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),%.,/0123&4%'1'5.0%65728&1..95%/&/05'9%-:6,;75.&2%<,=,'&%>,..9?%@AB$+CD%

2;72E0/2% .,&<1755% 6,/:61/06,.5..14% 05?.171F&54% >72% ?6,.5.&2% /06-G0-6&61;,..9?%

>,..9?(%H1/75% :-<7&G,8&&% /0,0I&%*( J1>>,% KA5728&1..,2% '1>57I% >,..9?% >72% <17IL&?M%

/1;'5/0.1% &/:17I=-5'9?% <,.G1;% >,..9?K [1] ;% NOPQ F(% 0,G14% :1>?1>% G% /1=>,.&E% <,=%

>,..9?M% 1/.1;,..94% .,% 65728&1..1'% &/R&/75.&&M% :17-R&7%L&61G15% 6,/:61/06,.5.&5% &%

R,/01% /R&0,50/2% 5>&./0;5..9'% ;1='1S.9'% 65L5.&5'M% 1<5/:5R&;,E3&'% /1F7,/1;,..94%

>1/0-:% G% >,..9'% '.1S5/0;,% :17I=1;,05754(% C54/0;&057I.1M% AB$+C% :65>1/0,;72E0%

L&61R,4L&5% ;1='1S.1/0&% >72% ;9:17.5.&2% /71S.9?% ad hoc =,:61/1;M G61'5% 01F1M%

&/:17I=1;,.&5% 2=9G,%SQL :1=;17250%T16'&61;,0I% =,:61/9% ;% >5G7,6,0&;.14%T16'5% &% .5%

065<-50%10%:17I=1;,0572%1:&/,.&2%.51<?1>&'9?%:61F6,''.9?%&./06-G8&4(%

+7,F1>,62% /;1&' ;1='1S.1/02'% ;% 10.1L5.&&% ;9:17.5.&2% =,:61/1;% &% -:6,;75.&2%

06,.=,G8&2'& 65728&1..95% B$+C 535% .5>,;.1% G,=,7&/I% &>5,7I.9'% 65L5.&5'%

:6,G0&R5/G&%>72%7E<14%=,>,R&(%U>.,G1%>72%VTT5G0&;.1F1%&/:17I=1;,.&2%V014%05?.171F&&%

.51<?1>&'1% ;9:17.5.&5% 62>,% 065<1;,.&4% G% >,..9'W% .,7&R&5% /061F1% 1:65>575..14%

/06-G0-69M% R50G&?% ;=,&'1/;2=54M% ;1='1S.1/0I% ;9>575.&2% G7ER54(% A,=65S5..95% S5%

>,..95%/%.5R50G14%/06-G0-614%:71?1%/110;50/0;-E0%65728&1..14%'1>57&(%



!171>5S.94%.,-R.1-05?.&R5/G&4%;5/0.&G%XBPP-51038

)1;95% :61<75'9% AB$+C% 1<.,6-S&7&/I% /% .,/0-:75.&5'% V69% Y<17IL&?% >,..9?Z(%

H565>%/1;65'5..9'&%<&=.5/-:6&71S5.&2'&%=,R,/0-E%/01&0%=,>,R,%1<6,<10G&%056,<,401;%

&% >,S5% :50,<,401;% >,..9?(% C72% 65L5.&2% V014% :61<75'9% L&61G1% &/:17I=-E0/2%

6,/:65>575..95% ;9R&/75.&2M% R01% :65>[2;7250% G% B$+C% .1;95% 065<1;,.&2W% ?161L,2%

',/L0,<&6-5'1/0I% &% ;1='1S.1/0I% 6,/:65>57\..14% 1<6,<10G& 06,.=,G8&4 [2](% H6&%

;1=.&G.1;5.&&%.51<?1>&'1/0&%1<6,<10G&%<17IL&?%1<[5'1;%>,..9?%AB$+C%/0,7G&;,E0/2%

/% 62>1'% :61<75'W% 0,GM% ;% 6,/:65>575..9?% /&/05',?% ;9:17.5.&5% 06,.=,G8&4% &% 1:56,8&4%

1<[5>&.5.&2M% =,06,F&;,E3&?% <17IL15% G17&R5/0;1% -=71;% G7,/056,M /71S.1% &%

.5VTT5G0&;.1 [3](% *01% /0,71% :6&R&.14% 61/0,% :1:-726.1/0&% .565728&1..9?% <,=% >,..9?M%

:1=;172E3&?% >1<&0I/2% <17IL54% F&<G1/0&M% 7-RL54% ',/L0,<&6-5'1/0&% &% ;9/1G14%

10G,=1-/014R&;1/0&(%#,G&5%<,=9%>,..9?%:17-R&7&%.,=;,.&5%NoSQL.

H56;1.,R,7I.1% V010% 056'&.% &/:17I=1;,7/2% >72% 1<1=.,R5.&2% .565728&1..9?% <,=%

>,..9?M%.5%:1>>56S&;,E3&?%SQL(%)1%1.%0,GS5%'1S50%06,G01;,0I/2%G,G%YNot Only SQL»

[4]M%R01%;96,S,50% /-0I%.1;14%:,6,>&F'9W%1>.,%05?.171F&2%.5%'1S50%->1;750;1620I%;/5'%

065<1;,.&2'(%C54/0;&057I.1M%NoSQL-B$+C%65L,E0%'.1F&5% :61<75'9% 65728&1..9?% <,=%

>,..9?% &% -:613,E0% 6,<10-% /% <17IL&'&% >,..9'&M% .1% :6&% V01'% :6&?1>&0/2% S560;1;,0I%

?,6,G056.9'&% >72% AB$+C% ;1='1S.1/02'&% ;% 10.1L5.&&% -:6,;75.&2% 06,.=,G8&2'&M%

&.>5G/&61;,.&2% &% &/:17I=1;,.&2 ad hoc =,:61/1; [5](% #,G&'% 1<6,=1'M% >72% G,S>14%

G1.G650.14%=,>,R&%;9<16%&/:17I=-5'14%05?.171F&&%/75>-50%1/-35/0;720I%;%=,;&/&'1/0&%

10%065<1;,.&4%G%:615G0&6-5'14%+C(

A,//'106&'%1/.1;.95%:6&R&.9%:565?1>,%10%AB$+C%G%NoSQL-05?.171F&2'.

2 A78;.6B9$76.54/8,,9:$C!D"

](N%A,/:65>575..,2%1<6,<10G,%06,.=,G8&4

^/5%;5>-3&5%65728&1..95%B$+C%:65>1/0,;72E0%L&61G&5%;1='1S.1/0&%:1%6,<105%/%

06,.=,G8&2'&(%#6,.=,G8&2%– 71F&R5/G,2%5>&.&8,%6,<109%/%<,=14%>,..9?M%F6-::,%1:56,8&4M%

G1016,2% '1S50% <90I% 7&<1% ;9:17.5.,% 857&G1'M% 7&<1% .5% ;9:17.5.,% ;11<35(% U/.1;.,2%

/71S.1/0I% 6,<109% /% 06,.=,G8&2'&% ;% 6,/:65>575..9?% <,=,?% >,..9?% /1/01&0% ;% 01'M% R01%

.51<?1>&'95%1<.1;75.&2%=,R,/0-E%=,06,F&;,E0%.5/G17IG1%-=71;%G7,/056,(%C17F15%;65'2%

.,&<1755%6,/:61/06,.\..9' .,<161' 065<1;,.&4%G%06,.=,G8&2'%<97 .,<16%_`abM%1>.,G1%

;% :1/75>.55% ;65'2% R,/01% &/:17I=-50/2% 5F1% ,7I056.,0&;,% – .,<16% BASEM% :17-R&;L&4%

L&61G15%:6&'5.5.&5%;%NoSQL 05?.171F&2? [6].

2.1.1 #65<1;,.&2 ACID
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^,S.9'% /;14/0;1'% 65728&1..9?% <,=% >,..9?% 2;7250/2% &?% /:1/1<.1/0I%

->1;750;1620I% 065<1;,.&2'% ACID. ACID :65>/0,;7250% /1<14% .,<16% 065<1;,.&4% G%

06,.=,G8&1..14%/&/05'5M%1<5/:5R&;,E3&?%5\%.,>5S.-E%&%:65>/G,=-5'-E%6,<10-W

! c01',6.1/0I% @AtomicityDW% G,S>,2% 06,.=,G8&2% 1/-35/0;7250/2% :1% :6&.8&:-% Y;/\% &7&%

.&R5F1Z(% B<14% .,% G,G1'-7&<1% V0,:5% 06,.=,G8&&% 1=.,R,50% /<14% ;/54% 06,.=,G8&&% ;%

8571'(%H6&%V01'%>,..95%;%<,=5%1/0,E0/2%;%/1/012.&&%.,%.,R,71%06,.=,G8&&d

! B1F7,/1;,..1/0I% @ConsistencyDW% G,S>,2% 06,.=,G8&2% :65>/0,;7250% /1<14% :565?1>% &=%

1>.1F1% G1665G0.1F1% /1/012.&2% ;% >6-F15(% C,..95M% =,:&/9;,5'95% ;% <,=-% ;% 6,'G,?%

06,.=,G8&&M%->1;750;162E0%;/5'%-/0,.1;75..9'%1F6,.&R5.&2'd

! e=17&61;,..1/0I% @IsolationDW% .,% 65=-7I0,0% 06,.=,G8&&% .5% >17S.9% 1G,=9;,0I% ;7&2.&5%

06,.=,G8&&M%;9:17.2E3&5/2%:,6,7757I.1%/%.54d

! ),>5S.1/0I% @DurabilityDW% &='5.5.&2M% -/:5L.1% ;.5/5..95% ;% <,=-M% 1/0,E0/2% ;%

/1?6,..1/0&% ;.5% =,;&/&'1/0&% 10% /<15;% ;% 1<16->1;,.&&M% 1<5/01R&;,.&2% /&/05'9% &%

:61R&?%:61<75'(

U>.,G1% .5% >72% ;/5?% =,>,R% 065<-50/2% ;9:17.5.&5% ;/5?% :6&;5>5..9?% 065<1;,.&4(%

H6&'561'%'1S50%/7-S&0I%:6&71S5.&5%ConnectNow 10%AdobeM%?6,.2355%06&%G1:&&%>,..9?%

1% :17I=1;,057I/G14% /5//&&M% .5% :1>;56F,2% 65:7&8&6-5'95% >,..95% ;/5'% :61;56G,'% .,%

/1F7,/1;,..1/0I(

f35% 1>.,% :61<75',% 65728&1..9?% <,=% >,..9?M% /;2=,..,2% /% 065<1;,.&2'&% ACID,

;1=.&G,50%:6&%/1=>,.&&%6,/:65>575..9?%/&/05'(%C72%;9:17.5.&2%:56;9?%06\?%065<1;,.&4%

;% AB$+C% R,/01% &/:17I=-50/2% 85.06,7&=1;,..15% -:6,;75.&5% <71G&61;G,'&(% f/7&%

:6&71S5.&5%:90,50/2%:17-R&0I%>1/0-:%G%>,..9'M%1<6,<,09;,5'9'%>6-F&'%:6&71S5.&5'M%

5'-% .51<?1>&'1% S>,0I% =,;56L5.&2% 05G-354% 06,.=,G8&&(% C72% 6,/:65>575..14% /&/05'9%

85.06,7&=1;,..94% '5.5>S56% <71G&61;1G% 2;7250/2% -=G&'% '5/01'M% :1/G17IG-% ;/5% -=79%

/&/05'9%>17S.9%;=,&'1>54/0;1;,0I%/%.&'%;1%;65'2%G,S>14%/;154%1:56,8&&(

2.1.2 #5165',%CAP

U/.1;.14% 1<7,/0IE% :6&'5.5.&2% .565728&1..9?% <,=% >,..9?% 2;72E0/2%

6,/:65>575..95%/&/05'9(%cG61.&'%CAP 106,S,50%06&%;,S.9?%/;14/0;,%0,G&?%/&/05'W

! B1F7,/1;,..1/0I%@consistencyDW%:1/75%;9:17.5.&2%G,S>14%1:56,8&&%/&/05',%.,?1>&0/2%

;%/1F7,/1;,..1'%/1/012.&&M%01%5/0I%>,..95%;%6,=7&R.9?%-=7,?%.5%:610&;165R,0%>6-F%

>6-F-d

! C1/0-:.1/0I% @availabilityDW% G,S>94%=,:61/%:17-R,50%10G7&GM%>,S5%;% /7-R,5%;9?1>,%&=%

/0612%-=71;%G7,/056,d
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! $/014R&;1/0I% G% 6,=>575.&E% @partition toleranceDW% /1?6,.5.&5% 6,<101/:1/1<.1/0&% :6&%

6,/35:75.&&%/&/05'9%.,%.5/G17IG1%&=17&61;,..9?%R,/054(

#5165',% CAP -0;56 S>,50M %R01 %7&LI% >;,% &=% V0&?% 06 \?% 06 5<1 ;,.&4% '1 F-0% <90I%

;9:17.5.9% 1>.1;65'5..1 [7](% H1V01'-% :6&% :1/0615.&&% 6,/:65>575..14% <,=9% >,..9?%

:6&?1>&0/2%/>57,0I%;9<16%;%:17I=-%>;-?%&=%:565R&/75..9?%?,6,G056&/0&G%&%:1S560;1;,0I%

0650I54 [8](% ^9<16% ;% G,S>1'% /7-R,5% 1/-35/0;7250/2% &/?1>2% &=% G1.G650.14% =,>,R&% &%

065<1;,.&4% G% :615G0&6-5'14% <,=5(% ^% =,;&/&'1/0&% 10% ;9<6,..9?% /;14/0;% B$+C%

6,=>572E0/2%.,%g%G7,//,W%CA(consistency + availability), CP(consistency + partition tolerance)

&% AP(availability + partition tolerance) @6&/-.1G% ND. J% :56;14% G,05F16&&% 10.1/20/2%

06,>&8&1..95%AB$+CM%1>.,G1%10%6,/:65>575..9?%/&/05'%1<9R.1%065<-50/2%-/014R&;1/0I%

G% 6,=<&5.&EM% ,% :101'-% :6&?1>&0/2% &>0&% .,% -/0-:G&% ;% 10.1L5.&&% /1F7,/1;,..1/0&% &7&%

>1/0-:.1/0&% >,..9?(% H1V01'-% <17IL&./0;1%NoSQL 05?.171F&4% 10.1/&0/2% G% G7,//-%CP

&7&%AP.

!

A

P

CA

CP

AP

"#$%&'(#$%): *+,-./0&1230

4$25-+06#,2%04.'#3(7%)0

8%2(920901+'9$)0

!#53+$#4+((#$%): 4$20&13.0

4$25-+0962:%0-#$%&'0*0

#-9(+*#4#/042;$990-+((.<0

=$%#/894#$%)0*0;+1-232(9:: $9$%26+0

';#-#3,+2%0;+>#%+%)0-+,20';90

;+$?2'32(990(+0(2$*#3)*#0

91#39;#4+((.<08+$%2/0

@!=A"

(MySQL

Postgres

90-;.)

Aster Data

Greenplum

Vertica

Dynamo

Voldemort

Tokyo Cabinet

KAI

Cassandra

SimpleDB

CouchDB

Riak

BigTable

HyperTable

HBase

MongoDB

Terrastore

Scalaris

Berkeley DB

MemcacheDB

Redis

B#-2390-+((.<:

@237C9#((+7

D3:8-1(+82(92

E#*#3#(#8(+7

"#*&62(%#-#;92(%9;#4+((+7

A&/(%N(%J7,//9 B$+C%/%01RG&%=65.&2%CAP-05165'9

2.1.3 #65<1;,.&2%BASE

h01<9% ;9:17.&0I% 065<1;,.&2% ACID ;% 6,/:65>575..14% /&/05'5% .51<?1>&'1%

&/:17I=1;,0I% '5?,.&='% >;-?T,=1;14% T&G/,8&&% @]i`% – two-phase commitD(% H6&% V01'%

:6185>-6,%T&G/,8&&%&='5.5.&4%;%<,=5%>,..9?%/1/01&0%&= >;-?%V0,:1;W

! X,=,% F171/1;,.&2W% G116>&.,016% 1:6,L&;,50% G,S>-E% &=% <,=% >,..9?M% -R,/0;-E3&?% ;%

06,.=,G8&&M%1%F101;.1/0&%T&G/,8&&d

! X,=,% T&G/,8&&W% G1F>,% ;/5% -=79% F101;9M% 1/-35/0;7250/2% T&G/,8&2(% H1/75% V01F1%

1<.1;75..95%>,..95%/0,.1;20/2%>1/0-:.9'&%:17I=1;,0572'(

#,G14% :1>?1>% :1=;17250% >1<&0I/2% /1F7,/1;,..1/0&M% .1% G,G% <90IM% 5/7&% <1755%

;,S.9'% 2;7250/2% 065<1;,.&5% >1/0-:.1/0&j% A5L5.&5'% V014% :61<75'9% 2;7250/2%
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,7I056.,0&;.94% .,<16% 065<1;,.&4% BASE (Basically Available, Soft-state, Eventually

consistent — <,=1;,2% >1/0-:.1/0IM% .5-/014R&;15% /1/012.&5M% /1F7,/1;,..1/0I% ;% G1.5R.1'%

/R\05D [9]. ^% 107&R&5% 10% /061F14% /1F7,/1;,..1/0&M% ;?1>2354% ;% .,<16% ACID, BASE

;G7ER,50% <1755% /7,<15% 065<1;,.&5% – /1F7,/1;,..1/0I% ;% G1.5R.1'% /R\05(% *01% -/71;&5%

:1>6,=-'5;,50% .,7&R&5% 1G.,% .5/1F7,/1;,..1/0&M% G1F>,% 6,=7&R.95% :17I=1;,057&% '1F-0%

&'50I% >1/0-:% G% 6,=.9'% ;56/&2'% >,..9?(% U>.,G1% 0,G14% :1>?1>% :1=;17250% :17-R&0I% 62>%

:65&'-35/0;W

! C1/0-:.1/0IW%>,..95%/0,.1;20/2%>1/0-:.9'&%/6,=-%:1/75%=,:&/&%.,%-=57d

! U0G,=1-/014R&;1/0IW%/<14%1>.1F1%&=%-=71;%.5 ;5>\0%G%/<1E%/&/05'9%;%8571'%@>,..95%

<->-0%.5>1/0-:.9%7&LI%>72%:17I=1;,05754%-=7,M%.,%G10161'%:61&=1L57%/<14D(

),<169% ACID &% BASE :65>/0,;72E0% /1<14% ;1='1S.95% ;,6&,.09% 065<1;,.&4% G%

6,/:65>575..14%/&/05'5M%&%;9<16%1>.1F1%&=%.&?%=,;&/&0%10%01F1M%G,G15%&=%/;14/0;%&F6,50%

<17IL-E% 617I% >72% 6,=6,<,09;,5'14% /&/05'9W% /1F7,/1;,..1/0I% &7&% >1/0-:.1/0I(%

+17IL&./0;1%NoSQL-B$+C &/:17I=-E0%BASE-:1>?1>M% :1/G17IG-% 10G,=% 10% 1<5/:5R5.&2%

/061F14% /1F7,/1;,..1/0&% :1=;17250% >1<&0I/2% =.,R&057I.1F1% :65&'-35/0;,% ;%

:61&=;1>&057I.1/0& &%',/L0,<&6-5'1/0&.

2.2 !,/L0,<&6-5'1/0I

U>.14% &=% 1/.1;.9?% :61<75'% 65728&1..9? <,=% >,..9?M% 65L5.&5% G10169? '1S50%

<90I% >1/0&F.-01% /% :1'13IE% 05?.171F&4% NoSQL, 2;7250/2% ',/L0,<&6-5'1/0I(% U.,%

:65>/0,;7250% /1<14% /:1/1<.1/0I% /&/05'9% /:6,;720I/2% /% -;57&R5.&5'% .,F6-=G&%

:1/65>/0;1'% .,6,3&;,.&2% 5\% 65/-6/1;(% B-35/0;-50% >;,% 1/.1;.9?% :1>?1>,% G%

',/L0,<&61;,.&EW

! ^560&G,7I.15% ',/L0,<&61;,.&5W% -;57&R5.&5% :61&=;1>&057I.1/0&% /&/05'9% =,% /R\0%

&/:17I=1;,.&2%<1755%'13.1F1%1<16->1;,.&2d

! "16&=1.0,7I.15 ',/L0,<&61;,.&5W% .51<?1>&'94% -61;5.I% :61&=;1>&057I.1/0&%

>1/0&F,50/2% :1/65>/0;1'% 6,=<&5.&2% /&/05'9% .,% /06-G0-6.95% G1':1.5.09% &%

6,/:65>575.&2%&?%:1%10>57I.9'%T&=&R5/G&'%',L&.,'(

"16&=1.0,7I.15%',/L0,<&61;,.&5%– <1755% /71S.15%65L5.&5M%.1%1.1%&'550%85794%

62>% :65&'-35/0;W% F&<G1/0IM% 10.1/&057I.1% .&=G,2% /01&'1/0I% &% ;9/1G&4% :105.8&,7% >72%

>,7I.54L5F1% -;57&R5.&2% G7,/056,(% ^% G1.05G/05% <,=% >,..9?% V010% :1>?1>% =,G7ER,50/2% ;%

6,/:65>575.&&% >,..9?% '5S>-% .5/G17IG&'&% <,=,'&M% .,?1>23&'&/2% .,% 6,=7&R.9?% -=7,?%

G7,/056,(%J%1/.1;.9'%/:1/1<,'%F16&=1.0,7I.1F1%',/L0,<&61;,.&2%<,=%>,..9?%10.1/20/2%

65:7&G,8&2%&%%L,6>&.F [10].
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2.2.1 A5:7&G,8&2

^% 6,/:65>575..9?% <,=,?% >,..9?% 65:7&G,8&2% /1/01&0% ;% ?6,.5.&&% 1>.&?% &% 05?% S5%

>,..9?% .,% .5/G17IG&?% -=7,?(% *01% :1=;17250% -;57&R&0I% :61:-/G.-E% /:1/1<.1/0I% R05.&2%

>,..9?M%:1/G17IG-%1:56,8&&%R05.&2%'1F-0%<90I%6,/:65>575.9%'5S>-%'.1S5/0;1'%',L&.(%

J61'5%01F1M%V01%:1;9L,50%10G,=1-/014R&;1/0I%/&/05'9(%

B%>6-F14%/0161.9M%65:7&G,8&2%&'550%.5>1/0,01GM%/;2=,..94%/%1:56,8&2'&%=,:&/&(%

J,S>,2%&=%0,G&?%1:56,8&4%>17S.,%<90I%;9:17.5.,%>72%G,S>1F1% -=7,M%:65>.,=.,R5..1F1%

>72%>-<7&61;,.&2%>,..9?(%H6&%V01'%;1='1S.9%/75>-E3&5%;,6&,.09W

! C,..95%/0,.1;20/2%>1/0-:.9'&%017IG1%:1/75%=,:&/&%.,%G,S>94%&=%-=71;d

! H1/75%:1/0-:75.&2%>,..95%/0,.1;20/2%>1/0-:.9'&%;.5%=,;&/&'1/0&%10%01F1M%<97&%7&%

1.&%=,:&/,.9%.,%;/5%-=79(

^% =,;&/&'1/0&% 10% ;9<6,..1F1% ;,6&,.0,% :6&?1>&0/2% :1S560;1;,0I% 7&<1%

>1/0-:.1/0IEM%7&<1%/1F7,/1;,..1/0IE%>,..9?(%

2.2.2k,6>&.F

C6-F&'% :1>?1>1'% G% F16&=1.0,7I.1'-% ',/L0,<&61;,.&E% 2;7250/2% L,6>&.F

(Sharding)(% U.% :65>/0,;7250% /1<14% 6,=<&5.&5% >,..9?% ;% <,=5% .,% 10>57I.95% :168&&% &%

6,/:65>575.&5% &?% :1% -=7,'(% C72% 65728&1..9?% <,=% >,..9?% :6&% L,6>&.F5% 71F&R5/G&%

.5=,;&/&'95% =,:&/&% 0,<7&89% ?6,.20/2% .,% 6,=7&R.9?% -=7,?(% #,G&'% 1<6,=1'M% .,% 6,=.9?%

/56;56,?%<->50%.,?1>&0I/2%0,<7&8,%/%1>&.,G1;14%/06-G0-614M%.1%6,=.9'& >,..9'&( C72%

1/-35/0;75.&2%6,/:65>575.&2%>,..9?%:1% -=7,'%'1S50%<90I%&/:17I=1;,.,%?5L-T-.G8&2M%

:6&'5.25',2% G% :56;&R.1'-% G7ER-% =,:&/&% >72% 1:65>575.&2% /56;56,M% .,% G10161'% 1.,%

>17S.,%<90I%6,='535.,(

h5'% <17IL5% -=71;% &/:17I=-50/2% ;% L,6>&61;,..14% <,=5% >,..9?M% 05'% ;9L5%

;56120.1/0I% 01F1M% R01% 1>&.% &=% .&?% ;94>50% &=% /0612(% H1V01'-% L,6>&.F% 1<9R.1%

&/:17I=-50/2% ;% /1R50,.&&% /% 65:7&G,8&54M% R01% :1=;17250% :1;9/&0I% 10G,=1-/014R&;1/0I%

/&/05'9(%

U/.1;.9'%:65&'-35/0;1'%L,6>&.F,%2;7250/2%;1='1S.1/0I%>1<,;75.&2%&%->,75.&2%

-=71;%&=%G7,/056,%:1%'565%&='5.5.&2%.,F6-=G&%<5=%.51<?1>&'1/0&%G,G&?-7&<1%&='5.5.&4%;%

:6&71S5.&&(% U>.,G1% 5/0I% & /-35/0;5..94% .5>1/0,01GW% .5G101695% 1:56,8&&M% 0&:&R.95%

>72%<,=%>,..9?M%/0,.1;20/2%/7&LG1'%/71S.9'&%&%'5>75..9'&. U>.,%&=%.,&<1755%;,S.9?%

1:56,8&4% >72% 65728&1..9?% <,=% >,..9?% – 1:56,8&2% /15>&.5.&2M% /7-S,3,2% >72%

',056&,7&=,8&&%71F&R5/G14%/;2=&%'5S>-%>,..9'&%<,=9( A5=-7I0,01'%1:56,8&&%2;7250/2%

10.1L5.&5% @0,<7&8,DM% :17-R,5',2% G,G% >5G,601;1% :61&=;5>5.&5% &/?1>.9?% 10.1L5.&4( ^%

6,/:65>575..9?% /&/05',?%1<,%&/?1>.9? .,<16,%>,..9?%?6,.20/2%.,%'.1S5/0;5% -=71;M% &%

>72% 1/-35/0;75.&2% /15>&.5.&2% :1065<-50/2% ;9:17.&0I% <17IL15% G17&R5/0;1% =,:61/1;% G%
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G,S>1'-% &=% V0&?% -=71;M% R01% ;9=1;50% =.,R&057I.94% 61/0% /505;1F1% 06,T&G,(% H1% V014%

:6&R&.5% ;% <,=,?% >,..9?% /% ;1='1S.1/0IE% L,6>&61;,.&2 1<9R.1% .5% :1>>56S&;,50/2%

1:56,8&2%/15>&.5.&2(

B71S.1/0&% /% 6,/:65>575..9'% ;9:17.5.&5'% 1:56,8&&% /15>&.5.&2% >57,E0%

:61<75',0&R.9'%F16&=1.0,7I.15 ',/L0,<&61;,.&5%65728&1..9?%<,=%>,..9?(%)5G101695%

/:58&,7&/09% ;% 1<7,/0&% 6,/:65>575..9?% ;9R&/75.&4% :17,F,E0M% R01% &/:17I=1;,.&5%

L,6>&61;,.&2%;5>\0%G%:10565%;/5?%:65&'-35/0;%AB$+C%[11](%H6&R&.14%2;7250/2%01M%R01%

'.1F&5% /-35/0;-E3&5% B$+C% 6,=6,<,09;,7&/I% <5=% 6,/R50,% .,% &/:17I=1;,.&5%

F16&=1.0,7I.1F1 ',/L0,<&61;,.&2 – V0,%;1='1S.1/0I%<97,%>1<,;75.,%;%F101;95%/&/05'9%

:1=>.55. ^%01%S5%;65'2%<17IL&./0;1%NoSQL-<,=%>,..9?%&=.,R,7I.1%;G7ER,E0%L,6>&.F%

G,G% 1>.-% &=% G7ER5;9?% ;1='1S.1/054( )5G101695% &=% .&? >,S5 :1>>56S&;,E0%

,;01',0&R5/G15 :,60&8&1.&61;,.&5%&%<,7,./&61;G-%.,F6-=G&%.,%-=79%G7,/056,%[12].

#,G&'%1<6,=1'M%&/:17I=1;,.&5%NoSQL-05?.171F&4%:1=;17250%65L&0I%62>%:61<75'M%

:6&/-3&?% 65728&1..9'% <,=,'% >,..9?% &% /;2=,..9?, :65S>5% ;/5F1, /% 6,/:65>575..14%

1<6,<10G14% >,..9?(% U6&5.0,8&2% .,% 6,/:65>575..95% /&/05'9% &% 10G,=% 10% .,<16,%

065<1;,.&4% ACID :1/0,;&7&% :565>% 6,=6,<10R&G,'&% +C% .1;95% =,>,R&% &% :6&;57&% G%

:12;75.&E% 16&F&.,7I.9?% 65L5.&4. e% ?102% ; .,/012355% ;65'2% /-35/0;-50% '.1S5/0;1%

0&:1;%.565728&1..9?%<,=%>,..9?M%6,=7&R,E3&?/2%:1%?,6,G056&/0&G,'M% ;1='1S.1/02'%&%

.,=.,R5.&EM% '1S.1% ;9>57&0I% 62>% G1.85:8&4% &% '501>1;M% ?,6,G056.9?% >72% NoSQL-

05?.171F&4%;%8571'(%A,//'106&'%.5G101695 &=%V0&?%1/1<5..1/054.

E$F28;6,,82G/$,676.54/8,,9:$;-0$<-,,9:

3.1 J1./&/05.0.15%?5L&61;,.&5

C72% '.1F&?% NoSQL-B$+C% L,6>&.F% :65>/0,;7250% /1<14% 1>.-% &=% G7ER5;9?%

;1='1S.1/054(%H6&%V01'%;,S.14%=,>,R54%2;7250/2%;9<16%'5?,.&=',%>72%1:65>575.&2%-=7,M%

.,%G10161'%>17S.,%<90I%6,='535.,%0,%&7&%&.,2% =,:&/I(%UR5;&>.9'%65L5.&5'%2;7250/2%

:6&'5.5.&5%:61/014%?5L-T-.G8&&%G%G7ER-% =,:&/&%/%:1/75>-E3&'%>575.&5'%65=-7I0,0,%

.,%G17&R5/0;1%-=71;%;%G7,/0565W

( )modindex hash key n" ,

F>5 index – &.>5G/% 8575;1F1% -=7,M% key - G7ER% =,:&/&M%n - R&/71% -=71;% ;% G7,/0565(%

H61<75',% 0,G1F1% :1>?1>,% ;% 01'M% R01% :6&% >1<,;75.&&l->,75.&&% ?102% <9% 1>.1F1% -=7,%

:1065<-50/2% :5656,/:65>575.&5% ;/5?% >,..9?% ;% G7,/0565M% ;5>I% =.,R5.&5% index >72% 7E<14%

=,:&/&% '1S50% /0,0I% &.9'(% A5L5.&5'% :61<75'9% 2;7250/2% '5?,.&='% G1./&/05.0.1F1%

?5L&61;,.&2M% &/:17I=-5'94% ;% .5G10169?% NoSQL-<,=,?% >,..9?M% 0,G&?% G,G% Dynamo &
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Project Voldemort. e>52%/1/01&0%;%:6&/;15.&&%-=7,'%G7,/056,%&>5.0&T&G,0161;%&=%1<7,/0&%

=.,R5.&4%?5L-T-.G8&&(%f/7&%:65>/0,;&0I%1<7,/0I%=.,R5.&4%T-.G8&&%;%;&>5%1G6-S.1/0&M%

G,S>94% -=57% 10;5R,50% =,% >-F-% 1G6-S.1/0&% @/110;50/0;-E3-E% .5G10161'-% &.056;,7-%

=.,R5.&4%?5L-T-.G8&&D%'5S>-%&>5.0&T&G,016,'&%/,'1F1%-=7,%&%5F1%<7&S,4L5F1%/1/5>,%

:610&;%R,/1;14%/0657G&(%#,G&'%1<6,=1'M%R01<9%:17-R&0I%>1/0-:%G%1<[5G0-%/%G7ER1'%Key

.51<?1>&'1%1<6,0&0I/2%G%-=7-M%<7&S,4L5'-%:1%R,/1;14%/0657G5%10%Key.

),% 6&/-.G5% 2 :6&;5>5.% :6&'56% &/:17I=1;,.&2% G1./&/05.0.1F1% ?5L&61;,.&2(%

UG6-S.1/0I :65>/0,;7250% /1<14% .16'&61;,..-E% @:6&;5>5..-E% G% 1065=G-% [0,1]D% 1<7,/0I%

=.,R5.&4% ?5L-T-.G8&&M% =,'G.-0-E% ;% G17I81% @',G/&',7I.94% V75'5.0% /15>&.5.% /%

'&.&',7I.9'D(%$=57%A 10;5R,50%=,%&.056;,7M% ;9>575..94%G6,/.9'(%H6&%.51<?1>&'1/0&%

R05.&2l=,:&/&%1<[5G0,M%:1:,>,E35F1%;%V010%&.056;,7%@.,:6&'56M%1<[5G0,%NDM%.51<?1>&'1%

1<6,0&0I/2%G%-=7-%A.

A

B
1

01

A&/(%2. J1./&/05.0.15%?5L&61;,.&5

H6&% 0,G1'% :1>?1>5% &='5.5.&2% =1.% 10;50/0;5..1/0&% :6&% >1<,;75.&&l->,75.&&%

G1':IE0561;%=,06,F&;,E0%.,&'5.IL55%R&/71%-=71;W

! $=57% <5650% .,% /5<2% 10;50/0;5..1/0I% =,% &.056;,7% =.,R5.&4M% :6&.,>75S,3&4% 5F1%

<7&S,4L5'-%/1/5>-%:610&;%R,/1;14%/0657G&M%5/7&%010%:1G&>,50%G7,/056%@6&/-.1G%3,K);

! H12;&;L&4/2% ;% G7,/0565% .1;94% -=57% :6&.&',50% .,% /5<2% 10;50/0;5..1/0I% =,%

<7&S,4L&4% :610&;% R,/1;14% /0657G&% &.056;,7% @5F1% <7&S,4L&4% /1/5>% :1% R,/1;14%

/0657G5M%/110;50/0;5..1M%056250%G1.0617I%.,>%V0&'%&.056;,71'D%@6&/-.1G%3,A).

1
D

C

A

B

C

1

B

D

C

1

B

D

F

E

( K++ A
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A&/(%3. C1<,;75.&5%&%->,75.&5%-=71;

^% &/?1>.1'% ;&>5% '5?,.&='% G1./&/05.0.1F1% ?5L&61;,.&2% &'550% 62>% .5>1/0,0G1;(%

#,GM%-=79%6,/:65>575.9%:1%1G6-S.1/0&%/7-R,4.9'%1<6,=1'M%/75>1;,057I.1M%6,='569%=1.%

10;50/0;5..1/0&%'1F-0%/&7I.1%6,=7&R,0I/2%@.,:6&'56M%=1.9%-=71;%B &%C .,%6&/-.G5%3,(). 

J61'5% 01F1M% :6&% ->,75.&&% -=7,% &=% G7,/056,% >,..95M% ?6,.23&5/2% .,% .\'M% /0,.1;20/2%

.5>1/0-:.9'&(%H6&% >1<,;75.&&%S5% .1;9?%G1':IE0561;% ;% G7,/056% =1.,% 10;50/0;5..1/0&%

.5G10169?%-=71;%-'5.IL,50/2M%&%1.&%:565/0,E0%10;5R,0I%=,%?6,.23&5/2%.,%.&?%T,479%@01%

5/0IM% =,:61/9% .,% >1/0-:% G% V0&'% T,47,'% <->-0% ,>65/1;,0I/2% -S5% >6-F&'% -=7,'D(% ^% [13]

:65>71S5.9%'501>9%65L5.&2%V0&?%:61<75'W

! e/:17I=1;,.&5%;&60-,7I.9?%-=71;(%e>52%/1/01&0%;%/1=>,.&&%<17IL1F1%G17&R5/0;,%

;&60-,7I.9?% -=71;M% 6,;.1'56.1% 6,/:65>575..9?% :1% G17I8-(% J,S>94% T&=&R5/G&4%

-=57% 10;5R,50% =,% .5G101694% .,<16% ;&60-,7I.9?% @'13.1/0I% V0&?% .,<161;% '1S50%

<90I%6,=7&R.14%>72%T&=&R5/G&?%-=71;%&%=,;&/50I%10%%&?%:61&=;1>&057I.1/0&Dd

! A5:7&G,8&2(% m,:&/I% >,..9?% :61&=;1>&0/2% .5% 017IG1% .,% 8575;14% -=57M% .1% &% .,%

.5/G17IG1%:1/75>-E3&?%@:6&%1<?1>5%G17I8,%:1%R,/1;14%/0657G5D(

3.2 A,/:65>575..,2%1<6,<10G,%>,..9?%/%:1'13IE%MapReduce

U/.1;.14% 1<7,/0IE% :6&'5.5.&2% .565728&1..9?% <,=% >,..9?% 2;72E0/2%

6,/:65>575..95% /&/05'9M% ,% :101'-% 6,=6,<10R&G&%'.1F&?%NoSQL-B$+C% ->572E0% 1/1<15%

;.&',.&5% :1>>56SG5% 6,/:65>575..9?% ;9R&/75.&4(% U>.&'% &=% .,&<1755% :1:-726.9?%

:1>?1>1;%G%6,/:65>575..14%1<6,<10G5%>,..9?%2;7250/2%'1>57I%MapReduceM%6,=6,<10,..,2%

Google [14](% e/:17I=1;,.&5% V014% :,6,>&F'9% :6&% /1=>,.&&% 6,/:65>575..9?% :6&71S5.&4%

:1=;17250% :61F6,''&/0-% &=<5S,0I% .51<?1>&'1/0&% .,:&/,.&2% /:58&,7I.1F1% G1>,% >72%

6,/:,6,7757&;,.&2% &% /&.?61.&=,8&&(%MapReduce :65>:17,F,50% 6,=<&5.&5% =,>,R&% .,% >;,%

L,F,W

! Map-L,FW% F7,;.94% -=57% 6,=<&;,50% ;?1>.95% =,>,R&% .,% R,/0&% &% :565>,50% 1/0,7I.9'%

-=7,'%>72%:65>;,6&057I.14%1<6,<10G&d

! Reduce-L,FW%/;560G,%65=-7I0,01;%:65>;,6&057I.14%1<6,<10G&(%"7,;.94%-=57%:17-R,50%

>,..95% 10% 1/0,7I.9?% -=71;% &% T16'&6-50% 1G1.R,057I.94% 65=-7I0,0% ;9:17.5.&2%

=,>,R&(

C72% &/:17I=1;,.&2% T654';16G,%MapReduce :61F6,''&/0-% .51<?1>&'1% .,:&/,0I%

T-.G8&&%Map &%Reduce. *0&%T-.G8&&%6,<10,E0%/%>,..9'&M%/06-G0-6&61;,..9'&%;%;&>5%

:,6% YG7ER-=.,R5.&5Z(%Map :6&.&',50%.,%;?1>%:,6-%1>.1F1%0&:,%&%;1=;6,3,50%.,<16%:,6%

>6-F1F1%0&:,%@:61'5S-01R.94%65=-7I0,0DW
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( , ) ( , ),Map Key Value list iKey iValue#

F>5% (Key,Value) – 1>.,% =,:&/I%&=%.,<16,%;?1>.9?%>,..9?M% (iKey,iValue) – :61'5S-01R.,2%

:,6,% G7ERl=.,R5.&5(% J,S>,2% :,6,M% /F5.56&61;,..,2% Map-T-.G8&54M% 10:6,;7250/2% .,%

.5G101694% -=57% >72% ;9:17.5.&2% reduce-L,F,(% n575;14% -=57% 1:65>57250/2% :1/65>/0;1'%

:6&'5.5.&2% ?5L-T-.G8&&% G% G7ER-% :,69 (iKey)(% ),% G,S>1'% -=75% :17-R5..95% :,69%

F6-::&6-E0/2% :1% G7ER-(% m,05'% G% G,S>14% F6-::5% :6&'5.250/2% T-.G8&2% ReduceM% :6&%

;9:17.5.&&%G101614%T16'&6-50/2%1G1.R,057I.94%65=-7I0,0%fValue:

( , ( )) ( )Reduce iKey list iValue list fValue#

),%6&/-.G5%o%:6&;5>5.%G7,//&R5/G&4%:6&'56%&/:17I=1;,.&2%'1>57&%MapReduce >72%

:1>/R\0,% R,/0109% ;/065R,5'1/0&% /71;% ;% .,<165% >1G-'5.01;(% Map-T-.G8&2% ;1=;6,3,50%

.,<16% :,6% Y/71;1% - G17&R5/0;1Z% >72% G,S>1F1% >1G-'5.0,(% m,05'% :,69% F6-::&6-E0/2% :1%

G7ER-M% ;% 65=-7I0,05% R5F1% ;% G,S>-E% F6-::-% :1:,>,E0% :,69M% /110;50/0;-E3&5% 1>.1'-% &%

01'-% S5% /71;-(% Reduce-T-.G8&2 /-''&6-50% =.,R5.&2% ;/5?% :,6% ;% F6-::5% &% ;1=;6,3,50%

1G1.R,057I.94% 65=-7I0,0M% 6,;.94% G17&R5/0;-% ;?1S>5.&4% V01F1% /71;,% ;% 05G/0% ;/5?%

>1G-'5.01;%.,<16,(

Peter Piper picked a peck of pickled peppers

A peck of pickled peppers Peter Piper picked

If Peter Piper picked a peck of pickled peppers

Where's the peck of pickled peppers Peter Piper picked

Peter Piper picked a peck of pickled peppers

A peck of pickled peppers Peter Piper picked

If Peter Piper picked a peck of pickled peppers

Where's the peck of pickled peppers Peter Piper picked

Peter 1

Piper 1

picked 1

a 1

peck 1

of 1

pickled 1

peppers 1

A 1

peck 1

of 1

pickled 1

peppers 1

Peter 1

Piper 1

picked 1

If 1

Peter 1

Piper 1

picked 1

a 1

peck 1

of 1

pickled 1

peppers 1

Where's 1

the 1

peck 1

of 1

pickled 1

peppers 1

Peter 1

Piper 1

picked 1

Peter 1

Peter 1

Peter 1

Peter 1

Piper 1

Piper 1

Piper 1

Piper 1

picked 1

picked 1

picked 1

picked 1

a 1

a 1

a 1

peck 1

peck 1

peck 1

peck 1

of 1

of 1

of 1

of 1

pickled 1

pickled 1

pickled 1

pickled 1

peppers 1

peppers 1

peppers 1

peppers 1

where's 1

the 1

if  1

Peter 4

Piper 4

picked 4

pickled 4

peppers 4

if 1

a 3

peck 4

of 4

the 1

where's 1

Peter 4

Piper 4

picked 4

a 3

peck 4

of 4

pickled 4

peppers 4

if 1

the 1

where’s 1

!"#$%&%'(% Map )*+,,(*-./" Reduce 012%$('%'(%

A&/(%4. e/:17I=1;,.&5%MapReduce >72%:1>/R\0,%R,/0109%;/065R,5'1/0&%/71;%;%.,<165%

>1G-'5.01;

!1>57I%MapReduceM% :65>1/0,;72E3,2%L&61G&5%;1='1S.1/0&%>72%6,/:65>575..14%

1<6,<10G&%>,..9?M ;.5>65.,%;%62>%NoSQL-<,=%>,..9?M%0,G&?%G,G%MongoDB &%CouchDB(%^%

B$+C%>72%1:65>575.&2%-=71;M%;9:17.2E3&?%1:56,8&&%Map &%Reduce >72%:,6%(Key,Value)

&/?1>.9?%>,..9?%&%(iKey,iValue) :61'5S-01R.9?%65=-7I0,01;%/110;50/0;5..1M%'1S50%<90I%

&/:17I=1;,.,% G1./&/05.0.,2% ?5L-T-.G8&2 @6&/-.1G% pD(% ^1='1S.1/0I% -=71;%

/,'1/012057I.1% 1:65>5720IM% G->,% /75>-50%:565>,0I% >,..95%>72%:1/75>-E354%1<6,<10G&M%

/.&',50%:1065<.1/0I%;%-=75-G116>&.,0165(
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A&/(%5. ^9:17.5.&5%Map &%Reduce /%&/:17I=1;,.&5'%G1./&/05.0.14%?5L-T-.G8&&

3.3 $:6,;75.&5% G1.G-65.0.9'% >1/0-:1'% /% :1'13IE%
'.1F1;56/&1..1/0&

e/:17I=1;,.&5%BASE-:1>?1>,%/%10G,=1'%10%/061F14%/1F7,/1;,..1/0&%:65>:17,F,50M%

R01% &='5.5.&2% ;% >,..9?M% ;.5/5..95% .,% 1>.1'% -=75M% :1/05:5..1% 6,/:61/06,.2E0/2% G%

1/0,7I.9'(%)1%R01%5/7&%&='5.5.&2%;.5/5.9%.,%.5/G17IG&?%-=7,?j%J,G14%;,6&,.0%>,..9?%

>17S5.% <90I, ;% G1.5R.1'% /R\05, :6&.20% ;/5'&% -=7,'&j% U>.&'% &=% :1>?1>1;% G% 65L5.&E%

V01F1%;1:61/,%2;7250/2%&/:17I=1;,.&5%'5?,.&=',%MVCC (Multiversion Concurrency Control 

- $:6,;75.&5% G1.G-65.0.9'% >1/0-:1'% /% :1'13IE% '.1F1;56/&1..1/0&D(% U.% :1=;17250%

'.1S5/0;-% :6185//1;% 1/-35/0;720I% :,6,7757I.94% >1/0-:% G% >,..9'% <5=% 6&/G,% :16R&%

>,..9?%&%;1='1S.1/0&%G7&.R54(%

C72%1<5/:5R5.&2%/1F7,/1;,..1/0&%G,S>94%V75'5.0%>,..9?%/1:61;1S>,50/2%'50G14%

;65'5.&% :1/75>.5F1% &='5.5.&2% &7&% .1'561'% ;56/&&(% H6&% R05.&&% :6185//% :17-R,50% .5%

017IG1%/,'&%>,..95M%.1%&%'50G-(%J1F>,%:6185//%:90,50/2%&='5.&0I%>,..95M%1.%/6,;.&;,50%

05G-355% =.,R5.&5% '50G&% ;% +C% /1% =.,R5.&5'M% :17-R5..9'% &'% :6&% R05.&&(% H6&% &?%

/1;:,>5.&&% &='5.5.&5% '1S50% <90I% 1/-35/0;75.1M% :6&% V01'% .1'56% ;56/&&% V75'5.0,%

>,..9?%&.G65'5.0&6-50/2(%U0/-0/0;&5%/1;:,>5.&2%F1;16&0%1%01'M%R01%>6-F14%:6185//%-S5%

;.\/%/;1&%&='5.5.&2(%^%V01'%/7-R,5%6,//',06&;,5'94 :6185//%>17S5.%<90I%:656;,.%&7&%

:565=,:-35.(

U>.,G1%1<.,6-S5.&5%G1.T7&G01;%:6&%;9:17.5.&&%=,:&/&%;1='1S.1%017IG1%;%01'%

/7-R,5M% 5/7&% G1.G-6&6-E3&5% :6185//9% :90,E0/2% &='5.&0I% >,..95% .,% 1>.1'% &% 01'% S5%

-=75(%^%:610&;.1'%/7-R,5%G1.T7&G0%'1S50%<90I%1<.,6-S5.%017IG1%:1/75%/&.?61.&=,8&&%

>,..9?%'5S>-%-=7,'&(%C72%>505G0&61;,.&2%G1.T7&G0,%.-S.1%=.,0IW

! <97&%7&%&='5.5.&2%>,..9?%:,6,7757I.9'&%&7&%:1/75>1;,057I.9'&d

! G,G,2%&=%;56/&4%<97,%/1=>,.,%6,.IL5(
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C72% V01F1% '1F-0% <90I% &/:17I=1;,.9% ;65'5..95% '50G&M% .1% :6&% V01'% .51<?1>&'1M%

R01<9% -=79% G7,/056,% <97&% /&.?61.&=&61;,.9% ;1% ;65'5.&(% f/7&% V01% 065<1;,.&5% .5%

;9:17.250/2M% >72% 1<.,6-S5.&2% G1.T7&G01;% &/:17I=-E0/2% ;5G016.95% R,/9(% J,S>1'-%

V75'5.0-%>,..9?%/0,;&0/2%;%/110;50/0;&5%.5%1>.,%'50G,M% ,%;5G016%V '501G, :1%1>.14 .,%

G,S>94% -=57% G7,/056,(% C72% i-1F1% -=7,% i-94% V75'5.0% ;5G016,% Vi[i] 1=.,R,50% 05G-3-E%

;56/&E%>,..9?M%,%j-94%V75'5.0 Vi[j] @F>5%jMi) – ;56/&E%.,%'1'5.0%/&.?61.&=,8&&%/%j-9'%

-=71'(% H6&% ;=,&'1>54/0;&&% -=71;% ;9:17.250/2% /&.?61.&=,8&2W% &=% >;-?% ;5G0161;%

;9<&6,50/2% .,&<17IL&4% @:17,F,50/2M% R01% Vi>VjM% 5/7&% !k: Vi[k]NVj[k]DM% 5/7&% 0,G1;14%

&'550/2(% ^% :610&;.1'% /7-R,5% T&G/&6-50/2% G1.T7&G0M% G101694% >17S5.% <90I% 6,=65L5.%

G7&5.0/G&'%:6&71S5.&5'(

3.4!1>57&%=,:61/1;

H1%/6,;.5.&E%/%65728&1..9'&%<,=,'&%>,..9?%NoSQL-05?.171F&&%:65>1/0,;72E0%

/-35/0;5..1% <1755% /G61'.95% ;1='1S.1/0&% ;% 10.1L5.&&% :1/0615.&2% =,:61/1;(% ^

<17IL&./0;5% NoSQL-B$+C% :1>>56SG,% /71S.9?% =,:61/1;% 1F6,.&R5.,% 6,>&% -;57&R5.&2%

:61&=;1>&057I.1/0&% &% ',/L0,<&6-5'1/0&(% #,GM% ?6,.&7&3,% YG7ER-=.,R5.&5Z% 1<9R.1%

:65>1/0,;72E0% 7&LI% ;1='1S.1/0I% :1&/G,% :1% :56;&R.1'-% G7ER-(% C6-F&5% <,=9% >,..9?M%

.,:6&'56M%>1G-'5.01-16&5.0&61;,..95M%:1>>56S&;,E0%&/:17I=1;,.&5%/71S.9?%=,:61/1;M%

.1% 7&LI% :65>1:65>575..9?(% U>.,G1% /-35/0;-50% .5/G17IG1% /:1/1<1;% 6,/L&65.&2%

;1='1S.1/054%NoSQL-05?.171F&4W%

N(% e/:17I=1;,.&5% >1:17.&057I.14% SQL-<,=9% >,..9?M% ;% G1016-E% G1:&6-E0/2%

=.,R5.&2% ,06&<-01;M% :1% G10169'% :65>:17,F,50/2% :61&=;1>&0I% :1&/G(% ^1='1S.1/0&% V014%

65728&1..14% +C% ;% 10.1L5.&&% :1/0615.&2% =,:61/1;% &/:17I=-E0/2% >72% 1/-35/0;75.&2%

:1&/G,M%65=-7I0,01'%G10161F1%2;72E0/2%:56;&R.95%G7ER&%=,:&/54%;%&/?1>.14%<,=5(

](%C72%?6,.&7&3%YG7ER-=.,R5.&5Z%&/:17I=-E0/2%:65T&G/.95%>565;I2M%F>5%G,S>94%

:-0I% 10% G16.2% >1% 7&/0,% /1>56S&0% :65T&G/9% .5G10161F1% G7ER,M% ,% /,'% 7&/0% – =.,R5.&5M%

/110;50/0;-E355%V01'-%G7ER- @6&/-.1G%qD.
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F9$%#4#/0&1230$#-2;,9%0

*3:890$0';2G9*$#60101, 

#%$#;%9;#4+((.20'#0

4#1;+$%+(9:

D+,-./0&1230

9622%0;#4(#02 

'#%#6*+

F9$%)70$#2-9(2(.0

62,-&0$#>#/040

4#1;+$%+:?260'#;7-*2

A&/(%6(%C;1&R.15%:65T&G/.15%>565;1

H6&% ;9<165% '5?,.&=',% :1/0615.&2% =,:61/1;% .51<?1>&'1% 2;.9'% 1<6,=1'%

1:65>57&0IM% G,G% >17S.9% ;9:17.20I/2% 1:56,8&&% AND &% OR. H61/054L,2% 65,7&=,8&2%

1:56,8&&%AND /1/01&0%;%10:6,;G5%;/5?%=,:&/54M%.,4>5..9?%:1%G,S>1'-%&=%=,:61/1;M%.,%

/56;56M% F>5% ;9:17.250/2% 1:56,8&2% :565/5R5.&2% '.1S5/0;(% f/7&% .,<169% >,..9?% ;57&G&M%

V01% ;9=1;50% =.,R&057I.94% 61/0% .,F6-=G&% .,% /50I(% H1V01'-% /75>-50% &/:17I=1;,0I <1755%

VTT5G0&;.95%:1>?1>9M%0,G&5%G,GW

! e/:17I=1;,.&5% T&7I06,% +7-',% >72% 10<6,/9;,.&2% =,:&/54M% F,6,.0&61;,..1% .5%

:6&.,>75S,3&?%65=-7I0&6-E35'-%'.1S5/0;-d

! e/:17I=1;,.&5%:1L,F1;14%;9<16G&M%5/7&%G7&5.0/G1'-%:6&71S5.&E%.5%065<-50/2%;/\%

65=-7I0&6-E355%'.1S5/0;1%/6,=-(%

&$#.-22/3/1-4/5$,676.54/8,,9:$;-0$<-,,9:

^% :1/75>.55% ;65'2% <,=9% >,..9?% NoSQL ,G0&;.1% 6,=;&;,7&/I% ;5<-G1':,.&2'&(%

J,S>,2% &=% .&?% 65L,7,% /;1E% =,>,R-% &% /1=>,;,7,% 05?.171F&E% ;% /110;50/0;&&% /1% /;1&'&%

065<1;,.&2'&%G%:61&=;1>&057I.1/0&M%',/L0,<&6-5'1/0&%&%.,<16-%.51<?1>&'9?%T-.G8&4(%

)5G101695% ;1/:17I=1;,7&/I% &>52'&M% 65,7&=1;,..9'&%Amazon &%Google ;% <,=,?% >,..9?%

Dynamo &%BigtableM%>6-F&5%:65>71S&7&%,</17E0.1%.1;95%G1.85:8&&(

U<&7&5%&%'.1F11<6,=&5%:1>?1>1;%G%/1=>,.&E%.565728&1..9?%%<,=%>,..9?%;9=;,71%

:12;75.&5%6,=7&R.9?%/:1/1<1;%&?%G7,//&T&G,8&&(%U>&.%&=%.,&<1755%:17.9?%;,6&,.01;M%

:65>71S5..94%B05T,.1'%r5.1'%[15]M%:6&;5>5.%;%0,<7&85(
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J7,//&T&G,8&2%NoSQL-B$+C

#&:%<,=9%>,..9? H6&'56%65,7&=,8&&

s6,.&7&3,%YG7ER-=.,R5.&5Z RAMCloud

s6,.&7&3,%YG7ER-=.,R5.&5Z%/%GVL&61;,.&5' Memcached

$:162>1R5..95%?6,.&7&3,%YG7ER-=.,R5.&5Z Tokyo Tyrant

s6,.&7&3,%YG7ER-=.,R5.&5Z%/%

/1F7,/1;,..1/0IE%;%G1.5R.1'%/R\05

Dynamo

s6,.&7&3,%/06-G0-6%>,..9? Redis

J1605S.95%?6,.&7&3, Apache River

U<[5G0.1-16&5.0&61;,..95%+C DB40

C1G-'5.01-16&5.0&61;,..95%+C MongoDB

J171.1R.95%+C Cassandra

o(N%s6,.&7&3,%YG7ER-=.,R5.&5Z

s6,.&7&3,% YG7ER-=.,R5.&5Z% - <,=9% >,..9?M% :1/0615..95% .,% 1/.1;5% :61/014%

'1>57&% ,//18&,0&;.1F1%',//&;,M% :6&% G101614% :17I=1;,057I% =,:&/9;,50% >,..95% ;% <,=-% &%

&=;75G,50% &?% &=% .5\% :1% /110;50/0;-E35'-% G7ER-(% B1;65'5..95% ?6,.&7&3,% YG7ER-

=.,R5.&5Z%;%1/.1;.1'%10>,E0%:65>:1R05.&5%',/L0,<&6-5'1/0&%;%-356<%/1F7,/1;,..1/0&M%

0,GS5% 1.&% 1<9R.1% .5% :65>1/0,;72E0% L&61G&?% ;1='1S.1/054% ,.,7&0&R5/G14% 1<6,<10G&%

>,..9?(%B71S.95%ad hoc =,:61/9%/%&/:17I=1;,.&5'%1:56,8&&%1<[5>&.5.&2M%G,G%:6,;&71M%

.5%:1>>56S&;,E0/2%– 7&LI%1:56,8&&%>1<,;75.&2%&% ->,75.&2% =,:&/&M% ,% 0,GS5%:1&/G,%:1%

G7ER-(%

s6,.&7&3,%YG7ER-=.,R5.&5Z%/-35/0;-E0%.5/G17IG1%>5/20&750&4%@0,GM%Berkeley DB

<97,%/1=>,.,%;%NOtq F(DM%1>.,G1%<17IL15%G17&R5/0;1%<,=%>,..9?%V01F1%G7,//,%:12;&7&/I%;%

05R5.&5%.5/G17IG&?%:1/75>.&?%750%:1>%;7&2.&5'%Dynamo 10%Amazon.

),&<1755%&=;5/0.9'&%B$+C%V01F1%0&:,%2;72E0/2W

! Project Voldemort – 05?.171F&2M% &/:17I=-5',2% G1':,.&54% LinkedIn(% U>.14% &=%

G7ER5;9?%1/1<5..1/054%/&/05'9%2;7250/2%;9/1G,2%>1/0-:.1/0I%1:56,8&4%=,:&/&M%>72%

R5F1% :1>>56S&;,50/2% ;1='1S.1/0I% :,6,7757I.1F1% &='5.5.&2% >,..9?% @&/:17I=-50/2%

-:6,;75.&5 G1.G-65.0.9'% >1/0-:1'% /% :1'13IE% '.1F1;56/&1..1/0& (MVCC) /%

,7F16&0'1'%;5G016.9?%R,/1;D(

! Dynamo(% ^% 1/.1;-% B$+C% 10% Amazon :171S5.% :6&.8&:% Y/<14% 1<16->1;,.&2% –

/0,.>,60.94%65S&'%6,<109%/&/05'9ZM%:1V01'-%1/1<15%;.&',.&5%:6&%6,=6,<10G5%<971%

->575.1% 10G,=1-/014R&;1/0&(% Dynamo &/:17I=-50% ,7F16&0'% :,60&8&1.&61;,.&2% /%

&/:17I=1;,.&5'%G1./&/05.0.1F1%?5L&61;,.&2(%H6&%=,:&/&%>,..9?%1/-35/0;7250/2%&?%

65:7&G,8&2%.,%.5/G17IG1%<7&S,4L&?%@/%01RG&%=65.&2%=.,R5.&4%?5L-T-.G8&&D%-=71;(
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! Redis. ^%107&R&5%10%>6-F&?%?6,.&7&3%YG7ER-=.,R5.&5Z%:1=;17250%1/-35/0;720I%:1&/G%

.5% :1% G1.G650.1'-% G7ER-M% ,% :1% &?% >&,:,=1.-% @:1&/G% :1% >&,:,=1.-% R&/57% &7&% :1%

65F-726.1'-% ;96,S5.&ED(% #,GS5% :1=;17250% ?6,.&0I% ;% G,R5/0;5% =.,R5.&4% /:&/G&% &%

'.1S5/0;,(%

! Scalaris(% #,GS5% :1=;17250% 1/-35/0;720I% :1&/G% :1% >&,:,=1.-% G7ER54% @:1/G17IG-% 1.&%

?6,.20/2% ;% 75G/&G1F6,T&R5/G1'% :162>G5D(% ^% 107&R&5% 10% <17IL&./0;,% B$+C% 0&:,%

YG7ER-=.,R5.&5Z% ->1;750;16250% 065<1;,.&2'% ACID @;G7ER,2% /061F-E%

/1F7,/1;,..1/0ID(

o(]%C1G-'5.01-16&5.0&61;,..95%<,=9%>,..9?

C1G-'5.01-16&5.0&61;,..95% <,=9% >,..9? :1=;172E0% ?6,.&0I% >,..95% <1755%

/71S.14% /06-G0-69M% R5'% ?6,.&7&3, YG7ER-=.,R5.&5Z(% n5.06,7I.9'% :1.20&5'% V01F1%

:1>?1>,%2;7250/2% Y>1G-'5.0Z(%U.%&.G,:/-7&6-50%>,..95M%G,G%:6,;&71M%;%;&>5%1>.1F1%&=%

L&61G1%6,/:61/06,.5..9?%T16',01;W%XML, JSON, YAML. #,GS5%;% V01'%G,R5/0;5%'1F-0%

;9/0-:,0I%&%>1G-'5.09%;%<1755%06,>&8&1..1'%/'9/75%– T,479%PDF &7&%Microsoft Word.

C1G-'5.01-16&5.0&61;,..95 B$+C%1<9R.1%:1>>56S&;,E0% ;016&R.95%&.>5G/9M% ,%

0,GS5% ;71S5..95% >1G-'5.09% &% /:&/G&(% #,G&5% <,=9% >,..9?% <17IL5M% R5'% ?6,.&7&3,%

YG7ER-=.,R5.&5ZM% .,:1'&.,E0% AB$+CM% .1% &'5E0% 62>% ;,S.9?% 107&R&4W% >,..95% .5%

:6&;2=,.9% G% S5/0G14% /?5'5M% ,% .,<16% :1754% @G7ER54M% /5G8&4D% -% >1G-'5.01;% '1S50%

6,=7&R,0I/2(

#,G% S5M% G,G% &% >6-F&5%NoSQL-/&/05'9M% >1G-'5.01-16&5.0&61;,..95 <,=9% >,..9?%

1<9R.1% .5% ->1;750;162E0%ACID-065<1;,.&2'(%U>.,G1% 1.&% :65>1/0,;72E0% 10.1/&057I.1%

L&61G&5% ;1='1S.1/0&% :1/0615.&2% =,:61/1;M% :1=;1722% 1/-35/0;720I% :1&/G% .5% 017IG1% :1%

G7ER-M%.1%&%:1%/1>56S&'1'-%>1G-'5.01;(

C;-'2% G6-:.54L&'&% :65>/0,;&0572'&% V01F1% G7,//,% 2;72E0/2% CouchDB &%

MongoDB.

! CouchDB – NoSQL-B$+CM%6,=6,<10,..,2%Apache. H1=;17250%&/:17I=1;,0I%;%G,R5/0;5%

:1754% >1G-'5.0,% /G,726.95% =.,R5.&2% @R&/7,M% /061G&DM% ,% 0,GS5% /:&/G&% &% ;71S5..95%

>1G-'5.09(% ^1='1S.1% &/:17I=1;,.&5% ;016&R.9?% &.>5G/1;M% G101695% >17S.9%

/1=>,;,0I/2% 2;.9'% 1<6,=1'(% e.>5G/9% 65,7&=1;,.9% /% :1'13IE% B>565;I5;M% R01%

:1=;17250% -:162>1R&;,0I% 65=-7I0,09% ;9<16G&M% ,% 0,GS5% 1/-35/0;720I% ;9<16G-% :1%

>&,:,=1.-% =.,R5.&4(% m,:61/9% '1F-0% ;9:17.20I/2% :,6,7757I.1% G% '.1S5/0;-% -=71;% –

>72% V01F1% &/:17I=-50/2% MapReduce. !,/L0,<&6-5'1/0I% >1/0&F,50/2% :1/65>/0;1'%

65:7&G,8&&M% L,6>&.F% .5% &/:17I=-50/2(% #,GS5% CouchDB :1=;17250% -:6,;720I%

:,6,7757I.9'%>1/0-:1'%G%+C%/%:1'13IE%MVCC.
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! MongoDB &'550% '.1S5/0;1% 1<3&?% R560% /% CouchDBM% 0,G&5% G,G% ;016&R.15%

&.>5G/&61;,.&5%&%'5?,.&='%=,:61/1;(%)1%5/0I%&%62>%;,S.9?%107&R&4(%A5:7&G,8&2%;%

MongoDB &/:17I=-50/2% >72% :1;9L5.&2% 10G,=1-/014R&;1/0&M% ',/L0,<&6-5'1/0I% S5%

>1/0&F,50/2% /% :1'13IE% ,;01',0&R5/G1F1% L,6>&.F,(% #5?.171F&2% MVCC .5%

&/:17I=-50/2M% ;'5/01% V01F1% :1>>56S&;,50/2% '5?,.&='% ,01',6.9?% 1:56,8&4% .,>%

:172'&(%#,GS5%MongoDB &/:17I=-50%MapReduce >72% ;9:17.5.&2% ,F65F,8&&% >,..9?%

&=%6,=7&R.9?%>1G-'5.01;(

o(g%J171.1R.95%<,=9%>,..9?

e>52% ?6,.&0I% &% 1<6,<,09;,0I% >,..95% :1% G171.G,'M% ,% .5% :1% 62>,'M% =,61>&7,/I% ;%

1<7,/0&% <&=.5/-,.,7&0&G&M% F>5% G171.1R.,2% 1<6,<10G,% >,..9?% ;% /&/05',?% /% ',//1;1-

:,6,7757I.14% ,6?&05G0-614% &/:17I=-50/2% >72% /1=>,.&2% ;9/1G1:61&=;1>&057I.9?%

:6&71S5.&4% @1>.&'%&=% .,&<1755% &=;5/0.9?% :61>-G01;% ;% V014% 1<7,/0&% 2;7250/2%Vertica).

B065'&057I.15%6,=;&0&5%<,=%>,..9?%V01F1%G7,//,%.,R,71/I%:1/75%:12;75.&2%BigTable. H1>%

;7&2.&5'%V014%B$+C%10%Google :12;&7&/I%HBase, Hypertable &%Cassandra.

B$+C% >,..1F1% 0&:,% ?6,.20% >,..95% ;% /061G,?% &% /017<8,?M% :6&R5'%

',/L0,<&6-5'1/0I% >1/0&F,50/2% :1/65>/0;1'% 6,=>575.&2% '5S>-% -=7,'&% G,G% /061GM% 0,G% &%

/017<81;W

! /061G&%6,=>572E0/2%'5S>-%-=7,'&%/%:1'13IE%L,6>&.F,%:1%:56;&R.1'-%G7ER-d

! >72% 6,=>575.&2% G171.1G% &/:17I=-50/2% F6-::&61;,.&5% /017<81;(%H6&% V01'% G,S>,2% &=%

F6-::% G171.1G% 1<6,<,09;,50/2% G,G% 10>57I.,2% 0,<7&8,% @0,GM% >72% G,S>14% &=% .&?%

L,6>&.F%1/-35/0;7250/2%10>57I.1D(

J171.1R.95% ?6,.&7&3,M% G,G% :6,;&71M% :1=;172E0% &/:17I=1;,0I% 7&LI% /G,726.95%

=.,R5.&2% :1754% – ;71S5..95% 1<[5G09% .5% :1>>56S&;,E0/2(% A,//'106&'% 1/.1;.9?%

:65>/0,;&05754%V01F1%G7,//,%B$+CW

! BigTable(% ^% /&/05'5% 10% Google /% G,S>9'% V75'5.01'% >,..9?% ,//18&&61;,.9% g%

=.,R5.&2W% &'2% /061G&M% &'2% G171.G&% &% ;65'5..,2% '50G,(%)5/'1062% .,% &/:17I=1;,.&5%

/061G% &% /017<81;M%BigTable .5% 2;7250/2% AB$+CM% ,% '1S50% <90I% 1?,6,G056&=1;,.% G,G%

6,=65S5..94% 6,/:65>575..94% '.1F1'56.94% ,//18&,0&;.94% ',//&;(% B061G1;95%

G7ER&% ?6,.20/2% ;% 75G/&G1F6,T&R5/G1'% :162>G5% &% &/:17I=-E0/2% >72%

:,60&8&1.&61;,.&2%>,..9?(%J171.1R.95%G7ER&%6,=<&;,E0/2%.,%F6-::9%:1%:65T&G/-%

G7ER,(% ^65'5..,2% '50G,% :1G,=9;,50% ;65'2% &='5.5.&2% >,..9?(% C,..95% ;% +C%

10/160&61;,.9% :1% -<9;,.&E% =.,R5.&4% ;65'5..9?% '501GM% R01<9% .,&<1755% /;5S,2%

&.T16',8&2%<97,%>1/0-:.,%;%:56;-E%1R565>I(
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! HyperTable ;1% '.1F1'% :1?1S,% .,% BigTable(% *0,% B$+C% 0,GS5% 1/-35/0;7250%

F6-::&61;G-% G171.1G% &% &/:17I=-50% ;65'5..95% '50G&% &% MVCC. U>.,G1% >72%

T-.G8&1.&61;,.&2%HyperTable 065<-50/2%.,7&R&5%6,/:65>575..14%T,471;14%/&/05'9%

@.,:6&'56M%Hadoop Distributed File System).

! Cassandra 0,GS5% &'550%'.1S5/0;1% ?,6,G056&/0&GM% 0&:&R.9?% >72% >6-F&?% G171.1R.9?%

+C(% U>.,G1% 5/0I% &% 107&R&2W% 0,GM% 1.,% &/:17I=-50% G1.85:8&E% Y/-:56G171.1GZM%

:1=;172E3-E% ;;5/0&% >1:17.&057I.94% -61;5.I% F6-::&61;G&% /017<81;(% "6-::,%

/017<81;% /1>56S&0% 7&<1% G171.G&M% 7&<1% /-:56G171.G&% @.1% .5% 05% &% >6-F&5% ;'5/05D(%

B-:56G171.G&%;%/;1E%1R565>I%/1>56S,0%.5G101615%'.1S5/0;1%/017<81;(%#,G%S5M%G,G%&%

;% >6-F&?% /&/05',?M% /061G&% .5% 1F6,.&R5.9% S5/0G14% /?5'14% &% '1F-0% &'50I%

:61&=;17I.94%.,<16%:1754(

)$=67-7:/H621/6$C!D"$,-$I7/B676$IBM IMS

^,S.15%'5/01%/65>&%.565728&1..9?%<,=%>,..9? =,.&',E0%&56,6?&R5/G&5%B$+C(%^%

107&R&5% 10% '.1F&?% NoSQL-05?.171F&4M% 0,G14% :1>?1>% :12;&7/2% >1% ;1=.&G.1;5.&2%

65728&1..14%'1>57&W%;%NOqt F(%G1':,.&2%IBM ;9:-/0&7,%&56,6?&R5/G-E%B$+C%IMS.

p(N%H1/0615.&5%&56,6?&R5/G14%'1>57&%>,..9?

^% 1/.1;5% /&/05'% V01F1% G7,//,% 75S&0% &56,6?&R5/G,2% '1>57I% >,..9?(% U.,%

:65>/0,;7250% /1<14% /1;1G-:.1/0I% =,:&/54M% /15>&.5..9?% //97G,'&(% J,S>,2% =,:&/I%

2;7250/2% .,<161'% :1754% @,06&<-01;DM% G,S>15% &=% G10169?% /1>56S&0% .5G101615% =.,R5.&5(%

B/97G,% /15>&.250% >;5% =,:&/&% >6-F% /% >6-F1'M% :6&R5'% :6&% /15>&.5.&&% //97G,'&% =,:&/&%

1<6,=-E0%.,<16%>565;I5;%@;%107&R&5%10%/505;14%'1>57&M%F>5%=,:&/&%'1F-0%16F,.&=1;9;,0I%

:61&=;17I.95%F6,T9D(

A,//'106&'%>&,F6,''-%Y/-3.1/0I-/;2=IZM%:1G,=9;,E3-E%/;2=I%Y1>&.-G1-'.1F&'Z%

'5S>-% >;-'2% /-3.1/02'&% @6&/( 7,(D(% H-/0I% G,S>,2% G.&F,% '1S50% <90I% .,:&/,.,% 7&LI%

1>.&'% ,;0161'M% .1% G,S>94% :&/,057I% '1S50% <90I% ,;0161'% '.1S5/0;,% G.&F(%

B110;50/0;-E3,2%&56,6?&R5/G,2%'1>57I%>,..9?%:65>/0,;75.,%.,%6&/( 7,K &%:65>/0,;7250%

/1<14%>565;1M%G16.5'%G10161F1%2;7250/2%=,:&/IM%/110;50/0;-E3,2%:&/,057EM%, 7&/0I2'&%–

=,:&/&M%/110;50/0;-E3&5%5F1%G.&F,'(
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E9$+%23)

H+69397

I67

J%82$%4#

D(95+

K+14+(92

"+%+0(+'9$+(97

+4%#;
1 n

(+) ER--9+5;+66+

(>) I2;+;<982$*+706#-23)

H+69397 I67 J%82$%4#

K+14+(92 "+%+0(+'9$+(97

!"#$%&'(

)*"+$,1 K+14+(92 "+%+0(+'9$+(97 )*"+$,2

A&/(%P( e56,6?&R5/G,2%'1>57I%>,..9?%>72%10.1L5.&2%Y1>&.-G1-'.1F&'Z

)5/G17IG1% /71S.55% 1/-35/0;7250/2% :651<6,=1;,.&5% >72% 10.1L5.&2% Y'.1F&5-G1-

'.1F&'Z% @6&/( 8,(DM% :1/G17IG-% 7&LI% 10.1L5.&2% Y1>&.-G-1>.1'-Z% &% Y1>&.-G1-'.1F&'Z%

'1F-0% <90I% .,:62'-E% 101<6,S5.9% .,% &56,6?&R5/G-E% '1>57I(% f/7&% ;% .,L5'% :6&'565%

6,//'10650I% ;1='1S.1/0I% /1,;016/0;,M% '1>57I% <->50% /1/0120I% -S5% &=% >;-?% >565;I5;M%

G,S>15% &=% G10169?% /1>56S&0% =,:&/&% 0&:,% YG.&F,Z% &% Y:&/,057IZ(% )1% 5/7&% ;% 1>.1'% &=%

>565;I5;% G16.5'% 2;7250/2% =,:&/IM% /110;50/0;-E3,2% :&/,057EM% 01% ;% >6-F1'% – =,:&/IM%

/110;50/0;-E3,2%G.&F5%@6&/( 8,K).

E9$+%23)

H+69397

I67

J%82$%4#

D(95+

K+14+(92

"+%+0(+'9$+(97

+4%#;
n n

(+) ER--9+5;+66+

(>) I2;+;<982$*+706#-23)

H+69397 I67 J%82$%4#

K+14+(92 "+%+0(+'9$+(97

!"#$%&'(,1

)*"+$

H+69397 I67 J%82$%4#

K+14+(92 "+%+0(+'9$+(97

!"#$%&'(

)*"+$,1 K+14+(92 "+%+0(+'9$+(97 )*"+$,2

H+69397 I67 J%82$%4# !"#$%&'(,2

A&/(%t( e56,6?&R5/G,2%'1>57I%>,..9?%>72%10.1L5.&2%Y'.1F&5-G1-'.1F&'Z

5.2 B&/05',%-:6,;75.&2%&56,6?&R5/G&'&%<,=,'&%>,..9? IBM IMS

B0,654L54% &% .,&<1755% L&61G1% &/:17I=-5'14% &56,6?&R5/G14% B$+C% 2;7250/2%

/&/05',% IMS 10% IBM. A,=6,<10R&G&% IMS <97&% 1>.&'&% &=% :56;9?M% G1'-% :6&L71/I%

/017G.-0I/2% /% :61<75','&% 8571/0.1/0&M% :,6,7757I.1F1% >1/0-:,% G% >,..9'M% ,% 0,GS5%

VTT5G0&;.1F1%;9:17.5.&2%=,:61/1;(%A,//'106&'%1/.1;.95%1/1<5..1/0&%V014%B$+C(
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H1/G17IG-%:61&=;1>&057I.1/0I%&F6,50%;,S.54L-E%617I%;%<17IL&?%/&/05',?M% IMS

:65>1/0,;7250% 6,=6,<10R&G-% <,=9% >,..9?% L&61G&4% /:5G06% ;1='1S.1/054% ;% 1<7,/0&%

1:65>575.&2% >,..9?(% A,=6,<10R&G% 1:65>57250% T&=&R5/G-E% &56,6?&E% G,G% /?5'-% +C(% U.%

0,GS5% '1S50% /1=>,;,0I% :1>/?5'9% @:65>/0,;75.&2DM% G1./06-&6-2% 71F&R5/G-E% &56,6?&E%

0&:1;%=,:&/54M%/1/0,;72E3&?%+C(

U6&F&.,7I.,2% ;56/&2% IMS <97,% 6,=6,<10,.,% >1% :12;75.&2% :56;9?% :1>?1>1;% G%

-:6,;75.&E% :,6,7757I.9'% >1/0-:1'M% :1V01'-% 6,..&5% ;56/&&% /&/05'9% &'57&% :61/0-E%

/06,05F&E% ;% V01'% 10.1L5.&&(%^% G,S>94%'1'5.0% ;65'5.&%'1F% <90I% =,:-35.% 7&LI% 1>&.%

:&L-3&4% :6185//(% H6&% V01'% .5% <971% 1F6,.&R5.&2% .,% R&/71% =,:-35..9?% :6185//1;M%

1/-35/0;72E3&?% R05.&5(% f>&./0;5..14% 1:8&54M% >1/0-:.14% :6185//,'M% 065<1;,;L&'%

<17IL-E%=,3&0-%10%,.1',7&4M%/;2=,..9?%/%:,6,7757I.9'%>1/0-:1'M%<971%:65>1/0,;75.&5%

0,G&'% :6185//,'% VG/G7E=&;.1F1% >1/0-:,% G% +C(% ^% <1755% :1=>.&?% ;56/&2?% IMS <97%

:65>71S5.% /71S.94% '5?,.&='M% 1<5/:5R&;,E3&4% G,G% <1755% /1;56L5..15% -:6,;75.&5%

:,6,7757I.9'%>1/0-:1'M% 0,G% &% ;1='1S.1/0I% ;1//0,.1;75.&2% 06,.=,G8&4( ^,S.1/0I% V0&?%

.1;1;;5>5.&4% 1<-/71;75.,% :565?1>1'% <17IL1F1% R&/7,% :17I=1;,05754% .,% &/:17I=1;,.&5%

1.7,4.-06,.=,G8&4(

6 =2I8.J08>-,/6$ ,676.54/8,,9:$ ;-0$ <-,,9:$ >$ KLM!$ /B'$ N'O'$

D-PB-,-

J,S>94% -.&;56/&050% /065'&0/2% :1/012..1% /1;56L5./0;1;,0I% /;1&%

1<6,=1;,057I.95 :6185//9( #,GM% ;%!"#$%&'(%)(*(% +,-',.,% ;% :1/75>.55% ;65'2% :12;&7/2%

85794% 62>% 65L5.&4% ;% V014% 1<7,/0&M% ;% R,/0.1/0&M% ;% .,:6,;75.&&% ,;01',0&=,8&&%

1<6,=1;,057I.9?%:6185//1;%@/%&/:17I=1;,.&5'%/&/05'9%-:6,;75.&2%1<-R5.&5' MoodleD%&%

;.5>65.&2%.1;9?%:1>?1>1;%G%185.G5%G,R5/0;,%:1>F101;G&%/:58&,7&/01; [16]. f35%1>.&'%

:56/:5G0&;.9'% .,:6,;75.&5'% 2;7250/2% 16F,.&=,8&2% -:6,;75.&2% 1<6,=1;,057I.9'&%

:6185//,'&%/%&/:17I=1;,.&5'%/5',.0&R5/G&?%/5054%&%1.0171F&4 @6&/-.1G%OD.
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A&/(%O( B?5',%/&/05'9%-:6,;75.&2%G,R5/0;1'%1<6,=1;,.&2%/%&/:17I=1;,.&5'%1.0171F&4

B5',.0&R5/G&5%05?.171F&&%:1'1F,E0%;9>5720I%:175=.-E%&.T16',8&E%&=%>,..9?M%

0,G&?% G,G% -R5<.95% &% '501>&R5/G&5% ',056&,79% &% -R5<.95% :7,.9M% 1:&6,2/I% .,% 10G69095%

/0,.>,609 [17]. B5',.0&R5/G&5% 05?.171F&&% :1=;172E0% :65>/0,;&0I% =.,.&2 /% :1'13IE%

1.0171F&&(%U.0171F&2%– T16',% :65>/0,;75.&2% =.,.&4% 1% .5G101614% :65>'50.14% 1<7,/0&M%

;G7ER,E3,2%1/.1;.95%:1.20&2%V014%1<7,/0&%&%/5',.0&R5/G&5%@/'9/71;95D%/;2=&%'5S>-%

.&'&(% ^% G1.05G/05% -:6,;75.&2% 1<6,=1;,057I.9'&% :6185//,'&% ;% G,R5/0;5% :65>'50.9?%

1<7,/054%;9/0-:,E0%6,=7&R.95%-R5<.95%>&/8&:7&.9(

U>.&'% &=% /:1/1<1;% 1:&/,.&2% 1.0171F&4% 2;7250/2% 1:&/,.&5% /% :1'13IE%

&56,6?&R5/G&?% G7,//&T&G,0161; [18]W% .,% G,S>1'%&56,6?&R5/G1'% -61;.5% :1>>56S&;,50/2%

10.1L5.&5% VG;&;,75.0.1/0&% .,% '.1S5/0;5% G7,//&T&8&6-5'9?% /-3.1/054M%

1<5/:5R&;,E355% 5F1% 6,=<&5.&5% .,% :1:,6.1% .5:565/5G,E3&5/2% G7,//9(% H6&% V01'%

/-3.1/0&% /1/5>.&?% -61;.54% &56,6?&&% 1<9R.1%.,?1>20/2% ;% 10.1L5.&&% Y85715%— R,/0IZ%

&7&% Y61>% — ;&>Z(% *01 :1=;17250% :65>:171S&0IM% R01% ->1<.9'% /65>/0;1'% ?6,.5.&2%

1.0171F&4%-R5<.9?%>&/8&:7&.%2;7250/2%&56,6?&R5/G,2%<,=,%>,..9?M%0,G,2%G,G%IBM IMS.

C54/0;&057I.1M%&/:17I=1;,.&5%IMS >72%V0&?%85754%&'550%85794%62>%:65&'-35/0;%[19]:

! H61/010,% '1>57&(% H6&.8&:9% IMS :61/09% >72% :1.&',.&2% – &56,6?&R5/G,2% '1>57I%

.,:1'&.,50%/06-G0-6-%G1':,.&&%&7&%F5.5,71F&R5/G15%>565;1;

! e/:17I=1;,.&5% /;2=54% Y:65>1G-:101'1GZ(% IMS 75FG1% :1=;17250% :65>/0,;720I% /;2=&%

;&>,%Y85715%— R,/0IZ%&7&%Y61>%— ;&>Z;

! ^9/1G,2% :61&=;1>&057I.1/0I(% B;2=&% Y:65>1G-:101'1GZ% 65,7&=-E0/2% /% :1'13IE%

//971G%'5S>-%=,:&/2'&M%R01%:1=;17250%1/-35/0;720I%<9/0695%06,.=,G8&&(%H61/010,%

/06-G0-69% +C% :1=;17250% IMS 6,='53,0I% =,:&/&% :65>G,% &% :101'G,% <7&=G1% >6-F% 10%

>6-F,M%R01%-'5.IL,50%R&/71%1:56,8&4%R05.&2l=,:&/&(
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H1'&'1%:65>1/0,;75.&2%/65>/0;,%?6,.5.&2%1.0171F&4% IMS &/:17I=-50/2% ;%!"#$%

>72%'.1S5/0;,%>6-F&?%=,>,RM%0,G&?%G,GW

! $>,75..15%:61;5>5.&5%7,<16,016.9?%6,<10d

! U85.G,%G,R5/0;,%:1>F101;G&%/0->5.01;(

#,G&'% 1<6,=1'M% &/:17I=1;,.&5% 05?.171F&&% IBM IMS 10G69;,50% L&61G&5%

;1='1S.1/0&%>72%-/1;56L5./0;1;,.&2%1<6,=1;,057I.9?%:6185//1;%&%:1;9L5.&2%G,R5/0;,%

1<6,=1;,.&2(

7 Q-1.RH6,/6

^%/0,0I5%6,//'1065.9%/7,<95%/0161.9%65728&1..9?%<,=%>,..9?%&%:6&R&.9%10G,=,%

1 0% .&?% ;% :1 7I=-% NoSQL-05?.171F&4(% )5/'1062% .,% '.1S5/0;1% >1/01&./0;% AB$+CM% ;%

.5G10169?%/&0-,8&2?%V0&%/&/05'9%/0,7G&;,E0/2%/%/56I5=.9'&%:61<75','&(%^%R,/0.1/0&M%

/71S.1/0&% ;1=.&G,E0% :6&% &/:17I=1;,.&&% 6,/:65>575..9?% ;9R&/75.&4M% ,% 0,GS5% :6&%

1<6,<10G5%>,..9?%/%.5R50G1%1:65>575..14%/06-G0-614(

A5L5.&5% V0&?% :61<75'%'1S50% <90I% >1/0&F.-01% /% &/:17I=1;,.&5'%.565728&1..9?%

B$+C(% ^% /0,0I5% 6,//'1065.9% 1/.1;.95% 1/1<5..1/0&% 0,G&?% /&/05'% &% 62>% L&61G1%

&/:17I=-5'9?% ,7F16&0'1;M% 0,G&?% G,G% G1./&/05.0.15% ?5L&61;,.&5% &% -:6,;75.&5%

:,6,7757I.9'% >1/0-:1'% /% :1'13IE% '.1F1;56/&1..1/0&(% U:&/,.9% 1/.1;9% T654';16G,%

MapReduceM%R,/01%:6&'5.25'1F1%:6&%6,/:65>575..14%1<6,<10G5%>,..9?(

H6&;5>5.,% G7,//&T&G,8&2% NoSQL-/&/05'% &% 1:&/,.9% 1/.1;.95% G7,//9%

.565728&1..9?% B$+CW% ?6,.&7&3,% YG7ER-=.,R5.&5ZM% >1G-'5.01-16&5.0&61;,..95% &%

G171.1R.95%<,=9%>,..9?(%U0>57I.1%6,//'1065.,%&56,6?&R5/G,2%'1>57I%>,..9?(%),&<1755%

L&61G1% 6,/:61/06,.5..14% /&/05'14M% &/:17I=-E354% V0-%'1>57IM% 2;7250/2% IBM IMS. *0,%

B$+C%&/:17I=-50/2%;%!"#$%&'(%)(*(%+,-',.,%>72%62>,%=,>,RM%/;2=,..9?%/%1<5/:5R5.&5'%

G,R5/0;,% 1<6,=1;,.&2(% A,//'1065.9% :56/:5G0&;9% &/:17I=1;,.&2% V014% 05?.171F&&% >72%

-/1;56L5./0;1;,.&2% 1<6,=1;,057I.9?% :6185//1;M% ;% R,/0.1/0&M% >72% /1=>,.&2% 1.0171F&4%

-R5<.9?%>&/8&:7&.(
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