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Architecture

(Chapter 4)


Admission Control

(Chapter 5.3 & 5.4


Malicious Flow Detection

(Chapter 6)


Traffic Policing/

SLA Verification


(Chapter 6)


Predictive Reservations

(Chapter 5.2)


Optimization via

Aggregate Scheduling


(Chapter 5.5)
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2C<?;uDFWa>H�¢b?7aO�OP<JLM³~WZQS2K;�Wal'³Ã>g<JI=<J28bc<\[�³6Ä_³�^Rv~w�W\QSjk98>gW�da<�;H5C<�<?��b?QP<J28bct¡Wal6;H5C<�46U�B~QS28L8QSdfQSLpY87aO
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2C<?;uDFWa>H�¡>g<JI=WZYC>gbc<JIA7a28L¡<J28IHY8>H<k;H587:;�;H58<qµrWK§�WaoC¦¶<Jbc;HQPda<JIAWal'IHY8bR5¡�8W�DXI`Wa>Ab?O�7aIHI`Wal6;=>g7:��bG7:>H<
IH7:;HQSIH|8<JL�vX�rI_LC<JIHbc>gQSon<JL"QS2\4'587:98;=<?>}©fBn;H58<A;uDFW�jkWZI=;_D�<JOSO¤� I=;HYpL8QP<JLV7:989p>HWZ7abg5C<JI_7:>H<h1¶2i;=<?Ta>R7:;=<JL
§f<?>Hd�QSbc<JI_[y132K;¶�3§f<?>Hd8^�7a28LGã_Q¤Á{<?>H<J2K;HQS7:;=<JLV§f<?>Hd�QSbc<A[�ã_Q¤Án�3§f<?>Hd8^Rvm132K;¶�3§f<?>HdG7:;=;=<Jjk98;HI�;=WA>g<JI=<?>Hda<_2C<?;¶�
D�Wa>H��>H<JI=WZYC>Rbc<JI�lyWa>G<J7abR5/QS28L8QPd�QSL8Yp7aO��8WeD�WZ2�7aOSO�Wal`QP;HI�;=>R7Jda<?>gI=<JL�>HWZY8;=<?>gI?v,w�W¥7abR58QP<?da<\;H58QSI?B
QP;_>H<J�fY8QP>H<JI_9{<?>=�]�pW�D¹j�7a287:Ta<Jj�<J2i;�7:;}<J7abR5¢>HWZY8;=<?>G[�QS28b?OSYpL8QS2CT�<JL8Ta<�7a28L¡bcWa>H<k>HWZY8;=<?>gIR^rQS2�o{Wa;H5
;H5C<hbcWZ2i;=>gWZOE9pOS7a2C<N[y<av¿TCvPB�IHQPTZ287aO�QS2CTCBpI=;H7:;=<�j�7a287:Ta<Jjk<J2K;?B¯7a28L�7aL8j�QSIHIgQPWZ2¨bcWZ2K;=>HWZO�^X7a28L";H5C<hL87:;H7
9pOS7a28<A[y<av¿TCvPBC9{<?>=�]�8W�D/IHbR5C<JL8Y8OSQ�2CT`7a28LGopY�Á{<?>Fj�7a287:Ta<Jj�<J2i;R^Rv'§�Y8bg5G7:9898>HWZ7abR5qly7abc<JI�l�Y828L87ajk<J2K;H7aO
IHb?7aOS7:osQSOSQP;utGOSQSj�QP;H7:;HQPWZ28I6QS2�OS7:>gTa<c� IHb?7aOP<�2C<?;uDFWa>g�fI?v

Ä_2�;H5C<�Wa;H5C<?>�587a28L�B�ã_Q¤Án�3§f<?>HdÀ9pY8IH5C<JIqQS2K;=<JOSOSQPTa<J2pbc<¨;=W�;H5C<�<JLCTa<�>HWZYC;=<?>gIN7a28L�WZ28OSt
>H<J�fY8QP>H<JIz;H5C<VbcWa>g<�>HWZYC;=<?>gIk;=W¡9p>HW�d�QSLC<�L8Q¤Á{<?>H<J2K;HQS7aO�;=>H<J7:;Hjk<J2K;�;=W¡;=>g7:��b�b?O�7aIHI=<JIkop7aIH<JL�WZ2�;H5C<
wXÄ`§À|8<JO�L�QS2�;H5C<¡9p7abH�a<?;"5C<J7aLC<?>gIMä � �:å]væ³~<?>=�]�pW�Dç7aL8j�QSIHIHQPWZ2/bcWZ2K;=>HWZO`QSIqWZ28OStÀ9{<?>HlyWa>gjk<JL/7:;
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é �nêRë�ì:íy�p��îZê:ïhí��g��í�ì:��ðgì:�s���¶ì:ñòBr<av¿TCvPB}ä¿ÇaË:åP�RäóÌ:·:å}QS2i;=>gWfL8Ypbc<V;H5C<�bcWZ28bc<?98;qWal�7abc;HQPda<\98>HWaopQS28TCv,wx5C<
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;H5C<\4'Ux� 7:>gbR58QP;=<Jbc;HYC>g<¨9{<?>HlyWa>gj�I�7aL8j�QSIHIHQPWZ2�bcWZ2K;=>HWZOXWZ28OPt�7:;�;H5C<"<JLCTa<"L8WZj�7aQS2�opY8;�j�7aQS2K;H7aQS28I
7:TaTa>H<?TZ7:;=<�>H<JIH<?>Hd�7:;HQSWZ28I`lyWa>zQ�2i;=>g7��_7a28LMQ�2i;=<?>=� L8WZj�7aQS2M5pQPTZ5��]98>gQSWa>gQP; t";=>g7:��b:v"Ä_Y8>�98>HWa9{WZI=<JLM>H<c�
I=WZYC>Rbc<¨bcWZ2i;=>gWZO�jk<JbR587a28QSIHj�I�OP<?da<?>g7:Ta<\7�� é ��þ�ìa�g�¢þmíÆê é Y828LC<?>gIH;H7a28L8QS2CT\Wal_;H5C<¨L8Q�I=;=>gQPopY8;HQPWZ2MWal
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7a28L��fvª·fBnDF<A<c¼f9pOSWa>H<A5CWeD´;H58<`�f28W�D�OP<JL8Ta<�Walm;=>g7:��bALC<Jj�7a28L"L8QSI=;=>RQPopYC;HQPWZ2pI�Q�2¨7a2V1H§�³�2C<?; D�Wa>H�
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QS28LpQPdfQ�L8Y87aO8�pW�D´7:>g>gQPd:7aOSI67a28LVLC<JOS7�ta<JL¨bcWa9pQS<JIxWalEjk<J7aIHYC>H<Jj�<J2i;x>g<?9nWa>g;HIxLCW�2CWa;';=>RQPTaTa<?>XY82p2C<Jbc<JI¶�
IH7:>HtGIHQPTZ287aOSQ�2CT`;H5C>HWZY8TZ5CWZYC;�;H5C<}2C<?; D�Wa>H�nv�Ä_YC>67:9898>HWZ7abR5�7aOSI=WhLCWf<JI�28Wa;�>g<J�KY8QS>H<XbcWfWa>gL8QS2p7:;HQPWZ2�Wal
;H5C<z>H<JI=<?>Hd:7:;HQPWZ2�I=;H7:;=<JI}7ajkWZ28TG>HWZY8;=<?>gI?v_wx5C<A7aLpj�QSIHIHQSWZ2¨bcWZ2K;=>HWZOE7aOPTaWa>gQP;H58j�lyWa>_Q�28L8QPd�QSL8Y87aOn�8WeD
>H<J�fYC<JI=;HIxQ�IxL8QSIHb?YpIHI=<JLNQS2¨§f<Jbc;HQPWZ2"�fvª·fv

ÙEÚ�ömÚ�w 6mß87 ø��]ánÞZß]Ý�â96�ÞZø0Ú$�
wx5C<X|8>gI=;6I=<?;�Wal¯<c¼f9{<?>gQ�jk<J2i;HI�<c¼�9pOPWa>H<X;H5C<r>HWaopY8I=;H28<JIHI�Wal�;H5C<`�_7aY8IHIHQ�7a2�98>g<JL8QSbc;=Wa>�D�QP;H5

>H<JI=9{<Jbc;_;=WV;=>g7:�Gbhd�7:>gQ�7:opQSOSQP;utV7a28L¡jk<J7aIHY8>H<Jjk<J2K;rDXQS28LCWeD`B{ºXúL_fÿ�vz«¡<�<?d:7aOSY87:;=<k;H5C<kop7a2pLCD�QSLC;H5
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Simulated Voice Traffic                       
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�EQPTZYC>H<k�fvª�f�_�}7aY8IHIHQS7a2\98>g<JL8QSbc;=Wa>gIXl�Wa>}IHQ�jAY8O�7:;=<JL¨daWZQSbc<h;=>g7:�GbADXQP;H5Vº úL_Sÿ i � 7a28L �?ÿ j�QS2fYC;=<JI?v
: i �J�:ÿ v
98>H<JLpQSbc;=Wa>xY8IHQS28Tzo{Wa;H5VIgQSjAYpOS7:;=<JLN;=>g7:��b`7a2pL�>H<J7aO�daWZQSbc<�;=>g7abc<JI?v

132V;H5C<`|8>gIH;xb?7aI=<aBpD�<�IHQSjzY8OS7:;=<`Q�28L8QPd�QSL8Y87aOpdaWZQSbc<AIHWZYC>gbc<JIxos7aI=<JL�WZ2V;H58<`WZ2��]W:ÁM¸¨7:>g�aW�d
jkW�LC<JOm[Æ�fvª�fv¿@K^6D�QS;H5G7h;=>g7:�GbrOSWZ7aLNWal : i �J�:ÿ b?7aOSO�I6l�Wa>x7z9p7:>H;HQ�b?Y8OS7:>6LCWZj�7aQS2�vm«¡<`YpI=<}7zj�W�d�QS2CT
D�QS2pLCW�D¥Wal<; � BK©fBPvPvPvPB�ËfB �?ÿ�= j�QS2fYC;=<JI�lyWa>mjk<J7aIHYC>g<Jjk<J2i;m7a28Lz;=>g7:�Gb�98>g<JL8QSbc;HQPWZ28IJv��EQPTZYC>H<'�fvª�rIH5CWeD�I
7NIH7ajk9pOS<z9s7:;H5�Wal�;H5C<k7:TaTa>H<?TZ7:;=<G;=>g7:��b:B�7aOPWZ28TqDXQP;H5\;H5C<h98>H<JL8QSbc;=<JL\op7a2pLCD�QSLC;H5"Y8IH7:Ta<aB�Þ�ß�lyWa>
º úL_Sÿ i � 7a28L �?ÿ j�QS2fYC;=<JI?vÃõXWa;=<�;H587:;�;H5C<`98>H<JLpQSbc;=Wa>'D�QP;H5qº úL_Sÿ i � j�QS2KY8;=<r;=>R7abH��I�;H5C<A7abc;HY87aO
b?7:9p7ab?QP;ut�>H<J�fY8QP>H<Jjk<J2K;'o{<?;=;=<?>�;H587a2¨;H5C< �?ÿ � j�Q�2KYC;=<�98>H<JL8QSbc;=Wa>�v�13l�D�<A7aOSOSWfb?7:;=<`os7a28LCD�QSL8;H5Gos7aI=<JL
WZ2";H5C<zj�7�¼�QSjzY8j�>g7:;=<V[ �:ÿ 
}op9pIR^RBnDF<h2C<?<JL\7�;=Wa;H7aO~op7a28L8D�QSLC;H5�Wal$> 2 �:ÿ 
}o89pI?BpD�5C<?>H<?> QSI
;H5C<}2fY8j�o{<?>6Wal��pW�D�I?vm«¡<`L8<?|p2C<_jAY8OS;HQP9pOP<c¼CQS2CT`TZ7aQ�2q7aIJ��[@> 2 �:ÿ ^�AIÞ ß v��XL8d�7a28bc<JLq>H<JIH<?>Hd�7:;HQSWZ28I
op7aI=<JL�WZ2 � � j�QS2fYC;=<'98>g<JL8QSbc;=Wa>�7abR58QP<?da<JI�7`jAYpOP;HQP9pOP<c¼CQS2CTXTZ7aQS2k;H587:;F>g7a2CTa<JImly>HWZj � vª·ZÌ_;=W`@Cv � ·`D�QP;H5
jk<J7a2�Wal � vªÇa©�7a28LVI=;H7a28Lp7:>gL�LC<?d�QS7:;HQPWZ2�Wal ÿ vª· �J� DX5C<J2N;=>g7:��b`OSWZ7aL : i �J�:ÿ v

«¡<_>H<?9{<J7:;F;H5C<r<c¼�9n<?>RQSjk<J2K;HIFY8IgQS2CT`9p7abg�a<?;'daWZQSbc<_;=>g7abc<JI'bcWZOSOP<Jbc;=<JLNly>HWZj 7abc;HY87aO{bcWZ2ida<?>H�
IH7:;HQPWZ2pI?B87aY8L8QPWhbcWZ2Cly<?>H<J28b?QS28T�I=<JIHIHQPWZ2pI?BC7a28LN<JOP<Jbc;=>HWZ28Q�brb?O�7aIHI=>HWfWZjè7:989pOSQ�b?7:;HQPWZ28I}[]46587:98;=<?>r·fvª©fvª·Z^Rv
wx5C<GQS28L8QPd�QSL8Yp7aO¯daWZQSbc<G;=>g7abc<JIA7:>g<G7:TaTa>H<?TZ7:;=<JL�7ab?bcWa>gL8Q�2CTV;=W"7¨³�WZQ�IHI=WZ2M7:>g>gQPd:7aOÃjkW�LC<JOÆB�7a28LM;H5C<
IH7ajk9sOP<A9s7:;H5¡QSI_9pOPWa;=;=<JL�QS2��EQPTZYC>H<��fvªÇfvz«¡<�>H<?9{<J7:;=<JL�;H5C<kIHQSjzY8OS7:;HQSWZ2"lyWa>_º úL_Sÿ i � B�©fB�vPvPvPB �?ÿ v
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�EQPTZYC>g<��fvªÇf�6�_7aY8IgIHQS7a2N98>H<JLpQSbc;=Wa>gI6lyWa>X7abc;HY87aO�daWZQ�bc<�;=>g7abc<JI�D�QP;H5qº úL_Sÿ i � 7a28L �?ÿ j�QS2fYC;=<JI?v

�CWa>k<J7aI=<NWalxlyWZOSOPWeD�QS2CT";H5C<qTa>g7:9p5�BED�<qWZ2pOPt¡9pOPWa;=;=<JL¥;H5C<qop7a28LCDXQSLC;H5¢7aOSOSWfb?7:;HQPWZ2¥lyWa>A;uDFW¢b?7aIH<JI?�
º¶úL_Sÿ4i � 7a28L �?ÿ j�QS2KY8;=<JI?v�wx5C< � � j�QS2fYC;=<�9p>H<JL8QSbc;=Wa>rI=;HQSOSO�;=>R7abH��I_;H5C<A7abc;HY87aO~op7a2pLCD�QSLC;H5�YpIH7:Ta<
b?OPWZI=<JOStaBKopY8;Ã;H5C< �?ÿ � j�QS2KY8;=<�98>H<JLpQSbc;=Wa>�l�7aQSOSI�;=WA�a<?<?9NYC9�DXQP;H5�;H5C<rIHj�7aOSOS<?>Ã;HQSjk<c� IHb?7aOS<��pY8bc;HYp7:;HQPWZ2�v
�rIx7k>H<JIHYpOP;?B�;H5C<?>H<`7:>H<`;HQ�jk<`QS2K;=<?>Hd�7aO�I'L8YC>gQS28TAD�5pQSbg5N;=WfW�jzY8bg5�os7a28LCD�QSL8;H5GQSIx>H<JI=<?>Hda<JL�B8OS<J7aL8QS2CT
;=W�QS28<?��b?QP<J2K;m>H<JI=WZYC>gbc<xY8;HQSOSQP£J7:;HQPWZ2�[y<av¿TCvPB�o{<?; D�<?<J2�� ÿaÿ 7a2pL � © ÿaÿ I=<JbcWZ2pL8IÃQS2k�EQPTZYC>g<��fvªÇZ^RvÃãrY8>gQS2CT
I=WZjk<FWa;H5C<?>EQS2i;=<?>gd�7aOSI�[y<av¿TCvPBZo{<?; D�<?<J2 � © ÿaÿ 7a28Lz©�@ ÿaÿ I=<JbcWZ28L8IR^RB:;H5C<F98>H<JL8Q�bc;=Wa>�Y828L8<?>H<JI=;HQSj�7:;=<JI�;H5C<
op7a28L8D�QSLC;H5h>H<J�fY8QP>g<Jjk<J2i;?BfOP<J7aL8QS28T`;=WA9s7abH�a<?;'OPWZIHI=<JIF7a28LGly7aQSO�YC>H<';=WAIg7:;HQSI=lytk;H5C<_µrWK§�9{<?>HlyWa>gj�7a28bc<
>H<J�fY8QP>H<Jj�<J2i;?v

132�o{Wa;H5¡b?7aI=<JIJB�;H5C<k98>gWaop7:opQSOSQS; tVWal6Y828LC<?>H�]98>HW�d�QSIHQSWZ28QS2CT�Q�I}jAY8bR5¢OP<JIHI`;H587a2 ��Ê lyWa>�7aOSO
;=<J2¡d:7aOSYC<JI}WalFº¶úL_Sÿ�;H7:�a<J2¥QS2K;=WVbcWZ28IHQSL8<?>g7:;HQPWZ2�vhwx5C<kWaopIH<?>Hda<JL è�é NPê�ê QSI_o{<?; D�<?<J2 ÿ v � ©e� ÿ v � � Ê lyWa>
;H5C<�IgQSjAYpOS7:;=<JLN;=>g7:��b`7a2pL�QSIx7:;�jkWZIH; ÿ v ÿZ� © Ê DX5C<J2�7abc;HY87aO¯daWZQ�bc<`;=>g7abc<JI�7:>g<�Y8I=<JL�v

«¡<Fjk<J7aIgYC>H<m;H5C<Ã<cÁ{<Jbc;HQPda<J2C<JIgI�Wal�;H5C<��}7aY8IHIHQS7a2`;=>g7:��bm98>g<JL8QSbc;=Wa>�QS2`;=<?>gj�I�Wal�;H5C<�Yp28LC<?>=�
YC;HQSO�QP£?<JLq>H<JI=WZYC>gbc<JIXL8YC<};=W�Weda<?>=�]<JI=;HQSj�7:;HQPWZ2¨WalEop7a2pLCD�QSLC;H5q>H<J�fY8QP>g<Jjk<J2i;?vFwx5C<}W�da<?>H�]98>HW�d�QSIHQSWZ28QS2CT
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Aggregated voice traces
Simulated voice traffic

�EQPTZYC>H<��fv ÌK�F��da<?>g7:Ta<CB N8DR_8E [�QS2 Ê ^FDX5C<J2N>H<JI=<?>Hd:7:;HQPWZ28I�7:>H<`j�7aLC<}op7aIH<JL�WZ2"�_7aY8IgIHQS7a2N98>H<JLpQSbc;=Wa>gIlyWa>A[�7i^'7:TaTa>H<?TZ7:;=<JL"daWZQSbc<A;=>g7abc<JI?Bp7a28L [yon^6IHQSjzY8OS7:;=<JLNdaWZQ�bc<`;=>g7:��b`7:; : i �J�:ÿ v
l�7abc;=Wa>JB"BINFDR_ EgB8Q�IxLC<?|p2C<JL�7aIJ�

BIN8DR_8E�i Þ�ß�[@G]^&HJILK k�p qNM�lPOPQ â k�qI K k�p qRMcl2O Q â k¹q [Æ�fvª·Z^
D�5C<?>g<$SUTKQ�I¯;H5C<�I=<?;�Wal8IHWZYC>gbc<c� LC<JI=;HQ�287:;HQPWZ2`9s7aQP>gI�;H587:;E587�da<F;=>g7:�GbÃ>HWZYC;=<JLA;H5C>HWZY8TZ5�OSQS28�VG3v�Þ ß [@G]^�QSI
;H5C<�7aj�WZY82i;�Waln>g<JI=<?>Hda<JL�os7a28LCD�QSL8;H5�op7aIH<JL�WZ2k;H5C<_�_7aY8IHIHQ�7a2k98>H<JL8Q�bc;=Wa>XWdâ k�q QSIm;H5C<x7abc;HY87aOs7:>H>gQPd:7aO
>g7:;=<`WalE;=>g7:�Gb}o{<?; D�<?<J2¨I=WZYC>Rbc<`LCWZj�7aQS2¢[yWa>X>HWZYC;=<?>�^�5F7a28LVLC<JI=;HQ�287:;HQPWZ2�LCWZj�7aQ�2¢[yWa>�>HWZYC;=<?>c^L6Cv

«¡<h>g7a2 �?ÿaÿ IHQSjzY8OS7:;HQPWZ2pI?Bp<J7abR5¡l�Wa> � 5CWZYC>�B{YpIHQS2CTGonWa;H5�IHQ�jAY8O�7:;=<JL¨;=>g7:�Gbk7a28L�7abc;HY87aO
daWZQSbc<�;=>g7abc<JI�;=W¡<?d�7aOSYp7:;=<�;H5C<�<?��b?QP<J28bct WalX;H58<V�}7aY8IHIHQS7a2�9p>H<JL8QSbc;=Wa>Jv wx5C<�7Jda<?>g7:Ta<YBIN8DR_8E�7aI�7
9{<?>gbc<J2K;H7:Ta<�[ Ê ^�QSIk9pOSWa;=;=<JLÀQS2 �EQPTZY8>H<"�fv Ì�lyWa>�;H58<¨; D�W�b?7aI=<JI?v²ÄropI=<?>gda<V;H587:;�;H58<"7ajkWZY82K;�Wal
W�da<?>H� 7aOSOPW�b?7:;HQPWZ2¡QS28bc>H<J7aIH<JI_D�QP;H5¨ºXúL_Sÿ�B�7aI_;H5C<z98>H<JL8Q�bc;=Wa>ro{<JbcWZjk<JI}OS<JIHI�>g<JI=9{WZ28IHQPda<z;=WN;H5C<A;=>R7:��b
�pY8bc;HYp7:;HQPWZ28I?v��CWa>VIHQSjzY8OS7:;=<JL�;=>g7:��b:BX;H5C<ZBIN8DR_ E�Q�28bc>H<J7aI=<JIqly>HWZj � ©fvª· Ê ;=W � �fvª� Ê DX5C<J2 º¶úL_Sÿ
QS28bc>g<J7aI=<JI'ly>HWZj � ;=W �?ÿ j�QS2fYC;=<JI?vm1¶2�;H5C<�b?7aI=<�WalE7abc;HYp7aO¯daWZQSbc<`;=>R7abc<JIA[�L87aIH5¨OSQS2C<}QS2��EQPTZYC>g<��fv Ìa^RB
BINFDR_ E'QSIxjkWa>H<zI=<J28IHQS;HQPda<`;=W�;H58<�d:7aOSYC<`WalEº¶úL_Sÿ��[BINFDR_ E'QS28bc>g<J7aI=<JIxly>HWZj �ZÊ 7:;xº¶úL_Sÿ i � j�QS2KY8;=<`;=W
·a©fvª� Ê 7:;'ºXúL_fÿ�i �?ÿ j�QS2fYC;=<JI?vÃw�58QSI'QSjk9sOSQP<JIF;H587:;x;H5C<�7abc;HYp7aO¯daWZQSbc<`;=>R7:��b`QSIxj�Wa>H<}opYC>gIH; tq;H587a2
;H5C<z;=>g7aL8QP;HQSWZ287aO¯WZ2��]W:Á�¸¨7:>g�aW�d"j�WfLC<JO�lyWa>rdaWZQ�bc<avr«¡<k2C<?<JL�IHj�7aOSOP<?>xº úL_Sÿ B{QÆv¿<avPB � Wa>}©qj�QS2fYC;=<JI?B
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;=W�;=>g7abg��;H5C<`7:TaTa>H<?TZ7:;=<h;=>g7:��b_�sY8bc;HY87:;HQPWZ2�v
132_Ta<J28<?>g7aOÆB�;H5C<m>H<J�fY8QP>H<JL_Weda<?>=�]98>HWedfQSIgQPWZ28QS2CT'QSI�58QPTZ5C<?>�lyWa>¯;H5C<Ãb?7aI=<FWalf7abc;HYp7aOZdaWZQSbc<Ã;=>R7abc<JI

;H587a2�;H58<`IHQSjzY8OS7:;=<JLN;=>g7:��b`on<Jb?7aYpI=<};H5C<JI=<`;=>R7abc<JIxD�<?>H<�bcWZOSOP<Jbc;=<JL¨l�>gWZjè7kd�7:>RQP<?; tNWalEjAY8OS;HQSjk<JL8QS7
7:989pO�QSb?7:;HQPWZ28I6[�QS28b?OSYpL8QS2CTrjAY8OS;HQ¤�]9p7:>H;ut�7aY8L8QPW_bcWZ2Cly<?>H<J28b?QS28T_7a2pLho8>HWZ7aL8b?7aI=;=<JLkOS<Jbc;HYC>H<JIR^RBZDX5C<?>H<6;H5C<
QS28LpQPdfQ�L8Y87aOpIHWZYC>gbc<�bR587:>g7abc;=<?>gQSIH;HQSb?I�587�da<�58QPTZ58<?>xI=;H7:;HQSI=;HQSb?7aO�d�7:>RQS7:opQSOSQS; tavmwx58QSI'Q�I'2CWa;�b?7:98;HYC>g<JL�oKt
;H5C<`WZ2C�]W:Á¢¸"7:>H�aWedVjkWfL8<JO{;H587:;xD�<�Y8I=<JLN;=W�IgQSjAYpOS7:;=<}ÈmWa13³�;=>g7:��b`l�Wa>x;uDFW:�]D67Jt"bcWZ2ida<?>gIg7:;HQPWZ28I?v

ÙEÚ�ömÚ]\ �MßS{:üCø0{�{:ß]Ý�â!{
Ä_YC>qIHQSjzY8OS7:;HQPWZ2À>H<JIHY8OP;HIGIH5CWeDÂ;H5p7:;qQP;qQSIG9nWZIgIHQPopOP<�;=W�IH7:;HQ�I=l�t�;H58<�µrWK§À>H<J�fY8QP>H<Jj�<J2i;

Wal�>H<J7aO¤�];HQSjk<kdaWZQ�bc<�;=>g7:��bhoft\<J28IHYC>gQ�2CTN;H587:;};H5C<�9p7abg�a<?;AOPWZIgI}>g7:;=<�L8Y8<z;=W"QS28IHYC�Gb?QP<J2i;_>H<JIHWZYC>gbc<
>H<JI=<?>gd�7:;HQPWZ2pIkQSIk7aOPD67Jt�I�o{<JOPW�D ��Ê v�w�58QSIhb?7a2�o{<�7abg58QP<?da<JLÀ;H5C>HWZYCTZ5�7�>g<J7aI=WZ287:opOP<V7aj�WZY82i;kWal
W�da<?>H�]98>HW�d�QSIHQSWZ28QS2CTN;=WV7ab?bcWZY82K;`lyWa>`;H5C<k98>H<JLpQSbc;HQPWZ2"<?>H>HWa>Jvhwx5C<k98>g<JL8QSbc;HQPWZ2"<?>H>HWa>�Q�IrQ�28IHQPTZ28QS|pb?7a2i;
QPl�;H5C<`jk<J7aIHYC>g<Jjk<J2i;'DXQS28LCWeD`BfºXúL_SÿeB8QSI'IHj�7aOSO{<J2CWZYCTZ5N;=W�;=>R7abH�N;H5C<`I=;H7:;HQSIH;HQSb?7aO{d�7:>RQS7:opQSOSQS; t�Wal~;H5C<
7:TaTa>H<?TZ7:;=<N;=>g7:��b�OPWZ7aL8I?vqU�WeDF<?da<?>JBÃIgj�7aOSOP<?>}º¶úL_Sÿhjk<J7a28IAjkWa>H<�bcWZ2K;=>HWZOF;=>g7:��b�Q�I}Ta<J2C<?>g7:;=<JL ;=W
I=<J28L�jkWa>H<Ãly>H<J�fYC<J2i;�;=>R7:��b�jk<J7aIgYC>H<Jjk<J2K;¯>H<?9{Wa>H;HI�;=W�;H5C<�46U�� 2CW�LC<JI?BeOS<J7aL8QS2CT';=WxTa>g<J7:;=<?>~IHQSTZ287aOSQS2CT
W�da<?>R5C<J7aL�v�Ä_2\;H5C<kWa;H5C<?>`587a28L¯Bn;H58<�7ajkWZY82K;rWal�W�da<?>H�]98>HW�d�QSIHQSWZ28QS2CTq>H<J�fY8QP>H<JL"D�5C<J2�OS7:>HTa<?>_º¶úL_Sÿ
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