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Abstract

Smartphone and tablet pc are widely used, thereby Web services that handle large
amounts of data are emerging. It has caused the webserver is down. Therefore, scal-
ability is important software factor today. Scalability in distributed system is able to
increase performance linearly when just added new node to system. In order to make
provide scalability, we considered design of architecture.

We are developing a database Jungle. It is use non-destructive tree structure. Non-
destructive tree structure is not the destruction of data. Editing of data is done creating
by new tree. Jungle was designed as a distributed database. But data distribution and
persistent has not yet been implemented in the Jungle.

In this paper, we develop distributed database on jungle for pursuit architecture with
scalability. Distributed data on Jungle is developing using parallel distributed framework
Alice. As a result, we confirmed that data is distributed between the server node.
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gobbbooogobobooooboboooobbbuoooobobbooo.

1.1.2 000000

gobbb,ogobbbuoooobbbbuoooobbbooooobobooa. g
Jo00,00b0obo0oboobD JungledODODOOO,0000000000D0ODOO
gbobooboboobobo.b4000,030000000005000,040
goooooooboobo JungleDOOooooobD,00b0o0bOo0oDbDOODO
O.00000000000 JungleD Cassanra DO 0OO0O00O0O00OOOOOOOOO
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0000000000000 0D00000000000D000D0O00O0RDBO O NoSQL
00000doOo.00,00000000000o0oono cApooooooooo. d
00000 NoSQLODODOODOOO Cassandra, MongoDB, Neodj D OO OO OO0
oo.

2.1 RDB 0 NoSQL

000000000000 RDBO NoSQLOOODOOD. RDBOOOOOODOO 2
000000000000 000000000000000. RDBOOOOOOOOO
0000000 SQLOOOOD,000000000000000000000. 000,
RDBOOOOOOOOOOOOOOOOOOOOOOD. 0O0O0,0000 PCOOO
000000000000000000000000000000000. 000000
00000 NoSQL(Not Only SQL) 00 O00D0. 200000000000, Key-Value,
000000,000000000000000000000. NoSQL O, SQLOOO0
0000000000 00000000000000000000O.

2.2 CAP OO
gbobobooogbbobuoooosbbbuoobbboooobbn
e 00O (Consistency) 000000000 ODOOOOOOOOOODODODODO.

e 000 (Availability) 0000000 D0D0OO0O00ODOOOODOOOOODOOOOO
gbogoobobooboob.

e 0 00O (Partition-tolerance) 0000 000000000000 OOOOOOOO
gbooboboobooboobg.

000 CAPOO [JODO00O00. 00000000000 00O0O,00 CApOOOOO
ooboooobo.0oboogobooooboboobooooooo,rRDBOOO. DOODO
OO00000000 NoeSQLOODOODOODOOD. ODOO NoeSQLODO,000OD00ODO
gbgo,gbobobbobooboobooboobooboobooboobon.
OO000OOoO00oDOoOoOoooooo,0b0 cApOoo0oO0ooOoOoboooooooo.
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2.3 Cassandra

Cassandra[2] 0 20080 700 Facebook 0000000000000 O0O0O0O00O0O
Key-Value 0000000000, Amazon O Dynamo[3] 0000000000000
00000000000 000000. 0000000 NoSQLOOOOOOOOO

Cassandra 000 0000000000000 O000000000OO0O000C0OO0O0.
0000000000000000000000000000000000. 00000
000000000000.00000000000,000000000000000
000000000000 00000000000000000. 0000000000
0000000O000,0000000000000,000000000000000
0000.00000000000000000000000000,000000000
00000000000 0000000000000000000000000000.

0000000000000000000000000000000,0000000
0000000000000 00000000000000000000000. 000
000000000000 ONE, QUORAM, ALLOOD. 0000000000000
000 NOOOOO,ONED 100000, QUORUMO N/2+10000,ALLO N
0000000000000. 0000000000000,000000000000
00000000000 0000000 Cassandra 00000000000 O00O0.

node 1 F—D/N\vIa
hash:
0.0 /

hash: hash:
node 3 0.75 0.05 node 2

hash:
0.50

node 4

U 21:00000000000000
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2.4 MongoDB

MongoDB 0O 20090 000000 NoSQLODOOODOOODODOO.JSONOOODODOO
gbbouogobbuooobbuooo,ooobbboobbboobbuooobbood
gogob. dggoooobob,bouooooobboobbooooo. bboooog
gobbboooobbobooooboboooobboooon.

MongoDB DO UODOODOOOOOODOOOOODODOOOO. DOoOoobobOoooog
(replication) 000 0O0O. 00, 10000000000000O0DOOOOO, 0000
0000000000000 000000. OD0OD0O0O0OO0D00OO0 (sharding) 0O 0.
MongoDB U U D OUODOODO0ODOODODODOODOOODOODOODODO.

1~100DF—%
MNHdEE
\
Node 1 Node 2 Node 3
1~-33% TiHY 34-~66F THY 67~100F Y
\ \ \
] ]

Node 1 Node 2 Node 3
DEH DEH DEH

g 220000000
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2.5 Neodj

Neodj O, 000000000OO00O0O0O0O NoeSQLOODODOODODOO.DOODODO
goboboboooo. gobbboooobobboooobobbooooo,bbooog
gbbogbbogobobooo.gbbuoobobobbooobbuoobobboobood
. gogbobbbooooobboooob,bobooobbobboooobbbooon
gobbobudg. gggbobbooog,bbuoooobbbbuoooobbboood
g.go,bbogoobobooooboboooobbobboooobbbooon
ggoobbilioooboob. boob,bbobobbbboddooooog,oo0o
gobbboooooboboooobooboooo.

Neo4jUO OO ODODODODODODOOOODLOODODODODODLDODODO
gobobobdod. gggoboboooobobobbdoooobobboooo,bbooog
gbogbboobodgboobog. bbobobboobooboobobobbon.
000000000 b0o0o0ob00obDb0o0obbUuoobobOoU. DbUO0 Neo4jO g
gobbboooobobboooobbboooobbobuoooob.
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U023 0000000000000000
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g, g ooooooooooooon
OO0000O WikiDSNSOOO,00b0ooooboooooboooobooboooogoo,
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Ooboobooboobooboo,oboboooooooDbOg,JJungle00boboboOO
gobobooggoboo.

3.01 0OO0Oooon

gobbobuooogb,buoogobbbbuooobbbboooobobobooboog. g
l1ggboboogooboboooon.

@ e @
/—R100~N
BEEZIHRZD

O 3.1: 000000000

ggobobboo,bbbbbboddgoooobobbobboo. bog,bbodad
gboboggbobooodbobuoobbbooobooobbooono,oogobbood
gbbugbbooobboobbuoobbooboboo.obbuoobuoobbood
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3.02 0O0OOOOOO

gobbbuooogbbbooooob,buoooobbbboooooboboog. od
gbobogobboodgbboog,bogbbbooobbooobbooobbood
gboboboobobobobo. b3200b0bobooboboboooooo.

@ root hSZED @ @
Holc/—RZF
TaAE—%1TS
-

OJONOIOIONOIO

0320000000000

gobbboooobobbboooobobboooaoooboo.

1. 0000000000000 0O00000000 (O 3.3).

2. 000000000000000.00000000000000000000 (O
3.4).

3. 0000000000000000000000000000000000000
00 (3 3.5)

4 0000000000000000000000000000000000000
000 (0 3.6)
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3.1 Jungle 0O00O0O0OO0OO0OOOOOONO

Jungle 00000000000 Node O attribute 0O 0O OOO. attribute O String
00 Key O ByteBuffer 0 value OODOODOOOOOO. Jungle DOODOODOODOODO
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U,00 NodeUDODOOODOODO. NodeDODUOODOO,00000 NodeODOODOO
O000000. 00000 NodePath DO OOO (O 3.8).

tree_name

NodePath<-1,1,2,3>

O 3.8: Node O attribute O NodePath

3.2 Jungle OO QOQOQOOOO

3.2.1 NodeOperation

Jungle 000000000000 NodeOOOODOO. NodeOOOODODO APIODO
O00000,00 API O NodeOperation 000 00O . NodeOperation 0000 400
APIDODODOODOO.

e addNewChild(NodePath _path, int _pos) NodePath 0 OO OO0 Node OO O
O00O Node OOODODO APIOOD. pos DODOOODODOOODODODOOO
Ooo.

e deleteChildAt (NodePath _path, int _pos) NodePath 0 pos OO OO OOOO
Node OOODOO APIDODO.

e putAttribute(NodePath _path, String _key, ByteBuffer _value) Node [ at-
tribute 00 OO0 O API OODO. NodePath O attribute 0 OO OO Node O OO

e deleteAttribute(NodePath _path, String _key) _key OO0 attribute O OO
000 APIODOO. NodePath O Node OO O.
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NodeOperation 000D 00000 O0OO0OODOOOODOO. ODODOOODOOOODOO
O0ooooon, Jungle 0000000 O0OO NodeOperation OO OOOOOOO
O000000. 00000 NodeOperation 000 OO TreeOperationLog O O 0O .

3.2.2 TreeOperationLog

Jungle 00 00O NodeOperation 000000000000, 0000 commitOdOOO
O00000000.000,0000000000 NodeOperation 0 TreeOperationLog
0000000, 000 TreeOperationLog D0 0000000 (3.1).

Listing 3.1: DO 0OD0OO00OO0O0DOO0O0O0O

[APPEND_CHILD:<—1>:pos:0]
[PUT_ATTRIBUTE:<—1,0>:key:author,value:oshiro|
[PUT_ATTRIBUTE:<—1,0>:key:mes,value:hello]
[PUT_ATTRIBUTE:<—1,0>:key:timestamp,value:0]

= W N

0000000000000 ooDo0doooooooDoooDobOo0oooooooog
O000O0O0Oooooo (o 3.9).

O000000D0D0000 NodeOperation D OO0O0OO. <>00000D00000O0O0O
NodePath OO 0. NodePath 00O 0O OO O Node O position O attribute 0 0O O O O O
ood.

[PUT_ATTRIBUTE:<-1,0>:key:author,value:oshiro]
[PUT_ATTRIBUTE:<-1,0>:key:mes,value:hello]
[APPEND_CHILD:<-1>:pos:0] [PUT_ATTRIBUTE:<-1,0>:key:timestamp,value:0]

LJ_»

Node D3EHN attribute DBN

"author" => "oshiro"
"mes" => "hello"
"timestamp" => 0

0 3.9: TreeOperationLog 0 0O OO

039000000. OO, APPEND_CHILD OO0 Root Node O 0 DOOODOODOO
Node OOOODOO. O0O,000000 Node 'O PUT_ATTRIBUTE U O O attribute
O0Do0oO0boogoO. attribute OO0 O0O0O000O00O auther, 000000000
U0 mes, DDUOO0O0OO0O0DOUOO timestamp DU UOUOO0ODOOOOOODOOOO.

O0bo0oobooobooobo10bobo0bboO0oboOd TreeOperationLog OO O .
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3.3 Uouubotubtuotubotubotouobotuubotgd

Jungle 0 Git 0 Mercurial OO0 OO0 0OD00ODOOOOOOOOOOOOOOOOOO
goboob.bbooooobboooobobo,buoooboobbuoooobbbooon
gdddddododoooood. oo ooooooooooooon
O0000000O0C00O0ODO,00000000DOOOOOOO0DODOOOO0O (O 3.10).
gbbogobboodgbbuoogb,oobbbooobbooobbooobbood
gobbobooooboboooobooboooooobbooo. goob,booog
gbogbobogbuodgboobbobobobuooboobboobuooboobbod
gd. goobbobobobooo,bodggoooobobooboobboboo,bboooooaog
gobbobuoooobobo. bogobbbbuoooobobo,ooobbboood
gobbbooooboboboooobooboo. oo, bboooobbbooon

oo.
—

repository

repository

—
—
1 .

U 3.10: bggobooooogaooon

3.3.1 JOUugobooboobooood

gbogboboobg,bodbuogboobboobuooboobbo.ooa,od
goooboooboooboonD JunglebOoooooboooboOobD. bOoobooog
oooobo,000boobogboboboooobooooboon. Jungleooogo
gobob,ggobbboooobob. bbb bobboooobobbooon
gbodg.bboo,obbogbuooboobb,bbobbooboobboobbod
goboobobdod. gggoboboooobobobbdoooobobbooooboboobo,od
goboboooobboooobbboooo.bbboooobbooooboboao. d
gobboboooobobooooobooboooooboobboooob.bobobo,od
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gbobogobboodgbboogbbo,bbboobbooobbooobbood

ooooo.oogooboboo JungledODODOODOOOOOOOOOOOOODOODO
goboboogoobobod.

000000000000 0000000000O0O0O0O0UDOUODOUOD0OO0O (O 3.11,3.12,3.13).

QQQ s
Q%000 coe™
oQo% > OQ§Q0

—IRETT

U 31l gggooboooggoon

N - fQ' o

00 O\ Q F— 5%

T 9W§At8
ae- C%% DERERH 1

U312 000pboogoboboboooon

O
o 8~ é?Q' ™~

QO N\ Q T YHREB FIREAL
— BERL A
Q0 Q

aE—

U313 guubooougoooo
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3.4 U0OUOOOOOOOOOOOO

OOoDoobooobooDob JungledDOOOODOODOOODOODOOOODOODOO
go.gbbobdogooobbboooobboobooo,gobbobbuoooobobbooon
gobooo. oo, gobbbuooogbbboooobbbbuoooobbbooon
goooo.

3.4.1 0OJO00UO0OOOOOOOO

OO000bD0o0b0 JungleDOODOODOODOODOOOODOODOOOODODOO
gogo. gobbbbbbo,bbbtbuuooooob,obobbbboooooaad
gbbogobo. gbobuogbboobboobboobobooobbuoobbood
gbogbgooboboboob,boobobgobooboboobobooobo. oo,
goobo,bbodg,gubobobouoooobobbbbooooonobobboooon
gboboboobobobooooboboboooboboboobobo.bobo
ggoob,0bbobobbodooooooobb. bboo,bbobbboooogn
gbobgoooboboboboobobooobobo.bobooobooboobobg
gobobboooooobobooogbooo.

3/ 3
ZZERN
server server
nodef1 node2
S
4 ;7 T§ 4
server server
node3 node4

0 3.14: 0000 0O Network Topology

3.4.2 U0O0O0OOOOOOO

Jungle 000000000000 ODOO0OOODOOOOOOOODOO,D0O000O0O
gboggobodgbboobboobbuooobboobobooobboobobo. od
go,bugdgobbo,gbobbbodooobbbbooodobboboooobbbod.
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server
node

server
node

server server
server d node
node node
server
node
server server — \ corver
node node
v
T — S nOde nOde

0 3150000000000 0 3.16: 00000000000

00000000000 bO0oU0o0b00ob0obUobD0obOobOoDbDOoDn Alicedgonog.
Alice U000O0ODOO0OO0ODOODOODOODOODOODOODOODOOODOO,OO
gobbboogobbobuoooon.

3.5 00000000000 Alice

Alice 0000 O0ODOD0OU0ODOODODODOUODOODODODOO. Alice D0ODODO
DataSegment, 0 0O 0 CodeSegment 000000 0OOOOOODOODOOOOODOONO.
000000000 CodeSegment 0, 00000O00O0ODOONO DataSegment O 0O 0O O
00000000 (O03.17). CodeSegment 00000000000 OODOOOOOO,O00
CodeSegment 000000 O0ODO DataSegment O O 0. DataSegment [ CodeSegment
0oooooooooooooooooooooooooooon.

Data Code Data
Segment Segment
T
Segment
Data Data
Segment Segment
/ Segment

Data Data Code
Segment Segment Segment

0 3.17: DataSegment 0 CodeSegment 0 00O O0O00O0OO0OO
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3.5.1 MessagePack 000000000

Alice 0 0 DataSegment 0 0 0 00 00O MessagePack(http://msgpack.org) O 0 OO
OO0. MessagePack 00D OO0 0O0O0ODODO0OOOOODODO0OOOOOOOOODOOO
O00. Aliee0000O00OO0OODODODOODOOODODODODO,0D0ODODO
MessagePack OO0 OO OODOO0O0OOODOOOOOOO.

3.6 Jungle OO OONO

Alice 000000 O0ODOODOODODODODODOOOOODOODOO. DODOODOOO
000000000 0bO0O0bOO00bO00O0obOO00oDOO0O0ODOO0bD. OD0O0DOobOoOo
TreeOperationLog 00 O 0. TreeOperationLog 0000000000 O0O. OO Node O
000000000000 00000D000O000. 00 TreeOperationLog O Alice O
O000000bOO0o0oO0ooD, 0000000000 b0o0oo0oDoooooDoOooogon
00000, AlieeDOOODOO, OO TreeOperationLog 0 MessagePack D000 OO
O0000DO0DOO0bOOooooogoogon.

3.6.1 CAP OO0 Jungle

00000 Jungle 0OOOODOO,CAPOOOODODO JungleODOOOODODOOO.
gbobogoboboobobbooobbbooooobog,bboogbbooobbood
googbooboboooboob. bg,bbobbooboobooboobboon
gbbooobobooobbuooobbooobbuooo,bogbobboobobood
Ooobooooooooobobobo. 000 JungleooOoOoooOoOoOooDOOOOO
O00000DO0O.020000000000000000 Jungle0O CAPOOOO
gbg3.18000.

—B%

RDB MongoDB

A Cassanda  )RAIIE
Neo4j
Jungle

0318 CApO000000DO0ODODOOODOODOODO
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3.7 0O0o0oooooooon

Jungle 0000000 0O0OO0OOO0OODOOO0OODODOOODO,0O0DO0O0OO0DOOO
OO00000. 0000, 000000000DO00D0, 0000000000 oooan
0000000000000 000O00DO00ODO. DOO,000000000000
000000, 000000000 oooooooooooooooooooooan
0000000000, 000 Aliee0DO00ODDOOODOODO. Alice ODDOODO
MessagePack 000000000000 TreeOperationLog OO O0O. 0O0OO0OO0O0O
000 TreeOperationLog OO0 D 00O ODOOO0ODOODOOOODOOODOODOOOOOO
ooo.
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o000 JungleOOOODOOOODOO0ODO0ODOO.O00DOO JungledOOOOooOOog
goobooobuooobbo. bbb boobbooobuooobboooboon
00 Alice 000OD0O. 00, Jungle 00000000 O0O0O0OO TreeOperationLog O
O0. 00 TreeOperationLog 0 Alice 000000000 O0ODODOOOODOODOODO
oog.

4.1 Alice U000O0O0O0O0OO0OOOOOOO

4.1.1 0O0000O0OO0OO0OOODOOOO0OO0

Alice D00ODOODOOOOOOODODODOOODODODODOODO. AlicedDOnO
000000000000 4200000. (4.1).

Listing 4.1: Alice 0000000 O0ODOOODOOODOOODOODOO
1’[ % java —cp Alice.jar alice.topology.manager.TopologyManager —p 10000 —conf ./topology/tree5.dot ‘

-pU000000O0O0ODODODODOODLOODODODOO, -conf0ODOOOO0O dot
gobbooaoobn.

000000 Aliee0000O00OO0OOOOODODODODODODODODODO.
dot UO00O0O0ODO,000000D00O00O0O0DODOOOOODOD. ODOoDb,000
0000 50,2000000000000 det000O00O0O0O0O0O (4.2).

Listing 4.2 0000000 DOOOOOOO dot ODOODO

% cat treeb.dot

digraph test {
node0 —> nodel [label="child1l"
node0 —> node2 [label="child2"
nodel —> node0 [label="parent"
nodel —> node3 [label="child1l"
nodel —> node4 [label="child2"
node2 —> node0 [label="parent"
node3 —> nodel [label="parent"
node4 —> nodel [label="parent"

H O © 0 O Ut i W N

}

node0 O nodel O ODODODOOOOOODODO. ODOOODODOOOODODDOOOO,
Aliee 0000000000000 0000 (00)0O0DO0DODO0DO0DO0DOoOooooooood
O0000b00b00obo0o0obOd. node0-;nodel OOODODOOODOODOODODOOODOO
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0. 0000 label="child1” OO, node0 [0 nodel DO DO OO"child1”OOOUOODOOOO
gobbboooobbobogd.

dot OOOOOOODOODO AliceO0O0O0ODOODODOOODODOODO,000000O
gbbuogbbooobboob.buoobboobobodbboobboobbood
oooooobobooog,detd0obob0o0oboobOoboobOobOoboboobogo
gobbobooodaobo.

gbogbobogbobodgbogbboobooboobboobuooboobooba
O,00000000.dot00O0O0O4200000000000000041000.

Topology server
Manager ERioRnabt node0

paren't//( \ child2
hild1 t
server server cnl paren
node0 node3d server server
> node1 node2
PareW Y:"dz
server server . \
arent
node1i node4 child1 p
—— server T —— server server
node2 node3 node4

0 41: AlieceDO0ODOOOO0ODOOODOOODOO

I A A 1 1 B
"child2”, "parent” OO0 O 0O0D0OO0ODOO0OO0OO0OO0OOOO0DOOODOOOODOODOO
gobbood.gobboboooobbobuooooboog.

4.1.2 O0O0O0OOOOOOOOO

00 Jungle 00000000000 Aliee 01000000000000000000
0.000000 Alice 0 TopologyNode 100 00000000000000O0OOO
000 (4.3).

Listing 4.3: DO0O0OO0OO0ODOO

public static void main( String[] args ) throws Exception

1

2

3]  RemoteConfig conf = new RemoteConfig(args);

4 new TopologyNode(conf, new StartJungleCodeSegment(args, conf.bbsPort));
5 }

TopologyNode DO OO0 200000 CodeSegment 000 0O 0O. TopologyNode O O
gobo0oboOobOobobooogooooboooboogDoOobUobD. booooogooboo
0000000O00oOoU0oOOo0oO00oo0ooU0ooDOoU0DOoUooOoooOooD. oo,
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020000000 StartJungleCodeSegment OO OO 0O O. StartJungleCodeSegment
gogoooooobooouoooooon.

gooooooooooooooooooodooog, togdooooooood
godobooboobooboouobobugbobuob. O0od, mass00.cs.ie.u-
ryukyuacjp 00000000 0O0OOOO 1000000000 000O0O0O0O0O0O000O0O0O
0000000000000 (4.4).

Listing4.4: 0 0000000000000

1’[ % java Program —host mass00.cs.ie.u—ryukyu.ac.jp —port 10000

4.2 Alice HOOOOOOO0O

Alice0000O00DODOOOOODOOOODOOOOODOOOODDOOOOD, AL
ice00 0000000000 DOODOOODOODODOOOODOO. OO0 DataSegment(O O
0)0 CodeSegment(0 0 0)00000000000. OO000OOO DataSegment O
CodeSegment 1 D 0O O0O0O00OO0ODOCOOOOOO,OD0000O0DOCO0O0OOODO
goooo.

4.2.1 Alice U0ODDOOOODODOO

Alice 0 DataSegmentd 0 00 00 CodeSegment0 000000000000 OO0O
DO0000000. CodeSegment 10 OO0 OO0 OO DataSegment 00O DO ODO. ODODO
DataSegment 0 0 0 OO0 OO CodeSegment D0 D0 OO OODOONONO. DataSegment O O
000000000000 0D00D00. 0000000 CodeSegmentd OO O0O.

Listing 4.5: CodeSegment [ 00 [

1| public class TestCodeSegment extends CodeSegment {
2| public Receiver argl = ids.create(CommandType. TAKE);
3

4 public TestCodeSegment() {

5}

6

7| public void run() {

8 int count = ds.asInteger();

9 count+-+;
10 System.out.println("count, =" +count);
11 if(c > 10) { exit(0); }
12 CodeSegment cs = new TestCodeSegment();
13 cs.setKey("count");
14 ods.update("local", "count", c);
15}

17 public static void main(String]] args) {

18 CodeSegment c¢s = new TestCodeSegment();

19 cs.argl.setKey("local", "count"); // setKey API
20 cs.ods.update("local", "count", 0);
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000,000 100 1000000000000 000b0000o0. obobobooao.
O 0O TestCodeSegment [ 1 O CodeSegment I 00D OO0 csOOOOO. esO argl U
O0 Receiver OO OODOOODOODOOODOONO, Receiverd O OO DataSegment O O O
D0000D0000D0. arglDOO setKey APIODODOOOO, 000DODO DataSegment
O007cout” 0000000000 O. 0O000000’count”00000OOOOOO
O000,0000000000caO0000000O0DO00O. setKey APIDODODOODO
O0007ecal’DO0OOOONO DataSegment 0 00D OO0 D0OO0OOOODODOO. OO
OD0Ooooooogo”lecal”’d O,

O00O0000 ods.update 00O 0O0O0O. ODOOOOO 200000 updateD O
O7cout” 000000000 OO0OO0OOODO. updatedOO0ODO ecsOODOODOODOO
O0o0obooos8sooboooooooog.

update D OO0 O07count” 00000000 0O Receiver OO dsODODODOOOOO
O000. 80000 140000 ds.asIntegerO OO0, "count”’ 0000 OOOOO
0000000 b0o00ob0b0o0o0obbOO0. O0OD0000 ods.update0 00O OO.
000 TestCodeSegment 0 DO D000, 00000000O0O0OONO”count”d update
Jooobooboboo.obobobobob’count’d 00O 1I0000O0DOODODOO.

local local
DataSegment DataSegment
"count"
. update TestCode |UPdate | | TestCode
main > 1 »
Segment Segment
queue

O 4.2: DataSegment [0 CodeSegment 0000000000

4.2.2 000000 O0OO DataSegment 0000

Alice000OD0DOO0ODOOODDOOODOOODODO. DOODODOOODOODDOOODOO
0000 DataSegment 0 0 0000000000 OO0DOODODOO.

O0,Alice00020030000000000000000000O0000O. 0000
0000oOo0ObOO000000do 43000, 00000oooO,0b0b0O0000000
000000 o0ooooOoooooboooooooog.

server node(, server nodel, server node2 0 000000 OO0OOOO. O0O0OOOO
RN

Listing 4.6: 000000000 DOOO0OO0OO0OO CodeSegment

1i public class SendMessageCodeSegment extends CodeSegment {
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local local
DataSegment DataSegment
"count”
. update TestCode |UPdate | | TestCode
main > 1 >
Segment Segment
queue
043 00000000
2
3| Receiver sendNodeList = ids.create(CommandType. PEEK);
4 public SendMessageCodeSegment() {
5 sendNodeList.setKey(““_CLIST??);
o }
71 @Override
8/ public void run() {
9 @SuppressWarnings(‘‘unchecked’ ?)
10 List<String> list = sendNodeList.asClass(List.class);
11 BufferedReader reader = new BufferedReader(new InputStreamReader(System.in));
12 String message = null;
13 try {
14 System.out.println(‘‘Please enter your message’?);
15 while((message = reader.readLine()) != null ) {
16 for(String node : list) {
17 ods.put(node, “message’’, message);
18 System.out.println(“‘send message to ‘“+node);

19 }

20 } catch (IOException e) {
21 e.printStackTrace();
22|}

23 }

4.3 UO0O0O0OOOOOO

gbobobooogoobobooooboog.
gbooobuodg,ogbbobuoobboobuoobbooboobboobbad.

4.4 UO0UO0UOoOoUoouoboubouod

Jungle DO DOO0OO0OO0O0O0OOOOODOODOOOOOOODO. DOOoOoOobOOoDbDOoO
goggooboobbbboboobbbbbobooobooddoodouooooooon
Oob0. JungleDODOODOOOOOOODOODOODODOOOOODOODODODOO.
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gobobuooog,bbuoggobobbbuoooobobobo.buoooobobod
ooooooooboobobob. ob JungleDODOOOOOOOOOOOOODOODO

oooo44000.

message message
timestamp timestamp

044 Jungle DO OOOOOODOODOODODOOOO

message
timestamp

message
timestamp

gboboooboobooboobol1loobooboboboob.oboob10bbon
OO00oooooo100o0ogooooooD. ob,b0b000 attributes DO OO
00000000 message UODDODODUOOOOO0DOO timestamp DO OOOOO. O
gpbooobogbobobooboobuooboobobobo.

gboboooboboooboboooboboooboboobobnoobobno,boo
gboobgobobb.0oboobobbobbooboo 45046000,

server server
node0 nodef1
? *
2AE2BIZFENZEND
/—RICIEIERU

FE®FICEZTIAEN
timestamp timestamp
@ @ 10000 @ @ @ 10100

045 0000000000000 000O0O0OO0O0O0DO 1
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server server
nodeO node1
*
— 5 DEEMH
#mn%

OO OO

7’

__________

O 46: 0000000000 O0DOODOODOODODOOnD 2

0460 servernode0 OO ODOODOOOOOOOODO. DODOOODOOOOODOO
U, b0odbboodbbuodgbbuoobobuooobooob. 000 timestamp U000
gogobbob. bbbouooooobobbbbbobododd, timestamp U004, g
gobobobooooobbbodd timestamp DU OO0OO0O0DO0OO0O0O0OO0ODOOOO0O0
gobb.booobbbooodgbobbbooodobbboooobon.
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050 UOO0O0O0OUOoOoOUdn
Jungle U 0

o000 Jungle 0O0O00O0OO0O0OO0OODOODODODODOOOOOOODO.OOOOOO
0000 Jungle 0000 Cassandra D00 0OO0O00D0OOO0O0DOCOO. OO0OO0OOOO
O0000000D000 Jungle O Cassandra OO OOO0OOO. ODOOOODOODO
Oo0ooooooooooobo0oboobobOo,b00b0b0o VMWare DODOODOODO
goo.og,b0booboobobooboobobooboobobD KvMOOO
gbogoobogoboo.

5.1 O0OOO

OU0b0oobooboobooooobooboOobonbg Jungle O Cassandra 0000
gooo, frrpodoooboobooobooboo0. bobooboobobooonog
goooo.

gb,gdb200b0.0ogoboogo,ggbbuoobboobbodb1gobod
gbbugbbogobb.oubbuoobboobobbodobbuoobboobood
gobobooggoboo.

HTTP

Request [ server
node

server server
node node
\ /7
\ /
¥ N RO
server f i ‘| server
node 1 i ‘1 node
/7 \
/ \
N {4
¥ BT/ — RAKENT NS

O51: 000000 Jungled 10000000
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HTTP

- Request

server
node

[

server
node

server
node

server
node

server
node

\

server
node

server
node

O 52000000 Cassandra 10000000

gobbobbouooooobobbooooobbobboooooobbobooooan.
gooooobO HTTPOO0O0DODOO0OOLO,ODDO00D0DOOO0DbDOO0ObDbDOObDDbO

guo.

googboooboobooboobooboboobooboobboobbooobo

gobbooooooboobod.

Clients

HTTP

client 1 Request

Server nodes

client 2

client N

Cassandra

H00E

D
i
-
=

U s3: 0b0uoaobbbougoobobouooaon

5.1.1 weighttp

gbbggbilgbbodgboooboobbooboobooboonobuoobobg
O weighttpO OO OO. weighttpOOOUOODOOO,00000,0000000000
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ooooooboOobobooobooboooboo chboboooooooooooDo.

5.1.2 JUOU0OOOO0O0

gbobooooboboobobooboboboboobgJettyd oo
O00000D0,0D000000 Jungled Cassandra DO O OO0ODO.

5.1.3 U000
gobbobuoooobooboogo

0000 VMWare KVMOUOOOODODOODOOODOOO. ODOODOO0OOOOO 5.10
gs2000.

051000000000 VMWareODOGQOOGOGO

oo | 0o
CPU Intel(R) Xeon(R) CPU X5650@2.67GHz
Memory 8GB
OS CentOS 5.8
HyperVisor VMWare ESXi
JavaVM || Java(TM) SE Runtime Environment (build 1.7.0-b147)

Us2:. 000000000 KVMOOOODOOO

oo | 00
CPU Intel(R) Xeon(R) CPU X5650@2.67GHz
Memory 8GB
0OS CentOS 5.8
HyperVisor KVM
JavaVM || Java(TM) SE Runtime Environment (build 1.7.0-b147)

1000gogoobooooboboogd

gbbuogbbougbobooobboobbuoobbuoobb.ooobboobod
g s300d
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0 5.3:
oo | 00
CPU Intel(R) Xeon(R) CPU X5650@2.67GHz
ooooo 12
ooooo 24
Memory 132GB
(ON) Fedora 16

gooobodg

HTTPOOOODOOOOOOOOOLOOOODODODOLDO.bOobOobOobOobDog
gbobdobobooboooobobobooboboboooboobooboobobg
gobobo.0b200000000b0b0bbo0oooboboboog,obobbaoad
gbobgoooboooooobobooboboboobob.oboboboobobo
gobbbooooboboooobboboooobobuoooob.

Listing 5.1: DO 000000000

1’[ % sudo sysctl —w net.core.somaxconn=10000

gobbboooobbboooobobobboooooboobooo

Listing 5.2 DO UODOO0OOOO0ODOOODOO

1{ % ulimit —n 10000

5.2 0OOODO1

Ooboobooogoosotbobiwbobn weighttpO ODOODOODOOODOOO.
weighttpO OO DOOODOOOOOOOODODOOO

Listing 5.3: weighttp 0 OO OO0

1| weighttp —n 1000000 —c 1000 —t 10 —k "http://url"

ggobobboogogilobboob,bododg oo, 0bbobobbooooood
gbogobogoooo.

goddoooo. goooououououoouooooooooooobboooooag
00000 (0), 0000000000000 Jungle O, Cassandra 0000000
OO00O0DO0O0 QUORUM, ONEODOODODOODOODOO. Cassandral OO ODOOODO
gbs0dbd.
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050 0OO00OODODODODOO Jungle OO0

read benchmark(1,000,000 Requests)

300 T T T T T T T
Jungle —+—
Cassandra Consistency Level Quorum ---x---
Cassandra Consistency Level ONE ------
250 |- T i
\\\>< - T M
200 i
3
2} J O . et :
& 150 F * * E
£
100 ]
50 4
-—— - -w 0  y — —— ————— 1
0 1 1 1 1 1 1 1
10 15 20 25 30 35 40 45 50
nuber of nodes
054 000000000000
write benchmark(1,000,000 Requests)
600 T T T T T T
X Jungle —+—
_--~" Cassandra-Consistency Level Quorum ---x--—-
T Cassandra Consistency Level ONE ------
500~ i
400 ]
©
]
S 300 - N
= S R
200 ]
100 —//J; E
0 1 1 1 1 1 1 1
10 15 20 25 30 35 40 45 50

nuber of nodes

U ss5: 0bbugooboogn
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gboobo,0b0o0,gobob Junglel 300000 0O0ODO0ODODDOODOODO
OO000d0. 00, Cassandrall Jungle 00O OO0 0OO00O000O00OO0OO0OOOOO
goboboogoobobod.

5.3 UQOOO2

gbooboobooboobooboboobbobobooboobuoobo vM b 48
Oo0D, 00000000000 KvMOO 1200000,0060000000. Jungle
O Cassandra0 00 0000OO00ODOO 100,200,3000000,0000000 100,
200,300 000000D000D. KvMOODOOoooooooooogo. weighttp
gobboooobbbuooooooo.

Listing 5.4: weighttp 000000000 20

1| weighttp —n 50000 —c 200 —t 2 —k "http://url"

gbobob10coobobobsboo HTTPOODODOOODOODLOO. D0 10D00ODO
gbooboobobbobooboobovMbOoboooboooboobooo.

gobbobogoobobooooob.bbbooouobbbuoooun 5.6,5.70
guo.

distributed read benchmark (Requests : clients * 50,000)
30 T T T

e ) Jungle ——
- Cassandra Consistency Level Quorum ---<---

25 | T .

20 E

time(sec)

5 1 1 1
10 15 20 25 30

number of nodes and clients

g s6:00000obboouooooboobuoooon
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write benchmark (Requests : clients * 50,000)
120 T T T

Jungle —+—

110 L Cassandra Consistency Level Quorum -—x-—-_-

100 | .
9 | g
80 | ’ i

70 | .

time(sec)

60 | _
50 L _
40 | _
30 F _
T

10 1 1 1
10 15 20 25 30

number of nodes

Os57000000b000bo0booboobon
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6.1 OO0
6.2 O0OOOO

6.2.1 0OOOOOOOO
6.2.2 MergerU OO0 OOQ

6.2.3 CompactionOOJO0O0O0O0O0O0O00O0O
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HREN

gobbbbbooodg,obbobbuoooobbbboooo,gbbboboooad
goboboboooooboboooobooo.
OO0,0000000000D0000O0O0000O0,0000 SymphonydOOOOOO,
gbbuodboogbbuoobbooobbuoobbuoo. oboobbuoobbood
gbgoboboobooboobgn.
gbbodgbobog,oogoooobooa, bbb, 0bogbbuoobboo oonb,od
gog,boboboobbobooboobooboobuoobon.
gob,oggobbbuogoobboboooobooag.
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