
IS
S

N
 0

24
9-

63
99

appor t  
de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Commutation et réseaux ATM
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_tOpM�k4c[O�l4O<W(I?MP`^G\I&M�YB_HZ\OEWJX^n4YB�?]^OE_p�4FHL2G\M�YbW(Op]4q^¨gWJY�i&c[O�W\X^I2Y�qPOE_\_tOpn4ZtY[O(cÕLàoOpZ^oOuc[O<l�oOEW(I?]^`bL6K?O
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Opn4ZtY[Z^oO�l4I?n4Z�cg¡©Opn^¨,Z2 OpZ\OTL&_\_t]^G\Oacg¡ªL?WJX^OpM�Y[n^OpMPOpn�Z.�b��O�`4c[]b_pi^Z\I?]^ZJOE_Hc[OE_mW(O(c�c[]4c[OE_	l�¡©]^n^O�M� OpMPO
W(I?MNMR]^n4YBWpL2Z�YhI&n�OpMP`^G\]^n4Z\Opn4ZPO(qbL?W(Z\OpMPOpn4Z�cBLDM� OpMPO�G\I?]^Z\O fL Z\G*L.¢?OpG*_�c[OxG^oOE_tOEL2]£U��mw=:
W(OpZ\ZJO¤W(I?n4Z\G*L.Y[n4Z\OxL?_\_�]^G\O�cBL W(I?nb_�OpG\¢dL2Z�YhI&n l4O cg¡©I?G*l4G\Oxl�¡ L2G\GtY[¢�oOpOxl4OE_�W(O(cec[]4c[OE_xW(I&n4�ÄI?GJM«oOp¨
MPOpn4ZRfLPW(O(c[]4Y�l4O�cg¡toOpM�YB_\_�Y[I?n��

8H¡©]^n�l4OE_�`^G\I&k4c�fOpMPOE_�M�L6v·Op]^G*_�OE_tZ�L.c[I?G(_�c�L�G^oOE_�I2c[]^ZtY[I?nPl4OE_HW(I?n	>^Y[Z*_�c[I?G*_Hl4O�cBL�ZJG*L.¢?OpG*_4oOpO
l4OE_}�pWpL2GJG\O(�ÄI&]^G*_\��Y[nbl&YB_t`8Opnb_\L2k4c[OE_DfL�cg¡ªL?WJX^OpM�Y[n^OpMPOpn4Z�l4O}W(OE_RW(O(c�c[]4c[OE_p� � O�`^GJI?k4c�fOpMPOPOE_�Z
oOpZ\]bl&Y�oO�O(q^Z\Opnb_�Y[¢?OpMPOpn4Z	l^L2nb_@?[Q�ACBg�b��I?]^Z\O(�,I2YB_piD?[Q�ACB�n�¡ªL2k8I?G*l4O�`bL?_�c[O�`^G\I?k4cgfOpMPORl4O�c�¡ L2G*WJX4Yh¨
Z\OEW(ZJ]^G\ORl4OE_mW(I&MPM�]^Z*L2Z\Op]^G*_j�

8H¡©I?k^vtOpZml4]}`^G^oOE_�Opn�Z�Z\G*L.¢2L.Y�câOE_tZ<l�¡ L2Z\ZtY[G\OpG�cg¡ªL2Z\ZJOpn�ZtY[I?n}_t]^G�c[O��gL.Y[Z<�&]�¡©]^nxl&Y[MPOpnb_�Y[I?n^n^Op¨
MPOpn4ZR_�]	E¥_\L2n4ZTL6]Dn4Y[¢?OEL2] l4OE_�L2G\ZEfOpG\OE_<l�¡ Opn�Z\G^oOpO	OpZ�l4O�_tI?GJZtY[O0l�¡ ]^n W(I?MPM�]^Z*L2ZJOp]^G<n�¡ Y[MP¨
`4c�YB�?]^O�`bL?_�n�oOEW(OE_\_\L.Y[G\OpMPOpn4Z�cBLxM� OpMPO�`^G\I?`^GtYpoOpZsoO�L6] n4Y[¢?OEL2]�l4OE_0k^]b_�Y[n4Z\OpG\n^OE_Pl4]�W(I&MP¨
M�]^Z*L2ZJOp]^GE� � OEWJY W(I&nbl4]4YhZPfL£oOpZ\]bl&Y[OpG<]^n^O�n^I?ZtY[I?n¤l4O��jW(I?MP`bL2ZtY[k4Y�c�Y[ZsoO�U��mw��Pl4I?n4ZmI?n}n^I&Z\O
�&]�¡©O(c�c[O�n�¡©OE_tZ�`bL&_�_\L2Z�Y�_·��L.Y[Z\Oa`bL2G$W(OpG\Z(L.Y[n^OE_�_tZ\GJ]bW(Z\]^G\OE_�l4O�W(I?MPM�]^Z*L6Z\Op]^G*_m�8oOEW(I?n^I?M�YB�&]^OE_\�^�
��L2nb_ c[OTWpL?_H_�`$oOEWJY�§â�?]^O�l4OE_HG^oOE_tOEL2]4q�U��mw£i�W(OpZ\ZJO�oOEW(I?n^I?M�Y[Om`8I?]^G\G*LdYhZ�W(I?nbl4]4Y[G\OPfL	l4OE_Hk4c[I?¨
WpL2K&OE_�Y[nbL?WpW(Op`^Z*L2k4c[OE_m_·Y^c�¡ I?n�_p¡©OpnNZtY[Opn�Z�L2]¤�(n^I?M�k^G\O��doOpZtYBWJX^OE�PQ�Fu¨g���?]bL6n�Z<fLTc�L�`^G\I?kbL2k4Y�c�Y[Z^oO
l4O�k4chI^WpL2K?O�l4O�kbI?]^Z�Opn}kbI&]^ZE�

� OpZ\Z\O�`^G\I?`^GtYpoOpZsoO<l4O��jW(I?MP`bL2ZtY[k4Y�c�Y[ZsoO�U��mw��^i4L?_\_tO�G��gL?WJY�c[O�fL�I?k^Z\Opn4Y[G<�&]bL2nblNc[O�n^I?M�k^G\O
l�¡©Opn4Z\G^oOpOE_�OpZ	l4OP_tI?G\ZtY[OE_�OE_tZ���LdYhk4c[OPOpZ	_·Y�I?nDrxMNOpZ�chON`^GtY�qÕi�`bI?]^G\G(L.Y[Z���L.Y[G\O0c�¡ I?k^vtOpZTl�¡©]^n^O
W(I?n4Z\G*LdYhn4Z\OaY[MP`bI�_4oOpO<L2]4q}W(I?nb_tZ\G\]bW(ZJOp]^G*_�l^L2nb_uc[Op]^GmWpL2X4Y[OpG<l4OE_�W\XbL6G\K?OE_p�	F�c�c[OTL�`^G^oOEWboOEl4OpMP¨
MPOpn4ZDoOpZ^oO�`4c[]b_	I&]DMPI2Y[nb_�oOp¢?I^�?]�oOpO0l^L6nb_	l&Y[¢?OpG*_�Z\G*L.¢dL2]4qH9·WJ�\��`bL2G�O(q^OpMP`4c[O�?[Q� 4iHQE|^i*IJB�<*�
Kan^O	k4Y[k4c�Y[I?K?G*L2`^X4Y[O�l�oOpZ*L.Y�c�c�oOpO�OE_tZ<l4I&n^n$oOpO	l^L2nb_@?LICBg�
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8�L�_�Y[Z\]bL2ZtY[I?nNOE_tZ�cBL�_t]4Y[¢dL2n4Z\O?�%�,cbr�L^] L2G\ZEfOpG\OE_�fLacg¡©Opn4Z\G^oOpO�OpZ�_�L6G\ZEfOpGJOE_$fL cBL	_tI?GJZtY[O`9�Z\GEfOE_

_tI&]^¢?Opn�Za]cbS_�<*� �?]^G<WJXbL?�&]^OTL2GJZjfOpG\O�l�¡©Opn�ZJGsoOpO<WJY[G*W(]4c[Opn4ZEib_\L6nb_$l&YB_\W(I&n�ZtY[n4]^OpGEibl4OE_�W(O(c�c[]4chOE_
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l4Oac[I?n^K?]^Op]^G�§^qsOaOpZ$WJXbL?W(]^n^OTl4OE_�W(O(c�c[]4c[OE_�n^I?n�¢?YBl4OE_�l4I2Y[Z� OpZ\G\Oml&Y[GtY[K oOpOm¢&OpG*_H]^n^O�L2G\ZEfOpG\O$l4O
_tI&G\ZtY[O<k4Y[Opnà`^GsoOEWJYB_tO?i4W(OpZ\Z\O�L2G\ZEfOpG\O<l�oOp`8Opnbl^L2n4Z l4OacBL�W(O(cec[]4c[OPW(I?nb_�YBl�oOpG^oOpO?� 8ÕOE_$W(O(c�c[]4c[OE_�¢?YBl4OE_
`8Op]^¢?Opn�Z�n^O	`bL&_	 OpZ\GJOxoOEW(I?]4c�oOpOE_�OpZm`bOpGJMPOpZ\Z\Opn4Z<l4O	G(L2Z\Z\G*L6`bOpGmW(OpG\Z*L.Y[nb_aG\OpZ*L2G(l^_p�

8�Lx_tOp]4c[OxW(I?n4Z\G*LdYhn4Z\OPOE_�ZR�&]^O�c[O�n^I?M�k^G\O�l4O¥W(O(c�c[]4c[OE_�l4Op¢2L2n�Zà OpZ\G\OPl&Y[GtY[K oOpOE_�¢?OpG*_�]^n^O
L2GJZjfOpG\O	l4OP_tI&G\ZtY[ORl4I?n^n�oOpO	OE_tZ�W(I?MP`bL6ZtY[k4chO�LE¢&OEW�c[OPl�oOpk4Y[ZTl4OPW(OpZ\ZJORL2G\ZEfOpG\O?i^W(OpZ\Z\OPW(I?MN`bL2ZtY[¨
k4Y�c�Y[ZsoO�n�¡©O(qbWJch]bL6n�Z�`bL?_�]^n^O�_t]^G*WJXbL2G\K&O0l4]^G(L2n�Z�]^nàY[n4Z\OpG\¢dLdcec[Oxl4O�Z\OpMP`b_�Z\GEfOE_mW(I?]^G\ZEi�W(OpZJZ\O
_t]^G(W\XbL2GJK?O oOpZ*L2n4Z�L.c[I?G*_�L2kb_tI&G\k$oOpO�`bL2G�]^n^OPM@oOpMPI2Y[G\O�Z*L6MP`bI?n�`4cBL?W8oOpOROpn¦Zd OpZ\O�l4O�cg¡ªL2G\ZEfOpG\O
l4O}_tI?G\Z�YhO?��F�I?]^G	_�Y[MP`4c�Y�§bOpGEi�n^I?]b_	_t]^`^`8I�_tOpG\I&nb_	`bL6G�cBLx_t]4Y[Z\O}�&]^O�Z\I&]^Z\OE_ac[OE_RL6G\ZEfOpGJOE_pibOpn
Opn4Z\G^oOpO	OpZ�Opn _�I?G\ZtY[O?i8I?n�Zac[O�M¤ OpMPO�l�oOpk4Y[ZEi��?]^O�cg¡©I?nDL2`^`bO(c�c[OpG*L��x���mnD_tORl4I?n^n^O�L2]b_\_�Y�]^n
W�� E¥WJY[Opn4Z	l4OR_4oOEW(]^GtY[Z^oO�� 9g`bL2GaO(qsOpMP`4c[O��Pb��
�LI < OpZ�I?nx_t]^`^`8I�_tO��?]^O?i�_t]^G�W\XbL?�&]^ORL6G\ZEfOpGJO
Opn@Opn4Z\G^oOpO?i8chO}n^I&MRk^GJO¥l4O}W(O(c�ch]4c[OE_�n^I?n£¢&Y�l4OE_0OE_tZ�Y[n4�doOpGtY[Op]^GPI?]zoOpK4L.cTfL�
� OpZRl4O}M� OpMPO
`8I?]^Gmc[OE_�W(O(c�ch]4c[OE_�n^I?n}¢?YBl4OE_�l4OE_tZtY[n�oOpOE_�fL�]^n^O	M� OpMPO	L2G\ZEfOpG\O<l4O�_tI?G\Z�YhO?�

F�I?]^GPL?_\_t]^G\OpG�cBLDW(I?MPM�]^Z*L2Z�YhI&n�i�I?n@l&YB_t`bI�_�O¤l�¡ªL2GJZjfOpG\OE_�l4O�c�YBL.YB_tI?n OpZPl�¡·oO(cpoOpMNOpn�Z*_�l4O
W(I?MNMR]^Z(L2ZtY[I?n��bF�I?]^G�_�Y[MP`4c�Ye§bOpG.i�I?nà¢dL�_t]^`^`bI�_�OpGT�&]^OPW\XbL?�&]^ODoO(c�oOpMPOpn4Zml4O0W(I&MPM�]^Z*L2ZtY[I?n
L?l4MNOpZHcBL�_tZ\G\]bW(Z\]^GJO<_t]4Y[¢dL2n4Z\O@9·WJ�\�.§bK?]^G\O�Q.<�:.Y�câOE_tZ�Z\G*L.¢?OpG*_4oO�`bL6G$l4Op]4q¥L2GJZjfOpG\OE_�U�OpZ����4W(OpZ
oO(c�oOpMPOpn4ZTl4OPW(I?MPM�]^Z*L6ZtY[I?n}cBL.YB_\_tO�`bL?_J_tOpG�c[OE_�W(O(cec[]4c[OE_�l4O�c�¡ L2G\ZEfOpG\O����b`bL6G	W(I?n�ZJG\O?iâWJXbL?�&]^O
W(O(c�c[]4c[O�l4O�cg¡ªL2G\ZEfOpG\OmU!`bOp]^Z� OpZ\G\OacBL.YB_\_4oOpO	_�]^G<W(OpZ\Z\O�M� OpMNOTL2GJZjfOpG\OaI?]}I?GtY[Opn4ZsoOpO�¢?OpG*_ucg¡ªL2G\ZEfOpG\O
���*KanxZ\O(cRoO(cpoOpMNOpn�Z��,I?nbW(ZtY[I?n^n^O�l4I?nbW�O(q L?W(ZJOpMPOpn�Z�W(I?MPMNO	]^nDL.Y[K?]4Y�c�c�L6K?O�l4OPW\X^OpM0Yhnb_�l4O
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FHL2G�W(I?n4Z\G\O?i?W(O<l&YB_t`8I�_�Y[ZtY�� `8I�_\_pfOEl4O�]^nPY[nbW(I?n4¢�oOpn4Y[Opn�Z��?]4Y�`bOp]^Z$_�OmG^oOp¢�oO(c[OpGHM�L6v·Op]^G�l^L6nb_
c[ORWpL&_ml4OE_mG^oOE_tOEL2]4q�U��mw£��
mI&]b_mL.c�c[I?nb_�cg¡©O(q^`4c�YB�?]^OpG	_t]^Ga]^nxO(q^OpMP`4c[O?�

� I?nb_�YBl�oOpGJI?nb_�cBLP_�Y[Z\]bL2Z�YhI&n¤_t]4Y[¢dL6n�Z\O4:�fL�]^n�Y[nb_tZ*L2n4Z<l4I?n^n�oO?i&c�¡ L2G\ZEfOpG\ORQ�G\O 0W(I2Y[Zm]^n¤l�oOpk4Y[Z
� l4OE_tZtY[n�oORfL�cg¡ªL2GJZjfOpG\O�~�OpZuc�¡ L2G\ZEfOpG\Om|�G\O 0W(I2Y[Z�]^n�l�oOpk4Y[Z ��� �&]4YÕl4I6YhZ�G\OE_J_tI?G\ZtY[GH`bL2G�W(OpZ\Z\OmM� OpMPO
L2GJZjfOpG\O�|^��FHn4Z\G\Ouc[Om`^G\OpM�Y[OpG�OpZ�c[O�l4Op]4q�YgfOpMPOmL.Y[K?]4Y�cecBL2K&O?isW(OE_�l�oOpk4Y[Z*_ � OpZ ��� l4I2Y[¢?Opn4Z�WJY[G*W(]4c[OpG
_t]^GacBL�M� OpMPO<`8I?G\ZtY[I?n Y[n�Z\OpGJn^ORl4O�cg¡ªL2G\ZEfOpG\O�|^�

F�I?]^G�W(OpG\Z*LdYhnb_�Ztr4`bOE_�l4OmW(I?MPM�]^n4YBWpL2ZtY[I?n�i2W(OEWJYsn^O�`bI4_tO�`bL?_�l4O�`^G\I?k4cgfOpMNO$WpL2G�cBLm`^G\I&kbL2¨
k4Y�c�Y[ZsoO	l�¡ªL.¢?I6YhG�L?_\_tO�Gac[I?n^K?Z\OpMN`b_ ������� _�]^`$oOpGtY[Op]^G	fL � OE_tZ$�&]bL?_�Y[¨,n�oOpK2c�YhK&OEL2k4c[O?�âFHL2G�W(I?n4Z\G\O?i
n^I?Z(L2MPMPOpn4Z$l^L2nb_ c[O	WpL?_�l4OE_uGsoOE_tOEL6]4q0U��aw i4W(OpZ\Z\Om`^GJI?kbL2k4Y�c�YhZ^oO�`bOp]^Zm_p¡ªL.¢�oOpG\OpGHZ\GJI?`@oO(c[Op¢�oOpO
`8I?]^GP OpZ\G\O�L?WpW(Op`^Z*L2k4c[O?�

� OpZ\Z\O�`^G\I?kbL6k4Yec�Y[Z^oOPOE_tZ	L?W(Z\]^O(c�c[OpMPOpn4ZPl&Y E}WJYec[O fL oOp¢dL.c[]^OpGRl4O0��L 0W(I&n¤`^G^oOEWJYB_tO�WpL2G�I&n¤n^O
l&YB_t`8I�_tO	`bL&_ml4O	_t]	E¥_\L6MPMPOpn4Z l�¡ Yhn4�,I?G\M�L2ZtY[I?nb_�_t]^G�c[OE_mWpL2G(L?W(Z^oOpG�Y�_�ZtYB�?]^OE_�l4OE_mW(I?MNMR]^n4YBWpL2¨
ZtY[I?nb_N�?]4Ym]^ZtY�c�YB_tOpG\I?n4Z�c[OE_�G^oOE_tOEL2]4qDU��mw£����I?]^Z\O(�,I2YB_pi�I?n£`bOp]^ZP`8Opnb_tOpGP�?]�¡ Y�c<r£L2]^G*L}]^n^O
`^G\I&kbL2k4Y�ceY[Z^oO��àn^I?n n�oOpK2c�Y[K?OEL2k4c[Ox�?]^OxW(OpGJZ*L.Y[n^OE_PW(I?MPM�]^n4YBWpL2ZtY[I?nb_0]^ZtY�ceYB_tOpn4ZEi<fLàO(c�c[O¤_tOp]4c[O?i
]^n@`8Op] `4c[]b_Pl4ONcBLxMNI2Y[ZtY�oO�l4]@l�oOpk4Y[Z � l�¡©]^n^OxL2G\ZEfOpG\OPl4]^G*L2n4Z	]^n@l�oO(cBL.Y
	�� 8�Là`^G\I?kbL6k4Yh¨
c�Y[Z^oO�`bI&]^GR�&]^O¥l4Op]4qDZ\O(c�c[OE_PW(I?MPM�]^n4YBWpL2ZtY[I?nb_�OpMP`^G\]^n4Z\Opn4Z�cBLàM¤ OpMPOPL2GJZjfOpG\OxfLNcg¡ Y[n4ZsoOpGtY[Op]^G
l4]DG^oOE_tOEL2]Dl4O � c[I�_�l�oOEW(GtY[Z	WJY[¨gl4OE_\_t]b_pi�l4]^G*L2n4Z�]^n l�oO(cBL.Y$_�]^`$oOpGtY[Op]^G¥fL�	�2|^ibOE_�Z	_t]^`$oOpGtY[Op]^G\O
fL�� � �2| 9g`^]4YB_\�&]^OPcBLàMPI2Y[ZtYpoO�l4OE_�W(I?MPM�]^n4YBWpL2ZtY[I?nb_�_tI?n4ZRl^L2nb_�W(OpZ\Z\O}_�Y[Z\]bL2ZtY[I?n£l4O¥W(I?n	>^Y[Z
`8I?Z\Opn4ZtY[O(c <*:4Y�c�r}L�`8Op]¤l4ORWJXbL2nbW(O��?]^O�� ���d|�_tI2Y[Z�Y[n4�doOpGtY[Op]^G�L2]}n^I?M�k^G\O��doOpZtYBWJX^OPQ�FH¨g� �

�mGEi�_�Y�c[O�l�oOpk4Y[Z ������� _t]^G�]^n^O¥L2GJZjfOpG\O�OE_tZR_�]^`$oOpGtY[Op]^GxfL� l4]^G*L2n4Z	]^n@l�oO(cBL.Y�	�d|^iÕcBL
M@oOpMPI2Y[G\O�Z*L6MP`bI?nxl4I6YhZ�LE¢&I2Y[Gm]^n}¢?I2c[]^MPO�_t]^`$oOpGtY[Op]^GRfL :

9 ����� ��� � <�	�d|��

W(O	�&]4Y�`bOp]^Z� OpZ\G\O�W(I?nb_�YBl�oOpG*L2k4c[O�9g`4c[]b_�Y[Op]^G*_aM�Y�cec�Y[OpG*_�l4O	W(O(c�c[]4c[OE_pi�_�Y[n^I?n}`4c[]b_ <mL.c[I?G*_��?]^O�c[OE_
M@oOpMPI2Y[G\OE_aG*L2`4YBl4OE_	L&W(Z\]^O(c�chOpMNOpn�Z	l&YB_t`8I?n4Y[k4chOE_0n�¡©I 2�G\Opn4Z<�?]^O A2~8i�QE|�IPI?]�i�L2]�M�Y[Op]4q�i�|?��A
`4cBL?W(OE_p�

��O�`4ch]b_ji^n^I?]b_�n^I?]b_a_tI?MPMPOE_uc�Y[M�Y[Z^oOE_�fL�]^n^O	_�Y[Z\]bL2ZtY[I?nx_·YhMN`4ceY�§moOpO¥fL�cg¡©O(q^Z\G2 OpMPO<M�L.YB_�Y�c
OE_tZa�gL?WJY�chO�l4O0W(I&nbW(Op¢?I2Y[G	l�¡ªL2]^Z\GJOE_�k4c[IsWpL2K&OE_�`4ch]b_�_t]^k^ZtY�cB_�l4]b_�L2]}�gL.Y[Z��?]^OP�&]^O(c��&]^OE_	W(I&MP¨
M�]^n4YBWpL2ZtY[I?nb_}fL}XbL6]^ZRl�oOpk4Y[Z�]^ZtY�ceYB_tOpn4Z�Z\OpMP`8I?G*L.Y[G\OpMPOpn4Z�cBLàM� OpMPOPL2G\ZEfOpG\ORl�¡©]^n¦GsoOE_tOEL6] l4O
� c[I�_aOpnxl�oOp`bL&_\_\L2n4Z�c�L�WpL2`bL?WJY[Z^oOTl4O�W(OpZ\Z\O	L2GJZjfOpG\OaY[n�ZJOpG\n^O?�
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� OEWJY$n^I?]b_�W(I?nbl4]4Y[Z¤fL¥Y[n�Z\GJIsl4]4Y[G\O�cBLàn^I?ZtY[I?n@l4O �jW(I?MP`bL2ZtY[k4Y�c�Y[ZsoO�U��mw��^� �2Y � OE_tZ�chO
l�oOpk4YhZ�l�¡©]^n^ORL2GJZjfOpG\OaOpZ ��]^nxW(I4O E¥WJY[Opn4ZTl4O�_�oOEW(]^GtY[Z^oO?i�L.¢?OEW���
�Q?i4I?nxl&Y[G*L��?]�¡©]^nx_�rs_tZEfOpMPO
l4O�W(I?MPM�]^Z*L2ZtY[I?n£OE_tZx�(U��mw W(I?MP`bL2Z�Yhk4c[OE�£_�YgiH`bI&]^G�W\XbL&�?]^OxL2GJZjfOpG\O0Yhn4Z\OpG\n^O�l4OxW(Ox_tr^_t¨
ZEfOpMPO?i2c[O >b]4q �(Z\X�oOpI?GtYB�?]^OE���?]4Y�Z\G(LE¢&OpG*_tO<W(OpZ\ZJO	L2G\ZEfOpG\O�OE_tZEi�fL�W\XbL?�&]^OaYhnb_�Z*L2n4ZEi&Yhn4�2oOpG�YhOp]^GaI?]
oOpK�L.c<fL � � _\L&W\XbL2n4ZEi8`bL2G	L.Y�c�c[Op]^G*_piH�?]^OPW(OpZ\ZJO�W(I?n4Z\G*L.Y[n4Z\O	OE_tZ	L&_t]^G^oOpO�`8I?]^G�c[OE_	L2G\ZEfOpG\OE_�Opn
Opn4Z\G^oOpO	OpZ�Opn¤_tI?GJZtY[O?� � OpZJZ\O	n^I?Z�YhI&nxn^OPW(I��[nbWJYBl4OP`bL?_�LE¢&OEW	W(O(c�c[O�l4O¥�(n^I&nxk4c[IsWpL6K?O�Yhn4Z\OpG\n^O
� 9�Yhn4Z\OpG\nbLdcec[ràn^I?n�k4c[I^W��&Y[n^K < : O(cec[O�`bI&G\Z\O	_t]^G<WJXbL?�&]^O^>b]4q �(Z\X�oOpI?GtYB�?]^OE� �

� Oa>b]4q �(Z\X�oOpI?GtYB�&]^OE�	n^O�Z�YhOpn4Z�`bL?_mW(I?MN`^Z\OTl4OE_��(Z\G*L.Y[nb_�l4O	W(O(c�c[]4chOE_J��l4]b_mL6]4q¥G\OpZ(L2G*l^_
`^GtYB_ chI&G*_Hl4O�c�L�ZJG*L.¢?OpG*_4oOpO�l4OE_�WpL2G\GJO(�ÄI?]^G(_�`^G^oOEWboOEl4Opn4Z*_p� � O�>b]4q�Z\X�oOpI&GtYB�?]^O�OE_tZ�cBL�_tI?MNMPOml4OE_
l�oOpk4YhZ(_mW(G2 OpZJOE_a9tWJ��� ?ª�CB�<$l4OE_aW(I?MPM�]^n4YBWpL2ZtY[I?nb_mL?W(Z�Yh¢&OE_mL2]^Z\I?G�Y�_4oOpOE_pi^_t]^G�cg¡ªL2G\ZEfOpG\O�W(I?nb_�YBl�oOpG^oOpO?i
fL�]^n Y[nb_tZ*L2n4Z<l4I?n^n�oO?�

�,c$OE_�Z��gL?WJY�chO}l4O�W(I?nbW(Op¢&I2Y[GR]^n£_trs_�ZjfOpMPOPl4O�W(I&MPM�]^Z*L2ZtY[I?n �&]4Y$GJOE_t`bOEW(Z\O�W(OpZ\Z\O¤�pW(I&MP¨
`bL2Z�Yhk4Y�c�Y[Z^oO�U��mw��xfLNW(I?nbl&Y[ZtY[I?n¤l�¡©rD�(MPOpZJZ\G\O�c[O	`^GtY�qb�^ibW2¡©OE_�Z\¨*fL2¨gl&Y[G\ORl4O�MPOpZ\Z\GJO<]^nàn^I?M�k^G\O
l�¡ªLdYhK&]4Yec�cBL2K?OE_�_�]	E¥_\L2n4ZE�

FHn�O�2ÕOpZ.i�L2`^`8O(chI&nb_�� 9��V<*ibQ������S]�i2c[OE_�] L6G\ZEfOpGJOE_Hl�¡©Opn�ZJGsoOpOmOpZ��C9��V<*i8Q������S_�i2c[OE_
_£L2G\ZEfOpG\OE_�l4OR_tI&G\ZtY[O?� ��cu_�]	E�Z<l4O	MNOpZ\Z\G\O�_DL.Y[K?]4Y�c�c�L6K?OE_�9·L6]x_tOpnb_m`^G^oOEWJYB_4oO�fL0cBL�_�OEW(ZtY[I?n@Q?�ª|
WJY[¨gl4OE_\_t]b_ <<_t]^G<WJXbL?�?]^O	L6G\ZEfOpGJOTl�¡©Opn4Z\G^oOpO?�
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�,cH�gL2]^Z<l4I?nbW
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I?]àKHoOpI&M«oOpZ\G�Y��&]^OE_�WpL6G<l4O�Z\O(c�c[OE_�X�r4`bI?ZJXÕfOE_tOE_�n^I?]b_�_tOpM�k4c[O	Z\I?]^Z	fL��gL.Y[Z�Y[G\G^oOEL.c�YB_tZ\OE_p�

��¡ªL2]^Z\G\O�`bL2G\Z.i�9tWJ����cBLD_�OEW(ZtY[I?n � � �Dl4OE_PFHG^oO(c�Y[M�Y[nbL.Y[G\OE_}l4O�?[Q�ACB�<*i�I?n�W(I&MPMPOpnbW(Ox`bL6G
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8�OE_	L2M@oO(c�Y[I?G*L2ZtY[I?nb_a`bI4_\_�Y[k4c[OE_Rl4O�W(OpZ\Z\OPL2`^`^G\I.q4YhM�L2ZtY[I?nD_tI?n4Z�Opn�¢&YB_\L2KHoOpOE_<L6] WJXbL2`4Y[Z\G\O
��l4O�?[Q�ACBg� 
aI?Z\I?nb_pi&`bL2G$LdYec�c[Op]^G*_pi8�?]^OacBL	`4c[]^`bL2GJZ l4OE_�L.c[K?I&GtY[Z\X^MPOE_HM0Y�_�L2]�`bI6Yhn4Zml^L2nb_a?�Q�ACB
_p¡ L?l^L2`^Z\Opn4Z�Y[MPM@oOEl&YBL2ZJOpMPOpn�Z�L2] WpL?_�I�f]DI?nDG\OpMN`4c�L&W(O¥W(OpZ\ZJOPX�r4`bI&Z\XÕfOE_tOPl�¡ªL6G\GtY[¢�oOpOE_�`bI2YB_t¨
_tI&n^n4YhOpn^n^OE_0`bL2G	]^n^O}L2]^Z\G\O0chI6Yal�¡ L2G\GtY[¢�oOpOE_�l^L2nb_�cBL}MPOE_�]^G\O�I�f]�Y�c rDL¥Yhnbl�oOp`bOpnbl^L2nbW(Oxl4]
n^I?M�k^G\Oml�¡ªL6G\GtY[¢�oOpOE_�Opn4Z\G\O���OpZ�� � Qm`bL2G�G*L2`^`8I?G\Z�L2]4qDoOp¢�oOpn^OpMPOpn4Z*_�L6n�Z^oOpGtY[Op]^G*_�fL�cg¡ Y[nb_tZ*L6n�Z��(�

�mGEi�l^L2nb_�l4O�Z\GEfOE_�n^I?M�k^G\Op]4q�Z\G*L.¢2L2]4qÕi2I&n¥_t]^`^`8I�_tO��?]^Oac[OE_�L2G\GtY[¢�oOpOE_�_�I?n�Z�l4]�Ztr4`bO<�6¨\Q
¨�I?n}l&YhZ�`bL2G��ÄI2YB_��(KHoOpI?M@oOpZ\GtYB�?]^OE_J�m¨HL2]�_tOpnb_�_t]4Y[¢2L2n�Z�:&Opn�Z\GJO���OpZ�� � QmY�c�r�L�L2G\GtY[¢�oOpO<l�¡©]^n^O
W(O(c�c[]4c[O0L.¢?OEW cBL�`^G\I?kbL6k4Yec�Y[Z^oO��H9·� 
�� 
�Q.<HOpZ�`bL?_�l�¡ªL2GJGtY[¢�oOpOTL.¢?OEW�cBL�`^GJI?kbL2k4Y�c�YhZ^oO�9*Q � ��<(�
8�OE_�L.c[K?I?GtY[Z\X^MNOE_�M�YB_�L2]�`bI2Y[n4ZRl^L2nb_�?[QCA�BH_tI?n4Z�]^ZtY�c�YB_\L2k4c[OE_�LE¢&OEW	]^n^O�Z\O(c�c[O�X�r4`bI?ZJXÕfOE_tO�OpZ
W(I?nbl4]4YB_tOpn4ZxfLxl4OE_�WpL.cBW(]4c�_�Y[n4�,I?G\M�L2Z�Y��&]^OE_�n^OpZJZ\OpMPOpn4Z	`4c[]b_�G*L2`4YBl4OE_	�&]^O¥W(Op]4q L?_J_tIsWJYpoOE_PfL
]^n^O�chI6Y l�¡ªL2G\G�Yh¢�oOpOE_ `bI2YB_\_tI&n^n4YhOpn^n^OE_j�

8�L��?]^OE_tZ�YhI&n�_tO�`8I�_tO}l4I?nbW�l4Ox_\L.¢?I2Y[GR_�Y�cg¡©X�r4`bI&Z\XÕfOE_tO}l4OE_�L2G\GtY[¢�oOpOE_��2¨\Q?i�L2]@_tOpnb_�WJYh¨
l4OE_\_�]b_pi�OE_tZm]^n^OP_�Y[MP`4c�Y�§âWpL2ZtY[I?n£G*L.YB_tI?n^nbL6k4chO?� ��c n�¡ rxL oOp¢&YBl4OpMPMPOpn4Z<`bL?_�l4O�G^oOp`8I?nb_tO�]^n4Yh¨
¢?OpG(_tO(c�chO�fL�]^n^O�Z\O(c�chOD�&]^OE_tZtY[I?n���F�I?]^G��gL.Y[G\O¤L.¢2L2nbW(OpGPcBL¦G^oO >bO(q4Y[I?n�i�n^I?]b_�Ldcec[I?nb_ oOpZJ]bl&YhOpG.i
l^L2nb_Nl4Op]4q WpL?_�`bL2GJZtYBW(]4ceY[OpG*_NG^oOp¢�oO(c�L6Z\Op]^G*_pi�W(Ox�&]4Y<_tO}`bL?_\_tO}_�YmI?n£G\OpMP`4cBL?W(O�cg¡©X4r�`8I?Z\X�fOE_tO
`8I2YB_\_tI?n^n4Y[Opn^n^O�¨$OpnD_t]^`^`8I�_\L2n4Z	l4I?nbW�Y[MP`4c�YBWJYhZJOpMPOpn�ZP�&]�¡©I?nàOE_tZ	l^L2nb_�]^nDWpL?_aIÕf]�O(cec[OPOE_�Z
Y[nbW(I?n4Z\OE_tZ*L6k4chO�¨H`bL2G c�¡ X�r4`bI?ZJXÕfOE_tO	l�¡ªL6G\GtY[¢�oOpOE_��2¨\Q?�

M )NM � 0�1�5 W�� �.3 �Z24W&��U4�.W

mI?]b_�L.c�c[I?nb_�W(I?MNMPOpnbW(OpG�`bL2G�c[O�WpL?_�c[Om`4c[]b_�_�Y[MP`4c[OTl4]PMNIsl�fO(chO�l4OmkbL?_tO 9·WJ�\�.cBL	_tOEW(ZtY[I?n

Q?� ��l4O�?[Q�ACB*<��&]^O<n^I?]b_�G*L6`^`bO(c[I?nb_�k^GtYgfOp¢?OpMPOpn4ZE� � OaMPIsl�fO(c[O<OE_tZ�]^n�`^G\I^W(OE_\_t]b_�M�L2G��&Id¢&Y[Opn
	 �&]4Y oOp¢?I6ch]^O fL Z\OpMP`b_Pl&YB_\W(G\OpZ�OpZ��&]4Y<OE_tZ¤fLà¢2L.c[Op]^G*_�Opn�Z�Y�fOpG\OE_p� ��Làc[I2YTl�¡toOp¢?I2c[]^ZtY[I?n@OE_�Z
l�oO(§bn4YhO�`bL2G�cBLNG\O(cBL2ZtY[I?n�:

	H9�� � Q.<�bR9
	H9��V< � Q.<�� �� 9��V<
I�f]�� � b _t]^`��d��������OpZ  9��V<�OE_tZ�]^n^OR¢2L2GtYBL2k4c[O�L.cpoOEL2Z\I2Y[G\O�Opn4ZtY�fOpG\O�Y[nbl�oOp`bOpnbl^L6n�Z\O�l4O�	H9��V<
OpZ<l4O�c[I2Y�§^q^O?�

� O<`^GJIsW(OE_\_�]b_�	 MNIsl�oO(ceYB_tOac[OE_�G\OpZ*L6G*l^_H`^GtYB_�`bL2GuchOE_aW(O(cec[]4c[OE_�fL�cg¡ªL?WpW2fOE_TfL�]^n^OTL6G\ZEfOpGJO l4O
l�oOpk4YhZ §^qsO	_t]^G c�L&�?]^O(c�c[O�Yec�n�¡©r�L�`bL?_ml�¡ªL6]^Z\G\OE_�W(O(c�ch]4c[OE_pi8cBL�c[I2YHl4O  9��V<�l�oOpZ\OpG\M�Y[nbL2n4Z�c�LRchI6Y
l4] >b]4q¤l4OE_mL2G\GtY[¢�oOpOE_p�
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U�cBL�_tOEW(ZtY[I?n�Q?� � l4O ?[Q�ACBgi�I&n oOpZ\]bl&Y[ONc[O�G^oOpK2Y[MPO�_tZ(L2ZtY[I?n^nbL.Y[G\O�l4O 	�l^L2nb_�chO}WpL?_�IÕf]
 9��V<�_t]4Y[Z�]^n^O chI6Yâl4O<F�I2YB_\_tI?nPl4Om`bL6G*L2MxfOpZ\G\O����^�mn�MPI?n4Z\G\O?i2`bL2GHO(q^OpMP`4c[O<�&]^O?i?Opn�G^oOpK2Y[MPO
_tZ(L2ZtY[I?n^nbL.Y[G\O?i4cg¡©OE_�`$oOpG*L2nbW(O�l4O 	H9��V<H¢dL2]^ZD:

� b � � � �
|	9(Q � �T< �

� I?nb_�YBl�oOpGJI?nb_�M�L.Y[n4Z\OpnbL2n4Z�c[ORWpL?_ IÕf]}I?nx_t]^`^`8I�_tOR�&]^O  9��V<$_t]4Y[Zac�LRchI6Y �2¨\Q	_t]4Y[¢2L2n�ZJO :

FuG\I?kbL ?  9��V<Db Q�B b �£OpZ�FHG\I?kbL	?  9��V<�b �JB b Q � � �

��OE_$WpLdc�W(]4cB_àoO(c�oOpMPOpn4Z*L.Y[G\OE_HMNI?n�ZJG\Opn�Zm�&]^O?i^Opn}G^oOpK2Y[MPOT_�Z*L2ZtY[I?n^nbL.Y[G\O?i&cBL�c[I2Y L&_\_tI^WJY�oOpOTl4O
	 OE_tZ*:

FuG\I?kbL ? 	 9��V<*b Q�B b �£OpZ�FHG\I?kbL	? 	H9��V<Db �.B b!Q � �-�

�2Y�I?nx]^Z�Yec�YB_tO�cg¡©]^n�l4OE_<LdchK&I?GtY[Z\X^MPOE_a`^G\I?`8I�_4oOE_al^L2nb_^?[Q�AJBgi4I?n¤W(I?nb_�Z*L2Z\O	�&]^O�cBL�W(I?n�¢&OpG\¨
K?OpnbW(O�¢?OpG*_mW(O�G^oOpK6YhMNO	_tZ*L2ZtY[I?n^nbLdYhGJO	OE_tZmZJGjfOE_�G*L2`4YBl4O�:8`bI&]^G�c[OE_<L2`^`4c�YBWpL2ZtY[I?nb_�L6]4qxGsoOE_tOEL6]4q
U��mw£i�W2¡©OE_tZ}l4I?nbW�oOp¢&YBl4OpMPMPOpn4Z¥W(O�G^oOpK2Y[MPO¤_tZ(L2ZtY[I?n^nbL.Y[G\O��?]4Y�v·I&]^Oxc[O�G? I2c[Oàc[O�`4ch]b_NY[MP¨
`8I?G\Z*L2n4ZE���mGEi�I&n¤¢&Y[Opn�Z�l4OPn^I?Z\OpG	�&]^O�cBL�c[I2Ym_tZ*L2Z�YhI&n^nbL.Y[G\OPL?_\_tI^WJY�oOpO�L2]4qDL2G\GtY[¢�oOpOE_��2¨\Q�OE_�Z
`^G\I6�ÄI?nbl�oOpMPOpn4Z<l&Y 2ToOpG\Opn4Z\ORl4O�cBL�c[I2Y$_�Z*L2ZtY[I?n^nbL.Y[G\O�L?_\_tI^WJY�oOpO�L2]4q¤L2G\GtY[¢�oOpOE_a`bI2YB_\_�I?n^n4Y[Opn^n^OE_p�

aI?Z*L2MNMPOpn�Z.i�l^L2nb_�c[O�WpL?_��2¨\Q?i�cg¡©OE_t`�oOpG(L2nbW(Oxl4O 	H9��V<<Z\Opnbl£¢&OpG*_ ��Z*L6nbl&Y�_N�?]^Oxl^L2nb_RchO
WpL?_a`bI6Y�_J_tI?n^n4Y[Opn�i�W(OpZ\Z\O�M¤ OpMPO�OE_�`$oOpG*L2nbW(O�ZJOpnblx¢&OpG*_ � 9·l�oO(§bn4Y WJY[¨gl4OE_\_�]b_ <mOpZ � Z\Opnbl}¢?OpG(_
cg¡ Y[n4§bn4Y	�?]bL2nbl � Z\Opnbl£¢?OpG(_�cBL�¢dL.c[Op]^G}W(G\]bWJYBL.c[O Q}L.c[I?G*_N�?]^O�cBL�MPI2r?Opn^n^Oxl4O�cBLàc[I2Y�l4OE_
L2GJGtY[¢�oOpOE_�OE_tZ�cBL�M� OpMPO	l^L2nb_�c[OE_�l4Op]4q¤WpL?_p�

M )�� OPU4�������

mI?]b_NL.c�chI&nb_�M�L.Y[n�ZJOpnbL2n�Z�W(I?nb_�YBl�oOpG\OpGNc[O¤WpL?_Nl4O}cg¡©O(q^OpMP`4c[O �*ceY[M�Y[Z\OE�¦Y[n4Z\G\I^l4]4Y[Z fL cBL

_tOEW(Z�YhI&nDQ?� � l4O�?�Q�ACBg�^ymL2`^`bO(c[I?nb_al�¡ªL2kbI&G*l�k^GtY�fOp¢?OpMNOpn�Z�W(O�MPIsl�fO(c[O�:�W2¡©OE_�Z$]^n}`^GJIsW(OE_\_�]b_$l4O
w�L2G��&Id¢ 	«i^�&]4Y	oOp¢&I2c[]^O¥fL�Z\OpMN`b_ml&YB_\W(G\OpZ�OpZ<�?]4Y�OE_tZRfLN¢dL.c[Op]^G*_aOpn�Z�Y�fOpG\OE_p� �?I2Y[Z	��]^n}Opn�ZtY[OpG
§^q$oO?i
����Q�:�n^I?]b_�Ldcec[I?nb_�n^I&]b_aceY[M�Y[Z\OpGPL2]�WpL?_	� b |^�*8H¡toOp¢?I2c[]^ZtY[I?n�l4]D`^G\I^W(OE_\_t]b_ 	 OE_�Z
l�oO(§bn4Y W(I?MPMPO	_�]4YhZD:

`bI?]^G'� M�]4chZ�Yh`4c[OPl4O�� 9·l4I?nbW2isY�WJYgi ��`bL.Y[G�<*i^I&nxL�:

	H9�� � Q.<�b�	H9��V< �� 9��V< �

`bI?]^G'� n^I?n}M�]4c[ZtY[`4chOPl4O�Z9·l4I&nbW2i4YBWJY�i �NY[MP`bL.Y[G�<*i8I?nxL�:

	H9�� � QJ<�bR9
	H9��V< � Q.< � �� 9��V< �
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I�f]  9��V<$OE_tZa]^n^OR¢2L2GtYBL2k4c[OPL.c�oOEL2ZJI2Y[G\O	Opn4ZtY�fOpG\O�Y[nbl�oOp`bOpnbl^L2n4Z\OPl4O 	 9��V< OpZ��&]4Yu_t]4Y[Z�]^n^O�chI6Y
§^q^O?�

� O<`^GJIsW(OE_\_�]b_�	 MNIsl�oO(ceYB_tOac[OE_�G\OpZ*L6G*l^_H`^GtYB_�`bL2GuchOE_aW(O(cec[]4c[OE_�fL�cg¡ªL?WpW2fOE_TfL�]^n^OTL6G\ZEfOpGJO l4O
l�oOpk4YhZ�§^qsO}�&]bL2nbl�I?nDM@oO(cBL2n^K?O�]^n >b]4q«l�¡ L2G\GtY[¢�oOpOE_�`�oOpG�YhI^l&YB�?]^O}l4OP`�oOpGtY[Isl4O �àOpZ�]^n >b]4q
l�¡ªL6G\GtY[¢�oOpOE_	�pL.cpoOEL2Z\I2Y[G\OE��L?_\_�IsWJYpoO�L2]4qx¢2L2GtYBL2k4c[OE_  9��V<*�

U�cBL�_tOEW(ZtY[I?n�Q?� � l4O ?[Q�ACBgi�I&n�oOpZ\]bl&Y[O�c[O�G^oOpK2Y[MPO�_tZ(L2ZtY[I?n^nbL.Y[G\O�l4O 	�l^L2nb_�chO}WpL?_�IÕf]
 9��V<	_t]4Y[Z�]^n^OPc[I2Y<l4O}F�I2YB_\_tI?n l4O�`bL2G*L6M fOpZ\GJO ��iHL.¢?OEWP�,
 �+
 Q �d|^���mn@MPI?n4Z\G\O?i�`bL6G
O(q^OpMP`4c[O?i��?]^O?i Opn}GsoOpK2Y[MPO	_�Z*L2ZtY[I?n^nbL.Y[G\O?isc�¡ OE_t`$oOpG*L6nbW(O	l4O�	H9��V<H¢dL2]^Z*:

� b �
Q � | � �

� I?nb_�YBl�oOpGJI?nb_�c[ORWpL?_ IÕf]  9��V<u_�]4YhZacBL�c[I2YH�2¨\Q�_t]4Y[¢dL2n4Z\O�:

FuG\I?kbL ?  9��V<Db �.B b Q � �¦OpZ<FHG\I&kbL ?  9��V< b!Q�B b � �

� OpZ\Z\O	_�Y[Z\]bL6ZtY[I?n oOpZ*L6n�Z�]^nx`bOp]àMPI2Y[nb_�Z\G�Yh¢&YBL.c[OP�?]^O	W(O(c�c[OPW(I?nb_�YBl�oOpG^oOpO0fLRc�L�_tOEW(ZtY[I?nDQ&�ª|^i
n^I?]b_NL.c�chI&nb_POpn G\Op`^G\Opnbl4G\O�cg¡toOpZ\]bl4OxW(I?MP`4cgfOpZJO}Opn@]^ZtY�ceYB_\L6n�ZNcBLDl�oOpM�L6G*W\X^O}`^GJI?`bI�_4oOpODfLàcBL
_tOEW(Z�YhI&n Q?� � l4O ?[Q�ACBg���mn}`8I�_tO�:

� b 	 9�� �V< ��� b�	H9�� � � Q.< ��� b�	H9�� � � |	< ��� bR9�� � Q.< � �  b  9�� �V< ���Rb  9�� � � Q.< �

8�L0c[I2Y l�¡toOp¢?I2c[]^ZtY[I?n}O(q^`4c�Y��&]�oOpO�`4c[]b_mXbL2]^Z�l4I?n^n^O	� b
� �� OpZ�� b�� � �P���mnà`bI�_�O�:
�� b FuG\I?kbL ?��Rb �	B�OpZ<l4O�M� OpMPO�`bI?]^G�� � OpZ�� � �
�mn¤L�:

��� b 9*Q � �T<  � �
��� b 9*Q � �T<  � � �  ��� C �m`8I?]^G � ���
�
� � b 9*Q � �T< 9�� � � � C < �
�
C

b �T9���� � �
C
< � 9*Q � �T<��

�
��� b ����� � 9*Q � �T<���� � C ��`8I?]^G�� ��Q �

FunxG^oOpK2Y[MPOT_�Z*L2ZtY[I?n^nbL.Y[G\O  �ab
���	l�¡©I�f]^:

 � b 9*Q � �T<  � � 9(Q � ��<:�  C �
 C b �  � � | �T9*Q � �T<  C � 9*Q � ��< �  � �
 � b � �  ��� C � | ��9*Q � ��<  � � 9*Q � �T< �  � � C �a`bI?]^G � ��Q �
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8H¡toOpZJ]bl4O	WJc�L&_\_�YB�?]^O�l4ORW(OpZ\ZJO	_t]4Y[Z\ORl�oO(§bn4YhO�`bL2GmG^oOEW(]^G\G\OpnbW(O	l4I?n^n^O4:

 � b Q � | �
Q � �

 � b Q � | �
��9*Q � ��<

� �
Q � ��� �

�
�m`8I?]^G � ���
�

8H¡©OE_t`�oOpG*L2nbW(O	l4ORW(OpZJZ\O�c[I2Y �(`^G\OE_J�?]^OE��KHoOpI?M@oOpZ\GtYB�&]^Om¢dL2]^ZD:

� 9 �@< bR9(Q � ��< �
Q � | � �

�mn�G\OpM�L2G*�&]^OTl4I?nbW��&]^OT_�Y8cg¡©I?n�G\OpMP`4cBL?W(O�cBL�chI6YÕl4O�F�I2YB_\_tI?n}l4O<MNIdr&Opn^n^O ��`bL6GHcBL�chI6Y
�2¨\Q�l4O	M� OpMPO<MNIdr&Opn^n^O?i4cg¡©OE_t`�oOpG(L2nbW(O	l4OE_mGJOpZ*L2G*l^_�OpnxG^oOpK2Y[MPO�_tZ*L2Z�YhI&n^nbL.Y[G\O	`bL?_J_tO	l4O

�
Q � | � fL 9*Q � �T< �

Q � | � �

� �����������a�����$�
?[Q B�UR�*8H� ��Opr&c[I?ZEi �*����I?X4c[Opn4kbOpG\KDL2nbl�w£� ��OEW �?OpGE�������
	 ������
��)��� 
��X
 ���C�� ���	P
�� � �*�

�-� �.������ �"����� �)�����4��� ��������� ������ � � ����� ��� ���������  ������� 
� �a����� ���^��	a��� �a���	��� �	� ��� 
�� �.�
ymL2`^`8I?G\Z�l4ODy�OEWJX^OpG*WJX^O �� ^�ª�?�^i wxU � �*i ��nb_tZtY[Z\]^Z�HcBL.YB_tODFHL?_JWpL.c<¨	~8iH`4cBL?W(O��2]b_J_�Y[Op]�¨
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Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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