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request a service

(4)

(3)
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response

Server 1

Central
  Server

Best Server

Server n

Server name

(1)

Client

best server

¼�v�¢yt`|}cM� ��]%^`c �nc&oGc&|}aMv�u>x�oGv�ryu�r�¬�oG^`c��Acbmpo�mGc&|}�yc&|%vwm�^`vw�`�ncbu�|}c&¢�x�|z�nv�u`¢ o}^`c q��v�cbu�o



�

]�rexsq&qcOmGm�x	mGc&|}��vwqcsµsx q&��v�c&u�o%mpcbuQ�`m¶x�|Gc��t`cbmpo�oGr	oG^`c�qcbuso}|}xy�>mGc&|}�ycb|b´�]%^`c½q&c&u�oG|zx��Ampcb|G�sc&|�xyqo}m
xsm�x�u³x��`�Q��vwq&x�oGv�ryun¾¿��x�lsc&|�¢sx�oGc&º%x�l$¬¹ry|ho}^`c |}c ��t`cbmpoGcO�-mGc&|}�Sv�q&cMº�^`v�qz^ vwm m�o}ry|}cb�-v�u¸x$mGco r�¬%|}c&�`��v�¾
qbx�o}cb�±mGc&|}�ycb|}m½�nvwm�o}|Gv��`tno}cb�-r��yc&|½oG^QcI®u�o}c&|}u`coO´	]%^`ceoG|zx�uQmp¬¹c&|�oGv�aMcM�`|GcO�nvwq�oGv�ryu x�uQ�«oG^`cM|}c ��t`v�|GcO�
�Ac&|G¬¹ry|}a x�uQq&c aMcbxymGt`|}c&aMc&u�o�ÈÉ�ncbm}q|}v��>cO�³v�uÀjncbq�o}v�rsu ¡`´��OÊ�xy|Gc�oG^`cbu?xyqbqryaM�`��vwmp^`cO� ��l o}^`c�mGcoery¬
|}c&�Q��vwq&x�oGcb�?mpcb|G�sc&|zm	x�u>�¸oG^Qc�|}cbmGt`��oIvwmeoG|zx�uQmGaMv�oGoGcO�¸oGr-oG^Qc$q&c&u�oG|zx��%mGc&|}�yc&|O´³]%^`c�qc&u�o}|}xy�¶mGc&|}�ycb|
�`c&��v��sc&|zmhoGr�o}^`c�q&��v�c&u�o	v�u?x«q&c&|Go}xyv�u¸º%x�l«o}^`c��{ xs�`�n|}cbm}m�r�¬�o}^`c��AcbmpoImGc&|}�yc&|	º�^`rsmGc �`|}cb�nvwq�o}v�rsu
ry¬�o}^`c«qrsuso}c&u�o oG|zx�u>m�¬¹cb|eo}v�aMc�vwmMoG^Qc�aIv�u`v�a	t`a qrsaI�>x�|}cb�?oGr oG^`r�mpc$��x���t`cOm �`|}cb�nvwq�o}cb�À��l?oG^`c
ryoG^`cb|Lmpcb|G�sc&|zm&´�]�r |}cbx���v�Å&choG^Qv�m%ozxymG¯;µnoG^`ceqc&u�o}|}xy�6mpcb|G�sc&|Lq&xyu�mpcbuQ��oGrMoG^Qc	q��v�cbu�o�x�u);�]Lg � �Qx�¢sc
o}^Qx�o%qrsusozx�v�uQm�^SlS�>cb|G��v�u`¯nm��Aryv�uso}v�uQ¢ oGr oG^`c½��rnq&x�oGv�ryu ry¬Ao}^`c�|}c ��t`cOm�o}cb� q&ryu�oGcbuso¶ryuMo}^`c��Acbmpo¶mGc&|}�ycb|
mGc&��cbqoGcO�Á´

��� � � ���������
	�� ���	 ������� �� ��� � �

®u�oG^`vwm�mGcbq�o}v�rsu6µSºZc��ncOmGq&|Gv��Ac�o}^`c�qryaMaet`u`vwq&x�o}v�rsu��`|}r�o}rSq&ry�A�>c&o�ºZcbc&u�oG^`ch�Qxsmpvwq�xy�`�`��v�qbx�o}v�rsu�c&u�o}v�¾
o}v�cOm�ry¬6ryt`|%m}qz^`c&aMc �%È¹v Ê�v�u o}^`chq��v�cbuso¶�Qx�|GoZvwmZ��rnq&x�oGcO� ��oG^`c 
���� �!
�� �:
�7 
�"��9�%3� ��� ��º�^`vwqz^��ncbaMxyuQ�`m
xImGc&|}��vwqcsµÁÈ¹v�vwÊ¶v�u�o}^`c�qcbuso}|}xy�Ámpcb|G�sc&|¶�Qx�|Go¶vwm%��rSqbx�o}cb� ��oG^Qc ����"�#	�/� � " �% 
�� 
	$ �%� �¶º�^`vwqz^�vwmZoG^`c�º¶c&����¾
¯Su`r�º�u xy�`�`��v�qbx�o}v�rsun¾ä�wx�lycb|�¢sx�oGc&º%x�lyµ�x�uQ�¸oG^`c �� 
�� �!� � �!"�
%$ ��� � º�^`vwqz^ vw�nc&u�oGv�°QcOm o}^`c��AcbmpoImGc&|}�ycb|
o}r mGc&u>� v�o}mI�{5xs�`�n|}cbm}m o}r±o}^`c�q&��v�c&u�oOµ½È¹v�v�vwÊ	v�u3cbxsqz^?mGc&|}�yc&|e�Qx�|GoMv�mI��rSqbx�o}cb� ��x� � 
 ��� �!����� ' 
�����"
xy¢ycbuso�º�^`vwqz^�q&xy��q&t`��x�oGcOmLqrsuso}v�uSt`rstQmG��l o}^`c |}c ��t`cOm�ozm�x�|}|Gv���x��Á|zx�oGc�xyuQ��mpcb|G�Svwqch|zx�oGchv�u$oG^`cempcb|G�sc&|Oµ
o}^`c 1 "&� ��� � $4
%$ ��� ��º�^`vwqz^«�`|}ry�AcbmLoG^`cMq��v�cbu�o�x�u>���`|}cb�nvwq�ozmLo}^`c o}v�aMcIu`c&cO�ncb�$o}r�o}|}xyuQm�¬¹cb|Lo}^`ce|}c¾
��t`cOm�o}cb�$qrsu�oGc&u�oLo}rMoG^`ceq��v�cbusoOµAxyuQ��°QuQxy����l�o}^`c ����"�#	�/� � 
!1#1 3�/�!
�� �/���¸º�^Qv�qz^�vwm�ry�S�Sv�rytQmG��l���rnq&x�oGcO�
v�u«cOxyqz^«mGc&|}�yc&|O´ % c	u`ryoGc o}^Qx�o½oG^`cOmpc	oG^`|}c&cIx�¢sc&u�o}mbµQ��rnq&x�o}cb�$v�u«o}^`c	|}c&�`��vwq&x�o}cb��mGc&|}�ycb|}mbµ>qbx�u«x��wmGr
�Ac	v�aM�`��c&aMc&u�oGcO�«v�u«o}^`ceq&c&u�oG|zx���mpcb|G�sc&|Oµ>º�^`vwqz^±qbx�u��`|}cb�nvwq�o�oG^Qceqrsu�oGc&u�o½oG|zx�uQmp¬¹c&|�oGv�aIcI��v�¯scex�uSl
ryoG^`cb|Lmpcb|G�sc&|%x�uQ��oG^StQmLv�oLq&xyu�mGc&|}�yc½oG^Qc q��v�cbusoLv�¬Jv�ozm%�`|GcO�nvwq�oGcO��o}|}xyuQmp¬¹c&|%oGv�aMc�v�m¶¬¹rst`uQ��oGrM�AchoG^`c
mGa x�����cOm�o�rsu`cy´
¼�v�¢yt`|}c���mG^`r�ºLm½oG^`c �>xymGv�qIm�o}c&�Qmh|}cbxy��v�Å&cO�«�Ac¬¹rs|GcMcbmpo}xy�`��v�mG^`v�u`¢�o}^`c qrsu`u`cbqoGv�ryu �>c&o�ºZcbc&u-oG^`c

q&��v�c&u�oLx�u>��o}^`c��Acbmpo�mpcb|G�sc&| �

�y´�]%^`c�xyu�lnqbxympo	x�º¶xy|GcMq��v�cbu�oempcbuQ�`m	^`v�m |Gc�stQcbmpo�oGr�o}^`c�mGc&|}��vwqc |}c&�wx�l±xy¢yc&u�o ��rnq&x�o}cb�³v�u³oG^`c
qcbuso}|}xy�6mpcb|G�sc&|¶oGrMcOm�ozx��`��v�mG^$xI]�d¶{²q&ryu`u`cOq�o}v�rsu��Aco�º¶c&cbu�o}^`c&a$´

�n´�]%^`c�mpcb|G�SvwqcZ|Gcb��x�lhx�¢sc&u�o�|}cbmG�AryuQ�`m��Sl mpcbuQ�nv�u`¢hx�u2;½]Lg � �Qx�¢sc�oGr½oG^Qc%q&��v�c&u�oO´�¼Qry|�cÃ`x�aM�`��cyµ
oG^`vwm��Qxy¢yc�q&xyuM�>c%o}^`c�^`ryaMc��Qxy¢yc%r�¬AoG^QcLmpcb|G�sc&|Jº�^`vwqz^Mq&ryu�o}xyv�u>mJ¢yc&uQc&|zx��Sv�u`¬¹ry|}aMx�oGv�ryuMx��Arytno
oG^`c$mGc&|}��vwqcOm��`|}r��Sv��ncO�³�Sl-o}^`c�mGc&|}�ycb|	x�u>� x�u`ryoGvwqc�º�^Qv�qz^ v�un¬¹rs|Ga m	oG^`c�q��v�cbusoeoGr-º¶xyv�oex
aMryaMc&u�o½tQuso}v���|}cbqcbv��Sv�u`¢ o}^`c,;½]Lg � �>x�¢yc	º�^`v�qz^-qryu�ozx�v�uQmLx���v�u`¯�oGr�o}^`ce�`cbmGv�|}cb��q&ryu�oGcbuso



��� � � Ó � � � � �¹©y¨`¦�� Ó ��� § Ó ¦ Ó © Ó ' �

ry|	mGc&|}�Sv�q&cy´�*¶cbmGvw�ncbmbµ6o}^`c�mpcb|G�SvwqcM|}c&�wx�l±x�¢sc&u�o q&x����wm�oG^`c�q&��xsmGmGv�°Qc&|�x�¢sc&u�o x�uQ� ¢sv��scbmhv�o oG^`c
q��v�cbu�o,�{«xy�Q�n|GcOmGmÁxyuQ��oG^Qc�q��v�cbu�o,|GcOqcbv��sc��Qt)�Acb|ZÈDry�nozx�v�u`cb��¬¹|}rya oG^`cZº�v�uQ�`r�º mGv�Åbc�xy�n�sc&|GoGvwmpcO�
�Sl�oG^Qc q��v�cbuso�Ê�´

¡`´�]%^`chq�wxym}mpv�°Qc&|¶x�¢sc&u�o¶mGc&uQ�Qm�o}^`chq��v�cbusoOÂ mZ�{3xy�`�n|}cbm}m�xyuQ��|}cbq&c&v��Sv�u`¢	�`t)�;c&|�mp�>xyqcIÈ¹vä´ cs´�µna x�Ã�¾
v�aet`aÆ|}cbq&c&v��Sv�u`¢Iº�v�uQ�nr�º�Ê�oGrIoG^Qc��`|Grs�`v�u`¢Ixy¢ycbusozm¶��rnq&x�oGcO��v�u�xIq&c&|Go}xyv�u�mpc&oLr�¬�mGc&|}�ycb|}mb´J¼`ry|
cÃ`x�aM�`��cyµ>oGr�mpcb|G�sc x�¼`|}c&uQqz^«q&��v�c&u�oOµQo}^`ceq&��xsmGmGv�°>c&|�xy¢yc&u�o�mGc&uQ�Qm�oG^Qceq��v�c&u�obÂ mL�{ xs�`�n|}cbm}m%oGr
oG^`c��Q|Grs�`v�uQ¢Mxy¢ycbusozm¶��rnq&x�oGcO��v�u�oG^`c�|}c&�`��vwq&x�o}cb��¼`|}c&uQqz^$mGc&|}�yc&|zmb´

�Q´ !�xyqz^¸�Q|Grs�`v�uQ¢«x�¢ycbu�obµJx�aMryu`¢�o}^`c�qz^`r�mpcbu¸mpc&obµ��`|Grs�>cOmhoG^Qc�q��v�c&u�o	v�u¸ry|z�nc&|ho}r«ry�nozx�v�u³oG^`c
�>cb|p¬¹rs|Ga xyuQqc-ryuVo}^`c±�Qx�oG^Bmpcb|G�sc&| ¾�q��v�c&u�o�xyuQ�V|}cbxy�Qm oG^Qc q&t`|G|}c&u�o$mpcb|G�sc&|��Ac&|G¬¹ry|}a x�uQq&c
�Qx�|zx�aMc&oGc&|zm%�nco}c&|}aMv�u`cO����l�oG^`c���rsxs��cOm�o}v�a x�o}ry|�x�¢sc&u�ob´

�n´ !�xyqz^��Q|Grs�`v�uQ¢�x�¢sc&u�obµ�x�aMryuQ¢%oG^`c¶qz^`rsmGc&u�mGcobµ�q&ryaM�`tno}cbm6rst`|,�Q|GcO�nv�qoGcO��oG|zx�uQmp¬¹c&|Áo}v�aMcZaIc&oG|}v�q
�nc°>u`cb��v�u�jncbq�o}v�rsu�¡`´��y´

�`´ !�xyqz^��Q|Grs�`v�uQ¢�x�¢ycbu�obµQxyaIrsu`¢MoG^Qc	qz^`rsmGc&u�mGcoOµAmGc&uQ�Qm%oG^`cery�nozx�v�u`cb����x���t`c ry¬JoG^`c �Q|GcO�nv�qoGcO�
oG|zx�uQmp¬¹c&|%o}v�aMcho}reo}^`c q�wxym}mGv�°Qcb|Lx�¢sc&u�ob´

� ´�]%^`c	q&��xsmGmGv�°>c&|Lx�¢sc&u�o�qrsaM�Qx�|}cbm%�Aco�º¶c&cbu�o}^`c	�nv �;c&|}c&u�o���x���t`cbmL|GcOqc&v��ycO��¬¹|Grsa oG^Qc	�nv �Acb|Gcbuso
�`|}ry�`v�u`¢ x�¢sc&u�o}m¶v�u�rs|}�`c&|¶oGr rs�no}xyv�u$x�u�ry|z�nc&|}cb����vwmpoLr�¬�oG^`c q&ryu�oGcbuso%o}|}xyuQm�¬¹cb|¶oGv�aIcs´

� ´�]%^`cLq�wxym}mGv�°Qcb|�x�¢ycbu�oJmGc&uQ�Qm�oGr�oG^`cLq&��v�c&u�oJoG^Qc��{ xs�`�n|}cbm}m�r�¬Qo}^`c��Acbmpo�mGc&|}�ycb|�mpcb��cOq�oGcO��ÈDº�^`vwqz^
qrs|G|}cbmG�>rsuQ�`m�o}r�oG^`c�mpa xy����cbmpo�oG|zx�uQmp¬¹c&|�oGv�aIc½��x���t`cOÊJc&Ãn�`��vwqv�oG��lIry|�v�aM�`��v�q&v�o}��lI�Sv�x xh^SlS�Ac&|}��v�u`¯
v�u�xyu�;½]Lg � �Qx�¢scy´

�`´�]%^`c ]�d¶{²qrsu`u`cbqoGv�ryu�v�m%cOm�ozx��`��vwmp^`cO���>c&o�ºZcbc&u�oG^`c q&��v�c&u�o�x�u>��o}^`c��>cOm�o�mGc&|}�ycb|b´

*%xymGvwq&x�����lyµÁcbxsqz^ mGc&|}�ycb|½�Q|GcO�nv�qo}m�o}^`cMoGv�aMc |Gc�stQv�|}cb�«oGr�mpcb|G�sc	o}^`cM|Gc��t`cbmpoGcO�-q&��v�c&u�o��Sl«tQmGv�u`¢
rst`|	�Q|GcO�nv�qoGcO� oG|zx�uQmp¬¹c&|	oGv�aIc�¬¹t`uQqoGv�ryu?�nc&°Qu`cO�¸v�u ! ��tQx�o}v�rsu ÈÉ�s�yÊ�´«]�r«rs�no}xyv�u¸o}^`c��>x�|zx�aMco}c&|zm
ry¬JoG^`vwmL¬¹tQuQq�o}v�rsu6µAoG^`ce�`|Grs�`v�u`¢�x�¢sc&u�o�|}cbxy�Qm%oG^`cIqt`|}|}c&u�o½mGc&|}�yc&|��Ac&|G¬¹ry|}a x�uQq&c �Qxy|}xyaIc&oGcb|}mL�`coGcb|p¾
aMv�u`cb� ��l-oG^Qc���r�xy�S¾¿cbmpoGv�a x�o}ry|	xy¢yc&u�o	xyuQ�³�`|}ry�Acbm�o}^`c�q&��v�c&u�oe|}c ��t`cOm�o}v�uQ¢$oG^`c�mpcb|G�SvwqcMoGr±ry�nozx�v�u
o}^`c	�Ac&|G¬¹ry|}a x�uQq&c �Qxy|}xyaIc&oGcb|}m�rsu�oG^Qc	�Qx�oG^±mGc&|}�ycb|�¾%q&��v�c&u�oO´½]%^`cbu6µ;v�ohmpcbuQ�`m�oG^`cery�nozx�v�u`cb����xy��t`c
o}r�oG^Qc½q�wxym}mGv�°Qcb|Zxy¢yc&u�o�º�^`vwqz^�q&ryaM�Qx�|}cbm��>c&o�ºZcbc&uMoG^Qc���x���t`cbmZ|}cbqcbv��scb�e¬¹|}rya�oG^`c��nv �;c&|}c&u�o%mpcb|G�sc&|zm
v�u±rs|}�`c&|½oGr�¯�uQr�º�oG^`cM�Acbmpo�rsu`cIº�^`v�qz^³q&xyu±mGc&|}�yc o}^`c q��v�cbu�o�v�u±o}^`c mpa xy����cbmpo½o}v�aMcs´9;LcbuQqcsµÁoG^`c
q&��xsmGmGv�°Qc&|�x�¢ycbu�o�mGc&uQ�`m�oGr�oG^`cMq��v�c&u�o½o}^`cI�{ xy�Q�n|GcOmGm½r�¬�o}^`cI�>cOm�o�mpcb|G�sc&|½cÃn�`��v�q&v�o}��l�rs|�v�aI�Q��vwqv�oG��l
�SvwxMx�u�^�lS�Ac&|}��v�u`¯�v�u�x�u�;�]Lg � �>x�¢ycs´



���

Client

(2) Central
Server

agent
relay

Service 

Classifier

Probing

Application
Service

Best Server

Anycast aware Client

(2)

(1)

agent

agent

(3)

(4)

(5)(6)

(7)

(8)

(9)

¼�v�¢yt`|}c �-��Ç��`�`��v�qbx�oGv�ryu`¾ä�wx�lycb|¶xyu�lnqbxympoGv�u`¢Ixy|}qz^Qv�o}cbq�o}t`|}c

]%^`c½�`|}ry�`v�u`¢	xy¢yc&u�o�q&ryuQmGv��`c&|zm&µsv�u��Q|GcO�nv�qoGv�u`¢ o}^`c½mGc&|}�Sv�q&c%oG|zx�uQmp¬¹c&|�oGv�aMc ��È¹v ÊJo}^`c��Ac&|G¬¹ry|}a x�uQq&c
rsuVoG^Qc±�Qx�oG^ º�v�oG^ oG^`c q��v�cbuso �³oG^`c³x���x�v���xy�`��c��Qx�uQ�`º�v��So}^ u`ryoGcO�V�Sl��	µ�oG^Qc-|}ryt`u>�3oG|}v��Vo}v�aMc
uQr�oGcO���Sl������ µSx�u>��o}^`ch�Qxyqz¯sco%��r�mGm¶|zx�oGc�u`ryoGcb���Sl
	Mµ6È¹v�v ÊZoG^`ch�Ac&|G¬¹ry|}aMxyuQqc�r�¬�oG^`c�mGc&|}�ycb|	��oG^`c
a x�ÃSv�a	tQa)q&ryu`¢scbmpoGv�ryu³º�v�u>�nr�º���xy��t`c�������«oG^Qx�oeq&xyu¸�>c��Qt)�Acb|GcO�³¬¹ry| oG|zx�uQmGaMv�m}mpv�ryu,µ�xyuQ� oG^`c
vw�n��c�oGv�aMcL��rsmpoZ�nt`c�o}rhoG^`c½�`t)�;c&|}v�uQ¢�r�¬;oG^`c�|Gc�stQcbmpo}m�v�uMoG^`c�mpcb|G�sc&|LÈ¹oGv�aIc��>c&o�ºZcbc&uMoG^Qc�x�|}|Gv���x��`ry¬;x
|}c ��t`cOm�o�xyuQ�IoG^`c�cOm�ozx��`��vwmp^`aMcbuso�ry¬>o}^`c�q&ry|}|GcOmp�AryuQ�`v�u`¢h]�d¶{¸qrsu`u`cOq�oGv�ryuAÊ�´�¿o�v�m�ry�S�Sv�rstQm�oG^Qx�o�oG^Qv�m
vw�n��c%oGv�aMcL�nc&�Ac&uQ�Qm�ryueoG^`cLmGc&|}�ycb|J��r�xy�Á´%È¹v�v�v Ê�oG^Qc��>cb|p¬¹rs|Ga x�u>qc%r�¬>oG^`cLq&��v�c&u�obµsº�^`vwqz^IvwmJ|}c&�`|}cbmGc&u�oGcO�
�SlMv�o}m¶|GcOqcbv��scL�`t)�;c&|}v�uQ¢emG�Qxyq&c½qrsaMa	t`u`vwq&x�oGcO�IoGreoG^`chqcbuso}|}xy�>mGc&|}�ycb|��Sv�x oG^`c�xy�n�sc&|GoGvwmpcO�Mº�v�u>�nr�º
°>c&�w��v�u�oG^`c ]�d¶{3^`cOxy�ncb|b´

% c��`|}ry�ArsmGc¶oG^Qx�o�o}^`cL�`|}ry�`v�u`¢ xy¢yc&u�o�vwm�v�aM�`��cbaMc&u�oGcO�Mv�u o}^`c�mGc&|}�ycb|��Qx�|Gobµy¬¹ry|�o}^`cbmGc�o�º¶r�a x�v�u
|}cbxsmprsuQm	�	È¹v Ê�oG^`cM�`|}ry�`v�u`¢�x�¢ycbu�ohqbx�u±cOxymGv���l$|GcOxy�«oG^`c mGv�Åbc��Vr�¬�o}^`cI|Gc�stQcbmpoGcb�-qrsuso}c&u�o�x�uQ�±oG^`c
�Ac&|G¬¹ry|}a x�uQq&c��Qx�|zx�aMc&oGc&|zm�ry¬Ao}^`c½mGc&|}�ycb|	����xyuQ���$º�v�o}^`ryt`o¶mGc&uQ�nv�u`¢�o}r o}^`c�u`c&o�ºZrs|G¯Ix�uSl	aMcOmGm}x�¢sc
xsmp¯Sv�u`¢eoG^`c���x���t`cOm%r�¬�oG^`cOmpch�Qxy|}xyaIc&oGcb|}mbµÁÈ¹v�vwÊ%�Q|Gr��Svw�nv�uQ¢	o}^`c mpcb|G�Svwqc½oG|zx�uQmG�Qxy|Gcbuso}��lMo}rIoG^`c q&��v�c&u�ob´




�� §�¨ � ¥�� Ï § � � � Ï � § Ï Ô �¹©�¦�� Ó � � �

� . ���e��*������ . 
b�/��������#$
����
�	�
���
	 � �	��

	�� �	 ���� ���
� �	 ���
]�r �`|GcO�nvwq�oMoG^`c�q&ryu�oGcbusoIoG|zx�u>m�¬¹cb|eo}v�aMc�¬¹|}rya·x mpcb|G�sc&|eoGr¸x-q&��v�c&u�oOµ�º¶c�q&ryuQmGv��`c&|IoG^Qx�o	�³È¹v ÊeoG^`c
mGc&|}�ycb|�tQmGcbm�]�d¶{ �Lc&º �Lc&u`r ¬¹rs|½q&ryu�oGcbuso��nr�º�u`��rsxy�6´hÈDv�v ÊL]%^Qc	mpcb|G�sc&|L^>xym�xyu�v�uQv�o}v�xy��qrsu`¢ycOm�o}v�rsu
º�v�uQ�nr�º ����c��tQx��>oGr ���Qxsqz¯yco¶x�uQ� v�o}m¶qrsu`¢ycOm�o}v�rsu º�v�u>�nr�ºV�nt`|}v�u`¢	oG^`c��ä¾Éo}^ |Grst`uQ�Mo}|Gv�� o}v�aMc ���
vwmh��v�aMv�oGcb� �Sl�o}^`c ��x���t`c��������º�^`vwqz^-vwm�v�aM�>r�mpcO�±�Sl±mGc&|}�ycb|½rs| q��v�cbuso��`t �Acb|���v�aMv�ozx�oGv�ryu>m&´�È¹v�v�vwÊ
]%^Qc�q��v�c&u�oemGc&uQ�`mIx�u xsqz¯Su`r�º���cO�n¢yaMcbuso�ÈÉÇ�d � Êh¬¹rs|	c&�sc&|}l��M�Qx�o}x-mpcb¢yaMc&u�ozm |}cbqcbv��scb�-¬¹|}rya)oG^`c
mGc&|}�ycb|b´%]%^`c ��xy��t`c	r�¬���v�m�tQmGtQx�����l�c ��tQxy�6oGr�� �nt`c�o}r oG^Qc��½c&�wx�lycb�$Ç�d ��¬¹t`uQqoGv�ryuQxy��v�o�l�v�u«]�d¶{�´
ÈDv��`Ê�]%^Qc	qz^Qx�uQu`c&�,�`|Grs�Qm��Qxsqz¯ycozm%v�u>�nc&�Ac&uQ�`c&u�oG��l�ry¬�cbxyqz^$ryoG^`cb|Lº�v�o}^«x qrsuQm�ozx�u�oL�`|}ry�Qxy�`v���v�o�l 	M´
]%^StQmbµSoG^Qchx��sc&|zx�¢scLuSt`a	�Ac&|�ry¬��Qxsqz¯ycozmZmGtQqbqcbm}mp¬¹t`����l o}|}xyuQmpaMv�opo}cb���>c&o�ºZcbc&u�oG^`ch�Ac&¢yv�u`u`v�u`¢Mr�¬�oG^`c
o}|}xyuQmp¬¹c&|�x�uQ��o}^`ch°Q|zm�o��Qxsqz¯yco���rsm}m¶v�u�oG^Qv�mLqbxymGchv�m �� ´
]%^`cM�Qxy|}xyaMcoGcb|}m½x�uQ�«¬¹t`uQqoGv�ryuQm�tQmGcb�±v�u ryt`|��wx�oGcbuQql��Q|GcO�nv�qoGv�ryu±¬¹t`uQq�o}v�rsu xy|GcecÃn�`|}cbm}mpcO��v�u

o}^`ch¬¹ry����r�º�v�u`¢Mt`uQv�ozm%��ÈDvwÊ����Gµ �  � �`µ��>µQx�u>����� ��� �"!�xy|Gchv�u$�Qxyqz¯sco}m%ry¬JmGv�Å&c$#��Sl�oGcbmb´�ÈDv�v Ê%�&� �'�(!äµ��� )*� �(!äµ+�&� )-, �.!¿µ ����� µ�xyuQ��	 ���Àxy|Gc%v�uMmGcbq&ryuQ�Qm&µQÈDv�v�v Ê/#-µ+�&� �0� �"!¿µsxyuQ���±xy|Gc%c&ÃS�Q|GcOmGmGcb�ev�uM�Sl�oGcOm&µ
xyuQ��°QuQx�����l±È¹v��`Ê�� µ ������nµQxyuQ����, �ex�|}chv�u��Slso}cbm��Ac&|LmGcbq&ryuQ�6´
]�r�cOm�o}v�a x�oGceoG^`ceoG|zx�uQmp¬¹c&|½oGv�aMcery¬Zx�qryu�o}c&u�o½ry¬Zmpv�Å&c��¶µ;º¶ce�`|}ry�ArsmGc�o}^`cI¬¹ry����r�º�v�u`¢ ¬¹t`u>q�oGv�ryu

uQr�oGcO���Sl�	 ���5ÈD{�|GcO�nv�qoGcO��]�|zx�uQmp¬¹c&|L]%v�aMcOÊ��

	 ���213�&� �'�(!546�&� )*� �(!546�&� )-, �7!98 È��OÊ

�&� �'�(!�v�m�oG^QcIaMcOx�u±|}c ��t`cOm�o�º¶xyv�o}v�uQ¢�oGv�aMcyµÁvä´ cs´�µ6oG^`cMx��ycb|}xy¢ychoGv�aMc	o}^Qx�o x�|Gc�stQcbmpohmG�>cbuQ�`m�v�u
o}^`chmprnqz¯yc&obÂ mZxy|G|}v���xy� ��t`cbt`c�r�¬�xImpcb|G�sc&|Z�>c&¬¹ry|}c½v�o�v�m¶^QxyuQ�n��cb���Sl�x	oG^`|}cbxs�Á´:�&� )-� �(!Ávwm�o}^`c�oG|zx�uQmp¬¹c&|
o}v�aMc�mG�>cbuso��`t`|Gv�u`¢IoG^QchmG��r�º9mpo}x�|Go%�`^QxymGc�x�o%oG^Qc��>cb¢yv�u`u`v�u`¢Mr�¬,o}^`c �nr�º�u`��rsxs�Áµnx�uQ���&� )-, �7!6vwm%oG^`c
o}|}xyuQmp¬¹c&|¶oGv�aMc mp�Ac&u�o��nt`|}v�u`¢IoG^`c q&ryu`¢scbmpoGv�ryu�x��sryvw�`x�u>qc��`^QxymGcy´

% chaIrn�ncb�AoG^`chmprnqz¯scobÂ m¶x�|}|Gv���x�� ��t`cbt`c�r�¬�xImpcb|G�sc&|¶x�uQ��v�ozm¶xsmGmGrnqvwx�o}cb�IoG^Q|GcOxy�`mhÈ¹ry¬,uSt`a	�Ac&|%;&Ê
xsm½xyu g�<yg�<�q���t`c&t`csµÁº�^`c&|}c � vwm½oG^`cIaMcbxyu±|}c ��t`cbmpo}m�x�|}|}v���x���|}x�oGcsµ;xyuQ� �?v�m½oG^QceaMcbxyu-mGc&|}�Sv�q&c
|zx�o}cy´ =�mGv�u`¢M¯�uQr�º�u�|}cbmGt`��o}m¶¬¹|}rya ��t`cbt`v�uQ¢MoG^`cbry|}l��������¿µnºZc�q&xyu�º�|}v�oGc �

�&� � � !=1?>A@B/CED F7G H ,EI��(JLK �;*M > � K � C 8 ÈÉ�yÊ

*%xymGvwq&x�����lyµ �³vwm�q&xy��q&t`�wx�oGcO�±v�u oG^`c ¯sc&|}u`c&��ry¬�o}^`c�mpcb|G�sc&|h�`�wx�oG¬¹ry|}a �Sl«a x�|}¯�v�u`¢��>cb|Ga xyu`c&u�oG��l
v�u²x-q&c&|Go}x�v�u °>��c�oG^`c�o}v�aMc$º�^`c&u²x³j+N � �Qxsqz¯yc&oIx�|}|}v��scbm	oGr-oG^`c�mGrSqz¯scoOÂ mIx�|}|Gv���x��¶�`t)�;c&|O´ �9v�m
qbx��wqt`�wx�o}cb����l�a x�|}¯�v�u`¢I�>cb|Ga xyu`c&u�oG��l v�u$xMq&c&|Go}x�v�u�°Q��c�o}^`choGv�aMc�º�^`c&u$xeoG^`|}cbxs���Ac&¢sv�uQm¶o}r mpcb|G�sc



� �

x�|Gc�stQcbmpoeÈ¹|}cbmGv��`v�u`¢ v�u�o}^`cemGrnqz¯ycoOÂ m�x�|}|Gv���x��6�`t �Acb|zÊ�x�uQ��o}^`c o}v�aMc	º�^Qc&u�v�o�°Qu`vwmG^`cbm�mpcb|G�Sv�u`¢MoG^Qv�m
|}c ��t`cOm�o�È o}^`c�]�d¶{Àq&ryu`uQcbq�o}v�rsu�mpo}x�oGc�v�m%q|}cbx�oGcO��v�u�o}^`c�mpcb|G�sc&|%x�uQ��oG^`c�Ç�d ��vwm%mpcbuso��Qxsqz¯IoGrIoG^`c
q&��v�c&u�o�Ê�´½]%^Qc&u6µ � x�uQ� � xy|Gc tQ�A�`x�oGcO���>cb|Gv�rn�nvwq&x�����l��Sl�oG^`ce��r�xy�$cOm�o}v�a x�o}ry|�x�¢ycbu�o½x�uQ�±m�o}ry|}cb�$v�u
xe°Q��choG^>x�o�oG^Qc��Q|Grs�`v�uQ¢Mxy¢ycbusoLqbx�u�|GcOxy��º�^`c&u�u`cbq&cbm}mGxy|Gls´

% c tQmGc��¸xsm�oG^`cM|zx�oGcMry¬ZcÃn�Aryu`cbu�oGvwx��J¢y|}r�º%oG^-r�¬¶]�d¶{Bqrsu`¢ycOm�o}v�rsu±º�v�uQ�nr�º �����ntQ|Gv�u`¢�oG^`c
mG��r�º m�ozx�|Go��`^QxymGc �

� � I�� 1 � � 4 ���� 1�� �-4 ���� M � � 1�� M � � 8 ÈD¡sÊ

]%^`c¶c&u>�	ry¬`oG^`c%mG��r�º mpo}xy|po��`^QxymGc%q&x�ue�>c%q&xytQmGcb���SlhoG^QcZrnq&q&t`|}|GcbuQqcZr�¬>x½�Qxyqz¯sco���r�mGm�x���ryu`¢�oG^`c
�>x�oG^�v�u�rsu`chr�¬,o}^`|}c&c�q&xsmpcOm%�%È¹v ÊZoG^`ch�QxyuQ�nº�vw�SoG^�vwm�mGx�oGt`|zx�o}cb��rsu�o}^`c��Qx�oG^$mpcb|G�sc&|Z¾�q��v�cbuso ÈÉq��v�cbuso
mGc&u>�nv�uQ¢±|zx�oGc�|GcOxyqz^`cOm �½Ê´³]%^Qv�mIq&xsmpc�qbx�u rsu`��l-^Qxy�`�Ac&u?v�¬�oG^Qc��`|}rn�ntQqoIx���x�v���xy�`��c��Qx�u>�nº�v��noG^n¾
�`c&�wx�l�v�m���cbm}m�oG^Qxyu«oG^QcIa x�ÃSv�a	tQa º�v�u>�nr�º ��x���t`c�È � 8 ������� �  � � M #�Ê�´$È¹v�vwÊh]%^`cMqrsu`¢ycOm�o}v�rsu
º�v�uQ�nr�º���x���t`cMr�¬�o}^`c�mG��r�º5mpo}xy|po��`^>xymGcI|}cbxsqz^`cbm�oG^Qc �`t)�;c&|}v�u`¢�qbx��Qxsqv�o�l�� ���� ÈÉq��v�cbuso mGc&uQ�`v�u`¢
|zx�o}cM|GcOxyqz^`cOm�� ���� M 	�
�
 Ê�µ,oG^`cbu¸x�¬ oGcb| x$qc&|Go}xyv�u-oGv�aMcyµ�x$�Qxyqz¯scohv�m���rsmpo�ryu-oG^`c �>x�oG^¸mGc&|}�ycb|�¾
q&��v�c&u�o%�nt`c½oGr o}^`c�|}xyuQ�nryaÄ��rsm}m��`|}rnqcOmGm�r�¬6|zx�oGc�	 ºZc�x�|}c½xsmGmGt`aMv�uQ¢�È¹v�u�rs�`�>r�mpv�oGc�oGrIq&xymGceÈDvwÊµSoG^`c
x���xyv��wx��`��c �QxyuQ�nº�vw�SoG^ �5vwm�uQr�o½|}cbxsqz^`cb�$^Qc&|}cOÊ�´IÈ¹v�v�v Ê *Zc&¬¹ry|}c	|}cbxsqz^`v�uQ¢MoG^`cI�`t)�;c&|}v�uQ¢�q&xy�Qxyq&v�o�l�ry|
o}^`cex���xyv��wx��`��c �QxyuQ�nº�vw�SoG^±ryu�o}^`ce�>x�oG^-mpcb|G�sc&|�¾�q��v�cbu�obµ;x��Qxsqz¯yco½v�m½��r�m�o�ryu$o}^`ce�>x�oG^-x�¬ oGcb|�o}^Qx�o
xyu¸x��yc&|zx�¢sc	uSt`ae�>cb| r�¬��Qxsqz¯ycozmhc ��tQxy�JoGr �� ^Qxsm��>cbc&u mGtQq&q&cbm}m�¬¹tQ����l«o}|}xyuQmpaMv�opo}cb�-oGr$o}^`c�q��v�c&u�ob´
% c�u`ryoGc � � o}^`c q��v�cbu�o%º�v�uQ�nr�ºBmpv�Å&ch|}cbxsqz^`cb��x�o%oG^Qc�c&uQ��r�¬�oG^`c mG��r�º9mpo}x�|Go��`^Qxsmpchv�u$qbxymGc È¹v�v�v Ê������������� ����� � � 1 �

	�� È¹��Ê

mGr��

� � 1 �� M � � K �
	

4 � � 8 ÈÉ�yÊ

]%^`cea x�Ãnv�aet`a mpcbuQ�nv�u`¢�|zx�oGc oG^Qx�o�q&xyu��>ce|GcOxyqz^`cO�$x�oLo}^`c	cbuQ��r�¬Jo}^`cemG��r�º�mpo}xy|poL�`^>xymGc	q&xyu
�Ac�cÃn�`|}cbm}mGcb���Sl ozx�¯Sv�u`¢IoG^`c�aMv�u`v�aet`aÆr��sc&|¶oG^Qc���xsm�o%oG^Q|Gcbc�aIcbu�oGv�ryu`cO��qbxymGcbm	�

������ 12#�� � � � � � ���� M #
����� � �� M > � K �

	
4 � C M #

� � ��� 8 È �sÊ

jSa xy���%mpv�Å&c�qryu�o}c&u�o}meq&x�u¸�Ac�q&ryaM�`��coGcb��l o}|}xyuQm�¬¹cb|G|}cb�³�ntQ|Gv�u`¢$oG^Qc�mG��r�º mpo}x�|Go	�`^>xymGcy´ %V^`c&u
o}^`c qrsu�oGc&u�o�mGv�Åbc�v�mL��xy|G¢scyµnv�o½m�ozx�|Go}m%�Ac&v�u`¢MoG|zx�u>mpaMv�opoGcO��v�u$o}^`c mp��r�º m�ozx�|Go%�Q^QxymGcyµno}^`c&u«q&ryu�oGv�uSt`cbm




 � � � § Ï Ô �¹©y¦�� Ó ��� � � ©�¦�� Ó � � 


v�o}m�oG|zx�uQmGaMv�m}mpv�ryu�v�u$oG^`c	q&ryu`¢scbmpoGv�ryu$x��yrsv��`xyuQqc��`^Qxsmpcs´�®u$o}^`c�u`cÃSoLo�º¶r�mGcbq�o}v�rsuQm%º¶c�v�uS�ycOm�o}v�¢�x�o}c
o}^`cbmGc�o�ºZr qbxymGcbmb´


 � � � � � §�¨ � ¥.� Ï §�© Ó ����' Ï ¦ Ï Ô � � ¦�� Ï ¥ ' ÓSÒ ¥&¦O¨n§�¦�����¨`¥ Ï
®uIo}^`v�m�q&xymGcyµyºZcLq&ryuQmGv��`c&|JoG^>x�o	��
*44�%|Grst`uQ�S¾äoG|}v��>m�x�|}c¶|}c ��t`v�|}cb�	oGr qrsaM�`��c&oGc%o}^`cL�nr�º�u`��rsxs�Á´�]%^`c
�`r�º�u`��r�xy��c&uQ�Qm��>c&¬¹ry|}c	]�d¶{3oG|zx�u>mpaMvwmGmGv�rsu�|zx�o}c�|GcOxyqz^`cOm�� ���� ´¶]%^`c	��x�oGc&u>ql�q&ryaM�Aryu`cbusozm�^Qx��sc
o}^`ch¬¹ry����r�º�v�u`¢IcÃn�`|}cbm}mGv�rsuQm%�

�&� ) � � !=1 > � 
 4 � C M ����� � xyuQ����� ) , � !=1��
v�¬ ���� M #

������� �� � �`µ È � Ê

º�^Qc&|}cyµ

 �� ����� � � 1 �# 8 È � Ê

¿o�¬¹rs����r�ºLmZoG^Qx�obµ

��
&1�������� � ��M > � K � C# 4 � � K � � ÈD�sÊ

xyuQ�Áµ

�  � M #
�����

1 ��M > � K � C 4 #��M ����� 8 Èp�b�sÊ

;�c&uQq&cyµSº�^`c&u�oG^`c�oG|zx�uQmp¬¹c&|Zv�m%q&ryaM�`��coGcO� v�u oG^`chmG��r�ºVmpo}x�|GoZ�Q^QxymGcL�Ac¬¹ry|}c�|}cbxsqz^`v�u`¢ �� � �`µ�oG^`c
o}|}xyuQmp¬¹c&|¶oGv�aMc�v�m	�

�&� )-� �"!=1�������� � ��M > � K � C# 4 � � M ����� xyuQ� �&� )-, �7!=1��
v�¬ ��M > � K � C 4 #� M ����� � � ���� ´ Èp�y�OÊ


 � � � � � §�¨ � ¥.� Ï §�© Ó ����' Ï ¦ Ï Ô � � ¦�� Ï © Ó ��� Ï ¥&¦�� Ó � ¨ � Ó �¹Ô�¨ � © Ï ����¨`¥ Ï
]%^Qc�qryu�o}c&u�o mpv�Å&c vwm���ryu`¢sc&|�oG^Qxyu³�>cbv�u`¢«xsqz^`v�c&�ycO�±v�u oG^`c�mG��r�º�mpo}x�|Go��`^Qxsmpcsµ�mGr�v�oeq&ryu�oGv�uSt`cbmhv�o}m
o}|}xyuQmGaIvwm}mpv�ryu v�u�o}^`c�qryuQ¢ycbmpoGv�ryu�x��sryvw�`x�u>qcL�`^>xymGceÈ¹rs|Zv�u�o}^`chm�o}cbxy�`l�m�ozx�oGc�Ê�º�^Qc&|}cLoG^Qc�o}|}xyuQmpaMvwm�¾
mGv�ryu�v�m�q&ryaM�`��coGcO�$x�¬ oGcb|%oG^Qx�o�oG^`c mGc&u>�nc&|�|zx�o}c�^>xym%|}cbxyqz^Qcb�
������ �



�6�

��M > � K � C 4 #� M ����� � ������	8 Èp�O�yÊ

% c c&��x���tQx�oGceoG^`cMº�v�uQ�nr�º c&ÃS�AcbqoGcO�«o}r��AcM|GcOxyqz^`cO�±x�o�o}^`cMc&uQ�-r�¬ZoG^`c mG��r�º�m�ozx�|Go��`^>xymGce�Sl
o}^`ch¬¹ry����r�º�v�u`¢IcÃn�`|}cbm}mGv�rsu �

�&� ��� � !=1 ������ M �����# 1���� 1
�������� �������

� M 	�
�
 v�¬ �� � � 1 �
� ���� v�¬ �  � � 1 � ���� M 	�
�

�� M > ���'�� 4 � C v�¬ �  � � 1 �� M > ���0�� 4 � C M 	�
�


Èp�b¡sÊ

jSr>µ�º¶c¶c&Ãn�`|GcOmGm�o}^`c�uSt`a	�Ac&|�ry¬>|}ryt`uQ�Qm ��º�^`vwqz^evwmJ|}c ��t`v�|GcO��oGrh|}cbxsqz^ oG^Qc�º�v�uQ�`r�ºÀmGv�Åbc*�&� ��� � !
ÈDvÉ´ cy´�µno}rI|}cbxsqz^�������yÊ%mGv�u>qchoG^Qc��>cb¢yv�u`u`v�u`¢Mr�¬�oG^`c�oG|zx�u>m�¬¹cb|Lxym	�

� 1
�������� �������

� ����� > � M 	�
�
 C v�¬ �� � � 1 �
� ����� � ���� v�¬ �� � � 1 � ���� M 	�
�

� ��� � > ���0�� 4 � C K � v�¬ �  � � 1 �� M > ���0�� 4 � C M 	�
�


Èp�&��Ê

% c�u`ryoGc � � 4 ��oG^Qc�uSt`a	�Ac&|Zr�¬6mG��r�ºVmpo}x�|Go�|}ryt`u>�`m�|}c ��t`v�|GcO�IoGr�o}|}xyuQm�¬¹cb|��&� �0� �"!Á�`x�o}x��Sl�oGcOm�v�u
o}^`c q&xsmpc�º�^`cb|Gc�oG^QchoG|zx�uQmGaMv�m}mpv�ryu�v�m�qryaM�`��co}cb��x�¬ o}c&|%oG^>x�o�oG^Qc mpcbuQ�nv�u`¢M|}x�oGch|GcOxyqz^`cOm � ����$ÈDmGc&c
!��st>x�oGv�ryu³È����yÊGÊ�µno}^�t>m%�

� � 1
�������� �������

� v�¬������� 1 �
�&4 	��
��� v�¬������� 1 ������ M 	�
�

� v�¬�� ���� 1 �� M > ���'�� 4 � C M 	�
�


Èp�O�yÊ

�±v�m oG^`c�x��sc&|zx�¢sceuSt`ae�>cb| r�¬��Qxsqz¯ycozmhº�^`vwqz^¸v�m oG|zx�uQmGaMv�oGoGcb�³mGtQq&q&cbm}m�¬¹tQ����l-v�u³oG^Qc�mp��r�ºWm�ozx�|Go
�Q^QxymGcM�>c&o�ºZcbc&u-oG^`cMo}v�aMc º�^`cbu±o}^`cMoG|zx�uQmGaMv�oGoGv�u`¢$�`t)�;c&|�vwm m}x�oGtQ|}x�oGcb�-x�uQ�±oG^QcMoGv�aIc º�^Qc&u oG^`c
o}|}xyuQmp¬¹c&|�vwm�q&ryaM�`��co}cb��rs|½x��>xyqz¯yc&o���rsm}mLvwm�rnq&q&t`|}|GcO�Á´ %-cIc&��xy��tQx�oGc ��v�u«oG^QcbmGc�o�ºZr�q&xsmpcOmLxym�oG^`c
¬¹rs����r�º�v�u`¢��




 � � � § Ï Ô �¹©y¦�� Ó ��� � � ©�¦�� Ó � � �

� 1
��� ��




K�� �� � ��� 
� �� ��� � � v�¬ 
 �
��

�� K � ���� � � 
 �������� � � v�¬ 
 � ��
Èp���sÊ

mGrQµ

� 1
��� ��




K � G ��
��� �'����'� v�¬ 
 �
��

�� K � G � 
� � �0����0� v�¬ 
 � ��
Èp� � Ê

]%^`cho}v�aMc�|}c ��t`v�|GcO��o}rIoG|zx�uQmp¬¹c&| �&� � � � !��`x�ozxe�Sl�oGcOm�q&xyu��Ac�cÃn�`|}cbm}mGcb��xsm%�
�&� ) � � !=1 �����6M > � � 4 � C � Èp� � Ê

]%^StQmbµ ! ��tQx�oGv�ryuQm�Èp�&��Êµ6È����yÊ�µ6Èp� � Ê�µQxyuQ�-Èp� � Ê�¢sv��sc �

��� ) � � !=1 � � � M

������������������������ �����������������������

� ��� � > � M 	�
�
 C 4 �
� v�¬ �  � � 1 �
� ����� � ���� 4 �
 I����� ���
��� K ����'�
� v�¬ �� � � 1 � ���� M 	�
�
 x�u>� 
 �

��
� ����� � ���� 4 �� I ���� �� 
��� K ����0�
� v�¬ �  � � 1 � ���� M 	�
�
 x�u>� 
 � ��
� ��� � > ���'�� 4 � C
� v�¬ �� � � 1 �� M > ���0�� 4 � C M 	�
�


Èp�b�sÊ

]%^`c�a x�ÃSv�a	tQa·uSt`a	�Ac&|�ry¬½�Sl�oGcOmIoG^Qx�o�q&x�u3�Ac«mpcbuso�v�u3oG^`c«qbxymGc�º�^Qc&|}c�o}^`c$oG|zx�u>mpaMvwmGmGv�rsu
vwm	q&ryaM�`��co}cb�¸x�¬ o}c&|	oG^Qx�o	oG^Qc�mGc&uQ�nv�u`¢«|zx�o}c |GcOxyqz^`cOm �� � � È o}^`c�q&ryuQ�nv�oGv�ryu¸v�u ! ��tQx�oGv�ryu Èp�O�yÊ�v�m
m}x�o}v�mp°QcO�QÊ�µ`qbx�u��>c�c&ÃS�Q|GcOmGmGcb��xym	�



� �

�&� � � � !=1 # M
�������� �������

� ������ � � v�¬������� 1 �
� ������ � � 46� v�¬������� 1 � ����$M 	�
�

� ������ � � v�¬������� 1 �� M > ���'�� 4 � C M 	�
�


Èä���sÊ

;�c&uQq&cyµ6º¶cIqbx�u-c&��x���tQx�o}c	o}^`ceoG|zx�uQmp¬¹c&|�oGv�aMce|}c ��t`v�|}cb��o}r�q&ryaM�`��co}c	o}^`cIoG|zx�uQmp¬¹c&|�v�u-oG^QcMq&ryun¾
¢scbmpoGv�ryu$x��yrsv��`xyuQqc½�`^Qxsmpchry|�v�u�oG^`c mpoGcOxy�nl�mpo}x�oGc�ÈDv�¬�oG^`c q&ryu�oGcbu�o�mGv�Å&c�x�����r�ºLmzÊ�µ`xsm%�

�&� )-, �7!=1 � K ��� �0� �"!
� , � � Èä�n�OÊ

º�^Qc&|}c � , � vwmIoG^Qc«]�d¶{Äx��sc&|zx�¢sc oG^`|}rytQ¢y^`�`t`oMv�u3oG^`c�q&ryu`¢scbmpoGv�ryuÀx��sryvw�`x�u>qc��Q^QxymGc¸È¹ry| v�u3oG^`c
mpoGcOxy�nl�m�ozx�oGc�Ê�´�¼Q|Grsa ���b���¿µnºZchtQmGc�oG^`ch¬¹rs����r�º�v�u`¢McÃn�`|}cbm}mpv�ryu �

� , � 12#�� ��� � � ������ M #
����� � ��� C Èä�y�yÊ

º�^Qc&|}cyµ

����� 	��
�
��� ��� ��� ������ ���
�
� 	����! #"%$'& �� � � �'� �(*) �+,  -" � &/. �+ � ) 021%3/4
jSr>µ

��� )*, �.!=1 �
� , � M

����������������������� ����������������������

� K ����'� M > ��M � M ����� K # C
� v�¬ �� � � 1 �

�
� v�¬ �� � � 1 �  � �$M 	�
�
 x�u>� 
 �

��
� K  �
� v�¬ �  � � 1 �  � � M 	�
�
 x�u>� 
 � ��

� K  �
� v�¬ �  � � 1 �� M > ���0�� 4 � C M 	�
�


Èä����Ê

]%^`cb|Gc&¬¹ry|}cyµ




 � � � § Ï Ô �¹©y¦�� Ó ��� �`¨�' ��¨n¦�� Ó � � �

	 ���21
��� ��

�������	�9� � � > � C 4 �������
�9� � � > �#� C v�¬ 
 G H ���0�(J I � G 	�
�
 � ������

�������	�9� � � > � C 4 �������
�9� � � > � Ë C 46�������	�9� � � > ��� C v�¬ 
 G H ���0�(J I � G 	�
�
 � � ����
Èä�y�yÊ

dZrsaI�QtnoGv�u`¢�	 ��� vwm%r�¬J��r�º qrsaI�Q��c&ÃSv�o�ly´�®u>�nc&cO�ÁµSoG^`c��>x�|zx�aMco}c&|zmZt>mpcO��v�u�oG^`vwm¶¬¹t`uQqoGv�ryu�q&xyu
�Ac%�nco}c&|}aIv�u`cO�	�nlSuQxyaIvwq&xy����lh�SlhoG^`c%mpcb|G�sc&|�º�v�o}^`rytno�x�uSlha x�~�rs|��nv�»�qt`��o�ly´J{�|zxyqoGvwq&x�����lyµ�oG^Qc¶mGc&|}�ycb|
�Q|Grs�>cOm¶�`v�|}cbqoG��l oG^`c q&��v�c&u�o�tQmGv�uQ¢Ixyu�l�aIc&oG^`rn��oG^Qx�o�q&xyu�cOm�o}v�a x�o}c�oG^`c�x���x�v���xy�`��c½�QxyuQ�nº�vw�SoG^,µnoG^`c
|}rytQuQ��o}|Gv���oGv�aMcyµQxyuQ��oG^`c���rsm}m%|}x�oGchryu�oG^Qc��Qx�o}^�º�v�oG^$o}^`c q��v�c&u�o&���sµ¿���¿´+*¶cOmpvw�ncbmbµSoG^Qc mpcb|G�sc&|�q&xyu
�`coGcb|GaMv�u`c cOxymGv���l�v�o}m�|Gc�stQcbmpo}m�xy|G|}v���xy�Á|}x�oGc �-x�uQ�$v�o}m�|Gc��t`cbmpo}mLmGc&|}�Sv�q&c�|}x�oGc �³�Sl�v�aM�`��c&aMc&u�o}v�u`¢
o}^`c qrs|G|}cbmG�AryuQ�ncbu�o%xy¢yc&u�ozm¶�`cbm}q|}v��Acb��x��Ar��ycs´

��� � � �	��

	�� �	 ������ ����� �� 	
���

% c±�Q|Grs�>r�mpc$o}r tQmGc«ryt`|�{�]�]�¬¹t`uQqoGv�ryu5È ! ��tQx�o}v�rsu5ÈÉ�s�yÊGÊIoGr �Q|GcO�nv�qo�o}^`c«o}|}xyuQm�¬¹cb| oGv�aMc±ry¬�x
q&ryu�oGcbu�oIo}|}xyuQmGaIv�opo}cb�3tQmGv�uQ¢ ]�d¶{�´�¿o�q&xyuÀ|}c��QcOq�o o}^`c$oG|zx�uQmp¬¹c&|Mo}v�aMc�aMry|}c��`|}cbq&v�mGc&��l¸oG^>x�u3oG^`c
ryoG^`cb| �`|}ry�ArsmGcb�À�>rs��vwqv�cbmMº�^`vwqz^VqrsuQmpvw�ncb| ¢yc&rs¢y|zx��`^Qv�qbx��¶�`|Gr�Ãnv�aMv�o�lsµ�uSt`a	�Ac&|�r�¬h^`ry�Qmbµ¶ry|��J]�]
aMcOxymGt`|GcbaMc&u�o}mbµÁmpv�uQqcIv�ohq&ryuQmGv��`c&|zmLo}^`c q|}v�o}v�qbx����>cb|p¬¹rs|Ga x�u>qc	��v�aIv�o}x�oGv�ryuQm�rsu«oG^QcMmGc&|}�ycb|½xyuQ�«rsu
o}^`c��Qx�oG^$mpcb|G�sc&|¶¾�q��v�cbu�o	ÈDmGc&c	jScOq�oGv�ryu��n´Ú�yÊ´
]�r �nco}c&|}aIv�u`c�oG^Qchxsq&q&t`|}xsqlMr�¬�ryt`|�	 ��� ¬¹t`uQq�o}v�rsu6µnº¶chq&ryaM�`tno}c�oG^`ch|zx�oGv�rIr�¬,o}^`c�qrsaI�QtnoGcO�

	 � �Är��sc&|ho}^`c�aMcOxymGt`|GcO� ��� ���W�Sl³�nr�º�u`��rsxy�`v�u`¢����$°Q��cbmbµ�r�¬���x�|}v�rstQm	mGv�Å&cbm	|}xyu`¢yv�u`¢��Aco�º¶c&cbu
�����Äx�uQ�4� � ������µs¬¹|}rya � �	¬ oG�$mGc&|}�yc&|zmZ��rnq&x�oGcO��v�u�!�tQ|Grs�>csµ =½jnÇ	µ`x�uQ��Ç�mGv�x'� � �¿´ % chry�nozx�v�u�xyu
x��sc&|zx�¢scL|}x�oGv�r�È 	 ��� r��sc&| ��� ����ÊJc ��tQxy�>o}r ËyÌ�Í º�v�oG^�xe�`|}ry�Qxy�`v���v�o�l Ë � Í o}^Qx�o%o}^`ch|GcOx��Áx��ycb|}xy¢yc
|zx�o}v�r vwm½v�u$o}^`c	v�u�oGc&|}��x�� � � Ë � Í � ËyËSÍ !ä´ % c ��x���v��Qx�oGcev�u«¼�v�¢yt`|}c	¡Mo}^`cexsq&q&t`|}xsql�r�¬JoG^`ce�`|}cb�nvwq�o}v�rsu
v�u³oG^Qc�q&xsmpc ry¬%mG^`ry|Go�°Q��cbmbµ�º�^Qc&|}c oG^`c�oG|zx�uQmp¬¹c&|�vwm �sc&|}l±�`|}ry�Qxy�`��l±qrsaI�Q��c&oGcb�³v�u³oG^Qc�mp��r�ºWm�ozx�|Go
�Q^QxymGcyµ�x�uQ�Mv�u�]�x��`��cbm��sµS�`µsxyuQ� ¡�v�u oG^`c½q&xymGcLry¬;�wx�|}¢yc%°>��cOm&µ�º�^`c&|}c%oG^QcLoG|zx�u>m�¬¹cb|�v�m��ycb|Gle�`|Grs�Qx��Q��l
q&ryaM�`��co}cb��v�u�oG^Qc qryuQ¢ycbmpoGv�ryu�x��yrsv��`xyuQqc��`^Qxsmpc ÈDry|%oG^Qc m�o}cbxy�`l�m�ozx�o}cOÊ�´

% c��nr$u`ryo	qryu>mpvw�nc&|�v�u³ryt`|	|GcOmpt`��o}m�o}^`c aMcbxyu |}c ��t`cOm�o º%x�v�oGv�u`¢�oGv�aMc v�u³o}^`c�mGc&|}�yc&| È ! ��tQx�¾
o}v�rsu5ÈÉ�sÊpÊ��nt`c«o}r¸oG^Qc-v�uQx��Qv���v�o�lÀoGrÀ|GcOxy�²|}c&aMr�o}c&��l?¬¹|}rya(oG^Qc(% % % mGc&|}�ycb|}mMo}^`c±�>x�|zx�aMco}c&|zm
|}c ��t`v�|}cb��oGr�qrsaI�QtnoGcImptQqz^±v�un¬¹rs|Ga x�oGv�ryu?È �6µ � xyuQ� ;&Ê´�¼Qry|�u`ryu«^Qv�¢s^`��l$��rsxs�ncb��mGc&|}�ycb|}mbµ`o}^`ce|}c¾
��t`cOm�ohº%x�v�oGv�u`¢�o}v�aMc�qbx�u±�AcMu`c&¢s��cOq�o}cb�Á´�dZryuQq&c&|}u`v�u`¢�o}^`cMcbmpoGv�aMx�oGv�ryu r�¬ �	µ,º¶cet>mpc x�oGcbqz^Qu`v���t`c
mGv�aIv��wx�|%oGrIo}^Qx�oL�`|}ry�ArsmGcb��v�u���� �¿´ %-c mGc&u>��� mGc&�Qxy|}x�oGc���¡�¾ä�Qxsqz¯yc&o%mpoG|}cbxyaMmb´�]%^`c mGv�Åbc�ry¬�o}^`ch°Q|zm�o
�>xyqz¯yc&o¶v�u$xImpoG|}cbxya v�m�¡�� �Sl�oGcOm&µ`xyuQ��oG^`c�mGv�Åbc�ry¬�cOxyqz^�ryoG^`cb|��Qxyqz¯sco%v�u�oG^Qc m�o}|GcOx�a vwm¶oG^`c�mGv�Åbc�ry¬



� �

o}^`c��`|}c&�Sv�rytQm%rsu`chv�uQq&|GcbaMc&u�oGcO���Sl�¡��e��l�o}cbmb´ %-c qbx��wqt`�wx�o}c�oG^`c�|zx�o}c�ry¬�cOxyqz^�|GcOqcbv��Sv�u`¢ m�o}|GcOx�a$Â m
cOqz^`rsmbµ�oG^`cbu$ºZc�cb��xy��t>x�oGc ��xsm¶oG^`c�x��ycb|}xy¢yc½��xy��tQc�r�¬,o}^`c�ry�`o}x�v�u`cO��|zx�o}cbm¶¬¹ry|%o}^`c � m�o}|GcOx�a mb´
¼�v�¢yt`|}c�¡«mG^`r�ºLmhoG^Qc�xyqbqt`|zxyq&l«r�¬%oG^Qc oG|zx�uQmp¬¹c&| oGv�aIc��`|GcO�nvwq�oGv�ryu ¬¹rs|��b��mGa x�����mGv�Åbc�qrsuso}c&u�o}m

ÈD�>c&o�ºZcbc&u ������xyuQ� � � ��� �eÊI¢sx�oG^`cb|GcO�3v�u9jnry�`^`vwx Ç�uso}v��Ary��vwm�¬¹|}rya � ¬ o}� mpcb|G�sc&|zmM��rnqbx�oGcO�Vv�u
d¶xyuQxy�Qx`µ�{�ry�wx�u>�Áµ�¿ozx���lyµ%x�uQ� �Lc&oG^`cb|G�wx�uQ�Qm&´3®u?o}^`vwmM°Q¢ytQ|Gcsµ�cbxsqz^?�Aryv�u�oMvwmIoG^Qc«x��yc&|zx�¢sc�|}cbmGt`��o
ry¬ ��o}v�aMcOm	°>��c�oG|zx�u>m�¬¹cb|	º�^`vwqz^Àxy|Gc��yc&|}l³�`|}ry�Qxy�`��l¸xsqz^`v�cb�ycO�³v�uÀoG^`c$mG��r�º mpo}xy|poI�`^QxymGcy´ ]%^Qc&u6µ
º¶cIv�uS�ycOm�o}v�¢�x�o}c oG^Qc�q&xymGc	ry¬Z�wx�|}¢ycImpv�Å&cI°Q��cIoG|zx�uQmp¬¹c&|O´ ®u-oG^`vwm�q&xsmpcsµÁºZcMm�o}tQ�nl�o}^`cMv�aM�Qxsq�o�r�¬ZoG^`c
�`v �;c&|}c&u�o��Qx�|zx�aMc&oGc&|zm¶ryu�oG^`cho}|}xyuQmp¬¹c&|%oGv�aMc��`|}cb�nvwq�o}v�rsu6´

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 0  50  100  150  200  250  300  350  400

T
ra

ns
fe

r 
T

im
e 

(in
 s

)

File size (in KB)

PTT
ReTT

¼�v�¢ytQ|Gc�¡ ��]�|}xyuQmp¬¹c&|%oGv�aMc��`|}cb�nvwq�o}v�rsu�¬¹rs|Lmpa x����6mGv�Åbchq&ryu�oGcbu�o}m

]�r��`|}r��ycIoG^`c º¶cbxy¯Su`cbm}mhr�¬¶oG^`c��`|GcO�nvwq�oGv�ryu³�QxsmpcO� ryu oG^`c ¢sc&rs¢y|zx��`^`vwq&xy�J�`|Gr�Ãnv�aMv�o�lsµ6uSt`a	�Ac&|
ry¬L^`ry�>m�ÈD^`ry�>m}Ê ry|M��]�]hµJº¶c��`|}cbmGc&u�oeoG^`c�¬¹ry����r�º�v�u`¢ mGq&c&uQxy|Gv�r�� x±q&��v�c&u�o�È¹v�u3jSrs�`^`vwx±Ç�uso}v��Ary��vwm}Ê
�`r�º�u`��r�xy�`mIx±°Q��c$ry¬½mpv�Å&c�� ������¬¹|}rya·o�ºZr mpcb|G�sc&|zm������   � � ÈDv�u *¶c&|}��v�u>Êex�uQ� � � �  � � È¹v�uV{�xy|GvwmzÊ
�`t`|Gv�u`¢ x±qrsu`¢ycOm�o}cb�³�Ac&|}v�rn�Á´ % c�qz^Qr�r�mpc�oGr-�`r�º�u`��r�xy� mGtQqz^ �Qv�¢±°Q��c$mGv�Åbc��nt`|}v�u`¢-x-qryuQ¢ycbmpoGcO�
�Ac&|}v�rS�?v�uÀry|z�nc&|eoGr ry�>mpcb|G�sc oG^`c�c!�;cbqo r�¬Lo}^`c��>x�uQ�nº�vw�So}^À��v�aMv�o}x�oGv�ryu6´ Ç½mImG^`r�º�u v�u²]�xy�`��c-�yµ
� � �  � �LvwmLq&��r�mpcb|Zo}rMoG^`c q&��v�c&u�o%oG^>x�u�� ���   � � v�u�oGc&|}a ry¬�¢sc&ry¢s|}xy�`^`vwq&xy�>�`|}r�Ãnv�aMv�o�lyµSuSt`a	�Ac&|�r�¬�^Qry�Qm
xyuQ�¸�J]�]h´ %V^`v���c�oG^Qc��>cOm�oMmpcb|G�sc&| mGc&��cbqoGv�ryu¸�QxsmpcO�³ryu oG^`cOmpc��Qx�|zx�aMc&oGc&|zmha	t>m�o	�Ac � � �  � ��µ�oG^`c
mGc&��cbqoGv�ryu³�QxsmpcO�-rsu¸ryt`|e{�]�]�¬¹t`uQq�o}v�rsu¸v�m�� ���   � � º�^Qv�qz^³vwm�oG^Qc�qrs|G|}cbqo�qz^Qryvwqc �ycb|Gv�°QcO�-�Sl-oG^`c
|}cbxy�SoG|zx�uQmp¬¹c&|�o}v�aMc	ÈÉ��cb]�]LÊ´�%-c�rs�QmGc&|}�ychÈ¹v�uI�Ar�o}^ �nr�º�u`��rsxy�Qm}Ê,oG^>x�o�oG^QcL�nr�º�u`��rsxy�	|}x�oGc%ry�`o}x�v�u`cO�
x�¬ oGcb|Z�nv��Sv��nv�u`¢�o}^`c�°Q��c½mGv�Å&c��Sl	o}^`cLo}|}xyuQmp¬¹c&|�o}v�aMcyµ�vwm���v�aMv�oGcO�M��l�� ´�]%^StQmbµyo}^`c�¢srSrS�I�Ac&|G¬¹ry|}a x�uQq&c




 � � � § Ï Ô �¹©y¦�� Ó ��� �`¨�' ��¨n¦�� Ó � � �

ry¬,rytQ|¶�Q|GcO�nv�qoGv�ryu�v�u�oG^`vwm�m}qc&u>x�|}v�rev�m�qbx�tQmGcb����lMo}^`c�¬Dxyqo¶o}^Qx�o�rst`|�	 ���²¬¹t`uQqoGv�ryu$qryu>mpvw�nc&|zmZoG^`c
��v�aIv�o}x�oGv�ryu$r�¬�oG^`c x���xyv��wx��`��c��Qx�uQ�`º�v��So}^¸ÈDmGc&c ! ��tQx�oGv�ryu³ÈÉ�y�sÊpÊ´
dZrsuQmpvw�ncb|Gv�u`¢MoG^Qcex���x�v���xy�`��c��Qx�uQ�`º�v��So}^«vwmLu`ryo�mGtn»�qv�c&u�o�v�¬ ������ vwm½u`r�oLozx�¯sc&u�v�uso}r�xyqbqrst`u�o

v�u oG^`c��`|GcO�nvwq�oGv�ryu ¬¹t`u>q�oGv�ryu,´�]�x��`��c��$mG^`r�ºLmhoG^Qv�m qbxymGcyµ�º�^`c&|}cMoG^`c�oG|zx�uQmp¬¹c&|�vwm	xsqz^`v�cb�ycO�±v�u³oG^`c
q&ryu`¢scbmpoGv�ryu x��sryvw�`x�uQq&c«�`^Qxsmpc±¬¹ry|�oG^`c³�nv �Acb|Gcbu�o��wx�|}¢yc±�`rSq&t`aMc&u�o�mpv�Å&cOm�q&ry����cOq�oGcO�²¬¹|}rya � ���   � �
ÈDv�u *¶cb|G��v�uAÊeoGr¸o}^`c±q��v�c&u�o-È¹v�u jSrs�`^`vwx¸ÇLu�oGv��>rs��vwmzÊ�´ ��t`|}v�u`¢¸oG^QcbmGc«qryuQu`cbqoGv�ryuQmbµ¶oG^`c«aMcOxymGt`|GcO�
�>x�|zx�aMco}c&|zm6^Qx��sc�oG^Qc�¬¹rs����r�º�v�uQ¢���x���t`cbm	� �Àvwm�c��tQx���oGr ��� 8 � �	� �����yµ 	Vvwm�c ��tQx���o}r½Åbc&|}rQµ�x�uQ� � ����
ÈDv�aM�ArsmGcb�I�Sl o}^`c�q��v�c&u�o�a x�Ãnv�a	t`a�|GcOqc&v��Sv�uQ¢�º�v�uQ�nr�º�Ê�vwm�c�st>x��no}r Ì � ���#� ��� � ���s´ % cLry�>mpcb|G�scZo}^Qx�o
o}^`c �nr�º�u`��rsxs��|}x�oGcery�nozx�v�u`cb�Áµ�x�¬ oGcb|��nv��Svw�nv�u`¢�cOxyqz^±°Q��cMmGv�Åbce�Sl«v�o}m½oG|zx�u>m�¬¹cb|½o}v�aMcsµ6v�m���v�aMv�oGcO�±�Sl
� ����
	 #�� ����� È¹c�st>x��>oGr � �58 ��� ������Ê�c&�ycbuMoG^`rst`¢y^�oG^`cb|Gc½v�mZaMry|}c�x���x�v���xy�`��c��Qx�uQ�`º�v��So}^�rsu oG^`c
�>x�oG^ xyuQ�¸x�u`cb¢y��v�¢sv��Q��c��>xyqz¯yc&o ��r�mGm	|}x�oGv�rQ´�]%^`vwm vwmeqbx�tQmGcb� �Sl-oG^`c�mpcbuQ�nv�u`¢«º�v�uQ�nr�ºW��v�aMv�ozx�o}v�rsu
º�^Qv�qz^�v�mZo}xy¯ycbu�v�u�o}rIxsq&qrst`u�oZv�u�rst`|%aIc&oG|}v�qIÈDmGc&c ! ��tQx�o}v�rsu-Èä�y�yÊGÊ�´�]%^StQmbµ�oG^`c�º�v�u>�nr�º mGv�Åbc½��v�aMv�o}m
o}^`cMoG|zx�u>mpaMvwmGmGv�rsu±|zx�o}ceo}r$a	tQqz^ ��cOmGm�o}^Qx�u o}^`c aMcbxymGt`|}cb�±�Qx�uQ�`º�v��So}^³ryu-oG^`c �Qx�oG^³�Ar�opo}��cbu`cbqz¯;µ
º�^Qv�qz^�v�mLc ��tQx��;o}r Ë� 8 � ��� �����s´

� � �   � � � � �  � �^`rs�Qm �b¡ �b�
��]�] �Q�ha m ��¡ea m
Ç �b� g$�`�Qm � g$�`�Qm
{ � �
{�]�] �y�Q´ ¡s�em � �`´����	m
��cO]�] �s¡Mm � � m
j <���cO]�] �`´Ú�y�y¡Ig��`�Qm � ´ � �s�Ig$�`�Qm

]�xy�`��cM�#��],|zx�uQmp¬¹c&|¶o}v�aMc��`|}cb�nvwq�o}v�rsu�º�^Qc&u � ��v�aMv�ozm%oG^Qc �nr�º�u`��rsxy��|}x�oGc

{�]�]ÄÈ¹v�u$mzÊ ��cO]�]5È¹v�u�m}Ê j <���cO]�]�ÈDv�u«g$�`�>m}Ê
�n´ ��g�* ¡`´ � � � �O�`´ �
�&�Q´ �y¡Mg�* �`´ �y� �y� �O�`´ ���
�y�n´Ú���Mg�* ���`´ � � � � �s�y´Ú��¡
� �Mg * �s¡`´ �y� ��� �s�y´ � ¡
�s�n´ � ��g�* �y¡`´���� ��� �s�y´ � �
�b�s�`´ ���Ig�* � � ´ �y¡ � � ���n´ �y¡

]�x��Q��c �-��]�|}xyuQmp¬¹c&|%oGv�aMc��`|}cb�nvwq�o}v�rsu�º�^`cbu � ���� ��v�aMv�o}m%o}^`c �nr�º�u`��rsxs��|zx�o}c

ÇL¬ oGc&|½mp^`r�º�v�u`¢	oG^`c q&|Gv�oGvwq&xy�Av�aM�Qxyqo�r�¬,o}^`c�x���x�v���xy�`��c½�Qx�u>�nº�v��noG^¸È¹v�u�]�x��Q��cM�OÊ¶xyuQ� o}^`c�a x�Ãnv�¾
aet`a mGc&uQ�nv�u`¢�º�v�u>�nr�º mpv�Å&chÈ¹v�uM]�xy�`��c%�yÊ,��v�aMv�ozx�o}v�rsuQm�ryu o}^`cZoG|zx�uQmp¬¹c&|�oGv�aMc¶�Q|GcO�nv�qoGv�ryu6µ�º¶c¶�`|GcOmpcbu�o



� �

v�u	]�x��`��c�¡½x%oG|zxyq&c�º�^`c&|}c�o}^`cZmGc&|}�ycb|bÂ mÁa x�Ãnv�a	t`a�mGc&uQ�nv�u`¢L|zx�o}c�vwm,|}cb�nt>qcb���`t`c�o}r½x�u`rsun¾¿u`c&¢s��v�¢yv��`��c
�>xyqz¯yc&o���r�mGm%|zx�o}cy´�]%^`vwm%o}|}xsqchv�m�oG^`c |}cbmGt`��oLr�¬��e°Q��cbm%o}|}xyuQm�¬¹cb|%¬¹|Grsa��I¼J]�{Vmpcb|G�sc&|zmhÈ¹ryuQc���rnq&x�oGcO�
v�u ;Lrsu`¢�¾ ��rsu`¢�xyuQ�³x�u`ryoG^`cb|�v�u¸{�ry�wx�u>�QÊ½oGr�rst`|�c&uQ� ^`r�m�o v�u jSry�Q^`v�x�Ç�u�oGv��>rs��vwm&´���t`|}v�u`¢$oG^`cOmpc
q&ryu`uQcbq�o}v�rsuQmbµnoG^`c���xy��t`c�ry¬JoG^`c��Qxsqz¯yc&oL��r�mGm%|zx�o}c�v�mLmGv�¢yu`v�°>q&xyu�ob´ % c ry�>mpcb|G�sc½v�u«]�xy�`��c ¡IoG^Qx�oLoG^`c
�`r�º�u`��r�xy�±|}x�oGcIry�nozx�v�u`cb�Áµ�x�¬ o}c&| �nv��Sv��nv�u`¢$cbxsqz^«°Q��c�mGv�ÅbcI�Sl«v�o}m�oG|zx�uQmp¬¹c&|�oGv�aMcyµ�v�mh��v�aMv�oGcO�-�Sl����
ÈÉmpcbc ! ��tQx�o}v�rsu Èä��¡sÊGÊ¶º�^`vwqz^�vwm%��cOmGm¶o}^Qx�u�o}^`c x���x�v���xy�`��c��QxyuQ�nº�vw�SoG^$ryu�oG^Qc��Qx�o}^�xyuQ��o}^`c���v�aMv�oGcb�
|zx�o}c½v�aM�>r�mpcO����l�� ���� ´�]%^�t>m&µSo}^`c�mpcbuQ�nv�u`¢M|}x�oGch��v�aMv�ozx�o}v�rsu�vwmLq&xytQmGcb���Sl o}^`c��Qxsqz¯yco%��rsm}m%|}x�oGcyµ
xsm%v�oLvwm�qrsuQmGv��ncb|GcO��v�u�ryt`|�aMco}|Gvwq ÈDmGc&c ! ��tQx�oGv�ryu¸ÈÉ�s�yÊGÊ�´

��� � � �	��

	�� �	 ��� � � � 

]�r³�nc°QuQc«x±�`|}cb�`v�qoGv�ryu3aIc&oG^`rn�ÁµZºZc$aetQm�oMozx�¯yc�v�uso}r¸xyq&q&ryt`u�oIoG^`c�o}|}xs�nc&r � �>c&o�ºZcbc&u o}^`c$o�º¶r
¬¹rs����r�º�v�u`¢�qrsuQm�o}|}xyv�u�ozm%��È¹v Ê�v�aI�Q|Gr��schoG^`ce�`|GcO�nvwq�oGv�ryu«qbx��Qxy�`v���v�o�l�ry¬JoG^`cIx���¢yry|}v�oG^`a"��l�o}xy¯Sv�u`¢�v�u�oGr
xsq&q&ryt`u�o�oG^`cLq&|Gv�oGvwq&xy���Ac&|G¬¹ry|}a x�uQq&cZ�>x�|zx�aMco}c&|zm,o}^Qx�o�qbx�uI^Qx��yc%x�uIv�aM�Qxsq�o�ryueoG^Qc �½r�j;µnÈ¹v�v Ê�|GcO�ntQqc
o}^`c	q&rsmpo�oG^Qx�o½q&xyu�|GcOmpt`��o�¬¹|}rya"mGtQqz^��`|}cb�`v�qoGv�ryu6´ %V^`v���c	xMº¶cbxy¯��Acbmpo½mGc&|}�yc&|��Q|GcO�nv�qoGv�ryu«qbx�u$u`r�o
�Q|Gr��Svw�nc�x �>c&opo}c&|$�½rSj�mpv�uQqcho}^`ceq&��v�c&u�oLvwmLu`ryo½mGc&|}�ycb��¬¹|}rya"oG^`c |}cbxy�6�Acbmpo½mpcb|G�sc&|OµSoG^`ceqrsmpo�ry¬Jxyu
xsq&q&t`|}x�oGc �`|}cb�`v�qoGv�ryu¸q&xyu¸^Qx��yc�x��>xy�³v�aI�>xyq�oeryu¸�Ar�oG^ ��ÈDvwÊ�oG^`c�mGc&|}�Sv�q&c |GcOmp�Aryu>mpcMo}v�aMc��`t`c oGr
o}^`cIcÃSoG|zxMoGv�aMce�>xym}mpcO��v�u«oG^`cI�`|}cb�nvwq�o}v�rsu«�`^Qxsmpcsµ;xyuQ� ÈDv�v Ê�o}^`cIu`co�º¶ry|}¯��`t`c	o}r�o}^`cec&ÃSoG|zx �Slso}cbm
v�u�~�cOq�oGcO�«¬¹rs|½�Q|Grs�`v�uQ¢Q´ ]%^`cb|Gc&¬¹ry|}cyµAoG^`cMqr�m�ohr�¬�oG^`cI�`|}cb�nvwq�o}v�rsu±a	t>m�o��nc&�Ac&u>�±rsu«oG^Qc	¬¹cOx�oGtQ|GcOm½ry¬
o}^`c�mpcb|G�Svwqc�|Gc��t`cbmpoGcO���Sl o}^`c�q��v�cbusoO´ *¶|Gv�c��QlsµSoG^`chuSt`ae�>cb|�r�¬��Sl�oGcOm%v�u�~�cbq�o}cb��oGrIo}^`c�u`co�º¶ry|}¯I¬¹ry|
�Q|Grs�`v�uQ¢ a	tQmpo��nc&�Ac&uQ��ryu�oG^`chmpv�Å&c½r�¬6o}^`chqryu�o}c&u�o�o}r	�Ac½o}|}xyuQmp¬¹c&|}cb�IoGreoG^Qc�q&��v�c&u�ob´�jSv�aMv��wx�|}��lyµ�oG^`c
o}v�aMcL�>xym}mpcO�MryuM�`|}ry�`v�u`¢ aetQm�o¶�nc&�Ac&uQ�MrsuMoG^`c�qrsuso}c&u�o�oG|zx�u>m�¬¹cb|�oGv�aMcy´�¿o�vwm�rs���Sv�rytQm�oG^Qx�o�º�^`v���c�x
mGa x����6qrsuso}c&u�oLmpv�Å&cha x�l�|}c ��t`v�|Gc�xyu�xy�`�`|}r�ÃSv�a x�o}c½�`|}cb�`v�qoGv�ryu�v�u$ry|z�ncb|Zo}r |GcO�ntQq&c½o}^`c�uSt`a	�Ac&|�ry¬
�Sl�oGcOm�xyuQ�$oG^Qc	cÃSo}|}xMo}v�aMcetQmpcO�$¬¹ry|��`|}ry�`v�u`¢>µ>x��wx�|}¢yc q&ryu�oGcbu�o½mpv�Å&cea x�l�xy����r�º�x aMry|}c	xyqbqt`|zx�o}c
�Q|GcO�nv�qoGv�ryu�¬¹ry|%o}^`c��>cOm�o�mGc&|}�ycb|%º�v�o}^$xI��v�aMv�oGcO��q&rsmpob´

����� � � �j �`´ � �yg * ��]�] ¡ � �s´ � ¡y��a m { �`´ �y¡
Ç �n´ � � g$�`�Qm � ���� ��� � � �y�O�`´ �s¡�¯S�`�Qm
{�]�] � � � m �Lcb]�] � �`�bm j�<��Lcb]�] �y�b¡Q´ � � ¯S�`�Qm
� � �� � � 	j �O�`´ ���Sg�* ��]�] � �Ia m { �`´ ���
Ç �Q´ ��g$�`�Qm ������ ��� ��� ¡ � �Q´������y¯��Q�Qm
{�]�] �y¡s�`´ ¡s¡��sm �Lcb]�] �y¡y�ym j�<��Lcb]�] ¡ ���>´ � � �y¯��Q�Qm
]�x��Q��c�¡ ��]�|zx�uQmp¬¹c&|¶oGv�aMc��`|}cb�nvwq�o}v�rsu�º�^`cbu 	 ��v�aMv�o}m%o}^`c �nr�º�u`��rsxs��|zx�o}c



� � Ó � © ' �,¥�� Ó � � �

ÇL¬ oGc&|h�`|}r��Sv�uQ¢MoG^Qx�o½o}^`c	uSt`ae�>cb|½ry¬�^`ry�Qm½vwm½x��>rSry|½�`|}cb�nvwq�o}ry|�ry¬���x�oGcbuQqlsµ ���y�����`|}ry�ArsmGcbmLoG^`c
f½uQcb{�c&|zqcbuso �Ary��vwql-¬¹ry| aMcbxsmptQ|Gv�u`¢$oG^Qc�|Grst`uQ� o}|Gv��³oGv�aMc�xym	�`t`|zmpt`c#� °Q��cbm	t`uQ�ncb| � � � � � ���Slso}cbm|}c ��t`v�|}c¶xhmGv�u`¢s��c%�`v�u`¢>µ�°Q��cbm�t`u>�nc&|�� � � � � ����l�o}cbmJ|}c ��t`v�|GcZoG^`c�aMcOx�uIr�¬Qo�º¶rh�`v�u`¢smbµ�cozq%t`u�oGv���� � � � � ��Sl�oGcOm&µ`xyuQ��x����;oG^`ch�wx�|}¢yc&|��nrnq&t`aMc&u�o}m%|}c ��t`v�|Gc½oG^Qc�aMcOx�u�r�¬8�e�`v�u`¢�m&´�]%^StQmbµSoG^`cbl��`|}ry�ArsmGc�o}rMtQmpc
x�o�aMrsmpo�ryuQc �`v�u`¢��Ac&|2� ���h�Sl�oGcOm%oGr��>c	oG|zx�uQmp¬¹c&|}|GcO�Á´ %V^`v���cIx �>rs��vwql���v�¯sc�oG^`c f½u`cb{�cb|}q&c&u�o�q&xyu
�Ac�c&» q&v�cbu�o	v�u³o}c&|}a�ry¬%|}cb�`tQqv�u`¢$oG^Qc��`|}ry�`v�u`¢«qr�m�oOµ,aMcbxsmptQ|Gv�u`¢«�J]�]Wq&x�u³u`ryo �`|}r���vw�nc�xy��º%x�lnm
xyu�xsq&q&t`|}x�oGc��>cOm�oLmGc&|}�ycb|%mGc&��cbqoGv�ryu6´�Ç½m�mp^`r�º�u�v�u$jScOq�o}v�rsu�¡Q´ �`µnc&�ycbu�aMcOxymGt`|Gv�u`¢M�J]�] º�v�oG^$aMry|}c
o}^Qx�u���|}c&�Aco}v�o}v�rsuQmhÈ oG^Qc½o}rSry�wm&µsoG^Qx�o¶º¶chx�|}c�tQmGcb�ÁµSaMcbxsmptQ|Gc���]�] º�v�o}^�aMry|}cLo}^Qx�u$� |}c&�Aco}v�o}v�rsuQm}Ê
vwm�u`ryo�c&u`rst`¢y^�oGrM^Qx��sc�x�u�xyqbqt`|zx�o}c½�`|}cb�`v�qoGv�ryu�¬¹ry|%o}^`c��>cOm�o�mpcb|G�sc&|�mp�Acbq&v�xy����l�º�^`cbu�oG^`c q&ryu�oGcbuso
mGv�Å&chv�m%�wx�|}¢yc�xyuQ��o}^`c mGc&|}��vwqc�|}c ��t`v�|Gc�xI��rsu`¢ q��v�cbu�o¶¾¶mpcb|G�sc&|�qrsu`u`cbqoGv�ryu$�nt`|zx�o}v�rsu6´
Ç½m	mG^`r�º�u³v�u jScOq�oGv�ryu ¡Q´ �`µ,tQmGv�u`¢�ryt`| {�]�]5¬¹tQuQq�o}v�rsu q&x�u³�`|}r��Sv��`c�x�u¸xyqbqt`|zx�o}cI�AcbmpoemGc&|}�ycb|

�Q|GcO�nv�qoGv�ryu³�`tno v�o	|}c ��t`v�|GcOm�oG^`c aMcOxymGt`|GcbaMc&u�o�r�¬�x���xyv��wx��Q��cM�QxyuQ�nº�vw�SoG^6µJ�J]�]hµ�xyuQ� �Qxyqz¯sco���r�mGm
|zx�o}cy´Àg�cbxymGt`|}v�uQ¢«oG^Qc$x���xyv��wx��`��c��>x�uQ�nº�vw�So}^3xsq&qtQ|}x�oGc&��l³a x�l¸^Qx��yc�x�u?c&Ãn�Qx�uQmGv��yc$qrsmpoI¬¹ry| x��n¾
�Q��vwq&x�oGv�ryuQm ry¬	mp^Qry|Go��nt`|zx�oGv�ryu,´�d¶{��Lf * ! ���!���`|}ry�`v�u`¢³oGrSrs��^Qxsm�x �nc&¬Dx�t`��o��Q|Grs�`v�uQ¢¸r��yc&|}^`cOxy�
xy�`�`|}r�Ãnv�a x�o}c&��l$c ��tQx���o}r � � � � � ����l�o}cbmhx�uQ�±t`�-oGr���mGcbq&ryuQ�Qm½ry¬ZaMcbxsmptQ|GcbaIcbu�o�oGv�aMcy´M��cbq&c&u�oG��l
�`c&�ycb��rs�>cO�Áµ,Ç *Zº#! ���b¡��J�Q|Gr��Svw�ncbm ��t`vwqz¯?È�� � mGcbqrsuQ�QÊ½aMcbxsmpt`|}c&aMcbusozm�r�¬�x���xyv��wx��Q��ce�Qx�uQ�`º�v��So}^6´
jnrQµ6rst`|h�`|GcO�nvwq�oGv�ryu±¬¹t`uQqoGv�ryu¸q&xyu±�Ac aIrs|GcItQmGc¬¹t`�J¬¹rs|�x��`�`��vwq&x�o}v�rsuQmhmpt>qz^ xsm��`r�º�u`��r�xy�nv�u`¢���xy|G¢sc
°>��cOm È¹��v�¯sc�mpry¬ o�º¶xy|Gc	¬¹|Grsa d � � µ6�Svw�nc&r�¬¹|}rya �Ac&cb|p¾äoGry¾ä�Ac&cb|�uQco�º¶ry|}¯Aµ,co}qOÊ�º�^`c&|}cIoG^`cMr��sc&|zx�����|}c¾
mG�AryuQmGc�o}v�aMc³È¹v�uQq��tQ�nv�u`¢ oG^`c��`|}ry�`v�u`¢±oGv�aIc�Ê�o}^Qx�o q&xyu?�Ac�rs�no}xyv�uQcb� �Sl¸mGc&|}��v�u`¢±¬¹|Grsa0o}^`c$�>cOm�o
mGc&|}�ycb|�v�mem�o}v����¶��cOmGm oG^Qxyu³oG^`c�oG|zx�uQmp¬¹c&|�o}v�aMc o}^Qx�oMq&xyu¸�>c�rs�no}xyv�uQcb�³�Sl mGc&|}�Sv�uQ¢$¬¹|Grsa)xyu�l r�o}^`c&|
mGc&|}�ycb|b´

� 45�	��� �b��*�
�	�

®u�oG^`vwm¶�Qx��Ac&|Oµsº¶c��Q|Grs�>r�mpc�xemGqbx��wx��`��cyµsoG|zx�u>mp�Qxy|Gcbu�obµsxyuQ���nlSuQxyaMv�q½x��`�`��vwq&x�o}v�rsun¾¿��x�lsc&|�xyu�lnqbxympoGv�u`¢
m}qz^`cbaIcMo}r«|}cb�ntQq&c oG^Qc oG|zx�uQmp¬¹c&| oGv�aIc�r�¬Lx«qrsu�oGc&u�o�o}|}xyuQmpaMv�opo}cb�³tQmGv�uQ¢±]�d¶{�qrsu`u`cbqoGv�ryu6´±f½t`|
mGry��tno}v�rsu�vwmL�>xymGcb��ryu�x aMco}|Gvwqhº�^`vwqz^«x�v�a m%oGr��Q|GcO�nv�qo½xyqbqt`|zx�o}c&��l oG^Qc	qrsuso}c&u�oLo}|}xyuQm�¬¹cb|%oGv�aMc	v�u
rs|}�`c&|hoGr��Ac�mGc&|}�ycb�±¬¹|}rya o}^`c �Acbmpoempcb|G�sc&|�x�aMrsu`¢�x�mpc&o r�¬%|Gcb�`��vwq&x�oGcO� mGc&|}�ycb|}mhmG�`|}cbxy�-r��ycb|hoG^`c
®u�o}c&|}u`coO´�f½tQ|Z�`|}cb�`v�qoGv�ryu�¬¹tQuQq�o}v�rsu�q&ryuQmGv��`c&|zm�oG^Qchq&|Gv�oGvwq&xy�>�Ac&|G¬¹ry|}a x�uQq&c��Qxy|}xyaMcoGcb|}m�º�^`vwqz^�^Qx��sc
xyu¸v�aM�Ary|Go}xyuso v�aM�Qxyqo	ryu³o}^`c ��tQxy��v�o�l-ry¬%oG^`c o}|}xyuQmp¬¹c&| � oG^Qc���r�xy�ÁµJx�u>� oG^`c�aMx�Ãnv�aet`a0mGc&uQ�`v�u`¢
º�v�uQ�nr�ºWry¬�oG^`c�mpcb|G�sc&|	xsm	º¶c&���Zxsm�oG^Qc�q&��v�c&u�oea x�ÃSv�a	tQa0|}cbq&c&v���v�u`¢«º�v�uQ�nr�º�µ�xy��mGr�oG^Qc�x���x�v���xy�`��c
�>x�uQ�nº�vw�So}^6µQo}^`c	|}rytQuQ��oG|}v��«oGv�aIcsµAxyuQ�$o}^`c �Qxsqz¯yco½��r�mGm�|}x�oGc�ryu«oG^`c �>x�oG^±º�v�o}^�oG^`cIq��v�cbu�ob´�f½t`|
rs�no}xyv�uQcb�ÀoG|zxyq&cbm�mG^`r�º o}^Qx�o�oG^`c±mGc&|}�ycb|�mpcb��cOq�o}v�rsu3�>xymGcb�²ryu²rst`|��`|}cb�nvwq�o}v�rsu3¬¹t`uQq�o}v�rsuVv�m�aMry|}c
xsq&q&t`|}x�oGc½oG^Qxyu�o}^`c�r�o}^`c&|zm%mprs��t`oGv�ryuQm�ÈDcy´ ¢Q´�µSoG^`r�mpch�QxsmpcO��rsu`��l�ryu�oG^`c�¢sc&ry¢s|}xy�`^`vwq&xy�>�`|}r�Ãnv�aMv�o�lyµSry|



� � 	 � � � 	 ��� � ���

o}^`cM|Grst`uQ�±oG|}v�� o}v�aMcOÊ´�g$ry|}c&r��sc&|OµQo}^`c |}cbmGt`��ozm�mp^Qr�º�oG^Qx�o ryt`|h�`|}ry�ArsmGcb�±¬¹t`uQqoGv�ryu³�`|}cb�nvwq�ozm�oG^`c
o}|}xyuQmp¬¹c&|¶oGv�aMc�r�¬�xIq&ryu�oGcbu�o%º�v�oG^�xyu ËsÌ�Í xsq&qtQ|}xsql�qrsaM�Qx�|}cb��oGrIoG^Qc�|GcOx��;oG|zx�u>m�¬¹cb|Zo}v�aMcs´

!����������L���¶��*

�����h^�oGoG� � < <�q&mp¾ä�Ac&rs�`��cs´ �Qt6´ cO�nt <�q&x�|GoGcb| <�oGrSry�wm <OoGrSrs��mb´ ^�o}aI�ä´
� ���h^�oGoG� � < <��`mG�6´ ���`�ä´ ¢sr��	<�uQq&mb´
� ¡��h^�oGoG� � < <�º�º�º%¾äu`|}¢Q´ c&cs´ ���`�ä´ ¢sr��;´
� � �h^�oGoG� � < <�º�º�º�´ qbx�vw�`x`´ ry|}¢Q´
� ���h^�oGoG� � < <�º�º�º�´ v�coG¬�´ rs|G¢5<�^�oGaM�ä´ qz^Qxy|po}c&|zm <�v��Q�`aI¾¿qz^Qxy|po}c&|O´ ^�o}aI�ä´
� ���h^�oGoG� � < <�º�º�º�´ ¯�x�ÅOxyxQ´ q&rya$´
� � �h^�oGoG� � < <�º�º�º�´ aMvwq|}rsmGr�¬ ob´ qrsa$´
� � �h^�oGoG� � < <�º�º�º�´ rs�>cbu��>mG�Á´ ry|}¢ <�¬ oG�6´ ^�oGaM�ä´
� ���h^�oGoG� � < <�º�º�º�´ �sc&|}v�o}cbmpob´ qrya$´
���b���h]h´�g$cbuQ�nc&Å%d½´O{Jx�|GoG|}vw�n¢yc�xyuQ�$%�´�g�v�����v�¯ycbu6´ ;�rsmpo�x�uSlnq&xsm�o}v�u`¢LmGc&|}�Sv�q&cy´����	��
������µ"�Lr��sc&a	�Ac&|

�O�y�s¡`´

���y���h� ´�d¶xy|po}c&|Ix�uQ�3g³´�dZ|Gr��sc&����xQ´-jSc&|}�ycb|emGc&��cbqoGv�ryu tQmGv�u`¢-�nlSuQxyaMv�q��Qx�o}^Àqz^Qxy|}xsq�oGcb|Gv�Åbx�oGv�ryu³v�u
º�vw�nc&¾¿xy|GcOx	u`c&o�ºZrs|G¯nmb´��������������	��������µ`ÇL�Q|Gv����b�s� � ´

���O�����Q´���tQlso}ryu xyuQ� g³´¶j`qz^�º%x�|GoGÅs´ � rSqbx�o}v�u`¢¸uQcbx�|}�SlÀq&ry�`v�cbm ry¬�|Gcb�`��vwq&x�oGcO�Àv�u�oGcb|Gu`c&o�mGc&|}�yc&|zmb´
� �! ��"���#�%$ &'��µAÇLt`¢stQm�o �O�y���n´

���b¡�� � ´AdZr�oGoG|}c&���(�`´ ��x��S|}x�oGv��É´�Ç���º¶c ��Ç �Q|}x�oGvwq&x��Áxy�`�`|}rsxyqz^�oGr�x���x�v��wx��`��c½�>x�uQ�nº�vw�So}^�cOm�o}v�a x�oGv�ryu6´
)+*���µQÇL�`|}v������s�y¡`´

���&� � �e´�]�r�ºLmG��cbl��`´�{�xs�n^Slycsµ-,	´�¼�v�|}ryv�t³xyuQ�.�`´ �htQ|Gr�mpcs´�g$rn�nc&��v�uQ¢$o}q� o}^`|Grst`¢y^Q�`tno	�ex�mpv�aM�`��c
aMrn�ncb�,x�uQ��v�o}m�cbaI�Qv�|}v�qbx��Á��x���vw�`x�o}v�rsu6´/*0�1� � �! ��"�2�3��µ>Ç�t`¢yt>m�o �O�y� � ´

���O���4,e´5�sxyqrs�QmGryu6´�dZryu`¢scbmpoGv�ryu$x��yrsv��`xyuQqc�x�uQ��qrsu�oG|}ry�ä´ � �! ��"���#�6$ 787�µ>Ç�t`¢yt>m�o �O� � � ´

������� � c&rsuQx�|z�'�h��c&v�u`|}rnqz¯A´ �½t`cbt`c&v�u`¢ mplnmpoGcbaMm%�sry��t`aMchv��Jo}^`c&rs|Gls´¶�O� � �n´



	 � � � 	 �4� � ��� � 


��� � �4,e´`{Jx�Ã`mprsu�g³´nÇL����aMxyu�xyuQ��%�´`j�o}c&�sc&uQmb´�]�q��qryuQ¢ycbmpoGv�ryu�qryu�o}|Grs�É´1���"��� � 7'
�µ>Ç��`|}v��J�b�s�y�Q´

��� � ���Q´Q{�rsmpoGcb�É´�]�|}xyuQmGaIvwm}mpv�ryu�qryu�o}|Grs�A�Q|GryoGrnqrs�É´����	��� &��yµAjScb�noGcba	�Ac&|��b� � �s´

���b���h� ´���x�|}�ej;´yjS^`cbu`¯ycb|JjÁ´��Lx�o}uQxym}x�aelyµ�g³´�;�xyuQ�n��ly´`]�ry�Ary��ry¢yvwq&xy����l�¾¿x�º%x�|}c�r��yc&|}�wx�l�q&ryuQmpoG|}tQq�o}v�rsu
xyuQ�$mpcb|G�sc&|%mpcb��cOq�o}v�rsu6´/� ���/� ���4�"���"�2��µ5�yt`u`c �y�y�s�`´

�Ú����� !L´)%�´��Acb¢yt`|zx	g³´-;	´SÇ�aMaMxy|��J´S¼Qc&väµ`j;´)*¶x�opozxyqz^Qxy|D~�cbcy´ÁÇ uQr��yc&�Ampcb|G�sc&|¶mpcb��cOq�oGv�ryu�oGcbqz^Qu`v���t`c
¬¹rs|�v�aM�`|}r��Sv�uQ¢eo}^`c�|}cbmG�>rsuQmpc½oGv�aMc�r�¬�xI|Gcb�`��vwq&x�oGcO��mGc&|}�Sv�q&cy´ � ��������� ���	�!��'Iµ>g�xy|}qz^ �b�s� � ´



Unité de recherche INRIA Sophia Antipolis

2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)

Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes

4, rue Jacques Monod - 91893 ORSAY Cedex (France)

Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique

615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)

Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)

Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)

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

Éditeur

INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)��������� �	��
�

���������� ��� ���

ISSN 0249-6399


