
HAL Id: inria-00069923
https://inria.hal.science/inria-00069923

Submitted on 19 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.

A Note on the Column Elimination Tree
John R. Gilbert, Laura Grigori

To cite this version:
John R. Gilbert, Laura Grigori. A Note on the Column Elimination Tree. [Technical Report] RT-0251,
INRIA. 2001, pp.7. �inria-00069923�

https://inria.hal.science/inria-00069923
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

08
03

ap por t  


     t e ch n i qu e 


THÈME 1

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

A Note on the Column Elimination Tree

John R. Gilbert , Laura Grigori

N° 0251

Août 2001





Unité de recherche INRIA Lorraine
LORIA, Technopôle de Nancy-Brabois, Campus scientifique,

615, rue du Jardin Botanique, BP 101, 54602 Villers-Lès-Nancy (France)
Téléphone : +33 3 83 59 30 00 — Télécopie : +33 3 83 27 83 19

� ���������	�
������
��	�������������������������������! "�#�

$&%('")+*-,/.1032547698;:=<?>A@CB&D"8EBF.18G05H(%(8G0JI

KMLON;P=QSRUTWVCX;YZQ;[]\O^_Q�`aYZbcYd`eN�P=Q;Y
f/geh]idQ�`jY#V#k7l?k7mCnUl

VC[]opoqh9gr`M`ZQGsjLOtOuwvx\OQyt&z|{9}9~cR�TWnMh9�c`a}]{9{ORaT���op[]�9Q;Y

�_�|�;�����O����� KMLOuwYUYZLOh9gr`as�h�P=P�\Otpu�s;[�`Zu�h�t�s�h�tpYZuw�cQ�gjYM`ZLpQ�������[�s�`Zh�geu��;[�`eu�h9t��#u�`eL�op[]gZ`Zuw[]��oOu���h]`eu�tp�_[]tp�1YZLOh��CYC`ZLp[]`U[]t
�]���¡ r��¢3 r£�¤(¥e¦ geQ;YZ\O��`auwYao&h9YeYru�§O��Qy�¨h�gU`ZLpQ�Yr`Zge\ps©`e\OgZQ�oOgZQG�cuws©`Zu�h�t1h��A`ZLOQSs�h9��\OP=t��cQ;oqQ;tp�cQ;tps�u�Q;YUu�t«ª�[]tq�-¬S­Ul?o&Q;s�u�®qs;[]����b9¯
�JQ�oOgeh���Q	`ZLp[]`a�¨h�g°Q��9Q�geb�Yevx\p[]geQ�Yr`Zgeh�tO��±a[]���|P=[]`Zgeu�^�²�`ZLOQ;gZQ�Q�^cuwYd`jYU[³o&Q�geP�\O`e[�`eu�h9t-´µYZ\psjL�`ZLq[�`�Q���Q;gZb�Q;�O��Q�h��/u�`jY
s�h���\OP=t-Q���u�PSu�tp[]`Zu�h�t1`egZQ;QSs�h�gegZQGYro&h�tp�pYM`Zh�[_YZb?P�§&h���u�s�tOh�tO�;Q�geh¶u�t�`ZLpQ�\OopoqQ;gU`egZuw[]tp��\O�w[]ga��[�s©`eh�gy¬S­�·¸t�`ZLpQSYZb?P�§&h���u�s
YZQ�tpYZQ�¯?`eLOuwY#gZQGYrh9���9Q;YM[=s�h9t�idQ;s�`Z\OgeQ�h]�/¹°u���§qQ;gr`a[�tp��ºC��» ¼]½3­
¾1¿xÀ(ÁZÂ�Ã ��Ä|��� Yrop[�geYZQy\OtpYZb?P=PSQ�`Zgeu�s�P³[�`Zgeuws�Q;Y;¯Å¹�[]\pYeYruw[]t1Q;��u�P=u�tq[�`Zu�h�t�¯&oq[]gZ`Zuw[]��opu��9h]`Zu�tO�q¯&Yr`Zge\ps©`e\OgeQ�oOgeQ;�cuws©`eu�h9tÆ¯(s�h���Ç
\OP=t�Q���u�PSu�tp[]`Zu�h�t�`ZgeQ�Q

ÈÅÉÆÊEËpÌÅÍ©Î5Ï|ÍjÐGÑ5ÊEÒÔÓcÕjÖGÑ5ÊEÍ©Î?ÌÆÕjÓ?×]ËdÎ¨Ð�Í©Î�Ø#ËdÙÚÙGÖEÎ5ÒÔÛGÜ|Õ(Ý;ÒÔÓ3Ò ÑxÑ5Í|ÞÆßqà�á;â�Þ�ã]äZÉcÍ©ÖGåÔÍ©ÖEÓ3Ë©äjá�Î5ÕjÛEædË©çqÞ(Í©×�è;Î5ÒÔÜ©Ê�ÑÅé�æeê9ë©ì©ìGí&î�èAï|ËdÎ�ÍZðÚÞ(Í©Î�×]Í©Î3ÕeÑ5ÒÔÍ©Ûxçñ"òOó à�ô�â1õ&ö�ÛEÒ Ý�ËdÎ�Ó3Ò Ñ5÷Úø�ËdÛEÎ�ÒcùcÍ©ÒÔÛEærÕjÎ5÷©ä�ú&ÕjÛEÙEÍ�ËrÖ;ÝGÎ�Ë¸õ�åÔûdÓ5õ¨ü�ÕjÛEæ¸è�ä]á�Î5ÕjÛEædË©ç



������������ ���d�y ��� "�����
	#�����������������	�����y �
7�	���	�������

��� ����� � ��� Q�`r`eQ�tOh�`ZQ�`Zgj[]u�`ZQ��OQ1��[!��[9s©`Zh9gZuwYe[�`Zu�h�t ��� [E�9Q;s�oOu���h�`e[]�9Q�op[]gZ`Zu�Q��CQ�`¶P=h�tx`ZgeQ�vx\�� \pt geX;YZ\O��`e[]` ¢ £��c¢ ¦��© 
¦�¤���¦ �"!���¦ QGYd`JoqhxYZYZu�§p��QUoqh9\Og7�w[	opgZXG�cu�s�`Zu�h�t_�OQ°�cX;oqQ;tp�O[�tps�QGYÚQ;t9`egZQU��QGY7s�h���h�tOtpQ;YJ�cQUªFQ�`a¬S­AºCh�\qYÚP=h�tx`egZh9tpYÚvx\OQ°oqh9\Og
sjLp[9vx\OQ�P=[]`Zgeu�s�Q	s�[�gZgeX�Q�² YZ[]`ZuwYd��[�u�Ye[]tx`#�w[=oOgZh9oOgeu�X�`ZXy±a[�����Ç5�¨h9gr`eQ�¯cu��ÆQ�^cuwYd`eQy\OtOQyo&Q�geP�\c`j[�`eu�h9t�´�`ZQ;����Q	vx\OQ	sjLp[9v9\pQ�[�g$#�`ZQ
�cQ��%� []ge§OgeQy�&� X;��u�P=u�tq[�`Zu�h�t-op[]gas�h���h�tOtpQ;YCs�h�gegZQGYro&h�tp�('³\Ot-X���X�P=Q�tx`atOh9t1t?\O��YZb?P�§&h���u�vx\OQ	�O[�tpYC��Qy��[9s©`ZQ;\OgC`egZuw[]tp��\O�w[]u�gZQ
YZ\Oo&X�geu�Q;\OgU¬S­/m°[]tpYM\Ot1YZQ�tpY#YZb?P�§&h���u�vx\OQ9¯Os�QGs�uÆgeX;YZh�\p�_\OtOQ	s�h�t�idQGs©`Z\pgZQy�cQ�¹°u���§&Q�gZ`CQ�`aºa��» ¼]½3­
)�Ã �;� Á ��* � � � P³[]`Zgeu�s�Q;Y¶tph�tcÇ¸Yrb?P=X�`egZuwvx\OQ;Y³s�gZQ;\pYZQ;Y;¯JX;��u�P=u�tq[�`Zu�h�t �OQ!¹�[]\qYZY;¯MoOu��9h]`j[]��Q1t?\OP=X;gZuwvx\OQ�¯MoOgeX;�cuws©`eu�h9t �cQ
Yr`Zge\ps©`e\OgeQ�¯O[]ge§OgeQy�&� X;��u�P=u�tq[�`Zu�h�t�op[�gCs�h���h�tptOQ;Y



��� £�¢¸¦�£]¤-¢��O¦��/£�� � �S¤��J�
	 ��	�¤(��¢�	�£�¤�
��Z¦j¦ �

� � ���� "� ����
Ú�����	�

l?oq[]gjYru�`db_u�t�P=[]`Zgeu�^�s�h9PSop\c`e[]`Zu�h�tpYMh��&Q;geY#h9oOo&h�gZ`Z\OtOu�`Zu�Q;Y#`Zh¶Ye[E��Q�P=Q�P=h�geb_YZop[�s�Qy§xb�Yd`eh�geu�tp�Sh9tO��b_tOh9tcÇ3�;Q�geh�Q;��Q;P=Q�tx`eY;¯
YZLOh�gZ`ZQ;t�Q�^cQ;s�\c`Zu�h�t�`Zu�P=Q;Y#§?b�Q���u�P=u�tp[�`eu�tO��s�h�P=oO\O`e[�`eu�h9tpYMh�t��;Q�geh9Y#[]tq��Q�^coO��h9u�`Uop[]gj[]����Q;��uwYZPµQ�^co&h9YZQ;��§xb�u�tq�cQ�o&Q�tp�OQ�tx`
tOh9tcÇ ��Q�geh=Yd`egZ\ps�`Z\OgeQ;Y;­"kA^coO��h�u�`Zu�tO�S`ZLOQGYrQyh9oOoqh9gr`e\OtOu�`Zu�Q;YMh���`ZQ�t�geQ���u�QGYMh�t�[SYZb?P�§&h���u�s�s�h�P=oO\c`j[�`Zu�h�t�oOLp[9YrQ°`eLp[�`#oOgeQ;�cuws©`jY
[9Y/[�s;s�\Ogj[�`eQ���b�[�Y"o&h9YeYru�§O��Q#�#LOuwsjLSQ;��Q;P=Q�tx`eYA�#u����pLp[E�9QJh9g/s�[�tSLq[E��QMtOh�tp��Q�geh���[]��\OQ;Y/�O\OgZu�tO��`eLOQ#t?\OP=Q�geu�s;[]�ps�h�P=oO\c`j[�`Zu�h�t
u�`eYZQ����d¯O§p[9YrQG�_h9tO��b�h�t�`ZLOQytph�tO�;Q�gehSYr`Zge\ps©`e\OgeQ°h���`eLOQ�u�tpoO\c`aP³[�`egZu�^Å­

·¸t1��� ��[9s©`eh�geu��G[�`Zu�h�t��#u�`ZL�op[]gZ`Zuw[]��oOu��9h]`eu�tO�q¯O[³YZvx\p[�gZQ°P³[�`egZu�^�² uwYM��[�s�`Zh9gZQG��[9YC´y²���ªJ¬S¯O�#LpQ�geQ�´ uwYC[=oqQ;gZP�\cÇ
`j[�`Zu�h�t1P³[]`Zgeu�^�`ZLp[]`a�cQ�o&Q�tp�pYCh�t�`eLOQ	��[]��\OQ;YCh]�"`ZLOQ�tOh�tO�;Q�geh9YMh��"²�[�tp��s�[�tOtOh]`C§&Q	oOgeQ;�Ou�s�`ZQ;��h9tO��b��¨geh�Pµ`eLOQ	tOh9tO��Q;gZh
Yr`Zge\ps©`e\OgeQ�h]�Ú²�­UK��7h�Yd`egZ\ps�`Z\OgeQ	oOgeQ;�Ou�s�`Zu�h�t-vx\OQGYd`eu�h9tpYCLp[E�9Q	§&Q�Q�t«Yd`e\p�cu�Q;���¨h9ga`eLOu�YUoOgeh�§O��Q�P�­aKMLpQ	®pgjYd`°u�YC`Zh�oOgZQG�cuws©`
§&h�\Otq�OYah9t1`ZLpQ�tOh9tO��Q;gZh_Yr`Zge\ps�`Z\OgeQ	h]�A`eLOQ	��[9s©`eh�gjYaª [�tp�«¬S­°KMLOQ�YZQ;s�h9tp�1uwY#`eh_oOgeQ;�cuws©`°�#LOuwsjL-s�h9��\OP=tpYah]�Úª+[]tp�-¬
�cQ;oqQ;tp���cu�geQ;s©`e��b�h9gCu�tq�cu�geQ;s�`Z��b�h�t1�#LOuwsjL1Q;[�gZ��u�Q;gas�h9��\pPStqY�­��!Q�geQ;Yr`Zgeu�s�`ah�\pgU[�`Z`ZQ;t9`eu�h9t�`Zh³`eLOQ�s���[9YZYah]�AP³[�`egZuws�QGY#`ZLq[�`
Ye[�`eu�Yr�¨b_[]t�u�gZgeQ;�O\ps�u�§Ou���u�`db_s�h9tp�cu�`Zu�h�t�s�[�����Q;�_`ZLOQ �©¢��Z£�¤���������� oOgZh9oqQ;gr`db9­

¹°Q;h�ge��QU[�tp�_ºa��» ��½��OQ���Q;��h9oqQG�¶\OopoqQ;g#§qh9\Otp�OYJh�t�`ZLpQUtOh9tO��Q;gZh=Yr`Zge\ps©`e\OgZQ°h]�|ª [�tp��¬ §?b³Q�P=oO��h�bxu�tO�=[ �e£ � �=¦!�"�x¦
���Z�$#%� ­	¹°u���§&Q�gZ`°[�tp��ºC�«» ¼�½"YZLOh��JQ;��`ZLq[�`a`eLOuwYU\poOoqQ;gU§&h�\ptp�1uwYU[9Y#`Zu���Lx`�[�YCo&h9YeYZu�§O��Q�u�t��#Lp[]`a`eLOQ�b1s�[�����Q;�'&¸`eLOQ�Q�^c[9s©`
YZQ�tpYZQ�­ («KMLOuwY#P=Q;[�tpY#`eLp[�`G¯p��u���Q;t�`ZLOQ	tph�tO�;Q�geh=Yr`Zge\ps�`Z\OgeQyh]�/[³Yr`Zgeh�tO�¶±U[]���ÆP³[�`Zgeu�^(¯p�¨h�gCQ;��Q;gZb¶QG�c��Q�u�t�`eLOQ	geh���P=Q�ge��Q
�9ge[�oOL	`eLOQ�geQMu�Y/[°sjLOh9u�s�QJh��q��[]��\OQGY|�¨h�g"`ZLpQJtph�tO�;Q�geh9Y|h]�(² []tp�S[°oOu��9h]`eu�tO�°o&Q�geP�\c`j[�`Zu�h�t=´�YZ\psjL�`ZLp[]`A`ZLOQ#s�h�gegZQGYro&h�tp�Ou�tO�
Q;��Q;PSQ;tx`ah]�/ª h9g°¬ u�YatOh�tp��Q�gehp­JKMLOuwYCuwYa[ £]¤&¦� r��¢3 r�� ¸¢�	 �=¦ gZQGYr\p��`�» ¼E½*)J[�t?b�YZu�tO�9��Q�oqhxYru�`Zu�h�t�u�t�`ZLOQ�oOgZQG�cuws©`ZQG�1Yd`egZ\qs©`Z\pgZQ
s;[]t!§qQ=P³[��cQStOh9tO��Q;gZhq¯&§p\c`	u�`yP³[Eb�§qQ=`eLOQ³s�[9YrQ�`ZLp[]`�tph�YZu�tp����Q=sjLph�uws�Q�h��7tOh9tO��Q;gZh���[]��\OQ;Y°P³[,+9Q;Y�[]���|`ZLOQ=oOgeQ;�cuws©`eQ;�
Q;��Q;PSQ;tx`eY#tOh9tO��Q;gZh=[�`#h9tps�Q9­

KMLOQ ¥e£]� � �S¤ ¦��-	 �.	�¤&��¢�	�£�¤ ¢��Z¦j¦ u�YU[S`ZgeQ�Q	�#LOhxYrQ���Q�gZ`Zuws�QGYC[]geQ�`ZLpQ�s�h9��\pPStqYCh]�/²�¯&[�tp���#LOh9YZQyQ;�O��Q;YUs�h9gZgeQ;YZoqh9tp�_`Zh
o&h]`eQ�tx`Zuw[]�A�cQ;oqQ;tp�cQ�tqs�u�Q;YU§qQ�`d�7Q;Q�t-s�h���\OP=tpY�­0/�n s�h9P=oO��Q�`ZQS�cQ�®ptpu�`eu�h9t-uwYa§&Q���h��y­ 1«¹°u���§&Q�gZ`�[�tp��ºC�«» ¼]½"YZLOh��JQ;��`eLp[�`�u��
2 uwYa`ZLOQ�op[]geQ�tx`ah��43_u�t1`eLOQSs�h���\OP=t1Q���u�P=u�tp[�`eu�h9t1`ZgeQ�Q�h]�Ú[¶Yr`Zgeh�tp�_±a[����|P³[�`Zgeu�^�²�¯q`eLOQ�geQ�Q�^cu�Yr`eYU[_sjLOh9u�s�Q	h]�/tOh9tO��Q;gZh
��[]��\OQGY�h��#²µ`ZLp[]`��#u����JP³[,+9Q_s�h9��\OP=t53-\Oo(�O[�`eQ�s�h���\OP=t 2 �c\Ogeu�tO�1��[�s�`Zh9gZu��;[]`Zu�h�t �#u�`eL op[�gr`eu�[��ÚoOu���h�`Zu�tO��T `ZLp[]`�uwY�¯/[
sjLOh9u�s�Q�h]�"tOh�tO�;Q�geh���[���\OQGYJ�¨h�gC² `eLp[�`C�#u����ÅP³[�+�Q7698$:�;�=<O­/KMLOuwYMuwYC[]�x[]u�t�[Sh�tOQ�Ç []`rÇ¸[�Ç3`Zu�P=QUgeQ;YZ\O��`;­

n�Yr`Zgeh�tp��Q�gCYr`e[]`ZQ;PSQ;tx`C�7h9\O����§&Q�[]t �]���¡ r��¢3 r£�¤(¥j¦ geQ;YZ\O��`;¯qYZLOh��#u�tO�S`ZLp[]` ����� `eLOQyoOgeQ;�cuws©`eQ;��o&h9YZu�`eu�h9tpYCs;[]t�§qQ�P=[9�cQ
tOh9tO��Q;gZh��¨h�gJ`ZLpQ°Ye[]P=Qau�tOoO\O`M��[���\OQGY�­A�atO��u>+�QU`ZLpQ�s;[�YZQah���Yroq[]gjYrQ@?°V ��[�s�`Zh�geu��;[�`eu�h9tÆ¯xtOh�`eu��9Lx`M[�����Ç []`rÇ h�tps�QaoOgeQ;�Ou�s�`Zu�h�t¶uwY
o&h9YeYru�§O��Q��¨h�g#`eLOQ�Yr`Zge\ps©`e\OgeQyh]�Aª []tp��¬S­JKMLOQyoO\OgeoqhxYrQyh���`eLOuwYaYZLOh�gZ`as�h9PSP�\OtOuws�[]`Zu�h�t�u�YM`eh¶YrLph���`eLp[�`Cu��A�7Q	s�h�tpYZu��OQ�g
h9tO��b_`ZLOQyQG�c��QGYMh]��`ZLOQ	s�h���\OP=t�Q;��u�P=u�tq[�`Zu�h�t�`ZgeQ�Q9¯p[]t�[]����Ç []`rÇ h�tps�QUgeQ;YZ\O��`MuwY#o&h9YeYru�§O��Q�u�t�`ZLpQ	Yrb?P�§&h���uws°YZQ�tqYrQ9­A�«QyoOgeh���Q
`eLp[�`°�¨h�g°Q��9Q�geb�Yevx\p[]geQ�Yr`Zgeh�tO��±a[]���"P³[�`Zgeu�^1²�¯(`ZLOQ;gZQ�Q�^cuwYd`jY°[_oqQ;gZP�\c`e[]`Zu�h�t-´ Yr\psjL�`ZLp[]`°Q;��Q�geb�Q;�c�9Q�h��A`ZLOQ=s�h9��\OP=t
Q;��u�P=u�tp[]`Zu�h�t�`ZgeQ�Q�s�h9gZgeQ;YZoqh9tp�OY/`Zh³[�YZb?P�§&h���u�satOh�tp��Q�gehSu�t_`ZLOQ�\OoOo&Q�gM`egZuw[]tp��\O�w[]gÚ��[�s©`eh�ga¬ h��|²+�#u�`eL�oq[]gZ`Zuw[]�(oOu���h]`eu�tp�p­
KMLOuwY#geQ;YZh�����QGY7[=��[]geuw[]tx`Jh��"[=s�h�t�idQGs©`Z\pgZQ�h]�A¹°u���§&Q�gZ`a[]tp��ºC��» ¼�½ ­

B \Og�geQ;YZ\O��`�uwY �DC �"!j£��
	�¥ u�t«`ZLpQ¶YrQ;tpYrQ�`ZLq[�`y�7Q³[9YZYZ\OP=Q�`eLp[�`	[9�O�cu�`Zu�h�t-h9gyYr\O§O`Zgj[�s©`eu�h9t«h��ÚtOh9tO��Q;gZhxY°[����M[EbcYCb?u�Q��w�OY
[�tOh�tp��Q�geh_geQ;YZ\O��`;­�¹°u���§qQ;gr`y[]tp�«ºC� » ¼E½Ú[]�wYrh�s�h9tpYruw�cQ;gU�#Lp[]`U`eLOQ�b�s;[]��� ¦FE?��¥�¢ geQ;YZ\O��`eYHGÆ�JQS�cuwYes�\pYeYU`ZLOuwYU�¨\Ogr`eLOQ�g�u�t-`eLOQ
s�h�tps���\pYZu�h�tÆ­

n P=h]`Zu���[�`eu�h9t1�¨h�g°`ZLpQSs�\OgZgeQ�tx`°gZQGYr\O��`UuwY°u�`jY°u�P=op[9s©`�h�t-YZh�����Q;geYC`ZLp[]`°\pYZQ�`ZLOQ=s�h9��\OP=t�Q;��u�P=u�tq[�`Zu�h�t-`ZgeQ�Q�`Zh�PShc�cQ;�
��[9s©`Zh9gZu��;[]`Zu�h�t�u�t-oq[]gj[]����Q;�5­�·¸t«YZh�����Q;geYa��u>+�Q�`ZLpQ�h9tOQS�OQ;Yes�geu�§&Q;�1§?b-¹°u���§&Q�gZ`³» ~E½A[�tp��u�t�`eLOQ³YrLq[]geQ;�1P=Q�P=h9gZb���Q;geYZu�h�t1h]�
l?\poqQ;ge��� » � ½ ¯&`ZLOQ�`e[9YI+cYa[�gZQSYZsjLpQ;�c\O��Q;�-�cb?tp[]P=uws�[]����b�h9t�oOgehcs�Q;YeYZh�gjY#§?b�\qYru�tO�¶`eLOQSoOgZQGs�QG�cQ�tps�Q��9u��9Q�t1§?b�`ZLOQ=s�h9��\OP=t
Q;��u�P=u�tp[]`Zu�h�t«`ZgeQ�Q9­ B \Og°gZQGYr\O��`	YrLph��CYC`eLp[�`G¯Æu�t-��[�s�`;¯Å�¨h9g°Q;��Q;gZb1Yr`Zgeh�tO��±a[]���"tOh�tp��Q�geh�Yr`Zge\ps�`Z\OgeQ�`eLOQ�geQ=u�Y�[�P³[�`Zgeu�^1�¨h�g
�#LOuwsjL�Q��9Q�geb_�cQ�o&Q�tq�cQ�tps�b_u�t�`ZLOQ	s�h���\OP=t�Q���u�P=u�tp[�`eu�h9t�`egZQ;Qyu�Ya[�geQ;[��Æs�h9tpYd`ege[�u�tx`#h�t�`eLOQyh�gj�cQ�g#h��"s�h�P=oO\c`j[�`eu�h9t�h���`eLOQ
s�h���\OP=tpY#h]��`ZLOQ���[9s©`eh�gG­

KMLOQ�tOQ�^?`³YrQGs©`eu�h9t oOgZQGYrQ;tx`eY�§p[�sJ+?��geh�\ptp�!gZQGYr\O��`eYS[]tq� tOh]`j[�`eu�h9t \pYZQ;� u�t `ZLpQ�op[�oqQ;g;­ l?Q;s�`Zu�h�t � u�t9`egZhc�c\qs�Q;Y�tOQ��
geQ;YZ\O��`eY#h9t�`eLOQ�Yr`Zge\ps©`e\OgeQyh]�|`ZLOQ	P³[]`Zgeu�^��c\Ogeu�tO�³Q;��u�P=u�tq[�`Zu�h�t�­7KMLOQGYrQygeQ;YZ\O��`eY#LOQ;��o�`eh¶oOgeh���QU`ZLOQ�[�����Ç¸[�`rÇ h�tqs�QyYd`egZ\qs©`Z\pgZQ
oOgeQ;�Ou�s�`Zu�h�t�h]��`ZLOQ	s�h���\OP=t�Q;��u�P=u�tq[�`Zu�h�t�`ZgeQ�Q9­/l?Q;s�`Zu�h�t��³s�h�tqs���\p�cQ;YJ`eLOQyop[�oqQ;g;­

K L � 
4MONy "�	�����

��Q�`�²P�RQTS�UJV$W°§&Q³[1YZvx\p[�gZQ9¯ÅoqhxYZYZu�§O��b-\OtpYZbxP=P=Q�`egZuws]¯�Yrop[�geYZQ.XZY[X P³[�`Zgeu�^-�#LOuwsjL«uwY°`Zh1§&QS��[�s©`eh�geQ;�![�Yy´y²P� ªJ¬
\pYZu�tO�³op[]gZ`Zuw[]�(oOu���h�`Zu�tO�p­

·¸t `eLOQ��¨h�����h��#u�tO���JQ¶u�t9`egZhc�c\qs�Q¶`eLOQ�s�h�P=P=h�tp��b!\pYZQ;� `egZQ;Q�[]tq� ��gj[]oOL Yr`Zge\ps�`Z\OgeQ;Y;¯|`ZLOQ�Yd`egZh9tO�-±U[]���7oOgeh�o&Q�gZ`db�¯A[
oOgeQ��?u�h�\pYZ��b³oO\O§O��u�YZLOQG�_`eLOQ�h9gZQ;P []tq�_��Q�P=P³[�`ZLp[]`M�#u�����Yr\p§pYrQGvx\OQ�tx`Z��b³§&Qy\pYrQG�_u�t�h�\OgMoOgeh?h]��Y;­A\1h9Yr`#h]��h9\Og#tOh�`e[�`eu�h9t_uwY
YZu�P=u���[�g#h�g#uw�cQ�tx`eu�s;[]�(`Zh=`eLp[�`#h��A¹°u���§&Q�gZ`a[]tq��ºa�1» ¼E½ ­

KMLOQ ¥j£�� � �S¤]	�¤p¢¸¦^� ��¦j¥�¢�	�£�¤[���Z�$#%�`_ba Q�²cWauwYa\Otq�cu�geQ;s�`ZQG��[]tp�-Lp[�YdX ��Q;gr`eu�s�Q;Y�/�h�tOQ��¨h�g°Q;[9sjL�s�h���\OP=te1U[]tp�-[]t�QG�c��Q
QTf$g*3�W"u��(`eLOQ�geQCuwY/[]t0hyYr\qsjL�`eLp[�`iS U$j ;�=<y[]tp�0S Uk8 ;�=<O­"KMLOQ�l 	m�Z¦j¥�¢ ¦ l ���Z�$#%�n_ Q5²cWALq[�YAX���Q;gr`eu�s�Q;YA[�tp�³[]t=Q;�O��QbQ�fJg*3oW"�¨h�g
QG[�sjL³tOh9tO��Q;gZhyQ;��Q;PSQ;tx`iS jp8 ­AKMLOQ !^	 #p� �©¢�	�¢¸¦q�,�e�$#9�'r Q5²cW/Lp[�Yis X���Q;gr`eu�s�Q;Yq/�h�tOQa�¨h�gÚQG[�sjL=geh�� [�tp�=h�tpQ#�¨h�g7Q;[�sjL¶s�h���\OP=te1
[�tp�¶[]t_Q;�c�9Q�Q�h t�gFuHWA�#LOQ;tOQ��9Q�gvS�UJV7u�Y7tOh�tp��Q�gehp­�·¸t¶`eLOQa§Ou�op[�gr`eu�`eQa��gj[]opLÆ¯��JQa\pYZQaopgZu�P=Q;Y7h�t=`ZLpQUtp[�P=Q;Y/h��ÆgZh�� �9Q�gZ`Zuws�Q;Y;­

àcÉ1Û,wpì©ëDxGí



� � 	�� !j¦!�©¢�� � �D	
�x£ �D	

�ph�gC[]t?b³�9ge[�oOL _ []tp�_��Q;gr`eQ�^��&¯O�7Q��#geu�`eQy²��k3 Q�� g _ W7`Zh=geQ�oOgeQ;YZQ�tx`J`ZLOQyYZQ�`#h]�|��Q;gr`eu�s�Q;Y
	 Yr\psjL�`ZLq[�`bQ�� g�	cW#u�Y#[�t�QG�c��Q
h�� _ ­

KMLOQ ¦��
	 ��	�¤(��¢�	�£�¤ ¢��Z¦j¦ Yr`Zge\ps©`e\OgeQ�/ ¦�¢"�e¦e¦ �¨h9g°YZLOh�gZ`J1#�J[9Y#®pgjYd`Uu�tx`Zgehc�c\ps�Q;���¨h9gC`ZLpQ � LOh9��QGYI+?b���[�s©`eh�geu��G[�`eu�h9t�h��ÚYrb?PSÇ
P=Q�`egZuws¶o&h9YZu�`Zu���Q_�cQ�®ptOu�`ZQ�P=[]`Zgeu�s�Q;Y_» �]½3­�· �aª�u�Y	`ZLOQ � LOh���Q;YF+?b-��[9s©`eh�g�h��#`ZLOQ�l?fÚm P³[�`Zgeu�^ ²�¯"`ZLOQ;t `ZLpu�Y�`ZgeQ�Q¶Lq[�YbX
�9Q�gZ`Zuws�Q;Y;¯/[]tq� 2 uwY�`ZLOQ�op[�gZQ;t9`=h]� 3!u��U[�tp� h9tO��b u�� 2 ��
������Hh�� 3����mU 8Z;� <��9­ ��[�`ZQ;g�`eLOQ�Q���u�P=u�tp[�`eu�h9t `egZQ;Q_�M[�Y
[9�O[]oc`eQ;�-`Zh�`eLOQ¶��� ��[�s�`Zh9gZu��;[]`Zu�h�t-�#u�`ZL op[�gr`eu�[��AoOu���h]`eu�tp�!»Ô~G½*G�`eLOQ ¥j£�� � �S¤ ¦��-	 �.	�¤&��¢�	�£�¤ ¢��Z¦j¦ u�Y°`eLOQ³Q���u�PSu�tp[]`Zu�h�t!`ZgeQ�Q
h��Ú`ZLpQ=s�h���\OP=t«u�tx`ZQ;geYZQ;s�`Zu�h�t��9ge[�oOL _ a Q�² W©¯�h�g°Q;vx\Ou��E[���Q;tx`Z��b1`ZLOQ=Q;��u�P=u�tp[]`Zu�h�t-`ZgeQ�QSh]�J²���² u��Ú`eLOQ�geQ�uwY�tOh�t?\OP=Q�geu�s;[]�
s;[]tps�Q�����[]`Zu�h�t��#LOQ�t1s�h9P=oO\c`Zu�tO�³²��|²	­

n �©¢��Z£�¤��7�����������Z�$#%� uwY/[y§pu�op[�gr`eu�`eQC��gj[]opL��#u�`ZL�� gZh��CYA[�tp�0X�s�h���\OP=tpY/`ZLp[]`ÚLp[�YA`ZLOQ°Yd`egZh9tO�y±a[]���popgZh9oqQ;gr`db�» }?¯x¼�½*)
Q;��Q�geb¶YZQ�`Ch]� 2 s�h���\OP=t��9Q�gZ`Zuws�QGYMu�Y#[9�Eir[�s�Q�tx`7`eh¶[�`#��Q;[�Yr` 2! #" gZh�����Q�gZ`Zuws�QGY�¯x�¨h9gC[]��� "%$ 2'& XA­An Yevx\p[]geQUP³[]`Zgeu�^_Lq[�Y
`eLOQ	Yd`egZh9tO�=±a[]���ÆoOgeh�o&Q�gZ`db³u��"[�tp��h�tO��b¶u��|u�`Cu�Y)( �c���
Cn	�¤ l ¦e¥j£��q#p£ ��� !���¦ �³��¢��D	
E ¯O`ZLp[]`Cu�Y;¯?`ZLOQ;gZQy[�gZQ�tOhS`d�JhSo&Q�geP�\O`e[�`eu�h9tpY
´ []tp�+* Yr\qsjL_`eLp[�`a´y²!*�uwYM§O��h?sJ+¶`Zgeu�[�tO��\O�w[]gG­

,JQ��¨h9gZQUu�tx`egZhc�c\ps�u�tp��`eLOQ�tOQ;s�Q;YeYZ[�gZbS`ZLpQ�h�geQ�Pµ[�tp�¶��Q�P=P³[O¯c��Q�`#\pYJQ;��[�§qh9ge[]`ZQ°h�t�[�t�[9�O�cu�`Zu�h�tp[��(�OQ�®ptOu�`Zu�h�t�¯?`ZLp[]`Mh��|[
YZQ;vx\OQ;tps�Q�h]�"§Ou�op[]gZ`Zu�`ZQ��9ge[�oOLpYJ�#LOuwsjL�P=hc�cQ��Æ`ZLOQ	Yr`Zge\ps©`e\OgeQ°h��|ª []tq��¬ �c\Ogeu�tO�S`ZLOQ�Q���u�PSu�tp[]`Zu�h�tÆ­/��Q�` r.- � r Q�²cWJ§&Q
`eLOQ�§pu�op[�gr`eu�`eQ��9ge[�oOL�h]�Ú²	­yl?\OopoqhxYrQ.SoUJVau�YUtOh�tp��Q�geh_[�tp�1uwYUsjLOhxYrQ;t�[�YaoOu��9h]`�[�`°Yr`ZQ;o R�­°KMLOQ l ¦�/J¥^	�¦�¤&¥!C h]�A`ZLpQ�QG�c��Q
QTh t*g$u!W7h]� r - u�Y#�cQ�®ptOQG��[9YJ`ZLOQ	YZQ�`Ch���QG�c��QGY7)

��Q�f t g*3oW
�ou!0�²��*3 QTf t g r.- WDg*310�²��k3 Q�h t g r.- W^g324�6503870�²��k3 Q�f t g r.- W9�
· `As�h9gZgeQ;YZoqh9tp�OY(`eh#`ZLpQ7�;Q�geh#Q���Q�P=Q�tx`eY�h]�p² `ZLp[]`|§&Q;s�h�P=Q/tOh9tO��Q;gZha�#LOQ�t�S�UJVÆuwY�\pYrQG�	[�Y�[CoOu���h�`�u�t�¹�[]\pYeYZu�[�tyQ���u�P=u�tp[�`eu�h9tÆ­

:�tOh��#u�tO�y`eLOQ�YrQGv9\pQ�tps�QCh]��opu��9h]`Zu�tO�	Q;��Q;P=Q�tx`eY Q�h t; g$u ; W^gHQTh t< gFu < WDg>=?=>=HgHQ�h t@BA ; gFu @�A ; W�¯c�7Q°s�[�t_s�h9tpYd`egZ\qs©`7[�YrQGv9\pQ�tps�Qah]�§Ou�op[�gr`eu�`eQS�9ge[�oOLpY r - g r ; g>=?=>=^g r @ ¯��#LOQ�geQ r jM�cQGYZs�gZu�§&Q;YU`ZLOQ³Yr`Zge\ps©`e\OgeQ�h��Ú`ZLpQ�QTX8C f WcY Q�XDC f WUlcsjL?\Ogys�h�P=oO��Q�P=Q�tx`
geQ�P³[]u�tOu�tO��[]��`ZQ;gMYr`ZQ;o�fj­AKMLOQa§pu�op[�gr`eu�`eQU�9ge[�oOL r j�h]�Æ`eLOQ.QTX1C f WAY Q�X1C f W7Yr\O§pP=[]`Zgeu�^=`eLp[�`MgZQ;P³[]u�tpY7[]��`ZQ;g7Q;��u�P=u�tp[]`Zu�tO�
QTh tj gFu^j�WMuwY#h�§c`j[]u�tOQ;��[9YM�¨h�����h��CYH)Ú�cQ;��Q�`ZQy�¨geh�P r j A ; ��Q;gr`eu�s�Q;Y h tj []tp��u^jÚ[]tp��[]����QG�c��QGYMu�tqs�uw�cQ�tx`C`eh=`ZLOQ;P�¯q`ZLpQ�t�[��p�_`eLOQ
QG�c��QGY"u�tS`ZLpQC�cQ�®qs�u�Q;tps�b�h]�AQ�h tj g$u^j"W�­"KMLpQ !^	 #p� �©¢�	�¢ ¦E/Ú����¦ l ���Z�$#%�OrGF Q5²cW"uwY"`eLOQ#§Ou�op[]gZ`Zu�`ZQM��gj[]opLSs�h�tx`e[�u�tOu�tO��[]���c`ZLpQ#Q;�c�9Q;Y
h��"[���� r jZ­

· �A`eLOQ��cuw[]�9h�tp[��ÆQ���Q�P=Q�tx`jYCh]�/² []geQytOh�tO�;Q�gehp¯&[]tp��`eLOQ	oOu���h�`eYa[�gZQ	sjLph9YZQ�t1u�t�`ZLOQ�h�gj�cQ�g�Q " t"g " W©¯4Q�s,t"g$s WDg>=?=>=HgHQ�X t"gIX W�¯
`eLOQ�t!�7Q��#gZu�`ZQ _%F Q5²cWC�¨h�g°`ZLOQ //����¦ l �,�Z�J#9� h��7²	¯Æ�#Lpu�sjL�uwY°h�§c`j[]u�tOQ;���¨gZh9P rGF Q�² Wa§?b1P=Q�ge��u�tO��Q;[�sjL-gZh�� �9Q�gZ`ZQ�^H��t
�#u�`ZL«u�`jYUs�h�gegZQGYro&h�tp�Ou�tO�¶s�h���\OP=t���Q;gr`eQ�^+�q­°KMLOQ /Ú����¦ l ¥j£�� � �S¤5	�¤q¢ ¦!� ��¦j¥�¢�	�£�¤[���Z�$#%�`_ F a Q�² W#uwYC`eLOQ�®q����Q;�1�9ge[�oOL1h]�A`eLOQ
s�h���\OP=t�u�tx`ZQ;geYZQ;s�`Zu�h�t���gj[]oOL�h]�|²�¯c`ZLq[�`CuwY�¯ _%F Q _ba Q�² WIW©­

� u�`ZL�`ZLpQ;YZQ	�cQ�®ptpu�`eu�h9tpYC[�`#Lp[�tp���7QytOh��+P=Q�tx`Zu�h�t�`d�7h=geQ;YZ\O��`eYMh�t��#LOuwsjL�h�\OgjYJu�Y#§q[�YZQ;�Å­
IKJ ¿?Ã � ¿ �MLON � 	�� !j¦!�©¢��]¤ l � � N�P�QRQTS ¦�¢vr.- !e¦�� !!	 #O�,�©¢"	�¢¸¦0�,�e�$#9�F��¤ l ��¦�¢ QTh t*g$u!W !j¦_�]¤ ¦ l �x¦�£ ( r.-VU S ¦�¢vr ; !j¦_¢m�p¦
!!	 #O�,�©¢"	�¢¸¦����Z�J#9�`�Z¦�� �c�¡¢�	�¤o� ( �Z£�� ¢m�p¦¶¦��-	 ��	�¤(��¢�	�£�¤ £ ( ¦ l �9¦ Q�h t�gFu!W UTW ( r.-��O� �S¢��O¦ �©¢��Z£�¤��O���]���%# �Z£$#p¦!�©¢"CX�C¢��O¦�¤ r ; �]� ��£
�p� �	¢��O¦ �j¢��Z£]¤o����������# �Z£$#p¦!�©¢"CYU

�ph�g/`eLOQC�¨h9����h��#u�tO�	��Q�P=P³[n/�s;[]����QG�=`ZLOQ //����#O�]¢m� ��Q�P=P³[ 1�¯x[ #O�]¢m� u�YJ[	YZQ;vx\OQ;tps�QCh��ÆQ;�c�9Q;Y7´ �[Z Q�� - g\� ; W^gHQ�� ; g�� < WDg?=>=>=Hg
Q��^] A ; g\�^] W`_ �[Z � - g�� ; g>=?=>=^g\�^]X_�u�t��#LOuwsjL�[����(`eLOQy��Q;gr`eu�s�Q;Y#[�gZQ��cuwYd`eu�tps�`;­ÚKMLpQ°��Q�tp�]`ZL�h���`ZLpu�Y#oq[�`ZL1´�u�Y)a�­
b7¿ � � �cLON�d £ ��¦e��
q� �Rf��]¤���¤ l S �p¦9g9¦^� N9h`QRQiS ¦�¢ _ !j¦�� l 	m�Z¦j¥�¢¸¦ l £,� �c¤ l 	m�Z¦j¥�¢¸¦ l ���Z�J#9���4�O£ ��¦�j�¦^�©¢�	�¥j¦ �U�,�Z¦U¢m�p¦c	�¤p¢¸¦��x¦!� �
" ¢����Z£���� � X �Ú��¤ l ��¦�¢ _%F !j¦7	�¢%�E/Ú����¦ l �,�Z�J#9�6U0
 �p¦�¤ Q�k g�l9W 	 �y��¤-¦ l �x¦	£ ( _%F�	 ( �]¤ l £]¤p�-C0	 ( ¢m�p¦^�Z¦@	 ���d#p��¢��'	�¤n_ ( �Z£��
k ¢ £ l �4�p£ ��¦�	�¤p¢¸¦^� �³¦ l 	���¢¸¦mjE¦!�©¢�	�¥e¦���� �Z¦S����� � �=�]����¦^��¢m�p��¤ 
����4Q�k4g�l9W U

n o �� |�(
/�|�_ "���� "������
/�|���	���	���
������
J�	���������#�����������������	���� "�#�

·¸t-`ZLOuwYUYZQ;s�`Zu�h�t��JQ�opgZh��9Q�`ZLOQSP³[]u�t�gZQGYr\p��`°h]�A`ZLpQ�op[�oqQ;g;¯(�#LOuwsjL�uwYC`eLp[�`�Q��9Q�geb�Yr`Zgeh�tO�_±U[]����tph�tO�;Q�geh¶op[�`Z`ZQ;gZt-[9�cP=u�`jY
[=oOu���h�`Zu�tO�³o&Q�geP�\c`j[�`Zu�h�t��¨h9gC�#LOuwsjL1Q���Q;gZb_Q;�c�9Qyh]�|`ZLOQ�s�h���\OP=t1Q���u�P=u�tp[�`eu�h9t�`ZgeQ�Q	s�h9gZgeQ;YZo&h�tp�OYJ`eh¶[³Yrb?P�§qh9��uwsys�h9��\OP=t
�cQ;oqQ;tp�cQ;tps�b9­ �!Q#®pgjYr`"opgZh��9QM[°��Q�P=P³[yYZ[Eb?u�tO�°`ZLp[]`A`ZLOQ;gZQ#uwY/[ysjLOh9u�s�QMh]�(oOu��9h]`/Q;��Q;PSQ;tx`ÚYr\psjLS`eLp[�`A`eLOQM®pgjYd`/Q;��u�P=u�tp[]`Zu�h�t
Yr`ZQ;o s�geQ;[�`eQ;Y�`eLOQ_s�h�gegZQGs©`	�cQ�o&Q�tq�cQ�tps�b-�¨h9gy`ZLpQ³®pgjYd`�s�h���\OP=t []tp� [���YZh1�ch?Q;Y	tph]`�sjLp[�tO��Q=`eLOQ_Yr`Zge\ps©`e\OgZQ³h��M`ZLOQ³®q����Q;�
s�h���\OP=t�u�tx`ZQ;geYZQ;s�`Zu�h�t���gj[]oOLÆ­ �!Q�`ZLOQ;t�opgZh��9Qa`eLOQyP³[]u�t�`eLOQ�h9gZQ;Pµ§?b¶u�tp�c\ps�`Zu�h�tÆ­

�!Q�P³[,+9Qy`d�Jh³h�§pYZQ�ge��[�`Zu�h�tqYC[]§&h�\c`�Yrb?P�§qh9��uwsyQ���u�PSu�tp[]`Zu�h�tÆ­��|u�geYr`;¯q`ZLpQ	��[�s�`C`ZLq[�`cf  p" uwYC`eLOQ���Q;[9Yd`ZÇ3��[���\OQG����Q�gZ`ZQ�^
u�t r j"u�P=oO��u�QGYM`ZLp[]`#`ZLOQ;gZQ�uwY#tOhS®p����Ç u�t�QG�c��Q�Lp[E�?u�tO�.f  #" [�Y#[]t�Q�tq�coqh9u�tx`G­/KMLOu�YM�9u��9Q;YM\pY

²��k3 Q�f  O" g _ F a Q r j*WIW � ²��k3 Q�f  O" g _ a Q r j*WIW /rR 1
� �?�1� f  #" 01²��*3 Q�q t g r j*W SoXr���s0�²��k3 Q�q t g r j�W9�t= /3}�1

ô¨ü�à�ô�â



��� £�¢¸¦�£]¤-¢��O¦��/£�� � �S¤��J�
	 ��	�¤(��¢�	�£�¤�
��Z¦j¦ ~

l?QGs�h9tp�Å¯(`ZLpQ�®p���"op[�`eL-��Q�P=P³[¶u�P=oO��u�Q;YU`eLp[�`°`ZLOQS��Q;gr`eu�s�Q;YUu�t-`ZLOQ=YZQ�`.�Hf  p" ����²��k3 Q�f  " g _ F a Q r j WFWa�¨h�geP [�s�h9PSop��Q�`ZQ
YZ\O§O�9ge[�oOLÆ­

KMLOQatOQ�^?`Ú��Q�P=P³[�YZLOh��CY"`eLp[�`Ú�#LpQ�t³�JQCoOu���h]`7h�t¶[]t³Q;��Q;P=Q�tx`/`ZLq[�`ÚuwY/tOh�`Ú`eLOQCh�tp��bSQ���Q�P=Q�tx`Úu�t¶u�`eY7s�h���\OP=tÆ¯xQ�tOh9\O��L
®p���"u�Y°[��p�cQ;��`eh_oOgeQ;YZQ�ge��Q�`eLOQ=Yd`egZ\ps�`Z\OgeQ	h��/`ZLOQ�®p����QG�-s�h9��\pPSt-u�tx`ZQ;geYZQ;s�`Zu�h�t1�9ge[�oOLÆ­��ph�gUQ;[�sjL1�9Q�gZ`ZQ�^�fj¯&�7QS�cQ�tph]`ZQ�u�`jY
op[�gZQ;tx`Mu�t�`ZLOQ	s�h���\OP=t�Q;��u�P=u�tq[�`Zu�h�t�`egZQ;Q°§?b�� 2����>�	�^Z f _�Gc§?b_�cQ�®ptOu�`Zu�h�t�`ZLpu�Y#uwY 
�� � �J3�� f�� 310�²��k3 Q�fJg _ F a Q r - WIW �9­
b7¿ � � ��
 S ¦�¢ r - !j¦U¢m�p¦ �©¢"� �p¥�¢%���e¦a£ ( � �
� �p� �Z¦ �³��¢��D	
E ² �A	�¢m����¢A��¦j� �j¢"¢��Ú£	¤(£�¤��;¦!�Z£S¦���¦��³¦�¤q¢ �q	�¤1¥j£�� � �S¤ " U S ¦�¢ ´ ;
!j¦U¢m�p¦ #p¦!� � �c¢¸��¢�	�£�¤��=�]¢"�D	
E�¢��O��¢ 	�¤p¢¸¦!�Z¥$�p��¤��9¦��q�Z£ � h t �A	�¢��O�e£ � " � �p¥J�=¢��O�]¢�¢��O¦°¦ l �x¦ Q " g��62����>�	�?Z " _�W £ ( ¢m�p¦�¦��-	 �.	�¤&�]¢"	�£]¤
¢��Z¦j¦�£ ( _ a Q�² W ¥e£,�D�Z¦��"#p£�¤ l �	¢¸£��_¤&£]¤��G¦!�Z£n	�¤!¢��O¦ � #�#p¦^��¢"�D	��]¤o� �c��� � ( �9¥�¢¸£ � ¬ U3W ( r ; 	 �	¢��O¦"!!	 #O�,�©¢"	�¢¸¦@�,�e�$#9� �Z¦�� �c�¡¢�	�¤o�
( �Z£�� ¢��O¦¶¦��-	 �.	�¤&�]¢"	�£]¤ £ ( ¦ l �x¦ QTh t*g " W �M¢��O¦�¤ ¢��O¦ /Ú����¦ l ¥j£�� � �S¤]	�¤p¢¸¦^� ��¦j¥�¢�	�£�¤ ���Z�J#9� £ ( r ; 	 �³£ !�¢ �,	�¤&¦ lK( �e£ � ¢��O¦ /Ú����¦ l
¥j£�� � ��¤5	�¤p¢¸¦^� ��¦j¥�¢�	�£�¤ �,�Z�J#9�«£ ( r - f � �j¢ !^C l ¦���¦�¢�	�¤o�'j�¦^�©¢¸¦FE��_�]¤ l 	�¢ �@	�¤&¥!	 l ¦�¤p¢#¦ l �x¦ �>Un
 �O�]¢v	 �9�

_ F a Q r ; W � _ F a Q r - W C�� " � / � 1

��������� �!Qy�#u����ÅoOgeh���QU`ZLq[�`M`ZLOQ	�OQ�®qs�u�Q;tps�b_YZQ�`#h��iQ�h t g " W7u�tx`egZhc�c\ps�Q;YM[]���(`ZLpQyQ;�c�9Q;YM[]tp��oOgeQ;YZQ�ge��QGY7[����(`eLOQyop[�`eLpYJ`ZLq[�`
s;[]t��Ou�Ye[]oOo&Q;[�gÚ§?b=`ZLpQ°�cQ;��Q�`Zu�h�t�h]��geh�� h tÅ[�tp�_s�h���\OP=t " ¯?�#LOu���Q°s�h�tpYr`Zge\ps©`eu�tp�	`ZLpQU�9ge[�oOL r ; ­ �!QU�#u����Å[���YZh�YZLOh�� `ZLq[�`
`eLOu�YaYrQ�`a�ch?Q;YMtOh�`Cu�tx`Zgehc�c\ps�Q°tpQ���QG�c��QGYMh�g#tOQ;� ®p���Æop[]`ZLpYCu�t _ F a Q r ; WMs�h�P=op[�gZQG�¶`eh _ F a Q r - W�­

��Q�`y\pYy[]tq[]��bx�;Q��#Lp[]`yLp[]oOo&Q�tqY��#LOQ�t [��O�Ou�tO��`ZLpQ=�OQ�®qs�u�Q;tps�b�h��cQ�h t*g " W©­S�ÆQ�`�����²��k3eQ " g r - W°§qQS`eLOQ³YrQ�`�h��Úgeh��
u�tp�cuws�QGYCh]�AtOh9tO��Q;gZhxYMu�t1s�h���\OP=t " ­ �Ogeh�Pµ`eLOQy`eLOQ�h9gZQ;P Yr`e[�`eQ�P=Q�tx`G¯pgeQ;s�[����(`eLp[�`°s�h���\OP=t " uwYa[���ir[�s�Q;tx`#`Zh¶[�`U��QG[�Yr`#`d�7h
geh����9Q�gZ`Zuws�Q;Y;¯cYrhS`eLp[�`qh tÆuwYMtOh�`#`ZLOQyh9tO��b_Q���Q�P=Q�tx`#u�t1YZQ�`��M­

,Jb_\qYru�tO�=`ZLpQ��cQ�®qtOu�`eu�h9t1h]�"`ZLpQ��cQ�®&s�u�Q�tps�b_h]�qQTh t�g " W©¯p�¨h�gCQG[�sjL q t 0�� YZ\psjL�`ZLq[�`�q t ;�=h t|[]tq�_�¨h9gCQ;[9sjL�Q;�c�9Q%� ;� "
[9�Eir[�s�Q�tx`C`Zh�h t�u�t r.- ¯&�7Q	YZQ�Qy`eLp[�`���§&Q���h�tO�xYM`Zh�²��k3 Q�q t�g r ; W�­3�Oh9gaQ;[9sjL�`d�7h³�9Q�gZ`Zuws�Q;Y3� ; g\� < 0-²��k3eQ�q t�g r ; W�¯q§?b�\pYru�tO�`eLOQ	�cQ�®qtOu�`eu�h9t�h]�|`ZLOQ	s�h���\OP=t�u�tx`ZQ�gjYZQ;s©`eu�h9t��9ge[�oOLÆ¯?�JQ�YZQ�Q�`eLp[�`�Q�� ; g\� < WJuwY#[]t�Q;�c�9Q�h]� _ba Q r ; W�­

��Q�`ÚP³[,+9Qa[]t¶[�tp[]��bcYruwYA�cQ;oqQ;tp�cu�tO��h9t=`ZLOQUh�geu��9u�t=h]�Å�9Q�gZ`Zuws�Q;Y � ; g�� < ­)�|u�gjYd`G¯�u��r� ; g\� < []geQa[9�Eir[�s�Q�tx`A`Zhbh t&u�t rm- ¯ /�`ZLq[�`
uwY!� ; g�� < 0!²��*3 QTh t*g r.- WI1C`ZLpQ���[9s©`°`ZLp[]`0Q�� ; g�� < Wau�Y°[]t«Q;�c�9Q�h]� _ba Q r ; WaoOgZh��9Q;YC`ZLp[]`a`ZLpQS�cQ;��Q�`Zu�h�t«h]�A`ZLpQ�geh�� h tA�ch?Q;Y
tOh�`asjLp[]tp��QU`ZLOQ	Yr`Zge\ps©`e\OgeQ°h�� _ a Q r ; WMs�h9PSoq[]geQ;�_`ZhS`ZLOQ	Yr`Zge\ps�`Z\OgeQ�h]� _ a Q r - W©­

l?QGs�h9tp�Å¯Eu�� � ; 0�²��k3 �"! Q�h t�WÆ[�tp�K� < 0�²��k3#�"! Q�q t>W�¯�`ZLOQ;tK� ; []tp�%� < []geQ/§&h]`eL�[���ir[�s�Q;tx`�`Zh " u�ty`ZLpQJs�h���\OP=t	u�tx`eQ�gjYrQGs©`Zu�h�t�9ge[�oOL�h]� r - ¯&Yrh�� ; g�� < 0-²��k3 Q " g _ a Q r - WIW�­3,7b�\pYZu�tp�=`ZLOQ�h�§pYZQ�ge��[�`Zu�h�t1[]`C`ZLOQ�§qQ;��u�tOu�tp�¶h]�"`ZLpu�YUYrQGs©`Zu�h�t�¯p�JQ�YrQ;Qy`ZLq[�`
Q�� ; g\� < WJ§&Q���h�tO�xYJ`Zh _ F a Q r - W©­/KMLOuwYMoOgeh���QGYÚ`eLp[�`#`eLOQ	�cQ�®qs�u�Q�tps�b_YZQ�`a�ch?Q;YMtph]`Cu�t9`egZhc�c\qs�Q�tOQ��+Q;�c�9Q;YMu�t _ F a Q r ; W�­

�UYru�tO�S`ZLOuwYC[�tp[]��bcYruwYJh]�"Q;�c�9Q;YMu�t9`egZhc�c\qs�Q;��u�t r ; ¯O�7Qys;[]t�Q;[�YZu���b_sjLpQ;sJ+=`ZLq[�`

²��*3 Q " g _ a Q r - WIW)C �^�6�%$ ²��k3 Q�� g _ a Q r ; WIWDg'& ��01²��*3 QTh t g r - WDg\�[;� " = /T�o1
l?\poOoqhxYrQ«`ZLq[�` Z k ; g?=>=?=^g�k U _ ¯ch � sFuwY1[ ®p����op[�`eL+u�t _ F a Q r - W�[]tq� Lp[9Y " [�Y�[]t+u�tx`eQ�gePSQG�cuw[�`ZQ!��Q;gr`eQ�^Å­µKMLOuwY

P=Q;[�tpYS`ZLq[�`�k : & 
������?k ; g\keU4���¨h9g¶[]��� 2 � s�g>=?=>=^gFh1C " ¯J[]tp� `ZLpQ�QG�c��Q Q�k ; g�keU WS§qQ;��h9tO�9YS`eh _ F a Q r - W�­�l?\OoOo&h9YZQ
`eLp[�`Hk : � " g 2 � " g 2 & h?­ ,7b \qYru�tO� gZQ;��[]`Zu�h�t�/T�o1©¯°�JQ!YZQ�Q«`ZLp[]`Hk : A ; g\k : F ; 0 ²��k3 Q(�62)���?�*�XZ " _�g _ a Q r ; WFW©­ · �
k : A ; �+�62)���?�*�^Z " _"h9g�k : F ; �,�62����>�	�?Z " _ ¯(u�`�uwYUQ;�?u��cQ;tx`a`ZLq[�`°`ZLOQ�®p���|oq[�`ZL-u�Y°oOgeQ;YZQ�ge��QG�Å­ B `eLOQ�ge�#u�YZQ�¯&��Q;gr`eQ�^ " s;[]t�§&Q
geQ�oO�w[�s�Q;�1§?b-�62)���?�	�?Z " _|u�t�`eLOQSop[�`eL�Z k ; g>=>=?=^g�k : A ; g��62����>�	�?Z " _*g�k : F ; g?=>=?=!g�k U _ ­K,Jb�\qYru�tO�¶`eLOQ=�cQ�®ptpu�`eu�h9t-h]�Ú`ZLOQ=s�h9��\OP=tQ�`ZgeQ�Q�¯c�JQ�YrQ;QU`eLp[�` k : A ; g�k : F ;/. �62����>�	�?Z " _ ¯O[]tq�³`ZLpu�Y#YZLOh��CY7`ZLp[]`KZ k ; g?=>=>=!g�k U _Åu�Y#[�®p���Åop[]`ZL_u�t _ F a Q r ; W�­/KMLOuwYMoOgZh��9Q;Y
`eLp[�`a[����(`eLOQ�®p���Æop[�`eLpYC[�gZQ°oOgeQ;YZQ�ge��Q;�_u�t _ F a Q r ; WM[]tq�_tOh=tOQ;��®q���Æoq[�`ZL�uwYMu�tx`egZhc�c\ps�Q;�Å­

KMLOuwY#s�h9P=oO��Q�`ZQGYM`ZLOQyopgZh?h]��h]�|`ZLOQy��Q�P=P³[O­

5

6

4’

5’

6’

3’ 3

7’ 7

3

2

1’

5

4

67

00112233
4455 6677

8899 ::;;

<<== >>??

@@AA BBCC

DDEEFFGG
HHII JJKK

L�LL�LMM
4

2

1

2’

7

6

2

43

1

5
1

5 64321

1’

3’

2’

4’

5’

6’

7’

7

�|u���\OgeQ R�)[\�[]`Zgeu�^FQ�^O[]P=oO��Q�²�¯Ú`eLOQ1§Ou�op[]gZ`Zu�`ZQ1�9ge[�oOL r - ¯Ú`eLOQ�®p����QG� s�h���\OP=t u�tx`ZQ;geYZQ;s�`Zu�h�t ��gj[]oOL _ F a Q r - W=[]tp� u�`jY
s�h���\OP=t�Q;��u�P=u�tq[�`Zu�h�t�`ZgeQ�Q9­

�|u���\OgeQ�R°YrLOh��CYJ[	P³[]`Zgeu�^³Q�^O[�PSop��Q�²	¯?u�`eYJ§Ou�op[]gZ`Zu�`ZQ°��gj[]oOL r.- ¯?�¨h�����h��JQ;�=§?b=`ZLpQa®p����Q;�_s�h���\OP=t_u�tx`ZQ�gjYZQ;s©`eu�h9t³��gj[]oOL
_ F a Q r.- WJ�#u�`ZL�u�`jYCs�h9��\pPSt�Q;��u�P=u�tp[]`Zu�h�t�`ZgeQ�Q9­ ��u���\pgZQ	}�oOgeQ;YZQ�tx`eYJ`eLOQyoqQ;gZP�\c`ZQG�_P³[]`Zgeu�^�´ ; ²	¯c`eLOQy§Ou�op[]gZ`Zu�`ZQ���gj[]opL r ;

àcÉ1Û,wpì©ëDxGí



¼ � 	�� !j¦!�©¢�� � �D	
�x£ �D	

�#u�`ZL«u�`jYC®p����Q;�-s�h���\OP=t�u�t9`eQ�gjYrQGs©`eu�h9t���gj[]oOL _ F a Q r ; Wa[]tp��`eLOQ=s�h�gegeQ;YZoqh9tp�cu�tO�¶s�h9��\OP=t�Q;��u�P=u�tq[�`Zu�h�t�`ZgeQ�Q�­ �|u�tq[]����b9¯q`eLOQ
®p�9\OgeQ � YZLOh��CYJ`ZLpQyoqQ;gZP�\c`ZQG�_P³[�`egZu�^�´y² [�tp��u�`jY#s�h���\OP=t�u�tx`eQ�gjYrQGs©`Zu�h�t���gj[]oOL _ a Q�ª  ¬@W©­

5 64321

3’

2’

5’

6’

7’

7

����
4’ ����

����

������		



��

��

����
���� ����

��������
��������

����

1’

1’

2’ 2

4

5

6

5’

6’

3’ 3

7’ 7

3

2

5

4

67

5

3 4

2

6

7

�|u���\OgeQ�}�)0\�[]`Zgeu�^ ´ ; ²	¯"`eLOQ_§Ou�op[�gr`eu�`eQ¶��gj[]oOL r ; ¯|`eLOQ¶®p����Q;� s�h���\OP=t u�tx`ZQ;geYZQ;s�`Zu�h�t �9ge[�oOL _ F a Q r ; W�[]tp� u�`eY�s�h9��\OP=t
Q;��u�P=u�tp[]`Zu�h�t�`ZgeQ�Q9­

� h9tpYruw�cQ;gU`eLOQ³Q���u�PSu�tp[]`Zu�h�t!h]�MQ;�c�9Q�Q�� t"g " Wau�t P³[�`Zgeu�^-Q�^O[]P=oO��Q=²	¯�®p��\OgeQ�R�­³KMLOQ³��Q;gr`eu�s�Q;Y! �[]tp�#"�[]geQ³[��Eir[9s�Q�tx`
`eh$� t"u�t«`eLOQ³§Ou�op[]gZ`Zu�`ZQ³�9ge[�oOL r.- ­¶maQ;��Q�`Zu�tO��`ZLpQ³gZh��%�otALp[9Yy[�Yys�h9tpYZQ;vx\OQ�tqs�Q�`ZLp[]`y`ZLOQ³QG�c��Q Q� %g&"�W��cu�YeYe[]o&Q;[]gjYU�¨gZh9P
_ F a Q r ; W©­�,7b [9�O�cu�tO�-`eLOQ��cQ�®qs�u�Q;tps�b h���Q'�otTg " W�¯A`ZLOQ�Q;�O��Q]Q� 9g(",W	u�YSu�t9`egZhc�c\qs�Q;�Fu�t _ F a Q r ; W��O\OQ_`eh«geh�� ��Q;gr`eQ�^Zs,t5­
ºah���s�h9tpYruw�cQ;ga`eLOQ��9Q�gZ`ZQ�^$ �[���ir[�s�Q;tx`U`eh��9Q�gZ`ZQ�^$� t [�tp�1`eLOQS��Q�gZ`ZQ�^*)_[9�Eir[�s�Q�tx`a`eh��9Q�gZ`ZQ�^5s t u�t-`ZLOQS§Ou�op[]gZ`Zu�`ZQS��gj[]oOL
r - ­ ,Jb�`ZLpQ�o&Q�geP�\c`j[�`eu�h9t�h]�Úgeh��+� t|�#u�`ZL-geh�� " t5¯&`ZLOQSQ;�c�9Q'Q, 9g-) WCuwYUu�tx`Zgehc�c\ps�Q;�1u�t�`eLOQSs�h���\OP=t-u�tx`ZQ�gjYZQ;s©`eu�h9t1��gj[]oOL
_ F a Q r ; W©­A±ah��7Q;��Q�gG¯��JQJgeQ�P³[�gF+�`eLp[�`dQ, 9g-) W��J[9YA[]��gZQG[��cbyoOgeQ;YZQ�tx`Au�t�`eLOQCs�h9��\pPStSu�t9`eQ�gjYrQGs©`eu�h9t��9ge[�oOL _ F a Q r - W�­E�|u�tp[]����b9¯
�JQ	s�h9tpYruw�cQ;g7`eLOQ�®p���Æop[]`ZLcZ ) "  /. _Æu�t _ F a Q r - WJ�#Lpu�sjL�uwYMoOgZQGYrQ;gZ�9Q;�_u�t _ F a Q r ; WJu�t�[³s�h9P=op[�s�`J�¨h9gZP Z )0 /. _ ­

KMLOQ³tpQ�^?`	`ZLpQ�h�geQ�P u�Y	`ZLOQ_P=[�u�t geQ;YZ\O��`	h]�M`ZLOuwY	oq[]o&Q�gG­_· `�oOgeh���QGYU`ZLOQ_s�h�t�idQGs©`e\OgZQ³h��a¹°u���§qQ;gr`S[]tp� ºC�F» ¼E½Ju�t `eLOQ
YZb?P�§&h���u�sMYZQ�tpYZQ�¯E`eLp[�`G¯�u��q�JQM[9YZYZ\OP=Q7`ZLp[]`"�;Q�geh9Y|[]geQ7u�tx`Zgehc�c\ps�QG��h9tO��by§xb�Q�^coO��u�s�u�`AQ���u�PSu�tp[]`Zu�h�t=[]tp��tOh]`A§?b	s�[�tps�Q;���w[�`eu�h9tÆ­
IKJ ¿?Ã � ¿ � 
 S ¦�¢ ² !j¦y��¤(�c¤��DC � �=¦�¢"�D	�¥ �
� �p� �Z¦ ��#p� � ��¦ �=�]¢"�D	
E��O� j 	�¤o�³¢m�p¦ �©¢��Z£�¤��7������� # �Z£$#p¦^�©¢�CYU0
 �p¦^�e¦7	 �°�q#O¦!� � �c 
¢¸��¢�	�£�¤ ´ � �p¥J��¢��O��¢J¦ej�¦^�DC³¦ l �x¦	£ ( ¢��O¦	¦��-	 �.	�¤&�]¢"	�£]¤�¢"�e¦e¦y£ ( _ a Q5²cW ¥j£ �D�e¦ ��#p£�¤ l �U¢¸£³�S¤&£]¤��G¦^�e£�	�¤1¢��O¦ � #�#p¦^�°¢"�D	��]¤o� �c��� �
( �9¥�¢¸£ � ¬ 	�¤ �DC �"!j£��
	�¥ ��¦�¤���¦e� �4�O¦�¤«¢��O¦ ( ��¥�¢ £,�D	 �;�]¢"	�£]¤ ´y²=� ªM¬ 	 �	¥j£��q# �c¢ ¦ l U
��������� �!Qy�#u����ÆopgZh��9Qa`eLOu�YM§?b�u�tp�O\ps©`eu�h9tÆ­/�ÆQ�` rm- � r Q5²cWJ§&Q�`ZLOQy§Ou�op[�gr`eu�`eQ°�9ge[�oOL�h]�|²�­

13254 � 4 ��*76 J �O� ¿ � �«Q	YZLOh�� `eLp[�`#`eLOQ�geQyQ�^cuwYd`jY#[SoqQ;gZP�\c`e[]`Zu�h�t�´ ; YZ\psjL�`ZLp[]`M`ZLOQyQ;��Q;PSQ;tx`q6 ;(8 9;:-<'=?>&@BA ;BC uwYMtOh9tO��Q;gZhq­
�UYru�tO��geQ��w[�`eu�h9t�/dR 1�¯"�7Q_YZQ�Q¶`ZLp[]` Q " g �62)���?�	�?Z " _mW	§qQ;��h9tO�9Yy`Zh _ba Q rm- W©­!KMLOQ�geQ³Q�^cuwYd`jY�[1geh�� ��Q�gZ`ZQ�^5h t ;¶YZ\psjL `ZLq[�`

QTh t;,g " WM[�tp�`Q�h t;,g � 2����>�	�?Z " _�WM[]geQ°QG�c��QGYJh]� rm- ­ �!Q	sjLOh?h9YZQch t ;°[�YMoOu���h�`;¯p[�tp��´ ; �cQGYZs�gZu�§qQGYJ`ZLOuwY#o&Q�geP�\c`j[�`eu�h9tÆ­/V#h�� " uwY
u�tx`ZQ�gjsjLp[�tO��QG�¶�#u�`ZL�gZh���h t; Gc`ZLOQ;gZQ��¨h�geQ°`ZLOQyQ;��Q;PSQ;tx` 6 ;(8 9;:-<'=?>&@?A ;BC uwY#tOh9tO��Q;gZhq­

132 Ä������ 4�ÃD2 6 J �O� ¿*E �pC "GF �IH � �!QaYr\poOoqhxYrQM`eLp[�`A`eLOQ�geQ#uwY/[yYrQGvx\OQ�tps�Q#h]�(oqQ;gZP�\c`e[]`Zu�h�tpYA´5J A ; g>=?=>=^ge´ ; YZ\psjLS`ZLq[�`�¨h9gU[]��� 2 � " =?=>= � C " ¯e6 : 8 ]LKDU&M @ON A : C uwYCtOh9tO��Q;gZhq­��«QSYrLph���`eLp[�`U`ZLOQ;gZQ	uwY°[³oqQ;gZP�\c`e[]`Zu�h�t�´5J YZ\psjL�`eLp[�`U`ZLOQ�Q���Q�P=Q�tx`
6 J 8 ];K^U-M @PN A J C uwY#tOh9tO��Q;gZhq­n#s;s�h�gj�cu�tO��`Zh1KMLOQ�h9gZQ;P R�¯�[�`	Q;[9sjL-Q;��u�P=u�tp[]`Zu�h�t Yr`ZQ�o 2 ¯�`ZLOQ³§Ou�op[�gr`eu�`eQS�9ge[�oOL r :_uwY	Yd`egZh9tO��±a[]���A§&Q;s�[�\pYZQ r : A ;uwY�­Ú·¸t�oq[]gZ`Zuws�\O�w[]gG¯?`ZLOuwY#P=Q;[�tpYM`eLp[�`a[]`CQ;[�sjL�Q���u�PSu�tp[]`Zu�h�t1Yd`eQ�o��JQyLp[E��Qy[�`#��Q;[9Yd`#`d�Jh=Q���Q�P=Q�tx`eYa[�Y#sjLOh9u�s�Q;YJ`Zh³opu��9h]`#h�t
/5s�h���\OP=t���Q;gr`eQ�^ 2 u�Ya[��Eir[9s�Q�tx`M`Zh³[]`C��QG[�Yr`J`d�JhSgZh��+��Q�gZ`Zuws�QGYJu�t�`ZLpQy��gj[]oOL r : A ; 1©­KMLOQ;gZQ��¨h�geQ�¯|�ÆQ�P=P³[-}�[�oOoO��u�QGY�¯"[]tp� Ye[EbcY�`ZLq[�`�[]`�Q;[9sjL!Q;��u�P=u�tq[�`Zu�h�t Yr`ZQ;o 2 ¯�`ZLOQ_Yr`Zge\ps�`Z\OgeQ¶h]�M`eLOQ³®p����QG� s�h9��\OP=t
u�tx`ZQ�gjYZQ;s©`eu�h9t��9ge[�oOL_uwY#oOgeQ;YZQ�ge��QG� )

_ F a Q r :,W � _ F a Q r : A ; WEC�� 2 � "%$ 2s& � = /3~�1
KMLOuwY#geQ��w[�`eu�h9t�YZLOh��CYJ`eLp[�`#`eLOQ	u�tp�c\ps�`Zu�h�t1L?b?oqh�`ZLOQGYruwY#Lp[9Y#[�YC�cu�geQ;s©`as�h�tpYZQ;vx\OQ;tps�Q�`eLp[�`#`eLOQ�Yr`Zge\ps©`e\OgeQyh]�|`ZLOQy®q����Q;�

s�h���\OP=t�u�tx`eQ�gjYrQGs©`Zu�h�t1�9ge[�oOL1�M[�YCopgZQGYrQ;gZ�9Q;��\Otx`Zu���`ZLOuwY�Yd`eQ�oG��h]�/Q;��u�P=u�tp[]`Zu�h�tÆ­c�«QSs�[�t-�cQ;�O\ps�Q�`ZLp[]`0Q��5g��62����>�	�?Z �s_�W
§&Q���h�tO�xYJ`Zh _ F a Q r J A ; W©­Úk/��Q;t�P=h�geQ�¯cgeQ��w[�`eu�h9t`/rR 1JYe[Eb?YJ`eLp[�`M`eLOu�YCQ;�c�9Q°§&Q���h�tp�9YJ`Zh _ a Q r J A ; W©­KML?\pY;¯c`ZLpQ�geQ	u�YaYrh9PSQy�9Q�gZ`ZQ�^'h tJ Yr\qsjL�`eLp[�`.Q�h tJ g\��W#[�tp�]Q�h tJ g��62����>�	�?Z �'_mW#[�gZQyQG�c��QGY#h]� r J A ; ­i�!Q�sjLOh?h9YZQ@h tJ [�Y
oOu���h�`;¯|[]tp�!��Q�`�´ J �cQ;Yes�geu�§qQ=`eLOu�Y	oqQ;gZP�\c`e[]`Zu�h�tÆ­_KMLpQ³oqQ;gZP�\c`e[]`Zu�h�t!h]�J`ZLOQ³geh��[� �#u�`ZL!`eLOQ³gZh�� h tJ �#u����/P³[,+9Q�`eLOQ
Q;��Q;PSQ;tx`q6 J 8 9;:-<'=?>&@BA J C §qQ�tOh9tO��Q;gZhq­

��Q�`#´ ��´ @�A ; g?=>=?=!gZ´ ; §qQ°`ZLpQUo&Q�geP�\c`j[�`eu�h9t_P³[�`egZu�^=`ZLp[]`Mu�tps���\p�OQ;Y7`ZLOQ X�C " gZh�� u�tx`ZQ�gjsjLp[�tO��QGY�­4�«Q�Lp[E�9QaoOgeh���QG�`eLp[�`JQ���Q;gZb�Q;�c�9QCh]�(`eLOQUs�h���\OP=t³Q���u�P=u�tp[�`eu�h9t=`ZgeQ�Qas�h�gegZQGYro&h�tp�pY"`Zh�[�Yrb?P�§&h���uws#tOh�tp��Q�gehyu�t=`ZLOQU\OoOo&Q�g/`egZuw[]tp��\O�w[]gA��[9s©`eh�g
¬S¯p�#LOQ�t�`ZLpQU��[9s©`eh�geu��G[�`Zu�h�t�´y²=� ªM¬ uwYCs�h�P=oO\c`eQ;���#u�`eL1op[]gZ`Zuw[]�(oOu���h�`Zu�tO�p­

KMLOuwY#s�h9P=oO��Q�`ZQGYM`ZLOQyopgZh?h]��h]�|`ZLOQ�`eLOQ�h9gZQ;P�­

ô¨ü�à�ô�â



��� £�¢¸¦�£]¤-¢��O¦��/£�� � �S¤��J�
	 ��	�¤(��¢�	�£�¤�
��Z¦j¦ �

1

6’

7’

7

4’

2

5’

1’

5

2’

3’

6

5

1

3 4

2

6

7

3 4

����

����
����

����

��		


�� ��



����

������������

��������
���� ����

1’

2’

1

2

4

5

6

4’

5’

6’

3’ 3

7’ 7

3

2

1 5

4

67

�|u���\OgeQ � )|KMLOQUoqQ;gZP�\c`ZQG�=��[�s�`Zh9gZu���QG��P³[]`Zgeu�^¶´y²	¯9`ZLpQU§Ou�op[�gr`eu�`eQ#®p����QG�³��gj[]oOL r8F Q�²cW�¯x`ZLOQ�s�h9��\OP=t³u�tx`ZQ�gjYZQ;s©`eu�h9t³��gj[]oOL
_ a Q5ª  ¬@WJ[�tp��u�`jYCs�h9��\OP=t�Q���u�P=u�tp[�`eu�h9t�`ZgeQ�Q�­

� 
��	�(
7���(�����'N� "�C���y M �

KMLOQ=P³[]u�t!gZQGYr\O��`yh]�/`eLOuwYyop[]o&Q�g�uwYyKMLOQ�h9gZQ;P }c¯Å�#LOuwsjL!��u���Q;Y�[�t«[]����Ç []`rÇ h�tps�QSYr`Zge\ps©`e\OgeQ�oOgeQ;�Ou�s�`Zu�h�t-geQ;YZ\O��`;¯Æ\ptp�cQ�g�`eLOQ
[9YZYZ\OP=oc`Zu�h�t«`ZLq[�`y`ZLpQ³P=[]`Zgeu�^!² u�YyYr`Zgeh�tO��±a[����3­³·¸t«`ZLOQ³oOgeh?h]�d¯Æ�JQ³YrLph��7QG��`eLp[�`yu��M[]`	Q;[�sjL«Q���u�P=u�tp[�`eu�h9t Yd`eQ�o 2 `eLOQ
Q;��Q;PSQ;tx`n6 : 8 9L: <�=?>&@?A : C u�Y¶tOh�tO�;Q�gehp¯Ú`ZLOQ�Yr`Zge\ps©`e\OgeQ�h��U`eLOQ�®p����QG� s�h���\OP=t u�tx`eQ�gjYrQGs©`Zu�h�t ��gj[]oOL uwY³oOgeQ;YZQ�ge��Q;� �c\Ogeu�tp�«`eLOQ
Q;��u�P=u�tp[]`Zu�h�tÆ­ B tpQ_�M[Eb«`eh-u�tx`ZQ�geoOgeQ�`S`ZLOuwYSgZQGYr\p��`Su�Y�`ZLq[�`=�7Q���QG[]get `ZLOQ1Yr`Zge\ps©`e\OgeQ_h]�y¬ h�tOQ�geh�� []`=[�`Zu�P=Q��O\OgZu�tO�
Q;��u�P=u�tp[]`Zu�h�tÆ¯c§p\c`#�7Q°tOQ��9Q�gJ��QG[]get_[]t?bx`ZLpu�tO�SP=h�geQU[�§qh9\c`7`eLOQ�\Otps�h�P=oO\c`eQ;��gZh��CYÚh]�A¬ `ZLp[�t_�JQc+?tOQ;� �¨geh�P _ F a []`7`eLOQ
§&Q��9u�tOtpu�tO�q­A·¸t�h]`ZLpQ�g#�Jh�gj�OY�¯x`eLOQyQ���u�P=u�tp[�`eu�h9t��OhxQGY#tOh�`M�9u��9Q�oOgZh9��geQ;YeYru���Q;��bSP=h�geQ�u�tc�¨h9gZP³[]`Zu�h�t�[]§&h�\c`U¬S­

�!Q�geQ�P³[�gF+�`ZLq[�`;¯�u�t-`ZLOQ=oOgeh?h]�/h]�JKMLOQ�h9gZQ;P }c¯&`ZLOQ³Yr`Zgeh�tO��±a[����"oOgeh�o&Q�gZ`db��J[9Ya\pYZQ;�«u�t-h�tp��b1h9tOQ�op��[9s�Q	�¨h9g�Q;[�sjL
Q;��u�P=u�tp[]`Zu�h�t Yr`ZQ;oÆ­'�!Q_\qYrQG�-`eLOQ_Yr`Zgeh�tO��±U[]���/oOgeh�o&Q�gZ`db�`eh-s�h9tps���\p�cQ=`eLp[�`�[]`�Q;[9sjL Yd`eQ�o /¨Q�^cs�Q�oc`�`ZLOQ¶�w[�Yr`J1�¯|`ZLOQ;gZQ³uwY
[����M[EbcY�[�sjLOh9u�s�Q7h��q[�`A��Q;[�Yr`|`d�7h°Q���Q�P=Q�tx`jY|`Zh�oOu���h]`"h�t�­ B tOQMs�h9\O�w��[9YI+y�#LOQ�`ZLOQ;g|`ZLOQ#Yr`Zgeh�tO��±a[����coOgeh�o&Q�gZ`db�u�Y"tpQ;s�QGYZYe[]geb
[9YM�7Q;����[9YMYr\ �¶s�u�Q;t9`#�¨h9gM`ZLOuwY;­

B \Og°geQ;YZ\O��`°u�Y°YZbxP�§qh9��uws]¯(u�t�`eLOQSYZQ�tqYrQ�`ZLp[]`U�JQS[9YZYZ\OP=Qy`ZLq[�`y�c\Ogeu�tO��¹�[]\pYeYZu�[�t�Q���u�P=u�tp[�`eu�h9t1`ZLpQ�geQ;YZ\O��`Uh]�J[��O�cu�tO�
h9g�Yr\p§c`Zgj[�s�`Zu�tO��`d�7h1tOh9tO��Q;gZhxY�u�Y	tOQ��9Q�gy��Q;gZhq­�n Yr`Zgeh�tO�9Q�gygeQ;YZ\O��`	�7h9\O���!§&Q¶�#Lp[]`�¹°u���§qQ;gr`S[]tp� ºC� » ¼�½Js�[]����Q;� ¦FE?�9¥�¢ ¯
�#LOuwsjL¶�Jh�\O�w�³[�YeYZ\OP=Q#h�tO��b�`eLp[�`7`ZLOQUtOh�tp��Q�gehy��[]��\OQ;YÚu�t�² �JQ�geQC[]����Q�§pge[�u�s;[]����b	u�tp�cQ;oqQ;tp�cQ;t9`7�¨gZh9P QG[�sjL³h�`ZLOQ;gHGxu�t_h]`ZLpQ�g
�Jh�gj�OY;¯9u�`#�7h9\O���_[�YeYr\OP=QU`ZLp[]`M[�t?b=s�h�P=oO\c`eQ;����Q;gZhxY/�JQ�geQU�c\OQ°`eh�s�h9P�§Ou�tp[]`Zh�geuw[]�&oOgZh9oqQ;gr`eu�QGYÚh��Æ`ZLpQUtOh9tO��Q;gZhSYd`egZ\qs©`Z\pgZQ
gj[�`eLOQ�gJ`ZLq[]t�`Zh³s�h9u�tps�u��OQ�tps�QUu�t�sjLph�uws�Q°h]����[���\OQGY�­ �!Qy�ch�tph]`�+?tOh�� �#LOQ�`ZLOQ;gM`ZLOQ�Q�^O[9s©`M��Q�gjYZu�h9t¶h]�|h�\OgMP³[]u�t_`eLOQ�h9gZQ;P
LOh9���pY�h�gytOh�`;¯Å`eLOh�\O�9L«�JQ³s�h9t�idQ;s�`Z\OgeQS`ZLp[]`	u�`	�ch?Q;Y;­³nCt Q�^O[9s©`y��Q;geYZu�h9t�LOh9���OY;¯Æ�¨h9g�Q�^O[]P=oO��Q�¯Å�¨h9g�`ZLOQ¶s���[9YZY°h��JYr`Zgeh�tO�
±U[]���&P³[]`Zgeu�s�Q;YJ�#u�`eL_Q�^c[9s©`e��b=`d�Jh�tOh9tO��Q;gZhxY/u�t�Q;��Q;gZb=geh�� []tp�³Q;��Q;gZb³s�h9��\pPSt�¯c§qQGs�[]\qYrQUQ���Q;gZb=Q;��u�P=u�tp[]`Zu�h�t�Yd`eQ�o�s�gZQG[�`eQ;Y
Q�^c[9s©`e��b¶h9tOQ�tOQ�� tOh9tO��Q;gZh=[]tp��`eLp[�`#tOh9tO��Q;gZh=uwY#[]����Q�§pge[�u�s;[]����b=u�tp�cQ�o&Q�tq�cQ�tx`ah���`ZLpQyh]`ZLpQ�g#geQ�P³[]u�tOu�tO�=tOh�tO�;Q�geh9Y;­

�!Q�s�h9tps���\p�cQ�§xb�P=Q�tx`Zu�h�tOu�tO�_[�t1h�o&Q�t�oOgeh�§O��Q�P�)7�#Lp[�`auwY#`eLOQ�s;[�YZQy�¨h�gCtph�t�Yr`Zgeh�tO�³±a[�����P³[�`Zgeuws�Q;Y;¯pQ;u�`eLOQ�gC�¨h�gC`eLOQ
Q;��u�P=u�tp[]`Zu�h�t `egZQ;Q³h�g��¨h�g	`ZLOQ_Yr`Zge\ps�`Z\OgeQ;Yyh��Mª [�tp�F¬"!�·¸t `ZLOuwY	s;[�YZQ�¯|u�`	uwYb+?tOh��#t!`ZLq[�` _ F a Q5²cW�P³[Eb-tph]`	§&Q_[�`Zu���Lx`
§&h�\Otq�1�¨h�gy¬S­C·dYa`ZLOQ;gZQS[=`Zu���Lx`°§qh9\Otp�1h9t!¬"! · �JYrhq¯&�ch?QGYCu�`°YZLp[]geQy`ZLpQ�oOgeh�o&Q�gZ`db_`eLp[�`U`ZLOQ;gZQ�u�YatOh_tpQ�� u�tc�¨h�geP³[�`Zu�h�t
geQ��9Q;[]��Q;���c\Ogeu�tp��`eLOQyQ���u�PSu�tp[]`Zu�h�t�Q�^Os�Q;oc`M`ZLOQ	Yr`Zge\ps�`Z\OgeQ�h]�|`ZLOQ	s�\OgZgeQ�tx`MgZh��+h]�/¬"!

# �%$��M |�#�(
J���

&('*),+.-0/.-2143650798;:=<>79?2:A@B-0CD-D+FEDGIH*3J-%K4L9M"NPORQ0S9TUL9VWOXSZY0[\S9T]VWO;^`_baDc6LdV*ed-gfh7dikj=36<l:=mZH%no?2<(pqHP36GI<srtEvuw36HxGIGxyb'JzZz{'Z-
& |J),+.-0/.-2143650798;:=<>79?2:}1o-2/B-0~=�27Z:=HP3J-�~{rI36�9?2mk@�798(8�i�7drI36<(�xHxGx-F�=�I��[��=��[\S9T]VWO;^,��Q0SZY;���h�q�0Y;�;y�'��{� �Z�9z����Z�Z�{y�'Jz9z9�D-
& ��)"CD- ��-���Hxi"i"Hx8]y CD-�+.-���<(8(j HP3IrJyb79?2:��B-�~�- �b<]-./�u�7�3W798(8(Hx8�~=5D  HP36?2�{:D798w/� 2 D36�Z79�W�¡r6�}~{ 07�36GIH,u47d3Ir6<;798�u�<(pq�9r6<(?2m=-,�=�I��[¢�=�

[\S9T]VWO;^"��Q0SZY;���£�q� Y;�;y0|9¤=¥X�q¦*� §Z|d¤��=§9�Z��y4'xzZz9z=-
& �d)"/B->��Hx�d36mZH�79?2:©¨g-«ªomD-A~�EDi¬j �Z8(<(�¬­R79�Pr6�d36<;®x7dr6<(�Z?¯­R�d3BGI 07d36GIH"mZ795DGIGI<l7d?¯Hx8(<(i"<;?27dr6<(�Z?`°F<sr6�± 07�3Ir6<l7d8� D<(pq�9r6<(?2m=-¡�=�I��[²�=�£� ³POU�

�2TUSdT´�FK4L9Mo�0µ{T´�;y0¶=¥X�q¦*� ¶q§9§J��¶ZzZ¶{yw'Jz9¶q§{-
& �J)"CD-�+.-���<(8(j HP3IrJ-Z/o?%HP·"�P<;HP?{rb 07�3W798(8(Hx8�GI 07�36GIH� 27d3Ir6<;798Z 2<(pq�9r6<(?DmF798(mZ�d36<(r6�Di¸-�¹«HP�*�D?2<(�J798Z+oHx  �d3Ir>¶9¶qº����9¤Z�Z|J»W'9y{f£�=36<;G¼r6<;7d?k½}<(�W�2Hx8(GIHx?

¾ ?DG¼r6<sr65Dr6HZy�'Jz9¶Z¶=-
& ��)"CD-�+.-{��<(8(j HP3Ir£79?2:"¨F-��¬-qª�m=-�uw36HJ:D<(�Pr6<(?2m¬~�rI3652�Pr65=36Hg<;?kª��Z?DG¼E=i"i"HPrI36<(�F~= 27d36GIHo½¸7drI36<s¿"Àw7d�Pr6�936<(®J7�r6<(�Z?2Gx- ¾ ?,/B-q��Hx�936m9HZyDCD-q+.-

��<(8(j HP3IrJy�79?2:¸CD-D��-0@B-0��<;5�y0HJ:=<sr6�936Gxy£Á£VIS*�DaÂ_ba2cIL9V*eAS9Q0Ãv�9�=S9V*ÄPc.[\SdT]V*O;^¡K4L9M��2µ=TUSdT]OXL9Q2y0 079m9HxG¬'x¤q§x�0'J�9z=-b~{ D36<(?2m9HP3�Å�HP368;7dmDy
'Jz9z9�=-

& §J),�k-�C=-�+o�9GIHk7d?0:¸+.-�¨F- ¹>7d3]Æ¼79?b-Ç/o8(mZ�d36<sr6�2i"<(�k7dGI  Hx�Pr6GÇ�d­4pqHP3Ir6HP¿}Hx8(<;i"<(?27dr6<(�Z?`�Z?�:=<(36HP�Pr6HJ:¡m93W7d 2�2Gx-¬�=�I��[È�=�>�h�q�0Y;�>[\S9TÉaD�;y
�9�D¥¼'�¦*�('�§d���2'Jzq§�y�'Jzq§d¶=-

& ¶�),+.-0~{�*�=36Hx<(j HP3J-4/Ê?DHP°Ë<(i" 28(Hxi"Hx?�rW7�r6<;�9?A�d­wGI 07�36GIHB�Ç795DGIGI<l7d?¸Hx8(<(i"<(?07dr6<(�9?b-£�BK«[Ì_2VISdQ2ÄP��[\S9TÉa2�«� LtÍ*T]Î�S9V6c*y0¶=� |Z�d���=|9§9�{yw'JzZ¶Z|{-

àcÉ1Û,wpì©ëDxGí



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 - 38330 Montbonnot-St-Martin (France)

Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)

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


���������� ��� ���

ISSN 0249-0803


