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Vo^B\_KN? h Gm^B^`GJW,V g VBPNG�KNG`Q%V·?BGJ^v�sGm^J�' ÃV<QY?·^`G¢CÃQYKN?vV�\_K�VoQY\iVoGmW,\ h VBGJ^·\i^B^BQ��i\_b¡\�V�VoPLG�KNG_Q-V
?BGm^`�sGm^J�w=@PNGq\_TNQYbRQRV�y5V g ^ g \_U$VoPNG¼ �K�VoGJ^`KNGmV£QR? x ^ g �-QYWNGmW·T�y·\ÂU+QYWLWNbYGDCÃ�¡\_^BG x bY\iV hpg ^`U�;
\	U g TNQRbYG@\iMsGJK�VHG_Q%GJ|mILVoQ g K+GJK��-QY^ g KNUnGmK�V��w=@PNGm^BG{\_^BGk\_MsGmK�V¼^`GJ?`G�\_^`|�P x ^ g Y`GJ|mVB?¼W g KNG
QYK	^BGm|JGJK�V]ysG�\i^B?¦?`IN|�P<\_?¦t g bRGa[¿� ] � O bY? g ;�VBPNGJ^`G¡\i^BGH| g U+UnGm^B|mQa\_b x ^ g WNIN|mVB?]WLGm�sGmb gsx GJW
QYKN|mbYINWLQYKNM O MsbYG¢Vo?O[ ë ] ; z g KN| g ^`WNQa\�[ ê ] \_KLW�=Ù^`y-bYbRQa\_Kb[c% ] �¢�
S-QYKN|mGu\_M_GJK�Vo?�\_^BG g TZY`Gm|mVo?+VoP>\�V�\_^`G[VB^o\��sGmbYQRKNM¤QRK0\'| g U x ILVBGJ^+KNGmV�� g ^`�¸;�Q�VnQR?

�sGm^`yn| g U x bYQR|�\iVBGJWn\_KNW�WLQed+|JINb�V hpg ^¼IN?HV g Gm?`VBQYUn\iVoG�VoPNG{^BINKLKNQYKNM	VoQRUnG g_h \iK�\_MsGmK2VJ�
 ÃV�QY?{T�Gm|�\_IN?`G<VoPNG¹\_M_GJK�V9Un\©yu?BIgf�GJ^ h ^ g UÅ| g KNM_GJ?`VBQ g K�QRKuVoPLG<KNGmV�� g ^B�e; g ^5Q�V5Un\�y
T�G	�q\iQRVoQRKNM�\iKNW�G_Q%Gm|JILVBQYKNM�QRK�\nTLIN?`yu?BGJ^v�sGm^J�5=@PNGm?BG<�2QYKLWN? g_h ILKN|JGm^`V�\iQYK�VoQRGJ?Â^B\_QY?`G
x ^ g TNbYGmUn?·V g VBPNGX^BGJbRQa\_TLbYG�\_M_GJK�V+?`y-?`VBGJU WNGJ?`QYMsKd��=@PNG�\_MsGmK�V g ��KNGm^n|J\_KNK g V+VBGJbRb
��PNGmVBPNGJ^	VoPNG�\_MsGmK2V�QY?�b g ?`V g ^9VoPLG�G_Q%Gm|JILVBQ g K¤QY?�WNGJbY\�ysGJWd��=@PNQY?	U�\�y3bRG�\_W3V g V�� g
INKNWNGm?BQR^o\_TNbRG�?BQRVBI>\iVBQ g KN?ih

j =@PNGu\_MsGJK�V g ��KNGJ^nT�GmbYQRGm�sGm?+VBP>\iV¹VoPLGu\_M_GJK�V�PN\_?nT¸GJGmK�b g ?`V�;HTNILVnQYK h \_|¢VnQ�V
QY?9K g V��·  h VoPLG g ��KNGm^�ba\_INKL|�PNGJ?	\_K g VoPNGm^�\iMsGJK�V�;Ö��PNQR|�P3U�\�y�|J\_IN?`GnU·ILbRVoQ x bYG
G_Q%Gm|JILVBQ g KN? g_h VoPNG�?B\_UnG x QYGJ|mG g_h \iMsGJK�Vk| g WNG_�

j =@PNG9\iMsGJK�V g ��KNGm^q�q\_Q�Vo? hpg ^¼VBPNG9\_MsGmK�V¡V g f>KNQY?`P�QRVB?¡QRVBQYKNGm^o\_^vys;2TNILV¡VoPNG9\iMsGJK�V
QY?�\i|mVoIN\_bYb�ynVBGJ^BU+QYKN\iVoGmW[WLING9V g ?BGm^`�sGm^ g ^�\iMsGJK�V h \_QYbRIN^BGm?J�
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ce\_ILbRV`CFV g bRGJ^B\_K�V£U g TLQYbYG�\iMsGJK�V x ^ g V g | g b¸\_QYU+?HV g ^`GJU g �_G{VBPNG5INKN|mGJ^vV�\_QRK2VBQYGm?¼WNIL^vC
QYKNM�VoPNG�G`Q%GJ|JI%VoQ g K gih \_MsGJK�VB?J�' ÃV·?BP g INbYW,GmKN?BIL^BG�VoP>\�V�VoPLG�\_MsGmK2V¹|J\_K,Gm�_GJK�VoIN\_bYb�y
^BGJ\_|�PnQ�Vo?wWNGm?`VBQYK>\iVBQ g Kd; g ^wK g VBQRf>Gm?�VoPNGk\_M_GJK�V g ��KNGJ^ g_h \ x�g VBGJK�VoQY\_b x ^ g TNbRGJU[�]=@PNGm^BG
\_^BG{^BGm?`Vo^`QY|¢VoQ g KN?HVBP>\iV¡Gm�sGm^`y h \_INb�V`CÃV g bYGm^o\_K�V x ^ g V g | g beWNGm?BQRMsK�?BP g INbYW hpg bYb g �0QYK�\_WNWNQÚC
VoQ g K�V g VoPNG	\_T g �sG�M g \ibY?J�

/ õ¾â»æt)Öç¾ß�ü��vuÃáãñ2ñ2w O ?`?BINU+GqVoP>\�V��¡G@PN\©�_Gk\ x Gm^ h GJ|¢V � h \_QYbRIN^BG¼WNGmVBGJ|¢VoQ g K<UnGm|�P>\_KNQR?BU[�
6¤G9|�\_KXIN?`G9?BQYU x bRG ½�l ¨ ½ ¶ m q ® ´>µ ® ´ ³ U+GJ|�P>\_KLQY?BU V g ?B\ h G¢CÃMsI>\_^`W�VoPNG�\_M_GJK�V�G_Q2C
GJ|mILVoQ g K»�Äc g ^·QRKN?`Vo\_KN|mG_;£�¡G[|�\_KÄT>\i|��,I x VBPNG���P g bRGX\_MsGmK2V¹V g'x GJ^`U�\iKNGJK�V
?`V g ^o\iMsGnQRK�\XK g WNG_��75KN|JG�\[K g WNGn|J^`IN?BPNGm?J;¦VBPNG�\iMsGJK�V�QYK¤VBP>\iV h \_QYbRGJW3K g WNG
QY?@WLQY?B|J\_^BWLGJW»�w6¤G9|�\_K[IN?BG9VBPNG�T>\_|��2I x \iMsGJK�V@V g | g K�VoQYK2ING9VBPNG�| g U x ILVo\iVoQ g K
��PNGmK�VoPLG h \iQYbYGmW�K g WNG9QY?@^`GJ| g �_GJ^BGmW»� �kg �¡G¢�sGJ^m;�Q�V�QY? m ªrq�´d¨�µxqzy ¯ q ½ ¶ ® ´ ³ ��=@PNG
\_MsGmK�V{G`Q%GJ|JI%VoQ g K�QR?@TNb g |��_GmWuINK�VoQRbÖ\ h \_QYbRIN^BGÂQY?@Gm�_GJK�VoIN\_bYb�y�WNGmVBGJ|¢VoGJWd�

-|{Öô>æ_à©õpøD�Bâ¸ß]æsñ2w c g ^kQYKN?vV�\_KL|JG_;»\_K�IN?`GJ^9ba\iINKN|�PNGm?9\_K3\_MsGmK�VÂV g ?`GmV`VobYG�\ x \�y-UnGmK�V��
�{g �¼Gm�_GJ^J;ÖPLG�}i?`PNG<QY?kK g VÂbYIN|���y�GJK g ILMsP�VoP>\�VÂVoPLG<\_MsGmK2VÂQY?kVo^o\ xNx GmW�QYKL?BQYWLG·\
TNIN?vy	KNGmV�� g ^B�e;2\_KLW»;_PNGmKN|JGi;_VoPLG¡WNGmba\�y�T�Gm| g U+GJ?ÙP2INMsGi��=@PNG¡IL?BGJ^]U�\�y	\_?`?BINU+G
VoPN\iV¦VBPNG@\_MsGmK�VwU�\�y	T¸G¡VoGm^BU+QYK>\iVBGJW»�Ù=@PNGmK»;�PNG�}�?BPNG@bY\_INKN|�PNGm?w\_K g VoPNGm^w\_MsGmK2VJ�
8{G¢�sGm^`VoPLGJbYGm?B?m;»VoPNQR?ÂG_Q-VB^o\�\_MsGmK�V5Un\©y[?`GmVBVBbYG	VoPNG�?o\_U+G x \�y-U+GJK�V g KN|mG·U g ^BGi�
=@PNQR?�QY?¦\_K·INKNWLGJ?BQR^o\_TLbYG¡^`GJ?`INbRVJ�¦=@PNGm^BG hpg ^BG_;s�¼G@P>\��sGqV g P g bRW�VBPNG�¨�~ -½ µ ¯���� q�´ ½ ¨
G_Q%Gm|JILVBQ g K x ^ gsx Gm^`V�y�?BQYKL|JGqU g ?`V g_h VoPNG�\iMsGJK�V gsx GJ^B\iVoQ g KN?¦\_^BGqK g V ® s-¨_� m q�µ�¨¢´>µ
� g ^9´Dq�´ ��® ´>µÁª ± § ® «_¨ã�D�
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c¦QYM_IN^BG è � è h£j�G x bRQY|J\iVoQ g K�WNG x b g ysGmWuQRKX\_MsGJK�Vk?`y-?vVoGJU[�

W g ��K»;»�¼G·|�\_K�?vVoQRbYbÙIN?BG�VBPNG·^`GJ?BILbRVo? h ^ g U g VoPLGJ^5?`GJ^`�_GJ^`?	QRK g ^`WNGJ^{V g | g K2VBQYK2ING�VBPNG
| g U x ILVo\iVoQ g K»�
c]QYMsIN^`G è � è ?BP g ��?�P g �ÓVoPNG�\_T g �sG9U+GJ|�P>\iKNQY?`U � g ^B�2?J�£=@PNG�?`GJ^`�_GJ^`?kKN\_UnGmW½N � ;

ND¾©;�\_KNW�ND¿H\_^`GqWNG x b g y-QYKNM5VBPNGq^`G x bRQY|�\�VoQ g K�VoGm|�PNKNQRl-ILG_�w=@PNG@?`GJ^`�_GJ^¦N � ; hpg ^¦G_QL\_U x bYGi;
^BG x ^BGm?BGJK�VB? g KNG ¯ q ³_®F½B_¯ §©¨¢ªD«_¨¢ª¢�Ò �K ^BG�\ibYQRV�y_;qVoPNGm^BG�\i^BGuVBPN^BGmG�?BGJ^v�sGm^B?�^BILKNKNQYKLMÄ\iV
VoPNG�?B\_U+G�VoQRUnGi;@K>\_U+GJb�ys;ÀNSÁ� ;aN �� ;{\iKNWÂN ¾� ��79K�VBPNG g VBPNGJ^�P>\_KNW»;{\_K QRKN| g U+QYKLM
\_MsGmK2V�\_^B^`QR�-QYKNM¤\iVÃN � ��QYbYb�T¸Gu|mb g KNGmW»;k\_KNW0VBPN^BGmG�QYKL?`V�\iKN|JGm? g_h VoPLG�?o\_U+G�\iMsGJK�V
��QYbRb]T¸G·G_Q%Gm|JILVBQYKNM g K�VBPN^BGmG·WNQR?`VoQRKN|mV x P�y-?BQY|J\_b�?`GJ^`�_GJ^`?	?`QYU·ILbRV�\iKNG g IL?BbRy_� O h VBGJ^ÂVBPNG
| g U x ILVo\iVoQ g KN? g_h VoPNG�VBPN^BGmGu\_M_GJK�V+QYKN?vV�\_KN|mGJ?+P>\��sGXf>KNQR?BPNGmW»;¡VoPLG[^`GJ?`INbRVB?¹��QRbYbqT¸G
| g U x \_^`GJW»��=@PNG�G_Q x Gm|mVBGJW�^BGm?BINb�Vo?{| g U+QYKNM h ^ g UÏVBPNG�VBPN^BGmG�?`GJ^`�_GJ^`?9?BP g ILbYWuT¸G�VBPNG
?o\_U+G_�Ù  h VBPNGJ^`G¡\_^`G h \_QYbRIN^BGm?J;©VoPNG g I%Vo| g UnGm?]|J\_K�T¸GHWNQef�GJ^`GJK�V�; g ^ g KNG g ^ÖU g ^BG£?BGm^`�_GJ^B?
W g K g V@^`GJ? x�g KL?BG9��QRVBPNQYKX\·|mGJ^`Vo\_QYK�VBQYU+G_;-VoPNGmKXVBPNG9Un\¤Y g ^BQ�V�yn\_KNW[\��_\iQYba\iTNbYGk^BGm?BINb�Vo?
��QYbRb¸T¸G5IN?`GJW»�£=@PNG�\iWL�i\_K�V�\_MsG g_h VoPLQY?@\ xLx ^ g \i|�P�QY?¼VBP>\iV¼VoPNG5| g U x ILV�\�VoQ g Kn��QYbRbeK g V
T�Gzy ¯ q ½ ¶�¨vsX��PLGJK�\ h \_QYbRIN^BG9PN\ xNx GJKN?m��c¸\iQYbYIL^BGJ?@|J\_KuT¸G�U�\i?B�_GmWu��PNGmK�U g ?`V g_h VBPNG
?BGm^`�sGm^B?¹\_^`Gn� g ^B�2QRKNMN� � GJKL|JG_;�VBPNG�| g U x ILV�\�VoQ g K¤|J\_K,| g K�VBQYK2ING�\ibRVoP g INMsP h \_QYbRIN^BGm?
P>\ xNx GJKLGJW»�
�kg �¡G¢�sGJ^m;NVoPNQR? h \_ILbRV`CFV g bRGJ^B\_K�V¼?`|�PNGJU+G9QY?¼G_Q x GJKN?`QR�sG9?`QYKN|mGÂ�¼G9P>\��sG5V g U�\_QRK�V�\_QRK

U·INb�VoQ x bYG x P�y-?BQR|�\_bH?BGm^`�sGm^B? hpg ^«Y`IN?vV g KLG�b g MsQY|J\_b�?BGm^`�_GJ^J�uS%QRKN|JG�\ h \_QRbYIN^`G<QY?�\�^o\i^BG
Gm�_GJK�V�;qQ�V¹QY?<K g Vn| g ?`VvC�G_fdGm|mVoQ��sGXV g Un\_QYK�V�\iQYK�U·ILbRVoQ x bYGn?BGm^`�sGm^B?m�þt g ^`G g �sGm^J;¡G¢�sGm^`y
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^BG x bYQR|�\iVBGJW'?BGJ^v�sGm^�P>\_?	QRVB? g ��K¤W>\iVo\L;Ù\_KNW¤VBPNG+W>\iV�\XQYK'\_bRb�VoPNG¹^`G x bRQY|�\�VoGJW'?BGm^`�_GJ^B?
U·IN?vV�T¸Gn| g KN?`QY?`VBGJK�V<\iU g KLM[VBPNGJU+?BGmbR�sGm?J�[75K¤VBPNG g VoPNGm^�P>\iKNW»;�VoPNGn| g U x ILVo\iVoQ g K
g K�WNQ�fdGm^BGmK2VÂ?BGm^`�sGm^B?9Un\�y�K g V x ^ g WLIN|JG	VoPNG·?B\_U+G·\_KNWu| g ^`^BGJ|¢V5^`GJ?BILbRV��{=@P2IN?J;»Q�VÂQR?
\¹V g INMsP�Vo\_?B��QRK x ^BGm?BGJ^v�-QYKNM+?BGm^`�sGm^ÂW>\�V�\<| g KL?BQY?vVoGmKN|my_�
75K[VoPNG g VoPLGJ^ÂPN\_KNW»;dS-V�\i?B?BGm^5\_KLW�Z g VoPNGm^BKNGmb°[ î ] P>\��sG x ^ gsx¸g ?BGmW�\ x ^ g V g | g b�QYK

^ g bRbYT>\i|�� g_h U g TLQYbYGq\_MsGJK�V¼G_Q%GJ|mILVoQ g K»�w=@PNGmQY^£Un\_QYK<� g ^B�<QRKN|JbRINWNGJ?wVBPNG{QRK�Vo^ g WNIN|¢VoQ g K
g_h | g U x GJKL?o\iVBQ g K gsx Gm^o\iVBQ g K�\_KNW[VoPNG�|JbY\_?B?`QRf>|J\iVoQ g K gih \_MsGmK2V{W>\iVo\L��=@PNG�| g U x GmK%C
?o\iVBQ g K g_h \iK gsx GJ^B\iVoQ g K�\_QYU+?�\iV{INKNW g QRKNM¹VoPNG	?BGmU�\_K�VBQY|	Gif�GJ|mVB? g_h VoPNQR? gsx Gm^o\iVBQ g Kd�
75T2�-Q g IN?Bb�ys;¸K g V5\_bYbÖ�2QYKLWN? g_h£g_x Gm^o\iVBQ g K[|�\_KuT�G�| g U x GmKN?o\�VoGJWd�{=@PNG�?BQYU x bRGJ?`Vk|J\_?BG
QY?¦��PLGJK¹VoPNG gsx GJ^B\iVoQ g K<QY?¦K g K%CÃQYK�Vo^`IN?BQ��sG_;�QÁ�¿Gi�R;_QRV���QRbYb-K g V£|�P>\_KLMsG@VoPNG@?vV�\iVBGJ? g_h T g VoP
VoPNG	?BGm^`�_GJ^{\_KNWXVoPNG�\_MsGmK2VJ�¼  h VoPLG gsx GJ^B\iVoQ g K�|�P>\_KLMsGJ?kVoP g ?`G�?`V�\�VoGJ?m;eQRV�QY?�WNGm?BQR^o\_TNbRG
V g P>\��sG�\¹?BG x \_^o\iVBG�| g U x GmKN?o\�VoQ g K g_x Gm^o\iVBQ g K�VBP>\iV�|�\iK�INKLW g \ibYb�VBPNG�|�P>\_KNM_GJ?J�
j g bRbYT>\_|�� g_h VoPNG�G_Q%GJ|mILVoQ g K�QRKN|JbRINWNGJ?+VoPNG�^ g bRbYT>\i|�� g_h W>\iVo\¤QYK�VoPNG�?BGm^`�sGm^X\_?

�¡GmbYb¦\_?{VBPNG�^ g bYbRT>\_|�� g_h£x ^`QR�i\iVBG�W>\�V�\�QRKN?BQRWNG�VBPNG·\_M_GJK�V��{=@PNG·W>\iVo\ g TZY`Gm|mVB?5QYKuVBPNG
x ^BQ��i\iVoGHW>\iVo\Â? x \i|JG g_h VoPNG@\iMsGJK�V�|J\_K·T¸G¡|mba\_?`?BQRfNGJW·QRK2V g V�� g |�\iVBGJM g ^BQYGm?J;iK>\_U+GJbRy9VBPNG
§¢µÁªrq�´ ³_¯�� ª�¨¢«_¨¢ªo§ ® y ¯ ¨�qÄy�Å�¨ ½ µ°§Â\_KNWnVBPNG�À¡¨  ¶ ¯�� ªo¨¢«_¨¢ªo§ ® y ¯ ¨�qÄy�Å�¨ ½ µp§¢�ÇÆeµÁªrq�´ ³_¯�� ª�¨¢«_¨¢ªo§ ® y ¯ ¨
qÄy�Å�¨ ½ µp§5\_^`GÂW>\iVo\ g T¼Y`GJ|mVB?¡VoPLGÂ|�\iK�T�G{| g U x GJKN?B\iVoGmW�T�y�U+G�\_KL? g_h \_K�QYUn\_MsGi; g ^HVBPNG
½�l ¨ ½ ¶ m q ® ´>µØ¨vs ® � ©³ ¨¢; g_h VBPNG g TZY`GJ|¢Vo?J�ÃÈ�¨  ¶ ¯�� ªo¨¢«_¨¢ª�§ ® y ¯ ¨ÉqÄy�Å�¨ ½ µ°§�\_^BG�W>\�V�\ g TZY`GJ|¢Vo?
VoP>\�V�U�\�y5T¸G£WNQef�GJ^`GJK�V h ^ g UÔVoPNG g ^`QYMsQRK>\_b�W>\iVo\k\ h VoGJ^»VBPNGw| g U x GJKN?B\iVoQ g K»;ãQF� G_��;ã|�\_KLK g V
T�Gk| g U x GJKN?B\iVoGmW�IN?`QYKNM�\	T¸G hpg ^`G¢CÃQYUn\_MsG_��6þQRVBPnVBPNG{QRK�Vo^ g WNIN|¢VoQ g K gih | g U x GJKN?B\iVoQ g K
gsx GJ^o\�VoQ g KN?¦\iKNW�VoPLGq|JbY\_?B?`QRf>|J\iVoQ g K gih VoPNGq\_MsGJK�V¦W>\iV�\%;i�¼Gq|�\_K�GJ?`Vo\_TNbRQY?BP�\_K·G_fdGm|mVoQ��sG
^ g bRbYT>\i|���U+GJ|�P>\_KLQY?BU[�

���`Ê ËÌ�´��Í�����ÎSÎSÏiÐ�� ÑÒ�ªÓÔ�i�>ÕDÖ\���i���´�Ø×Ù�ÛÚ ��Ü¹ÝÞ�ª×ÔÏ ÎSß

75IN^<\ xNx ^ g \_|�P,QR?·^ g-g VBGJW h ^ g U VoPNGX\ xLx ^ g \i|�P,?BINMsM_GJ?`VBGJWÄQYKJ[ ��] ��6¤G�WNQY?vVoQYKLMsINQY?`P
V�� g V�y x GJ? g_h \_M_GJK�Vo?m�w=@PNG{f>^`?`V¼V�y x GÂQR? x GJ^ hpg ^BU+QYKLM�VBPNGÂ^`GJl2INQR^BGJWn| g U x ILVo\iVoQ g K hpg ^
VoPNG	IN?`GJ^J�¼6�G�K>\_U+G�QRV@VBPNG -½ µ ±L_¯¦©³ ¨¢´>µ¾� O K g VBPNGJ^�V�y x G	QY?@V g WNG¢VoGm|mVÂ\_KNWu^`GJ| g �_GJ^
VoPNG�\_|mVBI>\_b5\iMsGJK�V��46¤G�|�\ibYbkQRV+VoPNG�À ® µ¾´d¨�§�§ ©³ ¨¢´>µÁ�4=@PLG���QRVoKLGJ?B?X\iMsGJK�VX\_b��q\�y-?



k>lL_m µ�¨¢ªOnpo¢´>µ¾ªrq
s ±e½ µ ® q�´ %

Vo^B\©�_GJbR?kT¸GJPLQYKNW�VoPLG�\_|mVBI>\_bÖ\_M_GJK�V��£=@P>\iV�U+G�\iKN?qVoPNG9��Q�VoKNGm?B?k\_MsGmK2V@��QRbYb hpg bYb g � VBPNG
QRVBQYKNGm^o\_^vy g_h VoPNG{\_|¢VoI>\_be\iMsGJK�V��¦=@PNGJ?`G{V�� g V�y x GJ? gih \_M_GJK�Vo?H| g U+U·INKLQY|�\�VoG@T�y¹IN?BQRKNM
\ x GmGJ^ØCÃV g C x GJGJ^@U+GJ?`?o\_M_G x \_?B?`QYKNM<U+GJ|�PN\_KNQY?`U��w �K[\_WLWNQRVBQ g K+V g VoPNG9QRK�Vo^ g WNIN|¢VoQ g K g_h
VoPNG·��Q�VoKNGm?B?�\_M_GJK�V	\_KNW�VoPLG<UnGm?B?o\iMsG x \_?`?BQYKLM�UnGm|�P>\_KNQR?BU[;d�¡G<^`GJl2INQR^BG·V g ¯ q ³ VBPNG
\_|mVBQ g KL? x GJ^ hpg ^BU+GJW�T�y+VoPNG9\i|mVoIN\_bd\iMsGJK�Vo?¡?BQYKL|JG5\ h VoGJ^ h \_QYbRIN^BGm?¼PN\©�_G9P>\ xNx GJKLGJW»;LVBPNG
?BGm^`�sGm^·P>\_?	V g \_T g ^`V�INKN| g UnU+QRV`VoGJW¤\_|¢VoQ g KN?	��PLGJK�VBPNG�?vy%?vVoGmU x GJ^ hpg ^BU+?nªrq ¯°¯ y -½ ¶
ªo¨ ½ q�«_¨¢ª � �Ôt g ^`G g �sGm^J;@VoPLG�\ xNx ^ g \_|�P0^BGJl2INQR^BGm?nV g IN?BG ½�l ¨ ½ ¶ m q ® ´>µØ¨vsàs  µ  [ è � ] V g
^BGm| g �sGm^{VoPLG	b g ?`V@\_MsGJK�VB?J�
=@PLGq�_G¢y<WNQef�GJ^`GJKN|mG@T�G¢V��¡GmGJK¹VoPNG x ^ g V g | g bL?`INMsMsGm?`VBGJW¹QYKÒ[ ��] \_KNW g IN^ x ^ g V g | g bLQR?

VoP>\�V¡VoPLG hpg ^`UnGm^¼WNG x GmKNWN? g K�\nªo¨ ¯²®¾ y ¯ ¨�yJª�q  s ½B §¢µ¾;���PNQYbRGk�¼G9\_bRb g �0VBPNGÂKLGmV�� g ^B�+V g
T�GÂINKN^BGmbYQY\_TNbYGi�]=@PN\iV@QY?m;-�¼G5|J\_K�^BGmUnGmWLy¹VoPNG h \iQYbYIL^BGJ?HQYK+Vo^B\_KN?BU+QY?`?BQ g K g_h UnGm?B?o\iMsGJ?
\_?X�¡GmbYb	\_?�VoPNG'b g ?B? g_h VBPNG¤\_MsGJK�V�QYKþVoPNG'KNG¢V�� g ^`�e�  �Ká[ ��] ;5VoPNG x ^ g V g | g b9IN?`GJ?
UnGm?B?B\_MsG9TN^ g \_WN|J\_?`VBQYKNM·��Q�VoPX\<b g V g_h ^BGmWNINKNW>\iK2VkU+GJ?`?o\_MsGm?J�¼75IN^qU+GJ?`?o\_MsG x \_?B?`QYKNM
UnGm|�P>\_KNQR?BU[; g K�VBPNG g VoPLGJ^5P>\iKNW»;ÖQY?5\ x GmGJ^vCFV g C x GmGJ^ g KNG_;»? g �¡G<|J\_K3?o\��sG+\�b g V g_h
^BGmWNINKNW>\iK2V�UnGm?B?o\iMsGJ?m�£t g ^`G g �sGm^J; g IN^ x ^ g V g | g b-P>\_KNWLbYGJ?ÙVoPNG h \_QYbRIN^BGm? gih VoPNG{À ® µÁ´d¨�§�§
©³ ¨¢´>µp§¢�
z g KN?BGml-ILGJK�Vob�ys;%�¼G x ^ gsx¸g ?BG{\ x ^ g M_^BGJ?`?BQ��sG h \iQYbYIL^BG@WNG¢VoGJ|¢VoQ g K�\_KLW�?BGm^`�-QY|mGÂ^`GJ| g ��C

GJ^vy�U+GJ|�P>\iKNQY?`U¥QRK hpg IN^�bRGm�sGmbY?z[ è_è
] ��r5Qef�GJ^`GJK�V�bYGm�_GJbR?�WNG¢VoGJ^`UnQRKNG¹VoPNG�\©�i\_QRba\_TLQYbYQ�V�y
\_KNW[W>\iVo\¹| g KN?`QY?`VBGJKN|¢y�VoP>\�V{|J\_K[T�G�\_|�PLQYGm�_GJW hpg ^qVoPNG�U g TNQRbYG9\_M_GJK�V�?`y-?`VBGJU+?
h

(£ñ2ò¸ñ-õ«6 h«â�q+µxq ¯ ¨¢ª  ´ ½ ¨�µxq ¬m_±%¯ µ°§ ® ´�µ l ¨��zqÄy ®°¯ ¨ ©³ ¨¢´>µ£§ � §¢µ�¨_�
 �K�VoPLQY?·bRGm�sGmbF;¦��PLGJK,VoPNG�G_Q%GJ|mILVoQRKNM'\_MsGJK�V x ^ g |JGJ?`?<WNQYGm?J;�GmQRVBPNGJ^·WLING�V g VBPNG
?BGm^`�_GJ^ h \_QYbRIN^BGm? g ^�VBPNG h \_INb�Vo?�QRKN?BQRWNG�VoPNGÄ\iMsGJK�V�;�QRV�P>\i?�V g T�G,Un\_K2I>\_bRbRy
^BGm?`Vo\_^`VBGJW h ^ g U×\_K�QRKNQRVBQa\_b]QYK�VoGm^BK>\ibH?vV�\iVBG_��=@P>\�V·U+G�\_KN?�VoPLGnG`QLGm|JILVBQ g K�P>\_?
V g T�G+^BGm?`Vo\_^`VBGJW�T�y3VoPNGn\_MsGmK�V ^ ? g ��KNGJ^m��79K'VoPNG g VoPLGJ^	P>\_KNW»;ÙVoPNGn\�f�GJ|¢VoGJW
?BGm^`�_GJ^qUn\�y¹bYG�\��_GÂQRVB?¼WN\iV�\	QYKn\_K�QRKN| g ^`^BGm|mV g ^¼QRKN| g KN?BQR?`VoGmK�Vq?`Vo\iVoG{WNING�V g ?`y-?vC
VoGmU |J^B\_?BPNGm?J�q ÃVkUn\�y�V�\_�iG�\¹b g KNM+VBQYU+GÂV g ^BGm?`Vo\_^`V x ^ g_x Gm^BbRy�T2y�VBPNG	U�\_K2I>\ib
QYKLQRVoQY\_bYQRA�\iVBQ g K x ^ g |mGJWNIL^BGJ?m�

(£ñ2ò¸ñ-õ5Ý h¦ã ± µxqt�  µ ®F½ §©¨¢ª¢«_¨¢ª ¬m_®°¯²± ªo¨ªs-¨¢µØ¨ ½ µ ® q�´  ´4snªo¨ ½ q�«_¨¢ª �



k>lL_m µ�¨¢ªOnpo¢´>µ¾ªrq
s ±e½ µ ® q�´ ý

6þPNGmK,\[?`GJ^v�sGJ^ h \_QYbRIN^BG<PN\ xNx GJKN?m;]VoPLG h \_QRbYIN^`G·��QYbRbwT�G¹WNG¢VoGJ|¢VoGmW,T2y'\iK g VoPLGJ^
x ^ g Ms^o\iU � g ^@\<W>\_GJU g Ke�D�w=@PNG9WNG¢VoGJ|¢VoQ g K x ^ g Ms^B\_U ^BGJ?vV�\_^vVo?@VoPLG9?BGJ^v�sGm^J;¸\_KNW
\_T g ^`VB?	\_K�y¤ILKN| g U+U+QRVBVBGJW�Vo^B\_KN?B\_|mVBQ g KN?�QRKN?BQRWNG<VoPNG+?BGm^`�sGm^J��=@PNQR? x ^BGm?BGJ^v�sGm?
VoPLG@| g KN?`QY?vVoGJKL|my g_h VBPNGqW>\iVo\5QYKN?`QYWNG¼VoPNG�\�f�GJ|¢VoGmW+?`GJ^v�sGJ^m� �{g �¼Gm�sGm^J;2VoPNG�\iMsGJK�V
P>\_?»V g ?`V�\i^`VÖ^`INKNKNQRKNM h ^ g UþVoPNGwQRKNQRVBQa\_bã?vV�\iVBG_�]6þPLGJK9VoPNGw^`G¢CFVo^o\iKN?BU+QRV`VoGJW�\iMsGJK�V
Vo^B\��sGJbR?<V g VoPNG��-QR?BQRVBGJWÄP g ?vVo?m;HVBPNGXW>\iV�\�QRK,VoPNGm?BGX?BGm^`�sGm^B?¹��QYbRb¡T¸G�U g WNQRfNGJW
V���QY|mG_�X=@PNQR?	�-Q g ba\iVBGJ?�VoPNG+G_QL\_|¢VobRy�C g KN|JGnG_Q%GJ|mILVoQ g K x ^ gsx GJ^`V�y g_h VoPNG+U g TNQYbRG
\_MsGmK�V{?vy-?`VoGmUn?ª[ è �%; è ë ] �

(£ñ2ò¸ñ-õ@ï h¦ã ± µxqt�  µ ®F½�©³ ¨¢´>µ ¬m_®°¯²± ªo¨ªs-¨¢µØ¨ ½ µ ® q�´  ´4snªo¨ ½ q�«_¨¢ª �
6þPNGmK�\	?`GJ^v�sGJ^ h \_QYbRIN^BG@PN\ xNx GJKN?m;-VBPNGÂ\iMsGJK�Vo?HVoP>\�V¼^`GJ?`QYWNGkQYK¹VoPNG h \_QRbYGJW<?`GJ^v�sGJ^
��QYbRbsT¸G¼b g ?`VJ�]=@PNGHb g ?B? g_h \iMsGJK�Vo?Ù|�\iK�T¸G¼WNG¢VoGm|mVoGmW·QYK9VBPNQY?�bYG¢�sGmbF�Ù=@PNG¡?`QRVoIN\iVoQ g K
|�\iKNK g V�T�G�QRU x ^ g �sGmW0��QRVBP g ILV+VoPNGuPNGJb x�g_h ^ g bYbYTN\_|��,^BGm| g �sGm^`y \iKNW�|�PNGm|���C
x¸g QYK�VoQRKNMJ[ è � ] �4=@PNG3\iMsGJK�V x GJ^ hpg ^BU+?�|�PNGm|�� x�g QRK�VoQYKLMÄ\iV�GJ\_|�P P g ?vV�;���PNQY|�P
|�PNGm|�� x¸g QRK2VB?nVBPNGXQYK�VoGm^BK>\_b¡?`V�\�VoG g_h VoPNG[\_MsGmK�V�\ h VoGJ^·VBPNG[\_MsGmK2V
^¿?+G_Q%Gm|JILVBQ g K
QY?k| g U x bRGmVBGJW»�@6þPNGmK3\ h \_QRbYIN^`G	QR?{WLGmVoGm|mVBGJW»;dVBPNG�|�PLGJ|�� x�g QYK�VoGmW'WN\iV�\+|�\_K�T¸G
^BG¢Vo^`QYGm�_GJW hpg ^	VBPNG�^`GJ| g �_GJ^`y g_h VBPNGnb g ?`V�\_MsGmK�V��X=@PNG�^`GJ| g �_GJ^`y g_h VBPNG�\iMsGJK�V
V�\i�_GJ? x bY\_|JG¹\iV�VBPNG¹?BGJ^v�sGm^	��PNGm^BG¹VoPNG+\_M_GJK�V h \_QYbR?J�·=@PNGm^BG hpg ^BGi;ÙVBPNG¹G_QL\_|mVBbRy�C
g KN|mG x ^ g_x Gm^`V�ynQY? x ^BGJ?`GJ^v�sGJWd�@t g ^`G g �sGm^J;e\_?¼VoPNG5QRK�VoGJ^`K>\_b�?`V�\�VoGJ? g_h VoPNG9\iMsGJK�V
QY?@|�PLGJ|�� x�g QYK�VoGmW»;¸�¼G x ^BGm?BGm^`�sG	VoPNG	\_M_GJK�VkW>\iV�\<| g KN?BQR?`VBGJKN|¢ys�

(£ñ2ò¸ñ-õ@ú h«ä ® ´L¶ ¬m_®°¯²± ªo¨
6¤G'|J\_K4\ibR�¡\©y-?XU g WNGmb9\ÄKNGmV�� g ^B�Ô\_?[\_KÔINKNWLQY^BGm|mVBGJWÔU·INbRVBQ�CÃMs^o\ x P»�1=@PNG
KNG¢V�� g ^`��QR?¦INKNWLQY^BGm|mVBGJW<?BQRKN|JGH�¡G�\i?B?BILUnGHVoP>\iV¦VoPNG¼KNGmV�� g ^B��QY?¦\_bR�¡\�y%?¦WNI x bRG_Q�;
\_KNW'QRV�QR?	\XU�INbRVBQ�C�M_^o\ x PuT�Gm|�\_IN?`GnVBPNGJ^`Gn\i^BG¹U·INb�VoQ x bYG·bRQYKN�2? h ^ g U g KNG¹K g WNG
V g \_K g VBPNGJ^m�k6¤G·\_?`?BINU+G�VBP>\iVÂ\�KNGmV�� g ^`��QR?ÂK g VÂ\_b��q\�y-?9\n| g U x bYG¢VoG	Ms^o\ x P»;
QF� G_� hpg ^q\�M_^o\ x PÙå+;-VoPNGm^BG5G`QLQR?`VB?@\��sGm^`VBG_QÃæX?`IN|�P�VoP>\�V¡VoPLG5U�\¤QLQRU·INU g_h VBPNG
?BP g ^`VBGJ?`V x \iVBP h ^ g UçæuV gng VBPNGJ^@�_GJ^`VBQY|mGJ?ÂQRKèå1QR?�ba\_^`MsGJ^qVBP>\_K è �H6¤G h IL^`VoPLGJ^
\_?`?BINU+GÂVoPN\iVqVoPLG5U·INb�VoQ x bYG�GJWNM_GJ?@\_^`G5| g U·TNQYKLGJW�QRK2V g·g KNGÂGJWNMsGi�w=@PNQY?¡UnGJ\_KN?
VoPN\iV¼VBPNG h \_QYbRIN^BG g_h \_K�GmWNMsG h ^ g Uéæ�V gªê QRU x bRQYGm?¦VoPNG h \_QYbRIN^BGm? g_h \_bRbNVoPNGkbYQRKN�2?



k>lL_m µ�¨¢ªOnpo¢´>µ¾ªrq
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h ^ g Uëæ�V g�ê �
6¤G·?`Vo\_^`V g IN^ÂWLQY?B|mIN?B?`Q g K�T�yu\_?B?`INU+QYKNM�VBP>\iV5\_K�\_|¢VoI>\_b¦\_MsGmK2VJ;ºìH;dQY?{K g ��QYK
?BGm^`�_GJ^ØæÄ\_KLW�QRV�QY?	^BGJ\_WLy3V g UnQRMs^o\iVBG<V gèê � O bRQYKN� h \_QYbRIN^BG¹|�\iK�P>\ xNx GJK�QYK
VoPL^BGJG¹WNQ�fdGm^BGmK2V�U g U+GJK�Vo?ih¹� è �ÂT�G hpg ^BG�ì0bRG�\��sGm??æ�í¼�Á�s�{��PNQYbRGÉì�QY?{Vo^o\��_GJbYQRKNM
V gªê í»�Áë��£\ h VBGJ^«ì'P>\_?¼^BG�\i|�PNGJW ê ��=@PNG9\iT g �sG{VoPN^`GJG5|J\_?BGm?q��QYbYbeP>\��_G5WNQef�GJ^`GJK�V
| g KN?BGml-ILGJKN|mGJ?J�Ô=@PNQR?nbRG�\_WN?<V g U g WLQRf>|J\iVoQ g KN? g_h VoPNG ¯ ¨¢«_¨ ¯«î�¬m_±-¯ µ � µxq ¯ ¨¢ª  ´>µ
��¨ ½�lL ´ ® §_�<;%��PLQY|�PX�¡G	|�\_bRbdVoPLG ¯ ¨¢«_¨ ¯ºï{¬m_±%¯ µ � µxq ¯ ¨¢ª  ´>µÇ��¨ ½�lL ´ ® §_�<�

 �K�VoPNG@\iT g �sG¡|Jba\i?B?BQ�f>|�\�VoQ g K»;iVBPNGq| g ^B^BGm? x¸g KNWNQRKNM h \_QRbYIN^`G¼WLGmVoGm|mVBQ g K<\iKNW<^BGm| g �sGm^`y
UnGm|�P>\_KNQR?BU+?¡|J\_K g KNb�y+P>\_KNWNbRG{VBPNG5?`V gsxNx QRKNM h \iQYbYIL^BGJ?H|�\iIN?BGmW�T2yn? gih V��q\_^`G h \_INb�Vo?HQYK
VoPNG�U g TLQYbYG�\iMsGJK�Vo?5\_KNWuVBPNG�U g TNQRbYG	\_MsGmK2V x ba\�V hpg ^`U��@=@PNG�P>\_^BW%�q\_^`G h \_QRbYIN^`GJ?k\_KNW
VoPNGOð¼y-AJ\_K�VoQYKLG h \_QRbYIN^`GJ??[ è ê ] \_^BG g ILV gih VBPNG�| gsx G g_h VBPNQY?qVBPNGJ?`QY?m�

����ñ ò:�´Í��Ø×ÔÏ
óÀ���SÏ
��× ��ô&ÖéÝÔÏ ÎÛÖéÝÞ��ÎSÏ Î

=@PNQY?@VBPNGJ?`QY?�QY? g ^`M�\_KNQRAJGmW[QRK�VoPNG hpg bRb g ��QYKNM��q\�y4h

j z P>\ x VoGJ^ è �°VoPNQR?q|�P>\ x VBGJ^o�¡QY?�\_K�QRK2VB^ g WNIN|¢VoQ g K g_h VoPNG5VBPNGJ?`QY?m�H ÃV�M_QR�sGm?�\·TN^BQRG h
WNGm?B|J^`Q x VBQ g K g_h U g TNQYbRG�\iMsGJK�V¹VoGm|�PNK g b g M_ys�� ÃV+\_bY? g ?vV�\iVBGJ?<VoPLG x ^ g TLbYGJU+? g_h
h \_INb�V`C x ^ g KLG�U g TNQYbRG�\iMsGJK�V9?vy%?vVoGmUn?m;]\iKNW x ^BG¢�-Q g IN?5� g ^`�uW g KLG·QYK�VBPNQY?Â\_^BGJ\L�
t g ^`G g �sGm^J;ÙQRV5\_bY? g�g ILVobRQYKNGm?ÂVoPLG<| g K�Vo^`QYTNI%VoQ g K3\_KNW�VoPNG g ^BM�\_KLQYA�\�VoQ g K g_h VoPNQR?
VoPLGJ?BQR?J�

j z P>\ x VoGJ^���MsQ��sGJ?	\_K g I%VobYQRKNG g_h VoPLG x ^ g TNbRGJU+?�\_?5�¼GJbYb£\i?9? g bRILVoQ g KN?9WNGJ\_bYQRKNM
��QRVBP�VoPLG@?BGJ^v�sGm^B? h \_QYbRIN^BGHQYK�U g TLQYbYGH\_M_GJK�Vw?`y-?vVoGJU+?J�w ÃV�?`V�\�VoGJ?]VoPNG@QRU x¸g ^`Vo\_KN|mG
g_h VoPNG�?`GJ^`�_GJ^ h \_QYbRIN^BG{WNGmVBGJ|mVBQ g K�\_KNW[^BGm| g �sGm^`y_�

j z P>\ x VoGJ^·ë hpg |mIN?BGm? g K�VBPNG�WLGmV�\iQYbY? g_h VBPNG�\_M_GJK�V h \_QRbYIN^`G¹WNGmVBGJ|mVBQ g K�\_KNW�^`G¢C
| g �_GJ^`y�UnGm|�P>\_KNQR?BU+?J�3 ÃV<WNGm?B|J^`QYT¸GJ?·VBPNG�U g TNQYbRG�\iMsGJK�V¹?`y-?vVoGJUÈ\_^B|�PNQ�VoGm|mVoIL^BG
VoPN\iV@?BI xNx�g ^`Vo?@VBPNG x ^ g_x�g ?`GJWXU+GJ|�P>\_KLQY?BU[;N\iKNW g ILVobRQYKNGm?¡VoPLG x ^ g V g | g b gih VBPNG



k>lL_m µ�¨¢ªOnpo¢´>µ¾ªrq
s ±e½ µ ® q�´ î

U+GJ|�P>\_KLQY?BU[� O WNGmVo\_QYbRGJW�WNQR?B|mIN?B?`Q g K g K,WNQef�GJ^`GJK�V h \_QRbYIN^`Gn?`|JGmK>\_^BQ g ?·QR? x ^ g C
�-QYWNGmW»;e\_KNWXP g �ÔVoPNG�U+GJ|�P>\iKNQY?`U � g ^B�2? g K�VoPNGm?BG�?B|mGJK>\_^`Q g ?@QR?@WNGJ?`|J^`QYT¸GJW»�£ ÃV
\_bR? g QYKN|mbYINWLGJ?�\¹?BQYU x bRQRf>|J\iVoQ g K g_h VoPLQY?@U+GJ|�P>\_KLQY?BU[�

j z P>\ x VoGJ^¹ê�MsQ��sGm?¹\3WLGmV�\iQYbYGmWÄ\_K>\_b�y-?BQY? g_h VoPNG x ^ gsx¸g ?BGmW�U+GJ|�P>\iKNQY?`U QYK�VBPNG
x ^`Gm�-Q g IL?@|�P>\ x VBGJ^J�£ ÃV@QRKN|JbRINWNGm?�\·WNGmVo\_QYbRGJW�WNG¢f>KNQ�VoQ g KX\_KNW�WNGm?B|J^`Q x VBQ g K gih VBPNG
U+GJ|�P>\_KLQY?BU[��=@PNGu\iK>\_bRy-?`QY?<QYKL|JbYILWNGJ?+\3bYQR�_GJKNGm?B? x ^ g-g_hÂg_h VBPNG[UnGm|�P>\_KNQR?BU[;
\_KNWXVoPLG�\iK>\_bRy-?`QY? g_h VoPNG�?`QYU x bYQ�f>GJW�U+GJ|�PN\_KNQY?`U��

j z P>\ x VoGJ^«% x ^ g �-QYWNGm?q\_K+G_Q-VoGmKN?BQ g K g_h VoPNGkU+GJ|�P>\_KLQY?BU[��=@PNG{G_Q-VoGmKNWNGmW�UnGm|�P%C
\_KNQR?BU�WNQR?B|JIL?B?BGm?¡VoPLGÂbYQRKN� h \_QRbYIN^`GJ?£QYK+VoPNG{?`y-?`VBGJU[�¡S-QYKN|mG{VoPLGÂbYQRKN� h \_QRbYIN^`G�|�\_K
P>\_^`WNbRy�^BGJ| g �sGJ^ h INbRbRys;%�¡G x ^ g_x�g ?`G	\+? g bYILVBQ g K�VBP>\iV�|�\iKu^BGmUnGmWLy�VBPNQY?��2QYKNW g_h
h \_QRbYIN^`GJ?J�

j 6¤G+WLGJ?B|m^BQRT�G¹VoPNG¹G¢�_\ibYI>\iVBQ g K g_h VoPLGnU+GJ|�P>\iKNQY?`UºQYK3|�P>\ x VoGJ^ ý �¹ ÃV	QYKN|mbYINWLGJ?
VoPLG z g KN| g ^BWNQY\ÂQYU x bRGJU+GJK�V�\iVBQ g K	\_KLW�VoPNG¡?BQYU�INba\iVBGJW�G_Q x Gm^BQRUnGmK2VB? g_h VBPNG x ^ g C
x¸g ?BGmW h \_ILbRV`CFV g bRGJ^B\_K�VqU g TNQYbRG9\_MsGmK�V{?vy-?`VoGmU��

j c¦QRK>\_bYb�ys;e|�P>\ x VoGJ^�ín| g KN|mbYINWNGm?9VoPNQR?{VoPLGJ?BQR?�\_KNW x ^ g �%QRWNGJ?9? g U+G·WNQY^`GJ|¢VoQ g KN? g_h
h ILVBIN^BG�^BGm?BGJ\_^B|�P»�

���õ ö÷��×Ã�S��Ï øÔÓè�´Ï
��× ��ôùÖéÝÞ� ÖéÝÞ��ÎSÏ Î

=@PNQY?@VBPNGJ?`QY?�U�\i�_GJ?@VBPNG hpg bYb g ��QRKNM·| g K�Vo^BQRTNILVBQ g KN?ih

j  ÃV£WNGm?BQYM_KN?H\ x ^ g M_^BGJ?`?BQ��sG h \_INb�VwWNGmVBGJ|¢VoQ g Kn\iKNW¹^BGJ| g �sGJ^vy¹U g TNQYbRGq\_MsGmK�V£?`y-?`VBGJU
WNGm?BQYM_K�T�y�IN?`QYKNM¹| g%gsx GJ^B\iVoQ��sG	\_MsGmK�Vo?J�

j  ÃV x ^ g �-QYWNGm?HVBPNGkQYU x�g ?`?BQRTNQYbRQRV�y x ^ g-g_h ? g K¹VoPNGkbYQ��sGJKLGJ?B? g_h VBPNGk?`y-?`VBGJU \_KNWnVBPNG
\_K>\ibRy-?BQR? g_h VBPNG�?BQRU x bRQRf>|J\iVoQ g K gih VBPNG x ^ gsx¸g ?`GJW[UnGm|�P>\_KNQR?BU[�

j  ÃVwWNG¢�sGmb gsx ?]VoPNGq^`GJbRQa\_TNQRbYQ�V�y5Gm�i\_bRI>\iVBQ g K	G_Q x GJ^BQRUnGmK�Vo?�T�y	VoPNG@\iMsGJK�VwQRU x bRGJU+GJK%C
V�\�VoQ g KX\_KNWXVoPNG�?`V g |�PN\_?`VBQY| x G¢Vo^`QÖKNGmVB?k?`QYU·ILba\iVBQ g KN?m�
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=@PNG	?BGJ^v�sGm^ h \_QRbYIN^`G5QY?�U·IN|�P[G�\i?BQYGm^@V g T�G�WNG¢VoGJ|¢VoGmW�\_KNW[^BGm| g �sGm^BGmW�VoP>\_KXVoPLG�\iMsGJK�V
h \_QYbRIN^BGi�·8kGm�sGm^`VBPNGJbRGJ?B?m;¦?`GJ^`�_GJ^ h \_QYbRIN^BG�WNGmVBGJ|mVBQ g K'\_KLW'^`GJ| g �_GJ^vy�\i^BG·�-QRVo\_b�QY?`?BINGm?�QYK
VoPNG�WNGm?BQRMsK g_h \<^`GJbYQY\_TNbRGÂU g TNQYbRG5\_M_GJK�Vk?`y-?`VBGJU[� O Ku\iMsGJK�V�^BGml2INQY^`GJ?k\<?BGJ^v�sGm^kV g T¸G
P g ?vVoGJW�\_KNW�V g T¸G x ^ g �%QRWNGJW�\_K�GmK2�-QR^ g KNU+GJK�V�V g G`Q%GJ|JI%VoG_��  h VoPLG�P g ?vVoQRKNM�?`GJ^v�sGJ^
h \_QYbR?J;�VBPNG[\_MsGJK�V¹��QYbRb¡T¸GXb g ?vV¹\_?+\_K�\_MsGmK2V+QR?aY`IN?`Vn\ x QYGm|JG g_h ^BINKLKNQYKNM x ^ g Ms^B\_U��
75K�VoPNG g VoPNGm^¡P>\_KLW»;%VBPNG9\_MsGmK�V@P>\_?qUn\_KNQ x INbY\iVoGmW g T¼Y`GJ|mVB?	� g ^¼W>\iVo\��HQRK�VoPNG{?BGm^`�sGm^J�
=@PNGJ?`G g TZY`Gm|mVB?{QRK[VBPNG�?`GJ^v�sGJ^ÂT�Gm| g U+GJ?kQYKN| g KN?`QY?`VBGJK�VkQ h VoPNG	U g WNQ�f>|�\iVBQ g KL?qW g KNG	T�y
VoPNG�\_MsGJK�VB?�\_^BGuK g V�PN\_KNWNbRGJW x ^ gsx GJ^Bb�ys�Ò6¤G�P>\��_GuV g Vo\_|��2bYG�VBPNQY?nQYKN| g KN?`QY?`VBGJKN|¢y
x ^ g TNbYGmU��5t g ^BG g �sGJ^m;ÖQ h VBPNG·?`GJ^`�_GJ^5V g ��PNQY|�P�VBPNG·\iMsGJK�V9U+QYMs^B\iVoGm? h \iQYbY?m;>VoPNG<\iMsGJK�V
|�\_KLK g V�VB^o\��sGmbHV g VBP>\iV�?BGJ^v�sGm^J� � GJKN|mG_;¦VBPNGJ?`G x ^ g TNbYGmUn?	\_WLWN^BGm?B?�VBPNG�QRU x¸g ^`Vo\_KN|mG
g_h VoPNGu?BGJ^v�sGm^ h \iQYbYIL^BG[WNGmVBGJ|mVBQ g Kd;Â\_KLW g ILVobRQYKNG�\�?BGm^BQRGJ? g_h Vo\_?B�2?�^BGml2INQY^`GJW�V g T¸G
\_|J| g U x bYQR?BPNGmW[WLIN^BQRKNM<VoPNG�^BGm| g �sGm^`y g_h ?BGm^`�sGm^B?m�
S-QYKN|mGX\'?`GJ^`�_GJ^+P g ?vVo?+\_K�\_MsGJK�Vn\_KNWÄVoPLG�\iMsGJK�V¹Un\_KNQ x INba\iVBGJ? g TZY`GJ|¢Vo? g K�VBPNG

?BGm^`�sGm^J;e�¡G�P>\��_G	V g b g M<Gm�_GJ^vy[\_|mVBQ g K g_h VoPLG�\iMsGJK�VkQYK�� g bR�-QYKNM·VBPNG�U g WNQ�f>|�\iVBQ g KL? g_h
VoPNG g TZY`Gm|mVo?¦QYK�VBPNG¡?`GJ^v�sGJ^m�w  h \ h \iQYbYIL^BG£P>\ xNx GJKL?J;2\_bRbsVoPNG ± ´ ½ qt�É� ® µ¾µØ¨vs�Vo^o\iKN?o\_|¢VoQ g KN?
W g KNG9T�y�VBPNG�\_MsGmK�V�?BP g ILbYW�T¸G  y_q�ª¢µ�¨vs_� � GmKN|JGi;N��PNQYbRGÂVoPLG9?BGJ^v�sGm^{QR?q^BGm?`V�\i^`VoQRKNMN;-�¡G
P>\��sG�V g QYKL? x GJ|mV�VoPNG�b g M g K�VBPNG x GJ^`U�\_KLGJK�V<?`V g ^o\iMsG_;¦\_KNW�INKLW g \_bYbwVBPNG�INKL| g U<C
UnQ�VBVBGJW�|�P>\iKNMsGJ?m��r5IN^BQRKNM�VoPLG�^BGm| g �sGm^`y g_h VBPNG�?`GJ^`�_GJ^m;{�¼G�|�\_KNK g V�^BGm| g �sGm^[\_K�y

�



k>lL_m µ�¨¢ª î Æ»¨¢ªD«_¨¢ª�� _®°¯²± ªo¨��·¨¢µ�¨ ½ µ ® q�´  ´4s��k¨ ½ q�«_¨¢ª � è �

b g ?vVk\_MsGmK2VB?{?`QYKN|mG�QRV�QY?�QRU x¸g ?B?`QYTNbRG hpg ^k\<?BGm^`�_GJ^{V g ^BG¢CÃQYKN?vV�\_K�VBQa\iVBG�\_Ku\iMsGJK�V�VoP>\�V{QR?
hpg ^BGmQYMsK�V g Q�V��
  h VoPLG�\iMsGJK�V+|�\_KLK g V+WNGmVBGJ|¢Vn��PNG¢VoPNGm^+VBPNG�V�\_^`MsGmV+?`GJ^`�_GJ^+QY?+\��i\_QYbY\_TNbYG g ^<K g VJ;

�¡G'Un\©y�b g ?`G'Q�V���PNQYbRG�?BGmKNWNQYKLM�Q�V�V g \ h \_QRbYGmW ?BGJ^v�sGm^J��=@PNGm^BG hpg ^BGi;5�¡G'P>\��sG'V g
QYU x bYGmUnGmK�V]VBPNG�\_TNQRbYQRV�yÂV g WNG¢VoGJ|¢VwVoPNG�\��i\_QRba\_TNQRbYQ�V�y g_h \5?`GJ^`�_GJ^ hpg ^]VoPNGqU g TNQRbYG¼\_MsGmK2VJ�
6�G+P>\��sG�QYU x bYGmUnGmK2VBGJW'\�U+GmVBP g W¤?`QYU+QYba\i^{V g m¸® ´ ³ hpg ^�VBPNQY? x IL^ x¸g ?BGi��6þQRVoP'VoPNQR?
QYU x bYGmUnGmK�V�\iVBQ g K»;]\_KÄ\_M_GJK�V<WNGm|JQYWLGJ?�V g �q\_Q�V·QRK�VoPNG�|JIN^`^BGJK�V¹?`GJ^`�_GJ^¹Q h VoPNG�Vo\_^BMsG¢V
?BGm^`�sGm^[\_PNG�\iW QY? h \iQYbYGmW»�4=@PNG3\iMsGJK�V�| g K�VoQYK2INGm?��q\iQRVoQRKNM�ILK2VBQYbkVoPNGuVo\_^BM_GmV�?`GJ^v�sGJ^
T�Gm| g U+GJ?¦\��_\iQYba\iTNbYGi�Ö �K�VoPNQR?]QRU x bYGJU+GJK�Vo\iVoQ g K»;JVBPNGq\_M_GJK�V¦|J\_K·| g K�VoQYK2ING¼QRVB?]Q�VoQYKLGJ^o\i^`ys�
�{g �¼Gm�sGm^J;Ö��PNQRbYG�VBPNG<\_M_GJK�V9QY?{�q\_Q�VoQRKNMN;eVoPNGm^BG·QR?9\�|�P>\_KL|JG·VoPN\iV�\ h \_QRbYIN^`G�PN\ xNx GJKN?
V g VoPLG9?BGJ^v�sGm^���PLGJ^BG9VBPNG�\_MsGmK2V�^`GJ?`QYWNGm?J�£ �K�VoPNQR?q|�\_?`G_;N�¼G�^BGJl2INQR^BG�\_KX\iMsGJK�V h \_QRbYIN^`G
WNGmVBGJ|¢VoQ g Ku\_KLW�^`GJ| g �_GJ^`yXU+GJ|�PN\_KNQY?`U��w=@PLQY?�QY?@| g �_GJ^`GJW�QRK[S%GJ|¢VoQ g KuëL�¿ë

Server Pool

Monitoring Daemon

c¦QRMsIN^`G��%� è hHS%GJ^v�sGm^ h \_QRbYIN^`GÂWNG¢VoGJ|¢VoQ g K�WN\_GJU g K»�
75IN^¦UnGm|�P>\_KNQR?BU V g WNG¢VoGJ|¢V¼\_KNW<^BGm| g �sGm^H\5?BGJ^v�sGm^ h \iQYbYIL^BG¡QR?]V g ba\_INKL|�Pn\5WN\_GJU g K

QYK�\{Un\_|�PNQYKLG¡\_?]?BP g ��K<QRK�c¦QRMsIN^`Gq�%� è �Ù=@PNQY?]W>\_GmU g K�QY?�V g U g KLQRV g ^»VoPNG¡\©�i\_QRba\_TLQYbYQ�V�y
g_h \ibYb_VBPNG¼?`GJ^v�sGJ^`?J��6¤G£K>\_U+G£VBPNQY?�W>\iGJU g K	VBPNG@§©¨¢ª¢«_¨¢ªÇ�zq�´ ® µxq�ª¢�Ù=@PNGH?BGm^`�sGm^¦P g ?`VoQRKNM
VoPNQR?@W>\_GmU g K�QR?qK g Vk\·?`GJ^v�sGJ^k^BGm? x¸g KN?`QYTNbRG hpg ^@^BGm|JGmQR�-QYKNM¹\iKNWXG_Q%GJ|mILVoQRKNM+\_K�yX\_MsGmK2V
í
QRV@QR?@\_KXQYKLWNG x GJKNWLGJK�Vk?BGJ^v�sGm^���PLQY|�P[QY?qK g V@�%ILbYKNGm^o\_TNbRGÂV g<h \_QRbYIN^`GJ?m�¦=@PNG	\_WL�i\_K�Vo\_MsG
g_h VoPLQY?5\ xNx ^ g \_|�P�QY?kVoP>\�V5QRV{QY?{G�\_?vy�V g QYU x bRGJU+GJK�V�� �{g �¼Gm�_GJ^J;Ö�¼G·Un\©y[GmKN| g ILK2VBGJ^



k>lL_m µ�¨¢ª î Æ»¨¢ªD«_¨¢ª�� _®°¯²± ªo¨��·¨¢µ�¨ ½ µ ® q�´  ´4s��k¨ ½ q�«_¨¢ª � èsè

VoPNG x ^ g TNbRGJU g_h § ® ´ ³_¯ ¨ m q ® ´>µ´q ¬Ö¬m_®°¯²± ªo¨¢�wS%QRKN|JGq�¼G�P>\��sG g KNb�y g KLG@?BGJ^v�sGm^¼U g KNQ�V g ^]QYK
VoPNG¡?`y-?`VBGJU[;sVoPNG h \iQYbYIL^BG g_h VoPNG¡?BGJ^v�sGm^wU g KLQRV g ^Ù��QRbYb2|�\_IL?BG¡VBPNGqbYG¢�sGmb è h \_INb�V`CFV g bRGJ^o\iK2V
UnGm|�P>\_KNQR?BU V g T¸G h \_QYbRGJW»�] �K g ^BWNGm^¡V g GJ\_?BG9VoPLQY? x ^ g TNbRGJU[;-�¼G�|�\_KXQYK�VB^ g WNIN|JGÂU g ^`G
T>\_|��2I x � g ^B�iGJ^·?`GJ^`�_GJ^`?J��=@PNG�� g ^`�_GJ^�?BGJ^v�sGm^B?·��QYbRb£U g KLQRV g ^5VoPNG x ^BQYUn\_^vy�?BGm^`�sGm^J�
  h VoPLG x ^BQYUn\_^vy g KNG h \_QRbY?J; g KNG gih VoPLG+� g ^B�iGJ^`?���QYbRb�^BG x ba\i|JG<VoPNG x ^`QYUn\_^`y g KNG_;ÙT�y
ba\_ILKN|�PNQYKLM¹VBPNG�W>\_GmU g K[\_KLW�^`G x bY\_|JQRKNM·VoPNG x ^`QYUn\_^`yn?BGm^`�_GJ^J�
O K�\_b�VoGm^BK>\iVBQR�_Gu\ xLx ^ g \i|�P�QY?+?BINM_MsGJ?vVoGJWþT�y � I>\iKNMM[ èsèi] �Ó=@PLG�U�\iQYK�QYWNGJ\ g_h

VoPNQR?�\ xNx ^ g \_|�P QR?�V g IL?BG3\_K g VoPNGm^ x ^ g Ms^o\_U V g U g KNQ�V g ^¹VoPLG�\��_\iQYba\iTNQYbRQRV�y gih VBPNG
?BGm^`�sGm^ x ^ g Ms^B\_U[��=@PNG�WNGmVBGJ|¢VoQ g K gih VBPNG9?BGm^`�sGm^Â\��i\_QRba\_TNQRbYQ�V�y<QY?qU g ?vVobRynW g KLG	T�y�VBPNG
gsx GJ^o\�VoQYKLMu?`y-?vVoGJU¥T�y�IL?BQYKLM ¬ q�ªo¶¤\_KNW�§ ®�³ ´ _¯ �X=@PNG�?`GJ^v�sGJ^ x ^ g M_^o\_U×QY?�VoPLG�|�PNQRbYW
x ^ g Ms^o\_U[;»\iKNW�VoPNG x \_^BGmK2V x ^ g M_^o\_UÅU g KNQRV g ^B?{QRV��56þPLGJK�VoPNG·\_T g ^`V g ^kVoGm^BU+QYK>\iVBG
?BQRMsK>\_bÙQY?{|�\ x VBIN^BGmW�T�y�VBPNG x \_^`GJK�V x ^ g Ms^B\_U�;eVoPLG x \_^`GJK�V x ^ g Ms^o\iUÅ^`G¢CÃQYKN?vV�\_K�VoQY\iVoGm?
VoPNG[?BGm^`�_GJ^ x ^ g Ms^B\_U��� ÃVnQY?+\_K0GJ\_?`y�TNI%V�;¡y_GmV�;¡GJbYGmM�\_K�V�\ xNx ^ g \_|�P»� �kg �¡G¢�sGJ^m;�QYK
VoGm^BU+? g_h QRU x bRGJU+GJK�V�\�VoQ g K»;©VoPNQR?¦\ xLx ^ g \i|�P<QY?¦K g V�QRK2VBGJ^ gsx Gm^o\_TLbYGH?BQYKL|JGqQ�V¦QR?]bY\_KNMsI>\iMsG
WNG x GJKLWNGJK�V��
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6�G�WNQR?B|mIN?B?@VoPLG�\iMsGJK�V h \_QYbRIN^BG{WNGmVBGJ|¢VoQ g K�\iKNW�^`GJ| g �_GJ^vyXUnGm|�P>\_KNQR?BU[; g ^qVoPLG	bRGm�_GJbÙ�
h \_INb�V`CÃV g bYGm^o\_K�VdUnGm|�P>\_KNQR?BU[;�QRK9VoPNQR?Ö|�P>\ x VBGJ^J��75IN^Ù\ xNx ^ g \_|�P	U�\_QRK�V�\_QRKN?�VBPNG£G_QL\_|mVBbRy�C
g KN|mG x ^ gsx Gm^`V�y_� �{g �¼Gm�sGm^J;�QRVkQY?�TNb g |��sC x ^ g KNGi�¡6¤G�QRK2VB^ g WNIN|mG	VBPNG�?vy-?`VoGmUÅ\_^B|�PNQ�VoGm|¢C
VoIN^`G�QYKÄS-GJ|mVBQ g KÄë%� è �� �K�S-GJ|mVBQ g KÄë%�é�%;��¼G�WNGm?B|J^`QYT¸G�VoPLG x ^ g V g | g b£��PNQY|�P,QRK2� g bR�_GJ?
VoPNG¹| g%gsx GJ^B\iVoQ g KN?5T¸GmV��¼GJGmK¤V�� g WNQef�GJ^`GJK�V��2QYKNWN? g_h \_M_GJK�Vo?m�¹r5Qef�GJ^BGmK�V h \_QYbRIN^BG�\_KNW
^BGm| g �sGm^`y¤?B|JGmK>\_^`Q g ?	\_^`GnWNQR?B|mIN?B?`GJW�QRK�S-GJ|mVBQ g K¤ëL�¿ëL�� ÃV�\_bR? g \_WNWL^BGJ?`?BGm?�VoPNG+?B|mGJK>\i^vC
Q g ?·��PLGJK�VBPNGXUnGm|�P>\_KNQR?BU h \_QYbR?J;£QF� G_;wVoPLG[|J\iV�\i?`Vo^ gsx PNQR| h \_QYbRIN^BGm?J;H\_KNWÄ�¼G[?`INMsMsGm?`V
? g bRILVoQ g KN?ÂV g ^BGmUnGmWLyuVBPNGJ?`G+?`QRVBI>\iVoQ g KN?m��c¦QRK>\_bRbRys;e�¼G<P>\��sG+\�?BQYU x bRQRf>|J\iVoQ g K gih VBPNG
UnGm|�P>\_KNQR?BU[�3=@PNG�?BQRU x bRQRf>|J\iVoQ g K g_h VoPNG�UnGm|�P>\_KNQR?BU ^`GJWNIL|JGJ?<VBPNG�| g U x bRG_Q%QRV�y g_h
UnGm?B?B\_MsG x \_?`?BQYKLM�\_KLWXVBPNG�^BGm? g IN^`|JGm?Â| g KN?BINU+GJW[T�y�VoPNG�U+GJ|�P>\iKNQY?`U��

ñÒ��� �	��Î>�1��ß 
 ��Ü¹ÝÔÏ_�S��Ü°�´ÓÔ�´�

6�GÂQYK�Vo^ g WNIL|JGÂVBPNG5?`y-?vVoGJU \_^B|�PLQRVoGm|mVBIN^BG gih VoPNG5U g TNQRbYGk\_MsGmK�Vo?qVoPN\iV@\_^`G5|�\ x \_TNbRG g_h
?BI xLx�g ^vVoQRKNM9VoPNG�bYG¢�sGmb¸� h \iINbRVvCÃV g bYGJ^B\_K�V¦U+GJ|�PN\_KNQY?`U��] �K g ^BWNGm^£V g WNGmVBGJ|¢V¼VBPNG h \_QYbRIN^BGm?
g_h VBPNGq\_|¢VoI>\ibL\_M_GJK�Vo?¦\_?]�¼GJbRbL\_?Ù^BGm| g �sGm^�VoPNG h \_QYbRGJW -½ µ ±L_¯L©³ ¨¢´>µÁ;��¡GqWLGJ?BQRMsK·\iK g VoPLGJ^
V�y x G g_h \_M_GJK�Vo?m;NK>\_U+GJb�ynVBPNG·À ® µ¾´d¨�§�§ ©³ ¨¢´>µ¾;LV g ��Q�VoKNGm?B?�\_KNW�U g KNQ�V g ^£��PNG¢VoPNGm^�VBPNG
\_|mVBI>\_b@\iMsGJK�V¹QY?¹\ibYQR�_G g ^�VBGJ^`UnQRK>\iVoGmW»��r5ILG�V g VoPNG�QRK�Vo^ g WNIN|¢VoQ g K g_h VoPNG���Q�VoKNGm?B?

è �



k>lL_m µ�¨¢ª ï ã ³ ¨¢´>µ�� _®°¯²± ªo¨��·¨¢µ�¨ ½ µ ® q�´  ´4s���¨ ½ q�«_¨¢ª � è ë

\_MsGmK2VJ;��¼G·P>\��sG�V g WLGJ?BQRMsK�\+| g U+U·INKNQR|�\iVBQ g KXU+GJ|�P>\iKNQY?`UÅT¸GmV��¼GJGmK3T g VBPuV�y x Gm? g_h
\_MsGmK2VB?J�£ �K g IL^¼WNGm?BQRMsK»;%VBPNGmy�\_^`G{|J\ x \_TNbRG g_h ?BGJKLWNQYKNM�UnGm?B?o\iMsGJ?¡V g GJ\_|�P g VoPLGJ^J��6¤G
|�\_bRbLVoPLQY?�V�y x G g_h UnGm?B?B\_MsGJ?£VoPLGªs ® ªo¨ ½ µ���¨�§�§ ©³ ¨�§¢�]=@PLG{WNQR^BGm|mV£U+GJ?B?B\_MsG�QY?H\ x GJGJ^ØCÃV g C
x GmGJ^{UnGm?B?o\iMsG_�{S%QRKN|JG�\+��Q�VoKNGm?B?5\iMsGJK�VÂ\_bR�¡\�y%?{ba\_M_?kT¸GJPLQYKNW[VoPNG�\_|mVBI>\_bÙ\_MsGmK2VJ;¸VBPNG
\_|mVBI>\_b¸\_MsGmK�V¡|J\_K�\_?`?BINU+G�VoP>\iV£VBPNGk��Q�VoKNGm?B?¼\_MsGmK2V¼QY?H\iVHVoPLG{?`GJ^`�_GJ^HVoP>\iV£VBPNGÂ\i|mVoIN\_b
\_MsGmK2V�Y`IN?`V x ^BG¢�-Q g IN?`bRy��-QY?`QRVBGJW»�{t g ^`G g �sGm^J;dVBPNG·\i|mVoIN\_bÙ\_MsGJK�VÂ|JGJ^vV�\_QRKNbRyX�2K g ��?ÂVBPNG
\_WNWN^`GJ?`?BGJ? g_h VoPNG¹�-QY?BQ�VoGmW'?`GJ^v�sGJ^`?J�n=@PNGJ^`G hpg ^`G_;�VoPNG x GmGJ^ØCÃV g C x GJGJ^9U+GJ?`?o\_M_G x \_?B?`QYKNM
UnGm|�P>\_KNQR?BU�|J\_K[T�G�GJ?vV�\_TLbYQY?`PNGJWd�
=@PLGJ^BG�\_^BGn|�\_?`GJ?�VBP>\iV�VoPNG -½ µ ±L_¯¼©³ ¨¢´>µ	|J\_KNK g V·?BGmKNW,\uWLQY^BGm|mV�UnGm?B?B\_MsGnV g \

À ® µÁ´d¨�§�§ ©³ ¨¢´>µÁ��=@PNGm^BG3|�\_KþT¸G�?BG¢�sGJ^B\_b�^BGJ\_? g KL?J;ÂGi�¿ML�R;kVoPNG���Q�VoKNGm?B?[\_MsGmK2VXQR? g K
VoPNG<�¡\�y�V g VoPNG<Vo\_^BMsG¢V�?BGm^`�sGm^J�+=@PNGJ^`G¹?BP g ILbYW'T�G¹\ � _®°¯ y_qi~�\iV�GJ\_|�P'?BGJ^v�sGm^	VBP>\iV
�_GmG x ?�VoP g ?BG¹INK>\iV`VoGmKNWNGJW'U+GJ?B?B\_MsGm?J�·6¤G+|J\_bYbÙVoPNQR?5V�y x G g_h U+GJ?B?B\_MsGm?�VBPNG ® ´4s ® ªo¨ ½ µ
��¨�§�§ ©³ ¨�§¢��=@PNGm?BG�QRKNWNQR^BGJ|¢V�UnGm?B?B\_MsGJ?	��QYbRbwT�G+�_G x V·QRK'VBPNG x GJ^`U�\iKNGJK�V�?`V g ^o\_MsG g_h
VoPNG9Vo\_^BMsG¢V�?BGm^`�sGm^B?m�
75K�VBPNG g VBPNGJ^·PN\_KNW»;wG¢�sGJ^vy,?BGm^`�_GJ^¹P>\_?�V g b g M[VoPNGX\i|mVoQ g KN? x Gm^ hpg ^`UnGmW�T�y,\_K

\_MsGmK2VJ�£=@PNG9b g M_MsQYKNM�\_|mVBQ g KL?@\_^BGÂQYK�� g �iGJW[T�y�VoPNG�\i|mVoIN\_b»\_M_GJK�Vo?m�H=@PLG9QYK hpg ^`U�\�VoQ g K
b g M_MsGJW'T�y�VoPNGn\_MsGmK2V�QY?9�-QRVo\_b hpg ^ h \_QRbYIN^`G·WNGmVBGJ|¢VoQ g K�\_?��¡GmbYbH\_?�^BGm| g �sGm^`y � � O bY? g ;
VoPNG�P g ?`VBQYKNM�?BGJ^v�sGm^B?�P>\��sG·V g b g M+��PNQY|�P g TZY`GJ|¢Vo?9P>\��sG<T¸GJGmK�I x W>\iVoGmW»�9=@PNGm?BG<b g Ms?
\_^BG�^`GJl2INQY^`GJWX��PNGJK x Gm^ hpg ^`UnQRKNM�VBPNG�^ g bRbYT>\_|��n^BGm| g �sGm^`ys�
Õ�\_?vV9TNILV5K g V5VBPNG<bYGJ\_?`VJ;d��PNGJK'\�?`GJ^`�_GJ^ h \_QRbYIN^`G�P>\ xLx GmKN?J;»�¼G<P>\��sG<V g ^`GJ| g �_GJ^

VoPNG�b g ?vVn\_MsGJK�VnWNING[V g VBPNG h \iQYbYIL^BG_� �{g �¼Gm�sGm^J;k\_K0\_MsGJK�V�P>\_?+QRVo?+QYK�VBGJ^BKN\_b�W>\iV�\%;
��PNQY|�P�QR?5\_bR? g b g ?vV5WNING�V g VBPNG h \_QRbYIN^`G_�Ât g ^BG g �sGJ^m;»Q h �¼G<\_bRb g �4VBPNG<\_MsGmK�VÂV g ?`V�\i^`V
| g U x ILVBQYKNM h ^ g U VBPNG�?vV�\_^vVoQYKLM x¸g QYK�V g_h VoPNG�QRVBQYKNGm^o\_^vys;eVoPNGX¨�~ -½ µ ¯��t� q�´ ½ ¨ x ^ gsx GJ^vV�y
��QYbRbLT¸Gq�%Q g ba\�VoGJWd�¦=@PNGm^BG hpg ^BG_;��¼G{PN\©�_G@V g ½�l ¨ ½ ¶ m q ® ´>µÙVBPNG�W>\iVo\ gih VBPNG�\_MsGmK2V¼\_?��¼GJbRb
\_?9ªrq ¯°¯ y -½ ¶�VBPNG9| g U x I%V�\iVBQ g K���PNGmK�KLGJ|JGm?B?B\_^`y_�¼=@PNG�?`GJ^`�_GJ^`?Â\_^`G9^BGml-ILQY^BGmW�V g P>\��sG
\ x Gm^BUn\_KNGmK2V5?`V g ^o\_MsG�V g ?`V g ^BG·VBPNG·|�PNGm|�� x�g QRK�VoGJW'W>\iVo\�QYKuVBPNG<?BGm^`�_GJ^J�·t g ^`G g �sGm^J;
VoPNG¡?BGJ^v�sGm^B?£P>\��sGqV g b g M{UnGm?B?B\_MsGJ?¦QYK�VBPNG x GJ^`U�\_KLGJK�Vw?`V g ^o\iMsG g_h VBPNGq?`GJ^`�_GJ^wQRK g ^BWLGJ^
V g�x GJ^ hpg ^BU1^ g bYbRT>\_|�� g_h G`QLGm|JILVBQ g KL?J�w=@PNG g �sGm^o\_bRb>WNGJ?`QYMsK g_h VoPNG�?`GJ^`�_GJ^¡\_^B|�PNQ�VoGm|mVoIL^BG

��º¬¤�S�£©���§i�"�A�`¨t��1§_�g £§_»i»_�£¨¤»¹�£ �i¥¤¥������"�v¥À�£¨�� ���@���£§_¨��¤· �
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QY?@?`P g ��KuQYK[c¦QRMsIN^`G�ëL� è �

Agent

Place

LogMessages

Server S i Server S i+1

Checkpoint

Agent

Place

LogMessages Checkpoint

Communication
Channel

c¦QRMsIN^BG�ë%� è hw=@PLG�?`GJ^`�_GJ^kWNGJ?`QYMsKd�

ñÒ�`Ê ËÌ�´�É�S�ÒÜ ����� ��Î1Ï
Í�×

75IN^ x ^ g V g | g b�WNG x GJKNWL? g KÒU+GJ?`?o\_M_GJ? x \_?B?`QYKNM0\_?[�¼GJbRb�\i?�U+GJ?`?o\_MsGm?ub g MsMsQRKNM,V g
\_|�PNQRGm�sG h \iQYbYIL^BGkWNGmVBGJ|mVBQ g Kd� O ?B?`INU+GÂVoP>\�V�;L|mIN^B^`GJK�Vob�ys;LVBPNG9\_|¢VoI>\ibd\_M_GJK�V@QY?¡\iVq?`GJ^v�sGJ^
N$�¡��PNQRbYG¹VoPNGn��QRVoKLGJ?B?�\_MsGmK2V·QY?�\iV·?`GJ^`�_GJ^�N$� ��� �èð g VoP�VBPNG -½ µ ±N_¯¡©³ ¨¢´>µ	\_KNW�VBPNG
À ® µÁ´d¨�§�§ ©³ ¨¢´>µ]PN\©�_G>Y`IN?`Vw\_^B^`QR�sGmW<\iVÇN$�N\_KNW�N$� ��� ^`GJ? x Gm|mVoQ��sGmbRys�]6�GqbY\_T¸GJb2VoPNG@\i|mVoIN\_b
\_MsGmK2V{\_?Àì,\_KLW[VBPNG9��QRVoKLGJ?B?k\_M_GJK�V{\_?qÿ>� ��� �
6¤G9f>^B?vVkWNQY?`|JIN?`?kVBPNG�T�GmP>\��%Q g ^ g_h VoPNG	\_|¢VoI>\ib�\_MsGJK�Vaì¼�w ÃV x bY\�y%?k\_K[\_|¢VoQ��sG�^ g bRG

QYKÄVoPNQR? x ^ g V g | g bF� O h VoGm^zì$P>\_?+\_^`^BQ��sGJW�\iVzN$�Ã;¼QRV¹QRUnU+GJWNQY\iVoGmbRy¤b g M_?¹\'U+GJ?`?o\_MsGi;
��� 	 ����� ���� ; g K+VoPNG x Gm^BUn\_KNGmK2V¼?`V g ^o\iMsG{QRKÙN$�F�w=@PNG x IN^ x¸g ?`G g_h VoPNQR?¼U+GJ?`?o\_MsGkQY?wV g bYG¢V
VoPNGk| g UnQRKNM	��Q�VoKNGm?B?¼\_MsGmK2VJ;2ÿ�� ��� �2K g � VoP>\iVHVoPLGÂ\_|¢VoI>\ib�\iMsGJK�V�; ì¼;2P>\i?¼?`IN|J|mGJ?B? h INbYb�y
\_^B^`QR�_GJW�\iV@VoPNQR?@?BGm^`�sGm^J�¼8{G`Q%VJ;2ì�QYK hpg ^BU+?¼ÿ�� ��� VoP>\iV�Q�V�P>\_?�\_^`^BQ��sGJW�\iVaN$��?B\ h GJb�y�T�y
?BGmKNWNQYKLM�\<U+GJ?B?B\_MsGi;���� 	 ��@�A� ���� ;NV g ÿ>� ��� �
=@PLGJK»;Zì x GJ^ hpg ^BU+?¦VoPLGk| g U x ILV�\�VoQ g KN?¦WNGmbYGmM�\iVoGmW¹T2y�VoPNG g ��KNGm^ g KzN$�F�¦6þPNGmK+Q�V

f>KNQR?BPNGm?{VoPLG�| g U x I%V�\iVBQ g KN?m;eQRVkQYU+UnGmWNQa\�VoGJb�y�|�PLGJ|�� x�g QYK�Vo?9Q�Vo?�QYK�VoGm^BK>\ibÙWN\iV�\+QYK�VBPNG
x Gm^BUn\_KNGmK2V5?`V g ^o\_MsG g_h N$�Ã�5=@PLGJK»;ÖQ�VÂb g Ms?5\nUnGm?B?o\iMsG ��� 	 �� � � ��� QYK N$�F�9=@PNG x IL^ x¸g ?BG
g_h VoPNQR?@UnGm?B?o\iMsG9QY?qV g bRGmVqVBPNG�| g U+QYKLM·��QRVoKLGJ?B?k\_M_GJK�V��2K g �ÒVoPN\iVÀì�P>\_?�| g U x bRGmVBGJW
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QRVB?k| g U x ILV�\�VoQ g K»;>\_KNW�QRV�QR?k^`G�\_W%y�V g Vo^o\��_GJbÖV g VoPNG	KNG`Q%VÂ?BGm^`�sGm^�N$��� � �¡ �K�VBPNG�KNG_Q-V
?`VBG x ;�ì'?BGmKNWN?¡ÿ�� ��� \�U+GJ?`?o\_M_G_;,���
	 �� � � �� ;LQYK g ^BWNGm^¼V g QYK hpg ^BU�ÿ�� ��� VoPN\iV°ì'QY?¡^`G�\_W%y
V g bYGJ\��sGªN$�Ã� O Vkba\_?vV�;�ì�bRG�\��sGm?�N$�]\_KLWXVB^o\��sGmbY?@V g N$��� � �
=@PLG���Q�VoKNGm?B?H\_MsGmK�V£QY?wU g ^BG x \_?B?`QR�sG@VBP>\_K¹VoPNG�\_|¢VoI>\ib>\_MsGmK2VHQRK·VoPNQR? x ^ g V g | g bF�Ù ÃV

��QYbRb»K g Vk?BGmKNW�\_K�yXU+GJ?`?o\_MsGm?kV g VBPNG	\_|mVBI>\_bÙ\_MsGmK�V��¡ �KL?`VoGJ\_W»;eQRV g KNbRy�bRQY?vVoGJKL?�V g VBPNG
UnGm?B?B\_MsGJ?�| g U+QYKLM h ^ g UºVoPNG�\_|mVBI>\_bH\_MsGmK�V���6�G�\_?B?`INU+G+VBP>\iV	VoPNG�À ® µÁ´d¨�§�§ ©³ ¨¢´>µ¾;
ÿ�� ��� ;ZY`IN?vV	\_^B^`QR�_GJ?9\iV�N$� ��� �Oð¡G hpg ^BG�ÿ�� ��� |J\_K3\_WL�i\_KN|mG h IN^`VBPNGJ^ÂQYKuVBPNG<KNGmV�� g ^`�¸;ÖQ�V
�q\iQRVo? hpg ^qVoPNG�U+GJ?B?B\_MsGm?k?`GJK�V h ^ g U VoPNG	\_|¢VoI>\ibÖ\_MsGmK2VJ;2ì¼��6þPNGmKXÿ�� ��� QR?@QYK½N$� ��� ;NQ�V
G_Q x GJ|mVB?9^BGm|JGJQ��-QYKNM�V�� g U+GJ?`?o\_MsGm?
h g KNG�QY?|���
	 ����� ���� \iKNW3\_K g VBPNGJ^ g KNG�QY?|���
	 �� � � �� �
  h VoPNG¼UnGm?B?o\iMsGJ?£\_^`G g I%V`C gih C g ^`WNGJ^m;Ä���
	 �� � � �� ��QRbYb2T�G¡�_G x VwQYK�VBPNG x GJ^`U�\_KLGJK�V�?vV g ^B\_MsG
g_h N$� ��� �Â=@P>\iV9U+G�\_KL?|���
	 �� � � �� QR?Â| g KN?BQRWNGJ^`GJW3\_?{INK>\iV`VoGJKLWNGJW

¾ ;d\_KNW�T¸GJ| g UnGm?5\_K
QYKNWLQY^BGm|mV�UnGm?B?B\_MsG+INK�VoQYbwÿ�� ��� ^`GJ|mGJQR�_GJ?Ø���
	 ����� ���� ��6þPNGmK�ÿ�� ��� P>\i?�^BGm|JGmQR�sGmW�T g VoP
���
	 ��@�A� ���� \_KNW½���
	 �� � � �� ;eQRV5§ mL Àw´L§�\¹KNGm�Ò��QRVoKLGJ?B?Â\_MsGmK2VkK>\iUnGmbRy�ÿ��Ã�H=@PNG�^BG�\i? g K
g_h ? x \���KNQYKNM�\�KNG¢�Ô\_MsGmK2V¡QYKN?vVoGJ\_W g_h bYG¢VBVoQRKNM9ÿ>� ��� U+QYMs^B\iVoGqV g N$��QY?£VoP>\iV g ^`QYMsQRK>\_bYb�y
ÿ�� ��� QR?���Q�VoKNGm?B?`QYKNM+VoPNG�\��_\iQYba\iTNQYbRQRV�y g_h ìH�¡  h \¹?BGm^`�_GJ^ h \_QRbYIN^`G5P>\ xLx GmKN?�Y`IN?vVÂT¸G hpg ^BG
ÿ�� ��� U+QYM_^o\iVBGJ?ÂV g N$�F;ÖVoPNGmK¤K gXg KLG+|J\_K3MsI>\_^B\_K�VoGmG¹VBPNG+\��_\iQYba\iTNQYbRQRV�y g_h VoPLGn\i|mVoIN\_b
\_MsGmK2VJ�¼t g ^BG�WNG¢V�\_QRbY?�\_T g ILV@VBPNQY? x ^ g TNbRGJU ��QRbYb�T�G�WNQR?B|JIL?B?BGmWuQRKuS-GJ|mVBQ g K�ëL�¿ëL�£8 g VoG
VoP>\�VqVoPNG9KLGm�Ô��QRVoKLGJ?B?�\iMsGJK�V@�2K g ��?@��PNGJ^`G5V g M g ;LQF� G_�ÇN$�F;LT¸GJ|J\_IN?BG�T g VoPÃ���
	 ����� ����
\_KNW\���
	 �� � � �� | g K2Vo\_QYK,QRK hpg ^`U�\iVBQ g K¤\_T g ILV·VBPNG�b g |�\�VoQ g K g_h N$�q��PNGm^BG�ìÒP>\_?aY`IL?`V
�-QY?BQ�VoGmW»�
c]QYMsIN^`GkëL�é��?BP g ��?qVBPNG�� g � g_h VoPNG x ^ g V g | g bF�]=@PNG9\_|¢VoI>\ib�\iMsGJK�V�;gì¼; Y`IN?`Vq\_^B^`QR�_GJ?

\iV«N$�»\_KLWnVoPLGk��Q�VoKNGm?B?q\iMsGJK�V£ÿ>� ��� \_bR? g \_^B^`QR�sGm?¡\�V°N$� ��� �wc¦QY^`?`VJ; ì3b g Ms?�VoPNG{UnGm?B?B\_MsG��� 	 ����� ���� QRKVN$��[ S-VoG x � è � ] ��=@PLGJK»;´ì ?`GJKNWN?�VoPNG+UnGm?B?B\_MsGz���
	 ����� ���� V g ÿ�� ��� [¿S-VBG x
�F�s� ] �Oì�VBPNGJK x GJ^ hpg ^BU+?ÂVBPNG·| g U x I%V�\iVBQ g K»� O h VoGm^�ì0P>\_?{f>KNQY?`PNGJW'\_bRbÙVBPNG�Vo\_?B�2?J;ÖQ�V
|�PNGJ|�� x¸g QYK�VB?qQRVB?¼W>\�V�\�QYKÃN$�S[ S-VoG x �Áës� ] �¦6�GÂ\_?B?`INU+GkVBP>\iVHVoPNG{|�PNGJ|�� x¸g QYK�VoQRKNM·\i|mVoQ g K
QY? g KLG g_h VBPNG¹| g U x ILVo\iVoQ g KN? gih VBPNG -½ µ ±L_¯£©³ ¨¢´>µ¾�·=@P>\iV�QR?J;ÖQ h VBPNG¹|�PNGJ|�� x¸g QYK�VBQYKNM
\_|mVBQ g K h \iQYbY?m;qVoPNG -½ µ ±L_¯9©³ ¨¢´>µ¹��QYbRbÂ\_T g ^vV�VoPNG���P g bYGuVB^o\_KL?o\_|¢VoQ g K»� =@PNQY?�QR?�\_K
����¨t�������¨�¥���¥Ø©«�����`»_�v´©«���_¨t´��¬¤�°���_��»i�@���������£µ_��Ç�£Ç¨¤§`�Ç�£¨Ø��¬t�a����µ_��v²Z�i· »�·¡² ��¬t� ³ �c��¨¤����_»_�¨
� ��º§_¨|��¬¤� ³ �r±
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Place

Server    S i-1 Server    S i

Agent
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LogCheckpoint

(1)

(2)

(3)

LogCheckpoint
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(4)

(1) log message

(2) send message

(3) after computation, checkpoint the data.

(4) log message

(5) send message
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arrive

i

msg
arrive

i

log
leave

i

msg
leave

i

Witness

c]QYMsIN^`G9ëL�ì� hHS-VBG x ?kQYK�VoPLG���Q�VoKNGm?B? x ^ g V g | g bÁ�

QYU x�g ^`V�\iK2V¡?`VBG x ?BQYKL|JG5VoPLQY? x ^ gsx GJ^`V�y�MsI>\_^B\_K�VoGmGJ?@VoP>\�VqVoPNG�|�PNGm|�� x�g QRK�VoGJW[W>\iVo\·��QYbYb
T�G·\©�i\_QRba\_TLbYG9Q h VoPNG<\i|mVoIN\_b¦\iMsGJK�V9P>\i?{f>KNQR?BPNGmW�| g U x ILVBQYKNML� O bY? g ;�Q�VÂQR?ÂQYU x¸g ^`Vo\_K�V
hpg ^¼VBPNG5^`GJ| g �_GJ^`y g_h VoPNG9b g ?`V¡\_|¢VoI>\_bd\_MsGmK2VJ�w=@PNGJKd;2ì¤b g Ms?¼VBPNG5U+GJ?B?B\_MsG����
	 �� � � �� QYK
N$�a[¿S2VoG x �pê2� ] �Oð¡G hpg ^`G�ì0bYGJ\��sGJ?�N$�F;»QRVÂ?BGJKLWN?9VoPNG<U+GJ?`?o\_MsGÉ���
	 �� � � �� V g ÿ�� ��� [¿S-VBG x
��%s� ] �[c¦QRK>\_bRbRys;!ìþbYGJ\��sGJ?ØN$�@\_KLW¤Vo^B\��sGJbR?�V g N$��� � �X� x�g K�^BGJ|mGJQ��%QRKNM���� 	 �� � � ��� ;Ùÿ�� ���
? x \���KN?£ÿ��Ã;-\_KNW<ÿ��¸VB^o\��sGmbY?wV g N$�Ã�¦=@PNG x ^ g |JGJWLIN^BGkM g GJ? g K+INK�VoQYb,ì3^`G�\_|�PLGJ?¼VBPNG�ba\_?vV
WNGJ?vVoQRK>\iVoQ g KXQYKXQRVB?@QRVBQYKNGm^o\_^vys�

ñÒ��ñ ÑÃ�ØÏ � ÓÔ�´� �ª×Ô� ����Ü �OÐ���� � �ÒÜÀ��×Þ�Ø��Ï
��Î

 �K<VoPNG x ^BGm�-Q g IN?w?BGm|mVBQ g K»;s�¼G@P>\��sG@WLGJ?B|m^BQRT�GmW¹VBPNG@T>\_?`QY| gih VoPNG@bRGm�sGmbe� h \_INb�V`CFV g bRGJ^o\iK2V
UnGm|�P>\_KNQR?BUÏ��PNQYbRG�VBPNQY?5?`GJ|¢VoQ g K�QY?5G`Q%VBGJKNWLQYKNM�VBPNG x ^`Gm�-Q g IL? x ^ g V g | g bF�Â �K�VoPNQR?5?BGm|¢C
VoQ g K»;]�¼G�WNQR?B|mIN?B?<WNQ�fdGm^BGmK2V�?B|mGJK>\_^`Q g ?���QRVoP'VoPNG x ^BGm?BGJKL|JG g_h@h \_ILbRVo?m�[6¤G�WNGm?B|m^BQYT¸G
VoPNG�\_|mVBQ g KL? gih VoPNG���QRVBKNGJ?`?5\_M_GJK�Vo?{QYK g ^BWNGm^kV g WNG¢VoGm|mV5VBPNG�b g ?B? g_h VBPNG�\_|mVBI>\_bÙ\_KNW
VoPNG<��Q�VoKNGm?B?	\_MsGmK2VB?�\_KNW3^BGm| g �sGm^	VBPNG<b g ?`V	\_MsGmK�Vo?J��6�G¹\_bR? g WNQR?B|mb g ?`G·VoPNG x IL^ x¸g ?BG
g_h VBPNG	WNQY^`GJ|mV{\_KLW�QRKNWNQY^`GJ|¢V{U+GJ?`?o\_M_GJ?{\_?@�¡GmbYbÙ\_?@VoPNG	b g M+U+GJ?`?o\_M_GJ?J�qt g ^`G g �sGm^J;e�¡G
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QYK�Vo^ g WLIN|JG	\<U g ^BG9�2QYKNW g_h \_MsGmK2VB?k\_KNW�\¹U g ^`G5V�y x G g_h UnGm?B?o\iMsGJ?m�
=@PLG x IN^ x¸g ?`G gih VBPNG9b g M_?@\_KNW�VoPLG	U+GJ?`?o\_M_GJ?�QY?¡V g MsI>\_^B\_K�VoGJG5VBPNG	\_|mVBI>\_bÖ\iMsGJK�V

P>\_?�fNKNQY?`PNGJW�I x V g \�|mGJ^vV�\_QRK x¸g QYK�V gih VoPNGuG_Q%GJ|mILVoQ g K g_h VBPNG�\_|¢VoI>\_b{\_MsGmK�V��Ò  h
\,?BGJ^v�sGm^ h \_QRbYIN^`G g |J|JIL^B?XQYK T¸GmV��¼GJGmK4\,b g MÄ\iKNWÔ\ÄU+GJ?`?o\_M_G_;Â�¼G3|�\_KÔWNGmVBGJ^`UnQRKNG
��PNGJKÒ\_KNWþ��PNGJ^`G'VBPNG¤\_|mVBI>\_b�\_MsGmK�V h \iQYbY?m�16�G'\_?`?BINU+G�VoP>\�V[VBPNGJ^`G'��QRbYb{T�G3K g
P>\_^`WL�q\i^BG h \_QRbYIN^`GJ?J� =@PNQR?X\_?B?`INU x VoQ g K�|�\iK hpg ^BTNQRW�VoPNG x¸g ?`?BQYTLQYbYQ�V�yÄVoP>\iV�VoPNG�b g M
UnGm?B?B\_MsGk|�\_KNK g V¡T¸G�^BGm| g ^`WNGJW�QRK�\9VoPLG x GJ^`U�\_KLGJK�VH?`V g ^o\_MsGi� �{g �¼Gm�sGm^J; g VoPNGm^¼�2QRKNWN?
g_h¦h \iQYbYIL^BGJ?�bRQY�_G9VBPNG�? g_h V��¡\_^BG h \_INbRVB?@QYKXVoPNG	U g TNQYbRG�\_MsGmK2VB? g ^{QRKXVBPNG�U g TNQRbYG9\iMsGJK�V
x ba\�V hpg ^`Un?{|�\_K3P>\ xLx GmK»�� �K hpg bRb g ��QYKLM�?BILTN?BGm|mVoQ g KN?m;��¼G·��QYbRb]| g �sGJ^�WNQ�fdGm^BGmK2V��2QRKNWN?
g_h¡h \iQYbYIL^BGJ?ÂQYKN|mbYINWNQRKNM�VoPLGnb g ?B? g_h VoPNG+\_|¢VoI>\ib¼\iMsGJK�Vo?	\_KLW'VBPNGnb g ?B? gih VoPLG¹��Q�VoKNGm?B?
\_MsGmK2VB?J�w6¤G	WLGJ?B|m^BQRT�G	?BG¢�sGJ^B\_b�?B|mGJK>\_^`Q g ?k\_? hpg bRb g ��?J�

!#"$!%"�& ' (�)+*-,�.0/�1325476989:<;>=@?A)+BC)+6EDF)HGJILK .MONPN .RQTS
=@PNG	^BG�\i? g KN?@VBP>\iV@ÿ�� ��� h \_QYbR?¡V g ^BGm|JGmQR�sGO���
	 ��@�A� �£��� |J\_K[T�G�|JbY\_?B?`QRf>GmW[\_? hpg bYb g �?h

è ��=@PNG	UnGm?B?B\_MsG�QY?@b g ?`V�WNILG�V g \_K�ILKN^BGmbYQa\iTNbYG{KNGmV�� g ^B�2í
�%��=@PNG	UnGm?B?B\_MsG	\_^B^`QR�_GJ?k\ h VoGm^qVoPNG9VBQYU+G g ILV x Gm^BQ g W g_h ÿ>� ��� í
ëL�Àì�QY?qVBGJ^`UnQRK>\iVoGmW���PNGJK�QRV@QR?@^BG�\iWLy�V g bYGJ\��sG�N$� ��� í
êN�Àì�QY?qVBGJ^`UnQRK>\iVoGmW���PNGJK�QRV@P>\i?SY`IL?`V{\_^B^`QR�_GJW�\iVaN$����QRVoP g ILV�b g MsMsQYKLM,í g ^
%%�Àì�QY?qVBGJ^`UnQRK>\iVoGmW���PNGJK�QRV@P>\i?SY`IL?`V{\_^B^`QR�_GJW�\iVaN$����QRVoPXb g MsMsQRKNMN�

  h VoPNG h \_QYbRIN^BGm?{\i^BG	T�Gm|�\_IN?`G g_h VoPNG	f>^B?vVÂV�� g ^BGJ\_? g KL?J;dQÁ�¿Gi�R;>VBPNG·\_|¢VoI>\ib]\iMsGJK�V5QR?
K g V5VBGJ^`UnQRK>\iVoGmW»;Ö\_KLW�VoPNG<U+GJ?`?o\_MsG�b g MsM_GJW�QRKbN$�Ã; ��� 	 ��@�A� ���� ;»|�\_K3PNGmb x ? g bR�-QYKLM�VoPNQR?
x ^ g TNbYGmU�;]\_? �U� 	 ���A� ���� QR?	\ x ^ g%g_h¼hpg ^9VoPNGnG_Q%QY?vVoGmKN|JG g_h ìþQYKN?`QYWNG�N$�F��=@PNG+��Q�VoKNGm?B?
\_MsGmK2V£|J\_K+?BGJKLW g I%V£\ m ª�qÄy¢¨¢;WVR�F;sV g ?BGJ\_^B|�P hpg ^ ��� 	 ��@�A� �£��� QRK�N$�Ã��  h VoPLG@b g M5U+GJ?`?o\_M_GkQR?
hpg INKNWd;AVR�]|J\_K[^BG¢CFVo^B\_KN?BU+QRV«��� 	 ��@�A� ���� QYK g ^`WNGJ^@V g ^`GJ| g �_GJ^�VoPNG�b g ?`V�U+GJ?`?o\_MsGm?J�£=@PNG
x ^ g T�G·QR?5\_K g VoPNGm^9\_MsGmK�V��� ÃVo?5^`GJ? x�g KL?BQYTLQYbYQ�V�yXQY?ÂV g ?BGJ\_^B|�P hpg ^kV�\_^`MsGmV5b g MnUnGm?B?o\iMsGJ?
QYK[\<? x GJ|mQRf>GmWu?BGm^`�_GJ^J�
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  h ÿ>� ��� h \_QYbR?ÖV g ^`GJ|mGJQR�_G«���
	 ��@�A� �£��� T�Gm|�\_IL?BG g_h VoPNG¼b g ?`? g_h VBPNGq\i|mVoIN\_bL\iMsGJK�V�;iVoPNGm^BG
\_^BG�|�P>\iKN|JGm?¼VoPN\iVwVoPNG x ^ g TNbYGmU g_h � ® §�§ ® ´ ³ s-¨¢µ�¨ ½ µ ® q�´�\i^BQY?`G_�� �K¹VoPLG�f h VoP+|�\_?`G_;-?BQYKL|JG
VoPNG¹b g M�U+GJ?B?B\_MsG ��� 	 ��@�A� ���� QY? x ^BGm?BGJK�VJ;ÙVBPNG x ^ g T¸G·� g INbYW���^ g KNMsb�y�WNG¢VoGJ^`UnQRKNG�VBP>\iV
VoPNG�\_|¢VoI>\_b�\iMsGJK�VkQY?�?`VBQYbRb»\_bRQR�sGi� �{g �¡G¢�sGm^J;�VBPNG	\_|mVBI>\_b�\_M_GJK�VÂQR?qVoGm^BU+QYK>\iVBGJW»;>? g VBPNG
^BGm| g �sGm^`y g_h VoPLG�\_|¢VoI>\_bH\_M_GJK�V�� g INbRW�T¸GnU+QY?`?BGmW»�Xc g ^`VBINK>\iVBGJbRy_;ÙVBPNQY?	|�\i?BG�|J\_K�T¸G
P>\_KNWLbYGJW�\_KNW���QRbYb»T¸G9WNQY?`|JIN?`?BGmW�QYK�VoPLG	KLG_Q-Vk?BINTN?`GJ|¢VoQ g K»�
  h VoPNG h \_QRbYIN^`GqQY?£|�\iIN?BGmW�T�y<VoPNG�VoPNQR^BW g ^wVoPNG hpg ^vVoP+|�\_?`GJ?J;2VoPLG x ^ g T¸Gk��QRbYbNK g V¼T¸G

\_TNbRG	V g f>KNW ��� 	 ��@�A� �£��� QYKÞN$�Ã�k=@PNGJKd;��¼G·|�\_KuIN?BG�VBPNG�|�PLGJ|�� x�g QYK�VoGmW�W>\iV�\n?`V g ^BGJWuQYK
N$� ��� V g ^BGm| g �sGm^qVoPNG{b g ?vVq\_|¢VoI>\ibd\_M_GJK�V��w=@PNGm^BG hpg ^BGi;LVoPNG x ^ g T�G{QY?¡^`GJl2INQR^BGJWnV g |J\_^B^vy
\_b g KNM·VoPNG�|�PNGm|�� x�g QRK�VoGJWuW>\iV�\·��PNGmKuQ�VqVo^B\©�_GJbR?kV g N$�F�

Place

Server    S i-1

Probe

Place

LogCheckpoint

(3)

(1)

(4)

LogCheckpoint

Witness

(1) witness agent spawn a probe. The probe travels
      to S

(2) probe is carrying the checkpointed data

(3) probe inspects the Log in S

(4) if the Log in S  has

          then the probe re-transmit it.

(5) If not, recover the agent by using the checkpoint data

Server    S i

i

i

(2)

log
arrive

i

c¦QYMsIL^BG�ëL�¿ëgh¦ÿ�� ��� h \_QYbR?¼V g ^BGm|JGmQR�sG?���
	 ���A� ���� �

c]QYMsIN^`GqëL�¿ë5?BP g ��?wVBPNG@G_Q%GJ|mILVoQ g K¹?`VBG x ? g_h VoPLG x ^ g T¸G%VR�>V g WLGmVoGm|mV¼\_MsGmK�V h \_QYbRIN^BGm?
��PNGJK·VBPNG¼��Q�VoKNGm?B? h \_QYbR?�V g ^`GJ|JGmQR�_G ��� 	 ����� ���� ��ÿ�� ��� �¡\_QRVB? hpg ^�VoPLG¡U+GJ?B?B\_MsGi;Ä���
	 ��@�A� �£��� ;
hpg ^@\·VoQRUnG g ILV x Gm^BQ g W»��  h VoPLG5VoQYU+G g ILV x GJ^BQ g W�QY?@^BGJ\_|�PNGmW»;>QRV@|m^BGJ\iVoGm?�VBPNG x ^ g T�GXVR�F�
VR�NVoPLGJK<Vo^B\©�_GJbR?¦V g N$��[ S-VBG x � è � ] �wS%QRKN|JGqQ�V�Un\�y�T¸Gq^`GJl2INQY^`GJW·V g ^BGJ| g �sGJ^£\5b g ?`V�\_MsGmK2VJ;
QRV�Vo^B\��sGJbR?Ù��Q�VoP�VoPNGH|�PNGm|�� x¸g QRK2VBGJW·WN\iV�\�[¿S2VoG x �F�s� ] �]� x¸g K�\_^B^`QR�-QYKNMk\iV1N$�F;_QRV�?`G�\_^`|�PNGJ?
VoPNG x Gm^BUn\_KNGJK�VÂ?`V g ^o\_MsG g_h N$� hpg ^{VBPNG�U+GJ?`?o\_MsG �U� 	 ���A� ���� [ S-VoG x �Áë�� ] �k  h ��� 	 ��@�A� ���� QR?



k>lL_m µ�¨¢ª ï ã ³ ¨¢´>µ�� _®°¯²± ªo¨��·¨¢µ�¨ ½ µ ® q�´  ´4s���¨ ½ q�«_¨¢ª � è��

hpg INKNWd;LQRV¼^BGDCÃVB^o\_KN?`UnQ�Vo?Ç���
	 ��@�A� ���� QYK g ^BWNGm^¼V g ^BGJ| g �sGJ^¼VoPNG5b g ?`V¼U+GJ?B?B\_MsG�[ S-VBG x �pê2� ] �
�{g �¼Gm�sGm^J;@U+QY?`?BQYKLM�WNGmVBGJ|mVBQ g K�Un\©y�P>\ xNx GJK�\iV¹VoPLQY?<?`VBG x ��  h VoPNGXb g M'U+GJ?`?o\_M_G[QR?
K g V hpg INKLW»;YVR�£��QYbRb�^BGm| g �sGm^Éì QYK.N$�¼T2y3IL?BQYKLM[VBPNGn|�PLGJ|�� x�g QYK�VoGmW�W>\iVo\à[ S-VoG x ��%s� ] �
O V�ba\_?vV�;ZVR�£^`G¢CFVo^o\iKN?BU+QRVB?{VoPLG<UnGm?B?o\iMsGÉ���
	 ��@�A� ���� ��8 g VoG·VBP>\iV5�¼G¹^BGJ| g �sGJ^9VBPNG<b g ?vV
\_|mVBI>\_bw\iMsGJK�V�QYKbN$�£QRKN?`VBG�\_W gih N$� ��� T¸GJ|J\_IN?BG<��PNGmK[VR�£WLGmVoGm|mVB?�VBP>\iV�\�^`GJ| g �_GJ^`y3QR?
^BGml-ILQY^BGmW»;��¡G¹|�\iK¤QRUnU+GJWNQY\iVoGmbRyX^`GJ| g �_GJ^�VBP>\iV	\_|¢VoI>\ibw\_MsGmK2V	QRKàN$�F�<  h �¼G x Gm^ hpg ^`U
VoPNG	^BGm| g �sGm^`y[QYKèN$� ��� ;\VR�ÙP>\_?�V g ?BGmKNW�\¹U+GJ?B?B\_MsG�V g N$� ��� QYK g ^BWNGm^@V g QYK hpg ^`U ÿ�� ���
VoP>\�VÂ\<^`GJ| g �_GJ^`y[QR?@^BGJl2INQR^BGmW»�£=@PNGJ^`G�QR?�\¹^`QY?`� g_h b g ?`QYKNM·?`IN|�P�U+GJ?`?o\_MsGi�
 �KXVoPLG�U+G�\_K���PNQRbYGi;Lÿ>� ��� �¡\_QRVB? hpg ^{\iK g VoPLGJ^�VoQYU+G g ILV x Gm^BQ g W»�H=@PNQR?kQR?�GJ?B?`GJK�VoQY\_b

?BQRKN|JG[VoPNG[UnGm?B?B\_MsG�VBP>\iVnQY?¹^BGDCÃVB^o\_KN?`UnQ�VBVBGJW h ^ g U N$� ��� U�\�yÄT¸Gub g ?`Vn\_M�\iQYK»��79^m;
\_K g VBPNGJ^ h \iQYbYIL^BGÂUn\�y�?vVo^`QY�_GON$�Ã�HS%IN|�P�\ h \_QYbRIN^BG{U�\�y+VoGJ^`UnQRK>\iVBG5T g VoP�VoPLG x ^ g T¸GXVR�
\_KNW'VoPNG¹KNG¢��bRy3^BGm| g �sGm^BGmWÄ\_|mVBI>\_b£\_MsGmK�V���=@PLGJ^BG hpg ^BGi;Ùÿ�� ��� ?BP g ILbYW3�q\_Q�V	INK�VoQYb�VBPNG
UnGm?B?B\_MsG?���
	 ��@�A� ���� \_^`^BQR�_GJ?m�
8 g VoG�VBP>\iV�QRV[QY? x¸g ?B?`QYTNbRG3VBP>\iV]VR��^`G�\_|�PLGJ?ÔN$�	��PNQRbYGbì QY?[?`VoQRbYb g KÓVoPLG'�¡\�ys�

�{g �¼Gm�sGm^J;dVBPNG g |J|mIN^B^`GJKN|mG x ^ g T>\_TNQRbYQ�V�y g_h VBPNQY?k|�\i?BG�?`P g INbRWuT¸G�b g ���kS%QYKN|mG�T g VoPèì
\_KNW^VR�¼P>\��sGnV g VB^o\��sGmb h ^ g U N$� ��� V g N$�¼QYK'VoPNG+?o\_U+G�KLGmV�� g ^B�e;¦VBPNGmy'?BI fdGm^ h ^ g U
U g ^BG g ^9bRGJ?`?5VoPNG¹?o\iUnG<KNG¢V�� g ^B��bY\iVoGmKN|my_� O b�VoP g ILMsP�VoPNGm^BG¹Un\©yuT�G<Un\_K�y�^ g ILVBGJ?
h ^ g UéN$� ��� V g N$�F;2�¼Gk|�\_Kn?BGmVHVoPLG�VBQYU+G g I%V g_h ÿ�� ��� V g T�Gkba\i^BMsG@GmK g INMsP¹V g	g �sGm^B| g UnG
VoPNG�WNQ�fdGm^BGmKN|JG g_h ? x GJGJWL?Â\_U g KNM·VBPNGJ?`G�^ g ILVBGJ?J�

!#"$!%"E_ ' (�)+*-,�.0/�1325476989:<;>=@?A)+BC)+6EDF)HGJILK .` S M QTS
=@PNG	^BG�\i? g KN?@VBP>\iV@ÿ�� ��� h \_QYbR?¡V g ^BGm|JGmQR�sGO���
	 �� � � �� |�\_K[T¸G	|mba\_?`?BQ�f>GJW[\_? hpg bRb g �?h

è ��=@PNG	UnGm?B?B\_MsG�QY?@b g ?`V�WNILG�V g \_K�ILKN^BGmbYQa\iTNbYG{KNGmV�� g ^B�2í
�%��=@PNG	UnGm?B?B\_MsG	\_^B^`QR�_GJ?k\ h VoGm^qVoPNG9VBQYU+G g ILV x Gm^BQ g W g_h ÿ>� ��� í
ëL�Àì�QY?qVBGJ^`UnQRK>\iVoGmW���PNGJK�QRV@P>\i?SY`IL?`Vk?BGmK2VkVoPLG	U+GJ?`?o\_M_GO���
	 ����� ���� í g ^
êN�Àì�QY?qVBGJ^`UnQRK>\iVoGmW���PNGJK�QRV@P>\i?SY`IL?`Vkb g M_MsGJW�VoPLG	U+GJ?`?o\_M_G ��� 	 �� � � �� �
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O ?¡Q�V¼QR?¼U+GJK�VBQ g KNGmW�QRKnVoPLG x ^`Gm�-Q g IN?¡?`INTN?BGm|mVBQ g K»;-VoPNGkf h VoP�|�\_?`G g_h VBPNG x ^BGm�-Q g IN?
?BINTL?BGJ|¢VoQ g K���QYbRbÙT¸G�QRK��sGJ?vVoQRM�\iVoGmW�PNGm^BG_�5jkGm|�\_bRbYQYKLM h ^ g U VoPNG x ^BG¢�%Q g IN?{?BGJ|¢VoQ g K»;�VBPNG
x ^ g T�G�UnQR?vC�QRK�VoGJ^ x ^BG¢Vo?�VoPNG�b g M+UnGm?B?B\_MsG ��� 	 ��@�A� �£��� QYKÞN$�Ã�Â=@PLG x ^ g T�G�� g ILbYWuT¸GJbRQYG¢�sG
VoP>\�VÂVoPLGØ���
	 ��@�A� ���� QY?Âb g ?`V{QYK�VoPNG�KNGmV�� g ^B�e� �{g �¼Gm�_GJ^J;»VBPNG<\_M_GJK�V5QR?5\_|¢VoI>\_bRbRyXb g ?`VJ�
=@PNQY?�|J\_?BG+^BGm?BINb�Vo?�QYK3U+QY?B?`QYKNM�WLGmVoGm|mVBQ g K¤\_KNW3VoPNG x ^ g T¸G¹��QRbYb�^`G¢CFVo^o\iKN?BU+QRV5VBPNG¹G_Q2C
x Gm|mVBGJW U+GJ?B?B\_MsGi;°��� 	 ��@�A� ���� ^BGJMs\_^BWNbRGJ?`? g_h VBPNG�\��i\_QRba\_TNQRbYQ�V�y gih VoPNGu\_|mVBI>\_b{\_MsGmK2VJ�
=@P2IN?J;¡�¼GX|�\_K�G_Q x GJ|¢V+VBP>\iV¹VoPLG���QRVoKLGJ?B?n\_MsGmK�V¹QY?<K g V+\iTNbYG�V g ^`GJ|mGJQR�_G½���
	 �� � � �� �
=@PNGJ^`G hpg ^`G_;�VoPNG+ba\i?`V�|�\i?BG g_h VoPNG x ^BG¢�-Q g IN?�?`INTN?BGm|mVBQ g K'|�\_K'T¸G+|J\iVoGmM g ^`QYAJGmW�\i?�VBPNG
VoPNQR^BWX|�\i?BG g_h VBPNQY?@?`INTN?`GJ|mVBQ g Kd�
  h VoPNG h \_QRbYIN^`G5P>\ xNx GJKL?ÂT¸GJ|�\iIN?BG g_h VBPNG�f>^B?vV{V�� g ^`G�\_? g KN?J;¸QRV�|J\_KuT¸G�? g b��sGmWuT�y

VoPNG{?BQRUnQRba\_^Ù�q\�y�\_?HVBPNG x ^BG¢�%Q g IN?¼?BINTN?`GJ|¢VoQ g K»�¦ÿ�� ��� |J\_K�?BGmKNW�\ x ^ g T¸G_;%\_M�\iQYK�VR��;2V g
?BGJ\_^B|�P hpg ^ ��� 	 �� � � �� QYK�VBPNGÂb g M�f>bYG g_h N$��� �kg �¡G¢�sGJ^m;N�¡GÂU�\�yn\_bY? g P>\��_GÂVoPNG x ^ g TNbYGmU
g_h UnQR?B?BQRKNM5WNG¢VoGm|mVoQ g K¹Q h VoPLG h \iQYbYIL^BGJ?¦QY?�WNILG�V g VoPNG hpg IL^`VoP¹|J\_?BGi�w=@P>\iV£QY?m;sVoPNG�\i|mVoIN\_b
\_MsGmK2V¦QY?�VoGm^BU+QYK>\iVBGJW�TNILV¦�¼GqP>\��_GqK g V¦WNGmVBGJ|mVBGJW<Q�V��Ù=@PNGJ?`G¡V�� g |J\_?BGm?�|�\iK·T�G¼?BG¢VBVobRGJW
\_? hpg bYb g ���Ù6þPNGJKaVR�d^BG¢CFVo^B\_KN?BU+QRVB?¦���
	 �� � � �� ;-ÿ�� ��� \i?B?BILUnGm?¼VoPN\iV°ì3P>\_?{§ ±>½�½ ¨�§�§ ¬D±-¯°¯��
¯ ¨ ¬ µÀN$�Ã�H=@PNGJ^`G hpg ^`G_;>ÿ�� ��� ? x \���KN?kÿ��F;e\_KNW»;eGm�_GJK�VoIN\_bYb�ys;Nÿ��ÙVB^o\��sGmbY?�V g N$��� �{g �¼Gm�sGm^J;
ÿ��¦��QYbRb�KNGm�_GJ^5^`GJ|JGmQR�_GØ���
	 �b� ��@�A� ���� h ^ g U ì�?BQYKL|JGØì�QY?{\_bY^`G�\_W%y[VBGJ^`UnQRK>\iVoGmW�\_KLW�W g GJ?
K g V�G_Q%QY?vV�QRKVN$�b� � � z g KL?BGJl2INGmK�VobRy_;��¡Gn|�\_K'?BIL|J|JGm?B? h INbYb�y¤WLGmVoGm|mV�VoPNGn\_MsGmK2V h \_QRbYIN^`G
T�y�VoPNG9VoPLQY^BWX|J\_?BG g_h VoPNG x ^`Gm�-Q g IN?�?BINTN?`GJ|¢VoQ g K»�
  h VoPLG h \iQYbYIL^BGqP>\ xNx GmKN?HT�Gm|�\_IN?`G gih VBPNG@VoPNQR^BW¹|�\_?`G_;2�¡G�|J\_KnPN\_KNWNbRG@QRV£T�y¹WNGmVBGJ|¢V`C

QYKNM<Q h �U� 	 �� � � �� G`QLQR?`VB?J�¼S%QYKL|JG ��� 	
�� � � ��� QR?@\_TN?`GJK�V�;NVBPNQY?@QRU x bYQYGm?HVBP>\iV@VBPNG�\_|mVBI>\_bÖ\iMsGJK�V

QY?�b g ?vV���PNQRbYG+QRV·QR? x GJ^ hpg ^BU+QYKNM[QRVB?�| g U x ILV�\iVBQ g Kd�� �K�VBPNQY?�|�\_?`G_;£?BQRKN|JG+VoPNG�\i|mVoIN\_b
\_MsGmK2V�QR?9b g ?vV�;dVBPNG x \_^vVoQY\_bYb�yX| g U x bYG¢VoGmW�V�\_?`��T�y�VoPNG¹\i|mVoIN\_bw\_MsGmK�V�?BP g ILbYW�T¸G<INK%C
W g KNGi��=@PNGm^BG hpg ^BG_;-QRV¦QY?w^`GJl2INQY^`GJW<V g ^ g bYbRT>\_|���VoP g ?`G gsx GJ^o\�VoQ g KN?�QYK g ^BWNGm^�V g�x ^BGm?BGm^`�sG
VoPNG�W>\�V�\5| g KN?BQR?`VoGmKN|my¹QRK�N$�Ã�¦6¤GqVo^`G�\iVwVBPNG@��P g bRG@| g U x ILVo\iVoQ g K x ^ g |mGJ?B?H\_?H\5?`QYKNMsbRG
Vo^B\_KN?o\i|mVoQ g K»��S-QYKN|mG	VBPNG	VB^o\_KL?o\_|¢VoQ g KuQY?�K g VÂ| g UnU+QRV`VoGmW»;L�¼G�P>\��sG	V g \_T g ^`V{\_bYb»VBPNG
INKN| g UnU+QRV`VoGmWu\_|¢VoQ g KN?J�@6¤G�|J\_K�IN?`G�VoPNG�b g M+QYKÞN$�]V g ^BGm| g �sGm^ÂVoPLG�W>\iVo\nQRKN?BQRWNGØN$�F�
=@PNG�^ g bYbRT>\_|���^BGJ| g �sGJ^vy�QR?�K g V	W g KNG+T�y'VBPNG x ^ g T¸G_;+VR���� �KL?`VoGJ\_W»;]QRV	QY? x GJ^ hpg ^BU+GJW
WNIN^`QYKNM+VoPNG�^BGJ| g �sGJ^vy g_h VBPNG�?`GJ^v�sGJ^m�Â=@PNGm^BG hpg ^BGi;d��PNGJK�VBPNG x ^ g T¸G�|J\_KNK g V{f>KNWuVBPNG
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b g MnUnGm?B?B\_MsG ��� 	 �� � � �� ;dQ�VÂ|J\_K�QYU+U+GJWNQY\iVoGmbRy�IL?BG�VBPNG·|�PNGm|�� x¸g QRK2VBGJW'W>\iVo\nV g ^`GJ| g �_GJ^
VoPNG�\_|mVBI>\_b]\_MsGmK2VJ� O h VoGm^{VBPNG�^`GJ| g �_GJ^`y�QY?k| g U x bRGmVBGJW»;eVoPNG�^BGm| g �sGm^BGJW3\i|mVoIN\_b¦\iMsGJK�V
|�\_K[?`Vo\_^`V x GJ^ hpg ^BU+QYKNM�QRVo?@| g U x ILV�\�VoQ g K�QYK½N$�Ã�

Place

Server    S i-1

Probe

Place

LogCheckpoint

(3)

(1)

(4)

LogCheckpoint

Witness

(1) witness agent spawn a probe. The probe travels
      to S

(2) probe is carrying the checkpointed data

(3) probe inspects the Log in S

(4) if the Log in S  has

          then the probe re-transmit it.

(5) If not, recover the agent by using the checkpoint data

Server    S i

i

i

(2)

log
leave

i

c¦QRMsIN^`G�ëL�¿êgh¦ÿ>� ��� h \_QRbY?HV g ^BGJ|mGJQ��sG?���
	 �� � � ��

=@PLG9G_Q%GJ|mILVoQ g KX?`VoG x ? g_h VoPLG x ^ g T¸GÂ��PNGmK ��� 	 �� � � �� QY?¼UnQR?B?`QYKNM·QR?¡�sGm^`y�?`QYU+QYbY\_^wV g
VoPNG+?`VBG x ?�QYK'c¦QYM_IN^BG+ëL�¿ëL�� ÃV�QY?�?BP g ��K�QYK¤c¦QYMsIL^BG+ëL� êu8 g VoG¹VoP>\�V hpg ^�T g VoP h \_QRbYIN^`G
?B|mGJK>\_^`Q g ?m;LVoPLG5^BGm| g �sGm^`y g_h VBPNG�\_|¢VoI>\_bd\_MsGmK2V¡V�\_�iGJ? x bY\_|JG g K�VoPNGÂ?BGJ^v�sGm^���PLGJ^BG5VBPNG
\_|mVBI>\_bw\iMsGJK�V�QY?ÂG_Q x Gm|mVBGJW3V g T�G<P g ?`VBGJW»;ÖQÁ�¿Gi�R;»QRKbN$����t g ^BG g �sGJ^m;Ö��PNGJK3VoPNG¹\i|mVoIN\_b
\_MsGmK2V�QR?5^BGm| g �sGm^BGmW»;�QRV9QRUnU+GJWNQY\iVoGmbRy x GJ^ hpg ^BU+?{VBPNG<| g U x I%V�\iVBQ g K�QRKbN$�w^BGmM�\_^`WNbYGm?B?
g_h VoPLG�?`Vo\iVoGnT�G hpg ^BG+VoPNG h \iQYbYIL^BG g |m|JIN^`?J��=@PLQY?·?`QYU x bYQ�f>GJ?9VoPLG�QYU x bYGmUnGmK�V�\iVBQ g K g_h
VoPNG	\_M_GJK�V h \_QYbRIN^BG5WLGmVoGm|mVBQ g K[UnGm|�P>\_KNQR?BU[�
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!#"$!%"0! c�476�89d�?A)e:f=g2h;A(�)jih6E;>*�)e:k:@4�lm)+*F;>:f47*�n ?A)eBC=oDm)+?>p :qBC)Zr
*�4�?\69=g:

ð¡G hpg ^BG�VoPLG£\_|mVBI>\_b�\_M_GJK�V�| g U x bRGmVoGm?ÖQRVB?»QRVBQYKNGm^o\_^vys;�VoPLGJ^BG£\i^BG���QRVBKNGJ?`?�\_MsGmK2VB?�? x \���KNGmW
\_b g KNMÂVoPLGqQRVBQYKNGm^o\_^vy gih VBPNG@\_|¢VoI>\ibN\_MsGmK�V���=@PNGqy g INKNM_GJ?`Vw��Q�VoKNGm?B?£\_M_GJK�V�;�QR?¦��QRVBKNGJ?`?vC
QYKNM¹VoPLG�\_|¢VoI>\ib]\iMsGJK�V��q75K�VoPLG g VBPNGJ^kP>\_KLW»;>VoPNG	GJbRWNGJ^���QRVBKNGJ?`?Â\_M_GJK�Vo?Â\_^BG�KNGmQRVoPLGJ^
QYWNbRGXK g ^¹VoGJ^`UnQRK>\iVBGJWºí@VoPLGmy�P>\��sG�\iK g VoPLGJ^+QYU x�g ^vV�\_K�V+^BGm? x¸g KN?`QYTNQRbYQRV�y4h�\_K0GJ\_^BbRQYGm^
��QRVBKNGJ?`?9\_MsGmK2VÂU g KNQRV g ^B?�VoPNG	��QRVBKNGJ?`?9\_MsGmK2V{VoP>\�V5QY?´Y`IN?`V g KNG�?BGJ^v�sGm^9|Jb g ?BGJ^kV g VBPNG
\_|mVBI>\_b�\_M_GJK�VkQYKXQRVB?@QRVoQRKNGJ^B\_^`y_��=@P>\iVkQR?�h

ÿ ÁFs ÿ � s ÿ1¾ s tututLs ÿ�� s ì

��PNGm^BGwv shx ^BG x ^BGm?BGJK�VB?{VoPLG	U g KNQ�V g ^`QYKNM�^BGJbY\iVoQ g K»�

6¤G¡KN\_UnG£VoPLGq\_T g �sG¡WLG x GJKNWNGmKN|my�VoPNG{À ® µÁ´d¨�§�§ ® ´ ³ s-¨ m ¨¢´4s-¨¢´ ½_� �¦c g ^ÙQYKN?vV�\_KL|JG_;iQ h
ì�QY?wQYK�N$����ÿ�� ��� QR?£U g KLQRV g ^BQYKLM�ì¼;2\_KLW¹ÿ�� � ¾HQY?£U g KNQRV g ^BQRKNM{ÿ�� ��� �¦=@PNQY?£WNG x GmKNWNGJKL|my
|�\_KLK g VXT¸G�TN^ g �_GJKd� O ?`?BINU+QYKLM��¡G3P>\��sG�VBPNG hpg bRb g ��QYKNM h \_QYbRIN^BG[?BGml2INGJKN|mGÄh N$� ���
|J^`IN?BPNGm?<f>^B?vV¹\_KNW�VBPNGJK N$�@|m^BIN?`PNGJ?m�¤S%QYKN|mGÒN$� ��� |m^o\_?`PNGJ?m;wÿ�� ��� QR?�b g ?`VJ;�PNGJKL|JG�K g
g KNG�U g KLQRV g ^BQYKLM�ìH�{  h K g�g KNG�^BGm| g �sGm^B?Âÿ�� ��� QRKÔN$� ��� ;eVoPNGmK�K g�g KNG�|J\_K�^BGm| g �sGm^?ì
\ h VoGm^�N$�wPN\_?5|J^`IN?BPLGJW»��=@PNQR?5QY?Â\�WNQY?B\_?`VB^ g IL?5?B|mGJK>\_^`Q g �¾c¦QYM_IN^BG�ëL��%+QYbYbRIN?`VB^o\iVBGJ?�VoPNQR?
?B|mGJK>\_^`Q g �ì�¢�n=@PNGJ^`G hpg ^`G_;Ù�¡G+KNGJGmW�\XUnGm|�P>\_KNQR?BUºV g U g KNQ�V g ^9\iKNW¤^`GJ| g �_GJ^	VoPNG+b g ?vV
��QRVBKNGJ?`?@\_MsGmK2VB?J�w=@PNQR?¡QR?¡\_|�PLQYGm�_GJW�T�y+VoPNG x ^BGm?BGJ^v�-QYKNM�VBPNG{��Q�VoKNGm?B?`QYKNM·WLG x GJKNWNGmKN|my4h
VoPNG	^BGm| g �sGm^`y g_h ÿ>� ��� |J\_K�T¸G x Gm^ hpg ^`UnGmW�T�y�ÿ�� � ¾�;>? g VBP>\iVaì�|�\_K�T�G�^`GJ| g �_GJ^BGmW�T�y
ÿ�� ��� �
8 g VoG9VBP>\iVkVoPNGm^BG�\_^BG g VoPLGJ^kU g ^`G�| g U x bYG`QX?B|mGJK>\i^BQ g ?J;¸TNILVÂ\_?{b g KNM+\_?�VoPNG���QRVvC

KNGJ?`?BQRKNM�WNG x GJKLWNGJKN|¢y3QY? x ^BGm?BGJ^v�sGmW»;Ù\_MsGJK�V h \iQYbYIL^BG	WNGmVBGJ|mVBQ g K�\_KNW�^BGm| g �sGm^`y�|J\_K3\_bÚC
�q\�y-?5T¸G�\i|�PNQYG¢�sGJWd�k �K g ^BWLGJ^�V g�x ^BGJ?`GJ^v�sG�VBPNG	��Q�VoKNGm?B?`QYKNMnWNG x GJKNWLGJKN|¢ys;dVBP g ?BG���QRVvC
KNGJ?`?q\_M_GJK�Vo?£VoP>\�Vq\_^`G�K g VHU g KNQRV g ^BQRKNM5VoPNG{\_|¢VoI>\_be\iMsGJK�V¼^BGJ|mGJQ��sG x GJ^`Q g WNQY|¡UnGm?B?o\iMsGJ?
h ^ g U"VoPNG@��QRVBKNGJ?`?¡\iMsGJK�V£VoP>\�VwVoPNG¢y+\_^BG�U g KNQRV g ^BQRKNMN��=@P>\iVHU+G�\_K·ÿ��e?BGmKNWN? x Gm^BQ g WNQR|
UnGm?B?B\_MsGJ?¹V g ÿ�� ��� QYK g ^`WNGJ^<V g bRGmV·ÿ�� ��� �2K g ��?nVoPN\iV·ÿ��{QR?¹\_bYQ��sGi��6�GXba\iT�Gmb¡VoPNQR?
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UnGm?B?B\_MsG¹\_?����
	 �� � ���� �96þPNGmK�ÿ>� ��� |�\_KNK g V�^BGm|JGJQ��sGÉ���
	 �� � ���� h ^ g UÏÿ��Ã;�VoPNG·^`G�\_? g KN?
|�\_K[T¸G	|mba\_?`?BQ�f>GJW[\_? hpg bRb g �?h

è ��=@PNG	KNGmV�� g ^`��QY?@| g KNMsGJ?vVoGmW g ^@INKL^BGJbRQa\_TLbYGÄí
�%��=@PNG	?`y-?`VBGJU b g \_W g_h N$��QY?@PNQRMsPºí g ^
ëL�qÿ��ÙQY?@WNGJ\_W»�

8 g U�\iV`VoGm^¦��P>\iVwVBPNG�^BG�\i? g K g_h VoPNG h \_QRbYIN^`G¡QR?J;_ÿ�� ��� |�\_Kn\_b��q\�y-?H\_?B?`INUnGqVBP>\iV�ÿ��
QY?ÙWNG�\iW»�]ÿ�� ��� ��QRbYb�? x \©��K¹\{KNGm�,��Q�VoKNGm?B?w\_M_GJK�V�;sKN\_UnGmbRy5ÿ��Á;sQYK g ^BWNGm^]V g ^BG x ba\i|JG¼VBPNG
b g ?vV9��QRVBKNGJ?`?�\_M_GJK�V	QYK.N$�Ã�nS%QRKN|JG<VoPLGJ^BG¹QR?9K g ? x Gm|JQY\_bwW>\iVo\X?vV g ^`GJW'QYK�VoPLG¹��Q�VoKNGm?B?
\_MsGmK2VJ; g KNb�yÄQYKNQ�VoQa\ibYQYAmQYKNM[VoPNG3§¢µ  µ�¨�§ g_h VoPLGuKNG¢� ��QRVoKLGJ?B?�\_MsGJK�VnQY?+^BGml-ILQY^BGmW �¾?`GJG
c¦QYM_IN^BG�ë%� ý �D��6þPNGmKÄÿ��k\_^`^BQR�_GJ?¹\iV�N$�F;¼Q�V<^BGDCÃVB^o\_KN?`UnQ�Vo?�VBPNG�U+GJ?B?B\_MsGÒ���
	 �� � ���� V g
ÿ�� ��� ��  h QRV5QR?5\ h \_bR?BGDC�WNG¢VoGJ|¢VoQ g K»;dQÁ�¿Gi�R;¸VoPNG<U+GJ?`?o\_M_G·QY?{b g ?vV�;»TNI%V5VoPNG���QRVoKLGJ?B?�\iMsGJK�V
QY?@?vVoQYbRb»QYK�N$�Ã;L�¡G	?BP g INbYW x ^ g PNQRTNQRV@U�INbRVBQ x bRGÂQYKL?`V�\iKN|JGm? g_h ÿ�� h ^ g U G_Q%GJ|mILVoQRKNMN�
c]QYMsIN^`G¹ëL� ý ?BILUnUn\_^BQRAJGm?�VBPNG+bYQ h G¹|¢y%|mbYG g_h \���QRVBKNGJ?`?·\_MsGmK�V���6þPNGmK,\X��Q�VoKNGm?B?

\_MsGmK2V�ÿ��9QR?�f>^`?`V�|m^BG�\�VoGJWd;ÂQRVnVo^B\©�_GJbR?�V g QRVB?�WNGm?`VoQRK>\iVBQ g KMN$��[ S-Vo\iVoGÄ� è � ] �$6þPNGJK
QRV+^BGJ\_|�PNGm?ÃN$�Ã;¼QRV+?`Vo\_^`VB?+�¡\_Q�VoQYKLM hpg ^¹VBPNG[UnGm?B?o\iMsG½���
	 ��� ����� ���� [¿S-Vo\iVoG¤�Á�s� ] �0  h VBPNG
UnGm?B?B\_MsG�| g UnGm?�G�\_^`bYQYGm^+VBP>\_K�ÿ��Ã;@ÿ��9|�\_K�fNKNWþQRV�QRK0VoPNG�Un\_QRbYT g Q�\�V�N$�Ã� O h VBGJ^
���
	 �b� ��@�A� ���� P>\_?�T¸GJGmK�^`GJ|JGmQR�_GJW»;Nÿ��Ù?`V�\i^`Vo?@�¡\_QRVBQYKNM hpg ^°��� 	 ��� �� � � ��� [ S-V�\�VoG+�Áës� ] � O VkbY\_?`VJ;
ì¤bRG�\��sGm? N$��� � �w=@PNGmK»;%ÿ��»? x \���KN?¡ÿ���� � �� ÃVB?�Y g T�QR?HVBPNGJK�?v��QRVB|�PNGJW h ^ g U�U g KLQRV g ^BQYKLM
ì�V g U g KNQRV g ^BQRKNM�ÿ>�b� � �4 �K0VBPNG�U+G�\_K���PNQRbYG_;@Q�V�| g K�VoQRK-I g IN?Bb�y0?`GJKNWL?Ù���
	 �� � �£��� V g
ÿ�� ��� x Gm^BQ g WNQR|�\_bRbRy.[ S-V�\iVBG��¾ê2� ] � �kg �¡G¢�sGJ^m;]K g V	\_bYbÙ��QRVBKNGJ?`?�\_M_GJK�Vo?�\_^`G¹?`V�\i^`VoQRKNM�QRVB?
bYQ h G h ^ g U Æeµ  µØ¨�n_��S g U+G���Q�VoKNGm?B?	\_MsGmK2VB?�?`V�\i^`V9Q�Vo?5bRQ h G h ^ g U Æeµ  µ�¨�yþ\_?5VoPLGmy�\i^BG
^BGm? x¸g KN?BQRTNbYG g_h ^BGm| g �sGm^BQRKNM+VBPNG�b g ?vV@��QRVBKNGJ?`?{\iMsGJK�Vo?m�
6þPLGJK�VBPNG�\_|¢VoI>\ib¼\iMsGJK�V·PN\_?�f>KLQY?BPLGJW,\_bRb�VoPNGn| g U x ILVo\iVoQ g KN?�QYK¤QRVB?�Q�VoQYKLGJ^o\i^`ys;

\_bYb�VoPLG·��QRVoKLGJ?B?�\iMsGJK�Vo?9?`P g INbRW�T�G·VBGJ^`UnQRK>\iVoGmW»�9=@PNG¹U+GmVoP g W gih VBGJ^`UnQRK>\iVoQRKNMnVBPNG
\_MsGmK2VB?	\_b g KLM�VoPNG<Q�VoQRKNGJ^B\_^`y�|�\_K3T¸G<W g KNG<T�y�?`GJKNWLQYKNM[\�?BGml-ILGJKN|mG g_h VoGm^BU+QYK>\�VoQYKLM
UnGm?B?B\_MsGq\ib g KNM�VoPLG¡QRVBQYKNGm^o\_^vy g_h VBPNGq\i|mVoIN\_bL\iMsGJK�V��Ù6�G¼K>\_U+GHVBP>\iV]UnGm?B?B\_MsG ��� 	 E � �0z �
��� 	 E � �0z ��QYbRbÖT�G��_G x V9QYK[VoPNG x GJ^`U�\iKNGJK�V5?vV g ^B\_MsG g_h VoPNG�?BGm^`�sGm^B?m��6þPLGJK3\+��Q�VoKNGm?B?
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\_MsGmK2V+f>KNWL?+VBPNQY?¹b g M'U+GJ?`?o\_M_G[QRK�Q�Vo?¹P g ?vVoQRKNM3?BGJ^v�sGm^J;@QRV<��QRbYbqT¸GXVoGJ^`UnQRK>\iVBGJW»� O
?BQRUnQRba\_^£TNILV�WLGmV�\iQYbYGmW�\ xNx ^ g \_|�PXQR?qWNGJ?`|J^`QYT¸GJWXQYKb[ è % ] ;L��PNQR|�PXWNG�\_bR?¡��QRVBPX\·WNQef�GJ^`GJK�V
\_MsGmK2V{\ xLx bYQR|�\iVBQ g K hpg ^�\_K g ^ x P>\iK[WLGmVoGm|mVBQ g K x ^ g TNbYGmU��

!#"$!%"U{ |^4Y;k4�:};k?A=F~X(X6�BH25476�89d�?A)e:
=@PNG9��QRVBKNGJ?`?Â\_M_GJK�V x ^ g V g | g b»|J\_KNK g V�MsI>\_^B\_K�VoGJG9VBP>\iVk\_bRb h \_QYbRIN^BGm?q|�\iK[T¸G�WNGmVBGJ|¢VoGJW
\_KNW�^`GJ| g �_GJ^`GJW»�	c¦QR^B?`V g_h \ibYbF;>VBPNG���QRVBKNGJ?`?BQRKNM�WNG x GmKNWNGJKL|my�|J\_KNK g V5T¸G<\_bR�¡\�y-? x ^`G¢C
?BGm^`�sGmW»��=@PLG+�¼G�\_�2KNGm?B?·QR?�\iV9VoPLG�§¢µ  ªDµ ® ´ ³ ´Dq
s-¨ g_h VBPNG<��QRVoKLGJ?B?�WNG x GmKNWNGmKN|my_;]ÿ Á ;
��PNQY|�P�QY?�K g V¹U g KNQRV g ^BGmW�T�yÄ\_K�y,\iMsGJK�Vo?m� � GmKN|JGi;H��PNGmK®N Á h \_QRbY?J;Ùÿ Á |J\_KNK g V¹T¸G
^BGm| g �sGm^BGJWd�¡=@PNQR?���QRbYb�?BP g ^vVoGmK[VBPNG9��QRVoKLGJ?B?kWNG x GmKNWNGJKL|mys�
S-GJ| g KNWNbRy_;qQ h VoPNG�\_T g �sGu?`P g ^vVoGJKLQYKNM x ^ g |JGm?B?�M g Gm? g Kd;¡VoPNGX��P g bRG[��Q�VoKNGm?B?`QYKNM

WNG x GJKLWNGJKN|¢y���QRbYbs| g bYbY\ x ?BG£Q h \{?`GJ^`QYGJ? g_hLh \iQYbYIL^BGJ?�| g U x bYGmVBGJb�y5WNGm?`Vo^ g y�VBPNGH��Q�VoKNGm?B?`QYKNM
WNG x GJKLWNGJKN|¢ys�H=@P g INM_P�VoPNG x�g ?B?BQRTNQYbRQRV�y gih ?BIN|�P h \iQYbYIL^BG�?BGm^BQYGm?¡QR?¡G_Q-VB^BGJU+GJb�y¹?BUn\_bYbÁ;�Q h
QRV�P>\ xNx GmKN?J;NVBPNG x ^ g V g | g b»��QRbYb h \iQYbF�
6¤G x ^ g �%QRWNG¹\�? g bYILVBQ g K[VoP>\iV5|�\_K3G�\i?BG·VoPLG<|�\iVo\_?`VB^ gsx PLQY| h \_QRbYIN^`GJ?m�9=@PNG g ��KNGJ^

g_h VBPNGu\i|mVoIN\_bk\_MsGJK�Vn|�\_K�?BGmKNW \�À ® µ¾´d¨�§�§ ©³ ¨¢´>µ·V g VoPLG[f>^`?`Vn?BGm^`�sGm^J;aN Á ;qQRK�VBPNG
QRVBQYKNGm^o\_^vy g_h VoPNGk\_M_GJK�V£��QRVoPn\5VoQRUnG g ILV£U+GJ|�P>\_KLQY?BU�QYK g ^BWLGJ^wV g P>\_KLWNbYG@VoPLQY? h \_QRbYIN^`G
?BGm^BQYGm?J�<=@PNG¹G_fdGm|mV g_h ?BGmKNWNQYKLMXVBPNQY?<À ® µ¾´d¨�§�§ ©³ ¨¢´>µ{QY?9?`QYU+QYba\i^�V g VoPNG<|J\_?BG<��PNGmK�\
À ® µÁ´d¨�§�§ ©³ ¨¢´>µÁ;_ÿ��Ã; h \iQYbY?]V g ^BGm|JGJQ��sG ���
	 ��� �� � ���� �¦=@PLQY?£UnG¢VoP g W<|�\iKn^`GJ| g �_GJ^�ÿ Á \_KLW¹VBPNG
À ® µÁ´d¨�§�§Øs-¨ m ¨¢´4s-¨¢´ ½_� Gif�GJ|mVBQR�_GJbRyX��Q�VoP�\_K�\ xLx ^ gsx ^BQa\�VoG9VoQRUnG g ILV x GJ^BQ g Wd� �{g �¼Gm�sGm^J;
VoPNG�WN^B\���T>\_|���QY?@VBP>\iV@VoPLG g ��KNGm^�P>\_?@V g ?BGmKNW g ILV x Gm^BQ g WNQR|9\_MsGmK2VB?@V g N Á �

ñÒ�õ �ÒÏ ß �Ô�
ÏO�bÜÀ�O�´Ï
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8 g VBGnVBPNGn��Q�VoKNGm?B?BQRKNM�WNG x GmKNWNGmKN|my�QY?	IN?BG h INb g KNbRy3��PNGmK�?BG¢�sGJ^B\_bq?`GJ^`�_GJ^`? h \_QYb£QRK�\
?BP g ^`V x Gm^BQ g W g_h VoQYU+G_��8kGm�sGm^`VBPNGJbRGJ?B?m;@VoPNQR?+WLG x GJKNWNGmKN|my�IN?`GJ?�\'b g V g_h ^BGJ? g IN^`|JGJ?
\_b g KNM�VoPLG9QRVoQRKNGJ^B\_^`y g_h VBPNG9\_|¢VoI>\_b»\_MsGJK�VJ�w  h �¼G�|�\_KX\i?B?BILUnG5VBP>\iV9´Dq¹µ¾À¹qzq�ª��zq�ªo¨
§©¨¢ªD«_¨¢ª�§ ½B ´ ¬m_®°¯£ µ  § l q�ª¢µ m ¨¢ª ® q
sÔq ¬ µ ® ��¨¢;»�¼G¹|�\_K3?`QYU x bYQ h y g IN^5U+GJ|�P>\iKNQY?`UÑT�y
?BP g ^`VoGmKNQYKLM+VBPNG9��QRVoKLGJ?B?`QYKNM¹WNG x GmKNWNGmKN|my_�¡=@PNG	WNG x GJKLWNGJKN|¢yXVoPNGmK�T¸GJ| g UnGm?
h
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ÿ�� ��� s ÿ>� s ì

��PNGm^BGwv shx ^BG x ^BGm?BGJK�VB?{VoPLG	U g KNQ�V g ^`QYKNM�^BGJbY\iVoQ g K»�

S-QYKN|mG·K g V�� g ?BGJ^v�sGm^B?	|�\_K h \_QRb]?`QYU·ILbRV�\iKNG g IL?BbRy_;¸V�� g À ® µÁ´d¨�§�§ ©³ ¨¢´>µ°§+\_^BG�?BIgd<C
|JQRGJK�V5V g MsI>\_^B\_K�VoGJG	VoPNG·\©�i\_QRba\_TLQYbYQ�V�y g_h VoPNG -½ µ ±L_¯�©³ ¨¢´>µ¾�Â6þPNGmK3\ h \_QYbRIN^BG g |J|JIL^B?
QYK�N$�Ã;sÿ�� ��� |�\_K+^BGm| g �sGm^£ÿ���\ h VBGJ^�VoPLGk?`GJ^v�sGJ^¼QY?w^`GJ| g �_GJ^BGmW»�w6þPNGJK�\ h \_QYbRIN^BGqPN\ xNx GJKN?
QYKzN$� ��� ;��¼G{|J\_K�bRGmV£VoPNG�WNG x GmKNWNGmKN|my+V g T�G h IN^vVoPNGm^¼?`P g ^vVoGJKLGJW»�w ÃV¼QY?wT¸GJ|J\_IN?BGk��PNGJK
ì�Vo^B\©�_GJbR?kV g N$�b�,¾�;e\<KNGm�$WLG x GJKNWNGmKN|my[QRK2� g bR�-QRKNM�ÿ��Ã;Lÿ���� � ;e\_KLW½ì���QRbYbdT¸G hpg ^BU+GJWd;
\_KNWÄVoPNG�?`QYU x bYQ�f>GJW x ^ g V g | g bq^`GJ?BILUnGm?J��c¦QYKN\_bYb�ys;]��PLGJK�ÿ���? x \���KN?¹ÿ���� � ;H�¼GX|�\_K
VoGm^BU+QYK>\iVBGÂÿ�� ��� T2yX?`GJKNWLQYKNMn\·VoGJ^`UnQRK>\iVBQYKNM·U+GJ?`?o\_M_G h ^ g U N$��V g N$� ��� �H=@PLG��iGmy g_h
VoPNQR?�?BQYU x bRQRf>|J\iVoQ g KuQR?	P g ��b g KLM[QR?5VoPNG x GJ^BQ g W�T¸GmV��¼GJGmK�V�� g�h \_QRbYIN^`GJ?J�·6¤G<� g INbYW
P>\��sG�\<WNGmVo\_QYbRGJW[\_K>\_b�y-?BQY?@QRKX?BGJ|¢VoQ g KXêN�¿êL�
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Server    S i-2

Witness

Server    S i-1

Witness

Server    S i

Agent

(3) (4)

(1) (2)

(1)  Failure strikes server S

      Witness dependency is broken

(2)  Failure strikes server S

      Actual agent is terminated

(3)  Witness agent at S      recovers Witness agent at S

(4)  Witness agent at S      recovers the actual agent

i-1

i

i-2 i-1

i-1

c¦QRMsIN^BG5ëL��%Zh�6þQRVoKLGJ?B?k\_M_GJK�V h \_QYbRIN^BG5?`|JGmK>\_^BQ g

msg
arrive

i+1
msg

leave

i+1

witness
agent’s
state

waiting for msg
arrive

i+1 waiting for msg
leave

i+1

waiting for msg
alive

i+1

and

sending msg
alive

i

arrives arrives

time

arrives at S i

(1)

(2)

(3)

(4)

travelling to S
i

c¦QYM_IN^BG9ë%� ý hw=@PLG�bRQ h G g_h \·��QRVBKNGJ?`?Â\_M_GJK�V
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 �K[VBPNQY?�|�P>\ x VoGm^J;>�¡G�P>\��_G�\¹U�\�VoPNGmU�\iVBQY|J\_bd\iK>\_bRy-?`QY? g �sGJ^@VBPNG	��P g bYG9bRGm�sGmb]� h \iINbRVvC
V g bRGJ^B\_K�VÂU+GJ|�P>\iKNQY?`UÅQRKN|JbRINWNQRKNM+VBPNG x ^ g-g_hwg_h VBPNG�bRQR�_GJKNGm?B? g_h VoPNG�UnGm|�P>\_KNQR?BUÅ\_KNW
VoPNG x¸g ?B?`QYTNQRbYQRV�y g_h VoPNG[U+GJ|�P>\_KLQY?BU ?BQYU x bRQRf>|J\iVoQ g K»��6¤GXWNGmf>KLG�K g V�\iVBQ g KN?¹QRKÄVBPNG
UnGm|�P>\_KNQR?BUÜQYK g IN^{f>^B?vV�?BGJ|¢VoQ g K»��6¤G·VoPLGJK3WNGmfNKNG<VoPNG h \_ILbRV`CFV g bRGJ^B\_K�VÂU+GJ|�P>\iKNQY?`U
T g VoP hpg ^BUn\_bRbRy�\_KNW'QYK hpg ^BUn\_bYb�y�QYK g ^`WNGJ^9VoPN\iV9�¡G¹|J\_K¤PN\©�_G�\�| g ^B^`GJ|mV�\_KLW'? g INKNW
\_K>\_b�y-?BQY? g �_GJ^@VoPNG5��P g bYG9U+GJ|�P>\iKNQY?`U g ^�\_bRM g ^`QRVoPLU��]Õ�\_?`VBbRys;-�¡G���QYbRb�PN\©�_G�bYQR�_GJKNGm?B?
x ^ g-g_h ? g_h VoPNG5\_bYM g ^BQRVBPNU \_?H�¡GmbYbd\_?@\_K�\iK>\_bRy-?`QY? g_h VoPNGÂUnGm|�P>\_KNQR?BU ?BQYU x bRQRf>|J\iVoQ g K»�

õÞ��� � ���b×ÔÏi�´Ï
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}��sGJ^vyn\_|mVBI>\_b¸\_MsGmK2VHT¸G�\_^`?¡\�INKNQRl2ING{QRWNGJK�VBQRf>|J\iVoQ g K¹K-ILU·T�Gm^m�`��=@PNG���QRVBKNGJ?`?q\_MsGmK�Vo?
\_KNW�VoPLG x ^ g T�Gm?qVoP>\iV@\_^BG9U g KNQ�V g ^`QYKNM�VoPNG9bRQR�_GJKNGm?B? g_h VoPLG�\_|mVBI>\_b»\iMsGJK�V#��P>\��_G�VBPNG
?o\_U+G�\_MsGmK�V{ Ør$K2INU·T¸GJ^#�`�w=@PNG�?`y-?`VBGJUÏWNQY?vVoQRKNMsINQR?BPNGm?¡VoPNGm?BG�ë·�2QYKNWN? g_h \_M_GJK�Vo?�T�y
^BGm| g MsKLQYAJQRKNM<VoPNGmQY^qV�y x GJ? � �
O K,\_|¢VoI>\_b¡\_MsGmK2V���QRVBP,\_MsGmK2V· Ør��5P>\_?<\iK�QRVBQYKNGm^o\_^vy3bYQY?vV����p���ª�qQR?·\ubRQY?`V g_h

?BGm^`�sGm^�K>\_U+GJ? N Á������T� N z ��� ;L��PNGJ^`G��ÏQY?¼VBPNG5K2INU·T¸GJ^ g_h ?BGm^`�sGm^B?�QYKnVoPNG9Q�VoQYKLGJ^o\i^`ys�
�E� ¨¹§��u� �v�x��� §i���£�¨
���v¥��¤��§_»i���_©¹©«�£¨¤»� ��`¨t»_¢t�_»_�4 £���_�C�O�q�>��² ³ �$¢t��7�����P�0�9�E�º��§´¥���"���£¨¤»_¢¤���¬Ç��¬¤�©�·

�sí
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=@PLGJ^BG�\i^BGqV g V�\_bRbRy ß ?BGm^`�_GJ^B?HQYK·VBPNG@?`y-?vVoGJU[� O ?`GJ^`�_GJ^¹N>£¼| g K�V�\_QRKN?£\ x ^ g |JGm?B?`QYKNM
INKNQ�V�¤�£�\iKNW�\�?vV�\_TNbRG�?vV g ^B\_MsG¦¥�£ã�{6¤G·WNGmfNKNG·VoPNG�?BGm^`�sGm^ h \_QYbRIN^BG g_h£g IL^Â?`y-?vVoGJU[�
6�Gu\_?B?`INU+G�VoPN\iV�VBPNGJ^`G g KNb�yÄG_Q%QY?vVo?n?`V g_xNx QYKLM h \_QYbRIN^BGm?J�Ô7ÂVoPLGJ^ h \iQYbYIL^BGJ?¹?`IN|�Pþ\_?
ð¼y-A�\_K�VBQYKNG h \_QYbRIN^BGØ[ è ê ] W g K g V�G`QLQR?`VJ�§v O ?`GJ^v�sGJ^ h \_QRbYIN^`G g_h N>£ x WNG¢f>KNGJ?Oh

¤�£ h \_QRbY?¡V g \_W%�_\iKN|JG�QYK�VBPNG�| g U x ILV�\�VoQ g K g_h \iMsGJK�Vo?m;¸\_KNWXVoPNG�?`V g ^o\iMsG
¥�£ h \_QYbR?¼V gngsx GJ^B\iVoGi�
=@PLQY?ÖQYU x bRQYGJ?�VoP>\iVÖVBPNG£?`V g ^o\_M_Gg¥�£�W g GJ?�K g V h \_QYbsQ h VoPNG x ^ g |mGJ?B? g ^m¤¨£]QY?»� g ^B�2QYKLMN�

75K�VoPNG g VoPNGm^qP>\_KNWd;%��PNGmK[¤�£ h \_QYbR?J;L¥�£{?`P g INbRW�\_bY? g�h \_QRbF�]6¤G h IN^vVoPNGm^qWNG¢f>KNGÂVBP>\iV
��PNGJKu\<?BGJ^v�sGm^ h \_QRbYIN^`G g |J|mIN^B?�QYK½N>£©;e\_bRb�VoPLG�\_MsGJK�VB?kQRKN?BQRWNGON>£{��QRbYbdT¸G5VoGm^BU+QYK>\�VoGJWd�
=@PLG�VoQRUnG g_h VoPNG�?`y-?`VBGJUÅQY?kUnGJ\_?BIL^BGJWuQYK�ªrq ± ´4s�§¢��}��sGJ^vyuG¢�sGmK2V5QYK�VBPNG	?`y-?`VBGJU

?BP g INbYW�bY\_?`V hpg ^5\iK�QYK�VoGmMsGJ^{U·INb�VoQ x bYG g_h ^ g INKNWN?m�56�G�\_?B?`INU+G�VoP>\�VÂVoPLG x ^ g |JGm?B? g ^B?
QYK[WNQef�GJ^`GJK�Vk?BGm^`�sGm^B?9\i^BG�P>\��-QYKNM¹VoPNG	?o\iUnG�| g U x I%VoQYKLM+? x GmGJW»�¼6�G h IN^vVoPNGm^Â\_?`?BINU+G
VoP>\�VÂVoPLG·\_U g INK�V gih | g U x ILVo\iVoQ g KuKLGJGJWLGJW hpg ^kGm�sGm^`y�\_MsGJK�V5\iV5G¢�sGJ^vy x ^ g |mGJ?`? g ^5QR?
VoPNG�?B\_UnGi�w6�G�WNG¢f>KNG9VoPNG9VBQYU+G9| g KN?vV�\_K�VB? hpg ^kWLQef�GJ^BGmK�V�Gm�sGmK�Vo?ÂQRK�VoPNG�?`y-?vVoGJU[�

j 6¤G{WNGmK g VBG{VoPLGkVBQYU+G@KNGJGmWNGJW hpg ^H\_Kn\_|¢VoI>\_b¸\_M_GJK�V¼V g | g U x bYGmVBG�| g U x ILVo\iVoQ g K
QYKX?`GJ^`�_GJ^|N>£ÂT¸G I £{^ g INKLWN?J�

j =@PNG�VoQRUnG5KLGJGJWLGJW hpg ^�\_K[\_MsGJK�V�V g Vo^B\��sGJb h ^ g U N$�ÖV g N>£5T¸G�©R�ª£5^ g INKNWN?m�
j =@PNG�VoQRUnG5KLGJGJWLGJW hpg ^�\¹U+GJ?`?o\_M_G�V g VB^o\��sGmb h ^ g UpN$�ÖV g N>£5T�G��Ù�«£5^ g INKLWN?J�
j =@PNG�VoQRUnG5KLGJGJWLGJW hpg ^�\ x ^ g T¸G9V g ^BGm| g �sGm^5\_K[\_|¢VoI>\_b�\iMsGJK�V�QYK½N$�ÙT¸G¬ � � �
j =@PNGkVoQYU+G�KNGJGmWNGJW hpg ^¡\	?BGJ^v�sGm^qU g KNQRV g ^k�ÁÕÖGm�_GJb è �¦V g QRKN? x GJ|¢V@\_KLW�^BGm| g �sGm^ N$�
T¸G¬�® � �

��PLGJ^BG I £ � © �«£ � �Ù�ª£ � ¬ � � � ¬u® �+¯�° ;Ù\_KNW I £ � © �«£ � �Ù�ª£ � ¬ � � � ¬u® � H �L�
6�G	\_bR? g WNG¢f>KNG	WNQef�GJ^`GJK�V@�i\_^BQY\_TNbYG{VoQYU+G x GJ^`Q g WN?@QYK�VoPLG	?vy-?`VoGmU��

j r5GJK g VoG9VoPLG�VBQYU+G hpg ^@?`GJ^`�_GJ^kU g KNQRV g ^¡V g ^`GJ| g �_GJ^{\ h \_QRbYGmW�?BGm^`�sGm^ÂT¸G B � ��±�²��� � �
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j r5GJK g VoG9VoPLG�VBQYU+G g I%V g_h �q\_Q�VoQRKNM hpg ^°���
	 ��@�A� �£��� T¸G B �@�A� �£���m�

j r5GJK g VoG9VoPLG�VBQYU+G g I%V g_h �q\_Q�VoQRKNM hpg ^°���
	 �� � � �� T�G B � � � ��m�

j r5GJK g VoG9VoPLG�VBQYU+G g I%V g_h �q\_Q�VoQRKNM hpg ^°���
	 �� � ���� T¸G B � � ������

j r5GJK g VoG9VoPLG x GJ^`Q g W g_h VoPNG�PNGJ\_^`VBT�GJ\iVkUnGm?B?o\iMsG_;����
	 �� � ���� ;>T¸G BDC � ��AEGF � �E
��PLGJ^BG B ��A� ���� � B � � � �� � B � � ���� � B$C � �@�AEGF � �@E ¯w° ;Ù\_KLW»;

B ���� ���� � B � � � ��� � B � � ���� � B$C � �@�AEGF � �@Eo³ �L�
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j c g ^£?BQRU x bRQY|mQRV�ys;i�¡GÂ\_?B?`INUnG�VoPN\iV£VoPNG�V gsx¸g b g M_y g_h VoPNGkKNG¢V�� g ^`�¹QY?¼\	| g U x bYGmVBG
Ms^B\ x P»��=@PLQY?·QRU x bRQYGm?�VBP>\iV�Gm�sGm^`y�\_MsGJK�V¹\iKNW�U+GJ?B?B\_MsG�|J\_K�Vo^B\��sGJbHV g G¢�sGm^`y
?BGm^`�_GJ^kQYK�VoPNG�?vy%?vVoGmU��

j 6¤G h IN^`VBPNGJ^¡\_?B?`INU+GÂVoP>\�V¡VoPLG5K2INU·T¸GJ^ gih ^ g INKLWN?qKNGmGJWNGmW hpg ^¼U+GJ?`?o\_MsG{Vo^o\��_GJb
T¸G¼INKLQYl2ING£VoPN^ g INMsP g ILV�\ibYb_VBPNG¼?`GJ^v�sGJ^`?J;�QÁ�¿Gi�R;t�Ù�ª£#´Â� K ;�µ�� �E¶ ¯¸· � � è ���������P¹gº
è¼» ;e\_KNWÒ� K ¯w° �

j =@PNG£?o\iUnG¦V g �_GmK�\ xNx bYQRGJ? g K�\iMsGJK�VÖVo^B\��sGJbÁ;ãQF� G_��;½© �«£#´¾© K ;Tµ�� �E¶ ¯^· � � è �������5�P¹oº
è¼» ;e\_KNW¿© K ¯�° �

j =@PNG3\_T g �sG3\_bR? g \ xNx bYQRGJ? g K ?BGm^`�sGm^X^BGJ| g �sGJ^vy VoQRUnGi;@QF� G_��;À¬�® � ´ ¬ K® ;�µÁ� ¯
· � � è ���������P¹aº è¼» ;>\_KNW¿¬ K® ¯�° �

j t g ^`G g �sGm^J;\¬ � � ´Â¬ K� ;qµ�� ¯¸· � � è ���������P¹aº èÃ» ;>\_KLW]¬ K� ¯w°
j =@PNGm^BG�QR?�K g P>\_^BUºV g P>\��_G�VoPNG�\_T g �_G�\_?`?BINU x VoQ g KN?	?BQRKN|JG+�¡G�|J\_K,\_?`?BINU+G
VoPN\iV � K ;\© K ;A¬ K� \_KNW3¬ K® \i^BG�I xNx GJ^�T g INKNWN? g_h VoPLG	^`GJl2INQR^BGJWXVoQRUnGi�
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õÞ��ñ ÖéÝÞ� 
 �
Í�����Ïi�´ÝÔß

 �K[VBPNQY?@?`GJ|¢VoQ g K»;L�¼G	WLGmf>KNG�VoPLG9bYGm�_GJbÙ� h \_INb�V`CFV g bRGJ^o\iK2V¡UnGm|�P>\_KNQR?BU QYKXWNGmVo\_QYbR?J��=@PLQY?
QYKN|mbYINWLGJ?ÂVBPNG¹\_bYM g ^BQ�VoPNU+? g_h VoPNG<\i|mVoIN\_b�\_M_GJK�V�;dVBPNG·��QRVBKNGJ?`?�\_MsGmK2VJ;Ö\_?Â�¼GJbRbw\_?ÂVBPNG
x ^ g T�Gi��6¤G·f>^B?vV�WNGJ?`|J^BQRT�G·VBPNG¹\_bRM g ^BQ�VoPNU+?kQYK hpg ^`U�\ibYbRy�V g bYG¢V5VoPLG<^BG�\iWNGJ^`?�V g P>\��sG
\_K[TN^BQRG h ILKNWNGJ^`?`Vo\_KNWNQRKNM g_h VoPNG�\_bRM g ^BQ�VoPNU+?J�£c g bRb g ��QYKLM�VoPNG	QYK hpg ^BUn\_bdWLGJ?B|m^BQ x VoQ g KN?
g_h VBPNGk\_bYM g ^BQ�VoPNU+?J;��¡Gk?`Vo\iVoG@VoPLG hpg ^BUn\_bN\_bRM g ^`QRVoPLUn?m�¦c g ^wMsGmKNGJ^B\_bYQ�V�ys;_�¼GkQYK�Vo^ g WNIL|JG
VoPNG hpg bRb g ��QYKLM·K g Vo\iVoQ g KN?
h

j r5IN^`QYKNMXVoPNGn\_|¢VoI>\_bH\_M_GJK�V�QR?	VB^o\��sGmbYQRKNM[VBPN^ g INMsP�Q�Vo?�QRVBQYKNGm^o\_^vys;��¡Gnba\_T¸GJb�VBPNG
\_|¢VoI>\_b�\iMsGJK�V�VoP>\�V�QY?@^BGm?BQRWNQYKNM g ^qVB^o\��sGmbYQRKNM<V g N$�ÙT�G?ì ���

j 6¤G	bRGmV@VBPNG9��QRVoKLGJ?B?k\_M_GJK�V�VoP>\iVkQR?@^BGJ?`QYWNQRKNM g ^@Vo^B\��sGJbRQYKNM·V g N$��T¸G5ÿ��Ã�

{�"$!%"�& ÄL*�2�=g?\ÅÆ478Ç478�lm=g?\6E;>(XÅ nX)e:qBC?\6�~�;>69=m*�:

û�æ_àãå�ô>õ¡û�üeñ-ß�à h

6þPNGmK�\iKX\_|mVBI>\_bÖ\_M_GJK�V ì �Ù\_^B^`QR�sGm?@\iVÀN$�F;L��PNGm^BGX� ¯^· � �����T�O�P¹�º è¼» ;LQ�V
b g Ms?{VBPNG·U+GJ?B?B\_MsG �U� 	 ���A� ���� g KÈ¥Ã�Ã�	75KuVBPNG·KNG`Q-V9^ g ILKNW»;»Q�VÂ?`GJKNWN? g I%V
���
	 ��@�A� �£��� V g ÿ�� ��� QRKÔN$� ��� �Â ÃV5?`Vo\_^`VB?5G_Q%Gm|JILVBQYKNM�VBPNG·^BGml2INQY^`GJW�| g U x I-C
V�\�VoQ g KN? h ^ g U�VBPNGÂKLG_Q-V¡^ g INKNWd� O h VoGm^HVBPNGkG_Q%GJ|mILVoQ g K�P>\i?¼| g U x bYGmVBGJW»;2Q�V
b g Ms? ��� 	 �� � � �� g KÈ¥Ã�Ã�9 ÃV5?BGJKLWN?	\_K g VBPNGJ^5U+GJ?`?o\_M_GØ���
	 �� � � �� V g N$� ��� T�GDC
hpg ^`G9bYG�\��-QYKLMzN$�F�H}w�_GJK�VoIN\_bYb�ys;>QRVqUnQRMs^o\iVBGJ?¡V g N$�b� � g K�VBPNG�KNG_Q-V{^ g INKLW»�

óÖô>ç¾õÁå�áãñ�É�ôNß]äÙõÁç¾ß�ü h

è �Àð¡G hpg ^BG�ì �Ö|J\_K�UnQRMs^o\�VoG�V g N$��� � ;gì!�»P>\_?qV g |�PNGJ|���Q h N$��� � QY?q\©�i\_QRb�C
\_TNbRG g ^@K g VJ�

�%��  h ysGJ?m;4ì!�ÙU+QYMs^B\iVoGm?J�
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ëL��  h K g V�;2ì �Ö�¡\_QRVB?kILK2VBQYb!N$�b� � QR?�\©�i\_QRba\_TLbYG5\iM�\_QYKd�

Ê çpàãß�ñZ� �¹û�üeñ%ß¸à h
6þPNGmK3\+��QRVBKNGJ?`?9\_MsGmK�V�;>ÿ>�F;»\_^`^BQ��sGJ?Â\iV�N$�Ã;e��PNGJ^`G¦� ¯Ë· � �T�������P¹]º � » ;
QRV	�¡\_QRVB? hpg ^�VoPNGnUnGm?B?B\_MsGz���
	 ��� ����� ���� hpg ^ B ��A� �����^ g INKNWN?m�u  h ���
	 ��� ���A� ����
W g GJ?�K g V	\i^B^BQ��sG¹\ h VBGJ^ B ��A� ����9^ g INKLWN?J;Ù\ x ^ g T�Gi;+VR�b� � ;»��QYbYb¦T�G<?`GJK�V�V g
N$��� � ��ÿ���?`Vo\_^`VB?@�q\_Q�VoQRKNM hpg ^�\_K g VBPNGJ^ B �@�A� �����^ g ILKNWN?J�

ÿ��¡?vV�\_^vVo?��¡\_Q�VoQYKLM hpg ^O���
	 ��� �� � � �� \ h VoGJ^	QRV�P>\_?�^BGm|JGJQ��sGmWV���
	 �b� ��@�A� ���� h ^ g U
N$��� � ;-\_KLW+Q�V��¡\_QRVB? hpg ^ B � � � ��w^ g INKNWN?m��  h ���
	 ��� �� � � �� W g GJ?wK g VH\_^B^`QR�_G�\ h VoGm^
B � � � ���^ g ILKNWN?J;�\ x ^ g T¸G_;\VR��� � ;e��QRbYb»T¸G	?BGJK�VkV g N$��� � �Hÿ��Ù?`Vo\_^`VB?k�¡\_Q�VoQYKLM
hpg ^�\_K g VoPNGm^ B � � � ��@^ g INKLWN?J�

O h VBGJ^�^BGJ|mGJQ��%QRKNM���� 	 ��� �� � � ��� ;Ùÿ��¼?`V�\i^`Vo?	�q\iQRVoQRKNM hpg ^����
	 ��� �� � ���� h ^ g U N$��� � ;
\_KNW+QRVw�¡\_Q�Vo? hpg ^ B � � ����£^ g INKLWN?J�w  h ���
	 �b� �� � �£��� W g GJ?£K g V¡\i^B^BQ��sGk\ h VBGJ^ B � � ����
^ g INKNWN?m;>ÿ���� � ��QYbRb»T¸G	? x \���KNGJW�\_KNWXVo^o\��_GJbY?�V g N$��� � �¼75K�\_^B^`QR�i\_bF;,N$��� �
��QYbRbd?vV�\_^vV{?`GJKNWLQYKNM����
	 �b� �� � �£��� T�y x ^`G¢CÃ?BGmV`VoQRKNM¹QRVo?@QRK�VoGJ^`K>\_b»?vV�\iVBG_�

75K�VoPNG g VBPNGJ^@P>\iKNW»; g K[\_^`^BQ��%QRKNM¹\iVaN$�F;%ÿ���?`V�\i^`Vo?@?`GJKNWLQYKNM����
	 �� � �£��� V g
ÿ�� ��� ��QRVoP x GJ^`Q g W BDC � �@�AEGF � �E �

óÖô>ç¾õÁå�áãñ�É�ôNß]äÙõÁç¾ß�ü h

è �Àð¡G hpg ^BGuVBPNG�KNG¢��bRy�? x \���KNGmWþÿ��9|J\_KþUnQRMs^o\iVBG[V g N$�Ã;qÿ��9P>\_?�V g
|�PNGm|��[Q h N$�]QR?�\��_\iQYba\iTNbYGi�

�%��  h ysGJ?m;Nÿ>�ÙU+QYMs^B\iVoGm?J�
ëL��  h K g V�;Lÿ��Ö�¡\_QRVB?�INK�VoQYb N$�]QR?�\��_\iQYba\iTNbYGÂ\_M�\_QRK»�
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Ì áãâ2+wñ h

c g ^9G�\i|�P x ^ g T¸G�VR��;»��PNGJ^`GÇ� ¯Â· � �T�������P¹wº è¼» ;ÖWNG x GJKLWNQYKNM g K3QRVB?9QYK%C
VoGm^BK>\ibq?`Vo\iVoGi;HQ�V·?`G�\_^`|�PNGJ? hpg ^·GmQRVoPLGJ^ ��� 	 ��@�A� ���� g ^ ��� 	 �� � � �� \ h VoGJ^�QRV·PN\_?
\_^`^BQR�_GJW'\iV�N$�F�·  h VBPNG<?BGJ\_^B|�P'QY?9?`IN|J|mGJ?`? h INbÁ;]Q�V9^BGDCÃVo^B\_KN?`UnQ�Vo?����
	 ���A� ����
g ^a��� 	 �� � � ��� \_|J| g ^BWLQYKNMsb�ys�k  h VoPNG�?BGJ\_^B|�P h \_QRbY?J;eQ�VÂ^`GJ| g �_GJ^B??ì �wT�y�IN?BQRKNM
VoPLG	|�PLGJ|�� x�g QYK�VoGmW�W>\iVo\ h ^ g UpN$� ��� �

óÖô>ç¾õÁå�áãñ�É�ôNß]äÙõÁç¾ß�ü h

è �Àð¡G hpg ^BGHVoPNG¼KNGm��b�y�? x \���KNGJW�VR�N|J\_K·U+QYMs^B\iVoGwV g N$�Ã;ÍVR�LP>\_?ÙV g |�PNGm|��
Q h N$�ÙQY?�\��i\_QRba\_TNbRG_�

�%��  h ysGJ?m;\VR�]U+QYM_^o\iVBGJ?J�
ëL��  h K g V�;AVR���¡\_QRVB?@INK�VoQRb�N$��QY?�\��i\_QYbY\_TNbYGÂ\_M�\_QRK»�

{�"$!%"E_ c�=m?\ÅÆ478�4789lg=m?\60;>(XÅ nX)e:kBC?\69~�;A6�=F*�:
=@PNG5WNGm?B|m^BQ x VoQ g K g_h G¢�sGm^`yn�-QRKNW g_h»x ^ g |JGm?B?BGm?J; g ^q\_MsGmK�Vo?J;%QY?HWNQR�-QRWNGJWnQYKnVBPN^BGmG x \i^`Vo?m;
K>\_U+GJb�y�§¢µ  µØ¨�§¢; ��§ ³ §¢;i\iKNWnµ¾ª  ´L§5�¾?`V�y-bRG¼QRK�Õ»y-KN|�Pº^ ?¦T g-g ��[ è©ý�] �¢�Ù=@PNG�§¢µ  µ�¨�§q?`GJMsU+GJK�V
^BG x ^BGm?BGJK�VB?ÂVoPNG	QYK�VBGJ^BKN\_bÖ?`Vo\iVoGm?J; g ^@�i\_^BQY\_TNbYGm?J; g_h VoPLG x ^ g |mGJ?`?J�@}��sGm^`y[?`Vo\iVoG	P>\_?kQRVB?
g ��K&sZqt� _® ´0\_?·�¡GmbYb@\i?<QYKNQ�VoQa\ib£�i\_bRING_�'=@PNG ��§ ³ §X?`GJMsU+GJK�V¹? x GJ|mQRf>Gm?<��PNGJK�\_KNW
��P>\iV�U+GJ?`?o\_MsGm?qVoP>\�VqVoPNG x ^ g |JGJ?`?@��QYbYb¸?BGmKNW»�HÕ�\_?`VBbRy_;%VoPLG<µÁª  ´L§�?`GJMsU+GJK�V�WNGm?B|J^`QYT¸GJ?
INKNWNGm^k��PN\iV�| g KLWNQRVBQ g KN?qVBP>\iV@VBPNG�QYK�VoGm^BK>\_bÖ?vV�\iVBGJ? g_h VoPNG x ^ g |mGJ?`?k��QRbYbd|�PN\_KNMsGi�

O bR? g ;ã�¡G¡\_W gsx V]VBPNG x ^BGm�-Q g IN?Bb�y�WNGmfNKNGJW�VBQYU+G g I%V�T g ILKNWN?J;_QF� G_��; B ���� ����J; B � � � ��m; B � � �£���m;
\_KNW BDC � �@�AEGF � �E ;¸QYKXVoPNG hpg ^`U�\_b»\_bYM g ^BQRVBPNU WLGJ?B|m^BQ x VoQ g K»�¡=@PLG hpg bRb g ��QYKNM<WLGJ?B|m^BQ x VoQ g KN?
\_^BG9��^`QRVBVBGJKXQYK z ba\_KNM_I>\_MsGDC�bYQR�_G hpg ^BUn\iV��
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û�æ_àãå�ô>õ¡û�üeñ-ß�à h

�mà©ô%à©ñZ� �"h
¨�~%¨ ½¢± µØ¨ ªrq ± ´4s�§ ¯�° ;ÙQRKNQRVBQa\_bRbRy¹�%�
m ªo¨¢« ® q ± § §¢µ  µ�¨ ¯Î· ¨�~%¨ ½¢± µ ® ´ ³ÐÏ §©¨¢´4s ��¨�§�§ ©³ ¨ Ï

� ®�³ ª  µ ® ´ ³ » Ï£® ´ ® µ ®¾_¯°¯�� §©¨¢´4s ��¨�§�§ ©³ ¨¢�
½¢± ª¢ªo¨¢´>µ §¢µ  µ�¨ ¯�· ¨�~%¨ ½¢± µ ® ´ ³ÐÏ §©¨¢´4s ��¨�§�§ ©³ ¨ Ï � ®�³ ª  µ ® ´ ³ » Ï

® ´ ® µ ®¾_¯°¯�� � ®�³ ª  µ ® ´ ³ �

�V�Jü4� � h
® ¬¹m ªo¨¢« ® q ± § §¢µ  µ�¨ ® §?� ®�³ ª  µ ® ´ ³� ´4s ½¢± ªDªo¨¢´>µ §¢µ  µØ¨ ® §<¨�~%¨ ½¢± µ ® ´ ³ÐÏ µ l ¨¢´
§©¨¢´4s����
	 ��@�A� ���� µ@qªN$� ���

¨ ¯ §©¨ ® ¬�m ªo¨¢« ® q ± § §¢µ  µØ¨ ® §5¨�~%¨ ½¢± µ ® ´ ³� ´4s ½¢± ªDªo¨¢´>µ §¢µ  µ�¨ ® §q§©¨¢´4s ��¨�§�§ ©³ ¨ Ï
µ l ¨¢´
§©¨¢´4s����
	 �� � � �� µxqªN$� ���

¨¢´4s ® ¬

à©áãô>ß�� � h
® ¬�½¢± ªDª�¨¢´>µ §¢µ  µ�¨ ® §5§©¨¢´4s ��¨�§�§ ©³ ¨ Ï µ l ¨¢´

m ª�¨¢« ® q ± § §¢µ  µØ¨¦ÑUÒ ½¢± ªDª�¨¢´>µ §¢µ  µ�¨
½¢± ªDªo¨¢´>µ §¢µ  µØ¨§ÑUÒ � ®�³ ª  µ ® ´ ³

¨ ¯ §©¨ ® ¬·½¢± ªDª�¨¢´>µ §¢µ  µ�¨ ® §O� ®�³ ª  µ ® ´ ³ÐÏ µ l ¨¢´
¯ q ³ µ l ¨?��¨�§�§ ©³ ¨ �U� 	 ���A� ����
m ª�¨¢« ® q ± § §¢µ  µØ¨¦ÑUÒ ½¢± ªDª�¨¢´>µ §¢µ  µ�¨
½¢± ªDªo¨¢´>µ §¢µ  µØ¨§ÑUÒ ¨�~%¨ ½¢± µ ® ´ ³
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¨�~%¨ ½¢± µ�¨ ª�q ± ´4s�§ÓÑUÒÕÔ
§¢µ  ªDµk¨�~%¨ ½¢± µ�¨´Å qÄy¢§TÖ

¨ ¯ §©¨
® ¬ ¨�~%¨ ½¢± µ�¨ ªrq ± ´4s�§�Ò I � Ï µ l ¨¢´
¯ q ³ µ l ¨O��¨�§�§ ©³ ¨ ��� 	 �� � � ��
m ªo¨¢« ® q ± § §¢µ  µ�¨§ÑUÒ ½¢± ª¢ªo¨¢´>µ §¢µ  µ�¨
½¢± ªDªo¨¢´>µ §¢µ  µØ¨§ÑUÒ$§©¨¢´4s ��¨�§�§ ©³ ¨

¨ ¯ §©¨
¨�~%¨ ½¢± µ�¨ ªrq ± ´4s�§ÓÑUÒ ¨�~%¨ ½¢± µØ¨ ªrq ± ´4s�§�× n

¨¢´4s ® ¬
¨¢´4s ® ¬

® ¬�½¢± ªDª�¨¢´>µ §¢µ  µ�¨ ® §?� ®�³ ª  µ ® ´ ³ÐÏ µ l ¨¢´
® ¬ N$��� � ® §  « _®°¯� y ¯ ¨ Ï µ l ¨¢´

� ®�³ ª  µØ¨�µxqªN$��� �
¨¢´4s ® ¬

¨¢´4s ® ¬

Ê çpàãß�ñZ� �¹û�üeñ%ß¸à h
�mà©ô%à©ñZ� �"h

À _® µ  ª¢ª ® «_¨ ªrq ± ´4s�§ Ï À _® µ ¯ ¨  «_¨ ª�q ± ´4s�§ Ï À _® µ _¯²® «_¨ ªrq ± ´4s�§ Ï$l ¨  ªDµ�y¢¨  µ ªrq ± ´4s�§
¯�° Ï{® ´ ® µ ®¾_¯°¯��n_¯°¯Ù ªo¨¦Ô
½¢± ª¢ªo¨¢´>µ §¢µ  µ�¨ ¯�· À _® µ  ªDª ® «_¨ Ï À _® µ ¯ ¨  «_¨ Ï § mL Àw´ À ® µÁ´d¨�§�§ Ï À _® µ _¯²® «_¨ » Ï
® ´ ® µ ®¾_¯°¯��+® §	À _® µ  ªDª ® «_¨
§©¨¢´4s l ¨  ªDµAy¢¨  µ ¯�· µÁª ± ¨ Ïe¬m_¯ §©¨ » Ï£® ´ ® µ ®¾_¯°¯��n® §�µ¾ª ± ¨
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�V�Jü4� � h
® ¬ §©¨¢´4s l ¨  ªDµAy¢¨  µ�Ò�µ¾ª ± ¨ Ï µ l ¨¢´
§©¨¢´4s����
	 �� � �£��� µ@qªN$� ���
§©¨¢´4s l ¨  ª¢µ�y¢¨  µFÑUÒ ¬m_¯ §©¨

¨¢´4s ® ¬

à©áãô>ß�� � h
��¨�§�§ ©³ ¨ÑUÒ ³ ¨¢µÇ��¨�§�§ ©³ ¨ ¬ ªrqt� ½�lL ´>´d¨ ¯
® ¬�½¢± ªDª�¨¢´>µ §¢µ  µ�¨ ® §�À _® µ  ªDª ® «_¨ Ï µ l ¨¢´
® ¬ ��¨�§�§ ©³ ¨ ® §	´Dq�µH´ ±%¯°¯�Ï µ l ¨¢´
½¢± ªDªo¨¢´>µ §¢µ  µØ¨§ÑUÒ�À _® µ ¯ ¨  «_¨

¨ ¯ §©¨
® ¬ À _® µ  ªDª ® «_¨ ªrq ± ´4s�§¦Ò B ��A� ���� Ï µ l ¨¢´

½ ª�¨  µ�¨ m ªrqÄy¢¨ÀVR��� �
VR��� � s ½¢± ªDªo¨¢´>µ §¢µ  µØ¨§ÑUÒ4§©¨  ª ½�l  ªDª ® «_¨
§©¨¢´4sÓVR��� � µxqªN$��� �
À _® µ  ªDª ® «_¨ ª�q ± ´4s�§ÓÑUÒÕÔ

¨ ¯ §©¨
À _® µ  ªDª ® «_¨ ª�q ± ´4s�§ÓÑUÒ�À _® µ  ªDª ® «_¨ ªrq ± ´4s�§�× n

¨¢´4s ® ¬
¨¢´4s ® ¬

¨ ¯ §©¨ ® ¬·½¢± ªDª�¨¢´>µ §¢µ  µ�¨ ® §	À _® µ ¯ ¨  «_¨ Ï µ l ¨¢´
® ¬ ��¨�§�§ ©³ ¨ ® §	´Dq�µH´ ±%¯°¯�Ï µ l ¨¢´
½¢± ªDªo¨¢´>µ §¢µ  µØ¨§ÑUÒ�À _® µ _¯²® «_¨

¨ ¯ §©¨
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® ¬ À _® µ ¯ ¨  «_¨ ªrq ± ´4s�§�Ò B � � � ��� Ï µ l ¨¢´
½ ª�¨  µ�¨ m ªrqÄy¢¨ÀVR��� �
VR��� � s ½¢± ªDªo¨¢´>µ §¢µ  µØ¨§ÑUÒ4§©¨  ª ½�l ¯ ¨  «_¨
§©¨¢´4sÓVR��� � µxqªN$��� �
À _® µ ¯ ¨  «_¨ ªrq ± ´4s�§§ÑUÒØÔ

¨ ¯ §©¨
À _® µ ¯ ¨  «_¨ ªrq ± ´4s�§§ÑUÒ À _® µ ¯ ¨  «_¨ ªrq ± ´4s�§�×ùn

¨¢´4s ® ¬
¨¢´4s ® ¬

¨ ¯ §©¨ ® ¬·½¢± ªDª�¨¢´>µ §¢µ  µ�¨ ® §9§ mL Àw´ À ® µ¾´d¨�§�§ Ï µ l ¨¢´
§ mL Àw´nÿ���� �
§©¨¢´4sÒq ± µ�ÿ���� � µxqªN$��� �
½¢± ªDªo¨¢´>µ §¢µ  µØ¨§ÑUÒ�À _® µ _¯²® «_¨

¨ ¯ §©¨ ® ¬·½¢± ªDª�¨¢´>µ §¢µ  µ�¨ ® §	À _® µ _¯²® «_¨ Ï µ l ¨¢´
® ¬ ��¨�§�§ ©³ ¨ ® §	´Dq�µH´ ±%¯°¯�Ï µ l ¨¢´
À _® µ _¯²® «_¨ ªrq ± ´4s�§ÓÑUÒÕÔ

¨ ¯ §©¨
® ¬ À _® µ _¯²® «_¨ ªrq ± ´4s�§�Ò B � � ���� Ï µ l ¨¢´
§ mL Àw´+ÿ���� �
ÿ>�b� � s ½¢± ªDªo¨¢´>µ §¢µ  µØ¨§ÑUÒ�À _® µ _¯²® «_¨
§©¨¢´4sÒq ± µÖÿ���� � µxqªN$��� �
À _® µ _¯²® «_¨ ªrq ± ´4s�§§ÑUÒØÔ

¨ ¯ §©¨
À _® µ _¯²® «_¨ ªrq ± ´4s�§§ÑUÒ À _® µ _¯²® «_¨ ªrq ± ´4s�§�×ùn

¨¢´4s ® ¬
¨¢´4s ® ¬
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¨¢´4s ® ¬

® ¬|l ¨  ªDµ�y¢¨  µ ªrq ± ´4s�§�Ò BDC � �@�AEGF � �E Ï µ l ¨¢´
§©¨¢´4s l ¨  ª¢µ�y¢¨  µFÑUÒ µÁª ± ¨
l ¨  ª¢µ�y¢¨  µ ªrq ± ´4s�§ÓÑUÒÕÔ

¨ ¯ §©¨
l ¨  ª¢µ�y¢¨  µ ªrq ± ´4s�§ÓÑUÒ l ¨  ªDµAy¢¨  µ ªrq ± ´4s�§�× n

¨¢´4s ® ¬
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½¢± ª¢ªo¨¢´>µ §¢µ  µ�¨ ¯È· §©¨  ª ½�l  ªDª ® «_¨ Ï §©¨  ª ½�l ¯ ¨  «_¨ Ï §©¨¢´4s  ªDª ® «_¨ Ï §©¨¢´4s ¯ ¨  «_¨ Ï
µ�¨¢ª_� ® ´  µ�¨ » Ï£® ´ ® µ ®¾_¯ « _¯²± ¨ m ª�¨ � §©¨¢µ¹y � ÿ>� ���

�V�Jü4� � h
® ¬�½¢± ªDª�¨¢´>µ §¢µ  µ�¨ ® §5§©¨¢´4s  ªDª ® «_¨ Ï µ l ¨¢´
§©¨¢´4s����
	 ��@�A� ���� µ@qªN$� ���

¨ ¯ §©¨ ® ¬·½¢± ªDª�¨¢´>µ §¢µ  µ�¨ ® §9§©¨¢´4s ¯ ¨  «_¨ Ï µ l ¨¢´
§©¨¢´4s����
	 �� � � �� µxqªN$� ���

GJKLW�Q h

à©áãô>ß�� � h
® ¬�½¢± ªDª�¨¢´>µ §¢µ  µ�¨ ® §5§©¨  ª ½�l  ªDª ® «_¨ Ï µ l ¨¢´
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® ¬ �U� 	 ���A� ���� ® §	´Dq�µ ¬ q ± ´4s Ï µ l ¨¢´
½¢± ªDªo¨¢´>µ §¢µ  µ�¨§ÑUÒ�µØ¨¢ª`� ® ´  µ�¨
ªo¨ ½ q�«_¨¢ª ì!�
ì!� s m ªo¨¢« ® q ± § §¢µ  µ�¨¦ÑUÒù� ®�³ ª  µ ® ´ ³
ì!� s ½¢± ªDªo¨¢´>µ §¢µ  µØ¨§ÑUÒ ¨�~%¨ ½¢± µ ® ´ ³

¨ ¯ §©¨
½¢± ªDªo¨¢´>µ §¢µ  µ�¨§ÑUÒ$§©¨¢´4s  ª¢ª ® «_¨

¨¢´4s ® ¬
¨ ¯ §©¨ ® ¬·½¢± ªDª�¨¢´>µ §¢µ  µ�¨ ® §9§©¨  ª ½�l ¯ ¨  «_¨ Ï µ l ¨¢´
® ¬ �U� 	 �� � � �� ® §	´Dq�µ ¬ q ± ´4s Ï µ l ¨¢´

½¢± ªDªo¨¢´>µ §¢µ  µ�¨§ÑUÒ�µØ¨¢ª`� ® ´  µ�¨
ªo¨ ½ q�«_¨¢ª ì!�
ì!� s m ªo¨¢« ® q ± § §¢µ  µ�¨¦ÑUÒ1¨�~%¨ ½¢± µ ® ´ ³
ì!� s ½¢± ªDªo¨¢´>µ §¢µ  µØ¨§ÑUÒ ¨�~%¨ ½¢± µ ® ´ ³

¨ ¯ §©¨
½¢± ªDªo¨¢´>µ §¢µ  µ�¨§ÑUÒ$§©¨¢´4s ¯ ¨  «_¨

¨¢´4s ® ¬
¨ ¯ §©¨ ® ¬¤½¢± ª¢ªo¨¢´>µ §¢µ  µ�¨ ® §u§©¨¢´4s  ªDª ® «_¨àq�ª ½¢± ªDªo¨¢´>µ §¢µ  µØ¨ ® §u§©¨¢´4s ¯ ¨  «_¨ Ï
µ l ¨¢´
½¢± ªDªo¨¢´>µ §¢µ  µØ¨§ÑUÒ�µ�¨¢ª`� ® ´  µØ¨

¨ ¯ §©¨
m ª�q ½ ¨�§�§9µØ¨¢ª`� ® ´  µ ® q�´

¨¢´4s ® ¬
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��í|���g���@�{��� ��� ì £ s u }&} pry*s x � u$x�£ s u q sen�y � �!} n v o x �rs~�Vs��!s@� ¡ � u pr� x Ä=x �!��s@q u$v�xyzs@��� u�v nV}&y t�¥ ��s	yzs@} } u o�s@}c}&s vrw n v o � s x�£ s@s v þ�� u�vrw þ �
£ n��V� v � xc� s u�� ��s x �q&s u ��� x �rs�nVq w s@} x n v{u|x nV� v } w s u � x � x �rs��Vn v � � u nV��prq&s tO© s v ��s ¢rx ��s��Vs���s@� ¡ � u pr� x§Ä
x ���Vs@q u�v�x yzs@��� u$v nV} y £ n��V�{� u nV� t�© � £ s��!s@q ¢rx �rs u � x p u � u o!s v�x n�}
} x nV��� u � u n�� u�� ��s t¥ �rs�q&szy u ¦ � sµ��� u�v ��s@} x � u|x�x �rs u � x p u � u o!s v�x � u$v } pr�@��s@}&}§��pr�V�¨¦aq&s u ��� x �rs
w s�} x n v{u$x nV� vG£ n x �r�!p x�x �rs £ n x&v s@} } u o!s v�x } t

�¾s w n�}&�@p�}&} x �rs/yzs@��� u�v nV} y*}����!q xu � � �Vn v o x �rs@} s x ��q&s@sÅ}&��s v{u q nV�!}	n v7x ��se���!���V� £ n v o}&p � }&s@� x n�� v } t
� ¸�� �"!$#�%'&)(+*e®,� B &-#.�0/.1"�0!$2-� ��/3/4#.!657� 8'9:/4& þ �
¼ vÃx ��nV}"� u } s ¢�x �rs u o�s v�x } x � � } u�w � u�v ��n v o u�vrw nV}
� u pro!� x n v þ�� t ¼ v } x s u�w ��� £Ju n x n v o���!q x �rs�q&s@���g�!s@q§¦ ¢ n x � u�v/x q u �!s@� x � u�v � x �rs@q�p v �En�}&n x s w }&s@q§�!s�q ¢ } u ¦Yþ �<; n v n x }�n x n v s@q u q ¦�Vn�} x t
¥ �rs w s��@n�}&nV� v � v�£ �rs x �rs@q x q u ��s@�Vn v o x �Gþ � ; �!q £Ju n x n v oµ���!q x �rse�Vn v � q&s��@�g�!s�q ¦
n v þ���n�} �{u }&s w � vzx �rs v pry � s�q"�$� x q&n u �V}On v*w s x s�� x n v o x �rs u � u nV� u�� nV��n x ¦~��� x ��s xu q&o!s xþ � t ¼ � x ��s v pry � s@qZ�$� x q&n u �V}	nV} � s�¦!� vrwauÃ� q s Ä�w s�â v s wfx �rq s@}&���!� wi¢�x �rs u o!s v�x o!n���s@}
p �`x q u ��s@��n v o x �½þ �Gu�vrw`£ n��V�"n v } x s u$w¹x q u �!s�� x �½þ �<; t¾¥ �rs w s x s@q y*n v{u$x nV� v �$� x �rs
x �rq s@} �r�!� w nV} u$�r� �Vn�� u$x nV� vÃw s � s vrw s v�x t

¼ � x ��s	s w o!s � þ�� � þ ��� n�} v � x"u �@p x§Ä s w o!s ¢�x �rs u � x p u � u o!s v�x � u�v s���s v�x p u �V��¦ x q u ��s@�
x �*þ�� £ n x �r�!p xJx �rs~q&s��@�g�!s�q ¦G��� � þ�� � þ ���
� ¦ x �rs u�� �g�!s�yzs@��� u$v nV} y tc© � £ s���s@q ¢Cx �rs
u � x p u � u o!s v�x y u ¦ v s@s wýx � � v � £Úx �rs x � � �!���!o�¦À��qzq �!p x n v o½n v ����q&y u$x n�� v ��� x �rs
v s x�£ �!q � n v �!q w s�q x �7y u � s u�v�u��r� q � � q&n u$x s/���r�!nV��s*�$��þ � ; t ¼ � x �rsµn v ���!q&y u$x nV� v n�}
u � u nV� u$� �Vs ¢Cx �rs � q&���@s@} }����c���r���!}&n v o �>= � u�vf� s/yz�!q&sÅs��z�@n�s v�x�¢ u�vrwau�vfu � x s�q v{u|x n���sq&�!p x s�� u$v�� s w s x s@q y*n v s w ����q x �rs u � x p u � u o!s v�x y*n�o!q u$x s@} x � � s��!s v�x p u ����¦ t m�nVo!prq s
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C t � n��V�Vp�} x q u$x s�} x ��nV} u��r� q&� u ��� t)D v ���!q x p v{u$x s@�¨¦ ¢�x �rs7q&�!p x n v o½n v ���!q y u$x nV� v ��� x �rs
£ �r�!��s v s x�£ �!q � n�}Gpr}&p u �V��¦ v � x s u } ¦ x � � saq&s x q nVs���s w tçã ��q&sanVy � ��q x�u$v�x ��¦ ¢%x �rsq&�!p x n v o/n v ���!q&y u$x n�� v y u ¦µ��� u$v o!s u � x s@q x �rs u o!s v�x � u }Jo u|x �rs�q&s w n x t �bs���s@q x �rs��Vs@} } ¢n�� x �rs@q s/n�} v �*p v �En�}&n x s w }&s@q§�!s�q&}�n v�x �rsÅ} u yzs �ru q x n x n�� vi¢rx �rs u o�s v�x � u�v � v �¨¦ £Ju n x���!q x ��seq s@������s@q§¦I�$� x �rs~�@p x s w o!s t

edge

V

U U

N

U

C
(u,v)

Key:

C - current position of the agent
N - next destination of the agent
U - unvisited server
V - visited server

edge is failed

v
u

v’

m�nVo!prq s C t � ìFE �r���!}&n v o u } prn xu�� ��seþ �G; n�}�nVy � ��q x�u$v�x t
� ¸�� �"!$#�%'&IHJ*LKM1N� �)/.1"�0!�27� ��/O%'9:/4#.!657� 8'%P�"2Q/R& þ �
�ü�rs vIx �rs~�Vn v � � u n��Vprq s�� u���� s v } u } x �rs u o!s v�x nV} x q u ��s@��n v o ¢rx �rs u o!s v�x nV} u } }&pryzs w
x � � s-���!} x tÑí n v �@s x �rs u � x p u � u o!s v�x � u nV��} x �ÀyznVo!q u$x s x �¹þ �|¢�x ��s@q&s £ nV�V� � s v �
S+T j �U<VWV �´�GX } s vrw n v o x � £Ju q w } x �rs £ n xv s�}&} u o!s v�x n v þ�� ¢ n t s t DN� tZY �!s v�x p u �V�¨¦ ¢�u � x s@q
x �rsb�Vn v � n�}�q s@�@�g��s@q&s wi¢�x �rs u � x p u � u o!s v�x"£ nV�V� � sbq&s@���g�!s@q s w n v þ � t ¼ vÃx �rnV}c} �@s vru q&n�� ¢� v s � ��}&}&n � �Vs w s�}&n�o v n�} x � u �V��� £ x ��s £ n xv s�}&} u o!s v�x~x ��q&s��@�g�!s�q x �rs u � x p u � u o!s v�xn v¾u�v � x �rs@qÅ}&s@q§�!s�q ¢ } u ¦¾þ � ; t\í pr��� u$v � ��x nV� v � u�v n v ��q&s u }&s x �rsÃs��z�@nVs v ��¦���� x �rs
� q&� x ���@�!� tc© � £ s��!s�q ¢iu } x �rs £ n xv s@}&} u o�s v�x � u�vrv � x o�p u q u$v�x s@s £ �rs x �rs�q x ��s u � x p u �
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u o!s v�x � u }*} prq ��n���s w n v`x �rs��Vn v � � u nV��prq&sG�!q v � x�¢"x �rs £ n x&v s@} } u o!s v�x � u�v�v � x*u�vrw}&�r��pr� wav � x y u � s x �rs w s��@n�}&nV� v-x �Gq&s��@�g�!s�q x �rs s�æEs��@p x nV� v ��� x �rs u � x p u � u o!s v�xeu$x
u�v � x �rs@q%} s@q ��s@q t ¼ x yYpr} x%£Ju n x ���!q x ��se��n v � q&s��@�g�!s�q ¦ t
� ¸�� �"!$#�%'&I[J*�! B /R� #3/.1"�\!$2-� ��/M1N!]9Z/4#.!>5�� 8^� _`/4& þ �
¼ v�x �rnV}~}&��s v{u q&nV� ¢�x �rs*��s���s@� ¡ � u p�� x Ä=x �!��s@q u�v�x y*s���� u�v n�}&y } x nV��� £ �!q � } ¢�� p x n x y u ¦
� s��@�!yzsZ��s@} }
s��z��nVs v�x t �ü�rs vhx �rs u � x p u � u o!s v�x n�}
n v þ �|¢Ex�£ �Yyzs@} } u o!s�} ¢�£ �rnV��� u q&s
S+T j �U<VWV �´�GX u�vrw S+T j ��aX U �GX £ nV�V� � sc}&s v�x�x � £
u q w }cb t�© � £ s��!s�q ¢ } n v ��s x �rsc�Vn v � nV} � q � � s vi¢
x �rszyzs@}&} u o!s�}Å� u�vrv � x q s u ���Àþ�� t ¼ v } x s u�w �$� £
u n x n v oh���!q x �rsµ}&pr���@s@} } ��pr��y*s�}&} u o!s
x q u�v }&yznV} }&n�� v } ¢�x �rs u � x p u � u o!s v�x � s�s � } � vÀu�w � u�v �@n v o t �ü�rs v¾x �rs u � x p u � u o!s v�xq&s�}&n w s@}hn våu }&s�q ��s@q ¢ n x �Vs u ��s@} � �7d�� ������ÅîÃ�����@�4e���� x ��s@q&sI���!q x �rs £ n xv s�}&} u o!s v�x }
� � s@� u pr}&s x �rs@q sfnV} v � £ n xv s�}&} u o!s v�x }Gq&s��@s�n���n v o x �r�!} s½yzs@} } u o�s@} � tó¥ �rs u � x p u �
u o!s v�x } x � � } x q u ��s@�Vn v oep v�x nV�Cn x s@n x �rs@q"q&s u ���rs�} x �rs w s�} x n v{u$x nV� v �!qcnV} x s�q&yzn v{u|x s wz� ¦
u } s@q§�!s@q%� u n��Vprq s t

cut edge

V

V T

T

T

W
u

cut edge is failed

D

Key:

W - position of the witness agent
T - server with terminating message
V - visited server
D - destination

m�n�o!prq&s C t ¡ ìW¥ s@q y*n v{u$x n v oYyzs@} } u o�s £
u n x }����!q��Vn v � q&s@���g�!s@q§¦
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» vhx �rs�� x ��s@q�� u�v�wi¢ DN� � s@s � }	� vhx q§¦En v o x � } s vrw�� q � � s�} x �zþ � t �ü�rs v n x }&p�� Ä�@s�s w } u } x �rs��Vn v � nV}Oq s@������s@q s wi¢�x ��s � q&� � s £ n��V��q&s Ä=x q u�v }&yzn x�x �rs
s�æ � s�� x s w y*s�}&} u o!s@}
� ¦7pr}&n v o x �rs~�V��o y*s�}&} u o!s@}	n v þ � tc¥ �rs v ¢Cx �rs � q&���@s�}&}%o!��s@}%� v p v�x n�� ì

� t x ��s � q&� � s�â vrw } x � u$x%x �rs u � x p u � u o!s v�x nV}����!} x	u|x � v s~��� x �rs~}&s�q ��s@q&} t
¡ t x ��s £ n xv s�}&} u o!s v�x q s u ����s@} x �rs w s@} x n v{u$x n�� v t
¼ vGx �rs�â{q&} x � u } s ¢ }&n v �@s x �rs u � x p u � u o�s v�x � u }%�Vs�� x n v�w nVq s@� x y*s�}&} u o!s@} u ��� v o n x }n x n v s�q u q§¦ ¢$x �rs £ n x&v s@} } u o!s v�x }W� u$v pr}&s x �rs@} s�y*s�}&} u o!s@} x ��� u$x ���zp � p v�x nV�En x q&s u ���rs@}

x �rsÅ}&s�q �!s�q £ �rs@q s x ��s u � x p u � u o�s v�x n�} x s�q&yzn v{u|x s w t�Y ��s v�x p u �V�¨¦ ¢Mx �rs � q&� � s/} x�u q x }
x �rszq&s��@�g�!s�q ¦ � q �E��s@}&} t ¼ v�x �rsz}&s@��� vrw � u } s ¢ n x y u ¦ � szn v s��*��nVs v�x n¨� x ��s £ n xv s�}&}
u o!s v�x } u q&s v � xZx s@q y*n v{u$x s w p v�x n�� x �rs�¦Iq&s u ��� x �rsY� u } x }&s�q �!s�q~��� x �rs/n x n v s@q u q ¦ t ¼ x
£ ��pr� wý� s7yz�!q&s7s��z��nVs v�x n�� £ sI}&s vrwäx s�q&yzn v{u|x n v o-}&n�o v{u � x �rq&�!p�o!� x �rs7n x n v s@q u q ¦��� x �rs u � x p u � u o!s v�xe£ �rs v¾x �rs u � x p u � u o!s v�x q&s u ���rs@} x �rs w s@} x n vru$x n�� v th¥ �rs x s@q Äy*n v{u$x n v o-} nVo vru �
n�}@f pr} x*u�v � x �rs�q �V�!ofyzs@} } u o!s ¢�w s v � x s wýu } n x3g^h j�i X VWj t �ü�rs v^u
£ n x&v s@} } u o!s v�x â vrw } x �rs g^h j�i X VWj yzs@} } u o�sYn v } n w s u } s@q ��s@q ¢ n xZ£ n��V� � s x s�q&yzn v{u|x s w t
� � x �r�!p�o!� x ��sÃ�Vn v � � u n��Vprq s £ n��V� u �V} � � ���E� � x �rs x s�q&yzn v{u|x n v oIyzs@} } u o!s ¢�£ �rs v¹x �rs�Vn v � nV}Åq&s@���g�!s@q s wi¢Wx �rs £ n xv s�}&} u o�s v�xY£ nV��� � s x s�q&yzn v{u$x s w½£ n x ��n v � v sh�r� � }&n v �@s
x �rs v s�æ x }&s�q ��s@q u �Vq&s u�w ¦Gq s@���!q w } x ��s g^h j�i X VWj yzs@}&} u o!s t m�n�o!prq&s C t ¡ nV���Vpr} x q u|x s@} x �rs
u�� ����sÅ} �@s v{u q&n�� t
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¥ �rs�q s@�Vn u�� n��Vn x ¦Ås�� u ��p u$x nV� v ���'�!p�q � q � x ���@�!�Cn�}���� vrw pr� x s w�� ¦ í x �E��� u } x n��vu�s x q nw�	s x}&n�yYpr� u|x nV� vIx � k ¢ � ¬�y pr}&n v o í uz�@u x ¡ Æ y u } £ s@��� u } u o!s v�x ��� w sYnVy � �Vs�y*s v�x�u$x nV� v7� ¦pr}&n v o E � v �@�!q w n u0x A y=t@{ s��Vn u�� nV��n x ¦*n v7x �rn�} x �rs@} nV}Zn�}byzs u }&prq s w-� ¦ x �rsÅ}&pr���@s�}&}�q u|x s��� u � x p u � u o!s v�x }%n v �@��y � ��s x n v o x �rs@n�q�}&���rs w pr�Vs w q �!p vrwEÄ=x q n �hx q u �!s@��} t

Home

start

start

start

end

end

end

m�nVo�prq&s � t � ìW¥ ��s { �!p vrw�Ä ¥ q&n ��Ä ¥ q u �!s�� Y æ � s@q nVyzs v�x
» prqWs�æ � s�q&nVyzs v�x�u n�y*} u$x ���!p v�x n v o x �rs v pry � s@q"���M}&pr���@s@} } ��pr�Mq&�!p vrwEÄèx q&n �Yx q u � Äs@��}bn vÂuzv s x�£ �!q � ��� u o!s v�x }&s�q �!s�q&} t ��s/n v�x q&� w pr��s u }&s�q ��s@q�� u �V��s w ï{í|îÃ� ¢ n t s t ¢Cx �rsy u ���rn v sÅ��� x ��s u o!s v�x � £%v s@q t�¥ �rs �r�!yzs/} s@q ��s@q�n�}Zq&s�} � � v } n � ��sÅ���!q x q u$v }&yzn x x n v o

u o!s v�x } £ ��s výx �rs u o!s v�x }z} x�u q xµx q u ��s@�Vn v o u } £ s��V� u } ���!qµq&s��@s�n���n v o u o�s v�x } £ �rs v
� [
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x �rs�¦aâ v nV} � x q u �!s��Vn v oI� v�x ��s v s x�£ ��q �Ct �¾sz� u q&q ¦a��p x~x �rszs�æ � s@q&n�y*s v�x/� ¦½pr}&n v o
w n�¶Ms@q s v�x n x n v s@q u q&nVs�} £ n x �-� u q nV�!pr}b�Vs v o x ��} t �¾s u }&} pry*s x � u$xZx �rs �r��y*sÅ}&s@q§�!s�qen�}
������í|��ì ë ���� £ �rn��Vs x �rs	� x �rs@qc}&s�q ��s@q&} u q&s �����í|��ì����í|� � t �¾s	n v f s�� x � u n��Vprq s@}Wn v�x �es��!s�q ¦
}&s�q �!s�q t ¼ v s u ���À}&s�q ��s@q ¢O£ sÃ��q&s u$x s u�w{u s@yz� v q p vrv n v o x �!o!s x �rs@q £ n x � x �rs u o!s v�x}&s�q �!s�q � ��q x ��s u o�s v�x�� � u$x ����q&y � tJ¥ �rs w{u s@yz� v�£ nV�V�'q u�vrw ��y*�¨¦ � nV�V� x �rs � q&���@s@} }����
x �rs u o!s v�x }&s�q ��s@q t �¾se� u �!s u�v � x �rs@q w{u s�y*� v�x � u|x yz� v n x �!q } u �V� x ��sÅ} s@q ��s@q } t ��s
v{u yzsZn x
x ��s �g����é�����îÃí|�{� � í|� t �ü��s v n x
w nV} �@�g�!s�q&} x � u$x%u�vhu o!s v�x } s@q§�!s@q%n�} w s u�wi¢ n xq&s�} x�u q x } x ��s u o!s v�x }&s�q ��s@q � q&���@s@} } £ n x �rn v7u } � s@�@n¨â{s w�x n�y*s t
�`ógð õGõ�ò��zõ�ò ú`ü£ö?ù�ûfòWõ � õUý�õ�û/ý��?þ9ÿ �¬ÿÐü£ù��������

Ti_4

Ti_2

Failure_i

1

recover_i

monitor_i

avail_i

atnode_i

jobdone_i

1

1

1

1

1

1

1

1

1

1

1

01

1

1

1 1

0

1

1

1

Ti-1_1

Ti_0

Ti_1

Ti_3

Ti_5

Ti_6

Ti_7

Server monitor

Agent Itinerary

guard arc

input/output arc

inhibitor arc
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