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ORQgJLZ�Z[\�KpF]JL`Gd.XcJeoc\�ZWDXG\�dY\�H[DGtY`·oc\�H[olJe\pr `Gx3`cVgH�ð¯ñ�Ð´ò xÞHIDcbµ\pr�`cHIM�xÞ`GH�teDcHIXc\RZIKpDGtL\aK�`cbµb�VgdgJLK�DcF]JL`Gd�SUðañ�ÐgòÈK�Dcdª�@\
Z[\�\�d.DcZWD�bµ\pZIZ[DGXc\�G¶`GH[Je\pdlF]\�hµbPJehYhgte\pr�DcHI\RZ[`GtLVgFIJe`cd�S�uvFWJLZWJLdgQg\�H[\�dlFIteyP`G�]\]\�K�F_G©`cHIJL\�dlFI\�h�z�DcdghªJLZ�VYZI\ph.DGZWDteJLXGQlFvr�\�JLXGQlF
tLJe�gH[DGH[y{S�ORQg\nhgJ|;@\�H[\�dlFRteD·yc\�H[Z�DcHI\nZ[Qg`·rRd¸JLd�s0JeXcVgHI\ , DGdYh&JLdlF]H[`{hYVgK�\ph&JLd�DµFI`GïvG¶hg`·rRd&`GH[hg\�H·S�ORQg\�yªDcHI\nïgH[\�Z[\�dlFI\�h
JLdùbP`GH[\whg\�FIDGJLt�JLd�F]Qg\�xÞ`GtLte`·rRJLdgXªZ[\�KpF]JL`GdgZ·S�}¯Z¢bP\�dlF]JL`Gdg\ph�DG�@`·oG\lz´r�\�xÞ`lK�VgZ~`Gd ß¶ÑNâ@ÝÞÓ�{vÜ�ÚGÙ�Ö�õ�ïgVY�gteJLZ[Qv^GZ[Vg�gZ[K�H[Je�@\�JLd
F]QY\wK�`GdlFI\�<lF>`GxUF]QgJLZaïgDcï¨\pH�S

c"/�. ÃHÄkq£78skskr¢5�lm784 5¢209nr�7	�%q	u

}¯ïYïgteJLK�DcF]JL`GdgZ0VgZ[JLdgX¯FIQg\�ð¯ñ�Ð´ò ïgVg�gtLJLZIQv^cZIVY�gZIKpHIJL�@\�xÞH[DGbP\�r�`GH[M¢�gDGZ[JeKpDGtLtey¢JLd{FI\�H[DGKpF*rRJLF]QµD~ðañ�Ð óôð.ÝÞÙ�ß©ÕNÝÞÜ¦Ô´ß¶Ö[õRñµÙ�×·Òx{
Ó¦áGÕ9ÑcÒYÑGÔ´ÙªÐ�ÑGÛÞÛ�Ö[Ó¦ß¶ÝÞÑGÒ·ø·SWORQg\¦Å#Æ#Æ%Ç=È¯bP\�FIQg`lh�xÞ`GHRJLdgZIFIDGdgKp\w\�dgDc�gtL\�ZRF]QY\wDGhghgJLF]JL`Gd�`cx�dg\pr `c�#\]\�KpF]ZaFI`µFIQg\�Kp`GtLte\pK�F]JL`GdUz
rRQgJLKNQÄKp`GbP\�ZnF]`�â@Ô´Ü¦Û�ÝÞÙ�áGÝÞÒ�öËdg\�r bP\pZIZ[DGXc\`G�]\]\�K�FIZ�SwORQg\�JLdlF]\pHIDcK�F]JL`GdÅZIKNQY\�bP\�Z[Qg`·rRdùJLdËsUJLXGVYHI\ , JLtLteVgZ[F]H[DGFI\�ZnF]QY\
â@Ô´Ù�ájbµ`lhg\ptarRQg\pHI\�Z[Vg�gZ[K�H[Je�@\�H[Z.DGH[\�K�DGtLtL\�h#�gDGKNM��±ïgH[JebPJLF]JLoG\�É#Ê#ËmÌ=Í#ÎÏÇ=ÈK�aVgï@`Gd JedYK�`GbPJLdgXjbP\�Z[ZIDcXG\pZ�SÐZ¯`·r�\�oc\�H·z
ðañ�ÐWZR`K;¨\pHRDPo¦DcHIJL\�Fvy¸`Gx*ï@`GZ[Z[Je�gJLtLJeFIJe\pZa`Gx�JedlF]\pHIDcK�FIJedgXPrRJLF]Q�F]QY\�bùzlDGZRr�\wrRJLtet3Z[\�\wJLd�mg\�KpF]JL`Gd¯C@S
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Application

DAC

Topic Membership

Failure Detector

Topic Multicast/Broadcast

add() contains()

TR-broadcast()

TM-cast()

send()

receive()

TR-deliver()

TM-deliver()TM-ack() TM-updateView()

UDP

FD-updateChannelState()

remove() contains() ...

s0JLXGVgH[\ , Ï�|*D·yc\�H[Z
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ORQgJLZPteD·yc\�HJLZPK�`cbµï@`GZ[\�h `GxaFIQg\&KpteDcZIZ[\�ZµF]QYDGFµJebPïgtL\�bP\�dlFPF]QY\&}~CWu�`cxRF]Qg\�ðañ�Ð;ïYHI`cXGH[DGbPbPJedgXÄDG�gZ[F]H[DGKpF]JL`Gd»xÞ`cH
ïgVg�YteJLZIQx^GZ[Vg�gZ[K�H[Je�@\PJedlF]\pHIDcK�FIJe`cd�SwORQg\pyùDGH[\PHIDcF]Qg\pHnteJLXGQlFvr�\�JLXGQlF~KpteDcZIZ[\�Z·z@rRQgJLKNQÅhY\�tL\�XGDcF]\µXG\pdg\�H[DGt0xÞVgdgKpF]JL`GdgDcteJLFvyùFI`
F]QY\�VgdYhg\�H[teylJLdgX¸tLD·yG\pH�SaORQg\�JLH¢F]DGZ[MlZ¯DcHI\�ZIJLbPJetLDGH¢F]`&K�\�dlFIHIDcteJ|��\ph�K�`GdlFIDGJLdg\�H¢K�tLDGZ[ZI\pZ�zYJvS \lSez¨F]QY\�y�bPDGJLdgtLy�FIDGMc\K�DcHI\`Gx
F]QY\�te`lKpDGt*bPDcdgDGXc\�bP\�dlFR`Gx0bP\�Z[Z[DGXG\n`c�#\]\�KpF]Z·SWmY\�K�FIJe`cd�C.\�<lïgtLDGJLdgZ¯JLd�bP`GH[\whg\�FIDGJLt*Qg`·rÈDªðañ�Ð H[\�ïYHI\pZI\pd{FIZaD.F]`cïgJLK
JLd�FIQg\wK�`cdlF]\�<lF>`GxUF]`cïgJLK�G¶�gDGZ[\�h&ïgVg�gtLJeZ[Qv^cZIVg�YZIKpHIJL�¨\lS
ORQg\aðañ�Ð»DcïgïgtLJe\pZBD�ïgH[\�hY\�>gdg\phPF]QgH[\�DchgJedYXwbµ`lhg\pt zG�lyDcZIZ[JeXcdgJLdgXwdg`GFIJ�>YK�DGFIJe`cdgZBFI`wF]QgH[\�DchgZ�S*ORQg\aKpteDcZIZWr�\RVgZ[\aDcZ

DGdÄJetLteVYZIFIHIDcF]JL`Gd�JLdùF]QgJLZ¢ïgDGï@\�H~JeZ¢F]Qg\XÙ#Ú Û#Ë#Ü#Ê#É Ý#Û#Þ#ËPK�tLDGZ[Z�zgrRQgJLKNQùXGVgDcHIDcdlF]\�\pZµÖ¢ß´ÚcÓpß¶Û�×�{vÑcÒYÓ�Öhg\�tLJeoc\�H[y&Z[\�bPDcd{FIJeKpZ¯FI`
DPïgVg�gtLJLZIQg\pH�S�C�Vg�gtLJeZ[Qg\�h�bP\�Z[ZIDcXG\pZ�DcHI\¢ïgDcZIZ[\�h�F]`PF]QY\¢VYdghg\�H[tLy{JLdgXP�gH[`GDchgK�DcZIF�teD·yc\�H>F]QgH[`GVYXGQ¸FIQg\¦à#á#â ã#Ü#Ê#Å#Æmä=Å	å=ËÏÇ�È
ïgH[JebPJLF]JLoG\lz{DGdgh�bP\�Z[ZIDcXG\pZ�DcHI\¢H[\�K�\pJeoc\�h�F]QgH[`GVYXGQ�F]Qg\¦à#á#â#Æ Þ#æ	Ì=ç#Þ ÜÏÇ=È�ïgH[JLbµJLF]JLoG\lS
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ORQgJLZ¯tLD·yG\pHR\�dgDc�gte\pZ¯FIQg\�bVYteFIJeKpDGZ[FaDGdgh��YHI`cDGhgKpDGZ[FR`Gx0bP\�Z[ZIDcXG\�ZRrRJLF]QÄhgJ�;@\�H[\�dlFaZ[\�bPDcd{FIJeKpZaF]`¸F]Qg\�ZIVg�YZIKpHIJL�¨\pHIZR`cx0D
F]`cïgJLK{S8aÆQgJLtL\wF]Qg\¸YÑNâ5ÝÞÓP²�Õ9Ñ¦ÚGõcÓ�ÚGÙ�ß�\�dgDc�gtL\�ZRF]QY\w�gHI`cDGhgKpDGZ[F�`cx�bP\pZIZ[DGXc\�Z>F]`ÅÚcÛÞÛ3Z[Vg�gZ[K�H[Je�@\�H[ZR`GxUDPF]`cïgJeKlzlF]QY\¸gÑ�â@ÝÞÓ
®�Ô´Û�ß¶ÝÞÓ[ÚcÙ�ßaJLZwVgZ[\�hËJedÂFIQg\.K�`cd{FI\�<lFn`Gx�K�`GdlFI\�dlF¢G¶�gDGZ[\�hÅïgVg�gtLJLZIQv^cZIVY�gZIKpHIJL�@\�A , I�E S�}¯Zhg\�ïgJLK�FI\�hÂ\�DcHItLJL\�H·z@D�Z[Vg�gZ[K�H[JL�¨\pH
K�Dcd hg\pteJLdg\pDGF]\&JeFIZPJedghYJeolJLhgVgDGtRH[\�@lVgJLH[\�bP\�dlF]Z��gDGZ[\�h `Gd»FIQg\�ïgH[`Gï@\�H[F]JL\�Zµ`GxRF]QY\�bP\pZIZ[DGXc\�Z·Sùuvd ZIVgKNQ DÄZ[K�\pdgDGH[Je`5z�D
bP\�Z[ZIDcXG\>bVYZIFBdY`GFE�@\a�gH[`GDGhYK�DGZ[F0F]`wDctetgZ[Vg�gZ[K�H[JL�¨\pHIZ·z��gVgFW`GdgtLyFI`�DwZIVY�gZI\pF¦z�rRQgJeKNQPïgH[`·oG\pZEF]Qg\¯dg\�\phµxÞ`cHBDwbVYteFIJeKpDGZ[F
ïgH[JebPJLF]JLoG\lSUmg\�KpF]JL`Gd¯¥µXcJeoc\�ZRDcd&JLdgZ[Jehg\wolJL\�r `GxUF]QgJLZatLD·yG\�H>xÞ`lK�VYZIJLdgXP`Gd��gH[`GDGhYK�DGZ[F�JeZ[ZIVY\�Z·S
f>`GFIQË�YHI`cDGhgKpDGZ[FwDGdghÂbVYteFIJeKpDGZ[F�K�`cbµ\¸rRJeFIQ Õ9ÖpÛ�ÝÞÚGÜ¦Û�Ö�z~Ù[ß¶Ô´Ü¦Ü[ÑcÕNÒ±A ~�WFE�`GH�Ù�ÝÞà¯â@Û�ÖH�[Ü[Ö¦Ù�ß�{vÖ�énÑcÕNß��>Z[\�bPDGdlF]JLK�Z·S¸ORQgJeZ

tLD·yG\�H¯DGtLZI`ªFIDGMc\�ZaKpDGH[\�`GxE�gH[`GDchgK�DcZIFIJedYXµZ[Vg�gZ[K�H[JLïgF]JL`Gd�JLdgxÞ`GH[bPDGFIJe`cd�JexBD¸ZIVg�YZIKpHIJL�¨\pH¯r�DGdlF]Z~F]`�\]`cJedÄJedù`cH¯bP`lhgJLxÞy�JLF]Z
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Z[Vg�gZ[K�H[JeïgFIJe`cdùïgDcHIDcbµ\pF]\pHIZ·SaOU`�ZI\pdghÄDcdghÄH[\�Kp\�JLoG\�bP\�Z[Z[DGXG\pZ�zYF]QY\µZ[Vg�gZ[K�H[JL�¨\pH~VgZ[\�Z¢F]QY\µïYHIJLbPJeFIJeoc\�Z�à ê#â	ä=Å	å�ËÏÇ=È¢Dcdgh
à#ê#â Æ#Þ#æ	Ì=ç Þ#ÜÏÇ=È�HI\pZIï@\�KpF]JLoG\pteylS3ORQg\�Vgïgï@\�H0tLD·yG\�HUH[\�K�\pJeoc\�Z�DGKNMldg`·rRtL\�hgXc\�bP\�dlF]Z�xÞ`GH0Z[VgK�Kp\�Z[ZIxÞVgt{bP\�Z[ZIDcXG\�ZI\pdghgZ0F]QgH[`GVYXGQ
à#ê#â Å	ä=ëÏÇ=ÈcS
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ORQg\ìgÑ�â@ÝÞÓf®�Ö¦à�Ü�Ö¦ÕNÙ�áGÝ â teD·yc\�H&bµDcJedlFIDGJLdgZ&D te`lKpDGt¢o{JL\�r�`GxwF]QY\ÅïgH[\�Z[\�dlF&DGdgh H[\�DcKNQgDG�Yte\ùZ[Vg�gZ[K�H[JL�¨\pHIZ&xÞ`GH�\�oG\pHIy
XGJLoG\pdùF]`cïgJLK{S¢ORQg\?gÑ�â@ÝÞÓ¯®�Ö¦àµÜ[Ö¦ÕNÙ�áGÝ âÂïgH[`GFI`lK�`Gt�JeZn�gDcZIJLK�DctetLy�HI\pïgH[\�Z[\�dlF]\ph�F]QgH[`GVgXcQùF]QY\µZ[F]DcF]\pZ~`cxBK�`cbµb�VgdgJLK�DcF]JL`Gd
KNQgDcdgdg\�tLZ¢rRJeFIQÄ`GFIQg\�H¢ïgDcHIFIJeKpJeïgDcdlF]Z·SaORQgJLZ¢teD·yc\�H¯H[\�Kp\�JLoG\pZ¯KNQgDcdgdg\�tUZ[F]DGFI\Vgï@hgDcF]\�Zn\pJeFIQg\�H¸Û�Ñ¦Ó�ÚGÛÞÛ�×¸xÞH[`Gb F]QY\�KNQgDcdgdg\pt
xÞDGJLtLVgHI\Phg\pF]\pK�F]`cHî�Þs8TP�>`GH&Ö¢ßgß©Ö¦ÕNÒYÚcÛÞÛ�×&xÞHI`cb�`cF]Qg\pHwïgHI`lKp\�Z[ZI\pZ�z@\=<{DcK�FIteyùtLJLMG\PJedYxÞ`GH[bµDcF]JL`GdËDG�@`GVgFwZ[Vg�gZ[K�H[JLïgF]JL`GdgZnDcdgh
VgdgZ[Vg�gZ[K�H[JLïgF]JL`GdgZ·S�ORQgJLZ¯tLD·yG\pHaJedYhgJeKpDGFI\�Z¯bP\pb�@\�H[ZIQgJLï�KNQgDcdgXG\pZaF]`ªFIQg\fYÑNâ5ÝÞÓï®�Ô´Û�ß¶ÝÞÓ[ÚcÙ�ß�ú�²�Õ9Ñ¦ÚGõcÓ�ÚGÙ�ß>tLD·yG\pHarRJeFIQùF]QY\
ïgH[JebPJLF]JLoG\�à#ê#â#ð ñ#Æ#Å#Ë#Þ ò	Ì=Þ#óÏÇ�È{z�DcdghPZI\pdghgZ�DGdghPH[\�K�\pJeoc\�ZEbP\�Z[Z[DGXG\pZ0F]QgH[`GVgXcQPF]Qg\aïYHIJLbPJeFIJeoc\�Z[å=Þ#É#Æ%Ç=È�DcdghPÜ Þ	ä=Þ	Ì=ç ÞÏÇ=È
`GxUF]QY\¸ô@ð[N�teD·yc\�H·S
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ORQg\ Ð�áGÚcÒYÒYÖ¦ÛUöEÚGÝÞÛ�Ô´Õ9ÖùðPÖ¦ß¶Ö[Ó¦ß¶ÑGÕËtLD·yG\pH&JLZùVgZ[\�h F]` DGhYbµJLdgJLZIFI\�H�D#dg\�Fvr�`GH[MÆF]`cï¨`cte`cXGyÆDcdgh hY\�>gdg\jFIQg\ÂolJe\prRZ�`Gx
H[\�DGKNQYDG�gtL\PZIVg�YZIKpHIJL�¨\pHIZ·S.uvFJeZ�ZIQgDcHI\phÂ�{yÅZI\poG\pHIDctBðañ�Ð JedYZIFIDGdgKp\�Z�Qg`cZIFI\�hj�lyÄFIQg\ªZ[DGbP\.ïgH[`lK�\�Z[Z·S�OUQgDcdgdg\ptBZIFIDGFI\
KNQgDcdgXG\pZªDGZ&ï¨\pHIKp\�JLoG\�hÆ�ly F]QY\ÄxÞDGJLtLVgHI\Ähg\�FI\�K�FI`GH&DGH[\ùDGhgoc\�H[F]JLZI\ph F]` FIQg\»YÑNâ5ÝÞÓ·®�ÖpàµÜ�ÖpÕNÙ�áGÝ â tLD·yG\pHªF]QgH[`GVYXGQÆF]QY\
÷ Ù#â ð#ñ#Æ#Å#Ë Þ#ø#ù#Å#É É#Þ#æ Û Ë#Å Ë#Þ0Ç=È�ïgH[JebPJLF]JLoG\lS
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Q�VgHE\pd{FIJeH[\RïgVg�YteJLZIQx^GZ[Vg�gZ[K�H[Je�@\RDGH[KNQgJLF]\�KpF]VgH[\>JeZWJebPïgtL\�bP\�dlFI\�hP`GdPF]`cïP`Gx�ÿkT¢CWS·}¯ZWK�`Gdloc\�yG\ph�lyJLF]ZWdgDGbP\{zFÿkT¢C»JLZED
dg`cd.HI\pteJLDG�gtL\aïgH[`GFI`lK�`Gtvz·rRQYJeKNQª`K;¨\pHIZ�F]Qg\¯te`l`GZ[\�dY\�Z[ZWH[\�@lVgJLHI\phµxÞ`cHWFIQg\¯hg\pK�`cVgïgtL\�hªdgDcF]VgH[\a`cx@ïYVg�gtLJeZ[Qv^GZ[Vg�gZ[K�H[JL�¨\lSUQ�VYH
k{D·o¦DPJLbPïgte\pbP\�dlF]DcF]JL`Gd�`GxEðañ�Ðgò VgZ[\�ZaFIQg\�Z[F]DcdghgDGH[h�kcD·o�DPK�tLDGZ[Z[\�ZaxÞ`cH�ÿkT¢C Z[`{KNMc\�FIZRDGdgh�hgDcF]DGXcHIDcbPZ��ÞJvS \lSezgK�tLDGZ[ZI\pZ
� Å#ç Å���É#Þ#Ë���Ù#Å#Ë#Å Ý#Ü#Å����#Åmä=ëKÞ#ËªDcdgh � Å ç#Å���É#Þ Ë���Ù#Å#Ë Å#Ý#Ü#Å��KÛ#Ê	ä ë#Þ Ëm�]zYrRQgJeKNQjDcHI\.ïYHI\pF]FvyËK�tL`GZ[\.F]`ùFIQg\ªbP\�FIDGtvS¸ORQY\�Z[\
K�tLDGZ[Z[\�Z>DGH[\nrRHIDcïgï¨\ph&JLdlF]`PbP`GH[\nï¨`·r�\�H[xÞVgt3DG�YZIFIHIDcK�F]JL`GdYZ�xÞ`cHRK�`cbµb�VgdgJLK�DcF]JL`Gd�KNQgDGdgdY\�tLZ��ÞZ[\�\nmg\�KpF]JL`Gd¶Y��IS
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ORQgJLZ0ZI\pK�F]JL`GdXGJLoG\�ZUD¢�gHIJL\�x´Z[VgbPbPDGH[yw`Gx´`cVgHUð¯ñ�Ð´ò ó�ð.ÝÞÙ�ß©ÕNÝÞÜ¦Ô´ß©Ö�õ�ñPÙ[×·Ò¨ÓpácÕ9ÑGÒ¨ÑGÔ´ÙwÐ�ÑGà¯â@Ô´ß¶ÝÞÒ·ö¯ò¢ÒY÷¦ÝÞÕ9ÑGÒ¨à�Ö¦ÒYß�øWxÞH[DGbP\=G
r�`GH[MjxÞ`GH.ïgVg�YteJLZIQx^GZ[Vg�gZ[K�H[Je�@\�JedlF]\pHIDcK�FIJe`cd�SÐaÅ\�Z[F]DcHIFP�ly ïgH[\�Z[\�dlFIJedgXËF]QY\ùðPÝÞÙ�ß¶ÕNÝÞÜpÔ´ß¶Ö�õ�ñµÙ�×·ÒYÓ¦áGÕ]ÑGÒYÑcÔ´ÙÂÐ�ÑcÛÞÛ�Ö�Ópß¶ÝÞÑGÒ
ó�ðañ�ÐgøDcZnïgHI`cXGH[DGbPbPJedYXªDG�gZ[F]H[DGKpF]JL`Gd�z¨rRQgJLKNQË\�dgDc�gte\pZnF]Qg\PK�DcïgF]VYHI\�`GxWFIQg\PhgJ|;¨\pHI\pd{F¢Z[Fvy{tL\�Zn`cxWïgVg�YteJLZIQx^GZ[Vg�gZ[K�H[Je�@\
�ÞFI`GïgJLK�G¶�gDcZI\ph�zlK�`cdlF]\�dlF_G©�gDcZI\ph�zlFvylï@\�G¶�gDGZ[\�h!�UrRJLF]QY`GVgFa�YteVgH[H[JedgX.FIQg\�JLHaH[\�Z[ï¨\pK�FIJeoc\wDGhgo�DGdlFIDGXG\pZ�S¤aÅ\�FIQg\�d�`cVgF]tLJLdg\�F]QY\
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JLd{FI\�H[\�Z[FEJed.DctetYZIVg�YF]`GïYJeKpZ�S�Z¯\pdgK�\RQ � hg`l\�ZBdg`cFE`GdgtLyH[\�Kp\�JLoG\>bP\�Z[ZIDcXG\�S ³ �gVgFBDcteZ[`nbP\�Z[ZIDcXG\�S � ïYVg�gtLJeZ[Qg\�h.xÞ`cHBF]`cïgJLK
��^cTWC�sU|!^�T¢m!O��@SYuvdËK�`GdlFIHIDcZIF�z1Q ³ `GdgtLy�Z[Vg�gZ[K�H[Je�@\�ZwFI` �§^GT�CWs0|�^KT~m!O��&DGdghËF]QlVgZwhY`{\pZwdg`GFnH[\�Kp\�JLoG\µbµ\pZIZ[DGXc\TS ³ z
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