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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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2.1 Relational Database
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2.7 Cassandra

Cassandra[2] O 20080 700 FacebookD OO DO OODOOOOOOOOOOOODO Key-
Value 0000000000 . Amazond Dynamo[3] 00000 Key-ValueODOO OO OO
O000000000DO0O0. 0000000 NeSQLOOOOOOOOD.
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3.1 Jungle 00O 0OOOOOOOOOO

Jungle 00O 0O0OD0D0O0OODOO0OODOOODOOODO. JungleOOODOOOODOO
O Node O attribute D OO OO OO. attributed Key-ValueO O OO OOOODOOO.
Key O String 0 00 Value ByteBuffer 00 OO O0ODO. JungleOODOODOOODODOOO,
OO0 NodeOODOOODOODOO. NodeOOODOOODO,00000 NodeODOODOODO
O000.00000 NodePath OO DO OO (O 3.8).

tree_name

NodePath<-1,1,2,3>

O 3.8: Node O attribute O NodePath

3.2 Jungle OO OOGQOOOO

3.2.1 NodeOperation

Jungle 000000000 O0OO NodeOOOODOO. NodeOOOODOO APIOO
000000,00 API O NodeOperation 000 0O . NodeOperation 0000 400
ApPlODOOODOODOO.

e addNewChild(NodePath _path, int _pos)
NodePath 000000 Node OOODODODO NodeODODODOO APIOOO. pos O
O0d0o0dDoodoooooooaoon.

e deleteChildAt(NodePath _path, int _pos)
NodePath 0 pos DOODODOO0OOO Node OOOOO APIODODO.
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e putAttribute(NodePath _path, String _key, ByteBuffer _value)
Node O attribute D OO OO APIO0OO. NodePath O attribute 0 0 0O OO Node
ooo.

e deleteAttribute(NodePath _path, String _key)
_key OO0 attribute 00000 APIODODO. NodePath O Node OO O.

NodeOperation [ NodePathO O OO OO 00000000, 000000 TreeOper-
ation O 0. TreeOperation ] 100000000000 OODO,00000000OO0O
O0000000000. JungleDODODOODODOODOO TreeOperation0 0000000
O0 commitJO0O0O0O. OO TreeOperation 0 O 0O O O TreeOperationLog 0 O O .

3.2.2 TreeOperationLog

Jungle 0000 TreeOperation 00000000000 DO, 0000 commitd OO0
O00000D00D0.000,0000000000 TreeOperationd TreeOperationLog
O0O00000. TreeOperationLog O OO 3.1000.

Listing 3.1: TreeOperationLog O O O

public interface TreeOperationLog extends Iterable<TreeOperation>

1
2
3| public TreeOperationLog add(NodePath _p,NodeOperation _op);
4 public TreeOperationLog append(TreeOperationLog _log);

5 public int length();

6 }

Iterable<TreeOperation>[] 0 OO 0O OO OO Iterator 0 O O TreeOperation O O O O
0000000000, addO append0 00000000 TreeOperation 00 00000
goooogo.

O00000000000000 TreeOperationLogD OO0 O0O00O0O0O (3.2).

Listing 3.2 DO UODOO0OO0OOO0ODOOODOO

[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 =

goboobobooobobooboboooboooboboobobuooobobOoooobo
00000000000 (O 3.9).

00000000000 NodeOperation DO ODOOO. <>0000O00OO0O0ODOOO
NodePath OO 0O . NodePath 0 00O 0O OO Node O position O attribute 00 OO OO
oog.

039000000. 00, APPEND_CHILD:<-1>:pos:00 00O Root NodeO 00 000
0000 NodeOUODOOOD. ODDO,000000 Node'O OO PUT_ATTRIBUTE<-1,0>
000 attribute 0000000 DO0O. attribute 000000000 OODO auther, 00O
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[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 DiEHN attribute DBAN

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

0 3.9: TreeOperationLog O 0 OO

UbboodbbDUOmes, UOODDODOOO0ODOO timestampU 00000000000

goooog.

O0b0o0ooboobobooobo10boo0bbooboboOg TreeOperationLog OO O .
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O0ooobobobooOo JungleO0O00O00O0ODO. DO0ODOODOODODODO
OO00O00oooooonD Jungle, 000000000 OOOOODO. ODO,0000O
000000, TreeOperationLogOD OO OOD0OO0O. OOOO0OOO,0000 JungleO
gobbbooooobbooooon.

4.1 0O0O0O00O0OO0OOO0OOO0O0OO0O0OO00O0O00

JungleDODOODOO Gitd Mercurial DO OO0 OO00OO0O0O0ODOODOOOOOOOO,O
gobbobboooogbbbbododg. booooobbbobo,oooobbbbodgo
gbbogbbuogobooobobooobboob.boobboobbooobood
gbboodgbboodbboodobboo,bboobbooobboodobbood
00 (0 4.1). O0D0OD0ODOOOOOOOOOOOOO,00000000000O0O00OO
gbobobooboboboobobuoboouooooboboobobob.obo
g, buggbbdugobbuooobbuooobboobbooobbooobbood
gboboooboob. booboooboo,bboobbooboooboob,bo
gobbbuoooobobooogbobobo. buooobobboooobobob,o0n
gbgobgoboobooboobooboobooboo.boob,0oboobg
goboooogo.

repository

repository

repository

repository

e
1 l

041 00000000
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4.1.1 0O0O0OOO0OOOOO API

OO0D0o00OobDO0oOoObOO0ooOOo 300 APIODOOOODO,DO0O0DOODODOO
uo.

e commit
gooooooooooooooooooooobooooooooo.

e push
000000000 oOooDodoooooooooooooaon.

e pull
000000000000 0DO0ob0oboooooooDoDOo.

commit 00 0000000000000 0O000O00000O,pushO0000O0O00OOO
oooooooooooobobobobobo. b, pdlO00ob0Oobooboobogon
gobbbooobobbooodaob.
gbobogoboboogobbooobbooobbooobbooob,oooobood
gudddddodododoodoododd. oo LLULLoooa
goooobo. obboobboob. boobuoobbuoobbO0d Merge OO
MergeUOUOO0OODOOODOOODOODOOODOODOOODOODOODOODOODOO. OO
gobbboooobbboooobobbooooobon.

4.1.2 MergeUUUUOOOooooooOO

gbogbboobdg,bodbuodgboobboobuooboobbo.ooboa,bd
gooobooobooobooonD JunglebOooooooooboobD. boobooog
Ooo0obo,000b00b0ob0bo0oooobooooboon. JungleOooooo
goboo,ggobbboogoobbb.bogoobbobbuoooobbbooon
gbod.bboto,gbbogbuooboobb,bbobbogboobboobbod
gobbobud. gggbobbboooobbbbuooobobboooobobo,od
gbobboooobboooobboooo.bboooobboooobboao. d
Uooo0boOobooobo0bOod MergeeODOODOODOOODOODO. Mergell, 00O
gbboogbboodgbbuooobboa,bbbooobbooobbooobbood
gpooob.0booboobd JungleDOO0DOOO0DOODOODOO MergeO OO
gobboooobbod.

000 MergeOOODOOOO0O000000D00D000O0O0O0O0O0O0O0O0OO0O (O 4.2,4.34.4).
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—YiRE

QQQOJ . - Q

00

042 0000000000000

Q/ooo CPQQG\
é@ 4
OO}; éﬁq 29

O 43: 0000000000000D0O0O0

OE—
PO

QO N\ Q T YHREB FIREAL
— BERLA
Q Q

aE—

U44: 000000000000
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4.2 JungleD OO O0O0OO0OOOOOOOOO

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

4.2.1 0O000O0OOOOOOOO

OO000bD0o0b0 JungleDOODOODOODOODOOOODOODOOOODODOO
gogo. gobbbbbbo,bbbtbuuooooob,obobbbboooooaad
gbbogobo. gbobuogbboobboobboobobooobbuoobbood
O0D000000 MergeD OO, MergeOOOOOOOoOooOooooooooog. oo,
goobo,bbuodg,gubobobbouoooobobobbboooooobobbuoooon
gboboboobobobooooboboboooboboboobobo.bobd
ggoob,0bbobbbouooooooobb. bboo,bbobbboooodod
gbobgoooboboboboobobooobobo.bobooobooboobobg
gobbooboooooobobooogbooo.

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

0 4.5: 00000 Network Topology

4.2.2 O00O0O0O0OOOOO

Jungle 000000000000 OOO0OOODOOOOOOOODOO,D0000O0O
gboggobodgbboobboobbooobboobobooobboobobo. od
go,buogdaobbbo,gobobbbodooobbbooodobboboooabbbod.
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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

0460000000000 047 00000000000

00000000000 bO0oU0o0b00ob0obUobD0obOobOoDbDOoDn Alicedgonog.
Alice U000O0ODOO0OO0ODOODOODOODOODOODOODOODOOODOO,OO
gobbboogobbobuoooon.

4.3 0J00O0O0OO0OOOOOO Alice

Alice 0000 O0ODOD0OU0ODOODODODOUODOODODODOO. Alice D0ODODO
DataSegment, 0 0O 0 CodeSegment 000000 0OOOOOODOODOOOOODOONO.
000000000 CodeSegment 0, 00000O00O0ODOONO DataSegment O 0O 0O O
00000000 (O 4.8). CodeSegment 0 00000000 0OOODOOOOOODO,O0O
CodeSegment 000000 O0ODO DataSegment O O 0. DataSegment [ CodeSegment
0oooooooooooooooooooooooooooon.

Data Code Data
Segment Segment
" Code
Segment

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

O 4.8: DataSegment 0 CodeSegment 00O OO OOOOOO
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4.3.1 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.

4.4 Jungle 0O 0O0OOO

Alice 00O00ODDODDODODDOODOODOODOODODOODO. OODOODOO
gbobooooobobobobooooobooooboobooo.Dooboboog
TreeOperationLog 00 O O . TreeOperationLog 000000000 D0O0O. OO Node O
000000000000 00000D000000. 00 TreeOperationLog O Alice O
000b0o00o0bO0o0Do0,0b000b00o0o00bOO0oo0o00obOoo0DboboDOooobooog
00000, Aliee0OD0OODOO, OO TreeOperationLog [0 MessagePack 0000 00O
0000000 o0o0obOOoOobooooon.

4.5 0O0O0O0OOOOOOOOO

Jungle 0000000000 DO0O0OOOO0OO0OOODOOO, 00000000000
goooo. oo, goooodoooooooodooooooongooooo. oo
oo ooboooboonoooo. oo, boogo
gooogooooooooog.

goooooooobougooonoooooobooggooooooooan,
000 Aliee 0O0DOODODOODOODO. Alice 000000 MessagePack 00O OO O
O00D00O0 TreeOperationLog DO OO. O0O0O0O0OO0DODOODO TreeOperationLog
0oooooooooooooooooooooooooooon.
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60 000000000 Junglel U
HREEN

0000 Jungle 00O0O00O0O0O0O0ODOODODOODOOOOODO.ODOOOODOODOO
O0DO000O00O00O0O000DO0obODbOO AlieedODOD. OO, Jungle 0ODOOO
00000000 TreeOperationLog OO 0. OO TreeOperationLog O Alice 0O OO
gooooo0oboOoooooboooooo.

D000 Jungle OO0O0DO0ODOOOOOOODOODO. OO, Alice0D0ODODOOODOO
O0O0DOoO, Aliee0D000OD0OOO0OO0O0ODOODDOOOOOODOOO. AliceOO
0oo0oooOo0oooO0oboo0ooooo0obDoO0o0boooOo,oDo000oobooooo
oooooooob.oo,gb0boboob0Jungleb0000o0oooooOo.oogn
go0oooO0o0ooOo0o0ooo0Oooo0oo00ooOoU0oo0U0oo. ogo,0oob000O
000000000000 MergeDOOOUOODOODOODOOOODO MergeOOOO
ooOd.

5.1 Alice D0D0O0O0O0O0OOOODOODOO

5.1.1 0UJU0UOO0Ooooooobood

Alice JO00O0O0OO0DODOODOOOODODOODOOOODODODOO. AlicebOOnO
000000000000 s5200000. (5.1).

Listing 5.1: Alice 000 00O0ODOODOOOOODOODOOOOODOODO
1’[ % java —cp Alice.jar alice.topology.manager.TopologyManager —p 10000 —conf ./topology/tree5.dot ‘

-pUb0000000O0ODOODODODLDODLOODLODLODOO, -cont0 000000 dot
gobobooggoboo.

000000 Aliee000OOO0OOOOOOOOOOOOOOOODOOODOOODOOO.
dot DOOOOO, 000000 bO0O0O0bOOoO0bLbOOoOobDbOoObL. obob,bOon
000050,2000000000000 dotDOOODOOOOO (5.2).

Listing 5.2: 0 0000000000000 dot ODOODO

1i % cat treeb.dot i
2| digraph test { ‘
|
|

3] node0 —> nodel [label="child1"]
4 node0 —> node2 [label="child2"|
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nodel —> node0
nodel —> node3
nodel —> node4
node2 —> node0
node3 —> nodel
node4 —> nodel

label="parent"|
label="child1"|
label="child2"]
label="parent"|
label="parent"]
label="parent"|

= O © 0 3 O Ut

}

node0 U nodel O ODODODOOOOOODODO. DOO0OLODDOOOOODODODOOO,
Aliece 0000000000 ODOO0OOOD (00)ODODOODODODDOOOOODOODOOOO
Ubo0bO0boboobooobd. node0-,nodel HOOOODOOODOODOODOOODOO
0. 0000 label="child1” O, node0 O nodel OO O OOchild1”O000O0O0O0OOO
gobboboooobobogd.

dot UO0DODOOO0OOODO Aliece0O00OO0OOO0ODOOODOOODOO,00D0000O
gbobogboboggbboob.buogbboooboobboobboobobood
ooooooboboboog,det000bob0oooobooboobobooooogn
goboooooobo.

gbogbbodgbobodoboobbobobooboobboobuooboobba
O,00000000.dot0D00O0OB200000000000000051000.

Topology server

Manager | EREDOEWGDLE node0
parerlt//, \ child2
child1 t
server server ! paren
node0 node3 server server
e — e — . node1 node2
—— .
child2
pareW \
o ol
e — server e server server
node2 node3 node4

O 5.1: Aliece O0D0OD0OODOODODOOODOODO

I A A A 1 1 B
"child2”, "parent” OO0 O 0O0O0OO0ODOO0OOOOOOOODOOODOOOODOODOO
gobbood.gobboboooobbobuooooboog.

5.1.2 JUUOLOUOOoooon

00 Jungle 00000000000 Aliee 01000000000000000000
0.000000 Alice 0 TopologyNode 100 00000000000000000O0
000 (5.3).
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Listing 5.3: DO ODOO0ODOOOOO

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

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

U o N
—~

}

TopologyNode DO OO0 200000 CodeSegment 0 00 O O. TopologyNode O O
00000000000 000O000O000O00O0000DO00. OoDoOooOooooo
goooo0o0o0ooooboobOobOoobDOobOU0ooOU0oobOO0obOoDOobOobbOOo. boo,
020000000 StartJungleCodeSegment OO OO O O. StartJungleCodeSegment
O0000O0Db0bOOo0oboooooDoDboobo.

0000000000000 00D0DOO0O00D0DO00DO, 00b000DOo0ooog
00000000000 oDo0o0oDoooooDoooooDO. 000, mass00.cs.ie.u-
ryukyuacjp 0000000000 OO0DO 10000000000000000000O0O00O0
0000000000000 (5.4).

Listing 54: 00000000000 OOO

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

5.2 Alice DO0DODOOOOMO

AliceDO0DO0OD0O0O0ODOODOODODOOODODOODOODOODOODOOOOODOONO, Al-
iceJ0000000DO00O0ODOODOOODOODODOOOODOO. OO0 DataSegment(O O
0)0 CodeSegment(D 00 )0 D00D0O0O0OOOOO. ODO0OODOQO DataSegment O
CodeSegment 1 0 0000 0O0O0O0OO0OOOO0OOO,000000000000O000O
ogoooo.

5.2.1 Alice UO0DOOO0OODOOO

Alice O DataSegmentd 0 00 00 CodeSegment0 000 000000000000
O0000000. CodeSegment 10 OO O0OOO DataSegment 00 OO0 O. OO0
DataSegment 0 0 OO0 OO CodeSegment DD D OO OODOONOO. DataSegment O O
000000000000 00000. 0000000 CodeSegment 0000 .

Listing 5.5: CodeSegment [0 0 O

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

public TestCodeSegment() { }

public void run() {
int count = ds.asInteger();
count+-;
System.out.println(" count =" +count);

© 00 O U W
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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) {

17 CodeSegment cs = new TestCodeSegment();

18 cs.argl.setKey("local", "count"); // setKey API
19 cs.ods.update("local", "count", 0);

20

21| }

000,000 100 1000000000000 0O00O00DO0D0. 0bobOobOoobao.
woooOo19ooooooooooooa. 00 TestCodeSegment O O 0 CodeSegment
000000000000, ecsO arglOOO Receiver 00O O0O0O0O0O0OO0OOOO
00, Receiver 0 000 DataSegment 0 0 000000000 OO0O. argl 00O setKey
APIOODODOOD, 00000 DataSegment 0 00 7count”0 0000 O0O0O0OO0O. O
000000 ’cout” 000000000000 ODOO,0000000000 ccO0OOO
O00000. setKkey APIDODDOODDOODDOO”local”’0000D0OOODO DataSegment
0000000000000 O0O0D0. 00b0ooooooooO’?lecal”’dO.

O0D00000 ods.update DO DODODOO. ODDODOOOO 190000 update OO
O7count” 00 0000000000000 O0O0. updatedOOOO csOO0DOODOODOO
O0o0oOoos8sOoOonooooooooog.

update 0000 07count”0D 0000000 00O Receiver D00 dsOOOO0O0OO0O
O00D0. 70000 130000 ds.asInteger() 00O, 7cout”0 0 O0000OODO
0000000000000 DO0000D0O. DO0ODOD0O0O ods.update 00O ODO.
000 TestCodeSegment DO D000, 00000000O000OONO”count”d update
O000000DooO0oO.0b00do0odoO”count’d OO 10000000O0O0O.

DataSegment 00 000000 CodeSegment 0 00D OO0O0OOO 5.2000.

local local
DataSegment DataSegment

"count”
TestCode |UPdate | 1_ .| TestCode
Segment g ~| Segment
queue

O 5.2: DataSegment [0 CodeSegment 0 00D DO OOOONO

update

main
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5.2.2 00000000 DataSegment [0 00 00

Alice0D0O0DOOOOOODOOOOOOOOOO. DODOODOODODOODOOOOO
0000 DataSegment U OO OODO0O0O00OOO0OODOODOOOOO.

O0,Alice0 00200 3000000000000 0O00O0ODO0O0O0O0OD.ODOO
gobboooooboboggss3bog.

server
node0

"parcy xarent"
Ahilm " "chilh

server server
nodef1 node2

gs3:0000aoon

0000000000 DataSegment D 0D O 0O00O0OOODODOOOOOOODOOO
0000000000000, 00b0bO000o0bobo0o0oooobooOoOos300000
0000000000 "parent”, ”"child1”, ”child2” OO0 OO0O0O. O0O0O, server node0
O server nodel 00 DataSegment 0 OO0 OO0 0O7count’”0 0000000 OOOOODOO
O0,00000 setKeyOQOGQOOOOO>5.60.

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

—_

CodeSegment cs = new RemoteCodeSegment();
cs.argl.setKey("child1l", "count");

[\~]

O00,00000000 DataSegment0 OO0 000000000, putd00OO0OO0ODOOO
O00000DOO000OO00D00OO0O. ODOgoo, server nodel O server node2 [ server node0
0 DataSegment 0 "message” D00 000000000000 OOOOOOOOOOS.70.

Listing 5.7 000 O00OD0ODO O DatasSegment 0 00000000

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

5.23 0UUOOUOOOUOOODLDOOOOONO

O00,0000000000000 DataSegment JOOOD0OO0OO0OO0OO. Alice
OO0 MessagePack U0 OO O0OO0O00O0OO0OODOODOOD0OO0OO0O000O0ODOODO. Mes-
sagePack D 0 00 000ODOODODOOOODOOODOODO. ODODOO, AliceDODOO
0000000000000 0DDO0O0DD DataSegment OO OOOODOOOO.
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MessagePack U0 00000 DOO0OOO0O0OOOOO0OOOOO0ODODO. OOooobooog
O00QMessage 00O 0ODD0OOOO0DOO0ODOOO, OO00O0DOO0OODOOOOODO
MessagePackU D OO OO OOO0O0O0OOOOOOOO. DOobO0obOobOoboooooD.

Listing 5.8: MessagePack 0 000 O0O00O0OO0O0ODOO0OO 1

import org.msgpack.annotation.Message

1
2
3| @Message

4| public class Student {
5/ String name;

6 int age;

7|

000 Studen0 000000000 0ODOODOODOODOODO. OO0OO0OOODOODOODO
gobobog,0obbbdggbooboooobbbuoooon.

Listing 5.9: MessagePack D 0 0000000 O0OO0OO0O0OO 2

import org.msgpack.annotation.Message

@Message
public class Class {
List<Student> studentList;

o Ut Lo N =
—

o000, 000000D00000000D0O0 Sstwdent0 D OODOOOOODOOODO
O.000,S%vdent 00000000 0ODOOOO0OOOODOOOOODO,D00000O
gobboboooobobogd.

OU000000000D00D0OD0 DataSegment DO O D0DOOOOOOOOOOOO
O000OO0updateDODOODOODOO. DataSegment 0 0 OO0 D0 OO OO0OOO0ODOODOODO
gobbobuooobboboog,gbbbuoooobbbbooobboboooan. d
000, AliceDODOO Studen0 00 (Listing5.8) 0000 O00O0O0OOO.

Listing 5.10: DataSegment

[y

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

\V]

MessagePack 0 000000000000 OOOO0O DataSegment 0 0 OO0 OOOO0O
ooooooooooo.

5.3 UUOOOOOOOn

Jungle 000000000 OODOOOO0O. DODOO0OLO,0b0b0b0oboDboOoboOon
O000,000 DataSegment 0000000000 OOO. DOODODOO, @Message
gobbboooobbbuoooobbbuoooobbbooooo.

00 Database Jungle 000000 26



@DDDDDDDDDDD(DD) Os50 0OO0DOODODOO JungleOOOO

5.3.1 TreeOperationLogO OO OOOMO

TreeOperationLogD D OO0 OO0 0O0OOOO0ODO0O0OODO0ODOOOOOODODDOOODOO
O000,000000000000000000D000O00. TreeOperationLog O TreeOp-
eration 0 00000 OO, TreeOperation 0 NodePath [0 NodeOperation 0 OO0 00 OO
O0O00.0000,0000000O00D0O00O0O00bODO0o0obOOoOobOooDo.

goooboobobobo,bbbo0bo0bo0b00ooboDobUoooOobOog. Mes-
sagePack O List DD D OO0ODODOOOO, TreeOperationLog 0 O O 0O 0O OO O Iterable
0000 ListU0boooooooboooboon.

5.3.2 UUOOUOOOOLOOODOO

TreeOperationLog 0 00O ODODODOO0OODOOOO, 0000ODOO. ODOO, Tree-
OperationLog0 00000000000 ODOOO0OODOODOODO. ODOOO), TreeOpera-
tionLogO OO DODOOOO, 000000000 0O0OO0OO0OO0OO0OO0ODOOOO. O
00, TreeOperationLogO O OO0 0000, 00000 UUID, OO0 timestamp O 0O O
0000000000 D00OD00O0 NetworkTreeOperationLogO O OO QOO O.

5.3.3 NetworkTreeOperationLog [ [ [J

NetworkTreeOperationLogD 0O D00 O0O00OOOO0O.

5.34 localODODOOOODOO

5.3.5

54 U0O0OUOOOOOOOOOOOOOOO

Jungle 000 D000O0O0OO0ODOOODODOOODOODODO. OOODOOOODOO
gogooooobobbbobobobobbobbobobooboodddodooooooooon
O00. Jungle 00 DOODOOOOOOOO0ODOO0ODOODOOODOOODOOOOOO.

gobobooogo,bboogoobobboooobbobo.boooobbobog
O00000o0ooooooooo. oo Jungle0ODO0ODO0ODOOODOODOOOOO
gobobs4000.

doboobooobobuooobobuool1gbbooobobbooo. obboo 1oDbobg
Oooobooob1o0boobooboob. o0,00ooboOon attributes D OO0
ool message HOUOUOUOOUOODOODO timestamp UOOOOOO. O
gobbboooobbboooobobbooooobon.

gobooooboooobobooobobtbooobbooobbbooobboo,bobo
goddooooobb. oo oggoooobbbssbsennn.
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message message
timestamp timestamp

O 54: Jungle D0 OODOO0OODOODOODOODOOODOO

message
timestamp

message
timestamp

server server
node0 node1
* *
2AE2BIZENZEND
/—RICIFEFERD

HERICESATNK
timestamp timestamp
@ @ 10000 @ @ @ 10100

U s5: 0b0ugugpobobugoobbooogbnoboogg1
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server server
nodeO node1
*
— 5 DEEMH
#mn%

OO OO

7’

__________

U s6:0000dpobobuoooobbobuoooobbobodag 2

0560 servernode0 O OODOODOOOOODOOODO. DODOOODOOOOODOO
U, b0odbboodbbuodgbbuoobobuooobooob. 000 timestamp U000
gogobbob. bbbouooooobobbbbbobododd, timestamp U004, g
gobobobooooobbbodd timestamp DU OO0OO0O0DO0OO0O0O0OO0ODOOOO0O0
gobb.booobbbooodgbobbbooodobbboooobon.
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el UO0O0OOUOOOOOOO
Jungle U 0

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
Bulletin

ComDi
Board

Jungle
or
Cassandra

ge6l:0010000000000O0O0O00O001000O0O0
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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

U062 002000000000000000000000

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

oo |ooooo

Jetty 6.1.26
Cassandra 2.0.4

6.1.4 0O0OOO
gobboboogoboboboooobobooooboon

gboodb VMWare KVMUOOUOODOOOODODOOOOO. 0DO0O0OO0OO0ODOOe6.20
ge30dg.

062 000000000000O00O0O VMWareDOOOOOOoOooooooooooooO

oo | 00
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)

0630000000000 DO0OKVMOOODOOO

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

gobobooodn

gbobbuoggbbboooob 1bogobbooobobobog,bbuooobobod
gbgobobbobbob.oobobbobbobbe40nn
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0 6.4:
oo | 00
CPU Intel(R) Xeon(R) CPU X5650@2.67GHz
gooog 12
gooog 24
Memory 132GB
0OS Fedora 16
JavaVM || Java(TM) SE Runtime Environment (build 1.7.0_.51-b13)

gooobog

HTTPOOOODOOOOOOOOOODOODODODOLDO.boboboboobog
gbogobuogbobboobooobuoobobboobooboboobobbon
goboo.0b200000000b0b0b0o0000bbboog,obbobboaoad
gbobogobooboobobooobboobboooboo.obbuoobboon
gobbboooobobboooobbboooobbobuoooob.

Listing 6.1: DO 000000000

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

gobbobogoobbboooobbobooogooboobogo

Listing 6.2: DO UODOO0OO0OO0ODOOODOO

1j % ulimit —n 10000

6.2 U0OOO1

gbbugboboogbboobbuooboboboobbuoobboooboag. bod
gooboobobioogooboboobosbbbbooooo,bb4000ognb. bogog
OO00oOoDoOobDOoboOooboon weighttpOOODOOOOOOOO.

Listing 6.3: weighttpO O OO OO0 OO 10

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

O0o0oboob200b00b0o0ooooooogo,2000b0oooooo,oog
000000002000 HTTPrequest 00 00O O0O0ODOOODO. Cassandrad OO
000000000, Replication factor 1 0 Consistency Level 0 ONEO OO . O0OOO
OO0000e6.3,64000. DO0D0O0O0OO0OODOODOOOOODODODOD,0DODODO
0000000000000 0000. 000 2000000000000000000
O0oo0oDooDoooooooooon.
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120

100
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60

time(sec)

40

20

180

160

140

120

100

time(sec)

80

60

40

20

Single node read benchmark (Requests : clients * 20,000)

Jungle —+—
Cassandra Consistency Level ONE i---x--+

b

30 40 50
number of clients

063 0000000000000 0O0O0O0

Single node write benchmark (Requests : clients * 20,000)

60

T

T
Jungle —+—
Cassandra Consistency Level ONE |---x--

—— e

X i i ]
P S _
.

1 1 1 1 1
10 20 30 40 50

number of clients

064 000000000D00O0O0DOODOO
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6.2.1 0U0O0OO1000

O0b00,0000000 JungleOODOOODODOOODOOODOO.ODOOOODOO
OO00O00o0bO0obOobooO,Cessandral 0000000 0OO00ODOOOOOOODOODO
10000000, JungleODOOOODOOOOOODOO,D0D00000000O0. ODOO
gbodbobooobbuooobbooobobooobobog. JungleODOooooOO
gob,bdgdgbobboduooobb.bbboooobbbbuoodobobbboood
gddddddodooooooogoooooodg. gooooooooooon
JungleDOOODOOOOOOODOODO100000O000OO0OO.

6.3 UUUOL2

dbobooooboboboooobuobobuoobuobobobuoobo vMO 480
00,00000000000 KVMOO 1200000,0060000000. JungleO
Cassandral 000 0O0O0OO0OOO100,200,3000000,0000000 100,200,
000bho00o0ooboo. KVvMOOOODODODOoOOooooooooOo. weighttp O O
0000000 10b0ob0ob. Dbob0ob0obU0o20b00b0b0ODbDOn. Cassandra
O Replication factor O 50 Consistency Level 0 QUORUM O OO .

ggooobbobbbooooooo. bogoooooouoboobbnes, 660
ggd.

distributed read benchmark (Requests : clients * 20,000)
60 T T T T

Jungle -
Cassandra Consistency Level QUORUM ---x---

50 |- | .

30 B

time(sec)

* ES
. I :
0 1 1 1
10 15 20 25 30

number of clients

Oes 0000000O00OOOO0O0OOODOOO0O0On
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distributed write benchmark (Requests : clients * 20,000)
300 T T T T

Jungle -
Cassandra Consistency Level QUORUM ---x-—

X
250 | | .

200 y

150 H i

time(sec)

100 1

50 | B

i
-

10 15 20 25 30
number of clients

0e6 00000obobbooooonbobooooon

6.3.1 U000 2000

D000, Jungle0 000 Cassandra0 0000000000 0O0DO0ODO. 001000
00000000000 000O00000O000000. 0OOobDOooDoOooDoDOoooOoo
0000000000 bO0bO00O00bOO0,00000bD0ODO0ObOO0O0 HTTPODOD
000000000000 0000. 0010000 Jungled Cassandrad 00000
0000 Cassandra 0 Consisteyncy Level 0 QUORUM OO OOODOOOODOODOODO
1000000000. OO0 Cassandra 0 Replication factor O 5000 0000. OO
0 0, Consistency Level 1 QUORUMUO DO OO, 000003000000000000O
000000,00000300000000000000DO000D00D00DOO0O0ODO0O
O.Jungle00000000OD00ODOOODOODOOOODOODOODODDOOD.ODODO
Jungle DO 0O, 0000000000,0000000000000000D00D00O0C
o0oo000ob00obOOo. ODobOo,00b0bO0obO0ob0,0bD0ob00o0U0oobUobOobOoo
000000000000 0D00DO0bO00ooooooooon.
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7.1 0O0OU

O0000,00000RDBO NoSQLODOODODO, 000 NoSQLODODO Cassandra,
MongoDB, Neo4j OO DO D O0OO0DODOODODOODOODOOODOOOOODOO. ODODOOO
oobooobD JungleDOOODODOODODODOOODODOOODODOO,00b0bD0O0ODbDDO
O000000b00bOoooboobOoboooooo. JungleDOODOODOODOOODOO
000000000000 MergeOODODOODODO.DODOO,0000000D00O
O00D0O000o0oooooooOo. JungleDODODOODOOODOOODOODOODOOODOO
D000D00D0O AlieeODODO. Alice0D00D0O0O0ODODODODO,00000000
O00b0bOOooooooooooboobooono. JungleDODODDODODOOOOOODOO
00000 TreeOperationLog O Alice 00D O0DO0DO0D0O0OO0, 000000000000
0000o0booobO0oobooooDbDooDb. DbooooooDbogg, Cassandrad OO
O000O00O0. o000, 0b0b00000bO0ODbDObDO20Db000. 10000D0OO
000000 100000000000000000000D0. 200000000000
OO00b000O0o00O0oboO0oobO0oo0ooO0obOo00oobOOo0obD0bObOO0obooobDoboboOo. 0o
00000 Jungled Cassandra0 0000000000 OOODOOO.

72 QJUOoon

721 00000000

OO0 JungleD 0 0O0OODOODOODOOO0OOOOODOODODOOOOOO. DODOOOO
gogoobbobbbboooooobobboobbboouoooooo. gooa,
gbbugbbooobboobbuoobboobobo.oobbuoobbooobad
gbobogogbo,ggbboogbbooodobbboobbboobobbooobbood
gobbbooodaobo.

7.2.2 MergerU DO OOOOOO

Jungled Merge D000 D0D0O0OO0OO0OOOO0ODOOOODOOO, OO MergeOl OO
Ooo0ooOobooboobooogD. og, JungleD OO0 MergeDODOOOOODO
O0O0O00ob00dn MergeDOODOOODO. DO0ODOODDOOODO Merged OO
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Sooooooooo0oo (oo) 070 OO

gobboboooobo.bb,goubbobboooobbbbuoooobobobooon
O000b0o.0b0o0,000b00b00b00bd MergeDODOODOOOoOOooOOO
goooo.

723 UOU0OOOOO

OO0bo0oon0 JungleO, 00000000OO0OO0OO0ODOOOOD.DOOOODOO
gooooboobobooboboobooboboo. booobd JungleDOoonO
goboobda,gobbbugoobbb.boooobbbbuoooobbboood
gbogobuodgbbooboobuodboobbuooboobbogboobuobobon
gobbogod.
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O000,JST/CRESTOOO0OOOODOO0O0OOO0OOO0OOOOOO0O0OOOooDOoo
OO000oOo0oOooooooob-ADDbOOO0ODOO0ODOOOOD.ODODDOOO0ODOOOO
O0ooooobooooD,0000 SymphonyOD OO OOODO, 00000000000
gbbuogboboogobboob.bobbuobobooobboobbuoobbood
gogooobgo.
go,bbbbuggoobobbooooobbobboooogb,bbobooood
gbgobooboobooboobgobon.
gbbodgbobog,oooooobooa, bbb, 0bogbbuogobboo oonb,od
gog,bobboobbobooboobooboobuoobon.
gob,oggobbbuoooobbboooobobooag.
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