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`RO#L4IC]AOR@l]AQ#�-BKJ6L5>(f:62O#I jPGEf�@CBKO#fP]A@�;PfP]AO&>(f:6k@Cj�QR`#BH>(GEBK@AQR@l@AO�j5>(]CIb>(��O#L4I�GH> ]AOR@Aj%J6L�@b><;PBEGEBEIAQUMPO�GH> `RJ6fdY
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branch_one
Start ON

end

postmin3d
postmin3d

algebra_1
Limited memory quasi−Newton

time & tag

 receiver

H

algebra_2
Jb = 0.5 v^T.v

time & tag

 receiver

L

algebra_3
J=Jo+ Jg

time & tag

 receiver

L

algebra_4
gradJ= gradJo + gragJg

time & tag

 receiver

L

algebra_8
Jo =0.5  d"^T.d"

time & tag

 receiver

L

algebra_6
Hv − y’

time & tag

 receiver

L

observations
yprim_unit

zero
transfer_unit

initialisations
setup3d

SQRT_R_1
SQRT_R_1

SQRT_R_1_2
SQRT_R_1

interpol_horiz
h_newbilin

intrpol_horiz_T
h_newbilin_T

minimize_1
minimize_unit

minimize_2
minimize_unit

minimize_3
minimize_unit

profil_vert
H_eval

profil_vert_T
H_eval_T

chgt_espace
S_1

chgt_espace_T
S_1_T
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Boucle de 

minimisation

Operateur 

d’observation

Operateur 

d’observation 

adjoint

Fin de la boucle 

de minimisation

Le minimiseur n1qn3
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branch_one
Start ON

end

interpol_horiz
h_newbilin

intrpol_horiz_T
h_newbilin_T

profil_vert
H_evalSQRT_R_1

SQRT_R_1

zero
transfer_unit

profil_vert_T
H_eval_T

SQRT_R_1_2
SQRT_R_1

algebra_5
y’’= u^T.d’

time & tag

 receiver

L

conversion_vecteurs
nz2nx

nx2nz
nx2nz

nx2nz_2
nx2nz

initialisations
setup3d2

chgt_espace
S_1

chgt_espace_T
S_1_T

minimize_1
minimize_unit

minimize_unit_2
minimize_unit

minimize_unit_3
minimize_unit

nz2nx_2
nz2nx

nz2nx_3
nz2nx

postmin3d2
postmin3d2

algebra_7
dot = alpha.x^T.y

time & tag

 receiver

L

algebra_1
dot = alpha.x^T.y

time & tag

 receiver

L

Schema PALM du 3D−PSAS

=====================

−−−−− Boucle de minimisation
|v

<−−−− Fin de la boucle

       de minimisation

algebra_4
d"= u + (...)u

time & tag

 receiver

L

algebra_8
Jo =0.5  u^T.d"

time & tag

 receiver

L

algebra_3
F=0.5 u^T.d" − u^T.d’   

time & tag

 receiver

L

algebra_6
gradF= d" − d

time & tag

 receiver

L

algebra_2
Limited memory quasi−Newton

time & tag

 receiver
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�,J6f�@�GKOR@�]AQR@CfPGEIb>(IA@�jP]AQR@AO#LIAQR@�BK`#Bu@bJ6L4I JA;PIAO#L4f�@=>9/�OR` fPL�O O76dj�Q#]CBKO#L�`ROsLfPDaQ#]CBK�4f�O `RJ6DFjPG=4#IAO�>(f
@AO#BELgMPOsGH>6�4f�O#GEGKO=IAJ6f�@�GKOR@,I��j�OR@�M*< JA;�@bO#]0/6>(ICBKJ6L @AJ6L4I�]AO#jP]AQR@AO#LIAQR@�O#I�`RJ6L4IAO#L5>(LI IAJ6fPIAOR@�GKOR@�MPJ6LPL�QROR@
]AO#IAO#L4f�OR@�j�J6fP]ZGH>Fj5>6@b@AOTJ6j�Q#]b>(ICBKJ6LPL�O#GEGKO Mdf��&��XC>(LP/BKO#]l�-c-c(m -¡@bJ6BEI ��9�� � 0 / JA;�@AO#]0/->(ICBKJ6L�@�MPJ6L4I
0 �5 0  5¢ @AJ6L4I�>6@A@CBEDFBEGKQROR@&:�;,O�/�OR`#IAO#fP]ZMPO�`RJ6LIC]��6GKOTMdfkDaJuM@4#GKO�OR@CI�MPOUIb>(BEGEGKO � 0 � / ��¢% �� :

� ��� � $�� � �$��
���&  �� ��� ��� $�� � � �W���
;,> 1\>(BK@b><;PBEGEBEIAQ IAOR`AnPLPBK�f�OaMPO G\< BEDFjPGKQ#DaO#L4Ib>(ICBKJ6L M�>(L�@Up%th;8� Mdf^@A`bn�Q#Dz>kW6XhY\[=>(]�Mdf ru���

Q#Ib>(L4I�DFBK@AO O#L�Q3/uBKMPO#L�`RO M�>(L�@�GKOg`bn5>(jPBEIC]AO jP]AQR`RQRMPO#L4I9-�BEG�@&<?>(�-BEI�BK`#B�MPO�/6>(GEBKMPO#]U`RO#ICIAO BEDFjPGKQ#DaO#LdY
Ib>(ICBKJ6L2Ib>(L4I�>(fkLPBS/�O&>(fNMPOUG\< J6jPICBEDFBK@b>(ICBKJ6L�Mdf2IAO#DFj�@�MPO�`&>(GK`#fPG,�f�OUMPOR@l]AOR@A@bJ6fP]A`ROR@ZO76djPGKJ6BEIAQROR@&:

XU>(L�@ GH>�DaOR@CfP]AO�J��FGKOR@ DaJuMdBO>5`&>(ICBKJ6L�@ >(jPj%J6]CIAQROR@=>(fa`RJuMPOZW6XhY\[=>(] BELPBEICBH>(G5O#L5/uf�OlMPO G\< BEDFjPGKQ Y
DaO#L4IAO#]hM�>(L�@lp%t�;8� L�OU@AJ6L4I�j5>6@ZMPO�L5>(ICfP]AO\D `An5>(LP��O#]ZG\<?>(GE��J6]CBEICnPDaOgMPO�;5>6@AO��9-PJ6LkL�O�@&<?>(ICIAO#L�M
j5>6@�D >9/�J6BE]lfPL�O�>(DaQ#GEBKJ6]b>(ICBKJ6LNMdf�IAO#DFj�@lMPO�`&>(GK`#fPG*L�QR`ROR@A@b>(BE]AO�j�J6fP] 1\>(BE]AO�fPL�OU>(L5>(GE�u@AOUW6XhY\[=>(]&:
�hL�`bn�O#]A`An�OT>(GKJ6]A@�DgDaOR@CfP]AO#]lGKO�@CfP]A`RJ��PI�O#L�IAO#DFj�@lO#IlO#L�DaJ&��O#L�@�MPO�`&>(GK`#fPG8O#LP��O#L�Md]AQ�j5>(]lG\< fPICB�Y
GEBK@b>(ICBKJ6LNMPO�p%th;,� -PL�J6Ib>(DFDaO#LI�>(f2LPBS/�O&>(f�MPOR@�`RJ6DFDTfPLPBK`&>(ICBKJ6L�@&:

XU>(L�@�GH>�>��-fP]AO�Wd:F�.-(@AJ6L4I�jP]AQR@AO#LIAQR@ GKOR@�]AQR@CfPGEIb>(IA@ MPO G\<?>(L5>(GE�u@bO#fP]�MPO j�O#]?1 J6]CDz>(L�`ROR@ MPO p%th;8� -
�4fPB*DaOR@CfP]AO�GKOUIAO#DFj�@�MPO�`&>(GK`#fPG,O#I�MPOT`RJ6DFDTfPLPBK`&>(ICBKJ6L�@�M*< fPL�OT>(jPjPGEBK`&>(ICBKJ6L�p%t�;8� :

;8OR@�IC]AJ6BK@8I��6`An�OR@ H Md]CBS/�O#]9-9;P]b>(L�`bn�OsO#I,DFBELPBEDFBK@AO#fP]RJ8@bJ6L4I�>(L5>(GE�d@AQROR@,@bQ#j5>(]AQ#DaO#L4I�H�jP]AJ`&c:-�jP]AJ`>�
O#I jP]AJu`.�*J :d;,>gGKQ#��O#L�MPOUMPOR@l`RJ6fPGKO#fP]A@ j%J6fP] GKOR@ fPLPBEIAQR@ fPICBEGEBK@AQROR@lM�>(L�@ G\<?>(jPjPGEBK`&>(ICBKJ6L2OR@AI jP]AQR@bO#L4IAQRO
IAJ6fPI O#L}n5>(fPI Mdf}@A`An�Q#Dz>d:d� L�MPOR@A@AJ6f�@B-�GKOR@ ;5>(]C]AOR@sn�J6]CB �&J6LIb>(GKOR@ DaJ6L4IC]AO#LIlGH>T@AQR�f�O#L�`ROZM*< O76PQR`#fdY
ICBKJ6L�MPOR@ fPLPBEIAQR@�>(f�@AO#BELkMPOh`bn5>6�4f�O�I��6`bn�OU��p�� :u� L:>�LC-uIAJ6fPI O#L�;5>6@9-GKOR@ `&>(DaO#DE;�O#]CIA@lDaJ6L4IC]AO#LI
GH> ]AQ#j5>(]CICBEICBKJ6L�MdfkIAO#DFj�@hMPOU`&>(GK`#fPG,j5>(]lfPLPBEIAQT>(fN@bO#BEL2MPO�`An5>6�f�OUI��6`An�O-:

O WZ[_h�� eBT8h�X�p ' T8eBf;X�[g\ZSdhsX�`�' T_V�W�SoXZY_[g\Z^qT_Q%}
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Palm driver Memory slaves branch_one postmin3d algebra_1

algebra_2 algebra_3 algebra_4 algebra_8 algebra_6

observations zero initialisations SQRT_R_1 SQRT_R_1_2

interpol_horiz intrpol_horiz_T minimize_1 minimize_2 minimize_3

profil_vert profil_vert_T chgt_espace chgt_espace_T Interpolation

Add

p 0

p 1

p 2

1028.033888 sec ( 100.00% total)

Proc 0 : Palm driver Units Top 6

0.3% used to run units

algebra_4  56.0%
algebra_2  28.7%
algebra_6   9.7%
algebra_8   4.9%
algebra_3   0.8%

Proc 1 Units Top 6

88.4% used to run units

profil_vert_T  26.7%
profil_vert  26.5%
chgt_espace_T  17.7%
chgt_espace  14.0%
intrpol_horiz_T   4.4%
postmin3d   3.3%

Proc 2 Units Top 6

94.3% used to run units

algebra_1 100.0%

���U��� Wd:F� ���G���H,.��0@�30@���.����S �3-��!� ������,.?G�����2��?�� D!?@ �3-������ ����"%$'& ( �2D!,�?G���R�@���.�� �����	��
F�3?�V
;,> ;P]b>(L�`An�O\H�jP]AJu`>�BJ7-6J6]C�4>(LPBK@AO GH>Z@AQR�f�O#L�`RO MPO=GH>(L�`RO#DaO#LI=O#I�M*< O76dQR`#fPICBKJ6LaMPOR@�fPLPBEIAQR@&:�� O#GEGKOR@ Y

`#Bs@AOzj5>(]CIb>(��O#L4IFGKOaIAO#DFj�@ MPO}`&>(GK`#fPG MPOzDz>(LPB=4#]AO}MdBK@AjP]AJ6j%J6]CICBKJ6LPL�QRO�O#L 1 J6L�`#ICBKJ6L MPOaGH>�`An5>(]C��O
MPO�`&>(GK`#fPG�L�QR`ROR@A@b>(BE]AO-:lthBEL�@CB[- GKOR@2J6j�Q#]b>(IAO#fP]A@N>6M<XCJ6BEL4INO#I2MdBE]AOR`#INM*< JA;�@bO#]0/6>(ICBKJ6L j5>(]2O76PO#DFjPGKO.-
`RJ6L�@AJ6DFDaO#L4I2jP]AOR@b�4f�O^�6�� Mdf�IAO#DFj�@kMPO�GH> ;P]b>(L�`An�O Hd�-�d: ��� j�J6fP]�G\< fPLPBEIAQ�jP]AJ<>�G ��/�OR`#I�� ��-
�-�d:?�� j%J6fP]ZG\< fPLPBEIAQUjP]AJ<>�G ��/�OR`#Ig:E:E: J :

;8O�DFBELPBEDFBK@bO#fP]���������WQH�jP]AJ`.�*JlfPICBEGEBK@AOg_(m -?W� MdfNIAO#DFj�@hIAJ6Ib>(G�MPOTG\< O76dQR`#fPICBKJ6L8: �,J6fPIAO71 J6BK@9-
Q#Ib>(L4I�O#L �(`RJ6DFDTfPLPBK`&>(ICBKJ6L}MdBE]AOR`#IAO � �.-6BEGd`RJ6L�@AJ6DFDaOl`RO IAO#DFj�@ O#L �d$R$&�u"%$&�a���x'*78����"%$&� @b>(L�@�fPICB�Y
GEBK@AO#]lGKOR@ ]AOR@A@AJ6fP]A`ROR@l�fPB*GEfPB*@AJ6L4IZ>(GEGKJ6f�QROR@&:PX <?>(fPIC]AOUj5>(]CI9-dGKO�Md]CBS/�O#]�H�jP]AJu`&c*J MPO�p¡t�;8� @&< Ju`R`#fPj%O
MPOT��Q#]AO#]�GH>�@AQR�4f�O#L�`RO IAO#DFj�J6]AO#GEGKO MPOTGH>(L�`RO#DaO#LI�MPOR@hfPLPBEIAQR@B-5GKOR@�`RJ6DFDTfPLPBK`&>(ICBKJ6L�@B-*GKOg@AIAJ` �6>(��O
Q3/�O#L4ICf�O#G*Y�IAO#DFj�J6]b>(BE]AO�J6f�j%O#]CDz>(L�O#LI�H M �he�e���¤�J=Y MPOR@ZJA;:X O#IA@9-dO#I�M*< O76PQR`#fPIAO#]lGKOR@lfPLPBEIAQR@�M*<?>(G�Y
�*43;P]AO ;5>6@b@AOzjP]CBKJ6]CBEIAQ-:�� O#GEGKOR@ Yq`#B L8< Q#Ib>(LIFj5>6@gL�J6D�;P]AO#f�@AOR@FM�>(L�@ L�J6IC]AO�`&>6@9-,GKO}Md]CBS/�O#]F`RJ6L�@b>6`#]AO
@AO#fPGKO#DaO#L4I�cd:?W��MdfkIAO#DFj�@ D `RO#ICIAOUI��6`bn�O-:
< [_esX��dWU[ YyT8^tXb\�XZT_h�Yyf�pqSxeBT_^NQ�\b`�SxpN[ cU^qQ�^qcU^qWZ[g\Z^qT8QaeBT8hsXbh�Q�S�^q\Zf;X�[g\Z^qT8Q `�T8Q�Q�fdS � pqSxcU^qQ�^qcU^qW�Sdh�X2W�SxcUS;\bSdQ

������������� `sS�pM[ ��T8Q�u;\Z^NT_QUudT s\ S;\��gT8hj`sS�W�T8QUz_X�[_`�^qSdQ�\,udT_X�XZSdW�eBT_Qw`�[_Q�\:i�uoS�eBT_^qQr\,So\,Q�S:XZSdQ�`bpN[�cj[_^qQU|�h�S�pqT_XZWZ|�h ' ^qpuoT8QrYySoXZz_S8}
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tZBEL�@AB[-PGKOR@ZMPO#f:6kI��6`An�OR@h`RJ6L�@b>6`#]AQROR@9-¡M�>(L�@�G\<?>(jPjPGEBK`&>(ICBKJ6L�p¡t�;8��QRO.-¡>(fNMd]CBS/�O#]�O#Ih>(f2DFBELPBEDFB�Y
@AO#fP]�@AJ6L4IhM�>(L�@�fPL2`&>6@Z@bJ6f�@ fPICBEGEBK@AQROR@ZO#I�`RJ6L�@AJ6DFDaQROR@�O#LN>(ICIAO#L4IAOE;PGKJ�f5>(L4IAOTM�>(L�@�G\<?>(fPIC]AO-:

�hL�jP]AQR@AO#L4IAOUM�>(L�@ GKOhIb><;PGKO&>(fNWd:F��fPL�O�OR@AICBEDz>(ICBKJ6L2MPOR@sIAO#DFj�@lMPO�`&>(GK`#fPG*fPICBEGEBK@AQR@ j5>(]l`An5>6�f�O
DaQ#ICn�JMPOl@b>6`bn5>(L4I��f�O L�J-@ O76uj�Q#]CBKO#L�`ROR@ @AJ6L4I9-->(fPIb>(LI=�4f�Osj�J-@A@CBS;PGKO.-(GH>(L�`RQROR@ M�>(L�@ MPOR@ `RJ6L�MdBEICBKJ6L�@
>(L5>(GKJ6�-f�OR@&:�;,OaIAO#DFj�@gDTfP]T]AO#jP]AQR@bO#L4IAO}GH>kMdB��*Q#]AO#L�`RO�O#L @AOR`RJ6L�MPOR@gO#LIC]AOzGKOzMPQ3;PfPI O#I�GH>N>�L MPO
G\< O76dQR`#fPICBKJ6L�MPOUG\<?>(jPjPGEBK`&>(ICBKJ6L8:¡;,O�IAO#DFj�@�� p OR@CIlGKOUIAO#DFj�@�`RJ6L�@AJ6DFDaQTj5>(]�GH> I��6`An�Og`RJ6L�@CBKMPQ#]AQRO-:
;8OR@�I��6`bn�OR@Z]AO#jP]AQR@AO#LIAQROR@hM�>(L�@�GKOUIb><;PGKO&>(f�Wd:F��@bJ6L4Ih>6@A@bJ`#BKQROR@�DFGH>F;P]b>(L�`An�OgMPOR@Z@CBEDgfPGH>(IAO#fP]A@hMdf
W6XZY\[=>(]9-uMdfkW6XZY\[=>(] p%th;8��Q�O#IsMdf}W6XhYqpsrutUra]AOR@Cj%OR`#ICBS/�O#DaO#LI&:5� J6DFDaOh`ROR@sI��6`An�OR@ L�QR`ROR@A@ABEIAO#L4I
m2ICnP]AO&>6MP@T`bn5>6`#fPL�O.-,G\< fPICBEGEBK@b>(ICBKJ6L M*< ��p����ZYq��p ]AQRMdfPBEIgM*< O#LP/BE]AJ6L fPLZ1\>6`#IAO#fP]�m2GKOFIAO#DFj�@TDTfP]
]AOR�4fPBK@EH ��O#DFj�@Zj5>(]h� p ��J :

��Q#ICn�JMPO W6XhY\[=>(] W6XhY\[=>(]�j5>(GEDaQ W6XhYqpsrutUr
��O#DFj�@�DTfP]'H @RJ �&c-c-W �&c-c-� _(m4_
��O#DFj�@�� p @bOR`R@EH @RJ m4c-cr� m4c-c�� W��6V-W
��O#DFj�@�j5>(]�� p�� H @RJ �&c-c-cd:?� �&c-cy�-: �6� _(m4�d: �
��J6DE;P]AO�M*< BEIAQ#]b>(ICBKJ6L�@ �.�-� �.�-� �&c-c

�����M� Wd:F� � � J6DFj5>(]b>(BK@AJ6L MPOR@gIAO#DFj�@ MPO}`&>(GK`#fPGsL�QR`ROR@b@b>(BE]AOR@ j%J6fP]�1 >(BE]AO�fPL�O�>(L5>(GE�u@AO�j�J6fP]gGKOW6XZY\[=>(]9-�GKOTW6XhY\[=>(]Zp¡t�;8��Q�O#I�GKO�W6XhYqpsrutUr

tZBEL�@AB[-¡GH>}@AJ6DFDaO MPOR@�]AOR@A@AJ6fP]A`ROR@�fPICBEGEBK@bQROR@UOR@CI�� 6��&c-c-c}@�j%J6fP]�GKOFW6XhY\[=>(]Up¡t�;8��Q H ��� p �
fPICBEGEBK@AQR@RJ�`RJ6L4IC]AO mA6m�&c-c-c�@�j�J6fP]�GH> /�O#]A@CBKJ6L�L�J6L^p%t�;8��QRO-:*¤�>(jPj%O#GKJ6L�@U�f�OFp%th;8� L�QR`ROR@A@CBEIAO)�
ICnP]AO&>6MP@UMPOgjPGEf�@�j�J6fP]�GKOgMd]CBS/�O#]�O#I�GH>�j5>(]CICBKO >(GE��Q3;P]CBK�f�O O#I�j%J6fP]�GKOgDFBELPBEDFBK@AO#fP]���������Wd:%�hJ(Y
IAJ6L�@ BK`#B%�f�O�@CB¡GKOhDFBELPBEDFBK@AO#fP]�Q#Ib>(BEIlO#L �#`RJ6DFDTfPLPBK`&>(ICBKJ6LN]AO#LP/�O#]A@AQRO �A-P`RO�@CfP]A`RJ��PIlMdBK@Cj5>(]b>(BEIAO#]b>(BEI
jPfPBK@A�4f�O�GKOUMd]CBS/�O#]Z@&< Ju`R`#fPj%O#]b>a>(f�@b@CB8MPO�G\< O76dQR`#fPICBKJ6L�MPOU��������Wd:

�,J6fPIAO71 J6BK@9-�D2�f�O#GK�4f�OR@g@AOR`RJ6L�MPOR@TjP]4R@B-8GKOR@ MdB���Q#]AO#L�`ROR@ O#L�IAO#DFj�@ MPOz`&>(GK`#fPG @AJ6L4IgDFBELPBEDaOR@9-
`RO��fPB Q#Ib>(BEI jP]AQ3/uBK@CBS;PGKO�Q#Ib>(L4IFMPJ6LPL�Q}GKOzL�J6D�;P]AO�]AQRMdfPBEIFMPO�`RJ6DFDgfPLPBK`&>(ICBKJ6L�@zM�>(L�@ GKO�@b`An�Q#Dz>
p¡t�;8� :�� LyO �*O#I9- J6Ly@&< OR@CIF`RJ6L4IAO#LIAQNM�>(L�@a`RO�IC]b>9/6>(BEG�MPO�]AOR`RO#L�@AO#]zGKOR@FQR`An5>(LP��OR@zMPO�/->(]CBH><;PGKOR@
� Md�uL5>(DFBK�f�OR@ �z�fPBs@bJ6L4I j5>6@A@AQROR@ O#L �#`RJ6DFDaJ6L	��jPfPBK@ GKOR@gQR`bn5>(LP��O#]'/uBH>2MPOR@ `RJ6DFDgfPLPBK`&>(ICBKJ6L�@
O76ujPGEBK`#BEIAOR@hO#L4IC]AOUGKOR@ZfPLPBEIAQR@9-d]AQRMdfPBK@b>(L4I�>(BEL�@CB8GKO�L�J6D�;P]AOTMPOU`RJ6DFDTfPLPBK`&>(ICBKJ6L�@�Q#Ib><;PGEBKOR@&:

X <?>(fPIC]AOZj5>(]CI9-M�>(L�@=GKO�;PfPI MPO�jP]AQR@AO#]0/�O#] GKO�`RJuMPO�BELPBEICBH>(G�>(f�@A@CB5BELIb>6`#Is�f�O�j�J-@A@CBS;PGKO\-4GKO�`&>(GK`#fPG
@AO IC]AJ6f@/�OFj5>(]?1 J6BK@�MPQRMPJ6f@;PGKQaj�J6fP]�p¡t�;8��H M�>(L�@�GKOF`&>6@TMPO G\<?>(jPjPGEBK`&>(ICBKJ6L MPO G\< J6j�Q#]b>(IAO#fP]gM*< JA;dY
@AO#]0/6>(ICBKJ6LNj5>(]ZO76dO#DFjPGKOBJ7-5`ROU�4fPB,O#LP��O#L�Md]AO�fPL2GKQ#��O#]Z`RJ��PIZ@CfPjPjPGKQ#DaO#LIb>(BE]AO-:

ruJ6DFDaO IAJ6fPIAO.-¡GH>���OR@CICBKJ6L�Mdf�@A`An�Q#Dz>}M*<?>6@A@ABEDFBEGH>(ICBKJ6L�MPO MPJ6LPL�QROR@�W6XhY\[=>(]�BEL�`#]AQ#DaO#L4Ib>(G=Mdf
ru��� j5>(]�p%th;,� O#LP��O#L�Md]AO�fPL2@CfP]A`RJ��PIZ�fPB%]AOR@AIAO�L�Q#�-GEBE��O&><;PGKOg>(fkLPBS/�O&>(fNMdfkIAO#DFj�@lDgfP]9-PDz>(BK@
L�QR`ROR@A@CBEIAO GKOFMPQ#jPGKJ6BKO#DaO#L4IgMPOFMPO#f:6^� p���>6MPMdBEICBKJ6LPL�O#GK@&:8X <?>(fPIC]AO j5>(]CI9-�GKOFMPQR`RJ6fPj5>(��OaO#LIC]AO#jP]CBK@
M�>(L�@gGKO}`RJuMPOzBELPBEICBH>(G Mdf W6XhY\[=>(] j�O#]CDaO#IgfPL�O�DFBE�-]b>(ICBKJ6L jPGEf�@\1\>6`#BEGKOW/�O#]A@gM*<?>(fPIC]AOR@ DaQ#ICn�JuMPOR@
M*<?>6@A@CBEDFBEGH>(ICBKJ6L8: X�OR@F>(DaQ#GEBKJ6]b>(ICBKJ6L�@F]AOR@CIAO#L4Iz>(f�@b@CB D�>(jPj�J6]CIAO#]a>(f @b`An�Q#Dz>�p¡t�;8��QkO#L O76ujPGKJ6B�Y
Ib>(L4IhM*<?>(fPIC]AOR@hj�J-@A@CBS;PBEGEBEIAQR@ZJ �*O#]CIAOR@�j5>(]�p¡t�;8� >(f2LPBS/�O&>(f�MdfNj5>(]b>(GEGKQ#GEBK@CDaOgO#IhMPOUGH>F��OR@CICBKJ6L�MPO
DaQ#DaJ6BE]AO-:

Wy�



� ��� � � �
���?�V$ � �, '� ��� � � ���I�
�,O#Gd�4f8< BEL�MdBK�f�Q M�>(L�@,GKOsIb><;PGKO&>(f Wd:F� O#I,GH>�>��-fP]AO Wd: �:-�GKOsW6XhYqpsrutUrT`RJ6LK/�O#]C��O O#Le�&c-c�BEIAQ#]b>(ICBKJ6L�@

`RJ6L4IC]AO.�.�-�Fj%J6fP]lGKO�W6XhY\[=>(]&:
XU>(L�@ � J6fP]CICBKO#]NHb�&_-_��.J � ��� -�J6L^DaJ6L4IC]AO��f�OFGKOaL�J6D�;P]AO�MPO�`RJ6L�MdBEICBKJ6LPL�O#DaO#L4IaOR@CIgGKOFD58#DaO
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O#IZMPOR@�MPO#�-]4R@ZMPO�GEBS;�O#]CIAQ�MdfkjP]AJA;PG=4#DaOBJ :

tZf�@b@CB[-�@b>6`An5>(LIg�f�O G\< J6L�DFBELPBEDFBK@AOFGH>}D58#DaOF1 J6L�`#ICBKJ6L%H W6XhY\[=>(]RJ�Dz>(BK@�M�>(L�@�MPO#f:6�OR@Cj5>6`ROR@
MdB���Q#]AO#LIA@9-P@&<?>(ICIAO#L�MuYqJ6L DT]AO#IC]AJ6f@/�O#]lGKOhD58#DaOUQ#Ib>(I�>(L5>(GE�d@AQU>(jP]4R@ GH>g`RJ6LP/�O#]C��O#L�`RO-: �,J6fPIAO71 J6BK@9-dGKO
W6XZY\[=>(] YqMdf5>(G�>(ICIAO#BELIhGKOTL�J6DE;P]AOgDz> 6uBEDz>(G�M*< BEIAQ#]b>(ICBKJ6L�@ H >@6dQ'DFm4c-c*Jl@�>(L�@�><;�J6fPICBE]�>(f�j%J6BELI�MPO
GH>F`RJ6LK/�O#]C��O#L�`ROgMdf�W6XhY[/6>(]EH >��-fP]AOTm�:F�.-P`RJ6fP]0;%OR@�;PGKO#f�O�O#Il]AJ6fP��OBJ :

mZ�



������� m�:F� � � J6fP]0;%OlMPOR@�1 J6L�`#ICBKJ6L�@=`RJ��PI=W6XhY\[=>(] YqMdf5>(G[-uW6XZY\[=>(] YqMdf5>(G�>(jP]4R@ jP]AQ Yq`RJ6L�MdBEICBKJ6LPL�O#DaO#L4IMPO�@b> n�OR@A@CBKO#LPL�O5H W6XhY\[=>(] YqMdf5>(G�Y[G JZO#IhW6XhY\[=>(]
� L ]AQ&>(GEBK@b>(L4I GH>hD58#DaO O76dj%Q#]CBKO#L�`RO�>9/�OR`sfPL L�J6D�;P]AO ]AQRMdfPBEI�M*< JA;�@AO#]0/6>(ICBKJ6L�@�H�fPL�O JA;�@AO#]0/->(ICBKJ6L

j5>(]�1\>(DFBEGEGKOBJ7-¡J6L�>(]C]CBS/�O >(f�D58#DaO Q#Ib>(I�>(L5>(GE�d@AQgMdf�W6XhY\[=>(]�>(jP]4R@�MPO#f:6N1 J6BK@ZjPGEf�@�M*< BEIAQ#]b>(ICBKJ6L�@9-
@AJ6BEIv�(m�>(fkGEBKO#fNMPOY�.� j�J6fP]�GKO�W6XhY\[=>(]&:�;,>aMdBEDaO#L�@CBKJ6L�MdfkjP]AJA;PG=4#DaOg@AO#]b>(BEI YqO#GEGKO�O#LN`&>(f�@AO �

p�>(]�>(BEGEGKO#fP]A@9-dGKO�jP]AQ Yq`RJ6L�MdBEICBKJ6LPL�O#DaO#L4I�MPO�GH> n�OR@A@CBKO#LPL�OUMdf2W6XhY\[=>(] YqMdf5>(G,IAO#L�M Dg]b>(DaO#L�O#]�GH>
1 J6L�`#ICBKJ6Lz`RJ��PI�/�O#]A@�GKO j%J6BELI=MPOl`RJ6LK/�O#]C��O#L�`RO�MdfzW6XhY[/6>(]�H >��-fP]AOlm�:F�.--`RJ6fP]0;�O�/�O#]CIAOBJ7-�`ROl�fPBdGH>(BK@A@AO
@CfPjPj%J-@bO#]��4f8< BEG,@�<?>(�-BE]b>(BEIZM*< fPL2jP]AJA;PG=4#DaO�MPO�`RJ6L�MdBEICBKJ6LPL�O#DaO#LI�MPO�GH> n�OR@A@CBKO#LPL�O-:
�j@��)#.> 5y<=!�/20)-�+.-�!�/)/)@?$	@?/A+ 0 @J(Z* �)@�� ��-�@?/)/)@

p�J6fP]ZjP]AQ Yq`RJ6L�MdBEICBKJ6LPL�O#]�GKOUW6XZY[/->(] YqMdf5>(G[-�J6Lk@AO�@AO#]CIlMPO�GH> Dz>(IC]CBK`RO � �	 :d� MPQ&>(GKO#DaO#L4I9-�J6L�jP]AQ Y`RJ6L�MdBEICBKJ6LPL�O�j5>(]l]b>(jPj�J6]CI�D GH> n�OR@A@CBKO#LPL�OUMPO�GH>�1 J6L�`#ICBKJ6L2`RJ��PI�H /�J6BE]�@AOR`#ICBKJ6LR�-:?Wd: �*J :�XU>(L�@lL�J6IC]AO
`&>6@9-P`RO#ICIAOUDz>(IC]CBK`ROTOR@AI�MPOUGH>�1 J6]CDaOzo

� � �  
 � 
 $ K � 2 �6&)(�
 � 
 $ L  
 �6
 $ �6&)( K � 2 
 �6
 $ L
tZf�GEBKO#f�MPO � �	 -%J6L�j%O#fPI�`RJ6L�MdBEICBKJ6LPL�O#]�j5>(]�]b>(jPj�J6]CIU>(f�MPO#f:6dB=4#DaOgIAO#]CDaOFMPOgGH>�n�OR@A@CBKO#LPL�O.-@AJ6BEI � �	 
 $ :���>(BK@�`RO#GH>}]AO3/uBKO#L4IED�]AOR`RJ6L�@CBKMPQ#]AO#]UGKO jP]AJA;PG=4#DaOFM�>(L�@�G\< OR@Cj5>6`ROFMdf�DaJM@4#GKO-:8�hL^@AO]b>(D54#L�OT>(GKJ6]A@h>(f�W6XhY\[=>(]Z`#GH>6@b@CBK�4f�O-:
p�>(]�>(BEGEGKO#fP]A@9-PGH> n�OR@A@ABKO#LPL�O�MPOTW6XhY[/6>(] YqMdf5>(G,j%O#fPIZ>(f�@A@AB8@&< QR`#]CBE]AO�@AJ6f�@lGH>F1 J6]CDaOU@CfPBS/->(L4IAOzo

� � �  � & �	 
 � �	 K � 2 � �	 
 $ � &)( 
 � �	+ ,7- ./�����������	
L � �	 
 $ � & �	
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branch_one
Start ON

end

interpol_horiz
h_newbilin

algebra_3
J=Jo+ Jg

time & tag

 receiver

L

algebra_4
gradJ= gradJo + gragJg

time & tag

 receiver

L

algebra_8
Jo =0.5  d"^T.d"

time & tag

 receiver

L

intrpol_horiz_T
h_newbilin_T

profil_vert
H_eval

SQRT_R_1
SQRT_R_1

zero
transfer_unit

profil_vert_T
H_eval_T

nz2nx
nz2nx

nx2nz
nx2nz

nx2nz_2
nx2nz

setup3d2
setup3d2

algebra_2
Limited memory quasi−Newton

time & tag

 receiver

H

chgt_espace
S_1

chgt_espace_T
S_1_T

initialisation
minimize_unit

minimize_unit_2
minimize_unit

minimize_unit_3
minimize_unit

nz2nx_2
nz2nx

nz2nx_3
nz2nx

postmin3d2
postmin3d2

algebra_7
Hv − y’

time & tag

 receiver

L

SQRT_R_1_3
SQRT_R_1

H_eval_T
H_eval_T

h_newbilin_T
h_newbilin_T

S_1_T
S_1_T

algebra_9
Jb= 0.5.v^T.v

time & tag

 receiver

L

S_1
S_1

h_newbilin
h_newbilin

H_eval
H_eval

observation
yprim_unit

algebra_1
trash

time & tag

 receiver

L

SQRT_R_1_2
SQRT_R_1

SQRT_R_1_4
SQRT_R_1

Schema PALM du 3D−Var−Dual
===================

������� m�: � � ru`bn�Q#Dz>ap%th;,� MdfNW6XhY\[=>(] YqMdf5>(G

m-m



�hL j%O#fPIa>(GKJ6]A@FO76djPGKJ6BEIAO#]FGH>�n�OR@A@CBKO#LPL�OkMdfyW6XhY\[=>(]z>(jP]4R@FfPL `An5>(LP��O#DaO#L4I}MPOW/6>(]CBH><;PGKO�GH>
]b>(DaO#L5>(L4I�D�G\< OR@Cj5>6`ROZMPOR@�JA;�@bO#]0/6>(ICBKJ6L�@sj%J6fP]�`RJ6L�MdBEICBKJ6LPL�O#] GKOljP]AJA;PG=4#DaOhMdf�W6XhY\[=>(] YqMdf5>(G\:u� O#ICIAO
@AJ6GEfPICBKJ6LNOR@CI�DFO#LP/BK@�>(��O#]ZM�>(L�@lfPL�O�Q#ICf�MPO�1 fPICfP]AO-:

m4�



� ���������
	�� �

� �r�z��� �z�z��� 
 � � � � ����� � ������������

tZf}IAO#]CDaO�MPO�`RO#ICIAO�Q#ICf�MPO.-ufPLk`RO#]CIb>(BEL�L�J6DE;P]AOUMPOhj%J6BELIA@ L8<?>�j5>6@ jPf�8#IC]AO�MPQ3/�O#GKJ6jPj%Q-:dXU>(L�@
`RO `bn5>(jPBEIC]AO.-*J6L�jP]AQR@AO#L4IAOF�f�O#GK�4f�OR@U> 6POR@�@CfP]hGKOR@b�4f�O#GK@�fPL�O Q#ICf�MPO fPGEIAQ#]CBKO#fP]AO j%J6fP]C]b>(BEIU@AO�;5>6@AO#]
> >�L�MPOE/6>(GEBKMPO#]�M�> /->(L4Ib>(��O GKOR@h]AQR@CfPGEIb>(IA@�JA;PIAO#L4f�@�J6f�M*< O#L�O76ujPGEBK�f�O#]�M*<?>(fPIC]AOR@&:��hL��kMdBK@A`#fPIAO#]b>
>(f�@A@CB*GKOR@lj�O#]A@Cj�OR`#ICBS/�OR@ 1�fPICfP]AOR@hMdfkjP]AJ<X O#Ihp¡t�;8��>(BEL�@CB,�f�OUMPOUG\< Q#ICf�MPO�MPOR@lDaQ#ICn�JuMPOR@ZMdf5>(GKOR@�:

� ��� �W� � �
� 	���� $ � � � ����� �
� !"0)&)(�*:# -�+B>

� O#ICIAOljP]AO#DFB=4#]AO�Q#ICf�MPO�MPO�1 >(BK@b><;PBEGEBEIAQ�>�j�O#]CDFBK@�MPO DaO#ICIC]AOlG\<?>6`R`RO#LIs@CfP]�`RO#]CIb>(BEL�OR@s`RJ6L4IC]b>(BELIAOR@
GEBKQROR@ D GH>aDaJMdfPGH>(]CBEIAQ MPOUGH>z@CIC]Cf�`#ICfP]AO�BEL:1 J6]CDz>(ICBK�4f�O Mdf�`RJuMPOTW6XhY[/->(]hMdf�ru����:5;,OTMPQR`RJ6fPj5>(��O
O#L}fPLPBEIAQR@lQ#GKQ#DaO#LIb>(BE]AOR@�O#L�/f�O�MPOhG\< BEDFjPGKQ#DaO#L4Ib>(ICBKJ6L�M�>(L�@lp%t�;8� L8<?> `RJ6L�`RO#]CL�Q��4f�O�GKOR@ fPLPBEIAQR@
� jP]CBKJ6]CBEIb>(BE]AOR@ � O#L�GEBEDFBEIb>(L4IUGKOgL�J6DE;P]AOFMPO�/6>(]CBH><;PGKOR@\D�QR`An5>(LP��O#]&:*� L�O �*O#I9-�@AO#fPGKOR@�GKOR@ /->(]CBH><;PGKOR@
MdBEIAOR@ ) �,",��� .x78���4� @bJ6L4I ]AOR`RO#L�@AQROR@sO#I�Q#Ib><;PGEBKOR@=O#LaIb>(LI=�4f8< JA;:XCO#IA@�`RJ6DFDgfPLPBK�4f�QR@ O76ujPGEBK`#BEIAO#DaO#LI
O#L4IC]AOFGKOR@UfPLPBEIAQR@B-�Ib>(L�MdBK@��4f�O GKOR@�/->(]CBH><;PGKOR@ �R$&�d$�.�78���4� @AJ6L4I�O#L�`RJ6]AOaQR`bn5>(LP��QROR@TM�>(L�@�MPOR@\;PGKJ`R@
`RJ6DFDTfPL�@ H `RJ6DFDaJ6L
J : � O#ICIAO2MPQ#Dz>(]A`bn�O�OR@AIaM*<?>(fPIb>(L4I}jPGEf�@aBEDFj�J6]CIb>(L4IAON�f8< O#GEGKOk�4>(]b>(LICBEI�fPL�O
DaJMdfPGH>(]CBEIAQhj%J6f@/->(L4I 8#IC]AO�O76djPGKJ6BEIAQROZM�>(L�@sG\< Q3/�J6GEfPICBKJ6L}Mdf�W6XhY\[=>(]sBEL�MPQ#j%O#L�M�>(DFDaO#LI MPOh@AJ6LaBED Y
jPGKQ#DaO#L4Ib>(ICBKJ6L�M�>(L�@�p¡t�;8� :

tZf�@b@CB[- D IC]b> /�O#]A@hGKOR@�DaJuMdBO>5`&>(ICBKJ6L�@�>(jPj%J6]CIAQROR@�>(fN`RJuMPOTW6XhY\[=>(]9-¡>�Y\I YqJ6L /�J6fPGEf�`RJ6L�@AO#]0/�O#]ZGH>
@CIC]Cf�`#ICfP]AOTMPOUG\<?>(GE��J6]CBEICnPDaOTBELPBEICBH>(G[-�GKOR@�@bJ6f�@ Y\]AJ6fPICBEL�OR@ZMPO3/->(L4I 8#IC]AO�1 J6L�`#ICBKJ6LPL�O#GEGKOR@�M�>(L�@�GKOR@ZMPO#f:6
/�O#]A@CBKJ6L�@&:�� OR`#B�O#L4IC]b>�KL�OkG\< fPICBEGEBK@�>(ICBKJ6LyM*< fPLyMPJ6f@;PGKOEXCO#f MPOW/6>(]CBH><;PGKOR@aMd�uL5>(DFBK�f�OR@ L�QR`ROR@A@b>(BE]AOR@
j%J6fP]UGKOaW6XhY\[=>(]UBELPBEICBH>(G H �fPB�]AOR@CIAO#L4ITMPQR`#GH>(]AQROR@TM�>(L�@�MPOR@�;PGKJu`R@U`RJ6DFDTfPL�@RJ�O#IUj�J6fP]UGH>W/�O#]A@CBKJ6L
p¡t�;8��QRO2H `RJ6DFDgfPLPBK�4f�QROR@FO76djPGEBK`#BEIAO#DaO#L4IRJ :�;�< BEL�MPQ#j�O#L�M�>(L�`ROzIAJ6Ib>(GKO}MPOR@�fPLPBEIAQR@ OR@CI MPJ6L�`aDFBK@AO
O#LT`&>(f�@AO�j5>(]�`RO#ICIAO=@AJ6GEfPICBKJ6L �4fPB�BEL�MdfPBEI�>(f�@A@CB�fPLg`RJ��PI�@CfPjPjPGKQ#DaO#LIb>(BE]AOsj�J6fP]8GH> /�O#]A@ABKJ6Lgp%th;8��QRO-:

tZBEL�@AB[--M�>(L�@�G\< J6jPICBK�4f�O�MPO `RJ6LICBEL4f�O#] M�>(L�@�GH> /�J6BKOlMPO GH>Z��OR@AICBKJ6LzMdfF`RJMPO�W6XhY\[=>(] j5>(]�p%th;8� -
`ROR@ 1 >6`#IAO#fP]A@lj�O#f@/�O#L4I�8#IC]AO�jP]CBK@lO#Lk`RJ6DFjPIAO�j�J6fP]l�4>(]b>(L4ICBE] DgGH>E1 J6BK@ GH>TDaJuMdfPGH>(]CBEIAQUMdf2`RJuMPO�W6XhY
[=>(]Zj�O#]CDaO#ICIb>(L4I�fPL�OUDFBE�-]b>(ICBKJ6L 1\>6`#BEGKO�/�O#]A@�M*<?>(fPIC]AOR@ZDaQ#ICn�JuMPOR@ZM*<?>6@b@CBEDFBEGH>(ICBKJ6L�MPOTMPJ6LPL�QROR@9-5O#I
fPL�OUBEDFjPGKQ#DaO#L4Ib>(ICBKJ6L�DFBKO#f:6N>6M�>(jPIAQROT>(fN`RJ6L4IAO76dIAO�MPO�p%t�;8� :

m4�



� � ��� 5 � �

XU>(L�@�GKOs`&>6Md]AOlMPO `RO IC]b> /->(BEG[--J6L >hfPICBEGEBK@AQ p%th;8�NYq¤ZOR@bO&>(]A`An8: �hL�OsL�J6f@/�O#GEGKO /�O#]A@ABKJ6L MPO p%th;8�
>gQ#IAQ�]AQR`RO#DFDaO#LIhMPQ3/�O#GKJ6jPj�QRO�>(f2@AO#BELkMPO�G\< QR�4fPBEj�O �\^�GKJA;5>(G��sn5>(LP��O�>(L�MN�sGEBEDz>(IAOU��JMPO#GEBELP� �
>(f�� ��¤ZedtZ�lr�oPp%t�;8�2Yq��p�:

p¡t�;8�NYq��p OR@CI�fPL�OQ/�O#]A@CBKJ6L£��p���X H �NfPGEICBEjPGKO�p ]AJ6�-]b>(D���fPGEICBEjPGKO�XU>(Ib>*JzMdf�`RJ6fPjPGKO#fP]
p¡t�;8�S�fPB�j%O#]CDaO#IgMPOF]AQ&>(GEBK@AO#]gMPOR@g>(jPjPGEBK`&>(ICBKJ6L�@gj5>(]b>(GEG=4#GKOR@ MPJ6L4IgGKOR@�`RJ6DFj�J-@b>(L4IAOR@gGKJ6�-BK`#BKO#GEGKOR@
@AJ6L4I�MPOR@�jP]AJ6�-]b>(DFDaOR@sO76dQR`#fPIb><;PGKOR@ BEL�MPQ#j�O#L�M�>(L4IA@�:��qGd@AO MdBK@CICBELP�-f�OlO#La`RO#GH>�MPO GH> /�O#]A@CBKJ6Lap%th;8�NY
¤ZOR@AO&>(]A`bn��fPB,L�O\1 >(BEI��4f�Og@CBEDTfPGKO#]�fPL���p���X O#LN]AO#�-]AJ6fPj5>(LIUGKOR@hMdB��*Q#]AO#L4IAOR@�`RJ6DFj�J-@b>(L4IAOR@�O#L
fPL�@AO#fPG�O76PQR`#fPIb><;PGKO-:8tZfPIC]AO#DaO#LIgMdBEI9-,>(f�GEBKO#f^MPOa`RJ6L�@CBKMPQ#]AO#]T`bn5>6�4f�OzfPLPBEIAQap¡t�;8� `RJ6DFDaOFfPL
O76dQR`#fPIb><;PGKO�j5>(]FO76PO#DFjPGKO.- J6L j�O#fPIF`RJ6L�@CIC]CfPBE]AO�fPL ����'*+ M*< fPLPBEIAQR@aM�>(L�@ GKO}D58#DaO}jP]AJ6�-]b>(DFDaO
O76dQR`#fPIb><;PGKO > >�L2MPOUj5>(]CIb>(��O#]ZGH> DaQ#DaJ6BE]AOgJ6f2J6jPICBEDFBK@AO#]�G\<?>(jPjPGEBK`&>(ICBKJ6LLH >��-fP]AOT�d:F�BJ :

���U��� �d:F� � &T��� >.�BD=���G�.�3-1�G"%$'&)( � ( "NV
rBljPGEf�@CBKO#fP]A@afPLPBEIAQR@z@AJ6L4IzMPOR@z@AJ6f�@ Y\jP]AJ6�-]b>(DFDaOR@zMPO3/->(L4Izj5>(]CIb>(��O#]zMPOR@ /->(]CBH><;PGKOR@a�-GKJA;5>(GKOR@

H `RJ6DFDaJ6L�J6fkDaJuMdfPGKOBJ7-�BEG8OR@CIlfPICBEGKO�MPOTMPQR`#GH>(]AO#]�fPL ;PGKJu`UO#LP�-GKJA;5>(L4Ih`ROR@�fPLPBEIAQR@&:
X <?>(fPIC]AO�j5>(]CI9-�`RJ6L4IC]b>(BE]AO#DaO#LI D2p%t�;8�2Yq¤hOR@AO&>(]A`AnC-�GKOR@�;P]b>(L�`An�OR@Fp%t�;8�2Yq��p L�OaDaJ6L�J6j�J(Y

GEBK@AO#L4I�>(f�`#fPL�jP]AJ`ROR@b@AO#fP]�MPO G\<?>(jPjPGEBK`&>(ICBKJ6Lyo%O#GEGKOR@�@AJ6L4IU`RJ6L�`#fP]C]AO#L4IAOR@�:*�qG�MPO3/BKO#LIUMPJ6L�`gj�J-@A@CBS;PGKO
MPO�1 >(BE]AO�IAJ6fP]CL�O#]hjPGEf�@CBKO#fP]A@�;P]b>(L�`bn�OR@h@CfP]lGKO�D58#DaOTjP]AJ`ROR@b@AO#fP]&:

�qG @AO#]b>(BEIF>(GKJ6]A@TBELIAQ#]AOR@A@b>(L4IFMPO�j%J6]CIAO#]gGKOR@TBEDFjPGKQ#DaO#LIb>(ICBKJ6L�@F]AQ&>(GEBK@AQROR@ M�>(L�@gGKO�`&>6Md]AO}MPOz`RO
IC]b> /->(BEG�H W6XhY\[=>(]9-8W6XhYqpsrutUr�O#IUW6XhY\[=>(] YqMdf5>(G J�M�>(L�@�p%th;8�NYq��p -*@b>6`bn5>(L4I��f�O GKOTj�J6]CIb>(��O j%O#fPI
@AO 1 >(BE]AOT@b>(L�@ DaJMdBO>5`&>(ICBKJ6L�@hBEDFj�J6]CIb>(L4IAOR@�MPOR@�/�O#]A@CBKJ6L�@�p%th;,�2Yq¤hOR@AO&>(]A`An8:

�hJ6IAJ6L�@Zj5>(]h>(BEGEGKO#fP]A@��4f�OUIAJ6fPIAOR@ZGKOR@�1 J6L�`#ICBKJ6LPL5>(GEBEIAQR@ZjP]AQR@bO#L4IAOR@�M�>(L�@Zp%th;8�NYq¤ZOR@bO&>(]A`An�@AJ6L4I
>(fAX J6fP]AM*< nfPBlBEDFjPGKQ#DaO#L4IAQROR@aM�>(L�@ p%th;8�NYq��p - @b>(f:1hGH> ;�J �KIAOWD�J6fPICBEG M*<?>(GE�*43;P]AO.- MPJ6L4I G\< BEDFjPGKQ Y
DaO#L4Ib>(ICBKJ6LN@AO#]b>TIAO#]CDFBEL�QROUM*< BK`#BV>�L�Dz>(]A@R�-c-c-�d:uX <?>(fPIC]AO�j5>(]CI9-dMPO�L�J6f@/�O#GEGKOR@ 1 J6L�`#ICBKJ6LPL5>(GEBEIAQR@ZJ6L4I
Q#IAQaMPQ3/�O#GKJ6jPj%QROR@ M�>(L�@�p%th;,�2Yq��p -�IAO#G=�f�O GKOFDaJ6LPBEIAJ6]b>(��OaIAO#DFj�@T]AQRO#GsMPOR@T>(jPjPGEBK`&>(ICBKJ6L�@ M�>(L�@
p ]AORp¡t�;8� -*J6f�GH>z��OR@CICBKJ6L�MPOg@bJ6f�@ YqJA;:X O#IA@FH���OR@CICBKJ6L�M*< JA;:XCO#IA@�MPQ7>�LPBK@�`RJ6DFDaO MPOR@�O#L�@AO#DE;PGKOR@UMPO
@AJ6f�@lj5>(]CICBKOR@ZM*< JA;:XCO#IA@�O76dBK@CIb>(L4IA@7J :

m�
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t jP]CBKJ6]CB[-�GKO}W6XhY\[=>(] O#I GKO}W6XhYqpsrutUr�L�O�@AO#D�;PGKO#L4I j5>6@ @AO}MdBK@CICBELP�-f�O#] G\< fPL j5>(] ]b>(jPj�J6]CIFD
G\<?>(fPIC]AO}�f5>(L�M >(f:6�]AQR@CfPGEIb>(IA@ MPO}GH>2DFBELPBEDFBK@b>(ICBKJ6LC-�GKO#fP]A@ BEL�`#]AQ#DaO#L4IA@z@AJ6L4IFQR�fPBS/6>(GKO#LIA@9-�O#I GKOR@
jP]AQ3/BK@CBKJ6L�@Z�4fPB,O#L2MPQR`RJ6fPGKO#LIhGKOU@bJ6L4Ih>(f�@A@AB\:

;�< fPLkMPOR@ jP]CBEL�`#BEj5>(f:6}> /->(L4Ib>(��OR@�MdfkW6XhY\[=>(] OR@AI �f�Oh@�>�1 J6L�`#ICBKJ6L�JA;:XCOR`#ICBS/�O�OR@CI MdBE]AOR`#IAO#DaO#LI
GEBKQRO5DzGH>�GKJ6B MPO jP]AJA;5><;PBEGEBEIAQaMdf�`RJ6L4IC]��6GKO H�BKO-: D�GH> /6>(]CBH>(L�`ROFM*<?>(L5>(GE�d@AOBJ7-*`RO �fPB 1\>(BEIU�4f�OgD58#DaO
> /�OR`UfPL�OUJ6jPICBEDFBK@b>(ICBKJ6LNBEL�`RJ6DFjPG=4#IAOTJ6Lkj�O#fPI�JA;PIAO#LPBE]�MPOR@l]AQR@CfPGEIb>(IA@�@b>(ICBK@01 >(BK@b>(LIA@�O#I�@CfP]CIAJ6fPIlBELdY
IAO#]CjP]AQ#Ib><;PGKOR@�jPn4�d@CBK�f�O#DaO#L4I&:¡p�>(]Z`RJ6LIC]AO.-PGH> MdBEDaO#L�@CBKJ6LNMPO�G\< OR@Aj5>6`RO�MPOU`RJ6L4IC]��6GKOUj�O#fPI�`#]AJ �KIC]AOED
G\< BEL4IC]AJuMdf�`#ICBKJ6L�MPOR@�O#]C]AO#fP]A@hMdfkDaJM@4#GKOTO#IZMPOR@�O#]C]AO#fP]A@ZMPO 1 J6]��&>(��O-:

p�>(]�>(BEGEGKO#fP]A@9-%GKOR@�j�O#]?1 J6]CDz>(L�`ROR@�MPO G\<?>(GE��J6]CBEICnPDaOFW6XZYqp rut�rNj�O#f@/�O#L4I�8#IC]AO IC]CBS;PfPIb>(BE]AOR@UMPOTGH>
Ib>(BEGEGKO�MPOUG\< OR@Cj5>6`RO�MPOR@ZJA;�@AO#]0/6>(ICBKJ6L�@�:5��>(BK@9-PMdf�1 >(BEIh�4f�O�G\< J6LN`bn�O#]A`An�OFD J6jPICBEDFBK@AO#]ZfPL�O�1 J6L�`#ICBKJ6L
JA;:X OR`#ICBS/�O2�fPBlL8<?>�j5>6@aMPO2@bO#L�@ jPn4�d@CBK�4f�O.-=J6Ly@&<?>6@A@CfP]AO�fPLPBK�f�O#DaO#L4I}MPO�GH>2/]b>(BK@AO#D�;PGH>(L�`RONMdf
]AQR@CfPGEIb>(I >�L5>(G*MPOhG\< J6jPICBEDFBK@�>(ICBKJ6L8:¡� O��4fPBV1\>(BEI �f�O�@CB*`RO#ICIAOUJ6jPICBEDFBK@b>(ICBKJ6LkL8< OR@CIl�4f�O�j5>(]CICBKO#GEGKO.-PJ6L
]CBK@A�4f�OUM*< JA;PIAO#LPBE]�MPOUDz>(f@/->(BK@l]AQR@CfPGEIb>(IA@&:
�j@J<=!�/A+B#���(Z@ 0 @ ��& *�(�-Z+B>

� L�>6@A@CBEDFBEGH>(ICBKJ6L MPO MPJ6LPL�QROR@B-*J6L^@CfPjPj%J-@bO O#L���Q#L�Q#]b>(G��f�O GKOR@UMPJ6LPL�QROR@�JA;�@AO#]0/�QROR@TJ6L4I�MPOR@
O#]C]AO#fP]A@�L�J6L ;PBH>(BK@AQROR@gO#I�L�OF@AJ6LI�j5>6@g> �*OR`#IAQROR@�j5>(]�MPOR@TjP]AJA;PG=4#DaOR@�Dz> XCO#fP]A@�L4fPBK@�>(L4I >(f 1 J6L�` Y
ICBKJ6LPL�O#DaO#L4IaL�J6]CDz>(G�MPO}G\<?>(jPj5>(]AO#BEG�MPO}DaOR@CfP]AO-:�p�J6fP]Fj�J6f@/�J6BE]a@b>(ICBK@?1\>(BE]AO}`RO#ICIAO�n4�uj%J6ICn 4R@AO.-�fPL
`RJ6L4IC]��6GKO}MPOz�f5>(GEBEIAQzOR@CI O ��OR`#ICf�Q.-�M*<?><;%J6]AM -�> /->(L4I G\<?>(L5>(GE�u@bOaj�J6fP]TQ#GEBEDFBEL�O#]gGKOR@ MPJ6LPL�QROR@ ><;%O#] Y
]b>(L4IAOR@F`RJ6L4IAO#L5>(LIaMPOR@ O#]C]AO#fP]A@ �-]AJ-@A@CB=4#]AOR@NH J6L j5>(]CGKO�MPO ���P+�� �5�('¡��"�)�+(3��4+�� JTjPfPBK@ >(f `RJ6fP]A@
MPO G\<?>(L5>(GE�u@AOF> >�L^MPOFMPQ#IAOR`#IAO#]UGKOR@UJA;�@AO#]0/->(ICBKJ6L�@T>&�4>(L4I�fPL�O'1 J6]CIAO jP]AJA;5><;PBEGEBEIAQaM*< 8#IC]AOFO#]C]AJ6LPL�QROR@
H �  ��� {�	 J :

p�J6fP] GKO �U�=Y\[�th¤�-8J6L @bO ;5>6@AOa@CfP]TGKOR@�IAOR`AnPLPBK�f�OR@ MPOFjP]AJA;5><;PBEGEBEIAQ}`RJ6L�MdBEICBKJ6LPL�O#GEGKO�o,�4f�O#GEGKO
OR@CIZGH>ajP]AJA;5><;PBEGEBEIAQTj�J6fP]h�f8< fPL�OTMPJ6LPL�QRO @AJ6BEI�1\>(f�@A@AOT@b>6`An5>(LI��f�OT@AJ6L�QR�4fPBS/->(GKO#L4I�DaJM@4#GKO�H�BK@A@Cf
MdfN`An5>(DFjNM*< OR@b@b>(B J OR@CI�/u]b>(B[-PO#I�/uBK`RO Y[/�O#]A@b>d:�thfdYqMPO#G DFM*< fPLN@AO#fPBEG8MPQ7>�LPB[-5GH> MPJ6LPL�QRO�@AO#]b> ]AO XCO#IAQRO-:

XU>(L�@FGH>�`RJ6L:>��-fP]b>(ICBKJ6L >6`#ICf�O#GEGKO�>(f ru��� -�GKO �U�=Y\[�t�¤ OR@CIz>6`#ICBS/�Q�>(fy`RJ6fP]A@zMPO�GH>�DFBELPB�Y
DFBK@b>(ICBKJ6L H >(jP]4R@T�f�O#GK�f�OR@�BEIAQ#]b>(ICBKJ6L�@ � > /�OR`afPLNX O#f^`RJ6DFjPGKO#IgM*< JA;�@AO#]0/6>(ICBKJ6L�@7JU> >�L�M*<?>(ICIC]CBS;Pf�O#]
fPL�j�J6BKMP@�D}`An5>6�f�O MPJ6LPL�QROFJA;�@bO#]0/�QRO @bO#GKJ6L��f8< O#GEGKO `RJ6L�`RJ6]AMPOFJ6f�L�J6L�>9/�OR` G\< Q#Ib>(IUMPOgG\<?>(L5>(GE�d@AO
jP]AQ#GEBEDFBEL5>(BE]AOT`RJ6]C]AOR@Cj�J6L�M�>(L4I�D G\< BEIAQ#]b>(ICBKJ6L�`RJ6fP]b>(LIAOTMPO�G\<?>(L5>(GE�d@AO�/->(]CBH>(ICBKJ6LPL�O#GEGKO-:

�h]9-¡M�>(L�@�GKOg`&>6@�Mdf�psrutUrV-¡J6L�L8< OR@CI�j5>6@h@7�P]��4f8<?>(f�`RJ6fP]A@�MPO�G\< J6jPICBEDFBK@b>(ICBKJ6LC-*J6L�DFBELPBEDFBK@AO
;PBKO#L�GH>T/6>(]CBH>(L�`RO M*< O#]C]AO#fP]UM*<?>(L5>(GE�u@bOWH ;8OR@�jPBK`R@�JA;�@AO#]0/�QROR@�M�>(L�@hGH>z`RJ6fP]0;�OgMPOgG\< QR�fPBS/6>(GKO#LIUW6XhY
[=>(]gMPO�GH>�1 J6L�`#ICBKJ6L psrutUr�O#L @AJ6L4I GKOaj5>(]?1\>(BEIgO76PO#DFjPGKOBJ :�p�J6fP]F`RO#ICIAOa]b>(BK@bJ6LC-�J6L L�OaICBKO#L4I j5>6@
`RJ6DFjPIAO.-lM�>(L�@�GKOR@�BEDFjPGKQ#DaO#L4Ib>(ICBKJ6L�@2]AQ&>(GEBK@bQROR@kM�>(L�@�GKO�`&>6Md]AO�MPO�`RO�IC]b> /->(BEG[- Mdf£`RJ6L4IC]��6GKO^MPO
O W�^ pN[mcU^qQ�^qcU^qWZ[g\Z^qT_QxW�S � [g^t\RSdQ . 9 9b^q\Zf;X�[g\Z^qT8Q�W��wT8Q [_uo\Z^qYyS�pqS�� 3����	� �6[ge�X��dW�
+92^q\Zf;X�[g\Z^qT8Q�WAe�[gX�S��sSdcUe�pqS8}

m4V



�4f5>(GEBEIAQ-:¡�hJ6IAJ6L�@��4f�O�j%J6fP]hGKOTW6XhY\[=>(]9-5GH> ]AQ&>6`#ICBS/->(ICBKJ6L�MPOT`ROT`RJ6LIC]��6GKOgOR@AI�1 >6`#BEGKO.-5Ib>(L�MdBK@h�f�OUGKO
W6XZYqp rut�r�L�QR`ROR@A@ABEIAOhGH> MPQ7>�LPBEICBKJ6L2M*< fPL�L�J6f@/�O&>(fkjP]AJu`RQRMPQhj�J6fP]lMPQ#IAOR`#IAO#]lGKOR@lMPJ6LPL�QROR@�Dg]AO X O#IAO#]&:

� � � �W����� ��� $�� �* '�'$��
M BKO#L��f�OlG\< Q#ICf�MPOZMdf�W6XZY\[=>(] YqMdf5>(G¡L8<?>(BEI=j5>6@sQ#IAQZ`RJ6L�`#GEf5>(L4IAO��f5>(L4I >(f:6z>(ICIAO#LIAOR@ O76djP]CBEDaQROR@

M*<?>(jP]4R@ZGKOR@�1 J6]CDgfPGH>(ICBKJ6L�@�ICn�QRJ6]CBK�4f�OR@9-5GKOT`RJ6L�`RO#jPI�MPOT`bn�O#]A`An�O#]�fPL�`RJ6DFjP]AJ6DFBK@�O#L4IC]AOgGKOTW6XhY\[=>(]
O#I�GKO�W6XhYqpsrut�r�]AOR@CIAOUBEL4IAQ#]AOR@b@b>(L4I�O#L2@AJ6BEI&:

;8OaIC]b>9/6>(BEG�D2`ROz@CfAX O#IgL8< OR@CIg`RO#]CIb>(BEL�O#DaO#LIF�4f8< Dk@bOR@TMPQ3;PfPIA@&:�� L O �*O#I9-C/�J6BE]gG\< O ��O#I Mdf�jP]AQ Y
`RJ6L�MdBEICBKJ6LPL�O#DaO#L4I Mdf�W6XhY\[=>(] YqMdf5>(G�j5>(]UfPL�O n�OR@A@ABKO#LPL�O'1 J6]CDgfPGKQRO5D}j5>(]CICBE]�MPO `RO#GEGKOFMdf^W6XhY\[=>(]
OR@CIZfPL�OTjPBK@CIAO�M*< Q#ICf�MPOFDaO#LK/uBK@b>(��O#]hfPGEIAQ#]CBKO#fP]AO#DaO#L4I&:*X <?>(fPIC]AO�j5>(]CI9-¡GKOR@�/->(GKO#fP]A@hMPOR@Zj5>(]b>(D54#IC]AOR@
MPOaGH>kDFBELPBEDFBK@�>(ICBKJ6L H M 1��No*GH>NMdBEDFBEL4fPICBKJ6Ly>(ICIAO#L�Mdf�O}MPOFGH>�1 J6L�`#ICBKJ6L `RJ��PIgGKJ6]A@TMPOzGH>kjP]AO#DFB=4#]AO
BEIAQ#]b>(ICBKJ6LC-=M 6dDFBEL o�GH>�MdBK@CIb>(L�`ROkDFBELPBEDFBEDz>(GKONO#LIC]AO2MPO#f:6 j%J6BELIA@aMPO�GH>�DFBELPBEDFBK@b>(ICBKJ6L8:E:E: Ja@AJ6L4I
`RO#f:6�Mdf�W6XhY\[=>(]&:5�hL2L�OU@�< Q#IAJ6LPL�O#]b> j5>6@�MPO�/�J6BE]�fPLkBEDFj5>6`#IZ@AfP]lGKOR@l]AQR@CfPGEIb>(IA@�O#L�>6M�>(jPIb>(LIZ`ROR@
j5>(]b>(D54#IC]AOR@�>(f2`&>6@�Mdf�W6XZY\[=>(] YqMdf5>(G\:

m4_
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tZf IAO#]CDaONMPO2`ROkIC]b>9/6>(BEG[- J6L >�jPf Q#Ib><;PGEBE]zGH> 1\>(BK@b><;PBEGEBEIAQkIAOR`bnPLPBK�4f�O�MPOkG\< BEDFjPGKQ#DaO#LIb>(ICBKJ6L
Mdf @A`bn�Q#Dz>NJ6j�Q#]b>(ICBKJ6LPL�O#G�W6XhY\[=>(]gBEL�`#]AQ#DaO#LIb>(G�Mdf ruO#]0/uBK`RO���Q#IAQRJ6]AJ6GKJ6�-BK�f�O}Mdfy� >(L5>6M�>�> /�OR`
p¡t�;8� :*t�IC]b> /�O#]A@�GH>}@CIC]b>(IAQ#�-BKO `An�J6BK@ABKO MPO MPQR`RJ6fPj5>(��OFO#IUMPOgDaJMdfPGH>(]CBK@b>(ICBKJ6L^MPO GH>�jP]AJ6�-]b>(Dz>�Y
ICn 4R�4f�O�BELPBEICBH>(GKO.- `RO#ICIAO�BEDFjPGKQ#DaO#LIb>(ICBKJ6L OR@CI ]AQ&>(GEBK@AQROk@b>(L�@F`bn5>(LP��O#DaO#L4IA@}`RJ6L�@AQR�f�O#L4IA@aM�>(L�@ GH>
/�O#]A@CBKJ6L�MPOE;5>6@AO.- ;PBKO#L��4f�OgMPOR@ZDaJuMdBO>5`&>(ICBKJ6L�@U>(BKO#L4I�Q#IAQ >(jPj�J6]CIAQROR@�>(f:62jP]AJ`RQRMdfP]AOR@�M*<?>(jPjPGEBK`&>�Y
ICBKJ6LNMPOR@�J6j�Q#]b>(IAO#fP]A@ZM*< JA;�@AO#]0/->(ICBKJ6L�O#I�MPOUIC]b>(BEIAO#DaO#LIhMPOR@�MPJ6LPL�QROR@ �Z� [�r%:

;8O�`RJ��PIlMPOhGH>E/�O#]A@CBKJ6Lkp%th;8��QRO�]AOR@CIAO�DFBELPBEDaO�O#L}IAO#DFj�@ DgfP]9-d`RO��fPB%L8< OR@CIsj5>6@l@AfP]CjP]AO#L5>(L4I
/f GKO L�J6DE;P]AO GEBEDFBEIAQ MPO `RJ6DFDTfPLPBK`&>(ICBKJ6L�@=Q#Ib><;PGEBKOR@ �fPBd`RJ6L�`RO#]CL�O#L4I=OR@A@bO#L4ICBKO#GEGKO#DaO#L4I=GKOR@ /->(]CBH><;PGKOR@
Md�L5>(DFBK�f�OR@&:%p�>(]U`RJ6L4IC]AO.-8>(f�LPBS/�O&>(f�MPOR@Z]AOR@b@AJ6fP]A`ROR@�BEL:1 J6]CDz>(ICBK�f�OR@UO76ujPGKJ6BEIAQROR@B-¡p%th;,� L�QR`ROR@ Y
@CBEIAOaMPO#f:6�jP]AJ`ROR@b@AO#fP]A@�Q#GKQ#DaO#L4Ib>(BE]AOR@F>6MPMdBEICBKJ6LPL�O#GK@gj%J6fP]TGKOaMd]CBS/�O#]gO#I�GKOaDFBELPBEDFBK@AO#fP]&:,X <?>(fPIC]AOR@
>(DaQ#GEBKJ6]b>(ICBKJ6L�@h@AJ6LI DF>(jPj�J6]CIAO#]�>(fN@b`An�Q#Dz>Fp%th;,��QgO#L /f�OUM*< O76djPGKJ6BEIAO#]ZIAJ6fPIAOR@ZGKOR@lj�J-@A@CBS;PBEGEBEIAQR@
J ��O#]CIAOR@Zj5>(]hp%th;8� -¡>(BEL�@AB,�4f�OTj%J6fP]Z�4>(]b>(L4ICBE]�fPL�OUDaJMdfPGH>(]CBEIAQgj�O#]CDaO#ICIb>(L4I�MPOUDFBE�-]AO#]ZjPGEf�@�1 >�Y
`#BEGKO#DaO#L4IhM*< fPL�O�DaQ#ICn�JMPO�M*<?>6@b@CBEDFBEGH>(ICBKJ6L2D fPL�OT>(fPIC]AO-:

X <?>(fPIC]AOFj5>(]CI9-�G\< Q#ICf�MPOaMdf�W6XhYqpsrutUr�j%O#]CDaO#I�MPOF/�Q#]CBO>5O#]9-,M�>(L�@UfPL^`&>6Md]AO jP]b>(ICBK�4f�O.-8G\< QR�4fPB�Y
/6>(GKO#L�`ROaMPQ#DaJ6LIC]AQROzICn�QRJ6]CBK�f�O#DaO#L4I O#L4IC]AOzGKOzW6XhY\[=>(]gO#IUGKOzW6XhYqpsrutUr%:,;,OR@�BEL�`#]AQ#DaO#L4IA@ M*<?>(L5>�Y
GE�u@AOkQ#Ib>(LIajP]AOR@A�f�O�BKMPO#L4ICBK�f�OR@9-�GKOR@ajP]AQ3/BK@CBKJ6L�@aGH>(L�`RQROR@TD�j5>(]CICBE]zMPOR@z>(L5>(GE�d@AOR@aMPOR@zMPO#f:6 DaQ Y
ICn�JMPOR@�@AJ6L4I9-¡`RJ6DFDaOgJ6L�@&< �2>(ICIAO#L�M -5L�O#fPIC]AOR@�O#IhL�O�j�O#]CDaO#ICIAO#L4I�j5>6@hMPOg`RJ6L�`#GEfP]AOgO#L 1 >9/�O#fP]�MPO
G\< fPL�O�J6f2MPO�G\<?>(fPIC]AOR@�MPOR@lDaQ#ICn�JuMPOR@&:�thf�@A@CB[-uGKOU`RJ6L�MdBEICBKJ6LPL�O#DaO#L4I�MPO�GH> n�OR@A@CBKO#LPL�OUMdfNW6XhYqpsrutUr
j%O#]CDaO#I Y\BEG%MPO�]AO#IC]AJ6f@/�O#]=GKOZD58#DaOZQ#Ib>(Is>(L5>(GE�d@AQhO#L*�&��BEIAQ#]b>(ICBKJ6L�@ `RJ6L4IC]AO��&c-cUBEIAQ#]b>(ICBKJ6L�@ @b>(L�@�jP]AQ Y
`RJ6L�MdBEICBKJ6LPL�O#DaO#L4I&:,� O�]AQR@AfPGEIb>(IhOR@CIZM*<?>(fPIb>(LIhjPGEf�@hBEL4IAQ#]AOR@b@b>(L4I��4f�OTGKOTW6XhY\[=>(]ZL�QR`ROR@A@ABEIAOTO#L�`RJ6]AO
�>�&� BEIAQ#]b>(ICBKJ6L�@�j�J6fP]Z`RJ6LK/�O#]C��O#] /�O#]A@�`RO#IZQ#Ib>(I�H `RJ6LIC]AO.�.�(mFBELPBEICBH>(GKO#DaO#LIRJ :

;8O 1 >(BEIlMPO�IC]b> /->(BEGEGKO#]�M�>(L�@ G\< OR@Cj5>6`RO�MPOR@ JA;�@AO#]0/->(ICBKJ6L�@lJA;PGEBE��O�GKOR@ MdBEDaO#L�@ABKJ6L�@�MPOR@ n�OR@A@CBKO#LPL�OR@
O#I=MPOR@]/�OR`#IAO#fP]A@sMPO�`RJ6L4IC]��6GKO�DU`An5>(LP��O#] M*< fPL�Oh>(L5>(GE�d@AO�D�G\<?>(fPIC]AO.-`RO��fPBPGEBEDFBEIAO�G\< BEL4IAQ#]8#I Mdfz]b>��FY
L�O#DaO#L4I�BEIAQ#]b>(ICBO1*MPO GH>�n�OR@A@CBKO#LPL�O MdfapsrutUr%: �,J6fPIAO71 J6BK@9--`RO ]AQR@CfPGEIb>(I ]AOR@CIAOlO#L�`RJ6fP]b>(��O&>(L4Is`&>(]9-�> /�OR`
fPL ;%J6L�jP]AQ Yq`RJ6L�MdBEICBKJ6LPL�O#DaO#L4IaMPOFGH>�n�OR@b@CBKO#LPL�OaMdf W6XhYqpsrutUrV-,J6L�j%O#fPI�]AQRMdfPBE]AO�`RJ6L�@CBKMPQ#]b><;PGKO Y
DaO#L4IZGKO�L�J6DE;P]AOTM*< BEIAQ#]b>(ICBKJ6L�@h]AOR�fPBK@9-�O#IZMPJ6L�`UGKO�IAO#DFj�@ZMPO�`&>(GK`#fPG\:¡� OR`#B[-5j%O#fPI�8#IC]AOTBEL4IAQ#]AOR@A@�>(L4I
M�>(L�@�GKOU`&>6@�Mdf2m�XhYqpsrutUr%:

;,>�1 J6L�`#ICBKJ6LFJA;:XCOR`#ICBS/�O MdfFW6XhYqpsrutUrTL8<?>R�4>(LI j5>6@�MPO @AO#L�@�jPn4�d@CBK�f�O.-6J6L L�O @&<?>6@A@AfP]AO=j5>6@9-�GKJ6]A@
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