
HAL Id: inria-00069894
https://inria.hal.science/inria-00069894

Submitted on 19 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Estimation des paramètres de modèles pour la digestion
anaérobie

Ricardo Martinez

To cite this version:
Ricardo Martinez. Estimation des paramètres de modèles pour la digestion anaérobie. [Rapport de
recherche] RT-0284, INRIA. 2003, pp.44. �inria-00069894�

https://inria.hal.science/inria-00069894
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

08
03

ap por t  


     t e ch n i qu e 


THÈME 4

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Estimation des paramètres de modèles pour la
digestion anaérobie

Ricardo MARTINEZ

N° 0284

Juillet 2003





Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)

Téléphone : +33 4 92 38 77 77 — Télécopie : +33 4 92 38 77 65

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

-/.1032547698;:=<(-?>�@
A�B%C

DFEHG�IKJ�LNMPO3QRI%SHTVUXWYQ[Z]\(J
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. � . £�Z d G�TRJ��_��\t��jsUcT d S(�HQRZ_jY�7U_g
WbJ7SHjF���?���������������������?�����������������������?��� /
. � y £�Z d G�TRJ�^rZ]SHj�TRUKg�jbZ]QRaYabU_\tg
J d J�aF�tU_g
Wb��jYQRJ7a�Uc\rUc��jYZ_�tQ[J�a d U_\taFTRJ�gsEH��IKZ]afWYUcW�£ . ��� /

. � yH� . i�Z]Q[\vWsa d*� ��uvSHQ[TRQR�HjbJ����������?���������������������?�����������������������?��� z
. � yH� y OvWYU_�HQ[TRQ[Wb��Z_S*0 \tafWYU_�HQ[TRQ[Wb��TRZ3g7UcTRJ �����������������?�����������������������?��� . x
. � yH� ~ ikTRU_\ta d J�^HErU_abJ �����������?���������������������?�����������������������?��� . y

. � ~ £�Z d G�TRJ�jb� d SHQ[W�U��]J7g?gsEtUc\t�_J�IKJ7\]W d J��XU_jbQVUc�HTRJ_�H£�q ���?�����������������������?��� . L
. � ~t� . i�Z]Q[\vWsa d*� ��uvSHQ[TRQR�HjbJ����������?���������������������?�����������������������?��� . L
. � ~t� y ikTRU_\ d J�^HEtU_abJ��������������?���������������������?�����������������������?��� . /

. � L 1 U_jbQVUXWYQ[Z]\ d S�IKZ d G7T[J�£ .32 �������?���������������������?�����������������������?��� . z
. � Lr� . i�Z]Q[\vWsa d*� ��uvSHQ[TRQR�HjbJ����������?���������������������?�����������������������?��� . z
. � Lr� y OvWYU_�HQ[TRQ[Wb��Z_S*0 \tafWYU_�HQ[TRQ[Wb��TRZ3g7UcTRJ �����������������?�����������������������?��� y_x
. � Lr� ~ ikTRU_\ d J�^HEtU_abJ��������������?���������������������?�����������������������?��� y .
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yH� ~t� y q��7abSHT[WYUXWsa d S(^HjYZ_�_jsUcIKIKJ?J�\(afQRI%SHTVUXWYQ[Z]\�^5Z_Stj}£�O . �������������������?��� y_z
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WYjbJ�a
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�?Uc\ta?SH\�^HjYJ�IKQ[J7j?WbJ�IK^ta?\HZ]Stao^Hjb��afJ7\vWbZ_\ra}TRJ7a?�tU]afJ�aouvS � Z_\�SHWbQRT[QVafJK^5Z_SHj�g
Z]\tafWbjYSHQ[jYJ%TRJ7a?IKZc®
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� d ���HQRZ`gsEHQ[IKQVuvSHJ_�vikSHQVa \HZ]Sta9�1UcQVabZ_\takSt\HJ!Uc\tU_T[e`abJ!uvStUcTRQ�WsUXWYQ[�]J d J7akIKZ d G7T[J�akT[J�a ^HTRSta
g�Z_\H\3Sta�abSHj�TRJ�afSXlmJ�W7�

�?Uc\ta?SH\ d J�SHh3QRG�IKJ�WbJ7IN^rao\tZ_Sta?U��_Z]\ta}abSH�_�]��jY� d Q[����jYJ�\vWYaoIKZ d G�TRJ7a7��Uc�t\ d JNIKQ[J7S`h�J7afWbQRIKJ�j
TRJ7a?^tU_jYU_IKG
WbjYJ7a d S�IKZ d G�TRJ_���!Z]Sta�U��_Z]\ta!�1U_Q�W�TVU�IKQVafJKUcS�^5Z_QR\]W d*� SH\�^HjYZ_�_jsUcIKIKJ d*� J7afWbQRI�UXWYQ[Z]\
d J7aF^tU_jYU_ING�WbjYJ7a7�3J
W} NT � UcQ d J d J�a!afQRI%StTRUcWbQRZ_\ta7�3\HZ_Sta}U��_Z_\ra �XUcTRQ d ��T[J�a d Q[�5�7jbJ7\]Wsa�IKZ d G�TRJ7a7�
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^tjbZ_lmJ
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� d SHjbJ�a� 
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W
{c® � ���?Z_S����_�

	�
 @�	�




���������
	����
����������	���	��
��������� 8

� � �����! ���� ���/��	%�
����$���� ��$��& 
	�� ��)����*�9�
�%�	� ��	�+����%,����

��UKINZ d �7T[QVaYUXWbQRZ_\ d J�a�^HjYZ`g
� d �7aF�HQRZ`gsEHQ[IKQVuvSHJ7a�J�amWo�tU_ab��J]�Hg
Z_IKIKJ�TVUK^HT[St^tUcjbW d J�a�IKZ d G�TRJ7a�J7\
�tQ[Z]T[Z]�_QRJ_��abSHj d J7a%T[Z]QRa%J�IK^HQRjbQVuvSHJ7a7���}ZcWYjbJ�g7U_a7��TVU d QR�_J�amWYQ[Z]\­Uc\tU_��jYZ_�HQRJ_��\ � ��gsEtUc^t^rJ/^rU_a% �g
J�WfWbJ
^rUcjbWbQVg
SHTVUcjYQ�WY�_��n � J7afW%^5Z_SHj�g
J�TVUH��uvSHJ/\HZ]Sta�J7aYaYU�e_J�jYZ_\ra d J d Z_\t\HJ�j�TRJ7a%�_�7\H��jsUcTRQ�WY�7a�uvSHJ�\HZ_Sta d J
®
�]Z_\taF^tjbJ7\ d jYJ?J7\�g
Z]IN^HWbJ�^5Z_SHj!T � ��TVUc�5Z_jsUXWbQRZ_\ d*� SH\�IKZ d G�TRJ d J%g
J�Wme3^5J_�t�}Z_Sta}g
Q[WbJ�jYZ_\ra�UcQR\tafQ��HTRJ7a
^tjbZ]^HjbQR�
WY�7a��_�7\H��jsUcTRJ7a�^5Z_SHj��tQ[J7\��1U_Q[jYJ�SH\(IKZ d G�TRJ?�tQ[Z`gsEHQRIKQRuvSHJ�


� npZ_EH�7jbJ7\vW

k��U�uvStUcTRQ[Wb�(J
W/afWbjYStg WYSHjbJ d S IKZ d G�TRJ d Z_QR�_J�\vW/g
Z]jbjYJ7ab^5Z_\ d jYJ� �T � Z]�XlmJ7g
WbQ[�o^5Z_SHjT[J�uvSHJ�T�TRJ�IKZ d G�TRJ�U���Wb��g�Z_\tafWbjYSHQ[W7�
� q�J7ab^5J7g WYJ�jKTRJ7a�jbG7�_TRJ7a�^tEve`abQRuvSHJ�a%J�WKgsEtQ[IKQVu]StJ7a%WbJ�TRTRJ7aKuvSHJ�TVU�g�Z_\tabJ�jY�XUXWYQ[Z]\ d J�TVU#I�UcWbQRG�jYJ� �HQRTVUc\ d J�I�U_aYafJ�� �`T � J7T[J�g WYjbZ]\HJ�S`WYjYU_T[Q[Wb� d J�a!afZ]T[SHWbQRZ_\ta7�`J
Wsgc�
� �}J�abg�jbQR^`WYQ[Z]\ d S/abgsEt��I�U?jb��U_g WYQ[Z]\H\HJ7T d S�^HjYZ`g
� d ���HQ[Z`gsEHQRIKQRuvSHJ � d J7aYg
jYQR^`WbQRZ_\�UcS�\tQ[�]J7UcSKI�UX®g
jYZ]aYg
Z]^HQRuvSHJ d J�T � J7\tabJ�I%�tT[J d J�aFjb��U_g WYQ[Z]\taF�HQRZ_TRZ_�]QRuvSHJ�apJ�W!gsEHQ[IKQVuvSHJ7a�� �

�k\�abSHQR��U_\vW9TRJ7a9^tjbZ]^HjbQR�
WY�7a9Uc\vWY��jYQ[J7SHjbJ�a�\HZ_Stakg�Z_\tafWbjYSHQRjbZ]\ta�TRU d �7IKU_jYgsEtJp�]��\H�7jYU_T[JF �afSHQR�3jbJFUX�r\
d J�g�Z_\tafWbjYSHQRjbJ d J�aFIKZ d G�TRJ7a�abSHj�TRU d Q[�]J7afWbQRZ_\(Uc\tU_��jYZ_�HQRJ_� 1kZ_QVg
Q�\tZcWbjYJ�^HjYZ_�HTRG�IKJ�
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npJF^HjYZ`g
� d ��J�amW d JF\tUcWbSHjYJ�WbjYG7a9g
Z]IK^HT[J�h`JFg7Ucj9QRT`INJ�W J�\olmJ�SKSH\N�_jsUc\ d \HZ_I��HjYJ d JF^5Z_^HStTRUcWbQRZ_\ta
�rU_g WY��jYQ[J7\H\HJ�a��

�k\�^HTRSta��5\HZ]Sta d J��_Z]\ta!^tjbJ7\ d jYJ�J�\#g�Z_IK^`WYJ%TRJ7a?g
Z_\rafQ d ��jsUXWYQ[Z]\ta�J�h3^5��jYQRINJ7\vWYUcTRJ7a}T[QR��J�ao �g
J�WfWbJ
^tjbZ]�HT[�7I�UXWbQVuvSHJ_�!uvSHQNafZ]\vW

�TRJ �HQRZ_jY�7U_g
WbJ7SHj d J­g
StT�WYSHjbJ d J7a��tU]g WY��jYQ[J�a(J7afW#Q[\H�t\HQRINJ7\vW#IK��TVUc\H�]�
� nFO`D�q���J�W!T[J�IKZ d J d J��¡Z_\rg WbQRZ_\t\HJ�IKJ�\vW�J7afW}g
Z]\vWbQR\vS��Hg � J7afW}  d Q[jYJ d S�Wmev^5J�gsEH�7INZvamWsUXW��

�}\HJN�¡Z_QVa�T[JN^HjYZ_�HTRG�IKJN�HQ[J7\ d �
�t\HQ��*\HZ]Sta?^rZ]SH�_Z]\ta?�
WYU_�HTRQ[j�TRJN�tS`W d JK\HZcWYjbJNIKZ d G�TRJ_�*uvSHQkJ7afW


U_jbjYQR�_J�j� �IKQRJ�S`h g
Z]IK^HjbJ7\ d jYJ�T[J��HQ[Z]^HjYZ3g�� d �]��^HSHQVa��1U_Q[jYJ�T � J�amWYQ[I�UXWYQ[Z]\ d J7a%^tUcjsUcIKG�WbjYJ7a� �^tU_jfWYQ[j
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W�TVU�g
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 /�i�
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¢!�t\ d J��_Z]Q[jKTVU amWsUc�HQRTRQ�WY� d J�^rZ]Q[\vW � 
 Z]\ �
WbS d Q[J7jYU�TRJ�SHj�{_U]g
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J?afe`afWbG�IKJoJ7afW�afWYUc�tT[J]�_Z_\�UXlmZ_SHWbJ�jsU�QVg
Q5T � Uc\rUcTRe3abJ d J
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WbZ]Q[jYJ d �
�t\HQRJ�^tUcj�g�J?^5Z_QR\vW�Q[jsUN�_J�jsapT[J��7uvSHQRTRQ[�HjYJ�O��3�rnpJ�WfWYJ�UjB�jbI�UXWYQ[Z]\
J�amW(g
Z]\`�tjYIN�7J�^tU_j�TRJ#^HTVUc\ d J#^HEtU]afJ�g
Z_jYjYJ7ab^rZ]\ d Uc\vW�  T � �7uvStUXWYQ[Z]\ / ! ! 1 uvS � Z_\ �_J�jYjsU d Uc\ta�TRUabSH�tabJ7g
WbQRZ_\(afStQ[�XUc\vWYJ_�
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Z]\tamWsUXWYJ�j d Uc\raFT[J�^HTVUc\ d J�^HEtU]afJ�uvS � UcS(g
Z_StjYa d S�WbJ7IK^ta��3WYZ_S`WYJ7aFTRJ7a�g�Z_I%�tQ[\tU_Q�®

abZ_\raFT[QR\H�7U_Q[jYJ��_Z]\]W!abSHj!TVUKg
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TRJ7a�abZ_TRS`WYQ[Z]\ta d S�afe`afWbG7INJ���WbS d QRJ_�

�}Z_StaNUXlmZ]S`WbJ7jbZ]\ta�TRJ7aNafZ]T[SHWbQRZ_\taNg
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Z_\vWYJ�\3S d Uc\taog
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WbQRZ_\ d J�g
jYZ_QVaYabU_\tg
J � / z 1 �cJ�\N^5J�jYINJ�WfWsUc\vW g
J�WfWbJ�¡Z]QRa}g
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uvSHJ�TRU/�¡Z_\tg
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aYUXWYSHjsUXWbQRZ_\=� 
 d S�WYU_S`h d J d QRTRS`WbQRZ_\ 5 J
W d JFTRU?�3Q[WbJ7aYabJ�I�Uch3QRI�UcTRJ���� � �v¤o\�^5J�SHW g
Z_\rg
TRSHjbJ d*� Uc^HjYG7aTRJ7a d J�S`h��_jsUc^HEtQRuvSHJ�a?U_\vWb��jYQRJ�SHjsa�uvSHJ�T[J/g�Z_IK^5Z_jbWbJ�IKJ7\]W d S�abe`amWYG�IKJ�J7afW��_TRZ_�rUcTRJ�IKJ�\vW�Q[\ramWsUc�HTRJ_�
I�U_QRa9Z]\KaYUcQ[W uvSHJ�TRJ�^HjbJ7IKQ[G7jbJ�J�W d J�S`h`QRG�IKJ�^5Z_QR\]W  �T � �7uvSHQRT[QR�HjYJ!afZ]\]WkTRZ`g�UcTRJ�IKJ7\]W afWYU_�HTRJ7akJ7\NI=}7INJ
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WbjYJ7a � W a �
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0 \vWb���]jYUcWbQRZ_\ d J7a���uvStUXWYQ[Z]\ta d S(INZ d G7T[J � < OvWbjYStg
WbSHjYJ d S(INZ d G7T[J
�

n�UcTVg
SHT d J�TRU��¡Z_\rg WbQRZ_\�Z_�HlmJ7g WYQ���� / W 1 � < �}Z]\H\H�7J7aFJ
h`^5��jYQ[IKJ7\]WsUcTRJ7a
�

D�jYZ_St�_J�jFTRJ�IKQ[\HQRI%StI d S�� / W 1 < � £(J�QRTRT[J7SHjbJ�J�amWYQ[I�UXWYQ[Z]\��W
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q�J
® g�U_TRg�SHT d S �W

npEtU]g
SH\tJ d J�a?�
WYU_^rJ�a?J7afWoWYjbG�aoQRIK^rZ]jfWsUc\vWoJ�W�\HZ_Stao^5Z_SH�]Z_\ta?S`WYQ[TRQRabJ�j?^HTRStabQ[J7SHjYa?Z]S`WbQRTRa�Uc�t\ d J
IKQRJ�S`h�T � U_g7g
Z_IK^HTRQRj7�

� � U_�rZ]j d \HZ_Sra d J��_Z]\ta d Z_\H\tJ�j�SH\HJK�XUcTRJ�SHj d J d �7^tUcjbW� �\HZva}^tU_jYU_IKG
WbjYJ7a7��afZ]Q�W�^tUcj�SH\tJ�J�amWYQ�®
I�UcWbQRZ_\ d S(�_J7g
WbJ7SHj W a�Z_S��HQ[J7\(�_j��_g
J�UcSHh�Q[\H�¡Z_jYIKUcWbQRZ_\taFuvSHJ�T � Z]\�^5Z]aYabG d J�UN^HjYQ[Z]jbQ��

ikStQRa7�3\HZ_Sta d J7�_Z_\ra Uc\rUcTRe3abJ�jpTRU�amWYjbSrg WbStjbJ d S�IKZ d G�TRJ}^5Z_SHj��HQRJ�\�gsEHZ_QVafQRj \tZcWbjYJ!IK�
WYEHZ d J d*� QR\`®
WY���]jYUcWbQRZ_\ d J7a%�7uvStUXWYQ[Z]\ta d S IKZ d G7T[J]��¢!^HjYG7a7�� (^rUcjbWbQRj d J/T � QR\`�¡Z]jbI�UXWYQ[Z]\�J
h`^r�7jbQRIKJ�\vWYU_T[J�Z]S d J7a
d Z_\H\H�7J7a�uvSHJF\HZ_Sta�U��_Z]\ta7�7\HZ]Sta�^rZ]SH�_Z]\ta�g
Z_\ramWYjbSHQRjYJ \HZ_WbjYJ �¡Z_\rg WbQRZ_\�� / W 1  o^tUcjbWbQRj d*� St\HJFIN��WbEHZ d Jd�� J�amWYQ[I�UXWYQ[Z]\/WYJ�TRT[J�uvSHJ�
t£�UXh`Q[I�SHI 1kjsUcQVafJ7I%�HTVUc\tg�J � afWbQRI�UXWYQ[Z]\�� � afWbQRIKUcWbQRZ_\ �FU�e_J7abQRJ�\��3�!Z]\�i9UX®
jsUcIK��WbjYQRuvSHJ�� afWbQRIKUcWbQRZ_\(J
Wsgc�

0 T�\HZ_StaFjYJ7afWbJ� �WYjbZ]SH�_J7j�TRUKIKJ�QRTRT[J7SHjbJ�J�amWYQ[I�UXWYQ[Z]\ d JhW�J�\�gsEHZ]QRabQRaYaYUc\vW�J7\vWbjYJ�T[J�a�IK�
WbEtZ d J7a d J
IKQR\HQRINQVaYUXWbQRZ_\ d J�TRUN�¡Z]\tg WYQ[Z]\	� / W 1 J
h`QRafWYU_\vWbJ7a

rOvWYJ�J7^rJ�amW��}J�abg�J�\ d �?jsU d QRJ�\vW��t�!J �FWbZ_\ � a�¤o^`WbQRIKQ�®
aYUXWYQ[Z]\��H��£�q J�WYgc�

¥�QR\tUcTRJ�IKJ�\vW��`\HZ_StaFjYJ7g�Z_IKIKJ�\ ��Z_\ta�TRJ��rZ]Stg
TRJ�lmStabuvS �  NTRUNIKJ�QRTRT[J7SHjbJ?J7afWbQRI�UXWYQ[Z]\ d S(�]J7g WYJ�SHj d J
^rUcjsUcIKG
WYjbJ�a�Wt�

�?Uc\takgsErU_uvSHJF�
WsUc^5J�\tZ_Sta d J7�_Z]\tax}
WbjYJ�U_aYafJ �pIK���rUc\vWk�3QRakUo�3QRa d J�a9jb��afStT�WsUXWYa9Z]�`WbJ7\3Sta��XaYU_gsEtU_\vW
uvSHJ�\HZ]Sta!U��]Z_\taFgsEHZ]QRabQ*SH\HJ�IK�
WYEHZ d J�J
W}uvS � QRT�J�\(J
h`QVamWYJ�^HT[SrafQRJ�SHjsa7�H¢!QR\tafQ�Q[T�afJ7jYU_Q�abZ_StEtUcQ[WYU_�HT[J d J
WYJ7afWbJ7j�^tT[StabQRJ�SHjYJ7apIK�
WbEtZ d J7a� %gsErU_uvSHJ?�
WYU_^rJ�UX�r\ d J�jY� d SHQRjYJ}TVU%^5Z]aYafQR�HQRT[Q[Wb� d*� �7gsEHJ�g d Uc\taFgsEtU]u]StJ
^rUcjbWbQRJ_�

	�
 @�	�




���������
	����
����������	���	��
��������� y�8

k ��� �`�o�
�
��
�p 
���mh����� w 
��� \����
�p
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h`^5��jYQ[IKJ7\]WsUcTRJ7a d Uc\tak\tZ]a d Q�����jYJ�\vWbJ�akIKZ d G�TRJ7a7�_TRJ7a

d Z_\H\H�7J7a�¢?£#¤�n�¤ ^5Z_SHj�TRJ�^HjYJ�IKQRJ�jFJ
W!TRJ7a d Z_\H\H�7J7a�¢ ��q!¢o��n�¤�^rZ]SHj�T[J d J�S`h`QRG�IKJ_�

. �}n�UcjsU_g
Wb��jYQVamWYQRuvSHJ�a d J7a d Z]\H\H��J�a�¢o£#¤�n�¤ " ��J7jb\tU_j d ycx]x .�# 

0 TRaoZ_\vW?�
Wb�NZ_�HWbJ�\3SHJ�a d U_\taoT[JNg�U d jbJ d S�^HjYZclmJ�WoJ�StjbZ]^r�7J�\�¢o£�¤�n�¤��5��J�abSH�tafWbjsUXW7��z U��
Wb�
Z_�`WYJ�\3S  #^tU_jfWYQ[j d J�aK�vQR\tU]ababJ7a�^HjYZ d SHQ�WYJ7a d U_\ta d J7a d QVafWbQRT[TRJ�jYQ[J�a d Q[�]J�jsafJ�a d J�TVU�jb�7�_QRZ_\ d J
�}U_jb�5Z_\H\tJ_�t¥tjYU_\tg
J]�t��J��HQRZ_jY�7U]g WYJ�SHj�S`WYQ[TRQVaf��J�amW} K�]jYU d QRJ�\vW!af^tUcWbQVUcT d J%g
Z]\tg
J7\]WYjYUcWbQRZ_\��Hg�Z_S`®
jYU_IKINJ7\vW d Q[W7�H %T[Q[Wp�th3J � T � J�\ d jYZ_Q[W d J?g�SHT[WbSHjYJ}\ � J7afWF^tU_apEHZ_IKZ]�_G�\tJ!�kJ�W d J}�¡Z]\tg WYQ[Z]\H\HJ�IKJ7\]W
d S�Wme3^rJ�g�Z_\vWbQR\3S�Z)A�gsEH�7IKZ]afWYUXW��HU��_J�g}SH\tJ�g�Uc^rU_g
Q[Wb� d J $ L]z�T[Q[WbjYJ7a7�
��J�aKINJ�afStjbJ�a�Z]\vWK��Wb�(Z_�HWbJ�\3SHJ�a�UcS­�¡SHj/J
W/U_S;IKJ7abSHjYJ�^5J�\ d Uc\vWKWbjYZ_QVaKIKZ_QVa � z_~�lmZ_StjYa��% 
Q[\vWYJ�jY��U_T[TRJ7a d J . 8%INQR\3S`WbJ�a�J�\vWYjbJ�gsEtU]u]StJ?IKJ�afSHjYJ_�

y`�}n�UcjsU_g
Wb��jYQVamWYQRuvSHJ�a d J7a d Z]\H\H��J�a�¢ ��q!¢}�9n�¤ " D�J�TRJ�I�U_g�ycx]x_~ # 

npJ7a d Z]\H\H��J�a!�¡Z]\vW�^rUcjbWbQRJ d S�lmJ�S`h d J d Z]\H\H�7J7aoS`WbQRT[QVab��J7a d U_\ta?T[JN^HjYZclmJ�WoJ�StjbZ]^r�7J�\#D � � �9®
£�¢}no�t��J?abSH�tafWbjsUXW��uz UN�
WY��Z_�`WYJ�\3S� �^tU_jfWYQ[j d J�aF�vQR\tU]ababJ7a�^HjYZ d SHQ[WbJ7a d Uc\ta d J�a d QRafWbQRTRT[J7jbQRJ7a
d J?TRU%jb�7�_QRZ_\ d J ��UcTRQRg�QRUt� � ab^tU_�_\HJ]�v��J}�HQRZ_jY�7U]g WbJ7SHj SHWbQRT[QVaf�oJ7afW!nFOHD�q � T � J7\ d jYZ_Q[W d Jog
StT�WYSHjbJ
J7afW EHZ_IKZ]�_G�\tJ!��J
W TRJF�¡Z_\rg WbQRZ_\t\HJ�IKJ�\vW d SKWme3^5J!gsEH��IKZvamWsUXW7�]U��_J7gpSH\HJog�Uc^rU_g
Q[Wb� d J}yH� x]x_xt� x]x_x
T[Q[WbjYJ7a7�
��J�a�IKJ�afSHjYJ7a�Z]\]W9�
WY�FZ_�`WYJ�\3SHJ7a9 oT � UcSt�rJF^5J�\ d U_\vW�\HJ7S`�rIKZ]QRa � y9/_~ lmZ_SHjsa��� oQ[\vWYJ�jY��U_T[TRJ7a d*� SH\HJ
lmZ_SHjY\H�7J?J7\vWbjYJ�gsErU_uvSHJ�IKJ7abSHjbJ]�

npZ]INIKJ7\]WsUcQRjbJ�a%abSHj�g�J7a}lmJ�S`h d J�a d Z_\H\H�7J7a%J
W�TRJ�Stj�S`WYQ[TRQVabUcWbQRZ_\ ^5Z_SHj�T � J7afWbQRI�UXWYQ[Z]\ d J7a�^tU_jYUc®
IKG�WbjYJ7a d J�\HZvaFIKZ d G�TRJ7a 
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SH\(WbZ_WYU_T d J :D8]y . INJ�afStjbJ�a�UcS`WYZ_SHj d J�z]~olmZ_SHjsa��Hg�J�uvSHQ�jYJ�^HjY�7abJ�\vWbJ�U]ababJ � d J�IKJ7abSHjYJ7aF^5Z_SHj
WbjYZ_SH�]J�j d J�a�g
Z]\ d Q[WbQRZ_\ta�U]afe3IK^`WYZcWbQVuvSHJ7a d J�\HZ]a�IKZ d G7T[J�a���i�Z]SHjfWsUc\vW7�*TRJ7a d Z_\H\t��J7a�Z]\vW��
Wb�
g
Z]SH^r�7J7aN^5J�\ d U_\vWKTRJ7a d Q�h d J7jb\tQ[J7jYaolmZ_StjYa � I�Uc\ru]StJ d J��5Uc�HQRT[Q[Wb��J
h`^5��jYQ[IKJ7\]WsUcTRJ�^5Z_StjKg�J7a
lmZ_SHjsaFTV �J�W!J�TRT[J�a!abZ_\vW!gsEtUcZ_WbQVu]StJ7a�� �
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]�}Z_Sta U��_Z_\ra9S`WbQRT[QVab�}g
JklmJ7S d J7a d Z_\t\H��J�a��]IKU_QRa T[J�a jY�7abSHT�WsUXWsakQRaYabSta d J}g�J7a d Z_\H\t��J7a
\HJ�abZ_\vW%^rU_a�^HjY�7abJ�\vWY�7a7����U�jYU_QRabZ_\�^HjYQ[\tg�Q[^rUcTRJ/J7afW�uvS � J�TRT[J�a�abZ_\vW�WbjYG7a%�HjYSHQ�WY��J�a�J
WNJ�TRT[J�a�\HJ
^rZvababG d J�\vW�^tU_aFTVUK^HjY�7g
QVabQ[Z]\�\H��g
J7aYaYUcQRjbJ?^rZ]SHj�T � J�amWYQ[I�UXWYQ[Z]\ d J7aF^tU_jYU_IKG
WbjYJ7a7�
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W * / � [ ��� � [ � 
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h`^5��jYQ[IKJ7\]WsUcTRJ7a7�r�
	 U_^HjYG7a}U��]Z_QRj��1UcQRjYJ
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J7�_Z_\ra
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uvSHJ < � T[J�INZ d G7T[J�£ . \ � J�amW�^tU_a�afWbjYStg
WbSHjYJ�TRT[J7IKJ�\vW��_TRZ_�tU_T[J7IKJ�\vW�Q d J7\vWbQ[�rUc�HTRJ/U��_J�gKg
J/�]J7g WYJ�SHj
d J7a�^tUcjsUcIKG�WbjYJ7a7�`npJ�g
Q d Q[W7�`\HZ]Sta�^rZ]SHjbjYQRZ_\ta�J7afWbQRIKJ�j d J�a�g�Z_I��HQ[\rUcQVafZ]\ta d J7a�^tUcjsUcIKG�WbjYJ7a�u]StQ5\tZ_Sta
d Z_\H\HJ7jbZ]\vW�uvSHJ7TRuvSHJ�a/QR\`�¡Z_jYI�UXWYQ[Z]\ta�afStj/T[J�afe`afWbG�IKJ���WbS d Q[�]� I�UcQVa�\HZ]Sta/gsEHZ]QRabQ[jYZ_\raKTRU��]Z_QRJ d J7a
IKZ d G7T[J�a�afQRIK^HT[Q[�t�7J7a/Uc�t\ d J�IKQ[J7S`h g�Z_IK^HjYJ�\ d jYJ(T[J��tQ[Z]^HjbZ`g�� d ��aKJ
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Z]\tamWYjbStQ�W%St\

IKZ d G7T[JNafQRIK^HT[Q[�t� d J�g�J�TRSHQ�g�Q ��npJ%IKZ d G�TRJ�abQRIN^tT[Q[�t�_�*£�O . �r\tZ_Sta}^rJ7jbIKJ
WbWbjsU d J�INQRJ�SHh�g�Z_\H\rU 
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Q[Wb�]� ¢��r\ d J�TRJ�g
Z]\tamWYjbStQ[jYJ�\tZ_Sta�U��]Z_\ta�^HjYQRaKTRJ7a
E3e3^5ZcWbEtG7abJ7a�abSHQ[�XU_\]WYJ7a
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�z *,57/ z 82:~< z 1 < � z
z 3 � �
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U��]J7goT[J�aFJ�\vWbjY��J�a�X��`TVUKafZ]jfWYQ[J ^��tTRUKg
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�}Z_Stap�_J7jbjYZ_\takabQ5T[J}abe`amWYG�IKJog�Q d J�ababSta7�3£#O . �]J7afW�afWbjYStg WYSHjbJ7T[TRJ�IKJ7\]WpQ d J7\vWbQ[�rUc�HTRJ}^5Z_Stj ���v�}Z_Sta
SHWbQRT[QVafJ7jbZ]\ta TVU�IK��WbEHZ d J d J}TVU d ��jYQ[�]��JoabStg7g
J7aYabQ[�]J d J}TVU%abZ_jbWbQRJ}Uc�t\ d*� U_g7g
Z]IN^tT[QRj \HZ_WbjYJ}�HSHW7�`¢!QR\tabQ �
\tZ_StaF^HjYJ�\tZ_\taFTVUKafZ]jfWYQ[J�


^ * _�/ &\[ (][ X [ W 1x* z [
J�Wo\HZ]Sta}�1UcQVafZ]\ta}TRJ7a d �7jbQR�_�7J7a}abStg7g
J7aYabQ[�]J7aklmSrabuvS �   d �7IKZ_\vWbjYJ�j?u]StJ%TRJ}lmJ7S`h d J�^rUcjsUcIKG
WYjbJ�a W * �
U#SH\HJ(afZ]T[SHWbQRZ_\ SH\tQRuvSHJ]�9�}Z_Sta%�¡J�jYZ_\ra%\HZ_WbjYJ�U_\tUcTRe`afJ d Uc\ta�SH\­^5Z_QR\vW�W �?xH�9�!Z]Sta%�7�XUcTRSHJ�jYZ_\ta%TRU
^tjbJ7INQRG�jYJ d ��jYQ[�]��J d J�TVUKafZ]jfWYQ[J�J�\(g
J�^5Z_QR\vW7�Hg � J�amW}  d QRjbJ�


�^ / � 1x* �z / � 1x*,57/ � 1F/ z 82: / � 1 < z / � 1�1 < � z / � 1z / � 1!3 � � [OHU_gsEtU_\]W}uvSHJ�WbZ_Sra!TRJ7a�QR\`�¡Z_jYI�UXWYQ[Z]\ta d J�T � �7uvStUcWbQRZ_\�Uc\vWb�7jbQRJ�Stj}afZ]\vW}g
Z_\t\vSra��r\HZ_Sta!^rZ]SH�_Z]\ta d �7�]UX®
�]J�joT[J�^tUcjsUcIKG
WYjbJ ����J�\#Z_�`WYJ�\tU_\]W�UcQR\tabQ�SH\tJ�abZ_TRS`WbQRZ_\�St\HQRuvSHJ]�5U_Q[\rafQ�T[JNIKZ d G�TRJ%J�amW?�_TRZ_�tU_T[J7INJ7\vW

	�
 @�	�




���������
	����
����������	���	��
��������� y :

Q d J7\]WYQ��5Uc�HTRJ�a�� �t� Q �

O`U]gsEtUc\vWouvSHJ%\HZcWYjbJ�IKZ d G7T[J�£#O . J�amWoa7� �t� Q �R�t\HZ]Sta!^tjbZ`g
� d J�jYZ_\ra! �T � J�amWYQ[I�UXWYQ[Z]\�jbJ�af^5J7g
WbQR�_J d S
^rUcjsUcIKG
WYjbJ ���

� � U_�rZ]j d \tZ_Sta S`WbQRT[QVabJ�jYZ_\takT � U_afWbStg�J d J!TVU�IKZXe_J�\t\HJFWbJ7IN^5Z_jYJ�TRTRJ d J!TVU��XUcjYQRU_�HTRJ�J�\/uvSHJ7afWbQRZ_\��"z��
uvSHQ5�7uvSHQR�XUcS`WF �QR\vWb���]jbJ7j T � ��u]SrUXWbQRZ_\ d Q�����jYJ�\vWYQ[J7T[TRJ_�`£�O . � d U_\ta T � Q[\vWbJ7jb�XU_T[TRJ � (�<��$[ ( � J�WpJ7\�^HjYJ�\tU_\vWTVUNIKZXe_J�\t\HJ_�`Z)A � J7afW�TRUN^5��jYQ[Z d J�gsEHZ]QRabQRJ_�`¢!QR\tabQ�\HZ_Sra�U��_Z_\ra 


i�
� f
f
���
�z %�� * i�

� f
f
���
�
57/ z 82:~< z 1 < � z

z 3 � �
� %���[

uvSHJ�\HZ]StaF^5Z_SH�]Z_\ta�jY� d SHQRjYJ� NT � J�h`^HjbJ�ababQRZ_\(afSHQR�XUc\vWbJ�


z / ( 1 < z / (�<�� 1� < i�
� f
f
���
5./ � 1F/ z 8;: / � 1 < z / � 1�1 %	� * < � � ff

���
z / � 1z / � 143 � �

%	� 0 � ~_~��

¢}Q[\tabQ��]\HZ]Sta U��]Z_\ta g
Z_\3�]J�jbWbQHT � ��uvStUXWYQ[Z]\ d Q�����jYJ�\vWYQ[J7T[TRJ?£�O . J�\�T � ��uvStUXWYQ[Z]\/Uc\vWb�7jbQRJ�SHjYJ�Z'A�\tZ_Sta
g�Z_\H\rUcQVababZ_\ta�WYZ_S`WYJ�T � QR\`�¡Z_jYI�UXWbQRZ_\   gsEtU]u]StJ�Q[\tafWYU_\vW7� ( 8 � d*� Uc^HjYG7aKTRJ7a d Z_\H\t��J7a/J
h`^r�7jbQRIKJ�\vWYU_T[J�a��
� � UcS`WYjbJ�^rUcjbWbJ�J�\�jYJ�\tZ_IKJ�\vW}TRJ%g�
_Wb���vUcStgsEtJ d J�T � ��u]SrUXWbQRZ_\�J7\ �d/ ( 1 J
WoT[J%g�
cWY� d jYZ_Q[WbJ d J�g
J�TRTRJ%g
QJ7\ < ��
 / (][ � � 1 �H\HZ]Sta�^5Z_SH�]Z_\ta�TVU�jYJ
® �7g�jbQRjYJ?g�Z_IKIKJ�abSHQ[W

� / ( 1r* < ��
 / (][ � � 1 [ � ~cL �

g�J
WfWYJF�7uvStUXWYQ[Z]\�J7afWkT[QR\H��UcQRjbJ d Uc\ta�TRJp^rUcjsUcIKG
WYjbJ �NJ
W9\HZ_Sta�TVUog�Z_\H\rUcQVababZ_\ta d Uc\ra�gsErU_uvSHJ QR\tafWYU_\]W
(  �^tU_jfWYQ[j d J7a d Z]\H\H�7J7a�J�h3^5��jYQRINJ7\vWYUcTRJ7a7��£�U_Q[\vWYJ�\tU_\]W���\HZ]Sta�abZ_IKIKJ7a�^Hj }
Wsa� �g
Z]\tafWbjYSHQ[jYJ�\HZ_WbjYJ
�¡Z]\tg WYQ[Z]\�Z_�`lmJ�g WYQ[�]J � / W 1 �vQRTrabS\BKW d*� ���]U_T[QVabJ�jkT � J�ur� /�
 3 1   � J�Wp^HjYJ�\ d jbJ�TVU�abZ_IKIKJ} �gsEtU_uvSHJ�QR\tafWYU_\]WW��tg � J7afW!  d Q[jYJ�


� / � [ � � 1x*�� 8 � �d/ (I8 143 ��
 / (I8 [ � � 1�� � [ � ~�8��

U��]J7g.�
��� � � [�� 1 �Hh`�#  T � U��XUc\tg�J_� ¢!�t\ d J#WbjYZ_SH�]J�j/\HZ_WbjYJ�^tU_jYU_ING�WbjYJ �W Z_^`WYQ[I�U_T}QRT?abS\BKW d JIKQR\HQRINQVabJ�j�TVU%�¡Z]\tg WYQ[Z]\�Uc\vWb�7jbQRJ�SHjYJ�


�W *��Y-gZ � ��� / � / � [ � � 1F1�0 � ~9/��

0 T�J7afWFQ[IK^5Z_jbWYUc\vW d Jo\tZcWbJ7j�uvSHJ?TVU�IKQ[\tQ[IKQVabUcWbQRZ_\ d JoTVU��¡Z]\tg WYQ[Z]\�Z_�HlmJ7g WYQ[�]J!J7u5� /�
!""1 �7uvSHQR��U_S`W� �1U_Q[jYJ�TRJ%g
Z]SHjYU_IKINJ7\vW!S`WbQRT[QVab��IK�
WbEtZ d J d J�IKQR\HQRI%SHI�a}g7UcjYjb�7J7a7� �k\�^HTRSta7�rg7Ucj!\HZ]Sta!abZ_IKIKJ7a d Uc\ta
TRJ�g�U]aoTRQR\H�7U_Q[jYJ_�*g
J�g
Qk��u]StQ[�XUcSHW�U_StaYafQk ��1UcQRjbJNSH\HJKjY���]jbJ�ababQ[Z]\�TRQ[\H��UcQRjbJKabQ[IK^HTRJ d JKT � J7u5� /�
 3 1 ��npJ�WfWbJ��uvSHQ[�XU_T[J7\tg
J�abJ�jsU�WYjbG�aFS`WbQRT[J�^5Z_Stj�\HZ]a!U_\tUcTRe`afJ�a d J�jb��afSHT[WYUcWYa7�

@�A*BDCFEHGHI�J



y_z � 	��H�����,���

4 � ? � " ���3����¬ © 
`©7�
7 §�� ��¦ � "
¢!�t\ d J�WYJ7afWbJ7j�J�W(U_\tUcTRe`afJ7j�\tZcWbjYJ�INZ d G7T[J]�!£�O . �F\HZ]Sta(U��_Z]\ta�jY�7U_T[QVab�#SH\ ^HjYZ_�_jsUcIKIKJ�J7\

£�UXWbTVUc��� d*� Uc�5Z_j d \HZ_Sra%U��_Z]\ta��_�7jbQ[�t�/TVU��XUcTRQ d Q�WY� d S­INZ d G7T[J� �^tUcjbWbQRj d J7a%abQRI%SHTVUXWYQ[Z]\ta%U��]J7gKJ
W
aYUc\ra��HjYSHQ�W���J�W�SH\tJ/�¡Z_QVa�^tjbZ]SH�_��T � Q d J7\]WYQ��5Uc�HQRT[Q[Wb��^HjsUXWbQVuvSHJ d S IKZ d G7T[J]��\HZ]Sta�T � U��_Z_\ra�WbJ�amWY��U��_J�g
d J7a d Z_\H\t��J7apjY��J�TRTRJ7a d*� ¢?£#¤�n�¤�� d �mlf �J
h`^HTRQRuvSH�7J7a d Uc\ra TVU%abJ7g
WbQRZ_\/^HjY�7g�� d J7\vWbJ_�3¥�Q[\rUcTRJ�IKJ�\vWp\tZ_Sta
U��]Z_\ta �1UcQ[W!SH\HJ�U_\tUcTRe`afJ d J�a�jb��afStT�WsUXWYaFZ]�`WbJ7\3Sta��

4 � ? � 4 ���3����¬ © 
`©7� �9� 7 �X§,+���
t� � ��� � �3�1�#��¬ 
`©3�¡§ � 7 §�� �/¦ � "
¢!�t\ d J}INJ�afStjbJ7j T � J7jbjYJ�SHj J�\vWbjYJ!TRJ7ap��U_T[J7SHjsa abQ[I�SHT[�7J7a J
WpTRJ7a J7afWbQRIK��J7ap\HZ]Sta U��]Z_\takSHWbQRT[QVaf�?g
J�WfWbJ

IKJ�afSHjYJ�J�\�^rZ]SHjsg
J�\vWsUc�_J�


� - -�� - * � ��� 8 � / �^ 8 < ^ 8 1 	 ^ 8 � � �
� � � / ( 1 � �Vi ��� [ � ~ : �

Z)A �^ 8 J�amW�TRU%afZ]jfWYQ[J!J�amWYQ[IK�7J}J
W ^ 8 TVU�abZ_jbWbQRJ}abQ[I�SHT[�7J} %gsErU_uvSHJ�QR\tamWsUc\vW ( 8 �]J�WpTVU��¡Z]\tg WYQ[Z]\ 
 � � � / ( 1x*( � � � � � / ( 1 < � J�amW�TVU(IKJ7abSHjbJKS`WYQ[TRQVaf� d S��]J7g WYJ�SHj�WYJ�IK^5Z_jYJ�T U��_J�gc� � �*TVU(^r�7jbQRZ d J�g
Z]jbjYJ7ab^rZ]\ d U_\]WYJ
J�W ( � � � � � / ( 1 J7afW�TVU(WsUcQRT[TRJ d S;�_J�g WbZ]j ( �9i�Z_SHjNgsEHZ_QVafQRj%TVU�^5��jYQRZ d J � Z_^HWbQRIKU_Tp\tZ_Sta�U��_Z_\ra�^HjYQRa�T[J
IKQR\HQRI%SHI d J�T � J7u5� /�
 �)1 J�\��¡Z_\tg
WbQRZ_\ d J �^/J�W � �Hg � J7afW!  d Q[jYJ�


� � � � � � - -�� -Y/ �^ [ �$[ ( 1��
J�W!\HZ_Sra�U��_Z_\rapg�Z_\tafWYUcWb��uvSHJ�TRUN^5��jYQ[Z d J�Z]^`WbQRI�UcTRJ�J7afW � * ! �\i ^5Z_SHj�TRJ7a d Z_\H\H�7J7a�¢?£#¤�n�¤��

O`U]gsEtUc\vWKTRU�^5��jYQ[Z d J�Z_^`WYQ[I�U_T[J]�k\HZ_StaKabZ_IKIKJ7aN^Hj }
WsaN #WbJ�amWYJ�jK\HZ_WbjYJ�IKZ d G�TRJ_� d�� U_�rZ]j d \tZ_Sta
U��]Z_\ta%afQRI%SHTR� d J7a d Z_\t\H��J�a� #^tUcjbWbQRj d S IKZ d G�TRJ(£�O . J�\;^HjYJ�\tU_\]W d J7aN�XUcTRJ�SHjsa�QR\HQ[WbQVUcTRJ7aNQVababSHJ7a
d J�TRU(TRQ�WbWb�7jYUcWbSHjYJ � ¢!jbW7���}e3\tU_IKQRg7UcTp£(Z d J7T ¢!IKZ`g
Z � ��U_^HjYG7a�\HZ]Sta�U��_Z]\ta?IKQRabJ�J�\ I�UcjsgsEHJK\HZ_WbjYJ
IK��WbEHZ d J d*� J�amWYQ[I�UcWbQRZ_\/J7\/S`WbQRTRQRaYUc\vWpT � J7u5� /�
 ""1 �vi SHQRa�\HZ]Sta U��]Z_\ta J
��J7g WYSH� d J�S`h/g�Z_IK^tUcjsUcQVabZ_\ta

XTRU^tjbJ7INQRG�jYJ}^5Z_\rg WbStJ�TRT[J7INJ7\vW�J7\�g�Z_IK^tUcjsUc\vW TRJ?^tUcjsUcIKG
WYjbJVW�U��]J7g!TRJ?^tUcjsUcIKG
WYjbJ}J7afWbQRIN� �W�J
WFT � UcS`WYjbJ
U��]J7goTRUNIKJ7abSHjYJ d J�T � J�jYjYJ�SHjFjYJ�TVUXWbQR�_J?J�\(S`WYQ[TRQVabU_\]W!T � J7u5� /�
 �)1 �

	�
 @�	�




���������
	����
����������	���	��
��������� y $

��J/�_jsUc^HEtQRuvSHJ/abSHQR��U_\vW%\HZ_Sra�^HjY�7abJ�\vWbJ�TVU�abZ_jbWbQRJ�J7afWbQRIN�7J �^ * �z / ( 1 J�\ \tZ_QRj%�_J7jYabSta�TVU�abZ_jbWbQRJabQRI%SHTR��J ^ * z / ( 1 J7\(�HT[J7S(Q[\vWbJ7jbTRQR�_\HJ�


0 10 20 30 40 50 60 70 80 90
1

2

3

4

5

6

7

8

9

10

temps

S
(t)

Donnes simulees sans bruit VS Estimation MS1

N: S(t) Estimee
B: Donnes Simules
Error ~ .0066 % 

� ��� ��z �

�}Z_Sta�U��_Z]\ta}WbjYZ_SH�]��uvSHJKT � J7afWbQRI�UXWYQ[Z]\#^5Z_\tg
WbSHJ7T[TRJKJ7afW?TVU�I=}7INJKQ�� J]��� * 
�0 ! 	!
 � �� * 
�0 ! 		�J�W�\HZ_Sta�^5Z_SH�]Z_\ta�Uc^t^Hjb��g
QRJ�j�uvSHJ?TRUNafZ]jfWYQ[J?J7afWbQRIK��J�J
W�TVU�abZ_jbWbQRJ�afQRI%SHTR��J�abJ?abSHQR�_J�\vWF^HjsUXWbQVuvSHJ�IKJ7\]W
^rUcjb�1UcQ[WbJ�IKJ7\]W�UcS�g
Z]SHjYa d S�WbJ7IN^ra��H� � J7jbjYJ�SHjpjbJ7TRUcWbQR�_J d JN� x]x9/9/%^rJ7j�g
J�\vWFJ7afW�^HjbJ�abuvSHJo\3SHT[TRJ_�H¢}T[Z]jYa
\tZ_StaF^5Z_SH�]Z_\taFg�Z_\tg�T[SHjYJ�uvSHJ�T � J7afWbQRI�UXWbQRZ_\ d J �� * 
�0 ! 		� J�amW!aYUc\taF�tQRU_QRa7�rnpJ�jb��afSHT[WYUcW�J7afW}UXWfWYJ�\ d Sg7Ucj?\HZ_SraoU��]Z_\ta}jbJ�WbjYZ_SH�]�%TRJ�^tU_jYU_IKG
WbjYJ%uvSHJN\HZ_Sra?U��]Z_\ta}IKQRa d G�aoTRJ d ���HSHW d U_\ta?TRU�abQ[I�SHTRUcWbQRZ_\��
¢}T[Z]jYa�\HZcWYjbJ#INZ d G7T[J�J
W�T[J�^HjbZ]�_jsUcIKIKJ�g
Z]jbjYJ7ab^rZ]\ d U_\]W��¡Z]\tg WYQ[Z]\H\HJ7\]W(g
Z]jbjYJ7g
WbJ�IKJ7\]W�� �k\=^HT[Sra��
g�Z_IKIKJK\HZ_Sta%U��_Z_\raoSHWbQRT[QVaf��TVU(IK�
WYEHZ d J d J7a�INZ]Q[\ d jbJ�a�g�U_jbjY�7a7�*\HZ_Sra�abU��]Z_\ta?^tU_j�TRU�WYEH��Z]jbQRJ d J7a
IK��WbEHZ d J�a d*� J7afWbQRIKUcWbQRZ_\�afWYUXWYQRafWbQVuvSHJ7a}u]StJ�g
J�TVUN�7uvSHQR�XUcS`Wo NS`WYQ[TRQVafJ7j!TRUKIK��WbEHZ d J d J�IKUch`Q[I�SHI d J
�3jsUcQVafJ7I%�HTVUc\rg
JouvSHQ d Z_\H\tJ d J7a�J�amWYQ[I�UXWYJ�SHjsa�aYUc\ta��HQVUcQVa " £(Z3Z d .
$ z_~ # �

£�U_Q[\vWYJ�\tU_\]W�\HZ]Sta?�_J�jYjYZ_\taoTRU�abJ�\tabQ[�tQ[TRQ�WY� d S�IKZ d G7T[JKafQk\tZ_Sta?�HjYSHQ[WbZ_\raoTRJ7a d Z]\H\H�7J7a�afQRI%StT[��a��
��J�^HjYJ�IKQRJ�jNafZ]jfW d J��HjYSHQ[WNabJ�jsU�\HZ]jbI�UcT d J�INZXe]J�\H\tJ/\3SHT[TRJ�J�WNJ�af^5��jsUc\rg
J/SH\tQ�WsUcQRjbJ�Q � J_��� / � [ i'1 ��?Uc\ra�T[J��]jYU_^HEHQVuvSHJ�afSHQR�XUc\vW!\HZ]Sta�^HjY�7abJ�\vWbZ]\ta

 �^ * �z / ( 1 J�\(\HZ]Q[j���^ * z / ( 1 J�\��tT[J7S�QR\vWbJ7jbTRQ[�]\HJ�J
WTRJ��HjYSHQ�W!\tZ_jYIKU_T�U��_J�g d J�aF^rZ]Q[\vWsa�J�\�lfUcSH\tJ�


@�A*BDCFEHGHI�J



~]x � 	��H�����,���

0 10 20 30 40 50 60 70 80 90
−4

−2

0

2

4

6

8

10

12

14
Donnes simules et bruites N(0,1)VS Estimation MS1

temps

S
(t)

lam=8.293
lames=8.4382

N: S(t) estimee
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lames=8.34

N: S(t) estimee
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IKZ d G7T[J�UKSH\HJ�J7jbjYJ�Stj�jYJ�TVUXWYQ[�]J � i � �H\HZ_Sra�J7afWbQRIKJ�jYZ_\taFuvS � Q[T�\ � J�amW!^tU]aFQ d J�\vWbQ[�rUc�tT[J�J7\�^tjYUcWbQVu]StJU��]J7g?g
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Q�^HjY�7abJ�\vWY�7a QVg
Q��3I�UcQVa QRTRa d Z]\H\HJ7\]W
d J7aFJ�jYjYJ�SHjsa�jbJ7TRUcWbQR�_J7a�^HTRSta��]jYU_\ d J�a�uvSHJ�\HZ_WbjYJ�afJ7SHQ[T d J � i � �

£�U_Q[\vWYJ�\tU_\]W�\HZ_Sra�^5Z_SH�]Z_\ta�g
Z]\tg
TRSHjYJpuvSHJ \tZcWbjYJ IK��WbEHZ d J d*� J�amWYQ[I�UcWbQRZ_\ d �flf }QRIK^HTR��IKJ�\vWb��U��_J�g
TRJ}IKZ d G7T[J � z i J7afW�g�Z_jYjbJ�g WbJ}J
WpTRJ}^rUcjsUcIKG
WYjbJ�J�amWYQ[IK�_� ����]J�amW�SH\HQVu]StJ}J
W�aYUc\ta �HQRU_QRapafQ5TRJ7a d Z_\H\t��J7a\tJ}afZ]\vW ^tU_a �HjbStQ�WY��J7a J
WpQRTrabJ�jsU�^HjsUXWYQRuvSHJ7INJ7\vW \HZ_\�Q d J�\vWYQ��rU_�HTRJ}afQrT[J�a d Z]\H\H�7J7a abZ_\vW WYjbG�ak�HjYSHQ�WY��J�a��
g � J�amW!  d QRjbJ�U_S d J�TV  d J�\HZcWYjbJ�abJ�SHQRT �
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� � � � [ ! � � J7\jYZ_St�_J_�

�}Z_Stao^rZ]SH�_Z]\ta?Uc^H^HjY�7g�Q[J7j}uvSHJNIKU_T[�]jb�%TRU�afQRIK^HT[QVg
Q[Wb� d S#IKZ d G7T[JK£�O . T � J7afWbQRIKUcWbQRZ_\#�t\tUcTRJ d S
abSH�tafWbjsUXW �z / ( 1 J7afWF��WbZ]\H\tUcIKIKJ�\vW��5Z_\H\HJ]�t¢!S�g�Z_SHjsa d S�WYJ�IK^ta7�H\HZ_WbjYJ?J�amWYQ[I�UcWbQRZ_\�U_jbjYQR�_J� �jYJ�^tjbZ_®d SHQ[jYJ�T[J�a�WbJ7\ d Uc\rg
J7aFI�U_jYuvSH�7J7aF^tU_j�TRJ7a d Z_\H\t��J7aFjY��J7T[TRJ7a7�`�!Z]Sta�^5Z_SH�]Z_\ta�\HZ_WbJ�j!U_StaYafQ�uvSHJ d U_\taFTRU
^rUcjbWbQRJ WYJ�IK^rZ]jbJ7T[TRJp�t\tUcTHU_^HjYG7a � � lmZ_SHjsa�T � J7afWbQRI�UXWbQRZ_\�\ � J7afW9^tT[Sta��5Z_\H\tJ_� d*� UcQRT[TRJ�StjYa9g
J�a d Z_\H\t��J7a�Z]\]W��Wb��J�\tT[J7�_�7a d J?T � J7afWbQRIKUcWbQRZ_\(g�U_j�Q[T�abZ_\vW!gsEtUcZ_WbQVuvSHJ7a � �]Z_QRj�afJ�g WbQRZ_\ d Z]\H\H��J�a �
� 0 T�\ � J7afW�^tU_aF�7�vQ d J7\]W
d J d ��WbJ7jbIKQR\HJ�j�uvSHJ�TRTRJoJ�amWFTRU=�

�
Z]^`WbQRI�UcT d U_\ta�TRU��_jsUc^HEtJ_�vIKU_QRa�\HZ]Stap�_J�jYjYZ_\ta ^HT[Sra�g
TVUcQRjbJ7INJ7\vW�g
J

uvSHQ*^rU_aYafJ d U_\taFTRUKabSH�tabJ7g
WbQRZ_\�afStQ[�XUc\vWYJ_�

�}Z_Sta�^5Z_SH�]Z_\ta?g
Z]\tg
TRSHjYJNuvSHJ�g�J�IKZ d G�TRJKQ[IKQ[WbJKTRJKg�Z_IK^5Z_jbWbJ�IKJ7\]W�jY��J�T d S�abSH�tafWbjsUXW�J
W�Q[TkJ�amW
�1U]g
QRT[J d J�T � Q[\vWbJ7jb^tjb��WbJ�j� �g7UcStabJ d J�abUKabQ[IK^HTRQRg�Q�WY�_�
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WbQRZ_\ Uc\vWY��jYQ[J7SHjbJKuvSHJ�\HZ_WbjYJ�IN��WbEHZ d J d�� J�amWYQ�®

I�UcWbQRZ_\� %^tUcjbWbQRj d J?T � J�ur� /�
	�Y1 �7uvSHQR��U_S`W� ��1UcQRjbJoSH\HJojb�7�_jYJ7aYafQRZ_\KTRQ[\H��UcQRjbJ?afQRIK^HTRJ_�3¢!QR\tafQ�\HZ]Sta�U��_Z_\raQR\vWb�7jF}�W� �jYJ��vUcj d J�jKTRJ�g
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[

Z)A �^ 8 * �z 8 J7afW%TVU�afZ]jfWYQ[J�J�amWYQ[IK�]��^ 8 * z 8 J�amW�TVU d Z]\H\H�7J�jb�7J�TRT[J/ �gsErU_uvSHJKQ[\ramWsUc\vW �s��J
W �^ * �z
J�amW�TVU/IKZXe_J7\H\HJ d J�T � J7\tabJ�I%�tT[J d J7a d Z]\H\H�7J7aojb�7J�TRT[J�a���npJNg�Z3JCB/g
QRJ�\vW�� � \HZ_Srao^5J�jYIKJ
WbWbjsU�aYU��_Z_QRj��
J7\3�vQRjYZ_\��XuvSHJ�TRTRJ�J7afW9TRJ�^5Z_SHjsg
J7\]WsUc�]JpJ�h3^tT[QVuvSH�F^rZ]SHj TVU d jbZ]Q�WYJ d J�jb�7�_jYJ7aYafQRZ_\% ?^tU_jfWYQ[j d J�T � J�\tabJ�I��HT[J
d J7a d Z]\H\H��J�a d QVaf^5Z_\HQR�HTRJ7a7�

£�U_Q[\vWYJ�\tU_\]W��9\HZ_StaK^5Z_St�_Z_\ra%jYJ��vUcj d J�j�T[J�g
Z]IK^rZ]jfWYJ�IKJ�\vW�g
Z_jYjYJ7ab^rZ]\ d Uc\vW d S g�Z3JCB/g
QRJ�\vW�� �
^5Z_StjogsEtU]u]StJ �

�
� 1kZ]QRg�Q�TRJ��_jsUc^tEHJ�uvSHQ�\HZ]Sta!^tjb��afJ7\]WYJ�T[J�g
Z_IK^5Z_jbWbJ7INJ7\vW d J�� � ^5Z_SHj d Q[�5�7jbJ7\]WYJ7a

�XU_T[J7SHjYa �
� � � � [ ! � � 


� � U_�rZ]j d \HZ]StaF^5Z_SH�]Z_\taF�]Z_QRj�^5Z_Stj�T � J
h`J�IK^HTRJ�U��_J�gh�
� * � � uvSHJ�\HZ_Sra!U��_Z]\ta�SH\HJ�� � * � 0 ! 
 
 �npJ7TRU��_J7S`W d QRjYJNuvSHJ�TRU d jYZ_Q[WbJ d J�jY���]jbJ�ababQ[Z]\(\HZ_StaoJ
h`^HTRQVu]StJ�J7\ ! 
�0 
 ^rJ7j?g�J�\vW?TRJKg
Z_IK^5Z_jbWbJ7INJ7\vWd J7a d Z]\H\H��J�a�� 0 T*J�amW��7�vQ d J7\]W}uvS � UcS��¡SHj�J�W� NIKJ7abSHjYJ�u]StJ?TVUKg
Z]\tamWsUc\vWbJ d J�aYUXWYSHjYUcWbQRZ_\q�

�
J�amW�^HTRSta
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�
QRT�UcjYjbQR�_J�SH\­IKZ_IKJ7\]W

Z)A T � QR\`�¡Z_jYI�UXWYQ[Z]\­Uc^H^5Z_jbWb�7J/^tU_j�TRJ7a d Z_\t\H��J�a%\ � Uc^t^rZ]jfWYJ�jYQ[J7\ d J�^HT[Sra��9g � J7afWN^5Z_StjNg�J�TVU#uvS � Q[TFafJ
afWYU_�HQRT[QVafJK �^tUcjbWbQRj d�� SH\�g
J7jfWsUcQR\>�

�
� � \�abSHQR��U_\vW�g�J�jsUcQVafZ]\H\HJ7INJ7\vW7�5\HZ_Sta?^5Z_SH�]Z_\ta�g�Z_\tg�T[SHjYJ�uvSHJ

T � Q[\vWbJ7jb�XU_T[TRJ d J|�
�
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Donnees simulees sans bruit Vs Estimation MS2

N: S(t) Estimee
J: Donnees simulees
Error ~ .01%
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Donnees Simulees et bruites N(0,1) Vs Estimation MS2

lam=8.293
lames=4.82
ks=7.1
kses=6.2 

N: S(t) estimee
J: Bruit 
B: Donnes
Error 30% 
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