #=."0/#"%1!�324&%$65#$876$8&%$6�!"gbg�!:%��Td�3*,"%/4:%�3-��M°�767�bW�37876"mbW�3:0�9-#:D(I�

��:%$87678$6 #[c:%�3"0/#78&%"+tI�3:0"%/#"d2#:%�!-#$61a&;�!-v-#�!24&;@#"d*,:0��"0/#TUTd�!:%$6©!�3-|$6 |}�*,5#78������K<� }�*,{K$6 4[�$8 J&;=
*,1!13=I/4 K&B&%@#���,�.T �L$6[I@J&�*,7'&;$8&%/#-#��=NP�&%@#�9Td*,[I 4�!&;$81�"%�! #"%=,:3\s2#:%�!-#$61a&;$8=I ��3:%:0=I:%"BP]=I: �m«���*N #- �g«�K

�VK



¨�§D .�s���8�f���H}��!:%:;*N$6 �&;=I2e=I[I:%*,2#@J(¬:0�376*N&;$'tI��&;=+&%@#� ��Td*,:0/#:%/ 6B$8tI�!:

¨>§D +�I�<�'�Y� �l}~=I2e=I[I:;*N2#@J(�=,PL&%@#�gTd*,[I 4�!&;$81W5#*,"%�!Td�! K&C=,54&^*,$8 #�3-95J(+*,-#-4$6 #[�&;@#�m 4�3[J*N&%$8t,�WtN*,:%$8=I[I:%*,T
*, L*,7'(�"%$6"�-#�32<&;@o�3"D&;$6Td*N&%�3"h=NPg¨�$6[#�y�<�'�I��&%=¬&;@#��&%=I2e=I[I:;*N2#@J(�=,PM¨�$6[#���<�'�f�4� ��/#:h$8 J&;�3:02#:%�a&^*N&%$6=I �=,P
2y=,"%"%$85#76� ��Tj*N:%/#:0/�2L*,78�3=�1^@L*, # 4�376"9$6"�$6 #-4$61Y*�&;�3-¤$6 ¤:%�3-���}O@#:0�3�¬[I:0=I/# #-<bm*N&%�3:?��x<2#76=I:%*N&;$8=I obg�!7676"
�m«9�,\ �m«�K.*, #- �m«��+bW�3:0�9-4:0(I�

¨>§D +���<�8�f����¨L=I:M13=ITU2L*,:0$6"0=I F\JTd*,[I #�a&;$61B5L*N"%�3TU�3 J&W&;=I2e=I[I:%*,2#@J(.=I54&;*,$6 #�!-d5J(d*, j*,/4&;=,Tj*N&%�3-U"%2e�31�Q
&;:%*,7F"%78=I2e��Td�a&;@#=�-F� ��24&;$8T?/#T "%2e�31!&%:;*,7Fbg*YtI�!5L*, #-�P]=,/# #-�5K(j&;:%$6*,7�*, 4-��!:%:0=I:3�

�I�



*,:0��*,:0=I/# #-¯�f�����H§) �1!=I J&;:%*,"0&3\4&;@#��24:%�3-4$61!&%$6=I dP]=I:��m«��?$6"m³K/#$'&;��=N®c&%@#��Tj*N:%{s� �±@#$876��tN*,:0$6=I[,:;*,T
*, #*,78(�"%$8"�-#�32<&;@#"jV¢¨>$8[#�����8�Y�J_h13=I:0:%�31a&;7'(¯$6 #-4$61Y*�&;�?&;@4�U1!=I J&;$8 �/#*N&;$8=I o=,PW&%@#�U13�3 J&%:;*,7H2L*N76�3=�1^@L*, 4 #�37¢\
$'&;"g-4�324&%@�$6"g[,:%=I"0"%78(d/# #-4�3:%�!"0&%$6Td*N&;�!-F�H}O@#��1^@L*N # #�37�$6"g24:%=I5L*N5#78(.&;=�=? L*N:%:%=fb @#�!:%�h&%=?5y�h:%�3"0=I78t,�3-
*,1!13/#:%*N&;�!78(�5J(�*U�+{KT x��+{KT�t,*N:%$6=,[I:;*,T *, #*,78(�"%$8"mbB$6 #-4=�b��

�z��� � ������� ��� ��� � ��� � ����� �y� � � � ��� �
}O@#�d5L*,"0�3TU�3 J&�&%=I2y=,[I:;*,24@K(o=NPm&;@#� ��Tj*N:%/#:0/�°h7876/4t�$6*,7HzH7R*,$8 #"�@L*,"�5y�!�3 ¥-4�3:%$'tI�!-¥5J(�tN*,:0$6=I[,:;*,T
*, #*,78(�"%$8"�V]tN*,:0$6=I[I:%*,T *, L*,7'(<"0$6";_9=,Ph*, v*N�3:%=,Tj*,[, #�!&%$61¬"0/#:0t,�!(I��}O@#��Td�a&;@#=�-|@L*,".5e�3�3 �-#�!"%$6[, #�3-
&%=�Td*,{,�cTj*�x<$8T?/#T /#"0��=,P�&%@#��TU�Y*,"0/#:%�!-£-L*N&;*4� ����@#*ft,��-#$8"%13/4"%"%�!- &;@#�� #=I <QS/# #$6³K/#�! #�3"0"¬=,P
Td*,[I #�a&;$81U-4�324&%@¥"%=I78/4&;$8=I #"!� �g�3"0$6-#�!"�-#�!24&;@F\>2#:%=I2e�3:D&;$8�3"�=,POTd*,[I #�a&;$61.TU$6 #�!:;*,7H-4$6"0&%:%$85#/4&;$8=I ¤*, #-
&%@#��-#$8:%�31a&;$8=I ¬=,PlTd*,[I #�a&;$8©Y*N&%$6=I U$6 4�#/#�3 #1!��&;@#�h"%TU=<=,&%@# #�!"%"O=,P�&%@#��Td*,[I #�a&;$61 � �378-F�H¨L/#:D&;@#�!:%TU=I:%�N\
"D&;�3�!2v[I:%*,-#$8�3 J&;".$6 �5L*,"0�3TU�3 J&U&;=I2e=I[I:%*,2#@J(�[I$'tI��:%$8"%��&;=�76=I 4[obg*YtI�!76�3 4[,&;@ Td*,[I 4�!&;$81�*, #=ITd*,78$6�3"
bB@#$81^@�*,:%�� #=,&g-#$6"013�3:0 #$65476��P]:0=IT -#�3�!2�"%�3*N&;�!-�$6 J&;:%*�Q)5L*N"%�3TU�3 J&gTj*,[, #�!&%$6©Y*�&;$6=, d1!=I J&;:;*N"0&;"!�C§) jt�$6�!b
=,PW&;@#�!"%�d$6 #@#�!:%�! K&9-#$ � 1!/#78&%$6�!"�=NPg&;@4�dTd*,[I #�a&;$81+Td�a&;@#=�-F\~=I/#:�:%�!"%/#7'&�@L*N"9:0�3Td*,:%{�*,5#78�+:%�!"%=I78/4&;$8=I 
*, 4-j*,1!13/#:%*,1!(,�H§) j1!=ITd2#*,:%$8"%=I +bB$8&%@+&;@#���Y*,:076$8�3:H"%2e�31a&;:%*,7s"%76=,2y�OTU�!&%@#=<-4"3\JtN*,:%$8=I[I:;*NT­*, L*N78(�"%$8"H@L*,"
&%@#��*,-4tN*, J&^*,[,��=,P
�,��Td*,{K$6 4[j/#"0�?=,PH&;@4��"%@4=I:0&�bg*YtI�!76�3 4[,&;@�*,78=I #[NQS76$6 4��$6 4P]=I:0Tj*�&;$6=, F\#bB@#$61^@�$6"h=N&;@#�!:0bB$6"0�?76=,"0&�$6 
[,:%$6-4-#$6 #[4�>}O@#$8"�$8"m&;@#��{N�!(�&;=U:%�!76$6*,5#76��-#�32<&;@�$6 �"%@L*N7676=fb "%�!-#$6TU�3 J&^*N:0(�-#�!2y=,"%$8&%"3�

K���@#*ft�$8 #[� #=�:0�3"D&;:%$81!&%$6=I ¤=I �&;@4�¬"%@L*N2y�¬=NPm&;@#�j"%/#:DtI�!(¥*,:%�3*4� �M*,:0$6=I[,:;*,T *N L*,78(�"0$6"�13*, ¥�atI�3 
24:%=�13�3"0"B"%$6 4[I76��24:%= � 78�3"!�H§) �1!=I J&;:%*,"0&3\L2y=fbW�3:B"%2e�31a&;:;*+:0�3³K/#$6:0��:%�!1!&^*N #[I/#76*,:�VX/#"0/L*,7878(d"%³K/L*,:0�f_
"0/#5L*,:0�Y*,"!�

�<��*N1313=,/# J&;$6 4[|P]=,:j&;@#�¯P]:%*,1!&;*,7�-#$8"0&;:0$65#/<&;$6=, =,P9Tj*,[, #�!&%$61�TU$6 #�!:;*,78"j5J(£/#"0$6 #[�*�"%�!78PRQS"%$6TU$676*,:
"02y�!1!&%:;*,7�TU=<-4�37¡\<76�3*,-#$6 4[?&;=.Td=,:%��*,1!13/#:%*N&;��-#�!24&;@c�3"0&%$6Td*N&;�!"3�

�4��*Yt,=I$6-#$8 #[¤&%@#��-#$ � 13/#7'&;$6�!"�V]�,�G[#�w�!-#[I���a®��!1!&;";_j=,P�bg*ft,�3 K/#T?5e�3:�-4=ITj*N$6 v2e=fbg�!:¬"%2e�31a&;:0/#T
�!"0&%$6Td*N&;$8=I ¬5J(�/#"%$8 #[."0&%:;*,$8[I@J&%P]=I:Dbm*,:0-�"%2L*,1!�9-4=ITj*N$6 jtN*,:0$6=I[I:%*,TU"

��/#�+&%=��d*, #-�K<\�tN*,:%$8=I[I:%*,T *, #*,78(�"%$8"�@L*,"9*�"0&;:0=I #[c*,-4tN*, J&^*N[I�.=�t,�3:�2y=fbW�3:�"%2e�31a&;:%/4T TU�!&%@#=�-#"
$8 v"%@#*,7678=�b�5L*,"%$8 #"3� §) -#�!�32£5L*,"0$6 #"!\mbB$8&%@ 5L*,"0�3TU�3 J&�-#�!24&;@#"j7R*,:0[I�3:.&;@L*N v�L$6[,@K&d76$8 #��"%2L*,1!$6 #[4\
�atI�3 d[I:%$8-#"H"%@4=I/#76-U13=, K&;*,$6 ."0/ � 13$6�! J&g@#$8[I@+bm*Yt,�3 K/#T?5e�3:W$6 4P]=I:0Tj*�&;$6=, �&;=��3"D&;$8Tj*N&%�O:%�!76$R*N5#76�m-4�324&%@F�
° 2e=fbg�!:�"%2e�31!&%:%/#T Td�a&;@#=�-¯13=I/476-¯&;@#�! ¯(<$8�378-o*,131!/#:;*N&%�+-#�32<&;@F\l2#:0=�t�$8-#�3-¯&;@4�?P]:;*,1a&^*,7� L*N&;/4:%�+=,P
Td*,[I #�a&;$81�"%=I/#:013��$6"+&^*N{,�3 $6 J&;=¤*,1!13=I/# J&3\m�,�G[#�'\g5J(|/#"%$8 #[��3³s��V¡�<�q�J_+*,"d*�"02y�!1!&;:%*,7BTd=�-#�!7¡�|}O@#�
³K/#�!"0&;$8=I ¯:%�!Tj*N$6 #"!\F@#=fbg�atI�!:3\�bB@J(�&;@#��-L*N&^*¬"0@#=I/#78-¯5y�.*N:%-#/#=,/#"%7'(c&%:;*, #"DP]=I:%TU�3-�&%=jbg*ft,�3 K/#T?5e�3:
-#=,Tj*,$8 F\,bB@#�! ¬"%2e�31a&;:%*,7sTd=�-#�378"C1Y*, U5y��*, L*N78(K&;$81Y*,7878(�&;:;*N #"0P]=I:0Td�!-U&%=9"02L*,1!��-#=,Tj*,$8 +bB$8&;@4=I/4&M76=I"0"
=,Pg$6 4P]=,:%Td*N&;$8=I F\�$6 4"0&;�3*,-F���¤�¬*,:0[I/#�.&;@L*�&?*�-L*N&^*�tN*,:%$8=I[I:%*,T $6"��3*,"%$8�3:9&%=c�!"0&%$6Td*N&;�d*, #-¤"%@#=I/476-
&%@#�3:0�!P]=I:0��13*,:%:D(�Td=,:%��:%�!76$6*,5#76�h-#�324&%@�$8 4P]=I:%Td*N&%$6=I j&%@L*, c*U2e=fbg�!:�"02y�!1!&%:%/#T�\s�!tI�! �P]=I:O"0/#:0t,�!(�"�=,P
-#�!�32�5L*,"0$6 #"!�

�,�



¨>$6 L*N7678(,\<tN*,:0$6=I[I:%*,T�*N L*,78(�"0$6"B@L*,"�*, �$6 J&;�!:%�3"D&;$8 #[j"02#$6 <QS=,®¯$8 �&%�3:%TU"B=,PC*. #�Y*N:DQ)"0/#:0PX*N13��Tj*,[, #�aQ
&;$8©Y*N&%$6=I c$6 J&;�! #"%$'&)(�Td*,2|VX¨>$6[#�y�<�ºªI_�� �M*,:%$8=I[I:;*NT *N L*,78(�"0$6"h$8 J&;�3 4"%$8&)(c$6"�@#$6[,@�bB@#�3 oTd*,[I #�a&;$8©Y*N&%$6=I 
$6"�@#$8[I@F\~*, #-¯t�$61!�Ut,�3:0";*4\~"%$8Td2#78$8P`(�$6 4[j$6 J&%�3:%24:%�!&;*N&;$8=I F� ��"%$6 4[�t,�3:0(o"0@#=I:D&��#$6[I@J&�76$8 #�+"%�!1!&%$6=I #"�P]=I:
tN*,:%$8=I[I:;*NT �3"0&%$6Td*N&;$8=I F\NTj*�x<$8T?/#T /#"0�O=,Pe"%@#=I:D&�bg*ft,�378�3 #[,&%@j*N76=I #[�Q)76$8 #�C"%$8[I L*,7�1Y*, +5e�OTd*,-#�,��}O@#$6"
*,TU2#76$ � �3"C"%Td*,787L"0&;:0/#1!&%/#:;*N7yP]�Y*�&;/#:0�3"WbB@4$61^@�*,:0�h/#"0/L*,7878(.76=,"0&W$6 U[I:%$8-#-#$6 4[#� �M*,:0$6=I[,:;*,T *N L*,78(�"0$6"M$6 <Q
&;�! #"%$'&)(jTd*,2#"W13=I/#78-¬&;@#�!:%�aP]=I:%��5e��@#�!7624P]/47y$8 ¬-#�!&%�31a&;$6 4[?bg�3*,{j$8 K&%:;*�QS5L*,"0$6 L*,7L"0$6[I #*N&;/#:0�3"gP]:0=IT @#$6[I@
:%�!"%=I78/4&;$8=I �*,�3:0=ITd*,[I #�a&;$61h-L*N&^*.$6 �2e�!&%:%=I78�3/#T��ax<2#76=,:;*N&%$6=I F�

�J�



� � � � �¤� � �

� �������
	�����
 ��� ����� ����� � � � �H��� � ����� � � � ���

���!24&;@±1Y*N 5e�¯�3"D&;$8Tj*N&%�3- P]:0=IT Td*,[I #�a&;$81�-L*N&;*¥5K( $6 JtI�!:0&;$8 #[�$6 4-#$8t�$6-4/L*,7�*N #=ITd*,76$8�3"3\O�N�q[4�­5J(
AH/#78�3:C-#�31!=I JtI=I78/4&;$8=I �V 6B�3$6-U�!&W*,7¢�8\L�Y�I�I�J_�\J=I:C5K(U"D&^*N&%$6"0&%$613*,7#TU�!&;@4=<-#"HbB@#$81^@jTd*,{,�B/#"0��=NPF"%2e�31a&;:%*,7
2#:0=I2e�3:0&%$6�!"U=NP�&;@#� � �!76-F� �<2y�!1!&%=I:¬*, 4-  �:;*, J&3Eq"U=I:%$8[I$6 #*,7mTU�!&;@4=<-²VD�f�Iª,�J_�1Y*N v5e�c$8Td2#:0=ftI�3- 5J(
&;*,{K$6 #[.$6 J&%=d*N1313=,/# J&�&%@#��"%�37'PRQ)"0$6TU$67R*N:�V`P]:;*,1a&^*,7R_g L*N&;/4:%��=,P�"0=I/#:013�jV¢zH$678{�$8 #[,&%=I ¬�!&h*,7¢�8\F�Y�I�,�#�s�c*,/#"
*, 4-¬��$6TU:%$¢\4�f�,�I�J_a����$6:%�!1!&%78(+*N L*,78(�©!$6 #[�76$8 #�B-L*N&^*�/#"0$6 #[�t,*N:%$6=,[I:;*,TU"�V¡¦g@#*,24&;�!:%"W�?*, #-¬�I_�76�3*,-#"C&;=
P]/#:D&;@#�!:C"%$6[, #$ � 13*, J&M$6TU2#:%=ftI�!Td�! J&;"M$6 U*,131!/#:;*N1!(d*, #-U:%�!"%=I78/4&;$8=I F�>}O@4�h*,$8T­=,Py&;@#�B"0&%/#-4(U-#�!"%13:0$65e�3-
$8 �&%@#$6"O1^@#*,24&;�!:B$6"m&;=.tI�!:%$'P`(¬&;@#��³K/L*,78$8&)(j=,P�tN*,:0$6=I[,:;*,T -#�32<&;@�=I �"0(� J&;@#�a&;$619*, #-�:%�3*,7�-L*N&;*4�

�¤�U[,�3 #�!:;*N&%�d*�"0�378PRQS"%$8Td$87R*,:BTd*,[I #�a&;$6©!�3-o5L*,"0�3TU�3 J&9*, #-o"0(� J&;@4�3"%$8©3�dTj*,[, #�!&%$61?-L*�&^*�$6 ��L$8[I@J&
78$6 #�!".*,5y=ft,��&%@#$6".TU=<-4�37�VX¨>$6[#�>�4�'��_a��6B�3"%=,76/4&%$6=I |=,Ph*,78&%�3:0 L*N&;$8 #[¯"%78=I2e�3"U*, #-|1^@L*, 4 #�378"d-#�!2y�! #-#"
=I &;@#�¯:0�37R*�&;$8t,��"0$6©3�c=,P�&;@#��-L*N&^*�*, L*,7'(<"0$6"UbB$6 #-#=fb�� ¨L�Y*N&%/#:%�!"¬7R*N:%[I�!:U&%@L*, &;@4$6"dbB$8 #-#=fb�"%$8©3�
*,:0�¬[I�! #�3:%*,767'(�bW�3787g:0�3"%=,78tI�!-F� �M*,:%$8=I[I:;*NT -#�324&%@|$6"?1!=I:%:0�31!&?=I |*YtI�3:%*,[I�N\W@#�! #13�N\C$8&?$8"?/# K5#$6*,"%�!-F�
«�=�bW�!t,�3:!\O-#�324&%@ �!"0&%$6Td*N&;�!"U13*, �=�t,�3:�Q+*, 4- /# 4-#�3:0"%@#=�=,&d*N&.&;=I2e=I[I:%*,2#@#$81¬[I:%*,-#$6�! J&;"3� �m*,"0�3TU�3 J&
:0/#[I[I�!-# #�3"0"3\L/# 4{� 4=�bB �"%13*,76$8 #[?��x42e=I #�! J&B=,P~"%=I/#:013��*, 4-� #=I <QS #�3[I78$6[I$85#76�B"0�3-#$8Td�! K&mTj*,[, #�!&%$6©Y*�&;$6=, 
Td*Y(�1Y*,/#"0��P]/#:D&;@#�!:�2#:0=I5#78�3TU"3\sbB@#$61^@¯*N:%��"0&;/4-#$6�!-�@#�3:0�,��°h �$8 J&;�3:0�3"D&;$6 4[j³K/#�3"D&;$8=I �$6"!\ebB@4�!&;@4�3:�$'&
$8"�24:%�!P]�!:;*,5476��&;=.�#(c*,76=, #[.=I:�*,13:0=I"%"B&;@#��5L*,"0�3TU�3 J&�&;=I2e=I[I:%*,2#@#$81�&;:%�! #-F�m}O@4��5e�3"0&�"0&%:;*N&%�3[,(�$8"O&;=
-#=c5y=N&;@F\� L*,TU�378(,\~&%=��#(obB$8&%@¤&)bB$813�d&%@#�j78$6 #�."02L*,13$8 #[�$8 �5e=,&;@¤-#$6:0�31a&;$6=, #"3��}O@#$8"�:0�3[I/#76*,:�Td�!"%@
=,®y�3:0"O&;@#��=I24&%$6T?/4T 5L*N"%�3TU�3 J&�:%�!"%=I78/4&;$8=I �2y�!:B76$6 4��{KT�"%/#:DtI�a(I�3-��

¨>$8 L*,767'(I\LbW�?2#:%=�13�!"%"�*jTd*,[I 4�!&;$819"0/#:0t,�!(¯=NPH&;@#�+��/#$8"%�!5¯��/# #�?°�:%�3*4��§) J&;�!:%2#:0�!&^*�&;$6=, ¯$6"h1!=IT+Q
2#78$613*N&;�!-¥5J(¥@#$8[I@�$6 #"D&;:0/#Td�! J&+ #=I$8"%��*, 4-¥t,*N:%$R*N5#76�d"%/#:DPX*,13�¬&%=I2y=,[I:;*,24@K(,�¤¦g=ITd2#*,:%$8 #[�5L*,"0�3TU�3 J&
:0�376$8�!P]"mbB$'&;@�-#:%$87678$6 #[9:%�3"0/#78&%"B$6 o���?76=�1Y*N&%$6=I 4"gbg� �  #-c*, �=I24&%$6T?/#T -L*N&;*U*N L*,78(�"0$6"mbB$6 4-#=fbw"%$8©3��=,P
�N�I�I�?T P]=I:m&%@#$6"O"0/#:0t,�!(,�W}O@#$8"O$6"O-#$8";*,242y=I$8 J&;$6 4[I78(U7R*N:%[I�N��°h:0[I/L*,5#7'(I\#:0�3"0=I76/4&%$6=I dbg=I/476-�@L*YtI��5y�!�3 
5e�!&0&;�3:B$'P�"0/#:0t,�!(�76$8 #�3"O@#*,-�P]=I7678=�bW�3-�&%@#��-#/# #��tN*,7678�!(�"3�

´Dµs¶�·�¸º¹¼»X½�¾%¿�Ìa»�Ì�Àh¾�� ��ÌaÀ�¿f¾%¿�Ìa·�» # &¡Ì�� #%Í����>Á
	���
 Å��������������mÂSÂ�
8È����OÊ'Ë�Ìa¶�»0Í�!�" 
#%#%�a¾�&lÌ�À�¿(�Y¾0À��
��¹º¾D¸6Í��������3Ð
�I�



0

100

200

0 10 20 30 40

es
tim

at
ed

 d
ep

th
 [m

]

km

across
along

joint
true

¨>§D +�<�<�8��� �m*,"0�3TU�3 J&g&%=I2y=,[I:;*,24@K(U$8"W"0/#2y�!:%$8Td2e=I"%�!-j=I j*�K,� �3³K/#$8tN*,78�3 J&W7R*Y(I�!:WbB$8&%@¬*�"%�37'PRQ)"0$6TU$67R*N:
-#$6"D&;:0$65#/4&%$6=I �=,PB"0/#"%1!�324&%$65#$876$8&)(,�����!24&;@�$6"��!"0&%$6Td*N&;�!-�P]:%=IT "D(� K&%@#�!&%$61�Td*,[I #�a&;$81d-L*�&^*�1!=ITd24/4&;�!-
P]=I:��L$6[I@J&�76$8 #�3"�$6 ¤@#=I:0$6©3=, K&;*,7H=I5#"0�3:Dt,*�&;$6=, �2#76*, #�3"9*,5e=ftI�j&%@#�d5#*,"%�!Td�! K&?Td=�-#�37¢����=N&;�.&;@L*N&�&;@4�
tI�!:0&;$81Y*,7�"01Y*,78��=,P~&;@#��TU=<-#�!7F$6"O"D&;:0=I #[I7'(��ax4*,[I[,�3:;*�&;�3-��

�Jª



����� � � �@
���	�
 ��� � ����	�������

�¤��[I�! #�3:%*N&;��:0�Y*,78$6"0&%$61�Tj*N[I #�!&%$61��L$6[I@J&g76$6 4�h-L*N&;*9P]:%=,T "0�378PRQS"%$8Td$87R*,:H"0=I/#:%1!��Td=�-#�!76"WbB$'&;@�$8Td2e=I"%�!-
&%=I2y=,[I:;*,24@K(,� ���324&%@±�3"0&%$6Td*N&;�!-£P]:%=IT &;@#$8"�-#*N&^*�$6"�1!=ITU2L*,:%�!-£bB$8&;@£&%:%/#�oTU=<-#�!7�-#�!24&;@#"�VX�N�q[4�
¨>$8[#�#�<�8��_W&%=+&;�3"D&B&;@#��tN*,:%$8=I[I:%*,T�*N L*,78(�"0$6"OTU�!&;@4=<-F�

� �"�!� � % � &��n9�' (�$ .*& � � . $ * &76 ; 3�0�&F. �
°� K(��I��Td*,[I 4�!&;$8©Y*N&%$6=I hTd=�-#�37,1Y*, �5y�C:0�32#76*,13�!-�5J(�*, ��!³�/4$8tN*,76�! J&l7R*Y(I�!:~=NP4$8 #-#/#1!�3-�Tj*,[, #�!&%$6©Y*�&;$6=, 
*N&C&%@#�BTd=�-#�37L"0/#:0PX*N13�,\�-#:%*,"0&%$61Y*N7678(9:%�!-#/#1!$6 #[�13=ITU2#/4&;*N&;$8=I +&;$8Td�N�>°±"%�!78PRQ)"0$6TU$676*,:>�,� "0/#"%1!�324&%$65#$876$8&)(
-#$8"0&%:%$654/4&;$8=I ?bB$8&%@U"01Y*,78$6 #[���x42e=I #�! J&gu�13*,/#"0�3"W*�Td*,[I #�a&;$81 � �378-UbB$'&;@."%13*,76$8 #[��ax<2e=I #�3 J&Wu4c¯��$6 U*
@#=,:%$6©!=I J&^*,7s=I54"%�3:DtN*N&;$8=I ¬2#76*, #�+V¢��*,/#"m*, #-���$6TU:%$¢\#�f�I�N�K_a��}O@4��";*,TU�hTd*,[I 4�!&;$81 � �376-j$6"g13*,/#"0�3-�5J(
*, ��!³�/4$8tN*,76�! J&yK,� "%/#"013�32<&;$654$676$'&)(j76*Y(I�3:mbB$'&;@�"%13*,76$8 #[+�ax<2e=I #�! K&�u Z �,�C«��3 413�,\LbW��1Y*, �"%/45#"0&%$8&;/<&;�
*.�I��"%=I/4:%13��TU=<-4�37�bB$'&;@�"%1Y*N76$6 4[+�ax<2y=, #�3 J&�u�5J(�* K,� 76*Y(I�3:mbB$'&;@�u Z �I�

� �"�!�&% 3 &F. ��� �8'"; '". $ 6 % 6:'*0 � * � � ��& �8' �
�¤� � 767�*¤[I:0$6-|bB$8&%@v:;*N #-#=IT  K/#T?5e�3:0"j$8 &;@4�cbg*ft,�3 K/#T?5e�3:j-#=ITd*,$6 �$6 �"%/#1^@±*obm*Y(|&;@#*N&d&%@#�
1!=I:%:0�3"%2e=I #-4$6 #[d[I:%$8-�$6 �&;@4��"%2#*,13�?-4=ITj*N$6 �@L*,"�&%@#��-4�3"%$8:%�!-�"%2e�31a&;:%/4T V¢��*,/#"h*, #-¯��$8Td:0$¡\F�f�,�I�J_a�
�±$'&;@j&%@#$6"WTd�a&;@#=�-j[I:0$6-#"W1Y*, �5e�h"D(� K&%@#�3"0$6©!�3-�bB@#$61^@�*,:0�h"0�378PRQS"%$8Td$87R*,:H/#2¬&%=?7R*N[I"W=NP~*,:%=I/4 #-����N�N&;@
=,PM$'&;"�"%$8-#�+76�! #[,&%@F�?}O@#�."%�!78PRQS"%$6TU$676*,:%$'&)(�=,PC&;@4�U[,:%$6-��dV#�7|��#_�13*, o5y�+t,�3:%$ � �3-�=I o$8&%"�*,©!$6T?/4&%@L*,7878(
*YtI�!:;*,[,�3-ctN*,:0$6=I[,:;*,T 9¬V��s_

9¬V��L_!O ) i �jV��7| �#_Fc��jV�� Z x �7|�� Z]x �4_*p R -�| VX�4�'��_
bB@#�!:%� � O � x � R Z x � R � }O@#��t,*N:%$6=,[I:;*,T =,P�*�"0�378PRQS"%$8Td$87R*,:9[I:%$8- bB$8&%@v"01Y*,78$6 #[��ax<2e=I #�3 J&�u $8"
2#:0=I2e=I:0&%$6=I L*N7�&;=c*�2y=fbW�3:�=,Pg&%@#�.7R*,[���\>*N"�$8 39¬V��L_ � �4r�p R V=<W*,[I78=IT�\��f�I�I�I_a�U¨>$6[,/#:%�.�4�LK¬"%@#=fbB"&%@#�htN*,:%$8=I[I:%*,T­=,P~*jKN�,�J��xzK,�,�I�9[I:0$6-jbB$'&;@¬u�O �9&%@L*N&gbg*,"O2#:0=<-4/#13�!-¬bB$8&;@d&;@#$8"gTU�!&;@4=<-F� �±@#$678�
$'&;"gtN*,:0$6=I[I:%*,T "%@#=,/#76-�$8 #13:0�Y*,"0��76$6 4�Y*,:078(.bB$8&%@¬&;@#��76*,[#\<&%@#$6"g$6"m=I 478(U&;@#��13*,"%��P]=I:O76*,[I"W/#2�&;=����N�N&;@
=,P~&;@4��[,:%$6-�-4$6TU�3 #"0$6=I F��«�=fbg�atI�!:3\e$6 ¬&;@4��P]=,7676=fbB$8 #[?�ax<2e�3:0$6TU�3 J&;"O&;@4��-#*N&^*.*, L*N78(�"%$8"mbB$6 #-#=fb "%$8©3�
$8"?*,7'bm*Y(�"+"%Td*,7678�3:!��«��! #13�N\C[I:%$8-#"�"D(< J&%@#�3"0$6©3�!- bB$'&;@�&%@#$6"?TU�!&%@#=�-�*,:%�j"%/#$'&^*,5#78�UP]=,:�&;@#�j2#:%�!"%�3 J&
$8 Kt,�3"D&;$6[I*N&;$8=I F�

� �"�!�21 3 * � � ��& � ' ) ; $�% � & � ' ) 0 $ � $
�� #1!�B*�"%�37'PRQ)"0$6TU$67R*N:~[,:%$6-�$6"�"D(< J&%@#�3"0$6©3�!-F\<&%@#�m-#�!"%$8:%�3-UTU=<-#�!76"�1Y*, .5e�m2#:%=�-#/#1!�3-U5J(?"%/42y�!:%$6TU2e=I"%$8 #[
&%=I2y=,[I:;*,24@K(,�H}O@#$6"B$8"mt,*N76$6-�$'PltI�3:D&;$81Y*,7FtN*,:0$R*N&%$6=I #"m*,:%��"%Td*,787�13=,Td2L*N:%�3-�bB$'&;@�&;@#��@#=I:0$6©!=I J&^*,7F"01Y*,78�
=,Pg&;@#�¬�!³K/#$8tN*,78�3 J&?76*f(,�3:!� �¤�¬/#"%�¬*�76=I 4[c"D&;:%$82¥=,PB5L*N"%�3TU�3 J&3��}�=,2y=I[,:;*,2#@J(�$6"d�f��$8 ¤&;@4�¬"%�! #"%�
&%@L*N&�$'&htN*,:0(�"�*,78=I #[U&;@#�+"D&;:%$82o*, #-¯$8"�13=I 4"0&^*N K&�2e�3:02y�! #-#$813/#76*,:�&%=¬&;@#�+"D&;:%$82F��}mbW=c-L*�&^*j"0�!&;"�*,:0�
"D(< J&%@#�3"0$6©3�!-¯P]=I:��atI�!:0(�TU=�-#�37¢� �� #�9bB$8&;@��L$6[,@K&�76$8 #�3"�2L*,:%*,7678�37F&;=U&;@#��"0&;:0$62¥V¢*,1!:%=I"0"h&;=I2e=I[I:%*,2#@J(4_
*, 4-�=, #�+bB$8&;@o78$6 #�!"�2y�!:%2e�3 #-4$613/47R*,:�&%=�&%@#�."0&%:%$62�VX¨>$6[4�F�4�'��_a�U�c*,[I #�a&;$61 I�JOQ)-#*N&^*�*,:0�+13=ITU2#/4&%�3-

�I�



0

1

2

3

0 5 10 15 20

va
ria

nc
e

lag [km]

target

¨>§D +�W�<��K����M*N:%$6=,[I:;*,T =NP�*�K,�,�I� R TU=<-#�!7B[I:%$8-v2#:0=<-#/413�3-£5J(�&;@#��¨�¨>}�TU�!&%@#=<-�� }O@#��[I:%$8-v$6"
"%�!78PRQ)"0$6TU$676*,:C/#2�&%=d76*,[I"m=NP�*,:0=I/# #-����N�N&;@�=,P�$8&;"O"0$6-#��78�3 #[,&%@F�

P]=I:W*9tI�!:0&;$81Y*,7e$6 4-#/#13$8 #[ � �376-���§) j&;@4��Td=�-#�!76"3\K�atI�3:D(¬[I:0$6-U13�!767e:%�324:%�3"0�3 J&;"��Y��T­x��Y�9T $6 d L*N&;/4:%�,�
«�=fbW�!tI�!:3\y*,767yTd=�-#�!7F-#$6TU�3 4"%$6=, #"B*, #-�-#�32<&;@#"BTd*f(¬5y��"%13*,76�!-�5K(�*+1!=I #"0&;*, J&�PX*N1!&;=,:3�

� � �!�A� � $ 6:'*3 % 6 $ ; $ � $ .�* �(' � $ . % 3!6:' � ��;
���j/#"%�j&%@#�¬"%*,Td�¬*,76[I=,:%$8&%@#TU"9*N"�$6 �¦g@L*,24&%�3:%"+��*, #-��<��}O@4��=I #78(� #�ab P]�Y*N&%/#:%�¬$8"9&%@L*N&?bB@#�! 
bg���!"0&;$8Tj*�&;��-#�!24&;@�$8 �*.2#*,:0&%$613/47R*,:W76=�1Y*N&%$6=I F\KbW�9*Yt,�3:;*N[I��tN*,:%$8=I[I:;*NTd"Mbg�!$6[I@J&;�!-c5J(�*. �*,/#"0"O5y�!767
"%@L*N2y�!-¬P]/# #1!&%$6=I j�ax<2~V c � R � . R _a�H°m& �-O .�&%@#�hbW�3$6[,@K&gP]/# #1!&%$6=I dPX*,7678"W=,®�&;=� psr �w���q�Jª<� �¤�h:0�!P]�!:
&;=�&;@#�.-#$6*,TU�!&;�!: K .v*N"�&%@#�U�!®y�31!&%$8t,�UbB$8 #-#=fb "%$8©3�N�¬¦g=I J&%:%$654/4&;$8=I #"�P]:%=IT P]/#:0&%@#�3:�&;@L*N ��O �$.�\
bB@#�3:0�9&%@#��bg�!$6[I@J&�-#:%=I24"�&%=d5e�378=�b­�f��p 
 \L13*, �5e�9$8[I #=I:0�3-F� ��"0$6 #[.&;@4$6"Obg�!$6[I@J&�P]/# #1a&;$6=, c-#=��3"� #=,&
$6TU2#:%=ft,�¬&;@#�c*,131!/#:;*N1!(|=,Ph-#�324&%@F\g54/4&U76�Y*N-#"+&;=¤*o:0�Y*,"0=I L*,5478(�"0Td=�=,&;@|5L*N"%�3TU�3 J&d:%�!76$6�aP����±$8&%@
/# #$'P]=I:%T bW�3$6[,@K&%"3\#$8 #"0&%�Y*,-�\<&;@4��:%�!76$6�aPl"%@#=fbB"O:0�31!&;*, #[I/47R*,:W=I:g1!$6:%1!/#7R*N:m*,:D&;$8PX*N1!&;"W:%�a�L�31a&;$6 4[?&;@#��1!/4&0Q
=,®�:;*,-4$6/#"!��§) �&;@#�9"0(� J&;@#�a&;$81?Td=�-#�!76$6 4[.bW��/4"%�+*, c�!®y�31a&;$8t,�9bB$8 #-#=fb�"%$8©3��=NPH�j{KT�*, #-��!"0&%$6Td*N&;�
-#�32<&;@�P]:0=IT 2#:%= � 76�3"�=I:0$6�3 J&%�3- ���������	��*,"�bg�!767W*," ���
����
+&;=I2e=I[I:%*,2#@J(I� �¤�¬*,78"%=��!"0&%$6Td*N&;�d*���� � � 

-#�32<&;@F\#bB@#�!:%��bg��"%$8T?/#7'&^*, #�!=I/#"078(d$6 JtI�!:0&�@L*,7'P>=,P~&;@4��24:%= � 78�3"O$8 �5e=,&%@�-4$6:%�!1!&%$6=I #"!�

�I�



� �"�!� � 3 .*3o1�' � % � $ � &F; & � �
}~=I2e=I[I:;*N2#@J(¤bB$'&;@�*,7'&;�!:% L*N&%$6 #[�[I:%*,-#$6�! J&;"�=NPB$6 #1!:%�Y*N"%$6 4[�"%78=I2y�d$6"9"%/#2e�3:0$6TU2y=I"0�3-¥=, K&%=�&;@#�d5L*,"0�aQ
TU�3 J&�"0&%:%$62��gAH"0&%$6Td*N&;�!-�-#�324&%@�$8"�"0@#=fbB �$8 �¨>$8[#�#�<�8�I�M}O@#� � :%"D&�&%@#:%�!�9"076=I2e�3"�*,:0��Tj*,242y�!-c:%*N&;@#�!:
*,1!13/#:%*N&;�!78(,��}O@#�¬78�3 #[,&%@¥=,PO&%@#�d&%@#$6:0-¥"%78=I2y�d$6"9��{KT *, 4-¥&;@K/#"?�!³�/#*,7W&%=�&;@#�j�!®y�31!&%$8t,�jbB$6 #-4=�b
"0$6©3��/#"0�3-F��¨L�Y*N&%/#:%�!"h"%Td*,7876�3:m&%@L*, �&;@#$8"�bB$8 #-#=fb�"%$8©3�9*,:%�9 #=,&�:%�3"0=I78t,�3-F�����!24&;@#"�P]:%=IT�&%@#�?*N13:%=,"%"
&%=I2y=,[I:;*,24@K(¤2#:0= � 76�!"�&;�! #-�&;=�=ft,�3:%"0@#=�=,&Y��}O@#��:%�3*,"%=, �$8"�&;@#*N&�bB@#�! v*c2#:%= � 76�¬:0/# #"?P]:%=,T -#�!�32
5L*N"%�3TU�3 J&h$6 J&;=U"%@L*N7676=fb 5#*,"%�!Td�! K&3\�*.&;=I2e=I[I:%*,2#@#$81�Tj*,[, #�!&%$61�*, #=ITd*,7'(¬�3 4"%/#�!"3�h}O@4$6"�76=I #[.bg*ft,�aQ
78�3 #[,&%@�*N #=ITd*,78(c$6 #1!:%�3*,"%�!"�&%@#�d:%*N&;$8=�=,Pm78=I #[�&;=�"%@#=,:0&�bm*Yt,�376�! #[,&%@¥2y=fbW�3:�bB@#$61^@¤$6"�$6 J&%�3:%24:%�!&%�3-
*,"+[,:%�Y*�&;�3:+-4�324&%@�&%=�"0=I/#:013�,��}O@K/#"!\W&%=I2y=,[I:;*,24@#$61�*N #=ITd*,76$8�3"�13*, |76�3*,-�&;=o=ftI�3:0"%@#=�=,&%$6 #[o-#�!24&;@
�!"0&;$8Tj*�&;�3"!��°h78=I #[NQ¡&;=I2e=I[I:%*,2#@J(?-4�324&%@j-#=��3"M #=,&M"%@4=�b£&%@#$6"M*,:D&;$'PX*,1!&M*, 4-d&;@4��TU=I"0&W*,1!13/#:%*N&;��-#�!24&;@
$8"O=I54&^*N$6 #�!-�P]:0=IT &%@#��5#$'QS-#$6:0�31a&;$6=, L*,7e$6 JtI�!:%"%$8=I F�

� �"�!� � � $ .*&73�) � $ � � &F. �
§) �78=<13*N&;$8 #[.2L*,78�3=�1^@L*, # #�!76"!\ebW��bW=I/#76-�76$6{N��&%=j{K #=fb @#=fb�5#:%=I*,-¯*d1^@#*, # #�!7>T?/#"D&�5e��$8 �=I:0-#�3:�&;=
5e�¬$6-4�3 J&;$ � �3-¥5J(¤&;@#�jtN*,:0$6=I[,:;*,T *, #*,78(�"%$8"3� �¤�¬$8 #-#�3 J&�1^@L*, # #�!76"+=,PB-4�313:0�Y*,"0$6 #[�bB$8-4&;@�$6 J&;=�&%@#�
5L*N"%�3TU�3 J&h"0&;:0$62|VX¨>$6[4�s�4�º�I_�*, 4-�&;:D(�&%=j78=<13*N&;��&;@#�!T
/#"%$8 #[¬*, ��!®y�31!&%$8t,�?�j{KT�x��d{KT
tN*,:0$6=I[,:;*,T
*, #*,78(�"%$8"�bB$8 #-#=fb�"%$8©3�N� �¤� �  #-�&%@L*N&�*j1^@L*, # 4�37>@#*,"h&;=d5y��:%=I/#[,@#78(�*,"�5#:%=I*,-¯*,"�&;@#�?"0$6©!��=,P�&%@#�
*, #*,78(�"%$8"mbB$6 #-4=�b²$6 �=I:0-#�3:O&%=U5e��$6-#�! J&;$ � �3-�:%�378$R*,5478(I�

� �"�!��� � ��� � 3�� � � ) $ ."' � % &54�143 � & � �
§) ¤2#:;*,1a&;$813�,\~&;@#�d"%13*,76$8 #[c��x<2y=I 4�3 J&?=,Pg&;@#�d5L*,"%�!Td�! J&?Td*,[I #�a&;$6©3*N&;$8=I ¯1Y*N ¥=I #7'(o5y�U[I/#�!"%"%�!-F��°h"
TU�3 J&;$8=I #�!-¬*,5e=ftI�,\4*9"0/#"%1!�324&%$65#$876$8&)(.[,:%$6-.bB$8&%@¬u O ��2#:0=<-#/413�3"g*9Td*,[I #�a&;$81 � �!76-UbB$8&;@
�CO �,�C¨s=,:
¨>$8[I/#:0�.�4�q�4\�-#�!24&;@�bm*N"9&;@4�3:%�aP]=I:%�U�3"D&;$8Tj*N&%�3-�/#"%$8 #[�"%1Y*N76$6 4[���x<2y=I 4�3 J&;" �¥=,PO�4�º�<\M�I\�*, #-v�,�¼�<�d§S&
13*, ¬5e��"%�!�3 ¬&;@#*N&O*?�<�¼�9/4 #13�!:0&^*N$6 J&)(j$8 d&%@#��"%13*,76$8 #[��ax<2y=, #�3 J&B76�3*,-#"M&;=+*, j/# #13�!:0&;*,$6 J&)(d=,P~*,:%=,/# #-
K,��� $6 �*,5#"0=I76/<&;��-#�32<&;@F�M}O@#$6"B/# 413�3:D&^*,$8 J&)(�=,P�-#�!24&;@�tI�!:%"%/4"h"%TU=�=,&;@# 4�3"%"�=,P�"%=I/4:%13��P]=I7876=fbB"mP]:%=IT
&%@#��$6 #@#�!:%�! K&� #=, <Q)/# 4$6³K/#�3 4�3"%"�=,P~&;@#��Td*,[I #�a&;$81�$6 JtI�!:%"0�92#:0=I5#78�3T��

�I�



0

100

200

300

0 10 20 30 40

es
tim

at
ed

 d
ep

th
 [m

]

km

across
along

joint
true

¨>§D +�L�4�q���C���!24&;@�&;=d*+5L*,"0�3TU�3 J&BbB$8&;@�1^@L*, 4 #�378"

0

200

400

600

800

1000

0 100 200 300 400 500 600

es
tim

at
ed

 d
ep

th
 [m

]

true depth [m]

gamma = 0.5
gamma = 1.0
gamma = 1.5

target

¨>§D +���4�G� �B���!24&;@¯�!"0&;$8Tj*�&;�3-c/# #-#�!:�-#$8®y�3:0�3 J&�*N"%"%/4Td24&%$6=I 4"h=,P��~��}O@#��13=I:0:%�31a&�"%13*,76$8 #[j��x<2y=I 4�3 J&
$6" �CO��

�4�



� �"�!� � � 9 %!% &70 � $ �8&F; & � �
�<Td*,787W"01Y*,78�¬t,*N:%$R*�&;$6=, #"�$8 �5L*,"%�!Td�! J&U&%=I2e=I[I:;*N2#@J(¥1Y*N # #=,&.5e��:%�!"%=I7'tI�3-�5J(¥tN*,:%$8=I[I:%*,T *, L*,7'(<"0$6"!�
§) #"D&;�3*,-F\l&;@#�a(¯76�3*,-¯&;=�*�5#$R*,"�$8 o5L*,"%�!Td�! J&9-4�324&%@¤�!"0&;$8Tj*�&;�3"!�+° "%=I/4:%13�U[I:0$6-¯$6"�1!=IT?5#$8 #�3-¯bB$'&;@
*�"0�37'PRQ)"%$8Td$87R*,:�&%=I2e=I[I:;*N2#@J(�[I:0$6-F\�:%�!2#:%�!"%�3 J&%$6 #[�*�5L*,"0�3TU�3 J&?bB$'&;@�"%�!78PRQS"%$6TU$676*,:�Td*,[I #�a&;$8©Y*N&%$6=I �*,"
bW�3787F*,"g&%=I2e=I[I:;*N2#@J(I��}O@#��"0/#2e�3:%$8Td2e=I"0�3-¬&;=,2y=I[,:;*,2#@J(U[I:0$6-#"MbB$8&;@�u�O,K�*,:0��1^@#=I"0�3 �&;=�@L*YtI��©3�!:%=
TU�Y*, +tN*,78/#�,\s�f��T�\ K,��T�\K*, #-j�,��T "0&;*, #-L*N:%-U-#�!t�$R*�&;$6=, F\K*, #-UTj*�x4$8T?/#T�tN*,76/#�!"C=,Pl�,��T�\L�f�I��T�\
*, 4- KI�,�.T�\e:0�3"02y�!1!&;$'tI�!78(I� �¤� �  #-c&%@L*N&h*d:%/4[I[I�3-c5L*,"0�3TU�3 J&h78�Y*,-4"�&%=j:%�!-#/#1!�3-�-#�!24&;@��3"0&%$6Td*N&;�!"
VX¨>$6[#�y�4�º�I_a��°�"�*¬:%/#78�?=,PC&;@K/#T�5F\�&;@4�+�3"0&%$6Td*N&;�!-�-#�!24&;@o76$8�3"�*N5y=I/<&�@L*,7'PRQSbg*Y(�5e�!&)bW�3�! ¤&;@4�?Td�3*, 
*, 4-�&%@#��Td$8 #$6T�/#T -4�324&%@�&%=U5#*,"%�!Td�! K&3�

� �"�!��� � 3 � � � & % . ' % '���.*& � &70-'"; & � � ; $�% � & � '�� $ � ' 3 �
«�$6[I@�:0�3"%=,76/4&%$6=I �Td*,[I #�a&;$81�"%/#:DtI�a(<">*,:%�C$8 #13:0�Y*,"0$6 #[I7'(h�!Td2476=f(I�!-�&%=BTj*,2�$8 K&%:;*�QS"%�!-#$6TU�3 J&l*, 4=ITj*N76$6�!"3�
��=��3"U&;@#$8"¬13=I J&%:;*,-#$81!&d&;@#�¯5L*N"%$61�*,"%"0/#TU24&;$8=I =,P9*� #�![I76$8[I$65476��"%�!-#$6TU�3 J&�Td*,[I #�a&;$8©Y*N&%$6=I �$6 v&%@#�
tN*,:0$6=I[I:%*,T *, L*,7'(�"%$6" � �¤�o$6 JtI�!"0&;$8[J*N&%�¯@#=fb "0&%:%=I 4[|&%@#�¯Td*,[I #�a&;$6©3*N&;$8=I =,P9"%�!-#$6TU�3 J&%"�Td*Y( 5e�
bB$'&;@#=I/<&�*N®y�31!&%$6 #[�-#�!24&;@o�!"0&;$8Tj*�&;�3"!�?°h"0"%/#TU$6 4[�*�"0/#:0t,�!(¯&%�3:%:%*,$6 ¯1!76�3*,:;*, 413�+=,Pm�,�¬T�\�"%�3-4$6TU�3 J&
Td*,[I #�a&;$81 � �378-#"�=NPL-#�31!:%�3*,"%$8 #[h"D&;:%�! #[,&%@+*,:%�W*,-#-4�3-9&%=�&%@#�WTd*,[I 4�!&;$81 � �378-#"~=,PL5L*,"0�3TU�3 J&;">*N&~-#�32<&;@#"
=,Ph�f�I��Tc\/K,�,��T *, 4-��I�,��T�\�:0�3"02y�!1!&;$'tI�!78(I�¬AC"D&;$8Tj*N&%�3-�-#�32<&;@¥$8"�2476=,&0&;�3-¤*,[J*N$6 #"D&�&;@#�U:;*N&%$6=�=,P
5L*N"%�3TU�3 J&d&;=�"0�3-#$8Td�! J&jTd*,[I #�a&;$8©Y*N&%$6=I |$6 ¨>$8[#�C�4�q�4�£}O@#��:0�3"0/#78&d$6"U:%�3*,"%"0/#:%$8 #[#� A�tI�3 P]=,:.&%@#�
[I:0�Y*N&%�3"D&9-4�324&%@F\�1!=I:%:0�3"02y=I 4-#$6 #[�&;=�=I 4�.&%�3 J&;@¤=,PM&;@#�.bB$6 #-4=�b "%$8©3�,\~*�"%/#"013�!24&;$85#$678$8&)(�1!=I J&;:%*,"0&�=,P
*,:0=I/# #-�&)bg=j=I:%-#�!:%"�=,PHTd*,[I #$'&;/#-4��$8"�"0/ � 13$8�3 J&h&%=¬*,7876=fb²:0�378$R*,5#78��-#�32<&;@��!"0&;$8Tj*�&;$6=, F�g}O@#$8"�$8"� 4=,&
*?tI�!:0(�"D&;:%=, #[d1!=I J&;:%*,"0&BP]=I:B*?&)(�2#$613*,7�5L*,"0$6 F�

�VK



0

100

200

300

400

500

0 100 200 300 400 500

es
tim

at
ed

 d
ep

th
 [m

]

true depth [m]

true depth
flat basement

basem. sigma = 10 m
basem. sigma = 20 m
basem. sigma = 50 m

¨>§D +�L�4�º���CAH"0&%$6Td*N&;�!-�tI�3:0"%/#"�&;:0/#��-#�32<&;@cP]=,:O:%/#[I[,�3-�5L*,"%�!Td�! J&

0

50

100

150

200

250

300

1 10 100

es
tim

at
ed

 d
ep

th
 [m

]

magnetization ratio

300 m
200 m
100 m

¨>§D .�#�4�º���C���324&%@�*,[I*,$6 #"D&O5L*,"0�3TU�3 J&�&;=."%�!-#$6TU�3 J&�Tj*N[I #�!&%$6©3*N&;$8=I 

�I�



¨>§D .�#�4�¼ª��M�</#:0t,�!(�78=<13*N&;$8=I jbB$8&%@�*+"0{,�!&%1^@�=,P~&;@#���L$8[I@J&B76$8 #�3"
����� � 	�������� �^
�	�� � � � � 	 � �
	 
���	 � �	���[	�� � �	��	 �P��	��
}O@#��:0$8t,�3:O��/#$8"%�35��L=fbB"B*,78=I #[�&%@#�� #=I:D&;@#�!:% �Td*,:%[I$8 j=,Pl&%@#����/#$6"0�35���/# #��°�:%�3*?$6 ��h*NTd$85#$R*9*, #-
�! #-#"�$6 �¥*,7't�$6" �m*Y(¤V¢¨�$6[#�L�<�¼ªI_�� ��/4&%13:%=,2#2#$6 4[d5L*N"%�3TU�3 J&� #=I:D&;@�=,P>&%@#����/#$8"%�!5�$6"B1!=�t,�3:0�3-�5J(�/#2
&%= K,�I��T =,Pl"%*, #-�*, #-j";*, #-4"0&;=, #��$6 j&%@#��"0=I/4&;@�VX¨>$6[4�<�<�º�J_�� �� �$8&%"Wbg*f(,\#TU=I"0&g=,P�&;@#��bm*N&%�3:m=�=I©!�3"
*Ybg*f(¤*, 4-¥"0&;*N&;$8"0&;$81Y*,7878(c&;@#�j��/4$6"%�!5�:0�Y*,1^@#�!"�&;@4�j"%�3*�=I #7'(o=I #1!�j$6 �&;�! �(I�3*,:%"!���¤�37876"�*,76=, #[�&%@#�
:0$8tI�!:%5e�3-cTj*,{N�9/4"%��=NP�&;@#�9��/#$6"0�35c[I:%=I/4 #-4bg*N&;�!:h:%�!"%=I/4:%13�N\�5#/<&h2L*N:0&�=,P>&%@#�9[,:%=I/# 4-4bm*�&;�3:�$6"�*,76"0=
{K #=fbB ¤&%=�"0�3�32¤$6 J&;=�&;@4�d-#/4 #�j*N:%�Y*�*, #-�:%��Q)�!Td�!:%[I�U=I o&;@#�U13=J*N"0&Y\lP]�3�!-#$6 4[�P]:0�3"%@Jbg*N&;�!:�76*,[I=�=I #"3�
§) ��f�,�VK<\y&%@#�.��/#$6"0�35o��/# 4�?°h:0�Y*¬bm*N"�"%/#:DtI�!(,�3-¤5K(�@#�378$61!=I24&;�!:�&%=�$6-#�! K&%$8P`(�&;@4�3"%�."0�3�32#*,[I�+2L*N&%@#"
5e�3 #�3*N&;@c&;@#�9";*, #-�-#/# #�!"3��}O@#�?@#�!76$61!=I24&%�3:B1Y*,:0:%$8�3-�*d:;*,-#$8=ITU�!&;�!:3\LTd*,[I #�a&;=ITU�!&%�3:�*, #-�*, �*,1a&;$'tI�
��QS1^@L*, # 4�37FAM� "D(�"0&;�!Tc�B�eKN�I�I�978$6 #��Q){KT­bW�3:%���L=fbB ¬bB$8&;@¬*�76$8 #��"02L*,1!$6 #[?=NPl�4�G��&;=¬�h{�T *, 4-�*�&;$8�
78$6 #��"%2L*N13$6 4[�=,Pg�d&;=��f�¬{KT V¢¨>$8[#�e�4�¼ª,_a��AM� :%�3"0$6"D&;$8t�$'&;$6�!"h$8 #-#$613*N&;�!-�"%=,Td�?@4$6[I@�:0�3"0$6"0&%$8t�$8&)(�P]:%�!"%@
bg*N&;�!:91^@#*, # #�!76"3���</#5#"0�3³K/#�3 J&.-#:0$67876$6 4[j13=, � :%TU�3-�&;@#�!"%�d1^@L*, # #�!76"!\>5#/4&�P]:%�!"%@�bm*N&%�3:�(�$6�378-#"�bg�!:%�
$8 #"%$8[I #$ � 1Y*, J&Y�

«��!:%�N\CbW�¬�!"0&;$8Tj*�&;�j-4�324&%@|P]:0=IT &;@#�jTj*,[, #�!&%$61U-L*N&^*�=NPO&;@#�¬"0/#:0t,�!(�5J(�tN*,:%$8=I[I:;*NT *, L*,7'(<"0$6"!�
}mbW=�-L*�&^*¤��x4*,Td2476�3".bB$8&%@ "0@L*,7876=fb�*, 4-v-#�!�32v5#*,"%�!Td�! K&¬*,:%��"%@4=�bB v$6 ¨>$6[I/4:%�3"U�4�q��*, #- �<�8�f�<\

�,�



¨>§D +�H�4�q���z<l*, #-#"%*N&U$6Td*,[I�d=,P�&%@#����/#$6"0�35���/# #��°h:0�Y*4��}O@#�c-4/# #�3".�! #13:0=J*,1^@#$8 #[¤=, |&%@#��:%$'tI�3:
��/#$6"0�35�@L*YtI��@#�3$8[I@J&;"B=,P�=ftI�3:��f�I�+TU�!&%�3:%"

�J�



-1000

-500

0

500

1000

1500

2000

7440 7442 7444 7446 7448 7450

nT

UTM-Y [km]
¨>§D +�H�4�q����¨>$'tI��*,- 6 *N13�3 J&dTj*N[I #�!&%$61¬24:%= � 78�3".=ftI�!:j*, *,:0�Y*�bB$8&%@ =I/<&;13:0=I2#2#$8 #[o5L*,"0�3TU�3 J&Y��}O@#�
2#:0=Yx4$8Td$'&)(j=NP�&%@#��5L*,"%�!Td�! J&h$8"O:%�!�#�31!&%�3-c$6 �*+:%/#[I[,�3-c*,2#2e�Y*,:%*, #13��=,P~&;@4��Td*,[I 4�!&;$81 � �!76-F�

-400

-300

-200

-100

0

100

200

300

400

7426 7428 7430 7432 7434

nT

UTM-Y [km]

TP17

¨>§D +���4�'�f����¨>$8t,�.*,- 6 *,1!�3 J&�Tj*,[, #�!&%$61?2#:0= � 78�3"�=ftI�!:�*, �*,:0�Y*¬bB$8&%@o-#�3�!2�5L*,"0�3TU�3 J&jVX-#�!24&;@�5e�376=fb
&%�3:%:%*,$6 c*N&�&;�!"0&�-4:%$67876$8 #[?2e=I$6 J&�}BzO��ªj*,:0=I/# #-¤�I�f�.T¬_��m}O@#��76*,:%[,��-4$6"0&;*, #1!��5e�!&)bW�3�3 ¯"0=I/#:013�3"�*, #-
=I54"%�3:DtN*N&;$8=I �2#7R*, 4��76�Y*N-#"m&;=d*+"%TU=<=,&%@�Tj*,[, #�!&%$61 � �!76-F�

�I�



Walvis
Bay

Harbour
Sandwich

¨>§D +�I�4�'�I��� �m*,"0�3TU�3 J&M:%�378$6�aPy�!"0&%$6Td*N&;�!-+/#"%$8 #[�*�tN*,:0$6=I[,:;*,T *, L*N78(�"%$8"�bB$6 #-#=fb "%$8©3�O=,Py�K�,�I��T��>}O@4�
:%�!76$6�aPFP]=I:g&%@#��=I2<&;$6T�/#T bB$6 #-#=fb "%$8©3��=,P>�N�I�I��T @L*,"m"0Tj*,7876�!:W-#�at�$R*N&%$6=I #"WP]:%=IT -#:0$67678�3-d-#�324&%@F\L5#/4&
"%@#=fbB"W76�3"0"g-#�a&^*,$87~VX"0�3��¨�$6[#�J�<�8�f�I_a�Hz�*,76�!=<1^@L*N # #�378"W$8 4P]�3:0:%�!-dP]:%=,T­&;@#��Tj*N2d=,P�AW�
:%�!"%$6"D&;$'t<$'&;$8�3"M*,:%�
"%@#=fbB c$6 �:%�!-F�

�Jª



-125

-120

-115

-110

-105

-100

-95

-90

-85

-80

-75

7390 7392 7394 7396 7398 7400

nT

UTM-Y [km]

TP7

¨>§D +���<�8�eK���A>x#*NTd2#78��=,P�*, �*,:%�3*�bB$8&;@|78=�b Td*,[I #�a&;$61d"%$8[I L*,7O*N #-|@#$6[I@� 4=I$6"0��VX$6 ¥&%@#��=I:%-4�3:+=,P
"0�!tI�!:;*,7� 4}�_a�m°m&�"0@#=I:0&�&%=�$6 J&;�!:%TU�3-#$6*N&;��bm*Yt,�376�! #[,&%@#"�&%@#�¯ #=I$8"%��$8"¬"0&%:%=I 4[I�3:¬&%@L*, &;@4�¯"%$6[, L*,7¡\
bB@#$81^@c78�Y*,-4"m&;=U:%�3-4/#13�!-�-#�!24&;@��3"D&;$6Td*N&%�3"�V]&%:%/#��-#�!24&;@�*N&B}BzMª.$8"��I�f�+T�\#�3"D&;$6Td*N&%�3-�&;=hKIª?Tj_a�
:0�3"%2e�31a&;$'tI�37'(I��}O@#�C�3"0&%$6Td*N&;�!-�5L*,"0�3TU�3 J&l&;=I2e=I[I:%*,2#@J(�P]=I:�&%@#�C�3 J&;$8:%�H"0/#:0t,�!(�$6"F[,$8tI�! 9$8 �¨>$6[,/#:%�H�<�8�I�,�

� ��% � � � &76 � '*) $ . ( &76��(9 � . $ � &F6 $ .h6s& � 3o. 9 � ' 3 �
�M*,:0$6=I[,:;*,T *N L*,78(�"0$6">=NP#&;@#$8">Td*,[I #�a&;$81W-L*�&^*�"0�!&�PX*N13�3">-#$ � 13/478&;$8�3"!��}O@#�g";*, #-+-4/# #�3">=,Ps/#2�&%=?�f�I��T
$8 �@4�3$6[,@K&d*,:0��13:0=I"%"0�3- 5J(�&;@4��"0/#:0t,�!(�76$8 #�3"!\MbB@4$61^@|bg�!:%���L=fbB *N&U13=, #"0&;*, J&d&%�3:%:%*,$6 |1!76�Y*N:;*, #1!�
V]-#:;*,2e�3-v"%/#:DtI�!(4_�� ��2Jbg*,:%-£1!=I J&;$6 K/L*�&;$6=, &;=¥*¤13=,TdTU=I v:0�!P]�!:%�3 413��@#�!$6[I@J&j$6"U #=,&¬2e=I"0"%$65476��P]=I:
2#:0= � 78�M-#*N&^*ObB$8&%@#=I/4&�Tj*N{�$8 #[�*,"%"0/#TU24&;$8=I #"~=I �&%@#�g"0=I/#:013�MTj*,[, #�!&%$6©Y*�&;$6=, F��}O@K/#"3\J=I/4:~=,5#"%�!:0tN*N&;$8=I 
� 247R*, #� � *N1!&;/#*,767'(�13=I #"0$6"D&;"h=NPHTd�3*,"%/4:%�3TU�3 J&%"�tI�!:0&%$61Y*N7678(�"0�32L*N:;*N&%�3-�5J(�*,"hT?/41^@¯*,"��f�I�dT�\sbB@#$678�
&%@#�B-#�324&%@U&%=�5y�O�!"0&;$8Tj*�&;�3-.$8"H=,Ps&;@#�B=I:0-#�3:H=,P����,��T � }O@#�B2#:0�3"0�3 #1!�h=,Pe$6 4"0&;:0/#TU�3 J&C #=I$8"%�B=,Pe/#2.&;=
"0�!tI�!:;*,7~ #}w13*,/#"0�3"�P]/4:0&;@4�3:�2#:%=I5476�3TU"B$6 c*,:%�3*,"�=,P>bW�Y*,{�5L*N"%�3TU�3 J&�Tj*N[I #�!&%$6©3*N&;$8=I F\L*,"�$67876/#"D&;:%*N&;�!-
$8 c¨�$6[I/#:0���4�'�eK

}~=�=I54&^*N$6 �TU�Y*N #$6 #[NP]/#7l-#�324&%@F\�7R*N:%[I��tN*,:%$8=I[I:;*NT�bB$6 #-#=fb "%$8©3�!"�@L*YtI�?&%=¬5y��/#"%�!-F��}O@#�+7R*N:%[I�!:
&%@#�hbB$6 4-#=fb�\<&;@4��Td=,:%��*N1313/4:;*N&%�h&;@#�h-#�324&%@��3"D&;$6Td*N&%�,�H«�=�bW�!t,�3:!\#&;@#$8"g$6 413:%�3*,"%�!-�*,131!/#:;*N1!(j&%:;*,-4�3"
=,®�*N[J*,$6 4"0&�*d-#�!13:0�Y*,"0�3-¯7R*�&;�3:%*,7�:%�!"%=I78/4&;$8=I �=,P�&%@#�95#*,"%�!Td�! K&h:%�!76$6�aP����¤�9$8 4P]�3:B&;@4�9TU�Y*, ��3:0:%=I:�=,P
&%@#��:0�376$8�!P�P]:0=IT�-#:0$67678�3-�5L*,"0�3TU�3 J&�-#�!24&;@¯$8 ����d78=<13*N&;$8=I #"!�BzC78=,&%&%$6 #[U&;@#�9Td�3*, ��!:%:0=I:�*,[I*,$6 #"D&�&%@#�
�a®��!1!&;$'tI��bB$6 #-#=fb£"0$6©!�?VX¨>$6[#�K�<�8�f�I_a\Jbg� �  #-j&%@L*N&W*,1!13/#:%*,1!(U=,P�-4�324&%@¬$6TU2#:%=ft,�3"M/#2d&%=?*, d=I24&;$8T?/#T
bB$8 #-#=fbw"0$6©3��=,PH�N�J�I�+T�\L$¡�G�,�CbB$6 #-#=fb²:;*,-#$8/#"B=,P K,ª,�I�+Tc\#bB@4�3:%��&;@4�9TU�Y*, �:%�!7R*N&%$8t,���3:%:0=I:B$6"������
*, 4-j&;@#�h*,5#"0=I76/4&%���!:%:0=I:g$8"uKI��Tc�H¨L=I:M�!t,�3 �76*,:%[I�!:MbB$8 #-#=fbB"3\�&;@#��$6 #1!:%�3*,"%$8 #[?*,1!13/#:%*,1!(d$6"W=,®y"%�!&g5J(
&%@#��-#�31!:%�Y*N"%$6 4[d76*N&;�!:;*,7y:%�3"0=I76/<&;$6=, F�

�I�



14

16

18

20

22

24

26

28

30

32

34

1000 1500 2000 2500 3000 3500 4000 4500

m
ea

n 
re

la
tiv

e 
er

ro
r 

%

window radius [m]

zero information level

¨>§D +�F�4�'�f�������Y*, �:%�!7R*N&%$8tI���3:%:0=I:�=,PM-#�!24&;@��3"D&;$6Td*N&%�3"�*N&�&%@#�+-#:%$87678$6 #[U76=�1Y*N&%$6=I 4"htI�!:%"%/4"�&%@#�+-L*N&;*
bB$6 #-4=�b­"%$6©!�./#"%�!-¥$6 o�3"D&;$8Tj*N&%$6 #[�&%@#�.5L*,"%�!Td�! J&?:%�!76$8�!P��.°h1!13/#:%*,1!(�=,Pg-#�324&%@�$8 #13:0�Y*,"0�3"�bB$8&;@o&;@4�
-L*N&;*�bB$6 4-#=fb±:;*,-#$8/#"M/#2j&;=�KIª,�I��Tc���</#5#"0�3³K/#�! K&%78(,\L�3:%:0=I:%"W$6 #1!:%�3*,"%�h*,[J*,$8 d-#/4��&;=�&;@#��-#�31!:%�3*,"%$8 #[
7R*N&%�3:%*,7F:%�!"%=I78/4&;$8=I �=,P>&%@#�9:0�378$6�!P��M°h"0"%/#TU$6 4[j*U-#�324&%@�=,Pg���,�.T�5y�!76=fbw=,5#"%�!:0tN*N&;$8=I �76�!t,�37�*N&��!t,�3:0(
-#:%$8767s"%$'&;��[I$'tI�!"O*, �/# K5#$6*,"%�!-�-4�324&%@��!"0&%$6Td*N&;�hbB$'&;@�*, ��!:%:0=I:m=,P[K,���¬\<$6 #-#$81Y*N&%�3-�@#�!:%��*,"W&;@#� � ©!�3:0=
$6 4P]=,:%Td*N&;$8=I j78�!tI�!7 � �

¨>$6[I/4:%�.�4�'�I�U"%@#=fbB"9&%@#�U5L*,"%�!Td�! J&�:0�376$8�!PMP]=I:�*�bB$8 #-#=fb­"0$6©!�d=,Pg�K�,�I��T��d}O@4�d76*,:%[I�?bB$8 #-#=fb
"%$8©3��:0�3³K/#$8:%�3-�$6"h24:%$6Td*,:0$678(j-#/#��&;=j&%@#�9tN*,:D(<$8 #[d�#$6[I@J&h*,78&%$8&;/4-#��*N5y=ftI��5L*,"%�!Td�! J&Y� �� #�913=I/476-�&%:0(
&;=d/#2Jbm*,:0-�13=, K&%$6 K/#��&;@#�92#:%= � 76�3"B&;=j*d:0�!P]�3:0�3 #1!�?2#76*, #��"%76=,2#$6 #[.&;=fbg*,:%-4"�&;@4��"%�3*4��«�=fbW�!tI�!:3\�&%@#$6"
:%�!³�/4$6:%�!"�*,"%"0/#Td2<&;$6=, #"�=I o&;@#�."%=,/#:%1!�UTd*,[I 4�!&;$8©Y*N&%$6=I ���§) ¤*, �*,78&%�3:% #*N&;$'tI�.*,2#24:%=J*,1^@�\lbW�U-#$6"01Y*,:0-
*,767�-L*N&^*+TU�Y*,"0/#:%�!-�*N5y=ftI��&;@4��TU�Y*N �78=<13*,7F=I54"%�3:DtN*N&;$8=I �@#�3$8[I@J&Y\L"%@4�3-#-#$8 #[j�,��� =,P~&;@4��-#*N&^*4�M��/#�
&;=�&;@4��1^@4=I2#2e�3-j/42j2#:0= � 76�!"3\K������=NP�&;@4�BtN*,:0$6=I[,:;*,TU">5e�31!=ITd�B$8 #13=ITU2#78�!&;�m*, #-UT?/#"0&M5e�B-#$6"01Y*,:0-#�3-F�
¦g=I #"0�3³K/#�3 J&%78(I\>$6 #"D&;�Y*N-¤=,Pg$6TU2#:%=ft�$6 4[#\�-#�32<&;@��!"0&%$6Td*N&;�!"�-4�!&;�!:%$8=I:;*N&%�,�U°m&%&%�3TU24&;"�&;=�$6 #1!=I:%2e=I:%*N&;�
&;@#��&;$8�978$6 #�!"�$8 �* 6 =I$8 J&h$8 Kt,�3:0"%$6=, ¯*,76"0=dPX*,$87F&;=¬$8Td24:%=ftI��&;@#��:%�378$6�aP���¨L=I:B&;@4$6"�2#/#:%2e=I"0��&;@#��&;$8�978$6 #�
"%�!2L*,:;*�&;$6=, �bW=I/#78-�@L*YtI��@L*,-�&;=.5y�� L*N:%:%=fbW�3:!�

����� � ������� ��� � ��� � � � ��� � �n��� � ��� � �
��/#:�&;�!"0&;"�"0@#=fb &%@L*N&�tN*,:%$8=I[I:%*,T�*, L*,7'(<"0$6"�-4�324&%@¤$8"�/# K5#$R*N"%�3-¤*, #-�*,1!13/#:%*N&;�N\�"%/#5 6 �31!&�&;=�1!�3:D&^*,$8 
76$8Td$'&^*N&%$6=I #"!���<=ITU��=,P�&%@#�3"0�978$6TU$8&;*N&;$8=I #"M*,:%��1!=ITdTU=I ¬&%=U=N&;@#�!:�TU�!&%@#=�-#"�*,"mbg�!767¢�

� �21u�"� � 3 � )7."9 �8' 3 � � � 6s3 ; � ��& � * � � ��& � ' ) ; 3�0�&/. ' � %
¦g=ITU2L*,:%$8 #[?tN*,:%$8=I[I:%*,T -4�324&%@�bB$'&;@�&;:0/#��Td=�-#�37�-#�324&%@cbW��13=I #1!76/#-4��&%@L*N&

�I�



�,�B&%@#�j�a®��!1!&%$8tI�j-L*N&^*c*, L*,7'(�"%$6"�bB$6 4-#=fb "%$6©!�jT?/4"0&?5e�¬*�&�78�Y*,"D&¬�f��Q*K,��&;$6TU�3"�7R*N:%[I�!:�&%@L*, ¤&%@#�
-4�324&%@�&%=U5e��:%�!"%=I7'tI�3-

K��B&%=I2e=I[I:;*N2#@#$61mP]�3*N&;/4:%�3"W*,:0��:0�376$6*,5#7'(�$8-#�3 J&;$ � �3-d=I #7'(+$8Pe&;@#�a(d*,:%�B7R*N:%[I�!:C&%@L*, .&;@#��bB$6 #-4=�bv"%$8©3�
VX¨>$6[,"3�#�<�8�I\#�4�º�I_

�<�BP]=,:M:0/#[I[I�!-j5L*N"%�3TU�3 J&M&;=I2e=I[I:%*,2#@J(I\��3"D&;$8Tj*N&%�3-U-#�32<&;@j$8"g*N5y=I/<&W@#*,78PRQ¡bm*Y(+5e�!&)bW�3�! ¬&;@#��Td�3*, 
*N #-�&;@#��TU$6 #$8T?/#T -#�324&%@�&%=.5L*,"%�!Td�! J&+VX¨>$6[#�4�4�º�I_

�4��-4/#�h&;=�&;@#�h$6 #@#�!:%�! K&m #=I <QS/# #$6³K/#�! #�3"0"O=,PF&%@#��Td*,[I #�a&;$61�$6 Jt,�3:%"0��2#:0=I5#76�!Tc\<*?�4�º�9/# 413�3:D&^*,$8 J&)(
$8 �u±V]bB@4$61^@�$6"O:;*�&;@#�!:O@#$6[I@L_g76�Y*N-#"m&;=d* K,��� /4 #13�!:0&^*N$6 J&)(�$6 �*,5#"0=I76/<&;��-#�!24&;@

����*?"0�3-#$8Td�! J&OTj*N[I #�!&%$6©3*N&;$8=I j/#2¬&%=?&)bg=.=I:0-#�3:0"m=,P~Td*,[I #$'&;/#-#��76�!"%"m&;@#*, ¬&;@#�h5L*,"%�!Td�! J&BTj*,[�Q
 4�!&;$8©Y*N&%$6=I �-4=<�!"� 4=,&B-#$6"D&;/#:05c-4�324&%@c�!"0&;$8Tj*�&;�3"�VX¨>$6[4�L�4�q�J_

�<��-4�324&%@¥�3"D&;$6Td*N&%�3-¤P]:0=IT 2#:%= � 76�!"?*,78=I #[�13=I #"D&^*, J&+5#*,"%�!Td�! K&�-#�32<&;@�$6"�TU=I:%�d*,131!/#:;*�&;�j&%@L*, 
P]:0=IT­2#:0= � 78�3"M*,13:0=I"%"H&%=I2y=,[I:;*,24@K(,�H«��! #13�N\<�L$8[I@J&C76$8 #�3"C"%@4=I/#76-.5e�h*N76$6[, #�3-?bB$'&;@.&;=I2e=I[I:%*,2#@#$81
&%:%�! #-�&%=�*ft,=I$6-¯&%=I2y=,[I:;*,24@#$61.*, 4=ITj*N76$6�!"3�9}O$6�+76$8 #�3"�"0@#=I/#78-o5y�+�L=fbB �-#�3 #"0�d�! #=I/#[,@�&%=c5e�
/4"%�!P]/47�*,"h*, o*,-#-#$'&;$8=I L*,7�"0=I/#:%1!�?=,PC"D&^*N&%$6"0&%$613*,7l$6 4P]=I:0Tj*�&;$6=, F�O§) ¯2L*,:D&;$61!/#7R*N:3\ 6 =I$6 J&h$6 JtI�!:%"%$8=I 
=NPhbB$6-4�c"02L*,13�!- 5#$ZQ)-#$8:%�31a&;$8=I L*,7m24:%= � 78�3"U[I$8t,�3"UTd=,:%�c*,131!/#:;*N&%�c-4�324&%@v&;@L*N *¤-4�3 #"0���3³K/#$ZQ
-4$6:%�!1!&%$6=I L*N7�"%�a&�=,P>"0/#:0t,�!(�76$8 #�3"�VX¨>$6[,"3�#�<�8�I\s�<�º�J_��

� �&1u�&% � ' �8)79 � �('*3 � 3�� � ��& � 9�' �8& � � 9 � & � 6s& $ �89�6 ( &)*
�M*,:0$R*,5476��-#/4 #��&%=I2e=I[I:;*N2#@J(�*, #-�@#$6[,@c$8 #"0&%:%/#TU�3 J&� #=I$8"%��Td*,{,��$8&B-#$ � 13/#7'&O&;=U�3"0&%$6Td*N&;��&%@#��5L*,"0�aQ
TU�3 J&�:0�378$6�!P�P]:%=IT�&%@#�?��/#$8"%�35���/# #��°�:%�3*jTj*N[I #�!&%$61�-L*N&;*4��}O@4�?*,5#"0=I76/<&;���!:%:0=I:h=,PH*,:%=I/4 #->KI�.T
*,[I*,$6 #"D&�-#:0$67678�3-�-4�324&%@�$6"�78$6{N�378(�&;=�5e�+�!t,�3 �76*,:%[,�3:�*N&�&%@#�+"%/#:DtI�a(¤5e=J*,:0-#�3:0"3\�bB@#�!:%�.&;@#�.*, #*,78(�"%$8"
bB$8 #-#=fb $8"�=I #7'(�@#*,78PC1!=�t,�3:0�3-obB$8&;@¯-#*N&^*4� �±@#$876�?5L*N"%�3TU�3 J&�-#�!24&;@4"�=NP��Y�I�¬T�P]=,/# #-¯P]=I: ��*,78t�$8"
�m*Y(�*,:%�?:0�Y*,78$6"D&;$61N\y&%@#�+"0&%:%=I #[�[I:%*,-#$8�3 J&�&;=��atI�! ¤[I:0�Y*N&%�3:�-4�324&%@#"�$6 �&;@4�
���!"0&�$6"h #=,&Y�9}O@#�?P]:%�!"%@
bg*N&;�!:h1^@L*N # #�37lP]�3�!-#$6 4[d&;@4��bW�!&%7R*, #-�*N&��4*, #-4bB$81^@¯«h*N:%5e=I/#:�@L*,"�5y�!�3 �$8-#�3 J&;$ � �3-c13=I:0:%�!1!&;7'(I�BzH:%��Q
"0/#Td�!-�&%:%=I/4[I@#"B*,78=I #[+&;@#��1!=J*,"D&�:0=I/#[I@478(�*N[I:%�!��bB$'&;@�*,:0�Y*,"B=,P�@#$6[,@�AW� :%�!"%$6"D&;$'t<$'&)(I�H§S&ObW=I/#78-c5e�
$8 K&%�3:0�3"0&%$6 #[+&%=.t,�3:0$8P`(¬&%@#���ax<$6"D&;�3 413��=,P�&%@#�3"0��&%:%=I/4[I@#"B5J(�-#:%$87678$6 #[#�

�c=I"D&�76$6{N�37'(I\4-4�324&%@��3"D&;$8Tj*N&%�3"mbW=I/#78-�@#*ft,�95e�3�! cTU=I:0��*,131!/#:;*N&%��$8P~"%/#:DtI�a(c78$6 #�!"m@L*,-�P]=I7876=fbg�!-
&%@#��-#/# #��tN*,7678�!(�"B*, #-�TU=I:%��&%$6��76$8 #�3"g@L*,-�5y�!�3 ��L=fbB F�

� �&1u�21 � 6s&7) 3o; ; & � 0 $ � ' 3 � � 3 6 $ &76s3 ; $�% � & � '*) �89�6 ( &)* 0�& �(' % �
��/#:�"D(< J&%@#�!&%$61.Td=�-#�!76$6 4[¬"%@#=fbB"�&;@L*�&�&;@#�+$8 4P]=I:%Td*N&%$6=I c$6 �&;$8�+76$8 #�3"�1!=I/#78-�"0$6[I 4$ � 13*, J&;78(c$6TU2#:0=�t,�
-#�!24&;@9�3"D&;$6Td*N&%�3"3\�2#:0=�t�$8-#�3-�&;@L*N&~&;@4�M&%$6�H76$8 #�3"~*,:0�W 4=,&~"%2L*,1!�3-�&%=<=BPX*,:~*,2L*N:0&Y�~§) 9PX*N1!&Y\�P]=I:l5L*,"0�3TU�3 J&
-#�!24&;@��3"D&;$8Tj*N&%$6=I �\��#(�$8 #[U*?:%�3[,/#7R*,:gTd�!"%@�bg=I/476-�2#:%=,5L*,5#7'(¬[I$'tI��&;@4��=I24&;$8T?/#T *,131!/#:;*N1!(�*N&B78�Y*,"D&
1!=I"0&3�

�f�I�



� � ��� �¤� � �

�¯
 � �¥��� ��� � � � ��� 	
��� ��� �¥� �o� ��� ����� � �B�¥� 

�¥�²����� �
	���� � � 
���� ���­�¤�­�H�H���¤� �������H
 �w�¤� �

� ��� ���O����
 ���

�<$6 413�d&%@#�j24/#5#76$81Y*N&%$6=I �=,PO&%@#� � :0"0&+"%*N&;�!7678$8&;�.[I:%*Yt<$'&)(�Tj*,24"�V¢«�*�x<5J(��a&+*,7¢�8\W�f�I�I�4� 6�*,2#2�\m�f�I�I�I_a\
"%2L*�&;$R*N7�bm*YtI�!76�! #[,&;@�:0�3"0=I76/4&%$6=I �=,PO"%*N&;�!7678$8&;�+[,:;*Yt�$8&)(�@L*,"�$6TU2#:%=ft,�3-�1!=I #"0$6-#�!:;*,5#7'(I\�2#:%$8Tj*,:0$67'(�-#/4�
&;=�&;@#��-4�3 #"0�3:g&%:;*,1^{U"%2L*N13$6 4[�=,P~��{KT *, #-¬��{KT *�&g&;@4�h�3³K/L*�&;=I:m-4/#:%$8 #[9&%@#�h[I�!=<-4�!&;$81hTU$6"0"%$6=, #"C=,P
 ��!=I";*�&¬V��f�I�J�fQ^�f�I�,�J_�*, 4-�A 6��KQ^��VD�f�,�4�!Q^�Y�I�I�J_�\F:%�!"%2e�31!&%$8t,�378(,�¬�<*N&;�!7676$'&;�?[,:;*Yt�$8&)(¯$8"�1!=ITU2#/4&;�!-¤5J(
[I�3=�-#�a&;$61.¨L=I/4:%$6�!:�TU�!&;@4=<-#"dV¢�<1^@Jbm*,:0©d�a&9*,7¡�'\H�f�I�I�I_�P]:%=IT [I:%$8-#-#�3-o[I�!=I$6-o2#:0= � 78�3"UV¢«�*�x<5J(o�!&9*,7¡�'\
�f�I�I�I_M=I:gt,�3:D&;$613*,7F-#�a�L�31a&;$8=I �=,P~[I�3=I$8-oV¡�<*, #-4bW�3787�*, #-c�c1!°h-#=�=#\F�f�,�I�J_a�H�<�3� ��76[,$R*N&%$ 
�
 �����lVD�Y�I�J�I_
P]=I:.*¯13=ITU2L*,:0$6"0=I |=,P�&%@#��&)bg=�TU�!&;@4=<-#"!�|°�-4�!&^*N$676�!-�-#�3"013:0$624&%$6=I |=,P�Tj*N:%$6 4��[I:;*Yt�$8&)(�Tj*,242#$6 #[
P]:%=IT ";*�&;�37876$'&;��*,78&%$6TU�!&;:D(.$6"W[I$8t,�3 �5J(��4*N #-4bW�3767F*, #-��<TU$8&%@oVD�f�,�JªI_a���4*N&%�37678$8&%�h*,7'&;$8Td�a&;�3:0"WTU�Y*N"%/#:0�
Td�3*, +"%�3*�"%/#:DPX*,13�B@#�!$6[I@J&Y\IbB@4$61^@.$6"�1!=I J&;:0=I7678�3-+2#:0$6Td*,:%$878(�5J(�&%@#�BAC*,:0&%@FEq"C[I:%*Yt<$'&)( � �!76-F\,5#/4&C$6"C*N76"%=
"%/#5 6 �31!&O&%=9&%$6-#�!"3\4=�13�3*, ¬1!/#:%:0�3 J&;"B*, 4-�*N&;TU=I"02#@#�3:0$61��!®y�31a&;"3�C§) �"%*N&;�!7676$'&;�B[I:%*ft�$'&)(U&%@#�3"0��"%�!13=I 4-L*,:0(
�!®y�31a&;"M*,:%�g:%�3[I*,:%-#�!-U*,"H #=I$8"%�,��°�P`&%�3:H*,242#78(�$6 4[�t,*N:%$6=,/#">1!=I:%:0�31!&%$6=I 4"3\I&;@4�O"%�Y*�"0/#:0PX*,1!�O@#�3$8[I@J&;"H"0�3:0t,�
*,"B�3"D&;$6Td*N&%�3"O=,P~&;@#��=�13�3*, c[,�3=I$8-F�

6��!"%=I78/4&;$8=I ¤=NPO*,78=I #[NQ¡&;:;*N1^{�[I�3=,$6-�24:%= � 78�3"�1Y*, ¤5y�U-#� �  #�3-|*N"�&%@#�dbg*YtI�378�3 #[N&;@�*N&�bB@#$81^@¤&;@4�
Td�3*, ."%³K/L*,:0�B13=I@#�!:%�! #13��5y�a&)bg�!�3 d&)bW=��ax4*,1!&W:%�!2y�3*N&H&;:%*,1^{K"MPX*N7676"�&;=�5y�!76=fbv�4�¼�.V¢��*,:%{K"M*, #-j�4*,$876=I:!\
�f�I�I�I_a� �±$'&;@U&;@#$8"M-4� �  #$'&;$8=I j*N76=I #[�QS&;:%*,1^{?[I�!=I$6-U:%�!"%=I78/4&;$8=I U@L*,"M$6TU2#:%=ftI�!-dP]:0=IT��I�f��{KT P]=,:��Y�JªI��Q
�f�Jª,�� ��3=I"�Q���-#*N&^*�&%=��,��{KT�P]=,:W�f�Iª,���<�3*,";*�&�-L*N&;*?V¢��*,:%{K">*, #-.�4*N$676=,:3\K�f�I�I�I_a�~§) +*�-#�a&^*,$876�!-�"0&%/#-4(
=,P�*,76=, #[NQS&%:;*,1^{.[I�!=I$6-�:0�3"0=I76/4&%$6=I �\ <W*,78��*, #-c�4*N #-4bW�3767HVD�f�I�I�I_ �  4-c*?[,76=I5L*N7F*YtI�!:;*,[I��:0�3"0=I76/4&%$6=I j=,P
�I��{KT­*, 4-+�J��{KT P]=I:�24:%�aQS�3-#$'&;�!-j ��3=,";*N&C*N #-UA 6��KQ;�O-L*N&^*<\I:%�!"%2e�31!&%$8t,�378(,��°h78=I #[NQ¡&;:%*,1^{9:0�3"0=I76/4&%$6=I 
1Y*, �5e�M$8Td24:%=ftI�!-�&%=B5y�!76=fb��I�O{KTw5J(�"0&;*,1^{K$6 #[�13=,:%:%�!"%2e=I #-#$8 #[B&;:;*N1^{�"l=,P<&;@#�C��x#*N1!&~:%�!2y�3*N&~Td$8"%"%$8=I #"
V¢A 6���_a\L13*,7678�3-�T?/#7'&;$ZQ)-#$8"%13$82#76$8 L*,:D(?2#@L*N"%��P]=I:OA 6h�JQ^�I�C«�=�bW�!t,�3:!\e&%@#��A 6�� @L*YtI�9*?&;:;*N1^{¬"%2L*N13$6 4[
=,PF�Y�,��{KT V¢ ��!=I";*N&^_~*N #-?�I�B{KT V¢A 6��KQ^��_�bB@#$81^@�$8"~&%=<=ObB$6-4�MP]=I:l@#$8[I@�:%�3"0=I76/<&;$6=, 9[I:%*Yt<$'&)(�Td*,2#2#$8 #[#�
��/#:%$8 #[+&;@#��[I�!=<-#�a&;$81�TU$6"0"%$8=I #"3\L=, �&%@#�9=N&;@#�!:�@L*N #-F\L&;:%*,1^{K"�*,:0�� 4=,&�:%�32e�Y*�&;�3-�*, #-�$8&�$6"B�3"0"%�! K&%$R*,7
&;=.�ax�&%:;*,1a&h*N"B*,131!/#:;*N&%��[I�3=I$8-�$6 4P]=,:%Td*N&;$8=I ¬*,"B2e=I"%"0$65#78�hP]:%=,T��!t,�3:D(�:%�31!=I:%-4�3-c&%:;*,1^{s�C}O@#$8"O1Y*, �5y�
´Dµs¶�·�¸q¹¼»¢½�¾0¿h¹ºÀjÁlÂSÃ¡Ä�ÅYÆ;Ç)È'É �����fÃ���� � ����� ��
RÂ�� � ��
8È'Ã�� ���IÊ8Ë�Ì�¶N»DÍ�� &¡¾D¾0À�ÌaÀ�¿���Ì�¹ &¡½�¾0Ì!¿JÍJÎ0Ï!Ï �!Ð

�Y�4�



*,1^@4$6�!t,�3-c5K(¬:%�324:%=�13�3"0"%$8 #[U&%@#��:;*Ybw:%*,-L*,:mbg*YtI�aP]=I:%T
-L*N&;*4�
°�P`&%�3:�=I/4&%76$8 #$6 #[d&;@#�.5L*,"0$61.2#:0$6 #1!$62#78�3"�=,Pg";*N&%�37876$8&%��:%*,-L*,:�*,7'&;$6TU�!&%:0(,\ybW�d2#:0=I2e=I"%�U*�"%$6TU2#78$ � �!-

bg*YtI�!P]=,:%T Td=�-#�37#&%=�$8Td2#:0=ftI�O&;:%*,1^{K$6 #[#�>§) #"0&%�Y*,-�=,Py&;:%*,1^{K$6 #[9$6 #-#$'t�$6-#/L*N74&;:%*ft,�37s&;$8Td�!"3\Jbg��2#:%=�13�!"%"
*�bB@#=I78�d"0�3³K/#�3 413��=,PWbm*YtI�aP]=I:%TU"?"0$6T?/#7'&^*, 4�3=I/#"078(,\~/4"%$6 4[�*�2y=I7'(� #=ITU$R*,7�"%2#78$6 #�.&;=�:%�!2#:%�!"%�3 J&?&%@#�
[I�!=I$6-���}�=."0�32L*,:%*N&;��[I�!=I$6-�"0$6[I #*,7yP]:0=IT� #=,$6"%�N\4=I 4��:0�3³K/#$8:%�3"B*+"02y�!1!&;:%*,7FTU=<-4�37�P]=I:W&;@#��&%:%/#��[I�!=I$6-��
��"%$6 4[?*9:0�376*N&;$8=I #"%@4$62.5y�a&)bg�!�3 �[I�!=I$6-d*, #-d[I:;*Yt�$8&)(,\�bW��$6 <P]�3:H&;@#��[I�3=,$6-j"02y�!1!&%:%/#T P]:%=,T 76*,:%[,��"01Y*,78�
76*, #-|*, #-|Td*,:%$8 #�¬[I:%*Yt<$'&)(¥[I:0$6-#"!�¥}O@#���ax<2e�31a&;�3- "%2e�31a&;:%/4T =,P�&%@#�¬&;:0/#��[I�3=,$6-�$6"?&%@#�3 |/4&%$678$6©3�!-
&%=¤1!=I #"0&%:;*,$8 �&%@#��"%TU=<=,&%@# #�!"%"U=,Ph&%@#��"%2#78$6 #��[I�!=I$6-�"%=I78/4&;$8=I #"!\M&%@�/4"d"0/#2#2#:0�3"%"0$6 #[� #=I$6"0��*,76:0�Y*,-4(
*N&j&;@#��&%:;*,1^{K$6 4[�"D&^*,[,�,� �¤��&;�!"0&%�3-±&;@#�o*,78[I=I:0$8&;@4T =, ±�|:0�32e�Y*N&�1a(�1376�!"�=,P�&;@#�oA 6��KQ^�oA 6��¤�
¦g=I@4�3:%�! #13$8�3"+$8 #-#$613*N&;�j*�"%$8[I #$ � 1Y*, J&�$6TU2#:%=ftI�!Td�! J&?$6 ¥*,76=I 4[NQS&%:;*,1^{o:%�!"%=I78/4&;$8=I F\�$6 ¥2L*N:0&;$813/#76*,:�P]=I:
:0=I/#[I@�"%�3*U"D&^*N&%�3"!�

� ��� � ��� � � � � ��� ����� � 	��
°�P`&;�3:M13=,:%:%�!1!&%$6 #[�P]=I:H&;$8-#�3"W*, #-d13/#:0:%�3 J&%"3\#*N"MPX*,:M*,"M2e=I"%"0$65#78�,\K"%�3*9"%/4:0PX*,1!�h@#�!$6[I@J&M2#:%=ft�$6-4�3"m*N d�!"0&;$ZQ
Td*N&;�g=,Ps&;@#�O=�13�3*, .[I�3=I$8-jU�bB@#$81^@U$8"H:%�!7R*N&%�3-?&;=�&%@#�O[I:%*ft�$'&)(?2e=,&;�! K&%$R*,7 9²5J(��g:0/# FEG"W*N2#2#:%=Yx<$6Td*N&%�
P]=I:0T?/#76*

9jV��7| �H|;�J_�O � T U¥V��7| �4_b| V¢ª<�'��_
bB@#�!:%� � T $8"m&;@#�� #=,:%Td*,7F[I:%*ft�$'&)(�*,1!13�378�3:%*N&;$8=I F�C�4*�&;�37876$'&;��*N78&;$8Td�a&;�!:%"O*,:0��*,5#78��&;=.Td�3*,"%/4:%��&;@4��"0�Y*"0/#:0PX*,1!�m@#�!$6[I@J&�5K(9"%�! #-#$8 #[�-#=fbB ?:;*N-L*,:>24/#76"0�3">&%@L*N&>*,:%�W:%�!�#�31!&%�3-U*N&�&;@#�W"%�Y*�"0/#:0PX*N13�O*, 4-?:%�!13=I:0-#�3-
5L*N1^{�=I <Q)5e=J*,:0-�&%@#��";*N&%�37678$8&%�,�W�<$6 413��&;@#��";*N&%�37876$8&%�,EG"O"%TU=<=N&;@�=I:%54$8&^*N7�2L*N&;@c*, #-c2y=,"%$8&%$6=I �$8"B{� 4=�bB 
*,1!13/#:%*N&;�!78(�*N&.*, J(¤$6 #"D&^*, J&3\C&%@#�¬"0�Y*¯"%/#:DPX*,13�¬&%=I2e=I[I:;*N2#@J(�:0�37R*�&;$8t,�d&%=o*�:%�aP]�3:%�! #13���!7676$82#"%=,$6-�1Y*, 
5e��-#�a&;�!:%TU$6 #�!-F��}O@#�?-4$6"0&;*, #1!�?5y�a&)bg�!�3 o";*�&;�37876$'&;��*, #-¯"0�Y*¬"%/4:0PX*,1!�?$6"�:%�!P]�!:%:0�3-�&;=¬*,"h:%*, #[I�N��}O@#�
:%*, #[I�UT?/#"D&�5e�dTU�Y*N"%/#:0�3-�&%=�*, ¤*,131!/#:;*N1!(¤=,Pm1!�3 J&;$8Td�a&;�3:0"�$8 ¤=I:0-#�3:�&;=c-#�3:0$8t,�j[I�!=I$6-¤*, #=ITd*,78$6�3"
-#=fbB �&;=+bg*ft,�378�3 #[,&%@#"h=NP�K,�+{KT�*, 4-c78�3"%"!�

}O@#���3 #�!:%[,( =,P�&%@#�o:;*,-L*N:�2#/#76"0�o:%�!�#�31!&%�3- P]:%=IT &;@#��"%�3*�"0/#:0PX*,1!�o-#=<�!"� #=,&�:%�a&;/#:0 &%=|&%@#�
"%*N&;�!7676$'&;��*N"h*."%@L*N:%2�24/#76"0�,\s5#/4&�$6"B"%13*N&%&%�3:0�3-�=ft,�3:�*.13=, #"%$8-#�3:%*,5#76��2e�3:0$6=�-c=,P�&;$8Td�N�M}O@4��2e=�bW�3:�=,P
&%@#��:%�!&%/#:% c"%$8[I L*,7l*,"�*+P]/# #1a&;$6=, c=,P�&;$8Td��$8"B1Y*,7876�3-�*+bm*Yt,�!P]=I:0Tc�W}O@#��bg*YtI�aP]=I:%TU"�*,:0��";*,TU2#76�!-�$6 
�4�q�I�+ L*, 4=I"%�!13=I #-�$6 J&;�!:0tN*,76"�V][J*N&%�3"^_O13=,:%:%�!"%2e=I #-#$8 #[.&;=U�K�.1!T�$6 �:;*N #[I�,�gA>x#*NTd2#78�3"B=,P�bm*YtI�aP]=I:%TU"
:0�3"%/478&;$8 #[9P]:0=IT 1Y*,78T *, #-�:%=,/#[I@¬"0�Y*+*,:0�h-#$8"%2#76*f(,�3-�$8 �¨>$6[,/#:%�hª<�'�I�H}O@#$6" � [I/#:0��"%@4=�bB"m&%@#��1^@L*N #[I�
$8 9&;@4�Wbg*ft,�!P]=I:0T "0@L*,2e�gP]:%=IT $8Td24/#76"0$8tI�C&;=��3TU�3:0[I�3 J&Y�>}O@#�OA 6h�JQ^�g"%*N&;�!7678$8&;�H&%:;*, #"0Td$'&;"M�f�VK,��:;*,-#*,:
2#/476"%�!">2e�3:�"%�31!=I #-F�M���g13=, #"%�!13/4&%$8tI�O:0�!&%/#:% #">*,:%�g*YtI�3:%*,[I�!-+=I ?5e=J*,:%-�&;@#�g";*N&%�37678$8&%�W*N #-�&;:%*, #"0Td$'&%&;�!-
&%=9&;@4�h:%�!13�!$8tI�!:g"D&^*N&%$6=I #"W*,"oK,��*Yt,�3:;*N[I�hbg*ft,�!P]=I:0Td"W2y�!:W"0�31!=I #-F\#=,:W=I 4���atI�3:D(��I�,��T *,78=I #[NQ¡&;:;*N1^{e�
�� �:%�Y*N1^@#$6 #[�&;@4�d"0�Y*c"0/#:0PX*N13�,\~&;@#�U:;*N-L*,:�2#/#78"%�.@L*,"9*, ��!®y�31!&%$8t,�j[I�!=<-#�a&;$81.P]=�=,&%2#:%$8 K&�5e�!&)bW�3�! DK
*, 4-¬ª�{KTc\J-#�!2y�! #-#$8 #[9=, U&%@#��"0�Y*�"0&;*N&;�N�HAH #�3:0[,(.:%�a�L�31a&;�3-¬*N&C&;@#�B13�! J&;�3:M=,Py&;@#�OP]=�=,&;2#:0$6 J&C:%�a&;/#:0 #"
&%=U&%@#�9"%*N&;�!7678$8&;�h�Y*,:076$6�!:m&;@L*N ��3 4�3:%[N(�:%�!�#�31!&%�3-¯*�&�&%@#���3-#[I�!"h=,P�&;@#��P]=�=,&;2#:0$6 J&Y�M}O@#��2y=fbW�3:�=,P>&%@#�
:0�!&;/4:% #$8 #[�2#/476"%�B&;@4�3:%�aP]=I:%��$6 #1!:%�3*,"%�!"gP]:%=IT ©!�3:0=�&;=9"%=ITU��Td*�x<$6T�/#T tN*,76/4��=ftI�!:m*�&;$6TU�B$6 J&;�!:0tN*,7s=,P
*,5e=I/4&W��&;=?�,�� L*N #=I"%�!13=I 4-#"3�C}O@#$8"W2e�3:0$6=�-d$8"M:0�!P]�!:%:%�!-j&;=�*,"C&;@#��76�3*,-#$6 4[9�!-#[I�,�H}O@4��&;:%*YtI�37s&;$8Td�O$8"

�f�VK



0

100

200

300

400

500

600

10 20 30 40 50 60

40 60 80 100 120 140 160 180

po
w

er
 [a

rb
itr

ar
y 

un
its

]

gate

time [ns]

calm

rough

calm sea
rough sea

¨>§D +�eª<�8� �gA>x4*,TU2#76�!"�=NPHA 6h�JQ^��:%�!&%/#:% c:;*,-#*,:Obm*YtI�aP]=I:%TU"�P]=,:�13*,76T V]bg*ft,��@#�!$6[I@J&�76�!"%"B&;@L*N ¤�9T¬_
*, #-+:0=I/#[I@+"0�Y*UVXTU�Y*, ?bg*YtI�B@#�!$6[I@J&O�I�gT¬_��>}O@#�m&)bW=�bm*YtI�aP]=I:%TU"H-#$'®��!:�$6 ?&%@#�m"%78=I2e�m=,Ps&;@#�g76�Y*N-#$6 #[
�3-#[,�9*N"BbW�3787l*,"O$6 �=ftI�!:;*,787l*,TU2#76$'&;/#-#�N�

&;@#�O&%$6TU�g&;=�&;@4��1!�3 J&;�!:C=,Py&%@#�B76�3*,-#$6 4[��3-#[I�N��}O@#��"0&%�3�32e�3:H&%@#�B76�Y*N-#$6 #[��!-#[I�N\K&%@#�BTd=,:%�B*,1!13/#:%*N&;�!78(
&;@#��13�! K&%�3:g&%$6TU��=NPF&;@#�h76�Y*N-#$6 #[��3-4[I�h13*, ¬5e���3"D&;$6Td*N&%�3-F��}O@4�h"%78=I2e�h=,PF&%@#�h78�Y*,-4$6 #[9�3-#[I��-#�32e�3 4-#"
 #=,&�=I #7'(�=I �&;@#�9-#$R*,TU�!&%�3:O=,P>&;@#��P]=<=N&;2#:0$6 J&B5#/4&h*,76"0=d=, c&;@4�9:0=I/#[I@# 4�3"%"�=,P>&%@#��"0�Y*4�g}O@#��13*,76TU�3:
&;@#��"%�3*4\<&%@#��"0&%�3�!2y�!:g&;@#��76�3*,-#$6 4[9�!-#[I�,�H}O@4��"%/#54"%�3³K/#�! J&�-4�313:0�Y*,"0��$6 d2y=fbW�3:m$8"W:0�!P]�3:0:%�!-¬&;=?*N"W&;@4�
&;:%*,$678$6 #[9�3-#[I�N�C}O@#�9"076=I2e��=,P~&;@#��&%:;*,$876$6 4[?�3-#[,��$8"O13=I:0:%�!7R*N&%�3-�bB$8&%@�&%@#��"%/#:DPX*,13��bB$6 4-�"02y�!�3-F�

� ��� �@
[��� ���4�!� � � � 	 	 � � � �����4� � � ���
A 6h�KQ;��";*N&%�37876$8&%��*,7'&;$8Td�a&;�3:W2#:%=�-#/#1a&;"B13/4:%:%�! J&;78(j/#"%�!-c5J(¬&%@#�� ��3=I"013$6�! #13��1!=ITdT�/# #$8&)(j*,:0��-#�3:0$8tI�!-
P]:%=IT =I <QS5y=I*,:%-£�!"0&;$8Tj*�&;�3"j=,P�&;@#�¯:0�!&;/4:% £&;:%*ft,�37�&%$6TU�,��}O@#�oA 6h�JQ^�o=I <QS5y=J*N:%-v&%:;*,1^{N�3:�/#"%�!"�*
Td=�-#�!7W=,PB&%@#�¬:%�a&;/#:0 �bm*YtI�aP]=I:%T -#/#�j&%=7�g:%=fbB VD�f�IªIªI_a�¯°�2#2L*,:0�3 J&;7'(I\H$'&?@L*,-�5e�3�! |2#7R*, 4 #�3-¥&%=
:%�!2#:%=�13�!"%"m&;@4�hbm*Yt,�!P]=I:0Td"O76*N&;�!:�V]}�=I{KTd*,{K$R*, j�!&B*,7¢�8\e�f�I�N�K_C/4"%$6 4[+*, �*,78[I=I:%$'&;@#T =,P�¦g@L*,7876�3 4=I:m*, 4-
�<:%=,{,=I"0©jV��f�I�I�I_a�H}O@#��=I <QS5y=I*,:%-¬&%:;*,1^{K$6 4[d*N76[I=I:0$8&%@#T $6"O5L*,"0�3-�=I �*?bm*YtI�aP]=I:%T�TU=�-#�37�*N1313=,/# J&;$6 4[
P]=I:j&%@#:%�!��bm*Yt,�!P]=I:0T 2L*,:%*,Td�a&;�!:%"���&;@#�¯:0�!&%/#:% &%:;*YtI�!7�&;$6TU�,\m&%@#�¯"%$8[I #$ � 1Y*, J&dbm*YtI�o@#�!$6[I@J&3\h*, 4-
&;@#��5#*,1^{K"%1Y*�&%&;�!:%�!-v2e=�bW�3:�V]:%�!7R*N&%�3-¥&;=�&%@#��"%/4:0PX*,1!�¬bB$6 #-|"%2e�3�!-s_a��AC*,1^@�bm*YtI�aP]=I:%T $8"+*, L*N78(�©3�!-
"%�!2L*,:;*�&;�37'(I�o}O@#�CK,��«�©¬&;:%*YtI�37W&;$6TU�U�3"0&%$6Td*N&;�!"+*,:0�¬13=IT�5#$6 #�!-�&;=��Y�¯«�©¬"0�3TU$'Q)�!76�!Td�! K&;*,:0(¤*, 4-

�Y�I�



0

100

200

300

400

500

600

26 28 30 32 34 36

80 85 90 95 100 105
po

w
er

 [a
rb

itr
ar

y 
un

its
]

gate

time [ns]

satellite trackedretracked

¨>§D +�>ª<��K��d}~:;*,1^{K$8 #[¯$6"9�3³K/#$8tN*,78�3 J&?&%=�76=�1Y*N&%$6 #[�&;@#�j13�3 J&%�3:.2y=,"%$8&%$6=I ¤=,PO&;@4�¬76�3*,-#$6 4[��3-#[,�,�o}O@#�
2e�3:DP]=I:%Td*, #1!��=NPl*�&%:;*,1^{K$8 #[?*,78[I=I:0$8&;@4T 1Y*N j5e��t,�3:%$ � �3-j5K(d*,78$6[I 4$6 #[�&%@#��bg*YtI�aP]=I:%TU"g$8 d"0/#1^@�*�bg*Y(
&%@L*N&h&%@#�+�3"D&;$8Tj*N&%�3-�1!�3 J&;�!:�=,PC&;@#��76�Y*N-#$6 #[d�3-#[,�+$6"�*�&�* � x<�3-o[J*�&;��V]@#�3:0�?[J*N&%�+�VKUP]=I: ��z 6 *, #-
[J*�&;�9�4�9P]=I:B&;@4$6"�"0&;/4-4(�:%�!&%:;*,1^{K";_a��}O@#�?"%/42y�!:%$6=,:�³K/L*,78$8&)(�=NP�&;@#�9:%�a&;:;*N1^{,�3-�&%:;*YtI�!7~&%$6TU�3"�76�3*,-#"B&;=
*U"%$6[, #$ � 13*, J&;7'(�:%�!-#/#13�!-�tN*,:%$6*, #1!�9=,P>&;@#��bm*Yt,�!P]=I:0Td"h*N&�&%@#��78�Y*,-4$6 #[.�3-4[I�,��«��!:%�N\��I�U13=I 4"%�31!/4&;$'tI�
bg*YtI�!P]=,:%TU"?V]�U"0�31!=I #-#"�=,P�-L*N&^*I_m*,:%��-#$8"%2#76*f(,�3-F�C}O@#��TU=<-4�37F=,P��3³K/L*�&;$6=, �ª<�LK?$6"O$8 #-#$613*N&;�!-�$6 �:%�!-F�
��«�©�*YtI�!:;*,[I�!"3�o°�P`&%�3:+*N2#2#78(�$8 #[c&%$6-L*,7W*, #-¥*N&;TU=I"%24@#�3:0$61j1!=I:%:0�31a&;$6=, #"3\�&%@#�3"0��*,:%�U&;@#��AH/#:0=I2e�Y*, 
�<2#*,13�d*,[I�! #1!(�VXAM�<°�_��������	��
 ��
.� ��� �	��
�� ��
�V���z 6�_�[,�3=I$8-�"0=I76/<&;$6=, #"�$6 #1!=I:%2e=I:%*N&;�!-�$8 ¤1!/#:%:0�3 J&
"%*N&;�!7676$'&;��[I:;*Yt�$8&)(�Td*,2#"!�

� ��� �7� � ��� � 	�� 
���� � 	���
 ��� 	 	��/
 ��� � 
[	�� 	V���h� � 	y
�������� ����

¨L=I:�&;@#�?24/#:%2e=I"%�+=NPC�3"0&%$6Td*N&;$8 #[j[,�3=I$8-�@#�3$8[I@J&Y\e&;@#�?=, #78(�bm*Yt,�!P]=I:0T 2L*,:%*,TU�!&;�!:h=,PM$8 K&%�3:0�3"0&�$6"�&%@#�
:0�!&;/4:% o&;:;*Yt,�37C&;$6TU�,�.}~:;*YtI�!7H&;$6TU�+�3"D&;$8Tj*N&%�3"�1Y*N ¤5e�d=,24&;$8Td$8©3�3-¯5J(o1!=I #13�! J&;:;*�&;$6 4[c=I o&;@4�d��x#*N1!&
78=<13*N&;$8=I ?=,Py&;@#�B76�3*,-#$8 #[��3-#[,�,� �±$8&%@#=I/4&M*�&%&;�!Td2<&;$6 4[�&;=��ax<2#7R*N$6 +&;@#�OP]/#787#"%@#*,2y��=,Pe&;@#�Obg*YtI�!P]=,:%TU"3\
bW��:%�aQ)*,76$8[I ¬&;@4��bg*YtI�aP]=I:%TU"B/#"%$8 #[j*+"0$6TU2#76$ � �3-jbg*YtI�aP]=I:%T
TU=<-#�!7�� bB$8&;@

�­V � ��� | .H| �F�"k0_ O � ���K i � Z �!:0PYV .CV k�c��4� Z �s_%_qp | V¢ª<�LKI_
bB@#�!:%� � ���¯$8"�&%@#�?*,TU2#78$8&;/4-#��=,PH&;@#��bm*Yt,�!P]=I:0Tc\5.�13=I J&;:0=I76"B&;@4�?"%78=I2y��=,PH&%@#��78�Y*,-#$8 #[j�!-#[I�N\���$8"
&%@#�O13�! K&%�3:C&;$8Td��VX7R*N[K_�=,Pe&;@#�O78�Y*,-4$6 #[��!-#[I�,\ k>$6">&%@#�O&;$8Td�O*N76=I #[�&;@#�Obg*ft,�!P]=I:0T *, #-U�3:DP�$8">&;@4���!:%:0=I:

�f�,�



6

7

8

9

10

11

0 50 100 150 200

ge
oi

d 
he

ig
ht

 [m
]

km

retracked, calm

st, calm sea

retracked, rough

st, rough

satellite on-board tracker (st)
retracked

¨>§D +�4ª��º���H�4*N&;�!7678$8&;�B=I �Q)5e=J*,:%-.&;:%*,1^{,�!:�VX"D&�_Ct,�3:0"%/#"O:0�!&;:%*,1^{,�!-�[I�3=,$6-¬@#�!$6[I@J&%"WP]=I:C&)bg=+:0�32e�Y*N&W&;:%*,1^{K"
bB$8&%@¯1Y*,78T *, 4-ot,�3:D(¯:%=I/4[I@¯"%�3*�1!=I #-#$'&;$8=I #"hP]:0=IT *�78=�bmQS"%$8[I L*,7ZQ)@#$8[I@<Q) 4=I$6"0��*,:%�3*oVX�K� � �e\>�f�I� � AW_
$6 ¥&%@#��"%=I/<&;@#�!:% �z>*,1!$ � 1���1!�Y*, F� 6��a&;:;*N1^{�$8 #[¯"%$8[I #$ � 1Y*, J&%78(¤:%�3-4/#13�!".&%@#�� #=I$8"%��*N&?$6 J&;�!:%TU�3-#$6*N&;�
bm*Yt,�376�! #[,&%@#"3�C}O@#$8"g$6"W2L*,:D&;$61!/#7R*N:%78(�=I5Jt�$6=I/#"MP]=I:C&;@#��13*,76T "0�Y*9&%:;*,1^{s� �h®y"%�!&%"m@L*YtI�h5y�!�3 �*,-#-4�3-j&%=
"%�!2L*,:;*�&;��&;@#��"0$6[I L*N76"mP]=I:O1!7R*,:0$8&)(I�

P]/# #1a&;$6=, F���g=,&;@ �¯*, #-Ck�*,:%�9Td�3*,"%/4:%�3-�$6 �[I*N&;�!"3\y*, #-�13*, �5e�� #=I �Q)$6 J&%�3[I�!:�tN*,78/#�3-F�B°� ��ax4*,TU2#76�
=,P~&;@#$8"OTd=�-#�37�13/#:DtI��$6"O"%@4=�bB �*,"�*+-L*,"%@4�3-�78$6 #�h$6 �¨>$6[,/#:%��ª<�LK<�
�u�21u�"� # ' � + � ��9 � ) � '*3 �
}�= �  4-�&%@#�H=I24&%$6T?/4T 1!�3 J&;�!:�2e=I"%$'&;$8=I #"�� � =,P<*O"%�!³�/4�3 #1!�g=,P W m¤bm*YtI�aP]=I:%TU"�� � VXk0_�\�bB$'&;@�� O � ��� WHm�\
bg��/#"0��*N ^< R Q)��=I:0T�TU$6" � &OP]/# #1!&%$6=I �� bB$'&;@

�¬V � ���S| . | � r |���� � | ������_ O ���
��
	 r � � � ,�� � ��

� 	 � � � ,�� � �
� � � VXl)_�c �­V � ���S| . | � � |~lS_� � VXl)_ Z �
��� a  k � R � V¡ª��º�J_

}O@#�."%Td*,7678�3:h&%@#�.1^@#=I"0�3 ¤tN*,78/#�+=,P ����� a  k�\l&%@#�.Td=,:%�+"%$8[I #$ � 1Y*, 413�+$6"�247R*,1!�3-�=I ¯&;@#�.76=fbW�3:�P]:%=, K&=,Pm&%@#�d78�Y*,-4$6 #[��3-#[,�,� �±$8&%@¥*,TU2#76$'&;/#-4�3"�*,:%=,/# #-��I�I�4\�*�tN*,76/4�d=,P ����� a  k-O��,�c2#:0=<-4/#13�!"�[I=�=<-
:%�!"%/#7'&;"3��� lNW � � k� .*, #- � � � � � k� ?@L*YtI��&%=j5e�91^@#=,"%�3 o$8 c"0/#1^@o*Ubg*Y(�*,"�&;=d$6 #1!76/#-#��2#:0�313$8"%�!78(�&;@4�P]/#767�76�Y*N-#$6 #[+�!-#[I�N\#&^*,{K$6 4[U$8 J&;=.*,1!13=I/# J&�$8&%"mt,*N:0(�$6 #[.1!�3 J&;�!:�2e=I"%$'&;$8=I �*, #-�"%78=I2e�,�

�Y�J�



� �&1u�&% � � ( &76��8' 3 �
�¤� �  #-�&;@4��TU$6 #$8T?/#T�=NP>&;@4��TU$6" � &�P]/4 #1!&%$6=I c$6 ��3³K/L*N&%$6=I ¥V¡ª<�q�J_O5K(c*UTd=�-#$ � �3-� �*,/4"%"DQ)���abO&;=I 
*,78[I=I:0$8&;@4Tc\m/4"%$6 4[|&%@#��*, L*,7'(K&;$613*,7 � :%"D&�*N #-±"%�31!=I #- -#�3:0$8tN*N&%$8tI�!"�=,P �¬V � ��� |�. | � r |���� � | �����F_a� �¤�
:0�3"%13*,76�U&;@#�d2L*,:%*,Td�a&;�!:%" � ���|*N #- . 5J( . � O�76 . *, #- � ��� � O V � ��� Z � ��� ����� v � � _�� � ��� � � � � � �"0=U&%@L*N& � ��� � *, 4- . � @L*YtI��*, ��ax<2y�!1!&%�3-�tN*,76/4��=,P�©!�3:%=j*N&B&;@#��"%=,76/4&%$6=I �*, #-�*U/4 #$8&�2e�3:0&%/#:%5#*N&;$8=I 
78�Y*,-#"�&%=c*N ¤�!³�/#*,7C1^@L*, #[I�U$6 ¯&%@#�.Td$8" � &�P]/# 41!&;$8=I ¯P]=I:�*,767>2L*,:;*NTd�a&;�3:0"3�.}O@#�U=I24&%$6TU$6©Y*�&;$6=, �P]=I:�*
"0�3³K/#�3 413��=,P WHm bg*YtI�aP]=I:%TU"W(�$6�!76-#"M:%�a&;/#:0 j&;:%*YtI�37e&;$8Td�B13=,:%:%�!1!&%$6=I #" � r � � ��� ��bB@#$61^@�*N:%��*N-#-#�3-j=I J&;=&%@#� ��z 6 :%�!&%/#:% .&;:%*YtI�37#&%$6TU�3"!�>}O@#�B$6TU2#:0=�t,�3TU�3 J&C$6 ?&%@#�B13=I:0:%�!"%2e=I #-#$8 #[�:;*, #[,�3"C$6"�-4�3TU=I #"0&%:;*N&%�3-
$8 ¥¨>$8[I/#:%�¬ª<�LK<\>bB@#$81^@�"%@#=fbB".*�"0�3³K/#�3 413��=,PB13=, #"%�!13/4&%$8tI�¬bg*YtI�aP]=I:%TU"3\H #=,:%Td*,76$8©3�3-¤=I �&%@#� ��z 6
�!"0&;$8Tj*�&;��=,P�&;@#��bg*ft,�!P]=I:0T =I #"%�a&Y��}O@#��:%�!&%:;*,1^{N�3-vbg*YtI�aP]=I:%TU"d"0@#=fb�*¯"%$6[, #$ � 13*, J&U-#�31!:%�Y*N"%��$6 
"01Y*N&0&;�3:!�

¨>$8[I/#:%�hª<�q��"%@4=�bB"m&%@#��$8Td2#:0=ftI�3-j³�/#*,76$'&)(d=NPl:%�!&%:;*,1^{N�3-�[I�!=I$6-¬@4�3$6[,@K&g�3"D&;$6Td*N&%�3"3�����!t,�3:D&;@#�!76�3"0"3\
:0�!&;:%*,1^{K$6 #[�*,78=I #�¬-4=<�!"+ #=,&.13=,Td2#78�!&%�378(¤:%�!Td=ft,��&%@#��@#$8[I@�P]:%�3³K/#�! #1!(| 4=I$6"0�,��}O@4$6". #=I$8"%��$6"�-#/#�
&%=|&%@#�o/# #1!�3:0&;*,$6 J&)(±=,P�&;:%*,1^{K$6 #[|bg*ft,�!P]=I:0Td"�bB@#$81^@w*,:0�¯";*,TU2#78�3- *N&c*�5#$6 £bB$6-<&;@ =,P?�<�º�I�� #"!\
1!=I:%:0�3"%2e=I #-4$6 #[.&;=d�K�<�G�K�.1!T�$6 �:;*, 4[I�,�m}~=U:%�3-4/#13��&;@#$8"�@#$8[I@�P]:%�3³K/#�! #1!(� #=,$6"%�N\L&;@#��2#:;*N1!&;$813��/# J&;$87
 #=fb @L*,"h5y�!�3 ¯&;=¬1!=ITU2#/4&;�j�+"%�31!=I #-�*YtI�!:;*,[I�!"�=,PC&;@#�j��� K,�j"0�31!=I #-o:;*, 4[I���!"0&;$8Tj*�&;�3"!��«�=fbW�!tI�!:3\
&%@#�+:%�!"%/#7'&;$6 4[¯�d«�©.:;*, #[,�3"UVX�N�q[4�+¨>$6[,/#:%�.ª��º�J_�*N:%�+"0&%$6787> #=I$8"0(�*, #-o@L*YtI�.&;=�/# 4-#�3:0[I=�P]/4:0&;@4�3:�76=fb
2L*N"%" � 78&;�!:%$8 #[d5e�!P]=,:%��&;@#�a(c13*, �5e��/4"%�3-�$6 �"0/#5#"0�3³K/#�3 J&�2#:0=<1!�3"0"%$6 4[j"0&;*,[I�!"3�B}O@#� ��13�3*, �zH:0=<-#/41!&
V ��z 6�_�*,78"%=d2#:%=ft�$6-#�!"��f�j«�©�"0�3TU$'QS�376�!Td�! J&^*,:D(�*ft,�3:%*,[I�3"!\�bB@#$81^@¯*,:%�9"%=ITU�!&%$6TU�3"�/#"%�!-¯$6 #"D&;�3*,-�=,P
&%@#�.�9«�©�*ft,�3:%*,[I�3"!�

§) #"D&;�Y*N-�=,P � 78&%�3:%$8 #[+&;@#� K,�U«�©�:%*, #[I���3"D&;$8Tj*N&%�3"!\#bg�9"%/#2#24:%�3"0"h #=,$6"%��*,78:%�3*,-4(�*N&O&%@#��&;:;*N1^{�$8 #[
"D&^*,[I�N�o}O@#$6"?$8"?*,1^@4$6�!t,�3-|5J(¥/#"0$6 #[¯"02#76$8 #�3"9&;=�TU=<-4�37C&;@#��[I�!=I$6-¥*, #-�5J(¥$8Td2e=I"%$8 #[�"%TU=<=,&%@# #�!"%"
1!=I #"0&%:;*,$8 J&;"B=I �&;@#��2e=I78(� #=,Td$6*,7y1!=<� � 13$6�! J&;"�=,P�&%@#��"%2#78$6 #�N�

� � � ��� ������	 
 	�� � � �[� ���^
 ��� �
§) #"D&;�3*,-.=,Pe�3"0&%$6Td*N&;$8 #[h&%:;*YtI�!74&;$8Td�!">P]:%=IT $6 4-#$8t�$6-4/L*,7Kbm*YtI�aP]=I:%TU"3\JbW�O$6 JtI�!:0&M*-K,��"0�31!=I #-U"%�3³K/#�! #13�
V��f�VK�{KT bB$8 #-#=fb�_�=,Pe�J�,��bm*Yt,�!P]=I:0Td"H"0$6T?/#7'&^*, 4�3=I/#"078(,��}O@#� �eEG&%@+:;*,-L*N:�2#/#78"%��VX*,1!&%/L*,767'(��<�m2#/#78"%�!"^_
bg*,"�:%�a�L�31a&;�!- P]:0=IT &;@#�¯"0�Y*�"%/#:DPX*,13��*N&z{sk t � /# #$8t,�3:0";*,7h&%$6TU�,�w}O@4��&;$6TU��"D&^*,TU2 {sk t � 1Y*, ±5e�
&%:;*, #"07R*N&%�3-.&;=�&;@#���ax4*,1a&m76=�1Y*�&;$6=, +=,PF&;@4��"%*N&;�!7676$'&;�N��<��!& � � 5e��&%@#��1!=I:%:0�3"02y=I 4-#$6 #[¬VX/# 4{� 4=�bB L_C&;:0/#�
[I�!=I$6-U@#�!$6[I@J&Y�>}O@#�3 � � 1Y*, d5y���ax<2#:%�!"%"0�3-�*,"g*�[I�!=I$6-U2e=I78(� #=ITU$R*N74bB$8&%@d:0�3"%2e�31a&m&;=�/# #$'tI�!:%";*N7e&%$6TU�{sk t � *,"

� � O �
�
� 	 T � � J � VA{sk t � _ | V¢ª<�G�K_

bB@#�!:%� J � *,:%�¯&%@#�o5L*,"%�o2e=I78(� #=,Td$6*,76"U=,P9=I:%-#�!:��L\�W $6"¬&%@#�oTj*�x<$8T?/#T =I:%-#�!:�*, #- � � *,:%��&%@#�1!=<� � 1!$6�! K&%"+=,PO&;@4�¬2y=,78(� #=ITU$R*,7¢���¤�¬/4&%$678$6©3� J � V��y_jO�1!=I"��+�7| �
� i �8| / pm*N"?5L*,"0��2y=I7'(� #=ITU$R*,78"3\

/#2�&%=¤*N �=I:%-#�!:.=,PnW,O �I�4� �±$'&;@�*�bB$6 #-4=�b�"%$8©3��=,P��f�VK�{KT bW��*,:%�¬&%@K/#"U*,5#76�d&;=o:%�!2#:%�!"%�3 J&
bg*YtI�378�3 #[N&;@#"�-#=fbB &%=|��{�T�\h1!=I:%:0�3"02y=I 4-#$6 #[�&%=|&%@#�o*,2#24:%=Yx<$6Td*N&;�¯*N13:%=,"%"DQ¡&;:%*,1^{ :%�!"%=I78/4&;$8=I £=,P

�f�I�



5.5

6

6.5

7

7.5

8

8.5

9

0 50 100 150 200

ge
oi

d 
he

ig
ht

 [m
]

km

calm sea

rough sea

retracked
unconstrained geoid spline

constrained geoid spline

¨>§D +�~ª<�q���?�<2476$6 4�+[I�3=I$8-¤"0=I76/<&;$6=, #"�"%/#2e�3:0$6TU2y=,"%�3-¤=I o&;@#�U:%�a&;:;*N1^{,�3-�[I�3=I$8-¤@4�3$6[,@K&��!"0&;$8Tj*�&;�3"�P]=I:
&)bg=+:0�32e�Y*N&W&;:%*,1^{K"3� �h®�"0�!&%"m@L*YtI��5e�3�! �*,-#-#�!-¬&;=?"0�32L*N:;*N&%��&;@4�h&)bg=9&;:;*N1^{�"WP]=I:g1!7R*,:0$8&)(I�>¨>$8&0&;$8 #[�*N 
/# #1!=I #"0&%:;*,$8 #�3-�2e=I7'(< 4=ITd$6*,7L-#$8:%�31a&;7'(U&%=?&;@#�h:%�!&%:;*,1^{N�3-�@#�!$6[I@J&;"g76�Y*N-#"g&;=�/# Jbm*, J&%�3-�=I"%1!$67676*N&;$8=I #"C$6 
&;@#��[,�3=I$8-�"%=I78/4&;$8=I F��}O@#�!"%��=I"013$6787R*N&%$6=I 4"W13*, �5y��:0�3TU=�t,�3-�5J(�$6TU2y=,"%$6 4[?*+2y�! L*,7'&)(jP]=I:m@4$6[I@�2e=fbg�!:
$6 ¬@4$6[I@�=I:0-#�3:O2e=I7'(< 4=ITd$6*,7L13=�� � 1!$6�3 J&%"�*N #- � &%&%$6 #[?&%@#��&;@K/#"O1!=I #"D&;:;*N$6 #�!-�2e=I7'(< 4=ITd$6*,7L-#$8:%�31a&;7'(d&%=
&;@#�?bg*YtI�aP]=I:%T -L*�&^*4�9§S&�$6"�$8Td2e=I:0&;*, J&h&%=�/# #-#�!:%"0&;*, #-o&;@L*�&�&;@#�+2e=I78(� #=,Td$6*,7l$6"� #=,& � &%&;�!-¯&;=¬&;@4�
:%�a&;:;*N1^{,�3-c&;:;*Yt,�37�&;$8Td�!"3�C§) #"0&%�Y*,-�\e&%@#��=I:%$8[I$6 L*N7ybg*ft,�!P]=I:0Td"�*,:0�92#:0=<1!�3"0"%�3-c/#"%$8 #[d*U2e=I78(� #=,Td$6*,7F*,"
*91!=I J&;$6 K/#=,/#"g[I�!=I$6-dTd=�-#�!7¡�>}O@K/#"!\4bW�h�3"D&;$8Tj*N&%���4�h[I�!=I$6-U2y=,78(� #=ITU$R*,7413=�� � 13$8�3 J&;"m$8 #"0&%�Y*,-j=,P��J�I�
$6 #-4$8t�$6-#/#*,7�&;:;*Yt,�37�&%$6TU�3"�$6 ��3*,1^@�bB$6 4-#=fb���z�=I7'(� #=ITU$R*,78"�$8 �=ftI�!:%7R*N2#2#$6 4[jbB$6 #-4=�bB"�*,:%�913=IT?54$6 #�!-
&;=U*+"%2#78$6 #��[,�3=I$8-�"0=I76/<&;$6=, F�

13=IT�5#$6 #�!-c ��!=I";*N&�*N #-�A 6��KQ^��-L*�&^*4�H}O@#���+{KT�13/<&;=,®o$8"O1376�3*,:%7'(dt�$8"%$65476��$8 �&%@#��"%2#78$6 #�h"%2e�31!&%:%/#T
=,P>¨>$6[I/4:%��ª<�º�<�

}O@#�9[,�3=I$8-�@#�3$8[I@J& � � &;=.5e���!"0&%$6Td*N&;�!-�$6"B:%�!7R*N&%�3-�&;=+&;@4� ��z 6w:;*N #[I� d � 5J(
� � O � � k � c d � Z V¢���q�I��W a 2 t 2 � � _�� K V¡ª��¼�I_

bB@#�3:0� � � k � $8"g&;@4��*,78&%$8&;/4-#�h=,Pl&%@#��";*�&;�37876$'&;��*N5y=ftI��&%@#��:%�aP]�3:0�3 #1!���!7678$62#"0=I$6-F\ t $6"g&%@#��"%2e�3�!-c=,Pl78$6[I@J&*, #- � � $6"�&;@4�j7R*N[�1!=I:%:0�31a&;$6=, �=,PW&;@#� �yEG&%@¤bg*YtI�!P]=,:%T�\>TU�Y*,"0/#:%�!-¥$6 �[J*N&%�3"�=,PB�4�q�I�� L*, #=I"0�31!=I #-#"!�
}O@#$6"B[I$'tI�!"�*N ���x<2#:%�!"%"%$8=I 

� � V � T |������ | � �I_ O K
���q�I��W a 2 t

��
d � c � � k � Z

�
�
� 	 T � � J � VX{:k t � _��� V¡ª��º�J_

�Y�Jª



0.0001

0.01

1

100

10000

100 50 20 5200500 101000

po
w

er
 [m

2 ]

wavelength [km]

OPR

retracked

spline

slope = -5.5

¨>§D +�yª<�º���Bz�=fbW�3:�"02y�!1!&;:%*¬=,PM*,78=I #[NQ¡&;:;*N1^{¬[I�3=,$6-�"0=I76/<&;$6=, #"��!"0&%$6Td*N&;�!-�/#"0$6 #[�*c�I�Y�J�U{�T�bB$8 #-#=fb��
}O@#��78$6 #�BbB$8&%@�*�"%78=I2e��=,PFQD���¼�9-4�32#$81!&;"m&%@#����x42e�31a&;�!-c2e=fbg�!:O"%2e�31!&%:%/#T =,P�&;@4��&;:%/4��[I�3=,$6-�*N&g"%@#=,:0&
bg*YtI�378�3 #[N&;@#"!� ��=I$8"%�c5y�![I$6 #".&;=�-#=ITU$6 L*N&%��&;@#� 
 ��
.� � � ����
�� ��
�[I�!=I$6-v*,76:0�Y*,-<(�*N&jbg*YtI�378�3 #[N&;@#"
*,:0=I/# #-¤�,�¬{KT���°�"�:%�!�#�31!&%�3-�$6 �&%@#�3"0�U2e=fbg�!:�"%2e�31!&%:;*4\�&%@#$6"� 4=I$6"0�+1Y*, o5e�+:%�3-4/#13�!-¤"0$6[I #$ � 1Y*N K&%78(
5J(¥:0�!&%:;*,1^{K$6 4[�&;@#�¬bg*YtI�!P]=,:%TU"3��°�&;:0/#78(¤:%�3*,76$8"0&;$81d[,�3=I$8-¥"%=I78/4&;$8=I ¥13*, �5y��=,54&^*,$8 #�3-�5K(�/#"%$8 #[o*
2e=I78(� #=,Td$6*,7C"%2#78$6 #��*N #-|$6TU2y=I"0$6 #[c"%2e�31a&;:;*N7O13=I #"D&;:%*,$6 J&;"+=, ¥&;@#��2e=I78(� #=,Td$6*,7W1!=<� � 13$6�! J&;"+$6 ¥&%@#�
$8 Kt,�3:0"%$6=, F�

:0�37R*�&;$6 4[¬&;@#�.7R*N[�13=I:0:%�31a&;$8=I #"�=,PM&;@#�+bg*ft,�!P]=I:0Td"�&;=�&;@4�U1!=<� � 13$6�! J&;"�=,PW&%@#�.[I�3=,$6-o2y=,78(� #=ITU$R*,7~=,P
�!³�/#*N&;$8=I �V¢ª<�q�J_a�>§) 9&;@#�W2#:%�at<$8=I/#"�"%�31a&;$8=I F\,�!³K/L*N&;$8=I #"mV¡ª<�LKI_l*, #-�V¢ª<�º�I_�bW�3:0�m/4&;$876$8©3�3-�&;=�13=ITU2#/4&%�g76*,[
1!=I:%:0�31!&%$6=I 4"BP]=,:m&;@#� ��z 6w:%�!&%/#:% �&;:%*YtI�37�&%$6TU�3"3�W�</45#"0&%$8&;/<&;$6 4[ � � V � T |���� � | � �J_m=,P��3³K/L*�&;$6=, ¥V¢ª<�º�I_WP]=I:
�+$8 +�3³K/L*N&%$6=I �V¢ª<�LKI_>*, #-+/4"%$6 4[�&;@#�m"%*,TU�mTd$8" � &>P]/# #1!&%$6=I �=,Pe�3³K/L*N&%$6=I �V¢ª<�º�I_a\,bW�O1Y*, . #=fb =I24&%$6TU$6©3�
�#�B[I�!=I$6-.2e=I78(� #=,Td$6*,741!=<� � 1!$6�! K&%" � � $8 #"0&%�Y*,-U=,P��J�I��$6 #-4$8t�$6-#/#*,7<bg*YtI�!P]=,:%T 7R*,[," � � ��}O@#��=I24&;$8T?/#T
76*,[I" � � 1Y*, c&;@#�! �5y�913=ITU2#/4&%�3-�P]:%=IT�&;@4��=I24&%$6T?/4T�13=�� � 13$8�3 J&;" � T |�� ��� | � �j/#"0$6 #[d�3³K/L*N&%$6=I ¥V¡ª<�q�J_��¨L=I:M&;@#��=,24&;$8Td$8©Y*N&%$6=I F\N&;@#��1!=<� � 13$6�! J&;"B*,[J*N$6 j@#*ft,��&;=?5e��:0�3"%13*,76�!-�$6 ¬=,:%-#�!:g&;=?@#*ft,��*, ��ax<2e�31a&;�3-
tN*,78/#��=,P�©!�3:0=¤ #�3*,:.&;@#��"%=,76/4&%$6=I F\CbB@#$81^@ $8"d*N1^@#$6�atI�3- 5J(�*�"0$6TU2#76��78$6 #�3*,:�&;:%*, #"DP]=I:%T���¨s=,:+�J�I�
bg*YtI�!P]=,:%TU"�*, #-�*U2e=I7'(< 4=ITd$6*,7F=,P>-#�3[,:%�3�9�J�4\#&%@#��TU=<-4$ � �!-� �*,/#"0"DQ)���!bO&%=I ¯*,78[I=I:0$8&;@4T 1!=I JtI�3:0[I�3"
bB$'&;@#$8 ±�¤&;=��¥$8&%�3:%*N&;$8=I #"3� �<=,76/4&%$6=I #"d$6 ±*,- 6 *,13�! K&�bB$8 #-#=fbB"�*,:0�¯13=IT?54$6 #�!- &;=|*�"%2#78$6 #��[I�3=I$8-
"0=I76/4&%$6=I ��

�� #�j=NPm&;@#�¬*,-4tN*, J&^*,[,�3"�=NPm&;@#$8"�*N2#2#:%=I*,1^@�$6"�&;@L*�&�"02y�!1!&;:%*,7g1!=I #"D&;:;*N$6 J&;"91Y*, ¥5e�j$8Td2e=I"0�3-�$6 
�f�I�



7

6

5

4

3

2

1

0

5000 2000 1000 500 200 100 50 25

lo
g(

P
S

D
[m

G
al

2 km
2 ])

wavelength [km]

slope = -4.5fa

ba

¨>§D +�sª<�q���W�4*,TU2#76��2e=fbg�!:�"02y�!1!&;:%*UP]=I:B�.{KT�P]:%�!��*N$6:�V`PX*J_O*, #- �g=I/#[I/4�3:�*, #=ITd*,7'(¯V]5L*J_m[I:%$8-#"B=,P>*
�J�I�I��x?�J�I�I��{KT R *,:%�3*�13=ftI�!:%$6 4[�&%@#���<$65e�3:0$R*, +¦g:;*N&%=I F�C �:%$8-#"�$6 <l*,T�5y�!:0&M¦g=I <P]=I:%Td*,7424:%= 6 �!1!&;$8=I F�
��/#��&;=.&;@#�9*,5#"0�3 #1!�?=,P>&%=I2e=I[I:;*N2#@#$61�*N #=ITd*,76$8�3"3\ �g=I/#[I/4�3:�@L*,"h78�3"0"�2e=fbg�!:h*N&�"%@4=I:0&�bm*Yt,�376�! #[,&%@#"
&;@L*N �P]:0�3��*,$6:O[,:;*Yt�$8&)(I�W«�=fbW�!t,�3:3\e"0&;*,:0&%$6 #[d*N&�*,5e=I/4&h�,�+{KT�bg*ft,�378�3 #[,&%@F\e$6"%=,"0&^*�&;$61�1!=ITU2y�! #";*N&%$6=I 
:%�!-#/#13�!"?&;@#��2e=fbg�!:?$6 �76=I #[cbm*YtI�!76�! #[,&;@�P]:0�3��*,$8:�[I:%*Yt<$'&)(¥*N #=ITd*,76$8�3"3�c§S&?$8"?$6 J&;�!:%�!"0&;$8 #[�&%=¯ #=,&;�
&;@L*�&g5e=,&;@d2y=fbW�3:m"02y�!1!&%:;*�:0/# j2L*N:;*,7876�37s*�&g"0@#=I:0&Wbm*Yt,�376�! #[,&%@#"O*, #-�\4@#�! #13�N\4@L*YtI��&;@#��";*,TU��"01Y*,78$6 #[
�ax<2e=I #�3 J&�=,P � � �¼���

&;@#�.=I2<&;$6TU$6©3*N&;$8=I �=, o&%@#�.13=�� � 13$8�3 J&;"�=,PC&;@4�U"02#76$8 #�,�+§SPW #=�13=I 4"0&;:%*,$6 J&%"9*N:%�+$6TU2e=I"%�!-F\F&;@#�.[I�!=I$6-
"%=I78/4&;$8=I ¯$6"h"%TU=<=,&%@¯5#/4&�&;�! #-#"�&;=�=I"013$8767R*�&;��VX¨>$6[4��ª<�G�K_a�9}O@#�U13=I:0:%�3"02y=, #-#$6 4[�2e=fbg�!:�"%2e�31!&%:%/#T =,P
&;@#��*,78=I #[NQ¡&;:%*,1^{9[,�3=I$8-�V¢¨>$8[#�Jª<�º�I_>@L*N"C&%@#�O&)(�2#$613*,7#13/4:0tI�!-j"0@L*,2e��=NP�[I:%*Yt<$'&)(+2e=�bW�3:C"02y�!1!&;:%*9*�&C76=I #[
bm*Yt,�376�! #[,&%@#"BVX"0�3�O¨�$6[I/#:0�Wª<�º��*, #-9-#$6"013/#"0"%$6=, ?$6 �&;@#�MP]=I7678=fbB$6 #[B"%�!1!&%$6=I s_�\,5#/<&>&;/4:% #"~bB@#$8&%��VNO� 4=I$6"D(#_
&;=fbg*,:%-#"�"%@#=I:D&?bg*ft,�378�3 #[,&%@#"3�o¨L=I:9*�:0�Y*,78$6"0&%$61.[I�!=I$6-�&;@#�¬"02y�!1!&%:%/#T "%@#=I/476-¥1!=I J&;$6 K/#�d-#�31!:%�3*,"%$8 #[
bB$8&%@c*+"076=I2e��&;@L*�&�13*, �5y��-#�a&;�!:%TU$6 #�!-�P]:0=IT� #=, <Q)"%*N&;�!7676$'&;��[,:;*Yt�$8&)(¬[,:%$6-4"B*,"OP]=I7678=�bB"��

� ��� �
� ��	���
[	�� ��� � 	�� ����	���
�� � � ��	 
 ��	 
�� ��	 
 	������

°v"02y�!1!&;:%*,7#TU=<-4�37KP]=I:�&%@#�m[I�!=I$6-91Y*, +5e�m$6 <P]�3:%:0�3-�P]:0=IT�&;@#�m2e=fbg�!:�"%2e�31a&;:%*�=,PLP]:%�!�O*,$6:�[I:;*Yt�$8&)(�-L*�&^*4�
<��!&�/#"�*,"%"0/#TU�U&%@L*N&�&;@#�."D&^*N&%$6"0&%$613*,7�2#:0=I2y�!:0&%$6�3"�=,PMP]:%�!�U*,$6:�[I:%*Yt<$'&)(¯=ftI�!:976*, #- V]P]=I:�bB@4$61^@�76*,:%[,�,\
*,131!/#:;*�&;�¬[I:0$6-#"9*,:0�j:%�3*,-#$878(�*YtN*,$676*,5#76�Y_�*,:%�j13=ITU2L*,:%*,5#76�+&%=�&;@#=,"%�¬=,Pm=<1!�Y*, ¥[,:;*Yt�$8&)(I��¨>$6[,/#:%�jª<�q�

�Y�I�



5

4

3

2

1

0

500 200 100 50 25

lo
g(

P
S

D
[m

G
al

2 km
2 ]

wavelength [km]

slope = -4.5

off Norway

South of Japan

¨>§D +�Hª��¼ª��¬��*,:0$6 #�¬[,:;*Yt�$8&)(¥2e=fbg�!:+"%2e�31a&;:;*¯P]=I:+��{KT [I:%$8-#"?$6 D<l*,T�5y�!:0&U¦g=I <P]=I:%Td*,7g24:%= 6 �!1!&;$8=I 
1!=�t,�3:0$6 #[�&)bW=�*,:0�Y*,"d=,P�*,2#24:%=Yx<$6Td*N&;�!78(|�VKN�oxv�VK,��{�T R "0=I/4&;@v=,P0�I*,2L*N £*, #- =N® &%@#��1!=J*,"D&¬=,P
��=I:0bg*Y(I�

"0@#=fbB"d&;@4��P]:0�3��*N$6:.*, #- �g=I/#[,/#�3:U[I:;*Yt�$8&)(|2e=fbg�!:j"02y�!1!&;:%*¤=,P�*��J�,�I�¯x��I�I�I�o{�T R *N:%�Y*�=,Ph&%@#��<$85y�!:%$6*, �¦g:%*N&;=, ¯$6 �78=I[NQS76=I[."%13*,76�N����&;*,:0&%$6 #[j*N&�"0@#=I:D&hbg*ft,�378�3 #[,&%@#"UVX:0$6[I@J&^_a\e5y=,&%@�2e=�bW�3:h"%2e�31!&%:;*
$8 #13:0�Y*,"0��&;=fbm*N:%-#"O78=I #[�bg*YtI�378�3 #[N&;@#"�VX78�!P`&�_HbB$8&%@�*?"0&;�3*,-4(�"076=I2e��=,P~�#�º�<\<$6 #-#$81Y*N&%$6 #[9"%�!78PRQ)"0$6TU$676*,:%$'&)(
=,Ps&%@#�O[I:;*Yt�$8&)( � �!76-+bB$8&%@.*�"%1Y*N76$6 4[��ax<2y=, #�3 J&M=,P � R �, O±� �¼����«��!:%�N\K&%@#�O$6 4-#�ax � K,� � $8 #-#$613*N&;�!">&;@#*N&
&%@#$6"W$6"C&;@#��"01Y*,78$6 #[9�ax<2e=I #�3 J&B=,P�&;@#�-KN�²2y=fbW�3:O"02y�!1!&;:0/#T�\<bB@#$81^@�$6"M-#$8®y�3:0�3 J&mP]:%=,T &%@#���Y�w2y=fbW�3:
"02y�!1!&;:0/#T =,PB2#:%= � 76�!"?=,Pm&%@#�¬";*NTd�d-L*N&^*�Q)"%�a&�V¡�c*,/#"+*, 4-���$6TU:%$¢\M�Y�I�,�K_���}O@#�¬"01Y*,78$6 #[c�ax<2e=I #�3 J&
[I=ft,�3:% 4"~&%@#�W=ft,�3:;*N767J"%TU=�=,&;@# 4�3"%"~=,P#*B:%*, #-#=,TwP]/# #1!&%$6=I ��>«�$6[I@�tN*,76/4�3"l$6 #-4$61Y*�&;�C*B"%TU=<=,&%@�P]/# #1!&%$6=I �\
bB@#�!:%�3*,"�78=fb tN*,78/#�3"O$8 #-#$613*N&;��:0=I/#[I@4 #�3"0"3��� ��� 
 
 � � � � 
m@#*,"�*."01Y*,78$6 #[+��x<2y=I 4�3 J&h=NP>©!�3:%=4�

§S&W$6"M$6 J&;�!:%�3"D&;$8 #[9&%=� #=,&%��&%@L*N&g*N&g"0@#=I:D&Wbg*YtI�378�3 #[N&;@#"mP]:0�3��*,$6:M*, #- �g=I/#[I/4�3:M[I:;*Yt�$8&)(.P]=I7876=fb &%@#�
"%*,Td�H"01Y*,78$6 #[g7R*Yb�\�:%�!�#�31!&%�3-9$6 ��3³K/L*N7J"%1Y*N76$6 4[O�ax<2y=, #�3 J&;"!��}O@#�C"%�!78PRQS"%$6TU$676*,:%$'&)(m=,P�&;@4�H[I:;*Yt�$8&)( � �378-�$8"
2#:0=I5L*,5478(9-#/#�g&%=�*�"%�37'PRQ)"0$6TU$67R*N:�-#�3 #"0$8&)(�-#$6"D&;:%$85#/4&%$6=I ?$8 �&;@4�B¦g:%/#"D&hV¢zH$678{�$8 #[,&%=I ?*, 4-+}�=�-#=��3"%1^@K/#1^{s\
�f�,�I�4�O�c*,/#"U*, #- ��$6TU:%$¢\m�f�I�I�I_913=IT�5#$6 #�!-�bB$8&;@|"0�378PRQS"%$8Td$87R*,:�&;=I2e=I[I:%*,2#@#$81�*, #=,Tj*,78$6�!"�V¡¦g@#*,2#$6 �\
�f�,�I�J_a� °h5e=ftI��bg*ft,�378�3 #[,&%@#"�=,P�*,:0=I/# #-£�,��{KT &%@#��"076=I2e��=,P�&%@#��2e=fbg�!:�"%2e�31!&%:%/#T -#�!13:%�3*,"%�!"3\
$8 #-#$613*N&;$8 #[U*j:%�!-#/#1!�3-¯2e=�bW�3:�P]=I:�76=I #[Ubm*Yt,�376�! #[,&%@¯[I:;*Yt�$8&)(c*, #=,Tj*,78$6�!"3�m}O@#$8"h$8"�2#:0=I5L*,5478(�-#/#��&;=
$8"%=I"D&^*N&%$61M13=ITU2y�! #";*�&;$6=, ?=,PL&;=,2y=I[,:;*,2#@J(jV¡¦g@#*,2#$6 �\#�f�I�I�I_a\,54/4&�1!=I/#76-?*,76"0=�$6 #-4$61Y*�&;�W*h76$8Td$'&;�3-�-#�!24&;@

�I�f�



�ax�&;�! J&h=,P�"%=,/#:%1!�,\e*,"B@L*,"O5e�3�! �"%@4=�bB �P]=I:OTd*,[I #�a&;$61h2y=fbW�3:�"%2e�31!&%:;*cV¡¦g@L*N24&;�!:��I_a�
° 2y=fbW�3:B"%2e�31a&;:%/4T�"%$8Td$87R*,:C&;=.¨>$8[I/#:0��ª<�q�.13*, �5y��P]=,/# #-�$6 �¦g@L*N2#$6 ¤VD�Y�I�I�4\4¨>$6[I/4:%���J_CP]=I:g&;@4�

P]:%�!��*,$6:M[I:%*ft�$'&)(d[,:%$6-j=,P��<=I/4&%@¬°hTU�3:0$613*�2#:%=�-#/#1!�3-�*N&W&;@#�/�� #$'tI�3:0"%$'&)(j=,PF<��!�3-#"!�M§S&g@L*,"O*9"%76=,2y��=,P
*,:%=,/# #-o�#�ºª¬*N&�bm*Yt,�376�! #[,&%@#"95e�378=fb��f�,�¬{�T��.��*N/#"�*, #-¤��$6TU:%$WVD�Y�I�I�J_ �  #-�*�"01Y*,78$6 #[¬��x<2y=I 4�3 J&
=,PM�#�q�jP]=I:�&;@#� �W=I/#[I/#�!:�[I:;*Yt�$8&)(c=,PM&;@#�.z�*,:;*N-#=Yx7�m*,"0$6 ¤�4*,7'&�°� K&%$61!76$6 4� 6��![I$6=, �$6 7�B&^*,@F�9}O@#�3"0�
tN*,76/#�!"B=,P��#�º�<\s�#�ºªU*N #-c�4�º�U*,:%��PX*,$8:%78(d13=, #"%$8"0&;�! J&Y\e76�Y*N-#$6 #[./#"B&;=.&;@4�91!=I #1378/#"%$8=I �&;@L*N&B&%@#�9[,:;*Yt�$8&)(
� �378-�=�t,�3:�7R*, 4-�@#*,"�*."01Y*,78$6 #[+��x<2y=I 4�3 J&h=NP � R �, �²� �¼��\L5y��$'&OP]:%�3��*,$8:m=I:��g=I/4[I/#�3:!�

�u� � �"� 3 ) $ ."' � % &54�143 � & � � 3�� 3�) & $ � % 6 $)( ' � *
}�=�$6 JtI�!"0&;$8[J*N&%�,\<bB@4�!&;@4�3:m&;@4�h";*NTd��"%1Y*N76$6 4[�7R*Yb *,242#76$8�3"W&%=?=�13�Y*N ¬[I:;*Yt�$8&)(,\<bW��@L*YtI��*N L*,78(�©!�3-j&)bW=
�+{�T�Tj*,:0$6 #��[,:;*Yt�$8&)(¬[,:%$6-4"3\#=I 4��=N®�&;@#����=I:0bW�3[I$6*, �¦g=J*,"0&�*, 4-�=, #��"%=I/4&%@c=NP �I*,2#*, F�	�±$8&%@�"0$6-#�
76�! #[,&;@4"m=,P�*,:%=,/# #-��VK,�?{KT &%@#��[I:0$6-#"O*N:%��T?/#1^@�"0Tj*,7876�!:M&%@L*, �&;@#��=, #�3"mP]=I:g7R*, #-�[,:;*Yt�$8&)(I�M¦g=, #"%��Q
³K/#�3 J&;7'(I\K&;@#�!$6:C2e=�bW�3:M"%2e�31a&;:%*�*,:0��78�3"%"M*,1!13/#:%*N&;�N�C���atI�3:D&;@#�!76�!"%"3\<&;@#�a(.13=I � :%T *�"%1Y*N76$6 4[���x<2y=I 4�3 J&
=,P�*,:%=,/# #-|�#�º��P]=,:?=<1!�Y*, |[I:%*Yt<$'&)(±VX¨>$6[#�>ª<�ºªI_a��«��! #13�N\g$8&?"%�3�!Td"?&%@L*N&+&%@#�3:0��$8"? #=¯P]/# #-#*,Td�! J&^*,7
-#$8®y�3:0�3 #1!��$6 �&;@#��"0Td=�=,&;@4 #�3"0"�=NP>76*, #-�*, #-�Tj*N:%$6 4��[I:;*Yt�$8&)( � �378-#"3�

¨s:0=IT
&;@#�+"01Y*,78$6 #[¬��x<2y=I 4�3 J&�=,PM[I:;*Yt�$8&)(�=I #�+1Y*N ¯-#�3:0$8tI�+&%@#�+"%13*,76$8 #[¬�ax<2e=I #�! K&�=,PC&%@#�.*,76=, #[NQ
&;:%*,1^{�[I�3=I$8-�*,"�P]=I7678=fbB"����±$'&;@�*d"%13*,76$8 #[j��x<2y=I 4�3 J&�=,PH[,:;*Yt�$8&)(�� R �, \e&%@#��"01Y*,78$6 #[U�ax<2e=I #�! K&�=,P�&;@4�
[I:;*Yt�$8&)(�2e=,&%�3 J&;$6*,7�$6" � R ��

O � R �, Z K�V¡�c*,/#"�*N #-���$8Td:0$¡\y�f�I�,�K_����±$'&;@ �W:%/# FEG"BP]=I:%T?/47R*�V¡ª<�'��_g&;@4�
"%13*,76$8 #[B�ax<2y=, #�3 J&H=,P<&;@#�M[I�!=I$6-�$6"~*,2#24:%=Yx<$6Td*N&;�!78(��!³�/#*,7J&;=�&%@#�oK,� "01Y*,78$6 #[B�ax<2e=I #�! K&>=,P#&%@#�W[,:;*Yt�$8&)(
2y=N&;�3 J&%$R*,7¢�>¨L/#:D&;@#�!:%TU=I:%�N\J/#"%$8 #[�&;@#�O[I�! #�3:%*,7L:%�!7R*N&%$6=I 4"%@#$82 � r � O � R � c��BbW��[,�!&�� r �, � � � � � � R �, Z �I�«��! #13�N\g$6 �* � :0"0&j*,2#2#:0=fx<$8Tj*N&%$6=I �\>&;@#��"02y�!1!&;:0/#T =,P�&;@#��*,78=I #[NQ¡&;:%*,1^{�[I�!=I$6-|$8 �76=I[NQS76=I[�"%1Y*N76��$6"
�ax<2e�31!&%�3-|&;=o-#�!13:%�3*,"%��bB$'&;@|*�"%78=I2e�¬=,P�*,:%=,/# #- �<�º�c&;=fbm*N:%-#"."%@4=I:0&+bg*YtI�378�3 #[N&;@#"!�¥}O@#$6"+13*, |5y�
/4&;$876$8©3�3-�*N"B*,-#-#$'&;$6=, L*,7�$8 4P]=I:0Tj*N&%$6=I j$6 ¬&;@4��bg*YtI�aP]=I:%T
:%�a&;:%*,1^{K$6 #[#�

� ��� � ��	 � � ������
 � ��	��4�����/
 ��� 
 	�� � � �[� ���^
 ��� �
}O@#��*,$8T =NP~&%@#$6"W"0&%/#-4(¬$8"g&;=+$8Td24:%=ftI��&;@#��*,1!13/#:%*,1!(j=,P~[I�3=,$6-¬"0=I76/4&%$6=I 4"g-#�!:%$8t,�3-�P]:%=,T "0�Y*+"%/4:0PX*,1!�
@#�3$8[I@J&lTd�3*,"%/4:%�3TU�3 J&%"3�>}O@4�3"%�M[I�!=I$6-�"%=,76/4&%$6=I #"F*,:%�C13=, K&;*,TU$6 L*N&%�3-�5J(�&)bW=�"0=I/#:013�3"~=,P< #=I$8"%�,� �g�!"%$6-4�
&;@#�B�!:%:%=,:M$8 ."%�Y*�"%/4:0PX*,1!��@4�3$6[,@K&M-#/4�B&%=9$8 #"0&%:%/#TU�3 J&C�!:%:%=,:W*N #-j*�&;TU=I"%2#@4�3:%$81O�!®y�31a&;"3\K&;@4��-4�!t�$R*N&%$6=I 
5y�a&)bg�!�3 o"%�3*j"%/4:0PX*,1!�?@#�3$8[I@J&�*, 4-�[I�3=,$6-�-4/#��&;=d=<1!�Y*, �-4(� L*,TU$613"�$6"h*,76"0=j #=I$8"%��$6 �&%@#��1!=I J&;��x<&�=,P
&;@#$8"H"0&%/#-4(I�M«��3:%�N\�*, J(.-#�!t�$R*�&;$6=, U=NPF*�[I�3=,$6-."%=I78/4&;$8=I ?P]:%=,T &;@#�O&%:%/#��[I�3=,$6-.$6"H:0�!P]�3:0:%�!-d&;=�*," � � � � 
a\
5y��$'&O-#/#��&;=U$6 4"0&;:0/#TU�3 J&B�3:0:%=I:!\L=<1!�Y*, �13/4:%:%�! J&;"h=,:O$6TU2y�!:0P]�31a&m&;$8-L*,7FTU=�-#�378"3�

¨>$6[I/4:%�Cª<�º�m"%@#=fbB"�&;@4�H2y=fbW�3:l"%2e�31a&;:%/4T =,P<*,76=I 4[NQS&%:;*,1^{�[I�3=,$6-�"%=,76/4&%$6=I #"yP]=I:�&;@4�H°m&;7R*N K&%$61 ��1!�Y*, F�
°m&�bg*YtI�378�3 #[N&;@#"?"0Tj*N7676�!:�&;@L*, ¥�,�c{KT &;@#� 
 ��
.� � � �	��
�� ��
C&;/#:0 #" ����� 
 
�-#/#�d&;=�@4$6[I@�P]:%�3³K/#�! #1!(
 #=I$8"%�,�>§) j13=, K&%:;*,"D&Y\K&;@#��:%�a&;:%*,1^{,�!-¬[I�3=,$6-U"%=I78/4&;$8=I +&;/#:0 #"MbB@4$8&;��=I #7'(.*N&Cbg*ft,�378�3 #[,&%@#"m"0@#=I:0&%�3:C&;@L*N 
�I�?{KTc�H}O@4��1!=I JtI�! K&%$6=I #*,7Fbm*Y(¬&%=+-#�Y*N7�bB$8&%@�&%@#$6"g #=I$6"0��$6"g&%=U*ft,�3:%*,[I��*, #- � 7'&;�!:m&;@#��*,78=I #[NQ¡&;:%*,1^{
[I�3=,$6-j@4�3$6[,@K&%"W/4 K&%$67s&;@#�a(U@L*YtI�h&%@#�h-#�!"%$8:%�3-j2y=fbW�3:m"02y�!1!&;:0/#T��C«��3 413�,\4*, ¬=I2<&;$6T�/#T &;:%*YtI�37e&;$8Td�B$6"
2#$61^{N�3-¯P]:%=,T �3*,1^@¯bm*YtI�aP]=I:%T�\F&;@4�?&;:;*Yt,�37>&%$6TU�3"�*N:%�?1!=I JtI�3:D&;�!-¤&;=j[I�3=I$8-¯@#�3$8[I@J&;"�*N #- �  L*,7878(�&;@4�

�,�I�



0.0001

0.01

1

100

10000

1 2 4 6 8 10 20 40

po
w

er
 [m

2 ]

coefficient

slope = -5.5

wavelength [km]

264 132 66 44 26.4 13.2 6.6

unconstrained

constrained

¨>§D +��ª<�q����z~=fbg�!:g"%2e�31a&;:%*9=,P�2y=I7'(� #=ITU$R*,7<13=�� � 13$8�3 J&;"!�H}O@#��"0Td=�=,&%@# #�3"0"W=NPF"%2476$6 4��[,�3=I$8-d"0=I76/4&%$6=I 4"
13*, �5y�j13=I J&;:0=I7678�3-�t�$6*c&;@#�j2y=fbW�3:+"%2e�31a&;:0/#T =,PB$'&;"92y=I7'(� #=ITU$R*,7C13=�� � 1!$6�3 J&%"3�o°�:%�3*,76$8"0&%$61U[I�3=I$8-
2e=fbg�!:�"02y�!1!&%:%/#T�-#�!13:0�Y*,"0�3"�bB$'&;@�*."%76=,2y��=,P>*,2#24:%=Yx<$6Td*N&;�!78(.QD�<�º��&;=fbm*N:%-#"B@#$8[I@�13=�� � 13$8�3 J&;"!�
@#�!$6[I@J&%"�*N:%� � 78&%�3:0�3-F�M}O@#��-#$6"%*,-4tN*, J&^*,[,��=NP�&%@#$6"�*,2#24:%=J*,1^@�$6"O&%@L*N&O&;@4�9/# 413�3:D&^*,$8 J&)(�=,P>�3*,1^@�24$61^{s\
bB@#$81^@�*,78"%=�13=I #"D&;$'&;/4&%�3"m*N j$6TU2e=I:0&;*, J&C"%=I/#:013��=,P�$6 <P]=I:%Td*N&;$8=I F\I$8"W78=I"0&M2#:0$6=I:H&%=9&;@4� � 7'&;�3:0$6 #[�"D&^*,[I�N�
}~=.�ax�&;:%*,1!&�Td*�x<$6T?/#T $6 4P]=,:%Td*N&;$8=I dP]:0=IT &%@#��Td�3*,"%/#:0�3TU�3 J&;"!\s*U:0�Y*,78$6"D&;$61�[I�3=,$6-�Td=�-#�!7F@L*,"m&%=d5e�
� &0&;�!-�-#$6:0�31!&%78(o&;=c&;@#�¬bg*YtI�!P]=,:%T -#*N&^*4��°h".*,:0[I/#�3-|*N5y=ftI�N\�&;@#�j2y=fbW�3:+"%2e�31a&;:0/#T =,P�*�:0�Y*,78$6"D&;$61
[I�!=I$6-�-4�31Y*Y(�"BbB$8&;@�*+"%78=I2e��=,P�*N2#2#:%=Yx<$6Td*N&%�378(j�<�º��&;=fbg*,:%-#"B@#$8[I@�bm*Yt,�3 K/#T?5e�3:0"h$6 �78=I[NQS76=I[9"%1Y*N76�,�

� � � � � � & � $ . � * � 3 6 3 �8)7' .". $ � ' � % � 3o. 9 � ' 3 � �
}~=��3 4P]=,:%13�m*�"0&;�3*,-4(�"%76=,2y�m=NPy�<�¼��*�&�"%@4=I:0&�bg*YtI�!76�3 4[,&;@U2y=fbW�3:0"3\Jbg�O$8 J&;:%=�-#/#1!�m*�2e�3 L*N78&)(�P]=I:>"02#76$8 #�
"0=I76/4&%$6=I 4"WbB$8&%@¬@#$8[I@¬2e=�bW�3:O$8 ¬@#$8[I@¬=I:0-#�3:O2e=I78(� #=,Td$6*,7L13=�� � 13$8�3 J&;"�VNO�"0@#=I:D&mbm*Yt,�376�! #[,&%@#"^_��W}O@#$8"
2e�3 L*N78&)(?$8"H*,-#-4�3-.&;=�&;@4��TU$6" � &�P]/# 41!&;$8=I +$6 +=,:%-#�!:�&;=�$6 #1!:%�3*,"%�m&%@#�BTd$8" � &�P]=,:�=I"%1!$6787R*N&%$6 #[�"%=I78/4&;$8=I #"3�
§S&�1Y*, ct,*N:0(�-#�32e�3 4-#$6 #[d=I �"0�Y*j1!=I #-#$'&;$6=, �&%=j2#:0�!tI�! J&�=ftI�3:�Q)-L*NTd2#$8 #[j=NPH1Y*,78T�"%�3*j-L*N&;*4� ����*,-#-
*+"%$8Td2476��2e�3 L*N78&)(¬&%=.&%@#��Td$8" � &gP]/# #1!&%$6=I �=,P>�3³K/L*N&%$6=I ¤V¢ª<�º�I_a\#[I$'tI�! c5J(

� � O � Z]x�� ����2
�
�
� 	 T � R� � � | V¢ª<�ºªI_

�I�eK



5.5

6

6.5

7

7.5

8

8.5

0 50 100 150 200

ge
oi

d 
he

ig
ht

 [m
]

along-orbit [km]

Ocean Product (OPR)

spline

OPR, calm sea
OPR, rough sea
spline, calm sea

spline, rough sea

¨>§D +��ª<�q����
 ��
.� � � ����
�� ��
h��«�©�[I�3=I$8-¥@#�!$6[I@J&;"9tI�3:0"%/#"+&%@#$6"9"0&;/4-4(eEq"."%2476$6 4�j[I�!=I$6-¥"0=I76/<&;$6=, #"9P]=I:
&;@#:0�3��:0�32e�Y*N&j&;:;*N1^{�"!� ��®y"%�a&;"¬@#*ft,�¯5y�!�3 *,-#-4�3- &;=�"%�32#*,:;*N&%��&;@4��&)bg=|{K$6 4-#"¬=,P�"0=I76/4&%$6=I 4"UP]=I:
1376*,:%$'&)(I� ��/#:�13=, #"0&%:;*,$8 #�3-�"%2#78$6 #�.[I�!=I$6-o"0=I76/4&%$6=I ¯"0@#=fbB"�*�:%�!Tj*N:%{�*,5#78�?-#�3[,:%�3�U=,PW13=I 4"%$6"D&;�! #1!(�$6 
&;@#��:0�32e�Y*N&�2#:0= � 76�!"3\#�atI�! cP]=I:O&;@4��&%:;*,1^{dbB$8&;@�t,�3:0(�:0=I/#[I@�"0�Y*�V]Td�3*, �bm*Yt,�9@#�!$6[I@J& 5­�Y�.Tj_a�

bB@#�3:0� x�� ���¥*N #-��±*,:0�U&)bW=�2L*N:;*,TU�!&%�3:%"�bB@#$81^@¥*,:0�d1^@#=,"%�3 �5K(¯&%:%$6*,7C*, #-��3:0:%=I:�&;=��3 4P]=,:%13�.&;@4�
-#�3"0$6:0�3-U"%2e�31!&%:;*,7L-4�3 #"0$8&)(+=,Ps&%@#�B[I�3=I$8-F� �¤�O/4&%$676$8©3�!-+13=I #"D&^*, J&CtN*,76/4�3"H=,P x�� ���zO �Y� p � *, #- �>O²�4�
�±$8&%@c&;@4$6"�2y�! L*,78&)(�$8 #1378/#-#�3-c$6 �&;@#�9Td$8" � &�P]/# #1a&;$6=, F\e&%@#��1!=<� � 13$6�! J&;"�=,P>&;@#�9"%2#78$6 #��2y=,78(� #=ITU$R*,78"
*,:%�g=I24&;$8Td$8©3�!-?$6 �&)bW=�:%�!"%2e�31!&%"3\K"%$8T?/#7'&^*, #�!=I/#"078(I�~}O@#�B13=,:%:%�!"%2e=I #-#$8 #[�&;:%*YtI�37<&;$6TU�3">@L*YtI�m&;=�Td*N&%1^@
&;@#�d=I5#"0�3:0t,�3-�bg*ft,�!P]=I:0Td"?*, #-�&%@#�¬"%2e�31a&;:0/#T =NPm&;@#�j13=�� � 13$8�3 J&;"?@#*,"9&%=�-#�!13:%�3*,"%�¬bB$'&;@�*�"%78=I2y�
=,PB���¼��&;=fbm*N:%-#"9"%@#=I:D&�bg*YtI�378�3 #[N&;@#"!�c}O@#�d:%�!"%/#7'&�=,Pg"%/#1^@|*N �$6 Jt,�3:%"0$6=I ¤$6"�"%@#=fbB ¥$8 ¥¨>$8[I/#:0�3"9ª<�G�
*, #-�ª<�q�4�H}O@#��1!=I:%:0�3"02y=I 4-#$6 #[+"02y�!1!&%:%/#T�=NP�1!=<� � 13$6�! J&;"O$6"g"%@#=fbB �&;=I[I�a&;@#�!:gbB$8&%@¬&;@#��"02y�!1!&%:%/#T =,P
&;@#��/# 413=I #"D&;:%*,$6 #�!-c$8 JtI�3:0"%$8=I c$8 �¨>$6[I/4:%��ª<�q�4�

��/4:?*,2#24:%=J*,1^@�$8"�-#�!"%$8[I #�3-¤&;=�=I5<&^*,$8 ¤&;@4�¬5y�!"0&+2e=I"0"%$65476�U[I�3=I$8-�"0=I76/4&%$6=I ��c§) |*�"0$6TU$676*,:�bm*Y(
=I #��1!=I/#78-¬�3"D&;$6Td*N&%�h"%�3*+"%/#:DPX*,13��@4�3$6[,@K&gt,*N:%$R*�&;$6=, #"W-4/#�h&;=+=�13�3*, �13/4:%:%�! J&;"3���� #�hbW=I/#78-�:%�!³�/4$6:%��*
"%2e�31a&;:;*N7~TU=�-#�37�=,P>&;@#�!"%�9tN*,:0$R*N&%$6=I 4"3\#"0/#54&;:%*,1!&h*d[,�3=I$8-�TU=�-#�37FP]:0=IT�&;@#��"%�3*d"0/#:0PX*,1!��@#�!$6[I@J&%"h*, 4-
$6 JtI�!:0&�&;@4�.bg*YtI�aP]=I:%TU"�*N"�-4�3"%1!:%$85y�!-�*,5e=ftI�N�U§) o&;@4$6"�1Y*N"%�,\~-#�at<$6*N&;$8=I #"�=,PM&;@4�U[,�3=I$8-�TU=�-#�37>P]:0=IT
&;@#��&%:%/#��[I�!=I$6-�bW=I/#76-�5e��13=I #"0$6-#�!:%�!-�*,"B #=,$6"%�N�

�,�f�



¨>§D +��ª<�8�Y����<�=�1Y*N&%$6=I c=,PM"%�31a&;$8=I #"�/#"0�3-¯P]=I:��!"0&;$8Tj*�&;$6 4[¬*,78=I #[NQ¡&;:;*N1^{�1!=I@#�!:%�3 413�,�
�� #78(�&;:%*,1^{K"�P]=I:
bB@#$81^@¥*,787C�c:0�32e�Y*N&�&;:%*,1^{K"9bW�3:%�j2#:%�!"%�3 J&.*N #-¤P]:0�3�U=,PO$6 4"0&;:0/#TU�3 J&��!:%:0=I:�bg�!:%�¬1^@#=,"%�3 ��c��=�-L*�&^*
bg*,"B�ax<1378/#-#�!-cP]=I:O=,&%@#�3:B:0�Y*,"0=I #"3�

� � � � �
��	���	 � ��	 ��	,��	���	�� 
 
��������z�
}O@#��"%2#*N&;$6*,7#:%�!"%=I78/4&;$8=I +=,PF*,76=I 4[NQS&%:;*,1^{9[I�3=I$8-."%=I78/4&;$8=I #"�13*, j5e�B�!tN*,76/#*N&;�!-U5J(.:0�3[J*,:0-#$6 4[�&%@#�BTd�3*, 
"0³�/#*,:%�!-�13=,@#�3:0�3 #1!�d5e�!&)bW�3�! ¥:%�!2y�3*N&�&;:;*N1^{�"dV¢��*,:%{K"9*, #-��4*,$876=I:!\>�f�I�,�4���<*, #-4bW�3787C*, #-¤�c13°�-#=�=#\
�f�,�I�J_a\<-#� �  #�3-c5K(

t�� � R V �#_ O � G��>V �#_ R� G>V �#_ � ��V �#_ | V¢ª<�q�J_
bB@#�!:%� ��$6"l&;@4�Wbg*ft,�3 K/#T?5e�3:!\ � G��U$8"~&%@#�g1!:%=I"0"DQS"%2e�31!&%:;*,7�-#�! #"%$'&)(�*N #- � G.*, #- � �d*,:0�W&%@#�W$8 #-#$'t<$8-#/L*,7
"02y�!1!&;:%*,7�-#�3 #"0$8&%$6�3"mVX2e=fbg�!:>"%2e�31a&;:%*J_~=,PL&%:;*,1^{K"FJv*N #-��9��}O@#�W13=I@4�3:%�! #13�O13*, �5e�g$8 J&;�3:02#:%�a&;�!-.*,"~&%@#�
1!=I:%:0�37R*�&;$6=, �5e�!&)bW�3�! �&)bg=j"%$6[, L*,76"�*,"�*UP]/4 #1!&%$6=I �=,P�&%@#��bg*YtI�!76�3 4[,&;@F�B§SP�\sP]=I:�*d[I$'tI�! cbg*ft,�378�3 #[,&%@F\
&%@#��13=I@4�3:%�! #13��$8"?1378=I"%�j&%=��I\H&;@#��$8 4P]=I:0Tj*N&%$6=I �$6 �5e=,&%@�"%$6[, L*,76"913=I$8 #13$8-#�3"?*, #-�P]�Y*N&%/#:%�!"+=,PB&;@#$8"
bg*YtI�378�3 #[N&;@�*,:0�d:0�3"0=I78t,�3-F��° 13=I@4�3:%�! #13�d1378=I"%�.&;=�©3�!:%=#\�=I ¤&%@#�d=N&;@#�!:9@L*N #-F\>$8 #-#$81Y*N&%�3"�&;@L*�&�&%@#�
$8 4P]=I:%Td*N&%$6=I �*�&~&%@#$6"�bg*YtI�378�3 #[N&;@?$8"~$8 #13=, #"%$8"0&;�! J&Y�H¦g=,@#�3:0�3 #1!$6�3"�=,P#:0�32e�Y*N&~&;:%*,1^{�[I�!=I$6-�"%=,76/4&%$6=I #"~*,:0�
1!76=I"0��&%=��?*�&h78=I #[dbg*YtI�!76�3 4[,&;@#"�*, #-c&;*,2e�3:h=N®�&%=j©!�3:%=dP]=I:B"%@#=I:D&hbg*YtI�378�3 #[N&;@#"!�h}O@#��bm*YtI�!76�! #[,&;@
*N&+bB@4$61^@|&;@#��Td�3*, |"%³K/L*,:0�3- 13=I@#�!:%�! #13��PX*,7678"9&;=�5e�376=fb��4�º�o13*, 5e��13=I 4"%$6-4�3:%�!-v*N".&%@#��"%2L*�&;$R*N7
:0�3"%=,76/4&%$6=I F� §S&c"0@#=I/#78- 5e�o{,�!24&�$8 £Td$8 #-F\�@#=fbg�atI�3:!\�&;@L*N&�:0�3"0=I76/4&%$6=I ±-#� �  #�!-²$6 £&%@#$6"�Td*, # #�!:
-#�!2y�! #-#"�=I �&%@#�?:%�!7R*N&%$8t,�?"0&%:%�3 4[,&;@o=,PM"%$8[I L*,7�*, #-o #=,$6"%�N\�bB@#$81^@�t,*N:%$6�!"hP]:%=,T *,:0�Y*j&%=�*,:%�3*4�/<W*,76�N\
�4*N #-4bW�3767�*, #-£�<Td$'&;@wVD�f�I�I�I_ �  #-±*�A 6��KQ^��:%�3"0=I76/<&;$6=, =,P��,��{KT P]=I:¬*�76=fbmQ)"0$6[I L*N7'Q)@4$6[I@<QS #=I$8"%�

�I�Y�



0

0.2

0.4

0.6

0.8

1

60 50 40 35 30 25 20

co
h2

wavelength [km]

all data

0.5 41 35 31 km

Ocean Product
retracked

spline

¨>§D +��ª��8�I� ��¦g=I@#�3:0�3 #1!�,\��!"0&;$8Tj*�&;�3-�P]:%=IT
2L*N$6:%"�=,PC:0�32e�Y*N&�&;:;*N1^{�"h=�t,�3:h&%@#�?°m&%7R*, J&;$81
��1!�Y*, �/4"%$6 4[
* K,�J��{�T bB$6 #-4=�b��¯}O@4��-L*N&^*�$8"9&;*,{,�! |P]:0=IT &;@#:0�3��1!=I:%:0�3"%2e=I #-4$6 #[��VK�Q)=I:05#$8&9"%�!³K/#�3 #1!�3"U=,PO&;@4�
�J��QS-L*Y(¬T?/#7'&;$ZQ)-#$8"%13$82#76$8 L*,:D(+2#@L*,"0�,�

*,:%�3*U$8 �&%@#��"0=I/4&%@#�3:0 �z>*N13$ � 1?*, #-c�I�U{�T�P]=,:�*U@#$6[,@<Q)"0$6[I L*N7'Q)78=fbmQ) #=I$8"%��*,:%�3*j*N&B&%@#�+�c$8-<Q)°m&%7R*, J&%$61
6�$8-#[I�N�>¨L=I:�"%@L*,7876=fb *,:%�3*,">bB$'&;@?"D&;:%=, #[�"%@#=,:0&0Q¡bm*Yt,�376�! #[,&%@d[I:%*Yt<$'&)(�"0$6[I #*,7¡\�"%/#1^@d*,">&%@#�m1!=I J&;$6 4�3 J&^*,7
Tj*N:%[I$8 #"3\<:%�3"0=I76/<&;$6=, �Tj*Y(�5e���!tI�! �5e�!&0&;�3:!�

�u��� �"� 3 � 9�0�* $ 6s& $
}�=�1!=ITd2#*,:%�?=,/#:�[I�3=,$6-<QS"%=I78/4&;$8=I �*,[I*,$6 #"D&�&;@4� ��1!�Y*, �Q�zH:%=�-#/#1a&�bg�./#"0�3-�� K�Q)=,:%5#$'&�"%�!³K/#�3 #1!�3"9=,PW�
13=I:0:%�!"%2e=I #-#$8 #[�:%�32e�Y*�&H&;:;*N1^{�"HP]:0=IT &%@#�B�J��QS-L*Y(?�ax4*,1a&C:%�!2y�3*N&CTd$8"%"0$6=I �V]T?/#78&%$'QS-#$6"013$62476$6 #*,:0(h2#@L*,"0�f_a�
����"%�!76�31a&;�!-¬&;@#��°m&;7R*N K&%$61 ��13�Y*N �*,"m*�"0&;/4-4(¬*N:%�Y*�*, #-¬-#$8"%TU$6"0"%�3-d-L*N&;*�=,P�76*N&;$'&;/#-#�!"W[,:%�Y*�&;�3:M&;@L*N 
�I� � &;=�*YtI=,$6- �!:%:%=,:%"¬-#/4��&;=¥"0�Y*¥$813�,� �¥*YtI�aP]=I:%TU"¬=ftI�!:¬7R*N #-F\O$6 v$613��&;:%*,1^{K$6 #[¥TU=�-#�,\O=I:UbB$8&%@
:;*, 4[I�,\�bm*YtI�aP]=I:%T�\<&%:;*,1^{K$8 #[?=I:W76=�1Y*N&%$6=I U�3:0:%=I:gbW�3:0���ax<1!76/#-#�!-�P]:%=IT &;@4��*, L*,7'(�"%$6"!�H¨>$8 L*,767'(I\IbW��13/<&
&;@#�?*,76=I 4[NQS&%:;*,1^{�[I�!=I$6-�"0=I76/<&;$6=, #"�$8 J&;=¬1!=I:%:0�3"%2e=I #-4$6 #[�"0�31!&%$6=I 4"�$6 �bB@4$61^@�*,767�&%@#:%�!�+:%�32e�Y*�&�&;:%*,1^{K"
bg�!:%�?24:%�3"0�3 J&Y\ 
 ��
.� � � ����
�� ��
>*,"�bg�!767�*,"�bg*YtI�aP]=I:%T -L*N&^*<��¨L:0=IT�&;@#�!"%�?"0�31!&%$6=I 4"+V¢¨�$6[#�eª<�'�f�J_m&;@4�
13=I@4�3:%�! #13��5e�!&)bW�3�! �&%:;*,1^{K"+bm*N"+�3"0&%$6Td*N&;�!-¥/#"0$6 #[o*>K,�I�c{KT bB$6 4-#=fb��¤}O@#��:0�3"0/#78&+$8"?"%@4=�bB �$6 
¨>$6[,/#:%�!"�ª<�8�,�!QDª<�'�f�4�

�,���



0

0.2

0.4

0.6

0.8

1

60 50 40 35 30 25 20

co
h2

wavelength [km]

calm sea

0.5 41 35 32 km

Ocean Product
retracked

spline

¨>§D +�sª<�'�eK��H¦g=I@#�3:0�3 #1!�9P]=I:B*N767�2#*,$6:0"mbB$8&;@c*+Td�3*, �bm*Yt,��@#�!$6[I@J&B76�!"%"O&;@#*, K.T�$8 �5y=N&;@�&;:;*N1^{�"!�

� � � �&% � & �(9�. � �
}O@#�U=ftI�!:;*,787H13=I@#�!:%�! #13��V¢¨>$8[I/#:%�!"9ª<�8�,��_h"%@#=fbB"�&;@L*N&�&%@#�d[,�3=I$8-�"0=I76/<&;$6=, �=,54&^*,$8 #�3-�5J(o:%�a&;:;*N1^{�$8 #[
&%:;*YtI�!7C&%$6TU�3"�=NPg$8 #-#$8t�$8-#/L*,7~bm*YtI�aP]=I:%TU"�@L*,"�*�"0$6[I 4$ � 13*, J&;78(c$6TU2#:0=�t,�3-�:%�!"%=I78/4&;$8=I ¯=,Pg�J�¬{�T =ft,�3:
&%@#�m�#�m{KT :%�3"0=I76/<&;$6=, �=,Ps&;@4� 
 ��
.� � � ����
�� ��
¢��}O@4$6"�:0�3"%=,76/4&%$6=I ?13*, +5e�m$6TU2#:%=ft,�3-�P]/#:D&;@#�!:>&;=��<�m{KT
5J(�$8 #1378/#-#$6 4[.*.[,�3=I$8-�"02y�!1!&%:;*,7�TU=<-4�37�*N&B&%@#��&;:;*N1^{�$8 #[."0&;*,[I�,�

}~=¯$6 JtI�!"0&;$8[J*N&%�j&;@#��$8 4�L/#�! #13��=NP�&%@#�¬"0�Y*¯"0&;*N&;��=I �[,�3=I$8-¥:%�!"%=I78/4&;$8=I F\>bW��@L*YtI��1376*,"%"0$ � �!-|*,767
2L*N$6:%"O=NP>&;:%*,1^{K"�$8 J&;=U*+1Y*,78T�[I:%=,/#2¥VX¨>$6[4�Lª<�'�eKI_WP]=I:ObB@#$81^@�&%@#��Td�3*, �bm*YtI�9@#�3$8[I@J&B=,P�5e=,&%@�&%:;*,1^{K"
$8"m76�!"%"m&;@#*, CK�Tc\4*, #-�&;@4�h&;@#��1!=ITU2#76�!Td�! K&;*,:0(d:%=,/#[I@�[I:0=I/#2¤V¢¨>$8[#�<ª<�'�f�J_a\<P]=I:WbB@#$81^@�*N&O76�3*,"0&m=I #�
=,PB&%@#��&;:;*N1^{�".@L*N"d*¯TU�Y*, ¥bg*YtI��@#�3$8[I@J&U*,5e=�t,� K¯T���}O@4��1!=ITU2L*,:%$8"%=I �"0@#=fbB"U&%@L*N&+bB@#$876�¬=,/#:
:0�!&;:%*,1^{,�!-�*, #-¤"%2#78$6 #�.[I�!=I$6-o"0=I76/4&%$6=I 4"9*N:%�.:%=I54/#"0&�bB$8&%@�:%�![J*,:0-�&%=�&%@#�d"0�Y*�"0&^*�&;�.&;@#�U³K/L*,76$'&)(¯=,P
&%@#� 
 ��
.� � � �	��
�� ��
�-#�a&;�3:0$6=I:%*N&;�!"m&;=.�Kª+{KT�*,76:0�Y*,-<(�*N&Ot,�3:0(�TU=�-#�3:%*N&;��bg*YtI��@4�3$6[,@K&%"3�

� ��� � ��� �n��� � � ��� �
�¤��@L*Yt,�?-#�3"013:0$65e�3-¯*j 4�!b *,2#2#:0=J*,1^@�&%=fbm*,:0-#"h=�13�3*, �[I�!=I$6-c�3"D&;$6Td*N&%$6=I �P]:%=IT�"%*N&;�!7678$8&;��*,7'&;$8Td�a&;�3:
bg*YtI�!P]=,:%T�-#*N&^*4�CAC*,:076$8�3:C&;:;*N1^{�$8 #[+"%1^@4�3TU�3"B/4&;$876$8©3�3-d13=ITU2#78$61Y*�&;�3-dTd=�-#�!76"m*�&%&;�!Td2<&;$6 4[9&;=+��x<2#7R*,$8 
&%@#�j�! K&%$6:0�dbg*ft,�!P]=I:0Tc�c¨L/#:0&%@#�3:0Td=,:%�,\��Y*,1^@¤bm*YtI�aP]=I:%T bg*,"?$6 Jt,�3:0&%�3-�"0�32L*,:%*N&;�!78(,\�*,"9$8PO$'&�bW�3:0��*

�I�f�



0

0.2

0.4

0.6

0.8

1

60 50 40 35 30 25 20

co
h2

wavelength [km]

rough sea

0.5 47 35 31 km

Ocean Product
retracked

spline

¨>§D +��ª��8�f���B¦g=I@#�!:%�3 413��P]=I:B&;@4��13=,Td2#78�3TU�3 J&^*N:0(�[I:0=I/#2c&%=¬¨>$8[I/#:0�?ª<�'�eK<\s L*NTd�!78(�*,787�2L*,$6:0"�bB$'&;@�*
Td�3*, �bm*YtI��@#�3$8[I@J&�=NP�TU=I:%��&;@#*, K+T�$6 c*N&�76�3*,"0&�=I #��=,P�&;@#��&;:;*N1^{�"!�m}O@#��*,5#"%=,76/4&%��1!=I@#�!:%�3 413$6�!"
"%@#=,/#76-o #=,&�5e�.13=ITU2L*,:0�3-¯bB$8&%@o&%@#�U*,5#"0=I76/4&%�.13=I@#�!:%�! #13$8�3"�$6 o¨>$8[I/#:%�Uª��8�eK¬5e�313*,/#"%�.&;@4�!(¯-#=� #=,&
13=ftI�!:�&%@#�W"%*,TU�W*N:%�Y*<��}O@#�W:%�!7R*N&%$8tI�H-4$8®y�3:%�! #13�W$6 �13=,@#�3:0�3 #1!�m5y�a&)bg�!�3 ?1!/#:0t,�3"�$8 �=I #�M2#76=,&3\�@#=fbg�atI�3:!\
-#�3TU=I #"D&;:%*N&;�!"C&%@L*N&H&%@#�B³�/#*,76$'&)(?=,Pe&;@#� 
 ��
.� � � ����
�� ��
L-#�!&%�3:%$8=I:;*�&;�3"H"0$6[I 4$ � 13*, J&;78(9bB$8&%@U$8 #13:0�Y*,"0$6 #[
bm*Yt,�9@#�!$6[I@J&3\L$6 �13=I J&%:;*,"D&�&%=+&;@#$8"O"0&;/4-4(eEq"�[I�3=I$8-�"%=I78/4&;$8=I #"!�

"0&;*N&;$8"0&;$81Y*,7e�!t,�3 J&B/# #:0�376*N&;�!-¬&;=?&;@4��*,- 6 *,1!�3 J&mbg*YtI�!P]=,:%TU"3�M§) #"0&%�Y*,-F\<bg��*,78$6[I d*�bB@#=I78��"%�!³K/#�3 #1!��=,P
bm*Yt,�!P]=I:0Td"�"%$8T?/#78&;*, #�!=I/#"%7'(I�H°�"%2476$6 4��[I�3=I$8-�Td=�-#�37�$6" � &O&;=.&;@4��"0�3³K/#�! #13�?=NP�bg*YtI�!P]=,:%TU"�$8 �"0/#1^@
*9bg*f(d&;@L*�&g&;@4�htN*,:%$6*, #13�h*N&m&%@#�h78�Y*,-#$8 #[��!-#[I��$8"gTU$6 #$8Td$8©3�3-�� �M(¬$6 J&%:%=�-#/#13$8 #[?*92y�! L*,78&)(UP]=I:W@#$6[I@
2y=fbW�3:W$6 j@4$6[I@U=I:%-4�3:M"%2#78$6 #��2y=,78(� #=ITU$R*,7413=�� � 13$8�3 J&;"!\<&;@4��2e=fbg�!:m"%2e�31a&;:%/4T =NPF&;@#��"%2#78$6 #�B"0=I76/4&%$6=I 
$6"�P]=I:013�!-�&%=�&;*,{,�U=I ¯&;@4�U"0@L*,2e�d=NPW&%@#�+&;:%/4�U[,�3=I$8-�2e=fbg�!:�"%2e�31!&%:%/#T��.}O@#�U13=I@#�!:%�! #13�U=,Pm:0�32e�Y*N&
&;:%*,1^{K"W"0@#=fbB"m*�"%$6[, #$ � 13*, J&C$6TU2#:%=ft,�3TU�3 J&M$6 d*,76=I 4[NQS&%:;*,1^{9[I�3=I$8-.:%�3"0=I76/<&;$6=, .P]:0=IT­�#��{KT­&;=��4��{KTc�
}O@#��³K/L*N76$8&)(�=NPH=I/#:�[I�3=,$6-�"%=I78/4&;$8=I c$8"�Td*,$8 K&;*,$6 4�3-�*N&�:%=I/#[,@�"%�3*d"0&;*N&;�!"3\ebB@#�3:0�+*, �$8Td24:%=ftI�!Td�! K&
P]:%=IT��Jªd{KT
&%=��4�9{�T�bg*,"�*,1^@4$6�!t,�3-F�h}O@#$6"�$6"�2L*,:0&%$61!/#7R*,:078(j$6TU2y=I:D&^*, J&BP]=I:�2#:%=�13�!"%"0$6 #[� ��3=�-#�!&%$61
�c$6"0"%$8=I +-L*N&;*�bB@4�3:%�N\K-#/#�m&;=�&%@#�B*,5#"0�3 #1!��=NP�:0�32e�Y*N&H&%:;*,1^{K"3\�*� #=I$8"0(�&;:%*,1^{?1Y*N # #=,&C5e�O"%/#54"0&;$'&;/4&%�3-F�

�,��ª



� � � � �¤� � �

� � ��� � � ������
 �w�������²� ����� � � � � � ���

 � � � ��� �O��� �o� �¤� �H�H���¤� 
 � 	 � �²����� � � ���

�m*N1^{�/4" V��f�I�I�J_�"%@#=fbB"o&;@L*N&¯&%@#�|Tj*N[I #�!&%$61 � �376-�=I *£"%2#@4�3:%���BV��a_�=,Pd:;*,-4$6/#"	��$8"¯/# #$8³�/4�378(
2L*N:;*,TU�!&%:%$6©!�3-d5K(d&;@#:0�3��"01Y*,76*,:%" � V _ | 
�_a\ �FV _ |�
y_W*, 4-�
#V _ |�
y_a\�13=I:0:%�3"02y=, #-#$6 4[�&;=?$8 J&;�3:0 L*,7s&;=I:0=I$6-#*,7¡\��x<&%�3:0 L*,7�&%=I:%=,$6-L*,7l*N #-¯2y=,76=I$8-L*,7F�!76�31a&;:0$61�1!/#:%:0�3 J&;"�&;@#:0=I/#[I@�&%@#�?"0/#:0PX*,1!�?=,P�&%@#�?"02#@#�3:0�,��° -#$62e=I78�
� �!76- $6"U*, ��x#*NTd2#78��=,P�*¤2e=I78=I$6-L*N7 � �378- *, 4- *¤1!$6:013/#76*,:.13/#:0:%�3 J&j$6"d*, v��x#*NTd2#78�c=NP�*�&%=I:%=,$6-L*,7
� �!76-F�¯§) |*N2#2#78(�$8 #[�&;@4$6"�"0$6TU2#76�U2L*,:%*,TU�!&;:0$6©3*N&;$8=I ¤&%=�";*N&%�37876$8&%�dTd*,[I 4�!&;$81j-L*�&^*4\�=, #�¬@L*,"9&;=�&^*N{,�
$8 K&%=�*,131!=I/# J&�&;@#*N&�";*N&%�37876$8&%�9=,:%5#$'&;"�*,:0�+�37876$62<&;$613*,7¡\s:%*N&;@#�!:�&;@L*N ¯13$6:013/#76*,:3\F*, #-o-#�31!:%�3*,"%�.$6 ¯:%*,-#$8/#"
bB$'&;@�&;@4�+76$8P]�a&;$8Td��=,PC&;@#�+"%*N&;�!7678$8&;�N��¨s=,:��ax4*,TU2#76�N\�*,7'&;$8&%/#-#�!"h:;*N #[I�?P]:%=,T �J�N�¬{�T &;=��I�,�¬{KT�P]=I:
��*N[I";*N&�*N #-�P]:0=IT��J�N�.{KT�&%=U�J�,�+{KT�P]=I:
��:%"0&%�3-F�C°�"�2e=I$8 K&%�3-�=I/4&B5J( ��76"0�3 ¤VD�f�,�JªI_a\<&;@#��*,5e=ftI�
2L*N:;*,TU�!&%:%$6©3*N&;$8=I �$6"H*,242#76$81Y*,5#78�M&%=�*�"%2#@4�3:%$81Y*,74"%@#�!767��BV � | t _~bB$'&;@ ��� � � t $8Pe*,787<1!/#:%:0�3 J&;"C2L*N"%"%$8 #[
&%@#:%=I/4[I@�&;@#��"%@4�3767F*,:%��2#/#:0�37'(¬:;*N-#$R*,7¢� 6B�32#:0�3"0�3 J&;$8 #[ � \ ��*, 4-�
+*N"O"%/#TU"B=,P>"02#@#�!:%$613*,7�@L*,:0Td=, #$61!"
&%@#�3 �76�3*,-#"�&;=c*�-#$6"013:%�a&;$8©Y*N&%$6=I ¯bB@#$81^@¤Td*Y(¯5y�.:0�!P]�3:0:%�!-�&%=�*,"�5e�3$8 #[�=,Pm=I:0-#�3:�©!�3:%=�$6 ������"%$8 #[
"0/#1^@o*d-#$8"%1!:%�!&%$6©3*N&;$8=I F\���76"%�! |VD�Y�I�JªI_O$6 JtI�!:0&%�3-���*,[,";*N&�-L*N&;*j�3"D&;$6Td*N&%$6 #[+&;@4�?:;*,-4$R*,7�1!=ITd2e=I #�! J&;"
=,P�$6=, #=I"%24@#�3:0$61�13/4:%:%�! J&h"D(<"D&;�!Td"!�

�<$8 #13��13/4:%:%�! J&;"�*N:%��2#:%$8Tj*N:%$67'( � �378-<Q�*,78$6[I 4�3-�*N&�";*�&;�37876$'&;��*,7'&;$8&%/#-#�N\ �m*,1^{K/#"�VD�f�,�I�J_g"%/4[I[I�3"D&;"�&;=
"0/#5#"0&%$8&%/4&;�M&;@#�g&%=I:%=,$6-L*,7 � �376-9"%13*,7R*,:�
B5K(�&;@4�g:%�!7R*N&%$8t,�W-#�! #"%$'&)(
��=,P � �!76-<Q)*,76$8[I #�!-�1!/#:%:0�3 J&;"�&%@#:%=,/#[I@
�BV � | t _¬*,"�*¥&;@4$6:%-±2L*N:;*,TU�!&%�3:3�­��/#��&;=|2#:%*,1!&%$61Y*N7�-#$ � 1!/#78&%$6�3"j$6 ±$6TU2#76�!Td�! J&;$6 4[¤&;@4$6"�"%1^@4�3TU�,\
��76"0�3 �V��f�I�JªI_C2#:%=,2y=I"0�3"B*?:%*,-#$R*N7e}�*Y(�76=I:m"0�3:0$6�3"O��x<2L*, #"0$6=I �=,Pl&%@#��&;=I:0=I$6-#*,7 � �378-�"%1Y*N7R*,:�
<\#$8 #"0&%�Y*,-��
}O@#$8"H:%�!³�/4$6:%�!"C*, .� � 13$8�3 J&M-#� �  #$8&%$6=I +=,P � :0"0&3\�"0�31!=I #-d*, #-.@#$6[,@#�3:�=,:%-#�!:H:;*,-#$6*,741!=I J&;:0$65#/4&%$6=I 4">&;=�
��
°�:%[I/L*N5#78(,\���76"0�3 FEG"�$6 #$'&;$6*,7�"%1^@#�!Td�+$8"� #=,&�=I24&;$8Tj*N7~$8 �&;@4$6"�"0�3 #"0�,��§) �&%@#�?P]=I7876=fbB$6 #[.bW�?&;@#�!:%�!P]=,:%�
2#:0=I2e=I"%�U*, ¤$6TU2#:%=ftI�!-¤:%*,-#$6*,7��ax<2L*N #"%$8=I �"01^@#�3TU�d5#*,"%�!-�=I �&;@#�.2#:0�3"%/4Td�!-�:;*N-#$R*,7H-4$8tI�!:%[I�! #13�U=,P
$8=I #=I"02#@#�3:0$61�1!/#:%:0�3 J&;"!�

�I�f�



����� � ��� �/
 � � ��	�� �����	� �4� 	 � ��� � � � ��� ��	 
 ��	 � � 
���	�
 ��� �>	����
�[�n�4� ��� �

��*,{K$6 4[U/4"%��=,P�� 2�� O �4\4&;@4��Td*,[I 4�!&;$81 � �!76-�$6"O1!=I JtI�! #$6�! K&%78(�:0�32#:0�3"0�3 J&;�!-�$6 �"02#@#�3:0$613*,7�13=�=I:%-4$'Q
 L*N&%�3"9V��e| _ |�
�_m*," ��V��e| _ |�
�_�O����
	 �lV��e| _ | 
�_ Z 	 
#V��e| _ |�
y_b| V¢�<�8��_
bB@#�3:0��	 O �
�� � cwV��� �N"0$6 _ _ ��� $6"�&%@#�+"%/4:0PX*,1!�U1!/#:%7¢\��� *, #-��
 *,:0�+76=�1Y*,7�/# #$8&htI�31a&;=I:0"9=NPW&%@#�+13=NQ
7R*N&%$8&%/#-#�O*, 4-d78=I #[I$'&;/#-#�N\K*, #- �d*, #- 
�*,:%�O&;@4�h��$6�B"%13*,7R*,:0"C=,Py&%@#�B2y=,76=I$8-L*,7#*N #-U&%=I:%=,$6-L*,7<Tj*N[I #�!&%$61
� �378-F\4:0�3"02y�!1!&;$'tI�!78(�V(�m*,1^{K/#"3\��Y�I�I�4���m*,1^{K/#"B�!&B*N7¡�'\��f�I�,�J_a��}O@4��"%=I/#:013�!"�=NP~&%@#��Td*,[I #�a&;$61 � �378-�*,:%�
�378�31!&%:%$81�13/#:0:%�3 J&%"���bB$'&;@

Q T �HV��e| _ |�
�_2O ���
��V��e| _ |�
�_ V¢�<��KI_
O ���
	 
4V��e| _ |�
�_ Z 	 i c�� R �~V��e| _ |�
�_qp V¢�<�º�J_�HV��e| _ |�
�_2O ���
	
��lV��e| _ | 
�_ Z 	��
#V��e| _ |�
y_b| V¢�<�q�K_

bB@#�3:0����]O 
+� Q T *, #-��
�O c�� R � � Q T *,:%�U&;@#�d2y=I78=I$6-#*,7C*, #-�&%=I:%=,$6-L*,7C1!/#:%:0�3 J&+"%13*,7R*N:%"3����*,{K$6 4[*,"%"0/#TU24&;$8=I #">=, �&;@#�W:;*,-4$R*,7K-#$'tI�3:0[I�3 413�m=,Ps$8=I #=I"02#@#�!:%$61M�378�31a&;:%$81g1!/#:%:0�3 J&;"!\Ibg�m24:%=I2e=I"%� � :%"D&Y\J"0�313=, #-
*, #-c@#$6[I@4�3:�=I:%-#�!:�:%*,-#$6*,7�2L*,:%*,Td�a&;:0$6©Y*�&;$6=, #"O=,P>&%@#��2e=I78=I$6-L*N7�*, #-�&;=I:0=I$6-L*N7FTj*N[I #�!&%$61 � �!76-�"01Y*,76*,:%"
�c*, #- 
<�

° "%*N&;�!7676$'&;�?TU�Y*N"%/#:0�3"9&%@#�.&;@#:0�3�.tI�31a&;=I:�13=,Td2e=I #�! K&%"9=NPg&;@4�dTd*,[I #�a&;$81 � �376-�=I ¤*, ��!7678$624&%$61Y*N7
=I:%54$8&BbB$8&%@�:%=,&;*N&;$8 #[U=I:%5#$'&^*,7l*�x4$8"3\sbB$8&%@c&;@4�?*,-#-4$8&;$8=I L*,7�1!=ITU2#76$81Y*N&%$6=I ¬&%@L*N&h&%@#��Td*,[I 4�!&;$81 � �378-�$6"
 #=,&�1!=I #"D&^*, J&�$6 �&%$6TU�,��°� K(�$6 JtI�!:%"0$6=I �*N&0&;�3TU24&%$6 #[j&%=��3"D&;$6Td*N&%��TU=I:%��&%@L*, �&%@#:%�!�+"%�!&%"�=,PC"%13*,7R*,:
2L*,:%*,Td�a&;�!:%"CP]:%=IT­&%@#�3"0��Td�3*,"%/4:%�3TU�3 J&%"g$6"M76$8{,�!78(?&%=9PX*,1!�h"0&;*,5#$876$8&)(?2#:%=I5476�3TU"3��}O@#��=I5Jt�$6=,/#"W1^@4=I$61!�
P]=I:~*���2L*,:%*,Td�a&;�!:~TU=�-#�37J$8"l&%=�³K/L*N K&%$8P`(�&%@#�W$8 J&;�3:0 L*,7J2e=I76=,$6-L*,7¢\f�ax�&;�!:% L*N7�2e=I78=I$6-L*N7J*, #-�&;@#�C&;=,:%=I$8-L*,7
Tj*N[I #�!&%$61 � �376-�5J(�=I #��2L*N:;*,TU�!&%�3:O�Y*N1^@F�

� � �!�"� ! ' 6�� � 3!6s0�&76 143o.*3 ' 0 $ . �8) $ . $ 6��
° 1!=I #"0$6"0&%�3 J&¬"0�32L*N:;*N&%$6=I =,Ph&%@#��2e=I76=,$6-L*,7 � �378-v$8 K&%=¤$8 J&;�3:0 L*,7�*, #- �ax�&;�!:% L*N7h2L*,:D&;"U$6 |&;@#�c"%@#�!767
�BV � | t _�$8"�=I #78(�2y=I"0"%$85#76�+bB$8&%@¤&%@#�j*N"%"%/4Td24&%$6=I o&;@#*N&�&;@#�!:%�¬*N:%�. #=c&%=I:%=,$6-L*,7>13/#:0:%�3 J&%"�$6 �BV � | t _a�}O@#�3 dbg��1Y*, UbB:%$8&%�O&;@#��2y=I78=I$6-#*,74"01Y*,76*,: �¬$6 .&;�!:%TU"W=NP�&;@4��&%:;*,-#$'&;$8=I L*,7s �*,/#"0"W1!=<� � 13$6�! J&;" � �� *, 4-� �� *,"

�lV��e| _ | 
�_�O �
g�� 	 r

��
� 	 p � i c � � ��"! � �$# � �Hr Z � Z � � ��"! �� # � plu �� V _ |�
y_ V¢�<�¼�I_

bB@#�3:0�9u �� *,:0��"%/#:DPX*,13�9"%2#@#�!:%$81Y*,7�@L*N:%TU=I #$61!"B$6 c*,:%5#$'&;:%*,:0(j #=I:%Td*,78$6©Y*�&;$6=, F�H��=N&;��&;@L*N&B&%@#�3:0�9$8"�*N 
$6 #1!=I:%:0�31a&W"0$6[I U$6 .&;@4��1!=I:%:0�3"02y=I 4-#$6 #[�P]=I:%T�/#7R*�=,P �m*,1^{K/#"�VD�f�I�,�4\J�3³s�M�,�,-L_a\K:%�!2#:%=�-#/#1!�3-¬$8 �g*,1^{K/#"

�
������>VD�f�I�,�4\#�3³s�W�<�q�4�'���I_a�

�,�f�



� �"�!�&% ! '*6�� � 3 6s0�&76 � 3 6s3 ' 0 $ . �8) $ . $ 6 �
}O@#�¬&%=I:%=,$6-L*,7 � �!76-�"01Y*,76*,: 
c=I �BV��,_9$6"�P]/#767'(�-#�!&%�3:%TU$6 4�3-¥5J(�&%@#��:;*N-#$R*,7C1!=ITd2e=I #�! J& � � =,PO&%@#�
1!/#:%:0�3 J&�-#�3 4"%$8&)(���*N& �BV��,_a\F*,"�1Y*N �5e�+"%�!�3 ¯P]:%=,T �3³s�CVX�4�LK,�J_�5e�378=fb��9}O@K/#"!\l&%@#�+:;*N-#$R*,7~-#�!1Y*Y(¯=,P
&%@#�W&%=I:%=I$8-L*,7 � �!76-?"01Y*,76*,: 
�1Y*, �5y�m$8 4P]�3:0:%�!-�P]:%=IT &%@#�g2#:0�3"0/#Td�!-+:;*,-4$R*,7�-#�313*Y(�=,PL&%@#�m:%*,-#$R*N7�1!/#:%:0�3 J&
-#�! #"%$'&)( � � �WAH78�31!&%:%$81Y*,7F1!/#:%:0�3 J&;"�*N&B"%*N&;�!7676$'&;��*N78&;$'&;/#-4��*,:%��24:%$6Td*,:0$678( � �!76-<Q)*,76$8[I #�!-F��«��3 #1!�,\

��V��e| _ |�
�_ O �HV��e| _ |�
�_ ��V��e| _ | 
�_n ��V��e| _ | 
�_�n VX�4�q�J_

� 2 � O � 2 � �
n ��n Z �

n ��n � 2 � � VX�4�ºªI_
�<$8 #13� � 2 �CO²�.*, #-
� 2 � O �

� O � 2 � �
n ��n � VX�4�q�J_

}O@K/#"!\<&;@4�h:;*�&;$6= � �sn ��n�1Y*, j1^@L*, #[I��=I #7'(.$6 j-4$6:%�!1!&%$6=I #"C2e�3:02y�! #-#$61!/#7R*N:M&%=9&;@4� � �!76-j78$6 #�!"3��§) j=,&;@#�!:
bW=I:%-4"3\H&;@#��"D&;:0�3 #[,&%@ �,O n �MnF=,PB&;@4��13/#:0:%�3 J&U*,78=I #[¯* � �376-�78$6 #�d5y�!@L*YtI�!"U$8 �&;@4��";*,TU�jbg*f(�*,"
&%@#�+"0&%:%�3 4[,&;@o=,PC&;@4�+Tj*,[, #�!&%$61 � �376-��9}~= � :%"D&�=I:%-4�3:3\F&%@#�?Td*,[I #�a&;$81 � �378-o*N&�"%*N&;�!7676$'&;�9*,78&%$8&%/#-#��$8"
-#$82y=,7R*,:!��¨L=I:O*+-#$82y=I78� � �!76-�n ��n����Jp � � � Z �C1!=I" R _ �M¦g=I #"0�3³K/#�3 J&%78(I\sP]=I:g&)bW=U76=�1Y*N&%$6=I #"o= T *, 4- = r=I �&%@#��";*,TU� � �378-�78$6 #��bg��@L*YtI�

�CVX= r _ O ! � T� r # ���
� Z �H13=," R _ r� Z �H13=," R _ T� 
�� �

�

�CVX= T _�� VX�4�q�J_

}~=¯=I54&;*,$6 ¥&%@#��5y�!@L*Yt�$6=I:?=NP � � *,76=I 4[¯* � �378-�76$8 #�,\�bW�� #�3�!-|&%= � :%"D&.-#�3:0$8tI�¬&%@#��13=,:%:%�!"%2e=I #-#$8 #[
:0�37R*�&;$6=, jP]=I:m&;@4��&;*, #[I�! J&;$R*N7F13/#:0:%�! K&�-#�! #"%$'&)( � � � �±$8&%@

� � VA=N_�O "0$6 _� � Z �H13=I" R _
�HVA=N_b| VX�4�8�Y�J_

bW��=I54&^*N$6 �&;@#��5e�3@L*Yt�$6=,:B*,76=I 4[.* � �!76-�76$8 #��*,"
� � VX= r _!O "%$8 _ r"%$8 _ T !

� T
� r # � � � VX= T _�� VX�4�8�,��_

°�76=I #[.* � �!76-�76$8 #�h&;@4��76*N&;$'&;/#-4�3"O";*�&;$6"DP`(j&%@#��:%�376*N&;$8=I �V¡��$6�35e�3:D&Y\F�Y�I�J�<\#�!³s�M° �<�LKN�K_
"%$8 R _ r"%$8 R _ T O � r

� T | VX�4�8��KI_
bB@#$81^@c"0$6TU2#76$ � �3"g�3³s�~V¢�4�'�I��_W&%=

� � VX= r _ R O ! � T� r # � � � VA= T _ R � VX�4�8�Y�J_
}�*,{K$6 #[ � R P]:0=IT��!³s�~V¢�4�q�J_g*, 4- � R� P]:0=IT��!³s�~V¢�4�'�f�J_MbW��1Y*, � #=fb²$6 4P]�!:m&;@#��5e�3@L*Yt�$6=,:O=,Pl&;@#��:;*N-#$R*,7
1!=ITd2e=I #�! J& � � *,"

� � VA= r _ R O �HVA= r _ R c � � VA= r _ RO ! � T� r #
�

� R �CVX= T _ R c ! � T� r #
� � � VA= T _ R � VX�4�8�3�K_

�eK,�



¨L=I:�"%Td*,787 � r c � T bW�+1Y*, o #�![I76�!1!&�&;@4�+"%@#$'P`&�$6 ¯76*N&;$'&;/#-#��*,76=, #[�* � �!76-¯76$8 #�,\�[I$8t�$6 4[ _ r � _ T *, 4-
� � �I� ��"0$6 #[+&%@#$6"�*,2#24:%=Yx<$6Td*N&;$8=I ¬$6 ��!³e�~VX�4�'�Y�K_g[I$'tI�3"

� � V�� r | _ |�
�_ R � ! � T� r #
� �CV�� T | _ |�
�_ R c ! � T� r #

� � � V�� T | _ |�
y_ R � V¢�4�'���I_
�� �*ft,�3:%*,[I�,\<&;@#��2e=fbg�!:m=,P�*�-#$82y=,7R*,:HtI�!1!&%=I: � �378-�$6"W"%2#78$8& K��8�h5y�a&)bg�!�3 �&;@#��:%*,-#$6*,7�*N #-j&^*N #[I�3 J&%$R*,7
-#$6:0�31a&;$6=, #"�V¢«�=I76TU��*, #- �I*,1^{K"%=I F\~�f�I�Iª<\#�3³K"!���I�!Q;�f�J_a�M���! #=,&;$8 #[+&;@#�9*YtI�!:;*,[I��=ftI�!:�&%@#�9"0/#:0PX*N13��=,P
*+"%2#@#�!:%��5J(3) 2 -!\�bg��&;@4�3 �@L*YtI�

)�� R� - O,K )�� R� - O K
� )�� R -;� V¢�4�'�f�J_

��"0$6 #[cV¢�<�8�f�I_g$6 ¤V¢�4�'���I_C(<$8�378-#"B=I �*ft,�3:%*,[I�
)�� � V�� r | _ |�
y_ R - � ! � T� r #

� V � K c � rK � T _ )�� � V�� T | _ | 
�_ R - V¢�4�'��ªI_

� � V�� r | _ |�
y_ � ! � T� r # � �
� K c � rK � T� 
�� �

� � V�� T | � r _
� � V�� T | _ | 
�_ V¢�4�'�f�J_

Td=N&;$8tN*N&%$6 #[�&;@#��*,"0"%/#TU24&%$6=I 


4V��e| _ |�
�_�O ! � � # R � � K c �K �� 
�� �
� V � | �I_


#V � | _ |�
y_ V¢�4�'�f�J_

bB@#$61^@�76�3*,-#"m&%=U&%@#��*, #";*�&;©

#V��e| _ |�
y_�O � V � | �I_ g�� 	 r

��
� 	 p � 
 �� u �� V _ |�
y_b| V¢�4�LK,�J_

"%/#$'&^*,5476�dP]=,:
�+� ��� �4� �� 4�¬Tj*Y(¤=I5 6 �!1!&+&;@#*N&�V¢�<�8�f�I_�$6"� #=,&.*�[I=�=�-�*,2#2#:0=Yx4$8Tj*�&;$6=, � #�3*,:�&;@4�
�3³K/L*N&%=I:3�M¦g=, #"%$8-#�3:!\�P]=I:C��x#*NTd2#78�,\<*�@J(�2e=,&;@#�a&;$81Y*,7e"%$'&;/L*N&%$6=I .$8 dbB@#$81^@d&;@4�h13/4:%:%�! J&m-#�! #"%$'&)(d$8"C©3�3:0=
�!t,�3:0(KbB@#�!:%����x41!�324&m=I �* � �376-d76$8 #�B13:%=,"%"%$8 #[�&%@#�hTd*,[I #�a&;$81��!³K/L*N&;=,:m*N&�� � � ��bB$'&;@ � T � � � � � � � r �}O@#�3 �\eV¢�4�'�f�J_�[,$8tI�!" � � V�� r | _ |�
y_>*,"�"0=ITd�WP]:;*,1a&;$6=, ?=,P � � V�� T | _ |�
y_a\,bB@#$876�M&;@#�m&%:%/#�m1!/#:%:0�3 J&C-#�! #"%$'&)(?$6"�!t,�3:0(KbB@#�!:%�m�!³K/L*,7K&;=�©3�3:0=�=, �BV�� r _FbB$'&;@ � r 5 � � � �J�>«�=fbW�!tI�!:3\I:0�Y*,7 � �!76-<Q)*,76$8[I #�!-�13/#:0:%�3 J&�"0(�"0&%�3TU"*,:%�O"D&;:0=I #[9*N&C@#$6[,@+7R*N&%$8&;/4-#�3"!\K*, #-U"%$6 413� � � O ��*N&H&%@#�BTj*,[, #�!&%$61m�!³�/#*N&;=I:!\J&;@#�O�!³�/#*N&;=I:0$R*,74:%�3[,$6=I #"
"%@#=,/#76-o*, J(Kbg*f(o1!=I J&;:0$65#/4&%�+76$'&%&;78��&%=�&;@#�?&%=I:%=I$8-L*,7~Tj*N[I #�!&%$61 � �378-F��°­&%�3"0&�=NP�VX�4�'�f�J_�P]=I:�*�bB@4$8&;�
� �378-<Q�*N76$6[, #�3-¬1!/#:%:0�3 J&�-#�3 #"0$8&)(�-4$6"0&%:%$85#/4&;$8=I �$6"O[,$8tI�! c$8 �"%�31a&;$8=I ��4�º�<\L5y�!76=fb��

� � �!�&1 ! ' 6�� � 3!6s0�&76 ; $�% � & � '*) +-&/.*02; 3n0�&F.
��"0$6 #[ �g*,1^{K/#"3EW #=,&^*�&;$6=, *, #-v=ITd$'&%&%$6 #[¯&;@4�¯*,:%[,/#Td�! J&;"¯V��e| _ |�
y_U*N #- V _ |�
�_?P]=I:U137R*N:%$8&)(,\O�3³K/L*�Q&;$8=I �V¢�4�'��_g13*, c5e��:%�abB:%$8&0&;�! �*,"

� O �= � R r �
�

c � r � � � �� Z 	 
 V¢�4�LK<��_
O �= � R r �

�
c �� V �

�
� � � � � � Z �

"0$6 _ ��� 
I_[c �
 V �
�>"%$8 _ � � � ��� � c � � 
,_ V¢�4�LK KI_

��K<�



bB$'&;@ �=K\ �� *, #- �
 *,"�&%@#��76=�1Y*,7M/# #$'&�t,�31!&%=I:%"U*, 4-�"%/#:DPX*,13��[I:%*,-#$8�3 J& � r O ��� c = � � O �� � � ZV$�
 ��"%$6 _ _ ��� *, #-�"%/4:0PX*,1!�91!/#:%7 	 O �= � � r O �
 � � c V��� �N"0$6 _ _ ��� � �±$8&%@�*N #";*N&%©dV¢�4�º�I_O*, #-�/#"%$8 #[� R r u �� O c  V  Z ��_Du ��
� R r � O �

g�� 	 r
��

� 	 p � i V  Z ��_ � ��"! � � # � �Hr c  ����"! �� # � p8u �� VX�4��KN�J_
*, 4- � � � � � �@O �

g�� 	 r ��
� 	 p � i � �� ! � � # � �Hr Z ���� ! �� # � p � � u �� VX�4��K��K_

��"%$6 4[�VX�4�LK,�J_a\�V¢�4�LKN�K_m*, 4-c*N #";*N&%©dV¢�4�LK,�J_WP]=I: 
+$8 �V¢�4�LK KI_ �  L*,767'(¬[I$'tI�!"
� O g�� 	 r

��
� 	 p � �= i V  Z ��_ � ��"! � �$# � � R c  ���� ! �� # � psr plu ��

c �� 	 i � �� ! � � #
� � R Z ���� ! �� # � psr p � � u �� Z � V � | �,_"0$6 _ 
 �� ��� u �� 
c �
 	 i � ��"! � � #
� � R Z � ��"! �� # � psr p ��� u ��"0$6 _ c � V � | �,_ 
 �� � � u �� 
 | VX�4��K,�I_

bB@#�!:%��*,:%[I/4Td�! K&%"?V��e| _ |�
y_�*N #-�V _ |�
y_B@L*Yt,��5e�3�3 �=ITd$'&%&%�3-�P]=I: ��*, #-cu �� \e:%�!"%2e�31!&%$8t,�378(,��¨s=,:B&%@#�
"02y�!13$R*N7y13*,"%��=,P � � � &;@#$8"g�!³�/#*N&;$8=I j:0�3-#/#1!�3"m&%=9&;@4���3³K/L*N&%$6=I 4"g-#$8"%13/4"%"%�!-�$6 �m*,1^{K/#" 
�
 ������V��f�I�I�4\2F�O�Y�I��Q^�Y�VKI_a�
� �"�!�X� ! '*6�� � 3 6s0�&76 &F. &7) � 6:' ) )79�6s6s& � � �
«�*ft�$8 #[h*N"%"%/4Td�!-9&;@#*N&�&%@#�3:0�g*N:%�M #=�&%=I:%=,$6-L*,7,13/#:0:%�3 J&%"�$6 �BV � | t _a\�&;@#�M:%�!Tj*,$8 #$6 4[O2y=I78=I$6-#*,7,1!/#:%:0�3 J&;"$8 �BV � | t _m*,:0�

Q T � O � ��	 

O �= � R r 


�
c � r � � � 
�

O �= � R r 

�

c �� � � � � � 
� c �
 �
"%$8 _ ���

� � � 

�

VX�4��KN�J_
*, 4-�/4"%$6 4[j*, 4";*N&%©jVX�4�LK,�J_WP]=I: 
�bW��@L*YtI�

� � � 

�

O c � � c��
� � ��cDK � R 
 VX�4��K,ªI_

� R r 
 O c  V  Z ��_ 
 VX�4��KN�J_
�±$'&;@¤V¢�4�LKIªI_m*N #-¤V¢�4�LK,�J_W&%@#��13/#:0:%�3 J&%"?VX�4��KN�J_m*,:%�

Q T � O � V � | �,_
�

g�� 	 r ��
� 	 p � 
 �� � c �=  V  Z ��_Du �� Z �� � � c��

� � c�K � � � u �� Z �
 � � c��
V¢� � cDK �,_4"%$6 _ ��� u �� � �VX�4��KN�J_

bB@#�!:%�9*,[J*,$8 �*,:%[,/#Td�! J&;"�V��e| _ |�
�_m*N #-¥V _ |�
y_WP]=I: ��*, #-�u �� @L*YtI��5e�3�3 �-#:0=I2#2e�3-F�
�eK K



����� � � 

��	�� � � ��	�� ���4�	� ��� 	 � ��� � � � ���
��/#�H&;=O&;@4�W:0=,&^*N&%$6=I �=NP4&;@4�M24:%$6 413$62#*,7J*�x<$6"l=,P�&;@4�W�!7676$824&;$81Y*,7�=I:05#$8&3\�*�"%*N&;�!7676$'&;��"%*,TU2#76�!"l&%@#�CTj*N[I #�!&%$61
� �378-c 4=,&h=, #78(�$8 �&%@#�?*N©3$6T�/4&;@L*N7F5#/4&�*,76"0=U$8 �&%@#��:%*,-#$6*,7F-#$8:%�31a&;$8=I F�m«�=fbg�atI�3:!\�&;$8Td��tN*,:0$R*N&%$6=I 4"O=,P
&;@#�d�3 J&;$8:%� � �378-¥:%�! #-#�3:�$8&9-#$ � 13/478&�&;=�*N1!&;/#*,767'(o�ax�&;:%*,1!&?&%@#�j:%*,-#$6*,7C5y�!@L*Yt<$8=I:�=NPm&;@#� � �378-F��}O@4�
"%$'&;/L*N&%$6=I �bB$6787~$8Td24:%=ftI��bB$8&;@c&;@#�+*N-4tI�! K&�=NPM*,-#-#$'&;$6=, L*,7l";*N&%�37876$8&%�3"!�h° "0$6T?/478&^*N #�3=I/4"h$6 Jt,�3:%"0$6=I �=,P
T?/#7'&;$62476��-L*N&^*9"%�!&%"ObB$6767e2#:0=�t�$8-#��*,-#-4$8&;$8=I L*,7 � �!76-�$6 <P]=I:%Td*N&;$8=I U$6 j&%@#��:;*,-4$R*,7e-#$6:0�31a&;$6=, �*, #-F\<&;@K/#"3\
Tj*Y(¬*,7678=�b±P]=I:m&%@#���3"D&;$6Td*N&%$6=I �=,P�@#$8[I@#�3:O=,:%-#�!:�TU=�-#�37F1!=<� � 13$6�! J&;"3�
� �&% �"� � ' % ��&76 3 6s0�&76 �8) $ . $ 6�� � 3!6 �
§) #1378/#-#$8 #[�P]/4:0&;@4�3:."%13*,7R*,:0"+P]=I: � TU�Y*, #"+&%=¤-#:0=I2 &%@#��2#:%�at�$6=I/#"d*,"0"%/#TU24&;$8=I |&;@L*N&.&%@#�3:0��*,:0�c 4=
&;=I:0=I$6-#*,7#13/4:%:%�! J&;"g$8 �BV � | t _���}O@#�h:%*,-#$6*,7#5e�3@L*Yt�$6=I:M=,PF*�&%=I:%=I$8-L*,7#1!/#:%:0�3 J&m1!=ITU2y=I 4�3 J&WbW=I/#78-d@#*ft,�
&;=�5y��$6 4P]�!:%:0�3-.P]:%=IT­&%@#�h/# 4-#�3:078(�$6 #[�2#@J(�"%$81Y*,7e1Y*,/4"%�,�C¨L=I:M*, d/# #{K #=fbB �1Y*N/#"%�N\<bW�h1Y*N ¬*,:0[I/#�B&;@L*N&
&;@#�O"0/#:0PX*N13�O=,P �BV��,_�$6 413:%�3*,"%�!"HbB$8&;@�� R \J@#�! #13�N\J&;@#�O1!/#:%:0�3 J&;"M=I ?&;@4$6"�"0/#:0PX*,1!��*,:%�m78$6{N�378(�&;=�-4�313:0�Y*,"0�bB$8&%@�� p R -#/#�d&%=�"%24@#�3:0$61Y*N7g-#$'tI�3:0[I�3 413�,��¨s:0=IT �3³K"3�mV¢�4�G�K_�*, #-±VX�4�º�,�J_�$'&�13*, �5e�j"%�!�3 ¥&%@L*N&�&%@#$6"
13=I:0:%�!"%2e=I #-#"B&;=U*,-#-4$6 #[U*+"%13*,7R*,:m&%= �cbB@#$81^@c$8"O13=I 4"0&^*N K&�$8 ����

� � R � V��e| _ | 
�_ O �
g�� 	 r

��
� 	 p � � � R ���� � u �� V _ | 
�_ V¢�4�q�I�J_

����&%@#�3 �=I54&;*,$6 �*, �*,-#-4$8&;$8=I L*,7y13=I J&%:%$654/4&;$8=I ¬&;=+&;@4��Td*,[I 4�!&;$81 � �378-
� O �= � R r � � R �

�
c �� �

�
� � � � � � � R � c �
 �

�>"0$6 _ � � � ��� � � R � V¢�4�q�4��_

O �
�

g�� 	 r ��
� 	 p � � � R ���� � � c �=  V  Z ��_[c �� � � u �� c �
 �

"%$6 _ � � u ���� | V¢�4�q�VKI_
-#/#��&;=+&%@#��*,-#-#$'&;$6=, L*,7��!76�!1!&;:0$61�1!/#:%:0�3 J&;"

Q T � O c�	¬V � R � � R � _O c�	 �
� R V�� � R� � � � R �� 
�� �O � Z � R r � � R � _

O c�V$�
 � � c �
"%$8 _ �� ��� _

� R r � � R �
� RO �

� R
g�� 	 r

��
� 	 p � � � R ���� � � ��  V  Z �f_ � � u �� c �
  V  Z ��_

"0$6 _ ��� u �� � V¢�4�q�I�J_

¨L=I:>*N">(I�a&H/# #{K #=fbB .2#@J(�"%$613*,74:0�Y*,"0=I #"H$'&>1!=I/#76-9&;/#:0 ?=I/4&�&%=�5e�g"%�! #"%$85#76�W&;=�$8 #1378/#-#�CP]/#:0&%@#�3:�"01Y*,76*,:%"
P]=I: ��-#�313*Y(<$8 #[UTd=I:0��=I:B76�!"%"O:;*N2#$6-#7'(¬$8 ����

� �&% ��% � ' % ��&76 3 6s0�&76 �8) $ . $ 6�� � 3!6 �
}O@#�¬PX*,1a&;=I: � V � | �,_�$6 ¥*,2#2#:0=fx<$8Tj*N&%$6=I V¢�4�'�f�J_�@L*,"+*c-#�313*f(�:;*N&%�¬5e�!&)bW�3�3 � p R *, #-�� p � �¯§) ¥&;@4�@J(<2e=,&%@#�!&%$61Y*N7�"%$'&;/L*N&%$6=I bB@#�3:0��-#*N&^*|*YtN*,$676*,5#$678$8&)(|*N7676=fbW�3- P]=I:d&;@#�¯�!"0&;$8Tj*�&;$6=, =,P�@#$6[,@#�3:�=I:0-#�3:

��K,�



"01Y*,76*,:%"�P]=I:�
�\�=I 4�U1!=I/#78-¤"0/#5#"0&%$8&%/4&;�.&;@#�U"%$8 #[I78�U"01Y*,76*,: 
 � � V � | �,_�$6 vV¢�4�'�f�J_h5J(�"%�atI�!:;*,7M"%13*,7R*,:0"
bB$'&;@j-4�31Y*Y(j:;*N&%�3"g1!�3 J&;�!:%�!-c*N:%=I/# 4- � V � | �,_a�H}O@#� � :%"D&g&)bW=+"%1Y*N7R*,:0"WbW=I/#76-d&;@#�! ¬5y� 
 � r � ��� p R *, #-
 � R � ��� p � bB$8&%@


 � r � V���| _ |�
y_ O � R
� R

g�� 	 r ��
� 	 p � 
 � r ���� � u �� V _ |�
y_ VX�4�º�N�K_


 � R � V���| _ |�
y_ O � �
� �

g�� 	 r ��
� 	 p � 
 � R ���� � u �� V _ |�
y_b| VX�4�º�I�I_

1!=I J&;:%$85#/4&%$6 #[?&%=.&%@#��Tj*,[, #�!&%$61 � �!76-�5J(

� � r � O � R
� R

g�� 	 r
��

� 	 p � 
 � r ���� � � c ��
"0$6 _ ��� u �� Z �
 � � u �� � VX�4�º�,�J_

� � R � O � �
� �

g�� 	 r
��

� 	 p � 
 � R ���� � � c ��
"0$6 _ ��� u �� Z �
 � � u �� � � VX�4�º�IªI_

}O@#��1!=I:%:0�3"%2e=I #-4$6 #[U"%=I/4:%13��1!/#:%:0�3 J&;"�1Y*, �5e��-4�3:%$'tI�!-�/#"0$6 #[
� R r 
 O c  V  Z ��_ 
 VX�4�º�,�J_� � � 
 � r �
�

O 
 � r �
�

c K 
 � r �
�

O c 
 � r �
�

VX�4�º�,�J_
� � � 
 � R �
�

O 
 � R �
�

c|� 
 � R �
�

O c�K 
 � R �
�
� VX�4�q�I�J_

$8 ��!³s�~V¢�4�LK,�J_�\#[I$8t�$8 #[
Q T � � r � O � R

� �
g�� 	 r

��
� 	 p � 
 � r ���� � � c �=  V  Z �f_Du �� Z �� � � u �� Z �


"0$6 _ ��� u �� � VX�4�q�4��_

Q T � � R � O � �
� 


g�� 	 r ��
� 	 p � 
 � R ���� � � c �=  V  Z �f_Du �� Z K �� � � u �� Z K��


"0$6 _ ��� u �� � | VX�4�q�VKI_
bB@#�!:%�9*,[J*,$8 ¬&;@#��*,:0[I/#TU�3 J&;"�V��e| _ |�
y_m*, #-�V _ |�
�_WP]=I: ��*, 4-�u �� @#*ft,�95e�3�! c-4:%=I2#2e�3-��

����� � ���	� �4�5��	���� � �
	D� �	����� � �4� �>	����
�

�4��� 
���	�� 	�� 	��u
�� ��� ��� �
���	 �@
 � � �/
�	��

§) �&;@4$6"+"%�!1!&%$6=I F\CbW��1!=ITU2L*,:%�d&;@#��&;:0/#��:;*N-#$R*,7W-#�313*Y(|=,P�*¯bB@4$8&;��-4$62e=I7R*,: � �378-<Q�*N76$6[, #�3-¥1!/#:%:0�3 J&
"D(<"D&;�!T�bB$8&%@�&%@#��-#�!1Y*Y(�2#:0�3-#$81!&;�!-�5K(¬*,2#2#:0=Yx4$8Tj*�&;$6=, oV¢�4�'�f�J_HP]=I:g&%@#��13=�� � 13$8�3 J&;"B=,P~$'&;"m"02#@#�3:0$613*,7
@L*N:%TU=I #$61j�ax<2L*, #"0$6=I ����¤� � :%"D&j"D(� K&%@#�3"0$6©!��*o13/#:0:%�! K&d-#�! #"%$'&)( � =I �&%@#��"%2#@4�3:%� �BV�� T _?bB$'&;@�*bB@#$'&;��"%2e�31a&;:%/4T $6 �&;@#�c5L*, #-v=,P�"%24@#�3:0$61Y*N7�@L*N:%TU=I #$61�-#�![I:%�!�3"��!Q;�f�4�±«��3:%�N\Obg��/4 #-#�3:0"0&;*, #-±*
bB@#$'&;��"%2e�31!&%:%/#T $6 j&%@#��"0�3 #"0��=,P�&;@#�h-#� �  4$8&;$8=I #"W$6 �¦g@L*N24&;�!:��I�'�I�H}O@#�hbB@#$'&;��"%2e�31!&%:%/#T $6"W[J*,$6 4�3-
5J(+[I�! #�3:%*N&;$8 #[�:;*, 4-#=IT tN*,78/#�3"HP]=I:�&%@#�B"%2#@#�!:%$81Y*,7L@L*N:%TU=I #$61O1!=<� � 13$6�! J&;"M*, #-U #=I:0Tj*,78$6©!$6 #[h&%@#�3"0�B$6 
"0/#1^@�*�bm*Y(.&;@L*�&M&%@#�B&;=,&;*,7L2y=fbW�3:M"%2e�31a&;:;*N7e-4�3 #"0$8&)(U$6"C�3³K/L*N7sP]=,:M�3*,1^@¬-#�![I:%�!�  ��}O@4�3 j&%@#��1!/#:%:0�3 J&

�eKN�



-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

3

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3

J r
l,m

(r
1)

 [A
/k

m
2 ]

Jr
l,m(r0) [A/km2]

r1/r0 =
1

1.2

1.6

¨>§D +�y�<�8�����K(< J&%@#�!&%$61�bB@#$'&;�9 #=I$6"0��1!/#:%:0�3 J&�"0(�"0&%�3T�\F*,78$6[I 4�3-c&%=¬*j-4$62e=I76� � �378-F��}O@#�?�ax4*,1a&�"%24@#�3:�Q
$613*,7�@L*,:0Td=, #$61?1!=<� � 13$6�! J&;"�=,Pg&%@#�.:;*,-4$R*,7�13/#:0:%�3 J&9-#�3 4"%$8&)(¯*N&�:;*,-4$6/#" � r *,:0�U2476=,&0&;�3-�*,[I*,$6 #"D&�&;@4�13=I:0:%�!"%2e=I #-#$8 #[|13=�� � 13$8�3 J&;"c*N&�:;*N-#$6/#" � T � }O@#�o"%=I78$6-£78$6 #�!"�[I$8t,��&;@#�o2#:0�3-#$81!&;$8=I ±*,1!13=I:0-#$6 #[�&%=
*,2#2#:0=Yx4$8Tj*�&;$6=, oV¢�4�'�f�J_��

-#�3 4"%$8&%$6�!" �CV�� T | _ ,�|�
 ,a_�*N:%��1!=ITU2#/4&;�!-�P]=I:�&;@#�? �*,/4"%"DQq<��3[I�! #-#:%��³�/#*,-#:;*�&;/#:0�?2y=,$6 J&;"�V _ ,�|�
 ,a_�5J(�*:%�atI�3:0"%�O"02#@#�3:0$613*,7<@#*,:%TU=I #$81C&%:;*, 4"0P]=I:0Tc�~}O@#�gtN*,78/#�3">*N&�&%@#�O*, 4[I/#7R*N:~78=<13*N&;$8=I #"WV _ ,�|�
 ,a_~1!=ITU2#76�a&;�37'(-#� �  #�U&%@#�+13=�� � 1!$6�3 J&%"9=,Pg*�"%2#@4�3:%$81Y*,7H@#*,:%TU=I #$81?�ax<2L*, 4"%$6=, ¤/#2o&;=�*�[I$'tI�3 o-#�![I:%�!�,�.}�*,{K$6 #[�&;@4�
:;*,-4$R*,7N13/#:0:%�3 J&~13=,Td2e=I #�! K& � � V�� T | _ ,e|�
 ,!_F*N #-�&;:;*N #"0P]=I:0Td$8 #[mP]=I:Dbm*,:0-�[I$8t,�3"�&;@#�C"02#@#�3:0$613*,7I@L*,:0Td=, #$6113=�� � 13$8�3 J&;"�=NPM&%@#�+:;*N-#$R*,7~13/4:%:%�! J&�-#�3 #"0$8&)(�*N& �BV�� T _a��}O@#�3"0�U1!=<� � 13$6�! J&;"�*,:0�+-#$6:0�31!&%78(�:%�!7R*N&%�3-�&%=&;@#�h"%2#@#�!:%$81Y*,7y@L*,:%TU=I #$81���x<2L*, #"0$6=I �=,P�&%@#�h&%=I:%=I$8-L*,7 � �!76-¬"01Y*,76*,:g³U=I �BV�� T _a\#*N"m1Y*, j5y��"0�3�! �P]:0=IT�3³s�lVX�4��KN�J_a�H}~= �  #-�&;@4���ax4*,1!&B:%*,-#$6*,7y1!/#:%:0�3 J&�13=ITU2e=I #�3 J& � � V�� r | _ ,e|�
 ,!_W*, #-¬&;@K/#"O&%@#���ax4*,1a& � �378-"%13*,7R*,:�
4V�� r | _ ,�|�
 ,a_�=I ��V�� r _�*N&9*c:%*,-#$6/4" � r 5 � T \~bg�UP]=I7678=fb &%@#�¬ �*,/#"0"DQq<l�![I�3 4-#:%�d³�/#*,-#:;*�&;/#:0�
2y=,$6 J&;"�V _ ,e|�
 ,!_9P]:0=IT �BV�� r _�-#=fbB v*N76=I #[c&;@#� � �!76-|76$8 #�3"?$8 J&;=¯&;@#��2e=I$8 K&%"�V _ �, |�
 �, _�=I �&;@#��78=�bW�3:"%2#@4�3:%� �BV�� T _a\L/#"0$6 #[+&;@4��:0�376*N&;$8=I 

_ V�� T _�O �� � *,:%1!"%$8 i�� ������ "%$8 _ V�� r _*p P]=I: _ � / � K
/ c|*,:%1!"%$6 i�� ������ "%$6 _ V�� r _qp P]=I: _ 5 / ��K | V¢�4�G�J�J_

bB@#$61^@�P]=I7876=fbB"gP]:%=,T��3³s�~VX�4�8��KI_a�H}O@#�! cbW��13=ITU2#/4&%��&%@#��:;*,-4$R*,7y13/#:0:%�3 J&�13=,Td2e=I #�! K& � � V�� T | _ �, |�
 �, _P]=I:�&;@#�!"%�m78=<13*N&;$8=I #"FP]:0=ITw&;@#�W"%2#@4�3:%$81Y*,7K@L*N:%TU=I #$61C��x42#*, #"%$8=I ?=,P�� � =I �BV�� T _~*N #-?/#2Jbg*,:%-?1!=I J&;$8 �/4�
��KI�



0

0.2

0.4

0.6

0.8

1

1.2

0 5 10 15

no
rm

al
iz

ed
 c

oe
ffi

ci
en

t r
at

io
 R

spherical harmonic degree

r0 = 6771 km
r0 + 100 km

r0 + 1000 km

r0 + 5000 km

¨>§D +�y�4��K��B«��3:0�,\�&%@#�?1!=<� � 1!$6�! K&�:;*N&%$6=j$8"h #=,:%Td*,76$8©3�3-�&;=j&%@#�?TU�Y*, �*,Td2476$8&%/#-#��$6 ��Y*,1^@¯"02#@#�3:0$613*,7
@L*N:%TU=I #$61�-#�![I:%�!�,\�*,131!=I:%-#$8 #[d&%=j�!³e�>V¢�<�q�K�,_a\y*, #-�$8"�&%@#�3 �2#76=,&0&;�!-�*,[J*N$6 #"D&�&%@#��-#�![I:%�!�,��}O@#��"0=I76$8-
78$6 #�!"O[I$8t,��&;@#��2#:0�3-#$81!&;�!-c:%*N&;$8= � � V�� T | � r _�\L*,"B-#� �  #�3-c$6 �:%�!7R*N&%$6=I �VX�4�8�Y�J_a�
$'&B*,76=, #[+�Y*,1^@ � �378-�76$6 4��$6 J&;=?&%@#�9 �*,/4"%"DQq<��3[I�! #-#:%��³K/L*,-#:%*N&;/4:%��2y=,$6 J&;"�V _ , | 
 ,!_g=I ��BV�� r _�\#/#"0$6 #[

� � V�� r | _ ,e|�
 ,a_ O ! � T� r # �
1!=I" _ ,1!=I" _ �, � � V�� T | _ �, |�
 �, _�� VX�4�q�,�K_

}O@#�BP]=I:Dbm*,:0-j"02#@#�3:0$613*,7s@L*,:%TU=I #$81B�ax<2L*, #"0$6=I U&;@#�! j[I$'tI�!"M&%@#����x4*,1!&g13=�� � 13$8�3 J&;"W=,P�&%@#��:%*,-#$6*,7L13/#:�Q
:0�3 J&h-4�3 #"0$8&)(�=I �BV�� r _�\LbB@#$61^@�1Y*, c5y��1!=ITd2#*,:%�!-�bB$'&;@�&;@#��=I #�!"�2#:0�3-#$81!&%�3-cP]:0=IT�&%@#�91!=<� � 13$6�! J&;"
*N& �BV�� T _M/#"0$6 #[�*,2#2#:0=fx<$8Tj*N&%$6=I �V¢�<�8�f�I_HP]=I:M�Y*N1^@�$6 #-#$'t�$6-#/L*N7L"%2#@#�!:%$81Y*,7e@L*,:0Td=I 4$61��ax<2L*, #"0$6=I j13=�� � Q1!$6�3 J&3��}O@#����x#*N1!&m��x<2L*, #"0$6=I d13=�� � 13$8�3 J&;"gP]=,: � � =I ���V�� r _C*,:%��2#78=,&%&%�3-¬*N[J*,$6 4"0&C&;@#��13=�� � 1!$6�3 J&%"m=I �BV�� T _�$6 o¨�$6[I/#:0�+�4�'�I��}O@#�."%=I78$6-�78$6 #�!"h[I$'tI�?&;@4�+2#:%�!-#$61a&;$6=, o*,131!=I:%-#$8 #[¬&;=�*N2#2#:%=Yx<$6Td*N&%$6=I ¥V¢�4�'�f�J_��¨L=I:B*.";*N&%�37876$8&%��*N&��J�I�.{KT
*,78&%$8&;/4-#�h&;@4�9:%*,-#$R*N7F:;*N&%$6=I"B=,Pg�I�LKU*, 4-¤�I�q�.13=I:0:%�3"02y=, #-c&%=d:%*,-#$R*N7F"%�!2L*�Q
:%*N&;$8=I #"�=,PO�f�J�N�U{KT *, #-��J�,�I�U{KT�\y:0�3"02y�!1!&;$'tI�!78(I�h¨L=I:�&%@#�3"0�?7R*N:%[I��-#$8"0&^*N #13�!"h&;@#��*,2#2#:0=Yx4$8Tj*�&;$6=, 
$8"�"0/#:%24:%$6"0$6 #[,78(¬[,=<=�-F�M}�=d*, L*,7'(�©3��&;@#��³K/L*,78$8&)(�=,P�&;@#��*,242#:%=Yx<$6Td*N&;$8=I ¬P]=I:B"%Td*,7876�3:O:%*,-#$6*,7F"%�!2L*,:%*�Q
&%$6=I #"!\y78�!&h/#"�-#� �  #��&%@#�?13=�� � 1!$6�3 J&�:%*N&;$8=#\e #=I:%Td*,78$6©3�!-�&%=j&;@4�?Td�3*, ¯*,TU2#78$8&;/4-#��$6 �&%@#��"02#@#�3:0$613*,7
@L*N:%TU=I #$61h-#�3[I:0�3�N\y*N"

� O � ��� �� V�� r _[c � � V�� T | � r _ � ��� �� V�� T _� rR � �Hr�� � � 	�� � i � ��� �� � � T�� p R Z � � � � T | � r � �	��

��� �

� K��



0

0.2

0.4

0.6

0.8

1

1.2

-1 -0.5 0 0.5 1

no
rm

al
iz

ed
 c

oe
ffi

ci
en

t r
at

io
 R

azimut m/l

r0 = 6771 km
r0 + 100 km

r0 + 1000 km

r0 + 5000 km

����� 
���
�� ���	��

����
�������
�������������� ���� !
�" 
�� � 

� � � ��#%$���#'&�()�+*,
�$-�,.��,�/��#'�0����
1��2���3546��� �87  
%9 46��&��'��#�:����.,(/*<;=���6
>"�4��,(��?�@*A�, B���6
C�,&�&��'�EDF�/3A�������<� � ��
 � � � $�
�&G
���$6#H��
��/����
��I�,�J����
>$�
�.<��
�
  � #'
�
K���/. 
�� 
ML ����<�	�<�J���6
K�,��$�
�� � 


N ��
��'
 � � � �+OEP �RQ � ��#S���6
T�������/�	�, ��,U � �RQ � 7��,U � �+O � &���
�$����V��
�$KW�*K�,&�&��'�+D6�/3A�R�����,� � ��
 � � � 
 �@�X���/.<4���
�# ��
YL�,��$ ��
�� ����
>�������/�[Z\�, B$�
V]^���?�����,� � ��
 � � � �/#I&�(/�,����
�$J�,.�������#��I����
>#'&���
��������,(!�^����3��<�����H$�
�.,��
�
K�,�6$�,.��,�/��#'�H����
_��2���3546��� �87  
 �`�>�/#a������
���
�#'���/��.b���A#�
�
[���^���a����
c&��'
�$��/�����/�<�d
��'���<�1$�
�&G
���$6#K�6
��/����
���<�e����
C$�
�.<��
�
X�6�<�	�<�J����
K�,2���3c46��� 
�	��
146����(/�/�@*c�� f�,&�&��'�+D6�/3A�R�����,� �	��
 � � � ��#0 g4�������
��h#�����46�������/2�
�$AW�*�&�(��,�'���/��.>����

$�
�i��������/�<�-�� j���6
&���
�$����V��
�$k���,$��)��(l��4��'��
��=�X$�
���#��?�@* � � � �+O�P ��Q � �<U � �+O+Pnm�Ppo �  g�'�<3q�/��#a���'4�
[i,��(�4�
er<U �ts QpP�mFPpo � �,.��,�/��#'�����
C��
���.<���u$��?vj
���
�����
 s Q�w s O 
 �	��
C��
�()�����/i,
>�����,�u�, B����
C3�
+�,�J#�"=4^����
 � ZHx 9 � 
��'���<�
ylz/{t|�} ~��� ��� r<U �gs QpPnm�Ppo � w � � �ts OEP s Q � r<U �ts O�PnmFPpo ���/�p�

��� r,U �ts QpPnmFPno ��� � �
� ��
 � � �

�+�,�dWG
c���<3-&646��
�$d$����'
�����(/*J g���,3�����
c#�&6��
��'���+��(��^�,�'3-�,�����X����
������/
�����#>�, 0����
5����4�
_�,�6$�����
c&6��
V:
$����V��
�$����,$����,(l��46����
����5$�
���#��?���/
�# 
 �@�k���/.<4���
 � 

� ;!����
_(�� N 
��C��4���i<
�.<�/i,
�#>���6
�
����'�<�a g�<� � � �gs OEP s Q ��,#h$6
�]^��
�$J���A�'
�(������/�<� �	��
 � � � �,��$A����
a4�&�&G
�����4���i<
a g�<�%���6
a���'4�$�
>�,&6&����+DF��3-�����/�<� � � �ts O�P s Q ��� � 
�	��
�&���
�$����V�����,�d
����'�<�C�, h�,&�&��'�EDF�/3A�������<� �	��
 � � � ���6����
��,#�
�#C#'���'�<��.<(?*����8�,�'�<4���$ � �� g�<�K�J�6
���.,�=�
$��/v�
��'
�����
C�, �+�<�[� 38;�W�4F�
����
��8
VDF���/W��/��#u�<��(/*b�[3-��$�
�������
a g46�'���6
��u��������
��,#�
>��� � L �� g�<� � �,�_� 3$��/v�
��'
�����
C���J��
��/.<��� 
 �@�J����
�#�
K
VD6�,3�&�(�
�#�; s O
��#I��� � 
�����#u����
C3-
��,�8y%�,�'�������,$���46#	&�(�4�# � �<�[� 3 


� L<�



0

5

10

15

20

25

30

35

0 50 100 150 200 250 300 350 400 450 500

R
M

S
 e

rr
or

 in
 %

radial separation r1 - r0 in km

assuming that Jr is independent of r

Jr of approximation (8.18)

����� 
 ��
 � � Zu�F�,� �� ���6
 3�
+��� #'"�4��,��
 � ZHx 9 � 
��'���<� �, ����
 ����$��)�,(k��4��'��
��=� &���
�$����V���/�<�
� � �gs O+P s Q � r<U �ts O �  g�<�	� �ts Q � ;K��
�()�����/i<
k��� ����
 ���'4�
 ZHx 9 #'����
��6.,��� �, er<U �ts Q � ;5���<3�&�46��
�$ 4�#��/��.
�" 
 �	��
 � � � 
 �^�<�A���6
d4�&�&G
��J��4���i<
 ����
d���,$����,(1$�
�&�
���$�
�����
��, �r<UJ�^�,#eWG
�
�����
�.<(�
�����
�$!; N �����n����<���'
�#�&G�<��$6#
����#'
��'�����6. � � �ts OEP s Q � � � �/�J
�" 
 � ��
 � � �

�@�K#�4�3�3A���'*<; � ��.<4��'
�# ��
 � ��� ��
 � #���� N ���^���S����
%&���
�$����V�����,�C�,�����<��$��/��.	���u�,&6&����+DF��3-�����/�<� �	��
 � � ��/#H���<���'
����a�<�d�+i<
����,.<
 
 y0���'�<��#1�,��
X��������
��H()�,�'.<
K g�,�1#�3-�,(/(B���,$����,(S#�
�&^�,���R�����,��#1W�4F�>��������
��,#�
X�<��(/*#'(�� N (/* N �?��� ��������
��,#��/��. s Quw s O 
 �@� &^���'���/��4�(��,��;T���<�6
��, H����
8#�&6��
��'���+��(
���,��3��<���/�8���F
V������
�����#

pD6&G
��'��
�����
�#a�_�n�^�,��.<
X���J#��/.<� 
�� 
��6��
,;��,&�&6���+DF��3-�����/�<� � ��
 � � � �/#
(/� � 
�(/*A����&����Ei���$�
K��#���3�&�(/
C�,��$ t�,�/��(?*8�,����4�������
 N �+*��, %$�
+��(����6. N �/����]^
�(/$F:���(���.,��
�$���4��'��
�����# 
 �`�>3A�+*�W�
5&^�,�'������4�()�,�'(/*J4�#'
� g4�(  g�<�����
��'�<�����	�/�=i,
��'#����,���, #'*����n�6���<���,4�#1$^�R�n�c g���<3 3c4�(/����&�(/
1#�����
�(�(��?��
�#	���u$��?vj
���
����
��
���.<����# 

����� �	��

����



����� ����� ������������

������


�	��
K������
���&6��
��������/�<�J�, l#�����
�(�(/�/��
>3-�,.<�6
����/�>$^�������'
�"=4����'
�#H�,��
V������
����1$��/#�����
�����2������/�<�J�, �����
C3A�,.R:
��
V���/�J]�
�(�$ �/� ����
8#���
�(�(	�, H3-
��,#�46��
�3�
�����# � ��� P � � 
"! 
8��
�
�$ �<��
J#'
����, a&��,���,3�
���
��'#[
+�,�n�  g�<�
����
�&G�<(/�<��$^��(�]^
�(�$�#�$�4�
8������4��'��
�����#b������
����^��(I��� � �#� � �,�6$ 
VD���
������,(
��� � � � � 
%$ �,� � 4�# � �'& � � �#'4�.<.<
�#'��#a���e4�#�
_�A�������'$�&^�,���,3�
���
��)(  g�<�
]^
�(/$F:���(���.,��
�$���4��'��
�����#C�������,4�.<� � ��� P � � 
+* #a�b#���3�&�(/
�,(?��
����^�����/i,
,; N 
H&����,&��<#'
H���X
pD6&��,��$b���6

���<���<�/$^�,(^3-�,.<��
V���/�u]�
�(�$-#����,()�,� 
K�,�����<�'$�����.K���K����

3-
��,����,$��)��(FWG
��^�+i����,�����F g
����'
�$c g�'�<3 �a$6��&G�<()�,�B#'*�#���
�3 �, ^]^
�(/$F:���(���.,��
�$X��4��'��
�����# 
-, �<3�&^�,�'����.
����
	
pD������

� L��



���,$6�)�,(0WG
��^�+i����,�X�, �����
-��4��'��
��=�5$�
��6#��/�@*��/� ��#�*��=����
�������]^
�(/$F:��,(/��.<�6
�$ ��4��'��
��=�5#'*�#'��
�3 N �/��� �<4���,&�&��'�+D6�/3A�R�����,�!; N 
1]���$e���^��������
a�,&�&��'�EDF�/3A�������<����#����<�'��
����u�<�e�+i,
�����.<
C�,��$e#'4���&��'��#'����.<(?*_#'���,W�(�
 g�<�K()�,�'.<
_���,$����,(0#�
�&^�,�������/�<��# 
�� � N 
Vi<
���; N ��
�����
��X����
-�,��#�����2-��#K����$�
�
�$k4�#�
V g4�(h�/�k&����,��������
 N �/(�(�^�+i<
C���_WG
Ci,
��'�/]^
�$��<�8��
��,(!#�����
�(�(��?��
a$����n� 
� 4F��4��'
d#'*����n���'�<���<4�#J3�
+�,#'4���
�3-
�����#eW�* 3c46(/���/&�(�
8#��R��
�(/(��?��
�# N ��(/(H�/3-&��'�Ei<
�����
�#�&��������,(a�,�6$��
�3-&G�<����(T�'
�#'�<(�46�����<� �, 	����
A3A�,.,��
������_]^
�(/$ 
 �^�<�5#'4��n� $^�������<��
b3-�+*����<��#'��$�
��c
VD���
���$��/��.����6

3-��$�
�(l#�&^����
[���J���6��(�46$�
[&��,(��<�/$^�,(f]^
�(/$�#>$�4�
[���e���<���<�/$^�,( ��4��'��
�����#X�/� � �#� P � � ;f�,��$�����.,��
��>�<�'$�
�����<�'�<��$��,( ]^
�(�$�#����,()�,�'# 
 �	��
�#�&���
����/�+�,(%�^�,�'3-�,�����c$6
�.<�'
�
�4�&k��� N �6���n�k����
pDF&^�,��$k
+�,�n�k�, h����
�#'
&^�,���,3-
V��
���#�$�
�&G
���$6#b�<� ����
�#'���<&G
��� a����
�����i<
�#'����.��������<� �,��$ ����
�"=4^�,(��?�@* �, a����
�$����n� 
 � N ���3�&��,�'�n���=�A��#'#�4�
�#��^�+i,
k�����JW�
�
����,$�$��'
�#�#'
�$ �6
���
 
 � �6
��/#e��� N ��� $6
+�,( N �?��� ����
d��
�3�&��<���,(
i��,���������/�<� �, 
���6
e���<���,#�&���
����/�b��4��'��
��=��#�*F#���
�3-# 
 �	��
J�,����
��[��#5����
e&��'�<W�(�
�3 �, 
���<�������=4��/��.����6

�K��4�#�#�����
������/
�����#����� �,�6$ ���� ���-
�" 
 �	��
 � �  g�'�<3�#�����
�(/(��/��

�,(/���/��46$�
u$�� N �A���K����
>y%�,������� #h#'4��' t����
,;
N �����n�8��
�"=4����'
�#	 g4��'����
��u3��F$6
�(�#I g�,�I����
C
�(/
��V�����/�>��4��'��
��=�
#�*F#���
�3-#
���JWG
�� N 
�
�� 


� L &



� � � ������� ���	�

* (�
VD6�,�6$�
���;�
 
 ; $ ���/$�.<
,;�
 
S9�
 ;�
S
�
�$�
���;Bx 
 Z 
 ; , �<(/(���
���;�Z 
 y 
 
 
 ;j�,��$��C� N �����<�'&�
�;SZ 
 
 
 ; �'& & � ;
� �<(/�F��
���
c3�
+����$�
���:@WG
�(?�>
�i,�<(�46�����<�d�/� �,���,�����/i,
�
pD���
��6#����,�^�,(lW^��#����j; 9 �<46��� N 
�#��[x8�<���n�,�^� � 
 

9 
�$ 
 Zu
�# 
 ; ���������f; � ��L���� � & 


* � � �,��� : � ��3-
�$!;�
 
 ;��,�6$��1*�3�
����+;�
 
 ; ��& & �6;Bx���.<��
������_&G�,��
��=���)�,(l�,��$ 3A��.<��
�����2������/�<�d���<�������,#���#�, ����
C
+�,������� #u(��?�����<#'&���
���
 � 
 
 �>
��,&���*F# 
 Z

�# 
 ;������^; � � ; � ��� � � � �=L�� 

* � � �,��� : � ��3-
�$!;�
 
 ;�
B����.<
�( ;SZ 
 * 
 ;f�,��$��04���46� � 
���;lx 
 ; �'& & � ; 9 ���,()�,�13A�,.,��
������[�,�6�<3A��(/*83A��&�#�, ly%�,�����8$�
��'�/i,
�$J g���<3 � � � � �,�6$�x���.<#����
$^�R�n� � 
 
 �>
��<&6�=*�# 
 Zu
�# 
 ;"!#!!; L � ; � � �$�6L � ; � &<� 

$ ��� � 46#�;G� 
 ;%� �,� � 
���; Z 
 ;��,�6$ , �,��#'���,W�(�
�; , 
 ; �'& & �F;��^�<4���$������/�<��#h�� .,
��<3-�,.<��
V���/#�3 � , �,3cW6����$6.<

&H���?i 
 �%�'
�#'# 


$ ��� � 46#�;^� 
 ; �'& � �6;��B�<(��<�/$^�,(6�,��$-���<���,��$^�,(F]^
�(/$�#%����.<
��<3-�,.<�6
����/�h]^
�(�$A3���$�
�(/����. � Zu
�i 
 �>
��<&���*�# 
 ;
' �f; ����� �E� & 


$ ���������,�n�^�,��*�*<�6; $ 
)( 
 ;,����$*
S
�4!;+
 
,( 
 ; �'& ��� ; * �^�,(?*�#���#f�, 63A��.<��
������%�,�6�<3A��(���
�#!�Ei<
���-a
�(�(/� N #'���,��

.1�������<�^��(#�T��� � � 3-�,&�&��/��. , 46����
H&��,�����T��#�������
���3-�,(^#�4��� t�,��
H g�<��.,
��,����
��'3A�,(^�'
����<���^�,�/#�#��,����
 � 
 
�C
��<&���*�# 
 Z

�# 
 ;"/%�f; ��� � � � ��� � � 


$ �?������
���; * 
 ; 9 
��6.<&���
�( ; ( 
 � 
 ; 9 �/
�3��<�!; $ 
 ;CZ10�,�'��.<
���; $ 
 ;32%�+46; ! 
 ;C����$5�0��
�()� N �6;6
 
 ; �'& & � ;ylDF&�(/�<���R�����,�e$����/(�(��/��.5&6���<&G�<#���( � ;6i<�<(/4�3�
 $ :@�'� $ �CZI: * �'�n���/i,
�#7.H� 
 � � L_�<� � ; � �,�6���Ei<
�� 

$ (�� � 
�(/*,;�Z 
 
 
 ; �'& � � ; , 4����/
a��
�3-&G
�������4��'
>��#'�,����
���3 �,�^�,(?*F#'��#	����$e��
��V���<�6���>��3�&�(/���+�R�����,��#%�, �,
��'��:
3A�,.,��
������a$^�R�n�c g���<38.H
�i��,$�� � 
 
 �C
��<&���*�# 
 Zu
�# 
 ;"!#9!; � � � � �$� � � �<�<L 


$ (�� � 
�(/*,;<Z 
 
 
 ; �'& & � ;+� ����
������)�,(�����
��<�'*X���c.,���+i��/�@*5�,��$[3-�,.<��
V�������,&�&6(����������/�<��# � , �,3cW��'��$�.<
:&H���?i 

�%�'
�#'# 


$ (/�+D6���,3�;;
 
 ;!�,��$�
<��� � #'�<�!; * 
 ; �'& & L ;j�	��3�
V:`$�
�&G
��6$�
����>3-�,&�&��/��.��, 0����
53A�,.,��
������C]^
�(/$d���1����
���<�'
V:@3-�,����(/
aWG�<4���$^���'* � 
 
 �C
��<&���*�# 
 Z

�# 
 ;"!=<j; ��& �,����� �'& � � � 

$ �'� N �!; � 
f9 
 ; �'& �<� ;S�	��
��+i<
����,.<
_�/3-&�46(�#�
5��
�#'&��,��#�
��, h�J�'�<4�.<� #'4��' t�,��
��,��$ �/��#C�,&�&�(/���+�R�����,��# ���yTy%y �B���,�6# 
 * ����
����^��#3�0���,&^�,.���� 
 ; '"> ; � �$�6� � 


� � �



, �,���j; 
 
 , 
 ; ! �,��.6;�� 
 ; ( (�46���!; , 
 ;%�,��$ 9 �n��3-�?��2�;�� 
 Z 
 ; �'& � & ;��a
����?i,�R�����,���� 
��.<
��<3A��.<��
������3��F$6
�(j������} � � � �C
��<&���*�# 
 
 
 �@��� 
 ;"!=<j; �<� � � � � � 

, �^�,(/(�
��6�<��;#� 
 � 
 ;G�,�6$ 9 �'� � �<#'2,;!x 
 * 
 ; �'& � & ; �	��
5
pD������������/�<�8�, 0.<
��<&���*�#������,(B&^�,����3-
V��
��'#
 g�'�<3���,$^�,�H�,(/����3�
���
��	��
V��4��'�� g���,3 �-���<��:@(��/��
+���
#'
+�A#'4��' t����
,;���� $ �'�F� � #�; 9�
 Z 
 ;�y0$ 
 ;jx�������
�3-��������#�/��Zu
�3��,��
 9 
���#'����. � � D� g�<�'$ � , ()�,�'
���$6�<� �%�'
�#'#�; L �<���6L � ��

, �^�,&��/�!; � 

* 
 ; ��& & �6; * $�
V��
��'3-�/����#����/�e�,&�&��'���,�n� ��� N �,��$6#-�/#��<#��n�������b.<���+iF�?�@* �'
�#��/$�4^�,(/#�: * �+�,#'

#���4�$6*e g�'�<3 9 �<46��� * 3�
��'����� � �>
��<&���*�#��/��#�;;���^; �E� L,L�� �E� �,��


, �<���^����$!;!� 
 ; , �<46�n�!;SZ 
 ;j�,��$ �>
�3�&�
���(/
,;jx 
 ; �'& �<� ; * �^�,(/*�#'��#1�� T�,
��'�<3A��.<��
������K3-
��,#�46��
�3�
�����# g�'�<3 ����
 , �,#����,$�
XZH�,�6.<
>���J��
���������( � �'
�.<�<� � �C
��<&���*�#�����#�;#�=/!; ��� � �F� &<� 

, ��
�#�#��/
,;". 
 * 
 , 
 ; �'& & � ; 9 �n������#�������#I g�<�	#�&��������,(!$^����� � 
,�<��� ! ��(/
�* 

�^�<��#'W�
���.�; Z 
 ;�
S���+�,(%��� i��,�'�)�,�6��
_ g4����������<�6#5�,�6$ $�
��6#��/�@*�$��/#'������W646���/�<��# � ;f� 
��n�����/�+�,(hZ

�&��<��� ��� �6;
�a
�&6� 
 �� %�>
���$ 
 9 ��� 
 �,�6$ 9 46�'i 
 ; � ���/� 9 �n����
6&H���?i 
 ; , �<(/4�3cW�46#�; �'& � � 


�^���<#��+; $ 
 Z 
 ; �,��$ 9 ���?i<
,;"� 
 . 
 ; �'& � �F; x��,.<�6
����/�C3-�/��
����,(��<.�*-�� ����
C(�� N 
��u���<�����/��
������,(S���'4�#'� � 
 
�>
��<&6�=*�# 
 Zu
�# 
 ;"!��^; � � � �,� � �<L � 

�C��v�;�
 
 * 
 ;^�,��$ 
,�<�'$^�,�!;6� 
 � 
 ; �'& ��� ; 9 ���F�n���,#'�����>3��F$�
�(��/��.5�, #�
����^���<�I3��<��&6���<(��,.,* � �@��i<
��'#��/�<��, #�
���WG
+��3 $^�����[ g�,�	#�
����<��$F:`�<��$6
��
#'�n�R����#����/��# � 
 
 �C
��<&���*�# 
 Z

�# 
 ;=!"9!; � ����� & � � � � � � 

�C���,$�#���
�*��!;�� 
F9�
 ;6�,�6$bZ	*F2���� � ;�� 
 x 
 ; �'& & � ;=����W�(�
u�, S�/����
�.,���,(/#�;�#�
����/
�#�;F�,��$-&�����$�4��V��# � * ���,$�
�3����
�0��
�#�# 
!��$!;#
S�<��$6�<� 


�C�'
�
��!; , 
 x 
 ;!� �,�/����
��,$!;"
 
 � 
 ;j�,�6$dx��,46#�; 9�
 ; �'& & � ; 9 ����
�(�(/�/��
>$6
����?i<
�$�.<���+i��/�@* � ! ��
��'
 N 
5�,��
�,�6$ N �^�R� � #
�6
VD�� � 
S
+�,$6����.�y0$�.<
�; � <�; �<�$�6� & 

�C�'
�.<����# � � ;fx 
 y 
 ;�
,
���#'
��!; � 
 � 
 ;f����$ * � � �����?: � �,3�
�$!;�
 
 ; ��& &�� ;S�^���,�����,(�#������n�^�,#'�����c3���$�
�(/����.�, ��,
����<3-�,.<��
V���/�a$^����� � �C
��<&���*�#��/��#�; > �!; � � � � � � � � � 

� �,�6�!; * 
 ; ( ���6$!;!y 
 � 
 ;j�,��$�x��/#������6;�� 
 , 
 ; ��& � �6;=�a
�&6��� 
�#'����3-�����/�<�8�, T3A�,.,��
������K#��<4��'��
�#KW�*3�
+�,�6#	�, 0���,4����/
��	�,3�&�(/�/��46$�
a#�&G
��V����� � �C
��<&���*�# 
 �0���<#'& 
 ; ' �f; L����$�F� � ��

� �,�6#�#�
��!; * 
 ; �'& & � ; x�4�(?���/$���3�
���#'���<���,( 3c4�(/���/���,&�
��h#'&�
��������,(S
�#����/3A�������<� � 9 ��.,�^�,(��0�'�F��
�#�#'����.6; > /!;
��L,���F�<��L 


� �RDFW�*<; ! 
 � 
 ; ( �,�'��
���;f� 
 � 
 ;�
B� $ ��
�"�46
,;�
 
 
 
 ;S�,��$ ! 
���#'#�
�( ;�
 
�( 
 ; �'& �<� ;��a��.,�/�n��(B�/3A��.<
�#H�, ���<3cW��/��
�$��F��
+�,�6���_�,��$����,�=������
����n�,(%$^�����8#'
���#5�,�6$�����
��/�K46#�
����d��
������,�����_#'��4�$��/
�# � y � 9 ; �%�f;
& & ��� �E�<� � 


� � �



� 
���2V g
�(/$!; & 
�, 
 ;>�,�6$ $ �'�F$6#��n���<(/( ; * 
 
 
 ; �'& & � ; � � ����
 .<
��<(/�<.<�/��#'����4��V��4��'
k�, X����
�y�DF&�(��,���
y%#'�+�,�'&�3�
���� � ! 
�$�$6
�(�( 9 
��6; * ���n�,�'�������+� � �'
�i,
+�,(/
�$5W�*C#�����
�(�(��?��
%�,�6$X#'����&�WG���,�'$X$����n�	
�i��,(/4^�������<� �x��,���/��
K�>
��<&���*�# 
 Zu
�# 
 ;����!; ��L ������� � 


� �<(�3�
,;6Z 
 ;^�,��$ 
<�,� � #'�<�!; * 
 ; �'& & � ;6�	��
C���,4�#�
X�,��$e����
+�R��3�
����u�, ��������/��46$�
a
��'���<�'#	���J��
��,��:`
+�,�����.<
��<3-�,.<�6
����/�a$^����� � �0��*F#Hy%�,�'��� �0(��,��
�� 
 �@����
�� 
 ; � �"9!; ��� ����� � ��


<�,� � #'�<�!; * 
 ; �'& &<� ; 9 �������/#'���/�+�,(T���'
+����3-
��=���, 1���'4�#'���,(u3A�,.,��
�����2+�R�����,� � �>
��<&���*�# 
 
 
 �@��� 
 ; �#��!!;

& &�� � & & ��


<�,� � #'�<�!; * 
 ; �'& & � ; * �����<4���������.> g�<�l����4�#��n�,(63A�,.,��
�����2+�R�����,�5���53-��$�
�(/#l�, ���6
	���<�'
	3A�,.,��
�������]�
�(�$ ��C
��<&���*�# 
 
 
 �@��� 
 ;����"9!; � �,��� � �,� 


<�,� � #'�<�!; * 
 ; �'& & �6; $ �<4���$��/��.1����
I(��,��.�: N �+i<
�(�
��6.,���[����4�#��n�,(F3A�,.,��
������%]^
�(/$ � �0��*�# 
 y%�,�������0()����
�� 
�@�=� 
 ;"!#/!; L��<���F� � L 

( �,4�(��6; ! 
 x 
 ; �'& � � ;!�	��
��,�'* �, �#'�������/#'���/�+�,(��,�^�,(?*�#���#1�, h$����n�e$��/#'���'��W�4F��
�$ �Ei<
��5�e#'&���
��'
 � Zu
�i 
�C
��<&���*�# 
 ; > ;��6� 
 � ; �<��� �E� � 

( �<(/3-�<.,�<���EiG; * 
 . 
 ; �'& � � ; 
S���+�,(0#����'4�����4���
��, h��4���W64�(�
�����
����k�,���������<3-&6��
�#'#��/W�(�
 �^46��$k���Ci<
���*����.<�8Zu
�*����<(/$�#	�=4�3cWG
��'# � �a� � ( 
 * � �,$ 
 .1��4 � 9�9�9 ZK;"9%�S;^��� 
 � ; L & & �F� � ��

( �<(/3-�<.,�<���EiG; * 
 . 
 ; �'& � � ; 
S���+�,(0#����'4�����4���
��, h��4���W64�(�
�����
����k�,���������<3-&6��
�#'#��/W�(�
 �^46��$k���Ci<
���*����.<�JZu
�*����,(�$�#	�=4�3cWG
��'# � 
��6.<(��/#��b�����,��#'()�������<� � ; �����^���/
�$�(��,��$�
���; 9�
%( 
 ;��,��$J� �,&�&�
���;%
 
 ; y0$�# 
 ;� 4��'W�4�(/
�����
 
 , ()�,#'#��/�+�,(!&��,&�
���#u�<�J#'�������/#'�����+��(j����
��<�'* � �@����
���#�����
�����
�;;.

�* -T�<� � ; � � � � � � � 


f�,��.,
�( ;GZ 
 * 
 ;��,��$�y%#���
�#�;SZ 
 � 
 ; �'& �<L ; * .<
��,3A�,.,��
������>]^
�(/$�#�&G
��V���'4�3 � �>
��,&���*F# 
 Zu
�# 
 
S
��'� 
 ;
!S; L � � �6L��,��


S
�
�$�
���;�x 
 Z 
 ;F����$ * (�
pD�����$�
���; 
 
 ; �'& ��� ;��	��
H�,����.,���_�,��$_��
������<�����u#'��.<���?]^�+������
u�, !�,#'*�3�3-
V�����/�+�,(3-
��,��$�
��	W�
�(/��# � 9 
�$��/3-
������<(/�<.,*<;�9��B; L � ���6L<L � 


S
�3��<�/��
,;G� 
 � 
 ;"���+i�(��/#�;=. 
=( 
 ; ( 
���*<�<�j; 9�
 , 
 ;�Z
�,&�&!;�Z 
 � 
 ;;���+i�(���#�;Gy 
 , 
 ;!�,��$ , �^�,��; $ 
 � 
 ;

�'& & � ; .

 N ���/.<�F:`��
�#'�<(�4F�����,� 3-��$�
�(I$�
�i,
�(/�<&�
�$  g�<�_y%�,������� #�.<���+i��/�������/�<�^�,(%]^
�(/$ � y � 9 ;:<%!�� !!;
� � � ; ��� ��� � � ��


S� N 
�#�;u� 
 
 
 ; ��& � �6;hx�
+���F:@#'"�4��,��
8i,��(�4�
�#-�<� #�&6��
��'
��, 1#�&���
����/�+�,(u�^�,�'3-�,�����bi,
������<�_]^
�(/$�# � 
 
�C
��<&���*�# 
 Z

�# 
 ;;<;� ; L � � & 


S� N 
�#�;6� 
 
 
 ; �'& � � ; 9 &^�����)�,(6&�� N 
��h#'&�
�������4�3 �, �����

3-�,���_.<
��<3A��.<��
������I]^
�(�$!;��,�6$A
VD������,&G�<()�R�����,�
���[����
C���<��
 � �>
��,&���*F# 
 
 
 Z 
 ��#'��� 
G9 ��� 
 ;#9#�S; � � ���6�,� � 


x�����$�
�(/W������+; $ 
 $ 
 ; �'& �<� ;6�	�6
K g���,�����,(!.<
��<3-
V����*e�, �^����46��
 � ! 
 � 
 �^��
�
�3A��� 

� ��L



x��,� � #�; ( 
 x 
 ;H�,��$ 9 ����(��,��;	Z 
 2 
 ; �'& � �F; , �<3-&��,���/#��<� �, X�Cy � 9 : � ����$ 9 y *>9 * � �,(/����3�
���
��
�'
�#��,(�46�����<�e���,&^�,W��/(��?����
�# � �C
��<&���*�# 
 Z

�# 
 
S
��'� 
 ;���9S; � & ���6� �,� 


x��,4�
���#'W�
���.<
���;�� 
 ; �'& � �6;��>�,#Cx8�/����
�( $�
��>y0��
���.<�/
�$��/�n����
[$�
�#K.,
��<3-�,.<��
V���/#��n��
�� � �,4�&F�� g
�(/$�
�#C���$�
��Iy0��$6�<W�
�� ��0���n��
a4���$e#'
��/��
1#$0� � 4�()�,�'
 0* ��$�
��'4���. � �>
��'()�,�6$�# $ 
��/��� 
 �>
��<&���*�# 
 ;#� > ; L � ���6L ��� � 

x��,4�#�; 9�
 ;=����$��a��3���� ; 2 
 � 
 ; �'& & � ; 9 �+��(����6.a&����,&�
��'���/
�#l�� j&G�,��
������)��(F]^
�(�$�#l$64�
	���>#����,(��/��.a#'�<4�����
�# ��>
��<&6�=*�# 
 Zu
�# 
 
S
���� 
 ; ' �^; � &�� � � & � 

x��,4�#�; 9 
 ; �,��$��a��3���� ;=2 
 � 
 ; �'& & � �6; $ �,#'����$�
�&F��� 
�#'����3-�����/�<�d4�#��/��.J#����,(��/��.J&����<&G
������/
�#C�, I&G��:��
��������,(j]^
�(�$�# � 
 
 * #�# 
 ylDF&�( 
 �C
��<&���*�# 
 ;�� �!; � � � � � � & 

x��,4�#�; 9�
 ;C�,��$5�a�/3-�'� ; 2 
 � 
 ��& & � W!; � �,��
��������,(>]^
�(/$\&G� N 
��8#�&G
��V���'4�3 ����i<
���#��/�<�� g�,�8#'�+�,(/����.
.<
��<(��,.,* � 
 
 �C
��<&���*�# 
 Zu
�# 
 ;�� �#�f; � L � � ��� � L � � � 


x��,4�#�; 9�
 ;I����$ �a�/3-�'� ;�2 
 � 
 ; �'& & �6; �a
�&6��� 
�#'���/3A�R�����,�  g���<3 ����
8#����,(��/��.d&�� N 
���#�&G
��V����463 �, 
&G�,��
������)��(j]^
�(/$�# � � �>
��<&���*�# 
 
 
 �@��� 
 ;�� ' �B; � � �,� � L � 


x��,4�#�; 9�
 ; �B�<��( ;:
 
 ; 9 �,vj
�( ; � 
 ;h����$ 9 �,���,$6
����j; 9�
 ; ��& & � ;%�@����
���&��'
��n�R�����,� �, 1�,� �,
��'�<.<
��<&���*�#��?:
���,( #'4��'i,
�* � .��,3�3-�_���+*�#'&�
��������<3�
����'*<;�
�(/
��������<3-�,.<�6
����/��#H�,��$�3-�,.<�6
����/��# � �/�����6
 ( � $ �,�'
+� �
( � $ :@Z

�&��<���+;#!#9�� ' ; � � ���F� � ��


x��,4�#�; 9�
 ; 9 
���.<&��/
�( ; ( 
 � 
 ;��,�6$-�B�<��$6�/v�
,;=y 
 * 
 ! 
 ; ��& & �6; 2T�������,.<���,3 �,�^��(/*�#��/#0�, !3-�,.<��
V���/�I$^�����
������$6
������? *k&��,(�
��F�n�^������
�(/#5�, h����
 � 3-�,��46��4 Zu�/i,
��X����.H�,3���W���� � � �R��� * ��� 
 �@�=��
��'�^��� 
 x8��. 
 ;
9 ��� 
 ylDF&�( 
 �C
��<&���*�# 
 ;GylDF&^����$�
�$ * W�#�����������#�; � � � � � � � �<� 


x��,4�#�; 9�
 ; �>�<��$��,�!;�� 
 ;��,�6$J�G�������6
+�,$!;�
 
 � 
 ; �'& & � ; , 4����/
V:`��
�3�&�
�������4���
1$�
�&6���J
�#'����3-�����/�<�A46#����6.�[#�
�(/ ):`#���3���(��,�T3A�,.,��
�����2+�R�����,�b3-��$�
�( � �>
��<&6�=*�# 
 
 
 �@�=� 
 ;�� ' !!; � � �,� � � ��

x��,4�#�; 9�
 ;��C�'
�
��j; , 
 x 
 ;l�,�6$ � �,�/����
��,$!; 
 
 � 
 ; �'& & � ;f�@3-&��'�Ei<
�$ �F��
+�,��.<
��,��$���
�#'�<(�4F�����,�  g�'�<3�'
������,� � 
�$�y%Z 9 : � #��R��
�(/(��?��
>�,(?���/3-
V��
�� N �+i,
� g�<�'3-# � �>
��<&6�=*�# 
 
 
 �@��� 
 ;���9��f; L ���,�6L��,��

x��,4�#�; 9�
 ; 9 
���.<&��/
�( ; ( 
 � 
 ; 9 �/
�3��<�!; $ 
 ;�Z*0�,�'��.<
���; $ 
 ;��,��$J� �,��$��?vj
�;�y 
 * 
 ! 
 ; ��& & & ;�2T�,���/�<.<����3�,���,(/*�#��/#J�, c��
�(��/���<&6��
��83A��.<��
������d$^�R�n� ��� �/$�
������/ * &^��(�
����n�^�,�6��
�(/#��, X����
 � 3A�,�'4���4�Zu�/i<
���;
.H�,3-�/W��)� � �>
��<&���*�#��/��#�;;���f;���� 
 � ; �����$�6� & � 


x��,4�#�; 9�
 ;SZ10�,����.<
���; $ 
 ;S�,��$ 9 
���.,&���
�( ; ( 
 � 
 ; L �<�,� ;Sx���.<��
������Ki,�������,.<���,3�$6
�&6��� � ��
�#'��#>�<��#�*F��:����
������	�,�6$��'
+�,(6$^���n� � � � ��� * �6� 
 �@����
����^��� 
 x8��. 
 ; 9 ��� 
 y�D6&6( 
 �>
��<&6�=*�# 
 ;�y�DF&^�,��$�
�$ * W�#'�����,�V��# 

x��,4�#�; 9�
 ; ��& & � ;��B�,��
������)��(�]^
�(/$d&�� N 
��C#�&G
��V���'4�3q����i,
���#'���<�d g�<�>#'�+�,(/����.A.<
��<(/�<.,* � �0� 
 � 
 ����
�#'��#�;
� #�3-�,����� &H���?i<
���#��?�@*<; � *F$6
�����W^�,$!; �@��$���� 


x��,4�#�; 9�
 ; �'& & �F; 9 �+��(����6.1#'�������/#'�����+��(6�,���,(/*�#��/#��, 3-�,.<�6
����/�I�,�6$[.<���+i��/�@*K$^����� � � ����� * ��� 
 �@�=��
��'�^��� 
x8��. 
 ; 9 �F� 
 y�DF&�( 
 �>
��<&6�=*�# 
 ;Gy�DF&^�,��$�
�$ * W�#'�����,�V��#�; � � �'& � � ��L � 

� �<�



x���4�#�; 9�
 ; �'& & & ; 2T�,�'���<.,���,3 �,���,(/*�#��/#X�� u3A�,.,��
������-�,��$ .<���Ei��?�@*k$����n� � �>
��<&6�=*�#'����#�; ���B;0�6� 
�� ;
�<� � �6� ��� 


x���4�#�; 9�
 ; L �,�<� ; �@#B����
��'
T�,�X�,W�#�
��'i��,W�(/
0()�,� � �� 6�'
����/&��������?�@*>��� � ( � � �>� � �����+i<
�(=����3�
�# � � �C
��<&���*�# 


 
 �@��� 
 ;G�/�J&����/�=� 


x��+*���
 N ;	x 

* 
 ;:
,�<���6#��<�!; $ 
 � 
 ;T�,��$ ! �,#��/(�
 N # � � ; � 
 
 
 ; �'& ��� ; * �'
�i���
 N �, 
&��'�<W�(/
�3�#_�,��$
&����<.,��
�#'#u���J#'��4�$���
�#u�, �#�����
�(�(/�/��
13A�,.,��
������>�,�6�<3A��(���
�# � 
 
 �C
��<&���*�# 
 Z

�# 
 ;=!#�S; L�� � � �6L��<L<L 


x�� ( 
���2���
,; � 
 ; �'& & � ;=�	��
a��
�()�������<�6#����/&-WG
�� N 
�
��J���<&G�<.<����&���*��,��$b.<���+iF�?�@*��<�by%�,�����e�,�6$ 2a
���46# ��@�+�,�'4�#�;��#� ' ; � ��� � � 

x�� 
S
���$!;^x 
 � 
 ;�����$ , �<(�
�3A���!; � 
 
 
 ; �'& � � ; 9 &^�����)�,( &G� N 
��	#'&�
��������c�, S����
a���'4�#'���,(j.,
��<3-�,.<��
V���/�]^
�(/$�����$����<��
C3-�,.<��
V���/�1]^
�(/$ � �0��*F# 
 y%�,����� �0()�,�6
�� 
 �@����
�� 
 ; ' 9!; ��� �'& 

x�� 
S
���$!;>x 
 � 
 ; ��& & �6; 9 &^�R���)��(a�,��$ ��
�3�&��<���,(
&�� N 
��J#�&G
��V����� �, K���6
d.<
��<3-�,.<�6
����/��]^
�(�$ � 
 
�C
��<&���*�# 
 Z

�# 
 ;�� ���^; L<� � ���6L<� � ��

x��/(�(/
���;%Z 
 x 
 ;I�,�6$ 9 �n���,( � ; ( 
 y 
 
 
 ; �'& � � ;I�>
��<(/�<.<�/�+�,(hx��,& �, .H�,3���W�����#����,(�
 � � � 
 �<�<� 
 �<�<� ��C
��<(��<.,���+��( 9 46�'i<
V*<; ! ���6$�����
 � ;#.1�,3���W6�)� 

.H�,��$�4j; � 
�9�
 ; �'& � � ; 9 &�
������'4�3 �, 1����
8&��,��
��������,(	]^
�(/$ $64�
����k���,��$��<3�(/* $���#������/W�46��
�$ #��<4��'��
�# ��C
��<&���*�#�����#�;=9#9!; �<��������� � 

.H� N �'� N # � � ;*
 
 ; �'& & � ; * � �Ei,
��'i��/
 N �, c����
 ��*�$����,.<
��<(/�<.,* ��� ����
 � 3A�,�'4���4 * (/(�46i��)��(6�%(��,���6#

� � x * � � � �C
��<��*F$6���<(/�<.,* �a�?i���#��/�<�Jx�
�3-�,���,��$64�3�;�� !�* ; ! ����$6���F
 � 

.

�.<� ; 
 
 � 
 ; * .<��� N �,( ; � 
 ( 
 ;=�,��$�Z
�,��; ( 
 . 
 . 
 ; �'& �<� ;<�	����
�
V:`$���3�
���#'���<���,(�3��F$�
�(6�, G���6
 ( �E*��^��,��
����, 
x��,�^�,���,#�������� 9 ������
 � �@��$���� � W^�,#�
�$ �<�k����
A#'&�
��������,(h�,�^�,(?*F#'��#K�, u�,
����<3-�,.<�6
����/�_$^���n� ��C
��<&���*�#�����#�;#�=/!; & � � � & � � 

� � $ ���/
��!; x 
 9�
 ;#���,� � 
���; Z 
 
 
 ; �,��$ , �<�6#'�n��W�(�
�; , 
 � 
 ; �'& & & ;^x��,.<��
V�����>&G� N 
��u#�&G
�������4�3��� B����

�F��
+�,�J���'4�#'�H�<�J()����.<
>#'�+�,(/
�# � 
 
 �>
��<&6�=*�# 
 Z

�# 
 ; � �%�f; L & ; � � & �FL & ; L � L 


� � 4�WG��; - 
 ;^�,�6$8x�����#'4��^�,.<�6;�� 
 ; �'& & � ; , 4��'��
a&G�<�����	$6
�&6���8�/�b���<������
��,#'� 
<��&^�,�8�,��$e�?��#I���<���'
�()� :�����,� N �/���J�'
�.<�/�<�^�,(j����
��'3A��(!#'����4��V��4��'
5�,�6$�#'
���#'3-�/���?�@* � 
 
 �C
��<&���*�# 
 Z

�# 
 ;"!#!S; L,L,� � �,�FL<L,��� � 

� � 4�WG��;=- 
 ;f�>���� �;!Z 
 
 
 ; � �,��#'
��!;fZ 
 � 
 ; � .�� N �6; ( 
 ;S�,��$d�	#'4!; � 
 ; �'& � � ; , 4��'��
c&G�<�/�=�1$�
�&F����#�, ����
C��#'()�,��$e�� ( *�4�#��=4��,��$8#�4��'���<4��6$�����.-�,�'
+�,#�;"
<�,&^�,� � �>
��,&���*F#'����#�; > �f; � � � � � & � 

� (�.,�)����� ; * 
 ; $ �,(�3������6;T� 
 ; 9 ����������(��j;hx 
 ;	����$ �>��
�
��!; , 
 x 
 ; �'& & � ;I�C���+iF�?�@* �,���,3A�,(/��
�#5 g���<3
#�����
�(�(/�/��
H��(/���/3-
V����* � ���<3-&��,���/#��<�-W�
V� N 
�
��J���<3�&�46�������/�<�-i����X.<
��<��$b�6
���.,�=��#I�,�6$Ai��)�5$�
 �^
��V���/�<��#�, ����
>i<
��'���/�+�,( � $ 4�(/(�
������J�>
���$�
�#���"=4�
�;"�#!S; L��<L��6L � � 


� ���



� (�#�
��!;�. 
 ; �'& & � ;!�@�<�6�<#�&��6
����/�_� ��
�.<���<����4��'��
�����#X�R�>3-�/$�$�(/
c�,��$ (/� N (������?��4�$�
�#1
�#'���/3A�R��
�$� g�'�<3
x���.<#����u$����n� � 
 
 �>
��,&���*F# 
 Z

�# 
 ; � � ' ;���� 
 *1� ; � � � �,� � �,� � 

���,� � 
���;SZ 
 
 
 ;!�,�6$ � � $ �'��
��!;Sx 
!9�
 ; �'& & � ; 9 &�
��������,( �,�^�,(?*F#'��#H�, 0i<
������,�a3A��.<��
������C]^
�(/$�&��'�,]^(�
�# �

 
 �>
��<&6�=*�# 
 Z

�# 
 ; � � ' ; L � ; � � ���FL � ; ��L � 

������
��'#��<�!;�. 
 Z 
 ;=�,��$�Zu
�
Vi<
�#�; , 
 Z 
 ; �'& ��� ; * &�&6(����������/�<��# �, G.<���+i��/�@*c�,��$_3A��.<��
������I#'4��'i,
�*�# � �	�6
#��n����
V:@�� ):`���6
V:����'�	�/� ��& ��� � �>
��,&���*F#'����#�; > �f; L�� ���,�6L�� & � 

�0��( � �/��.,���,�!;�x 
 ;^����$e� ��$���
�#'�n��46� � ;;
 
 � 
 ; ��& &<� ; 9 �����n�^�,#����/�>����i<
���#��/�<�e g�<�I#'�+�,(/����.c.,
��<(/�<.,* � �>
���:&���*�# 
 
 
 �@��� 
 ;�� � ' ; L � ���6L � � 

�0��( � �/��.,���,�!;0x 
 ;T�,��$ �B�F$6�F
�#��n�=4�� � ; 
 
 � 
 ; �'& & � ;l� ���,�����,(h3-�,.<�6
����/2+�������<���, u���<�������6
����n�,(h����46#'� ��>
��<&6�=*�# 
 Zu
�# 
 
S
���� 
 ; ' �S; � L<�$� � � � 

�0��( � �/��.,���,�!;=x 
 ;6����$-�B��$��F
�#��n�=4�� � ;#
 
 � 
 ; �'& & � ; 9 �+�,(/����.>�^�R��4��'
H�, j���'4�#'���,( #�4�#'��
�&F����W6��(��?���/
�# � �>
���:&���*�# 
 Zu
�# 
 
f
V��� 
 ; '#' ; �<� & �F����L 

�0��( � �/��.,���,�!;�x 
 ;�� ��$���
�#'�n��46� � ; 
 
 � 
 ;!�,�6$��C�'
�.<�,��# � � ;jx 
 y 
 ; ��& & � ;=&H#'����.A g���,�����,(B����46#'�n��(�3-�,.�:��
V���/2+�������<�e3��F$6
�(�#h���J3A��.<��
������>�/�=��
��'&���
V�n�������<� � �C
��<&���*�# 
 �0���<#'& 
 ;%� ' ; � �<�$� � & L 

�0����
�#'��(�
�*,;
x 
 $ 
 ; ��& � � ; 9 &�
��������,(H�,�^�,(?*F#'��#-�,��$ ����3�
J#�
��'��
�# � ;ui,�<(�463-
 L � x�4�(?���?i,�����)�R��
e#�
����/
�#�;
&��'
�$��/�������<�J�,�6$����<�������,( * �+��$�
�3����6�0��
�#�# 


ZH��&�&!;
Z 
�� 
 ; �'& �<� ;u�	��
d$6
���
���3����^�R�����,� �, C.<
��<��$ 4���$�4�(������/�<��#A�,��$ .<���Ei��?�@* �,�6�<3A��(���
�#� g�'�<3
9 
��,#��R�1��(/���/3-
V��
��h$^����� � 
 
 �>
��<&���*�# 
 Zu
�# 
 ;"/#/!; � � �<L$� � � � L 


ZH��&�&!;
Z 
�� 
 ; ��& � �6;
�>���+i��/�@* �,���<3-�,(/��
�#-�,��$ #'
+� #�46�' t�,��
���
��/.<����#e$�
����?i<
�$  g�'�<3 � ���<3cW6����
�$
�Cy � 9e� � 9 
+�,#����H�,(/����3�
���
��h$����n�[#�
V� � 
 
 �>
��<&���*�# 
 Zu
�# 
 ;=!��^; ��� � �$� ����� � 


ZH��&�&!;^Z 
 � 
 ; �'& � & ;��	��
C$�
��+�+*e�, f����
C#�&G
�������4�3 �, ����
>.<���Ei��?�n�������<�^��(�&G�,��
������)��(S�,��$e���6
a���<&G�<.�:
���,&���*b g�<�I����
KyT���'��� � �>
��,&���*F# 
 
 
 �@�=� 
 ;"!#!!; � � & � � � � 


Z

���$!; * 
 $ 
 ; * (�(/#��<&j;�
 
 x 
 ;^�C���,��#�
���; � 
 ;^x���(/(�
��'�+; * 
 
 
 ;��,��$ 9 �<3�
������<�j;6� 
 ! 
 ; �'& &<� ;^x��,.<��
V������/�=��
��'&���
V�n�������<�e�/�J������
�
C$���3�
���#'���<�6#	4�#��/��._
�4�(/
��u$�
����<��i<�<(/46���/�<� � �>
��<&6�=*�#'����#�; >"> ; � � � &�� 

Z
�/
�$�
�( ; ( 
l9�
 ;l����$ 9 �/$��<��
�� � �6; * 
 ; �'& & � ;0x8�����/3c4�3qW����,#K3c4�(/����&�(/
c�n�,&G
��K#�&G
��V�����,(h
�#'���/3A�R�����,� ���y%y%y � ���,��# 
G9 ��. 
 �%�'�F� 
 ;%�=9!;���� 
 � ; � � ��� �'& � 

9 �,��$ N 
�(�( ;�� 
 � 
 ;B�,�6$ x8� * $6�F��;�� 
 , 
 ; �'& &<� ; � �/.<�F:�������46���,�V*<;S���/.<�F:@�'
�#'�<(�46�����<��.<���+i��/�@*�&����,]�(�
�# g�'�<3 L *<
��,��#
�, l�C
��<#��R�H
pD6�,���
��
�&�
����
3-�/#�#'���<� � 
 
 �C
��<&���*�# 
 Zu
�# 
 ;=! > ; � � � & �F� � � � 

9 �,��$ N 
�(�( ; � 
 � 
 ;��,�6$ 9 3��/���j; ! 
 � 
 � 
 ; �'& & � ;�x��,�'����
T.<���Ei��?�@*5�����<3-�,(/*> g�'�<3 �C
��<#��R�0�,��$cyTZ 9 : �#�����
�(�(��?��
1�,(/����3�
�����* � 
 
 �C
��<&���*�# 
 Zu
�# 
 ;�� � ' ; �+�<� � & � �E�<� � ��


� ���



9 �n�6(����6.<
���; , 
 x 
 ; �'& ��� ;Bx��,.,��
�����2+�R�����,�d�, h(/� N 
��>����46#'�5�,��$ ������
���&��'
��������/�<� �, h�'
�.<�/�<�^�,( ���'4�#'���,(�,���<3-�,(��/
�# � ylD6�,3�&�(/
� g���,3�
S�, g�,��
��[����$ 2a
�#'��
�� � ��(�
��j; .H�<� N �+* � 
 
 �C
��<&���*�# 
 Zu
�# 
 ;�!%�S; � � ��� � �
� � � � ��


9 �n� N �,��2�; ( 
 � 
 ; 9 ��$�
�����#�;�x 
 � 
 ;,�,��$[�^�<�'#�WG
���.6;<Z 
 ; ��& &<� ;R�	��
I4�#'
I�, ����� ��
��n������"=4�
�#0���X&���*F#'�����,(.<
���$�
�#�* � �>
��,&���*F# 
 
 
 �@�=� 
 ;�� �#�S; ������� � � � 

9 
���.<&��/
�( ; ( 
 � 
 ;Cx���4�#�; 9 
 ;>����$\Z10�,�'��.<
���; $ 
 ; L �<�<� ; , �,(���4�()�R��
�$ ���<�6]^.<46���������<� �,��$ �'
�()�R���/i,

3A�,.,��
�����#��R�����,�>�, ����6
hW^�,#'
�3�
����l�'�F� � # ���C����
 ( 46��#�
�W �a4��6
���
�(��/���<&6��
��f#�46�'i<
V*[�,�'
+� � ; ���1�^�<(�(/� N :4�&��'
�&G�<�'� 2%�,( 
���$ �CZ	: * �'�n���/i,
�#7.H� 
 � � � � �<� ; � �,���6� i,
�� 


9 
���.<&��/
�( ; ( 
 : � 
 ; �'& � � ; * &�&��'�+D6�/3A�R��
d����i,
���#'���<� �, 5�,���'W��,����
dyTx $^���n�  g�'�<3 � 3c4�(?���?:`()�+*<
���
�$
.<���<46��$ � �>
��<&���*�# 
 �0���,#�& 
 ;=9"�!; ��� � � � � & 


9 
���#'�<�!;�� 
 � 
 ;6�,��$ � �,���^�� g�,��$!; ! 
 
 
 ! 
 ; �'& �<� ; * #'�n�R����#����/�+�,(G�,�^��(/*�#��/#h�, f3-�,.<��
V���/�
&6���,]^(/
�# � 
 
�C
��<&���*�# 
 Z

�# 
 ;"� ' ; � � � ��

9 �=4�
V*<;�Z 
 � 
 ; 9 �n��
�(�(��/��.<
���;%� 
#( 
 ;^� �'��&�&!; * 
 , 
 ;G�,��$ * (/(�
V*<;#
 
 $ 
 ; �'& �<� ; , 46����
C$�
�&6����$�
���
��'3-� :�^�����/�<�b g���,3��,
��'�<3-�,.<��
V�����1#�&G
�������� � �>
��<&6�=*�# 
 
 
 Z 
 �,#���� 
G9 �F� 
 ; > �S; � �$� �E��� 

9 �/
�WG
����+;�x 
 ; �'& � � ; �j46� ���6
��<�'��
h
���$�3-�,.<�6
����/#��n��
��l&�4�(/#��������<�6
��c3��/�BW��'
��/��
��^��W���0�,��.,��.<
��c&�
����/�F$�
�� � ;x��/�'��
��/(�4��6.<
��J�,46#
$6
�3 x�� D�: �0()�,��� � :`�@��#'���/��4F�
 04�� * 
��'�<���<3���
 9 &����/��.<
�� 2%
���(��,. 

9 &G
��V���<��; * 
 ;S�,��$k�>���,����;S� 
S9 
 ; �'& � � ; 9 �������/#'�����+��( 3��F$6
�(�#
 g�<�a�/�=��
��'&���
V�����6.J�,
��'�<3A��.<��
������X$^���n� ��C
��<&���*�#�����#�;=9 > ; L & �,��� � L 

�B� � 3A� � ���,�!;fZ 
 � 
 ; , �^�,(/(�
����<��;�� 
 � 
 ; �C46*�3�
���;B� 
 � 
 ;B�,��$ 9 �'� � �<#'2,;lx 
 * 
 ; ��& & � ;f�	��
 & 
 ( 
y � � , y%Z 9 : � ��(/���/3-
V��
��h����
+����#u&�������
�#�#��/��.�#��n��
�3-
 � �@��� 
 
 
 Zu
�3��,��
 9 
���#'����.6;�� > ; & � & � & � L 

�B4������,����
,; � 
 
 
 ; �'& �<� ; *  g���,�����,(6�/�=��
��'&���
V�n�������<�[�, ���<&��,.<���,&6�=*5�,��$_.<
��<��$5#�&G
��������>�<�[���6
	y%�,�'���!;
x��F�,�!; 2a
��=4�#�;G�,��$�x��,�'# � 
 
 �>
��<&���*�# 
 Zu
�# 
 ;"! ' ; y � & ��� y � � � 

2T�,��"=4���
���;+2 
 ;��,��$ *�� 
�� � ;�
 
 ; ��& � � ; * ���<3-&646�n�������<�[�� �����

�Ei,
����,.<
u$�
�&F���_���>����
uWG�,�����<3 �, �����

yT���'��� ��#>3-�,.<��
V���/�X����4�#��+;SW^�,#'
�$ �<� �b#��n������#'�������,( #���4�$F*��, T(����+��( 3-�,.<��
V���/�c�,���,3A�,(/��
�# � �B���,��# 

* 3 
 �C
��<&���*�# 
 &H�6���<�!; '"' ; ��� � � � � � 


! �,#��/(�
 N # � � ;=� 
 
 
 ;��,��$dx��+*F�6
 N ;Bx 
 * 
 ; ��& & L ;G�	��
_x��,���e�,#1�-3-�,.<��
V�����KWG�<4���$^���'*8��
ViF�/#��?��
�$ ��C
��<&���*�# 
 Z

�# 
 
S
��'� 
 ;���!S; L<L � & �FL<L � L 

! �,#��/(�
 N # � � ; � 
 
 
 ;	�	���,3A�,#�; � 
-� 
 ;u�,��$ x��+*F�6
 N ;Hx 
-* 
 ; �'& � & ;��	��
 x��,��� �,#A�k3-�,.<��
V���/�W��<46��$^�,��* � �>
��<&6�=*�# 
 Zu
�# 
 
S
���� 
 ;"�!; � � � ��� ��� 

! �^��(�
���; ( 
 * 
 ; ��& & � ;)�a� N � N �,�'$c���<�������=4^�������<�C�, Gx��,.<#��R��(/�/���6�<#�&��6
����/�%�,���<3-�,(/��
�#!���H����
hy%�,������� ##�4��� t�,��
 � �>
��,&���*F# 
 
 
 �@�=� 
 ;��#���!; L � ���FL<����


� � �



-��,.<(/�<3�; * 
 x 
 ; �'& � �6; , �<�'��
�()�������<������
��<��*��, �#'�������/�<�^�,��*�����$ ��
�(�����
�$d���,�6$��<3  g4��6�����/�<��# � ;!i,�<(?:4�3�
 � 9 &��'����.<
���: 2%
���(��,.�.H
 N -T�<� � 

-��,(�
�;!x 
 x 
 ; 9 �,��$ N 
�(/( ;=� 
 � 
 ;!����$ 9 3��/���!; ! 
 � 
 � 
 ; �'& & � ; , �<3�&^�,�'��#��,���, %��(��<��.R:`�����,� � ��
�#���:(/46���/�<���, T#��n�,� � 
�$ �>
��,#�����;Sy%Z 9 : � ;S�,�6$��	�,&�
pDd#��R��
�(/(��?��
c��(/���/3-
V��
���# � 
 
 �>
��,&���*F# 
 Zu
�# 
 ; � �"�S;

� � � � ��� � � � L<� 


� ���



� � � ���

*�, �h; � L ; �,��,$63-�?���n������
�; &
* � 9 � ; ���
* 
�� & � ; � � ; ��� ; � ��,(?���/3-
V��
���; �+� L�,#'#�����������
�$ 
S
�.<
���$6��
C g4����������<�6#�; � � ; L &
* ��()�,�����/� � ��
��,�!; � � �
* 4�#'�����,(/�)�6; ����,4F����:`���<�'��
�(������/�<�a g4����V���/�<� � *�, � � ; � L ; �,� ; � ��, N ���/��
>���<�/#�
,; � L��
�()�������<�b���_#�&G
�������4�38; � L ; �,���
�()�������<�b���[i,�������,.<���,38; �,�,��� � ; � ��,2���3c4F���!; �+�

���J&�(��,��
>���F�<�'$���������
�#�; �'& ; � ����J#'&���
��'�����,(S�����<��$6���^����
�#�; � � ; � �3-�,���b]^
�(�$J$�
���(��/�^�������<�!; � �
�, ��[#�&���
����/�+�,(S�^����3��<������; � L,��, 3A��.<��
������a&6���,]^(/
�#�; � � ; ���

W^����$F:@(/��3��/��
�$
#�
�(/ ):`#���3���(��,�%#�&G
��V����463�; ���
N ���?��
>#�&G
��V���'4�3�; L,L ; ��� ; � L �W^��#���#I g46���������<��#
���<�'3A��(���2������/�<�A�� �; � �#�&6��
��'���+��(S�^�,��3��<���/�,; � �

$ 
�#�#'
�(S g4����V�����,��#�; � �WG
����[ g46���������<�!; �<L
$ �'4���� #	 g�<��3c46()�6; �E� L
, � & ; � � ; ���
, 
��=�����,( * #����6; �=����<��
��'
�����
,; � � �,� � � ����<�������6
���� � ����
��,�8$��/v�
��'
�����


���J3-�,.<��
V���/2+�������<�!; ��� ��� ����e���<&��,.<���,&6�=*,; �<� ; �+� & � � ������<�������6
����n�,(S#'�+�,(/
C���<3�&���(������/�<��#�; � � ; �=����F�<�'$���������
�#
���<�'��2��<���n�,(!&G�<(��,��; � �&�(��,��
,; � �#�&6��
��'���+��( ; � ����<��
>]^
�(�$!; L,����<��
p:@3-�,����(�
1W��<46��$^�,��*<; L<����<���'
�()�R�����,�  g4����������<�j;������ �,46����:@���<���'
�()�R�����,�

 g4����V�����,�
, 4��'��
>��
�3-&G
�������46��
,; � �$�
�&6���!; ��� ; � �,� � &
$^��3-&��/��.c��
���38; L � ; � � �$�
���(/���^�������<�j; � �
$�
�&6���

W����,#I g���<3 ���<�/#'*e$^�R�n�6; ���
�#����/3A����
�$ei<
���#'4�#1$��'��(/(�
�$j; ��L ; & ����<��:@4����/"=4�
���
�#�#�; � �6; � � ; ����Ei<
���#��6�F�,������.6; �,����_WG�,�����<3 � �a� $ � ; � � ; � �,� � &���[���<&!; � � � �E�<�$�
V���'
���$��/��.�; L � ; � � � � �$�� � 
�#�; � �$��/&��,()�,��3A�,�/�b]^
�(/$!; � � ; L & ; � L �$��?i<
���.<�/��.�� �,4����/
��I�/�=��
�.<���,( ; ��� ; ���
�a� $ ; � �
yT�Kx & �6; L,� ; ��L ; �,�
�(�
��V���'���>��46����
�����#�; � � �,� � L &yTx ��
�#'��#����/i��?����
�#�; � � ; & �
�"�46�/i��,(�
����u()�+*<
���; � �

� � �



y%Z1xk; �+���
y%Z 9 : � ; �E� �y 9 * ; �E� �
�#�����3-�����<�

.<
���
����,(S$6
�]^���?���/�<�!; � L&�()�,�6
>#�&G
�������4�38; � �,�FL �#�&���
����/�+�,(S#'&�
������'4�38; � �,� � ����,���,(!������
���#'�/�@*e#'&�
������'4�38; � � � � � ; L �i,�������,.<���,38; � �,� � � ; � �i<
��V���<�
#�&G
��V���'4�3�; � � ; L �y04�(�
��	$�
����<��i<�<(/46���/�<�!; � �
VDF&G
����������/�<�!;^#��n������#'�������,( ; �E�

VDF&G
�����
�$8i,��(�4�
�; �E�
 g
��'���<3-�,.<��
V���/�,;F g
����'��3-�,.<��
V������; � �]^
�(/$F:���(���.,��
�$b��4����'
�����#�; � L ��^�<4����/
��

�,3-&6(��/��4�$�
�; �'& ; � �$���#'����
V��
>�����,��#� g�<��38; �'&
�l���>; �'& ; � ���������#' g�<�'3�; �'& ; � & ; �,��^�<4����/
���: 9 ����
�(?�#�'
�#h������
�.<���,( ; � �� 9 &K; ��� ; � �,� ���

.��,3�3A�K g4����������<�j;���
�()�������<��#I g�,��; � ��K��4�#�#u����
�������
�����#�; � � ; ���'& ; � L &�K��4�#�#�: 
S
�.<
���$��'
K"=4^��$�������4���
K&G�<������#�; � L �.<
��,��$J&��,(/*����<3��)�,( ; �E� �
.<
��,&��,��
��������,(!3��F$6
�( ; L,��C
��<#��R�+; �E� �
.<(��,W^�,(�]�
�(�$J3��F$6
�(�#�; L,�,�FL<� ; � � �F���.<����$����<3�
���
���; � �
.<���+i��/�@*-]^
�(/$

.<(��<W��,(j#'&�
������'4�3��, �; L�� ; ��L(����+�,(�#�&G
��������_�, �; ��L����<� ; �+� & � � ���.<��
����u���/����(�
�#�; &
.<���/$

��(�
��,���/��.[�, �; L �$�
�]^�6�/���/�<�e�, �; � �

#'*�������
�#���#H�, ��_#'
�(? ):@#��/3-�/()�,�T.<�'��$!; � �
���KZ
�h; � �������(��/�^�����/�<�!; � �6; ����@��$����,� � ��
+�,�j; ��L���6]����/��
ai,�����)������
�; �,�������
���#��?�@* �, �#�46#���
�&6���/W���(/�/�@* i��,���������/�<��#�; � � ;

� � ; � �����i<
���#'���<�!; � � ; �E� � � � � ���#'�<#'�������/�>���<3�&�
���#��R�����,�!; �<� ; �E� &

<�,&^�,�j; � � �
�'�<�����u�/�=i,
��'#����,�!; � L��
( �,()�,���,��� ; � �
( �������n�6����� #	 g�<��3c46()�6; � L
( � $ ; � &
( 4���#'
�W �a4���
 * �'
+�6; & �

f�,��$�#����+; � �(����+�,(/(/*����<3��<.<
���
��,4�#u���,��$6�<3  g4��6�����/�<�!; �,�
3A��.<��
������1]�
�(�$

�,����#'�,���'�<&�*<; ��� ; ��� ; � ��,46�������,����
�()�������<�j; � &$�
���(����������/�<�!; � �.<(��<W��,(j#'&�
������'4�3��, �; L �,�6L<� ; ��� �F� �������
����^�,( � 
VD���
������,(S#�
�&^�,���R�����,�!; � �'&
()�����/��46$�
a$�
�&�
���$�
��6��
5�� �; ��� �F� �(����+�,(!#'&�
��������_�, �; ��� ��� �6; ��� � � & ; �<���6���&^�,����3-
V�����/2+�������<�j; � � �,� � L &&��<(/�<��$��,( ; � �'&
&��,��
��������,(!�, �; L � �6L �F; � &���<�'�<��$^��( ; � �'&

3A��.<��
�����2������/�<�!; & ; � &����$�46��
�$j; ��� �F��� ; � & �6� ���
�3-�,��
����+; � & �F� �#�
�$6��3�
���� � W��,#�
�3-
��=�H���R�����6; �E�<�
x��,.<#����+; ��� ; � � �3A���=��(�
�; � �x��,4�
���#'W�
���.<
�� � 
S� N 
�#1#'&�
������'4�38; & ; � � ; L �

� � &



x��/
>#����,()�,�'#�; � ��&
3���#�]��I g4����V���/�<�!;��'
�#��/$�4^�,( ; L � ; �<L ; �E� � ; � � L3��F$6
�(!#'&�
������'4�3

 g�<�	�^��(/ ):@#'&^�,��
,; � � ���<L ; � � g�<�	#'()�,W!; � �6; � & � ���x��,����; � �3c46(/���?�n�,&G
���#�
�����
�#�; L �
.H�,3-�/W��)�F;�� � ; � � ; & ���
��,��:`#�4��� t�,��
C3-�,.<��
V���/2+�������<�!; � ���F� �6; ���
.1� � , ; � � ; � �
.
�<�'��� * 3-
����/�+�6; � &
.
�<� N 
�.<���,� , ���,#��+; � � �
����
��,�J.<
��<�/$!; & ; �+��� � � � �����
��,�J&�����$�4��V� � y%Z 9 : � � ; �E� �
� 
��'#'��
�$!; � � �
� x * � ; � �
� �%ZK; �E� �
� �,���?]^� � ��
+�,�j; ��L ; �E� �&^��(�
����n�^�,�6��
�(/#�; � � ; �<� ; &<�&^�����,3-�,.<��
V���/�,; ���&G�<(��,��$^�,( ]^
�(�$!; ��� �&G� N 
��
(/
+� � �,.,
,; L �&G� N 
��
#'&�
�������4�3�,2���3c46���^�,(/(/*-�+i<
����,.<
�$!; � � ; � � ; ��� ; �,�$�
V]^���/�����<�e�� �; �E� � � L$��/#����'
���
,; � � ; �'&.<���Ei��?�@*<; ��L$�F�<� ; �,L3-�,.<��
V������; ���,�F� �6; � & � � & ; � � ���,L ; �<����<��:@#'�������/�<�^�,��*<; �E� ; � L ; � ��, .<
��,��$J&�����]^(�
�#�; � � ��, ���<�6�<#�&��6
����/�>��4��'��
��=��#�; � L � ; � L ��, #�&�(/����
>���F
V������
�����#�; � � L�, B����
>]^
�(�$ei<
������<��; � � ; L � ; ���,�F� ��, B����
C&G�,��
������)��( ; � � ; L<L ; L � �6L �F; � &�, B����
C���,$��)��(j$�
����/i������/i,
,; � � ; L,� ; ��L�, B����
>���,�n�,(j������
���#��?�@*<; � � � � � ; L �6; � � � � &&�(��,��
,; � �,�6L � ; � � ; � � � ���

&G�,��
��=���)�,(�]^
�(/$!; � ��� � � ; L �����$��)�,( ; �E� ; � � ; � � ; ��� ; �<���
�$�4��V�����,�8���_����
C&��,(�
,; ���#�&G
��V�����,(S$�
��6#��/�@*,; �E� ; � & � ���
���,$��)��( � ���,��.<
��=���)�,(G&G� N 
��u�������/��; � �F; � L ����,��$��<3

 g4����V���/�<�!; � �3�
+�,#'4���
�; � ��'
�.<�/�<�^�,(!.,
��<(/�<.<�����,(  g
+����4���
�#�; � &�'
�3-�,��
����
3-�,.<��
V����2������/�<�!; � � ; � &�'
�#��/$�4^�,( ;�3���#']6�I g4����V�����,�!; L � ; �,L ; �E� � ; � � L�'
�#��,(�46�����<�
�,�����<#'#�:`�����,� � ; �E� ��,(/�<��.�: ������� � ; �E���
�, W^�,#'���J$�
�&F���!; & ��, 3A��.<��
������a]^
�(�$J3��F$�
�( ; � �'& ; � L &�, B����
 �a� $ ; � ��'
������,� � ����.��, N �+i,
� g�<�'3-#�; �+��� � � � �

#��,3-&6(�
>.<�'��$�#�; L � ; �<L��F��� ; � � � � & ; �E� & � � � �#�����
�(�(��?��
>��(/���/3-
V����*<; & ; ��L ; �,� ; �E��� � � � �#'�+�,(/����.[
pD6&G�<��
����+; � �6; �=L ; �<L.<���Ei��?�@*<; � � �
3-�,.<��
V������; � & ; �<L ; � � ; &<�

9 �n�63-�/$6�u���<�'3A�,(/��2�
�$eW^�,#'��#�; � � ; � �
9 
��,#��R�+; �E���#'
�$��/3-
��=���,�'*bW^�,#��/�!; � & ; ���#'
�(/ ):`#��/3-�/()�,��; � � ; � & ; �=L ; � � ; � � ; � �+�
9 �/W�
������6; �<�
9 �,46��� *  g�'���+�F; � �#'&^�������,(j g�'
�"=4�
��6��*<; L��#'&�
��������,(f�,�^��(/*�#��/#�; � �#'&�
��������,(S��
�&���
�#�
��=�������/�<�!; � &#'&�
������'4�38; �����K&�� N 
��u#�&G
��V����463#'&���
��'�����,(S�^�,�'3-�<�6���aW^��#���#	 g4��6�����/�<��#�; � �#'&���
��'�����,(I�^�,�'3-�,�����-
VDF&^�,��#'���<�j; � � ; � � ; ��� ;

� �'&
#'&���
��'�����,(S#���
�(�( ; � � �

� � �



#�&�(/����
�; �E� � � �E� &#'�������/#'���/�+�,(�
VDF&G
����������/�<�!; �E�
#'�������/#'���/�+�,(/(/* ����$�
�&�
���$�
��=��;5�<�������,.<�<�^�,( ; � � ;

� �#�4��� t�,��
C��4���( ; � �'&
#�4��� t�,��
C.<���,$��/
����+; � � ; � L<L#�4�#'��
�&6���/W���(/�/�@*

�,&�&^�,�'
����+; � � ; � & �F� ���
��6#��<��; � &
#'*�������
V���/�X$^�R�n�6; L,L ; � �,� & L ; � L � � � L��
�n�,�6.<
��������,( � ���,$����,( &�� N 
��
����������; � �6; � L ��n�,&G
���; L ����+*�(��,�	#�
��'��
�#

pDF&^�,��#'���<�!; ��� ������/� � ��
�#'#�; ���'4�#'���,( ; ��� ; � ����<&G�<.<���,&���*<; � L ; �<�.<���,$6��
�����#�; �,� ; &<�()�,��$ei,
���#'4�#
�F��
+�,��#�; �<����<�'�<��$��,(�]^
�(�$!; � � ����,���,(!�/�=��
���#'�/�@*,; � �6; � �
&1�0x�; L<�
i��,���/�<.<����3

$�
�]^�6�/���/�<�e�, �; �,� ; � �
�#'����3-�����/�<�!; � �,� � ��, �.,���+i��/�@*b]^
�(�$!; � ��, �3-�,.<�6
����/�1]^
�(�$!; � �,��� ��, �#'
�(? ):@#��/3-�/()�,�T.<�'��$!; � ���
�(������/�<�b��� *�, �h; ���,��� � ;�� �i<
������,�H#'&�
������'4�38; � � ; L � ; ��� �F� �
N �+i,
�W^�,�6$#�&���
����/�+�,(S�^����3��<������; L<L ; � L �
N �+i,
� g�<�'3�; �E� L�� �E� �3-��$�
�( ; �E� �
N �+i,
�(�
���.,���!; �E� ; � L�, l�[#'&���
��'�����,(S�^�,�'3-�<�6���,; � �&�()�,�6
,; L<L
N �+i,
��=4�3cWG
��

�, l�_#�&6��
��'���+��(S�^�,��3��<���/�,; � �&�()�,�6
,; L �
N �+i,
�i<
������<��; � �
N ���/��
C���<��#'
,; � L ; ����,46���R:@���,����
�()�������<�- g4����������<�j; � LW^�,��$F:`(��/3-�?��
�$j; L<L ; � L �

� � �




