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ACI4DHhiJ�6 / I�2<8[A�IK3<2<57X[2<L�I-=B8>I-mx=EDHDH6 / 57I�D�=B5FX>L�67=B8 ¬ ��X>J�DH=B57X>L�67=B8�LH2<J�cBIKLHD�L�O>I-D®hK2<57678>ct=<^�^a=BJ��+2<JHAC678>c

D�LH2<L�I$L�=�L�O>I$81X>\ / IKJ	=<^�O>67cBOC² / 2<8[AC��6FACL�O]cBJ�=BX>m[D ¬ :L	AC=�I4D�L�O>6FD /10 2<cBcBJ�IKcE2<L�678>c>¡���O>IKJ�I$m�=EDHD�6 / 5FIB¡

57=G��² / 2<8[AC��6VACL�O©cBJ�=BX>m[D ¬ ��O>6FD�2<cBcBJ�IKcE2<L�67=B8�2<5757=G�$D�^±=BJbå7É�æ n4ã s Ð�L�JH2 �Nhb^±=BJ�2NcBJ�=BX>m*\ 2 0 ^±=B5757=G�

m[2<L�O[D�L�O[2<L�AC=¥8>=BL�57I42BAoL�=]2<8 0 J�I4hiIK6F3BIKJ�^a=BJ�L�O[2<L$cBJ�=BX>m ¬ ��O>Id2<cBcBJ�IKcE2<L�67=B8ªD�L�JH2<L�IKc 0 5767\]6FLHD	L�O>I

/ 2<8[AC��6FACL�Oª2<575F=�hK2<L�I4A ^±=BJ�57I42<¦�D�L�= 2tY>¤�I4Ao^±JH2BhiL�67=B8@=<^_57678>¦NhK2<m[2Bhi6FL 0 2<L�I42BhHO9J�=BX>L�IKJ ¬

��O>I�J�I4D�LN=<^¢L�O>I*h®O[2<m>L�IKJ@6FD]=BJ�cE2<8>67³KI4A�2BD ^±=B5757=G�$D ¬ �1I4hiL�67=B8 j ¬ j¯ACI4D®hiJ�6 / I4D��� \tX>57L�6FhK2BD�L

2<8[A�m>J�I4D�IK81LHD�L�O>I©AC6¤�NhiX>57L 0 =<^dL�O>Iªm>J�= / 57IK\ ¬ �1I4hiL�67=B8�j ¬ Ö½57=�=B¦CD]6781L�=¹L�O>I©L�=Bm�=B57=Bc 0 67\]m[2BhiL

=B8«D�LH2<L�I�2<cBcBJ�IKcE2<LH2 / 6F5767L 0B¬ �1I4hiL�67=B8�j ¬ ×½ACI4DHhiJ�6 / I4DtD�IK3BIKJH2<5�2<cBcBJ�IKcE2<L�67=B8«D�L�JH2<L�IKcB67I4DK¡	2<8[A&�T=BJ�¦CD

=BX>L§L�O>IoACIKLH2<6F5FDb=<^�=B8>I�m>JH2BhiL�6VhK2<5+D�=B5FX>L�67=B8°L�=�L�O>Iom>J�= / 57IK\9¡�L�O>Io57I42<¦ 0 2<cBcBJ�IKcE2<L�67=B8«D�L�JH2<L�IKc 0B¬

�1I4hiL�67=B8¯j ¬ ¨@DHO>=G�$D¢L�O[2<LK¡W^±=BJd2@��6FACI]3<2<J�67IKL 0 =<^�L�JH2 �Nh]\N6Z¤�I4D-2<8[A°J�I4hiIK673BIKJbAC6FD�L�J�6 / X>L�67=B8[DK¡£L�O>I

57I42<¦ 0 2<cBcBJ�IKcE2<L�67=B8oD�L�JH2<L�IKc 0 \N2<8[2<cBI4D�L�=bhi57=ED�IK5 0 L�JH2Bh®¦¥L�O>I�8MX>\ / IKJT=<^£O>67cBO / 2<8[AC��6FACL�O cBJ�=BX>m[DK¡

IK3BIK8¹��67L�O½A 0 8[2<\]6Fh§A>2<LH2@L�JH2 �Nh]2<8[A½2o5F2<J�cBI¥81X>\ / IKJd=<^ ¾ =B678[DäØ?57I4243BI4D ¬ �1I4hiL�67=B8°j ¬ ÙoAC6VDHhiX[DHD�I4D

uwÒ x�x���y�Ó���x¥�;��}���¢�}�� Ô����<Õj����x�� ~wx��Í����~;z|{ }�� y|~Cz�z|x�~w��¢�¢�}�~Cz�z|{���~�zwy�����}�xoÖ¨× ØoÙ�Ú!��x�y��7����z|������~Cz���xoyw����y������ ¢��
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L�O>Io678ML�IKJ�m>5F2 0¹/ IKLn�TIKIK8«5FI42<¦ 0 ^±=BJ���2<JHAC678>c½D�LH2<L�I@2<cBcBJ�IKcE2<L�67=B8«2<8[A¯Ii¤�6VD�L�678>cª\tX>57L�6FhK2BDHLbJ�=BX>L�678>c

m>J�=BL�=�hi=B5VD ¬ �1I4hiL�6F=B8�j ¬ Àªhi=B81LH2<678[D]2½ACI4DHhiJ�6Fm>L�67=B8e=<^�O>=G�ÒL�=¹243B=B6FAeD�=B\]Iom>J�= / 57IK\ D§678«hK2BD�Io=<^

\¢X>5FL�6FhK2BD�LTJ�=BX>L�6F8>ctm>J�=BL�=Chi=B5FD�D�X[h®O@2BD�����)©�ÛdÞÙBÙ�e�2<8[Aª%+����d ×*e ¬ '�6F8[2<575 0 ¡C�1I4hiL�6F=B8@j ¬ �§hi=B81LH2<678[D

L�O>Idm[D�IKX[AC=<²nhi=CACId=<^_L�O>Id57I42<¦ 0 2<cBcBJ�IKcE2<L�67=B8ª2<5FcB=BJ�67L�O>\ ¬

ÁÍÌ�Á È y�wxs¥Ü+v�wxsHy$z

n8NL�O>I�m>J�IK3�67=BX[DTD�I4hiL�6F=B8£¡M�TI�2<J�cBX>I4ANL�O[2<L�\¢X>5FL�6FhK2BD�L_^±=BJ���2<JHAC678>ctD�LH2<L�I�2<cBcBJ�IKcE2<L�67=B8�6FD�8>I4hiI4DHD®2<J 0

/ I4hK2<X[DHIb^±=BJ���2<JHAC678>coD�LH2<L�I¢678[hiX>JHD�2 / 2<8[AC��6FACL�OC²nACIKm�IK8[ACIK8MLd2<JHh®O>67L�I4hiL�X>JH2<5�hi=ED�L ¬ �+Ii^±=BJ�Ib�TI§ACIi²

3BIK57=Bm�L�O>6FD�2<J�cBX>\NIK8ML�^±X>J�L�O>IKJK¡���I / J�67IiÑ 0 ACI4DHhiJ�6 / I�\¢X>57L�6VhK2BD�L	^±=BJ���2<JHAC678>c¥2<8[A ^±=BJ���2<JHAC678>c¥D�LH2<L�I

2<cBcBJ�IKcE2<L�67=B8 ¬

Ý � Ý ��Þ ßáà����E�n�C�£�?�ãâ�|�à��E�:�Yä��£�£åÂæ�|���ço���!åT�:�Yä

)ªX>5FL�6FhK2BD�LtJ�=BX>L�678>c�m>J�=BL�=�hi=B5FD¥2Bh®O>67IK3BI@Ij�Nhi67IK81L]A>2<LH2½AC6FD�L�J�6 / X>L�67=B8¯^±J�=B\ D�IK8[ACIKJHD§L�=½J�I4hiIK673BIKJHD ¬

��O>I 0 AC=ªL�O>6FD /M0 D�IKL�L�678>c@X>m°AC6VD�L�J�6 / X>L�67=B8*L�J�IKI4DdL�O[2<LdD�m[2<8¯2<575_cBJ�=BX>m¹\]IK\ / IKJHD ¬ ��O>INDHX /C¾ I4hiL

=<^�DHhK2<5F2 / 57INL�J�IKIohi=B8[DHL�J�X[hiL�67=B8¯m>J�=BL�=Chi=B5FD¢O[2BDbJ�I4hiIK6F3BI4A°\tX[hHOe2<L�L�IK8ML�67=B8e678°L�O>I 576FL�IKJH2<L�X>J�I6dÞ¿;×[¡

�;×>¡�jBÙ�¡WÖBÖC¡£×>¡	lBl4¨ e ¬ 
 hi=B\]\]=B8�^±I42<L�X>J�I]=<^+L�O>I4D�I]m>J�=BL�=Chi=B5FD�6FD-L�O[2<L�L�O>I 0 2<575 / X>675FA*\tX>57L�6FhK2BD�L

AC6FD�L�J�6 / X>L�6F=B8�L�J�IKI4D$J�=1=BL�I4A92<L$DH=B\]I�m[2<J�L�6FhiX>5F2<J�8>=CACI ¬

��O>I�=BX>LHhi=B\]IN=<^$IK3BIKJ 0 L�J�IKI�hi=B8[D�L�J�X[hiL�67=B8&m>J�=BL�=�hi=B5+6FD¢2ªhi=B5757I4hiL�6F=B8¹=<^YpiÅEÄÏß	æBÄ¶ÁBâaÈMÃ¹ÉiÈ[Ê�Ääâ�ÉÏã

2<L�I42Bh®O½J�=BX>L�IKJ-678ªL�O>I§8>IKLn��=BJ�¦ ¬ ��=BcBIKL�O>IKJK¡�L�O>I4D�It^±=BJ���2<JHAC678>coIK81L�J�67I4D�Ii¸�I4hiL�A>2<LH2�AC6FD�L�J�6 / X>L�67=B8

^aJ�=B\·D�=BX>JHhiI4D�L�=tJ�I4hiIK673BIKJHD ¬ 
�L�2bcB6F3BIK8 J�=BX>L�IKJK¡>L�O>I�^a=BJ��+2<JHAC678>c§IK8ML�J 0 ACIKL�IKJ�\]678>I4D���O>6FhHOo8>IK67cBOC²

/ =BJ�6F8>c¥J�=BX>L�IKJHD�J�I4hiIK673BI¢hi=Bm>67I4D�=<^�2<8ª678[hi=B\]6F8>ct\tX>57L�6FhK2BDHL+m[2Bh®¦BIKL ¬ '>=BJ$Ii¤>2<\]m>57IB¡[�$=BX>L�IKJ��bl�678

'(67cBX>J�I-j ¬ l�O[2BD�^a=BJ��+2<JHAC678>c§IK8ML�J�67I4D�^±=BJ�cBJ�=BX>m½l�2<8[A�cBJ�=BX>m@j ¬ ��O>I�^±=BJ���2<JHAC678>c§IK8ML�J 0 ^a=BJ+cBJ�=BX>m

lND�m�I4hi6ZY[I4D¢L�O[2<Lb576F8>¦�Dd�¢lä²n��jª2<8[A¯�¢lä²n��Ö / IK57=B8>c©L�=ªL�O>IoAC6FD�L�J�6 / X>L�67=B8°L�J�IKI =<^$cBJ�=BX>m�l ¬ ��O>I
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^a=BJ��+2<JHAC678>c@IK8ML�J 0 ^a=BJ-cBJ�=BX>m¹j�D�m�I4hi6ZY[I4D�L�O[2<L�5F678>¦9�blä²n��j / IK57=B8>cED�L�=oL�O>I]AC6FD�L�J�6 / X>L�67=B8©L�J�IKI§=<^

cBJ�=BX>m©j ¬

:8&6FLHD¢\N=ED�L§cBIK8>IKJH2<5�^a=BJ�\ª¡T2*\¢X>57L�6VhK2BD�Lb^±=BJ���2<JHAC6F8>c½IK8ML�J 0 hi=B8MLH2<678[D§^±=BX>J¥m>67I4hiI4Dt=<^-678C^a=BJ¶²

\N2<L�67=B8£,�2�DH=BX>JHhiI§2BA>ACJ�I4D®D�ÇxÄ¶ÉCè�é f 2<8½678>6FL�6F2<5 / 67L¶²nDHX / D�L�J�678>c�=<^+2<8½2BA>ACJ�I4DHD�ÐR���3�×�m>J�IiY>¤CI4D�2<J�I

X[D�X[2<575 0 J�IKm>J�I4D�IK8ML�I4A /M0 ¡[^a=BJ$Ii¤>2<\]m>57IB¡ /10 2<8ª:�R2BA>ACJ�I4DHD�^±=B5757=?�TI4A /10 L�O>Ib57IK8>cBL�O9=<^�L�O>Id678>67L�6V2<5

/ 67L�D�X / D�L�J�678>cãê�ë!ìYí�î¦í�ï!ðYí�ñ5ò!ë1î�gÏ¡C2tcBJ�=BX>mo2BA>ACJ�I4D®D�m>J�IiY>¤�¡>2<8�678[hi=B\]678>c¢678ML�IKJ¶^�2BhiI�D�IKLK¡>2<8[A�2tD�IKL

=<^�=BX>L�cB=B678>c�6781L�IKJ¶^±2BhiI4D ¬ '>=BJ�2�cB673BIK8t^±=BJ���2<JHAC678>c-IK8ML�J 0 ¡167LHD_2BA>ACJ�I4DHD_m>J�IiY>¤CI4D_J�IKm>J�I4D�IK8ML�L�O>I�JH2<8>cBI

=<^TD�=BX>JHhiI4D�2<8[AªcBJ�=BX>m[D���O>=ED�I§AC6FD�L�J�6 / X>L�6F=B8@L�J�IKI¢6FD�J�IKm>J�I4D�IK8ML�I4A /10 L�O[2<L�IK81L�J 0B¬ ��O>I¢678[hi=B\]678>c

678ML�IKJ¶^�2BhiIdJ�IKm>J�I4D�IK81LHD�L�O>IbJ�=BX>L�IKJKÔÞD�´nm[2<J�IK8ML¶µd6F8@L�O[2<L�AC6FD�L�J�6 / X>L�6F=B8�L�J�IKIB¡x2<8[A9L�O>Id=BX>L�cB=B678>cN678ML�IKJ¶²

^±2BhiI4D�J�IKm>J�I4D�IK8ML�L�O>IdJ�=BX>L�IKJKÔÞD�hHO>675FACJ�IK8 ¬ 
�^±=BJ���2<JHAC6F8>c]IK8ML�J 0 k¥æBÊ|m Ú ÉÏã¢2¥\tX>57L�6FhK2BD�L�A>2<LH2¥m[2Bh®¦BIKL

6Z^�67LHD�D�=BX>JHhiIt2BA>ACJ�I4D®D�m>J�IiY>¤©6FD�L�O>It57=B8>cBI4D�L�678>67L�6F2<5 / 67L¶²nD�X / D�L�J�678>c f 2<\]=B8>co2<575W=BL�O>IKJ�^a=BJ��+2<JHAC678>c

IK8ML�J�67I4Däg�L�O[2<Lb\N2<LHh®O>I4DdL�O>I]m[2Bh®¦BIKLKÔÞD§D�=BX>JHhiIN2BA>ACJ�I4DHDK¡(67LHD�cBJ�=BX>m&2BA>ACJ�I4DHDdm>J�IiY>¤½6FDdL�O>I]57=B8>cBI4D�L

678>67L�6F2<5 / 67L¶²nD�X / DHL�J�678>coL�O[2<L�\N2<LHhHO>I4D�L�O>INm[2BhH¦BIKLKÔÞDdcBJ�=BX>m¹2BA>ACJ�I4D®DK¡�2<8[A�L�O>I¥6781L�IKJ¶^±2BhiI¥=B8°��O>6FhHO

L�O>I@m[2BhH¦BIKL]�+2BD§J�I4hiIK673BI4Ae6FDt678[hi57X[ACI4A&678&67LHD§678[hi=B\N678>cª6781L�IKJ¶^±2BhiI9DHIKL ¬ 
 hi=Bm 0 =<^�IK3BIKJ 0 DHX[hHO

m[2BhH¦BIKL�6FD+^a=BJ��+2<JHACI4A9=B8@L�O>Id=BX>L�cB=B6F8>c¥678ML�IKJ¶^�2BhiIbD�IKL f '(67cBX>J�Ibj ¬ jEg ¬

1. Destination lookup

2. If packet received on iif,
forward on all (oifs - iif)

G=224.0.1.2/32

iif

S=0.0.0.0/0

oifs

'(67cBX>J�Ibj ¬ j�,T'[=BJ���2<JHAC678>c�2§\¢X>57L�6VhK2BD�L�m[2BhH¦BIKL�^±=BJ�D�=BX>JHhiIÆR�´:2<8 0 µ�2<8[A@cBJ�=BX>m½R!jBj;× ¬ k ¬ l ¬ j

�_¤C6FD�L�678>c©\¢X>5FL�6FhK2BD�LbJ�=BX>L�6F8>c©m>J�=BL�=Chi=B5FD§AC6Z¸�IKJtD�5F67cBOML�5 0 678&L�O>I�L 0 mxI4D§=<^$^±=BJ���2<JHAC6F8>c*IK81L�J�67I4D

L�O>I 0 cBIK8>IKJH2<L�IB,

li×



ó �;ð���$�ø�$	ê1íEìq¾(í¡��ø¥ø4ð����?íMê�:®ö��;ð���$�ø�$TêMíEìq¾(íA�dn8�cBJ�=BX>mC²nD�m�I4hi6ZY�h�IK8ML�J�67I4DK¡�L�O>I�D�=BX>JHhiI�2BA>ACJ�I4DHD

m>J�IiY>¤bO[2BD(³KIKJ�=-57IK8>cBL�O ¬ ��O[2<L(6VDK¡;2<8 0 D�=BX>JHhiI�2BA>ACJ�I4DHD(\N2<LHhHO>I4D(L�O[2<L_m>J�IiY>¤ ¬ .�D�X[2<575 0 ¡;L�O>I4D�I

IK81L�J�67I4D_2<J�I+hiJ�I42<L�I4A /M0 m>J�=BL�=Chi=B5FD�L�O[2<L / X>6F5FAbAC6FDHL�J�6 / X>L�67=B8dL�J�IKI4D�J�=1=BL�I4At2<L_2�cBJ�=BX>mC²nD�m�I4hi6ZY�h

ô$ÉKÈ�ÁMÉ�õ4áGÅBÆMã7ö�ÅBâaÈ[Ê¦dÞÖBÖ�¡<×*eC=BJYô$Å4ÅBÊ�°¢Å�k¥æBâaÈadZlBl4¨�e ¬ �1=BX>JHhiIi²cBJ�=BX>mNDHmxI4hi6ZY�h�IK8ML�J�6FI4D(hi=B81LH2<678

8>=B8C²³KIKJ�=*D�=BX>JHhiI]2<8[A�cBJ�=BX>m°2BA>ACJ�I4DHD�m>J�IiY>¤�57IK8>cBL�O[D ¬ ��O>6FD-L 0 m�I¥=<^+^a=BJ��+2<JHAC678>c9IK8ML�J 0 6FD

X[D�X[2<5F5 0 hiJ�I42<L�I4AN^±=BJ�AC6FD�L�J�6 / X>L�67=B8NL�J�IKI4D�J�=1=BL�I4A�2<L�L�O>I-D�=BX>JHhiIidÞ¿;×>¡��;×[¡CjBÙ�¡>ÖBÖ�¡>¨<k>¡C¿Cl�e¡ / X>L

d ×�e�6VD�2§8>=BLH2 / 57IdIi¤>hiIKm>L�67=B8 ¬

÷9ñWì·:®ë(ìq�;êMíBï4ìaðxñ�î>õL��ø¥ý(ì¼:®ë(ìl�?ê1íBï4ìVð�ñWî>õ 
 cB673BIK8e\tX>57L�6FhK2BD�LtJ�=BX>L�678>c½m>J�=BL�=Chi=B5�\N2 0 ACIiY[8>Io^a=BJ¶²

�+2<JHAC678>c«IK8ML�J�67I4DoL�= / I©IK6FL�O>IKJ�Æ�È[âlc:ÁBâaÄ�É¥mKÊ�â±ÅBÈ�æ<å¢=BJhKâqc�ÁBâVÄ�É¥mKÊ�â±ÅBÈ�æBå ¬ .�8>67²nAC67J�I4hiL�67=B8[2<5�^a=BJ¶²

�+2<JHAC678>cbIK81L�J�67I4DTJ�I4DHX>57L	678]\tX>57L�6FhK2BDHL�L�JH2 �Nh$L�O[2<L	Ñ[=?�$DT=B8>5 0 ´:AC=?��8Cµ$L�O>I�AC6FDHL�J�6 / X>L�67=B8¥L�J�IKI

f ^±J�=B\�L�O>I¥J�=1=BL�=<^+L�O>I¥L�J�IKI¥L�=G�+2<JHA>DdL�O>I¥J�I4hiIK673BIKJHDÏgSdÞ¿;×>¡��;×>¡WjBÙ�¡�ÖBÖC¡�¨<k*e ¬ �+6Z²nAC67J�I4hiL�67=B8[2<5

^±=BJ���2<JHAC678>cbIK8ML�J�67I4DTJ�I4D�X>57L�678¥AC6FD�L�J�6 / X>L�67=B8§L�J�IKI4D	L�O[2<LT2<575F=G�«L�JH2 �Nh�^±J�=B\ 2�D�IK8[ACIKJ	L�=bJ�I42BhHO

67LHD+8>I42<J�I4D�L�J�=BX>L�IKJ�=B8oL�O>I-L�J�IKIB¡�L�O>IK8oL�JH2G3BIKJHD�I�L�O>I-L�J�IKI-DH67\¢X>5FLH2<8>IK=BX[D�5 0 L�=G�+2<JHA>D�L�O>I-J�=1=BL

2<8[A&L�=G�+2<JHA>D¥J�I4hiIK673BIKJHDÎd ×>¡�lBl4¨�¡	¿Cl�e ¬ ��=½2BhHO>6FIK3BI / 6FAC67J�I4hiL�67=B8[2<5T^a=BJ��+2<JHAC678>c>¡�2<8&IK8ML�J 0 ÔÞD

678[hi=B\N678>c§678ML�IKJ¶^�2BhiIbD�IKL�L�J�673�6F2<575 0 6F8[hi57X[ACI4D�2<575£6781L�IKJ¶^±2BhiI4D�=<^�2¥J�=BX>L�IKJ ¬

��O>I4D�I�DHIK\N2<8ML�6Fh�AC67¸�IKJ�IK8[hiI4D / IKL:�TIKIK8t^a=BJ��+2<JHAC678>c�IK81L�J�67I4D�6VD£X[D�Ii^±X>5B^a=BJWX>8[ACIKJHD�LH2<8[AC678>c�L�O>ITACI4D�67cB8
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2]cBJ�=BX>m*��67L�O©2<8*2BA ¾ 2BhiIK81L�2BA>ACJ�I4DHD ¬ �1IK3BIKJH2<5(J�I4hiIK8ML-m>J�=Bm�=EDH2<5FD�^±=BJ�2<8*6781L�IKJ¶²nAC=B\N2<6789\tX>57L�6FhK2BD�L
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2<JHhHO>67L�I4hiL�X>J�I�D�O[2<J�I9L�O>6VD]m>J�=Bm�IKJ�L 0 dZlBl4¨C¡�¿ClE¡�¨<k e ¬ '>=BJ hi=B8[D�6VD�L�IK8[h 0 ¡��TIªX[DHIªL�O>I9L�IKJ�\]6F8>=B57=Bc 0

678ML�J�=CACX[hiI4AQ678�dZlBl4¨ e,¯2<575�D�O[2<J�I4AQL�J�IKI4D@2<J�I�J�=1=BL�I4A�2<L@2RÄ¶Å4ÅBÊ ÁEÅ�k¥æBâaÈ 2<8[AR\tX>57L�6FhK2BDHL�ÃBÄ¶ÅBÆGÇ

ÇxÄ�Élè�éMÉÏã¹2<J�I�2BDHD�67cB8>I4A�L�=¯6F8[AC67316VACX[2<5�AC=B\N2<678[D ¬ �½I / IK5767IK3BIªL�O[2<LK¡���67L�ORL�O>I4D�I*2BD®D�X>\]m>L�67=B8[DK¡

L�O>IKJ�IdIi¤C6FD�LHD�2§m>5F2<X[D�6 / 57I�O 0 m�=BL�O>I4D�6FD$L�O[2<L$L�O>IdDHhK2<57678>c§cB=E2<5WACI4D®hiJ�6 / I4A@2 / =G3BI¢hK2<8 / Id2Bh®O>67IK3BI4A ¬

��O[2<L$O 0 m�=BL�O>I4D�6FD�m>J�=ChiIKI4A>D�^±J�=B\Ò2§L�O>J�IKIbD�L�IKm92<J�cBX>\NIK8ML ¬

z �Q67L�Od=BX>J(2BDHD�X>\]m>L�67=B8[D�5F6FD�L�I4A-678dL�O>ITm>J�IK3167=BX[DWm[2<JH2<cBJH2<m>O£¡B�TI+hK2<8bIi¤CmxI4hiL�L�O[2<LW^a=BJ��+2<JHAC678>c
IK81L�J�67I4D�^±=BJ$2BA ¾ 2BhiIK81L$cBJ�=BX>m[D�DHO[2<J�IdL�O>IdDH2<\]I�678[hi=B\N678>c§678ML�IKJ¶^�2BhiI ¬

z �1I4hi=B8[A�¡�I4D�m�I4hi6F2<575 0 678ªhi=BJ�ItJ�=BX>L�IKJHD f '�6FcBX>J�Itj ¬ ×1gÏ¡��TI§hK2<8ªIi¤CmxI4hiL�L�O[2<L�L�O>I4D�Ib^a=BJ��+2<JHAC678>c
IK81L�J�67I4DKÔ�=BX>L�cB=B678>c¢6F8ML�IKJ¶^�2BhiI�D�IKLHD�=G3BIKJ�5F2<m@D�6FcB8>6ZY�hK2<8ML�5 0B¬ ��O>6FD�= / D�IKJ�3<2<L�67=B8N6FD / 2BD�I4A =B8NL�O>I

/ =BX>8[ACI4A ^±2<8>=BX>L+=<^�J�=BX>L�IKJHD+316FD�²n2;²316FD	L�O>I�J�I4hiIK673BIKJ+AC6FD�L�J�6 / X>L�6F=B8 ¬ '>=BJ+Ii¤>2<\]m>57IB¡M67^£2¢cBJ�=BX>m

O[2BDT\]=BJ�I$L�O[2<8 2dOMX>8[ACJ�I4A J�I4hiIK673BIKJHDK¡12�^a=BJ��+2<JHAC678>cbIK81L�J 0 ^a=BJ	L�O[2<L�cBJ�=BX>mN678]2bhi=BJ�I�J�=BX>L�IKJ

hK2<8 / I�Ii¤CmxI4hiL�I4AtL�=�O[243BIB¡E6F8¢67LHD�=BX>L�cB=B678>c�678ML�IKJ¶^�2BhiI�D�IKLK¡B\N2<8 0 =<^�L�O[2<L_J�=BX>L�IKJKÔÞD_678ML�IKJ¶^�2BhiI4D ¬

z '(678[2<575 0 ¡W�TIohK2<8e2<cBcBJ�IKcE2<L�I�2BA ¾ 2BhiIK8ML§57=?��² / 2<8[AC��6FACL�O¯cBJ�=BX>m[D /10 ´n57I42<¦16F8>c<µ§=B8>I cBJ�=BX>m£ÔÞD
L�JH2 �NhdAC=?��8©D�=B\NI�=<^_L�O>Id=BL�O>IKJ$cBJ�=BX>m£ÔÞD�=BX>L�cB=B678>c]6781L�IKJ¶^±2BhiI4D f D�IKI¢�1I4hiL�67=B8©j ¬ × ¬ ×1g ¬

��=¯hi=B\]m>57IKL�I@=BX>J]2<J�cBX>\]IK81LK¡+��I98>=BL�I@L�O[2<L]J�I4hiIK81LNL�I4hHO>8>=B5F=BcB6FhK2<5$2BAC3;2<8[hiI4D4¡�m[2<J�L�6FhiX>5V2<J�5 0

L�O>IdACIKm>57= 0 \]IK81L�=<^(ACIK8[D�I��¹2G3BIK57IK8>cBL�Oª"�673�6FD�67=B8�)ªX>57L�6Fm>57Ii¤�6F8>c¯dÞÙ;×*e�L�I4hHO>8>=B5F=BcB67I4DK¡[hK2<8@J�I4D�X>57L�678

ACJH2<\N2<L�6FhK2<575 0 hHO>I42<m�IKJ / 2<8[AC��6FACL�O ¬ ��O>6VD�L�J�IK8[Ao��67575�678[hiJ�I42BD�I-L�O>IbAC6FDHm[2<J�67L 0 / IKL:�TIKIK8ªD���6FLHhHO>678>c

2<8[A / 2<8[AC��6VACL�O�hi=EDHLHDK¡�I4D�mxI4hi6V2<575 0 ^a=BJ / 2BhH¦ / =B8>I§=BJ-hi=BJ�I¢J�=BX>L�IKJHD ¬ '>=BJ�L�O>6VD�J�I42BD�=B8£¡���I / IK5767IK3BI

L�O[2<Lt2@´ / 2<8[AC��6FACL�OC²nD�LH2<L�IiµNL�JH2BACIK=<¸R��67575 / IN\]=BJ�I ¾ X[D�L�67Y�2 / 57I]678¹L�O>IN^aX>L�X>J�I�L�O[2<8°6FLbO[2BD / IKIK8

X>8ML�675_L�=CA>2 0B¬ ��X>J-O 0 m�=BL�O>I4D�6FDK¡�L�O>IK8£¡£6FD�L�O[2<L�D�X[hHO�57I42<¦ 0 2<cBcBJ�IKcE2<L�67=B8½hK2<8½2BhHO>67IK3BI§=BX>J�DHhK2<57678>c

cB=E2<5 ¬
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Ý �y�	� Ý { �x�;��äW� ø(�����C�

�+Ii^a=BJ�Io�TI9ACI4D®hiJ�6 / IoD�L�JH2<L�IKcB67I4Dt^±=BJt^a=BJ��+2<JHAC678>c�IK8ML�J 0 2<cBcBJ�IKcE2<L�67=B8£¡T��I@576FD�L¢L�O>IoJ�I4`MX>67J�IK\NIK8MLHD

L�O[2<L�hi=B8[D�L�JH2<678@L�O>I¢ACI4D�67cB89D�m[2BhiIB,

z 
�cBcBJ�IKcE2<L�67=B8@\tX[D�LÍm®ÅBÈCãKÉKÄÏá?É}|KÅBâaÈCã ¬ ��O1X[D�J�I4hiIK673BIKJHD���O>=¥O[243BI ¾ =B678>I4Ao2tcBJ�=BX>m@\¢X[D�L�hi=B8C²
L�6781X>I	L�=�J�I4hiIK6F3BI	L�JH2 �Nh	IK3BIK8d67^�L�O>IThi=BJ�J�I4DHmx=B8[AC678>c$^a=BJ��+2<JHAC678>c�IK81L�J 0 O[2BD / IKIK8b2<cBcBJ�IKcE2<L�I4A ¬

z ��O>I§2<cBcBJ�IKcE2<L�67=B8�D�L�JH2<L�IKc 0 \¢X[DHL / Id5F2<J�cBIK5 0 678[ACIKm�IK8[ACIK8ML�=<^�L�O>I¢\tX>57L�6FhK2BD�L�J�=BX>L�6F8>cNm>J�=<²
L�=Chi=B5 ¬ n8 m[2<J�L�6FhiX>5F2<JK¡�67L�DHO>=BX>5FA]8>=BL+J�I4`MX>6FJ�I�2BA>AC67L�67=B8[2<5xJ�=BX>L�678>cbm>J�=BL�=Chi=B5�\]=CAC6ZY�hK2<L�67=B8]=BJ

hi=B81L�J�=B5�L�JH2 �Nh-L�=¥�T=BJ�¦ ¬ ^_2tm[2<J�L�6FhiX>5F2<J�\¢X>5FL�6FhK2BD�LTJ�=BX>L�6F8>ctm>J�=BL�=Chi=B5£O[2BD�L�= / I�\N=�AC6ZY[I4A�¡

L�O>I�\]=�AC67Y�hK2<L�67=B8[D_\¢X[DHL / I�3BIKJ 0 DH67\]m>57IB¡B2<8[A]L�O>I�2BA>AC67L�67=B8[2<5�hi=B81L�J�=B5xL�JH2 �Nh<¡�6Z^�2<8 0 ¡1\tX[D�L

8>=BL$J�I4DHX>57L�678@2<8>=BL�O>IKJ�DHhK2<5V2 / 675767L 0 6FDHD�X>I ¬

z ��=BX>L�IKJHDbL�O[2<L§2<cBcBJ�IKcE2<L�I�^a=BJ��+2<JHAC678>cªIK81L�J�67I4Db\tX[D�L / I�2 / 57INL�=©678ML�IKJ�=Bm�IKJH2<L�I ��6FL�O°L�O>=ED�I
L�O[2<L]AC=�8>=BL ¬ '[X>J�L�O>IKJ�\]=BJ�IB¡�L�O>I@2<cBcBJ�IKcE2<L�67=B8�DHL�JH2<L�IKc 0 \tX[D�L§8>=BL¥J�I4`MX>67J�Io2*m[2<J�L�6FhiX>5F2<J

ACIKm>57= 0 \NIK8ML$=BJHACIKJ f É4à ÃEà¼²£hi=BJ�IdJ�=BX>L�IKJHD / Ii^a=BJ�I�5FI42;^�J�=BX>L�IKJHD$=BJ�316FhiI-3BIKJHDH2Mg ¬

:8¥�1I4hiL�67=B8]j ¬ × ¬ l<¡B��I�O 0 mx=BL�O>I4D�6F³KI4AbL�O[2<L_57I42<¦ 0 2<cBcBJ�IKcE2<L�67=B8]hK2<8tO>IK57m¢X[D�D®hK2<57ITL�O>I�D�67³KI�=<^�L�O>I

\¢X>5FL�6FhK2BD�L�^a=BJ��+2<JHAC678>c@LH2 / 57I]2<m>m>J�=G¤�67\ 2<L�IK5 0 m>J�=Bm�=BJ�L�67=B8[2<5	L�=@L�O>I]81X>\ / IKJ�=<^�O>67cBOC² / 2<8[AC��6FACL�O

cBJ�=BX>m[D ¬ n8NL�O>6FD	D�I4hiL�67=B8£¡M�TI�m>J�I4DHIK8ML�2d57I42<¦ 0 2<cBcBJ�IKcE2<L�67=B8NDHL�JH2<L�IKc 0B¬ '�6FJHD�LK¡EO>=G��IK3BIKJK¡C�TI�m>J�I4DHIK8ML

D�=B\]I°ÈxÅBÈAcå7É�æ n g«2<cBcBJ�IKcE2<L�67=B8QDHL�JH2<L�IKcB67I4D ¬ ��O>I4D�I*D�L�JH2<L�IKcB67I4D�AC=RÈ�ÅEÊ§L�JH2BACIK=<¸ / 2<8[AC��6FACL�OR^a=BJ

J�I4ACX[hiI4A9LH2 / 57IdDH67³KIB¡>2<8[Ao^a=BJ�\ 2 / 2BD�IK57678>I-^±=BJ�X>8[ACIKJHD�LH2<8[AC678>c]L�O>IbmxIKJ¶^±=BJ�\N2<8[hiId=<^_57I42<¦ 0 2<cBcBJ�Ii²

cE2<L�67=B8 ¬
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224.0.1.0/30 224.0.1.7/32

oif_1 oif_2 oif_1

(c) Pseudo-strict aggregation

224.0.1.0/29

oif_1 oif_2

(d) Leaky aggregation

224.0.1.7/32224.0.1.3/32224.0.1.0/31

oif_1 oif_2 oif_1 oif_2 oif_1

(b) Strict aggregation

224.0.1.2/32)

(no entry for
(no entries)
. . . . . . . . . . . .224.0.1.0/32 224.0.1.1/32 224.0.1.3/32 224.0.1.7/32

oif_1 oif_2 oif_1 oif_2 oif_1 oif_2 oif_1

(a) Forwarding entries before aggregation

'�6FcBX>J�Ibj ¬ À1,T�_¤>2<\]m>57I-=<^(m>J�IiY>¤�² / 2BD�I4A©D�L�J�6FhiLK¡Cm[D�IKX[AC=<²nD�L�J�6FhiL�2<8[A@57I42<¦ 0 2<cBcBJ�IKcE2<L�67=B8 ¬

Ý �y�	�lû ~¯|W�7���$�[���(~GùNä;ä��E�AäW�x�E�n|W�

��O>I�D�67\]m>57I4DHLT8>=B8C²57I42<¦ 0 2<cBcBJ�IKcE2<L�67=B89D�L�JH2<L�IKc 0 6FD+��O[2<L��TIdhK2<575�ãäÊ�Ääâlm4Ê�2<cBcBJ�IKcE2<L�67=B8 f '(67cBX>J�I�j ¬ Ö

2<8[A�'(67cBX>J�Iªj ¬ À f / g�g ¬ :8«L�O>6FD¥D�L�JH2<L�IKc 0 ¡�L:�T=¯2BA ¾ 2BhiIK8MLNcBJ�=BX>mC²nD�mxI4hi67Y�ho^a=BJ��+2<JHAC678>c¹IK81L�J�67I4D]2<J�I

2<cBcBJ�IKcE2<L�I4A96Z^_2<8[A@=B8>5 0 6Z^�,

z ��O>IK67J�6F8[hi=B\]678>c§678ML�IKJ¶^�2BhiI4D�\N2<LHh®O ¬

z ��O>IK67J�=BX>L�cB=B6F8>c]678ML�IKJ¶^�2BhiIbD�IKLHD�\ 2<LHhHO ¬

��3BIK8Q6Z^�L�O>I*J�=�=BL AC=B\N2<678[DN=<^d2BA ¾ 2BhiIK81L cBJ�=BX>m[Do2<J�IªL�=Bm�=B57=BcB6FhK2<5F5 0 2<576FcB8>I4A�¡+��I©Ii¤Cm�I4hiLN5767L�L�5FI

5767¦BIK576FO>=1=CA]=<^_L�O>IKJ�I / IK678>c§\N2<8 0 cBJ�=BX>mªm>J�IiY>¤CI4D�L�O[2<L�DH2<L�6VD¶^ 0 L�O>I4D�Ibhi=B8[AC67L�67=B8[D ¬


�3<2<J�6F2<81L�=<^�D�L�J�6FhiL�2<cBcBJ�IKcE2<L�67=B8¥6VD���O[2<L���I�hK2<575�Ç[ã4ÉiÆ�ÁMÅ�c�ãiÊ�ÄÏâCmKÊ_2<cBcBJ�IKcE2<L�67=B8 f '(67cBX>J�I�j ¬ À f hGg�g ¬

n8@L�O>6VD�^a=BJ�\Ò=<^_2<cBcBJ�IKcE2<L�67=B8£¡xLn��=NcBJ�=BX>m9m>J�IiY>¤CI4D�2<J�IdJ�IKm>5V2BhiI4A /M0 L�O>Id57=B8>cBI4DHL$hi=G3BIKJ�678>c]m>J�IiY>¤

6Z^(2<8[A9=B8>5 0 6Z^¶,

z ��O>IK67J�6F8[hi=B\]678>c§678ML�IKJ¶^�2BhiI4D�\N2<LHh®O ¬

z ��O>IK67J�=BX>L�cB=B6F8>c]678ML�IKJ¶^�2BhiIbD�IKLHD�\ 2<LHhHO ¬

z ��O>IKJ�I�6FDW8>=�6781L�IKJ�3BIK8>678>c�^±=BJ���2<JHAC6F8>c�LH2 / 57I�IK8ML�J 0 ��O>=EDHI�cBJ�=BX>mtm>J�IiY>¤b\N2<LHh®O>I4DWL�O>I+57=B8>cBI4D�L
hi=?3BIKJ�678>c]m>J�IiY>¤ ¬
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��OMX[DK¡x678@'(67cBX>J�I¢j ¬ À f hGgÏ¡[��I¢hK2<8ª2<cBcBJ�IKcE2<L�I¢L�O>IdIK8ML�J�67I4D$^a=BJWë5ë�î£í�ñYí�ê;í�ñ5ò1ì�êd2<8[A6ë5ë�î£í�ñYí�ê;í�ì5ò1ì=ë

Éiá?ÉiÈ@Ê Ú ÅBÆ;Ã Ú L�O>I4D�I�2<J�I$8>=BL+2BA ¾ 2BhiIK81LTm>J�IiY>¤CI4D f m>J�IiY>¤¯ë!ë1î¦í�ñ¦í�ê�í�ë!ò!ì5ëd5767I4D / IKLn�TIKIK8�L�O>IK\�g ¬ ��O>6FD

6FD / I4hK2<X[D�I@L�O[2<L¥J�=BX>L�IKJ]O[2BD¥8>=BL¥J�I4hiIK673BI4A«2 ¾ =B678&^±=BJ¥cBJ�=BX>m ë!ë�î£í�ñ¦í�ê;í�ë!ò!ì5ë ¬ ��=BL�I@L�O[2<L]L�O>6FD

D�L�JH2<L�IKc 0 AC=1I4D�8>=BL+´n57I42<¦1µ�L�JH2 �Nh�ACI4D�L�6F8>I4A�^a=BJ ë!ë1î¦í�ñYí�ê�í�ë5ò1ì5ë�Ñ	^�L�O>I�J�=BX>L�IKJ�AC6FA�8>=BL�cBIKL$2 ¾ =B678

^a=BJ�ë!ë1î¦í�ñ¦í�ê�í�ë!ò!ì5ë>¡?67L�hi=BX>5FAd8>=BL�O[243BI+m>J�=Bm[2<cE2<L�I4At2 ¾ =B6F8dX>m[D�L�J�I42<\9¡<2<8[A¢DHO>=BX>5FA�8>=BLWJ�I4hiIK6F3BI�2<8 0

L�JH2 �Nh�^a=BJ�L�O[2<L�cBJ�=BX>m ¬�� n81L�X>67L�673BIK5 0 ¡1�TI�Ii¤CmxI4hiL+L�O[2<L�678�\N2<8 0 hK2BDHI4D�m[DHIKX[AC=<²nD�L�J�6FhiL�2<cBcBJ�IKcE2<L�67=B8
hK2<8ªhi=B\]m>J�I4DHD / IKL�L�IKJ$L�O>IdJ�=BX>L�6F8>c¥LH2 / 57I�L�O[2<8ªD�L�J�6FhiL$2<cBcBJ�IKcE2<L�6F=B8 ¬

Ý �y�	��� ���[����~Gæ�|��1ç����!å��n�YäKo¥���<�E~ºùNä;ä��E�AäW�x�E�n|W�

��O>I / 2BD�6Fh�6FACI42 / IKO>678[A&57I42<¦ 0 ^a=BJ��+2<JHAC678>c¹D�LH2<L�I92<cBcBJ�IKcE2<L�67=B8«6VDtDH67\]m>57I ¬ ��I42<¦ 0 2<cBcBJ�IKcE2<L�67=B8

J�IK5F2;¤CI4DTL�O>I�J�I4`MX>6FJ�IK\]IK8ML�678Nm[D�IKX[AC=<²nDHL�J�6FhiL+2<cBcBJ�IKcE2<L�6F=B8�L�O[2<L+L�O>I�=BX>L�cB=B678>c¢6F8ML�IKJ¶^�2BhiI�D�IKLHD�=<^�L�O>I

IK8ML�J�67I4Dt\tX[D�Lt\N2<LHhHO ¬ 
 A>2<LH2*m[2BhH¦BIKL§L�O[2<L§\N2<LHh®O>I4D¢L�O>IoJ�I4D�X>5FL�678>c9^±=BJ���2<JHAC678>c�IK81L�J 0 ��67575 / I

^a=BJ��+2<JHACI4Ae=B8«2<575�6F8ML�IKJ¶^�2BhiI4D¢=B8e��O>6Fh®O ¾ =B678[DtO[2G3BI / IKIK8eJ�I4hiIK673BI4A�¡ / X>L§67Lt\N2 0°/ I ^a=BJ��+2<JHACI4A

=B8 D�=B\]I�=BL�O>IKJo678ML�IKJ¶^�2BhiI4D@2BDo�TIK575 f â±àaÉ4à¤²dL�O>=ED�I*^±=BJo��O>6FhHO�8>=�Í<=B678�\]I4D®DH2<cBI©�+2BDoJ�I4hiIK673BI4A�g ¬

'(67cBX>J�I]j ¬ À f A�g�D�O>=G�$Dd2<8½Ii¤>2<\]m>57It=<^�m>J�IiY>¤�² / 2BD�I4A�57I42<¦ 0 2<cBcBJ�IKcE2<L�6F=B8 ¬ ��J�=BX>m&ë5ë�î£í�ñYí�ê;í�5ò1ì=ë
AC=1I4D$8>=BL$678[hi57X[ACI^���+�Z�5ëC¡ / X>L������Z�5ë§6FD�6F8[hi57X[ACI4A�678@L�O>Ib2<cBcBJ�IKcE2<L�I4A9IK81L�J 0 ë!ë1î¦í�ñ¦í�ê�í�ñ5ò!ì!ñ ¬

� / 3�67=BX[D�5 0 ¡�57I42<¦ 0 2<cBcBJ�IKcE2<L�67=B8°��2BD�L�I4D¢D�=B\]I / 2<8[AC��6FACL�O ¬ '>=BJdL�O>6FD�J�I42BDH=B8£¡�D�X[h®O¯2<cBcBJ�IKcE2;²
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(a) Input to the algorithm: bw and oifs per group; allowed leaks

224.0.1.1/32
bw = 5

224.0.1.3/32
bw = 6

224.0.1.1/32
bw = 5

224.0.1.3/32
bw = 6

224.0.1.0/31224.0.1.0/31

224.0.1.0/32
bw = 1000

224.0.1.2/32
bw = 1000

224.0.1.0/31 224.0.1.2/31

224.0.1.0/30

Allowed leaks per interface = 10

224.0.1.0/32
bw = 1000

224.0.1.2/32
bw = 1000

oif_1 oif_2 oif_1oif_2

224.0.1.0/32
bw = 1000

224.0.1.2/32
bw = 1000

224.0.1.1/32 224.0.1.3/32

224.0.1.0/30
bw = 11

224.0.1.2/31

224.0.1.0/32
bw = 1000

224.0.1.2/32
bw = 1000

224.0.1.1/32 224.0.1.3/32

224.0.1.0/30
bw = 5

224.0.1.2/31
bw = 6

leaks = 5 leaks = 6

(b) Step 1

(d) Step 3(c) Step 2
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Number of receivers

512 high bandwidth groups; 2560 low bandwidth groups

Before aggregation
After: strict

After: pseudo-strict
After: leaky 2%
After: leaky 5%

After: leaky 10%
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Allowed leaks (% of available link bandwidth)

512 high bandwidth groups; 2560 low bandwidth groups

high:low bw = 200:1
high:low bw = 1000:1
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High bandwidth groups (% of address space)

Address space = 4096; high+low bandwidth groups = 3072

400 receivers/group, 5% leaks
400 receivers/group, 10% leaks
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224.1.1/24
Root Domain for

: 224.1.1.1 dataflow

: 224.1.1.1 dataflow because
of the leaky aggregation

: (*,224.1.2.0) Join message
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Root Domain for 224.1/16
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multicast data

Src

R3 R4

R2

R1

Rx3 Rx4 Rx5 Rx6

Rx2

: Replier link

Rx1

: NACK

(1)

(1)

(2) Directed
multicast

(3) Multicast

(0) Link loss

(1)

(1)

: Multicast data

: Directed

óæôyõ#ö�÷�ø+³�û v ýo|r�)�{������ô��0��ø:x��� <���yø#ý�;����j�L��,�j�����";A÷�ø�
:�C�#ø�÷	)#û

Rx3, Rx4, Rx5, Rx6: exposure

Src

R3 R4

R2

R1

Rx3 Rx4 Rx5 Rx6

Rx2

: Replier link

Rx1

: NACK(2) Directed
multicast

(3) Multicast

(1)

: Multicast data

: Directed
multicast data

(0) Link loss
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: Unicast data

Src

R3 R4

R2

R1

Rx3 Rx4 Rx5 Rx6

Rx2

: Replier link

Rx1

: NACK

(1)

(0) Link loss

(2) Unicast data
recovery
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(4) Multicast

Src

R3 R4

R2

R1

Rx3 Rx4 Rx5 Rx6

Rx2

: Replier link

Rx1

: NACK

(1)

(1)

(1)

(2) Unicast data
recovery : Unicast data

(0) Link loss

(3) Directed
multicast

: Multicast data

(1)
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(b)

Receiver fraction parameter (q) = 1
Tree depth (L) = 3
Tree fanout (k) = 3

Leaf node receiver fraction = (1/k^(q−1)) = 1/3th of all leaf nodes

Tree fanout (k) = 3
Tree depth (L) = 3
Receiver fraction parameter (q) = 2

L = 0

L = 1

L = 2

L = 3

L = 0

L = 1

L = 2

L = 3

(a)

Leaf node receiver fraction = (1/k^(q−1)) = 1 (all leaf nodes)
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Initial Yoid tree:

S−R1−R2 latency = 200ms
S−R1 latency = 110ms
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R2 JOIN_MEASUREs to S:

and S−R2 latency = 160ms
Difference between S−R1−R2

Yoid Parent−Child datalink

Yoid Parent−Child measurement link

R2 switches to S:

S−R2 latency = 40ms
S−R1 latency = 110ms
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�UlU�Gp��U�¯�e��pE�U������pa��y�oepQ�$pa��y�n}�epE�e�}y��M�}y�oe�el���n���y�oM|��D�f{}�e�eoepay��¨{���|�pE�}yG�M��y�oemGpP��y�{��Gn���rhµM��p�oep����GoepG�

�e��p�|�l¹�����G{�{�pa���elU�G{¢���Ç�e�}y���{���|�p�lU���ep����$�Go�y�oe�®�$���e�e���G{�pa|d�dmGlU�RlU{�m�lU�P�e�G�p4�elU��p4�e��oepa|�n}��p¯lU���

�D�f{¤��y�{��Gn���y�{}|!�e�Âp���lU��lU{}y��ep¯�e��p��U���&�epa��r�º;�f�e��p�U���&�epa�Q���G{`�elU{9n�p��e����p��p�o��el¹�e�ep�{`���=�e��p�{¤�e��p

{��R|�pQl¹� � �9l��&�Gpa|R¡W�Gn����  Q��pa��y�n}�epb�`n�lU�epE�Ul��Gp��U���e��p��}y�oe�el���n��¹y�oÁ��lU{���e���e�}y���{���|�p�l��Á�U���&�e�Gr

Each node sends Lossprint messages

: Data flow
: Congested link

A

S

B

D

C

E

: Lossprint report

C, D and E observe data losses due

A

S

B

D

C

E

to a link congestion. to its upstream and downstream
neighbors.

B�CEDGF"HJILKNM(ONP�QSR&TUT;VWHUXZYJI[HJI]\_^"Ia`bIa^8YcXZdEDGRGHJCEYJe"`fPSCE^"CEYJC>XZd&TJIaYJF"ghXZ^_ijd>R&TUTJg"HJCE^kY�`bIlTUTUXZDGIlTmRGHJCEDGCE^_XZYJCERG^SM

noe"IbXZdEDGRGHJCEYJe"`qpaXZ^srtIuCEdEdEF_TJYJHUXZYJIlivrtIaYJYJIaHxw,CEYJesXZ^sI]yzXZ`bg"d>IGMu{[RG^_TJC>izIaH|YJe"IbTJIaYJF"gsC>^�B�CEDZV

F"HJI}KNM(Ofw,e"IaHJI�~�C�T�YJe"I}TJIa^_izIaHhXZ^_i�YJe"I�F"g_TJYJHJIlXZ`�^"RzizI��2RGH�RZ�4�j�c��C�T�YJe"I�F"g_TJYJHJIlXZ`�RZ���

XZ^_iv�u�"XZ^_iv��C>TLYJe"I�F"g_TJYJHJIlXZ`�RZ�c��XZ^_i��bM�����w[IjXGTUTJF"`�I�YJe_XZY�YJe"IxIlizDGI�dECE^"�bRZ����C�T,XudER�woV

r_XZ^_izw,C>izYJe�d>CE^"�*�SYJe"Ia^�CEYx`�X���^"RGY�r*IbXZr"d>IbYJRfpaXZHJHJ�sYJe"HJIaI�YJC>`bIlT|YJe"I�i"XZYUX�r_XZ^_izw,C�izYJe
�2RG^_p]I

�2HJRG`���YJR����"YJe"Ia^��2HJRG`���YJRb��XZ^_if� HJIlTJgtIlp]YJCE¡GIadE�_¢AM

£�F"I�YJR}YJe"IhdECE^"��p]RG^"DGIlTJYJCERG^S�m���t�¤XZ^_i��¥w,CEd>dmXZdEd�RGr_TJIaHJ¡GIhi"XZYUX�dER&T¦TJIlTaM4noe"IaHJI]��RGHJIG�Sw,e"Ia^

IlXGpUesRZ��YJe"Iu^"RzizIlTxTJIa^_i"T�CEYUT4dER&TUTJg"HJCE^kY4YJR}CEYUT4F"g_TJYJHJIlXZ`q^"RzizI�XZ^_i�izR§w,^_TJYJHJIlXZ`q^"RzizIlTa����w,CEdEd

dEIlXZHJ^fYJe_XZYj� RGr_TJIaHJ¡GIlT�e"CEDGe�i"XZYUX�dER&T¦TJIlTa�*XZ^_is� w,CEdEd�d>IlXZHJ^fYJe_XZY|CEY�TJe_XZHJIlT|TJC>`bCEd>XZHodER&TUTUIlT¨w,CEYJe

�¤XZ^_i��bM�©4R�w�Ia¡GIaHa���w,CEdEd�XZd>TJR�d>IlXZHJ^vYJe_XZY�CEYUT�TJIlp]RG^_i�izR�w,^_TJYJHJIlXZ`q^"RzizI���izRkIlT�^"RGYxTJe_XZHJI
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losses with its downstreams D and E,

A

S

B

D

C

E

C discovers that it shares similar
and no more losses because of
E rejoins the tree (e.g., from D),

C’s fanout.but A postpones any action. After a

A

S

B

D

C

E

: Data flow: Data flow

while, C kicks−out E.

B�CEDGF"HJI�KNM(NPoQSR&TUT;VWHUXZYJI�HJI]\_^"Ia`bIa^8Y|XZdEDGRGHJCEYJe"`�Po�u�®�¯XZ^_if�°HJIaRGHJD&XZ^"CE±aI�YJR�HJIlizF_p]IjYJe"I�dER&XGi�RG^
YJe"Ijp]RG^"DGIlTJYJIli�rtRGYJYJdEIa^"Ilp¦��dEC>^"�*M

TJCE`bC>d>XZH�dER&TUTUIlTjw,CEYJe²���cYJe"IaHJI]�2RGHJI��³w,CEdEdLg*R&TJYJgtRG^"I�YUXZ�kCE^"D�YJe"I�XGp]YJCERG^´RZ�4�NC>p¦�kCE^"DZVWRGF"Yb�uM���^

YJe"Ix`bIlXZ^}YJCE`bI���w,CEdEdt�NC>pU�kVWRGF"YoYJe"I�izR�w,^_TJYJHJIlXZ`�^"RNizI|w,CEYJe�YJe"I|w�RGHUTUY¨dER&TUTJIlTx�2^"RzizIx�µCE^}YJe"C>T

I]yzXZ`�g"dEI§¢A�¶��2YJIaHh��C>T�izC>TUp]RG^"^"Ilp]YJIli·�2HJRG`�YJe"I�YJHJIaIG��C¸�,CEYxwLXGThXfpUe"CEd>i·RZ���u�mC>Y�`�F_TUY�p]RG^"^"Ilp]Y

¹ F"C�pU�NdE�ur_XGpU�brk��TJIadEIlp]YJCE^"DhX�^"Iaw
g_XZHJIa^8Ya�"RGYJe"IaHJw,C>TUIx�ºC>T�YJe"I4RG^"I�YJe_XZYow,CEdEd_e_X�¡GI�YJRj\_^_i}X�^"Iaw

g_XZHJIa^8Y4RG^�YJe"I|»�RGC>i}YJHJIaIGM�¶��2YJIaH¨�°pUe"RNR&TJIlT¨��XGT,CEYUTo^"Iaw¼g_XZHJIa^8Ya�*YJe"I�YJHJIaIxe_XGT¨p]RG^k¡GIaHJDGIlifXZ^_i

YJe"IaHJIjXZHJI�^"R�`bRGHJIxd>R&TUTJIlTortIlpaXZF_TJIxRZ����½7T,d>XZHJDGI|�¾XZ^"RGF"Yj��TJIaIjB�CEDGF"HJIjKNM(&¢AM

¿ ÀEÁSÀ>ÂSÀ¸Á Ã�Ä2ÅlÆ8ÇÅlÅlÄ2È*É

ÊLRGYJe�YJHJIaI}HJI]\_^"Ia`bIa^kYuXZd>DGRGHJCEYJe"`�TjXZHJI}i"XZYUX�VWYJHJCEDGDGIaHJIli ËLCE^�RGYJe"IaHuw[RGHUi"Ta�cC¸�¨YJe"IaHJI�C>Tj^"R�XGp]YJCE¡GI

TJIa^_izIaHa�zYJe"I4YJHJIaI�w,CEdEd®^"RGY[pUe_XZ^"DGIGM[noe"C>T�e_XGTLCEYUT[XGiz¡�XZ^kYUXZDGIlT,XZ^_i�izC>T¦XGiz¡�XZ^kYUXZDGIlTaM[Ì4^�RG^"I�e_XZ^_i �

C¸�YJe"IjDGHJRGF"g�C>ToC>izdEI���RGH,dERG^"D�YJCE`bIG�zYJe"Ia^�YJe"IaHJI�C>To^"R�^"IaIli�YJRbHJIaRGHJD&XZ^"C>±aI�YJe"I�YJHJIaIG�_IlTJgtIlp]C>XZdEd>��C¸�
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w�I4w[XZ^8YLYJRj`�CE^"CE`bCE±aI[YJe"I4XZ`bRGF"^kY�RZ�SI]yzYJHUX�p]RG^8YJHJRGdtYJHUX�Î�pZM[Ì4^�YJe"I4RGYJe"IaH�e_XZ^_i �NC¸�*YJe"I4YJHJIaI�e_XGT

F"^_izIlTJCEHJIli�pUe_XZHUXGp]YJIaHJC>TJYJC�paT[XZ^_i�C¸� w�I�w[XZCEY[�2RGH[YJe"I4TJIa^_izIaHUT[YJRuTJYUXZHJY[TJIa^_izC>^"D�i"XZYUX�YJRhCE`bg"HJR§¡GI�CEYa�

YJe"IaHJI�C>T,XuYJHUXZ^_TJC>Ia^8Y¨gtIaHJCERzi�RZ��gtRkRGH,gtIaH;�2RGHJ`�XZ^_p]IxF"^8YJCEd�YJe"IjYJHJIaI�XGi"XZg"YUTaM

noe"IuYJHJIaIuHJI]\_^"Ia`bIa^8Y�XZdEDGRGHJC>YJe"`�T��2d>XZYJIa^_p]�vXZ^_ivd>R&TUT;VWHUXZYJI§¢�XZHJIhC>^_izIag*Ia^_izIa^kY�RZ�[IlXGpUesRGYJe"IaHa�

r"F"Y�rtIlpaXZF_TJIfrtRGYJe²RZ��YJe"Ia`ÏXZHJIvHJF"^"^"C>^"D�XZY�YJe"I�TUXZ`bI�YJC>`bI�w�I�paXZ^
p]RG^_TUC>izIaHbYJe"Ia`ÐXGTbY�w[R

�2RGHUp]IlT¨YJe_XZY¨izI]\_^"IxYJe"IxYJHJIaI�TJe_XZg*IGM[noe"I|\_HUTJYL�2RGHUp]IG�_YJe"Ixd�XZYJIa^_p]��HJI]\_^"Ia`bIa^kY�XZdEDGRGHJCEYJe"`¥YJHJCEIlToYJR

CE`bg"HJR§¡GIhYJe"IuIa^_iNVWYJRZVWIa^_isd�XZYJIa^_p]�fr8�vI]ÑtIlp]YJC>¡GIadE��HJIlizF_p]CE^"D�YJe"IuYJHJIaIbizIag"YJeSM�¶oYxYJe"I�TUXZ`bIhYJCE`bI

YJe"IbTJIlp]RG^_i���RGHUp]IG��YJe"I�dER&TUT;VWHUXZYJI�HJI]\_^"Ia`�Ia^8Y�XZdEDGRGHJCEYJe"`qHJIlTUYJHJC>p]YUT|YJe"I�`�X�yzCE`�F"`��¾XZ^"RGF"YxRZ�[YJe"I

^"RNizIlT4rtIae"CE^_i�dER§wÒr_XZ^_izw,C�izYJevdEC>^"�NTaM,noekF_Ta�t»�RGC>i�CE`�g"dEC>p]CEYJdE��p]RG^_TJC>izIaHUT¨rtRGYJe�`bIaYJHJC>paT��2d�XZYJIa^_p]�

XZ^_i�YJe"HJRGF"DGe"g"F"YA¢oC>^}p]RG^_TUYJHJF_p]YJCE^"DbYJe"IjXZg"g"dEC�paXZYJCERG^zVWdEIa¡GIad R�¡GIaHJd>X��GM

B�CE^_XZdEdE�G��w�I[TUe"RGF"d>ix^"RGYJI�YJe_XZYr*RGYJejYJe"I�d>XZYJIa^_p]�xXZ^_ixYJe"I[dER&TUT;VWHUXZYJI�HJI]\_^"Ia`�Ia^8YXZd>DGRGHJCEYJe"`�TSXZHJI

dERzpaXZdW��CE^k¡GRGdE¡kC>^"D}p]RNRGHUizCE^_XZYJCERG^�RG^"dE�vrtIaY�w[IaIa^ÓX�^"RNizI�XZ^_i�CEYUT|^"IaCEDGekr*RGHUTaM}noe"IaHJI]��RGHJIG��rtIlpaXZF_TJI

RGF"HbDGR&XZd,C>T�X�¡GRGC>i"XZ^_p]IfRZ��w�RGHUTJY;V�paXGTJIvg*IaH;��RGHJ`�XZ^_p]IG�LYJe"IaHJI�C>TuXsHJIlXGTJRG^_XZr"d>I�I]yNgtIlp]YUXZYJCERG^�YJe_XZY

YJe"IlTJI�dERzpaXZd¨XZdEDGRGHJCEYJe"`�T�w,CEdEd,p]RG^8¡GIaHJDGI ¹ F"C>pU�NdE�GM
Ì4^ÔYJe"IvRGYJe"IaHbe_XZ^_i �¨TJYJHJC>p]YJd>��TJgtIlXZ�kC>^"D"��YJe"I

dERNRGg�YJIaHJ`bCE^_XZYJCERG^�XZdEDGRGHJC>YJe"`�C>To^"RGY¨dERzpaXZdWM�B"RGH4I]yzXZ`bg"d>IG�"CE^�YJe"I�w�RGHUTUY�paXGTJIG�_C¸�cXZdEdSg_XZHJYJC>p]C>g_XZ^8YUT

p]HJIlXZYJIxRG^"IxTJCE^"DGdEI4dERkRGgS�NYJe"Ia^}IlXGpUe�RZ�mYJe"I|g_XZHJYJC>p]C>g_XZ^8YUTow�RGF"d�i�F_TUI4CE^z��RGHJ`�XZYJCERG^�XZr*RGF"Y,XZdEdtRGYJe"IaH

g_XZHJYJC>p]CEg_XZ^kYUToYJRuizIlp]C�izI�w,e"IaYJe"IaH,C>Y[w[RGF"d>i}r*I�YJe"Ix^"RzizI�YJRur"HJIlXZ��YJe"IxdERkRGgSMc©4R�w[Ia¡GIaHa�_CEYLC>TLRG^"dE�

YJe"I�CE^z��RGHJ`�XZYJCERG^�YJe_XZY�C>T4Õ�DGdERGr_XZdW� Ö�XZ^�XZHJYJCE��XGp]Yx��HJRG`¤YJe"I�g_XZHJYJC>p]F"d>XZHx`bIlp¦e_XZ^"C>TJ`¤YJe_XZY�C>TxF_TJIli M

¶�g_XZHJY�RZ�YJe_XZYa�_YJe"I�`�IlpUe_XZ^"C>TJ`�izRNIlT,^"RGY¨HJIad>��RG^�XZ^8�}I]yzg"dEC>p]CEYLDGdERGr_XZdS`bIaYJe"Rzi"Ta�"YJe"IaHJI]��RGHJI�CEYoC>T

HJIlXGTJRG^_XZr"dEI�YJR�I]yzg*Ilp]Y4YJe_XZY�CEY¨w[RGF"d>i�^"RGY�HJIlTJF"dEY�CE^�dERG^"D�p]RG^k¡GIaHJDGIa^_p]IuYJCE`bIGM,noe"C>T¨C�T¨p]RG^z\_HJ`bIli

r8�}YJe"IxgtIaH;�2RGHJ`�XZ^_p]IjHJIlTJF"dEYUT,izIlTUp]HJCErtIli}CE^}YJe"I�^"I]yzY¨TJIlp]YJCERG^SM
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��^²YJe"C>T�TJIlp]YJC>RG^Ôw�I�izIlTUp]HJCErtI�YJe"IfHJIlTJF"d>YUT�RZ��TJIa¡GIaHUXZd4I]yzgtIaHJCE`bIa^8YUTbw�Ivp]RG^_izF_p]YJIliéYJR�¡ZXZdEC>i"XZYJI

YJe"I�izIlTJC>DG^sRZ�oYJe"I�YJHJIaI�`�XZ^_XZDGIa`�Ia^8Y�XZd>DGRGHJCEYJe"`�Ta�mXZ^_i�YJR�F"^_izIaHUTJYUXZ^_i�YJe"IbCE`bg_XGp]YjRZ�o¡ZXZHJCERGF_T

g_XZHUXZ`bIaYJIaH¨TJIaYJYJCE^"D&TlM[Ì4F"Ho\_HUTJY¨TJIaY¨izIlTUp]HJCErtIlTLHJIlTJF"dEYUTL��HJRG`�Xh»�RGC>i}TJCE`hF"d>XZYJRGHaMcnoe"Ia^S�_w�IxHJIagtRGHJY

YJe"I�HJIlTJF"dEYUToRZ��»�RGC>i}I]yzg*IaHJC>`bIa^8YUToR§¡GIaH¨YJe"Ij�/^8YJIaHJ^"IaYaM

ê�ëEì�ë�í îcï�ðÔñ[òWótô&ïWõmöº÷�ø*ù�ñ[ò¾ô&ù

B"RGHhRGF"HhTJC>`�F"d>XZYJC>RG^_Txw�I�izIa¡GIadERGgtIli�Xvg_XGpU�GIaY;VWdEIa¡GIad,TJC>`�F"d>XZYJRGHaMvnoe"I�CE^"g"F"YUT�YJR�YJe"I�TJC>`�F"d>XZYJRGH

CE^_p]dEF_izIbYJe"I�F"^_izIaHJdE�NCE^"D�^"IaY/w�RGHJ��YJRGgtRGdERGDG�sXZ^_i�YJe"I�g"d>XGp]Ia`�Ia^8YjRZ�¨YJe"I�»�RGC>i·^"RzizIlTaMfú�XGpUeÓRZ�

YJe"I4TJIad>Ilp]YJIli�»�RGC>i�^"RzizIlT[C>T�HJF"^"^"CE^"D�YJe"I¨»�RGC>i�TJYUXGpU�tM�¶�d>d_g_XGpU�GIaYUToXZHJI�e_XZ^_izd>Ilibr8��YJe"I4YJRGg*RGd>RGDG�

HJRGF"YJCE^"D�Ia^"DGCE^"IGM�noe"I�Ia^"DGC>^"I4��RGHJw[XZHUi"T�YJe"Ixg_XGpU�GIaYUT�e"RGgzVWr8�kVWe"RGgS�*XZ^_i�XZY,IlXGpUefe"RGg�CEY,p]RG^_TJC>izIaHUT

YJe"I}d>XZYJIa^_p]��XZ^_iÓYJe"I}r_XZ^_izw,C>izYJe´RZ�4YJe"I}YJRGgtRGdERGDG�·dECE^"�sYJR�g"HJRGg_XZD&XZYJI�RGH ¹ F"IaF"I�YJe"I�g_XGp¦�GIaYUTaM

noe"IaHJIvC�TbXZd>TJR�X�TJCE`bg"d>I ¹ F"IaF"IaCE^"D·`�IlpUe_XZ^"C>TJ`û��B��/BÌx¢�w,e"C>pUeéYUXZCEd¸V�izHJRGg_T�YJe"Ifg_XGpU�GIaYUT�C¸�|YJe"I

¹ F"IaF"IjC>TL�2F"d>dWM��/^�XZdEd�TJC>`�F"d>XZYJC>RG^_T�YJe"I ¹ F"IaF"I�TJCE±aIxC�T ªaüGüGü g_XGpU�GIaYUTaM

B"RGH|`bR&TJY|TJCE`hF"d>XZYJCERG^_T¨w�IuF_TJIuX�HJIlXZdEVWw�RGHJd>ivHJRGF"YJIaH;VWdEIa¡GIad�YJRGg*RGd>RGDG�GM|noe"IuYJRGgtRGdERGDG��C>T�TUXZ`bI

XGT,YJe"I��/^8YJIaHJ^"IaY�p]RGHJI�YJRGgtRGdERGDG��izIlT¦p]HJCEr*Ili}C>^výkIlp]YJCERG^ ¬ M ¬ M(þNMo©�R§w�Ia¡GIaHa� X��2YJIaH,w[I�TJIadEIlp]Y,d>RNpaXZYJCERG^

RZ�m»�RGC>i�^"RzizIlToCE^}YJe"I�YJRGgtRGdERGDG�G�zw�I�XGi"i�XZ^}I]yzYJHUXudEIlX��m^"RzizI|YJRhIlXGp¦e�dERzpaXZYJCERG^S�"XZ^_i�YJe"R&TUIxI]yNYJHUX

^"RNizIlT�XZHJI�YJe"I|»�RGC>i}`bIa`hr*IaHUTlM�noe"C>T,TJYJIag�e"IadEg_T,F_T�TJCE`hF"d>XZYJI|r*RGYJYJdEIa^"Ilp¦��IlizDGIjdECE^"�zTaM

�/^·XZdEdcTJCE`hF"d>XZYJCERG^_T4w�I�F_TJIbp]RG^_TJYUXZ^kY;VWHUXZYJI���Nr"g_T|YJHUX�Î�p�RZ�[g_XGp¦�GIaY�TJC>±aI�RZ�¨K ü RNp]YJIaYUT�w,e"C>pUe

XZg"g"HJRlyzCE`�XZYJIadE�x`�RNizIad>TmYJe"ILXZF_izC>R4YJHUX�Î�p[DGIa^"IaHUXZYJIliur8�jÿ4¶cn��7G��zw,CEYJehdER�woVWIa^_i���ý���Ia^_p]RzizCE^"D"M

��^�`�R&TJY,paXGTJIlT,w�I�F_TJIjþ üGü HJIlp]IaCE¡GIaHUT�g"d>XGp]Ili�XZY,HUXZ^_izRG`�M

�/^�RGF"HTJC>`�F"d>XZYJC>RG^_T w�I[p]RG^_TUC>izIaHmY/w�R�`bIaYJHJC>paTaMmnoe"I	��
�����������������������������	������������ 4C�T�p]RG`bg"F"YJIli

XGT�YJe"I�TJF"` RZ��YJe"I�g"HJI]V�p]RG^z\_DGF"HJIli�d>XZYJIa^_p]��RG^�IlXGp¦e�d>CE^"�j��HJRG`°XZd>d*TJIa^_izIaH[^"RNizIlT[YJR�XZdEd*HJIlp]IaCE¡GIaHUTa�
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B�CEDGF"HJIjKNM ªaü PLýkCE`hF"d>XZYJCERG^�HJIlTJF"dEYUTlP�TJIa^_izIaH�XZ^_i�þGK�EäRZ��HJIlp]IaCE¡GIaHUT,rtIae"CE^_i Í&ü �Nr"g_T@FZO ü `�T,dEC>^"�NTaM

XZ^_ihYJe"Ia^uX�¡GIaHUXZDGIlibXGp]HJR&TUTcXZdEdzTJIa^_izIaHUT�XZ^_iuHJIlp]IaCE¡GIaHUTaM�noe"IHGB��-I.�=�J�-�KIL���������M�N�OI-I.�J+�����,HJIag"HJIlTJIa^kYUT

YJe"I�d>XZHJDGIlTJY,d>R&TUToTJIaIa^fXZY¨X�HJIlp]IaCE¡GIaH,C>^}Xbw,CE^_izR�w�RZ� ªaü TJIlp]RG^_i"TaM

�/^·`bR&TJYjTUCE`�F"d�XZYJCERG^_T|w�I�izC>is^"RGYjRGr_TUIaHJ¡GI�XZ^8�sd>RkRGg_TaM}�/^�TJRG`bIG��e"R�w[Ia¡GIaHa�cw�I}TUXlw ª RGHhþ

dERNRGg_T¨��RGHJ`bIlivg*IaH|TJCE`hF"d>XZYJCERG^�HJF"^S�SXZ^_i�YJe"IlTJIuw�IaHJI ¹ F"C>pU�NdE�}HJIlTJRGdE¡GIlivw,CEYJe"CE^vYJe"IuRGHUizIaH�RZ���2Iaw

e8F"^_izHJIlif`bCEdEdEC�TJIlp]RG^_i"TaMQPsIjizR�^"RGYo�2F"HJYJe"IaH�izC�TUp]F_TUTodERNRGg�p]RG^8¡GIaHJDGIa^_p]IGM

�/^�YJe"I4�2RGdEd>R�w,CE^"D�g_XZHUXZDGHUXZg"e_Tl�"w�I|izC>TUp]F_TUT�YJe"I4gtIaH;�2RGHJ`�XZ^_p]I4RZ�S»�RGC>i ½7T[YJHJIaI�HJI]\_^"Ia`bIa^8Y,XZdEDGRZV

HJCEYJe"`�T,XGp]HJR&TUT�Xuw,C>izIx¡�XZHJC>IaY���RZ��TUp]Ia^_XZHJC>R&TaM

�/^�YJe"I4\_HUTJYoTJCE`hF"d>XZYJCERG^bw[I�YJIlTUY[YJe"I�»�RGC>i�g*IaH;��RGHJ`�XZ^_p]I�w,CEYJe�Y/�kg"C�paXZdtTJIaYJF"g�w,e"Ia^�Xj^kF"`�rtIaH

RZ�x`bIa`�rtIaHUT�XZHJIvr*Iae"C>^_i�r*RGYJYJd>Ia^"IlpU�´dECE^"�zTaMé�/^²YJe"C�TbTUp]Ia^_XZHJCER"�,YJe"I�IlizDGI�dECE^"�zTuRZ�jþGK�E RZ�jXZdEd

»�RGC>is^"RzizIlT�e_X�¡GI�r_XZ^_izw,C>izYJeÓpaXZg_XGp]CEY��sRZ�oRG^"dE� Í&ü �kr"g_T�XZ^_i·dEC>^"�fd>XZYJIa^_p]��RZ��O ü `�TaM�noe"I�HJIlTJY

RZ��YJe"Ixd>CE^"�NTLCE^}YJe"I�YJRGgtRGdERGDG��e_Xl¡GI�r_XZ^_izw,C>izYJevpaXZg_XGp]CEY���RZ� ª �vr"g_T¨XZ^_i�d�XZYJIa^_p]��RZ� ªaü `�TaM�noe"C>T

TUp]Ia^_XZHJCER�C�TcCE^8YJIa^_izIli�YJRj`bRzizIad_Xx»�RGC�i�DGHJRGF"g�w,CEYJe�`�XZ^8�uHJIlp]IaCE¡GIaHUT�r*Iae"CE^_ibdER�wÔr_XZ^_izw,C�izYJe�XZ^_i

e"CEDGe�d�XZYJIa^_p]�·r*RGYJYJd>Ia^"IlpU�·dEC>^"�NT�TUF_pUe�XGT�izC�XZd¸VWF"g�g"e"RG^"I}`bRzizIa`�TaMf�/^"CEYJC>XZd>dE�G�mXZdEd[HJIlp]IaCE¡GIaHUTSR$RGCE^

YJe"I�YJHJIaIbRG^"I]VWr8�kVWRG^"I�w,C>YJe·XZ^sCE^8YJIaHJ¡ZXZdcRZ� ª TUIlp]RG^_isr*IaY/w�IaIa^·YJe"Ia`fMbnoe"Ia^S� ¬ZüGü TJIlp]RG^_i"T�X��2YJIaH
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"�6�%�798-*�:;2=<>4?#@:=)BA�#-2�#C/D8.:=:=)+:

B�CEDGF"HJIjKNM ªGª PoýkCE`�F"d�XZYJCERG^�HJIlTUF"dEYUTaP�þGK�E°RZ��HJIlp]IaCE¡GIaHUT�XZHJIx`bIa`hrtIaHUTL�2RGH¨RG^"d>� ªaüGüGü TJIlp]RG^_i"TlM

YJe"I�d>XGTUY�`bIa`hr*IaHUR;RGCE^_TxYJe"I�YJHJIaI��¾K üGü TJIlp]RG^_i"Tj�2HJRG`�YJe"I�rtIaDGCE^"^"CE^"D�RZ�¨YJe"I�TUCE`�F"d�XZYJCERG^*¢A��YJe_XZY

d>XGTJYc`bIa`hrtIaH�TJYUXZHJYUT�TUIa^_izCE^"D�i"XZYUXzM�n�RhTJYJHJIlTUT�YJe"I�`bIlpUe_XZ^"C>TU`�T���F"HJYJe"IaHa�8YJe"I4TUCE`�F"d�XZYJCERG^uC>T�TJIaYJF"g

TJF_pUefYJe_XZY¨YJe"I�TJIa^_izIaH¨C>TortIae"CE^_i�XurtRGYJYJdEIa^"IlpU�}dEC>^"��XGT,w�Iad>dWM

noe"I�HJIlTUF"dEYUTc��RGH�YJe"I4X�¡GIaHUXZDGI|d>XZYJIa^_p]��XZ^_ibw�RGHUTUY;V�paXGTJI�i"XZYUXjdER&TUTJIlT�XZHJI�CE^bB�CEDGF"HJI|KNM ªaü ��X8¢cXZ^_i

B�CEDGF"HJI|KNM ªaü �2r*¢�HJIlTJgtIlp]YJCE¡GIadE�GM�noe"IxXl¡GIaHUXZDGI|d>XZYJIa^_p]�bHJIlTUF"dEYUT[TUe"R�w YJe_XZY[rtI]��RGHJI4YJe"IxTJIa^_izIaHoTJYUXZHJYUT

TJIa^_izCE^"Dui"XZYUXuXZY[YJCE`�I�K üGü �zYJe"IxXl¡GIaHUXZDGI�TJIa^_izIaH;VWYJRZVWHJIlp]IaCE¡GIaHUTL»�RGC�i�d>XZYJIa^_p]��paXZ^�rtI�RG^�YJe"I|RGHUizIaH

RZ� ªaü YJCE`bIlT�d>XZHJDGIaHuYJe_XZ^´YJe"I�Xl¡GIaHUXZDGI�F"^"C>paXGTUYhd�XZYJIa^_p]�·r*IaY/w�IaIa^²TUIa^_izIaHuXZ^_i´HJIlp]IaC>¡GIaHUTaM�noe"C>T

izC¸Ñ IaHJIa^_p]I�C>Tj^"RGY�XvTJF"HJg"HJC�TJIG��r*IlpaXZF_TJI�r_XGTJC>paXZd>dE�vYJe"I}YJHJIaI�C>Thp]HJIlXZYJIliÓXZYhHUXZ^_izRG` XZ^_i�d�XZYJIa^_p]�

HJI]\_^"Ia`bIa^8Y|e_XGTJ^S½ Y�e_XGi�X�p¦e_XZ^_p]I�YJR�w[RGHJ�*Mx¶��2YJIaH4YJe"IhTJIa^_izIaHxTJYUXZHJYUT�TJIa^_izCE^"D}i"XZYUXz� Ia¡GIa^8YJF_XZdEd>�

r*RGYJe�YJe"Ifd>XZYJIa^_p]�ÓXZ^_iÔdER&TUT;VWHUXZYJI}HJI]\_^"Ia`bIa^kY�XZdEDGRGHJCEYJe"`�ThXZHJIfYJHJCEDGDGIaHJIli M²�/^_izIaIli �[w[IfpaXZ^²TJIaI

X�izHUXGTUYJC>pfizHJRGg
CE^ÔYJe"Iv»�RGC>i²X�¡GIaHUXZDGI�d>XZYJIa^_p]����HJRG` ªaüGüGü `�T�izR�w,^ YJR�þ «Zü `�T���p]RG`�g_XZHJIli²YJR

YJe"I ªGªaü `�T|F"^"C>paXGTJY|d>XZYJIa^_p]�_¢AM�¶���YJIaH�YJe_XZYxYJe"I�YJHJIaI�e_XGTjXZdE`bR&TJY�p]RG^8¡GIaHJDGIli ��XZ^_i�YJe"IaHJIbXZHJIu�2Iaw

pUe_XZ^"DGIlTaMc£�F"HJCE^"D|YJe"IoHUXZg"C>i�YJHJIaILC>`bg"HJR�¡GIa`bIa^kY�YJe"ILw[RGHUTJY;V�paXGTJI,dER&T¦T;VWHUXZYJI���RGH�TJRG`bIL^"RNizIlT�C>T�p]dER&TJI

YJR ªaüGü E¯��B�CEDGF"HJI�KNM ªaü �2r*¢J¢A�_g"HJCE`�XZHJCEd>�uizF"IxYJR�YJHUXZ^_TUCEIa^8Y,g_XGp¦�GIaY¨dER&TUTJIlT[w,e"Ia^fXhd>XZHJDGI|^8F"`hrtIaH,RZ�
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`bIa`hr*IaHUT,XZdE`�R&TJY¨TJCE`hF"dEYUXZ^"IaRGF_TJdE��TJIadEIlp]Y¨XZ^_i�TJw,C>YUpUe�YJRb^"Iaw�g_XZHJIa^kYUTaMo¶¨��YJIaH,YJe_XZYa�_`bR&TJY,RZ��YJe"I

dER&TUTJIlT|XZHJI�^"IaDGdEC>DGCEr"dEIG� XZ^_i�RNpap]F"Hxw,e"Ia^�X�`bIa`hrtIaH|TUIadEIlp]YUTxX�^"Iawµg_XZHJIa^8Y�YJR}CE`�g"HJR�¡GI�CEYUT|i"XZYUX

izIadECE¡GIaHJ��d>XZYJIa^_p]�GM�©4R�w�Ia¡GIaHa�*R�¡GIaH¨YJC>`bI|YJe"IaHJI�w�IaHJIj�2Iaw¼RzpapaXGTJCERG^_XZdSe"CEDGe�d>R&TUTJIlT,XGT,w[IadEd���TJIaIxYJe"I

TJg"CE�GIlT�XZYjYJCE`bI ª]Í&üGü ��þGK üGü XZ^_i ¬G¬ZüGü CE^�BC>DGF"HJI�KNM ªaü �2r*¢J¢AM�noe"I�HJIlXGTJRG^ÓC>T�YJe_XZY�Y��Ng"C>paXZdEdE��YJe"I

TJIa^_izIaH�r*Iae"CE^_ivYJe"Iur*RGYJYJd>Ia^"IlpU��dEC>^"��w[RGF"d>ive_Xl¡GIuYJe"Iu`�X�yNC>`�F"`�^kF"`�rtIaH|RZ��RG^zVWYJHJIaIu^"IaCEDGe8rtRGHUT

YJe_XZY�CEYUT�r*RGYJYJd>Ia^"IlpU�udECE^"�upaXZ^�TJF"g"gtRGHJYaM�©4R�w�Ia¡GIaHa�N��HJRG` YJCE`�I,YJRjYJCE`bI,RGYJe"IaH[`bIa`hr*IaHUT�w�RGF"d>i�YJHJ�

YJR�TJIad>Ilp]Y�YJe"I4TUIa^_izIaHLXGTLX�g_XZHJIa^kYa�_XGT�izIaYJIaHJ`bCE^"Ili�r8�bYJe"I4d>XZYJIa^_p]��HJI]\_^"Ia`bIa^kYoXZd>DGRGHJCEYJe"`�MVPée"Ia^

XZ^�I]yzYJHUX�pUe"C>d>iWR$RGC>^_T,YJe"IjTJIa^_izIaHa�*YJe"IjrtRGYJYJdEIa^"IlpU�}IlizDGI�dEC>^"��RZ��YJe"I�TJIa^_izIaH�r*Ilp]RG`bIlT4p]RG^"DGIlTJYJIli �

XZ^_i�YJe"IaHJI]�2RGHJI�C>YUT�p¦e"CEd>izHJIa^�RGr_TJIaHJ¡GI�e"CEDGesi"XZYUX}dER&T¦TJIlTaM��/^�YJe_XZY�paXGTJIG�SYJe"I�dER&TUTJVWHUXZYJIhHJI]\_^"Ia`�Ia^8Y

XZdEDGRGHJCEYJe"`ÒC>T�YJHJCEDGDGIaHJIli �&XZ^_i�YJe"IL^"IawÓp¦e"CEd>i ��r*IaCE^"D4YJe"I[RG^"ILYJe_XZY�e_XGTrtIaIa^���RGH�¡GIaHJ��TJe"RGHJY�XZ`�RGF"^8Y

RZ��YJCE`bIup]RG^"^"Ilp]YJIli�YJR}YJe"Iug_XZHJIa^8Ya��C>T�izC>TUp]RG^"^"Ilp]YJIli�XZ^_iv��RGHUp]IlivYJR�TJIad>Ilp]Y�X�^"Iaw�g_XZHJIa^8YaMh©�IaHJI

w�I�TUe"RGF"d>i�Ia`bg"e_XGTJCE±aIuYJe_XZY�F_TUF_XZdEdE��YJe"Ibw[RGHUTJY;V�paXGTJIbd>R&TUTJIlTxXZHJIbRGr_TJIaHJ¡GIli·r8��X}�2HUXGp]YJC>RG^sRZ�[YJe"I

»�RGC>i�^"RzizIlTaËNCE^_izIaIli �8w,e"Ia^�w�I�dERkRG�GIli�XZY�YJe"I4X�¡GIaHUXZDGI4dER&T¦TJIlTa�&YJe"Ia��w[IaHJI4TJCEDG^"CE\®paXZ^8YJdE�hdER�w[IaHaËN�2RGH

I]yzXZ`�g"dEIG� YJe"IuX�¡GIaHUXZDGIbdER&TUTJVWHUXZYJIhizF"HJCE^"D}YJe"I�TJg"CE�GIlT�RZ�LYJe"Ihw[RGHUTJY;V�paXGTJI�dER&T¦TJIlT4XZHJI�RG^�YJe"IuRGHUizIaH

RZ�[K§V ªaü E�M�B"RGH�YJe"C>T¨Y/�kg"C�paXZdTUp]Ia^_XZHJCER"�*w�Iup]RG^_p]dEF_izIjYJe_XZY�YJe"I�»�RGC�i�YJHJIaIjHJI]\_^"Ia`�Ia^8YxXZdEDGRGHJCEYJe"`�T

w�RGHJ�}w�Iad>dSYJRbHJIlizF_p]I�YJe"I�YJHJIaI�d�XZYJIa^_p]��w,CEYJe"RGF"Y�X�Ñ Ilp]YJCE^"D�dER&T¦Tog*IaH;��RGHJ`�XZ^_p]IGM

noe"I�TJIlp]RG^_i´TJCE`hF"d>XZYJCERG^�TUIaYJF"gÓC�T�TUXZ`�I�XGThYJe"I�\_HUTJYhRG^"I�I]y"p]Iag"YuYJe_XZY�X��2YJIaH ªaüGüGü TJIlp]RG^_i"T

þGK�E�RZ��YJe"I4HJIlp]IaCE¡GIaHUTLTJYUXZHJY�dEIlX�¡kC>^"DjYJe"I�DGHJRGF"gS�zRG^"I]VWrk�8VWRG^"I|w,CEYJebC>^8YJIaHJ¡ZXZd*RZ� Í TJIlp]RG^_i"T�rtIaY�w[IaIa^

YJe"Ia`�M�noe"I�HJIlTJF"d>YUTL�2RGH,YJe"IjX�¡GIaHUXZDGIjd>XZYJIa^_p]��XZ^_i�w�RGHUTUY;V�paXGTJIji"XZYUX�dER&T¦TJIlT,XZHJIxCE^�B�CEDGF"HJIjKNM ªGª ��X8¢

XZ^_i�B�CEDGF"HJI�KNM ªGª �2r*¢,HJIlTJg*Ilp]YJC>¡GIadE�GMLýkRNRG^fX��2YJIaH�YJe"I�`bIa`hr*IaHUT¨TUYUXZHJY¨dEIlXl¡NCE^"DbXZY¨YJC>`bI ªaüGüGü �®YJe"IaHJI

XZHJI}^"RNizIlThYJe_XZYuRGr_TJIaHJ¡GI}e"CEDGeÓdER&TUTJIlThizF"I}YJR�YJe"I�YJIa`bgtRGHUXZHJ�·YJHJIaI}g_XZHJYJCEYJCERG^"CE^"D"Ms©4R�w[Ia¡GIaHa�[CE^

`bR&TJY}paXGTJIlT�YJe"IaHJI·XZHJIXR$F_TJY���Iaw�RG^zVWYJHJIaIs^"RzizIlT}YJe_XZY�XZHJI�X�Ñ Ilp]YJIli
r8�
X�^"RzizI�YJe_XZY}e_XGTYR;F_TJY

dEI]��Y�YJe"I�DGHJRGF"gSM¼ýkRNRG^²X���YJIaH�XZdEd�K ü ^"RzizIlT�e_X�¡GIfdEI]��Y�YJe"I�YJHJIaI���XZg"g"HJR�yNCE`�XZYJIadE� ª þ üGü TJIlp]RG^_i"T
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"�6�%�798-*�:;2=<>4?#@:=)BA�#-2�#C/D8.:=:=)+:

B�CEDGF"HJIjKNM ª þNPoýkCE`�F"d�XZYJCERG^}HJIlTJF"dEYUTaP�Y�w[R�TJIa^_izIaHUTl�®þGK�EäRZ��HJIlp]IaC>¡GIaHUT,r*Iae"C>^_i Í&ü �kr"g_T@FZO ü `�T,dECE^"�zTaM

�2HJRG` YJe"I�r*IaDGC>^"^"CE^"DvRZ�4YJe"I}TUCE`�F"d�XZYJCERG^*¢A�YJe"I}w[RGHUTJY;V�paXGTJI�dER&TUTUIlT�rtIlp]RG`bI�TUg*RGHUXGizC>pZMs¶4g_XZHJYuRZ�

YJe"I�e"CEDGe"IaHbd>R&TUTJIlT�w,e"CEd>I�`�Ia`�rtIaHUTbXZHJIfd>IlXl¡NCE^"DsYJe"I�DGHJRGF"gS�,YJe"I�HJIlTJY�RZ�|YJe"IfHJIlTJF"dEYUTbXZHJIv¡GIaHJ�

TJCE`bC>d>XZH�YJR�YJe"I�g"HJIa¡kC>RGF_T�TJCE`hF"d>XZYJCERG^Ów,CEYJe"RGF"Yb`�Ia`�rtIaH�iz�N^_XZ`bC>paTaM²noekF_Ta�L»�RGC>i ½7TbHJI]\_^"Ia`�Ia^8Y

XZdEDGRGHJCEYJe"`�`�XZC>^8YUXZCE^_T�YJHJIaI¨gtIaH;��RGHJ`�XZ^_p]I��2`bRzizF"dER|YJHUXZ^_TJCEIa^kY�dER&TUTJIlT�w,e"C�pUebw[I4paXZ^�XZdEd>Ia¡kC>XZYJILw,CEYJe

XZg"g"dEC>paXZYJCERG^zVWd>Ia¡GIadtr"FzÑ IaHJCE^"D"�*ýkIlp]YJCERG^�KNM(þ&¢oXGp]HJR&TUT,`bIa`hrtIaHUTJe"CEg}pUe_XZ^"DGIlTaM

B�CE^_XZdEdE�G�NYJe"IxYJe"CEHUi}TJCE`hF"d>XZYJCERG^�TJIaYJF"g�C>ToTUXZ`bIxXGT,YJe"I|\_HUTUYoTUCE`�F"d�XZYJCERG^��¾þGK�EäRZ��HJIlp]IaCE¡GIaHUT,XZHJI

r*Iae"C>^_i Í&ü �Nr"g_T�O ü `�T|dECE^"�zTA¢A�*I]yzp]Iag"YxYJe_XZY|^"R�w�YJe"IaHJIbXZHJIuY/w�RfTJIa^_izIaHUTb�2YJe"Ih\_HUTJYxXZ^_i�YJe"Iud>XGTJY

`bIa`hr*IaHUTA¢oCE^_TJYJIlXGi�RZ��RG^"IG� XZ^_i�IlXGp¦evRZ�cYJe"Ia`�C>T¨TJIa^_izCE^"D�w,CEYJe�r_XZ^_izw,C>izYJe�HUXZYJIjRZ� Í K üGü r"g_T�TJR

YJe"I�YJRGYUXZdLr_XZ^_izw,C>izYJeÓC>TjT¦XZ`bI�XGT�CE^�YJe"I�\_HUTJY�TUCE`�F"d�XZYJCERG^sw,CEYJe�XvTJCE^"DGdEI�TJIa^_izIaHaMvnoe"I�HJIlTJF"dEYUT

�2RGHLYJe"I|Xl¡GIaHUXZDGI|d>XZYJIa^_p]��XZ^_i�w�RGHUTJY;V�paXGTUI|i"XZYUXhdER&T¦TJIlT�XZHJI�CE^�B�CEDGF"HJIxKNM ª þ"��X8¢[XZ^_i�B�CEDGF"HJIxKNM ª þ"�2r*¢

HJIlTJgtIlp]YJCE¡GIadE�GMZP
e"Ia^�w[I�e_X�¡GI�`bRGHJI�YJe_XZ^�RG^"I}TJIa^_izIaHa��w�I}paXZ^´TJIaI�YJe_XZYhYJe"I�X�¡GIaHUXZDGI�d�XZYJIa^_p]�

RZ��YJe"Ih»�RGC>i�YJHJIaIuCE^_p]HJIlXGTJIlT4�2HJRG`qþ «Zü `�T�YJR�XZg"g"HJRlyzCE`�XZYJIadE� ¬ K ü `�Ta� w,e"C>pUe�C>T4^"RGY|F"^"I]yNgtIlp]YJIli �

r*IlpaXZF_TUI�^"R§wÒYJe"Iui"XZYUX�izC�TJYJHJCEr"F"YJCERG^�YJHJIaI�e_XGT�YJR�rtI�Õ�r_XZd>XZ^_p]IliNÖjXZ`�RG^"D�YJe"IuTJIa^_izIaHUTaM4¶4^"RGYJe"IaH

CE^8YJIaHJIlTUYJCE^"D,RGr_TJIaHJ¡ZXZYJCERG^�C>T YJe_XZY�w,C>YJe�Y�w[R4TJIa^_izIaHUTa��YJe"I�TJg"C>�GIlT CE^xYJe"I�w�RGHUTUY;V�paXGTJI�dER&T¦TJIlT e_Xl¡GI[r*IaIa^
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HJIlizF_p]Ili�^"RGYUXZr"dE����p]RG`bg_XZHJIuB�CEDGF"HJIhKNM ªaü �2r*¢�w,CEYJe�B�CEDGF"HJIhKNM ª þ"�2r*¢J¢AM�Ì4^"Ihg*R&T¦TJCEr"dEIxI]yzg"d>XZ^_XZYJCERG^

�2RGH�YJe"C>T�C>T4YJe_XZY��2Iaw[IaH�`�Ia`�rtIaHUT�w[RGF"d>i�TJIadEIlp]Y4RG^"IhRZ�[YJe"IuTUIa^_izIaHUT�XGT�YJe"IaCEH�g_XZHJIa^8Ya�mr*IlpaXZF_TJIuCEY

C>T¨d>IlTUT¨dEC>�GIadE��YJe_XZY�w�RGF"d�ifCE`�g"HJR�¡GIjYJe"IaC>H4R§¡GIaHUXZdEd�i"XZYUX�g"HJRGg_XZD&XZYJCERG^�d>XZYJIa^_p]��C¸�cw[Ihp]RG^_TJC�izIaH�YJe"I

TJIlp]RG^_i�TJIa^_izIaH4XGT,w�IadEd�M

PsI}XGp]YJF_XZdEdE�sgtIaH;�2RGHJ`bIli�TJIa¡GIaHUXZdo`bRGHJI�TUCE`�F"d�XZYJCERG^_Ta��w,e"R&TJI�HJIlTUF"dEYUTjw[I�TUF"`b`�XZHJCE±aIbC>^�YJe"I

^"I]yNYo��Iaw�g_XZHUXZDGHUXZg"e_TaM

n�RvTJYJHJIlTUT|YJe"I�dER&TUTJVWHUXZYJI�HJI]\_^"Ia`bIa^8YjXZd>DGRGHJCEYJe"`�� w�IbF_TUIbX�TJIaYJF"g·TJCE`bC>d>XZH�YJR�YJe"Iu\_HUTJY�TUCE`�FzV

d>XZYJCERG^S��I]yzp]Iag"YhYJe_XZYhYJe"I�TJIad>Ilp]YJIli�rtRGYJYJdEIa^"IlpU�sd>CE^"�NT�e_Xl¡GI�paXZg_XGp]CEY���RZ�¨RG^"dE� ª K��kr"g_Tl��r"F"YhYJe"IaCEH

d>XZYJIa^_p]�fC�T4HJIlizF_p]Ili�YJR ªaü `�TaM�noekF_Ta�mX�`bIa`hr*IaH�r*Iae"C>^_i�X}rtRGYJYJdEIa^"Ilp¦�fdECE^"��paXZ^"^"RGYje_Xl¡GI�`bRGHJI

YJe_XZ^�RG^"I|RG^zVWYJHJIaIx^"IaCEDGe8rtRGHow,CEYJe"RGF"YoCE^8YJHJRzizF_p]CE^"D�TJCEDG^"C¸\®paXZ^kYodER&TUTJIlTaM��/^�YJe"C�TLpaXGTUIG�Nw[IxRGr_TJIaHJ¡GIli

YJe_XZY�YJe"I�Xl¡GIaHUXZDGI|YJHJIaI�d>XZYJIa^_p]�uCE^_p]HJIlXGTUIli���HJRG`°þ «Zü `�T[YJRjXZg"g"HJRlyzCE`�XZYJIadE� ¬ZüGü `�Tl�8g"HJCE`�XZHJC>dE�jizF"I

YJR�YJe"Iu��Iaw�IaH�p¦e"RGC>p]IlTxYJe"IaHJI�XZHJI�YJR�CE^8YJIaHUp]RG^"^"Ilp]Y�YJe"I�`bIa`hr*IaHUTaMb©4R�w[Ia¡GIaHa��YJe"I�YJCE`bIbizF"HUXZYJCERG^

dEIa^"DGYJe�RZ�cYJe"IjTJg"CE�GIlTow,C>YJe�YJe"Iji"XZYUX�dER&TUTUIlToCE^_p]HJIlXGTJIli�XZg"g"HJR�yNCE`�XZYJIadE��Y/w,C>p]IjXZ^_i�HJIlXGp¦e"Ili ªaüGü E

dER&TUTJIlT��2Ia¡GIa^Ô�2RGH�YJe"I�X�¡GIaHUXZDGIfdER&TUTUIlTA¢AM�noe"I�HJIlXGTJRG^ÔC>TuYJe_XZY�^"R�w�YJe"IfTUIa^_izIaH�r*RGYJYJdEIa^"Ilp¦�´dECE^"�

C>T�`�F_p¦e�`bRGHJI���HUXZDGCEdEIG��XZ^_i�X���YJIaH�C>YjC>Thp]RG^"DGIlTJYJIli ��^"RGYhRG^"dE�sCEY�w,CEdEd�YUXZ�GI�dERG^"DGIaHhYJRvHJIaYJF"HJ^´YJR

CEYUT¨^"RG^zV�p]RG^"DGIlTUYJIli�TUYUXZYJIG�tr"F"Y|izC>TJYJF"HJr"C>^"DbYJe"IhTUCE^"DGdEI�RGF"YJDGRGCE^"D}i"XZYUX]\_R�wÒ�2HJRG`�YJe"I�TJIa^_izIaH�w,CEdEd

X�ÑtIlp]Y4XZdEd `bIa`�rtIaHUToI ¹ F_XZdEdE�GM

n�R�TJYJHJIlTUTxYJe"I�d>XZYJIa^_p]��HJI]\_^"Ia`bIa^8YhXZdEDGRGHJCEYJe"`���w[IbCE^_p]HJIlXGTJI�YJe"Ibd>XZYJIa^_p]��RZ�oYJe"I�TUXZ`bI�IlizDGI

dECE^"�zTuXGTuCE^´YJe"I�g"HJIa¡kC>RGF_T�TJCE`hF"d>XZYJCERG^�YJR�O ü `�Ta��r"F"YbXZY�YJe"IfT¦XZ`bI}YJCE`bI�w�I�CE^_p]HJIlXGTUI�YJe"I�dECE^"�

r_XZ^_izw,C>izYJeÓYJRfYJe"I}izI]��XZF"dEYjRZ� ª �fr"g_TaMv��^�YJe_XZYhpaXGTJI�YJe"I�X�¡GIaHUXZDGI�d�XZYJIa^_p]�sw[XGT�dER�w[IaHa�cRG^�YJe"I

RGHUizIaH�RZ��þ ªaü `�Ta�&r"F"Y�YJe"I�w�RGHUTJY;V�paXGTJI�dER&TUTJIlT�w[IaHJI¨`�F_p¦e�TJ`�XZdEdEIaH,��^`_;�L_$aNRG^bYJe"I�RGHUizIaH�RZ� ªaü E�HJCEDGe8Y

X��2YJIaH�YJe"I�TUIa^_izIaH�wLXGThXGp]YJC>¡�XZYJIli �cXZ^_i�^"RvTJg"CE�GIlTjw�IaHJI}RGr_TJIaHJ¡GIliÓX��2YJIaH�YJe_XZYA¢AMvnoe"I�HJIlXGTJRG^��2RGH
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YJe_XZY,C>TLr*IlpaXZF_TUI�w[Ixe_Xl¡GI�`hF_pUe�`�RGHJIS\_I]yzCEr"CEd>CEY���XZrtRGF"Y,YJe"Ix^8F"`hr*IaH,RZ��pUe"CEd>izHJIa^�Xhg_XZHJIa^8Y�^"RNizI

paXZ^�e_Xl¡GIGM

n�R�YJIlTJY,YJe"I�TJIa^_TJCEYJC>¡kCEY/��RZ�YJe"Ixd>XZYJIa^_p]��HJI]\_^"Ia`bIa^kY�XZdEDGRGHJCEYJe"`¥YJR�YJe"Ixd>XZYJIa^_p]��CE`bg"HJR§¡GIa`bIa^8Y

YJe"HJIlTJe"RGd>i �Zw�ILF_TJI�TUIaYJF"ghTUXZ`�I�XGTmC>^�YJe"I�\_HUTJY�TJCE`hF"d>XZYJCERG^S�§I]yzp]Iag"YYJe_XZYYJe"I[d>XZYJIa^_p]�xCE`bg"HJR§¡GIa`bIa^8Y

YJe"HJIlTJe"RGd>i�C>T�K�`�TxCE^_TJYJIlXGi�RZ�¨K ü `�TaMbÊLIlpaXZF_TJI�K�`�T|C�TxTJ`�XZdEdEIaH�YJe_XZ^·YJe"Ibd�XZYJIa^_p]�vRZ�,XZ^8��TJCE^"DGdEI

dECE^"�t�YJe"I�I]yzg*Ilp]YUXZYJCERG^ÓC>TjYJe_XZYhYJe"I}Xl¡GIaHUXZDGI�d�XZYJIa^_p]�sw,CEdEd�C>`bg"HJR�¡GI�XZ^_i�w,C>dEd�rtIlp]RG`bI�p]dER&TUIaH�YJR

YJe"I4F"^"C�paXGTJYLX�¡GIaHUXZDGI|d>XZYJIa^_p]�GM�©�R§w�Ia¡GIaHa�"CEY[YJF"HJ^"Ili�RGF"YLYJe_XZYLYJe"I|HJIlTJF"dEYUTLXZHJI4¡GIaHJ��TJCE`bCEd�XZH�YJRhYJe"I

g"HJIa¡kC>RGF_T�HJIlTJF"d>YUT¨w,CEYJe�K ü `�T¨YJe"HJIlTJe"RGd�i M�noe"C>T�TUF"DGDGIlTJYUT�YJe_XZY�YJe"Ihr_XZ^_izw,C>izYJevd>CE`bCEYUXZYJCERG^}RZ�cYJe"I

r*RGYJYJd>Ia^"IlpU��dECE^"�zT�C>TLYJe"I�izRG`bC>^_XZ^8Yo�¾XGp]YJRGH,CE^�izI]\_^"C>^"D�YJe"I�TJe_XZg*I|RZ��YJe"I�i"XZYUXug"HJRGg_XZD&XZYJCERG^�YJHJIaIGM

Ì4^�X�TJ`�XZdEdEIaH,DGHJRGF"g�RZ�[þGOb`bIa`hrtIaHUTa�®YJe"IuXl¡GIaHUXZDGIu»�RGC>ifYJHJIaI�d�XZYJIa^_p]��w[XGT�RG^vYJe"IhRGHUizIaH�RZ�

ª O ü `�T��2¡GIaHUTJF_T ªaüGü `�TL�2RGHoF"^"C>paXGTJYA¢A�_XZ^_i}YJe"IaHJIxw[IaHJIjXZdE`bR&TUY[^"R�dER&T¦TJIlTaM�úc¡GIa^fizF"HJCE^"DuYJe"IxHUXZg"C>i

YJHJIaIjHJIlp]RG^z\_DGF"HUXZYJCERG^�HJCEDGekY4X���YJIaH�YJe"I�TUIa^_izIaH4wLXGT4XGp]YJCE¡ZXZYJIli �®YJe"I�w�RGHUTJY;V�paXGTUI�dER&T¦TJIlT,w�IaHJIhrtIadER�w

K�E�M�noe"C>TLHJIlTJF"dEY,TJF"DGDGIlTJYUTLYJe_XZY,RG^�TJ`�XZd>dEIaH�DGHJRGF"g_T,TJF_p¦e�XGToizIlTJ�kYJRGg�p]RG^z��IaHJIa^_p]Ix`bIaIaYJCE^"D&T[»�RGC>i

w�RGF"d>i�g*IaH;��RGHJ`�`�F_p¦e�rtIaYJYJIaH¨YJe_XZ^�YJe"I�HJIlTJF"d>YUTow�I�e_X�¡GIjizIa`bRG^_TJYJHUXZYJIli�w,C>YJefþ üGü `bIa`hr*IaHUTaM

PsI¨YJHJCEIlibRGYJe"IaH�`bIa`hr*IaHcg"d>XGp]Ia`�Ia^8Y�XGT�w�IadEdNb8I]yzYJHJIa`bI¨X�Îb^"CEY/�G�8I]yzYJHJIa`bI�izC>T¦X�Îb^"CEY��G�&I]yzYJHJIa`bI

p]dEF_TJYJIaHJCE^"Ds��TJIaI�ýkIlp]YJCERG^ ¬ M(þNM ¬ ¢A��XZ^_i�CE^�XZdEd�paXGTJIlT|YJe"IuHJIlTJF"dEYUT�w�IaHJIbTJC>`bCEd>XZH,YJR}YJe"IuHJIlTJF"dEYUT�w,CEYJe

HUXZ^_izRG`Ð`bIa`�rtIaH�g"d�XGp]Ia`bIa^8YaMcPsIvYJHJC>IliéXZd>TUR�TJRG`bIvRGYJe"IaH�YJRGgtRGdERGDGCEIlT�bd�frtRG^"IG�¨¶|ý*�LHUXZ^_izRG`

DGHUXZg"eS�SDGIa^"IaHUXZYJIlisgtR�w�IaH;VWd�Xlw�DGHUXZg"eS�fe+guw,CEYJe�¡�XZHJC>RGF_T4`�Ia`�rtIaH4g"d�XGp]Ia`bIa^8YaMjB_RGH|XZd>dYJRGgtRGdERGDGCEIlTa�

YJe"I�HJIlTJF"dEYUT�w�IaHJI ¹ F_XZdECEYUXZYJCE¡GIad>�ÓTJC>`bCEd>XZHbYJR´YJe"Is�/^8YJIaHJ^"IaY;V�p]RGHJIsHJIlTJF"dEYUTlMµnoe"C>T�HJIlTJF"dEY}TJF"DGDGIlTJYUT

YJe_XZY�»�RGC>i�YJHJIaI�`�XZ^_XZDGIa`bIa^kY�XZdEDGRGHJCEYJe"`�TxXZHJIbHJRGr"F_TJY���RGHjX�¡ZXZHJCEIaY/��RZ�,YJRGgtRGdERGDG��XZ^_i·`bIa`hr*IaH

g"d>XGp]Ia`bIa^kYaM

hji?k )�) k )�4+2�lD8.3�m[n m[n oCpN8-*q:=8@rU)08@ps2�t�)�lu*vrU)+2=*�lD4�:�n

ª[T þ



ê�ëEì�ë`w xWy0z,ø|{8ï/ðéø*ömôGóSò4÷�ø*ù�ñ[ò¾ô&ù

40ms

(b) Yoid topology after latency refinementS

75/85ms

D

A

C

BE

(a) Initial setup
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B�CEDGF"HJIjKNM ªl¬ P�Q�XZYJIa^_p]��HJI]\_^"Ia`�Ia^8Y¨I]yzg*IaHJC>`bIa^8Y,YJRGgtRGdERGDG�GM

n�R|¡GIaHJC¸���|e"R�w´YJe"ILYJHJIaI[HJI]\_^"Ia`bIa^kYcXZdEDGRGHJCEYJe"`�Tmw�RGHJ��CE^�g"HUXGp]YJC>p]IG�Zw�I,p]HJIlXZYJIlihY�w[R�HJIlXZdEVWw�RGHJd>i

I]yNgtIaHJCE`bIa^kYUT�R�¡GIaH�YJe"I,�/^8YJIaHJ^"IaY�w,CEYJeuRGF"H�»�RGC>ihCE`bg"d>Ia`bIa^8YUXZYJCERG^SMcÌ4F"H�I]yNgtIaHJCE`bIa^kYUT¡ZXZdEC>i"XZYJILYJe"I

R�¡GIaHUXZdEd"izIlTJC>DG^S�ZXZ^_ihTJe"R§wÓe"R§w�RGF"H�XZd>DGRGHJCEYJe"`�Te_XZ^_izdEI[HJIlXZdNw�RGHJd�ihXZHJYJCE��XGp]YUTa�GTJF_p¦e�XGT�XZr"^"RGHJ`�XZdEdE�

p]RG^z\_DGF"HJIli�F"^"C>paXGTUY,HJRGF"YJCE^"DbXZ^_i�XGTJ�N`b`bIaYJHJC>p�XGpap]IlTUT,d>CE^"�NTlM

B"RGH[YJe"I,\_HUTJY�I]yzgtIaHJCE`bIa^8Ycw[I�I]yzg"dEC>p]CEYJd>��TJIaYJF"g�Xx^kF"`�rtIaH�RZ�Se"R&TJYUT�CE^bYJe"I,»�RGC>ibYJHJIaI¨YJRGg*RGd>RGDG�

TJe"R�w,^²CE^ÔB�CEDGF"HJIfKNM ªl¬ ��X8¢A�,w,e"IaHJI�~�C>TuYJe"IvTJIa^_izIaH�XZ^_i�YJe"I�HJRNRGYbRZ�|YJe"I�YJHJIaIG�oXZ^_iÔXZdEd,RGYJe"IaH

e"R&TJYUT|XZHJIuHJIlp]IaCE¡GIaHUTaMH}�RzizIb~²XZ^_i��µXZHJIuRG^�YJe"I�TUXZ`bI�Qm¶S}�RG^�YJe"IbýkRGF"YJezV�PsIlTJY�p]R&XGTJY|RZ��YJe"I

~|ý*���C>T|RG^·YJe"I]}4RGHJYJezV�PsIlTJYjp]R&XGTUYa�� XZ^_i·�³XZHJIbRG^�YJe"I�TUXZ`bI�Q�¶�} RG^�YJe"I�ú�XGTJYjp]R&XGTUYxRZ�

YJe"I�~|ý*�SXZ^_i���C>T�CE^vYJe"I�~��uMmýkRG`bIuRZ�[YJe"Iug"CE^"DZVW`bIlXGTUF"HJIlivIa^_iNVWYJRZVWIa^_i·d>XZYJIa^_p]CEIlT���p]RG`bg"F"YJIli

XGTbe_XZd¸��RZ�xYJe"I�HJRGF"^_iNVWYJHJCEgÔYJCE`�I§¢hXZHJIfTJe"R�w,^éCE^�YJe"I�\_DGF"HJIG�,CE^_p]d>F_izCE^"D�YJe"I�d>XZYJIa^_p]CEIlT�C>^�r*RGYJe

izCEHJIlp]YJCERG^_T�C¸�jYJe"Ia�
izC¸Ñ IaH�^"RGYUXZr"d>�GM°¶4g"g"HJRlyzCE`�XZYJIadE�ÔRG^"I�`bC>^8F"YJIsXZ^_i¼XÓe_XZd¸��X���YJIaH�~°rtIaD&XZ^

TJIa^_izCE^"D�i"XZYUX�XZY�XZg"g"HJRlyzCE`�XZYJIad>� Í �Nr"g_T�p]RG^_TJYUXZ^kY;VWHUXZYJI��¾Kug_XGpU�GIaYUT@F�Tl� «�Í Rzp]YJIaYUT�i"XZYUX�g_Xl�NdER&XGi®¢A�

XZdEd"RZ� YJe"I�^"RzizIlT�p]RGdEdEIlp]YJIli�TJIa¡GIaHUXZdtTUXZ`bg"dEIlT���HJRG`�YJe"IaCEH�XGp]YJC>¡GI¨paXZ^_izC>i"XZYJI]VWg_XZHJIa^8YUTaM�PsI¨I]yNgtIlp]YJIli

YJe_XZY}RG^"dE�
��w�RGF"d�iéTJIad>Ilp]Y�� RGH�~äXGT�CEYUT�^"Iaw¯g_XZHJIa^8Ya�xXZ^_i
^"R�RGYJe"IaH�YJHJIaIspUe_XZ^"DGIlT}w[RGF"d>i

RNpap]F"HaMxýkF"HJg"HJC>TJCE^"DGd>�G�"\_HUTJY4��TUIadEIlp]YJIli��µXGT4CEYUT¨^"IawÒg_XZHJIa^8YxizIlTJg"CEYJI�YJe"Ij�¾XGp]Y�YJe_XZY�YJe"I�X�¡GIaHUXZDGI
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B�CEDGF"HJIjKNM ª]Í P[Q�XZYJIa^_p]�}HJI]\_^"Ia`bIa^8Y¨I]yzgtIaHJCE`bIa^8Y,HJIlTUF"dEYaM

CE`bg"HJR§¡GIa`bIa^8YbTJIaIa`�Ili´YJR·r*I�rtIadER§w�YJe"IvK ü `�T�YJe"HJIlTJe"RGd�i MÔ¶�p]dER&TUIaH�CE^8¡GIlTJYJC>D&XZYJCERG^�TJF"DGDGIlTJYJIli

YJe_XZYoYJe"IxHJIlXGTJRG^}C>T�g"HJRGr_XZr"d>��YJe"I|F"^8F_TJF_XZdSF"^_izIaHJd>�kCE^"DhF"^"C>paXGTJYoHJRGF"YJCE^"D��2e"R&TJYUT,���"��XZ^_i}�µXZHJI

g_XZHJY|RZ��YJe"I�{L¶4�$ÿ�}�I]yzg*IaHJC>`bIa^8YUXZd�^"IaY�w[RGHJ��� T �2¢AM�B�CEHUTJYa�tYJe"IuF"^"C>paXGTJY4g_XZYJe_T��2HJRG`q��YJR}�¤XZ^_i

��XZHJI��e"RGg_Ta�mw,e"CEd>IhYJe"I�g_XZYJe_T�CE^sYJe"IbRGg"gtR&TJCEYJI�izCEHJIlp]YJC>RG^_T�XZHJI ª K�XZ^_i ªl« e"RGg�HJIlTJg*Ilp]YJC>¡GIadE���

ýkIlp]RG^_i ��Ia¡GIa^sYJe"RGF"DGe·� XZ^_is�³XZHJIhRG^sYJe"I�TUXZ`�IuQm¶S}�� YJe"IaCEH4g_XZYJe_T�YJR}�°XZHJIbizC¸Ñ IaHJIa^8Ya��XZ^_i

XGTxX}HJIlTJF"dEY|YJe"IaHJIbwLXGTx^"RGYUXZr"dEIbizC¸Ñ IaHJIa^_p]IuCE^�YJe"I�d>XZYJIa^_p]�*P���HJRG`¤�¤YJR��°YJe"I�HJRGF"^_iNVWYJHJCEgsYJCE`bI

w[XGT ªGªaü `�Tl�cw,e"CEdEI��2HJRG` �¯YJRs��CEYhw[XGTbO ü `�TaM·noe"IaHJI]�2RGHJIG�LXGTJ�N`b`bIaYJHJC>p�HJRGF"YJC>^"D"��XGThw�IadEd,XGT

YJe"IfizC¸Ñ IaHJIa^8Ybg_XZYJe_T�YJe_XZY�XZHJI�F_TUIli�`�Xl�´e_X�¡GIfHJIlTJF"dEYJIli´C>^�d>XZHJDGIaH�izC¸Ñ IaHJIa^_p]I�CE^�YJe"I�RG^"I]VWwLXl�

g"HJRGg_XZD&XZYJCERG^sd>XZYJIa^_p]�f�2HJRG`q�µYJR���XZ^_i���YJe_XZ^sYJe"IuizCEÑtIaHJIa^_p]Iuw�I�e_X�¡GI�IlTJYJCE`�XZYJIlivr_XGTJIli�RG^

YJe"IuHJRGF"^_iNVWYJHJCEg�YJCE`bIGM�ýkRkRG^sX���YJIaH���TUIadEIlp]YJIliv� XGT4C>YUT�g_XZHJIa^kYa���äTJIadEIlp]YJIli��µXGT�CEYUT4g_XZHJIa^8Y�XGT

w�IadEd�ML�/^8YJIaHJIlTJYJC>^"DGdE�G�®TJRNRG^fX���YJIaH�YJe_XZY4�¯TJIad>Ilp]YJIli��°XGT4CEYUT,^"IawÒg_XZHJIa^8YaM¨¶��2YJIaH�YJe_XZY�^"R�p¦e_XZ^"DGIlT

w�IaHJI�RGr_TJIaHJ¡GIli ��XZ^_i·YJe"I�YJHJIaI�p]RG^k¡GIaHJDGIli�YJR�YJe"I�RG^"I�TJe"R§w,^·CE^·B�CEDGF"HJI�KNM ªl¬ �2r*¢AM}B�CEDGF"HJI�KNM ª]Í

TJe"R�w¨TLe"R§w
YJe"I|i"XZYUXhg"HJRGg_XZD&XZYJCERG^�d>XZYJIa^_p]� e+� ��HJRG`¥~�YJR��Òp¦e_XZ^"DGIlToR�¡GIaHoYJCE`bIu�2^"RGYJI4YJe"I ªl¬Zü `�T

h>�?� tK)���*�8.�K#@,.#-2�lD8.3M/1#-2�)�3�4+5HlD:v4�8.rU����2�)?A�6K#@:=)?AH8@3	2�tK)�#@6�:=8./D��2�)B2�lDrU)�A[lu��)+*�)�3K4+)�rU)�#@:=��*�)�A	6�5�2�tK)B:=)�3KA�lD3K,
#-3OA9*�)�4�)�lD(�lD3K,YtK8@:;2�:���6���2CA�)�:=��lD2�)�2�tO#�2C2�tK)�tK8@:;2�:�#�*�)S*��K3�3KlD3K,M� ����� � m.�$��8@3K/u5�2�tK)U*�)�/1#�2�l1(.)S2�lDrU)�A[lu��)+*�)�3K4+)
4�tO#-3K,.)0:=t�8.��/fA�6�)04�8.3�:=l1A�)+*�)?A�#@4�4��[*�#-2�).n
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"�6�%�&�4�4���rC�K/1#�2�)?A��K#@4���)+2Q/D8.:=:=)+:

B�CEDGF"HJIjKNM ª KNP[QSR&TUT;VWHUXZYJI�HJI]\_^"Ia`�Ia^8Y¨I]yzg*IaHJC>`bIa^8Y,HJIlTJF"d>YUTaM

d>XZYJIa^_p]�·CE`�g"HJR�¡GIa`bIa^kYhXZg"g"HJR�yNCE`�XZYJIadE��O ü TUIlp]RG^_i"ThX���YJIaHuYJe"I�TUIa^_izIaHhwLXGTuXGp]YJCE¡�XZYJIli®¢AMs£�F"HJCE^"D

YJe"I|I]yNgtIaHJCE`bIa^kYa�kRG^"dE��RG^"I|g_XGp¦�GIaYLwLXGTodER&TJY[r8��X�`bIa`hr*IaH|���}¢A�zg"HJRGr_XZr"dE��r*IlpaXZF_TJI�RZ�TJw,C>YUpUe"CE^"D

g_XZHJIa^8YUTa�*r"F"Y,C¸�YJe"I�TJIa^_izCE^"D�HUXZYJI�w[IaHJI�e"CEDGe"IaH,w�Ijw�RGF"d>i�I]yzgtIlp]Y,DGHJIlXZYJIaH�g_XGpU�GIaY�dER&TUTaM

B"RGH�YJe"I�dER&T¦T;VWHUXZYJI�XGi"XZg"YUXZYJC>RG^�I]yNgtIaHJCE`bIa^kY�w[I�TJIaYuF"gÔXf»�RGC�i�YJHJIaI�TJC>`bCEd>XZH�YJR�YJe"I�RG^"I�CE^

YJe"I�I]yzXZ`�g"dEI�C>^´B�CEDGF"HJI�KNM(ON�[w,e"IaHJIv��C>TuX�e"R&TJYur*Iae"C>^_iÓXZ^Ô¶�£�ýNQ¼dECE^"�sw,C>YJeÓr_XZ^_izw,C�izYJe�RZ�

¬ O Íd� F ª þGO��kr"g_T�izR�w,^_TJYJHJIlXZ`µXZ^_ihF"g_TJYJHJIlXZ`�HJIlTJgtIlp]YJCE¡GIadE�GM���^"C>YJC>XZdEdE�G��XZdEdk^"RzizIlT�R$RGC>^"IlijYJe"IoDGHJRGF"gS�

I]yzp]Iag"Y��bM�¶��2YJIaHxYJe"IbTUIa^_izIaH�r*IaD&XZ^�TJIa^_izCE^"D�i"XZYUX�XZYxYJe"IbHUXZYJI�RZ�oXZg"g"HJR�yNCE`�XZYJIadE� T K��Nr"g_T��¾O ü

g_XGpU�GIaYUT@F�T ¢A�"^"R�^"RGYUXZr"dEI|dER&TUTJIlT[w�IaHJIxRGr_TJIaHJ¡GIli �_XZ^_i}YJe"I|g"HJRGg_XZD&XZYJCERG^�d�XZYJIa^_p]�bw[XGT,RG^}YJe"I|RGHUizIaH

RZ�,YJIa^_T�RZ�,`bCEdEd>C>TJIlp]RG^_i"TaMb©4R�w[Ia¡GIaHa��X���YJIaH���R;RGCE^"IlisYJe"I�YJHJIaI��2CEYxw[XGT�I]yzg"dEC>p]CEYJdE�vp]RG^z\_DGF"HJIli�YJR

TJIadEIlp]Y���XGToCEYUTog_XZHJIa^kYA¢A�_YJe"I�¶4£�ýNQ�dEC>^"�br*IlpaXZ`�I�p]RG^"DGIlTJYJIli �®r*IlpaXZF_TJIxYJe"I|RGF"YJDGRGCE^"D�YJHUX�Î�p|wLXGT

e"CEDGe"IaHxYJe_XZ^sYJe"I�F"g_TJYJHJIlXZ`¤r_XZ^_izw,C�izYJe·paXZg_XGp]CEY���RZ�LYJe"I�d>CE^"�*M�BC>DGF"HJI�KNM ª K"��X8¢|TJe"R�w¨T�e"R�w�YJe"I

i"XZYUX�g"HJRGg_XZD&XZYJCERG^vd>XZYJIa^_p]��RGr_TUIaHJ¡GIli�r8��� ¹ F"C>p¦�kd>�bCE^_p]HJIlXGTJIli�YJR�XZg"g"HJRlyzCE`�XZYJIadE� ª]Í TJIlp]RG^_i"TaMfeJ�

ýkRkRG^sX���YJIaHxYJe_XZYxYJe"IudECE^"��rtIaD&XZ^�YJR�izHJRGgsg_XGpU�GIaYUTa�mXZ^_i�rtRGYJes� XZ^_is��RGr_TUIaHJ¡GIlise"CEDGe�dER&TUTJIlTaM

h>� 79)q�'#@3L2�)?A�2�8�2�)�:;2'2�t�)�/D8.:=:;<$*�#-2�)q*�)+ O3�)�rU)�3L2�#-/1,@8@*�lu2�tKr¡8@3K/u5L��2�tK)+*�)JpN8@*�)q�')�)+¢[��/1lD4�lu2�/u5SA�lD:�#@6�/D)?A�2�t�)V/1#-2�)�3�4+5
*�)+ K3K)�rU)+3�2S#-/1,@8@*�lu2�tKr	£�8-2�tK)+*=�QlD:=).��¤cr�#�5XtK#�(.)¥:;�Qlu2�4�tK)?A¦2�8]#�3K)+�§�O#-*�)+3�2S�Qlu2�t¨2�t�)MtK)�/D�¨8@pB2�tK)Y/1#-2�)�3�4+5
*�)+ K3K)�rU)+3�2�#@/D,.8-*�lD2�t�r©l13�:;2�)?#.AS8@ps2�t�)�/D8.:=:;<$*�#-2�)0*�)+ K3K)�rU)�3L2Q#-/D,.8@*�lu2�t�r	n
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B�CEDGF"HJIuKNM ª K"�2r*¢4TJe"R§w¨T�YJe"IuXGpap]F"`hF"d>XZYJIlivg_XGpU�GIaYxdER&T¦TJIlT,��RGH���MH}�RzizIu�°CEYUTUIad¸��izC�if^"RGY�RGr_TJIaHJ¡GI

XZ^8�´dER&TUTUIlT�rtIlpaXZF_TJI�YJe"IfizR§w,^_TJYJHJIlXZ` XZ^_iÔF"g_TJYJHJIlXZ` r_XZ^_izw,C>izYJe²paXZg_XGp]C>Y��´XZHJI�CE^_izIagtIa^_izIa^8Ya�

YJe"IaHJI]�2RGHJI�TJRNRG^bX��2YJIaHL�¼HJIlp]IaCE¡GIli�YJe"I4dER&TUTJg"HJCE^kYcp]RG^8YJHJRGdt`bIlTUTUXZDGIlT���HJRG` �¥XZ^_ib�ÒYJe_XZY�CE^_izC>paXZYJIli

e"CEDGe�dER&TUTJIlTl�S� Õ��NC>p¦�8VWRGF"Y;Öu�b�SrtIlpaXZF_TJI�r*RGYJes��XZ^_i��³e_XGi�TJCE`bCEd�XZHJdE��e"C>DGe�d>R&TUTJIlTa�tr"F"Y���e_XGi

r*IaIa^uX|pUe"CEd�i�RZ� �²��RGH`hF_pUe�TJe"RGHJYJIaH�YJCE`�IGM¶��2YJIaH�� w[XGT���RGHUp]IlihYJR�\_^_iuX�^"Iaw�g_XZHJIa^kYa�8CEY�TJIadEIlp]YJIli

^"RNizI��f�fe+ª}XZ^_i�^"R�TJC>DG^"C¸\®paXZ^8Y�dER&TUTJIlTxw[IaHJI}RGr_TJIaHJ¡GIli�X���YJIaHjYJe_XZYaM�noe"I�YJRGYUXZdoXZ`bRGF"^kYjRZ�¨YJCE`bI

r*IaY/w�IaIa^�w,e"Ia^��«R;RGCE^"Ili�YJe"IhDGHJRGF"g�XZ^_i�w,e"Ia^�CEY4TJw,C>YUpUe"Ili�YJR�Xb^"Iaw�g_XZHJIa^8Y|YJR�Iad>CE`bCE^_XZYJI|YJe"I

dER&TUTJIlT¨w[XGT�XZr*RGF"Y| ü TJIlp]RG^_i"TaM,�/^fTJRG`bIjIlXZHJdECEIaH,I]yzg*IaHJCE`�Ia^8YUT¨w,C>YJefX�izC¸Ñ IaHJIa^8Y4¶4£�ýNQ�dECE^"IxYJe_XZY

e_XGi�TUXZ`�I�r_XZ^_izw,C>izYJe�paXZg_XGp]CEY/�G��w�I�RGr_TUIaHJ¡GIli�YJe_XZY�YJe"IbdECE^"I�rtIlpaXZ`bI�p]RG^"DGIlTJYJIli�`hF_pUe·�¾XGTJYJIaHa�

XZ^_ifg_XGp¦�GIaYUTxw�IaHJI�izHJRGg"gtIlif¡GIaHJ��TJRNRG^SM��/^fYJe"C>T4I]yzg*IaHJCE`�Ia^8Ya�tCEY�TUIaIa`�T¨YJe_XZY|YJe"IhHJRGF"YJIaH�RG^�YJe"I

RGYJe"IaHjTJC>izI�RZ�,YJe"I�£�ýNQ²dECE^"�fwLXGT ¹ F"IaF"IaCE^"D�`hF_pUe�`�RGHJI�g_XGpU�GIaYUTa��YJe"IaHJI]��RGHJI��2RGHj`bRGHJI�YJe_XZ^Óþ ü

TJIlp]RG^_i"T,��XZ^_i���RGr_TUIaHJ¡GIli}dERG^"D�g"HJRGg_XZD&XZYJC>RG^�d>XZYJIa^_p]��izF"IxYJRuYJe"I|d>XZHJDGI ¹ F"IaF"IG�"r"F"Yo^"RudER&TUTJIlTaM

�W�YJe"I�HJRGF"YJIaH,wLXGT,izHJRGg"g"CE^"DuYJe"I|I]yzp]IlTUTLg_XGp¦�GIaYUT,CE^_TJYJIlXGi�RZ� ¹ F"IaF"IaCE^"DhYJe"Ia`°��RGHo¡GIaHJ��dERG^"DhYJCE`bIG�

YJe"IjXZ`bRGF"^kY¨RZ��YJC>`bI���RGH�� YJR�TJw,CEYUp¦e�YJRbX�^"Iaw¼g_XZHJIa^8Y4w�RGF"d>i�e_X�¡GI�rtIaIa^fTJe"RGHJYJIaHaM

×|Ø$× ¬²Þ¨á�â�çUæhå�UÞ�á�å

��^xYJe"C�TSpUe_XZg"YJIaHmw[I�TJYJF_izCEIli|YJe"I�g"HJRGr"dEIa`¼RZ�NYJHJIaI[p]RG^_TJYJHJF_p]YJCERG^jXZ^_i|`�XZ^_XZDGIa`�Ia^8YS��RGH�XZg"g"dEC>paXZYJCERG^zV

dEIa¡GIad�`�F"dEYJC�paXGTJYaMxBC>HUTJYa�*w[IbTJYJF_izCEIlivYJe"IuCE^"I]Î�p]CEIa^_p]��RZ�[XZg"g"d>C>paXZYJCERG^zVWdEIa¡GIad`�F"dEYJC�paXGTJY�CE^�DGIa^"IaHUXZd

�2RGH4X�¡�XZHJC>IaY��}RZ�cYJRGg*RGdERGDGC>IlTa�_XZ^_i�w[Ix�2RGF"^_ifYJe_XZY�CE^�`�R&TJY¨paXGTJIlT¨YJe"I�CE^"I]Î�p]CEIa^_p]�}paXZ^frtI�w,CEYJe"CE^

Xh��XGp]YJRGH�RZ�cþNM(K[b ¬ M ü p]RG`�g_XZHJIli�YJRb^"IaY�w[RGHJ�8VWd�Xl�GIaH�`hF"dEYJC>paXGTUYaM

hj®+¯ 3Zp�#-4+2?�0lu2��'#@:H)+¢[�K/DlD4�lu2�/u5Z4�8@3� O,@��*�)?A¦2�8]:=)�/D)�4+2H3�8�A�)W°���:=8��')W4+8.�K/1A¨:;2=*�)�:=:�p±��*=2�tK)J*�2�tK)YrU)�4�tO#-3KlD:=r	£
8-2�tK)+*=�QlD:=).�KlD2vr�#�5�tO#?(�)V:=)�/D)�4+2�)?A	:=8@rU)�8@p²2�t�)�3K8�A[)�:Q4�/D8.:=)+*v2�8�2�t�)0:=)�3OA[)+*?n
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úc^_p]RGF"HUXZDGIli´rk�·YJe"R&TJI�HJIlTUF"dEYUTa��w�I}XZYJYJIa`bg"YJIliÓYJRvizIlTJC>DG^�g"HUXGp]YJC>paXZdL`bIlpUe_XZ^"C�TJ`�T�YJe_XZYupaXZ^

r*IuF_TJIli�YJR�XGp¦e"CEIa¡GI�TJC>`bCEd>XZH¨gtIaH;��RGHJ`�XZ^_p]I�CE^�HJIlXZdECEY��GM9PsIbizIlTJC>DG^"Ili �Sw,CEYJe"CE^�YJe"Iu�2HUXZ`�Iaw�RGHJ��RZ�

»�RGC>iÔXZg"g"dEC�paXZYJCERG^zVWdEIa¡GIad,`hF"dEYJC>paXGTJYbTJ�zTJYJIa`��oX·TJIaY�RZ�xXZd>DGRGHJCEYJe"`�T�YJe_XZY�paXZ^Ôr*IfF_TJIli���RGHbHUXZg"C>i

`�XZ^_XZDGIa`bIa^kY¨RZ�YJe"IjXZg"g"d>C>paXZYJCERG^zVWdEIa¡GIad `hF"dEYJC>paXGTJYoi"XZYUXbizIadECE¡GIaHJ��YJHJIaIG�®XZ^_i���RGH,HJI]\_^"CE^"DbYJe"IxYJHJIaI

pUe_XZHUXGp]YJIaHJC>TUYJC>paT¨CE^�YJIaHJ`³RZ��Ia^_iNVWYJRZVWIa^_ivg"HJRGg_XZD&XZYJCERG^vd>XZYJIa^_p]��XZ^_ivi"XZYUX�dER&TUTUIlTaM�noe"IjTJC>`�F"d>XZYJC>RG^

HJIlTJF"dEYUToizIa`bRG^_TJYJHUXZYJIxYJe_XZY,YJe"I|Ia^_iNVWYJRZVWIa^_i�g"HJRGg_XZD&XZYJC>RG^�d>XZYJIa^_p]��CE^_izIaIli}paXZ^�w,CEYJe"C>^�Xh�¾XGp]YJRGHoRZ�

þ}RZ�,YJe"I�F"^"C>paXGTUY�d>XZYJIa^_p]�G��XZ^_i�XZY�YJe"I�TUXZ`bI�YJCE`bI�YJe"I�dER&TUTJIlTjizF"IbYJRfrtRGYJYJdEIa^"IlpU��dEC>^"�NTxpaXZ^�r*I

`bCE^"CE`�CE±aIli M[noe"I�`bIlpUe_XZ^"C>TU`�T¨w[I�F_TJI�XZHJIhXGi"XZg"YJCE¡GIG�tXZ^_ifC>^�RGF"H4TJC>`�F"d>XZYJC>RG^_T,w�IhizIa`bRG^_TJYJHUXZYJI

YJe_XZY�YJe"I�gtIaH;��RGHJ`�XZ^_p]IjC>T¨^"RGY¨CE`bg_XGp]YJIli�rk�}YJe"IjF"^_izIaHJdE�NCE^"D�YJRGgtRGdERGDG�}RGH�YJe"I�g"d>XGp]Ia`�Ia^8Y�RZ��YJe"I

g_XZHJYJC>p]CEg_XZ^kYUTaM�PsI4XZd>TJRxF_TUIli�HJIlXZd¸VWw�RGHJd�i�I]yNgtIaHJCE`bIa^kYUTcYJRj¡GIaHJCE�2�he"R�wéYJe"R&TJI�XZdEDGRGHJCEYJe"`�T�paXZ^bw�RGHJ�

CE^Ôg"HUXGp]YJC>p]IGM�noe"IvYJHJIaI�`�XZ^_XZDGIa`bIa^kY�`�IlpUe_XZ^"C>TJ`�TbXZHJIvC>`bg"dEIa`bIa^kYJIliÔXZ^_iéXZHJIvF_TJIliéCE^�»�RGC>i

XZg"g"dEC>paXZYJCERG^zVWd>Ia¡GIadt`hF"dEYJC>paXGTUYoTU�NTJYJIa`fM

ÊL�}YJe"C>T�TJYJF_iz�G�*w�IuizIa`bRG^_TJYJHUXZYJI�YJe_XZY�C¸��w�IhF_TJI�YJe"IhXZg"g"HJRGg"HJC>XZYJI�Ia^_iNVWYJRZVWIa^_iv`bIlp¦e_XZ^"C>TJ`�Ta�

w�IspaXZ^ XGpUe"CEIa¡GI�HJIlXGTJRG^_XZr"dEI�gtIaH;�2RGHJ`�XZ^_p]IG�4XZ^_i²C¸��YJe"I�`bIlp¦e_XZ^"C>TJ`�T�XZHJI�XGi"XZg"YJC>¡GIG�¨YJe"Ia�²paXZ^

HJIlizF_p]I�YJe"I�CE`�g_XGp]YhRZ�|YJe"I�F"^_izIaHJdE�NCE^"D�YJRGgtRGdERGDG��RGH�g_XZHJYJC�p]CEg_XZ^8Ybg"d�XGp]Ia`bIa^8Y�RG^�YJe"I�g"HJRGYJRzp]RGd

g*IaH;��RGHJ`�XZ^_p]IGM

ª[T�T



¬´³�à�µjè*Û�Ü·¶

ãÒÛcç¦àoè*Û0¸º¹ Þ¨Ü�»

¶�Ø-¼ ½ æ�ç;è�Uâà�å"è¿¾�Þ,Ü�Àéà,Ü�¸WUáWÁÃÂ�è*àoè*ÛÅÄ·Á�Á,Ü Û0Á¨àoè�UÞ�á ã�ÛcçUàoè*Û0¸Ã¹ Þ¨Ü�»

�fF"d>YJC>paXGTJYL�2RGHJwLXZHUizCE^"D�TJYUXZYJI�TUpaXZd>XZr"CEdEC>Y��bC>T,XZ^_XZd>�k±aIli}CE^�DGHJIlXZYJIaH�izIaYUXZCEd>ToCE^Æ� ªl¬zª �r8�}YUXZ�kC>^"D�CE^8YJR

XGpap]RGF"^8Y�HJIlp]IaCE¡GIaHxg"d>XGp]Ia`bIa^kYjXZ^_is`bIa`hr*IaHUTUe"CEgvC>^8YJIaHJIlTJYaM�Ç�XZHJC>RGF_TxYJRGg*RGd>RGDGCEIlTb��noCEIaHUTa�mnmHUXZ^_TJCEY;V

ýkYJF"rS���vr*RG^"IoXZ^_iu¶|ý"¢XZHJI,p]RG^_TJC>izIaHJIliuXGT�w�IadEd�M�Ì4^"IoRZ�®YJe"IaCEH�\_^_izCE^"D&T�C>TYJe_XZY�YJe"IaHJI,C>TizCEÑtIaHJIa^_p]I

CE^�TUYUXZYJI�XZ`bRG^"D�YJe"I�YJRGg*RGdERGDGC>IlTa��XZ^_i�RG^"I}RZ�¨YJe"I�HJIlXGTURG^_Tj��RGHhYJe"C>T�C>T�YJe"I}izC¸ÑtIaHJIa^_p]I�CE^�^"RNizI]V

��XZ^"RGF"Y�izC�TJYJHJCEr"F"YJCERG^sXZ`bRG^"D�YJRGgtRGdERGDGCEIlTaMuB"F"HJYJe"IaHa�CE^_p]HJIlXGTJCE^"D}^"IaY�w[RGHJ�·p]RG^"^"Ilp]YJCE¡NCEY��vCE^_p]HJIlXGTJIlT

YJe"I�XZ`�RGF"^8YoRZ�mTJYUXZYJI�CE^b��Iaw
p]RGHJI�HJRGF"YJIaHUToRGHoizRG`�XZCE^_Ta�kr"F"Y[HJIlizF_p]IlToCEY[Ia¡GIaHJ�kw,e"IaHJI|Iad>TUIGM�noe"C>T[C>T

YJe"I[RG^"d>�xw�RGHJ�jw[I,XZHJILX�w[XZHJI,RZ�_YJe_XZY�e_XGT�TJYJF_izCEIli�YJe"ILYJRGgtRGdERGDG��CE`bg_XGp]YRG^�`hF"dEYJC>paXGTUYS�2RGHJwLXZHUizCE^"D

TJYUXZYJI�XZDGDGHJIaD&XZYUXZr"CEdEC>Y��GMLÌ4F"H�TUYJF_iz��C>T,p]RG`�g"dEIa`bIa^8YUXZHJ��YJRbYJe"IaCEHUTaM

n�RxRGF"H��N^"R�w,dEIlizDGIG�Gd>IlXZ�k��`hF"dEYJC>paXGTUY���RGHJw[XZHUizCE^"D|Ia^8YJHJ�uXZDGDGHJIaD&XZYJCERG^ue_XGT�^"RGY�r*IaIa^uTJYJF_izCEIlihCE^

YJe"I|dECEYJIaHUXZYJF"HJIGMc©�R§w�Ia¡GIaHa�®TUIa¡GIaHUXZdtRGYJe"IaHL��RGHJw[XZHUizCE^"DuYUXZr"dEI|p]RG`bg_XGp]YJCERG^}XZg"g"HJR&XGpUe"IlT¨e_Xl¡GIxIaCEYJe"IaH

r*IaIa^�C>`bg"dEIa`bIa^kYJIli�RGH4p]RG^_TJC>izIaHJIli}CE^�YJe"IxdEC>YJIaHUXZYJF"HJIGM0PsIjizC>TUp]F_TUToYJe"IlTUIx^"R�wxM

Ì4^"I�XZd>YJIaHJ^_XZYJCE¡GI�YJRfXZDGDGHJIaD&XZYJCERG^�C>TxYJR�RG^"dE��paXGpUe"I��2RGHJwLXZHUizCE^"DfIa^kYJHJCEIlT�RZ�,p]F"HJHJIa^8YJd>�´���L�=^`
��

`�F"d>YJC>paXGTJYjDGHJRGF"g_TlM�ÊL��XGp]YJC>¡GIG�cw�I}`bIlXZ^ÓYJe"R&TJI}DGHJRGF"g_Tj��RGHhw,e"C>pUe�XvHJRGF"YJIaHhHJIlp]IaC>¡GIliÓi"XZYUX�CE^

ª[T O



YJe"I�HJIlp]Ia^8Y�g_XGTJYaM°noe"I�paXGp¦e"IsIa^8YJHJCEIlT�XZHJIsgtRGg"F"d>XZYJIlié��HJRG`ÐXÈ���É��=^j���©����Ê.�$�se"Iad>iéCE^ TJdER§w�IaHa�

dEIlTUT,I]yzgtIa^_TJCE¡GI�`bIa`�RGHJ�GM¨©�R§w�Ia¡GIaHa� YJe"C>T�XZg"g"HJR&XGp¦e�RG^"dE�}w�RGHJ�zT�w,e"Ia^vYJe"IaHJI�C>T4TJFzÎ�p]CEIa^kY�YJHUX�Î�p

dERzpaXZdECEY��sYJRs`�XZCE^8YUXZCE^´e"CEDGe�paXGp¦e"I�e"CEYuHUXZYJCER"M´¶4TuYJe"I�^kF"`�rtIaHbRZ��p]RG^_p]F"HJHJIa^kYJdE��XGp]YJCE¡GI}DGHJRGF"g_T

CE^_p]HJIlXGTJIlTa��YJe"I�izIaDGHJIaI�RZ�4YJHUX�Î�p�C>^8YJIaHJdEIlX�¡kCE^"D�w,CEd>d[DGHJR§wx�[HJI ¹ F"CEHJCE^"DsX�d>XZHJDGI�paXGpUe"I�YJR·XGp¦e"CEIa¡GI

DGRkRzihe"CEY�HUXZYJCER&TaM�{[RG^8¡GIaHUTJIadE�G�8r*IlpaXZF_TJIoIlXGp¦ebpaXGpUe"I¨`bC�TUT�HJIlTJF"d>YUTC>^uTUdER�wÓg_XZYJe�HJRGF"YJIaH��2RGHJwLXZHUizCE^"D"�

HJRGF"YJIaH¨gtIaH;�2RGHJ`�XZ^_p]I�paXZ^vizIaDGHUXGizIjw,CEYJe�XZ^�CE^_p]HJIlXGTUIxCE^�YJe"Ix^8F"`hr*IaH�RZ��DGHJRGF"g_TaM

¶ä^8F"`hr*IaH�RZ�,g_XZg*IaHUT����7þGOK�S� ª þ « �S�7OGKO�S� «�T ��� ªaü ��2¢�izIlTUp]HJCErtIbTJRZ�2Y/w[XZHJI�r_XGTJIli�TURGdEF"YJCERG^_T|YJe_XZY

F_TJI|paXZHJI]�2F"dEd>�up¦e"R&TJIa^�i"XZYUX�TUYJHJF_p]YJF"HJIlT[YJRhHJIlizF_p]I|YJe"I�TUCE±aI�RZ�mYJe"I�F"^"C>paXGTJY��2RGHJwLXZHUizCE^"DuYUXZr"dEI4TUF_pUe

YJe_XZYuCEYj\_YUThCE^ÓRG^zV�pUe"C>g´paXGp¦e"IlTaM�¶,pap]IlTUTUIlT�YJRsTJF_p¦e�paXGpUe"I�XZHJI���XGTJYa��XZd>dER�w,CE^"D�¡GIaHJ�·e"CEDGezV�TUg*IaIli

F"^"C>paXGTJY�g_XGp¦�GIaY���RGHJw[XZHUizCE^"DvIa¡GIa^�w,CEYJe"RGF"YjI]yNgtIa^_TJCE¡GI�dERNRG�NF"gse_XZHUizw[XZHJIGM�noe"IlTJI�TURGdEF"YJCERG^_TxXZHJI

XZYJYJHUXGp]YJCE¡GI�r*IlpaXZF_TJI�RZ��YJe"IaCEH�\_I]yNCEr"C>dECEY��G�8r"F"Y[F"^z��RGHJYJF"^_XZYJIadE�bYJe"Ia��XZHJI�dECE`�CEYJIlihr8�bYJe"I|paXZg_XGp]CEY���RZ�

YJe"Ih{CËB~�paXGp¦e"IGMLnoe"I�^kF"`�rtIaH�RZ��F"^"C>paXGTJY¨�2RGHJwLXZHUizCE^"D�Ia^kYJHJCEIlT,YJe_XZY4paXZ^fr*IjTUYJRGHJIli�CE^�YJe"Ih{CËB~

paXGpUe"IuC>T�RG^vYJe"IhRGHUizIaH4RZ� ªaüGü � üGüGü M|noe"C>T4C>T�XZ^�RGHUizIaH�RZ��`�XZDG^"CEYJF_izIjRGH�`bRGHJIhTJ`�XZdEdEIaH,YJe_XZ^�YJe"I

g*R&T¦TJCEr"dEI�^8F"`hr*IaH�RZ��`hF"dEYJC>paXGTJYL��RGHJw[XZHUizCE^"D�Ia^8YJHJCEIlTaM

¶´e8�Nr"HJC>ixe_XZHUizwLXZHJI�F�TJRZ��Y�w[XZHJI4XZg"g"HJR&XGpUehC>TmizIlTUp]HJC>r*IlixC>^]� Í&ü �WMq~�TJCE^"D4TJRG`bI�TJC>`bg"dEIcXGi"izCEYJCERG^_XZd

e_XZHUizw[XZHJI�XZ^_i�X�HJIlXGTJRG^_XZr"dEI�XZ`bRGF"^kYbRZ��p¦e"IlXZgÔ`bIa`bRGHJ� � ¬G¬ �vÊäRZ��£|ÿ4¶S� �2RGHb�+Ëc¡ Í ¢A��YJe"I

dERNRG�kF"g�paXZ^sr*I�p]RG`bg"d>IaYJIlivrk�vF_TUCE^"D�RG^"d>� ª V/þ�`bIa`bRGHJ�fXGpap]IlT¦TJIlTb�¾K ü V ªaüGü ^_Ta�SCWM IGM ªaü V/þ ü ��r"g_T

dERNRG�kF"g�r_XZ^_izw,C>izYJe*¢�YJR�TJdER�w[IaH|`�XZCE^f`�Ia`bRGHJ�GM�noe"C>T�Y��Ng*IhRZ�LTURGdEF"YJCERG^vpaXZ^�rtI�F_TUIlivYJR�TJYJRGHJI�X

`�F_p¦e�d>XZHJDGIaH¨^kF"`�rtIaH¨RZ��Ia^8YJHJCEIlTh��TJIa¡GIaHUXZd�`bC>dEdECERG^�Ia^8YJHJCEIlTA¢A�®r"F"Y¨`�Xl��^"RGY¨rtIH\_I]yzCEr"dEI|Ia^"RGF"DGefYJR

XGpap]RG`b`bRzi"XZYJIxYJe"I�I]yzg*Ilp]YJIli�TJC>±aIxRZ��`hF"dEYJC>paXGTJY[��RGHJw[XZHUizCE^"DbYUXZr"d>IlTaM

ýkYJF_iz�È� ªGª O��oC�T�YJe"I�\_HUTJYuw[RGHJ��w[I�XZHJI}X�w[XZHJI�RZ��YJe_XZYbXGi"izHJIlTUTJIlT�izCEHJIlp]YJd>�sYJe"I�g"HJRGr"dEIa` RZ�

HJIlizF_p]CE^"D·YJe"I�^kF"`�rtIaHbRZ�x`hF"dEYJC>paXGTJYh��RGHJw[XZHUizCE^"D·Ia^kYJHJCEIlTaM
noe"I�r_XGTJC>p}C>izIlX�C�TuYJR�iz�k^_XZ`�C>paXZdEdE�

IlTJYUXZr"dEC>TUe�YJF"^"^"Iad>ThYJe_XZY�r8�Ng_XGTUThYJe"I}HJRGF"YJIaHUTuw,CEYJeÓ��XZ^"RGF"YuRZ��RG^"d>�·RG^"I}RGF"YJDGRGCE^"D�CE^8YJIaH;�¾XGp]I��2RGH

ª[T 



X�DGCE¡GIa^ÓDGHJRGF"gSMvnmR�XGpap]RG`�g"dEC>TJe·YJe"C�Ta�e"R§w�Ia¡GIaHa�[YJe"I�`hF"dEYJC>paXGTJY�HJRGF"YJC>^"Dvg"HJRGYJRzp]RGd[^"IaIli"ThYJRvr*I

`bRzizC¸\_Ili ��XZ^_ixYJe"IaHJI[C>T YJe"I�XGi"izCEYJCERG^_XZdGIa^_paXZg_TUF"d>XZYJCERG^�F�izIlpaXZg_TJF"d>XZYJC>RG^xR�¡GIaHJe"IlXGi�g*IaH�i"XZYUX,g_XGp¦�GIaYaM

¶�d�TJR"�"YJe"C>T¨TJRGd>F"YJCERG^}C>T,^"RGY¨rtIa^"I]\®p]C>XZd�C¸��YJe"Ix�¾XZ^"RGF"Y�RZ��YJe"I���RGHJw[XZHUizCE^"D�TJYUXZYJI�C>T,`�RGHJI�YJe_XZ^�RG^"IGM

}�Ia¡GIaHJYJe"Iad>IlTUTa�tYJe"C>T4TURGdEF"YJCERG^fpaXZ^�r*IhXZg"g"dECEIlifYJRGDGIaYJe"IaH�w,C>YJefYJe"IhdEIlXZ�k��XZDGDGHJIaD&XZYJC>RG^�TUp¦e"Ia`bIhw�I

e_Xl¡GIjTUYJF_izCEIli M

noe"I�r_XGTUC>p,C>izIlXxC>^bÿ�úB~�}4�$n,ú´� ªGªGª �*C>T�TUCE`bCEd>XZH�YJR]� ªGª OK�WP�r8�Ng_XGTUT[YJe"I�HJRGF"YJIaHUT[w,CEYJe��¾XZ^"RGF"Y�RG^

YJe"Ix`�F"d>YJC>paXGTJYoYJHJIaI�RZ�RG^"d>��RG^"I�RGF"YJDGRGCE^"D�C>^8YJIaH;�¾XGp]I�r8��F_TJCE^"DuF"^"C>paXGTJY,YJR�YJe"Ij^"I]yNY¨izR§w,^_TJYJHJIlXZ`

HJRGF"YJIaH¨YJe_XZY,e_XGT,`bRGHJI|YJe_XZ^�RG^"IxRGF"YJDGRGC>^"D�CE^8YJIaH;�¾XGp]IlTaM�noe"I�`bIlp¦e_XZ^"C>TJ`¥YJR�F"^"C>paXGTJY,YJe"Ixg_XGp¦�GIaYUT

C>T,izC¸Ñ IaHJIa^8Y�XZ^_i�izRNIlT,^"RGY¨F_TUI�iz�k^_XZ`bC�p4YJF"^"^"Iad>CE^"D"M

£�C>TJYJHJCEr"F"YJIli²{[RGHJIÌ�fF"dEYJC�paXGTJYf��£�{C��¢¦� « �4g"HJRGg*R&TJIlT�Xs`bIlpUe_XZ^"C�TJ` YJR�TJIaYJF"géXs^8F"`hr*IaH�RZ�

p]RGHJIjHJRGF"YJIaHUT�CE^�IlXGpUe�XZHJIlXbXZY�YJe"IjIlizDGIjRZ��YJe"Ijr_XGpU�NrtRG^"IGMonoe"I�£x{C� HJRGF"YJIaHUT�XGp]Y�XGT¨r_XGp¦�krtRG^"I

XGpap]IlTUT�g*RGC>^8Yb��RGH}TJIa^_izIaH�C>^_TJC>izI�YJe"IaCEH}XZHJIlXz�4XZ^_iéRGF"YUTJC>izIvHJIlp]IaCE¡GIaHUTaM�¶¤TJgtIlp]C>XZd¨g"HJRGYJRzp]RGd��2RGH

HJIlp]IaCE¡GIaH�`�Ia`�rtIaHUTJe"CEg�XZ^_ifi"XZYUX�izC>TJYJHJCEr"F"YJC>RG^�C>T,HJF"^vXZ`�RG^"DbYJe"I�£�{C� HJRGF"YJIaHUTaM¨noe"C>T,g"HJRGYJRzp]RGd

IadECE`bC>^_XZYJIlT�YJe"I�^"IaIli��2RGH¨XZ^k��^"RG^zV�£�{C� r_XGpU�NrtRG^"I�HJRGF"YJIaH¨YJRbgtIaH;�2RGHJ`�`hF"dEYJC>paXGTUYLHJRGF"YJC>^"D"M

ýkYJF_iz�]� ªGªl« �zg"HJRGgtR&TJIlT�XZ^_i�XZ^_XZdE�N±aIlT�X�`bIlp¦e_XZ^"C>TJ`º�2RGH�g*IaH;VWC>^8YJIaH;�¾XGp]ILTJYUXZYJI,XZDGDGHJIaD&XZYJCERG^SM�noe"I

XGTUTJF"`bg"YJC>RG^·C>T�YJe_XZYhYJe"I�HJRGF"YJIaHh`hF"dEYJC>paXGTJY�d>RkRG�NF"g·C>T�izIlTJCEDG^"Ili�XGT�ÕW\_dEYJIaHUT;ÖbRG^�IlXGpUeÓCE^8YJIaH;�¾XGp]IGM

noe"C>T�izIlTUCEDG^²e_XGT�YJe"I�XGiz¡ZXZ^8YUXZDGI�YJe_XZY�CEY�paXZ^
r*If��XGTUY�XZ^_i²IlXGTU��YJR�CE`�g"dEIa`bIa^8Y�RG^ée"CEDGezVWIa^_i

HJRGF"YJIaHUT�YJe_XZYLpaXZ^be_Xl¡GI�X�TJIag_XZHUXZYJI�{CËB~ XZ^_i�dERkRG�NF"guYUXZr"dEI¨RG^bIlXGp¦e�CE^kYJIaH;��XGp]IG�kr"F"Y�CEYUT�izHUX�w,r_XGpU�

C>T�YJe_XZY�C>YcCE`bgtR&TJIlT�X�TJgtIlp]C¸\®p,XZHUpUe"CEYJIlp]YJF"HUXZd pUe"RGC�p]IGM�noe"I�TJYUXZYJI�XZDGDGHJIaD&XZYUXZr"CEd>CEY��hC>T�XZ^_XZdE�N±aIliuw,CEYJe

izC¸Ñ IaHJIa^8Y�`hF"dEYJC>paXGTJYxXGi"izHJIlTUT�XZdEdERzpaXZYJCERG^sTUpUe"Ia`�IlT�XZ^_i·HJIlp]IaCE¡GIaHjg"d>XGp]Ia`bIa^8Ya�r"F"Y�YJe"IbCE`�g_XGp]YxRZ�

YJRGg*RGd>RGDG�fC>T�^"RGY�p]RG^_TJC>izIaHJIli Munoe"IaCEH|HJIlTJF"dEYUT|izIa`bRG^_TUYJHUXZYJI�YJe_XZYxCEY|C>T�g*R&TUTUCEr"dEIjYJR�XGp¦e"CEIa¡GIbTJRG`bI

XZDGDGHJIaD&XZYJCERG^S�cIa¡GIa^ÓYJe"RGF"DGe�^"RGYuizHUXZ`�XZYJC>pZ�cXZ^_i ¹ F_XZdECEYUXZYJC>¡GIadE�vYJe"Ia�s`�XZYUpUeÓRGF"H�Ia^kYJHJRGg8�kVWr_XGTJIli

HJIlTJF"dEYUTaM

ª O ü



¶�Ø+Í ãÒÛ�µuç�Uâ�à¤Ú�çUà¨â�Û�ß¯Ûcá4èºãÒÛcç¦àoè*Û0¸º¹ Þ¨Ü�»

¶�^8F"`hr*IaH¨RZ�cg_XZgtIaHUT¨e_X�¡GI�TJYJF_izCEIli}YJe"I�CE`bg_XGp]Y,RZ��PsIarvTJIaHJ¡GIaH�HJIag"dEC>paXuRGH�paXGp¦e"I�g"d>XGp]Ia`�Ia^8Y¨RG^

g*IaH;��RGHJ`�XZ^_p]IGM0}4RGYJILYJe_XZY�TURG`bIoRZ�*YJe"I,HJIlp]Ia^8YJd>��g"F"r"dEC�TJe"Ilihg_XZg*IaHUTcXZHJI,CE^_izIagtIa^_izIa^8Y[TJYJF_izCEIlTa�Zr"F"Y

e_Xl¡GIo^"RGYUXZr"dEI,TJCE`�CEd>XZHJCEY/��CE^hg"HJRGr"dEIa`Ò�2RGHJ`hF"d>XZYJCERG^uXZ^_i�\_^_XZdzHJIlTJF"d>YUTaM�noe"ILHJIag"dEC>paX4RGH�paXGpUe"I,g"d>XGp]I]V

`bIa^8Y�g"HJRGr"dEIa`qpaXZ^�r*I�`bRzizIadEIlifX���YJIaH|YJe"I¦�-�L�|�����Î������-��Ï������0Î����Ê.�$��Ïh��X�w[IadEd¸VW�N^"R�w,^�g"HJRGr"dEIa`

CE^�DGHUXZg"e}YJe"IaRGHJ�G�_XZ^_i�CE^�g_XZHJYJC�p]F"d>XZH[Y/w�RuRZ�mCEYUT[¡ZXZHJC>XZYJCERG^_TaP��`Ðs��ÑL���L^j�N^j�= ¥�N�[�����=^;����Î����Ê.�$��Ïh�"RGH	�`Ðs�

Ï9^j�|^`Ï9ÉdÏÓÒ¥��Ï��?��^;���9Î�+��Ê�����ÏÔ�7þGþO�WM�¶�^8F"`hr*IaHLRZ�XZg"g"HJRlyzCE`�XZYJI�TJRGdEF"YJCERG^_T[e_Xl¡GI|rtIaIa^�g"HJRGgtR&TJIli

CE^�YJe"I�g_XGTJY¦� ª þGKK�W��r"F"Y�YJe"Ia�·XZHJI�IaCEYJe"IaHj¡GIaHJ��p]RG`bg"F"YUXZYJCERG^_XZdEdE��I]yzg*Ia^_TJC>¡GIG��RGHhXZHJI�izCEÎ�p]F"dEYjYJR

XZg"g"dE��CE^}g"HUXGp]YJC>p]IGM

�|HJC>TJe"^_XZ^fIaY4XZdWMQ� « KK��TJYJF_iz�}YJe"Ijg"HJRGr"dEIa`�RZ�cg"d>XGp]C>^"D�YJHUXZ^_TJg_XZHJIa^8Y�Ia^zVWHJRGF"YJI�^"IaY/w�RGHJ�fpaXGp¦e"IlT

��n,ú�ÿ¨{LTA¢A�oXZ^_i�CE^´g_XZHJYJC>p]F"d>XZHue"R�w³¡�XZHJCERGF_Tug"d�XGp]Ia`bIa^8Y�`bIaYJe"Rzi"T�paXZ^ÔrtI}F_TJIli´YJR·HJIlizF_p]I�YJe"I

^"IaY�w[RGHJ�hYJHUX�Î�p¨RGH�YJe"I¨X�¡GIaHUXZDGI4XGpap]IlTUT�d�XZYJIa^_p]�GM�~4^"dECE�GILRGF"Hcw�RGHJ�hw,e"IaHJI,w�I4XGTUTJF"`bILYJe"I,HJIag"dEC>paXGT

paXZ^�r*Ihg"d>XGp]Ili�XZ^8�Nw,e"IaHJIhC>^vYJe"Ih^"IaY�w[RGHJ�*��YJe"IaC>H4w[RGHJ�fHJIlTJYJHJC>p]YUT�YJe"IupaXGpUe"IlT|YJR}rtI�RG^"dE��RG^�YJe"I

g_XZYJe�rtIaY�w[IaIa^�X�p]dEC>Ia^8Y�XZ^_i�YJe"I4TJIaHJ¡GIaHaM�noe"I¨YJRGgtRGdERGDG�8VWr_XGTUIli�Ia¡�XZd>F_XZYJCERG^�C>TcgtIaH;�2RGHJ`�Iliur8��F_TJCE^"D

YJHUXGp]IaHJRGF"YJI]V�p]RGdEdEIlp]YJIliv��^kYJIaHJ^"IaY¨YJHJIaIlTaË_RGYJe"IaH¨YJRGgtRGdERGDGCEIlT,XZHJIx^"RGY4p]RG^_TJC>izIaHJIli M

Õ CEF�IaY�XZd�M��7GKK�4p]RG^_TJC>izIaH�YJe"Ifg"HJRGr"dEIa` RZ�xg"d>XGp]Ia`bIa^kY�TJYJHUXZYJIaDGCEIlTu��RGH�PsIar²TUIaHJ¡GIaHbHJIag"dEC>paXGT

w,CEYJe"CE^vYJe"Ihp]RG^kYJI]yNY|RZ�o{L£	}�T�YJe_XZY|RZÑ IaHSPsIar�TJIaHJ¡GIaH|e"R&TJYJCE^"D�TJIaHJ¡kC�p]IlTaM4noe"Ia��g"HJRGgtR&TJIuTJIa¡GIaHUXZd

g"d>XGp]Ia`bIa^kYoXZd>DGRGHJCEYJe"`�Ta�kCE^_p]dEF_izCE^"DhX�TJC>`bg"dEI¨DGHJIaIliz��g"d>XGp]Ia`bIa^8Yow,e"C>p¦e�w[IxF_TJI�CE^�RGF"How[RGHJ�*�"XZ^_i

w,e"C>pUe}C>T[¡GIaHJ��TJC>`bCEd>XZHcYJRuYJe"I�DGHJIaIliz��XZdEDGRGHJCEYJe"`äCE^Ö� « KK�WM�noe"Ia��\_^_i�YJe_XZYoYJe"C>T�DGHJIaIliz��XZdEDGRGHJCEYJe"`

g*IaH;��RGHJ`�T�¡GIaHJ��w�IadEd*CE^bg"HUXGp]YJC>p]I��2Y��Ng"C>paXZdEdE�hw,CEYJe"CE^�Xx�¾XGp]YJRGH�RZ� ª M ª b ª M(KjRZ��YJe"I4RGg"YJCE`�XZd®TJRGdEF"YJCERG^*¢AM

B"F"HJYJe"IaHa��C>YUTbgtIaH;�2RGHJ`�XZ^_p]IvC>T�HJIad>XZYJC>¡GIadE�´CE^_TJIa^_TJCEYJC>¡GI�YJRÓCE`bgtIaH;��Ilp]Y�CE^"g"F"Y�i"XZYUXÓTJF_pUe XGT�p]dECEIa^8Y
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dERzpaXZYJCERG^_T,XZ^_i�^"IaY�w[RGHJ��YJRGgtRGdERGDG��C>^z�2RGHJ`�XZYJC>RG^SM�©�R§w�Ia¡GIaHa�tYJe"C>T¨TJYJF_iz�}izRkIlT�^"RGY�p]RG^_TJC>izIaH�^"RNizI]V

��XZ^"RGF"Y�r_XGTJIli�g"d>XGp]Ia`bIa^kYaMcýkCE`�CEd>XZH YJR4RGF"H�TJYJF_iz�G�GYJe"I[Ia¡�XZdEF_XZYJC>RG^j`bIaYJHJC>p�C>T�?�.�����=^`
���Î²��>ÑL��.Ï������-�L_

��^�YJe"IaCEH[TUYJF_iz�hYJe"Ia��F_TJI�HUXZ^_izRG`äYJHJIaIlTa�NHUXZ^_izRG`°DGHUXZg"e}XZ^_i�¶xýhYJRGgtRGdERGDGCEIlTa�NXZ^_ibYJe"I�HJIlTJF"dEYUT��2RGH

XZdEd�YJRGgtRGdERGDGCEIlT4XZHJI ¹ F_XZdECEYUXZYJCE¡GIad>��TJCE`�CEd>XZHa�zw,e"C>pUe�TJF"g"gtRGHJYUT�RGF"H4YJe"IlTJC>T�YJe_XZY���RGH�HJIad>XZYJC>¡GI�`bIaYJHJC>paT

YJe"I�YJRGgtRGdERGDG��CE`�g_XGp]Y,C>ToHJIad>XZYJCE¡GIadE��TJ`�XZdEdWM

noe"I4TUYJF_iz��rk�]×GXZ`bCE^�IaY�XZd�M|� «Zü �®C>TcTJC>`bCEd>XZH�YJR]�7GKK�WMcnoe"IaCEHcw[RGHJ��I]yzXZ`bC>^"IlT�YJe"I�CE`bg_XGp]YcRZ� YJe"I

^8F"`hr*IaH4RZ��HJIag"dEC>paXGT,RG^vYJe"IjgtIaH;�2RGHJ`�XZ^_p]IjRZ�c¡�XZHJC>RGF_T¨HJIag"dEC>paXbg"d>XGp]Ia`bIa^8Y4`bIaYJe"Rzi"TaM,noe"IaCEH¨`�XZCE^

\_^_izCE^"D�C>T�YJe_XZYa��HJIaD&XZHUizd>IlTUT�RZ�,YJe"Ibg"d>XGp]Ia`�Ia^8Yj`�IaYJe"RNi �CE^_p]HJIlXGTJCE^"D�YJe"I�^8F"`hr*IaH�RZ�oHJIag"d>C>paXGTxC>T

I]ÑtIlp]YJC>¡GI¨CE^�HJIlizF_p]CE^"Djp]d>CEIa^8Y�izR§w,^"dER&XGibYJCE`�I,RG^"dE�j��RGH�Xx¡GIaHJ��TJ`�XZdEdz^8F"`hr*IaH�RZ�SHJIag"dEC�paXGTaM��/^�YJe"IaCEH

TJYJF_iz��YJe"Ia��F_TJIog*R§w�IaH;VWd>X�w�DGIa^"IaHUXZYJIliuYJRGg*RGdERGDGC>IlTa��XGT�w[IadEdzXGTc��^kYJIaHJ^"IaY�YJHUXGp]IlTlM�noe"Ia�hXZd>TJR�izC>TUp]F_TUT

XZ^�¶|ý8VWdEIa¡GIadt�¾XZ^"RGF"Y;VWr_XGTJIli�g"d>XGp]Ia`bIa^kYa�"CE^�w,e"C�pUe}HJIag"dEC>paXGTLXZHJI|g"d>XGp]Ili�w,CEYJe"CE^}¶|ýNTLCE^}izIlp]HJIlXGTJCE^"D

RGHUizIaH�RZ�,^"RzizI�izIaDGHJIaI�RG^�YJe"I�¶|ýsYJRGg*RGdERGDG�GM�noe"I�HJIlTJF"dEYUT�TJF"DGDGIlTJYjYJe_XZY�YJe"I�¶xý8VWdEIa¡GIadc�¾XZ^"RGF"Y;V

r_XGTJIli�g"d>XGp]Ia`�Ia^8Y�paXZ^bgtIaH;�2RGHJ`°XZdE`bR&TJYcXGTcw[IadEd®XGTcYJe"I¨DGHJIaIliz�ug"d>XGp]Ia`�Ia^8YaM�Ì4F"H�TJYJF_iz�hRG^bHJIag"dEC>paX

g"d>XGp]Ia`bIa^kY�C>Txp]Ia^8YJIaHJIli�XZHJRGF"^_i·YJe"C>Tx\_^_izCE^"D"�XZ^_isw[IbYJHJ��YJR�¡GIaHJC¸���vCEYxYJe"HJRGF"DGe�`bRGHJI�izIaYUXZCEdEIli

TJCE`hF"d>XZYJCERG^_TLr8��F_TJCE^"DuHJRGF"YJIaH;VWdEIa¡GIad���^kYJIaHJ^"IaY¨YJRGgtRGdERGDG�G�"CE^_TJYJIlXGi}RZ��RG^"dE��¶xý8VWdEIa¡GIadSYJRGgtRGdERGDG�G�_XZ^_i

r8�}I]yzg"dERGHJCE^"DuCE^}`bRGHJI�izIaYUXZCEd>ToYJe"IjCE`bg_XGp]YoRZ��¡ZXZHJCERGF_ToHJIag"dEC�paX�XZ^_i�p]dECEIa^kYLg"d�XGp]Ia`bIa^8Y¨`�IaYJe"RNi"TaM

¶�Ø�Ø ãÒÛcç�¦àUÙhç¦ÛÚ½ æ�ç;è�Uâà�å"èÒã�ÛcçUàoè*Û0¸º¹ Þ,Ü�»

ËcHJIa¡NCERGF_TSw�RGHJ�xRG^jHJIadEC>XZr"dEI�`hF"dEYJC>paXGTJYSYJe_XZYmp]RG`�g_XZHJIlT�HJRGF"YJIaHXGT¦TJC>TJYJIli�w,CEYJe�^"RG^zV�XGT¦TJC>TJYJIlixTUp¦e"Ia`bIlT

C>TZ�7OGOK�WMÔ©4R�w[Ia¡GIaHa�,YJe"Ifp]RG`bg_XZHJC>TJRG^´YJe"IaHJI�C�TudECE`bCEYJIli�CE^�TUp]RGgtIfp]RG`bg_XZHJIli´YJR·RGF"H�w�RGHJ�tM²B"RGH

I]yzXZ`�g"dEIG��^"IaY�w�RGHJ��R�¡GIaHJe"IlXGi´C>Tj^"RGY�p]RG^_TJC>izIaHJIli ��XZ^_i�YJe"I�F_TJIli�YJRGgtRGdERGDGCEIlTjXZHJI}`hF_pUe´TJ`�XZdEd>IaH

��XZg"g"HJRlyzCE`�XZYJIadE�Óþ üGü ^"RNizIlTA¢jDGIa^"IaHUXZYJIli´YJRGgtRGdERGDGCEIlTa��w,e"CEdEI�C>^ÓRGF"H�TJYJF_iz��w�I�F_TJI�X�¡ZXZHJCEIaY���RZ�

YJRGg*RGd>RGDGCEIlT+bkpaXZ^"RG^"C>paXZdW�[DGIa^"IaHUXZYJIli²XZ^_i²HJIlXZd¸VWw�RGHJd>i �LCE^_p]dEF_izC>^"D·Xsd>XZHJDGI��2R�¡GIaH}K ü �¤^"RzizIlTA¢�HJIlXZd

ª OGþ



w�RGHJd>iÔHJRGF"YJIaH;VWdEIa¡GIad¨^"IaY�w[RGHJ��YJRGg*RGd>RGDG�GM´�fRGHJIaR§¡GIaHa�,CE^�RGF"Hbw[RGHJ�Ów[I�e_Xl¡GI�XGi"izIliÔXZ^_XZdE�zTJC>TuYJR

p]RG`bg"dEIa`bIa^kY,RGF"H,HJIlTJF"dEYUTaM

PsI�^"R§w r"HJCEI�\_��izIlTUp]HJCErtI�TJRG`�I�RZ�oYJe"I�d>XZYJIlTJY�g"HJRGgtR&TUXZd>T|��RGH�HJIadEC�XZr"dEIu`�F"dEYJC�paXGTJY�XZ^_isgtRGCE^8Y

RGF"Y4HJIad�XZYJCERG^_T¨YJR�RGF"H�¶�Q�©�XZ^_i�ÿ�¶�©�TUpUe"Ia`�IlTaM�P
e"CEdEIxRGF"H�dEC>TJY�C>T¨^"RGY�I]yNe_XZF_TUYJCE¡GIG�*C>Y�p]R�¡GIaHUTxX

r"HJR&XGi�HUXZ^"DGI�RZ�cp]F"HJHJIa^8Y4g"HJRGg*R&TUXZd�TaM0PsIxr*IaDGC>^�w,CEYJe�YJe"Ix^"RG^zV�XGTUTJC>TUYJIli�TUpUe"Ia`bIlT,\_HUTJYaM

ýNÿ��Û� ¬G« ��Ia`bg"dER§�NT�Y�w�R}DGdERGr_XZd`bIlpUe_XZ^"C�TJ`�T,YJR�dECE`bCEYoYJe"Ih^8F"`hr*IaH4RZ��`bIlTUTUXZDGIlT�DGIa^"IaHUXZYJIli �

^_XZ`bIadE��izF"g"dEC>paXZYJI�TUF"g"g"HJIlTUTJCERG^�XZ^_i·r_XGpU�kVWRZÑ²YJCE`bIaHUTaM���^´ýNÿ�����HJIlp]R�¡GIaHJ�·`�IlTUTUXZDGIlT��2HJI ¹ F"IlTJYUT

XZ^_i�HJIag"dECEIlTA¢¨XZHJIh`hF"dEYJC>paXGTUY�YJR�YJe"IhIa^kYJCEHJIuDGHJRGF"gSË�HJIlp]IaCE¡GIaHUT|dEC�TJYJIa^���RGH�HJIlp]R§¡GIaHJ�f`bIlT¦TUXZDGIlT4�2HJRG`

RGYJe"IaHjHJIlp]IaCE¡GIaHUTjr*I]��RGHJI�TUIa^_izCE^"D�YJe"IaCEH�R§w,^S�cXZ^_i�TJF"g"g"HJIlTUT�izF"g"dEC>paXZYJIlTaM}noe8F_Tl��ýNÿS�Ðp]HJIlXZYJIlT�X

¡kC>HJYJF_XZdte"C>IaHUXZHUpUe8�}RG^�YJe"IH\_��Ia¡GIaHJ�}YJCE`bI�YJe"IaHJI�C>TLdER&TUToCE^}YJe"IxDGHJRGF"gSM�©4R�w[Ia¡GIaHa�®d>XGp¦��RZ��TUp]RGg"CE^"D

`bIlXZ^_T�YJe_XZYjHJI ¹ F"IlTJYUT�XZ^_i�HJIaYJHUXZ^_TJ`bC�TUTJCERG^_T|DGIa^"IaHUXZYJIliÓr8��ýNÿS�Ðw,CEdEd�HJIlXGp¦e�YJe"I�Ia^8YJCEHJI�DGHJRGF"gSM

QSRzpaXZd�HJIlp]R�¡GIaHJ�}`bIaYJe"Rzi"T,e_Xl¡GIjr*IaIa^�g"HJRGgtR&TJIli}��RGH4ýNÿ��Ü� TZ¬ �W�"w,e"C>pUefr"HJCE^"D�ýNÿ���p]dER&TJIaH,YJR�RGF"H

¶4Qm©ÒTUp¦e"Ia`bIGM

ÿ���nUËÈ� T þK� C>T[XhY/�kg"C>paXZdtI]y"XZ`bg"dEI�RZ��XhTUYUXZYJC>p�e"C>IaHUXZHUpUe"C>paXZd TUpUe"Ia`�I�w,e"C�pUe}p]dER&TJIadE��HJIlTJIa`hr"dEIlT

RGF"HbDGIa^"IaHJC>p�¶�Q�©¯TUp¦e"Ia`bIGM
noe"IfDGHJRGF"g²C>T�`�XZ^8F_XZdEdE�Óp]RG^z\_DGF"HJIli²C>^8YJR�£�IlTJCEDG^_XZYJIli²ÿ¨Ilp]IaCE¡GIaHUT

��£|ÿ�TA¢�XZ^_i�YJe"IaCEH�p¦e"CEd>izHJIa^SMc£|ÿ�T�XZ^_i�YJe"IaCEH[p¦e"CEd>izHJIa^���RGHJ`µdERzpaXZd_DGHJRGF"g_TaM�noe"I�TJRGF"HUp]I�`hF"dEYJC>paXGTJYUT

i"XZYUXhYJRhXZdEdtHJIlp]IaCE¡GIaHUTLRG^�YJe"I�DGd>RGr_XZd*DGHJRGF"gS�zr"F"YoRG^"dE��YJe"Ix£|ÿ�T[HJIaYJF"HJ^}XGp¦�k^"R§w,dEIlizDG`bIa^kYUTaML{[e"CEd¸V

izHJIa^·F"^"C>paXGTJY�XGp¦�k^"R§w,dEIlizDG`bIa^kYUTjYJR�YJe"IaCEH�£|ÿ4Ta��w,e"C>p¦e�TUpUe"IlizF"d>I�HJIaYJHUXZ^_TJ`bC>TUTUCERG^_T�F_TJCE^"D�IaCEYJe"IaH

F"^"C>paXGTJY4RGH�dERzpaXZdm`hF"dEYJC>paXGTJY¨izIagtIa^_izCE^"D�RG^ve"R§wÒ`�XZ^k��HJI ¹ F"IlTUYUT4X�£�ÿ�e_XGT4HJIlp]IaCE¡GIli M�noe"IuQSRGDZV

ÊoXGTJIli�ÿ¨Ilp]IaCE¡GIaH;VWHJIad>C>XZr"dEI��fF"dEYJC�paXGTJYo��QmÊLÿ4ÿ��s¢�� Í K�"C>TcXZ^"RGYJe"IaH�I]y"XZ`bg"dEILRZ� X|TJYUXZYJC>pLe"CEIaHUXZHUp¦e"C>paXZd

TUpUe"Ia`�IGM�QmÊLÿ4ÿ��¯F_TJIlT[Xjg"HJC>`�XZHJ��d>RGDGDGCE^"D�TJIaHJ¡GIaHLXZ^_i�X�TJYUXZYJC>p,e"C>IaHUXZHUpUe8��RZ�mTJIlp]RG^_i"XZHJ�bdERGDGDGCE^"D

TJIaHJ¡GIaHUThw,e"C>pUeÓdERGD�XZdEd�YJHUXZ^_TJ`�CEYJYJIli�i"XZYUXzM�£|XZYUXfC>Tj`�F"d>YJC>paXGTJYx��HJRG`�YJe"I}TJRGF"HUp]I�YJR�XZd>d�dERGDGDGCE^"D
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TJIaHJ¡GIaHUT¨XZ^_i�XZdEdSHJIlp]IaC>¡GIaHUTa�"r"F"Y,RG^"dE��YJe"Ijg"HJCE`�XZHJ�bdERGDGDGC>^"DuTUIaHJ¡GIaH�TJIa^_i"T,XGpU�N^"R�w,d>IlizDG`bIa^8YUTaMLÿ¨I]V

p]IaCE¡GIaHUTuHJI ¹ F"IlTJY�dER&TJYui"XZYUX���HJRG` YJe"I�TUIlp]RG^_i"XZHJ��dERGDGDGIaHUTl�[XZ^_i´CE^´YJF"HJ^�YJe"I�TJIlp]RG^_i"XZHJ�ÓdERGDGDGIaHUT

HJI ¹ F"IlTUY,dER&TJY¨i"XZYUXu��HJRG`�YJe"I�g"HJCE`�XZHJ��dERGDGDGIaHaM

noe"I�nmHJIaI]VWr_XGTJIliÖ�fF"dEYJC�paXGTJY¨n�HUXZ^_TJgtRGHJYSË�HJRGYJRNp]RGd,��nU�vnUËL¢H� ªl¬ þK�mC�T¨XZ^"RGYJe"IaH�I]y"XZ`bg"dEI�RZ��XZ^

¶4Qm©µTUpUe"Ia`�IG�Sr"F"Y�C>Y�F_TJIlT|X}iz�k^_XZ`�C>p�e"CEIaHUXZHUp¦e8�GMh��^�nU�vnUË�S^"Iaw�`bIa`hr*IaHUT�izC>TUp]R§¡GIaH�g_XZHJIa^kYUT

F_TJCE^"D}XZ^vI]yzg_XZ^_izCE^"D}HJCE^"D�TJIlXZHUpUeSMjú�XGpUesIa^_izgtRGCE^8Y�`�XZCE^kYUXZCE^_T�YJe"Iue"RGgsizC>TJYUXZ^_p]IhYJR�CEYUT�g_XZHJIa^kYa�

XZ^_i�IlXGp¦e�g_XZHJIa^kY�`�XZCE^8YUXZCE^_TjYJe"I�e"RGg´izC>TJYUXZ^_p]I�YJRfCEYUT���XZHJYJe"IlTJYhpUe"CEd�i M�noe"IlTJI�¡ZXZdEF"IlTjXZHJI�F_TJIli

YJRvTJIaYjYJe"I�n,n,Q²\_Iad>isRG^�HJI ¹ F"IlTJYUThXZ^_isHJIag"dECEIlT�YJRfdECE`�CEY4YJe"IaC>H�TUp]RGgtIGM�QV�	�ÌËÝ� Í O��LC>T�XZ^"RGYJe"IaH

e"CEIaHUXZHUpUe"C�paXZdW�4TJF"r"DGHJRGF"gzVWr_XGTUIli¼g"HJRGYJRNp]RGd���w,e"IaHJIsHJIlp]IaCE¡GIaHUT�iz�N^_XZ`bC>paXZd>dE�´RGHJD&XZ^"CE±aI�YJe"Ia`�TJIadE¡GIlT

CE^8YJR�TJF"r"DGHJRGF"g_Tbrk�ÓTJIad>Ilp]YJCE^"D·XÞ��HJRGF"g {[RG^kYJHJRGdEdEIaH�YJR�p]RNRGHUizCE^_XZYJI�d>RNpaXZdoHJIaYJHUXZ^_TJ`bC�TUTJCERG^_TuXZ^_i

g"HJRNp]IlT¦T|�2IaIlizr_XGp¦�v`�IlTUTUXZDGIlTaM�n,ÿ�¶��ß� ªl« ��C>T|XZ^"RGYJe"IaHjiz�k^_XZ`�C>phYJHJIaI]VWr_XGTJIlisg"HJRGYJRzp]RGd�izIlTJCEDG^"Ili

YJR�TUF"g"g*RGHJYr"F"dE�xi"XZYUX�YJHUXZ^_T;��IaHaM�noe"I[YJHJIaI[�2RGHJ`�XZYJCERG^jXZ^_i�`�XZCE^8YJIa^_XZ^_p]IoXZdEDGRGHJCEYJe"`�TSr*RGHJHJR§wÓ�2HJRG`

RGYJe"IaHxTUpUe"Ia`bIlT�dEC>�GI�nU��nUËm� r"F"Yxn,ÿ�¶�� e_XGTxX�HJC�pUe"IaH|YJHJIaI�`�XZ^_XZDGIa`bIa^8Y���HUXZ`bIaw�RGHJ�tM�n,ÿ�¶��

TJF"g"gtRGHJYUT,`bIa`hr*IaHLHJIag_XZCEH¨XZ^_i}`bRG^"CEYJRGHJC>^"D"�Ng"HJF"^"C>^"D�RZ�F"^_TJF"CEYUXZr"d>I�`�Ia`�rtIaHUTa�"XZ^_i�XZDGDGHJIaD&XZYJCERG^

XZ^_i�g"HJRGg_XZD&XZYJCERG^�RZ��g"HJRGYJRzp]RGd�HJIad>XZYJIli}CE^z��RGHJ`�XZYJCERG^SM

�vR�¡NCE^"D�YJRÔHJRGF"YJIaH;V�XGTUTJC�TJYJIli�TUp¦e"Ia`bIlTa�x¶,i"izHJIlTUTUXZr"dEI���^kYJIaHJ^"IaYà�fF"d>YJC>paXGTJY·��¶4�+�s¢Ö� « OK�jC>T�X

TUpUe"Ia`�I�YJe_XZYbF_TJIlTu��RGHJw[XZHUizCE^"D�TJIaHJ¡kC�p]IlTuYJe_XZYbHJI ¹ F"C>HJI�HJRGF"YJIaHUT�YJR�XGTUTJC>DG^ÓgtIaH;VW`hF"dEYJC>paXGTJYuDGHJRGF"g

d>XZrtIad>T�YJR}XZdEd�HJRGF"YJIaHUTxg_XZHJYJC>p]CEg_XZYJC>^"D�CE^�YJe_XZYxDGHJRGF"gSMj¶��J� F_TUIlT4YJe"IlTUIhd�XZr*Iad>T�YJR�TJIa^_i�X�HJI ¹ F"IlTJY

YJR�wLXZHUi"T�YJe"I�TJRGF"HUp]Ijw,e"C>pUe�DGIaY,HJIlizCEHJIlp]YJIli�YJR�YJe"I�^"IlXZHJIlTJY,F"g_TJYJHJIlXZ`�`�Ia`�rtIaHaM��W��i"XZYUXuC>T,Xl¡ZXZCEd¸V

XZr"dEIG�NYJe"IS}�¶�{C�ºHJIlp]IaCE¡GIaHLHJIlTJgtRG^_i"T�w,C>YJe�X�HJIaYJHUXZ^_TU`bC>TUTJC>RG^�w,e"C>pUe�C>T�XZd�TJRx��RGHJw[XZHUizIli}XGpap]RGHUizCE^"D

YJR·YJe"IfHJRGF"YJIaH�d>XZrtIad>TaM²¶��J� C>T�¡GIaHJ�ÔTUCE`bCEd>XZH�YJR�RGF"H�ÿ4¶4©¯TUp¦e"Ia`bIGM ¶,p]YJCE¡GIfúcHJHJRGH�ÿ¨Ilp]R�¡GIaHJ�

��¶4ú�ÿ�¢¦� «G¬ �4C>TbXZ^"RGYJe"IaH�T¦pUe"Ia`bI�YJe_XZY�C>T�¡GIaHJ��TJCE`�CEd>XZHhYJR�RGF"H�ÿ4¶4©�TUpUe"Ia`�IGM �/^²¶�ú�ÿ���IlXGpUe

ª O Í



HJRGF"YJIaH�YJe_XZY4e_XGT�XbHJIag_XZC>H�TJIaHJ¡GIaH4XZYJYUXGp¦e"IlifgtIaHJCERzizC>paXZdEdE��XZ^"^"RGF"^_p]IlT�CEYUT¨I]yNC>TUYJIa^_p]I�YJR�YJe"IjizR§w,^zV

TJYJHJIlXZ`�HJRGF"YJIaHUT4XZ^_i}HJIlp]IaCE¡GIaHUTa�®XZ^_i�TJIaHJ¡GIlT�XGT¨X�HJIaYJHUXZ^_TJ`bC>YJYJIaHLRZ��YJe"I�dER&TUYoi"XZYUXbRG^�YJe"I�TJF"r"YJHJIaI

r*Iad>R�w�CEYa�*RGHxp]RGdEd>Ilp]YUT4XZ^_i�TJIa^_iá}4¶�{C�xT�F"g_TJYJHJIlXZ`fM�Ì�n,ú�ÿ�ýâ� TNª �W� F_TJIlT|X�`bRzizC¸\_Ilif¡GIaHUTJCERG^�RZ�

YJe"I�`hYJHUXGp]I¦� ªGª �F"YJCEdEC>Y��}YJR�r"F"CEd�i�YJe"I�e"C>IaHUXZHUpUe8�vr8��CE^_p]HJIa`�Ia^8YUXZdEdE�}C>izIa^kYJC¸���kCE^"DbTUF"rzVWHJRkRGYUT�F_TJCE^"D

r_XGpU�kVWYJHUXGp]CE^"D"M�B"RGHjIlXGpUe�TUF"r"HJRkRGYa�cÌ�n,ú�ÿ�ý�TJIad>Ilp]YUT�X}g_XZHJIa^8YaMX~�^"dEC>�GIhRGF"H�ÿ4¶4©äTUp¦e"Ia`bIG��Ì�nLV

ú�ÿ�ývXGTUTUF"`bIlT�YJe"I�HJIlTJg*RG^_TUCEr"CEdECEY/�}RZ�LizC>TUp]R§¡GIaHJCE^"D}YJe"I�YJRGg*RGd>RGDG�fXZ^_i��GIaIag"CE^"D�YJHUXGpU��RZ�Lp¦e_XZ^"DGIlT

CE^�YJe"I}TJYJHJF_p]YJF"HJI}RZ�¨YJe"I}F"^_izIaHJdE�NCE^"Df`hF"dEYJC>paXGTJYjDGHJRGF"gSM·ýkC>`bCEd>XZHxYJR·Ì�n,ú�ÿ�ý*��n�HUXGp]IaH¨� « ��,XZd>TJR

F_TJIlTh`�YJHUXGp]I�YJRsXZdEd>R�wäIlXGpUe�HJIlp]IaCE¡GIaHuYJRsizC>TUp]R§¡GIaHhC>YUT�g_XZYJe´YJR�YJe"I�TJRGF"HUp]IGM´Ì4^_p]I}YJe"I�g_XZYJe´C>T

izC>TUp]R§¡GIaHJIli �8HJIlp]IaCE¡GIaHUT[XGiz¡GIaHJYJC>TJI,YJe"IaCEH�g_XZYJe_T�YJR�^"IlXZH;VWr8�uHJIlp]IaCE¡GIaHUT�F_TJCE^"DxI]yzg_XZ^_izCE^"D�HJCE^"D�TUIlXZHUpUeSM

Ì4^_p]I�HJIlp]IaC>¡GIaHUT�izC�TUp]R�¡GIaH�^"IlXZHJr8�vHJIlp]IaCE¡GIaHUTa�tYJe"Ia��F_TJIhYJe"Ihi"XZYUX��2HJRG`�YJe"IhYJHUXGp]IlTxXZ^_ifYJe"IaCEH4dER&TUT

HUXZYJI�YJRbTJIadEIlp]Y,g_XZHJIa^kYUTaM

B�CE^_XZdEdE�G�²Ë��H�Ü� ªaü O��W�®F"^"dECE�GIxYJe"IjTUp¦e"Ia`bIlT¨izIlTUp]HJC>r*Ili}IlXZHJdEC>IaHa�"g*IaIa�zT,CE^kYJRbYJHUXZ^_TJgtRGHJY¨e"IlXGizIaHUT

YJRb\_dEYJIaH�`bIlTUTUXZDGIlTaM�}�¶�{C�xT4p]HJIlXZYJIuTJYUXZYJIjXZY4YJe"IjHJRGF"YJIaHUT4w,e"C>pUevC>T,F_TJIlifYJR�TJF"g"g"HJIlTUT4izF"g"dEC>paXZYJI

}4¶�{C�xT�XZ^_i�DGF"C�izI�HJIaYJHUXZ^_TJ`bC>T¦TJCERG^_ToYJR�HJIlp]IaC>¡GIaHUT¨YJe_XZY�HJI ¹ F"IlTJYJIlifYJe"Ia`�MUË��	� p]HJIlXZYJIlT|X�e"CEIaH;V

XZHUpUek�hHJRNRGYJIlibXZYcYJe"I¨TJRGF"HUp]IG�kr"F"Ycg"HJR�¡NC>TJCERG^uC>T�`�XGizI[��RGH�TJF"CEYUXZr"d>ILHJIlp]IaC>¡GIaHUTcYJR�XGp]Y�XGT�£�IlTJCEDG^_XZYJIli

QSRzpaXZdmÿ¨IaYJHUXZ^_TJ`�CEYJIaHUT���£|Q�ÿ�TA¢[CE��izIlTJCEHJIli M

¶�ØWÙ Ä¿µWµuç�Uâ�àoè�UÞ¨áäã}Û�å¨Ûcç¨½ æhç;è�Uâ�à¨å_èÒãÒÛcç¦àoè*Û0¸Ã¹ Þ,Ü�»

ÿ¨Ilp]Ia^kYJdE�G�mYJe"IaHJIbe_XGT�r*IaIa^·TJC>DG^"C¸\®paXZ^8YxHJIlTJIlXZHUp¦e�XGp]YJCE¡NCEY/��CE^·XZg"g"dEC>paXZYJC>RG^zVWdEIa¡GIad�`�F"dEYJC�paXGTJY�XZHUp¦e"C¸V

YJIlp]YJF"HJIlTaM�¶4`bRG^"D�YJe"IlTJIG��}4XZHUXGi"Xæ�7K ª � ª[T �®C>T�XZHUpUe"CEYJIlp]YJF"HUXZdEd>�hYJe"I4p]dER&TJIlTJYcYJRj»�RGC>i �8r"F"Y�C>YUT�izIlTJCEDG^

C>TL¡GIaHJ��izC¸Ñ IaHJIa^8YaM�»�RGC>i}p]HJIlXZYJIlT¨XuTJCE^"DGdEI|TJe_XZHJIli�YJHJIaIxg*IaH,TJIlT¦TJCERG^S�zw,e"CEdEI	}4XZHUXGi"X�p]HJIlXZYJIlTo`hF"dEYJC¸V

g"dEIG�"TJRGF"HUp]I]V�TJgtIlp]C¸\®p|YJHJIaIlTaM�noe"IxYJHJIaIjp]RG^_TUYJHJF_p]YJCERG^�C>ToizC¸Ñ IaHJIa^8Y¨XGTow�Iad>dWM���^�»�RGC>i�YJe"I�Õ�YJHJIaI]V¾\_HUTJY;Ö

ª OGK



XZg"g"HJR&XGpUe�p]HJIlXZYJIlT�\_HUTJYcYJe"I¨YJHJIaIG�8XZ^_ibYJe"Ia^�YJe"I,YJHJIaI¨C>T�DGHUXGizF_XZdEdE��HJI]\_^"Ili M���^�}�XZHUXGi"X|YJe"ILÕ�`bIlTJezV

\_HUTJY;Ö�XZg"g"HJR&XGpUeÔp]HJIlXZYJIlT�\_HUTJYuXv¡kCEHJYJF_XZd[`bIlTJeÓXZ`bRG^"D�XZd>d�g_XZHJYJC>p]CEg_XZ^kYUTa��XZ^_i�YJe"Ia^ÓX�izC>TJYUXZ^_p]I]V

¡GIlp]YJRGHcg"HJRGYJRNp]RGd"w,C>YJeuX|izF_XZdzd>XZYJIa^_p]�kVWr_XZ^_izw,C>izYJe�`bIaYJHJC>pLp]HJIlXZYJIlTcYJe"IoYJHJIaIGMcnoe"I,`bIlpUe_XZ^"C�TJ`�Tm�2RGH

`bIlXGTJF"HJCE^"D�YJe"I�d>XZYJIa^_p]��XZ^_ifr_XZ^_izw,C>izYJe�XZHJIhXZd>TURb¡GIaHJ��izC¸Ñ IaHJIa^8YaMS}�XZHUXGi"X�F_TJIlT4XGp]YJC>¡GIjg"HJRGr"CE^"D

YJRvizIaYJIaHJ`bC>^"I�Xl¡ZXZCEd>XZr"d>Ib^"IaY�w[RGHJ��r_XZ^_izw,C>izYJeS�cw,e"CEd>I�»�RGC>isg_XGTUTUCE¡GIadE��`bIlXGTJF"HJIlT�i"XZYUXfdER&T¦TJIlT�YJR

dERzpaXZYJIjrtRGYJYJdEIa^"IlpU��d>CE^"�NTlË_RG^vYJe"IhRGYJe"IaH|e_XZ^_i ��}4XZHUXGi"X�`bIlXGTJF"HJIlT4YJe"IhXZr_TURGdEF"YJIjd>XZYJIa^_p]��RZ�[IlXGpUe

dECE^"�t�&w,e"CEdEI�»�RGC>i�p]RG^_TUC>izIaHUT�YJe"I|d>XZYJIa^_p]�bizCEÑtIaHJIa^_p]I�r*IaY/w�IaIa^�XZdEYJIaHJ^_XZYJCE¡GI|TJRGdEF"YJC>RG^_TaM�noe"I�gtIaH;�2RGH;V

`�XZ^_p]I�Ia¡ZXZdEF_XZYJCERG^�RZ�v}4XZHUXGi"X�C>T[izRG^"I4rk�bF_TJCE^"D�YJe"HJIaI�izC¸Ñ IaHJIa^8Y[YJRGg*RGd>RGDG��Y��Ng*IlTaP�P·X�yz`�XZ^S�z¶|ý*�

XZ^_i�r_XGpU�Nr*RG^"I�p]RG^"^"Ilp]YJCE¡NCEY��GM�noe"IhHJIlTUF"dEYUT¨��RGH|XZdEdYJRGgtRGdERGDGCEIlT�XZHJI�TJCE`bC>d>XZHa�_w,e"C>p¦e�TUF"g"g*RGHJYUT�RGF"H

YJe"IlTJC>T�YJe_XZYcIa^_iNVWYJRZVWIa^_i�`bIlp¦e_XZ^"C>TJ`�paXZ^�rtIoXGi"XZg"YJC>¡GI,YJRxYJRGg*RGdERGDG��pUe_XZHUXGp]YJIaHJC>TJYJC�paTa�8XZ`bRG^"D|RGYJe"IaH

��XGp]YJRGHUTlM�Ì4YJe"IaHhXZHUpUe"CEYJIlp]YJF"HJIlTuizC¸Ñ IaH�TJCEDG^"C¸\®paXZ^kYJdE�v�2HJRG`q»�RGC�i M�Ì4¡GIaHUpaXGTJYX� «zª ��C>TjXZ^"RGYJe"IaHjIa^_iNV

TJ�zTJYJIa`¥`�F"dEYJC�paXGTJYLXZHUp¦e"CEYJIlp]YJF"HJIG�®r"F"Y¨izIlTUCEDG^"Ili}TJg*Ilp]CE\®paXZdEdE�u��RGH¨TJCE^"DGdEI]V�TJRGF"HUp]I|HJIadEC�XZr"dEI�`hF"dEYJC>paXGTJY

TJIaHJ¡NC>p]IlTaM�noe"I�g*IaH;��RGHJ`�XZ^_p]IbRZ�LYJe"IbYJHJIaIbC>TxpaXZHJI]��F"dEdE�f`bRG^"CEYJRGHJIli �mXZ^_isYJe"I�YJHJIaI�C>T|HJIaRGHJD&XZ^"CE±aIli

w,e"Ia^v^"Ilp]IlT¦TUXZHJ�GM�¶�QQ�v�H�7 ü �¨��¶4g"g"dEC>paXZYJCERG^�QSIa¡GIad��vF"dEYJC>paXGTJY��/^z��HUXGTJYJHJF_p]YJF"HJI§¢,C�T�XZ^fI]y"XZ`bg"dEIjRZ�

XZ^�XZHUpUe"CEYJIlp]YJF"HJI�YJe_XZY¨F_TJIlT¨p]Ia^kYJHUXZdECE±aIli}`bIlp¦e_XZ^"C>TJ`�ToYJR�`�XZ^_XZDGIxYJe"IjizC>TJYJHJCEr"F"YJC>RG^�YJHJIaIGM��/^�YJe_XZY

w�RGHJ�sYJe"I�XZF"YJe"RGHUTjIa¡ZXZdEF_XZYJI�YJe"IaC>HjTUpUe"Ia`�I�R�¡GIaHhÿ�XZ^_izRG`�DGHUXZg"eÓXZ^_i�n�HUXZ^_TJCEY;V$ýkYJF"r�DGIa^"IaHUXZYJIli

YJRGg*RGd>RGDGCEIlTS�7O��WM�B_RGHLrtRGYJe�YJRGg*RGdERGDGC>IlT�YJe"I�HJIlTJF"dEYUTLXZHJIxTJCE`bCEd�XZHaMmnoe"C>T[HJIlTJF"dEYa�zTJCE`bCEd�XZHcYJR�RGF"How�RGHJ�t�

izIa`bRG^_TJYJHUXZYJIlT�YJe_XZY�w,CEYJebYJe"I4XZg"g"HJRGg"HJC>XZYJI�Ia^_iNVWYJRZVWIa^_i�`bIlpUe_XZ^"C�TJ`�TcCEYcC�Tcg*R&T¦TJCEr"dEILYJR�XGp¦e"CEIa¡GI�HJI]V

TJF"dEYUT�YJe_XZYLXZHJI¨w�IadEd*XGi"XZg"YJCE¡GI¨YJR�¡ZXZHJCERGF_TcYJRGgtRGdERGDGCEIlTaM�ÊoXZ^_XZ^_X�n�HJIaI�ËcHJRGYJRzp]RGdq� ÍdT �_C>T�XZ^bIa^_iNVWe"R&TJY

`�F"d>YJC>paXGTJYxg"HJRGYJRzp]RGd���RGH�izC>TUYJHJCEr"F"YJIli�\_dEI�TUe_XZHJCE^"D"M�ÊoXl�GIaFzy�� ªl¬G« �[F_TJIlTje"C>IaHUXZHUpUe"C>paXZdLXGi"izHJIlTUTJCE^"D

XZ^_ibHJRGF"YJCE^"D�YJR�XGp¦e"CEIa¡GI4TUpaXZd�XZr"CEdECEY/��XZ^_i���XZF"dEY;VWYJRGd>IaHUXZ^_p]IGM�~4^"C>paXGTJY;VWr_XGTUIlibXZg"g"HJR&XGpUe���RGH�r"F"CEd>izC>^"D

`�F"d>YJC>paXGTJY,TJIaHJ¡NC>p]IlToC>ToF_TJIli}CE^Æ� ª ��mXZ^_iÞ� ª þGK�mXGT,w�Iad>dWM

ª O «



nmXZ^"DGIa^kYJC>XZdEdE��HJIad>XZYJIlisYJR�»�RGC>isXZHJIbR�¡GIaHJd�Xl��^"IaY�w[RGHJ�NTaM�ýNpaXZYJYJIaHUpaXGTJYX� ª]Í ��C>T�XZ^·XZHUp¦e"CEYJIlp]YJF"HJI

YJe_XZYxpaXZ^�rtIhF_TJIlifYJR�p]HJIlXZYJI�XZ^�R�¡GIaHJd>X��fRZ�[TUIaHJ¡GIaHUT��2RGH�r"HJR&XGi"paXGTJYxTJIaHJ¡NC>p]IlTaMxnoe"IuR�¡GIaHJd>X��fYJHJIaIlT

XZHJI¨p]HJIlXZYJIli�F_TJCE^"DxX|g"HJRGYJRzp]RGd_TJCE`bC>d>XZH�YJRM}�XZHUXGi"Xz�8r"F"Y�izIlTJCEDG^"Ili���RGHcr*IaYJYJIaH�T¦paXZd>XZr"CEdECEY/�GMmÿ¨IlTUCEdECEIa^kY

Ì4¡GIaHJd>Xl�¦}4IaY�w�RGHJ�zTM� ¬ ��C>ToXuTJIaHJ¡NC>p]I��2RGH,XZg"g"dEC�paXZYJCERG^zVWdEIa¡GIad HJRGF"YJCE^"DuYJe_XZY¨paXZ^�r*I|F_TJIli}YJRbizC�TUp]R�¡GIaH

Õ/TJe"RGHJY;V�p]F"Y;Ö}g_XZYJe_T�w,CEYJe´r*IaYJYJIaH�p¦e_XZHUXGp]YJIaHJC>TJYJC>paTuYJe_XZ^�YJe"I�g_XZYJe_T�g"HJR§¡kC�izIli�rk��YJe"I�F"^_izIaHJd>�kCE^"D

F"^"C>paXGTJYoHJRGF"YJCE^"D"M�noe"IHç4V�ÊLRG^"I9� ªGª O� C�TLizIlTUCEDG^"Ili��2RGH,HUXZg"C>i �"XZF"YJRG`�XZYJIli�izIag"d>R��N`bIa^8Y,XZ^_i}`�XZ^zV

XZDGIa`bIa^8Y�RZ�LR§¡GIaHJd>Xl�s^"IaY/w�RGHJ�zTaM�¶�^�XZHUpUe"CEYJIlp]YJF"HJI��2RGHjTUIad¸��VWRGHJD&XZ^"C>±aCE^"D}R�¡GIaHJd>X��NT�C>TxizIlTUp]HJCErtIlisCE^

�7KGOK�WMWPéCEYJe"C>^vYJe"I�p]RG^8YJI]yzY�RZ�oXGiNVWe"RNpu^"IaY/w�RGHJ�zTa��{Lú�£�¶4ÿè� ªaü�T �cC>T|X�izC>TJYJHJCEr"F"YJIli�XZdEDGRGHJCEYJe"`¯YJR

IlTJYUXZr"dEC>TUe}XZ^_i}`�XZCE^8YUXZCE^�X�TUIad¸��VWRGHJD&XZ^"C>±aCE^"DuHJRGF"YJCE^"D�CE^z��HUXGTJYJHJF_p]YJF"HJIGM

B�CE^_XZdEdE�G� gtIaIaH;VWYJRZVWg*IaIaH�XZHUpUe"CEYJIlp]YJF"HJIlT��2RGHxTJe_XZHJCE^"D}\_d>IlTa�S`�F_TUC>puXZ^_i�RGYJe"IaH�CE^z��RGHJ`�XZYJCERG^�e_Xl¡GI

D&XZCE^"Ili�d>XZHJDGI�gtRGg"F"d>XZHJCEY/�²���L_f��_�a�}4XZg_TJYJIaHuXZ^_i¡��^8F"YJIadEd�X8¢AM�noe"IlTJIG�cYJRGDGIaYJe"IaHuw,CEYJe�g*IaIaH;VWYJRZVWgtIaIaH

izC>TJYJHJCEr"F"YJIli}e_XGTUe�YUXZr"dEIlTM� ªGªaü � ªaüGü �XZHJI�XZHUp¦e"CEYJIlp]YJF"HUXZdp]RGF_TUCE^_ToRZ�»�RGC�i M

¶�Ø$× é°Û�è�À²Þ,Ü�»ºê}Þ�µ�Þ¨çUÞ�ÁUë à�á¥¸ Ú´ÜtÞoètÞxâÞ¨ç�Ú�Û�ÜtÝaÞ,ÜSß¯à¨áhâÛäã�ÛcçUàoè*Û0¸

¹ Þ,Ü�»

Ì4^"IxRZ�mYJe"IxIlXZHJdE�bw[RGHJ�NToYJe_XZY¨p]RG^_TUC>izIaH[`hF"dEYJC>paXGTUY[g"HJRGYJRzp]RGdSg*IaH;��RGHJ`�XZ^_p]I|r8��p]RG`bg_XZHJCE^"DuTJe_XZHJIli

w,CEYJeéTURGF"HUp]I]V�TJg*Ilp]CE\®pfYJHJIaIlT�C>TÖ� ª þGO��WMÒnoe"I�YJRGg*RGd>RGDGCEIlTbF_TJIli²CE^²YJe"I�Ia¡ZXZdEF_XZYJCERG^éXZHJI�YJe"I�IlXZHJdE�

¶4ÿSË*¶4^"IaY�YJRGg*RGdERGDG�G�SXGT4w�IadEd�XGT|TJRG`bI�DGIa^"IaHUXZYJIlivYJRGgtRGdERGDGCEIlT4F_TJCE^"D�YJe"I¥P·X�yz`�XZ^�`bRzizIad�� ª þ T �WM

noe"IfIa¡ZXZdEF_XZYJCERG^²TUe"R�w¨T�YJe_XZY�YJe"IvHJIlTJF"dEYUT�XGp]HJR&T¦T�XZdEd�YJRGg*RGdERGDGC>IlTbXZHJIvTJC>`bCEd>XZHaM
noe"IfCE`bg_XGp]Y�RZ�

YJRGg*RGd>RGDGCEIlTbRG^é`�F"dEYJC�paXGTJY�HJRGF"YJCE^"D�g"HJRGYJRzp]RGd�g*IaH;��RGHJ`�XZ^_p]IfC�TbTJYJF_izCEIli²CE^«� ªl¬�Í �WM�noe"IaCEH�HJIlTJF"dEYUT

TJe"R�w³YJe_XZYbizC¸ÑtIaHJIa^kYbYJRGgtRGdERGDG��DGIa^"IaHUXZYJCERG^²`bIaYJe"RNi"T�XZ^_i´g_XZHUXZ`�IaYJIaHUTb`�X���p]HJIlXZYJI�YJRGgtRGdERGDGCEIlT

ª O T



w,CEYJe�izC¸Ñ IaHJIa^8Y�`bIaYJHJC>paTlMÓ©4R�w[Ia¡GIaHa�LYJe"I�izCEÑtIaHJIa^_p]I�rtIaY�w[IaIa^ÔYJRGg*RGd>RGDGCEIlTuCE^´YJIaHJ` RZ�4`hF"dEYJC>paXGTJY

g"HJRGYJRNp]RGdmg*IaH;��RGHJ`�XZ^_p]Ix`bIaYJHJC>paToC�To^"RGY�TJCEDG^"C¸\®paXZ^kYa�"RGH,¡kC>HJYJF_XZdEdE�b^"RGY¨I]yzC>TJYJC>^"D"M

¶¯`bRGHJIvHJIlp]Ia^8Y}w�RGHJ�«�7Gþ��|I]y"XZ`bCE^"IlT�YJe"I�CE^8YJIaHJIlTUYJCE^"D�TJF"DGDGIlTUYJCERG^²`�XGizIvIlXZHJdECEIaHà� ª OO�4YJe_XZY

ìSí;îàï�ðñîZò.ó ô�w,e"IaHJIæî�C�T|YJe"I�^8F"`hr*IaHxRZ�oHJIlp]IaCE¡GIaHUTa�mXZ^_iõì�í;îàï4C>T|YJe"I�`hF"dEYJC>paXGTJY�YJHJIaI�TJCE±aIuCE^

^8F"`hr*IaH�RZ�,dECE^"�zTaM�noe"HJRGF"DGe´XZ^_XZdE�zTJIlT�XZ^_i�TUCE`�F"d�XZYJCERG^_T|R�¡GIaHuX�HUXZ^"DGI�RZ�oYJRGgtRGdERGDGCEIlT��2HJIlXZd[XZ^_i

DGIa^"IaHUXZYJIli®¢A�_YJe"Ia�be_X�¡GI|�2RGF"^_i�YJe_XZYoYJe"C>Top]RGHJHJIad>XZYJCERG^�I]yNC>TUYUTc��RGHoTUIa¡GIaHUXZdtYJRGgtRGdERGDGCEIlT[XZ^_i��2RGH,X�¡�X�V

HJCEIaY���RZ�tHJIlp]IaC>¡GIaHcg"d>XGp]Ia`bIa^8YaM�Ì4^"dE��w,e"Ia^�YJe"I,YJRGg*RGd>RGDG��HJIlXGp¦e_XZr"CEdECEY/��izRNIlT�^"RGY�e_Xl¡GI,I]yzg*RG^"Ia^kYJC>XZd

g"HJRGg*IaHJY/�G�cYJe"C>Tjp]RGHJHJIad�XZYJCERG^�C>Tj^"RGY�TJR�TJYJHJRG^"D"Mfnoe"C>TjHJIlTJF"dEY�C>TjXfDGRkRzi·izIa`bRG^_TJYJHUXZYJC>RG^�RZ�¨w,e"Ia^

X�g_XZHJYJC>p]F"d>XZH,g"HJRGYJRzp]RGdmgtIaH;��RGHJ`�XZ^_p]Ix`bIaYJHJC>pxizRNIlT¨^"RGY�izIagtIa^_i�RG^�YJe"Ijg_XZHJYJC>p]F"d>XZH¨YJRGgtRGdERGDG�G�"r"F"Y

Ia¡GIa^8YJF_XZdEd>��C>T,X�Ñ Ilp]YJIli�rk��XbTUg*Ilp]C¸\®p�YJRGgtRGdERGDG��`bIaYJHJC>pZM

�/^·HJIlp]Ia^8Y��GIlXZHUTjYJe"IaHJI�e_XGT�rtIaIa^·^"RGYUXZr"dEIbCE^kYJIaHJIlTJY�CE^s`�RNizIadEC>^"D�^"IaY/w�RGHJ�·YJRGgtRGdERGDGCEIlTlM¦�|nLV

�/nU� �7O��jXZ^_i�noCEIaHUTõ� ¬zª �jXZHJIsY�w�Rég*RGg"F"d�XZH�YJRGg*RGdERGDG�éDGIa^"IaHUXZYJRGHUTaM³©4R�w[Ia¡GIaHa��`bRGHJIsHJIlp]Ia^8YJd>�

YJe"Ia�se_Xl¡GI}rtIaIa^�p]RG`bg_XZHJIli�w,CEYJe·HJIlXZd¸VWw[RGHJd>i�YJRGg*RGdERGDGC>IlTjXZ^_i·C>Yje_XGT�r*IaIa^ÓTJF"DGDGIlTJYJIli�YJe_XZYjYJe"I

YJRGg*RGd>RGDGCEIlT|DGIa^"IaHUXZYJIlisr8�Æ�|nLV��$nU� XZ^_i�noCEIaHUT|e_Xl¡GI�izCEÑtIaHJIa^kY�g"HJRGg*IaHJYJC>IlT��2HJRG`qYJe"IbHJIlXZdEVWw�RGHJd>i

YJRGg*RGd>RGDGCEIlTH�7GO��WM

noe"I�\_HUTJYjw�RGHJ��YJRfTJF"DGDGIlTJYxYJe_XZYjHJIlXZd¸VWw�RGHJd>i·YJRGg*RGdERGDGC>IlT|e_Xl¡GI�gtR�w[IaH;VWd>XlwäpUe_XZHUXGp]YJIaHJC>TUYJC>paTxC>T

� ¬�Í �WM�Ì4^"I}g*R&TUTUCEr"dEIb`bRzizIadLYJe_XZYhI]yzg"d>XZCE^_T�YJe"C>T�RGr_TJIaHJ¡ZXZYJCERG^�C�T�izIlTUp]HJC>r*Ili�CE^È�7K��WM·noe"I��¾XGp]YJRGHUT

YJe_XZY¨p]RG^8YJHJCEr"F"YJIjYJR�YJe"Ixg*R§w�IaH;VWd>X�wºpUe_XZHUXGp]YJIaHJC>TUYJC>paT,RZ�YJe"IxYJRGgtRGdERGDGCEIlTLr_XGTJIli}RG^�YJe_XZY,`�RNizIadSXZHJI

I]yzXZ`�CE^"IlixCE^]�7O ª �WM�nmRGg*RGdERGDG�xDGIa^"IaHUXZYJRGHUT�YJe_XZY�p]HJIlXZYJI[YJRGgtRGdERGDGCEIlTmw,CEYJe�gtR�w[IaH;VWd>Xlw�pUe_XZHUXGp]YJIaHJC�TJYJC>paT

XZHJI�izIlTUp]HJCErtIlifCE^��7O ª � ª � O T � « þ��WMMËR�w[IaH�d>Xlw�YJRGgtRGdERGDGCEIlT|XZHJI�I]y"XZ`bCE^"Iliv`bRGHJIup]dER&TJIadE�}CE^ö� ªGª þK�W�

XZ^_i C>T}TJF"DGDGIlTJYJIli
YJe_XZY�izIaDGHJIaI]VWr_XGTJIli¼DGIa^"IaHUXZYJRGHUTfg"HJRNizF_p]IsrtIaYJYJIaH}`bRzizIad>T�RZ��rtRGYJe ¶xý8VWdEIa¡GIad

XZ^_i�HJRGF"YJIaH;VWdEIa¡GIadS��^kYJIaHJ^"IaY,DGHUXZg"e_TaM0ÇcIaHJ�bHJIlp]Ia^8YJd>�G�"YJe"I�gtR�w[IaH;VWd>Xlw�p¦e_XZHUXGp]YJIaHJC>TJYJC>paTLRZ�mHJIlXZdEVWw�RGHJd>i

��^kYJIaHJ^"IaY[YJRGgtRGdERGDGCEIlT���¶|ý�XZ^_i�HJRGF"YJIaH;VWdEIa¡GIad�¢�e_Xl¡GI�rtIaIa^�HJI]VWI]y"XZ`bCE^"IlibXZ^_i�CEY�e_XGT[r*IaIa^�TJF"DGDGIlTJYJIli

ª OGO



YJe_XZY[YJe"I4YJRGg*RGd>RGDGCEIlT�e_X�¡GI4gtR�w[IaH;VWd>XlwoVWdEC>�GI4pUe_XZHUXGp]YJIaHJC�TJYJC>paTa�Nr"F"Y[C>^���XGp]YLXZHJI�^"RGYLI]yzXGp]Y[g*R§w�IaH;VWd>X�w

DGHUXZg"e_TY� ª K��WM

�/^]�7GOK�8^"IaY/w�RGHJ��YJRGgtRGdERGDG��g"HJRGg*IaHJYJCEIlTXZHJI�CE^k¡GIlTJYJCED&XZYJIli ��CE^_p]dEF_izCE^"Doe"R§w�YJRGgtRGdERGDGCEIlTSg"HJRGgtIaHJYJCEIlT

`�Xl�bX�Ñ Ilp]YLYJe"I4g"HJRGYJRzp]RGd*gtIaH;��RGHJ`�XZ^_p]IGM[Ì4F"H[w[RGHJ�bRGHJCEDGCE^_XZYJIlib�2HJRG`äYJe"C>T�RG^"IGM0Ç4CEHJYJF_XZd*YJRGg*RGd>RGDG�

p]RG^_TJYJHJC>p]YJCERG^ÓC>Thp]RG^_TJC>izIaHJIli�CE^È� ªl¬G¬ �W��X�TJYJF_iz�·YJe_XZY�XZd>TJRvRGHJCEDGCE^_XZYJIli��2HJRG`Û�7GO��WM·¶�^kF"`�rtIaHuRZ�

¡kC>HJYJF_XZd&YJRGg*RGd>RGDG�|p]RG^_TUYJHJF_p]YJCERG^�XZdEDGRGHJC>YJe"`�T�XZHJI�TJYJF_izC>Ili|�2RGH�izC¸Ñ IaHJIa^8YmYJRGgtRGdERGDGCEIlTlPtHUXZ^_izRG`�DGHUXZg"eS�

YJHJIaIG�&`bIlTJeS�GHJIlizF_p]Iliu`�IlTJeS���frtRG^"I,XZ^_iu¶|ý*MGnoe"I,HJIlTJF"dEYUT�TJe"R§w�YJe_XZY��2RGHcTJRG`bIo`bIaYJHJC�paTmYJe"IaHJI,C>T�X

^"RGYUXZr"dEI�g*IaH;��RGHJ`�XZ^_p]IxizC¸Ñ IaHJIa^_p]I���RGHLizCEÑtIaHJIa^kY[YJRGgtRGdERGDGCEIlTa�Nr"F"Y[�2RGHLRGYJe"IaHo`bIaYJHJC>paT[YJe"I|izCEÑtIaHJIa^_p]I

C>T,TJ`�XZd>dWM

ª OG
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��^ YJe"I�rtIaDGCE^"^"CE^"DÓRZ��YJe"C>T�YJe"IlTJC>T�w[I·XGTJ�GIli
YJe"I ¹ F"IlTJYJCERG^ C¸��YJe"IaHJIsC�T�XZ^k�kYJe"C>^"DÓIad�TJIvrtIa�GRG^_i

HUXlw�w,CEHJIuTJgtIaIlivXZ^_i�HJRGF"YJIaH|YJe"HJRGF"DGe"g"F"Y�YJe_XZY�e_XGT|CE`bg_XGp]Y�RG^�^"IaY/w�RGHJ��g*IaH;��RGHJ`�XZ^_p]IGMxn�R�\_^_i

XZ^ÔXZ^_TJw�IaHa�Lw�Ivp]RG^_TJC>izIaHJIli´YJe"I�CE`bg_XGp]YuRZ�|^"IaY�w[RGHJ�ÓYJRGgtRGdERGDG��RG^�g"HJRGYJRNp]RGd¨gtIaH;��RGHJ`�XZ^_p]IGM���^

g_XZHJYJC>p]F"d>XZHa�|��X8¢�w,e_XZYbC>TuYJe"I�CE`bg_XGp]YuRZ�|YJe"I�F"^_izIaHJdE�NCE^"D�YJRGg*RGdERGDG�ÓRG^�g"HJRGYJRzp]RGd¨g*IaH;��RGHJ`�XZ^_p]IGË

�2r*¢,paXZ^vw�IjF_TUIjg_XZHJYJC>XZd�k^"R§w,dEIlizDGI�XZrtRGF"Y�YJe"I�F"^_izIaHJdE�kC>^"DbYJRGg*RGd>RGDG��YJR�CE`bg"HJR�¡GI�g*IaH;��RGHJ`�XZ^_p]IG�

XZ^_i
��p�¢jpaXZ^Ów�I�F_TJI�Ia^_iNVWYJRZVWIa^_iÓ`bIlp¦e_XZ^"C>TJ`�TjYJR�izIlTUCEDG^�g"HJRGYJRzp]RGd>T�YJe_XZYhXZHJI}XGi"XZg"YJCE¡GI�YJRfYJe"I

F"^_izIaHJdE�NCE^"Du^"IaY�w�RGHJ��YJRGgtRGdERGDG�|ù

n�R�XZ^_TUw�IaH�YJe"R&TJI ¹ F"IlTJYJCERG^_Tl�tw[IbgtIaH;�2RGHJ`bIliv��RGF"HxpaXGTJI]V�TJYJF_izCEIlTaMuÊLIadER�w�w[I�TJF"`b`�XZHJC>±aIjRGF"H

\_^_izCE^"D&To��RGH,IlXGpUevRZ��YJe"I�TJYJF_izC>IlTaM

÷�Ø-¼ Â|æußqß¯à,Ü�ë Þ¨Ýâ¬²à¨å*ÛúÂ�è*æW¸¥¦Ûcå

û ÇVü�üÞý²þ�ÿ�È��SüsÇ����lÄ�Æ�ý"Å�����È�þ	�Wý²þ�
�Ä�É��·Å��ý���Öý�����þ�����ý��lÄ�ÈtÉéÆ�ý"Å���¦Å���Ç�
qÿ

PsIsF_TJIsX´TJCE`bg"dEIvCE^z��RGHJ`�XZYJCERG^zVWYJe"IaRGHJIaYJC>paXZdxXZg"g"HJR&XGpUeS�|YJe"I©^`�|����jÑ����-�Þ�����=+�.Î� ÔYJR´IlTJYJCE`�XZYJI

YJe"I�d>R�w�IaHhrtRGF"^_i"T�RG^�YJe"I�XZDGDGHJIaD&XZYUXZr"C>dECEY��GMÌPsI�d>RkRG��CE^kYJR�izC¸Ñ IaHJIa^8Y�YJRGg*RGd>RGDGCEIlT�XZ^_iÓizC¸Ñ IaHJIa^8Y

HJIlp]IaCE¡GIaHuTJCE±aI�TJIaYa��XZ^_i���RGF"^_i�YJe_XZYhYJe"I�XZDGDGHJIaD&XZYUXZr"C>dECEY��sC>^·�¾XGp]YhizIagtIa^_i"T�TUCEDG^"C¸\®paXZ^8YJd>�sRG^�YJe"I
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YJRGg*RGd>RGDG�*P��2RGHhTJRG`bIbYJRGgtRGdERGDGCEIlT�w�I}paXZ^�XZDGDGHJIaD&XZYJI�YJe"I�TJYUXZYJI�w,CEYJe�p]RG`bg"HJIlT¦TJCERG^·HUXZYJCERfRG^�YJe"I

RGHUizIaH�RZ� ªaü YJC>`bIlT�RGHx`bRGHJI�C¸��dEIlT¦T4YJe_XZ^ÓK�E�RZ�L^"RzizIlTxXZHJI�HJIlp]IaCE¡GIaHUTaM�Ì4^sYJe"IbRGYJe"IaHxe_XZ^_i �m�2RGH

RGYJe"IaH�YJRGg*RGd>RGDGCEIlThYJe"I�XZDGDGHJIaD&XZYJCERG^�HUXZYJCER�C>Th`�F_p¦e�dER�w[IaH�XZ^_i´p]RGF"d>i´rtI}p]d>R&TJI�YJR ª M ü ��^;_;�L_�a,^"R

XZDGDGHJIaD&XZYJCERG^sC>T4g*R&T¦TJCEr"dEI§¢AMH~4^z�2RGHJYJF"^_XZYJIadE�G�SYJe"R&TUIuXZDGDGHJIaD&XZYJC>RG^�HUXZYJC>R&T4`�Xl�f^"RGY|rtIhTUFzÎ�p]CEIa^8YxRGH

`�Xl�srtI�izC¸Î�p]F"d>Y�YJRvC>`bg"dEIa`bIa^kYxCE^·g"HUXGp]YJC>p]I�YJRvTJRGdE¡GI�YJe"I�g"HJRGr"dEIa`fM�noe"IaHJI]�2RGHJIG��w�I�dERNRG��CE^8YJR

XZdEYJIaHJ^_XZYJCE¡GI�TJRGdEF"YJCERG^_TxYJe_XZYhpaXZ^�rtIbF_TJIli�YJRvXGp¦e"CEIa¡GI�rtIaYJYJIaH�XZDGDGHJIaD&XZYJC>RG^S�cr"F"Y�XZYjYJe"I�I]yNgtIa^_TJI

RZ��dER&TJCE^"D·TURG`bI�CE^z��RGHJ`�XZYJCERG^SMºÌ4^"I�TJF_pUe TJRGdEF"YJCERG^�YJe_XZY�YJHUXGizIlT�HJRGF"YJIaH�`�Ia`bRGHJ����RGH�^"IaY/w�RGHJ�

r_XZ^_izw,C>izYJe�C>T,izIlT¦p]HJCEr*Ili�XZ^_i}Ia¡ZXZdEF_XZYJIli M

û ÇVü�üÞý²þ�ÿ�È����jÈ*É���kÉ���Ã�Ä�Å���þ�Ä���Ç��lÄ�ÈtÉ������ ��È�þ�!¡þ���"#��Ä2Æ�ý$"#�`ý"Æ��dü%�kÉ��bÆ�ý"Å	���¦Å���Ç�
vÿ

noe"IuHJIag"dEC>paXbRGH�g"d>XGp]Ia`bIa^kY4g"HJRGr"d>Ia`¯paXZ^�rtI�`bRzizIadEIlivX��2YJIaH�YJe"I	Ñ�����^>�N^j�= æ���������=^;���ZÎ�+��Ê�����Ïh��X

w�IadEdEVW�k^"R§w,^¥}�Ë�V�p]RG`bg"dEIaYJI[g"HJRGr"dEIa`ºCE^jDGHUXZg"e�YJe"IaRGHJ�GM�Ç�XZHJCERGF_T�XZg"g"HJRlyzCE`�XZYJCERG^�XZdEDGRGHJCEYJe"`�TSI]yzC>TJYa�

r"F"Y|YJe"Ia�fXZHJIu^"RGY�g"HUXGp]YJC�paXZd�rtIlpaXZF_TJIhYJe"Ia�vXGTUTUF"`bI�izIaYUXZCEd>Ilif�N^"R�w,dEIlizDGI�XZrtRGF"Y|YJe"IhF"^_izIaHJd>�kCE^"D

^"IaY�w[RGHJ�fYJRGgtRGdERGDG�GM4ýkF"HJg"HJC>TJCE^"DGd>�G�_w�I��2RGF"^_ifYJe_XZY�X�TJCE`bg"d>I�e"IaF"HJC�TJYJC>p�TJF_p¦e�XGT4^"RzizI��¾XZ^"RGF"Y4paXZ^

r*I}F_TJIli´YJR·XGp¦e"CEIa¡GI�HJIlTJF"dEYUThYJe_XZY�XZHJI�w,C>YJe"CE^ÓX��¾XGp]YJRGH�RZ� ª M ª b ª M(þ�RZ�|I]yzC>TJYJCE^"D�XZg"g"HJRlyzCE`�XZYJCERG^

XZdEDGRGHJCEYJe"`�T�YJe_XZY�F_TJF_XZdEdE��g*IaH;��RGHJ`µw,CEYJe"CE^�X|�¾XGp]YJRGH�RZ� ª M ª b ª M(K|RZ�SYJe"I¨RGg"YJCE`�XZd_TJRGdEF"YJCERG^SM�B"F"HJYJe"IaHa�

CE^x`bR&TJY�paXGTUIlT�YJe"Ic�¾XZ^"RGF"Y;VWr_XGTJIli�g"d�XGp]Ia`bIa^8Yg*IaH;��RGHJ`�XZ^_p]I�izRNIlTS^"RGYizIagtIa^_ixRG^jp]d>CEIa^8Y�g"d�XGp]Ia`bIa^8YaM

©�R§w�Ia¡GIaHa�NYJe"R&TJI,HJIlTJF"dEYUTcXZHJI,^"RGYcF"^"C>¡GIaHUTUXZdWPmYJe"Ia�uXZg"g"dE�j�2RGH�gtR�w�IaH;VWd�XlwéXZ^_iuHUXZ^_izRG` DGHUXZg"e_Ta�&r"F"Y

izRb^"RGY¨XZg"g"dE���2RGH,YJRGgtRGdERGDGCEIlT,TUF_pUefXGT,YJHJIaIG�®`bIlTJeS�"XZ^_i�R�¡GIaHJd�Xl�}^"IaY�w[RGHJ�NT�TJF_pUevXGT��frtRG^"I�� T K��WM

û ÇVü�üÞý²þ�ÿ�È��'&mÄ���þKý²þ§Æ(&Ä�Æ�ý���þ��)��Ä`ý������ÆüsÇ��*�lÄ2Æ�ý"Å���Å�Æ�&��dü%�8Å�Æ�ý"Å	���¦Å���Ç�
vÿ

PsIjdERNRG��C>^8YJRbY/w�R}p]d>XGTUTJIlToRZ�ce"CEIaHUXZHUp¦e"C>paXZdmTUp¦e"Ia`bIlT,��RGH¨HJIadEC>XZr"d>I�`hF"dEYJC>paXGTUYaP�XZg"g"dEC>paXZYJCERG^zVWdEIa¡GIad

XZ^_ijHJRGF"YJIaH;V�XGT¦TJC>TJYJIli M�Ì4F"Hcp]RG`bg_XZHJC>TJRG^hTJe"R�w¨T�YJe_XZYa�&TJF"HJg"HJC>TUCE^"DGdE�G��YJe"I,XZg"g"dEC�paXZYJCERG^zVWdEIa¡GIad8TUp¦e"Ia`bIlT

p]RGF"d>ihe_Xl¡GI,gtIaH;�2RGHJ`�XZ^_p]ILYJe_XZYcC�T ¹ F_XZdECEYUXZYJCE¡GIad>�|p]RG`�g_XZHUXZr"dEIoYJR�HJRGF"YJIaH;V�XGT¦TJC>TJYJIliuTUp¦e"Ia`bIlTa�8XGT�dERG^"D

ª  ª



XGT,YJe"IaHJIjC�T,X�DGRkRzi�XZdEDGRGHJC>YJe"`�YJR�p]HJIlXZYJIjYJe"IjXZg"g"d>C>paXZYJCERG^zVWdEIa¡GIad e"CEIaHUXZHUp¦e8�GM�Ì4^"IjTJF_p¦efXZdEDGRGHJCEYJe"`

C>Tbr_XGTUIliÔRG^
YJe"IfYJRGgtRGdERGDG�ÔizC>TJYUXZ^_p]IfXZ`�RG^"D�XZdEd4YJe"Ifg_XZHJYJC>p]CEg_XZ^kYUTaMºB"F"HJYJe"IaHa�4YJe"IfHJIlTJF"d>YUT�XZHJI

p]RG^_TJC>TJYJIa^kYo�2RGH4Xu¡�XZHJCEIaY/��RZ��YJRGgtRGdERGDGCEIlT,XZ^_i�p]dECEIa^kY,g"d>XGp]Ia`bIa^kYaM

û ÇVü�üÞý²þ�ÿ�È���ý�"�"#��Ä2Æ�ý��lÄ2È*É+�,����-��)��üsÇ��*�lÄ2Æ�ý"Å���Æ�ý"Å���¦Å��Ç�
qÿ

B�CEHUTJYa�8w[I�TUYJF_iz�hYJe"I�CE`bg_XGp]Y�RZ� ¡ZXZHJCERGF_T�YJRGg*RGdERGDGC>IlT�RG^�XZg"g"d>C>paXZYJCERG^zVWdEIa¡GIad"`hF"dEYJC>paXGTJY�CE^bDGIa^"IaHUXZd

XZ^_i�w�I��2RGF"^_i�YJe_XZY�YJe"I�CE^"I]Î�p]CEIa^_p]��RZ��XZg"g"d>C>paXZYJCERG^zVWdEIa¡GIad `hF"dEYJC>paXGTJYoC>T,XGpap]Iag"YUXZr"dEI�XZ^_i �_CE^�paXGTJI

RZ��R�¡GIaHUXZdEd|^"IaY/w�RGHJ�²R§¡GIaHJe"IlXGi
�2RGH�I]yzXZ`�g"dEIG�,CE^²`�R&TJY�paXGTJIlT�CEY�C>T�w,C>YJe"CE^²X���XGp]YJRGH�RZ�hþNM(K[b ¬ M ü

p]RG`bg_XZHJIlivYJR�^"IaY/w�RGHJ�kVWd>Xl�GIaH|`hF"dEYJC>paXGTJYaM¨úc^_p]RGF"HUXZDGIli�rk��YJe"R&TJIj\_^_izCE^"D&Ta�tw�IuXGTJ��w,e"IaYJe"IaH|CEY¨C>T

g*R&T¦TJCEr"dEI,YJR�e_Xl¡GI|XZ^�XZg"g"dEC>paXZYJC>RG^zVWdEIa¡GIad"`�F"d>YJC>paXGTJY�TJ�zTJYJIa`µYJe_XZYopaXZ^�C>^_izIaIli�XGpUe"C>Ia¡GI4TJF_p¦e�dEIa¡GIad®RZ�

g*IaH;��RGHJ`�XZ^_p]IGMVPsI,izIlTJCEDG^uXZ^_ijCE`�g"dEIa`bIa^8Y�X4TUIaYRZ�*XZd>DGRGHJCEYJe"`�Tm�2RGH�Ia^_i"TJ�zTJYJIa`�YJHJIaI[`�XZ^_XZDGIa`�Ia^8Y

w,CEYJe"CE^bYJe"I��2HUXZ`�Iaw�RGHJ�bRZ��XZ^�I]yNC>TUYJCE^"D�XZg"g"dEC>paXZYJCERG^zVWd>Ia¡GIad_`�F"d>YJC>paXGTJY�TJ�zTJYJIa` ^_XZ`�Ili�»�RGC>i M�noe"R&TJI

XZdEDGRGHJCEYJe"`�T¨F_TJIjRG^"dE�}Ia^_iNVWYJRZVWIa^_iv`bIlpUe_XZ^"C�TJ`�T,YJR�`�XZ^_XZDGIjYJe"I�R�¡GIaHJd>X��fi"XZYUX�izC>TUYJHJCEr"F"YJCERG^�YJHJIaIGM

noe"HJRGF"DGe�TJCE`hF"d>XZYJCERG^_T�XZ^_i�HJIlXZd¸VWw[RGHJd>i�I]yzgtIaHJCE`bIa^8YUT[w�IxizIa`bRG^_TUYJHUXZYJI�YJe_XZYLCE^_izIaIli�CEY�C�T�gtR&TUTJCEr"d>I

YJRbXGpUe"CEIa¡GIjHJIlXGTJRG^_XZr"dEI�dEIa¡GIadSRZ��gtIaH;�2RGHJ`�XZ^_p]IGM

÷�Ø+Í ¬²Þ¨á�â�çUæhå�UÞ�á�å

}�R§wÔCEYcC>T�YJC>`bIoYJRxHJIaYJF"HJ^�r_XGpU�uYJRxYJe"I¨YJe"HJIaI ¹ F"IlTJYJC>RG^_Tcw�I�XGTU�GIli�CE^uYJe"I¨rtIaDGCE^"^"CE^"D|RZ�SYJe"C>T�YJe"IlTJC>T

XZ^_i�YJHJ��YJRbXZ^_TJw�IaH4YJe"Ia`�w,CEYJe�YJe"Ixe"IadEg�RZ��YJe"Ix\_^_izCE^"D&To��HJRG`�IlXGpUe�paXGTJI]V�TJYJF_iz�GM
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�/^ÓXZd>d[RZ��RGF"H�paXGTJI}TJYJF_izCEIlThw[I}p]RG^_TUC>izIaHJIli�¡ZXZHJCERGF_ThYJRGgtRGdERGDGCEIlTj�2RGHhYJe"I}g"HJRGYJRNp]RGdogtIaH;�2RGH;V

`�XZ^_p]I�Ia¡ZXZdEF_XZYJCERG^SMv�/^´TJRG`bI�paXGTUIlTjw[I���RGF"^_i�YJe_XZYhYJe"I�YJRGgtRGdERGDG�se_XGTuTJRG`bI�C>`bg_XGp]YjRG^

gtIaH;�2RGHJ`�XZ^_p]I��2`�F"d>YJC>paXGTJYbTJYUXZYJIfXZDGDGHJIaD&XZYJC>RG^éXZ^_i�HJIag"dEC�paX�g"d>XGp]Ia`bIa^8YA¢A�or"F"YbC>^�RGYJe"IaHUT�CEY

e_XGi�g"HUXGp]YJC�paXZdEdE�·^"RsCE`�g_XGp]Y��2HJIad>C>XZr"dEI�`�F"dEYJC�paXGTJYhXZ^_i²XZg"g"dEC>paXZYJCERG^zVWdEIa¡GIadL`hF"dEYJC>paXGTJYA¢AM´ÊL�

p]RG^_TJC�izIaHJCE^"DfYJe"I}g_XZHJYJC>p]F"d>XZH�`bIaYJHJC>paTjCE^�IlXGp¦eÓRZ�4YJe"R&TJI�TUYJF_izCEIlTa��CEYjTJIaIa`�TjYJe_XZYhC¸�¨w�I}XZHJI

p]RG^_TJC�izIaHJCE^"D�XZr_TJRGdEF"YJIu`bIaYJHJC>paTa� YJe"Ia^sYJe"IuYJRGgtRGdERGDG�fe_XGT|CE`�g_XGp]YaËSC¸��YJe"I�`bIaYJHJC>paT|XZHJIuHJIad>X�V

YJCE¡GIG� YJe"Ia^sYJe"IuCE`bg_XGp]Y�C>T4`�F_p¦e·TJ`�XZdEd>IaHaMxÌ4^�YJe"IuRGYJe"IaHxe_XZ^_i �SYJe"IuYJRGg*RGdERGDG�fCE`bg_XGp]Y�w�I

RGr_TJIaHJ¡GIli�w[XGT�p]RG^_TJC>izIaHUXZr"dE��TJ`�XZdEdEIaH�YJe_XZ^�w[Ibw�IaHJI�I]yNgtIlp]YJIli M�B"HJRG`�YJe"R&TJI�\_^_izCE^"D&T�w�I

paXZ^"^"RGYhp]RG^_p]dEF_izI�YJe_XZY�YJe"I�YJRGg*RGd>RGDG�vCE`�g_XGp]YxRG^·RGYJe"IaHj`bIaYJHJC�paTxw,CEdEd�rtI�TJCE`bC>d>XZHaË�HUXZYJe"IaHa�

CE^�`�XZ^8�}paXGTJIlT¨YJe"I�YJRGgtRGdERGDG����XGp]YJRGH�p]RGF"d�i�r*IxC>DG^"RGHJIli M�¶º^"RGYUXZr"d>I�I]yzp]Iag"YJC>RG^�RZ��XuYJRGgtRGd¸V

RGDG�sYJe_XZYup]RG^_TJYUXZ^8YJd>�sg"HJRNizF_p]IlThHJIlTJF"dEYUTjYJe_XZYhXZHJI�TJCEDG^"C¸\®paXZ^kYJdE�sizC¸Ñ IaHJIa^8Y���HJRG` YJe"I�RGYJe"IaH

YJRGgtRGdERGDGCEIlTcC�Tc`bIlTJeSMcnoe"C>TcRGr_TUIaHJ¡�XZYJCERG^�paXZ^�rtI¨F_TJIliu��RGH[TUYJHJIlTUT;VWYJIlTJYJCE^"Dx^"Iawég"HJRGYJRNp]RGd�T�XZ^_i

XZdEDGRGHJC>YJe"`�TaMjÌ4^�YJe"IhRGYJe"IaH|e_XZ^_i ��C>^�TJRG`�I�paXGTJIlT|YJe"IuHUXZ^_izRG`qDGHUXZg"e_T|e_XGi�g*IaH;��RGHJ`�XZ^_p]I

YJe_XZY¨wLXGT,^"RGYUXZr"dE��r*IaYJYJIaH¨p]RG`bg_XZHJIli}YJR�HJIlXZdEVWw�RGHJd>i}YJRGgtRGdERGDGCEIlTaËNYJe"IaHJI]��RGHJI�g"HJRGYJRNp]RGdSIa¡ZXZdEFzV

XZYJCERG^�r_XGTJIlivRG^�HUXZ^_izRG`�DGHUXZg"e_T�`�X���g"HJRzizF_p]IhF"^"HJIlXZd>C>TJYJC>pxHJIlTUF"dEYUT�YJe_XZY|XZHJIur*IaYJYJIaH�YJe_XZ^

YJe"Ia�}w�RGF"d�i}r*IxCE^�HJIlXZd>CEY��GM

þNM980���§G��ÌÉ�I��Ì^j�LÑL��.Ï����=^`������Ê?��Éd�9�`Ðs�ÌÉ�������@�± O^`�������.Î��O������ â����^jÏSÎ����
���Î��������������Îs�L>ÑL��.�

Ï������@�@aC�����æGVÐ���������^`�á�����áG��9�76.Îs�?���:0

�/^´Y�w�R�RZ��RGF"HbTJYJF_izCEIlT��2HJIag"dEC>paXvg"d>XGp]Ia`bIa^kY�XZ^_i´HJIadEC>XZr"dEI�`�F"dEYJC�paXGTJYA¢xw[I�p]RG^_TJC>izIaHJIliÓF_T;V

CE^"D�g_XZHJYJC>XZdm�N^"R�w,d>IlizDGI�XZrtRGF"Y4YJe"I�F"^_izIaHJdE�kC>^"D�YJRGgtRGdERGDG�GM4ýkF"HJg"HJC>TJCE^"DGd>�G�®TJ`�XZdEd�XZ`�RGF"^8Y�RZ�

paXZHJI]��F"dEdE�}TJIadEIlp]YJIli}�N^"R�w,dEIlizDGI�w[XGT4TJFzÎ�p]CEIa^8Y�YJRbCE`bg"HJR§¡GIjTJCEDG^"C¸\®paXZ^kYJdE��YJe"I�g*IaH;��RGHJ`�XZ^_p]IGM

�/^�paXGTUI�RZ�mHJIag"dEC�paXxg"d>XGp]Ia`bIa^kY[g"HJRGr"dEIa`f�kTJIadEIlp]YJC>^"DjHJIag"dEC>paX�dERNpaXZYJC>RG^�r_XGTJIli�RG^�^"RzizI¨�¾XZ^"RGF"Y

ª  ¬



wLXGT�TJFzÎ�p]CEIa^kY�YJR�XGp¦e"CEIa¡GIu¡GIaHJ�fDGRNRNi�gtIaH;�2RGHJ`�XZ^_p]IG� w,CEYJe"C>^�X��¾XGp]YJRGH�RZ� ª M ª b ª M(þ�RZ��`hF_pUe

`bRGHJI¨p]RG`�g"dEC>paXZYJIli�TJRGdEF"YJC>RG^_TaM�ýkCE`�CEd>XZHJdE�G��C¸�*w[I�paXZHJI]��F"dEdE��p]HJIlXZYJI�XZ^bXZg"g"dEC>paXZYJCERG^zVWd>Ia¡GIad"`�F"d¸V

YJC>paXGTUYLe"C>IaHUXZHUpUe"C>paXZdSTUp¦e"Ia`bIG�"CEYUTLg*IaH;��RGHJ`�XZ^_p]IxpaXZ^�rtI|p]RG`�g_XZHUXZr"dEI|YJRhYJe"IxgtIaH;��RGHJ`�XZ^_p]I|RZ�

TUp¦e"Ia`bIlT�YJe_XZYhHJI ¹ F"CEHJIbHJRGF"YJIaH�TUF"g"g*RGHJYaM��/Y�YJF"HJ^"IliNVWRGF"YuYJe_XZYjCE^sRGF"H�g_XZHJYJC>p]F"d>XZHjpaXGTJIG��CE^zV

��RGHJ`�XZYJCERG^fXZrtRGF"Y¨YJe"I�Ia^_iNVWYJRZVWIa^_ivizC>TUYUXZ^_p]IjXZ`bRG^"D�XZdEdSg_XZC>HUT¨RZ��g_XZHJYJC>p]CEg_XZ^8YUT4C>T,TJFzÎ�p]C>Ia^8Y

YJRbp]HJIlXZYJIxXuHJIlXGTJRG^_XZr"dE��DGRkRzi�e"CEIaHUXZHUpUek�GM�noe"IxCE`bgtRGHJYUXZ^_p]I4RZ��YJe"C>T[\_^_izCE^"DuC>TLYJe_XZY,w�IxpaXZ^

XGp¦e"CEIa¡GI�HJIlXGTJRG^_XZr"dE��DGRkRzi�HJIlTJF"dEYUToIa¡GIa^�w,CEYJe"RGF"Y,YJe"IxI]yzg"dEC>p]C>Y[TJF"g"gtRGHJYo�2HJRG`�YJe"Ix^"IaY/w�RGHJ�t�

XGT�dERG^"DxXGTcw[I,e_Xl¡GI,YJe"I,HJCEDGekYc`bIlpUe_XZ^"C�TJ`�M�/^_izIaIli �&YJe"C>T�C�Tw,e_XZYcw[I¨p]RG^z\_HJ`µw,CEYJeuRGF"Hcd>XGTJY

paXGTJI]V�TUYJF_iz��RG^�XZg"g"d>C>paXZYJCERG^zVWdEIa¡GIad `hF"dEYJC>paXGTJYa�"XZ^_i�XZd>TURhYJe"I�XZ^_TJw�IaH¨RZ��RGF"H¨d>XGTUY ¹ F"IlTJYJCERG^SM

¬ M980���ÞG���É�IL�X�������J�����+�����àÏ��?�.Ðs���|^>I.Ï¥I9���Ì���@I�^±���¨Î�����������O�fI��`Ð���������æ�����.Î��=^j
��]���Z�`Ðs�]É��|�

���L-�N O^j���X���L�=GB��<;����.Îs�O�N�-�� �0

�/^¼RGF"H�paXGTJI]V�TJYJF_iz�
RG^¼HJIadEC>XZr"dEIv`�F"d>YJC>paXGTJY}w�I·izIa`bRG^_TUYJHUXZYJIli YJe_XZY�CE^ `�XZ^8�
paXGTJIlT}YJe"I

gtIaH;�2RGHJ`�XZ^_p]IjRZ��XZg"g"dEC>paXZYJCERG^zVWd>Ia¡GIadSe"CEIaHUXZHUpUek��paXZ^frtIjp]RG`bg_XZHUXZr"dEI�YJR�YJe"IjgtIaH;�2RGHJ`�XZ^_p]IjRZ�

HJRGF"YJIaH;V�XGTUTUC>TJYJIli�e"CEIaHUXZHUpUek�jYJe_XZY�F_TJIlTTUF"g"g*RGHJY�2HJRG`�YJe"IL^"IaY�w�RGHJ��YJR4C>`bg"HJR�¡GILg*IaH;��RGHJ`�XZ^_p]IGM
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XGTUTJCEDG^"Ili M

Ì4^"I,gtR&TUTJCEr"dEI[dERG^"DZVWYJIaHJ`�CE`bgtIlizCE`bIa^kYmYJR|YJe"I¨izIag"dER��N`bIa^kY�RZ�tDGdERGr_XZdz`�F"d>YJC>paXGTJY�C>TX�`hF"dEYJC>paXGTJY

XGi"izHJIlTUTxXZdEdERzpaXZYJCERG^�TJYJHUXZYJIaDG�GMhýkYUXZYJC>paXZdEd>��g"HJI]V�XZdEdERzpaXZYJCE^"D�`hF"dEYJC>paXGTJY�XGi"izHJIlTUTJIlT|YJR�izRG`�XZCE^_T4`�X��

dEIlXGi�YJR�gtRkRGHxF"YJC>dECE±lXZYJCERG^�RZ�oYJe"IbR�¡GIaHUXZdEd[XGi"izHJIlTUTjTJg_XGp]IGM}ýkRG`bIbe_Xl¡GI�g"HJRGg*R&TUIli·p]CEHUp]F"`h¡GIa^8YJCE^"D

YJe"Ix^"IaIli��2RGH,`hF"dEYJC>paXGTJYLXGi"izHJIlTUT¨XZdEd>RNpaXZYJCERG^�r8��pUe_XZ^"DGCE^"D�YJe"Ix`hF"dEYJC>paXGTJYoTJIaHJ¡NC>p]I�`bRNizIad0�7K ü �_ ª �WË

izC>TUp]F_TUTUCERG^�RZ��YJe"IlTJI�XZdEYJIaHJ^_XZYJC>¡GIlT4C�T�rtIa�GRG^_i�YJe"IhTUp]RGgtIhRZ��YJe"C>T�w�RGHJ�tMHPsI�rtIadECEIa¡GI�YJe_XZY|CEY4C�T4XZY

dEIlXGTJYSg"d>XZF_TUCEr"dEI�YJR4p]RG^_TJC�izIaH�YJe"I�XZdEdERzpaXZYJCERG^xTJYJHUXZYJIaDG�xw,e"IaHJI[`�F"dEYJC�paXGTJYSXGi"izHJIlTUTJIlTmXZHJILiz�k^_XZ`�C>paXZdEdE�

XGTUTJCEDG^"IlivYJR�DGHJRGF"gsCE^"CEYJC>XZYJRGHUTaM�¶�`hF"dEYJC>paXGTJY�XGi"izHJIlTUT|C>T4F_TJIlifYJR}F"^"C ¹ F"IadE��C>izIa^kYJC¸����X�`hF"dEYJC>paXGTJY
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TJIlTUTJC>RG^S��XZ^_iÓC¸��X�`hF"dEYJC>paXGTJYhTJIlTUTJC>RG^�C>T�^"RGYuCE^�F_TUI����L_±��_$a¨XfRG^"I]VWYJCE`�I�YJIadEIlp]RG^z��IaHJIa^_p]I�`bIaIaYJCE^"D

TJIlTUTJC>RG^
C�T}R�¡GIaHA¢A�xCEYUT}`hF"dEYJC>paXGTJY�XGi"izHJIlTUTfpaXZ^�r*I�HJIaF_TJIli�r8�¼XZ^"RGYJe"IaHfTJIlTUTUCERG^SM�Ê[�
paXZHJI]�2F"d>dE�

XGTUTJCEDG^"C>^"DxYJe"I4`hF"dEYJC>paXGTJY�XGi"izHJIlT¦TJIlTcÕ�RG^�izIa`�XZ^_i � Ö�TJF_p¦e�YJe_XZY[IlXGpUe}XGi"izHJIlTUT�e_XGTLXx\"yzIlibd>C¸�2IaYJC>`bIG�

YJe"IjXGi"izHJIlTUTJIlT¨YJe_XZY�XZHJI�^"RGY,CE^�F_TJI�paXZ^fr*IxHJI]V�XZdEd>RNpaXZYJIli M

Domain 1

Domain 3Domain 2

MADCAPMADCAP MADCAP

Host HostHost

MASC MASC

MASC (TCP)

MASC

AAP (Multicast)

MADCAP (UDP)

MASC

MASCMASC

B�CEDGF"HJI�¶�M ª P�noe"Ix`�XZdEd>RNp�XZHUpUe"CEYJIlp]YJF"HJIGM

noe"I�w[RGHJ��RZ�m�/ú�n,B©Ï��O�j�����¥� TZ« �*w[RGHJ�kCE^"D�DGHJRGF"g�C>Tc�2Rzp]F_TJIli�RG^�p]HJIlXZYJCE^"D�Xj`�F"dEYJC�paXGTJY�XGi"izHJIlTUT

XZdEdERzpaXZYJCERG^xXZHUpUe"CEYJIlp]YJF"HJI[YJe_XZYmpaXZ^�`�XZ^_XZDGI�XZ^_ijiz�k^_XZ`bC�paXZdEdE��XZdEd>RNpaXZYJI�YJe"I�XGi"izHJIlTUTUIlTaMnoe"I�Ï��O�`�����

XZHUpUe"CEYJIlp]YJF"HJI¦� ªGª[T �mC�T,`bRzizF"d>XZH�XZ^_i�C�T¨TJIag_XZHUXZYJIlivCE^8YJRbYJe"HJIaIhd>X��GIaHUTaP�e"R&TJY;V�TUIaHJ¡GIaHa�*CE^kYJHUX�V�izRG`�XZCE^

TJIaHJ¡GIaH;V�TJIaHJ¡GIaHa��XZ^_i�CE^8YJIaH;V�izRG`�XZCE^·XGi"izHJIlTUT�XZdEd>RNpaXZYJCERG^Ô��TJIaIbB�CEDGF"HJIb¶�M ª ¢AMb¶oY�YJe"I�CE^kYJIaH;V�izRG`�XZCE^

dEIa¡GIad�r"d>RNp¦�NT�RZ�jXGi"izHJIlTUTJIlT�XZHJIvXZdEdERzpaXZYJIliÔXZ`bRG^"DÓYJe"IvizRG`�XZCE^_Tv�2YJe"I�¶�F"YJRG^"RG`�RGF_T}ýk�zTJYJIa`�TA¢A�

r_XGTJIlivRG^vYJe"Ih^"IaIli"T�RZ�[IlXGpUe�izRG`�XZCE^SM�P
CEYJe"CE^fIlXGpUe�izRG`�XZCE^S�tYJe"IhXGi"izHJIlTUTUIlT4XZdEd>RNpaXZYJIlifYJR�YJe_XZY

izRG`�XZCE^�r8��YJe"I�CE^8YJIaH;V�izRG`�XZCE^�XZd>dERNpaXZYJC>RG^vd>X��GIaHxXZHJIbp]RG^8YJHJRGdEdEIli�XZ^_i�`�XZ^_XZDGIli�rk��X�^8F"`hrtIaHxRZ�
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TJIaHJ¡GIaHUTaMVPée"Ia^"Ia¡GIaH�X4e"R&TJY�^"IaIli"T�RG^"IoRGH�TUIa¡GIaHUXZdN`hF"dEYJC>paXGTUYXGi"izHJIlTUTJIlT�YJRxp]HJIlXZYJI,X�^"Iaw´`hF"dEYJC>paXGTJY

TJIlTUTJC>RG^S�NRG^"IjRZ��YJe"R&TJI�TUIaHJ¡GIaHUT¨C>TLF_TJIli�YJRbXZd>dERNpaXZYJI|YJe"IjXGi"izHJIlT¦TJIlT,YJRbYJe_XZY¨e"R&TUYaM

ÊL�ÓTUIag_XZHUXZYJCE^"DsYJe"I�XZHUpUe"CEYJIlp]YJF"HJIfCE^8YJRsYJe"HJIaI�d�Xl�GIaHUTuw�IvpaXZ^�F_TJI�izC¸Ñ IaHJIa^8Y�`bIlp¦e_XZ^"C>TJ`�TuYJR

XGi"izHJIlTUThYJe"I}g_XZHJYJC>p]F"d>XZHhg"HJRGr"dEIa`�T�w�I}`�Xl��e_Xl¡GI�XZYhizCEÑtIaHJIa^kYuT¦paXZdEIGM�B_RGHhI]y"XZ`bg"dEIG��YJe"I}e"R&TJY;V

TJIaHJ¡GIaH|XGi"izHJIlTUT|XZdEdERzpaXZYJCERG^�`bIlp¦e_XZ^"C>TJ`�T4paXZ^�rtI�izIlTUCEDG^"IlifYJR�`bCE^"C>`bCE±aI|YJe"I�XZdEdERzpaXZYJCERG^�d>XZYJIa^_p]�G�

w,e"CEdEI[YJe"ILC>^8YJIaH;V�izRG`�XZCE^uXGi"izHJIlTUT�XZdEdERzpaXZYJCERG^�`bIlpUe_XZ^"C>TU`�TmpaXZ^urtILizIlTJC>DG^"Ili���RGHrtIaYJYJIaH�F"YJCEdECE±lXZYJC>RG^

RZ��YJe"Ij`�F"dEYJC�paXGTJYLXGi"izHJIlT¦T�TJg_XGp]IGM

�/^�YJe"C>TXZg"g*Ia^_izCEy�w�I,izIlTUp]HJCErtI���¶|ý"{4�§YJe"IU�fF"dEYJC�paXGTJYm¶,i"izHJIlTUT;V$ýkIaY�{[d>XZCE`cËcHJRGYJRzp]RGdNYJe_XZY�e_XGT

r*IaIa^�XGizRGg"YJIli�rk���$ú�n,B�Ï9���j�����ow[RGHJ�kCE^"D|DGHJRGF"gu��RGH�CE^8YJIaH;V�izRG`�XZC>^h`hF"dEYJC>paXGTUYXGi"izHJIlTUT�XZd>dERNpaXZYJC>RG^SM

�v¶xý"{�C>TSizIlTUCEDG^"Ili��2RGHmHJRGr"F_TJYJ^"IlTUTa�ZTUpaXZd>XZr"CEd>CEY��G�lXGi"izHJIlTUTTJg_XGp]I�X�¡�XZCEd�XZr"CEdECEY/�G�lXZ^_ixI]Î�p]CEIa^8Y�XGi"izHJIlTUT

TJg_XGp]I,F"YJCEdEC>±lXZYJCERG^SMq��¶4£�{L¶�Ëm�8YJe"I,e"R&TJY;V�TJIaHJ¡GIaH�g"HJRGYJRzp]RGd_CE^�YJe"IMÏ��O�`�N�[�¨XZHUpUe"C>YJIlp]YJF"HJIG�NXZ^_i�¶�¶SË�

YJe"I�C>^8YJHUX�V�izRG`�XZCE^ÓTJIaHJ¡GIaH;V�TJIaHJ¡GIaHhg"HJRGYJRNp]RGdoXZHJI}izIlTUp]HJCErtIli·CE^ � Í8« �,XZ^_i�� ÍGÍ �oHJIlTJgtIlp]YJCE¡GIadE�GM�noe"I

�v¶xý"{ég"HJRGYJRzp]RGd�CEYUTJIad¸�C>T,TJgtIlp]C¸\_Ili}CE^õ�7 T �WM

noe"I�HJIlTJY|RZ�oYJe"C>T|XZg"g*Ia^_izC¸y�C>T�RGHJD&XZ^"CE±aIlisXGT���RGdEdER�w¨TlMj��^�ýkIlp]YJCERG^·¶�M(þ�w�IbizIlTUp]HJC>r*I���¶|ý"{4�

CE^_p]dEF_izCE^"DuYJe"I¦���N��^jÏ9�J�-�O�j�N^;����`bIlpUe_XZ^"C�TJ`�CEY,F_TJIlTa�*XGT¨w�Iad>d�XGT�TJRG`bIxRZ�cYJe"I�RGYJe"IaH�XZdEDGRGHJCEYJe"`�TlM���^

ýkIlp]YJCERG^�¶jM ¬ w[Ixg"HJIlTJIa^8Y�XZ^_i}izC>T¦p]F_TUTLYJe"I�TJCE`hF"d>XZYJCERG^bHJIlTJF"d>YUTL�2HJRG`¥Ia¡ZXZdEF_XZYJCE^"D9�v¶xý"{4M"ÿ¨Iad>XZYJIli

w�RGHJ��XZ^_i�p]RG^_p]dEF_TUCERG^_T,XZHJI�C>TLCE^výkIlp]YJCERG^�¶�M Í XZ^_ifýkIlp]YJCERG^v¶jM(KhHJIlTJgtIlp]YJCE¡GIadE�GM

Ä�Ø+Í ½ ÄñÂW¬ õµÛcå®âÜ��µjè�¦Þ¨á

�v¶xý"{´C�TcYJe"I4g"HJRGYJRzp]RGd®F_TUIlibr8��YJe"I�`hF"dEYJC>paXGTJY�XGi"izHJIlTUTLXZdEdERzpaXZYJCERG^bXZHUp¦e"CEYJIlp]YJF"HJI�� TZ« �*YJR�iz�N^_XZ`�V

C>paXZdEdE��XZdEdERzpaXZYJIx`�F"d>YJC>paXGTJY¨XGi"izHJIlTUTJIlT�XZY¨YJe"I�CE^8YJIaH;V�izRG`�XZC>^fdEIa¡GIadmXGp]HJR&T¦T��/^8YJIaHJ^"IaYaM��/Y�XZdEdERzpaXZYJIlT¨X

TJIaY¨RZ��XGi"izHJIlTUTJIlT4YJRbIlXGp¦e�izRG`�XZC>^SMLnoe"IhXZ`bRGF"^8Y4RZ�cXGi"izHJIlT¦TJIlT�XZdEd>RNpaXZYJIli�YJR�X�izRG`�XZCE^�C�T¨r_XGTJIli

RG^�YJe"I�^"IaIli"ThRZ�¨YJe_XZYhizRG`�XZC>^SMfnoe"I�XZd>dERNpaXZYJC>RG^sC>Tjiz�N^_XZ`bC>pbXZ^_i�e_XGT�dEC¸��IaYJCE`bI�X��2YJIaHhw,e"C>p¦e�CEY
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I]yNg"C>HJIlTaMnoe"I,XZdEdERzpaXZYJIlijXGi"izHJIlT¦TJIlT�XZHJI[F_TJIlihrk��YJe"Io`�F"dEYJC�paXGTJYmXGi"izHJIlTUT;V�XZd>dERNpaXZYJC>RG^�TJIaHJ¡GIaHUT�w,CEYJe"CE^

YJe_XZY�izRG`�XZCE^���RGH¨XZdEdERzpaXZYJCERG^}YJR�YJe"I�e"R&TJYUT,YJe_XZY4XZd>TJRur*Iad>RG^"D�YJR�YJe_XZY�izRG`�XZCE^SM

�/^�ýkIlp]YJCERG^�¶�M(þNM ª w�IxrtIaDGCE^�w,C>YJe�XZ^}R�¡GIaHJ¡NCEIaw RZ�q��¶|ý"{éXZ^_i}TJRG`bI�RZ�mCEYUTLHJI ¹ F"CEHJIa`bIa^kYUTaMc��^

ýkIlp]YJCERG^v¶�M(þNM(þ�w[I�izIlTUp]HJC>r*I�YJe"I¦������^jÏ9�+���O�`�±^;���h`bIlp¦e_XZ^"C>TJ`�F_TUIli�r8�¨��¶xý"{é�2RGH�XGi"izHJIlTUT�XZd>dERNpaX�V

YJCERG^SMc��^fýkIlp]YJCERG^}¶�M(þNM ¬ w[I�izIlTUp]HJCErtI�TURG`bI�RZ��YJe"I|XZd>DGRGHJCEYJe"`�T[YJe_XZYopaXZ^}rtI4F_TUIli�w,C>YJeX��¶|ý"{²YJR

XGpUe"CEIa¡GIjI]Î�p]CEIa^8Y�XGi"izHJIlT¦T¨XZdEdERzpaXZYJCERG^SM

ö ëjw�ëWí ÷ ö îGøàù�úmø|{�úcï�ø�û

225.192.0.x

225.x.x.x

TLD 1 TLD 2
225.0x.x.x 225.1x.x.x

Parent 1 Parent 2 Parent 3 Parent 4
225.0.x.x 225.64.x.x 225.128.x.x 225.192.x.x

Child 1 Child 2 Child 3 Child 4 Child 5
225.0.0.x 225.0.128.x 225.64.0.x 225.128.0.x

B�CEDGF"HJI�¶�M(þNPB��¶|ý"{ XGT¦TJRNp]C�XZYJCERG^�RZ��DGHJRGF"g�HUXZ^"DGIlT�w,CEYJe�¶|ý*½7TlM

��¶|ý"{Ôg*IaH;��RGHJ`�T[YJe"I��2RGdEd>R�w,CE^"Dj�2F"^_p]YJCERG^_TlP,��X8¢�XZdEdERzpaXZYJIlTLTJIaYUT�RZ��XGi"izHJIlTUTJIlToYJRuX¥��¶|ý"{²izRZV

`�XZCE^��2Y��Ng"C>paXZdEdE�G�ZX	�v¶xý"{�izRG`�XZCE^hC>T�p]RG^"DGHJF"Ia^8Y�w,CEYJe�XZ^�¶4F"YJRG^"RG`bRGF_T�ýk�NTUYJIa`�¢AË®�2r*¢XGiz¡GIaHJYJC>TJIlT

YJe"R&TJI�TUIaYUTjYJRvYJe"I�CE^kYJHUX�V�izRG`�XZCE^·`hF"dEYJC>paXGTUYjXGi"izHJIlTUThXZdEdERzpaXZYJCERG^·TJIaHJ¡GIaHUTX� ÍGÍ � Í8« �W�cTJR�XGi"izHJIlTUTJIlT

�2HJRG`�YJe"R&TUIoTUIaYUT�paXZ^�r*I,XZdEd>RNpaXZYJIli�YJRxYJe"I,Ia^_iuF_TJIaHUT@F§e"R&TJYUTl�8XZ^_i �*��p�¢CE^OR;Ilp]YUT�YJe"ILÕ�g"HJI]\"ykV�izRG`�XZC>^zÖ

XGTUTJRzp]C>XZYJCERG^_TxC>^8YJRfYJe"I�CE^kYJIaH;V�izRG`�XZCE^�HJRGF"YJC>^"Dfg"HJRGYJRzp]RGd|���L_±��_$aLÊ��	Ë Íd� � ªaü þK�2¢AM�noe"IlTJI�XGTUTURNp]C>X�V

YJCERG^_TmXZHJILF_TJIlijr8��CE^kYJIaH;V�izRG`�XZCE^�`hF"dEYJC>paXGTUY�HJRGF"YJCE^"D�g"HJRGYJRzp]RGd>T�TJF_pUeuXGTmÊ��	�ÖËö� ªGª K��NYJR�p]RG^_TJYJHJF_p]Y
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C5a

P4P3

C7

C5

C6

T1 T2
T1a T1b

P4a

T2a T2b

P3a P3b P4b

C6b

C5b

C5c C5d

C6a
I-P

C7a
S-S

P-C

P-C P-CP-CP-C

I-P

I-P

I-P

S-S:  Sibling-Sibling Relation

P-C P-C

P-C:  Parent-Child Relation

I-P:  Internal-Peer Relation

I-P

S-S

I-P

P-C

B�CEDGF"HJI�¶�M ¬ P���¶|ý"{éYJRGgtRGdERGDG��I]yzXZ`�g"dEIGM
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`�F"d>YJC>paXGTJY�i"XZYUX�izC�TJYJHJCEr"F"YJCERG^hYJHJIaIlTaM�ú�XGpUe�XZd>dERNpaXZYJC>RG^je_XGTcX4\"yNIliud>C¸�2IaYJC>`bIG�§XZ^_iuX���YJIaHcYJe"ILd>C¸�2IaYJC>`bI

I]yNg"C>HJIlTa�zYJe"IjXGi"izHJIlTUTJIlT¨paXZ^fr*IxHJIaF_TJIli�r8�}RGYJe"IaH�izRG`�XZCE^_TlM

��¶|ý"{ÒizRG`�XZCE^_T|paXZ^�rtIup]RG^z\_DGF"HJIli·CE^8YJR�X�e"CEIaHUXZHUpUek�Ó��TJIaI�B�CEDGF"HJI�¶�M(þ&¢AM�¶oY|IlXGpUesdEIa¡GIad�CE^

YJe"Ixe"CEIaHUXZHUpUek�G�*TJC>r"dECE^"D&TLp]RkRGHUizCE^_XZYJIjYJRbXZdEdERzpaXZYJI�`hF"dEYJC>paXGTUYLXGi"izHJIlTUT4TJg_XGp]IxYJe_XZY¨rtIadERG^"D&ToYJR�YJe"IaCEH

p]RG`b`bRG^�g_XZHJIa^8YaM�noe"I�YJRGgzVWdEIa¡GIad izRG`�XZCE^_T�C>^�YJe"I�e"CEIaHUXZHUpUek��XZdEdERzpaXZYJI4XGi"izHJIlTUTUIlT���HJRG`°YJe"I�DGdERGr_XZd

`�F"d>YJC>paXGTJY4XGi"izHJIlT¦TxTJg_XGp]IGM�¶ ��¶xý"{ºizRG`�XZCE^�paXZ^�e_X�¡GIbX�^kF"`�rtIaHxRZ�[p¦e"CEd>i�izRG`�XZCE^_TaM�¶°pUe"CEd>i

izRG`�XZCE^uXZdEdERzpaXZYJIlTXGi"izHJIlT¦TJIlT�2HJRG`�CEYUTg_XZHJIa^8Ya½7T�XGi"izHJIlT¦TcTJg_XGp]IGM�nmR|CE`bg"HJR�¡GI,XGi"izHJIlTUT�X�¡�XZCEd�XZr"CEdECEY/�G�

XY��¶|ý"{ÔpUe"CEd�ibizRG`�XZCE^�paXZ^�e_Xl¡GI�`bRGHJI¨YJe_XZ^�RG^"I�g_XZHJIa^kY,izRG`�XZCE^_Ta�8XZ^_i�paXZ^�XZd>dERNpaXZYJI4XGi"izHJIlTUTJIlT

�2HJRG`ÏYJe"IsXGi"izHJIlTUT}TJg_XGp]I�RZ��XZ^8�ÔRZ��YJe"Ia`û��TJIaI�B�CEDGF"HJI�¶jM ¬ ¢AM�B"RGH�HJRGr"F_TJYJ^"IlTUTa�4IlXGpUe ��¶|ý"{

izRG`�XZCE^�paXZ^�r*I�XGTUTJRzp]C>XZYJIlisw,CEYJeÓTJIa¡GIaHUXZd���¶|ý"{�TJIaHJ¡GIaHUT�p]RG^"^"Ilp]YJIli�CE^�Xf¡kC>HJYJF_XZd�`bIlTJeSM�noe"I

XGi"izHJIlTUTJIlTcXZdEd>RNpaXZYJIli�r8��YJe"I���¶xý"{�TUIaHJ¡GIaHUT�w,CEYJe"CE^uX�izRG`�XZCE^hXZHJI,XGTUTURNp]C>XZYJIlihw,CEYJehYJe_XZY�izRG`�XZCE^SM

�W��X�izRG`�XZCE^ve_XGT�^"R}p¦e"CEd>izHJIa^�izRG`�XZCE^_Ta�tXZdEd�RZ��CEYUT4XGi"izHJIlT¦T�TUg_XGp]IhC�T¨F_TJIlivr8�vYJe"I�CE^kYJHUX�V�izRG`�XZCE^

XZdEdERzpaXZYJCERG^�TJIaHJ¡GIaHUT��2RGH4XZdEdERzpaXZYJCERG^�YJR�YJe"I�e"R&TJYUT�w,C>YJe"CE^�YJe_XZY4izRG`�XZCE^S�_RGYJe"IaHJw,C>TJI�RG^"dE��Xbg_XZHJY4RZ�

YJe_XZY�TJg_XGp]IxC>ToF_TUIli}�2RGH,C>^8YJIaHJ^_XZdmXZdEd>RNpaXZYJCERG^SM

ýkRG`bIxRZ��YJe"I�HJI ¹ F"CEHJIa`bIa^8YUT,�2RGH���¶|ý"{
XZHJIGP

ü ¶,i"izHJIlTUTUIlT�TJe"RGF"d>iÓr*I�XZdEd>RNpaXZYJIli�CE^´XZ^´XZDGDGHJIaD&XZYUXZr"d>I�`�XZ^"^"IaHa��rtIlpaXZF_TJI}YJe"I�TJIaYUTuRZ�4XGiNV

izHJIlTUTUIlT|w,CEdEdmrtI�izC>TJYJHJCEr"F"YJIlif��RGH�HJRGF"YJC>^"D�g"F"HJg*R&TJIG��XZ^_i�TUpaXZd>CE^"D�YJe"IuHJRGF"YJCE^"D}CE^z��RGHJ`�XZYJCERG^

C>ToIlT¦TJIa^8YJC>XZd�M

ü noe"I�XZd>dERNpaXZYJC>RG^|TUe"RGF"d>i|r*IcHJRGr"F_TUYa��XZ^_i�TUe"RGF"d>i|^"RGY�rtI�X�ÑtIlp]YJIlijr8��YJe"I�^"IaY�w[RGHJ�jp]RG^_izCEYJCERG^_TaM

noe"C>T�HJI ¹ F"CEHJIa`bIa^8Y�C>TbYJe"Ivg"HJCE`�XZHJ�´HJIlXGTJRG^é�2RGHX�v¶xý"{¥YJR�F_TJI�YJe"Ivp]d>XZCE`bV�p]RGdEdEC>izI}r_XGTJIli

`bIlp¦e_XZ^"C>TJ`�izIlTUp]HJC>r*Ili}CE^výkIlp]YJC>RG^�¶jM(þNM(þNM
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ü noe"I�XZdEdERzpaXZYJCERG^sd>XZYJIa^_p]���2RGH�YJe"Iæ��¶|ý"{�p]dECEIa^8YUT��2YJe"I�izRG`�XZC>^·CE^8YJIaHJ^_XZdLTJIaHJ¡GIaHUT�YJe_XZYjF_TJI

¶�¶SËñ� ÍGÍ �[XZ^_iÆ��¶4£�{L¶�Ë�� Í8« ��YJRvXZdEdERzpaXZYJIbXGi"izHJIlTUTJIlT�YJRfe"R&TJYUTA¢�TJe"RGF"d>i·r*I�^"IlXZHJdE��±aIaHJR

`bR&TUYcRZ� YJe"I4YJCE`bIG�&TJRjYJe_XZY[p]dECEIa^kYUT�XZHJI¨^"RGY�TUF"rsR$Ilp]YJIli�YJR�YJe"I4p]d>XZC>`�wLXZCEYJCE^"D�YJC>`bIo�2RGH�Ia¡GIaHJ�

HJI ¹ F"IlTJY4�2RGH4`�F"dEYJC�paXGTJY¨XGi"izHJIlTUTJIlTaM|Ì4^"dE��C¸��YJe"IaHJI�C>T4TJF_i"izIa^�XZ^_i�F"^8F_TUF_XZd�C>^_p]HJIlXGTJIjRZ�cYJe"I

izIa`�XZ^_i��2RGH¨XGi"izHJIlTUTUIlTa�"YJe"IjXZdEdERzpaXZYJCERG^}paXZ^�rtIxdERG^"DGIaHaM

ü ©4CEIaHUXZHUpUe"C�paXZd�XZdEd>RNpaXZYJCERG^vXZ^_ifg"HJI]\"yNVWr_XGTJIli�XGi"izHJIlTUT|XZdEdERzpaXZYJCERG^���TJIaI�r*Iad>R�w4¢�paXZ^�HJIlTUF"dEY�CE^

gtRkRGH4HJIlTJRGF"HUp]IuF"YJCEdECE±lXZYJC>RG^SM¨{LXZHJI]��F"dEdE�}gtIaH;�2RGHJ`�Ili�rtRGYJYJRG`�VWF"g�izIa`�XZ^_iNV�izHJCE¡GIa^�XZd>dERNpaXZYJC>RG^

C>ToHJI ¹ F"CEHJIli}YJR�XGp¦e"CEIa¡GI�DGRNRNi}F"YJC>dECE±lXZYJCERG^SM

ü ÊLIlpaXZF_TJI¨p]dEC>Ia^8YUT�paXZ^"^"RGY�RZ�2YJIa^bp]RGHJHJIlp]YJdE�jg"HJIlizC>p]Y�YJe"I¨izF"HUXZYJCERG^uRZ�*YJe"IaCEH�`�F"d>YJC>paXGTJY�TJIlTUTJCERG^_Tl�

��¶|ý"{²`hF_TJYoDGCE¡GIxp]dECEIa^kYUTLXhHJIlXGTJRG^_XZr"d>IxI]yNgtIlp]YUXZYJCERG^}YJe_XZY,YJe"IaCEHoXZdEdERzpaXZYJCERG^S½7TLdEC¸��IaYJCE`bI¨paXZ^

rtIxI]yNYJIa^_izIli �*C¸�^"Ilp]IlT¦TUXZHJ�GM

noe"I,XZr*R§¡GI[HJI ¹ F"CEHJIa`bIa^kYUT�p]RG^s\_C>p]Yw,C>YJejIlXGpUeuRGYJe"IaHa�8XZ^_iW��¶|ý"{·^"IaIli"T�YJR�XZdEd>RNpaXZYJILXGi"izHJIlTUTJIlT

¡GIaHJ��paXZHJI]��F"dEdE�bYJR�TUXZYJC�T;�2�bXZd>dtRZ��YJe"Ia`�M�ÊLIadER�w w[I�izIlTUp]HJCErtI�YJe"I|`bIlp¦e_XZ^"C>TJ`�TLF_TJIli�rk�X��¶|ý"{²YJR

XGpUe"CEIa¡GIjYJe"IjizIlTJCEHJIli}XZdEdERzpaXZYJCERG^SM

ö ëjw�ëjw ø�ò�ó ï/ðdý	ø�õmò/ò�ï�þ�ø°÷�ø�ÿ���óSö�ï/ù�ð �sø®ù(ÿs{8ï�z�ô&ïWõmö

��^fYJe"C>T¨TJIlp]YJCERG^S�®w�IjizIlTUp]HJC>r*I�YJe"IX���N��^jÏ9�J�-�O�j�N^;����`bIlpUe_XZ^"C�TJ`�F_TJIli�rk�Z�v¶xý"{é��RGH���^kYJIaHJ^"IaY;VWw,C>izI

iz�k^_XZ`�C>p,XGi"izHJIlTUT�XZd>dERNpaXZYJC>RG^SMB�CEHUTJYcw[I4izIlTUp]HJCErtI,YJe"I�`�IlpUe_XZ^"C>TJ`°XZ^_i�e"R�wéCEY�C>T�F_TJIli�CE^���¶|ý"{4�

XZ^_i�YJe"Ia^sw�I�g"HJIlTJIa^kY�XZ^sI]yzXZ`�g"dEI�YJe_XZY�R;F_TJYJC¸\_IlT�YJe"I�wLXZCEYJCE^"D}YJCE`bIhF_TJIli�r8��YJe"Ibp]d>XZCE`�V�p]RGd>dEC>izI

`bIlpUe_XZ^"C�TJ`�M

�/^Y�v¶xý"{4�§X�TJIaHJ¡GIaHmYJe_XZYF_TJIlT�YJe"ILp]d>XZCE`�V�p]RGdEd>C>izIm`bIlp¦e_XZ^"C>TJ`°�2RG^�r*Iae_XZdE�zRZ�_X���¶xý"{sizRG`�XZCE^*¢

Î���.Î��KI��@I�YJR´F_TJIsTJRG`�I�TUIaY�RZ�uXGi"izHJIlTUTJIlT}rk�éTJIadEIlp]YJC>^"D´XÓg_XZHJYJC>p]F"d�XZH}TUF"r_TJIaY}RZ��YJe"IsXl¡ZXZCEd>XZr"dEI
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C
224.x.x.x

D E

F G

(winner)
A B

T1: A claims from C

T2: C propagates A’s claim to other children: B, D, E

claims and if none, advertises
claimed space to its MASC children,
to MAAS and in G-RIB

T4: F claims from A

T3: A listens for colliding

1

2 2

2

4

B�CEDGF"HJI�¶�M Í PB��¶|ý"{
p]d>XZC>`�V�p]RGdEdEC>izI�`bIlpUe_XZ^"C>TU`�M

XGi"izHJIlTUTJIlTmRZ�zC>YUTSg_XZHJIa^8Y�TJg_XGp]I4�2RGH�YJe"I[DGdERGr_XZd8TJg_XGp]I��2RGH�YJe"I[YJRGgzVWdEIa¡GIadd��¶xý"{�izRG`�XZCE^_TA¢A��XZ^_ixYJe"Ia^

TJIa^_i"T¨Xbp]d�XZCE`�YJRbXZdEdSRGYJe"IaH4TUIaHJ¡GIaHUT¨YJe_XZY¨`�X���p]d�XZCE`¥YJe"I�TUXZ`bIxTJIaY�RZ��XGi"izHJIlTUTUIlTaM[�/^�g_XZHJYJC>p]F"d>XZHa�

X�p]d>XZC>`¥�2HJRG`�X�pUe"C>d>i�C>T4TJIa^8Y4YJR�YJe"Ijg_XZHJIa^kYa�SXZ^_i�YJe"Ia^�YJR�XZdEdmTUCEr"dECE^"D&ToRZ�cYJe"IhRGHJCEDGCE^_XZYJRGH¨RZ�cYJe"I

p]d>XZCE`�M�����^"R�RGYJe"IaH,TJIaHJ¡GIaHoRGg"gtR&TJIlTLYJe"I�p]d>XZC>`���^;_`�L_$a®YJe"IaHJI|C>T[^"R¦�-�O�j�N^>I.^;���uizF"I�YJRuXZ^"RGYJe"IaH,TJIaHJ¡GIaH

HJI ¹ F"IlTUYJCE^"D�YJe"I4T¦XZ`bI�TJIaY�RZ��XGi"izHJIlTUTUIlT[XZY�YJe"I�TUXZ`bI¨YJC>`bI§¢A�&YJe"I�RGHJC>DGCE^_XZYJRGH�RZ�SYJe"I4p]d>XZC>`µXGTUTJF"`bIlT

YJe_XZY¨CEYoe_XGT�TUF_pap]IlTUT;��F"dEdE�bXZdEdERzpaXZYJIli�YJe"Ijp]d>XZCE`�Ili�XGi"izHJIlT¦TJIlTaM

B�CEDGF"HJIx¶jM Í p]RG^kYUXZCE^_T¨XZ^}I]y"XZ`bg"dEI|RZ�YJe"I�p]d>XZC>`�V�p]RGdEdEC>izI,`�IlpUe_XZ^"C>TJ`�F_TUIli�rk�X��¶xý"{4M²Pée"Ia^

� wLXZ^8YUTxYJR�XZd>dERNpaXZYJIu`bRGHJI�XGi"izHJIlTUTUIlTa�SCEYxTJIadEIlp]YUTxXZ^sF"^kF_TJIlisTJIaYxRZ�LXGi"izHJIlT¦TJIlT��2HJRG`qC>YUT4g_XZHJIa^kY

TJg_XGp]I��¾þGþ Í M ytM y M yfR§w,^"Ili�r8����¢AM�{[e"C>d>if� ���N��^jÏ¥I�YJe"I�TJIad>Ilp]YJIlivTJIaY�RZ�[XGi"izHJIlTUTUIlT4rk�vTJIa^_izC>^"D�X

p]d>XZCE`äYJRuCEYUT�g_XZHJIa^kY4�uMBË�XZHJIa^8Y��Òg"HJRGg_XZD&XZYJIlT¨YJe"I|p]d�XZCE` ��HJRG`��¼YJRuYJe"IxHJIlTJYLC¸�mCEYUTLpUe"CEd�izHJIa^S�z���

�f�_XZ^_if�bM�¶��2YJIaH¨��RGHJCEDGCE^_XZYJIli}YJe"I�p]d�XZCE`��zCEYow[XZCEYUT,�2RGH¨TJFzÎ�p]C>Ia^8Y�XZ`bRGF"^kY¨RZ��YJCE`bIb��TJIaIxrtIadER�w4¢

XZ^_i�dEC>TJYJIa^_T��2RGH,p]RG^s\_C>p]YJC>^"Dup]d�XZCE`�T�rk��TJRG`�I4RZ��CEYUT[TUCEr"dECE^"D&T������"�v�"XZ^_i��h¢AM����m^"R�TJF_pUe�p]d>XZC>` C>T
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HJIlp]IaCE¡GIli ��^`_;�L_$a®C¸�mYJe"IaHJI|C>T[^"R¨���O�`�±^>I.^;���"�zYJe"Ia^��ºXGT¦TJF"`bIlT[YJe_XZYLC>YLpaXZ^}F_TJI�YJe"IxTJIaYoRZ�XGi"izHJIlTUTJIlToCEY

e_XGT,p]d>XZCE`bIli M����Xup]RGdEdEC>izCE^"D�p]d>XZCE`äC>T�HJIlp]IaC>¡GIli �"YJe"Ia^}�ºw�RGF"d>i}Ia¡GIa^kYJF_XZdEdE�ÖÊ����Î;��+��5¤r8��TJIadEIlp]YJCE^"D

Xb^"Iaw�TJIaY�RZ��XGi"izHJIlTUTUIlT4XZ^_ifCE^"CEYJC>XZYJI�X�^"Iaw�p]d>XZC>`�ML¶���YJIaH4��e_XGT�XZd>dERNpaXZYJIlifX�TJIaY4RZ��XGi"izHJIlTUTJIlTa�

YJe"C>T�TJIaYjC>TxXZ^"^"RGF"^_p]Ili�YJRfCEYUT|R�w,^ÓpUe"CEd>izHJIa^
����CE^sYJe"C>T�g_XZHJYJC>p]F"d>XZHxI]y"XZ`bg"dEI§¢A�XZ^_i·YJe"Ia^�YJe"R&TJI

pUe"CEd�izHJIa^�paXZ^fp]d>XZCE`¥YJe"Ia`�TJIad>¡GIlTaM

noe"I|XZ`bRGF"^8YLRZ�mYJCE`bI�YJRjw[XZC>YLX���YJIaHLX�p]d>XZCE`äTJe"RGF"d>ibrtI4TUFzÎ�p]CEIa^8YLIa^"RGF"DGe�TJF_pUe�YJe_XZY[YJe"IaHJI�C>T

YJCE`bI��2RGH,Xhp]d>XZCE`äYJRhg"HJRGg_XZD&XZYJIxYJR�XZdEd TJCEr"d>CE^"D&T�YJe_XZYo`�X���p]d>XZCE`äYJe"IxTUXZ`bI4TUIaYLRZ��XGi"izHJIlTUTJIlTa�"XZ^_i

�2RGH|X}p]RGdEdEC>izC>^"D�p]d>XZCE`��*C¸�[XZ^k�G�SYJR}p]RG`�I�r_XGp¦�*MW}�IaY/w�RGHJ�fg_XZHJYJC>YJCERG^_T�`�Xl��g"HJIa¡GIa^kYjX�p]d>XZCE`��2HJRG`

HJIlXGpUe"CE^"D�XZdEdmTJC>r"dECE^"D&Ta�zYJe"IaHJI]��RGHJIjYJe"I�p]d�XZCE`�w[XZCEY�g*IaHJCERzi�TJe"RGF"d�i�r*I�TJFzÎ�p]CEIa^8YJd>��dERG^"D�Ia^"RGF"DGevYJR

RGF"YJdECE¡GI�g*RGYJIa^kYJC>XZdo^"IaY�w�RGHJ�Óg_XZHJYJCEYJCERG^_TlM�ÊLIlpaXZF_TJIZ��¶|ý"{µC>ThizIlTJCEDG^"Ili�YJRvrtI}F_TJIli�CE^ÓXZ^ÓIa^8¡NC¸V

HJRG^"`bIa^8Y4w,CEYJe�^"RG^zVW^"IaDGdECEDGC>r"dEIxg"HJRGr_XZr"CEdECEY/�b��RGH¨^"IaY�w[RGHJ��g_XZHJYJCEYJCERG^"C>^"D"�"CEYUT¨p]d>XZCE`�gtIaHJCERzi}e_XGT,YJe"I

p]RG^_TJIaHJ¡ZXZYJCE¡GIb¡ZXZdEF"IuRZ� Í O�e"RGF"HUTlM��/^s`bR&TJY�paXGTJIlTxC>YxYUXZ�GIlT�dEIlTUT|YJe_XZ^Óþ Í e"RGF"HUT|��RGHjXZ^��/^8YJIaHJ^"IaY

ýkIaHJ¡kC�p]IYËcHJR�¡NC>izIaH¨YJRb\"y�Xb^"IaY�w�RGHJ�kVWHJIad>XZYJIli�g"HJRGr"dEIa`³TUF_pUefXGT�CE^8YJHUX�RGH4CE^8YJIaH;V�izRG`�XZCE^�g_XZHJYJCEYJCERG^zV

CE^"D"Mv©4Ia^_p]IG�cw[XZC>YJCE^"D���RGH Í Ofe"RGF"HUTuTJe"RGF"d>i�r*I�dERG^"DvIa^"RGF"DGe´YJRvIa^_TJF"HJI}YJe"I�Ia^_iNVWYJRZVWIa^_i´p]d>XZCE`

g"HJRGg_XZD&XZYJCERG^S�®XZ^_i�YJe"IaHJI]��RGHJI�YJe"I�F"^"C ¹ F"Ia^"IlTUT¨RZ�YJe"IjXZdEd>RNpaXZYJCERG^SM

B’s (winning) claim

1. Send claim

A

1. Partitioning

3. Send claim 

4. Partitioning

B

2. Partitioning fixed
(after Tp)

4. A’s claim reaches B
(A is the loser)

5. Partitioning
fixed (after Tp)

6. After total of
2*Tp A receives

B�CEDGF"HJI�¶�M(KNP�¶4^�I]yzXZ`�g"dEI|RZ��p]RGdEd>C>TJCERG^�izIaYJIlp]YJCE^"Dbd>XZYJIa^_p]��YJe_XZY,YUXZ�GIlT'ó����
	uYJCE`bI|F"^"CEYUTlM
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noe"IfHJIlXGTURG^²YJe_XZY�YJe"Ifw[XZC>YbYJCE`bIfX���YJIaH�X�p]d>XZCE` �2YJe"Iö���N��^jÏ GB��^j�¥�=^jÏ���¢hC>T Í Ose"RGF"HUTa�oCWM IGM

Y�w,C>p]IhYJe"Iuw�RGHUTJY|XZ`bRGF"^kY�RZ�[YJCE`bI�CEY4w�RGF"d>i�Y/�kg"C>paXZd>dE��YUXZ�GIuYJR�\"yvX�^"IaY�w�RGHJ��g_XZHJYJCEYJCERG^S� paXZ^�r*I

I]yNg"d�XZCE^"Ilibrk�bYJe"I|I]yzXZ`bg"d>I�CE^�BC>DGF"HJI�¶�M(KNMc�W��ºTJIa^_i"T[Xup]d>XZC>`µYJR�wLXZHUi�Ê��NXZ^_i�C¸��CEY[YUXZ�GIlT[F"g}YJR

��	hYJCE`�I4F"^"CEYUToYJRu\"y�Xhg_XZHJYJCEYJCERG^S�"CEYopaXZ^�YUXZ�GI�F"g}YJR��
	j��RGH,YJe_XZY¨p]d>XZCE`¥YJRuHJIlXGpUev���2w[IjXGTUTJF"`bI

YJe_XZY�IaCEYJe"IaH��
RGH�YJe"I�CE^8YJIaHJ`bIlizC�XZYJI��v¶xý"{Ó^"RzizIlT�paXZ^�izIaYJIlp]YLXxg_XZHJYJCEYJCERG^S�8XZ^_i�X�p]d>XZCE`�C>T�HJIlTUIa^8Y

X��2YJIaH�YJe"Ijg_XZHJYJCEYJCERG^�C�T,e"IlXZdEIli®¢AMo©�R§w�Ia¡GIaHa� Xbp]d>XZCE`�RGHJCEDGC>^_XZYJIli}r8���¥paXZ^vXZd>TUR�YUXZ�GI�F"gfYJR�
	�YJR

HJIlXGpUe}�j�NYJe"IaHJI]��RGHJI�C¸�SYJe"IaHJI4XZHJI4Y�w[R�g_XZHJYJCEYJC>RG^_T�CE^bYJe"I4^"IaY�w[RGHJ�*�zRG^"I|X��2YJIaH�XZ^"RGYJe"IaHa�zCEY�`�Xl�uYUXZ�GI

F"gbYJR4ó����
	|�2RGH[�éYJRjHJIlp]IaCE¡GI�X�p]RGdEd>C>izCE^"D|p]d>XZCE`���HJRG` ��M�Ì4rk¡kC>RGF_TJdE�G�&YJe"IaHJI¨C�Tc^"R�DGF_XZHUXZ^8YJIaI�YJe_XZY

X�^"IaY�w[RGHJ��g_XZHJYJCEYJCERG^fw,CEdEd�izC>TUXZg"gtIlXZH¨w,CEYJe"C>^�TJRG`bIxgtIaHJCERNi�RZ��YJC>`bIG�"r"F"Y¨��RGH¨g"HUXGp]YJC>paXZd�HJIlXGTURG^_T4X

p]RG^_TJIaHJ¡ZXZYJCE¡GIx¡�XZd>F"IxRZ�cþ Í e"RGF"HUT�w�RGF"d>i�rtIxHJIlXGTJRG^_XZr"dE�}TJFzÎ�p]CEIa^kYaM

¶4^ÓXZdEYJIaHJ^_XZYJC>¡GI}TURGdEF"YJCERG^�YJR�p]d>XZCE`bV�p]RGdEdEC>izI�w[RGF"d>iÓr*I�YJRvF_TUIá?�7ÉLÉ²�@I��=��?�@I�Î����sIL�v`bIlp¦e_XZ^"C>TJ`

w,e"IaHJIxXZdEdERzpaXZYJCERG^�paXZ^}rtI�p]RG^_TJC�izIaHJIli�TUF_pap]IlTUT;��F"d*RG^"dE��X��2YJIaHoI]yzg"dEC>p]CEY�XGp¦�k^"R§w,dEIlizDGIlT¨XZHJI|HJIlp]IaCE¡GIli

�2HJRG`¯XZdEd�TJCEr"dEC>^"D&TaM��/^_izIaIli �SC¸��YJe"IaHJIuC>T�^"R�^"IaY�w[RGHJ�f�¾XZCEdEF"HJIG�tHJI ¹ F"IlTJY;VWHJIlTJgtRG^_TJI�r_XGTUIli�XZd>dERNpaXZYJC>RG^

`�Xl��rtI���XGTJYJIaH�YJe_XZ^�X�p]d>XZC>`�V�p]RGdEdEC>izI|r_XGTJIli�XZdEd>RNpaXZYJCERG^SM4©�R§w�Ia¡GIaHa��X�TJCEr"dECE^"Db��XZCEd>F"HJI�`�Xl�fr"dERNp¦�

YJe"I�XZdEdERzpaXZYJCERG^
g"HJRNp]IlT¦Ta�|YJe"IaHJI]�2RGHJI·HJRGr"F_TUYJ^"IlTUT�RZ��XZdEdERzpaXZYJCERG^értIlp]RG`bIlT�X�p]RG`�g"dEC>paXZYJIli
C>TUTJF"IGM

Ì4^·p]RG^8YJHUXZHJ�G��p]d>XZCE`�V�p]RGd>dEC>izIjpaXZ^·rtIuF_TJIli�YJRfXGp¦e"CEIa¡GI�r*IaYJYJIaHxHJRGr"F_TUYJ^"IlTUT�rk�vYJHUXGizCE^"DZVWRZÑ´dERG^"DGIaH

XZdEdERzpaXZYJCERG^�d>XZYJIa^_p]�G�®XZ^_i�rk��TJC>`bg"dEC¸���kC>^"DjTJCEDG^"C¸\®paXZ^kYJdE��YJe"I�XZd>dERNpaXZYJC>RG^�`�IlpUe_XZ^"C>TJ`fM

ö ëjw�ë�� ÷ ö îGø ö ò���õQ{8ïWô��[ð ù

¶è��¶xý"{äTJIaHJ¡GIaH�^"IaIli"TbYJRsF_TJI�TURG`bI}dERNpaXZd¨XZd>DGRGHJCEYJe"`�ThYJR·paXZHJI]�2F"d>dE��TJIad>Ilp]YhYJe"IvXGi"izHJIlTUTJIlT�YJR

p]d>XZCE`�M¨ÊL��F_TUCE^"D�TJF_p¦e�XZd>DGRGHJCEYJe"`�T�XZ^_ivr8�fg"HJI]V�XZdEdERzpaXZYJCE^"D�XGi"izHJIlTUTJIlTl� X�TJIaHJ¡GIaH|paXZ^vHJIlizF_p]IhYJe"I

p]RGdEdEC>TUCERG^fg"HJRGr_XZr"CEd>CEY�����XZ^_isYJe"IaHJI]��RGHJIbYJe"I�XZdEdERzpaXZYJCERG^�d>XZYJIa^_p]��XGTxw�Iad>d2¢A�XZ^_i·XZYxYJe"I�TUXZ`bI�YJCE`bI

paXZ^�`�XZCE^kYUXZCE^}HJIlXGTJRG^_XZr"dEI�XGi"izHJIlTUT4TJg_XGp]IxF"YJCEdEC>±lXZYJCERG^SM

þ ªl«



n�R�HJIlizF_p]I}YJe"I�XZd>dERNpaXZYJC>RG^sd>XZYJIa^_p]�G��XÌ��¶xý"{�TJIaHJ¡GIaHupaXZ^ ��X8¢�F_TJI�g"HJI]V�XZdEdERzpaXZYJCERG^S��XZ^_i �2r*¢

Xl¡GRGC>isp]RGd>dEC>TJCERG^_TlM�noe"I�r_XGTJC�p�C�izIlX�rtIae"CE^_ivg"HJI]V�XZdEdERzpaXZYJCERG^�C>T�YJe_XZY�X�TJIaHJ¡GIaHxp]d>XZCE`�T4HJIlTJRGF"HUp]IlTxCE^

XGiz¡�XZ^_p]IG�&TUR4X�p]dECEIa^8Yw,CEdEd&^"RGY�^"IaIli�YJR4wLXZCEYYJR�RGr"YUXZCE^�YJe"I[HJIlTJRGF"HUp]IGMcnoe"ILg"HJI]V�XZdEdERzpaXZYJCERG^�TUYJHUXZYJIaDG�

`�F_TUYa�§e"R§w�Ia¡GIaHa�GrtI�paXZHJI]�2F"dEd>��izIlTJC>DG^"Ili M���NYJe"I�TUIaHJ¡GIaH�g"HJI]V�XZdEdERzpaXZYJIlTSYJRNR¨`�XZ^8�xXGi"izHJIlTUTUIlT�w,CEYJe"RGF"Y

F_TJCE^"D�YJe"Ia` YJe"I�XGi"izHJIlTUTbTUg_XGp]I�F"YJCEdECE±lXZYJCERG^�w,CEdEdLr*I�¡GIaHJ�ÓdER§wxMÓ���4YJe"I�TJIaHJ¡GIaHbizRNIlTu^"RGYbp]d>XZCE`

Ia^"RGF"DGefXGi"izHJIlTUTJIlT�CE^�XGiz¡�XZ^_p]IG�®`�XZ^8�}p]dECEIa^kYUT,w,CEdEd TJYJCEdEd e_X�¡GI�YJRbw[XZC>Yo�2RGH,dERG^"D�YJC>`bIGM

Ì4^"IsTJCE`bg"d>I�g"HJI]V�XZdEdERzpaXZYJCERG^éTUYJHUXZYJIaDG�²YJe_XZY}w�IsizC>TUp]F_T¦T�e"IaHJIsXZYJYJIa`bg"YUT�YJR´�GIaIag¼XZe"IlXGi
RZ�

p]dECEIa^kY[izIa`�XZ^_i�r8��iz�N^_XZ`bC>paXZdEd>�jYJHUXGpU�NCE^"Dup]dECEIa^kY�HJI ¹ F"IlTUY[g_XZYJYJIaHJ^_TaM�¶ ��¶xý"{�TJIaHJ¡GIaHop]RG^_TJYUXZ^8YJd>�

`bRG^"CEYJRGHUTSYJe"I[izIa`�XZ^_i|��RGH�XGi"izHJIlTUTJIlTS��HJRG`�CEYUTSp¦e"CEd>izHJIa^��2RGHmCE^8YJHUX�V�izRG`�XZC>^�TJIaHJ¡GIaHUTA¢A�ZXZ^_i�XZYJYJIa`bg"YUT

YJRfg"HJIlizC>p]Y�w,e_XZYjw[RGF"d>i�rtIbYJe"I}XGi"izHJIlTUT�F_T¦XZDGI�X���YJIaH Í O�e"RGF"HUTa��YJe"Iæ��¶|ý"{µp]d>XZCE`qw[XZC>YjYJCE`bIGM

Ì4^"dE�·C¸�¨YJe"I�X�¡�XZCEd�XZr"dEI�XGi"izHJIlTUTUIlT�w,C>dEd�rtI}F_TJIli�F"g´w,CEYJe"C>^ Í Ofe"RGF"HUTa��YJe"I�TJIaHJ¡GIaH�p]d>XZCE`�T�`bRGHJI

XGi"izHJIlTUTJIlT,C>^�XGiz¡�XZ^_p]IG�®TUR�CEYow�RGF"d>i�rtIxg"HJIag_XZHJIli�YJR�`�IaIaY,YJe"IjizIa`�XZ^_i}d>XZYJIaHaM

£�IlTJCEDG^"CE^"D�X�g"HJI]V�XZdEdERzpaXZYJCERG^fTJYJHUXZYJIaDG��C�T,^"RGY4TJFzÎ�p]C>Ia^8YaM4{[RGdEdEC�TJCERG^_T,paXZ^fHJIlTUF"dEY¨CE^fXZd>dERNpaXZYJC>RG^

��XZC>dEF"HJIlT,XZ^_i�paXZ^�CE^_p]HJIlXGTJI�TUCEDG^"C¸\®paXZ^8YJd>��YJe"I�d>XZYJIa^_p]�GM[n�RbHJIlizF_p]I�YJe"Ijg"HJRGr_XZr"CEdECEY/�b��RGH¨p]RGdEdEC>TJC>RG^_Ta�

X�TJIaHJ¡GIaH4^"IaIli"T�YJR��GIaIagvTUYUXZYJIhXZrtRGF"Y4XGi"izHJIlTUTUIlT�YJe_XZY|XZHJI�p]F"HJHJIa^kYJdE��^"RGY4C>^�F_TJIGM¨B"RGH�HJIlXGTJRG^_T4RZ�

TUpaXZdEIG�YJe"C>T�TJYUXZYJIb^"IaIli"TjYJR�rtI�XZDGDGHJIaD&XZYUXZr"dEIGM}n�RfHJIlizF_p]I�YJe"I�XZ`bRGF"^kY�RZ�¨TJYUXZYJIG�YJe"I�XGi"izHJIlTUTJIlT

XZdEdERzpaXZYJIliÓr8�ö�v¶xý"{äXZHJIfXZDGDGHJIaD&XZYJIli�CE^kYJR·g"HJI]\"yzIlTf���L_±��_�a¨YJe"IvTJIaY�RZ��XZdEd�þGK « XGi"izHJIlT¦TJIlT�YJe_XZY

TJYUXZHJY|w,CEYJe·þGþ Í M ª M(þ}XZHJI�izIlTUp]HJCErtIlifw,CEYJesXGi"izHJIlTUT�þGþ Í M ª M(þNM ü XZ^_i�`�XGTJ� ü ykÑtÑtÑ üGü �SXZd>TJR�^"RGYJIlisXGT

þGþ Í M ª M(þ�FZþ Í ¢AM�¶�d>YJIaHJ^_XZYJCE¡GI�TJRGd>F"YJCERG^_Ta�*TUF_pUe�XGT4F_TUCE^"D�XGi"izHJIlTUT�HUXZ^"DGIlT�RGH�^"RG^zV�p]RG^8YJCEDGF"RGF_T|`�XGTU�NT

XZHJI�`bRGHJI�p]RG`bg"d>C>paXZYJIli}XZ^_i�`�Xl��HJI ¹ F"C>HJI�pUe_XZ^"DGIlT4YJR�YJe"I�HJRGF"YJCE^"D�g"HJRGYJRzp]RGd>TaM

noe"I�\_HUTJY�g"HJI]\"yéXâ��¶xý"{�TJIaHJ¡GIaH�p¦e"RkR&TJIlT�C>T�TJIadEIlp]YJIli
XZY�HUXZ^_izRG`�M��W�jXÓTJIaHJ¡GIaH�pUe"RNR&TJIlT

YJRsXZdEdERzpaXZYJI�XZ^"RGYJe"IaHa�[TU`�XZdEdEIaH�g"HJI]\"yt��YJe"Ia^S�[CE^_TJYJIlXGi�RZ�4izRGF"r"dECE^"D�YJe"I�TJCE±aI�RZ�4YJe"I�\_HUTJYhRG^"IG�[X

TJIlp]RG^_i�Õ�^"IaCEDGe8rtRGH;Öjg"HJI]\"y�C>T4pUe"R&TJIa^SM|B"RGH�I]yzXZ`bg"d>IG�®C¸�cg"HJI]\"y�þGþ Í M ü F ªl« w[XGT|XZdEHJIlXGiz��XZd>dERNpaXZYJIli �
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XZ^_iÓYJe"I�TJIaHJ¡GIaHu^"IaIli"TbþGK « `bRGHJI}XGi"izHJIlTUTJIlTa��YJe"I}TJIlp]RG^_iÓg"HJI]\"y�YJR�p]d>XZCE`�w,CEdEd[r*I�þGþ Í M ª M ü FZþ Í M

�W�,CEYj^"IaIli"Tj`bRGHJI�XGi"izHJIlTUTJIlTa��YJe"I�TUIlp]RG^_i·g"HJI]\"y·w,CEdEd�Ia¡GIa^8YJF_XZdEdE��DGHJR§w°YJR�þGþ Í M ª F ªl« ��XZ^_i·YJe"Ia^

r*RGYJe}g"HJI]\"yzIlT,paXZ^}r*IxXZF"YJRG`�XZYJC>paXZd>dE��XZDGDGHJIaD&XZYJIli�CE^8YJRbþGþ Í M ü F ª KNMLÌ4^"d>�bC¸�þGþ Í M ü M ª FZþ Í p]RGF"d>i�^"RGY

r*I�XZd>dERNpaXZYJIli �[X·TJIaHJ¡GIaH�w,CEdEd,p¦e"RkR&TJI�XZ^"RGYJe"IaH�g"HJI]\"y¼�2Ia¡GIa^kYJF_XZdEdE�ÓHUXZ^_izRG` XZ`bRG^"DsYJe"I�F"^kF_TJIli

g"HJI]\"yNIlT ¢AM�noe"Ixg_XZHJYJC>p]F"d>XZHog"HJI]\"y}TUIadEIlp]YJCERG^}XZdEDGRGHJCEYJe"`¥F_TJIli}CE^¦�v¶xý"{²C>TLYJe"I�TJR�paXZdEdEIliÖ��L
���-IL���

Ê�^`�v�76.Î����²I.^;���æ�O�u����.^`�`ÐdÏhMfebB"RGH�I]y"XZ`bg"dEIG��C¸�"w�ILe_XGi ¬ VWr"CEY�XGi"izHJIlTUT�TJg_XGp]IG�GYJe"IoXGi"izHJIlTUTJIlT�XGTUTJCEDG^"Ili

CE^�HJIa¡GIaHUTUI]VWr"CEY[RGHUizIaHJC>^"DhXZHJI üGüGü � ªaüGü � ü"ªaü � ªGªaü �"XZ^_i�TJRjRG^SM�noe"IaHJI]��RGHJIG�"C¸�Sw�I|e_XGi��j�z���NXZ^_i��

p]d>XZCE`bC>^"DdF�XZdEdERzpaXZYJCE^"DuRG^"IhXGi"izHJIlTUT|XZYxX�YJCE`bIG�®YJe"I�XGi"izHJIlTUTUIlT�XZd>dERNpaXZYJIlifYJR�IlXGp¦e�RZ��YJe"Ia`�w[RGF"d>i

dERNRG��dECE�GIGP g

¬ VWr"CEY¨TJg_XGp]IGP�ykyNy

¶�P üGüGü

Ê�P ªaüGü

¶�P üGü y

Ê�P ªaü y

{4P ü"ªaü

{4P ü"ª y

n�R�C>^_p]HJIlXGTJI�YJe"I�HJIlTURGF"HUp]IhF"YJC>dECE±lXZYJCERG^S� X�g"HJI]\"y�C>T4CE`bg"dEC�p]CEYJdE��HJIaYJF"HJ^"Ili�YJR}YJe"Iug_XZHJIa^8Y�X��2YJIaH

CEYUTcdECE�2IaYJCE`�ILI]yzg"CEHJIlTaM����tYJe"I�izIa`�XZ^_i���RGH[XGi"izHJIlTUTUIlT�izRNIlT�^"RGY[izIlp]HJIlXGTUIG�kYJe"Ia^}XM��¶|ý"{ÔTJIaHJ¡GIaH�HJI]V

p]d>XZCE`�TmYJe"Iog"HJI]\"yNIlT�CEYe_XGTcXZdEdERzpaXZYJIli�rtI]�2RGHJIoYJe"IaCEH�dEC¸��IaYJCE`bIcI]yzg"CEHJIlTaM��W�*YJe"IoizIa`�XZ^_ij��RGH�XGi"izHJIlTUTJIlT

izIlp]HJIlXGTJIlTa�"YJe"I�TJIaHJ¡GIaHoCE`�g"dEC>p]CEYJdE�hHJIaYJF"HJ^_T,YJe"I|F"^8F_TUIli�g"HJI]\"yNIlTl�"RGHLHJI]V�p]d�XZCE`�TLTJRG`bIxTJ`�XZdEd>IaH[TJF"rzV

g"HJI]\"yNIlTlM·¶�d>TUR"��rtIlpaXZF_TJI�Ia¡GIaHJ��g"HJI]\"y�C�T�X�gtR�w�IaHuRZ��Y/w�R"�[C¸��X�^"RNizI�YJHJCEIlT�YJR�XZd>dERNpaXZYJIYR$F_TUYhX

h�� 8.��*=2�)+:;5�8-p|�0#?(�) � tO#-/D)+*?£OlD3K:=��lu*�)?AS6L5��B#@rU�K#@l ��� o � �>n
i &q3	#-/u2�)+*�3O#�2�l1(.)0:=4Jt�)�rU)�4?#-/1/D)?A��
��� � !"�$#%��&'��(*)+�,��&'��-/.0!"&/1HlD:v��*�8.��8@:=)?ASlD3 � 243 �$n
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TJCE^"DGdEI,g"HJI]\"y �NYJe"I�F"YJCEdEC>±lXZYJCERG^�XZY�YJe_XZY�^"RzizI4paXZ^�r*I4XGT�dER§w²XGToK ü E�M�nmR�C>`bg"HJR�¡GI¨YJe"I4F"YJCEdECE±lXZYJC>RG^S�

X�TJIaHJ¡GIaH�paXZ^se_Xl¡GI�`bRGHJI�YJe_XZ^sRG^"I�g"HJI]\"y·XZdEdERzpaXZYJIlivXZY�X}YJCE`�I��2Y/�kg"C�paXZdEdE�G� IlXGpUe·RZ�oYJe"Ia`qw,CEYJe

izC¸Ñ IaHJIa^8Y�TJC>±aI§¢AM

���NYJe"I[^8F"`hr*IaHRZ�"XZd>dERNpaXZYJIli|g"HJI]\"yzIlTCE^_p]HJIlXGTJIlT�XZrtR�¡GILTJRG`bI�YJe"HJIlTJe"RGd�i ��XZ^_ij^"RG^"I�RZ�zYJe"Ia`ÒpaXZ^

r*ILI]yzYJIa^_izIliuw,e"Ia^h`�RGHJIoXGi"izHJIlT¦TJIlT�XZHJIL^"IaIlizIli �8YJe"Ia^S�&YJR|HJIlizF_p]ILYJe"I,XZ`bRGF"^kYcRZ�*TJYUXZYJIG�&X	��¶|ý"{

TJIaHJ¡GIaH4p]d�XZCE`�ToXb^"Iaw�d�XZHJDGIaH¨g"HJI]\"yfXZ^_ifTJYJRGg_T�HJI]V�p]d>XZCE`bC>^"DhYJe"IjRGd>izIaH¨^"RG^zVWI]yzg_XZ^_i"XZr"dEI�g"HJI]\"yzIlTaM

noe"C>Ta�"RGrk¡kCERGF_TUdE�G�"CE^_p]HJIlXGTJIlT,YJe"Ijg"HJI]\"yX\_Fzy MLýkCE`�CEd>XZHJdE�G�kC¸��X�TUIaHJ¡GIaH¨YJHJCEIlT,YJRb�GIaIagfYJe"I�F"YJCEdECE±lXZYJC>RG^

XZY�TJRG`bI�¡GIaHJ�he"C>DGebdEIa¡GIad"r8�bXZd>dERNpaXZYJC>^"D|X�d>XZHJDGI¨^8F"`hrtIaH�RZ�Sg"HJI]\"yNIlT��2IlXGpUe�w,CEYJe�izC¸Ñ IaHJIa^8YLTJCE±aI§¢A�8X

TJ`�XZdEd>IaHmCE^_p]HJIlXGTJIoRGHcizIlp]HJIlXGTJI,RZ�tYJe"IoizIa`�XZ^_iuw�RGF"d>ihHJIlTJF"dEY�CE^uXZdEdERzpaXZYJCE^"D4RGH�Õ�HJIadEIlXGTJCE^"DZÖ�g"HJI]\"yzIlTaM

¶�d>XZHJDGI�^8F"`hrtIaH�RZ��XZdEdERzpaXZYJIli}g"HJI]\"yNIlT4XZd>TJR�p]HJIlXZYJIlT4XGi"izCEYJCERG^_XZdS��HUXZDG`bIa^kYUXZYJCERG^S�®e"Ia^_p]IhXbTJIaHJ¡GIaH

TJe"RGF"d>i�XZdEd>RNpaXZYJICR;F_TJYo�2Iaw¼g"HJI]\"yzIlTaM

B�CEDGF"HJI�¶jM « TUe"R�w¨T�XZ^sI]y"XZ`bg"dEIhRZ�[e"R§wµYJe"IbXGi"izHJIlTUTJIlT���RGH�XZdEdERzpaXZYJCERG^�XZHJIuTUIadEIlp]YJIli M9Pée"Ia^

YJe"IbizIa`�XZ^_i���RGH�XGi"izHJIlTUTJIlT|CE^_p]HJIlXGTJIlTl��YJe"I��v¶xý"{ÒTJIaHJ¡GIaHxw�RGF"d�isYJHJ�fYJR�XGi"i�YJe"I�^"Iawµg"HJI]\"yzIlT

CE^_p]HJIa`bIa^kYUXZdEdE�G�®rk�fizRGF"r"dECE^"D�XZ^_ivXZDGDGHJIaD&XZYJC>^"D�YJe"IuXGi"izHJIlTUT�g"HJI]\"yzIlT4C>Y4XZdEHJIlXGiz��R§w,^_Tb��TJIaIhB�CEDZV

F"HJI�¶jM « ��X8¢J¢AM����mYJe"IxI]yzC>TJYJCE^"D�g"HJI]\"yNIlT�paXZ^"^"RGY,r*IxizRGF"r"dEIli�CE^}TJCE±aIG�"X9�v¶xý"{éTJIaHJ¡GIaH,`�X���pUe"RNR&TJI

YJR�TJIadEIlp]Y,Xh^"Iawx�"d>XZHJDGI4Ia^"RGF"DGe�g"HJI]\"y}YJe_XZY,paXZ^�XGpap]RG`b`bRzi"XZYJI4YJe"I�p]F"HJHJIa^kY¨izIa`�XZ^_i M�noe"Ia^}YJe"I

TJIaHJ¡GIaH�w[RGF"d>isDGHUXGizF_XZdEdE�fÕ�`bR§¡GI]ÖhRGd>izIaH�XZdEdERzpaXZYJCERG^_T�YJR�YJe"Ib^"Iawµg"HJI]\"ysr8��^"RGY�HJIa^"Iaw,CE^"D�YJe"R&TJI

RGd>izIaH|g"HJI]\"yNIlTb��TUIaIuB�CEDGF"HJI�¶�M « �2r*¢J¢A��YJe"IaHJI]��RGHJI�I]ÑtIlp]YJCE¡GIad>��HJIlizF_p]CE^"D�YJe"I�TJg_XGp]Ih�2HUXZDG`bIa^kYUXZYJCERG^SM

ýkCE`bCEd�XZHJdE�G�&C¸�mYJe"I�p]F"HJHJIa^kYJdE�}XZdEdERzpaXZYJIli�XGi"izHJIlT¦T,g"HJI]\"y�C�T[F"^_izIaH;VWF"YJC>dECE±aIli �zYJe"IM�v¶xý"{éTJIaHJ¡GIaH,`�X��

YJHJ��YJR�XZDGDGHJIaD&XZYJI�YJe"IuF_TJIli�XGi"izHJIlTUTJIlT�r8��Õ�`bR�¡NCE^"DZÖjYJe"I��2HUXZDG`�Ia^8YUT|w,CEYJe"CE^�X�TJCE^"DGdEI�r"dERNp¦����TJIaI

B�CEDGF"HJI�¶jM « ��p�¢J¢AM

þ ª 



Reducing

fragmentation

: Active

: Deprecated

: Deprecated

224.0.0/21

224.0.0/21

+ 1024= 

224.0.0/21

224.0.64/21

+512=

224.0.128/19

224.0.64/21

224.0.4/22

224.0.64/21

224.0.4/23

224.0.0/22+256=

224.0.4/24

+256= 224.0.0/22224.0.0/22

224.0.0/21
224.0.0/22

224.0.0/21

224.0.128/21

(a) Incremental increase

(b) Adaptive increase

(c) Adaptive decrease
BC>DGF"HJI�¶jM « P��/^_p]HJIlXGTJCE^"DbXZ^_i�izIlp]HJIlXGTUCE^"D�YJe"IjXZdEdERzpaXZYJIli}XGi"izHJIlTUTJIlTaM

þGþ ü



B�CE^_XZdEdE�G�[w�IfTUe"RGF"d>i´^"RGYJIfYJe_XZYbYJe"IvTUXZ`bIfXZdEDGRGHJC>YJe"`�T�paXZ^ÔrtI�F_TJIli�CE^ÔXse"C>IaHUXZHUpUe8��CE�4YJe"I

XZ`bRGF"^8Y�RZ�|TJYUXZYJI�rtIlp]RG`bIlT�XsTUpaXZd�XZr"CEdECEY/�·C>TUTJF"IG��RGH�C¸�4YJe"IaHJIfXZHJI�RGYJe"IaH�HJIlXGTJRG^_T�TJF_p¦eÔXGT�`�XZ^zV

XZDGIa`bIa^8YjRGH�XGiz`bCE^"C>TJYJHUXZYJC>¡GIhp]RG^kYJHJRGdWM���^sYJe"I�e"CEIaHUXZHUp¦e8�G��YJe"IbTJIaHJ¡GIaHUT�XZYxYJe"Ibd>R�w�IaHxd>Ia¡GIadcRZ�[YJe"I

e"CEIaHUXZHUpUek��XZHJI4p]d>CEIa^8YUT�RZ� YJe"I�TJIaHJ¡GIaHUTLXZY�YJe"I�e"C>DGe"IaH�dEIa¡GIadWM��/^bYJe"I�^"I]yzY[TJIlp]YJC>RG^�w�I�TJe"R�w
YJe"HJRGF"DGe

TJCE`hF"d>XZYJCERG^_TLe"R�wºYJe"IjXZdEdERzpaXZYJCERG^�g*IaH;��RGHJ`�ToCE^�XW\®XZY¨YJRGgtRGdERGDG�G�_XZ^_i�C>^}Xbe"CEIaHUXZHUpUek�GM

Ä�Ø�Ø ÂH¦ß�æhçUàoè�UÞ¨áÏãÒÛcå*æ�ç;ètå

Ì4F"H�g"HJCE`�XZHJ�vDGR&XZd�w[XGTjYJR�Ia¡ZXZdEF_XZYJI�YJe"I�izIlTJCEDG^sRZ�oYJe"I�p]d>XZC>`�V�p]RGdEdEC>izIj`bIlpUe_XZ^"C>TU`¤XZ^_isYJe"I�TJIaY

RZ�¨XZdEDGRGHJCEYJe"`�TxYJe_XZYhXZHJI�F_TJIli�CE^Æ��¶|ý"{4M���^·RGF"H�Ia¡�XZd>F_XZYJCERG^·w�I�w�IaHJI�CE^8YJIaHJIlTUYJIli·g"HJCE`�XZHJC>dE�fCE^

YJe"IjXZdEdERzpaXZYJCERG^�d>XZYJIa^_p]�}XZ^_i�XGi"izHJIlTUT�TJg_XGp]IxF"YJC>dECE±lXZYJCERG^S�zXZ^_i�e"R�wºHJRGr"F_TJY¨YJe"I�XZHUpUe"C>YJIlp]YJF"HJIjC>ToYJR

^"IaY�w[RGHJ��g_XZHJYJCEYJC>RG^_TaMáPsI�XZd>TURfw[XZ^kYJIli�YJR�Ia¡�XZdEF_XZYJI¦��¶|ý"{ CE^�YJIaHJ` RZ��XZ`bRGF"^8YuRZ�4TJYUXZYJI}XZ^_i

TJYUXZYJI	\_Fzy M�¶4T¨g_XZHJY,RZ��RGF"H¨Ia¡ZXZdEF_XZYJCERG^�w[Ijp]RG^_TJC>izIaHJIli}e"C>IaHUXZHUpUe"C>paXZdmXZd>dERNpaXZYJC>RG^�XGT,w[IadEdWM

noe"I�TJC>`�F"d>XZYJRGHcw[I¨F_TJIli�C�Tcr_XGTJIli�RG^bRGF"H��v¶xý"{ÓCE`bg"d>Ia`bIa^8YUXZYJCERG^Z�7 « �WMc�/^���XGp]Ya�kYJe"I���¶|ý"{�V

TJgtIlp]C¸\®p�g_XZHJY¨RZ��YJe"IjCE`bg"dEIa`bIa^kYUXZYJCERG^�w[XGT¨F_TUIli}w,CEYJe"RGF"Y¨`bRzizC¸\®paXZYJCERG^}CE^}YJe"IjTJC>`�F"d>XZYJRGHaM

ö ë���ëWí ÷�ø"ô5��õ�þ�õmòWõ%�76

PsI�Ia¡ZXZdEF_XZYJIli�YJe"HJIaILizC¸Ñ IaHJIa^8YXZd>dERNpaXZYJC>RG^xYJRGg*RGdERGDGC>IlTaP�X�\®XZY�YJRGg*RGdERGDG�G��RG^"I�C>^�w,e"C>pUehTJIaHJ¡GIaHUTm�2RGHJ`

X}Y�w[RZVWdEIa¡GIad�e"CEIaHUXZHUp¦e8�G��XZ^_i�RG^"I�CE^�w,e"C>pUe·YJe"Ia�v��RGHJ`¤X}YJe"HJIaI]VWdEIa¡GIadce"CEIaHUXZHUpUek�GM�B"RGH�TJC>`bg"dEC>p]CEY/�G�

IlXGpUe�pUe"C>d>ib^"RzizI4e_XGi�RG^"dE��RG^"I|g_XZHJIa^8YaM�PsI4I]yzg*Ilp]YLYJe_XZYa�zC¸�S^"RNizIlTLe_X�¡GI�`�RGHJI�YJe_XZ^}RG^"I4g_XZHJIa^kYa�

YJe"I�R§¡GIaHUXZdEdcXZdEdERzpaXZYJCERG^�d>XZYJIa^_p]�fw�RGF"d>ivr*IhdEIlTUT4YJe_XZ^�YJe"Ihd�XZYJIa^_p]��RGr_TJIaHJ¡GIli�CE^fRGF"H|TJCE`hF"d>XZYJCERG^_TlM

noe"C>T�C>T4r*IlpaXZF_TJI�X�pUe"CEd�ifw[RGF"d>i�r*Ih`bRGHJIudECE�GIadE�}YJR}XGp ¹ F"C>HJIuXGi"izHJIlT¦TJIlT4�2HJRG`¯YJe"IudEIlXGTJY|XGi"izHJIlTUT;V

p]RG^_TJYJHUXZCE^"Ili¼g_XZHJIa^kYaM³ÊLIlpaXZF_TJI·YJe"I·XZdEd>RNpaXZYJCERG^¼XZdEDGRGHJC>YJe"`�Ts��TJIaI�ýkIlp]YJCERG^º¶�M(þNM ¬ ¢�XZHJI�XZg"g"dECEIli

CE^_izIagtIa^_izIa^8YJdE��w,CEYJe}HJIaD&XZHUi}YJRhIlXGp¦e�g_XZHJIa^8Ya�_YJe"IxF"YJC>dECE±lXZYJCERG^�XZY,IlXGp¦e�pUe"CEd�i�w,CEd>d*rtIxTJCE`bCEd�XZH�XGToC¸�

þGþ ª



CEY�e_XGi�RG^"dE�fRG^"I�g_XZHJIa^kYaMunoe"I9\®XZY|YJRGgtRGdERGDG�fe_XGi ªaüGü ^"RzizIlTaË�YJe"I�Y/w�RZVWdEIa¡GIadce"C>IaHUXZHUpUe8��e_XGi ªaü

g_XZHJIa^8Yo^"RzizIlT[XZ^_i�IlXGpUe�g_XZHJIa^8Yoe_XGi ªaü p¦e"CEd>izHJIa^SËNYJe"I4YJe"HJIaI]VWdEIa¡GIadte"CEIaHUXZHUp¦e8�be_XGi}K�^"RzizIlTLXZY�YJe"I

YJRGgS�_IlXGpUefw,CEYJe�KupUe"CEd>izHJIa^S�_XZ^_i�IlXGpUe�RZ��YJe"R&TJI�þGKupUe"C>d>izHJIa^�e_XGi Í pUe"CEd�izHJIa^�RG^�CEYUToR�w,^SM�©4Ia^_p]IG�

XZdEdSYJRGgtRGdERGDGCEIlTLe_XGi�YJe"IjTUXZ`�I�^kF"`�rtIaH¨RZ��dEIlX���^"RNizIlTaM

noe"I�TUXZ`bIhY��Ng*IuXGi"izHJIlTUTxizIa`�XZ^_ivg_XZYJYJIaHJ^���RGH4`hF"dEYJC>paXGTJY�XGi"izHJIlTUTJIlTa� g_XZHUXZ`bIaYJIaHJC>±aIlivrk�fHJI]V

¹ F"IlTUY�TJC>±aIG�tHJI ¹ F"IlTJY�dEC¸��IaYJCE`bIG�®XZ^_i�CE^kYJIaH;VWHJI ¹ F"IlTUYxYJCE`bIG�tw[XGTxXZg"g"dECEIlifYJR}IlXGpUe�dEIlX���^"RzizIGM���^�YJe"I

TJCE`hF"d>XZYJCERG^�HJF"^_Tcw�I¨iz�N^_XZ`bC>paXZdEd>��¡ZXZHJCEIlihYJe"IlTJI,g_XZHUXZ`bIaYJIaHUT�YJR|TUCE`�F"d�XZYJI[¡ZXZHJ�kC>^"D|izIa`�XZ^_i M�ú�XGp¦e

HJI ¹ F"IlTUYjdEC¸��IaYJCE`bIuwLXGTj\"yzIli·YJR ¬ þfi"X��NThXZ^_i·IlXGp¦e´HJI ¹ F"IlTJYhTJCE±aIbe_XGiÓX�\"yzIli·¡ZXZdEF"IbYJe_XZYup]RGF"d>i

pUe_XZ^"DGI�R§¡GIaH¨YJCE`bIGMcnoe"IxCE^kYJIaH;VWHJI ¹ F"IlTUY,YJCE`bI|w[XGT¨XZd>w[Xl�zT¨XhHUXZ^_izRG`�¡ZXZdEF"I|r*IaY/w�IaIa^ ü XZ^_i�Y�w,C>p]I

YJe"ILX�¡GIaHUXZDGI[C>^8YJIaH;VWHJI ¹ F"IlTJYYJC>`bIG�§w,e"C�pUe�XZd�TJR�pUe_XZ^"DGIlihR§¡GIaHYJCE`�IGMnoe"I�g_XZHUXZ`�IaYJIaHUTw[IaHJILp¦e_XZ^"DGIli

XGpap]RGHUizCE^"DbYJRbnXZr"dEIj¶�M ª M

noCE`bIb�2e"RGF"HUTA¢ ü K üGü ªaüGüGü ª K üGü þ üGüGü K üGüGü ª K üGüGü
ÿ¨I ¹ F"IlTJY,TJCE±aI ªaü þ Í ªaü þ Í ªaü þ Í þ üZÍ O þ üZÍ O ªaü þ Í þ üZÍ O
¶¡GIGMcCE^8YJIaH;VWHJI ¹ F"IlTJY ¬ þ þ Í ªl« ¬ þ þ Í þ Í þ Í
YJCE`bI��2e"RGF"HUTA¢
QSC¸��IaYJCE`bI���i"Xl�zTA¢ ¬ þ ¬ þ ¬ þ ¬ þ ¬ þ ¬ þ ¬ þ

nmXZr"dEI�¶�M ª P�£�Ia`�XZ^_i}g_XZHUXZ`bIaYJIaHUT�pUe_XZ^"DGIjR§¡GIaH�YJCE`�IGM

PsI�w�IaHJI�CE^8YJIaHJIlTJYJIli�g"HJCE`�XZHJC>dE�jCE^�YJe"I�XZd>dERNpaXZYJC>RG^�d>XZYJIa^_p]�bXZ`bRG^"D�XZd>d���¶|ý"{ÔTJIaHJ¡GIaHUTa�zXZ^_i�CE^

YJe"I�dERG^"D,YJIaHJ`ÒR�¡GIaHUXZdEd&HJIlTURGF"HUp]I�F"YJCEdECE±lXZYJC>RG^��2YJe"I[XZ`bRGF"^8Y�RZ�_XZdEd&XGi"izHJIlT¦TJIlT�XZdEdERzpaXZYJIli|YJR¨YJe"I�p]d>CEIa^8YUT

¡NTlM�YJe"I}XZ`bRGF"^kYjRZ��XZdEd�XGi"izHJIlT¦TJIlT�XZd>dERNpaXZYJIli·r8�·XZdEd�TUIaHJ¡GIaHUTA¢AM¨PsI�XZd�TJR�`bIlXGTJF"HJIli�g_XZHUXZ`bIaYJIaHUT

TJF_pUe�XGT�YJe"I�X�¡GIaHUXZDGI�^8F"`hrtIaH�RZ�,g"HJI]\"yNIlT�XZdEdERzpaXZYJIlivYJRvX�TJIaHJ¡GIaHa�XZ^_i·YJe"I�Xl¡GIaHUXZDGI�^8F"`hr*IaHjRZ�

g"HJI]\"yÔpUe_XZ^"DGIlTaM noe"I���RGHJ`bIaHbizI]\_^"IlTbYJe"IfXZ`�RGF"^8Y�RZ�xTJYUXZYJI�C>^�YJe"IfTJIaHJ¡GIaHUT�XZ^_iÔYJe"IfXGi"izHJIlTUT

TJg_XGp]I��2HUXZDG`bIa^kYUXZYJCERG^SËtYJe"I�d>XZYJYJIaH�izI]\_^"IlT�YJe"IY\_Fzy�RZ��YJe"IuXGi"izHJIlTUTJIlT�XZdEdERzpaXZYJIli�YJR�YJe"I�F_TJIaHUTl�*RGH

YJe"IjpUe_XZ^"DGI�CE^�XGTUTJRzp]C>XZYJIli}HJRGF"YJCE^"D�C>^z�2RGHJ`�XZYJC>RG^SM���^�RGF"H�TUCE`�F"d�XZYJCERG^_TLw�I�izI]\_^"Ili�g"HJI]\"y�p¦e_XZ^"DGI

þGþGþ



XGTcYJe"I�XZdEd>RNpaXZYJCERG^hRZ�SX|^"IawÔg"HJI]\"yt�kRGH�YJe"I,I]yzg_XZ^_TJCERG^�RGH�TJe"HJC>^"�kCE^"Db�2CE^_p]d>F_izCE^"D�p]RG`�g"dEIaYJI,HJIadEIlXGTJI§¢

RZ��XZ^�XZdEHJIlXGiz��XZdEdERzpaXZYJIli�g"HJI]\"y �"e"Ia^_p]IxYJe"IxHJIlTJF"dEYUToXZHJI�p]dER&TUIaHLHJIag"HJIlTUIa^8YUXZYJCERG^�RZ��YJe"I�\_Fzy�CE^�YJe"I

XGTUTJRzp]C>XZYJCERG^}RZ�cTJIaY,RZ��XGi"izHJIlT¦TJIlT,w,CEYJe�X���¶|ý"{
izRG`�XZCE^SM

B�CEDGF"HJI�¶jM T ��X8¢4TJe"R§w¨TxYJe"I�TJe_XZgtIhRZ�LYJe"IuR�¡GIaHUXZdEd�izIa`�XZ^_i�g_XZYJYJIaHJ^SMuÊLIlpaXZF_TJI�w�I�wLXZ^8YJIlisYJR

TJYJHJIlTUTLYJe"IxXZdEdERzpaXZYJCERG^S�NCE^"CEYJC>XZdEd>�jw�I�TUYUXZHJYJIli�C>^_p]HJIlXGTJCE^"DhYJe"I|izIa`�XZ^_i�HUXZg"C�izdE�G�kd�XZYJIaHoXZYoYJCE`�I�K üGüGü

w�IhTJF_i"izIa^"dE�}izIlp]HJIlXGTJIli�CEY,rk�}e_XZd¸�$�_XZ^_i�\_^_XZdEdE��XZY¨YJCE`bI ª K üGüGü w�I�CE^_p]HJIlXGTUIli�CEY,Y�w,C�p]IGMLB�CE^_XZdEd>�G�

RG^ÓX�¡GIaHUXZDGIG��Ia¡GIaHJ��K�e"RGF"HUTa��XfHUXZ^_izRG` dECE^"��w[RGF"d>i�DGR�izR�w,^���RGHuþ ¬ e"RGF"HUTaMvÊLIlpaXZF_TJI}X�pUe"CEd>i

^"RNizI�w[XGTLp]RG^"^"Ilp]YJIli�rk�uXjTJCE^"DGdEIodECE^"�hYJR�CEYUT�g_XZHJIa^8Ya�zXZ^_i�XZdEd"YJRGgzVWdEIa¡GIad*^"RNizIlT�w�IaHJI�p]RG^"^"Ilp]YJIli�CE^

XbTJYUXZHa�_XbTUCE^"DGdEI|dECE^"����XZCEd>F"HJI|p]RGF"d�i}g_XZHJYJCEYJCERG^�YJe"I�YJRGgtRGdERGDG�GM�ÊL�}F_TJCE^"DbXuHJIad>XZYJC>¡GIadE��e"CEDGe�HUXZYJIjRZ�

dECE^"���¾XZCEdEF"HJIlTa�®XZ^_i�rk��F_TJCE^"D�YJRGg*RGdERGDG��YJe_XZY�C>T4^"RGY4HJRGr"F_TUY�XZD&XZCE^_TUY4g_XZHJYJCEYJC>RG^"CE^"D"�®w[IhwLXZ^8YJIli�YJR

TJYJHJIlTUToYJe"IxHJRGr"F_TJYJ^"IlT¦T,RZ�YJe"I�XZdEd>RNpaXZYJCERG^�`bIlp¦e_XZ^"C>TJ`��zXZ^_i�w[XZ^kYJIli�YJR�CE^k¡GIlTJYJCED&XZYJI|e"R�w�^"IaY/w�RGHJ�

��XZC>dEF"HJIlTLw�RGF"d>i�X�Ñ Ilp]Y¨YJe"I�XZdEd>RNpaXZYJCERG^}d>XZYJIa^_p]�GM

�/^�RGF"HoTJCE`hF"d>XZYJCERG^_TcYJe"I|XGi"izHJIlTUTLF"YJCEdEC>±lXZYJCERG^�YUXZHJDGIaYow[XGT T�ü V/ ü E g*IaHL^"RNizIGËzYJe"I�YUXZHJDGIaYo^8F"`�V

r*IaHuRZ��g"HJI]\"yNIlTuwLXGT�YJe"HJIaI}g"HJI]\"yNIlT�gtIaHu^"RNizIGM�¶�e"CEDGe"IaHuF"YJCEdEC>±lXZYJCERG^�YUXZHJDGIaYbp]RGF"d>iÓ`�XZ�GI�YJe"I

g"HJI]V�XZdEdERzpaXZYJCERG^ÔdEIlT¦T�I]Î�p]CEIa^8Ya�¨XZ^_iéw�RGF"d�iÔCE^_p]HJIlXGTJIvYJe"IvXZdEd>RNpaXZYJCERG^�d�XZYJIa^_p]�GM�¶�e"C>DGe"IaH�YUXZHJDGIaY

^8F"`hr*IaHuRZ��g"HJI]\"yzIlThw�RGF"d>iÓCE^_p]HJIlXGTUI�YJe"I}TJYUXZYJI}g*IaHh^"RzizIGËLXvdER�w[IaHuYUXZHJDGIaYh^kF"`�rtIaHuw�RGF"d>iÓizI]V

p]HJIlXGTJIuYJe"I�F"YJC>dECE±lXZYJCERG^�gtIaH�^"RNizIG� rtIlpaXZF_TJIG�Sw,CEYJe"CE^vIlXGpUe�g"HJI]\"yfYJe"IaHJIuC>T�X�dEC>�GIadECEe"RNRNi}RZ�[X}K ü E

CE^8YJIaHJ^_XZd��2HUXZDG`bIa^kYUXZYJCERG^SM

þGþ ¬
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