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X�Y?Z[�\][+^�_a`�b[�cd[3eGfHgh[�ijcdk-cli Z[m\][�c
npolq3r [mijs-t o eGu

`jeTvHv qwo i�x7[ o [�u Y [ o u Y [zyR{C|7^w^5}h_�~�[�� o t�[ o ^5}w}=�$_�^��+v�eG�=[�c

���p�m�5�G���G�=� X�Y t�c
v�eGv�[ o v o [�cl[�y-idc#����eGy���e���eTyH�wf�eG�w[�eGyHx�e o fHy�idt�\h[
clfHv7v q=o i]t�y-il[myHxH[�x�i q
� eTu�t���t�i�eGid[�i Y [NxH[mclt��wy���u q y-���wf o eGilt q y�eTyHx�[�� q ��fHidt q y q � x7t�cdi o t��7fHil[�x eGv7vH��t�u5eGilt q yHc¡\�eGxH[�fHv q �
Y [mil[ odq �w[myH[ q f7c
c q � i2¢£e o [+u q \hv q yH[�y-ilc5¤¦¥ q y-���=f o eTilt q yNu q �w[ o c¡i2¢ q v Y eGcl[mc3§ � qwo i Y []eTvHvH��t�u3eGidt q y
�Hf7t���xH[ o �Hi Y [$t�xH[�y-ilt¨��u3eTilt q y q � i Y [$c q � i2¢�e o [$u q \]v q yH[myCidc£eTyHx�i Y [$xH[mclu o t�v7ilt q y q � i Y [mt o t�yCid[ o u q y-©
yH[mu�ilt q y7cjeGyHxhu q \h\
fHyHt�u3eGidt q yHc5ª � qwo i Y [$eGvHvH��t�u3eTilt q y]eTxH\]t�yHt�cli o eTi qwo �Gi Y [«eGumu�f o eTil[Rf7cl[ q � cdkCcdil[�\
o [�c q f o u�[mc«v olq �-t�xH[�x��-k
i Y [$i¬e o �=[�ij[�y-�-t olq yH\][�y-i5ª � q=o i Y [$xH[�vH� q k-\][myCi q � i Y [¡eTvHvH��t�u3eGidt q y q yhi Y [
i�e o �=[�ij[myC�-t olq yH\][myCi5¤
X�Y [R\�eTt�yh��[myH[���i q � ����eGyNt�c�i q v odq �Ct�xH[+e+clt�yH�w��[Rf7yHt¨��[�xNxH[mclu o t�v7ilt q y q � xHt�cli o t��HfHid[�x)eTvHvH��t¨©

u3eTilt q y7c3��eTxH[�­-f�eGid[ � qwo u q yHcdi o f7u�ilt q y���\�eGy�eT�w[�\h[�y-i3�HeGy7xN[�� q ��fHilt q y�¤ X�Y [ q �w[ o eG���;xH[�cdu o t�vHidt q y®t�c
t�yHxH[mv�[�y7xH[�y-i � odq \¯i Y [¡u q \]v q yH[myCidc3°�t�\]vH��[�\h[�y-i¬eTilt q y��=c q i Y eGi$i Y [¡u q y-���=f o eTilt q yNv olq u�[�cdc3�;[w¤ ��¤
i Y [¡v olq xHfHu�idt q y q � xHt¨±?[ o [myCi$�=[ o cdt q yHc q � eTyNt�\]vH��[�\h[�y-i¬eTilt q y��-t�cjxH[mu q fHv7��[mx � odq \¯i Y [¡v olq � o eT\
©
\ht�y7�Rv olq u�[mclc3¤
X�Y [ � [3eGidf o [�c q � i Y [�u q y-���=f o eTilt q y���eGy7�wf�eT�w[�eTyHx�i Y [ � f7yHu�ilt q yHc q � i Y [ o fHy-ilt�\][hclfHv7v q=o i

cdkCcdil[�\�e o [$t�����f7cli o eGid[�x�i YHodq fH� Y i Y [$[�gHeG\hvH��[ q � e+xHt�cli o t��HfHid[�x�il[���[�u q y � [ o [�yHu�t�yH�NeTvHvH��t�u3eGidt q y�¤
²h³-´�µ¬¶R·��w¸;�G� ¹ t�cdi o t��7fHil[�x�º�vHvH��t�u3eGidt q y n;odq � o eG\h\]t�yH���3º o u Y t�il[mu�ilf o eG� ¹ [���yHt�idt q y�»�eGyH�=f�eG�=[
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Unité de recherche INRIA Rhône-Alpes
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���³ ���
	��³E� ¥V[ o eTvHv q=o i
v o b[�cl[myCid[N��[]��eGy7�CeG�=[]�$»?º
�¯[mi
c q y clfHv7v q=o i
x�° [�gVb[�u�f7ilt q y�¤ `�b[3eT��t�cHb[
x�eTyHc$��[Ru3eGx o [+xHf)v olq3r [mi«s-t o eTuw�?u�[mi«[myC�-t olq yHyH[�\h[�y-i � eGumt���t�il[ ��e+x7[�clu o t�vHilt q y��?��e+u q y-���wf o eGilt q yN[�i
�2°lb[�� q ��fHilt q y xH[�c�eTvHvH��t�u3eGidt q yHc o b[�v�e o ilt�[�cVu q yHcli o fHt�il[mc�v�e o eGclcd[�\
�H��eG�=[�x7[�u q \hv q c¬eGy-idc Y b[�iHb[ olq � Z[�y7[�c3¤
»�e+u q y-���wf o eGilt q y o [�� odq fHv�[+xH[�fHgNeGcdv�[mu�ilc$[�cdcl[�y-ilt�[���c
§;�2° t�x7[�y-ilt¨��u3eTilt q yhxH[�cju q \]v q c�eGy-ilc�� q �wt�u�t�[���c
[�i$��e
x7[�clu o t�vHilt q y�xH[¡��[�f o c$t�yCid[ o eTu�ilt q yHcjv q f o ��[Ru q yHcli o fHumil[�f o x�°ÍeGv7vH��t�u5eGilt q yHc«ª [�ij��[+vH��eGu�[�\h[�y-i
[�i���[$x�b[�v7� q t�[�\][�y-i	x7[«�2°ÍeGv7vH��t�u5eGilt q y¡cdf o ��[�c�xHt¨±«b[ o [�y-ilc�y q [mfHxHcjx7f]clk-cdi Z[�\h[«v�e o �I°ÍeTxH\]t�yHt�cli o eTil[�f o ¤
» []v o t�yHu�t�v�eG�V��b[�y�b[���u�[Nx�° ����eGy [mcli
xH[ � q f o yHt o fHyH[�xH[mclu o t�v7ilt q y fHyHt � qwo \][
xH[mc¦eTvHvH��t�u3eGidt q yHc3�

fHidt���t�c�eG�H��[�v q f o ��e u q yHcdi o fHu�ilt q y��j�2° t�yHcli�eG����eGidt q y vHfHt�c]�2°ÍeGx7\]t�yHtÿcdi o eGilt q y xH[�c b[�� q ��fHilt q y7c3¤ ¥V[�idil[
xH[mclu o t�v7ilt q yh[�cli	t�yHx�b[�v�[myHx�eGy-id[jxH[���e�\]t�cl[V[�y q [�fH� o [jxH[�u Y eTu�fHy
xH[�cVu q \]v q c¬eTy-ilc�§���e�v odq x7fHu�ilt q y
xH[mcRxHt¨±«b[ o [�y-il[mc¡�=[ o cdt q yHc$x�° fHyH[
eGvHv7��t�u3eTilt q y�[�y � q yHu�ilt q y)xH[mc«x7tÿ±$b[ o [�y-il[�c+u�t��H��[�c$[�cli xHt�clc q u�t5b[�[+xH[
��e+v odq � o eG\h\�e5ilt q y¡xH[$u Y eTu�fHy�xH[�cNb[��3b[�\][�y-idc�xH[$�I°ÍeTvHvH��t�u3eGidt q y�¤
�E·��9�ìµì�����³®� ¥ q y-i o fHu�idt q y]x�° eTvHvH��t�u3eGidt q yHc o b[�v�e o idt�[�c3�7v olq � o eT\]\�eGilt q y¡u q yHcli o fHumilt��w[
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¹ t�cli o t��HfHid[�x�c q � i2¢�e o [�clk-clid[�\]c�e o [�fHclf�eT����k u q \hv q cl[�x q � e®y-fH\
��[ o
q � \
f7ilf�eT����k®t�yCid[ o eTu�ilt�yH�
c q � i2¢�e o [«u q \]v q y7[�y-ilc3¤$( [ � q umfHc q f o ¢ q=o%)
q y�eGvHv7��t�u3eTilt q y7c	i Y eTi�t�y-� q ���w[�cl[m�w[ o eG�?fHcd[ o c�¢ q=o%) t�yH�
q y]e$cl[�i q � ¢ qwo*) cli¬eTilt q y7c3�=c Y e o t�yH�Rt�y � q=o \�eGilt q y¡eGyHx
t�y-il[ o eGumilt�yH�Rt�y o [5eG��ilt�\][w¤$+;gHeG\]v7��[mc q � clfHu Y
eTvHvH��t�u3eGidt q yHc�e o [�id[���[�u q y � [ o [�yHu�t�yH���G[���[�u�i olq y7t�uVxHt�e o t�[�c3�5c q � i2¢�e o [ÅxH[��w[m� q vH\][myCi�[�y-�-t odq yH\h[�y-ilc5�3eGy7x
¢ qwo*)�,�q ¢ eTvHvH��t�u3eGidt q yHc3¤
X�Y [ �����
�����-�.�/���0��� q � eGy]eGv7vH��t�u5eGilt q y o [ � [ o c�i q i Y [�xH[�cdu o t�vHidt q y q � i Y [jc q � i2¢�e o [�[�y-ilt�ilt�[�cVt�yC� q �¨©

�=[�x��-i Y [jxH[���yHt�ilt q y q � i Y [�t o \
f7ilf�eT�Ht�yCid[ o eTu�ilt q yHc�eGy7x
i Y [�[�� q ��f7ilt q y q � [�y-ilt�ilt�[�c�eTyHx]t�y-il[ o eGumilt q yHc
i YHolq fH� YHq fHi�i Y [«��t � [�idt�\][ q � i Y [+eGvHvH��t�u3eTilt q y�¤$1 ���2��#��/34�/�2� xH[3eG��c�¢�t�i Y i Y [+eGu�u�f o eGid[RfHcd[ q � cdkCcÁ©
id[�\ o [�c q f o u�[mc£eTu�u qwo xHt�yH�$i q i Y [£eTvHvH��t�u3eGidt q y�° c o [�­-fHt o [�\][�y-idc3�65�[w¤ ��¤ vH��eGu�[�\h[�y-i q � u q \]v q yH[myCidc q y
e�xHt�cli o t��HfHil[mxNyH[�i2¢ qwo*) � q �Hcl[ o �weGidt q y���eTu�u�[�cdcRu q yCi olq �87 qwo i Y [¡u qwolo [�u�i$cl[mililt�yH� q � v�e o eT\][�id[ o c�yH[�©
u�[mclc¬e o k�i q v olq xHfHum[�eTy][�g-[�umfHi¬eT�H��[«t�\�eG�w[ q � i Y [«eTvHvH��t�u3eGidt q y95�[w¤ ��¤;i Y [jy-fH\
��[ o	q � clt�\
fH��i¬eTyH[ q fHc
fHcd[ o c$t�y]i Y [¡eTvHvH��t�u3eGidt q y�7�¤
X�Y [�cl[ eGvHv7��t�u3eTilt q y7c¦e o [Nu q y-�w[�yHt�[�y-id��k�xH[mclu o t���[�x���u q yHcli o fHu�id[�x eGy7x�\�eTy�eG�=[�x t�y�il[ o \]c q �

i Y [�t o �w� q ��eG�?c q � i2¢�e o [$e o u Y t�id[�u�idf o [w¤�: q ¢�[��=[ o �7i Y [$u�f olo [myCi�il[�u Y y7t�­-fH[mc«e5�weGt���eG�7��[ q y]xHt�cdi o t��Hf7il[�x
vH��eTi � q=o \]c;5�clf7u Y eGc o [�\ q il[$v odq u�[�xHf o [Ru3eT���2�=\
fH��ilt�u3eTcli3�=u���t�[�y-i2©2cl[ o �w[ o \ q xH[��07 Y e o x7��k Y [���v�t�yhi Y [
�=� q ��eG�;xH[mclt��wy®v olq u�[mclc q � xH[�u q \]v q clt�yH��eGy eGvHv7��t�u3eTilt q y�t�y-i q ehcd[�i q � t�y-il[ o eGu�idt�y7��u q \]v q y7[�y-ilc3¤
X�Y [mk eG��c q t��wy qwo [�\�eGy�eT�w[�\h[�y-i�eTclv�[�u�idc]clf7u Y eGc+i Y [ q y7[�c]cdi¬eGid[�x���[ � qwo [w¤�`�fHy-idt�\h[
clfHv7v q=o i
t�c$fHclf�eG����k�\ht�clclt�yH� � qwo i Y [
u q yHcli o fHu�idt q y eGy7xNi Y [
\�eGy�eT�w[�\h[�y-i q � eGv7vH��t�u5eGilt q yHcji Y eGi$[�g Y t��Ht�i«e
cdi o f7u�ilf o [¡¢ Y t�u Y t�cjeGy-k
\ q=o [�u q \hvH��[�g
i Y eTyNeRcdt�\hvH��[ju���t�[�y-i2©2cl[ o �w[ o e odo eTyH�w[�\h[�y-i3¤
<#q x7fH��[>=2y-il[ o u q yHy7[�u�ilt q y »�eGyH�=f�eG�=[�c«e o [¡e�c q ��fHidt q y�i q
Y eTyHxH��[R� q i Y u q y7cli o fHu�idt q y eTyHxN\�e5©

y�eT�w[�\h[�y-i3�=u q ����[�u�idt��w[���k o [ � [ odo [�xNi q eGc ������"?#��
�%�����0��� ¤ X�Y [mk¡t�c q ��eGil[�i Y [jv olq � o eT\ cdi o fHu�ilf o [ � odq \
i Y []u q y-il[�g-i q � [�g-[�umfHilt q y���eT��� q ¢�t�yH�hi Y [
xH[m�w[�� q v�[ o i q u q yHu�[�y-i o eGid[ q y®i Y [ � fHy7u�ilt q y�eG� o [�­-fHt o [�©
\h[�y-ilc q � c q � i2¢�e o [ \ q xHfH��[�c5¤ < =l» c«e o [ Y t�� Y [ o ��[��=[��;��eTyH�wf�eG�w[mc�t�y�¢ Y t�u Y i Y [¡t�y-il[ o u q y7yH[�u�idt q yHc
��[�i2¢V[�[�y u q \]v q y7[�y-ilcRe o [
xH[�clu o t���[mx t�yHxH[�v�[�yHx7[�y-il��k q � i Y [
xH[�v7� q k-\h[�y-ijvH��eGi � qwo \)¤$º o f7yCidt�\][
cdfHvHv qwo i+[�yHu5eGvHcdfH��eGil[mc
u q \h\
fHyHt�u3eGidt q y���[mi2¢�[�[my \ q xHfH��[�cReGcR¢V[�����eGcRx�eTi¬e�i o eTyHc � q=o \�eGilt q y��?c q
i Y eGi$i Y [ Y eTyHxH��t�yH� q � t�y-il[ o � eGumt�y7� o [m­Cf7t o [�\][myCidcjt�c$xH[�u q fHvH��[�x � olq \ i Y eGi q �	� fHyHu�idt q y�eG� o [�­-fHt o [�©
\h[�y-ilc3¤ n;odq � o eG\h\][ o c�e o [ � o [�[�x � olq \ i Y [�u q yHcdi o eGt�y-ilcVt�\hv q cl[�x+�-kRi Y [jfHyHx7[ o ��k-t�yH�¡e o u Y t�il[�u�idf o [=�
i Y [���eGyH�=f�eG�=[	v olq u�[mclc q=o c5� qwo i Y [Vu q \]\
fHyHt�u3eTilt q y�\][�x7t�e7¤?~Hf o i Y [ o \ q=o [w� q yHu�[jeTy¡eGv7vH��t�u5eGilt q y Y eGc
��[�[�y®u q y ���wf o [�x � q=o�q yH[R[�g-[�umfHilt q y�[�y-�Ct odq yH\h[�y-i3�=i Y [�y�i Y [Rx7[�vH� q k-\][�y-i � qwo eTy q i Y [ o [�g-[�u�f7ilt q y
[�y-�-t olq yH\][�y-iVt�c�i o [3eTil[�xNcd[�v�e o eGid[���kC�HeTfHi q \�eTilt�u3eG����kReGyHxht�yHxH[�v�[�yHxH[myCid��k q � i Y [$t�\]v7��[m\][�y-i¬eTilt q yHc
q � \ q xHfH��[�c5¤A@ �B��C/���0��D E |-F�t�c$eGy�[�gHeG\hvH��[ q � clfHu Y e+��eTyH�wf�eG�w[ReTyHx o f7yCidt�\][w¤ �!���G�0�4EIH F eTyHx�\ q=o [
o [�u�[�y-il��k �>���-J!�0�KE �-F�[�g-il[�yHx i Y [�eGvHv olq eTu Y v olq v q cl[�x �CkK@ �B��C/���
��D �-k)[my�eG�H��t�yH��i Y []xH[�cdt��wyH[ o i q
xH[mclu o t���[�eTy)eGv7vH��t�u5eGilt q y�° c�cli o fHu�idf o []eTc�e Y t�[ o e o u Y k q � t�y-id[ o u q yHyH[�umil[�x u q \hv q yH[�y-ilc�t�y7clil[5eGx q �
e , eTilid[�yH[�x�u q ����[�umilt q y q � \ q xHfH��[�c3¤ �jf o ¢ q=o%)LEIM Fj[�g-id[�yHxHchi Y [�v odq v q c¬eT��c q � ¹ e o ¢�t�y ¢�t�i Y e
��eGy7�wf�eT�w[ji Y eGijeTxHx o [�clcd[�c$i Y [ � q ��� q ¢�t�y7�«t�cdclfH[�c5§
N [�yHu3eTvHclf7��eTilt q y q � v o [�©2[�g-t�clilt�yH� qwo u�f7cli q \
©2\�eTxH[;c q � i2¢£e o [�[�y-ilt�idt�[mc3�=¢ YHq cd[�� o eTy-fH��e o t�i2kR\�e5k
�we o kC�

N [�g-v o [mclclt q y q � �0�2���/�%���/���0���
� ��[mi2¢�[�[my)c q � i2¢�e o [R[�y-ilt�ilt�[�c5�Ht�y�il[ o \]c q ��� fHyHu�idt q y�eG�?x7[�v�[myHxH[�y-©
u�t�[�c«eTyHx�u q \h\
fHyHt¨u3eGidt q y¡i2k-v�[�c3�
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~�t��=f o [
^=§	¥ qCq v�s-u3eTy��w[�yH[ o eG�;e o u Y t�id[�u�idf o [

N xH[�u q fHvH��t�yH� q � t�y-il[ o eGu�idt q yHc � olq \ u q \hv q yH[�y-i3° c;t�\]vH��[�\h[�y-i¬eTilt q yReGy7x¡u q yHcli o fHumilt q y q � u q \�©
vH��[�g]t�y-il[ o eGumilt q yHc�¢�t�i Y i Y [$t�yCi olq xHfHumilt q y q � � ���2�2� �/����� �>E�� Fl�

N xHk-y�eG\ht�u�[�� q ��f7ilt q y q � i Y [ReTvHvH��t�u3eGidt q y
cli o fHu�idf o []eTyHx]i Y [Rt�y-il[ o eGu�idt q yHc5�HeGyHx
N \�eTy�eG�=[�\][�y-i q � xHt�cli o t��HfHid[�xNeGvHvH��t�u3eTilt q yHcÅ¢�t�i Y \h[�u Y eGyHt�cd\]c;i Y eTijeG��� q ¢ vH��eTu�[�\][myCi q � [�y-©
ilt�ilt�[�c5�H\ q yHt�i q=o t�yH� q � [�g-[�u�fHidt q yHc5��[miluw¤
s [�u�ilt q y H v o [mcl[�y-ilcRe�xHt�cli o t��HfHil[mx)eGvHv7��t�u3eTilt q yhclu�[my�e o t q fHcl[mx)eGc$e+il[�cdil��[�x � qwo i Y [R��eGy7�wf�eT�w[

eTyHx�i Y [ o fHy-ilt�\][=¤�s-[mu�ilt q yN| xH[�cdu o t���[�c$i Y [Ru q yHu�[mvHilc q � i Y [R����eGy�u q y-���wf o eGidt q y]��eTyH�wf�eT�w[w¤ X�Y [
o fHy-©2ilt�\][;[�y-�-t olq y7\][�y-i � q=o�q f o \ q xH[m�wt�c�v o [�cl[myCid[�x
t�y$cl[�u�idt q y+�«eGy7xRi Y [ o [mclfH��i q � q f o [�g-v�[ o t�\][myCi
t�c�xH[�cdu o t���[�x®t�yhcl[�umilt q y M ¤

� � �h�¡���
���+���E�������]��� ����� ��� � ���������	��
��
���j��� �����m�����$���m�
�

X�Y t�c;cl[mu�ilt q y
x7[�clu o t���[�c�e�cdt�\]vH��[�eTvHvH��t�u3eGidt q y$clu�[�y�e o t q ¢ Y t�u Y t�c���eGid[ o fHcl[�x
i q t�����fHcdi o eTil[Vi Y [Vu3eTv�e5©
�Ht���t�ilt�[�c q � i Y [Rv olq v q cd[�x���eGyH�=f�eG�=[w¤ X�Y t�cjeTvHvH��t�u3eGidt q y��=y�eG\h[�x]¥ q-q v�s u3eGy E �/Fl�HeGt�\]c�eTi�v olq �-t�xHt�yH�
e�clfHvHv qwo i � q=o il[���[�u q y � [ o [�yHumt�y7����[�i2¢V[�[�y®xHt�cli o t��HfHid[�xN¢ qwo%) [ o c5��¢ YHq t�y-il[ o eGu�i�i YHodq fH� Y eGy)eTfHxHt q
u Y eTyHyH[��jeTyHx c Y e o [�x�x q u�f7\][�y-ilc5¤Nºzu q \]v7��[mil[
xH[�cdu o t�vHidt q y q � i Y [�eGvHv7��t�u3eTilt q y \�e5k���[ � q fHy7x
t�y EIM Fl¤)~ qwo clt�\hvH��t�umt�i2k o [3eGc q yHc5��¢V[ q yH��k)x7[�clu o t���[Ne�clt�\]vH��[+clu�[my�e o t q o [�cli o t�u�id[�x�i q x q u�fH\][myCi
c Y e o t�y7��¤���e o t q fHc;i2k-v�[�c q � x q u�fH\h[�y-ilc�e o [je5�weTt���eT�H��[�i YHolq fH� Y eTvHvH��t�u3eGidt q yHc;t�yHt�ilt�eG����kjx7[�clt��wy7[�x � qwo
cdt�y7�w��[�©2fHcl[ o fHc¬eT�w[w�7clfHu Y eTc! $~�t����� +;\�eGu�c5�#" o t � �-[�iduw¤�¥ q-q v�s-u5eGy�v olq �-t�xH[�c � fHyHu�idt q yHcji q [�y�eT�H��[
(%$Rs
= (L=ls+t�y-il[ o eGu�idt q yHc 50( Y eGi�$ q f]s-[�[;=2cA( Y eGi!=	s-[�[/7�¤!=2iVeG��c q eT��� q ¢�c;xHk-y�eT\]t�uVv�e o ilt�u�t�v�eGidt q y
q � u q y � [ o [�[�c$eGyHx�\�eGy�eT�w[�c olq ��[mcjeGyHxNeGumu�[�clc o t�� Y idc3¤

& eGcdt�u3eG����kC�=eRfHcd[ o ¢�t�����t�yH�$i q [�y-id[ o e$u qCq v�[ o eGidt q y���eGfHyHu Y [mc£e ���-�����0��� �Hi Y eGiV�wt��=[�c Y t�\zeTu�u�[�cdc
i q i Y [¡c Y e o [�x)x q umfH\][�y-idc3¤�º ����� ���0��� t�cj\�eGxH[ q � i2¢ q ) t�yHxHc q � [�y-ilt�idt�[mc3§Vi Y [ ���������0� �����0��� i Y eGi
v�[ o � qwo \hcjeGu�idt q yHc q y�i Y [«c Y e o [�xNx q u�f7\][�y-ilc5�HeGyHxNe �!��� � �/�%�����
���K�!���2���*� �0����� i Y eGi�\�eGy�eT�w[�cÅi Y [
u q-q v�[ o eGidt q y�¤ �6��� ���0��� � e o [$fHcdf�eG����k]� q u3eGid[�x q yhxHt�clilt�yHumi�y q xH[�c45 u � ¤	~�t���¤?^/7�¤
X�Y [�u q-q v�[ o eTilt q yh¢ q=o%) c�eGc � q ��� q ¢�c3§�eTy¦eTu�ilt q y
v�[ o � qwo \][�x q y]e$x q u�fH\h[�y-i;�Ck
eGy]eTvHvH��t�u3eGidt q y

t�c�� o cdi$v�eGcdcl[�x q yNi q i Y [+� q u5eG� �!���2���%�B�0���/� �7¢ Y t�u Y u Y [�u ) c t � i Y [
eGu�idt q yNt�cReG��� q ¢�[mx�i q i Y [¡f7cl[ o ¤
= � c q ��i Y []eGu�idt q y®t�cReTu�ilf�eT����k�u3e odo t�[�x q f7i q y-i q i Y [
� q u3eT�	fHcl[ o t�yCid[ o � eGu�[]eTyHx)v�eGclcd[�x q y)i q i Y [
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~�t��wf o [ H §;º u q \]\
fHy7t�u5eGilt q y+[�gHeG\hvH��[jt�y�¥ q-q v�s-u3eGy

o [�\ q il[ �!���G���*� �0����� � i Y eTi¡eGc ) i Y [�t o u qwolo [�clv q y7xHt�yH� eTvHvH��t�u3eGidt q y®t�y7cli¬eTyHu�[hi qNo [�vH��e5k)i Y [�eTu�ilt q y
t�y�i Y [)c�eG\h[�¢�e5k-¤ X�Y t�c]t�c Y7q ¢ (%$Rs
= (L=ls�t�ch[�yHclf o [�x�¤ <#qwo [®xH[�i�eGt���c q y�i Y [ �!���2���%�B�0���/� ° c
odq ��[�c+\�e5k���[ � q fHyHx t�y E � Fl¤
º�i¡eh��yH[ o ��[m�w[��2��i Y [ �!���2���*� �0����� t�cR\�eTxH[ q � i2¢ q u q \]v q yH[�y-idc3§¡e
� ��� �B� ��#��/�2� eTyHx]e�cl[�i q � �>�8� �����G����#��/�2�
� ¤ X�Y [ olq ��[ q � i Y [�� �/���B�.��#��/�2� t�c	i qRo [mu�[�t��w[$eGu�idt q yHc � odq \
i Y [�� q u3eT��eGv7vH��t�u5eGilt q yHc3��i q �weG��t�x�eGid[¡i Y [�\ eTyHx i q � odq eGx7u3eGcdi¦eTu�ilt q y7c q yCi q i Y [ o [m\ q id[]y q xH[mc3¤
X�Y [ odq ��[ q � i Y [ �>���������2����#��/�2� t�c$i q�o [�um[�t��w[]eGumilt q yHc � odq \ o [�\ q il[ y q xH[�c¡eTyHx)i q eGc ) i Y [
� q u3eG�
eTvHvH��t�u3eGidt q y � q=o i Y [mt o � q u3eG�Å[�g-[�u�fHidt q y�¤ X�Y [ o []t�cRe �����������2����#����2� eTclc q umt�eTil[�x ¢�t�i Y [3eTu Y q � i Y [
o [�\ q il[$fHcl[ o c3¤�~�t���¤ H c YHq ¢�cje+u q \h\
fHyHt�u3eTilt q y
v�eGi Y ��[�i2¢V[�[�y �����/��� eGv7vH��t�u5eGilt q y]i q i Y [ o [�\ q id[
eTvHvH��t�u3eGidt q yK5 Y [ o [¡��[�� q y7�wt�yH�]i q ��� �/��� 7�¤$¥V��[5e o ��k-�Hi Y [¦eTu�ilt q y�v�[ o � qwo \][�xN�-k ��������� t�cjv�eTclcl[mx q y
i q t�ilc � �/� � � ��#����2� eGyHx
i Y [�yh� olq eGxHu3eTcliVi q i Y [ o [�\ q il[jeTvHvH��t�u3eGidt q yHc;�-k
i Y [�¢�e5k q � t�ilc�eTclc q u�t�eTil[�x
�����������2����#����2� ¤
X�Y [¦eTvHvH��t�u3eGidt q yN¢�eGcRt�yHt�ilt�eT����k
xH[m�w[�� q v�[�x q y��jyHt�g�fHclt�yH��u�f7cli q \
©2\�eTxH[Ru q ����eT� q=o eGidt��w[Rv odq ©

i q u q ��c$�HfHt���i q y®c q u ) [milc 5 fHcl[�x eTc$u q \h\
fHyHt�u3eGidt q y]i q-q ��c 7�¤�=2i Y eGc$��[m[�y o [�[myH�wt�yH[�[ o [�x fHclt�yH�hi Y [
����eGy���eGyH�=f�eG�=[jxH[mclu o t���[�x®t�y]i Y [ � q ��� q ¢�t�y7�Rcl[�umilt q y�¤

� �	� ��
 ���+��� � � �)���]�$�R�
� 
��R�;����� �+�]"��]�R"¡�

º�y�eTvHvH��t�u3eGidt q y®¢ YHq cd[�u q y-���=f o eTilt q y t�c+xH[�cdu o t���[�x�¢�t�i Y �j��eTy u3eTy ��[]�-t�[�¢�[mx�eTc¦e Y t�[ o e o u Y k
q � t�yCid[ o u q yHyH[mu�il[�x �G· 	��	·��;³����9� ¤A+ÅeGu Y ��[��w[m� q � i Y [ Y t�[ o e o u Y k�t�cje
cd[�v�e o eGid[¦����eGy�xH[mclu o t�v7ilt q y
xH[ o t��w[�x � odq \ � �G· 	��	·��;³����N���0���5� ¢ Y t�u Y [�yHu3eTvHclfH��eTil[�c
u q \]v q yH[myCidcR©$t�y � eTu�i¡u q \]v q y7[�y-ilc3°
t�yHcdi¬eGy7u�[�c�©	u q y-i¬eGt�yH[mx�t�yhi Y [$yH[�g-i���[��=[��2¤ X�Y [$��[5e5�w[�c q � i Y [ Y t�[ o e o u Y k�e o [«u q \]v q y7[�y-ilcV¢�t�i Y y q
����eGyhxH[�clu o t�vHilt q y��H¢ Y t�u Y e o [�u3eG����[�x �;��� 	��0������³
�G· 	��	·���³����9� eGyHxh[�yHu3eTvHclf7��eTil[]° o [3eG�2°=vHt�[�u�[�c q �
c q � i2¢�e o [w�-��t ) [j¥���� q � r [�u�ilc q=o ¥�\ q xHfH��[�c5¤ X�Y [mk]e o [$xH[ o t��w[�x � olq \ze �;��� 	��0�����7³¦�T· 	��	·��;³����
���0���5� ¤A( [ Y e5�=[Rt�y-i olq xHf7u�[�xNi Y [¡u q yHu�[mvHilc q � u���eTclc«eTyHxNt�yHcdi¬eGy7u�[Rt�yNe <�q xHfH��[ =2y-il[ o u q y7yH[�u�idt q y
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»�eGyH�=f�eG�=[]i q [�\]v Y eGclt���[hi Y [hxHt�clidt�y7u�ilt q y ��[�i2¢V[�[�y�i Y [�f7yHt�i q � o [�fHc¬eT�Ht���t�i2k eGy7x [�yHu5eGvHcdfH��eGilt q y
5 i Y [Ru q \]v q y7[�y-i�u���eTclc�7�eGyHxhi Y [ [�±ý[mu�ilt��w[ fHyHt�i�t�yHcli�eGy-ilt�eGid[�x�eTi o fHy�idt�\h[45 i Y [Ru q \]v q y7[�y-i�7�¤

����� �
	���
�	����������

º�c	t�y q � r [�u�i q=o t�[�y-il[mx
v olq � o eT\]\htÿyH�V��eGyH�=f�eG�=[�c3�Gu q \]v q y7[�y-ilc	e o [�xH[mclu o t���[�xh�Ck+eGy+t�y-id[ o � eTu�[jeGy7x
eTy�t�\hvH��[�\][�y-i�eGilt q y�¤

��������� � ���5³-� �l���G³H�
X�Y [�t�y-il[ o � eTu�[ q � e�u q \hv q yH[�y-i�um��eTclc;u q yCi�eGt�yHc;t�y � q=o \�eTilt q y�i Y eGi	eT��� q ¢�c�fHclt�yH��i Y [�u q \]v q yH[myCi�¢�t¨©
i YHq fHi ) y q ¢���[mxH�w[ q � t�ilcÅt�\hvH��[�\][myCi�eGidt q y�¤2( [ Y e5�=[�[�g-il[�yHx7[�x�i Y [�fHcdf�eG��u q yHu�[�vHi q � eGy
t�y-il[ o � eTu�[w�
eTcjxH[���yH[�x � qwo [�gHeT\]vH��[$t�y�i Y [¡¥��$` & º = ¹ »	�-i q t�yHu���fHxH[Ri Y [RxH[mclu o t�v7ilt q y q � eG���?i Y [Rv odq v�[ o idt�[mc
o [�­-fHt o [�x � olq \�e]u q \]v q y7[�y-iji q ¢ qwo*) v olq v�[ o ��kC¤+º�y t�y-id[ o � eTu�[+u q y-i¬eTt�yHc ����� 
��0� �-� � �G����� "!� �����0��� �
eTyHx ���������
	��
����� ¤

!?³-��� �2�G³H� e o [ � fHyHumilt q yHc qwo v olq u�[mxHf o [mc�i Y eTi�u5eGy
��[�[�g-[�u�fHid[�x q=o�o [�­-fH[�cdil[�x��-k¡e�u q \hv q yH[�y-i3¤
@ �*� 
/�0��� ������� 
/�0� �-� e o [£eT��¢�e5k-c q ±?[ o [�x
�-kRi Y [�t�\]vH��[�\h[�y-i¬eTilt q y q � e�u q \]v q yH[�y-i;u���eGcdc	¢ Y t���[ �*�#"��
��$
�*��� ����� 
/�0� �-� e o [$i Y [Rcl[ o �-t�u�[�c$[�g-v�[mu�il[�x�i q ��[Ru3eG����[�xh�Ckhi Y [$t�\]v7��[m\][�y-i¬eTilt q y q � i Y [ u q \hv q yH[�y-i
u���eTclc3¤

%h·����'&��G�H���.·��	� e o [+[��w[myCidc$¢ YHq cd[¡� odq eTxHu3eGcdilt�yH�hu3eGy®i o t��=�w[ o i Y [+[�g-[�u�f7ilt q y q � o [3eGumilt q yHc q y
cd[��w[ o eG�	u q \]v q y7[�y-ilc3¤$º u q \]v q yH[myCi�¢ Y t�u YNo [�um[�t��w[�c¡e�y q idt¨��u3eGidt q yN\�e5k q v7ilt q y�eT����k o [3eGumiRi q t�i
�-k][mgC[mu�fHilt�yH��eRu q x7[Rcl[�­-fH[myHu�[+u3eG����[�xNe ��³-���G���0·�� ¤
� q idtÿ��u3eGidt q yHc¡e o []y q iRyH[mu�[�clc�e o t���k u q yHy7[�u�il[mx i q e o [3eTu�ilt q y��	y q=o t�c¦e o [3eGumilt q y yH[�u�[�cdc¬e o t���k

i o t��w�=[ o [�x ¢ Y [�y t�i o [�u�[mt��=[�c]ehy q idt¨��u3eGidt q y�¤ X�Y t�cRt�cRi Y [
t�y-i o t�yHcdt�u
v olq v�[ o i2k i Y eTi¡x7t�cdilt�yH�=fHt�c Y [�c
cd[ o �-t�u�[�c � odq \zy q ilt¨��u3eTilt q y7c3¤
�+�5�5���0�
�;��³H� e o [Vi2kCv�[�x+�we o t�eT�H��[�c?¢ YHq cl[V�weG��fH[�c;e o [Vcl[mipeTi�t�yHcdi¬eGy-idt�eTilt q y$idt�\h[	eGyHxRu5eGy+u Y eGyH�=[

xHf o t�yH�
[�g-[�u�f7ilt q y�¤ X�Y [$�weG��fH[ q � e �wt��=[�yNeGili o t��HfHid[$u3eGy���[«t�\hv q=o il[mx � odq \zi Y [$t�\hvH��[�\][myCi�eGidt q y
q=o cl[�i � olq \ q fHidclt�xH[$i Y [Ru q \hv q yH[�y-i3¤

�������)( � 	��
�0³ 	 ³����5�H����·��	�
º u q \hv q yH[�y-i�um��eTclc�t�\hvH��[�\][myCi�eGidt q y¡t�c�[�t�i Y [ o \�eGxH[ q � e Y t�[ o e o u Y k q ��* cdfH�-©2u q \hv q yH[�y-ilc * q=o�q �
* o [3eT� * v7t�[mu�[�c q � c q � i2¢�e o [w¤ ( [$i Y fHc�xHt�clidt�yH�wfHt�c Y i2¢ q ) t�yHx7c q � u q \]v q y7[�y-ilc3¤
º �;��� 	��0������³]�T· 	��	·��;³���� u���eGcdcjt�c�i Y [ fHyHt�i q � [myHu3eGv7clfH��eGidt q yNeGyHx o [�fHcd[ q � [�g-t�cdilt�yH�hu q xH[w¤

X�Y [Vt�\]vH��[�\h[�y-i¬eTilt q y q � e�v o t�\]t�ilt��w[;u q \]v q yH[myCi?um��eTclc;t�c;\�eGx7[ q � vHt�[�u�[mc q � c q � i2¢�e o [ 50¥®\ q xHfH��[�c3�
¥���� u���eGcdcl[�c5��¤G¤m¤%7hi Y eTi�t�\hvH��[�\][myCiÅi Y [Rv olq �-t�xH[�x�cl[ o �-t�um[�c$xH[�u���e o [�x®t�yhi Y [ t�y-id[ o � eTu�[w��fHcdt�y7�
i Y [
o [�­-fHt o [�xNcd[ o �-t�u�[�c5¤
º �G· 	��	·ý� �.�3³��G· 	��	·��;³���� u���eGcdc3�Åt�c+i Y []\�eTt�y)cdi o f7u�ilf o t�yH� i q-q �2¤ =2ilc+t�\hvH��[�\][myCi�eGidt q y�t�c

\�eGxH[ q �+* cdfH�-©2u q \hv q yH[�y-ilc * eTyHx¡t�y-il[ o eGumilt q yHc;��[�i2¢V[�[�y
i Y [�\)¤ * s-f7�-©Iu q \]v q y7[�y-ilc * e o [�t�yHcdi¬eGy7u�[�c
q � u q \]v q y7[�y-i�u���eTclcl[mc«x7[�clu o t���[�x�[���cl[�¢ Y [ o [w¤j¥ q \]v�e o [�xhi q fHcdf�eG��v olq � o eG\]\htÿyH�$��eGy7�wf�eT�w[�c5�-i Y [
t�\]v7��[m\][�y-i¬eTilt q y$xH[ì��yH[�c�¢ Y t�u Y
q i Y [ o u q \]v q yH[myCidc£e o [�yH[�[�xH[mx#eTyHx YHq ¢�i Y [�k
c YHq fH��x
u q \]\
fHy7tÿ©
u3eTil[$i q+o [5eG��t���[ji Y [$t�y-id[ o � eTu�[ o eTi Y [ o i Y eGy YHq ¢�i Y [ � f7yHu�ilt q yHc q � i Y [$t�y-il[ o � eGum[�e o [�i q ��[$xHt o [mu�il��k
t�\]v7��[m\][�y-il[mx�¤
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~�t��wf o [�|7§;º u q \hv q clt�il[�u q \hv q yH[�y-i

s ilt���� o [ � [ olo t�yH�Ni q i Y [¡id[���[�u q y � [ o [�yHu�t�yH� eGvHv7��t�u3eTilt q y��ý~�t���¤�|hc YHq ¢�cRehu q \hv q yH[�y-ijum��eTclcRi Y eGi
u q y-i¬eGt�yHcje �!���2���%� �
���/� � ¢ Y t�u Y ����il[ o c«eTu�ilt q yHc�u q \ht�yH�Rt�y�eTyHx q fHi q � i Y [ �
D2���*� �����������0� �����0��� eGy7x
i o eGy7cl\]t�idcRi Y [�eG��� q ¢�[mx eGu�idt q yHcRi q t�ilc * cdfHv�[ o ©2u q \hv q yH[�y-i * ¤)` q fH� Y ��kC�?i Y t�c¡um��eTclc o [�v o [�cd[�y-ilc�e
fHcd[ o t�y�e+u q ����eT� q=o eGidt��w[jcd[�clcdt q y q � i Y [¡eGvHv7��t�u3eTilt q y�¤ X�Y [ YHqwo t)� q y-i¬eT�?u q yHy7[�u�ilt�yH�h��t�y7[�c o [�v o [�cd[�y-i
u q yHyH[�umi qwo c3�?¢ Y t�u Y e o [ xH[�clu o t���[mxNt�y�i Y [$yH[�g-ijcd[�u�idt q y�¤

����� �
	�� � ����� 	�� �

¥ q yHyH[�u�i qwo c£e o [ji Y [�fHyHt�idc	i Y eTi	\][mxHt�eGil[Vi Y [�t�y-id[ o eTu�ilt q y7c	��[mi2¢�[�[my]u q \]v q yH[�y-idc3¤ X�Y [�k
[�cdi¬eG�7��t�c Y
i Y [ o fH��[�c+i Y eTiRx o t��=[]u q \]v q yH[myCi t�y-id[ o eTu�ilt q y7c¡eGyHx clv�[�u�t � k i Y [ o [�­-fHt o [�x v olq i q u q �jeTi o f7yCidt�\][
��[��=[��2¤ `�fH��[�c
eGi+i Y []u q yHyH[�u�i qwo ��[m�w[��Vt�yHu���fHxH[w§hi Y []t�y-il[ o � eGu�[�u q y � q=o \]t�i2k o fH��[�c 5�[=¤ ��¤®v�e o eG\][ì©
id[ o i2k-v�[mc¡u q y � q=o \]t�i2k-� YHq \ q �w[�yH[mt�i2k q � u q y7yH[�u�idt q yHc3��¤5¤�¤ 7��?i Y [
v olq i q u q ��c fHcl[�x � qwo i Y [+[�±?[�u�idt��=[
u q \]\
fHy7t�u5eGilt q y 50eTclk-yHu YHolq y q f7c��Cc5¤;clk-yHu YHodq y q fHc�u q \h\
fHyHt�u3eTilt q y��5[��w[myCi�� olq eTxHu3eTcliV�Cc5¤ o [�\ q id[
v odq u�[�xHf o [ju3eT���I��¤�¤�¤ 7��weTyHxRi Y [�cdv�[mu�t¨��u3eGidt q y q � eTyR[�g-v�[mu�il[�xh��[ Y e5�-t q=o �5clf7u Y eGc	e�cl[�i q � u q yHcdi o eGt�y-ilc
[�g-v o [�clcdt�yH����f�eT��t�i2k q � s [ o �-t�u�[ o [�­-fHt o [�\h[�y-ilc>5�[=¤ ��¤ � qwo \
fH��ilt�\
[�x7t�e�u q \]\
fHy7t�u5eGilt q y¡cdfHvHv qwo i 7�¤
X�Y [«u q yHyH[mu�i q=o xH[�cdu o t�vHidt q yNyH[m[�xHcji q xH[���y7[w§
N i Y [	� �0�2��q � u q yHyH[�umi qwo ��i Y eGi$xHt�cdilt�yH�wf7t�c Y [�c$i Y7q cl[
f7cl[�x � q=o t�y-il[ o u q y7yH[�u�idt q y vHf o v q cl[]eGy7x
i YHq cl[Rf7cl[�x � qwo i Y [R\�eGvHv7t�y7� q � i Y [$t�y-il[ o � eGu�[$i q eGy�t�\]vH��[�\h[�y-i¬eGidt q y��

N i Y [+eG��� q ¢�[�x �����.�*� ��q � i Y [Ru q \]\
f7yHt�u3eGidt q y��
N i Y [+eG��� q ¢�[�x ���������0�2�����0����
 �
�«q � i Y [$u q \h\
fHyHt�u3eGidt q y��GeGy7x
N i Y [ ���2� ��� "!� �����0���
q � i Y [R[�g-v�[�u�il[mx)��[ Y e5�-t qwo �-i Y [$u q yHcli o eGt�y-ilc$eGyHx�i Y [$v olq i q u q �2¤
X�Y [ju q yHu�[�vHi q � e�u q yHy7[�u�i q=o�Y eGc�eG� o [3eGxHk+��[�[�y]t�y-i odq xHfHu�[�xht�y
i Y [���t�id[ o eTilf o [w¤ =2y E }-Fl�wu q yHyH[mu�©

i qwo c�e o [�clv�[�u�t¨��[�xhfHclt�yH�Re$cdfH�Hcd[�i q � i Y [j¥�s n v odq u�[�clcjeT���w[�� o e�i q xH[�u���e o [ji Y [�[�g-v�[�u�il[mx���[ Y e5�-t qwo
eTyHx)i Y []eGcdc q u�t�eGid[�x u q yHcli o eGt�y-ilc5¤ X�Y t�c3� u q \
�Ht�yH[mxN¢�t�i Y i Y [
t�yHu���fHcdt q y q � c q \][+¥�s n clv�[�u�t¨��u3e9©
idt q yHc�t�y]i Y [Rt�y-il[ o � eGu�[ q � u q \]v q yH[�y-idc3�HeG��� q ¢�cVu q \hv�eGidt��7t���t�i2k$u Y [�u ) t�y7�
��[�i2¢V[�[�y®u q yHyH[�u�i qwo c«eGy7x
u q \]v q yH[myCidc�i q ��[$v�[ o � qwo \][�x�¤
X�Y [j�j��eTy
vH��eGi � qwo \ � qwo y q ¢�cdfHvHv qwo idc�cd[��w[ o eG� ) t�yHx q � u q yHyH[�umi qwo c3¤ X�Y [�t o	o f7��[mc£e o [�clidt������w[ o k

cdt�\hvH��[jeGyHxhx q y q iVkw[�i�t�y-il[m� o eTil[�u q yHcdi o eGt�y-i�clv�[�u�t¨��u3eTilt q yHc5¤	¥Vf olo [�y-il��k-�-i Y [ o [Rt�c�y q ��eGy7�wf�eT�w[ qwo
� q=o \�eG��t�cl\�i q [mgCv o [�cdc	i YHq cl[�u q yHyH[�umi qwo c«ªTi Y [�k+e o [V�HfHt���x-©2t�yRu q y7yH[�u�i qwo cÅv olq �-t�xH[�x+�-kRi Y [ o f7yCidt�\][
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~�t��wf o [$��§�ºj�weTt���eT�H��[ju q yHyH[�u�i qwo c � q=o t�y-id[ o ©2u q \hv q yH[�y-iVu q \h\
fHyHt�u3eGidt q y
V�W�X�Y�W�Z�[	Z�\]V�^	_�`�`ba�`	[�c�d�[�`�`�e,WfZ]g
e�Z�\�[�c	h�_�VK[
c�[�i	j!e�c�[kd�[	Z�l�m�Yon�e�ZkW�Y�[�c�_�\�e,W�Z!p!q
Y�c�W	r�e�l�[ks�[�V	[�e�r�[�m�Ytn�e�ZkW�Y�[�c�_�\�e,W�Z#p�q
u�u�ue�X�Y�^	[	X�[	Z�\�_�\�efW�Z
\	v�[�w�W�Z�\kxye�Z�`	\zw�W�W�Y�w�W�Z�\�c�W�^�[�c#q
\	v�[�{	Y�Y�^|xye�Z�`	\zd	v�_�c�[�l�{	Y�Y!^!q

}�} X�_	Y�Y!e�Z�~�j�`�e�Z�~�X�[�\	v�W	l�V	_�^�^}�} V�W�Z�Z�[�V	\�W	c
s�[�V	[�e�r�[�m	Y�x���\�W�\	v�[�w�W�Z�\ u s�[�V	[�e	r�[�m�Y�q\	v�[�w�W�Z�\ u d�[�Z�l�m�Y]x���d�[	Z�l�m�YUq

}�} e�Z�\�[�c�_�V	\�efW�Z
\	v�[�w�W�Z�\ u�� _�j�Z!V�v]x���\	v�[�{	Y�Y�^ u	� Z!e	\#q\	v�[�w�W�Z�\ u d�[�Z�l�m�Y]x���\	v�[�{	Y�Y�^ u s�[�VK[�e,r�[�m�YGq\	v�[�{	Y�Y�^ u d�[�Z�l�m�Y]x���\	v�[�w�W�Z�\ u s�[�VK[�e,r�[�m�YGq� q

~�t��wf o [ M § =2y-il[ o eGu�idt q yNeGyHx < eTvHvHt�yH�+[�gHeG\]v7��[ q � xH[�u���e o eGidt q y

cdfHvHv qwo i+eGyHx e5�weGt���eG�H��[$t�yNi Y []�j��eTyN��eGyH�=f�eG�=[w¤ X�Y [ � q ��� q ¢�t�yH�+i¬eT�H��[ 5.~�t���¤��
7�� o t�[ , k�xH[�clu o t���[mc
c q \][$e5�weGt���eG�H��[�u q yHyH[�umi qwo c3¤

� ���5³C�G���G���0·��	� e o []i Y [
[�±ý[mu�ilt��w[�u q \]\
fHy7t�u5eGilt q yHc�i Y eTi¡i�e ) [
vH��eGu�[h��[�i2¢V[�[�y�e�cl[mi q � u q \�©
v q yH[myCidc3¤ X�Y [�k e o [ t�cdclfH[mx � odq \A�Ht�yHxHt�yH�=cN��[mi2¢�[�[my cdfH�-©2u q \hv q yH[�y-ilc®cl[ o �-t�u�[�c qwo y q idtÿ��u3e5©
idt q yHc�� o [3eTu�ilt q yHc3�Gf7clt�yH��u q yHyH[�u�i qwo c	i Y eTi?xH[�cdu o t���[ YHq ¢)i Y [Vt�y-id[ o eTu�ilt q y$c YHq fH��xR¢ qwo*) ¤ =2y-il[ o eGu�idt q yHc
\�e5k«i Y fHc;��[�cd[�[�y�eTc * i Y [�t�y7cli¬eTyHu�[�c * q � e�u q y7yH[�u�i qwo t�y
ej¢V[����¨©Ix7[���yH[�x
u q y-il[�g-i5�wt2¤ [w¤�t�y+ejcdv�[mu�t¨��u
t�\]v7��[m\][�y-i¬eTilt q y+¢�t�i Y t�idc�c q f o u�[mc�eTyHx]x7[�clidt�y�eGilt q yHcjcdv�[�umtÿ��[�x�¤
X�Y [ 	 � � � ����� i q i Y [¡t�y-il[ o � eTu�[Rt�cji Y [Rv odq um[�clc q � �Ht�yHxHt�yH�
i Y [Rt�yCid[ o � eGu�[ o [�­-fHt o [�\][�y-idc«eGy7x

v odq �-t�cdt q yHc q � i Y [�t�\]v7��[m\][�y-i¬eTilt q y�¤ * » t�yH[�c * x o e5¢�y¡��[�i2¢V[�[�y]e�cl[ o �-t�u�[�© qwo y q ilt¨��u5eGilt q y�� o [3eGu�idt q y
©ReGyHx e�clf7�-©Iu q \]v q y7[�y-i3�?\�e5k���[
cl[m[�y eTiR[�g-[�u�fHidt q y ilt�\h[¡eGc¡e#u q \h\
fHyHt�u3eGidt q y���t�y ) ��[�i2¢�[m[�y
i Y [
[�yHu�� q clt�yH��u q \hv q yH[�y-iReGyHx®t�ilc$clf7�-©Iu q \]v q y7[�y-ilc3¤ X�Y eGi$t�c$¢ Y kN¢�[
f7cl[
u q yHyH[�u�i qwo c Y [ o [�eGc
¢V[����2�HeGcje+\][5eGyHc q � �HfHt���xHt�yH�Ri Y7q cl[ ��t�y ) c5¤
X�Y [
u q \hv q yH[�y-i$xH[�clu o t���[mx t�y ~�t���¤�|]\�e5k�y q ¢ ��[
u q \hvH��[�il[mx)�-kNi Y []xH[mclu o t�v7ilt q y q � � q i Y

i Y [$t�y-id[ o eTu�ilt q y7cjeGyHxhi Y [$\�eTvHvHt�yH�$i q i Y [«t�y-il[ o � eTu�[w¤	~�t���¤ M c YHq ¢�c�i Y [$����eTy]cdkCy-i�eGg � q=o i Y [$fHcl[
q � u q yHyH[mu�i q=o c3¤ X�Y [ ) [�k-¢ q=o x ���	�m� t�cVi Y [Rx7[�u���e o eGilt q y q � cdfH�-©2u q \hv q yH[�y-ilc5¤
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X�Y [�����eTy u q y ���wf o eGidt q y ��eGyH�=f�eG�=[¡t�cRv�e o i q � e � o eG\][m¢ q=o%) i Y eTiRv odq �Ct�xH[mc¡i qCq ��cRi q �7fHt���x eGy7x
\�eGt�y-i¬eGt�y
xHt�cdi o t��Hf7il[�xNeGv7vH��t�u5eGilt q yHc3¤ X�Y [ � o eT\][�¢ qwo*) t�c�xHt��-t�xH[�x�t�y-i q i2¢ q u3eGid[�� q=o t�[�c q � i q-q ��c3§
N�� ���B� � � qwo v olq � o eT\]\]t¨yH� 5 �jt�clf�eT� n;odq � o eG\h\]t�yH�4+pyC�-t olq yH\][myCi�eGy7xNu q \hvHt���[ o 7VeGyHx�\�eGy�e5©
�w[�\h[�y-i 5 ºjxH\ht�y X;qCq �07��weTyHx

N
	�� ���/�
���
��� fHyHt�idc�i Y eGi;e o [�[�t�i Y [ o �=[�yH[ o t�u>5 o fHy-idt�\h[;clfHvHv qwo i�7 � qwo eG���CeTvHvH��t�u3eGidt q yHc qwo cdv�[mu�t¨��u
5�[�g-[�umfHi¬eT�H��[Rt�\�eG�=[ q � q y7[�eTvHvH��t�u3eGidt q y�7m¤

=2y�i Y [ o [�cli q � i Y t�c$cd[�u�ilt q y��?¢V[ � q u�f7c q y)i Y [+��eTyH�wf�eG�w[ � eGu�t���t�ilt�[�c$eGyHxNi Y [ o fHy-ilt�\h[RclfHv7v q=o i
e o u Y t�il[�umilf o [¡i Y eGi�[�y�eG�H��[$i Y [ v olq xHfHumilt q yNeGy7x�i Y [$\�eTy�eG�=[�\][�y-i q � eTy�eGv7vH��t�u5eGilt q y�¤
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& fHt���xHt�yH�]eGy)eTvHvH��t�u3eGidt q y]¢�t�i Y ����eTy o [�­-fHt o [mcj� o cliRe+u q y-���=f o eTilt q yNx7[�clu o t�vHilt q y�[�g-v o [�cdcl[�x ¢�t�i Y
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N i Y [jeTclc q umt�eTilt��w[�y�eG\]t�yH��cd[ o �-t�u�[w�-i Y eGiÅ[�y�eG�7��[mc£e�cl[mi q � q � r [�u�idc	i q ��[�y�eT\][�x+i YHodq fH� Y i Y [�t o
v olq v�[ o ilt�[�c�t2¤ [=¤�cdi¬eGidt�u«v olq v�[ o ilt�[�cjcdfHu Y eGc�i Y [«um��eTclcVy�eG\h[w�-eGyNeGidi o t��Hf7il[j�weT��fH[ q=o xHk-y�eG\ht�u
q yH[mcj��t ) [ji Y [$�weG��fH[ q � eGy�eGili o t��HfHid[w�
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N i Y [+\�eTy�eG�=[�\][myCiVcl[ o �-t�u�[w��i Y eTi q ±?[ o cR¢£e5k-c�i q t�yHcdi o fH\][�y-i�i Y [
eGvHv7��t�u3eTilt q y�¢�t�i Y cl[�yHc qwo c
eGyHxNeTu�ilf�eTi q=o cjeGy7x Y eGyHxH��[�c�i Y [Rt�y-il[ o v o [mi¬eGidt q y q � v q ��t�u�t�[�c5¤
X�Y []� q xH[
v7��eTi � q=o \¯t�ilcd[�� � t�cR�7fHt���i q y)i q v q � �jyHt�g 5 º =  eTyHx s q ��e o t�c H 7$eGyHx ¹ ¥ + ` n ¥Vc

eTyHx)i YHo [5eGxHc5¤>=2y e � f o i Y [ o clid[�v���¢�[R\�e5k]xH[mu�t�xH[
i q u q yHcdt�xH[ oRq i Y [ o ) t�yHxHc q � vH��eGi � qwo \hcjeGc�i Y [
��eTclt�c q � i Y [R�j��eTy�[myC�-t olq yH\][myCi5�wcdfHu Y eGc�e
¥��$` & º vH��eGi � qwo \ qwo e c q � i2¢£e o [$�HfHc���t ) [ n�q ��k-��t�i Y ¤

� � �]�®���	� � �$�R��� �+�]��� �	�j�m� � �5�]�$�����¯�j�Å�]�����

X�Y [�¥ q-q v�s-u5eGy eTvHvH��t�u3eGidt q y 5�u � ¤�cl[�umilt q y H 7 ¢£eTc¡eG� o [5eGxHk e5�weGt���eG�H��[ q y���yHt�gýª;u q \]\
f7yHt�u3eGidt q y
��[�i2¢V[�[�y®y q xH[�c$¢£eTcjeGu Y t�[��=[�xN¢�t�i YNX ¥ n q=o �weTyHx � ¹«n c q u ) [�ilc5¤«`�[�u�[�y-il��k-�H¢V[ Y e5�=[«cdi¬e o il[mx eTy
[�g-v�[ o t�\h[�y-i�eTt�\]t�yH�
eGi o [�[�yH�=t�yH[�[ o t�y7�Ni Y t�c$eGvHvH��t�u3eTilt q y�¤ X�Y [ � o cdi$clil[mv q � q f o [�g-v�[ o t�\][�y-ij¢�eGc
i q
o [�©2t�\]vH��[�\h[�y-i	i Y [ReTvHvH��t�u3eGidt q y q y�i q v q � � q xH[$t�y q=o xH[ o i q eTvHv o [mu�t�eGil[$i Y [Rt�\]v�eTu�i q � q � r [�u�i
c Y e o t�y7�)eGyHx i o eTyHclv�e o [�y-i+xHt�cli o t��HfHidt q y�¤ X�Y [
cd[�u q yHx cdil[�v q � i Y [h[�g-v�[ o t�\][�y-iR¢�eGc$i q�o [�xH[mclt��wy
i Y [NeGvHvH��t�u3eTilt q y eTc¦eTy t�y-id[ o u q yHyH[�umilt q y q � u q \hv q yH[�y-ilc5�;¢�t�i Y e�\�e r�q=o u q yHcdi o eGt�y-i3§ o [�fHcd[�i Y [
[�g-t�clidt�yH�
u q xH[¡eTc�\
fHu Y eGc�v q clcdt��H��[ EIM FÁ¤
X�Y t�c�[mgCv�[ o t�\h[�y-i Y eTc Y t�� Y ��t�� Y il[�x�e+yCf7\
��[ o�q � ��[�y7[���ilc5¤ X�Y [¡v odq � o eG\h\]t¨yH�Rv odq um[�clc q � eTy

eTvHvH��t�u3eGidt q y t�c¡\
fHu Y cdt�\hvH��[ o ¤ X�Y [�v odq � o eG\h\][ o u3eTy � q u�f7c q y i Y [�t�\]vH��[�\h[�y-i¬eGidt q y q � u q \�©
v q yH[myCidc
¢�t�i Y y q u q y7clt�xH[ o eGilt q y � q=o i Y [hvH��eGi � qwo \ eTyHx i Y [ q �=[ o eT����e o u Y t�id[�u�idf o [w�V¢ Y [ o [3eTc
i Y [
e o u Y t�il[�umi«u5eGy)eTclcl[m\
�H��[«u q \]v q y7[�y-ilc�¢�t�i Y y q eTxHxHt�ilt q y�eG�?t�\]vH��[�\h[�y-i¬eTilt q y
¢ q=o%) ¤�~ q=o [�gHeG\hvH��[w�
u q \]\
fHy7t�u5eGilt q yHcje o [
clt�\]vH��k�clv�[�u�t¨��[mx ¢�t�i Y eGy eTvHv olq v o t�eTil[+u q yHy7[�u�i q=o eTyHx i Y [ o fHy-ilt�\h[¡fHcd[�c
i Y [«eTxH[�­-f�eGid[jcdkCcdil[�\ \][�u Y eTyHt�cl\ clf7vHvH��t�[�x]�-kRi Y [jvH��eTi � q=o \)¤6( [je o [�y q � q yH�w[ o u q yHum[ o yH[mx�¢�t�i Y
u q \]\
fHy7t�u5eGilt q yHc�\h[�u Y eGyHt�cd\]c;clfHu Y eGc�` n ¥$¤ X�Y [Re o u Y t�il[�umilf o [ q � i Y [«eTvHvH��t�u3eGidt q y
t�c£eT��c q \
fHu Y
\ qwo [+u���[3e o ��kN[�g Y t��Ht�il[mx)�-k®i Y [+cli o fHu�idf o t�yH�®t�y)id[ o \hc q � u q \hv q yH[�y-ilcReGy7x)�-kNi Y [ Y t�� Y [ o ��[��=[��
xH[mclu o t�v7ilt q y q � u q \]\
fHy7t�u5eGilt q yHc;¢�t�i Y u q yHyH[�umi qwo c3¤ X�Y [$\�eGt�y-il[my�eGyHum[ q � i Y [+eGvHvH��t�u3eTilt q y
t�cVy q ¢
u���[3e o ��k®t�y7xH[�v�[�yHxH[�y-i � olq \�i Y [
t�\]v7��[m\][�y-i¬eTilt q y q � c q � i2¢�e o [
\ q xHfH��[�c5�?i Y fHcR\�e ) t�yH�][m� q ��fHidt q y
q � yH[�¢z�=[ o cdt q yHcR­-fHt�u ) [ o eGy7x \ qwo [ , [�g-t��7��[=¤N~ q=o t�yHcdi¬eTyHu�[w�Å¢�[]e o [�eT�H��[
i q v olq xHfHu�[hxHt¨±ý[ o [�y-i
�=[ o cdt q yHc q � ¥ q-q v�s-u3eTy�� q yH[R¢�t�i Y ��t�\ht�il[�xhyCf7\
��[ o�q � f7cl[ o c3� q yH[¡¢�t�i Y e
c Y e o [�x)[mxHt�i qwo eGyHx�i Y [
q i Y [ o ¢�t�i Y  $~�t��]eTyHx�i Y [$[�x7t�i qwo ¤
X�Y [Nv olq �H��[�\]c+¢V[ Y e5�w[ � eGu�[mx e o [ o [���eTil[�x�i q i Y [N[�g-[�u�f7ilt q yEclu Y [�\h[ q � i Y [ eGv7vH��t�u5eGilt q y��

t2¤ [w¤Ri Y [
xH[�cdu o t�vHidt q y q � i Y []eTvHvH��t�u3eGidt q yNt�yNil[ o \]c q � u q-q v�[ o eGidt�y7��v olq u�[�cdcl[�c5¤ ( [+clidt���� Y e5�=[¡y q
xH[mclu o t�v7ilt q y q � i YHq cd[ReGclv�[�u�idcjt�y q f o ��eTyH�wf�eG�w[=�G¢ Y t�u Y \�e ) [�c Y e o xH[ o i Y [«t�y-il[m� o eTilt q y q � [�g-t�clilt�yH�
u q \]v q yH[myCidc3¤;=2y ¹ f olo e E ^*Fl��i Y [Rv Y t�� q c q v Y k]¢�eGc$i q xH[�cdu o t���[
i Y [
eGv7vH��t�u5eGilt q y]t�y)e
\ qwo [¦° i�eGc ) ©
q=o t�[�y-il[�x�°?¢£e5k?ª�¢V[¡vH��eTy�i q u q yHcdt�xH[ o i Y [+t�y-il[�� o eGidt q y q � clfHu Y � [3eTilf o [�c$t�y q f o eGv7v olq eGu Y ��¢ Y t�u Y
\�e5k
��[+u q y7clt�xH[ o [�x eGi�i Y t�cjcdi¬eT�w[¡eTcj\ q=o [
° c q � i2¢£e o [�© qwo t�[�y-il[�x�°�¤�º�y q i Y [ o v odq �H��[�\¯t�cji Y [R[�g-i o e
u q cli
xHf7[]i q i Y [ o fHy-ilt�\][
cdfHvHv qwo i3¤ X�Y [ o fHy-idt�\h[ Y eGc
e��=[ o k clt�\]vH��[+xH[�cdt��=y��	t�y ¢ Y t�u Y [m�w[ o k
[�y-idt�i2k q � i Y []�j��eTy ��eTyH�wf�eG�w[ t�c \�eGv7v�[�x q y eGy � q xH[ q � r [�u�i5¤ X�Y t�cRt�cR��[�u3eTfHcl[h¢�[
¢�t�c Y [�x i q
�Hf7t���x o eGvHt�xH��k
e$v olq i q i2kCv�[ q � i Y [ o fHy-idt�\h[�t�y qwo x7[ o i q il[mcli�i Y [jv odq � o eG\ u q yHcli o fHu�idt q y � eGu�t���t�ilt�[�c3¤
+�± qwo ilcNe o [N��[�t�yH� x q yH[Ni q o [mxH[�clt��=y i Y [ o f7yCidt�\][�clk-clid[�\ � qwo ��[�ilid[ o v�[ o � q=o \�eGyHu�[=¤ ~�t�y�eT����k-�
i Y []\�eGy�eT�w[�\h[�y-i � [3eGidf o [mc Y e5�w[
y q i$kw[�i ��[�[my t�\]vH��[�\h[�y-il[�x��H��[�clt�xH[�c+clt�\hvH��[ � eTu�t���t�idt�[�c � q=o i Y [
vH��eTu�[�\][myCi q y¡e�xHt�cli o t��HfHil[mx¡yH[mi2¢ q=o%) ¤ ( [�e o [�clidt����=t�y+i Y [�v odq u�[�clc q � xH[�cdt��wyHt�yH��i Y [V\�eTy�eG�=[�\][�y-i
cd[ o �-t�u�[
eGyHxht�idc o [���eTilt q y�¢�t�i Y i Y [R��eTyH�wf�eT�w[w¤
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X�Y t�c�v�eTv�[ o�Y eGcVxH[�cdu o t���[�x e � o eG\][m¢ q=o%) � qwo i Y [$u q yHcli o fHumilt q yNeGy7x]u q y-���wf o eGidt q y q � xHt�cdi o t��Hf7il[�x
eTvHvH��t�u3eGidt q yHc3¤�=2y q f o �Ct�[�¢R��xHt�cli o t��HfHid[�x eGv7vH��t�u5eGilt q yHc«e o [
u q yHcli o fHu�id[�x��-k)eGcdcl[�\
�H��t�yH��e]cd[�i q �
t�y-il[ o eGu�idt�yH�
c q � i2¢£e o [$u q \]v q yH[�y-idc3�-c q \][ q � ¢ Y t�u Y e o [Rv o [�©I[mgCt�cdilt�yH�]eGv7vH��t�u5eGilt q yHc
( []e o [hu q yHcdt�xH[ o t�yH�®eGy eGv7v olq eGu Y ¢ Y t�u Y u q \
�Ht�yH[�c q � r [�u�iÁ© q=o t�[�y-il[�x v olq � o eG\]\ht�yH� � qwo i Y [

xH[mclu o t�v7ilt q y q � t�y7xHt��Ct�xHf�eG�Vc q � i2¢£e o [�u q \hv q yH[�y-ilc]eTyHx�clk-clid[�\ t�y-il[�� o eGidt q y�il[�u Y y7t�­-fH[mc � q=o i Y [
xH[mclu o t�v7ilt q y q � o [m��eTilt q y7c Y t�vHc�eTyHx]t�y-il[ o eGumilt q yHcÅ��[�i2¢V[�[�y�u q \]v q yH[myCidc3¤ X�Y [jv olq v q cd[�x � o eG\h[�¢ qwo%)
t�yHu���fHx7[�c�e®\ q x7[��£eTyHx�e®��eGyH�=f�eG�=[]¢ Y t�u Y eG��� q ¢ e Y t�� Y ©2��[m�w[��Vclv�[�u�t¨��u3eTilt q y q � t�yC� q ���w[mx u q \�©
v q yH[myCidc3��eGy7x e o fHy-©2ilt�\h[]clf7vHv q=o i � q=o i Y [NeGu�idf�eG��[mgC[mu�fHilt q y�eTyHx q v�[ o eGidt q y�eT��u q y-i olq � q � i Y [
eTvHvH��t�u3eGidt q y�¤
X�Y [«\�eGt�y � [3eTilf o [�c q � i Y [R\ q xH[m�ýe o [
§
N �KD2�0�/�%���%� D2CK� � ��� ����J!���%� ����3 �2���G���2�
� ¤ n;o t�\ht�idt��w[�u q \hv q yH[�y-ilch[�yHu3eTvHclf7��eTil[ e vHt�[�um[ q �
c q � i2¢£e o [
¢ o t�idil[�y®t�y eTy-kNv olq � o eG\]\ht�yH�¡��eTyH�wf�eT�w[ 5 t�yHu���fHxHt�yH��v o [�©I[mgCt�cdilt�yH�NeGvHv7��t�u3eTilt q y7c�7�¤
¥ q \hv q fHyHx$u q \hv q yH[�y-ilc;e o [�\�eGxH[ q � e�y-fH\
��[ o�q � t�yCid[ o eTu�ilt�yH��u q \hv q yH[�y-ilc5¤�¥ q \]v q yH[myCidc
e o [«t�yHcdi¬eTyHu�[�c q � u q \hv q yH[�y-iVu���eGclcd[�c3¤

N � ��3 � ���2���G� �-��� � ���-� e o [RxH[�cdu o t���[�x®�Ckhi Y [mt o t�yCid[ o � eGu�[w��¢ Y t�u Y v olq �-t�xH[�c�t�y � qwo \�eGidt q y]eG� q fHi
i Y [
v olq �-t�xH[�x®cl[ o �Ct�u�[mc3�	eGc$t�y®fHclf�eT� q � r [�umiR\ q xH[���c5���7fHi¡eG��c q i Y [
cl[ o �Ct�u�[mc o [�­-fHt o [�x � odq \
q fHidclt�xH[�eGyHx i Y [ o [3eTu�ilt q y7c¡i q t�yHu q \]t�yH�h[��w[�y-i+y q idt¨��u3eGidt q yHc5¤ =2y eTxHxHt�ilt q y���eTy t�yCid[ o � eGu�[
t�yHu���fHxH[�cRe�yCf7\
��[ o�q � vHfH�7��t�u¡eTili o t��HfHid[�c$fHcl[�x � q=ojq �w[ o eG����\�eGy�eG�w[m\][�y-i�eTyHxNu q yCi olq �I¤;=2y-©
il[ o � eGum[�cRe o [$�Hf7t���iV�-k][�g-il[myHxHt�yH�
i Y [�¥��$` & º = ¹ »�y q i¬eGidt q y]¢�t�i Y eTxHxHt�ilt q y�eG� � [3eTilf o [�c3¤

N � ���2�2� �/����� � e o [+i Y [
fHyHt�ilc q � u q \h\
fHyHt�u3eGidt q y]\h[�xHt�eGidt q y���[mi2¢�[�[my u q \hv q yH[�y-ilc5¤Rº �wt��w[my
u q y7yH[�u�i qwo i2k-v�[	cdv�[mu�t¨��[�c	i Y [	u q \]v q yH[�y-i?i2k-v�[�c�i q ��[	� q fHyHx¡eTc�¢V[����weGc�i Y [	u q \]\
f7yHt�u3eGidt q y
v olq i q u q ����[�i2¢V[�[�y®i Y [m\)¤ ��clt�yH�hu q yHy7[�u�i q=o cReG��� q ¢�cje+u���[3e o cl[mv�e o eGilt q yN��[mi2¢�[�[my)i Y [Ru q xH[
q � [3eGu Y u q \]v q yH[myCi�eGy7x�i Y [$clv�[�u�t¨��u3eTilt q y q � i Y [Rt�y-il[ o eGu�idt q yHc���[�i2¢V[�[�yNi Y [�\)¤

N i Y [$\ q x7[���eG��c q eT��� q ¢�c;t�yHcli�eGy-ilt�eTilt q y q � u q \]v q yH[�y-idc3�=\�eGy�eG�w[m\][�y-i q � u q ����[mu�ilt q y7c q � u q \�©
v q yH[�y-ilc5�?eGyHxNeGcdc q u�t�eGidt��w[$y�eG\ht�yH� q � u q \]v q yH[myCidc 5 fHclt�yH�hi Y [mt o eTili o t��HfHid[�c�7m¤ X�Y [�cl[ � eGumt���t¨©
ilt�[�c�v odq �-t�x7[«cdfHvHv qwo i � q=o i Y [Ru q yCi olq � q � i Y [$xHk-y�eT\]t�u«eTclv�[�u�idc q � eGyNeGv7vH��t�u5eGilt q y�¤
º�iVi Y [«umf olo [�y-ijcli�eG�=[w�Hi Y [R�j��eTy � o eG\][m¢ q=o%) t�c�t�\hvH��[�\
[�y-il[�x q y]i q v q � eRxHt�cdi o t��Hf7il[�x q � r [�u�i

q=o t�[�y-il[�xhvH��eGi � qwo \ e5�weGt���eG�H��[;t�y ��yHt�g¡[�y-�-t olq yH\][�y-idc3¤ X�Y t�c	t�\hvH��[�\][�y-i�eGilt q y$cli o eTil[��=k¡t�c	[�g-v�[�u�id[�x
i q eT��� q ¢ o eGvHt�xRv olq i q i2k-vHt�yH� q � i Y [V[�y-�-t odq yH\h[�y-i3¤ X�Y [�[��w[�y-i;cl[ o �-t�u�[«eTyHx¡i Y [�eGclc q u�t�eGilt��=[�y�eT\]t�yH�
cd[ o �-t�u�[
e o [ReT� o [3eGx7k q v�[ o eTilt q y�eT�2�-¢ Y t���[�i Y [ \�eGy�eG�w[m\][�y-i;cl[ o �-t�um[Rt�c�fHyHxH[ o xH[��=[�� q vH\h[�y-i3¤$( qwo%)
q y�i Y [$u q \hvHt���[ o�q � i Y [R�j��eTy]u q y-���wf o eGidt q y���eGyH�=f�eG�=[ Y eTc�y q iVkw[�i���[��=fHy��H�7fHijeGy�t�y-il[ o \][�xHt�eTil[
o [�v o [mcl[�y-i¬eTilt q yEi Y eGi
v odq x7fHu�[�cNeGy [�g-[�u�fHi�eG�H��[Nt�\�eG�w[ q � eGy�eGvHv7��t�u3eTilt q y t�c]e5�weTt���eT�H��[w¤ º � o cli
q v�[ o eGidt q y�eG��v olq i q i2kCv�[ q � i Y [R¢ YHq ��[«[myC�-t olq yH\][myCi�t�c�[�g-v�[�u�id[�x �-k]\]t�x-©l} � ¤ =2y�v�e o eG����[��2�-cl[��=[ o eT�
o [3eG�¨©2¢ q=o ��x]eGvHv7��t�u3eTilt q y7c�e o [j��[�t�yH�RxH[�cdt��wyH[�xhfHclt�yH�+i Y [j\ q xH[m��eGyHx
¢�t����H��[jxH[m\ q y7cli o eGid[�x q y
i Y [
v odq i q i2k-v�[=¤ X�Y t�cRc YHq fH��x eG��� q ¢ fHc i q eTclcl[mclc
i Y [
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Unit é de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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