
HAL Id: inria-00071905
https://hal.inria.fr/inria-00071905

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.

Fair Network Resource Allocation and Link Pricing: A
Numerical Study

Mustapha Bouhtou, Madiagne Diallo, Laura Wynter

To cite this version:
Mustapha Bouhtou, Madiagne Diallo, Laura Wynter. Fair Network Resource Allocation and Link
Pricing: A Numerical Study. [Research Report] RR-4680, INRIA. 2002. �inria-00071905�

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by INRIA a CCSD electronic archive server

https://core.ac.uk/display/50452857?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://hal.inria.fr/inria-00071905
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
47

40
--

F
R

+
E

N
G

ap por t  
de  r ech er ch e 

THÈME 4

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Fair Network Resource Allocation and Link Pricing:
A Numerical Study

Mustapha Bouhtou, Madiagne Diallo, and Laura Wynter

N° 4680

December, 2002





Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 Le Chesnay Cedex (France)

Téléphone : +33 1 39 63 55 11 — Télécopie : +33 1 39 63 53 30

���������
	������������	�����������	 �"!#!#�$���%�&�#��'(��'*),+-�#'��/.0���1���#'*2�34�
� �657	8���#����!:9;�&�*)�<

=?>�@BADC�E�FGCIH;JK>�FLAMJK>GNPOQ=RCTS�UVC�W�X�Y[Z*UVCT\]\]JK^1O_C�X�SR`aC�>�bMC-ced�XfADYgbDh

i8jlkBm;n�oqp�rtsumqvlwyx{z|sy}�~*n#za}g�tz|sym�sy��x�z�su}g~
� n��|�t��z�k1m�nB���1}�m��lwyn#�tnB�
�Q�|}���n#z��R���Qi����&���

�ax��l�T}g��z � n���nB��j�n1����jln4~���o�������p�� nB�1n1mq¡TnB�B¢T£�����£¤p�£l¥¤�Tx{¦�nM�

§�¨�©Bª1«�¬l�ª�®°¯ ~�z�jlsy�&��x��TnB�B¢D±�n_�l��nB�|n1~�z&x{~qx{~�x�wu�t�|sy�f}�²�x���nB��z|��sy�#z|n � ¡�s´³VwunBµ�nBwg}g�tz|sym�su¶Mx�z|sy}�~�m�} � nBwg�l��}���}g�|n �
¡P�[· �L��¸��D¹�x��l�lwysun � z�};z|n1wynB�1}�m�m�v�~lsy�Bx�z�su}g~�~ln1z�±�}g�|º$�l��s»�#sy~l¦�¼Gi8jls»��²½��x�m�n1±�}���º;���|}�µPs � nB�8x;¦�nB~ln1��x{wysu¶Mx�z�su}g~
}�²�z|n1wynB�1}�m�m�v�~lsy�Bx�z�su}g~��|nM��}gvl���1n�x{wywu}t�1x{z|sy}�~�¾{��jTx � }�±¿���|s»�#n1³]¡�xg��n � �|��jlnBm�nB���|v���j[xg��z|j�}g�|n�}{²�· À%n1w»¸�ÁB¹�x{~ �
· ���&¸�¸D¹V¢Px{~ � ��n1��m�s´z��_z�jln�}g�tz|sym�su¶Mx�z|sy}�~$}�²fwusy~lº��l��sy�1nB�_±�suz|j�x{~Âx{symez|}�±8x{� � �G��n1µ�nB~Pvln�m$x��tsum�sy¶Bx{z|sy}�~L¼�i8jln
x�~�x{wy�t��s»��}{²Kz�jln�m�} � n1wTsy�Q¡�x��|n � }g~�~�v�m;nB�|s»�1x�w�n1�P��n1��sym;nB~�z���z�j�x�z�±�na�1}�~ � vT��z|n � ²½}���x%µDx��|syn#z��;}{²f~ln1z�±�}g�|ºt�
±�suz|j�µ�x��|�Psy~l¦���x{��x{m�n#z�n1���1¼QÃÄn��|jl}�±?z|j�x{zasu~�����xg��z|s»�#n%z�jln�¦g}gx{wf}�²Gm�x{�tsum�sy¶1sy~l¦�}���n1��x�z|}g���|nBµ�nB~�v�n¤s»�a~�}{z
x�wu±8xD�t��x�z�z�x{sy~�x{¡�wung¼ÅÃÄn��l��nB�|n1~�zÂ�|}�m�n���v���j:�1xg��nM�1¢8x���±�n1wywax��ÂµDx�wus � x{wuz|n1��~�x{z|syµ�n6}�¡t��nM��z�suµgnB�;²½}���z�jlnB�|n
sy~���z�x�~��#nM�1¼

Æ�Ç�ÈKÉ�Ê�Ë «�Ì�©�®Í¯ ~�z�n1��~ln#za�_��s»�#sy~l¦�¢lÎ�n#z�±�}���º$�QÏ�vlsuwysy¡l�|syvlm6¢��Q�|}g�T}g��z�su}g~�x{wfÐ�x�su��~lnM�|�B¢tÑ�sywyn1µ�nBwf�_��}�¦���x{m

ÒÔÓ�Õ×Ö�ØDÙ�ÚIÛ�Ü�ÝÞÜ�Ù�ß�à7á�âGã�ä�ãLå&æLç�è�å�Û_ä é�ê�ë»ì#íMäÂÕ×îDÚðïDî4ñ�Ü�ØMÜ�Õ×Ö�Ý$òPÚ�Ù�ÝÞÚ�Õ×Ù�ä*ê�óMô�éMô�ä�õ÷ö×ö×ø1ë÷òPÚ�ö×ë÷ù%ß�îDÝÞúÞØDÚ�Ö�îMû�äÂÓ�Õ]Ö�ØDÙ�Ú�ä
ù%îDö×ü]Ö�ýDþ�ÖMÿ �Kß�îDþ#ü×ß�î���Õ×ïgÿ �yÕ×Ö�ØDÙ�Ú ü]Ú�ÝÞÚ�Ù�ß�à%ÿ Ù�ß�à
� òtÖ��{ß�Õ]Ö�ü×ß�úÞÕ×Ú��Tá�õ
	Mù;ä��&ØDú #Ú�Õ ö]ú ü×Ü�ïDÚ��TÚ�Õ×ö]Ö�úÞÝÞÝÞÚ�ö�ä%ì���å�gÿ ïMÚ�ö���ü]Ö�ü×ö×ë���ØDúÞö|ä�����í�é����TÚ�Õ×ö]Ö�úÞÝÞÝÞÚ�ö|ä Ó�Õ]Ö�ØDÙ�Ú�ä�ù�Ö�ïDú ë
Ö���ØDÚ�ÿ ã�ú Ö�ÝÞÝÞß���ýDÕ úÞö]à%ÿ î�Bö��{ÿ �yÕ
� õ� �áLõ÷å�ä{áLßBÙ!�1îDÚ�ØDÙ�ß�îDÕ½ü_Ö�ØDï��Tá�õ
	Bù;ä"�&ØMú #Ú�Õ ö]ú ü×ÜGïDÚ#�TÚ�Õ öVÖ�úÞÝÞÝÞÚ�ö�äDòtÖ�îDÕ×ÖMÿ $�øMØ#ü×Ú�Õ���úÞØDÕ ú ÖMÿ �yÕ



+�����!#!#�$���%�&�#��'������������&�	�6!#	�
 )*	 ��	����&��������	�� )*	 ����!�����q5 5 ��'*�#���%�&�#��'(	��
!#� ��������*���%�&�#��' �����&�B57��!#	73R�����&��!����%�&� '��65��8�����;�*	��

��� ©���� � ® Î�}�v��8�����M��nB~gz�}�~���vl~*m�} � k1wyn � n¤z�x{��s��T�1x{z|sy}�~�}g�tz|sym$x{wyn ¡Tx����%�|vl�8vl~ln%µ�x{��s»x{~�z|n%��sym��lwys���� � nM�
���|}g¡lwukBm�nB�f¡lsu³V~lsuµgnBx�vt�f¼ ��n_m�} � k1wyn_¦!�B~"�1��x{wysy�|nG�#nBvt� � n�· À%nBwy¸PÁB¹�x�~ � · �&��¸�¸�¹]¢Dn1~���n1��m�n#z|z�x{~�zL~l}g~���nBvlwyn1m�n1~�z
w»x � ����~lsuz|sy}�~ �$# vl~ln�x�wuwy}t�1x�z�su}g~&%'�BÏ�vlsuz�x�¡lwyn)( � n��|nM�|�|}�v����1nB��m$x{s»�1¢lnB~6��x{��x{wywukBwung¢lw # }g�tz|sym�sy��x�z�su}g~ � v*��n1µgn1~Pvln
� v��l��}�µPs � nBvl� � n �|n1��µ�s»�#nM� � naz��Bw��M�#}gm;mqvl~ls»�1x{z|sy}�~L¼���n1��n1~ � x{~�zB¢t�1}�~�z|��x{sy�|nBm�n1~�z�x{vl��m�} � kBwunM��%�¡lsy~lsuµgnBx�vt�*(
Ï�vlsL�|}�~�z8z|��kB��x�� � v���+;���M��}gv � ��n�¢t�#nBwuvlsu³ �#sLx;w # xDµ�x{~�z�x�¦�n �$# , z|��n%�|nM��}gwuµ�x�¡lwun¤��x���wyx;�l��}�¦g��x�m;m$x{z|sy}�~Âwysu~��Bx{sy��n�¼

-�Ë ªM© É !. � ©�® i�x{��s��T�Bx�z�su}g~ � n�w # ¯ ~�z�n1��~ln#zM¢t�QÏ�vlsuwysy¡l�|nM�1¢0/ �tz|sym�sy��x�z�su}g~*Ñ�su³VÎ�suµgnBx{vl�



���������
	���������
��	�����������	������������ �!�"� #$� #&%
'(��#)�+*,�-�"����#/./01�2�3��45	��-�"��� �768���9%�: ;

< = 'q�����$)*���Q�&�#��'
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��} � nBwy�&z�j�x�z�z�x�º�n�su~�z�}¤xg�1�#}gvl~�z&v��|n1��¡�n1j�xDµPsy}��M¢Dsu~;��x{�|z|s»�#v�wyx��B¢P·A@%À�¸�¸D¹V¢l· À%n1w»¸�ÁB¹V¢t· À���i�¸��D¹�x�~ � · ���&¸�¸D¹V¢

z�jl��}�vl¦gj�z�jln�sy~��#}g�|��}���x�z�su}g~�}{²�v��|n1��vtz�suwysuz���²½vl~T��z|sy}�~T�1¢T}{²÷z|nB~ � n��~�n�wusy~lº����|s»�#nM�ax����&x{¦���x{~�¦�n¤m�vlwuz|sy�lwysunB���B¼
ÃÅj�suwyn�z|j�nan#�ts»��z�n1~��1na}{²Kz|j�na�l��sy�1nB�Gs»�Gz�j�vT�_¦�vTx{��x{~�z|nBn � vl~ � nB�_z|j�najP����}{z�jlnB�|nB�_}{²Kz|jln�m;} � nBwy�B¢gz|jlnav�~lsyÏ�vln1³
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z�jln*�l�|s»�#n�}�~ x[wysu~lº s»�;¶1nB�|}[v�~gz�suw8z�j�x�z�wysu~lº s»�;�#}�~�¦�nB��z|n � ¼ i8jls»���l��}���n1�|z��-m$xD�-�|n1nBm x�z;} ��� �;±�s´z�jÔx
���|}�µPs � n1� # ��¦g}gx{wK}�²���n1µgn1~Pvln¤m�x{�tsum�sy¶Bx�z�su}g~JItsy~ � n1n � ¢lsuza±�xg� � n1��syµ�n � ��x�z|j�n1��²½�|}gm z�jln��#}g~��#nB�tz�}{²�² x{sy�|~lnM�|�B¢
nM����nB�1syx�wuwy�����|}g�T}g��z�su}g~�x{wP² x�su��~lnB���_x�wuwy}t�1x�z�su}g~�·A@%À�¸�¸�¹]¼�Ã n���jTx{wywT�|jl}�±Ôsy~�z|j�sy�Q��x{��n1�Gz�j�x�zQz|jln�z�±�}�~l}�z|sy}�~��B¢
z�j�x�za}�²�xq² x{sy�ax{wywy}P�Bx�z�su}g~*x�~ � }�²���n1µgn1~Pvln¤m$x��tsum�sy¶Bx{z|sy}�~L¢lx��|n¤~l}{za~�nB�#nM�|��x{��sywu�$sy~��#}gm���x�z�su¡lwyn�¼
i8jln*}�¡l��nB��z�suµgn�}�²az|jls»�;±�}g�|º-s»�qz|}Äx��l�lwy� }��tz�sum�sy¶Bx{z|sy}�~ðm�} � n1w»��x{~ � m�n#z|j�} � ��z�}�z�jln*m�x�~�x{¦gn1m�n1~�z

}�²�z|nBwunM�#}�m�mqvl~ls»�1x�z�su}g~���~�n#z�±�}���ºP��z|jl��}�v�¦�j �l��sy�1su~�¦�¼ ¯ z�s»��}�²asu~�z|nB�|nM��zq²½}��;~ln#z�±�}���º �|nM��}gvl���1nÂx{wywu}t�Bx�z|sy}�~
m�} � nBwy��x{~ � m;n1z|jl} � �Qz|}�z�x�º�n�sy~�z|};x��1�1}�vl~�z_z�jln�¦g}gx�w�}{²L��n1µgn1~Pvlnam$x{�Psym�su¶Mx�z�su}g~���sym�v�w´z�x{~lnB}�v��|wu�;±�suz|j$z�jln
m$x{�Psym�su¶Mx�z�su}g~�}{²&z|jln�vT��nB���8��x�z|s»��² x���z�su}g~�}g~�z�jln%�|nM��}gvl���#nB���l��}�µPs � n � xg�#��}g���_z�jln%~ln#z�±�}���ºK¼Gi�};z|j�n¤¡�nB��za}{²
}gvl�¤º�~�}�±�wun � ¦�ng¢Tz�jlnB�|nqz�±�}*n1wyn1m�n1~�z�� � }�~l}�z%x��l��nBx{� z|}*j�xDµgn�¡�n1n1~ � nMx{wuz¤±�suz|j���}�sy~gz�wu��su~�z|jln�wys´z�n1��x�z|v��|n
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¯ ~�z�jlnQ~�n#�Pz��|nB�#z|sy}�~L¢D±�n_�|nM�1x�wuw�z|jlnQ²½��x�m;nB±�}g�|ºt�K}�²l�_�|}g�T}g��z�su}g~�x{wgÐ�x{sy��~lnB���G·A@%À�¸�¸D¹t��nB�|}�v����1n_�awywu}t�1x{z|sy}�~

x�~ � �_��s»�#sy~l¦�¢ax�~ � i&}�wyw	/ �tz�sum�sy¶Bx{z|sy}�~4· �L�Q¸g��¹V¼ ¯ ~?rPnM��z�su}g~K;l¢�±�n��l��}�µPs � n�z|jlnÄ~Pvlm�n1��sy�Bx{w ��z|v � �Åx{~ �
x�~�x{wy�t��s»�B¼�rPnM��z�su}g~*o$�1}�~��1wuv � nB��z|j�n���x{��n1�M¼
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��x�z�sy�'��n � sy~�~ln1z�±�}g�|ºt�B¢�x��8z�jlnq�1}�~���z|��x{sy~�z�¦���x � syn1~�z���z�x{ºgn%z|jln�²½}���m }�²�sy~ � s»�1x{z|}g�am$x�z|��s»�#nB��²½}��az�jln�¦g��x��ljL¢
±�j�sy��j-x{��nq~�}{z��#}g~���z��|vT��z|n � �|}�x�� z|}6j�xDµgn�wusy~lnBx��%su~ � n1��n1~ � nB~�z��|}�±a�B¼�ÃÅjlnB~ z|jlnM��n$mqvlw´z�su��wusyn1����x{��nq~�}{z
v�~lsyÏ�vlng¢Pz|jlnB~L¢Pz|j�n%x�vtz|j�}����Qsy~Ä· �L��¸��D¹L�l��}���}g�|n � }��tz�sum�sy¶1sy~l¦$xq�|nB�1}�~ � x��|�;}�¡l��nB��z�suµgn }�µgn1��z|jln%�|n#z�}{²Lz�jl}g�|n
mqvlwuz|sy�lwusyn1��µ�x�wuvlnM�1¼;i8j�x�z%s»�1¢L¦gsuµgn1~�z|jlnÂrP�t��z|n1m + Á ,#¢fz|j�n1�[��}g�|n � z|jln;²½}gwuwy}�±�su~�¦��|nB�#}g~ � x��|�6}��lz|sym;sy¶Bx{z|sy}�~���|}g¡lwunBm S
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±�j�n1��n�sy~Ô}gvl�Â�|n#z�z�su~�¦ � sy�;z�jln���n1z$}{² wysy~lºð�l��sy�1nB�B¢ � ¢�¦gsuµgn1~Ô¡��ðz|jln[rP�t��z|n1m + Á ,#¢�x�~ � ���
	�� ������	
s»�;�#}Pn1���#syµ�ng¢�x�~ � �l��n#²½nB��x�¡lwu� �#}g~�µgn#�f¼ÄrPsy~��1nÂz|j�nÂ²½nBxg��sy¡lwyn��|n#z;sy�q�T}gwu�Pjln � ��x{w]¢�±�j�n1~��"s»��¡�}�vl~ � n � ¢_z|jls»�
�|nB�1}�~ � x{����¢Q}g�$~ln#z�±�}���ºðm$x{~Tx{¦�nB� # �;}��tz�sum�sy¶Bx{z|sy}�~:�l��}�¡lwyn1m sy�$nMx��|� z|}ð�|}�wyµ�n6v��|sy~l¦ð��z�x{~ � x{� � wysu~�nBx{��}��
~�}�~lwysu~�nBx{�8�l��}�¦g��x�m�m;sy~l¦;x{wy¦�}���suz|jlm$� + � nB�TnB~ � sy~l¦$}�~*±�jln1z|jlnB� � s»��xqwysy~lnBx���}��8~l}�~�wusy~lnBx��8²½vl~��#z|sy}�~6}{² � ,#¼
i8jln6~ln1z�±�}g�|º m$x�~�x{¦gn1� # �q}�¡t��nM��z�suµgn*�Bx{~ðz�x{ºgn�µ�x{��sy}�v��q²½}���m$�1¼ ��x�������}g~Ix{~ � �Gx�z��|syºt�|�|}�~?· ���Q¸��D¹V¢�su~

z�jlnq�1}�~�z|n1�Pz�}{²Gz���x�~�����}��|z��lw»x{~�~lsu~�¦�¢ � sy���#vT�|�|n � x{z�wyn1~l¦�z|j�z�jlnq~�n#z�±�}���º�}�¡l��nB��z�suµgn�}{²Gz��|�Psy~l¦$z�}�x���j�sunBµ�n�x
�Tx{�|z|s»�#vlw»x{� > }�±R}�² + z���x�~�����}��|z�v��|n1��� ,8¡P�*x �l� sy~l¦Â�l��sy�1nB�_��v � s»�#sy}�v��|wu� I�z|j�sy� su~T�#wyv � nB�az|���Psu~l¦Âz|}�x � ��v���z wysu~�º> }�±a�%²½�|}gm z�jln1sy��v��|n1�|³VnBÏ�vlsywusy¡l��suvlm µDx�wuv�nB��z�}[x����t��z|nBm
}g�tz|sym�vlm + vT��sy~l¦�m$x{��¦�sy~�x{w��#}g��z��l��sy�1su~�¦\,¤}���z|}�|}�m�n�}�z|jlnB� > }�± + ±�j�sy��j6z�jln1~���jTx{~l¦gnB�8z�jln��l��s»�#nB��z|j�x{z¤x{��n��l��} � v��#n � ¡P��z�jln�m�} � n1w ,�¢�}�� n1µgn1~�x{wywu}�±�sy~l¦���|s»�#nM��z|}�¡Tn���}g�|suz|syµ�n%}���~lnB¦gx{z|syµ�n�¢Psy~6±�jlsy��j��Bx��|n�¢�z|��xDµ�nBwK�|vl¡��|s � sunM�ax{��n%�#}�~T��s � n1��n � + ~�n1¦gx{z|syµ�n¤�l��sy�1nB� ,�¼
i8jlnÄsu~�z�n1��nB��z�su~:z�jln�m�} � nBw }�²�· �L��¸���¹%��z�n1m$��²½�|}gm z�jln[��}g����sy¡lsywusuz��Iz�}I}g�tz|sym�su¶Bn[~ln#z�±�}���ºI��n1µgn1~Pvln

z�jl��}�vl¦gj��l��sy�1nB�B¢�x{~ � z�} � }6�|}*v���sy~l¦�x*�|nM��z��|s»��z�n � ¢&x{~ � z|jlnB�|n1²½}���n;�|sym;��wunB�B¢Lm�} � nBw�z|j�x�~Äz�jln�¦�nB~ln1��x{w�¡lsu³
wyn1µgn1w_���|}g¦���x{m6¼�Ðlv���z�jln1��m�}���n�¢Lz�jlnÂm�} � n1w�j�x���z|jln�x � µ�x{~�z�x�¦�n�}{²���}g����nM�|�|sy~l¦�x6vl~ls»Ïgv�n���}gwuvlz|sy}�~L¢�vl~ � nB�
µgn1���$m�suw � x{~ � ~�x{z|vl��x{wf�#}g~ � suz|sy}�~��B¼
¯ ~ · ���Q¸��{¹]¢tsuz�±�xg�8�#w»x{sym;n � z�j�x�z8z|j�n¤m$x{�Psym�su¶Mx�z�su}g~�}{²�}���n1��x�z�}����|nBµ�n1~Pvln su~�z|j�n¤m�} � nBwKz|jlnB�Â�l��}���}g�|n�¢

±�sywywLµ�nB�|�Â}�²÷z|nB~�¡Tn�vl~P¡�}�vl~ � n � ¢TwunMx � sy~l¦;z|}$sy~ ��~�s´z�n1wy��w»x{��¦�n%�l��sy�1nB��Ilsy~*}�z|jlnB�a±�}�� � �1¢Pz�jln1�*�#w»x{sym z�j�x�z�z�jln
��n1µgn1~Pvln�m$x{�Psym�su¶Mx�z�su}g~[�l��}�¡lwyn1m"s»� vT��v�x�wuwy�6suwywu³ � n���~ln � ²½}�� z|j�sy�¤m�} � n1w]¼�i8jls»� }gvtz��1}�m�n�s»� ~l}{zM¢fjl}�±�nBµ�nB�B¢
µ�x�wus � ±�jlnB~�z|j�n�~ln1z�±�}g�|º%s»�&�1}�~���z|��v��#z|n � ��}¤x���z|}%x{wy±�xD�t���1}�~�z�x�su~qxa~l}g~t³×z�}�wywun � ��x{z|jL¢D²½}g��nMx���j�v��|n1�M¢Dz|jTx�z�sy�B¢
wysy~lºPsu~l¦$nBµ�nB�|�Â}g�|sy¦�sy~t³ � nB��z|sy~�x{z|sy}�~*��x{sy�B¼ ¯ ~6z|jln��Bx��|n%}{² ¯ ~gz�n1��~ln#z ~ln#z�±�}���ºt�1¢Pz�jlsy��x�����vlm��tz�su}g~6±�suwywuw�x{wy±�xD�t�
¡�n�µgn1��s��Tn � ¢Px��Qn#�t�lw»x{sy~ln � ²½v���z�jln1��¡TnBwu}�±�¼�ÃÅjlnB~Âz|j�n�~ln1z�±�}g�|º;sy���#}g~���z|��v���z�n � x����|v���jL¢�wusy~lº��l��sy�1nB�Q�Bx{~l~�}{z
¡�nam$x � nax{��¡ls´z���x��|sywy��wyx��|¦gn8xg�Gwy}�~l¦�xg��z|jlna²½�|nBn���x�z�j;jTx��_�|v��Â�#syn1~�z��Bx{��xg�#suz���¼&�¿~l}�~t³]z|��syµ�s»x{wl�|}�wyvtz�su}g~ + z|j�x{z
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s»�B¢T~l}g~t³V¶1n1��}$��n1µ�nB~Pvln&,�x��|s»�|nB��±�jlnB~�z|j�n�²½��n1n��Tx�z|jT�a} TKn1�¤wy}�±�nB��Ï�v�x{wys´z��*}{²Q�|n1��µPsy�1n%z|j�x�~�z|j�n���x{z|j���z|}gwuwyn �
¡P�$z�jln�~ln1z�±�}g�|º$}g�TnB��x{z|}��M¼

��}�±�nBµ�n1�M¢�su~*}�� � n1��z|}�¡�n%}{²�v��|n%su~��l��x���z�sy�1n�¢Psuz8s»�8~lnM�#nB����x{���qz�}qn1�t�lwu}g�|n z|j�n¤n1�Pz|n1~�z�z|}�±�jls»��j�}g~ln¤�Bx{~
}g�tz|sym�su¶Bn%�|nBµ�n1~Pvln%}�µgn1��z|jln���}�wy�Pjln � ��x{wL�|n#za}�²&�l��s»�#nB�B¢tsy~�rt�P��z|nBm + Á ,�¼

� �
�657	8���#����!ð	�� �Ä	8���#	�'���	

i8j�n���vl�|��}g�|n8}{²Tz|jln8z�nB��z����l��nB�|n1~�z|n � sy~;z|jls»�G��nM��z�su}g~q±8x���z�}¤nBµ�x{wyv�x�z�nQz�jln�n#�Pz|nB~�z�z�}�±�jls»��jqwysu~�º��l��sy�1nB��z|jTx�z
x��|n�z|syn � z|}���x�¦���x{~l¦gnam�vlwuz|sy�lwysunB�����Bx{~�¡Tn¤}��tz�sum�sy¶1n � z�}�±�x�� � ��n1µgn1~Pvln m�x{�tsum�sy¶Bx�z�su}g~L¼�ÃÄn¤±�n1��n�z�jln1��n#²½}g�|n
sy~�z|nB�|nM��z�n � su~$nBµ�x{wyv�x�z�su~l¦�±�j�n#z|j�n1�Gz�jlna~l}g~t³]v�~lsyÏ�vlnB~lnB����}{²Kz�jlna�l��sy�1nB��z�j�x�z�sy��z�jln1}g�|n1z|s»�1x�wuwy����}g����sy¡lwyn�su~;z�jln
�1}�~�z|n1�Pz8}�²�z�jln�~ln#z�±�}���º > }�± ���|}g¡lwunBm x{��s»��nM��sy~*�l��xg��z�sy�1n�¢lx{~ � ±�jln1z|jlnB��s´z��Bx{~*¡Tn�}g�tz|sym�su¶Bn � ��v �$�1sunB~�z|wy�
z�}$x{wywu}�± ²½}�����n1µ�nB~Pvln m$x{�Psym�su¶Mx�z�su}g~L¼
i&}�z|jTx�z�nB~ � ¢D¡P�¤�|}�wyµPsu~l¦8z�jlnG² x�su�&~ln#z�±�}���ºa��nB�|}�vl���#n_x�wuwy}t�1x�z�su}g~%�l�|}g¡lwyn1m µPs»x�x{~�x�vl¦�m�n1~�z�n � ��x�¦���x{~l¦gsyx�~

x�wu¦g}���s´z�jlm6¢K�|nBwyx{�Psy~l¦�z|jln;wusy~lº��Bx{��xg�#suz����#}�~T��z���x�su~�z��B¢fx{~Ä}��tz�sum$x{w�%�² x{sy� (�wysy~lº > }�±�¢ 	 � s»�¤}�¡tz�x{sy~ln � ¢Lx{wy}�~l¦±�suz|j x�~Äsy~lsuz|s»x{w_mqvlw´z�su��wusyn1�M¢�}g���l�|s»�#ng¢Lµ�nM��z�}�� � ¼$ÃÅs´z�j-z|jls»��}��lz|sym�x�w > }�± 	 �;z�}�z�jln + ²½}g��n#�lx{m��lwyn�¢&�l��}{³��}��|z|sy}�~Tx{w ,�² x{sy��~lnB���_�l��}�¡�wunBm°sy~�jTx{~ � x{wy}�~l¦�±�suz|j � ¢tsuz8sy����}g����sy¡lwynaz|}qn#�t�lwy}���naz�jln ��}�wy�Pjln � �|}g~Â}{²f²½nMx��|su¡lwyn�"!#	 � % ¢Px{~ � ¢gsu~$���|sy~��#sy�lwyn�¢�}��tz�sum�sy¶1na}�µgn1��z|jTx�z��|n#zM¼�Ã n�x��|n8z�j�vT�_sy~gz�n1��nB��z|n � sy~�z|}�±�jTx�zQn1��z�n1~�zB¢&��#1&���H�����"��	z�jls»�a��nM�#}g~ � x{����¢���n1µ�nB~Pvln%m�x{�tsum�sy¶1sy~l¦�}��tz�sum�sy¶Bx�z�su}g~�s»��²½nBxg��sy¡lwyn�¼
i8jln��|nM��vlwuz���z|j�x{z�²½}�wywy}�±°±�n1��nÂx{wywQ}g¡tz�x�su~�n � v��|su~�¦6z|jln*Îan#z�±�}���º���Ïgv�suwysu¡��|syvlm i�}P}�wy¡�}D�K¢�� ���9%D�H% 68��4
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sy~ rl�#sywyx�¡I· �Lsy¡l¹�z|}6��}gwuµgn�z�jln;² x{sy�¤��nB�|}�v����1n�x{wywu}t�Bx�z|sy}�~��l�|}g¡lwyn1m$�%x{~ � z|jln�wysu~lnMx{�¤�l��}�¦���x{m�m�sy~l¦��|}�wyµ�n1�¤}{²
rl�#sywyx�¡�z�}Â��}gwuµgn�z�jln�wusy~lnMx{����n1µ�nB~Pvln m$x{�Psym�su¶Mx�z�su}g~��l��}�¡�wunBm���sy~ � ¼
¯ ~;z|j�n��|nBm�x�su~ � n1��}{²Tz|jls»�_�|nB�#z|sy}�~L¢{±�n8�l��}�µ�s � n�~Pvlm�n1��sy�Bx{wtn#�t��n1��sunB~��#n8±�suz|j;z|j�n�m;} � nBwy��}�²�z�jln��l��n1µPsu}gv��

�|nB�#z|sy}�~L¼8i8jln�~�n#z�±�}���ºP�8±�n1��n��#}g~���z��|vT��z|n � z|}Â��n1�l��nB�|n1~�z��|n1µgn1��x{wf��}g����sy¡lwyn���jl}�s»�#nM��²½}��az�jln�v��|n1�M¼8Ðl}���nBx���j
vT��nB�B¢G��j�x���xg��z|nB�|sy¶1n � ¡�� x�~ }���su¦gsu~t³ � nM��z�su~�x{z|sy}�~-��x�su�M¢�z|jlnB�|n�sy�;x{wy±�xD�t��x (V¡�nB��zqn�T�}g��z'(���jl}�s»�#ng¢&z�j�x�z;sy�B¢_x
�Tx�z|j-±�suz|j ¦gn1~lnB��x�wuwy�[jlsy¦�jlnB� � nBwyxD� + wu}�± ? }�r',¤¡lvtz�µgn1���[jlsy¦�j �1x���x��1s´z��Ä�|nBwyx{z|syµ�n;z|} � nBm$x{~ � wyn1µ�nBwy��x{~ �
�1}�~��|nBÏ�vlnB~�z|wy�q~l}�z��|vl¡t��nM��z�z|}����|s»�#sy~l¦�¡P�;z|j�n�~ln1z�±�}g�|º;}���n1��x�z�}��M¼&i8jln z|nB�|m %�¡TnM��z�n�TK}��|z ( �#}gm�nB�Q²½�|}gm�z�jln
�1vl���|nB~gzQx�wuwy}t�1x{z|sy}�~Â��z|��x�z|nB¦��q}{²Kz|jln ¯ ~�z|n1��~ln1z�S�v��|x�¦�n�s»�G²½��n1n ¡lvtz�~�}�Ï�v�x{wys´z��;¦�vTx{��x{~�z|nBnB�Gx{��n��l��}�µPs � n � Igz|jls»�
�|n1��µPsy�1n s»��ºP~l}�±�~6x�� %�¡TnM��zan�T�}g��z'(%�|n1��µ�s»�#n%�|su~��1n��1x���x��1s´z��$s»�ax{wywy}P�Bx�z�n � z�}Âx;v���nB��%�xg��¡TnM��z�xg�8�T}��|�|su¡�wun(�¼
¯ ~*x �l� suz|sy}�~�¢Pz|}qz|jln¤¡TnM��z8n�TK}��|z8��x�z�j�xDµ�x{sywyx�¡lwynaz|};nBxg��jÂv��|n1�M¢�z�jln1��n¤sy�8x�z8wynBx���z�}g~ln¤��x�z�jL¢P}��8�l��}�µ�s � nB�B¢

}DT�nB�|sy~l¦$�|n1��µ�s»�#n�±�suz|j�j�su¦gjln1��? }PrK¢tm�nBx�~lsu~�¦$jln1��n�wu}�±�n1� � n1w»xD�&IT�#}�~T��nMÏgv�n1~�z|wy���Bx{��xg�#suz��Â}�~*z|j�}g�|n�wusy~lºt��s»�
wy}�±�n1�M¼�i8jln � nBwyxD�;²½vl~��#z|sy}�~��8±�n%��jl}g�|n�±�n1��n Ï�v�x � ��x{z|s»�{¼ ¯ ~�}gvl����n1z�z�su~l¦;±�n¤x��|n su~�z|nB�|nM��z�n � su~*x���x���z�sy�1vlw»x{�
²½}g�|m }{² + ¥�;\,�¼ ¯ ~6��x{�|z|s»�#v�wyx���z�jln���n1µ�nB~Pvln m$x{�Psym�su¶Mx�z�su}g~��l��}�¡�wunBm
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Î�}{z�n%z|j�x{zB¢lz�jl��}�vl¦gj�z�jln��|n#z ��¢tz�jlsy��m$xD�Â�|nB�l��nB�|n1~�zax¤��}�sy~gzam$x{�Psym�su¶Mx�z�su}g~*}�²�x�wuw��l�|}�µPs � n1�����|nBµ�nB~�v�nB�B¢t}��
z�jln�m$x��tsym;sy¶Bx{z|sy}�~*}�µ�nB�8x$�|vl¡��|n#za}�²&wysu~�º��l��sy�1nB�B¢��#}g�|��nB�|��}�~ � sy~l¦qz|}�}�~�n�}{²G��nBµ�n1��x{wK��}g����sy¡lwyn%�l�|}�µPs � n1����}�~
z�jln�~ln1z�±�}g�|ºK¼
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¯ ~:z�jln ������z��|n#z�}{²%n#�lx{m��lwynB�B¢�z|jln[��}�wy�Pjln � ��x�wa��n1z�}{²%�l��sy�1nB���"±�sywuwa¡�n��|jl}�±�~ z|} ¡�n�x �|su~l¦gwun1z|}g~JI
sy~-}{z�jln1��±�}�� � �B¢Lz�jln$µ�nM��z|}g��}{²a�|j�x � }�±e�l��sy�1n�¢ � ¢�sy��vl~ls»Ïgv�n�¢�x{~ � z|j�n1��n#²½}���n$~l}6²½vl�|z|j�n1��}g�tz|sym�su¶Mx�z|sy}�~-s»���}g���|su¡lwyn�¼ ¯ ~�z|jln;��nM�#}g~ � �|n#z }�²Gn#�lx{m��lwynB�B¢�z�jlnq�|n#z¤}{²_�l��s»�#nB� �4sy� ~l}�z¤xÂ�|su~�¦�wyn#z|}g~L¢Kx{~ � ¢�²½vl�|z|j�n1��m;}g�|ng¢�s»�
¡�}�v�~ � n � ¢gz�jln1��n1¡P�;�TnB�|m�suz�z�su~l¦q²½vl�|z|jlnB��}g�tz|sym�su¶Mx�z�su}g~Â¡P�;±8xD�;}{²�x��|nB�1}�~ � x{����}��lz|sym;sy¶Bx{z|sy}�~Â���|}g¡lwunBm6¼&Ã n
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