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PLAN Security System PLAN Security System 

Abstract Abstract 
Active Networks offer the ability to program the network on a per-router, per-user, or even per-packet 
basis. Unfortunately, this added programmability compromises the security of the system by allowing a 
wider range of potential attacks. Any feasible Active Network architecture therefore requires strong 
security guarantees. Of course, we should like these guarantees to come at the lowest possible price to 
the flexibility, performance, and usability of the system. 

The PLAN system is a distributed programming framework we have used to build an Active Network, 
PLANet [4]. In the PLAN system, code implementing distributed programs is broken into two parts: the 
PLAN level, and the Service Level. All programs in the PLAN level reside in the messages, or packets, that 
are sent between the nodes of the system. These programs are written in the Programming Language for 
Active Networks [6] (or simply, PLAN). PLAN programs serve to "glue" together Service level programs; 
PLAN may be thought of as a network scripting language. In contrast, Service level programs (or simply, 
services), reside at each node and are invoked by executing PLAN programs. Services are written in 
general-purpose languages (in particular, the language that the PLAN interpreter is written in) and may be 
dynamically loaded. 

The current Internet (IP and its supporting protocols) allows any user with a network connection to have 
some basic services. In addition to basic packet delivery provided by IP, basic information services like 
DNS, finger, and whois, and protocols like HTTP, FTP, TCP, SMTP, and so forth are provided. Similarly, a 
goal of PLANet is to allow any user of the network to have access to basic services; these services should 
naturally include some "activeness." This goal implies that some functionality, like packet delivery in the 
current Internet, should not require authentication; in PLANet, we allow "pure" PLAN programs to run 
unauthenticated. A PLAN program is considered "pure" if it only makes calls to services considered safe; 
for example, determining the name of the current host is a safe operation, while updating the host’s router 
table is not. Successfully calling unsafe services would require proper authorization. This security policy 
is stated more formally in the following subsection. 

Comments Comments 
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��pxNYU�eF����MOW4kd^�\Vl'^�eVn cxeV`)UK�:UqNYu:PRUy��kxeV`sPOQiP�`)eVhihT\!Z]Uy��hiQTnBQ�Pyv�QiPOn�u�`[POg%U�_6QThihTUq�| � cdQ{`)QTnBkdhiQTUq`
PRc�e!P�PRcxU����.M�WöQipwPRUq^Rkx^RUYPRUY^�nLux`sP)g�U�eVgdhiUzP�\x¥
î'|43*��02�-, ���� ���1#� 	�-*���8�F�
5<��������=���c0c�/�=;/��� &('*),+ -���"%�/��0�1Ñ|
¢t~dn�udhiPRQTkdhTU]����MOW¶kd^R\'lV^mebn�`<n�e�j�UY�:UqNKudPRU]NY\VpxNYud^�^RUqp'P�hij'vqUyeVNmcf\'pdU]`Rcd\VuxhT�X\'pdhijXg%U]NmcxeV^Rl'Uq�
~�\V^#P�cdU)P�QinBUOQiP]c�eV`#P�cdU Ê �]}�vVpx\bP]Z�cxQihTU)QiP]Q{`�QTp�PRcdUz`RNmcxUq�:udhTQTpdl��wudUYuxU)\V^�gxhi\:Nm_VUy�B\Vp�¢ �'�L|

� |46�02E��C�����-���"%�/��0�1 �
5<��������="%�87��:;/���:9F���=E=����� 0 	��:��;<����� �>02E=Es|
� cdQT`1QTnBkdhTQiUy`�PRcxebP1QiP#QT`1px\bP#UYpd\'udlVcLPR\Xcxe�S'U�QTpx`sPR^�uxN�P�Qi\'p	NY\VudpwPRUq^�`�Z�QiPRcdQTp	PRcdU8QTpwPRUY^�kd^�UKP�UY^,/
`sUq^RS6Q{NKUq`]P�cdUYn�`RUYhTSVUq`8nLux`sP)g�UfQTpwPRUY^�^�udk:PRUy�FP�\BcxebhiP)UK�:UqNYu:PRQT\Vp.|

;



� cdU �x^m`[P#^�Uq�wudQT^RUqn	UqpwP�QTnBkdhiQTUq`�P�cxe!P#Z�U]pxUYUq��PR\z\VgdP�ebQTp	Qip:~�\'^Rn�ebPRQT\Vp�~�^�\Vn4P�cdUO� Ê ebnBh6PRcx^RUyeV�
`�NmcdUq�:uxhiUq^zeVg�\'u:P�k%UY^Rr+P�cd^�UqeV��UY�:UqNKudPRQT\Vp°P�QinBUq`q| � cdUY^�UK~�\'^RU'v�Z�U�c�e�SVU�UY�wP�UYpx�dUq�°P�cdU	Qip:~�\'^Rn�ebPRQT\Vp
`sPR\V^�Uq��g6j°PRcxUF`RNmcdUy�:udhTUY^�eVg�\'u:PfUqeVNmc�PRcx^RUyeV��PR\°QTpxNKhTux�:U	PRcxUFebnB\VudpwP�\V~ Ê ��}oP�QinBU�ux`RUq��PRc6ux`
~®eb^y| � cdQ{`�S!eVhiudU	Q{`Oudk<�debPRUq��Uqe'Nmc°PRQTnBU	e*NK\'p'P�UK�6Psr£`RZ�Q�PmNmcH\:NYNKux^�`zebpx��QT`�n�eV�:UBe�S!ebQThTeVgdhTU�QTpHPRcxU
PRcx^RUyeV�d`8kxe'Nm_!eblVUzQTp'P�UY^R~®eVNYUV|

� cdU�`RUqNY\Vpx��^�Uq�wudQT^�UYnBUYpwP�QTnBkdhiQTUq`�PRc�e!P	e°PRcd^�Uqe'��^RudpxpdQipxl�����MOW�kx^R\'lV^mebn�`�NYeVp»g�U*_6QihThiUy�
`�e!~�UYhTjV| � cdU�Q{`R`RudUBcdUq^RUBQ{`zPRcxebPzP�cdUF����MOWôkd^�\Vl'^�eVnÞNY\Vudh{��g�U�QTp�PRcdUBnBQT�x�:hiU�\V~�e�`RUY^�SwQ{NKUBNYeVhih
Z�cdQ{Nmc�Q{`.UY�:UqNKudPRQTpdlOZ�QiPRcdQTpBeONK^�QiPRQ{NYebh6`RUqN�P�Qi\'p@|.¢t~xPRcdU�kd^�\VlV^mebn¼QT`�_6QThihTUq�v�P�cdUYpLn�u:P�UK��l'uxeb^m�:QTpdl�PRcxU
`RUqN�P�Qi\'p*Q{`8pdUqSVUY^8^�UYhTUqe'`sUy�v6kd^RUqSVUqp'P�QipxlL\VPRcdUq^�kd^R\'lV^mebn�`�~�^R\'nõeVNqNKUq`�`RQipdl�PRcdU��xe!P�ex|#Édud^RPRcdUq^RnB\'^RU'v
QiP)QT`�px\bP�UYpd\'udlVc*PR\F`RQTn	kxhij*_VUYUqk�P�^�e'Nm_�\b~1n�u:P�UK��S�eV^RQ{ebgxhiUy`�eVpx��^RUqhiUyeV`RUOP�cd\'`RUfe!P�P�cd^RUyeV�6r£�:Uye!PRc.|
� cdU	^RUyeV`R\Vp°Q{`)P�cxe!Pfe�NK^�Q�P�QTNqebh1`sUyN�PRQT\Vp�kd^RUy`suxnBeVgdhTj�l'uxeb^m�d`�e���«RÎ!ÙxØYÎVY�+¬®ÐbÙ*QTpHZ�cdQ{Nmc�eVhih1\V^�pd\VpxU
\b~�PRcxUf\Vk%UY^me!PRQT\Vp�`�`Rcd\'udhT��P�eV_VUXkdh{eVNYU�P�\�kd^�Uq`RUY^�SVU�NY\Vpx`RQ{`[P�UYpxNYjV|

� cdU�eVkdkd^�\'eVNmc*PRc�e!P�Z�UXP�eV_VUf^�Uq`RUYnLgdhiUy`8PRc�e!P)Pmeb_VUqp°g6j*���X¸:¢�.�PRcd^�Uqe'�d`q| 3 QiPRc°UyeVNmc�PRcx^RUyeV�
Z�U�eV`�`R\6NYQTebPRUOeL`[PmeVNm_B\b~]Y¦i�mÎ!Ù�ÔyÓ�ÚdÎbÙ%Û6¦i�Y«mØ�| 3 cdUqpFPRcxUOP�cd^RUyeV��Q{`]_wQThThiUy�v:Uqe'Nmc�cxebpx�dhiUq^]Q{`�k%\Vkxk�Uy�
\ba�ebpx��UY�:UqNKudPRUq�@|)}O`RQipdlFPRcdQ{`OnBUyNmcxebpdQ{`Rn�v�Z]ULNYebpHNY\:�:U�NK^�QiPRQ{NYebh�`sUyN�P�Qi\'px`Oe'`8~�\VhThi\!Z)`q| 3 U	ebhiPRUq^
PRcxUzNqebhTh�P�\LhT\:Nm_�e�nLu:PRUY��PR\Bebh{`s\Lkdux`Rc*e�c�ebpx�:hTUY^�P�\Ludpxhi\:Nm_	PRcxebP�nLu:PRUY�|#¢t~@PRcdUzP�cd^RUyeV��Q{`�_6QihThiUy�
�:ud^�QTpdlXPRcdU)NY^RQiPRQ{NYeVhx`RUqN�P�Qi\'p@v!P�cdU)n�udPRUK�	Z�QihThdg%U)udpdhT\:Nm_VUy��g6j�P�cdU)NKhTUqeVp6udkBcxebpx�dhiUq^q|�¢t~�P�cdUONY^RQiPRQ{NYeVh
`RUqN�P�Qi\'pHNK\'n	kxhiUYPRUq`�pd\'^Rn�ebhThTj�P�cdUYpH^me!P�cdUY^OPRcxeVp�NYeVhihTQTpdlFudpdhT\:Nm_°�:Qi^�UqNKPRhTj�P�cdULNYhiUyebp6udkHc�ebpx�:hTUY^�QT`
k%\Vkdk%Uq��\Va�\b~�PRcxU�`[PmeVNm_�ebpx��QTpwS'\V_'Uq�| Y]j�ebhThi\!Z�QTpdlB\Vpxhij�NK^�Q�P�QTNqebh.`RUqNKPRQT\Vpx`8P�\Fg%U�NK\:�:Uy�*Z�U�NYeVp
g%U�`sud^�UzPRcxebP�PRcdU�`sP�e'Nm_F`sUqn�ebpwPRQ{NY`8\V~�P�cdU�NKhTUqeVpwuxk*cxeVpx�:hTUY^m`8Z�QihTh@g%U�NK\'^R^�UqNKPq|

M)px\bPRcxUY^fk%\'`�`sQTgdhTjHnB\V^�U	UqhiUql'eVp'P�`R\VhTu:PRQT\Vp�Z�\Vudh{��g%UBPR\HNqebux`RU�e*PRcd^�Uqe'�HP�\HeV`Rjwp�Nmcd^R\'pd\Vu�`shTj
^mebQ{`sUOeVp�UK�dNKUqk:PRQT\Vp�Z�cdUYp�QiP�Q{`�_6QThihTUq�@| � cxUOUK�dNYUYk:P�Qi\'p�NK\'udhT�	P�cdUYp*g�UzNYeVudlVcwP�g6jBNK\VpwP�UK�6PRuxeVh�NY\6�dU
PR\zk%UY^R~�\V^�níNKhTUqebp6udk.| � cdQ{`�QT`�PRcxU8eVkdkd^�\'e'NmcXP�eb_'UYpLgwj��we�S!ed| � cxU8�dQ �FNKuxh�P[jfcdUq^RU�Q{`.P�cxe!P�PRcxU8�dUqe!P�c
\b~�PRcdULPRcd^�Uqe'�H�:Uqk�Uqpx�d`z\Vp�PRcdU	UK�dNKUqk:PRQT\Vp�^RUyeVNmcdQTpdl�P�cdU	PR\Vkdr�hTUYS'UYh�v�Z�cdQ{Nmc�NqebpHg%U	kd^RUqSVUqp'P�Uq�°g6j
NYebP�NmcdQTpdl�ebp���pd\VP)^RUYPRcd^�\!Z�QTpdl�P�cdUfUK�dNYUYk:P�Qi\'p@|

M)px\bPRcxUY^�eVkdkd^�\'e'Nmc*P�cxe!PzZ]U'· S'UfPRcx\Vudl'c'Pzebg%\Vu:P�PR\�n�eV_VUfP�cd^RUyeV�6rt_6QihThTQipdlF`�e!~�ULQT`)PR\*UYhTQinBQTpxe!P�U
gdhT\:Nm_wQTpdl�`sj6pxNmcd^�\VpxQißye!PRQT\Vp»UqpwPRQT^RUqhij'v�Qip¶~®e�SV\'^�\b~�pd\Vp:rtgdhT\:Nm_wQTpdl�`sj6pxNmcd^�\VpxQißye!PRQT\VpÜ²+WSY�¸d³�� � ¡�|¤M
NK\'p6SVUYpxQiUqp'P�ebPR\VnBQ{N	\Vk%UY^me!PRQT\Vp�pdUqUq�:Uy��g6j�W Y�¸�eVhil'\V^�Q�P�cdn�`XQT`f½ Ê M�¸ë²�_R½�\VudgxhiU Ê \'n	k�eb^�U	eVpx�
¸6Z8ebk�`w³�v6Z�cdQ{Nmc*Z�UXg�UqhiQTUYS'UfNYebp*g�U�`�e!~�UqhijFNY\:�:Uq�*Qip*PRcxU�NK\VpwP�UK�6P�\V~.P�cdUL� Ê ebnBh%PRcd^�Uqe'�d`8`sj:`sPRUqn�|
Ë°\'^RUX^�Uq`RUqeb^mNmcFQ{`�pdUqUq�:Uy��QTp�PRcdQ{`)eb^�Uqex|

É�Qip�ebhThij'v:Z]Uzn�ux`sP)�:UqNYQT�dUfZ�cdUYp�ebpx�*cd\!ZÑP�\BcxebhiP)eLnBQ{`sg%UYc�e�SwQTpdl	kd^�\VlV^mebn�| � cdUf�'uxUq`sPRQT\Vp�\b~
Z�cdUqpLQ{`1�:UqNYQT�:Uy��g6jfpd\:�:U8k%\VhTQTNYj��fNYud^�^RUqp'P�hijfZ�U8ebhThi\!Z»P�cdU�`sk%UqNYQ��%NYe!P�Qi\'p�\V~xg�\VPRcBebp	UYh{ebkx`RUq��PRQTnBU
²�Z�cxQTNmc	NK\Vuxp'Pm`@P�QinBU8`sk%UYpwP1gdhT\6Nm_'Uq�fQTpLe�`sUq^RS6Q{NKU]\V^�\Vp�¢ �'�X³@ebp���e Ê �]}»P�QinBU8hiQTnBQ�Py| " p:~�\V^mNKUqnBUYpwP
Q{`��:\VpdUzS6QTeBe�µ Z8e!PmNmcx�:\'lx·wPRcd^�Uqe'�FZ�cdQ{Nmc�^Rudp�`8Qip�kxeb^mebhThTUYh%Z�Q�P�c�UY�:UqNKudPRQTpdl	�]�.M�W¼kx^R\'lV^mebn�| � cxU
Z8e!P�Nmc��:\Vl�P�cd^�UqeV��Z�eV_VUy`)udk�Qip�`scd\'^sPzQip�NK^�UYnBUYpwP�`XeVpx�°k%\VhThT`�PRcxU	NYud^R^�UYpwPzn	UqnB\V^�j�²+`sUqULg%UYhT\!ZO³�v
Ê ��}�vebpx�°UqhTeVkx`RUq�°P�QinBUB`[Pme!P�QT`sPRQ{NY`z\b~�PRcdULPRcd^�Uqe'�°UYS!eVhiuxebPRQTpdl*PRcdUB����MOWokd^R\'lV^mebn�|X��p�NKULPRcxebP
PRcx^RUyeV��`sud^�kxe'`R`RUq`8eB`sk%UqNYQ���Uq�*PRcd^�Uq`Rcdcd\'hT�@v6PRcdUXP�cd^RUyeV�*QT`)_wQThThiUy�|

� ��1#"/�� #E=�=1����	

�'ux`[PXeV`OQ�PzQT`�pd\bPzUYpd\'udlVc�P�\�cxe�S'U�eF�]�.MOW§Qip�`[P�^RuxNKPRQT\Vp�NY\VudpwP�UY^)P�\FP�^�e'Nm_�UK�:UyNKu:P�Qi\'p°PRQTnBUVv<Q�PzQT`
pd\VPzUqpd\Vudl'cHP�\*cxe�S'ULe*���.M�WoeVhihT\:NYebPRQT\Vp�NY\VudpwPRUq^q¹<P�cdQ{`XQT`zg%UqNYeVux`RULnBUYnB\'^Rj�n�e�j�g�U�ebhThT\6Nqe!P�Uq�
eV`	eH^�Uq`RudhiP	\V~Oe�`RUY^�S6QTNYUFQTpwS'\:NYe!P�Qi\'p@| � cdUY^�UK~�\'^RU'v�Z�U�^RUqhij�\Vp�PRcdUH� Ê ebnBh�^RudpwP�QinBU�`sj:`sPRUYn�P�\
PR^meVNm_�`sj:`sPRUqn�Z�Q{�:U�ebhThT\6Nqe!P�Qi\'p@| � cdU�^�udpwPRQTn	ULNKud^�^RUqpwPRhTjFPR^meVNm_:`�lweb^�gxebl'UfNK\VhThTUqN�P�Qi\'pHebpx��nBUqn	\'^Rj
ebhThT\6Nqe!P�Qi\'p�QTp:~�\'^Rn�e!P�Qi\'p�\VpHeF`Rj:`[P�UYn	r�Z�Q{�:U'vx^me!PRcxUY^�P�cxebp°k%UY^Rr+P�cd^�UqeV��gxe'`sQ{`q| � cdUq^RUY~�\V^�UVv�Z]Ufcxe�S'U
UK�6P�UYpx�:Uy�FP�cdUXQipd~�\V^�nBebPRQT\Vp�`[P�\V^�Uq��gwjBP�cdU�`�NmcdUq�:uxhiUq^8eVg�\'u:P�Uqe'NmcFPRcx^RUyeV��P�\BQipxNYhiu��:UzPRcdU�eVn	\'udpwP
\b~XnBUYnB\V^�j¶eVhihT\:NYe!P�Uq��PRc6ux`B~®eV^q| � cdQ{`BS!ebhTudU°Q{`�udk<�de!P�Uq�¯Uqe'Nmc¶P�QinBUHe�NK\'p'P�UK�6Psr£`RZ�Q�PmNmc¤\:NYNYud^m`
ebp��FQ{`]n�e'�:Ufe�S�eVQih{ebgxhiU�Qip�PRcdUzPRcx^RUyeV�d`�kxe'Nm_�eVlVU)QTpwPRUq^s~®e'NKUV| 3 UfeV�d�:QiPRQT\Vp�ebhThijBudk<�de!P�UzPRcdUfNK\'udpwPRUq^
Z�cdUqpdUYS'UY^�Q�Pm`�NKud^�^RUqpwP]S!ebhTudUzQT`��wudUq^RQTUq�¹wP�cdQT`8UqpxebgxhiUy`]e�PRcd^�Uqe'��P�\	NmcdUyNm_�Q�Pm`�\!Z�p*ebhThT\6Nqe!P�Qi\'p�eV`�QiP
lV\6Uy`Y|

MO`�QTpx�:Q{NYebPRUq�	ebg%\!SVU'vyPRcdU8Z8e!P�Nmc��:\VlOPRcd^�Uqe'��k%\VhThT`�PRcxU�nBUqn	\'^Rj�NY\VudpwP�UY^1e!P#^RUqlVudh{eb^�QTpxNK^�UYnBUYpwPm`

�



ebp��¤NY\VnBkxeb^�Uq`	QiPFebl'eVQip�`[P	PRcdUHeVhihT\!Z8ebgdhTUFP�cd^RUy`scxcd\Vh{�v�_6QThihTQTpdl�PRcdU°����MOW´PRcx^RUyeV�¤Q�~XpdUqNYUq`�`ReV^Rj'|
¸6QTpxNKU�����MOWºkd^�\Vl'^�eVnB`�NYebp¯ebhThi\:Nqe!PRU�UK�:k%\VpdUqpwPRQ{ebhThijÑ²®e'`	Z]U�`Re�Z�Uyeb^�hiQTUY^�³�v1P�cdUY^�U�QT`LPRcxU�Z�\V^�^�j
PRc�e!P)P�cdU�P�cd^RUy`scxcd\Vh{��Z�QihTh.g%U�px\Vp:r�PR^�QiS6Q{ebhThij*UK�dNKUqUq�:Uy��g�UY~�\V^�UfPRcdULZ�ebP�Nmcx�d\Vl�NmcdUqNm_:`8P�cdULNY\VudpwP�UY^y|
3 Ufcxe�SVUqp@· P8~�\'udpx�*PRcdQ{`8P�\	g%U�e	kd^�\VgdhTUYn QTp�kd^meVN�P�QTNYUV|

��pdUfkd^�\VgxhiUqnõZ�QiPRc°P�cdQT`�ebkdkx^R\weVNmc�QT`)PRcxebP)PRcdU�_wQTpx��\V~1nBUqn	\'^Rj�ebhThi\:Nqe!PRUy��gwj*PRcxU�pd\:�:U��:uxU
PR\He�k�eb^RPRQ{NKudh{eb^��]�.MOW kx^R\'lV^mebnÝQ{`fpd\bP�NYhTe'`R`RQ4�xUq��QTp�eVp6j�Z8e�jV| � cdQ{`fkd^�UYS'UYpwP�`XP�cdU�pd\:�:UB~�^�\Vn
n�eb_6QTpdlXux`sU�\V~<NYhTe'`R`RQ4��NYebPRQT\Vp:rtgxeV`RUq��k�\'hiQ{NKQTUq`q|1Éd\V^�UK�debnBkdhTUVvbZ�U�nBQil'cwP�Z�eVp'P1P�\�`Re�jfP�cxe!P�ef�]�.M�W
kd^�\Vl'^�eVnoNYeVp�ebhThT\6Nqe!P�U���gwjwP�Uq`]\b~��£�K×OÓdÐb«RÎ!«f�LØ��tÎb�t��² � Ê · Uq�FZ�cdUYp�PRcdUz���.M�WÜkd^�\Vl'^�eVn �xpxQT`RcdUq`m³�v
ebp���ñ g6jwPRUq`1\V~.«R�KØ�¬®ÛV�YÙx��Øm�£Î!�£�8²®`sP�ebPRU]PRcxebP�^RUqn�ebQTpx`.Z�cxUYpLPRcdU�����MOW¯kd^�\Vl'^�eVnöc�ebhiP�`m³�| 3 U8nBQil'cwP
ebh{`R\�hiQT_VUfP�\�n�eb_'UX~�ud^RPRcdUq^z`Rudg:r£NKh{eV`�`sQ4��Nqe!PRQT\Vp�`Yvx`RuxNmcHe'`Y¥8ebhTh.^�Uq`RQT�dUYpwP�`sP�e!P�U�ebhThT\6Nqe!P�Uq��g6j�`RUY^�S6QTNYU
� `Rcd\VuxhT�°px\bP�g%ULebPsP�^RQTgdu:P�Uq�°P�\FP�cdU	�]�.M�Wíkd^�\Vl'^�eVnò²®`RQTpxNKU�PRcdUB`sUq^RS6Q{NKU�kx^RUy`sudn�eVgdhij�n�ebp�eblVUy`
QiP�`�\!Z�p�`[Pme!P�Uy³�|

&S�:��$ "���1#0����>�

3 UL^mebpH`R\VnBU�k%UY^R~�\V^�n�ebpxNYU�P�Uq`sP�`OPR\*�dUKPRUq^RnBQTpdULPRcdU	\!SVUq^RcdUyeV��QTn	k%\'`RUq�Hgwj�P�cdUq`RU	Nmc�ebpdl'Uq`q| 3 U
�x^m`[P�^�eVp�`R\VnBUOnBQ{NK^�\Vg%UYpxNmcdn�eV^R_:`#P�\L�:UYPRUq^RnBQTpdU�g�eV`RQTNO\!SVUY^�cdUyeV�d`q| 3 UO~�\'udpx�BP�cxe!PyvdeV`]UK�:k%UqN�P�Uq�¥

V � cdU8gxeV`RQTN8NY\'`sP1\V~%ezP�cd^RUyeV�	NK\'p'P�UK�6P�`sZ�QiP�Nmc	Z8eV`�Qip�NK^�UqeV`RUq��~�^�\Vn î'î 9OPR\febg%\Vu:P)î'î 6 1@`#`sQTpxNYU
Q�P)cxe'`�PRcdU�e'�d�:QiPRQT\VpxeVh<P�e'`s_F\V~�udk<�debPRQTpdl Ê ��}�eVpx��nBUqn	\'^Rj�Qip:~�\'^Rn�ebPRQT\Vp@|

V � cdU�NK\w`[P	\b~Oe°UqpwPRUY^�QTpdl�ebp��»hiUye�S6QipdlHe�NK^�Q�P�QTNqebh�`sUyN�PRQT\Vp»Z8eV`�cdQTlVcdUq^qv1udk»P�\ ; 1@`�~�^�\Vn g
1@`Yv.`RQTpxNKU	PRcxUFebkdkd^�\Vkx^RQ{e!P�ULcxeVpx�:hTUY^m`zn�ux`sP�g�U�kxux`scxUq��\Vp»ebpx��k%\Vkdk%Uq��\ba�\V~]P�cdUBPRcx^RUyeV�
cxebpx�dhiUq^)`[PmeVNm_<|

� \zuxpx�:UY^m`sP�ebp���P�cdU8UKa<UqN�P�\V~xP�cdUq`RU�eV�d�:QiPRQT\Vp�ebh:\!SVUq^RcxUqeV�x`Yv!NK\'px`RQT�:Uq^�PRcxebP�P�cdU�k%UY^Rr�kxe'Nm_VUYP�kd^�\:NKUy`R`sr
QTpdlBPRQTnBU�\b~#\Vux^�^R\'u:PRUq^)QT`ONKud^�^RUqpwPRhTj*ebg%\VudP �   9 1@`qvxZ�QiPRc»î 6 9 1@`�g%UYQTpdl�`Rk�Uqp'P�Qip�PRcxU�NK\:�:U�QiP�`RUYhi~
²ÏP�cdU�^�Uq`sP�QT`#�:uxU8PR\f_VUq^RpxUYhdNK^�\'`�`RQipdlw`�³K|.½�ud^RQTpdlXP�cdQT`#PRQTn	U'v'Z�U8UYpwPRUq^ �xSVU)NY^RQiPRQ{NYeVhd`sUyN�P�Qi\'px`Yv'`s\zPRcxUq`RU
\!SVUq^RcxUqeV�x`]eV^RUzQip�NK^�UqeV`RUq��g6j � 9 1@`Y|#¢£p�eV�x�:Q�P�Qi\'p@v:Z�UXNqebp�UK�:k%UqN�P8P�cxe!POe	`sQTpdl'hiUzPRcx^RUyeV�*\b~�UY�:UqNKudr
PRQT\Vp�~�^R\'nÝkxeVNm_'UKPXeb^�^RQTS!ebh@P�\*k�eVNm_VUYPz�:UqhiQTSVUq^Rj�Z�QThih1\'pdhij°g%UBe!a<UqN�P�Uq��g6j�e�NK\'pwPRUK�6PX`sZ�QiP�Nmc�UYSVUq^Rj

� HV fkxeVNm_'UKPm`Yvw`s\fP�cdUOnBQTpdQTnBeVh�e'�d�:QiPRQT\Vp�P�\fPRcdUzNK\'p'P�UK�6P]`RZ�Q�PmNmc�\!SVUq^RcdUyeV�	`scx\Vudh{��g%U)pdUYl'hiQTlVQTgdhTUV|1¢t~
PRcxUq`RU�Z�UY^�U�PRcdU�\'pdhTj�\!SVUq^RcdUyeV�d`qv�Z]U8Z�\Vudh{�LUK�:k�UyN�P#\Vux^�`sZ�QiP�NmcdQTpdlXk%UY^R~�\V^�nBeVpxNKU]PR\f�:^�\Vk	g6j�ebg%\VudP
��� |�È)\!Z�UYS'UY^yvdeV`)É�QTlVud^�Uq` � ebpx� g `Rcd\!Zfvdk%UY^R~�\V^�n�ebpxNYUfZ�e'`)�:UqlV^meV�:Uy��`RQTlVpdQ4��NYeVpwPRhTj�nB\V^�UXPRcxeVp
PRcxQT`q| Y�\VPRc��xl'ud^�Uq`ONY\VnBkxeV^RU�k%UY^R~�\V^�n�ebpxNYU�Z�QiPRc�cx\Vk�NY\VudpwPqv<Z�cdUq^RU�\VpdULcd\Vk�e�Z8e�j*`RQTlVpdQ4�xUq`OPRcxU
n�eVNmcdQTpdUy`]eV^RU)\'p�PRcxUz`�ebnBUO��MOW�v:eVpx�BP[Z�\�cd\'kx`�nBUyebpx`�PRcxebP�P�cdU�k�eVNm_VUYP�`]eb^�U)^R\'u:PRUy�|#W)udnLg�Uq^�`
~�\V^zSVUq^�`RQT\Vpx`O\b~�����MOWOUKPfeb^�U�`scx\!Z�pHZ�Q�P�cHP�cdU	e'�d�:QiPRQT\VpxeVh�\!S'UY^�cdUqe'��\b~#P�cdU�P�QinBQTpdl�n	UyNmcxebpxQT`Rn�`
ebkxk�Uyeb^�Qipdl	QTp�Z�cxQ�P�UV|

É�Qil'ud^�U � QihThiu�`[P�^�ebPRUq`�PRcdUHh{e!P�UYpxNYj¶\V~zk%UY^R~�\V^�nBQipdl�eVpöµ e'N�PRQTSVU°kxQipdl�·�Z�QiPRc:9»eVpx�öîY  g ; gwjwP�U
kxe�j6hT\'eV�x`Y| � cxU�Z�cdQiPRU�kxeb^RPL\V~)Uqe'Nmc»gxeb^	QT`�PRcxU�e'�d�:QiPRQT\VpxeVh�\!SVUq^RcxUqeV��QTpxNKux^R^�Uq�»g6j»eV�x�:QipxlHPRcxU
eVNqNK\'udpwPRQTpdl�nBUqNmc�ebpx`RQin�`q| 3 U°NYebp¯`sUqU�P�cxe!PBP�cdU°�:Q�a<UY^�UYp�NKU�Qip¯UYh{ebkx`RUq��PRQTnBU�~�\V^BUqe'Nmc¶NYe'`sU�QT`
pdUyeb^�hijBNK\'px`[PmebpwP �	eVg�\'u:P 9x| g `RUqNY\Vpx�d`q| � cdQT`]cxe'`#PRcxUOUKa<UqNKP]\V~�dUYlV^meV�dQipdlfh{e!P�UYpxNYjLg6jBg%UKP[Z�UYUYp°î'î
ebp���î ��� ~�^�\Vn�P�cdU�\V^�QTlVQTpxebhwSVUq^�`RQi\'p@|�ËH\V^�U�`sPR^�Qi_6QTpdlXQT`�P�cdU)NK\'pwPR^meV`sP1`Rcd\!Z�p	QipBÉ�Qil'ud^RU g ¥. '± � hTUq`�`
gxeVpx�:Z�Q{�6PRc�~�\'^�pd\:�:Uq`�\'p�PRcdU�`�ebnBUXpdUYP[Z]\'^R_�²sîfcd\Vk%³�v�eVpx� g 9 � hiUy`R`)gxebpx�dZ�QT�6P�c�~�\V^�P�cdU�^�\Vu:P�Uq�
PR^me��FN�² � cx\Vkx`m³�|FWO\bPRU�cxUY^�ULP�cxe!PfP�cdU�Z�cdQiPRU�kxeV^sPfQ{`fpd\VPfPRcdU�\!S'UY^�cdUqe'�Hgdu:PfP�cdUBPR\VP�eVh#^RUy�:uxNKUy�
gxeVpx�:Z�Q{�6PRc@|�¢£p�g%\bP�c�NqeV`RUq`qvPRcdU�g�ebpx�:Z�Q{�6P�c�Q{`XhTQinBQiPRUq��g6j°P�cdU�^RUyNKUqQiS'UY^y| � cdQ{`XQ{`fg�UyNYeVux`sU	P�cdQT`
Q{`fZ�cdUY^�UBUYS!ebhTuxebPRQT\Vp�\b~�����MOW kxe'Nm_VUKPm`z\6NqNKud^m`qv.Z�cdQ{Nmc�QT`Xpd\!ZôUK�6P�^RUqn	Uqhij�NK\'`sPRhTjVv�eV`XUY�6kxhTeVQipdUy�
g%UYhT\!Zf|

� cdU�nBUqe'`sux^RUy��hT\'`�`fQTp�k%UY^R~�\V^�n�ebpxNYU�QT`�n�uxNmc�Z�\V^m`sU	PRc�ebp�\Vud^�kd^RUy�:Q{N�PRUy� ��� | � cdQ{`�Q{`��:uxU
PR\�P�cdUF\!S'UY^�cdUqe'��QTp�PRcdU*� Ê eVnBh�ux`RUY^Rr�hTUYS'UYh1PRcx^RUyeV��`RNmcxUq�:udhTUY^y|*M�`�nBUYpwP�Qi\'pdUq�v1NK\'pwPRUK�6P�`RZ�Q�PmNmc
PRQTnBUq`�eb^�UzuxkwZ8eb^m�d`8\V~�î'î 9 1@`Yv�Z�cdQ{Nmc�nBUyebpx`�Z�UfZ8ebpwP�PR\�nBQTpdQinBQTßYUfP�cdUYnÞeV`8nLuxNmcHeV`8k%\'`�`RQigdhTUV|
¢£pëPRcxUH^RUqlVudh{eb^�QTnBkdhTUYnBUYpwP�ebPRQT\Vp@v�Z�UH�:\»P�cdQ{`Fg6j¶n�eb_6QTpdl»kxe'Nm_VUKPRr�kx^R\:NKUy`R`RQTpdl�`RQTpdlVhTUKr�PRcd^�Uqe'�:Uq�@¥
e�`sQTpdl'hiU�PRcx^RUyeV�¤Z�ebP�NmcdUy`	eVhih�\V~�P�cdU�pdUKP[Z�\V^�_��:UqSwQ{NKUy`Yv�lV^mebg�`	e�kxe'Nm_VUYPqv�UqS!ebhTuxe!P�Uq`LPRcdUH�]�.M�W
kd^�\Vl'^�eVn�Z�Q�P�cdQTpÜ²�\V^�^R\'u:PRUy`fQ�P�³�v#ebp���P�cdUYp¶hi\6\V_:`z~�\'^�PRcxUFpdUK�6P�kxe'Nm_VUYPq|�W)\°\bP�cdUY^�PRcd^�Uqe'�d`f^�udp
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É�Qil'ud^RU � ¥ " a%UyN�P)\V~ - Uy`s\'ud^�NYU(Y]\'udpx�d`8\'p���e!P�UYpxNYj

SVUq^Rj�~�^�Uq�wudUqp'P�hij'v@ebpx��`s\�PRcdQ{`	µ Z]\'^R_'UY^Rr+P�cd^RUyeV�·xQT`zpd\VPzg%\bP�cdUY^�Uq��gwj°UY�dNKUq`�`RQiS'ULNK\'pwPRUK�6Pf`sZ�QiP�NmcxUq`q|
È)\!Z�UYS'UY^yv�Z�cxUYp¶k�eVNm_VUYP�`�eV^RU�PR\�g�U*UYS!ebhTuxe!P�Uq�Ü²®Z�cdQ{Nmc¶\:NYNYud^�`�Qip¤ebhTh]\V~)\Vud^	UK�:k%UY^�QinBUYpwPm`�\Vpxhij
\Vp�P�cdU�Uqpx�:k%\VQTpwP�`m³�v%Z]U�nLux`sP�eV�d�dQ�P�Qi\'pxebh�nBeV_VU�u�`sU�\V~1PRcdULZ�ebP�Nmcx�:\'lBPRcd^�Uqe'�*PR\�l'uxeb^m��^RUy`s\'ud^mNKU
ux`RUV|#¢£p�\V^m�:UY^�P�\B�d\B`R\	UKa<UqN�P�QiS'UYhTjVv:P�cdUXZ]\'^R_'UY^]PRcd^�Uqe'��px\!ZÜcxeV`�P�\	~�\V^�_�P[Z]\BeV�x�:Q�P�Qi\'pxebh<P�cd^�UqeV�x`
~�\V^zUqe'NmcHkxe'Nm_VUKP�PR\*g�U	UYS!ebhTuxebPRUq� ��\'pdU�P�\*UqS�eVhiu�e!PRU�PRcdU	kxe'Nm_VUKPyv%eVpx�H\'pdU�P�\*g%ULPRcdU	Z�ebP�Nmcx�d\Vl
PRcx^RUyeV�| � cdU	Z]\'^R_'UY^OPRcd^�Uqe'��PRcdUqp�Z8ebQiP�`�~�\V^�PRcxULUqS�eVhiu�e!PRQT\VpHPRcd^�Uqe'�°PR\�NK\'n	kxhiUYPRU�²�Z�cdQ{Nmc�NY\Vudh{�
cxeVkdk�Uqp�g�UY~�\V^�U�P�cdU�Z�ebP�Nmcx�d\Vl*PRcd^�Uqe'�HZ8eb_VUy`zudk�~�\V^zPRcdU7��^�`sPXPRQTn	UFebPfhiUyeV`sP 6 9�n�`Xh{e!P�UY^�³�v.eVpx�
PRcxUYp�NK\VpwP�Qip6udUy`Y| � cdQ{`Xn	Uyebpx`�P�cxe!P�e!PfhTUqe'`[Pf\VpxU	NY\VpwPRUY�wP�`RZ�Q�PmNmc�Z�QThTh#\6NqNKud^Xk%UY^fkxe'Nm_VUYPqvZ�cdQ{Nmc
pdUyeb^�hij»�:\'udgdhTUq`�PRcdU*PRQTnBU�P�\�kd^�\:NKUy`R`LeHkxe'Nm_VUKPy| � cxUY^�U*Q{`LeVhT`R\HP�cdU�eV�d�:QiPRQT\Vp�ebh8NK\'`sPL\V~)PRcx^RUyeV�
NK^�UqebPRQT\Vp�ebpx��NKhTUqeVp6udk�e'�d�:Uy��k%UY^Rr�k�eVNm_VUYPq|

¢£p�l'UYpdUq^�eVh+v#\'ud^�~�UqUYhTQipxl�Q{`�P�cxe!PBg%UKPsP�UY^B^�udpwPRQTn	U�`Rj6`sPRUqn `sudkxk�\'^sPBQT`LpdUqUq�:Uy�»PR\�QinBkdhTUYnBUqp'P
^�Uq`R\Vud^mNKUBNK\'p'P�^R\'h#k�\'hiQ{NKQTUq`XUn�FNKQTUYpwPRhTjV| 3 UV· ��hTQi_'UFe�P�cd^�UqeV�x`f`sj:`sPRUYnòZ�Q�P�c»`sn�ebhTh�NY\VpwPRUY�wPRrt`RZ�QiP�Nmc
PRQTnBUq`�ebpx��PRcdUzebgdQThiQiP[j	PR\�e'`R`R\:NKQ{e!P�U)^RUy`s\'ud^mNKU�k%\VhTQTNYQiUy`O²®NY\!SVUq^RQTpdlfnBUYnB\V^�jVv Ê ��}�vw�dQT`R_<v'UYP�Nb|Ì³LZ�Q�P�c
e�PRcd^�Uqe'�FZ�cdQ{Nmc*Nqebp�g%UXU �FNKQTUYpwP�hijFUqp:~�\V^mNKUy�v6UYQiPRcdUq^8gwjBP�cdUf`sj:`sPRUqn�\V^8g6jBPRcdUXkd^�\Vl'^�eVn�|�¢[�:UqeVhihTjVv
PRcxUq`RUXPRcd^�Uqe'�d`�Z]\'udhT�*n�ebk�PR\��X¸wrthTUYSVUqh%PRcd^�Uqe'�d`�PR\BPmeb_VUXeV�dS�eVpwP�ebl'U�\V~�nLudhiPRQTkdhiUfkx^R\:NKUy`R`R\V^m`z²�pd\VP
NKux^R^�UYpwPRhTj�e�S�eVQih{ebgxhiUFQTp¯� Ê eVn	hÏ³�|�M G�\6¸�\Vk%UY^me!P�Qipxl�`sj:`sPRUqn�`RuxNmc�e'`LWOUYnBUq`RQT`�� ; ¡8n	QTlVcwP	g�U�e
^�UqeV`R\Vp�ebgdhTU8gxeV`RQT`�~�\'^�`RuxNmcFef`sj:`sPRUqn�|1M)hiPRUq^Rp�e!PRQTSVUqhij'v'eXnB\V^�U)`RudQ�PmebgdhTU�QTn	kxhiUqn	UqpwP�e!P�Qi\'p�hTeVpdlVu�eblVU'v
`RuxNmc�e'` " ^�hTeVpdl���îY¡�v:nBQTlVcwP)g�Ufu�`sUy�|

� J¤C�G��.A P O�? O��^M�� M�?	A
��^�QTSwQThTUYlVU	P�\HQip6S'\V_VUBk%\bP�UYpwPRQ{ebhThij�udpx`�e!~�U*`sUq^RS6Q{NKUq`z~�^�\Vn�����MOW�kx^R\'lV^mebn�`zQT`L�:Uq`�NK^�Qig%Uq�»eVpx��UYp:r
~�\V^mNKUy�	gwj	ef`sj:`sPRUqn§\b~<P�^Rux`sP�n�ebpxeVlVUqn	UqpwPq|�¢£p�kxeb^RPRQ{NKudh{eb^yvb\'ud^�eb^mNmcdQiPRUqNKPRud^�U�n�eb_'Uq`1ux`RU�\b~@`RUKP�`�\b~
kd^�Qip�NKQTkxebh{`Yv:Z�cxUY^�UzUyeVNmc*kd^RQTpxNYQikxeVhQT`)QT�:UqpwPRQ4�xUq��g6j�e	kdudgdhTQ{NX_VUYj'vd`su�Nmc�P�cxe!P�Uqe'Nmc*nBUqn�g%UY^�\b~�PRcxU
`RUKP#QT`1l'^�eVpwPRUq��PRcdU)`�ebnBU�kd^�QiS6QThiUqlVUV| � cdU�`sUYP�`#eV^RU�`RUKP#udkB`s\zPRc�e!P1PRcdUqj�eb^�U8pd\Vpdr�\!S'UY^�hTeVkdkdQTpdlx¥<nB\V^�U
kd^�QiS6QThiUqlVUy�Fux`RUY^m`�UK�:kxebp���PRcxU�P�^Ru�`[P)ebhThT\bPRUy�FP�\�P�cdUYQT^�hTUq`�`[rtkd^�QiS6QThiUqlVUq��NK\Vuxp'P�UY^�kxeb^RP�`q| 3 cdUYp�e	^Rudpdr
pdQTpdlf����MOWëkd^�\Vl'^�eVn�Qip6SV\'_VUy`�eX`RUY^�SwQ{NKU8Z�cdQ{Nmc	^RUy�'uxQi^�Uq`1kd^�QTSwQThTUYlVU'v�PRcdU�kx^RQTpxNKQTkxeVhdeV`�`s\:NKQ{e!P�Uq�LZ�Q�P�c
PRcxU�kxe'Nm_VUKP�QT`zebu:P�cdUYpwP�QTNqe!PRUy�v<ebpx��P�cdUYp�PRcdUL\Vk%UY^me!P�Qi\'p°QT`�ebu:P�cd\V^�QißqUq�|O¢t~�UYQiPRcdUq^�eVu:PRcdUqpwPRQ{NYe!P�Qi\'p
\V^)eVu:PRcx\V^�Qißye!PRQT\Vp�~®ebQThT`qv6PRcxUf\Vk%UY^me!PRQT\Vp�Q{`8pd\bP)k%UY^�nBQ�PRPRUq�@|

¢£p¯PRcdQ{`�`RUqNKPRQT\Vp@v�Z�UH�:Uy`RNY^RQTg�U°nBUyNmcxebpdQ{`RnB`Fux`sUy�ëg6j¤����MOWÝkx^R\'lV^mebn�`L~�\V^�eVu:PRcdUqpwPRQ{NYe!P�Qi\'p
ebp��»ebu:P�cd\V^�Qißye!P�Qi\'p@|°Éd\V^�PRcdU�~�\V^�nBUY^yv�Z�U�Nmcd\6\'`RU�P�\°P�eV_VU�eVp�ebkdkd^�\'e'Nmc�QTp�Z�cdQ{Nmc�`RUY^�SwQ{NKU*NYebhTh{`
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É�QTlVux^RU g ¥ " a%UyN�P�\b~ - Uy`s\'ud^�NYU Y�\'udpx�d`8\'p Y8eVpx�:Z�Q{�6PRc

^�Uq�wudQT^RQTpdl°kd^�QiS6QThiUqlVU�nLux`[P	g�U�UK�:UqNYu:PRUy�»Qip�P�cdU*NY\VpwPRUY�6P�\b~)`R\VnBU�ebudPRcdUqp'P�QTNqe!P�Uq�»NK\:�:U'|HÉd\'^�PRcxU
h{e!PsP�UY^yvbZ�U�ux`sU�P�cdU G�udUq^Rj Ê Uq^sP�Q���Nqe!P�U)ËHebpxeVlVUq^8� H�¡dP�\��:Uq`�NK^�QTg�U�`RUKP�`�\b~�kx^RQTpxNKQTkxeVhT`#e'`#Z]Uqhihde'`�PRcdUqQi^
kd^�QiS6QThiUqlVUf^�UYh{e!P�Qi\'px`scxQikx`q| � cxUq`RUXP[Z]\FeVkdkd^�\'eVNmcxUq`8eb^�U��:UYS'UYhT\Vk%Uq��ebp��°�:Uq`�NK^�Qig%Uq��QTp�PRcdU�pdUK�6P)P[Z�\
`Rudgx`RUqN�P�Qi\'px`q|

�)ásà êÑå�èdìOã��]è:çRä 	�è:ç � �
Y�UK~�\'^RUHe»�]�.MOWÞkx^R\'lV^mebn n�e�j�QTp6SV\V_'U°e�PR^�ux`[P�Uq�Ñ`RUY^�S6QTNYUVv�Q�Pm`�eV`�`R\6NYQTebPRUy�¶kd^�QTpxNKQTkxebhOn�ux`sP�g%U
�:UYPRUY^�nBQipxUq�¹OPRcdQ{`FQ{`BPRcxUHkd^�\6NYUq`�`B\b~febu:P�cdUYpwP�QTNqe!PRQT\Vp.|¼M)udPRcdUqp'P�QTNqe!P�Qi\'pÑQT`BP[j6kdQ{NYeVhihTj¤�d\VpdU°QTpÑe
kdudgxhiQ{N�rt_VUqjX`RUKPRPRQTpdlzgwjXS'UY^�Q�~�j6QTpdlOez�:Qil'Q�Pmebh6`sQTlVp�e!PRux^RU�\!S'UY^�`s\'n	U]kdQTUqNKU�\b~x�xe!P�ex| � cdU �x^m`[P1�wudUq`sPRQT\Vp@v
PRcxUYp@vdQ{`�Z�cxe!P�kdQTUqNYUX\b~��xe!P�e	Z�QThihg%Uf`sQTlVpxUq� $���pxUOP�cdQipxlLP�cxe!PO`Rudl'lVUq`sP�`]QiP�`RUYhi~�Q{`8e	�]�.M�W mÚ6Ô:Ù��!|

M4Nmc6udpd_�²®\V^
�b\:�:U(� ����,.³�nBe�j�g%UXPRcx\Vudl'c'P�\V~�eV`8eL~�udpxNKPRQT\Vp�PRc�e!P)Q{`8Z�eVQ�P�QipdlLPR\Bg%U�ebkdkxhiQTUq�|
¢£p*�]�.M�W�v:Nmc6udpd_:`]eV^RU
�x^�`sPsr£NKh{eV`�`qvweVpx�FNK\'px`RQT`sP]QTpwPRUY^�pxeVhihTjB\b~�`R\VnBU��]�.M�W¼NY\6�dUL²�Qi~�pxUqNKUy`R`�eb^�jd³�vwe
~�udpxNKPRQT\Vp*pxebnBUVv:eVpx�Fe�hTQ{`[P8\b~@S!ebhTudUy`�P�\�g%U�ux`RUq��eV`�eb^�lVudnBUYpwPm`��:ud^�QTpdl�P�cdUzeVkdkdhTQTNqe!P�Qi\'p@| Ê c6udpx_6`
eb^�U�`Rk�UyNKQ4�xUq�¤`sj6pwP�e'N�P�QTNqebhThij�Qip¯����MOW g6j»`Rud^R^�\Vuxpx�:QTpdl�e°~�uxpxN�P�Qi\'p¤NYeVhih�Z�QiPRc���· `Y|T|�M´Nmc6udpd_�QT`
P[j6kdQ{NYebhThTjLux`RUq�*eV`]ebp�eV^Rl'udnBUYpwP�PR\ 3 À$4dÂ)5<Æ�%:Âf\V^ 3 À��dÂ�¿yÁwÅ �xÆ'ÃXPR\L`Rk%UqNKQi~�j�`s\'nBU�NK\:�:UOPR\LUYS!ebhTuxe!P�U
^�UYnB\bP�UYhTjV|�MôNmc6udpd_°n�e�jHebh{`s\*g�UBUqS�eVhiu�e!PRUy�HhT\:NYebhThTj°gwj°k�eV`�`sQTpdl�QiPXPR\*PRcdUFÂ
z@�A�`RUY^�S6QTNYUVv<Z�cdQ{Nmc
^�Uq`R\VhTSVUq`�PRcxU*~�uxpxN�P�Qi\'p¯p�ebnBU�Z�Q�P�c¶P�cdU°NKud^�^RUqpwPBUqp6SwQT^�\VpdnBUYpwPyv�k�Uq^s~�\'^Rn�`LPRcxUHebkdkdhTQ{NYe!P�Qi\'p@v�eVpx�
^�UKPRux^Rpx`�P�cdUf^�Uq`Rudh�Py|

3 UV· SVUOe'�d�:Uq��ebp�e'�d�:QiPRQT\VpxeVh�`RUY^�SwQ{NKU�NYebhThTUq��@:��%'Å�� z@�AzZ�cdQ{NmcBP�eb_'Uq`]eV`�eb^�lVudnBUYpwPm`�e�Nmc6udpd_<v6e
�:QTlVQiP�eVh<`RQTlVpxebPRud^�UVv6ebpx�*e�kxudgdhTQTNz_VUqjVvwPRcxU�h{e!PRPRUY^�P[Z�\L^�UYkx^RUy`sUqp'P�Uq�Fe'`]�]�.M�W�S!ebhTudUy`]\V~@P[j6k�U �BAwÆ��
²�nBUyebpdQTpdl�udpx`sPR^�uxNKPRud^�Uq�°�debP�ew³�|(@:��%wÅ���z@�ALSVUq^RQ4�xUy`�PRcdU�`RQTlVpxebPRud^�Ufebl'eVQip�`[P�P�cdU�gdQTpxeb^�j�^�UYkx^RUy`sUqp:r
P�ebPRQT\Vp*\b~.P�cdUfNmc6udpd_<v:eV`8�:U ��pdUq�*g6jBPRcdUf`sP�ebp��deb^m�F����MOW¼kd^�\VlV^mebn Z�QT^RUz^�UYkd^�Uq`RUYpwP�ebPRQT\Vp@|�¢t~�`RuxNKr
NKUy`R`s~�udh�vVP�cdUXNmcwuxpd_LQ{`]UYS!ebhTuxe!P�Uq�Fe'`�QTp*Â
z@$Ax¹w\bP�cdUY^�Z�QT`RUVvVPRcdUzUK�dNYUYk:P�Qi\'p�����%wÅxÂVÀ$%<¿��:@�%%¿bÆVÀ�	z@x¿�AwÂ:?
Q{`f^�eVQT`RUq�@|F½Oud^�QTpdl�PRcdU�UYS!ebhTuxe!P�Qi\'p�\V~]P�cdUFNmc6udpd_<v@P�cdU�eVu:PRcdUqpwPRQ{NYe!P�Qi\'p»NK\:�:UB_VUqUYkx`XP�^�e'Nm_H\b~�PRcxU
ebudPRcdUqp'P�QTNqe!P�Uq�°kd^�QTpxNKQTkxebh�g6j°eV`�`s\:NKQ{e!P�Qipxl�Q�PXZ�Q�P�cHP�cdULNYud^R^�UYpwP�PRcd^�Uqe'��QT�| 3 cdUqpHPRcxU	Nmc6udpd_�P�UY^Rr
nBQip�e!PRUy`Yv<P�cdU�eV`�`s\:NYQTebPRQT\Vp°Q{`X^RUqn	\!S'Uq�| � cdQ{`zZ�e�j'v<Q�~8ebp6jH`sUq^RS6Q{NKULQip6SV\'_VUy�HeV`ze�^�Uq`RudhiPz\V~�Nmc6udpd_
UYS!eVhiuxebPRQT\Vp�Z�Q{`scdUy`XPR\�k�Uq^s~�\'^Rn�ebu:P�cd\V^�Qißye!P�Qi\'p@v.QiP�n�e�j�e'`s_�PRcdU�eVu:PRcxUYpwPRQ{NYebPRQT\Vp�`RUY^�SwQ{NKU	~�\'^�PRcxU
kd^�Qip�NKQTkxebh�|9Y�UqNYeVux`RULe�NqebhThiUq^q· `OPRcd^�Uqe'�HQ{��NYeVpdpd\VPzg%U�~�\'^Rl'Uq�v%P�cdQT`Xkx^R\!S6Q{�:Uq`�e*`�e!~�U	Z�e�j*PR\*PR^meVNm_
eFkx^RQTpxNKQTkxeVh.Z�QiPRcd\'u:PzZ�\V^�^�jFPRc�e!Pz`R\VnBU�n�eVhiQ{NKQT\Vux`z`RUY^�SwQ{NKUfZ�QThTh1Nmc�ebpdl'UXPRcdUBeV`�`s\:NYQTebPRUq��kx^RQTpxNKQTkxeVh
e!~ÏP�UY^8P�cdU�ebu:P�cdUYpwP�QTNqe!PRQT\Vp�kdcxe'`sU'|

� cdUq^RUFeV^RU	P[Z�\°_VUYj�eV�:S!eVp'Pmebl'Uq`zPR\�P�cdQ{`�ebkxkd^R\weVNmc@|���pdU�QT`�PRcxebPLe�kd^�Qip�NKQTkxebh�`RQTlVpx`fUY�deVN�P�hij
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PRcxU�kdQiUyNKUB\b~8NK\:�:UBcdUBZ8ebpwP�`zP�\�UY�:UqNKudPRUVv�ebpx��n�e�jH\VpdhTj°cxe�S'ULUY�wP�^�e�kd^�QTSwQThTUYlVU	Z�cdQThiUBUY�6UyNKu:P�Qipxl
PRc�e!P8kdQiUyNKU�\b~.NK\:�:U'|�¸6UqNY\Vpx�:hTjVv6\'pdhij	P�cd\'`RUOkd^�\Vl'^�eVn�`#Z�cdQ{NmcF^RUy�wudQi^�UOeVu:PRcd\'^RQTßqebPRQT\Vp�Z�QThih<cxe�S'U�PRcxU
UK�6P�^�eLPRQTnBU�ebpx��`RkxeVNYUz\!S'UY^�cdUqe'�d`q|

� cdUq^RU	eb^�ULebh{`R\FPRcx^RUqU�kd^�\VgdhTUYn�`�Z�Q�P�c�P�cdQ{`zeVkdkd^�\'e'Nmc@| � cxU?�x^m`sP�Q{`OP�cxe!PzPRcxU	eVu:PRcdUqpwPRQ{NYe!P�Qi\'p
k%UY^R~�\V^�n	Uy��cdUq^RU)Q{`XÐ!Ù%���£Í�Î���Î!Ô:��Úd�YÙx��¬®mÎ!��¬®Ð!Ù�| 3 cdQihTU)P�cdUzkd^R\'lV^mebnoQT`�ebu:P�cdUYpwP�QTNqe!PRQTpdl�QiP�`RUYhi~@P�\�PRcxU
pd\:�:U'v!PRcdU�px\6�dU�pxUYSVUq^�ebu:P�cdUYpwP�QTNqe!PRUy`�Z�Q�P�cLP�cdU�kd^�Qip�NKQTkxebh�| � cdQ{`#NK\'udh{��g%U)ezkd^R\'gdhTUYníQi~%ezkd^�\Vl'^�eVn
Q{`��:QTSVUq^sP�Uq�X~�^�\Vn4QiP�QTpwPRUqpx�:Uq���:Uq`sPRQTpxe!P�Qi\'pLeVpx�fQTpwS'\V_'Uq�X\VpLeO�:Qia%Uq^RUqpwP�pd\:�:U'| � cdU8`sUyNK\'px�fkd^�\VgdhTUYn
Q{`fPRc�e!P�P�cdUY^�UFQ{`�pd\VPRcdQTpdl°lVu�eb^m�:QipxlHebl'eVQip�`[P�^�UYkdh{e�j�ebPsP�e'Nm_:`Y| � cdQ{`�Q{`�UK�de'NKUY^�gxebPRUq��g6j�P�cdUF�x^m`sP
kd^�\VgdhTUYn�|#É�Qip�ebhThij'vdZ]UfeV^RUXux`RQipxl	kxudgdhTQTNX_'UYjF\'k�Uq^�ebPRQT\Vpx`qv6Z�cdQTNmc°eV^RUXpd\VPR\V^�QT\Vux`Rhij�`Rhi\!Zf|

� \¤eV�x�:^RUy`R`FPRcdUy`sU�kd^�\VgdhTUYn�`qv)Z�U�n�eb_'U�ux`RU�\V~Le�kd^�\bP�\:NK\Vh�Qip¼Z�cdQ{Nmc�e¶u�`sUq^*ebp���e�px\6�dU
ebudPRcdUqp'P�QTNqe!P�U�Uqe'Nmc�\VPRcdUq^Oebp��*l'UYpdUq^�ebPRU�e�`Rcxeb^�Uq��`RUqNY^RUYP�~�\V^�~�u:P�ud^�U�NK\'n	nLudpdQ{NYebPRQT\Vpx`qvxQ{�:UYpwP�Q��xUy�
g6jzeVp�¸:��¢�| � cdU�kd^�\bP�\:NK\VhVQT`.Uq`�`sUqp'P�QTeVhihTj�eO`sQTlVpdUy�XSVUq^�`RQi\'pX\b~d½OQw��UKr£È)UqhihTn�ebpfZ�QiPRc�e8~�UqZ�S�eV^RQ{e!P�Qi\'px`qv
ebp��°Z]\'^R_:`�eV`�~�\'hihT\!Z)`q| � cdULkd^RQTpxNYQikxeVh�QTpwPRUq^RUy`[P�Uq�°QTp�ebudPRcdUqp'P�QTNqe!P�Qipdl*Q�Pm`sUqh�~�`sUqpx�d`�Q�Pm`OkduxgdhiQ{NL_VUYj
PR\�PRcdUO�dUq`RQi^�Uq�Bpd\:�:U�eV`R_wQTpdlXP�\�`[Pmeb^RP#PRcdU�kd^�\bPR\:NY\Vh�|.¢t~PRcxU)pd\:�:UOZ�Q{`RcdUq`1P�\�ebudPRcdUqp'P�QTNqe!P�U)Z�Q�P�c�PRcxU
^�Uq�wudUq`sPRQTpdlFkx^RQTpxNKQTkxeVh+v%Q�PzlVUqpdUY^me!P�Uq`)QiP�`�kdudgxhiQ{N�eVpx�°kd^�QiS!ebPRU�½OrtÈ§S!ebhTudUq`qv`sQTlVpx`)PRcdUqn�v<eVpx�°`RUYpx�d`
PRcxU�^�Uq`Rk�\'px`sU'|z��p°^�UqNKUqQikdP�\b~#P�cdQ{`OnBUq`�`�eblVU'vdP�cdU�QTpdQiPRQ{e!PRQTpdl*kd^RQTpxNYQikxeVh�l'UYpdUq^�ebPRUy`�Q�Pm`O\!Z�p°S!eVhiudUy`Yv
`RQil'px`)P�cdUYn�v@eVpx��`RUYpx�x`OP�cdU	n	Uy`R`�ebl'U�P�\FPRcxU	px\6�dUV|fM�PXPRcdQ{`zk�\'QipwPqvg%\bP�c�kxeV^sP�QiUy`�Nqebp�NK\Vp�`[P�^RuxNKP
PRcxU�`Rcxeb^�Uq�¤`sUyNK^�UKPy|�MOhih�nBUy`R`�ebl'Uq`�QTp�P�cdU�kd^�\bPR\:NY\Vh8NK\VpwPmebQTp�UK�:kdQT^�ebPRQT\Vp»P�QinBUq^�`Bebp���pd\'pxNKUy`�P�\
kd^�UYS'UYpwPf^RUqkdhTe�j'v@eV`XZ�UYhTh�eV`XUY�:Nmc�ebpdl'ULQ{�:UYpwP�Q��xUq^�`q| � cdUq`RUBUK�dNmcxeVpdlVU	QT�dUYpwPRQ4�xUY^m`feb^�UBux`RUq��e!PfPRcxU
NK\'pxNKhTux`RQi\'p*\V~.P�cdUfkd^�\bPR\:NY\Vh<PR\�NY^RUye!PRU�¸:��¢�· `�~�\'^8~�u:PRux^RUfux`RUX\b~�PRcdU�`RcxeV^RUy�*`RUqNY^RUYPq|

��pxNYUFPRcxU�kx^R\VPR\:NK\'h�Q{`	NY\VnBkdhTUKP�UVv�k�eb^RPRQTUq`LnBe�j�ux`RU*PRcdU�`sc�eb^�Uq��`RUqNY^RUYPLP�\�eVu:PRcdUqpwPRQ{NYe!P�U*S6Q{e
ÈOË�M Ê r£¸:È�M�î�� � ¡t| � \�kd^RUqSVUqp'P�^�UYkxhTe�j'v.Uqe'Nmc»kd^�QipxNYQik�ebh�e'`R`R\:NKQ{e!PRUy`feHNK\'udpwPRUq^�Z�Q�P�c»PRcxU�`sc�eb^�Uq�
`RUqNK^�UKPy| � cdQ{`�NY\VudpwP�UY^OnB\'pd\bP�\VpdQ{NYeVhihTj�QTpxNK^�Uqe'`sUy`)Z�QiPRcHUyeVNmc°nBUq`�`�eblVU'v�`R\�PRc�e!PzeVp6j*nBUq`�`�eblVU�PRcxebP
Q{`�^RUyNKUqQiS'Uq�¤Z�Q�P�cëe�hT\!Z�UY^�NK\'udpwPRUY^�S!eVhiudU°Q{`�^�U�T[UyN�PRUy�| � \»�:UqeVh)Z�Q�P�cë\Vu:PRr�\V~Ïr�\'^��:Uq^��:UYhTQiS'UY^�jVv�e
`RhiQ{�:QTpdlfZ�Qip��:\!Z¯`�NmcdUqn	U�n�e�j�g%U)ux`RUq�	^me!P�cdUY^#P�cxebp�ef`RQipxlVhTU)NK\Vuxp'P�UY^#S!ebhTudU'| 3 U�^�UK�xUyN�P#PRcxU)ux`RU�\b~
ÈOË�M Ê r£¸:È�M�î�QTpH����MOW4g6j*eVh�P�UY^�QipxlBPRcdU�`RQTlVpxebPRud^�UX\b~+@:�$%wÅ�� z@$A�P�\�P�eV_VU�e�Nmc6udpd_�ebpx��eBP�udkdhTU
NK\'px`RQT`sPRQTpdlF\V~#PRcdULPRcdUB¸:��¢�v�PRcxULNK\'udpwPRUq^qv<ebpx�°PRcdUBÈOËHM Ê `RQTlVpxebPRud^�U�\!SVUq^OebhTh�\b~#PRcxU�kd^�UYS6QT\Vux`Rhij
nBUYpwPRQT\VpxUq��Q�P�UYn�`q|

�)á�# êÑå�èdì���æxç � 	�èdç����
��pxNYUHe��]�.M�WÞkd^R\'lV^mebn ²®n	\'^RUH`Rk%UqNKQ4��NqebhThij'v�e»Nmc6udpd_d³	cxe'`Bg�UqUYpÑebudPRcdUqp'P�QTNqe!P�Uq�v8QiP�n�ux`sPFg%U
ebudPRcd\'^RQTßYUy��g%UK~�\'^RU�QiPLNqebp�ux`RU�NKUq^sPmebQTp�`RUY^�S6QTNYUq`q|F¢£p»\Vux^�`sUyNKud^�QiP[j�eb^mNmcdQiPRUyN�PRux^RU'v.Uqe'Nmc»`sUq^RS6Q{NKUBQT`
eV`�`R\6NYQTebPRUy�XZ�Q�P�c�Z�QiPRcL`R\VnBU]hiUqSVUYhw\b~dkx^RQTS6QihTUYl'UV| � cxUq`RU�hTUYSVUqhT`@~�\V^�n�e)k%\'`RUKP#`suxNmc�PRcxebP�Qi~�e)kx^RQTpxNKQTkxeVh
cxe'`ze*kd^�QiS6QThiUqlVULhiUqSVUYh�	svQ�Pfn�e�j°Qip6S'\V_VUL`sUq^RS6Q{NKUq`Xe'`R`R\:NKQ{e!PRUy�°Z�QiPRc�hiUqSVUYh�	[v@e'`zZ]Uqhih#eV`X`RUY^�S6QTNYUq`�\b~
hTUYSVUqhñ `RuxNmc�P�cxe!P)ñ ó 	[|

� cdQ{`)ebkxkd^R\weVNmc*cxeV`�P�cdU�eV�dS�eVpwP�ebl'U�\V~1`�NYeVhTeVgdQThiQiP[jV|�¢t~1Z�Ufcxe�SVU��°kd^�Qip�NKQTkxebh{`)ebp�����kd^R\VPRUyN�PRUy�
`RUY^�SwQ{NKUy`YvxZ]U�n�e�j�\VpdhTj�cxe�SVUXP�\Fn�eb_VU�� <���e'`R`R\:NKQ{e!PRQT\Vp�` ��Uqe'NmcH`sUq^RS6Q{NKU�ebp���UqeVNmc�kd^�QTpxNKQTkxebh�QT`
eV`�`R\6NYQTebPRUy�*Z�QiPRc�\VpdU�hTUYS'UYh@\V~�kd^�QiS6QThiUqlVUV|�M�nB\'^RU�p�ebQTSVUfQTn	kxhiUqn	UqpwP�e!P�Qi\'pHnBQil'cwP�eV`�`s\:NYQTebPRUfudk�P�\
�F`RUY^�SwQ{NKUy`�Z�QiPRc�Uqe'NmcFkd^�Qip�NKQTkxebh�vw~�\V^8udk*PR\	��
���e'`R`R\:NKQ{e!P�Qi\'px`Y|#�O~�NK\'ud^m`sU'vwZ�UXNK\VuxhT��UYpxNY\6�dUOP�cdQT`
pxeVQiS'UXeVkdkd^�\'e'NmcFZ�Q�P�c°\Vud^m`�g6j�eV`�`s\:NYQTebPRQTpdlLUyeVNmc�kd^�QipxNYQik�ebhZ�QiPRc�n�udhiPRQTkdhTUq`�hTUYS'UYh{`8\b~1kd^�QiS6QThiUqlVUV|

3 U�QinBkdhTUYnBUYpwP#P�cdQT`]ebkdkx^R\weVNmc�QTp�����MOWÑeV`�~�\'hihT\!Z)`q| 3 cdUqp�Qip6SV\'_VUy�f~�^�\VnoeX�]�.MOWëkx^R\'lV^mebn�v
Uqe'Nmcëkd^R\VPRUyN�PRUy�ë`sUq^RS6Q{NKU°Q{`F^�Uq�wudQT^RUy�¶P�\�NYeVhihzebpÑebu:P�cd\V^�QTßqe!P�Qi\'pÑ`sUq^RS6Q{NKUVv�kd^�\!S6QT�:QTpdl»QiP�`�hiUqSVUYhO\b~
kd^�QiS6QThiUqlVU 	�LeV`febp»eV^Rl'udnBUYpwPq| � cdQ{`�ebudPRcd\'^RQTßqebPRQT\Vp�`RUY^�S6QTNYU��'uxUY^�QiUy`zPRcdUFeVu:PRcdUqpwPRQ{NYe!P�Qi\'p�`RUY^�S6QTNYU
PR\¶\Vg:PmebQTp¤P�cdU�NYud^�^RUqp'PFkx^R\'lV^mebn�· `	kd^�QTpxNKQTkxebh8�.v�ebp��¯PRcdUqpÑhi\6\V_:`�uxkëPRcxebP*kd^�Qip�NKQTkxebh�· `FhiUqSVUYhO\b~
kd^�QiS6QThiUqlVU 	���²�cd\!Z�P�cxe!P�_Rhi\6\V_6QTpdl�uxk�`�QT`X�:\'pdULZ�QThTh#g�UBUK�:kdh{ebQTpdUy��`Rcd\V^RPRhTjd³�|�¢t~ 	�	ó 	��FP�cdUYp�PRcxU
`RUY^�SwQ{NKUXQTp6SV\:NYebPRQT\Vp�Q{`�ebkxkd^R\!S'Uq�|

� \z_'UYUqkLP�^�e'Nm_f\b~%PRcdU�kx^RQTS6QihTUYl'U8eVhihT\!Z�Uq��PR\fkd^�Qip�NKQTkxebh{`YvVZ]U�n�eb_'U8ux`sU8\V~�P�cdU G�udUq^Rj Ê Uq^sP�Q��%NYe!P�U
ËHeVpxebl'UY^F� H!¡z² G Ê Ë�³�|NG Ê Ë kd^�\!SwQ{�:Uy`fe°nBUqebp�`f\b~)�:Uy`RNY^RQTgdQTpdl�PR^�ux`sPRUq�@v1�dQT`sPR^�Qigxu:PRUy���de!Pmebgxe'`sUy`
QTpHPRcxU�~�\'^RnÞ\b~�`sUYP�`q|XÈOUY^�UVv<Z�ULux`RU7G Ê Ë PR\��:Uq`�NK^�Qig%U�� `sUYP�`z\b~�kx^RQTpxNKQTkxeVhT`qv<Z�cdUY^�ULUyeVNmcH`RUKPXQT`
eV`�`R\6NYQTebPRUy�XZ�Q�P�c�e)pd\:�:U]Qip�PRcdU�k�\w`sUYPq| � cdU]`RUqNYud^RQiP[jz^RUqhTebPRQT\Vpx`RcdQTk�ebnB\Vpdl)PRcdU�`sUYP�`�eV`��:Uq`�NK^�Qig%Uq�Xg6j
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PRcxUzk%\'`RUKP8Q{`]QTnBkdhTUYnBUYpwPRUy��S6Q{eL`RUKP8QTpxNKhTux`RQi\'p�QTp�G Ê Ë»|:Éx\V^�UK�debnBkdhTUVv:Qi~.kd^�Qip�NKQTkxebh{` � �(� � ���  # # � $cxe�S'U�kd^�QTSwQThTUYlVUXhTUYS'UYh�	[vdeVpx��	�QT`�eBNmcdQThT��\V~�ñ�v6PRcdUqp�Z]U�`Rk�UyNKQi~�j*`RUKP4	1eV`q¥
	 7�� � � � � � �  # # � $�� �����="%��ñ

� cdQ{`8Uq`�`sUqpwPRQ{ebhThij�`sP�ebPRUy`�P�cxe!POeVhihkx^RQTpxNKQTkxeVhT`�eVhihT\!Z]Uy�BPR\Fe'NYNYUq`�`�`RUY^�S6QTNYUq`8e!P�hTUYS'UYh�	�eb^�U�P�cd\'`RUXZ�Q�P�c
kd^�QiS6QThiUqlVU�\V~�UY�:e'N�P�hij�hiUqSVUYh8	�ebpx��P�cd\'`RU�Z�Q�P�c»hiUqSVUqhT`fcxQil'cdUY^fP�cxebp 	s|*}�`sQTpdl�PRcxQT`�~�^�eVn	UqZ]\'^R_<v.eVp
ebudPRcd\'^RQTßqebPRQT\Vp�NmcdUqNm_�~�\V^��°P�\FNYeVhih.e�`sUq^RS6Q{NKUXZ�Q�P�c°hiUqSVUqh+	#^�Uq�:uxNYUq`�P�\�`sUYPOnBUYnLg�Uq^�`RcdQTk*P�Uq`sP)~�\V^ �
QTp*P�cxe!PO`RUKPy¹6PRcdQ{`�Q{`)eL~®ebQT^RhTj�`sPR^mebQTlVcwPs~�\'^RZ8eb^m��\'k�Uq^�ebPRQT\Vp�QTp G Ê Ë»|

¢t~8ux`sUy��\'pdhTjHPR\°`Rk�UyNKQi~�j�`RUKPm`X\b~8kd^�QipxNYQik�ebh{`X\Vp�k�Uq^srtpd\:�:U�gxe'`sQ{`Yv G Ê Ë Q{`Xkd^�\VgxeVgdhTjH\!SVUq^R_6QThih�|
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