
HAL Id: inria-00071633
https://inria.hal.science/inria-00071633

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.

Pricing Differential Services: A Game-Theoretic
Approach

Eitan Altman, D. Barman, Rachid El-Azouzi, David Ros, Bruno Tuffin

To cite this version:
Eitan Altman, D. Barman, Rachid El-Azouzi, David Ros, Bruno Tuffin. Pricing Differential Services:
A Game-Theoretic Approach. [Research Report] RR-4946, INRIA. 2003. �inria-00071633�

https://inria.hal.science/inria-00071633
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
49

46
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Pricing Differentiated Services: A
Game-Theoretic Approach

E. Altman, D. Barman, R. El Azouzi, D. Ros, B. Tuffin

N˚4946

Octobre 2003

THÈME 1





�����������
	��
��������������������������������� �!��"�#%$ &'�)(*�!+-,%.
��/����������
$1020
��/)�3��.

4�57628:9<;>=@?7ACB7D�5FE�=-GH;>=@?7I<B7JK5F4�8�6
LNM@O�LNPRQ<BFD�5FJSM@TVUHBFE
57WXO�YZ?7[

\�]_^ `�a�bdcfe�gihjaikClnmSa�oXhjpnhqor^ `�aih
sutjvCwqa�oyxytr`�vCtyz|{K}~h�ojt�k��
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�S���i� �V���C�C� \�]_a���v�k��-v� ¡or]�}¢h!�-k��@a t�}~huojv�hqorl_�np���tr}¢��}~���)vC ��n}¤£@aitjai��or}~k�ojaH�¥h�aitj¦§}¢��aHh!kC�_��}¤orh�}¤`©¨
�-kC��o�vC�2oj]_aª��]_vC}¢��adv� �hja tr¦§}~� a��_tj}~vCtr}«oqp�k�o�aH¬Nl�}¤�~}~��tj}~l�`®­�¯�a�� vC�_hj}~��a t��-vCoj]®\X°!s±��vC�_��ai��oj}~vC�_h�kCh
² a �~�_k�h7��vC�¥� vC�NojtrvC�~�~ai�®³´traikC�noj}~`�aHµ7� vC����aH��or}¤v��_h ­�\�]�ay�@a tj ´vCtr`�k��_� a�`�aikChjl�traih�³:h�l_��]¥k�h�oj]_tjv�l��C]n¨
�_lno�kC�_���~v�hrhFt�kVojaHhrµFk�traX�na�ora tr`�}¤��aH�¥kC�i��v�tr�n}~���ªorv�oj]�a�vC�@a t�kVor}¤v��_k��-�_k�t�k�`�a�ora t�h7v� ¶k)e�·u¸¹��ln£ºa t
`�kC�_k���a `�a �Noi­ª\�]�a©�~k�o�ora td}~hªkChrhjl�`�ai�®orv2�@a©kC���~a3ojv
�C}~¦Ca©�n}¤£@aitjai��or}~k�ojaH�Kh�aitj¦§}¢��aHhyorv¥oj]_a©kC�����~}«¨
�ikVor}¤v��_h�k�� � vCt��n}¤�_��ojv2oj]�ai}¤tª��]�v�}~� a)v� �h�aitj¦§}¢��a�� �~k�hjhi­ª¯�a���v��_hj}~�naitdkS�-aHhqo�a £@v�t�o�oqpN�@a©v� !hja tr¦§}~� a
��}«£ºa tra �Noj}¢kVor}¤v��� ´vCt��@v�oj]®\X°!s>k�h ² a �~�»kCh!tjaHk��¤¨:or}¤`�aXojt�kV¼¥� ² ]�aitjaXoj]�a3½�vN¾�v� �� vC����aH��or}¤v��_hu}¢h���v�o
��l_k�t�k��Nora ai�¡¿���l�o��§p¥��]�v§v�hj}~����k��-a o�ora t�³´`�vCtrada�mn�-ai�_hj}¤¦�aHµ!h�aitj¦§}¢��a�� �~k�hjhi¿Noj]�a3½�vN¾¥�_k�t�k�`�a oja t�hFvC 
k2h�aHhjhj}~vC�À�ik��À}~`���trvV¦CaS³:kChd�¤v����2k�hyor]�a�h�aitj¦§}¢��a©���¢kChrhXvC uv�or]�a tªh�aHhjhj}~vC�_h�k�tra3Á�mnai�-µ�­)\�]�a���]�v�}~� a
vC Fk¥h�aitj¦§}¢��a3� �~k�hjhXv� Fk��KkC�����~}~�ikVoj}~vC� ² }~�~���nai�-ai�_�Â�@v�or]ÂvC�Âor]�a3lnor}¤�~}«oqpÂk�h ² a �~��kChXvC�®or]�a�� v�h�oX}«o
]-kCh�orv¥�_k<pC­�¯�a3Á_t�hqoXh�ojl-�npSor]�a)�@a tj ´vCtr`�k��_� aªv� �oj]�a©h�pnh�ojai`ÃkCh�k© ´l��_��oj}~vC�KvC �or]�a�� vC����aH��or}¤v��_h Ä
�-k�t�k�`�a�ora t�h�kC�_��oj]�ai}¤tF��]�v�}~� a�v� @hja tr¦§}~� a����¢kChrh�aHh ­¡¯�a�oj]_a ��hqorl_�np)oj]�ay�naH��}¢h�}~vC�©��trvC���~a `|v� -]_v ² ojv
��]_vNvNh�ador]�a�hja tr¦§}~� a3���¢kChrh�aHh ­!¯�a�`©vn�nai�¡or]�a3��trvC���~a `ÅkChXk���vC�-��v§vC�@a t�kVor}¤¦�ad�Nk�`�aC­�¯�a3aih�orkC���¤}¢hj]
� vC�_��}«or}¤v��_h7 ´v�t!k���aH¬Nl�}¤�~}~��tj}~l�`Æojv)a�mn}~h�o!kC�_��ojv)�-a�l���}¢¬�l_a �~p���a�Á_��aH�»­�¯�aX ´l�tjoj]�aitu��trvV¦§}~�na���vC�-�n}«¨
or}¤v��_h� ´vCt���vC�§¦�a tr�Ca �-��ayorv�ai¬Nl�}~�¤}~��tr}¤l_`Ç ´trvC`Ç��v��®ai¬Nl�}~�¤}~��tr}~k©}~��}«or}~kC�¶h�orkVoraihi­F¯�aªÁ_�_k��~�~p2h�ojl_�npSoj]�a
�_tj}¢��}~���S�_tjv����¤ai`'v� u]_v ² ojv®��]�v§v�hja)��tr}~� aihªhjv¥oj]-kVoªoj]�a©traihjl��«or}¤�_�2aH¬�l_}¤�~}¤�_tj}~l�` ² vCl��¢�Â`�kVmn}~`©}~È a
or]�a���a o ² v�tjÉ��@a ��a Á�oi­
ÊÂËNÌºÍrÎ)Ï �VÐ��C� \X°!s�¿_e�·u¸�ÑVxX½d{Ò¿-ÓXkChj]®ai¬Nl�}~�¤}~��tr}¤l_`
¿nsutj}¢��}~���_¿_·u��v���vC`�}¢� h
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�	� ����� � � � Ä v��nwqai��oj}¤ ��na¥� a�trkC���-v�t�oªaih�o)�»Ä g�orl_�n}~a t��¢kSo�k�tr}«Á@� kVor}¤v����na��¢k®�n}¤£@gitjai�_��}¢kVor}¤v����na
hja tr¦§}~� a�a o3h�v���}~`��_kC��o�hjl�t��~a���]�vC}¤m��na��¢k2�_tj}~vCtr}«org©��a�hja tr¦§}~� a��
�RÄ gH¬Nl�}¤�~}~��tja�­�ÓyvCl-h���vC�-h�}¢�ng trvC�-h
hj}~`)l��¤orkC��g `�a �No���aihX� vC���_a�mn}¤v��_h�\X°!s a o��nlÂortrk�Á-�ª��vC�K� vC�Nojt��C�~g�³êora `��_h�tjgia �êµ�­ � aHhy`�aihjl�traihy�na
�@a tj ´vCtr`�k��_� a�³êojai�¤�~aih!¬Nl�a��¤ay��g ��}¤oua�o!�¤a�o�k�lnm��na��@a tjojaHµFh�v���oFv��nojai�§l_h7a �© ´v��_��or}¤v��¥�naih7�-k�t�k�`�^�ortjaHh
v��-gitrk�oj}~vC���_a �¢h3�na
�Caih�oj}~vC� �¡Ä l��Z��ln£ºa t�e�·u¸�­!°!a2�naitj��}~a t�aih�o©hjl����@v�hjg2�ik��_kC���¤a2�na¥ ´v�l�tj�_}¤t©�naih
hja tr¦§}~� aih7�n}¤£ºg tra �_� }¤gHhuk�l�m�kC�����~}~�ikVoj}~vC�-h ¿Chja �~vC���~a l_tu��]�vC}¤m©��a����¢kChrhja���aXh�aitj¦§}¢��a�­�ÓXvCl_h!��vC�-h�}¢�ng trvC�-h
l_�¥h�aitj¦§}¢��a��na�oqp§�@ay�-aHhqo!a�£ºvCtjoF�-v�l�t��ª�¢kd ´vC}¢hF�~a�ojt�kVÁ-��\X°!sÒa ou�¤ayojt�kVÁ-��ora `��_h�¨Rtrg ai�:¿�v����~k�¬Nl_kC�¤}¤ojg
��a�hja tr¦§}~� a©��aih���v�����a m§}~vC�-hª�¡Ä aHhqo3�nv��_�©�_kChª�Nk�t�k��Noj}~aC¿º`�k�}¢hªa �Ò��]�v�}~hj}¢hjhrk��No�l_��a�`�a }~�¤�~a l�traÂ³´���~l_h
��]_^ traHµ����¢kChrh�a��na�h�aitj¦§}¢��a�¿»�¤aHhª�_k�t�k�`�^�ortjaHh���a¥½�v§¾K�»Ä l���a�hjaihrh�}~vC���-ail�¦Cai�No�� ojtra©kC`�g �~}¤v�tjgHh©³´orkC��o
¬Nl�aª�~aihy� �~k�hjhjaih��na3hja tr¦§}~� a��naih�kClnojtraih�hjaihrh�}~vC�-h�tjaHhqora �No�Á�mng aih�µ�­ � a���]�vC}¤m2�na��¢k����¢kChrh�aª�na3hja tr¦§}~� a
�¡Ä l��_aXk����_�¤}¢� k�oj}~vC�¥�ngi�-ai�_�nt�k��ª�~k� ´vC}¢hu�nay�RÄ lnoj}~�¤}¤ojg�a�o��nl���tr}«m ���_k<p�a tH­�Óyv�l_hFg ojl_��}¤v��_hu�»Ä k��@vCt��©�~k
�@a tj ´vCtr`�k��_� aF�nl�hjpnhqor^ `�aFai�� ´vC�_��oj}~vC�)��aih¡�-k�t�k�`�^�ortjaHh¡�naih���v�����a m§}~vC�-h¡a�o��nau�~a l_trh���]�vC}¤mª��a!���¢kChrhja
��a!hja tr¦N}¢��a�­¶Óyv�l_h�g�ojl-�n}¤v��_h�a �_hjl�}¤ojau�~au�_tjv����¤^i`�a!�na��ngi� }~hj}¤v��3�@vCl�t��¤a���]�vC}¤m��nau�¢kX� �~k�hjhjau�na�h�aitj¦§}¢��aC­
ÓXvCl_h¶`�v§��g �~}~hjvC�_h¶�¤a!��trvC���~^ `�aF�_kCt¶l��ywqa l3��v��)��v§v��-gitrk�oj}¤ q­�Óyv�l_h¡g orkC���¤}¢hrh�v��_h¶�naHh¶� vC�_�n}¤oj}~vC�-h¡�@vCl�t
¬Nl¡Ä l��ÂgH¬�l_}¤�~}¤�_tja3a mn}~h�oja3a odhjvC}¤oXl���}¢¬Nl�aC­yÓXvCl_h��nvC�_��vC�_h��na3���~l_h��naihd��v��_�n}¤oj}~vC�_h��@vCl_t�¬Nl¡Ä }¤��p
kC}«o
� vC�§¦Caitj��a �_� a!�ª�_kCt�or}¤tF�¡Ä g orkVo�hF}~��}¤oj}¢k�lnm��na���vC��¨RgH¬�l_}¤�~}¤�_tja�­�Óyv�l_h7g ojl_�n}~vC�-h�Á_�_kC�¤ai`©ai�NoF�¤ay�_tjv����¤^i`�a
��a�o�k�tr}«Á@� kVor}¤v��Sora �¶¬Nl�aª�RÄ gH¬Nl�}¤�~}~��tja��_tjgH��gi��a �No�`�k�mn}¤`�}¢h�aª�~ad�@g �_g�Á-� a3�nl®tjgHh�aHk�l¡­
"|Ï �H� Í ��# � � \X°!s�¿_ey·u¸ªÑ�xX½d{Ò¿%$u¬Nl�}~�~}¤��tra3�na�ÓXk�h�]¶¿_\�kCtj}¤Á-�ikVoj}~vC�¶¿&$!��vC�_vC`�}¤a
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¯�a�hqorl_�np®}¤�Àoj]�}¢hd�_k��@a t�oj]_a)�@a tj ´vCtr`�kC�_��a�v� u� vC`��-a oj}~���2� vC���_ai��or}¤v��_hXoj]_k�oªhj]_k�tra)kS�-vCo�oj�~a �_ai��É
�~}~��Éº­&%�v�or] \X°!sÃ� vC���_ai��or}¤v��_h ² }«or] ��v��NojtrvC�~�¤aH� trk�ojaÀk�h ² a �~�dk�h®°'%�e ³Ù°!vC�_h�orkC�No(%�}«oÂeyk�ojaHµ
� vC���_ai��or}¤v��_h�k�tra���vC�-h�}¢�na trai�¡­�x ey·u¸Ç��l�£@ait3`�k��_kC�Ca `�ai��o�}¢hªl_hjai�� ´vCt�aHk�tr�¤pÀ��tjv���vC !�_k���ÉCa�o�h ­
¯�a!kC�¤�~v ²  ´vCt�h�aitj¦§}¢��aF�n}¤£@aitjai�Noj}¢kVoj}~vC���@a�o ² a ai��oj]_a!��v�����aH��oj}~vC�-h»oj]_tjv�l��C]ªor]�autraqwqaH��oj}~vC���_tjv��_k���}~�~}«oqp
³:kChdk� ´l��-��oj}~vC��v� For]�a�k<¦Ca t�k���a3¬Nl�a l�a©h�}~È a<µ�¿ ² ]�}¢��]K`�k<pÂ�na �@a �-�Àv��Âoj]�a���v�����aH��oj}~vC�>³´vCtdvC�Àoj]�a
� vC���_ai��or}¤v���� �~k�hjh�µ�­©{ÂvCtra©hj�@ai��}¤Á-�ik��~�¤p�¿ ² a���v��_hj}~�nait�k2�_ln£@ait�`�k��_kC�Ca `�ai��oªhj��]_a `�a©oj]_k�oªl-h�aHhdk
hj}~���C�~a�k<¦Ca t�k���ai��¬�l_a l�a��~a ���Coj]©ojv3��a�ojaitj`�}~��a�oj]_aytja�wqai��oj}~vC�©��tjv��_k��_}¤�~}«or}¤aHhy³ hj}~`©}~�¢k�t�ojvªor]�a ² k<p�}«o!}~h
��vC��a�}~�©oj]�aye*)j�X¨�° ³ ��v�l����~ai��e*)j�ªµ���l�£@aitF`�k��_kC�Ca `�ai��oH¿Chja a,+ ��-´µ�.� ´vCtFk��§p��C}~¦Ca ��k<¦CaitrkC�CaH�3¬Nl�a l�a
hj}~È aC¿N�_k���ÉCa�o�hF�@a �~vC����}¤�_�3ojv©��v�����ai��oj}~vC�_h ² }«or]S]�}~�C]_a tu�_tj}~vCtr}«oqp©]_k<¦�aXh�`�kC�¤�~a t���trvC�_kC��}¤�~}¤oqp�vC ¡�-ai}¤���
traqwqaH��orai��or]_k��2oj]_v�hjad�@a �~vC�_�C}~���)orv��~v ² a t���tj}~vCtr}¤oqp¥���¢kChrh�aHh ­�\¶v©vC��ork�}~�2oj]�}¢h��n}¤£@aitjai��or}~k�oj}~vC�2}¤�
�¤vNhjh
�_tjv��_k���}~�~}«or}¤aHh ¿ ² adkChrh�l�`�a�or]_kVo!oj]�a��¤vNhjh!��l�tr¦CaXv� ¶e�·u¸¹}¢h!hr� kC�¤aH���§p�k�  kC��orvCtuoj]_k�o!tra ��traihja �NorhFoj]�a
�_tj}~vCtr}«oqp®�~a ¦�a ��v� For]�a�k������~}¢� kVor}¤v��¡­�¯�a�v��norkC}¤��¦<kCtj}~vCl-hX�@a tj ´vCtr`�k��_� a)`�aik�h�l�traih�v� !}¤�NojaitjaHhqoªh�l-��]
k�h�oj]�aªor]�trvCl���]���lnoH¿§oj]�a3k<¦�a t�k��Cad¬Nl�a l�a�hj}¤Èia�k��_�2oj]_a3k<¦Ca t�k���aX�ntrvC�
��trvC�_kC��}¤�~}¤oqpC­

¯�a3or]�a �Kk����ntraihrh�oj]�a�¬�l_aih�oj}~vC�Âv� �or]�a)��]�v�}~� a�v� 7��tr}¤v�tj}¤oj}~aihi­�/d}~¦Cai�Âlnoj}~�~}«or}¤aHh�oj]-kVod��a �@a �_�®v��
or]�a¥�@a tj ´vCtr`�k��_� a�`©aHkChjl�traih�v��ÒvC��a¥]-k��_�ÒkC�_� vC� or]�a2� v�h�o� ´vCt�kK�C}~¦Ca � ��tr}~vCtr}«oqp�vC� oj]_aSv�or]�a t
]-k��_�»¿Nor]�a�h�aHhjhj}¤v��_h�kVo�oj]�aªh�pnh�ojai`Çk�tray  kC� ai� ² }«or]
k���vC��¨Ù� vNv��-aitrk�oj}~¦Ca��Nk�`�a�}~� ² ]_}~��]Soj]�a���]�v�}~� a
vC ���tr}~vCtr}«oqp¥vC �aHkC��]®h�aHhjhj}¤v��2]-kCh�k��
}~`©�-kC��oyv��Sor]�a3¬Nl_k��~}¤oqp¥v� 7h�aitj¦§}¢��adv� �v�or]�a tyhjaihrh�}~vC�-h ­10�v�t�oj]�a
�ikChjaªv� 7°'%�e ojt�kV¼¥�C¿ ² aªaih�orkC���~}~hj]Â��vC�-�n}«or}¤v��_h� ´vCtykC�2aH¬Nl�}¤�~}~��tj}~l�` ojv�a�mn}¢hqoH­7¯�aª ´l_t�or]�a t���trvV¦§}~��a
� vC�_��}«or}¤v��_h� ´vCty� vC�§¦Caitj��a �_� ayojv�aH¬�l_}¤�~}¤�_tj}~l�`Ç ´trvC` ��vC�®ai¬Nl�}~�~}¤��tr}¢k)}~��}¤oj}¢k��¶h�ork�ojaihi­

¯�aXhj]_k��~��Á_�-k��~�¤p©hqorl_�np©�Nl_`©aitj}¢� kC�¤�~p3or]�ay��tr}¢��}~������trvC���~a ` v� º]�v ² oj]�ay�_a�o ² vCtrÉ)h�]_vCl��¢����]�v§v�hja
�_tj}¢��aHh�h�v©oj]-kVo�oj]�a�traihjl��¤oj}~����ai¬Nl�}~�¤}~��tr}¤l_` ² vCl��¢�S`�k�m§}~`�}¤Èiaª}«o�h��-ai��a�Á_oi­

¯�aX��tr}~a�2_p�`©ai�Noj}~vC�¥hjvC`�a�tjaH��ai��o ² vCtrÉ)}~��oj]-kVo!kCtjaHk�­�eya� ´a tra �-��a3+ú�4--]-kChF� vC�_hj}~��a trai��k�tra �¢kVojaH�
�_tjv����¤ai` ² ]�aitjadoj]_aªojt�kV¼¥�d�Ca �_a t�kVojaH�S�§p¥aHkC��]®h�aHhjhj}~vC� ² kCh�`�vn�nai�¤aH�
k�h�k©s�v�}~hrhjvC�
��tjvn� aihrh ¿nk��-�
or]�a)hja tr¦§}~� a�or}¤`�a ² k�h�a�mn�-v���a �Nor}~kC�¤�~p2�n}¢h�ojtr}¤��l�ojai�¡­�\�]_a3�nai� }~hj}¤v��®¦<kCtj}¢k��_�¤aHh ² aitjador]�a)}~����lno�trk�ojaih
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hjp§`�`©a ojtr}~�dl_hja t�h�k��_�
hjpN`�`�a�ortj}¢�dai¬Nl�}~�¤}~��tr}~k�kC�_�¥or]�a���tr}~� }¤�_�©}¢hrh�l�a ² kCh���vCo�� vC�_hj}¢�na trai�»­5) �
oj]_}~h
 ´t�k�`�a ² v�tjÉº¿ ² }«or]©kd��v�`©`�v���e�·u¸ ��ln£ºa tH¿V}«o ² kCh�h�]_v ² ��oj]_k�oFk��)aH¬Nl�}¤�~}~��tj}~l�` �nv§aHh��_v�o7a�mn}¢hqoH­�xy�
aH¬Nl�}¤�~}~��tj}~l�` ² k�h�vC�no�k�}~��ai�®k��-�
��]-k�t�kC��ora tr}¤Èiai�� ´v�tXk��ÂkC�«ora tr�_kVor}¤¦�a���l�£@aitX`�k��_kC�Cai`©ai�No�or]_kVo ² kCh
�_tjv��-vNh�aH�»¿C� kC�¤�~ai�76 � e�·!¸)­§¯�ay��v�ora�oj]-kVou}~�S��v��Nojt�kCh�o�orv8+ú�9-Ù¿Nhj}¤�-��a ² ayk��¢h�v�}~�_� �¤l_��aX}~��oj]�a�lnoj}~�¤}¤oqp
vC �°'%�e±ojt�kV¼¥��k3�@a �_kC�«oqp� ´v�t!�~v�hrh�aHhX³ ² ]�}~��]2}~h�hjl����@vCtjojaH���§p�h�ojl-�n}¤aHh�v� ¶¦�vC}¢��aX¬Nl_kC�¤}¤oqp�}¤�2�_kC��É�a�o�¨
�-kChjai�ªora �~a ��]�v��§p
+ ��-´µ�¿ ² a��nvXv��norkC}¤�©k��3aH¬�l_}¤�~}¤�_tj}~l�` ² ]�ai�)l_hj}¤�_��e�·u¸�­:0�v�t�vCoj]�ait�tjai�~k�ojai�3�_k��@a t�h ¿
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kd�ntrvC�n¨RorkC}¤�N��ln£ºa t�µ�¿�+¤b�-_kCh ² ai�¤��k�h¡or]�a�h�l�tr¦Caip7+ ��-R­=) �>+~bi�:-R¿<or]�a�k�lnor]�vCt�h���tjaHh�ai�No�`�ai��]_kC��}¢h�`�h�³´a�­ �-­¤¿
x�)q{K¸1v� X\X°!s!µ�ojv���vC�Nortjv��ua �-�§¨Rl-h�ait3ojt�k��-h�`�}¢hjhj}¤v��Òtrk�oja¥}~�Nojv��n}«£ºa tra �Nor}~k�ojai�Zh�aitj¦§}¢��aih3) ��ora tr��a�o
or]�trvCl���]2�@v�ora �Noj}¢k��º ´l��-��oj}~vC�-hyk��_�
��v�tjtraihj�@vC�_�n}~������v��N¦�a tr�Cai�_��aXojv�ÓXk�h�]®ai¬Nl�}~�~}¤��tr}~l�`®­

\�]�aªk��_��tjvNkC��]�vC ¶vCl�t���tr}~� }¤�_�)��trvC���~a ` }¢h�tjai�~k�ojai��ojv�oj]�a�¾Nork���ÉCai�¤�@a tr�)`�a�or]�vn�nvC�~vC��p) ´v�t�]�}¤ait�¨
kCtr��]_}~�ik��nvC��oj}~`©}~Èik�oj}~vC�@?¶ ´vCtuk�Á�mnai�©��tr}~� }¤���3h�ojt�kVora ��p)vC�_ayh�aia Énh�oj]_ayai¬Nl�}~�¤}~��tr}¤l_` k�`�v����ªoj]�aXl_h�aitrh
³´oj]�a�v��noj}~`�}¤ÈHkVoj}~vC���¤ai¦Cai��� vCtrtjaHh��@vC�-�n}¤�_��ojv2oj]�a3Aq ´vC�~�¤v ² a tCB�µ�¿ºk��_�Koj]�ai�Àor]�a���a�o ² vCtrÉÒ³ ��v��_hj}~�naitjaH�
k�h�oj]_aDA��¤aHkC�naitEB�µ�vC�nor}¤`�}~È aHh�oj]_a)��tr}~� }¤�_�¥hqortrk�oja ��pC­�\�]�}¢h�oqp§�@a)v� 7`�a�or]�vn�nvC�~vC��pS]_k�hy�@a ai�Âl_h�aH�Â}~�
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¯�a�l_hjadoj]�a ² a �~�«¨ÙÉ§��v ² �Stra �¢kVor}¤v��S ´v�ty\X°!s trk�oja ?

� P�Q
���P � �
/�P � 2�� E�� ³qbHµ

² ]_a tra�� P�kC�_�M/�P!kCtja©\X°!s 2_v ² 2rÄ h�tjv�l��_�®ortj}~�Kor}¤`�a�k��_���ntrvC�K��trvC�-k���}~�¤}¤oqpC¿ºtraihj�-aH��or}¤¦�a �~pC­ � }~h
oqp§��}¢� kC�¤�~p�ork�É�a �¥k�h�� ;���³ ² ]�ai��oj]_a��nai�~k<p�ai��kC��É©vC�nor}¤v���}~h��n}¢hjkC���~ai�_µ�v�t�� ;��¥³ ² ]_a �¥}¤o!}¢huai�_k��_�¤aH�_µ�­
¯�a�h�]-k��~�ºk�hjhjl�`�a�oj]�trvCl���]�vCl�ouoj]_ad�-k��@a t�oj]-kVo�oj]�a�¬Nl�a l_a }~�����na �¢k<p�}~h���ai�C�~}¤��}¤�_�¤a ² }«or]2traihj�@ai��o�ojv� P  ´vCt�or]�a3\X°!s±��v�����ai��oj}~vC�_hi­

) �
��vC�Nortrk�hqoH¿Cor]�aªtrk�ojaih � P ¿N ´vCt�2�� H�¿nvC ¶tjaHk��-oj}~`�a�2_v ² h�k�traX�_v�o���vC�Nortjv��¤�~ai�¥kC�_�SkCtjadkChrh�l_`©aH�
orv��-a�Á_m§aH�»­1)Ù  E Q�� ² a3k�hjhjl�`�adoj]�trvCl_�C]�v�lno�oj]�a��_kC�-ait�oj]_k�o���� ��! � �#" � ³´l��_�¤aHhjh�vCoj]�ait ² }¢hja
hj�@ai��}¤Á_aH�_µ�¿nvCoj]�ait ² }¢h�aXoj]�a�e�·!¸%��ln£ºa t�}¢h!�_v�oyk)�@v�ojoj�~a ��aH��Éº­7¾n}¤`�}~�~kCtj�~pC¿§}¤ �H Q$� ² adk�hjhjl�`�aXor]_kVo
\X°!s±hja �_��a t�h�kCtjaª��vCoy�¤}~`�}«orai�
�§p�oj]_a�tjaH��a }~¦Cait ² }¤�_��v ² ­

) �®�Cai��a t�k��R¿nh�}~�_� aªoj]�a��@v�ojoj�~a ��aH��ÉS¬Nl�a l�aª}¢hyhja a �®kCh�k 2_l_}~�®¬Nl�a l_aC¿ ² a�� k�� ² tr}«ora
%� ��!'&�( � � 1 � 8?/ � 4 Q)� S

)Ù  ² ayv��-aitrk�ojay}~��oj]�a��¤}~��aHk�tu�-k�tjouv� »or]�a�e�·!¸ � l�tj¦�a�oj]_a ��or]�}~h!�~aikC�_h7ojv3oj]�adh�pnh�oja `Æv� ¡aH¬Nl_kVor}¤v��_h�?
* � � ��!+&�(,� � 1 � 8G/ � 4 Q �

/�P Q N5PL17# 8R# $'& ( 4-� .�2/�9H0��E
² }¤oj] ³ F21 I31 � µ�l���É§��v ² �-h�? #®³:k<¦Ca t�k���a�¬Nl�ail�a3�~a ���Coj]-µ�¿-k��-��/ P ��24�MH0� E�¿ ² ]_a tra � P ¿K24�ME
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/ P�Q N5PL1 #�8R# $'& ( 4�.�25� ³:�Cµ
}~�Nojv©oj]_aªÁ_trh�o�ai¬Nl_k�oj}~vC�
v� �oj]�a3kC�-vV¦�adhja�oH¿ ² aªv��norkC}¤�®k�h�}~���C�~aªai¬Nl_k�oj}~vC�2 ´vCt #�?
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)Ù  ² a ² tr}¤oja 6?Q$< #�8R# $'& ( ¿noj]_a �Ò³ �Nµ�� k��
�@a ² tj}¤o�ora �ÂkCh�k���l_��}~�ªaH¬Nl_kVor}¤v��S}~�?6 ?
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