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Q�B_L]LIB_b3FIMcNS\9LKJXH]\;McQ}T_iSHZVXM�Ls¢lLsFIW9YrMcM;b�U}T_iSt;VGMOv�M;HKY4\;ME�St;MuFKFKMcFKM;t¬�SbSJG��iSM�TEµ¤H]M�iSbSM�YrT'¢_M;b
L]¢!L]FK\;YrBEFIJG��iSM�Q[T?iSH*M9µ}M;tuFIiSM9H¾iPb�g.t;T?b3FKHK�?VGMRM9b��3BEJXb�w�M;b��SB_iPFIM^v�HK\9��iSM;bSt9M_�!M;b�B_iS�?Y4M;blk
F¬B_b3FRVÑpzBEF]FI\;b�i�B{FIJXT_b£LIB_bSLRQ[M;HKNPHKM�NSM�QS��B_L]M�NSB_bSL^V~B.U�BEbSNSMciPFIJGVXM_>P©§VXVXMjLKMcQSH  uFIM�U}M;B_iSt9T?iSQ
YrT_JXbSLcUSJXM9b B_i!� LKJGFKi�BEFKJXT?bSLcN�B_bPL�VGM;LK��iSM9VXVGM;L³VGM;LcQSV~BE�?M;L�v�HK\9�!iPM;b3FIJGM;VXVGM;LcLKMrHKM;L]LKM9HKHKM9b3F:�xMuF
Q}T_iSH^VXM;L]��iSM;VGVXM;LZiPb0t9T?b3FIHK�_VXM�QSH]\;t;JGL^NSM�V~B.QS��BELKMcLKM�HK\u`?W;VGM�JGbSNSJGLKQ[M;bSLKB_USVXME>
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��M;L^FIM9HKY4M;L^JXL]LKiSL^NSM�VÑpzB_QSQPVXJXt;BEFIJGT?b|NSM9L^Yr\uFI�ST!NSM;LZv�H]\;��iSM;b3FKJXM;VGVXM9LRt9V~B_L]LKJG�!iPM;L^NSM;L�B_LÒk
LKM9H]`!JXL]LKM;Y4M;b3FKL � NSJXB_�?HKB_YrY4MaNSM ,�VXB_t '52_«�JGt¬�ST?VXL§M9b�Q�BEH]FIJGt;iSVGJXM9H�
�M��PQPHKJXY4M;b3F¾M;brM9µ}M9F¾N
pziPbSM
B_iPFKHKM�Y�BEbSJXW9HKM�VXM9LZNSM;i!��YrT'¢?M9bSL^��iSM�VqpzT_b£Q}M9iPFRiPFIJGVXJXL]M;HaQ[T?iSHZ�?B_HIB_b3FKJXHaVXBoLsF¬B_UPJXVXJ@FI\x�

& LKJlVXM*LKJG�?b�B_V!NSM�H]M9FKT?iSHxB�iSbSMaBEYrQSVGJGFKiSNSM,JXbPv�\9HKJGM;iSH]Man�=�N�B_bSLxVXBRUSB_bSNSMaNPM¾v�HK\9��iSM;bSt9M;L
t;T_bSLKJGNS\;H]\;M_�6VXB.L]F¬BEUSJXVGJGFI\jM;L]FR�3BEHIB_b3FIJGMO��iSM;VGVXM���iSM�LKT?J@F^V~B.QS�SB_LKME�

& LKJ,VGM4L]JX�?bSB_V§NSM4HKM9FKT?iSH�B�iPbSM�BEYrQSVGJGFKiSNSM�LKiPQ}\9HKJXM9iSHKMrn =?�"JXV7v$B_ilF���i
p�JXV*B_J@F�VXMoU[T?b
LKJG�?bSM�Q[T?iSHZ\9`!J@FIM;H^VqpzJGbSL]FIB_USJXVGJGFK\_>

��V,M;L]Fct9V~B_JGHO��iSMrVXB£LKM;t9T?bSNSMrLKT?VGiPFIJGT?b�M;LsF³Q[T_FKM;b3FIJGM;VXVGM;Y4M;b3F�U[M:B_iPt;T?iSQ�QSVXiPL�Q}M9H]v�T?H]Y�B_b3FKM
QSiSJGLK��i
p�M;VXVGM³Q[M;H]YrMuFONSM.�?B_HKNSM9HjiSbC�3B_JXb0NSM³U[T?iSt9VXM�\;VXMu`?\E�¤M9FONST?bSt�iSb�LKiSJ@`!J�NSM³t;T?bSL]JX�?bPM
T?i|iSbPMjHK\ "]M;tuFIJXT_b|NSMjQ[M;HsFIiSH]U�BEFKJXT?brM644t:B_t9M_�lN�B_bSL*FIT?iPFKMjVXBcU�BEbSNSMOt9T?b3FIHK�_VX\;ME>!ª"M�t;T?b3FKHK�?VGM
M;b0�3B_JXb£L9pzJGb3FIM;H]QSHKWuFIMcB_VGT?HKLZt9T?YrY4MOiSb�LIBEt;HKJ@��t;M�NSM9L�Q[M;Hsv�T?HKYrB_bSt9M;L^noV~B.H]T?USiSLsFIM;L]LKME>

�OB_bSL VGM t:B_L�NPM;L L]FKHKiStuFIiSH]M;L .�Mu�lJXUPVXM;L9�OQ[T?iSH�VXM9LK��iSM9VXVXM9L�VXM9L�HK\9LKT?b�BEbSt;M9L�MuF B_b3FIJ@k
HK\9LKT?b�BEbSt;M9L³L;pzB_t9t;T?Y4Q�B_�?bPM;b3F³NPM4`EB_H]J~BEFKJXT?bSLjNSMrQP��B_LKM4USH]iPF¬B_VGM;L9��t;M;L�t;T?bPt;M;QlFILcLKT?b3FcFIHKW9L
T?Q[\;HIB{FIJXT_bSbSM;VGL
Q[T?iSH
T?UlFIM;bPJXH
NSM9L"Q}M9H]v�T?H]Y�B_bPt;M;L�LKBEFIJGL]v$B_JGLIB_b3FKM;L�nZt;T_bSNSJGFKJXT?bjN
pfB:`_T?JXH
t9T?bP�6BEbSt;M
N�B_bSL¾VXMRYrT!NSW9VXM^M9F¾N
p  9FIH]MjN�BEbSL�VGMRt;B_L�Y4T?bST'`EB_H]J~B_USVGM � Y4T?bSTEkmM;b3FIH]\;MRT?i�Y4T?bST{k�LKT_H]FIJGM!
}�_M;b
iPFIJGVXJGLIB_b3F�JXb3FIM9HIB_tuFIJG`_M;Y4M;b3F�VGM;L.NSJXB_�?HKB_YrY4M;L�v�HK\9��iSM;b3FIJGM;VGL;�7JGV¾M9L]FoQ[T?LKL]JXUSVGM�NSM�goQSVXB_t;M9HRw
VXM9LRH]\;L]T?b�B_bSt9M;LRNSM;LRY4TlNSM9L^B_il� U[T?bSL^M9bSNSHKT_JGFILZQ[T?iSHZ�?B_HKNSM9H^NSi0�?B_JXb
>
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ª"BZLKJ@FIi�BEFKJXT?bjM;L]F"QPVXiSL�t9T?YrQPVXMu�lMxM9b�Y.iSVGFKJG`EB_H]J~B_USVGM_�¬VGM;L�bST?H]YrM9L
YrB_bSJXQPiSVX\9M;L,g.NSJGLKLK\9��i�B_b3F�w
Y4T?JXbSL8��bSM9YrM9b�F,VXBjQS��BELKM�1?VGMat:BENSHKMZY4TlNPM;HKbPMaNSMaVXBjt;T?Y4YrB_bSNSMaH]T?USiSLsFIMZQSH]T?Q[T?LKMaQPHK\;t9JXL]\uk
Y4M;b3F,iSbSM^Y4\9FI�PTlNSMZLs¢!L]FI\9Y�B{FIJX��iSM^NSM^H]\;�?VXB_�?MaNSi4t;T_YrQSH]T?Y4JXL7Q[M;Hsv�T?HKYrB_bSt9M;L32EHKT?UPiSL]FKM;LKL]M_�
M9FRbST_iSL^NSJXL]t;iPFKM;HKT_bSL^QSVXiSL^M9b0NS\uF¬B_JGV
t;M�Q[T?JXb3F^QSVGiSLZVXT_JXb
>
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%lJZVqpzT_b B t9T?bP�6BEbSt;M N�B_bPL4VGM£YrT!NSW9VXM|iPFKJXVGJXLK\rQ}T_iSH�V~B�Ls¢lb3FK�SW;L]MCNSM V~B�VGT?J�NPM£t;T?Y�k

YrB_bSNSM¾Q�B_HKt9Ma��i
p�JXVlBj\9FK\aJXNSM9b3FIJG�S\�LKiPHxVXM¾LKJGFKM�N�BEbSLxiSbSM�t;T?bP�S�?iSHIB{FIJXT_b³JXY4Y.i�BEUSVXM � Y4T!NSW;VGM
U[T_DXFKM�bST?JXH]M!
���VXM�QSH]T?USVXW9YrM�NPM�VXBoH]T?USiSLsFIM9LKLKM�Q�B_HKB_Yr\uFIH]JX��iSM�Q�B_L]LKMcNST?bSt�B_i�LKM;t9T?bSN0QSV~B_b¤�
M9F�N
pzB_JXVGVXM9iSHKL�VXB FKHKW;L��?HIBEbSNSM4Y�B�"]T_HKJGFK\�NSM;L�VXT?JGL�NSM�t9T?Y4Y�B_bPNSM;LcB_tuFIJG`_M;L³n v�T?HsF³t9T?b3FIM9b!i
v�HK\9��iSM;b3FIJGM;VO��iSJOB_JXM9b�F�\9FK\�`_BEVXJXNP\;M;LrMu�lQ[\;HKJGYrM9b3F¬B_VGM;Y4M;b3F£T?b3F£\uFI\�Ls¢lb3FK�S\9FKJXLK\9M;L�LKiSH�NSM;L
Y4TlNSW9VXM9LZNSM�t;M�F�¢!Q}ME>

ª§pzB'`_M;bSJGH�bST?iPLCV~BEJXLKL]M�Q[M;H]t;M9`_T?JXH0iSbSM t9T?Y4QSVXM��PJ@FI\ t;H]T?JXL]LIB_b3FIM�NSM;L�Y4T!NSW;VGM;L�NP¢!b�B{k
Y4JX��iSM;LcB_VGV~B_b3F�NPM4QSB_JXH�B:`?M9trNPM;LcMu�lJX�?M9bSt;M9L³BEt;t;H]iSM;LcM;b�Q}M9H]v�T?H]Y�BEbSt;M9L;�
bS\9t;M9LKLKJ@F¬B_b3F³iSbSM
Y4\9FI�PTlNST_VXT?�?JGM£NSMCLs¢!b�FK�SW;L]M�NSM�VGT?JXL�v�T?bSNP\;M;LrLKiSH�iSbSMCY4T!NS\;VGJXLIB{FIJXT_b Q�B_HIBEYr\uFIHKJG��iSM goB
QSH]JXT?H]J�w�NSi�NSJGLKQ[T?LKJ@FIJ@vÒ>?ª�M;L*t;T?iPQSV~B_�_M;L,NP¢!b�B_Y4JX��iSM9L*M9b3FIHKM�B{�lM;L¾M;b3FIHKBED~bPM;HKT_b�F*VGMZHKM;t9T?iSH]Lan
NSM9LOVXT?JGL^M9µ}M;t9FKJG`_M;Y4M;b3F�Y.iSV@FIJ@`_BEHKJ~BEUSVXM9L;�SMuFOV~B4t;T?Y4YrB_bSNSMcNSM9`!HKB  9FIH]M³Ls¢lb3FK�S\9FKJXLK\9Mon�Q�B_HÒk
FIJGH³NSM�YrT!NSW;VGM;L��!iPJ�b
pzB_iSH]T?b3F�Q�B_L.QPi v$B_JXH]M�VÑp�T?U "]MuF.NSM|`EB_VGJXN�B{FIJXT_bSL�Q�B_H³iPbSM£t:B_Y4Q�B_�_bSM
N
p�M;L]LIB_JGL;>lª8BcYrT!NS\9VXJXLKBEFIJGT?b�NP¢!b�B_Y4JX��iSMRNSMu`lHKB³NST?bPtjL;pzB_t9t;T?Y4Q�B_�?bPM;H�N¤pziSbrM;bSL]M;Y.UPVXMjN¤pzJGblk
v�T?H]Y�BEFKJXT?bPLaMu�lQSVGT?JGFIB_USVXM9L^B_iCY4T?Y4M;b3F^NSMcV~B�L]¢!b3FI�PW;LKM�Q[T?iSH^�?iPJXNSM9HRt9M;VGVXMukmt;J
MuFj\u`!JGFIM9H^NSM;L
LKJGYrQPVXJG�St:BEFKJXT?bSL,FIH]T?Q�QSHK\9t;JXL]M;L^NSi�L]¢!L]FKW;Y4M_>

�jp�M;LsF�N�BEbSL¾t9M^t;T?b3FIM��!FIMj��i
p�M;LsF�VXB_bSt9\ZVXM^NS\9�rNST?b3F*JXVPM;L]F¾��iSM;LsFIJGT?brNSB_bSL,VXMZFIJ@FIH]M_>�%lJ�VGM
QSH]M;Y4JXM;H¾F�¢lQ[M�N
p�JXbSt9M;H]FKJGFKiSNSM�LKM�Y4TlNP\;VXJGLKMOM9b M9µ}M9FRt;T?H]HKM9t9FIM9YrM9b3F�t9T?Y4YrMOiPbSM�bST?HKY4MOv�HK\�k
��iSM;b3FKJXM;VGVXMaMuF§LKMZFKHIB_J@FIM�NPT?bSt^B_L]LKM �^BEJXLK\9YrM9b3F§Q�B_H§VXB�v�T?HKY³iSV~BEFKJXT?bcY4TlNSM9HKbSM�NSM;L,QSH]T?USVXW9YrM9L
NSMOt9T?Y4Y�B_bPNSM_��VXM�LKM9t;T?bSN Q[T?LKMjNSM;LaQPHKT?USVGW;Y4M;L¾U}M;B_iSt;T_iSQ£QSVXiPLaB_H]NSiSL;�lLKiSHsFIT?ilFZM;b£t9MO��iSJ
t;T_bSt;M9HKbSMrV~B L]¢!b3FI�SW9LKM � t_p�M;L]FskÒn{kmNSJXH]MrVXB£NS\9FKM;HKY4JXbSBEFIJGT?b NSJXH]M;t9FKMrN¤pziSbPM�VXT_J§NSMrt9T?Y4Y�B_bPNSM
n�Q�B_HsFIJXH�N
pziPbSM�Mu�lQSHKM9LKL]JXT?b0t;T?b3`?M9b�B_USVGM�NPi�QPHKT?USVGW;Y4M!
�Q[T?iSHZNSM9L^L]¢!L]FKW;Y4M;LRN�B_bSL^VXM9LK��iSM9VXL
VÑp�JXblv�T?HKYrBEFIJGT?bCM9L]FcFIH]W;L³VGTlt;B_VXJGLK\9M.M;b v�HK\;��iSM9bSt;M7�7VXM9L�YrT!NS\;VGJXLKBEFIJGT?bSLjNPMrVqpzJGbSt;M9H]FIJ@FIiSNPM�Q�B_H
NSM9L|bST?H]YrM9LrNSM�v�T?bStuFIJXT_bSL�NSM0V~B�`EB_HKJXB_USVXM t9T?YrQPVXMu�lM0LKT?b3F�FKHKW9L�t;T_bSLKM9H]`EBEFIJ@`?M9L � tEpzM9L]F]k�n{k
NSJGHKM³��i
p�M;VGVXM9LOJXbSNPiSJXL]M;b3F�iSbSM³Q}M9H]FIM³NSM.Q[M;H]v�T_HKYrB_bSt;M9LOJXY4Q[T?H]FIB_b3FIM!
��6M9F�VGM;L�B_HsFIJ@��t;M9LOQ}T_iSH
Q�B_VGVXJGM;HRt;M9F]FIMoNSJ 4rt9iSVGFK\�t;T?bPNSiSJXL]M;b3F�n£B_VXT_iSHKNSJGHjNSM�v$B.-9T?b JXb�BEt;t;M9QPF¬BEUSVXM�BEt9FIiPM;VXVGM;Y4M;b3F�VGM;L
B_VG�?T?HKJ@FI�SY4M;L"NSM�L]¢!b3FI�SW9LKM^M9F§VXB�t9T?YrQPVXMu�lJ@FI\*NSM;L§t9T?HKH]M;t9FKM;iSH]L;�?NPT?b3F§VÑp�JXY4QSV~BEb�FIBEFIJGT?b�M644t;B_t;M
LKiPHRiPb0t;B_VXt9iSV~BEFKM;iSH�NSM�t;T?Y4Y�BEbSNSM�NSMu`lJGM;b3FRNS\;VGJXt;BEFIME>

ª�M;L*FIM9t¬�SbSJX��iSM9LZNSMjLs¢!b�FK�SW;L]M�NSMjVGT?JXL,NSM�t;T?Y4YrB_bSNSM^t;T_bSNSiSJGLKM;b3FaFKT?iPFKM;LanciSbSM�JXb3`?M9Hsk
LKJGT?b.BEQSQSHKT:�lJXYrBEFKJG`?M*N
p�iSb.Y4TlNPW;VXM,H]\;NSiSJ@FxBENS\;��i�BEF
�_JXV�b
p�M;LsFxQ�BEL7LKiPHKQSH]M;b�B_b3F§��iSM�V~B^HKT?USiPLsk
FIM9LKL]M�NSMOV~B�t;T?Y4Y�BEbSNSMRLKT?J@FaN
pzB_iPFIB_b3FZQSVXiPLaY�BEiP`EB_JXL]M���iSM�t9M9FZJGb�`_M;H]LKM�M;LsFcg�Q}T?JGb3FIi�w}�lM9F
VXM�NS\u��YrB�"]M;iPH�t9T?bSLKJGL]FKM�NST_bSt³not;T_b�FKHK�?VGM;H^V~BoQSH]\;t;JGLKJGT?b0NPM�t9M9FKFKM�JGb3`?M;H]LKJGT?bCt9T?YrQlFIM�FIM9b!i
NSM£VXB�t;T?bP��B_bSt;M£��iSM VqpzT?b Q[M;ilFoMu�lQSHKJGYrM9H.N�B_bPL�VXM£Y4TlNSW9VXME>x��M9V~B�LKiPQSQ}T_LKM NSM;LoQSH]T?�?H]W;L
LKJG�?bSJ@��t:BEFKJGv�LOFIB_b3F³N�BEbSL³VXB YrBEDGFIHKJGLKM�NSMrVÑp�JXb3`?M9HKL]JXT?b Q�B_HcV~B£Y4JXLKMoM9b�v�T?HKY4MoNSi�QPHKT?USVGW;Y4M
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��iSM0NSB_bSL4VÑp�Mu�lQSHKM9LKL]JXT?b±NSM;L4JXbPt;M;HsFIJ@FIiSNSM9LoQ�B_HIBEYr\uFIHKJG��iSM;L4B_i QSVGiSLoQSHKW9LrNSM VXB QP��¢!L]JX��iSM
NSi|Ls¢lLsFIW9YrMx�liSbSMR`?T?JGM�NSM�HKM9t¬�SM;H]t¬�SM�JXb3FI\9HKM9LKLIBEb�FKMjt9T?bSLKJGL]FKMOn�M��lQSHKJGYrM9H¾t9M9FKFKMjJGbSt;M9H]FIJ@FIiSNPM
LKiSH³V~B�g�v�T?H]YrMoNSi�LKM;t9T?bSN T?H]NSHKM�w �!iPJ�QSH]\;LKM9H]`_M£VXM;LcbST_FKJXT?bPL�NSMrY�BELKLKME��NPM�HIBEJXNSM9iSH³MuF
N
pzB_YrT_H]FIJGLKL]M;Y4M;b3F:>6ª"Bot;T?Y4QSHK\9�SM;bPLKJXT_b0NSi�t;T_YrQSH]T?Y4JXLaM9b�FKHKMcJXbSLsFIH]iSYrM9b3F¬BEFKJXT?b M9FRt;B_VXt9iSVÑ�
B_i4LKM;bPL�T0/oVÑpzB_N "]T_bSt9FKJXT?b�N
p�iSbrNS\9FKM;t9FKM;iSH*LKiPQSQSVX\9YrM9b3F¬B_JGHKMZQ[M;iPF  9FKHKM^YrJGLxM;brU�B_VXB_bSt;M^B:`_M;t
V~B�YrT!NS\;VGJXLKBEFIJGT?b NSi�FIHKB_bSLsv�M;H]F.M;b3FIH]M|t;MuFKFIMrYrM9LKiSH]M|M9F³VXM9L.B_tuFIJXT_bSbSM;iPHKL³NPJXLKQ[T?bSJGUSVXM9L;�"M;LsF
\;�3BEVXM;Y4M;b3FjM;LKL]M;b3FIJGM;VGVXM_>}�OB_bPLOVXMct:B_L�Y.iSV@FIJG`EB_H]J~B_UPVXMOM9b�M9µ}M9F:�[V~B4Q�B_HsFOHKM9V~BEFKJG`_M�NSM�VÑpzB_Y4T?Hsk
FIJGLKLKM9YrM9b3FRB_t9FKJGvÒ�PNPi B_il�£t9TEk�VGTlt;B_VXJGLIBEFKJXT?bPL*L]T?iP`_M;b3FRQSHK\9LKM;b3FKM;L;�6MuF^NSM;LZQ[M;Hsv�T?HKYrB_bSt9M;LZNSiSM9L
nCV~B�Q�B_HsFIJXMobST_blk�t9T?VXT!t:B_VGJXL]\;MoNSM;L³VXT?JGL;��M;LsF�nCY4M;L]iSHKM9H³L]T?JX�?bPM;iSL]M;Y4M;b3F:�8t:B_H�VXM4bSJG`_M:B_i�NSM
Q}M9H]v�T?H]Y�BEbSt;M9L�BEFKFKM;JXb3FjM;L]F�JGb3FIJXY4M;Y4M;b3F�VXJG\.n|V~BrHKT?USiPL]FIM9LKL]Mx�"Q}T?iPHONSM;L�Ls¢!L]FIW9YrM9L�L]F¬BEUSVXM9L
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~�W�FM��FrY(U]S,W l�DGzES,W]P=Y(`�W2FMY HGJ\FO[2ZO`2YOJKFM`M 2 ')'�N a�LaloZ.DGP �GVKB���DGW]DGZ.H�QRBEZMHGZOW ' -PO�V
W]FrY!PG`2[]W2FOF(loJKZOW HcQRJ\P=Y(ZOB�HGDGJ\ZOW HGW2F ^aV\YOZOW2F l�P=YOJ_k�ZMW]LGV\JKW2SnW2P�Y e SnB�HG`2VKJKFM`]FsLal�Z,HGW2F!FM��FMYOU]S,W]F
HGD FMW][2BEPGH�BEZMHGZOW e FMDGZgVKW2F�FMBEZMYOJKW2F�[]B�ZOZOW2FOL BEPGHaloP�Ybl�D�t&SnW2FODGZMW]FgH?W6Vml,LNB�FOJ\YOJKBEPTJKP?W]ZMYOJKW2VKVKW
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W2Y,HGW.V�Qyl�[2[]`2VK`]ZOloY(J\BEP l�PGz�DGVml�J\ZOW6- 5gloPGFs[]W ��DGJ0FODGJ_Y e PGBEDGFsPGW.Y(J\W]PGH?ZOBEPGFu[2W]L W]PGHGl�P=YnLGl�F
[]BES,L?YOW.HGD �GVKB���DGW]D?ZpW2YsPGB�DGFpY(ZOl��ol�J\VKV\W]ZOB�PGF�FMDGZuVKW FM��FMYOU]S,W l�DGzES,W]P=Y(`.[2BEP=Y(J\P�D8-3(�B�DGF
lE�EBEPGFb`�Y(`pW2P�W � W2YXloSnW2PG`]F  !W � W2[2YODGW]ZgH?W]F��Nk�l�Pal�V_��FMW]F�FODGZgV\W6Fr��FrY(U2SnWu� BEDG[2VK`6H?BEP=YbVKW2F
BED?YOJKVKF�FOBEP=YuH?`��EW2VKBEL?LN`2FuLNBED?Z6HGW2FuFM��FMYOU]S,W]Fu[]B�P�YOJKP�DGF - N �EW][ V\W FOB�DG[]J�HGW!ZOW2FMYOW]ZuVKWnLGVKD?F
LGZOB�[��GW!L BEFMFOJK�?VKW H?D FM��FMYOU]S,W!LB�=��FOJ\��D?W e PGB�DGFp[]B�PGFOW2Z+�EW2ZOBEP?FuVKW]F�^aV\YOZOW2Fpl�P=Y(J k�ZMW]LGV\JKW]S,W]P=Y
Hal�PGFCVKWbS,B�HGU]V\Wbl�DGzES,W]P=YO`7-

~�W Q�lo�GVKW]l�D � -y�6HGBEPGPGWbV\W]F«L?DGVKFOloY(J\BEPGF«W�YIl�S,BEZMYOJKFOFMW]S,W]P=Y(F{HGW]F0S,B�H?W]F«ZOl�$MBED?YO`]FIl�D�t
SnB�HGW2FX1GW�t�JK�GV\W]F -

� ? ����� � � ��� � ��
 � � � ? ����� ��� 
 C B��
$�%¬h'&)(+* " i j ,1% $�%�h/&0(�* " i j ,1%

c{W2PGHGJ t ' - 3 5�� ' - ]��85 ]�-R� ]
% ' - ' %85
N0[2[]`2VK`]ZMBES,U2Y(ZMW ] � �(� ' - 5 3 2 ] ��� 3 ' - 542 3
/{B�HGW]D?ZOF �E% ZO`]W2V �E% ZO`2W]V
)xZMB�t?J\SnU�Y(ZMW %E% ZO`]W2V %E% ZO`2W]V

� NM+ �=��� ' - 5 ' 5 �=�o� ' - 5 ' 5
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 ��� B�� 	

~�W!FM��FMYOU]S,W l�DGzES,W]P=YO` � h�f�hªi jOjbW]FrYsHGBEPG[!H�QRBEZMHGZOW � ' # S,B�H?W]F\1aW�t�JK�GV\W]F *�� ] # ZOW�k
Y�l�ZMH LGDGZ / /F5 *
� � # lo[][]`2VK`2ZOBES,U2YOZOW *�� ] # [2B�H?W]DGZ *�� � # c�W]PGHGJ t *�� � # ^GV\Y(ZMW]F6l�P=Y(J_k
ZOW2LGVKJ\W]S,W]P=Y *�� 2 ' Hal�P?FpVKWn[�l�FpS,BEPGB#k¬l#t�W,W2YpV\W []l�FpHGW2D�t l t?W2F4- ~ QdJKP=Y(`2Z���YpHGW!VKlTq�BEZMSnW
FMY(l�PGHal�ZMH W2FMY�HGWXZOW]z�ZOBEDGL W]ZIHaloPGF�D?P&FM[��G`]Snln[2BESnS,Wb[]W2VKDGJ�H?W�VKlu��JKzED?ZOWX� - � V�QRW2PGFOW2Sp�GV\W
HGW�VmlpH?��Pal�S,JK��DGW  sLGJ\VKB�YOW]Z # BEPTLNBED?ZOZ(loJ\Y«�.ZOl�$MBED?YOW]ZIl�D?FOFOJ4�GJ\W]P HGW2F�FMLNW2[2Y(ZMW]FCHGWX�GZOD?J\Y * -

� � C � � � B����
(�BED?FuPGB�Y(W2ZOBEP?F�� h�i j ���nh�f�hªi jOj e V\W Fr��FrY(U2SnWTl�DGz�SnW2P�YO`!W]P=YOZOW!VKl []BES,Snl�PGHGW�� W�YuVKW2F
Y(ZMBEJKF0FMBEZMYOJKW]FIS,W]FMDGZO`2W]F�� -

9 :�� �! 5 E�"$#I3GD +&D&%{*(')' D*%*EHDXC+'
~4lCS,`2Y �GB�H?BEVKBEz�JKW [��GB�JKFOJ\W�L BEDGZ4ZM`]FOB�DGHGZOW�[]W�LGZOBE�?VKU]S,WxHGW []BES,S loPGHGWxW]FrY HGWxY���LNW N-,

lE�EW][IJ\PGFOW2PGFOJ\�GJKV\JKF(l#Y(JKB�P6l�D�t �ol�ZOJKloY(J\BEPGF�Lal�ZOl�Sn`�Y(ZMJK��DGW]F e LGZM`]FMW]P=Y(`2W�l�Du[��Gl�LGJ\YOZOW0LGZM`][2`]HGW2P�Y4-
(�BED?FCL?ZOB�[]`]H?W]ZOB�PGF$ sVªQd`2YODGHGWXHGW�[]WXFM��FrY(U]S,Wpl t?WXLaloZ�l t?W�Hal�P?FCD?P&LGZMW]S,JKW2ZIYOW]S,LGF e

LNB�DGZ�W2PGFOD?J\Y(WnzE`]P?`]Z(loVKJKFMW]ZXVKW2F�ZM`]FMDGV\Y(loY(F�FODGZ�VKWsFr��FrY(U2SnW  HGW2D�t l#t�W]F4- (�B�DGF6J\PGFOJ\FMY(W2ZOBEP?F
LGVKD?F�LaloZMY(J\[]DGV\JKU2ZOW]S,W]P=YXFMDGZ�V�QR`�Y(DGH?WnHGWnVªQRl#t�WsHcQR`2VK`3��l#Y(JKB�P `�Y�l�P=Y�HGBEPGPG`,��DGW [2WnYOZ(l�PGFrq�W]ZrY
JKHGW2P=Y(J\^G`,S,BEPGB#k�W]P=YOZO`]W,*oS,BEPGBok FOBEZrY(JKW�LNB�FOWsVKWsLGV\DGFbHGWsLGZOB��GVKU2SnW2F�W2P [2Ws��D?J [2BEPG[2W]ZOP?WnVKl
ZO`2HGDG[2YOJKBEP8-
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HGW�[]BES,S loPGHGW]Z VKWCFM��FrY(U]S,WgW2P!LNW2ZMq�BEZMS loPG[]WCF(l�P?F�Y(W2PGJKZ []B�SnL?YOW�HGW2F{S,B�H?W]F*1GW�t�JK�GV\W]F -?~4l
S,JKFOW6W]P q�BEZMSnWpH?D L?ZOBE�GV\U]S,W6HGWu[2BES,S l�P?HGW e PGB�Y(`2WKJbh � D h�i#jMj��LJgh �nh�f D jMj e W2FMYXLGZM`]FMW]P�k
Y(`2Wu��J\zEDGZOW�� - 2 - )�l�Z�Z(l�LGL BEZrY  VKlnS,JKFOW�FOB�DGF�q�BEZMSnW�FMY(l�PGHal�ZMH e P?BEDGFblE�EB�PGFgZ(l $MBED?Y(`6DGPGW

Modèle rigide augmenté6
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FOB�ZMY(J\W # FOBEZrY(J\WP] * LNB�PGHG`]ZOl�P=Y«VKl�[2BESnSnl�PGH?W$ 6V�QyloJKHGWIHGD!zEl�JKPed e l#^aP!HGW�HG`]FMJKPGzED?Vml�ZMJKFOW2Z�V\W
LGZMBE�GVKU2SnW6-G~�W]FIW2P�YOZO`2W]FB]  u%uJ\P�YOZOB�HGDGJ\FOW]P=YIHGW2FI�GZODGJ_Y(F0HGWbS,W]FMDGZOWX[]l�Z(l�[�Y(`2ZOJKFM`]F0LaloZ0VKW]D?ZOF
L BEPGHG`2Z(loYOJKBEPGF�FMY(loY(J\��D?W]F4-8(�BED?FgLNB�D=�EBEP?FgZOW2S l�ZM��DGW]Z���D?WuVmlnS,W]FMDGZOWpl�ZMYOJK[]D?Vml�J\ZOWXW]FrYgY(ZMU]F
�GZMDGJ\YO`]W e []Wn��DGJ�`2��DGJG�ol�D?Y  &V�QRJ\zEPGBEZMW]Z4-4~4l L BEFMJ\Y(J\BEP�ZOW2VmloYOJG�EW # S,W]FMDGZOW l�ZMYOJK[2DGVml�J\ZOW * PcQRW2FMY
Lal�F6D?Y(J\VKJKFM`]W,[�l�Z�DGP ZOW�Y(BED?Z6L BEFOJ_Y(J\q«FODGZp[2W2YMY(W!S,W]FMDGZOW!J\P=Y(ZOB�HGDGJ_Y�DGP []BED?LGVml�z�W W]P=YOZOW!V\W]F
S,BED=�EW2SnW2P=Y(FgHGD ��` �GJ\[]DGV\WpL BEZMYOW]DGZgW�Yb[]W2D�t HGD Y(`2VKW]FM[]BEL Wu��DGJ�L W]D�YXl � W][2YOW]ZgVKl,q�BEP?[2Y(J\BEP
HGWgZM`%$MW2[2Y(J\BEP!HGW�LNW2ZMY(D?ZO�aloYOJKBEP8- [CPGWbL BEPGHG`2Z(loYOJKBEPn�al�FOFMWgq�ZO`2��D?W]PG[2WbHGD.LGZOW2SnJ\W]Z BEZOH?ZOWgW2FMY
JKP=YOZOB�HGDGJ\YOW�L BEDGZ�FOL `][]J_^aW]Z���D?WuVml V\BEJ�H?Wp[]BES,Snl�PGHGW�HGBEJ\Y�`]V\JKS,JKPGW2ZCV\W6�GJKl�JKF�l�[2[]`]V\`]ZMBESn`�k
Y(ZMJK��DGW6- W P?^aP e D?P!^aV\YOZOWgLaloFOFOW�k �aloD?YIHGD FOW2[]BEPGH BEZMHGZOWbW2FMYCl�$MB�D?Y(`  pVKl6L BEPGHG`2Z(loYOJKBEP.HGW�Vml
[]B�SnSnl�PGHGWXl#^aP HcQyl#YOY(`2P�DGW]ZCVKW2F0SnB�HGW]F 1aW�t�JK�GV\W]F #gf ZOB�VKV_k B �FhB* -

~4lg��J\zEDGZMW{� -R��LGZM`]FMW]P=Y(W0V\W]F�q�BEP?[2Y(J\BEPGF�HGW«ZM`%$MW][�Y(J\BEP  (}#"� 
$ HGDuFM��FrY(U]S,W8� D hªi j����nh�f D j
W2Y{HGD!Fr��FrY(U2SnWgZMW]� BEDG[2VK`CFODGZ�VKWC[]BEZMZOW][�Y(W2DGZjilkªh � D h�i j�mon D h�i#jMj e W2Y{VKWCVKJKW2DnH?W c{VKl�[qpsHGD!z=l�J\P
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Boucle ouverte corrigée
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HGW �NB�DG[]V\W�� D h�i j � n D hªi j � D h�i#jb- ~�W]FsL BEPGHG`2Z(loYOJKBEPGFuB�P�Ys`�Y(` ZO`2zEVK`2W]FuHGW Snl�PGJ\U]ZOW  �[2W
��DGW,&

� VKWbzEl�JKP FMY(loY(J\��DGWbHGWXVmlpq�BEPG[�Y(J\BEP.HGWXZO`�$MW][2YOJKBEP  (}o"� 
$ FMBEJ\YIJ\P?q�`]ZMJKW2DGZ�k 5 ' H`c e
� Vml�S loZOzEWCHGWgz=loJKP FMBEJ\Y�FOD?LN`2ZOJKW2DGZOW�BED!`]zEl�VKW�%�H`c W�Y«Vml�S loZOzEWCHGWgLB�Gl�FOWgFMDGL `]ZOJ\W]DGZMW
BEDT`]z=loVKW � '��2e

� Vmlu�aloPGHGWXLal�FMF(l�P=Y(W�FOB�J\Y0W2P ��J\ZOBEP � ')' Z(loH+*oF4-
~4l L BEPGHG`2Z(loYOJKBEP FMDGZnVKl�[]BES,S loPGHGW d W2FMYnJK[2J«^?t�`]W  d ����;
	
� -,[CPGW �ol�ZMJmloYOJKBEP

HGD�PGJG��W�l�D HGW.L W]Zrq�BEZOSnl�PG[2W.ZOW]��DGJ\FuFOW2Z(l Y(ZOl�HGDGJ_YuLal�ZuDGP?W �ol�ZMJmloYOJKBEP HGWAd - ~�W]Fsl�D�Y(ZOW2F
LNB�PGHG`]ZOloY(J\BEPGF0FMW]ZOB�P�Y�FOD?LGLNB�FO`]W2F�^?t�W2F�HaloPGF0Y(BED?YOWbVmluFOD?J\Y(WbH?W�V�QR`�Y(DGH?W7-

��� ���"!#�
� $ %�'&(*)�+�,C.04*7���I ,C(D.
~4l���J\zEDGZMWI� - 5bLGZM`]FOW2P=Y(W�V�QyloLGLGVKJ\[�loYOJKBEP6HGD [2BEZOZMW][2YOW]DGZ HG`�Y(W]ZMSnJ\PG`ILGZO`2[]`2HGW]S,SnW2P=Y{FMDGZ

VKW.Fr��FrY(U2SnWT[]BES,LGV\W2Y - ~4W [2BEZOZMW][2YOW]DGZsPGW FrY�l��GJ\VKJ\FOW!LaloF,V\W.SnB�HGU2VKW.[]B�SnLGV\W2Y4- O�V0[]B�P ��J\W]P=Y
HGBEPG[IHGWILGZMW]PGH?ZOWIW]P,[]BES,L?YOW0VKW]F S,B�HGW]F31aW�t�JK�GV\W]F Hal�P?F VKlgFM��P=Y"�GU2FOW�W2Y []W2[]JaW]P,[]B�PGFOW2Z+�ol�P=Y
VKW2FCZM`]FMDGV\Y(loY(FIW]PTL W]ZMq�B�ZOSnl�PG[]W6-

~�WbSnB�HGU]V\W�HGWbFrY(ZMDG[2YODGZOWXJKH?W]P=Y(J_^a`b`2Y(l�P=YIHcQRB�ZOHGZMW � '?e J\V�W2FMYIPG`2[]W]FMF(l�J\ZOWXHGWXVKW�ZO`]H?DGJKZMW
LNB�DGZ ��DcQdJKV�FOBEJ_Y�D?YOJKV\JKF(lo�GVKWxHal�P?F VmlCFM��P=Y"�GU2FOWIHGW«V\BEJ�HGW«[]B�SnSnl�PGHGW6-�~�W2F SnB�HGW2F, �[2BEPGFOW2Z+��W]Z
BEP=Ys`2YO`#$MDGFO��DcQdJK[2J«HG`2YOW]ZMSnJ\PG`]F  LaloZMY(J\Z6HcQdW]FMF(l�J\FsFODG[2[]W]FMFOJ_q�F4-,)�B�DGZuDGPGW.Fr��P=Y �GU]FMW&S,BEPGBok
l#t�Jml�V\W FOD?Z�V�Qyl t?W H�QR`2VK`��oloYOJKBEP e Y(ZMBEJKF�S,B�HGW]F�FMBEP=Y�loLGLal�ZMDGF�JKPGH?JKFOL W]P?F(l��GV\W]F'&
V\W S,B�HGW P�DGS,`]ZMB
]�]  ]�]
�=�.Z(loH+*oF���D?J�LGZM`]FMW]P=Y(W!VKlTL?VKDGF�zEZ(loPGHGWnl�SnL?VKJ\YODGHGWuW�YpVKW2F�H?W]D�t S,B�HGW2F�P�DGS,`]ZMB
� W2Yp�  � � 5TW2Y 5 3)3 Z(loH+*oF4- W P W � W2Y e VªQRl��GFMW]PG[2W!HcQdDGP'a]`2ZOB HGWnY(Z(loPGFOS,JKFMFOJKB�P W]P=YOZOW.[]W2F
HGW]D�t q�ZM`]��DGW2PG[]W2F!W]P=Y(ZOlLCmP?W&HGW2D�t ZO`2FOBEPaloPG[]W2F HcQRl�S,LGVKJ_Y(DGHGW.`2��DGJG�ol�V\W]P=Y(W e Snl�J\FuFO`]LGl�ZO`2W]F
HGW���� ; � HGWuLB�al�FMW7-4~4l.��J\zEDGZOW6� -R�!LGZO`2FOW]P=YOW,V\WpS,B�HGU2VKW�f 4 hªi j�ZO`2HGDGJ_Y  .[]W2FX%!SnB�HGW]F���D?JFOW2Z(lnD�Y(JKV\JKFM`gLNB�DGZIVmlp[]B�SnSnl�PGHGW6-a~�W�FM[��G`]SnlsHGW�Fr��P�Y �GU]FMW6HGW�Vmlu��JKzEDGZMWX� - 2,l�L?LGVKJ\��D?`Xl�D
SnB�HGU2VKWuJKH?W]P=Y(J_^a`pZO`2HGDGJ_Y # lE�EW2[nV\W]FgY(ZMBEJKFbS,B�HGW]F 1aW�t�JK�GV\W]F * loDGzES,W]P=Y(` �nh�f 4 h�i#jMj�W]P=Y(ZOlLCmP?WDGPGWsFOJ\SnL?VKJ\^G[�loYOJKBEP&HGW]FXS,B�HGW2F 1aW�t�J\�GVKW2FbHGD Fr��FMY(U2SnW  � � 5!W�Y�5 343 Z(l�H�*oFbLal�ZbV\W]FbL	SEVKW2F
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Validation sur le modele complet
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W2Y a2`]ZMBEFuHGD []B�ZOZOW2[2YOW]DGZ - /{W2YMY(W.FMBEVKD?YOJKBEP W]FrYuHGBEPG[ HG`]FOl�FMYOZOW]D?FOW HGD L BEJKP=YpH?W ��DGW.HGW!VKl
ZOBE�?DGFMYOW]FOFMW7-
[�P S,B
�EW2P HcQd`���J\YOW]Z V\W]F,FOJ\SnLGV\J\^a[]loY(J\BEPGFuL	SEVKW2F *6a2`]ZMBEF [2BEPGFOJ\FMYOW  J\PGFOW2PGFOJ\�GJKV\JKFMW]ZsVKW2F

L S�VKW]F�H?D�Fr��FMY(U2SnWxW2P�� BEDG[2VKW�q�W2ZOS,`]Wxl�D�t �ol�ZOJKloY(J\BEPGFNHcQyloSnBEZrY(J\FOFOW2SnW2P=Y�HGW]F�S,B�HGW]F�1aW�t�JK�GV\W]F
HGD Fr��FMY(U2SnWnW]P �NBED?[]VKWsBED��EW]ZrY(W6-3/{W�YOY(W,JKP?FOW]P?FOJK�?JKVKJ\F(loYOJKBEP W]FMY�Y(ZOl�HGDGJ_Y(WsHal�P?F�VKlTS,JKFMWuW]P
q�BEZOS,WCLNBED?Z VKl�[2BES,S l�P?HGWC��JKzED?ZOWC� - 3?e PGB�Y(`2W Jgh �nh �f 4 h�i jOjOj e Lal�Z VªQRl�$MBED?Y HGW2F�Y(ZMBEJKFxW2P�YOZO`2W]Fl�D�t�JKV\Jml�J\ZOW2Fb� e 5.W2Y6� e []BEZMZOW2FOL BEPGHal�P=Y  TVKl S,JKFMWuW]P q�BEZOS,WsHGWnV�QRJ\PG[]W2ZMYOJ\Y(D?HGWuFODGZ�[��al�[2DGP
HGW]F,Y(ZMBEJKFsS,B�HGW2F 1aW�t�JK�?VKW]F -0[�P�z=l�JKP�FMY(loY(J\��DGWAn LNW2ZOS,W2Y,HGWTLNB�PGHG`]ZMW]Z,[��al���DGW&W]P=Y(ZM`]W
l�D�t�JKV\Jml�J\ZOW�W2YXW]FrY�ZO`]z�VK`uHGWuSnl�PGJ\U]ZOW  l�FMFODGZMW]ZXVKW6[]BES,LGZOB�SnJ\FgW]P=Y(ZMWsVml!ZOB��GDGFMYOW]FMFOW,W2Y�VKW2F
LNW2ZMq�BEZMS loPG[]W2F4- 5gl�PGF�DGP LGZMW]S,JKW]ZbYOW]S,LGF e [��al���DGW!S,B�HGW 1aW�t�JK�?VKW,FOW]ZOl L BEPGHG`2ZO`!lE��W][!VKl
S��2SnWIL BEPGHG`2Z(loYOJKBEP e W]PnLGZOW2Pal�P=Y n � H�������� - (CBEDGFxSnB�P�YOZOW2ZOBEPGFx[2W]L W]PGHaloP�Y{Lal�ZxVmlbFMDGJ\YOW
��DcQRJ\V�W2FMY L BEFMFOJK�?VKW HGW{ZM`�l�V\JKFOW2Z�D?PuZO`]z�Vml�zEW ^aPuW2PpD?YOJKVKJ\F(l�P=Y�VmlCLNB�FOFOJ\�GJKV\J\YO` HGW{L BEPGHG`2ZOW2Z HGJ � `�k
ZOW2SnS,W]P=Y [��alo��D?W0SnB�HGW*1GW�t�JK�GV\W e lE�EW][ n � HGJKl�z	�LH)%�
 -�5gl�P?F PGB�YOZOW«[]l�F DGPuZM`]zEVKl�zEW�n ���
# L BEDGZ d�� ��; 	
� * L W]ZMSnW�YCHGWXZO`�loVKJKFMW]Z«D?P&� BEP []BES,LGZMBESnJ\F«L W]ZMq�B�ZOSnl�PG[]W,*oZOB��GDGFMYOW]FMFOW7-
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 	 � ��� 2 � � C � 
 � B�� � �u	�� ��� c�� 	 ��� � A1B 	 ��� � � ? �6��� � � ��� � ��
 � � Jgh �nh �f 4 hªi jMjOj

~4l ��J\zEDGZMW&� - ] '�e L?ZO`]FMW]P=Y�loP�Y Vml��NB�DG[]V\W&BED��EW]ZrY(W&[]BEZMZOW][�Y(W2DGZ *oS,B�HGU]V\W&ZM`]HGDGJ_Y e PGB�DGF
SnB�P�YOZOWp��DGWu[2W2YMY(WpS,`2Y �GB�H?BEVKBEz�JKW�l!LNB�DGZ�[2BEPGFO`2��DGW]PG[2WnH?WpLNB�FOJ\YOJKBEP?PGW]Z�VKW]F�SnB�HGW2FgW]P=Y(ZMW
VKW2F6L BEJKP=Y(F�[]ZMJ\Y(J\��DGW]F # BEP Lal�ZOV\WnH?W []B�P�YOZTSEV\W W2P LB�al�FMW * - O�V []BEPJ��JKW2P�YpW]PGFMDGJ\YOW HGW �E`]ZMJ\^aW2Z
��DGW&V\W.[]BEZMZOW2[2Y(W2DGZ,l�LGLGV\JK��DG`.FMDGZsVKW.S,B�HGU2VKW![2BES,LGVKW�YuFMY(l��GJKV\JKFMW![]W2VKDGJ k�[]J{W2Ys[]B�PGFOW2Z+�EW&VKW2F
LGZOB�LGZOJ\`2Y(`2F�HGW6LNW2ZMq�BEZMS l�P?[]W7- ~4l!��J\zEDGZMW�� - ]�]�PGBEDGF�SnBEP=YOZOW���D?WpVKW2F�S,B�HGW2F 1GW�t�JK�GV\W]F���D?J
PcQdBEP=YXLal�Fb`2YO`pLGZMJKFgW2P [2BES,L?Y(WpHGl�PGFbVmlnFM��P=Y"�GU2FOWsPGW ��JKW2PGPGW]P=YXLaloFbLNW2ZMY(D?ZO� W]ZgVKl �NB�DG[]V\W
q�W]ZMSn`2W7-

~ QylE�ol�P=Y�l�z�W�HGWg[2W2YMY(W�S,`2Y �GB�HGW�HGW�FM��P=Y"�GU2FOWXW]FrY«��DcQdW]VKV\W�W2FMY0Fr��FrY(`2S loYOJK��DGW6-G~�W]F�LNBEP�k
�����c�#�b���c�{�{� �p�x�����b���2�G�=�I�#���m �¡]�I�=�r¢x¢��m£�¤�����¤�£(�r¢ ¥G��¦� �§]¨m�r¢ ©C�#�ª�r¢«�=�I���#¤�£¬¢C­be2�6eE­
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Validation sur le modele complet

 0        

 2.888    

 8.024    

 23.96    

 88.15    

 546      

 630.3    

 643      

 805.1    

 809.9    

 890.6    

 1117     

 1159     

 1191     

 1374     

 1527     

 2152     

 3475     

 5357     
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HG`]ZOloY(J\BEPGFgFrY�loYOJK��DGW2FgFOBEP=Y�l�$MD?FMY(`2W]FbFMDGZbVKW�SnB�HGU]V\W6ZMJKzEJ\HGW�W�YbVKW�^aV\YOZOWpLGl�FOFMW�k �Gl�D?YbW2FMYXHG`�k
Y(W2ZOS,JKPG`�DGPGW�q�BEJ\F.LNB�DGZ.Y(BED?YOW]F -X5�BEPG[ FOW2DGVXVKW�PGBESp�?ZOW�HcQdW]P=Y(ZM`]W2F l�D�t�J\VKJmloJKZOW2F!W2YTV\W]DGZMF
LNB�PGHG`]ZOloY(J\BEPGF0ZMW]FOL W][�Y(J �EW]F�[��al�PGz�W]P=YglE��W][�VªQdBEZOHGZMWbHGD SnB�HGU2VKWbZO`2HGDGJ_Y -

7 �
	8� � 
j� ��<���: ��� � > 
2�C� ��� � 9 � � � �+� >I<

~4l S �]S,W Sn`�Y"�GB�HGBEV\BEzEJKWnHGWTFM��P=Y"�GU2FOW�W]FrY!loLGLGVKJ\��DG`]W FOD?ZnV�Qyl#t�W HcQRl7a]J\SpD?Y # [�q - ��J_k
zEDGZMW�� - ] � * -
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 	 � ��� 2 � � C � 
 � B�� � �s	�� ��� c�� 	 ��� � A1B 	 ��� � � ? ����� ��� 
 C B��

~�W SnB�HGU2VKW?1GW�t�JK�GV\W ZM`]HGDGJ_Y�W]FrY�HcQdBEZOH?ZOW � &�V\W]F S,B�HGW]F&P�D?Sn`2ZOBEF 3 W�Y'] �  3 %�%
W2Y�% ')' ZOl�H+*oFIFOB�P�YC[2BEPGFOW2Z+��`]F # [2q -A��J\zEDGZMWb� -^]
% * -

~4l ��JKzED?ZOW � - ] � S,BEP=Y(ZMW Vml �NBED?[]VKW BED=�EW2ZMYOW�[]BEZMZOW][�Y(W2DGZ *oS,B�HGU]V\W ZO`2HGDGJ\Y!W2Y.VKl ��J_k
zEDGZMW�� - ]72 e Vml �ol�VKJ\HaloYOJKBEPnFODGZIVKWbS,B�HGU]V\Wg[]BES,LGV\W2Y -
(�BED?FbZOW]Snl�ZM��D?BEPGFbHGW2D�t�[��al�P?zEW]S,W]P=Y(FXLaloZgZ(l�L?LNBEZrYXl�D�ZO`2zEVmlozEWpLGZMBELNB�FO`uFOD?ZbVªQRl#t�W

HcQd`]VK`3�oloY(J\BEP & Vml%�ol�V\W]DGZuHGWTVml L BEPGH?`]Z(l#Y(JKB�P�FMDGZ,Vml []B�SnSnl�PGHGW d � ��;
	��sW2Y,VKl%��loVKW]D?Z
HGDTz=l�JKP.L BEDGZ{VKWbZO`2zEVmlozEWgHGWbV�QRJ\PGFOW2PGFOJ\�GJKV\J\Y(`CHGWbVKlpVKBEJNHGWb[]BES,Snl�PGHGWXl�D�t.S,B�HGW2FF1aW�t�J\�GVKW2F
n ��� � - /{W]F�SnB�HGJ_^a[�loYOJKBEP?F$�EBEP=Y�Y(BED?YOW]F�VKW2F�H?W]D�t Hal�P?F�V\W,FMW]PGF�HcQdDGPGWnl�DGzES,W]P=Y�l#Y(JKB�P
HGW]F,L W]ZMq�B�ZOSnl�PG[]W2FsW2Y,HGWTVml ZOB��GDGFMYOW]FMFOW loD�t��ol�ZOJKloY(J\BEPGF6LGl�Z(l�S,`2YOZOJ\��D?W]FsFODGZsV\W]FsSnB�HGW2F
1aW�t�J\�GVKW2F�W�Y6S,BEP=Y(ZMW]P=Y���D?W VKWu[2BES,LGZOBES,JKFbL W]Zrq�BEZOSnl�PG[2W *oZMBE�GDGFrY(W2FOFOWnW]FrY6� W�l�D?[]BEDGL LGVKD?F

�����c�#�b���c�{�{� �p�x�����b���2�G�=�I�#���m �¡]�I�=�r¢x¢��m£�¤�����¤�£(�r¢ ¥G��¦� �§]¨m�r¢ ©C�#�ª�r¢«�=�I���#¤�£¬¢C­be2�6eE­
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 1436     

 1556     

 6852     

 1.048e+04

Boucle ouverte corrigée

� � ��� � - ] � � � � ��� c�� 	 �X� � A1B 	 �%� � � ? ����� ��� 
 C B��
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 6.13     

 10.59    

 19.65    

 40.85    

 82.33    

 208.7    

 722.2    

 837.3    

 894.1    

 918.1    

 1019     

 1299     

 1334     

 1458     

 1472     

 1507     

 5133     

Validation sur le modèle complet

� � ��� � -^]72 � � ��� 
�� � ��
 � ��� � � �,	�� ��� c�� 	 � 	 B�� � � C � ��� � �p� � C 
 � � � � � ? �6��� ��� 
 C B �

q�l�[]J\VKW  sZO`]l�VKJ\FOW2Z«FODGZIV�Qyl#t�WXHcQRl7a]J\SpD?Y0��DGW�FOD?ZCV�Qyl t?WbH�QR`2VK`��oloYOJKBEP8-

7 �
	8�"	 
j� ��<���: ��� � > 
2����� � � <�: ��� � 9 � > � ��� � �
~4l�S,JKFMW0W]Pnq�B�ZOS,WCH?D LGZMBE�GVKU2SnW0H?W�Fr��P=Y �GU]FMWgSpDGV_Y(JG�ol�ZMJml��?VKW{L?ZO`]FMW]P=Y(`2W]F0��JKzEDGZMWI� -^]75

W]FrY�BE��Y(W]P�DGWXLaloZCLGl�Z(l�V\VK`2VKJKFOloY(J\BEP,HGW]FIHGW2D�tTSnJ\FOW2F0W]P q�BEZOS,WbSnB�PGBok¬l t?JKl�VKW2F4-
(�BED?F []BEPGFMJKHG`2ZOBEP?F HGBEPG[«D?P,S,B�HGU]V\W{ZO`2HGDGJ_Y []BEP=YOW]Pal�P=Y VKW2F�Y(ZMBEJKF�SnB�HGW2F ZOW�Y(W]P�DGFxHaloPGF

VKWbS,B�H?U]VKWbZM`]HGD?J\YIHcQd`]V\`��oloY(J\BEP.W2YCV\W]F0HGW2D�tTSnB�HGW2F0HGWX[]W]V\DGJ�HcQRl7a]J\SpD?Y # [2q -a��J\zEDGZMWX� - ]�� * -
~�W6z=l�J\PFn W2FMY�S l�J\P=Y(W]PGl�P=Y�ZMW]Vml#Y(J\q l�D ZM`]zEVKl�zEW�HGW6V�QRJ\PGFOW2PGFOJ\�GJKV\J\YO`gHGWpVKl,V\BEJ4HGW6[2BESsk

S loPGHGW SpD?V\Y(J �ol�ZOJKl��GVKW loD�t [2JKPG��S,B�HGW2F 1aW�t?J\�GVKW2F�2«J\V�l H?BEPG[ q�l�V\VKD�DGPGJ\q�B�ZOS,JKFOW2Zn[2W�ZO`�k
zEVmlozEW�FMDGZ{V\W]F«HGW2D�t!l#t�W]F4- (�BEDGF«l���BEPGF«[��?BEJKFMJ�HcQdDGPGJ_q�BEZOS,JKFMW]ZxLal�Z«ZOl�LGL BEZMY  6V�Qyl#t�W�HcQR`2VK`3��l k
Y(J\BEP # n � � * &=VKW2F L BEPGH?`]Z(l#Y(JKB�PGF HcQdW]P=Y(ZM`]WCFODGZ VªQRl#t�W0HcQRl7a]J\SpD?YxBEP=YxY(BED�Y(W]Fx`�Y(`ISpDGV_Y(JKL?VKJK`2W]F
Lal�Z ' -y� -

O�V4lsl�DGFOFMJ4`2Y(`XPG`2[]W2FOF(loJKZOW�HGWXZO`2HGDGJ\ZOWXVKW2FCL W]Zrq�BEZOSnl�PG[2W]F0HGW2S loPGHG`]W2F�FMDGZIVªQRl#t�WXHcQyl6a]J_k
SpD?YIW2P&LGZMW]PaloP�Yld�� ��; 	
� - WxPTW � W2Y e VKW2FILNW2ZMq�BEZMS l�P?[]W]F0FMDGZIVªQRl#t�WbHcQRl7a]J\SpD?Y0��DGJ4lE�ol�JKW2P=Y
`2YO` L BEDGFOFM`]W2F.F(l�PGFnHGJ Y,[2DGV\YO`&HaloPGF V\W&[]l�F S,BEPGB��ol�ZOJKl��GV\W e [2BEPGHGD?JKFOW2P=Y e W2P LGZM`]FOW2PG[]W HGW
[]BED?LGVml�z�W]FIH?��Pal�S,JK��DGW2F e  uDGPT[]BEZMZOW][�Y(W2DGZ�J\PGFMY(l��GV\W7-

~�W]Fx��J\zEDGZOW2F � -^]
��W�Y � - ] 3 SnBEP=YOZOW]P=Y V\W]F HGJKl�zEZOl�SnS,W]F�HGWXc{VKl�[qp�ZOW]VKloY(J_q�F, gVKl�FM��P=Y"�GU2FOW
SpDGV_Y(JG�ol�ZMJml��?VKW32�J\VKF�[]BEZMZOW]FMLNB�PGHGW]P=Y  VKl ZO`2LNBEP?FOW!q�ZO`2��DGW]P=Y(J\W]V\VKW H�QRDGP?W.HGW]FuHGW2D�t [��GlLCmPGW2F
BED=��W]ZMYOW�V\BEZOFM��DGWXVªQRl�D?Y(ZMWbW]FrYCq�W2ZOS,`]W6-

�����c�#�b���c�{�{� �p�x�����b���2�G�=�I�#���m �¡]�I�=�r¢x¢��m£�¤�����¤�£(�r¢ ¥G��¦� �§]¨m�r¢ ©C�#�ª�r¢«�=�I���#¤�£¬¢C­be2�6eE­
­
­



� � ����� �	����� �7
 �<
 � ���	� 
 � � 
 ��� 3 5

couple_elev/acc_elev

10
3

0

20

40

Frequence (rd/sec)

G
ai

n 
(d

b)

couple_elev/acc_azim

10
3

0

10

20

30

40

Frequence (rd/sec)

G
ai

n 
(d

b)

couple_azim/acc_elev

10
3

0

20

40

60

Frequence (rd/sec)

G
ai

n 
(d

b)

couple_azim/acc_azim

10
3

−20

0

20

40

Frequence (rd/sec)

G
ai

n 
(d

b)

� � ��� � -^]
� � "G� � � 	:2 ��� � � ��� � � ��� � C � ����
 � B��X
�� ������
 � � ��C � ��� � ��� � B0? � ? � 	

�����c�#�b�����{�����6�x�����b���2�G�=�0�#���m �¡]���=�r¢x¢��m£�¤�����¤�£(�r¢x¥G��¦E �§]¨m�r¢ ©C�#�ª�r¢«�=�0���#¤�£¬¢C­be2�6eE­
­
­



3 � � � � ����� �������	� ��
�

�
� � ���	���	� ��

��
 ��� 
�
���� � ��


12

11

10

9

8

7

6

5

4

3

2

1

0.001

sqrtm(w_pos_e)

0.0001*0.2

sqrtm(w_pos_a)

100

sqrtm(w_art_e)

100*0.2

sqrtm(w_art_a)

0.01

sqrtm(w_acc_e)

0.001*0.2

sqrtm(w_acc_a)

sqrtm(10^(−5))

sqrtm(Re)

sqrtm(10^(−5))

sqrtm(Ra)

s+5

s

1/150^2s  +1.4/150s+12

1/2000^2s  +1.4/2000s+12

s+5

s

1/200^2s  +1.4/200s+12

1/2000^2s  +1.4/2000s+12

Mux

Mux

Mux

Mux

Mux

Pr(s)

Modele identifié reduit
augmenté (2 axes)

1

0.2

100

100

0.2

1

Demux

Demux

K

1

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

� � ��� � -^]75 � � 
 	 � ��� 2 � � C � 
 � B�� � �,	�� ��� c�� 	 �X� � A1B 	 �%� ��C � ��� � �X� � B)? � ? � 	

�����c�#�b���c�{�{� �p�x�����b���2�G�=�I�#���m �¡]�I�=�r¢x¢��m£�¤�����¤�£(�r¢ ¥G��¦� �§]¨m�r¢ ©C�#�ª�r¢«�=�I���#¤�£¬¢C­be2�6eE­
­
­



� � ����� �	����� �7
 �<
 � ���	� 
 � � 
 ��� 343

−1260 −1080 −900 −720 −540 −360 −180 0
−100

−80

−60

−40

−20

0

20

40

60

80

PHASE

dB
 0        

 2.85     

 7.374    

 20.44    

 67.85    

 416.8    

 656.3    

 809.4    

 857.8    

 1138     

 1250     

 1351     

 2962     

 5506     

 8809     

Boucle ouverte − transfert élévation

−1260 −1080 −900 −720 −540 −360 −180 0
−100

−80

−60

−40

−20

0

20

40

60

80

100

PHASE

dB

 0        

 1.801    

 2.232    

 3.617    

 11.12    

 32.96    

 145.7    

 580.7    

 1063     

 1306     

 1387     

 1733     

 7765     

 1.216e+04

Boucle ouverte − transfert azimuth

� � ��� � - ]
� � � � ����c�� 	 �X� � A1B 	 �%� ��C � ��� � �X� � B)? � ? � 	

�����c�#�b�����{�����6�x�����b���2�G�=�0�#���m �¡]���=�r¢x¢��m£�¤�����¤�£(�r¢x¥G��¦E �§]¨m�r¢ ©C�#�ª�r¢«�=�0���#¤�£¬¢C­be2�6eE­
­
­



] ')' � � � ����� �������	� ��
�

�
� � ���	���	� ��

��
 ��� 
�
���� � ��


−2520 −2160 −1800 −1440 −1080 −720 −360 0
−100

−80

−60

−40

−20

0

20

40

60

80

PHASE

dB

 0        

 2.848    

 7.072    

 20       

 70.76    

 382.6    

 803.7    

 807.5    

 888.4    

 1117     

 1177     

 1178     

 1179     

 1187     

 1286     

 2596     

 3586     

 5004     

 7497     

Validation sur le modèle complet − transfert élévation

−1620 −1440 −1260 −1080 −900 −720 −540 −360 −180 0
−100

−80

−60

−40

−20

0

20

40

60

80

100

PHASE

dB

 0        

 1.793    

 2.248    

 3.843    

 8.661    

 46.57    

 137.5    

 587.3    

 648.4    

 708.9    

 723.3    

 830.5    

 1147     

 1311     

 1481     

 2581     

 8231     

 1.275e+04

Validation sur le modèle complet − transfert azimuth

� � ��� � - ] 3 � � ��� 
�� � ��
 � ��� � � �,	�� ����c�� 	 � 	 B�� � � C � ��� � �p� � C 
 � � � � C � ��� � ��� � B0? � ? � 	

�����c�#�b���c�{�{� �p�x�����b���2�G�=�I�#���m �¡]�I�=�r¢x¢��m£�¤�����¤�£(�r¢ ¥G��¦� �§]¨m�r¢ ©C�#�ª�r¢«�=�I���#¤�£¬¢C­be2�6eE­
­
­



] ' ]

� �������	��
�� 


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

~4l HG`2S loZO[��GW!L?ZOBEL BEFO`2W HaloPGFp[]Wn[��al�LGJ_Y(ZMW ZOW2VmloYOJ\q«l�D�t []BES,S loPGHGW]F�HGW ��BEV VmloYO`]Z(loV
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HGJ � `]ZMW]P=Y(F # []BEZMZOW]FMLNB�PGHal�P=Y  .�.ZO`2Lal�ZMYOJ\YOJKBEPGF�HGWuVmlnS l�FMFOW  !V�QRJ\P�YO`]ZMJKW]D?Z�HGWuV�QylE��JKBEP *�e FMBEJ\Y
]
�sSnB�HGU]V\W]F -A~4W2F�H?J � `]ZOW2P=Y(FCZO`]FMDGV\Y(loY(FILGZM`]FMW]P=Y(`2FgJK[2J�PGWXLNBEZrY(W2ZOBEP=Y���D?W�FMDGZg�uS,B�HGU2VKW2F0W]P
]bLNB�JKP=Y«HGW��EBEV # S,B�HGU2VKW f V\`]zEW2Z h PGB�YO`��$# W2Y0S,B�H?U]VKW f VKBED?ZOH h PGB�YO`�� ,3* - (�BEDGF�q�W]ZOB�PGF
`]z=loVKW]S,W]P=YsZM`2q�`]ZMW]PG[2W loD�t S,B�H?U]VKW2FuZOJ\zEJKHGW2Fp[]B�ZOZOW2FOL BEPGHaloP�YOF # � 4 # W�Y � 4 , * HaloPGFuVKW2FO��DGW]V\F
FOW2DGVKF,VKW2F � `�Y�loYOFnZMJKzEJ\HGW]F # � 4 � %&� m'��m &*m(�*),+ * BEP=Yn`�Y(`T[]BEP?FOW]Z��E`2F4-«~4l�ZOW2LGZO`2FOW2P�Y(loY(J\BEP

�����c�#�b���c�{�{� �p�x�����b���2�G�=�I�#���m �¡]�I�=�r¢x¢��m£�¤�����¤�£(�r¢ ¥G��¦� �§]¨m�r¢ ©C�#�ª�r¢«�=�I���#¤�£¬¢C­be2�6eE­
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HcQd`2Y(loYCHcQRD?P&S,B�H?U]VKW � � % hªi j{W]FrYCPGB�Y(`2W,&

� � % hªi j�� ��� � % � �%
v �% � � %	� < # 5 -^] *

/{BES,S,WnPGB�DGFpVªQRlE�EBEP?F6HGJ_YpHal�P?F6VªQdJKP=YOZOB�HGDG[2YOJKBEP e VKW]F�FOL `][2J\^a[]loY(J\BEPGF6FMBEP=YpY(ZMU]F�[]BESuk
LGV\U2Y(W2F6W�Y6HGWnPaloYODGZOW2F6HGJ � `2ZOW]P=YOW]F # Y(W2SnL BEZOW2VKV\W]F e q�ZM`]��DGW2P�YOJKW2VKVKW2F e S,B�HaloVKW]F * -4~4l&V\JKFrY(WsFODGJ k
�ol�P=Y(WXZO`2FODGS,WX[]W2F�HGJ � `2ZOW2P�YOW]FIFOL `][2J\^a[]loY(J\BEPGF'&

� l�S,BEZrY(JKFMFOW2SnW2P�Y«HGD&ZMBEDGV\JKFP�GB�VKVmloPGHal�J\F�
 ;=< � # $3! *�e
� z=lo�al�ZOJ_Y0JKS,L BEFO`gFMDGZIVmlpZM`]L BEPGFOWbYOW]S,LNBEZMW]V\VKW  uDGPT`][��?W]VKB�P&HGWX[2BEPGFOJ\zEPGWbW2P � # $ � *�e
� z=lo�al�ZOJ_Y0JKS,L BEFO`gFMDGZIVmluZO`2LNB�PGFOWbY(W2SnL BEZMW]VKV\W  sDGPT`][��GW2VKBEPTHGWX[]BEP?FOJKz�PGWbW]P � # $�� *�e
� HG`2[]BED?LGVml�z�WbHGW]FC[��alLCKPGW]FIHGWXZOB�DGVKJ\F«W2YCHGWXVmlo[]W2Y # $�� *�e
� l�D?[]DGPGWXHG`2zEZ(loHaloY(J\BEP HGW]FCl�S,BEZrY(JKFMFOW2SnW2P�YOF0HGW]FCS,B�HGW2FF1aW�t�J\�GVKW2F # $�
 *�e
� ZM`]HGDGJ\ZOWIl�D�Y�l�P=Yx��DGWILNB�FOFOJ\�GVKW{VKW]F L?JK[]FxHGW0VKlgZO`2LNBEP?FOW0q�ZO`2��D?W]P=Y(J\W]VKV\W0HGW0VªQRl�[2[]`]V\`]ZOloY(J\BEP
VKloY(`2Z(l�V\W  gV�QRW2P�YOZO`2WP�EW]P=Y # ��� � � % * L BEDGZ l�[2[]ZMB@CKYOZOW{V\W«[]B�P?q�BEZMY HGW]F LaloFOF(lozEW]ZMF # $�� *�e

� V\W]F�L W]Zrq�BEZOSnl�PG[2W]F L?ZO`][2`]HGW2P=Y(W]FxHGB�JG�EW2P=Y �2YOZOW«ZMBE�GDGFrY(WIl�Dp[]l�F HGJ � `2ZOW2P�YOF [�loF HGW«[��aloZrk
zEW2SnW2P=Y # $�� *�e

� D?YOJKV\JKFOW2Z{DGPTPGBES6�GZOWXHGWXS,W]FOD?ZOW]FIZOl�JKFMBEPGPal��?VKW # W2P=Y(ZOW � W2YB] ' * # $�� * -
~�W]F0FMLN`2[]J\^G[�loYOJKBEPGF�SnB�Hal�V\W]F�W2Y«YOW]S,LNBEZMW]V\VKW]F # $�! *  # $�� * FOB�P�Y«ZOW]VKloY(J �EW2FF pVml�H?��Pal�S,JK��DGW
ZOJ\zEJKH?W�HGW V�QylE��JKB�P�-���JXVªQdBEP FOD?LGLNB�FOW V\W�FM��FMYOU]S,W ZMJKzEJ\HGW e V\W]F.Y(W2[��GPGJ\��D?W]F S,B�HGl�VKW2F.FOBEP=Y
Lal�ZrY(J\[]DGV\JKU]ZMW]S,W]P=YbWZYn[]l�[]W2F�L BEDGZbFOloY(J\FMq�l�J\ZOWp[2W]F�FOL `][2J\^a[]loY(J\BEPGF e HcQyloD?Y�l�P=Y�LGV\DGFb��DGWnP?BEDGF
HGJ\FOL BEFOBEP?F�H�QRDGP�PGBES6�GZOW HGWxFMBEZMYOJKW]F #���� * FOD Y,FOl�P=Y�L BEDGZ�ZMW]FMYOJ\YODGW]Z4DGP�ZOW�Y(BEDGZ�H�QR`�Y�loY�ZOJ\zEJKH?W
JKH?`�l�V�Lal�ZuDGP ZOW�Y(BED?ZuHGW.FOBEZrY(J\W.FMY�l#Y(JK��DGW6- (�B�DGFuPGW.HG`�Y�l�J\VKVKW2ZOBEP?F6Lal�FuJ\[]J«V\W]F6YOW][��GP?JK��DGW]F
S,B�HaloVKW]F6LNW2ZOS,W2YOY(l�P=YsHGW.[�loVK[]D?VKW]ZuD?P�ZMW2YOBEDGZuHcQd`2Y(loYnl�FOFMDGZ(l�P=Y,VKW LGVml�[2W]S,W]P=YsW�t?l�[�Y,HGW]F
S,B�HGW2FbZOJ\zEJKHGW2F4-�~�WsVKW2[2YOW]DGZXL BEDGZOZOl.W�t?l�S,JKPGW2ZbVml.ZO`�q�`]ZOW2PG[]W � 2 �xLNB�DGZbLGVKD?F�H?W,H?`2Y�loJKV.-8[�P
ZOW�Y(BED?ZCH�QR`�Y�loY�ZOJ\zEJKHGW n����CFODGZCVKW2F � `2Y(loY(FIZMJKzEJ\HGW]F # � 4 * l,HGB�PG[X`2Y(`�[�loVK[]D?VK`bFOD?Z�V\W�S,B�HGU]V\W� 4 # lo^GP&HGWXFOloY(J\FMq�l�J\ZOWgV\W]F0FOL `][2J\^a[]loY(J\BEPGFIS,B�HaloVKW]F{FODGJ ��loP�YOW]F'&

� V\WbSnB�HGWbHGWXZOB�DGVKJ\FP�GBEV\Vml�PGHGl�JKF�W]FMYCLGVKl�[]`bW2P 7 �! � <#" � W2YCW2FMYCHG`][2BEDGLGV\`XHGW � e
� V\WbSnB�HGWbHGWXZOB�DGVKJ\F«LGDGZ0W2FMY�LGVml�[2`bW]P 7 �@<
��W2YIW2FMY�HG`][2BEDGLGV\`�H?W�� e
� V\WbSnB�HGWbFOL?JKZ(loVcW]FrY�L?Vml�[2`bW]P 7 ��W2YCW]FrYCHG`][2BEDGLGV\`�H?W��,-

~4l ZO`2LNBEP?FOW!Y(W2SnL BEZMW]VKV\WnL?ZO`]FMW]P=Y(`2W.^azEDGZMW#5 -y� # W]P PGB�JKZ * ZOW2VmloYOJG�EW!l�D SnB�HGU2VKW,ZOJKz�JKHGW � 4 #
F(l#Y(JKFrq�l�J\Y # $�! *  # $�� * W2Y�FOW2Z+��JKZOl.HGWsZO`2q�`2ZOW2PG[]WnLNBED?ZXl�LGLGZM`][]J\W]ZbV\W]FXFOBEV\D?Y(J\BEPGFgL?ZOBEL BEFO`2W]F
FOD?Z6VKW2F�S,B�HGU]V\W]FX[]BES,LGV\W2Y(F - O�V�F2QylozEJ\Y�HGW2F6ZO`2LNB�PGFOW2FpHGW]F�`2Y(loY(F�ZOJ\zEJKHGW2F��{h%$Mj e ��h%$Mj �4h&$MjbW2Y
&?h&$Mj� nHGW]Fg`2[��GW]V\BEPGFgH?Wp[]BEP?FOJKz�PGW]F�� 4('() W2Y � 4*'+)�, -�-gP LNW2D?Yg`2z=l�V\W]S,W]P=Y$��`]ZOJ_^aW]Z�FODGZ�[]W2YMY(W
^azED?ZOW���DGW�VKW2F�ZM`]L BEPGFOW2F«BE�?YOW]P�DGW2F«FODGZ � 4 , # W2P!zEZOJ\F * FOB�P�Y{F(loYOJKFrq�l�JKFOl�P=Y(W]F # FMLN`2[]J_^a[�loYOJKBEPnHGW.0/214365�79868:3�;=<?>A@CB2>D1E1#>28!>2;GF�39HIHI1EJEKGLIB2>NMDO B25D@CJ#FQPRTS2US0VXW:Y[Z R]\_^+`bacd U=^(`&a�W!e	f�gihkj ^ lnm /po9q
�����c�#�b�����{�����6�x�����b���2�G�=�0�#���m �¡]���=�r¢x¢��m£�¤�����¤�£(�r¢x¥G��¦E �§]¨m�r¢ ©C�#�ª�r¢«�=�0���#¤�£¬¢C­be2�6eE­
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ZOBE�?DGFMYOW]FOFMW # $ � * * -'O�V PcQ ��l.HGBEPG[uLGl�F ��ZOl�JKS,W]P=YbH?W,L?ZOBE�GV\U]S,W]FbHGWsZMBE�GDGFrY(W]FMFOW,FOJ V�QRBEP�FMW
�NB�ZOPGW�l�D�t.FOL `][]J_^a[�l#Y(JKB�PGF0W2Y�l�D�t.SnB�HGU]V\W]F0ZMW]Vml#Y(J\q�F«l�D []BES,LNB�ZMY(W2SnW2P=YIZOJKz�JKHGWgH?W�V�QylE��JKB�P�-
(�BED?FCD�Y(JKV\JKFMW]ZOB�PGF«`]zEl�VKW2SnW2P�YIL BEDGZ0`3�ol�VKDGW2Z0VKW2FCH?J � `]ZOW2P=Y(W]FIFr��P=Y �GU]FMW]F'&
� VKW&VKJ\W]D HGW2F!Z(lo[]JKP?W]F!HGD YOZ(l�P?FMq�W]ZrY.HGW � BEDG[2VKW ��h�i j � n hªi j �nhªi j,B��?Y(W2P�D W2P q�l�J_k
F(loP�Y �ol�ZMJKW2ZgVKWpzEl�JKP H?Wu�NBED?[]VKW6HGW '  ]uFOJKS6DGV\Y(l�PG`]S,W]P=Y�FODGZbV\W]FgHGW2D�t�[��al.CmPGW2FbHGW
[]B�SnSnl�PGHGW2F * � W�Y *+& # �EB�JKZ«^azED?ZOW�5 - 5uLGl�ZIW�t�W]S,LGVKW *�e

� VKW2F�ZM`]L BEPGFOW2Fgq�ZO`2��D?W]P=Y(J\W]VKV\W]F�W]P � BEDG[2VKW�q�W2ZOS,`]W�W]P=Y(ZMWpVªQdW]P=Y(ZM`]W�Y(DGZM�GDGVKW2PG[]W�� W2Y�VKW2F
l�[2[]`]V\`]ZOloY(J\BEPGF  �VªQRl��ol�P=Y # ��� # *�e l�D�S,JKVKJ\W]D # ���

�
* W2Y  �VªQRl�ZOZMJKU2ZOW # � � # # * H?WTV�QylE��JKB�P

L BEDGZC`��ol�VKD?W]Z�V\WX[]ZOJ_Y(U2ZOW6H?W6[]B�P?q�BEZMY�Lal�FMF(l�z�W]Z�LGl�Z�[2BES,Lal�Z(loJKFOB�P lE�EW2[pVKW2F�ZM`]L BEPGFMW]F
W]PT� BEDG[]V\WbBED=��W]ZMYOW # �EBEJ\Z«^azEDGZMW�5 - ] 3 LGl�Z0W�t�W]S,LGV\W * -
~�W!LGZOB��GVKU2SnW,LNW2D?YuHGB�PG[+�2YOZOW!Snl�J\P�YOW]PaloP�Y6ZOW�q�BEZOSpD?VK`,HGW!VmlTq�l �]BEP FODGJ ��loP�YOW,&�Fr��P�k

Y"�G`�Y(J\FOW]Z�DGPGWCVKBEJaH?W�[]B�SnSnl�PGHGWIFOloY(J\FMq�l�J\F(l�P=Y VKW2F�FMLN`2[]J\^G[�loYOJKBEPGFxq�ZO`2��DGW]P=Y(J\W]V\VKW]F W2Y�S,B�HaloVKW]F
FODGZ�VKW2FXSnB�HGW]FR1aW�t�JK�GV\W]F # $�
 * W�Y # $�� * W2Y�L W]ZOS,W2YMY�l�P=Y�HGW,[]BEP?FOW]Z��EW2Zpl�D SnJ\W]D�t�VKW]FXL W]Z¬k
q�BEZOSnl�PG[2W]F,FODGZnVKW2F,S,B�HGW]F,ZOJ\zEJKHGW2FsBE�?Y(W2P�DGW]FnLal�Z,VKW z=l�J\P S,B�HGl�V n���� e V\WTYOBED?Y,FOB�DGF VKl
[]BEP=YOZ(l�J\P�YOWXHGWXZOBE�GD?FMY(W2FOFMW # $�� * W2YCVmlp[2BEP=Y(ZOl�JKP=Y(WXSnloY(`2ZOJ\W]VKV\W # $�� * -
" :�� J 5�>�/  !3GD +�C @ *,+$#0/ D DFE '�-I+�C %0E412*�5

~�W�PGB�Sp�GZOWIHGW�SnW2FODGZMW]F `2Y(l�P=Y{FMDGLN`2ZOJ\W]DGZ�l�D P?BESp�GZMW�HcQd`2Y(loY(F ZOJ\zEJKH?W]F e J\VaW]FrY�q�l�[2JKV\W0HGW
[�l�V\[]DGV\W]Z�VKW�ZOW2YOBEDGZgFrY�loYOJK��DGW�HGW6FMBEZMYOJKWKn �6`2��DGJG�ol�V\W]P=Y e l�D FMW]PGFgH?W]FgS,BEJKP?HGZOW2F�[�loZOZO`2F e l�D
ZOW�Y(BEDGZIHcQd`2Y(loYln�� � &

n � � n�� � h�v 4# 7 � 4 # n � � j�� # 5 - � *
lE�EW][�VmlpPGBoY�loYOJKBEP.HGWXVKlpLGFOW2DGHGBok JKPJ�EW2ZOFOW &� �%� h � + � j 	 # � + < # 5 - 2 *
v 4# W2Y � 4 # FOBEP=YbV\W]FgSnloY(ZMJK[2W]FCHGWuFOBEZrY(J\W]F�W�YbHGWpYOZ(l�PGFMSnJ\FOFMJKBEP&HGJKZMW][2YOWpHGD�S,B�H?U]VKW�� 4 # ZMW]F¬k
Y(ZMW]JKP=YOW]Fbl�D�t FMW]DGV\W]FbS,W]FOD?ZOW]F�D?Y(J\VKJKFM`]W2F4-���J�V�QRB�P PGWp[2BEPGFOJ\HGU]ZMWp��DGWpV\W]F � S,W]FMDGZOW2F���� % e � % e
&1%�W2Y ��%�loDTL BEJ\P�YIH?W�S,W]FMDGZOW � e BEP PGB�Y(W2Z(lu[]W2F�SnloYOZOJK[2W]F0v 4# % W�Y � 4 # % W2YCV\Wgz=l�J\PTZM`]FMDGV\Y(l�P=Y
n � % - -gPTL W]D�Y�loVKBEZMF«`��ol�V\DGW]Z0V\W]F0[]B�DGLGVmlozEW]F0W2P�YOZOWXVmlpH���PGl�SnJ\��DGWXZOJKz�JKHGW�W2YCVmlpH?��PaloSnJ\��D?W
1aW�t�J\�GVKWpW2P Y(ZOl ��l�P=YbV\WpVKJ\W]D&HGW]FbZOl�[]J\PGW]FgH?WuVmln� BEDG[2VKWpB��?Y(W2P�D?WuVKBEZMFO��DGWpV�QRBEP l�LGLGV\JK��DGW6[2W
ZOW�Y(BEDGZsHGW.FMBEZMYOJKW n �.FODGZuV\W.SnB�HGU2VKW![2BESnL?VKW2Y�� #6BED � , -3N�J\PGFOJ0V\W]Fp^azED?ZOW]F 5 - 5  
5 -^] '
ZOW2LGZO`2FOW]P=YOW]P=Y�V\W]F«V\JKW2D�t!B��?Y(W2P�D?F0VKBEZMFO��DGWgV�QRBEP.D�Y(JKV\JKFMW�V\W�L BEJKP=Y0HGW�SnW2FODGZMWX� # l�D.[2W]P=Y(ZMWbHGW
VªQRlE��J\BEP * W�YxVKW«L BEJ\P�Y�HGW0S,W]FOD?ZOW ] # l�DuP?W4aIHGW0VªQRlE��JKBEP * LNB�DGZ VKW2F HGW]D�ts[]BEP�^azEDGZOloY(J\BEPGF Snl�Frk
FOJ\��D?W]F # �$#{W�Y�� ,3* - /{W]F0^az�DGZOW2FCS,W2YMY(W2P�YIW2P&`3��JKHGW2PG[]WX��DGW e HaloPGF0VKW2F0HGW]D�t.[�l�F e VKWbZOW�Y(BED?Z7�� Z >2MbF�LI;I> 8:3 F+@CJ45�> MbF+3 F+JEKGLI> <?> HI@+B25D79868:3�; <I>�523�145�LI1EBD> H_79LI@:39M+MCLI@C>2@6>D; @CB��9JE8!>�H_>D@+8639;I>D;GF:1435D79;GFC@(3�JE;GFC> P
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FMY(loY(J\��DGW{HGW�FOBEZrY(J\W�[]l�VK[2DGVK` LNB�DGZ�L?Vml�[2W]Z�VKW]F�SnB�HGW2F�ZMJKzEJ\HGW]F�HG`]FrY�l��?JKVKJ\FOWxVKW2F�S,B�H?W]FH1aW�t�JK�?VKW]F e
Snl�JKFXl�D?FOFOJ ��DGW V\W]FX[]B�DGLGVmlozEW]F�H?��Pal�S,JK��DGW2F ��
 � 
�� � � = �@?E
/A � � FOBEP=YpS,BEJ\PGFbLGZOB�PGBEPG[2`]F6FMJ
VªQdBEP D?YOJKVKJ\FOW�VKW]FIS,W]FMDGZOW2F�loD&[2W]P=Y(ZMW�HGWXV�QylE��JKBEP &

� V\W]F0�GZOl�PG[��GW2F�J\FOFOD?W]FCHGW]FIS,B�HGW2F 1aW�t�JK�?VKW]F0FMBEP=Y�S,BEJ\PGF«JKS,L BEZMY(l�P=Y(W]F�� e
� V\W�L?Vml�[2W]S,W]P=YCFOL `][]J_^a`�FODGZCVKW2F�S,B�H?W]FIZOJ\zEJKHGW2F0W]FrY�PGW�YOYOW]S,W]P=YgLGV\DGFIHG`]z�Z(l�HG`�Lal�ZIV\W]F
[2BEDGLGVKl�zEW]F0H���PGl�SnJ\��DGW]FIHal�P?FCV\Wb[�l�FIHGW2FISnW2FODGZMW]FCLGZOJ\FOW]FCl�D PGW aXHGWXVªQRl���J\BEP # n � # *�e
PGBoY�l�S,SnW2P=YIHal�PGFCVKWX[�loF�HGD&SnB�HGU2VKW(� , hªi j # [�loF f VKB�DGZOH hB* B��TVKWXS,B�HGWXHGW�ZOB�DGVKJ\F
�GB�VKVmloPGHal�J\FcHGW���J\W]P=Y J\PGFMY(l��GVKW # ^azEDGZMW 5 - ] ' * loVKBEZMF���DGW�Hal�PGF�VKWx[]l�F�H?W]F�S,W]FMDGZOW2F�LGZMJKFMW]F
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d 9 M�K WNM+F�= # F�HJI�K�LNM,F I

9 F�HJP�KrM,P:TVD�L�K W�M I�[,F�e�WhK'D�K�Q�M>WNDfbcH Q�[+W�LNF�D�KdL�HJPjF�HJe�F�T�HJI�bXM[&JI�K Q�M
a+M,F+,�D\I�LND�KdL�HJP�F O D\I�D\bX[,KdI�L*)ke�M,Fra,HJb O WN[,K�[+M,FrI�M+F O M+a�KdL ,JM+bXM+P�KsQ�M+F O HJP�Q�[+IdDAKdLNH\P�F�F�K'DAKdL*)ke�M,F
;4@ 1VL�Q�M+P�KdL4)ke�M>F�e�I KdH\e�F�WNM+F bXH Q�M+Fc3lM,KL;=<�9R 9 @�9@;4@ � C $
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0 W�M+F W�LNM+e�5/Q�M+FmIdD�a+LNP�M+F O I�[+F�M+P�Kd[,F>n/�Je�I�M,F !:9P=�!&1Va+D\FmWN[��JM+Ic3 M�K !:9P='& 1Va+D\FmWNH\e�I�Q
3�a+HJICg
I�M+F O HJP�Q�M+P�K D\e I�[��JWYD��JMo;4@ � C $ C)( 1VF�H\L�K e�P Q�L65 LNR,bcM Q�MfWNDP,�D\WNM,e�IsP�HJbcL�PoD\W�M 3�9 G P
P�H�KdM �P� 	+� 
lWNMma+H\I�I�M,a,K�M+e�I H9=�K�M+Pke 9

G P O M+e K a,HJP�F K'D�K�M+I_)ke�MrQ�D\P�F WNM O I�M+bXLNM+I a�D\F HJP LNP�KdI�H Q�e�L�K MB'@M,a,K�L-,JM,bcM,P�KlQ�M W_^qD\bXHJI�K�LNF�F�M�g
bXM+P�KlF�e�IlW�M+F bcH Q�M,FH oM-5 L*=�W�M+F M,K#) e�M a+M�K�KdM O I�H O I�L�[,Kd[�M,F�KpI�H9=�e�F KdMsD\eja+D\FlQ�Mra65oD\I1�JM+bXM+P�K
D\W�HJI�Ff)ke�M QoD\P�F WNM>F�M,a+HJP�QX��M,WNW�MmM+F�K ,J[,I�Lhno[+M F�e�I WNM>a�D�FrQ�M bcD\F�F�M Q�M F1' P�Kc5�R+F�M"1 : 7 3�bcD\L�FP�M W_^`M+F K O WNe�F F�e�I W�M�bcH Q�R+W�M : � H+*XWYDmF�H\WNe�K�LNHJP H9= KdM+Pke�MrM+F KlM,PcW�LNbXL�KdM Q�M F�K'D�=�LNW�L�Kd[pD\e�KdH\e�I
Q�M,FrbXH Q�M+Fw oM-5�L4=�WNM,F�= M�K ; 9& M+FrI�[ O HJP�F�M+FsM+P/a,HJP�T�HJI KsQ�M WYD F�H\WNe�K�LNHJP P�HJbXLNP�D\WNM;� 7 F�HJP�K O I�[,F�M,PkK�[+F n:�\e�I�M,F�!:9P= �
M,K�!:9$#\	 9 G P O M,e�Kf[���D\WNM,bcM,P�Kfa+H\P�F�KdD�KdM,I )ke�M�W�^ D�K�Kd[,P e�D�KdL�HJP M,P =�H\e�a+W�McT�M+I�bc[,MjQ�M,F O L�a+F
Q�HJbXLNP�D\P�KdF M+F K I�H9=�e�F�KdM D\e:a�D�F Q�M a65�D\I��JM,bcM,P�K'9� P�noP P�HJe�F6IdD O�O M+W�HJP�F )ke�MlW�M I�[��JWND��JM Q�M WYD T�HJI�bXM F�KdD\P�QoD\I�QfH9=�K�M+Pke�M 1�n:�Je�I�MR!:9<;�3EM,F�K
LNP�Q�[ O M+P�Q�D\P�K Q�M+F bXM+F�e�I�M,F e�KdL�WNL�F�[+M,F69 C M,K�KdM O I�H O I�L�[,K�[ M+F K O D\I�K�LNa,e�WNL�R+I�M,bcM,P�KlL�PkK�[+I�M+F�F�D\P�KdM
O HJe�I.a,M O I�H9=�WNR+bXMlH,* WNM���M,e Q�M bcM,F�e�I�M+F Q�H\L�K O HJe�,\HJLNI�C,KdI�M I�M,bcL�F M+P a+D\e�F�MB9�& M+F I�[+F�e�W�K'DAKdF)ke�L F�HJP�K O I�[+F�M+P�Kd[,FrL�a+L�1�n:�Je�I�M+F2!:9P=�G < !:9$#�#�3 H\PkK�[�Kd[mH9= KdM+Pke�F D ,JM,a>e�P ��M+e:Q�M � bcM,F�e�I�M+F
1.-0/21��$-0/�3���465��S" 7 �m" 7 7 �8705 3 F�[,WNM+a�KdL�HJP�P�[,M+F O D\I6e�P�MpD\P�D\W4' F�M Q�M WYD F�M,P�F�L4=�LNW�L�Kd[ D\e a65oD\I1�JM+bXM+P�KQ�M,F O D�I�KdL�a+L O D�KdL�HJP�F bcH QoD\W�M+FpF�e�I�WNM+F bXM+F�e�I�M,F�WL;?Y 9
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&ED F�HJWNe KdLNH\P O I�[+a,[+Q�M,P�KdM M,F�K O D\I KdLNa,e�WNL�R+I�M+bXM+P�K LNP�K�[+I�M,F�F�D\P�KdM O HJe�I a,M+F O I�H O I�LN[�Kd[,F
Q�M:I�H9=�e�F�KdM,F�F�M/M+P O M+I�T�H\I�bcD\P�a+M I�M+WYDAKdL-,\M+F <ZW_^qD\bXHJI�K�LNF�F�M+bXM+P�K L�PkK�I�H Q�e�LhK F�e�I W�M+F bcH Q�M,F oM<5 L4=�WNM,F<;>= D\IXa+H\PkK�I�M:WNM,FcI�[ O HJP�F�M,FXK�M+b O H\I�M+W�WNM,F O I�[,F�M+P�K�[+M+F�n/�Je�I�M,F !?; #A@:P�M:F�HJP�K O WNe�F
D\Q�bXLNF�F�L*=�WNM+F Q�eUTVD\LhK Q�e Q�[ O D\F�F�M+bXM+P�K M,PCB M�KjQ�eUQ�[ O 5oD\F�D��JMSP�HJP gibcL�P�LNbcD\W F�e�I 7 M+P
I�[ O HJP�F�M�< e�P�[+a65�M,WNHJPjQ�MDB?>A@FEG; 8 W�TVD\e�KlQ�HJP�arF1' P�Kc5�[�KdL�F�M+Ile�P�M O I�[+a,HJbcbcD\P�Q�MrQ�' PoD�bcL4) e�M
O M,I�bXM,K�K'D\P�K Q�Mla+HJI�I�L*�\M+I�a+M+F Q�[,TVD\e�K�F<;GHlMpQ�M+I�P�LNM,I O HJLNP�K6M+F�K e�P D\F O M+a�K LNb O H\I�K'D�PkK�M�K I�MB,ZC�K
e�P�M LNb O H\I�K'D�P�a+MsK�HJe�K�M O D\I�K�LNa,e�WNL�R+I�MsQoD\P�F�WNMmQ�HJbjD�LNP�M Q�M+F a+HJbXbjD�P�Q�M+F Q�M;,\HJWF;&ED/Q�[+bcD\I�a65�M )ke�M�P�HJe�F O I�H O HJF�HJP�FfLNa,L a,HJP�F�LNF�K�M"</I�M,T�HJI�bfe�WNM,I W�McI�M,K�HJe�IfQ�McF�HJI KdL�M
a�D\W�a+e�W�[ O I�[+a,[+Q�M,bcbXM+P�Kpa,HJbXbcM e�P�a,HJI�I�M+a,K�M+e�Iw&�U�V F�e�I e�P�bXH Q�R+WNM Q�LhK�I !�JLKNMPO MRQsO e�LNFCg)ke ^qL�W F�M,IdDZLNP�Kd[��JI�[ M,PF,\HJW�F�M+W�HJP WYD<F KdI�e�a,Kde�I�M:Q�eUa,HJI�I�M+a�KdM+e�I O I�[+F�M+P�Kd[ n:�Je�I�M=!A;TS 1E,GUGVXWYNZ\[P[ V�W]@�Y 3^;A_`U Z\[aY ,NUGb [ac 5dUGV [ Vfehg Zdi VkjkV [�l W�V c Vmj lon U?e\p<j l WPVkqGVXe loc U n�nrlon UAe\p*j lol<n = Y W�s Z\t ;uvgTVXb\qGU Z , l WPb YNw VXjkV i�t e l*[)n U?e l*[ ehg l<[Pi V nrYxi VXUGbye l<[-t*izYxiz[ WPVkqGVXe l<[`{RY W|j}g l b i W t*l�~�{ W�U { W l <j Y�[Pi W Z\c*i�Z W l u�U�V l b i W Y Rkb lDZ b lDl ' l^i e l`{ W t*c U n�n	Y b\e l ed�?b YNn Vks Z\l�� ;a8�jfb�g l*[Pi edUGb cD{\YN[b t<c*l<[P[zY VXW l ehg�Vkb i WPUAe Z VkW l e l*[ ed�?b YNn Vks Z\l<[D[�Z\{\{ j t<n�l b izY VkW l<[Di�l j/s Z\l bdU Z\[-YNZ WPVkUGb [ e Z j l� Y VkW l|Y , l*c-Z b l|[�i W Zdc*izZ W l e l|c U n�n	Y bde l U+*�j Y�{RY W i V lD{ W t<c U nrnrY b\e l`l*i j Y�{RY W i V l W l^i U Z We l�[ UGW i V l�[ UGb i e t<c U Z\{ j t<l<[ ;>u Y�[�i W Zdc*izZ W l s Zdl bdU Z\[ U wdi�l b\UGb [rl*[Pi e\V i�l < #�e l qGW t*[ e ljkV wfl W izt ;u lvc�Y j c<Z jGe l<[�{RY W YNn p i W l<[ ���L� �	E l*i��r�F��� s Z V�e t^� b\V [P[�l b i�l b i Vkp*W l<n�l b i j lvc UGWPW l<c^izl*Z Wl<[�i e t*izY VkjXj t e Y b [ W�@{YF;�_`U Zd[ W YN{d{fl jkUGb [ s Z gTVXj l9� V [Pi�l!{ j Z\[ V l<Z W [�[ UNj Zdi VkUGb [�[�l jkUGb�j l	c 5dUGV �e l j Y W t*{RY W i V i VkUGb�e l<[ , Y j l<Z W [	{ W�U { W l<[ e l j Y�w U Zdc j l � l W nrt*l�l b i W l j Y ed�?b YNn Vks Z\l e lc U n�nrY b\e l 1 [�{ml<c������&� �r� � 39� j Y ed�?b Yxn VXs Zdl e�g l*[Pi V n	Y,i VkUNb 1 [�{ml<c��¡�¢� �	E¤£ � 3 l*i j Yed�?b YNn Vks Z\l e Z	{\Y W YNn p i W l e l ¥ U Z j Y 1 [�{ml<c��¡�|¦ � 3^;�u l�i W Y b [ � l W i�l b i W lD~Dl^i>§ � c g l*[Pi�¨ < ¨ e\VkW lj Y�{ W t*c U n�nrY b\e l �Re t<{ml b\e(e\VkW l<c^izl<n�l b i e l�c<l�c 5\UGV � ;�uvg t , l b iLY VXj�e l©[ UGj Zdi VkUGb [ {fl*ZdiP¨ C i W lW t e Z V i�l-[�l jXUGb�j l*[oc UGb [ Vke t W Yxi VkUGb [ [PZ V-, Y b i�l<[ .
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0 Z b l , Y j l*Z W { W�U { W l Vkb\qGU Z , l W�b YNw j l e Y b [ j l�[ � [�i p n�l edUGV i C i W lo[�t j l<c^i VXUGb\b t*l e Y b [ j Yed�?b YNn Vks Z\l e l-c U nrnrY b\e l �
0 Z b l , Y j l<Z W { WPU { W l VkbdU w\[�l W , YNw j l e Y b [ j l�[ � [�i p n�l e\UNV i C i W l�[Pt j l*c*i VkUGb\b t<l e Y b [ j Yed�?b YNn Vks Z\l ehg l<[�i V n	Yxi VkUGb��
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