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nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o.-#;%/#o.(?m&p.-#;%/4p[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5.-#;%/m&pep[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o.-#;%/#o.(?m&p.-#;%/]p[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5?)G)!"L-*#-#`-JE%"/-m&nD//EF551KE-1)"H(.L5.-#(;.$-5

`-JE%"/-FR;$$-##)(+oK(Sm&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o#G-1o.(?m&p.-#;%/3p[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5.-#;%/m&pTp[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5#$(.-m&p7qprrnD//EF55???H?YH(.L536685s'TR$D-J"t)+/m&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5?)G)!"L-*#-#`-JE%"/-m&nD//EF551KE-1)"H(.L5.-#(;.$-5

`-JE%"/-F!bTo#E(./#o.-#;%/#o.(?m&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF55SJ%+#H$(J5I("I5

6H85E"L-m&nD//EF55-+H?)G)E-1)"H(.L5?)G)5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5/-"Jm&nD//EF551KE-1)"H(.L5.-#(;.$-5TQ$-;Jo!)."/-#m&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o.-#;%/#o.(?m&p/-"Jp[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o#G-1o.(?m&p.-#;%/84p[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF55E;.%H(.L51$5/-.J#5

#;KV-$/m&nD//EF551KE-1)"H(.L5.-#(;.$-5

Z"/-L(.QFZ;..-+/oK"#G-/K"%%o#-"#(+#m&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

(+/(%(LQ5?)G)!"L-dS/-.+"%T)+Gm&nD//EF55???H+$""H(.LHEDm&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5#$(.-m&p]6prrnD//EF55???H?YH(.L536685s'TR$D-J"t)+/m&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5/-"Jm&nD//EF551KE-1)"H(.L5.-#(;.$-5'"E;"oZ".1)+"%#m&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o.-#;%/#o.(?m&p.-#;%/3p[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o.-#;%/#o.(?m&p.-#;%/8p[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5/-"Jm&nD//EF551KE-1)"H(.L5.-#(;.$-5T-/."+o=+)LD/#m&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5K-I(.-m&nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o4]oK"#G-/K"%%o/(;.+"J-+/#m&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o#G-1o.(?m&p.-#;%/cp[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF55SJ%+#H$(J5I("I5

6H85D(J-E"L-m&nD//EF55???H+$""H(.LHEDm&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5#$(.-m&p46prrnD//EF55???H?YH(.L536685s'TR$D-J"t)+/m&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o#G-1o.(?m&p.-#;%/8Bp[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o.-#;%/#o.(?m&p#$(.-Bp[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5.-#;%/m&pRp[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-FR;$$-##)(+oK(Sm&pK-I(.-p[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5#$(.-m&p]8prrnD//EF55???H?YH(.L536685s'TR$D-J"t)+/m&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o.-#;%/#o.(?m&p.-#;%/cp[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF55E;.%H(.L51$5/-.J#5

#;KV-$/m&nD//EF551KE-1)"H(.L5.-#(;.$-5

Z"/-L(.QF2"/)(+"%oZ(%%-L)"/-o</D%-/)$o<##($)"/)(+ou34!D)%)EE)+-#

u3co#-"#(+#m&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o.-#;%/#o.(?m&p.-#;%/Bp[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o.-#;%/#o.(?m&p.-#;%/Yp[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o#G-1o.(?m&p.-#;%/8qp[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5/-"Jm&nD//EF551KE-1)"H(.L5.-#(;.$-5<.-%%"+(oZD)-I#m&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o#G-1o.(?m&p.-#;%/8p[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-FR;$$-##)(+oK(Sm&p"I/-.p[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o#G-1o.(?m&p.-#;%/Bp[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o#G-1o.(?m&p.-#;%/Yp[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o#G-1o.(?m&p.-#;%/7p[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o.-#;%/#o.(?m&p#$(.-]p[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o.-#;%/#o.(?m&p#$(.-7p[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

.-#(;.$-5`-JE%"/-F!bTo#E(./#o#G-1o.(?m&p.-#;%/88p[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

(+/(%(LQ5"K#/."$/m&p`D-&K"#G-/K"%%&-,-+/#&(I&2Z<<&R-"#(+&44&".-&/D-&

!D)%%)EE)+-#v&2"/)(+"%&Z(%%-L)"/-&</D%-/)$&<##($)"/)(+&/(;.+"J-+/#&I(.&

K"#G-/K"%%&)+&)/#&3683w;368Y8Y&#-"#(+H&Z(%-L)(&1-&R"+&X;"+&1-&T-/."+&

D(#/-1&/D-&#-"#(+O&#/"./)+L&?)/D&"+&(E-+)+L&$-.-J(+Q&D-%1&(+&X;+-&3YO&

3683&I(%%(?-1&KQ&"&1(;K%-AD-"1-.H&M"J-#&/D-+&".-&#;K#-a;-+/%Q&K-)+L&

D-%1&"/&W)%()%&W%Q)+L&^&<.-+"O&?)/D&#-+)(.#v&L"J-#&(+&'(+1"Q#O&

`D;.#1"Q#&"+1&R"/;.1"Q#&").-1&KQ&<=`^Hp[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5/-"Jm&nD//EF551KE-1)"H(.L5.-#(;.$-5e-+)%1-oe%"\-.#m&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5/-"Jm&nD//EF551KE-1)"H(.L5.-#(;.$-5*!bRNo<%/"#m&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF55???H?YH(.L5

36665685.1IA#$D-J"t$(JJ-+/m&p`D-&K"#G-/K"%%&-,-+/#&(I&2Z<<&

R-"#(+&44&".-&/D-&!D)%%)EE)+-#v&2"/)(+"%&Z(%%-L)"/-&</D%-/)$&<##($)"/)(+&

/(;.+"J-+/#&I(.&K"#G-/K"%%&)+&)/#&3683w;368Y8Y&#-"#(+H&Z(%-L)(&1-&R"+&

X;"+&1-&T-/."+&D(#/-1&/D-&#-"#(+O&#/"./)+L&?)/D&"+&(E-+)+L&$-.-J(+Q&

D-%1&(+&X;+-&3YO&3683&I(%%(?-1&KQ&"&1(;K%-AD-"1-.H&M"J-#&/D-+&".-&

#;K#-a;-+/%Q&K-)+L&D-%1&"/&W)%()%&W%Q)+L&^&<.-+"O&?)/D&#-+)(.#v&L"J-#&(+&

'(+1"Q#O&`D;.#1"Q#&"+1&R"/;.1"Q#&").-1&KQ&<=`^Hp[-+&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5/-"Jm&nD//EF551KE-1)"H(.L5.-#(;.$-5R"+oR-K"#/)"+oR/"L#m&H&

nD//EF551KE-1)"H(.L5.-#(;.$-5

2Z<<oR-"#(+o44oK"#G-/K"%%o/(;.+"J-+/#m&nD//EF551KE-1)"H(.L5

E.(E-./Q5/-"Jm&nD//EF551KE-1)"H(.L5.-#(;.$-5X:*ob-",Qoe(JK-.#m&H&

nD//EF55-+H?)G)E-1)"H(.L5?)G)5T)#/o(Io$D"."$/-.#o)+o/D-o!(G

uZYu<cJ(+o"+)J-o#-.)-#m&nD//EF551KE-1)"H(.L5J-/"5$(+/.)K;/(.m&

nD//EF551KE-1)"H(.L5$(+/.)K;/(.5!Lo7B]qm&H&

nD//EF55-+H?)G)E-1)"H(.L5?)G)5T)#/o(Io$D"."$/-.#o)+o/D-o!(G

uZYu<cJ(+o"+)J-o#-.)-#m&nD//EF55E;.%H(.L51$5/-.J#5J(1)h-1m&

p3683A67A3]`63FB3F64xprrnD//EF55???H?YH(.L536685

s'TR$D-J"t1"/-`)J-m&H&

nD//EF55-+H?)G)E-1)"H(.L5?)G)5T)#/o(Io$D"."$/-.#o)+o/D-o!(G

uZYu<cJ(+o"+)J-o#-.)-#m&nD//EF551KE-1)"H(.L5J-/"5-1)/%)+Gm&nD//EF55

-+H?)G)E-1)"H(.L5?5)+1-SHEDEi/)/%-yT)#/o(Io$D"."$/-.#o)+o/D-o!(G

uZYu<cJ(+o"+)J-o#-.)-#z"$/)(+y-1)/m&H&

nD//EF55-+H?)G)E-1)"H(.L5?)G)5T)#/o(Io$D"."$/-.#o)+o/D-o!(G

uZYu<cJ(+o"+)J-o#-.)-#m&nD//EF551KE-1)"H(.L5J-/"5.-,)#)(+m&nD//EF55

-+H?)G)E-1)"H(.L5?5)+1-SHEDEi/)/%-yT)#/o(Io$D"."$/-.#o)+o/D-o!(G

uZYu<cJ(+o"+)J-o#-.)-#z(%1)1yBccqB8q6qm&H&

nD//EF55-+H?)G)E-1)"H(.L5?)G)5T)#/o(Io$D"."$/-.#o)+o/D-o!(G

uZYu<cJ(+o"+)J-o#-.)-#m&nD//EF551KE-1)"H(.L5(+/(%(LQ5

?)G)!"L-:-,)#)(+fNm&pBccqB8q6qprrnD//EF55???H?YH(.L536685

s'TR$D-J"t)+/-L-.m&H&



T),-&T)+G-1&N"/"&

W(%%(?&Q(;.&

$D"+L-#&



*  <&#($)"%&+-/?(.G&I(.&%)+G-1&1"/"&E"./)$)E"+/&K"#-1&(+&

"&{&I(%%(?&Q(;.&$D"+L-&|&.-%"/)(+&&

*  '"G-#&T)+G-1&N"/"&"&{&.-"15?.)/-&|&#E"$-&F&I.(J&%)+G-1&

1"/"&8H6&/(&%)+G-1&1"/"&3H6&

*  Z.-"/-#&"##-JK%)-#&(I&1"/"#-/#&"+1&-+"K%-&{&#Q+$D.(+)\-&

"+1&#-".$D&|&E"."1)LJ&K-/?--+&?".-D(;#)+L&"EE.("$D&

"+1&1)#/.)K;/-1&a;-.)-#&"EE.("$DH&

T),-&T)+G-1&N"/"&



Z(+/-S/&

*  UD"/&D"EE-+#&)I&

E"./)$)E"+/#&#/"./&;E1"/)+L&

1"/"#-/#i&

*  U-&1(+v/&G+(?&?D(&

$(+#;J-#&I.(J&?D(HHH&

*  Z"+&L-/&JQ&(?+&;E1"/-#O&

J;%/)E%-&;E1"/-#O&$(+>)$/#HHH&&

*  !"#$%A,(;*;$'(A7%A1*$'1*#:%
F()%",/%$,%'(;61'%*$:%

R/(.-&8&

R/(.-&3&

R/(.-&Y&

T)+G-1&N"/"&Z%(;1&



*  T-/&"&#($)"%&+-/?(.G&(I&;+G+(?+&+;JK-.&(I&%)+G-1&1"/"&

+(1-#&%)+G-1&KQ&"&]90330P)J06,)>"#'?+^&.-%"/)(+&
*  d"$D&%)+G-1&1"/"&+(1-F&
*  dS-$;/-#&R!<:gT&*E1"/-&a;-.)-#&%($"%%QH&

*  !;K%)#D-#&/D-#-&(E-."/)(+#&)+&}T),-&R/.-"J#~&&

*  A,(('A$*,(%/*$"%FGH%IJHKFL%
*  P/D-.&+(1-#&$(+#;J-&"+1&.-A-S-$;/-&/D-JH&

*  `D-&#Q#/-J&)#&$(..-$/&)IF&

*  &Z(+,-.L-+$-O&Z";#"%)/Q&"+1&f+/-+/)(+&&
*  A,(('A$*,(%/*$"%FGH%M,(A,1)#($H&

T),-&T)+G-1&N"/"&



R*AR-/&F&<&RE".a%A*E1"/-&Z(+>)$/A

I.--&:-E%)$"/-1&N"/"&`QE-&

Same id for all triples 
inserted together saves 
communication 

Abstract operation is  
Sparql Update 

Delete all pairs 
associated to each 
triple. Can be expensive.  
 



*  `)J-&P,-.D-"1&F&

*  <11)+L&"+&)1&/(&-"$D&-%-J-+/&&)#&%)+-".H&

*  R-%-$/)(+&"+1&%((G;E&)#&+(/&"�-$/-1&KQ&J"+Q&E").#&?)/D&

/D-&#"J-&/.)E%-H&

*  :(;+1&"+1&t&(I&J-##"L-#&P,-.D-"1&F&

*  Z(+,-.L-+$-&"I/-.&(+-&.(;+1O&(+-&J-##"L-&E-.&

(E-."/)(+&→&PE/)J"%&&

b(?&J;$D&?-&+--1&/(&E"Q&/(&D",-&

-,-+/;"%&$(+#)#/-+$Q&i&



^"%)1"/)(+&9&RE"$-&P,-.D-"1&

*  Y3&KQ/-#&E-.&8&K)%%)(+&
/.)E%-#&y&Y3&Me&→&8&fE(1&

*  R-J"+/)$&R/(.-#&"%.-"1Q&

;#-&"+&)+/-.+"%&)1&→&

:-;#-&)/&

*  dS/."&E").#&E.(1;$-1&KQ&
$(+$;..-+/&)+#-./)(+#&

$(;%1&$";#-&E.(K%-J#HHH&

&&

Two UUIDs, 16 bytes each 

(UUID1,UUID2) 

Site identifier Vector clock  



*  Ne!-1)"&T),-&L-+-."/-#&(+-&h%-&?)/D&/.)E%-#&)+#-./-1&

"+1&(+-&?)/D&/.)E%-#&1-%-/-1&"EE.(S)J"/-%Q&-"$D&86&

#-$(+1#&

*  2(&E"//-.+&(E-."/)(+#&→&2(&(,-.D-"1&D-.-H&

*  '"+Q&J(.-&)+#-./)(+#&/D"+&1-%-/)(+#&

*  f+#-./)(+#&".-&$D-"EO&/D-Q&(+%Q&+--1&(+-&)1H&
*  '"+Q&/.)E%-#&E-.&)+#-./)(+&

*  '(.-&/.)E%-#&)+#-./-1&"/&"&/)J-&)#&$D-"E-.H&

Z(JJ;+)$"/)(+&Z(#/&?)/D&Ne!-1)"&

T),-&?)/D&R*AR-/&



R*AR-/&Z(JJ;+)$"/)(+&(,-.D-"1&

(+&Ne!-1)"&T),-&

Operation # of Triples No ids 1 id per triple 1 id per 
operation 

21957 
Inserts 21762190 3403,4 4469,89 3404,6 

21957 
Deletes 1755888 238,46 324,5 324,5 

Overhead 31,64% 2,39% 

Size (MB) 7 days of streaming 
No concurrent insertions 



*  T),-&T)+G-1&N"/"&J"G-#&%)+G-1&1"/"&}?.)/"K%-~&"+1&

"%%(?&"&+-?&a;-.Q&E"."1)LJ&

*  R*AR-/&)#&"&Z:N`&I(.&:NWAM."ED#&;E1"/-1&?)/D&

R!<:gTA*E1"/-&8H8&/D"/&-+#;.-&-,-+/;"%&$(+#)#/-+$Q&

(+&%),-&%)+G-1&1"/"&

*  `)J-&/(&-JK-1&)+&.-"%&#Q#/-J&

*  dJK-1&R*AR-/&)+&}Z(.-#-~&-+L)+-&(I&U)JJ)$#&

Z(+$%;#)(+&



*  =(%>(?&"/&85Y&(I&)/#&%)I-&"+1&1-%),-.-1&E.-%)J)+".Q&

.-#;%/#&

*  '"+Q&V()+/&E"E-.#&

*  P.)L)+"%&"##-JK%)-#&(I&$(.-&#G)%%#&(I&1)�-.-+/&E"./+-.#&

*  :-%"/)(+#&?)/D&(/D-.#&.;++)+L&<2:&Z(+$(.1"+/&"+1&

R`:d<'&

<+1&+(?&i&



*  !.-%)J)+".Q&.-#;%/#&-#/"K%)#D-1&$%-".&.-#-".$D&1).-$/)(+#&

*  RG)%%#O&/((%#O&1"/"&"+1&;#-.#&.-a;).-1&I(.&,"%)1"/)(+#&".-&
"%.-"1Q&E"./&(I&=(%>(?&E.(V-$/&

*  P;.&(KV-$/),-&)#&+(?&/(&/."+#I(.J&?(.G#D(E&E"E-.#&)+&

J"V(.&E"E-.#&

*  R($)"%&#-J"+/)$&#E"$-&

*  4D)QC#'+Z()=D);<#9-:033&()*D):033&()[D)!0,CJ)-)4&5+)4&'<+1)R#/#_);J'>",0'&Z&'?)8+$#'/&>)8/0,+8)
P&/")!0$$6/#/&5+)`+%3&>#/+1)R#/#)UJ%+8)a;6C$&//+1W()L06,'#3)09):+/#1#/#();+$#'/&>8)#'1)
['/030?&+8)aQL:;[W)(@EA@)

*  N-%),-.&'"+A'"$D)+-&$(%%"K(."/)(+&"+1&#(J-&.-I-.-+$-&

$(.E;#)
*  R&+?0)U0,,+8()*#8>#3):033&()=#3#);<#9-:033&().3&>&#)R&#Z)-)K,0$)RM*+1&#)/0)B&<&%+1&#_)K&33&'?)/"+)

?#%)CJ)1&8>05+,&'?)B&<&%+1&#)>0'5+'/&0'8)a86C$&//+1W)U"+)@EA@)Q777bBQ!b.!:)Q'/+,'#/&0'#3)
!0'9+,+'>+)0')B+C)Q'/+33&?+'>+)():#>#6()!"&'#()R+>+$C+,)@EA@)

<+1&+(?&i&



*  Z.-"/-&"&$(JJ;+)/Q&".(;+1&=(%>(?&/(E)$#&?)/D&J"+A

J"$D)+-&$(%%"K(."/)(+&)+&#($)"%&#-J"+/)$&#E"$-#&

*  R;KJ)/&RUZR368Y[UUU368Y&&

*  N-,-%(E&)+/-."$/)(+#&?)/D&d;.(E-"+&"+1&)+/-.+"/)(+"%&

E"./+-.#&

<+1&+(?&i&



ZD"+L-#&!.(E"L"/)(+&)+&=AZf!&)+&

N)#/.)K;/-1&U)G)`"""K%-&



`-#/#&!.(E"L"/)(+&)+&=AZf!&


