
HAL Id: inria-00073366
https://inria.hal.science/inria-00073366v1

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

On the Curves that may be approached by Trajectories
of a Smooth Control Affine System

Jean-Baptiste Pomet

To cite this version:
Jean-Baptiste Pomet. On the Curves that may be approached by Trajectories of a Smooth Control
Affine System. RR-3323, INRIA. 1997. �inria-00073366�

https://inria.hal.science/inria-00073366v1
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  


de  r ech er ch e 


THÈME 4

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

On the curves that may be approached by
trajectories of a smooth control affine system

Jean-Baptiste Pomet

N˚ 3323

Décembre 1997





Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)

Téléphone : 04 93 65 77 77 - International : +33 4 93 65 77 77 — Fax : 04 93 65 77 65 - International : +33 4 93 65 77 65
à partir du 01/01/1998

Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65

��� �����	��
���
�������������� ��� ���	������������������ �!�
�"�#�%$&���'�"����()���*��+,� �"� �-�.��� �/���-�"����01�.2 ���3�4�5�6�"��� 7

8:9<;>="?)@A;CB"DFEHGIDJ9LKNMCOP9QDFR

SUTWV)X-Y�ZA[ \<]^X�_W`badce]^fhgiY)cNfhjkcl]bX-]^meadcl]bfng
o Y.mqprmqclVIX-YImtsIfhX-jW`^Yvu<YIm

w�xlfdyzYvc|{}]~adfh_

�tadjWj&fnxqc o Y.xlY)s�TWYIxqs�TWY�g>���h�Q�d��[ �|�)sIY)X��WxqY5�J�h�h��[ ���-jWan�hYIm

���#�)�����W�n�Q� � g�clTW]^m�j:anjCYIx)���/Y��n]^�nY�a�s�T:anxlans)clYIxq]b�Iadce]^fhg,fn �clTWY¡mqY)c�fn .s)_Wxq�nYIm
ceT:adc�X!a�p¢�CY£anjWjWxqfQans�TWY o �Qp¤clxea�yzY)s)clfhxl]^YIm�fn �a}mqX-f<fnclT�s)fhgQcexlfn`¦¥§ad¨!gWY£gkfhgW`^]bgWYIanx
mqprmqclYIX��']^g©ceTkY�cefhjCfh`^fh�np¢fn �_WgW]¦ ªfhxlX	sIfhgQ�nYIxl�nYIgWs)Yn«©SUTW]^m¬s�T:anxlans)clYIxq]b�Iadce]^fhgP]bm¬]^g
ceYIxqX-mUfn "ceTWY o xq]^ ­c��nYIsvcefhxU®:Y)` o ang o clTWY o ]^mqcexq]b�k_kce]^fhgimlj:angkgWY o �Qp�ceTkY.¯"]^Y.an`^�hYI�kxea
�hYIgWY)xeadclY o �Qp�ceTWY-sIfng°clxlfh`±�nYIsvcefhx�®:Y)` o m)«£SUTkY£s�T:adxeansvceYIxq]b�Iadce]^fhg¤]bm��dan`^] o fhg¤fhjCYIg
mlY)clm���TWYIxqY�ceTW]^m o ]^mqcexq]b�k_kce]^fhg�T:anmUs)fhgWmqceangQc�xeangk²C«�SUTkYImlY.xqYIml_k`^clmtad`bmqf¬s�T:anxeads)ceY)xl]^�IY
ceTWY.ml_kjWj&fnxqcNfn  o ]^³&_Wmq]bfhgijWxqf<s)YImlmqYImN��]^clT}mqX!frfnclTis)f<Yv¨!sI]^YIgQcem)«
´}µQ¶¸·q¹Aº ��»��n�½¼ fngW`b]^gWYIanx/s)fhgQcexlfn`H�kw#adclT�jW`~adgWgW]^gW�W�k¾tjWjWxqfJu<]^X!adceY%jWadceT�jk`~angkgW]bgk�W�
�|]^³&_Wmq]bfhgijWxqf<s)YImlmqYIm

¿6À�ÁÃÂ|ÄUÅÇÆ�È�ÂÊÉÌËÊÁÎÍFÏtÁÐÂtÂHÈFÑFÄ�ÁÎÏÒÏHÓlÔ�Õ¦Ö)ËtÍ�ÈFÑF×ÃÁÃÉqÅ�ÏHÁÃÖvÆ}ÁÎÆ¤ØdÙeÚ§Û­ÜÌÝ'Ú�Þàß>á�â�Û~ãHáÇä4å<ÜÌÛ~Û­ÜÌãæÚ§ç1èkÁÎËæÂªÏ
ÂHÈFÑFÄ�ÁÎÏÒÏÊÓqÔ�éÇÈ�×ÎêNë�ì°íqë)ëIîJì)ËÊÓzï�ÁÐÂÒÓlÔtð�ÓqÉzÓzÄñÑnÓzËñíqòFìhílëvëIîJç
ó ¿6À�ÁÃÂ¸ô¸ÖvËÊõ'ô6ÅvÂ&Í�ÅÇËHÏHÁÐÅÇ×Ã×Ãê�ÂHÈFÍFÍnÖvËHÏHÓlÔUÑ�ê�ö�÷JøCù4ú�ûvËæÅÇÆIÏ4ü±ý±þ)þvÿvò��)ë��Fì�ô4ÀFÓqÆ�ÏHÀ�Ó#ÅvÈJÏHÀFÖ)Ë&ô6ÅvÂ

ô4ÁÎÏHÀ�ð�ÓzÍJÏlç:ÖÇÕ���Å�ÏÊÀFÓzÄUÅÇÏHÁÐÉzÂqì��"ÆFÁÃïvÓqËÊÂHÁ ÏªêNÖÇÕk¿<ÖvËÊÖvÆIÏÊÖ�ç
� ø:ÄUÅÇÁÃ×
	�����
������������������������ ���!�"�$#��hç



�£
��*0)��� �'��
����������!
i(©����
�
����-�����"��� �.�i�����!�����U���

i��(v+d���#� ��� ���-� �i���� ������"�#�%$&���'�"��(v������ ��§
i� �6���6�
	�� �

��2 ���	��� 0)��� �/��� � ���� ����

�
� ����� � � � Y)c£anxqcl]bs)`bY�sIanxeansvce�)xl]^mlY�`�� YIgkmlYIX��W`^Y o Y)m!s)fh_Wxq�&Y)m£j:adxeanX-�)clxl�)YIm��°_W]
mlfhgQc o Y)m�`b]^X-]^clYIm�_Wgk]^ ªfhxqX-YIm o YAclxea�yzY)s)cefn]bxqYIm o � _Wg�mqprmzceVIX-Y!sIfhgQclx��h`^�n�4a�¨£gkY¬YIg�`^YIm
sIfhX-X!ang o Y)mI�&Y)c o �)®:gW]�j:anx o YIm|s�T:anX-jWm o Y��hY)s)ceY)_Wxlm o Y�sI`banmqmlY�����« � Y)clclY�sIanxeansÇ¥
ce�Ixq]bmladce]^fhgLgWYA Òan]¦c.]^g°clYIxz�hYIgk]bx��°_WY-`bY¬s�TWanX-j o YA�nYIsvceYI_kx o Y o �Ixl]¦�hY!Y)c.`ba o ]^mqclxl]^�W_<¥
ce]^fhg�YIgW�nYIg o xq�IY!j:anx%`^YIm.s)xlfrs�TWY)clm o Y-¯"]^Y o Y)m�s�T:anX-jWm o Y¬�hY)s)ceY)_Wxlm o Y¬s)fhX-X£adg o Y
YIgQcexqY}Y)_<u&«���`b`^YiYImqc!�dan`ban�W`^Yimq_Wx-cefh_kc!fh_<�hYIxzc5f! `^Y�xeangW� o YisIYvclceY o ]^mqclxl]^�W_kce]^fhg
YImqcAsIfhgWmzc�angQcI« � Y5xl�Imq_W`¦c�adc-jCYIxqX!Yvc-an_Wmqml] o Y�s�anxlans)cl�Ixq]bmqYIx¬X-]bY)_<u1`^Y�mq_WjWjCfhxqc o YIm
jWxlfrsIY)mlml_km o Y o ]¦³&_Wml]^fhg#"¬s)f<Yv¨£s)]bY)gQcemN]bgk®WgW]bX-Y)g°c o ]¦³¸�)xlYIgQcl]~an�k`bY)mI«
$ º �F� · �&% � �}� ¾|_kclfhX!adce]'�°_WY�gkfhg<¥§`^]^gW��an]^xlYd�6w�`bangW]¦®:s�adcl]bfng o Y�cexeaFyzYIs)clfh]^xlYn�&w�xlfrsIY)mz¥
ml_Wm o Y o ]¦³¸_kml]^fhg



���������
	��
���������
�����
������������	 �!�"�����$#%�!���&	$�(')�����*�+	�,-���.�0/��1���+2��&	��+3����4���*��� �

5 6 �-�"���! �
i�ñ��()���
¯"Yvc�_WmNsIfhgWmq] o YIxNa!gkfhgW`^]bgWYIanx�sIfhgQclxlfh`4mzp<mzceY)Xi�Cad¨!gWY��.« xI« c�«�ceTkY�s)fhgQcexqfh`bm87

9: ; <�=+>?:A@CB DEF$GAHJI F <
F >�:A@LK M �4N

��]^clT :PORQ SUTVM mqceadceYWNNang o I ;X> I H KWYWYWYZK I D
@[ORQ S D M sIfhgQclxlfh`\Nv�Cang o < = K�< H KWYWY!Y!K�< DanxlY�mqX!frfnclT M^] � N'�hY)s)clfhxN®WYI` o mI«

¾ j:anxlanX-Y)clYIxl]^�IY o sI_Wxz�hY`_Pa�bdc K$e[f�g Q SUT ]bm'a��&	h�(')�����0�+	��Nfn ¸clTWY|s)fhgQcexlfn`CmzprmqceY)X
M �4N�]^ 'ang o fngW`^p}]¦ �ceTWY)xlY¬Yvu<]^mqc.mqfhX-Y¬X!YIanml_kxean�W`^Y¬sIfng°clxlfh`^mUikjg > I H > i @�KWY!YWY!K I D

> i @h@
ml_Ws�TiceT:adck_�]bmNa¬mlfh`^_kcl]bfhgifn  M �4NÇ«

� g�ceTkY�jkxlYImqYIgQctj:anjCYIxI�<�/Y�an]^X*adc�s�T:adxeansvceYIxq]b�)]bgk�£ceTkY�s)_Wxq�nYImN]bg ] = > blc K$e[f-K$Q SmTJ@
ceT:adc!X!a�p �&Y}anjWjWxqfQans�TWY o ��_Wgk]^ ªfhxqX-`^pPfhgnbdc K$e[f �'�°pPclxea�yzY)s)cefnxl]^YIm!fn |clTWY¡s)fhgQcexlfn`
mqprmqclYIX M �)Nv«

� c'��adm/jWxqfF�nY o �Qp�o|a�prgWYIm�ang o oNYIxqX!Y)m�]^gPpÃ�)q&clT:adcñ ªfhx o xl]¦ ­ce`^YImqm/mqprmzceYIX-m Mr< = ;c�Nv��]^ U¯"]^Yts < H KWYWYWYZK�< D[u T:adm� ª_W`^` xeangk²C��ceTWY)gv�
3�3&clxea�yzY)s)clfhxl]^YIm�s�ang©�CY£anjWjWxqfQans�TWY o «
¾|g�YÇukjk`b]^sI]¦cUsIfngWmqclxl_Wsvce]^fhg�fn "anjkjWxlf�u<]bX!adcl]bgk�AmlY �r_kYIgWs)YIm�]bm'�h]¦�hYIg��Qp£¯4]b_5]bgPpxw+q M mqYIY
an`bmqf�jWxqYI`^]bX-]^g:anxqp}�/fnxl²i�°p�\<_WmqmlX!angWg¤ang o ¯4]b_yp¦�)ztq^NN]^g�ceTkY o xq]^ ­cl`bY)mlm�s�admlYn�&�h]¦�<]^gW�
a�X-Y)clTWf o  ªfnx/anjkjWxlf�u<]bX!adclY%X-fnce]^fhg£jW`~adgWgW]^gW�W« ��YI`badceY o xlYImq_W`¦cem�sIang�an`^mlfA�CYt ªfn_Wg o
]bg{p Z
q�ang o pÎ�+qÊ«/SUTWYImqYAxlY)ml_W`¦cemts�ang}�&Y�xlYIa o ]^`^piYvurclYIg o Y o cef£mqprmqclYIX-m|��]¦ceT¡gkfhgW�IY)xlf
o xl]¦ ­c±]¦ :ceTWY/�Wxeans�²dY)clm�fn >sIfhgQclxlfh`°�hY)s)cefnx±®:YI` o m±fhgk`^p�mqcl]b`^`k�hY)gWYIxladceY'ceTWYñ��TWfh`^Y/c�angk�hYIgQc
mlj:ans)Yn«}|¢Y|]^gQ�hYImzce]^�QadclY|ceTWYNs�admlY|fd 4mqprmqclYIX-m/��]¦ceT�gkfhgW�IY)xlf o xl]¦ ­c��rang o ]bg5��Tk]bs�T5clTWY
xeangW²¢fn NceTWY o ]^mqclxl]^�W_kce]^fhg mlj:adgWgWY o �QpPan`^`/ceTkYi�kxeans�²dY)cem!�CY)c§�'YIYIg sIfhgQclxlfh`��nYIs)clfhx
®:YI` o mN]bm�mqclxl]^s)cl`^p�`^YImqmNclT:ang1~#«

¯4Yvc�_Wm±X-YIgQcl]bfhg!angkfnceTWY)x±X-fnce]¦�dadce]^fhg�clT:ang¬s)fhgQcexlfn`<ceTkYIfhxzph«#S�f%ceTkY�meanX-Y��nYIs)clfhx
®:YI` o m < = K�< H KWYWYWY�K�< D �:fhgWY.X!a�p�anmqmlfrsI]badceY�ceTkY%#
, �[����,-�+2���	 �)�������U7

� :���; < = >?:��r@ � i B DEF GAH <
F >?:��r@�� ��� F� M �JN

ceT:adc�]bmAa¡mqclf<s�T:admqce]^s o ]¦³¸Y)xlY)g°cl]~ad`/Y �°_:a�ce]^fhg1]bg©clTWY�mqYIgWmqY�fn t\rcexladcefngWfJ�<]^s�T6����TWY)xlY
> � H KWYWY!Y!K � F @ ]^mña��5¥ o ]^X!Y)gWml]^fhg:ad`��/xqfJ��gW]~adg£X-fncl]bfhg¸« \<YIY� ªfhx ]^gWmqceangWsIY�p �tq: ªfhxñang
]bgQcexqf o _Ws)cl]bfhg¸«�SUTW]bm o ]^³&_Wml]^fhgLjWxqf<s)YImlm�]^g o _ksIYIm)�6 ªfhx%ad`b` eX� ck�¸a�X!YIanml_kxlY¬fhg¡clTWY
mlY)c|fn  j:adclTWm ] = > blc K$e[frK Q S T @ «NSUTWYAX-YIanml_WxqYAfn ña M X-Y�anmq_Wxean�k`bYWNtmlYvc%fn �clxea�yzY)s)cefnxl]^YIm

ù�ù�Æ
�Wÿ)ÿZ�Çÿ



Z ���$�
2����m�����&,\���*���[�+�%���

]bm ]^g°cl_W]¦ce]¦�hYI`¦p-ceTWY�jWxqfh�:an�k]b`^]^c§p�ceT:adc fngWY�fn &clTWYIX f<s)sI_Wxqm/anm±clTWY��ÌxqY�an`
	UX-fncl]bfhg¸«±SUTWY
ml_WjWjCfhxzc�ceTWY)fhxlY)Xi� o _kY-clf}\rcexqf<fh²¡ang o�� anxla o T:ang p �tq�mzc�adclYIm�ceT:a�c�ceTWY-ml_kjWj&fnxqc.fn 
ceTW]^m�X-Y�anmq_WxlYN]bm�jkxlYIs)]bmqYI`¦p¬ceTWY�mqY)c fn &sI_Wxz�hY)mñclT:adc�X!a�p¬�CY�anjWjWxqfQans�TWY o �Qp¬mqfh`b_<ce]^fhgWm
fn :ceTWY/sIfhgQcexqfh`kmzprmqceY)X M �)Nv«�
:fhx"ceTk]bm�xqY�anmqfhgAceTWY/jWxlY)mlYIgQc xqYIml_k`^clm'adxlY�ad`bmqf�fn >]bgQclYIxlY)mqc
cef o ]¦³¸_Wmq]bfng}jWxqf<s)YImqmlYIm)«

SUTkY5jWxqYImlY)gQc¬xlY)ml_W`¦cem�anxlY-�dan`b] o  ªfnx ] � �hY)s)cefnx�®:Y)` o m ��� �
��/�	 �+� clTWY!ml]^gW�h_W`banx
j&fh]^gQcem±��TWY)xlYUceTkYUxeangW²�fn >ceTWY o ]bmzcexl]^�W_kcl]bfng!mqj:angWgkY o �°p�ceTWY�¯4]^Y�an`b�nYI�Wxla%�hYIgWY)xeadclY o
�°p1clTWY�sIfhgQclxlfh`��nYIs)clfhx-®:YI` o m < H KWYWY!Y!K�< D ]bm!gWfnc-`^f<sIan`^`^pPs)fhgWmqceangQc�« |�Y o Y)mls)xl]^�&Y
Yvukans)cl`^p¤ceTkY5sI_kxq�hY)m�ceTWadc�mzc�a�p�aJ�/a�p¢ ªxqfhX ceTkYImlY5j&fh]^gQcem�ang o sIang©�CY�anjkjWxlfQads�TWY o
�°p}cexla�yzYIsvcefhxq]bY)m�fn  fh_Wx%mzprmqceY)X�«�SUTWY¬mqfhX-YITWfJ� mq_Wxljkxl]^ml]^gW�� Òans)c�]^m|clT:adc��¸_WgW`^]b²dY!]^g
sIfhgQcexqfh`^`~an�k]b`^]^c§pPjkxlfh�W`^YIX-m)�/fhgW`¦p©clTWY¡¯4]^Y��Wxeans�²dY)clm£�CY)c§�'YIY)g�sIfhgQclxlfh`��nYIs)clfhx-®:YI` o m
T:a��hY�ang�]bX-jCfhxqceangWsIY.]^giclTW]^mNjkxlfh�W`^YIX�«

\rYIs)cl]bfng��AmlYvcem�ceTWY�gkfnc�adcl]bfngWm�_WmlY o ]^giclTWY�j:anjCYIx)«'\<YIsvce]^fhg¡�¬]^m o Y)�nfnceY o clf-clTWY
X£ad]bg©xqYImq_W`^c¬ang o ]¦cem�jWxlfrfn Ì«iSUTWY�xlYIa o Y)x�s�adg�®:g o ]^g©mlY)s)cl]bfhg1Z}mlfhX-Y�s)fhX-X-YIgQcem
fhgPxlYI`ba�u<]^gW�¢clTWY�X£ad]bg anmlmq_WX-jkce]^fhgWm17�mlX-frfnceTWgkYImlm5ang o sIfngWmqceangQc5xlangW²>��anm¬�'YI`^`
anm/ceTkY|jCfhmlmq]b�W]^`^]^c§p�fd "sIfhgWmq] o YIxl]^gW�-fnclTWYIxñcefhjCfh`^fh�h]^YIm/clT:ang�_Wgk]^ ªfhxqX s)fhgQ�hY)xl�hY)gWsIYd�C]^g
xlYI`badcl]bfhg���]¦ceT}X!fdce]¦�na�ce]^fhgWmU]^g}s)fhgQcexlfn`6ceTWY)fhxqp�adg o ]^g o ]¦³¸_Wmq]bfng¡jWxqf<s)YImlmqYIm)«

� � ����0I(I� (I������()���


>fnx�� ang5anxl�W]¦cexlanxqp- ÒanX-]^`^p!fn 6mlX-f<fdceT5�nYIs)clfhx/®:Y)` o mI�Wadg o < = adg�anxq�W]^clxeanxzp!mlX-f<fdceT�hYIsvcefhxU®:Y)` o fhg Q SUT �:ang o�� angifhjCYIg�ml_k�WmlYvc|fn  Q SmT �W�'Y o YIgWfnclY��Qp� = > � K�< = K � @
ceTWY¬mqY)c.fn 'an`^`#s)fhgQce]^gr_kfh_Wm.j:anxlanX-Y)ceY)xl]^�IY o s)_Wxq�nYIm.ceT:adc%xlYIX!an]^gL]bg � ang o anxqYAcexeaF¥
yzYIs)clfhxl]^YIm'fn "a�sIfhgQcexqfh`CmqprmqclYIX���]^clT�� sIfng°clxlfh`^m M � a�®:gk]^clY|]^g°clYI�hY)x�N fn 6ceTkYt ªfhxqX 7

9: ; <A=)>?:A@CB �EF GAH I F�� F >?:A@ K M ��N
��TWYIxqYNclTWYU�hYIsvcefhx�®:Y)` o m � F �CYI`^fhgW�.cef��}�Q]H« Yn«±clTWY�mlYvc'fd 6an`^` _ O1] = > blc K$e[frK � @ ml_Ws�T
ceT:adcI�ñ ªfnxAmlfhX-Y��hY)s)cefnx-®WYI` o m � H KWYWYWYZK � � ]^g��}�ñmlfhX-Y�X-Y�anmq_Wxean�k`bYixlYIan`/�dan`^_WY o
 ª_WgWs)cl]bfngWm�fn �cl]bX-Y�� H KWYWYWYZK � � �:ang o  ªfhx�an`^`�i O bdc Khe`f �

_ > i @! _ > c @ ; " �
= <A=4> _ >$#+@h@CB �EF GAH I F >$#4@ � F > _ >�#4@h@ � # Y M Z N

%ªö�ù&%('



���������
	��
���������
�����
������������	 �!�"�����$#%�!���&	$�(')�����*�+	�,-���.�0/��1���+2��&	��+3����4���*��� w

SUTWY.YI`^YIX-YIgQcemtfn  � = > � K�< = K � @ anxlY.]^gi Òansvc�fh�Q�r]bfh_kml`¦pian�Wmlfn`b_kclYI`¦p�sIfhgQcl]bg°_Wfh_kmI«
� gPj:adxqce]^sI_k`~anx)�±ceTWY�mqY)c-fn Nad`b`'sIfhgQce]^g°_Wfh_Wm¬clxea�yzY)s)cefnxl]^YIm¬fn �ceTkY�sIfhgQclxlfh`�mzprmqceY)X

M �4N o Yv®:gWY o fhg¢clTWY!cl]bX-YÇ¥§]^g°clYIxz�nad`Lblc K$e[f �#ang o clT:adc�xlYIX!an]^g�]^g¢clTWY!fhj&Y)g�mqY)c � ]^m� = > � K�< = K s < H K!YWYWY!K�< D u @ «SUTkY¡mlYvc ] = > blc K$e[frK � @ fd �an`^`UsIfhgQcl]bg°_Wfh_km�j:anxlanX-Y)ceY)xl]^�IY o sI_Wxz�hY)m5fhg Q S T ceTWadc
mqc�a�p�]bg � ]bm±Y)g o fJ�'Y o ��]^clT-clTWY�cefnj&fh`^fh�np�fn C_Wgk]^ ªfhxqXàs)fhgQ�hY)xl�hY)gWsIYNfhgAceTkY�sIfhX-j:ads)c
]bgQceY)xq�dan` blc K$e[f �W�h]¦�hYIg}�Qp�ceTWY o ]^mqceangWs)Y�7

� > _ H K _�� @ ; ������	��
 =�� 
��
� _ H > i @  _�� > i @$@ � M wJN

��TWYIxqY � Y � ]^mUceTWY���_Ws)`b] o Y�adg¡gWfhxqX ]^g Q S T «
:fhx%a�mlY)c�fn ñj:adxeanX-Y)clYIxq]b�)Y o sI_Wxz�hYIm���� ] = > blc K$e[f-K � @ �6�/Y o YIgWfnclY-�°p ������]¦cem
cefhjCfh`^fh�h]^s�an`6s)`bfnml_WxqY�]^g�ceTW]^mUcefhjCfh`^fh�nph«

SUTkY�mqY)cNfn �sI_Wxz�hYImtanxqY�]^gQceY)xlYImzceY o ]^g}]^m
� = > � K�< = K s < H K!YWYWY!K�< D u @ � � K

]H« Yn«�ceTkY5mlYvcAfn �sIfhgQce]^g°_Wfh_Wm�sI_Wxz�hY)mAceT:adc�mqcea�p¢]^g�clTWY£fnj&Y)g©mlYvc � fn  Q S T ang o anxqY
`b]^X-]^clm|fn  s)fhgQce]^gr_kfh_Wm|clxea�yzY)s)cefnxl]^YIm%fn #ceTWYAs)fhgQcexqfh`�mzprmqceY)X M �4Nv« � ��]b`^`��CYAadg�fhjCYIg
mlY)c�fhgL��TW]^s�T©mlfnX!Y-mq]bgW�n_W`~adxl]¦ce]^YIm o f}gkfnc�f<s)sI_Wx)« ¼ fnceY¬ceTWadc�ceTWY!sI`^fhmq_WxlY!]bm�clf}�CY
c�an²dYIg¡]^g ] = > blc K$e[frK � @ adg o 2��+�"]^g ] = > blc K$e[f-K$Q SmTJ@ �>]Ò«ÎYd«/ceTWY�jWxqYImlY)gQc%xlY)ml_W`¦cem o f5gkfnc
ceYI`^`>��TWYIg�a�s)_Wxq�nY|ceTWadc�T:adm/jCfh]bgQclm/]^g5ceTWY|�&fh_kg o anxzp£fd  � X!a�p!�&Y|anjWjWxqfQans�TWY o �Qp
cexeaFyzYIs)clfhxl]^YImUclT:adcNxlY)X£ad]bgi]bg � «
�]bg:ad`b`¦ph�W�'Y o YIgWfdceY��°p

¯4]^Yts < H K!YWYWY!K�< D u K
ceTWYP¯4]^YPan`b�nYI�Wxla�fn !mlX-f<fdceT �hY)s)clfhx�®:YI` o mL�hYIgkYIxea�ceY o �Qp < H KWYWYWYZK�< D �A]Ò«ÎYd« clTWY
] � >&Q SmT
K Q S8@ ¥§X-f o _W`bY��hY)gWYIxladceY o �°p}an`^`"ceTWY�]^clYIxea�ceY o ¯"]^Y��'xeans�²dY)cem|X£a o Y���]¦ceT¡clTWY
�hYIsvcefhxU®:Y)` o m < H KWYWYWYZK�< D « SUTWY.gWfnc�a�ce]^fhg

¯4]^Y
s < H K!YWYWY�K�< D u >?:A@
mqc�adg o m� ªfhx5clTWY�ml_k�Wmlj:adsIYLmlj:adgWgWY o �Qp clTWY��dan`b_kYImiadc : fn .ceTWY}�hYIsvcefhx�®:Y)` o mi]^g
¯"]^Yts < H KWYWYWYZK�< D[u «

ù�ù�Æ
�Wÿ)ÿZ�Çÿ



� ���$�
2����m�����&,\���*���[�+�%���

� � ��� �����"
i0Ç�

|�Y%mqT:an`^`4an`¦��a�prm�xlY)mqcexq]bsvc�fh_WxUa�clceY)gQce]^fhg�cefAceTkY%ml]¦ce_:a�ce]^fhg�fhg�ang�fhjCYIg�ml_k�WmlYvc � fn 
Q SmT ��TWY)xlY.ceTWY o ]^X!Y)gWml]^fhg}fn �¯4]^Yts < H K!YWYWY!K�< D[u >?:A@ ]bm�sIfngWmqceangQc��>Y �°_:an`"cef!a-sIY)xqc�ad]bg� M c�� ��� ~�NL7

o ]^X �l¯4]bY
s < H KWYWYWY�K�< D u >�:A@	� ; � 
�: O � Y M ��N
� g1mq_Ws�T ang1fhjCYIg1mlYvc��±clTWY o ]^mqclxl]^�W_kce]^fhg : jg ¯4]^Yts < H K!YWYWY!K�< D u >?:A@ ]^mAsI`^Y�adxl`¦p�&fnclT5]^gQ�hfh`^_kce]¦�hY.adg o gWfhgkml]^gW�h_W`banxI�<mlfAfngWY|X!a�p£anjWjW`¦p 
>xqfh�CYIgW]^_Wm'clTWYIfnxlYIX M mqYIYN ªfhx

]bgWmzc�angksIY�p
�4q�NL7
� � º���º ���ª��� º������	� � º � µ�� ��������� µ°º � µ �� "! ��� � �����
2{������2C�)���`�+2�� �",-���P���+2��
#
,��r,-�+2$#&%('����+3 #+�*)�������	 ���&+J,\���?���%3\�)�$�
3�3 �-, 2�,��*�����+�
��	�,�2/.1�0/ �10

� ; 23 �*4 � 3 K M �JN
�
2�#�/W�+	 �$�"���65��)�+�%�����%�)�+���./��"2����r,-�+2��87 3 � H KWYWYWY�K 7 3 � T:9/; #"�<, 2��$#R�+2 � 3 ������� �����
�
�?����3\���
��3A���"	�/Z�"�������0/ > 7 3 � H KWYWYWYZK 7 3 � T:9/; @ ,�2 � 3 �
	���,�2��*�=.J	h�
3A�����!���
2�, /W�+3 #+���0/
¯"]^Yts < H KWYWYWYZK�< D[u 0
 5 O Q`K>
�: O � 3 K ¯4]^Yts < H KWYWYWYZK�< D u >?:A@�; s � 7 3 � H >?:A@�KWYWYWYZK � 7 3 � T?9/; >�:A@ u?@ Y M ��N
¼ fnclY¡ceT:a�c�]¦c�]bm�gkfnc�]^g,�hYIgkYIxead`|jCfhmlmq]b�W`^Yn�tY)�nYIg ]^  � ; Q S T ��clf©c�an²dY�fhgW`¦p�fngWY
fhj&Y)gLmlY)c � H ; � 7.a�s)fhX-jW`bYvceY)`^pL]^gQceYI�nxean�W`^Y o ]^mqcexq]b�k_kce]^fhg o Y)®:gkYIm�`bfrs�an`^`¦p�a�gW]^sIY
 ªfh`b]badcl]bfhg¸�W�W_kc�ceTk]bm�]^mNmqYI` o fhX*clxl_WY��h`^fh�:ad`b`¦ph«

|¢Y.X!aJp�gWfJ� mqceadceY.fh_kxNX!an]^gixlYImq_W`¦c�7
��� µrº � µ � AB! ��� � ��� �
2 ������2 �)���V�+2 � �",-��� ����� ! ,-�y�
3C.
�!�!	h�$.
��2���	$�
�*�$# �!�
< H KWYWY!Y!K�< D ���+� ���+2����-�
2��m	h�
2ED � #h���+2�#
,��r,-�+2F#&%('('�G �
2�#C3\���`�����1������2 �)���?� � 3 �
2�#
�?��� /��"2����&,-�+2��H7 3 � I ���8�?�����)�H.J,��
��2 �!�8��	 �����)��,��&,-�+2KJL)NM ���+2��r,�2����+��� ���
	h�
�%���0��	�,PO+�$#
���
	��
� _ a blc K$e[f}g � �$�
2y����������	 �!�"�����$#C�!� �&	h�(')�����0�+	�,-���%�0/Q#&J('�G`,R)&�*)V����3\�+2/.t���0�
� = > � K�< = K s < H K!YWYWY!K�< D u @ � � G , /��
2�# �+2�3 ��, /

7 3 � I > _ > i � @$@  7 3 � I > _ > i H @$@ ; " �PS
�UT >RVXW � 7 3 � I @�> _ >�#4@$@ � # M ��N

/W�+	1�
3�3Y5	G[ZEGUi H G`i �1������� �����
�H5 O Q G�\ � Z � ~  $� G c � i H � i � � e G��
2�#
_ > b i H K i � f�@ � � 3 )

%ªö�ù&%('



���������
	��
���������
�����
������������	 �!�"�����$#%�!���&	$�(')�����*�+	�,-���.�0/��1���+2��&	��+3����4���*��� �

SUTk]bm5clTWYIfnxlYIX YÇuWads)ce`¦p o YImqsIxl]^�CYIm�ceTkY¡mlYvc � = > � K�< = K s < H KWYWYWYZK�< D u @ � � fn �sIfng<¥ce]^gr_kfh_Wm¬sI_kxq�hY)m¬ceT:adcAs�ang1�CY�anjWjWxqfQans�TWY o �°p¢cexla�yzYIsvcefhxq]bY)m¬fn  M �4NÇ« oNfJ�/Yv�hYIx)�ñclTWY
 ªfh`b`^fJ��]bgk� o YImqsIxq]bjkcl]bfng fd �ceTWY ���+2��r,�2����+� ��3 � #
, �L��	 ��2��r,&���!3\�.s)_Wxq�nYImAclT:adcA�CYI`^fhgW�}cef
ceTW]^m�mlYvc'jCfhmqml]^�W`^p-�n]^�nYImña��&YvclceY)x�_Wg o Y)xlmzc�ang o ]bgW��fn CceTWYUjWTkYIgWfhX-Y)gWfhg6« � c ]^mñang-Y�anmzp
sIfhgWmqY �°_WY)gWsIY�fn #SUTkYIfhxqYIX �¬ang o w�xlfhjCfhml]¦ce]^fhg¤� 7
� º �F� º %�%ª�W� ¶�� ! ��� � �����
2{������2V�)���k�+2 � �",-��� �����.���+2����-�
2�� 	h�
2ED ���+2�#
,��&,-�+2 #&%('
���+3 #+�*)[M ���"	��
� _ OV] H > bdc Khe`frK � @ �$�
2V���L������	��!�"�����$# �!���&	h�(')�����0�+	�,-���8�0/�#&J('�, /U�
2�#
�+2�3 ��, / G�/W�+	��
3�3�i O blc K$e[f G

9_ > i @  < = > _ > i @h@ O ¯4]bY
s < H KWYWYWYZK�< D u > _ > i @$@ Y M �Wz�N
��2 �+������	 � �+	h#+�(G �?���P�)��� ] H > bdc Khe`frK � @�� � = > � K�< = K s < H K!YWYWY!K�< D u @ ��� ,\�y���!���
3 �0�
] H > bdc Khe`frK � @�� � = > � K�< = K ¯"]^Y
s < H KWYWYWYZK�< D u @ )
� c��/anm�an`bxqY�a o p�gkfnce]^sIY o ]^g�X!angQp�jW`~adsIYIm�ceT:a�c�mq_Ws�TAs)_Wxq�nYIm±X!a�p��&Y'anjWjWxqfQans�TWY o «�\rYIY
 ªfhx�]bgkmqc�adgWsIY�pÎ�<�QxlYIX!anxq²¬ZW«Î�tq:fhx[pxw+qH« � _Wx�xlY)ml_W`¦c/mzc�adclYIm�ceTWadcñgWf.X!fnxlY o ]¦³¸Y)xlYIgQcl]~an�k`bY
sI_Wxz�hYImNX!a�p��&Y.anjkjWxlfQads�TWY o «
� � º6º
	�º
	 ��� µ°º � µ � A�� 
>fnxUY�ans�T�®ku<Y o 5l�/Z:��i H ang o i ���kceTWY.X!anj

_ jg 7 3 � I > _ > i � @$@� 7 3 � I > _ > i H @$@  " � S
�UT >RV W � 7 3 � I @�> _ >$#4@$@ � #

]bm%s)fhgQce]^g°_Wfh_Wm% ªxqfhX ] = > blc K$e[frK � @ clf Q S «.\r]bgWs)Y-angQpV_¤]^g � = > � K�< = K s < H KWYWYWYZK�< D[u @]bmNa¬�IY)xlf-fn #an`b`6clTWYImqY.X£adjWmI�>angQp _�]bg � = > � K�< = K s < H KWYWYWY�K�< D u @ � � ]^mtad`bmqf£a-�IY)xlf-fn ceTWY)mlY�X£adjWmI« SUTW]^m�jWxlfJ�hY)mtclT:adcNangQp _�]^g � = > � K�< = K s < H K!YWYWY!K�< D u @ � � meadcl]bmz®:YIm M ��NÇ«
¯4Yvc£_km!jkxlfJ�hY�ceTWY�s)fhgQ�hYIxqmlYd« � fhgWmq] o YIx-®:xlmzc5a�s)_Wxq�nY1_ On] = > bdc Khe`frK � @ ceTWadc

meadcl]bmz®:YIm�s)fhg o ]¦ce]^fhg M ��NA ªfhx!an`^`�clTWY¡xqY �°_W]^xlY o i H K i � K 5 K Z:« � gWY}X!a�p Yvurcexlans)c£ ªxlfhX
ceTWY%s)fJ�hYIxq]bgk� > � 3 @ fn  � �:a�®:gW]¦ceY�s)fJ�hYIxq]bgk� >�
 H KWYWYWYZK�
��4@ fn "ceTWY�s)fhX-j:ans)c _ > bdc K$e[f�@ �
ang o anjWjk`^p�¯"Y)X-X£a1Z1�CYI`^fJ�.�t��]¦ceT�� ; ~  � «àSUTW]^m��h]¦�hY)m}a©mqY �°_WY)gWsIY¤fn  ] H
sI_Wxz�hYIm1_���ceT:adcis)fhgQ�hYIxq�hY�clf _ adg o mladce]^mq ­p an`^mlf ceTWY¤sIfng o ]¦ce]^fhg M ��Nv�|clT:adciX!a�p
�&Y�cexeadgWml`badceY o �C_Wml]^gW� o ]¦³¸Y)xlY)g°cl]~ad�W]b`^]¦c§p�fn �YIans�TC_��)�&]^gQcef M �J��Nv�:clT:adc%]^m|gkfnceTW]^gW���k_kc
M �)z�NÇ«#SUTWY�mqY)c fn &sIfhgQcl]bg°_Wfh_kml`¦p o ]^³&YIxqYIgQce]ban�W`^Y�sI_Wxz�hY)mñclT:adc mea�ce]^mq ­p M �)z�N�]^m±ceTWY�mqY)c fn 
sI_Wxz�hYIm ]^g � = > � K�< = K ¯4]^Yts < H K!YWYWY!K�< D[u @ ceT:a�c�anxqY�sIfhgQcl]bg°_Wfh_kml`¦p o ]¦³¸Y)xlYIgQcl]~an�k`bYd«ñ\<]bgksIY¯"]^Yts < H KWYWYWYZK�< D[u ]^m'ceTkY|mlX!an`^`^YImqcU ÒadX!]^`¦p£fd 6�hY)s)cefnx/®:YI` o m/clT:adc/sIfhgQc�ad]bgWm < H KWYWY!Y!K�< D

ù�ù�Æ
�Wÿ)ÿZ�Çÿ



� ���$�
2����m�����&,\���*���[�+�%���

ang o ]bm-mqcean�W`^Y}�Qp ¯4]^Yi�kxeans�²dY)cem5ang o `b]^gWYIanx-sIfhX��W]bgWadce]^fhgWm M ��]¦ceT sIfrY)¨!sI]^YIgQcem ] �
 ª_WgWs)cl]bfngWm�NÇ�<�'Y%ml]^X-jW`^p£gWY)Y o cef�jWxlfJ�nY|ceT:a�c/ ªfhx'angQp£ ÒadX!]^`¦p£fd 6�hY)s)cefnx/®:YI` o m��}�<ang o
angQp%c§�/fN�hY)s)cefnx�®:Y)` o m�� H ang o � � ceT:a�c��CYI`^fhgW��cef �}�dadg°p ] H s)_Wxq�nY/]^g � = > � K�< = K ���s
b�� H K � � f4@ sIangA�CY�anjWjkxlfQans�TkY o �Qp�a|mlY �r_kYIgWs)YUfn  ] H s)_Wxq�nYIm�]^g � = > � K�< = K � @ «#SUTW]^m
��anmNYImqmlY)g°cl]~ad`b`¦pijWxlfJ�hY o ]^g{pÎ�+q4 ªfhx < = ; ck�Wang o an`bmqf£]^g p Z
q"fnxU]bg p wr�4�)ztqH�>ang o xlYI`^]^YIm
fhg�ceTWY� ÒansvcNclT:adcI�k ªfhxU]^gWmqceangWsIYd�:ceTWY.mlfn`b_kcl]bfng}fn 

9: ; < = >�:A@ B �EF GAH � F > i @ � F >�:A@
B � = > i @� ���
	 �

i
� � H >�:A@CB �� � �
���

i
� �

� >?:A@
: > c @�; : = K

��]^clT � H KWYWY!Y!K � � K � H K � � mlfnX!Y¬mqX-f<fnclT��hY)s)cefnx|®:YI` o m M c�an²dYIgL]bg � cef5jWxlfJ�hYAclTWY
an�&fJ�nY¬jWxlfhjCYIxzc§p�N.adg o � = KWY!YWYZK � � mlfnX!Y-X-Y�adml_Wxlan�W`^Y- ª_kgWs)cl]bfhgkm�fd ñcl]bX-Yd��s)fhgQ�hY)xl�hY
_WgW]¦ ªfhxlX-`¦p�fhg{bdc Khe`f cef-ceTWY.mqfh`b_<ce]^fhg}fd 

9: ; < = >?:A@VB �EF GAH � F > i @ � F >?:A@VB � = > i @ b�� H K � � f*>�:A@
: > c @ ; : = Y

SUTWY}jkxlfrfn %]^m£Y)`bY)X-YIgQc�anxzp ang o _kmlYIm£mlfhX-Yi]bgQclYI�hxladce]^fhgWm!�QpPj:anxqclm5adg o�� xlfhgQ�/an`^`
¯"Y)X-X£a<«

SUTkY¡ ªfh`^`bfJ��]^gW�1`bY)X-X£a<�N��TWfnmlY�jWxqf<fd .]bm�`^YIgk�nceTQph���W_<c �°_W]^clY�YI`^YIX-YIgQceanxqpn�|anmÌ¥
mlYIxzcem�ceT:a�cts)_Wxq�nYIm|clT:adcNmea�ce]^mq ­p�sIfng o ]¦ce]^fhg M ��N�fn #fn_WxtX!an]^g�ceTWY)fhxlY)Xi�>�W_<c%anxqY.fhgW`¦p
sIfhgQce]^g°_Wfh_Wm'X!aJp!�CYt_kgW]^ ªfnxlX-`^p!adjWjWxlfhans�TWY o �°p ���+2��&,�2����+� ��3 � #
, �L��	 ��2��&,&���!3\�±s)_Wxq�nYIm
meadcl]bmz ­p<]^gW�-ceTWY.mlanX-Y�s)fhgWmqclxean]^gQc�«
�ñµ � ����� ! ��� _ Oy] = > bdc Khe`frK Q S T @ ���������
	h�
�%���*��	�,PO+�$# ���
	��
���
2�# < = ����� ! , � �
�)���",�� O1���+2��&,�2����+�����
�����*�+	>, ��3 # �+2 Q SUT ) ! ��� 
 H KWY!YWYZK 
�� ���.�)�+�%� ������2{�)���?�������
�
���+�
��	 �?���.���"	��
�[_ 0

_ > blc K$e[f�@ �
�23 GAH 
 3 Y M �n�4N

! ���
�����m�
2 ,�2��*�=.
��	 � ,�����\ � � � ~ ) ! ��� G"/W�+	U�$�"��� 5 G �)�+�%��/��
2����&,-�+2�� 7 3 � H K!YWYWY�K 7 3 � ����C#"�<, 2��$# �+2 �?���P������2 �)��� 
 3 G��
2�#y�+�����"�%�$# �0� ���V#
, �L��	 ��2��&,&���!3\��� ,���� 3\�)�$�
3�3 �

%ªö�ù&%('



���������
	��
���������
�����
������������	 �!�"�����$#%�!���&	$�(')�����*�+	�,-���.�0/��1���+2��&	��+3����4���*��� �

! , ���)���",�� OU#"��	�,��+�
�&,��
� # ,R)&�*) 7 3 � I OC] H � H > 
 3 K$Q S @ G �0/U���+�
	 �)� ] � �-���%�)�+��� ,\� ����� ��,-��2�� 'L)� �4�����)�)�8�����
�
JL)�� �+	��$�"��� 5 O s/\ KWYWYWY�K�� u G �?��� /��"2����r,-�+2��>7 3 � I �
	 �8,�2�#"�*����2�#"��2�� 0

�k�
2ED s � 7 3 � H >?:A@�K!YWYWY!K � 7 3 � � >�:A@ u ; � 
�: O 
 3 Y M �J�JN
� )�� �+	��$�"���.���
,�	-5 K 5
	 �������1�?���
� 
 3 � 
 3�� ,\��2��+2����U���&� G �?��� /��"2����r,-�+2��7 3 � H KWYWY!Y!K 7 3 � � #"�<, 2�� ����� �!�
�%�12��+2���,�2/.J�
3 �
	L/W�+3 ,&�
�&,-�+2�
C�+2 
 3 � 
 3�� �+�1�?���

/��
2����&,-�+2��H7 3�� � H KWYWY!Y!K 7 3�� � � )� )1����� ���
	��
��_n,\��������� �����
�<G}/W�+	�5 O s/\ KWY!YWY!K�� u GXZ O s/\ KWYWYWYZK � u G c � i H �i � � e �+2��L���+�
_ > b i H K i � f�@ � 
 3 ;��
7 3 � I > _ > i � @$@� 7 3 � I > _ > i H @$@v; " �PS

�UT V W � 7 3 � I > _ >$#+@h@ � # Y M ����N
������2P�?����	 �.�&+J,\�����.�U/Z�
�.,�3 � �0/�sIfhgQcl]bg°_Wfh_kml`¦p o ]¦³&YIxlY)gQce]ban�W`^Y.���
	h�
�%���*��	�,PO+�$# ���
	��
���
> _�� @ ��� = �����
� ���+2��
��	R.
���U�"2�, /W�+	��.3 ���+2Cbdc Khe`f �0�U_ �+� � .
�)���U�0� O+��	 ��G �
2�#�������� �����
�
�$�"����_��8,\���
3 �)�����+�
��	 �$#%�!�.������������2 �)���?� 
 3 �
2�#.�!�
�&,\�<, ���L����� ��	 ������	��r�6#&J � '��}�?�",\�
���
�%����	 �*���"	h�+�)�$# �+� 0

_�� OV] H > bdc K$e[f-K Q S T @ K M �IZ N
_�� > bdc Khe`f^@ �

�23 GAH 
 3 K M �)wJN
\ � Z � �
_�� > i @ O 
 3

� � �
� i 7 3 � I > _�� > i @$@ ; V W � 7 3 � I > _�� > i @h@ M ����N

� ������ =
_�� ; _ ,�2P����� ] = �*�����+3\�&.J� Y M �J�JN

� � º6º
	 � 
>xqfhX�j&fn]bgQc%�n�k�Qp�jCfhmlmq]b�k`^p£xlYv®:gW]^gW�¬ceTWYtsIfJ�hY)xl]^gW� > 
 3 @ �kfhgkY|X!a�p o Yv®:gWYfhg�Y�ans�T 
 3 aAmqY)c�fn �s)f<fhx o ]^g:adceY)mU]bg���TW]^s�T 7 3 � H KWYWYWY�K 7 3 � � adxlY%ceTkY|®:xlmzc�sIfrfhx o ]bg:a�ceYIm)�]H« Yn«�� 3 a 
 3 g Q SUT ]^m��h]¦�hYIgi�Qp�� 3 >?:A@ ; > � H3 >�:A@�KWYWY!Y!K � T3 >�:A@$@ ang o
\ � Z � � � � I3 ; 7 3 � I Y M ����N Á~ç Ó)ç°ÏÊÀFÓ>Ïªô¸Ö4ÄUÅÇÍ�Â"!$#%'&)(+*�, -.&�!"/10�2323240�(+*�, 56&�!"/
/hÅÇÆ�Ô7!$#%8&)(+*:9�, -.&;!</10�232�2�0=(>*?9�, 5�&�!</1/dÕ¦ËÊÖvÄA@7*CBD@�*:9

ÏÊÖFE GIH�JLK±À�Åeï)Ó�ÏÊÀFÓ ÂHÅvÄ�Ó#×ÃÓzï)Óz×°ÂHÈFËHÕ^ÅvÉÌÓlÂzç

ù�ù�Æ
�Wÿ)ÿZ�Çÿ



�)z ���$�
2����m�����&,\���*���[�+�%���


:xqfhX M �n�4Nv�"ceTWY)xlY£Yvu<]bmzcemAmqfhX-Y!cl]bX-Y£]bgWmzc�angQclm�c ;�� = � � H ������� � ��� ; e
ang o mlfhX-Y�]bg o ]bs)YIm>5 = KWY!YWY!K 5 � 9 H ml_ks�T}ceTWadc��W ªfhx�ad`b`�� O s+c KWYWY!YZK
	  \ u �_ > b ����K
����� H f^@ � 
 3�� Y M ����N

¼ fJ�.��`^Y)c � I� �CYAceTWY!¯4]^jWmls�TW]¦ce�!sIfng°cl]bg°_Wfn_Wm� ª_kgWs)cl]bfhgkm. ªxqfhX � 3 � >�
 3 � @ � Q S T cef
Q S �h]^�nYIg}�°p 7

� I� ; � V W � � I3�� �U� � 9 H���
M ceTk]bm.]^m.clTWY ZQclT¢s)fhX-j&fngWYIgQc�fn /clTWY¬�hY)s)cefnx�®:Y)` o < = ]bgLceTkY£s)f<fhx o ]^g:adceY)m � 3�� NÇ��ang osIfhgWmq] o YIx�ceTWY� ªfh`^`bfJ��]^gW�-fhx o ]bg:adxqp o ]¦³&YIxlY)gQce]ban`"Y �°_:adcl]bfhgi]^g Q S �

9: H ; � H� >?: H KWY!YWY!K$: � K
� � � H > i @�KWY!YWY!K
� T > i @h@«««
9: � ; � �� >?: H K!YWYWY!Kh: � K
� � � H > i @�K!YWYWY!K�� T > i @$@UK

M �tz�N

��TWYIxqY � � � H > i @�K!YWYWY!K�� T > i @ adxlY.mlfhX-Y.ce]^X-Yv¥æ�danxzpr]bgW�£j:anxlanX-Y)ceY)xlm)« � g} Òads)cUceTk]bmNf o Y�]^mfhgW`¦p o Y)®:gWY o  ªfhx �dan`b_kYIm/fd  : ang o � ml_Ws�T�clT:adc >?: H KWY!YWY!K$: � K
� � � H > i @�KWY!YWY!K
� T > i @h@ ]^m/]^g� 3�� >�
 3�� @ « 
:xlfhX M �J��N�adg o M ����NÇ�kceTWY� ªfh`^`^fF��]^gW� Q S � ¥æ�dan`^_WY o  ª_WgWsvce]^fhgifn �cl]bX-Y 7
>t: H ; � ; � H3 � � _ K�Y!YWY�K : ��; � T3 � � _ @

]bm ] H ang o ]^mUa�mqfh`b_<ce]^fhg�fn 4ceTkY%fW« o «ÎYd« M �
z�N fhgRb ����K
����� H f ��]¦ceT � � � H KWYWYWYZK
� T �n]^�nYIg��Qp
� I > i @ ; � I3 � > _ > i @h@ « otYIgksIYn�h ªxqfhX ceTkY/sI`banmqml]^s�an`°ceTWY)fhxlY)X-m±fhg�s)fhgQce]^g°_Wfh_Wm o Y)j&Y)g o Y)gWsIY
fn ±ceTkY�mlfn`b_kcl]bfngWmt��]¦ceT�xqYImqj&Y)s)c%clf£ceTkY�]^gW]^cl]~ad`�s)fhg o ]¦ce]^fhgWm|ang o clTWY�jWanxeanX-YvceYIxqmI�C ªfhx
an`b`�� � ck�hclTWYIxqYN]^mña�j&fhmq]^cl]^�nY�� ��> � @ ml_Ws�T!ceT:adcña�mqfh`b_<ce]^fhg >�: H > i @�KWYWYWYZK$: � > i @$@ fn  M �tz�Nfhg¢clTWY£cl]bX-Y5]^gQceY)xq�dan`Ub ����K
����� H f ��]¦ceT�clTWY£jWanxeanX-YvceYIx� ª_WgWsvce]^fhgWm � � � H KWYWYWY�K
� T ml_Ws�TceT:adc

��� � I > i @! � I3 � > _ > i @$@ ��� � � ��> � @ Z O s � B \ KWYWYWYZK ~ u K i O b ����K������ H f
ang o ��]^clT�ang�]^gW]¦ce]ban`4sIfhg o ]^cl]bfng >�: H >����(@�K!YWYWY!Kh: � >����(@h@ ml_Ws�TiceT:a�c

��� : I >����(@! � I3 � > _ >����(@h@ ��� � � ��> � @ Z O s/\ KWYWYWY�K � u K
meadcl]bmz®:YIm)�> ªfnx�an`b`�i O b ��� K
����� H f �

>?: H > i @�KWY!YWY!K$: � > i @�K
� � � H > i @�KWYWY!Y!K
� T > i @h@ O � 3 � >�
 3 � @LK
��� : I > i @! � I3 � > _ > i @$@ ��� � � K Z O s/\ KWY!YWY!K � u Y

%ªö�ù&%('



���������
	��
���������
�����
������������	 �!�"�����$#%�!���&	$�(')�����*�+	�,-���.�0/��1���+2��&	��+3����4���*��� �h�

|�Y.xlY �°_W]bxqY�]^gia oWo ]¦ce]^fhg�ceT:a�c�� ��> � @ � �&«
¯4Yvc��	�&Y.`banxl�hY)xUceT:ang¢��adg o �CY� ªfhxNan`^` ��a£¯4]^jWmls�Tk]^cl��sIfngWmqceangQc| ªfhxF� 3 ��� T � � 9 H3��fhg � 3 � > 
 3 � @ M clTWY�sI_Wxz�hY _ > blc K$e[f^@ ]^m¬sIfhX-j:ansvc¬mlf�clT:adc¬YIans�TPfhj&Y)g1mlYvc 
 3 X!aJpn� ]^ gWYIY o Y o �/�&YixlY)jW`~adsIY o �Qp a¤jWxqfhjCYIx-fhjCYIg ml_W�WmqY)c5fn %]¦c-��]^clT sIfnX!jWans)c!sI`^fhmq_WxlY}mlf

ceT:adcñceTkYIxlY|]bmUa�¯4]bjWmqs�TW]¦ce��sIfngWmqceangQcUfhg£clTWY%gWYv� M mlX!an`^`^YIx�N�� 3 � > 
 3 � @  ªfhxñceTWY ] H X!anj� 3 ��� T � � 9 H3�� ��TW]^`bY M �h�4NUang o M �J�JN�xqYIX!an]^g}cexq_WY)NÇ«k|�Y.��]b`^`�_WmlY�ceTWY. Òans)cNceTWadc��: ªfhxtan`^`
: O � 3 � > 
 3 � @ �

� � 3 ��� T � � 9 H3 � >�:A@  � 3 ��� T > _ >������ H @$@ � � � � :  � 3 � > _ >������ H @h@ � Y M �r�4N
SUTWYIg o Y)®WgWYn�: ªfhx-5 O s+c K!YWYWY!K�	  \ u �

�� 3 > � @ ; \
� � 3 > \� � 3 � H > ����� > \� � � 9 H > � @h@ ����� @$@UY

�tml]^gW� M �<�)N�ang o ceTWY�an�CfJ�hY o Y)®:gk]^cl]bfhgifn  � ��> � @ �:fhgkY o Y o _Ws)YImNceT:adcUclTWYImqY�g°_WX��&Y)xlm�� 3 > � @ anxlY.ml_ks�T}ceTWadc
�� = > � @ � �� H > � @ � ����� � �� � 9 H > � @ � � M �n�JN

ang o ml_Ws�TiceT:a�c��W ªfhx � O s+c KWYWY!Y!K
	  \ u �<ceTWY.sIfng o ]¦ce]^fhgWm
>�: H > i @�KWYWYWY�K$: � > i @$@ mlfn`b_kcl]bfng}fn  M �tz�N/fhg{b ����K
����� H fJK��� � I > i @! � I3 � > _ > i @h@ ��� � � ��> � @ K i O b ��� K
����� H f�K Z O s � B \ KWYWY!YZK ~ u K
��� : I >����h@! � I3 � > _ >����(@h@ ��� � � ��> � @ Z O s/\ KWYWYWY�K � u K

� ��	��

M �d��N

]bX-jW`¦p
��� : I > i @� � I3 � > _ > i @h@ ��� � � K i O b ��� K
����� H f�K Z O s/\ KWYWYWY�K � u K
��� � 3 ��� T > � 9 H3 � >?: >������ H @h@$@! � I3 ��� T > _ >������ H @$@ ��� � H� � ��� H > � @ � � Y

� 	

 M ��Z N

¯4Yvct_kmNgkfF� sIfhgkmqcexq_Ws)cNceTkY�s)_Wxq�nYIm[_��I«�SUTWYvp���]b`^`4�CY��n]^�nYIg¡�QpP7
_�� > i @ ; � 9 H3 � >?: � � ��> i @h@  ªfhx i O b ����K
����� H f K M �
wJN

��TWYIxqY
: � � � ; >?: H�

� � KWY!YWY!K$:�T� � � @vO�] H > b ��� K
����� H frK � 3 � > 
 3�
 @$@LK M �d��N
ang o ceTWY)mlY ] H X!anjWm : � � = KWY!YWYZKh: � � � 9 H T:a��hY.ceTkY. ªfn`b`^fJ��]bgW�¬clTWxlY)Y�jWxqfhjCYIxqcl]bY)m87

ù�ù�Æ
�Wÿ)ÿZ�Çÿ



�F� ���$�
2����m�����&,\���*���[�+�%���

� 
:fhx � O s/\ KWYWYWY�K
	 u �
: � � ��>����(@�; � � 3 � � � 9 H3 ��� T � >?: � � � 9 H >����(@h@ K M �n�JN
9: � � ��>����(@�; � � 3 � � � 9 H3 ��� T � 	 >?: � � � 9 H > ���h@h@�Y 9: � � � 9 H >����(@UK M �:��N

��TWYIxqY 9: � � ��> ���0@ ]bmNa¬T:an`¦  ¥ o Y)xl]¦�dadce]¦�hY.fhg�ceTWY�xq]b�nT°cI�>ang o 9: � � � 9 H >����(@ fhg�ceTWY.`^Y) ­cI«
� 
:fhx � O s+c KWYWYWY�K
	  \ u �

�
�
�
� 3 ��� T > � 9 H3 � >?: � � ��>������ H @h@$@  � 3 ��� T >������ H @ ��� � �� ��> � @UY M �d��N

� 
:fhx � O s+c KWYWYWY�K
	  \ u �>ang o  ªfnx�an`b`�i O b ��� K
����� H f �
� : � � ��> i @  � 3 � > _ > i @h@ � � �� ��> � @ � � K M �
z�N

>?: H�
� � KWY!YWY!K$: �� � � @ ]^mNa-mqfh`^_kce]^fhgifn  M �
z�N

��]¦ceT � � � H ;v: � � H�
� � KWY!YWY!K
� T ; : T� � � Y

� M �<�4N
�  �ceTWY� ÒanX-]^`^p�fn #jWanxeanX-YvceYIxq]b�)Y o sI_Wxz�hYIm > _�� @ ]bm o Yv®:gWY o �Qp M �JwJN�adg o clTWY.X!anjWm

: � � � meadcl]bmz®:YImtceTWY�an�CfF�nY�mq]¦uixqYI`badce]^fhgWm)�CclTWYIg > _�� @ mea�ce]^mq®:Y)m|sIfng o ]¦ce]^fhgWm M ��Z N/cef M �J�JN
]bg,ceTkY�`bY)X!X!a1�CYIs�ad_WmlY 7 M ��Z N5ang o M �4wJN�adxlY�s)fhgWmlY �°_WYIgWs)YIm}fn  M �n��N!]bgWmq] o YLclTWY
]bgQceY)xq�dan`^m|adg o fn  M �h�JNæ¥ M �:��N/adc�ceTkYUyz_kgWs)cl]bfhgkmNfd �clTWYImqY�]^gQceYIxz�dan`bm�� M ����N' ªfhx-5 ; 5 � ]^m
Y �°_W]¦�nad`bY)g°c�cef M �k�4N|]^g¤clTWY-sIfrfhx o ]^g:adclYIm � 3 � �"ang o �4 ªfhx�YIans�T�]^gWmzc�angQc8iÇ�"]bgL�r]bxzce_WY-fn 
ceTWY�anmlmq_WX-jkce]^fhg�fhg¡clTWY� ª_kgWs)cl]bfhgkm 7 3 � I ]bg�jCfh]^gQc.�!fd ±ceTWY�`bY)X!X!ak� M �J�JN�]^mtclxl_WY� ªfhxan`b` 5ñmq_Ws�T}clT:adc[_�� O 
 3 ]¦ ±adg o fngW`^p�]^ #]^c�]^mUcexl_kY. ªfnxUfhgWY.ml_Ws�T 5��W®:g:an`^`^pn� M �F�
N/]bmNasIfhgWmqY �°_WY)gWsIY-fn  M �
z�NN�CYIsIan_WmlY¬YIans�T�sIfrfhx o ]bgWadceYAX!anj � 3 � ]^m�_WgW]¦ ªfhxlX-`¦p¡s)fhgQce]^g°_Wfh_Wm]bg}a¬ml_W]¦c�an�k`bY.gWY)]b�hT°�CfhxlTkf<f o fd �clTWY.sI_Wxz�hYn«

S�f�®:gW]^mlTLceTWY-jWxqf<fn Ì�6�'Y!fhgW`¦p�gWYIY o clf�sIfhgWmzcexq_Ws)cI�� ªfhx � � ck�"mlfhX-Y¬ ª_WgWsvce]^fhgWm
: � � � meadcl]bmz ­p<]^gW� M �n��N%cef M �k�4Nv«}¯4Y)c�_Wm�®:xqmqc¬s)fhgWmzcexl_ks)c : � � = fhg¢clTWY�]^gQceYIxz�dan`Lblc K
� H f «
>fnx : I � � = > i @ � Z O s � B \ K!YWYWY�K ~ u �kcean²nY�mlfnX!Y.s)fhgQce]^gr_kfh_Wml`¦p o ]¦³¸Y)xlYIgQcl]~an�k`bY. ª_WgWsvce]^fhgWmM  ªfhxU]^gWmqceangWs)Y�mqfhX-Y�jCfh`¦prgWfhX-]~ad`bm)�W ªxlfhX \°cefhgWYÇ¥ |¢YI]^YIxqmqcexlanmlm�ceTkYIfhxqYIX�Nv�:mq_Ws�T}clT:adc

��� : I � � = > i @  � I3 � > _ > i @$@ ��� � �� = > � @ K i O blc K
� H f Y M �h�JN
�|Y)®:gkYtceTkYIg : I � � = > i @ �:Z O s/\ KWYWY!YZK � u clf��CYNclTWYNmlfh`^_kce]^fhg£fn  M �tz�N# ªfhx � ; ck�°��]¦ceT5]^gW] ¥
ce]ban`hsIfng o ]¦ce]^fhg : I � � = > c @ ; � 3 � = > _ > c @$@ ang o ceTkY±ce]^X!YÇ¥æ�danxzp<]^gW�Nj:anxlanX-Y)ceY)xlm � � � H K!YWYWY!K�� T

%ªö�ù&%('



���������
	��
���������
�����
������������	 �!�"�����$#%�!���&	$�(')�����*�+	�,-���.�0/��1���+2��&	��+3����4���*��� �J�

�h]^�nYIgi�Qp � I ;v: I � � = « SUTW]^mUfh�Q�<]^fh_Wmq`^p�]^X-jW`^]bY)m M �k�4Nñ ªfnx � ; ck« 
:xqfhX M �n��Næ¥ M ��Z Nv�rX!a�¥
yzfhxeadcl]bfngWm M �n�JN§¥ M �Jz�N/adxlY%ceTkYIg�cexl_kY. ªfnx � ; ck«

|¢YPgWfJ� YvurclYIg o ceTWYPsIfngWmqclxl_Wsvce]^fhg �Qp ml_kjWj&fnml]^gW� clTWY1 ª_WgWs)cl]bfngWm : I � � � T:a��hY�&Y)YIgPsIfhgkmqcexq_Ws)clY o  ªfhx.c � � � V �ñang o sIfngWmqclxl_Wsvce]^gW� : I � � � � H « |�Y�anmqml_WX-Y�ceTWadc
: � � = KWY!YWY!K$: � � � meadcl]bmz ­p M �h�JNæ¥ M �:��N/ ªfhx \ � � � V ang o M �n�JN§¥ M �k�4N/ ªfhxmc � � � V «`|¢Y
T:a��hY�yz_Wmqc�s)fhgWmzcexl_ks)ceY o : � � = mlf¬ceT:a�c�ceTW]^mU]^m�clxl_WY% ªfnx Vy; c<« ¯"Yvc�_WmUgWfJ� admlml_kX!Y.]¦c
]bmUcexq_WY� ªfhx�a-sIYIxzc�an]^g V O s+c KWYWY!YZK
	  � u ang o sIfngWmqclxl_Wsvc%a¬mlX-frfnceT : � � � � H fng�clTWYce]^X!Y�]^g°clYIxz�nad` b �

�
� H K
� � � � f mqf!clT:adc M �h�JNæ¥ M �L��N']^mtclxl_WY� ªfhx \ � � � VPB \�ang o M �n��Næ¥

M �k�4N' ªfnx[c � � � VCB \ �:]bg� ÒansvcU�/Y�fhgW`¦p�T:a��hY.cef-s�TWY)s�² M �h�JNæ¥ M �L��N§¥ M �n�JN§¥ M �Jz�Næ¥ M �<�4N
 ªfhx � ; VCB \h«

S�an²dY� ªfhx : I � � � � H > i @ � Z O s � B \ KWY!YWYZK ~ u mqfhX-Y�mlX-frfnceTi ª_WgWsvce]^fhgWm M  ªfhxN]bgWmzc�angksIY
mlfhX-Y.j&fn`^prgWfhX-]ban`^mI�: ªxlfhX*\rcefngWYv¥-|�Y)]bY)xlmqclxeanmqmNclTWYIfnxlYIX�N�ml_ks�T}ceTWadc

: I � � � � H >�� � � H @ ; � � I3�� � T � � 9 H3�� � >�: � � � >��
�
� H @h@LK M �n��N

9: � � � � H >�� � � H @ ; � � I3�� � T � � 9 H3�� � 	 >?: � � � � H > � � � H @$@�Y 9: � � � > �
�
� H @LK M �dZ N

��� : I � � � � H > i @  � I3�� � T > _ > i @$@ ��� � ��
�
� H > � @ K i O b �

�
� H K�� � � � f Y M �JwJN

¼ fnclY�clT:adc%]¦ct]bmtj&fhmqml]^�W`^Y�cef5ans�TW]^Y)�hY M ��wJN���]¦ceT�]^gW]¦ce]ban`�s)fhg o ]¦ce]^fhgWm|meadcl]bmz ­p<]^gW� M �h��Næ¥
M �nZ N'clT:angW²°mUcef M �n��N�ang o ceTkY. Òads)cUceTWadc ��

�
> � @ ]^mNmzcexq]bsvce`¦p�`bY)mlmUceT:adg ��

�
� H > � @ «

�tY)®:gWY£ceTWY)g : I � � � � H > i @ � Z O s/\ K!YWYWY�K � u clf¡�CY£clTWY5mqfh`b_<ce]^fhg1fhg b �
�
� H K
� � � � f fn M �
z�N ��]^clT � ; VVB \n�k]^gW]^cl]~ad`6sIfhg o ]^cl]bfng}a�c i ; �

�
� H �h]¦�hY)g}�Qp M �h�JN M  ªfhx � ; VVB \n�

sIfhX-jCfhgWYIgQclm � B \�cefR~�NÇ�/adg o clTWY�ce]^X-Yv¥Ê�nadxqpr]bgk�¢j:adxeanX-Y)clYIx � � � H KWY!YWYZK�� T �h]^�nYIg�°p � I ; : I � � � � H «¤SUTWYIg M �k�4N�]^mAcexq_WY5 ªfhx � ; V B \��Qp©s)fhgWmzcexl_ks)ce]^fhg6� M �d��N§¥ M �Jz�N
 ªxlfhXàjWxlfhjCYIxzce]^YIm M �n�JN§¥ M �dZ N#fn  ��

�
> � @ �rang o M �h�JN#�CYIsIan_WmqYN�'YtTWaJ�nY|s�TWfnmlYIg!ceTWYN]^gW]^cl]~ad`

sIfhg o ]^cl]bfhgkm : I � � � � H > � � � H @ ansIs)fhx o ]bgW��cefi]¦c�«-¯4Y)c�_Wm�®:g:ad`b`¦pLs�TWYIs�²LxqYI`badce]^fhg M �L�JNt ªfhx
� ; V B \�7±sIfnX!jCfhgWY)gQcem � B \%clf�~�adxlY�a o ]bxqYIs)c�sIfhgWmqY �°_WY)gWsIY.fn "fh_kx�s�TWfh]^sIY M �nZ NÇ�
�W_kcñ ªfhxñclTWYt®Wxlmqc �.sIfhX-jCfhgWYIgQclmI�k�'Y|gWY)Y o clTWY|admlml_kX!j<ce]^fhg�fhg£ ª_kgWs)cl]bfhgkm 7 3 � I X!a o Y]bgLjCfh]bgQc���]bg¤¯4YIX-X!a�ZW« 
:xlfhX ceTW]^m�anmlmq_WX-jkce]^fhg M ��]¦ceT > 5 K 5 	 @m; > 5

�
K 5

�
� H @ NÇ��ang o ªxlfhX M ����Nv�QclTWY ��®:xqmqc'sIfhX-jCfhgWYIgQclm�fn  � 3�� � T � � 9 H3�� � o f�gWfdc o Y)j&Y)g o fhg5]^clm'`banmqc ~  �

anxl�h_kX!Y)gQcemI�&ang o TWYIgksIY�clTWY �-®Wxlmqct`^]bgWY)m|fn �ceTWY�X!adcexq]¦u � � 3�� � T � � 9 H3 � � 	 >�: � � � >��
�
� H @h@T:a��hY�~  �£�)YIxlfnm�adcNceTWYAY)g o �&mlf5clT:adc|clTWY�®Wxlmqc �£s)fhX-j&fhgkYIgQcem%fd ±ceTWY�xl]^�hTQcq¥§TWang o

ml] o Y-fn  M �L��N o YIjCYIg o fhgW`¦p�fhg�ceTkYA®:xlmzc �5sIfhX-jCfhgWYIgQclm�fd  9: � � � > �
�
� H @ «ASUTkYImlY-®:xqmqc

�¡sIfnX!jCfhgWY)gQcem-fn  9: � � � >��
�
� H @ adxlY��h]¦�hY)g �Qp M �
z�N. ªfhx � ; V B \ M clTWY�`~admqc ~  �

fhgWYIm¬xqYImq_W`^c!fn NceTkY �§ ªxlY)Y 	�s�TWfh]^sIY�fn  : � � H�
� � KWYWY!Y!K$: T� � � adc¬clTWY�jWxlYv�r]bfh_km£mzceYIj�Nv� ��TW]b`^Y

ù�ù�Æ
�Wÿ)ÿZ�Çÿ



��Z ���$�
2����m�����&,\���*���[�+�%���

ceTWY¬®:xqmqc ��sIfhX-jCfhgWYIgQclm�fn  9: � � � � H >�� � � H @ ]^g¢ceTkY£`^Y) ­cz¥§T:ang o mq] o Y!fn  M �L��N%adxlY!�h]^�nYIg
�°piceTkY�Y �°_:a�ce]^fhg M �
zJNU ªfhx � ; V « ¼ fJ�.�&clTWY�fk« o « Yn« M �
z�N���]¦ceT � I ; : I ]^m%gWfdceTW]^gW��W_kcNceTWY.®:xlmzc �¬s)fhX-j&fngWYIgQcemtfn  9:V; < = >?:A@ ]bgiceTWY�sIfrfhx o ]bgWadceY)m � 3 � �>ang o ceTWY.®:xqmqc �sIfhX-jCfhgWYIgQclmñfd  M �L��N±anxqYn�Q�CYIs�ad_WmlY�ceTWYvp o f.gWfnc o YIjCYIg o fhg-ceTWYU`banmqcñs)fhX-j&fhgkYIgQcem fn 9: � � � >��

�
� H @ �:ml]^X!jk`^p�ceTkY�s)f<fhx o ]^g:adceY.s�T:adgW�hY. ªfhxlX�_W`~a¬ ªfhxUceTkY.�nYIsvcefhx�®:YI` o < = «/SUTW]^mYIg o m�ceTWY�s)fhgWmzcexl_ks)ce]^fhg1fn UclTWY£ ª_kgWs)cl]bfhgkm : � � � meadcl]bmz ­p<]^gW� M �n��N.clf M �<�4N�adg o TWY)gWsIY

ceTWY.jWxqf<fn �fn �ceTkY�`^YIX-X!ak«

� � ������0)
� i()��� ����� �����5�

|�Y�T:a��nY��h]^�nYIg}aAs�T:anxlans)clYIxl]^��a�ce]^fhg�fn "ceTWY�mqY)c�fn �sI_kxq�hY)mUceT:adc�X£a�p5�&Y.anjkjWxlfQads�TWY o
_WgW]¦ ªfhxlX-`¦p��Qp.cexla�yzYIsvcefhxq]bY)m#fn :angAad¨!gWY'sIfhgQclxlfh`°mqprmzceYIX�« � c�]bm��dan`b] o ��TkYIg�clTWY'�nYIs)clfhx
®:YI` o m�anxlY-mlX-frfnceT¢ang o ceTkY o ]^mqclxl]^�W_kcl]bfhg¢mlj:adgWgWY o �Qp�ceTWY£¯4]bY!an`^�hYI�kxea��hYIgWY)xeadclY o
�°p5ceTWY.sIfng°clxlfh`6�nYIsvcefhx�®:YI` o m�T:anm�s)fhgWmqceangQc|xlangW²>«

� g�jkxeansvce]^sIYn�& ªfhx|s)fhgQcexlfn`�jW_kxljCfhmlY)mI�6ceTkYAmlX-frfnceTWgkYImlm.admlml_kX!j<ce]^fhg�]bmt�hYIxzp�xqY�an` ¥
]bmzce]^sn«�SUTWY�sIfngWmqceangQc|xlangW²�anmqml_WX-jkcl]bfhg¡]bmNX-fhxlY.mqclxl]^gW�hY)g°cI«�SUTWY�mqce_ o p�]bgiceTWY�s�admlY
��TWYIxqY5mlfnX!Y£ml]^gW�h_W`banxq]^cl]bY)m�frsIsI_kx�]^mAang¢fhjCYIg��°_WY)mqcl]bfhg�fn U�hxqY�adc�]^X!jCfhxzc�angWs)Yn�±�k_kc
xlY �°_W]^xl]^gW�-ceY)s�TWgW]'�r_kYIm �°_W]¦ceY o ]¦³¸Y)xlY)g°cN ªxlfnX ceTkY�fngWYIm�_WmqY o TkYIxlYd«

|¢YUT:a��hY�xqYIs�ad`b`^Y o ]bg¬clTWYU]bgQclxlf o _Ws)cl]bfng-clTWY�ceTkYIfhxqYIX o _WY�cef�\rclxlfrfh²�adg o � anxea o ¥
T:ang pÎ�+qUceT:adc-mzc�adclYIm¬ceTWadc-ceTWY�mq_WjWjCfhxqc!fn NceTWY o ]¦³&_Wml]^fhg M �JNA]^m!jkxlYIs)]bmqYI`¦p1ceTWY�mqY)c� = > � K�< = K s � H K!YWYWY!K � � u @ � � ceT:adc �'Y|T:a��nY%s�T:anxlans)clYIxl]^�IY o « SUTWY|`^]¦ceYIxladce_kxlYNfhg o ]¦³&_<¥ml]^fhg�jWxqf<s)YImlmqYIm o frYIm'gWfnc/_Wml_:ad`b`¦p5X!an²dY|ceTkY%anmqml_WX-jkcl]bfhg�clT:adc'ceTWYN�hYIsvcefhx'®:YI` o mUanxqY
mlX-f<fdceT6«±SUTkYtmq_WjWjCfhxqc ceTkYIfhxqYIX ]^m'_kml_:an`^`¦p-mqc�a�ceY o _Wg o Y)x�ceTWYtanmlmq_WX-jkce]^fhg!ceT:adc�clTWY
sIfhgQcexqfh`Q�hY)s)cefnx#®:YI` o m�adxlYñfn :sI`banmqm ] � adg o clTWY o xq]^ ­c��hY)s)clfhx#®:Y)` o ]^m#fd :sI`banmlm ] H fnx�`^YImqmI«
� c��'fh_W` o ceTWY)xlY) ªfnxlY5�CY�]^gQceYIxqYImzce]^gW��cef�xqYI`ba�u¢ceTWY£mlX-f<fdceTWgWY)mlm-anmqml_WX-jkcl]bfng1]bg�clTWY
jWxlY)mlYIgQc�xlY)ml_W`¦cem)«A\rX!frfnclTWgWYImqmI�"fhx%Yv�hY)g o ]^³&YIxqYIgQce]ban�W]^`b]¦c§ph�"fn  clTWY o xl]¦ ­c%�nYIs)clfhx%®:Y)` o
< = ]bm/gWY)�nYIx�_WmlY o 7 an`b`&xlY)ml_W`¦cemUX!a�p��CY%YvurclYIg o Y o ��]¦ceTkfh_kcUs�T:adgW�h]^gW�!a��/fhx o ]bg�clTWY
jWxlfrfn ªm/clf-clTWY.s�anmqY���TWYIxqY < = ]^m�fhgW`¦p�`^f<sIan`^`^p�¯4]^jWmls�Tk]^cl�n«ñSUTWY.sIfhgQcexqfh`¸�nYIs)clfhx�®:YI` o mfhg¡ceTkYAsIfhgQclxeanxzp¡X�_Wmqc.�CYAfn  s)`~anmqm ] � Yv�hYIg�clfC��� �
�*��ceTWY�xlYImq_W`¦cem�ml]^gWs)Y¬fnceTWY)xq��]^mlY
ceTWY¬]¦ceY)xeadclY o ¯4]bY¬�Wxlans�²nYvcem�anxqY¬gWfnc o Yv®:gWY o «A¾|`^mlfk�6ceTWY¬mqfh`b_<ce]^fhgWm.fn  ceTWY o ]^³&_Wml]^fhg
M �JN anxlYNgWfnc'fhgW`¦p!sIfhgQcl]bg°_Wfh_kmI�W�W_<cko��n` o Y)x/s)fhgQce]^gr_kfh_Wm�fn 6Yvu<j&fngWYIgQc � O blc K H� b �<ang o
ceTWY!ml_Wjkj&fhxzc�clTWYIfnxlYIX T:adm�xqYIsIY)gQce`¦p��CYIY)g©YvurceY)g o Y o cefCo��h` o YIx�gWfhxqX-m�]^g p¦�!q'ang o
pÎ�tqH« 
:fhx�clTWYImqY�xqY�anmqfhg6�CangiYvurceY)gWml]^fhg¡clf£gWfng<¥§mqX!frfnclT}s)fhgQcexlfn`"�nYIsvcefhx�®:YI` o m|ang o cef

%ªö�ù&%('



���������
	��
���������
�����
������������	 �!�"�����$#%�!���&	$�(')�����*�+	�,-���.�0/��1���+2��&	��+3����4���*��� �4w

anjWjWxqfJu<]^X!adce]^fhgL]bg o �h` o YIx�gWfhxqX-m�]bm�g:a�ce_Wxlan`H«�SUTW]^m.]bm�X�_Ws�T¢`^YImqm�anX��W]¦ce]^fh_Wm�clT:ang
mqce_ o pr]bgW�£ceTWY�ml]¦ce_:a�ce]^fhg¡gWYIanxNml]^gW�h_W`banxl]¦ce]^YIm)�&Yv�hY)g�]^ ±]^ctxlY �r_k]bxqYIm|`^YImqm|s)`~anmqml]^s�an`"cefrfh`^m
ceT:ang�clTWY.fhgWYImN_WmqY o TWYIxqYn�Cang o ��]^`b`"�CY%cexlYIadceY o ]^g}a¬ ªfnxqceTksIfhX-]^gW�£jk_W�W`^]bsIadce]^fhg6«

�������	��

���������������

{}fhmqctfn �ceTWY.ceY)s�TWgW]^s�an`�X!adceY)xl]ban`"_Wg o Y)xl`¦p<]^gW�5clTW]^mtj:adj&Y)xN�/anmNfh�kc�ad]bgWY o ]^g��J�L�h��¥Ì�
z
��TW]b`^Y|clTWY%an_<ceTWfhx �/anm�a�jCfhmzcq¥ o f<svcefhxlan`W ªYI`^`bfJ� adc �tgW]¦�hY)xlmq]^c§p5fn "S�fnxlfhgQcef M � gQc�anxq]bfk�
� ang:a o aJNv« � c�]^m�a�jk`bYIanml_WxqYñ ªfnx"clTWYñan_kclTWfhx4cefUceTWangW² � �dang��._kjW²�a� ªfhx4mq_W�h�hY)mqcl]bgW�NceTW]^m
�r_kYImqcl]bfng6�4ang o  ªfhx|X!angQpiYvurclxlYIX-Y)`^p} ªxl_W]¦cl ª_W` o ]^mls)_Wmlmq]bfhgkmI�"ang o an`bmqf5 ªfhxNxlY)X!]^g o ]^gW�
fhgWsIY.]^g¡aA��TW]^`^Y�clT:adcUceTk]bm�mlTkfh_W` o �CY���xl]¦clceY)g o fJ��g��

� �U+d�U�������/���

p^�Zq�� �"!	#%$�&('*),+.-0/21"34�.�5)�687"9:$�68),-�1;6"$07<34�"=.#>78+.-�?'�A@CB+3 #"��	 2��+	������
2�#
�?��� ���)�����+	����������+	 ��� /W�+	V#
, �[� ��,-�+2��v� ¾tgWg6« � gWmqcI« otYIgkxl]Nw�fh]^gWsIanxl�d�Uw�xlfh�6«ED
\rc�adcl]bmzc�«^�>�Jz M �J�n�nZ Nv�kjWj6«:ZW�4wGFrZQ�h�k«

pÃ�4q�� �IHJ�LKM6ONP$0#%/Q68$87RKS�LKC#%)�TU#>/h�2V��+2�3 ,�2��$�
	k���+2��r	 �+3�3 ���!,�3 ,��&�U�),&� ! ,-� �?�����+	����
\ � ¾�{XWk«Wfhg � fhgQcexlfn`H��� M ���Q�
z�NÇ�WjWj6«WZ�w
zYFrZQ�
zk«

pÎ�+q5ZS��[]\.#%7;6�68$874^0�>H
6L_`68$068a,#6� � �*�)�����+���r,-�Qb8, �L��	 ��2��&,&�
3����!���
�&,-�+2��8�
2�#*b8, / �
/�� ��,-�+2 ��	 �)�������)���v�W�hfh`Ò«&�dZ£fd  ¼ fnxqceTr¥0otfn`b`bang o {¡adceTkYIX!adce]^s�ad`�¯4]^�Wxeadxqph� ¼ fhxqclT<¥
otfh`bang o �4��� �h�k«

p Ztq5cA�Ud5-0)0egfh#%9:i468$07jcA�UcO68)�$89:\ñ��� �0��	h�
�*�$# ! ,-�1�!	$�"�(D������ ,�2 3 ,��.,�� ��	 �)�������)���
,�2 �+	h#
,�2��
	�� #
, �L��	 ��2��&,&�
3.���!���
�&,-�+2��v����YImq_W`^clmL]bg {¡a�ceTWY)X£a�ce]^sImI�5��Z M �J�L� ��Nv�
jWj6«4�F�JwGFC�J�Q�<«

p w4qMHJ�k=.9:-��XMU2 ������	 � +J,����
�r,-�+2 �
3C.
�+	�,����"� /W�+	�2��+2����+3\�+2��+�.,-�.���)���0�����v�±\ � ¾�{
Wk«:fhg � fhgQcexlfn`"ang o � j<ce]^Xi«^�>��w M ���h�Q�JNÇ�kjWj6«4���Q�L�YFC���h��w<«

pÎ�+qC'l�"3m9:i`iO#n_o68$07<34�.^%6"9:$0ep&q^>+.iOr4� M ��,��U��3\����	 �)�0/��0/ ����� ���4�����+	�� �?�����+	 ���
/W�+	�#
, �[����,-�+2 ��	��)�������)���v�:]^gL\<�)X-]bg:ad]bxqY o Y�w xqfh�:an�k]b`^]^cl�¬�L�<�>�nfh`Ò«��4w:�h�!fd  ¯4YIs)cI«
¼ fnclYIm�]bg¡{¡adclTWYIX!adcl]bs)mI�&\<jWxq]bgk�hYIxÌ¥ � YIxq`~ad�W�4�J�h�nZk«

ù�ù�Æ
�Wÿ)ÿZ�Çÿ



�J� ���$�
2����m�����&,\���*���[�+�%���

pÃ�4qC'l��� � ^%6")IN����0#��'��V��+2�3 ,�2��$�
	 ���+2��r	 �+3 ���)���*����� 0 �������+3\�&.J,-�$�
3���	 ������	��&,-���V�0/
�r	h�(')�����*�+	��1�*���"���v�#]^g©¾|g:ad`^prml]^mAfn  � fhgQcexlfn`b`^Y o �tprg:adX!]^s�ad`U\rprmqclYIX-mI� �|« �/fng<¥
g:anx o � �|«J�/xq] o Yn�OWk« ¥Ìw�« � ad_kceTW]^YIx)�Qang o¬� «d¾�«p�-«p��_WjW²�ak�QY o mI«^�h�hfh`Ò« �|fn &w�xlfn�hxlY)mlm
]bg�\rprmqceY)X-m%ang o � fhgQcexqfh`4SUTWY)fhxqpn�A�'xl]^²	�d_WmlY)xI���J�h�k�h�kjWj6«>��wL� F<�Q�<�h« M w�xlfrsIYIY o ¥
]bgW�nmNfd ±a � fhgk Ì«WTkYI` o ]^g}¯6pnfhg6� 
:xeangWs)Yn�%Wn_k`^pn�����h�Jz�NÇ«

p
�+q534� ^�
>9��O68\'�QM 
��+�U��	�������2���,��
� ��2��&	 �!#
�����&,-�+2 �0� b8, �L��	 ��2��&,&�
3��m���+�%���r	����
�hfh`Ò«4�h�>w�_W�W`^]bmqT¡fhx�w�YIxq]bmqT6��otfh_Wmzcefhg M ��«Ð\C«Î¾�« NÇ�:mlYIs)fhg o Y o «^�4�J�Q�n�<«

pÎ�+q�� �QH �M^%_�)A+.+���\�6"$07 ^0��� �U^0��� 6")�687���6"$���� 2 �?��� ���)�����+	�� �0/ #
, �[� �
��,-�+2���	 �)�������)��� � ,�����������3 ,-�$�
�r,-�+2�� �0� �?��� ���&	 �+2/.�����+J,��.�"� ��	�,�2���, ��3\�v�h]^g£w�xqf<sd«
\<]¦urclT��'YIxl²dYI`^Y)p!\°p<X-j6«nfhg!{¡adclT6«Q\rceadc�«nang o w�xlfn�6«b�d�hfh`Ò« �l�q� M w�xlfh�Wan�W]^`b]¦c§p�SUTkYv¥
fhxqp�Nv� � ad`b]¦ ªfhxlgk]~a �tgk]^�nYIxlmq]^c§p¡w�xlY)mlmI�"�J�h�h�<�kjkj6«>�h�h�YFr��wn�k«

p^�)z+q5KS��cA��^%-8/Y/YT 6"$0$ 68$874H �E=.9:- � ! ,��.,��?� �0/8�", .t�"3 �1�)�)��,�3�3 �
�*�+	��1���+2��&	��+3 ���
2�#
������	�� +J,����
�&,-�+2 �0/ .
��2���	$�
3����
����� �!� ��#
�.,\����,&�!3\���&	h�(')�����0�+	�,-���v�±]^gP�JzdclT � � � �
� fhgk Ì«:fhgi�|Y)sn«Cang o � fhgQcexqfh`H�>�tYIsn«"�J�n�k�h«

%ªö�ù&%('



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

Unité de recherche INRIA Lorraine : Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - B.P. 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 - 38330 Montbonnot St Martin (France)

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

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


���������� ��� ���

ISSN 0249-6399


