
HAL Id: inria-00073325
https://hal.inria.fr/inria-00073325

Submitted on 24 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.

L’analyse automatique des images médicales : Etat de
l’art et perspectives

Nicholas Ayache

To cite this version:
Nicholas Ayache. L’analyse automatique des images médicales : Etat de l’art et perspectives. RR-3364,
INRIA. 1998. �inria-00073325�

CORE Metadata, citation and similar papers at core.ac.uk

Provided by INRIA a CCSD electronic archive server

https://core.ac.uk/display/50451478?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://hal.inria.fr/inria-00073325
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  


de  r ech er ch e 


THÈME 3

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

L’analyse automatique des images médicales
Etat de l’art et perspectives

Nicholas Ayache

N˚ 3364

Février 1998





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

Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65

���������	��

�������
��������������������� �!���"�$#$� �%��& ����'(����� �
)*�����+���,�-���$.��!�/�+01� .���01� '2����3$� �

4�57698;:=<?>A@CB�DE>F698;G

HJILK�M�N$O	PRQTSVUWNYX[Z-\]U[^`_-S�IL_-MaM�N�bcM
Zd\eIf^`SLN-g
^hM
Zji-NYkYgmlL_dSLSLnYNYkYgL\�_-SLSfZj^ok[kWZdSf\�Npk

qrXW_ds�N�UutwvL^olLZdxLXWN

yzZjvfvF_-X{Uzl|N}X[NY\eILNYX[\eIfN~SA�;OdO-�j�aP���nY�VX[^hN�X}�Y�-�d�}P��Y�avfZdidNYk

���m�p�������/��NYk��h_did^o\�^hN��okulLN	U[X[Zd^�U[N�M�N�SVU�N�U�l�� ZdSfZj�h�|k{N	lLNYk�^`M
Zji-NYk�M�nYl|^o\�Zd�`NpkuvAN�xL�-N�SVU�ZdvLvA_dXWUWN�X
Zdx�M�npl|NY\�^`S�xLSLN Zd^hl|Nz\�_dSfkW^ol|n�XeZj�L�hN/vF_-xLXw�`N l|^oZji-SL_-k{UW^o\/N�Uw�oZ�vLX[ZjUW^o�VxLN2U[ILn�XeZjvAN�xLUW^o�-xfNd�V�(N�U2ZjXWUW^o\��hN
^hSVUWX[_|l|xL^`U/�hNYk(vF_dUWNYS-U[^hZd�`^`UWnpk/_j�=N�XWUWNYk(vfZdX/\�NYk/SL_dxf�dNYZdx|��_dx|U[^`�ok�gmN�U/vLX[nYkWN�SVU[N�\�_-xLXWU(xLS�n�UeZ9U l|Nu�c� ZdX{U
lLNYk Zd\�UW^h�m^�U[nYk l|N}X[NY\eILNYX[\eIfN�lLZdSfk \�N}l|_-M
Zj^hSLNd�
�¡ f¢p��£e¤d¥¦�m�C�§QTM
ZjidNYXW^hNzM�nYlL^h\YZj�hNdg|ZjSfZd�`�|kWNulE� ^`M
ZdidNdgVU[X[Zd^�U[N�M�N�SVU/l�� ^hM
ZjidNpk�gVX[_d�A_jUW^o�VxLNuM�npl|^h\YZj�hNdg
X[nYZd�`^`UWn��m^hX{U[xLN��h�`N-g kW^hM	xL�oZ9U[^`_-S�l|N$\eIL^hX[xLXWi-^`N

¨/©9ªe«?ª[¬®­c«7¯(°±ªe²±³�´p²�²�´±µ ¶�«?·J³?©j¶{¸�¹ºªe»-°±¯�³�¼�²±²9ªe»®¯�³�°p¯w»o½ ¾¿²±³?­?¹ ­c´Y­�ÀLªe³7­c¯�´±«�³c´±«�»o½ ¹®µzªeÁ]¯�«7¹®¯;µ ¶�°±¹®¸{ªe»®¯



� � � ��'/�	���E���$#$��� ���	��

�����
� ������� ��� �	��� �$.��+�	��� 01� .���0§� 'r�;�]3$� �


�� �Y¢�
��L¤d¢d��� Npl|^o\�Zj��^hM
ZjidN vLX[_|\�NYk[kW^`SLi ZjSfl ZjSfZd�`�|kW^hk�kW_��¿U��JZjX[NYkCM
Z±���LX[^hSLi U[ILN�vLIm�|k{^o\�^oZjS Z
\�_dSfkW^ol|N�XeZj�L�hN/ILN��hv��¦_dXrl|^oZji-SL_-kW^ok�ZdSfl�UWILNYX[Zdvm�d�;HJIL^hk2ZjXWUW^o\��hN/^hSVUWX[_|l|xf\�Npk�UWILNuvF_dUWN�SVU[^hZd�`^`UW^hNYkw_d�ANYXWNpl
�m�
U[ILNYkWN�SLN�� UW_m_d�okYgLZjSfl�vLX[NYkWN�SVU[kJZa�LX[^`N���X[N��m^`N�� _���UWIfN�k{U[ZjUWN�_���UWILN$ZdX{U��¦_-X/X[NYkWNYZdX[\eI�Zd\]U[^`�m^`UW^hNYk
^hS�UWIL^ok l|_-M�Zd^`S��
�����=£! 	 "
�#��d�$� NYl|^o\�Zd��^hM�Zdid^hSLifg|^hM
Zji-N�ZdSfZj�h�|k{^okYg|^`M
Zji-N�vLXW_|\�NYk[k{^hSLifg|M�Npl|^h\YZj�EX[_d�A_jU[^h\Yk�gL�m^hX{U[xfZj�
X[NYZd�`^`U��dg|kWxLX[idN�X[�CkW^`M�xL�hZjUW^h_dS



��� �������	��

����������������������������
�� ���"!#��
���$%�&��'(���)��
 O

* �=�	��.��
� ��'2�������

+�NYk�M�^`�h�`^h_dSFk�lE� ^hM�ZdidNpk}M�nYl|^o\�Zd�`Npk}UWX[^ol|^`M�NYSfk{^h_dSfSLN��h�`Npk-,?O9b�+/.	k{_-S-U�vLXW_|l|xf^�U[NYka\eIfZd�VxLNCZdSLSLn�N
lfZjSfk2�`N�Ma_-Sfl|NzvA_dxfX2n�UeZj�L�h^hX2xLS�lL^hZdidSL_Vk�U[^h\ _-xC\�_-S-U[X10-�`NYXwxLSLN�Zd\]U[^`_-S�UWILnYX[ZdvFNYx|UW^o�VxLNd�L�(NYk2^`M
ZdidNYk
vfXW_9�m^hN�SLSLNYSVUzvLXW^hSf\�^`vfZd�`NYM�N�SVU�l|x U[_dM�_|l|N�SfkW^`UW_dM�K�UWX[N32
XeZ±�d_dSFk54 _dx k[\�ZdSLSLN�Xpgfl|N��?� ^hM�ZdidNYXW^hN}vfZjX
X[nYkW_dSFZjSf\�N�M
ZdidSLn�UW^o�-xfN$_dx Q�y � gAl|N	�?� ^`M
ZdidN�X[^hN}xL��U[X[Z-k{_-SL_dX[N�_dx np\eIL_di-X[ZdvLIL^hNdg|_dx �f^`NYS1l|N$�c� ^hM
Z9b
i-N�X[^`N�l|N}M�nYlLNY\�^hSLN}Smxf\��`npZj^hXWN�_dx kW\�^`SVU[^`i-X[ZdvLIL^hNd�

��NYkJ^hM�ZdidNpk2M�nYlL^h\YZj�hNYk �¦_dxLX[SL^okWkWN�SVU l|NYkJ^hS �¦_-XWM
Z9U[^`_-SfkJk{xfX/�oZ �¦_dX[MaN�N�UJ�hN �¦_dSf\�UW^h_dSLSLNYM�N�SVUzl|NYk
_-XWiVZjSLNpk	l|x \�_-XWvfk�ImxLM
Zj^hS�� � Zj�hILNYxLXWNYxfkWN�M�N�SVUYgw\�NYk�^`S �¦_-XWM
ZjUW^h_dSfk�kW_dSVU�N��VU[X16YM�N�M�N�SVU
l|^87C\�^`�hNYk
2 N��|vL�h_d^`UWN�Xal|NCM
ZjSf^`KYXWN��VxfZdSVUW^`U[Z9U[^`�-NCN�Ua_d�|s�Np\]U[^`�-Nd��trS�N��=N�Upg��L^hN�S �-xfNC�`Npk	^hM
Zji-NYk$Ojb9+ k{_-^`NYSVU
_-XW^hid^hSLNY�`�hN�M�N�SVU$SmxLM�n�X[^o�-xfNYkYg��hN�xLX�N��LZjM�NYS NYk{U	U��mvL^o�-xfN�M�N�SVU�X[nYZd�`^okWn
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vFNYXWM�N�U{U[ZdSVU/l|N�\�_-S �¦XW_-SVUWN�X2�`Npk2^hM
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ZjXe�-xfn�N/NYk{U;vfXWnpk{NYS-U[n�N lLZdSfk � � �|g9�-� �cgjN�U2k{_-SN��mUWXeZjvA_d�oZ9UW^h_dS 2a�?� N�SFk{NYM	�L�hN$l|N$�c� ^hM
Zji-N�Npk�UzvfXWnpk{NYS-U[n�N$lLZdSfk � �dO|gFOL�@� �F�2� N��mvf�`_-^�UeZ9UW^h_dS l|Npk ^`M
ZdidNYk
Q�y � 2�\�_dSVUWXeZdk{UWN�l|N�vLIfZ-k{N}Npk�Uzl|np\�X[^�U[N�lfZjSfk � 
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E�S UWX[_dxf�dN�XeZ xfSLN ZjSfZd�`�|kWN�i-�`_-�fZj�hN l|x*Ma_-xL�dNYM�N�SVU
vfZjXCl|np\�_-MavA_-kW^`UW^h_dS Ma_|lLZd�`N lLZdSfk�� �#>mg
� � � g 2�vfZjXWUW^hX�lLN�M�_|l|K��hNYk�vfZdX[ZdMan�UWX[^h�VxLNpkul|n��¦_dX[M
Zj�L�hNYk�lLZjSfk � � � gE��� g=N�U�N�S1xLUW^h�`^okWZdSVU�xLS§Ma_|l|KY�`NlLn �¦_dX[M
Zj�L�hN�\�_dSVUW^hSmx1NYS �VxfZjUWX[N�l|^hM�N�SfkW^`_-Sfk�lLZjSFk � >j� �c� +�� Zdx|UWX[NYk�ZjvfvLXW_|\eILNpk�kW_dSVU}l|nY\�XW^`UWNpk�lfZjSfk
�h� >L�9g 
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Zji-NYkw�-_d�hxLM�^h�VxLNpk2Z�n�UWnz�hN�kWx9s�N�U/l|NzX[NY\eILNYX[\eILN �hNzvL�hxfk

Z-\]U[^ �flLZdSfk��`N/l|_dM
Zj^hSLN2lLx}UWXeZj^`UWNYMaNYSVU�^hS �¦_dX[M
Z9UW^o�VxLN(lLNYk�^`M
Zji-NYkEM�npl|^h\YZj�hNYk�O9b�+	� ��Zj�A_dX �zNYXWM
ZjS$Z
vfxL�L�h^`n xLS�n�U[Z9U/l|N �?� ZjXWUrk{xfXr�`NzkWx9s�N�U"� � �@�cg-�-xfN �?� _dS�vAN�x|U(\�_dM�vL�hn�U[N�XwvfZdXwxLSLN X[N��mxLNzl|NpkwvLX[^`Sf\�^`vFZjx|�Zd�`i-_dX[^�U[ILM�NYk/N�UukW�|k�U[K�M�NYk lLN��m^ok{xFZj�h^hk[Z9U[^`_-S�vLxL�f�`^hn}vfZjX �mU��-U��}N�UuZd�#�`���dO�� �

twS�i-n�SLnYX[Zd�?gA�hZ��m^hkWxfZd�`^okWZjUW^h_dS§XWNp�-xf^`NYX{U�xLSLN�n�UeZjvANavfXWnY�`^hM�^`SfZd^`X[N�l|N
k{NYidM�N�SVU[ZjUW^h_dS ,?\ ����vFZjXWUW^hN
vfXWnp\�nYlLN�SVUWN�.]� �uSLN�^h�h�`xfk{UWXeZ9U[^`_-S kWvFNp\]U[Z-\�xL�oZj^hX[NCl|N��c� n�U[ZjUal|N��?� ZjXWU	^hSf\��hxfZjSVUaxLS�X[N�Sfl|x �d_d�hxLM�^o�-xfN
lLNYk l|_-SLSLn�Npk l|x �8��^hkW^h�L�`N � ZjS���NYk{UJvfXWnpk{NYS-U[n�N�vfZdX �?� nY�VxL^hvFN$lLN �u_mN�ILSLN$lfZjSfk�� � 
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��Z$X[NY\eILNYX[\eILNzlfZjSfk/\�N�l|_dM
Zj^hSLN�k�� ZjvLvf�`^o�VxLN 2	lLn�;fSL^hXJl|NYk(M�_mlLK��hNYk(idn�_-M�n�UWX[^o�-xfNYkrN�U(�L^h_dM�np\�Z9b

Sf^h�VxLNpk/lLNYk/_dX[i-ZdSLNYkwN�Uzl|NYk(UW^ok[k{xfk(M�_dxfk/vA_dxLX kW^`M�xL�hN�X/N�SCU[N�M�vfkJX[n�NY�F�hN�xLX l|n��¦_dX[M
Z9UW^h_dS�gVl|np\�_-xLvFN
_-x kWx|UWxfXWN-�;��NYka\�_-S-U[X[Zd^`SVU[NYkal|x�U[N�M�vfk�X[n�N��/^hMavf�`^o�VxLN�SVU
�hZ kW�VSVU[ILKYkWN�l|Npka^`M
Zji-NYk�21�oZ \�ZdlLN�Sf\�N
lLN�>j� � �-g=N�U��`Na\�Zj�o\�xf�;lLNYk �¦_dXe\�NYk�ZjvfvL�`^o�VxLn�NpkuNYS1X[N�U[_dxLX�k{xfX��hNYk�^hSfk�U[XWxfMaNYSVU[k�\eIL^`X[xLX[id^o\�Zdx|� 2��hZ
\YZdl|NYSf\�N}l|N�vL�hxfkW^`NYxLXek \�N�SVUeZj^hSLNYk l|N �uN�XWU ��,¿U��mvL^o�VxLN�M�NYS-UuO0� � � ��.]�
�/NYZdxf\�_-xLv lLN�U[X[Z±�9ZjxL� kY� ZjvLvLxf^`NYS-U
kWxLXalLNYk�M�_|l|K��hNYk�l|N�U��mvFN�M
Zdk[k{Npk�b XWNpkWkW_dXWU[kYg�\YZjXa^`�okavFNYX{b

M�N�U{UWNYSVU�xfSLN�^hM�vL�hn�M�N�SVU[ZjUW^h_dS XWNY�hZjUW^h�dNYMaNYSVUakW^`M�vL�hNdgwN�U�l|NpkaUWNYMavFkalLN \YZj�o\�xL�JXeZj^ok{_-SLSfZd�L�`Npk � �Lg

 �|g��#>��c� +�ZjSFk��`N��oZj�A_dXeZ9UW_-^`X[N � tryz��l|N�� ^`U[kWxL�L^okWIL^rtw�hNY\]U[XW^o\�2��/_-k{UW_dS�g���^h�fkW_dS � � >��2vLX[N�SFl1NYS
\�_dM�v|U[N
�hZ�SfZjUWxLX[N
�d_-�`xLM�^o�VxLN
l|NYk}_-XWiVZjSLNpk�Z±�dNY\axLSfN
�`_-^2l|NCl|n��¦_dX[M�ZjUW^h_dS��VxL^rNYk{U	l|nYXW^h�dnYN�l�� xLS
M�_|l|KY�`N	lLN$U��mvFN�M
Zdk[k{Npk�b XWNpkWkW_dXWU[kY�f�(_9�dNYX � >#>���Z�l|n��-N��h_dvLvAn$xLS1Ma_|l|KY�`N�l|N	vL�oZd�VxLNpkzM�^hSf\�NpkzvA_dxLX
kW^hM	xL�hN�X �oZ�\eIL^`X[xLX[id^hN�lLN}�hZa�dnpk{^o\�xf�`N��L^h�`�h^oZj^hXWN-�

��NYk�n��hn�M�N�SVU[k ;fSL^ok�vFNYXWM�N�UWUWNYS-U;l|N2M�_|l|nY�`^ok{NYX�vL�hxfkK;fSLNYM�N�SVU��hNYk�vLX[_dvLX[^`n�UWnpkE�L^h_dM�nY\YZjSL^o�VxLNYk�l|NYk
U[^hk[kWxfk2M�_-xfk��-QT�hk/kW_dSVU(M�_d^hSfk(\�_dxfX[ZdMaM�NYS-U(x|UW^h�`^okWnYkYgm\YZjX(�`NYxLX2^hM�vL�`nYM�N�SVU[ZjUW^h_dSCNpk�U/vL�`xFk(\�_dM�vL�hN��|Ndg
N�U �`NYxLXJx|UW^h�`^ok[Z9UW^h_dS�vL�hxfk \�_��|UWNYxfk{N�N�S�UWNYM�vfk l|N�\�Zj�o\�xf�?� @unYZjSfMa_-^`SFk � �d� �EZ�vLX[_dvA_-kWn�xfSLN�Man�UWIL_|l|N
vA_dxfX�kW^hM	xL�hN�X�l|N�M
ZjSL^hK�X[N	X[nYZd�`^ok�U[N��oZ�l|n �¦_-XWM
Z9U[^`_-S �d_-�`xfMa^o�VxLN�l|N��c� �}^`�wNYS1x|U[^`�h^hk[ZjSVU�xLS Ma_|l|KY�`N
lLN$M
Z9UWnYXW^oZjxL��n��oZdk{UW^o�VxLN$O9b�+~^hSf\�_-MavfXWNpkWkW^`�f�`N-� �zS Zdx|UWX[N}N��|N�M�vL�hN	l|N$kW^hM	xL�oZ9U[^`_-S lLN$�hZ�\eIL^`X[xLX[id^hN
lLN��c� _VNY^`� Npk�UCl|_-SLSLn vfZdX � �d� �c�r��NYk
kW_d�hx|UW^h_dSfkavLX[_dvA_-kWn�Npk�lfZjSfk
\�NYkaUWXeZ±�9Zjx|��kW_dSVU�UWX[KYkan��h_d^hidSfn�NYk
l�� ZdvLvL�h^h\YZ9UW^h_dSFkrN�SCUWN�M�vfk{b XWnYN��c�#+�� Zdx|UWX[NYk(ZjvLvLX[_|\eILNYk(k{_-SVU(l|nY\�XW^`UWNpk2lLZdSfkr�hNYk(X[n �¦n�X[N�SF\�NYk(k{xf^`�9ZjSVU[NYk 	
�h� >|gd���f�jgY�0��� � �uS$n�UeZ9U�l|N2�?� ZjXWU�kWxLX��oZJM�_mlLn��h^hk[Z9U[^`_-S$l|NYk�UW^okWkWxfk�M�_-xfk�Z n�UWnrvfxL�L�h^`n(vfZjX
�	� +�N��h^hSLidN�U{UWN
� O � �c�

+�ZjSfkr�?� nY�VxL^hvFNztrvL^hlfZjxLX[N l|N �?� Q @uyzQ8!$g �=�m�(_jUW^hS�N�U �$�#+uNY�`^hSLidN�U{U[N _dSVUr^`SVU[XW_|l|xL^`UwxLSLNzZdvLvLX[_m\eIfN
�VxL^|vAN�X[M�N�Url|N l|n��¦_dX[MaNYX�xfS�_-�|s�N�Uw�d_-�`xfMa^o�VxLN/n��oZdk{UW^o�-xfN(�h^`SfnYZj^hX[N(N�UwlLNJ\YZj�o\�xL�hN�X;�hNYk	�¦_-X[\�NYk�vFNYXS��xLNYk
NYS�X[N�U[_dxLXJNYS�U[N�M�vfkJX[n�N��c�F�(NY\�^ENYk{U XWNYSfl|x�vF_VkWkW^`�f�`N�vfZjX �hN}\�Zd�h\�xL�EvLX[nYZj�oZj�f�`N�l|N}l|n �¦_-XWM
Z9U[^`_-Sfk/n��hn�b
M�NYS-UeZj^hXWNpkr�VxL^=k{_-S-U2k{UW_|\ 
-n�NYkrxLSLN �¦_-^hk2vF_-xLXrU[_dx|U[NYk2vF_-xLX2xLS�_dX[i-ZjSfNJlL_dSLSLn � >L�jgf�p��� �|�(NzM�_|l|KY�`NuZ
n�UWn�XeZ�7
SLn�vF_-xLXJ^`SVUWX[_|l|xL^hXWN�l|NpkJSL_dS|b �h^`SLnpZjX[^�U[nYk(vFNYXWM�N�U{U[ZdSVU lLN�M�^hN�x|��ZjvLvLX[_±�|^`M�NYX2�hN�\�_dM�vA_dXWUWN�b
M�NYS-Ur�f^`_-Manp\�ZdSL^h�VxLNzlLNz\�N�XWU[Zd^`SFk�UW^okWkWxfkwM�_dxFk � > ��� �m�(NJUWXeZ±�9Zj^h�|NYk{U2Zd\�UWxLNY�`�hN�M�N�SVU2vfXW_-�`_-SLidnJlLZjSFkw�`N
\YZdl|X[NJlE� xfSLNzZd\�UW^h_dSa^`Sf\�^�UeZ9U[^`�-N/X[N�i-XW_-xLvfZdS-U;\�^hSf�}np�-xf^`vANYkrlLN/�c� Q @uy Q8!�kWvFnp\�^oZj�h^hkWn�Npk;XWNpk{vANY\�UW^h�dNYMaNYSVU
NYSCZjSfZd�`�|kWN N�UJk{�mSVUWILKpk{Nzl�� ^hM
ZjidNpk�gV\�Zd�h\�xL�Fk[\�^hN�SVUW^);F�VxLN-gd�L^h_dM�nY\YZjSL^o�VxLN N�U/XW_-�F_dUW^o�VxLNdgdkWxLX(�`NuUWILKYMaN
�{M�_|l|n��h^hk[Z9U[^`_-S�lE� _dX[i-ZdSLNYk�vA_dxLXw�oZ�k{^hM	xL�oZ9U[^`_-SalLNJ\eIf^`X[xLX[id^hN �]�&E�SavA_dxLX[X[Z�\�_-SfkWxL��U[N�X;�hNzk{^`UWNJ^hS-U[N�X[SLN�U
kWxL^h�9ZjSVU vF_-xLX vL�hxfkzl|N$l|n�U[Zd^`�ok 	|IVU{U[v 		�
� � � �}� ^hSLXW^oZL� �¦X��±N�vf^hlLZdxLX[N�� !uQ �mQ �
�jZj^ok{^hM � IVUWM��c�
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q;Zdk[kWN�X	l|N��hZ kW^`M�xL�oZ9UW^h_dS 2 �oZ X[nYZd�`^okWZjUW^h_dS�\�_-Sf\�X[K�U[NCZ±�dNY\axLS X[_d�A_jUalE� xfSLNC^hS-U[N�X[�dNYS-U[^`_-S \eIf^�b

X[xLX[id^o\�Zd�`N�_dx�l�� xLSfN}X[Z-l|^`_dUWILnYX[ZdvL^hNdgVNYk{UJxfS�l|_-M
Zj^hSLN}l|N�XWNp\eILN�Xe\eILNzU[XWKpkJZd\]U[^ ���Lq�_-xLX xLSLN�vLX[N�M�^hK�X[N
N��L\�xLXek{^h_dS lLZjSFk
\�N l|_-M�Zd^`SfNdgw�hNYk��hNY\]U[N�xLXek�^hS-U[n�X[NYk[k{npkavFNYxL�dNYS-U�\�_dSfkWxL�`UWNYX
�`Npk�vLxL�L�h^h\YZ9U[^`_-Sfk
k{xf^�b
�9ZdS-U[NYk 	�� �-�|g >jO �cgLZd^`SfkW^��VxLN$l|N}SL_-M	�LX[N�xL��\eIfZjvL^`UWX[NYk lLx��h^`�mX[N�� � � � �
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�f� Npk{vAK�X[N Z±�d_-^`X
\�_-Sm�±Zd^`SF\�x �`N �hNY\�UWN�xfX�l|NYk �¦_dX[Ma^olLZd�L�`Npk�vF_dUWNYS-U[^hZd�`^`UWnpk
_j�=N�XWUWNpk�vfZjX
�c� ZjSfZd�`�|kWN
Zdx|UW_-M
Z9UW^o�VxLN
l|NYk$^`M
Zji-NYk�M�nYlL^h\YZj�hNYkYgEN�U$�c� Z±�-_d^hX�i-xL^ol|n<2�UWXeZ±�dNYX[k�\�NYX{UeZj^hSLNYk}l|Npk$Zd\�UW^h�m^�U[nYk$l|N
X[N�b
\eIfN�Xe\eILNu�hNYk/vL�hxfkJZd\�UW^h�dNYk/Zjxjs�_dxLXelE� IVxf^?���/^`NYS�N�SVU[N�Sfl|x��oZ$�h^hk{UWN}l|N�\�Npk/Z-\]U[^`�m^`UWnYk/l|N�X[NY\eILNYX[\eILNuS�� Npk�U
vFZdk/N��|IfZdxfk�U[^`�-N�,7^`��M�ZdSf�VxLN�vfZjXJN��mNYM�vL�`N��c� N��mUWXeZj_dXel|^hSfZj^hX[NuNYk[kW_dXJZd\]U[xLN���lLN��c� ZjSfZd�`�|kWN�l|NpkJ^`M
ZdidNYk
�¦_-Sf\]U[^`_-SLSLNY�`�hNYkw_-x
l|NYkwnp\eIL_di-X[ZdvLIL^hNYk;O9b�+=.]gjM
Zj^okw�c� _-�|s�NY\�UW^ �An�U[Zd^�U(lfZ±�±ZdSVU[Zji-N/lLNzl|_dSLSfN�XrxLSfNz�m^hkW^`_-S
i-�`_-�fZj�hN�N�Uul|^h�dNYX[kW^8;Fn�N�l|x l|_dM
Zj^hSLN-�

� 6YM�N1k{^�l|N SL_dM��LX[N�x|� vLXW_dUW_dU��VvANYk�vAN�X[M�N�UWUWN�SVU�l|N§l|n�M�_dSVU[XWNYX
�`Npk
vLX[_didX[KYkaX[N�M
ZjXe�VxfZj�f�`Npk
X[nYZd�`^okWnYk
Zjx \�_dxLXek
l|N1\�NYk�l|N�X[SL^hK�X[NYk
ZjSfSLn�Npk�gr�oZ vL�hxLvfZdX{U�lLNYkCvfXW_-�L�`KYM�NYkCk[\�^hN�SVUW^);F�VxLNpkCZj�A_dXel|nYk
lLN�M�N�xLX[N�SVU$_-xL�dNYX{Uek�����N�xLX�XWnpk{_-�`x|U[^`_-S§N��ANp\]U[^`�-NCM�_d�L^h�`^okWN�XeZ�vAN�SFlLZjSVU	NYSf\�_-XWN
l|NC�h_dSfidxLNpk$ZjSLSfn�NYk
lLNYk�nY�VxL^hvFNpk}\eILN�Xe\eILNYxLX[k�N�S§M
Z9UWIfn�M
Z9U[^h�VxLNpk}ZjvLvL�h^o�-xfn�NYkYg=^`S �¦_dX[M�ZjUW^o�VxLNdg=vLIm�|k{^o�VxLNaN�U}M�nYl|Np\�^hSLNd�
��N�xLXekJX[nYkWxL��UeZ9Uek(�m^hN�SflLXW_-S-U vLX[_di-XWNpkWkW^h�dN�M�NYS-U/XWnY�d_-�`x|U[^`_-SLSLNYX/�oZavLXeZ9UW^o�VxLN�M�nYl|^o\�Zd�`N}l|N$l|NYM
Zj^hS��
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�a� �mxL�fkW_d�cg�ZdSfl �L� q���HJIL^hX[^`_-S vF_-xLX$�hN�xLX
Zd^hlLN�lLZdSfk/�hZ�vLX[n�vfZdX[ZjUW^h_dSCl|N�\�N�l|_|\�xLM�NYS-Upg|Zj^hSfk{^E�VxLN��`N�kW_dx|U[^`NYS�vAN�X[M�ZdSLN�SVU/N�Uzk�U[^`M�xL�oZjSVUJlLN��a�
�}ZdILS��
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