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!"#$%&'( )*++,'( -*+.#/( 012( 34546( 7( &+8"9:*;&"++,<( ='<+"#".&><( — ?'9&>(

@"A<"A"7B(&+?=9C:'+="7(&(:'="A"7("D9*D"=E&(?=9CE=C9&9"7*++,<(&(+'?=9CE=C9&9"7*++,<(

A*++,<( ".9":+,<( "DFG:"7( &( H+*I&='#$+"."( :+".""D9*H&>( A#>( @"#CI'+&>( I'#"7'E"-

I&=*':,<( 9'HC#$=*="7B( J88'E=&7+,<( 7( C?#"7&><( +'@9'9,7+"."( @9&9"?=*( A*++,<B(

9*?@9'A'#'+,<(@"(:+"."I&?#'++,:(CH#*:(7,I&?#&='#$+"K(?'=&/([10]

L&9"E&K( ?@'E=9( :'="A"7( &( ='<+"#".&K( D,#( 9*H9*D"=*+( &( *A*@=&9"7*+( A#>(

"DF'A&+'+&>B( C@9*7#'+&>B( *+*#&H*( &( 7&HC*#&H*;&&( D"#$%&<( A*++,</( M=&( :'="A,( &(

='<+"#".&&B( 7H>=,( &H( +'?E"#$E&<( "D#*?='KB( 7E#NI*>( ?=*=&?=&ECB( &+8"9:*=&ECB(

@9&E#*A+CN :*=':*=&EC(&(JE"+":&EC/(O'E"="9,'(:'="A,(&(='<+"#".&&(D,#&(9*H9*D"=*+,(

7(?8'9*<B(9*D"=*NP&<(?(."9*HA"(:'+$%&:&("DF':*:&("A+"=&@+,<(A*++,<B(+"(J=&(:'="A,(

&( ='<+"#".&&( D,#&( C?@'%+"( *A*@=&9"7*+,( A#>( @9&:'+'+&>( E( "I'+$( D"#$%&:( +*D"9*:(

D"#''(9*H+""D9*H+,<(A*++,</()9C.&'(D,#&(9*H9*D"=*+,(?"7?':(+'A*7+"B(?@';&*#$+"(A#>(

&H7#'I'+&>(&+8"9:*;&&(&H(D"#$%&<(A*++,</([2]

Q( @"?#'A+''( 79':>( D"#$%CN( @"@C#>9+"?=$( +*D&9*N=( +'9'#>;&"++,'( D*H,(

A*++,<-RSTUV6( E*E( A#>( <9*+'+&>B( =*E( &( A#>( "D9*D"=E&( D"#$%&<( A*++,</( Q(

&+8"9:*;&"++,<( ='<+"#".&><( ='9:&+( RSTUV( "D"H+*I*'=( 9>A( @"A<"A"7B( @9"'E="7B(

+*@9*7#'++,<( +*( 9'*#&H*;&N( :"A'#'K( D*H( A*++,<B( &:'NP&<( ?CP'?=7'++,'( "=#&I&>( "=(

&?@"#$HC':,<( 7( =9*A&;&"++,<( 9'#>;&"++,<( WX!)( ?( A"?=C@":( E( A*++,:( ?9'A?=7*:&(

>H,E*( TUV/( Y@&?*+&'( ?<':,( A*++,<( 7( ?#CI*' &?@"#$H"7*+&>( RSTUV-9'%'+&K( :"Z'=(

"?CP'?=7#>=$?>(I'9'H(&?@"#$H"7*+&'(9*H#&I+,<(?=9CE=C9(A*++,<[(<'%-=*D#&;B(A'9'7$'7(&(

A9C.&</([2]
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W#'ACNP&'(<*9*E='9&?=&E&(I*?="(?7>H*+,(?(RSTUV(D*H*:&(A*++,<[

! RSTUV(D*H,(A*++,<(9*H9*D*=,7*#&?$(A#>(C@9*7#'+&>(D"#$%&:&("DF':*:&(

A*++,<B(E"="9,:(+'("D>H*='#$+" ?#'A"7*=$(8&E?&9"7*++"K(?<':'_

! "+&( +'( :".C=( A*=$( @"#+CN( `ab3( -*=":*9+"?=$B( ?".#*?"7*++"?=$B(

&H"#&9"7*++"?=$B(A"#."7'I+"?=$6(.*9*+=&N_

! "+&( &:'N=( 9*?@9'A'#'++CN "=E*H"C?="KI&7CN( *9<&='E=C9C, :".C= #'.E"(

:*?%=*D&9"7*=$?>(H* ?I'=(A"D*7#'+&>(+"7,<(?'97'9"7(&("=E*H("A+"."(?'97'9*(+'(@"7#&>'=(

+*(9*D"=C/(M="=(=&@(D*H(A*++,<("D,I+"(:*?%=*D&9C':(@"(."9&H"+=*#&(&(&?@"#$HC'=?>(A#>(

C@9*7#'+&>(D"#$%&:&("DF':*:&(A*++,<B(E".A*(@9"&H7"A&='#$+"?=$(7(9'Z&:'(9'*#$+"."(

79':'+&(>7#>'=?>(D"#''(7*Z+,:B(I':(E"+?&?='+;&>(A*++,</

RSTUV( D*H,( A*++,<( I*?="( "@=&:&H&9"7*+,( A#>( "@'9*;&K( @"&?E*( &( A"D*7#'+&>(

+"7"."(J#':'+=*/(Y+&(:".C=(D,=$(@"#'H+,(@9&(9*D"='(?(".9":+,:(E"#&I'?=7":(A*++,<B(

E"="9,'( +'( =9'DCN=( "@&?*+&>( ?7"'K( ?=9CE=C9,/( )#>(NoSQL ?&?=': 7*Z+* ?@"?"D+"?=$(

<9*+&=$( &( &H7#'E*=$( D"#$%&'( "DF':,( A*++,<B( *( +'( "=+"%'+&>( :'ZAC( J#':'+=*:&/( M="(

"?"D'++"(@"#'H+"(A#>(*+*#&H*(?=*=&?=&I'?E&<(&#&(9*?=CP&<(7(9'Z&:'(9'*#$+"."(79':'+&(

J#':'+="7(-=*E&<(E*E(?""DP'+&>(7(cd155efg'6[9].

Q(A*++"K(9*D"='( "?+"7+"'( 7+&:*+&' CA'#>'=?>(+*&D"#''(@"@C#>9+,:(A"EC:'+="-

"9&'+=&9"7*++,:( +'9'#>;&"++,:( D*H*:( A*++,<B( =*E&:( E*E( aShij30B( kSl2S30B(

a4mm4lnf430B( A*G=?>( &<( "DH"9( &( ?9*7+'+&'( @9"&H7"A&='#$+"?=&( A#>( "@'9*;&K 7?=*7E&B(

7,D"9E&B(CA*#'+&>("DF'E="7/(o*EZ'(DCA'=(@9"&H7'A'+"(?9*7+'+&' A*++,<(+'9'#>;&"++,<(

!)(?(9'#>;&"++"K(!)(pSm52feTUV/

CouchDB

CouchDB — A"EC:'+="-"9&'+=&9"7*++*>( ?&?=':*( C@9*7#'+&>( D*H*:&( A*++,<B( +'(

=9'DCNP*>("@&?*+&>(?<':,(A*++,</(

Q("=#&I&'("=(9'#>;&"++,<(D*H(A*++,<B(CouchDB +'(<9*+&=(A*++,'(&("=+"%'+&>(7(

=*D#&;'/( Q:'?="( J="."B( E*ZA*>( D*H*( A*++,<( @9'A?=*7#>'=( ?"D"K( +*D"9( +'H*7&?&:,<(

A"EC:'+="7/(q*ZA,K(A"EC:'+=(?"<9*+>'=(?7"&(?"D?=7'++,'(A*++,'(&(*7="+":+,'(?<':,/(

r9&#"Z'+&'(:"Z'=(@"#CI&=$(A"?=C@(E(+'?E"#$E&:(D*H*:(A*++,</()"EC:'+=(:'=*A*++,<(

?"A'9Z&=(&+8"9:*;&N("( 9'7&H&><B( I="(@"H7"#>'=( "@9'A'#&=$( #ND,'(9*H#&I&>B( E"="9,'B(

7"H:"Z+"B(@9"&H"%#&(7(="(79':>B(E*E(+'E"="9,'(D*H,(A*++,<(D,#&("=E#NI'+,/ [7]

Y?"D'++"?=&(CouchDB:

! ;'#"?=+"?=$( D*H,( A*++,<( "D'?@'I&7*'=?>( &?E#NI&='#$+"( +*( C9"7+'(

"=A'#$+,<(H*@&?'K(-+"(+'(+*(C9"7+'(?7>H'K(:'ZAC(+&:&6_
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! ?7>H&(:'ZAC( =*D#&;*:&( &#&( H*@&?>:&( @9&+;&@&*#$+"(+'( @"AA'9Z&7*N=?>B(

?""=7'=?=7'++"("@'9*;&>("DF'A&+'+&>(-JOIN) :'ZAC(=*D#&;*:&(+'("@9'A'#'+*_

! "A+"79':'++"( :"Z'=( D,=$( H*@CP'+"( +'?E"#$E"( @"="E"7( A#>( I='+&>( D*H,(

A*++,<(&(="#$E"("A&+(— A#>(H*@&?&_

! @9'A?=*7#'+&>( <9*+>=?> +'@"?9'A?=7'++" 7( ="K( Z'( !) 7( E"="9"K( &( ?*:&(

H*@&?& &(&<(&+A'E?,("D+"7#>N=?>(+'@9'9,7+"_

! 9*?@9'A'#'+&'(7,I&?#'+&K(+*(+'?E"#$E"(CH#"7(+'(@"AA'9Z&7*'=?>.

r9'&:CP'?=7*(CouchDB [1]:

! "=?C=?=7&'(D#"E&9"7"E(&B(E*E(?#'A?=7&'B(7,?"E*>(A"?=C@+"?=$_

! &+E9':'+=*#$+,K(MapReduce;

! <9*+'+&'(7?'<(A*++,<(7(JSON A"EC:'+=*<_

! REST &+='98'K?( – 7?'( "@'9*;&&B( 7E#NI*>( 7?=*7EC( A*++,<B( 7( CouchDB

"?CP'?=7#>N=?>(I'9'H(HTTP;

! :+"Z'?=7'++*>( 9'@#&E*;&>( – :"Z+"( &?@"#$H"7*=$( +'".9*+&I'++"'(

E"#&I'?=7"(C?=9"K?=7B(?"HA*7*>("?"D,'(="@"#".&&(9'@#&E*;&&/

q(+'A"?=*=E*:(CouchDB 7("?+"7+":("=+"?>=:

! ?#"Z+"?=$( +*@&?*+&>( H*@9"?"7( +*( MapReduce &B( E*E( ?#'A?=7&'B( +&HE*>

?E"9"?=$(9*H9*D"=E&(@9&#"Z'+&>;

! A"#."'(79':>(7?=*7E&("DF'E="7.

MongoDB

MongoDB — A"EC:'+="-"9&'+=&9"7*++*>( ?&?=':*( C@9*7#'+&>( D*H*:&( A*++,<(

-WX!)6B(+'(=9'DCNP*>("@&?*+&>(?<':,(=*D#&;/(

s*(?IG=(:&+&:&H*;&&(?':*+=&E&(A#>(9*D"=,(?(=9*+H*E;&>:&(7(MongoDB @">7#>'=?>(

7"H:"Z+"?=$( 9'%'+&>( ;'#"."( 9>A*( @9"D#':B( ?7>H*++,<( ?( +'A"?=*=E":(

@9"&H7"A&='#$+"?=&B( @9&IG:( ."9&H"+=*#$+"' :*?%=*D&9"7*+&'( ?=*+"7&=?>( @9"P'/(

t?@"#$HC':*>( :"A'#$( A"EC:'+="7( <9*+'+&>( A*++,<( -uTvRw0TvR6( @9"P'( E"A&9C'=?>B(

@9"P'( C@9*7#>'=?>B( *( 7+C=9'++>>( .9C@@&9"7E*( 9'#'7*+=+,<( A*++,<( "D'?@'I&7*'=(

A"@"#+&='#$+,K(7,&.9,%(7(D,?=9"A'K?=7&&.[8]

Y?"D'++"?=&MongoDB[3]:

! A"EC:'+="-"9&'+=&9"7*++"'(<9*+&#&P'(?(uTvR-@"A"D+"K(?<':"K(A*++,<;

! @"#+*>(@"AA'9ZE*(&+A'E?"7;

! J88'E=&7+"'(<9*+'+&'(A7"&I+,<(A*++,<(D"#$%&<("DFG:"7;

! ZC9+*#&9"7*+&'("@'9*;&KB(:"A&8&;&9CNP&<(A*++,'(7(!);
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! @"AA'9ZE*( :*?%=*D&9C':"?=&[( *?&+<9"++*>( 9'@#&E*;&>B( +*D"9( 9'@#&E( &(

%*9A&+.;

! :"Z'=(9*D"=*=$(7(?""=7'=?=7&&(?(@*9*A&.:"K(k4xyenhie.

q(+'A"?=*=E*:(kSl2S30(7("?+"7+":("=+"?>=:

! ="(I="B(kSl2S30(— @9"ACE=(A"7"#$+"(:"#"A"KB(&(7(+':(7?=9'I*N=?>(D*..&_

! @"-C:"#I*+&N(:*E?&:*#$+,K(9*H:'9("DF'E=*(— z(:'.*D*K=*_

! +*( {|-D&=+,< :*%&+*<B( :*E?&:*#$+,K( 9*H:'9( "A+"K( D*H,( A*++,<(— ~2.5 

.&.*D*K=*/

Cassandra

Apache Cassandra — 9*?@9'A'#G++*>( ?&?=':*( C@9*7#'+&>( D*H*:&( A*++,<B(

"=+"?>P*>?>(E(E#*??C(lSTUV-?&?=':(&(9*??I&=*++*>(+*(?"HA*+&'(7,?"E":*?%=*D&9C':,<(

&(+*AGZ+,<(<9*+&#&P(".9":+,<(:*??&7"7(A*++,<B(@9'A?=*7#'++,<(7(7&A'(<J%*/

a4mm4lnf4( &?@"#$HC'=( :"A'#$( <9*+'+&>( A*++,<( +*( D*H'( ?':'K?=7*( ?="#D;"7(

-aS}h~l�4~1}�6B(I="("=#&I*'=?>("=(?&?=':B(@"A"D+,<(~e~i4ijen�B(E"="9,'(<9*+>=(A*++,'(

="#$E"( 7( ?7>HE'( E#NIwH+*I'+&'/( a4mm4lnf4( "=+"?&=?>( E( E*='."9&&( <9*+&#&PB( @"7,%'++"(

C?="KI&7,<( E( ?D">:[( @":'PG++,'( 7( !)( A*++,'( *7=":*=&I'?E&( 9'@#&;&9CN=?>( +*(

+'?E"#$E"( CH#"7( 9*?@9'AG#'++"K( ?'=&/( r9&( ?D"'( CH#*B( '."( 8C+E;&&( +*( #'=C(

@"A<7*=,7*N=?>(A9C.&:&(CH#*:&/()"D*7#'+&'(+"7,<(CH#"7(7(E#*?='9(&("D+"7#'+&'(7'9?&&

a4mm4lnf4( @9"&H7"A&=?>( +*( #'=CB( D'H( A"@"#+&='#$+"."( 9CI+"."( 7:'%*='#$?=7*( &(

@'9'E"+8&.C9*;&&(A9C.&<(CH#"7[6].

Y?"D'++"?=&(a4mm4lnf4:

! A';'+=9*#&H"7*++"?=$(– E*ZA,K(CH'#(7(E#*?='9'(&:''=("A&+*E"7"'(H+*I'+&'/(

O'(?CP'?=7C'=('A&+"K(="IE&("=E*H*/()*++,'(9*?@9'A'#>N=?>(@"(E#*?='9C(-=*E(I="(E*ZA,K(

CH'#( ?"A'9Z&=( 9*H+,'( A*++,'6B( +"( +'=( <"H>&+*B( =*E&:( "D9*H":B( E*ZA,K( CH'#( :"Z'=(

"D?#CZ&7*=$(#ND,'(H*@9"?,/

! r"AA'9ZE*( 9'@#&E*;&&( &( +'?E"#$E&<( ;'+=9"7( "D9*D"=E&( A*++,<(

9'@#&E*;&&/(

! �H,E(H*@9"?"7(aUV(-a4mm4lnf4(Uhef�(V4l2h42e) - *#=9'+*=&7*(TUV/(

@),-.0.*0$7)(*'-(:*/012.(+/*$ABCDEFGH$IBJKBFGH$ALMMLJNOLH$PBMQKORSTU

Q( A*++":( JE?@'9&:'+='( ?9*7+&7*#*?$( @9"&H7"A&='#$+"?=$( "?+"7+,<( "@'9*;&KB(

=*E&<( E*E( 7?=*7E*B( CA*#'+&'B( 7,D"9E*/( Q( E*I'?=7'( "DF'E="7( A#>( <9*+'+&>( &( "D9*D"=E&(

D,#&( 7H>=,( H*@&?&( ?( 8&E?&9"7*++,:( +*D"9":( @"#'K( "?+"7+,<( =&@"7( A*++,<(

-;'#"I&?#'++,KB( ?( @#*7*NP'K( ="IE"KB( 79':'++"KB( ?=9"E"7,K6/( )#>( ?9*7+'+&>B(
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JE?@'9&:'+=( @9"7"A&#?>( =*EZ'( &( +*( 9'#>;&"++"K( D*H'( A*++,<( pSm52feTUVB( E"="9*>(

&?@"#$H"7*#*?$(E*E(<9*+&#&P'(=&@*(E#NI-H+*I'+&'(?(8&E?&9"7*++,:(+*D"9":(@"#'K/(r9&(

@9"7'A'+&&( ='?="7( &?@"#$H"7*#?>( >H,E( @&="+( &( D&D#&"='E&( iShijn�B( x�~Sl2SB( i�}( &(

psycopg2.

Y@'9*;&&( 7?=*7E&B( CA*#'+&>B( 7,D"9E&( @9"7"A&#&?$( @9&( 9*H#&I+"K(

«+*@"#+'++"?=&�( D*H( A*++,<[( �B( � 000, 10 000, 100 000, 1 000 000, 2 000 ���( &( { 000 000 

?=9"E/( o/E/( !)( aShij30( @"E*H*#*( +&HECN( ?E"9"?=$( 7?=*7E&( J#':'+="7( -+*( +'?E"#$E"(

@"9>AE"7(D"#$%'("?=*#$+,<6B(="('G(='?=&9"7*+&'(H*E"+I&#"?$(+*("=:'=E'(�0 000.

V+/,-W,$X1050./(-

Q( <"A'( @9"7'A'+&>( JE?@'9&:'+=*( 7( D*HC( A*++,<( 7?=*7#>#"?$( ����( J#':'+="7( &(

H*:'9>#*?$(?9'A+>>(?E"9"?=$(7?=*7E&/

�'HC#$=*=,(@9'A?=*7#'+,(7(=*D#&;'(�(&(+*(9&?C+E'(�/

75AF)K5,-

Q9':>(7?=*7E&("DF'E="7(7(!)(-7(?'EC+A*<6

!)
q"#&I'?=7"(H*@&?'K(7(!)

0 1000 10000 100000 1000000 2000000 3000000

cassandra 0,000752 0,000315 0,00087 0,000864 0,000487 0,00093 0,000387

mongodb 0,000115 0,000195 0,000099 0,000097 0,000102 0,000097 0,000094

postgresql 0,000237 0,000225 0,000184 0,000162 0,000209 0,000163 0,000188

couchdb 0,082746 0,082403 0,082367

tH( 9'HC#$=*="7( 7&A+"B( I="( D,?=9''( 7?'."( 7?=*7E*( "DF'E="7( &AG=( 7( !)(mongodb.

WX!)(postgresql @"E*H*#"(:'+$%''(79':>B(I="B(?E"9''(7?'."B("DC?#"7#'++"(@9"7'9E"KB(+'(

+*9C%*'=( #&( ;'#"?=+"?=$( 7?=*7#>':"'( H+*I'+&'B( *( =*EZ'( +*E#*A+,:&( 9*?<"A*:&B(

?7>H**+,:&(?(=9*+H*E&;&>:&(@9&(7,@"#+'+&&(H*@9"?*/(X(WX!)(cassandra @"E"#"+"I+,K(

8"9:*=(<9*+'+&>(A*++,<B(=/'/(7(@*:>=&(@"?#'A"7*='#$+"(<9*+>=?>(+'(E"9='Z&B(*(*=9&C=,(

"DF'E="7B( I="( 7( ?7"N( "I'9'A$( @9&7"A&=( E( A"@"#+&='#$+,:( +*E#*A+,:( 9*?<"A*:( @9&(

9*H:'P'+&&( "DF'E=*( 7( @*:>=&/(WX!)( couchdb +*@&?*+*( +*( >H,E'( erlang, I="( +'( #CI%&:(

"D9*H":(?E*H,7*'=?>(+*( 'G(@9"&H7"A&='#$+"?=&/()*++*>(WX!)(<9*+&=(7?'( H*@&?&(7(7&A'(

?=9"E(7(JSON 8"9:*='B(I="( =*EZ'( H*:>A#>'=(9*D"=C(?(A*++,:&B( =/E/("@'9*;&&(9*D"=,(?"(

?=9"E*:&( 7'?$:*( H*=9*=+,/(�"=>( A*++,'( 7(WX!)(Mongodb =*EZ'( @9'A?=*7#'+,( 7( JSON

8"9:*='B( +"( A#>( <9*+'+&>( &( "D9*D"=E&( &?@"#$HC'=?>( 8"9:*=( BSON (Binary JSON), 

E"="9,K(>7#>'=?>(D&+*9+"K(8":"K(@9'A?=*7#'+&>(@9"?=,<(=&@"7(A*++,</
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�&?. �/(Q9':>(7?=*7E&(J#':'+="7(7(H*7&?&:"?=&("=(+*@"#+'++"?=&(!)

Y)(+/,8$-3&()W,$(&Z0W/(-

Q( 9*:E*<( A*++"."( ='?=*( 7,D&9*N=?>( 7?'( H*@&?&B( H+*I'+&'( 7,D9*++"."( @*9*:'=9*(

E"="9,<( D"#$%'( +'E"="9"."( H+*I'+&>/( )*++,K( H*@9"?( 9'*#&HC'=?>( 7( 9*??:*=9&7*':,<(

WX!)( @"-9*H+":C/( Q( aShij30( A#>( J="."( &?@"#$HCN=?>(k4xyenhie( 8C+E;&&/(kSl2S30(

"D#*A*'=( 7?=9"'++,:&( "@'9*="9*:&B( @"H7"#>NP&:&( +*#"Z&=$( +*( A*++,'( @9"?=,'(

8&#$=9,/( Q(a4mm4lnf4( &( pSm52feTUV( A*++,K( H*@9"?( "?CP'?=7#>'=?>( @"?9'A?=7":( >H,E"7(

H*@9"?"7[(aUV(&(TUV(?""=7'=?=7'++"/(

�'HC#$=*=,(@9'A?=*7#'+,(7(=*D#&;'(|(&(+*(9&?C+E'(|/

75AF)K5,L

Q9':>(@9"?="K(7,D"9E&("DF'E="7(-7(?'EC+A*<6

!" 
#$%&'()*+$,-./&)(0,+,!" 

0 1000 10000 100000 1000000 2000000 3000000 

cassandra 0,047501 0,077999 0,387682 0,833015 0,920113 0,912034 0,917035 

mongo 0,004375 0,00428 0,006966 0,050004 0,558619 1,064267 1,617517 

postgresql 0,011873 0,017049 0,066076 0,505179 5,321742 10,626587 15,98035 

couchdb 0,461459 0,439767 2,06743         
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�&?. |/(Q9':>(@9"?="K(7,D"9E&(J#':'+="7(7(H*7&?&:"?=&("=(+*@"#+'++"?=&(!)

tH(9'HC#$=*="7( 7&A+"B(I="(@9&(9"?='( "DFG:*(A*++,<( ?( "@'9*;&'K( 7,D"9E&(#CI%'(

7?'."( ?@9*7#>'=?>( WX!)( cassandra, I="( "DF>?+>'=?>( @"E"#"+"I+,:( 8"9:*=":( H9*+'+&>(

A*++,<B(E"="9,KB(@"(?#"7*:(&??#'A"7*='#'K(&H(�Bloor research�(#CI%'(7?'."(@"A<"A&=(A#>(

"@'9*;&K(7,D"9E&(+*A(D"#$%&:&("DFG:*:&(A*++,</(

[\)0\,9*8$:,..3;

Q( 9*:E*<( A*++"."( ='?=*( +*<"A&=?>( ?9'A+'' H+*I'+&'( +'E"="9"."( @"#>B( *( =*EZ'(

:*E?&:*#$+"'( H+*I'+&'( A9C."."( @"#>/( )*++,K( H*@9"?( 7( +'9'#>;&"++,<( WX!)(

7,@"#+>'=?>( @"?9'A?=7":( k4xyenhie( 8C+E;&'K/( Q( WX!)( a4mm4lnf4( '?=$( @"AA'9ZE*(

k4xyenhieB( +"( +*( C9"7+'( D&D#&"='E( >H,E( u4�4B( *( +'( +*( C9"7+'( ?'97'9*( D*H,( A*++,</(

r"J=":C(7(A*++":(JE?@'9&:'+='(='?=,(?(a4mm4lnf4(+'(@9"7"A&#&?$[4].

�'HC#$=*=,(+*<"ZA'+&>(?9'A+'."(H+*I'+&>(@9'A?=*7#'+,(7(=*D#&;'(3 &(+*(9&?C+E'(

3B(+*<"ZA'+&>(:*E?&:*#$+"."(H+*I'+&>(– 7(=*D#&;'(4 &(+*(9&?C+E'(4.

75AF)K5,M

Q9':>(+*<"ZA'+&>(?9'A+'." H+*I'+&>(-7(?'EC+A*<6

!)
q"#&I'?=7"(H*@&?'K(7(!)

0 1000 10000 100000 1000000 2000000 3000000

mongo 0,02547 0,044817 0,212003 1,905642 18,993331 37,344862 55,99169

postgresql 0,002604 0,001927 0,007669 0,064599 0,672475 1,351388 2,031556

couchdb 0,118381 0,156069 0,48995

tH( 9'HC#$=*="7( 7&A+"B( I="( #CI%'( 7?'."( ?( H*A*I'K( *.9'.*;&&( A*++,<( ?@9*7#>'=?>(

WX!)( postgresql. M="( ?7>H*+"( ?( =':B( I="( couchdb &( mongodb &?@"#$HCN=( @*9*A&.:C(



\"#"A'Z+,K(+*CI+"-='<+&I'?E&K(7'?=+&E(]W^^-51038

MapReduceB( E"="9*>( H*E#NI*'=?>( 7( =" :B (I=" (+*A( E*ZA,:( " DF'E=" :( 7( D*H'( A*++,<(

7,@"#+>'=?>(+'E"="9*>(@9".9*::*( -Map-8C+E;&>6B( 9'HC#$=*=( E"="9"K(@"?=C@*'=(+*( 7<"A(

A9C."K( @9".9*::'( -Reduce-8C+E;&&6/( Q( 9'#>;&"++,<( Z'( D*H*<( A*++,<( @9&( *.9'.*;&&(

7,@"#+>N=?>( +'E"="9,'( "@'9*;&&B( +*( 7<"A( E"="9,<( @"A*N=?>( ?9*HC( 7?'( +'"D<"A&:,'(

A*++,'B(I="(C?E"9>'=(+*<"ZA'+&'(9'HC#$=*=*B(+"(@9'A"?=*7#>'=(:'+$%&'(7"H:"Z+"?=&(A#>(

9*?@*9*##'#&7*+&>(H*@9"?*B(@"(?9*7+'+&N(?(@*9*A&.:"K(MapReduce.

75AF)K5,N

Q9':>(+*<"ZA'+&>(:*E?&:*#$+"."(H+*I'+&>(-7(?'EC+A*<6

!)
q"#&I'?=7"(H*@&?'K(7(!)

0 1000 10000 100000 1000000 2000000 3000000

Mongo 0,025221 0,045554 0,219112 1,976588 20,486356 38,551766 58,22219

postgresql 0,001017 0,000897 0,00369 0,028555 0,285282 0,576101 0,864792

couchdb 0,126301 0,160708 0,52951

�&?. {/(Q9':>(+*<"ZA'+&>(?9'A+'."(H+*I'+&>(7(H*7&?&:"?=&("=(+*@"#+'++"?=&(!)

�&?. z/(Q9':>(+*<"ZA'+&>(:*E?&:*#$+"."(H+*I'+&>
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"(+/67$W$X1050./6$7($]N

Q( 9*:E*<( A*++"."( ='?=*( "@9'A'#>'=?>( ?9'A+''( 79':>( A"?=C@*( E( J#':'+=C( D*H,(

A*++,<(@"('."(&A'+=&8&E*="9C/ �'HC#$=*=,(@9'A?=*7#'+,(7(=*D#&;'(�(&(+*(9&?C+E'(�/

75AF)K5,/

Q9':>(A"?=C@*(E(J#':'+=C(@"(1n(-7(?'EC+A*<6

!" 
#$%&'()*+$,-./&)(0,+,!" 

0 1000 10000 100000 1000000 2000000 3000000 

cassandra 0,001277 0,00135 0,00101 0,002057 0,006465 0,002325 0,002213 

mongo 0,000457 0,002228 0,006869 0,05232 0,571589 1,098512 1,699814 

postgresql 0,000437 0,000708 0,001662 0,009389 0,095481 0,19627 0,296314 

couchdb 0,040234 0,040194 0,040514         

�&?. �/(Q9':>(A"?=C@*(E(J#':'+=C(@"(1n(7(H*7&?&:"?=& "=(+*@"#+'++"?=&(!)

tH( 9'HC#$=*="7( 7&A+"B( I="( #CI%'( 7?'."( ?( A*++"K( H*A*I'K( ?@9*7#>'=?>( WX!)(

cassandra, I="(7'?$:*(?=9*++"B(=/E/(@"E"#"+"I+,K(8"9:*=(<9*+'+&>(<"9"%"(@"A<"A&=(A#>(

7,D"9*( D"#$%&<( "DFG:"7( A*++,<B( *( +'( 'A&+&I+"."( "DF'E=*/( WE"9''( 7?'."B( =*E&'(

9'HC#$=*=,( "DC?#"7#'+,( =':B( I="( WX!)( cassandraB( =*E( Z'( E*E( &( WX!)( postgresql, @"(

C:"#I*+&N(&?@"#$HCN=(&+A'E?,(+*(@'97&I+,'(E#NI&("DF'E="7/

!:,10.*0$X1050./(-

Q(9*:E*<(A*++"."(='?=*("@9'A'#>'=?>(?9'A+''(79':>(CA*#'+&>("A+"K(H*@&?&(&H(!)/(

W="&=$( "=:'=&=$B( I="( ?9'A&( 9*??:*=9&7*':,<( WX!)( CA*#&=$( H*( "A&+( H*@9"?( +'?E"#$E"(

H*@&?'K(-+*@9&:'9B(CA*#&=$(7?'(H*@&?&B(H+*I'+&'(+'E"="9"."(@*9*:'=9*(E"="9,<(:'+$%'(

"@9'A'#G++"."(H+*I'+&>6(:".C=(="#$E"(WX!)(kSl2S30(&(pSm52feTUV/



\"#"A'Z+,K(+*CI+"-='<+&I'?E&K(7'?=+&E(]W^^-51038

�'HC#$=*=,(@9'A?=*7#'+,(7(=*D#&;'(�(&(+*(9&?C+E'(�/

75AF)K5,O

Q9':>(CA*#'+&>(J#':'+=*(&H(!)-7(?'EC+A*<6

!)
q"#&I'?=7"(H*@&?'K(7(!)

0 1000 10000 100000 1000000 2000000 3000000

cassandra 0,0005 0,000616 0,000638 0,000878 0,001048 0,000891 0,000848

Mongo 0,000056 0,000066 0,000056 0,000057 0,000077 0,000068 0,000054

postgresql 0,000395 0,000706 0,00122 0,009146 0,095989 0,196652 0,296522

couchdb 0,044951 0,045411 0,048183

�&?. �/(Q9':>(CA*#'+&>(J#':'+=*(&H(!)(7(H*7&?&:"?=&("=(+*@"#+'++"?=&(!)

V3-(:3

Q(9'HC#$=*='(@9"7'AG++,<(JE?@'9&:'+="7(:"Z+"(?A'#*=$(7,7"AB(I="(9*H+,'(WX!)(

"@=&:&H&9"7*+,( A#>( 9*D"=,( ?( 9*H#&I+,:&( =&@*:&( H*A*I/( �?#&( =9'DC'=?>( D,?=9*>(

7?=*7E*wCA*#'+&'("DF'E="7B(="(?(J="K(?="9"+,(#CI%'(7?'."(?'D>(@"E*H*#* !)(mongodb. !)(

Cassandra "9.*+&H"7*+"( E*E( @"E"#"+"I+"'( <9*+&#&P' A*++,<( &( "@=&:&H&9"7*+"( A#>(

"@'9*;&K(7,D"9E&/(�?#&(=9'DC'=?>(+'E&K(*+*#&H(A*++,<B(=*E"K(E*E(@"&?E(:*E?&:*#$+,<(&(

:&+&:*#$+,<( H+*I'+&KB( 7,I&?#'+&'( ?C::,( &( ?9'A+'."( +'E"="9,<( 7'#&I&+B( ="( HA'?$(

#CI%'(7?'."(?@9*7#>N=?>(9'#>;&"++,'(<9*+&#&P*(A*++,</

O"( A*++,K( JE?@'9&:'+=( @9"7"A&#?>( +*( "A+":( E":@$N='9'/( O'9'#>;&"++,'(

<9*+&#&P*( A*++,<( 9*H9*D*=,7*#&?$( A#>( 9*H7G9=,7*+&>( +*( E#*?='9*<( -&H-H*( J="."( C( +&<(

'?=$( +'E"="9,'( ".9*+&I'+&>( ;'#"?=+"?=&( &( ".9*+&I'++,K( 8C+E;&"+*#( 9*D"=,( ?(

"=+"%'+&>:&( :'ZAC( ?CP+"?=>:&6/( \"A'#$( 9*?@9'A'#G++,<( 7,I&?#'+&K( k4xyenhie(
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@9'A+*H+*I'+*( A#>( 7,@"#+'+&>( +*( +'?E"#$E&<( CH#*<( E#*?='9*B( I="( @"7,%*'=( ?E"9"?=$(

@"#CI'+&>(9'HC#$=*=*B(+"B(E*E(@"E*H*#&(A9C.&'(&??#'A"7*+&>B(+'A"?=*="I+"(?&#$+"/(

�9C@@*( &H7'?=+,<( ?@';&*#&?="7( @"( D*H*:( A*++,<( 7"( .#*7'( ?( \*KE#":(

W="C+D9'KE'9":(&()J7&A":()'7&==":(@9"7'#*(9>A(&?@,=*+&KB(9'HC#$=*=,(E"="9,<(D,#&(

@9&7'A'+,( 7( ?=*=$'( �`( aS~x4f1mSl( S�( `xxfS4ijem( 5S( V4f2e-Ti4}e( 3454( `l4}�m1m�/( Q(

@9"7"A&:,<( &:&( JE?@'9&:'+=*<( ?&?=':*( �4nSSx( ?9*7+&7*#*?$( ?( @*9*##'#$+,:&(

9'#>;&"++,:&( WX!) �ef51i4( &( WX!)-�B( E"="9,'( @"( &=".*:( @9"A':"+?=9&9"7*#&(

?CP'?=7'++"'( @9'7"?<"A?=7"( 7( @9"&H7"A&='#$+"?=&( +*A( �4nSSx( @9&( 7,@"#+'+&&( 9>A*(

='?="7,<(H*A*I(*+*#&H*(A*++,<(D"#$%"."("DF':*/

Q(@9&+;&@'B(A*++,K(JE?@'9&:'+=(@"A=7'9A&#(?#"7*(]&#&@@*(�"7*9A*B(A&9'E="9*

"=A'#*( &??#'A"7*+&K( E":@*+&&( 0}SSf( yeme4fij[( «r"A<"AB( "9&'+=&9"7*++,K( +*( ?="#D;,B(

"D'?@'I&=( ."9*HA"( D"#''( 7,?"ECN( @9"&H7"A&='#$+"?=$( @9&( D"#''( +&HE"K( ?="&:"?=&( @"(

?9*7+'+&N( ?( A9C.&:&( @"A<"A*:&( E( "9.*+&H*;&&( ?9'A( *+*#&H*B( "=I'=+"?=&( &( <9*+'+&>(

A*++,<�/([11]

O"(J="(+'(H+*I&=B(I="(?="&=(@"#+"?=$N("=E*H*=$?>("=(RSTUV-?&?=':/(WCP'?=7CN=(

"@9'A'#G++,'(=&@,(H*A*IB(E".A*( J88'E=&7+''(&?@"#$H"7*=$(9'#>;&"++,'(WX!)B( *(E".A*(

NoSQL-?&?=':,/(

o*E, +*@9&:'9, A#>(@"?=9"'+&>(9*H#&I+,<("=IG="7B(7(E"="9,<(=9'DC'=?>(@"A?I&=*=$(

?C::C( +'E"="9,<( @"E*H*='#'KB( &<( :*E?&:*#$+,'B( :&+&:*#$+,'( &( ?9'A+&'( 7'#&I&+,B(

E"#&I'?=7"(E*E&<-#&D"(?CP+"?='K(-=*E(+*H,7*':,K(0hm1lemm(1l5e}}12elie6B(="(HA'?$(#CI%'(

@"A<"A>=(9'#>;&"++,'(WX!)/(

Q(=*D#&;' 7 @9&7'A'+, <*9*E='9+,'(I'9=, 9'#>;&"++,<(WX!)(&(RSSQL-?&?=':,

E"="9,'(@9&H7*+,(@":"I$("@9'A'#&=$?>(?(7,D"9":(@"A<"A*(E(<9*+'+&N(&(*+*#&HC(A*++,<(

7(9*H#&I+,<(H*A*I*<[5].

75AF)K5,P

W9*7+'+&'(9'#>;&"++,<(WX!)(?(RSTUV-?&?=':*:&

^0189*(..30$&,'3$:,..3; NoSqL-+*D/053

W=9CE=C9&9"7*++,'(A*++,'( O'?=9CE=C9&9"7*++,'(A*++,'

ACID O'=(`ab3

W=9".*>(E"+?&?='+=+"?=$(A*++,<( �*?=&I+*>(E"+?&?='+=+"?=$(A*++,<

ETL O'=(�cV

o9'DC'=?>(79':>(A#>(@"#CI'+&>(9'HC#$=*="7 !,?=9"'(@"#CI'+&'(9'HC#$=*="7

s9'#"?=$B(?=*D&#$+"?=$B(J88'E=&7+"?=$ �&DE"?=$

@7*+(W$1*/0),/6)3
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