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Histogram of membership algorithm duration   
°

MIT server, configuration 1, 
±

runs up to 4 seconds (97% of runs)

0
²

200

400
³
600
´
800

1000

1200

1400

0

20
0

40
0

60
0

80
0

10
00



12
00



14
00



16
00



18
00



20
00



22
00



24
00



26
00



28
00



30
00



32
00



34
00



36
00



38
00



40
00



milliseconds

nu
m

be
r 

of
 r

un
s

&('*),+.-B/i�?�=3���b�';A�<�@?)?-B:?7m@?P¯S	@,A0b./cG�+.-B:=<0'*@,NH:=<�SVUXW�d.¸�-BA0<rpq@,N.¸�),+.-B:=<0';@,Ne]

Wrb�/s¸�-BA0<c:?N�G¹b�'*),b./CA�<cL�/C:=�fd¯:=-0@,+�NEG¹�?�=�K7iAF]�';A2A�@,7i/Fz�b�:=<u9;:=-0)?/F-8<0b�:?N�@,+�-c/qkQL�/Cpq<0:=<0'*@,NvPR@?-8<0b./
9*@,A0A���PR-0/F/8pF:?A�/?d�DE+.<r<0:=�Q';N.)Z';N�<�@�:?pFpq@,+�N�<~L�-0@Qpq/CA0A0';N.)�:?N�G	A0p\b./CG�+�9O';N.)i<0';7i/?df'*<�';A�Ï4+�'*<�/c-0/C:?A�@,N�:=DE9;/?]rWrb./
A0+.DfA�/CÏ�+�/CN�<�L�/C:=�QA�:=-B/oG�+./�<�@87a/CABA0:=)?/�9;@,A0A�:?N�G�Wo5�µ¹-0/F<�-B:?N�AB7i';A0A0';@,N�AF]w¤�/CpF:?9;9f<0b�:=<�';Ns<0b�';A�/qk4L�/F-B';7i/CN�<
7a/CA0AB:=)?/CA�z[/F-0/cA0/CN�<o@g>?/F-~Wo5�µ[¡�U�µ¦pq@,N�N./Cpq<0'*@,N�A�D�/F<�z[/F/CN	/C:?p\b	LE:?';-r@?P�A�/F-0>?/F-BAC]�U�P¯:i7a/CA0A0:=)?/uA�/CN�<�@�>?/F-
:HWo5�µ 9;';N.�	'OA�9;@,A�<Fd�<0b./i7a/CABA0:=)?/s';A~-0/F<�-\:?N�A07i'*<�<�/CG`:=P|<�/F-2:{<0';7i/F@,+.<�z�b�';p\bK';A~<�I4LE';pF:?9;9;I	<0b./a/CA�<0'O7i:=<�/CG
-0@,+�NEGQ��<�-B'*LH<0';7i/�@,N	<0b�/29;';N.�ZLE9;+EA6<�z�';pq/c<0b./cA0<0:?N�G�:=-BGnG./F>4'O:=<0'*@,NH@?P¯<0b./c-0@,+�N�GQ��<�-\'*LH<0';7a/?]�5[@,N�AB';G./F-B';N�)
<0b./`-0@,+EN�GQ��<�-B'*L¦<0';7a/CAH'ON¦W�:=DE9*/yx4d��=�?�v�³�=�?�Î7iAC]r:=-0/K-0/C:?A�@,N�:=DE9;/`-0/F<�-B:?N�A07s';A0A0'*@,N³<0';7a/F@,+�<0AH';N¦@,+.-
/CN�>4'*-B@,N�7a/CN�<F]

Ww@�:?NE:?9*I�ËF/6<0b./[L�-0@?Df:=DE';9;'*<�Io@?PfG./C9;:CIcG�+./�<�@�7a/CABA0:=)?/�9*@,A0AFd?9*/F<(+�Aw/qkQ:?7i'ON./�<0b./67a/CA0AB:=)?/¶�E@gzÍ';N�>?@,9*>?/CG
';NV:?Nn';N�>?@4pF:=<0'*@,N	@?P�SV@,A0b�/?]�S	@,A0b./c';A�+�AB+�:?9;9*Is'ON�>?@?�?/CGnz�b./CNV:sL�-0@Qpq/CA0Ar';A(ÐX@,';NE';N.)a@?-o9;/C:C>Q';N.)s:a)?-B@,+.L�]
Wrb./cÐ�@,';N¥@?-s9*/C:g>?/V-0/CÏ4+./CA�<i';Aa'OA0A0+./CG¥:=<sA�@,7i/VA�/F-0>?/F-C]³¾�¿wÀhÁhÂeÃfÄgÄZ+�A�/CAaW�5�µ[¡�U�µ 9;'ON.�4Ac<�@yL�-B@?LE:=),:=<�/
<0b./a';N.P|@?-B7i:=<0';@,Nj:=D�@,+.<�<0b./�Ð�@,';Nj@?-�9*/C:C>?/a<�@V:?9O9�A0/F-0>?/F-BAF]8Wrb�+EAFdh¾t¿wÀhÁwÂeÃEÄgÄcA�/CNEG�A�PR@,+.-�7i/CA0A0:=)?/CA�@�>?/F-
Wo5�µ6¡�U·µ¥9;'ON.�4AC]w_Åb./CN�<0b./CA�/�7a/CA0A0:=)?/CA6:=-0/~-0/Cpq/C';>?/CGed.:0�;�a@4pFpF+�-BA6:=<[:?9;9f@?P�<0b./~A�/F-0>?/F-\AF]���L�@,N�-0/Cpq/C'*>Q';N.)
<0b./����td�/C:?p\bHSV@,A0b�/�A�/F-B>?/F-6A0/CN�G�Au¸j¹jº-¸�º9»�¼;½27i/CA0A0:=)?/CA[<�@c<0b�/o@?<0b./F-�A�/F-B>?/F-BAFdQ:=),:?';Ns@�>?/F-rWo5�µ6¡�U·µ¥9;';N��4AF]
&.@?-sS	@,A0b./Z<�@jpq@,7iLE9*/F<�/{:=<8<0b�/{S	U�W A�/F-0>?/F-gd�¸�¹jº-¸�º�»
¼;½n7a/CA0A0:=)?/CAuP|-0@,7�<0b./�@?<0b�/F-8P|@,+.-uA�/F-0>?/F-BAub�:g>?/
<�@�:=-B-B'*>?/2:=<~SVUXW�]fW�b./2pq@,7aLE9;/F<0'*@,NH@?P�S	@,A0b./c7s:CIHD�/�G./C9;:gI?/CG	z�b�/CN	:?N�IZ@?P¯<0b�/CA�/2/C'*),b�<�7a/CABA0:=)?/CA��{:
¾�¿hÀwÁhÂeÃEÄ�Ä~N.@?<0'*¸fpF:=<0'*@,N{@?-o:�¸j¹�º
¸�º9»�¼�½8��';ArG./C9O:CI?/CG	GE+./~<�@s9*@,A0AF]

��A[@?DEA�/F-0>?/CGZ';NZ�Q/Cpq<0'*@,N{��];�~:=D�@g>?/?d.9*@,ABA�-B:=<�/CA[@,NZ<0b./oU�N�<�/F-BN./F<[)?-0/C:=<09*Ii>=:=-0Iaz�';<0bi<0';7a/?]�W�b�';A�pF:?+EA�/CA
<0b./iG�+�-B:=<0'*@,Nj@?P6S	@,A0b./a<�@V:?9OA�@H>l:=-BI	z�'*<0bK<0'O7a/?]cUXN`&('*),+.-0/H�CxZz[/iA0b.@�z b.@gz <0b./aG�+.-B:=<0'*@,NK@?P6SV@,ABb./
z6:?A�G�'OA�<�-B'*DE+�<�/CGa@g>?/F-6<0b./8�F�cG�:gI4A[@?Pe<0b./o/qk4L�/F-B'O7a/CN�<F](_`/�@?DEA�/F-0>?/�<0b�:=<6';Na<0b./~9;:?A�<�<�z[@8GE:CIQA�<0b./F-B/oz6:?A
:?N{';N�pq-0/C:?A0/�@?PhpF:?A�/CA6';N�z�b�'OpBb�S	@,A0b./�<�@4@?��9*@,N.)?/F-[<�@upq@,7aLE9*/F<�/?]�_`/�:?A0AB+�7a/�<0bE:=<�<0b�'OA�';A�pF:?+�A�/CGZD4Ii<0b./
N./F<�z�@?-0�Hpq@,N�GE'*<0'*@,N�A�G./F<�/F-\'*@?-B:=<0';N.)iGE+.-B';N.)8<0b./CA�/cG�:CIQAF]

x?�



Scatter of membership algorithm duration over 10 days,
¾

MIT server, configuration 1, runs up to 3 seconds
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Histogram of membership algorithm duration   
MIT server,  configuration 2,
Æ

runs up to 3 seconds (99.7% of runs)Ç
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MIT server, configuration 1,
runs up to 4 seconds (89.6% of runs)û
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Case (1): Time from last NE
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Case (2): Time from detection (no NE)
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Histogram of  slow  algorithm duration
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Histogram of membership algorithm duration   
HUJI server,  configuration 1, 

runs up to 4 seconds (96.5% of runs)Ç
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Histogram of membership algorithm duration   


HUJI server,  configuration 2,
runs up to 3 seconds (99.6% of runs)
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