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Finite frequency tomography reveals a variety of plumes in the mantle.

R.Montelli ,G.Nolet ,G.Masters ,F.A.Dahlen ,S-H.Hung

Department of Geosciences, Princeton University, Princeton, NJ, USA
IGPP, U.C. San Diego, La Jolla, CA, USA
Department of Geosciences, National Taiwan University, Taipei, Taiwan

Our understanding of the Earth’s dynamics relies mainly on the degree of knowledge of the
deep Earth structure. Seismic tomography is the only tool available to date able to map the three-
dimensional structure of the Earth’s interior. It provides a snapshot of the present mantle convection.
Even though there is a general agreement on the average, spherically symmetric structure of the
Earth, the real fate of sinking plates as well as the origin and geometry of the upwelling regions are
still subject of open debate. Hotspots are probably the most intriguing geophysical object. They
are approximately fixed with respect to plate motion, providing us with an absolute reference frame.
Morgan (1972) proposed that hotspots are due to plume-like upwelling from the lower mantle, but
seismic tomography studies have been so far unable to clearly detect such deep plumes.

Our first global finite frequency tomography of
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Figure 1: Sensitivity kernels for a direct P
wave at an epicentral distance of with two
dominant period: 1 s (top), 20 s (bottom). The
size of a tetrahedron in the lower mantle is shown
for reference below the 20 s kernel.

compressional waves show distinct conduits rising from
the deep mantle (Montelli et al., 2003) What was the
problem then with the previous tomographic studies?

Almost all global P-wave tomographic models have
been so far obtained by applying the approximation of
ray theory. Waves propagate as rays only in the high-
frequency limit of the elastodynamics equations of mo-
tion. The travel time is only influenced by the Earth’s
properties along an infinitesimally narrow path that fol-
lows Snell’s law. This simplifies the mathematics, but
it is quite far from the physical reality where rays have
a given thickness depending on the frequency content
of the propagated wavefield. The traveltime of a finite-
frequency wave is sensitive to velocity structure off the
geometrical ray within a volume known as the Fresnel
zone. Classical ray theory predicts that even a small het-
erogeneity on the raypath would influence the traveltime.
But physics teaches us that small scale objects do not re-
ally influence the propagation of waves. They only do
when their scale length is comparable to the width of the
Fresnel zone. Figure 1 shows the sensitivity region for
a P wave at epicentral distance. The top kernel is
the sensitivity region of a wave with 1 s dominant pe-
riod, while the bottom kernel represents the sensitivity of

a wave with 20 s dominant period. The sensitivity is significantly different. A broadband P traveltime
is sensitive to anomalies in a hollow banana-shaped region surrounding the unperturbed path, with the
sensitivity being zero on the ray. Because of the minimax nature, surface reflected PP waves show a

1

1000km 

3rd

2nd

1st Fresnel zone

� l�mLKIi�U �&���/� � �< 0�6�?)�����"�) �0%�)* ��gM ��)* I�(�6���6,/�6�GM!=O)*"( �)*�1�Q����"a��� 35�:,.) ���B� J��1�����/ ��$)	��� 	 e ◦ R � ��"��
c � V=�g3 �:,.)B����)�=O)*"( �)*�\������=O���<�<=O)U� �<�6���|" � M � 	6�?� 
 �/R �x ����)H�<�<2B�6�X�?�W�< 
�0 0�6�?)H�A"�) �0%�)* ��*��)C�X�6��3���%'��J
�$���<�A��
���);�?�;�/ a�< 
�0 0�6�?)C�(�<2[�/� �(2[�/�<�\�<�< �)$^ ����) " � M�R��-�'3|)&,.)*"�^ )&,.)* ����"#� c ��V=�g35�:,.)$^|����)H��)* I�(�6���6,/�6�GM
"(�GF��D�x�� 	����) " ��M[�1�xV')*"��:^}�.�x"�)&,.)��/��)$J�8�M ����)U35�0�6�?)`�<�< �)U35�0���?�Q"�) 
@"�)C��)* D���#����)���)* I�(�6���6,/�6�GM[�g%' ��&������ 
���+����)K�$)* D��" �/�P�*"��&�*� ����)$�&������ R � ��"+���.3�)*"a��"�) �O%�)* ��*��)C��^7�.�+�(���'35 ���+����)L80���(�?��24� ��"��	
|)*"(����J
��� �Oe ��^;����)+������)Q�< ����)a��)* I�(�6���6,/�6�GMv80)$�$��2Q)C�Q�A�/"gF0) �/ �J
����)a��)* I�(�6���6,/�6�GM �1��J��1�&��"(��8O%0�?)$J �.,.)*" �
8."��.��J0)*"E"�)(F����� Q�/"���%' �J7�6�?^9"�)*� )*"("�)$J[�?�#�.������) 	��0"*��� � � "�)C�* �)*�}V'�� �)/R'� ���1�x��%'"("���%' �J0)$Jl8�Ma����) ��)$�$�� �J
� "�)C�( �)*� V'�� �) 	GF�"�)$)* ��D8.�6%�) "�)(F����� �$^535��)*"�)7����) ��)* I�(�6���6,/�6�GMa�1�E
��&�(�6���6,.)$^I"�)C��%'�6���< OFl�< 	)��/"(�<��)*"#�/"("(�6,$�/�1�
����%:��)$JK8�M	�;���'3 �g,.)*���9�*�6�<Mo8I�9J'Ma�< ���0�1� V'�� �)/R �5]}�/2W
@��)C� ����"Y���0�1�U�$��%' D�?)*" ���< @�(%'�6���6,.)P)�
T)$�&��35�<�<� 8I)
F��6,.)* ��< ��T�D��
5�?)*"	�9R � �6��� �< ��*"�)��.�(�< OF���"�J0)*"Y����) � "�)C�( �)*�TV'�� �)C�78I)$�$��2Q)Y3|)��/=O)*"-�/ �J[�(2[�/�<��)*" �5����)
���0�<"�J � "�)C�* �)*�EV'�� �)W�1�W�D�/"�J��NM ,/�1�(��8.��)W�< K�<�GF��@�X"�)$J 	< �)(F������6,.)B��)* I�(�6���6,/�6�GM �/R � �GF}%'"�)W2Q��J�����)$JK�/�g�?)*"
(+*-1v}�~�f�f�d�UQ�8IC��� b	�Oe:e �98 f R

�L�



%C2 ] ')(/')#�.T'X5 R 5>0�'X24#$245>2ONE8 7 NT:<'E­ ')8?%JNE#�%b5>0Q"�-G24#Q5/')(^[c')(/'T-G. R #�->5>(>"�.)5>24:<')8mr 7 245>0&245GNE5G5>0�'X(/'T.T')24:<')($2
�w5 2?-X->"$(>( R "$#�%$'T% P�rJ0$24=60�')([� R (/%$')(43$(/'T-/#�')8�K R #�'T- 7 245>0 NE845/')(># NE5>24#$= ->24=6#�- 24# 7 0$2?.10 5>0�' Y$0 NV-/'

%C2 ] ')(/')#�.T',2?- (n−1)λ
2

2 2 2 nλ
2
2 � R #�-/' Ba"�')#Q5>8mr<@ 7 245>0$24#+3$(/'T->#�')8 K R #�'T- 7 245>0 R %$% #a"$*IP�')(/-4\J->"�./0 NV-

5>0�']­�(/->5D3$(/'T-/#�')8 K R #�'x\ . R #�->5>(>"�.)5>24:<'�24#a5/')(^[\')(/')#�.T'�51N U 'T-
Y$8ONV.T'6@ 8?'ANV%C24#$= 5 R Nb#�')=QNE5>24:<' :VNE84"�' 24#
5>0�' -/')#�->245>24: 245�r U ')(>#�')8o@C2�2 'L24@CN
8 R 7 �o:<')8 R .)245�rbNE# R *WNE8mr 24#�.)(/'ANV-/'T- 5>0�' 5>(1NT:<')8 5>24*,'L2:3 R (83�(/'T->#�')8 K R #�'T-
7 245>0 '):<')# R (/%$')(/- 5>0�' 24#Q:<')(/-/' 2?- 5>(>"�'L2!� 0�'Qr 0 NT:<'���� �<lc��l��RU,-/')#�->245>24: 245�r<@ 2�2 'L24@SN 8 R 7 �o:<')8 R .)245�rJP R %�r
->"�.10 NV-ZN Y$84"$*,' 8?'ANV%$- 5 R 'ANE(>842?')(,NE(>(>24:VNE8?-ZNE#�% 5>0Q"�- -/'T')*,- 5 R -/Y|'T'T% "$Y N -/')2?->*Z2?. 7 NA:<'L2�� 0$2?-
. R *ZY$8?')5/')8mrb. R "$#Q5/')([�o24#a5>"$245>24:<' ' ] 'T.)5+2?-;'E
�NE*Z24#�'T%&24#b5>0$2?-;5>0�'T-/2?-GNE#�%b245/-;'E
C2?->5/')#�.T' [ R (;8 R #$=C�oY|')(>2 R %
7 NA:<'T- 2?-X->0 R 7 # 24# � 0 NEY$5/')(D��24� 0�'Z->24KA' R [ 5>0�'y3$(/'T->#�')8�K R #�'T- %$'T.)(/'ANV-/'T- 7 245>0 24#�.)(/'ANV->24#$= R (/%$')(A@
* R (/' R :<')( 5>0�'+NE*ZY$84245>"�%$' R [|5>0�'+-/')#�->245>24: 245�r %$'T.)(/'ANV-/'T-�->5>( R #$=68mr 7 245>0,5>0�' R (/%$')($2`� 0�')(/'�[ R (/'6@<* R ->5>8mr
R #$8mrb5>0�'�­�(/-/5 NE#�% -1'T. R #�% 3$(/'T->#�')89K R #�'T- NE(/'I. R #�->2?%$')(/'T% @�->24#�.T'X5>0�' ' ] 'T.)5/- R [�0$24=60�')([� R (/%$')( K R #�'T-
.ANE#$# R 5+P�' (/'T- R 84:<'T%¢2

� 5>0�')(Z5 R * R =6(1NEY$0�')(/-�NV- 7 ')848+. R *ZY$"$5/'T% -/')#�-/245>24:a245�r U ')(>#�')8?-WNE#�% 5>(>2?'T% 5 R 51N U 'M5>0�'MP$( R NV%$')(
-/')#�->245>24: 245�r R [ 7 NA:<'T-M24#Q5 R NV.T. R "$#Q5bPTr "�->24#$=w<o[cNE5�(1N rC-�gw�\'L2 =t24@ ��0'} � �¥0-1 U ��IL�m�{km"$#L# � pq �@ 7 0$248?'
->5>24848F24=6# R (>24#$= 5>0�'IKA')( R �t-/')#�->245>24: 245�r&(>24=60a5 R # 5>0�' (1N$r&2¥Z R 7 '):<')(A@|5>0�' . R *ZY$"$5/'T% -/')#�-/245>24:a245�r U ')(>#�')8?-
->0 R 7 'T% 5>0 NE5,NE5 N Y|')(>2 R % R [ �L� -�� 7 0$2?.10 2?-L@9'L2 =t24@�5>0�' % R *Z24# NE#a5 Y�')(>2 R % R [+5>0�'W[`(/' Ba"�')#Q5>8mr "�-/'T%
%�NE51NZ-/')5 R [ 5>0�'D5 .)(>24Y$Y�- �t#�->5>245>"$5>2 R # R [ � .T'ANE# R =6(1NEY$0Tr<@ � NE842~[ R (>#$2ON& 5>0�' 0 R 8?' 24#&5>0�'X*Z2?%$%C8?' R [ 5>0�'
-/')#�->245>24: 245�r U ')(>#�')8 2?-+NV- 8ONE(>=<' NV-�%C�L� U * �c3924=t2¢"L2 % @CP R 5>5 R *H �@C5>0Q"�-+'ANV->248mr *Z2?-/->24#$=Z->*WNE848?')( R P�>>'T.)5/-A@
->"�.10 NV-;Y$84"$*,'X. R #�%C"$245/-$2:� 0�'T-/'�­�#$245/'E�c[\(/' Ba"�')#�.QrM-1')#�->245>24:a245�r U ')(>#�')8?-HNE5>5>(1NV.)5/'T% N 8 R 5 R [ NE5>5/')#a5>2 R #
NE#�%&P�'T.ANE*,' U # R 7 #JNV-¥<�7 NE# NE# NW�t% R "$=60$#a"$5�g�� U ')(>#�')8?-H��(w0-,�
-�v~�,¢dg1v. UQ�JIC�m�jkm"$#L#L#Wpq �@�NZ# NE*,'I5>0 NE5
(/'E§ 'T.)5/-+5>0�')24(H->0 NEY|'T-+24#b8 R #$=6245>"�%C24# NE89NE#�%bY�')(>Y|')#�%C2?.)"$8ONE( .)( R -/-[�t-/'T.)5>2 R #�-i2

�Y*-fT~ } 0j1v� �{0-|vfT~t1lk��L�L�L�Wp;5>0�')# ->5>"�%C2?'T% 5>0�' ' ] 'T.)5 R [H5>0�'T-/'x­�#$245/'E�c[\(/' Ba"�')#�.Qr U ')(>#�')8?- R #
5>0�' '): R 84"$5>2 R # R [ 5>(1NT:<')8��o5>24*,' %$')8ON rC- NE#�% -/0 R 7 'T% 5>0 NE5 7 NA:<'�[`( R #a5 0�'ANE8424#$= [ R 848 R 7 - N %C2 ] "�->2 R #
' Ba" NE5>2 R # NE#�%b5>0 NE5G5>0�'I. R #�-/')(>:VNE5>2 R # R [ ')#�')(>=LrM2?-+: 2 R 8ONE5/'T% @$8?'ANV%C24#$= 5 R N 8 R -/- R [ 24#C[ R (>*WNE5>2 R #J%C"�'
5 R %C2 ] (1NV.)5>2 R #v2

� R (/'�Y NEY|')(/- R #w­�#$245/'E�c[`(/' Ba"�')#�.Qr U ')(>#�')8?-6� �j|¢0�* UQ�!IC���8k��L�L�L�Wpq NE#�% 5>0�')24(Z' ] 'T.)5/- R # 5>(1NA:<')8
5>24*,'T-4���{0j|vf�~t1©UQ�ªIC�m�?k��L�L�L�Wp����Y�v1v.lUQ�ªIC�m�?k��L�L�L�Wpq ;NV- 7 ')848FNV-;5>0�' -/0 R (>5/. R *Z24#$=<- R [�. R #Q:<')#Q5>2 R # NE8
(1N r 5 R * R =6(1NEY$0�r ���{0-|?f�~t1�k��L�L���Cpq NEY$Y|'ANE(/'T% @CP$"$5 245 5 RaRVU - R *,' 5>24*,'H"$#a5>248 5>0�' ­�(/->5 5 R * R =6(1NEY$0�r
->5>"�%�rbNEY$Y|'ANE(/'T%&5>0 NE5+5 RaRVU ­�#$245/'E�c[\(/' BQ"�')#�.Qrb' ] 'T.)5/-+24#Q5 R NV.T. R "$#Q5GPTrM"�->24#$=Z5>0�'T-/' U ')(>#�')8?-$2
h_i��|i�� � � r �6p'm�� �gt�m��5y�mDr 

� p:{ z!{ � t�q�uxk �

(+*-1v}�~�f�f�dAUQ�YIC�m��k��L�L�L�6NC@¨�L�L���6P�p+[ R .)"�-/'T% R # *WNE#Q5>8?' Y$84"$*,'T-Z5 R %$')* R #�->5>(1NE5/'b5>0�' NV%C:VNE#a51NE=<'T-
R [ 5>0�')24( #�' 7 ­�#$245/'E�c[`(/' Ba"�')#�.Qr 5 R * R =6(1NEY$0Tr *,')5>0 R % NE#�%JNE5>5>(1NV.)5/'T% NW8 R 5 R [ NE5>5/')#Q5>2 R #��c���{¤ [oNE848
*,'T')5>24#$=�@��L�L�L� � �x~�,¢,�k��L�L�L�Wpq E2`� 0�'Qr NEY$Y$842?'T%W5>0�';*,')5>0 R %Z5 R ;�� 7 NT:<'+5 R * R =6(1NEY$0Tr NE#�%,%$'):<')8 R Y�'T%
"$#$Y$(/'T.T'T%$')#Q5/'T%&24*WNE=<'T- R [BY$84"$*,'T-$2`� 0�'Qr,24*WNE=<'T%b->2�
,Y$84"$*,'T-;'E
C5/')#�%C24#$= 24#Q5 R 5>0�' 8 R 7 ')(;*WNE#Q5>8?' 5 R
R (G.)8 R -/' 5 R 5>0�' . R (/'E�o*WNE#a5>8?'IP R "$#�%�NE(sr �ª� -/.T')#�->2 R #S@t�HK R (/'T-A@ � NE# NE(sr<@V� NV->5/')(A@�5CNE* R NWNE#�%6�9NE0$245>2�2
� R (/' R :<')(A@a5>0�'QrI[ R "$#�%ZY$84"$*,'T-�5>0 NE5�5/')(>*Z24# NE5/'G24#6"v�L�L�i\/"v#L�L� U * %$')Y$5>0 �\'L2 =t2&7 R "$:<')5A@'� NE8	�EY NE= R -A@
���)"$#$2 R #S@�NE#�%67 R 7 2?'i �@ R (G'):<')# ->0 NE848 R 7 ')(A@ ->"�.10 NV-¥�G[cNE( R (¥��5># N �R��2~[\')8�2£�G* R #$=,5>0�' Y$84"$*,'T-G5>0 NE5
0 NT:<'
# R . R #a5>24#Q" NE5>2 R # 5 R 5>0�'I8 R 7 ')(H*WNE#a5>8?' 7 NV- �h.T')8ONE#�% @|N [cNV.)5H5>0 NE5GY$( R %C"�.T'T% - R *,'I5>"$(>P$"$8?')#�.T'
24#b5>0�' %C2?-/.)"�-1->2 R # ->"$(>( R "$#�%C24#$=,5>0�' R (>24=624# NE#�%&'E
C2?->5/')#�.T' R [ 5>0�'��w.T')8ONE#�%bY$84"$*,'H�\-/'T' � 0 NEY$5/')( �T E2

�w5X->0 R "$8?% P|' # R 5/'T% 5>0 NE5 NEY NE(>5 [\( R * 5>0�'
24#a5>( R %C"�.)5>2 R # R [:­�#$245/'E�c[\(/' BQ"�')#�.Qr 5 R * R =6(1NEY$0�r<@B5 7 R
R 5>0�')(M*WNW> R (M%C2 ] ')(/')#�.T'T-M5 R Y$(/'): 2 R "�-�5 R * R =6(1NEY$0�r ->5>"�%C2?'T-M'E
 2?->5$2©3924(/->5A@+.ANE(/' 7 NV-M51N U ')# 7 245>0
5>0�',5>24*Z24#$=J24#C[ R (>*WNE5>2 R #v26� 0�',5>24*Z24#$=JP$"$= 24# 5>0�'W- R [\5 7 NE(/' R [+5>0�' �H" NE#Q5/')(>(1NJ%�NE51Nb8 R =6=<')( "�-/'T%
NE5 *WNE#Tr =68 R P NE8 #�')5 7 R ( U -
0 NV- P�'T')# . R (>(/'T.)5/'T% @�NE#�% %�NE51N 7 0�')(/',5>0�')(/' 7 NV-
% R "$P$5 NV- 5 R 7 ')5>0�')(
5>0�' 'E
 5/')(># NE8 5>24*Z24#$=M-sra#�.10$( R #$24KLNE5>2 R # 7 R ( U 'T% @ 7 NV-H(/')* R :<'T%¢2!5 'T. R #�% @SN,#�' 7 @ NV%�NEY$5/'T% 24(>(/')=6"$8ONE(
Y NE(1NE*,')5/')(>24KLNE5>2 R # 7 NV- "�-/'T%b5 R =<')5>0�')( 7 245>0JNW%$')Y$5>0J%$')Y�')#�%$')#Q5 =6(>2?% -/Y NV.)24#$= R [ NEP R "$5��L�L� U * 24#

��"



5>0�',"$Y$Y�')(ZNE#�%wnL�L� U * 24# 5>0�',8 R 7 ')( *WNE#Q5>8?'L2 �y�v�vh$} �D*jf�~ }¦�`Y|')(/- R # NE8 . R *Z*
"$#$2?.ANE5>2 R #/ �@ R #�'
R [ 5>0�'WNE"$5>0 R (/- R [ 5>0�',->5>"�%�r<@9NE5>5>(>24P$"$5/'T- R #$8mr NEP R "$5 0 NE8~[ R [ 5>0�',24*ZY$( R :<')*,')#Q5/- R [ 5>0�',->5>"�%�r 5 R
5>0�' ­�#$245/'E�c[`(/' Ba"�')#�.QrM5/'T./0$#$2�Ba"�'6@ 7 0$248?'XNEP R "$5 R #�'H[ R "$(>5>0b2?- %C"�' 5 R Y NE(1NE*,')5/')(>24KLNE5>2 R #S@|NE#�%M5>24*Z24#$=
')(>( R (+(/')* R :VNE8o@ (/'T->Y|'T.)5>24:<')8mr&2

� R (/' R :<')(A@ 5>0�' 8 R #$=C�oY|')(>2 R %b%�NE51NZ-/')5 2?-;"�-/'T%�5 R =<')5>0�')( 7 245>0 N ->0 R (>5[�oY|')(>2 R %b%�NE51N -/')5A@ 7 0$2?.10&2?-
24#Q:<')(>5/'T% "�->24#$=W.)8ONV-1->2?.ANE8B(1N$rb5>0�' R (sr&2ª� 0a"�-A@�24# 5>0�' (/'T->"$845/-G5>0�'X[\"$848B' ] 'T.)5/- R [�5>0�'�­�#$245/'E�c[\(/' BQ"�')#�.Qr
5/'T./0$#$2�Ba"�'Z*WN$rJ# R 5XP�' :<')(srJ% R *Z24# NE#a5 �95>0�',NE"$5>0 R (/-I-1N$r 24# 5>0�'Z->"$Y$Y$8?')*,')#a51NE(sr R #$8424#�'Z*WNE5/')(>2ONE8
5>0 NE5 "�->24#$= R #$8mr 5>0�'W8 R #$=C�oY|')(>2 R % %�NE51N -/')5 7 245>0 ­�#$245/'E�c[\(/' BQ"�')#�.Qr 5>0�' R (sr 7 R "$8?% Y$( R %C"�.T' 0$24=60�')(
NE# R *WNE842?'T- P�r�NV- *
"�./0&NV-JoL� � NE#�%W5>0 NE5;NE848�24*WNE=<'T%�-/5>(>"�.)5>"$(/'T- NE8?- R ->0 R 7 "$Y 24#�5>0�'H-/0 R (>5[�oY|')(>2 R %
%�NE51NV-/')5 NE8 R #�'6@ R #$8mr 7 'AN U ')($2:� 0$2?- 2?- N ->24=6#W5>0 NE5 .ANE(/'�[\"$8�%�NE51NI-/')8?'T.)5>2 R #MNE#�%W5>24*Z24#$=
. R #a5>( R 8|*Z24=60a5
P�'WNV- 24*ZY R (>51NE#Q5 NV-�­�#$245/'E�c[\(/' BQ"�')#�.Qr ' ] 'T.)5/-A@FP$"$5
NE8?- R 24#�%C2?.ANE5/'T-
5>0 NE5 [ R ( R P$51NE24#$24#$= 5>0�' . R (>(/'T.)5
NE*ZY$84245>"�%$'T- R [ 5>0�' Y�')(>5>"$(>P NE5>2 R #�- 5>0�'4­�#$245/'E�c[\(/' Ba"�')#�.QrJNV->Y�'T.)5 R [ 7 NT:<'T- *Z24=60a5X0 NT:<' 5 R P|'
51N U ')#
24#Q5 R NV.T. R "$#Q5$2

Z R 7 '):<')(A@$5>0$2?-£­�(/->5 NEY$Y$( R NV.10&5 R 24#�. R (>Y R (1NE5/'�­�#$245/'E�c[\(/' BQ"�')#�.Qr U ')(>#�')8?- 24#M5 R * R =6(1NEY$0�rM->5>"�%C2?'T-
->0 R 7 'T% 5>0 NE5 N�->0 NE(>Y|')( NE#�%J* R (/' Y$( R # R "$#�.T'T% 24*WNE=<' R [ Y$84"$*,'T-X.ANE# P�' R P$51NE24#�'T%¢2D� R %�NE5/'6@ # R
R 5>0�')( =68 R P NE8 -/5>"�%�rb"�->24#$= 5>0�'
5/'T./0$#$2�Ba"�' 0 NV-HP|'T')# .ANE(>(>2?'T% R "$5$2 �Y�v1v.eU �¥IC�m�jk��L�L���Cp NEY$Y$842?'T% 5>0�'
*,')5>0 R % R #,(/')=62 R # NE8|5 R * R =6(1NEY$0�r,%�NE51N [ R (�5>0�'¥�h.T')8ONE#�%,Y$84"$*,'4�\-1'T' � 0 NEY$5/')( �T �NE#�%�NE5�5>0�';5>24*,' R [
7 (>245>24#$=W5>0�' 5>0�'T->2?-+(/')Y R (>5/- R # -/24*Z248ONE(G->5>"�%C2?'T-;[ R (+5>0�'!�9NE#$KLNE#$2ON NE# R *WNE8mr NE#�%&5>0�'!�GK R (/'T-GY$84"$*,'
NE(/'X=624:<')# NE5;5>0�'4���{¤ � 0 NEY$*WNE# � R #C[\')(/')#�.T'L2
� .�� 	��(
O��4 ./�O6
�(�OR  �,	����P>5. �������"	�� 	��  �  � 	  �  � ./��>@���(
 . �����54 	��
�G[`5/')( 0 NA:a24#$= %C2?-/.)"�-/-1'T% 5 R * R =6(1NEY$0$2?.�5/'T./0$#$2�Ba"�'T- NE#�% 5>0�')24(I8424*Z2451NE5>2 R #�- 7 'W51N U ' N&.)(>245>2?.ANE8 8 RaRVU
NE5&0 R 7 5 R * R =6(1NEY$0$2?. (/'T->"$845/- NE(/' Y$(/'T-/')#Q5/'T% 24# Y$"$P$842?.ANE5>2 R #�-$2�� ->Y|'T.)2ONE848mr . R #�.T')(>#$24#$= Y$84"$*,'T-A@
7 'JNE(/'&. R #C[\( R #Q5/'T% 7 245>0 NEP�- R 84"$5/'&->51NE5/')*,')#a5/-W24# 5>0�'b5>245>8?'T- R [X5 R * R =6(1NEY$0�r Y NEY|')(/-A@ 'L2 =t24@¨<�� 0�'
-/')2?->*Z2?. NE# R *WNE8mrMP�')#�'ANE5>0 �h.T')8ONE#�%b'E
 5/')#�%$-H% R 7 #&5 R 5>0�'X*WNE#a5>8?'X5>(1NE#�->245>2 R #&K R #�'
NE#�%M# R %$'T')Y|')(�g
���:*j�vf�.�~t,=UQ� IL�m�£k��L�L�L�Wpq R (�<�� R * R =6(1NEY$0$2?.�'):a2?%$')#�.T',[ R (INM# NE(>( R 7 7 0 R 8?'W*WNE#Q5>8?',Y$84"$*,'WP|')8 R 7
�h.T')8ONE#�%Mg���B{d�� ��0v0-,¢�¬0j1v� ��� 0 ���J0j1 km"$#L#L#Wpq E2�� 0�'T-/'D\ 5 R 51NE848mr . R #Q5>(1NV%C2?.)5 R (sr�\ ->51NE5/')*,')#a5/-I% R
# R 5 (/'T->"$845 [\( R * N *WNW> R ( 24*ZY$( R :<')*,')#Q5 24# 5 R * R =6(1NEY$0$2?.b5/'T./0$#$2�Ba"�'T-Y\ 5>0�'MY NEY|')(/-,NEY$Y�'ANE(/'T% 24#
5 7 R ->"�.T.T'T-/->24:<'Hr<'ANE(/-$2�� 0$2?- 8?'ANV%$- 5 R . R #C[`"�-/2 R # R [H5>0�'��`# R #��t-/Y|'T.)2ONE842?->5P I(/'ANV%$')(A@ "$#$8?'T-/- 0�' :<')(sr
.ANE(/'�[\"$848mr NE#�% .)(>245>2?.ANE848mr ->5>"�%C2?'T-X5>0�' Y$"$P$842?.ANE5>2 R #�-$2 � R #�.T')(>#$24#$=&5>0�' 5 7 R Y NEY�')(/-ª>h"�->5 *,')#a5>2 R #�'T% @
7 ' 7 24848�-/'T'G24# � 0 NEY$5/')( � 5>0 NE5 5>0�'H. R #�.)84"�->2 R #�- R [ - R *,'+->5>"�%C2?'T- NE(/'+# R 5 7 ')848�[ R "$#�%$'T%¢2`7 "$5 0 R 7 2?-
245GY R -/->24P$8?'
NE#�% 7 0 NE5 NE(/'I5>0�' (/'ANV- R #�-G5>0 NE5 N,Y NEY|')( .ANE# .)8ONE24*�NZ5 R * R =6(1NEY$0$2?.4­�#�%C24#$=MNE#�% ->0 R 7
245;24# N . R #a:a24#�.)24#$= 7 N r<@ 7 0$248?'X5>0�'X#�'E
C5 R #�' ->51NE5/'T-;5>0�' R Y$Y R ->245/' �

�HY NE(>5+[\( R * %C2 ] ')(/')#�.T'T-H24# 5>0�'I./0 R 2?.T' R [�5>0�' (/')=6"$8ONE(>24KLNE5>2 R #X� �4,V0 � � ~t,�}�km"$#L# � pq �@�NV-HNE84(/'ANV%�r
*,')#Q5>2 R #�'T% @C5>0�'H=6(1NEY$0$2?.ANE8�Y$(/'T-/')#Q51NE5>2 R #S@C2�2 'L24@ 5>0�'G5 R * R =6(1NEY$0$2?. l��xIGm�U �H5>0�')*,-/')84:<'T-;NE(/' - R *,' 7 0 NE5
Y$( R P$8?')*WNE5>2?.6@ P�'T.ANE"�-/'Z5>0�'Qr 8?'ANT:<' 5>0�',24#a5/')(>Y$(/')51NE5>2 R # 5 R 5>0�',24#�%C24: 2?%C" NE8 (/'ANV%$')( R [;5>0�' ->5>"�%�r&2H�
:6NE(>2?')5�r R [F=6(1NEY$0$2?.ANE8B[\'ANE5>"$(/'T- R [\5/')#b"�-/'T%&NE#�%b5>0�' "�-1' R [ %C2 ] ')(/')#Q5G. R 8 R (/-1.ANE8?'T-+24#$0$24P$245HN
[oNE245+. R *��
Y NE(>2?- R # R [ 5>0�' %C2 ] ')(/')#Q5M->5>"�%C2?'T-$2¬�G# 'ANE(>8mr �`2�2 'L24@;5 RaR 'ANE(>8mr  ,-1NE5>"$(1NE5>2 R # R [X5>0�' . R 8 R (/-/.ANE8?'@�\.�[s2
B{d�� ��0v0-,¢��0-1v� ��� 0 ���¥0-1 km"$#L#L#Wpq H5>(1NE#�-/8ONE5/'T- NWP$( R NV% (1NE#$=<' R [ :VNE84"�'T- 5 R 5>0�'Z. R 8 R ( (/')Y$(/'T-/')#a5[�
24#$=J5>0�',*WNW
C24*I"$*&@�5>0a"�-
8?'ANV%C24#$=J5 R N&->0 NE(>Y 24*ZY$(/'T-/->24:<' 24*WNE=<'W5>0 NE5 - R *,')5>24*,'T- 24=6# R (/'T- ->5>( R #$=
(/')8ONE5>24:<' :6NE(>2ONE5>2 R #�-$2!7ªrJNV%R>^"�->5>24#$=M5>0�' 8?'):<')8 R [ -1NE5>"$(1NE5>2 R #S@S-/'):<')(1NE8�%C2 ] ')(/')#Q5X24*ZY$(/'T-/-/2 R #�-X.ANE#JP�'
=<')#�')(1NE5/'T% @9%$')Y|')#�%C24#$= R # 5>0�',24#Q5/')#Q5>2 R # R [ 5>0�',NE"$5>0 R ($2]�G8?- R 0$24=60$8mrJ# R #$8424#�'ANE(I. R 8 R (/-/.ANE8?'T-A�\'L2 =t2
� dg}�}¢~t, UQ�!IL�m�ªk��L�L��"Epq NE#�% 2?- R ->"$(^[oNV.T',P R %C2?'T- 7 245>0 ->Y|'T.)2�­ . ./0 R 2?.T' R [G5>0�' 2?- R :6NE84"�'MNE(/'W"�-/'T% 5 R
Y$( R # R "$#�.T'H�\%$'T-/24(/'T% �W ->5>(>"�.)5>"$(/'T-i2:� 0�'T-/'X5/'T.10$#$2�BQ"�'T-A@�0 R 7 '):<')(A@|NE848 (/')Y$(/'T-/')#Q5HY$(/'E�o24#Q5/')(>Y$(/')51NE5>2 R #�-
R [ 5>0�' %�NE51N��cNE#�% R [`5/')# '):<')# (/'T%C"�.T'T- 5>0�' 24#C[ R (>*WNE5>2 R # . R #a5/')#Q5 R [ 5>0�' %�NE51N %C2?-/Y$8ON r<'T%� NE#�%JY$(/'E�
:<')#Q5/-G5>0�' (/'ANV%$')(;[\( R * NE# R P�>^'T.)5>24:<' . R *ZY NE(>2?- R # R [ %C2 ] ')(/')#Q5H->5>"�%C2?'T-$2:�H#M248484"�->5>(1NE5>24:<'I'E
�NE*ZY$8?' 2?-

�L�



=624:<')#,PTr �:*j�vf�.�~t,XUQ�`IC����k��L�L��"Ep�2`� 0�'Qr . R *ZY NE(/'H%C2 ] ')(/')#a5 5 R * R =6(1NEY$0$2?.H24*WNE=<'T- R [¢�w.T')8ONE#�%¢2 � #$8mr
24#M5 7 R .ANV-/'T-!�`5>0�')24( R 7 # ->5>"�%�r�NE#�%M5>0�' ­�(/->5;5 R * R =6(1NEY$0$2?. -/5>"�%�rWP�r �4, �j.�. �&0-hi*j1 UQ�ªIC�m�vkm"$# � �Wpq 
5>0�'Qr 7 ')(/'INEP$8?' 5 R =<')5+5>0�' R (>24=624# NE8F%�NE51NZNE#�%b5>0Q"�-;5 R "�-1' 5>0�'X-1NE*,'X. R 8 R ([�t-/.ANE8424#$=t2¨� 0$2?-+24#�%C2?.ANE5/'T-
5>0 NE5X5>0�'6�\. R *ZY�')5>24#$=T NE"$5>0 R (/- R [ %C2 ] ')(/')#a5 5 R * R =6(1NEY$0$2?.W->5>"�%C2?'T- *WN rJ# R 5 7 2?->0 5 R NE848 R 7 [ R (INE#
R P�>>'T.)5>24:<' . R *ZY NE(>2?- R # NE#�%W5>0 NE5 5>0�' =6(1NEY$0$2?.ANE8�Y$(/'E�o24#Q5/')(>Y$(/')51NE5>2 R # R [F5>0�' %�NE51NI2?- 24#Q5/')#a5>2 R # NE8£�cNE#�%
5>0Q"�-L@$24# N 7 N$r<@�"$#�-/.)2?')#a5>2�­ .i E2

�w5 7 R "$8?%�NE8?- R P|'G"�-/'�[\"$8 5 R 24#�.)84"�%$'G(/'T- R 84"$5>2 R #�24#C[ R (>*WNE5>2 R # 24#�5>0�'+=68 R P NE8|5 R * R =6(1NEY$0�r 24*WNE=<'T-A@
'L2 =t24@�PTr&NZ. R %C24#$= R [�-�NE5>"$(1NE5>2 R # :6NE84"�'T-A@�->"�.10 5>0 NE5GP�'T->5;(/'T- R 84:<'T%JNE# R *WNE842?'T- 7 R "$8?% NEY$Y�'ANE(G24#b[\"$848
-1NE5>"$(1NE5/'T% . R 8 R (/-A@ 7 0$248?'M->Y R 5/- 7 245>0 # RJR ( 84245>5>8?' (/'T- R 84"$5>2 R # NE(/'�->0 R 7 # 24# 7 0$245/' R ( Y NE8?'�. R 8 R (/-A@
(/'T->Y�'T.)5>24:<')8mr �`5>0�')(/'�[ R (/'6@ 7 0$245/' ->0 R "$8?%,# R 5 P|';Y NE(>5 R [S->"�./0bNX. R 8 R (/-/.ANE8?'i E2:� 0$2?- 7 R "$8?% Y$(/'):<')#Q5 5>0�'
(/'ANV%$')(X[\( R * R :<')(>24#a5/')(>Y$(/')5>24#$=JY NE(>5/- R [ 5>0�' (/'T-/"$845/- 7 245>0 24#�->" �W.)2?')#a5I(/'T- R 84"$5>2 R # NE#�% 7 R "$8?% P�',N
*I"�.10 * R (/'X0 R #�'T-/5+Y$(/'T-/')#Q51NE5>2 R # R [95>0�'I%�NE51N�2

� 0�' "�-1NE=<' R [HNE845/')(># NE5>24:<'M%C2?->Y$8ON$r 5/'T./0$#$2�Ba"�'T-A@�->"�.10 NV-
2?- R 8424#�' *WNEY�-A@�NE8?- R ->"$Y$Y$(/'T-1-/'T-I24#C[ R ([�
*WNE5>2 R #v2�� 0�'T-1'&NE8?- R Y$( R : 2?%$'&- R *,'b[`(/'T'T% R * [ R (ZY$(/'E�o24#Q5/')(>Y$(/')51NE5>2 R #S@G'L2 =t24@ 24# 5>0�' ./0 R 2?.T' R [ 5>0�'
2?- R :VNE84"�'E�t->5/')Y�- "�-1'T%¢2 � -1NV% 'E
�NE*ZY$8?'�NE=QNE24# 2?- B�d�� � 0v0j,¢�©0-1v� ��� 0 � �¥0-1©km"$#L#L#Wp 7 0 R ->0 R 7 N
��2��Lo � 2?- R 8424#�' 5 R 0�')84YM5>0�' (/'ANV%$')(/-;'Qr<'H5 R -1'T' NIY$84"$*,'�\,N
:6NE84"�'G5>0 NE5 2?- "�->" NE848mrW. R #�->2?%$')(/'T%MP�')24#$=
<t# R 2?-/'jg 24#&5 R * R =6(1NEY$0�r&-/5>"�%C2?'T-$2

� 0$2?-;P�')0 NT: 2 R ( R [ 5 R * R =6(1NEY$0�rb-/.)2?')#Q5>2?-/5/- 7 24848 Y$( R P NEP$8mrMY$(/'):<')#Q5+5>0�'X'T->51NEP$842?-/0$*,')#Q5 R [�N ->51NE#��
%�NE(/%C24KA'T% NE#�% 5>0Q"�-,. R *ZY NE(1NEP$8?' 7 N$r R [X%C2?->Y$8ON$ra24#$= 5 R * R =6(1NEY$0$2?. %�NE51N�2��w5 7 R "$8?% 5>0�')(/'�[ R (/'bP�'
%$'T->24(1NEP$8?'G5>0 NE5 5>0�' R (>24=624# NE8�%�NE51N R [BNE848|->5>"�%C2?'T- NE(/'H% R 7 #$8 R NV%�NEP$8?' 5 R ')# NEP$8?'G(/'T-/'ANE(/./0�')(/- 'E
CY$8 R (>24#$=
NE#�%&. R *ZY NE(>24#$= 5>0�'X%�NE51N�2

� Y$( R *Z2?->24#$= 24#$245>2ONE5>24:<' 2?-b5>0�'�<��H'�[\')(/')#�.T' � NE(>5>0¦� R %$')8�g��c���:�� Y$( R >>'T.)5 . R R (/%C24# NE5/'T% P�r
��0-h �-~�� � �&dq~ �]*-1vh �-d]0-1v� (w0-h$}¢~t,¢h��\-/'T' ��������� ����
�� �!� ���!��� �&�	����� �����������������  E2=�t5�5>(>2?'T-b5 R
. R R (/%C24# NE5/'WNE#�% 24#Q5/')=6(1NE5/'W5>0�',' ]�R (>5/- R [ =68 R P NE8�5 R * R =6(1NEY$0�')(/-I5 R 7 NE(/%$- N�� 
 � NE(>5>0 * R %$')8�5>0 NE5
.ANE# P�'&"�-1'T% NV-MN (/'�[c')(/')#�.T'L2 �H-W[ R (W. R #�->5>(>"�.)5>24#$= 5>0�' ;:� �:� @ 245 2?-,Y$8ONE#$#�'T% 5 R NE8?- R 24#�.)84"�%$'
24#C[ R (>*WNE5>2 R # 24#�%$')Y�')#�%$')#Q5 [`( R *�-/')2?-/* R 8 R =Lr<@ -/"�./0 NV-,[`( R *�*Z24#�')(1NE8GY$0�rC->2?.T-A@ =<' R .10�')*Z2?->5>(sr NE#�%
=<' R %�ra# NE*Z2?.T-A@ 5 R R P$51NE24# NJ. R #�->2?->5/')#Q5W* R %$')8�2@Z R 7 '):<')(A@ NV.T. R (/%C24#$= 5 R ��0-h �-~ k��L�L�LoWpHNE8?- R 5>0$2?-
NE5>5/')*ZY$5H-/" ] ')(/- [\( R * *Z2?-/->24#$= 7 24848B5 R ->0 NE(/' %�NE51N�2

�w# ->"$*Z*WNE(sr<@G-/')2?->*Z2?. 5 R * R =6(1NEY$0�r 2?-�.)"$(>(/')#Q5>8mr 5>0�' R #$8mr *,'ANE#�- [ R (W=68 R P NE848mr 24*WNE=624#$= 5>0�'
� NE(>5>0HG -I24#Q5/')(>2 R (ZNE#�% 'T->Y�'T.)2ONE848mr 5>0�'Z*WNE#a5>8?'L2H�w5X2?-
N�Y R 7 ')(^[`"$8 5 RaR 8o@B0 R 7 '):<')(A@F(/'T-/"$845/-I->0 R "$8?% P�'
5>(/'ANE5/'T% .ANE(/'�[\"$848mr NE#�% ->0 R "$8?% # R 5 P|' R :<')(>24#Q5/')(>Y$(/')5/'T% @ U 'T')Y$24#$= 24# *Z24#�% 5>0�'W(/'T- R 84"$5>2 R #S@F5>0�',(/'E�
->5>(>2?.)5>2 R #�-,NE#�% NV-/->"$*ZY$5>2 R #�- R [G5>0$2?- *,')5>0 R %¢2�� 0�'M%$'):<')8 R Y$*,')#Q5 R [¥­�#$245/'E�c[\(/' Ba"�')#�.Qr 5>0�' R (sr [ R (
5 R * R =6(1NEY$0�r<@FNV- 7 ')848�NV-H5>0�'
=6( R 7 24#$=b=68 R P NE8 %�NE51NV-/')5 5>0 NE5H24#�.)84"�%$'T- %�NE51NW[`( R * R .T'ANE#��oP R 5>5 R *�24#��
->5>(>"$*,')#a5/-Z(1NE2?-/'T- 0 R Y�' 5>0 NE5ZP�')5>5/')(WNE#�% * R (/'b%$')51NE248?'T% 24*WNE=<'T- R [H5>0�'�*WNE#a5>8?' 7 24848 P|'�Y R -/->24P$8?'
24# 5>0�'W#�'E
 5!r<'ANE(/-i2A��:<')#Q5>" NE848mr<@9[\"$848�� 7 NT:<'E­ ')8?% 24#a:<')(/->2 R # PTr NV%R> R 24#a5[�o*,')5>0 R %$- R (�<t5>24*,'E�o(/'):<')(/-�NE8��
24*WNE=624#$=Ng6�\'L2 =t2 �4,�*�� � U ��IC���`k��L�L�LoWpq 7 24848�P�'T. R *,'Z->51NE#�%�NE(/% *,')5>0 R %$- [ R ( 5 R * R =6(1NEY$0�r R #�' %�N r
NE#�%&. R "$8?%b(/')Y$(/'T-1')#Q5G5>0�' #�'E
C5+8ONE(>=<' -/5/')Yb5 R 7 NE(/%$- N P�')5>5/')(+"$#�%$')(/->51NE#�%C24#$= R [`� NE(>5>0HG -G24#Q5/')(>2 R ($2

h_i��|i	� 
+p�k�m}t	n.m � n'z {Tw6{ � ��
Oq_w`p:m 
�kxr � �5yEm}n

�HY NE(>5 [`( R * 5 R * R =6(1NEY$0$2?.&*,')5>0 R %$-Z-/')2?->* R 8 R =62?-/5/-Z"�-/' R 5>0�')(Z5/'T./0$#$2�Ba"�'T-,5 R R P$51NE24# 24#C[ R (>*WNE5>2 R #
NEP R "$5+5>0�'X*WNE#Q5>8?'6@ 5>0�'X* R ->5+24*ZY R (>51NE#Q5 R [ 7 0$2?./0JNE(/' Y$(/'T-/')#Q5/'T% P$(>2?'E§tr�24# 5>0�' [ R 848 R 7 24#$=�@$[ R (;5>0�'
-1N U ' R [ . R *ZY$8?')5/')#�'T-1-$2!� ' ->51NE(>5 7 245>0 5 7 R 5/'T./0$#$2�Ba"�'T- [ R (H*WNEY$Y$24#$= 5>0�'
24#�§�"�')#�.T' R [ Y$84"$*,'T- R #
-/')2?->*Z2?.X%C2?-1. R #Q5>24#Q"$245>2?'T-i2

� # 5>0�')24( 7 N r 5 R 5>0�',"$Y$Y|')( *WNE#a5>8?'ZY$84"$*,'T-X[\( R * 5>0�'Z8 R 7 ')(>* R ->5
*WNE#Q5>8?'W0 NT:<',5 R .)( R -1-X5 7 R

�L�



Y$(>24*WNE(sr %C2?-/. R #a5>24#Q"$245>2?'T-ZNE5DnLnL�&NE#�% �t"$� U * %$')Y$5>0 5>0 NE5IP$24#�% 5>0�'W5>(1NE#�->245>2 R # K R #�'L2 
 "�',5 R 5>0�'
[oNV.)5
5>0 NE5 Y$84"$*,'T-ZNE(/'W0 R 5>5/')( 5>0 NE# 5>0�' ->"$(>( R "$#�%C24#$= *WNE#a5>8?' 5>0�' 5>(1NE#�->245>2 R # K R #�'6@�NE#�% 5>0Q"�- 5>0�'
-/')2?->*Z2?.ANE848mr
%$')5/'T.)51NEP$8?' %C2?-1. R #Q5>24#Q"$245>2?'T- NE(/' %$'E§ 'T.)5/'T% "$Y 7 NE(/%$- R ( % R 7 # 7 NE(/%$- ->24#�.T' 5>0�' � 8ONEY|'Qr ( R #��
->8 R Y�' R [95>0�'I%C2?-/. R #Q5>24#a"$245�r&2?-;Y R ->245>24:<'x��nLnL�& R (G#�')=QNE5>24:<']� �t"$�& �@$(/'T->Y�'T.)5>24:<')8mr&2

� 0a"�-A@�5>0�'M*WNEY$Y$24#$= R [ %$')Y$5>0�- R [H5>0�'T-/'M%C2?-/. R #a5>24#Q"$245>2?'T- Y$( R : 2?%$'T-WN *,'ANE#�- [ R ( %$')5/'T.)5>2 R # R [
Y$84"$*,'M. R #�%C"$245/- 24# 5>0�' *Z2?%'�o*WNE#Q5>8?'6@ 7 0$2?./0 NE(/'W5 R * R =6(1NEY$0$2?.ANE848mr %C2 �W.)"$845 5 R 24*WNE=<' P�'T.ANE"�-/' R [
5>0�')24( -/*WNE848�%C2ONE*,')5/')(/-$2`�w#�NV%$%C245>2 R #S@a5>0�'HNV%C:6NE#Q51NE=<' R "�- [oNV.)5�5>0 NE5 5>0�'H%$')Y$5>0�%$'): 2ONE5>2 R #�- R [�5>0�'G5 7 R
%C2?-/. R #a5>24#Q"$245>2?'T-I.ANE"�-1'T% P�r Y$84"$*,'T- 0 NT:<',NE# R Y$Y R -/245/' -/24=6#X�`"$Y$842~[\5 R [ 5>0�'xnLnL�W�1@ %$')Y$(/'T-/-/2 R # R [ 5>0�'
�t"$�W�t%C2?-/. R #a5>24#Q"$245�rt G8?'ANV%$-;5 R N 0$24=60&(/')8?'):6NE#�.T' R [ 5>(1NE#�->245>2 R #��oK R #�'
5>0$24#$#$24#$=W->5>"�%C2?'T-$2

�w5 ->0 R "$8?% P�'Z->51NE5/'T% 0�')(/' 5>0 NE5 (/'T.T')#a5I->5>"�%C2?'T- ->"$=6=<'T-/5 5>0 NE5X5>0�'ZY$0 NV-/' 5>(1NE#�->245>2 R #�-I24# =QNE(>#�')5
NE#�% 2484*,')#$245/'Z0 NA:<'WNE# 24*ZY R (>51NE#a5 24#�§�"�')#�.T' R # 5>0�' 5>(1NE#�->245>2 R # K R #�'Z%C2?-/. R #Q5>24#a"$245>2?'T- NV- 7 ')848��\'L2 =t2
��~t�vhWh�0j1v�6b©*-*j�?|v*j�vhW~�k��L�L��"Epq �@ 7 0$2?./0 *Z24=60a59.10 NE#$=<' 5>0�' Y$(/'T%C2?.)5/'T% P|')0 NA:a2 R ( R [�5>0�' 5>(1NE#�->245>2 R #
K R #�'�%C2?-/. R #Q5>24#a"$245>2?'T-$2�Z R 7 '):<')(A@�.)"$(>(/')#a5>8mr * R ->5 ->5>"�%C2?'T-ZNV-/->"$*,'W5>0�' .)8ONV-1->2?.ANE8 * R %$')8 [ R ( Y$0 NV-/'
5>(1NE#�->245>2 R #�-$2

� �0
O�#� 6"�0. � �5�

O	��  �
�
�H* R #$= R 5>0�')(/-��\-/'T'{<tY$(/'T.)"$(/- R (H5/'T.10$#$2�BQ"�'T-�g
P|')8 R 7  �@ R #�'
5/'T./0$#$2�Ba"�'I[ R (H5>0�'I51NV- UbR [�*WNEY$Y$24#$=�5>0�'
%$')Y$5>0 R [ %C2?-/. R #Q5>24#a"$245>2?'T- 0 NV-B5>"$(>#�'T% R "$5F5 R P|' 'T->Y�'T.)2ONE848mrX"�-/'�[`"$8�2-�t5F2?-F.ANE848?'T%
5>0�'�(/'T.T')24:<')(F[\"$#�.)5>2 R #�-
*,')5>0 R %JNE#�% 51N U 'T- NV%C:6NE#Q51NE=<' R [�5>0�' [cNV.)5 5>0 NE5 NE5 '):<')(sr&%C2?-/. R #Q5>24#a"$245�r . R *ZY$(/'T-/->2 R # NE8 7 NA:<'T-y�c;£ 
NE(/' . R #a:<')(>5/'T%&5 R :<')(>5>2?.ANE8F-/0�'ANE( 7 NT:<'T-���5T^! ��cNE#�%M:a2?.T' :<')(/-1N& E2

PP

P

P

P660s

410 km

660 km

P410s

� l�mLKIi�U��&���9� �E�� D,.)*"*�(���� I�Q���-�?)*��)C�$)*�1�(2B��� �3�g3 ��,.)C�[���7����)+%�
0
�)*" ��2[�/ D����)+J��1���$�� @���< D%'�6����)C�B� ��"(2B�< OF
����)-��" �/ I�(�6������ QV'�� �)/R/�  ��$��2B�< OF � �g3 �:,.)C� 	1�����<��JB�<�< �)C���X�/"�)-��" �/ I�(2B�6�(�?)$Jl�.� �3�g35�:,.)C� �/ �JQ�$�� @,.)*"��?)$J
�?�-%�
DF0���< OF ���/�g3 �:,.)C� 	�J��.�(��)$J-�<�< �)C��� ��� 	�	 e �/ �J�� c:e =92 J0) 
5��� R �E��2W
@�<������������ I�x��%�� ���.�52[%'�6��� 
@��)C�
��"�"�)*Z�)$�&������ I�U�/"�)-��2B�6�(�?)$JDR

� 245>0
5>0$(/'T'E�t. R *ZY R #�')#Q5�-1')2?->* R =6(1NE*,-95>0�' . R *ZY R #�')#Q5�NW
$'T-ª�`"�->" NE848mr � R (>5>0S@L� NV-/5 NE#�%
:<')(>5>2?.ANE8g 
.ANE#,P�' ( R 51NE5/'T%,5 R 5>0�'ª<t(1N$rZ-sr -/5/')* g ->"�.10,5>0 NE5�5>0�'+%C2 ] ')(/')#Q5 7 NA:<'+5�r Y�'T-�-/')Y NE(1NE5/'GNE#�%WNE(/'+2?- R 8ONE5/'T%
R # R #�' . R *ZY R #�')#a5$2=�t[
5>0�' . R *ZY R #�')#Q5 .ANE(>(sr 24#$= 5>0�' 5T^�� 7 NT:<' 2?-b%$'T. R #a: R 84:<'T% 7 245>0 5>0�' R #�'
.ANE(>(sr 24#$=b5>0�'y;�� 7 NA:<'6@ R #�' R P$51NE24#�-X5>0�'Z- R �t.ANE848?'T% <t(/'T.T')24:<')( [\"$#�.)5>2 R # g1@FN�-/')2?-/* R =6(1NE* 7 245>0 ->Y$2 U 'T-
NE5M5>24*,'T- 7 0�')(/' 5>0�')(/' 2?-&N . R (>(/')8ONE5>2 R # P�')5 7 'T')# 5>0�'J. R #a:<')(>5/'T% 7 NA:<' NE#�% 5>0�'�;�� 7 NA:<'L2a� 0$2?-
%$'T. R #Q: R 84"$5>2 R #J(/')* R :<'T-G5>0�'X- R "$(/.T'X5>24*,' [\"$#�.)5>2 R # NE#�%b->0 NE(>Y�')#�-;5>0�'X->24=6# NE5>"$(/' R [ 5>0�'X. R #Q:<')(/-/2 R #
24#b5>24*,'6@�NE#�%H\�=624:<')# N :<')8 R .)245�rM* R %$')8�\W24#&%$')Y$5>0v2

���



�H'T.T')24:<')( [\"$#�.)5>2 R #&->5>"�%C2?'T-;.ANE#MP�'H.ANE(>(>2?'T% R "$5 5 R ->5>"�%�r]� R 0 R @ �t"$�ZNE#�% nLnL� %$')Y$5>0M:6NE(>2ONE5>2 R #�-
7 245>0 R #$8mr R #�'W0$24=60���Ba" NE84245�r ->51NE5>2 R #v2�� 0 NE5 2?- 7 0Tr 5>0$2?- 5/'T./0$#$2�Ba"�' 0 NV- P�'T')# :<')(sr Y R Y$"$8ONE(ZNE#�%
"�-/'T% 'E
 5/')#�->24:<')8mr 24# 5>0�'H#L�V-$265a24#�.T' 245I2?- NEP$8?',5 R -1'T' Nb->24=6# NE5>"$(/' R [GNbY$84"$*,' 24# 5>0�'W5>(1NE#�->245>2 R #
K R #�'6@ 245;. R "$8?% -/')(>:<' 5 R Y$( R :<' NIY$84"$*,':G -;'E
 5/')#�-/2 R # 5 R 5>0�' 8 R 7 ')(;*WNE#a5>8?'L2:3 R ( 5>0$2?- (/'ANV- R #M(/'T.T')24:<')(
[\"$#�.)5>2 R #�-W0 NA:<' P�'T')# "�-/'T% 5 R *WNEY 5>(1NE#�->245>2 R # K R #�' 5>0$2?. U #�'T-/-�P|')#�'ANE5>0 -/'):<')(1NE8G0 R 5/-/Y R 5/-��\'L2 =t24@
B{�v� � ~t. k��L�L�L�Wp NE#�% �y,��v1v~ � 0-fT�eUQ��IC���jk��L�L��"Ep [ R ( 5>0�'Y��2~[\')8o@v�:d�U �¥IC�m�`k��L�L�L�WpF[ R (�Z N 7 NE242o@SNE#�%
�:d UQ�ªIL�m�-k��L�L�L�WpS[ R (G-/'):<')(1NE8 R .T'ANE#&2?->8ONE#�%$-E E2¨� 0�'X(/'T.T')24:<')(G[`"$#�.)5>2 R # -/5>"�%C2?'T- R [ � |v~t1 UQ�ªIL�m�?km"$#L#LnC@
"$#L# � @?�L�L�L�C@v�L�L�L�Wp 51NE(>=<')5>24#$= 5>0�' 5>(1NE#�->245>2 R # K R #�' P�')#�'ANE5>0 5>0�'y��2~[c')8�Y$84"$*,' 7 24848�P|'Z%C2?-1.)"�-/-/'T% 24#
� 0 NEY$5/')( � R #6�h.T')8ONE#�%¢2

3 R ( . R *ZY$8?')5/')#�'T-/-A@ 245G0 NV-+5 R P|' -/51NE5/'T%b5>0 NE5G5>0�'X(/'T.T')24:<')([�c[\"$#�.)5>2 R # 2?-+24*ZY$842?.)245>8mrbP NV-/'T% R #&(1N r
5>0�' R (sr&2`Z R 7 '):<')(A@C* R -/5 NE"$5>0 R (/- 51N U '+5>0�'J­�#$245/' -/')#�->245>24: 245�r R [ 7 NT:<'T-��c3$(/'T->#�')8|K R #�'i 24#a5 R NV.T. R "$#a5$2
� ./�0
0��./�  . ��	�� 8 �(�0�
�H# R 5>0�')(
5/'T.10$#$2�BQ"�' 5 R *WNEY 5>0�'W%$')Y$5>0 R [G-/')2?->*Z2?. %C2?-/. R #Q5>24#a"$245>2?'T- R [+5>0�',5>(1NE#�->245>2 R # K R #�'W2?-I5>0�'
R P�-/')(>:6NE5>2 R # R [ Y$(/'T.)"$(/- R (/-$2y;�(/'T.)"$(/- R (
->5>"�%C2?'T-INE(/' [\(/' BQ"�')#a5>8mrJ.ANE(>(>2?'T% R "$5 5 R 24#Q:<'T->5>24=QNE5/'W8ONE5/')(1NE8
./0 NE#$=<'T-H24# -1')2?->*Z2?.XY$( R Y�')(>5>2?'T- R (H5 R Y R =6(1NEY$0Tr R [�-1')2?->*Z2?.I%C2?-/. R #a5>24#Q"$245>2?'T-y�\'L2 =t2�� h$}L0 �/,/*-* �¬0-1v�
�xdq1v��km"$#L#LnWp�� �ªf&0-1�0¢.-0-1�0-1?� � |v~�0j,¢~t,�km"$#L# � pq E2X;�(/'T.)"$(/- R (/- NE(/'&->24=6# NE8?-,5>0 NE5WNE(>(>24:<'&'ANE(>842?')(
5>0 NE# NW.T')(>51NE24#JY$0 NV-/'6@|24# * R ->5 .ANV-/'T- %C"�'I5 R NZ(/'E§ 'T.)5>2 R # R [�5>0 NE5 Y$0 NV-/'
5>0 NE5 ->0 R (>5/')#�- 245/- NV.)5>" NE8
Y NE5>0v2x;�(/'T.)"$(/- R (/- NE(/' "�-/'T% P|'T.ANE"�-/' 5>0�'Qr NE(/','ANV-�r 5 R 2?%$')#a5>2~[qr<@9. R #Q5>(1NE(sr 5 R <tY R ->5[�t.)"$(/- R (/-�g1@B2�2 'L24@
Y$0 NV-/'T- . R *Z24#$= 8ONE5/')( 5>0 NE# N&->5>( R #$=JY$0 NV-/'MNE#�% 5>0Q"�- P�')24#$= 0$2?%$%$')# 24# 5>0�'�. R %�N�263 R ( 24#�->51NE#�.T'6@
5>0�';(/'T.T')24:<')([�c[\"$#�.)5>2 R #W*,')5>0 R %,%$'T-/.)(>24P�'T%WNEP R :<';"�-/'T-¨;��o5 R ��5Z. R #a:<')(/->2 R #�-A@ 7 0$2?./0,(/'ANV.10W5>0�'+->"$(^[oNV.T'
N [\5/')( 5>0�' *WNE24# ;`�oY$0 NV-/'6@S24# 245/-X. R %�NC@BNE#�%J5>0�')(/'�[ R (/'Z#�'T'T%$-X- R Y$0$2?->5>2?.ANE5/'T% Y$( R .T'T-/->24#$=M5 R (/')5>(>2?'):<'
5>0�'Z. R #Q:<')(>5/'T% Y$0 NV-/'L2�;�(/'T.)"$(/- R ( Y$0 NV-1'T- R [`5/')# "�-1'T% NE(/'y;:;�� R (D5 5��oY$(/'T.)"$(/- R (/-i2�� 0$248?'Z5>0�'y;¨;��
Y$0 NV-/' 2?- 5>0�' "$#�%$')(/->2?%$' (/'E§ 'T.)5>2 R # RE] 5>0�' ->"$(^[cNV.T'6@CY NE(>5 R [F5>0�'�;�� 7 NA:<'X2?-+NE84(/'ANV%�r (/'E§ 'T.)5/'T% RE] � R (
. R #Q:<')(>5/'T%&5 R Ny5�� 7 NT:<'INE5P N %$'T')Y|')(;%C2?-/. R #a5>24#Q"$245�rbNE#�%M5>0a"�-+NE(>(>24:<'T-+'ANE(>842?')(+NE5 5>0�' (/'T.T')24:<')($2:� 0$2?-
8?'ANV%$- 5 R 5>0�'G5/')(>*�;:;`�oY$(/'T.)"$(/- R ($2:;�(/'T.)"$(/- R (srWY$0 NV-/'T-�[ R ( *WNEY$Y$24#$= 5>0�'H%$')Y$5>0�- R [ 5>0�'HP R 5>5 R * NE#�%
5 R Y R [S5>0�'G5>(1NE#�->245>2 R #�K R #�'HNE(/'�; �t"$�C;F@�;¨nLnL�C;9@�; �t"$�&5|@T;£nLnL�&5|@�5 �t"$�&5|@ 5 �t"$�C;F@ 5�nLnL�&5|@CNE#�%A5�nLnL�C;j2
�w#bY$(1NV.)5>2?.T' %C2 ] ')(/')#a5>2ONE8S5>(1NT:<')8��o5>24*,'T-HP�')5 7 'T')# 5>0�'X->"$(^[oNV.T' "$#�%$')(/->2?%$'X(/'E§ 'T.)5>2 R #JNE#�%M245/-+Y$(/'T.)"$(/- R (
NE(/' "�-/'T%¢2�� 0$2?- *,')5>0 R %ZNE8 R #$= 7 245>0 #Q"$*,')(>2?.ANE8�->24*I"$8ONE5>2 R #�-�0 NV- P�'T')#,NEY$Y$842?'T% 5 R 5>0�'JZ N 7 NE242$Y$84"$*,'
7 245>0 N&0$24=60 NE* R "$#a5 R [+%�NE51N NE#�% %�NE51N6Ba" NE84245�r�� � ��| � ~t,¢,=UQ��IL�m�£k��L�L���Cpq 24# 5>0�'Z[\(1NE*,' 7 R ( U R [
N�. R 848ONEP R (1NE5>2 R # 7 245>0 5>0�'���5'¤ -/')2?->* R 8 R =Lr =6( R "$Y 7 245>0$24# 5>0$2?- Y$( R >^'T.)5$2D;�(/')8424*Z24# NE(sr (/'T-/"$845/-x�����
� ��| � ~t,¢,9@ Y�')(/- R # NE8�. R *Z*I"$#$2?.ANE5>2 R #/ % R # R 5X(/'):<'ANE8�NE#�r 24#�§�"�')#�.T' R [ NWY$84"$*,' P|')#�'ANE5>0�Z N 7 NE242
R #&5>0�'X%C2?-/. R #a5>24#Q"$245>2?'T- 5>0 NE5;[ R (>* 5>0�'X5>(1NE#�->245>2 R #&K R #�'L2
� 	�� 8 K  �,	���� � < � . ���-�  �
��:<')# 5>0 R "$=60 5>0�'M. R (/'E�o*WNE#Q5>8?'MP R "$#�%�NE(sr (/')=62 R # NE#�% 5>0�' 
�� 8ON r<')(,NE#�% 5>0�')24( 24#a5/')(1NV.)5>2 R # 7 245>0
Y$84"$*,'T- 2?- # R 5 24#�.)84"�%$'T%�24#W5>0�'HY$84"$*,'G* R %$')8?- R [S5>0�'H* R %$')8424#$=
Y NE(>5 8ONE5/')( 24# 5>0$2?- 5>0�'T-/2?- 7 'GP$(>2?'E§tr
8 R RVU NE5Z5>0$2?-Z(/')=62 R #v2X3924(/->5A@ ->24#�.T'M5>0�'M* R ->5,. R *Z* R #$8mr NV-/->"$*,'T% - R "$(/.T'M[ R ( Y$84"$*,'T-Z2?-Z5>0�' 
��
8ON r<')(INE5 5>0�' . R (/'E�o*WNE#Q5>8?'WP R "$#�%�NE(sr<@�5/'T.10$#$2�BQ"�'T-I5 R 'E
$NE*Z24#�' 5>0$2?- 8ON r<')(INE(/'ZNE8?- R NEY$Y$( R Y$(>2ONE5/' [ R (
Y$84"$*,' ->5>"�%C2?'T-$2�� 0�' 
�� 8ON$r<')( 2?- NE# 'E
C5>(/')*,')8mrZ8ONE5/')(1NE848mrZ0�')5/')( R =<')#�' R "�- (/')=62 R # 7 245>0 Y NE(>5>8mr,->5>( R #$=
NE#$2?- R 5>( R YTr NE#�% 7 245>0 0$24=60��o:<')8 R .)245�r K R #�'T-A@FNV-/-/"$*,'T% 5 R . R #�->2?->5 R [+NE#�.)2?')#Q5 ->"$P|%C"�.)5/'T% ->8ONEP�- NE#�%
"$845>(1NW�o8 R 7 :<')8 R .)245�r&K R #�'T-y�c¤��L^!_¢ �@ 5>0�'
->"$Y$Y R -1'T% - R "$(/.T' R [�Y$84"$*,'T-$2�� 0a"�-A@|5>0�'
-1')2?->*Z2?. P�')0 NT: 2 R (
R [ 5>0$2?-;(/')=62 R #&P�')8 R #$=<-+5 R 5>0�'X2?-/-/"�' R [95>0�' -1')2?->*Z2?.X->24=6# NE5>"$(/' R [ Y$84"$*,'T-$2

5 'T. R #�% @�N
8 R 5 R [B5>0�'T-/' 24#Q:<'T-/5>24=QNE5>2 R #�- 7 ')(/' .ANE(>(>2?'T% R "$5 P�r *,')*IP�')(/- R [B5>0�' -/')2?->* R 8 R =Lr =6( R "$Y
NE5��G(>24K R # N�5a51NE5/'H¤H#$24:<')(/->245�r 5 R 7 0$2?.10 N ->5>( R #$= . R 848ONEP R (1NE5>2 R # 7 245>0$24# 5>0$2?-IY$( R >>'T.)5 'E
C2?->5/-$2 3 R (

�Lo



'E
�NE*ZY$8?'6@ 5>0�'W5>0�'T->2?- PTr �4|v*j,¢1v~�k��L�L�LoWp;%$'ANE8?- 7 245>0 #a"$*,')(>2?.ANE8;* R %$')8424#$= R [ 7 NA:<'�Y$( R Y NE=QNE5>2 R #
R [ ->5>(>"�.)5>"$(/'T- 24# 5>0�'
8 R 7 ')(>* R ->5X*WNE#Q5>8?' �`"�->24#$=�* R %$')8424#$=�5/'T./0$#$2�Ba"�'T-X%$'):<')8 R Y�'T% PTr&5>0�'I=6( R "$YJ24#
� "$#$2?./0J5>0 NE5 NE(/'I%$'T-1.)(>24P|'T% 24# 5>0�' #�'E
C5H.10 NEY$5/')(P E2�� 0$2?-G2?- 7 0Trb5>0$2?-H->Y�'T.)2ONE8FNV->Y�'T.)5 R [ N,Y$84"$*,':G -
24#�§�"�')#�.T' R # 5>0�'&-/')2?->*Z2?. 7 NT:<'E­ ')8?% 7 24848+# R 5,P�'b5>(/'ANE5/'T% [`"$(>5>0�')(,24# 5>0�'b* R %$')8424#$= Y NE(>5 R [X5>0$2?-
5>0�'T->2?-$2

� NE#�rb-/')2?->* R 8 R =62?.ANE8F->5>"�%C2?'T-;0 NT:<'IP|'T')#&.ANE(>(>2?'T% R "$5+5 R 24#Q:<'T->5>24=QNE5/'I5>0�' 
�� (/')=62 R #w�\'L2 =t24@	�/0-,	�
1v~ }&0-1vdjkm"$#L#&%ipt@ � �?hihi~�f�f U ��IL�m��km"$#L# � pt@ �:*j� ��|FUQ�`IC����k��L�L��"Ept@ � *jh$}XUQ��IC�m�/k��L�L�LoWpq �@ NE8?- R [ R (�8 RaRVU 24#$=
[ R (HY R -/->24P$8?'
( RaR 5/- R [ *WNE#Q5>8?' Y$84"$*,'T-x�cb¦*jf	��~Xkm"$#L# � pq E245 R *,' "�-/'T%JY$(/'T.)"$(/- R (/- 5 R . R (/' (/'E§ 'T.)5/'T%
Y$0 NV-/'T- ->"�./0MNV-ª5 . ; NE#�%x;�. ;9@ R 5>0�')(/- ->5>"�%C2?'T%W-1.ANE5>5/')(/'T%W. R (/'+Y$0 NV-1'T-A@Q'L2 =t2&; � ; R (85 � 5|@ R (�8 R RVU 'T%
NE5X5>(1NT:<')8 5>24*,'T-INE#�% 7 NA:<'�[ R (>* NE# R *WNE842?'T- R [;N�:6NE(>2?')5�r R [ Y$0 NV-1'T-]��5';�% � 5|@-5|@?5

diff
@v; � ;9@-5 .i5|@

5 � 5  �� �4|?*-,¢1v~�0-1v� �Y0-,¢1v~t,/*¬k��L�L���Cpq E2
� (/'T.T')#Q5 ->5>"�%�r -/"$=6=<'T->5/- NE# R 5>0�')( Y$0 NV-1' 5>(1NE#�->245>2 R #W24#Z5>0�';8 R 7 ')(>* R ->5 *WNE#Q5>8?'6@Q[`( R * Y|')( R : - U 245/'

5 R N %$')#�-/')(Z*Z24#�')(1NE8+Y$0 NV-1'6@�Y$(/')8424*Z24# NE(sr .ANE848?'T%@<tY R ->5[�oY|')( R : - U 245/'jg���(@�?,V0 �v0���dAUQ�4IL�m��k��L�L���Cpq E2
� 0$2?- #�' 7 Y$0 NV-/' 0 NV-+NE5>5>(1NV.)5/'T%&N
8 R 5 R [924#Q5/')(/'T->5A@CP�'T.ANE"�-/' 245 2?-;->5>( R #$=68mr�NE#$2?- R 5>( R Y$2?. NE#�%�.ANE#M5>0a"�-
'E
CY$8ONE24# 5>0�'&NEP$(>"$Y$5 R #�-/')5 R [ NE#$2?- R 5>( R Y�r NE5Z5>0�' 
�� � �D0-,¢1v~t,/*�k��L�L���Cpq E2@� 0�')5>0�')(W5>0$2?-ZY$0 NV-/'
5>(1NE#�->245>2 R #&2?-+5>0�'INV.)5>" NE8SP R "$#�%�NE(sr�8ON$r<')(+P�')5 7 'T')# 8 R 7 ')(H*WNE#a5>8?'INE#�% 
�� 2?-;# R 5¥r<')5G.)8?'ANE($2

� �
����.QRT�O6-�?��>@4(�%	)	��A��� N J �5�(�  	�.  > KM�)	�� 8 �%���
¤HY 7 NE(/%4§ R 7 24#I5>0�' Y$84"$*,' . R #�%C"$245A@V(1NV%C2ONE8C')#Q5>(1NE24#$*,')#a5 R [ NE*IP$2?')#Q5 *WNE5/')(>2ONE8 24#Q5 R 5>0�' . R #�%C"$245�NE#�%
(1NV%C2ONE8 R "$5 7 NE(/% § R 7 24#Q5 R 5>0�'IY$84"$*,'
0�'ANV% R (G5>0�'ZNV->5>0�')# R ->Y$0�')(/' NE(/' ->"$Y$Y R -1'T% 5 R .ANE"�-/' -/')2?->*Z2?.
NE#$2?- R 5>( R YTr PTr6§ R 7 NE8424=6#$*,')#a5 R [ 5>0�'Z.)(srC->51NE8?-$2�� 0a"�-A@BNE848 5>0�' (/')=62 R #�- R [ N Y$84"$*,'6@ 5>0�'
[ R R 5A@|5>0�'
. R #�%C"$245 NE#�% 5>0�' 0�'ANV% *WN r P|' ->"$P�>>'T.)5 5 R NE#$2?- R 5>( R Y�r&2`� 0�')(/'�[ R (/'6@<#a"$*,')( R "�-�'E
 Y�')(>24*,')#Q51NE8�->5>"�%C2?'T-
0 NT:<'
P�'T')#J.ANE(>(>2?'T% R "$5�� �Y0-,¢1v~t,/* k��L�L���Cp�� � �vhihW~tf�fXUQ�JIC���jkm"$#L# � pt@ NE#�% �¨*-� ��|©UQ�¥IC���jk��L�L��"EpF[ R (
Z N 7 NE242o@ B �P0-,¢1�0-hW*-1�UQ�`IC���/k��L�L�L�Wp�NE#�% � ��|vfTdg1?� ��~tdq1)k��L�L��"Ep�[ R (£�w.T')8ONE#�% @CNE#�%A�:dv0-1v� ��~ }¢,¢d � �
k��L�L�L�WpS[ R (+. R #�->5>(1NE24#$24#$=WY$84"$*,'E�o(>2?%C=<'I24#Q5/')(1NV.)5>2 R # [ R (¥�h.T')8ONE#�%� E2

� R *ZY$(/')0�')#�->24:<' #a"$*,')(>2?.ANE8 ->0�'ANE([� 7 NA:<' ->Y$84245>5>24#$= ->5>"�%C2?'T- [ R (�. R #�->5>(1NE24#$24#$= NE#$2?- R 5>( R YTr 0 NA:<'
P�'T')# .ANE(>(>2?'T% R "$5 [ R (JNE848 NV->Y�'T.)5/- 7 ' [ R .)"�- R # 24# 5>0$2?- 7 R ( U @ 2�2 'L24@ [ R ( Y$84"$*,'E�o842 U ' -/5>(>"�.)5>"$(/'T-
� � � � � �-~t,)0-1v� � dgf �-~t,)k��L�L�L�Wpq �@$51N U 24#$= 24#a5 R NV.T. R "$#a5;[\(/' BQ"�')#�.QrW%$')Y�')#�%$')#�.T'x� � � � � �-~t,¬UQ�£IC�m�
km"$#L#L#Wpq �@FNE#�% P�rJ"�->24#$= NE(>(1N rJ5/'T./0$#$2�Ba"�'T-A� � � �V~t,/.�U � IC���`k��L�L�LoWpq E2x� 0�')(/'�[ R (/'6@FNE#$2?- R 5>( R Y�r 2?- # R 5
24#�.)84"�%$'T%b24#M5>0�' Y$84"$*,' * R %$')8?- [ R ( 5>0$2?- 7 R ( U @$->24#�.T' 5>0�' NEY$Y$( R NV.10&51N U ')#b24#M5>0$2?- 5>0�'T->2?- 2?- 5 R ->51NE(>5
7 245>0 ->24*ZY$8?'M* R %$')8?-WNE#�% 5 R -/5>"�%�r)­�(/->5[� R (/%$')( -/')2?->*Z2?.b' ] 'T.)5/- R [ Y$84"$*,'T-W24# N -srC->5/')*WNE5>2?. 7 N$r&2
�H#�r 7 N r<@ 245+->0 R "$8?%bP�' U ')Y$5+24#&*Z24#�%b5>0 NE5 NE#$2?- R 5>( R Y�rM*Z24=60Q5HY$8ON r&NE#b24*ZY R (>51NE#Q5G( R 8?'X[ R (;Y$84"$*,'T-$2

h_i��|i�� �lw�yxz mLuEt�{��.m 
�p�naq_rEs m��|u�mIt ��z!m}rTp�n

�w# 5>0�'I[ R 848 R 7 24#$=�@�5 7 R *WNW> R ( -/')2?-/* R 8 R =62?.ANE89->5>"�%C2?'T- R [�Y$84"$*,'T-XNE(/'
%$'T-1.)(>24P|'T% 24# R (/%$')( 5 R =624:<' NE#
2?%$'AN NEP R "$5,5>0�'b' ] R (>5W.)"$(>(/')#Q5>8mr "$#�%$')(>51N U ')# NE#�% (/'ANE8424KLNEP$8?' 7 245>0 'E
CY�')(>24*,')#Q5/-W%$'T%C2?.ANE5/'T% 5 R N
->Y�'T.)2�­ .XY$84"$*,'L2ª� 0�'X[ R .)"�-;2?- R # 5>0�' 'E
CY|')(>24*,')#a5H-/')5>"$YS@ 2�2 'L24@$5>0�' #a"$*IP�')(A@ ->Y NV.)24#$=�@ Y R -/245>2 R # NE#�%
5�r Y�'A�`8ONE#�% �E-/'AN& R [ 5>0�' ->51NE5>2 R #�- NE#�% 5>0�' ->Y NE5>2ONE8�'E
 5/')#�% R [�5>0�' NE(>(1N r&2�� 0$2?-H24#C[ R (>*WNE5>2 R # 7 24848FP�'
"�-/'T%M5 R 8ONE5/')(H%$'T->24=6# N (/'ANE842?->5>2?. -1')5>"$Yb[ R (;5>0�' #a"$*,')(>2?.ANE89-/5>"�%�r&2

� 0�'X-/')2?-/* R 8 R =62?.ANE848mr�P�'T->5;->5>"�%C2?'T%bY$84"$*,' 2?-+5>0�'��w.T')8ONE#�%MY$84"$*,'6@$5>0�'X.ANV-1'X'E
$NE*ZY$8?' R [�N (>2?%C=<'E�
.T')#Q5/')(/'T% Y$84"$*,'L265a24#�.T']�h.T')8ONE#�% 2?- 5>0�'W51NE(>=<')5 NE(/'AN R [GNM8ONE5/')( NEY$Y$842?.ANE5>2 R #¬�\-1'T' � 0 NEY$5/')( �T �@B5>0�'
�h.T')8ONE#�%&'E
 Y�')(>24*,')#Q5/- NE#�%&->5>"�%C2?'T- 7 24848BP|' 5>(/'ANE5/'T%b24# %$')51NE248S24# � 0 NEY$5/')( �t2

� 0�' R 5>0�')( .)8ONV-/->2?.+'E
�NE*ZY$8?' R [SN 0 R 5/->Y R 5 NV- 5>0�'+->"$(^[oNV.T'+'E
 Y$(/'T-1->2 R # R [BN Y$84"$*,'+2?-¨Z N 7 NE242�2 
 "�'
5 R 245/-G2?- R 8ONE5/'T% Y R ->245>2 R # 24#J5>0�'D; NV.)2�­ .ZNE#�% 245/-H24*ZY$(/'T-/->24:<' R PQ: 2 R "�- 0 R 5/->Y R 5G5>(1NV. U 7 245>0J.)8?'ANE(XNE=<'

�Ln



Y$( R =6(/'T-/->2 R #J245 2?- NW5/'E
 5>P R RVU 24#Q5>(1NEY$8ONE5/' Y$84"$*,'L2��t#a5/')(/'T->5>24#$=68mr<@�5>0�'
'E
CY�')(>2?')#�.T'T- R [�5>0�'
24#Q:<'T-/5>24=QNW�
5>2 R #�- R [`�w.T')8ONE#�% NE(/' .)"$(>(/')#Q5>8mr NEY$Y$842?'T%b5 R Z N 7 NE242�2
���0R ���A��� �!&���< � �O$H>S��./�A���#�"	
Z N 7 NE242�2?- 5>0�' 0 R 5/->Y R 5 7 245>0J5>0�' ->5>( R #$=<'T-/5 P$" R rQNE#�.Qr §�"�
X�\'L2 =t2 � f�~�~ � km"$#L#L�Wpq NE#�%J245 -/0 R 7 - NE848
5>0�'M[c'ANE5>"$(/'T-Z5>0 NE5,P�')8 R #$= 5 R 5>0�'bY$84"$*,'b0TraY R 5>0�'T->2?-$2XZ R 7 '):<')(A@ [`( R * N -/')2?->* R 8 R =62?.ANE8+Y R 24#Q5 R [
: 2?' 7 @vZ N 7 NE242�2?-X-/"$(>Y$(>2?->24#$=68mr Y R R (>8mr ->5>"�%C2?'T%¢2�� 0�' *WNE24# (/'ANV- R # [ R ( 5>0$2?-X2?- 5>0�' (/')8ONE5>24:<')8mr ->*WNE848
->24KA' R [ 5>0�' 2?->8ONE#�%$- 5>0 NE5 [ R (>*«Z N 7 NE242FNE#�%M245/- Y R ->245>2 R #M[cNE(+N 7 N r�[\( R * *WNW> R (+'ANE(>5>0tBa" N U ' .T')#a5/')(/-$2
� R (/' R :<')(A@ R #$8mr R #�',Y�')(>*WNE#�')#Q5 ->51NE5>2 R # 'E
C2?->5/- R #wZ N 7 NE242o@95>0�' �!5 � ->51NE5>2 R # � 24Y NEY N@� � ��;ª R #
� NE0Q"v2

3 R (
'E
 5/')#�%C24#$=&5>0�'Z%�NE51NEP NV-1'Z5>0�' 
 "$P$8424#)�t#�-/5>245>"$5/' [ R (!�;%C:6NE#�.T'T%w5a5>"�%C2?'T-H� 
 ���{5  �@|5>0�'x¤H#$2��
:<')(/->245�r R [�Z N 7 NE242o@'Z R # R 84"$84"S@ NE#�% 5>0�' � ' R 3 R (/-1./0Q"$#$=<-E_|')#Q5>(>"$* ���{3:_¢ �@L; R 5/-1%�NE* R Y�')(1NE5/'T%,')8?'):<')#
* R P$248?' -/')2?->*Z2?.+P$( R NV%CP NE#�%M->51NE5>2 R #�- R #�5>0�'�Z N 7 NE242ONE#M2?->8ONE#�%$- [\( R *=u6"$#�'Y"$#L#L# 5 R �JN$r]�L�L��"L2`� 0�'
%�NE51N 7 ')(/'
*WNE24#$8mr&"�-/'T% [ R (H(/'T.T')24:<')(H[\"$#�.)5>2 R # ->5>"�%C2?'T-Y���¨d�U �¥IC�m�jk��L�L�L�Wpq NE#�%�\b%C"�'
5 R 5>0�'
8424#�'ANE(
NE8424=6#$*,')#Q5 R [ -/51NE5>2 R #�-8\W# R 5+"�-/'ANEP$8?'X[ R (;5 R * R =6(1NEY$0Tr&2

� 0$248?'G-/'):<')(1NE8 5 R * R =6(1NEY$0$2?.H->5>"�%C2?'T- NE#�%,'E
CY|')(>24*,')#a5/- 0 NA:<'GP�'T')#W.ANE(>(>2?'T% R "$5 R #]�h.T')8ONE#�% @ R #$8mr
5>0�'G%$'):<')8 R Y$*,')#a5 R [ R .T'ANE#WP R 5>5 R * -1')2?->* R *,')5/')(/-�� � 7¥5  R Y|')#�'T%W5>0�' 7 N$r,5 R NI. R *ZY NE(1NEP$8?'H->5>"�%�r
R [ 5>0�']Z N 7 NE242�Y$84"$*,'L2y� 0�' (/'ANV- R # P�'T. R *,'T- '): 2?%$')#Q5 7 0�')# . R *ZY NE(>24#$=&5>0�',%C2?->5>(>24P$"$5>2 R # R [ 8ONE#�%
*WNV-/- R [|5>0�' 5 7 R 0 R 5/->Y R 5/-$2j�t#x3924=6"$(/'!"L2�# 5>0�' 2?->8ONE#�%$- R [�Z N 7 NE242�NE(/' Y$8 R 5>5/'T% R :<')( N *WNEY R [V�h.T')8ONE#�%
NE5�5>0�'H-1NE*,'+-/.ANE8?'L2�� -�.ANE#WP�';-/'T')#S@aNEY NE(>5 [`( R * 5>0�'+*I"�.10 ->*WNE848?')( 8ONE#�%Z*WNV-/- R [¢Z N 7 NE242o@Q245/- 8424#�'ANE(

� l�mLKIi�UW�&���9� �E��2W
\�/"(�1���� ���E����) �#��3 �/�<�A�/ Q�1�(�A�/ �JQ� �D�/�< 	<"�)$J��U�?�D�C�$)*�A�/ �JDRXST��)`���/2Q)`�����/��)`�1�#%:��)$J
�/���� OF 35�6��� �/ ) �O%��/�T�/"�)��U
@"�� ��)$�&������ R

NE8424=6#$*,')#Q5M.ANE# R #$8mr 8?'ANV% 5 R N ->*WNE848H'E
 5/')#�->2 R # R [XN -/')2?-/* R *,')5/')(�NE(>(1N r Y�')(>Y|')#�%C2?.)"$8ONE( 5 R 5>0�'
%C24(/'T.)5>2 R # 5>0 NE5G5>0�' 2?->8ONE#�%$-+8424#�' "$Yv2

� 0�'M8ONE(>=<'E�t-/.ANE8?' 'E
 Y�')(>24*,')#Q5W.)"$(>(/')#a5>8mr "$#�%$')( 7 N r [ R (xZ N 7 NE242G2?-Z.ANE848?'T%@<�;�84"$*,'E��� 245>0 R ->Y$0�')(/'
¤H#�%$')(/-/'AN6� NE#Q5>8?'A��
CY|')(>24*,')#a5�g �c;:�v¤�� �£ E2j�w5 7 NV-
Y$( R .T'T'T%$'T% P�r -1'):<')(1NE8 ->5>"�%C2?'T- �c� �¨�T�X@ � 5��

�&%



� ;:�+@ 5T���:�?� NE#�%H;:�¨�v� � �:�� 24# R (/%$')( 5 R Y$(/')Y NE(/'H5>0$2?- ' ] R (>5 NE#�% 5 R 5/'T->5 5>0�'H24#�->5>(>"$*,')#Q51NE5>2 R #
����0-h �-~©UQ�{IC���¨km"$#L#L#Wpq E2 � 245>0 5>0�'W24#�->51NE848ONE5>2 R # R [;5>0�'x¤�5 � NE5>2 R # NE8 � 7¥5J24#�-/5>(>"$*,')#Q51NE5>2 R # Y R R 8
� � 7¥5'��;9@���������� ����� ��������	' N&->" �W.)2?')#Q5 #a"$*IP�')( R [ � 7¥5 7 ')(/' NA:VNE248ONEP$8?'Z[ R (INM8ONE(>=<'E�t-1.ANE8?','E
 Y�')([�
24*,')#Q5$26� 245>0$24# 5>0�'H;:�?¤ ��� Y$( R >>'T.)5 5>0�'W%$')Y$8 R r *,')#Q5 R [�n�� � 7¥5 NE#�%F"$�&Y R (>51NEP$8?'WP$( R NV%CP NE#�%
->51NE5>2 R #�- 2?- P|')24#$= .ANE(>(>2?'T% R "$5 NE5 5>0�'�5>24*,' R [ 7 (>245>24#$=J5>0$2?- 5>0�'T->2?-i2 � 0�'�'E
 Y�')(>24*,')#Q5,. R #�-/2?->5/- R [
5 7 R Y$0 NV-/'T-$2��w# 5>0�'4­�(/->5 R #�'E��r<'ANE( Y$0 NV-1' NE# NE(>(1N r R [ª�L�,P$( R NV%CP NE#�% � 7J5 .)8 R -/'
5 R 7 24= �w->8ONE#�% 2?-
%$')Y$8 R r<'T% 7 245>0bNE#M24#a5/')([�t->51NE5>2 R # ->Y NV.)24#$= R [ NEP R "$5�%Co U * [ R ( P R %�r�� 7 NT:<' 5 R * R =6(1NEY$0�r �c3924=t2�"L2m"$�& E2
� 0�'
NE(>(1N$rb0 NV- NE# NEY|')(>5>"$(/' R [ NEP R "$5 ���L� × n&%C� U * NE#�%&2?-H.T')#Q5/')(/'T% R # 5>0�'
NV-1->"$*,'T% .)"$(>(/')#a5HY R �
->245>2 R # R [ 5>0�'
Y$84"$*,'W. R #�%C"$245$2D�H# R 5>0�')(4�L# � 7¥5 NE(/' Y$( R Y R -/'T% 5 R P�' ' Ba"$24Y$Y�'T% 7 245>0 %C2 ] ')(/')#a5>2ONE8
Y$(/'T-/->"$(/'&=QNE"$=<'T-,5>0 NE5 NE(/'M24#a5/')#�%$'T% 5 R P�'M"�-/'T% [ R (,->"$(^[oNV.T'E� 7 NT:<' 5 R * R =6(1NEY$0�r&2��t# 5>0�'b-/'T. R #�%

−2.0−3.0−4.0−5.0−6.0−7.0 0.0 0.2−0.5

km

500 km

Swell Pilot experiment (97/98)

OSN Pilot experiment (98)

existing permanent global stations

planned permanent global stations

sites of first PLUME deployment

sites of second PLUME deployment

joint sites

land stations

165 W 160 W 155 W 150 W

15 N

20 N

25 N

30 N

15 N

20 N

25 N

30 N

165 W 160 W 155 W 150 W

� l�mLKIi�U��&����
�� �})*�1�*2Q��2Q)&�?)*"��/ �J � � �#�������������� I�E���_����) �
��� � � )(]�
|)*"(�<2Q)* @�*R �E��2W
\�/"�)X�?� � �GF��/R c R d
�/ �J �OR c:c RXST��) �OF}%'"�)`�1�E2Q��J�����)$J��/�?�?)*"X�#2[��
L���/=O)* [��"���2 ����) �
���T� � 3|)/8'�(�6�?) 	����)��� �#�)�7 >"=�%$ &
(+*-,�./&�01.+(#�32�"54�$-���76+(8 90:&1.)$�;)� .+0��76����1 >0=<��'& @�$�A��/R

Y$0 NV-/'6@ N 7 2?%$')(XNE(>(1N$r R [ NEP R "$5Y"v�L�L� × "voL�L� U * NE#�% NE# 24#a5/')(/->51NE5>2 R # ->Y NV.)24#$= R [ ( R "$=60$8mr �L�L� U *
�cNE#�%&5>0a"�-+8 R 7 ')( (/'T- R 84"$5>2 R #/ ;2?- R Y|')(1NE5/'T%&[ R (HNE# R 5>0�')(�r<'ANE($2ª� 0�'
NE24* 2?-G5 R 'E
 5/')#�% 5>0�'X(/'T- R 84:6NEP$8?'
%$')Y$5>0M24# R (/%$')( 5 R 8 R RVU [ R ( N
. R #Q5>24#a" NE5>2 R # R [B5>0�' Y$84"$*,' 24#Q5 R 5>0�' 8 R 7 ')(;*WNE#Q5>8?'L2¨� 0�' 'E
CY|')(>24*,')#a5
7 24848�')#�%W24#A�L�L�&% 7 245>0 5>0�'G(/'T. R :<')(sr R [ 5>0�'G-/51NE5>2 R #�- NE#�% %�NE51N 7 24848�P|'GNA:VNE248ONEP$8?'H5 R 5>0�'GY$"$P$842?.+[\( R *
�L�L�L# R #v2 � 0�']Ba"�'T->5>2 R #�-I5>0 NE5 NE(/'W'E
CY|'T.)5/'T% 5 R P�' NE#�- 7 ')(/'T% 7 245>0 5>0�' %�NE51N R [;5>0�' 'E
CY|')(>24*,')#a5
NE(/'ZP NV->2?.ANE848mrJ2?%$')#Q5>2?.ANE8 7 245>0 5>0 R -/' [ R (X5>0�'x�h.T')8ONE#�% 'E
CY|')(>24*,')#a5A@B2�2 'L24@B5>0�' R (>24=624#S@S5>0�' 7 2?%C5>0S@B5>0�'
Y R ->245>2 R #S@ NE#�% 5>0�'H*WNE=6#$245>"�%$' R [S5>0�' NE# R *WNE8mr R [S5>0�'GY$84"$*,'L2£5a24#�.T' Z N 7 NE242�2?- 5>0�'GY$84"$*,' 7 245>0 5>0�'
8ONE(>=<'T->5+P$" R rQNE#�.Qr §�"�
�5>0�'
NE#�- 7 ')(/-G5 R 5>0$2?-¥BQ"�'T-/5>2 R #�-+Y$( R : 2?%$' U 'QrM. R #�->5>(1NE24#Q5/-G[ R (;=<' R %�r # NE*Z2?.T-$2

� �



� �%� ��4 >@4(�5��� � .  �� ��
:	
� 0�'ª��2~[\')8aY$84"$*,' Y$( R >>'T.)5J� � dg}V}¢~t,)UQ�vIC���'k��L�L�L�Wpq  2?-9NE# ' ] R (>5F. R *ZY NE(1NEP$8?' 7 245>0 5>0�' 'E
CY|')(>24*,')#a5/-B[ R (
24*WNE=624#$=Z5>0�'��h.T')8ONE#�%MY$84"$*,'x�\-/'T' � 0 NEY$5/')( �T E2`�t5 [ R .)"�-1'T- R #M5>0�' �H" NE5/')(># NE(sr���2~[c')8�: R 8?.ANE#$2?.{­ ')8?%$-
R #b5>0�'��+0�')#$2?-/0 � NV-/->2~[924# � ')(>*WNE#�r&2£�t#&N . R 848ONEP R (1NE5>2 R # R [F5/')#6��"$( R Y�'ANE#&24#�->5>245>"$5>2 R #�-+=<' R Y$0�rC->2��
.ANE8o@|=<' R 8 R =62?.ANE8o@�: R 8?.ANE# R 8 R =62?.ANE8 NE#�% =<' R ./0�')*Z2?.ANE8�24#a:<'T->5>24=QNE5>2 R #�-INE(/'
"$#�%$')(>51N U ')#����x~��jhW~t, U �¥IC�m�
k��L�L�L�Wpq 5 R P�')5>5/')( "$#�%$')(/->51NE#�% 5>0�'Z# NE5>"$(/' R [ : R 8?.ANE#$2?->* 24# 5>0�'x��2~[c')8�2]� 0�'Z5 R * R =6(1NEY$0$2?.�'E
 Y�')(>2��
*,')#Q5 2?- 5>0�'+.T')#Q5>(1NE8�Y NE(>5 R [�5>0�' Y$( R >>'T.)5$2ª"$o � * R P$248?' (/'T. R (/%C24#$=
->51NE5>2 R #�-�%$')Y$8 R r<'T% [\( R * � R :<')*IP�')(
"$#L#&%,5 R u6"$#�'A"$#L# � . R *ZY$8?')*,')#a5X5>0�' � ��Y|')(>*WNE#�')#a5 -/51NE5>2 R #�-H24# � ')#Q5>(1NE8`��"$( R Y�'A� � d }�}¢~t,¦UQ�JIC�m�
k��L�L��"Epq E26�w# . R #a5>(1NV->5
5 R �w.T')8ONE#�% @ 5>0�')(/'�NE(/'W# R (/'T->5>(>2?.)5>2 R #�- R # -/')2?-/* R *,')5/')(
Y$8ONV.T')*,')#a5/- %C"�' 5 R
R .T'ANE#�-A@ NE848 R 7 24#$=M[ R ( N 8ONE(>=<')( NE(>(1N r NEY|')(>5>"$(/' R [ªoL�L� × oL�L� U *62!� R (/' R :<')(A@ R .T'ANE#$2?. -1')2?->*Z2?. # R 2?-/'2?-+# R 5 NZ.)(>245>2?.ANE89Y$( R P$8?')* 24# .T')#a5>(1NE8`�X')(>*WNE#�r<@|P$"$5 NE#a5>0$( R Y R =<')#$2?.
# R 2?-/' 2?-G* R (/' 24*ZY R (>51NE#Q5 %C"�'
5 R 0$24=60&Y R Y$"$8ONE5>2 R # %$')#�->245�r&NE#�%b24#�%C"�->5>(>2ONE8FNV.)5>24: 245�r&2

�w#JNH;�� 7 NA:<' 5 R * R =6(1NEY$0�rJ->5>"�%�r � d }�}¢~t, U �¥IC�m�jk��L�L��"Ep�"�-/'�%���"$#,0 NE#�%'�oY$2?. U 'T%�;��GNE#�% ; � ;��
NE(>(>24:6NE895>24*,'T- 5 R 24#Q:<')(>5 [ R (H5>0�' ->5>(>"�.)5>"$(/' P�')#�'ANE5>0 � ')#a5>(1NE8:��"$( R Y|'L2{� 0�'ZNE# R *WNE8mr 24*WNE=<'T- ->0 R 7
N 8 R 7 �o:<')8 R .)245�r P R %�r R [
NEP R "$5�"$�L� U * 7 2?%C5>0 - R "$5>0�� 7 'T->5 R [ 5>0�' 7 'T-/5/')(>#¬��2~[\')8 : R 8?.ANE#$2?. ­ ')8?%¢2
�G'T- R 84"$5>2 R #&5/'T->5/-;(/'):<'ANE8S5>0 NE5G5>0�' 24*WNE=<' 2?- (/')842ONEP$8?'X[\( R * %C�i\ �t"$� U * %$')Y$5>0v2

�w#MN
:<')(srW.ANE(/'�[\"$8S->5>"�%�r �x~��jhW~t,FU �¨IC����k��L�L�L�WpS"�-/' %�NE51N [\( R * 5>0�' -1NE*,'H'E
CY�')(>24*,')#Q5;5 R %$')(>24:<'
N]5 7 NT:<'E�o* R %$')8B[ R (;5>0�'4��2~[\')8S(/')=62 R #v2ª� 0�'QrM"�-/'!�&%L%C�Z5>(1NA:<')8��o5>24*,'I(/'T-/2?%C" NE8?-�� . R *ZY NE(/'T% 5 R oLnL�
5>(1NT:<')8��o5>24*,' *,'ANV-/"$(/')*,')#Q5/-9[ R (B5>0�'ª� �ª�:���:�'� 'E
 Y�')(>24*,')#Q5�NE#�%A"$�L�L�+(/'T->2?%C" NE8?-F[ R (F5>0�'£Z � ��5'; � �
Y$( R >>'T.)5IP R 5>0 R [ 7 0$2?./0 -/" ] ')(/'T% [`( R * R .T'ANE#$2?.,# R 2?-1'Z24#)�h.T')8ONE#�%¢2A� 0�'W%C2 ] ')(/')#�.T'W24# 5>0�'WNE* R "$#a5
R [I%�NE51N . R *,'T-W*WNE24#$8mr [\( R * 5>0�' NEP�-/')#�.T' R [ R .T'ANE#$2?. # R 2?-/' NE#�% 5>0�' 0$24=60 #a"$*IP�')( R [I->51NE5>2 R #�-
7 0$2?./0 7 NV- Y R -/-/24P$8?' P|'T.ANE"�-/'+5>0�')(/' 7 0�')(/';# R 8424*Z2451NE5>2 R #�- P�r,NX. R NV->5$2�� 0�' 5�� 7 NT:<'+5 R * R =6(1NEY$0Tr,(/'E�
:<'ANE8?-�5>0�' -1NE*,'+NE# R *WNE8mrZNV- 5>0�'J;�� 7 NA:<'+->5>"�%�r<@60 R 7 '):<')(A@ 7 245>0WNH0 R 8?'+NE5 NEP R "$5J"i%C�i\'����� U * %$')Y$5>0v2

�HY NE(>5 [`( R * 5>0�' 5 7 R Y$( R >^'T.)5/-`>h"�->5 Y$(/'T-/')#a5/'T% @ N
8 R 5 R [ R 5>0�')(;Y$( R =6(1NE*,-A@$->"�.10 NV- 5>0�'�uaNEY NE#�'T-/'
5a"$Y�')(>Y$84"$*,' ;�( R >>'T.)5 ����hW|vdg�/0 U �DIC���¥km"$#L#L#Wpq �@ 5>0�' � .T'ANE#$2?. ¤GY$Y�')(x�JNE#a5>8?' 
 ra# NE*Z2?.T-,24#$245>2ONE5>24:<'
� � � 
 @ ��������� ��������� � ��� �����	�����������������!� ����������� �����T �@BNE#�% 5>0�'y��"$( R Y�'ANE# � .T'ANE#);�84"$*,'];�( R >>'T.)5
51NE(>=<')5/'T% Y$84"$*,'T-$2�� 0�' 8ONE5>5/')( 7 NV- 24#Q5/')#�%$'T%,5 R 8?')5`��"$( R Y�' 51N U ' 5>0�' 8?'ANV%$')(/-/0$24YZ24#
5>0�' %$'):<')8 R Y$*,')#Q5
R [ � 7J5MNE#�%M"$#�%$')(/-1'ANZ-/')2?->*Z2?. Y$84"$*,'X'E
CY|')(>24*,')#a5/-D� �Y* ���¥0-1v1 UQ�£IC���?k��L�L�L�Wpq E2:� 0$2?- 7 NV-G5>0�' 8ONV->5
­ ')8?% 24# -/')2?->* R 8 R =Lr 7 0�')(/'�¤�5 -/.)2?')#Q5>2?->5/- NE(/'M# R 5,->"$Y|')(>2 R (Z. R #�.T')(>#$24#$= 5>0�'b%C24*,')#�->2 R # R [ ' ] R (>5
"$#�%$')(>51N U ')#S@ NV- 5>0�' Y$( R >^'T.)5�G -XY$( R Y R -1NE8�->51NE5/'T-i2Y�w( R #$2?.ANE848mr<@S5>0$2?- Y$( R >^'T.)5 %C2?% # R 5X=<')5 [\"$#�%$'T% NE#�%
7 245>0 5>0�'I24#�-/51NE848ONE5>2 R # R [ � 7J5'��;9@�5>0�'�¤�5 � 7¥5&24#�->5>(>"$*,')#Q51NE5>2 R # Y R R 89NE#�%J5>0�'Y;:�v¤�� � Y$( R >>'T.)5A@
5>0�'!¤�5 2?-GNE8?- R Y$2 R #�'T')(>24#$= 24#b5>0$2?-J­ ')8?%¢2

���	� � �/
 ������
 �
�+��� � � �G�	����� � �G� ��� 
 
 ���$�������
�
�G[`5/')(
8 RaRVU 24#$= NE5
*WNE#Q5>8?'�Y$84"$*,'T-ZNE#�% Y$84"$*,' 24*WNE=624#$=J5/'T./0$#$2�Ba"�'T- 24# %$')51NE248o@ 7 ' # R 7 ->5/')Y P NV. U
24# R (/%$')(H5 R %C2?-/.)"�-/-;5>0�' (/')8?'):VNE#�.T' R [ Y$84"$*,'T-G24#&5>0�'X=<')#�')(1NE8F=<' R -/.)2?')#Q5>2�­ .I[`(1NE*,'L2ª;�84"$*,'T- NE(/'X5>0�'
U 'Qr 5 R -/'):<')(1NE8�=<' R %�r # NE*Z2?.�Ba"�'T->5>2 R #�-A@ 7 0$2?.10�NE(/';(1NE2?-1'T%,24#,5>0�' [ R 848 R 7 24#$= NE#�% 7 0$2?.10W* R 5>24:6NE5/';5>0�'
[ R ( 7 NE(/%'�o* R %$')8424#$=�->5>"�%�r�24#b5>0�' -/'T. R #�%&Y NE(>5 R [95>0$2?-+5>0�'T->2?-$2

3 R (G*WNE#�r�r<'ANE(/-+*WNE#a5>8?' Y$84"$*,'T-GY$8ON r<'T% N -/2?%$'E�o( R 8?' 24#&=<' R -/.)2?')#�.T'T-GP|'T.ANE"�-1'X5>0�')24(+Y R ->5>"$8ONE5>2 R #
24#X"$#&%'" P�r (+*-,/.?0j1 . R 24#�.)2?%$'T% 7 245>0 5>0�' *WNW> R ( P$(/'AN U 5>0$( R "$=60 R [ Y$8ONE5/' 5/'T.)5 R #$2?.T-i2D�w# 5>0�' 8424=60a5
R [�Y$8ONE5/'X5/'T.)5 R #$2?.T-HY$84"$*,'T-A@ R (+* R (/'IY$(/'T.)2?-/')8mr�Z N 7 NE242 -/')(>:<'T% NV-GN #$2?.T'
->"$Y$Y R (>5;[ R (;Y$8ONE5/'I* R 5>2 R #
5>0�' R (sr<@�->24#�.T' 245/- 0 R 5/->Y R 5;5>(1NV. U (/'E§ 'T.)5/-;5>0�' * R 5>2 R # R [95>0�'�;9NV.)2�­ .XY$8ONE5/'L2 � #$8mr 24#M(/'T.T')#Q5H%$'T.ANV%$'T-
Y$84"$*,'T-�0 NA:<'HNE5>5>(1NV.)5/'T%W* R (/'GNE5>5/')#Q5>2 R #MNE* R #$=I=<' R -/.)2?')#a5>2?->5/-$2�� 245>0Z24#�.)(/'ANV->24#$=I(/'T- R 84"$5>2 R # R [|P R 5>0
(/')=62 R # NE8�NE#�%J=68 R P NE895 R * R =6(1NEY$0Tr 5>0�'D­�(/->5 24*WNE=<'T-X.ANE*,' "$Y (/'):<'ANE8424#$=b8 R 7 �o:<')8 R .)245�r K R #�'T- 24#J5>0�'

�L#



"$Y$Y�')( NE#�% 8 R 7 ')( *WNE#Q5>8?'6@Q5>0 NE5 . R "$8?% P|' 24#a5/')(>Y$(/')5/'T% NE#�%,NV-/- R .)2ONE5/'T% 7 245>0Z*WNE#a5>8?';Y$84"$*,'T-$2 � #Z5>0�'
R 5>0�')( 0 NE#�%�'E
CY|')(>24*,')#a51NE8|->5>"�%C2?'T- R [SY$84"$*,'+=<')#�')(1NE5>2 R #bNE#�%,=6( R 7 5>0 24#MNX(/'ANE842?->5>2?.G*WNE#Q5>8?'E�o842 U ' -/')5[�
5>24#$= "�->24#$= NE# NE8 R =6"�' *,'T%C2ON ->"$=6=<'T-/5/'T%I5>0�' 'E
 2?-/5/')#�.T' NE#�%
Y R -/->24P$8?' * R %$'T- R [ Y$84"$*,'T-J�cbe|vd }¢~t|?~�0-�
0-1v�F�:�¢}¢|v~t,�km"$#&%CoWpq E2

� R (/' R :<')(A@ 24# 5>0�'
8ONV->5X%$'T.ANV%$' R [ 5>0�'y�L�E5>0 .T')#a5>"$(sr 24#�.)(/'ANV-/24#$=&. R *ZY$"$5/')( Y R 7 ')( ')# NEP$8?'T% -/.)2��
')#Q5>2?-/5/-X5 R .ANE(>(sr R "$5X#Q"$*,')(>2?.ANE8 * R %$')8424#$= R [ *WNE#Q5>8?'W. R #a:<'T.)5>2 R # NE#�% 5>0a"�- R [ Y$84"$*,'T-I5>0 NE5 . R *��
Y$8?')*,')#Q5/'T% 'E
 Y�')(>24*,')#Q51NE89->5>"�%C2?'T-HNE#�% R :<')(/.ANE*,'I5>0�' (/'T-/5>(>2?.)5>2 R #�- R [�'E
 Y�')(>24*,')#Q5/-$2

� ' R %�r # NE*Z2?.T-A@S24# . R #a5>(1NV->5 5 R Y$8ONE5/' 5/'T.)5 R #$2?.T-A@ 7 0$2?./0 2?-IN U 24#�')*WNE5>2?.,* R %$')8o@F%$'ANE8?- 7 245>0 5>0�'
%C(>24: 24#$=,[ R (/.T'T-HNE#�%&5>0�'IY$( R .T'T-1-/'T-;24# 5>0�'I*WNE#Q5>8?'L2�� ' R %�r # NE*Z2?.T-+245/-/')8~[�2?-HN,(1NE5>0�')(�r R "$#$=�-/.)2?')#�.T'6@
[ R ( -/'):<')(1NE8 (/'ANV- R #�-$2©3924(/->5W245�5 RaRVU be~t.�~t1?~t,5G -M5>0�' R (sr R [ * R : 24#$= Y$8ONE5/'T-��cb�~�.j~�1v~t,=km"$#�"$�C@
"$#L��"Epq * R (/'M5>0 NE#X­$[\5�r@r<'ANE(/-Z5 R P�'T. R *,'&NV.T.T')Y$5/'T% 24# =<' R -/.)2?')#�.T'L2X�G[\5/')( 5>0�'&P$(/'AN U 5>0$( R "$=60 R [
Y$8ONE5/' 5/'T.)5 R #$2?.T-!�cbedgfThi*j1@km"$#LnLoWpq �Y$8ONE5/'E�o* R 5>2 R #b(1NE5/'T- . R "$8?% P|' %$')5/')(>*Z24#�'T% @$')245>0�')( [`( R * 5>0�' Y NV->5
�`Y NE8?' R �o* R 5>2 R #�-P XP�r "�->24#$=&5>0�'Z*WNE=6#�')5>2?.,Y NE5>5/')(>#�- R # 5>0�',-1'ANW§ RaR ( R ( (/'T.T')#a5I* R 5>2 R #�-I*,'ANV->"$(/'T%
"�->24#$=�5>0�'x� 8 R P NE8`; R ->245>2 R #$24#$= 5TrC->5/')* ���{;£5  NE#�% ^�')(sr � R #$=�7;NV-/')8424#�'Y�t#a5/')(^[\')( R *,')5>(srX�q^��?7ª�s E2
� 0�'T-/' * R 5>2 R #b(1NE5/'T-+NE(/' 24*ZY R (>51NE#Q5;P R "$#�%�NE(sr :6NE84"�'T-!�`24#b5>0�' 7 R (/%9G -;P�'T->5;-/')#�-/'i �[ R ( =<' R %�r # NE*Z2?.
* R %$')8424#$=t2H� 0�'W8ONE5>5/')( 2?- P�'T. R *Z24#$= * R (/'WNE#�% * R (/'Z24*ZY R (>51NE#Q5$2 7ªrJ#a"$*,')(>2?.ANE848mr * R %$')8424#$=&5>0�'
Y$( R .T'T-/-/'T- 24# 5>0�']� NE(>5>0HG -
24#Q5/')(>2 R ( 24#@� 
 7 245>0 * R %$')8?-
5>0 NE5I* R :<',5 R 7 NE(/%$- (/'ANE84245�rF�\'L2 =t2 B��?1v.�~
UQ��IC���£km"$#L#&%ipq X245
2?- # R 7 Y R -/->24P$8?',5 R Y$( R %C"�.T' %�ra# NE*Z2?.ANE848mr . R #�->2?->5/')#Q5 ->5>(>"�.)5>"$(/'T-A@924#�.)84"�%C24#$=J0 R 5
"$Y 7 ')848424#$=<-Y�`Y$84"$*,'T-E E2
h_i��|i�h � k�{ w�mL{\t	w6q � mIt�m}s z!q_rTp:w�m 
O{ r�� m 
�p ��{ r

� R %�N r<@|5>0�')(/'I2?-G# R % R "$P$5 NEP R "$5G5>0�' 'E
 2?-/5/')#�.T' R [�*WNE#Q5>8?' . R #Q:<'T.)5>2 R #v2 �t5/- ->5�ra8?'6@ 0 R 7 '):<')(A@�2?-G# R 5
r<')5G.)8?'ANE(HNE#�%M0 NV-GP|'T')#b5>0�'I->"$P�>^'T.)5 R [�%C2?-/.)"�-/-/2 R #S@$'T->Y|'T.)2ONE848mrMP�')5 7 'T')# =<' R ./0�')*Z2?->5/- NE#�%b=<' R Y$0�rT�
.)2?->2?->5/-i2w� ->0 R (>5 R :<')(>: 2?' 7 NEP R "$5Z5>0$2?-W.)8ONV-/->2?.ANE8+. R #�§�2?.)5Z2?-Z=624:<')# 0�')(/'M5 R 248484"�->5>(1NE5/'M5>0�'M( R 8?' R [
Y$84"$*,'T-+24# NE#�- 7 ')(>24#$=W24*ZY R (>51NE#Q5�BQ"�'T-/5>2 R #�-;24#&=<' R %�ra# NE*Z2?.T-$2

$ �  
��
�#�B�(�)	�. K �`5>0$2?-+Y NE(>5+2?- P NV-1'T% R # N Y NEY�')(+P�r �&0-1 �x~ �j~t1 UQ�ªIC�m�?k��L�L�L�Wpq 
� 0�'Z.)8ONV-/->2?.ANE8 Y$(/'):6NE248424#$=bY$2?.)5>"$(/' R [ 5>0�' *WNE#a5>8?' [ R ( =<' R ./0�')*Z2?->5/- 7 NV-IN�%C24:a2?-/2 R #J24#a5 R NM%$')Y$8?')5/'T%
. R #Q:<'T.)5>24#$= "$Y$Y�')(S*WNE#Q5>8?'{�\%$')Y$8?')5>2 R #
%C"�' 5 R *,')845B'E
C5>(1NV.)5>2 R #I"$Y R #I.)(>"�->5 [ R (>*WNE5>2 R #/ SNE#�% N Y$(>24* R ([�
%C2ONE8�"$#�%$')=QNV-/-1'T% 8 R 7 ')(
*WNE#a5>8?' � <tY$(>24*Z245>24:<',*WNE#a5>8?'jg� E2H7 R 5>0 NE(/'W%C2?->5>24#�.)5 =<' R ./0�')*Z2?.ANE8 (/'T-1')(>: R 24(/-
NE#�% NE(/'
-1')Y NE(1NE5/'T% P�r&5>0�'ynLnL�W�t%C2?-/. R #a5>24#Q"$245�r<@ 7 0$2?./0 24# 5>0$2?- * R %$')892?-XN�./0�')*Z2?.ANE8�P R "$#�%�NE(sr NE#�%
NV.)5/- NV-XN P NE(>(>2?')( 5 R . R #a:<'T.)5>2 R #v24� 0$2?- 7 NV-X-/"$Y$Y R (>5/'T%JP�r 5>0�' . R *ZY$(/'T-/->2 R # NE8�# NE5>"$(/' R [ ->"$P�%C"�.E�
5>2 R #bK R #�'X'ANE(>5>0tBa" N U 'T-HNE#�%M5>0�' NEP�-/')#�.T' R [90�r Y R .T')#Q5/')(/-GP|')8 R 7 n&%C� U *62:� 0$2?-+8ON r<')(/'T%&. R #a:<'T.)5>2 R #
NV-/->"$*ZY$5>2 R # 2?-;#�'T.T'T-/-1NE(srMP�'T.ANE"�-/' R 5>0�')( 7 2?-/'I5>0�' 5 7 R (/'T-1')(>: R 24(/- 7 R "$8?% P�' *Z2�
C'T%¢2ª� 0�' 'E
C2?->5/')#�.T'
R [�5 7 R %C2?-/5>24#�.)5G(/'T-/')(>: R 24(/- 7 NV- ->"$=6=<'T->5/'T% P�r&5 7 R [`"$#�%�NE*,')#a51NE848mr %C2 ] ')(/')#Q5 5�r Y|'T- R [�( R . U . R *Z24#$=
[\( R * 5>0�'+*WNE#a5>8?' �`� 2?%'� � .T'ANE#A�+2?%C=<'¥7;NV-1NE845/-��c� � � 7J �@<24#,5>0$2?-�* R %$')8�. R (>(/'T->Y R #�%C24#$=I5 R %$')Y$8?')5/'T%
"$Y$Y�')(
*WNE#a5>8?'6@ NE#�% � .T'ANE#+�h->8ONE#�%@7;NV-1NE845/-A� � ��7¥ �@ 7 0$2?.10 2?- [ R "$#�% NE5 0 R 5/-/Y R 5/- NE#�% 2?-I5>0 R "$=60a5
5 R . R #�->2?->5 R [ Y$(>24*Z245>24:<'
*WNE#a5>8?' . R #Q51NE*Z24# NE5/'T% "$Y R # (>2?-/' 7 245>0 %$')Y$8?')5/'T% "$Y$Y�')( *WNE#Q5>8?'L2 � #�' U 'Qr
2?- R 5 R Y�'+(1NE5>2 R @C'T->Y�'T.)2ONE848mr [ R ( Y$84"$*,' ->5>"�%C2?'T-A@a0 NV- P�'T')# 5>0�' R #�'GP�')5 7 'T')# 4 Z ' NE#�% 3 Z 'L2-� 0$248?' 3 Z '
2?- N]Z ')8424"$* 2?- R 5 R Y|'
Y$(/'T-/')(>:<'T%J->24#�.T'I5>0�'I[ R (>*WNE5>2 R # R [ 5>0�'
*WNE#Q5>8?'6@ 4 Z ' 2?-HY$( R %C"�.T'T% [\( R *	¤H(1NE#
NE#�%)� 0 R (>24"$* P�r (1NV%C2 R NV.)5>2?.T'�%$'T.AN r&2 5a24#�.T'W5>0�'Z"$Y$Y|')(
*WNE#Q5>8?' 2?-
NE84(/'ANV%�r * R ->5>8mr %$')=QNV-/-1'T% NE#�%
5>0Q"�-H%$')Y$8?')5/'T%b24# 3 Z '6@C245;0 NV-;8 R 7 3 Z '�� 4 ZH' (1NE5>2 R -A@ . R *ZY NE(1NEP$8?' 5 R 5>0 R -/' 24#b5>0�'INE5>* R -/Y$0�')(/']�`2�2 'L24@
[ R (D� � ��7 %i� "$� 5>24*,'T-I5>0�'�NE5>* R ->Y$0�')(>2?.�(1NE5>2 R ���{*j�v,&}¢dqf�fT*?}�UQ��IC�m�ªk��L�L�L�Wpq s E2 �JNE=6*WN ')(>"$Y$5/'T%
NE5 0 R 5/->Y R 5Z: R 8?.ANE# R 'T-A@ R # 5>0�'�. R #a5>(1NE(sr<@ -/0 R 7 -Z0$24=60 (1NE5>2 R -A@ . R #�->2?->5/')#Q5 7 245>0 5>0�'M8 R 7 ')(Z*WNE#a5>8?'
R (>24=624# R [ � ��7 -L@ 7 0�')(/' Y$(/'T-/')(>:<'T% 3 Z 'G2?- ->5 R (/'T%¢2`�H8?- R @ R 5>0�')( # R P$8?' =QNV-/'T- ->"$Y$Y R (>5 5>0�'H2?%$'AN R [B5>0�'
'E
C2?->5/')#�.T' R [FN (/'T-/')(>: R 24( 24#W5>0�'H8 R 7 ')([�o*WNE#Q5>8?'X5>0 NE5 0 NV- Y$(/'T-/')(>:<'T%W0$24=60M. R #�.T')#Q5>(1NE5>2 R #�- R [S: R 8ONE5>248?'T-

�L�



[\( R * 5>0�'X5>24*,' R [9[ R (>*WNE5>2 R # R [ 5>0�'X*WNE#a5>8?'L2
$ �  >@�"KH���(
O�

�w# . R #Q5>(1NV-/5 5 R 5>0�'
2?%$'ANV- R [ =<' R .10�')*Z2?->5>(sr<@ '):a2?%$')#�.T'I[\( R * =<' R Y$0Tr ->2?.T- NE#�%J'T->Y�'T.)2ONE848mr -/')2?->* R 8 R =Lr
->"$=6=<'T->5/-MN 7 0 R 8?' *WNE#Q5>8?'J. R #Q:<'T.)5>2 R # * R %$')8�2 � 0�' 24*ZY R (>51NE#�.T' R [X5>0�'�nLnL�W�t%C2?-1. R #Q5>24#Q"$245�r NV-MN
P NE(>(>2?')( 5 R *WNE#Q5>8?'H§ R 7 2?- # R 5Z'):a2?%$')#a5
[\( R * N&=<' R Y$0Tr ->2?.ANE8;Y R 24#Q5 R [G: 2?' 7 @ 5>0�'�%C2?-/. R #Q5>24#a"$245�r 2?-
(/')=QNE(/%$'T% # R 5 NV-
Nb.10�')*Z2?.ANE8 P R "$#�%�NE(sr P$"$5 (1NE5>0�')( N�Y$0 NV-/'W5>(1NE#�->245>2 R # [\( R * R #�',*Z24#�')(1NE8 Y$0 NV-/'
5 R NW%$')#�-1')( R #�'L2�� NE(>5>0tBQ" N U ' 0TraY R .T')#a5/')(/-X(/'ANV./0 5 R %$')Y$5>0�- R [8%C�L� U * NE#�% 5>0a"�- 24#Q5 R 5>0�' 8 R 7 ')(
*WNE#Q5>8?'L2ª5 ')2?->*Z2?.+5 R * R =6(1NEY$0TrW0 NV- ->0 R 7 #M->8ONEP�-�= R 24#$= 5>0$( R "$=60�5>0�'+5>(1NE#�->245>2 R #�K R #�'G24#a5 R 5>0�'G8 R 7 ')(
*WNE#Q5>8?' � �&0-1F�?~t, �Ddqf�hi} UQ�JIC�m�-km"$#L#&%ipq HNE#�%&5>0�')(/' NE(/' 24#�%C2?.ANE5>2 R #�-H[ R (��cNE#�%&*,'ANE# 7 0$248?'4­�(/-/5+24*��
NE=<'T- R [E Y$84"$*,'T- [`( R * 5>0�'G8 R 7 ')( *WNE#Q5>8?'���(+*-1v}�~�f�f�dJU �:IC�m�Vk��L�L�L�6NWpq �@ P�')24#$=
5>0�' NV.)5>24:<'H"$Y 7 ')848424#$=<-
(/'ANV./0$24#$= 5>0�' ->"$(^[oNV.T'L2

� 0�')#S@ 24# 5>0�' 8ONE5/' � �V-L@�=<' R .10�')*Z2?.ANE8�* R %$')8?-I->0 R 7 'T% 5>0 NE5X5>0�'Z'E
 2?-/5>24#$=�2?- R 5 R Y|'Z%�NE51NEP NV-/' [ R (
R .T'ANE#$2?. *WNE#a5>8?' .ANE# P|'J'E
CY$8ONE24#�'T% P�r . R *
P$24#$24#$=X­�:<' . R *ZY R #�')#a5/- � %$')Y$8?')5/'T% � � � 7 *WNE#a5>8?'
� 
 � �� �@�')#$(>2?./0�'T% *WNE#a5>8?' R [ 5 7 R 5�raY�'T-x�c�:�@" NE#�%��¨���& �@SN�. R *ZY R #�')#Q5I.10 NE(1NV.)5/')(>24KA'T% P�r 0$24=60
(1NE5>2 R - R [ µ =238 ¤ � 204Pb @ (/'�[c')(>(/'T%J5 R NV-{Z�����¤
@|NE#�% NW%$')Y$8?')5/'T%JY�')(>2?% R 5>245>2?.Z. R *ZY R #�')#a5 -/0 NE(/'T%
P�r NE848 0 R 5/->Y R 5/-A@95>0 NE5
2?-
%C2?->5>24#�.)5
[`( R *�� � � 7 @B.ANE848?'T%@3 � _ � �cNV.)( R #Tra* R [ª<�3 � .ANE8�_ � #�'jg� E2 �w5
5>"$(>#�'T% R "$5B5>0 NE5-3 � _ � 0 NV%
5>0�' R P�-/')(>:<'T%
0$24=60 3 Z '�� 4 ZH' ./0 NE(1NV.)5/')(>2?->5>2?.;NE#�%I5>0 NE5B245/- NEY$Y|'ANE(1NE#�.T' 2?-
24#�%C2?.ANE5>24:<'H[ R ( 0 R 5/->Y R 5/-$2z� 0�'T-/' . R #�->2?->5 R [FNI*Z2�
C5>"$(/'GP�')5 7 'T')# 3 � _ � NE#�%MNE#�')#$(>2?.10�'T%M. R *ZY R #�')#a5
7 245>0b8 R 7 3 Z '�� 4 Z ' NE#�%M0$24=60 187 � -�� 188 � -;(1NE5>2 R -;5>0 NE5;2?-;. R #�->2?->5/')#a5 7 245>0 NE#�%M5>0Q"�-G. R #�->2?%$')(/'T%b5 R
P�' (/'T.Qr .)8?'T%b*WNW­ .I.)(>"�->5$2

� 0$2?-Y­�:<'E�t. R *ZY R #�')#Q5 * R %$')8;8 R R -/')#�- 5>0�'M8ON r<')(/'T% . R #a:<'T.)5>2 R # . R #�->5>(1NE24#a5 NE#�% '):<')# 24#�.)84"�%$'T-
->"$P�%C"�.)5>2 R # R [ .)(>"�-/5 % R 7 # 5 R 5>0�' R (>24=624# %$')Y$5>0 R [ *WNE#a5>8?'ZY$84"$*,'T-$2]� ' R ./0�')*Z2?.ANE8�(/'T-1')(>: R 24(/-INE(/'
->5>24848$#�'T'T%$'T% @ NE#�%Z5>0�'T-/' 7 R "$8?%,P|';%$'T->5>( R r<'T%ZP�r *Z2�
C24#$= R [ 7 0 R 8?' *WNE#a5>8?'G. R #a:<'T.)5>2 R #�� �&0-1 �]~ �-~�1
UQ�8IC���vk��L�L�L�Wpq E2

� 0�' 51NV- U [ R (9=<' R -1.)2?')#�.T'T-�# R 7 2?- 5 R ­�#�%,N Y$8ONE"�->24P$8?';* R %$')8$5>0 NE5�51N U 'T-�24#Q5 R NV.T. R "$#a5�P R 5>0S@6=<' R �
Y$0�rC->2?.ANE8�. R #�->5>(1NE24#Q5/-L@CNE#�% =<' R ./0�')*Z2?.ANE8V­�#�%C24#$=<-$2¨5 '):<')(1NE8�- R 84"$5>2 R #�- 5 R 5>0$2?- Y$( R P$8?')* 0 NA:<' NE84(/'ANV%�r
P�'T')# ->"$=6=<'T->5/'T% �\-/'T'&(/'):a2?' 7 NE#�% %C2?-/.)"�-/->2 R # R [ �&0j1 �x~ �j~t1«UQ�YIC���¥k��L�L�L�Wp�� �¨0 � �-fT~��«k��L�L�L�Wpq E2
� #�' R [;5>0�'Z* R -/5 [oNE([�o(/'ANV./0$24#$=J* R %$')8?-I2?- 5>0�' R #�' R [���|vd ��� h (+*-,/.?0j1 0-1?�¦(+*j,�.-0-1¦km"$#L#L#Wp�2
�w5 P NV-/2?.ANE848mr -1N$r - 5>0 NE5WNE848 *WNE#Q5>8?'&*WNE5/')(>2ONE8;(/'ANV./0$24#$= 5>0�'b->"$(^[oNV.T'�2?-Z. R *Z24#$= [`( R * Y$84"$*,'T-A@ NE#�%
5>0 NE5 5>0�'H.10�')*Z2?.ANE8�%C2 ] ')(/')#�.T'T- P|')5 7 'T')#�� � ��7 NE#�% � ��7 NE(/'H5>0�'H(/'T->"$845 R [S5 7 R ->51NE=<'T- R [S*,')845>24#$=t2
� #�'M5>0 NE5 R .T.)"$(/- "$Y R # (>2?-/' R [HY$84"$*,'M*WNE5/')(>2ONE8H%C"�' 5 R %$'T. R *ZY$(/'T-1->2 R #@\ 5>0�'�(/'T->"$845>24#$= *,')845Z2?-
[c'T'T%C24#$=W0 R 5/->Y R 5/-GNEP R :<' 5>0�'IY$84"$*,'T-$2ª� 0�'X(/'T->2?%C"�' R [ Y$84"$*,' *WNE5/')(>2ONE88�`5>0�' * R ->5GY NE(>5P 2?- [c'T'T%C24#$=
5>0�'INV->5>0�')# R -/Y$0�')(/' 7 0�')(/' 245;2?-¥§ R 7 24#$= 0 R (>24K R #Q51NE848mr&5 R 7 NE(/%$-H5>0�' ->Y$(/'ANV%C24#$= .T')#a5/')($2 � 8 R -1'X5 R 5>0�'
(>2?%C=<'T-�5>0�';#�'E
C5�%$'T. R *ZY$(/'T-/->2 R #�NE#�%Z->"$P�-/' Ba"�')#Q5�*,')845>24#$= R .T.)"$(/-�5 R Y$( R %C"�.T'J� � � 7{2L� 0�'+NE"$5>0 R (/-
­�# NE848mr&. R *,'
"$Y 7 245>0JNy§ R 7 �t.10 NE(>5H[ R ( NE# ')#Q5>24(/' *WNE#Q5>8?'
*WNE5/')(>2ONE8F(/'T.QrC.)8424#$= -1./0�')*,'6@�- R 84: 24#$=,5>0�'
Y$( R P$8?')* R [�%C2?->5>24#�.)5+.10�')*Z2?.ANE8F(/'T-/')(>: R 24(/-i2

Z R 7 '):<')(A@a5>0 R "$=60�24#Q5/')848?'T.)5>" NE848mr�./0 NE848?')#$=624#$=�@C5>0�'H%C24(/'T.)5 NEY$Y$842?.ANEP$2484245�r R [S5>0$2?-�* R %$')8 2?- 8424*Z245/'T%
NE#�% NJ5/'T->51NEP$8?'M* R %$')8;2?-�r<')5Z8ONV. U 24#$=t2X� P�')5>5/')(Z24*WNE=<' R [ *WNE#a5>8?'bY$84"$*,'T-Z2?-Z.)(>"�.)2ONE8+5 R P�')5>5/')(
. R #�->5>(1NE24#&5>0�'T-1'X* R %$')8?-HNE#�%b(>"$8?' - R *,' R "$5$2
h_i��|i�� �lw�yxz mDnQq�rxs p�k�m��;q@t�p:k�� nakEmIq@p��xyxs �\mIp

� 0�':� NE(>5>0 . R #Q5>24#a" R "�->8mr 8 R -/'T-S0�'ANE5B5>0$( R "$=60I245/-F->"$(^[oNV.T'6@ENJBa" NE#Q5>245�rX5>0 NE5S2?-S*,'ANV-/"$(/'ANEP$8?' � ∼ � �&�8� @
'L2 =t2 � �V|?� �/~�,&}¬UQ�:IC����k��L�L��"Epq E2`� 0�' (1NE5>2 R
R [B5>0�' NE* R "$#Q5 R [B0�'ANE5 R [S5>0�' 24#�%C24:a2?%C" NE8 - R "$(/.T'T- 2?- ->5>24848

��"



')#$24=6*WNE5>2?.L2 �HY NE(>5 [\( R * 5>0�',0�'ANE5 R [ 5>0�'�. R (/'6@95>0�')(/'W2?- NE8?- R (1NV%C2 R NV.)5>24:<'�Y$( R %C"�.)5>2 R # R [+0�'ANE5 24#
5>0�' *WNE#Q5>8?'L2¨�t#&N
5>(1NV%C245>2 R # NE8S* R %$')8o@C5>0�'H(1NE5>2 R P�')5 7 'T')#&0�'ANE5 P$( R "$=60Q5+"$Yb5 R 5>0�' ->"$(^[oNV.T' 5>0$( R "$=60
Y$84"$*,'T-ZNE#�% 0�'ANE5
[\( R * *Z2?%'� R .T'ANE# (>2?%C=<'T- 7 R "$8?% (/'E§ 'T.)5 5>0�'W(1NE5>2 R P�')5 7 'T')# . R R 8424#$= R [+5>0�' . R (/'
NE#�%b(1NV%C2 R NV.)5>24:<'I0�'ANE5+Y$( R %C"�.)5>2 R # 24#&5>0�' *WNE#Q5>8?'L285 '):<')(1NE8F->5>"�%C2?'T-GNV%$%C(/'T-1-/'T%b5>0$2?-;Y$( R P$8?')*62

�{0	�-dg~�h{km"$# � � p�'T->5>24*WNE5/'T% 5>0�' 0�'ANE5 . R *Z24#$= [`( R * Y$84"$*,'T- "�->24#$= 5>0�' *WNE=6#$245>"�%$'T- R [ 5>0�')24( - 7 ')848?-$2
Z R 5/->Y R 59- 7 ')848?-�NE(/' .)(/'ANE5/'T% P�r 5>0�' %�r # NE*Z2?. ' ] 'T.)5 R [�P$" R rQNE#Q5�*WNE5/')(>2ONE8o@<5>0�' P$" R rQNE#�.QrI2?-FP NE8ONE#�.T'T%
2?- R ->51NE5>2?.ANE848mrbPTrM5>0�' 5 R Y R =6(1NEY$0�r&2J� 0�'Qr&NE(/' 5>0a"�- N *,'ANV-/"$(/' R [�P$" R rQNE#�.Qr NE#�% 0�'ANE5J§�"�
$'T- R [ 5>0�'
"$#�%$')(>8mr 24#$= Y$84"$*,'T-J� [ R (FY$"$(/')8mrI5>0�')(>*WNE8 Y$84"$*,'T- P$" R rQNE#�.Qr NE#�%
0�'ANE5?§�"�
 NE(/' (/')8ONE5/'T% 5 R 'ANV./0 R 5>0�')(
P�rb5>0�' (1NE5>2 RWR [�0�'ANE5H.ANEY NV.)245�r NE#�%&5>0�')(>*WNE89'E
 Y NE#�->24: 245�rt E28Z R 7 '):<')(A@|# R 5 NE848 R [ 5>0�'I0�'ANE5G24#C[c')(>(/'T%
[\( R * - 7 ')848�*WNE=6#$245>"�%$'T- (/'ANV.10�'T- 5>0�'H->"$(^[oNV.T'HNE#�% 2?- *,'ANV->"$(1NEP$8?' 5>0�')(/'GP�'�[ R (/'GP|')24#$= (/'E�t->"$P�%C"�.)5/'T%¢2
� 0�' - 7 ')848�*,'ANV-/"$(/'T- 5>0�' 0�'ANE5 § R 7 5 R 5>0�'
P NV-1' R [ 5>0�' 84245>0 R ->Y$0�')(/'6@ 7 0$248?' R #$8mr 5>0�' ->"$(^[oNV.T' 0�'ANE5
§ R 7 .ANE#bP�' *,'ANV->"$(/'T%b%C24(/'T.)5>8mr&2:� 0�')(/'�[ R (/'6@ N %C24(/'T.)5+. R *ZY NE(>2?- R # R [ - 7 ')848��t%$'T%C"�.T'T%b0�'ANE58§ R 7 NE#�%
*,'ANV->"$(/'T%b0�'ANE5¥§ R 7 2?-;# R 5GY R -/-/24P$8?'L2

� R *ZY NE(>24#$= 5>0�'+:6NE84"�'T- R P$51NE24#�'T% P�r 5>0�'H- 7 ')848��o*,')5>0 R %W5 R #Q"$*,')(>2?.ANE8�* R %$')8424#$= R [ P R 5>0 7 0 R 8?'E�
*WNE#Q5>8?' NE#�%&8ON$r<')(/'T% . R #Q:<'T.)5>2 R # �{0 �jdg~th [ R "$#�%b5>0 NE5+* R ->5 R [ R .T'ANE#&P NE5>0Tra*,')5>(srb2?-;=<')#�')(1NE5/'T% P�r
7 0 R 8?'E�o*WNE#Q5>8?'
Y$8ONE5/'E�o* R %$' . R #Q:<'T.)5>2 R #S@ [ R 848 R 7 'T% P�rMY$84"$*,'E�o* R %$' "$Y 7 ')848424#$=t2

� R (/' R :<')(A@�5>0�' 8ONE(>=<'T->5H0 R 5/->Y R 5/-G% R *Z24# NE5/'
0�'ANE5¥§�"�
bP$"$5G24#&5>0�')24( ->"$*®� ∼ ��2�o��8�  5>0�'Qr R #$8mrNV.T. R "$#Q5F[ R (B8?'T-/-B5>0 NE#H"$� � R [$5>0�' ->"$(^[cNV.T'�0�'ANE5?§ R 7 2�5a24#�.T' 5>0$2?-B2?-F. R #�->2?->5/')#Q5 7 245>0I:6NE84"�'T-B-/"$=6=<'T->5/'T%
[ R (95>0�' 0�'ANE5�§ R 7 [\( R * 5>0�';. R (/'6@��{0 �-dq~thG. R #�.)84"�%$'T-�5>0 NE5�5>0$2?-�2?-�'): 2?%$')#�.T' [ R ( Y$84"$*,'T-�. R *Z24#$=X[\( R *
5>0�' . R (/'E�o*WNE#a5>8?'IP R "$#�%�NE(sr&2 � fT~t~ � km"$#L#L�WpF.ANE(>(>2?'T% R "$5HNZ* R (/' %$')51NE248?'T% NE#�%&- R Y$0$2?->5>2?.ANE5/'T% ->5>"�%�r
R [B5>0�' -1NE*,' 5�r Y�' NE#�%M. R #�­�(>*,- 5>0�' (/'T->"$845/- R [ ��0 �-dq~thykm"$# � � p P�r R P$51NE24#$24#$=WNI-/24*Z248ONE( =68 R P NE8�§�"�
¢2

(w0-f&0 � �v�¬0-1v� �4�v, ��*-}�}�~�km"$#L#L#Wp�51N U 'ZNM%C2 ] ')(/')#a5INEY$Y$( R NV./0v2Y� 0�'Qr . R 848?'T.)5 %�NE51N R # 0�'ANE5
§ R 7 NE#�%Y­�#�% 5>0 NE5�5>0�' :VNE84"�'T-9[ R (�Y$84"$*,'T-�P�r �{0	�-dg~�h�km"$# � � p|NE#�% � fT~t~ � km"$#L#L�Wp % R # R 5�'E
CY$8ONE24#Z5>0�'
. R #�->5>(1NE24#a5/- R [ P NV-1NE8�0�'ANE5>24#$= R #W5>0�';84245>0 R ->Y$0�')(/'6@a5>0 NE5 NE(/'GNE5>5>(>24P$"$5/'T% P�')24#$=I%C"�';5 R Y$84"$*,'T-$2`� 0�'Qr
Y$8 R 5 NX.)"$*
"$8ONE5>24:<'+[\(/' Ba"�')#�.Qr��t->24KA'G%C2?->5>(>24P$"$5>2 R # R [ Y$84"$*,'T- NE#�%x­�#�%Z5>0 NE5 N Y R 7 ')([�o8ON 7 'E
 Y$8ONE24#�- 5>0�'
%�NE51N�[ R ( 5>0�',->5>( R #$=<')(IY$84"$*,'T-A@ 7 0�')(/'ANV- [ R ( 7 'AN U ')( R #�'T-A� ≤ �L�&���  5>0�'Qr ­�#�% %$'):a2ONE5>2 R #�-I5>0 NE5
5>0�'Qr 5>0$24# U NE(/'�%C"�',5 R 8ONV. U 24#$= ->"$(^[oNV.T',*WNE#$2~[c'T->51NE5>2 R #�-��\- 7 ')848 R (I=<' R 2?% NE# R *WNE8mr � 24# NE=6(/'T')*,')#a5
7 245>0 � f�~�~ � km"$#L#L�Wpq R [ 7 'AN U Y$84"$*,'T-$2Y� 0�'Qr 5>0a"�- 'E
C5>(1NEY R 8ONE5/' 5>0�'Z.)"$(>:<' "$Y 5 R 7 0�')(/' 5>0�' 5 R 51NE8
->"$* R [�0�'ANE5:§ R 7 2?-�' Ba" NE8 5 R 5>0�';P NV-1NE8�0�'ANE5>24#$=
:VNE84"�';5>0�'Qr,NV-/-/"$*,' [ R ( 5>0�';84245>0 R ->Y$0�')(/'L2`� 0�'QrZ')#�%
"$Y 7 245>0)oL�����MY$84"$*,'T-A@S5>0�' 7 'AN U 'T->5 R #�'T-X0 NT: 24#$= R #$8mr@"?�{� 0�'ANE5{§ R 7 2y� 0�',NE"$5>0 R (/-
NV-/- R .)2ONE5/'
5>0�'T-/' 7 'AN U Y$84"$*,'T- 7 245>0J5>0�' 8ONE(>=<' #Q"$*
P|')( R [ ->*WNE848�-/'ANE* R "$#Q5/- 5>0 NE5X'E
C2?->5A@�'L2 =t24@�24# 5>0�'�; NV.)2�­ .L2
� 0�' ->"$* R [ 0�'ANE5�§ R 7 PTr&Y$84"$*,'T- 24#J5>0�')24( * R %$')892?-D"$o�2 � �8� � ∼ �Ln � R [ 5>0�' ->"$(^[oNV.T'I0�'ANE5�§ R 7  E2
� 0$2?-�2?- *I"�.10 * R (/'G5>0 NE#W5>0�'G:VNE84"�'T- P�r �{0	�-dg~�h4km"$# � � p`� ∼ o �y �NE#�% 7 R "$8?% =624:<'+5>0�';( R 8?' R [�Y$84"$*,'T-24# 5>0�' 0�'ANE5 P$"�%C=<')5 R [�5>0�' *WNE#a5>8?'+N+*
"�./0 0$24=60�')( (/')8?'):VNE#�.T'L2�� R (/' R :<')(A@QNV-1->"$*Z24#$=H5>0�' 0�'ANE5�.ANE(>(>2?'T%
"$Y&PTr Y$84"$*,'T-H. R *,'T-;[\( R * 5>0�' . R (/'6@$5>0�'X. R (/' . R R 8424#$=,(1NE5/' 7 R "$8?% NE8?- R P�' 0$24=60�')($2

�w# 5>0�' Y$84"$*,'E�c[\'T% NV->5>0�')# R -/Y$0�')(/' NE#�% Y$84"$*��oY$"�%$%C24#$= * R %$')8?- R [���|vd ��� hX(+*j,�.-0-1 U �xIC�m�
km"$#L#LoWp�� � |vd � � h¥(+*-,/.-0-1 0-1v� (@*j,�.-0-1 km"$#L#L#WpQ*WNE5/')(>2ONE8a(/'ANV./0$24#$=G5>0�'�-/"$(^[cNV.T' [\( R * P R 5>0 0 R 5/->Y R 5/-
NE#�%&*Z2?%'� R .T'ANE# (>2?%C=<'T- . R *,'T-G[`( R * Y$84"$*,'T-¥\MNE5 %C2 ] ')(/')#a5 ->51NE=<'T- R [�*,')845>24#$=t2J�o[ 5>0$2?-+Y$( R R [\-G5>(>"�'6@
245GNV- 7 ')848B24#�.)(/'ANV-/'T-;5>0�' 24*ZY R (>51NE#�.T' R [9Y$84"$*,'T-+[ R (;5>0�' 0�'ANE5+5>(1NE#�-/Y R (>5+24# 5>0�'�� NE(>5>0v2

��0 �/,/*-hWhi~ k��L�L�L�Wp�(/')*Z24#�% "�-F5>0 NE5�5>0�')(/' 2?-�NE# R 5>0�')(�Y R -/->24P$2484245�r R [�. RaR 8424#$= 5>0�';. R (/'¨\
NV%C:<'T.)5>2 R #
P�r . R 8?%ZY$84"$*,'6@Q2�2 'L24@Q->"$P�%C"�.)5>24#$=I->8ONEP�- NE(>(>24: 24#$=
NE5�5>0�' �ª��7{2L¤H-/24#$=X#Q"$*,')(>2?.ANE8 * R %$')8424#$= 0�' [ R "$#�%
5>0 NE5 5>0$2?-I2?-
5>0�',* R (/' 24*ZY R (>51NE#a5 *,'T./0 NE#$2?->* 24# (/')* R :a24#$= 0�'ANE5
[`( R * 5>0�' . R (/'L2 � R (/' R :<')(A@ 0$2?-
->24*
"$8ONE5>2 R #�- -/0 R 7 5>0 NE5 *WNE#�r R [ 5>0�'G->51NE(>5>24#$=
Y$84"$*,'T-�5>0 NE5 51N U '+0�'ANE5�[\( R * 5>0�' �ª� 7 % R # R 5 *WN U '
245 5 R 5>0�' ->"$(^[oNV.T'L2`� 0Q"�-A@ 0�' . R #�.)84"�%$'T-;5>0 NE5 5>0�'H0�'ANE5 .ANE(>(>2?'T%M"$Y�5>0$( R "$=60�Y$84"$*,' *,'ANV->"$(/'T%�24#�5>0�'
7 N$r R [���0 �-dq~thykm"$# � � p9NE#�% � fT~t~ � km"$#L#L�WpS2?- R #$8mrMN 8 R 7 ')(+P R "$#�%�[ R (;5>0�' 0�'ANE58§�"�
 [\( R * 5>0�'X. R (/'
5 R 5>0�'X*WNE#a5>8?'L2

�L�



u6"�-/5 51N U 24#$=b5>0�'T-1' [\' 7 -/5>"�%C2?'T- 7 ',-1'T' 5>0 NE5 Y$84"$*,'T- Y$8ON$r NM.)(>"�.)2ONE8 ( R 8?' [ R ( %$')5/')(>*Z24#$24#$= 5>0�'
0�'ANE5XP$"�%C=<')5 R [ 5>0�' *WNE#a5>8?'WNE#�% . RaR 8424#$= R [ 5>0�' . R (/'L2Y��P�')5>5/')(X"$#�%$')(/->51NE#�%C24#$= R [ Y$84"$*,'T-L@ 5>0�')24(
R (>24=624#S@�5>0�')24( Y R -/-/24P$8?'
->24KA'T-H24#J5/')(>*,- R [�0�'ANE5 §�"�
 NE#�% #a"$*IP�')(/- 7 248489=624:<'
24*ZY R (>51NE#Q5 . R #�->5>(1NE24#a5/-
R #&5>0�' 5>0�')(>*WNE8F0$2?->5 R (sr R [ 5>0�'!� NE(>5>0v2
h_i��|i�� � {!u w�yxz mDnQm�� ��n/p�q@p�q_w�w ���
uxw�yxz!m 
Ot �6p � 
 ��n'z

��:<')# 2~[ 5>0�'MY$84"$*,'b. R #�.T')Y$5,(/'T.T')24:<'T-,* R (/'&NE#�% * R (/'&NE5>5/')#a5>2 R # NE#�% NE5>5>(1NV.)5/- [\"$(>5>0�')(,(/'T-/'ANE(/.10
' ] R (>5/-;24#&5>0�' 8ONV->5G%$'T.ANV%$'T-H- R *,' [c' 7 -/.)2?')#Q5>2?->5/-GY$"$5+24#Q5 R BQ"�'T->5>2 R # 5>0�'X'E
 2?->5/')#�.T' R [9Y$84"$*,'T-$2

��-/Y|'T.)2ONE848mr 24# 5>0�'x­�(/->5Dr<'ANE(/- R [;5>0�' #�' 7 *Z24848?')#$#$24"$*&@ Y$84"$*,' R Y$Y R #�')#a5/- > R 24#�'T% [ R (/.T'T- �\'L2 =t2
������� 

������"�� ��"���
�������� ��	' E2�� 0�'Qr R (>=QNE#$24KA'T% . R #C[\')(/')#�.T'T-��c;9')#$( R -/'M. R #C[\')(/')#�.T'6@:�L�L�L� � � 0 NEY$*WNE#
. R #C[c')(/')#�.T'6@:�L�L�Lo& �@ 5>(>24=6=<')(/'T% %C2?-1.)"�-/->2 R #�- R # 5>0�' 24#Q5/')(>#�')56�c� 0�' �X' R 8 R =62?.ANE8¥5 R .)2?')5�r R [�� R #�% R #��
;�84"$*,'T- � #$8424#�' 
 ')P NE5/'6@�������� 	�����"������ ��� ��	&����������" ��

���������������$@��L�L�L�& �@�NE#�%�24#Y> R "$(># NE8?-!�c� ->5>( R #��
R *4r��F� ' R Y$0�rC->2?.T-A@R^ R 8?-���� � � ��@L�L�L�L� �C�L�L�L�C@�5 .)2?')#�.T'6@R^ R 8�2��L�L�C@C�L�L�L�& s �@6NV- 7 ')848 NV-9NE5S24#Q5/')(># NE5>2 R # NE8
*,'T')5>24#$=<-D� [ R (GN (/'): 2?' 7 R [ Y$84"$*,' %$')P NE5/'T-HNE5¥���{¤l�L�L�L� [oNE848 *,'T')5>24#$=�@ -/'T' �]~t,¢,+k��L�L�L�Wpq E2

� 0$248?'M- R *,' R [H5>0�'T-/'M-/.)2?')#Q5>2?->5/-Z'):<')# ->"$=6=<'T->5 5>0 NE5 *WNE#Q5>8?'b. R #a:<'T.)5>2 R # * R %$')8?-ZNE(/'�Y R -/->24P$8?'
7 245>0 R "$5 Y$84"$*,'T-¥�cNE#�%I5>0 NE5 0 R 5/->Y R 59: R 8?.ANE#$2?->* 2?-9.ANE"�-1'T%
PTr *,')8459=<')#�')(1NE5>2 R #Z24#
5>0�' "$Y$Y�')(F*WNE#a5>8?'i 
�\'L2 =t2¢¡Y1?�?~t,¢hW*-1 k��L�L�L�Wp�� �&0-1Fbed�� ��UQ��IL�m�:k��L�L��"Epq +5>0�')(/' 2?-XN 8424:<')8mr %C2?-1.)"�-/->2 R # 7 0�')5>0�')(XY$84"$*,'T-
NE(/' [c'ANE5>"$(/'T- R [F5>0�' "$Y$Y�')(;*WNE#Q5>8?' R #$8mr��\'L2 =t2	�:*j�vf�.�~t, U �£IC���¢k��L�L��"Epq �@ NE#�%M5>0a"�-ª<t# R #���� R (>=QNE#$2ONE#
Y$84"$*,'T-�g1@ R ( 7 0�')5>0�')(+Y$84"$*,'T- R (>24=624# NE5/'INE5;5>0�' 8 R 7 ')([�o*WNE#Q5>8?'
5>0�')(>*WNE8SP R "$#�%�NE(sr�8ON r<')(A@�5>0�' �ª� 7{2

� 0�'HY$( R 51NE= R #$2?->5/- R [B5>0�'HY$84"$*,' R Y$Y R #�')#Q5/-+NE(/'H5>0�' =<' R Y$0�rC->2?.)2?->5 ��*-1@¡�1v�?~t,¢hW*-1��\'L2 =t24@�¡�1��
�?~�,¢hi*j1@k��L�L�L�Wpt@ ')#a5>245>8?'T%]<�� 0�'G5>0�')(>*WNE8 ->51NE5/' R [S5>0�'G"$Y$Y�')( *WNE#a5>8?' � � R ( R 8?'+[ R ( *WNE#a5>8?' Y$84"$*,'T-�g� �@
5>0�' =<' R ./0�')*Z2?->5 �40 � dgfE}¢*j1 7 245>0 N (1NV%C2?.ANE8 R Y$24#$2 R #S@FNE(>=6"$24#$=b[ R (X. R *ZY$8?')5/')8mrJ%C2 ] ')(/')#Q5I5/'T.)5 R #$2?.T-
�c���{¤ [cNE848�*,'T')5>24#$=H�L�L��" Y R ->5/')( 5>245>8?' <tY$84"$*,'T-+% R # R 5+'E
 2?-/5�g� �@CNE#�%b-1')2?->* R 8 R =62?->5 ��dqf�f �:*j�vfT.j~�,j2

� 0$2?- 5>0�'T->2?- % R 'T- # R 58BQ"�'T->5>2 R # 5>0�'H'E
C2?->5/')#�.T' R [SY$84"$*,'T-$2`� %$')51NE248?'T%�(/'):a2?' 7 R [S5>0�' ->51NE#�%CY R 24#a5
R [ Y$84"$*,' R Y$Y R #�')#Q5/- 2?- # R 5X=624:<')# 0�')(/'6@ 'E
C.T')Y$5X24# � 0 NEY$5/')( ��[ R ( 5>0�'Z.ANV-1' -/5>"�%�r R [ 5>0�'��h.T')8ONE#�%
Y$84"$*,' 7 0�')(/' N,.)(>245>2?.ANE8F(/'):a2?' 7 R [�NE8489->5>"�%C2?'T-+2?-G=624:<')#v2J�t5G2?-G->51NE5/'T%b5>0 NE5 - R *,' R [�5>0�' R Y$Y R #�')#a5�G -
NE(>=6"$*,')#Q5/-&NE(/'J. R #�->2?%$')(/'T% . R #Q5>(1NV%C2?.)5 R (sr 7 245>0 .)"$(>(/')#a5M-1.)2?')#Q5>2�­ . '):a2?%$')#�.T'L2¦Z R 7 '):<')(A@H-/.)2?')#�.T'
8424:<'T- NE8?- R [`( R *=BQ"�'T->5>2 R #$24#$= 7 0 NE5�2?-�5>0 R "$=60a5 5 R P�' 7 ')848�'T->51NEP$842?->0�'T% @ NE#�%,5>0a"�- ->"�.10 . R #Q5>(>24P$"$5>2 R #�-
->0 R "$8?%b# R 5;P�' (/'�>>'T.)5/'T%bP|'�[ R (/')0 NE#�% 7 245>0 R "$5;[\"$(>5>0�')(G. R #�->2?%$')(1NE5>2 R #v2£�t#b5>0 NE5H-/')#�-/' 7 'I. R #�->2?%$')(HN
Y NEY�')(+P�r # �?f�d 0-1+0-1v� �:*j�vf�.�~t,�k��L�L�L�Wp 7 0 R Y$( R :a2?%$'INY<w./0�'T. U 842?->5�gX[ R (;5>0�' 'E
C2?->5/')#�.T' R [ Y$84"$*,'T-
�`5>0 NE5X5>0�'QrJ5>(sr 5 R %C2?->Y$( R :<'i E2y� 7 R Y R 24#Q5/- R [ 5>0$2?- ./0�'T. U 842?->5
. R #�.T')(>#$24#$= -/')2?->* R 8 R =62?.ANE8�2?-1->"�'T-X.ANE#
P�'X->"$*Z*WNE(>24KA'T% NV- [ R 848 R 7 - �

•
� 
 � ��� 8 � �54%	��(>54(�0�
�H#Y5 7 NT:<'�5>0 NE5B2?- (/'E§ 'T.)5/'T%
NE5S5>0�' . R (/'E�o*WNE#Q5>8?' P R "$#�%�NE(sr NE#�% R P�-/')(>:<'T%
NE5FN .)8 R -/'�')Y$2?.T')#a5>(1NE8
%C2?-/51NE#�.T' 2?-HY$( R Y NE=QNE5>24#$= NE84* R -/5 :<')(>5>2?.ANE848mr&2Y5a"�./0 N 7 NA:<'6�`5>0�'y5 .i5 Y$0 NV-/'i H->0 R "$8?%JP�'I:<')(sr
7 ')848 ->"$245/'T% [ R ( -/5>"�%�ra24#$=b#�'ANE(>PTr Y$84"$*,'T-A@B->24#�.T' 245 5>(1NT:<')8?-
NE84* R -/5 'E
$.)84"�->24:<')8mrJ5>0$( R "$=60 5>0�'
Y$84"$*,' NE#�% 245/-Z(/'T. R (/% 2?-Z# R 5,. R #a51NE*Z24# NE5/'T% PTr NE#�r ->5>(>"�.)5>"$(1NE8H. R *ZY$842?.ANE5>2 R #S@+NV-Z'L2 =t24@ 24#
5/')8?'T-1')2?->*Z2?.W5 R * R =6(1NEY$0Tr&2���->Y�'T.)2ONE848mr [ R (Y�w.T')8ONE#�% @ 7 0$2?.10 245/-/')8~[+2?-
5>0�',8 R .ANE5>2 R # [ R ( -/'):<')(1NE8
-/5>( R #$=M'ANE(>5>0tBa" N U 'T-A@|5>0$2?- . R "$8?% -1')(>:<' NV-XN %C2ONE=6# R ->5>2?. Y$0 NV-/' [ R ( 5>0�'IY$(/'T-/')#�.T' R [ NWY$84"$*,'L2
Z R 7 '):<')(A@�245 ->0 R "$8?% P�',# R 5/'T% 0�')(/'6@95>0 NE5 �40�}L0 ��k��L�L�L�Wp ->51NE5/'T% 5>0 NE54<t5>0�')(/'W2?-
84245>5>8?'W0 R Y�'
R [�"�-/24#$= . R (/'E�o(/'E§ 'T.)5/'T%��[2 2 2  �Y$0 NV-/'T-H5 R %$')5/'T.)5HY$84"$*,'T-H24# 5>0�'I8 R 7 ')( *WNE#a5>8?' P|'T.ANE"�-/'A�[2 2 2  
7 NT:<'�[\( R #Q5 0�'ANE8424#$= �[2 2 2  7 24848 P�' :<')(sr 8ONE(>=<' 24#b5>0$2?-+=<' R *,')5>(sr-g 2:�w# � 0 NEY$5/')( � 7 ' 7 24848S. R *,'
P NV. U 5 R 5>0$2?-;2?-/->"�'L2

�L�



•
>@4A���B� �-�5� 8 � 8 R �06-���  .�� L 3S�0.QR �O6"�0���
� R 7 �o:<')8 R .)245�r P R %C2?'T-
.ANE# NV.)5 NV- 7 NT:<')=6"$2?%$'T-A@ NE# ' ] 'T.)5 R P�-/')(>:<'T% [\( R * [oNE"$845
K R #�' =6"$2?%$'T%
7 NT:<'T-����:*j|v, �¥0-1v1 UQ��IC����k��L�L���Cpq �@+NE#�%�­�P|')(W=68ONV-/- R Y$5>2?.T-$2¬;�84"$*,'T-L@ P|')24#$= 8 R 7 �o:<')8 R .)245�r
-/5>(>"�.)5>"$(/'T-A@ 7 R "$8?% P�'X# NE5>"$(1NE8 .ANE#�%C2?%�NE5/'T-H[ R (+P�')0 NT: 24#$=W24# N,->24*Z248ONE( 7 N$r&2�5a24#�.T'I#a"$*,')(>2?.ANE8
-/5>"�%C2?'T- 0 NA:<'GP�'T')#,"�-/'T% ->"�.T.T'T-/-^[\"$848mr 5 R 24#Q:<'T-/5>24=QNE5/'+[oNE"$845 K R #�'G=6"$2?%$'T% 7 NA:<'T-A@ 245 ->0 R "$8?%�NE8?- R
P�'XY R -/->24P$8?'X5 R 24#Q:<'T->5>24=QNE5/'
5>0$2?-G' ] 'T.)5+[ R (+Y$84"$*,'T- 7 245>0 #a"$*,')(>2?.ANE89->24*
"$8ONE5>2 R #�-XNE#�%&5>0Q"�-H5 R
%$'T.)2?%$' 7 0�rM->"�./0 7 NT:<'T-H0 NT:<' #�'):<')(+P|'T')# R P�-/')(>:<'T%¢2

����� � 
 � ���;� � �"� ��� �����9�/
 � ���"�
� 'M0 NT:<' -/'T')# 5>0 NE5,*WNE#a5>8?'bY$84"$*,'T-�\ Y$( R :a2?%$'T% 5>0�'Qr 'E
C2?->5D\ *WN r P�'&NEP$8?'b5 R Y$"$5W. R #�->5>(1NE24#a5/-
R # -/'):<')(1NE8 =<' R %�r # NE*Z2?. BQ"�'T->5>2 R #�-L@�'L2 =t24@�5>0�'W0�'ANE5 P$"�%C=<')5 R [G5>0�'A� NE(>5>0 R ( 5>0�' ->5�ra8?' R [+*WNE#a5>8?'
. R #Q:<'T.)5>2 R #v2]Z R 7 '):<')(A@S5 R %�N rJ5>0�')(/'WNE(/' :6NE(>2 R "�- %C2 ] ')(/')#Q5 2?%$'ANV- NEP R "$5X5>0�',->0 NEY�'6@ ->24KA'6@ #a"$*IP�')(A@
->5>(/')#$=65>0S@ NE#�%&=<' R *,')5>(sr R [ Y$84"$*,'T-+24#b5>0�'4� NE(>5>0v2

5 ')2?->* R 8 R =Lr<@ Y$( R :a2?%C24#$=J5>0�',5 R R 8?- 7 245>0 0$24=60�'T->5
(/'T- R 84"$5>2 R # [ R ( 24*WNE=624#$=J5>0�'H� NE(>5>0HG -I24#a5/')(>2 R (A@
0 NV-�P|'T')# [\(/' BQ"�')#a5>8mr "�-/'T% 5 R 8 R RVU [ R (�Y$84"$*,'T-A@G0 R 7 '):<')(A@H5>0�'T-/'J->5>"�%C2?'T- 7 ')(/'J# R 5Ar<')5MNEP$8?'J5 R
Y$( R : 2?%$'W%$')51NE248?'T% 24*WNE=<'T- R [;Y$84"$*,'T- R :<')(I5>0�')24(X[\"$848�8?')#$=65>0v2H�t# 5>0�',(/'):a2?' 7 7 ',0 NA:<'W->0 R 7 # 5>0 NE5
-/')2?->*Z2?.,Y$84"$*,',->5>"�%C2?'T-X"�->24#$= (1N rT�o5>0�' R (sr %C"�' 5 R 5>0�'Z24=6# R (1NE#�.T' R [ 5>0�' 7 NT:<'E�t' ] 'T.)5/-A@F-/" ] ')(X[\( R *
*WNW> R (+Y$( R P$8?')*,- 7 0�')#&"�-1'T%M[ R (;5>0�'I%$')5/'T.)5>2 R #JNE#�%b24*WNE=624#$= R [ 5>0�' ->*WNE848BY$84"$*,' . R #�%C"$245/-$2:� NA:<'
Y$0�')# R *,')# N�\ 5>0�'b* R ->5,24*ZY R (>51NE#Q5 R #�'b[ R (Z5>(1NT:<')8��o5>24*,' 5 R * R =6(1NEY$0�r P�')24#$= 7 NT:<'�[\( R #Q5M0�'ANE8424#$=
\ 0 NT:<' P�'T')# %C2?-/.)"�-/-1'T% @GY$( R :a2?%C24#$= 5>0�' * R 5>24:6NE5>2 R # [ R (M.ANE(>(sr 24#$= R "$5 N [\"$848�� 7 NT:<'E­ ')8?% [ R ( 7 NE(/%
* R %$')8424#$=�->5>"�%�r 5>0$( R "$=60 Y$84"$*,'T-A@ 7 0$248?' NE5H5>0�' -1NE*,'I5>24*,'IY$( R :a2?%C24#$=&NWP NV->2?-+[ R (G"$#�%$')(/-/51NE#�%C24#$=
NE#�%b24#a5/')(>Y$(/')5>24#$=W5>0�'X(/'T->"$845>24#$=x­�#$245/'E�c[`(/' Ba"�')#�.Qr&' ] 'T.)5/-i2

�w# R (/%$')(+5 R .ANE(>(sr R "$5GNZ-srC->5/')*WNE5>2?.X->5>"�%�r R [FY$84"$*,'E�o842 U 'I-/5>(>"�.)5>"$(/'T-GN (/'T%C"�.)5>2 R # R [ 5>0�' (1NE#$=<'
R [ :6NE(>2 R "�-X->"$=6=<'T->5/'T%JY$84"$*,'T- * R %$')8?-H5 R 5>0�' Y$(>24*WNE(sr Y$( R Y�')(>5>2?'T- R [ NWY$84"$*,'D\bP|')24#$=&N P$" R rQNE#a5
"$Y 7 ')848424#$=x\M2?-;#�'T.T'T-/-1NE(sr � 7 'I->"$=6=<'T-/5+5 R "�-/'INZ:<')(>5>2?.ANE8F.Qr 8424#�%C(>2?.ANE8B8 R 7 �o:<')8 R .)245�r P R %�r 7 245>0 R "$5 N
0�'ANV% @E->24#�.T'�5>0�'�24#�§�"�')#�.T' R [C5>0�'�8ONE5>5/')( 7 R "$8?% P�' R #
N 8ONE(>=<')(B-1.ANE8?' 5>0 NE# 5>0 NE5 R [C5�r Y$2?.ANE8a'E
CY|')(>24*,')#a5/-
�\'E
�NE*ZY$8?'T- R [ 7 0$2?./0 7 ')(/' (/'): 2?' 7 'T%&24#b5>0$2?-G./0 NEY$5/')(P [ R (+Y$84"$*,' -/5>"�%C2?'T-$2

5a"�.10 N * R %$')8Q.ANE# P�'�%$'T-/.)(>24P�'T% 7 245>0 R #$8mr N [c' 7 Y NE(1NE*,')5/')(/-F-/"�./0
NV- 5>0�' . R #�%C"$245B%C2ONE*,')5/')(A@E5>0�'
*WNE=6#$245>"�%$' R [9Y|')(>5>"$(>P NE5>2 R #S@$5>0�' R (>24=624#&%$')Y$5>0 R ( 5>0�' 8ONE5/')(1NE8BY|')(>5>"$(>P NE5>2 R #M[\"$#�.)5>2 R #v2:� 0$2?-GNE848 R 7 -
N Y$0�')# R *,')# R 8 R =62?.ANE8 ->5>"�%�r R [ 5>0�' -/')2?->*Z2?. ' ] 'T.)5/- R [ Y$84"$*,'T- 24# %$')Y|')#�%$')#�.Qr R [ 5>0�'T-/' Y$( R Y�')(>5>2?'T-
7 0$2?./0 NE(/' .)(>"�.)2ONE8H[ R ( . R #�->5>(1NE24#$24#$= =<' R %�r # NE*Z2?. Y NE(1NE*,')5/')(/-$2 � 245>0 5>0�' U # R 7 8?'T%C=<' R [X0 R 7 N
.T')(>51NE24# Y$84"$*,' Y NE(1NE*,')5/')( R [ 24#a5/')(/'T->59*WNEY�-F24#a5 R R P�-/')(>:VNEP$8?' -/')2?->*Z2?. Y$( R Y�')(>5>2?'T-A@6->"�./0ZNV-F5>0�' 5>(1NA:<')8��
5>24*,' R [ 5>0�' 7 NA:<'6@�Y$84"$*,' 'E
CY�')(>24*,')#Q5/-G.ANE# P|' R Y$5>24*Z24KA'T%¢2

���



� �������	��
 �

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

/�021436587:9<;>=@?BA�C20>?EDF1HGIAJ?LKM14=F1402NO1QPSRUTWVYXZ14D@72[<AZ\][^=`_^T�acbB[^;edfbg3`dihj1HCe14bBAkXZ[8A>14bE?E0>al?Bmon>=F1OmF140:DF1OAMpYqrD140edf;>bB1Oms7>?Eac7JG]\t=F1Ou8v21402N49wm@D@v2AJ?B1Omx[f\U3ydOhj1HCe14bBAz1HK{1ON4DFmx[f\YNO[^0JC2021OA|_^T}mFD@=@v2N4D@v>=F1Omi5em@v2N~7zd^m�n>bEv>XZ1Omi5[^0|dlDF14bB1OmF14?BmFXQ?BNW3`dihj1HCe14bBA�D@7edfD#7ed^m#D@=~dOhj14bEbB1OAwD@7>=F[^v>ac7zdf0|d��<?BmF98XQXZ14D@=@?BNW;ed^N~�8ac=F[^v>02A�XZ[8A>14b�pR2[^=�mFv2NF7�_^T$3`dihj1HCe14bBA�m@D@v2AJ?B1Om�\Sv>bEbLGr_^T$3`dihj1H\S[^=@X�XZ[8A>14bE?E0>a�XZ14D@72[<A>mZNidf0�;{1kv2mF1OA�PS1cp a2p��l� ��#�<�M���M���{����������� � �s�
���c�c�c� d� tVs3¡7>?BNF7�df=F1¢72[i3o14hj14=�=F1Om@D@=@?BN4DF1OAzDF[�bB[�3�\S=F1Ou8v21402N4?B1OmxAJv21lDF[£m@D@?EbEb1H�J?Bm@D@?E0>awbE?EXQ?ED~dfD@?B[^02m¢?E0¤NO[^XQn>v>DF14=�n{[i3`14=ip¦¥�[�[ihj14=FNO[^XZ1�D@7>?Bm6n>=F[^;>bB14Xw5§7:9<;>=@?BA¤dfn>n>=F[jd^N~721Om¢7edihj1;{1O140£A>14hj14bB[^n{1OA¨PS1cp a2p�©«ª �������­¬ ª2® � � ª �°¯ ª �­�E±i²c²c³  I´<©}ª �
���c�c�c�  I´°µ ���e� ªJ¶ � ®:®8ª¸·4¹Yº^»B¼ ���c�c�c� 5�c�c� _� tVH52NO[^X¢;>?E0>?E0>a¦1H�J?Bm@D@?E0>aQXZ14D@72[8A>m#3¡?ED@7½D@7216df?EX¾[f\§1H�JDF1402AJ?E0>aZD@721x\t=F1Ou8v21402N49£=~df0>aj1W[f\Um@?EX¢v>b¿d�GD@?B[^02mipÁÀ�16n>=F1OmF1408Dxd�XZ14D@72[<A½D@7edfDsNO[^X¢;>?E021OmxdQacbB[^;edfb§d��J?Bm@98XQXZ14D@=@?BN�R§T}dfbEaj[^=@?ED@7>X(3¡?ED@7|[^021Â\][^=d6NO[^0JC2021OA½_^T�mFn>7214=@?BNidfb{m~1ON4D@?B[^0�p�¥y721�DF14bB1OmF14?BmFXQ?BN�acbB[^;edfbg3`dihj1HCe14bBAkD@7>=F[^v>ac7kdf0½d��<?BmF98XQXZ14D@=@?BNc5J[^=m@D~df02A2df=FA ± T«XZ[<A>14b�Nidf0�;{1�NidfbBN4v>b¿dfDF1OAz3¡?ED@7Ãd � T«XZ14D@72[<A�D@7edfDsD~df�j1Omxd^AJhcdf0:D~dfaj1�[f\�?EDFmÂd��<?Bm@9<X�GXZ14D@=@9�df02AwD@78v2m�0214hj14=@D@7214bB1Om~msNO[^=@=F1ON4D@bE9½D~df�j1Oms?E0:DF[kd^NONO[^v>0:DW_^T-aj1O[^XZ14D@=@?BNidfb§mFn>=F1id^AJ?E0>a¦;{147edOh<?B[^=ipqrDl?Bmlned^mFm~1OA
DF[¨dÃ_^T$m@n>7214=@?BNidfb#mF1ON4D@?B[^0¸D@7edfDZNidf0¸?E02N4bEv2A>1wdf0�df=@;>?ED@=~df=@9j5`NO[^0JC2021OAÄ_^T$m@D@=@v2N4D@v>=F1?EXQn>bB14XZ140:DF1OAk?E0£D@721Âm~dfXZ1s;ed^NF�<ac=F[^v>02A¦XZ[<A>14bMd^moD@721x[^021sv2mF1OAZ\][^=`D@721xd��J?Bm@9<XQXZ14D@=@?BNsA>[^X�df?E0�pYqr0D@7>?BmWm@n>7214=@?BNidfb�mF1ON4D@?B[^0¨D@721Q_^TÅ3`dOhj1Q1Ou8vedfD@?B[^0¨?BmÂmF[^bEhj1OA¨dfbEbB[i3¡?E0>a½\][^=Âm@D@v2AJ98?E0>akD@721Z_^TÆ3`dOhj1HCe14bBA1HKM1ON4DFm#[f\§D@721�m@D@=@v2N4D@v>=F1cp¥y721xXZ14D@72[8Ak?Bm¡dfn>n>bE?B1OAkDF[Qd¢n>bEv>XZ1ÂXZ[8A>14b{D@7edfD¡?Bm`n>b¿d^NO1OAk?E0½ÇYÈ�ÉÁÊËdfD#df0w14n>?BNO140:D@=~dfb�AJ?BmFD~df02NO1x[f\²c� A>14ac=F1O1Omip�¥y721W_^T�1HKM1ON4DFmy[f\�D@721xn>bEv>XZ1Â[^0kD@721WÌ<Í�G�3`dihj1Â?Bmy1H�>dfXQ?E021OAk?E02N4bEv2AJ?E0>aZNO[^08hj14=Fm@?B[^02m¡DF[Ç�df02A�Ì8Î-3ydOhj1Omip
ÏÂÐÒÑ Ó<ÔsÕeÖ{×WØlÙ � Õ°ÚF×#Ô
Û v>XZ14=@?BNidfb#XZ[8A>14bE?E0>a�[f\ÂacbB[^;edfb¡3`dihj1wn>=F[^nedfa:dfD@?B[^0Ä?Bm�[f\x14XQ?E02140:D�?EXQng[^=@D~df02NO1k\][^=QXZ[<A>14=@0ÄmF14?BmÜGXZ[^bB[^ac9jp�Ì89808D@7214D@?BN�mF14?BmFXZ[^ac=~dfXZm¦[f\Wm@D~df02A2df=FA ± T.Éodf=@D@7�XZ[<A>14bBm�m@v2N~7Ýd^m�qÞ/WÌ<Ç ²J± P��Zª ��� ª �{�������ßs��¯U�e�§� ® �E±i²c²J±  tV�[^=sÇYÈsÉYÊàP�á�â � ª<ã�� ����ä��`�§���Ýål��� ª �M� � ���E±i²c³J±  tV�mF14=@hj1¢d^ms=F1H\]14=F1402NO1OmipÊz[8A>14bE?E0>a½D@721�1HKM1ON4DFmW[f\`m@n{1ON4?LCeNQm@D@=@v2N4D@v>=F1OmÂ?E0¨D@721�ÉÁdf=@D@7¤m@v2N~7�d^mWm@v>;gAJv2N4D@?B[^0¨æi[^021Om�5Mn>bEv>XZ1Om6[^=v>bED@=~d�G�bB[i3'hj14bB[<N4?EDI9Äæi[^021Om½dfD£D@721|NO[^=F1HG�X�df08D@bB1z;g[^v>02A2df=@9�[^0ÝD@721zmF14?Bm@XQ?BNw3ydOhj1HCe14bBA�df02A�v>02A>14=ÜGm@D~df02AJ?E0>a|72[i3ÆD@721Om~1Z1HK{1ON4DFm�Nidf0¤;{1�v2mF1OA¨DF[½?EX�dfaj1�D@721OmF1Zm@D@=@v2N4D@v>=F1Om�?Bm¢df02[^D@7214=�?EXQn{[^=@D~df0:D�Ce14bBA\][^=`08v>XZ14=@?BNidfb�XZ[<A>14bE?E0>a2pYÊ|[^=F1O[�hj14=i5J\Sv>bEbLG�3`dOhj1H\][^=@X¾?E08hj14=Fm@?B[^0wDF1ONF7>0>?Bu8v21Om�df=F1xv>02A>14=#A>14hj14bB[^n>XZ140:DP]d^Afç@[^?E0:D£XZ14D@72[8AM5yD@?EXZ1HG�=F14hj14=Fm~dfbÂ?EX�dfac?E0>a25#1cp a2pE5 �¢� � ��� ·4¹Qº^»B¼ ���c�c�cè  tV¦df02AÄ3¡?EbEbs;g1w\S1id^mF?E;>bB1w?E0D@721¢\tv>D@v>=F1�AJv21lDF[£?E02N4=F1id^m@?E0>awNO[^XQn>v>DF14=Wn{[i3o14=�df02AzD@721�1H�J?Bm@DF1402NO1�[f\`d^A>1Ou:vedfDF1Z_^TÅacbB[^;edfbU3`dihj1HG

_ è



Ce14bBAzXZ[8A>14bE?E0>a½XZ14D@72[<A>mip6¥y7>?BmÂ3¡?EbEb�[^n{140Ãv>n¨d�02143}14=~d¦?E0Ã?EX�dfac?E0>a£D@721QÉodf=@D@7�� mÂ?E0:DF14=@?B[^=�df02AÃ?E01H�Jn>bB[^?ED@?E0>aZD@7216140:D@?E=F1�?E0J\S[^=@X�dfD@?B[^0�D@7edfD#?Bm#A>14bE?Ehj14=F1OAw3¡?ED@7|mF14?Bm@XZ[^ac=~dfXZmip¥�[�A2dfDF1c5ed�hcdf=@?B14DI9w[f\�NO[^XQn>v>DF14=�n>=F[^ac=~dfXZmÂdf02A½XZ14D@72[<A>msdf=F1ldOhcdf?Eb¿df;>bB16DF[Qaj140214=~dfDF1¢m@9808D@7214D@?BNmF14?Bm@XZ[^ac=~dfXZm�5>D@7216N4b¿d^mFm@?BNidfb�df02AwXZ[cm@D#n{[^n>v>b¿df=�[^021Om¡;{14?E0>aZD@721Â=F1��e1ON4D@?Eh8?EDr9½XZ14D@72[8A
P���� �g���Q�����
�
	 ®:®8ª ���E±i²��<±  tVH5gD@721�À�
����^G�XZ14D@72[8A�Prµ �M���°�#���Ý�E±i²��^³  tVH5Mdf02A�02[^=@X�dfbLG�XZ[<A>1�m@v>XQX�dfD@?B[^0ÄPS1cp a2pµ ���e� ªJ¶ � ®:®8ªÄ·4¹yº^»B¼ ���c�c�c�  tVHp
� [^XQn>bB14DF1¦XZ14D@72[8A>m�\][^=60:v>XZ14=@?BNidfb`3`dihj1HCe14bBA
XZ[<A>14bE?E0>a|Nidf0¸d^NF7>?B14hj1kdf=@;>?ED@=~df=@9¤d^NON4v>=~d^N49¨;>v>DNidf0¨=F1Ou8v>?E=F1Q1402[^=@XZ[^v2m6NO[^XQn>v>D~dfD@?B[^0edfbÁ=F1OmF[^v>=FNO1Om�p¢¥y72149zmF[^bEhj1�D@721�nedf=@D@?¿dfbYAJ?LK{14=F1408D@?¿dfbÁ1Ou8vedfD@?B[^02m[f\MD@721y\Sv>bEb23`dihj1HCe14bBAMpY¥y721OmF1¡XZ14D@72[<A>mY?E02N4bEv2A>1�D@721�R§?E0>?EDF1HGITx?LK{14=F1402NO1�XZ14D@72[8AM58D@721#R§?E0>?EDF1HGIÉ�bB14XZ140:DXZ14D@72[<AM5yD@721wR§?E0>?EDF1HG�ÎY[^bEv>XZ1�XZ14D@72[<AM5yn2mF14v2A>[cm@n{1ON4D@=~dfb�XZ14D@72[<A>m|PSm@v2N~7Ýd^m�D@721wR2[^v>=@?B14=½df02A�D@721

� 7214;:9JNF7214h½XZ14D@72[<AeVH5edf02A½D@721lÌ8ng1ON4D@=~dfb�ÉYbB14XZ140:D�XZ14D@72[<AMp
ÏÂÐÜÏ �������lÔlÚÜÕ����:ØlÚ�� �UÖ!��Ô � �#"$�§Õ��l×WØ
¥y7>?BmymF1ON4D@?B[^0£;>=@?B1��29¦m@v>XQX�df=@?Eæi1Om`D@721s;ed^m@?BNOmy[f\�D@721#C20>?EDF1HGIAJ?LKM14=F1402NO1ÂXZ14D@72[<A£df02A¦=F14h8?B143#m`D@721sDI3`[C20>?EDF1HGIAJ?LKM14=F1402NO1ldfn>n>=F[jd^N~721Om�\][^=�m@?EX¢v>b¿dfD@?E0>a�3ydOhj1¢n>=F[^nedfa:dfD@?B[^0|?E0�mFn>7214=@?BNidfb�XZ1OAJ?¿dl\S=F[^X 3¡7>?BN~7zd7:9<;>=@?BA½XZ14D@72[<A½3¡?EbEb�;{1WNO[^02m@D@=@v2N4DF1OAw?E0½D@7216021H�<D#mF1ON4D@?B[^0�p
%'&(%)&+* ,.-0/21�354
R§?E0>?EDF1ÂTs?LKM14=F1402NO1Om6PSRUT6V�7edihj1s3¡?BA>14bE9¦;g1O140£v2mF1OA£DF[¢0:v>XZ14=@?BNidfbEbE9£n>=F[^nedfa:dfDF1WmF14?Bm@XQ?BNs3`dOhj1Om�p � [^X�Gn>=F14721402m@?Ehj1¡=F14h<?B143#mÁ[f\{D@721yXZ14D@72[<A�df02AQD@7214?E=odfn>n>bE?BNidfD@?B[^0¦DF[WmF14?Bm@XQ?BNy3`dihj1#n>=F[^nedfa:dfD@?B[^0¦7edOhj1#;{1O140ac?Ehj140Ã=F1ONO140:D@bE9z;:9 � � � âj�Å·4¹�º^»B¼ ���c�c�76  �?E0ÃD@721�\S=~dfXZ143o[^=@�Ã[f\ÁD@721�É�v>=F[^n{1idf0
8:9 � µ ß n>=F[fç@1ON4D6[^=3¡?EbEb�;{16n>v>;>bE?BmF721OA�?E0|021idf=�\Sv>D@v>=F1¦P � � � â:�«·4¹¡º^»E¼ ���c�c�5;  tVHp�¥y721�X�d�ç@[^=xd^AJhcdf0:D~dfaj1l[f\YD@7216XZ14D@72[<A?Bmo?EDFmY=F14b¿dfD@?Ehj1xm@?EXQn>bE?BN4?EDI9¦df02A¦D@721#v2m~1�[f\MbB[8Nidfbg[^ng14=~dfDF[^=Fm�5JdfbEbB[�3¡?E0>a�\][^=omF?EXQn>bB1#XZ[<A>14bgm@n>bE?ED@D@?E0>a�df02AD@7:v2ms1id^m@9£nedf=~dfbEbB14bE?Eæ�dfD@?B[^0|[f\UD@721�dfbEaj[^=@?ED@7>XZmipÌ<14hj14=~dfb{RUT�GINO[<A>1OmY7edihj1#;{1O140¦A>14hj14bB[^n{1OAZ;89 ¬ ª ��� ª � � ¯ ª2®¢df02A�NO[fG�3o[^=@�j14=FmWPS1cp a2pE5 � ¯ ª2® �E±i²c² _� I5
� ¯ ª2® ����� ©}ª � ª �$�E±i²c²cè  I5 � ¯ ªe® ����� ©}ª � ª �$�E±i²c²5;  I5 � ¯ ª2® �����=< � �§� � ������� � ���E±i²c²��  I5��� � �#��� ·4¹¦º^»E¼ ���c�c�c�  tVkdf02A�mF14=@hj1OA�d^mwd
;ed^m@?Bm£\][^=k\tv>=@D@7214=wA>14hj14bB[^n>XZ1408DFmw;:9ÝD@721¨mF14?Bm@XZ[^bB[^ac9ac=F[^v>nÃ[f\YD@721?>s0>?Ehj14=Fm@?EDI9|[f\oÊ�v>0>?BN~7�psRe[^=x1H�2dfXQn>bB1c5Md � df=@DF1Om@?¿df0�_^T}RUTÆNO[<A>163yd^mÂA>14hj14bB[^ng1OAz;:9
8 �M�g����� ª �¨���c�c�J±  e\S[^=odfn>n>bE?BNidfD@?B[^02m`[^0Q3`dihj1#n>=F[^nedfa:dfD@?B[^0£D@7>=F[^v>ac7ZX�df0:D@bB1�n>bEv>XZ1OmodfDY=F14ac?B[^0edfbgAJ?BmÜGD~df02NO1OmipY¥y7>?Bm#3o[^=@�k3`d^m�n>=F[^XQ?Bm@?E0>a¦m@?E02NO1Â?EDsm@72[i3`1OA�[^;2mF14=@hcdf;>bB161HKM1ON4DFm#[f\§n>bEv>XZ1OmsNO[^02m@?Bm@DF1408D#3¡?ED@7D@721W3`[^=@�£;89 ��� ® �#����� ·O¹`º^»B¼ �E±i²c²c³  IpoqrD�dfbBmF[QA>14XZ[^02m@D@=~dfDF1OA|D@721W021O1OA½DF[Qv2m~1Wm@n>7214=@?BNidfb�aj1O[^XZ14D@=@93¡72140�[^021W3ydf0:DFm�DF[Zm@D@v2AJ9kmF14?Bm@XQ?BNW1HKM1ON4DFm�[f\Un>bEv>XZ1Om�dfD#b¿df=@aj14=�AJ?Bm@D~df02NO1Om�pÊz[cm@DÂR§T dfn>n>=F[jd^NF721Om6df=F1l;ed^mF1OAz[^0|D@721¢hj14bB[<N4?EDI98GIm@D@=F1OmFmx\][^=@X�v>b¿dfD@?B[^0ÄPA@ �t�M� ªB�!C �E±i²c³5;  tVsNO[^X�G;>?E021OAk3¡?ED@7wdlm@D~dfacaj14=F1OA£ac=@?BAMpY¥y7214=F1H\S[^=F1c5J;{[^D@7k3¡?EbEb{;g1Â1H�Jn>b¿df?E021OA¦?E0kD@721s\][^bEbB[i3¡?E0>a2pÁ¥y721xhj14bB[<N4?EDI98Gm@D@=F1OmFm`\][^=@X�v>b¿dfD@?B[^0z[f\§D@721Wm~14?Bm@XQ?BNW1Ou:vedfD@?B[^0|[f\�XZ[^D@?B[^0½\][^=�df0w14b¿d^m@D@?BN�df0>?BmF[^D@=F[^n>?BN6XZ1OAJ?Ev>X¾3¡?ED@7|dXZ[^XZ140:DsDF1402mF[^=sdf02A½m@?E0>acbB1W\S[^=FNO161H�>N4?ED~dfD@?B[^0w=F1id^A>mlPS1cp a2p � � � âj��·4¹`ºc»E¼ ���c�c�5;  tV

ρ
∂vi

∂t
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v(x + ∆x) = v(x) + ∂xv(x) +
∆x2

2!
∂2

xv(x) + . . .
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δxv(x) ≈ v(x + ∆x) − v(x)

∆x
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∆t

P � p è V
¥y721ÂN49JN4bB1#\][^=`m~[^bEh8?E0>alD@721x3`dOhj1HCe14bBA�1Ou:vedfD@?B[^02myNO[^02m@?Bm@DFmy[f\�v>n{A2dfD@?E0>a�D@721xhj14bB[8N4?EDr9�hcdfbEv21OmÁ\S=F[^XD@721s0214?Eac7:;{[^=@?E0>aZ[^021Omi5<D@72140¦v>n{A2dfD@?E0>a�D@721xmFD@=F1OmFmÁhcdfbEv21Om`3¡?ED@7kD@721�02143Ýhj14bB[8N4?EDr9�hcdfbEv21Om¡df02AZC20edfbEbE91H�JD@=~dfng[^b¿dfD@?E0>aZD@7216h^dfbEv21Om¡?E0�D@?EXZ1Wv2m@?E0>aZÉYugp � p è pÊz[8A>14=@0
R§T n>=F[^ac=~dfXZm¢XZ[cm@D@bE9Ãv2mF1�d 6 D@7JGI[^=FA>14=¢m@nedfD@?¿dfbydfn>n>=F[O�J?EX�dfD@?B[^0
?E02m@DF1id^A
[f\`D@721ZC2=Fm@DÜG[^=FA>14=�m~NF7214XZ1ÁmF72[i3¡0ldf;{[ihj1Y\S[^=MD@721om~df�j1Y[f\2m@?EXQn>bE?BN4?EDr9jp�Êz[^=F1O[ihj14=i5^?L\J02[^D�XZ[<A>14bE?E0>a�D@721Y1408D@?E=F1YacbB[^;{1c5D@7214=F1#df=F1`v>0>n>7:9Jm@?BNidfb>XZ[<A>14b>;g[^v>02A2df=@?B1OmUbB1id^AJ?E0>aWDF[Wdf=@D@?LCeN4?¿dfb2=F1��e1ON4D@?B[^02mipU¥y721OmF1#df=F1¡dihj[^?BA>1OAQv2m@?E0>amF[½NidfbEbB1OA��Þdf;2m~[^=@;>?E0>aw;g[^v>02A2df=@?B1Om	�~5�D@7edfDW?Bmi5§d£=@?EX [f\oac=@?BA�ng[^?E08DFm63¡7214=F1QD@721l\Sv>02N4D@?B[^0�hcdfbEv21Om�df=F1X�v>bED@?En>bE?B1OAz3¡?ED@7Ãdf0zA>1ON4=F1id^m@?E0>a¦\�d^N4DF[^=

<
± p¡¥y72149wNO[^0:D@?E08v2[^v2m@bE9|A2dfXQn|D@721�3ydOhj1HCe14bBAzDF[i3ydf=FA>mxD@721XZ[<A>14b>;g[^v>02A2df=@?B1OmÁdf02A�D@7>?BmY3o1idf�j1402mYD@721y3ydOhj1�df02A�?EDFmY=F1��e1ON4D@?B[^02mU\t=F[^X«D@721yXZ[<A>14b>;{[^v>02A2df=@9lm@v2N~7D@7edfD¡D@72149£7edOhj1�dl0214acbB1ON4D@?E;>bB1�?E0 �2v21402NO16[^0½D@721ÂXZ[8A>14bB1OA�mF14?Bm@XZ[^ac=~dfXZmip�qr0½=F1ONO140:D#9j1idf=Fm�5>mF[QNidfbEbB1OA

�In{14=Ü\S1ON4D@bE9|X�dfDFNF721OA¨b¿di9j14=Fm
�kPSÇYÊ��Y5M1cp a2p � �§�e�{����ä �g¶ ���{������� �§® � ª �����c�c� _� tVs;{1ONidfXZ1�d¦;{14D@DF14=dfbEDF14=@0edfD@?Ehj1�DF[½df;2mF[^=@;>?E0>ak;g[^v>02A2df=@9|DF1ONF7>0>?Bu8v21OmÂ;>v>D6df=F1¢02[^DW14bEv2N4?BA2dfDF1OAÃ7214=F1�m@?E02NO1¢D@72149zdf=F1¢02[^Dv2mF1OAk?E0wD@7>?Bm#D@721Om@?Bmip
%'&(%)&(% �
������� /������ /B3�/���� /�� /���- 1������ 1�3 �"!�-0/B3#�$�&%(')� /*����%

ÀÝ72140�NO[^02m@?BA>14=@?E0>aw3`dihj1Zn>=F[^nedfa:dfD@?B[^0¤[^0­d�acbB[^;edfbomFNidfbB1c5M?EDW?BmWv2mF1H\Sv>bUDF[kD@v>=@0�DF[½m@n>7214=@?BNidfbÁNO[<[^=ÜGAJ?E0edfDF1OmÂm@?E02NO16D@721¢ÉÁdf=@D@7Ã?Bm#?E0|C2=Fm@Dxdfn>n>=F[i�<?EX�dfD@?B[^0�d�m@n>7214=F1cp#ÀÝ72140|1H�Jn>=F1OmFm@?E0>a¦D@721¢14b¿d^m@D@?BN�3`dihj1
_ �



1Ou8vedfD@?B[^0
P � p ± V`?E0�m@n>7214=@?BNidfb�NO[8[^=FAJ?E0edfDF1OmlP
r, θ, ϕ)

[^021W[^;>D~df?E02m¢PS1cp a2p � �t��� ª � � � ª��§ª �Ä���c�c�J±  tV��
ρ
∂vr

∂t
=

∂σrr

∂r
+

1

r

∂σrθ

∂θ
+

1

r sin θ

∂σrϕ

∂ϕ
+

1

r
(2σrr − σθθ − σϕϕ + σrθ cot θ) + fr

P � p ; V
ρ
∂vθ

∂t
=

∂σrθ

∂r
+

1

r

∂σθθ

∂θ
+

1

r sin θ

∂σθϕ

∂ϕ
+

1

r
([σθθ − σϕϕ] cot θ + 3σrθ) + fθ

P � p � V
ρ
∂vϕ

∂t
=

∂σrϕ

∂r
+

1

r

∂σθϕ

∂θ
+

1

r sin θ

∂σϕϕ

∂ϕ
+

1

r
(3σrϕ + 2σϕθ cot θ) + fϕ
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ρ
∂vr

∂t
=

∂σrr

∂r
+

1

r

∂σrθ

∂θ
+

1

r
(2σrr − σθθ + σrθ cot θ) + fr

P � p ² V
ρ
∂vθ

∂t
=

∂σrθ

∂r
+

1

r

∂σθθ

∂θ
+

1

r
(σθΘ cot θ + 3σrθ) + fθ
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ρ
∂vϕ

∂t
=

∂σrϕ

∂r
+

1

r

∂σθϕ

∂θ
+

1

r
(3σrϕ) + fϕ

P � p ±c± V
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grid SH grid PSV grid 3D

model SH model 3D model PSV

velocity computation SH velocity computation PSV velocity computation 3D

stress computation PSVstress computation SH stress computation 3D

stress communication

velocity communication

output SH output 3Doutput PSV

tim
e−

loop

hybrid initialization

END

BEGIN

common parameters
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$\sigma_{ii},\;\rho,\;\lambda\;\mu$σ ρ µλ

$\sigma_{\Theta,phi}

θ

φ

σθφ

σθr

vθ

vφ

vr

$v_{r}

$v_{\Theta}

$\sigma_{\Theta,r)}

$\sigma_{\phi,r}

σφr

t3

vorderellipse
nur bei strichdicke 3 zu sehen...
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