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GIHKJ5L�M�NPO QSRUTVM5WVXZY�TV[]\^R_HK\ZL`L�MbaSL`XZYcHK[]RKMZd
[]L`XZe^M5f(dDgK\^RhRKi(M5f(d Y(\^RhRDXZ[]fjfVXkRKY(M5f

lmWj\onpM5TrqsWt[uXZRKX
vrXZwKw$\^WtT�ghM�WtM(YcHKM5WjYcHKMxRDy<zk{U|Z}_O ~^XZR.�DXZWt���Z{^{Z��O �Z�=wDXZeZM(f

�����5���o�K�Z�U� QSR�TVHh[�f&wDXkw�M5W(d>��MmTcXkYc�"�]MmTVHKM�wKWt\^�K�]M(L�\k��[]L`XZe^MmY5\^L�wKWjM5fjfj[]\^R����s�KWj[]RKe
TVHKM���XZfpT�wDXZfpT��^M(XZWjf5d�L�XkR.��XZ�]e^\^Wt[]TjHKL�f�HDX��^M��$M(M5R wKWj\^w$\^ftM(g¡TV\¢TcXZ�kM�XZgh�kXZRUTcXke^M
\Z�mTVHKM�e^M(\^L�M�TVWt�¢\Z��TVHhM�[�L`XZeZMZ�¤£¥M�[�RUTjM(RKg¦HKM5WjM�Tj\�wKWj\Zw�\^ftM=X9RKM��§Y5\^L�wKWjM5fjft[�\^R
XZ��eZ\^Wj[¨TVHKL©��HK[]YcHP�	\^�K�]g�TVXZ�ZM�[]R.Tj\rXZY(Y5\^�KRUT�TVHKM�ftTjWj�KY�TV�KWtM(f
[�R�TVHhMm[�L`XZe^MkdZXkRKgª��HK[�YcH
��\^�h��g¢��M�w$\>�	M(Wp�«�K��M5�ZM(R¢��HhM(R¢TjHKM�\^Wj[]e^[]RDXZ��[]L`XZe^M�HDXZfrfj\^L�M�TVMb¬�Tj�KWjM5g­XZWtM�XZf5�	G
\
TVHK[]f¤M(Rhg�d®�	M�¯DWjfpTªfjwh��[¨T�\^�KW°[�L`XZe^M�[�RUTV\�TS��\�Y(\ZL`w$\^RKM5RUTVf(d�X9¯DWjfpTª\^RKMPY(\^RUTcXk[�RK[]RKe
TVHKM±fpTVWt�KY5Tj�KWjM5f<\k�DTVHKMI[]L`XZe^MZd^XZRKg`XsfjM5Y(\^Rhg�\^RhM�TVHKM�\^fjY5[��]�uXoTV[]RKe�wDXkTjTjM(WtRKf(��£¥M�TjHKM(R
w�M5Wt�«\^WtL²TVHhM�Y5\^L�wKWjM5fjft[�\^R¢\Z�*M�XZYcH¢Y(\^L�w$\^RKM(RUTrfjM5wDXZWjXkTVM5�]�Z�±³¤�KW±¯DRKXZ�&Y(\^L�wKWtM(ftfjM(g
[�L`XZe^M°[�f	TVHKM¤ft�KL´\k��TVHKM5fjM¤TS�	\=Y(\^L�wKWtM(ftfjM(gµY(\ZL`w$\^RKM5RUTVf(��GIHK[]fIRKM��¶Y5\^L�wKWjM5fjft[�\^R
XZ��eZ\^Wj[¨TVHKL²\^�hTjw�M5Wt�«\^WtL`fITjHKM�ftTcXkRKgDXZWtg¢�K[]\^WpTVHK\^eZ\^RDXZ�®��X��^M5��M�TVfsY5\^L�w�M5fjft[�\^R®�
·¢¸U¹®ºt»�¼ �o½*�Z� ¾ \Z�KRKgKM5g¿�kXZWt[uXkTj[�\ZR�d�[]L�Xke^M=gKM(Y5\^L�w�\Zfj[¨TV[]\^R�d&[]L�Xke^M=Y(\^L�wKWtM(ftfj[]\^R�d
�±X��^M5��M�TVf5d�M5gKe^M�XZgDXZw�TVM(g�TVM5YcHKRK[]À.�KMZd$ftTjWj�KY�TV�KWtMZdDTVMb¬�Tj�KWjMk�
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 � � �sXZRKf<Y(MrwDXZwK[]M(W5d"Rh\^�Kf�RK\^�Kf�[]RUTVi(WtM(ftfj\^RKf±XZ��wKWj\^�h��J5L`MrgKM���X�Y5\^L�wKWjM5fpa
fj[]\^R g
�Ç[]L`XZe^Mk���&M(fª\ZRKgKM(�]M5TtTVM5f�ftM=fj\^RUT�Wti5�^i5��i5M(f��5TjWjM=�KR \^�hTj[��*wDXZWpTV[]Y(�K�][�J5WjM5L`L�M5R.T
M��`Y�XZY5M����+N��1�±v�i(Y5M(L�L�M(RUT�d$gKM�RK\^LP�KWjM5��¬_XZ��eZ\^Wj[¨TVHKL�M5f�� }hd��+{"d��+�"d����hd ��d��"d����
\^RUT
i5TViµwKWt\^w�\Zfji(f`w$\^�KW�XZL�L�i(�][�\ZWjM(W`��X¿Y5\^L�wKWjM5fjfj[]\^R wKXZW�\^RKgKM5��M�TjTVM5f9M5R M(ftfVX��UXkR.T9gKM
wKWjM5RKgKWjM�M5R¿Y5\^L�whTVM��]M(f�ftTjWj�KY5�hTVWtM(f�wKWji5fjM5R.TjM(f�gDXZRKf�� �Ç[]L`XZe^Mk�=�sM�TVM5���]M(f�L�i5TjHK\�ghM(f
fjM�Wji��^J(�]M(RUTjf°TVWtJ(f�M��`Y(XZY(M5fsw$\^�KWI�]M(fr[�L`XZe^M5f�e^i(\^L�i�TVWj[]À.�KM(f5�

!r\^�Kf�Y5\^RKfpTVWj�h[�ft\^RKf��KRBXk��e^\ZWj[¨TVHKL�M_ghM_Y(\ZL`whWjM(ftfj[]\^RBg
� [�L`XZe^M5f�À.�K[swhWjM(Rhg M(R
Y(\^L�whTjM��uX­eZi(\^L�i5TjWj[]M�gKM�� � [�L`XZe^M�TV\^�hT�M(R i�TcXZRUT=Y(XZwDXZ�K�]M�g
�"�5TjWjM�w$M(Wp�«\^WjL`XZRUT�ft�KW
gKM(f°[�L`XZe^M5fsY5\^RUTVM(RKXZRUT$#���X`�«\Z[�f°gKM(f°ftTVWt�KY5Tj�KWjM5f¤M5T°gKM5f°TVMb¬"TV�KWtM(f(�°l*\Z�KWsY5M(��Xhd�Rh\^�Kf
�hTV[]��[]fj\ZRKf��KR¡XZ��eZ\^Wj[¨TVHKL�M`gKM9ghi(Y(\ZL`w$\^ft[]Tj[�\^R�g
�Ç[]L`XZe^M�Wji(Y5M(L�L�M(RUT�[]R.TjWj\"gK�K[¨T�gKXZRKf
� �Kd�N��1�&%�M5TIXZ��eZ\^Wj[¨TVHKL�M°w�M5WjL�M5TIghM¤fji5wDXZWjM5W±�KRKMs[�L`XZe^M°M(R�gKM5��¬9Y(\^L�w$\^fVXZRUTjM(f(dh�KRKM
wKWjM5L`[]J(WtM�Y(\^L�w$\^fVXZRUTjM=Y(\^RUTVM5RDXZRUT��'� []Rh�«\^WjL`XkTj[�\ZR¿eZi(\^L�i5TjWj[]À.�KM�gKM=�'� []L�Xke^MZd&M�T��KRKM
gKM(��¬�[]J(L�M�Y5\^RUTVM5RDXZRUTr��M5f°i5��i5L`M5RUTVfr\^fjY5[��]�uXkR.Tjf°ghM�� � [�L`XZe^Mk�

�(� [�ghi(M�gKM�RK\ZTjWjMIL�i5TjHK\�ghMrghMIY(\^L�wKWtM(fjft[�\ZR9M(fpT<�uX¤ft�K[]�kXZRUTjMZ�&!°\Z�Kf�Y(\^L�L�M(R*)5\^RKf
wDXZW&gKi5Y(\^L�w$\^fjM5W
� � [�L`XZe^M&#IY5\^L�wKWjM5fjfjM5W*M5RPfjXIwDXZWtTj[�MmeZi(\^L�i5TjWj[]À.�KM	M�T�fVXIwDXZWpTV[]M�\^fjY5[��êa
�uXZRUTjMZ�&!°\Z�Kf	M,+®M5Y5Tj�K\^RKf	M(RKft�K[]TjMs��XPY5\^L�wKWjM5fjfj[]\^R�gKMr��XPwDXZWpTV[]M°eZi(\^L�i5TjWj[]À.�KM-#��'�ÇXZ[]gKM
gKM��'�ÇXZ�]e^\^Wj[¨TVHhL`M�[]RUTVWj\"gK�K[¨TPgDXZRKf.�����Kd��hd��"d
�/�Íd
Y(M�gKM5WjRK[]M(W�i5TVXZRUT�wKXZWtTj[�Y5�K��[]J(WtM(L�M(RUT
�K[�M5R XZgDXkwhTVi`w�\Z�KWP��X�Y(\^L�wKWtM(fjft[�\ZR gKM(fPftTVWt�KY5Tj�KWjM5f�g
� �KRKM�[�L`XZe^Mk��l*\^�hW���X¢wDXZWpTV[]M
\^fjY5[��]�uXkR.TjM�gKM�� �Ç[]L`XZe^MZd RK\Z�Kf°��TV[]��[]fj\^Rhf°� �ÔXk��e^\ZWj[¨TVHKL�M�Y(��XZfjft[�À.�KM�ghMPY5\^L�wKWjM5fjfj[]\^R­wKXZW
\^RKgKM5��M�TjTVM5f��K[�\ZWtTVHh\^e^\^RDXk��M5f(�0!°\ZTjWjM­RK\Z�h�^M5��XZ��eZ\^Wj[¨TVHKL�M­ghM¦Y(\^L�wKWtM(fjft[�\ZR¶f��ÔX��^J5WjM
wK���hfrw$M(Wp�«\^WjL`XZRUTrÀ.�KM��uX�L�i5TjHK\�ghM�Y5�uXkfjfj[]À.�KM�wKXZWI\^RKgKM5��M�TjTjM(fr�K[�\ZWtTVHh\^e^\^RDXk��M5f(�
1 ¼ �>� º �32 � �¡� 4 \^RKY�TV[]\^RKf�#¢�kXZWj[�XkTV[]\^RKfP��\ZWjRKi5M(f(dmghi(Y(\ZL`w$\^ft[]Tj[�\^R g5�Ç[]L`XZe^MZdmY5\^L�a
wKWjM5fjfj[]\^R¢g
�Ç[]L`XZe^M5f(dD\^RKghM(�]M5TjTjM(f5d$fpTVWt�KY5Tj�KWjMkd TjM�¬"TV�hWjMZ�
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QSL�Xke^M_Y5\^L�wKWjM5fjfj[]\^R©[�f9X��^M5Wt� XZY5Tj[]�ZM­¯DM(�]g \Z��WjM5fjM(XZWjYcH�� GIHKM­XZ[�L []f9TV\¥¯DRKgBX
fjwDXZWtfjM�WjM5wKWjM5fjM(RUTVXkTV[]\^R­�«\^W�XZR¢[�L`XZeZMZd fj\`TVHDXkTr\^RhMPRKM5M(gKfrTV\`ftTj\^WjM��«M5� Y5\�M,�`Y([]M(RUTVf
TV\�WjM�TVWj[]M5�ZM�TjHKM�[�L`XZeZMZ�

£�X��^M5��M�TVf¤HDX��ZM�wKWt\>�ZM(g_Tj\��$MPX�w$\>�	M(Wp�«�K�&TV\"\^�&[]R¢TVHh[�f°XZWjM(X ���+N/�1�±GIHKM��_[]RKgKM5M(g
wKWj\+�"[�ghM�ftwDXZWtfjM�WjM(whWjM(ftM(RUTcXoTV[]\^RKf°�«\ZWI[�L`XZe^M5f��ÝM(ftw�M5Y([�XZ�]�]���«\^W±TjM�¬"TV�hWjM�[�L`XZe^M5f��b� ¾ �hT
�ÝfjM5M$���+N��h�«\ZW�[]RKftTVXZRKY(M���dUM5gKe^M(f���M(XZg�TV\¤L`XZRU��fj[]e^RK[¨¯DY�XZRUTm��X��^M(�]M5T�Y5\�M,�`Y([]M(RUTVf5�<GIHKXkT
[�f���HU� TjHKM(WtM¦HDX��^M ��M5M(R¶X¡��\kT�\Z����\^Wt�.f�TjHKM(ftM �uXZfpT�wDXZfpT��^M(XZWjf�TV\ ¯DRhg©ftwDXZWtfjM
WjM(whWjM(ftM(RUTcXoTV[]\^RKfI\Z��[]L`XZe^M(f<TVHDXoT��	\^�K�]g���M�TjTVM5W�TcXk�ZM¤[]RUTV\=XZY5Y(\^�hR.T�TVHKM°e^M(\^L�M�TVWt��\Z�
TVHKM�[]L`XZe^M5f(����\^L�M�XZ�]e^\^Wt[]TjHKL�f �Ç}�d �+{"d �>��d����hd®�hd
��d&�/��HDX��^M�TVH.�Kfª�$M(M5R¦wKWj\Zw�\^ftM(g
TV\�[�L�wKWt\+�^M��±X��^M5��M�TVf¤Y5\^L�wKWjM5fjft[�\^R¢�U��TcXZ�.[]RKe9Xkgh�kXZRUTcXZe^M�\Z�
TVHhM�fpTVWt�KY5Tj�KWjM5f°[]RµTjHKM
[�L`XZe^Mk�����KYcH¢L`M�TVHK\"gKf�HDX��^M�wKWt\>�ZM(gµTV\`��MªM,��Y5[�M5RUTs�«\^WIe^M5\^L�M5TjWj[]Y�XZ�&[]L`XZe^M(f5�

£¥M±��XZRUT<Tj\ªwKWj\Zw�\^ftM�X¤�«WVXZL�M5�	\^Wt�P��HK[]YcH`�	\^�K�]g`M�¬"TVM5RKg`TjHKM(ftM�L`M�TVHK\"gKfmTV\ª[]L�a
XZe^M(f�Y5\^RUTcXZ[]RK[]RKe��$\ZTVH`ftTjWj�KY�TV�KWtMsXkRKg`TjM�¬"TV�hWjMr[�Rh�«\ZWjL`XkTV[]\^R����"TV�KY�TV�KWtM°Y5\^L�wKWjM5fjft[�\^R
XZRKg�TjM�¬"TV�KWtMIY(\^L�wKWtM(ftfj[]\^R`XZWjM	RK\ZT�gh\^RKM���[¨TVH�TjHKM±fVXkL`M±XZ��eZ\^Wj[¨TVHKL�f5��GIHKM5WjM5�«\ZWjMZd^�	M
¯DWjfpT���XZRUT�TV\PfjwK�][¨T�TVHhMs[]L�Xke^M°Tj\�Y(\ZL`whWjM(ftf±[]R.Tj\=XPeZM(\^L�M5TjWj[]Y�XZ�$wDXZWpT±XkRKg�X�TjM�¬"TV�hWjM
wDXZWtT(d�XkRKg¿TjHKM(R¿TV\¢Y�XZWtWt� \^�hT�TjHKM�Y5\^L�wKWjM5fjft[�\^R�\Z�±�$\ZTVH¥Y(\^L�w$\^RKM5R.Tjf�ftM(wDXZWjXkTVM5�]�Z�
G*\µXZYcHK[]M5�ZM9\^�hWªe^\UXZ�Ýd���M�XZWtM=e^\^[]RKe�TV\µ�KfjM`X�gKM(Y5\^L�w�\Zfj[¨TV[]\^R¡XZ�]e^\^Wt[]TjHKL WtM(Y5M(RUTV�¨�
[�RUTVWt\�gh�KY(M5gµ[]R ��� ��d��KdKN��1�����KYcHµXZR�XkwKwKWj\^XZYcH�HDXZf±�$M(M5R�fj�KY5Y(M(ftft�«�K�]�¨��[�RUTVWt\�gh�KY(M5gµ[]R
�Ôz/�®�«\^WI[�L`XZeZM�[]RKwDXk[�RUTV[]RKeK�

GIHhMµwh�uXZR \Z��TjHKM�wDXZw$M(W=[]f�XZf��«\^�]��\+��f5��£�M�¯KWjftT�whWjM(ftM(RUT`TVHKM�gKM5Y(\^L�w$\^fj[¨TV[]\^R
L`\"gKM5�I\Z� � �Kd<N/���¢�	M¢WtM(Y(XZ����[¨TVf`��[]RK�¡��[¨TVH 2¢M5�ZM(W � f�L�\"gKM(�����>z/�1d±XZRhg fjHh\>� fj\^L�M
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��\ZTjH e^M(\^L�M�TVWj[]Y�Xk�mXZRKg¦TVMb¬"TV�KWtM�[]Rh�«\^WtL�XoTV[]\^R�� 4 [�e^�hWjM(f �+{�XkRKg � �`XZWjM�TjHKM=WjM5fj�K�¨TVf
��M±eZM5T���[¨TVH=\Z�KW�XZ�]e^\^Wt[]TjHKL��*QSR�TjHKM	¯KWjftT�Y�XZftMZd^HDX��ZMI�ZM(w�T i
5�� \Z�DTjHKM�Y5\�M,��Y5[�M5RUTVfm\Z�
��\ZTjH`TjHKMre^M(\^L�M�TVWj[]Y�Xk�$wKXZWtT	XZRKg�TVHhMrTjM�¬"TV�KWtM(g�wKXZWtT�TVHKXkT���MrHDX��^M°\^�hTcXk[�RKM5g�TjHDXZRK�.f
TV\PTjHKM¤Xk��e^\ZWj[¨TVHKLx\Z� ��M(Y�TV[]\^Rµ��d�XZRKg�[]R�TjHKMsftM(Y(\ZRKg�Y�XZftM � 4 [�e^�hWjM�� � ����M¤HKX+�ZM¤�ZM5whT
� � \k�mTVHKM=Y5\�M,��Y5[�M5RUTVf�\Z�mTVHhM=e^M(\^L�M�TVWj[]Y�Xk��wDXZWpT�XZRKg i � � �«\ZW°TVHhM�TVM�¬"Tj�KWjM5g¿wKXZWtT(�
£�M�fjM5MªTVHDXkTrft�KYcH­X=YcHK\^[]Y(M�[]L`whWj\+�^M�TVHKM�WtM(fj�h�]Tjf �«fjM(M�G*XZ�K�]M � ���

4 [�e^�hWjM��>�ª[�fmTVHhM°WtM(fj�h�]T<��Mre^M�T<��[¨TVH`TVHKM ;mq¶XZ��eZ\^Wj[¨TVHKL��
£�MrHDX��^Mr�ZM5whT � 5�� \Z�
TVHKM�Y(\"M��`Y5[�M5R.Tjf(� ��[]RKY(M�[¨T<HDXZf���M5M(R`gKM5�ZM(�]\^w$M(g��«\ZWme^M(\^L�M�TVWj[]Y�Xk�D[�L`XZe^Mkd.[]T�w$M(Wp�«\^WjL�f
RK\ZTs�ZM(Wp�_�	M(�]�*��[¨TVH¦[]L�Xke^M(f¤Y5\^RUTcXZ[]RK[]RKe�TVMb¬"TV�KWtM(f(� 4 []e^�KWtM��+N�[�frTVHKM�WtM(ft�K�]Ts��M=e^M�T
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L�M5TVHh\�g � 1 � ;mq � � � � \Z�hTVHKM±Y5\�M,�`Y([]M(RUTVf
�«\^W±TVHKM��¢Y(\^L�w$\^RKM(RUT°XZRKg i � � �«\^W±TVHhM���Y(\^L�w$\^RKM5R.T��
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Y(\"M��`Y([]M(RUTVf �

ö«Þ
î&ö«×



���������	���
����
������������������������������� � 	!"��� � �

G*XZ�K�]M � �.< + aSM5WjWj\ZWjf � ¾ XZWj�DXkWVX=[�L`XZeZM �
qs�]e^\^Wt[]TjHKL 1 � ;mq 1 � ;�q ;mq ¾ £

� i 5�� d i
5 � � � � � d i � � �< + aSM5WjWj\ZW �+}h�Ôz^| �(�K�Ô�^| �+�h�Ç�Z� �>z"�Ð|^z
l�� !sv �ZNh� �3� �o�K�Ð|k� �^��� �+N �k�h�Ð�ZN

1 � ;mq ¾ £

4 []e^�KWjM �(� ���®\�\ZL´\^R ¾ XZWt�DXZWVX �ÇfIftHK\^�K�]gKM(W

��[]TjH�TVHKM¤fpTcXZRhgDXZWjg ¾ £ Xk��e^\ZWj[¨TVHKL �«�	M¤HDX��ZM�XZ��ft\=�ZM5whT � 5�� \Z�&TjHKM¤Y(\"M��`Y5[�M5R.Tjf�fj\
TVHDXkTI�	M�Y�XZR�Y(\ZL`wKXZWjM�TVHKM�WtM(fj�h�]Tjf����

G*XZ�K�]M �	ftHK\+��f
TjHKM < + aSM(WtWj\^W5�*GIHhM<�$M(fpT�< + aÒM(WtWj\^W&[]f*w$M(Wp�«\^L�M(g��U�ª\^�KW
XZ�]e^\^Wt[]TjHKL��
2¢\^WjM5\+�^M(W5d�TVHKM`e^M5\^L�M5TVWt[�Y(XZ��[]Rh�«\^WtL`XkTV[]\^R�\k�±TVHKM�[�L`XZeZM9[]f�L��hYcH L`\ZWjM`wKWjM5fjM(Wp�^M5g
��[]TjH¦\^�KWªXZ�]e^\^Wt[]TjHKL TVHDXkR­��[]TjH ¾ £ �«[�R_��\ZTjH¦Y�XZftM(fª\Z� 4 [�e^�hWjM(f ��{�XZRKg � � � �ITVHK[]f
Y�XZR¦�$M=YcHKM(Yc�kM(g¥\^R­TVHKM=�]M(e�\k�<TjHKM�TcXk�K��MP�«\^W¤[]RKftTVXZRKY(M �«fjM(M�Xk��ft\ 4 [�eZ�KWjM ������HK[�YcH
[�f=X �(\"\^L \Z� ¾ XZWt�DXZWVX �Çf�ftHK\^�K�]gKM5W����¦q°RKg fj\ZL`M�TVM�¬"Tj�KWjM5f���HK[�YcH gK[]fVXkwKw�M(XZW���[¨TVH
TVHKM ¾ £ XZ�]e^\^Wj[¨TVHhL XZWtM�whWjM(ftM(Wp�^M(gµ��[]TjH¢\Z�KWrXZ��eZ\^Wj[¨TVHKL �ÝftM(M 4 []e^�KWjM �+z���Hh[�YcH¢[�frX�(\"\^L \Z� ¾ XZWt�DXZWjX �Çf°�.RKM(M����¤GIHKM5WjM��«\^WjMkd®\^�KWsXZ�]e^\^Wj[¨TVHhL eZ[]�ZM(fªX9�$M5TtTVM5WsWjM5fj�K�¨T¤TjHDXZR
TVHKM ¾ £ XZ��eZ\^Wj[¨TVHKL��

£¥M¤HDX��ZMªY(\^RKgh�KY5TjM(gµM�¬�w�M5Wj[]L�M(RUTVf�\^R�ftM5�^M5WVXZ�®[�L`XZe^M5f(dDXkRKg�TVHK[]f±HDXkfIY(\^Rh¯KWjL�M(g
TVHKM5fjM�WjM5fj�K�¨TVf5� 4 \^W¤[]RKftTVXZRKY(Mkd 4 [�eZ�KWjM �+}�ftHK\+��fªTVHKM=WtM(fj�h�]T��	M=e^M5Tª��[¨TVH \^�KW�Xk��e^\oa
Wj[¨TVHKL ��[]TjHµTjHKM�wKHDXZWtMª[�L`XZe^Mª\k� 4 []e^�KWtM�����£¥M�HKX+�ZM��ZM(w�T i
5 � \Z��TVHhM�Y5\�M,�`Y([]M(RUTVf
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4 []e^�KWtM �>z ���®\"\^L´\ZR ¾ XZWj�DXkWVX � f��"RhM(M

G�Xk�K��MP� �.< + aÒM(WjWt\^Wjf��«wKHDXZWtMª[�L`XZe^M��
q°��e^\ZWj[¨TVHKL 1 � ;mq ¾ £< + aSM5WjWt\^W �h� ��� �h�Ç�^}
l�� !°v � �h� � � � �h� �+�

\Z�m�$\ZTVH_TjHKM�eZM(\^L�M5TjWj[]Y�XZ�
wDXZWpTªXZRhg¢TVHhM�TVMb¬�Tj�KWjM5g¦wDXZWpT��rqsRKg 4 [�e^�hWjM.�>|�[]f°TVHhM�WjMba
fj�K�¨T¤�	M�e^M5Ts��[]TjH­TVHKM ¾ £ XZ��eZ\^Wj[¨TVHKL �ã��[]TjH � 5�� \Z�mTVHhM�Y(\"M��`Y([]M(RUTjf�����GIHKM�fVXZL�M
Y(\^RKY5���hfj[]\^RKfrHK\^�]gµ�«\^W±TjHKM�wKHDXZWtM�[�L`XZe^M�XZf±�«\ZW±TVHKM ¾ XZWt�DXZWjX�[]L`XZe^M �ÝftM(M�G*XZ�K�]M�� �b�

�®�+�>�h� ¸ . ¹ � £�M<HDX��^M	R.�KL�M(Wj[]Y�Xk���¨��ftTV�hgK[�M5gPTjHKM	�$M(fpT�fpTVWjXkTVM5eZ�ªTV\rY(\^L�wKWtM(ftf�X�e^[]�ZM(R
[�L`XZe^Mk���sM(w$M(RhgK[�Rhe=\^R�TVHKM°[�L`XZeZMZdh[¨TIL`X��9�$MsM,�`Y([]M(RUTITV\��hfjM¤L�\^WtM¤Y(\"M��`Y([]M(RUTjf±TV\
Y(\"gKM�TVHhM±e^M(\ZL`M�TVWt[�Y±wKXZWtT*TVHDXZR��«\ZW*TVHhM�TVMb¬�Tj�KWjM5g�wDXZWtT �Ý\^W
TVHKM�Y(\^RUTVWjXZWt� �b� 4 []e^�KWjM � �
XZRKg �+�¤�$\ZTVH=[]�]���KfpTVWjXkTVMI[¨T�� 4 [�eZ�KWjM-�	� �ÝWjM5fjw�� 4 [�eZ�KWjM-�����*gKM(XZ��f���[¨TVH 4 []e^�KWtM-� �ÝWtM(ftw��
4 [�eZ�KWjM�� ���¢QÒT=fjHK\+��f�Hh\>� TjHKM��]\^e­\Z�ITjHKM�< + M(WtWj\^Wtf�M5�Z\^�¨�^M���[¨TVH WjM5fjw$M(Y�T�TV\_TjHKM
w�M5WjY(M5RUTcXZe^M�6­\Z��Y(\"M��`Y([]M(RUTjf��kM(whTª�«\ZW°TVHhM�ftTjWj�KY�TV�KWtM=wDXZWtT � 6 e^\"M(fr�«Wj\^L ��Tj\ �+���b�
GIHKM�w�M5WjY(M5RUTcXZe^Mr\Z��Y(\"M��`Y([]M(RUTjf��ZM5whT��«\^WmTVHKMITjM�¬"TV�KWtM�wDXZWtT<[]f � 5�� ��6&d.[1� MZ���	MrHDX��^M
�ZM(w�T � 5�� \Z��TjHKM¤Y5\�M,��Y5[�M5RUTVf±�«\^W<TVHKMr��HK\^�]M¤[�L`XZeZMZ�<³¤RKMsM(XZfj[]�¨�9ftM(M(f±TjHDXkT	TVHKM°��M5ftT
YcHK\^[]Y(M��«\^W±TVHKM ¾ XkWj�DXZWjX=[�L`XZe^Mª[]f 6�D �hdDXZRKg��«\^W±TjHKM�lmHDXZWjM�[]L�Xke^M 6�D i
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£�M`HDX��^M�wKWjM5fjM(RUTjM(g X�RKM5� Y5\^L�wKWjM5fjfj[]\^R XZ�]e^\^Wt[]TjHKL �«\^W�[]L`XZe^M(fPY(\^RUTVXZ[�Rh[�RKe¢��\kTVH
ftTVWt�KY5Tj�KWjM`XZRhg TjM�¬"TV�hWjM�[�R��«\^WjL`XkTj[�\^R®�P£¥M�¯DWjfpTPftwK�][]TªTjHKM=[�L`XZeZM�TV\�Y(\^L�wKWtM(ftfP[]RUTV\
TS��\�Y(\ZL`w$\^RKM5RUTVf(dD\ZRKMªY(\^RUTVXZ[�Rh[�RKe=TjHKM¤ftTjWj�KY�TV�KWtM(f5d�XkRKg�XZRK\ZTjHKM(WI\ZRKMsTVHhM¤TVM�¬"Tj�KWjM5f(�
£�MµTVHKM5R Y�XkWjWt� \^��T�TjHKM_Y5\^L�wKWjM5fjfj[]\^R \Z�sTVHKM5fjM_TS�	\¡Y(\ZL`w$\^RKM5RUTVf9��[¨TVH XkgDXZwhTjM(g
XZ��eZ\^Wj[¨TVHKL�f � TjHKM ;mq Xk��e^\ZWj[¨TVHKL \Z�.����� �r�«\^W�TVHKM­eZM(\^L�M5TjWj[]Y�XZ�°wDXZWpT�d�XZRh�ªTjHKM |>aS�
�K[�\ZWtTVHh\^e^\^RDXk�®�±X��ZM(�]M5TVfr�«\^W±TVHhM�TjM�¬"TV�hWjM�wDXZWtT(�

QSR_\^�KWsR.�KL�M5Wj[]Y�XZ�
TVM(fpTVf5d�[]Ts\^�hTjw�M5Wt�«\^WtL`frTVHKMPftTVXZRKgDXZWtg­�K[]\^WtTjHK\^e^\ZRDXZ�&�±X��ZM(�]M5TVf
� ¾ £ �mY(\^L�wKWtM(ftfj[]\^RµXZ��eZ\^Wj[¨TVHKL ��[¨TVH9WjM(ftw�M5Y5T	TV\��$\ZTjH9TVHKM�< + aSRK\ZWjL XZRKg�TVHKMr��[]fj�KXZ�
XZfjw$M(Y�Tª\Z�mTVHhM�[]L�Xke^M ��TVHKM�M(gKe^M5fªXZWtM�fjHKXZWjw$M(W5d&XZRKg­L�\^WtM�TVMb¬"TV�KWtM(f�XZWtM�wKWtM(fjM5Wt�ZM(g��
GIHK[�f�[]f±TVHKM5WjM��«\^WjM�X��^M5Wt��wKWt\^L�[�ft[�Rhe`��X���TV\�[]L`whWj\+�^M�Y(\ZL`whWjM(ftfj[]\^R_WjXkTVM5fI[�Rµ[]L�Xke^M
wKWj\"Y(M5fjfj[]RKeK�

£¥MsRh\>�Bwh�uXZR�TV\�L�\"gK[]�ã�=TjHKMsghM(Y(\ZL`w$\^ft[]Tj[�\^R�Xk��e^\ZWj[¨TVHKL���QSRKghM(M(g®dDXZf�ftHK\+��R��U�
TVHKM�R.�KL�M5Wj[]Y�XZ��fpTV�Kg��­\Z��TVHhM�ftTjWVXkTjM(eZ�Zd�[]T¤HDXZf¤RK\kTª��M5M(R fjw$M(Y5[]¯KY�XZ�]�]�_gKM5�ZM(�]\^w$M(g TV\
Y�XZWtWt��\^��TsY5\^L�wKWjM5fjfj[]\^R��	£�M�fjHK\Z�K��g_XZgKg¢XZRK\ZTjHKM(W�TVM5WjL []Rµ�«�hRKY5Tj[�\^RKXZ� �Íz �±fj\�TVHKXkT
TVHKM��$M(fpT�ftTVWjXkTVM5eZ��Tj\¦Y(\^L�wKWtM(ftf�XkR [�L`XZe^M��	\^�K�]g ��M�Tj\­TcXZ�kM�TVHKM�fjXZL�M�R.�KL��$M(W
\Z��Y(\"M��`Y([]M(RUTjf��«\ZW���\kTVH TjHKM¦ftTjWj�KY�TV�KWtM XZRKg TVHhM_TVMb¬�Tj�KWjM¦Y5\^L�w�\ZRKM(RUT�� £¥M XZ�]fj\
wK�uXkR Tj\�[�L�wKWt\>�ZM=TVHKM�wKWtM(gK[]Y5Tj[�\^R¿\^w$M(WjXkTV\^Ws\Z�	TjHKM ;mq XZ��eZ\^Wj[¨TVHKL�d��U�­TVXZ�.[�Rhe¢[]RUTV\
XZY(Y5\^�KRUT�TjHDXkT*[]T�\^RK�¨�PghM�XZ�]f�HKM5WjM<��[]TjH�wK�KWtM�e^M5\^L�M5TVWt[�Y(XZ�h[]L`XZe^M5f(��q°RKg��	M±[]R.TjM(RKgPTV\
Y(\^L�wDXZWtM¤TVHKM ;�q Xk��e^\ZWj[¨TVHKL ��[]TjH�\ZTVHKM5W±Y(\ZL`whWjM(ftfj[]\^R¢XZ��eZ\^Wj[¨TVHKL�f±�«\^W	e^M(\ZL`M�TVWt[�Y(XZ�
[�L`XZe^M5f��Ç}hd5�+{hd��>� �Í�
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WjM(ftM(RUTcXoTV[]\^RKf�\Z��[]L`XZe^M5fª�.� M5gKe^M�XZgKXZwhTVM5g¥Rh\^RK�][�RKM(XZWªL��h�]Tj[�ftY�XZ�]M`TjWVXZRhft�«\^WtL`f5d
��M(whTjM(LP��M5W¤�Z{Z{^Nh�mQ�; ; ; Q %�Qàl %�\^Rh�«M5WjM(RhY(M ¾ XZWjY5M(�]\^RDXh�

�ÇN/�P~h� 4 �Zqs�knp\^�Ýd��=�Zq°�K��M5WtT(d ��� ¾ ��XZRKY�a 4 i(WjXZ�Kg�d.XkRKg�q��3%�HKXZL��$\^�]��Mk���°M(Y(\ZL`w$\^ft[�RKe
XZR [�L`XZe^M �¤qswhwK��[]Y�XoTV[]\^R¦TV\ ��q¤v [�L`XZeZM(f(��QSR � � 
 	 � � ��� 

�������
	 d��Z\^���hL`M �+} �U�
\Z��� ���	��������
 ������ ! ��� �������
� �	� � �	!"�	� ��� dK�Z{^{^N��

� ���P~h� 4 �Zqs�knp\^�Ýd��=�Zq°�K��M5WtT(d ��� ¾ ��XZRKY�a 4 i(WjXZ�Kg�d.XkRKg�q��3%�HKXZL��$\^�]��Mk���°M(Y(\ZL`w$\^ft[�RKe
XZR�[]L�Xke^M ��q°wKwK�][�Y(XkTV[]\^R9Tj\PTjM�¬"TV�KWtM(g�[]L`XZe^M5fIXZRKg ��q¤v []L�Xke^M(f5dD�Z{^{ZNh��Q !sv�QSq
vrM5fjM�XkWjYcH­v�M(w$\^WpT��.|Z{Z�Kd�TV\`XZwKw$M�XZW�[]R¢~ 2¢Qv���

�Ôz�� 2¥� ¾ M5WtTVXZ��L�[]\Kd
�m�T��M(ftMZd��=� �hXZwK[]Wj\Kd®XZRKg �$��³¤fjHhM(W(� ��[�LP�K�¨TcXZRKM5\^�KfªfpTVWj�hY5TV�hWjM
XZRKg TVM�¬"Tj�KWjM�[]L�Xke^M�[�RKwKXZ[�RUTj[�RKeh����������� ��
��  

�	��!"���  ���� � ��
������ ��� ���� � 	! ��� d
�>� �'� � � � �U��� � �^�hdh�Z{^{^Nh�

�Ç}/� ;�� %±XZRKghJ(f±XkRKg������s\^Rh\^HK\K��q¶fj�KWtwKWj[]fj[]RKe^�¨�`M�+�M(Y�TV[¨�^M¤RK\ZRDXZgDXZw�TV[¨�^M¤WtM(wKWtM(fjM5R�a
TcXkTj[�\^R��«\^W	\Z��npM(Y�TVf	��[¨TVH�M5gKe^M5f(d*!r\+�^M(LP��M5W$�+�^�^����%��KWt�ZM(f�XZRhg ���KWp�ÝXZY(M5f(d*�m� �m�
��YcH.�KL`XZ�ZM5WsM5T°XZ�Ý� �ÝM5gKf��bdI�<XZRKgKM5Wj�K[]�¨T 1 RK[¨�^M(Wtfj[¨TS�¢l�WtM(ftf(d�!sXZftH.�"[]���]MZd G !��

�Ô|���q���%�HKXZL��$\^�]��Mk�¤qsR¦Xk��e^\ZWj[¨TVHKL �«\^WrTV\ZTVXZ�
�kXZWt[uXoTV[]\^R_L�[]RK[�L�[���XkTj[�\ZR¥XkRKg¦XZwKwh��[êa
Y�XkTj[�\^Rhf(d$�Z{^{ZNh�mG*\`XZwhw�M(XZW�[�R_~ 2¢Qv���

� �/��q�� %�\^HKM5RAXZRhg ¾ � 2_XoTVM([Ý� %�\^L�wDXZY5T¢WjM5wKWjM5fjM5R.TVXkTV[]\^RKf¢\Z�P[�L`XZe^M5f¢�U�BM5gKe^M
XZgDXZwhTjM(g L��h�]Tj[�ftY�XZ�]M`TjWVXZRhft�«\^WtL`f5d ��M(w�TVM(LP��M5W��k{^{ �^��Q�; ; ;AQ %�Qàl %�\^Rh�«M5WjM5RKY(M
GIHKM(ftfVXZ�]\^RK[]�.�"[Ý�

�Ç�/��q�� %�\^HKM5R XZRKg ¾ �72_XkTjM([Ý� !r\^RK�][�RKM(XZW`fj�K�$gK[¨��[]fj[]\^RKf9fjYcHKM5L`M5f � XZwhwK��[]Y�XoTV[]\^RKf
TV\9[]L`XZe^M�wKWj\"Y(M5fjft[�RKehd&~Z�K�¨�¢�Z{^{U�"�±G*��TV\^Wt[uXZ��\^RµL��h�]Tj[�WtM(fj\Z���hTj[�\ZR¦[�R¢e^M(\^L�M�TVWj[]Y
L`\"gKM5���][�RheKdÇqP�ÇQSft�ZMkd ;I� �ª�KXZYc��XZRKg 2¥� 4 ��\^XkTVM5WIM(gKf5��d ��wKWt[�Rhe^M(W5�

ö«Þ
î&ö«×



���������	���
����
������������������������������� � 	!"��� �Z�

� �+{/� 2¥�U�s\�XZRhg�2¥� ��M�TjTVM5Wj�][1� GIHKM±¯KRK[]TjM±Wj[]gKe^M5��M�TmTVWjXZRKft�«\ZWjL �«\^W�[]L`XZe^MIWjM5wKWjM5fjM5R.TVXoa
TV[]\^R��]d !°\+�^M5L��$M(W°�Z{^{ �^�*G
M(YcHhRK[�Y(XZ��v�M(w$\^WtT�� �*%��^�Z{^{ ���Z{ �+��d*%�\^L�LP�KRK[]Y�XkTj[�\^R
�"�"ftTVM5L�f¤�sM5wDXZWtTjL�M(RUT�d�;�l 4 � ���.��[]T-�(M(Wt�uXkRKg ���

� � ����q�� :°XZWtTjM(R��A�s[]fjY(WtM5TjM¿LP�K�¨TV[]WjM(ft\^�]�hTV[]\^RBXZRDXk�]�"fj[]f�XZRKg e^M(RKM5WVXZ�][��(M(g ��X��^M(�]M5Tjf(d
�sM(Y5M(L��$M(W �+�^�^N���~Z\^�KWtRDXZ�&\Z�*qswKwh��[]M(g !°�KL�M(Wt[�Y(XZ� 2_XkTjHKM(L`XkTj[�Y5f(d �>� � �>zZNoa �+�^Nh�

� �>��� ;�� ��M5w�M5RKRKM5YZ� ¾ XZRKghM(�]M5TjTjM(f�M5T�WjM(whWji(ftM(RUTcXoTV[]\^RKf�e^i(\ZL`i�TVWt[�À.�KM5f�gKM(f�[]L`XZe^M(f5d
�sM(Y5M(L��$M(W¤�Z{^{U�"�mlmH��$���DGIHKM(ft[�f5d�;�Y5\^�]M�l
\^�]�.TjM(Y(Rh[�À.�KMkd®l*XZWj[]f(�

� �+N/����� �=��2_XZ�]�uXoT�� ��� 
���� 	 �	� � ����� ��� ��! ����
 	 � ��� ���� � 	! ��� ��qIY�XZghM(L�[�YslmWjM(ftf(d��+�^� �h�
� ����� ¾ ��2_XkTVM5[1� 2¢M5TjHK\�ghM(f�LP�K�¨TV[êaSWji5fj\^�]�hTj[�\^R�RK\^R�aÒ��[]RKi(XZ[�WtM(f5�hXZwhwK��[]Y�XoTV[]\^RKf	XZ�`TjWVXZ[¨TVMba

L`M5RUT�g
�Ç[]L`XZe^Mkd !°\+�^M5L��$M(W°�Z{^{^����lmH��h���KGIHKM5fj[]f(d 1 RK[¨�^M5Wjft[]TjiPlm[]M(WtWjMªM5T 2_XZWj[]M
%��KWj[]MZd$l�XkWj[]f(�

� �>z��
	��^M(f 2¢M5�ZM(W(�*³¤fjY5[��]��XkTV[]RKe�wKXkTjTjM(WjRhf�[]R9[]L�Xke^M°whWj\"Y(M(ftfj[]RKe=XZRhg9[]R9fj\ZL`M°RK\^RK�][]R�a
M�XZW�M5�Z\^�]�hTV[]\^R_M5À.�DXkTV[]\^RKf5d 2_XZWjYcH­�Z{^{ �Z�mGIHKM 4 []�ãTjM(M(RUTjH­�sM(XZR­~^XkY(À.�KM(�][]RKM(f ¾ �
��M���[�f�2¢M5L`\ZWj[�XZ���&M(Y5Tj�KWjM5f(�

� �+}/�����Ð~h�D³ªftHKM(W5dKq�� ��\^�]MZdDXZRhg ��� q��M��M(ftMZ�mQSL`XZe^M¤ghM(Y(\ZL`w$\^ft[]Tj[�\^RµXZRhgµWtM(fpTV\^WjXkTV[]\^R
�Kfj[]RKe¤TV\kTcXZ�U�kXZWj[�XkTj[�\^RPL�[�RK[]L�[��(XkTV[]\^R�XZRhg�TVHKM : � >�RK\ZWjL�� � � 	 ��!  � 
 	 � � � �
� 	 ! ���

���� ��! ��� 	 
���!"����� � � � � � � �����	����!  �	! � 	 ! ��
���� � ��������
 	 d
� �ÝN�� �ÇNZ�U����NU|Z{hdK�Z{^{^N��

� �>|������Kvr�Kgh[�R�d ��� ³¤fjHKM5W(d XZRhg ;�� 4 XoTVM(L�[Ý�(!°\ZRK��[]RKM(XZW±TV\ZTVXZ���kXZWt[uXoTV[]\^R��DXZftM(gµRK\^[]fjM
WjM(L�\+�kXZ��XZ�]e^\^Wt[]TjHKL�f(� ��
 �( 	!"� 
�� dD}^{ �Ô�^zZ� ���Z} �hd��+�^�U���

� � �/����� q�����M5fjM�XkRKg �$�Ð~h�*³¤fjHKM5W(� 2µ\�gKM5��[]RKeµTVM�¬"Tj�KWjM5fP��[¨TVH¥Tj\ZTcXk���ZXkWj[�XkTV[]\^R¿L`[]RK[êa
L`[���XoTV[]\^R�XkRKg�\^fjY5[��]�uXoTV[]RKe°wKXkTjTjM(WjRhf
[]R�[�L`XZeZM<whWj\"Y(M(ftfj[]RKeK� � ���
�	��
 	 ��� � �	!"�	����! � �
� ����������! ��� d
�+� �Ôz^zZN��hz^|^��dK�Z{^{^N��

î
î É�@Dñ�û(ð�A



Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)

Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)

Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)

Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)

Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)

Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)��������� �	��
�


���������� ��� ���

ISSN 0249-6399


