
HAL Id: inria-00071765
https://inria.hal.science/inria-00071765

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.

Bandwidth-Sharing Schemes for Multiple Multi-Party
Sessions

Zhen Liu, Naceur Malouch, Vishal Misra, Dan Rubenstein, Sambit Sahu

To cite this version:
Zhen Liu, Naceur Malouch, Vishal Misra, Dan Rubenstein, Sambit Sahu. Bandwidth-Sharing Schemes
for Multiple Multi-Party Sessions. RR-4821, INRIA. 2003. �inria-00071765�

https://inria.hal.science/inria-00071765
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
48

21
--

F
R

+
E

N
G

ap por t  
de  r ech er ch e 

THÈME 1

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Bandwidth-Sharing Schemes for Multiple
Multi-Party Sessions

Zhen Liu — Naceur Malouch — Vishal Misra — Dan Rubenstein
�

— Sambit Sahu �

N° 4821

May 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

���������
	���������������	��������������� �"!$#%�
& '�()��	�*+(��,& '�()��	-�/.0���1�32
��� �4�4	�#5���

687:9<;>= ?A@
�CBEDGF3H 9<@:I�J FLKAM @ H 7ON B:P ?RQS7 F3K J>?RQSI F � BETGF ;VU�@:WX9<;:QZY[9\?A; � BE]�FL^ W:?_Y

]�F 71@ �

`ba/cZd�e�fhgji k�lme�nporq�e�stlmurlvs-cZd�e�l
w�x-y{zveZst|+}~l�smx�n{�

i�np���Ly\x�s��re�x-e���a/eZx���a�e��3���<�\�rf�g�|Cn[u��{�\�p��g��{���/n{�\e�l

���4���Z�$���p�p��� x-e��ZeZ�<std�e�np�/l��_y\xte��/n{���~}~����d�o/� s-}~��npl�s¡}~�Csma/e�¢£�<sme�xm��eZs¡}~�¥¤pyp�~¤peSl��re����¦y$u¥}~������eZs�§
¨ ypx-©�y$¤pe�xm�ªn[url ¨ a/eZx-e eZ�/�¥§£lmu¥l�sme�d�l:�/n{xmsm}ª��}~�/n$s-eb}¦��s-a�eb�_ypx ¨ npx-��}¦���hy{����n{s-n¡smy�ypsma�e�xEeZ�/�r§«lmurlvs-eZd�lZ¬`ba/e�o/l�e�yp�8y$¤\eZx-�~n[url¡��y{s�yp�/�¦u�Le�xmd�}¦s-l�}~�/�r}~¤<}ª�ro/np�Xlme�l-l�}~yp�/lhs-y®l�}~d�o��¦s-np��eZy\o/lm�¦u¯l�smx-o/��smo�x-e�sma�e�}¦x
�Zypd�d�o/��}~��n$s-}¦y\�%smx-eZeSl�n$s-yp��o/��}~��npl�s�§«yp���~u���eZs ¨ y\xm©rl�°$��orsEn{�ªl�yh�p}~¤peSl4sma�e�lme�l-l�}~yp�5�px-e�n{smeZx4±/eZq¥}~��}~�¦}¦svu
¨ a/eZ�G�_ypx-d�}¦����s-a�e�smy\�Ly\�¦y\�pu�yp�4s-a�e��_ypx ¨ npx-��}¦���5smx-eZe\¬X²�¤\eZ�Gsma�y\o��pa+d5o�� s-}¦�/�¦e%lme�l-l�}~yp�Ll n{x-ehyp�³sme��eZqr�LeS�)smeS��s-yh�Zypd��LeZsme´�_ypx4sma�e l-n{d�eX�/e�s ¨ ypx-©¡y$¤\eZx-�~n[uhxmeSl�y\o�x���e�l�°Sd�y<lvs ¨ ypx-©ts-yh��n{smebnpl-l�o/d�eSl1s-a/n$sy$¤\eZx-�~n[uG��x-y{s-y¥�Zyp�ªlhyp�3eZx�n$sme�n\lts-a�ypo/�paµe�n\��alme�l-l�}~yp�a/npl�}ªl�y\�~n{smeS�n\�Z��eSlml¡s-y�s-a�e�n[¤$n{}~�~np���~e5y$¤\eZxm§
�ªn[u¯x-e�lmypo/x-�Ze�l�¬G¶·e��Zyp�/lm}~��eZx%s ¨ yCn{�~�py\xm}¦sma/d�l�sma/n{s5��o�}~�ª�¸�reZ��smar§«�Ly\o��/�reS�¹y$¤pe�xm�ªn[u®s-xme�e�l ¨ a/eZx-eeSnp��a¹��yr�re\º l�ypors-�py\}¦���¯�/n{�/� ¨ }~�¥s-a»��y\�/l�smx�n{}~�/l�sma/e��¥o�d��3eZx5y{����yr�reSl%s-y ¨ a�}ª��a¸}¦s��Znp�¸�r}~xmeS�)sm�~u�_y\x ¨ n{x��C��n{s-n/¬�¼¡��e�n{�~�pypx-}¦sma�d½s-xm}~e�l¡smy+���~o/l�sme�x�n���yr�re\º l�n[¤$n{}~�ªn{���~e��/np�/� ¨ }ª�¥sma ¨ }¦sma�}~�·n+lm}¦�/�p�~es-xme�ep°4sma�e�y{sma/eZx�s-xm}~e�l�s-yC�r}ªl��3eZx�l�e�s-a�e�n[¤$n{}~�ªn{���~e��/n{�L� ¨ }~�rsma¸n{d�y\���+d�o��¦sm}~���~e�smx-eZeSlZ¬G¶e���xmy$¤\enp�/n{�~u<sm}ª�Znp�¦�~u�s-a/n$s ¨ a�e��¯��yr�re��Znp�/np�Z} s-}¦eSl¡npxme�}~�re��<sm}ª�Zn{��np�/�¯lme�l-l�}~yp�¯xmeS¾\o/}¦x-eZd�eZ�<s�ltn{x-e�}ª�re��\s-}~��n{�s-a/n$stn��Z�¦oLlvs-eZx-}¦����np����x-y\np��a ¨ }¦�~�¿}~�/�ZxmeSnplmets-a�e%�¥o�d��3eZxty{��l�eSlmlm}¦y\�/l´sma/n{s¡�Znp�®��y{§«e�qr}ªlvsS¬EÀ�y ¨ eZ¤\eZxS°lm}~d�o��ªn$s-}¦y\��xmeSl�o��¦s-lExme�¤pe�np�rsmaLn$s´}~��a�eZsme�xmy\�peZ�/eZypoLl:��e�s ¨ ypx-©¥}¦����e��¥¤<}~x-yp��d�eZ�<s�l�ypx´}¦��e��<¤¥}~xmy\��d�eZ�<s-l
¨ a/eZx-e�l�eSlmlm}¦y\���/n{xmsm}ª��}~�/n{�<s�l:¤[npxmu ¨ } s-a�sm}~d�ep°\sma�et��}~lm�Le�x-lm}~���%n{�~�py\xm}¦sma�dÁypors-�Le�x��_y\xmd�l:s-a�et�Z�¦o/l�sme�x�§
}~���Gn{�~�pypx-}¦sma�d+¬t`ba�eSl�e5xmeSl�o/� s�l¡��n{�®�3e5o/lme��®smy��\o�}ª�re%�_ors-o�x-e5�re�¤peZ�~yp�/d�e��<s¡y{�Ey$¤\eZx-�~n[u���xmypsmyr��y\�~l
s-a/n$s�d5o/l�sb�Ln{xmsm}¦sm}~yp�GxmeSl�y\o�x-�Ze�lbn{d�y\���5d5o��¦sm}~���¦e%lme�l-lm}¦y\�/lZ¬
Â®Ã<ÄÆÅ-Ç�È �$É��p� |®o�� s-}~��npl�s�° � �����~}~��n$sm}~yp�¸Ê4n[upe�x�°�Ë�e�s ¨ ypx-©µ¼¡¤\eZx-�~n[url�°:¼¡�rs-}¦d�}~Ì�n{sm}~yp�¸w�x-yp���~eZd+°Í¡eZ�ªn[uGÎ´y\�/lvs-x-np}¦�<sS°r|Cn$zvypx-}~Ì�n$s-}¦y\�1°rÀ�e�o�xm}ªl�sm}ª�Zl�°�i ypors-}¦�/�

ÏXÐ_Ñ�ÒVÓ�Ô Õ$Ô�Ö5×-ØÚÙAÛ)Ü�Ý¿ÞvÙAÞm×�ßRà«á%âÆÞvÜ�ØÚÞvßvãpä�Ô å´Ô ÑÆÛ�æ¡ç�è�é[ã[ê3Û)ßRë�ØÚÛ�ì4Ü%í¿Þvîðï)áZØAÙmã[ñ¿ê¸ò�è)ó)ô)õSãpö:÷�øù Ð_ñ�Ý1Ð³øµ÷�Û)úSá[îû×-ü³ø�Ü�ØAîðúpÛ)ýðîðÙ�ã$þ)è)è�é�Ý1Û)ÿSØAÞ��[ÞvÙ��¥ÿSà�îðÛ)ýðÞvÙ�ãp÷�Û)ú[á[îû×-üªø�Ü�ØÚîðú{Û)ýðîðÙ¿è��)ô)è)þSã��$ßÚ×�ÜSà�Þ
� â�Û)ýðÿ
	��[îû×´ö4Ü[î �ÞvßRÙÚî Ø���ã{ñ4Þ£ì®êLÛ)ßAë{ã{ñ1ê»ò�è)è)þ�ç�ã$ö:÷�ø



. �%�1���%�%� �����G�����G� *����¿�¿�5�%���,��� � 'G(���	Z�´�%�1�"��*�*+(Z	Z�´���:	�!
��� ����� � � Ê1e���x-}~�/��}~�Le��ro¹d�o��¦sm}ª�Zn\lvs�n{�����~}ª�Zn$s-} � eSlvs5��e���y\�/lvs-xmo/}¦x-e�o��¸n{x-��x-e�d�o��¦sm}ª�Zn\lvsS°�x-e�§
�~}ªn{�<sE�¦eSlE�/npx�s-}~�Z}¦�Ln{�<s-l���º o���e¡l�eSlmlm}¦y\��d�o��¦sm}ª�Zn\lvsS°peZ��o�sm}~�¦}ªlmnp�<sX�¦eSlE��y\����eZq¥}~yp�LlEn{o���}~¤peSn{o�smx�n{�/lm�3ypxms
��kvz
	y��ÆeZxmsme�l5�/npx��~e�l���x-y{s-yr��yp�~e�l�¢£�<smeZx-��eZs�n\�)smo/eZ�ªlZ¬¸²�� ��º n{ors-xmeSl5smeZx-d�e�l�°E�~e�x-k�lme�npo¸��e5zvypo�e��\s
npo/��o/�¯x�p�~e��/npx�s-}~�Zo��¦}~eZxh�3ypo�x¡smx�n{�/lmd�e�smsmx-e5�~e�lh�ryp�/��kZeSl¡d5o��¦sm}ª�Znpl�s�°��~e�lh�ry\����kZeSl�l�y\�\s¡smx�n{�/lmd�}~lme�l
d�y$u\eZ���/np�<sb�~e�x-ypors�n{�pe�o��/}~��npl�s���ypx-d�n{�Ú¬8Î´yp�<smx�n{}~x-eZd�eZ�<s�	��Aº ¢vw:§v|+o��¦sm}ª�Zn\lvsS°/���~o/lm}¦e�o�x-l �Zyp��}~e�lt�re�l
��yp����k�e�l5�Le�o�¤pe��<s��Z}¦x���o��~eZx�l�o/x5�~e�d���d�eG�~}¦e��»��a¥url�}ª¾<o�ep¬µ²�� ypors-xme\°��¦eG��y\d���x-e��re+��y\����e�qr}~yp�/l
�\kZ��k�xmk�e�lb�/npx���a/np¾<o�e���y¥e�o/���_�/npx�s-}~�Z}¦�Ln{�<s��8eSlvs��~}¦d�}¦smk%�Ln{x�l-n��/n{�/��e��/npl-lmnp�<smep¬´Î´eZs�s-e%�¦}~d�} s�n$s-}¦y\�
eSlvsheZ�/�Zypx-e%���~o/l�lvs-xm}ª�)s-e��3ypo�xh�~e�l¡d�n\��a�}~��e�lh���~}¦e��<sme�lh¾<o�}�orsm}~�¦}ªlmeZ�<she��C�pk���kZx�n{�4�¦eSltd�yr�re�d�lhy\oC�¦e
Í��rÊ �3ypo/x5lme���yp�/��e���smeZx5n{o¹x-k�lme�n{o¿¬�Ê¿n¯��yp�<s-x-np}¦�<sme��re��/n{�/��e��/npl-l-n{�<sme��3eZors�n{o/l-l�}XeZ���\eZ�/�rx-eZx
�ªn�¦}~d�} s�n$sm}~yp� �ro»�/ypd��/xme+�reG�/n{xmsm}ª��}~�/n{�<s�l�eZs�o/� �rk��~np}´s-xmcSl�kZ�~eZ¤pk�eZ�<smx-eG�~n·l�y\o�x���e�eZs��ZeZxms-np}¦�/l
�Ln{xmsm}ª��}~�/n{�<s-l�¬ �Aº yp�rs-}¦d�}ªlmn{sm}~yp� �re®�Úº o/l-n{�\eG��e®�/n{�/��eG�Lnpl-lmnp�\s-e�eSlvs�o��/eC¾\o/e�l�sm}~yp� ��x-o/��}ªn{�~eG�/n{�/l
�~e�d5o��¦sm}ª�Znpl�s�np�����~}~��n$s-} �t�Ln{x���e�¾<o�eGl�y\o�¤pe��\s5���¦oLl�}~eZo�x�l�l�eSlmlm}¦y\�/l%d5o��¦sm}ª�Znpl�s��Zyp�/�Zypo�x-eZ�<s��3ypo/x5�~e�l
d���d�eSl8xmeSlmlmypo�x���eSlE�roGxmkSl�eSn{o1¬EÎ´eZ�3eZ�L��n{�<s�°¥�ªn��/�¦o��Ln{xmsb�reSl8��xmypsmyr��y\�¦eSlXlmo����3y\lmeZ�<sb}¦d����~}~�Z} s-eZd�eZ�<s
¾<o1º eZ�~�~e�l y\�\s¡o��Cnp����c�l�}~lmyp�~k�n{o�q��/np�/�re�lt�/npl-l-n{�<smeSlZ¬8Ë�ypoLltn[¤py\�/lb��x-yp�3y\lmk%�reZo�qG��y\o�¤peSn{orq+n{�~�pyp§
x-}¦sma�d�e�l5¾<o�}X¤¥}ªl�e��\s�	®d�n$qr}~d�}ªlmeZx%�~e���y\d���x-e��re�lme�l-lm}¦y\�/l%�re�d�o��¦sm}ª�Zn\lvs5np�����~}~��n$s-} �t¾<o�}´�Le�o�¤pe��\s
�Zy¥e�qr}~l�sme�x ��n{�/l��¦e�d��Zd�e�x-k�lme�n{o¿¬:Ëtypo/lb�/xmy\o�¤py\�/lbn{�/np�¦u<sm}ª¾<o�eZd�e��\s�¾<o�e%¾<o/np�/���~e�lt�Zn{�Lnp��}¦smkSlb�re�l
����o/��l�eZs5n{o/l-lm}E�¦eSl%�Znpx-n\�)s-kZx-}~l�sm}ª¾<o�e�l��reSl�lme�l-l�}~yp�/l�lmyp�<s%}ª�reZ�<s-}~¾<o�eSlZ°�o��¸n{�~�py\xm}¦sma/d�e����px-ypo��Ln{�<s��
eSlvsbyp��sm}~d�np�A¬�Íhn{�/lbo/��eZ�¥¤¥}~xmy\����eZd�e��\sb���~o/l8a�k�s-kZx-yp�\cZ��e\°<�/ypo/l8eZd����~y$upy\�/l8�re�lblm}¦d5o��~n{sm}~yp�/l´�3ypo�x
kZsmo/��}¦e�x´�Úº }~d��/np��sb��e�l8n{�~�pypx-}¦sma�d�e�l´l�o/x´�ªn%��x-yp�Ln{��}~�¦}¦smkh�reh���¦yr��n{�pe¡��n{�/l8�r}~¤pe�x-l8lm�ZkZ�/npxm}~y\lX��ypd���x-e�§
�Ln{�<s��reSl�lme�l-l�}~yp�Ll�	C�3yp�/o��~n{sm}~yp�¹¤$n{x-}ªn{���~e�y �»�Aº np�ra/k�lm}¦y\�¸�re�l5d�eZd��/xmeSl%e�l�s���u<�Ln{d�}~¾<o�e\¬Ëtypo/l
d�yr�rk��¦}ªl�y\�/lhkZ�<n{�~eZd�eZ�<s¡�Úº eZ�¥¤¥}¦x-yp���/eZd�eZ�<s�a�k�s-kZx-yp�pc���e��Ln{x�o��µl�url�smcZd�e��re"!/�~e�l���º n$smsmeZ�<s-e�l��px�#p�Ze
npo/¾<o�eZ����y\o/l�n[¤pyp�Llt�rkZsmeZx-d�}¦�/eZx�o���e��¦}~d�} s-e�}¦�r�_k�xm}~eZo/xme�sma�k�ypx-}~¾<o�e�l�o�x��ªn��/xmy\�/n{��}~�~} s-k5�re����~y¥��n{�\e
¾<o�}�lZº n{�/���¦}ª¾<o�e"	�smypo�sme�lt�¦eSl¡lmyp�~ors-}¦y\�/lt�re��/n{xms-np�pe%�re5�/n{�/��e��/n\lml-n{�<sme\¬ Ë�ypoLl¡n[¤\yp�/lbs-xmy\o�¤pk%¾<o�e
�ªn5�Ly\�¦}¦sm}ª¾<o�e$�£�r}ªlm�Le�x-l-n{�<sme%�te�l�s �~n5���~o/l np��np�rsmk�eh�/n{�/l8�ªn5�/�¦o��Ln{xmsb�reSl �Zn\lZ¬XÎ´e�l8x-k�lmo��¦s-n$s�l8�Le�o�¤pe��\s
�Zsmx-e�eZd����~y$upkSl��3ypo�x�n{}ª�reZx5�¦e��rkZ¤\eZ�~yp���3eZd�eZ�<s��re�l���xmypsmyr��y\�¦eSl%�re�xmeS��ypo/¤<x-eZd�e��\s�¾<o�}b��a�e�x-��a�e&	
x-kZ�Ln{xmsm}~x8�~e�lbx-e�l-lmypo�x���eSlX�/npxmd�}1�reSl�lme�l-l�}~yp�/l8d5o�� s-}¦�/�¦eSlZ¬
'�È �S� Å � ( � � � |®o�� s-}~��npl�s�n{�����~}ª�Zn$s-} �v°XxmkSl�eSn{orq¸�re+x-e���y\o�¤¥xme�d�eZ�<s�°���x-yp�/�¦c�d�eG��º yp�rs-}¦d�}ªlmn{sm}~yp�1°
�Zyp�<smx�n{}~�<sme��re%�rk��~np}A°rd�n$zvy\x-n{sm}~yp�1°¥a�e�o�x-}~l�sm}ª¾<o�ep°rx-ypors�n{�\e



���������	�
���
��������������������������� "!�#��%$'&�()�*� +,(-�.$/&�(0�*���*12�����*34���� 5 ��
#��6 �

7 8 ���4��#��+'��X��	�#5�
9;:�<�=�>@?BADC�E�=GFHC�A�A�<�>JI�C�=�>JK�LNMOM�:NI�PHC�MRQ�>JM�=�E�>�S�:�=�T�QVU�C�W'>�L�UNX%=�TY<JTZ?B[\>JQ�T�K]I�K�L�^�TYE�TYLNIY>�L�UNX_C�LNQ
Q�>JM�=�E�>�S�:�=�T�Q`I�K�LNI�TYE�=�MaE�T�b\:�>�E�TRM�>�Wc:�<�=dC�LNT�K�:NM/=�EdC�LNM�W'>JM�M�>JK�Le^�E�K�WfC;M�TY=aK�^gM�K�:�E�I�ThAiK�>�L�=�M
=�KaAiK�M�M�>�S�<�FhKj[6TYE�<
C�A�A�>�L�UhM�TY=�M%K�^kE�T�I�TY>�[\>�L�U/AiK�>�L�=�M�lnmDK�Eo>�LNM�=dC�LNI�T�X�>�LpC�Q�>JM�=�E�>�S�:�=�T�QqU�C�WrT�X
=�Kqs6T�TYAeC�<�<tA�<
C�F6TYE�M�u	AiTYE�M�AiT�IY=�>�[6T�M�I�K�LNM�>JM�=�TYL\=�XvT�C�IdPwA�<
C�F6TYE4W�:NM�=�:�AiQNC�=�T'=�PNTY>�E�AxK�M�>�=�>JK�L
>�L�^yK�E�WhC�=�>JK�LzC�LNQ{M�=dC�=�:NM.=�KrK�=�PNTYE_A�<
C�F6TYE�M_|%PNK�M�T�[,>�E�=�:DC�<"AiK�M�>�=�>JK�LNM_C�E�T�<JK,I�C�=�T�QpIY<JK�M�T4S�F
})~�� lv��TY<JTZ?B[,>JQ�T�K_I�K�L�^yTYE�TYLNIY>�L�U�C�LNQ�Q�>JM�=�E�>�S�:�=�T�QcI�K�LNI�TYE�=�MvE�T�b\:�>�E�T2=�PDC�=�=�PNT2ADC�E�=�>JIY>�ADC�L\=�M�I�C�L
C�<�WrK�M�=�M�>�Wc:�<�=dC�LNT�K�:NM�<�FOM�T�T�C�LNQOPNT�C�E%K�LNT�C�LNK�=�PNTYE�ln��TYLNI�T�X\>�=o>JMo>�W'AxK�E�=dC�L\=%=�K�I�K�L��NU�:�E�T
=�PNT�MdT�M�T�M�M�>JK�LNM.M�:NI�Pp=�PDC�=.=�EdC�LNM�W'>JM�M�>JK�LNMgC�E�T�E�T�I�TY>�[6T�Qp|%>�=�P�>�LzCaU�>�[6TYL{Q�TY<
C�FOSiK�:�LNQ	l

� [\>
C�S�<JTrC�A�A�E�K6C�IdPw=�K\QNC�F{=�KqA�E�Kj[\>JQ�T/W�:�<�=�>�AxK�>�L\=cI�K�W'Wc:�L�>JI�C�=�>JK�L`K�[6TYE�=�PNT'�5��LNTY=�?
|oK�E�sr>JM�[\>
CaCr�/�,�����y�����Y�n�����Z�Z����� }0� X���X�� �G� C�M�TY=oK�^vTYLNQ,?GM�F�M�=�TYWrMt=�PDC�=�I�K�L�LNT�IY=�=�PNT_MdK�:�E�I�T
K�^k=�PNT�=�EdC�LNM�W'>JM�M�>JK�L =�KrC�<�<	E�T�I�TY>�[6TYE�M.>�L =�PNT�^�K�E�W¡K�^�Ca=�E�T�T�lt¢tC�I�Pp>�L\=�TYE�WrT�Q�>
C�=�T4LNK,Q�T�K�L
=�PNT4=�E�T�T�=dC�s6T�Mg=�EdC�LNM�W'>JM�M�>JK�LNMgMdTYL�=%^�E�K�W£>�=�M.ADC�E�TYL\=gLNK,Q�TcC�LNQq^yK�E�|oC�E�Q�M_=�PNT�M�T�=�EdC�LNM�W'>JM�?
M�>JK�LNMc=�K;>�=�M�IdP�>�<JQ�E�TYL¤LNK\Q�T�M�|%>�=�P�>�L¥=�PNTh=�E�T�T�lz��PNTh^�K�E�|�C�E�Q�>�L�Uz>�=�MdTY<@^.>JMaK�^�=�TYL`PDC�LNQ�<JT�Q
[,>
CzLNTY=G|oK�E�s¦C�LNQ¤=�EdC�LNM�AiK�E�=r<JTY[6TY<.:�L�>JI�C�M�=hA�E�K�=�K\I�K�<JMRM�:NI�PVC�Mh�g§o�vXoC�LNQ©¨_ª��kl2«HP�>�<JT
=�PNTYE�TRPDC�[6TOSiT�TYL]M�TY[6TYEdC�<oE�T�I�TYL�=/|oK�E�s,M }0� X���Xk� � =�PDC�=aQ�TY[6TY<JK�A¤TZ¬hIY>JTYL�=rC�<�U6K�E�>�=�P�WrMa^yK�E
S�:�>�<JQ�>�L�UrKj[6TYE�<
C�F�M%^yK�E�U�E�K�:�ApI�K�W'Wc:�L�>JI�C�=�>JK�L"X�^yTY|�PDC�[6T4TZ�A�<JK�E�T�QqPNK�|®=�K/I�K�LNM�=�E�:NIY=.MdT�M�?
M�>JK�L`=�K�AiK�<JK�U�>JT�M/>�L©TYL�[,>�E�K�L�WrTYL�=�Mh|%PNTYE�TOWc:�<�=�>�A�<JTpM�T�MdM�>JK�LNM�X2|%PNK�M�TOWrTYW�SxTYE�M�P�>�ANMr[�C�E�F
Q�F,LDC�W'>JI�C�<�<�Fz|%>�=�Pz=�>�WrT�X�I�K�W'AxTY=�Ta^yK�E�=�PNTaM¯C�WrT�LNTY=°|�K�E�s±E�T�M�K�:�E�I�T�M�l��2E�TY[,>JK�:NM�|�K�E�sz>�L
W�:�<�=�>JI�C�M�=%=�PDC�=�I�K�LNM�>JQ�TYE�T�QqWc:�<�=�>�A�<JT�M�T�MdM�>JK�LNM�I�K�W'AiTY=�>�L�U/^yK�E�E�T�M�K�:�E�I�T�M�>JM�>�Lq=�PNT�I�K�L�=�TZ�=
K�^.I�K�L�U6T�M�=�>JK�L`I�K�L�=�E�K�< } ² Xn³�´�X�µ�¶�Xt³�� � lR��PNTYE�T�X�M�T�MdM�>JK�LNMcC�E�ThTZ�AiT�IY=�T�Q·=�KpE�T�Q�:NI�ThSDC�LNQ,?
|%>JQ�=�P{E�T�b�:�>�E�TYWrTYL\=�M.|%PNTYLp>�LNM�:�¬hIY>JTYL\=gSDC�LNQ�|%>JQ�=�P;>JMgC�[�C�>�<
C�S�<JT�=�KhC�[6K�>JQ A�E�K�<�>@^�TYEdC�=�>�L�UqC
I�K�L�U6T�M�=�T�QOM�=dC�=�T_|%>�=�P�>�L =�PNT�LNTY=°|�K�E�siln¸�K�:�LNQ�T�Q,?y^yC�LNK�:�=.W�:�<�=�>JI�C�M�=%PDC�MoSxT�TYL TZ�A�<JK�E�T�Qq>�L
=�PNT�I�K�L\=�TZ,=%K�^�S�:�>�<JQ�>�L�U{¹ºLNK�L�?GM�K�:�E�I�TZ?GM�AxT�IY>@�DIj»�W'>�L�>�W�:�W£M�ADC�L�L�>�L�U'=�E�T�T�Mo=�PDC�=oW'>�L�>�W'>�¼�T
C�U�U�E�TYU�C�=�T%T�Q�U6T%I�K�M�=�M�>�LNM�=�T�C�Q/K�^½W'>�L�>�W'>�¼�>�L�U4=�PNT�Q�TY<
C�F�^�E�K�W¾C_M�AxT�IY>@�DI�M�K�:�E�I�T } ´�X�µ � l } ³�¿ �
A�E�T�MdTYL�=�M4COM�:�E�[6TYF;K�^�A�E�TY[\>JK�:NM�|oK�E�s{>�L±=�PNT'C�E�T�CqK�^�À�K�Á{Wc:�<�=�>JI�C�M�=cE�K�:�=�>�L�UNlc��K�|�TY[6TYE�X
=�PNTYE�Tc>JM%LNKhQ�>JMdIY:NM�M�>JK�Lp>�Lp=�PNTcM�:�E�[6TYF K�^�|oK�E�s =�PDC�=_C�Q�Q�E�T�M�M�T�Mg=�PNT4A�E�K�S�<JTYWÂ|�TcI�K�LNM�>JQ�TYE
PNTYE�T�l

�°LR=�P�>JM�ADC�AiTYE�X,|�T�TY[�C�<�:DC�=�T�Kj[6TYE�<
C�FqI�K�LNM�=�E�:NIY=�>JK�L{C�<�U6K�E�>�=�P�WrM%=�PDC�=%I�K�LNM�=�E�:NIY=%K�[6TYE�<
C�F
=�E�T�T�M_>�L;TYL\[\>�E�K�L�WrTYL\=�M�|%PNTYE�T�T�C�IdP;LNK,Q�T�SxK�:�LNQ�M_>�=�M.^BC�LNK�:�= � =�PNT4L\:�WcSiTYE�K�^nLNTY>�U�P\SxK�E�M
=�Kp|%P�>JI�Pe>�=4I�C�Lw^�K�E�|�C�E�Qw=�EdC�LNM�W'>JM�M�>JK�LNM�lhmDC�LNK�:�=�SxK�:�LNQ�MaC�E�TrK�^�=�TYLwLNT�I�T�M�MdC�E�Fz>�LeM�:NIdP
Kj[6TYE�<
C�F/LNTY=G|oK�E�s,MjX�M�>�LNI�To=�PNT%TYLNQ,?GM�F�M�=�TYWrM�=�PDC�=tC�IY=tC�Mk^yK�E�|oC�E�Q�>�L�U�C�U6TYL\=�Mn:�=�>�<�>�¼�T�WrK,Q�TYWpX
ª4Á,ÃVK�EcI�C�S�<JT'<�>�L�s�McC�LNQeI�C�LeK�L�<�F±K�Ä	TYE4<�>�W'>�=�T�QwSDC�LNQ�|%>JQ�=�P]=�K =�PNTrM�T�M�M�>JK�LNM�=�PNTYF·M�:�A�?
AiK�E�=�lnÅ_:�EoK�A�=�>�W'>�¼jC�=�>JK�L IYE�>�=�TYE�>
Cc>JMn=�K�S�:�>�<JQ;Æ��°Çx�ºÈ�É�Ê����\ËxÆ���Æ�=�E�T�T�M�M�:NIdPh=�PDC�=o=�PNT.L�:�W�SxTYE
K�^xPNK�ANM�=�P�E�K�:�U�P'=�PNT�K�[6TYE�<
C�F/=�PDC�=tC�E�To=dC�s6TYL'=�K�E�T�C�I�PRC_E�T�I�TY>�[6TYE2|%>�=�P�>�LhC�I�TYE�=dC�>�L'SiK�:�LNQ	l
� LzC�<�U6K�E�>�=�P�WÌ=�PDC�=�W'>�L�>�W'>�¼�T�M4Cr=�E�T�T�uÍM�Q�TYA�=�P±Q�K\T�M_LNK�=�LNT�I�T�M�MdC�E�>�<�FpW'>�L�>�W'>�¼�Ta=�PNTaTYLNQ,?

Ý4Ý Ü�Î�é�õ)þSò



� �N������i��&r���2��(��

=�K�?GTYLNQ/A�E�K�ADC�U�C�=�>JK�LRQ�TY<
C�F/=�K�CgE�T�I�TY>�[6TYEoC�M�=�PNT%Q�TY<
C�F�M2SxTY=°|�T�TYLhQ�>@Ä	TYE�TYL�=tADC�>�E�M2K�^xK�[6TYE�<
C�F
LNK,Q�T�MnI�C�LrQ�>@Ä	TYE�l��_K�LNTY=�PNTY<JT�MdM�X�=�PNTYE�TgC�E�T.MdTY[6TYEdC�<NE�T�C�M�K�LNM2|%P\F/Q�TYA�=�P�?BSiK�:�LNQ�T�Qr=�E�T�T�M�C�E�T
K�^.>�L\=�TYE�T�M�=�l{mk>�E�M�=�Xv>�=a>JM�C LNK�L�?B=�E�>�[,>
C�<�=dC�M�s±=�K;K�S�=dC�>�L¤C�I�IY:�EdC�=�TOT�M�=�>�WhC�=�T�M/K�^�A�E�K�ADC�U�C�?
=�>JK�LzQ�TY<
C�F�MgSiTY=G|oT�TYLzKj[6TYE�<
C�FpADC�E�=�>JIY>�ADC�L\=�M�l_Á,T�I�K�LNQ	XxQ�TY<
C�F�Mg=�PDC�=�K\I�IY:�E_>�Lp=�EdC�LNM�W'>JM�M�>JK�L
SiTY=G|oT�TYLwM�:NI�P±TYLNQ,?GM�F�M�=�TYWrM�>JM�K�^º=�TYL·Q�K�W'>�LDC�=�T�QzS�F±ChI�K�W�S�>�LDC�=�>JK�LeK�^n=�PNT/Q�TY<
C�FzC�IYE�K�MdM
=�P�>JM.<
C�M�=�?BW'>�<JT�=�T�I�P�LNK�<JK�U�FpC�LNQ =�PNT�<
C�IdsOK�^�A�E�>JK�E�>�=GFqU�>�[6TYLp=�K/A�E�K,I�T�M�M�>�L�UrK�^nC�E�E�>�[,>�L�UhC�LNQ
Q�TYADC�E�=�>�L�URADC�I�s6TY=.=�EdC�LNM�W'>JM�M�>JK�LNM�l

�°L;=�P�>JM�ADC�AiTYE�Xx|�TaI�K�LNM�>JQ�TYE�=G|�KOSDC�M�TY<�>�LNT'C�<�U6K�E�>�=�P�WrM�X�§oÃ�¨�Á,�%¢�� C�LNQ±ª���Á,�n¢���Á,¢gX
|%PNK�MdT_C�A�A�E�K6C�I�PNT�M�=�Kj|oC�E�QOM�TY<JT�IY=�>�L�Ua=�PNT.LNK,Q�T�Mt=�PDC�=oM�:�A�AxK�E�=�=�EdC�LNM�W'>JM�M�>JK�LR^yK�E�C4M�T�MdM�>JK�L
<�>JT;C�=r=G|oKeTZ�=�E�TYWrT�M�l�§oÃ�¨�Á,�%¢�� C�=�=�TYW'A�=�MR=�KeC�A�A�<�F©C±LNK,Q�T�uÍMhK�:�=�U6K�>�L�UeSDC�LNQ�|%>JQ�=�P
=�Kj|oC�E�Q{C�M�>�L�U�<JT�M�T�M�M�>JK�L"X\=�PNTYE�TYS\F;�/�ºËN�º�a�
	Y�ºË��.=�PNT�L�:�WcSiTYE.K�^vM�T�MdM�>JK�LNM�^�K�E�|%P�>JI�P{C�LNK,Q�T
C�IY=�M�C�M�Ch^�K�E�|�C�E�Q�>�L�U{C�U6TYL�=�l4�°L±I�K�L�=�EdC�M�=�X	ª���Á,�n¢���Á,¢®M�A�<�>�=�M�CRLNK,Q�T�uÍM�K�:�=�U6K�>�L�U SDC�LNQ,?
|%>JQ�=�P{C�IYE�K�MdM.C�M�WhC�L\FOMdT�M�M�>JK�LNM%C�M�AxK�MdM�>�S�<JT�|%P�>�<JT�WhC�>�L�=dC�>�L�>�L�Ur=�PNT�Q�TYA�=�P�?BSiK�:�LNQq>�Lq=�PNT
I�K�LNM�=�E�:NIY=�T�Q±=�E�T�T�Xi=�PNTYE�TYS�F`�'����*�/�
	Y�ºË���=�PNTaL�:�WcSiTYE4K�^oMdT�M�M�>JK�LNMg^�K�E�|%P�>JI�PeCRLNK,Q�T'C�IY=�M
C�M_C�^�K�E�|�C�E�Q�>�L�UOC�U6TYL�=�l

«wT�SxTYU�>�LzS�FpM�PNK�|%>�L�Uq[\>
CRCrWhC�=�PNTYWhC�=�>JI�C�<nC�LDC�<�F�M�>JM�=�PDC�=�§oÃ�¨�Á,�%¢�� >JM�K�A�=�>�WhC�<�>�L
PNK�WrK�U6TYLNT�K�:NM�TYL\[\>�E�K�L�WrTYL\=�M2|%PNTYE�T�C�<�<,LNK\Q�T�MvPDC�[6T�=�PNTtM¯C�WrTnSDC�LNQ�|%>JQ�=�P/<�>�W'>�=dC�=�>JK�LNM2C�LNQ
C�<�<tWc:�<�=�>JI�C�M�=/M�T�M�M�>JK�LNM4PDC�[6Tr=�PNThMdC�WrThM�TY=�K�^oE�T�b\:�>�E�TYWrTYL�=�M�lq«wTr=�PNTYLe=�:�E�LeK�:�E/C�=�=�TYL�?
=�>JK�L{=�K/PNTY=�TYE�K�U6TYLNT�K�:NMgLNTY=°|�K�E�s,>�L�UOTYL\[\>�E�K�L�WrTYL\=�M_|%PNTYE�T4LNK\Q�T�M%PDC�[6T4[�C�E�>
C�S�<JT4I�C�ADC�IY>�=GF6X
C�LNQ{K�[6TYE�<
C�F ADC�E�=�>JIY>�ADC�L\=�M�I�C�L���K�>�L{C�LNQp<JT�C�[6T4=�PNT4LNTY=G|�K�E�sil�«wT�SxTYU�>�L{S�FqWrK\Q�TY<�>�L�Uh=�PNT
PNTY=�TYE�K�U6TYLNT�K�:NMRTYL�[,>�E�K�L�WrTYL�=qC�MrC;b\:NTY:NTY>�L�UeM�F�M�=�TYW C�LNQ¥:NM�Tq=�P�>JM'M�F�M�=�TYWf=�K±Q�TYE�>�[6T{C
=�PNT�K�E�TY=�>JI�C�<�<JKj|�TYE�SiK�:�LNQ;K�Lz=�PNTaS�<JK\Ids\>�L�UOA�E�K�SDC�S�>�<�>�=GF±K�^�C�<�U6K�E�>�=�P�WrM�>�L;=�PNT�MdT�M�TY=�=�>�L�U6Mjl
��P�>JMp<JK�|�TYE{SxK�:�LNQ�=�EdC�LNM�<
C�=�T�Mp>�L�=�K¦C�L®:�A�AiTYE SxK�:�LNQ®K�L®=�PNT±EdC�=�T]C�=O|%P�>JIdP M�T�MdM�>JK�LNM
I�C�L{SxT4C�Q�W'>�=�=�T�Q;>�L�=�K'=�PNTcLNTY=G|oK�E�sxl%Á\>�LNI�T4LNKhC�<�U6K�E�>�=�P�W I�C�LpAiTYE�^�K�E�W£SiTY=�=�TYE.=�PDC�L;=�P�>JM
=�PNT�K�E�TY=�>JI�C�<½SxK�:�LNQ	X6>�=nA�E�K�[,>JQ�T�MtC�LRC�Q�Q�>�=�>JK�LDC�<½SxTYLNIdP�WhC�E�sa=�K�TY[�C�<�:DC�=�TgC�<�U6K�E�>�=�P�W AxTYE�^yK�E�?
WhC�LNI�T�l���TYE�T�X�|�ToM�PNK�|`LNT�C�EkK�A�=�>�WhC�<�>�=°FcS\FcQ�TYWrK�LNM�=�EdC�=�>�L�U�=�PDC�=�X�S�F�WrTYE�TY<�F�C�<�<JKj|%>�L�U�=�PNT
MdTYLNQ�TYE�K�^oC�LwC�E�E�>�[,>�L�UOMdT�M�M�>JK�Lz=�KR=�EdC�LNM�^�TYE�>�=�M�IY:�E�E�TYL�=�=�EdC�LNM�W'>JM�M�>JK�L;E�T�M�AiK�LNM�>�S�>�<�>�=�>JT�M�^yK�E
K�=�PNTYE�M�T�MdM�>JK�LNMg=�KOK�=�PNTYE�LNK\Q�T�MjXi§oÃ"¨�Á,�%¢��¾C�LNQ±ª���Á,�n¢���Á,¢ C�A�A�E�K6C�IdP·=�PNTc=�PNT�K�E�TY=�>JI�C�<
SiK�:�LNQ	lkÃ�C�M�=�X�|oT�:NMdToM�>�Wc:�<
C�=�>JK�L'=�K�TY[�C�<�:DC�=�To=�PNT�M�T%C�<�U6K�E�>�=�P�WrM2>�L'M�TY=�=�>�L�U6M�|%PNTYE�T�M�T�MdM�>JK�L
WrTYW�SxTYE�M�P�>�A·[�C�E�>JT�M�|%>�=�P·=�>�WrT�l�«wT��NLNQz=�PDC�=�X"C�<�=�PNK�:�U�P]§oÃ"¨�Á,�%¢�� >JM�K�A�=�>�WhC�<�>�L±PNK�?
WrK�U6TYLNT�K�:NM�M�TY=�=�>�L�U6M�|%PNTYE�T�M�T�M�M�>JK�LRADC�E�=�>JIY>�ADC�=�>JK�LO>JMoM�=dC�=�>JI�X,ª���Á,�n¢���Á,¢¥TY>�=�PNTYE�AiTYE�^yK�E�WrM
C�M.|�TY<�<�K�EgK�:�=�AiTYE�^yK�E�WrM�§oÃ"¨�Á,�%¢��cXNF\>JTY<JQ�>�L�Ur<JKj|�TYE_S�<JK\Ids\>�L�UREdC�=�T�M%=�PDC�Lz§oÃ"¨�Á,�%¢�� >�L
PNTY=�TYE�K�U6TYLNT�K�:NM�M�TY=�=�>�L�U6M.K�Eg|%PNTYE�T4M�T�M�M�>JK�L WrTYW�SxTYE�M�P�>�A{[�C�E�>JT�M�l

Å_:�E�|�K�E�sRS�:�>�<JQ�M%K�LR=�PNT�E�T�I�TYL\=o|oK�E�sRM�:NIdPpC�M }0� X���X���X½³ ² X½³�¶�Xx³6X�¿ � |%PNK�M�T_^yK\IY:NM�|oC�M
A�E�K,Q�:NIY>�L�U��GU6K\K,Q��tK�[6TYE�<
C�F,Mk^yK�EkC_M�>�L�U�<JToM�K�:�E�I�T�uÍMkWc:�<�=�>JI�C�M�=�=�EdC�LNM�W'>JM�M�>JK�LNM�l���K�LNTtK�^N=�PNT�MdT
|oK�E�s,McTZ,A�<�>JIY>�=�<�F·TZNC�W'>�LNT�M4M�>�Wc:�<�=dC�LNT�K�:NM�<�F±M�:�A�AxK�E�=�>�L�UpW�:�<�=�>�A�<JTrW�:�<�=�>JI�C�M�=cM�T�M�M�>JK�LNM4K�E
MdK�:�E�I�T�M_:NM�>�L�UqChM�PDC�E�T�Q{AiK,K�<kK�^tKj[6TYE�<
C�F{E�T�MdK�:�E�I�T�M�l���P�>JMg>JM�LNK�=�Q�:NTc=�KqC�LzTZ�AiT�IY=dC�=�>JK�L

Ð_ñ�Ý1Ð³ø



���������	�
���
��������������������������� "!�#��%$'&�()�*� +,(-�.$/&�(0�*���*12�����*34���� 5 ��
#��6 �

=�PDC�=.K�L�<�FqK�LNT�M�K�:�E�I�T�uÍM%=�EdC�LNM�W'>JM�M�>JK�LNM%|%>�<�<	:�=�>�<�>�¼�T4Kj[6TYE�<
C�FqE�T�M�K�:�E�I�T�MgC�=gC�L\FRU�>�[6TYL{=�>�WrT�X
S�:�=gSxT�I�C�:NM�T4=�PNT�PNTY=�TYE�K�U6TYLNTY>�=GF6XiQ�F,LDC�W'>JI�M�X½C�LNQpQ�>�[6TYE�M�>�=GF >�LpW�:�<�=�>JI�C�M�=�MdT�M�M�>JK�L E�T�b\:�>�E�TZ?
WrTYL\=�M.C�LNQOLNTY=G|�K�E�s I�C�ADC�S�>�<�>�=�>JT�M%WhC�s6T_�NLNQ�>�L�U �GU6K,K\Q��_A�EdC�IY=�>JI�C�<"M�K�<�:�=�>JK�LNM.C�=�=�P�>JM�AxK�>�L\=
b\:�>�=�ThQ�>@¬hIY:�<�=�l �_T�I�TYL�=a>�L�[6T�M�=�>�U�C�=�>JK�L`>�L�=�K±CpM�>�W'>�<
C�EcA�E�K�S�<JTYW PDC�M�SiT�TYL]I�K�LNM�>JQ�TYE�T�Q]>�L
} ³ � Xo³ ~�� l·Å_:�E�|oK�E�seLNK�=/K�L�<�F·A�E�T�M�TYL�=�MrC;I�K�L�=�EdC�M�=�>�L�U·M�K�<�:�=�>JK�L"XnS�:�=aK�:�E/M�K�<�:�=�>JK�L¤C�LNQ
TY[�C�<�:DC�=�>JK�L©U6K,T�M/^�:�E�=�PNTYErS�F©C�<JM�K·I�C�A�=�:�E�>�L�U]=�PNT >�W'AxK�E�=dC�L\=RQ�F,LDC�W'>JI�MhK�^�ADC�E�=�>JIY>�ADC�L�=�M
��K�>�L�>�L�UhC�LNQq<JT�C�[,>�L�URCaM�T�M�M�>JK�L |%PNTYL =�PNT�M�T�M�M�>JK�Lq>JM.C�<�E�T�C�Q�FpC�LNQ I�K�L�=�>�L\:NT�M.=�K/SiT4C�IY=�>�[6T�l
mN:�E�=�PNTYE�WrK�E�T�XxK�:�E_=�PNT�K�E�TY=�>JI�C�<�E�T�M�:�<�=�MgA�E�Kj[\>JQ�TcAxTYE�^yK�E�WhC�LNI�T�SxK�:�LNQ�M_=�PDC�=�C�A�A�<�F =�KOC�L�F
MdK�<�:�=�>JK�Lp>�L =�PNTcC�E�T�C�l

��PNT�E�T�M�=�K�^�=�PNT�ADC�AiTYE%A�E�K\I�T�T�Q�M�C�Mo^�K�<�<JKj|.M�ln�°LpÁ,T�IY=�>JK�Lzµ�X�|�T�>�L\=�E�K\Q�:NI�T�=�PNT4U6TYLNTYEdC�<
WrK,Q�TY<�K�^g=�PNTOLNTY=G|�K�E�s¤C�LNQ]Wc:�<�=�>JI�C�M�=rM�T�MdM�>JK�LNM�^�K�E/K�:�E/C�LDC�<�F�M�>JM�lwÁ,T�IY=�>JK�L¦´;Q�T�M�IYE�>�SiT�M
=�PNT�[�C�E�>JK�:NMgC�<�U6K�E�>�=�P�WrM%=�PDC�=%|oT�I�K�LNM�>JQ�TYE�ln�°LpÁ,T�IY=�>JK�L ² X�|oT�Q�TYWrK�LNM�=�EdC�=�T4K�A�=�>�WhC�<�>�=GF K�^
K�LNT/K�^t=�PNTrC�<�U6K�E�>�=�P�WrM�>�LwCRPNK�WrK�U6TYLNT�K�:NM4LNTY=°|�K�E�s,>�L�U{TYL�[,>�E�K�L�WrTYL�=�la�°L·Á,T�IY=�>JK�Le��Xi|oT
>�L\=�E�K\Q�:NI�T�CgÁ\=�K,I�PDC�M�=�>JI���LDC�ANMdC�Idscb�:NTY:�>�L�U_WrK\Q�TY<\=�PDC�=�|oTn:NM�Tt=�K.I�K�W'A�:�=�Tt<JKj|�TYE�SiK�:�LNQ�M
K�LeS�<JK\Ids\>�L�U;A�E�K�SDC�S�>�<�>�=�>JT�Mc>�LwPNTY=�TYE�K�U6TYLNT�K�:NMaLNTY=°|�K�E�s,>�L�UzTYL\[\>�E�K�L�WrTYL\=�M�lq�GL`Á,T�IY=�>JK�L¥��X
|oT�I�K�W'ADC�E�T�=�PNT_AiTYE�^yK�E�WhC�LNI�T�K�^vK�:�E%[�C�E�>JK�:NMoA�E�K�AiK�M�T�Q C�<�U6K�E�>�=�P�WrM%=�K/K�LNT�C�LNK�=�PNTYEgC�LNQ
=�K_=�PNTo<JK�|oTYE2SxK�:�LNQ	l��°L'Á,T�IY=�>JK�L � |�T�I�K�W'ADC�E�T�=�PNToAxTYE�^yK�E�WhC�LNI�T�K�^D=�PNT%C�<�U6K�E�>�=�P�WrM�|%PNTYL
MdT�M�M�>JK�L WrTYWcSiTYE�MgQ�F,LDC�W'>JI�C�<�<�Fq<JT�C�[6TcC�LNQ���K�>�L"XDC�LNQ{Á,T�IY=�>JK�L ~ I�K�LNIY<�:NQ�T�Mg=�PNT�ADC�AiTYE�l

� � �8�L�Á#%����& #�����(
�°LH=�P�>JM M�T�IY=�>JK�L"X.|oT±A�E�T�M�TYL�=q=�PNTzLNTY=G|oK�E�s�C�LNQ®M�T�MdM�>JK�LVWrK,Q�TY<JMO=�PDC�=q|%>�<�<�SiTz:NM�T�QH=�K
TY[�C�<�:DC�=�TaK�:�E�C�<�U6K�E�>�=�P�WrM�=�PDC�=_^�K�E�WÌM�T�M�M�>JK�L;=�E�T�T�M.^yK�E�Wc:�<�=�>�A�<JT/M�T�M�M�>JK�LNMjl.Ã"TY=�� SxTc=�PNT
MdTY=nK�^½E�T�I�TY>�[6TYE�M�X\>BlÍT�l�X�=�PNT.M�TY=nK�^xLNK\Q�T�Mn=�PDC�=n|%>JM�P'=�K�ADC�E�=�>JIY>�ADC�=�T.>�LhC�=t<JT�C�M�=nK�LNT�Wc:�<�=�>JI�C�M�=
Kj[6TYE�<
C�FzM�T�M�M�>JK�L"l%«wTaQ�TZ�NLNT
	��� =�KrSiTaChM�T�b�:NTYLNI�TaK�^n=�PNT�M�TcLNK\Q�T�M_=�PDC�=_|%>JM�P;=�KOC�IY=
C�M.=�EdC�LNM�W'>�=�=�TYE�M.^yK�E_C'MdT�M�M�>JK�L"l���K�=�T�=�PDC�=.=�P�>JM_M�TY=gI�C�LzI�K�L�=dC�>�L{E�TYAiTY=�>�=�>JK�LNM�XD>BlÍT�l�X½C/LNK,Q�T
C�A�AiT�C�E�M
�;=�>�WrT�M�>�L�	 >@^�>�=4>JM�=�PNT'MdTYLNQ�TYE�^�K�E
�zQ�>@Ä	TYE�TYL�=�M�T�M�M�>JK�LNM�la«wT'Q�TYLNK�=�T'=�PNT��B=�P
TYL\=�E�Fq>�L =�PNT4M�T�b\:NTYLNI�T�S�F�����l

Ã"TY=�������� SiT4CaM�TY=.K�^vLNK,Q�T�M�=�PDC�=.|%>JM�Pq=�K/E�T�I�TY>�[6T�=�PNT�=�EdC�LNM�W'>JMdM�>JK�LNM�^�E�K�W MdTYLNQ�TYE
����l ¸oF©I�K�L�[6TYL\=�>JK�L"Xg|oT;E�T�b\:�>�E�T;=�PDC�=�����������l «wT±C�M�M�:�WrT;=�PDC�=qCeLNK,Q�T � >JMqK�L�<�F
|%>�<�<�>�L�U{=�KqADC�E�=�>JIY>�ADC�=�T'>�LwK�[6TYE�<
C�F·Wc:�<�=�>JI�C�M�=cMdT�M�M�>JK�L±|%PNTYLw>�=�>JM�>�L�=�TYE�T�M�=�T�Qw>�L·E�T�I�TY>�[,>�L�U
=�PNTc=�EdC�LNM�W'>�=�=�T�QzQNC�=dChK�^2=�PDC�=_MdT�M�M�>JK�L"l%�°L;K�=�PNTYEg|oK�E�Q�M�X!���2>JM�TZ�C�IY=�<�F =�PNT�M�TY=gK�^nLNK,Q�T�M
=�PDC�=4^�K�E�W =�PNT'W�:�<�=�>JI�C�M�=c=�E�T�Tr=�PDC�=4|%>�<�<tI�C�E�E�F·QNC�=dCO^yK�E�=�PNTrM�T�M�M�>JK�L±^yK�E�|%P�>JI�P�'>JM4=�PNT
MdTYLNQ�TYE�l��_K�=�T�=�PDC�=.=�PNTYE�T�|%>�<�<�SxT�C/M�TY=.K�^k<JT�C�^kLNK,Q�T�M%>�L =�P�>JM%W�:�<�=�>JI�C�M�=.=�E�T�T�=�PDC�=.|%>�<�<	SiT
E�T�I�TY>�[,>�L�UNX�S�:�=.|%>�<�<�LNK�=%SxT�^yK�E�|oC�E�Q�>�L�UR=�PNT�M�T�=�EdC�LNM�W'>JM�M�>JK�LNM�l

��PNT��y=�P'M�T�M�M�>JK�Lc^�K�E�|�C�E�Q�M�QNC�=dC.=�K�C�<�<\ADC�E�=�>JIY>�ADC�L\=�MnC�=�C�L'C�E�S�>�=�EdC�E�FcEdC�=�T�X#"%$'&�l)(+*�>JMv=�PNT
C�U�U�E�TYU�C�=�T_K�:�=�U6K�>�L�U�SDC�LNQ�|%>JQ�=�POK�^	LNK\Q�T,�2X\M�:NI�Ph=�PDC�=t>@^-�O^�K�E�|�C�E�Q�M�Q�>�E�T�IY=�<�F'=�K
.0/gLNK,Q�T�M

Ý4Ý Ü�Î�é�õ)þSò



� �N������i��&r���2��(��

54 6 7

32

1

� ×��3ø+ØÚßRÞvÞ�Û�� �[ÞvúSØAáhþ
64 5 7

32

1

� ���/ø+ØÚßRÞvÞ:Û�� �[ÞvúSØAá �

��}¦�\o�xme�f�� �reZ�~e��)s-}¦�/���v�\y<yr� �����~o/lvs-eZx-}¦�/�\l

^yK�E�M�T�M�M�>JK�L
	½X	=�PNTYL·>�=�Wc:NM�=4SxTa=�PNT'I�C�M�T/=�PDC�= ( *��� /���� . / " $�� |%PNTYE�T�� >JM�=�PNT'M�TY=4K�^
C�IY=�>�[6TcM�T�M�M�>JK�LNM�l���P�>JM%E�T�b\:�>�E�TYWrTYL�=_>JMgC�A�A�<�>JI�C�S�<JT4=�K'MdTY[6TYEdC�<	<
C�M�=�?BW'>�<JT�=�T�I�P�LNK�<JK�U�>JT�M�M�:NIdP
C�M%I�C�S�<JT�C�LNQ ª�Á,Ãw=�PDC�=%A�E�K�[,>JQ�TcC�M�F,W'WrTY=�E�>JI�SDC�LNQ�|%>JQ�=�PNM.>�L =�PNT�=°|�KrQ�>�E�T�IY=�>JK�LNM�XN|%PNTYE�T
>�LNI�K�W'>�L�U�SDC�LNQ�|%>JQ�=�Pa>JM�M�>�U�L�>@�DI�C�L\=�<�F�<
C�E�U6TYE�¹yC�LNQ�T�M�M�TYL�=�>
C�<�<�F�:�L\SxK�:�LNQ�T�QD»">�LcI�K�W'ADC�E�>JM�K�L
=�K/=�PNTcK�:�=�U6K�>�L�UhSDC�LNQ�|%>JQ�=�P"l

«wTwQ�TZ�NLNT�� ��=�K¥SiTwC¥SiK�:�LNQ®K�L =�PNT·Q�TYA�=�P K�^a=�PNT·=�E�T�T±^yK�E =�PNTwM�T�M�M�>JK�LH|%PNK�MdT
=�EdC�LNM�W'>JM�M�>JK�LNM4TYWhC�LDC�=�T/^�E�K�W ���5Xi>BlÍT�l�X�LNKqLNK\Q�T'M�PNK�:�<JQ±SiT/WrK�E�T/=�PDC�L�� �oK�[6TYE�<
C�F·PNK�ANM
^�E�K�Wf=�PNT M�K�:�E�I�TOLNK\Q�T�l`mNK�ErM�>�W'A�<�>JIY>�=°F`K�^�A�E�T�M�TYL�=dC�=�>JK�L"X�|�TpC�MdM�:�WrTO=�PDC�=������ �_>JM
I�K�LNM�=dC�L�=%^yK�E_C�<�<"M�T�M�M�>JK�LNM�l

� � (��%#%�:	��:����
«wT�LNK�| Q�T�M�IYE�>�SiT4=�PNT'C�<�U6K�E�>�=�P�WrM�=�PDC�=�|�T�:NM�T�=�KRQ�TY=�TYE�W'>�LNTa|%PNTY=�PNTYE�K�E_LNK�=�=�KqC�Q�W'>�=
C�L >�LNI�K�W'>�L�UOM�T�M�M�>JK�L"XNC�LNQ	XN|%PNTYL;C�Q�W'>�=�=�T�Q	XN=�PNT�=�K�AiK�<JK�U�F M�=�E�:NIY=�:�E�T4K�^�=�PNT�=�E�T�T�l

�vK U�>�[6T/=�PNT/E�T�C�Q�TYE�Ch^�T�TY<�^yK�E�|%PDC�=4WhC�s6T�McC �GU6K,K\Q��rC�<�U6K�E�>�=�P�WpX�I�K�LNM�>JQ�TYE�=�PNTr=�E�T�T�M
I�K�LNM�=�E�:NIY=�T�Qr>�Lhmk>�U�:�E�Tc³�l � M�M�:�WrT�=�PDC�=oT�C�I�PhLNK,Q�T%>�Lr=�P�>JM2�NU�:�E�T.>JMtI�C�ADC�S�<JT_K�^xA�E�Kj[\>JQ�>�L�U
Q�>�E�T�IY=R=�EdC�LNM�W'>JM�M�>JK�LNMR=�K·=°|�K¥C�Q�Q�>�=�>JK�LDC�<_LNK,Q�T�M�l��GLVmv>�U�:�E�T]³6¹yC6»ZX.´·LNK,Q�T�MrPDC�[6T{SiT�TYL
MdTY<JT�IY=�T�Q	X%T�C�I�PVK�^4|%P�>JIdP¦>JMr^º:�<�<�F¤:�=�>�<�>�¼�>�L�U]>�=�MRK�:�=�U6K�>�L�U]=�EdC�LNM�W'>JM�M�>JK�LNMR=�KeI�K�L�LNT�IY=qC�<�<
LNK,Q�T�Ma|%>�=�P�>�L©Cp=�E�T�TO>�L`|%P�>JI�P¥LNK\Q�T±³R>JMa=�PNTRM�K�:�E�I�T�l·��PNTR=�E�T�TR^�K�E�WrT�Q`PDC�M/Q�TYA�=�P©µ�X
C�LNQ	XN>�L;C�Q�Q�>�=�>JK�L"X½C�LNK�=�PNTYE.=�E�T�TcK�^2Q�TYA�=�Pzµ'I�C�L SxTcI�K�LNM�=�E�:NIY=�T�Q]¹�T�l UNl�X�LNK,Q�T ² =�EdC�LNM�W'>�=�M
=�KOLNK,Q�T�M4�qC�LNQw��XiLNK\Q�Tr�R=�EdC�LNM�W'>�=�M�=�KOLNK,Q�T�M4µqC�LNQw´�XiLNK\Q�T'�O=�EdC�LNM�W'>�=�M�=�KqLNK,Q�T�M �
C�LNQ¦³j»ZlR��TYLNI�T�X�=�E�T�T�Mc=�PDC�=cIY<�:NM�=�TYE�LNK\Q�T�M�|%>�=�P�>�L¥C M�T�M�M�>JK�L]C�E�T'>�L�=�:�>�=�>�[6TY<�F �GU6K\K,Q��dlh�°L
I�K�L\=�EdC�M�=�X�=�PNT�=�E�T�T�>�Lpmk>�U�:�E�Tr³6¹ºS½»�PDC�M.Q�TYA�=�P{�'C�LNQqA�E�T�IY<�:NQ�T�M�C�L�FqK�=�PNTYE.=�E�T�T�M%K�^2Q�TYA�=�P

Ð_ñ�Ý1Ð³ø



���������	�
���
��������������������������� "!�#��%$'&�()�*� +,(-�.$/&�(0�*���*12�����*34���� 5 ��
#��6 �

<JT�MdM�=�PDC�L]�R^ºE�K�W SiTY>�L�UpI�K�LNM�=�E�:NIY=�T�Q	lr��P�>JM��NU�:�E�TrQ�TYWrK�LNM�=�EdC�=�T�M4=�PDC�=c>�L�=�:�>�=�>�[6TY<�F6Xv>�=�>JM
A�E�TZ^yTYEdC�S�<JT'=�K :�=�>�<�>�¼�Tr=�PNTrK�:�=�U6K�>�L�U;T�Q�U6T�M�K�^%CqLNK,Q�T/|%>�=�P�>�L`CqM�>�L�U�<JT'=�E�T�T�X�EdC�=�PNTYEc=�PDC�L
=�KaM�A�E�T�C�QO=�PNT�M�T�T�Q�U6T�M.C�WrK�L�U'M�TY[6TYEdC�<i=�E�T�T�M�l�«wT�M�PDC�<�<xMdT�T�X\PNKj|�TY[6TYE�X�=�PDC�=�=�P�>JMo>�L�=�:�>�=�>JK�L
I�C�L{SxT�W'>JM�<JT�C�Q�>�L�Uh>�L{Q�F\LDC�W'>JI�C�LNQqPNTY=�TYE�K�U6TYLNT�K�:NM_TYL\[\>�E�K�L�WrTYL\=�M�l

����� ����	�
��������� ����������� �
§oÃ�¨�Á,�%¢��¦^yK�E�WrM2=�E�T�T�MnS\Fa:�=�>�<�>�¼�>�L�U/C�M�TY=tK�^iLNK\Q�T�M2^�K�E�^yK�E�|oC�E�Q�>�L�U/M�:NI�Ph=�PDC�=n=�PNT%LNK,Q�T�M�u
E�TYWhC�>�L�>�L�UzC�[�C�>�<
C�S�<JTrSDC�LNQ�|%>JQ�=�Pe>JM�W'>�L�>�W'>�¼�T�Q	lR��PNThC�<�U6K�E�>�=�P�W Q�>JM�=�>�L�U�:�>JM�PNT�M4SiTY=G|�T�TYL
Ç����Z���y���,Ë½��Æ��Z� � LNK,Q�T�M�|%PNK�MdTnSDC�LNQ�|%>JQ�=�P/PDC�MkC�<�E�T�C�Q�F�SiT�TYLaC�A�A�<�>JT�Q�|%>�=�P�>�L/K�=�PNTYEvM�T�M�M�>JK�LNM�X
C�LNQ"!Z�\�º�½Ëx��Æ��¯� � LNK\Q�T�Mo=�PDC�=�Q�KcLNK�=%IY:�E�E�TYL�=�<�Fh^�K�E�|�C�E�QO=�EdC�LNM�W'>JM�M�>JK�LNM�K�LOSxTYPDC�<@^vK�^kK�=�PNTYE
MdT�M�M�>JK�LNM�l�§oÃ�¨�Á,�%¢��¾=�E�>JT�M�=�KO>�LNI�K�E�AxK�EdC�=�TRC�M_WhC�L\F±C�<�E�T�C�Q�F\?GTZ�>JM�=�>�L�UpADC�E�=�>
C�<2LNK,Q�T�M4C�M
AiK�M�M�>�S�<JT{>�L�=�K]=�PNT{W'>JQ�Q�<JT¥¹º>BlÍT�l�X%LNK�= C�Mh<JT�C�[6T�M¯»r>�L¦=�PNT;=�E�T�T{SiTZ^�K�E�T{>�LNI�K�E�AxK�EdC�=�>�L�U`^�:�<�<
LNK,Q�T�M4>�L\=�K{=�PNTh=�E�T�T�l ��PNTrU6K6C�<�>JMc=�K{s6T�TYAe=�PNTrL\:�WcSiTYEaK�^.M�T�MdM�>JK�LNMcM�WhC�<�<t^�K�E�|%P�>JI�P¤C
LNK,Q�T�^yK�E�|oC�E�Q�M.ADC�Ids6TY=�M.^yK�E�l
#�$&%('()+*-,/.10 §oÃ"¨�Á,�%¢���¹ ���G» �

24365 Ã"TY=87 SxT�=�PNTcM�T�b�:NTYLNI�TcK�^�ADC�E�=�>
C�<�LNK\Q�T�Mg>�L�����=�PDC�=_C�E�T4MdK�E�=�T�Q >�Lp=�PNTcQ�T�IYE�T�C�M�>�L�U
K�E�Q�TYE'K�^_C�[�C�>�<
C�S�<JTRSDC�LNQ�|%>JQ�=�P¤I�C�ADC�IY>�=°F6l·Ã"TY=�9¡SiTh=�PNTOM�TY=aK�^.^º:�<�<�LNK\Q�T�Ma>�L ����X
M�K�E�=�T�Q S\FqQ�T�IYE�T�C�M�>�L�URC�[�C�>�<
C�S�<JT4SDC�LNQ�|%>JQ�=�PzI�C�ADC�IY>�=GF6l

2;:<5 ª�TY=�TYE�W'>�LNT/=�PNT/W'>�L�>�Wc:�W>= ^�K�E�|%P�>JI�P`Cr=�E�T�T@? I�C�L±SxT/I�K�LNM�=�E�:NIY=�T�Q·I�K�L�LNT�IY=�>�L�U
C�<�<�LNK\Q�T�M�>�L ����|%PNTYE�TA= LNK,Q�T�M�>�L�9 C�E�TaLNK�L�?B<JT�C�^oLNK,Q�T�M4C�LNQ·ChAiK�M�M�>�S�<�F;TYW'A�=GF
M�:�SNM�TY=gK�^�LNK,Q�T�MB7DCFEG7¾C�M%LNK�L�?B<JT�C�^2LNK,Q�T�M%>�Lp|%P�>JI�P

H�I JLKNMPO ?RQ�S �
H LNK,Q�T�M�|%>�=�PwP�>�U�PNTYEaC�[�C�>�<
C�S�<JT'SDC�LNQ�|%>JQ�=�P]I�C�ADC�IY>�=°F·C�A�AiT�C�E�C�=cCO<JT�M�MdTYE4Q�TYA�=�P
¹�IY<JK�MdTYE.=�K/=�PNT4M�K�:�E�I�Tj»Zl

H C�L\FpM�TY=_K�^2ADC�E�=�>
C�<kLNK\Q�T�M87DC C	=�PDC�=�M¯C�=�>JM��DT�M�7DC �T7DC CUEV7 I�C�L�LNK�=_SiT�:NM�T�QzC�M
LNK�L�?B<JT�C�^2LNK,Q�T�M%>�L;Ca=�E�T�TW? C =�PDC�=gM¯C�=�>JM��DT�M I JLKNMXO ? C QYS �pl

2[ZF5 �B^	M�:NIdPRC�L�=£TZ�>JM�=�M�X�S�:�>�<JQr=�PNT.=�E�T�T�^�E�K�W\= LNK,Q�T�MtQ�EdC�|%Lh^ºE�K�W]9�C�LNQ'=�PNTgE�TYWhC�>�L�?
>�L�U LNK\Q�T�M�Q�EdC�|%L±^ºE�K�WÌ=�PNT'M�TY=W7 C l�Å_=�PNTYE�|%>JM�T�X	E�TY=�:�E�L±=�PDC�=�LNKqM�:NIdPz=�E�T�T'I�C�L±SiT
S�:�>�<�=�l

«wT{LNK�=�Tp=�PDC�=hQ�TY=�TYE�W'>�L�>�L�U`=�PNTpW'>�L�>�W�:�W^= ^yK�ERC±U�>�[6TYLHM�TY=�7 C I�C�LVSxTpQ�K�LNT{>�L
=�>�WrT�_ Oa` � `NbdcfeD` � ` Qdla��P�>JM�^�K�<�<JKj|.M�^ºE�K�W COE�T�M�:�<�=�>�L±|oK�E�szS\F;9±C�<JK�:NI�PH���_��� } ³�µ � =�PDC�=
A�E�Kj[6T�M�=�PDC�=�=�PNTgW'>�L�>�W�:�W Q�TYA�=�Pq=�E�T�Tg>JMo=�PNT�K�LNT�|%PNTYE�T_LNK,Q�T�Mo|%>�=�PqU�E�T�C�=�TYEoSDC�LNQ�|%>JQ�=�P

Ý4Ý Ü�Î�é�õ)þSò



� �N������i��&r���2��(��

C�[�C�>�<
C�S�>�<�>�=°FqC�E�T�A�<
C�I�T�Q IY<JK�M�TYE�=�Ka=�PNT�M�K�:�E�I�T�K�^v=�PNT�=�E�T�T�l2��TYLNI�T�X�>�=o>JM�M�:�¬hIY>JTYL\=%=�KaS�:�>�<JQ
=�PNT4=�E�T�T�S�FO�NE�M�=gMdK�E�=�>�L�UrLNK\Q�T�M.>�L{K�E�Q�TYE_K�^2Q�T�IYE�T�C�M�>�L�Ur^BC�LNK�:�=�XDC�LNQ =�PNTYL±C�=�=dC�I�P�>�L�UR=�PNT
LNK,Q�T�M%=�K'=�PNT�=�E�T�T4>�Lp=�P�>JM.K�E�Q�TYE.=�K'=�PNT�LNK,Q�T4K�^�W'>�L�>�WhC�<vQ�TYA�=�Pp=�PDC�=_I�K�L�=dC�>�LNM_C�[�C�>�<
C�S�<JT
T�Q�U6T�Mjl

mk>�U�:�E�TrµOM�PNK�|.M4COM�>�W'A�<JT'TZNC�W'A�<JTa|%PNTYE�T/=G|oK M�T�M�M�>JK�LNM4C�E�T/M�PDC�E�>�L�UpCRLNTY=G|oK�E�s±K�^ ~
LNK,Q�T�M�l%��PNT�L�:�W�SxTYE�C�M�M�>�U�LNT�Q;=�KhT�C�IdP;LNK,Q�T4>�L;=�PNT4�NU�:�E�Tc>JMg=�PNT/C�U�U�E�TYU�C�=�TcSDC�LNQ�|%>JQ�=�P
C�[�C�>�<
C�S�<JTp=�K·M�:�A�AxK�E�=hC�Q�Q�>�=�>JK�LDC�<_I�K�L�LNT�IY=�>JK�LNM�X%C�LNQ¥|�T{C�M�M�:�WrTR=�PDC�=h=�PNTqEdC�=�T K�^�T�C�IdP
MdT�M�M�>JK�L >JM4³�:�L�>�=�l

444

4
4

1

S1
0

4

Partial

� ×���÷�ÞvÙÚÙAîðÛ)Ü¹ò �¦ÿ[ýðý �+ÿSØAîðýðî��vÞvÙ%×�Ü[Û �[Þ)ã
×�Ü
�hýðÞ�× �ÞvÙ¿Û)Ü[ÞEú$×�ßRØAîû×�ý¥Ü[Û �[Þ

444

4
2

0

S2

0

0 Partial

S1

� ���E÷�ÞvÙÚÙÚîðÛ)Ü5þ¡ÿSÙÚÞvÙ�ØÚá[Þ8ú[ßAÞ �îðÛ)ÿ[ÙXú$×�ßRü
ØAîû×�ý�Ü[Û �SÞ�ã3×�Ü � �¦ÿ[ýðý ��ÿSØAîðýðî���ÞvÙ ×�ÜSÛ�ØÚá[ÞvßÜ[Û �[Þ

��}¦�\o�xme%� �EÎ8Ê��$�r` ²Xi �Lnp��eZqrnpd����¦e ¨ }¦sma�� ���	��
����������������������� 
!�#"$���%�'&(��)

���+* ����	�
��������� ,�-f�/.�� � � �
� <�U6K�E�>�=�P�W ª���Á,�t¢���Á,¢ ^yK�E�WrM'=�E�T�T�M/S\F]:�=�>�<�>�¼�>�L�UeC�M/WhC�L\F]LNK,Q�T�MrC�M'AiK�M�M�>�S�<JTR^�K�Ea^yK�E�?
|�C�E�Q�>�L�Uc|%>�=�PNK�:�=tTZ�I�T�T�Q�>�L�Uc=�PNTgQ�TYA�=�PhI�K�LNM�=�EdC�>�L�=�l2¸%C�E�E�>�L�U�C4Q�TYA�=�PhI�K�LNM�=�EdC�>�L�=�X�C�I�PDC�>�L
K�^�LNK,Q�T�M%>JM%=�PNT�A�E�TZ^yTYE�E�T�Qp=�E�T�T�^yK�E.ª���Á,�n¢���Á,¢ ¹�mk>�U�:�E�Tc´6»Zl
#�$&%('()+*-,/.10 ª���Á,�n¢���Á,¢g¹ � � » �

24365 Ã"TY=10 SiTr=�PNTOM�T�b\:NTYLNI�ThK�^gLNK,Q�T�M�>�L ���_M�K�E�=�T�Qe>�L`K�E�Q�TYE'K�^gQ�T�IYE�T�C�M�>�L�U±C�[�C�>�<
C�S�<JT
SDC�LNQ�|%>JQ�=�P·I�C�ADC�IY>�=GF6l.Ã"TY= .�SiT�=�PNT4L\:�WcSiTYE�K�^nIdP�>�<JQ�E�TYL;=�PDC�=_=�PNT4�NE�M�=gWrTYWcSiTYE�K�^
0¥I�C�L{M�:�A�AiK�E�=%^yK�E%=�PNT�M�T�M�M�>JK�L"l

2;:<5 Ã"TY=32 J54�6XO ./Q�SiT%=�PNT.Q�TYA�=�PhK�^�C�W'>�L�>�W�:�W/?GQ�TYA�=�PO=�E�T�T�X�? O ./Q�=�PDC�=�I�C�LhSxT�S�:�>�<�=n:NM�>�L�U
LNKqWrK�E�T/=�PDC�L·SDC�LNQ�|%>JQ�=�P .4^ºE�K�W C�L\F;LNK,Q�Ta>�L70�l � U�C�>�L"X	|�T/:NMdT�E�T�M�:�<�=�M�>�L } ³�µ �

Ð_ñ�Ý1Ð³ø



���������	�
���
��������������������������� "!�#��%$'&�()�*� +,(-�.$/&�(0�*���*12�����*34���� 5 ��
#��6 �

=�Kp^yK�E�W =�P�>JM�=�E�T�TR>�Le=�>�WrT _ Oa` � � `NbdcfeD` � � ` Qdlp�G^ 2 J54�6 O ./Q�� � XvE�TY=�:�E�L`=�PDC�=/Cp=�E�T�T
I�C�L�LNK�=gSiT�I�K�LNM�=�E�:NIY=�T�Q	l

2[ZF5 mNK�E�W£=�PNT�=�E�T�T ? O .����+Qt|%>�=�PpQ�TYA�=�P 2 J54�6PO .����+Qdln�G^/2 J54�6PO .����+Q�� � X�E�TY=�:�E�L{=�E�T�T
? O ./Qdl�Å_=�PNTYE�|%>JM�T�X½Q�T�IYE�TYWrTYL�= .�C�LNQpU6K/=�KrM�=�TYA 2;:<5 l

��K�=�T�=�PDC�=�ª���Á,�n¢���Á,¢¤Q�K\T�MoWrK�E�T�=�PDC�LqWrTYE�TY<�F��°Q�>JM�AiTYE�M�>�L�U �g=�PNT�SDC�LNQ�|%>JQ�=�P >�LO=�PDC�=
>�=gC�<JMdK/=�E�>JT�M%=�Ka�NLNQq=�PNT4C�Q�T�b�:DC�=�T�^yC�LNK�:�=c¹ .�»o=�PDC�=.M�PNK�:�<JQqSiT�:NM�T�Qq=�K'MdC�=�>JM�^ºFR=�PNT�Q�TYA�=�P
I�K�LNM�=�EdC�>�L�=�l

2 2 2

32

S1

3

2

S2

2

� ×��»Ñ�×�ßAßRîðÜ[ïOØAá[Þ �[ÞvúSØÚá àvÛ)Ü[ÙRØÚßA×�îðÜ�Ømã
à«á$×�îðÜ[ÙL×�ßRÞ1ØAá[Þ1ú[ßRÞ �~ÞvßRßAÞ � ØÚßRÞvÞvÙ �¦Û)ß	��ÐR÷�üä	
LÝ�÷�
1Ô

2 2 4

22

S1

2

2

S2

2

� ���3Ð³Ü ØÚá[îðÙ3àm×�ÙAÞ)ã �[îðÜ$×�ß �bØAßAÞvÞvÙ¿×�ßAÞ�ÿ[ÙÚÞ �
ØAÛbÙ«×-ØAîðÙ � ��ØÚá[Þ��SÞ�ú�ØÚá�àvÛ)Ü[ÙRØÚßA×�îðÜ�Ø

��}¦�\o�x-e�� ��Ít¢
�rwX²Ei �r² �Æn{�Ge�q�npd��/�¦e ¨ }¦sma�� ��� � 
�#��������� � ��������� 
!�#"$���%�'& � )

���-� ����	�
��������� �� ������� �
����
��PNT'C�<�U6K�E�>�=�P�WrM�Q�T�M�IYE�>�SxT�Q·C�SiK�[6T/PDC�[6T/=G|�K M�PNK�E�=�I�K�W'>�L�U6M�l���PNTa�NE�M�=�M�PNK�E�=�I�K�W'>�L�U{C�Q,?
Q�E�T�MdM�T�M%=�PNT�:�=�>�<�>�¼jC�=�>JK�LzK�^k=�PNT�LNK,Q�T�=�PDC�=.|%>�<�<v=�EdC�LNM�W'>�=gQNC�=dC�l���P�>JM.LNK,Q�T�WhC�F LNK�=.PDC�[6T
M�:�¬hIY>JTYL�=�SDC�LNQ�|%>JQ�=�P±=�KR^�K�E�|�C�E�Q;>�=�M�Kj|%L±=�EdC�LNM�W'>JM�M�>JK�LNM�SiT�I�C�:NM�Ta>�=�M_SDC�LNQ�|%>JQ�=�P·>JM�SiTZ?
>�L�U{:�=�>�<�>�¼�T�Qe=�Kq^yK�E�|oC�E�Q]=�EdC�LNM�W'>JM�M�>JK�LNMcK�^.K�=�PNTYE�M�T�MdM�>JK�LNM�lr«wTRI�K�LNM�>JQ�TYEc=�P�E�T�ThAxK�MdM�>�S�<JT
C�IY=�>JK�LNM.=�PDC�=%|�T�E�TZ^yTYE%=�K/C�M4�����Z����Ë½�º�t=�PDC�=%=�PNT�LNTY=G|oK�E�sqI�C�L =dC�s6T�|%PNTYLq^BC�I�T�Qq|%>�=�PpM�:NIdP
C/M�>�=�:DC�=�>JK�L"l
H LNK�?GM�|oC�A � �B^ � � Q�K\T�M�LNK�=�PDC�[6T�TYLNK�:�U�POK�:�=�U6K�>�L�U'I�C�ADC�IY>�=GFR=�Kc>�L�>�=�>
C�=�T�C�M�T�M�M�>JK�L"X�=�PNT
M�T�M�M�>JK�L >JM.E�T ��T�IY=�T�Q	l

H M�|oC�A � ���_M�P�>@^º=�M'M�K�WrTqK�^�>�=�M/^�K�E�|�C�E�Q�>�L�UwE�T�M�AiK�LNM�>�S�>�<�>�=GF`=�KwC�LNK�=�PNTYE'LNK,Q�Tq=�PDC�='>JM
ADC�E�=�>JIY>�ADC�=�>�L�U]>�L¦=�PNT{MdC�WrTpMdT�M�M�>JK�LNMhC�M ����=�PDC�=hPDC�M'=�PNT{SDC�LNQ�|%>JQ�=�PVI�C�ADC�IY>�=°F©=�K

Ý4Ý Ü�Î�é�õ)þSò



fS� �N������i��&r���2��(��

=dC�s6TrK�Lw=�PNTrC�Q�Q�>�=�>JK�LDC�<�SDC�LNQ�|%>JQ�=�Pe<JK6C�Q	lr�G^�LNK K�=�PNTYE4LNK,Q�TrI�C�L·SiT/<JK\I�C�=�T�Qw=�PDC�=
PDC�MgM�:�¬hIY>JTYL\=gM�ADC�E�T4I�C�ADC�IY>�=°F6XN=�PNT4MdT�M�M�>JK�L =�K'K�E�>�U�>�LDC�=�T�^�E�K�W ���v>JM.Q�E�K�A�AiT�Q	l

H E�T�M�TYE�[�C�=�>JK�L � � ���T�Q�C�WrK�:�L�= K�^�K�:�=�U6K�>�L�U¥I�C�ADC�IY>�=GFV>JMOE�T�M�TYE�[6T�QHC�=qTY[6TYE�F©LNK,Q�T
M�AiT�IY>@�DI�C�<�<�Fp^yK�Eg=�PNTa=�EdC�LNM�W'>JM�M�>JK�L±K�^oCRM�T�M�M�>JK�L;=�PDC�=�>JMg>�L�>�=�>
C�=�T�Q·C�=�=�PDC�=�LNK,Q�T�l � =
K�=�PNTYE.=�>�WrT�M�X�=�PNT4SDC�LNQ�|%>JQ�=�P{Wc:NM�=.E�TYWhC�>�Lp:�L�:NMdT�Q	l

9 10 11

7

65

4

1

2

0

3 2

4

8

0

765

4

1

8

9 10 11

2

0

3 2

4
3 1

The tree formed by CLUSTER

Ó1á[Þ�ÙAÿ �SØAßAÞvÞ�Û��rï)ßRÞ�×-ØÚÞvÙRØ��SÞ�ú�ØÚá¡îðÙ�×-ØAØÚ×�à«á[Þ ��×-Ø�ØAá[Þ:áSîðï)á[ÞvÙAØ1Ü[Û �[Þ��
Ü[Û �[Þ�ç�îðÙ´×-ØRØÚ×�à«á[Þ ��ØAÛhØÚáSÞbßAÛZÛ�Ø´Û��ÆØÚáSÞbØÚßRÞvÞ¡×-ØEáSÞ�îðï)á�Ø´èSÔ Ó1á[ÞvÜ
Ü[Û �[Þ õtîðÙE×-ØAØÚ×�à«á[Þ ��ØAÛ�×¡ÜSÛ �[Þb×-Ø´áSÞ�îðï)á�Ø ò)Ôtâ �rö�÷�Ó�
3Ý·ÙAÞ�ýðÞvà£ØAÙ
Ü[Û �[Þ�é8ì¿î ØAá¡ØAá[Þ�	 îðÜ[î 	8ÿ
	¸× )×�îðýû× �SýðÞ��$×�Ü �Sì¿î �SØAá<Ô

��}~�po�x-e�� ��`ba�e��~e�n[¤\e¡��x-yr��eS�ro�x-e

��PNT_M�T�I�K�LNQhM�PNK�E�=�I�K�W'>�L�U'C�Q�Q�E�T�M�M�T�Mt=�PNT������	��
�����%K�^	WrTYWcSiTYE�M�P�>�AR|%>�=�P�>�LRM�T�M�M�>JK�LNM�l
�°LeADC�E�=�>JIY:�<
C�E�Xn>�=c>JM�<�>�s6TY<�Fw=�PDC�=�=�PNTYE�TR|%>�<�<oSxTqC�A�A�<�>JI�C�=�>JK�LNMa>�L]|%P�>JIdP¥MdT�M�M�>JK�LeWrTYW�SxTYE�M
C�E�E�>�[6T�<
C�=�T�C�LNQq<JT�C�[6T�T�C�E�<�F6lnÃ�C�=�T4C�E�E�>�[6TYE�M%W�:NM�=%SxT�C�Q�Q�T�Qq=�Ka=�PNT�Wc:�<�=�>JI�C�M�=g=�E�T�T�|%>�=�P�>�L
=�PNTaQ�TYA�=�P±SxK�:�LNQ�Mjl_¸oF <JT�C�[,>�L�UpChMdT�M�M�>JK�L;K�E�C�<�<2M�T�M�M�>JK�LNMjX½ChLNK\Q�T�=�PDC�=�^�K�E�|�C�E�Q�M_=�EdC�LNM�?
W'>JMdM�>JK�LNM'^yK�Eh=�PNT;M�T�M�M�>JK�LNMh|%>�<�<_Q�>JM�I�K�L�LNT�IY=O=�PNTp=�E�T�Tp^�K�EOT�C�I�P�M�T�M�M�>JK�L©>�=R<JT�C�[6T�M�l ��P�>JM
Q�>JMdI�K�L�LNT�IY=�>JK�L{Wc:NM�=.SxT�E�TYADC�>�E�T�Q	l

Å_:�EqC�=�=dC�I�P�WrTYL�=pC�LNQ©Q�>JMdI�K�L�LNT�IY=hA�E�K,I�T�Q�:�E�T�Mr^yK�Er=�PNTp=°|�K`C�<�U6K�E�>�=�P�WrMOC�=�=�TYW'A�=O=�K
W'>�W'>JI�=�PNT_=�EdC�>�=�M%TZ,P�>�S�>�=�T�QOS\Fr=�PNT�K�E�>�U�>�LDC�<	C�<�U6K�E�>�=�P�Wpl�mNK�Eg§oÃ"¨�Á,�%¢��cX�Cc<
C�=�T���K�>�LNTYEo>JM
C�=�=dC�IdPNT�Qr=�K�=�PNT%LNK,Q�T�|%>�=�PrW'>�L�>�W�:�W C�[�C�>�<
C�S�<JT%SDC�LNQ�|%>JQ�=�PR=�PDC�=n>JMnM�:�¬hIY>JTYL\=n=�K4M�:�A�AiK�E�=
C�L'C�Q�Q�>�=�>JK�LDC�<�=�EdC�LNM�W'>JM�M�>JK�L/M�:NI�P/=�PDC�=�=�PNT ��K�>�LNTYEk>JM�C�Q�Q�T�Q'C�=2K�E2C�SxKj[6T�=�PNT�Q�TYA�=�P/SiK�:�LNQ	l
�G^�LNK M�:NI�P¥C�=�=dC�I�P�WrTYL�=aAiK�>�L�=�I�C�LeSxT/A�E�Kj[\>JQ�T�Q	Xk=�PNTYLw=�PNT'<
C�=�T ��K�>�LNTYE4>JM�C�=�=dC�I�PNT�Q]=�K{C
LNK,Q�T.SiTYF6K�LNQR=�PNTgQ�TYA�=�POSxK�:�LNQh=�PDC�=�PDC�MoM�:�¬hIY>JTYL�=oSDC�LNQ�|%>JQ�=�Pq=�KcM�:�A�AiK�E�=�M�:NI�PqC�LNK,Q�T�X
|%PNTYL¤K�LNTqTZ�>JM�=�M�l·��PNTqLNK,Q�TR>JM/K�=�PNTYE�|%>JM�TqE�T ��T�IY=�T�Q	lw��PNTOE�T�C�M�K�L¥|%P�F`|�TOA�E�K,I�T�T�Q¥=�K
C�=�=dC�IdP'LNK\Q�T�M�>�LrM�>�=�:DC�=�>JK�LNM�|%PNTYE�T�=�PNT%Q�TYA�=�P'SxK�:�LNQa>JM�[,>JK�<
C�=�T�Q/|%>�<�<�SxT�TZ�A�<
C�>�LNT�Q/SxTY<JKj|4l

Ð_ñ�Ý1Ð³ø



���������	�
���
��������������������������� "!�#��%$'&�()�*� +,(-�.$/&�(0�*���*12�����*34���� 5 ��
#��6 f\f

«HPNTYL;CaLNK,Q�T�<JT�C�[6T�Mg=�PNT4M�T�M�M�>JK�L"X�>�=�M.I�P�>�<JQ�E�TYL;SxT�I�K�WrT4=�PNT�E�K\K�=�M_K�^�Q�TY=dC�IdPNT�Q{M�:�S�=�E�T�T�MjX
|%PNTYE�Tg=�PNT_M�:�S�=�E�T�T�M�I�C�LRPDC�[6T_[�C�E�>
C�S�<JT�Q�TYA�=�P"l2��PNT�M�TgM�:�S�=�E�T�T�MoC�E�Tg=�PNTYLqC�=�=dC�IdPNT�QOC�=�=�PNT
P�>�U�PNT�M�=gAiK�>�L�=�M�C�=g|%P�>JI�P±=�PNTYE�Tc>JM�C�[�C�>�<
C�S�<JTaI�C�ADC�IY>�=GFp=�KhAxTYE�^yK�E�W =�PNTaC�=�=dC�I�P�WrTYL\=�Xi|%>�=�P
=�PNT�M�:�S�=�E�T�T�M�K�^�U�E�T�C�=�T�M�=�Q�TYA�=�P;SxTY>�L�UqC�=�=dC�I�PNT�Q±C�=g=�PNT4P�>�U�PNT�M�=_AiK�>�L�=�l�«HPNTYL{=�PNTYE�TaC�E�T
MdTY[6TYEdC�<�LNK\Q�T�MnC�=2=�PNT�MdC�WrT�PNTY>�U�P\=n=�K�|%P�>JI�PhC�LhC�=�=dC�IdP�WrTYL�=�I�C�L'SiToWhC�Q�T�X6=�PNT�LNK,Q�To|%>�=�P
W'>�L�>�W�:�WfC�[�C�>�<
C�S�<JThSDC�LNQ�|%>JQ�=�Pe>JM�M�TY<JT�IY=�T�Q¦¹�mk>�U�:�E�T ² »Zl � M�:�S�=�E�T�Th>JM4Q�>JM�I�C�E�Q�T�Qe|%PNTYL
=�PNTYE�T4>JM%>�LNM�:�¬hIY>JTYL�=�C�[�C�>�<
C�S�<JT�SDC�LNQ�|%>JQ�=�P{=�KhI�K�L�LNT�IY=.=�PNT�E�K,K�=.K�^k=�PNT4M�:�S�=�E�T�T�l

mNK�E'ª���Á,�n¢���Á,¢gX�C{<
C�=�T ��K�>�LNTYEa>JM'C�=�=dC�I�PNT�Q¥=�K;=�PNTOLNK\Q�TR|%>�=�P¥WhC�,>�W�:�W C�[�C�>�<
C�S�<JT
SDC�LNQ�|%>JQ�=�P¥=�PDC�=a<�>JT�Mc|%>�=�P�>�L`=�PNTOQ�TYA�=�P]SiK�:�LNQ	l{�G^%LNK;M�:NIdPeLNK,Q�TRTZ�>JM�=�M�Xv=�PNTYL¤CpLNK,Q�T
|%>�=�PqWhC��>�Wc:�WÂC�[�C�>�<
C�S�<JT�SDC�LNQ�|%>JQ�=�P{=�PDC�=o<�>JT�M%K�:�=�M�>JQ�T_=�PNT�Q�TYA�=�PqSiK�:�LNQq>JMo:NM�T�Q	l2�B^vLNK
LNK,Q�T�PDC�M�M�:�¬hIY>JTYL�=cC�[�C�>�<
C�S�<JTaSDC�LNQ�|%>JQ�=�P·=�KR^�K�E�|�C�E�Q;=�EdC�LNM�W'>JM�M�>JK�LNM�=�KR=�PNT�<
C�=�T���K�>�LNTYE�X
=�PNTg<
C�=�T���K�>�LNTYEt>JMtE�T ��T�IY=�T�Q	l2��PNT�C�<�U6K�E�>�=�P�W =�KcE�TZ?°C�=�=dC�I�PqQ�TY=dC�I�PNT�QqM�:�S�=�E�T�T�M�C�^º=�TYE�C�LNK,Q�T
<JT�C�[6T�Mh=�PNT;M�T�M�M�>JK�L¦>JMh=�PNT;MdC�WrT{C�MR=�PDC�=r^yK�EO§oÃ"¨�Á,�%¢��cXoTZ�I�TYA�=R=�PDC�=h=�PNT{LNK\Q�T{|%>�=�P
WhC��>�Wc:�WÌC�[�C�>�<
C�S�<JT4SDC�LNQ�|%>JQ�=�P;>JM.M�TY<JT�IY=�T�Q |%PNTYLp=�PNTYE�TaC�E�T4M�TY[6TYEdC�<"LNK,Q�T�MgC�=.=�PNTcMdC�WrT
PNTY>�U�P\=�=�K4|%P�>JI�PpC�LqC�=�=dC�I�P�WrTYL�=.I�C�LOSiT.WhC�Q�T/¹º>�LOmk>�U�:�E�T ² X�LNK,Q�T ~ >JMoC�=�=dC�IdPNT�QO=�KcLNK,Q�T
µa>�LNM�=�T�C�QpK�^kLNK,Q�T ² »Zl

��PNT�=�E�T�T�^�K�E�WrT�Q{C�M�CaE�T�M�:�<�=gK�^�LNK\Q�T�M���K�>�L�>�L�URC�LNQp<JT�C�[,>�L�Uh=�PNT4M�T�MdM�>JK�L WhC�FqSiT4C�S�<JT
=�K/C�Q�W'>�=o^�TY|oTYE�LNK\Q�T�M�>�L�=�Ka=�PNT�M�T�M�M�>JK�LRSxTYF6K�LNQO=�PNT�Q�TYA�=�PqSxK�:�LNQR=�PDC�L K�LNT_I�K�LNM�=�E�:NIY=�T�Q
>�LzC'M�=dC�=�>JI4M�TY=�=�>�L�UNlomNK�E.=�P�>JMgE�T�C�M�K�L"XN=�PNT4=�E�T�T�>JM.AiTYE�>JK\Q�>JI�C�<�<�FqE�T�I�K�L��NU�:�E�T�Q;S�FpC�A�A�<�F,>�L�U
=�PNT'§oÃ"¨�Á,�%¢��¾C�<�U6K�E�>�=�P�W K�E�=�PNTaª���Á,�n¢���Á,¢ C�<�U6K�E�>�=�P�W =�KR=�PNT/M�TY=_K�^�LNK\Q�T�M�=�PDC�=�C�E�T
IY:�E�E�TYL\=�<�FwADC�E�=�>JIY>�ADC�=�>�L�U±>�Le=�PNTRM�T�M�M�>JK�L"lq��TYLNI�T�XvLNK,Q�T�M�=�PDC�=aC�E�TRC�=�=dC�IdPNT�Q`SxTYF6K�LNQe=�PNT
Q�TYA�=�P¥SiK�:�LNQ¥I�C�L¤SxTRS�E�K�:�U�P�='|%>�=�P�>�L¤=�PNTqQ�TYA�=�P¤SiK�:�LNQ`Q�:�E�>�L�U±=�P�>JM/E�T�I�K�L��NU�:�EdC�=�>JK�L"l
��PNK�MdTrLNK,Q�T�Mc=�PDC�=a<�>JThK�:�=�M�>JQ�TR=�PNThQ�TYA�=�P`SiK�:�LNQ`C�^�=�TYEaCpE�T�I�K�L��NU�:�EdC�=�>JK�L¦C�E�ThQ�E�K�A�AiT�Q
^�E�K�W¡=�PNT4M�T�MdM�>JK�L"l

� � #5��#%�%����� #�'�� � �8�/�Á#��!�
�°Lw=�P�>JMaM�T�IY=�>JK�L"Xk|�TRA�E�T�M�TYL�='Cq^yK�E�WhC�<tA�E�K,K�^.=�PDC�=aC�<�U6K�E�>�=�P�W §oÃ"¨�Á,�%¢�� |%>�=�P¥M�|oC�A]>JM
K�A�=�>�WhC�<�|%>�=�P�>�L±=�PNT�PNK�WrK�U6TYLNT�K�:NM4M�TY=�=�>�L�UNl�¸�F{PNK�WrK�U6TYLNT�K�:NM�Xi|�TaWrT�C�L±=�PDC�= � $ � �
^yK�EhC�<�< � ��	�Xt|%PNTYE�T " $ � " $�� ^yK�EhC�<�< ��� � C � 	_X�C�LNQ¥|%PNTYE�T ( * � ( *�� ^�K�EhC�<�<gADC�>�E�M
��� �FC � � lk«wTgM�TY=	����
 (+*� " $��\X6=�PNT.=�PNT_L�:�W�SxTYE�K�^"M�T�M�M�>JK�LRI�K�A�>JT�Mt=�PDC�=�T�C�I�PRLNK\Q�T_I�C�L
^yK�E�|oC�E�Q	X½C�LNQ <JTY= � J54�6 SiT�=�PNT�W'>�L�>�W�:�WÂQ�TYA�=�P{Kj[6TYE�C�<�<	=�E�T�T�M.=�PDC�=_I�C�L SxT�I�K�LNM�=�E�:NIY=�T�Q
|%>�=�P�>�L`=�PNTqC�[�C�>�<
C�S�<JThSDC�LNQ�|%>JQ�=�P¤I�K�LNM�=�EdC�>�L\=�M/=�PDC�=c>�LNIY<�:NQ�T�M'C�<�<�E�T�I�TY>�[6TYE�Mjlp«wTRSxK�E�E�Kj|
=�PNTR^yK�<�<JK�|%>�L�U·LNK�=dC�=�>JK�L¥^�E�K�W } ³�µ �G� I * O ?RQ � >JM/=�PNTqQ�TYA�=�P¤K�^_LNK,Q�T �V>�L¥=�E�T�T�?¡|%PNTYE�T
I $ O ?RQ ���a^yK�E�=�PNT4M�K�:�E�I�T�K�^k=�PNT�=�E�T�T
�4C�LNQ I * O ?RQ�� I����������[O ?RQ�� �6X�|%PNTYE�T � * O ? Qn>JM

Ý4Ý Ü�Î�é�õ)þSò



f[� �N������i��&r���2��(��

=�PNTgADC�E�TYL�=�>�LO=�PNT.=�E�T�T�?�K�^"LNK,Q�T��2l I JLKNM O ? ��0 Q � ����� * ��� I * O ? QdX�>BlÍT�l�X,=�PNT.WhC��>�Wc:�W
Q�TYA�=�Pa>�LR?¤K�^½C�L�FcLNK\Q�T�Mv>�L 0 E ?�l�mDK�EkI�K�LNIY>JM�TYLNT�MdM�X�|�ToQ�TZ�NLNT I JLKNMPO ?RQ�� I JLKNMXO ? � ? Qdl

Å_:�E�=�PNT�K�E�TY=�>JI�C�<nE�T�M�:�<�=�M�E�TY<�FzK�L±E�T�M�:�<�=�M�A�E�Kj[6TYLwA�E�TY[\>JK�:NM�<�F;>�L } ³�µ � lc«wT�E�T�M�=dC�=�T/=�PNT
=°|�KRQ�TZ�NL�>�=�>JK�LNM_C�LNQ{C/Ã"TYW'WhCrA�E�T�M�TYL�=�T�Q{>�L =�PDC�=.|�K�E�sq=�PDC�=.|%>�<�<	SiT�:NM�TZ^�:�<	PNTYE�T�l

�
	��� *-,/*&'  3 2����  '���,�� ' �� , ) � *  , � 5���� �������! "��� �" �# ��� �� � � �	$ ��%���'&)(+*,(.-�/10 O Q�/
�*��� !Z�\Ëx��������Ë{�ºÈ,���k�r�¯ÇD�4���6�ZÈOË½��Æ�������� �B�r�aË½��ËNÉGËx� �6�����º�����ºËD�G� ���Y�3240 O � Q � �%�º�_Ç½���y�¯�
�ºÈ����2Ë½��Æ\� �¥È,���g�¯�65¦�Y�B�ZËD��Ê���Ë½Æ872�yÆ��ºÈp���¯Ç���ÊY�*���º���B�¯�4�B� !����67t����Æ/���Z�d�¯�y��Ë;Æ����B�r�B�R���2�r���Z� �
�6�ºÈ��Z�4Ë½�jÆ��¯�32
�
	��� *-,/*&'  ::9 ���,0 O QR��Ë½Æ<; O Q Ê�� �=7t�wÆ�� >_�Z���ZËD�@?,A!?n�r�*ËCBD2FE'�R�Y���±�ºÈ����G0 O Q 
 �IH
J �I# �LKNM��O; O Q±��Ë½ÆP72�Z�º�G�
0 O QRQS; O Q;� !±�ºÈ��Z���]� ��
�Y�'�=7t�©����Æ��Z�Z�*Ë����e� !z�ºÈ��zË½��Æ��Z�z�ºË:BT/
U�V �3W3W3W � UYX ��Ë½Æ ( V �3W3W3W � ( X �Z���YÈ �ºÈ��������º�"�ºÈ���!����*���872�ºË��rÈ,����Æ�Z

[ 0 OLU � Q � 0 OLU / Q4��Ë½Æ\; O (+� Q � ; O ( /fQ !����,��]�	^2

[ ?"���a���*� 	 � � � 
/ �`_ V 0 OLU � Q � 

/ �a_ V ; O ( � Q62

[  X�`_ V 0 OLU ��Q �  X�`_ V ; O (+� Q62

«wT�MdC�Fh=�PDC�=.C�=�E�T�T�?�b�>JM���� �����*���R����ËNËx�����G��Æ�|%>�=�P E�T�M�AiT�IY=�=�K/mv§omc0 O Q�>@^kT�C�IdPOLNK,Q�T �
>�L ?^b�PDC�MgLNKrWrK�E�T�=�PDC�Ld0 O � Q�I�P�>�<JQ�E�TYL"lo«wT�|%>�<�<vWhC�s6T4:NM�T4K�^�=�PNT4WhC ��K�E�>�¼jC�=�>JK�L{E�T�M�:�<�=�X
A�E�Kj[6T�Qp>�L } ³�µ �G�

e.	 0 0 � 3c9 �Y�.0 O Q/��Ë½ÆT; O QrÊ��h�=7t�pÆ�� >_�Z���YËD�.�r� ��º�/�\� !���Ë½�����g���¯�¯� ��ËN�h�ZËD�º�a�*Ëf7�È����YÈ
0 O QTQg; O Q62dh-!D?�b;�
�R�;�J� �6���º�-�w����ËNËx�����G��Æw�������<72���ºÈ±���¯�GÇ��������B�i; O Q�/��ºÈ��ZË©�ºÈ��Z���p� ��*�Z�º�q�
��������? V 72���ºÈq�ºÈ����Y���r�������o� !�Ë½�jÆ��¯�c�ºÈ,���t�
���J� �6���º���O����ËDËx�����G��Æ<72���ºÈq���¯�GÇ��������B�T0 O Qj7�È��Y���
I JLKNMPO ? V QYS I JLKNMPO ?^b Q62

�°LpK�=�PNTYE.|�K�E�Q�M X�>@^D=�PNTo=�K�=dC�<�L�:�WcSiTYEnK�^½T�Q�U6T�M2TZ�=�TYLNQ�>�L�U�^ºE�K�W C�<�<,LNK\Q�T�M�W�:NM�=�E�TYWhC�>�L
���T�Q	X�=�PNTRW'>�L�>�Wc:�W Q�TYA�=�P¥K�^�C =�E�T�TO>JM�E�T�Q�:NI�T�Q]S\FwPDC�[,>�L�U·M�K�WrTRLNK\Q�T�M�|%>�=�P©Cp[6TYE�F
<
C�E�U6T�L�:�W�SxTYE�K�^tT�Q�U6T�M�C�LNQzK�=�PNTYE�M_|%>�=�P·Ch[6TYE�FpM�WhC�<�<vL\:�WcSiTYE�K�^tT�Q�U6T�M_=�PDC�Lz|%PNTYL·C�<�<
LNK,Q�T�M%PDC�[6T�E�K�:�U�P�<�Fq=�PNT4MdC�WrT�L�:�W�SxTYE�K�^�T�Q�U6T�Mjl

«wT�<JTY= ?!k.T�b\:DC�<�=�PNT �\=�P'=�E�T�T�=�PDC�=2>JM�I�K�LNM�=�E�:NIY=�T�Qr|%>�=�PrM�K�:�E�I�ToLNK\Q�T���k�S�F � <�U6K�E�>�=�P�W
§oÃ�¨�Á,�%¢���l	«wTrQ�TZ�NLNT'=�PNThmv§om�XY0�k O � QdX�=�KpT�b�:DC�<2=�PNTrL�:�WcSiTYE�K�^%T�Q�U6T�M4=�PDC�=�I�K�L�LNT�IY=
^�E�K�W LNK,Q�T��V=�Kw>�=�M'I�P�>�<JQ�E�TYL¦>�L¤=�E�T�T ?�k�l¤ª_:�E�>�L�U·=�PNTpE�:�L�L�>�L�UeK�^�=�PNTpC�<�U6K�E�>�=�P�WpXo|oT
Q�TZ�NLNT4=�PNT �\=�P]����Ëml����,���6������ËqK�^2M�T�M�M�>JK�LNM�X�n4k4=�K'SiT�=�PNT4MdTY=gI�K�L�=dC�>�L�>�L�UO=�PNT��NE�M�= �q=�E�T�T�M

Ð_ñ�Ý1Ð³ø



���������	�
���
��������������������������� "!�#��%$'&�()�*� +,(-�.$/&�(0�*���*12�����*34���� 5 ��
#��6 fS�

� ? V �3W3W3W � ?!k���=�KaSiT�I�K�LNM�=�E�:NIY=�T�Q	X�|%>�=�P n b SiTY>�L�U'=�PNT�I�K�L��NU�:�EdC�=�>JK�L{I�K�L�=dC�>�L�>�L�UhLNK�=�E�T�T�Mjl
«wT_Q�TZ�NLNT@0�� ����� � O � Qv=�K�SxTg=�PNT.L�:�W�SxTYE%K�^2���¯�¯�yÆ������\K�E�C�M�?GK�^*?BF6TY=�:�L�:NM�T�QOT�Q�U6T�M�K�^�C4LNK,Q�T
�r|%>�=�P�>�L/I�K�L��NU�:�EdC�=�>JK�L�n4k�¹º>BlÍT�l�X�C�^�=�TYEv=�PNTn�NE�M�= ��=�E�T�T�M�PDC�[6ToSxT�TYLaI�K�LNM�=�E�:NIY=�T�QD»Zl�¸oT�I�C�:NMdT
K�:�E_M�TY=�=�>�L�Uh>JM%PNK�WrK�U6TYLNT�K�:NMjXD|oT4PDC�[6Tc=�PDC�=j0 � �	��
 � O � Q � � ^�K�E_C�<�< ��� � lt«wT4Q�TZ�NLNTaC
ADC�E�=�>
C�<iLNK,Q�T� � 7 =�KcSiT4�\�Y��ÊY���o:�LNQ�TYE%I�K�L��NU�:�EdC�=�>JK�L n4k�|%PNTYLNTY[6TYE 0 � �	� � � O ��Q.] � C�LNQ
>�=�>JM4AxK�M�M�>�S�<JT�=�KpS�:�>�<JQwCO=�E�T�T ?�Ck|%PNTYE�T I JLKNM�O ?�C&QWS �Ì:NM�>�L�U LNK\Q�T��]C�LNQwC�<JK�L�U{|%>�=�P
K�=�PNTYE�LNK,Q�T�M �e=�PDC�=4M¯C�=�>JM�^ºF�0 � ��� � �;O � Q � �hl4�GL·K�=�PNTYE�|�K�E�Q�MjX	>�=�>JMg^yT�C�M�>�S�<JTa=�KO:NM�T��·=�K
S�:�>�<JQp=�E�T�TW?�k�� V l

e.	 0 0 � :�� Ë½Æ��Y� � � �6���Z���ºÈ�� A 9��������� /v������� ? V ����Ë½�B���*ËN�������r���Y����Ëx��Ë½��ËNÉG�J��� !�Ë½��Æ��
� b !���� 7�È��y�ZÈ�0 V O � b Q+] �<2 9 �Y�y���ºË�� = ���Y�����t�ºÈ��'ËN�,�hÊ��Z�h� !/Ë½��ËNÉG�J��� !'Ë½�jÆ��¯�'�*Ë]�������R? V
�ºÈ����2�������
�&!¯� 0 V O � Q � � /t�ºÈ��ZËz���Y�'���*ËN�ºË��O�������¯� /U?�k ����ËD�B���ºË·�Z���ºÈ��Z�8= ���B= � �hË½��ËDÉG�J��� !
Ëx��Æ��¯� /j7�È��Z���q���g�'���Z�g�=7t�;Ë½�jÆ��¯� /�� V � ���;� ��*�Z�U!Y���i7�È��y�ZÈ
0�k O � / Q ] � ��	 � � � � 2 9 ���Z� /
�,Ë½Æ��Y����ËN�R�d��Ëml����,����������Ë�n4k$/t�ºÈ��Z�����*�������r���Z�o��Ëx�4������ÊZ�J��Ë½��Æ��c�ºË�7<2

!������[!3Zo��PNT4^yC�IY=.=�PDC�=�? V I�K�L�=dC�>�LNM�C�=gWrK�M�=gK�LNTcLNK\Q�T ��b�^�K�E.|%P�>JIdPd0 V O ��b Q ] � ^yK�<�<JK�|.M
=�E�>�[,>
C�<�<�F�^�E�K�W C�<�U6K�E�>�=�P�W¾§oÃ"¨�Á,�%¢��cX�U�>�[6TYL�=�PDC�=2C�<�<�LNK,Q�T�Mv>�L�>�=�>
C�<�<�F4PDC�[6T40 � ��� 
 � O � Q � �rX
C�LNQe§oÃ�¨�Á,�%¢��¾=�:�E�LNMcC�=�WrK�M�=4K�LNT/LNK,Q�T/>�L�=�KpCOADC�E�=�>
C�<�<�Fz:�=�>�<�>�¼�T�Q·LNK,Q�Ta^�K�E�T�C�I�Pe=�E�T�T
=�PDC�=�>�=�S�:�>�<JQ�M�lc«wT/M�PNK�| =�PNTa<
C�M�=�A�E�K�AiTYE�=GFz>�L·=�PNT�<JTYW'WhCOS\F{>�LNQ�:NIY=�>JK�L"l � M�M�:�WrT�=�PNT
E�T�M�:�<�=�PNK�<JQ�M�=�E�:NT'C�^�=�TYE�S�:�>�<JQ�>�L�U � =�E�T�T�MjX � � �6lc��PNT/C�<�U6K�E�>�=�P�W �NE�M�=�:NM�T�M�C�L�F{:NM¯C�S�<JT
LNK,Q�T�M�>�L�7 |%PNTYL I�K�LNM�=�E�:NIY=�>�L�U/=�PNT � � ��M�=t=�E�T�T�ltm�:�E�=�PNTYE�WrK�E�T�X�=�PNT�C�<�U6K�E�>�=�P�W Q�K,T�M�LNK�=
>�L\=�E�K\Q�:NI�TRC�LeC�Q�Q�>�=�>JK�LDC�<nLNK�L�?B<JT�C�^oLNK,Q�T�� � 9¾:�L\=�>�<�C�<�<�LNK\Q�T�McC�<�E�T�C�Q�FzA�E�T�M�TYL\=4>�L±=�PNT
=�E�T�T�PDC�[6T�C�<�<	T�Q�U6T�Mo:�=�>�<�>�¼�T�Q	ln��TYLNI�T�X�>�LR=�PNT�TYLNQ	X�C�=�WrK�M�=�K�LNT_LNK�L�?B<JT�C�^kLNK\Q�T�>�LO=�PNT�=�E�T�T
>JM.ADC�E�=�>
C�<�<�FO:�=�>�<�>�¼�T�Q	XDI�K�W'A�<JTY=�>�L�Uh=�PNT�>�LNQ�:NIY=�>�[6T�M�=�TYA"l

Ã�C�M�=�XD|oT4LNK�=�T4=�PDC�=_|%PNTYL;LNKr:NMdC�S�<JT4LNK,Q�T�M�C�E�TaC�[�C�>�<
C�S�<JTc>�L 7¾>�L{I�K�L��NU�:�EdC�=�>JK�Lfn4k\X
=�E�T�TY?!k�� V |%>�<�<�SiTt>JM�K�WrK�E�A�P�>JI�=�K8? V lv�G^½C_:NMdC�S�<JToLNK\Q�T"�'TZ�>JM�=�Mk>�L 7�|%>�=�P�>�LrI�K�L��NU�:�EdC�=�>JK�L
n4k�X,=�PNTg=�E�T�T_Wc:NM�=%M�=�>�<�<xI�K�L�=dC�>�L{C�=o<JT�C�M�= = � �_LNK,Q�T�M�� ^yK�E�|%P�>JIdP
0�k�� V O � Q ���¡¹�K�E�TY<JM�T
? V I�K�:�<JQ'PDC�[6T.SxT�TYLhI�K�LNM�=�E�:NIY=�T�Q':NM�>�L�U�^yTY|�TYEn=�PDC�L�= LNK,Q�T�M2=�PDC�=nMdC�=�>JM�^ºF�=�P�>JMnA�E�K�AiTYE�=GFN»Zl
�G^½=�PNT�MdT = � ��LNK,Q�T�MtC�LNQ��rQ�K�LNK�=2A�E�K\Q�:NI�T.C�M�:�¬hIY>JTYL�=nL\:�WcSiTYEtK�^iT�Q�U6T�Mn=�K�I�K�L�LNT�IY=2=�PNT
E�TYWhC�>�L�>�L�U ¹º<JT�C�^Z»kLNK,Q�T�M�X6=�PNTYLqC�L =q=�PrLNK,Q�T.>JMtS�E�K�:�U�P�=o>�L"l��B^	=�P�>JMn>JMtLNK�=�M�:�¬hIY>JTYL\=�X,=�PNTYL
C�L = � ��M�=�LNK,Q�T�>JM�S�E�K�:�U�P�=g>�L"l2��P�>JM.|%>�<�<"IY<JT�C�E�<�FRSiT�M�:�¬hIY>JTYL�=gM�>�LNI�TD= K�^�=�PNT�M�TW= � �
LNK,Q�T�M�MdC�=�>JM�^�FO0 � ����� � O � Q � �¡C�LNQzPNTYLNI�T/I�K�:�<JQzSxT�:NM�T�Q;=�KRS�:�>�<JQ·Ch=�E�T�Ta>JM�K�WrK�E�A�P�>JI/=�K
? V l��GL;=�P�>JMgI�C�M�T�XDLNK\Q�T#�zC�LNQp=�PNTc<
C�M�=gLNK,Q�T4=�Kr|%P�>JI�P±I�P�>�<JQ�E�TYLwC�E�T�C�M�M�>�U�LNT�Qp>�L;C�E�Tc=�PNT
K�L�<�FR=G|oK'LNK\Q�T�M.=�PDC�=%PDC�[6T�I�P�>�<JQ�E�TYL;>�L�?�k�� V =�PDC�=.Q�KaLNK�=gC�A�A�<�FqC�<�< � T�Q�U6T�M%|%>�=�P�>�L{=�P�>JM
=�E�T�T�l

Ý4Ý Ü�Î�é�õ)þSò



f�� �N������i��&r���2��(��

e.	 0 0 � Z EOÈ��ZË � � � J54�6 /O�ºÈ��ZË � � �6���Z�º�ºÈ\� A 9����������� ���]ÊZ�\�º��Æ��±�ºÈ��z�r� ��º�a�,�
ËD�\�hÊ��Z�a� !4�����d�¯�%Ç����¯�¯�BÊZ�J� 72�º�ºÈpÆ��GÇx�ºÈ Ë½� ���������G�Z�a�ºÈ,��Ë
�O2

!������[!3Z{«wTqSiTYU�>�L©S�F¥LNK�=�>�L�Uw=�PDC�=hM�>�LNI�T{C�<�<.M�TYLNQ�TYE�Mr=�EdC�LNM�W'>�=RC�=r=�PNT MdC�WrT EdC�=�T�Xo>@^4C
LNK,Q�T�uÍM/E�TYWhC�>�L�>�L�U]C�[�C�>�<
C�S�<JT SDC�LNQ�|%>JQ�=�P¦>JM/>�LNM�:�¬hIY>JTYL�=r=�KzSiTpC;LNK�L�?B<JT�C�^�LNK,Q�Tq>�L¥=�E�T�T
? ��X�>�=4|%>�<�<�C�<JM�KpSiT'>�LNM�:�¬hIY>JTYL\=c^yK�E�C�<�<�=�E�T�T�MD? /'^yK�E 	 � ��lO«wTrA�E�Kj[6Tr>�LNQ�:NIY=�>�[6TY<�FeK�L �
=�PDC�= � <�U6K�E�>�=�P�WÂ§oÃ"¨�Á,�%¢�� S�:�>�<JQ�M ?��kK�^�Q�TYA�=�P{C�=%WrK�M�= � J54�6 � �6X�=�PDC�=.K�L�<�FOK�LNT�LNK,Q�T
E�TYWhC�>�LNM�>�L 7 C�^�=�TYE�=�PNT4S�:�>�<JQ�>�L�U K�^tT�C�I�P±=�E�T�T�X	C�LNQ{=�PDC�=�=�P�>JM�K�LNTcLNK,Q�Tc>JM_:NMdC�S�<JT�l_��PNT
>�LNQ�:NIY=�>�[6T_M�=�TYAhPNK�<JQ�Mn^�K�EL? V � M�=�EdC�>�U�P�=�^yK�E�|oC�E�Q C�A�A�<�>JI�C�=�>JK�LqK�^"Ã"TYW'WhCr³�C�LNQhµ�=�PDC�=�U�>�[6T�M
:NM.=�PDC�= ? V S�:�>�<JQ�M�Ca=�E�T�T4K�^�Q�TYA�=�P � J54�6 l

�vKRI�K�L\=�>�L�:NT/K�:�EgA�E�K,K�^2S�F >�LNQ�:NIY=�>JK�L"Xx|�T4�NE�M�=gLNK�=�Tc=�PDC�=�C'LNK,Q�T � � 7¾|%>�=�P�>�LzI�K�L�?
�NU�:�EdC�=�>JK�L n4kp>JMhC�<�|�C�F�Mr:NMdC�S�<JTq>�L¤=�PNTpS�:�>�<JQ�>�L�UeK�^�=�E�T�T�?!k�� V l¤��P�>JMrI�C�L©SiTOMdT�TYL¤S�F
I�K�LNM�>JQ�TYE�>�L�Uz=�PNTh|�K�E�M�='I�C�M�T�Xk|%PNTYE�T �]PDC�M/K�L�<�FwK�LNTqC�[�C�>�<
C�S�<JTqT�Q�U6Th=�KzM�:�A�AiK�E�=�Q�K�|%L�?
M�=�E�T�C�W LNK\Q�T�M�Xi>BlÍT�l�X�0 � ����� � O � Q � �6l/��TYE�T�Xi>�=�>JM�AxK�M�M�>�S�<JT�=�KqS�:�>�<JQ ?!kh|%>�=�P�>�L·=�PNT'Q�TYA�=�P
I�K�LNM�=�EdC�>�L�=.S\FhPDC�[,>�L�Ur=�PNT�M�K�:�E�I�T�M�TYLNQq=�K���X�C�LNQq=�PNTYLpTZ�=�TYLNQq=�PNT�E�T�M�=%K�^v=�PNT�=�E�T�T�^�E�K�W
�vlk��P�>JM�M�:�S�=�E�T�T�I�C�LOSxT_S�:�>�<�=�>JM�K�WrK�E�A�P�>JI�=�KR? V |%>�=�POK�LNT�<JT�C�^�LNK,Q�TgE�TYWrKj[6T�Qw¹�M�>�LNI�T�K�LNT
LNK,Q�T �zPDC�M�C�<�E�T�C�Q�F;SxT�TYL·C�Q�Q�T�QD»ZlcÁ\>�LNI�T"? V PDC�M�Q�TYA�=�P � J54�6 Xx=�PNTR?!k'Q�T�M�IYE�>�SiT�Q·C�SxKj[6T
PDC�M'Q�TYA�=�P � J54�6 � �6l]mNK�E'=�PNTqI�C�M�TO|%PNTYE�T �`PDC�M/WrK�E�TO=�PDC�L©K�LNTO:NMdC�S�<JT T�Q�U6T�X2=�PNT�MdT
C�Q�Q�>�=�>JK�LDC�<kT�Q�U6T�M.I�K�:�<JQ SiT�:NM�T�Q =�Ka^�:�E�=�PNTYEgQ�T�IYE�T�C�M�T�=�PNTcQ�TYA�=�P{K�^1?!k\l

��PNT�Ã"TYW'WhCr>JMg=�PNTYL;A�E�Kj[6T�Q{S\F I�K�LNM�>JQ�TYE�>�L�UR=�PNT�mv§om©K�^nE�TYWhC�>�L�>�L�UqT�Q�U6T�M�X 0 � ����� �[O Q
C�^�=�TYEg=�PNT/C�<�U6K�E�>�=�P�W PDC�MgU6TYLNTYEdC�=�T�Q��q=�E�T�T�MjXxC�LNQ;<JTY=,; O Q�E�TYA�E�T�M�TYL\=�=�PNT4^yC�LNK�:�=_^�:�LNIY=�>JK�L
K�^nE�TYWhC�>�L�>�L�U T�Q�U6T�M�K�^�K�=�PNTYE�LNK\Q�T�Mg^�E�K�WÌC�L\F{K�=�PNTYE4C�E�S�>�=�EdC�E�F{I�K�LNM�=�E�:NIY=�>JK�L·K�^��q=�E�T�T�Mjl
Á\>�LNI�T�T�C�IdPO=�E�T�T�:�=�>�<�>�¼�T�M�� � ��T�Q�U6T�M�X,=�PNT�=�K�=dC�<xL�:�WcSiTYE.K�^vT�Q�U6T�MoE�TYWhC�>�L�>�L�U'>JMo=�PNT�MdC�WrT
>�L{=�PNT4=G|oKRI�C�MdT�M�X�>BlÍT�l�X  * ��� 0 � ��� � �;O � Q �  * ��� ; O � Qdlo«wT4PDC�[6TT0 � ��� � � O QGQ ; O Q�^�K�E�C�<�<
� S 
  * ��� (+* � "%$ Oa` � ` � �+Q �a^ºE�K�WÂ=�PNT�^BC�IY=g=�PDC�=j0 � �	��� �;O Q�I�K�L�=dC�>�LNM�C�=.WrK�M�=�K�LNT4LNK,Q�T
>�L 7hln��PNT�A�E�K\K�^�>JM%=�PNTYL{I�K�W'A�<JTY=�T�Q{:NM�>�L�UhÃ"TYW'WhCp³�l

Á\>�W'>�<
C�E�<�F6X,|�T_I�C�LrA�E�K�[6T_=�PNTgK�A�=�>�WhC�<�>�=°FrK�^v§oÃ"¨�Á,�%¢��¦^yK�En=�PNTg=�>�U�P�=�T�M�=oQ�TYA�=�PhSiK�:�LNQ
� X � *½l � <JM�K�XD:NM�>�L�UO=�PNTaC�SiK�[6TaÃ"TYW'WhCR=�K�U6TY=�PNTYE_|%>�=�Pz=�PNT�>�L�=�TYE�I�PDC�L�U6TrC�E�U�:�WrTYL\= ò XD|oT
I�K�:�<JQ'TZ�=�TYLNQ/=�PNT�E�T�M�:�<�=�=�K4C�Q�F,LDC�W'>JI%M�TY=�=�>�L�U�|%PNTYE�T%M�T�M�M�>JK�L/>�L�>�=�>
C�=�>JK�LRC�LNQ/=�TYE�W'>�LDC�=�>JK�L
=�>�WrT�MgK\I�IY:�E.>�LpMdK�WrTcC�E�S�>�=�EdC�E�F K�E�Q�TYE�l

� ÙAÞ�Þ �¦Û)ß1Þ£æ[× 	 ú[ýðÞ �¥îðÿ	��
�������ðò)ò����~Û)ß¿×8àvÛ�	 ú[ßRÞvá[ÞvÜ[ÙÚî �Þ�ØAßAÞ�×-Ø 	 ÞvÜZØ4Û)Ü¡ØAá[îðÙ1ØÚÞvà«á[ÜSî���ÿ[Þ

Ð_ñ�Ý1Ð³ø



���������	�
���
��������������������������� "!�#��%$'&�()�*� +,(-�.$/&�(0�*���*12�����*34���� 5 ��
#��6 f �

� � '���'G	Z��� & #�����(�� � �5��#��:��%�1��	���� ���%*G�¿�%� �
«wT�Q�TYE�>�[6T�AiTYE�^�K�E�WhC�LNI�T�SiK�:�LNQ�M%K�L K�:�E%C�<�U6K�E�>�=�P�WrM�S\FRI�K�LNM�>JQ�TYE�>�L�UrT�b\:�>�[�C�<JTYL�=.b\:NTY:�>�L�U
M�F,M�=�TYWrMjl	«wTnWhC�AaK�:�EvM�F�M�=�TYW >�L\=�K_C.M�=�K\IdPDC�M�=�>JIns,LDC�ANMdC�I�s�^�EdC�WrTY|�K�E�s } ³�� � X�C�LNQ4I�K�W'A�:�=�T
<JKj|�TYE_SxK�:�LNQ�M.K�L{S�<JK\Ids\>�L�UrA�E�K�SDC�S�>�<�>�=�>JT�M_SDC�M�T�Q K�Lp=�PNTcT�b�:�>�[�C�<JTYL�=gM�F,M�=�TYWpl

Ã"TY=�� SiT�=�PNT%M�TY=2K�^	C�<�<�AiK�M�M�>�S�<JToSDC�LNQ�|%>JQ�=�PrE�T�b\:�>�E�TYWrTYL�=�MoK�^	Á,T�MdM�>JK�LNM�>�L'=�PNT%M�F�M�=�TYW
¹º>BlÍT�lkA�E�K,Q�:NIY=nK�^½=�EdC�LNM�W'>JMdM�>JK�LrEdC�=�T.C�LNQ'M�T�M�M�>JK�L/M�>�¼�TZ?d³g»ZlkÃ�TY=	� SiT ` � ` l���PNT%M�=�K,I�PDC�M�=�>JI
s,LDC�ANMdC�Ids4I�K�LNM�>JM�=�MkK�^�n¤E�T�M�K�:�E�I�T�:�L�>�=�Mv=�K.|%P�>JI�P/K�S ��T�IY=�M"^�E�K�W
� IY<
C�M�MdT�MkC�E�E�>�[6T�lnÅ_S ��T�IY=�M
^�E�K�W IY<
C�M�MD= C�E�T'Q�>JM�=�>�L�U�:�>JM�PNT�Q·S\F{=�PNTY>�EcC�E�E�>�[�C�<2EdC�=�T�X�� X XiWrT�C�L·PNK�<JQ�>�L�Up=�>�WrT�X ���� X
C�LNQp=�PNTY>�EgM�>�¼�T�� X ¹�mk>�U�:�E�Tc�6»Zl

n

n

. . . .

n
2

m

1

. . . .

. . . .

b

b

. . . .

b
2

m

1

�4}~�po/xme,� �E`ba/e�l�smyr��a/n\lvs-}~�h©¥�/np�/lmn\��©�y{�:�Zn{�Lnp��}¦svu  ����� � �

Ã"TY= � X Q�TYLNK�=�TR=�PNTrL\:�WcSiTYEaK�^gIY<
C�MdM�?�= K�S ��T�IY=�Mc>�L]=�PNTrs,LDC�ANMdC�I�sil ��PNTYLe=�PNTh=�K�=dC�<
C�WrK�:�L\=OK�^4E�T�MdK�:�E�I�T{:�=�>�<�>�¼�T�QVS�F©=�PNT;K�S ��T�IY=�MR>�LH=�PNTps,LDC�ANMdC�I�s©>JM��PW��nX�|%PNTYE�T���� �
O � V ��� ��������� ����� Q�C�LNQ �!� � O � V � ������������� �"� Qdle«wT Q�TZ�NLNTq=�PNTOA�E�K\I�T�M�M/>�L¥=�TYE�WrMrK�^_=�PNT
M�=dC�=�T�M�ADC�I�T4K�^�=�PNT4Q�>@ÄiTYE�TYL\=gIY<
C�M�M�?�= K�S ��T�IY=�M�X�>BlÍT�l�<JTY=

# � � � � �%$ X �&� W�� S n �

��PNT�s,LDC�ANMdC�Ids C�<�|�C�F�M_C�Q�W'>�=�MgC�LzC�E�E�>�[\>�L�UhK�S ��T�IY=%|%PNTYLp=�PNTYE�T�>JM%M�:�¬hIY>JTYL�=gE�K,K�Wpln9zK�E�T
M�AxT�IY>@�DI�C�<�<�F6Xi>�=4C�Q�W'>�=�M4C�LwC�E�E�>�[\>�L�U IY<
C�M�M�?�= K�S ��T�IY=�>@^'� X S n �(�dW)�nl�Ã�TY= # X SiT�=�PNT
M�:�SNM�TY=.K�^�M�:NI�P{M�=dC�=�T�MjX�>BlÍT�l

# X � � � ��� # �*��W�� S'n �+� X �

l���PNTaS�<JK\Ids\>�L�U A�E�K�SDC�S�>�<�>�=°F-, X ^yK�E4COIY<
C�M�M�?�=fI�C�<�<�:�LNQ�TYE4�vK�>JM�MdK�LeC�E�E�>�[�C�<tC�M�M�:�W'A�=�>JK�L
>JM.=�PNTYLpU�>�[6TYLpS�F } ³�� �

, X � � �
/. ��021%3 �/6_ V "

*��
/ � � /�4

/. ��053 �/ _ V "
*��
/ � � /64 ¹�³j»

Ý4Ý Ü�Î�é�õ)þSò



fS� �N������i��&r���2��(��

� MtC4ADC�E�M�>�WrK�L�>JK�:NMtWrTY=�E�>JI_=�K4I�K�W'ADC�E�T_AxTYE�^yK�E�WhC�LNI�T�X\|�T.<JK,K�srC�=n=�PNT.|oTY>�U�P�=�T�QOS�<JK,I�s,>�L�U
A�E�K�SDC�S�>�<�>�=°F����'^yK�EhT�C�IdP®Á\=�K,I�PDC�M�=�>JI ��LDC�ANMdC�IdsxX%|%PNTYE�T;|�T;|�TY>�U�PH=�PNTpS�<JK,I�s,>�L�U`A�E�K�S�?
C�S�>�<�>�=°F©^yK�EOC]IY<
C�M�M �B= I�C�<�<_|%>�=�P�=�PNT;E�T�M�K�:�E�I�T;E�T�b�:NT�M�=qK�^c=�PNTzI�C�<�< � X X%>BlÍT�l >@^�� � �
O , V � ,���������� � , � QdX�=�PNTYL

��� � � W��
 �X _ V � X

�vKRI�K�W'A�:�=�T�=�PNT4:�A�AiTYE_SiK�:�LNQ{K�L;=�PNT4L\:�WcSiTYE�K�^tC�Q�W'>�=�=�T�Q±M�T�M�M�>JK�LNM.>�L;K�:�E�M�F�M�=�TYW
¹º|%P�>JIdPpI�K�E�E�T�M�AiK�LNQ�>�L�U�<�FhF,>JTY<JQ�M�C�<JKj|�TYE%SiK�:�LNQRK�Lq=�PNT�S�<JK\Ids\>�L�U/A�E�K�SDC�S�>�<�>�=°F�»ZX�|oT�>�U�LNK�E�T
=�PNTOQ�TY<
C�F]I�K�LNM�=�EdC�>�L�=�MrC�LNQ`WhC�A`=�PNTRI�C�ADC�IY>�=°FPnÂK�^g=�PNTRs\LDC�ANMdC�Idsw>�L�=�K  * ��� (+*iXk>BlÍT�l
=�PNTpC�U�U�E�TYU�C�=�T�Q©SDC�LNQ�|%>JQ�=�P¦>�L¥=�PNT M�TY=rK�^_LNK,Q�T�M�l¥��P�:NMjXt|%PNTYLNTY[6TYEr=�PNTYE�Tq>JMrC�[�C�>�<
C�S�<JT
I�C�ADC�IY>�=°F�>�La=�PNTos\LDC�ANM¯C�I�sO¹yC�[�C�>�<
C�S�<JT.SDC�LNQ�|%>JQ�=�P'>�La=�PNToLNK,Q�T�M¯»ZX�|�T�u <�<NC�M�M�:�WrT�=�PNT�M�T�MdM�>JK�L
>JM4C�Q�W'>�=�=�T�Qw>�E�E�T�M�AxT�IY=�>�[6T'K�^o=�PNT'Q�TY<
C�F±I�K�LNM�=�EdC�>�L�=�Mjl'��PNT'M�>�¼�T/K�^�=�PNT'K�S ��T�IY= � X >JM�=�PNTYL
M�>�W'A�<�Fr=�PNTgA�E�K,Q�:NIY=%K�^�=�PNT�M�>�¼�T_K�^v=�PNT_M�T�MdM�>JK�L±¹ºW'>�L\:NM%K�LNTj»tC�LNQO=�PNT�M�TYLNQ�>�L�U/EdC�=�T�K�^"=�PNT
MdT�M�M�>JK�L"l�«wT4C�<JM�KhC�MdM�:�WrT�=�PDC�=.=�PNT�SDC�LNQ�|%>JQ�=�P;E�T�b�:�>�E�TYWrTYL\=�M � X C�E�T�>�L\=�TYU6TYE�M�l

� ��	�� 'G(����:	�#���� � �4'G(��4� �
	)�� ���4����	Z�
	 �4#�'�* & ��� �¯� ���4G	�*
�°Lh=�P�>JM�M�T�IY=�>JK�L"X\|�T�I�K�W'ADC�E�T�=�PNT_AxTYE�^yK�E�WhC�LNI�T_K�^"=�PNT�C�<�U6K�E�>�=�P�WrM�A�E�K�AiK�M�T�Qh>�LpÁ,T�IY=�>JK�Lp´
[,>
C4C�LOTY[�C�<�:DC�=�>JK�LqK�^	=�PNTY>�E�S�<JK,I�s,>�L�UcA�E�K�SDC�S�>�<�>�=°F6X�>BlÍT�l�X�=�PNT.^ºEdC�IY=�>JK�LqK�^"M�T�M�M�>JK�LNMt=�PDC�=tWc:NM�=
SiT_=�:�E�LNT�QqC�|oC�FhSiT�I�C�:NM�T�=�PNTgADC�E�=�>JIY>�ADC�=�>�L�U'E�T�I�TY>�[6TYE�M%Q�KaLNK�=oPDC�[6T�M�:�¬hIY>JTYL\=oSDC�LNQ�|%>JQ�=�P
I�C�ADC�S�>�<�>�=�>JT�Mg=�K'M�:�A�AiK�E�=%=�PNTcC�E�E�>�[\>�L�UrMdT�M�M�>JK�L"l2��KrAxTYE�^yK�E�W¡=�P�>JM.TY[�C�<�:DC�=�>JK�L"X�|�T�:NMdT�M�>�W/?
:�<
C�=�>JK�L"lt��PNT_L\:�WcSiTYE.K�^�LNK,Q�T�M�X ` � ` T�b�:DC�<JM�³�¶�¶c>�LpC�<�<	M�>�Wc:�<
C�=�>JK�L E�:�LNM�ltÁ,T�MdM�>JK�LNM%C�E�E�>�[6T
C�=tEdC�LNQ�K�W AiK�>�L�=�M�C�=t=�>�WrT�X\|%PNTYE�T.=�PNT�C�E�E�>�[�C�<½=�>�WrT�MoC�E�T.Q�T�MdIYE�>�SxT�QhS�FhC4�kK�>JM�M�K�LRA�E�K\I�T�MdM
|%>�=�P¤EdC�=�T � � �6l¥��PNT�M�TpM�T�MdM�>JK�LNM/<
C�M�=/^yK�EhCz=�>�WrTq=�PDC�=r>JM'TZ,AiK�LNTYL�=�>
C�<�<�F¤Q�>JM�=�E�>�S�:�=�T�Q
|%>�=�PeEdC�=�T�"DX�|%P�>JI�P]|�T'[�C�E�F·K�[6TYEc=�PNThM�>�Wc:�<
C�=�>JK�L]E�:�LNM�lRmDK�EcT�C�I�P¥C�E�E�>�[\>�L�UzM�T�M�M�>JK�L·|oT
EdC�LNQ�K�W'<�FqM�TY<JT�IY=.K�LNT�LNK,Q�T�=�K�SiT�=�PNT�M�K�:�E�I�T�ln��TYE�T�X,|�T�E�T�M�=�E�>JIY=.T�C�IdPpLNK\Q�T�=�K/SiTY>�L�U/=�PNT
MdK�:�E�I�T4K�^�C�=.WrK�M�=.K�LNT4M�T�M�M�>JK�L{C�=�C�L�FO>�LNM�=dC�L�=_>�L =�>�WrT�l

«wT�LNKj|¦Q�T�M�IYE�>�SiT�=�PNT�[�C�E�>JK�:NMnTZ�AiTYE�>�WrTYL�=�Mn>�LNQ�>�[,>JQ�:DC�<�<�F'C�LNQ'Q�>JM�IY:NM�M2=�PNT%I�K�LNIY<�:NM�>JK�LNM
=�PDC�=�|oT'Q�EdC�| ^�E�K�WÌT�C�IdPwM�TY=�K�^oTZ�AxTYE�>�WrTYL\=�M�lc�°LwC�<�<k�NU�:�E�T�M�X	|�T/[�C�E�F "½Xi=�PNTaTZ�AiT�IY=�T�Q
<�>@^yTY=�>�WrT�K�^nC/M�T�M�M�>JK�L"X�C�<JK�L�Ur=�PNT��D?°C�,>JM�l2��PNT��?°C��>JM%>�LNQ�>JI�C�=�T�M%=�PNT�S�<JK,I�s,>�L�U'A�E�K�SDC�S�>�<�>�=GF6X
C�LNQ]=�PNTO[�C�E�>JK�:NM/IY:�E�[6T�M/A�<JK�=/E�T�M�:�<�=�M�^yK�E�=�PNTO[�C�E�>JK�:NM�[6TYE�M�>JK�LNM'K�^g=�PNTq§oÃ�¨�Á,�%¢��ÂC�LNQ
ª���Á,�n¢���Á,¢]C�<�U6K�E�>�=�P�WrMn|oT%I�K�LNM�>JQ�TYE�l2��PNT�|�TY>�U�P\=�MoC�E�T%MdTY=2A�E�K�AxK�E�=�>JK�LDC�<N=�K�=�PNT.EdC�=�T.C�LNQ
=�PNT/M�>�¼�TaK�^t=�PNT/M�T�M�M�>JK�L"XxM�:NI�P±=�PDC�=�=�PNT�AiTYLDC�<�=GF{^�K�E�Q�E�K�A�A�>�L�U{CRM�T�M�M�>JK�Lz>JM�A�E�K�AxK�E�=�>JK�LDC�<
=�Ka=�PNT4C�WrK�:�L\=_K�^vSDC�LNQ�|%>JQ�=�P{E�T�b�:�>�E�T�QqS\FR=�PNT�M�T�MdM�>JK�L"l2mNK�E%=�PNT�I�C�M�T�|%PNTYE�TcC�<�<	M�T�M�M�>JK�LNM
C�E�TRK�ÄiTYE�T�Q`C�=c=�PNTRMdC�WrTrEdC�=�TqC�LNQw=�PNTRMdC�WrThM�>�¼�T�Xv=�P�>JM�|�TY>�U�P�=�T�Q`S�<JK,I�s,>�L�U;A�E�K�SDC�S�>�<�>�=°F
M�>�W'A�<�FRE�T�Q�:NI�T�Mg=�K/=�PNT4M�=�EdC�>�U�P�=�^yK�E�|oC�E�Q;S�<JK,I�s,>�L�UrA�E�K�SDC�S�>�<�>�=GF6l

Ð_ñ�Ý1Ð³ø



���������	�
���
��������������������������� "!�#��%$'&�()�*� +,(-�.$/&�(0�*���*12�����*34���� 5 ��
#��6 f �

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.2

0.4

0.6

ρ

B
lo

ck
in

g 
P

ro
ba

bi
lit

y

Uniform Case: Delay 10000

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Uniform Case: Delay 10

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Uniform Case: Delay 5

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Capacity U[3−5]: Delay 10000

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Capacity U[3−5]: Delay 10

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Capacity U[3−5]: Delay 5

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Rate U[1−3]: Delay 10000

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Rate U[1−3]: Delay 10

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Rate U[1−3]: Delay 5

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Size U[25−75]: Delay 10000

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Size U[25−75]: Delay 10

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Size U[25−75]: Delay 5

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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