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:<;>=@?BA�CEDGF�HIAKJ-=L?B?NMPORQTS>UWVX=LUZY[F\?BVBC^]ZA`_aCE;>VXQR=LC^QTS>_T=bQRFc_E=ed\S>?BA`QR=gfh=eQPJ-F�_TDi_T=LORF\Sh_EC^=jY>_TF`M
k VBOTVBF\f>VBfhdbVBfZAlOECeA�?BA`mW?X=onoA�f>fh=e_p;>A�OqnrF�QTV k A`QR=LUZF\Sh_qUh=LOTVXd\fsF�H�Aut(?X=LA`_EVBf>dbvIF\S>OR=cwxt(vzy{A�OpA�f
A�?BQR=e_Ef>A`QTV k =uORF\?BShQTVBF\f}|6~���A�nrY�?X=LOoF�Ho���e�����`�a�i�T���e�`���������@V�f>Ce?BS>Uh=K?BVBfhD�CeA`YWA�CeVXQ�]���mWSh��=e_bORYWA�C^=��
YW_TF�C^=LOEOTVBfhdoC^]�Ce?X=LO�A`Q�V�f�QR=e_En�=LU>VBA`QR=p_EF\ShQR=e_EO�A�f>U�ORQRF�_aA`d�=�OTYWA�C^=�|���flQT;>V�O�U>VBOEOR=e_TQTA`QTVXF\f}��QT;h=pJ-F�_EU
�T���e�`�������g_E=eH�=e_EO�ORY[=LCeVX�WCeA�?B?X]�QRF/?BVBfhD�CeA`Y�A�CeVXQP] w¡mWA�f>U>J�VBUhQT;�ya|¢:<;h=Gt(?X=LA`_aVBfhd�v�F\SWOR=ZVBOgA�U>VBORM
QR_aVXmWShQR=LUgA`_ECa;>VXQR=LC^QTSh_E={QT;>A`Q<C^F�F�_EU>VBf>A`QR=LO<_T=LORF\Sh_EC^=p_T=LOR=e_ k A`QTVXF\f>O�JIVXQT;>VBfjA�f>UlA�C^_TF\OEO�n£S>?XQTVXYW?B=�UhF`M
noA�VBf>O}mWA�OT=LUpF\fqORQTA`QTVBORQTVBCeA�?¤=LORQTVBnoA`QR=LO¥F�H>A`d�d�_T=ed\A`QR=�QR_aA`¦oC�Uh=LnoA�f>U}|§:�;>VBO}CE;WA`Y>QR=e_¨H�F�CeS>OR=LO¥F\fpQT;h=
t�v�A`_ECa;>VXQR=LC^QTSh_EA�?hU>=LOTVXd\f}��VBf>Ce?�S>U>VBfhdIVXQTO¨?XF�d\VBCeA�?�ORQR_ES>C^QTS>_T=�A�f>U£QT;h=(H¡S>fWC^QTVXF\f>A�?BVXQTVB=LO¥F�H�VXQTO¨U>VN�[=e_T=Lf�Q
C^F\n�Y�F\f>=Lf�QTOe|z��fu©�=LC^QTVXF\fcªh|B«`�}J�=�Uh=LOTC^_EVBm�=qQT;h=�Uh=LOTVXd\fKd�F\A�?BOzF�H�QT;h=�t(vq��A�fWU�QT;h=rA�OTOES>nrY>QTVXF\fWO
J-=ln�A`D�=lA`m[F\ShQrQT;h=gfh=eQ�J�F�_ED�|¬��f�©�=LC^QTVXF\f¬ªh|®­��-J�=lVBf¤QR_TF�U>S>C^=jmWA�CTD�d�_TF\S>fWU�D�f>F¯J�?X=LU>d�=bA`m[F\ShQ
QT;>=��°f¤QR=e_Efh=eQqfh=eQPJ-F�_TDuQRF�Y[F\?XF�d�]sA�f>UsQR_EA`¦oCoCE;>A`_EA�C^QR=e_aVBORQTVBCeOe�±A�f>UZU>V�OTCeS>OTO²;hF³J QT;>VBO{D�fhF³J�?X=LUhd�=
A´�[=LC^QTO�F\Sh_�D�=e]rUh=LOTVXd\frU>=LCeVBOTVXF\f>OL|7©�=LC^QTVBF\frªh|®µ{A�f>U�ªh|¶ª{Y>_TF k VBU>=LO�A�frF k =e_ k VX=eJ/F�H[QT;h=<;>VX=e_EA`_aCE;>VBCeA�?
t�v<MxQR_T=e=@H�F�_an�A`QTVXF\fZA�f>UGQT;h= k A`_EVXF\S>O{_T=LORF\Sh_EC^=@C^F\f�QR_TF\?-nr=LCa;>A�f>VBOTnoOe|j©�=LC^QTVXF\fGªh|®�lOTSWn�n�A`_EVX·e=LO
QT;>=oD�=e]ZH¡=LA`QTSh_T=LOqF�H�QT;h=bt�v
A`_ECE;>VBQR=LC^QTSh_T=��7A�f>UGUWVBOTCeS>OTOT=LOpA�fi=^��A�nrY�?X=oA`Y>YW?�VBCeA`QTVXF\fsJ�;>=e_T=oQT;h=



�\¸

t�v6VBO�Uh=eYW?XF³]�=LUgQRFon�A�f>A`d�= k VX_EQTS>A�?[Y>_EV k A`QR={fh=eQ�J�F�_TD�Oqw¡¹zº�»�Oaya|
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:<;>=�C^F\f>C^=eYWQ�F�H§ArCe?X=LA`_EV�fhd£;>F\S>OR=²;>A�O(?XF\fhd�m[=e=Lfj=^��VBOTQR=Lf�Q<VBf@QT;h=²mWA�f>D�VBf>dqVBf>UWS>ORQR_T]�A�O
A�fc=LORQTA`m�?BVBOT;>n�=Lf�QIJ�;h=e_T=£�Wf>A�f>CeV�A�?¥VBf>OTQTVXQTShQTVXF\f>OIA�U´ÈTS>ORQICe?�A�VBn�OIH�F�_²CE;>=LCTD�O{A�f>UcmWVB?B?�Oe�WA�f>UcOR=eQRQT?X=
n£ShQTS>A�?¨A�CeC^F\S>f¤QTO{JIVXQT;c=LA�CE;sF�QT;h=e_¯|q~ k =LfGVBf�QT;>=�C^F\f�QR=^��Q{F�H�QT;>=£��f¤QR=e_Efh=eQe�ÉQT;h=rC^F\f>C^=eYWQ²F�H�QT;h=
t�?X=LA`_EVBfhdKv�F\S>OT=jVBOqfhF�Q£=Lf�QTVX_E=L?X]sfh=eJ{|���f�«LÊ�Ê����-A�C^F\f>OTF�_TQTVBS>n�F�H<?X=LA�U>VBf>dut(A�?BVBH�F�_EfWVBAb�°f¤QR=e_Efh=eQ
©�=e_ k V�C^={º�_TF k VBU>=e_EO�H¡F�_Enr=LUgQT;h={º¨A�CED�=eQ{t�?X=LA`_EVBfhdrvIF\S>OR=@w�º(t(v²y²Ë¶Ê�­´Ì¥QRFoC^F�F�_EU>V�f>A`QR={QT;h=²=e¦oCeVB=Lf�Q
=^�hCE;WA�fhd�=�F�HWU>A`QTA�QR_EA`¦oC-H¡_TF\nÍF\fh=(fh=eQPJ-F�_TDpQRF²A�fhF�QT;>=e_L|7:<;h=(º-t(vÎn�=Lnpm[=e_¨A`d�_T=e=Lnr=Lf¤Q�VBf>Ce?BS>U>=LO
C^F\OTQ²F�H�nr=Lnqm[=e_EOT;>VXY¥�WY[=e=e_EVBfhdbC^F\f>fh=LC^QTVBF\f>OzA�f>Uu_TF\ShQTVBf>doY[F\?BVBC^]�|{ÏhF�_p=^��A�nrY�?X=��}º-t(vÐnr=Lnpm[=e_EO
noAL]G=^�hCE;WA�fhd�=lQR_EA`¦oCjm[=eQPJ-=e=Lf�fh=eQ�J�F�_TD�OrJ�VBQT;hF\ShQ�A�f�]*OR=eQRQT?X=Lnr=Lf¤QrH�=e=LOL|Gv�F³J�= k =e_¯��QT;h=gº(t(v
A`d�_E=e=Lnr=Lf�QIUhF¤=LO�f>F�Q�Y>_TF k VBUh=²A�f¤]oY[=e_TH¡F�_En�A�f>C^=²A�OTOESh_EA�f>C^=²F�_�_T=eÑW=LC^Q<A�f�]bnrF\fh=eQTA`_T]bC^F\nrY[=Lf>OTA´M
QTVBF\f>O�mWA�OR=LU�F\fl_T=L?�A`QTV k =pA�nrF\S>f¤Q�F�H¨QR_EA`¦@C²=^��Ca;>A�fhd�=LUcm[=eQPJ-=e=Lf�nr=Lnqm[=e_EOe|(Ò�A�f¤]lA`_ECE;WVXQR=LC^QTSh_EA�?
U>=LOTVXd\fjVBOTOTSh=LO�VBf k F\? k =LUbVBf@OES>CE;jA�fj�°f¤QR=e_Efh=eQ<t(?X=LA`_EV�fhdqvIF\S>OR=�_T=Ln�A�VBfjS>fh=^��YW?XF�_E=LU}|7Ó²foQT;h=�F�QT;h=e_
;WA�f>U}�§V�f>C^_T=LA�OTVBf>dbf�S>nqm[=e_{F�H(�°f¤QR=e_Efh=eQ£C^F\nrYWA�f>VX=LOpA`_T=@fhF³JÔF`�[=e_EVBfhdgF\fhMP?BVBfh=�fh=eQ�J�F�_EDs_T=LORF\Sh_EC^=
mW_TF�D�=e_EA`d�=�m¤]�d\A`QT;h=e_EVBfhdjd\S>A`_EA�f¤QR=e=LUsUh=Ln�A�fWU�H¡_TF\n1QT;h=£Y>_TF\ORY[=LC^QTV k =£CeS>ORQRF\nr=e_EOzA�f>Uun�A`QTCa;>VBfhd
VBQqJ�VBQT;GQT;h=bOR=L?B?B=e_EOeÕ§CeA`Y�A`mWVB?BVXQTVB=LOe|c~���A�n�YW?X=LO£VBf>Ce?BS>U>=oÖ�A`QR=e×It(;WA�fhd�=�ÕØO�Ö<=LA�?XMP:<VBnr=bÙ(A�f>UhJ�VBU>QT;
~���Ca;>A�fhd�=uw�Ö±:�Ù�×{y@Ë¶Ê�µ´Ìx�±ÚI_TmWV�fh=eQqÛz?XF�mWA�?-t(?X=LA`_EVBf>dl»�=eQ�J�F�_TD�ÕØO£QR_EA�U>VBf>dgÑ>F¤F�_pH�F�_£n�VBf�ShQR=LO@Ë¶Ê´ª�Ì
A�fWU�º�_EV�C^=L?BVBfh=�|ØC^F\ngÕØO¨H�ShQTSh_E=�YW?BA�f�QRF{F`�[=e_�QTVBn�=^MxmW?XF�CTD�m>_TF�D�=e_EA`d�=�H�F�_-UhF\nr=LORQTVBC�A�fWU�VBf¤QR=e_Ef>A`QTVXF\f>A�?
?BF\fhd`MPU>VBORQTA�fWC^=�CeA�?B?BO�Ë¶Ê��´Ìx|j©hS>CE;sm�S>OTVBfh=LOEO�n�F�Uh=L?�O�V�f k F\? k =bt(?X=LA`_EVBf>dbvIF\S>OR=�n�=LCE;>A�f>V�OTn�Oe�ÉJI;>VBCE;
;WA k =bfhF�Qpm[=e=LfGOTQTS>U>VX=LUZCeA`_E=eH¡S>?�?X]uH�F�_qQT;h=o��f�QR=e_afh=eQ£OEC^=Lf>A`_EVXFlJI;h=e_T=om�A�f>UhJ�VBU>QT;u=e¦oCeVX=Lf>C^]ZA�f>U
Ü F¤©bA�OTOTSh_aA�f>C^=LO<A`_T=pV�nrY[F�_TQTA�f�Qe|
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~ k =LfGQRF�U>AL]���n�F\ORQp�T©�ºÍmWA�CTD�m[F\fh=@f>=eQPJ-F�_TD�O£A`_T=bn�A�f>A`d�=LU*n�A�f�S>A�?B?X]�|lÏhF�_�=^�hA�nrYW?X=��
�T©�º�O{_T=L?X]uF\f*;¤SWn�A�fZF�Y[=e_EA`QRF�_EOqQRFunrF\f>VXQRF�_£QT;h=LVX_qF�Y�=e_aA`QTVXF\f>A�?�f>=eQPJ-F�_TD�O�A�f>UG_T=LC^F\fh�>d\S>_T=oQT;h=
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_EF\ShQR=e_EO�JI;h=LfÎfh=LC^=LOTOEA`_T]���=�|¶dh|X�<CE;>A�f>d\VBfhdZQT;h=�Y>_T=eH¡=e_T_T=LU�_TF\S>QR=�m[=eQPJ-=e=LfÎQ�J�F*=Lf>UhY[F\VBf¤QTO�QRFiA�f
A�?BQR=e_Ef>A`QR=<OT;hF�_EQR=LORQ¨YWA`QT;rVXHWC^F\fhd�=LOTQTVXF\f>O7F�_�?BV�fhD²H¡A�V�?BSh_T=LO§F�CeCeS>_7F\f�QT;h=(F�_EVXd\VBf>A�?�YWA`QT;É|§��f�A�U>U>VXQTVXF\fÉ�
QT;>=b?�VBfhDsJ-=LVXd\;�QTO�H¡F�_rVBf¤QR_EA´MPUhF\n�A�VBf*_TF\S>QTVBfhdcY>_TF�QRF�C^F\?BOlwxÓ{©�º�ÏÐË ª�­´Ì�F�_r�T©¤Mx�R©+Ë ª�ª�Ì¡yqA`_T=gCa;hF\OR=Lf
noA�f¤S>A�?�?X]gQRFbY�=e_EH�F�_En1?XF\A�UumWA�?�A�f>CeVBfhdh|p©�= k =e_EA�?¨nr=LA�OESh_T=Lnr=Lf¤Q²ORQTS>U>VX=LO�Ë¶Ê����ÉÊ\¸��ÉÊ�ñ´Ì¨_T= k =LA�?¨QT;>A`Q
QT;>=cU>V�ORQR_EVXmWS>QTVXF\f*F�H{�°f¤QR=e_Efh=eQjQR_EA`¦oCKF k =e_lA�f/�T©�ºòfh=eQPJ-F�_TD�CeA�f+m[=�;>VXd\;W?X]�S>f�m�A�?BA�f>C^=LU}�(=�|¶dh|X�
?�VBfhD�ShQTV�?BVX·LA`QTVXF\fKF\fZORF\nr=�C^_aVXQTVBCeA�?7?BVBf>D�O�CeA�fsm[=rA�O{;>VXd\;uA�Op���³M�Ê`ó�ôõJ�;>VB?B=pF�QT;h=e_p?�VBfhD�O�A`_E=rF\f>?X]
«eó�ôöShQTVB?BVB·e=LU}|�Ó�m k VXF\SWOT?X]���QT;h=e_T=pV�O<A�ORQR_TF\f>dofh=e=LUlH¡F�_�A�n�F�_T={=e¦oCeVX=Lf¤Q<J(AL]gF�H7A�?B?XF�CeA`QTVBfhd�V�f�QR_EA´M
U>F\n�A�VBfl_E=LORF\Sh_EC^=LO�w�?BVBfhDbCeA`YWA�CeVXQ�]hy�A�f>UcA�ShQRF\n�A`QR=£QT;h=p_E=L÷¤S>VB_T=LU�C^F\f¤QR_TF\?§Y>_TF�C^=LOTOe�W=LOTY�=LCeV�A�?B?X]jH�F�_
?�A`_Td�=��T©�º�O�QT;>A`Q-OTYWA�f�F k =e_��`ó�ó£fhF�Uh=LOe|�©�VBn�V�?BA`_7QR=LCE;>fWVB÷¤S>=LO�A`_T=I=LOTOR=Lf¤QTVBA�?WH¡F�_�noA�f>A`d\VBfhdq_T=LORF\Sh_EC^=
A�?�?XF�CeA`QTVBF\fjA�C^_EF\OTO<n£S>?XQTVXYW?B=��T©�º�UhF\n�A�VBfWO�QRF�VBn�Y>_TF k =z=Lf>UhMxQRF`Mx=Lf>Ugfh=eQPJ-F�_TDjY[=e_TH�F�_an�A�f>C^=�|7��f�QR=e_RM
U>F\n�A�VBf¬_T=LORF\S>_EC^=lC^F\f�QR_EF\?<=Lf>C^F\S>f¤QR=e_EO�A�f�A�U>U>VXQTVXF\fWA�?-OT=eQ�F�H�Ca;>A�?B?X=Lf>d�=LOrQT;>A`QoA`_T=lf>F�Qr=^��VBOTQR=Lf�Q
V�f�QT;h=sVBf¤QR_EA´MPUhF\noA�VBf/CeA�OT=���VBfWCe?BS>U>VBf>dsQR_ES>ORQgVBOTOESh=LOom[=eQ�J�=e=Lf9U>VX��=e_T=Lf¤QbC^F\nrY[=eQTVBfhd*�R©�º�Oe|ìÏhF�_
=^�hA�nrYW?B=��IA�f��T©�º
n�AL]+fhF�Qbm[=cJIVB?B?BVBf>dsQRFÎOT;>A`_T=uVBfhH¡F�_En�A`QTVXF\f+OTS>Ca;9A�OgVBf¤QR=e_Ef>A�?�QRF�Y[F\?XF�d�]�F�_
m�A�CTD�m�F\f>=�nr=LA�OTSh_E=Lnr=Lf�QTO�J�VXQT;rVXQTO�fh=LVXd\;¤m[F�_EVBfhd�Y[=e=e_EOe|7:<;h=<?BA�CED�F�H[OES>CE;rD�fhF³J�?X=LUhd�=�CeA�f@VBnrYWA�C^Q
QT;>={=^��=LC^QTV k =Lfh=LOTO<F�H7VBf¤QR=e_RMPUhF\noA�VBfbQR_EA`¦oC²=Lf>d\VBfh=e=e_EVBf>d�A�fWUg_T=LORF\Sh_aC^={n�A�f>A`d�=Lnr=Lf¤QIOTCa;h=Lnr=LOe|

��f*QT;>VBO�CE;>A`YWQR=e_L��J-=lA�U>Uh_T=LOEOqQT;>=bA`m[F k =�VBOTOTS>=LOqm�]GYW_TF�Y[F\OTVBfhdcAcUWVBORQR_EVXm�ShQR=LUGC^F\f¤QR_TF\?
A`_aCE;>VXQR=LC^QTS>_T=���J�;>VBCa;�J-=KCeA�?B?It�?X=LA`_EVBfhdZvIF\S>OR=¬wxt(v²ya��QRFiC^F�F�_EU>V�f>A`QR=�VBf¤QR_EA´MqA�f>U/VBf¤QR=e_RMPUhF\n�A�VBf
m�A�f>UhJ�VBU>QT;pA�?B?XF�CeA`QTVXF\f}|±ÚIf£�T©�ºsCeA�frUh=eYW?BF¯]{Az?XF�CeA�?ht�v�QRF²n�A�f>A`d�=<VXQTO§mWA�CTD�m[F\fh=�fh=eQPJ-F�_TD��\J�;>V�?X=
_E=L?X]�V�fhdpF\fgA£QT;>VX_aUoYWA`_EQP]cw¡d\?BF�mWA�?�y(t(v�MPfhF�U>=IQRF�C^F�F�_EU>VBfWA`QR=zV�f�QR=e_RMPU>F\n�A�VBfg©�ø¥Ú5f>=ed�F�QTVBA`QTVXF\flA�f>U
_E=LORF\Sh_EC^=onoA�f>A`d�=Lnr=Lf¤Qe|gÓzf>=rF�H�QT;h=omWA�OTVBCrUh=LOEVXd\fs_T=L÷�S>VX_T=Ln�=Lf�QTOzF�H(QT;h=jt�vÐA`_ECa;>VXQR=LC^QTSh_E=@VBOzQRF
=^��QR=Lf>Ub_EA`QT;>=e_-QT;WA�fb_T=eYW?BA�C^=zQT;h=z=^�hVBORQTVBfhd£fh=eQPJ-F�_TDbUh= k VBC^=LOe��Y>_TF�QRF�C^F\?BOe�hA�f>UgVBn�YW?X=Lnr=Lf¤QTA`QTVXF\f>O�F�H
V�f�QR=e_RMPU>F\n�A�VBf�Y[F\?BV�CeVX=LO7QRF�n�VBf>VBnoVX·e=(QT;h=�U>= k =L?XF�YWnr=Lf¤Q�C^F\ORQe|�:<;h=�t(v�=LfW;>A�f>C^=LO�QT;h=�OT=e_ k V�C^=LO�A�f>U
Y[=e_TH¡F�_En�A�fWC^=IF�H§QT;h=²fh=eQPJ-F�_TDjm¤]jA�U>U>VBfhd£ORF\nr=zH�S>f>C^QTVXF\f>A�?�VXQP]�QRF�QT;h=²fh=eQ�J�F�_EDjA�CeC^=LOTO<_TF\ShQR=e_EO{w¡F�_
=LU>d�={_TF\ShQR=e_EO�y(A�f>Ug?X= k =e_EA`d\V�fhdoVBfhH¡F�_En�A`QTVBF\fbH�_TF\nòQR_aA`¦oC{nrF\f>VBQRF�_EVBfhdrUh= k VBC^=LOe|

:<;>={n�A�VBfbd�F\A�?BO�QT;>A`Q�Uh_EV k =�F\S>_�Uh=LOTVXd\fbF�H¨QT;h=qt�v6A`_ECa;>VXQR=LC^QTSh_E=pA`_T=�ù

ú/û�ü}ý�þ{ÿ³ü��������¡ü��	�
����� :<;h=qt�v�A`QRQR=LnrY>QTOIQRFrY>_TF k V�Uh=²A�fg=Lf>U�MxQRF`Mx=Lf>UKC^F\A`_EOR=^Mxd�_EA�V�fh=LU Ü F¤©
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A�OTOTSh_aA�f>C^=@m�]sY[=e_TH¡F�_En�VBfhdlA`d�d�_E=ed\A`QR=g_T=LORF\Sh_EC^=j_T=LOR=e_ k A`QTVXF\f*A�?XF\fhdKQT;h=jYWA`QT;GH¡_TF\n ORF\Sh_EC^=
QRFrUh=LORQTVBf>A`QTVBF\f@;hF\OTQ-fh=eQ�J�F�_ED�Oe|�:�;>VBO�A`YWY>_TF\A�CE;jQR_EA�U>=eF`�[O(QT;h=��Wfh=^Mxd�_aA�VBfh=LU Ü F¤©oA�OEOTSh_EA�f>C^=
VBfuF�_EUh=e_²QRF�Y>_T=LOR=e_ k =�OECeA�?BA`mWVB?BVBQP]�A�f>UZ_T=LU>S>C^=rOTVXd\fWA�?BVBfhdbC^F\nrYW?X=^�hVXQ�]�|�º§=e_TMxÑ>F¯JÔA�UWn�VBOTOTVBF\f
C^F\f�QR_EF\?�VBO{Y�=e_EH�F�_En�=LUsF\f>?X]sA`QpQT;>=�=LUhd�=o_EF\ShQR=e_EOe�±mWShQpVBQ{OT;hF\S>?BUZQTA`D�=jVBf¤QRF�C^F\f>OEVBUh=e_EA`QTVXF\f
QT;h={_T=LOT=e_ k A`QTVBF\flORQTA`QTS>OIA�f>UbQR_EA`¦oC²Ñ�S>C^QTS>A`QTVXF\f>O<J�VXQT;>VBfjQT;h={U>F\n�A�VBf}|

ú/ý�
��������	�
�
������� :<;h=@t(vò;>A�O{A�;>VX=e_EA`_ECa;>VBCeA�?¨QR_T=e=jORQR_ES>C^QTS>_T=rQT;>A`QpCeA�fiVBf>C^_T=Lnr=Lf¤QTA�?B?X]uOTCeA�?X=
QRF�OTShY>Y[F�_TQ-Ar?BA`_Td�=²S>OR=e_(mWA�OT=ow�V |¶=�|X�>?BA`_Td�=zd�=eF�d�_EA`YW;WVBC�_T=ed\VXF\f>O�A�f>Ub?BA`_Ed�= k F\?BS>nr=�F�H±OEVBnqSW?NM
QTA�fh=eF\S>O²CeA�?B?�Oaya|��s=rORQR_aV k =qQRFbn�VBfWVBn�VX·e={QT;>=£f�S>nqm�=e_�F�H�ORQTA`QR=LO²noA�VBf�QTA�V�fh=LUKV�fl=LA�CE;GfhF�U>=
F�H¨QT;h=qt(v8A�f>UbQT;h={m�A�CTD�m�F\f>=²_TF\ShQR=e_EOe|

ú���� 
���!"�#�%$&!��('£ü�ÿ*) +,�*�
�
��-��.�*�¡ü��/� :<;h=zt�v5A`QRQR=LnrY>QTO(QRF�F�Y>QTVBnoVX·e=�QT;h=�F k =e_aA�?B?�QT;h_TF\Shd\;�M
YWShQ7J�;WVB?X=(Y>_T=LOR=e_ k VBf>d�QT;>= Ü F¤©�F�H[A�U>n�VXQRQR=LUoCeA�?B?BO7m�]�Y�=e_EH�F�_EnoVBfhdzA�U>n�VBOTOEVXF\f�C^F\f�QR_TF\?WmWA�OR=LU
F\fgVBfhH¡F�_En�A`QTVXF\fjF�H§QT;h=²=Lf�QTVB_T=²fh=eQPJ-F�_TDbORQRF�_T=LUgVBfjQT;h=pt(v6U>A`QTA`mWA�OR=��>=�|¶dh|X�W_T=LOR=e_ k A`QTVXF\fgORQTA´M
QTS>O�A�f>U�A k A�VB?�A`mW?X={mWA�fWUhJ�VBUhQT;bF�H7VBf¤QR=e_RMPUhF\noA�VBf�?BV�fhD�OL|�:<;h=qA�CeCeSh_EA�C^]lF�H7QT;>V�O�VBfhH¡F�_En�A`QTVBF\f
Uh=eY[=Lf>U>O(F\fgQT;>={QTVBnr=²d�_EA�f�S>?BA`_aVXQP]@m¤]bJ�;>V�CE;bQT;h={U>A`QTA`m�A�OR=qVBO�S>Y[UWA`QR=LU}|

ú�0@ü��	12�3�*�2!��4�657�����
�2�3�98:���
��
;��ü#1��6<=�¡ü;'>�?� :§FiYW_T=LOR=e_ k =KQT;h=�F k =e_EA�?B? Ü F¤©ÎA�OEOTSh_EA�f>C^=
A�f>Ucn�VBf>VBnoVX·e=zQT;h=qVBn�YWA�C^Q<F�H�n�A�?BV�CeVXF\S>O<A�C^QTV k VXQ�]lF\flQT;h=qY[=e_TH�F�_an�A�f>C^=pF�H�V�f>fhF�C^=Lf�Q<ÑWF¯J�Oe�
QT;h=jt(vòOT;>F\S>?BUuY>_TF k V�Uh=�nr=LCE;WA�f>VBOTn�O{QRFlY[F\?BVBC^=�A�U>n�VBQRQR=LUsÑ>F¯JIOe�±U>=eQR=LC^QqA�f>UZV�ORF\?BA`QR=�QT;h=
n�A�?BVBCeVBF\S>O(Ñ>F¯JIO<A�O<H�A�ORQ<A�O<Y[F\OTOEVXmW?X=�|

ú/ý�!�
�1§ÿ*!@07!;���BAC�*�
D !9EF�
���
�
�2�G� :�;h=gt�v�VBO£AuU>VBORQR_EVBmWShQR=LUGUWA`QTA`mWA�OR=bQT;>A`Q�CeA�f�ORQRF�_T=bQT;h=
mWVB?B?�VBfhdrY>_EV�C^=LOe��÷�S>A�?BVBQP]lA�f>Uu?BA`QR=Lf>C^]�Y>_TF k VBUh=LUKm�] k A`_aVXF\S>OI�R©�º�Oe|���QzCeA�fuVBfhH¡F�_Enö�T©�º�OzA�f>U
CeS>ORQRF\nr=e_aO<A`m[F\ShQ�QT;h={A k A�VB?BA`m�?X=zmWA�f>UhJ�V�UhQT;}��mWA�f>UhJ�V�UhQT;@U>=Ln�A�f>U}�hA�f>Ub_T=LOT=e_ k A`QTVBF\flC^F\ORQTOe|
:<;>VBO�A�OTY�=LC^Q�F�H7t(vÍ;>A�O�m[=e=Lfg=^��YW?XF�_E=LUlVBfZË¶Ê�Ê´Ì¥A�f>U�VBO�fhF�Q�ArH¡F�CeS>O�F�H±QT;>VBO�U>VBOEOR=e_TQTA`QTVXF\f}|

ú/ýH12I	I�üWÿ*�KJPüWÿ 8:1	���*��
L���3�NMOIP!�ÿ*���*�¡ü��2�Q����RS8Íü��	�
�
������� :<;h=gt(v
VBfhH¡_EA�ORQR_ESWC^QTSh_T=oCeA�f
m[={=LA�OTVB?X]j=^��QR=Lf>Uh=LUKQRF@OTShYWY�F�_EQ(n£S>?XQTV�CeA�ORQ<F�Y[=e_EA`QTVXF\f>O�m¤]gC^F�F�_EU>VBfWA`QTVBfhdr_T=LORF\S>_EC^={_T=LOR=e_ k A´M



�`ó

QTVXF\f>OIA�f>U�C^F\ORQ�MPOE;>A`_EVBfhdom�=eQ�J�=e=LfKQT;h=qd�_TF\ShYKn�=Lnpm[=e_EOIA`QIU>VN�[=e_T=Lf¤Q�?X= k =L?¥F�H7QT;h=pn£S>?XQTVBCeA�ORQ
QR_T=e=�|z:<;h=�t�vìCeA�fcA�?�ORF@D�=e=eYuQR_EA�CED�F�H7QT;h=�Uh]�f>A�n�VBC{YWA`QT;uCE;>A�fhd�=LOzA�f>UcnrF�U>VXH¡]b_T=LORF\Sh_EC^=
_T=LOR=e_ k A`QTVXF\f>OzA�CeC^F�_EUWVBfhd\?X]gQRFgOTShYWY�F�_EQ�nrF�mWVB?�VXQP]�|�:<;>VBOIVBO�Y�A`_TQIF�H�H¡ShQTS>_T=pJ-F�_TD��[A�fWUcV�O�F\ShQ
F�H¨QT;h={OTC^F�Y[={F�H±QT;>VBO<U>V�OTOR=e_TQTA`QTVXF\fÉ|
�s=sA�U>Uh_E=LOTOon�A�V�f>?X]¬QT;h=c�>_EORQ@H�F\Sh_bUh=LOTVBd\f�d�F\A�?BObVBf/F\Sh_jQT;h=LOTVBO@J-F�_TD�| ©�Y[=LCeVX�WCeA�?�?X]��

J-=sUh=LOTVXd\f+C^F\f¤QR_TF\?²nr=LCE;WA�f>VBOTn�O@J�VXQT;WVBf+t(võQRF*=LOTQTA`mW?BVBOT;/A�f>U�fh=ed�F�QTVBA`QR=ZA`d�d�_T=ed\A`QR=G_T=LORF\Sh_EC^=
_E=LOR=e_ k A`QTVXF\f>O¨m[F�QT;£J�VXQT;>VBf£A�f��T©�ºZA�f>U£m[=eQPJ-=e=Lf�fh=LVXd\;¤m[F�_EVBfhd�UhF\n�A�VBfWO±V�f£A²;WVX=e_EA`_ECa;>VBCeA�?�n�A�f>fh=e_¯|
Ï>F�_�=^��A�n�YW?X=���QT;h=�t(v�=Lf>OTSh_T=LO¨QT;WA`Q±QT;>=e_T=<VBO¨OTSh¦oCeVB=Lf�Q¨?BVBfhD{CeA`Y�A�CeVXQP]�F\frVBf¤QR_EA´MÉA�f>U�VBf¤QR=e_RMPUhF\n�A�VBf
?�VBfhD�OrQRF*CeA`_E_T]�QT;h=�¹7F���ºòQR_EA`¦oCcORFiQT;>A`Q@QT;>=cn�A´�hVBn£S>n ?BF\OTO�_EA`QR=uA�f>U+Uh=L?BA¯]ÎA`_T=�m[=L?XF³J�QT;h=
A�CeC^=eYWQTA`mW?X=rQT;h_T=LOE;hF\?BU>OIH�F�_zY[=e_EC^=LV k =LU k F\VBC^=r÷�S>A�?BVXQ�]�|T�s=rJ�VB?B?§fhF�Q²U>VBOTCeSWOTOI;>F¯J8QT;h=�_T=LOR=e_ k A`QTVXF\f
_E=L÷¤Sh=LOTQTO7A`_T=�QR_EA�f>OT?�A`QR=LUrQRF{A²ORY[=LCeVX�WC�QR_EA`¦oC�C^F\f¤QR_TF\?>A`d�_T=e=Ln�=Lf�QIw�:�t(Úzy§QT;WA`Q�CeA�frm[=(SWf>Uh=e_EORQRF�F�U
m�]jQT;h={=LUhd�=pU>= k VBC^=LOL�hF�_I;hF³J5QT;h=LOR=p:�t(ÚIO�A`_T={Uh=L?BV k =e_E=LUbQRF�QT;h={=LUhd�=p_TF\ShQR=e_EOe|

��fgUh=LOTVXd\fWVBfhd�QT;h=qt(vÍA`_ECE;WVXQR=LC^QTSh_T=���J�=pnoA`D�={QT;h={H¡F\?B?XF³J�VBfhd�A�OTOTS>n�Y>QTVXF\f>Oeù

ú :<;h=-fh=eQPJ-F�_TD�O7A`_T=-CeA`Y�A`mW?X=�F�HWY>_TF k VBU>V�fhd�U>VN�[=e_T=Lf¤Q§OR=e_ k VBC^=(?X= k =L?BO§QT;h_TF\S>d\;qA�C^F\npm�VBf>A`QTVXF\fqF�H
YWA�CTD�=eQ�n�A`_ED�VBf>dh��OTCE;>=LU>S>?BVBf>d{A�f>Uo÷�Sh=LSh=�noA�f>A`d�=Lnr=Lf¤Q-nr=LCa;>A�f>VBOEn�Oe|	�s=�A�OTOES>nr=�fh=eQ�J�F�_ED
=LUhd�=j_TF\ShQR=e_EO£CeA�f k =e_EVXH¡]sJ�;h=eQT;h=e_qQT;h= Ü F¤©ZA�OTOESh_EA�f>C^=jA`d�_T=e=Lnr=Lf¤Q�V�Opnr=eQ£m¤]Zn�=LA�OTSh_EVBf>d
QT;h={YWA�CED�=eQI?XF\OEOe�>A k =e_EA`d�=�÷�Sh=LS>VBfhdrUh=L?�AL]��WUh=L?�AL] k A`_aVBA�f>C^=��h=eQTC`|

ú ~ k =e_T]u_TF\S>QTVBfhdlUhF\n�A�V�fZ;>A�O²QT;h=@CeA`YWA`mWVB?BVBQP]cQRFKnrF\f>VBQRF�_pA�f>UZC^F\?B?B=LC^QpORQTA`QTVBORQTV�CeO{F�H(QT;h=oVBfhM
C^F\n�VBfhdsA�f>U¬F\S>QRd�F\VBfhdsQR_EA`¦oC`|N�s=lA�OTOTSWnr=bQT;>VBO�VBfhH¡F�_En�A`QTVXF\f¬VBO£QR_ESWORQTA`mW?X=���A�fWU¬J�VB?B?�m[=
S>OR=LUgm�]lt(v�QRF@fh=ed�F�QTVBA`QR=p_E=LORF\Sh_EC^={_E=LOR=e_ k A`QTVXF\f>O�J�VBQT;gfh=LVXd\;¤m�F�_aVBfhd�UhF\n�A�VBf>OL|

ú t-F\f¤QR_TF\?[YWA`QT;>O{w¡=�|¶dh|X�>_E=LOR=e_ k A`QTVXF\fb_T=L÷�Sh=LORQTOay�A�f>UgU>A`QTA£YWA`QT;WO�A`_T={OR=eYWA`_EA`QR=LUÉ|��s=pUh=LC^F\ShYW?B=
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(a) A hierarhical CH−architecture within a single ISP domain

(b) Peering relationships between multiple ISPs without mutual trust

Ï¨VXd\S>_T=rªh|®��ùpÚ�fZVB?B?BSWORQR_EA`QTVXF\f}ùzÚ¢;�]�m>_EVBUcF�H(ÑWA`Q{A�f>UG;>VX=e_EA`_ECa;>VBCeA�?�t(v�MPA`_ECa;>VXQR=LC^QTSh_T=oJ�VXQT;>VBfuA�f>U
A�C^_EF\OTO<�T©�ºÎUhF\noA�VBf>Oe|
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�T©�º±|�:<;WVBO�ORY[=LCeVX�WC(=^�hA�nrYW?B=�OT;hF³J�O�Q�J�F�Ù�ä�Ozw¡F�_(º-Ózº�Oaya��=LA�Ca;@A�OTOTF�CeVBA`QR=LU@J�VXQT;oApø±t�vp�¤QT;>A`Q�A`_T=
Ce?�S>ORQR=e_T=LUoQRFqH¡F�_En¢Apø�ä�QT;>A`Q�_E=eY>_T=LOR=Lf¤QTO�QT;>=�=Lf¤QTVX_T=��R©�º±|�:�;h=Iø¨t(vIO-OR=Lf>Uo_T=ed\S>?BA`_-ShY}U>A`QR=LO�OES>CE;
A�Oq=LORQTVBnoA`QR=LUZQR_EA`¦oC@Uh=Ln�A�f>UGU>VBORQR_EVBmWShQTVXF\f>OzA�f>UG_T=LOR=e_ k A`QTVXF\fiORQTA`QTS>O{QRFcShY>Y[=e_RMP?X= k =L?-t(v<MPf>F�Uh=LO
w�V�fgQT;>VBO<CeA�OT=���QT;h=£º-t(v²ya|W:<;>=pº-t(v8C^F\?B?B=LC^QTO<QR_EA`¦oCp_T=eY[F�_TQTO<H¡_TF\n�A�?B?Éø±t�vIO<A�fWU�C^F\f>ORQR_aS>C^Q�QT;h=
QR_aA`¦oC{n�A`QR_EVX�jH¡F�_<QT;h=²=Lf¤QTVX_T={�T©�º±|

8 1	���*��I	��!�AiÓ´ý[þ ýH
L!"���Wÿ��¡ü
:<;>=o?XF�CeA�?-t(v�MP;>VX=e_EA`_aCE;¤]cJIVXQT;>VBfu�T©�ºÍUhF\n�A�VBf>OqA`_T=@;WVBU>Uh=LfsVBfGÏ±VBd\Sh_T=�ªh|®�´mÉ|K:<;h=oVBfhM

U>=eY�=LfWUh=Lf�QzOR=e_ k VBC^=£Y>_TF k VBU>=e_EOInoAL]Kf>F�Q�QR_aS>ORQ�=LA�CE;sF�QT;h=e_²QRFgOT;WA`_T=£V�fhH�F�_an�A`QTVXF\fcA`m�F\S>Q�VBf¤QR=e_Ef>A�?
_EF\ShQTVBfhd�QRF�Y[F\?XF�d�]�H�F�_�QR_EA`¦oCqU>VBORQR_EVBmWShQTVXF\f>OL|-:<;>=e_T=eH�F�_E=��WJ-=£A�OTOES>nr=qAoÑWA`QzORQR_ES>C^QTSh_E=pA`QIQT;>=qQRF�Y
?B= k =L?¨J�;h=e_T=�QT;h=�º(t(vÔA�OTOTF�CeVBA`QR=LUuJIVXQT;c=LA�CE;Z�T©�º�H¡F�_En AbY[=e=e_RMxQRF`MxY[=e=e_pfh=eQ�J�F�_TDcQRFlC^F�F�_EU>VBf>A`QR=
V�f�QR=e_RMx�T©�º¬_T=LOTF\Sh_EC^=²A�?B?XF�CeA`QTVXF\f>Oe|¨�°Q�VBO(OTSh¦oCeVX=Lf¤Q-QRFr_T= k =LA�?[F\f>?X]oA`d�d�_E=ed\A`QR=pQR_EA`¦oCzORQTA`QTV�ORQTVBCeOe��=�|¶dh|X�
QRF�QTA�?�mWA�f>UhJIVBUhQT;i_T=L÷¤SWVX_T=Lnr=Lf¤QrQRFZ=^�hCE;>A�fhd�=c;>VXd\;�MxYW_EVXF�_EVXQ�]sQR_EA`¦oCgm[=eQ�J�=e=Lf/A�f�]¬d\V k =Lf�Y�A�VX_rF�H
�T©�º�Oe|

Ý�Þ�ú¨Þ�ú �<ç�l�è}é���r³å§ð�á�n�î+áWê�ãxè�ð�á���è}å�ê��£è�n\á�å¥ðçüjéxá>è�n�ã�å�ä@ûGç¥í�â´á

�s=pA�OEOTS>nr=zQT;>A`Q<QT;>=²mWA�OTVBCzUhF\n�A�V�f>O�A`_T={fhF\f�MxF k =e_E?BA`Y>Y�VBfhd�QRFr=Lf>OTSh_E=�QT;WA`Q�ArS>OR=e_<A`Q�A
Y�A`_TQTVBCeS>?BA`_7?XF�CeA`QTVXF\f�;WA�O�A²S>f>VB÷�Sh=(ø±t(v/QRF{C^F\f¤QTA�C^Q�H¡F�_7_T=LORF\Sh_aC^=�_T=LOR=e_ k A`QTVXF\frF�_�m�VB?B?BVBf>d�YWSh_EY�F\OT=LOe|

:<;>={ø±t(v6VBO�_T=LORY[F\f>OEVXmW?X=IH�F�_<QT;>={H�F\?�?XF¯J�V�fhdrOR=eQ<F�H±F�Y�=e_aA`QTVXF\f>Oeù

ú ÚIfGø±t(vÐD�=e=eYWO{QR_aA�CTDuF�H(QT;h=�A�nrF\S>f¤Q{F�H-=^��VBOTQTVBfhdb_T=LOR=e_ k A`QTVXF\f>OpA�f>UsQT;h=�A k A�VB?�A`mW?X=rmWA�f>UhM
J�VBUhQT;�F\foA�?B?�QT;h=�?BVBfhD�O¨m[=eQPJ-=e=Lf�=LUhd�=I_TF\ShQR=e_EO�J�VXQT;>V�f£VBQTO�F¯JIfoÙ�ä£|¤Ù(A�OR=LU@F\f�QT;h=�OTQTA`QTVBORQTVBCeO
F�HIQT;>=lVBf�QR_aA´MPUhF\n�A�VBf*QR_EA`¦oC`�-A�fÎø±t�vöY[=e_TH¡F�_En�O�A�U k A�f>C^=g_T=LORF\Sh_aC^=j_E=LOR=e_ k A`QTVXF\f>O�F\f�QT;h=
VBf¤QR_EA´MPUhF\n�A�VBfb?BV�fhD�OL|§�°Q�A�?BORFrn�A`D�=LO<?XF�CeA�?[A�U>n�VBOEOTVXF\fjC^F\f�QR_TF\?¥Uh=LCeVBOTVXF\fWO�J�;>=LfjArf>=eJ�V�f�QR_EA´M
UhF\n�A�VBfl_T=LOR=e_ k A`QTVXF\fg_T=L÷�Sh=LORQ<A`_E_EV k =LOe|

ú ÚIfKø±t(vÍA�?BORF@nrF\f>VXQRF�_EO<QT;h=pA`d�d�_T=ed\A`QR=LUsVBfWC^F\n�VBfhdrA�f>U�F\ShQRd�F\VBfhd�QR_aA`¦oC²=^�hCE;>A�fhd�=LUKJ�VXQT;
F�QT;h=e_gfh=LVXd\;¤m[F�_EVBfhdZÙ�äzObA�f>U�S>OT=LOoQT;h=LOT=cORQTA`QTV�ORQTVBCeO@QRFi=LORQTV�n�A`QR=KQT;>=�H�ShQTSh_T=KmWA�f>UhJ�V�UhQT;
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S>OTA`d�=�|�:<;h=bY>_E=LU>VBC^QR=LU¬mWA�f>U>J�VBUhQT;i_T=L÷�S>VX_T=Lnr=Lf¤Q�H�F�_�;WVXd\;�MxY>_EVBF�_EVXQP]sQR_aA`¦oCbQT;>A`QrQR_EA k =e_EOR=
m[=eQPJ-=e=Lf*VBQTO{F¯JIfGÙ�äöQRFK= k =e_T]ZF�QT;h=e_£Ù«ä�J�VXQT;>V�fuQT;h=o�T©�ºÍVBO²_T=eY[F�_TQR=LUGQRFKQT;h=bt(v<MPf>F�Uh=
;>VXd\;h=e_(ShYjVBfoQT;>=I;>VX=e_aA`_ECE;¤]Kw�º-t�v9VBfoQT;WVBO�=^�hA�nrYW?X=³ya|7�°H}QT;h=e_T=zA`_T=�� Ù�äzO-J�VXQT;>VBf�QT;h=I�T©�º
UhF\n�A�VBfÉ�hQT;h=²QR_EA`¦oC²_E=eY�F�_EQ�J�F\S>?�Ubm�=����Î« k =LC^QRF�_¯|

ú Ù(A�OR=LUZF\fuQT;h=�A k A�V�?BA`mW?X=rfh=eQ�J�F�_TDu_T=LOTF\Sh_EC^=LOzF\fsQT;h=r=LfWU�MxQRF`Mx=Lf>UsYWA`QT;É�}QT;h=�º-t(vÐJ�VB?�?§A�U�M
ÈRSWORQ�QT;h=�VBf¤QR=e_RMPUhF\n�A�V�fl_T=LOR=e_ k A`QTVXF\fWOIA�CeC^F�_EUWVBfhd\?X]lA�f>UcOR=Lf>UWOIShY}U>A`QR=LO�QRFbQT;h=qø¨t(vp|��IY�F\f
_T=LC^=LV k VBfhd�A�CTD�fhF¯JI?X=LUhd\nr=Lf¤QTO(H�_EF\nÐQT;>=zº(t(vq�¤QT;h=zø±t�v9J�VB?B?�A�U>A`Y>Q-_T=LORF\Sh_aC^=�A�?B?BF�CeA`QTVXF\fjF\f
VXQTO�=LUhd�=p_TF\ShQR=e_EO<A�O�J�=L?�?}A�O<QT;h={A�U>noVBOTOTVXF\fbQT;>_T=LOT;hF\?BUjH¡F�_�U>VN�[=e_T=Lf¤Q��°~�MPº�VXY[=LOe|

ú ��H�QT;h=r=^�hVBORQTVBfhdgVBf¤QR=e_RMPUhF\noA�VBfu?XF\A�UsVBO²?X=LOTO�QT;>A�fZQT;h=rA�?B?XF�CeA`QR=LUsmWA�f>UhJIVBUhQT;}�[fh=eJì_T=L÷�Sh=LORQTO
J�VB?B?�m[=(A�UWn�VXQRQR=LU}|�Ó�QT;h=e_TJIVBOR=��`QT;h=�ø±t(v�A`d�d�_T=ed\A`QR=LO�V�f�QR=e_RMPU>F\n�A�VBfq_T=LOR=e_ k A`QTVXF\f�_T=L÷�Sh=LORQTO7A�O
AIOEVBfhd\?X=�_E=L÷¤Sh=LOTQ±A�f>UqH¡F�_TJ-A`_aU>O¥VXQ§QRFzQT;h=�º(t(vp|´�°HhQT;h=e_T=�A`_E=-OTS>¦oCeVX=Lf¤Q§fh=eQ�J�F�_TDq_T=LORF\Sh_aC^=LO¥F\f
QT;h=�=Lf>U�MxQRF`Mx=LfWUrYWA`QT;}�\QT;>=<ø±t(v�J�VB?B?¤_T=LC^=LV k =<A�CED�fhF³J�?X=LUhd\n�=Lf�QTO�H�_TF\n8QT;>=<º-t(v�QRF{=Lf>;>A�f>C^=
QT;h=gA`d�d�_T=ed\A`QR=l_T=LOT=e_ k A`QTVBF\f>Oe��A�f>UiQT;h=gfh=eJò_T=L÷�Sh=LORQTO£J�VB?�?�m[=jA�UWn�VXQRQR=LU}|GÓ�QT;h=e_EJ�VBOR=��7QT;h=
_T=L÷�Sh=LORQTO<JIVB?B?�m�=²_E=°È�=LC^QR=LU}|

��fZd�=Lfh=e_aA�? �±A�f*VBf¤QR=e_Enr=LU>V�A`QR=jt(v�MPfhF�U>=@A�C^QTO£A�OpQT;h=jC^F¤F�_aU>VBf>A`QRF�_�A�nrF\fhdKQT;h= k A`_EVXF\S>O
Ù�äzO�A�fWUl;>A�f>U>?B=LO(_T=LORF\Sh_EC^={A�?�?XF�CeA`QTVBF\fgH�F�_IA�?B?}VBf¤QR=e_RMPUhF\n�A�VBfgCeA�?�?BOeù

ú Ú8t�v<MPfhF�Uh=zD�=e=eYWO�QR_aA�CTDbF�H¥QT;h={?�VBfhD�O�QT;>A`Q�_aS>fjm�=eQ�J�=e=Lf�CE;>VB?�Uh_T=LfbOTShmhMPU>F\n�A�VBf>O-A�f>UbQT;h=LVX_
C^F�_T_T=LORY[F\f>UWVBfhdl_T=LOT=e_ k A`QTVBF\fiORQTA`QTSWO£A�fWUifh=eQ�J�F�_EDGY[=e_TH¡F�_En�A�f>C^=jOTS>CE;*A�O�?BA`QR=Lf>C^]���A k =e_EA`d�=
÷¤S>=LS>VBfhdrUh=L?BA¯]��WA�f>UgY�A�CTD�=eQI?BF\OTO�_EA`QR=�|

ú Ù(A�OR=LUGF\fGQT;h=�QR_EA`¦@CoORQTA`QTVBOTQTVBCeOpC^F\?B?B=LC^QR=LUZH¡_TF\n A�?B?�QT;h=oCE;WVB?BUh_T=LfhMPø±t(v�Oe�¥AKt�vÐ=LOTQTVBn�A`QR=LO
mWA�f>UhJIVBUhQT;jS>OTA`d�={F\flA�Y�A`_TQTVBCeS>?BA`_�VBf¤QR=e_RMPUhF\noA�VBfg?BVBfhD@A�f>UbY[=e_TH�F�_an�O�A�U k A�f>C^=²_T=LOR=e_ k A`QTVXF\f
A�CeC^F�_EU>VBf>d\?X]uw�OT=e=£t(;>A`Y>QR=e_��\ya|

ú Ú6t(v�MPfhF�Uh=�A`d�d�_E=ed\A`QR=LO<_T=LOR=e_ k A`QTVXF\fj_T=L÷�Sh=LORQTO-_T=LC^=LV k =LU@H¡_TF\nòVXQTO-CE;>V�?BUh_T=Lf@ø±t(v�Oe��A�f>UjY�=e_TM
H�F�_an�O�A�U k A�fWC^=j_E=LOR=e_ k A`QTVXF\f>OqH�F�_�QT;h=gVBf¤QR=e_RMPUhF\n�A�V�fi?BV�fhD�O{QT;>A`Qr?BVX=oJIVXQT;>VBfiVXQTOqø2ä£|±�°H<QT;h=
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_T=LOR=e_ k A`QTVXF\f�_T=L÷¤S>=LORQIVBf k F\? k =LOI?BVBfhD�O(QT;>A`QIC^F\fWfh=LC^Q�QRFjfh=LVXd\;¤m�F�_aVBfhdrø�äzO�A`QIQT;h=pOTA�n�=q?X= k =L? �
QT;h={_T=LOT=e_ k A`QTVBF\fl_T=L÷�Sh=LORQ<JIVB?B?[m[=²H�F�_EJ-A`_EU>=LUlQRF�QT;h=qShY>Y[=e_RMP?X= k =L?§t�vp|WÚ t(v�MPfhF�Uh={OR=e_ k VBC^=LO
_T=LOR=e_ k A`QTVXF\fg_E=L÷¤Sh=LOTQTO<H¡F�_�A`d�d�_T=ed\A`QR=LUcQR_EA`¦oC{V�f>ORQR=LA�UbF�H7VBf>U>V k VBUWS>A�?>CeA�?B?BOL|

:<;>={YWA`_T=Lf¤Qzt(v�MPfhF�Uh=@w�º(t(vzy<OTVXQTO�F\f�QRF�YcF�H7QT;h=q;WVX=e_EA`_ECa;�]bH¡F�_IA@YWA`_TQTVBCeS>?�A`_<�R©hº/A�f>U
A�UWA`Y>QTO²QR_ES>f>Dl_T=LOR=e_ k A`QTVXF\f>O{m�=eQ�J�=e=LfGU>VN�[=e_T=Lf�Q²UhF\noA�VBf>Oe|q�°fsA�U>UWVXQTVXF\fcQRFlQT;h=�d�=Lfh=e_EA�?�QTA�ORD�O{H�F�_
t�v<MPfhF�Uh=LO@Uh=LOTC^_EVXm[=LUÎA`m[F k =��<QT;h=Kº(t(v CeA�f�A�U k =e_TQTVBOR=KQT;h=KC^F\OTQTOoF�H²_T=LOT=e_ k V�fhdZmWA�f>U>J�VBUhQT;¬F\f
QT;>=LVX_�VBf¤QR=e_Ef>A�?W?BVBfhD�O7QRF£F�QT;h=e_-f>=LVXd\;�m[F�_EV�fhd²º-t(v�Oe|7ÏhF�_(=^��A�n�YW?X=���QT;>=IOR=e_ k VBC^=IY>_TF k VBUh=e_aO�CeA�fjF`��=e_
k A`_EVXF\SWO§YW_EVBC^=LO±mWA�OR=LU�F\f�QT;h=�UhF\noA�VBf£F�HWQT;h=(�Wf>A�?�Uh=LOTQTVBf>A`QTVXF\fgw¡=�|¶dh|X�¤CeA�?�?ht�A�f>A�U>A{¸?�`Ê²C^=Lf¤QTO��´n�VBf�y
A�fWUuQT;h=�QR_EA`¦oCr?BF\A�U�ËN«eó\µ´Ìx|�:<;h=�º(t(vÔCeA�fGQT;h=LfsCE;>F¤F\OR=oQT;h=�F�Y>QTVBnoA�?¨_TF\ShQR=rQT;>A`QpOEA`QTVBOR�>=LUuQT;h=
Y[=e_TH¡F�_En�A�fWC^={C^F\f>ORQR_EA�VBf¤QTO�J�;WVB?X=zn�VBf>VBnoVX·LVBfhdqQT;h={QRF�QTA�?¥C^F\OTQTOe|

¼£½x¼ ë@ì ë+Ã�À�Á�Â}Ã�g��çgTÃ��ÿ`

ÓzS>_±A`_ECa;>VXQR=LC^QTSh_E=-_E=L÷¤S>VB_T=LO±=^��YW?�VBCeVXQ§ÖI~ Ü ��~-©h:iA�f>U�:<~�ÚIÖ�ä{Ó���»/n�=LOTOTA`d�=LO¨H¡F�_7=LA�CE;
;WVXd\;�MxY>_EVBF�_EVXQP]bÑ>F³J H¡F�_zA�UWn�VBOTOTVBF\fKC^F\f¤QR_TF\?�A�f>UuA�CeC^F\S>f¤QTVBfhdgY�Sh_TY[F\OR=LOe|{:<;>=LOR=£C^F\f¤QR_TF\?�n�=LOTOTA`d�=LO
A`_E=£d�=Lf>=e_EA`QR=LUum¤]�=LVXQT;h=e_²AbCeS>ORQRF\nr=e_z_TF\ShQR=e_²F�_²AjY>_TF¯��]KA�f>UuA`_T=£OT=Lf�Q²A�OT��ä�º5YWA�CTD�=eQTO{A`QzQT;h=
OEA�nr={Y>_EVBF�_EVXQP]j?X= k =L?�w�;>VBd\;�y�A�O<QT;h=pUWA`QTArYWA�CTD�=eQTOL|

Ï¨VXd\Sh_E=Iªh| ¸£OT;>F¯J�O(QT;h=z=LOTOT=Lf�QTVBA�?}C^F\f¤QR_TF\?}m�?XF�CED�O-J�VBQT;>VBf�QT;>={ø±t(v5A�fWUg;hF¯J5VXQ(VBf¤QR=e_EA�C^QTO
JIVXQT;sQT;h=@=LUhd�=o_TF\S>QR=e_EOe|b��QqA�?BORFKOE;hF¯J�OpQT;h=@ÖI~ Ü ��~-©h:²�ÉÚ�t<t(~�º�:��´ÖI~��\~(t(: A�f>U¬t<Óz»�Ï±�RÛIM
��Ö�~ìC^F\f¤QR_TF\?�nr=LOEOTA`d�=LOrm[=eQPJ-=e=Lf¬QT;h=gø±t(vq�±QT;h=b=LUhd�=b_TF\ShQR=e_EO�A�f>U*QT;h=g;hF\ORQ�Y>_EFL��]�|K�+;h=Lf�A
f>=eJ5Ö�~ Ü �I~(©�:9nr=LOTOTA`d�=qA`_T_EV k =LOe��QT;h={ø¨t(v6Y�=e_EH�F�_EnoO-A�UWn�VBOTOTVBF\fjC^F\f¤QR_TF\?}m�A�OR=LUbF\flVXQTO�CeSh_E_T=Lf�Q
D�fhF³J�?X=LUhd�=rF�H-VBf�QR_aA´M�A�f>UsVBf¤QR=e_RMPUhF\n�A�VBfc_T=LOT=e_ k A`QTVBF\f>O²A�f>Uu=^�hVBORQTVBfhdg?XF\A�UÉ|q�°QzJ�VB?B?§QT;h=Lfs_T=LOTY�F\fWU
JIVXQT;lA�f�Ú�t�t(~�º�:5F�_IÖI~���~-t(:5n�=LOTOTA`d�=�|(��H¨QT;h=qÑ>F¯JÍVBO<A�CeC^=eY>QR=LUÉ��QT;>=pø±t(v8fh=e=LUWO<QRF@S>Y[UWA`QR=
QT;>=rQR_EA`¦oC�MxY[F\?BVBCeVBf>d@S>f>VBQ�VBfcQT;h=�A�OEORF�CeV�A`QR=LUs=LUhd�=r_TF\ShQR=e_aOzQT;h_TF\Shd\;Zt<Óz»�Ï±�RÛT�IÖI~�nr=LOTOEA`d�=�|q�°H
f>=LC^=LOTOTA`_T]��WVBQ<S>OR=LO�QT;h=qOTA�nr=pnr=LOEOTA`d�={QRFoA�U>A`YWQ<QT;h=²_T=LORF\S>_EC^=pA�?B?XF�CeA`QTVXF\flA`Q�QT;h=²_TF\ShQR=e_EOL|
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