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�:���	�����^�M���4� �=ng\�� f�~Ihj~Y`	t��j¡F`)~�t�vj~�v�fg`)�	vM_5~�i�n¢hjng� vM�^hj£¤_2`6nr\^vq��f�¥¦vMtNng\^`)fxpq�¤ng\^`�fx� f§vM¥^�	vM�¤nrtrvM£¨£¨`	t�f
¥¦vMtT���¨fr�	tr`	nr`<`6©�`	�¤n�fxpqfgn�`6_2fT_2vq��`6£ `��"�¤p�~�vj£¨p¤�^vM_ª�«hj£���p¤�Ihj_ª� ��hj£Ifgpqfgnr`	_5f)v�©�`6tF¬����¨nr`c­�hj£ vj� fN¬^`6£ �;®
[)\^`��	vM�¤nrt�vj£�vM��wx`	�	nr�¯©�`	f5h�t�`:fx~�`	�	�¨¬�`�� hMf=vMtr��`	t"tr`	£«h�nr� vj�^f�nrv°��`:��\�`���±�`	�²hj�^�³hjf=_5�¯���¨_ª� ´�hjnr�¨vM�
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[)\^`�hj~�~�£¨�¨�Khjng� vM�^fTvM¥�nr\�`�fr`c_5`	ng\^vq��f)n�v=ng\^`cfrhj¥¦`	n}p2fg~Y`��	�¯¬^�Kh�nr� vj��vM¥�h�~�v�¡F`	t�ngt¢hj�^fx¥¦vMtr_5`	t*fgn¢h�nr� vj�
��vj�qngt�vM£¯£ `6t*� f*¬��^hj£¨£¯p2~�tr`�fr`6�¤n�`���®
¶D·�¸�¹gº=» ��¼��M�¾½ � fg�	tr`	n�`�`6©�`	�¤n<fgpqfgnr`	_5f��I~�vj£¨p¤�^vM_ª�«hj£I_5`	ng\^vl��f��^fgp¤�¤nr\�`�fg�¨f��IvM~�ng�¨_2hj£;�	vM�¤nrtrvM£
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��� ����� � � ½ hj��f:��`mt¢hj~�~YvMtgnK�*�^vMi�f5~�trvM~�vMfrvM�^f2��`�f2_5e	ng\^vq��`�f5��`D��hj£ �6i�£<~YvMi�t5£«hWfgp¤�¤nr\^]	fr`
��� hji�nrvM_:h�nr� fx_2`	f���� fg�	tr`	n�f.fxi�tµ��`�fofgpqfgnr]	_5`�f��"e6©�e	��`	_5`	�¤n�fc�l� fr�6t�`6n�f._2vq��e	£¯� fge�f)~Ih�t<��`�fofgpqfgnr]	_5`�f
��p¤�Ihj_ª����i^`	fm~YvM£¯pq��vM_5� hji�kY®���`	fDvM�lwx`��	ng�¨¥¦f���` ��vM�¤nrt �M£ `WfgvM�¤nD` kl~�tr�¨_5e�fm��vj_5_5`W��`�f�t�`6£«hjng� vM�^f
��� vMt��lt�`!� ©�e6tr�¯¬^`	t2vMi �	vM_ª_2`�£«h _ª�¨���¯_5�¨f�hjng� vM� ��� i��^`A¥¦vM���	nr�¨vM� ��`D�	v#"�n5��vM���^e	`Dfxi�t5£¨`�fª���%$Ye6{
t�`6�¤n�`�f:ngt¢h�wx`	�	nrvM�¨tr`�f:��� e	n�hjn�f2��i
fgpqfgnr]	_5`M®&�3`�f:vj��wx`��6nr�¨¥¦f2��`°��vj�qngt'�M£¨`°frvj�qn�hj£ vMtrf5fxp¤�qng\^e	ng� fge�f(�
£)� hj�¨��`=��� vMi�ng�¨£ fchj£ ��e6��tr�%��i^`�fcnr`	£ f*��i^`"�¨��eKhjilk��3©jhjtg� e	nre�f�`6n�_5vMtg~�\�� fx_2`	f�®+�3`	f�h�~�~�£¨�¨�Khjng� vM��fµ��`���`	f
_5e	nr\�vl��`	f,�"£«h�fg~Ye��6�¨¬^��hjnr�¨vM�Af-"�tr`-��iD��vM�¤nrt �M£ `6i�to��� i��°~Yv�fgnr`���`�nrt�hj�^fx¥¦vMtr_2hjnr�¨vM�me	£¨`��	ngtr�%�¤i�`�fgvM�¤n
hj£¨vMt�f*~�tre�fg`	�¤n�e	`�f�®
. » ��� ¹ �0/ � �21 pqfxn�]	_5`�f3�ce	©Me	�^`6_2`6�¤n�f)�l� fr�6t�`6n�f��54Ae6nr\^vq��`	fz~YvM£¯pq��vM_5� hj£ `	f��76)vM�¤nrt'�j£ `M�86)vj_5_2hj�^��`
vM~�ng�¨_2hj£ `
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[)\^`-_2hj�¯�A~�i�tr~Yv�fr`=vj¥ut�`�hj£¯{Önr�¨_5`�hj~�~�£¨� ��hjnr�¨vM�^f�� f.n�v2��vM�¤nrtrvM£�t�`Khj�	nr�¯©�`=fxpqfgn�`6_2f<¥¦vMt<¡�\�� ��\W��vj�qngt�vM£
hj�^�#~�\¤pqfg�¨�Khj£�~^hjtrnrf�hjt�`�vM¥«nr`	�³_5`	t��M`��;® [)\qi�f��)�l�%$Y`	t�`6�¤n"nr\^`	vMtr�¨`�f"��`	��� ��hjn�`	�³nrv nr\^`��	vM�¤nrt�vj£�vM¥
���¨fr�	tr`	nr`o`6©�`6�qnFfgpqfxn�`	_5f§\IhM��`	_5`	tr��`��ªfg�¯�^��`*ng\^`���� � f�� �����q�����q�M�l�¤��a	�Ë®�
<fxiIhj£¯£¨p��jnr\^`.fgn�hjtrng�¨�^�c~YvM�¯�qn
vM¥�ng\^`�fg`2nr\^`	vMtr�¨`�f�� f	�"�j�¨©�`6�³hA_5vl��`	£T¥¦vMt�ng\^`:fxplfxn�`6_ hj�^� nr\^`:�	vM�¤nrtrvM£)vj��wx`��6nr�¨©M`�f	�Fhm��vM�¤ngt�vM£¯£ `	t
_=i^fxnF�Y`o��`	tg�¨©�`	�2�¤p�©Mh�tr� vji^f§_2`�hj�^fTfgi^��\:ng\IhjnTnr\^`.t�`	fgi�£¯nr�¯�^���Y`	\^h�©¤�¨vMt)vj¥�nr\�`µ�	£¨v�fr`	�5£¨vlvM~ªfxplfxn�`6_
_5`�`	nrf�nr\^`���vj�qngt�vM£�vj��wx`��6nr�¨©M`�f	®
� ��nr\^`µd<h�_:hM����`µh��^��
 vM��\Ihj_�ng\^`�vMtgpªvM¥���� fg�	tr`	n�`<`	©M`	�¤n�f�fxplfxn�`6_2f�� �����l�����q�����Ë�qng\^`<~�\qpqfx� �Kh�£

_5vl��`6£N�¨fc��`�fg�	tg�¨�Y`�� �¨� nr`	tr_5f�vM¥z~�tr`	¬�k¤{}�6£ v�fg`�� £«h��^�MiIhM�M`��ËvM¥«nr`	� h:¬����¯n�`=fxn¢hjnr`�hji�nrvM_:h�n�vM��� ��a	���6®
[)\^`F��vM�¤nrtrvM£qvM¥�ng\^`T~�\qpqfx� �Kh�£l_5vl��`	£�� f�nr\�`	�-~Y`	tg¥¦vMtr_5`����¤p��¯��\��¯���¨ng�¨�^�*fgvM_5`F`6©�`	�¤nrf��Ë�Kh�£¨£ `	����vM�¤nrtrvM£¯{
£«h���£ `�`6©�`	�¤nrf��o¡�\��¯£ `�nr\�`-vMng\^`	t<`	©M`	�¤n�fc��hj�D��vMn<�Y`�~�t�`6©�`	�¤nr`��°¥«t�vj_0vl�	�	i�tg�¨�^��®��<v�¡F`	©�`6tK���¯�DfgvM_5`
fg�¯nriIh�nr� vj�^f��;ng\^`"~�t�vM��£ `	_?� fct¢h�nr\^`6t��l�%$Y`	t�`6�¤n���nr\^`"~�\¤pqfg�¨�Khj£z_5vl��`6£��Ëvjt�nr\^`�fgpqfxn�`	_���`	_ª�¨n�f�fgvM_5`
i��^�	vM�¤nrtrvM£¨£ hj��£ `�vMi�nr~�i�nrf��Y�Khj£¯£ `��mfg�¨�M�Ihj£¨f��In�vªnr\^`���vM�¤nrtrvM£¨£¨`	to¡�\�� ��\D�¨�Dngi�tr��fc`	_ª�¨nrfofgvM_5`-vMng\^`	tµfg�¯{
�M�Ih�£ f�n�vm��vM�¤ngt�vM£znr\�`5_5vl��`6£��Ûng\^`�fg`2fg�¨�M�Ihj£¨f�hjt�`ª��vj�qngt�vM£¯£«hj��£ `�hj�^� hjtr`5�	vM�^fg�¨��`	tr`��#hjf��¯��~�i�nrf�¥¦vMt
nr\�`ª~�\¤pqfg�¨�Khj£T_5vl��`6£����Ñ�l�����u�M���Ë®�yu©�`6�#�¨¥)�¯n�� f�~�v�fgfg�¯��£ `"n�vm_5�Èk nr\�`ªn}¡Fv hj~�~�t�v�hM��\�`�f��¯�8hmfg�¯�^�M£ `
_5vl��`6£ �q¡)`�¥¦`�`6£3nr\Ihjn�ng\^`�n}¡)v5hj~�~�t�v�hM��\�`�f<hjt�`��	vM_5~�£ `	_5`	�¤n�hjtrp5�¨�Ahj~�~�£¯� ��hjnr�¨vM�^f�®
� �²vMi�t5�Khjfr`M��ng\^`Dfx~�`	�	�¨¬��Khjng� vM� vM¥cng\^`A~�\¤pqfg�¨�Khj£<_2vq��`6£�� f�t�`Kh�£¨� ´	`���i^fg�¯�^� ng\^`Dfxpq����\�t�vM��vMi^f

�^hjn�h�{���v�¡ £ hj�^�MiIhj��`! #"%$'&)(+*#�-,l�Y�����Ë�;��`��l� �Kh�n�`��°nrv:nr\^`-fg~Y`��	�¯¬^�Kh�nr� vj�WvM¥§t�`�hj£¯{Önr�¨_5`�fgpqfgnr`	_5f�®�[)\^`
¥¦vMtg_:hj£��IhMfg`�f�i^fr`	� �¨�Wnr\�`ª��`	¬����¯nr�¨vM� vM¥Fng\�� f�£ hj�^�MiIhj��`"hj£¯£ v�¡ i^f�nrv�n�vm��\^`���±W~�trvM~�`6trng� `�f�vM� nr\�`
fgpqfxn�`	_A®�[�vªng\�� f.~�i�tg~�vMfr`M�^ng\^`��YvqvM£ `�hj��~IhjtrnovM¥�nr\^`�~�trv��Mt¢h�_.�0/2123	154�nr\^`�fgpqfxn�`	_&fg~Y`��6�¨¬^��hjnr�¨vM�#�F�¨f
nrt�hj�^fx£«hjnr`��2�¯�qnrv=h�~�vM£¯p¤�^vM_ª�«hj£I��p¤�Ih�_5�¨�Khj£Pfgpqfxn�`	_7v�©�`	t7698�: 6 �Èa��������<;F[)\^`<i^fr`cvj¥<698�: 6 �¨�^fxn�`�hM�
vM¥�nr\^` �YvlvM£¨`Khj�
¬^`6£ �=698�> 6 �¨f�_2vMng�¨©jhjnr`�� �¤p²nr\^`W¥ÛhM�6nmng\Ihjn�¡F` ¡)hj�¤nAnrv�\^h�©M` ng\^` �^vMnr�¨vM��vM¥
~�tr`�fr`6�^��`�?Mhj�^fg`	�^�	`"vM¥§h���vqvM£¨`Khj�mfg�¨�M�Ihj£��	vM�^fx� ��`6tr�¨���5fgvM_2`�vMng\^`	t<fg�¨�M�Ihj£¨f.hj�^�m�^vMnovM��£¯p�nr\^`�©jhj£¨i^`
�Ûngtri^`�?�¥Ûhj£¨fr`@� ®�A�i�trng\^`	tg_2vMtr`M�^i^fx�¨�^�5fgi^��\Wh�£ ��`6��t¢hj�¨��_2`6nr\^vq��f<hj�^�A~YvM£¯pq��vM_5� hj£3��p¤�Ih�_5�¨�Khj£�fxplfxn�`6_
hMfNho¥¦vMtg_:hj£�_5vq��`	£Ö��¡F`�hjtr`)h�£ frvµhj��£¨`Tnrvµfgp¤�¤nr\�`�fg�¨´�`*�	vM�¤nrtrvM£¨£¨`	t�f�f�h�nr� fx¥«p¤�¨�^�.©jhjtr�¨vMi^f�±q�¯�^��f�vM¥^��vj�qngt�vM£
vM��wx`	�	ng�¨©�`	f�®T|µf� #"%$'&)(B*"� f.h��^hjn¢h�{��^v�¡�£«hj�^�jiIhM��`"���¯n*� f*�Ih�nri�t�hj£3¥¦vMt�i^f�n�v�i^fg`�ng\^`��¨��~�i�nC?jvMi�nr~�i�n
hj~�~�t�v�hM��\D�¦\^v�¡)`6©�`6t<fxpqfgn�`6_2f���`	¬��^`	�mhMf)¬����¯n�`cfxn¢hjnr`�hji�nrvM_2hjn¢h���£¯�¨±�`o�¨��dohj_2hM����`µhj�^��
 vM��\Ih�_D�
�Kh��mhj£ fgv-��`��	vM�^fx� ��`6t�`��:¡��¯nr\��¯�:nr\�� f)¥«t�hj_2`6¡)vjtr±E�6®z[)\^`c~�\qpqfx� �Kh�£�_5vl��`6£��¨fFnr\�`	��t�`6~�t�`	fr`	�¤nr`����qp:h
~YvM£¨p¤�^vM_ª�«h�£���p¤�Ihj_ª� ��hj£Ifgpqfxn�`	_�¡�\��¯£ `�nr\�`<�	vM�¤nrt�vj£Yvj¥�nr\�`<fxplfxn�`6_ �¨fz~Y`	tg¥¦vMtr_5`����¤p�t�`�fxnrtg� �	ng�¨�^��nr\�`
��vj�qngt�vM£¯£«hj��£ `µ�¯��~�i�n�©jhj£¯i^`�f�n�v"©jhj£¯i^`�f.fgi��¨n¢h���£ `µ¥¦vjtong\^`���vM�¤ngt�vM£���v�hj£ ®z[)\��¨f*t�`	fgnrtg� �6nr� vj�m�¨f.vM��n¢h��¨�^`	�
�¤p:�¨����vMtg~�vMt�hjnr�¯�^�=�^`6¡ hj£¨��`	��t�hj� �µ` ��iIhjng� vM�^f�nrv�ng\^`��¨���¯nr� hj£Pfgpqfgnr`	_A®
� �³nr\^`�\��¨fgn�vjtr� ��hj£F��`	©M`	£ vj~�_2`6�¤n�vM¥µ�	vM�¤nrtrvM£*nr\�`�vMtgp ¥¦vMt"�l� fr�6t�`6n�`�`	©M`	�¤n5fgpqfgnr`	_5f��)�	vM�¤nrtrvM£�vM��{

wx`��6nr�¯©�`�f�hjtr`-i^fxiIhj£¨£¯pD` kq~�t�`	frfr`	�8hMfF/%GIHKJ�LC/2J�GNM�36�+L�3OJPM�QEJ�R	/%ST/%U2V=h��^�WJ�UXU2L0JPM�UX/%H@/%U2V"vM¥Fh:�M�¯©�`	� ~�t�vM~Y`	tx{
nr�¨`�f	�Èa@�K�Ö® 6)vM�¤nrt�vj£Y`���iIhjnr�¨vM�^fThjtr`*nr\^`6�:fgp¤�¤nr\�`�fg�¨´�`	�2i^fg�¯�^��hj£ �M`	��t�hj� �)nrvlvj£ f§fgi���\�hMf§� ��`Khj£¨f���©jhjtr�¨`	ng� `�f
hj�^�°_5vMtg~�\�� fx_2f	® � �°ng\�� fo~Ihj~Y`	t���¡)`�¡��¨£¨£�`6kqnr`	�^� nr\�`-�	£ hMfrfµvM¥z��vM�¤ngt�vM£NvM��wx`��6nr�¯©�`�fcnrv2n}¡Fv��	£«hjfrfr`	f
vM¥zvM~�nr�¨_2hj£��	vM�¤nrt�vj£NvM�lwx`��	ng�¨©M`�f�® � �Dnr\^`�¬�t�fxn�vM�^`j��vMtr��`	t<t�`	£ hjnr�¨vM�^f.��`6n}¡)`	`	� fgn�hjn�`	fcvM¥§ng\^`-fxplfxn�`6_
�¨_ª~�£¨`	_5`	�¤n�frvM_5`�±¤�¨�^� vM¥µ~�tr`	¥¦`6t�`	����`�f5��`6n}¡)`	`	�²nr\�`�fr`Afgn�hjn�`	f�®
[)\^`Afr`��	vM�^�²h�~�~�t�v�hM��\ �¨fª_5vMt�`
�	£ hMfrfx� ��hj£�hj�^��i^fg`�fo��v�fxno¥«i��^�	ng� vM�^f�v�©M`	to��vMi��^��`���nrt�h�wx`��6n�vMtg� `	f�vM¥�ng\^`�fgpqfgnr`	_A®
[�v�©jhj£¨�¨�^hjn�`�vji�t*h�~�~�t�v�hM��\3�¤¡)`<��vM�^fx� ��`6tF�¯�5ng\�� f§~Ih�~�`6tFng\^`µh�~�~�£¨�¨�Khjng� vM�ªvM¥Ynr\��¨fz��vM�¤nrtrvM£Inr\^`	vMtrp

n�v#ng\^`Wfg~Y`��	�¯¬^�Kh�nr� vj� vj¥�ng\^` hji�n�vj_:hjng� �A��vM�¤nrtrvM£�fgpqfxn�`	_ vj¥=h8~Yv�¡F`	tmnrt�hj�^fx¥¦vMtr_5`	t�fxn¢hjng� vM�3® � n
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A � � A 698 : 6 K � E � I A!� I E�� K 9 M � � I A!��E�� K 9 M
hj�^���

� � � I ( 	�� ARCJEHC I K 9 M E ¡�\^`6t�` 	�� ADCFEHC I K 9 A @BAhUWV %$A A-, ( � I ARC I E�G K K � I ARCJE�G K K N�FpAhj~�~�£¨p¤�¨�^�ªnr\^`�_2`6nr\^vq��f<��`�fg�	tr�¯��`	�D�¨�Dfr`	�	nr�¨vM�W��®Èa��I¡)`-�Khj� fxp¤�qng\^`�fx� ´	`�h2��vM�¤ngt�vM£¯£ `	tofxi^��\ nr\Ih�n
nr\�`:��vM�¤ngt�vM£¯£ `�� fgpqfgnr`	_ t�`�fx~�`	�	nrf�ng\^`2�	vM�¤nrtrvM£*fxnrt¢h�n�`��jp vM¥�_ª�¨���¨_2hj£¨£¯pAtr`�fgngtr�¨�	nr�¯©�`5��vM�^fxnrt�hj�¨�¤n�f-vM�
i��^�	vM�¤nrtrvM£¨£ hj��£ `µ`	©�`6�¤n�f�®

� ������� . ���0� � ��������� » � »�X � ��· ����� � · � »�X �6����� · �����
�Û��� / · � · : ��� /)� » �
�3`	n ADC @ E NPNPN E C � K ��`�h"fxi��^fr`6nµvj¥Nnr\�`�fr`	n<vM¥�fgn�hjn�`�©jhjtr� hj��£¨`�f C ��T @ hj�^��T 4 ��`cn}¡Fv5ngi�~�£ `	f�vM¥�nr\��¨ffgi��^fr`6nµvM¥ A 698�: 6 K � ����	 Y ��¡�\^`6t�`�nr\^`��¨�¤nr`���`6t Y tr`	~�tr`�fg`	�¤n�fonr\^`��¤i�_=�Y`	tovM¥�fgn�hjn�`�©jhjtr� hj��£¨`�f�®

� T @ 9 A�� @@ E NPNPN E�� @� KT 4 9 A�� 4 @ E NPNPN E�� 4� K
u)u?çPvcw	x�v
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[�v�` kl~�t�`�fgf�nr\��¨fµ~�t�`	vMt���`	t�t�`6£«hjng� vM�;�Y¡F`=�^`�`	�Wnrv:�¨�¤nrtrvl�li^��`=ng\^`-~YvM£¨p¤�^vM_ª�«h�£�¥«i��^�	ng� vM���"¥«t�vM_A 698 : 6 K 
 A 698 : 6 K n�v 698 : 6 fgi���\Ang\Ihjn

� A!��E�� K 9 A��bA!� - , K A , ( � K�K 4 N �ga����
� nu�¨f�fxnrt¢h�� �M\¤nr¥¦vjtr¡)hjt��-nrvcfg\�v�¡�nr\^hjn�� A���E�� K 9 M ( ? A�� 9 , K � A�� 9 , K C ®N[)\�`*~�t�`6©q�¨vMi^f�~�t�`	vMt���`6tt�`6£«hjng� vM����`	¬��^`	�A�¤p:ng\^`���`	¬����¨nr�¨vM�D�Ö���6�^�Kh��mng\^`	�A��`�` kq~�t�`	frfr`	�°�¨��~YvM£¨p¤�^vj_5� hj£Ynr`	tg_2fc�

T @�� T 4)( � A T @ E T 4 K 9 M ¡��¨ng\ � A T @ E T 4 K 9 �	
&��-@ � ADC

4
& EHC @& K hj��� � ��`	¬��^`	�A�¯�Afg`��6nr� vj� a�®Ñ�l®Ñ�

� �WvMt���`	tµnrv:`6kqnr`	�^� nr\�� f<~�t�`�vjt���`6tct�`6£«hjng� vM�mn�v�h�£¨£�fgn�hjn�`	fcvM¥§nr\�`-fgpqfxn�`	_A��£¨`	nµi�fc��vM��fg� ��`	tµn}¡Fv
fgn�hjn�`	f�vM¥Tnr\^`"fxplfxn�`6_ � @ hj�^� � 4 �3fgi^��\ nr\^hjn � @ 9 A�� @@ E T @ K hj�^� � 4 9 A�� @4 E T 4 K �;¡�\^`6t�` T @ hj�^�7T 4�Y`	£ vj�^�"n�v A 698�: 6 K � ®z[)\qi�f�� � @
� � 4 �¨¥Nhj�^��vM��£¯p2�¯¥ T @�� T 4 ®]A��¨�Ih�£¨£¨pM�
	�� A�� @BE�� 4 K 9 M ( � @
� � 4 ¡��¨ng\ 	
� A�� @ E�� 4 K 9�� A >3@BAhUWV��  ���� � �����  ��� A�� @�K�E >3@BAjUDV��  ���� � �����  ��� A!� 4 K K
�Fp�hj~�~�£¨p¤�¨�^��ng\^`z��vM�^fxnrtgi^�	ng� vM����`�fg�	tg�¨�Y`����¯��fr`��6nr�¨vM�=�l®¯a����¨n3�¨f;~�vMfrfg�¯��£ `§nrvofxp¤�qng\^`�fx� ´	`*h.��vM�¤nrtrvM£¯{

£ `6t�¡�\�� ��\m��\^vqv�fg`�f��^�¯�mh�fxn¢hjnr` � ��vM�^`�vM¥�nr\^`c�Y`�fxno��vM�¤nrtrvM£ f*¥¦vjt�nr\^`ctr`	£«h�nr� vj� 	��u® � �AvMnr\^`6t�¡)vjt���f	�fgi���\mh���vj�qngt�vM£I£¨`KhM��fznr\�`µfgpqfxn�`	_ �¨�2h�fxn¢hjnr`<¡�\^`6t�`onr\^`o�qi�_=��`6t*vM¥�fgn�hjn�`o©Mh�tr�«h���£ `	fT`���iIhj£Pn�v2aM�q¥¦vMt
h"�M�¨©M`	�mfgi��^fr`6nµvM¥ C �l� f*_2h�kq�¨_2hj£ ®�|<�m`6k�hj_ª~�£¨`cvM¥�nr\��¨f*~Ihjtrng�«hj£YvMtr��`	tovM��wx`	�	ng�¨©�`�¡��¯£¨£P��`��M�¯©�`	���¯�fr`	�	ng� vM� ,l®Ñ�l®×�q®
[)\^vMi^�j\��¨nª� fªhj£¯¡*hKpqfª~Yv�fgfg�¨��£ `�n�v `6kq~�tr`�frf5~�tr�¨vMtr�¯nr� `	f"v�©�`	t5nr\^`mfgn�hjn�`	fªi�fg�¨���8hj£¨��`	��t�hj� ��vjt���`6t

t�`6£«hjng� vM��f����¨n.�¨f<fgvM_2`6nr�¯_2`	f._5vMtr`�i�fr`	¥«i�£�nrv2`6kq~�tr`�fgfc���¨tr`��6nr£¨p�ng\^`�~�tr�¨vMtr�¯nr� `	f*i^fg�¯�^�5�¤i�_5`	tg� ��hj£���v�fxn
¥«i��^�6nr�¨vM�^f���¡F`��¨�¤©�`	fgng� ��hjnr`�nr\��¨f*�^`6kqnK®

� ����� � � ��� · �
�Û��� / » �j¼ · �:� · /Û��� � » ���
�3`	n C 9 A!� @BE NPNPN EHC Q3K ��`�nr\^`-fgn¢h�n�`-©jhjtg�«hj��£¨`�fovM¥§nr\�`=fgpqfgnr`	_A®�[)\^`	�3�;h2��v�fxnc¥«i��^�6nr�¨vM�°� fch5_:h�~¥«t�vj_ A 698 : 6 K Q nrv��o�3¡�\��¨��\°hjfrfrvq�	� hjn�`	f*n�v�`Khj��\ � vj¥ A 698 : 6 K Q frvM_5`c�¨�¤n�`	��`	t �P®�<v�¡���vj�^fg�¨��`	t=hAs ½*1 8 fxi^��\³hMf�nr\^`ªvM�^`5fr`�`6�8�¨� nr\�`2fr`	�	ng� vM�8��®¯aM®�
 `2hMfrfxi�_2`ªfrvj_2`ª��v�fxn
¥«i��^�6nr�¨vM���o� f.�M�¯©�`	�;®�
 `�nr\�`	�m\IhK©�`�nr\^`�¥¦vM£¯£ v�¡��¨�^�-��`	¬����¨nr�¨vM�<�
��· <D�.�¦� � » � � �)]�U�J�Uj3 � @ / ]
]	J�/�" U�� R�3�� # R�3�U2UZ3�LkU�QEJ�G!J_]�U�J�Uj3 � 4 MP�KL9U�QI3��� "! 8  G �KUj3�" � @ �$# � 4"! 4/ M J�G " �KGISTV / M 4%� A�� 4 K�& � A!� @HK
� ��vMt���`6t�n�v³`6kq~�tr`�fgfmng\^` ��vMtgt�`	fg~YvM�^���¯�^�#vMt���`	t�t�`6£«hjng� vM�²hMf�h8~�vM£¯p¤�^vM_ª�«hj£.t�`6£«hjng� vM�;�*£ `	n2i^f

��vj�^fg�¨��`	t
� �
��� 9 ' � > � *)( 698�: 6+* � A � A�� K�K

[)\^`�¥¦vM£¨£¨v�¡��¯�^�=fg`	n�f.vM¥�fgn�hjn�`	fµh�t�`cnr\�`	�A��vM_ª~�i�nr`��

fhgpu�fji
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[)\^`�fg`=fr`6n�f � & ¥¦vMtg_9hª~Ih�trnr�¯nr�¨vM�mvM¥unr\�`��M£¨vM�Ihj£�fg`	nµvM¥§fgn�hjn�`	f�®,6)vM�^fg` ��i^`	�¤ng£¨p��Y¡)`��Khj� ` kq~�t�`	frf

nr\�`�¥¦vj£¨£ v�¡��¯�^�-~�trvM~�`6trn}p

� @ �$# � 4 ( >�U � � M E NSN E � �
��� 
DE�� @ � � & � � 4 �
Q�
����&

� � � �����

�3`	n � � E NPNON E � Q �Y`�ng\^`-~�tg�¨�^�6�¨~Ih�£��M`	�^`6t¢hjnrvMtcvM¥§ng\^`-�¨��`Khj£¨fµhjfrfrvq�	� hjn�`	�Dn�v5nr\^`=fg`	nrf � @ E NONPN E � Q ®[)\^`�vMtr��`	t�t�`6£«hjng� vM���$#���`	¬���`��³�qp#ng\^`:~�trvM~�`6trn}p �Ö�����-��hj� ng\^`	���Y`�`6kq~�t�`	frfg`��²hMf"~YvM£¨p¤�^vj_5� hj£
t�`6£«hjng� vM� �

� �$# � I ( 	���� ADCFEHC I K 9 M ¡�\^`	tr` 	���� ADCJE C I K 9 Q�
&��-@ ? A-, ( � &!ARCXK K�A

Q�
�$��& A � � ADC I K K K C

|µfµng\�� f<vMt���`	tµtr`	£ hjnr�¨vM�D�¨fo�^v�¡�`6kq~�tr`�fgfr`�� hMf�hª~�vM£¯p¤�^vM_ª�«hj£;tr`	£ hjnr�¨vM�3�^¡)`�h�t�`=h���£ `�n�v2i�fr`=nr\�`
_5`	nr\�vl����`	fr�6tr�¨�Y`����¨��fg`��6nr� vj�D�l®¯a�n�v"fxp¤�qng\^`�fx� ´	`�ng\^`���vMtgt�`	fg~YvM�^���¯�^����vM�¤nrtrvM£¨£¨`	t�® 1 vM_5`c�¤i�_2`6tr�¨�Khj£
vMtr��`	t.t�`6£«hjng� vM�:`6k�hj_ª~�£ `	f.¡��¯£¨£Y��`��M�¯©�`	���¯�Afg`��6nr� vj� ,l®Ñ�l®Ñ�l®

�:· �#����� � �-� M���� F-� Uj3 3�� M�/g3�GIU2STV ]B�IM�Q �KL%"P3�L L 3�S5J�UX/W�KG�]�4</%U:P9J�]�/h� F �KLCUgJ�GIU<U�� L 3�STV(�KG�U%QI3 �$ 
 "P3�H�3�S ��F 3�"�R	V	� %�

� �KL R	V	� %���� 1
� �Dng\�� f�fg`��	ng� vM�;�Ing\^`�i^fr`�vM¥N��v�fxn<¥«i����	nr�¨vM��� f.vM��£¯p:�	vM�^fg�¨��`	tr`��mn�v�_5�¯���¨_ª� ´	` �Ûtr`�fx~3®T_2h�kq�¨_ª� ´	`@�

h°��vMfgn=¥¦vMt=vM�^`:fxn�`	~�vM¥o�	vM�¤nrt�vj£ ® � �³nr\^`5�^`6kqn�fr`	�	ng� vM�3�§¡F`:¡��¨£¯£)��`6�^`	t�hj£¨�¨´�`ªnr\��¨f-_2`6nr\^vq�8v�©�`6tªh
�YvMi��^��`	�Afxn¢hjnr`�f.nrt�h�wx`��6n�vMtgp�vM¥�nr\^`�fgpqfxn�`	_A®T[)\�� f�±¤�¨���mvj¥N�	vM�¤nrt�vj£3� f*�Ihj_5`�� ��FnU2/h� J�S+M��KGIUXLH�KS
� � �����	� ��
 ���-�"������


|<£¯nr\^vji^�M\2�¯nz� fz©�`	tgp5~YvM~�i�£«hjtT�¨�2�	£«hjfrfg�¨�Khj£P�	vM�¤nrt�vj£Png\^`�vjtrp��lvM~�ng�¨_2hj£I��vM�¤ngt�vM£P� fFh��^`6¡ hj~�~�trv�hM��\:¥¦vMt
½ y 1 ��¡�\��¨��\5\^hMf§`	_5`	tr��`����¨�"ng\^`����¨�^`6nr�¨`�f�®N[)\�� fzh�~�~�t�v�hM��\5¡)hMf§_5vMnr�¯©Mh�n�`��=�¤p=ng\^`*¥ÛhM�6n§nr\IhjnzfgvM_5`
��vj�qngt�vM£NvM��wx`	�	nr�¯©�`	f���vMi�£¨�D�^vMn<��`-`6kq~�t�`	frfg`��8hjf<nrt�hM���¯nr� vj�Ihj£�vM��wx`	�	nr�¯©�`	f �Û�¨�¤©jhjtg�«hj�^�	`M�Yhjnrngt¢hM�6nr�¯©q�¯n}p��
n�`6_5~YvMt�hj£�£¨v��M� ���6®�[)\^`.�Mt�hj~�\"nr\�`�vMtr`	nr�¨�Khj£l¥¦vMtr_-i�£«hjng� vM�-vM¥Inr\^`�vj~�nr�¯_:hj£l��vj�qngt�vM£�~�t�vM��£ `	_�¥¦vMtzh��6£«hMfgf
vM¥ ½ y 1 f<tr`	~�tr`�fg`	�¤n�`	�D�¤pmhji�n�vj_:hjn�h-¡*hjfo¬�trfgn<�M�¨©M`	�m�¤p 1 `	�^�ji�~�n¢hªhj�^�!��hj¥¦vMtgnri��^` � �����^� ,h��hj�^�Ah
fgi�~�`6tr©¤� fgvMtrp vj~�nr�¯_:hj£��	vM�¤nrt�vj£u�¤p �;�¨�W� ���K�Ë��¡�\^`6t�`Khjf � vj�^`�fg�	i �Ñ�lac�u~�t�`	fr`6�qnr`��W�¨� hj� vM~�nr�¨_ª� ´�hjnr�¨vM�
_5`	nr\�vl�8¥¦vMtªh°fxpqfgn�`6_ fg~Y`��6�¨¬^`	��¡��¯nr\�h°n�`6_5~YvMt¢h�£F£¨v��M� �j® s�hMfrfx�¨�^v hj����|o�¤n¢hj±¤£¨�¨f�� �����T���K�*\^h�©M`
hMfgfrvq�	�«h�n�`��³h �	v�fgn"¡��¯nr\³`	©M`	tgp#fgn�hjn�`:ngt¢hj�^fx�¨ng� vM�#vj¥µh ½ y 1 hj�^�³` k�h�_5�¯�^`��8ng\^`�vM~�ng�¨_ª� ´Kh�nr� vj� �¯�
t�`	fg~Y`��6n�vM¥�hj� `	©�`6�¤n���v�fxn:¥«i��^�6nr�¨vM�3®�[)\^`	p�i^fg`Dnr\^`A|�� h�£ ��vMtg�¨ng\�_ nrv ~�`6tr¥¦vMtg_ nr\^`A��vM�¤ngt�vM£¯£ `	t
fgp¤�¤nr\�`�fg�¨f<�	vM_ª~�i�n¢h�nr� vj�3®z�µnr\^`6t.¡)vMtg±:�¨��ng\�� f.hjtr`Kh��Khj���Y`�¥¦vMi��^���¨� � �j���I����a����^��ac�Ö®
� ��nr\��¨f3fr`��6nr�¨vM�3��nr\^`§vj~�nr�¯_:hj£j��vj�qngt�vM£¯£ `6t;fgp¤�¤nr\�`�fg�¨f�~�t�vM��£¨`	_�¥¦vMt3~YvM£¨p¤�^vM_ª�«h�£j�lpq�^hj_5�¨�Khj£Mfgpqfgnr`	_5f

� f�~�t�`	fr`6�qnr`��;® � nu�¯�¤©�vM£¯©�`�f§�	vM�^fxnrtri��	nr�¯�^��hµ�	vM�¤nrt�vj£¨£ `6tN¡�\��¨��\"� f§h���£ `Tn�v���\^vqv�fr`*hcfr` ��i^`6�^��`ovM¥^�¯��~�i�nrf
nr\^hjn)¡��¯£¨£Pnrt¢h��^fg¥¦`6t*nr\^`<~�vM£¯p¤�^vM_ª�«hj£I��p¤�Ih�_5�¨�Khj£Yfgpqfgnr`	_ ¥«trvM_ h-fr`6n.vM¥3�¨���¨nr� hj£Ifgn�hjn�`	f*n�v"h��M�¨©M`	��fr`6n

u)u?çPvcw	x�v



vM¥I¬��Ih�£^fgn�hjn�`	fu¡�\��¨£¨`)_5�¯���¨_ª� ´6�¨�^�oh���vMfgn§¥«i��^�6nr�¨vM�3® � ��ng\�� fufg`��6nr� vj�3��¡)`ohMfgfgi�_5`*nr\^hjnzhj£¯£�nr\�`�`	©�`6�¤n�f
hjtr`"��vM�¤nrtrvM£¨£ hj��£¨`��Û¥¦vjtc�^vMn�hjnr�¨vM�Ihj£Nfg�¨_ª~�£¯� �	�¯n}pE� �Yng\Ihjn�_5`Khj��fcnr\Ihjn�ng\^`	tr`"� fµ�^v�~Y`	tgnri�tg�Ihjnr�¨vM�3®-[)\^`
��vj�qngt�vM£*fgnrt�hjn�`	�Mp �¨f=��`6¬��^`�� hMf=¥¦vM£¯£ v�¡.f�® | ��vMfgn"� f=hjnrn�hM��\^`��³n�v `�hM��\���vM�¤ngt�vM£*©jhjtg�«hj��£ ` �¦�¨�³vMi�t
hj~�~�t�v�hM��\;��¡)`�t�`	�Khj£¯£;nr\^hjnoh"��vM�¤nrtrvM£3� f*h"©M`��6n�vMt<vM¥���vM�¤nrtrvM£¨£ hj��£¨`<©jhjtr� hj��£¨`�f�® � n�� f*nr\�`	�m~�v�fgfg�¯��£ `µnrv
\IhK©�`<fgp¤�^��\�trvM���¨´Khjng� vM�ª��`6n}¡)`	`	���l�%$Y`	t�`6�¤nF�	vM�¤nrtrvM£ f �6®§[�v��Y`._2vMtr`���`	��`	t¢h�£ �qh��	v�fgnz�¨fFh�£ frv�hjngn¢hM��\�`��
n�v�`�hM��\Dfxn¢hjnr`M®9A��¯�Ihj£¨£¯p��¤nr\^`�vM~�nr�¨_2hj£Y��vM�¤ngt�vM£�fxnrt¢h�n�`��jp:� f*�Ihjfr`��mvM�m��p¤�Ihj_ª� ��hj£;~�trv��Mt�hj_5_ª�¨����� ���Ö®
| t�`�hj£�hj~�~�£¨� ��hjnr�¨vM��` k�h�_5~�£¨`�vM¥�nr\��¨f*� f��M�¯©�`	�m�¨��ng\^`�hj~�~�£¯� �Kh�nr� vj��fr`	�	nr�¨vM�3®
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1 �¯�^��`j���¯��nr\��¨f3fr`	�	nr�¨vM�3��¡F`Tvj��£¨pµ��vM�^fx� ��`6t3nr\^`§��hMfr`§¡�\^`6t�`§nr\�`	t�`§�¨f��^v�~�`6trngi�tr�Ih�nr� vj�3�Knr\^`§~YvM£¨p¤�^vj_5� hj£
��p¤�Ihj_ª� ��hj£3fxplfxn�`6_0�Khj�m��`�tr`	~�\�t�hMfr`	�°hMf*¥¦vj£¨£ v�¡.fc�:;=< CJI 9

[
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Unit é de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
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