
HAL Id: inria-00071550
https://inria.hal.science/inria-00071550

Submitted on 23 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.

Implementation and Complexity of the Lowest Static
Reduction

Ludovic Henrio, Bernard Paul Serpette, Szabolcs Szentes

To cite this version:
Ludovic Henrio, Bernard Paul Serpette, Szabolcs Szentes. Implementation and Complexity of the
Lowest Static Reduction. RR-5034, INRIA. 2003. �inria-00071550�

https://inria.hal.science/inria-00071550
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
50

34
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


THÈME 2

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Implementation and Complexity of the Lowest Static
Reduction

Ludovic Henrio — Bernard Paul Serpette — Szabolcs Szentes

N° 5034

5 décembre 2003





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

Téléphone : +33 4 92 38 77 77 — Télécopie : +33 4 92 38 77 65

���������	���	
���
�������
�
�
�������������������������� ��!��#"$�&%'�&()�+*,��
�����-
./�&�10�-2������


3&4656798;:=<?>�@BA6CD:E7GFIHJ@KCLAIMNCD5POQMN46RTS�@KCLU2@KVDVW@XFYS�Z[M�\]7^R=<B_1S�ZK@BA�VW@K_

`badcDeJfhg�ikjmlDndopf�qsrutKosvwopfDq
fwxTvwyzq{v�|}q)~��[e��Nruqso{�K|}f
�I��rz��f�xm�myK~�o{~

�	yu�d��rK��xT�dfm��fDv�a}fw��v�adf�nN�6�u�u�z�?ik���dlDv�fDe��d��f�gz�u�K��i��W�h�}yztKfD~

�����D�w���d�u�u� `badf&qsr� ]fL~�x2~�x�yzx¡o{vb�¡fL�9|}v�x�oprKn£¢¥¤6¦[§©¨�os~Yx¡adfQ�zª=«W¬­ru���9fD�]®]runBx¡��ruqp¬­¯�qsr� ±°Tn}yzqs�9~�o{~I &opx¡a9¬
rK|9x�v�runBx�opn[|}yzx¡osrun£�}yK~¡~¡osndt�~�x��[qpf�¢�²;³]¦9¨Qvwrun}~¡o{�9fw��y�x�oprKn)´�`bados~©yu��x�osvwqpfJ�d��fD~¡fwnBx�~m~�rKe�f,yzqsturK�¡opx¡a}e�~
��fD~¡ruqsµ[opn}t·¶�¸9��yun}�1x¡a}fwos�Q��fwq{y�x�fD�¹v�rKe��dqpfwº9o»x�opfL~w´T¼Yµufwn½o»¾Ix�ados~myzn�yzqs�[~¡o{~&os~QtufDndfw��yzqsqs���9fLv�q{yz��fD�1x¡r
�Nf�v�rue��d|dx�yz�}qpf�opnXvw|d�do{v·x�ope�fK¿2y½~�x�yun}� yzqsrun}f�yzqsturK�¡opx¡a}eÀ��fDyKv�adopn}t¹x¡ado{~Jv�rue��dqsf�º9opx��$os~,ndrzxÁ~¡r
~�x¡��yzostuaBx¡¾Âru�� �yu����´�ÃÄopx¡a�x¡adf©Å9¬Ævwyuqsvw|dqs|}~2yK~Iopn}�d|9xbqsyundtu|}yutufK¿z ]fT &opqsqN~�x�yu��x] &o»x�a�y�Ç�ÈÊÉÌËNÍTyzqsturu��opx¡ade
yun}�½~�x¡fD�Î�[�£~�x¡fD�Î �f, &osqsq6Ï}n}yzqsqs�¹f�º9ados�do»x©x�adfÁyzqsturu��opx¡ade+ &ado{v�a½��|dn)¿)¾Âru�© ]rK��~�xmvDyu~¡fD~D¿�opn$v�|}�dosv
x�ope�f���fwq{y�x�fD��x¡rJx¡adfh~¡osÐwf©rz¾�x¡adf��}�¡rKtu��yze�´
Ñ¹ÒBÓ^Ô�Õ�Ö ��×��u� ¸[x�y�x�osv�yun}yzqs�9~�o{~D¿[~�x�yzx¡o{v©�¡fL�9|}v�x¡osrun)¿d�[®�¯9°h¿dv�rKe��dqpfwº9o»x��

Ø)ÙWÚÜÛ9ÝEÞ�ßzà�ÝÂá�â�à�Ý=ÝEÞ�ÛEßuà�ãLäWÛ�áEà6å)æ�à�ÝEçIèÊå�éLãWâ­ÙWÞ�ä�ê�ë]ìDí�å�êzà�èÜâ�ÛNìwí�Þ�ã�á¥Þ�Û}ÚÜã2î�ï�ï�î�å�ãWä2ÞÆðDáEÞ�ãWäWÞ�äbê�ëYñ[éWäWà�òLÚÜâ�ó;Þ�ãWÝEÚÜà
ÚÜãJî�ï�ï�ôLõQØ)ÙWÚÜÛ2å�Ý=áEÚÜâ�èÜÞbæ)å�Û]ÛEéWêWö&Ú á=á¥Þ�ä,å�ãWä�å�â�â�Þ�ßLáEÞ�ä·å�á2áEÙWÞ	÷�ø}ñBù]ú ï�ûJüEýLþ�ÿ��������	��
���
����­þ�����þ����������	����
�����
����	�
� ���! "#��
�$%" &��('�)^å�ãLäJá¥ÙwéWÛ]Ù�å�Û�êzÞ�Þ�ã�á¥ÝEå�ãWÛ¥èÊå�áEÞ�ä·ÚÜã+*pÝEÞ�ãWâ­ÙKõJó;Þ�ÝEÞ	ÚÜÛYá¥ÙWÞTà�Ý=Ú-,�ÚÜã�å�è^ò�Þ�ÝEÛEÚÜà�ã�æ�Ý=Ú á=á¥Þ�ãÁÚÜã�üpÛ¥éLÝEÞ�è ë�êWå�ä!'
Þ�ã.,�èÜÚÜÛ¥ÙBõ



� ���h���6����!1���&( ��� -]��� �1�w���·�����&( ��� �w
����&��0�-2�����,
 (���
©���
	Á0��
� �w
1�w��
��w�

�
� ����� � � ¶;y��¡lL�9|}v�x�oprKn�~�x�yzx¡o{�K|}fTe�opn}opeÁyzqsf�¢E§m¦��Ä¨YfD~�x�q�� yun}yzqs�9~�fQ�9f���rzx��dfmvwrunBx¡���uqsfT��� ru���9��f
�G¢��9²����T¨�´T®]f�x1yz�¡x¡o{v�qsf£�d��lD~¡fwnBx¡f£|}ndfÎ~¡lw��opfÎ��� yuqptKru��o»x�ade�fD~Á��lD~¡ruqsµ�yznBx�v�fwx�x�fÎyzn�yzqs�[~¡f½yuopn}~¡oQ�B|df
qsfw|}��~�v�rKe��dqpfwº9o»x�lD~J�¡fL~��NfDv�x¡osµufL~w´! #"we�f¹~�o	vwf�x¡x¡f¹yzn}yuqp�9~¡f�fL~�x·~¡ru|dµKfwnBxÁyzndndrKn}v�lDf�vwrue�e�f1lwx�yunKx
vDyzq{v�|dq{yz�}qpf,fwn?|dn½x�fwe��}~©v�|}�dos�B|df��}yu�Q��yz�}��rK��x%$�q{y�x�yzosqsqpf��9|?�d�¡rKtu��yze�fhlwx¡|}�9oslu¿;|dnÎyuqptKru��o»x�ade�f
vwrue��dqsf�x]yzx�x�fwostun}yunKx�v�f�x¡x¡fmv�rue��dqsf�º9opx¡l	n�� fL~�x��}yu~]~�o�lwµ[os�dfwnBxD´I°�µufDv	qpf©Å9¬Ævwyuqsvw|dq�vwrue�e�f	qsyundtKyutuf	�9f
�dfD~�v���op�9x�oprKn½�9fL~T�d��rutK��yue�eJfL~w¿�ndru|�~Qvwrue�e�fwn'&wrun}~T�}yz�m|dnÎyuqptKru��o»x�ade�fhn}y)(=¾YfwxD¿��}yK~*$��}yu~D¿�n}ru|}~
yu��rK|9x¡o{~�~�rKn}~+$�v�fwqs|do}�B|do�~�� f�º9lDvw|9x¡fK¿u�dyun}~6qpf&�}op��f	�9fD~IvDyu~D¿zfwn�|dnJx�fwe��}~Yvw|d�do{�K|}fu´-,	rK|}~I�9run}ndfw��run}~
qsfD~bfwº9fwe��dqsfD~&�B|do)�d��ru|}µufwnBx&�B|dfhv�fL~&v�rue��dqsf�º9opx¡lL~be�yzº9opeÁyzqsfD~b�Nfw|}µufwnBx."�x��¡f�yzx�x¡fDopnBx�fD~D´
/�Ö �L� Ô �)0 � �1� °	n�yzqs�[~¡f�~�x�y�x�os�B|dfK¿9�¡lL�9|}v�x�oprKn1~�x�yzx¡o{�B|dfu¿}�[®�¯9°h¿dvwrue��dqsf�º9o»x�l



¤��������	�2¦9§���
���
���È����KÉ���� �

� �^
������Á��0�-2�����,


`ba}fmyun}yzqs�9~�o{~]�dfD~�v���op�NfD��opn�x¡ado{~&yz�¡x¡o{v�qsf©vwyzq{v�|}qsyzx¡fD~D¿K¾Âru�bfDyKv�a�°	��~�x���yKv�x	¸[�[nKx�y�º�`��¡fDfJ¢E°Q¸9`	¨]ndr9�9f
ru¾by£�d�¡rKtu��yze�¿;y¹~¡f�xhru¾bµ�yuqp|dfL~©x¡a�y�xhx�ados~�ndr9�9fÁeÁyW�Îvwrue��d|9x�f�y�xh��|dnBx¡ose�fu´�`bados~,yzn}yuqp�9~¡os~© byu~
Ï���~�x©~�x¡|��9opfL�½osnÎx¡adf·yu�}~�x���yKv�xmopnBx¡fD�¡�}�¡fwx�y�x�oprKnÎ�9rKeÁyzosn����s���d¿����9¿;gz�d¿I���9¿;gd¿I�W�B¿6�u�u¿��}¿I�	 ­´J`ba}fwn)¿
,Tfwµ[osn"!TfwosnKx�Ðwf�osndopx¡o{y�x¡fL��y, �ru��#Á�}yK~�fL��rKn1vwrun}~�x¡��yzosnBx���fD~¡ruqs|9x¡osrun$�%�Ü�9¿��D�d¿&�9¿'�d¿��D�d¿&�9¿)�L�( ¥´  ¹ru��f
��fDvwfwnBx¡qs�u¿[x�ado{~	yzn}yuqp�9~¡os~� byu~b~�x¡|}�9osfD�1 &opx¡a1x¡a}f©x��B�Nf©x¡a}fwru���·�NruosnBx	rz¾�µ[osfw )�*�s�L�[¿��9¿)�Lg9¿}g9�	 ­´
+Æn�x¡ado{~��}yz�Nfw�L¿Bopn�ru���9fw�]x¡rJyzn}yuqp�[ÐwfTx¡adf©v�rKe��dqpfwº9o»x��K¿B �fTa�yWµuf	x��¡osfD�Áx¡rJf�º9�dqsosvwo»x&yu~2¾=yz�byu~]��rB~¡~¡os�dqpf
x�adf½��fD~¡ruqs|9x�oprKn yuqptKru��o»x�ade�´,+Æn rzx�adfw�· �ru���d~D¿b ]f£a�yWµuf£�d|}qpqsfD�Ä|}�ÄopnÄx�adfÎyuqptKru��o»x�ade  &a�y�x�yun
yu�}~�x¡��yuv�xbosnKx�fw���d��f�x¡fD�D¿dy�vwrun}~�x¡��yzosnBx�~b~�rKqpµKfw�bru�&yJx��[�Nf©v�a}fDv�#ufD�bos~&osnBx¡fDn}�9fD��x�r��dr}´
-�fL~�o{�9fD~Ix¡adfTx¡fDv�a}ndruqsrutK��|}~¡fD�J¾ÂrK�Yx¡a}os~�yzn}yuqp�9~¡os~D¿�x�adfw��f	o{~]y© &o{�9fTµ�yu�¡osf�x��,rz¾)~�x���yzx¡fDtuosfD~Yvwrun}vwfw��ndopn}t
x�adf©x¡��yu�dfwr/.£�Nf�x� �fwfDn1yKvwvw|d��yKv��·yun}��v�rue��dqsf�º9opx��u´I¯drK�	f�ºdyueJ�}qpfK¿[x¡adf�¸Bx�y�x�osv��&fL�9|}v�x¡osrun¹°	n}yuqp�9~¡os~
¢¥¸9�	°0�s���( Â¨���yundtufL~�¾Â��rue�yzn,f�ºdyuv�x6yun}yzqs�9~�o{~) &a}osv�a,os~IyQv�ruqsqsfDv�x�opn}tQfDµWyuqp|�y�x¡rK�D¿Lx�rmym~�ose��dqsf�yun}yzqs�9~�o{~w¿
 &a}osv�a�o{~	��fwq{y�x¡fL�·x�rÁx¡a}f��zª=«�¬¥rK���9fD�Q®]runBx¡��ruqp¬Æ¯�qsr� G°Tn}yzqs�9~�o{~h¢¥��®�¯9°1�p���( Ì¨&ru�	vwyun¹yzq{~�rÁ�Nf�µ[opfD ]fL�
yK~�x¡adf�¸9f�x2-byu~¡fD��°	n}yuqp�9~¡os~�¢¥¸3-b°�� �� Ì¨�´
¸9opn}vwf© ]f©yzose y�x	vwrue��}yz��osndt,�9o�.^fw��fwnBx	yzqsturu��opx¡adeÁ~D¿Bopx&os~bn}fDv�fL~¡~�yz���Jx¡r�a}yWµKfmyJv�qsfDyun)¿d~�ose��dqsfu¿dyzn��
 �fwqsqp¬­�9fwÏ}ndfL�J~¡�NfDv�opÏ�vDy�x¡osrunJrz¾^x�adf	yzn}yuqp�9~¡os~��;yuqpq}yuqptKru��o»x�adeÁ~6e�|}~�x2v�rKe��d|9x¡f	x¡adf	~�yze�f&��fD~¡|dq»xL´�`ba}os~
o{~] &aB�� �fTa}yWµKfTv�adrB~�fDnÁx¡adfm¶)r� �fD~�x�¸Bx�y�x¡o{vm�&fD�9|�v�x¡osrunÎ¢=¶�¸d�T¨2¾Âru�2rK|d�b~�x�|}�9�4��¾Âru�]x¡adf©Å9¬Ævwyuqsvw|dqp|�~w¿
¶�¸9�Pos~&�df�Ï}ndfL��yu~�x¡a}fh~�eÁyzqsqsfD~�x�¾Â|}n}v�x�oprKn�~�y�x�os~�¾Â�[opn}tJrKndqs�Áx¡ad��fwf�~¡ope��dqsf���|dqpfL~w´
`ba}f1eÁyuopn v�runBx��¡os�d|9x�oprKnXrz¾Qx¡ado{~��}yu��fD�Jo{~Jx¡r?�d��ru�NrK~¡f1yuqptKru��o»x�adeÁ~65���7KÍ��8�9�?É�
2�NÈ���
:�wË&�b¾Âru�Áyun
�	�3�wË È�7zË<;>=&7?;<�Á¢Ân}rÎ®]runBx¡osn[|}y�x�oprKnÎ�6yu~�~�osndt¹¸Bx��[qpf¹¢­®��2¸d¨©��fD~�x¡��osv�x¡osrun�¨�´J`ba}fJrKndqs�£ru�Nfw��y�x�ru��~Tqsf�¾Ìx
|}n}�9f�Ï�ndfD�1yz��f�@BADCFEHG<I ¢=y}´ #^´ yd´ �$�KJ ¨�yzn}�1~�fwxb¾Â|dn}v�x�oprKn}~h¢LCNM?O)M�P6¨�´IÃÄo»x�a��do»x	µKfDv�x¡ru��~D¿BC?vwyun
�Nfh�9rKndf©opn¹v�rKn}~�x�yznBxbx¡ose�f� &adosqpfQO yzn}�RP eÁyW�·a�yWµuf©y,qsosndfDyu�	v�rue��dqsf�º9opx��u´
`ba}f�yz�¡x¡o{v�qsfÁos~�ru��tKyundopÐDfD�?yu~©¾ÂrKqpqsr� 	~D´1¸[fLv�x¡osrunXg¹�d�¡fL~�fDnBx�~©x�adf�v�rKnBx¡f�º[x�yun}�?x¡adf�¶�¸9� yun}yzqs�9~�o{~w´
¸9fDv�x�oprKn¹���d�¡fL~�fDnBx�~�¾Âru|}�T�9o�.NfD�¡fDnKxTyuqptKru��o»x�adeÁ~&vwyuqsvw|dqsyzx¡osndtJx¡adf,¶�¸9� yun}��x¡adfDop�Tvwrue��dqsf�º9opx��u´]¸[fLv�¬
x�oprKn$�1�}�¡fL~�fDnKx�~�~�rKe�fS#[osqpqsfw�,~�fD�¡osfD~Qx¡a�y�x�osqpqs|}~�x¡��y�x�f,x�adfÁ �ru��~�xhvwyK~�f�ru¾bvwrue��dqsf�º9o»x��½rz¾b�d�¡fLv�fL�9opn}t
yuqptKru��o»x�adeÁ~w´I¸[fLv�x¡osrun£�J�9o{~¡vw|}~�~�fL~&yz�Nru|9xbx¡a}fh�B®�¯9° ~��NfDvwo»ÏNvwy�x�oprKn1yun}��~�rKe�fQ¾Â|dx¡|d��f� ]rK�T#^´

U V �XW¹
���������
�(

`ba}os~J~�fLv�x�oprKnX�9f�Ï�ndfD~, &a}y�x,x¡adf�yzqsturK�¡opx¡a}e�~,�9fD~�v���os��fL� opn x¡ado{~J�}yz�Nfw��yz��f·osnKx�fwn}�dfD� x�r½��fD~¡ruqsµufK´
¯�os��~�xD¿^ �f,tKopµKf�x¡a}f,q{yzndtK|}yztKf�yzn�yzqs�BÐDfD�¹�[�1x¡a}fJyuqptKru��o»x�ade�´m¯}ru��~�ose��dqsosvwo»x��� �f,��fD~�x¡��osv�xTx�ados~mq{yzn9¬
tK|}yztKfTx�rÁ��f©x�adf�Åd¬­vDyzq{v�|dqs|}~�Y9opn8� �( ¥¿dx¡adfhyun}yzqs�9~�o{~�os~&fwº[x¡fwn��9fD��x¡rÁyun1ose���fD��yzx¡osµuf©ru�d��fDv�x¡¬¥rK�¡osfwnBx�fD�
q{yzn}tu|}yutufu´P`badfwn;¿& ]f£�}�¡osf
�}�±tuosµuf�x�adf£tufDndfw��yzqQ�9f�Ï}n}o»x�oprKnÄrz¾©x¡adf?¸Bx�yzx¡o{v½�&fL�9|}v�x�oprKn °	n}yuqp�9~¡os~
¢¥¸9�	°m¨�´[°	n}�Jx�adfTqsr� ]fL~�x2yun}yzqs�9~�o{~&¢=¶�¸9�T¨Yos~]�9f�Ï}n}fD�Áyu~2yznÁosn}~�x�yznBx¡o{y�x�oprKn�rz¾;¸9�	°�´B¯�osn}yzqsqp�K¿u �f	 &osqpq
tKopµKfQtKfwndfD��yuq�fD�B|}yzx¡osrun}~bv�rKn}v�fD�¡n}opndt,x¡a}fh~�osÐwf�ru¾�yJ�d��rutu��yze�´

Z*[L\ ]<^`_ba*cedLfg^2h�a`fghji
`ba}fmosnd�d|dxTqsyundtu|�yztufK¿[n}yze�fwqs�Áx�adf�Å9¬Ævwyuqsvw|dqs|}~w¿9o{~&�9fL~¡vw�¡os��fL�1�B�·x¡adf©¾ÂrKqpqsr� &opn}tJyu�}~�x���yKv�x	~¡�BnBx�y�ºk�

l�l/ã�m&n�ï�ô�û



� ¤N=}Í>���LÉ 
�� �wË&5�É �����2�?5�ËB7/5¡Í,³`7�=9È)¦k��5 �K�?���9���6¦	��7BÇ���È�
���¦
���wË&�9�	�

� A
�	� � ������������P������`P������
����������� � ��Å! �"#�����$"�� A
�	�
����� � � A
�	�$"��)A
�%�

`ba}f,x��[�Nf&�)A
�%��o{~©�}yz��yze�f�x�fw��opÐDfD�¹r�µKfw�©y�~�fwx©ru¾2µ�yz��osyu�dqsfD~mn}yze�fL�'�(�
�[´�`badfÁ~�osndtKqpfwx¡run)�WÅ* �os~
osnBx¡��r9�9|}v�fL�£osn£x�adf�x��[�Nf&�������+�
�1osn½ru���9fD�Tx�r1yWµKruo{�#�������+�
�-,.�����;´h`badf,fDqpfDe�fwnBx�~mrz¾/�������+�
�
 &osqsq���f©ndrux¡fD��Å&A10 2 yzn}�·x¡adf�fDqpfDe�fwnBx�~bru¾3���
�1 &opqsq���f©ndrux¡fL�54768��9¡´Y¯drK��x¡ado{~&~�ose��dqsf�qsyundtu|}yutufK¿
µ�yuqp|dfL~&yz��fm¾Â|dn}v�x�oprKn}~����:�
;=<?>A@B�����������N´

Z*[�Z C i$^2i*D%EGFIH/JLK
`ba}f,tKfwndfD�¡o{v,¸9�T°�o{~m�}yz��yze�f�x�fw��opÐDfD�¹�[�¹yzn �KJ J;� ÖNM*O �$�9� OÂÖ?PIQ � P �z� OÂÖ.PSR  &adrB~�fJ~�ostun�y�x¡|}�¡f,os~
�����$MT�����#�����'MU���
;=<?>WVX���
�#�����N´T`bado{~Qyu�d�d��rWº[oseÁy�x�oprKn�¾Â|}n}v�x�oprKn½e�|�~�xm�¡fwx¡|d��n½yzn£yu�}~�x¡��yuv�x�oprKn
 &a}osv�a¹o{~ZY;¬¥fL�B|dopµ�yuqpfDnKxJ¢ÂfD�B|}yuqpopx���e�r9�9|dqsr·�Nru|dn���µWyu�¡o{yz�}qpfL~&�¡fDn}yze�osndtB¨]x�r·opx�~m~�fLv�run��1yu�¡tK|de�fwnBx��
R�4[><MU;9MT�-9]\�^&;Æ´
`ba}fwn)¿6x�adf�~�x�yzx¡o{v·��fD�9|}v�x¡osrun o{~,�df�Ï}ndfL� yu~�x¡a}f � �$��0 0 Ò �D� ��fwq{y�x¡osrun$¾Â��rue f�º9�d��fD~�~¡oprKn}~�x�r£µ�yzqs|dfD~
¢[�)A
�%�:V_���
;=<?>�¨]~�y�x�os~�¾Â�[opn}t�x�adf©¾Âruqsqpr� &osndt���|dqpfL~?�

; C����
�#�����
;*V`;

6aV`bdce�fVg�hc Å&A10 28@LR�4T4[6i�:9�MjbBMT�-9
A�Vg�

6aV_bkcl�mVg�hc ÅKA]0 28@BR�4G4[6n�:9�MjbBMj�%9ocl2hVgp
4[6n�:9�Vgp

`ba}fJ~�x�yzx¡o{vh��fD�9|}v�x¡osrun½vDyzn?yzq{~�r·�NfJµBosfw �fD�Îyu~myÁ¾Â|dn�v�x¡osrun5qG¾Â��rue+fwº[�}�¡fL~¡~¡oprKn}~&x�r�~¡f�x�~Qru¾Yµ�yzqs|dfD~
¢[�)A
�%�:Vgrs47�:�
;t<.>
9­¨] &adfD�¡fK¿d�[���9fwÏ}ndopx¡osrun��up C�qA4[>
93vw47>xVgp-9¡´�qG�dfwndrux¡fD~�x�adfh~¡|}vwvwfD~�~�rK��~�osn
x�adf�tu��yz�}a�osn}�9|}vwfD�1�[�Áx¡adf���fwq{y�x�oprKn#V ´Y`ba[|}~D¿Nq o{~bx�adfh~�eÁyuqpqsfD~�xb¾Â|dn}v�x�oprKn¹~¡yzx¡o{~�¾Â�[osndtJx¡adf���|dqsfD~��

; C����
�#�����
;$C�qZ4y;y9

b C�qZ476$95ce� C�qZ4[��9'c+Å&A10 28@LR�4G4768��9TMUbBMT�-9
� C�qZ4 A19

b C�qZ476$95ce� C�qZ4[��9oc Å&A10 28@LR�4G4768��9TMUbBMT�-9zc{p C�qZ4[2s9
p C|qA4G4[6i��9G9

`ba}fJyu�d�d��rWº[oseÁy�x�oprKn�¾Â|dn}v�x�oprKn}~©yz��f�osn?y�qsyzx�x�osvwf, &adrB~�fJqsr� ]fL~�xmfwqsfwe�fwnBx©os~xRA}/47> MU;9Mj�%9/@8;Æ´h`ba}os~
¾Â|}n}v�x�oprKn?�9fwÏ}ndfL~mx¡adf�qsr� ]fL~�x�~�x�y�x�osvJ��fD�9|}v�x¡osrun ¢=¶�¸d�T¨m &ado{v�aÎ &osqpqI�NfÁyzn}yuqp�[ÐDfD�¹x�ad��ru|dtKadru|9xmx¡a}os~
��yz�Nfw�L´

~t� l*~Ìù



¤��������	�2¦9§���
���
���È����KÉ���� �

Z*[�� �����8i�� cLH%c f c	EGFBJ i	�2aZFBc	E
��^
ÃÄopx¡a£x¡adfJyz�d�d��rWº9opeÁyzx¡osrun�¾Â|dn}v�x�oprKnzRA}�4[><MU;9MT�-9�@a;Æ¿�rundf�vDyzn£~¡fwf�x�a}y�xQx¡adf�r�µufw��yzqsq)yzn�yzqs�[~¡o{~&rundqs�
eÁyundop�}|dqsyzx¡fL~	~�|}�9¬¥fwº9�d�¡fL~¡~¡osrun}~bru¾�x�adfheÁyzosn¹�d��rutu��yze�´2`ba}os~	~¡f�xL¿��9fDndrzx�fD���[���2¿�o{~&�Nru|dn}�dfD�¹yzn��
#[ndr� &n�yu~	qprKndtÁyu~bx�adf�eÁyzosn1fwº9�d�¡fL~¡~¡osrun1os~*#[ndr� &n;´2¯drKqpqsr� &opn}t�x�adfh�d��rz��fLv�x¡osrun1runz�(�
�[¿.�������+�
�
yun}�������;¿d �f©vDyzn1eÁy/#uf©y��}yu��x�o»x�oprKn�ru¾	�j�
�5@����������Á´2`ba}fw��f�¾Âru��fu¿Bx�adf��¡|}qpfL~brz¾;x�adf�tufDndfw��o{v
¸d�	° vwyun��Nfh~�ose��dqso»Ï}fL��yzn}����fLv�rKeJf �

;$C��
;$C�qZ4y;y9 ¢��L¨

4768��9�C�� c Å&A10 2 C�qZ4[6$9
qZ4[��9��)qZ4 A19 ¢Egu¨

4768��9�C�� c Å&A10 2 C�qZ4[6$9
qZ472&9��)qZ4T4[6n�:9G9 ¢=�K¨

Z*[�� H E��ki0fN^�� _ ���NE9c	E
��^
°Tqpq6x�adfÁv�rKeJ�}qpfwº[opx¡osfD~mtKopµKfwn£osn½x�ado{~�yz�¡x¡o{v�qsfJyu�¡f,�¡fDqsyzx¡fD�£x¡r�x¡adf"��É ���"! ru¾Yx¡a}fJeÁyuopnÎf�º9�d��fD~�~�osrun)´
Ã?fh &osqpq;x�y>#uf�x�ados~Q~�osÐwf,yu~bx�adf,vDyz���9opn�yzq�rz¾6x�adf,~¡f�x����#! @%$&�#$W´&`bado{~	o{~	n}rzx	x�adf�~�x�yzn��dyz���1 �yW�
ru¾�v�rK|dnBx¡osndt�~�|d�d¬¥fwº[�}�¡fL~¡~¡oprKn}~Yru¾�yun�f�º9�d��fD~�~¡oprKn���tKfwndfD��yuqpqs�JfDyuv�a�|}~¡fQru¾�y,µWyu�¡o{yz�}qpfmv�ru|}nKx�¾Âru�brKndfu´
¯}ru��|}~�x¡adf�~¡osÐwfÁrz¾�x¡a}fÁf�º9�d��fD~�~�osrun ÅKA]0 4�A A19Tos~��K�,�Qndf·yu�}~�x���yKv�x�oprKn)¿)run}f·yz�d�dqso{vwy�x�oprKn?yun}�?rundf
µ�yu�¡o{yz�dqsfu´�`badfD�¡fw¾Âru��fhx�adfJ°m¸9`�o{~mndrzx©��fDyzqsqs��y·x¡��fwf�~�osn}vwfJyuqpq6r9vwvw|d�¡fDn}v�fL~	ru¾Yx¡adfÁ~�yze�f�µ�yu�¡o{yz�dqsfD~
yu�¡fme�fw��tufL�Î¢EyJ¾Âru��e�yuq^�}yz��yze�f�x�fw�&yzn��1yuqpq�opx�~	|}~�fL~�¨�´
`ba}fQndrux¡osrun1rz¾��K�(��É��¥É ��ËÁo{~]x¡adf©osnBµKfw��~�fQrz¾�x¡adf�°Q¸d`©´d¯dru�bfwº9yue��dqpfK¿[o»¾��I@ 4[68�:9�C'�Á¿	� Vg6�os~
yunÁfD�9tKf&opn�x�adfQ°m¸9` yzn}�� �fT~�x�yzx¡f&x�a}y�x�� o{~2yh��rB~�opx¡osrunÁru¾!6�´I¸[osn}v�fTx¡adfQ°Q¸9` o{~Yndr�e�rK�¡fTymx��¡fDfu¿
µ�yu�¡o{yz�dqsfD~]eÁyW��a}yWµufQeJrK�¡fQx¡a�yzn�rKndfm��rB~�opx¡osrun)´N!Tfwn}vwfu¿[x¡a}fbI (*)m¾Â|}n}v�x�oprKn)¿d�9fwn}rzx¡osndt,x¡adfm�NrK~¡o»x�oprKn
ru¾)y�ndr9�9fu¿Ba}yK~Ix¡a}fT~�ostun�y�x¡|}�¡f+�5V rs4��u9¡´N!Tr� ]fDµufw�L¿uyu�}~�x���yKv�x�oprKn}~Yyzn��Áyz�d�dqso{vwy�x�oprKn}~YvDyzndndrux2a}yWµKf
e�rK�¡f©x�a}yzn¹rKndf���rB~�opx¡osrun$�N@?>�C 4��-,��Z9XG.$�I (*)�47>
9&$0/21K´&�Qndqs��x¡adfheÁyuopn¹�d��rutK��yue yzn}��|}nB|�~�fL�
µ�yu�¡o{yz�dqsfD~�eÁyW�·a}yWµKfQn}rJ�NrK~¡opx¡osrun}~D´
+Æn±x¡a}f¹Åd¬Ævwyzq{v�|}qp|}~D¿]yÎndr9�9f'3�vDyzn ��f�osnXx�adf1¾Â|dn}v�x¡osrun ��rB~�opx¡osrun±rz¾©yzn yz�d�dqso{vwy�x�oprKnXndr9�9f ¢=oE´ fu´
4�354 9­¨�¿2ru�Josn x¡a}f1yu�¡tK|de�fwnBx,�NrK~¡o»x�oprKn rz¾myzn±yu�d�dqsosvDy�x�oprKn ndr9�9fÎ¢=oE´ fu´L464�3 9Æ¨�¿YrK��osnXx�adf��Nr9�9�
�NrK~¡opx¡osrunXru¾Qyzn yz�}~�x¡��yuv�x¡osrunG¢=oE´ fu´m4¥Å74�0 3 9Æ¨�´ `badf¹yz�}~�x¡��yuv�x¡osrun±Å&A10 2·¿]os~�ndrux�yÎ�NrK~¡o»x�oprKnXrz¾Qx¡adf
µ�yu�¡o{yz�dqsfbA ¢Â|dndqsfD~�~ 2 o{~XAN¨�´
¯}ruqsqpr� &osndt�x¡adf©�d��rz��fLv�x¡osrun�rz¾�fwº9�d�¡fL~¡~¡osrun}~]run�µWyu�¡o{yz�}qpfL~w¿[yz�}~�x¡��yuv�x¡osrun}~�yzn���yz�}�dqpo{vwyzx¡osrun}~� �fQa�yWµuf>�
$&�#$ @8!e@9$&���:���:�;$ @9$<�"$>=?$&�0$
=?$&��$/@�!A@B=:!�CB=�!ADT´6ÃÄopx¡adrK|9x	¾Â��fwf©µ�yz��osyu�dqsfD~� ]f
a�yWµuf"!�C#@8!E@�´
ÃÄopx¡a?x�adfD~¡f·~�osÐwfL~� �f�vDyzn?qpo{~�x,~�rKe�fJ|�~�fw¾Â|dqYosndfD�B|}yzx¡osrun}~D´�¸[osn}v�fÁµ�yzqs|dfL~�yz��f�yu�}~�x¡��yuv�x�oprKn}~��2@!>DC
� GF$jqZ47>
9&$;/%! C ´£`badfDn)¿g#Bn}r� &opndt1x�a}y�x�y�tu��yz�da yzn��$o»x�~hosnBµKfw��~�fÁa�yWµufJx¡adf1~¡yue�fÁnB|}e��Nfw��ru¾
fL�9tufL~w¿�x¡a}f�~�|}e ru¾&��rB~�opx¡osrun}~hqpfDndtzx�a os~�x¡adf�nB|}e��Nfw��ru¾&fD�9tKfD~�ru¾�x�adf�°m¸9` �>GIHKJMLN$	I (*)
47>�9<$&@
G�HKJML $	I (*)MO.P�4[>
9&$ @8! C =RQ*! D ´

l�l/ã�m&n�ï�ô�û



� ¤N=}Í>���LÉ 
�� �wË&5�É �����2�?5�ËB7/5¡Í,³`7�=9È)¦k��5 �K�?���9���6¦	��7BÇ���È�
���¦
���wË&�9�	�

Ã?fhvwyun1vwrun}vwqp|��9f© &o»x�a�yun�osndfL�K|�y�x¡osrun� &ado{v�a1 &opqsq)�Nf�|}~�fL��osn¹v�rKeJ�}qpfwº[opx¡osfD~&vDyzq{v�|dqs|}~��/�
�
H JML

$jqZ47>
9&$A"�$	I (*)
4[>
9&$ / !�C�4 !�C =:QM!�D 9 / QM!��

� � �
�h���6���6!���(

`ba}os~,~�fLv�x¡osrun �dfD~�v���op�NfD~©¾ÂrK|d�,yuqptKru��o»x�adeÁ~hvwyuqsvw|dq{y�x¡osndt�qT´Î`badf 5T���	=9È �X;>5T7	��� ru�9x�yzosndfD�$�[�Îx¡adrB~�f
yun}yzqs�9~�fL~�a}yu~	�s4�! 9]ËB�LÍ>���b &a}osv�aÁyz��f�x¡adf&n}r[�dfD~Iru¾}x¡a}f	f�º9�d��fD~�~�osrunJyzn}�J�Nrzx�fwnBx¡o{yzqsqp�
�&4 ! � 9 ��Í�; ���
qsosnK#[opndt�ndr9�9fL~�x¡r��'7zÈ =&����¢=oE´ fu´Y¶�yze��^�dyK~�¨�´
`ba}f�Ï}��~�x�yuqptKru��o»x�ade#os~Áy?~�x��¡o{v�x�oseJ�}qpfDeJfDnBx�y�x�oprKnXru¾	x¡adf¹¶�¸9� ��|dqsfD~D´ ÃÎf� &osqpq	~¡adr�  x�a}y�x�x¡a}os~
yuqptKru��o»x�ade+a}yK~�y��Nrzx�fwnBx¡o{yzq
�s4�!�� 9	v�rKe��dqpfwº9o»x��K¿�x¡adf·~¡fDv�x¡osrun?�� &opqsqItuosµuf�f�º9�d��fD~�~¡oprKn}~	¾ÂrK�� &ado{v�a
x�adfÎyun}yzqs�9~�o{~ÁtKf�x�~�y�x�x�ado{~�v�rKe��dqpfwº9o»x��K´�`badfÎ~¡fDvwrun}� yzqsturK�¡opx¡a}e1¿&yuqs~¡rX�9fL~¡vw�¡os��fL� opn �s�W�( ¥¿&o{~�y
~¡�NfDv�o{yzqsosÐDy�x�oprKn$rz¾�x¡adfÁÏ���~�x�run}fÁ &adfw��f·yz�d�}qpo{vwyzx¡osrun$ndr9�9fD~,yz��f�x�y>#ufwn$osn y¹~��NfDvwo»ÏNvÁru���9fw�L´�`ba}os~
fDµ�yzqs|}y�x�oprKn9¬­�d�¡osµufDn�yzqsturK�¡opx¡ade a}yu~&yuqs~¡rJyun��s4�!�� 92vwrue��dqsf�º9o»x��K´I`badf©x¡ados����yuqptKru��o»x�ade o{~&yzn1ru�9x�o»¬
e�osÐDyzx¡osrun� &a}fw��f�yQµ[op�¡x¡|}yuqBx¡oseJf�o{~Iyu�d�9fL��x�rQfLyuv�a�n}r[�df)� ~�µ�yuqp|dfK´�`ba}os~�x¡ose�f&yzqsqpr� 	~�~�rKe�f�~¡adru�¡x�vw|9x�~
�Nf�x� �fwfDnhÏdº[¬­��rKopnBx6o»x�fw��y�x�oprKn}~w´�`bado{~�x¡oseJfw¬­~¡ru�¡x¡fL��µ�yzqs|dfD~6yuqptKru��o»x�ade a}yu~6y��&4 !���9� �ru��~�x6vwyK~�fbv�rKe,¬
�}qpfwº[opx��u´	`ba}f�q{yu~�xQyzqsturK�¡opx¡ade�¿� &adfwn£yK�d�9osndt�yÁndfD  µ�yzqs|df�x¡r�yÁndr9�9fu¿NeÁy/#KfD~T~¡�NfDv�opÏ�vhvDyu~¡fD~& &opx¡a
x�adf©��rB~�opx¡osrun1rz¾�x¡a}os~bndr9�9fK¿[x¡ado{~	yuqptKru��o»x�ade os~bosn�o»x�~&~��}op��o»xbx�adf�rundfm &ado{v�a�os~&�9fL~¡vw�¡os�NfD��opn � g� ¥´Y°�x
q{yu~�xD¿[x�ado{~&��rB~�opx¡osrund¬­�9��osµufwn1yzqsturK�¡opx¡ade ��fDyKv�a�x�adf��s4�!�� 9Y ]rK��~�x	vwyu~¡f©v�rue��dqsf�º9opx��u´

�*[L\ �HdTEL^ � fNd h�� D%E9c����

�/� � @!;�C'� G qZ47; 9��_� ;  §�=9È����
�/� � �'( � >�� �"!$#&% �YÉ �(' �K��ÉÌË'�]ÉÌË�É��EÉ 7zÈÊÉ ��7��¥É ��Ë
) �+*-,/.10324%?4 �'( ��>�9 �2É �(' �3�zÉÌË&�2É��9�?5T7��¥É ��Ë
5 �+* ��( ��>��7698�24:"% �2É �(' �K��ÉÌË&�%5T���?���
; �+* @3476h�:9 C�� G <'7$=/�Q7�ÈÌÈ�7	�>�NÈÊÉ 
�7��¥É ��Ë$ËB�LÍ>���
> � ? @�Å&A10 2�C|qZ476$9�G <&7@=��Q7zÈÌÈ�7KÇ	�	��5T7 
��¥É ��Ë&���BA �C� �
A�=9ËB
?�EÉ �zË �K7�5	�
D � E F �-�
�HG >�4 A�MT��9 ²I� ��
J=:5	=9È�� )
K � E F �-�
�HG >�4G4768��9TMj2&9 ²I� ��
J=:5	=9È�� 5

L � EMF �-�
�HG >�4[� )"G�MK) �@N 9
O � E 046&4 qZ4 ) �@N 9G,-qZ4[� )"Gj9G9P!$%(�$#1!@Q <R�3� 5	=9È ��É � 7�È 5���7KÍ��6��7/�EÉ �4S%��Í
� ���T* qZ47� )"Gj9 @SqZ47� )"Gj9kPsqZ4 ) �$N�9 U'�9Í 7��9� q � �Q��7/�EÉ �4A�� �C� � 5	=9È��
�(���T* �'( ��>V� �"!@#1% ���]È���7(�	�X�zËB�S��Í?;<�hÉ � 7uÍKÍ>��Í

¯�ostu|d��f��>�N-�qposn}��yzqsturK�¡opx¡ade
WYX Ú á¥ÙQö&à�ÝEÞ6å�â�â�éWÝEå�áEÞbå�ã�å�è ëDÛ¥ÚÜÛ�æ�ÞIâ�å�ã *så�èÜèBäLà¡æ;ãQáEÙWÚÜÛ;éWßWßzÞ�Ý;êzà�éWãLämá¥àPZ\[�]_^4[�`/acbed

~t� l*~Ìù



¤��������	�2¦9§���
���
���È����KÉ���� �

`ba}f�Ï}��~�xhyzn}�$~¡ope��dqsfD~�x�yzqsturK�¡opx¡a}e+os~hy��9os��fDv�xhose��dqsfwe�fwnBx�yzx¡osrun$rz¾b¶�¸9� ��|dqsfD~D´·¯�os��~�xh �fÁyz�d�dqs�
��|dqsfÁ��run¹yzqsq;yu�}~�x���yKv�x�oprKn}~w´]`badfwn1¾Âru�TfDyuv�a¹yu�d�dqsosvDy�x¡osrun¹yun}��yz�}~�x¡��yuv�x¡osrun�~¡yzx¡o{~�¾Â�[osndt��d�¡fDe�os~¡fD~&ru¾
��|dqsfD~mg�yzn}�£�}¿} �f�v�adfLv�#�v�rK�¡��fD~¡�Nrun}�9osndt·vwrun}vwqp|}~¡osrun}~	yK�d�9osndt·fL�9tufL~&o»¾Yn}fDv�fL~¡~�yz���u´b° Ï}ºB¬­�NruosnKxQos~
��fDyKv�adfD�, &adfDnJn}rme�rK�¡f&fL�9tuf&vwyun���f	yK�d�9fD�)´6`ba}os~YyuqptKru��o»x�ade o{~Y�9fD~�v���os��fL�,osnJx¡adfQ¯�ostu|}�¡f©�u´6¼YyKv�a
qsosndfh~�x�yz�¡x�~� &opx¡a Ë&� �? &adfw��f�ËJo{~	yJqsopndf�n[|de,��fD�	yzn}���?os~�x�adf��9fDtu��fwfmrz¾6f�º9fDvw|9x¡osrun1rz¾�x¡a}f�qposndf�osn
x�adfh �ru��~�xTvDyu~¡fhv�rKeJ�}qpfwº[opx��$¢Âo¥´ fK´�Ë&� �?e�fLyzn}~D¿}osn�x¡adf, ]rK��~�xTvwyK~�fK¿dx�adfhqsopndf�Ë·os~Tf�º9fDvw|9x¡fL���&4 !��N9
x�ope�fL~�¨�´
+Æn�x¡adf  ]rK��~�xÎvDyu~¡fu¿hx�adf �¡fL~�|dqpxÎtK��yu�da e�|�~�x?��f Í>�wËK�?� � x¡a}f±tK��yu�da a}yu~ �&4 ! � 91fL�9tufL~w¿,oE´ fu´
G�HKJML $jqZ47>
9&$�@ �&4 ! � 9�´?° n}yu~�x��Î�}�¡rKtu��yze qsfDyK�d~�x¡rÎyun yzn}yuqp�9~¡os~� &adfw��f�y½��rK|dn}�9fL� n[|de��Nfw�
ru¾QfL�9tufL~,o{~�yu�d�dfD� y�x�fDyuv�a±o»x�fw��y�x�oprKn±yzn�� x�adf1Ï}n}yzq&��fD~¡|dqpxJtK��yu�daXo{~Á�9fDn}~�fK´ ¸[|�v�a yÎ�d��rutu��yze
ose���rB~�fL~�x¡a}yzx&x¡adf�n[|de,��fD�&rz¾�ndfwfL�9fD��Ïdº[¬­��rKopnBx&o»x�fw��y�x�oprKn}~bos~b�}�¡rK��rK��x�oprKn}yzqNx¡r ! � ´j!Tfwn}vwfu¿dqsosndfD~
) ¿ 5 ¿ ; ¿ � �	yun}��� �	e�yW�,��fTf�º9fDvw|9x¡fL� �&4 ! � 9�x¡oseJfL~w´ +­¾;yz�}�dqpo{vwyzx¡osrun�ndr9�9fL~Yyz��f&run�x�adfT~�yze�f&ru���9fw�
yK~�! ¢�!�DB@ �s4�! 9Æ¨�¿^x�adfwn¹x�adf�qsosndf > os~Tf�º9fDvw|9x¡fL� �s4�!���92x�ope�fD~D´2+­¾Ix�adf,~¡|d�dtK��yu�da¹osn}�9|}vwfD�¹�[�
� o{~Tyuqs~¡r·�9fDn}~�f�¢ G������
	 J D $jqZ476$9&$x@ �&4 ! � 9T9��hx¡adf,qposndf D yun}� K yu�¡f�fwº9fDv�|dx¡fD���s4�!�� 92x�ope�fL~w´
`ba[|}~D¿Ix�adf�F �%��� G >1¾Â|}n}v�x�oprKnXeÁyW� ��f�vwyuqpqsfD� �&4 !�� 9©x�ope�fD~D´X¸[osn}v�f1x�adf1vwrue��dqsf�º9opx��?ru¾Tx�adf1~¡f�x
osn}vwqp|}~¡osrunX�}�¡fL�9osvDy�x�f�o{~�y�x�qpfLyu~�xJqsopn}fDyz�L¿Ix�adf�r�µufw��yzqsqbv�rue��dqsf�º9opx���
�o{~/�&4 !�� 9�´±`badf"#[opqsqsfw�Á~�fD�¡osfD~
tKopµKfwn�opn¹~¡fDv�x�oprKn��Á��yzo{~¡fTx�ados~Tv�rue��dqsf�º9opx��u´
`ba}fmeÁyuopn¹�9��yW &�}yuv�#9~]rz¾�x¡ado{~b�dqsopn��¹yzqsturu��opx¡ade yu�¡f �
�u´&°	�d�}qpo{vwyzx¡osrun?ndr9�9fD~mrz¾#� yu�¡f�x�y/#KfwnÎopn?y��d��fD�df�Ï}ndfL�½rK���dfw�L´b+­x� &osqpqI�NfJ��fDndf�Ï�vwosyuq6x¡r1µ[os~¡o»x
vwyuqpqsfwf	n}r[�dfD~]��fw¾Âru��fTvwyuqpqsfw��� ~YrundfK´6`ba}os~2 &opqsq��Nf	x�adfTose��d��r�µufwe�fDnKx]rz¾^x¡adfQ�+��7�È =&7��¥É ��Ë�'�Í/5�É=�(�wË
yzqsturK�¡opx¡ade�´

g9´*-�f�x� �fwfwn�o»x�fw��y�x¡osrun�~;opx6�drBfL~�n�� x6e�fwe�ru��opÐDf2rKn� &ado{v�ahndr9�9fL~;x�adf F �%���HG >2¾Â|}n}v�x�oprKn, byu~�vwyzqsqsfD��´
+­xmo{~mfDyK~���x¡r�~�fDfhx�a}y�x©o»¾PF �%���HG >
47� )"G�M ) �@N 9bo{~mvDyzqsqpfL��x� &o{v�f�rKn£x�adfJ~�yze�f,ndr9�9fD~D¿�yzn}�¹op¾2ndr
µ�yzqs|df· byu~�yu�}�9fD�Îx¡r�qA4 ) �@N 9Q�Nf�x� �fwfDn$x¡adf�x� �r£vwyuqpq{~w¿;x¡adfDn$x¡adf�~�fLv�run��ÎvDyzqsqIx¡r F �-�
�HG >�os~
ndrzx©ndfLv�fD~�~�yz���1~¡opn�v�fJ ]fJvwyznÎ�d��r�µuf�x�a}y�xxqZ4 ) �@N 9T,%qZ47� )"Gj9To{~Qx¡��|dfu´�`bado{~mope��d��r�µufDeJfDnBxQ &osqpq
��f��}�¡r�µ[o{�9fD���[�Áx¡adf:�¥É�
:�J' �?��5	�9��Í©yzqsturK�¡opx¡ade�´

�d´bÃÄadfwn yzn fD�9tKfÎo{~�yu�d�dfD��¿Qo»x£�9r[fD~1ndrux�x��¡� x�r vwrue��d|9x�f?x¡adf$~�fwx1ru¾Jyu�d�dqsosvDy�x¡osrunGndr9�9fD~
 &ado{v�a�eÁyW����f©osn �}|dfDn}v�fL���[��x�ados~bn}fw GfL�9tufK´�`ba}os~bose��d�¡r�µKfwe�fwnBx� &opqsq���f©�d��ru�NrK~¡fD�·opn�x¡adf
�3����É��EÉ �zË�'�Í�5�É=���wË�yzqsturK�¡opx¡a}e1´

�*[�Z ���gfNdLa`f c	E�� ^�� �ZD%E�� i$^ fNdLh � D%E c ���
Ã?fh &osqpq�~�fDf�opn£~¡fDv�x¡osrun���x¡a�y�xD¿�opn�x�adfh�dqsosn}�¹yzqsturK�¡opx¡ade�¿9x�adfhn[|de,��fD�	rz¾6o»x�fw��y�x�oprKn}~&o{~	osn �}|dfDn}v�fL�
�[��x�adf©ru���9fw�bosn� &ado{v�a�yz�d�dqso{vwy�x�oprKn�ndr9�9fL~byz��fTx�y/#ufDn��6 ]f©vwyun�fwº9��fLv�x&��fwx�x�fw�&��fD~¡|dq»x�~� &adfwn�x¡adfL~�f
yu�d�dqsosvDy�x�oprKn�ndr9�9fL~&yz��fmx�y/#Kfwn1opn�yÁ�9fL�9osvDy�x�fD��ru���9fw�L´g+ÆnKx�|dopx¡osµufwqs�u¿9qso #uf©¾Âru�	yun�fDµ�yzqs|}y�x�ru�L¿BopxT~¡fwfweÁ~
�Nf�x¡x¡fD�Tx�r·¾Âruqsqsr�  x�adfJ��r9�9��rz¾2yÁ¾Â|dn}v�x�oprKn½�Nf�¾ÂrK�¡f,turuosndtÁ|d�?y�xQx¡adfJyz�d�dqso{vwy�x�oprKn¹ndr9�9f� &a}fw��fhx¡a}os~
¾Â|}n}v�x�oprKn¹os~Qyz�d�dqsosfD��´&¯drK�TfDn}~�|}�¡osndt�x¡fD�¡e�osn}y�x�oprKn¹rz¾6x¡a}f�yzqsturK�¡opx¡ade opn£vDyu~¡f�rz¾I��fDv�|}��~¡oprKn)¿d �f�~�x¡osqpq
n}fwfD� yÎÏdº[¬¥�NruosnBx·�¡fL~�rKqp|dx¡osrun±yun}� yzn}yuqp�[Ðwf�fLyuv�a ¾Â|}n}v�x�oprKn �Nr9�9�XrKndqs� run}vwf1¾Âru�ÁfDyKv�a±opx¡fD��yzx¡osrun)´
� Ø)Ù�å�á;ÚÜÛ)à�êLá¥å�ÚÜãWÞ�ämæ;ÙWÞ�ã *pà�Ý�� ^3[ d)å�ßLßWèÜÚÜâ�å�á¥ÚÜà�ãQãWàDäLÞ�Û ^���� d )���� ^���d���� � ^4[ d
! Ø)ÙWÞIÝ=Þ�å�è[â�à�ö&ßWèÜÞÆðLÚ áÌëTÚÜÛ"� ^3^3[$#�a [ ` d4[ ] [ ` [ ] [ ] d

l�l/ã�m&n�ï�ô�û



� ¤N=}Í>���LÉ 
�� �wË&5�É �����2�?5�ËB7/5¡Í,³`7�=9È)¦k��5 �K�?���9���6¦	��7BÇ���È�
���¦
���wË&�9�	�

�/� � @!;�C'� G qZ47; 9��_� ;  §�=9È����
�/� �7G��y��>V��� <;É�
Q�,ÉÌË�É��EÉ 7zÈÊÉ ��7��¥É ��Ë
) � � @!;�C'� G����y��>�47; 9 � , 1 �F7�� <;É�
Q�,ÉÌË�É��EÉ 7zÈÊÉ ��7��¥É ��Ë
5 � � �'( � >�� �"!$#&% �YÉ �(' �K��ÉÌË'�]ÉÌË�É��EÉ 7zÈÊÉ ��7��¥É ��Ë
; �+*-,/.10324%?4 �'( ��>�9 �2É �(' �3�zÉÌË&�2É��9�?5T7��¥É ��Ë
> �+* ��( ��>��7698�24:"% �2É �(' �K��ÉÌË&�%5T���?���
D �+* �:pN�N; 4��a�	��
�9 ��Ç	�	��5�7>
?�%� �(7zÈ =&7��¥É ��ËH�BA 
:7�ÉÌË8�T�?�'5��	����É ��Ë
K �+* G��y��> � G��7��>#=81 <;É�
Q��ÉÌËB
?5T�?
Q�wË&�

L � ? �:pN�
; 4[>
9 ��Ç	�	��5T7 
��X�+��7�È =&7��¥É ��ËH�BA �
O � ? 046&47>x@ 4[6n�:9�C'�W9 �bË�È �67�� ��ÈÊÉ 
�7��¥É ��Ë$Ë4�DÍ �	� � 7 �(���9��Ç��)=(�dÍ>7/� ��Í
� ���+? �:pN�
; 4[6$9 �/�(7zÈ =&7��9���3�3�	A�=9Ë4
��¥É ��Ë
�(���+? �:pN�
; 4[��9 �/��7�È =&7/� ���C� �S7�5�;>=3
Q�wË&�
� ) �+? @!b�@GÅ&A10 2 C�qZ4[6$9 G ����5 ��7>
J� A�=9Ë4
��¥É ��Ë�A
� 5 � E F �%���HG >�4 A$Mj�:9 ²I� ��
J=:5	=9È�� )
� ; � E 046
���y��>�47b]9��@�G��y��> ��=9ËB
?�¥É ��Ë?Ç��LÍ��67�Ë47�È � ����Í"��ËB
���Ç	�ÁÉ��9�?5T7��¥É ��Ë
� > �+? ���7��>�47b]9 �7G��y��> ³%=3���C� � �¥É�
Q�S��Ë �3�BÉ � A�=9Ë4
��¥É ��Ë
� D �+? ��p��
; 472&9 �/��7�È =&7��9� �C� ��Ç��DÍ/�
� K � E F �%���HG >�4[><MT2s9 ²I� ��
J=:5	=9È�� 5

¯�ostu|d��fhg3�I¼Iµ�yzqs|}yzx¡osrun9¬Æ�9��opµKfwn�yzqsturu��opx¡ade

~t� l*~Ìù



¤��������	�2¦9§���
���
���È����KÉ���� �

�/� � @!;�C'� G qZ47; 9�� 4��L;9M ����9 §�=9È����
�/� �7G��y��>V��� <;É�
Q�,ÉÌË�É��EÉ 7zÈÊÉ ��7��¥É ��Ë
) � � �'( � >�� �"!$#&% �YÉ �(' �K��ÉÌË'�]ÉÌË�É��EÉ 7zÈÊÉ ��7��¥É ��Ë
5 �+*-,/.10324%?4 �'( ��>�9 �2É �(' �3�zÉÌË&�2É��9�?5T7��¥É ��Ë
; �+* ��( ��>��7698�24:"% �2É �(' �K��ÉÌË&�%5T���?���
> �+* @3476h�:9 C�� G <'7$=/�Q7�ÈÌÈ�7	�>�NÈÊÉ 
�7��¥É ��Ë$ËB�LÍ>���
D � ? @�� ÅKA]0 26M G��)C�qZ4[6$9 G <&7@=��Q7zÈÌÈ�7KÇ	�	��5T7 
��¥É ��Ë&���BA �C� �
A�=9ËB
?�EÉ �zË �K7�5	�
K � E F �-�
�HG >�4 A�MT� MeG�� G��y��>
9 ²I� ��
J=:5	=9È�� )
L � E F �-�
�HG >�4G476h�:9�MT26M G�� G��y��>
9 ²I� ��
J=:5	=9È�� 5
O �+* G��y��> � G��7��>#=81 <;É�
Q��ÉÌËB
?5T�?
Q�wË&�

� ��� E F �%���HG >
47� )"G�M ) �@N�M 
*>
	04 9
�(��� E 046 
*>
	04 �$�/5�ËB�?��A�=9ËB
?�EÉ �zËK�
� ) �T* @��)pBM
���)C�qZ4 ) �@N 9 G ²&�3��
\=67�ÈÌÈ]�(7zÈ =&��� � A+) �$N
� 5 �+? F �%���HG >��:�
;=<?>
47� )"G�MTp%9 U'�9Í 7��9���zËB�(�(7zÈ =&�
� ; � E %H24:"% ����5 �zÈpÍ�A�=9ËB
?�EÉ �zËK�
� > � E @��)pBM G
���)C|qZ4 ) �$N�9�	��YG�� G
��� G��y��> G ²I� ��
\=ÁË4��� ��7�È =&���
� D �+? F �%���HG >��:�
;=<?>
47� )"G�MTp%9 U'�9Í 7��9���zËB�(�(7zÈ =&�

� K �+?MF �%���HG > ���N;t<.>�47� )"G�MGp-9
� L �+? 046|4��Sp'M����)C|qZ47� )"Gj9T9 !$% �"#&!$Q <R� � �(7zÈ =&��É � 7zÈ 5T��7uÍ/� 7uÍKÍ>��Í
� O �T* qZ47� )"Gj9 @ ���)p'MeG��y��> = 1��� PsqZ4[� )"Gj9 U'�9Í 7��9� q
) ���T* �'( ��>V� �"!@#1% �bËB����Í�; �,É � 7uÍKÍ>��Í��

¯�optK|d��f©�&�I`bope�f�¬Æ~¡ru�¡x¡fD�1yzqsturK�¡opx¡a}e

`ba}os~Qfwµ�yzqs|}yzx¡osrun9¬Æ�9��opµKfwn£yzqsturK�¡opx¡a}e o{~mtuosµufwn½opn?¯�ostu|}�¡f,gd´�°�xmfLyuv�a£opx¡fD��yzx¡osrun½y�µWyu�¡o{yz�}qpf�G��y��>Jos~
osn}vw�¡fDeJfDnBx¡fD�)´T¼Yyuv�aÎyz�}~�x¡��yuv�x¡osrun¹a}yK~	opx�~Qr� &n�x¡oseJf�yzn}ndrzx�y�x¡osrun ¢=|d�^�dy�x�yz�dqsf�eÁyz� ���y��>h¾Â�¡rKe �
x�r,osnBx¡fDtufw��¨	Y ���y��>�47b]91@ 
¹e�fDyun}~]x¡a}yzx]x�adf©��r9�9�Áru¾)x¡a}fmyu�}~�x���yKv�x�oprKn�b1 �yK~]yun}yzqs�[ÐwfL�Áopn�x¡a}f 
�ª=«
opx¡fD��yzx¡osrun)´I`badf©¾Â|}n}v�x�oprKn�F �%��� G >hos~�x�adf�rundf��9fwÏ}ndfL��¾ÂrK�bx¡adf��}qposn}��yzqsturK�¡opx¡ade ¢E¯�optK|d�¡fÁ�W¨�´
�Qn}f½vwyun ~¡yW�Xx¡a}yzx�x¡a}os~1yzqsturK�¡opx¡ade  �yK~ÁeÁyu�9f½��rK�d|dq{yz���[�Ä¸[adosµufD� � ~Áx�adfD~¡os~D´ Ã?f½ &osqpqm�9os~�v�|�~¡~
µ�yu�¡o{y�x�oprKn}~Yru¾�x¡ado{~byzqsturu��opx¡ade opn�~�fLv�x¡osrun1�9´2�QndfTeÁyW�Jndrzx�osvwf	x�a}y�x�x¡ado{~byzqsturK�¡opx¡ade A�=9ÈÌÈ �Tvwrue��d|9x�fD~
x�adfh¶�¸d�GrKndqp��o»¾�x¡a}f�opnd�}|9x	�d��rutu��yze �9r[fL~�n � xTv�rKnBx�yzosn}~&�9fLyu�1v�r9�9fK´
`ba}f,~�yze�f�v�rKe��dqpfwº9o»x����9o{~¡vw|}~¡~¡osrun£yu~	x¡adf,rundf,�9rundf�¾Âru�Tx¡adf,�dqposn}�£yuqptKru��o»x�ade vwyzn¹�Nf,yu�d�dqsopfL��x¡r
x�ado{~TfDµWyuqp|�y�x¡osrund¬­�9��osµufwn�yzqsturK�¡opx¡a}e1´*+­¾ �s4�! � 92Ï}ºB¬­�NruosnKxmo»x�fw��y�x�oprKn}~	yz��fh�Nfw�¡¾Âru��e�fD� ¢Âqsosndf ; x¡r K ¨�¿
yun}�  &opx¡a}ru|9x��9fLyu�±v�r9�9fu¿2x¡adf1¾Â|dn�v�x¡osrunL�:pN�
;	o{~ÁvwyuqpqsfD� �&4 !���9mx�ope�fL~¹¢Âosn fLyuv�a±o»x�fw��y�x¡osrun;¿Yrundf
x�ope�fT¾Âru� �s4�! 9�ndr9�9fL¨�´IÃÄo»x�a�G ��� �
	 J D $jqZ476$9&$ @ �&4 ! � 9T9;x�adfwnÁx�adf F �%��� G >	¾Â|dn}v�x¡osrun·o{~2vDyzqsqpfL�
�s4�!�� 9Ix¡ose�fD~	yun}��x¡a[|}~�x�adf�fwµ�yzqp¬Æ�9�¡osµufDn�yuqptKru��o»x�ade a}yK~&yzq{~�r�y/�&4 !�� 9Y �ru��~�xbvDyu~¡f©vwrue��dqsf�º9opx��u´

l�l/ã�m&n�ï�ô�û



�L� ¤N=}Í>���LÉ 
�� �wË&5�É �����2�?5�ËB7/5¡Í,³`7�=9È)¦k��5 �K�?���9���6¦	��7BÇ���È�
���¦
���wË&�9�	�

�*[�� �'E � i � � � D3c3i�� � fNdLa2i�� fNdLh � D%E c ���
+Æn1ru���9fD�2x�r,rK�9x¡ose�opÐDfQx�adf©n[|de��Nfw�&ru¾�vwyuqpq{~]x¡rJx¡adfm¾Â|dn�v�x¡osrun�F �-�
�HG >©osn�x�adf©�d�¡fDµ[oprK|}~]yuqptKru��o»x�adeÁ~w¿
 �f,yundndrux�y�x�f�fL�9tufL~T�[�1x¡adfJopx¡fw��y�x�oprKn£n[|de��Nfw�L¿^µ[opfD ]fL�£yu~my·µ[os��x�|}yzq�x¡ose�fu¿�osn½ &ado{v�a¹x¡a}f,fL�9tuf,os~
yK�d�9fL��´�°�x2yQx�ope�f��h¿z �fb &opqsq}yK~¡~¡r9v�o{y�x¡f]x¡a}fbx¡oseJf���= 1]¾Âru�YfLyuv�a,yK�d�9fL�,fL�9tufK´�`ba[|}~D¿uyzxIymx�ope�f	`©¿
ymµ�yzqs|df&ru¾^ymndr9�9f&o{~YvwyuqpqsfD��ËB�?�1o»¾^o»x�~Ix�ope�f&o{~Itu��fDyzx¡fw�6rK�IfD�B|}yzq[x�a}yzn �h¿Kyzn}�JvwyuqpqsfD�R��ÈsÍbrzx�adfw�� &os~¡fu´
Ã?fhvwyun1v�a}fDv�#Áx�a}y�xbx¡a}fhyzn}yuqp�9~¡os~�rz¾Iyzn�yz�}�dqpo{vwyzx¡osrun1ndr9�9f�o{~bopn ��|dfwn}vwfD�1�[�4�

�u´�x¡adfÎndfw  yu�¡tK|de�fwnBx�µ�yzqs|dfL~w´�`ba}fD~¡f£µ�yzqs|dfD~�e�|}~�x��Nf½�d��ru��yztKyzx¡fL�Xx�rX�}yu��yue�f�x¡fD��~·rz¾ ��0 0
¾Â|dn}v�x¡osrun�µ�yzqs|dfD~��Iruq{�·¾Â|}n}v�x�oprKn1µ�yuqp|dfL~be�|}~�x	�Nf� �yu�¡ndfL��ru¾;x�adfD~¡f�ndfw Pyz��tu|de�fDnKx�~w´

g9´�x¡adfTndfw ±¾Â|dn}v�x¡osrunÁµ�yzqs|dfD~D´ � 0 0 yu�¡tK|de�fwnBxIµ�yzqs|dfD~Ie,|}~�xY��f	�}�¡rK�}yztBy�x¡fL��x�r©x¡adf	n}fw  �}yz��yze�fw¬
x¡fD��~]yzn}� �'0 0 �Nr9�9��µWyuqp|}fD~Yru¾�x¡adfL~�fTndfw  ¾Â|dn�v�x¡osrun�~2e,|}~�x]��fQ�d�¡rK�}yztBy�x�fD�,x¡r�x¡adfmyz�d�dqso{vwy�x�oprKn
ndr9�9fu´

�d´&yzqsqN¾Â|dn}v�x�oprKn��Nr9�9opfL~2µ�yuqp|dfL~w´��Tn9¾Âru�¡x¡|dn�y�x¡fDqp�K¿ ��0 0 ¾Â|dn}v�x�oprKn�µ�yzqs|dfL~2e,|}~�xb�NfT¾Âfwx�v�adfL�·osn·ru���9fw�
x¡rÁ��f�x��¡osfwµKfQndfD  �Nr9�9�·µ�yzqs|dfL~bx¡a}yzx&e�|}~�x	��f��}�¡rK�}yztBy�x¡fL�Áx�r,x�adfhyz�}�dqpo{vwyzx¡osrun1ndr9�9fu´

ÃÄa�y�x6 ]f]a}yWµufYtByzosndfD�hos~;x¡a}yzx�rKqs�,yz��tu|de�fDnKx�µWyuqp|}fD~�yz��f2ndrux�v�adfLv�#ufD��yztKyuopn�~�x;rKqs��¾Â|dn}v�x�oprKn�µ�yzqs|dfL~w´
`ba}os~©x�ope�fw¬­~¡ru�¡x¡fL�ÎyuqptKru��o»x�ade o{~h�9fL~¡vw�¡os��fL�?opn ¯�optK|d��f·�d´�`ba}fÁndfw  F �%���HG >Á¾Â|dn�v�x¡osrun ��fDvwfwosµufL~my
�NyztJopn}�dosvDy�x¡osndtJo»¾�x¡adf©��|dqsfme,|}~�xb�Nf�v�adfDv�#KfD��¾ÂrK�&y�Ë4���£¾Â|dn}v�x�oprKn)´N+­¾I~�r�¿[yK~��d�¡fDµ[oprK|}~]yuqptKru��o»x�adeÁ~w¿
yuqpq)~¡ru|}��vwfQµ�yzqs|dfhyu�¡fmµ[os~¡o»x�fD��´Y¯}ru�&rKqs��¾Â|dn}v�x¡osrun�µ�yzqs|dfD~D¿9run}qp�·n}fw  ~�rK|d��vwfQµ�yuqp|dfL~&yz��f�v�adfDv�#KfD��´
`�r£vwyuqsvw|dq{y�x¡fJx�adf·v�rKeJ�}qpfwº[opx��u¿�rundf·vDyzn$ru��~�fD�¡µKf�x�a}y�xL¿� &adfDn yu�d�9osndt£y�µ�yzqs|df&p¹x�r�x¡adfÁn}r[�df 3
yzx�x¡ose�f/G�¿�fLyuv�a?��rB~�opx¡osrunHI rz¾ 3 eÁyW�¹x��¡ostutKfw�hyzxheJrB~�xAQ�� ! vwyzqsq{~©x¡r F �-�
�HG >��:�
;=<?>Áy�x�x�ope�f
G�=�1K´`+Æn}�9fDfD��¿N¾Âruqsqsr� &opndt�x�adf��9fD~�v���op�dx¡osrun¹rz¾6x�adf,yuqptKru��o»x�ade�¿�qsf�xm|}~	�Nfw�¡¾Âru��e+y·vwyK~�f�yun}yzqs�9~�o{~&rKn
x�adf��NrK~¡o»x�oprKn"I�´

�u´*In@ 4[6%3 9�´Q`badf,ndfw  µ�yuqp|df p¹vwyz|�~�fL~Ty�xme�rK~�x0! vDyzqsqs~	x¡r F �%��� G >��:�
;t<.>Jy�xQx¡oseJf G	=�1>�
rundf�vDyzqsq�¾Âru�&fLyuv�aÎ¢Ey�x	e�rK~�x�!½¨2¾Â|dn}v�x¡osrun�rz¾u6�´

g9´*In@ 4 3 ��9¡´Q`ba}f�ndfD  ¾Â|dn}v�x¡osrunzp�x¡��optKtufD��~&qsfD~�~Tx¡a}yun�Q*! vDyzqsqs~my�xQx¡oseJf G�=I1��9|df,x¡r�x¡adf
x� ]rÁvDyzqsqs~�x�r/F �%��� G >B´

�d´*I @ Å��?0 3 ´�`badf�ndfD 'µ�yzqs|dfWp£vwyu|}~¡fD~�y�x�e�rK~�xN! vDyzqsqs~mx�r�F �%���HG > ���N;t<.>Áyzx©x¡oseJf/G =?1u´
�QndfQvDyzqsq}¾ÂrK�2fLyuv�a�vDyu~¡f�¢=yzx]e�rK~�x#!½¨Y &adfw��fmÅ��?0 3 os~�y�¾Â|dn�v�x¡osrun�yzqNµWyuqp|}fTrz¾;yun�yz�}�dqpo{vwyzx¡osrun)´

+­¾b �fÁndrzx�f 
 Hª x�adf·n[|de,��fD�hrz¾bµ�yzqs|dfD~hyK�d�9fL�½x�rz>�yzx�x¡oseJfcG�¿1< ª x�adfÁn[|de��Nfw�hru¾ F �%��� G >��:�
;t<.>vDyzqsqs~&yzxbx¡oseJfVG�¿dx¡adfDn1 �f���|}~�x	�d�¡r�µKfD�·x¡a}yzx��u< ª���P / QM!2G HKJML 

H
ª " $�I (*)�47>
9&$W´N+­¾� ]f�n}rzx¡f � x¡adfn[|de,��fD�&rz¾�Ïdº[¬¥�NruosnBx&o»x�fw��y�x¡osrun�~m¢=oE´ fu´Yx¡adf�q{yu~�x&µWyuqp|}fmru¾ G��y��>�¨�¿[x¡a}fwn��

G ª
	�� < ª���P /8G ª
	
� Q*! G HKJML 

H
ª "�$	I (*)
47>�9<$@8Q*! G HKJML 4 G ª
	�� 

H
ª 9 "�$�I (*)
4[>
9&$@8Q*! G HKJML $jqZ47>
9&$A"�$	I (*)
4[>
9&$

/�� !�� ¢=~¡fwf�~�fLv�x�oprKn�gd´ �[¨
`ba}f©x¡fw��e G ª
	�� < ª���P �¡fD�d�¡fL~�fDnBx�~�x¡a}fhn[|de��Nfw�	ru¾�x�ope�f�x�adf�yuqptKru��o»x�ade ��fDyKv�a�x�adfhqsopndf � K ¿N &ado{v�aa�yWµufmx¡adfh~�yze�f�rK���9fD��x¡a}yun1qsosndfD~�� 5 ¿ � D yun}� � L ´]¯drK�bx¡ado{~	q{yu~�x&qposndfK¿} �fh~�|d�}��rB~�fmx¡a�y�x	x�adfw��f©os~	y

~t� l*~Ìù



¤��������	�2¦9§���
���
���È����KÉ���� �K�

� ���+� @!;$C'� G F �-�
�HG >��:�
;=<?>�47; Mj;y9 ¦'�97�5	� �3�3� 5T��
?=35���É ��Ë$Ç���§�=9È�� �

�(���+?MF �%���HG > ���N;t<.>�47� )"G�MGp-9 �QÍuÍs�(7zÈ =&� p?ÉÌË½Ë4�DÍ �Z� )"G
� ) �+? 046|4 p C�qZ47� )"Gj9T9�!$% �"#&!@Q ²I� ��
J=JÉ A 7zÈ 5T��7uÍ/� 7uÍKÍ>��Í
� 5 �T* qZ47� )"Gj9
�eqZ4[� )"Gj94Pz� p- �TÍKÍ:�C� �(�(7zÈ =&�
� ; �T* @kI CRI (*)
4[� ) Gj9 G F �%���HG >(I (*)�4 IXMT� )"G�MGp-9 U&�dÍ>7/� �S��7>
J���K�(��É��¥É ��Ë

� > �T* F �%���HG >�I (*)
4 IXMT� ) G�MTp$@ ÅKA]0 2s9 U&�dÍ>7��9�ÁÇ	� �K�(��É��¥É ��Ë
� D �T* 046|4�II@I47� )"G/�:9jC��W9 ²N7��?���
� K �T* ��> �
>�A-> )
4 p-9 ����> �
>�A.> )
4[p%94Pz�(I$ U&�dÍ>7��9� 5T��Í>���<���
� L �T* @347�:C�qZ4[��9G9%G F �-�
�HG >��:�
;=<?>�4 A�MT�-9
� O �T* @34[� C�qZ472&9G9 G/F �%��� G >��:�
;t<.>�4�IXMT��9
� ���T* 046|4�II@I4768� )"Gj9jC��&9 ²N7��?� )
�(���T* @34­Å �?0�� C�qZ476$9G9 G F �-�
�HG >��:�
;=<?>�4��4MGp-9
� ) �T* 046|4�II@GÅ��%0 � )"G�C'� 9 ²N7��?� 5
� 5 �T* @347� C���> �
>�A.> )
4 I$9G9jG F �%���HG >��:�
;=<?>
47�:MGp-9

¯�optK|d��fm�'�Y��rK~¡o»x�oprKn9¬­�d�¡osµufDn�yzqsturK�¡opx¡a}e

vwrun}~�x�yunBx]x�ope�fhyzqsturK�¡opx¡a}e ¾Âru�bx�fD~�x¡osndtJx¡a}yzxTy,µ�yuqp|df©�NfwqsrundtB~�x¡rÁy�~�fwxD¿9x�ado{~&vwyzn1�Nfhyuv�adosfwµKfD�· &opx¡a
µ�yu�¡o{y�x�oprKn}~�run1�do»x¡¬¥µKfDv�x¡ru��~D´
�Q|df]x¡rQ��rK|dn}�9fL��fD�9tKfD~�rz¾9x�adf]tK��yu�da)¿LqposndfL~ � O yun}� ) �2vDyzndndrux��Nf2e�ru��fYx�a}yzn
�&4 ! � 9�´I®]rKe��dqpfwº9o»x��
yun}yzqs�9~�o{~Qrz¾Yx�adf,�}qposn}�?yzqsturu��opx¡ade+~�yzo{�¹x¡a�y�xhyzqsq6rzx¡a}fw�mqposndfD~©vDyzndndruxm�Nf�e�ru��fhx¡a�yzn �&4 !�� 9�¿�x¡a[|}~
 �f�vwyun1vwrun}vwqp|}�dfQx�a}y�x&x�adf� �ru��~�x&vwyK~�f�v�rKe��dqpfwº9o»x��·ru¾�x�ado{~�x¡oseJfw¬­~¡ru�¡x¡fL��yuqptKru��o»x�ade o{~��&4 !��
9¡´
¯}ru�bx�adf©qposndfD~�� ) yzn�� � >  ]f©tKopµKfTx�adf��¡fL~�|}q»x&rz¾�x¡a}fb#[osqpqsfw�	~¡fw��osfD~brz¾6~�fLv�x�oprKn���´IÃÎf�vwyun�n}rzx¡f©x�a}y�x
qsosndfV� ) vDyznJ��yuos~¡f2x�r©��¢=�d|9xYx�adfwn�e�rK~�x�qZ4 ) �@N 9;e,|}~�xY��fbfwe��9x��d¨�rK�Y�J¢tqZ4 ) �@N 9�vwrunBx�yuopn�~Iymvwrun}~�x�yunBx
n[|de,��fD�Qru¾Yµ�yzqs|dfD~�¨�´©`bado{~Qvwrun}~¡os�dfw��y�x¡osrun¹o{~myzq{~�r�µWyuqpo{��¾ÂrK�Qqsopn}f � >  &adfD�¡fhx¡adfS#[opqsqpfD�m~¡fw��osfD~	��fDyKv�a
x�adfc�s4�!��
9¡¿��d|9x� &opx¡a y��dopx�¬­µufLv�x¡rK��ope��dqsfwe�fDnKx�y�x�oprKn½x�ados~�qposndfÁeÁyW�£ado{�9f·y��s4�!�� 9Qv�rKe��dqpfwº9o»x��
¢Âx¡adf, &adruqsfhµKfDv�x�ru�Qe�|}~�xT�Nf,~�vwyzn}ndfD�1x�r6#[ndr� Px¡a}yzxQopxm�9r[fL~�n � xQvwrunBx�yuopn}~QyÁndfD  µWyuqp|}fL¨�¿Nrun}f�vwyun
~¡ruqsµufTx¡ado{~b�d��ru�dqsfwe  &opx¡a��Nrzx�a1y,�dopx�¬­µufDv�x¡rK��yun}��y�x¡ose�f�¬Æ~�rK��x�fD��qpo{~�xb¾ÂrK��n}r[�dfmµ�yuqp|dfL~©¢Âo¥´ fK´Iqposndf/� O
�}|9xTyJ�do»x	osn1x¡adf�µKfDv�x¡ru�&yun}��yu�d��x¡adf�n}fw PµWyuqp|}fmosn1¾Â�¡rKnBxbru¾�x�adf©qpo{~�x�¨�´
®]rKn}~¡os�9fD�¡osndt�x¡adf©�dqsopn���yuqptKru��o»x�ade�¿B �fma}yWµufQtKyzosndfL�·run}fQrK���9fD�brz¾;eÁyztKndopx¡|}�9f©�[�·vwyun}v�fDqposndt�~�rKe�f
vDyzqsqs~&x¡r F �-�
�HG >�x¡a}yzxTa}yWµKfhyzqs�¡fLyu�9����fDfwn£�Nfw�¡¾Âru��e�fD�?´	`bado{~TyzqsturK�¡opx¡a}e o{~ �s4�! � 9]rKndqp����fLvwyu|}~�f
�s4�! � 9hopx¡fw��y�x�oprKn}~JeÁyW� ��f��Nfw�¡¾Âru��eJfL��´±¯}ru�c�s4�! 9�opx¡fD��yzx¡osrun}~D¿Yx�adf¹v�rue��dqsf�º9opx��$¾=yzqsqs~Á�dr� &n x¡r
�s4�!���9¡´

�*[�� �'���NE c
E
��^�� � D%E ��i$^ fgdLh � D%E c����
`ba}f]v�rKe��dqpfwº9o»x���yzn�yzqs�[~¡o{~�rz¾9x�adf2x�ope�fw¬­~¡ru�¡x¡fL��yzqsturu��opx¡ade ~�|}tutufL~�x�~�x�a}y�xL¿� &adfwn�yK�d�9osndtQyTndfw  µ�yuqp|df
x�r£y¹ndr9�9fK¿ x�adf·�NrK~¡o»x�oprKn?ru¾bx¡ado{~hndr9�9f�os~hvw�¡|�v�o{yzq¥´�`bado{~hosn}�9|}vwfD~hx¡adf·�NrK~¡opx¡osrun9¬Æ�9��opµKfwn$yzqsturu��opx¡ade

l�l/ã�m&n�ï�ô�û



�Wg ¤N=}Í>���LÉ 
�� �wË&5�É �����2�?5�ËB7/5¡Í,³`7�=9È)¦k��5 �K�?���9���6¦	��7BÇ���È�
���¦
���wË&�9�	�

tKopµKfwnÁosn�¯�optK|d��f	�}´6¶)fwx � ~]yun}yzqs�[Ðwfbx¡a}fQv�rKn}~¡fD�B|dfwn�v�fD~2rz¾)yu�}�9opn}t,y�ndfD Äµ�yzqs|df p$@ Å �?0 2 x�r,y�ndr9�9f
3#y�x	yJ�NrK~¡o»x�oprKnDI�´

�u´bÃÄadfwnDII@a4 3 �:9�¿[x¡adfQ¾Âru��eÁyzqN�}yz��yze�f�x�fw� ��e�yW�Á��fDvwfwosµufT~¡rue�fmndfw GµWyuqp|}fD~]µBo{y$�h¿9yzn}� I
eÁyW�·�¡fLv�fDopµKfQndfD  µ�yuqp|dfL~bµ[osy,x¡a}f���r9�9��2·´

g9´bÃÄadfwnRII@I476 3 9¡¿[¾Âru��eÁyzq��}yu��yue�f�x¡fD��~]rz¾Iyzqsq�µ�yzqs|dfD~bru¾36'eÁyW�·�¡fLv�fDopµKfTx�ados~	ndfw  µWyuqp|}f:p�´
�d´bÃÄadfwn Ia@GÅ �%0 3X¿ufwµKfw����yz�}�dqpo{vwyzx¡osrun�ndr9�9f	 &a}fw��fbx¡ado{~2yu�}~�x���yKv�x�oprKnJo{~Yyu�d�dqsopfL��e�yW�,�¡fLv�fDopµKf
x¡ado{~,ndfw  µ�yzqs|dfspN´�`ba}os~,~�fwx�rz¾	yz�}�dqpo{vwyzx¡osrun$ndr9�9fL~ho{~hosn}v���fwe�fwnBx�yzqsqp�?v�run�~�x��¡|}v�x¡fL�Î�[�Îx¡adf
¾Â|dn}v�x¡osrun ��> �
>�A.> )Î¢ � V rs4��W9Æ¨�´½`bado{~�¾Â|dn}v�x�oprKn o{~�|d�^�dyzx¡fD� fDyuv�a$x�ope�f1y¹ndfw  µ�yuqp|df�os~
yu�d�dfD��x¡rJx¡a}f©¾Â|dn}v�x�oprKn��}yz�¡x&rz¾Iyzn�yz�d�dqso{vwy�x�oprKn?¢=n}yze�fDqp�·osn1x¡adfhvDyu~¡f��L¨�´

`ba}os~Qyzqsturu��opx¡ade os~Qopn�x�adf,~¡�dos�¡opxTru¾Ix¡adfhrKndf��9fL~¡vw�¡os�NfD��osn½°6�ufD��~ � ~&x¡adfL~�o{~ �Üg� ­´`+­xTadostua}qpostuaBx�~T &a}y�x
y,v�rKn}~�x���yuopnBx�~2~¡ruqsµufw�]os~�osnBx¡fwn��9fD�·x¡r,�dr&�6�¡fL~�rKqpµ[osndthfL�K|�y�x¡osrun�~2�[�J¾Âruqsqpr� &osndtJy��9fD��fDn}�9fwn�v�fmtu��yz�da)´
!Tfw��f£x�ados~��9fD��fDn}�9fDn}v�f?tu��yz�daÄo{~1�9op��fDv�x¡qs� v�rK|d�dqsfD�Ä &opx¡aGx¡adf �3����É��EÉ �zË n}rzx¡osrun;´'Ã?f?vDyzn n}rzx¡f
x�a}y�x�°6�ufD��~ � ~�yzqsturK�¡opx¡ade os~1yz�}�dqposfD� rKn �d��rutK��yue�~�osn ®��]¸ ¾Âru��e�´ +ÆnÄx¡a}os~1v�rKnKx�f�º[xD¿TµWyuqp|}fD~·ru¾
osnBx¡fD�¡e�fD�dosyzx¡f½yu�d�dqsosvDy�x¡osrun ndr9�9fL~�osn x¡a}fÎ~¡ru|d��v�f¹�d��rutK��yue yu�¡f�x���yun}~�¾ÂfD�¡��fD�±x�rXy µ�yz��osyu�dqsf£opn y
tKfwndfD��yzx¡fL�?vwrunBx¡osn[|}y�x�oprKn)´ !	fDn}v�fK¿6¾Âru�Á®��2¸ �d��rutK��yueÁ~w¿;x¡adf1yzn}yuqp�9~¡os~h�drBfL~�n�� xJa}yWµuf�x�rÎv�rKe��d|9x¡f
µ�yuqp|dfL~&rz¾Iyz�}�dqpo{vwyzx¡osrun�ndr9�9fL~w¿}x¡adfD�¡fw¾Âru��fQx�adf�x�adop����vwyK~�f�o{~&ndruxTndfDvwfD~�~¡yu�¡��yzn}��°6�ufD��~ � ~&yzqsturu��opx¡ade
�drun � x&a}yWµufmx¡rÁvwrun}~�x¡��|}v�xbx�adf ��> ��>�A-> )m¾Â|dn�v�x¡osrun;´
¯}ru�¹v�rKe��dqpfwº9o»x��  �f$~�x�yu��x� &opx¡a x�adf$qposndf 5 yzn}� ;  &adosv�a yz��f½fwº9fDv�|dx¡fD� G8H JML $UqZ4[>
9<$¹x�ope�fL~w´
`ba}fwn x¡a}fÎv�rKe��dqpfwº9o»x�� rz¾©x¡a}f½qsopndf > o{~Áx¡a}f½n[|de��Nfw��rz¾hvwyuqpq{~·�Nfw�¡¾Âru��e�fD� qsopn}f ;  &ado{v�aÄo{~·f�º[¬
yKv�x�qp� G�H JML $UqZ4[>
9<$�"�$�I (*)�47>
9&$W´��©ndr� &osndt©x�a}y�x�x¡fD�¡e o{~ �s4�! � 9b¢E~�fDfQ~¡fDv�x¡osrun�gd´ �[¨�¿Kx¡adfDn�yzqsq�qsosndfD~
ru¾&x¡adf�F �%���HG >(I (*)·¾Â|}n}v�x�oprKnXa}yWµKf�y�xJeJrB~�x,x¡ado{~Jv�rue��dqsf�º9opx��u´$¸[opn�v�f�fLyuv�a rKndf·ru¾	x¡adfL~�f�qposndf�os~
�Nfw�¡¾Âru��e�fD��opn�qsopn}fDyz��x�ope�fu¿dx¡adfDn�x�adf�n[|de��Nfw�&ru¾�x�ope�f©x�a}y�x&x�adf©¾Â|dn}v�x¡osrun�F �%���HG >��:�
;=<?>©os~&vDyzqsqpfL�
o{~��s4�!���9¡´Y`ba[|}~�x�adf�r�µufD��yuqpq�v�rKe��dqpfwº9o»x��·o{~��s4�!���9¡´

� � !����#�w�D���.�/*Á�.���w�&(

°Tqpqux¡adf]~�fD�¡osfD~��9fDµufDqprK��fL�Qosn©x¡a}os~�~�fLv�x¡osrun;¿Lyun}�Qx¡adf2�dfwtu��fwfIru¾[vwrue��dqsf�º9opx��T��fwq{y�x¡fL�Qx¡r&fDyKv�a�yzqsturu��opx¡ade
yu�¡f�~¡|de�e�yu�¡osÐwfL�£osn?¯�ostu|d��fÁ�9´,¯}ru�mx¡a}fÁ�dqposn}�?yzqsturK�¡opx¡ade�¿� �f,a�yWµuf,x¡fD~�x¡fL�£x�ad��fwfÁ�9o�.NfD�¡fDnKx© byW�[~
ru¾�vwruqsqpfLv�x¡osndt�yz�d�}qpo{vwyzx¡osrun½n}r[�dfD~�� A�7 
©e�fDyzn�~Tx�a}y�x�x�adfÁyz�d�}qpo{vwyzx¡osrun½n}r[�df�¢�
¡¨myu�d��fLyz��~ � Q � Ò � opx�~
v�a}opq{�9��fwn$opn$x�adf�°m¸9`+¢Ìx�adfÁ¾Â|dn}v�x¡osrun�A©yun}�?x¡adf�yz��tu|de�fwnBx 7D¨�¿`
3A�7·os~�ndrzxh��fDyuqpqs�½osnBx¡|dopx¡osµuf�~�osn}v�f
yu�d�dqsosvDy�x�oprKnÎndr9�9fL~hyz��fJµBo{~¡o»x�fD�?��fw¾Âru��f�x¡adfDop�,v�adopq{�9��fwn}~D¿;yun}�ÎÏ}n}yzqsqs� 
CA�7>
�o{~©x�adf·v�rKe��dosn}y�x�oprKnÎru¾
�Nrzx�a½ &adfD�¡fJyz�d�}qpo{vwyzx¡osrun£ndr9�9fL~©yz��fhµ[os~¡o»x�fD�£x� &osvwf,osnÎyun£o»x�fw��y�x�oprKn)´©ÃÎfJ &opqsqI~�fDfhx�a}y�xmx¡adfJq{y�x�x�fw�
�drBfL~bndrzxTyuqp byW�9~2a�yWµufmx¡adf©e�osndope,|de v�rue��dqsf�º9opx��·rz¾�x¡adf©Ï���~�xbx� ]r�´
+Æn�rK���9fD��x¡rÁ~�ose��dqso»¾Â��x¡adfh�9fL~¡vw�¡os�9x�oprKn�ru¾�x�adfh~�fD�¡osfD~D¿[adfw��f�yz��f�v�rue�e�run�v�rKe��dosn}yzx¡ru��~��
� \GÅ&A10 A
�Z� <?> \GÅ&A10ÜÅ��.0 A
6:�
;�) > \GÅ&A10ÜÅ��.0 �
� \GÅ&A10 4 AFA*9
	 \GÅ%�'0 4 � Å.b.0 4[�ÀÅKA]0 4yb bRA*9T9G9

~t� l*~Ìù



¤��������	�2¦9§���
���
���È����KÉ���� �L�

Q � P �z� OÂÖ.P ��0 O P × Ò�� ��0 � O � Ò J Ö � O � OÂÖ?P
¾=yuv v�¾=y v�¾=yuv

-byu~¡f � � � g g �
-byu~¡fD�&fLv � � � � g g
+ � � � � � �
+­¬­v�a�yzosn � � � � � �
�TfDfw�9¬­qsf�x � � � � � �
�TfDfw�9¬­qsf�x�g � � � � � �
�&ruqsqp¬¥qsf�¾Ìx � � � � � �
�&ruqsqp¬¥��optKaBx � � � � � �

¯�ostu|}�¡fh�3�2�Q���9fw�bru¾6vwrue��dqsf�º9o»x��·¾Âru�bx¡a}f)#BosqsqpfD�	~�fD�¡osfD~

	Po{~6x¡a}f	vwyzqsqp¬¥�[�B¬¥µ�yuqp|df2Ïdº[¬¥�NruosnBx2v�rKe��dosn}y�x�ru�6|}~¡fD�,�[��24% � !$%���´ !Tfw��fbyu�¡f&~¡rue�f&v�rKeJe�rKnJ~¡�[nKx�yuv�x¡o{v
~¡|dtByz��~?�
Å&A P A � 0 0 0TA��!0 2 \GÅKA P 0ÜÅKA � 0 0 0 0¡Å&A��!0 2476:� P � � 0 0 0T���.9 \I4G0 0 0 4T4[6n� P 9�� � 9-0 0 0j���?9�	� 2 \I4[6:�
; ) >��I2s9
4 046 In�I2&9 \I4�In�I2&9
4 24% �)A�@f� 0CQ 2&9 \I4¥Å&A10 2k�W9
4 24% � !$%��sb�@m� 03Q 2s9 \I4C24% � b�@I4 	 4­Å-b.0 �s9G9	03Q 2&9
¯�os��~�x& ]f©ndfDfD��! µ�yuqp|dfL~w¿9 &a}osv�a1e�fDyzn�~F! ¾Â|dn�v�x¡osrun�~w´Y`badf�~¡ope��dqsfD~�x	 byW��x¡rÁ�9rJx¡a}yzx&os~�x�r�v�a�yzosn
x�adfD~¡fm¾Â|dn}v�x¡osrun}~��]Å&A�
�0 0 0 0�Å&A P 0 � 2�(�� ����´Y¯drK�	~�ose��dqsfu¿drKndf�vwyzn�x�y>#ufmx¡a}f�os�9fDnBx¡opx��Á¾Â|dn}v�x¡osrun1¾Âru�x�adf��Nr[�d�� �fma�yWµuf>� ��
B@ ÅKA�
 0 0 0 A P 0 ��´IÃ?fhvwyun¹~¡yW��x�a}y�x	fLyuv�a�¾Â|dn}v�x�oprKn �KÉ=Í>���bo»x�~&�d��fD�9fLv�fD~�~¡ru�L¿osn�x¡adfh~�yze�fm �yW�·yK~�yJ�NruosnBx¡fw�bado{�9fL~&o»x�~bµ�yzqs|dfu´I`badf©run}qp�· byW��x¡r���fwµKfDyzq�x¡a}os~&a}os�d�dfwn1µWyuqp|}fmo{~�x¡r
yu�d�dqs��x¡adfJ¾Â|dn�v�x¡osrun;¿; &ado{v�a?vDyznÎ��fÁ�9rKndfu¿)osnÎx¡adfÁ~¡adru�¡x¡fL~�x© �yW�K¿��[�¹|}~�osndt � ´J`ba[|}~mx�r���f�x��¡osfwµKf
x�adf�q{y�x¡fL~�x&�Nr9�9�Î¢=oE´ fu´��9¨� ]f©a}yWµKfmx¡r�tufDndfw��y�x�f>�

-�yK~�f 
 \I4 � 
 0 0 0 4 � P � 
 9%0 0 0 9
`ba}os~m~�ose��dqsf,fwº[�}�¡fL~¡~¡oprKn£��fDyuv�a}fD~&x� �r�rK���dfw��~	�Nfwqsr�  x¡adfJ ]rK��~�xmvDyu~¡f,vwrue��dqsf�º9o»x��1¾ÂrK�QfDµufw���¹yzqsturu¬
��opx¡adeÀf�ºdv�fD�9x�x¡adfÁfDµ�yzqp¬­�9��osµufwn?run}f�¾Âru�� &ado{v�a$ ]fÁa}yWµKf�rundqs� �s4�! � 9¡´�`ba}os~�fwº9�d�¡fL~¡~¡osrun$�9r[fD~¡n � x
vw�¡fLy�x�fmyÁ�9fDn}~¡fmtK��yu�da)´Y¸[|}v�a�yJtu��yz�da�vwyun��Nf�ru�dx�yzosndfL���[�·e�fw��tuosndtÁyzqsq ��
 osn1y�qsr[ru���

-�yK~�fL�&fDv 
 \a4 24% � !$%��|;�( (��|@GÅ	p.0 4 046B4�pz4y;�( (��'4 � p%9T9G9
03QL47;�( (��z� 
 9G9
ÃÄa}fw��f�4�o{~�yzn[� fwº9�d�¡fL~¡~¡osrun  &adosv�a �d��r9�9|}vwf�x¡adf�x��¡|dfÎyzn}�±¾=yzq{~¡f¹��r[ruqsfDyun}~D¿2¾ÂrK�Áf�ºdyze��dqsf�4 \
4 24% �/b�@ � 03Q#4yb �Z� <?>
9�� 47b$6:�
; ) >
9G9�´;`badf�-byu~¡fD�	fDvI~¡fw��opfL~�a}yWµufIy	vwrun}~�x�yunBx)nB|}e��Nfw�;ru¾dyz�d�dqso{vwy�x�oprKn
n}r[�dfD~myzn}�£x¡a[|}~©�9r�n}rzx©eJr9�9op¾Â��x¡a}fJvwrue��dqsf�º9o»x�opfL~Q~¡adr� �fD�¹�[�#2(� ) > 
 f�ºdv�fD�9xT¾ÂrK�Tx�adf���rB~�opx¡osrun9¬
�d�¡osµufDn1yun}�·x�adf�fwµ�yuq»¬Æ�9��opµKfwn�yuqptKru��o»x�adeÁ~w´
`ba}f�q{yu~�x2~�x�yztKf2¾ÂrK�I�d��r[�d|}v�osndt #[opqsqpfD�Y~�fD�¡osfD~6o{~�x¡r�osn}~¡fw�¡xYymvDyzqsq[x¡rhy©v�rKe�eJrKn�¾Â|}n}v�x�oprKnW6 
 �Nf�x� �fwfDn
fLyuv�a � f�º[x���yKv�x¡osrun1rz¾g-byu~¡f 
 �

��yzx�x�fw��n 
 \ 4C24% �(b�@L6 
 03QL4 � 
 47bi0 0 0 4 � P 47b'� 
 9G9-0 0 0 9G9T9

l�l/ã�m&n�ï�ô�û



�D� ¤N=}Í>���LÉ 
�� �wË&5�É �����2�?5�ËB7/5¡Í,³`7�=9È)¦k��5 �K�?���9���6¦	��7BÇ���È�
���¦
���wË&�9�	�

`ba}f 6 
 ¾Â|dn�v�x¡osrunÎos~QosnKx�fwn}�dfD��x�r�|}~¡f�opx�~Q�}yz��yze�fwx¡fw�TµWyuqp|}f,yzn���x¡r1~�fDn}�¹opxQ�}yKv�#�x�r·x¡a}f,ndfwº[x �
yu�d�dqsosvDy�x�oprKn)´£¸[opn�v�f�6 
 yu�d�NfDyz��~�rKndqp�?run�v�f·osnX�6y�x¡x¡fw��n 
�¿Io»x�~�~¡opÐDf·eÁyW�Î�Nf·osn �&4 ! 9¡´ -]|dx� ]f
vDyzn �NfwtKopn  &opx¡aXy½v�run�~�x�yznBx�~�osÐwf·¾Â|dn}v�x�oprKnG¢ 6 
 @ �9¨� &a}osv�a ~�x¡��yzndtKfwqs�½��fwµKfDyzq{~mx¡a}f� �ru��~�x�vDyu~¡f
vwrue��dqsf�º9opx��Árz¾�x¡adf©�NrK~¡o»x�oprKn9¬­�d�¡osµufDn�yzqsturK�¡opx¡a}e1´-,Tf�º[xD¿}y�~¡ope��dqsf© �yW��x�r�a}yWµuf�y !À~¡osÐwfD��o{�9fwnBx¡opx��
¾Â|}n}v�x�oprKn1o{~�x¡r·vDyzqsq^x¡adf�o{�9fDnKx�o»x���! x�ope�fL~?�

6 
A��+­¬Æv�a}yzosn 
L\ ÅKA]0 4 � 
X0 0 0�4 � P A*9%0 0 0 9
`ba}os~6~¡fw��opfL~;��fwµKfDyzq{~;x¡adfb �ru��~�x6vwyu~¡fY¾ÂrK��x¡adfb�dqsopn���yzqsturK�¡opx¡a}e  &adfwnJyz�d�dqso{vwy�x�oprKn�ndr9�9fL~6yz��fYx�y>#ufDn�osn
y©��fwµKfw��~�f�ru���9fD�D´ +­x]~¡adr� 	~�x¡a}yzxYx¡a}os~2ru���9fw�IeÁyW���}�¡r9�9|}vwf	�9o�.NfD�¡fDnKxYrK���dfw�Irz¾)vwrue��dqsf�º9o»x�opfL~w´ +Æn�x¡a}os~
~¡fw��osfD~D¿dyz�d�dqso{vwy�x�oprKn�ndr9�9fD~	yu�¡f©osn¹yz��tu|de�fwnBx&�NrK~¡o»x�oprKn)´]`�r·~� &opx�v�a¹yu�d�dqsosvDy�x¡osrun1ndr9�9fL~&opn1¾Â|dn�v�x¡osrun
�NrK~¡opx¡osrun?o»x�~¡| � v�fL~mx¡r¹tufDndfw��y�x�fJy�v�a}yuopn?rz¾b��fD�9fwº[fL~w¿�rK��fD�B|dosµ�yzqsfwnBx¡qs�¹x¡r¹�}�¡r9�9|}vwfÁy1vDyu~�vwyK�9f,ru¾
0 Ò � �
6 
 � �QfwfD�9¬¥qsf�x 
 \ ÅKA]0 4­ÅKA 
 0 4­ÅKA 
 O.P 0 4T0 0 0 4G4­ÅKA P 0 A P 9jA � 9%0 0 0 9jA 
 9jA19\ ÅKA]0 4 24% � A 
 @ A�03QL4C24% � A 
 O P @ A 
 03Q 0 0 0 4 24% �)A P @ A � 0CQ8A P 9%0 0 0 9T9

`ba}os~T �yW�K¿9x¡adfJ�9fwfD��fL~�xm�¡fL�9f�º'4C24% ��A P @0A � 03Q A P 9�ru�Nfw��y�x¡fL~&run£y·ndrzxT�Kf�xQyun}yzqs�[ÐwfL�1yu�¡tK|de�fwnBxD´`ba}os~&~¡fw��opfL~&vwyun1yuqs~¡r,�Nf�tuosµufDn��[�·osn}�9|�v�x¡osrun$�
F P \GÅKA	1�0 A�1
F 
 \GÅKA 
 0 49F 
 O P A 
 9 4 ���I1�9
�Qfwfw�d¬¥qsf�x 
 \GÅKA]0 4YF 
 A19

`ba}os~�~�fD�¡osfD~;�¡fDµufDyuqs~�x¡adf] ]rK��~�x;vwyK~�f2vwrue��dqsf�º9opx¡osfD~�¾ÂrK��yuqpqByzqsturK�¡opx¡adeÁ~��}|9x�x�adf2fDµ�yzqp¬­�9��osµufwn�yun}�©�dqsopn}�
 &a}fwn�yu�d�dqsosvDy�x¡osrun�ndr9�9fD~�yz��f	µ[os~¡opx¡fD�Áx� &osvwf,¢ÂrKn}v�fQ��fw¾Âru��fu¿[run�v�fQyz¾Ìx¡fD�]opx�~�v�adosqs�9��fwnN¨�´I�&fwe�osn}�Áx�a}y�x
x�adfbfwµ�yzqs|}yzx¡osrun9¬Æ�9��opµKfwn�yuqptKru��o»x�ade os~6�}qpr9v�#ufL�hosn�o»x�~6 �yuq�#� &adfDn�x�adf	~�yze�f2¾Â|}n}v�x�oprKn,o{~IvwyuqpqsfD��x� &osvwfu´
`�r��9rh~¡r}¿ufLyuv�a,¾Â|dn}v�x¡osruncF 
 a�yu~6x�r���f	vDyzqsqpfL��x� &o{v�fK¿zÏ}��~�x6 &opx¡a·y��d|de�e��,yu�¡tK|de�fwnBx	¢=~�yW� �9¨�¿zx�adfwn
 &opx¡a1x�adfhv�rK�¡��fDv�x�rKndfu´2�QndfhvDyzn��9f�Ï}n}f©x¡adfm¾Â|dn}v�x¡osrun �QfwfD�9¬¥qsf�x�g 
  &opx¡a1x¡a}os~	�df�Ï}ndopx¡osrun�ru¾ F 
 �

F 
 \ ÅKA 
 0 4C23%(�(b�@ F 
 O P 03Q 4yb �-9�� 47bFA 
 9G9 4 ���?1 9
ÃÄopx¡aXx¡ado{~�~�fD�¡osfD~D¿Yyzqsqbyzqsturu��opx¡adeÁ~h��fDyKv�a x¡a}fwos�, �ru��~�x�vwyK~�f1v�rue��dqsf�º9opx��u´$° qsfD~�~�x¡ru�¡x¡|}ru|}~J~�fD�¡osfD~
 &a}osv�aH#[osqpq{~©x¡a}f·fwµ�yzqp¬Æ�9�¡osµufDn yzqsturu��opx¡ade vwyzn$�NfÁ¾Âru|}n}�$opn±°6�ufw��~ � ~mx�adfD~¡os~6� g� ¥¿�osn}~�x�fDyK�$rz¾	vwyuqpqsopn}t
x� &o{v�f©fLyuv�a�¾Â|dn}v�x�oprKn}~D¿drundf�vDyzn1|}~�f���fDvw|d��~�osrun1yzn}���¡rKqpq^x�adf�µ�yzqs|dfD~��
6 
x�Q�¡rKqpqp¬­qpfw¾Ìx 
B\ ÅKA]0 4 24% � !$%�� �m@ ÅKA P A � 0 0 0 A�
�0 4C036E4bA P 4 � A � 0 0 0LA�
0A P 9G9
0CQ 4 � � 0 0 0 � A19G9
`ba}os~	~¡fw��osfD~&a}yK~bx¡a}f,~�yze�f�f�.^fDv�x	x¡a}yzx �Qfwfw�d¬¥qsf�x�g 
 fwº9vwfw�9xT¾Âru�&x�adf��dqsosn}�¹yzqsturK�¡opx¡ade  &adfwn£yu�d�dqso»¬
vDy�x�oprKn½ndr9�9fL~myu�¡f�x�y>#ufwn?y�¾Ìx�fw�mx¡adfDop��v�adosq{�9�¡fDn)´ !Tr� ]fDµufw�L¿�x¡adfÁ�9os�¡fLv�x�oprKn½rz¾]�¡rKqpqsopn}t�yz��tu|}eJfDnBx�~Qos~
ose���rK��x�yznBxD¿9rKndf�vwyun1�9fwÏ}ndf�rK|d�&qsyK~�x	~¡fw��opfL~b &o»x�a��
��ruqsqp¬¥��optKaBx 
 \ Å&A10 4C24% �"!"%�� � @ Å&A P 0 0 0 A 
 O.P A 
 0 4 046N4`A 
 4 �0A 
 A P 0 0 0LA 
 O.P 9T9 0CQ 4 � A �Z0 0 0 �-9G9
`ba}os~&~¡fw��opfL~�¾=yzqsqs~b��yuv�#Áx�r,x�adf�qsfwµufDq�rz¾g+­¬­v�a�yzosn 
 ´
�T¾�v�ru|}��~¡fTosn·x�adf�vwyu~¡fTru¾;��fDyzqN�d��rutK��yue�~D¿un}rundfmrz¾)x�adfD~¡fQx¡ru�¡x¡|}ru|}~]f�ºdyze��dqsfD~bvDyzn·�Nf©fwn}vwru|dnBx¡fD�¡fL�
�}|9xD¿Lx¡a}fYÏ}��~�x�~�fD�¡osfD~;e�yW�mv�rK�¡��fD~¡��rKn}�Qx¡r	��fDyuqu�}yu��x�~)ru¾[�}�¡rKtu��yzeÁ~w´)¯}ru��f�ºdyze��dqsfu¿�+­¬­v�a�yzosn�opqsqp|�~�x���yzx¡fD~
r�µKfw��qsyu�d�NfD�Á¾Â|}n}v�x�oprKn}~&yzn}� �QfwfD�9¬¥qsf�x	r�µKfw��qsyu�d�NfD�½¢=�¡fLv�|d��~¡opµKfwqs���dfw�Nfwn}�9fDnBx�¨bqsf�x	osn}~�x¡��|}v�x�oprKn}~w´
�Qn}fmvDyzn1ru�}~¡fw��µuf&x�a}y�xbx�adf©¾=yu~�x¡fD�]x�adf�yzqsturK�¡opx¡ade o{~w¿[x�adf©e�ru��fQfLyu~¡opqs��x¡adf© �ru��~�x&vwyK~�f©v�rKe��dqpfwº9o»x��
o{~b��fDyuv�a}fD��´

~t� l*~Ìù



¤��������	�2¦9§���
���
���È����KÉ���� �W�

� � ��!��.� 
�
�
����Á(��w( 
�
�� �z0Á�60 ���À%'�����J(

�[®�¯9° o{~�y¹µKfw���½�Nru�d|dq{yz���d|9xJyue��dostu|}ru|}~hyun}yzqs�9~�o{~D´1`badf·Ï}��~�x,�9fwÏ}ndopx¡osrun ru¾bx¡adf1�B®�¯9°h¿;¾Âru|dn��
osn?¸9adopµKfw��� ~Q�Y¶ ��+T��yz�Nfw�S�p���( ¥¿�vwru���¡fL~��Nrun}�}~&x¡r�x¡adf�¶�¸d��~¡��fLv�opÏ�vwyzx¡osrun£��fD~�x¡��osv�x¡fL��x¡r�y·q{yzndtK|}yztKf
osnP®��2¸ ¾Âru��e1´ �Q|df½x¡r x�adf£¾=yKv�x·x�a}y�x�yzqsqQyu�d�dqsosvDy�x¡osrunÄn}r[�dfD~�yu�¡f½opnÄx�yzosqT�NrK~¡o»x�oprKn)¿	rKndqp�±x� �r
��|dqsfD~©yz��fJndfwfL�9fD��´�ÃÄadfD�¡fLyu~mosnÎado{~©x�adfD~¡os~Q�s���� ¥¿�x�adf·~¡��fLv�opÏ�vwyzx¡osrun½o{~�yzq{~¡r1vDyzqsqpfL�Î�[®�¯9°'�}|9x�x¡adf
yun}yzqs�9~�o{~&o{~	�}yK~�fL��run¹yzn£yu�}~�x¡��yuv�xm~�fDe�yunBx¡o{vw~& &ado{v�a¹ndfDfD�d~	x¡r·tKopµKf�yzn£yu�}~�x���yKv�x	fDnBµ[os�¡rKnde�fwnBx&x¡r
x�adf,yu�d�d��rWº9opeÁy�x�oprKn�¾Â|}n}v�x�oprKn)´TÃ?f��NfwqsopfDµuf�x�a}y�xQx¡ado{~m~��NfDvwo»Ï�vDy�x�oprKn¹os~m~�rK|dn}��rKndqp�1osn¹x¡adfJvwyK~�fhru¾
®��]¸^´  �rK�¡fDr�µufD�D¿Lx¡a}fT~�rK|dn}�9n}fD~�~6�d�¡r[ru¾N�NfDvwrue�fD~Ia�yz���9fw���z´I¯�opn}yuqpqs�u¿B�9os�¡fLv�xYoseJ�}qpfDeJfDnBx�y�x�oprKn�rz¾^x¡adf
yu�}~�x¡��yuv�x&~¡fweÁyznBx¡o{vw~&�drBfL~bndrzx&x�fw��e�opn}yzx¡f�yzn��1~¡adrK��x�v�|9x�~�yu�¡f©ndfLv�fL~¡~�yz����x¡r�fwn�~�|d��fmx¡fD�¡e�osn}y�x�oprKn)´
°Tndrzx�adfw�6yzn�yzqs�[~¡o{~�x¡a�y�xIv�ru|}qs���Nf���fD��¾ÂrK�¡e�fD�hrun,yun[�©Åd¬Ex�fw��e�¿� ]rK|dqs�,v�rKn}~�o{~�x�osnh�¡fDe�r�µBosndt&Ï}ºB¬­�NruosnKx
opx¡fD��yzx¡osrun}~b�}|9xT�9rÁndrux	fwµ�yzqs|}y�x�f�y���r9�9�� &adfwn�ndr�ndfD  µ�yzqs|df�o{~	yu�}�9fD��x¡rJ¾ÂrK�¡eÁyzq���yz��yze�f�x�fw�L´N+Æn
x�a}y�x©vwyK~�fK¿N �f�n}fwfD�¹x¡r"#ufwfD�£osn9¾Âru��eÁy�x¡osrun�~Tyz�Nru|dxT¾Â��fwfJµWyu�¡o{yz�}qpfL~?�&yÁ¾Â|}n}v�x�oprKn½�Nr[�d�1e,|}~�xm�Nf,��f�¬
fDµ�yzqs|}y�x�fD� yK~,~¡r[runXyK~hrun}f�ru¾	o»x�~�¾Â��fwf�µ�yz��osyu�dqpfL~ha}yK~,v�a�yzndtKfD��´$`bado{~,yun}yzqs�9~�o{~�o{~,eJrK�¡f��d��fDv�o{~¡f
x�a}yzn¹¶�¸9� yzn}��~¡fwfDe�~&x¡rÁ�Nf�y�ndrund¬�®��2¸�µKfw��~�osrun1rz¾I�B®�¯9°�´�°	n}rzx¡a}fw�	�Nfw��~��NfDv�x¡osµuf� �ru|dq{��v�rKn}~�o{~�x
osn$¾Âru��eÁyzqsqp�Î�d��r�µBosndt1x¡a}f�~�rK|dn}�9n}fD~�~�rz¾bx¡a}os~,yzn}yuqp�9~¡os~�yun}�$o»x�~�vwrue��dqsf�º9o»x��K´ +Æn��9fwfL��¿;x�ado{~�~¡fwfweÁ~
x�r�qsfDyK��x¡r1e�ru��fh�d��fDv�o{~¡f,yzn��¹qpfL~¡~Qf�º9�Nfwn}~¡osµuf,yun}yzqs�9~�o{~Tx¡a}yun£e�rK~�xQrz¾2x¡adf�¶�¸9�'yzn}yuqp�9~¡fD~&|�~�|}yuqpqs�
�Nfw�¡¾Âru��e�fD��´
`ba}fQ�9o�.NfD�¡fDn}v�fL~2�Nf�x� �fwfDn�yzqsqdx�adfD~¡fQyun}yzqs�9~�fL~w¿ux¡adfDop�bfwº9yKv�x]vwrue��dqsf�º9opx��Jyun}�·y�¾ÂrK�¡eÁyuq�~�x¡|}�9�Áru¾�x¡adf
��fwq{y�x�oprKn���fwx� ]fDfwn�x¡a}fwos�2��fD~¡|dq»x�~2yun}�Á¶�¸9� ��fD~¡|dqpx�~Io{~YrK|9x]ru¾^x¡adfT~�v�rK��fTrz¾^x¡ado{~Y��yz�Nfw�L´6° �d�¡rKe�os~¡opn}t
�Nfw��~¡��fLv�x¡osµuf& �ru|}qs�Ávwrun}~¡os~�xYosn�~�x�|}�9�[osndt�x¡a}fD~¡fT�9o�.NfD�¡fDn}v�fL~w¿K�d|9x2x�ado{~Y �ru|dq{���¡fL�B|dop��fbx¡r,yu�d�Áy�®��2¸
x���yun}~�¾Âru��e�yzx¡osrun�x¡r�ru|d�	~�x¡|��9��yun}��o{~bndruxT�9op��fDv�x¡qs�·��fwq{y�x¡fL�·x�r�x¡ado{~&yz�¡x¡o{v�qsfu´

� ����
�-��D0�(�����


+Æn©x�ado{~�yu��x�osvwqpfK¿L �fY�d��fD~¡fwnBx�fD�Q¾Âru|d���9o�.NfD�¡fDnKx6yzqsturK�¡opx¡adeÁ~^¾ÂrK��vDyzq{v�|dq{y�x�opndtbx�adf]¶;r� ]fL~�x�¸[x�y�x�osv]�&fD�d|}v�¬
x�oprKn)´�¯}�¡rKe ~�ose��dqpfm¢�Ç�ÈÊÉÌËNÍ}¨)ose��dqpfDe�fwnBx�yzx¡osrunhru¾9x¡adfb¶�¸9� �¡|dqsfD~D¿W ]f�~��NfDvwo»Ï�fD�hyun �+��7�È =&7��¥É ��Ë�'�Í/5�É=�(�wË
yuqptKru��o»x�ade x�y/#[osndt�n}r[�dfD~Qopn½y��9fD�dosvDy�x¡fL�£rK���9fD�Q~¡ope�osqsyu�	x�r�x�adf�fDµWyuqp|�y�x¡osrun½rundfK´m`bado{~myzqsturu��opx¡ade
o{~&v�rKnBx¡��ruqp¬ �}r�  rK�¡osfwnBx¡fL��~¡opn�v�f©o»x&x��¡osfD~]x�r,¾ÂrKqpqsr�  �}yzx¡a}~b|�~�fL���[�Áx�adf©fwµ�yzqs|}y�x�ru�L´N!	fw��fu¿[µ�yzqs|dfL~&yz��f
|�~�fL��yK~&y, &a}ruqsf��B��|}~�osndtÁ~¡f�x	|dndosrun�yzn���osnBx¡fD��~¡fDv�x¡osrun)´
`ba}fwn)¿z �f2rK�9x¡ose�opÐDfD��x¡ado{~IyzqsturK�¡opx¡a}eP�[�hyK�d�9osndtQyQµ[op�¡x¡|}yuqBx¡oseJf&yuqpqsr� &opn}tQ~¡rue�f]~¡adru�¡x�vw|9x�~��Nf�x� �fwfDn
Ï}ºB¬­�NruosnKx�o»x�fw��y�x�oprKn}~?��x¡a}f��¥É�
Q� ' �?��5	�9��Í·yzqsturK�¡opx¡a}e yWµKruo{�d~YfDµWyuqp|�y�x¡osndt�x� &osvwfTx�adfm~�yze�fT¾Â|dn}v�x�oprKn�rKn
x�adf�~�yze�f·yz��tu|}eJfDnBx©osn}~¡os�df�yzn$opx¡fw��y�x�oprKn)´�`ba}os~hyuqptKru��o»x�ade o{~�yuqs~¡r¹v�runBx��¡rKq»¬��}r� �rK�¡osfwnBx¡fL�?opn opx�~
rK|9x¡e�rB~�x2qsr[ru�}~]�d|9x�fDyKv�a·�dy�x�yho{~]yun}yzqs�[ÐwfD�Á~¡fw��yz��y�x¡fDqp�,opn�o»x�~2adfLyz�¡xD´I`badfQ�d�¡r[ru¾^ru¾�x¡adfQ ]rK��~�x]vDyu~¡f
vwrue��dqsf�º9opx��·opnBx��¡r9�9|}vwfD~bx�adf�ndrux¡osrun�rz¾ �3����É��EÉ �zË}´b`bados~Tyzqsturu��opx¡ade vDyzn��Nfhv�run�~�o{�9fw��fD�1yu~Ty��d�¡o{�9tKf
�Nf�x� �fwfDn½x�adf �+��7�È =&7��¥É ��Ë�'�Í/5�É=�(�wË½yun}�£x�adfS�3����É��EÉ �zË�'�Í�5�É=���wË½yzqsturK�¡opx¡adeÁ~©~¡opn}vwf�x�adfÁq{y�x�x�fw��~�x¡��rundtKqp�
�dfw�Nfwn}�d~	run�x¡adf��NrK~¡o»x�oprKn�n}rzx¡osrun;´Y`bados~bq{yu~�xTyzqsturK�¡opx¡a}e os~be�ru��f��dy�x�y�¬��}r�  rK�¡osfwnBx¡fL��´
�Y�¡r�µ[o{�9opn}t�¾=yu~�x�rK��fD��yzx¡osrun}~2run�~¡f�x�~Q¢Ev�rKn}~�x�yznBx2x�ope�fQ¾Âru�bv�adfDv�#[osndt�x�adfQ�}�¡fL~�fDn}v�fQrz¾)run}fTfwqsfwe�fDnKxbosn
y�~¡f�x�¨�¿9x�adf���rB~�opx¡osrund¬­�9��osµufwn1yzqsturK�¡opx¡ade e�fDf�x�~&x¡adfhvw|d�do{vmx¡oseJfhvwrue��dqsf�º9opx��u´

�	� ãWè ëQî�ï�ïbèÜÚÜãWÞ�Û;à�*�
^à
�må�Ý=ÞYãWÞ�Þ�äWÞ�ä©á¥à	ßWÝ=à¡ò�ÞYá¥ÙLÞ2ÛEà�éWãWäWãLÞ�ÛEÛ�à�*}á¥ÙLÞ2ñ9ì�l )WÚÜãWâ�èÜéWäWÚÜã�,báEÙWÞYÛ¥ßzÞ�â�Ú ��â�å�á¥ÚÜà�ãhà�*dá¥ÙLÞ
��� â¡å�èÜâ�éWèÜéLÛ�)LáEÙWÞIÞÆò�å�èÜéWå�á¥à�Ý�)zá¥ÙWÞYå�ãWå�è ëLÛEÚÜÛ�å�ãWäQû�n�èÜÚÜãWÞ�Û)à�*däWÚÜÝ=Þ�âÆá�ßWÝ=àDà�*pÛ¡õ

l�l/ã�m&n�ï�ô�û



��� ¤N=}Í>���LÉ 
�� �wË&5�É �����2�?5�ËB7/5¡Í,³`7�=9È)¦k��5 �K�?���9���6¦	��7BÇ���È�
���¦
���wË&�9�	�

°Q~2~�x�yzx¡fD�·opn�~¡fDv�x¡osrun�gd¿B¶�¸9�Äo{~YosnKx�fwn}�dfD��x�r�v�rKeJ�}|9x¡fTx¡adf�
,ÉÌË�É�
Q7zÈK~¡ruqs|9x¡osrun·~�y�x�os~�¾Â�[opndthx¡adfQ�¡|dqsfD~
tKopµKfwn�osn½g9´ �d´X+­¾I ]f�yu�¡f�n}rzxQyW byz��f©rz¾Ie�opndoseÁyzqso»x��K¿NyJ¾=yK~�xL¿�qsosndfDyu�Tyzn}�¹~�x¡|}�dos�¹yuqptKru��o»x�ade  &osqsq;�Nf>�
@!>DC �0GSqZ47>
9V� �	´¹�Qndf·vwyun$fDyu~¡osqp�?v�adfDv�#½x¡a}yzx�x¡adfÁx�ad��fwfÁ��|dqpfL~�tuosµufDn$opn g9´ �¹yz��fÁ~¡yzx¡o{~�Ï�fD��´
-�fwx� ]fDfwnÎx¡ado{~©|}~¡fwqsfD~�~�yzqsturu��opx¡ade yun}�?¶�¸9��¿;e�yun[�½yzqsturK�¡opx¡adeÁ~©vwyunÎ�Nf·~�x¡|}�9osfD�)´ÁÃÎfÁadrK��f�x�a}y�x
x�ado{~& ]rK�T#·vDyzn1��fh�dfD~�v���op�NfD��opn1x�adfh~¡yue�fmn�y�x¡|}��yuq� �yW�·yK~�x¡adf��NrK~¡o»x�oprKn9¬Æ�9�¡osµufDn�yuqptKru��o»x�ade�´
`ba}fh®]r9���d�¡r[ru¾;rz¾�x¡adfh~¡ru|}n}�9ndfL~¡~bru¾�¶�¸d�Pyun}yzqs�9~�o{~D¿Kx�adf -�optKqpr[rÁ¸9v�adfDeJf�ose��dqsfwe�fwnBx�yzx¡osrun1rz¾�x¡adf
¾ÂrK|d�	yzqsturK�¡opx¡a}e�~byun}�·x�adf)#[opqsqsfw�	~¡fw��opfL~&vwyzn1�Nf©¾Âru|dn}�1osn)�
�����������������
	��
�
���������������������������������������
���
����� ���!���"���������
#���$���%
&'�(�"�
�'�*)�+

,*[L\ K F�-X^���� d i��2hji1� i$^ c �
`ba}fY¾Â��fwn}v�ahµKfw��~�osrun©ru¾9x¡ado{~��}yz�Nfw��a}yu~���fDfwnhosn �}|}fwn}vwfD�h�[��v�rKe�eJfDnBx�~;yun}����fweÁyz��#9~)ru¾}yzndrKnB�[e�ru|�~
��f�¾ÂfD�¡��fD~D´�ÃÎf© �ru|dq{��yuqs~¡r�qso�#Kfmx¡r,x¡a}yunK# +�~�yz�Nfwqsqpf©°�x�x�yzqso)yzn}��°	n}�9��fw P°6�ufD��~]¾Âru��x�adfwos�&v�rue�e�fwnBx�~w´

./�&���.���	
�-��&(

�p�? /.}´  �o{v�a}yzfDq©°Q~�a}qpfD� yzn}� ��´ �©fwnBx �Q�[�[µBost}´ °À�d��yuv�x¡o{vwyzq©yzn�� �}fwº[os�dqsf ��r�  yzn}yuqp�9~¡os~·¾Âru�
a}optKadfw�¡¬¥rK���dfw�Tq{yzn}tu|}yutufD~D´��,²�� <35�7�ËK�?7 
��¥É ��Ë&�Q��ËÎ³X5T�T;>5T7/
�
JÉÌË<;1¤$7zË<;>=&7?;<�	�:7�ËNÍ�¦B�(�	� �?
 ��¿
gu�}¢=�B¨	� �z�[�103�>�>�}¿�.u|dqs�£��� �>�d´

� g� �°�´)°6�ufD��~D´%�,Ç��	� 5T7>
?� �©Ë47�È �(��É �:7�ËNÍ � �B�EÉ�
JÉ ��7��¥É ��Ëe� Ah¦k
\�3��
:��´h�Ya � x¡adfL~�o{~D¿� ¹yu~�~¡yKv�a[|}~�fwx�x�~
+Æn�~�x�o»x�|9x¡fhru¾�`�fDv�adn}ruqsrutu�K¿d¸[fw�9x�fwe,��fD�h��� �u�d´

� �/ hjJ´N-byz�¡x¡a}f�yzn�� -m´Y¸[fw����fwx�x�fu´ ¸Bx�yzx¡o{v���fD�d|}v�x�oprKn±yzn�yzqs�[~¡o{~�¾Âru�JoseJ�Nfw��y�x�opµKf�rK�9��fDv�xJrK�¡osfwnBx¡fL�
q{yzn}tu|}yutufD~D´)+Æn  $´)�6yz��optKrzxmyun}�½°�´
2Iru��runK#Kr�µ^¿�fL�9o»x�ru��~w¿�³X5T��
�����Í�ÉÌË ;�� �BAh¤;³��T§43 �)�z¿;µKruqs|de�f
���K�K�hru¾Y¤���
�� =35T�65����9�	� ��Ë±²j��
��'=3�9��5©¦k
�É �wËB
��w¿d�}yztKfD~b�z�K�709�>�d�K´B¸[�}�¡osndtufD��¬�2Ifw��q{yzt}¿9gz�K�u�}´

� �> �Qrue�osndo{�K|}fD-�rK|}v�adfw��yzn��  ¹yu��v�¯dfwfDqpfD�u´X°T�}~�x¡��yuv�xÁv�rKe��dopq{y�x�oprKn���yÎndfD  ope��dqsfwe�fDnKx�y�x�oprKn
��yz��yu�9ostue ¾ÂrK�T~�x�y�x�osv©yzn�yzqs�[~¡o{~w´ +Æn98�Ë <;:'<X��É�
:���C� � �%��Í�É��9��5U�I³%5T��
�����Í�ÉÌË ;���� A�²b²=3 OHD �X�3�3� D �3�
8�Ë&�9��5�Ë47��¥É ��Ë47�È2²j�zË A��?5T��Ë4
��S�zËX²j��
���ÉÌÈ ��5�²N�zËK�	� 5	=&
��¥É ��Ë%�YË&=3
·ÇT�?5��)� D ��ÉÌË�¤���
�� =35T�>5 ���9���©ÉÌË
²j�/
2�B=3� �?5�¦4
wÉ �wËB
���¿d¶;opn&#uru�}opndt�¿}¸[ �fD�9fDn)¿}°	�}�¡osqI��� �>�d´d¸[�}�¡osndtufD��¬�2Ifw��q{yzt}´

� �� %,�´'!TfwosnKx�ÐwfK´T¦k���	Ç�7(�?��Í)�B5T�T;>5T7/
 7�ËB7zÈ �(��É ��´	®  �&¬�®b¸B¬ �BgW¬�gz�}�u¿d®�yz��ndfwtKopf� �fDqpqsrun �TndopµKfw��~�opx��u¿
�Yo»x¡x�~¡�d|d��tua)¿}�6y}¿)��� �Kg9´

� �/ %,�´�!TfwosnKx�Ðwf�yun}� �,´� ¹vD°	qsqpfL~�x�fw�L´¹®]rKnKx��¡rKq»¬��}r� �yun}yzqs�9~�o{~m¾Âru�  ¹¶Äosn qposndfDyu��x¡ose�fu´"+Æn � O(O�K
�,²���²j��Ë"A���5T�wËB
��Q��Ë¹³%5T��;/5�7�
S
,ÉÌË ;J¤�7�Ë ;/=&7�; �@?�����É ;zË87�Ë^ÍA8	
���È ��
:��Ë'� 7/�EÉ �zË}¿����>�[�[´

�Ü�( %,Tfwµ[osn"!TfwosnKx�ÐwfK´6®]runBx��¡rKq»¬��}r� Äyzn}yuqp�9~¡os~�yzn��Áx��[��f©~¡�[~�x¡fDeÁ~w´�+Æn£¦'�97��¥É 
*�QË47�È �(��É �m¦'��
��3����É�=3
,¿
��yztufL~©��� ��09gu�>�}¿}��� �K�d´

� �/ %,Tfwµ[osn�!	fDopnBx�Ðwfbyzn}� �myWµ[os��°h´  ¹vw°TqpqsfD~�x¡fD�D´[¶)osndfLyz�¡¬Ex�ope�f2~¡|d�9x���yun}~�opx¡osµuf]v�runBx��¡rKq)�}r�  yun}yzqs�9~�o{~w´
+Æn�¦�8!<2³Y¤��B5 ²N�zË A��?5T�wËB
����zËJ³%5T��;>5T7�
S
,ÉÌË ;Q¤�7�Ë ;/=&7�; �C?�����É ;zË"7�ËNÍB8	
���È��?
Q�wË&�97��¥É ��Ë�¿z�}yutufD~
g>�d�D09gK�ug9¿N��� �B�[´

~t� l*~Ìù



¤��������	�2¦9§���
���
���È����KÉ���� ���

� �/ %,Tfwµ[osn !	fDopnBx�Ðwf�yzn}� �myWµ[os�Î°h´  ¹vD°	qsqpfL~�x�fw�L´��Qn¹x�adf�v�rue��dqsf�º9opx���rz¾]~¡f�x¡¬¥�}yK~�fL�¹yzn}yuqp�9~¡os~D´b+Æn
8�Ë&�9��5�Ë47��¥É ��Ë47�ÈY²j��Ë"A���5���Ë4
��Q�zË#��=9ËB
?�EÉ �zËB7�È�³X5T�T;>5T7/
�
JÉÌË<;u¿}�}yutufL~Q�W�z�70N���K�d¿����>�[�[´

�s�D�/ ,Tfwµ[osn !	fwosnBx¡ÐDf	yzn}� �myWµBo{��°h´  £vw°	qsqsfD~�x¡fw�L´^�QnJx�adf	v�|d�}osv&�Nrzx¡x¡qsfwndfLv�#�osnÁ~�|d�dx��B�}opndthyun}� �}r� 
yun}yzqs�9~�o{~D´ +Æn½¤��T;uÉ 
�ÉÌËX²j��
��'=3�9��5©¦k
�É �wËB
��w¿d�}yutufD~b�u�Bg109�K�d�u¿N���>�[�[´

�s�u�? �¸9|d�¡fL~�a .KyztKyundn}yzx¡a}yun�yzn}�J¸Bx¡fD�dadfDnJÃ?fwf�#9~w´d° |dndopÏ}fL��x��¡fLy�x�eJfDnBx�ru¾'�}r� Xyun}yzqs�9~�o{~�opnJadostuadfD��¬
rK���dfw�Tq{yzn}tu|}yutufD~D´%+Æn ²j��Ë A��?5T�wËB
���§2��
���5�Í � A©³ �2³Y¤ 3 O(> � ) ) Ë^Í �,²�� ¦�87<2³Y¤��65V'­¦�87< �,²�<
¦B��
2�K�(��É�=3
 �zË ³%5�ÉÌË4
�É �NÈ����D�BA�³%5T��;/5�7�
S
,ÉÌË ;£¤$7zË<;>=&7?;<�	��¿I�}yutufD~,�>�K��0B�B�B�9¿�¸9yzn ¯}��yun}v�o{~�v�r}¿
®�yuqpop¾Âru��ndo{yd¿����>�K�d´

�s�Lg� h®]a}�¡o{~�x�osyun  �rB~¡~¡osn)´�¼Iº9yKv�x �}r� Gyun}yzqs�9~�o{~D´$+Æn �$�/=35	�3� 8�Ë&�9��5�Ë47��¥É ��ËB7zÈ�¦'�97��¥É 
��QË47�È �(��É �©¦'��
��3� '
��É�=3
��¥¦ �m¦���¿9�}yztKfD~&gu�u��09g>�z��¿K�6yz��os~D¿d¯d��yzn�v�fu¿����>�[�[´d¸[�d��opn}tufw�¡¬�2Ifw��qsyut}´

�s�D�/ ©¯�´),TopfDqs~¡run�yzn���!�´K¸[fwo{�9q¥´N®]runBx��¡rKq»¬��}r�  yzn�yzqs�[~¡o{~�osn�v�|d�do{v�x¡ose�fu´K+Æn�³%5���
1: �]¦ �Y³ 3 � ��¿Kn[|de��Nfw�
gu�Kg>��osn¹¶)fDv�x¡|d��f%,	rux¡fD~bosn½®]rue��d|9x�fw�T¸9vwopfDn}v�fK¿d�}yutufD~&gK�ug10dg/� �d´9¸[�d��opndtKfw�¡¬*2IfD�¡q{yzt�¿[gu�u�}�u´

�s�w�> .ufwn�~��6yuqs~¡��fD�¡t�´}®]qprB~�|d��fbyzn}yuqp�9~¡os~�opn�v�rKn}~�x¡��yzosnKx�¾Âru��e�´��,²�� <K5T7�Ë&��7 
��¥É ��Ë&�2��ËJ³%5��T;>5T7�
S
JÉÌË<;
¤�7�Ë ;/=&7�; ��� 7�Ë^ÍÁ¦B�(���9�?
 ��¿��W�d¢��W¨	� �[� 03�Kgd¿�.Kyzn[|}yz���¹��� �K�d´

�s�L�� .ufwn�~m�6yuqs~¡��fD�¡t1yzn}�Î�6y�x¡��o{v�#£� � �©fwfw¾Âfu´�°�x��B�Nf�~��9~�x¡fwe+fL�B|dopµ�yuqpfDnKxmx¡r
�}r� �yun}yzqs�9~�o{~w´��,²��
<K5T7zËK�?7>
?�EÉ �zËK���zË1³%5T��;/5�7�
S
,ÉÌË ;�¤�7�Ë ;/=&7�; ��� 7�Ë^Í�¦'�(�	�9��
���¿��W�d¢Â�B¨�� �B���709�/� �d¿�.z|dqs�£���>�K�d´

�s���/ -m´u¸[fD�¡�Nf�x¡x¡fK´d°	�d�d��rWº9opeÁyzx¡osrun}~���� lwµ�yzqs|}y�x�fw|d��~�¾Ârun}v�x¡osrundn}fwq{~w´ +Æn·³%5T��
�����Í�ÉÌË ;��2� A���¦����	�Q��5 =$'
� �3��� ��Ë£¦B� 7/�EÉ 
 �QËB7zÈ �(��É �
�W¿}�}yztKfD~	���70 �u�}´<-�ostu��fu¿����>�Kgd´

�s�W�( % ´B¸[fD�¡��yzndr�yun}�  $´K¯}fwfDqpfD�u´�¸[ru��yztKf �Q~�fQ°	n}yuqp�9~¡os~Yyun}��opx�~2°T�d�dqsosvDy�x�oprKn}~w´B+Æn��BA��	� 8�Ë'�13 È�²j��Ë AD:
�zË#��=9ËB
?�EÉ �zËB7zÈN³%5T��;/5�7�
S
,ÉÌË ;z¿d��yztufL~	�z�70 �d�K¿B�Yadopq{yu�dfwqs�dado{yd¿}��fwn}n)¿��Q¸d°h¿� ¹yW�½���>� �d´

�s���/ h�,´	¸[a}opµKfw��~w´ ®]runBx¡��ruq��}r�  yzn�yzqs�[~¡o{~·osn ~�v�adfwe�fu´ +Æn ³X5T��
�����Í�ÉÌË ;��H�BA �C� �Î¦�87<2³Y¤��65 3 L L
²j�zË A��?5T��Ë4
�� ��ËÎ³%5��T;>5T7�
S
JÉÌË<;�¤�7�Ë ;/=&7�; � ?S�	��É ;uË 7�Ë^Í 8�
2�NÈ��?
Q�wË&�97��¥É ��Ë�¿)°&x¡q{yznBx�yd¿)jmfwrK�¡tKosy}¿
.u|dndfÁ���>� �d´

�s���/ h�,´T¸9adopµKfw��~w´ ²j�zË&� 5T��ÈT' �2È��/� �QËB7�È �(��É �H�BA#��É ; � �?5\' �X5¡Í>�?5£¤$7zË<;>=&7?;<�	�H��5 <&7/
,ÉÌË ;X¤$7/
ÁÇ�Í 7�´
®  �&¬�®b¸B¬ �}��¬��w�[�9¿K¸9v�a}rBrKq}ru¾�®]rue��d|9x�fw��¸dv�osfwn}vwfu¿d®�yz��ndfwtKopf* ¹fwqsqprKn �	ndosµufD��~¡o»x��K¿B�Yo»x¡x�~¡�d|d��tua)¿
�^° �W�ugd�D�d¿  ¹yW�£���>�}�u´

�Ügz�/ h�,´9¸[adosµufD��~D´)`badf©¸[fweÁyznBx�osvD~Yrz¾�¸dv�adfwe�f©®]rKnBx¡��ruqp¬­¯�qsr�  °Tn}yzqs�9~�o{~w´4+Æn½¦'��
��3����É�=3
 �zË�³*7�5	�¥É 7�È
� �(7zÈ =&7��¥É ��Ë 7zËNÍ�¦4�?
:7�Ë&�¥É 
�� '[��7(�?��ÍÁ³%5T��;/5�7�
 �F7�Ë�É �'=9È�7/�EÉ �zË}¿��2yuqpf �Tndosµufw��~¡o»x��K¿ ,Tfw  !TyWµKfwn)¿
®]rKndn)´s¿ .u|dndf���� �d�u´

�Üg9�? �¸dv�rzx¡x�¯�´I¸[e�o»x�a yun}� `bosf���|dn±Ã?yundt}´?��ruqs�Bµ�yu�¡o{yznBx��}r�  yun}yzqs�9~�o{~h &opx¡a v�run�~�x���yuopndfL�?x��[��fL~w´
¤���
�� =35T�>5 ���9���©ÉÌËX²N�/
2�B=3� �?5�¦k
�É �wËB
��w¿)�W�/�Kg3� �>�Bg10�
	
K¿[gz�u�K�d´

l�l/ã�m&n�ï�ô�û



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


