
HAL Id: inria-00072243
https://inria.hal.science/inria-00072243

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.

Conforming Delaunay Triangulations in 3D
David Cohen-Steiner, Eric Colin de Verdière, Mariette Yvinec

To cite this version:
David Cohen-Steiner, Eric Colin de Verdière, Mariette Yvinec. Conforming Delaunay Triangulations
in 3D. RR-4345, INRIA. 2001. �inria-00072243�

https://inria.hal.science/inria-00072243
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
43

45
--

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

Conforming Delaunay Triangulations in 3D

David Cohen-Steiner — Éric Colin de Verdière — Mariette Yvinec

N° 4345

Décembre 2001





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

���������	��
���������������������������������������! "������#$���&%!�

'�(*),+.-0/2143"57698�:,;<5=+>6�5=?<@BADC	?E+>FG/214H.+.6I-�5KJ	5=?L-�+.M7?E5ONPADQR(S?L+.5=;L;L5PT	)9+.6�5=FOU
VXWZYE[2\	]�^�_a`EbZcd\!egfih=cgj�cd\Ee
\�klj�mneoj�pqesrutO[�vwfiegcox=pq\
y{z|fn}~\�kly{z|cgr�[�\

��mi�Z�wfiz�k��Z\!z�\Lj�WZ\�z�j�WZ\�bw�9�7�n�O�B^��l`Lj�\�[�vZz|\!]i�i�q��^�]=�	�Smnhi\Lr

���9�E�����Z�i�i� � \��*\Er|j�z|cdvw\Gmib�mneghif=z�cdk�Wq[���WZcoj�Ws�l��fiz�mibOt �qcd\Lj�\���cor�\BegcdbZ\Lmnz�j�fi[��Zeg\�¡�¢>yD£"¤X¥
cgb¦�=���"vZpZcgeg�qr�mG�l\EegmipZbqm<tGk�z|cgmibZhipZeom�k|cdf=b§j�fibZ��fiz|[2cgbZhKk|f¨k|WZcgr2yD£�¤ª©�VXWq\�mneghif=z�cdk�WZ[«Wqm=r�vw\�\Eb
cg[��Zeg\�[�\�b7k�\L�¬�¬mnbq�¨t7cg\�eo�ZrªcdbG�Zz�mijk|cgj�\�m®z|\�eom�k|cd¯=\�egt�r�[°mnege9bOpZ[�vS\Ezªfi�²±7k�\Ecdbq\�za�Sf=cdb7k|ra�*pZ\�k�f�k�WZ\
�.m=jk®k|Wqm�k�c³k�m=�Zmn�Zk|r�k|f§k�WZ\Bedf*j�mie�hi\Efi[�\�k|z�t´fn�µk�Wq\ByD£"¤ª©²¶·k�cor��Xk|f¸fipZz�¹7bqf���ed\L�*hi\=�ºk|WZ\K»qz�r~k
�qz|m=jk�coj�mie¬mneghifiz|cdk�WZ[¼�Z\�¯ifik�\L�®k|f�k|WZcor��Zz|fivZeg\�[P©
½K¾7¿4À|Á�Â ��Ã"�i� �ª\�eomnpqbqm<t°k�z|comnbZh=pZegmnk�cgfibqrE�q¤²fib*��f=z�[�cgbZh°�l\EegmipZbqm<t�k|z�comnbZh=pZeom�k�cgfibSr��O[�\Er�WZcgbZh=r

Ä�ÅÆ.ÇXÈ�É�Æ�ÊÌËÍÉ�ÎÏÎ ÐÒÑÌÓ<È<ÈnÅÆ�ÊÌÔ~Õ�Ö�ÐÒÊ>×<Ô9Ø.Ù�Ú�ÛqÆ>ÅÜÆ>É�Ý�Ý�ÔsÅ�Þ=Ê>×<Ô9ßwà�É�Ñ4ÉDÙE×�É�Æ.ÔuÕEáãâ~ÅÑ>Ê,ä*Ú,åGægçqßqÚ�è"ÈnÔ~énêqÛSÆ.Å�ë>Ô~âìÊÓ<é<Õ<Ô~Æ"í¬Åé�Ê>ÆÌÉ�âìÊ{î,ÅÒØ.ÙEÚ¬á�ïððð|áãïñ�ò�ó�ô!ægß4ísõBáwßqöiÔ~âìÊÌË ÷�Ô²í4ÅÝ�È<ÓLÊÌÉ|Ê>ËÏÅé�É�ÎZõ"Ô~ÅÝ�ÔìÊÌÆ�ÐªÞdÅÆ9í4Ó<Æ.÷�Ô~Ñ"É�é<Õ!ÙEÓLÆ.ÞgÉ�â~ÔuÑ·êìø
ù Ø·ø îºø ä{ø Ø·ø ú²øÏû<ÙEÅÈ<×<ËÍÉ|áãú9é�Ê>ËÏÈnÅÎÏËÏÑ�ûLç�ÆÌÉ�é<â~ÔøwßqáãÝ�É�ËÏÎoüOý�þ�ÿ��������	��
���������	��������	������	
��uþ������	����þ����	�
 å"!~È�É�Æ�ÊÌÔ~Ý�Ô~é�Ê Õ$# ËÏéEÞgÅÆ.Ý�É|ÊÌË&%�Ó<Ôû 'qâuÅÎÏÔ é<ÅÆ>Ý�É�ÎÏÔ ÑÌÓ<È(!~Æ>ËÏÔ~Ó<Æ.Ôû ÛqÉ�Æ.ËÏÑ�û ç�ÆÌÉ�é<â~Ôø ßqáoÝ�É�ËÏÎoü

) ����*$���	�,+����-���	���/.���,���0���	�,�,�����$���,�
1 Ø·ø îºø ä{ø Ø·ø ú²øÏû<ÙEÅÈ<×<ËÍÉ|áãú9é�Ê>ËÏÈnÅÎÏËÏÑ�ûLç�ÆÌÉ�é<â~ÔøwßqáãÝ�É�ËÏÎoü32�þ����0���,�	���/4�ÿ�����*�������,
��uþ������	����þ����,�



���"�������������µ "������#����«� �����������l� ���������	��
 ��# ��� %!�

��� ����� � � ¤²\²z�mn�q�Sf=zuk��*`Ej�z�cdk"pqb�mneghif=z�cdk�Wq[2\Òx7pZc*j�fibSr~k|z�pZcdkE���wfipqz9k|fip*k{j�f=[��Zed\�¡*\²�*\Xj�f=b=k|z|micdb7k|\
egcgbZ`Emicdz|\µ�qmnzX[�fiz�j�\Lmnp*¡��qmnbqrXe
	 \Lru�Smij�\!�=���*pZbq\µk�z|cgmibZhipZeom�k|cdf=b��Z\µ�ª\�eomnpqbqm<t�j�f=b*��fiz|[�\��2j�\	j�f=[�
�qed\�¡O\=©�£�	 miedh=fiz|c³k|WZ[�\�m¨`�k�`�cd[��Zeg`�[�\Eb=k|`i©¸¤²\�k°mneghif=z�cdk�WZ[�\�r�	 mi�Zmi�*k�\��¨eom¨hi`Efi[�`�k|z�cg\®egf*j�mneg\��Zp
j�fi[��Zeg\�¡*\�\�ka�qz�f*�*pZcdk!\�bG�Zz|mnk�cox7pZ\�pZbGbZfi[�vZz|\�z|\�eom�k|cd¯=\�[�\�b7kl�.micdvqed\��*\�ruf=[2[�\�k|ra�*\�±Ok�\�cgbZ\EzE©��
bqfnk�z|\®j�f=bZbqmicgr|r�mibqj�\=�,j�\�k�mneghif=z�cdk�WZ[�\�\Eruk�eg\°�Zz|\�[�cd\Ez�mneghif=z�cdk�Wq[2\�\��°jEmij�\2\Eb§�Zz�m�k�cox7pZ\°�wfipZz	z|`�
r�fipS�*z�\µj�\!�qz�f=vZedYE[�\i©
��Â �L� À ��� � ��� V,z|cgmibZhipqegmnk�cgfibqr{�*\a�l\EegmipZbqm<t=�nk�z|comnbZh=pZegmnk�cgfibqrº�*\ª�ª\�eomnpZbSm<t�j�f=b*��fiz|[�\ErE�i[°mncgegegmihi\Er



���������
	���������������������������������� �!���#"$����%&���'���)(*� �

+ �� 9�"� ���-,D ������

¶ìb�k�Wq\µ��fiegedf���cgbZhq�Ok|WZ\ak�\Ez�[."$�0/1���X�*\�bqfnk�\LrXfiv*}~\Ljk�rXcdbK�i��ru�qm=j�\a��WZcoj�WPmiz�\a\�cdk�Wq\�z32 ì�*cg[�\�bqr�cdf=bqmne
�.m=j�\LrªjEmneged\L�K¯i\Ezuk|cgj�\ErE�54�·�*cg[�\�bqr�cgfibqmies�.mij�\Eraj�miedeg\E�K\L�*hi\Lrlf=z76 ·�Zcd[�\�bSrucgfibqmies�.m=j�\Eraj�miedeg\E�86 Ì�.mij�\Lr�©
VXWq\ª¯=\�z�k�coj�\ErÒmnz|\D}~pSr~kX�Sf=cdb7k�r��Ok|WZ\ª\L�*hi\Lr²miz�\ar~k|z|micdh=W7k²egcdbZ\µr�\�hi[�\Eb=k�r��*mibq�°k|WZ\76 >�.m=j�\Lr²miz�\ª�Sf=edtOh 
f=bqmne,z�\Ehicgfibqr��wf=r|r�cdvZegt���cdk�WBWZfieg\Er�mibq�Pcoruf=egmnk�\E��\L�*hi\Lr�fizl¯i\�z�k�coj�\Lr�cgbqj�egpq�*\L�PcdbKk|WZ\�cgzlcgb7k�\Ez�cgfizL© �
�qcd\Lj�\���cor�\aegcgbZ\Emiz�j�fi[��Zeg\�¡¬�ZjEmneged\L�®��f=z�ruWZf=zuk�yD£�¤ª�Zcor�m2»qbZcdk�\	r�\�k:9Bfn�"�.mij�\Er�r�pqj�W�k�Wqmnk*;
< k�WZ\!vwfipqbq�Zmnz|t®fi��mib7t��.m=j�\!fi�=9Bcor�m2pZbZcgfibPfn�9�.mij�\ErXfn�>9@?
< k�WZ\!cgb7k�\Ez|r�\Ej�k�cgfib�fn�"mibOt°k~�²f2�.m=j�\ErXfi�59GcgrX\Ec³k|WZ\�z�\E[��*k~t®fiz�m2pZbqcdf=b�fi�,�.m=j�\ErXfi�59{©
��k�z|cgmibZhipqegmnk�cgfib&A�cor²r|mnco��k|f�j�f=b*��fiz|[ k�f�m�yD£"¤B9Kcd�9mnbOt��.mij�\lfn�C9Kcor²m�pZbZcgfib®fi�¬�.mij�\ErDfi�DA�©

¶ìb�k�WZcorÒ�qmn�w\�zL�O�²\ª�Zz|fi�wf=r�\ªmnb�mneghifiz|cdk�WZ[ ��WZcoj�Ws�Ohicg¯i\Eb�m�yD£�¤E9{�=»qbq�ZrXm2ru\�kÒfi�s�Sf=cdb7k|rGF���Wqf=r�\
�ª\�eomnpqbqm<t°k�z|comnbZh=pZegmnk�cgfib�j�fibZ��fiz|[�r²k|fH9�©

VXWZcor�x7pZ\Lr~k|cdf=b�cor�[�fnk|cd¯�mnk�\E��vOt®�Zz|fivqed\E[�rXcgbK[�\Er�W�h=\�bZ\Ez|mnk�cgfibPmnbq��h=\�fi[�\�k�z|cgjª[�fO�Z\�egcdbZhI;Dcgb
k|WZ\Er�\a»q\�eo�ZrE�*c³k�cor�j�z|pqj�cgmieSk|f°�*\Ej�fi[��Sf7ru\ak|WZ\!ru�qm=j�\µcgb=k|f°m2r�\�k�fi�"r�cd[��Zegcgj�\ErX��WZcoj�WPj�fibZ��fiz|[�r²k|f�m
h=cd¯=\�b¨yD£�¤ª�S��cdk�W¨k�WZ\2mi�Z�*cdk�cgfibSmne,z|\Eruk�z|cojk�cgfib�k|Wqm�kªk�WZ\2ruWqmi�S\Lrlfi��k�WZ\2j�\�egeorl[�pqr~kar�mnk�cor~��tKj�\Ezuk�mncgb
�qz�f=�S\Ezuk|cd\Lr�©¦�ª\�eomnpqbqm<t�k�z|cgmibZhipqegmnk�cgfibqr2�Zz|\Er�\�b7k°ru\E¯i\�z�mne²��\Emnk�pZz|\ErP¢>ru\E\i�º\=© hS©d�KJd�$Lã¥���WZcoj�W jEmnb vS\
\�¡*�Zedf=c³k|\E�¦k�f§r�fieg¯i\�k�WZcor��Zz|fivZeg\�[P�Xmnbq�´[°mnbOt¸[�\Er�W hi\�bq\�z�m�k�cgfib mneghif=z�cdk�WZ[°r2[°mn¹=\�pSru\Pfn�ak�Wqcgr
j�fibqj�\��*kL©

VXWZ\��Zz|fivqed\E[ fn�²j�fib*��f=z�[�cgbZhP]i� �l\EegmipZbqm<tPk�z|comnbZh=pZegmnk�cgfibqrª�Xmiraruf=ed¯=\E�¨vOtB±*m=mned��\�eo�MJ NOLºmnbS�
Pº�*\�eoruvqz�pZbqbZ\�zÒmnbq��V"mnb J ��L·©"VXWZ\amneghif=z�cdk�WZ[�v7tHPD�*\Eegr�vZz|pZbZbZ\Ez²mibq�°V9mibQJ ��LShipSmnz�mnb7k�\E\Er{mnbSR�TVUDW�X
vwfipqbq�®f=b°k�WZ\abOpZ[�vw\�zÒfn�sh=\�bZ\Ez|mnk�\L��±7k�\Ecdbq\�zÒ¯i\�z�k�coj�\Lr��7cd�=UKcgr²k|WZ\ar�c�Y�\lfi�¬k�WZ\acgbZ�Zp*kL©[ZPf=ruk²fi�sk�WZ\
��pqzuk|WZ\�zª�²f=z�¹*rXfibPk|WZ\�r�pZv*}~\Ljkªmiz�\�vqmir�\E��fibPk|WZ\��ª\�eomnpqbqm<t�z|\�»qbq\�[�\�b7kami�Z�Zz|f=m=j�W��Zcgfibq\�\�z|\E��vOt
��pZ�Z�w\�z�kKJÏ�#L4mibq��¤²WZ\E�\J ]�LÌ©D±OWZ\E�Òj�WOpZ¹]J_^*Lwh7m<¯i\�mib®mneghifiz|cdk�WZ[ cdb��i� ��Wqcgj�W®vqpZcdeo�ZrÒm	j�f=b*��fiz|[�cdbqh
�ª\�eomnpqbqm<t k�z|cgmibZhipZeom�k|cdf=b pZbq�Z\�zKz|\Eruk�z|cgj�k�cg¯i\Gj�fibq�Zc³k|cdf=bqr�f=b k|WZ\§mnbZh=ed\Lr�fi��k�Wq\�yD£�¤ª©`ZPpZz|�ZWOti�
ZKfipZb7k	mnbq��_µmnvZeg\QJ �0L{��fipZbS�Gm�ruf=edpZk�cgfib���WZcgj�WG�²f=z�¹*rapZbq�Z\�zµbZfPz�\Lr~k|z�cojk|cdf=bs�¬vZp*k!�Zz|f*�*pqj�\Erª�.mnz
k|fOf°[�mibOt��wficgb=k�r�cgbK�Zz|m=jk|cgj�\i©²VXWq\	[°mncgb�cgb7k�\Ez�\Lr~k�fi�"k|WZ\�cgz��qmi�S\Ez�cor�k�f®r�WZf��Ik�WZ\�\�¡*cgruk�\Ebqj�\!fi��m
j�fib*��f=z�[�cgbZh��l\EegmipZbqm<t°k|z�comnbZh=pZeom�k�cgfib���c³k|WKm�»SbZc³k|\	ru\�k�fn��¯i\Ezuk|cgj�\Er²��fiz�mib7t��i�0yD£�¤ª©
a pZzµmneghif=z�cdk�Wq[ pqr�\Erlk�Wq\2�ª\�eomnpZbSm<t�z|\�»SbZ\�[�\�b7kµmn�Z�Zz|f=m=j�Ws©l¶ìbqc³k|cgmiedegtPk�WZ\2ru\�kKF corªk�WZ\2ru\�kafi�

¯=\�z�k�coj�\LrXfn�"k�WZ\�j�fi[��Zeg\�¡-9�©Òy"ficgb=k�r�mnz|\µk�Wq\�bKmi�Z�Z\E��k�fHF pZb7k�cge,\Lmij�W�\E�*h=\	mnbq��\Lmij�W��.mij�\!fn��k�WZ\
j�fi[��Zeg\�¡b9Gcgr�m2pZbqcdf=b�fi��r�cd[��Zegcoj�\ErX��Wqcgj�WKmnz|\acdb�k�Wq\	�l\EegmipZbqm<t°k|z�comnbZh=pZeom�k�cgfib�fn�>F®©

VXWZ\�[�micdb§�*c �®j�pZedk~t���c³k|W�r�pqj�W§mKruk�z�m�k�\Ehit¨cor!k|fK\�bqr�pZz|\2k�\�z|[�cdbSm�k�cgfib,©�¶ìbq�*\E\E��cdk	cgr�¹ObZf���b
k|Wqm�kDr�Wqmnz|�	\L�*hi\Lr"mibq�2j�fiz|bZ\Ez|r,[�m<t!cgbq�*pSj�\�j�m=r�jEmi�*cgbZhªm=�Z�*cdk�cgfibqr"fi�4±7k|\�cgbZ\�z{�wficgb7k|rE©9V9fµm<¯=fico�µk�Wqcgr
\�cw\LjkL�q�Ò\µ»qz|rukl�*\�»qbZ\�m��Zz|fnk|\Ej�k�\E�Pmiz�\Lm2miz�f=pZbq��\E�*h=\Er�mibq��¯i\Ezuk|cgj�\ErXfn��k|WZ\�yD£�¤ ��cdk�W¨m°r��S\Lj�comne
z|\�»SbZ\�[�\�b7k��qz�f*j�\Lr�rE© a p*k�ruco�*\°k|WZ\��Zz|fnk|\Ej�k�\E�§miz�\LmZ�9k�WZ\�yD£"¤ jEmnb§vw\�z|\�»qbq\E��pqr�cdbqhG��pZ�q�S\Ezuk�	 r
�qz�f*j�\Lr�r!mibq�Gk�WZ\�cdb7k�\Ez|m=jk|cdf=b�vw\�k~�Ò\�\Eb�z�\�»qbZ\�[�\Eb=k�r!cgb§vSfik�W¸mnz|\Em=r!j�mib�vw\�j�fib7k�z|fieged\L�¬©-ZPf=pZb7kE�
ZKpZz��qW7t¨mibq�G_µmivZeg\2pSru\�m�r�cg[2cgeomnz!mn�Z�qz�f7mij�Ws©	VXWZ\�[°mncgb��*cdc4\�z|\�bSj�\2��c³k|WGf=pZzµ�²f=z�¹Pegcd\LrµcdbGk�WZ\
�Z\�»qbZcdk�cgfib�fn�ºk�WZ\��Zz|fnk|\Ejk|\E�Gmnz|\EmZ©!¶ìbGfipZz!jEmir�\�k|WZcgrµmiz�\Lm�mi�qmn�*k�rlk|f�k|WZ\�edf*jEmne�hi\Efi[�\�k|z�tPfn�²k�WZ\
cgbZ�ZpZklyD£"¤ª©

VXWZ\²mneghifiz|cdk�WZ[ cor¬�Zz|\Er�\�b7k|\E�acdb�±*\Ejk|cdf=b��Dmnbq�µ�Zz|f�¯i\L��k|f�vS\²j�fiz|z|\Ejk¬cgb	±O\Ej�k�cgfib�]*©,¶ìb�±O\Ej�k�cgfib!�Z�
�Ò\l�qz�\Lru\Eb=k²k�WZ\µ�*\�k|mncgeorºfi�sk�WZ\µj�f=bqruk�z|pqjk|cdf=b°fn�sk|WZ\ªcgbZcdk�comne4�Zz|fnk|\Ejk|\E�®miz�\LmZ�7ru¹Ocg�Z�S\L�®cgb�±O\Ljk|cdf=b¨�i©
±*\Ejk|cdf=bG�P�Zz|\Er�\�b7k�rar�fi[�\�z|\�»qbZ\E[�\�b7k|rak|f�cg[��Zz|f�¯i\�k�WZ\°z|pZbZbZcgbZh�k�cg[�\°fn�²k�WZ\®miedh=fiz|c³k|WZ[�mnbq�Bk�f
egf��Ò\�z�k|WZ\�bOpZ[�vS\Ezªfi��¯=\�z�k�coj�\Lr�cgbKk�WZ\�fip*k|�Zp*kµj�fibZ��fiz|[2cgbZh°k|z�comnbqhipZeom�k|cdf=bs© �ÒkªeomirukE�w�²\�\�bq�K��cdk�W
\�¡*�S\Ez�cg[�\�b7k|mie¬z�\LrupZedk|rXcgb¨±O\Ej�k�cgfibK�*©

ä9ä é�eZò�ô�ò$f



� �����#��� �!�����$�����I� �$� ���$�	��
 ����/b�!��_� � ���� �$� �����$� �����)�������$��� �����#� � �1/

� �����«�����	�	���� ���


���ãk�\Ezam���\E���*\�»SbZc³k|cdf=bqrE�S�Ò\��*\Lr�j�z�cgvS\	k�WZ\��Zz�fik�\Ljk�\L�Kmnz|\Em¨¢Ì±OpZvqr�\Ej�k�cgfibqr��i©Ï]°mnbS���i© �=¥© � \!k|WZ\�b
�Z\�»qbZ\Gk�Wq\Gz|\�»qbq\�[�\�b7k��qz�f*j�\Lr�r�pqr�\E� ��fiz�k�WZcorPmnz|\Em ¢Ì±OpZvqr�\Ej�k�cgfibqr��i© �´mibq�0�=© �=¥©��"cdbqmiedegti�ª�²\
�Z\Er|j�z|cdvw\ak�WZ\![°mncgb��Zz�f*j�\E�*pZz|\!mnbq��r�pZ[�[�miz�c�Y�\ak|WZ\!��WZfieg\!mneghif=z�cdk�WZ[P©

����� �! #"%$'&)(*&,+-$'.0/1$324$5+�(6/�(*&,+7$3.
VXWq\&/�� � /���%98 �� "fi�"m�r�\�hi[�\Eb=k5:<;lcgrXk|WZ\!vqmiedesm=�*[�c³k�k�cgbZh�k�WZ\	r�\�h=[�\�b7k5:6;ªmir��Zcgmi[2\�k�\EzE©
VXWq\ /�� � /���%98 �� Sfi�wmlk�z|cgmibZhieg\=:<;?>²cor"k�WZ\XvqmiedeZm=�*[�c³k�k�cgbZhak�WZ\�j�cdz�j�pZ[°r|j�z|cdvqcdbZhµj�cgz�j�eg\²fi�@:<;?>Òmir"hiz|\Emnk
j�cdz�j�eg\i©
�lb¸\E�Zhi\G¢.z�\Lru�,©GmKk|z�comnbqhieg\L¥µcor�r|mnco��k|fBWqm<¯=\°k�WZ\BA3�C8$�����$�DI� �ED��$������c³��cdk|r�j�cgz�j�pZ[�vqmnege²j�fib7k|micdbqr
bqf��wficgb7kafi�[F¼cgbGcdk|racgb7k�\�z|cgfizL© � �wficgb7k!cdbBk�WZ\�cgb=k|\�z|cdf=zªfi�ºk|WZ\2j�cdz�j�pq[�vqmiede�fn�ÒmnbB\L�*hi\P¢�z|\Er��s©�m
k|z�comnbqhieg\L¥²cgr�r|mnco��k�f)��� /�� �*��/?�]��D����Kk�Wqcgr�\L�*hi\°¢.z�\Lru�s©�k|WZcorÒk�z|cgmibZhieg\L¥�©

¶ìb0k|WZ\¸��f=edegf���cgbZhq�!�Ò\¸bZfik�\F;HG TJI&X�k|WZ\¦vwfipqbq�Zmnz|t�fi�KI®�	L UNM1TJI&X�k|WZ\¦cgb7k�\Ez�cgfiz¨fi�OI mnbS�
>HLJP�>?Q@R TS:<;#X�¢�z|\Er��T>HLJP�>?Q@R TS:<;?>OXì¥²k�WZ\	j�cdz�j�pZ[�vqmnege¬fn�9k�WZ\	r�\�h=[�\�b7k5:6;�¢�z|\Er��s©{fi�,k�Wq\µk�z|cgmibZhieg\�:6;H>�¥©

���SU VXW*+1(< �Y@(*&�$3Z�[3/1\]\�.
VXWq\°�Zz�fik�\Ljk�\L��mnz|\Em�cgr��*\�»qbq\E��vOtB[�\Emibqr!fn��mKr�\�k_^0fi�Xj�edf7ru\L�GvSmnegegrE�9jEmneged\L�G�qz�fik�\Ej�k�cgbZhPvqmnegeor��
r|m�k|cgru��tOcdbqh�k|WZ\µ��fiegegf���cdbZh2z|\Ex7pZcgz�\E[2\Eb7k|r*;
cÌ©Òk�WZ\!pqbZcdf=bPfn�,k|WZ\!vqmiedeorXcdb`^ j�f�¯i\�z�rºk�WZ\°��·r�¹i\Eed\�k�fib`a1b�fn�"k�WZ\	j�fi[��Zeg\�¡b9@?
cdcÌ©Òk�WZ\!vSmnegegr�miz�\!j�\Eb7k�\�z|\E��fib��wficgb=k�r���WZcoj�W�miz�\µcgb�a1b�?
cgcdcÌ©Xc³�"k~�Òf2vSmnegegrXcgb7k�\�z�r�\EjkL�Ok�WZ\Ecdzªj�\�b7k|\�z�rXvS\Eedf=bZh2k�f2k�WZ\	r|mn[�\µ\E�Zhi\µfn�"k�WZ\	j�fi[��Zeg\�¡b9@?
cd¯4©Xc³�{m2�.mij�\µfn�=9�cdb7k|\�z�ru\Ljk|rXm�vqmiedeÌ�Ok�Wq\�bPc³klj�fib7k|micdbSrÒk�WZ\	j�\�b7k�\EzÒfi�9k|WZcor�vqmnege�?
¯4©Òk�WZ\!cgb7k�\Ez|r�\Ej�k�cgfib�fn�"mibOt°k�WZz|\�\!vSmnegegrXcgb`^´cor�\E[2�Zk~t ?
¯7cÌ©�mnbOt°k~�Òf�vqmnegegr�miz�\µbZfikXk|mnbqhi\�b7k#?
¯OcdcÌ©Òk�WZ\	j�\�b7k�\Ez�fn�{mnbOt®vqmiede¬corXcgbqruco�*\!bZf�fik�WZ\Ez�vqmnege>©
¢.co¥ÒmnbS�¨¢�cg¯Z¥ºcg[��Zegt�k�WqmnkXmib7t�¯=\�z�k�\�¡�cgbb9¨corDk|WZ\!j�\�b7k|\�zÒfn�,m�vqmnegeScgbc^ª© � \µr�WZf�� cdbP±O\Ej�k�cgfib��

Wqf��¸k�f�vZpZcgeg��m!r�\�kDfn�¬vqmiedeorDr|m�k|cgru��tOcdbZhak|WZ\Er�\�z�\Lx7pZcdz|\�[�\Eb=k�r�©��ZpZz�k�Wq\�z|[2f=z�\=�ncgb�±O\Ej�k�cgfib��q�=�²\�r�WZf��
k|Wqm�k�k|WZ\�z|\µcgrXcgb��.mij�k�bZf�bZ\�\L��k|f°j�f�¯i\Ez�mnege4k�WZ\!\L�*hi\Lr�©

���Sd ef �$7(6 �W6gih�+-&]$7(<.@j�klgih�+7&�$7(*.�j7m�gih�+-&]$7(<.@jn/1$32po�q0o'g�h�+-&�$7(*.
� \®�*\Lr�j�z�cgvS\�WZ\Ez�\°m���\�� rupqvqru\�k|r!fi�²�wficgb7k|rE�,cgbqj�egpq�*\L�GcgbGk�WZ\°vqmiedeorµfn�r^ª�4k�Wqmnk	�²\�bZ\E\E�Gk�fKmi�q�
»Sz|ruk�cdb�k�Wq\	ru\�k F®©

£,\�k3I vS\	m2vqmiede¬cgb`^ ��c³k|WPj�\�b7k�\Ez5s�¢>ru\E\n�"cghipZz|\��L¥�©D£s\�k5^-t¦vw\µk�WZ\	r�\�k�fn�"vqmnegeorXcdb`^ ��WZcoj�W
cgb7k�\Ez|r�\Ej�krI�©�uÒt�j�f=bq�*cdk�cgfib�¢�¯Z¥�qk�WZ\µcgb=k|\�z�ru\Ljk|cdf=bqrXfn��I ��c³k|W�k|WZ\!\�eg\�[�\Eb=k�r�fn��^-t´mnz|\µ�Zcgr.}~ficgb7kE©

� \�»qz�rukÒmi�q�2k�WZ\aj�\�b7k|\�z7sµfi��I®©D±Opqj�W®m��Sf=cdb7kº��cgegeSvw\ªjEmneged\L�®mS/1�$�I� ���?�vD���� � �Ì©�VXWZ\�bs�7��f=zº\Em=j�W
\Eed\E[�\�b7k3I'wDfn��^ t �qj�fibqr�co�*\�z�k|WZ\	z�mi�*coj�mie¬�ZeomnbZ\!fi��I mibq�xI'w�©º¶·kªcdb7k�\Ez|r�\Ej�k|rXk|WZ\	egcdbq\X}~ficgbZcdbqh°k�WZ\
j�\�b7k�\Ez|rafi�yI mibq�XI%w�m�k�m��wficgb7k{z|wu�,��WZcoj�W�cgr!m=�Z�*\E�Gk|f�k|WZ\®r�\�k F«¢Jz|wXcor!f=b�mibG\L�*hi\�fn� 9¦vOt
j�fibq�Zc³k|cdf=b�¢.cdcgco¥�¥©²±*pqj�WP�Sf=cdb7k|rX��cgegesvS\	jEmneged\L�Tz��vD���� � �V�©

Ø�î"äsØãú



���������
	���������������������������������� �!���#"$����%&���'���)(*� �

s��

s

s��

s W

z��

z��

z W
I

I��

I��

I W

:

;

> G

�qz�fik�\Ej�k�\L��miz�\Lm
pZbZ�Zz|fnk|\Ej�k�\E��mnz|\Em
] Ì�.mij�\LrXfn�59

\E�Zhi\ErXfi�=9
r�WZcg\�eo��\E�*h=\Er

�"cghipZz|\!�0;�VXWZ\lr�cdk�pqmnk�cgfib�cdb®k�WZ\�bq\�cghiWOvSf=z�Wqf7f*�2fn�smµvqmiede@I®�7cdbSj�co�*\�b7kDk|f!k�WZz|\�\lfnk�Wq\�zDvqmiedeor-I �	� I
�
mibq� I W ©BVXWZ\Ez�\�mnz|\°k~�²f¨�.mij�\Lr	cgb§k�Wq\�j�f=[��Zed\�¡¬�9egcd[�cdk�\L�¸vOtBk|WZz|\�\®\L�*hi\Lr���cgb§k�WZ\��ZeomnbZ\®fi��k�WZ\»ShipZz|\i©Xy"ficgb=knz|w{corlm=�Z�*\L�PfibPk�Wq\	z|m=�*coj�mne,�ZegmibZ\!fn��I mibq�`I%wu©�� ·�wficgb=k�r5: � ; � >!mnbq�xG�vS\Eedf=bZh�k�f
k|WZ\°vwfipZbq�qmnz|cd\Lrµfn�Xk~�²fPvqmiedeor	mibq�Gk�f¨m��.mij�\i�9k�WZ\EtGmnz|\2k�WZ\Ez�\���fiz|\°mneorufPcgbqru\Ezuk|\E��cgb F®©®¶ìbqj�co�*\Eb=k
k|fcs®miz�\	��fipZzaz�cghiW7k ·mibZhieg\E��k|z�comnbZh=ed\Lr�¢.\i© hq©g� s z � :*¥ªmnbq�Kk~�²f®cor�f=r|j�\�eg\Er�k�z|cgmibZhieg\Er�¢�\=© hS©d�Ns�:<;�¥�©aVXWZ\
r�WZcg\�eo��\L�*hi\Lr�mnz|\�:6;ªmnbS�c>HGS©

uÒt¨j�f=bq�*cdk�cgfib ¢�cg¯*¥��smnbOt��.mij�\�fi�!9§��WZcgj�WGcdb7k|\�z�ru\Ljk|r%I�xI w j�fib7k|micdbqrlk�Wq\2j�\�b7k�\Ez|rªfn�7I mnbS�
I w �*mibq��k�WOpqrÒj�mib®vw\ª\Ec³k|WZ\�z²k�WZ\ª\E�*h=\lcgbqj�egpq�*cgbZh�k�WZ\µru\Ehi[�\�b7k7s�s w fizXm�6 >�.m=j�\lcgbqj�cg�*\Eb7kºk�Wqcgr²\E�*h=\i©
�qfiza\Em=j�W86 Ì�.mij�\��$fi�@9¸cdb7k�\Ez|r�\Ej�k�cgbZhcI�xI w �¬�Ò\�m=�Z�Kk|fSF$k|WZ\�cgb7k�\Ez|r�\Ej�k�cgfib¨�wficgb7k|rafn��� ��cdk�W
k|WZ\	j�cgz�j�eg\�;HG TJI&X�c;?GITSI w X|© � \	jEmneged\L��k|WZf=r�\µ�Sf=cdb7k�r��N�vD���� � �V�©

¤²f=bqruco�*\Ez²k|WZ\µ�ZeomnbZ\���fn�9m&6 Ì�.mij�\ªfi�D9Bcgb7k�\�z�r�\Ejk|cdbqh I ¢.mibq��k�WOpqr�j�f=b7k|mncgbZcgbZh sn¥©DVXWZ\µ\E�Zhi\Er
fi�C9¨ru�Zegcdk²k|WZ\a�Zcgr�¹��� I�cgb7k�f�f=bZ\lf=zÒr�\�¯=\�z�mneqr�\Ej�k�f=z|rE© � \ª��fOj�pqr²fib�r�\Ej�k�f=z|rº��WZcgj�W�mnz|\lcgbqj�egpq�*\L�
cgbQ9{©�VXWZ\�� ·�wficgb=k�r���pZz�k�Wq\�zlr��Zegc³kªk�WZ\Lru\�r�\Ej�k�f=z|r�cgb¨r�pZvqr�\Ejk|fiz�r�© � \�j�miedeG���d	�� �S� ��� 	0��1�b����8���� /�� ���1�
k|WZ\µrupZvSru\Ljk�f=z|r²egcd[�cdk�\E��vOt®mnb�\L�*hi\ªfn�D9Bmibq�®m�� ·�Sf=cdb7kXmnbq�)� �$����/ ����$�7�1��8����1/$� ���1��k|WZ\µrupZvSru\Ljk�f=z|r
egcg[2cdk�\L��v7t®k~�²f�� ·�wficgb=k�r�©

¶·�²r�fi[�\�cgr�f=r|j�\Eed\Lrªr�pZvqr�\Ej�k�fiz�r���f=z�[ mibBmnbZh=ed\����� �¬�Ò\�m=�Z�Br�fi[�\��Sf=cdb7k|rªfib¨k�WZ\EcdzµvwfipZbq�ZcdbZh
j�cdz�j�pqegmizlmnz�j�r�k�f�r�pZv4�*cg¯7co�*\�k�WZ\E[ cdb¨bq\���r�pZvqr�\Ejk|fiz�r���f=z�[�cgbZh�mnbGmnbZh=ed\����� ©'�qfizaz�\Lmir�fibqrXk|Wqm�k
��cgegeqvw\lj�eg\EmizDcdb�±*pZvqr�\Ejk|cdf=bK�i© �q�ik�WZ\Lru\��wficgb7k|r²mnz|\�j�mnegeg\E�Oa@R	a=�vD���� �I���©{VXWZ\�bZ\E� rupZvSru\Ljk�f=z|r���cdk�W
mibZhieg\ �!�� mnz|\µr~k|cdege,j�miedeg\E�8� ���O��/1�$���� ����8��$�1/�� ���1�©

ä9ä é�eZò�ô�ò$f



N �����#��� �!�����$�����I� �$� ���$�	��
 ����/b�!��_� � ���� �$� �����$� �����)�������$��� �����#� � �1/

¤²\Eb=k|\�z°�wficgb7k|r®mibq�Fz ·�Sf=cdb7k|r�mnz|\�k|WZ\KfibZegt¦jEm�k�\Ehif=z�cg\Er2fn�µ�wficgb=k�r°mi�Z�Z\E� cdb k|WZ\Kcdb7k|\�z|cdf=z2fi�
�qz�fik�\Ej�k�cgbZh®vqmiedeorE© � ·�Sf=cdb7k�rlmnbS�Xa@R	a ·�Sf=cdb7k�r�egcd\�fibPk�Wq\�vwfipZbS�Zmnz|cd\Lr�fn�D�qz�fik�\Ej�k�cgbZh®vqmiedeorE©%a@R	a 
�wficgb7k|r2vw\�egfibZhBk�f�mGr�cdbqhieg\��Zz|fnk|\Ejk|cdbqhBvqmiedeX��WZcged\ � ·�wficgb=k�r2vS\Eedf=bZh¨k|fBk|WZ\Pcdb7k�\Ez|r�\Ej�k�cgfib¸fi��k~�Òf
vSmnegegrE©

¶~r�f=r|j�\Eed\Lrar�pZvqr�\Ej�k�f=z|rµmnz|\��*\�»qbq\E��vOtKk�WZ\°j�\�b7k�\Ez	s�fi�Òm�vqmnege�I mnbq�GvOtKk~�Òf��wficgb7k|r�:¨mibq�0;
¢.\�cdk�WZ\Ez � Ì�wficgb7k|rDf=z=a@R	a ·�wficgb=k�r|¥{fibK;?GITSIbX�©{£scgbZ\lr�\�h=[2\Eb7k|rºr�pqj�W°mir7:<;<��}~f=cdbZcgbZh!k~�Òf	�wficgb7k|r{k|Wqm�k
�Z\�»qbZ\�mnbGcgr�f=r|j�\Eed\Lrªr�pZvqr�\Ej�k�f=zE�¬mnz|\�jEmneged\L� �E��������)�1�*	��$�©	¶ìbBk|WZ\���fiegedf���cgbZhq�wk|z�comnbZh=ed\Lrª�Z\�»qbZ\L�¨vOt
j�\�b7k�\Ez ·�wficgb=k�rµmnbq��r�WZcd\Eeg��\L�*hi\Lrar�pqj�W§mir�s�:<;�mnz|\�z�\���\�z|z�\L�Kk�f¨m=rH� ���O��/1�$��$�b��������� 	0��$�©®V,z|cgmibZhieg\Er
r��qmibZbZ\E�GvOt¨mPj�\�b7k|\�z Ì�wficgb7kE�sm`z ·�wficgb=k	mibq�Gm � ·�wficgb=k!f=bBk|WZ\�vSf=pZbq�Zmiz�tKfi�Òr�fi[�\�z�cghiW7k ìmnbqhieg\E�
r�pZvqr�\Ej�k�f=zXmiz�\µz|\���\Ez�z|\E�®k�f®mir����d	 ���J� ���
	���1�S�V������� 	0��$��©
��¾������ � ��Â��
	 �N���P�Zz|fnk�\Ljk|\E�§mnz|\EmM� �b�����S���I����� � "&�S�
�-� ���O��/1������Q��� �8���d	 ���J� ���
	���1�8��������� 	0��$���
�C�1������� �0�����	�� ���b��� �1��� ���[�d	���� ��������� D���������/$������E�@�����=DI� ��� � /�� � �H��� �1��� �K� � /�_� ��� �&� �]�S�
� ��� �����
� "7�����rD � ��� �1/$��� � 	x8 ��  ���
�N�
�2pqbZ�Zz|fnk�\Ljk|\E�Pmnz|\EmQ� � �S�
��/ ��%3D ���� 9��!%�� � �
�7�����rD � ��� �1/$� �1�S��� �1���

����� ���5 ��<. h'\]&)( gi+-$rgi/lg�. h��5 NW* ! .C(<W*/�(6 �Z#"
�ªpZz|cdbqh°k�WZ\��Zz|fOj�\Er|r��qc³ka��cdege9vw\�bq\Ej�\Lr�r|mnz|t°k|f�ru�qedcdkar�WZcg\�eo�K\E�*h=\ErE©�±OcdbSj�\��Ò\��*f�bZfnkl�Xmnb7k�k|f�mi�q�
[�f=z�\°�wficgb7k|r�cdbqr�co�*\°k�Wq\�vqmiedeor	cgb ^ª�"�Ò\®pqr�\�m¨r��w\Ej�comneºk�z|\Emnk�[�\�b7k	k|fGr��Zedcdk2r�pqj�W¸m¨r�WZcg\�eo��\E�*h=\i�
jEmneged\L�®k|WZ\%$�ru�Zegcdk ·fib ìm ìru�qWZ\�z|\'&lruk�z�m�k�\EhitB¢Ì± a ±®��fiz�r�WZfiz�k�¥�©

£,\�k�:6;	vS\�m�r�WZcg\�eo�¨\L�*hi\�k�f�vS\�ru�qedcdkE�¬cgbGm�vqmnege�I®© � \2�*coruk�cgbZhipZcor�W¨k~�Òf�j�m=ru\Lr�;5:Kmibq��;�mnz|\
vwfnk|W a!R	a Ì�wficgb7k|r�mnbS�¸vw\�egfibZhGk�f§m�rucgbZhieg\�vqmnegerI®�Òfiz�m�k°ed\Lmiruk2f=bZ\�fn��k|WZ\Er�\�k~�²f��Sf=cdb7k�r�¢���fiz
\�¡Zmn[��Zeg\n:*¥Òcor�m�� ·�Sf=cdb7k�mnbq��vw\�egfibZh7rÒk�f°mnbqfnk�Wq\�z�vqmiedeNI)(>©

s

: ;
>

I

�"cghipZz|\�]�;2VXWZ\�± a ±�ruk�z�m�k|\�h=t ; � \�ru�Zegcdk	k�WZ\�ruWZcg\�eo��\E�Zhi\K:<;�vOtGcgbqr�\�z�k�cgbZhPk�WZ\��Sf=cdb7k{>�f=b�k�WZ\
vwfipqbq�Zmnz|t®fi�,k�Wq\!vqmnege>©

¶·�3:�mnbq�B;2vS\Eedf=bZh¨fibqedtGk�f�I���ed\�k >�vw\®k�Wq\�[�cg�Z�Sf=cdb7k�fi�Xk�WZ\�ruWZf=zuk|\Eruk�hi\Ef*�*\Er�cgj°miz|j9:<;2f=b
;HG TJI&X�© � \	mi�q�T>lk�fHF mnbq��z|\��Zeomij�\ªk|WZ\	r�WZcd\Eeg��\E�Zhi\�:<;lvOt°k~�Òf°ruWqcd\Eeg��\E�*h=\Err:6>µmnbq�T> ;<©

¶·�1:°cor�m
� Ì�wficgb7kXvw\�egfibqhicgbZh�k|fO;?G TJI&X�c;?GITSI*(VX|�Ok�WZ\!co�*\Em�cor�x=pqc³k|\	rucg[�cdeomnz#?OWZf��²\E¯i\EzE�7c³���Ò\a�*f
bqfnk{k|mi¹i\�j�miz�\=��k�Wq\ª± a ±2r~k|z|mnk�\Ehit	j�f=pZeo��eg\Em=��k�f	j�m=r�jEmi�*cgbZhµcgbqru\Ezuk|cdf=bqr�fn�4�wficgb=k�r��=vS\Lj�mipqru\�z|\�»SbZcdbqh
mib®\E�Zhi\afibKI �²f=pZeo�®eg\Emi�°k�f2z�\�»qbZ\�[�\Eb=kXfn�"mnb®\L�*hi\afibKI)(Ì�Omibq��r�f�f=bs© � \ªk�WOpqrÒpqr�\µm�ruk�z�m�k�\Ehit
$ ��eom®��pZ�Z�w\�z�k+&bJÏ�#L·�Spqr�cgbZh�j�cgz�j�pZeomnz�r�WZ\�egeor�© � \�j�f=bqr�cg�*\EzXk�WZ\�ed\EbZhnk|WKfn��k�Wq\�ru\Ehi[�\�b7k':<;<�w�*cg¯7co�*\L�

Ø�î"äsØãú



���������
	���������������������������������� �!���#"$����%&���'���)(*� ^

vOt�k~�Òfq�Dmibq�¸z|fipZbS�¸cdk�k|fBk|WZ\�bq\Emnz|\Eruk°�*cgruk|mibqj�\TG���WZcoj�W¦cor�fi��k�Wq\���f=z�[ 6�� � b���� ¢ãk�Wq\�pZbqc³k
�Zcgruk|mibqj�\!Wqm=rXvS\E\�b¨j�WZf7ru\Eb�miz�vqc³k|z|miz�cgedt�m�k�k�Wq\	vS\EhicgbZbZcgbZh°fn�"k�Wq\�mneghif=z�cdk�WZ[®¥�©º£s\�k3>ªvw\!k|WZ\	�wficgb=k
fi�9k|WZ\	h=\�f*�*\Er�cojamiz|jn:<;ªfib;?GITSIbX²m�kl�*coruk|mnbSj�\	G���z|fi[ :S© � \�ru�Zegcdk�k�WZ\�r�WZcg\�eo��\E�*h=\	:6;ªpqr�cgbZh�k�WZ\
�wficgb7k5>�©

¶ìbPvwfnk�WKjEmir�\ErE�Ok�WZ\!mi�q�*\E���wficgb=k3>ªvw\�egfibZh7rÒk�f�k�Wq\µjEm�k|\�hif=z�t°fi��a!R	a Ì�wficgb7k|rE©
�lfnk�\Xk|Wqm�kL�7�ZpZ\Xk�fµk|WZ\l± a ±�z�\�»qbZ\E[2\Eb7k{ruk�z�m�k|\�h=ti��k|WZ\��Zz|fnk�\Ljk|\E��mnbq�2pZbq�Zz�fik�\Ljk�\L��miz�\LmirE�iruk�cgede

�Z\�»qbZ\L�®mirºcdb�±OpZvqr�\Ej�k�cgfibK�i© �Z�7��cgede4ruegcghiW7k�egt�\E¯if=ed¯=\��*pZz|cdbZh	k�WZ\amneghifiz|cdk�WZ[P© PDmij�W�± a ±2z�\�»qbZ\�[�\Eb=k
cgbqj�z�\Lmir�\Er²k�WZ\!�qz�fik�\Ej�k�\L��miz�\Lm�mibq���Z\Ej�z|\Em=ru\Lr²k�WZ\!pZbq�Zz�fik�\Ljk�\L��miz�\LmZ©

����� ���5 h'W*+1(< �Y@(*&,+-$ h3W|+yY  l2
	5W| 
VXWqcgr²�Zz|fOj�\E�*pqz�\lm=�Z�ZrÒruf=[�\��Sf=cdb7k�rDk|f2r�\�kGF0k�f�\Ebqr�pZz�\�k�WqmnkXr�WZcg\�eo�°\E�*h=\Er²mnbq�°cor�f=r|j�\�eg\ErDk�z|cgmibZhieg\Er
WSm<¯i\ªk�WZ\�_µmivZz�cg\�e¬�qz�f=�S\Ezuk~t=©"¶·k�pSru\LrXz�\Lj�pZz�rucg¯i\Eedt2k|WZ\�± a ±�r~k|z|mnk�\Ehit®mnbS���Òfiz|¹*rÒm=rÒ��fiegedf���rE©
� Wqcdeg\2k�WZ\Ez�\2cgrµmibB\�bSj�z|f=mij�Wq\E�¨r�WZcg\�eo�¨\E�Zhi\ :6;	fizµmnbG\�bqj�z�f7mij�WZ\L�Kcgr�f=r|j�\Eed\Lr�k|z�comnbqhieg\{s�:<;<�¬z|\�»qbZ\
k|WZ\!\E�Zhi\�:<;�pqr�cgbZh2k�WZ\�± a ±�ruk�z�m�k|\�hit=©

����� ���5 �� �3+-\, /1\,Z�+�W�&)( �

£,\�klpSr�z|\Ej�miedesk�Wqmnklk�Wq\�mneghif=z�cdk�WZ[ �²f=z�¹*r�vOtPmi�Z�ZcdbZh°�wficgb7k|r�k�f�r�\�k`F®© � \�bqfnk�\��OM W T�F&XDk�WZ\2�i��ª\�eomnpqbqm<tµk�z|cgmibZhipqegmnk�cgfib�fi�w�wficgb7k|r�cgb�F®©��qfiz�\Em=j�W��Zeomnbq\ ��fn�¬m 6 Ì�.mij�\²cgb�9��i�²\XbZfik�\��OM � T�F 
��X
k|WZ\�]i� �ª\�eomnpZbSm<t®k�z|comnbZh=pZegmnk�cgfibPfn�{�wficgb7k|r�cgb F  ��©�VXWZ\Lru\!k|z�comnbqhipZeom�k|cdf=bqr�mnz|\!pZ�4�Zm�k|\E�Kpq�Sf=b
\Lmij�W�cdbSru\Ezuk|cdf=b�fn�{m2�Sf=cdb7k�cgb]F®©

VXWZ\!miedh=fiz|c³k|WZ[ �S\Ezu��f=z�[°r²k�WZ\µcgbZcdk�comnegc�YLm�k�cgfib�r~k|\��Pmnbq�®k�WZ\µ[°mncgb��Zz�f*j�\E�*pZz|\ª�Z\Er|j�z|cdvw\E��vS\Eedf��!©
��� ¾�� � � � � � � ��� �*� ��Â���� � ¾�� �
< ¤²fibqruk�z|pqj�k�mibq��cdbqc³k|cgmiedc�Y�\ak�Wq\!�Zz�fik�\Ljk�\L��miz�\LmP¢.mir��Z\Er|j�z|cdvw\E��cdb��=© ]2mnbS�B�=© �7¥©
< P�¡*\Ej�p*k�\µk|WZ\!�Zz|fnk�\Ljk|cdf=b��Zz|f*j�\L�*pZz|\i©
uÒ\EjEmnpqr�\Xk�Wq\lmneghif=z�cdk�WZ[�[�micdb7k�mncgbqr�k�Wq\ª_µmnvZz|cg\�eZ�Zz|fi�w\�z�k~t	fi�¬r�WZcg\�eo�2\E�*h=\ErE�icgb°\Emij�W2�ZeomnbZ\���fi�

mH6 Ì�.mij�\
��fn�D9{�Ok�Wq\!]i�Ik�z|cgmibZhipZeom�k|cdf=b��OM � T F  ��X{j�fibZ��fiz|[�r²k|f�k|WZ\!ruWZcg\�eo��\E�*h=\ErÒcdb�k�WZcorX�ZeomnbZ\
mibq�Pk|W7pSr�k|f®k�Wq\�pZbq�Zz�fik�\Ljk�\L�K�qmizuk�����fn� ��©µVXWZ\�[�micdbG�Zz|fOj�\E�*pqz�\	\Ebqr�pZz�\Lr�k|Wqm�kak�WZ\�k�z|cgmibZhieg\Er
fi���OM � T F  ��X{cdbSj�egpq�*\E��cgb ����mn�Z�w\EmizÒcgb�k�WZ\	�=� k�z|comnbZh=pZegmnk�cgfib��OM W T�F&X�©
��� ¾ � � � �! � Â � ¾ Ã �s� ¾ �
� Wqcdeg\µk�WZ\Ez�\µcor�m�k�z|cgmibZhieg\#"�cgb�k|WZ\�]n�0�ª\�eomnpqbqm<t°k�z|comnbZh=pZegmnk�cgfib��OM � T�F  ��X{fn�"k�Wq\!�ZegmibZ\���fi�
m&6 >�.m=j�\���fi�59Gr�pqj�W�k�Wqmnk*;
mZ©$"Icor�cgbqj�egpq�*\L��cdb�k�WZ\!pqbZ�Zz|fnk�\Ljk|\E���qmnz�k ���®fn�����
vs©$"R�Zf7\LrXbZfnklmi�Z�w\EmnzXcgb%�OM W T�F&X��z|\�»SbZ\#"�k|z�tOcgbZh2k�f�cdbSru\Ezuk�cdk|r�j�cdz�j�pZ[°j�\�b7k�\Ez5>��Ok�Wqmnk�cgr*;
< c³�1>a\�bqj�z�f7mij�WZ\Lrºpq�Sf=b�bqf�r�WZcg\�eo��\E�*h=\i�*cgbqru\Ezuk�cdk*?
< fnk|WZ\�z|��cgr�\i�*r��Zegc³k�mnegeqk|WZ\µruWZcg\�eo�®\L�*hi\Lrº\Ebqj�z|f=m=j�WZ\E��pq�Sf=b�vOt9>�pqr�cdbqh�k|WZ\µ± a ±°r~k|z|mnk�\Ehiti�OmnbS�k�WZ\EbP\�¡*\Ej�p*k�\µk|WZ\!�Zz|fnk�\Ljk|cdf=b��Zz|f*j�\L�*pZz|\i©

ä9ä é�eZò�ô�ò$f



� �����#��� �!�����$�����I� �$� ���$�	��
 ����/b�!��_� � ���� �$� �����$� �����)�������$��� �����#� � �1/

� � �9�°���´�	�´ ���� �������	�"� ���


� \!�Zz|f�¯i\ªk�WZ\	miedh=fiz|c³k|WZ[$cgb���f=pZz�ruk�\��Sr�©
< � \�»qz|ruk²r�WZf��´k�WqmnkE�=mnkDk�Wq\�\�bq��fi�4k�WZ\�cgbZcdk�comnegc�YLm�k|cdf=b�ruk�\E�s�=k�WZ\�z|cghiW7k ìmnbZh=ed\L�	k|z�comnbqhieg\Er�Wqm<¯=\k�WZ\�_µmivZz|cd\Ee¬�Zz�f=�S\Ezuk~t=©
< ��\�¡7kL�=�Ò\�r�WZf��¦k|Wqm�kºk�WZ\��qz�fik�\Ej�k�cgfib��Zz|f*j�\E�ZpZz�\Xk|\�z|[�cdbqmnk�\Lr�©�V,f=hi\�k�WZ\Ez{��c³k|W�k�WZ\�»Sz|rukº�wficgb=kk�WZcor�\Ebqr�pZz�\LrXk�WSm�kE�4m�klk�WZ\	\Ebq�Pfn��k|WZcgrl�Zz|fOj�\E�*pqz�\=�qmnegesk|WZ\!k�z|comnbZh=ed\Lr�cdbPk|WZ\	�Zz|fnk|\Ej�k�\E�Pmiz�\Lm
mnbq��k|WZ\	ruWqcd\Eeg��\E�*h=\ErXWqm<¯=\lk|WZ\�_µmnvqz�cg\�e¬�Zz|fi�w\�z�k~ti©

< VXWZ\�b,�Z�²\!r�WZf�� k|Wqm�k�k|WZ\![°mncgb��qz�f*j�\L�*pZz|\ak�\�z|[�cdbSm�k�\Lr
< �"cdbqmiedegti�q�²\!r�WZf�� k|Wqm�k�cdk�tOcd\Eeg�Zr�m��ª\�eomnpZbSm<t°k�z|cgmibZhipqegmnk�cgfib�j�fib*��f=z�[�cgbZh�k�f�k�Wq\	yD£"¤ª©

Ur��� ���5 W|&�Z �7( gi/1$5Z-\� �2 (6W�&,/1$5Z-\� �.
 � Â �DÂ � � � ��Â!�����!"1� �����S�
��� �I� �V����_���#��������� ��� �)D�� ���	D���� �I� � �]F �$��/$� �*��/?��������D���� �-���d	 ���J� ���
	���1�
���������
	��� �&�N��� �rD � �ED��$�����b� � %&��� � � ��� ���1�S������� �
	b�S�
�
	��
����H�� 	 ����� �S��% �

 � ÂsÂ��� �Rz�cghiW7k ìmnbqhieg\E��k|z�comnbZh=ed\ªcdbSj�egpq�*\E��cgb�m��Zz|fnk�\Ljk|cdbZh2vqmiedeNI Wqm=r²cdk|r�j�cdz�j�pq[�vqmiede4cgbqj�egpq�*\L�
cgb I®©PVXWZ\Ez�\���fiz|\2cdk�jEmnb�fibZegtBvw\®\Ebqj�z|f=m=j�WZ\E�GpZ�wfib§vOtGmP¯=\�z�k�\�¡�cdb�k|WZcor!vqmnegeÌ�"mibq��bZfnk	vOtGk�WZ\
j�\�b7k�\Ez�fn�1I®�SWZ\�bqj�\!fibZegt�vOt�mOz ·¯i\Ezuk|\�¡®cgbI®©²±Ocgbqj�\	bZf°�wficgb=k�cor�cgbqr�\�z�k�\E��cgbqr�cg�*\µk|WZ\	vqmiedeor�m��ãk|\�z
k|WZ\!cgbZc³k|cgmiedc�YEmnk�cgfibPr~k|\��s�qc³k�cor�rup �°j�cd\Eb7k�k�f°j�WZ\Ej�¹®k�WZ\!�Zz|fi�w\�z�k~tµ}~pqruklm��ãk|\�z�k|WZcgr�ruk�\E�s©

£,\�k��$vS\�k�WZ\��ZegmibZ\	fi�ºmS6 Ì�.mij�\ � cdb7k|\�z�ru\Ljk�cgbZhOI�©'uÒt�j�fibq�Zc³k|cdf=b¦¢�cg¯Z¥�wk�WZcorª�ZegmibZ\�j�fib7k|micdbqr
s�¢ãk|WZ\	j�\Eb7k�\�z�fi��I2¥©

£,\�k5s z|w ��vS\!m�z�cghiW7k ·mibZhieg\E��k|z�comnbqhieg\ªcgbTI�©DV,z|comnbZh=ed\ns z|w ��edcg\ErXcgb�m�k~�ÒfH6 >�.m=j�\���fn�59¨��WZcoj�W
j�fib7k|micdbSrDk|WZ\!j�\�b7k|\�z�r=s�mnbq�Ts�w"fn�,k|WZ\avqmnegeNI mibq�TI'w��*\�»qbZcgbZh z�w�mnbq��cgb=k|\�z�ru\Ljk�r=;?GITSIbX�O;?GITSI%w X
cgb �s©º±OpZ�q�Sf7ru\ak�WSm�kXk�WZ\!z|cghiW7k ìmnbZh=ed\L��k�z|comnbZh=ed\ns z w �s�*corX\�bSj�z|f=mij�Wq\E�°pZ�wfibPvOt�m��Sf=cdb7k'z��µ�*\�»qbZ\L�
vOtBk�WZ\��Zz�fik�\Ljk�cgbZhKvqmiedeor	I�mibq� I��i© �ªr!k|WZ\�j�cgz�j�pZ[�vqmnegeDfn�5s z w �¸cgr	k�WZ\�j�cdz�j�pq[�vqmiedeDfi�5s �s�"k�WZ\
\Ebqj�z|f=m=j�WZ[�\�b7kºj�f=bq�*cdk�cgfib�jEmnb®vw\az�\E��z�cdkuk|\�b��s z � �������06*©�u²\Lj�mipqru\ª�Sf=cdb7k�r��µcgbT;?GITJ;OX,k�WSm�kÒr|m�k|cgru��t
�s z � �������06�egcd\	cgbX;?GITSIbX cL UNM1TSI � X��Sk�Wqcgraj�f=bq�*cdk�cgfibKcg[2�qedcg\Erlk�Wqmnk �Kvw\�egfibqh=r�k|f®vqmiedeor3I � I%wºmnbS�
I � �*��WZcoj�WPcgrXcg[��Sf7r�r�cdvqed\!vOt�j�fibq�*cdk�cgfib�¢�¯Z¥�© �

¤²\Eb=k|\�z°�wficgb7k|r°mnbS�Fz Ì�wficgb7k|r�j�pZk2k|WZ\K\E�Zhi\Er2fi�`9�cgb r�pZvw\E�*h=\ErE© �lfnk|\�k|Wqm�k®y{z|fi�wf=r�cdk�cgfib ]
cg[��Zegcd\LrXk�WqmnkXk�WZ\Lru\	r�pZvw\E�*h=\Er�mnz|\µ\E�*h=\ErÒfn� �OM W T F&X�©

Ur�SU �  NW  &]$5/�(*&,+-$ +��O( �3 h'W*+1(< �Y@(*&,+-$ h3W|+yY  l2
	5W| 
 � Â �DÂ � � � ��Â!�! �N���5D � ��� �1/$�������KDI� �#/1�1����� ����"	[���O� � ����%�� � ��� �$� �

VXWZ\!�qz�fOfn�"cgr�m°ruk�z�mncghiW7k���fiz|�Òmiz|�°j�fibqr�\Ex7pZ\Ebqj�\afn�"k�WZ\µ��f=edegf���cgbZh�eg\�[�[°mZ©
#²¾ � ���%$ �=���S�1�0/H� /1�� @� �Q�S�
�nD � ��� �1/$��������DI� �#/1�1����� �H�3�����$� �S���0� ���V�'&(� 2 ��� /?�8�������3�S�
�	DI� � �
� �1/$�������fD � �*/1�1����� �-�JD _� �V�-� � � �����$/1����$�-��������� 	0��)	@� �S� ���
	��� ��� �S�
� /1��� � �$�Q� "-������8 �� :��$�1�-�S�
���
&��

Ø�î"äsØãú



���������
	���������������������������������� �!���#"$����%&���'���)(*� �

 � ÂsÂ��� £s\�k_s�:<;�vw\®mnb�coruf7r�j�\�eg\Erak|z�comnbZh=ed\���cdk�W¸r�WZcg\�eo�G\L�*hi\9:<;�cdb§mP�Zz|fnk|\Ej�k�cgbZhPvqmnege-I®© � \
j�fibqr�co�*\�z!cgb�k�pZz|b�k�WZz|\�\°¹Ocgbq�Zr!fi�Ò�wf=r|r�cdvZeg\°\�bSj�z|f=mij�WqcdbZh��wficgb=k�r�;��Sf=cdb7k|r	fib�k�WZ\°vwfipqbq�Zmnz|tBfi�yI
¢>j�m=ru\°�<¥�q�wficgb7k|r�cgbPk�Wq\�cgb=k|\�z|cdf=z�fn��I�¢>j�mir�\�]i¥Xmibq�P�wficgb=k�r�f=p*k|r�cg�Z\	I�¢.jEmir�\	�=¥©Ò¶ìbK\Em=j�WKj�mir�\_b4�
�Ò\	�Zz|f�¯i\ak|WZ\�\�¡Ocoruk�\�bSj�\	fi�ºm°¯�mnegpZ\ & � �4rupqj�WPk|Wqm�kªbZ\�cdk�WZ\Ez%s�:<;abZf=z3:<;µj�mibKvS\�\�bqj�z�f7mij�WZ\L��pq�Sf=bvOt�m2�wficgb7k�fn�,k~tO�w\_b�c³���:6s ;���& � ©�"cgz|ruk	bZfnk|cgj�\�k�Wqmnk!k�WZ\®k�WZz|\�\�vqmiedeor	I®��>?L�P�>?Q@R8TJ:6;OXlmnbq�f>?L�P�>?Q�R TSs�:<;#X�vw\�egfibqhPk�f¨m��S\Ebqj�cgeºfi�
r��ZWZ\Ez�\Lr�©�uÒ\EjEmnpqr�\�k|WZ\amibZhieg\ �: s ;�cgrXr�[�miedeg\�z²k�WSmnb ���06*�O�Ò\ªWqm<¯=\3>?L�P�>?Q@R8TJs�:6;OX��FI�� >?L�P�>?Q�R TS:<;#X
mibq�0>?L�P�>?Q�R TS:<;#X �I�� >HLJP�>?Q@R TSs�:<;#X�¢>ru\E\O�9cghipqz�\®�7¥©PVXWZ\�z|\���f=z�\=�sc³k�cgr�\�bZf=pZhiW�k�f¨j�Wq\Ej�¹¨k|Wqm�k
�wficgb7k|rlfibKfizlfip*k�ruco�*\{I ¢.j�m=ru\���mnbq�K�7¥��*f®bqfnkl\Ebqj�z|f=m=j�W�pq�Sf=b�:<;ªmibq�Pk|Wqm�kl�wficgb7k|rlcdb�I ¢.jEmir�\
]=¥Ò�*f�bZfnk�\Ebqj�z|f=m=j�W�pZ�wfib`s�:<;<©

s

I
: ;

�"cghipZz|\!��;DVXWZ\µvqmiedeor5I®�*>HLJP�>?Q@R TSs�:<;#XºmnbS�c>?L�P�>?Q@R8TJ:<;#X�©

�i©r�Zf=zªm°�Zeomnbq\ � fn�DmS6 >�.m=j�\	fi� 9�cgb7k�\�z�r�\Ejk|cdbqhKI®�w�²\2j�f=bqruco�*\Ez�k�WZ\2j�cgz|j�ed\�vSf=pZbq�*cgbZhKI� �
mnbq�¸�²\��Z\�bZfik�\®vOt a T � � I&Xªk�WZ\�pZbZcgfib§fn�lmiz|jEr!fib�k|WZcor�j�cdz�j�eg\�r��qmnbZbq\E��vOtBk|WZ\�cor�f=r|j�\�eg\Er
k�z|cgmibZhieg\Erºcdb ��© ��fnk|cgj�\�k|Wqm�k�mnegeqk|WZ\na!R	a Ì�wficgb7k|r²cdbSru\Ezuk|\E�°f=bOI miz�\�egf*j�mnk�\E�®fib®r�pqj�W�m�r�\�k
a T � � I&X|©
¶·��� cor	k|WZ\��ZegmibZ\�j�fib7k|micdbqcdbZhXs�:6;��{bZfB�wficgb7k�fn�%a:T � � I&Xª\Ebqj�z|f=m=j�WZ\Er	pZ�Sf=bB:<;<©G¶·��� (²cgr
mnbZfik�WZ\EzD�ZeomnbZ\=�ik|WZ\l�*coruk|mnbSj�\�vw\�k~�Ò\�\Ebca T � � I&X9mibq�Ka T � ( � I&X"cgr²r~k|z�cojk|edt��Sf7rucdk�cg¯i\=�7r�fµk�WZ\Ez�\
cgrªm°¯�mnegpZ\ &���TJI � � � � ( XÒr�pqj�W�k�Wqmnk':<;acgr�bZfnkl\Ebqj�z|f=m=j�WZ\E��pZ�wfib¨vOt�m°�Sf=cdb7klf=b�a T � ( � IbXºcd�
�:6s ;�� & � ©º±O\�kuk|cdbZh�& �	��
����� & � TSI � � � � (�X��	mij�WZcg\�¯=\Er²k�Wq\!�Zz�fOfi�9fn��j�m=ru\��i©

]*©�VXWZ\°fibqedt¨�wficgb7k|rµcgb§m�vqmiede7I ��Wqcgj�W�j�mibG\Ebqj�z|f=m=j�WBpZ�wfib§mnb�coruf7r�j�\�eg\Erªk�z|cgmibZhieg\ s�:6;�cgb0I
mnz|\�k�WZ\Tz ·�Sf=cdb7k�r!cdb I�©¨±OpZ�Z�wf=r�\°k�WSm�k�mP�wficgb7k z w ¢�fib�k|WZ\®z�mi�*coj�mie{�ZeomnbZ\®fi�yI mnbq� I w ¥
\�bqj�z�f7mij�WZ\LrÒpZ�Sf=b`s�:6;�©
¶·�7z|w²cor�cgbKk�WZ\��ZeomnbZ\ � fn�-s�:<;<�w�²\��Zz�f�¯=\µk�Wqmnkª\Ebqj�z|f=m=j�WZ[�\�b7k�cgrlbZfnka�Sf7r�r�cgvZed\=©�¶ìbq�*\E\E�¬�wcd�
z|wº\�bqj�z�f7mij�WZ\LrÒpZ�Sf=bs�:<;<�@z�w{\�bSj�z|f=mij�Wq\ErX\�cdk�Wq\�z�pZ�wfibs�:�fizlpZ�Sf=bs ;<©XVXW7pSr3:®f=z';ª�²f=pZeo�

ä9ä é�eZò�ô�ò$f



�L� �����#��� �!�����$�����I� �$� ���$�	��
 ����/b�!��_� � ���� �$� �����$� �����)�������$��� �����#� � �1/

vS\Eedf=bZhK;?GITSIbX�KL�UNM1TJI'w Xl¢.m=rXcdb�k�Wq\!�Zz�fOfi�9fn�{y{z|fi�wf=r�c³k|cdf=bP]=¥Ò��WZcoj�W�cor�cg[2�wf=r|r�cdvZeg\µvS\Lj�mipqru\
:�mibq�T;amiz�\a\�cdk�WZ\Ez � ·�wficgb=k�rÒfiz'a@R	a ·�wficgb=k�r�©
£s\�k�pqr�bZf����Z\Emne,��c³k|W�k|WZ\	j�m=ru\a��WZ\Ez�\	z�wD�*fO\ErXbZfik�vS\Eedf=bZh2k�f�k�Wq\!�ZegmibZ\���©
�Zf=z�mnbOtG�Sf=cdb7k{> � a T � � IbX��"k�WZ\��*cgruk|mibqj�\�vS\�k~�²\E\�b z�w�mnbq� >HLJP�>?Q@R TSs�>OXacgr�r~k|z�cojk|edt��Sf7r 
c³k|cd¯=\i©¨¶ìbS�*\�\L�¬�{vS\Lj�mipqru\xa T � � I&X XI%w�cor�\E[2�Zk~ti�1>®�*fO\Er�bZfnk2vS\Eedf=bZhKk|fXI%wlmnbS��k�WOpqr z|w
j�mibZbZfnk�\�bqj�z�f7mij�W�pZ�Sf=b s�>�bZfiz�vS\�fib�k�Wq\®vSf=pZbq�Zmiz�tGfn�5>?L�P�>?Q@R8TJs�>OX�¢.m=r	cgb�k�WZ\��Zz|f7fi�Òfi�
y{z|fi�wf=r�c³k|cdf=bP]=¥©
£s\�k��
TSI � � � z|w Xªvw\®k|WZ\®[�cdbqcd[�pZ[ ¢.ruk�z|cgj�k�egtG�wf=r�c³k|cd¯=\L¥µfi��k�WZcor��Zcgruk|mibqj�\°��f=z{> � a T � � IbX�©
£s\�k�� (�TJI � &�XlvS\�k|WZ\��lmipqr|�*fiz c¸�*cgruk|mibqj�\°vw\�k~�Ò\�\Ebf>HLJP�>?Q@R TSs�>OXlmibq�X>HLJP�>?Q@R TSs�: ( ;'( X���Wq\�z|\
s�: (v; (qcor²mib°cgr�f=r|j�\Eed\Lr{k|z�comnbZh=ed\l��c³k|Wc: (Smibq�K;'(SfibT;?G TJI&X|�Omn¡*cgr7s�>�mnbq���: ( s ; ( � &Z© �ªr�� (VTSI � &�X
hifO\Erlk�fQ2®��Wq\�b%&�hifO\Lr�k|f-2Z�4k|WZ\�z|\�\�¡*cgruk|r'&���TJI � � � z w X�rupSj�WKk�Wqmnk�� (�TJI � &�X��	�
TJI � � � z w X
��fiz�mibOt & � &���TSI � � � z w X�©R¶·k®��f=edegf���r�k�WSm�kcs�:<;�j�mibZbZfnk®vw\¨\Ebqj�z|f=m=j�WZ\E�´pZ�wfib vOtFz w cd�
�:6s ;�� & � TJI � � � z�w X�©Ò±O\�k�k�cgbZh & � ��
��� � & � TJI � � � z�w X �!m=j�WZcg\�¯i\Lr²k�WZ\!�Zz|fOfn�"fn�{j�mir�\!]*©

�Z©l¤²fibqr�co�*\�zÒbZf�� k�Wq\ajEmir�\l��WZ\Ez�\a\E�*h=\':<;XcorÒ\�bqj�z�f7mij�WZ\L��pZ�Sf=b�vOt°m��wficgb7k ��fip*k�ruco�*\ªk�WZ\avqmiede
I®©��Òkµ\Em=j�WBj�miede�fi�Dk�WZ\2�Zz|fnk|\Ejk|cdf=b¨�Zz|f*j�\E�ZpZz�\=�wk�WZ\°r�\�kµfn�º�wficgb7k|rafip*k�ruco�*\�k�WZ\��Zz|fnk|\Ejk|cdbqh
ru�qWZ\�z|\Erlcgr�»Z¡*\E�¬© �legr�fq�Sk�Wq\��*cor~k�mnbqj�\	vw\�k~�Ò\�\�b¨k~�²f�r�\�k�r%a T � �	� I � XÒmibq��a T ��� � I���XÒ��WZcoj�W
�*fKbZfik�ruWqmiz�\°m � ·�wficgb=k	cor!vwfipZbS�*\E�G��z|fi[ vw\�egf��!©�VXWOpqrE�sk|WZ\�z|\�cgr	mP¯�miedpZ\�& (W r�pqj�W�k�WqmnkE�c³� �: s ; ��&�(W �S\L�*hi\ :6;µjEmnbZbqfnkªvw\�\Ebqj�z|f=m=j�WZ\E��pZ�wfibGvOt �B\�¡Zj�\E�*kªcd� �Kvw\�egfibZh7r�k|fxa T � � I)( X��WZ\�z|\��Rcor�k�WZ\l�ZegmibZ\�fi� s�:<;XmnbS� I)(qcgb7k�\Ez|r�\Ej�k|r1I®©{VXWZ\Ez�\���fiz|\i��k|WZ\�f=bZedt�j�m=ru\Xz|\�[°mncgbZcgbZhµk�f
vS\�j�fibqr�cg�Z\�z|\E�!cor"k�WZ\Xj�m=ru\Ò��WZ\Ez�\y:µcgr�m � ·�Sf=cdb7k�cdb ��5;?G TJI&X r;?GITSI)(�X4mibq�{:<;�cor�\�bSj�z|f=mij�Wq\E�
pZ�wfib°vOt�ma�wficgb=k ��fi�la T � � I*(�X�©
��f��Ò\�¯=\�zL��cdb�k|WZcgrºj�mir�\i�i�²\�r��Zegc³kD\L�*hi\Lr{cdbSj�co�*\�b7k{k�f	:�pqr�cdbZh
j�cgz|j�pZeomnz	r�WZ\�egegrE©��l\�bqj�\i�9mn�ãk�\Ez�m���\�� ru�Zegcdk|rE�,k|WZ\°\E�*h=\Erµcgbqj�co�*\Eb=k�k�f`:¨��cgedeºWqm<¯i\2k�Wq\�r�mi[�\
ed\EbZhnk|Wqr�mibq����cgedeÒvS\�pZbqmnvqed\°k|fB\Ebqj�z|f=m=j�WGpZ�wfib§\Lmij�W§fik�WZ\EzE©KVXWZ\Ez�\���fiz|\i�"�²\°h=\�k�mK¯�miedpZ\
& W� & (W r|m�k�coru��t7cgbZh2k�Wq\	�*\Er�cdz|\E��z|\Ex7pZcgz�\E[2\Eb7kE©

�

Ur�Sd �  NW  &]$5/�(*&,+-$ +��O( �3 � /1&�$ h3W|+yY  l2
	5W| 
��� ¾OÂ � ¾ ��� �N�
�_�)��� ��� � �#/1�1����� � � ����%'� ����� �����
 � ÂsÂ��� ¶ìb�k|WZ\a��fiegedf���cgbZhq�7�Ò\a�*\�»qbZ\µmnb �0�0���1��j�cdz�j�pq[�j�\�b7k�\Ezºk|f�vw\!m�j�cdz�j�pq[�j�\�b7k�\Ez²cgbqr�\�z�k�\L�®cgb
k|WZ\ªr�\�k F®�Omnbq�®mS� ����� /�� � ��j�cgz|j�pZ[°j�\Eb=k|\�zºk�f�vw\µm�j�cgz�j�pZ[°j�\Eb7k�\�zÒj�f=bqruco�*\Ez�\L��cdb�k�WZ\amneghifiz|cdk�WZ[ vZp*k
bqfnk�cdbSru\Ezuk|\E��vS\Lj�mipqru\µcdk�\�bqj�z�f7mij�WZ\Lrºpq�Sf=bPr�fi[�\!r�WZcd\Eeg��\E�Zhi\i©

� \��qz�f�¯=\°k�WZ\�k�\Ez�[�cgbqm�k|cdf=b¸fn�lk�WZ\�[°mncgb¸�Zz|fOj�\E�*pqz�\�v7t��Zz|f�¯OcdbqhK»qz�r~k�k�Wqmnk�k|WZ\�bOpZ[�vS\Ez�fi�
m=�Z�*\L�Kj�cgz|j�pZ[°j�\�b7k|\�z�r�cor�»qbZcdk�\�mnbS�Kru\Lj�fibS��k�Wqmnklk�Wq\�bOpZ[�vw\�zªfn�ºr�WZcg\�eo�K\E�*h=\Erl\�bqj�z�f7mij�WZ\L��pq�Sf=b
vOt¨z|\~}~\Ljk|\E��j�cgz|j�pZ[°j�\Eb=k|\�z�racgrµ»SbZc³k|\i©KuÒ\Lj�mnpSru\2k�Wq\°�Zz�fik�\Ljk�cgfib��Zz|f*j�\E�ZpZz�\2cor	mnegz�\Lmi�*tK¹ObZf���bGk�f
k|\�z|[�cdbqmnk�\=�Ok�WZ\Lru\µk~�Òf2�.mijk�rXcd[��Zegt®k|WZ\µk�\Ez�[�cgbqm�k|cdf=b�fi�,k|WZ\![°mncgb��qz�f*j�\L�*pZz|\i©

uÒt§j�f=bqr~k|z�pSjk�cgfib§fi��k�WZ\��Zz|fnk�\Ljk|cdbZhGru�ZWq\�z|\ErE�9k|WZ\�pZbZ�Zz|fnk|\Ejk|\E�§miz�\LmKcgr2m¨�*cor.}~ficgb=k2pZbZcgfib¸fi�
�qegmibZ\	z|\�hicgfibSr�©�£s\�k�����vw\�r�pqj�WBm®z�\Ehicgfibs© �lrª�Zz|\�¯Ocgfipqr�edt�bZfnk|cgj�\E�¬�wf���cgbZh�k�f�k�WZ\�± a ±Pr~k|z|mnk�\Ehiti�
k|WZ\�pZbZ�qz�fik�\Ej�k�\L�2miz�\Lmlz|\�h=cdf=bqr�ruegcghiW7k�egt�\E¯ifieg¯i\X�*pZz|cgbZhak�WZ\lmiedh=fiz|c³k|WZ[Q?nWZf��Ò\�¯=\�zL�<k�WZ\Lru\�z|\�h=cdf=bqr�mnz|\

Ø�î"äsØãú



���������
	���������������������������������� �!���#"$����%&���'���)(*� �=�

mied�Xm<t*rlr�WZz|cdbZ¹OcgbZhq©�¤²f=bqr�\Ex7pZ\�b7k|edt=�4k�WZ\��*cor~k�mnbqj�\�vw\�k~�Ò\�\Eb ���Kmnbq�¨k�WZ\�fik�WZ\Ezªz|\�h=cdf=bqrªm=ra�²\Eede{mir
k|WZ\��Zcgruk|mibqj�\�vS\�k~�²\E\�b ���Pmnbq�Pk|WZ\�r�\�kµfn�ºj�\�b7k�\Ezl�wficgb7k|ramnbq��z ·�Sf=cdb7k|rªmi�Z�Z\E�Kcgb¨k|WZ\�cgb7k�\�z|cgfizlfi�
k|WZ\l�qz�fik�\Ej�k�cgbZh	vqmiedeorºjEmnb°vw\lvwfipZbS�*\E����z|fi[ vw\�egf�� v7t�m�j�fibqruk|mib7k � � ©�£s\�k " vw\ªmµk|z�comnbZh=ed\lcdb �����Wqf=r�\�j�cgz�j�pZ[°j�\Eb7k�\�zaWqm=rlk|f�vw\2cdbqr�\�z�k�\L�¨cgb F mibq�¨eg\�k���� vS\�k�WZ\°j�cdz�j�pZ[°j�cdz�j�eg\�fi� "	©�uÒ\Ej�mipqr�\
"Rvw\�egfibZh7rÒk�f�k�Wq\�]n���ª\�eomnpZbSm<t®k�z|comnbZh=pZegmnk�cgfib�cdbPk|WZ\!�ZeomnbZ\!fi� � � ������\�bqj�edf7ru\LrXbZf°�Sf=cdb7k�fi�5F®©
�ªr "��*fO\ErabZfnkavS\Eedf=bZh�k�f��KM W T�F&X��4c³k�rµj�cgz|j�pZ[�vqmiede�>?L�P�>?Q@R8T�" XÒj�fib7k|micdbqram®�wficgb7kacgb F ��Wqcgj�WGcgr
bqfnkXcdb � � ©D±Opqj�W�m��wficgb7kÒcorÒ\�cdk�WZ\EzÒcgb®k|WZ\acdb7k�\Ez�cgfizÒfn�"m	�Zz|fnk|\Ejk|cdbqh2r��ZWZ\Ez�\ªfizÒc³k�cor²mibxa@R	a ·�wficgb=k
f=zam�� ·�Sf=cdb7kL�¬fizµmnbGm=�Z�*\L�¨j�cgz|j�pZ[°j�\Eb=k|\�zL©_a@R	a ·�Sf=cdb7k|rµmibq� � Ì�wficgb7k|rªvS\Eedf=bZh�k|f®k|WZ\�vSf=pZbq�Zmiz�t
fi��pZbZ�Zz|fnk|\Ejk|\E��z|\�h=cdf=bqr��"mnbq�¸�²\®�qz�f�¯=\2cgb§k|WZ\®eg\�[�[°m NKvw\�egf�� k|Wqm�k�mi�Z�Z\E�§j�cgz�j�pZ[°j�\Eb7k�\�z�r!egcd\
cgbBpqbZ�Zz|fnk�\Ljk|\E�¨z|\�h=cdf=bqrE©µVXWq\�z|\���fiz|\_>?L�P�>?Q@R8T�" XX\�cdk�WZ\Ezµj�fib7k|micdbSrªm��Sf=cdb7k	mi�Z�Z\E�KcgbBk|WZ\2cdb7k�\Ez�cgfiz
fi�am��Zz|fnk|\Ejk|cdbqh�r��ZWZ\Ez�\�fiz°cgb7k�\�z�r�\Ejk�r�mnbZfik�WZ\Ez2pqbZ�Zz|fnk�\Ljk|\E�´z�\Ehicgfibs�ºmibq�¦k�WZ\Kz�mi�*cgpqr2fn��� � cgr
k|WOpqr�egmiz�h=\�z2k�WSmnb � � © VXWZ\¨mnz|\EmBfn�����¸vS\EcdbZh�»qbqc³k|\i�Òk�WZcor°r�WZf���r2k�Wqmnk�k�WZ\KbOpZ[�vS\Ez°fn�am=�Z�*\L�j�cdz�j�pq[�j�\�b7k�\Ez|rÒcor�vwfipZbq�Z\E�¬©

£,\�k	pqr!bqf�� r�WZf���k|Wqm�k!k|WZ\�k�fik|mneºb7pq[�vw\�z!fn�X\E�Zhi\Erµ\Ebqj�z|f=m=j�WZ\E�BpZ�wfib�vOtBz|\~}~\Ej�k�\L��j�cdz�j�pq[�
j�\�b7k�\Ez|rªcor�»qbqc³k|\i©	�Zf=zlk|WZcorª�qpZz��wf=r�\i�4j�f=bqr�cg�*\Ezam�ruWqcd\Eeg�B\E�*h=\�\�bSj�z|f=mij�Wq\E�PpZ�wfibGv7t�k|WZ\2j�\�b7k�\Ez �
fi�ºm®j�cgz�j�pZ[°j�cgz�j�eg\�� cdbGm°z�\Ehicgfib ���w©	� vw\�cgbZh®\�[��*k~tKmibq�Kfn�Dz�mi�Zcdpqrlegmiz�h=\�zXk|Wqmnb � � �4c³kacgrª\Em=rutk|f�r�WZf��Rk�Wqmnklk�Wq\�r�WZcd\Eeg�¨\E�*h=\	Wqmirled\EbZhnk|WBm�kaed\Lmiruk � ��
 6K¢>ru\E\{�"cghipZz|\	�7¥�©lVXWOpqrlk�WZ\�b7pq[�vw\�zlfi�k|WZf=r�\µ\E�*h=\ErXcorÒ»qbZcdk�\=© �

� 

� �
� �

�"cghipZz|\a� ;{VXWZ\!ruWqfiz�k�\Eruk�ruWZcg\�eo��\E�*h=\n:<;���WZcgj�W�[°m<t®vw\a\Ebqj�z|f=m=j�WZ\E�®pZ�Sf=b�vOt�m2z|\~}~\Ljk�\L��j�cdz�j�pq[�
j�\�b7k�\Ez �s©

Ur��� ef+-$��E+�W  &,( "
� \KruWqf��$WZ\�z|\�k|Wqm�k�k|WZ\Kmneghifiz|cdk�WZ[ tOcd\Eeg�qr°mGr�\�k°fn�ª�Sf=cdb7k|r'F«��WZf=r�\��ª\�eomnpqbqm<t�k�z|cgmibZhipZeom�k|cdf=b
j�fib*��f=z�[°r²k�f�k|WZ\	yD£�¤ª©

�qfizÒ\Emij�W��ZegmibZ\�� fn�9m�6 Ì�.mij�\��0fn�=9��7k|WZ\ª[°micdb®�qz�f*j�\L�*pZz|\l\Ebqrupqz�\Lr{k�WSm�k�mnbOt2k�z|cgmibZhieg\lfi�sk�WZ\
]i� k�z|comnbZh=pZegmnk�cgfib��OM ��T�F  ��XDcgbqj�edpq�Z\E��cdb�k|WZ\!pZbZ�Zz|fnk|\Ej�k�\E���qmizuk � � fi� � mn�Z�w\Emiz|rÒcgb%�OM W T�F&X�©VXWOpqrE�=mnk{k�WZ\l\�bq��fi�Sk|WZ\�[°mncgb°�Zz|fOj�\E�*pqz�\=��k�WZ\ª�l\EegmipZbqm<t	k|z�comnbqhipZeom�k|cdf=b �OM W T F&X9j�fib*��f=z�[°r"k|f!k�WZ\pqbZ�Zz|fnk�\Ljk|\E��mnz|\Em�fn�>9�©

ä9ä é�eZò�ô�ò$f



�<] �����#��� �!�����$�����I� �$� ���$�	��
 ����/b�!��_� � ���� �$� �����$� �����)�������$��� �����#� � �1/

y{z|fi�wf=r�cdk�cgfib¸]�\�bqr�pZz|\Erak|Wqm�k �OM W T F&Xlj�fib*��f=z�[°rak|fPk�WZ\®z|cghiW7k ìmnbZh=ed\L�Kk|z�comnbZh=ed\Lr�©®VXWOpqr	c³k�z|\�[°micdbqrºk�f2j�f=bqruco�*\Ez²coruf7r�j�\�eg\ErDk�z|cgmibZhieg\ErE©"VXWq\lbZ\�¡7kX�Zz|fi�wf=r�c³k|cdf=b-^!r�WZf���r{k|Wqm�kL�Zm�kÒ\Emij�W�r~k|\��®fi�sk�WZ\
[°micdb��Zz|f*j�\E�ZpZz�\=��k�Wq\�k�z|cgmibZhipqegmnk�cgfib �OM W T�F&X9j�f=b*��fiz|[°r"k�f!coruf7r�j�\�eg\Er"k�z|comnbZh=ed\Lr�© � \�»Sz|rukD�Zz|f�¯i\Òk�WZ\eg\�[�[°m�mnegz�\Lmi�*t®jEmneged\L�®��f=z�cdb�k|WZ\!�Zz|f7fi�9fi��VXWZ\Efiz|\�[¼�Z©
#²¾ � ����� �K� � /�� � /$��%&/1�$�I� ��� �1��� � �����1/$� �1�)���S���0��� ���8/1�����������$� �1�08��Q�S�
�]�� 	 ����� �S��% _���$�&� �B�S�
�
��� DI� ��� �1/�� �1�b��� �1���
 � ÂsÂ��� �Òk�\Em=j�W�ruk�\E��fi�9k|WZ\	mneghif=z�cdk�WZ[P�7k�Wq\	ruWZcg\�eo��\E�*h=\ErXWqm<¯=\lk|WZ\�_µmnvZz|cg\�e¬�Zz|fi�w\�z�k~t°vS\Lj�mipqru\
m=�Z�*\L��j�cdz�j�pZ[°j�\�b7k�\Ez|rX\Ebqj�z|f=m=j�W®pZ�wfibPbZf®r�WZcd\Eeg��\E�Zhi\i©D£,\�k "RvS\	m�k|z�comnbZh=ed\µj�f=bqr�cg�*\Ez�\L��mnklruf=[�\
ruk�\E��fi�sk�WZ\µmneghif=z�cdk�Wq[�©�" vw\�egfibZh7rDk|f�k|WZ\!]n� �l\EegmipZbqm<t2k�z|comnbZh=pZegmnk�cgfib �KM ��T F  �HX"fi�sk�WZ\a�ZeomnbZ\
�Rfi�sruf=[2\�6 Ì�.mij�\�cgb&9{©�£s\�k �RvS\lk�WZ\ªj�cgz|j�pZ[°j�cgz|j�ed\�fi� " mnbq��eg\�k �°vS\ªc³k�rºj�cdz�j�pZ[°j�\�b7k�\EzE© �lr|rupq[2\
��f=z°j�fib7k|z|m=�*cgj�k�cgfib¦k�Wqmnk �´egcg\Er�fipZk|r�cg�*\�k|WZ\K�Zz|fnk�\Ljk|\E�¦miz�\LmZ© VXWZ\�b cd�%R cor°m��Sf=cdb7k°cdb!"	�ºk�WZ\
r�\�h=[�\�b7k �|R cdb7k|\�z�ru\Ljk|r�m�r�WZcg\�eo��\L�*hi\�:<;<©{VXWZ\µ¯i\Ezuk|cgj�\Ery:�mibq�T;ªj�mibZbZfikÒvw\!cdbSruco�*\���vw\EjEmnpqr�\#"
vw\�egfibqh=rÒk�f �OM �0T F ���X��*k|WOpqrXk�Wq\!¯i\�z�k�coj�\LrÒfn� "��ÒfipZeo��\Ebqj�z|f=m=j�W�pZ�wfib`:<;<�*��WZcoj�WPcgrXcg[��Sf7r�r�cgvZed\
¢S�"cdh=pZz�\	�=¥© �

�
�

��

�

�"cdh=pZz|\!��;{VXWZ\	j�cgz|j�pZ[°j�\Eb=k|\�z��Pfn��m2k�z|cgmibZhieg\ "Iegcd\LrXcdb�k|WZ\!pZbZ�Zz|fnk|\Ej�k�\E��mnz|\Emq©

 � Â �DÂ � � � ��Â!�	���!"1� ��� �S�
� � �I� �V����_���#��������� ��� �,D\��� � ���&� ��/?� ��� �,D\� "Q����� %&��� � DI� �#/1� ����� �H���S�
�
� �����$/1����$� �V������� 	0�������� �&�S�
� �E��������]� �*	��$���
� �O�'�S�
�KA3�C8$�����$|DI� �?D������V���
 � ÂsÂ��� VXWZ\��Zz�f=�Sf7rucdk�cgfibKcorªfivO¯Ocdf=pqrlmn�ãk�\�zlk�WZ\2cgbZc³k|cgmiedc�YEmnk�cgfib¨ruk�\E�¨fizª��WZ\�bBm�j�cgz|j�pZ[°j�\Eb=k|\�zªcgr
z|\~}~\Ljk|\E�¬�Ovw\Ej�mipqr�\lcgb�\Em=j�W®j�m=ru\lk�WZ\a�Zz|fnk�\Ljk|cdf=b®�Zz|fOj�\E�*pqz�\���Wqcgj�W�\�b*��f=z|j�\Er{k|WZ\!_µmnvZz|cd\EeS�qz�f=�S\Ezuk~t
fi�Dcgr�f=r|j�\Eed\LrXk�z|comnbZh=ed\LrlmnbS�¨ruWqcd\Eeg�K\L�*hi\Lr�corªjEmneged\L�¬©�¶·kµz�\E[°mncgbqr�k|f�r�WZf��Rk�Wqmnklk�Wqcgrª�Zz|fi�wf=r�c³k|cdf=bKcgr
ruk�cgege¬k�z|pZ\µ��WZ\�bKm�j�cgz�j�pZ[°j�\Eb7k�\�z�corXcgbqru\Ezuk|\E�¬©

VXWZ\aeg\�[�[°m'N2ruWqf���rDk|Wqm�k�mnbOt°mi�Z�Z\E��j�cdz�j�pq[�j�\�b7k�\Ez²egcg\ErÒcdb�k�WZ\apZbZ�qz�fik�\Ej�k�\L��mnz|\Em�ZPfiz|\�f�¯=\�zL�
r�cgbqj�\ªk�WZ\!j�cdz�j�pZ[�vqmnegeorºfi�"r�WZcd\Eeg��\E�Zhi\ErÒj�f�¯=\�z²k�WZ\µcgb7k�\�z�r�\Ejk|cdf=b�fi�sk�WZ\µpZbq�Zz�fik�\Ljk�\L��miz�\Lm���cdk�W�k�WZ\
�qz�fik�\Ej�k�cgbZhKvqmiedeor®¢.r�\�\O�"cghipZz|\bN=¥��"mibOtGmi�q�*\E��j�cgz�j�pZ[°j�\Eb7k�\�z!cor�m=jk|pqmnegedtGfip*k�ruco�*\�k|WZ\®�Zz|fnk|\Ejk|cdbqh
r��ZWZ\Ez�\Lr�©"VXWZ\�b,�=vw\EjEmnpqr�\�rupSj�W®mµ�Sf=cdb7k²jEmnbZbZfikD\�bqj�z�f7mij�W2pZ�wfib®m!r�WZcd\Eeg��\L�*hi\=�icdk²j�mibZbZfikD\�bqj�z�f7mij�W
pq�Sf=bPmib�cor�f=r|j�\�eg\Er²k|z�comnbZh=ed\µ\Ec³k|WZ\�zL© �

Ø�î"äsØãú



���������
	���������������������������������� �!���#"$����%&���'���)(*� �L�

�"cghipZz|\ N�;{¶ìbqr�\�z�k�\L��j�cdz�j�pq[�j�\�b7k�\Ez|rÒegcd\!f=p*k|r�co�*\ak�WZ\	r��ZWZ\Ez�\Lr�©

% ������#¬ 9���S,º "����� �	�´ ��������"�µ 9� ,º "��������������#
� \aWqm<¯i\�k|f�vqpZcdeo�°k|WZ\µru\�k=^´fn�s�Zz|fnk|\Ejk|cdbqh�vqmiedeor²r|m�k|cgru��tOcdbqh	k�Wq\aj�fibq�*cdk�cgfibSr²�*\Lr�j�z�cgvw\E�°cgb�±Opqvqru\Lj 
k|cdf=b§�i©Ï]*©�VXWZ\�\��®j�cg\�bqj�t�fi��k�WZ\2mneghifiz|cdk�WZ[ z�\Lmnegedt��*\��w\�bq�qrlf=bPk�WZcorlj�fibqruk�z|pqjk|cdf=bD;²k�WZ\�ed\Lr�r�vSmnegegr
k|WZ\�z|\!mnz|\i�Ok|WZ\!ed\Lr�rX�wficgb7k|rX��cgede,vS\!�Zz|f*�*pqj�\E��cdb]F®©
��¾������ � ��Â������5���@9 8 �b�����:� � �#����edf*j�mie"��\Em�k|pZz|\2r�c�YE\)� "&� D���� �I� � 	@� �S�)� �$�JD��1/$�`� �'9 � ���S�
�
��� ��� ��� /1� 8 ��� 	[�1��� � ��� �b����� ���I�����8� "!"$�0/1�$�'� " 9 	�����/H� ���&����� / ��� � ��� � � �
£,\�k7 " �$T �DX��*\EbZfnk|\lk|WZ\aedf*j�miew��\Em�k|pZz|\ªr�c�YE\ªfi�,�Sf=cdb7k�����cdk�W�z�\Lru�w\Ej�k²k|f�k|WZ\µyD£"¤ ��Wqcgj�W�cgrÒhicg¯i\Eb

m=rÒcdbZ�qp*k�fn�sk|WZ\!mneghifiz|cdk�WZ[P© � \!m=�Z�*z|\Er|rDk|WZ\a��fiegedf���cgbZh�j�fibqruk�z|pqj�k�cgfib�fi�sk�Wq\a\Ebqj�egf=r�cgbZh�vSmnegegrE©{£s\�k	 vS\	m2z|\EmneÌ��2 � 	 � �� ¢�k~tO�ZcgjEmnegedt 	 � 2�
 �O¥©
�"cgz|rukE�*��f=z�\Em=j�W�¯=\�z�k�\�¡��fn�"k�WZ\!yD£�¤ª�Sj�f=bqruk�z|pqjk�m2vqmnege¬fn��z�mi�*cgpqr 	��  " ��T�IX�©VXWZ\Ebs�Òfib¦\Lmij�W´\E�*h=\��7�Ò�*fBk|WZ\���fiegedf���cgbZhS© � WZcged\��Kcor2bZfnk®j�fi[��Zeg\�k�\Eedt´j�f�¯i\Ez�\L�§vOt§vqmnegeor��

j�fibqr�co�*\�z!m�[°m�¡*cd[°mie"f=�S\Eb�edcgbZ\°ru\Ehi[�\�b7k	: �?: � cdb��®mibq�Gfip*k�ruco�*\2k�WZ\�pZbqcdf=b�fi�ºk|WZ\�vqmnegegrµcgb�k�WZ\
j�pZz|z�\Eb=kXru\�ky^ª©{y"ficgb=kr:6w[TSL � 4 � 6
X·¥DcgrXmib�cgb=k|\�z�ru\Ljk|cdf=b®fn�,vSmnege I%wX¢���cdk�WPj�\Eb=k|\�zys�w�mnbq��z|m=�*cdpSr-Piw·¥
��cdk�W�\E�*h=\��=© � \���cgedewcdbSru\Ezuk²m	vqmnegeqvw\�k~�Ò\�\EbOI���mnbq�9I � ©{£s\�k7sµvw\�k�Wq\�[�cg�*�wficgb7k²fi�#: �H: � ©"¶ìbqru\Ezuk
m2bZ\E�IvSmnegeNI cdb`^ª�7fi��j�\�b7k�\Ez5s�mibq��z|m=�*cdpSryP7�q��c³k|WD;

P � 
� ��� 	��  " ��TSs X � s�: ��� P	�
6 � s�: � � P �

6�� 

V9f�\�bqr�pZz|\!j�fibS�*c³k|cdf=b�¢.¯Oco¥��Zc³��P � s�: � �q�²\µz|\��Zeomij�\%P�vOt T 4�����XSP���WZ\�z|\��!cgrlm2r�[°mnegesj�f=bqr~k�mnb7kE©
#²¾ � ���! �N��� �'/1��� �1����� /��V����� � ����%�� � ��� �$� �
 � ÂsÂ��� ¤²fibqr�cg�Z\�zªmibK\E�*h=\��7�S��Wqf=r�\	¯i\Ezuk|cgj�\Er�WSm<¯i\�}~pqrukªvw\�\Eb¨�Zz|fnk|\Ejk|\E�PvOt�k~�²f®r��ZWZ\Ez�\Lr�©ª£s\�k" vw\�k|WZ\2pZbZcgfibBfi�Dk�Wq\P¢.fi�w\�bS¥ªegcdbq\2r�\�h=[2\Eb7k|rª��WZcgj�W�mnz|\�cgb#��[�cgbOpqrªk�WZ\2pZbZcgfibGfn�Dk|WZ\°j�pZz|z�\Eb7k
r�\�k�fi�"vSmnegegrE©X¤Òmiede "%$ k�Wq\�ru\�k " }~pqruklm��ãk|\�z�k|WZ\	�Zz|fnk|\Ejk|cdf=bPfn�"k�WZ\	\Ebq�*�wficgb7k|r�fi�&�7©²VXWq\	�*cgruk|mibqj�\
G � 
� ���  " ��T �CX(' � � ")$ ��corºruk�z|cojk�egt��wf=r�cdk�cg¯i\�¢�k�WZ\  " �9��pZbSjk�cgfib�cgrDj�fib7k�cgbOpZfipSr{fib ")$ �=mibq�Q " �{�*fO\Er
bqfnk�¯�mnbZcoruWPf=b "%$ ¥�©DVXWZ\µcdbqr�\�z�k�cgfib�fn�{m2bZ\��Rvqmiede�;
< \�cdk�WZ\Ezµcdbqj�z�\Lmir�\Erlv7tKf=bZ\�k�WZ\2bOpZ[�vw\�zµfn�ºj�fibZbq\Ejk|\E�Gj�fi[��wfibZ\Eb7k|rªfn� " mnbS�¨�*\Ej�z�\Lmir�\Erlk�WZ\
[�\Emir�pZz|\Xfn� " vOt2m�k{ed\Lmiruk[6�T 4*�+��X ��	,� G�¢�Wq\�bqj�\Xk�WZcorDj�m=ru\�jEmnb2Wqmn�Z�w\�b�f=bZedt�ml»SbZc³k|\�bOpZ[�vw\�zfn�"k�cg[�\Er�¥�

ä9ä é�eZò�ô�ò$f



�E� �����#��� �!�����$�����I� �$� ���$�	��
 ����/b�!��_� � ���� �$� �����$� �����)�������$��� �����#� � �1/

< fizÒ�*\Ej�z�\Lmir�\Er�vOt�f=bZ\�k|WZ\lbOpZ[�vS\EzDfn�,j�fibZbZ\Ljk|\E�°j�f=[��Sf=bZ\�b7k|rDfn� " ¢.��c³k|WZfip*kÒcdbSj�z|\Emir�cgbZhµk�WZ\[�\Emir�pZz|\µfn� " ¥©
VXWq\az|\Er�pZedk���fiegedf���rE© �

¤²f=bq�*cdk�cgfibqr	¢.co¥��9¢.cdcã¥��¢�cg¯Z¥�9¢.¯Oco¥Xmibq�§¢�¯Ocgco¥Xmiz�\!f=v7¯Ocgfipqr�egt®r�mnk�cor~»q\L�¬©ª¢.cdcgcã¥Ò��fiegedf���rÒ��z|fi[¼k�WZ\	�.mijk
k|Wqm�k!cd�²k~�Òf��Sf=cdb7k|r�s�mnbS�Xs ( �Zf�bqfnk!vS\Eedf=bZh�k�fPk�Wq\�r|mn[�\�\E�Zhi\i�ls�s ( cgrµeomnz|hi\Ezlk|Wqmnb�fizµ\Lx=pSmne�k�f
 " �1TJs XXmibq�  " ��TSs (VX|©�¶·�{k~�²f®vSmnegegr5I mnbq�`I)(.�4j�\Eb7k�\�z|\E�Kmnk's°mnbS�`s (,��cdk�WKz�mi�*cgc�P°mibq�xP (>�4mnz|\!cgb�^l�
k|WZ\�bxP � ��  " �$TSs Xºmibq�Prucg[�cdeomnz|egt���fizrP (Ì©DVXW7pSrrP � P ( � s�s (.�qWZ\�bqj�\µk�WZ\!vSmnegegr�jEmnbZbZfik�cdb7k�\Ez|r�\Ej�kE©

¢.¯*¥"cor{mneor�flk|z�pZ\=©9¶ìbS�*\�\L�¬�ncd�Sk|WZz�\E\²vSmnegegr�cgb7k�\�z�r�\EjkL��k�Wq\�cgzDj�\�b7k|\�z�r9[�pqruk�vw\X¯i\Ezuk|cgj�\Er"fn�4mlk|z�comnbqhieg\
cgb89�© uÒp*k!c³kµ��f=edegf���rª��z�f=[�fipZz!j�fibqruk�z|pqjk|cdf=b¨k|Wqm�k!k~�Òf�vSmnegegrµj�\Eb7k�\�z|\E�GfibG¯i\Ezuk|cgj�\Erafn�²k�WZ\®yD£�¤
jEmnbZbqfnk�cdb7k|\�z�ru\Ljk�vS\Lj�mipqru\ 	 � �� ©
�l\�bqj�\!�²\µWqm<¯=\0;

 � Â �DÂ � � � ��Â!� 	�� �N��� �'/1��� ���V��� /��V�����8� "r^ � ��/ ����� �1/$� �

� + 
 ���"���	��
 ���� 9#

�3��� �yh� N �2'&�$5Z 	3h ( �3 h'W*+1(< �Y@(*&,+7$ h'W*+rY  �2
	3W* 
VXWq\���fiegedf���cgbZhµ�Zz|fi�wf=r�c³k|cdf=b°ruWZf���r{k�Wqmnkº��WZ\�b�k|WZ\��Zz|fnk|\Ej�k�cgfib��Zz|fOj�\E�*pqz�\�corºjEmneged\L����z|fi[ k�Wq\�[°mncgb
�qz�f*j�\L�*pZz|\i�7k�Wq\�z|\!cgrXbZf�bZ\E\E��k�f®j�Wq\Ej�¹°��WZ\�k�WZ\Ez�cgr�f=r|j�\Eed\Lr²k�z|cgmibZhieg\ErÒWqm<¯=\lk|WZ\�_µmnvZz|cg\�e¬�Zz|fi�w\�z�k~ti©
 � Â �DÂ � � � ��Â!� 	 	 �@"1� ���3������� � � ������_���#���V����� DI� �#/1���1�E�@���*"$��� /�� � 	xA3�C8$������CD � �ED������V� "$���3�E� ���$��&�1�*	��$�
� ����� ���0	��]� �-�$� �1��� �9A3�C8$�����$|DI� �?D��������`"$��� � ���O��/1������ ���������
	�������

 � ÂsÂ�������wfib�k�\Ez�[�cgbqm�k|cdf=b�fi�sk�WZ\!cgbZcdk�comnegc�YLm�k|cdf=b�ruk�\��,�Zmnege¬cgr�f=r|j�\Eed\LrDk|z�comnbZh=ed\LrÒWqm<¯i\lk�WZ\�_µmivZz�cg\�e
�qz�f=�S\Ezuk~t=©

VXWZ\K�wficgb7k|r°m=�Z�*\E�´cgb´k|WZ\Kru\�k&F vOt§k|WZ\K[°mncgb´�Zz|f*j�\L�*pZz|\�miz�\�\�cdk�WZ\EzTa@R	a ·�wficgb=k�r�fib´k�WZ\
vwfipqbq�Zmnz|tPfn�Ò�Zz�fik�\Ljk�cgbZhPru�qWZ\�z|\Erªfiz!j�cgz�j�pZ[°j�\Eb7k�\�z�rª��WZcgj�W,�4��z�f=[ k�WZ\��Zz|fOfn�ºcgb�±*\Ejk|cdf=b�]Z© �S�smnz|\
¹ObZf���b�k|f¨edcg\�f=p*k|r�co�*\°k�Wq\®�Zz|fnk�\Ljk|cdbZhGru�ZWq\�z|\ErE©PVXWq\�z|\���fiz|\i�9�²\�¹7bqf�� ��z|fi[ ±O\Ljk�cgfib¦]Z© ]��wficgb7k|r
m=�Z�*\L�!vOta[°micdb��Zz�f*j�\E�*pZz|\ºjEmnbZbZfik9\Ebqj�z|f=m=j�W!pZ�Sf=b	coruf7r�j�\�eg\Er¬k|z�comnbqhieg\Er9��c³k|WZfip*k"\�bqj�z�f7mij�WZcgbZh�pq�Sf=b
j�fiz|z�\Lru�wfibS�*cdbqh�r�WZcd\Eeg��\L�*hi\Lr�©

VXWZ\Ez�\���fiz|\i�7c³k"}~pqruk�z�\E[�micdbSrDk|f�r�WZf�� k�WqmnkE�Zmn�ãk�\�z²k�Wq\ªcgbZcdk�comnegc�YLm�k�cgfib�r~k|\��s�ObZf2coruf7r�j�\�eg\Er{k|z�comnbqhieg\
jEmnb§vw\�\Ebqj�z|f*j�WZ\E��pq�Sf=b¸vOt�mB�Sf=cdb7k�egtOcdbqhBcgbqruco�*\��Zz�fik�\Ljk�cgbZhBr��ZWZ\Ez�\Lr�©X�Zfiz2j�f=b=k|z|m=�*cojk�cgfib,�"eg\�k
" � s�:<;ªvS\	k�WZ\!»Sz|ruk�cgr�f=r|j�\Eed\LrÒk�z|cgmibZhieg\!\�bSj�z|f=mij�Wq\E�®pq�Sf=bKv7t�m��Sf=cdb7klegtOcdbqh°cdbqr�co�*\�m��Zz|fnk|\Ejk|cdbqh
r��ZWZ\Ez�\=©ªVXWZ\2\�bSj�z|f=mij�WqcdbZh°�wficgb7kajEmnb¨f=bZedtPvw\2mTz ·�wficgb=kL�Nz w �wegtOcdbqh�cgb¨k�Wq\��Zz|fnk|\Ejk|cdbqh�r��ZWZ\�z|\{I
��Wqcgj�W¦j�fib7k|micdbSr "	©�"$z|\Er�pZedk|r���z�f=[ k|WZ\Pru�Zegcdkuk�cgbZhGfn�lr�fi[�\°k�z|comnbZh=ed\ " ( � s�:6>�© ��z|hipZcgbZhKk|Wqm�k
>HLJP�>?Q@R TSs�:<;#X���>?L�P�>?Q@R8TJs�: >�Xlmnbq� >?L�P�>?Q@R8TJs�:IX�vS\Eedf=bZhPk�fBmPr��ZWZ\Ez�\°�w\�bqj�cdeÒmnbq��j�fi[��qmnz|cgbZh�k�WZ\Ecdz
z�mi�ZcdcÌ�{�²\��*\E�Zpqj�\�¢��"cdh=pZz|\Q^n¥	k�WSm�k9>?L�P�>HQ�R TSs�:<;#X � >?L�P�>?Q@R8TJs�: >�X �X>?L�P�>HQ�R TSs�:IX�© �lf��²\E¯i\�zL�1z w
�Zf7\Lr°bZfik®vS\Eedf=bZh�k�f >?L�P�>?Q@R8TJs�:6>OX�vw\Ej�mipqr�\%"%( � s�: >��Xmir°bqfnk®\�bSj�z|f=mij�Wq\E�¸pq�Sf=b v7t z w �XbZfiz
k|f >?L�P�>HQ�R TSs�:IX�¢.m=r°ru\E\�b cgb¦k|WZ\K�Zz|f7fi�ªfi�µy{z|fi�wf=r�cdk�cgfib ]=¥© VXWZ\Ez�\���fiz|\xz w �*fO\Er�bqfnk®vw\�egfibZh�k�f
>HLJP�>?Q@R TSs�:<;#X��*��Wqcgj�WPtOcd\Eeg�qrÒk�WZ\	j�fib7k�z�mi�*cojk|cdf=bs© �

Ø�î"äsØãú



���������
	���������������������������������� �!���#"$����%&���'���)(*� �<�

s

: ;
>

I
I�� �

I ���

I �

�"cghipZz|\�^
;1>?L�P�>?Q�R TSs�:<;#X�� >?L�P�>?Q@R8TJs�: >�X��O>HLJP�>?Q@R TSs�:IX�©

�3�SU �  �.C(<W|&]Y@(<&]$5Z ( �3 /�W* N/ � �5 �W* [3/1\�\].0/�W| W| ��$	3&,W| �2
¶ìb �=© ]Z�sk�Wq\®ru\�k_^ cgr	j�fibqruk�z|pqj�k�\E��r�f�k�Wqmnk!k�WZ\®vSmnegegr!j�f�¯i\�zµk|WZ\°��WZf=ed\K��·r�¹i\Eed\�k�fib a1bGfn� 9{© � \
\�¡*�Zegmicdb¦WZ\�z|\®k|Wqm�k2k�WZcor2cgr�bZfik�mied�Xm<t*r	bZ\Lj�\Er|r|mnz|ti©B¶ìbS�*\�\L�¬�{k�Wq\�vqmiedeor2mnz|\�cgb=k|z�f*�*pSj�\E�§k�fGm<¯=fico�
k|z�f=pZvZeg\Erª��c³k|WGr�[°mnege"mibZhieg\Er*?wk�WZ\Et¨mnz|\	k�WOpqrªbZfikaz|\Ex7pZcgz�\L�¨m�ka�Zeomij�\Lrl��Wq\�z|\	�.mij�\Erªcdb7k|\�z�ru\Ljkª��cdk�W
mibKmnbZh=ed\µeomnz|hi\µ\�bZf=pZhiW,©²VXWZcor�z|\�[°mnz|¹®\�bSmnvZeg\ErXk|f°�Zp*kleg\Er|r�vqmiedeor�cgb^l�qWZ\�bqj�\µk�f®z|\E�Zpqj�\ak�Wq\�ruc�Y�\
fi�Xk�WZ\®f=p*k��qp*k�F®© � \®»qz�r~k2�*\Er|j�z|cdvw\°k|WZ\®[�f*�*c³»wj�m�k|cdf=b§cdb�k|WZ\�j�fibqruk�z|pqj�k�cgfib�fn�Xk�Wq\�vqmiedeor���mnbS�
k|WZ\�bP�Zz|f�¯i\ªk�WSm�kE�S�*\Er��Zcdk�\ak�WZcor�r�edcghiW7k�[�f*�*c³»wj�m�k|cdf=bs�*k|WZ\	mneghif=z�cdk�WZ[$cor�ruk�cgede,j�fiz|z�\LjkL©

£,\�k,� � s��Hs � vw\®mnbB\L�*hi\�fi�Dk�WZ\®yº£"¤0r�f�k�Wqmnk�mnege�mibZhieg\Eravw\�k~�Ò\�\EbB�.m=j�\Eracgbqj�co�*\Eb=kµk|f���mnz|\
� ����6Z© � \P[�f*�*cd��t§k�WZ\Kmiedh=fiz|c³k|WZ[ cdb´k�WZ\���f=edegf���cdbqhB�Xm<ti©¦±7k|cdegelj�f=bqruk�z|pqjk�vqmnegeor I � mnbq�FI
�
j�\�b7k�\Ez�\L�Pm�klk|WZ\	¯=\�z�k�coj�\Er3s � mnbS�`s��i©�¶ìbQF®�wcdbSru\Ezuk3s � �@s��i�wmibq��k�Wq\	k~�Òf°cdb7k�\Ez|r�\Ej�k�cgfibqr � � mibq� � �
fi� ����c³k|W�k|WZ\!vwfipZbq�qmnz|cd\Lr²fi��I � mnbS�cI��n©

¤²f=bqruco�*\Ez � � ���®mir!mKr�WZcg\�eo��\E�*h=\°cdb�k|WZ\SZKmncgb§y{z|fOj�\E�*pqz�\=©®¶ìb§fnk|WZ\�z!�Òfiz��ZrE�,��WZ\EbZ\�¯=\�zµk�Wqcgr
\L�*hi\Ò�ÒfipZeo�	vw\²\Ebqj�z|f=m=j�WZ\E�	pZ�Sf=b�vOtµk|WZ\Xcdbqr�\�z�k�cgfib�fn�wmª�wficgb=k�cgb�F®�ir��Zegc³k"k�Wqcgr�\L�*hi\Òcdb�k�Wq\²[�co�Z�*eg\i�
k|f�¹=\�\���c³kX�Zz|fnk�\Ljk|\E�®mnk²\Em=j�W®r~k�mnh=\lfn�¬k|WZ\µmneghifiz|cdk�WZ[P©�VXWZ\lf=z�cghicgbqmneS\E�*h=\lfi�C9Pcorºk�WOpqrÒbZfnkÒcdb�k�WZ\
�qz�fik�\Ej�k�\L��miz�\LmZ�Zvqp*klk|WZ\	�Zz|f*j�\Er|r�cor�\�¡*m=jk|edt�edcg¹i\!cgbKk�Wq\�r~k�mnbq�qmnz���miedh=fiz|c³k|WZ[P© � \��*\Lr�j�z�cgvw\	bZf��
k|WZ\![�f*�*c³»wj�m�k|cdf=bqrX��cdk�W�k�WZ\µ»Sz|ruk�¯i\�z�r�cdf=b�fn�"k�Wq\a�qz�fOfn�~©

y"ficgb7k|ramnz|\�ruk�cgede"cdbSru\Ezuk|\E�Pfib¨k�WZ\��.mij�\Lr�fi�@9��wvw\Ej�mipqr�\	k�Wq\�vwfiz��*\�zªfn�{k�Wq\	�.mij�\Erlcgrª[°mi�*\	��cdk�W
r�WZcg\�eo��\E�*h=\Er!¢��"cghipZz|\��i¥�©DVXWZ\!�Zz|fOfn��fn�"k�\�z|[�cdbSm�k�cgfib�fn�"k�Wq\!�Zz�fik�\Ljk�cgfibP�Zz|f*j�\L�*pZz|\ªcor�mnbSmnegfihif=pqr*;
£,\�[�[°m��PjEmnb�vw\®mi�Zmi�*k�\L�B��cdk�WZf=p*k��*c �®j�pZedk~t¨k|f¨ruWZf���k�Wqmnk!k�WZ\Ez�\®miegr�f�\�¡*cgruk|r	m�eg\�bZhik�W � � 2
r�pqj�W�k�Wqmnk²k|WZ\µ�Zz�fik�\Ljk�cgfib��Zz|fOj�\E�*pqz�\ªbZ\�¯=\�zXru�Zegcdk|r�m2ruWZcg\�eo�®\L�*hi\a��WZcoj�W�corXm��qmizukXfn�"mnb�\L�*hi\µmnbS�
��cdk�WPeg\�bZhik�W�ed\Lr�r�k�Wqmib �O©DVXWZ\!f=bZegt��*c �°j�pZedk~t�corÒk�f®r�WZf�� k�Wq\µ��fiegedf���cgbZh2k�WZ\Efiz|\�[P©
��� ¾OÂ � ¾ � 	 � �N�
�'%H�#��� � �1�9���$�1������� � " �����n�)��� ��� � �#/1� ����� ����"	[���O� � ����%'� ����� �����

 � ÂsÂ��� £,\�k ���KvS\®m�z|\�h=cdf=bs�¬cdb§m��ZeomnbZ\����9cdbSj�co�*\�b7kµk�fK\L�*hi\ �7©°VXWZ\®�*cor~k�mnbqj�\2vw\�k~�Ò\�\Eb ���
mibq�Pk|WZ\�z|\�h=cdf=bqr�bZf=b ·cdbqj�cg�Z\�b7klk|f ��mirl�²\Eede�mirlk�WZ\��*cor~k�mnbqj�\	vw\�k~�Ò\�\�b ���Pmibq�Pk�Wq\�r�\�kªfi�²j�\Eb7k�\�z

ä9ä é�eZò�ô�ò$f



�#N �����#��� �!�����$�����I� �$� ���$�	��
 ����/b�!��_� � ���� �$� �����$� �����)�������$��� �����#� � �1/

�wficgb7k|rªmnbq�`z Ì�wficgb7k|r�f=p*k|r�co�*\ � j�mibKvS\	vwfipqbq�*\E����z|fi[ vw\�egf��IvOtPm®j�f=bqr~k�mnb7k � � � 2q©�£s\�k �KvS\k|WZ\	j�cgz�j�pZ[°j�\Eb7k�\�zlfn�{m2k�z|cgmibZhieg\#"Rcgb ���w�wmi�Z�*\L��k�fHF®© � \	��cgede9ruWZf��Ik�WSm�k�k�Wq\�j�cgz|j�pZ[�vSmnegesfn� "
jEmnbZbqfnklj�f=b7k|mncgb¨m°¯=\�z�k�\�¡�fn�Dmnbqfnk�Wq\�z��.m=j�\	cgbqj�co�*\Eb=kªk�f �7�S��WZcgj�WBcd[��Zegcd\Lr�k|Wqm�kªk�WZ\	z�mi�Zcdpqr�fn�{k�Wqcgr
j�cdz�j�pq[�vqmiede4cor�egmiz�h=\�zÒk�WSmnb � � ©±Opq�Z�Sf7ru\X��f=zDj�f=b=k|z|m=�*cojk�cgfib�k�Wqmnk "´cor�\�bSj�z|f=mij�Wq\E�	pq�Sf=b2vOt�ma�wficgb7k � (*fi�IFRfib�ml�.m=j�\�cgbqj�co�*\Eb=k
k|f �7©#��\Ej�\Er|r�miz�cgegti�wvS\Lj�mnpSru\�k�WZ\�mnbZh=ed\Lr�fi�{k�WZ\��.mij�\Erªfn�@9¸mnz|\�f=v*k�pqr�\�mnk �7�wk�WZ\�j�cgz�j�pZ[�vqmnege,fi� "
[�pqrukXcgb7k�\Ez|r�\Ej�k �7©D£s\�k5:®mnbq�x;lvS\ak�Wq\acgb7k�\Ez|r�\Ej�k�cgfib��Sf=cdb7k|rÒfi�,k�Wq\!vSf=pZbq�Zmiz�t°fi��>?L�P�>?Q@R8T�" X"��cdk�W�7©{£s\�k5:�(v;'(4vw\ak�WZ\µpZbZcox7pZ\µruWZcg\�eo��\E�*h=\ªcgbqj�egpq�*\L��cgb��µ��WZcgj�W�cor²cgb7k�\Ez|r�\Ej�k�\E��vOtK>?L�P�>?Q�R T�" X�©�¢.VXWZ\
pqbZcgx7pZ\EbZ\Er|r���f=edegf���r���z|fi[ k�Wq\	�.mij�klk|Wqm�ka�Sf=cdb7k|rlcdb F®�Segcd¹=\_: (9mibq�;'(>�¬j�mnbqbZfnklegcg\	cdbX>?L�P�>HQ�R T�" Xì¥©
£,\�k�� vw\Òk�WZ\X�ZeomnbZ\Òfiz�k�Wqfihif=bqmneik�f����!mibq��j�fib7k|micdbqcdbZh �7�imnbq�����Pvw\Òk�WZ\ÒWqmned� ìru�qm=j�\ÒvSf=pZbq�*\L�	vOt
� mibq��bZfnkÒj�fib7k�mncgbZcdbqh "�©{¤²eg\Emiz�egti� >?L�P�>HQ�R T�" X��� ��� >?L�P�>?Q@R8TJ:<;#X �� ��� >?L�P�>?Q@R8TJ: ( ; ( X �� �
¢>ru\E\3�"cdh=pZz|\ � ¥�©"VXWq\l�wficgb=k � (Scgr²cgbK>?L�P�>?Q�R T�" X 	���²�7WZ\�bSj�\lcgbK>?L�P�>?Q@R8TJ: ( ;'(�X��O��WZcoj�W°[�\EmibqrDk|Wqm�k
� (¬\�bSj�z|f=mij�Wq\Er²pZ�Sf=b�k�WZ\	r�WZcg\�eo��\L�*hi\�: ( ;'(¬mnbq��tOcg\�eo�ZrÒk�WZ\	j�fib7k�z�mi�Zcgj�k�cgfibs©

� ���
 � 


�

�

�"cghipZz|\ � ;l¶ìbGk�Wq\2WSmned� ·r��qmij�\����¢.mivSf�¯=\	k|WZ\�\E�*h=\ �°cgbGk�WZ\2»qh=pZz�\<¥�4k|WZ\��qmnz�kafi�=>?L�P�>?Q@R8T�" XXcgr
cgbqj�edpq�Z\E��cdb�k|WZ\!�qmnz�k�fn��>?L�P�>HQ�R TS:<;#XD��WZcoj�W�cgrE�Zcgb�k|pZz�b,�qj�f=b=k�mncgbZ\E��cgb�k|WZ\!�qmizuk�fn��>?L�P�>?Q�R TS: (v;'(�X�©

VXWZ\�z|\�[°mncgbZcgbZh¨�qmizuk2fn��k|WZ\��qz�fOfn��fi��k�\Ez�[�cgbqm�k|cdf=b¸fn��k|WZ\QZ¨mncgb´y{z|f*j�\E�ZpZz�\�cgr2\�¡Zm=jk�egt�k�WZ\
r|mn[�\!mirXcgb�k�WZ\!�Zz|fOfn�"fn�{VXWZ\�f=z�\E[ �*© �

� ��� �B������
 ���� 9���G�"��#9���� "#

VXWq\	mneghifiz|cdk�WZ[$Wqm=r�vw\�\�bPcg[��Zed\E[�\�b7k�\L��mibq��k�\Lr~k|\E��pqr�cdbZh2k|WZ\2¤²fi[��ZpZk|m�k|cdf=bqmne,_a\Efi[�\�k|z�t���eghif 
z|cdk�WZ[°rX£scgvZz�mnz|t�¤X_ �l£���©Z��\Er�pZedk|rÒ��f=zXr�\�¯=\�z�mnew[�fO�Z\�eorÒmiz�\µ�*coru�qegm<t=\E�®cgbPV9mivZed\ �2mnbq�T�"cdh=pZz�\Lra�E�Z�
�=�i�4���S�Zmnbq���<�
VXWZ\�V9mivZed\ �¨hicg¯i\Era��f=z	\Em=j�W�[2f*�*\Ee>�"k|WZ\®bOpZ[�vw\�z�fn��¯i\Ezuk|cgj�\Erµfn�Xk|WZ\®cgbZ�Zp*k�yD£"¤ ¢ �#8&� � DI���

�������V��/1�$�L¥�qk�WZ\	bOpZ[�vS\Ez�fn�[6 >�.m=j�\ErÒk|f®��WZcoj�W�k�WZ\��ª\�eomnpqbqm<t®k|z�comnbZh=pZeom�k�cgfib�fn�{cgbZ�Zp*kª¯i\�z�k�coj�\Lr��*fO\Er
bqfnk2j�fib*��f=z�[�¢ �����M�'�������� ����"$�0/1�$�L¥�Dmibq��k�Wq\�bOpZ[�vw\�z2fn��¯=\�z�k�coj�\Er�fn��k|WZ\�j�fib*��f=z�[�cgbZhKfip*k|�Zp*k
k|z�comnbqhipZeom�k|cdf=b ¢ � 88����� DI��� �O��������/ �$�L¥�©0¶ìb k�WZf7ru\K\�¡Zmn[��Zeg\Er�mibq� cgb [2f7r~k�j�mir�\Er°k�WZ\Gb7pq[�vw\�z�fi�
� ×�Ê>Ê>È7ü ���������Dø âuÜ�É�Îoø ÅÆ.Ü��

Ø�î"äsØãú



���������
	���������������������������������� �!���#"$����%&���'���)(*� ��^

¯i\EbOpqr h=\�fiegfih=cgjEmne4�Zm�k�m k�z|coj�\�z�m�k|fi�qr ��[�vqz�\Eedeom
bOv�cgbZ�ZpZkl¯i\Ezuk|cgj�\Er ^O�i� ^n��N�N ] � �=] �*N

bOvPbZfibP�l\EegmipZbqm<t°�.m=j�\Lr �E�i� �E�n�O� ]Z� �n� �
bOv�f=p*k��qp*k�¯i\Ezuk|cgj�\Er ]n�0N�N ]=��^ �i� ]�^ �n��^ �<]i]
z�pZbqbZcdbqh�k|cd[�\®¢>r|¥ � � � � ^�� �q© ^

�"cdh=pZz|\ � ;!P�¡*�S\Ez�cg[�\�b7k|mies�Zm�k�m

¯=\�z�k�coj�\LrªcgbGk�WZ\°f=p*k��ZpZk�j�fibZ��fiz|[2cgbZh�k�z|cgmibZhipqegmnk�cgfibGmibq�Bk�WZ\�bOpZ[�vw\�z!fi�ÒcgbZ�ZpZk	¯i\�z�k�coj�\Lrµmnz|\�cgb�m
z�m�k|cdf�j�f=[��Zz�cor�\E��vS\�k~�²\E\�bP�2k�fP�!mnbq���E��k�fK�=©

VXWZ\!z|pZbZbqcdbZh�k|cd[�\Lr��Z[�\Lmir�pZz�\L��f=bKm°y²¤ ��cdk�WB�i�i� ZPW�Ya�Zz�f*j�\Er|ruf=zE�*�*f°bZfik�cdbSj�egpq�*\µk�Wq\�j�f=[�
�qp*k|mnk�cgfibqrlfn�DegfOjEmne,��\Em�k|pZz|\�ruc�Y�\�¯<miedpq\ErE�Svw\EjEmnpqr�\!k�Wq\�j�pqz�z|\�b7klcg[��Zed\E[�\�b7k|mnk�cgfibKpqr�\Erªm®¯i\Ez�t�ruegf��
vqz�p*k|\	��f=z|j�\�mneghif=z�cdk�WZ[¼��fizac³kL© � \�miz�\�j�pZz|z�\Eb=k|edtP�*\LrucghibZcgbZh�m��Zm�k�m�ruk�z|pqjk|pZz�\��*\�¯=fnk�\L��k�f�ru�w\�\L�
pq��k|WZ\Er�\!j�f=[2�qp*k|mnk�cgfibqrE©

�����S,X����#9�����

� \aWqm<¯i\ª�Zz�\Lru\Eb7k�\E��mnb�miedh=fiz|c³k|WZ[ ��fizXj�fi[��ZpZk�cgbZh2m2j�f=b*��fiz|[�cdbqh��l\EegmipZbqm<t2k�z|comnbZh=pZegmnk�cgfib®fi�9mnbOt
k|WZz|\�\�ì�*cg[�\�bqr�cdf=bqmne"�Zcg\Ej�\���coru\2edcgbZ\Lmnzµj�fi[��Zeg\�¡¬©�VXWq\�[�f=rukµcd[��wfiz�k|mnb7kµcdbqbZf�¯�m�k�cgfib,�sj�fi[��qmiz�\L�Pk�f
k|WZ\µ�qmn�w\�zXvOt-ZPpqz��ZWOt°\�k�mie>©:J ��L·�*cgrÒk|f�\Ebqj�egf=r�\µj�z|c³k|cgjEmne4�Zeomij�\LrÒv7t�vqmnegegrÒ��WZf7ru\az�mi�*cgcw»ZkXk�WZ\!egf*j�mne
j�fi[��Zeg\�¡*cdk~t�fn��k|WZ\�j�f=[��Zed\�¡¬�Z��c³k|WPk�WZ\�pqr�\!fn��k�WZ\�edf*j�mie¬��\Emnk�pZz|\	r�c�YE\i© a pZz�\�¡*�w\�z|cd[�\Eb=k�mne9z�\LrupZedk|r
r�WZf�� k|Wqm�k�cdk�cor�¯�mnegpqmnvZeg\µcdbP�Zz�mij�k�coj�\=©

VXWZ\�mneghif=z�cdk�Wq[ j�fipZeo�¨vw\2\Emir�cgedtP[�f*�*c³»S\E�Bk�f�h=pqmnz�mnb7k|\�\	cgbBk|WZ\2z�\LrupZedk�cgbZh�[2\LruWBk�WZ\®_µmivZz�cg\�e
�qz�f=�S\Ezuk~t���fiz�mnbOt2k�z|comnbZh=ed\�cgbqj�edpq�Z\E��cdb�m�j�f=bqruk�z�mncgb=kL©"VXWq\ªbZ\�¡OkXruk�\E��j�pqz�z|\�b7k�egt2pZbq�*\EzÒ�Òfiz|¹2cgr²k�f
cgbO¯i\Lr~k|cdh7m�k�\�WZf���j�f=b*��fiz|[�cdbqh�[�\Er�WZ\Erª��cdk�W�hipqmiz|mib=k|\�\Lr�fibBk�WZ\�r�Wqmn�w\2mibq�Br�c�Y�\2fn�Dk|WZ\�\Eed\E[�\�b7k|r
jEmnb®vw\lf=v*k|micdbq\E�¬©D±O\E¯i\�z�mnewx7pZ\Eruk�cgfibqrºz�\E[°mncgb®fi�w\�bD;"�Ò\ª�*co�®bZfikºk|z�t2k�f�»qbq��k|WZ\ªk�cg[2\µj�f=[��Zed\�¡*c³k~t
fi�9f=pZz�mneghifiz|cdk�WZ[P©"¶·k��²f=pZeg��mneoruf2vw\acgb7k�\Ez�\Lr~k|cdbZhS�ZmirÒcgb8J ��Lscgb�k|WZ\!�ZeomnbZ\=�Ok�f2»qbq��m2vSf=pZbq��fib�k�WZ\
f=p*k��qp*kl�*\��w\�bS�*cdbqh°fib�k�WZ\	r�c�YE\µfn�"k�WZ\!cgbZcdk�comnesj�f=[��Zed\�¡�mibq���<f=za¢.edcg¹i\!cgb J �OLã¥²k|WZ\& " �º��pqbqjk|cdf=bs©

� ,��°����� ��� ����
 ���� 9#

� \�k|Wqmnbq¹��i\Emib��amnbZcg\�e uÒficor�r�fibZbSm�kD��f=zD��z|pZc³k���pZe¬�*cor�j�pqr�r�cgfibqrÒmnbq� a edcg¯Ocd\Ez7uÒcdegeg\�kº��f=z²WqcgrÒj�f=b=k|z�cgvZp 
k|cdf=b�k|f�k�WZ\!\Lmnz|edt®ruk|mihi\LrXfn�,k|WZ\!cg[2�qed\E[2\Eb7k|m�k|cdf=bs©

	 �������"���S,Ò��#

Jg�$L
�i\Emib ·�amnbqcd\Ee�uÒf=cgr|ruf=bZbqmnkamnbS� ZKmiz�cg\�k�k�\��D¯OcdbZ\Ljn© �K 	 ����� �S��%���/A3�1��%&�$������©®¤Òmn[�vqz�co�*hi\ ��bqc 
¯=\�z�rucdk~t®y{z|\Er|r�� ����s� � � � ©

ä9ä é�eZò�ô�ò$f



� � �����#��� �!�����$�����I� �$� ���$�	��
 ����/b�!��_� � ���� �$� �����$� �����)�������$��� �����#� � �1/

JÏ]OL	£º©Zy9©4¤²WZ\��!©D_apqmiz|mib=k|\�\L� ·x7pqmiedcdk~t2k�z|cgmibZhipqegmiz²[�\Er�WZ\Lr�©{V9\Ej�WZbZcoj�mie¬��\��wfiz�k�V��  � �  � � �Z�=�ª\��ZkE©
¤²f=[2�qp*kE©S±Zj�cÌ©d�w¤²f=z�bq\�ege �lbZcg¯w©g�Z¶·k|WqmijEmZ� ���2� �l�Zz�cge{� � � �q©

J ��L ��©#PD�Z\�eoruvZz|pZbZbq\�z�mnbq�	Vµ©�±4©<V9mibs© �lb�pZ�q�S\Ez9vwfipZbS�µ��fiz�j�f=b*��fiz|[�cdbZh��ª\�eomnpqbqm<tlk|z�comnbqhipZeom�k|cdf=bqr�©
��� ��/$� ��� �'��� � �!��%3D ��� ���V����� ��7A3� ��%H���������s�E�S¢>]i¥$;d� � ^��*]*�L�Z�Z� � �=�Z©

J ��L�Z�©
ZPpZz|�ZWOti�O��©
Z�©�ZPfipZb7kL�=mnbS��¤ª© � ©O_µmnvZeg\i© � �wficgb7k ·�Zegm=j�\E[2\Eb7k²r~k|z|mnk�\Ehit	��f=zºj�f=b*��fiz|[�cdbqh
�ª\�eomnpZbSm<t´k|\�k|z|miWZ\E�*z�mnegc�YEm�k|cdf=bs© ¶ìb � � �*/1�1�1��� � 	�� � " ����� �����S� �'���`��� � �n� �I��%'D��O��� ��% ���
��� ��/$� ��� �'�K 	 ����� �S��%'��Z�qmihi\Er:N
^���^��q�Z]n�=�i�q©

JÏ�OL
�q©���pZ�Z�w\�z�kE© � �l\EegmipZbqm<tµz|\�»qbZ\E[�\�b7k�miedh=fiz|c³k|WZ[R��fiz�x7pqmnegc³k~t�6 ·�Zcd[�\�bSrucgfibqmiei[�\Er�W�h=\�bZ\Ez|mnk�cgfibs©
������������=� " �K 	 ����� �S��%'���,� � ;Ï��� � �Z� � �Z�q� � �=�Z©

J N�L ��©�±*m=mned��\�eo�¬©G�ª\�eomnpqbqm<t�\E�*h=\®z�\�»qbZ\E[2\Eb7k|rE©B¶ìb � � �*/ �`(0� � �!��� �����'�!���#" � �!��%'DI��� ��A3�1��% �g�
�qmihi\LrÒ�=���*�0NZ�4� � �Z�=©

J_^#L
�q©¬�!©s±OWZ\��Xj�WOpZ¹4©!V,\�k�z�mnWZ\L�*z|mie9[�\LruWGhi\�bq\�z�m�k�cgfibKvOt¨�ª\�eomnpZbSm<t�z|\�»SbZ\�[�\�b7kL©!¶ìb � � �#/1�1� ��� � 	��
� "7�����)�����S� �'��� �I��%'D������ ��% ���B�!��%'DI��� ������������-A3�1��%&���V�����Z�Smnhi\Lr � N�� �=�Z� �ipZbZ\�� � � � ©

Ø�î"äsØãú



���������
	���������������������������������� �!���#"$����%&���'���)(*� � �

�����	 "���	 "#

	 � � ¾ � ��� Â � � � � � $
�=©d� �ª\�»SbZc³k|cdf=bqr�mibq��bZfnk�m�k�cgfibSr ©µ©!©!©a©!©µ©!©µ©!©!©µ©!©µ©!©a©!©µ©!©!©µ©!©µ©!©µ©!©!©a©!© �
�=© ] yDz�fik�\Ej�k�cgbZh�vqmnegeor�©!©!©µ©!©µ©!©µ©!©!©a©!©µ©!©µ©!©!©µ©!©µ©!©a©!©µ©!©!©µ©!©µ©!©µ©!©!©a©!© �
�=© � ¤²\Eb7k�\�z ·�Sf=cdb7k|rE�|z Ì�wficgb7k|rE� � ·�Sf=cdb7k|rE�ZmnbS�xa@R	a�Ì�wficgb7k|r&©a©!©µ©!©!©µ©!©µ©!©µ©!©!©a©!© �
�=© � VXWq\%$ur��Zegc³k Ìf=b ·m ·r��ZWZ\Ez�\ &lr~k|z|mnk�\�h=t ©a©!©µ©!©µ©!©!©µ©!©µ©!©a©!©µ©!©!©µ©!©µ©!©µ©!©!©a©!© N
�=© � VXWq\!�Zz�fik�\Ljk�cgfib��Zz|f*j�\E�ZpZz�\�©µ©!©!©a©!©µ©!©µ©!©!©µ©!©µ©!©a©!©µ©!©!©µ©!©µ©!©µ©!©!©a©!© ^
�=© N VXWq\!��WZfieg\!mneghifiz|cdk�WZ[ ©!©µ©!©µ©!©!©a©!©µ©!©µ©!©!©µ©!©µ©!©a©!©µ©!©!©µ©!©µ©!©µ©!©!©a©!© ^

�  � ÂsÂ���Â�� � � ¾ � ��� Â � � � � � �
]Z©d� VXWq\!z�cghiW7k ìmnbqhieg\E��k|z�comnbZh=ed\Lr ©µ©!©!©a©!©µ©!©µ©!©!©µ©!©µ©!©a©!©µ©!©!©µ©!©µ©!©µ©!©!©a©!© �
]Z© ] V9\�z|[�cdbSm�k�cgfib�fn�"k�Wq\!�Zz�fik�\Ljk�cgfib��Zz|fOj�\E�*pqz�\ ©!©!©µ©!©µ©!©a©!©µ©!©!©µ©!©µ©!©µ©!©!©a©!© �
]Z© � V9\�z|[�cdbSm�k�cgfib�fn�"k�Wq\![�micdb��Zz|f*j�\E�ZpZz�\ ©µ©!©µ©!©!©µ©!©µ©!©a©!©µ©!©!©µ©!©µ©!©µ©!©!©a©!© �L�
]Z© � ¤²f=b*��fiz|[�c³k~t ©!©µ©!©!©µ©!©µ©!©µ©!©!©a©!©µ©!©µ©!©!©µ©!©µ©!©a©!©µ©!©!©µ©!©µ©!©µ©!©!©a©!© �=�

 ���Â!� �E��� �9�n� �.Â�� Â�� � � ¾�� � Â � ¾ �i� � � �¸�"� � ��� 	  

$ � � � � Â��S¾ � ¾ � �E� 	 $
�S©d� ±*�S\E\E�*cgbZh°pZ��k�Wq\!�Zz�fik�\Ljk�cgfib��Zz|f*j�\E�ZpZz�\ ©µ©!©!©µ©!©µ©!©a©!©µ©!©!©µ©!©µ©!©µ©!©!©a©!© �E�
�S© ] ��\Eruk�z|cgj�k�cgbZh2k�WZ\	miz�\Lm���WZ\Ez�\µvqmiedeor�mnz|\µz�\Lx7pZcdz|\E��©µ©!©µ©!©a©!©µ©!©!©µ©!©µ©!©µ©!©!©a©!© �<�

���
	 �D¾ � � � ¾ � �E� �Ò� ¾ ��� �ã�E� 	 �

ä9ä é�eZò�ô�ò$f



]i� �����#��� �!�����$�����I� �$� ���$�	��
 ����/b�!��_� � ���� �$� �����$� �����)�������$��� �����#� � �1/

�"cdh=pZz|\2�L��;��{\�bOpqr

Ø�î"äsØãú



���������
	���������������������������������� �!���#"$����%&���'���)(*� ]Z�

�"cghipZz|\��i��; �l[�vZz|\�egeom
±Of=edco��edcgbZ\	r�\�hi[�\Eb=k�r�r~k�mnbq����fiz�r�WZcg\�eo��\E�*h=\Er

ä9ä é�eZò�ô�ò$f



]=] �����#��� �!�����$�����I� �$� ���$�	��
 ����/b�!��_� � ���� �$� �����$� �����)�������$��� �����#� � �1/

�"cdh=pZz|\2�<]�;D_a\�f=edf=hicoj�miew�Zmnk|mq©
¢·¤²fipZz�k�\Lrut°fi��V ìrupqzu��mnbq�QZPzL©D��\�cgbqr|�*fiz cº¥

Ø�î"äsØãú



���������
	���������������������������������� �!���#"$����%&���'���)(*� ]i�

�"cdh=pZz|\2�L��;{�ª\�k|micde¬fi�9k|WZ\!hi\Efiegfih=cgjEmneS��fiz|[�mnk�cgfib
±Of=edco��edcgbZ\	r�\�hi[�\Eb=k�r�r~k�mnbq����fiz�r�WZcg\�eo��\E�*h=\Er

ä9ä é�eZò�ô�ò$f



]n� �����#��� �!�����$�����I� �$� ���$�	��
 ����/b�!��_� � ���� �$� �����$� �����)�������$��� �����#� � �1/

�9cghipqz�\����I;{V,z|cgj�\�z�m�k|fi�qr

Ø�î"äsØãú



���������
	���������������������������������� �!���#"$����%&���'���)(*� ]=�

�"cghipZz|\��L��;{�ª\�k�mncgesfn�9k�WZ\µk|z�coj�\Ez|mnk�fi�Sr
±Of=edco��edcgbZ\	r�\�hi[�\Eb=k�r�r~k�mnbq����fiz�r�WZcg\�eo��\E�*h=\Er

ä9ä é�eZò�ô�ò$f



Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis 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 - 38330 Montbonnot-St-Martin (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


