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XIY[Z]\^Y`_ba1a1c�dKe fgZ]hiZkj[lnmpoEckq<lna�_k\]c�crjgsplnt[luZ]v
XIY[Zkw[crjyxIz<ln{|_boEY[c

f}_kzEziZ]Y~jg{Ec*Y[c�����c"Y[���Ec�v��p�kd<�k�$e �]_kvpo|_bY~�4���^�]��e dp��z6_k\]c�t

���)�r�����E�k�^�>� v�j`�<lnt!z|_kzic�Y�qp�Pc$zEY[Z]ziZ^t`c}_*vEcr��a�crj`�EZ<{1j`Z�c�t[j[lua�_�j`c�_*Y~ln\kln{1j`Y`_kv�t[�
� Z]Y[a � Y[Z]a _*t`crj!Z �¢¡ �¤£¥a�_�j`���Ec�{�z¦Zbluv]j`t!Z]YLa�_�j`����c"{ � Y`_ka1c�t"q<_bvE{1�Pc}��Z^vE��c�v]j`Y`_�j`c
Z]v�j`�Ec*_bv|_�§¨�<t[lnt!Z � j`��c�oEvE��c�Y~j�_�lnv]jN�©Z � j`�Ec�c�t[j[lna�_�j`c�{�j`Y`_bvEt � Z]Y[aTª¬«g�Ec}j`�Ec�Z]Y[crj[lu��_�§
��Z]v^j`Y~lnhEo<j[lnZ]vEt!_kY[cg_bv�luv]j`Y~lnvEt[ln�ga1Z<{Ecr§EZ � vEZklnt`c � Z]Y¢j`Y`_bvEt � Z]Y[a�_�j[lnZ]vEt8h|_bt`c�{KZ^vK��Z^aK�
ziZ^t¤l¨j[lnZ^v	Y`_�j`�Ec�Y$j`�|_bv4_k{�{<l¨j[lnZ]v­q¢_�oEv<l¯®|c�{ � Z]Y[a�_�§¯lut`a � Z^Y$j`��c�c�t[j[lna�_�j[lnZ^v	Z � h¦Zbj`�
j`�EcKY~ln\kln{/j`Y`_kv�t � Z^Y[a°_kv�{/l¨j`t���Z�sk_bY~l±_bvE��c�a�_�j`Y~l¯² � Z]YyziZbluv]j`t$Z^Y � Y`_ba1c"t$��Z]Y[Y[c"t³z¦Z]v<�
{Ec�vE��c�t"q6_bvE{©_�§ut`ZK_�t¤j�_�j[lnt[j[ln��_�§isk_�§¯lu{6_�j[lnZ^v´a1c�j`��Z<{�j`ZKs^c�Y~l � ��j`��c�c"Y[Y[Z]YPc�t[j[lna�_�j[lnZ^vGq
�}�<lu���&_bzEz<§¯lnc"t�c�s]c�v��µ��c"vTvEZ	¶`\]Y[Z]oEvE{�j`Y[o<j`��·1lut}_�sk_�l¯§¸_kh<§nckªI«g��c�zEY`_k�rj[ln��_�§D��Z^v]j`Y~l¯�
hEo¹j[luZ]v�lntLj`�Ec}sk_�§¯lu{6_�j[lnZ^v�Z � Z]oEYLj`Y`_kv�t � Z^Y[a�c�t[j[lna�_�j[lnZ^v�a1crj`�EZ<{�lnv�j`�Ec}��_kt`c}Z �)¡ �¤£
a1c�{<ln��_�§|lna�_k\]c�t"q]�}�<ln����t`�EZ"�µtIj`�|_�jg_�zEY[c��rlut[lnZ]v�Z � j`�Ec$Y[c�\klnt[j`Y`_�j[luZ]v­q � _bYLh¦cr§nZ��ºj`�Ec
t[ln»�c�Z � _Ks^Z"²�cr§:q6��_bv©hic�_b���<lncrs^c�{­ª
¼T½]¾­¿[ÀKÁ|��Â)�k� fÃc�\klnt[j`Y`_�j[luZ]v­q}xIY[Y[Z]Y��|_bvE{<§¯luvE\Eq$f�lu\bln{Äj`Y`_kv�t � Z^Y[a©q$Å}vE��c�Y~j�_�luv]j:�pq
XIY[c��rlut[lnZ]v­qGÆ$c�Z^a1crj`Y~�^q6Ç/c"{¹lu��_�§���Z]a1zEo<j`c�YPsplnt[luZ]v
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Unité de recherche INRIA Sophia-Antipolis

2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex (France)
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½Ä� � Z]oEtgzEY[Z]ziZ^t`Z]vEtÃ{|_kv�tµ��crj�_bY~j[ln��§nc�o�vEc*vEZ]o<s^cr§¯§uc�a��c�j`��Z<{Ec*{�� c�t[j[lua�_��
j[lnZ^v´{Ec$j`Y`_bvEt � Z]Y[a�_�j[lnZ^v�Y~ln\blu{Ec��_Kz|_bY~j[lnYP{�� _kzEz6_kY~lnc�a�c�v]j`tg{�c�z¦Zbluv]j`tÃZ^o´{Ec�Y[c�z��c�Y[c"t�q
crj�v�Z^oEt�vEZ^o�t���Z^v��"c�v]j`Y[Z]vEt*z<§noEt�z6_kY~j[ln��o<§¨l��c�Y[c�a�c�v]j1t`oEY�§��Ò_bv|_�§¨�<t`c1{Ec�§�� luv��"c�Y~j[l¯j`oE{Ec
{Ec$§¸_�j`Y`_kv�t � Z^Y[a�_�j[luZ]v�c�t[j[lna��c"ckª � Z^o�t!luv]j`Y[Z<{Eo¹lut`Z]vEtPziZ]oEYP��cr§±_�oEvTa�Z<{��c�§nc${Ec�hEY[o<l¯j
lnv]j`Y~luvEt��c"mpoEc�z|_kY��"Z]a1z¦Z]t[l¯j[luZ]v4crj�{Ecrs]c�§nZ]zEz¦Z]vEt*o�v � Z]Y[a�_�§¯lut³a�c1oEv¹l¨®��c�ziZ]oEY�§�� c�t[j[l¯�
a�_�j[luZ]v�t[lna�o<§¯j�_bv��c�cy{�cµ§¸_�j`Y`_kvEt � Z^Y[a�_�j[luZ]v�crjg{Ec$t`Z]v1luvE��c�Y~j[l¯j`oE{Eckª � Z]oEtPz�Y[Z^ziZ^t³Z^vEt
�c�\p_�§nc�a�c�v]j$oEvEc�a��crj`�EZ<{EcK{Ec�sk_�§¯lu{6_�j[lnZ^v/t[j�_�j[lnt[j[lumpoEcKziZ^oEYÃs �c�Y~l¨®|c�Y}§�� c�t[j[lna�_�j[lnZ^v/{Ec
§�� c�Y[Y[c�oEY�q�_�s^c��/Z]oÄt�_kv�t�s!�c�Y~l¯j"�c>j`c�Y[Y`_�luvGª�#¢_&�"Z]v]j`Y~luh�o<j[luZ]vºzEY`_�j[lnm¹o�c&c�t[j1§¸_	sk_�§¨ln{|_��
j[lnZ^v´{Ec$vEZbj`Y[c*_�§n\^Z]Y~l¯j`�Ea1cy{�� c�t[j[lna�_�j[lnZ^v�{Ec}j`Y`_kvEt � Z^Y[a�_�j[luZ]v�Y~ln\kln{Ec${|_bvEt!§nc���_bt!{Ec�t
lna�_k\]c�t8a��c�{<lu��_�§uc�t ¡ £�qbmpo<l6a�Z]v]j`Y[cgmpo�� oEv1Y[c���_�§¸_k\]c!{�� oEvEcgz�Y$�c"�rlnt[lnZ^vKh<lnc"v�lnv � �c�Y~luc�oEY[c
�_�§¸_Kj�_�l¯§¨§nc�{Eo´s^Z"²�cr§¢zic"o¹j&%crj`Y[c*Z]h<j`c�v¹oGª
',Á�����¿`�)(*
½ �-� vE��c�Y~j[l¨j`o�{Eckq¦Æµc"t¤j[luZ]v�{Ec}§�� xIY[Y[c�oEY�q�«8Y`_bvEt � Z]Y[a�_�j[lnZ^vEt!f�lu\bln{Ec�t"q<fÃc���_��
§¸_k\]c*f�lu\blu{�c ¡ £�q6XIY[c���lnt[lnZ^vGqGÆ+�c�Z^a��crj`Y~luckq � a�_b\]c"Y~lnc�Ç,�c�{<ln��_�§nc
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Ç	_bv]� _�§n\]Z^Y~l¯j`�Ea1t*lnv87!Z]a�z�o<j`c�Y�9$lut¤luZ]vR��Z]vE��c"Y[v:2;��	=<>%?���@�1j�_btBApt"q­�µ�EZ]t`c�_�lua lnt
j`Z ®|vE{ j`�Ec	��Z^Y[Y[c�t`ziZ^v�{Ec�vE��c>hicrjN�Pc�c�vºj:�PZ Y[c�zEY[c�t`c�v]j�_�j[luZ]vEt©Z � _kv Z^h<w[c��rj"ªPÇ	_�j[�
���<luv�\	j�_kt(A¹t1_bY[c��r§uZ]t`cr§¨� Y[c�§¸_�j`c"{GqIhEo<j1vEZbj�c�mpo<l¨sk_�§nc"v]j"q8j`ZC�����
���>	�����	���� �TzEY[Z<��c"t³t`c�t"q
�}�<lu���4lnv]s^Zb§¨s]c1j`�Ec1c�sk_�§no|_�j[lnZ]v4Z � _´\]c"Z]a1crj`Y~lu��j`Y`_kv�t � Z^Y[a©ª­«g�Ec�_�lua-Z � a�_�j`���<luv�\
a1crj`�EZ<{EtÃlut}\]c"v�c"Y`_�§¯§¨��j`Z�Y[c�{Eo��"c�j`�Ec*��Z]a�z¹§uc�²¹l¨j:�>Z � j`��c � c�_�j`o�Y[c�_kt³t`Z<�rl±_�j[luZ]v­ªEDpc�ckq
� Z]YLcr²6_ba1z<§uckqGFIH.JLK�MON­Z]Y.FQP$ÅRKp��N � Z]YSH}§¨ln\^v�a�c�v]j"qGF Æ$Y~l¸�]�TN � Z^Y � v]j`c"Y[z�Y[c�j�_�j[lnZ^v´«8Y[c�c�t"q
F #
UVK
K¹q�U Zb§±�]�4NDZ^Y.F fWPy� ¡ N � Z]YgÆ$c�Z^a1crj`Y~lu��P$_bt`�<lnvE\Eq1FYXPÇ	�^�ON­Z]Y�F[Zi�|_]�kd$N � Z]Y � j`c�Y`_��
j[l¯s^c;7L§nZ^t`c�t[jgX�Zklnv]j]\ � 7PX_^�a1c�j`��Z<{Et"ª

� v1j`��c � Zb§¯§uZ��Ãluv�\6q��Pc}{EZ�v�Zkj!{<lnt`��oEt`tLa�_�j`���<lnvE\�a1crj`�EZ<{EtLzic"Y!t³c]qkY`_�j`�Ec�YIj`�Ec$c�t[�
j[lna�_�j[lnZ^v�Z � j`�Ecgj`Y`_bvEt � Z]Y[a©ªp«Ã�EcPj`Y`_b{<l¯j[luZ]v|_�§­_bzEzEY[Zp_k����lntLj`Z�_bzEz<§¯��_µ§uc�_bt[j t³m¹o6_kY[c�t
a1crj`�EZ<{­q�oEt[lnvE\ � Z^Y�c�²6_ka1z<§nc/j`�Ec/t[lnvE\]o<§±_bY1sk_�§uoEc	{�c"��Z]a1z¦Z]t[l¯j[luZ]v`\ t`c�caFIH.PRXbKp�4NÍq
F Å}a�c����)N�^`qiZ]Ygj`�Ec�mpo|_�j`c�Y[v<lnZ]v>Y[c�zEY[c�t`c�v]j�_�j[lnZ]vc\ t³c"cdFQP}Z]YBK¹�)N=^`ªeD^Z^a1c�_bo<j`�EZ]Y[t"q6t`o����
_btfF[Z1P$�kdgN:q���Z^v��"c�v]j`Y`_�j`c*Z^v�j`�Ec*Y[Z]hEoEt[j`v�c"t³tgZ � j`�|_�jµc�t[j[lna�_�j[lnZ^v­ª

«g�Ec�Y[c/_kY[c � cr�Pc"Y1t[j`o�{<luc�t"q8�EZ��Pcrs^c�Y�q {Ec�_�§¯luv�\	�gl¯j`� j`�EcTzEY[c���lnt[lnZ^v Z � j`��c>c�t[j[l¯�
a�_�j`c"{&j`Y`_kvEt � Z^Y[a©q¦�µ�<ln���'lut*Z]oEY�a�_�luv4��Z]vE��c�Y[v4�Ec�Y[ckª¢xL_bY~§¨�4c�²�z¦c�Y~lna1c"v]j�_�§L�PZ^Y�Apt
��_bv>hic � Z]oEvE{TluvcFYJhPRKkd
NÍqLF�Dpv]�iK]�TNÍqiZ]YfFYPy�)#hZ1K]�4NÍª-H j`�Ec�Z]Y[c�j[ln��_�§¢crsk_�§uo6_�j[lnZ^v/Z � j`�Ec
_bt`t`Z<�rl¸_�j`c�{4c�Y[Y[Z]Y[t�lnt*lnv]j`Y[Z<{EoE��c�{ luvjFYk*_kv6� ¡ qlk�_kv|�bd$NÍqIa�_�lnv<§¯� � Z]Y*j`�Ec´Y[Zkj�_�j[luZ]v|_�§
��Z]a�ziZ]vEc�v^j"ª

H$tPj`�EZ]t`c�t[j`oE{¹luc�t}{Ec�_�§DzEY~lnvE�rluz6_�§¯§¨���gl¯j`�&ziZbluv]j[�Íj`Zb�NziZbluv]jg��Z]Y[Y[c"t³z¦Z]vE{Ec�vE��c�t"q¹Z^vEc
Z � Z]oEY}��Z^v]j`Y~lnhEo<j[lnZ^vEt$lnt$_�a1c�j`��Z<{>�}�<ln���4_bzEz<§¯luc�t�_�§nt`Z1j`Z � Y`_ba1cr�Íj`Zb� � Y`_ba�c��"Z]Y[Y[c�t[�
ziZ^v�{Ec�vE��c"t�q�j`�|_�j)lut�qbz¦Zbluv]j`t)�gl¯j`��_kt`t³Z<��l¸_�j`c"{yj`Y~lu�Ec�{EY[Z]vEt"ª Hµ§nt`ZEqb_$�"Z]a1a1Z^v1_kt³t`oEa1z<�
j[lnZ^v&lut$j`�|_�j*c�Y[Y[Z^Y[t$lnv4Y~ln\kln{	j`Y`_bvEt � Z]Y[a1t���_bv	hic�a1Z<{Ecr§nc"{/�Ãl¨j`� _kv4_b{E{<l¯j[l¨s]c�c�Y[Y[Z^Y
h<l¸_bt�Z^v j`�Ec/z|_bY`_ba�crj`c�Y[t�Z � j`�EcTj`Y`_bvEt � Z]Y[a Y[c�zEY[c�t`c�v]j�_�j[luZ]v­q Z^YKj`�|_�j1j`Y`_kvEt¤§±_�j[luZ]v
_bvE{RY[Zbj�_�j[luZ]v c�Y[Y[Z]Y[t���_bvRhic�t`c�z|_kY`_�j`c�{­ª)£$oEc1j`Z/j`�Ec1s]c"Y~� z¦c���o<§¯l±_bY*v|_�j`oEY[c�Z � Y~l¯�
\blu{'j`Y`_kv�t � Z^Y[a1t"q�v|_ba1cr§¨�4j`��c�luv]j`c�Y`_b��j[lnZ]vRhic�j:�Pc�c�vRj`�Ec�Y[Zkj�_�j[luZ]v _bvE{'j`Y`_kvEt¤§±_�j[luZ]v
��Z]a�ziZ]vEc�v^j`t�qb�Pcµ_bY[\^o�c!j`�|_�j�Y~ln\blu{Kj`Y`_bvEt � Z]Y[a�tLt`��Z^o<§n{Kh¦cÃ�"Z]vEt[ln{Ec�Y[c�{Kj`Z^\]crj`�Ec�Y _bvE{
j`�|_�jPj`�Ec�_kt`t³oEa1z<j[luZ]v�Z � _k{�{<l¨j[l¯spl¨j:�>t³�EZ^o¹§u{�hic�Y[c�z<§¸_k��c�{©h]��j`�Ec*��Z]a1z¦Z]t[l¯j[luZ]v1�gl¯j`�
_bv>c�Y[Y[Z]Y!j`Y`_bvEt � Z]Y[aTª

«g�<lnt1ln{Ec�_4§nc�_k{Et�o�t1j`ZRj`�Ec/{Ecrs]c�§nZ]zEa1c"v]j�Z � _ � Z]Y[a�_�§¯lut³a �}�<lu���ºoEv<l¯®|c�t�j`�Ec
�|_bvE{<§¯lnvE\�Z � j`�EcKc�Y[Y[Z^Y � Z]Ygj`��c�_bzEz<§¯lu��_�j[luZ]v­qi��Z]a1z¦Z]t[l¯j[luZ]v&_bvE{	crsk_�§uo|_�j[lnZ^v/Z � Y~ln\kln{
j`Y`_bvEt � Z]Y[a1t"q¹luv´j`�Ec*��_bt`c�Z � z¦Zbluv]j[� j`Zk�:z¦Zbluv]jgZ]Y � Y`_ba1cr�Íj`Zb� � Y`_ba�c$��Z]Y[Y[c"t³z¦Z]vE{Ec�vE��c�t"ª

Dpc��rj[luZ]v��${Ec�t`��Y~lnh¦c�t�j`�<lut � Z]Y[a�_�§¯lut`a©qb_bvE{�t`��Z��µt)�EZ�� j`Z�c"t¤j[lua�_�j`cP_$Y~lu\blu{�j`Y`_kv�t[�
� Z]Y[a,_kv�{*l¯j`t8��Z�sk_bY~l±_bvE��c!a�_�j`Y~l ² � Y[Z]a,_µt³c�j)Z � a�_�j`���Ec�{�z¦Zbluv]j`t)Z^Y8_}t`crj8Z � a�_�j`���Ec�{

mnmporqOs)t4u)v
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� Y`_ba1c"t�qE_bvE{>_�§nt`Z��EZ"� j`Z � oEt`c�t`crs]c"Y`_�§GY~lu\blu{�j`Y`_kv�t � Z^Y[a�c�t[j[lna�_�j`c�t"ª¹«g��c"vGq<l¯jgt`��Z��µt
�EZ"�ºj`�EZ]t`cµc�t[j[lna�_�j`c�tL��_kv�hic}oEt`c�{1j`Z�t`Z]Y~jLa�_�j`����c"{�zEY~luaKl¯j[l¨s]c�t \ z¦Zblnv^j`t!Z]Y � Y`_ka1c�t>^
_bvE{	Y[c~w[c���j�Z]o<j[§¯luc�Y[t"q6j`�6_�j$lnt"qGa�_�j`���Ec�{	zEY~lnaKl¨j[l¯s^c�t��}�<lu���4_kY[c	¶³Z^h]spluZ]oEt[§¯�<·1luv��"Z]aK�
z|_�j[lnh<§ucy�gl¯j`�©j`�Ec�c"t¤j[lua�_�j`c"{´j`Y`_bvEt � Z]Y[aTª

Dpc��rj[luZ]v ¡ {Ec�t`��Y~luhic�tPZ]oEY!j`Y`_bvEt � Z]Y[a�c"t¤j[lua�_�j[luZ]v©_�§u\]Z^Y~l¯j`�Ea�h|_bt`c�{�Z]v�j`�Ec$j`�Ec�Zb�
Y[crj[ln��_�§¢Y[c�t`o<§¯j`tµZ � t³c"�rj[lnZ^vT��ª � j$��_bv©hic*z<§¸_b�"c�{/_ � j`c�Y�q6Z]Yghicrj[j`c"Y�q|c"a�h¦c�{E{�c"{´�gl¯j`�<lnv
�]Z^oEY � _�s^Z]Y~l¯j`c�a�_�j`���¹luvE\4_�§n\^Z]Y~l¨j`��aTª)xIt`t`c�v]j[l¸_�§¯§¨�^q­j`�<lnt�_�§u\]Z]Y~l¨j`�Ea-lnt*j`��c�l¨j`c�Y`_�j[luZ]v
Z � jN�PZKzEY[Z<��c�t`t`c�t��]j`Y`_bvEt � Z]Y[a�c"t¤j[lua�_�j[luZ]v©_bvE{�Z]o<j[§¨lnc�Y[t!Y[c~w[c"�rj[lnZ^vGª � jg\bl¨s]c"t�q � Y[Z]a _bv
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«Ã�Ec$zEY[Z^z6_k\p_�j[lnZ]v�Z � ��Z�sk_kY~l¸_bvE��cµa�_�j`Y~lu��c�tLj`�EY[Z]oE\^��j`�EcµZ]zic"Y`_�j[lnZ^vEt!Z � _kz�z<§¨ln��_�j[lnZ]v­q
��Z]a�ziZ]t[l¨j[lnZ]v>_bvE{�lnv]s^c�Y[t[lnZ^vTZ ��� Y`_ka1c�tµ_bY[c*{Ec�Y~l¯s^c�{©lnv/_kzEzic�vE{<l ² Xµª ¡ ª
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� v	j`�<lnt*t[j`oE{¹�pq|�Pc � _k��c*j:�PZTa�_�lnv	zEY[Z^h¹§uc�a1t�Z � c�t[j[lna�_�j[lnZ^vGªG«g��c�®6Y[t[j$lut�j`��c�c�t[j[l¯�
a�_�j[luZ]v/Z � _�Y~ln\kln{Tj`Y`_kvEt � Z^Y[a�_�j[luZ]v \ � L,�-�&^ � Y[Z^a jN�PZ�t`crj`tyZ � a�_�j`����c"{/\]c�Z^a1crj`Y~lu�
zEY~lnaKl¨j[l¯s^c�t"q��Ec�Y[c}z¦Zblnv^j`t�Z^Y � Y`_ba�c�t"ª^«g�<lntLlntLj`�Ec$Y[c"\blnt[j`Y`_�j[lnZ]v�zEY[Z^h¹§uc�a©ªp«Ã�Ec$t`c��"Z]vE{
lnt¢j`�Ec�a�c�Y[\bluv�\�Z � t³c�s]c�Y`_�§<a1c�_kt`o�Y[c"t_\ ��� L#����� ^DZ � j`�EcPt�_ba1cLj`Y`_kv�t � Z^Y[a�_�j[luZ]v*lnvKZ^Y[{Ec�Y
j`Z�\]crjµ_Ka�Z]Y[c*zEY[c��rlnt`c�c�t[j[lua�_�j[luZ]v­ª6«Ã�<lut�lut$_K{|_�j�_ � o�t[luZ]v©z�Y[Z^h<§nc�a©ª

Ç	_kv]�Rz6_kzic�Y[t�Z]v ziZ^t³c�c�t[j[lua�_�j[luZ]v � Z<�"o�t�Z]v �r§nZ^t`c�{<� � Z^Y[a1c�{Rt³Zk§no<j[lnZ^vEt�luv j`�Ec
��_bt`c1Z � ziZbluv]j[�Íj`Zb�NziZbluv]j���Z]Y[Y[c"t³z¦Z]vE{Ec�vE��c"\ t`c�c1j`�Ec�Y[c � c�Y[c�vE��c"tyluv j`�Ec1lnv^j`Y[Z<{�oE�rj[luZ]v
_bvE{ºc�t`zic���l¸_�§¨§¯�VFYk*_bv|� ¡ N=^`q hEo<j�s^c�Y~� � cr� {Ec�_�§}�gl¯j`�Äj`�Ec/oEv��"c�Y~j�_�luv]j:�ºc�t[j[lua�_�j[luZ]v
Z � j`�Ec/z¦Z]t`c � Z]oEvE{­ª�Ç/Z^Y[c�Z�s]c�Y�qL�Pc	_�§ut`Z'�g_kv]j�j`Z c�t[j[lua�_�j`cTj`�Ec	Y~lu\bln{Äj`Y`_kv�t � Z^Y[a
� Y[Z]a � Y`_ba1c�� j`Zk� � Y`_ka1c*��Z]Y[Y[c�t`z¦Z]vE{Ec�vE��c�t"qi_bvE{/vEZ��r§±_bt`t[ln��_�§¢a1crj`�EZ<{/c�_kt¤l¨§¯�>c�²¹j`c�vE{Et
j`Z�t`o����>_1z�Y[Z^h<§nc�a©ª

P}Z��Pcrs^c�Y�qÃ_RoEv¹l¨®|c�{ � Y`_ka1cr�PZ^Y�A � Z]Y�c�t[j[lna�_�j[lnZ^v �gl¯j`� oEvE��c�Y~j�_�luv]j:� �|_bt�h¦c�c�v
{Ecrs]c�§nZ]z¦c�{�oEt[lnvE\ x¢²¹j`c�vE{Ec�{ k*_�§ua�_bv JDl¯§¨j`c�Y~lnvE\`\:xSk�J ^�lnv�F Hµ�p_^���)NÍª U c/c�²¹j`c�vE{
j`�<lnt � Y`_ba�cr�PZ]Y�A*j`Z�j`��cµc�t[j[lna�_�j[lnZ^v � Y[Z]a � Y`_ba1c"tL��Z]Y[Y[c"t³z¦Z]vE{Ec�vE��c�t8lnvKj`�Ec � Zk§¯§uZ"�glnvE\
t`c��rj[lnZ^vEt�ª?H�t`oEzEz<§nc�a1c"v]j�_bY~���^�<ziZkj`��c"t¤lutP_bh¦Z]o<j � c�_�j`o�Y[c"t � Z]YIj`�Ec�xSk�J/lnt!j`�|_�j j`��c�lnY
{<lnt[j`Y~lnhEo<j[lnZ^vGq6luv´j`�Ec*z6_kY`_ba1c�j`c�YPt³z|_k��ckq¹lut$_bzEzEY[Z"²¹lna�_�j`cr§¨�/Æ�_ko�t`t[l¸_kv­ª

��������� � ����� �'�<���¸Á��! :��Á � �4�<���#"�½¹Â%$LÁ&���i���
H$t`t`o�a�c �PcP�|_�s]c!jN�PZ�t`crj`t¬Z � a�_�j`���Ec�{1z¦Zbluv]j`t�� � _bvE{-� � qbZ^v�c!j`Y`_kv�t � Z^Y[a1c�{�luv]j`Z�j`�Ec
Zbj`�Ec�Y}�gl¯j`�'_�Y~lu\blu{Tj`Y`_bvEt � Z]Y[a�_�j[lnZ^v � t`oE���Tj`�|_�j�� � G � � � � ªG£$o�Y~luvE\�j`�Ec�a1c�_bt`o<�
Y[c�a1c�v^jÃzEY[Z<��c"t³t"q]j`�Ec�t`c�ziZbluv]j`tg_bY[c$�"Z]Y[Y[oEz<j`c�{�h]�©_b{E{<l¯j[l¨s]c�vEZblut`cK�^�Pc$Z^v<§¯��a1c�_bt`oEY[c
mnmporqOs)t4u)v
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%� � G � �  ��$� � _bvE{�%� � G � �  �$� � _bvE{��Pc��g_bv]jgj`Z�c�t[j[lna�_�j`c$j`�Ec�j`Y`_kv�t � Z^Y[a�_�j[luZ]v �
_bvE{Tj`�Ec���Z�sk_bY~l¸_kvE��c �-��Z � j`�¹lut}c�t[j[lua�_�j[luZ]v­ªEU c�_bt`t`oEa1c�j`�|_�j}j`�Ec�c�Y[Y[Z]Y[t �$� � _bvE{
�$� � �|_�s]c*��Z�sk_bY~l±_bvE��c�� � �L_kv�{ ��� �¤ª

Ç/Z^t¤jyaKlnv<luaKln»�_�j[lnZ^v/j`c����Ev<lnm¹o�c"t�qD_bvE{/luv	z6_kY~j[ln��o<§±_bY*x¢²¹j`c"v�{Ec�{ k*_�§ua�_bv J­l¨§¯j`cr�
Y~lnvE\ \:xSk�Jl^`q!Y[cr§¯� Z]v j`�EcT{Ecr®|v<l¯j[luZ]vºZ � _bv c"Y[Y[Z]YKs^c��rj`Z^Y � � �gl¯j`�Ä��Z�sk_kY~l¸_bvE��c-� �
j`�|_�j*t`�EZ]o<§n{	ln{Ec�_�§¯§¨�/hic�vpo<§¯§ � Z^Y�c�_b���	a1c�_kt`o�Y[c M[q¢_bvE{	j`Y~�	j`�Ec�v	j`Z´aKluv<lnaKlu»�c1j`�Ec
�Pcrln\^�]j`c�{©§nc�_kt¤jgt`mpo|_bY[c"tÃ��Y~l¨j`c�Y~lnZ^v

� G�� � �+�� � ���"���� � �
«Ã�Ec$c"Y[Y[Z]YLlnv�j`�<lntP��_kt`c�lut j`�Ec$��§¸_bt`t[ln��_�§|{<l	�Gc"Y[c�vE��c}lnv�z¦Z]t[l¯j[luZ]v � � G %� � h � � %� � qE_bvE{
�Pc*��_bv©oEt³c�_kvTxSk�J j`Z�c�t[j[lna�_�j`c;\ � L,�-��^`ª

� v/j`��c�lnt`Zbj`Y[Z^z¹lu����_bt`c \ t�_��T�µ�Ec�v � � �=G �����
G�� # ) ��^`q|j`�Ec1��Y~l¨j`c�Y~lnZ^v	Y[c�{EoE��c�t
j`Z�_Kt[lna1z<§ucy§uc�_bt[jgt`mpo|_bY[c�t

� G � ��� %� � h � �+%� � �
#

�}�<lu���>��_bv©hic*t`Zb§¨s]c�{©c�²6_k�rj[§¯�©h]�©t`crs^c�Y`_�§­j`c����Ev<lnm¹o�c"t�ª �$vEc���Z]vEt[lnt[j`t!lnv>��Z]a�z�o<j[luv�\
j`�Ec´h|_bY~����c�v]j`c�Y[t�Z � j`�Ec�jN�PZ	t`crj`tK_kvE{ t`c�_bY[���<lnvE\ � Z]Y�j`�Ec©Y[Zbj�_�j[luZ]vRoEt¤luvE\	mpo|_�j`c�Y~�
v<lnZ]vEtd\ t³c"c FQP}Z]YBK¹�]qLH}�¹_]�E� N=^`ªSP}Z��Pcrs]c"Y�q¢j`�Ec�Y[c©lnt�v�Z	�"Z"sk_kY~l¸_kv��"cT_kt³t`Z<�rl±_�j`c�{	�gl¯j`�
j`�Ecyj`Y`_kvEt � Z^Y[a�_�j[luZ]v � Z]oEvE{­ª

��������� � ����� �'�<���¸Á��! :��Á � �4�<���#"�½¹Â% N��� �4½p�
U c	vEZ�� � _k��c/j`�Ec � Zb§¨§nZ��ÃluvE\ zEY[Z]h<§nc�aTª H$t`t`o�a�c/�Pc'�|_�s^c/j:�PZÄt`crj`t©Z � a�_�j`���Ec�{
� Y`_ba1c"t H � � � R�_kvE{ H �
� � R \
	 � Z]Y�a1Z<{Ecr§�_bvE{�� � Z]Y�t`��c�vEcT^`qGj`Y`_bvEt � Z]Y[a1c"{'Z^vEcKlnv]j`Z
_bvEZbj`�Ec�Y$�gl¯j`� _´\k§nZ^h6_�§LY~lu\bln{	j`Y`_kv�t � Z^Y[a�_�j[luZ]v � t`o����R_bt �$� � G � � � � � ª U c1Z]v<§¨�
�|_�s^c*_b�"��c�t`tIj`Z�j`�EcrluYPa1c�_bt`oEY[c�{�sk_�§uoEc�t %�
� �(G �$� � � ,�� �¢_bvE{ %� � �(G ��� � � , � �¢_bvE{��Pc
�g_bv]j j`Z�c"t¤j[lua�_�j`cPj`�Ec}Y~lu\bln{�j`Y`_bvEt � Z]Y[a�_�j[lnZ]v � _kv�{�_y�"Z"sk_kY~l¸_kv��"cÃa�_�j`Y~l ² �-�yh6_kt`c�{
Z � j`�|_�j!c�t[j[lua�_�j`ckªgU cg_bt`t`oEa1cPa1Z]Y[c�Z�s^c�YIj`�|_�j¬�PcÃ�|_�s^cÃt`Z]a�c A¹v�Z��g§nc�{E\^cÃ_khiZ^o¹j¬j`�Ec
a1c�_kt³oEY[c�a�c�v]jµz�Y[Z<�"c�t`t � , � ��G \ ) �<L#� � � ^�_kv�{ ,�� �(G \ ) �<L,� � � ^`ª

7!Z]a�h<lnv<lnvE\/j`�Ec�jN�PZ	a1c�_kt³oEY[c�c�mpo|_�j[lnZ]vEt��Ãl¨j`� j`�Ec´�]��ziZbj`�Ec�t[lut1_bvE{Rlnt`Zb§±_�j[lnvE\
c�Y[Y[Z]Y�q��Pc*\^crj

%� �������� � � � � %� � � G , �������� � � , � � \³�
^
«Ã�Ec}§uc � jPt[ln{Ec$Z � j`�¹lutPc�mpo|_�j[luZ]v�lntPZ]oEY!c�Y[Y[Z^YLs]c"�rj`Z]Y ,�� G \ ) �<L#� � ^)j`Z�hic$a�lnv<lnaKlu»�c�{
lnv©j`��c*��Y~l¨j`c�Y~lnZ^v � G�
 � , �� � ���"���� ,�� ª
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U c	_bY[c	oEt[lnvE\ ��c"Y[c4_ z|_bY~j[ln�"o¹§±_bY©_bt`z¦c��rj�Z � Z^o�Y�Y[c�zEY[c�t`c�v^j�_�j[lnZ^v � Z^Y � Y`_ba1c"t �
ln{Ec�v]j[l¨j:����Z^Y[Y[c�t`ziZ]vE{EtDj`Z$_gvpo<§¯§pj`Y`_kv�t[§±_�j[lnZ^v�_bvE{�_Ãvpo<§¯§�Y[Zbj�_�j[luZ]v�s^c��rj`Z]Y�ª�«Ã�<lnt8_�§¯§nZ��µt
oEt}j`Z�t³Zk§¯s^c�j`�<lut�c�t[j[lna�_�j[lnZ]v>zEY[Z]h<§nc�a oEt¤luvE\�j`�Ec�xSk�JLªG«g��c���Z^a1zEo¹j�_�j[lnZ^v/vEc�c�{Ec�{
j`ZK§¯luvEc�_bY~lu»�c}j`�Ec�a1c�_kt³oEY[c$c"mpo|_�j[lnZ^v ,�� G %� �������� � � � � %��� �8_kY[c$\bl¨s]c�v�lnv>_bzEz¦c�vE{¹l¯² 7}ª

��������� � �¢� �¸Á�� Á  µ� ��� �¸Â ����� �¢�  NÁ6� �4�¹� �¸Á��¢�
7 Z^vEt¤lu{Ec�Y}vEZ���_1t`crj H %��� RKZ � a1c�_bt`oEY[c�t$Z � j`�Ec�t�_ka1c � Y`_ka1c � t`oE���	_bt %��� G � � ,�� ª
«Ã�Ec�\]Zp_�§¢lnt$j`Z©c�t[j[lna�_�j`c�j`�Ec � Y`_ka1c*\ � L#���&^`ª U c�_bt`t`o�a�c1_bv&c�Y[Y[Z]Y ,�� G \ )+�<L#� � ^
Z]v>c�_b���´a�c�_bt`oEY[ckª�«g�Ec�a�c�_bt`oEY[c�c�mpo|_�j[luZ]v©lnt

%� �������� � � G , �������� \:�&^
_bvE{´j`�Ec���Z]Y[Y[c"t³z¦Z]vE{<lnvE\K�Pcrlu\]�]j`c"{´§nc�_bt[j}t`mpo|_kY[c�tÃ�"Y~l¯j`c�Y~luZ]v/��_kvT_�§nt`Z1h¦c�a�lnv<lnaKlu»�c�{
oEt¤luvE\Kj`�Ec�xrk J:\:_bzEzic�vE{<l ² 7 ^`ª
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H$vEZbj`�Ec�Y¢lnv]j`c"Y[c�t[j[lnvE\�zEY[Z]h<§nc�a j`�|_�j _bY~lut`c�t��gl¯j`�<luv�j`�<lnt � Y`_ba1cr�PZ^Y�A�lntI�"Z]a1z|_�j[luh<l¯§¯l¨j:�^ª
J�Z^Y�_�\bl¨s]c�v	j`Y`_kv�t � Z^Y[a�_�j[luZ]v­q6�Pc��g_bv^j$j`ZdA¹v�Z���q � Z^Y}lnvEt[j�_bvE��c]qEl � _�t³�"c�vEc � c�_�j`oEY[c
lntµ��Z]a1z|_�j[lnh<§nc��gl¯j`�/_1a�Z<{�c�§ � c�_�j`oEY[ckq�l:ª ckª�l � j`�Ec*t`��c�vEc � c�_�j`oEY[c*��_bv©hic*��Z^vEt¤lu{Ec�Y[c�{
_btPj`�Ecyj`Y`_kvEt � Z^Y[a�_�j[luZ]v©Z � j`�Ec�a1Z<{Ecr§ � c�_�j`o�Y[c�a�Z<{�o<§uZ1c�Y[Y[Z]Y[t"ª17!Z]vEt[ln{Ec�Y~luv�\�t`crj`t}Z �
a�_�j`���Ec�{ � c�_�j`oEY[c�t"q��Pc�a�_���_�§ut`Z}�g_bv]j¬j`Z�t`Z]Y~j8j`��cga�_�j`���Ec�t¬h]�Kt�_�§¯lnc"v����^ªb«Ã�Ec�t`c!j:�PZ
zEY[Z]h<§nc�a�t�_kY[cKlna�ziZ]Y~j�_kv]j � Z]Y}j`�Ec�c�t[j[lua�_�j[luZ]v4t[lnvE��c�§uc�_bt[j*t`mpo|_bY[c"t$j`c����Ev<lnm¹o�c"tK_kY[c
ApvEZ��}v1j`Z�hicµt³c"v�t[l¨j[l¯s^cÃj`Z*Z]o<j[§¯luc�Y[t"q¹_kvE{1j`��cyxSk�J/lnt!a1Z^Y[c�Z�s]c�Y Z]Y[{Ec�YL{Ec�z¦c�vE{�c"v]j��¹_
zEY[cr§¯luaKlnv|_bY~��z��|_kt³cg�}�Ec�Y[cµa�_�j`���Ec�tg_bY[cµt³Z^Y~j`c�{�h]��Y[cr§ncrsk_kvE�r��_bvE{�Z]o<j[§¨lnc�Y[t!Y[c~w[c"�rj`c�{
Z � j`c�v>\bl¨s]c�tgt`oEh�t[j�_kv]j[l¸_�§Glna1zEY[Z�s^c�a1c�v]j`tyZ]v�j`��c�j`�Ec*mpo|_�§¨l¯j:�>Z � j`�Ec*c�t[j[lna�_�j[lnZ^vGª

H Y[cr§¸_�j`c�{	mpoEc�t[j[lnZ^v/lnt$j`Z©{�c�j`c�Y[aKlnvEc��}�Ec�v	j:�PZ©a1c�_kt`o�Y[c"t$Z]Y~lu\blnv|_�j`c � Y[Z]a j`�Ec
t�_ba1c*Z]h<w[c"�rjµ_bvE{T{<l	�­c�Y}Z^v<§¯�©hic���_boEt`c�Z � a1c�_bt`oEY[c�a1c"v]j}c"Y[Y[Z]Y���«g�<lntµ��_bv>hic*oEt³c"{Gq
� Z]YIluvEt¤j�_kvE��ckq � Z]YL�r§uoEt¤j`c"Y~lnvE\�j`Y`_kvEt � Z^Y[a�_�j[luZ]vEt"qblÍª c]ªkj`Z*®|v�{�t`oEhE\]Y[Z^o�zEt!Z � ��Z^v�t[lut¤j`c"v]j
j`Y`_bvEt � Z]Y[a�_�j[lnZ^v�t"ªEH � oEt[lnZ]v>��Z]o<§u{´j`�Ec�v/h¦c�oEt`c�{©�Ãl¨j`�¹luv/c�_k���>t³oEhE\]Y[Z^oEz´j`Z�Z]h<j�_�lnv
_Khic�j[j`c�Y}c�t[j[lua�_�j`c�Z � j`�Ec�j`Y`_bvEt � Z]Y[a�_�j[lnZ^v­ª

DpoE���©zEY[Z]h<§nc"a1t}_kY[c$j`Y`_b{<l¯j[luZ]v|_�§¨§¯��j�_k� A]§uc�{�spl¸_1Ç	_k�|_�§¸_kvEZ]h<lnt!{<lnt[j�_kv��"c�t � Z]YPt`Z]Y~�
j[lnvE\��]�<z¦Zbj`�Ec�t`c�tµ_bvE{�� # j`c�t[j`t � Z^Y�Y[c¤w[c��rj[lnvE\�Z^o¹j[§¨lnc�Y[t"ª
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#Dcrj�\ ��L#� � ^Ã_kvE{�\ �2L#���
^�hic�jN�PZ�a1c�_bt`oEY[c�{>ziZbluv]j`t$_kvE{�\ � L#���&^Ã_KY~lu\bln{>j`Y`_bvEt � Z]Y~�
a�_�j[luZ]v­ª�U c$�g_bv]jgj`ZKj`c�t[jgj`��c�sk_�§¯ln{<l¨j:�>Z � j`�Ec��^�<ziZkj`��c"t¤lut��jG � ���Dª

U cÃt�_��Älnv�t`c���j[lnZ]v��<ª d��EZ��ºj`Z*��Z]a1zEo<j`c�\ � ����L#����� � ^`q]j`��c"v1j`��cµ��Z�sk_bY~l±_bvE��cgZ]vj`�Ec�c"Y[Y[Z]Y¢s]c���j`Z]Y � G � h � � �Kt`�EZ]o<§u{KhicP»�c"Y[Z}�Ãl¨j`�K��Z�sk_kY~l¸_bvE��c � G � �  ����� � ª
H� # j`c�t[jLlntI�Pc�§¯§¦t³o<l¨j`c�{Kj`Z*s]c�Y~l � �Kl � �ylutL��Z^a1z|_�j[lnh<§uc��gl¯j`�1l¨j`tLj`��c"Z]Y[crj[lu��_�§|��Z�sk_bY~l±_bvE��ckª
«Ã�Ec*t`mpo|_bY[c�{>Ç	_b�|_�§¸_bvEZ^h¹lutP{¹lut[j�_bvE��c�� # lnt

� # G � � � ���"��� �
«g�Ec1t[j�_�j[lnt[j[lu��_�§8j`c�t[j*t�_���tyj`�|_�j�j`��c��]�<ziZkj`�Ec�t[lnt�lnt*\]Z<Z<{>l � � #��
	 q¦�µ�Ec�Y[c1j`�Ec

j`�EY[c�t`��Zk§n{ 	 lut*t³c�j�t`oE���'j`�|_�j"q�l � j`��c��^�<ziZkj`��c"t¤lut�lut�j`Y[o�c]q��Pc1�Ãl¨§¯§!���EZ<Z]t`cKl¯j*�gl¯j`�
j`�Ec�z�Y[Z^h|_bh<l¯§¨l¯j:���¬ª-DpZ]a�c$sk_�§noEc�tPZ � 	 _kv�{
� � Z]YLj`�<lnt ¡ �¤£ � # j`c"t¤jg��_kv´h¦c � Z]oEvE{�lnv
j�_bh<§nc��]ª

JEZ]Y!c�²|_ba1z<§nc]q^l � � #�� �]� � ¡ d6q�j`�Ec�Y[c$lut!§nc�t`t!j`�|_bv	��� Z � zEY[Z]h|_bh<l¯§¨l¯jN��j`�6_�j �1hic�_
a1c�_kt³oEY[c�Z �&� � ��ª&U c���_bv´j`�¹o�tµY[c~w[c��rjgj`�<lntga�_�j`���­ª

����� ��� � ÀKÁ� :��� �'½¹�1�&��Âº�	�����&���  NÁ6� �4�<���¸Á��
#Dcrjf\ ��� L#� � ^Ã_kv�{ \ �$� L#� � ^Ãh¦c�jN�PZ´a�c�_bt`oEY[c�{ � Y`_ka1c�t$_kvE{ \ � L#� ^$_�Y~ln\kln{Tj`Y`_kv�t[�
� Z]Y[a�_�j[lnZ^vGª�U c$�g_bv^jÃj`Z1j`c�t[jgj`�Ec��^�<ziZkj`��c"t¤lutÃj`�|_�j �$� G � � ��� ª-JEY[Z]a t`c��rj[luZ]v/��ª d
�PcÃ��_bv1��Z^a1zEo<j`c�j`�Ecg��Z�sk_bY~l¸_kvE��c � Z]vKj`�Ecgc�Y[Y[Z]Y¬s]c���j`Z]Y , G � ���"���� � ��� ��� {Ecr®|vEc�{
_bh¦Z"s^c$_kvE{�oEt`cÃj`�Ec$t`mpo|_kY[c�{�Ç	_b�|_�§±_bvEZ]h<lutL{<lnt[j�_bvE��c�� # G , � � ������� , _kv�{�_fM��¤£ � #
j`c�t[jÃj`Z�{�c"�rln{Ec�l � j`�Ec��^�<ziZkj`��c"t¤lut�lutÃj`Y[oEc*Z]YPvEZbj \ t`c�c$j�_bh<§nc��
^`ª

����� ��� � ÀKÁ� :��� �'½¹�
#Dcrj \ � � L#� � ^�_kv�{ \ �$# L,� # ^Lhic$jN�PZ1a1c�_kt³oEY[c�{ � Y`_ka1c�t"ª&U c}�g_bv]jPj`ZKj`c"t¤jPj`�Ec��]�<z¦Zb�
j`�Ec�t[lntIj`�|_�j¬j`�Ecr��_kY[cÃa1c�_bt`oEY[c�tIZ � j`�EcÃt�_ka1c � Y`_ba1c � ª #­c�j � h¦c�j`�Ecµ��Z�sk_bY~l¸_kvE��cPZ]v
j`�EcÃc�Y[Y[Z^YIs^c��rj`Z]Y , G � �������� � �$# ª
U cÃ��_bvKZ^vE��c}_k\p_�lnv�o�t`cPj`�EcÃt`mpo|_bY[c"{�Ç	_b�|_�§±_bvEZ]h<lut
{<lnt[j�_bvE��c�� # G , � � ���"��� , _kv�{>_;M��~£ � # ª
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«¬_bh<§uc1�K��«¬_bh<§nc�Z � j`��c � # {<lut¤j`Y~luhEo¹j[luZ]v � Z]Y ¡ _bvE{,MK{Ec�\]Y[c�c"tÃZ ��� Y[c"c�{EZ]a�! � � 4
/ � ) 	*,<3:4
/ 4
/ 	*/ �(%() 021=35/!0�
 1=/*; )+359
3:; 0<)81=/	,<7 4�)8?@1��02354 /*,
U cg�|_�s]c${Ecrs^cr§uZ]zic"{Klnv�j`�<lnt!t`c��rj[luZ]v�_$j`�Ec�Z^Y[crj[ln��_�§ � Y`_ka1cr�PZ^Y�A � Z]Y a1Z<{Ecr§¯luv�\*oEvE��c�Y~�
j�_�luv]j:�R_kv�{ � Z^Y$�|_bvE{<§¯luv�\ � Y`_ba�c�t*_bvE{	Y~ln\kln{/j`Y`_kv�t � Z^Y[a�_�j[luZ]vEt"ª U cKzEY[Z]z¦Z]t`c�_�vEcr�
a1Z<{Ecr§^Z � vEZblut`cIh|_bt`c�{�Z^v���Z]a1z¦Z]t[l¯j[luZ]v�_kvE{�t³�EZ��4�}�^�$l¯jDlutDhicrj[j`c�YGj`�|_kvyj`�EcL��§¸_bt`t[ln��_�§
_b{E{<l¯j[l¨s]c�vEZblut`ckª^«g�Ec}oEt`c$Z � _���Z�sk_kY~l¸_bvE��cµa�_�j`Y~l¯²´Z]v1j`�Ec$z|_bY`_ka1crj`c�YLs^c��rj`Z^YLlntLj`�Ec�v
_}ziZ��Pc�Y � o<§<j`Z<Zk§ � Z]Y¢�|_bvE{<§¯luv�\yo�vE��c"Y~j�_�lnv^j:��lnvK�"Z]a1zEo<j�_�j[luZ]vEt"ªbxIt[j[lna�_�j[lnZ^v�zEY[Z]h<§uc�a1t
�Ãl¨j`�<lnv	j`�<lnt � Y`_ba�cr�PZ]Y�A/Y[c"mpo<lnY[cKj`�EcK�"Z]a1zEo<j�_�j[luZ]v	Z � _��"Z"sk_kY~l¸_kv��"cKa�_�j`Y~l ²'Z � j`�Ec
c�t[j[lna�_�j`cK�]j`��cyx¢²¹j`c�vE{Ec�{"k*_�§ua�_bv JDl¯§¨j`c�Y!zEY[Z�spln{Ec�tP_*oEv¹l � Z]Y[a � Z]Y[a�_�§¯lnt`a,j`Z��|_kv�{<§uc
j`�<lnt"ª
H�jL§±_bt[j"q�j`�Ec$Ç	_k�6_�§¸_kv�Z^h<lnt8{¹lut[j�_bvE��c�t _bvE{ � # j`c�t[j`tL_�§¯§uZ"�Äj`�Ecg��Z]a�z6_kY~lnt`Z]v�_bvE{
{<lnt`��Y~lna�lnv|_�j[luZ]vTZ � �]�<ziZkj`�Ec�t`c�tÃh|_kt³c"{´Z^v � Y`_ba�c�t}_kvE{´Y~lu\bln{©j`Y`_bvEt � Z]Y[a�_�j[lnZ^v�t"ª

«g�<lnt � Y`_ba1c��PZ]Y�A ��_kvºhic	oEt`c�{Älnv _'§¸_kY[\]c>vpoEa�h¦c�Y´Z � splnt[luZ]vºzEY[Z]h<§nc�a�t�ªbJ�Z^Y
c�²6_ka1z<§nckqL�Pc/zEY[c�t`c�v]j�lnvÄj`�Ec	vEc�²¹j�t`c��rj[luZ]v _bvº_kzEz¹§¨ln��_�j[lnZ^v j`Z Y[c�\klnt[j`Y`_�j[luZ]v � hEo<j
�Pc1��Z^o¹§u{R_�§nt`Z©oEt³c�j`�¹lut � Y`_ba1cr�PZ^Y�A � Z]Y�a�_�j`���¹luvE\/_�§u\]Z^Y~l¯j`�Ea1t0\ t`c�c F X-H��bd$N=^`ªLJ�oEY~�
j`�Ec�YL_kz�z<§¨ln��_�j[lnZ]vEt8lnvE�r§noE{Ec!j`�EcÃ�r§uoEt¤j`c"Y~lnvE\�Z � Y~ln\kln{Kj`Y`_kv�t � Z^Y[a�_�j[luZ]vEt)h¦crj:�Pc"c�vKlna�_b\]c
t[j`Y[o���j`o�Y[c"t�qEZ]Y!Y~ln\kln{©a1Zbj[luZ]vEtLlnv>_�{<lut³z<§±_b��c�a�c�v]j!®|cr§n{­q¹luv�Z]Y[{Ec�Y!j`ZK{Ecrj`c���j}_kvE{�lut`Zb�
§¸_�j`c�Z^h<w[c��rj`t \ t`c�c�_�§ut³Z,F[D@XSN�^`ª
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«Ã�Ec$Z^o<j`z�o<jgZ � _ � c�_�j`o�Y[c��:h|_bt`c�{�a�_�j`���<luv�\�_�§u\]Z]Y~l¨j`�Ea�oEt`o6_�§¯§¨����Z]vEt[lnt[j`tLlnv�jN�PZKt`crj`t
Z � a�_�j`���Ec�{ � c�_�j`oEY[c�t"ªi«g��c�h|_bt[ln�*ln{Ec�_1lntµj`�6_�j$l � �PcK��_kv/��Z^a1zEo¹j`c�_�Y[cr§¯l±_bh<§nc�c�t[j[l¯�
a�_�j[luZ]v>Z � j`�Ecyj`Y`_kvEt � Z^Y[a©qi_bvE{�j`�Ec��"Z]v<®|{�c"v��"cyj`�|_�jÃ�Pc*�|_�s]c�lnv©l¯j"q��Pc*��_kvT\bl¨s]c*_
��Z]v<®|{Ec�vE��c�sk_�§uo�c*Z^v�j`�Ec*Y[c�\blut[j`Y`_�j[lnZ^vT_�j}c�_b���´z¦Zblnv^j}Z � j`�Ec�lna�_b\]c]ª
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«g�Ec�a1c�j`��Z<{/lut}j`�Ec � Zk§¯§nZ��glnvE\Eª�U c*j�_
Akc1_btglnvEzEo<j�Z � j`��c�crsk_�§uo|_�j[lnZ^v/t[j`c�z/j:�PZ

t`crj`tPZ � a�_�j`���Ec�{ � c�_�j`o�Y[c"tÃ_kvE{��"Z]a1zEo<j`c$j`�Ec�Y~ln\blu{�j`Y`_bvEt � Z]Y[a�_�j[lnZ]v�h¦crj:�Pc�c"v�j`�Ec�aTª
H$t`t`o�a�lnvE\4_�§¨§�j`�Ec � c�_�j`oEY[c�t�_bY[c©��Z]Y[Y[oEz<j`c�{ h]� j`�EcTt�_ba1c�t[j`Z<���6_kt[j[ln��zEY[Z<��c�t`t"q��Pc
��Z]a�z�o<j`c*t[j�_�j[lut¤j[lu��t�\±l:ª ckª6j`�Ec*��Z�sk_bY~l±_bvE��c*a�_�j`Y~l¯²>Z � j`�Ec*zEY[Z<��c�t`t>^LZ]v � c�_�j`oEY[c�t"qi_bvE{
oEt³c�j`�<lntglnv � Z]Y[a�_�j[lnZ^v´j`Z�Y[c��"Z]a1zEo<j`c�j`��c*Y~lu\bln{>j`Y`_bvEt � Z]Y[a�_�j[lnZ]v>_bvE{©l¯j`t$_kt`t³Z<��l¸_�j`c"{
��Z�sk_bY~l±_bvE��ckª�«g�<lnt�hiZ<Zkj`t¤j`Y`_kz4z�Y[Z<�"c�t`t���_bvRhic���Z^v]j[lnv¹o�c"{ oEv]j[l¨§P��Z]v]s^c�Y[\^c�vE��ckª�«g�<lnt
�Ãl¨§¯§|j`�Ec�v�_�§¨§nZ��ºoEtLj`Z�zEY[c�{<lu�rjg_$sk_bY~l¸_kvE��c}Z^vKj`�Ec}ziZ^t[l¯j[lnZ^v1Z � c�_b���1Y[c�\klnt[j`c�Y[c�{�z¦Zbluv]j
Z � j`�Ec�lna�_k\]ckª

'� #" � 
*% �k4 4=02, 0<)81�'	' 35/*9 '*)+4 ��%-,<,
«Ã�Ec4��Z^v�t[lu{�c"Y[c�{ � c�_�j`oEY[c�t>_bY[c4_b\¹_�luv¥z¦Zblnv^j`tT_kv�{ � Y`_ba�c�t"q�hEo¹j©lnv<l¨j[l¸_�§¨§¯� �Ãl¨j`�EZ]o<j
_bv]�>mpo|_�§¨l¯jN�Tlnv � Z^Y[a�_�j[luZ]v­ªEU¥l¨j`��Z^o<j}§nZ^t`t}Z � \]c"v�c"Y`_�§¯l¨j:�^qit`oE���'_ � Y`_ka1cr�PZ^Y�A´��_kvTh¦c
c�²¹j`c�vE{Ec�{/j`Z�Zbj`�Ec�Ygj:�<z¦c�t$Z �I� c�_�j`o�Y[c"t�ª � v/Z]Y[{Ec�Y}j`Z�oEt`c�_bv	xSk�J q6�Pc�®|Y[t[j�vEc�c�{Tj`Z
c�t[j[lna�_�j`c�j`�Ec � c�_�j`oEY[c�t���Z�sk_bY~l±_bvE��c©a�_�j`Y~l¯²:\±j`�<lnt1lutK{Ecrj�_�l¯§nc"{ lnv t`c���j[lnZ]v ¡ ªÒ�?^`ªLU c
t[j�_bY~jg�Ãl¨j`�
���cH §uc�_bt[jgt`mpo|_bY[c�tgc�t[j[lna�_�j`c*Z ��� q6oEt[lnvE\1ziZklnv]jµziZ^t[l¯j[lnZ^vEt�Z^v<§¯�^ª
��� xIt[j[lua�_�j`c�_K\k§nZ]h|_�§G��Z�sk_bY~l±_bvE��c*a�_�j`Y~l ²TZ]v � c�_�j`oEY[c�t"ª
¡ � �$Y[{Ec�Yga�_�j`���Ec�tÃh^��luvE��Y[c�_bt[luv�\�Ç	_b�|_�§±_bvEZ]h<lntP{<lnt[j�_kv��"c�t"ª
U c�vEZ"� �6_�s^c�c�vEZ]oE\]�Rlnv � Z]Y[a�_�j[lnZ^v Z^v � c�_�j`o�Y[c"t�j`Z	t[j�_bY~j�j`�Ec�h¦Z<Zbj`t[j`Y`_bzEz<lnvE\

zEY[Z<��c�t`t"ª?Dkj`c"z/�Ã��_bv1h¦c�lu\]vEZ]Y[c�{�l � _�Y[cr§¨l¸_kh¹§uc�j`Y`_kvEt � Z^Y[a�_�j[luZ]vKlutLzEY[Z�spln{Ec�{­q]�}�Ec�Y[c�_kt
t[j`c�z ¡ ��_bv*hicLl � a�_�j`���Ec�tI_kY[cP_�§uY[c�_b{<�*t`Z]Y~j`c�{*�gl¯j`��Y[c�t`zic��rj¢j`Z$t`Z^a1cLZbj`�Ec�Y¢��Y~l¨j`c�Y~lnZ^v­ª
«Ã�<lut�Z]Y[{Ec�Y~lnvE\©Z � a�_�j`����c"t}lnt"qG��Z��Pcrs^c�Y�qDv�c"c�{Ec�{/j`Z´c"v�t`oEY[c�j`�Ec1Y[Z^hEo�t[j`vEc�t`t$Z � j`�Ec
xSk�J��]t[lnvE��cPj`�EcÃc"mpo|_�j[lnZ^vEtL_bY[cP§¯luvEc�_bY~lu»�c�{�luvKj`�Ec}xrk J qbj`�Ec}c�t[j[lna�_�j`cP��_bv�hicgZ]Y[{Ec�Y~�
{Ec�zic�vE{Ec�v]j"ª �:� j`�Ecµ{¹l �Gc�Y[c"v��"c�tP_bY[cµo�t`o|_�§¨§¯��vEZbj!t[ln\^v<l¯®|��_bv^j"q^t`Z]a�cÃt`zic"�rl¸_�§6��_bt`c�tI��_bv
§nc�_k{�j`Z�m¹o6_kv]j[l¯j�_�j[l¯s^c�c"Y[Y[Z]Y[t"ª

�$Y[{Ec�Y~lnvE\&_�§nt`Z��Ecr§nzEt*Z]o<j[§¨lnc�Y[t*Y[c~w[c���j[lnZ]v � Z^Y$j`��c�j`Y`_bvEt � Z]Y[a�_�j[lnZ]v	�"Z]a1zEo<j�_�j[luZ]v
�}�<l¨§ncfAbc�c"z¹luvE\�j`�Ec�t`c*a�_�j`���Ec�t � Z^YÃZkj`�Ec�Y}zEoEY[ziZ^t³c"t�ª � v/zEY[Zbj`crluv/t`oEh�t[j`Y[oE�rj`oEY[c�a�_�j[�
���<luv�\6q � Z^YKlnvEt[j�_bvE��c�lnv F X-H��kdgN:q8�Pc©�g_bv]j1j`Z4��Z^a1zEo<j`c´j`�Ec´j`Y`_kv�t � Z^Y[a�_�j[luZ]v �gl¯j`�
Y[cr§¯l±_bh<§nc�_baKluv�Zk�~_k�rln{Et�a�_�j`���Ec�t3\±�µ�<ln��� ��_kv	�|_�s^c�t`Z]a1c�zEY[c��rlnt`cKluv]j`c�Y`_k�rj[lnZ^v�t��gl¯j`�
Zbj`�Ec�Yga1Zb§uc���o<§nc"t�^`q6hEo<jg�Pc�_�§nt`ZK�g_kv]jÃj`Z�t³c"cy§uc�t`tÃ�"Z]vEt[j`Y`_�lnvEc�{©a�_�j`���Ec�tgj`�6_�j}z¦Zbluv]j
Z]o<jµZbj`�Ec�Ygt¤j`Y[oE�rj`oEY`_�§¢t¤luaKl¯§±_bY~l¨j[lnc�t"ª

«g�Ec�hiZ<Zbj`t[j`Y`_kz´zEY[Z<��c�t`tPl¯j`t`cr§ � lut}_kt � Zk§¯§uZ"�µt"ª

sYtLm�sYu
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��� xIt[j[lua�_�j`c©j`��c>j`Y`_bvEt � Z]Y[a�_�j[lnZ]v \ � L#���?^ � Y[Z^a j`�Ec/a�_�j`���Ec�t�oEt[lnvE\ _bvºxSk�J
\±luv	{�c"��Y[c�_bt[luv�\©t[ln\^v¹l¨®|��_bvE��c�Z]Y[{Ec�Y)^ÃoEv]j[l¨§Lj`�Ec1Ç	_k�6_�§¸_kv�Z^h<lnt}{<lut¤j�_kvE��cKZ � j`�Ec
a�_�j`���Ec�t!h¦c���Z^a1c�tI§±_bY[\]c"Y)j`�|_bv�_*zEY[c�{Ecrj`c�Y[aKluv�c"{ 	 sk_�§noEc�\±j`�<lut lutIj`�Ec � # j`c�t[j
j`Z1Y[c¤w[c��rjµZ]o<j[§¯luc�Y[t>^`ª

��� xIt[j[lua�_�j`c�j`�Ec*��Z�sk_bY~l¸_kvE��c�a�_�j`Y~l¯²TZ � _�§¨§ � c�_�j`oEY[c�t ��ª
¡ �CDpZ]Y~j�a�_�j`���Ec�t�h]�/j`�EcrluY�Ç	_b�|_�§±_bvEZ]h<lut}{<lnt[j�_bvE��c]ª �$o<j[§¯luc�Y[t*_bY[c�_�j$j`�EcKc"v�{4Z �

j`�Ec�§¯lut¤j"ª
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\±j`�Ec�a�_�w[Z^Y~l¯j:�4Z � ��_bt`c�t>^`ª1U c���Z^vEt¤lu{Ec�Y�j`��c�Y[c"\blnt[j`Y`_�j[lnZ]vRa1crj`�EZ<{ _bt�_Th<§¸_k� A	h¦Z"²
\±®|\]oEY[c	�T^`q­�µ�<ln���'j�_ Abc�t*j:�PZ&Y[c�zEY[c�t`c�v]j�_�j[luZ]vEt�Z � j`�Ec�t�_ka1c�Z]h<w[c"�rj�_bt�lnvEzEo<j"qI_bvE{
\bl¨s]c�ty_bv©c�t[j[lna�_�j`c�{©Y~ln\blu{´j`Y`_kv�t � Z^Y[a _ktPZ]o<j`zEo¹j"ª

Registration
Features 1

Features 2

Transform: R,T

Precision: W

J­lu\]oEY[c��K�ifÃc"\blnt[j`Y`_�j[lnZ]v©��Z^v�t[lu{�c"Y[c�{T_kt}_�h¹§±_b�)A�hiZ"²
H$t`t`oEaKlnvE\}luvE{�c"zic�vE{Ec�vE��cPZ � z|_�luY[tIZ � a�_�j`���Ec�{ � c�_�j`oEY[c�t"q��PcP��_bv�t`oEh�t�_ka1z<§nc!j`�Ec

a�_�j`���Ec�t!lnv�Z]Y[{Ec�Y!j`Z�\]crjPt`crs^c�Y`_�§ilnvE{Ec�z¦c�vE{�c"v]jgc�t[j[lna�_�j`c�tPZ � j`�Ec$Y[c�t`c�_kY[���Ec�{�j`Y`_kv�t[�
� Z]Y[a�_�j[lnZ^vGq¢_bvE{4��Z]a�z6_kY[c�j`�Ec�a©ª � vRz6_kY~j[ln��o<§±_bY�q¦�Pc���_bv4t`z<§¯l¯j�j`�Ec�t`crj*Z � a�_�j`���Ec�t
lnv©j:�PZ�t`crj`tµ_bvE{TZ^h¹j�_�lnv�j:�PZ�c�t[j[lua�_�j`c�tgZ ��� �

� � G � � , � � # G � ��, #

«Ã�Ec�j:�PZ>j`Y`_bvEt � Z]Y[a�_�j[lnZ]vEt�t`��Z^o<§n{Rhic1s^c�Y~� ��§nZ]t`ckq8_bvE{'�Pc���_kv t[j`oE{<�4j`��c�lnY&¶³{<lnt[�
j�_bvE��c�· , G \ � # ^ ������� � � � G \ , # ^ ���"��� � , � �µ�<ln��� {EZ<c�t�v�ZkjK{Ec�z¦c�vE{ Z � j`�Ec�c�²6_k�rj
j`Y`_bvEt � Z]Y[a � _bvE{>t³�EZ^o¹§u{´h¦c*�r§nZ^t³cµj`Z1ln{Ec�v]j[l¨j:�^ª
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�N� a�_�j`����c"t´_kY[c	Y`_bvE{EZ]aK§¨�ºt`o�hEt�_ba�z¹§uc�{Äj`Z _ ®�²�c"{¥vpoEa�hic�Ym_ Z � a�_�j`����c"t�q
lnv Z]Y[{Ec�Y�j`Z/��Z^v�t`c�Y~s^c�lnvE{Ec�zic"v�{Ec�vE��c�_kvE{ _kv t[lna�l¯§¸_kY�{<lut¤j`Y~luhEo¹j[luZ]v Z � a�_�j`���Ec�t*lnv
t`z6_k��ckq6j`�Ec�vTj`�EcKc"t¤j[lua�_�j[luZ]v/c"Y[Y[Z]Y[t , � _kv�{ , # � Zb§¨§nZ�� j`�Ec�t�_ba�c�§±_��,Z � �"Z"sk_kY~l¸_kv��"c
��\O_ ^`ª �:� a1Z^Y[c�Z�s]c"Y�hiZbj`�4j`�Ec � c�_�j`o�Y[c�c�²¹j`Y`_b��j[lnZ]v _bvE{	j`�Ec1Y[c�\klnt[j`Y`_�j[luZ]v4a1crj`�EZ<{
�|_�s^c�v�Z�h<l±_bt # \±j`�<lntya1c�_bvEtPj`�|_�j �3\ , �)^=G �;\ , # ^=G ) �@^`q�j`�Ec�vT�Pc���_kv´{Ec�Y~l¨s]c�j`�6_�j
j`�Ec�a�c�_bt`oEY[c�{Tc"Y[Y[Z]Y , t`�EZ]o<§u{T�|_�s]c�_K��Z�sk_kY~l¸_bvE��c����>\O_ ^�G � ��\O_ ^`ª

fgc�zic�_�j[lnvE\´j`�Ec�c�²�z¦c�Y~lna�c�v]jK�gl¯j`� t`crs]c"Y`_�§!�EZ]a�Z]\]c"v�c"Z]oEt*t³c�j`t�Z � a�_�j`����c"t�qD�Pc
��_bvºc�t[j[lua�_�j`c/j`�Ec/��Z�sk_kY~l¸_bvE��c	a�_�j`Y~l ²¥Z � j`�Ec	c�t[j[lna�_�j[lnZ]vºZ � � � Y[Z]a _ � c�_�j`oEY[c
a�_�j`���Ec�t}h^�

��\O_ ^�G �
� n ��� � � ,�� , ��

�  �� � 1&)53:;*1�02354
/I4
7^0 
*% �(4���1�)+351=/��(% %-, 023:?@1�02354
/
«Ã�<lut$a1crj`�EZ<{´lut�_�§ut`Z1oEt³c"{´j`Z�sk_�§¨ln{|_�j`c�Z]oEYgc�t[j[lna�_�j[lnZ]v>t`���Ec�a1c]ªiU c*��Z]a�z�o<j`c*j`�Ec
j:�PZ/c"t¤j[lua�_�j`c"t � ��_kvE{ � # q8_�§nZ^vE\��gl¯j`�4j`�EcrlnY*��Z�sk_kY~l¸_bvE��c�a�_�j`Y~lu��c�t"q�_kv�{	j`�Ec�v4j`�Ec
c�Y[Y[Z]Y , _kv�{4l¯j`tp� ��� � ��<$	=�)�KoEvE��c�Y~j�_�lnv]jN� �������
	���ªD«Ã�Ec�h¦c�t[j��g_��&j`Z/t`c�cKl � j`�Ec�a1c�_��
t`o�Y[c"{�sk_�§noEc�tgZ � , _bY[c���Z^a1z|_�j[luh¹§uc}�gl¯j`�´j`�EcrluYPz�Y[c"{¹lu�rj`c�{>o�vE��c"Y~j�_�lnv^j:��lnt!j`Z1oEt`c$j`�Ec
Ç	_b�|_�§±_bvEZ]h<lut�{<lut¤j�_kvE��c�Z � \ , L#��� ���
	�� ^¬�gl¯j`�©ln{Ec�v]j[l¨j:�^ª

� # G , � � ���"��������
	�� ,
fÃc�m¹o¹luY[c�a1c�v^j`t1_bh¦Z]o<j�j`�Ec�vpoEa�h¦c�Y�Z �!� c�_�j`oEY[c�t�oEt`c�{'j`Z&��Z]a1zEo<j`c � � _bvE{ � # ��_bv
j`�Ec�vÄhic©Y[c�a1Z�s^c�{­ª �N� j`�Ec´��Z�sk_kY~l¸_bvE��c©c�t[j[lna�_�j[lnZ^v lnt�zic�Y � c���j"q¢j`�Ec�v j`�Ec>c�²�zic"�rj`c�{
sk_�§uo�cPZ � � # lntrM<q"j`�EcP{<lna1c�vEt[lnZ^vKZ � j`�EcPj`Y`_bvEt � Z]Y[a�_�j[lnZ^v�t`z|_b��c]ªOU c!oEt`c!j`�Ec�vKt`crs^c�Y`_�§
t`crj`tÃZ � a�_�j`���Ec�t$_kv�{©c�t[j[lna�_�j`c�j`�Ec�cr²�zic���j�_�j[lnZ^v´h^�´j`�Ec�_�s]c�Y`_k\]c$sk_�§noEcK�

�� # G �n � � #�
_bvE{/���|_bY`_b��j`c�Y~ln»�c�j`�Ec�_b{Ec�mpo|_�j[luZ]v/Z � j`�Ec*�-���)�
��<$	 �)��o�vE��c"Y~j�_�lnv^j:�/Z � j`�Ec�c�t[j[lna�_�j`c�{
j`Y`_bvEt � Z]Y[a��gl¯j`�´j`�Ec*�p�i�
�>	=�4�)���
�)�¦a1c�_bt`oEY[c�{�sk_�§uo�c"t}h]��j`�Eck�T�
� ���
�
	����
� ��� �
���

) # G�
 �� #
M���*��� � / '�� o ��� ��� o �.��'���� ��� � ��� ��� � ��'������.����� o ���(�&����'�' ��� o / �3�2���,��� ��) � o ' 0go ����� ������)��������

mnmporqOs)t4u)v
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«g�<lnt¢lnvE{Ec�²K\bl¯s^c�t¢lnvE{<ln��_�j[lnZ^v�t8Z]v��EZ�� j`�Ec�c"t¤j[lua�_�j[luZ]v�a1crj`�EZ<{�o�vE{Ec�Y~�Nc�t[j[lna�_�j`c�t

\ ) # � �T^!Z]YPZ�s^c�Y~�:c"t¤j[lua�_�j`c"t�\ ) #�� �
^8j`�Ec�c�Y[Y[Z]YgZ]v©j`�Ec�c"t¤j[lua�_�j`c"{´j`Y`_bvEt � Z]Y[aTª � jµlnt
_]A]luv�{&Z � Y[cr§¸_�j[l¯s^c*c�Y[Y[Z]YgZ]v�j`�Ec�c"Y[Y[Z]Ygc�t[j[lna�_�j[lnZ]v­ª

� v�j`�Ec'��_bt`c4Z � t¤��v]j`�Ecrj[ln�R{|_�j�_ �gl¯j`� _cA¹v�Z��µv�j`Y`_bvEt � Z]Y[a�_�j[lnZ^v � q}_ {<luY[c��rj
sk_�§¨ln{|_�j[luZ]v´luvE{�cr² ) � ��_kvT_�§nt`ZKh¦c��"Z]a1zEo<j`c�{ � Y[Z^a j`�Ec�c"Y[Y[Z]Y

, G � ������� � � X
t[lnvE��c*h]�©{Ecr®|v¹l¨j[lnZ^v´j`�Ec�j`Y`_bvEt � Z]Y[a�c�t[j[lna�_�j[lnZ^v´lut � X G � ��, ª

«g�Ec�t`c)j:�PZgsk_�§¨ln{|_�j[luZ]v$lnvE{Ec�²�c"t)_kY[cIoEt`c�{�lnv�j`�EcLx¢²Ezic�Y~lua1c�v]j`t8t`c��rj[lnZ^v$j`ZÃsk_�§¯ln{|_�j`c
Z]oEYgc�t[j[lna�_�j[lnZ]v©t`���Ec�a�ckq6hiZkj`���gl¯j`�>t¤��v]j`�Ecrj[ln��_bvE{��Ãl¨j`�/Y[c�_�§�{6_�j�_<ª

�  �� � 4
/ � ) 	*,<3:4
/a4
/ , 0 1�0235, 023 �(1&) ��1&)535;	1�02354
/
U c*�|_�s]c*t`�EZ��}v�lnvTj`�<lut}t`c��rj[luZ]v�j`�6_�j�_�§¯§Gsk_�§¯ln{|_�j[lnZ]v>a1crj`�EZ<{Et$_kY[c�o<§¨j[lna�_�j`cr§¯�>t[j�_��
j[lnt[j[ln��_�§�_kvE{¥�|_�s]c&z�Y[c"t³c"v]j`c�{ _ mpo<l¯j`c	\^c�vEc�Y`_�§ya1crj`�EZ<{Äj`Z c�t[j[lua�_�j`cTj`�Ec	mpo|_�§¯l¯jN�
Z � _&Y[c"\blnt[j`Y`_�j[lnZ]vÄzEY[Z<��c"t³t"ª)«g�<lnt1§nc�_b{EtKoEt1j`Z	j`�Ec´sk_�§¨ln{|_�j[luZ]vÄZ � Z]oEY1oEvE��c�Y~j�_�lnv]jN�
zEY[c�{<ln�rj[luZ]v´�gl¯j`�>hiZkj`�Tt[�<v]j`�Ecrj[lu�K_kv�{©Y[c�_�§D{|_�j�_<ª

� ��� � ���P��0 �*��
!�

U cyz�Y[c"t³c"v]jgv�Z�� j`�Ec}sk_�§¨ln{|_�j[luZ]v©Z � Z^o�Y!j`Y`_kv�t � Z^Y[a c�t[j[lna�_�j[lnZ^v´_�§n\^Z]Y~l¯j`�Ea©qp®|Y[t¤j � Z^Y
t[lna�o¹§±_�j`c�{>{|_�j�_<q|_bvE{´j`�Ec�v � Z]YPY[c�_�§ ¡ £ a1c�{<ln��_�§Dlna�_b\]c�Y[c"\blnt[j`Y`_�j[lnZ]v­ª

�! #" � 
 /�0 
*%(023 �r;*1�0216%3��'k%()+35?@% /�02,
U c �6_�s^c!\]c�vEc�Y`_�j`c�{�_ §±_bY[\^cLvpoEa�h¦c�Y8Z � §¨lnt[j`t¢Z � _bt`t`Z<�rl±_�j`c�{ � Y`_ka1c�t"q��gl¯j`��_$Æ�_ko�t`t[l¸_kv
c�Y[Y[Z]Y*{<lnt[j`Y~luh�o<j[luZ]vRZ]v4j`��c�ziZ]t[l¨j[lnZ]vEt�_bvE{4Z]v	j`�Ec�Z]Y~luc�v]j�_�j[lnZ]vEt"q�_kvE{'�gl¯j`�EZ]o<j�_bv^�
� _�§ut³cga�_�j`���Ec�t"ª<xL_b����Y[c�\blut[j`Y`_�j[lnZ^v1lnv]s^Zb§¨s]c"tP�]�]��z¦Zblnv^j`t�q<_bvE{1�Pcµ�6_�s^c$_�s^c�Y`_b\^c�{1j`�Ec
Y[c�t`o<§¯j`tgZ � _����]�*Y[c�\klnt[j`Y`_�j[luZ]v�c�²�z¦c�Y~lna1c"v]j`t"ª�«)Z�hic*_kt!�r§nZ^t`c�_bt!z¦Z]t`t[lnh<§ncgj`Z�j`�Ec�Y[c�_�§
��_bt`ckq<j`��c � Y`_ka1c�tP�Pc�Y[c*Y`_bvE{EZ]aK§¨�����EZ^t³c"v�luv�j`�Ec*t�_ba1c$s^Zb§uo�a�c*_btPlnv�j`��c*Y[c�_�§D��_kt³c
\ t`c�c�t³c"�rj[lnZ^v �<ªÒ�?^*_bvE{ j`�Ec���Z�sk_bY~l±_bvE��c©a�_�j`Y~l¯² oEt`c�{ j`Z	z¦c�Y~j`oEY[h|_�j`c � c�_�j`oEY[c�t��g_kt
a1c�_kt³oEY[c�{ � Y[Z]a j`�Ec>Y[c�_�§gc�²�z¦c�Y~lna�c�v]j`t,\±j`�Ec´sk_kY~l¸_bvE��c"t�_bY[c>_bzEzEY[Z"²¹lna�_�j`cr§¯� � � G��� d6� 	 	 Z]v4ziZ^t¤l¨j[lnZ^v4_bvE{ ��� G � � ��K!o
	 �TZ^v'Z^Y~lnc�v^j�_�j[lnZ^v ^`ª U cKoEt`c�lnv4h¦Zbj`�4Y[c�_�§
_bvE{Tt[�<v^j`��c�j[ln�*c�²�z¦c�Y~lna1c"v]j`t�_ � # sk_�§noEc*Z � ���*j`Z�Y[c�a1Z�s^c�Z^o<j[§¯lnc"Y[t�ª
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7!Z]Y[vEc�Yµf}Ç�D ) � ) #
X¢Zbluv]j`t �<ªn���^��a1a �kªn���b� �kª¨�gK
JEY`_ba�c�t �<ªn���¹��a1a �<ªÒ�
M
M �kªÒ�]�]�

«I_kh¹§uc*� �-D]j�_�j[lnt[j[ln��_�§Dsk_�§¨ln{|_�j[luZ]v­q�t[�<v]j`�Ecrj[lu����_kt`c
U c}zEY[c�t`c�v]j!luv1j�_bh<§nc��yj`�Ec�_�s^c�Y`_b\^cÃj:��z¹lu��_�§­hiZ^o�vE{|_bY~��c�Y[Y[Z]Y \:_�s^c�Y`_b\^c$fµÇ�DKZ]v

j`�EcK��Z^Y[v�c"Y[t}Z � j`�Ec�lua�_b\^c�Z�s^c�Y�_�§¯§Dj`�EcKc�²Ezic�Y~lua1c�v]j`t>^}_kv�{©j`�Ec�sk_�§¨ln{|_�j[luZ]vTluvE{�cr²�c�t
) � _bvE{ ) #�� Z^Yyj`�Ec�z¦Zblnv^j1_kv�{ � Y`_ba�c�_�§n\^Z]Y~l¨j`��a�t�ª¢fÃc�a�c�a�h¦c�Y�j`�|_�j�j`��c"t³c1luvE{�cr²�c�t
_bY[c�Y[cr§±_�j[l¨s]c�c�Y[Y[Z^Y[t*Z]v4j`��c�c"Y[Y[Z]Y�zEY[c�{<ln�rj[luZ]v­ª)«g�¹lut*t³�EZ��µt�_�s]c"Y~� \^Z<Z<{/®Ej�Z � j`�Ec
_�§u\]Z]Y~l¨j`�Ea�z�Y[c"{¹lu�rj[lnZ^v � Z]Y � Y`_ka1c�tµ_bvE{T_1t[§¨ln\]�^jÃoEvE{Ec�Y~�Nc�t[j[lna�_�j[lnZ]v � Z]YPziZklnv]j`t"ª

U c$_�§nt`ZKY[oEv�t`crs]c"Y`_�§DZkj`��c"Y!t³c�j`t�Z � c�²�z¦c�Y~lna1c"v]j`tÃoEt[lnvE\�_�Y[c�_�§Ga1Z<{Ecr§­Y`_bvE{EZ]aK§¨�
j`Y`_bvEt � Z]Y[a1c"{4_bvE{	zic�Y~j`oEY[h¦c�{­q)_bvE{4_�o�v<l � Z]Y[a°a�Z<{�c�§IZ � vEZblnt`c��Ãl¨j`�/j`��c�t�_ka1cK�"Zb�
sk_bY~l±_bvE��ckªEH}§¨§Dj`�EZ]t`c�c�²�z¦c�Y~lna1c"v]j`t}t`�EZ��Pc�{´s^c�Y~�©t[lnaKl¨§¸_bYgY[c�t`o<§¯j`t"ª

�����&��� � Á � $)�E� �¸��Á��¥�L½]��À�½p½ � $LÁ ���i���1�&��Â  :��� �4½
D]lnvE��c � Y`_ba1c�t�_bY[c���Z^a1ziZ^t`c�{ Z � z¦Zbluv]j`t1_kv�{ j`Y~ln�Ec�{EY[Z]vEt"q��Pc´��_bv �"Z]a1z|_bY[c�c�_bt[l¯§¨�
j`�Ec�zEY[c���lnt[lnZ^v Z � j`�Ec�ziZklnv]j�j`Z	ziZklnv]j�Y[c�\blut[j`Y`_�j[lnZ^v'�gl¯j`� Y[c�t`zic���j�j`ZTj`�Ec � Y`_ba1c1j`Z
� Y`_ba1cgZ]vEckª
U cP���EZ<Z]t`c!j`Z*Y[oEv1j`��cµc�²�z¦c�Y~lna1c"v]jL�gl¯j`�©�b�$z¦Zbluv]j`t"q^_$®�²�c�{�sk_bY~l¸_kvE��c}Z �����G ��� �^� o 	+�ÃZ]v�j`�Ec!Z]Y~luc�v]j�_�j[lnZ]v­qb_kvE{K_Psk_bY~l¸_kvE��cLlnvE��Y[c�_kt[lnvE\ � Y[Z^a � � G�� � d 	 	 j`Z
��� d 	 	�Z^v�z¦Zblnv^jIz¦Z]t[l¯j[luZ]v­ª�«g��cPY[c�t`o<§¯j[luvE\$zEY[c��rlnt[luZ]v*\ Z^YDj:�<z<ln��_�§EhiZ^oEv�{|_kY~��c"Y[Y[Z]Y)^Glnt
{EY`_��µv�lnv1®|\]oEY[cy�<ª<Å}t[lnvE\ � Y`_ba1c�tLluv�t`z¹l¨j`c$Z � ziZklnv]j`t!��_kv1j`�Ec�v�§nc�_k{1j`ZK_$lna�ziZ]Y~j�_kv]j
lna1zEY[Z�s^c�a1c�v]jylnvTzEY[c���lnt[lnZ^vGª-PµZ"�Pc�s]c�Y�q�j`�<lutÃlntµa1Z]Y[c*t`c�vEt[lnh<§nc��µ�Ec�v´j`�Ec*vpoEa�h¦c�Y$Z �
a�_�j`���Ec�t}{Ec��"Y[c�_bt`c�t"q�_kvE{ ��Z]Y!�gl¯j`�/_kv�luvE��Y[c�_bt[luv�\�Y`_�j[lnZ � ��� � ��ª
�! � $&%-1&)k;*1�0 1 % � 'k%�)835?D%-/!02,
U c�zEY[c�t`c�v^j1Y[c�t`o<§¯j`t � Y[Z]a _bv c�²�zic"Y~lna1c�v^j1zic"Y � Z]Y[a1c�{ oEt¤luvE\ ¡ £ Ç	_b\^vEcrj[ln��fgc�t`Zb�
v|_bvE��c!lna�_k\]c�t \:Ç	f � ^`ªb«Ã�Ec!lna�_b\]c"t)��Z^a1c � Y[Z]a j`�Ec X Y~lu\]�|_ba�_kv�{fU Z^a�_bv�� tLPµZ]t`z<l¯�
j�_�§:q]_bvE{1_kY[c�z|_kY~jIZ � _kvKc�²<j`c�vEt¤l¨s]cPt[j`oE{<�KZ � j`�Ecgcrs^Zb§no<j[luZ]vKZ � j`��cµÇ/o<§¯j[luz¹§uc D^��§nc�Y[Z^t¤lut
\:Ç�Di^y{<lnt`c�_kt`ckª­«g�Ec�t�_ka1c�z|_�j[luc�v]j�\]crj�_T�"Z]a1z<§nc�j`c ¡ £ Ç	f c�²|_baKluv6_�j[lnZ^v t`crs^c�Y`_�§
j[lna1c"t�{EoEY~lnvE\/Z^v�c��]c�_kY3\±j:�<z<ln��_�§¯§¨� �bd©{¹l �Gc�Y[c"v]j ¡ £ _b�"mpo<lnt[l¯j[luZ]vEt>^`ª�«Ã�Ec�_�lna-lutyj`Z
Y[c�\blut[j`c�Y�s^c�Y~� zEY[c��rlnt`cr§¨�^qI_bvE{Rlnv ¡ £�q)_�§¨§!j`�EZ]t`c1lna�_k\]c�t"q­luv Z^Y[{�c"Y�j`Z	t`c�\^a1c�v]j�j`�Ec
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JDln\^oEY[c��.�-7!Z]a1z|_bY~lut`Z]v©Z � j`�Ec�c"t¤j[lua�_�j[luZ]v©zEY[c��rlnt[luZ]vToEt[lnvE\1z¦Zbluv]j`t}_kvE{ � Y`_ba�c�t"ª
§nc�t[luZ]vEtI_kvE{�crsk_�§no|_�j`cLs^c�Y~��_b���"o�Y`_�j`cr§¯��j`�EcrluY)c�s]Zk§no<j[lnZ^v*\:Ç�D$§nc�t[lnZ^vEtI_kY[cL�}�<l¯j`cPt`ziZkj`t
lnv©j`��c�lua�_b\^c�t�luv�®|\^o�Y[c*d�^`ª

«g�Ec�lua�_b\^c�t$_kY[cy®|Y[t[j�c����EZEqG�]��M��	�]��M��4�bd1s^Z"²�cr§nt"q6j`�Ec�s^Z"²�cr§¬t[ln»�c*lnt�� 	 	��
� 	 	�� ¡ 	 	'ª U c$�|_�s]c*_�§nY[c�_k{<��zEY[c�t`c�v]j`c�{>_bv©_�§u\]Z^Y~l¯j`�Ea�j`ZKz¦c�Y � Z]Y[aTq � o<§¯§¯�©_ko<j`Zb�
a�_�j[lu��_�§¨§¯�^qbj`�Ec}Y[c"\blnt[j`Y`_�j[lnZ]v�Z � j`��cglna�_k\]c�t8lnv F «Ã�<l¸�kdgN:ª?P}Z��Pcrs]c"Y�qkj`�Ec�Y[cglnt!_�vEc�c�{Kj`Z
c�t[j[lna�_�j`c�zEY[c���lnt`cr§¯�©j`�EcKc�Y[Y[Z^Y[t}lnv>j`��Z^t`c�Y[c�\klnt[j`Y`_�j[luZ]vEt"ª6«Ã�Ec�Y[c�\blut[j`c�Y[c�{Tlua�_b\^c�t$_kY[c
Y[c�t�_ba1z<§uc�{4o�t[luv�\>_�j`Y~l¯�Í§¯lnvEc�_kY$lnv]j`c"Y[ziZb§±_�j[luZ]v4a1crj`�EZ<{­ª­«g�Ec1t�_ba1c�t¤§¨ln��c"t�Z � t`crs^c�Y`_�§
{<l	�Gc"Y[c�v]j ¡ £ºÇ	f � _bY[c!zEY[c�t`c�v]j`c"{Klnv�®6\^oEY[cÃd6qb_ � j`c�Y8Y[c�t�_ba�z¹§¨lnvE\$�gl¯j`��j`�Ecgc�t[j[lna�_�j`c�{
j`Y`_bvEt � Z]Y[a1t"ªiJ­lu\]oEY[c��*z�Y[c"t³c"v]j`t!j`��c�{<l �Gc�Y[c�vE��c"t!hicrjN�Pc�c�v�lna�_k\]c�t"q]j`Z�t`�EZ��¥splut`o6_�§¯§¨�
j`�EcKmpo|_�§¨l¯jN�	Z � j`��c�Y[c�\blut[j`Y`_�j[lnZ^v­q¦_kvE{4_�§nt`Z1j`�|_�jyj`��c�crs^Zb§no<j[luZ]vEt$Z � j`��c�§nc�t[luZ]vEt$_kY[c
�r§nc�_bY~§¯�©{Ecrj`c���j`c�{­ª

�! �' � 4
35/!02, 1=/	; 7 )+1=?@% , 35/ ?@% ;*3 �(1&)k3:?@1=9
%-,
�$o�Y!Y[c"\blnt[j`Y`_�j[lnZ]v�_�§n\^Z]Y~l¯j`�Ea Y[c�§¯lnc"t!Z]v�j`�Ec$c�²¹j`Y`_k�rj[lnZ^v�Z �G� c�_�j`o�Y[cyziZbluv]j`tLlnv ¡ £�a1cr�
{<ln��_�§)lua�_b\^c�t"q|{Ecr®|vEc�{	�gl¯j`�4{<l	�Gc"Y[c�v]j[l¸_�§L\^c�Z]a1c�j`Y~�/��Y~l¨j`c�Y~l¸_#\ t³c"c�®|\]oEY[c ¡ ^`ª � v4Z]oEY
��_bt`ckqIj`�Ec�t`c	_bY[c>j`��c � �
	��(�42;�
� +��
��� 	��`q!_bt�{Ecr®|vEc�{Älnv�F «g�<l¸� ¡ NÍqL�}�<lu��� _bY[c©j`��Z^t`c
ziZklnv]j`tµZ � j`��c�Z]h<w[c"�rjgt³oEY � _k��c � Z]YP�}�<ln���Th¦Zbj`�/zEY~luv���lnz|_�§¢��oEY~sk_�j`o�Y[c"t�_bY[c*c�²¹j`Y[c"a�_�§:ª

sYtLm�sYu
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«Ã�Ec}luv]j`c�Y[c�t[j[luv�\*j`�<lnvE\�lutLj`�|_�j!vEZbjPZ^v<§¯�1{EZ*�Pc}\^crj!t`Z]a1cglnv]sk_kY~l¸_kv]jPa1c�_kt³oEY[c�tP_kt`t³Zk�
�rl¸_�j`c�{/�gl¯j`�/j`�EZ]t`cKz¦Zbluv]j`tf\±j`�Ec1zEY~lnvE�rluz6_�§I�"o�Y~sk_�j`oEY[c�t>^`q¦�µ�¹lu���R_kY[c�oEt`c�{/j`Z©Y[c�{Eo��"c
j`�Ec/��Z]a�z¹§uc�²¹l¨j:�ÄZ � j`�EcTa�_�j`���<lnvE\ z�Y[Z<�"c�t`t�qIhEo<j©_�§ut³Z	j`�|_�j��Pc>\]crj�j`��c&z�Y~luvE�rlnz|_�§
{<lnY[c��rj[luZ]vEt"q¹�µ�¹lu��� � Z]Y[aTq^�gl¯j`��j`��c�vEZ^Y[a�_�§¦j`Z�j`�Ec�t`o�Y � _k��c�_kv�{�j`�Ec�c�²¹j`Y[c"a�_�§Dz¦Zbluv]j
l¯j`t`cr§ � qi_bv©Z]Y~j`�EZ]vEZ]Y[a�_�§Dh|_bt[lut�q<j`�6_�jÃlut"q6_ � Y`_ba1c]ª

«L�<z<lu��_�§¨§¯�^qp�Pc�c�²¹j`Y`_b��j}_khiZ^o¹jg�^�]�^��c�²<j`Y[c�a�_�§�ziZbluv]j`t � Y[Z]a�_ ¡ ªÒ��aKl¨§¯§¯luZ]v�s]Z"²�c�§nt
lna�_k\]ckª �µoEYga�_�j`���<lnvE\�_�§n\]Z^Y~l¯j`�Ea�zEY[Z<{Eo��"c�t$_khiZ]o<j M]�^��z|_�luY[tÃZ � _bt`t`Z<�rl¸_�j`c�{�c�²¹j`Y[cr�
a�_�§¬ziZklnv]j`t�h¦crj:�Pc"c�v/j:�PZ�lna�_k\]c�t"q6�gl¯j`�4_�Y[c�t[ln{Eo|_�§¬a1c�_bv&t³m¹o6_kY[cKc�Y[Y[Z^Yf\:f}Ç�Di^}Z �
_bh¦Z]o<j�� 	 		ª-U l¯j`� _�{Ec�vEt[l¯jN�	§nc�t`t$j`�|_bv ���n��� Z � c�²¹j`Y[c"a�_�§!z¦Zbluv]j`t�lnv	j`�Ec1lna�_k\]ckq
j`�Ec�zEY[Z^h6_kh<l¯§¯l¨j:�>Z �¢� _�§ut`c$a�_�j`���Ec�tÃlut�s^c�Y~�©§nZ���ª

�! 	� $&%-, 	 )#02,
U¥l¨j`�	�bd�{<l �Gc�Y[c�v^j$lna�_k\]c�t"q��Pc���Z]o<§u{T�|_�s]c�\]c�vEc�Y`_�j`c�{	�¹�
MKz|_�luY[t$Z � lna�_b\]c"t�ª1D]luv��"c
c�_b���RY[c�\blut¤j`Y`_�j[lnZ^vGqDlnvE�r§noE{<lnvE\/j`�Ec�c�²¹j`Y`_k�rj[lnZ^v Z � c�²<j`Y[c�a�_�§Pz¦Zbluv]j`t"q­j�_
Akc�t�_bhiZ^o<j�d
aKlnv¹o¹j`c"t;7PXLÅ � Z^Y*_bvR£�x_7 _�§nzE�|_��PZ^Y�Apt[j�_�j[luZ]v­q­�Pc1�|_�s]c1j`Z>{|_�j`c1Y[c�t[j`Y~lu�rj`c�{RZ]oEY
c�²�z¦c�Y~lna1c"v]j`t´j`Z���� Y[c�\klnt[j`Y`_�j[luZ]vEt"ª U c/®6vE{ _ j:��z¹lu��_�§*h¦Z]oEvE{|_bY~� f}Ç�DÄc�Y[Y[Z^Y´Z �� G�� �¨� ¡ 	 	 _kv�{>_�jN�<z<ln��_�§)zEY[c�{<lu�rj`c�{T�"Z"sk_kY~l¸_kv��"c�Z]vT�"Z]Y[vEc�Y[tgZ �

����	G ��
�
���Ò�]�kdp�
M hy���Ò�]�]�^�]� ���Ò�]�^���]�hy���Ò�]�]�^�]� ���Ò�]�kd<� ¡ hy��� �^�]�^�]�
���Ò�]�^���]� hy���Ò�]�]�^�]� ���Ò�]�¹�b�p�

���
�

«Ã�EcPsk_�§¨ln{|_�j[luZ]vKluv�{Ec�²1lnt ) # G � �Ò�]�kdEq��µ�¹lu����sk_�§¯lu{|_�j`c�tLZ^oEYL_�§u\]Z^Y~l¯j`�Ea � Z^YIY[c�_�§E{|_�j�_<ª
«g�EcKZbj`�Ec�Yµlnv]j`c�Y[c"t¤j[luvE\´Y[c�t`o<§¯jylnt$j`�|_�j$j`�Ec�_�s^c�Y`_k\]c�c�Y[Y[Z]Y � � Z]Y}j`�Ec ¡ �¤£ lna�_b\]c

hiZ^o�vE{|_bY~� \:� �¨� ¡ 	 	 ^ylnt � _bY�hic�§nZ�� j`�Ec�Y[c�t`Zb§no<j[luZ]v­q��}�<lu���Rlnt*\³� 	 	 � � 	 	 �
¡ 	 	 ^`ªi«g��c�j:�<z<lu��_�§¬zEY[c�{<ln�rj`c�{	�"Z"sk_kY~l¸_kv��"c�Z^v/��Z]Y[vEc�Y[tyt³�EZ��µt$a1Z]Y[c"Z"s^c�Y}j`�|_�j$j`�Ec
oEv��"c�Y~j�_�luv]j:��Z � j`�Ec!Y[c�\blut[j`Y`_�j[lnZ^v�luv�j`�Ec�� _bvE{
	 {<lna1c�vEt[lnZ^vEt­lut)t[luaKl¯§±_bY \:�]�
MPs]Z"²�c�§nt
Z � ��a1a luv c�_k���R{<lna1c�vEt[lnZ^v Y[c�{EoE��c�{Rj`Z ����K´Z � �/a�a � Z^Y � c�_�j`oEY[c�c�²¹j`Y`_k�rj[lnZ^v ^`q
hEo¹j�_khiZ]o<j1�]ª ��j[lna1c"tyluv � c�Y~lnZ^Y$j`Z´j`�Ec1oEvE��c�Y~j�_�luv]j:�	luv	j`��c���_�²¹lut"q¦�µ��c"Y[cK�Pc1Z]v<§¨�
�|_�s^c��
M�s]Z"²�c�§nt�Z �g¡ a�a©ª�«g�¹lut*z�Y[Z�s^c�t*j`�6_�j���Z�sk_bY~l¸_kvE��c1a�_�j`Y~ln��c�t�_bY[c�v�c"c�{Ec�{'j`Z
��Z]Y[Y[c"�rj[§¯�©�|_bvE{<§nc*oEvE��c�Y~j�_�luv]j:�©�µ��c"v´lna�_b\]c"tÃ_kY[c*v�ZkjPlnt`Zbj`Y[Z^z¹lu�kª

�! �� 
 35, � 	*,<,<354 /
U¥l¨j`�Kj`�|_�j8§ncrs^cr§|Z � _b�"��oEY`_b�r�^q��PcÃ��_kv�vEZ�a1Z^Y[cÃ�"Z]vEt[ln{Ec�YDj`�EcÃcr§uc�a1c�v^j`tIlnv�j`��cPlna�_b\]c
_btgoEv�{Ec�Y[\^Zbluv�\�j`��c*t�_ba�c$j`Y`_bvEt � Z]Y[a©q�vEZ^Y�j`�|_�jgj`�<lntgj`Y`_bvEt � Z]Y[a lntµY~ln\kln{­ª
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�$oEYPa�_�j`���<lnvE\�_�§u\]Z^Y~l¯j`�Ea j`Y~lnc�tgj`Z1c�t[j[lna�_�j`c$j`�Ec*a1Zbj[luZ]v©Z � _Kt[lnvE\k§nc�Y~ln\kln{©t`o�h<�

t[j`Y[o���j`o�Y[c]q��Ãl¨j`�'j`�Ec1§¸_kY[\]c�t[j�v¹o�a�hic"Y�Z � ��Z]a1a�Z]v4c�²¹j`Y[c�a�_�§!z¦Zblnv^j`t�qG�}�<lu���4lnt*j`�Ec
hEY`_�lnv1luv1j`�EZ]t`c�lua�_b\^c�t"ª]«Ã�Ec}tBApo<§¨§Íq � Z]YIcr²6_ba1z<§uckq^oEvE{Ec�Y[\]Z<c"t!_�{¹l �Gc�Y[c"v]j!j`Y`_bvEt � Z]Y[a©q
�Ãl¨j`� � _bY � cr�Pc"Y�ziZbluv]j`t�a�_�j`���Ec�{­q�_kvE{ j`��c&t(A^lnvºt`o�Y � _k��c´lut�t`o�h<w[c"�rj1j`Z4§¸_bY[\^cT{Ecr�
� Z]Y[a�_�j[lnZ^v�t \±j`�<lnt}lutÃs^c�Y~�/�r§uc�_bYg�Ãl¨j`�	_bv<lua�_�j`c�{>t`c�mpoEc�vE��c�tµt³z|_kv�v<luv�\1j`�Ec�Z]vEc*�]c�_kY
t[j`o�{<� ^`ª!«Ã�Ec/z¦Zbluv]j`t���Z]Y[Y[c"t³z¦Z]vE{<lnvE\	j`Z'j`�EZ^t³c>t[j`Y[o���j`o�Y[c"t��|_�s^cThic"c�vÄY[c~w[c��rj`c"{¥_kt
Z]o<j[§¯luc�Y[t"qIh�o<j"q)�gl¯j`� j`�Ec©��c�§nz Z � Z^o�Y�crsk_�§uo|_�j[lnZ^vÄ_�§u\]Z^Y~l¯j`�Ea©q��Pc©��Z]o<§n{ _�§ut³Z	�|_�s^c
�r§¸_kt`t¤l¨®|c�{ _kvE{ {<lnt`��Y~luaKlnv|_�j`c"{ t`crs]c"Y`_�§P{<l	�­c�Y[c�v]j�t¤j`Y[oE�rj`oEY[c�t"qIoEvE{�c"Y[\]ZbluvE\/{<l	�Gc"Y[c�v]j
Y~ln\kln{/j`Y`_bvEt � Z]Y[a�t�ªG«g�¹lut$lnt*_kv/lna1zEY[Z�s]c"a1c�v]j�Z � Z]oEY$Y[c�\klnt[j`Y`_�j[luZ]v	a1c�j`��Z<{/j`�|_�j��Pc
_bY[c*��oEY[Y[c�v]j[§¨�´lua1z<§nc�a�c�v]j[lnvE\6ª

x)s^c�v � Z^Y�j`�EcKhEY`_�lnvTl¨j`t³c�§ � q6j`�Ec�Y[c1_kY[c�§uZ<��_�§¢{Ec � Z^Y[a�_�j[luZ]vEt"q � Z]Y}cr²6_ba1z<§uc�{EoEc�j`Z
j`�Ec$t[j`o�{<luc�{TÇ�D�§uc�t[lnZ^v�t"q]�}�<lu���©_bY[c � _bYL§¸_kY[\]c�Y¬j`�6_kv�j`��cµj:�<z<ln��_�§Dh¦Z]oEvE{6_kY~�1c�Y[Y[Z^Y �
�Pc��|_�s^c�a1c�_bt`oEY[c�{­q|hEo<j$h¦c���_ko�t`c��Pc�_bY[c�lnv]j`c"Y[c�t[j`c�{/lnv	_kv/_�s^c�Y`_b\^c�j`Y`_kv�t � Z^Y[a � Z^Y
j`�Ecy�µ�EZb§uc�t¤j`Y[oE�rj`oEY[c*Z � luv]j`c�Y[c�t[j \ ��c"Y[cyj`�Ec�hEY`_�luv ^`q�l¯jµa�_
Akc�tgt³c"v�t`c}j`Z�t³c�_bY[��� � Z^YÃ_
j`Y`_bvEt � Z]Y[a,j`�|_�j¬z�Y[c"�rlnt`ckª � v � _b�rj"q]Z]oEY8Y[c�\blut[j`Y`_�j[lnZ^v�lutLt`Z�z�Y[c"�rlnt`c!j`�|_�jIl¨j!_�§¯§nZ��µtIoEt)j`Z
splnt`o|_�§¨ln»�c]q � Z]YDj`�Ec!®6Y[t[j8j[lna1c]q�j`��cP{<�<v|_ba�ln�Pc �Gc"�rj8Z � j`�Ec §uc�t[lnZ^v�t¢Z^v�j`�EcPt`o�Y[Y[Z^oEv�{<luv�\
hEY`_�lnv©j[lnt`t`oEc�t"ª

HPj´j`�|_�jTz¦Zblnv^j"qÃ��Z��Pcrs^c�Y�q��Pc4{EZÄvEZbj©j`�¹luviA j`�|_�j´j`�EcRY[c�\blut¤j`Y`_�j[lnZ^v lut�j`ZÄh¦c
lna1zEY[Z�s^c�{­q|hEo<jµY`_�j`�Ec�Yµ_b{|_bz<j`c�{�j`Z1j`�Ec���_bt`c�Z � §nZ<��_�§¯§¨��{Ec � Z]Y[a�_kh<§nc�Y[c�\klnt[j`Y`_�j[luZ]v­ª

� � 
�� � �*�4�I��
��

U c&�6_�s^c	{Ecrs]c�§nZ]z¦c�{ _ vEcr� � Z^Y[a�_�§¨lnt`a j`Z �6_kvE{¹§uc	oEv��"c�Y~j�_�luv]j:� � Z]Y�Y~lu\bln{Äj`Y`_kv�t[�
� Z]Y[a crsk_�§uo|_�j[lnZ^v­qE�µ�<ln���	��Z]vEt[ln{Ec�Yµt[lna�o¹§¨j�_bvEc�Z^o�t[§¨�TY[Zkj�_�j[lnZ^v/_kv�{>j`Y`_bvEt[§¸_�j[luZ]v­qG_bvE{
�}�<lu���1�"Z]vEt[ln{Ec�Y8Y[c�t[ln{Eo|_�§Ec�Y[Y[Z^Y[tL_bt¢j`Y`_bvEt � Z]Y[a�t�q]_kvE{KvEZbj _bt _bv1_k{E{¹l¨j[l¯s^cÃvEZklnt`ckª�«g�<lnt
§nc�_k{EtLj`Z�vEcr� � Z]Y[a�o<§¸_kc � Z]YLj`�Ecµc�mpo|_�j[luZ]vEt!Z � a�c�_bt`oEY[c�tL�µ�¹lu����_kY[c}oEt`c�{��Ãl¨j`�<lnv�j`�Ec
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Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unité de recherche INRIA Rhône-Alpes, 46 avenue Félix Viallet, 38031 GRENOBLE Cedex 1
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Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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