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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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1.1 OO

1.1.1 DODOoooon

gboboogbbuogdbbooobbobuoo,boobobbuooobooobobod
gbogobdg. gbgob,gboobuoobooboobooboobooboobog
gobobobuoooob. bbb, ogbbbbouoobbbboooobobbooan
gb1ggogobodg. gobooboobg,boobobobboobooboobod
gbogboobog,bogboobbobuoobbuoobbo0o obobuoobobod
gbgobgoboobgoobuooboobgo. obgo,booboobooboobg
gbbuogbobogboodgbboobboobo.booobbogobbuoobbood
O0o0o0obooonD Jungle DOODOOO0O. ODOOO0ODOOODODO,0000000O00
gbbogobboodbbuoogbbooo,boobbooobbooobbood
goobooo.

ooodo,Jungle000000D00OO0OO0ODOODOOOODO.0OO0OODOODOO
00000000000 0DO0DO0DO0DbO0DbD0ODbOOnO AlieebODOD. OD,000
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
gobbo.bobbuogogbbboooobbobbuoooboboboooobobog, d
00000000 Jungle 0 Cassandra O OOO0OO0O. O600,00000000
gobboboooobobogd.
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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.

00 database Jungle 000000 2



@DDDDDDDDDDD(DD) 20 0OOo0oboobooboon

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.

AL—=T/—=RlcHLTH
N TYORHBEBINTED

AL—=7/—=K1 AL—F/—R 2

U023 0000000000000000
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030 000000000 Junglel U
HREEN

Jungle 00O ODOODOODODOO CMSOOOOOODOOOOOOOOOOODOODOO
g, g ooooooooooooon
OO0000O WikiDSNSOOO,00b0ooooboooooboooobooboooogoo,
OO00o0ooooDooooboDbOobO. 0O Javal Haskel DOOOOOOODOODO
goooboobooboboD JavaDOdoo.

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
gobobooogoboood.

00 database Jungle 000000 6



@DDDDDDDDDDD(DD) 030 DOO0DOODODOO JungleOOOO

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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@ =k H5 S —R5 @

FTTO/NRZFHANDB /
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@ J—RBEIE—L @
wREXTW/—R

100%Z1ERT %

U34: 000000000000 2

JRRTHEW/ — KRB

£TO/— K03 @ @ p
P—%&Fn/ — R . ‘A

N

10088132 éopy <root, 2, 5>
-

N
~

Cbpy

OJONOIOIONORO

g 35 b0buogoggboooood 3
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U WS

ZENMTONTW -
TW/—RAsE
i)

U 36 U0bogggooboodd4

gbobooobobooobbboobbuoobbooob,oobobooobbod
gbobogoboodbbuoobobooo.bboobbooboboobooboboog
O000000O0oD,0000000d00ooooo0oooooooOg (o s87). oooo,
gobobbooogbbobuooooboboooobo.

4 A

mEE

) &7

OJONORO

37 o0b0buggoboobogd

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 d NodePathO OO OO OOO0OOO00O0OO,O000O00O00O0O0 TreeOper-
ation 0 O 0. TreeOperation 0 10 0000000000000, 0000000000
00000000000, JungleOOODOODODOOO TreeOperationO O OO OOOO
00 commit0O0O000O. OO TreeOperation 0 O O 0O O TreeOperationLog 0 O O .

3.2.2 TreeOperationLog

Jungle 0000 TreeOperation 000 O0000000OO,0000 commitdOOO
O00000D000.000,0000000000 TreeOperationd TreeOperationlLog
O00O00000. TreeOperationLogOD OO0 3.1000.

Listing 3.1: TreeOperationLog 0 00 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();

ol }

Iterable<TreeOperation>[] 0 OO OO0 OO Iterator 0 O O TreeOperation U O O O
0000000000, addO append0 00000000 TreeOperation 0O 0000 O
gboooobgn

O00000000000000 TreeOperationLogD 00000000 (3.2).

Listing 3.2:. 0000000000 000O0O

[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 =

Oo0o0oo0oboooobooooboooboooooboooboooooooooo
O0000000o0oo (O 3.9).

00000000000 NodeOperation DO OOOO. <>0000D00OO0O0ODOOO
NodePath OO 0O . NodePath 0 00O 0O OO Node O position O attribute 00 0O 0O OO
oogd.

039000000. OO, APPEND_CHILD 0000 Root Node O 0 0O OOOOOO
Node OODOODOO. O00,000000 NodeOODOO PUT_ATTRIBUTE O OO attribute
00000000on. attribute 000000000000 auther, 000000 O0O0O
OO0 mes, 0000000 0OD0DOO timestamp U0 O0OO00O0ODOO0OOODODOODOOO.

O00000000000000010000000000040 TreeOperationLog O 00O .

3.3 Uouubotuobtutubtotubototubotuubgd

Jungle 0 Git 0 Mercurial OO0 D0 O00OO00OD0OOOOOOOOOOOOOOOOOO
goboobo.bbdoooobobbboooobobo,buooobobbuoooobbbooon
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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 00 OO

gddddododoooogd. oo ooooooooooon
0000000000000, 00000000DOOOOOOODODOOOO0O (O 3.10).
gbboggbboodgbbuoogb,oobbbooobbooobbooobbood
gobboboooobobooooboobooogoobobooo. goob,booog
gbogboboobuodgbboobbdobobobuooboobboobuooboobbod
gd. goobbooboboodo,boddggoooobboboobbobo,bbooooooog
gobbobuoooobobo. bggubbbbuoooobobo,ooobbboood
gobbboooobobboooobooboo. oo, bbuoooobbbooon

oo.
—

repository

repository

—
—
1 .

0 310 00b0ooboobooobo
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3.3.1 UUOboooooooboogoad

gbogbboobda,bodbuooboobboobuooboobbo.ooboa,bd
googboooboooboonD JunglebOooooooooboobD. boobooog
oooodboO,000b0ooboob0obooooobooooboon. JungleOooooo
goboob,ggobbbugoobobb.bbogoobbobboooobobboood
gbod.bboto,gbboobuooboobb,bbobbodoboobbobbod
gobbobud. gggbobboooobbbbuooobobboooobobo,od
gbobboodobobboooobbbooo.bboooobboooobboao. d
gobbobuoooobboboooobbobooogobooboboooob.bobobo,od
gbboodgbboodbboodobboa,bbbooobbooobboodobbood
OO00oOo0.ooooob0obDOo JungleODODODOOOOOOOOOOODOODOODO
gobboooobbod.

0000000000000 00000000000000000O000O00 (O 3.11,3.12,3.13).

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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030 DOO0DOODODOO JungleOOOO

O
o 8y égqo >
00 O\ ) 7ssmss '
<&

U313 dggbooougoooo

ToYREAL
BzZ (oK

goboo.bod,gobbbuoooobbbuoooobbbbuoooobbbooad

goooo.

3.4.1 0000O0O0O0OOO

00

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

gobbobuooooboooboogd

gooo.

server
node1

4ﬂ4

server

node3d
T —

server
node4

server
node2

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 (O03.17). CodeSegment 0000000000000 DO0OOOOO,O00
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
T
Segment
Data Data

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
gbg3.1000.

3.7 0O0o0oooooooon

Jungle 00 ODO0OO0OODOOOOODOOOODODOOOD,00DbODOODODO
gogooboobo. bboobb,bbbbdoooooob,obbbbbbobooooooon
ggogoouooobobobbbbboooooood. guoo,guoooobbobbbibo
gogdddd. oo LoL OO
0000000000, 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.

00O database Jungle 000000
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140 Jungle OO 00O O

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: 00000000000 OOO

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

4.2 Alice UO0O0O0OOOOO

Alice000000DOODO0O0ODDOOOODODODOOOODDOOOOODODOOOO, AL
ice000000000O0O0O0ODOODOOODOODOOOOOODOO. OO0 DataSegment(O O
0)0 CodeSegment(J 0 0) 00 IO0OOOOOODO. OOOODODO DataSegment O
CodeSegment 0 0000000000 O0OO0OOODO,00D0000DO0DODODOOO
goodd.

4.2.1 AliceUUO0OOOOODODOO

Alice O DataSegmentd 0 0 OO0 CodeSegment OO0 00O OO0DOO0ODOOOO
O0000D000. CodeSegment 0D O OOOO DataSegment D OO DO O. OO0
DataSegment 0 0000 00 CodeSegment 000D OO0DOOOODO. DataSegment O O
0000000000000 0DDO0. 0000000 CodeSegmentJ OO OO.

Listing 4.5: CodeSegment 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 =" +count);

10 if(c > 10) { exit(0); }

11 CodeSegment cs = 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| }
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000,000 100 1000000000000 000b0000o0. obobobooao.
170000 U0DLO0O00000b00bO0O0. OO0 TestCodeSegment U [ O CodeSegment
000000000000, esO arglOOO Receiver OO0 O0O0O0OOOODOOOO
00, Receiver 0 000 DataSegment 0 000000000 0O00O0O. argl 00O setKey
APIDODODOO, 00000 DataSegment 000 7count” 00000000000, O
OO000o00”count”00000D00O0O00DODOOOO,0000000000ee00D0O
O00000. setKey APIDODDOODODODODOO ocal”’000DOOODO DataSegment
000000000000 000D0.0000DbO0b00O0Ob0OO0”ecal”’OO.

O00O0000 ods.update 00O 0O0O0O. ODOOOOO 190000 update DO
O7cout” 000000000 OO0OO0OOO0O. updatedOO0ODO ecsOODOODOODOO
O0o0oooos8sooboooooooog.

update D 0O 0O O07count” 00000000 0O Receiver U0 DO dsODODODOOOOO
O000. 70000 130000 ds.asIntegerO OO0, 7count” 000000000
O00D00000D00O00DOO0D0O0O0D. DO0ODOOD0O ods.update 0O OODO.
000 TestCodeSegment 0 DD D000, 00000000O0O0OONO”count”d update
Jo0oobooboboo.obobobobob’count’d 00O 1I00D00O0DODODODOO.

DataSegment 0 O OO OO0 CodeSegment D DO D OOOOOO 42000.

local local
DataSegment DataSegment

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

O 4.2: DataSegment [0 CodeSegment 0 00O O OOOOMO

update

main

4.2.2 00O000O0OOO DataSegment 0000

Alice000D0DO0ODODOODDODOODOODDO. DODODDOODOODDOODO
0000 DataSegment 0 D 0000 O00OO0O0ODOOODOOODOO.

00, Alice000200300000000000000000O0ODO0O0OO. 0O0O0O
00o0oboobooboob43000.

0000000000 DataSegment 0 00000000000 DOO0ODOOODOOOO
00o0obdoobobooobo. bbb oobouoobooboobOoo 4300000
0000000000 "parent”, "child1”, "child2” 000 O00OO. OO0, server node0
O server nodel 00 DataSegment 0 DO O OO 7count’0 000 00O0OOOOOOODOO
0,00000 setKeyODOOGOOOO4.60.
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server
node0

"parcy xarent"
Ahilm " "chilh

server server
node1 node2

043 00000000

Listing 4.6: CodeSegment 0 0 000 0O 0O O O DataSegment O 0 O 0O O

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

[y

\V]

O00,00000000 DataSegmentO OO O0O0O00O00O0O0,pwtO0000O0O0OO0O
00000D000b00o0booOono. bgOo, server nodel O server node2 [0 server node0
0 DataSegment [0 "message” 00 00000000000 OO0OO0OOOODOOOOA4.70.

Listing 4.7: 0O OD0OO0OD0ODO DatasSegment 0 00000000

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

4.2.3 O0O0O0OOOOOOLOOOOOOOO

O00,0000000000000 DataSegment 1O OODOOOO0OO0OO. Alice
U0 MessagePack D DU OO DO0O0OOOO0DOOOO0ODODOOOOOODOODODO. Mes-
sagePack D0 O O0O0DOO0OD0OO0O0OOOOOOOOOOOO. ODOO, AlieceOO0O0O0O
O00000DO0D0O000000D00D0OD DataSegment OO OOO0OO0ODOO.

MessagePack 00 000000000000 0OOO0ODOOOOOOO. ObOoOoOOO
O00O@QMessage 00O ODDOUODOODOO0ODOOO, D000 DbOOO0OODOOOOOO
MessagePack DO 0O OO000O0O0O00O00OO0OO0O0OO. ODO0O0DOO0O0OOO0O0O0OOO.

Listing 4.8: MessagePack OO0 000000000 OO0O0O 1

import org.msgpack.annotation.Message

1
2
3| @Message

4/ public class Student {
5 String name;

6/ int age;

7]

000 Studen0 000000000 0ODOODOODOODOOD. OD0ODOODOODODOODO
gobbodg,0bbbooogbbbuoooobbbuoooon.
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Listing 4.9: MessagePack U 0 000000 OOO0OOOO0O 2

import org.msgpack.annotation.Message

1
2
3| @Message

4 public class Class {

5 List<Student> studentList;
ol }

O000,00000000000000D0D00 Stuwdent00O0OO0OO0O0O0OODDOOODOO
O.000,%ndent 00000000 0ODOOOO0OOOODOODOOODO,OD00000O
gobbobooooboboad.

OO000000000D0D0OD DataSegment 00O O0DOODOODOOOOOOOOO
O000O0updateDODOODOODOO. DataSegment 0 000000000 O0ODOODOODO
gobbbuoooobbobog,gbbbuoooobbobboooboboboooon. d
000, AliceDDODOO Studen0 00 (Listingd8) D000 O00O0O0O0ODOO.

Listing 4.10: DataSegment

—

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

[\~]

MessagePack 0 000000000000 OOOO0O DataSegment 1 OO0 O0OOO0O
OO0oOooooooog.

4.3 0OO0OO0OOOOOO

Jungle 00O OQ0OO00O0OO0OOODOOODOO. DODOOObLO,0b0o0obOobbOoboon
O000,000 DataSegment 00 0O OOD0DO0O0OOOO. DOOODOO, @Message
00000000 booboooobobbooooboobbooooo.

4.3.1 TreeOperationLog OO0 O OO

TreeOperationLog O O D OO0 000000 DOODOOOOOODODOODODOOOOOO
O000,0000000000000000000000. TreeOperationLog 0 TreeOp-
eration 1 000 0000, TreeOperation 0 NodePath 0 NodeOperationO O OO OO0
O000.0000,00000000D000O000O000DOO00DOOO0DOAd.

00000000000, 00000000000 b0o0o0o0ooooooog. Mes-
sagePack O List UD DO OODODOOOO, TreeOperationLog 0 OO 0O OO 0OO Iterable
0000 ListDO0000ooooooooooooo.

4.3.2 O00O0O0OOOOOOO

TreeOperationLog 0 000D ODODOO0OODOOOO, 0000ODOO. ODOO, Tree-
OperationLog0 00000000000 ODOOO0OOOODOODO. ODOOO, TreeOpera-
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tionLogO OO UOODOOOO,0000000DO0O0OO00O0OO0DODO0OOOOODDOObDO. O
00, TreeOperationLogD OO0 OO OO0, 00000 UUID, 00O timestamp O O O
00000000000 0D00O0 NetworkTreeOperationLogO OO OO OO.

4.3.3 NetworkTreeOperationLog [ [ [

NetworkTreeOperationLog D 0 OO OO0 OOOOO.

4.3.4 localUUOODOOOODO
4.3.5

4.4 OUOLOOUOOOOOOOOOOOOO0O

Jungle DO DOO0OO0O0OO0OO0OODOODOODOOOOOOODO. DOooOobobOobOoo
goggoooboobobbboboobbbobboboooboodddddouooooooon
oob. JungleDODODODOOOOOOOOODOODODODOOOOODOODODOD.

gobobooog,bbuoggoobobboooobobobo.booooboboboa
ooooooooboboboDb. ob JungleDOOOOOOOOOOOOOODOODO

odoo44000.

message message message message

timestamp timestamp timestamp timestamp

044 Jungle DODOO0ODOOO0ODOODODOOOOODOOO

gbooooboobooboobo l1oobooboboob.oboob10bboo
00000000 1000000000000. 00,000000 attributes D OO0
J000oooO0D message OO0 O00OO0OODOODO timestamp DO OO0DDOO. O
0o0o0oboooboooooooboooboooooo.
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server server
node0 node1
* *
2AE2BIZENZND
/—RICIFEFERD

HETICESATFIE
timestamp
@ @ @ 10100

045 0000000000 00DO0O0DOO0ODbO0ODbOnD1

server server
nodeo node1

&%
b\ﬂﬂh%

_________

O 46: 000000000000 DO0ODOODOODDOO0O 2
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gobogobobogobbooobbooobobooobboooboboo,bod
gbogoobgoobobb.0oboobobbobbooboo 45046000,
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0460 servernodeO U O OOOOOOOOOOOO. ODO0DOODODOOODOODO
g,dbobooboobobuobooboboboobob. 0b0 timestamp 0D OO O
gogoboboo. bbouogoogobbbbboodd, timestamp U0 g4d, g
Ubooobgobooboobd timestamp UO00DO0O0O0O0D0O0O0O0DOOODOO
gobob.bogobobbbooodgoobobooooboboooooon.
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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

gobbbbbooodoobbbbooooobbbboooooobbbooooaan.
gobooobob HTrTpogobbooobo,bboobbooobooobbuoobobog

guo.

gboogbobobobooboobuooboobboobogbooboobbooobg

gbogoobgobooboob.

Clients

HTTP

client 1 Request

Server nodes

client 2

client N

Cassandra

H00E

D
D
-
=

U s3: 0b0000obbbouoooboobuoooon
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5.1.1 Torque Resource Manager

5.1.2 weighttp

000000 100000000000000000000000000000000
0 weighttp 00000, weighttp 000 00000,00000,0000000000
0000000000000000000CO0000000000000o0g.

5.1.3 OU0OO0OO0ODODOOO0

gbobooboobobooboboobobobobooobgJettyd oo
OO00ooooD,b0b0ob0O0d Jungled Cassandra DO O0OOODO.

O051:00000000000000 Jetty Cassandral 0O 00O O

oo |ooooo

Jetty 6.1.26
Cassandra 2.0.4

5.1.4 0OO0OOO
gobobuoooobooboogo

0000 VMWare KVMOUOOOODOOODOOODOOO. ODOODOOODOOO 5.20
gs3000.

052000000000 VMWareOOOOGOQoOQ

oo | 0o
CPU Intel(R) Xeon(R) CPU X5650Q2.67GHz
Memory 8GB
OS CentOS 5.8
HyperVisor VMWare ESXi
JavaVM || Java(TM) SE Runtime Environment (build 1.7.0-b147)
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053 000000000 KVMOODOOOO

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)

1000ggooboooobooboogd

gbobogbbougogoboogbbooobbuoobbuoobob.oooboboobod
oo 54000

0 5.4:
oo | 0o
CPU Intel(R) Xeon(R) CPU X5650@2.67GHz
ogoogo 12
ooooao 24
Memory 132GB
OS Fedora 16

gooobog

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

Listing 5.1: DO 000000000

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

gobbobogoobbboooobbobooogooboobogo

Listing 5.2: DO UODOO0OOOO0DOOOOO

1{ % ulimit —n 10000
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5.2 UQ0OOO1

OObDoobooogoosobobDioboonn weighttpOODOODOODOODOO.
weighttpU O OO OO0 O0OO0D0OO0OO0ODOODO

Listing 5.3: weighttp 0 0 0 0O O O

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

goboooobodgbilbodoo,0googilcoodono,0oooodoooooan
oooooooono.

Oo0o0oooo0. ooooooooboooobooooooooooooooooo
00000 (0),0000000000000. Jungle O, Cassandra 0000000
0000000 QUORUM, ONEOOOOOOOOOOO. Cassandrad 0000000
odsogo.

read benchmark(1,000,000 Requests)
300 T T T T T

Junglle —t
Cassandra Consistency Level Quorum ---x---
Cassandra Consistency Level ONE ------

>

250 | T g
200 .

150 F Ko R

time(sec)

100 1

50 | B

0 1 1 1 1 1 1 1
10 15 20 25 30 35 40 45 50

nuber of nodes

Us4 0000000000DOO

gbooo,0b0o0,gubob Jungle 300000000 0O0ODODODOODOOO
OO0000. 00, Cassandrall Jungle D OO DO ODOOO0OOO0O0OOO0O0ODOOOOOOODO
goboboooobood.

5.3 U2

gboobuogbooboobooboobbobbobobooboobdg vM Db 48
gboo,00bodbobooobo KvMOO 1200000,0060000000. Jungle
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write benchmark(1,000,000 Requests)

600 T T T T T T T
. Jungle —+—
-~ Cassandra-Censistency Level Quorum ---x-—-
) g Cassandra Consistency Level ONE -~
500 f 4
400 i
o
]
@ 300 - R
g rrrrrrrrrrrrrrrrrrrrrrrrrrr S Koo S K
200 i
100 —//‘\/; B
0 1 1 1 1 1 1 1
10 15 20 25 30 35 40 45 50

nuber of nodes

Uss5 0b0bugoobooogd

O Cassandra0 0000000 0ODOO100,200,3000000,0000000 100,
200,300 00000000000, KVvMUOODOOOOOoOoooOoOooDOOO. weighttp
goboboooobboobuooooooo.

Listing 5.4: weighttpO OO QO OO OO0 20

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

gboobdgbi1ooobogbobsbo grTpoboboobooboo. b0 1gbgonbog
gobooobooboooooooooboobobo vMUObOOooooooboobobooo.

gboobooboobooboobo.bbobbobbobbobog be,5.70
uo.
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distributed read benchmark (Requests : clients * 50,000)
50 T T T T T
% Jungle F——
- 1 Cassandra Consistency Level Quorum +--x---
45 | X T X R
40 ’ .
¥
35 |
30 - T i -
0 |
& |
s 251 X -
£ i
20F | _
15 —
10 } % } } —
O 1 1 1 1 1
10 15 20 25 30
number of nodes and clients
056 000000000000 00UO0UOuoOouao
write benchmark (Requests : clients * 50,000)
160 T T T T T
Jungle +———
Cassandra Consistency Level Quorum -~
140 | X ! i
120 B
100 1 B
X
o i
&
s 80 -
£
60 F .
X
40 % e
20 J[ { { } J{ E
0 1 1 1 1 1
10 15 20 25 30
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