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3.1. ProblemDefinition
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Figure 1. Agreement but no order
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Figure 2. Order but no agreement
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3.2. SolvingProbabilistic Atomic Broadcast
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Figure 3. Algorithm execution
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Figure 4. Probabilistic atomic broadcast algorithm (for process
�
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3.3. Impr oving the PABCast Algorithm
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Figure 5. Number of processes that re-
ceived a messa ge after + gossip steps
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Figure 6. Probability that all processes
received a messa ge after S gossip steps
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Figure 7. Probability that a processes re-
ceives Ø³ÙÛÚ votes after + gossip steps

Ü ÝXÞ�ßXàoácâaãrâaä�ålä�æ�ç�èeé�ê +�ë æiÝaã¢æ°ì¤àiÞpíwÞwälîVÞpï Ø ÙqÚ îcáræoÞ�ï
ê�äñð ÞVðlòtæoÝaãræ�ì«æiÞwàió�ä�ôaãræoÞ�ï¨æiÝXÞqí�õXàiàiÞwôxæ�àoácõXôaö ë�+ ïkæoÞwß¡ï
ã¢÷�æiÞwà·ãøïoä�ôaùVålÞ´ó�ÞpïiïoãVùVÞ´úûÝaãVï«â°ÞwÞwôüâXàiácãVöaíwãVïkægä�ï
æoÝ{õaï�è�ýtê +�ë�þ{ÿ�� ð���älùVõXàiÞ���ïoÝXá���ï�æoÝXÞ�î�ãVå�õaÞpï�ár÷ªè é ê +�ëãVï¨ãZ÷�õXôaí æiä�ácô�ár÷�æoÝaÞ�ô{õXó¤â°Þwà�áV÷°ùcácïiïkälß�ï�æiÞwßaï + ò���ä�æoÝ
Ø
	���
�
 òcè�������� 	�
�� 
�� òcãrôaö Ú�	�� ð�Ü ÝaÞ�ßXàiáVâaãVâXä�ålä�æ�ç
ár÷¿àiÞpíwÞwälî{ä�ôXù Ø�Ù¹Ú îVáræiÞpï�í�áVô{îcÞwàiùVÞpï�æiá � ãræ�ötä���ÞwàiÞwôxæ
ïoß¡ÞpÞpöXï�ötÞwß°Þwô¡ötä�ôaùÅáVô�æoÝXÞ¨÷ ãrôXácõtæeî¢ãrålõXÞ ��ð"!ÅáræoÞ¨æoÝaãræ
èeé�ê +�ë ä�ï�ãgålá���Þpà�â¡ácõXôaö´÷�áVà$# ý�%'& ô´ßaàiãcí æoä�í�Þ(# ý ��älålå
í�ácô{îVÞwàiùVÞ�æiá � ïoä�ùcôXä*)°íwãrôxæiå�ç«÷ ãVïkæoÞpàpò�â°ÞpíwãVõaïoÞ_ïoÞwîcÞwà�ãrå
ó�ÞpïiïoãVùVÞ�ï�íwãVô´â¡Þ_ïkÞpôaö´íwáVôaíwõXàoàiÞwôxæiå�ç·ãrôaömã�ßXàiá{íwÞpïiï
íwãVô¹æoÞpàoó�älôaã¢æiÞ_ã±àoácõXôaö+��ä�æiÝXáVõtæ�� ãrä�æoälôXùg÷�ácà Ø¹ÙøÚó�ÞpïiïoãVùVÞ�ïwòlð
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4.5. Scalability
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Figure 8. Unor dered messa ges as a func-
tion of the number of failures Ú
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Figure 9. Unor dered messa ges as a func-
tion of concurrent messa ges ¤

¥�¦ §�§ y�TcW���\VWojlTVU¡h�y \rvXTcUtn��¢\r`lUXY | \Vh�\Zy�UXvau�nojlTVv�TVy¡ni�XY
v{UX]¤�°YwW¨Try¡^aWoTtu�Y�hohoYph�Â WoYp^XWiYphoYwvxnoY � TVv�\Z`lTVfc\VWoj�no�a]_j�u
hiuw\r`lY Ã be��j�no�£Á�¨�©�ª�ªX« ¥�¦ ¥ d·\Vv � ÁW¬�­Y®*¨Z« ¥�¦ ¥ dX~¹¯ �XY
v{UX]¤�°YwW¤Try�h�niYw^ahqjlvauwWoY�\VhoYphZ`�jlvXY�\rWi`�zÄ��j�ni�Äni�XYg`lTVfx\¢²
Wij�ni�X] TVy�ni�XYgv{UX]��¡YpW¤Try ^XWiTtu�YphihoYphpbª���Xj�u�� � Yw]�TVvX²
hknoW�\¢noY�h�no�a\rn�TcUXW ^XWoTc�a\r�aj�`ljlhknoj�u��XWoTx\ � up\Vhkn�\r`lfVTcWoj�no�a]
hiuw\r`lYph ��Yw`l`�noT��cYwWizg`l\VWofcY�v{UX]��¡YpWih TVy�^aWoTtu�Y�hohoYphp~
¯ °²±m³�´�µ ¶A·�¸[¹2º2»¼³�º$»¼½\¾"¿�³UÀS¾�»ÂÁc¸A·�µ

Ã ^aj � Yp]�jlu�^aWoTVnoTtu�Tc`lhpbp\V`lhoT�Ä{vXT¢��v�\Vh�fcTchihkjl^�^XWiTrnoTV²
u�Tc`lhpbV��YwWiY�jlvxnoWiT � Uau�Y � j�v+Å Æ�Ç°j�vgno�XYZu�TVvxniY�[{n¨Try¿WiYw^a`�j�²
uw\rnoY �Z� \¢ni\V�a\VhoY�u�TcvahojlhknoYpvau�z�]�\Vva\rfcYw]�Ywvxnp~"È¹TVWiY�WoYw²
u�Ypvxno`lzVbtni�XYqj � Yp\��a\ch �¡YpYwv¹UahoY � noT��XUaj�` � y \rjl`�UaWoY � Yw²
noY�u nij�Tcv«]�Ypu��¡\rvXj�hk]�h²Å�É{b�Ê�d�Çñbafc\rWi�a\VfVY�uwTV`l`�Y�u nij�TcvKÅ Ë�Ç b
`lYp\ � YwW�Yw`lYpu�nojlTVv�\r`lfVTcWoj�no�X]�h Å�Ê ¥ Ç bc\Vv � fcWoTcUX^�u�TV]�]�Ut²
vXj�uw\rnojlTVv³^XWoTVnoTtu�Tc`lhpbt\Vh ��YqWoYp�{j�Yp� vXY�[{n�~� vÌÅ ÍpÇ b�\ fVTchihoj�^t² �a\chkY � ]�Ypu��¡\rvXj�hk] j�hg^XWiTV^°TchoY �
noTqjl]�^X`lYw]�Ywvxn�WiYw`ljl\V�X`�Y��aWoTx\ � up\Vhkn�jlv�`l\VWofcY�vaY�n���TVW�Ä{hp~
¯ �XY_^XWiTrnoTtuwTV`ª^aWoTtu�YpY � h�jlv´n���Tg^X�a\chkY�h5Î�jlv¹ni�XY¤µ¡Wihkn
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Figure 10. Number of gossip steps to
reach all processes (with probability

¥�¦ §�§
)

^X�a\chkYcb¤^XWiTtu�YphihoYph¹UahoY£\Vv UXvXWiYw`lj�\r�X`lYøfcTchihkjl^t² �a\VhoY �� j�hohoYw]�jlva\¢nij�Tcv Try jlvty�TVWi]�\¢nojlTVv�noT niWi\Vvahk]�j�n ]_Y�h�²
ho\VfVY�h5üqjlv ni�XYÛhkY�u�TVv � ^X�a\chkYcb�]�Y�hohi\rfcYphg`lTchihoYph·\rWiY� Y�niYpu�noY � \rv � WoYp^a\rjlWoY � ��j�no�±WiY�²ñnoW�\rv¡hk]�j�hohoj�Tcvahp~�¼{Yp�c²
YwW�\r`xTrni�XYwW¥^a\V^¡YpWihe�a\��VY�u�Tcvahkj � YpWoY � ^XWiTV�a\V�Xjl`�j�h�nijlu�\r^t²
^XWiTc\Vu��aYph¨noTghoTV`l�VYZWoYp`�j�\r�X`lY��XWiTc\ � uw\Vhkn²Å*Ê�ÆtbNÊpÉ�Çñ~

¯ �XY���TcWLÄ¹jlvýÅ*Ê8þ�Ç � j�hiu�UahihkY�hZ��\�zthZnoT·WiY � U¡u�Y_no�XY
v{UX]¤�°YwW¸TVy¹fVTchihoj�^ ]�Yphiho\VfVY�hÛY�[Xu��a\VvXfVY � �°Y�n���YwYpv
^XWiT{uwYphihkY�hw~ �¨WoTtu�Y�hohoYph«u�Tc]_]�UXvXj�uw\rnoY \VuwuwTVW � jlvXf¸niT
\·^XWiY�² � Y�niYwWi]_jlvXY � fcWi\V^X� ��j�ni�Û]�j�vXjl]�\r`�u�TVvavXYpu�nojl�c²
j�n�z¸noT¸\¢noni\Vj�v \ � Y�hkjlWoY � `lYw�cYw`�TVyZWiYw`lj�\r�Xjl`�j�n�zV~^È´TVWiY
WoY�u�Ypvcni`�zcb[Å�Ê�Í�Ç��a\Vhq^aWoY�hkYpvcniY � �XYpUXWoj�hknoj�uwh�niT¹fc\rWi�a\VfVY
u�Tc`�`lYpu�ng]_Y�hohi\rfcYph�jlv fcTchihkjl^t² �a\VhoY � �XWiTc\ � uw\Vhkng\r`lfVTV²
Woj�no�a]�hp~ ¯ �XY»\r^X^aWoTx\Vu�� \rjl]�h�noT£j � Ywvxnoj�y�zýÿV\rfcj�vaf�ÿ
�XU���YwWiY � ]�Yphiho\VfVYphp~
� WoTcUX^«]�Yp]¤�°YwW�hk�Xjl^³jlhihkUaYph jlv·\_fcTchihkjl^t² �a\VhoY � WiY�²

`�j�\r�a`�Y��XWiTc\ � uw\ch�nq^XWiTrniT{uwTV`�\VWoY � j�houwUahihkY�h�j�výÅ þ.Ç�\Vv �
Å*Ê�Ê�Ç ~ ¯ �aY�j � Yp\�j�h noT±^XWoT¢�{j � Yq^XWiTtu�YphihoYph���j�no�´\�^¡\rWo²
noj�\r`¿�{jlYw� Try¥no�aY�]�Yw]¤�°YwW�ho�Xj�^·TVyeni�XY¤hoz{hknoYp]·ba���Xj�u��
��j�`l`¿�°YqUahoY � noT�^XWiTV^a\Vfc\rnoY�no�XYq�XWiTc\ � uw\ch�n ]�Yphiho\VfVY�h
j�v_ni�XY�fVTxhohoj�^_^X�a\chkY TVy¡ni�XY�\r`lfVTcWoj�no�X]·~�¯ �XY�^XWiTV�X`lYw]
hkTc`��cY � jlv+Å þ�Ç¿\rv � Å�Ê�ÊYÇ°j�h¨TcWkni�XTVfcTVva\V`tnoT¤no�XY�^XWiTV�X`lYw]
\ �X� WoY�hohoY � jlv±ni�Xj�h�^¡\r^°YwW�ü{\Vv±jlvxnoYwWiYphknojlvXf�TV^°Ywv��xUXY�h�²
nojlTVv®jlh��aT¢� TVvXY¹uwTVUX` � \ � \r^Xn_ni�XY´���Å����\ch�n�\r`lfVTV²
Woj�no�a] noT¤WoUXv�Tcv_noTV^�TVy�hoUau��g\�]�Yw]��¡YpWiho�Xjl^ghkYpWo�{j�u�Yc~

¯ �XY«TcvX`lzÛ^XWoTc�a\r�aj�`ljlhknoj�u±\rnoTc]_j�ug�aWoTx\ � up\Vhkn�\r`lfVTV²
Woj�no�a]���Y¤\rWiY�\�� \rWiYZTVy�jlh�no�XY�TVvXY�^aWoY�hkYpvcniY � jlvGÅ § Çñ~
�Åhqjlv^Å ÍpÇ bªni�XYgY�[tY�u�Utnij�Tcv»^aWoTtu�YpY � h�j�vÛWiTVUXv � h��ºno�aY
vXTrnij�Tcv�Try¿WiTVUXv � j�v+Å § Ç�j�h�no�¡\¢n Try¿\�fcTchihkjl^t² `�jdÄVY�^XWiTV^X²
\rfx\¢nojlTVvºTVy�]�Y�hohi\rfcYphpb�\rv � hoTab�j�n � j���YwW�hgy�WiTV] no�XY
���Å����\Vhkn�WiTVUXv � hw~¥¯ �XYÅ^aWoTVnoTtu�Tc`a\VhihkUa]_Y�h¥no�¡\¢n�^aWoTV²
u�Y�hohoYph�uw\Vv � YwnoYwWi]�j�vaY�ni�XY v{UX]¤�°YwW¥Try°WoTcUXv � hevXYpY � Y �
y�TVW¹]�Yphihi\rfVY�h³noT WiYp\cu�� \V`�`�u�TVWiWiYpu n¹^XWiTtu�Y�hohoYph¹\Vv �
no�XYÄnojl]�YÄj�n³ni\.ÄcYph±noT®Y�[tYpuwUtnoY hoUau�� \£WoTcUXv � ~ ¯eT
\Vu��XjlYw�cY·noTVni\r`�TVW � YwW�b ^XWiT{uwYphihkY�h � Yw`�\�z � Yw`lj��cYwWij�vaf¸\
]�Yphiho\VfVY�UXvxnij�`¥\rv{z·Yp\VWo`lj�YpWÅ]�Yphihi\rfVY�h��a\��cY��°YwYwv � Y�²
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