
HAL Id: inria-00071659
https://inria.hal.science/inria-00071659

Submitted on 23 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.

A Probabilistic Framework for Adaptive Texture
Description

Karen Brady, Ian Jermyn, Josiane Zerubia

To cite this version:
Karen Brady, Ian Jermyn, Josiane Zerubia. A Probabilistic Framework for Adaptive Texture Descrip-
tion. RR-4920, INRIA. 2003. �inria-00071659�

https://inria.hal.science/inria-00071659
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
49

20
--

F
R

+
E

N
G

ap por t  
de  r ech er ch e 

THÈME 3

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

A Probabilistic Framework for Adaptive Texture
Description

Karen Brady — Ian Jermyn — Josiane Zerubia

N° 4920

Septembre 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

� �������	����
�
����
��������������������� ���!�#"	��$���
&%��(')��*+��,-���
. �/���0�1
2$���
2�43

57698;:=<?>@8A69B�CEDGF269<IH9:=8;JKCL<MDNH9O9PRQS69<1:UT�:=8RV�W1QX6

Y[Z]\A^7_�`-acbedgf2_AhikjAf&lnmkdoZ]mk^p^7_Rqr^sikjZ�ltd]_vu
lt^si=wx_ yzuL{�mkd�d]| _ yzu]j mkd�dLi=lny2yi=d]j _ y

}/h2m=~&_Af��4h&l�i=dLi

�4i=���1mkh&f�{�_�h2_ j2Z]_Ah2jZ]_�d��0�g�v�v��a��9_A��f2_A^-��h2_-�v�v�v`-a��v�p�Li=wx_ y

�K��� �z�����x�x� Y[Z�lnyUh2_A�1mkh&fU{�_Afi=lt�nyUf&Z]_�{�_A�x_A�nmk��^7_Adgf�m=�-i���h2mk�Li=��lt�tlny&f&lnj��Xhi=^7_A��mkh& ¡�¢mkh
ik{]i=��f&lt�x_�f2_R£¤f&¥�h2_p{�_ y2jAh&lt��f&lnmkdN¦7�§fi=h&f&ltd�w��¨ltf&Z�iK��h2mk�Li=��lt�tltfª©«{¤lny&f&h&lt��¥�f&lnmkd?mkd«f&Z]_	y2�Likj _
m=�4ltd¤¬]d�ltf2_Klt^si=wx_ yu/�®_Uwx_Ad]_Ahi=f2_�i�{¤lny&f&h&lt��¥�f&lnmkd¡mkdI¬]d�ltf2_Kh2_Awvlnmkd]y��§©�^si=h&wvltdLi=�tlnyi=f&lnmkdN¦
¯Lmkh¨ip°�i=¥]yy&l�i=dU{¤lny2f&h&lt��¥�f&lnmkdNu�f&Z]_+j mk^p��¥�fi=f&lnmkdLi=�Nh2_ ±g¥�lth2_A^7_Ad§f�m=�0{¤l�i=wxmkdLi=�tlnyi=f&lnmkd²�n_zik{�y
dLi=f&¥�hi=�t�t©�f2m�ik{]i=��f&lt�x_K��i �x_A�n_Af��Likj x_Af	^7m9{�_A�ny-�¨Z�lnj2ZEjzi=��f&¥�h2_sf&Z]_K��h&ltd]jAlt�Li=�®�1_Ah&lnm9{¤lnjRq
ltf&ln_ y³��h2_ y2_Adgf-ltd«f&Z]_pf2_R£9f&¥�h2_ y-i=d]{�i=�t�nmz�´�nmkd�wkqrhi=d�wx_sj mkh&h2_A��i=f&lnmkd]y³�¨Z�lt�n_7��h2_ y2_Ah&�§ltd�wof&Z]_
ltd]{�_A�1_Ad]{�_Ad]j _�m=�µf&Z]_+��iz�x_A�n_Af4�Likj x_Af4j m9_R¶sjAln_Adgf2yz¦

Y[Z]_ y2_³^7m9{�_A�ny4i=h2_�f&Z]_Ad�i=�����tln_ {�f2mpf&Z]_³fiky& ²m=�·y2_Awv^7_Ad§fi=f&lnmkdN¦�YN��mK{]i=fi7fª©9��_ y@i=h2_
ltd]jA�t¥]{�_ {�ltd�mk¥�hKf2_ y&fs�1_ {G¸�y&©§d§f&Z]_Af&lnj�¹�h2m9{]i=f&ºo^7mvyi=lnj y)i=d]{¡Z�ltwvZ¤qrh2_ ymk�t¥�f&lnmkd»y;i=f2_A�t�tltf2_
lt^si=wx_ y¦¨¯]mkh4f&Z]_-jziky2_³m=�·f&Z]_-y&©§d§f&Z]_Af&lnj�f2_R£¤f&¥�h2_ yzuL¥�d]{�_ jAlt^si=f2_ {��x_Ah2y2lnmkd]y4m=�/f&Z]_-��i �x_A�n_Af
�Likj x_Af�f&hi=d]y¼�¢mkh&^½i=h2_+¥]y2_ {)f2mp{¤l�i=wxmkdLi=�tlny2_�f&Z]_�°³i=¥]y2y&l�i=d²{¤lny&f&h&lt��¥�f&lnmkdo_R¶sjAln_Ad§f&�t©xu�i=�t�1_Altf
i=����h2mz£9lt^si=f2_A�t©x¦4Y[Z�lny4_AdLi=���n_ y4¥]y�f2ms��_Ah¼�¢mkh&^¾i7��l¿£¤_A�t�¨lny_�jA��iky2y&l¿¬Ljzi=f&lnmkdÀm=�/f&Z]_³^7mvyi=lnj y¦
�Áh2_Awv¥���i=h&lnyi=f&lnmkd�y&f2_A�Àlny+f&Z]_Ad«lt^p���n_A^7_Adgf2_ {ÂltdÂmkh2{�_Ah@f2m�i=h&h&lt�x_7i=f³iUy&^7m9mkf&Z�¬]dLi=�·y2_Awkq
^7_Ad§fi=f&lnmkdN¦·bedsmkh2{�_AhÃf2m³mk��fi=ltdKf&Z]_��1_ y&f·�1mvy2y&lt���n_¨h2_ y2¥��tf2y/�¢mkh·f&Z]_�h2_zi=��{]i=fiky2_Afzuxf&Z]_�^7_zi=d
m=�0f&Z]_@{¤lny2f&h&lt��¥�f&lnmkd²lny®ltd]jA�t¥]{�_ {)ltdUf&Z]_@^7m§{�_A�r¦/Y[Z]_�i=����h2mz£9lt^si=f&lnmkd�^sik{�_@�¢mkh�f&Z]_@jA��ikyy&l¿q
¬Ljzi=f&lnmkd�m=��f&Z]_+y&©§d§f&Z]_Af&lnj+f2_R£9f&¥�h2_@^7mvyi=lnj y�lny®f2_ y2f2_ {²mkdUf&Z]_@h2_A^7mkf2_�y2_Ad]y2ltd�w	lt^si=wx_ yu¤��¥�f
ltf+��h2m9{¤¥]j _ y�¥�d]yi=f&lny¼�rikjAf2mkh&©�h2_ y&¥��tf2yz¦	Y[Z]_Ah2_R�Ämkh2_p��_�ltdgf&h2m9{¤¥]j _siKZ]_A¥�h&lny&f&lnj7jA��iky2y2l¿¬Ljzi=f&lnmkd
f2_ jZ�d�ln±g¥]_³�Ämkh4f&Z�lny�{]i=fiky2_AfzuL�Liky2_ {�mkdÀip{�_ jAlt^si=f2_ {o�[i �x_A�n_Af@�Likj2 x_Af@f&hi=d]y¼�¢mkh&^�¦�Y[Z]_³h2_Rq
y2¥��tf&ltd�wUy2_Awv^7_Ad§fi=f&lnmkd«lny�f&Z]_Ad�h2_Awv¥���i=h&lny2_ {�¥]y&ltd�wUf&Z]_-y;i=^7_�^7_Af&Z]m9{�iky@ltd�f&Z]_-y2©§d§f&Z]_Af&lnj
jziky_v¦/��_ y&¥��tf2y�i=h2_³��h2_ y2_Adgf2_ {)�¢mkh��1mkf&Z²fª©9��_ y�m=�µ{]i=fi7i=d]{�i�{¤lny2jA¥]y2y&lnmkd)�¢mk�t�nmz��yz¦
Å�ÆxÇ1È2É-Ê ��Ë��x� lt^si=wx_4y2_Awv^7_Adgfi=f&lnmkdNu9f2_R£¤f&¥�h2_4i=dLi=�t©¤y&lnyzugik{]i=��f&lt�x_4�Liky&lnyzuv�[i �x_A�n_Af[�Likj2 x_Af2y
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 _	hi=���1mkh&f+��h2| y2_Adgf2_p�n_�{�|A�x_A�nmk���1_A^7_Adgf�{� ¥�dÀd]mk¥��x_zi=¥�jzik{¤h2_	��h2mk�Li=��lt�tlny&f2_
j mkZ]|Ah2_Ad§f®�1mk¥�h·��i�{�_ yjAh&lt��f&lnmkdUik{]i=��fi=f&lt�x_@{�_¨f2_R£9f&¥�h2_v¦��/dK�Li=h&fi=dgf�{� ¥�d]_�{¤lny&f&h&lt��¥�f&lnmkdU{�_
��h2mk�Li=��lt�tltf2|¨y2¥�h�¥�dp_ y&�Likj _[{� lt^si=wx_ y/ltd¤¬]d�ln_ yukd]mk¥]yµwx|Ad]|Ah2mkd]y/¥�d]_[{¤lny&f&h&lt��¥�f&lnmkd7y&¥�h/{�_ y�h2|Rq
wvlnmkd]yÃ¬]d�ln_ y®�Li=h®^si=h&wvltdLi=�tlnyi=f&lnmkdN¦Ã}0mk¥�h�¥�d]_4{¤lny2f&h&lt��¥�f&lnmkdKwgi=¥]y2y2ln_Ad�d]_vug�n_ y�j mkdgf&hi=ltd§f2_ y¨{�_
jzi=�njA¥�� lt^p��mvy2| _ y��Li=h���ip{¤l�i=wxmkdLi=�tlnyi=f&lnmkd�d]mk¥]y�j mkd]{¤¥�lny2_Ad§f4dLi=f&¥�h2_A�t�n_A^7_Ad§f��7{�_ y¨^7m§{�\A�n_ y
¥�f&lt�tlny;i=dgf�{�_ y��Lik±§¥]_Af2y�{� mkd]{�_A�n_Af&f2_ y�ik{]i=��fi=f&l¿�¢yz¦ 
 _ y�^7m9{�\A�n_ y	h2_��L\Af2_Adgf	�n_ y���h&ltd]jAlt�Li=�n_ y
�1|Ah&lnm9{¤lnjAltf2| y¨��h2| y2_Adgf2_ y�{]i=d]y¨�n_ y¨f2_R£¤f&¥�h2_ y�_Af¨��_Ah&^7_Af&f2_Ad§f�|Awgi=�n_A^7_Adgf@{� i �xmklth�{�_ y�j mkh&h2|A��i�q
f&lnmkd]y����nmkd�wv¥]_��1mkh&f2| _�f2mk¥�f�_Ad���h2| y2_Ah&�vi=dgf4��� ltd]{�|A��_Ad]{]i=d]j _-{�_ y�j m9_R¶sjAln_Adgf2y@{�_ y��Lik±§¥]_Af2y
{� mkd]{�_A�n_Af&f2_ y¦
�4mk¥]y³iz�xmkd]y³i=�����tln±g¥]|�d]mkf&h2_�^7|Af&Z]m9{�_��K��iKy_Awv^7_Adgfi=f&lnmkdN¦��+_A¥¤£�fª©9�1_ y�{�_	{�mkd�d]| _ y

¬]wv¥�h2_Ad§f�{]i=d]y�d]mkf&h2_�_Ad]y_A^����n_�{�_+f2_ y2fz¸/{�_ y¨^7mvyi��r±§¥]_ y�y&©9dgf&Z]|Af&ln±§¥]_ y�{�_�¹�h2m§{]i=f&º-_Af�{�_ y
lt^si=wx_ ysyi=f2_A�t�tltfi=lth2_ y7ZLi=¥�f2_²h2| ymk�t¥�f&lnmkdN¦���i=d]y��n_�jzikyp{�_ ypf2_R£¤f&¥�h2_ ysy&©9dgf&Z]|Af&ln±§¥]_ yzu®d]mk¥]y
¥�f&lt�tlnymkd]y-��io�x_Ah2y&lnmkdEd]mkd¤qª{�| jAlt^7| _²{�_K��i�f&hi=d]y¼�¢mkh&^7| _)_Ad?�Lik±§¥]_Af2yp{� mkd]{�_A�n_Af&f2_ y7i�¬]dE{�_
{¤l�i=wxmkdLi=�tlny_Ah	��i�{¤lny&f&h&lt��¥�f&lnmkd�wgi=¥]y2y2ln_Ad�d]_K{�_K^si=d�ln\Ah2_²_R¶sjzikj _vu/��ln_AdE±g¥�� i=����h2mz£9lt^si=f&lt�x_v¦

 _A��isd]mk¥]y@��_Ah&^7_Af�{� _��G_ jAf&¥]_Ah+¥�d]_-jA��iky2y2l¿¬Ljzi=f&lnmkdÀ{�_-��is^7mvyi=ln±g¥]_-��l¿£�_A�0�Li=h@��l¿£¤_A�r¦��4d]_
|Afi=�1_�{�_	h2|Awv¥���i=h&lnyi=f&lnmkdÂ_ y&f+_Ad]y&¥�ltf2_p_��1_ jAf&¥]| _pi�¬]d«{� i=h&h&lt�x_Ah �K¥�dÀh2| y&¥��tfi=f�{�_	y_Awv^7_Ad¤q
fi=f&lnmkd�¬]dLi=�����t¥]y4�tlnyy2_v¦���¬]d�{� mk��f2_Ad�lth+�n_ y�^7_Alt�t�n_A¥�h2y+h2| y2¥��tfi=f2y��1mvy2y&lt���n_ y@{]i=d]y@�n_�jziky@{�_
{�mkd�d]| _ y�h2| _A�t�n_ yzu���i	^7m©x_Ad�d]_�{�_+��ip{¤lny&f&h&lt��¥�f&lnmkd�_ y&f�_Ad]y&¥�ltf2_+ltd§f&h2m§{¤¥�ltf2_-{]i=d]y��n_+^7m9{�\A�n_v¦
!"� i=����h2m £¤lt^si=f&lnmkds�ri=ltf2_¨�1mk¥�h·��i�jA��iky2y&l¿¬Ljzi=f&lnmkdU{�_ y·^7mvyi=ln±§¥]_ y·{�_¨f2_R£¤f&¥�h2_ yÃy2©§d§f&Z]_Af&ln±g¥]_ y[i
|Af2|�f2_ y&f2| _[y&¥�h/{�_ yµlt^si=wx_ yµh2| _A�t�n_ yzux^si=lnyµ�n_ yµh2| y&¥��tfi=f2y/mk��f2_Adg¥]y/d�� |Afi=ln_Ad§f·�Liky/yi=f&lny¼�ri=lnyi=d§f2yz¦

 � _ y2f/��mk¥�h2±§¥]mkl]d]mk¥]yÃiz�xmkd]yÃltd§f&h2m§{¤¥�ltfzug��mk¥�hÃj _[fe©§�1_�{�_¨{�mkd�d]| _ yzug¥�d]_¨f2_ j2Z�d�ln±§¥]_�{�_�jA��iky¼q
y2l¿¬Ljzi=f&lnmkd�Z]_A¥�h&lny&f&ln±§¥]_³�Liky2| _³y2¥�h¨��i�f&hi=d]y¼�¢mkh&^7| _�_Ad��Lik±§¥]_Af2y�{� mkd]{�_A�n_Af&f2_ y@{�| jAlt^7| _v¦#! _ y
h2| y2¥��tfi=f2y4{�_-y2_Awv^7_Adgfi=f&lnmkd«y2mkd§f@_Ad]y&¥�ltf2_�h2|Awv¥���i=h&lny2| y$�p��� i=ln{�_-{�_³��ip^�%A^7_-^7|Af&Z]m9{�_-±§¥]_
{]i=d]y��n_�jziky�y&©9dgf&Z]|Af&ln±§¥]_v¦"�@mk¥]y���h2| y_Adgf2mkd]y��n_ y�h2| y&¥��tfi=f2y��1mk¥�h�jZLik±g¥]_�fe©§�1_³{�_³{�mkd�d]| _ y
_Af�j mkd]jA�t¥]mkd]y4�Li=h¨¥�d]_³{¤lny2jA¥]yy&lnmkdN¦
& Ê �z� È �(' � �Â� y2_Awv^7_Ad§fi=f&lnmkd�{� lt^si=wx_vuµi=dLi=�t©9y2_�{�_�f2_R£¤f&¥�h2_vuN�Liky2_7ik{]i=��fi=f&lt�x_vu0�Lik±§¥]_Af2y
{� mkd]{�_A�n_Af&f2_ y
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( * Ê �@:��N�'& %BA � ,0Æ9C � Ê �����D& '
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L ¦ � �§©9dgf&Z]_Af&lnj ��i=fi ¦�¦³¦�¦³¦�¦³¦³¦�¦�¦�¦³¦�¦³¦³¦�¦³¦�¦�¦³¦�¦³¦�¦³¦�¦³¦�¦�¦³¦�¦ Gz`
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M �N:D: '
&X�x�¤�'& Ê % ��O Æ A � Æ % �z�¤�'& Ê % Ê 2E4 Æ76 � � � Æ ËPO1� Æ % Æ � #�<
Q ¦HG � }/h2mk�Li=��lt�tlny&f&lnj	�§fi=f2_A^7_Ad§f@m=�µf&Z]_�}/h2mk���n_A^ ¦³¦�¦�¦³¦�¦³¦�¦³¦�¦³¦�¦�¦³¦�¦ G Q
Q ¦ � �§©9dgf&Z]_Af&lnj ��i=fi ¦�¦³¦�¦³¦�¦³¦³¦�¦�¦�¦³¦�¦³¦³¦�¦³¦�¦�¦³¦�¦³¦�¦³¦�¦³¦�¦�¦³¦�¦ GSR
Q ¦ ` ��_zi=����i=fi ¦�¦³¦�¦�¦³¦�¦³¦�¦³¦³¦�¦�¦�¦³¦�¦³¦³¦�¦³¦�¦�¦³¦�¦³¦�¦³¦�¦³¦�¦�¦³¦�¦ �v`

? $�% � Æ �1:�� Æ �z�¤�'& Ê % )TM

F 8 &X�z� � �z�1& Ê % Ê % � ,0Æ * ,0Ê &X� ÆoÊ 2 & Ê Ë Æ ' )�?

U * Ê % � ' �0�'& Ê % �p� % ËV.�� � � � ÆXW Ê ��0 =KY

� 8²Æ ��&;Z[& %BA � C � Ê �����D& '
&S� Ç & Æ ��� �0� Æ�Ê % �@.\& % &S� Æ �UÆ A & Ê % =-)
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�	¦HGv¦HG 
 mk^p���n_Af&ltd�wsf&Z]_��9±§¥Li=h2_�ltd`]ca_ ¦³¦³¦�¦³¦�¦�¦³¦�¦³¦�¦³¦�¦³¦�¦�¦³¦�¦ `=�
�	¦ �edÀi=h&wvltdLi=�tlny&ltd�wKm�x_Ah �/�n_A^7_Adgf2y4ltd`] a_ ¦�¦³¦³¦�¦³¦�¦�¦³¦�¦³¦�¦³¦�¦³¦�¦�¦³¦�¦ ` Q
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Y[Z]_7i=��lt�tltfe©�f2m²{�_ yjAh&lt��_7i=d]{Âi=dLi=�t©¤y2_	f2_R£9f&¥�h2_�lny³i=d«ltd§f2_Awvhi=�·�Li=h&f³m=�[^si=dg©�lt^si=wx_���h2m=q
j _ yy&ltd�w�i=�����tlnjzi=f&lnmkd]yz¦Mbªd�f&Z]_²^7_ {¤lnjzi=�@{�mk^si=ltdNu®�Ämkhs_R£]i=^p���n_vu®f2_R£9f&¥�h2_o�Liky2_ {I�Ä_zi=f&¥�h2_ y
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f&Z]_	{¤l�i=wvd]mvy&lny+m=�·^si=�tltwvdLi=dgf�f&lnyy&¥]_��HGz���ª¦@Y _R£¤f&¥�h2_	lny@i=�nyms¥]y2_ {�ltdoltd]{¤¥]y2f&h&©²�Ämkh@f&Z]_-��¥�h¼q
�1mvy2_ y�m=�·±§¥Li=�tltfª©�j mkd§f&h2mk��� ����i=d]{�jzi=d�Z]_A�t�oltd�f&Z]_�i=¥�f2mk^si=f&lnj	{�_Af2_ jAf&lnmkd�m=�·{�_R�¢_ jAf2yzu]y&¥]jZ
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j4�x_Ah/f&Z]_®©x_zi=h2yµd§¥�^7_Ah2mk¥]y®i=����h2mxikjZ]_ y·ZLi �x_[�1_ _Ad���h2mk��mvy_ {-f2m@fikj §�n_[f&Z]_[��h2mk���n_A^Ám=�
f2_R£¤f&¥�h2_�{�_ yjAh&lt��f&lnmkdN¦/¯]mkh�i@�Ä¥��t�Lm�x_Ah&�§ln_A�³u¤y2_ _��HGz`¤u9�qGvug�v��ug�v`��ª¦ j4d]_�h2_ y2_zi=h2j2Z²i=h2_zi+�¨Z�lnj2Z
ZLiky���_ _AdI_R£9f&h2_A^7_A�t©�ikjAf&lt�x_sltd�h2_ j _Ad§f-©x_zi=h2y-lny³f&Z]_Ui=�����tlnjzi=f&lnmkdIm=�¨��iz�x_A�n_Af2y	f2m�f2_R£¤f&¥�h2_
i=dLi=�t©¤y&lny��HG��9u-Gz�¤u9�=���ª¦µ��dU_R£�i=^p���n_@lny®f&Z]_��4ln{�{�_Ad5dÀi=h& xmz�KYNh2_ _@^7m§{�_A��{�_A�x_A�nmk��_ {Ultd�� ���ªu
�¨Z�lnjZo{�_ y2jAh&lt�1_ y�f&Z]_+ltd§f2_Ah2y2jzi=�n_�{�_A�1_Ad]{�_Ad]jAln_ y4m=�·i�y&fi=d]{]i=h2{²�[i �x_A�n_Af@{�_ j mk^p��mvy&ltf&lnmkdN¦

d�i=d§©«f2_R£9f&¥�h2_ yzu�Z]m�®_A�x_Ahzu/�1mvy2y2_ y2y³ltdgf2_Ah&^7_ {¤l�i=f2_�i=d]{ÂZ�ltwvZ?�Äh2_ ±g¥]_Ad]jA©Âj mkd§f2_Adgfz¦o¹�©
h2_A�1_Af&ltf&lt�x_A�t©«{�_ j mk^p��mvy2ltd�w�mkd��t©Àf&Z]_p�nmz���Xh2_ ±§¥]_Ad]jAln_ yzu f&Z]_sy&fi=d]{]i=h2{«�[i �x_A�n_Af	f&hi=d]y¼�¢mkh&^
{�m9_ yUd]mkfs�Ä¥�h&f&Z]_Ah�i=dLi=�t©9y_�f&Z]_ y_�mkf&Z]_Ah�i=h2_ziky²m=�	ikjAf&lt�9ltfª©x¦�Y0m¡ik{�{¤h2_ y2yUf&Z�lnyK��h2mk���n_A^�u
mkd]_Àjzi=dM��_Ah¼�¢mkh&^ iÂ�[i �x_A�n_Af��Likj x_Afoi=dLi=�t©9y2lnyUm=�-f&Z]_�f2_R£¤f&¥�h2_v¦�bed��HG Q �ªu��Likj2 x_Af2y²��_Ah2_
¥]y_ {�ltd¡i�jA��iky2y&l¿¬Ljzi=f&lnmkd�_R£¤��_Ah&lt^7_Ad§f7mkdIdLi=f&¥�hi=�[f2_R£¤f&¥�h2_ yz¦ÂY[Z]_U��h2mk���n_A^ �¨ltf&Z�f&Z�lny	lny
f&ZLi=fs��_Ah¼�¢mkh&^pltd�w?i��Ä¥��t����iz�x_A�n_Afs�Likj x_AfK{�_ j mk^p�1mvy&ltf&lnmkd h2_ y&¥��tf2ysltd�i���i=h&wx_�d§¥�^��1_AhKm=�
y2¥����Li=d]{�y[f2m��1_@i=dLi=�t©¤y2_ {²i=d]{)y2mk^7_+m=� f&Z]_ y2_4�¨lt�t�1d]mkf[j mkd§fi=ltd²^�¥]jZ²ltd¤�Ämkh&^si=f&lnmkdN¦®Y[Z�lny
�[iky�f&Z]_U^7mkf&lt�ki=f&lnmkdE�1_AZ�ltd]{?^si=d§©Im=�4f&Z]_U_��Gmkh&f2y	^sik{�_)f2m�ik{]i=��fpf&Z]_U�[i �x_A�n_Afp�Likj2 x_Af
{�_ j mk^p�1mvy&ltf&lnmkdUf2m³f&Z]_�¥�d]{�_Ah&�t©§ltd�w	y&f&h&¥]jAf&¥�h2_4m=�Gf&Z]_�f2_R£9f&¥�h2_v¦/Y[Z]_���lnmkd]_ _Ah&ltd�w	��mkh& 7m=� � L �
y_A�n_ jAf2_ {²f&Z]_³�1_ y&f¨��iz�x_A�n_Af+�Likj2 x_Af��Liky2lny¨�¢mkh4i=d�lt^si=wx_³�§©)¥]y&ltd�wKi=d�_Ad§f&h2mk�g©�jAh&ltf2_Ah&lnmkd�f2m
{�_ jAln{�_@l¿�0i-y&¥����Li=d]{)y&Z]mk¥��n{K��_��X¥�h&f&Z]_Ah[{�_ j mk^p�1mvy2_ {)mkh®d]mkfz¦Ã�§ltd]j _@f&Z]_Ad)mkf&Z]_Ah[y_A�n_ jAf&lnmkd
jAh&ltf2_Ah&lnmkd�ZLi �x_²�1_ _Ad¡f2_ y&f2_ {Gu�y2mk^7_�m=�+�¨Z�lnj2Z���h2mz�x_ {�y&¥]j j _ y2y¼�Ä¥����HGvuÃ`��4i=d]{¡mkf&Z]_Ah2ysd]mkf
ym!� �v�"�ª¦µbªd§f2_Ah2_ y&f&ltd�w	f&Z]mk¥�wvZsf&Z]_ y2_�^7_Af&Z]m§{�y[i=h2_vugd]mkd]_4m=�Gf&Z]_A^´��_Ah2_�{�_A�x_A�nmk�1_ {s�¨ltf&Z�ltd²i
j mkZ]_Ah2_Ad§f4��h2mk�Li=��lt�tlny2f&lnj³�Ähi=^7_A�®mkh& $#Lf&Z]_A©²ltd§�xmk�t�x_ �7�!%q�S� j2Z]mklnj _ y4f&ZLi=f��ri=lt�Nf2m7h2_A�x_zi=�0f&Z]_
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�Ähi=^7_A�®mkh& 1¦��§fi=h&f&ltd�w��Xh2mk^ i²��h2mk�Li=��lt�tltfª©?^7_ziky&¥�h2_smkd?f&Z]_7ltd¤¬]d�ltf2_Kf2_R£9f&¥�h2_vu��¨Z�lnjZ?��_
ikyy&¥�^7_¨Z]_Ah2_�f2m³��_4°³i=¥]y2y&l�i=dNux��_�{�_Ah&lt�x_�f&Z]_�^7_ziky&¥�h2_��Ämkh·f&Z]_�f2_R£9f&¥�h2_4mkdUi@¬]d�ltf2_�h2_AwvlnmkdN¦
Y[Z�lny³�n_zik{�y�dLi=f&¥�hi=�t�t©Àf2m�i)jA��iky2y�m=�¨ik{]i=��f&lt�x_7��i �x_A�n_Af-�Likj2 x_Af-^7m§{�_A�ny�f&ZLi=f³jzi=��f&¥�h2_7f&Z]_
y2f&h&¥]jAf&¥�h2_�m=�piÂwvlt�x_Ad#f2_R£¤f&¥�h2_vu¨�¢mkh²_R£�i=^p���n_�ltf2y)��h&ltd]jAlt���n_À�1_Ah&lnm§{¤lnjAltf&ln_ yu�ltd i?^si=d�d]_Ah
i=dLi=�nmkwxmk¥]y7f2m�f&Z]_²��q � IÂmk�n{E{�_ j mk^p��mvy&ltf&lnmkd��HGz���ª¦ÂY[Z]_ y2_U^7m§{�_A�ny7i=h2_Uf2_ y&f2_ {Emkd��1mkf&Z
y2©§d§f&Z]_Af&lnjsi=d]{Àh2_zi=�·{]i=fi²y2_Af2yz¦�Y �®m�y&lt^p���n_sjA��iky2y&l¿¬Ljzi=f&lnmkdÂh&¥��n_ y�i=h2_p{�_ yjAh&lt��_ {Gu ��mkf&ZÂm=�
�¨Z�lnjZ«_AdLi=���n_���l¿£�_A�t�¨lny2_	jA��iky2y&l¿¬Ljzi=f&lnmkd«m=�·f&Z]_�lt^si=wx_	�¨Z�lt�n_-h2_Afi=ltd�ltd�w)f&Z]_	ik{¤�vi=dgfi=wx_ y�m=�
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^7mkh2_	j mk^p���tlnjzi=f2_ {À��h&lnmkh+^7m§{�_A�ny¦�IÂ_�j mkd]y&ln{�_Ah+y&¥��1_Ah&�§lny2_ {�y2_Awv^7_Ad§fi=f&lnmkd«��_ jzi=¥]y2_-ltf@lny
^7_Af&Z]m9{�mk�nmkwvlnjzi=�t�t©²�®_A�t�¿qª{�_R¬]d]_ {G¦

Y[Z]_�h2_A�1mkh&f4lny@mkh&wgi=d�lny2_ {Àiky��¢mk�t�nmz��y¦4bed�y2_ jAf&lnmkd«�p��_	ltdgf&h2m9{¤¥]j _-mk¥�h@f2_R£9f&¥�h2_-^7m9{�_A�
i=d]{-��h2mz�9ln{�_¨i=d	i=�]y&f&hikjAf/{�_A�x_A�nmk��^7_Ad§f·m=�]ltfz¦0Y[Z�lny/i=�]y&f&hikjAfµ{�_A�x_A�nmk��^7_Adgf/lny0f&Z]_Ad7i=�����tln_ {
f2m7°�i=¥]yy&l�i=d²^7m§{�_A�ny[ltd²y2_ jAf&lnmkdo`¤¦Ã�9_ jAf&lnmkdo��_R£¤����i=ltd]y[Z]mz�!��i �x_A�n_Af��Likj2 x_Af2y[¬]f¨ltd§f2mpmk¥�h
�Ähi=^7_A�®mkh& 1¦�}µi=hi=^7_Af2_Ah�_ y&f&lt^si=f&lnmkdÀlny+{¤lny2jA¥]y2y2_ {�ltd«y2_ jAf&lnmkd L i=d]{Àmk��f&lt^si=�µh2_A��h2_ y2_Adgfi�q
f&lnmkd]y�i=h2_�y&Z]m�¨ds�¢mkhÃy2_A�x_Ahi=��h2_zi=��i=d]{Ky&©§d§f&Z]_Af&lnj�f2_R£¤f&¥�h2_ yz¦µY[Z]_�h2_ y&¥��tf&ltd�w	f2_R£¤f&¥�h2_�^7m9{�_A�ny
i=h2_�f&Z]_Adsf2_ y&f2_ {K�g©7y_Awv^7_Adgf&ltd�w	f2_R£9f&¥�h2_ {Uy2j _Ad]_ yz¦·�9_ jAf&lnmkd Q {�_ y2jAh&lt�1_ y·f&Z]_@y2_Awv^7_Adgfi=f&lnmkd
��h2m9j _ {¤¥�h2_ y@¥]y2_ {G¦��4_ y&¥��tf2y@mkd�^7mvyi=lnj y@m=�®y&©9dgf&Z]_Af&lnj	¹�h2m§{]i=f&º�� ���µf2_R£9f&¥�h2_ y+i=h2_-mk��fi=ltd]_ {
¥]y2ltd�w²i=d«¥�d]{�_ jAlt^si=f2_ {Â��i �x_A�n_Af-�Likj2 x_Af�f&hi=d]y¼�¢mkh&^��¨Z�lnj2Z�h2_ y&¥��tf2y+ltd�iK��l¿£¤_A�t�¨lny2_pjA��ikyy&l¿q
¬Ljzi=f&lnmkd«m=�·f&Z]_	^7mvyi=lnj yz¦@¯]mkh@f&Z]_-jziky_-m=�Ãf&Z]_-h2_A^7mkf2_�y2_Ad]y&ltd�w){]i=fi¤u�ltd�mkh2{�_Ah+f2mUmk��fi=ltd
f&Z]_���_ y2f®y2_Awv^7_Ad§fi=f&lnmkdUh2_ y2¥��tf2yÃ�1mvy2y&lt���n_¨��_�ltd]jA�t¥]{�_4f&Z]_�^7_zi=d)m=�Nf&Z]_�{¤lny2f&h&lt��¥�f&lnmkdKltdKf&Z]_
^7m9{�_A�r¦ÂY[Z]_²jA��iky2y2l¿¬Ljzi=f&lnmkd�^7_Af&Z]m§{E¥]y2_ {IltdEf&Z]_)y&©9dgf&Z]_Af&lnj²jziky2_Ulny	f2_ y&f2_ {�mkdEf&Z]_Uh2_zi=�
{]i=fi)i=d]{Àlny4�¢mk¥�d]{�f2m)�1_-ltdLik{�_ ±g¥Li=f2_v¦ IÂ_	f&Z]_Ah2_R�Ämkh2_p{�_A�x_A�nmk��iKZ]_A¥�h&lny&f&lnjpjA��iky2y2l¿¬Ljzi=f&lnmkd
f2_ jZ�d�ln±g¥]_��¢mkhÃf&Z]_�y_Awv^7_Adgfi=f&lnmkd²m=�Nh2_zi=�Llt^si=wx_ y®�¨Z�lnj2ZUlnyÃ�Liky_ {smkdUi�{�_ jAlt^si=f2_ {U��i �x_A�n_Af
�Likj x_Af�f&hi=d]y¼�¢mkh&^�¦	�9_ jAf&lnmkd Q ¦ `U��h2_ y2_Ad§f2y+f&Z]_py2_Awv^7_Adgfi=f&lnmkdÂh2_ y2¥��tf2y�mk��fi=ltd]_ {À�¨ltf&Z«f&Z�lny
Z]_A¥�h&lny2f&lnj�^7_Af&Z]m9{G¦�Y[Z]_�¥�d]{�_Ah&�t©§ltd�w�j2ZLi=hikjAf2_Ah&lny&f&lnj y�m=�Gf&Z]_¨f2_R£¤f&¥�h2_�^7m9{�_A�nyÃi=h2_�{¤lny2jA¥]yy2_ {
ltd7y_ jAf&lnmkd �9¦0����h&ln_R�Ni=dLi=�t©9y&lnyÃm=��f&Z]_�ik{]i=��f&lt�x_¨�[i �x_A�n_Af��Likj2 x_AfÃy2¥����Li=d]{7y&fi=f&lny&f&lnj yzu§i=�nmkd�w
�¨ltf&Z�i�j mk^p^7_Adgfi=h&©omkd�f&Z]_�jZ]mklnj _�m=�/{¤lny&f&h&lt��¥�f&lnmkdNu]lny���h2_ y2_Adgf2_ {oltd�y2_ jAf&lnmkd R¤¦ IÂ_�j mkd¤q
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mkdUi@¬]d�ltf2_�h2_Awvlnmkd���� � 	 ¦BIÂ_�f&Zg¥]y®d]_ _ {pf2m�^si=h&wvltdLi=�tlny2_@_ ±g¥Li=f&lnmkd � G��/mz�x_Ah®f&Z]_¨�vi=�t¥]_ y
m=�µf&Z]_+��l¿£�_A�ny�mk¥�f2y&ln{�_+f&Z�lny�h2_AwvlnmkdN¦
!N_Af�� �1_pf&Z]_7y&�Likj _pm=�¨ltd¤¬]d�ltf2_plt^si=wx_ y	i=d]{���� �
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mkd
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