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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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3.2.1 NodeOperation
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O00000,00 API O NodeOperation 000 00O . NodeOperation 0000 400
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e addNewChild(NodePath _path, int _pos) NodePath 0 OO OO0 Node OO O
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gobbobud. gggbobboooobbbbuooobobboooobobo,od
gbobboodobobboooobbbooo.bboooobboooobboao. d
gobbobuoooobboboooobbobooogobooboboooob.bobobo,od
gbboodgbboodbboodobboa,bbbooobbooobboodobbood
OO00oOo0.ooooob0obDOo JungleODODODOOOOOOOOOOODOODOODO
gobboooobbod.

0000000000000 0000000000000000000000 (0 4.2,4.34.4).

Q e R
A . bbb \QQQ

00 > 000

TYRERT

U 311:00b00d0boogbogog

QQ N CQO m;AOng'\

OO O\ Q F— 5 REB

0
Qp— T TIREALB
DIEREFF > fek
Bh

U312 00d0pbougoboboboooon

3.4 UO0UOUOOOOOOOOOOO

OOoooboooboobDob JungleDOOOODOOOOODOODOOOODODOO
go.gbbbdogogobbbooooboboobooo,gbbobbuoooobobbooon
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O
o 8y égqo >

OO \ Q T IHREB F—SREAE
e CQQ — BEZS oA
Q 0 Q

U313 dggbooougoooo

goboo.bod,gobbbuoooobbbuoooobbbbuoooobbbooad
goooo.

341 00000000000

gboobooobg JungleDOOODOODOODODOOODODOODOOODOODODOOO
ggo. gobbbobbbo,bbbtbodgooooob,gobobbbouooooood
gbobuogobo.gobugobooboboobbooobooobbuoobboog
gbbogdgbbuogobba,bbuooobbuooboboobbooobobo. og,
goobo,bbod,guobobboogoooobbbboooooobobboooag
gbbuogbbuogbobuooobbooobbodobbuoobbuoobboono.bood
ggobob,0obbobbbboddguooooobb. bboboo,bbobbbooaad
gbbugoboobobuoobbooobboobboo.oboboobuoobbood
gobbboooooobobooooooog.

3/ 3
TN
server server
node1 node2
S —
4 ;; :\\ 4
server server
node3d node4

0 3.14: 000 00O Network Topology
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3.4.2 U0O0O0OOOOOOO

Jungle 000000000000 ODOO0OOODOOODOOOOODOO,D0O0000O0
gboggobodgbboobboobbuooobboobobooobboobobo. od
go,bugdgobbo,gbobbbodooobbbbooodobboboooobbbod.

server
node

server
node

server
node

server
node

server
node

server
node

server server \

server server
node node

T — T —

0310000000000 03.16: 00000000000

00000000000 DO0O00O00bO0b0ObO0ODbOODbODOD AlicedDOonDO.
Alice U000O0ODO0OO0ODOODOODOODOODDOODOODODOODOOODOO,OO
gobboogobboboooon.

3.5 UD0O0OO0O0O0O0O0O0O0O0O Alice

Alice DDO00ODDOODODOODODOOODOOODOOODO. Alice DOOODO
DataSegment, 0 000 CodeSegment 0000000 O0OOODOODOODOOODOODO.
000000000 CodeSegment U, 00000 OOODOONO DataSegment OO OO
00000000 (O 4.8). CodeSegment 000000000000 OODOOODOO,O0O
CodeSegment 0 0O OO0 OODO DataSegment [0 O 0. DataSegment [1 CodeSegment
0000000000000 0oooDooDoOooooooooogn.

3.5.1 MessagePack 000000000

Alice 0 0 DataSegment 00 0 00 00O MessagePack(http://msgpack.org) 00 OO
OO00. MessagePack 00 DO 0000O0OD0O0O0OOO0ODO0OOOO0OOOOODOOO0
O00. Aliee 0000000 D0OODODODODOOODODODODO,0D00DOO
MessagePack D0 00O OD0OD0O0O0O0O0OODOOOOOO.
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Data Code Data
Segment Segment
Data Data

" Code
Segment
Segment Code Segment
Segment
Data Data Code
Segment Segment Segment

0 3.17: DataSegment [0 CodeSegment D 0O D OOOOOOO

3.6 Jungle 00 0O0OOMO

Alice 00000D0O0ODOODOODODODODODOOOOODOODOO. DODOODOOO
OO000o0oO0obOoO0obOoO0bOOo0bO0oo0ooO0obOOo0ooDODOooDOO0bD.Ob0oobDOoboOoo
TreeOperationLog 00 O 0. TreeOperationLog 00O D0 O00O0O00O0O0O. OO Node O
0000000000000 00D0O00D0OoO0DOg. OO0 TreeOperationLog O Alice O
O000000DbO00000O,0000000000DO00000DO0000DOO00ODO0O0
O0000. Alice 0OODOO0O, OO TreeOperationLog 0 MessagePack 00000 O
O0000D0DOO0bOO00oO0oOoDooogn.

3.6.1 CAP OO0 Jungle

00000 Jungle OOOOODOO,CAPOOOODODO JungleDOOODODODOOO.
gbobogobobogobboobboboooboog,bboogbbooobbood
gobbobboooodgbobbobo. bb,buooodobbbbooooobbbbodao
gbobogoboboooobbuooobbooobbuooo,bogbobboobobood
Oooboooooooooobo. 000 JungleooooobooooobOoOoOooO
O00000DO0O.020000000000000000 Jungle0O CAPOOOO
gbg49000.

3.7 0O0o0oooooooon

Jungle 00 ODO0OO0OODOOOOODOOOODODOOOD,00DbODOODOD
gogooboobo. bboob,bbbbdoooooob,obbbbbboooooaoon
ggooouooobobobbbbiboodoooood. guu,guoooobobobbbibo
godddd. oo L OO
O000000O0O0O0O,000 AliceDODODOOODOODOO. AliceODODQODOO
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RDB MongoDB

Ak Casanda  )RITITIE
Neo4j
Jungle

O 318 CAp 000000 DO0ODODOOOOODOOn

MessagePack 0000 0O0OOOOOO TreeOperationLog DO OO. DOOOOOO0O
000 TreeOperationLog 00D 000000 D0O0ODO0ODOOODOODOOOODOODOODOO

goo.

00 Database Jungle D0 0O 0OD0O0
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40 00000000 JunglelD U

4.1 0OO00O0OO0ODOODOOOOOUOOOOOOO0

Jungle 0 Git 0 Mercurial 0000000000000 O0OOOOOOOOOOOOOO
gob.bobogogbbboooob,bbougoobbobobuoooobobbooon
gbbuodgbbuoobbooo. bboobboobbodobboobboobobood
00000000000,000000000000000000000 (04.1). 000
gbboodgbboodbbo,bbboodobbboobbooobboodobbood
gobbobuoooobboboooobbobooogoob.bobog,obbboood
gobbbbboooooobbbooodoobbbobooooobobbbboooan.
gobobobbooodg,gbobbuooooobbobbog,gooobooboooad
gooobobobo.oboboboooobobobo,oooobobobobooon
gobboboogoobboooobob.bogg,bbboooobooboooobn.

—

repository

—
—
—

1 l

O 41: 0000000000000

4.1.1 0O0O0O0OO0OOOQObOOOOoOooon

gboogbboobda,bodbuogboobboobuooboobbo.ooboa,bd
goooboooboooboonD JunglebOoooooboooboobD. boobooog
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gboooo,boboobobooboboboobuooboboob. Jungled oo g
gobbb,ggbobbboduooobbb.boooobbbboooobbboood
gboodg.bboo,gbbogbuooboobb,bboobogboobboobbod
gobbbdud.gogbbbboooobbbbuooobboboooobbbo,od
goboboooobboooobobboooo.bbboooobbooogboboog. d
gobbbuoooobbbooooobbboooobobbboooob.bbbo,od
gbobogobboodgbbuoogbbo,bbboobbooobbooobbood
oooobo.oogooboboo JungledODODOODOOOOOOOOOOOOODOODO
goboboogoobobod.
O0000000000000000000000000000O00O00O00O0 (04.2/4.3,4.4).

QQQ 75k
Q300 coe ™
oQo% > OQ§Q0

ToYRERT

042 0000dooboooodn

O
£ e & céjqc ™~

OO O\ Q F— 5 REB "
= 4o — g gfeto
00 Q00

043 00000oboooogagobon

4.2 0OJUO0O0OOO0OOO0OO0O0OO0

OO00oobooobooDbob JungledDOOOODOOOOODOODOOOODODOO
gb.gbbbuoodgbbbbooodobbbog,gobbbbuoodoobbboood
gobooo. oo, gobbobuoogbboboooobbobboooobobbooon
gogoo.
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040 0DOU0O0OODOOO Jungled OO

O
o 8y égqo >
00 O\ ) 7ssmss '
<&

U44: 000000000000

4.2.1 0O00OOOOOOO

HEN

ToYREAL
BzZ (oK

00000000 JungleDOODOODOOODOODOOOOODOODOOOOODOODOO
ggo. gobbboobo,bbbtbdgooooob,goboobobbooooooon
gbobgooog.ooooboboboboobobobooboboboobobg
gbboggbbogoboba,bbuogobbuoooboboobobooobobo. o,
gbood,boob,gobgoboboobuoobboobbooboobboobboobog
gbbuogbbuoobobooobobooobboobbuoobbuogobbooo.bood
gbooo,boooboobboobbooboo. oboo,0boobbobobo
gbbuogoboobobuoobbooobbuoobboo.obooobuoobobood

gbgobooboobobbo

gogo.

server
nodef1

4ﬂ4

server
node3d

server
node4

server

node2
S —

0 4.5: 00O 0O0ODO Network Topology
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4.2.2 O000O0O0OOOOO

Jungle 000000000000 ODOO0OOODOOODOOOOODOO,D0O0000O0
gboggobodgbboobboobbuooobboobobooobboobobo. od
go,bugdgobbo,gbobbbodooobbbbooodobboboooobbbod.

server
node

server
node

server
node

server
node

server
node

server
node

server server \

server server
node node

T — T —

0460000000000 047 00000000000

00000000000 DO0O00O00bO0b0ObO0ODbOODbODOD AlicedDOonDO.
Alice U000O0ODO0OO0ODOODOODOODOODDOODOODODOODOOODOO,OO
gobboogobboboooon.

4.3 0J00O0O0OO0OOOOOO Alice

Alice DDO00ODDOODODOODODOOODOOODOOODO. Alice DOOODO
DataSegment, 0 000 CodeSegment 0000000 O0OOODOODOODOOODOODO.
000000000 CodeSegment U, 00000 OOODOONO DataSegment OO OO
00000000 (O 4.8). CodeSegment 000000000000 OODOOODOO,O0O
CodeSegment 0 0O OO0 OODO DataSegment [0 O 0. DataSegment [1 CodeSegment
0000000000000 0oooDooDoOooooooooogn.

4.3.1 MessagePack 000 O0OO0OON

Alice 0 0 DataSegment 00 0 00 00O MessagePack(http://msgpack.org) 00 OO
OO00. MessagePack 00 DO 0000O0OD0O0O0OOO0ODO0OOOO0OOOOODOOO0
O00. Aliee 0000000 D0OODODODODOOODODODODO,0D00DOO
MessagePack D0 00O OD0OD0O0O0O0O0OODOOOOOO.
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Data Code Data
Segment Segment
T
Segment
Data Data

Segment Code Segment
Segment
Data Data Code
Segment Segment Segment

O 4.8: DataSegment [0 CodeSegment 0O OO DOOODOOONO

4.4 Jungle 0OOOO0O

Alice 00000D0O0ODOODOODODODODODOOOOODOODO. ODODOODOOO
OO00000O0obOOo0bOoO0obOOo0bO0oo0ooO0obOOo0oDOOoobOOobD.Oboo0obDOoboOoo
TreeOperationLog 00 O 0. TreeOperationLog 0000 O00O0O00O0OO. OO Node O
0000000000000 00D0O00D0OoO0DOg. OO0 TreeOperationLog O Alice O
O000000DbO00000O,0000000000DO00000DO0000DOO00ODO0O0
O0000. Alice 0OODOO0O, OO TreeOperationLog 0 MessagePack 00000 O
O0000D0DOO0bOO00oO0oOoDooogn.

4.4.1 CAP OO0 Jungle

00000 Jungle OOOOODOO,CAPOOOODODO JungleDOOODODODOOO.
gbobogobobogobboobboboooboog,bboogbbooobbood
gobbobboooodgbobbobo. bb,buooodobbbboooaobbbbodao
gbobogoboboooobbuooobbooobbuooo,bogbobboobobood
Oooboooooooooobo. 000 JungleooooobooooobOoOoOooO
O00000DO0O.020000000000000000 Jungle0O CAPOOOO
gbg49000.

4.5 UUOLOUOUOOUOoUooUog

Jungle 00 ODO0OO0OODOOOOODOOOODODOOOD,00DbODOODOD
gogooboobo. bboob,bbbbdoooooob,obbbbbboooooaoon
ggooouooobobobbbbiboodoooood. guu,guoooobobobbbibo
godddd. oo L OO
O000000O0O0O0O,000 AliceDODODOOODOODOO. AliceODODQODOO
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RDB MongoDB

Ak Casanda  )RITITIE
Neo4j
Jungle

049 CApOUO0O0OO0OO0OOOODOODODODOOO

MessagePack 0000 0O0OOOOOO TreeOperationLog DO OO. DODOOOOOO
000 TreeOperationLog 00D 000000 D0O0ODO0ODOOODOODOOOODOODOODOO

goo.
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25



60 000000000 Junglel U
HREEN

0000 Jungle OOOODODOODOOO0ODOO.O0ODO0O JungleOOOOOODOO
O0000000000O0. 000000 0bO00O0O0ObO0obOOo0ooDOooODOoDbOoOn
00 Alice 0O0DODOO. OO0, Jungle DO0O0OD0OOO0DOOODOO0O TreeOperationLog O
O0. 00 TreeOperationLog 0 Alice 000000000 O0ODODOOOODODOODO
ooo.

5.1 Alice D0DO0O0O0O0OOOOOOODOO

5.1.1 UU0OOUOObOOO0OOOoOOn

Alice 00000 0ODODOODOOOODODOODOOOODODODOO. AlicebOOnO
000000000000 s5200000. (5.1).

Listing 5.1: Alice 000000 D0OO0ODOOODOO0ODOOODOODO
1’[ % java —cp Alice.jar alice.topology.manager.TopologyManager —p 10000 —conf ./topology/tree5.dot ‘

-pUb00O0O000OO0O0ODOODLODODODLOODODODOO, -conft0 000000 dot
goboboogooboo.

000000 Aliee000O0OO0OOOOOOOOOOOOOOOODOOODOOODOOO.
dot DOQOOOO,000000DLO0O0DbOO0ObDbOOo0ObDbDOOD. Obob,bOo0
000050,2000000000000 dotDOOODOOOOO (5.2).

Listing 5.2: 0000000000000 dot ODOODO

% cat treeb.dot

digraph test {
node0 —> nodel [label="child1"
node0 —> node2 [label="child2"
nodel —> node0 [label="parent"
nodel —> node3 |[label="child1"
nodel —> node4 [label="child2"
node2 —> node0 [label="parent"
node3 —> nodel [label="parent"
node4 —> nodel [label="parent"

= O © 0 O Ut i W~
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node0 U nodel O ODODODOOOOOODODO. DOO0OLODDOOOOODODODOOO,
Aliece 0000000000 OODOOO0OOOD (00)OODOODODODDOOOOODOODOOOO
UbO0bO0boboobooobd. node0-,nodel HOOODODOOODOOOODOOODOO
0. 0000 label="child1” O, node0 O nodel OO O OO7child1”O000O0OO0OOO
gobboboooobobogd.

dot UO0DODOOO0OOODO Aliece0O00OOOO0ODOOODOOODOO,00D0000O
gbobogboboggbboob.buogbboooboobboobboobobood
ooooooboboboog,det000bob0oooobooboobobooooogn
goboooooobo.

gbogbbodgbobodoboobbobobooboobboobuooboobba
O,00000000.dot0D00O0OB20000000000000O0O00510000.

Topology server
Manager BERSTOEWEbLE node0

parery \ child2
4 Id1 parent
server server
node0 node3 server server
e — e — . node1 node2
—— .
child2
pareW \
server server .
t
node1 node4 child1 paren
e — server e server server
node2 node3 node4

O 5.1: AlieceO000OD0O0ODOODODOOODOODO

I A A A 1 1 B
"child2”, "parent” OO0 O 0O0D0OO0ODOO0OO0OOOOOO0DOOODOOOODOODOO
gobbood.gobboboooobbobuooooboog.

5.1.2 JUUOOLOUO0OOOoOon

00 Jungle 00000000000 Aliee 01000000000000000000
0.000000 Alice 0 TopologyNode 100 00000000000000000O0
000 (5.3).

Listing 5.3: DO 000000000

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

RemoteConfig conf = new RemoteConfig(args);
new TopologyNode(conf, new StartJungleCodeSegment(args, conf.bbsPort));

U Lo N
—~

}
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TopologyNode 00 OO0 200000 CodeSegment 00 00O . TopologyNode O O
00000000000 0O0DO000bO0ODOO0oOO0OO0bO0ODOO0OD0. ODboOobOobDboOoo
0000000000000 oO0oDOooooo0ooooOoobODOoooooooo. ooo,
020000000 StartJungleCodeSegment 00 000 O. StartJungleCodeSegment

gobbooggboboboooobbboogd.

gogouoobboguoobbbbdooodobdoooouob,bbbodoooabaad
gogbooboboooboobogooboouobbooobbodg. 0db, mass00.cs.ieu-
ryukyvacjp OOO0OO00O0OOOOOO 0000000000000 00O00O0OOOO

O00000000O0ooo0 (5.4).

Listing 5.4: DO 0ODO00OOO0DOOOOO

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

5.2 Alice DO0DODOOOOMO

AliceDO0DO0OD0O0O0ODOODOODODOOODODOODOODOODOODOOOOODOONO, Al-
ice00 0000000000 DOODOOODOODOODOOOODOO. OO0 DataSegment (O O
0)0 CodeSegment(D 00 )0 D00D0O0O0OOOOO. ODO0OODOQO DataSegment O
CodeSegment 1 0 0000 0O0O0O0OO0OOOO0OOO,000000000000O000O

goooo.

5.2.1 Alice UD0DOOO0OOOOO

Alice O DataSegmentd 0 00 00 CodeSegment0 00000000 D0O0O0D0OO0O
OO0000000. CodeSegment 100D OO OO DataSegment 00O DO OO. ODODO
DataSegment D 0 0O OO0 CodeSegment DD D OO OODOOOO. DataSegment 0 O

O00000DO00O0000D00D00.0000000 CodeSegmentd OO0,

Listing 5.5: CodeSegment O O 0

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

4 public TestCodeSegment() { }

5|

6/ public void run() {

7 int count = ds.asInteger();

8 count+-+;

9 System.out.println("count._|=._,"+c0unt);
10 if(c > 10) { exit(0); }
11 CodeSegment c¢s = new TestCodeSegment();
12 cs.setKey("count");
13 ods.update("local", "count", c);
14}
15
16| public static void main(String[] args) {

00 Database Jungle D0 0000
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17] CodeSegment cs = new TestCodeSegment();
18| cs.argl.setKey("local", "count"); // setKey API
19| cs.ods.update("local", "count", 0);

2}

21‘ }

000,000 100 1000000000000 0O00O00O00D0. 0bOobOobOoDbao.
70000 1900000000 DO0DbO0O0. 00 TestCodeSegment O 00 O CodeSegment
O000000 csO0O00OD0. ecsO arglODO0O Receiver OO0 ODOOO0OOODOOODOODO
00, Receiver 0 OO0 DataSegment 00 DO DOOOOOOOOODO. argl OO setKey
APIDODOODOO,D000D000 DataSegment D OO 7count”0000O00OODOODO. O
O0ooo0”’cout” 0000000 0OO0OOOODOO, 0000000000 cc0bOOO
OO00000. setKkey APIDDOOOOODOODOODO”ocal’0000O0OO DataSegment
0000000000 bO0obobO0obo.ooboobooboooOrecal’dOd.

O0D00O000 ods.update O DODODOO. ODODOOOO 190000 update OO
O7cout” 000000000 O0O00ODO0OOO0O. updateJOO0ODO ecsOODOODOODOO
0000000 8O00Oboooooooog.

update 0 000 07count” 0D 0000000 00O Receiver D00 dsOOOOO0OO0O
gooOg. 70000 130000 ds.asIntegerO OO0, "count”00OOOOOOOO
000000000000 DbO000bDbO0. OD0OD0O000 ods.update0 00O OO.
000 TestCodeSegment U0 OO OO0, 0000000000D000DO”count”d update
000o0o0oobooboo. obobobobob0’count’d 00O 1I00D00O0DODODOO.

DataSegment 0 0 OO0 0ODOO CodeSegment O DO OOOODOODO 5.2000.

local local
DataSegment DataSegment

"count"
TestCode |UPdate | ] | TestCode
Segment g 1 ~| Segment
queue

O 5.2: DataSegment [0 CodeSegment 0 0 OO0 DO OOOOMO

update

main

5.2.2 00000000 DataSegment [0 0000

Alice0D0DO0DOOOOODOOOOOOOOOO. DODODODOOODOODOOOOO
0000 DataSegment OO OO0 O0O0OO0OODOODOOOOO.

O0,Alice0 00200 3000000000000 0O00O0ODOO0O0O0OD.ODOO
gobboooooboboggss3bog.
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server
node0

"parcy xarent"
Ahilm " "chilh

server server
node1 node2

gs3:0000b00o0n

0000000000 DataSegment 0 0000000000 0DOO0ODOO0ODOOOO
0o0o0ob0dobobOoboo0ob.obbobooobuoobooboobOoos3b0boUonog
00000oooood”parent”, "childl”, "child2” OO0 O0O00OO. OO0, server node0
O server nodel [0 DataSegment D D OO OO 7count’0 000 00O0OOOOOOODOO
0,00000 setKeyOOOOOOOS5.60.

Listing 5.6: CodeSegment 0 0 0 0O 0O 0O OO O DataSegment O O O 0O O

1i CodeSegment cs = new RemoteCodeSegment();
2‘ cs.argl.setKey("child1l", "count");

O00,00000000 DataSegment 00000000000, putd00O0OOODOOO
00000D000b000booOono. bOgoOo, server nodel O server node2 [0 server node0
O DataSegment 0 "message” 0000000000 0O0OO0OOO0OOOOOOOOOS.70O.

Listing 5.7 000000 ODO O DatasSegment 1 0 OO OO OO0

1’[ ods.put("parent", "message", "Hello parent");

5.2.3 UULOOLOOOOOLOOLOOOO

O00,0000000000000 DataSegment JO0O0OD0O0O00O0O00OO. Alice
OO0 MessagePack U0 O D O0OOO0OOOODOODOODOOOO0OOOOODOODO. Mes-
sagePack 0 00000000 DODOODOODOOOOODOO. ODODOO, AliceDODOO
O00000D0D00000oOnouoDOD DataSegment OO OO0 OO0OOO.

MessagePack U0 0000000000 OOOO0OOOOO0ODODOO. DOoOoboobOO
O00@QMessage 0 0O O DOUODOODOO0ODOO, OO0OO0DOOOODOOOOOO
MessagePackU 0 OO OO O0O0O0OO0OOODOODOOO. DObOO0obOobOoboooooD.

Listing 5.8: MessagePack D0 OO0 O0O0O0OO0OOOOOOO 1

1| import org.msgpack.annotation.Message
2

3| @Message

4 public class Student {
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5‘ String name; ‘
6/ int age;

B |
000 StwdenO0 OO0 O0O0OD0O0O0OO0OOODOOOOOO. OOOOOODOOOOO
goooobo,dgooooooooboooouooooooon.

Listing 5.9: MessagePack D 0 0000000 OO0OOOOO 2

import org.msgpack.annotation.Message

1
2
3| @Message

4 public class Class {

5| List<Student> studentList;
o }

o000, 000000D0000000ooDbO stwdent OO O0O0OoOoOooDOOODO
O.000,Student0000000DO0COOOOOOODOOOOODO,000000O
goboboooobobogd.

O00D0O0O00000DDO0O00 DataSegment 00O O00OO0OO0OOOO0ODOOODOOO
OO000OO0updateDODOODOODOO. DataSegment 0 0 OO0 DO ODDOO0OOOOOOODO
gobbbuoooobboog,gobbboooobbobbooobbboooan. d
000, Alice0D 000 Studen0 0O (Listing5.8) 00000000000,

Listing 5.10: DataSegment

// public Receiver argl = ids.create(CommandType. PEEK);
Student s = argl.asClass(Student.class);

N —

MessagePack D0 000000000 D0O0ODOOOO DataSegment 000000000
OO0oOoDoooooog.

5.3 UUOUOooooond

Jungle 00000000000 DOOOO0O. DOD0O0OO,0D00000O0O00O0O0O0
O000,000 DataSegment 0000000000 O0OO0. DOODODOO, @Message
gobobboooobbboooobobboooobbbuooooo.

5.3.1 TreeOperationLog OO OOOO0

TreeOperationLogO 00000000000 DOO0ODOODOOODOOODODOOODOO
O000,000000000000000D000D000O00. TreeOperationLog O TreeOp-
eration 1 00O 0000, TreeOperation 0 NodePath 0 NodeOperation OO O O 00O
O0o0.0oog,b00b00b0obobooboooboooboobOooDo.

O0000000000,000000000000000D00DO00O00DOO0. Mes-
sagePack O List U0 DO OOODOOOOO, TreeOperationLog O O O 0O 0O OO O Iterable
0000 ListO0000000O000O00bDooo.
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5.3.2 UJUUOUOOLOObDOOOOO

TreeOperationLog 0 D 00O DOODODO0O0OODOOO0O, 0000ODOO. DOO, Tree-
OperationLogD 000 000OD0O0OD0O0OOODOOOOODOODOODO. ODOOO, TreeOpera-
tionLogO OO ODOOOO0O, 000000 bOo0bo0bbooboobboooo. b
00, TreeOperationLogO O OO OO0 O0O, 00000 UUID, OO0 timestamp OO O
000000DO0OD0O00D00ODO NetworkTreeOperationLogOD OO OO0 ODO.

5.3.3 NetworkTreeOperationLog [ [J [J

NetworkTreeOperationLogOD 0 OO OO0 OOOOO.

5.3.4 localUUOOOOODODO

5.3.5
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oooos4000.

message message
timestamp timestamp
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timestamp
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gooobooob1gooboobooboob. o0, 0bobobOgn attributes D OO0
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o000 JungleO OO OODOOOO0ODOOODOOOODOOODOOODOO.ODODOOOO
O00 JungleOODOO Cassandra0 0000 O0O0D0O0OOOODO. DOODOOODOOO
O000000D00O0O Jungled Cassandra OO0 O O0O0OOOO. OOOOOOOOOO
obooboboboooooboobooobo,0ob00o0ob0ob VMWareOOOOoooo
go.o0o,0o00boobobobbooboobooboobboob KvMOGOGOoO
gboobogbooob.

6.1 O0OOO

OO0o0ooooooobooooboobobooboOobDOn Jungled Cassandrad O OO
gooo, frrpodoogboooboooooboo0. bobobooboobobooonog
gobboo,gbobbbouoobbbooogbbbod.

gb,gdb2g0b.ogobogo,ggobbuoobbodb 1gogbboobod
gobboogad.

Clients

Blade Server
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ComDi
Board

Jungle
or
Cassandra
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gobobobbogooobobbogooobbobbooooobbobobooooan.
gboobooobobo HTTPOOODOOOO, 00000 b000bOo0o0bboobbg
uo.

gbodgbbobobotoboobooboobboobodobooboobboobda
gobboogoobobod.

Clients Server nodes
""""""" HTTP

Request

server
nodef1

client 1

server

client 2 node2

Jungle

server or
node... Cassandra

server

client N
node n

H00E

U e62.00000obbbouooobbobuoooon

6.1.1 Torque Resource Manager

OO00D000000D0Oo0ooooooOo,00ooo0oooooooooooog
0.0000,000000000000000D00D00DO0O00O0O0O0ODOODOODOODO
Torque Resrouce Manager 00 00O 0. Torque 0 Quene 000000000 OO0DOO0O
O0. Quene 000000000 ODO,0000000000DO00DOODODODO, OO
O0o00DoDooD0oOooooooooooooooooooooon.

6.1.2 weighttp

000000 100000000000000000000000000000000
0 weighttp 0000 0. weighttp 000 00000,00000,0000000000
0000000000000000000CO00000000noononog.

6.1.3 UUOOOOUOOgg

OU0b0obobooboobouobbooboobooboooooooono Jettyo oo oQ
O00000D0,0D000000 Jungled Cassandra DO OOO0ODO.
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061 J000000000O000O0O0 Jetty Cassandrall 00O 00O O
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Jetty 6.1.26
Cassandra 2.0.4

6.1.4 0O0OOO
gobboboogoboboboooobobooooboon

gboodb VMWare KVMUOOUOODOOOODODOOOOO. 0DO0O0OO0OO0ODOOe6.20
ge30dg.

062 000000000000O00O0O VMWareDOOOOOOoOooooooooooooO
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HyperVisor VMWare ESXi
JavaVM || Java(TM) SE Runtime Environment (build 1.7.0-b147)
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0 6.4:
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
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Listing 6.1: DO 0ODOO00OO0O0OO

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

gobbboooobbboooobobobboooooboobooo

Listing 6.2 DO ODOO0OOOODOOOOO

1{ % ulimit —n 10000

6.2 O0OOO1

gboboboobobobuoobobobooboboboobobobo.bob
gpoogoolobogboogsbboobooboo,ob40b0o0boo. boobg
OO000o0ob0obooooon weighttpOOODOOOOOOOO.

Listing 6.3: weighttpO DO QOO OO OO 10

1| weighttp —n 20000 —c 20 —t 2 —k "http://url"

00000000 2000000000000000,200000000000,000
000000002000 HTTPrequest OO OOOODOODOODO. Cassandral 00
000000000, Replication factor 1 0 Consistency Level 0 ONEO OO . OO0 0O
00o0doe3,64000. O0DOOODDODOODOOODDODOODDODOO, 000000
00000000000 0O0bO0DO0. 000 2000000000000 O00DOODOO
O0odoodoodoooooooon.
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6.2.1 0U0O0OO1000
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distributed write benchmark (Requests : clients * 20,000)
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