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msg addr > leader
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reset timer  
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agent awakens

leader := me,
send Announce,

send Announce,expired 

reset timer  

set timer  
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set timer  
timer
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leader := me,

msg addr = leader
recv Announce &&
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send Announce,
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leader := me,

 

 

 

,

,

set timer  
leader := msg addr,

msg addr > leader
recv Announce &&

expired 

 

set timer  
leader := msg addr,

msg addr > leader
recv Announce &&

 
 

leader := msg addr,

msg addr > leader
recv Announce &&

set timer  

 

leader := me,

agent awakens

expired 

set timer

send Announce,

Announce

timer

Listen

reset timer

timer

set timer

reset timer

timer

send Announce,

recv Announce &&

reset timer

msg addr = leader
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ë ä ß ó � ��±ô�æ � ô ä å

´ ¶m���\�0ýsþn�����C·�» ¤µ%('�D�2J%]'X.M-z24'7°y+�B?D('�;j�=BC2J%P-Z.M-/;4)�'V;\-�9(9(;J'8LJL72J%]-�D*2J%('&@_Q];J;4'VDt2j.?'�-,9:'V;\-/;4;JB?a�'8L3-/232JB?K�'Â` �t�
2J%]'VD6BC2��=BC.?.Umw'8@_+,KP'X2J%]'XD('��k.?'�-�9('V;T-/D]96mw'�)�B?Dl-/D]D(+�Q(Dw@_B?D()c-/2324BCK�'k` � Ü�`¬Û8i\ËO+z�X'�a�'�; � 1N+�;T-/.?.UR(;4+U@V'�L4LW'8L024+
-/),;J'�'`+,D624%('&.C'8-�9:'�; � 24%('T°y+�B?D('V;8� L\-�D(D(+,Q(D]@_'�K�'VDt2\KlQ]LW2T;4'�-,@f%l-�.C.:R(;4+:@_'8LJLJ'�L�i7¤µBC2J%�.C+tLJL � �I'I�UD(+z��+�Dl-�a,'V;J^
-/),'I2J%]-/2�2J%('=DUQ(Klmw'�;>+/1£-/D(D(+,Q(D]@V'VK�'VDt24L>B�2>�=B?.C.(24-/�,'I1N+�;T2J%w-z2�2J+*+:@�@_Q(;�BML�ÑY�i�]ñ:ïCî�iVd�ñ�ð4e£dk��d6b,ï�i0e �fç�èé�éz� -�D]9
-/Dx-�9]9:B�24BC+,D]-/. È 1N+�;&24%('*.M-�LW2O-/D(D(+,Q(D]@V'VK�'VDt2&2J+q;4'�-,@f%n-/.?.7R(;4+:@_'8LJLJ'�L�i\$&%]'V;4'_1N+�;4' � �I'*Q]LJ'*-/D�-�9�°yQwLy24KP'�Dt2
2J'�;JKÊENä ß ó ÑY�i� ñ:ï%îmiVd:ñ�ð4e£dk��d�b,ï�i0e � HI+�D]@V'[-�),-�BCD7¥
Ñp��hJd�ÕWd�i:e�e�òVbÉdAigUõqd�î�e=g�dVbCeCÇ�ÓÔ	Õ}á � ç�èéé � � è ìV� � éF� × � � �9� é ë ÑY� ` �8� ÜµÑY� `¬Û � Ü

ENä ß ó Ñp��� ñ:ïCîmiVd:ñ�ð4eQdk�zd*b,ïCi0e � ç�èéé H#Ü È ô ÑY� ` ���
ë ÑY� ` Û � Ü ä ß æ�kôFæ Ü È
ë ÑY�CbCdfe�g,d_h:ig�d Ò±g,d_b?eCÇ�ÓÔ	Õ}á �lç�è¬é�é

¤µ%('�DÜ-�.M-z24'P°y+�B?D('V;Y�=BC2J%µ-�.?+z�X'�;q-�9(9:;4'�L4Lq-/;4;4BCa,'�L�-z2q24BCK�'�` �t� 2J%('�DÜ.C'8-�9:'�;4LJ%(B?R·BMLq;4'_^v'�LW24-/m].CBMLW%]'�9
+�Dw@_'�24%('�.?-/2J'n°y+�B?D('V;S;J'8@_'�BCa,'�Lp2J%('�.C'8-�9:'�;�� Lp-�D(D(+,Q(D]@_'�K�'VDt2�iÉu�D¢24%('�@_+�;4;4'V.M-z2J'89µ@V-,LW' � 2J%]B?LSKq-�o±24-/�,'
ÑY�i� ñ:ï%îmiVd:ñ�ð4e£dk��d6b,ïCi:e � ç�è¬é�é -�D(D(+,Q(D]@_'�K�'VDt24L � 2J%('�;J'V1N+�;4'�¥
ÑY�ChJd�ÕWd0i0e�e�òVbÉdAigUõqd�îJe&g,d_bCe%ÇæÓÔ	Õ}á �lç�è¬é�é � � è ì�� � é��Ø<× � � �9� é ë ÑY�'�WEl` � ô6È Hc��ä ß � �ó ä ßÜPEnÑY�i�]ñ:ïCî�iVd�ñ�ð4e£dk��d6b,ï�i0e � ç�èé�é ó ä ß H#Ü È ô ÑY� ` ���

ë � ÑY�$�yEn` ��ô È HA�zä ßD� � Ü æ
�±ô�æ � ó ä ß Ü È ô ÑY� ` ���

Î »2Ï#»AãU»2Ï ùú�Å,ý����C��¹n¶4���Uü ´ ý'·�·
$&%('Z+,D(.?oP9:BCr£'V;4'VD]@V'Zmw'V2y�X'�'VDq24%('ZQ(Dw@_+�;4;4'V.M-z2J'89�-/D]9q@V+�;4;J'�.?-/2J'�9P.?+,L4L>@V-,LW'8L�BML�2J%]'Z2J'�;JK²2J%w-z2XB?D]9:BM@V-/2J'8L�2J%]'
DUQ(K6ms'V;=+�1\;4+�Q]D]9(L&+/1T-/D(D]+�Q(D]@V'VK�'VDt2fL&;J'8ª,Q]BC;4'�9p2J+�'�LW24-�m(.?B?LJ%�-/Dx-/)�;4'V'89U^vQ(Rw+,Dp.?'�-,9:'V;8i
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$&%UQ]L � -/.?.02J%(;4'V'*L4@_'�D]-/;4BC+tL[EN.?+,L4LW.?'�L4L � @V+�;4;J'�.?-/2J'�9p.C+tLJL=-�D]9nQ(D]@_+,;J;4'V.M-z24'�9n.C+tLJLfHX%]-�a�'cBM9:'VDt2JBM@V-�.0;J'8LWQ].�2fLV¥

ÑY�ChJd�ÕWd�i0eve�ò_bâdAi¬g:õ�d�î�e=g�dVbCe%Ç�Ó#Ô	Õ}á � ÿ ç#ë ä0å÷Ü ��È ô ÑY� ` � � ÜµÑY� ` Û �
ë ÑY�ChJd�ÕWd0i0e�e�òVbÉdAigUõqd�îJe&g,d_b?eCÇ�ÓÔ	Õ}á �A×âØ<Ù
ë ÑY�ChJd�ÕWd0i0e�e�òVbÉdAigUõqd�îJe&g,d_b?eCÇ�ÓÔ	Õ}á � ç�è¬é�é

3#¶�¹n·��*����¸x¶4��� ¿ ���'»
ÑY�ChJd�ÕWd0i0e�e�òVbÉdAigUõqd�îJe&g,d_b?eCÇ�ÓÔ	Õ}á � ÿ ç � �~�0× Ûb� ë ä ß ó ÑY���¨�0¡�¢ ��ç �9£'`�å$¤ ç*æ ¡ � ` � ÿ ç!ô ä0åæÜkä ß

ë ä ß ó � � Ü ûë ì Ø � E ô*� H ü
ì � �¬þ�� M å�� �

E �±ô�æ
ì
H,� ô ä å

´ ¶m���y�7ýsþn�����C·�»Ê��9�°yQ]LW2JB?D()[2J%]'&2J'V;4K¡24%]-z2�B?D]9:BM@V-/2J'�L\24%('=DUQ(K6ms'V;�+�1w;4+�Q(Dw9(LT+/1£-/D(D(+,Q(D]@V'VK�'VDt24LT;4'�ªtQ(B?;4'�9
2J+�'8Ly2f-/m(.?B?LJ%�-/Dx-/),;J'�'�9U^vQ(Rs+�Dp.?'�-,9:'V; � �I'��wD]9n2J%('�@V+�;4;J'8LWRs+�D]9(BCD()PK�'_24;JBM@VLI1N+,;=Q(D]@_+,;J;4'V.M-z24'�9p.C+tLJL�¥

Ñp��hJd�ÕWd�i:e�e�òVbÉdAigUõqd�î�e=g�dVbCeCÇ÷Ó#Ô	Õ}á �fÿ ç � � è ì�� � é0� × � � �9� é ë ÑY� ` �8� ÜµÑY� `¬Û � Ü
ENä ß ó Ñp��� ñ:ïCîmiVd:ñ�ð4eQdk�zd*b,ïCi0e � ÿ ç HUÜ È ô Ñp� ` � �

ë ÑY� `¬Û � Ü È Ükä ß ó ûë ì Ø � E ô*� H ü
ì � �¬þ�� M å�� �

E �Nô�æ
ì
H

ë ÑY�CbCdfe�g,d_h:ig�d Ò±g,d_b?eCÇ�ÓÔ	Õ}á �fÿ ç

ÑY�ChJd�ÕWd0i0e�e�òVbÉdAigUõqd�îJe&g,d_bCe%ÇæÓÔ	Õ}á �fÿ ç � � è ì�� � é��Ø<× � � �9� é ë Ñp�'�WEl` ��ô È Hc��ä ß�� �#ó ä ß Ü
EQÑY�i� ñ:ï%îmiVd:ñ�ð4e£dk��d�b,ï�i0e � ÿ çOó ä ß HUÜ È ô ÑY� ` � �

ë � ÑY�$�yEl` ��ô6È HA��ä ß�� � Ü ûë ì Ø � E ô*� H ü
ì � �¬þ�� M å�� �

E �±ô�æ
ì
H,�

ó ä ß Ü È ô Ñp� ` ���
Î&ÏQr=ÏQr t yOÖ w*ÓUT Y;©�ª�Ó3ÙUÙtÝ_«>Ó3Ù¬ÜÓZZÓUT(Ý\Ú:Ó#S
Î »2Ï#»2Ï#»nÐ ¾ ý ´ ý'·�·
¶X+�DwLWBM9:'V;\-O@V+�.?.C'8@A2JB?+�D6+/1JM R];J+:@_'8LJLJ'�L � -/D]96-ZR]-�;W24B?@VQ(.?-�;jR];J+:@_'8LJL�®�¯Z�=B�24%�2J%]'cE � Ü � H Û õ .M-/;4)�'8Ly2\-�9(9:;4'�L4L�i
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BC2`�=BC.?.w-�D(D(+,Q(D]@_'=.?'�-,9:'V;fLJ%(BCR�mUo�LW'�D]9:B?D()�-[K�'�L4LJ-�)�'=+�D].ColB�10BC2X9:+U'�L`D(+/2>;4'�@V'VB?a�'Z-[K�'�L4LJ-�)�'&1N;4+�K
-[R(;J+:@V'�L4L
�=BC2J%�-�.?-�;J),'V;=-�9]9:;J'8LJL�i�u�Dx+/24%('V;=�I+�;f9(L � B�2Oms'�@V+�K�'�L&.?'�-,9:'V;=BC1>-/.?.£2J%(' � R];J+:@_'8LJLJ'�LI�=BC2J%�.M-/;4)�'�;&-,9(9:;4'�L4LW'8L
R(BM@f��LJQ(R(R(;4'�L4LJBC+,D�24BCK�'8L�.M-/;4)�'V;[24%]-/D6` ôÆÈ ix$&%('Y.?BC�,'V.?BC%]+t+:9�+/1&24%(B?L6'Va,'VDt26BMLYE �jô í El` ôWÈ HWH ¯ � �=%('V;4'
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N-k-1
smaller addresses

0 < i <= k-1
larger addresses
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LJ'VD]9(L=-PK�'�L4L4-/)�'[BMLV¥

í ê � ®�¯úiVd�îsgCi�eYõ�d�i:iVe h d_ÓÔ	Õ}á � ×âØ<Ù ë » Þ%ßÙ à\El`WH_E �Nô í El` ô È HJH ¯ é `
ë í E È H#Ü » Þ ß¼ à\El`WHVE �±ô í El` ô È HJH ¯ é `

$&%('�;J'V1N+�;4' � 2J%('*'V�:Rw'8@A2J'89SDtQ]K6ms'V;Z+�1jK�'�L4LJ-�)�'8LX),'VD('�;4-/2J'89n9:Q];JB?D()P2J%('6�:Q(R(R(;4'�L4LWB?+�DnBCDt24'V;4a�-�.7BML&)�B?a�'VDSmUo£¥

ÑY�âîJð:õæòfdVh[õ�d�i:i_e h d�i�Ó#Ô	Õ}á � ×,Ø<Ù ë û ý �ë¯ Ø<Ù í ê � ®~¯úiVd�î£g�i6eqõqd�i�iVe h djÓ#ÔkÕ}á � ×âØ<Ù
ë M í E È H#Ü

û ý �ë¯ Ø<Ù » Þ%ß¼ àjEl`WHVE �±ô í El` ô6È HJH ¯ é `
ë M í E È H#Ü » Þ ß¼ àjEn`WH û ý �ë¯ Ø<Ù E �±ô í El` ô6È HJH ¯ é `
ë M í E È H#Ü » Þ ß¼ àjEn`WH �Nô E �±ô í El` ô6È HJHDûí El` ô È H

é `

Î »2Ï#»2Ï#»Aã älýJ���C��¹n¶m���Uü ´ ý'·�·
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-/;4'O.?+,LW2�i>O+/24'O24%]-z2=�=%('�Dn-lKP'8LJL4-/),'OBML&.C+tLy2&mUo½®�¯ � BC2=B?L&-/.MLJ+l.?+,LW2ImUoY-�.C.£+/24%('V;&R(;4+:@_'8LJLJ'�LX�=B�24%S-,9(9:;4'�L4LW'8L
.M-/;4)�'V;[24%]-/DFBC2�24%('V;4'VmUo�'�.CB?K�BCDw-z2JB?D()�24%('YRs+,L4LWB?m(B?.CBC2yo�2J%]-/2l-xK�'�L4LJ-�)�'qLW'�Dt26mUo4® ì ElåL5 � H�LWQ(R]R(;J'8LJLJ'�L\® �
�=%('�;J'úå�5¨¾¿5 � iÜ$&%('x.?BC�,'V.?BC%(+U+:9k+�1O24%(B?LY'Va�'�Dt2PBML�E ��ô í En` ôÚÈ H	Ü æ í El` ôÚÈ HWH ¯ iµ$&%('V;4'_1N+,;J' � 2J%]'
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R(;4+�m]-�m(B?.CBC2yoq2J%w-z2=R(;4+U@V'�L4LE® ¯ LW'�D]9(LZ-PK�'�L4L4-/)�'cBMLV¥

í ê � ®~¯�iVd�î£g�i6eqõqd�i�iVe h d7dfîpäUbaÓÔ	Õ}á �lç�èéé ë » Þ%ßÙ àjEn`WH_E �±ô E �Nô�æ H í En` ô6È HWH ¯ é `
ë í E È H#Ü » Þ ß¼ àjEn`WH_E �±ô E �Nô�æ H í En` ô6È HWH ¯ é `

$&%('�;J'V1N+�;4' � 2J%('*'V�:Rw'8@A2J'89SDtQ]K6ms'V;Z+�1jK�'�L4LJ-�)�'8LX),'VD('�;4-/2J'89n9:Q];JB?D()P2J%('6�:Q(R(R(;4'�L4LWB?+�DnBCDt24'V;4a�-�.7BML&)�B?a�'VDSmUo£¥

ÑY�,î�ð:õ÷òfd_h[õqd0i:iVe h d�i¦dfînäUbaÓ#ÔkÕ}á �lç�è¬é�é ë û ý �ë¯ Ø<Ù í ê � ®�¯�iVd�î£g�i6eqõqd0i:iVe h d¦Ó#Ô	Õ}á �fç�èéé
ë M í E È H#Ü

û ý �ë¯ Ø<Ù » Þ%ß¼ à\El`WH_E �Nô E �±ô�æ H í En` ô6È HWH ¯ é `
ë M í E È H#Ü » Þ ß¼ àjEn`WH û ý �ë¯ Ø<Ù E �±ô E �±ô�æ H í En` ô6È HWH ¯ é `
ë M í E È H�±ô�æ Ü » Þ ß¼ àjEl`WH �Nô E �±ô E �±ô�æ H í En` ô È HWH¬ûí El` ô È H

é `
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-S.?-�;J),'V;*-�9]9:;J'8LJL*@V+�Dt2JB?DUQ('�Lc24+�B?L4LJQ('q-/D(D(+,Q(D]@V'VK�'VDt24LqEGmw'8@V-�Q]LW'qBC26LW2JB?.C.>ms'V.?B?'Va�'8L*BC2�B?L[24%('q.?'�-�9('V;AH � Q]D,24BC.
LJQ]@f%p24BCK�'[24%]-z2ZBC2Z;J'8@_'�BCa,'�L&-�K�'�L4LJ-�)�'�1N;J+,K�R(;4+U@V'�L4Le® û ý � i$&%('pªtQ('8Ly24BC+,DFmw'8@_+,KP'8L�%(+z�ÉKq-/DUo�;J+,Q(D]9(L6+:@V@_Q];�mw'V1N+�;4'Y24%('p-/.?)�+,;JBC2J%]KÊLW24-�m(BC.?B?|V'�Ll-/D]9�%]+z�
Kq-�Dto
K�'�L4LJ-�)�'8LO-/;4'6),'VD('�;4-/2J'89�Rw'�;[;J+,Q(D]9�Í±¤�'l'V�:R(.C+,;J'62J%(BMLcK�+�;4'l@_+,K�R(.C'V2J'�.Co�B?D�24%('lQ]D]@_+,;J;4'V.M-z24'�9�.?+,L4L�@�-�LJ'
ms'V.?+z� � -,L>BC2XBML�2J%]'�@V-,LW'&24%]-z2I)�'�D('V;f-z24'�LT24%('O�I+�;fLy2`@�-�LJ'ZRs'V;J1N+�;4K�-�D]@_' � -,L>�I'=1N+�Q(Dw9q�=B�24%q2J%]'c�UQ(R]R(;J'8LJLJB?+�D
-/.?)�+,;JBC2J%]K E§�U'8@A2JB?+�D � i � HAi

Î »2Ï#»2Ï#»2Ï ùú�Å,ý����C��¹n¶4���Uü ´ ý'·�·
$j+�9:'V;4BCa,'&2J%('�DUQ(K6ms'V;>+�10KP'8LJL4-/),'�LT�=%('�D�2J%('�;J'OB?L`Q(D]@_+,;J;4'V.M-z24'�9l.C+tLJL>R(;J'8LW'�Dt2 � �I'ZQ]LJ'Z-�LJBCK�B?.?-�;`-/R]R(;J+t-�@f%
2J+�2J%]-/2lQ]LJ'�9�B?DF24%('x�:Q(R(R(;4'�L4LWB?+�DF�=BC2J%�.C+tLJLl@f%]-/R:24'V;SE§�U'�'x¶X%]-�R:2J'�; � H_i�©I'�@�-/Q]LJ'Y+/1=24%('n9('VRs'VD]9:'�D]@_B?'�L
ms'_2y�I'V'VD*;4+�Q]D]9(L7+�1]-/D(D]+�Q(D]@V'VK�'VDt2fL � 2J%('XR(;4+�m(.?'VK�B?L3K�+�;4'�2J;f-�@_24-/m].C'�BC1(�X'X@V-�LW23BC2\-,L3-=;4'�@VQ(;J;4'VDw@_'�;4'V.M-z2JB?+�D3i
©I'�@�-/Q]LJ'Z+/1024%('�@V+�K�R(.?'_�:BC2JB?'�L�24%]-z2=-/;4BMLW'Z9:Q]'Z2J+62J%('�BCDt24'V;f-�@A24BC+,Dq+/17K�'�L4L4-/)�'=.?+,L4L`-�D]9�24;4-�D]LWK�BMLJLJB?+�DY9:'�.?-�o �
�I'�1N+:@VQ]L=+�Dx-�LW+,.CQ(2JB?+�Dn1N+�;=24%('�@V-,LW'c�=%('VDS24%('V;4'[B?L=D]+l24;4-�D]LJKPBML4LWB?+�Dx9:'V.M-�o �mÈÉëµ� i
57'V2 ± Enå � ¢3Hsmw'>2J%('XR(;J+,m]-/m]BC.?B�2yoO2J%]-/2#å]K�'8LJL4-/),'�L7-�;J'�LJ'VDt23mUoQ¢�R(;4+:@_'8LJLJ'�LÀ® Ù íVí�í ® � ý � � ),BCa,'VD*-&R]-/;J2JBM@_Q].?-�;a�'8@A24+�;&+/1\2JB?K�'�LZLJ'V.?'�@_2J'�9¨°ä ë En` Ù � ` � � í�íVí ` � ý � H_i>¤µ%(B?.C'Á°± BML&�(�:'�9 � °ä�BML&;4-�D]9:+�Kxi± Enå � ¢3HO@�-/D�mw'qm(;4+��,'VD�9(+z�=D�B?Dt2J+n2y�X+x9:BMLN°y+,BCDt2*R]-/;J24L�¥�EG-,Hc `;J+:@_'8LJLQ¢ ô¢� LJ'VD]9]L�+,D('�K�'�L4LJ-�)�' � -�D]9

R(;4+:@_'�L4LJ'�L � ¦ ¾Â5¨¢ ô�� LW'�D]9¢Enå ô�� H*K�'8LJL4-/),'�L�¦ZENmwHl >;4+:@_'�L4L³¢ ô � 9:+U'�LlD(+/2�LW'�D,2P-�K�'�L4LJ-�)�' � -�D]9



�8�/�
R(;4+:@_'�L4LJ'�L � ¦ ¾Ã5¨¢ ô � LW'�D]96å[K�'�L4LJ-�)�'8LVi�u�D±@V-,LW'�E§-,H � R(;4+U@V'�L4L\® � ý � LW'�D]9(LP-�K�'�L4LJ-�)�'YBC1Z1N+,;l'8-�@f%R(;4+:@_'�L4L=®~¯ � � 5Ä¢ ôµ�,� BC24LZK�'8LJL4-/),'*B?LO'VBC2J%('�;O.?+,LW2O+�;ZBMLcLW'�D,2c-z2�-�24BCK�'6-/1}2J'�;Z2J%]'�2JB?K�'6@f%(+tLW'�D�mto�® � ý � ��=%(BM@f%k+:@V@VQ(;4L6�=B�24%�R(;4+�mw-/m(B?.CBC2yoÜE æ Ü E �jôÜæ H_E �jô í En`

�
ý � HWHJH

ì
ý � i�u�D�@�-�LJ'�ENmsH � R(;4+:@_'8LJL\¢ ô�� 9:+U'�LlD(+�2

LJ'VD]9�-pK�'8LJL4-/),'6BC1XBC2[;4'�@V'VB?a�'89�+�D]'l+�1>2J%('æåZK�'8LJL4-/),'�L�i*u�D�+�2J%('�;c�I+�;f9(LO2J%('�R(;4+:@_'8LJLc9:BM9�D(+�2*.C+tLW'�-/.?.T+/1
2J%]'cK�'8LJL4-/),'�LILW'�D,2 � '�-�@f%n+/13�=%]B?@f%n�X'�;J'c'VBC2J%('�;&.C+tLy2&+�;&D(+�2I.?+,LW2Im]Q:2Z-/;4;JB?a�'89�2J+U+P.?-/2J' � �=%]B?@f%n+U@�@_Q(;fLI�=B�24%
R(;4+�m]-�m(B?.CBC2yo �±ô E æ Ü�E �±ô�æ H_E �±ô í En`

�
ý � HWHJH

ì
i

$&%('�;J'V1N+�;4' � �X'[�=;4B�24'�¥

± Enå � ¢3H ë í ê � å[õ�d�i:i_e h d�i¦iVd�îJe	ò�Ç"® Ù � í?í ® � ý � h dk�zd�î�` � ý � �ë » Þ%ßÙ ± Elå ô·� � ¢ ô·� H ó E æ Ü¢E �±ô�æ H_E �±ô í En` � ý � HWHWH
ì
ý � Ü± Elå � ¢ ô·� H ó � �±ô E æ Ü�E �±ô�æ H_E �±ô í En` � ý � HWHJH

ì � à\El`WH é `
Z+z�Ü.?'_2`QwL`'V�:-�K�BCD(' ± Elå � ¢ � ê H � 2J%('�R(;J+,m]-/m]BC.?B�2yo62J%]-/2`24%('V;4'O-/;4'±å\KP'8LJL4-/),'�L>LJ'VDt2`mUo.¢xR(;J+:@V'�L4LW'8L�BCDp;J+,Q(D]9
êU� �=%('�;J' ê�ë�� BML&24%('[�];fLy2=;4+�Q(D]97i>��R(;4+U@V'�L4L�i:ð:h9��dk�zd0i&;J+,Q(D]9 ê BC1TB�2OLJ'VDt2O-PK�'�L4LJ-�)�'[BCDS24%]-z2Z;4+�Q(Dw9n-�D]9
9:+U'�L&D]+/2Z;4'�@_'�BCa,'c-PK�'�L4L4-/)�'c�=BC2J%�-�.?-�;J),'V;IB?97i�uv1T-�R(;4+:@_'8LJL&9:BM9SD(+/2ZLJ'VD]9x-PK�'�L4LJ-�)�'cBCDx;4+�Q(D]9 êU� 24%('VDxBC2
�=B?.C.£D(+�2=LJ'VDw9p-lKP'8LJL4-/),'ZB?Dn;4+�Q(Dw9 ê Ü ��� -,LXBC2&%]-�L&-/.?;4'�-�9(oPms'V'�DnLJQ(R(R(;4'�L4LJ'�9YmUoY-6R(;J+:@V'�L4L`�=BC2J%x-6.M-/;4)�'�;
BM90iZuv1`-qR(;4+:@_'8LJLZLJ'VDw9(LO-pKP'8LJL4-/),'*BCD�;4+�Q]D]9 êU� m]Q:2�;4'�@V'VB?a�'�LO-qK�'�L4LJ-�)�'��=BC2J%�-Y.?-�;J),'V;=BM9�BCD�2J%]-/2�;4+�Q(D]9 �
2J%]'VDxB�2O9(+t'8L&D(+/2OLJ'VDw9S-PK�'�L4L4-/)�'cB?DS;4+�Q]D]9 ê Ü � i
57'V2tÅ=EX¢ � ê H=mw'[24%('*R(;4+�m]-�m(BC.?BC2yo�2J%]-/2ZR(;J+:@V'�L4LE® � ý � ;4'�-,@f%('�LI;4+�Q(Dw9 ê iÅ=EX¢ � ê H ë Å=EB¢ � ê_ô·� H ó í ê � ® � ý � i0ð:h9��dk��d�i*hïCð4î£g ê_ô·�_�
Í(+,;qR(;4+U@V'�L4Ly® � ý � 2J+FLWQ];JaUB?a�'x;J+,Q(D]9 êU� BC2YK6QwLy2Y.?+,LJ'�-/.?.=KP'8LJL4-/),'�L�LJ'VDt2qmto·R(;4+U@V'�L4LW'8LP�=B�24%±.M-/;4)�'�;-�9]9:;J'8LJLJ'�L � ® Ù � ® � � íVíVí ® � ý 1 i=ËZ+z�I'Va,'V; � 2J%('6R(;J+,m]-/m]BC.?B�2yon+/1\2J%(+tLW'6.C+tLJLJ'�LZ-�;J'*9:'�Rw'�D]9:'�D,2c+�DS2J%]'6DUQ(K6ms'V;O+/1K�'�L4LJ-�)�'8LI-,@A24Q]-/.?.ConLW'�D,2=B?DS2J%]-/2Z;J+,Q(D]90i

í ê � ® � ý � i0ð:h9��dk�zd0i*hï%ð4îsg ê�ô±�A� ë í ê � ® Ù`íVí�í ® � ý 1 i_d�îsg � õqd0i:iVe h dle%îsg\® � ý � b,ïCi_d�i �A� Ü
í ê � ® Ù íVí�í ® � ý 1 i_d�îsg � õqd0i:iVe h d0i6e%îsg"® � ý � b,ï�iVd�i �8� ÜíVí�í

í ê � ® Ù íVí�í ® � ý 1 i_d�îsg³¢ ô±� õqd0i:iVe h d�i�e%îsgL® � ý � b,ïCiVd0iE¢ ô·�V�ë ± E � � ¢ ô·� � ê�ô·� H óSæ Ü ± E � � ¢ ô·� � ê_ô·� H óSæ 1 Ü í�íVí Ü± EX¢ ô±� � ¢ ô±� � ê_ô±� H óxæ � ý �
ë
�
ý �ë ì Ø � ± Elå � ¢ ô±� � êOô±� H óxæ

ì

Z+�2J'62J%]-/2�BC2c9:+U'�LOD(+/2cKq-z2W24'V;�B�1X-YKP'8LJL4-/),'�LW'�Dt2�mUoS-YR(;J+:@V'�L4LZ�=BC2J%�-q.M-/;4)�'�;O-�9]9:;J'8LJLOB?L�LW'�Dt2�'�-�;J.?B?'V;Z+,;



�8�:�
.M-z2J'�;&2J%]-�D*® � ý � � L=LJ@f%('89:Q(.?'�9x-/D]D(+�Q(Dw@_'VK�'�D,28¦:'VBC2J%('�;=�I-�o � ® � ý � K6Q]LW2Z.?+,LJ'�BC2=2J+YLJQ(;4atB?a�'�2J%]'*;J+,Q(D]90i
�UQ(mwLy24B�24Q:2JB?D()qm]-,@f�YBCDt24+l24%('*'�-�;J.?B?'V;&'�ªtQ]-/2JB?+�D �

Å=EX¢ � ê H ë Å=EB¢ � ê_ô·� H ó
�
ý �ë ì Ø � ± Elå � ¢ ô·� � ê_ô·� H óSæ

ì

ËO-�aUB?D()�9:'V;4BCa,'�9�Å=EX¢ � ê H � �I'�D]+z��'_�U24'VD]9n+�Q(;='8-/;4.CB?'V;I;4'�LJQ(.�2&1N+,; ± Elå � ¢3H>2J+q@V+�D]LJB?9('V;&;J+,Q(D]9(L�i�$&%('*R(;4+�m]-/^
m(B?.CBC2yop+�1åXKP'8LJL4-/),'�LIms'VB?D()qLW'�D,2ZmUo½¢�R(;4+U@V'�L4LW'8L&BCDS;4+�Q(D]9 ê ¥

± Elå � ¢ � ê H ë í ê � å[õ�d�i:i_e h d�i¦iVd�îJe	ò�Ç\® Ù � í?í ® � ý � dfî�hï%ð4îsg ê h dk��d�îK` � ý � �ë ÅZEX¢ � ê_ô±� H ó� » Þ ßÙ ± Elå ô·� � ¢ ô·� � ê�ô·� H ó E æ Ü¢E �±ô�æ H_E �±ô í En` � ý � HWHWH
ì
ýÀÆ HÜ± Elå � ¢ ô·� � ê�ô·� H ó � �±ô E æ Ü�E �±ô�æ H_E �±ô í En` � ý � HWHJH

ì � à\El`WH é ` �
¤�'S+,m]LJ'V;4a�'q24%]-z2q'�-,@f%k;4+�Q(D]9�B?L�9:'�Rw'�D]9:'�D,2q+,Dk2J%]'nR(;4'VaUB?+�Q]LP;4+�Q(Dw90� Ll;4'�LJQ(.�2fLViF¤µ%]'VD±�X'S;J'8@_Q(;fLJBCa,'V.?o
LJQ(m]LW2JBC2JQ:24' ± Elå � ¢ � ê H6m]-,@f��B?Dt2J+6Å=EX¢ � ê H � �I'p�wD]9F24%]-z2ÇÅ=EB¢ � ê H6@�-/D·mw'S'_�:R(;4'�L4LW'89F'VDt24BC;4'V.?o�BCD�2J'V;4KqLP+/1± Enå � ¢ � ê HA¥

Å=EB¢ � ê H ë é ý �È¯ Ø �
�
ý �ë ì Ø � ± Elå � ¢ ô·� � � H óxæ

ì

$&%UQ]L � ± Elå � ¢ � ê HIB�2fLW'�.�1�@V-�DSms'*'_�:R(;4'�L4LJ'�9Y;4'�@VQ(;fLWB?a�'�.Co£¥
± Elå � ¢ � ê H ë é ý 1È¯ Ø �

�
ý �ë ì Ø � ± Enå � ¢ ô·� � � H óxæ

ì
ó

� » Þ ßÙ ± Elå ô·� � ¢ ô·� � ê�ô·� H ó E æ Ü¢E �±ô�æ H_E �±ô í En` � ý � HWHWH
ì
ýÀÆ HÜ± Elå � ¢ ô·� � ê�ô·� H ó � �±ô E æ Ü�E �±ô�æ H_E �±ô í En` � ý � HWHJH

ì � à\El`WH é ` �
�UB?D]@_'l2J%]'l.?'�-,9:'V;�R(;J+:@V'�L4Lt® Ù -/.?�&-�oUL�LW'�D]9(Lc-YK�'�L4L4-/)�' � ± E � � å � ê H ë�� i�¤�'P@�-/D�-�.?LJ+p@V+�K�R(Q:24' ± Enå � å � ê H �
ms'�@V-�Q]LJ'x2J%(BMLYBML�2J%]'�.CB?��'�.CB?%(+U+:9·2J%]-/2p'�-,@f%·R(;4+:@_'8LJLJ'�LqLJQ(;4atB?a�'8L�;J+,Q(D]9 êU� B§i '�i � '�-,@f%±R];J+:@_'8LJLJ'�L�.?+,LJ'�Lq-�.C.
K�'�L4LJ-�)�'8L0LW'�D,2jmto[-/.?.�+�2J%('�;7R(;4+:@_'�L4LJ'�L � B?D�'Va,'V;4oZ;J+,Q(D]9[Q(R[24+O-/Dw9[BCD]@V.CQw9:BCD])=2J%('I@_Q(;4;4'VDt27;J+,Q(D]90ij$&%('V;4'_1N+,;J' �

± E � � å � ê H ë �± Elå � å � ê H ë E æ � � æ 1 � æBÉ ���0� æ ì ý � H é
ë E æ ü

ì
ý �Dþ
ì�Ê 1 H é

ë æ é ü
ì
ý �¬þ
ì�Ê 1



�8���
$&%UQ]L � 2J%('S'_�:Rs'�@A24'�9�DtQ]K6ms'V;�+/1ZK�'�L4L4-/)�'8L�),'VD('�;4-/2J'�9F9(Q(;JB?D()�.C'8-�9:'�;4LJ%(B?RF'V.?'�@_2JB?+�D�B?Dk24%('SQ(D]@_+,;J;4'V.M-z24'�9
@V-,LW'[�=%('�D È²ëµ� BML&)�B?a�'�DnmUo£¥

ÑY�,î�ð:õ÷òfd_h*õqd�i�iVe h d�i h d�îsdVhJeCe�dfg�ÓÔ	Õ}á � ÿ ç � ¼ Ø<Ù
ë êë é Ø �

ë
�9Ë ìBÌ û å óSê�ó í ê � å[õqd0i:iVe h d�iji_d�î�ekò�Ç"® Ù � íCí ® � ý � dfî�hïCð4î£g ê h dk�zd�îK` � ý � �

ë êë é Ø �
ë
�9Ë ìBÌ û å óSê�ó ± Enå � ¢ � ê H

Î&ÏQr=ÏXÍ Î�ZOX@Y[Z�ÙUÕWÙ,Ú:Ó#ZXÚµÔXÚ:Ý\Ú:Ó
$&%('�;J'�-/;4'n2J%(;4'V'�L4@_'VDw-/;4BC+tL�24%]-z2Y.?'�-,9F2J+�B?D]@_+,D]LJB?LW2J'�D,2YLW24-/2J'�-�Lq9:BML4@_Q]L4LW'89�B?D·2J%('�R(;4'VaUB?+�Q]L�LJ'�@_2JB?+�D�+,D
;4'_^v'�LW24-/m].CBMLW%]KP'�Dt2=9('V.M-�o�E§�U'8@A2JB?+�D��(i � i � HA¥T.C'8-�9:'�;Z9:'VRw-/;J2JQ(;4' � 1G-/.MLJ'�9:'VR]-�;W24Q(;4' � -/D]9S.M-z24'X°y+,BCD]'V;fLVi

³µ´ ��¶(ü����Ï�ú��¸x¶4��� ¿ �C�'»�¤µ%]'VD�2J%]'YR(;4+U@V'�L4L[2J%w-z26%]-,L�ms'V'�DF'V.?'�@A24'�9F-,L[2J%('p.C'8-�9:'�;�.C'8-�a�'8L[2J%('nLWo:LW^
2J'VK � .C'8-�9:'�;4LJ%(B?R�KlQ]Ly2�ms'q;4'_^v'�LW24-/m].CBMLW%]'�90iY$&%('�24BCK�'qms'_2y�I'V'�D�24%('q+�.M9�.C'8-�9:'�;�9:'VRw-/;J2JB?D()�-/D]9�2J%]'
D('V��.?'�-�9('V;8� LY-�D(D(+,Q(D]@_'�K�'VDt2n-/;4;4BCaUB?D()k-z2Y24%('�+�2J%('�;pR(;4+:@_'�L4LJ'�LqBMLp@V+�D]LJB?9('V;4'�9·2JB?K�'�LJRw'�D,2SBCD¢-�D
BCD]@V+�D]LJBMLy24'VDt2ZLy2f-z2J',i

³ 3#¶m¹Q·�� �ú��¸�¶m��� ¿ �C�'»�¤µ%('�D�-S.?'�-,9:'V;*R(;4+:@_'8LJL[BMLæefg�ïCð h g�e`2J+�9:'VRw-/;J2[ms'�@�-/Q]LJ'�2J%]'q.CBMLy24'VD�2JB?K�'V;�ä å
'_�:R(B?;J'8L � 2J%('�-/)�;4'V'�K�'VDt2YR(;4+U@V'�L4L�mw'8@_+,KP'8LYQ(D]D('�@V'�L4LJ-�;JB?.Co�Rw'�;W24Q(;Jms'�97i��I2p2J%]-/2pRw+,BCDt2 � 2J%('�.?+:@V-�.
R(;J+:@V'�L4Lc2J%]-/2l%]-,L�9:'_24'�@_2J'�9k.C'8-�9:'�;J.?'�L4LWD]'�L4Lc24-/�,'�L*mw-�@f��.?'�-,9:'V;fLJ%(BCRF-�D]9�mw'�)�B?D]L*24%('n5j<�-/.?)�+,;JBC2J%(K
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Uniform distribution, iter=1000, ratio=0.1, loss=0
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Uniform distribution, iter=1000, delta=0.1, T_S=T_A=1, loss=.4, Simulation
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Uniform distribution, iter=1000, ratio=0.1, loss=.4
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Uniform distribution, iter=1000, delta=0.1, T_S=T_A=1, Correlated Loss, Simulation
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Uniform distribution, iter=1000, delta=0.1, T_S=T_A=1, loss=.4, Simulation
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Uniform distribution, iter=1000, delta=0.1, T_S=T_A=1, loss=.4, Simulation
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