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}�
NSM9LRH]JXL]�!iPM;LRN
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�SNSB_bSL
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g�v�T_HKY4M�L]FIB_bSN�BEHKNCw��!iSB_NSHKJGQ}T_V~B_JGHKMov$B_JGF³B_QSQ�BEHIBEDGFIHKMrt;T?Y4Y4M�M;b3FKHK\;M9LoVXM;L³Q}M9H]FIiPHKU�BEFKJXT?bPL
� T?i VGM;L�t;T?bSL]JX�?bPM;L�
³MuF.VGM;L.t9T?YrYrB_bSNPM;L;�8t;T_YrY4M�L]T?H]FKJXM;L�VXM9L³`EB_HKJXB_USVXM9L�t9T?b3FIH]�?VX\9M;L.MuF�VXM9L
YrM9LKiSH]M;L9�PM9F¾Q[M;HKY4M9F¾N
p�iSbSJ@��M;H¾VÑp�Mu�lQSHKM9LKL]JXT?brNSM;L¾QSHKT?UPVXW;Y4M;L*NSM�Q}M9H]v�T?H]Y�B_bPt;MRM9F¾NSMjH]T?USiSLÒk
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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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LKM9H]`!JXL]LKM;Y4M;b3FKL � NSJXB_�?HKB_YrY4MaNSM ,�VXB_t '52_«�JGt¬�ST?VXL§M9b�Q�BEH]FIJGt;iSVGJXM9H�
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pziPbSM
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& 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$B_ilF���i
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QSiSJGLK��i
p�M;VXVGM³Q[M;H]YrMuFONSM.�?B_HKNSM9HjiSbC�3B_JXb0NSM³U[T?iSt9VXM�\;VXMu`?\E�¤M9FONST?bSt�iSb�LKiSJ@`!J�NSM³t;T?bSL]JX�?bPM
T?i|iSbPMjHK\ "]M;tuFIJXT_b|NSMjQ[M;HsFIiSH]U�BEFKJXT?brM644t:B_t9M_�lN�B_bSL*FIT?iPFKMjVXBcU�BEbSNSMOt9T?b3FIHK�_VX\;ME>!ª"M�t;T?b3FKHK�?VGM
M;b0�3B_JXb£L9pzJGb3FIM;H]QSHKWuFIMcB_VGT?HKLZt9T?YrY4MOiSb�LIBEt;HKJ@��t;M�NSM9L�Q[M;Hsv�T?HKYrB_bSt9M;L^noV~B.H]T?USiSLsFIM;L]LKME>
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HK\9LKT?b�BEbSt;M9L³L;pzB_t9t;T?Y4Q�B_�?bPM;b3F³NPM4`EB_H]J~BEFKJXT?bSLjNSMrQP��B_LKM4USH]iPF¬B_VGM;L9��t;M;L�t;T?bPt;M;QlFILcLKT?b3FcFIHKW9L
T?Q[\;HIB{FIJXT_bSbSM;VGL
Q[T?iSH
T?UlFIM;bPJXH
NSM9L"Q}M9H]v�T?H]Y�B_bPt;M;L�LKBEFIJGL]v$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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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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Boucle ouverte corrigée
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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
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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-
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Validation sur le modele complet
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 8.024    

 23.96    
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 630.3    
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 1374     
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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
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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
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Boucle ouverte corrigée
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 1299     
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Validation sur le modèle complet
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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
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~�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
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Boucle ouverte − transfert élévation
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Boucle ouverte − transfert azimuth
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Validation sur le modèle complet − transfert élévation
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Validation sur le modèle complet − transfert azimuth
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~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
HcQdDGP lE��JKBEP FOBED?LGVKW&W]FMY ZO`2[]DGZMZOW]P=YOW HGW [2W]V\VKWTLGZO`2FOW]P=YO`]W�Hal�P?F VKWT[��al�L?J\Y(ZMW&L?ZO`][2`]HGW2P=Y W2Y
ZOW2LNB�FOWgHGB�PG[�W2P.zEZ(l�P?HGW�LaloZMY(J\W�FMDGZ«VKl�q�BEZMSnWCFMY(l�PGHal�ZMH.W2Y{Vml�Fr��P�Y �GU]FMWB)0+C~���� -�VªQdJKP=YO`]Z���Y
HGWC[]W�YOY(W�l�LGL?VKJK[]loY(J\BEPuW]FrY{V�QyloFOL W][2Y SpD?V\Y(J �ol�ZOJKl��GVKW e []l�ZxVmlbFOL `][2J\^a[]loY(J\BEP,HGW�H?`][]B�DGLGVmlozEWIHGW]F
[��alLCKPGW]F4HGWxZMBEDGVKJ\FcW2Y4H?W VKl�[]W�Y4W]FrY�LGl�ZMYOJK[]D?VKJKU2ZOW2SnW2P�YcHGJKS,W]PGFMJKBEP?Pal�P=Y(W L BEDGZ�V\W]F4[]B�SnSnl�PGHGW2F
HGW �EB�V.-
W P?^aP�DGP�loD?Y(ZMW6L BEJKP=YgJ\SnL BEZrY�l�P=Y�l�� BEZOHG`6Hal�PGFg[2Wp[��al�L?J\Y(ZMWpW]FrYb[]W2VKDGJ�HGW2FbLGZO`2[]BESuk

Snl�PGHGW2F4-HN�V\BEZOF���DGW HaloPGF6V�QRW�t?W2SnL?VKWsLGZO`2[]`2HGW]P=Y e VKWsLGZOB��GVKU2SnWsF]Qd`]P?BEP���loJ\YpW2P YOW]ZOS,W]F�HGW
ZO`�$MW][�Y(JKB�P HGWsL W]ZrY(DGZM�aloY(J\BEPGF e VKW]FXZM`]L BEPGFOW2F6loD�t BEZOH?ZOW]F�HGD LGJKV\B�Y(W6W2Y�VªQRl�VKV\DGZOW�HGW]FXY(ZOl�PGFOJ k
Y(B�JKZOW2F�FMBEP=Y«J\[]JaY(ZMU]F{J\SnL BEZrY�l�P=Y(W2F4- (CBEDGF{L?ZOBEL BEFOB�PGF{DGP?Wgl�LGL?ZOB�[��GW�PGB��oloYOZOJK[2W�H?W�FM��P=Y"�?U]FOW
HGWILGZM`][]B�SnSnl�PGHGW2FxH?��Pal�S,JK��DGW]Fxq�BEPGH?`]WIFODGZxVKlbq�B�ZOS,WI~���� `2��DGJG�ol�V\W]P=Y(W #�� ] � * -�~�WIVKW2[2Y(W2DGZ
Y(ZMBED=��W]Z(lX`]zEl�VKW2SnW2P�Y Hal�PGF � �!�aDGP?WIYOW][��GP?JK��DGWIHGWIFM��P=Y"�GU2FOWCHGWILGZO`2[]BES,Snl�PGHGW«��DGJAlbHGB�PGPG`
FOD?ZC[2W2YMY(W�l�LGLGV\JK[]loY(J\BEP!HGW2F�ZM`]FOD?V\Y�l#Y(F«Y(ZMU]FCJKP=Y(`2ZOW2FOF(loP�YOF4-

" :4< # 5 E�'�*,+�C %*E412*�5
(CBEDGFuLGZM`]FOW2P=Y(BEPGF,Hal�P?Fu[]W.[��al�L?J\Y(ZMW.DGPGW l�L?LGZOB�[��GW W]P HGW2D�t `2Y(l�L W]FuL BEDGZpVKl FM��P�k

Y"�?U]FOWbH?WgVKBEJ\F�H?Wg[]BES,Snl�PGHGWCHGW$��BEV�VKloY(`2Z(l�VAHcQdDGPTlE��J\BEP!FMBEDGLGV\W,&�VKl6LGZMW]S,JKU]ZMW�[2BEPG[]W2ZOPGW�Vml
FM��P=Y"�?U]FOW%$ , HcQdDGPTZOW2YOBEDGZIH?��Pal�S,JK��DGWXHGW�FOB�ZMY(J\WbF(loYOJKFrq�l�JKFOl�P=YIVKW]FIFMLN`2[]J\^G[�loYOJKBEPGFIS,B�HGl�VKW2F
FOD?Z�V\WCL?Vml�[2W]S,W]P=Y HGW]F�SnB�HGW]FxZMJKzEJ\HGW]F # loSnBEZrY(J\FOFOW2SnW2P=YxHGD ZMBEDGVKJ\F��GBEV\Vml�PGHGl�JKF e HG`2[]BEDGL?Vml�zEW e
-^- - *�e VKW]F{FOL `][]J_^a[�l#Y(JKB�PGF«HGWgFrY�l��?JKVKJ_Y(`CHGWbVml�FMY(ZMDG[2YODGZOW # FMY(l��GJKV\J\YO`�HGW2F«S,B�HGW2F 1aW�t?J\�GVKW2F e �EBEJ\ZOW
l�S,BEZMYOJKFMFOW]S,W]P=YIHGW2F�S,B�HGW]F 1aW�t?J\�GVKW2FILNBED?Z�lo[][]ZMB@CKYOZOWXVKWX[2BEP?q�BEZrYILal�FOFOl�zEW2Z�W�Y�VKlsZM`%$MW2[2Y(J\BEP
HGW«L W]ZrY(DGZM�aloYOJKBEPGF * W2Y Vml�FMLN`2[]J\^G[�loYOJKBEPpH?W0ZOBE�GD?FMY(W2FOFMWCH?W«[]W2F LNW2ZMq�BEZMS l�P?[]W]F l�D�tuH?J � `]ZOW2P=Y(F
[�loFbHGWp[��al�ZMzEW]S,W]P=Y4-�~ QRBEZMJKzEJ\Pal�V\J\Y(`bHGl�PGFbVmlnSnJ\FOW6W2P�q�BEZOS,W6HGD�L?ZOBE�GV\U]S,WpHGWp[2BES,S l�P?HGW
# S,JKFMW.FOBED?Fsq�B�ZOS,W.FMY�loPGHal�ZMH * ZO`2FOJKH?WTHGl�PGFsVKW!q�l�J_Yu��DGWTVKW]FuH?J � `]ZOW2P=Y(FsZO`2zEVml�z�W]FuFOB�P�YnJKP�k
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HG`]L W]P?Hal�P=Y(FpH?W]F6S,W]FMDGZOW2FpD?YOJKVKJ\FO`2W]F4- /{W2[]J LNW2ZOS,W2Y�HGW,ZOW]S,W2YMY(ZMWnW2P [�l�D?FOW V\Wn[��?BEJ_t W�Y6V\W
LNB�FOJ\YOJKBEP?PGW]S,W]P=Y!H?W]F.[�loL?Y(W2DGZOF FOD?Z!VKW q�D?FOW]VKl�zEW FOl�PGF.ZMW2Y(B�DG[��GW]Z.V\W ZO`2zEVmlozEW HGW�VKl S,JKFOW
W]P q�BEZMSnW&W2Y HcQd`2YODGHGJKW2Z.l�J\PGFOJ�VªQdJKP 1aD?W]PG[2W HGW�[]W2F.SnW2FODGZMW]F.FMDGZ.VKW2F!LNW2ZMq�BEZMS loPG[]W2F.W2Y.VKl
ZOBE�?DGFMYOW]FOFMWuHGD Fr��FrY(U2SnWpW2P��NB�DG[]V\W�q�W2ZOS,`]W7-N~4lnFMW][]B�PGHGWu`2Y(l�L W6D?YOJKVKJ\FOWXDGP ZM`]FMDGV\Y(loY�Y �G`]B#k
ZOJ\��D?WnZM`][]W2SnS,W]P=Y�BE�?YOW]P�D ��DGJ LNW2ZOS,W2Y�HGWnYOZ(l�P?FMq�BEZMSnW2Z�V\Ws[]BEZMZOW][�Y(W2DGZ6BE��Y(W]P�D� VªQd`2Y(l�L W
LGZO`2[]`2HGW]P=Y(WTW]P D?P []BEZMZOW][�Y(W2DGZu~���� W�t?L?VKBEJ_Y�l�P=YpD?P SnB�HGU]V\WnW2Sp�al�ZM��DG`#$MDGHGJ\[]JKW2DGFOW2SnW2P=Y
[��GBEJ\FOJ.-c~4Ws[2BEZOZMW][2YOW]DGZ  .HGW]D�t HGW]zEZM`]FXHGW,VKJ\�NW2ZMY(`pl�JKPGFMJ BE�?YOW]P�D LNW2ZOS,W2Y�HGWsF(loYOJKFrq�l�JKZMWpVKW2F
FOL `][2J\^a[]loY(J\BEPGF0Y(W2SnL BEZOW2VKV\W]F«W2P&ZM`]L BEPGFOW�l�D�t BEZOH?ZOW]FILGJ\VKB�YOW]F -

~4l�FMW][]B�PGHGWgFMW][2YOJKBEPnHGW�[2W�[��Gl�LGJ\YOZOW�Z(l�LGL W]V\VKW0�GZMJKU3�EW]S,W]P=Y{VKW]F S,B�HGU2VKW2F D�Y(JKV\JKFM`]FxW2Y�VKW2F
FOL `][2J\^a[]loY(J\BEPGFIHGDT[�l@�GJ\W]Z0HGW2FI[��al�ZOz�W]F4-AVKl6Y(ZOB�JKFOJ\U]S,Wgl�� BEZMHGWXVKW]F0L?ZOBE�GV\U]S,W]F0HGWXZM`]HGDG[�Y(J\BEP
HGWuS,B�HGU2VKW2F4-N~4W2FbHGW]D�t�HGW2ZOPGJ\U]ZOW2FbLal�ZrY(JKW2FgFOB�P�Yg[]BEPGFOl�[]ZM`]W2F�loD�t�Fr��P=Y �GU]FMW]F�HGD�ZOW�Y(BEDGZ�HGW
FOBEZrY(J\W�W�YIHGWXVmluLGZM`][]B�SnSnl�PGHGWbZMW]FMLNW2[2Y(J �EW2SnW2P�Y4-

" :O' ) *,+ #0/ZDI3 DFEw3�
�-*%{1� %F>RE41�*65 3
~�W]F S,B�HGU2VKW2F D?Y(J\VKJ\FO`]F�LNBED?Z []W2YMY(W0`�Y(DGHGWIFMBEP=Y�H?W]FxSnB�HGU2VKW]F�VKJKP?`�l�ZMJKFO`2F�HGDsS,BED=��W]S,W]P=Y

VmloYO`]ZOl�V�HGWXV�QylE��JKBEP.FMBEDGLGV\WXl�D?YOBEDGZ«HGWXV�QR`2��D?JKVKJ\�GZOW6-�O�V�F]QRl�zEJ\Y«HcQRD?P lE��JKBEP!Y���L WXzEZOBEF0L BEZrY(W]D?Z
Hal�PGF�VKW]��DGW2V?VKlX1aW�t�JK�GJ\VKJ\YO` l�`2YO` �EB�VKBEP=Y�loJKZOW2SnW2P=Y�HG`2zEZ(loHG`]W«L BEDGZ�`��ol�V\DGW]Z�VmlCLNW2ZMY(J\PGW]P?[]W«HGW2F
Y(W2[��GPGJK��DGW2F HGW{Fr��P�Y �GU]FMW0HGW{V\BEJKF�H?W{[]B�SnSnl�PGHGW FOD?Z�DGPp[]l�F�LGl�ZMYOJK[]D?VKJKU2ZOW2SnW2P�Y4[2ZOJ_Y(JK��DGW6-#~4W2F
SnB�HGU2VKW]F�FOW«L?ZO`]FMW]P=Y(W2P=YxFOBEDGF�q�BEZOS,W{HGW�ZOW2LGZO`2FOW]P=Y(loY(J\BEPGF HcQd`2Y(loY HcQdBEZMHGZOW{�E�glE�EW2[I%�W]P=Y(ZM`]W2F'&
�6[]BES,Snl�PGHGW2F # �GZOl���Dal�zEW�HGW]FCl�J\VKW]ZMBEPGF * } W�Y0�GZOl���Dal�zEWbHGW�Vml6zEB�D=�EW2ZOPGWXHGWgH?JKZOW2[2YOJKBEP * 4 *W2Y ]{W]P=Y(ZM`]WP�EW2P=Y	� # L W]ZrY(DGZM�aloYOJKBEP * W2Y �)� S,W]FOD?ZOW]F/& � S,W]FOD?ZOW]F # l�[][2`]V\`]Z(l#Y(JKB�P6Vml#Y(`]ZOl�VKW���� % e
��J\Y(W2FOFMW6HGW�ZOBEDGV\JKF�� % e ��J_Y(W2FOFOW�HGW�Vml�[2W2Y &1% e l�FMFOJKW�YOYOW�VKloY(`2Z(l�V\W���% * W2P ]�]�LNBEJ\P=Y(FIHGW6S,W]FMDGZOW2F
ZO`2zEDGVKJ\U]ZMW]S,W]P=Y�W]FOLGl�[]`2F6FOD?Z�V\Wpq�DGFOW2Vml�zEW #�� � �?m <G< <� � * -4~�W �EW2[2Y(W2DGZ6H�QR`�Y�loY�� FMWn[2BESnL BEFMW
HGW,&

� � `2Y(loY(FXZOJ\zEJKH?W]F # l�PGzEV\WuHGWsVml�[2W2Y�� e ��J\YOW]FOFMWsHGWsZOBEDGV\JKF�� e ��J\Y(W2FOFMWnHGWsVKl�[]W�Y & e loPGzEVKW
HGWXZOB�DGVKJ\F�� *�e

� %E�s`2Y(loY(FCZOW2LGZO`2FOW]P=Y(loY(J_q�F�HGW2FP]
�sS,B�HGW2FIFOBEDGL?VKW]FCS,B�HG`2VKJ\FO`]F0W2P=Y(ZOW �,W�Y��@; &0* " i # []B#k
BEZMHGBEPGPG`2W]FCzE`]P?`]Z(loVKJKFM`]W2F�� ��W2Y (� � e #"! � � mG< <G< ��� *+*�e

� � ' `2Y�l#Y(F FOW][2BEPGHaloJKZOW2F�ZMW]LGZM`]FMW]P=Y�loYOJ\q�F�HGW�VKl�H���PGl�SnJ\��DGW�H?W]F{FMW]Z��EBok zEBED=��W]ZOP?W]F«W�Y{HGW2F
ZOW�Y�l�ZMHGFCl�`]ZMB�H���PGl�SnJ\��DGW]F # [2BEDGLGVKl�zEW2FIl�`]ZMBok�`2Vml�FrY(JK��DGW2F *�e

� �s`2Y�l#Y(FIFODGZIV�QRW2P�YOZO`2W ��W]P=Y�JKP=Y(ZMB�HGD?J\Y(F{LNBED?Z0SnB�HG`]V\JKFMW]Z«VKl6Y(DGZM�GDGVKW2PG[]W6-
~�W]F6S,B�HGU]V\W]F�FOBEP=YpH?JKFOL BEPGJ\�GVKW2FXW]P %TLNBEJ\P=Y(FXHGW ��BEV HGJ � `]ZMW]P=Y(F�W2Yu�T[�l�F�HGWn[��al�ZOz�W]S,W]P=Y
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
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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
l�D&[]W2P�YOZOW�HGW�V�QylE��JKB�P e VKW2FC�?Z(l�PG[��?W]FgJ\FOFOD?W]FCHGW]F�SnB�HGW]FCZOJ\zEJKH?W]F0FOB�P�Y�JKPGFMW]PGFMJK�GV\W]FCl�D
[]l�FXHGWs[��al�ZOz�W]S,W]P=Y -�-gP�ZOW�Y(ZOB�D=�EW,HGBEPG[sJ\[]J���DGW,Vml!L BEFMJ\Y(J\BEP�HGD�L BEJKP=YXHGWsS,W]FOD?ZOW
LaloZ{Z(loLGLNB�ZMYIl�D�t!P��XDGH?F«HGW$��JK�?Z(loYOJKBEPGF�W]FrYIHG`2YOW]ZOS,JKPGl�P=Y(W���J\Frk  k ��JKF�HGWgVml�FMY(l��GJKV\J\YO`
HGW2FIHGJ � `]ZMW]P=Y(FIS,B�HGW2F 1aW�t�JK�?VKW]F0W�YCHGW]FCSnB�HGW2F0ZOJKz�JKHGW2F4--gP�PGB�Y(W2Z(l `]z=loVKW]S,W]P=Yb��DGW,[]W2ZMY(l�JKPGFbS,B�HGW]F e PGB�Y(l�SnS,W]P=YXV\WpSnB�HGW 1aW�t�JK�GV\WuP�D?Sn`2ZOB&��� e

FOB�P�Y�JKPGFMW]PGFMJK�GV\W]F�l�D ZOW�Y(BED?Z n � & []WpFMBEP=YgHGW2FgSnB�HGW2F�V\B�[]l�D�tT��Dal�FMJKS,W]P=YgJ\PGzEBED=��W]ZMPal��GV\W]F
Lal�Z0V\W]FI[]B�SnSnl�PGHGW2F * �&W�Y *+&6��D?J�HGW���ZOB�P�Y-�2YOZOWXZO`2HGDGJ_Y(F0Hal�P?FCV\WbSnB�HGU2VKWbHGWXFM��P=Y"�?U]FOW6-
W P?^aP e LNB�DGZp`��ol�V\DGW]Z6Vml&ZMW]LGZM`]FMW]P=Y�loYOJG��J\YO`.HGW]FuS,B�HGU]V\W]F6ZM`]HGD?J\Y(F ��J\F  %��JKFpH?W]FuLGZMBok

�GV\U]S,W]F�HGW [2BESnSnl�PGH?W e PGBEDGF�PGBEDGF6l�LGLGD?JKW]ZMBEPGF�`]z=l�V\W]S,W]P=Y�FODGZ�[]W2YMY(W l�Pal�V_��FMW HGW2Fp[]B�D�k
LGVKl�zEW]F �� � �� � � = �@?E/A � � &4VKW,SnB�HGU]V\WuFOW2Z(l ZM`]HGDGJ_Y�Y(l�P=Y6��DGWnVªQRl�VKV\DGZOW6HGD VKJ\W]D�HGW2F6Z(lo[]JKP?W]F
BE�?YOW]P�D&l���W][�VKWbS,B�H?U]VKWbZM`]HGD?J\YIFOW2Z(ls[]BEP?FOW]Z��E`2W7-
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