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C#DFE5GHEJILK�M<NPO�QREJQRSTKVU�W�XRQRY8QRDZE/[�IL\�]TDFEHIL^
_�`bac5d#cfe�gihkjFlmc5nporq!ltsvuFj ` uFdwd#c�xydworq ` szj{cr|

svdwor}rc5~5|��{uZj�j��c5c5~5|�q!uFj�j�o(sz~m~porj�q!c5~� ntur�kc!l���uF��urlm��sv~
�0or����uFnml��{c�nmc5q ` cJnmq ` c�jL���Z���5e�g��F�{svj��r�r���0g��(�w��or}rcJ~

�/���5�5�H���(�F� hkj�l ` sv~�nmc5��uFnml!|�� c?��ntuZ��uZ~tc
oPj���d?��c5n�u(¡�j{c!�¢�2oH£�~2ur¡��{c!lmc5q�lmsvj�}¤orq�lms¥�¦orltsvuFj�~�szjA¡R§���h�~mc5¨��{cJj�q�cJ~�l ` orl
nmc5¨��{szntc�oPd#szj{svd���d©u(¡ ` £���url ` c5~mc5~ªorj���oH�Fursz�«oFjF£���nmc�xyd#u���c!¬v¬¥szj{}wu(¡�l ` c�c����c5q�lmc5�®~msv}Fj�or¬°¯ hkj���ornmltszq!�{¬zorn5|���c
lmnm£«lmu
oH�ruFsv�#or~�d?��q ` or~���uZ~m~msv��¬¥c�¬vsvj�c5orn�d�u{�{c5¬v~5¯ _�` c0~mc5j�~ms¥lms¥��svly£?ur¡Ll ` c0d#c!l ` u{��~���svl ` nmc5~p��cJq�l�lmu�~tsv}Fj�or¬�or��ltu{q�uZnmnmc!¬zo(lms¥uZj�sz~
szjF�Fc5~mltsv}Forltc5�±|rszjPuFnp�{c5n�ltu?nmc5����q�c�uZn�q�uZjZlmnmur¬�svl!¯�² uFj�~tsz�{c5nmszj{}�o
c����c5nmsvd#cJjFlpo(¬L�{¬¥u{q�³#�{c5~msv}Fjb|�o�³(c5£���urszjZl�sz~�l ` cªor��s¥¬vs¥ly£
u(¡±lpor³Zszj{}?szjZltuworq!q!uF��jZl�lpnmoFj�~ms¥lms¥uZj�~ ��c!ly��c!cJj¤�{s¥´LcJntcJjZl�~ms¥}Zj�o(¬�¬¥c5�rc5¬v~5|{���{l2~tlms¥¬v¬T��s¥l ` uF�{l l ` cf��~mcªur¡8��nmc5�{c!µ�j{c5�/svdw����¬v~mc
nmc5~p��uZj�~tcF¯ _�` cwd#c!l ` u���~fl ` orl���cw��ntuZ��uZ~tcwornmc���or~mc5�®uZj¶��c!¬v¬¥x·³�j{u¦��j®¸ªj{u¦�¦o«oFj��®szj�¡¹uZnmdwo(lms¥uZj®l ` c!uZntc5ltszq!o(¬�d#u{�{c!¬z~5¯_�` c���nmuF��¬¥cJd,u(¡�~tlpo(lmsv~mltszq!or¬±ltcJ~tl��¦o(¬vsz��o(lms¥uZj«sz~�o(¬z~muw~mlm���{s¥cJ��orj��A��oFntlm¬¥£A~tuF¬¥�Fc5�b¯ _�` c���u¦� cJn2u(¡�l ` cJ~tc�d#c5l ` u{��~�~mc!cJdw~` sv} ` c5j{uZ�{} ` ltu¤oH�Fursz�/oFjF£«~md#u�url ` svj�}�|�~p��o(lmsvor¬buFn2ltcJdw��uZnmor¬°|{ur¡"l ` c���o(lpo�¯º j�q!c�oFj»oFq�lms¥�¦o(lms¥uZj¼d#oF�½sz~PuZ�{lmorsvj{cJ�b|�� c®orltltcJdw�{lPltu¾q ` oFnmoFq�lmc5nmsv~mc«oFq�ltsv�¦o(lms¥uZj�~wu(¡fl ` c®��¬¥u{q�³Bc!{��c5nmszd�cJjZl¤�F£
~mlm���{£�szj{}�l ` c/��nmc�xªoFj��B��uZ~tltxªorq!ltsv�¦o(ltsvuFj¿lpnmoFj�~tsvltsvuFj�~!¯ _�` sv~?d�uZntc¤��c5~pq!nmsv�{lms¥�Fc¤��ornml
u(¡2uF��n
� uZnm³¶q!orjÀ��c/q�uZjZltszjZ��c5�
�Z£B~tcJornpq ` svj�}�¡¹uFn#��npo(szj¾ornmc5oF~���svl `½` uFd#ur}Fc5j{uZ��~?q ` oFnmoFq�lmc5nmsv~mltszq!~5|8¡¹uZn?c!�ordw�{¬vc«~msvd#sv¬voFn?szdw���{¬z~tcAntcJ~m��uFj�~mc5~5¯¾Á��{s¥lmc
j�orlm��npo(¬v¬¥£F|bl ` sz~f��nmuF�{¬vc5d+q5orj¶��c#¡¹uFnpd?�{¬zo(lmc5��or~�o«q!¬v��~mltcJntszj{}���nmuF�{¬vc5dA|b� ` szq ` ��c#~mur¬v�rc#l ` ntuZ�{} ` l ` cP��~mc�ur¡�o#ÂÄÃFÅpÅ!ÆÇ�ÈyÉwÊÄË(Ì�Í#ËrÎ ÏFÐ(Ñ�Ò¹Ó¹ÔZÉ ¯ _�` sz~ª��oFntl0u(¡�l ` c#orj�or¬¥£{~msv~�sv~���cJnk¡¹uZnmd#cJ����s¥l ` uF�{l�~m��o(ltszo(¬"uFn�oFj�o(lmuFd#szq!o(¬�q�uZj�~tlpnmorsvjZlp~!|�szj�uZnm�{cJn
ltuPor¬¥¬vu¦�Õ¡¹uZn2l ` c
uZ��~tcJnt�¦orltsvuFj¤ur¡���j{c����c5q�lmc5��� ` cJj{uFd#cJj�o�¯
¸Öµ�np~tlwor����¬¥szq!orltsvuFj¾sz~P��nmc5~mc5jZltcJ�¾uZj»o¿~tcJ¨��{c5j�q!c«ur¡ª��sz~m��or¬2lmor~p³�~#uF�{lpo(szj{c5�×o(l#Ø8cJ�{�rcJj½Ù�j{s¥�Fc5np~tsvly£Àsvj×uZnm�{cJn?lmu

q ` oFnmoFq�ltcJntsz~mc¤d�uZj�³(c5£¿d#uFltsvuFjB��c5npq�c5��ltsvuFjb¯�Ú�c���nmuF��uF~mc/orq!ltsv�HorltsvuFjBdwor��~!|�oFj��b|�or~#o�µ�np~tl#~tlmc5�Blmu¦��oFnm��~�o¶~p��o(lms¥urx
ltcJdw��uZnmor¬±d�u{�{c5¬±u(¡�l ` c���nmorsvjb|�oPdwoF�/ur¡�szdw���{¬z~tc�nmc5~p��uZj�~mc���orltlmc5npj�~!¯
Û�ÜZÝTÞmß?àL�Há"�F� ¡R§���h�|¦¸ªj{u¦�¦o�d#u���c!¬z~!|¦§®�{lp��o(¬�hkj�¡¹uZnmdworltsvuFjb|H§®ornp³(u¦�
² ` o(szjb|râZlpo(ltsz~mltszq!o(¬Zl ` ntcJ~ ` uF¬v��~!|J¡R�{ã5ã!£?²�x·d#cJorj�~5|
nmuF����~ml�µ�¬vltc5nmszj{}�|�oFq�ltsv�¦o(lms¥uZj«dwor��~!¯
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��Ü��������Ü#��� orj�~8q�c�npor����uFnml!|Hj{uF��~±��nmuF��uF~muFj�~b��j
q!c5nmlmorsvjfj{uZd?��nmc��{c�j{uZ�{�rc5¬¥¬vc5~bdworj�s acJntcJ~b�{c����c!ltcJq�lmc5nb�{cJ~±orq!ltsv�HorltsvuFj�~
��orj�~���c5~f~{�c5¨��{c5j�q�c5~ª��� hy�0§�¡k|8¨��{s�j��cJq�cJ~m~ms¥lmc5jZlª��j�d#szj{svd���d ��� ` £{��uFl `bacJ~tcJ~0c5l®�c!��s¥lmc5jZlª��cw��n{�c!x·d#u{���c5¬¥sz~mc5n�¬vc5~f~ms¥}Zj�or��
o(lmltc5j�����~5¯�� jÀ��oFntlmsvq5�{¬¥svc5n5|8uZj �c!��s¥lmc¤or�{lporjZl
¨��{c¤��uZ~m~msz�{¬¥cP¬vc5~?d�u{� ac!¬vc5~f¬vsvj��c5o(sznmc5~5¯#Ø�o�~tcJj�~msv�{sv¬vs¥l{�cP�{c5~�d½�c5l ` u{�{cJ~
��orn
nmoF����uFnml ao�¬�� oF�{ltu{q�uZnmn��c5¬vorltsvuFj
���#~tsv}Fj�o(¬{c5~ml?�c!lp���{s��c!c�c!l�q!uFjZlmn��ur¬��c!cF|H�rursznmc�n{�c5���{s¥lmcr¯ � oFj�~�¬¥c�q5or~���� ��j#�{c5~p~tszj�c�����cJntszd#c5jZlmor¬
c5j¾��¬¥u{q(|���j�c«¨��{c5~mltsvuFjÀlpn ac5~�szdw��uZntlporjZltc/c5~ml�¬vo®¡Rorq5�{¬¥l{�c/�{c«��ntcJj���nmc¤c5j½q�uFdw�{lmc/¬vc5~?lmnporj�~ms¥lms¥uZj�~�cJjZlmnmc¤¬¥cJ~���s ´0�c5nmc5jZlp~
j{sv�rc5oF�������~tsv}Fj�o(¬è|Jdwo(sz~8~porj�~bsvjZlpntu{���{sznmc��{c n{�c5��uFj�~tc ` �cJd#u���£�j�ord#sv¨��{c���n{�cJ���c!µ�j{svcr¯bØ8cJ~8d½�c5l ` u{�{cJ~±¨��{c j{uZ��~±��nmuF��uF~muFj�~
ntcJ��uZ~tcJjZl0~m��nª�{cJ~fd�u{� ac!¬vc5~0��� oFj�o(¬v£{~tc#�{c?�¦ornmszorj�q!c�c!lf�{c#l ` �c5uFnms¥c��{c?¬�� szj�¡¹uZnmdwo(lms¥uZj®�{svc5j�q�uFj�jZ��~!¯�Ø8c#��ntuZ�{¬ ac5d#c?�{c#¬zo
�¦o(¬vsv��orltsvuFj�~mlmo(lmsv~mltsz¨��{c?�{cJ~�lmc5~mlm~�cJ~tl��c!}Zo(¬vc5d#c5jZl���uZ~{�c
c!l0��oFntlms¥c5¬¥¬vc5d#cJjFlªn{�cJ~tuF¬v�±¯2² c5~ªd¾�c!l ` u{�{c5~�~muFjZl0oF~m~mc!ã
����sv~p~moFjZltc5~
��uZ��n���c5npd�c5ltlpntc����t�c5�ZsvltcJn�ltuF��l�¬¥sz~m~po(}Fcr|{or��~m~ms±�{svc5j�~m��o(ltszo(¬±¨��{cflmc5dw��uZntc5¬°|��{c5~2szdwo(}rcJ~!¯
Ùªj{cA¡¹ursz~#¨Z��c«¬zo¶q5ornmltc«��� oFq�ltsv�¦o(lms¥uZj¾c5~ml#uF�{lmc5j��{cr| j{uF��~�c5~p~poH£ruFj�~��{c�q!ornporq!l{�cJntsz~mc5n
¬vc5~#orq!ltsv�HorltsvuFj�~�uF��~tcJnt� �c5c5~�cJj

�c!lp���{szorjZl�¬vc5~�lpnmoFj�~tsvltsvuFj�~�c5jZlmnmc�¬vc5~���¬¥u{q!~����P��ornpor��s¥}Zd�c�c!�� �c5nmszd�cJjZlmo(¬è¯�² c5ltltc���ornmltsvc��{¬z��~���c5~pq!nmsv�{lms¥�Fc��{c0j{uFlmnmc�lmnpoH�¦o(sv¬
��cJ�{l��c5lmnmc���uZ��np~m�{sv��s¥c ��orn±��j{c�nmc5q ` cJnmq ` c��{cJ~±ã5uFj{cJ~±���
q�uZntlmc�foH£ForjZl±�{cJ~8q5ornporq�l{�c5nmsz~tlmsv¨��{cJ~ ` uZd#ur} ac5j{cJ~!|J��ornbc!{c5dw�{¬vc��{c5~
n{�c5��uFj�~mc5~�szdw���{¬z~tsvuFj�j�c!¬v¬¥cJ~�~msvd#sv¬vorsvnmc5~5¯�¸ª~m~mc!ãªj�o(lp��ntc5¬¥¬vc5d#cJjFl5|Fq!c!ltlmcª¨��{cJ~tlms¥uZjP��cJ�{l��c5lmnmc2¡¹uFnpd?�{¬!�c5c�q�uFdwd#c0��jP��ntuZ�{¬ ac5d#c
�{c�q�uZo(¬vc5~pq�c5j�q�cr|(¨��{c�j{uZ��~�n{�c5~mur¬v�ruZj�~ ao�¬�� orsv�{c���� ��jwo(¬v}ruZntsvl ` d�c2�{c�ÂÄÃFÅÄÅ!Æ Ç�ÈyÉPÊÄË¦Ì�Í ¯�² c!lmltc���oFntlms¥c2�{c�¬�� oFj�o(¬v£{~tc2~mc ¡Rors¥l�cJj
¬�� or��~tcJj�q�c
�{c
q�uZjZlmnpo(szjFlmc5~�~p��o(lmsvor¬¥cJ~�uF�Aorj�orltuFd#sz¨��{c5~5|�o¦µ�jA�{c���c5npd#c!ltlpntc
¬�� uF��~mc5nm�¦o(ltsvuFj«�{c�� ` �c5j{uZd ac5j{cJ~�szj�o(lmltcJj�����~5¯
Ùªj{c���nmc5d#s ac5nmcfor���{¬vszq!o(lms¥uZjAc5~ml2��n{�cJ~tcJjZl{�c5c aoP��oFntlmsvn���� ��j{c�~��cJ¨Z��c5j�q!c��{c
l��orq ` cf��sz~m�{c5¬¥¬vc5~�uF�{lmc5j��{c5~ ao#¬�� ��j{s¥�Fc5np~tsvl{�cf��c

Ø8uZ�{�¦o(szj«��uF��n0q!ornporq!l{�cJntsz~mc5n�¬zoP��c5npq�c5��ltsvuFj�����d#uF�{�Fc5d#c5jZl�q ` c!ã
¬vc5~0~tszj{}rcF¯��0uZ��~�d#uFjZlmnmuFj�~���c5~�q5ornmltc5~���� oFq�ltsv�¦o(lms¥uZj�~!|
c!l5|�q!uFdwd#c���ntcJd�svc5n���oF~��Fc5np~ ��j«d#u�� ac!¬vcª~p��o(lms¥urxèlmc5dw��uFnmc!¬T�{cª¬�� orq�lms¥��svl{�c�q�uZntlmsvq5o(¬vcr|���j{cfq!ornmltc��{cfd�u{� ac!¬vc5~��{c�n��cJ��uZj�~tcJ~
svdw����¬v~ms¥uZj�j{c5¬¥¬vc5~5¯
 à��5�!Þp��!"�ÜZ��� hy�0§�¡k|Ld�u{� ac!¬vc5~�¸0j�u¦�Ho�|�hkj�¡¹uZnmdwo(lms¥uZj�d?�{lp�{c!¬v¬¥cF|�cJjFlpntuZ�{svcr|�q ` orsvj�cf��c?§®ornp³(u¦�T|{d¾�c!l ` u{�{c�~mlmo(lmsv~mltsz¨��{cr|
¡R�{ã!ã5£�²�xyd#c5orj�~!|Zµ�¬vlmnpo(}FcfnmuF����~tlmcr|�q5ornmltc
��� orq�lms¥�¦orltsvuFjb¯
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svj�l ` cP��orlmo�¯ � s ´Tc5nmc5jZl ` £{��uFl ` cJ~tcJ~ ` oH�rc#ltu���cPdwor��c#szj¿l ` sz~
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oAdwo(�szd?��d�¬vsv³rc!¬vs ` uZu{�À��nmuF�{¬vc5dA|"c!�rcJj¿s ¡2l ` c/¬¥szj{c5oFn�d#u{�{c!¬v¬¥szj{}�ur¡�l ` c/��orlmo�szj¶¡RoFq�l�£�svc!¬z��~�q!¬voF~m~msvq5o(¬�d#u{�{c!¬z~5¯
�0u¦��c!�rcJn!|8l ` cP¡R��j���ord#cJjFlpo(¬���ntuZ�{¬¥cJd ur¡�j�ursz~tc¤q!uFnpntc5¬vorltsvuFj®sz~?j�url?q!uFdw�{¬vc!ltc5¬¥£�lmnmc5orltc5� �!' ¸�3*3*3 4J4D+·| ' ��� 4J44+? m¯
âZuFd#c�or����ntuZorq ` cJ~�d#u���c!¬"oP��ntsvuFnms8orq!ltsv�¦o(ltsvuFj���orltlmc5npj�~!|/' � � 4J4D+ ' ���F�r�1+è|L� ` szq ` sv~�¨��{cJ~tlms¥uZj�or��¬¥cF¯�âZuZd#c?d#u���c!¬z~
ornmc�d#uFnmc
q�uZd#��¬¥c5ltcr|����{l0orl�l ` c
c!{��c5j�~tc
ur¡�l ` c�q�¬zornms¥ly£/u(¡�l ` c�nmc5~p�{¬vlm~ ' 3�¸ 3 4J41+è¯�§®uFnmc!u¦�rcJn!|�nmc!¬vsvoF�{¬¥c
~mlmorltsz~tlmsvq5~
ntcJ¨Z��svnmc�§®uFjZltc!xk²�oFnt¬vu#~mszd?�{¬zo(lms¥uZj�~�u(¡�l ` c���orlmo�¯

9 ) � �ÀÜFÞ
#·�HÜ����8Ü � �(Ý��ÀÜZ� * à±á"�w` oH�FcPo(¬z~tu���c!c5jÀoF��or�{lmc5��ltu�l ` c¤��nmuF�{¬vc5d 1
l ` cPltc5dw��uFnpo(¬�¡R§®��h�~msv}Fj�or¬�q!orj¿��c
~tlp���{svc5��szj�l ` c � uF��ntsvc5n�~p��oFq�c ' Ø � 4 :=+?$�l ` c#dwo(szj�or�{�¦orjZlpo(}rcfsz~�l ` o(l�l ` c�q!uFnpntc5¬vorltsvuFjA��nmc5~mc5jZl�svj�l ` c�j�ursz~tc��{u�cJ~
j{url���ntc5�rcJjFl�¡RntcJ¨��{c5j�q!£Pq�uFdw��uFj{cJjZlm~�¡RntuZd ��c!szj{}#svj��{c5��c5j���c5jZl!|�� ` szq ` or¬¥¬vu¦��~�l ` c���~tcªu(¡"~mlmorltsz~tlmsvq5~�l ` o(l2ntcJ¨��{svnmc
svj���c5��c5j��{cJj�q�c
ur¡"l ` c�nmoFj��{uZd,�¦ornmsvoF�{¬¥cJ~*' §��ª�r�1+·¯��0c5�<�Fc5np~tsvuFj�~�ur¡�l ` sv~0d�c5l ` u{����~mcf��oH�Fc!¬vc!lm~*' �{ØE.����0+·¯º jwl ` cªurl ` c5n ` orj��b|Zl ` sv~�³Zsvj��¤u(¡±d#c!l ` u��/sv~ j{url�j{c5q!c5~p~moFntsv¬v£?��c!¬v¬ xy~m��s¥lmc5�#¡¹uFn j{uFj{x·��c5nms¥u{�{szq(|�orj��Pj{uFj�xy�{szj�ornm£?c!�x
��cJntszd#c5jZlmor¬���oFnmoF�{s¥}Zdw~!¯ _�` c0}Fc5j{cJnmor¬¥sz~po(ltsvuFj#lmu?c!�Fc5jZlkxynmc!¬zo(ltcJ�wc����c5nmsvd#c5jZlp~ nmc5dwo(szj�~ o(¬z~tu?��ntuZ�{¬¥cJdwo(ltszq�' §��0�F�1+·¯

9  ��±���8� ! � � #·àL���À���"�¹à � ` or~Ao(¬z~mu»��c!c5j¢��nmuF��uF~mc5� oF~Ao½ltu�ur¬�¡¹uZnAoFq�lms¥�¦o(lms¥uZjÕ�{c5ltc5q!ltsvuFj<svj ltcJd#��uFnpo(¬f~ms¥}Zj�o(¬z~
�@' _ � Ú . 4;44+"oFj��C' 3 ��_ .��r�1+B p¯ _�` sv~2sz�{cJowsv~��{c5�rc5¬¥uZ��cJ�«oFj���orj�or¬¥£{~mc5�P¡R��ntl ` c5n*�è~tcJq�lms¥uZj«e�¯¥�F¯¥�# m¯

9 ¸ d#c5l ` u{��l ` orlfnmc5¨��{sznmc5~fd#svj{szdwo(¬ ` £{��uFl ` cJ~tcJ~ ` or~fnmc5q!c5jZlt¬v£®��c5c5jÀ��nmuF��uF~mc5� ' Ø"Ùª���,+31�l ` cwc����c5nmsvd#c5jZl
��c!szj{}
ntcJ��cJo(ltcJ�b|Fo
q!uFnpntc5¬vorltsvuFj#q�u�c,K¤q!s¥cJjFl���c!ly��c!cJjwl ` c0ly� u
lmsvd#c0~mc5nms¥cJ~�sv~ q�uZd#���{ltcJ�b¯�¸Õ��ornmltszq!��¬voFn��ruH{c!¬{sz~�oFq�ltsv�¦o(lmc5�
s ¡�l ` cP��orltltcJnmj�sz~
~tszd#s¥¬zorn�szj¶l ` cwly� u�~tcJ¨��{c5j�q!c5~5¯�Ù�~tszj{}AuFj{¬v£®l ` c �JÜ  �Ü��{�J���,� !!� �ÄÝ ur¡ l ` c#c!���cJntszd#c5jZlfuF�{lp���{l!|
l ` sz~�or¬¥}FuFnms¥l ` d j{c5c5��~ j{u?��nmsvuFn ` £{��uFl ` cJ~tsz~�uZj#l ` c�~tsv}Fj�or¬�ltu?� uZnm³L¯ � ��l�l ` c�~tsv}Fj�s µ�q5orj�q!c�u(¡bl ` cª~pq�uFnmc5~�uZ�{lmorsvj�c5�
sv~�¨��{cJ~tlms¥uZj�or�{¬vcr|�oFj��«l ` c��{cJq�sz~tsvuFjAdwoH£/��c�ornp�{s¥lpnmoFnt£F¯

¸0j�svdw��uFnmlmorjZl"sv~p~m��c�sv~"� ` c5l ` cJn8lmu�lmoF³(c�szjZltu0oFq!q!uF��jZl8~p��o(lmsvor¬Zq!uFj�~mlmnpo(szjZlm~bszjf¡R§��0h�¯ _�` ntc5c�~tuF¬v��ltsvuFj�~�ornmc�q�uZd#d#uZj{¬¥£
��~mc5��1
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9 â���o(ltszo(¬Z~md#u�url ` szj{}�u(¡{l ` c ��orlmo�|J� ` svq ` sz~8j{u¦�Bo�~mlmoFj���oFnm�b|Horj��fsv~"��~tc!¡R�{¬Zltu�cJj�~m��ntc�l ` c�}Zor��~p~msvoFj{s¥ly£0u(¡�l ` c�~m��o(ltszo(¬
µ�c5¬v��~?��~mc5�¿szjB~tuZd�c¤d#c5l ` u{��~5¯«¸ªjÀc!��sv��c5jZl?��npoH����orq�³�sz~
l ` c/�{¬z��npntszj{}�szjFlpntu{����q�c5�¿szjÀl ` c«��o(lpo�|"��ornmltszq!�{¬zornm¬¥£
� ` cJj�szj�¡¹uFnpdwo(ltsvuFj«¡RnmuFd �{s¥´LcJntcJjZl0� ` £{~tsvur¬vur}Fsvq5o(¬±ornmc5oF~�sz~0d#s {cJ�b¯ªâZuFd#c?j�c!��c5n0oF����nmuFoFq ` ��c5nt¡¹uFnpdÖoFj{sz~tuFlmnmuF�{szq
~pd#uZuFl ` szj{}P��j���c5n�oFj�o(lmuFd#svq5o(¬bq�uZj�~mlmnpo(szjFlp~J�@' ¸ 3�§G.����0+? m¯

9 _ ntcJo(lmsvj{}¤~p��orltszo(¬"q!uFj�~mlmnpo(szjZl�or~0svj�¡¹uZnmdworltsvuFjAsvj�l ` c�¡Rnpord#c5� uZnm³Pur¡��{c5q!sv~ms¥uZj�l ` c5uFnm£G�è§®o¦{szd?��d oP��uF~mltc5nmsvuFnms< 31
~mc!c ' ���F�r�4+ ' 3 ��_ .��r�4+ ' � 3
��² 4J04+�¯

9 ² ¬z��~mltc5nmszj{}wu(¡�l ` c���orlmo�|�orj��Aor~p~tcJ~m~pd#c5jZl2u(¡�l ` c�q!¬v��~mltcJnm~ ' � ÚÕ§ 4J01+è|-' )A�0Ø"�?4J4 +è¯
_�` cP�{s K¤q5�{¬¥ly£¶u(¡�l ` cP��ntuZ�{¬vc5d+nmc5~msv�{cJ~�svj�l ` c#¡RoFq�l�l ` orl�svlfsv~�}Fc5j{cJnmor¬��{s K¤q!�{¬vl
ltu�or~p~mc5~p~0l ` cP~tsv}Fj{s¥µ�q5orj�q!c�ur¡�l ` c

orq!ltsv�HorltsvuFjÀszj¾o®~ms¥}Zj�o(¬���uFl ` szjBl ` c/lmc5dw��uZnmor¬�oFj��B~p��o(lmsvor¬ �{uZd#orsvj�~!¯ _�` sv~#��nmuF�{¬vc5d ` or~���c5c5j¾��ornmlt¬v£¿~mur¬v�rcJ�À��s¥l `
l ` c/svjZlmnmu{����q!ltsvuFj¿u(¡�d?��¬¥lms x·�¦ornmsvorltcPltcJq ` j{sz¨��{c5~ � � ²�¸?|8hm²�¸ ' §¶�F. 4J04+*' §®§ . 4J04+? m¯�Ú¿c¤l ` szj�³�l ` orl�l ` c5~mc/��nmuFd#sv~mszj{}
d#c!l ` u���~�~tlms¥¬v¬ ` oH�FcªlmuP��c�q!uFdw��ornmc5�«��svl ` ��j{sv�¦ornmsvorltc
d#c!l ` u���~�svjAuZnm�{cJn�ltuwc!�¦o(¬z��orltc
l ` c!szn2uF�{lmsvdwo(¬vsvly£¤svj���nporq!ltszq�cF¯
hkjA��ornmltszq!�{¬zorn5|�� c�npo(sz~tc�l ` cf¡¹ur¬v¬¥u¦��szj{}wly� uw��urszjFlp~�1
9 ¸ªq�ltsv�¦o(lms¥uZjPltcJ~tlp~ j{c5c5�Plmu���cªoF~m~mu{q�szo(ltcJ�#��s¥l ` ~mlmo(lmsv~mltszq!or¬�oF~m~mc5~p~md#cJjFl�u(¡bl ` c�ntcJ~m��¬¥lp~ �Z£�µ�ltlmsvj{}�l ` cJd ltu?nmc5or¬¥sz~mltszq
��nmuF��or�{sv¬¥svly£/�{sz~mlmnmsv����ltsvuFj�~:�èq�uFj�q�c5��l�u(¡ � �¦or¬v�{c# m¯

9 _�` c#q ` ornporq!ltcJntsz~tlmsvq
��svd#c5j�~tsvuFj�~0u(¡�l ` c���nmuF��¬¥cJd �èe���e���ePdwd� ���¬¥cJor�®or}Fo(szj�~ml�orjZ£«¡¹uFnpd ur¡�~m��orltszo(¬�~md#u�url ` svj�}
ur¡�l ` cw��orlmo�|T~msvj�q!c�l ` cw~tlpnm��q!lm��nmc5~0u(¡�szjZltcJntcJ~tl�ornmc�¬¥sz³(c5¬¥£�lmuA��c#~p����x·�ruH{c5¬¥szq(|Lorj���l ` c#u¦�rc5npo(¬v¬"~msvã!c?ur¡�l ` cw��npo(szj
sz~/~pdwo(¬v¬�xèszj¼uF��n¤q!oF~tcF|�l ` c¶~p�����kcJq�l¤sz~/oBeÀ£Fc5ornp~PuF¬v�¼n ` c5~p��~¤d#uFj�³(c!£F¯ _�` c¶dwor���{szj{}¾��c!ly��c!cJj orj�orltuFd#szq!or¬
oFj���¡R��j�q�ltsvuFj�o(¬�svdwor}rc5~���c!szj{}Aj�urlfq�uFdw�{¬vc!lmc!¬v£®~morltsz~k¡RoFq�lmuFnm£r|L� cw��nmc�¡¹c5nªltu�~mc5��oFnmorltc?l ` c#ltc5dw��uFnpo(¬�orj���~m��o(ltszo(¬
�{szd#c5j�~msvuFj�~�ur¡"l ` c���nmuF�{¬vc5dA¯

_�` c5~mc¤q�uZj�~tsz�{cJnmorltsvuFj�~���cJnm~p��oF�{c5�¿��~
lmuAlpntcJo(l
orj��¿oF~m~mc5~p~forq!ltsv�HorltsvuFj�~�uZj¿oA�FuH�c5¬���or~msv~�xyo¦¡¹lmc5n
q!uFnmc!}rsz~mlmnpo(ltsvuFj®u(¡
l ` c
szdwo(}Fc5~tx�orj��Altu¤��c5nt¡¹uFnpd q!¬v��~mltcJntszj{}¤o(¡¹ltc5nm�2ornp��~�uFjA¬¥u{q5o(¬±orj��Ad#cJorj{szj{}(¡R��¬b¡¹c5orlm��nmc5~*�°svdw����¬v~mc�ntcJ~m��uFj�~tc# �svjAuFnp�{cJn
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��nmc5q!sv~mcf~m��orltsvu(x·ltcJd#��uFnpo(¬b�{cJ~mq5ntsz�{lms¥uZj/ur¡�l ` c���o(lpo�¯_�` c�j{c�{l�~mc5q!ltsvuFj�~�oFntc2uFnm}FoFj{sz~tcJ�?or~�¡¹uF¬¥¬vu¦��~ 18szjw~tcJq�lms¥uZjw�ª��c��{c5~pq!nmsz��c2l ` c�d#orsvjw~mltcJ��~�l ` o(l���c2��ntuZ��uZ~tc�¡¹uFn�¡R§®��h
orj�or¬¥£{~msv~=$�szj�~tcJq�lms¥uZjAew��c��{c5�rc!¬vuF�Al ` c?�{s¥´LcJntcJjZl0or~p��cJq�lp~!|�szj���oFntlmsvq5�{¬voFn�orq!ltsv�¦o(ltsvuFj��{c5ltcJq�ltsvuFj±|�¡¹uFn�� ` svq ` ��c���nmuF��uF~mc
��~mur¬z�{ltsvuFj�~5¯�¸ q!uFdw��ornmsz~tuZj�ur¡±l ` cJ~tc���d#c!l ` u{��~�sz~���ntuZ��uZ~tcJ�wsvj/~tcJq�ltsvuFjw��uFj¤��url ` ~msvd��{¬vorltcJ�Porj��¤nmc5or¬���orlmo�¯�â�c5q�lms¥uZj
��sv~��{c5�ruFltc5�«ltu¤oFj/c!���cJntszd#c5jZl�uFjAntcJo(¬±��orlmoworq5¨��{svnmc5�¤¡¹uFn�l ` c
~tlp���{£«u(¡�d�uZj�³(c5£¤��sv~msvuFjb¯_�` cªoF����cJj��{s¥w��c!�rc5¬¥uZ��~�lmc5q ` j{szq!or¬���urszjZlm~31�¸0����cJj��{s¥P¸ ��nmc5~mc5jZlm~�l ` cª��c5nms¥�¦o(lms¥uZj#u(¡±o�~mlmo(lmsv~mltszq!or¬��{sz~mlmnmsv����ltsvuFj#¡¹uFn
§®�{lp��o(¬Tszj�¡¹uFnpdwo(ltsvuFj«��j��{cJn�l ` cfj��{¬¥¬ ` £{��uFl ` cJ~tsz~J$�~tu#�{u�c5~2or����cJj��{s¥ � ¡¹uFn2¸ � º�2 ¸ d#u{�{c5¬v~5|���s¥l ` l ` c�d#uZntc�~m��c5q!s µ�q
¨��{c5~mltsvuFj�ur¡ j{uFsv~mc�oF�{ltu{q�uZnmnmc!¬zo(lms¥uZjb¯ _�` c�c!´LcJq�l�u(¡�l ` cw��ntcJ��nmu�q!c5~p~tszj{}/d#c5l ` u{��~f��nmc5~mc5jZltcJ��szj¶~mc5q�lms¥uZj¶e/sv~f�{cJ~mq5ntsz��cJ�
svj�~mc5q!ltsvuFj�²ª¯ � svj�or¬¥¬v£r|�o#¨��{szq�³¤nmc5q5o(¬v¬buFj�¸��0§¶¸ ntc5}Fnmc5~p~tsvuFj«d�u{�{c5¬v~2sz~�dwor��c
svj�~mc5q�lms¥uZj � |���svl ` ow~p��cJq�s¥µ�q�¡¹u{q!��~�uZj
¸�� �m�  ·§®¸ �m�  �d#u{�{c!¬z~!¯
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º ��n�~m£�~mltcJdA|�~ ` u¦��j«szj/µ�}F��nmcw�fq!uFj�~msz~tlp~2u(¡8µ��rc
�{s¥´LcJntcJjFl�d#u{���{¬vc5~5¯
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Data

Clustering of the voxels

Threshold map
Computation

Preprocessing
− (rigid) realignment

− (smoothing)
− detrending

local parameters (IR, noise)
Averaging and estimation of Activation map

computation(CR,MI)

   

� s¥}Z��nmcP�J1 � ntu{q�cJ~m~mszj{}�ur¡�¡R§���h���o(lpo�¯ �0uFltc
l ` o(l�l ` c?q�uZdw���{lmorltsvuFj�ur¡�oFq�ltsv�¦o(lms¥uZjAdwoF��orj��Al ` c�c5~mltszdwo(ltsvuFj�ur¡�¬vu{q!or¬
��oFnmoFd�c5ltcJnm~2ornmcf��cJnk¡¹uZnmd#c5�Aszj��{cJ��cJj��{c5jZlm¬¥£F|�~tszj�q!c�l ` c5~mc�~mltc5��~�ntc5¬¥£/uFjA�{s ´Tc5nmc5jZl ` £{��uFl ` cJ~tcJ~!¯
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�f�JÜ  ��Hà±�rÜ��J�"� � % à�#
� * Ü½á��{�J� szj�q!¬v����c5~fµ�np~mlfo�nmsv}rsz��~p��o(lmsvor¬�ntcJo(¬vs¥}Zj�d#c5jZl
orj���svjZlmc5np��uF¬vorltsvuFj�u(¡2l ` c¤��orlmo $8l ` sv~
sv~�~p� K¤q�svc5jZlª~msvj�q�c?l ` c�dworsvj�c!´LcJq�l�svj®uF��n���o(lpoPsz~ªo/lmnporj�~m¬vorltsvuFj�ur¡�����ltuA�/dwd o(¬vuFj{}/uFj{c�u(¡�l ` c#q!uZuZnm��svj�orltc�o(�cJ~!¯
�0uFltc�l ` o(l0nmc5or¬¥sv}Fj�d�cJjZl�ntcJ����q�cJ~�szj�~tuZd�c?��oH£P¡R§®��h�orj�or¬¥£{~msv~0��ntuZ�{¬vc5d,¡RnmuFd©ow�(x � lmu/o���x � ��ntuZ�{¬¥cJdA¯ _�` c���o(lpoPsv~
�{c!lpntcJj��{cJ� 1�¡¹uFn�cJorq ` �FuH�c5¬"~mc5��oFnmorltc5¬¥£F|�q�uZj�~mlmorjZl0oFj���¬vsvj�c5ornªq�uZd#��uFj�c5jZlm~0svj�l ` c?lmc5dw��uFnpo(¬��{uFdwo(szj�ornmc?~p���{lpnmoFq�ltcJ�
�°d#uFnmcPq�uZnmnmc5q!ltsvuFj�sz~
j{url�j�c5q�cJ~m~pornm£  2~muAl ` orl
}Fnmc!£�¬vc!�rc5¬��{sz~tlpntsz���{lms¥uZj¶sz~���nmuFoF�{¬¥£®~mlmorltsvuFj�oFnt£�u¦�Fc5nªltszd#cr¯«â�d#u�url ` svj�}
~ ` uF�{¬z�B��cAd#svj{szdwo(¬�xès¥¡0j{url�oH�rursz�{cJ��x�svj¾l ` c«ltc5dw��uFnpo(¬�oFj��¾~p��o(lmsvor¬��{szd#c5j�~ms¥uZj�~5|�oF~?~mu�uFjÀor~wâ �0� sz~ ` s¥} ` c5j{uZ�{} ` ¯
�0cJj�q�c!¡¹uFnml ` |{l ` c���o(lpo#��s¥¬v¬8��c�q�uFj�~tsz�{c5nmc5�«�ruH{c5¬ x·��sv~mcr¯

)+* Ü����r�"��8����"�¹à � �À�  sz~���ntu{����q�c5�/�F£Pq!uFdw���{lmsvj{}#o?~mlmorltsz~tlmsvq5o(¬Lltc5~ml�ur¡±l ` cf��orlmo���svl ` ntcJ~m��c5q!l�ltu�l ` cf��oFnmoF�{s¥}ZdA¯
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Paradigm
p(t)      f

noise (i.i.d. gaussian)
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Red : Baseline condition ; Blue : Activation Condition
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Histogram of the values at a given voxel under two different conditions :
before and after Markov processing.
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Impulse Response for the five first clusters, stimulus 2.
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Artefactual Mutual Information arising from noisy data :
simulated and estimated values as functions of the noise level.
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Theoretical model and simulation
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Histogram of probabilities associated to the CR score :
Taking into account temporal autocorrelation (black) or not (blue).

CR score expressed as a probability
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Histogram of artefactual values on Correlation Ratio :
simulation vs theory, with and without temporal autocorrelation
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Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
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