o200 O0mogood

bbb booood
Juobogbobddgobuootgbotdd
0000
00 00 00

gd og ggd

Joooood oo obood
o0 190000 t191150150

U mod



010

020
2.1
2.2
2.3

30
3.1
3.2

040
4.1
4.2

gs50
5.1

5.2
5.3

gel
6.1

11

ooog 1
ooon 2
O000O00O00 ... s s s s s, 2
NoSQL . . . . 2
O00000000 ... . s s 3
ooon 5
OOO00000 ... . . e s s s s 5
O000O0O00000 ... s s, 7
ogd 8
OO00OO0O0O000 ... . s s s s s 8
O00O0Q0O00000O00O0QO000O0O @ ... o0 oo 9
o0 10
Cassandra . . . . . .. 10
5.1.1 OOOO . .. s e 10
5.1.2 O0O0O0 . .. . s 11
000000000 0o0oooooOgn ... 0o d s, 12
OO0OO00O000 ... . s s s s 13
ooon 16



6.2 OUODOO ...
6.3 ODODODO ... oo

o770 OO0

g8t bDouggn

g9l 4dooon

ERN

gooo

11

24

25

26

26

27



10

U o

goootooobbboobibobobobuoouboobbubgobbbbbooobb
gbogogbubbogbobbobuogbobobobobooooboobbooo
gogdobbbbogbbobobooboboobobbodoobobooobon
gbbbooobbobbobbobbobobodod
goubbogbbobobooboobooobooboooobooboboboobobn
goobouoobob oo buooboboooooooooobobooooo
godgbuogogbbbuoobobbouooobbooobobbobboboooon
gbbooboobobbouooboboobuobboobobbboouoooobbod
gogbboobboooboboboobbbbboooooobuoooouobbooaa
gbogugbboboobbobdobooobboobboboboooobobooobobo
gbbobboboboobobobuoobbbboooobbooooobobbuoooon
gobbooogoooboobbbuooooobobooooobboooooboobobo
gobbbubdgbbobooogbobbuooooobooobbuoboooobobb
goobooooboooboobon
gooboodgobobboooobobbo20b0obooooboboboooo
ooboooobooboo3soooobuobbooboobbob4bbb0DbO0
gobogbbboduooobobuooobbbouooooobobobosubobn
ggbobugugodgboeobbbuogooob ryoobbbooooobbbn
subiguooboobbbuobboobobbopnbbobbobn



L] 2L

HRERERE

gouogbuooobbboobobbbobboboboooobobuoood

21 0oObOoboooo

googoooobboboubbbbobobbbuoobbbooooobon
0000000000000 00ooOo0ooooooooooooo
gboobobgbobdooouooouooooobobobbobbooooooobon
000 (00D0oooDoO0O0)ooo(oooO)ooooooooooooOooooo
oooSQLuooooobboboooooboooobooboobooobogooobooo
goobobobboooboobbobobobbooboobboboobbooogo
goboobobboooobooubbooboooobbboobobbboooo
godbooooobbooobbbooooobobobboooobobooo

2.2 NoSQL

0000000000000 0000000000 NoSQL(Not Only SQL)ODOOO
sQLb0ooo0oooooooooooooobboooboboooooooooOoo
OO0oobobobooooobooodNeSQLDDODODOOOOobObOOooooobooooD
oooooon

bobooboooobbooboboobouoboooobbobooboooo



gboooobbbbdooooboouooboooboobbbobbobbodao
gboogoogobobobuabobobobooboboboobobbobbobooon
gobooooobobd keyOooboboooobbOobOobDOooooLbLDbOo
gogdgoodobobooobobbboobbooboobbbbooboobooo
goboboogoboooobboooouobbooooobobuooobobobo
ggbbodogogbgobbbbdoboobuooouoboooooooboooobbon
obooboboooooooooobooboooobooo Webdoobboobo O
OopooobOoboog wWebOOOOOOoOoOooOooooobooobobooooo
gbboboooobbobooubbooobbobooooobbbuogboobon
goobobobobobobobbd

23 OUOO0oooooo

0000000000000 000000000000O00000O CAPODO 210
000000000 0oODoOocApOO00OO0OOODODOODODOOOODDOO 3OO
gb2000g0bobooobbobobbooboooooon

e Consistency (0O 0O)
e Availability (0O O)
e Partition Tolerance (0O O O)

gobobdoodobdoobbooobboooobobuoobbboboooboon
gbboooobgoobooboobbbooobbobboobbuoooooon
godbboogogbbobbooudoboououuobobboooobobobon
gboboboooobooboobuoobdoboobouoooouboobobbbo
goobobbobdgbobbobooboobbouooobbbooobboboooon
goooououogogboboboooobobboobobboooboouoobobo
goobooboobbobbobobbooobo21gbooboooobobbon
googoobo



Dynamo :
: P, ¢ Tokyo Cabinet :
S B ~*" 1 Cassandra i

»
.
TRl
‘‘‘‘‘
.
R
-

MemcacheDB
BigTable

U21:000000000

000000000000 Dynamo[3]0 0000000000 Cassandraf4]00 00
OO000000000D0DOO Amazon SimpleDBOOOODOOOOOOOODODOOO
gbooboobboboobooobobobboboboobobOobbobon MemcacheDB
000000000000 BigTable[5]0 HbaseD OO OO0 O0D00OO0OO0OOOOODOOO
ggboobbgbbbobobbobobboobobooobobooobabobn
ObhoobobooooooboooobobodWebo Do ooobobooo g
goobobobbobbobboooobobbobooboobobboouon
OO00DOOO00OOoDOoDDODOOO CApODOO AO POODDOOO



[ 30

HRERERE

O00000b000000 Cassandral DO OO0 OD0OODOOOODODODOOOOOO

3.1 OO0Oooogong

gobobgubodggogboobbooobobbouoooobbuoboobb
gbogobbooooobobooobboobobbobbooboboogoooaa
0000000000000 00000000U0DO0DODOO0OOOOelDooooo
gogboogbuodgoobbbooooobbuooobobboobbbbboo
0000000 bO0O0ooobooOOoob0obooooDogndDynamod Cassandrall O
bodooboboboooooooooobobbboobooboooooooobobb
O000DbDDOCassandral D0 DO O00O0O0ODOODOOOOOOODOOOODODO

gboogudboogbobboboooobbbubbboooboaboon
gbogboobooboobooobobboooboobbooobbboboboobobobo
gougoobbobbodgobuooodgbbboobodgbbbobboboooo
O00000o0ooOoooOooOoOooOooooooooo (o 31O

goooboobobbooooboboobobooobbooooboobooooonb
gbbobbooodgbbbubuobboooooboaboobbooboaooboo
gogobobgoboobbbofooboooouoobboooouoobbboobon
googbbodgobbobbobooobbboobooboboooooooobo
3200 00000000000000 abcOODODOOOOODODO abcOOOOOOO



031000000

gobboobbdbgoboououoboooooooboooobobooooann
gobooobobbobgoobbouoobboboobbbobobbooobobb
gboguodgbuogbbboooobboobobbdoodoboouoooobobobo
goodobodobbboobobobbboodbbuodouogoobbooo

Dooobbobooooooubooobobooobooboboooooob
godbotuugooboououoobobooooouoooobboobobooobon
gbbobooobbobobbibobuooooo

goobbb 1ggoooobobobdooboooboboboobbobbo
gogdgbdobobgbuobbboobbobbooobobuooobbbooobn
goobogbbooooouogboobobbbboobbobbooobobbad
goobooooobooobbbobooboboboooobbooboobbobobo
gboolbgobobobouogoubobibbouoobboboobbobbon
gboogubdgoobgoboboobboobbbboooooobobooon
godoogbboobogoobbobobobbboboobobboooobuoboooboo
goboduoobboboboobooobboobdobbodoboooooo



F—:abc

l

Ny 1B

|
k—2>:9 \ @

03200000000

3.2 UUObOOoouoogt

gugobgbobboobobooogbobobooobbbobbobboon
gbobgoooouobobobboobbooboooooboobbbobooooobbn
oobobbboboobobboooooooboobboboboobooboobo
gbbbobboboouoboboboobbbooooboobobbbobbbo
gbobboguobuoobbboboboobbbibdooooobbbooooobgo
gobogobobobbdboodobooobbooobooboobobobooo
googdgbbbobbobooouoooboobooboboboobbobobooob
gouoooubouooobbuobooooboood



L] 4]

L] [

gobodoobbubdooooouoboobbouoobbbooooboo
gboooobobbdooggbooooboobbuoogoobobogobboogoo
gbbobobdooooogobobooooobboouoooonbobooobboon
gugbobbboobbbbooogo

4.1 OOO0OOOO0OO

gbouogobbouoobbbbobobobobogo

gbbbgbbooboougooobobobobobobboboooobboaon
gbobobdogbooboboobooboobobobbboobooobooooobo
gogbbbuoodgbobuooobooobooobbuobobbboboooobobn
goobouoboobdoobboobbobboobobboooogo

gobboooubbooooooboobobboooobbboobboooboboon
gobbooogbbooboouobbobobbboboobbobbobobbab
gboubdgbobobboooobobbodbouooooooooooooooo
gobooboboooobbbobooboboooooboooo



LN

get || get
() | sy [
[ HERR

U 41: 0000000

4.2 OJUO0O0O0OO0OO0OOOOOOOOO0

gbbbobbobouooboobbobobuooobboboooobbobbobn
guoggbbboogogbbbooobobbbuobobooobbooonon
gbbboooboobodoboobooobbboooooobbuooboboboba
ooOWebOOOOoOOOoooooooooobooobobOOoobobOooooooooo
gbobobuooobboooobobbooobobboooouobboboood

gobogl1bogilibugbuouboooboodooboobbuoboubbooobooo
gbobbdoooogoboobdobbboodgbobdoooobdobbboooboonb
guggougbogoboobooooobobobouoboobooooboooon
gubdogouoobgobubodoobboooo 41bbobbuobboobono
gobbbboogdooobodoboubdobooouobooobbobbooan
get(sOv)ODOOO0Oget(’s") 0000000 OOOO0OOOOOOOOOOOODOO
gbooboboogooobobuoooobouogaooon



10

L] 50

L] [

O0bdo00o0oobooboboobooooooobbOoboOd Cassandrad OO
gogobobobooggboboboooobbood

5.1 Cassandra

Cassandra O Bigtable 0 000000 DynamoO O ODODOOODOOOOOO
O000O0bO0bO0bOobO2000000000DO00DO00ODO0O0DDODDOOODO
000000000000 00000000000000oO0ooooooooooon
00000000000 DOO00O000O00oooooooooOon

OO00OCassandra0 000000000000 DO0OO0OO0OODODOODOODOOODO
0000000000000 0DOO00DOoODOOO0DODO000DOODOO00oOOoDOoOon
O000D000000DO0Cassandral 00 00000000 O0ODOOOO OCassandra
O00000o0ooooooooooooooooooooooooooooog
000000000000 000000000O0DO00DOODOO000DOoOoOoDOOo0OO
000000000000 DOODOO0DbOOo0DODOO0O0o00oooDoOOoOooog

5.1.1 0000

0000000 Cassandra0 OO0 O0D0OO0ODODODOOOCODOOOOODOO
O0s5100000000000C0O0O0O0OOODO0OOU ADODDODUODDODOOO



11

/ /| get('s)) \ get s™y’) get ‘J”r

g os.1: 0000 g 520000

godoobooogooobobboobbooooobooboooobuoooboooD
goudboboboobobuoboubbbobuooboobuooooooooboboob
000000 ADODODOOODOOO0ODOOOO0OOOOODOOOODOOOODO
O000o0ooobb cobbobob0o0oUooOoo coboooboooobobooDbo
oob00ooooo cooooooooooboobobobboooooobooboooo
0000000 AQDODODDOOOO0O0O00OOO0O00DOODOO0O0 ADOOoggno
ggbodgbobooguoboboooboboboobooooboboboobon

5.1.2 0O0OOO

gobbuouogboobdgobob11oboboouoobooobuoooabon
gboboobbouobuoooobooooboboobooboooooon s.200b
O0DbODOOo0O0000 A0DOoDOoooboOobDOoobobooobbobOooOooOooob BO
OO0 cooooboooooobooboboooooooooog Bocogoooo
Ooooboo0ooboboooooooobobboobooboobOobon Aoboobobooo
000 ADOODDOO0oOOoOoooOoobooboooobOobooooooDooooobooo
OoboooopooobObOo0oboooboo0on Booo coooobooogoooo
OO00O0b00O0o00 ADoogoogobooooooooogo



12

oy

Client

— —

 —— /

Client

U s53: 0000d

5.2 DUOOOOOOOOLDUOLOOLOUOOOOO

Cassandra0 00 OO O0O0O0O0ODOOODODOOOOD1IODO0000O0 1000000
Oo0O0O0000oboOoooobbobOob1o0obobooooboobOoODbObCassandra
gubobbobobobbuobogboboobouobobobouoooobobbo
0000000000000 000000000000 (00000 ooo)ooo
goobbbooobboobobobobobobobboboobboboboobbobo
00000 Cassandral D 0000 0OO0O0OOOODOOOOO0OODOOOODOOOOOO
OO0000obo0oobboOOo0obODbbObO0oOoODbCassandral0 00 0OO0OOOOOO
goouoooobbbobodboboboboooobooobooooobbooon
gbobobbbdoobbuoobugouboooooboooobobboooobon
goboboooooobooooobobbon

0540000000 ADDDOD BOOOO CcobbObO bOo400000bDDbDOO0O
OooofbobOoobooDOo0oO0o0oOoo poooobooDooOoDoboboD ADDD
O BOOOO CObOOOOOobObobO pooooobobooooboooboboboooo
gooobbo booobooobd

gougbbobobob200bbouuboobbbboooboobobobbbogn
goggdgoooboboobobbdboobbooooboobobboooon
O00000O0O00DOOO00oDOOobODOO0bObO0DbOD0bOODO 540 Thread-ENQ



13

goddgboogobbdouooobbobbdooobobooobbbooboaon
guoggbbobogbobobbobobboobooobobobobboobbbb
O0CassandraJ 00 0 0000O0DOODODO 540 Thread-DEQUODOODODO OO
gbboougodbbdooubogdooubouooooooobboooobbo

/—KDD7Ax

J—RAMS/—KD Thread- ENQ ﬁ‘\\\
~NDAyt—D >

—y

(2

Q
/—FBnG/—FD | || Thread-ENQ \—| RUEabREd J—KDA
ORI (e > |

/—Kchn/—FKD Thread- ENQ
DI Ayt—T >

/

gs4 000000000

5.3 UUuuuubung

gboougbobobgbboobobbboobbbuoobobboooboboobn
gobobobuoobbobooooubuoooooboboooboougubooo
gooogbogoogobbobuooobbobooboboboobonboobo
gboobobbboogbbbbboboboobobbbuoobbooobaabadg
guogobbbbogbooboobobobobobobboobobobboogon
gboobooboggbbobooobobbobboobobooooobbooon
gobobbboobdobbouodgoboboboooboooobbbboodobn
gogon



14

g s5: 00000

guooboobo1l1bobooboboo20b000bbouobob 20000000
00000000000 (000000000)0DDO000000 (05500000
gbbobbdoobobobbooboobbboooboobbbobooobobo
0000000000000 0000 (D000 UOD)DoDDOoODOOoUODOOO
gobooooboo

(1) (1)
(3) (6) =) (3) 5 'Y“Nap

enqueue

g s56: 00000

0000000000000000000000000000000000000
0000000 (05600)0

1. 0000000000oooon
2.000b0booooooobbooobobbobooboobbb
. 0ubduboooooboobo2boon

00000000000000000000000 O(legn)DODOOO0ODOODOO
050%00000000000000000 20300000000000DO0O0OOO



15

0000000000000 O()Dooooooooo

gs7000d

0000000000000 O00OoOOoOoOO0OoO(Obs70O0)d

1. 00o0oboooobgoggo

2.2000000O0O00O0DO0O0OOO0ODOODOOOOODODOO

3. 0000000000000 00OOD (DO 2000000000000 DOOOO
O000000o0o0oooO00ooOoO0oU0ooOo0OoUooO)boooooooo
gogdaboo

4. 00000000DO00DOOO3b0Db0O0

gbo2000000bbbooobobboboobobobobaobd



60

HRERERE

16

gouogbuoobbtuoboooobobooooobbboooobobbooaobo

00000000 Yahoo! Cloud Serving Benchmark [7]0 00000000000

6.1 0O0OOO
O000000o0doooooooooog
OS CentOS 5.5
CPU Core 15 750 / 2.66GHz
Memory 4GB
000000 | Ethernetd 100Mbps[
oooad 2000 100 1O0ooOooOoOo0O)

6.2 U000

gboboobboobogboboseoooobdbobooobolgooodd 1KBO

goobobboobodgogd 1oooo00gbbooobobobobooonogan
gbgbodooooobobbooooooooobobbobooobooooobo
gobobboobboooobobbbobbobobuoobobboooooon

guogbobobogbboobibooob oot ooboobbboboogn
ooboooooboobbbogo
gobobobubbboboboogobboboboogoboobuooooon



17

gbobobboboobobbooboboooboobbobbobbob 1oobbob o
gooobouodgbooboilogbboboooboobobobobbodd 10100
gboogbd1l1gg looboobouogbooobobboboooobouoooooon
godbbbdooodgbbobooobuoboodgogoobboooobobboodobn
gobobobougogoob3sbbououboobbbooobobobobooobann
goboboubogobobosbobobbboobon

0010000 100%

002 000050% 0000 50%(00 10 100)
003 000090%0000 10%(00 10 100)
004 0000 10% 0000 90%(00 10 100)

005 0000 50% 0000 50%(00 10 300)

gooooobooboodoboon200b 1o000boggobogbbliobbn
gobbooogoobobooboobobboboobbbooon

6.3 LUOOO

gobbbubodoboubbobdobodobobbbobbbobbboooabbb
godgbbbooobbboooobobobooo



18

00100000 100%

gbl1oogbuogobououboooobuobooge1lgbuonbgobg

{ms) E—BR  [mitwRFz
12 Y0 NS ERFS
mEETE

9]

T
]

PR

ro [OOHEHIl

[,
LT
L R I

0 6.1: 00O 1:0000 100%

goboobbobobooooboooobobbooooboobouogonon
gogoobggbbobbogbbobbobobobobobobbobobonooobo
gbgbbdoboobdoouobobouobbobobooboobooboaood
gbbgoobodbobooobbobouoooboobbbboooboobbn
ggdggbboubbgoobuoooobobbooboboboobooouoooo
gobobbbuobbuooboobouoobouobbooooboobbobboo



19

00200000 50% 0000 50%(00 10 100)

gobbobobogobbouoooooboooobobobuoooob 2000
gogboobbogogooobooboobboboooob1ob 1o000bbon
goboobbobotdue20b0b0obbobbbOo0obOobbobbOo0obOogn
goooaobgd

(e 2 EREE {ms) LEEL EREE
30 B0+ HRERER || 80 B0+ AE LR FE
miEETFE 20 BiERTE
25
a0
20 50

e

Lo |

= IO O O T T

ORI

<

44

e ]
T

<
S,

T

o o o o o |
T

ra T O T T T T T T T

A
R

T
© OO T T

AT

I
I
ZeTe
7

o
o

=
=
=
H
=
H
=
H
=
H
=
H
H
2

g

NN N I N
AN

o U UU O T T

0 6.2: 00200000 50% 0000 50%(00 10 100)

go20d0bbo0ggobobbobobbbobuooooboobobuaboobbb
gogooboobooboobobbbobi1igooobbuoobbboooboooon
gbdgoobodbdllmsbOO0o0ogoobobooboboobbboboobbo
ggilobobobobobbbbouooubbob Bsobbbuobuooooobo
gbbobooboogbbboobobbooogboooooooooboooonbo
gobgiloobb20bbbooddooboobobooobooobooobboa
Oob000b00oobobobobobbbDCessandral0 000 0OO0OO0O0OODODODO
gobbooobbobbouooobobboooobboobobobunobooo
gobboobgbobobobooobobbuoobobob2000boognn
00000000 16% 00000000000 28%0000000000 100000
000000000000 3s% 0000000000 10%00000000000



20

gboubooooobooodobooobad
gobbooboboobooobobbouoobbbooooobooooobg
gooobbooboooobodgb 200b0obbbuggbbooboooooon
gbobbooooboobooboobobbes3stbO

(me) -8R [gaRfi e HERR  [miERs
a5 B0+ HEERFE || 70 B0 (R FE
N miEEF: w0 W RETFE

25

50

40

20

30 H

]

]
it
o
i
o
o
i
o
o
i
o
o

RPN
o]
o]

R0
T
T

i

i
o

E T
~ QOO
<
I

E T
o U]

e

b v o]

R T o P o R PR L ]
R RN

P e e e e R R
o OO OO H OO OO

o T

- I ]

I . .
I
R R TR R R RS

o OO
e

|
e

Fa
T

ara

nora
[N AR A AR R AR AR RRRRRRAE]

=

ra IO O T O T T T T T

9

—

0 (&

063: 00200000 50% 0000 50%(00 10 100)

gbgobobobobbooboooboobobbboooobobbooobo
ggbuooooobodobbbbououoodobooboobbbooboboooon
goboboogbbbbouobbobbooogbobbobobbboobobon
goobbgoobobbobobooooobbobbbobbooboboboobbood
goobboobbbobbuoobobbodoooobbbubobobbouonog
gbobooboboobbobogobooobobobuodooooboboobboooboo



21

0030000090% 0000 10%(00 10 100)

00300000000000000000000 90%0 10%0 00000000
6.40 000

BitFEFE B itERFE
{ms) B —ia5 B0+ FiERFE (rs) HiHEE SR B0+ fFitEFH
14 W iEEFE a5 W EEFE
40
12 =
. = g 5 B E ||=

0640030000 90%0000 10%(00 10 100)

gogobobbobooboobobbobbboobobobobooboooo
guobobuoogobblobbobdg 220000000 bu00ogoaobann
00000000000 000000000000oooo24%0000000000
gooogobbobobo20b0gboobobooobobboooboboobon
goboouobbbbbbuoouoobboobdooboobobobn



22

00400000 10% 0000 90%(0 0 10 100)

00400000300000000000000000000 10% 0 90%0 00
godgoobesbng

{ms) H—fE5R ®EEEE {mg) FHEE SR B ERFEE
70 BYO0+MEIERFE || 80 B0+ fZF i EFH
a0 =] B ERTFE 70 B EREFE

SO0

50

L

40

R

i
30 HY

9,

R R T R R L R

o7

AT
o UOOTTITTT T

10 (&Y

0 65: 0040000 10%0000 90%(00 10 100)

gougbbogbogobobooboobbobobbobooboobobob 7o
oboooboobobboboobbooobbobobobobobbooboooo
0040%00000000000000000000000000O0O0OOODOO0O
goobbooogbboooodoboobooobobobobooboobobboooad
gboooboobtoouogbboooooboobboobobbbobooobo
gbogbbbbooboboooobboobo



23

00500000 50% 0000 50%(00 10 300)

O005000000000050%000050%000000000000 100 300
goguogboooooobbboobdobbotdeecuod

70

G0

{ms)

B iERFiE
B0 fEIERFH
W iEETFIE

50 HA

40 H

=

30 M

i

T

|
2]

2

N
L
T

S

Y

T

T
7
7

L3
4
e

=
2

£
L

T

L
e

T

S
T
o

2

L

S

=
=
o

I
F-

e
L
e

o,
L,
o

b

~ IO LT T

L IR

[a3]

T

T
@ T T
e ]

L |
RICeTeCCCIecs

o

L1
T

e

L=

L AR i

o QLI TT T

G

=

{ms)
200
180
160
140
120
100

g0
s8]
40
20

BiERFiE
mEER B0 AEEERFE
BiEEFE

b e et e et o e et

4= OO O T T

0 6.6: 0050000 50%0000 50%(00 10 300)

goobbouogbobobobbobubodoouoooobb20b0o0oaobbn

godbbbuogogbbooobboooooubobbboobbuobouoono
0000000000000 000000 22%00000000000000000
Oo0o0 U O0O0O0000O0000000O0D0DOo00UoDooooooooooo
gobobboogosbou ooboobobooooooboobann



24

70

L] [

gobodbbbboogoobbboboboobbboooooobuoogn
oobooobooobooboobobbooo0obboooboobo20000 40
gogboooobobbbobbobbbogboboouoobobobooooon
gbuobbuogdgbbbuooogobuouooobbbuooobbbboooobob
gogdboooooobboooobuoobuogo200g0sbbobboonoonbo
gbobogboooobbooobooooobobbobooobbbbbooobobo
gogoubbooboobboogan

gobolbgbooodgbbbouoooobbooouboobbboooobooDb
gbbooboobobooobooooboobooboboobobobbooobboon
gudbdobbbouoodgbobboooobboobobbbobobbobboaan
gbobboobbooboooobboboooobobbooobbuouooooaoboo
00000000000 D0D0ODO0D0O00DODO0O00 CassandraD0OOODODODO
gbbobgouoobbobbouogbobbbooobobooboobbbboooboobb
gobobouobbobobogo

gobooobboboobooouoooobboouoobobbboooobon
gbbboobboouobobbbdobooobuouoobobobuoobbobo
OO0D0000 Cassandral D00 0O00OO0DO0OO0OOOOOOOOOOODOOOOOO
gbooogood



25

L] 8L

HRERERERN

goboguogbbouoobbboobbbbbudooobboooobann
ggbbooubbdgbboooobbobooobobooobooboooooon
gogobbobooogoboboooobbbboobooboboboooooooon
gobboooobboboooooobbbobbouoobobbbbooooboba
gboogdgobbooboooobbob

googogoobobogbodogobbboooooboboobooboobooon
gobobbuogbbbbuooouboouoobbooooobobobooboobbh
gobooooggboobogbboboooboobobobobobboobbbo
gobboboooobbooobobouobogoboooon

gbboolbobobbobboobboobooobbobbbobouobooboon
gbboouobobbooboobbbooobbooboooobboboobouagd
gbbboobobboooobooooboouooogobooobo



26

] 90

HRERERE

goboouoogobooobbbooboobbbbooobbboooobb
gobbooboobbdgobuoooooouoouooooboboobobbbiooobo
gobboooobooboobobboobbobbbooobbbuooooobobo
gobbbubodgbobuoouoogbobboboobobouooboooooobbo
gbobboooogboooobooobuogbobbooooobooooooon
000000000000000000000 40%000000

gobbboobdobobuobbobuoooobuoooobboooobbooao

HEN

gobuogobgbuobuobiobboobbbbouooobbboooobon
gbobbbogoobboooobbbuooobobbbooobbobboooobobn
googbobobobooboobobooboobbooboooobbbboobboonn
ggbboougbobbboogbd



27

o

1]

Codd, E. F.: A Relational Model of Data for Large Shared Data Banks, Com-
mun.ACM, Vol. 13, No. 6, pp. 377-387 (1970).

Browne, J.: Brewer’'s CAP Theorem (2009).

DeCandia, G., Hastorun, D., Jampani, M., Kakulapati, G., Lakshman, A.
Pilchin, A., Sivasubramanian, S., Vosshall, P. and Vogels, W.: Dynamo: Ama-
zon ' s Highly Available Key-value Store, ACM SIGOPS Oper.Syst. Rev., Vol. 41,
No. 6, pp. 205-220 (2007).

Lakshman, A. and Malik, P.: Cassandra - A Decentralized Structured Storage
System, ACM SIGOPS Operating Systems Review, Vol. 44, No. 2 (2010).

Chang, F., Dean, J., Ghemawat, S., Hsieh, W. C., Burrows, D. A. W. M., Chan-
dra, T., Fikes, A. and Gruber, R. E.: Bigtable: A Distributed Storage System for
Structured Data, ACM Transactions on Computer Systems, Vol. 26, No. 2 (2008).

Karger, D., Sherman, A., Berkheimer, A., Bogstad, B., Dhanidina, R., Iwamoto, K.,
Kim, B., Matkins, L. and Yerushalmi, Y.: Web caching with consistent hashing,
Computer Networks: The International Journal of Computer and Telecommunica-

tions Networking, Vol. 31, .

F.Cooper, B., Silberstein, A., Tam, E., Ramakrishnan, R. and Sears, R.: Bench-
marking Cloud Serving System with YCSB (2010).



