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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.



u10
1.1

020
2.1
2.2
2.3
2.4
2.5

030
3.1

3.2

3.3
3.4
3.5

040
4.1
4.2
4.3
4.4
4.5
4.6

gsd
5.1
5.2

HRN

U .o
1.1.1 bDoooooo .00
1.1.2 OOoOoogoo ..o o000

goooboooooood

RDB O NoSQL . . ... ... .. ....
CAP OO ... ... ... .. ...
Cassandra . . . . . . . . . ... ...

OO0000o0DOn0 JungleOODODOO

000000000 Jungle. ... .. ..
R R I
3.1.2 0D0O0O0O0OOOO ... .......
JungleOOOQOOOOGOGQ . .......
3.2.1 TreeOperationLog . . . . . . . ..

ggboboobuooobboboogooboo

ooooooo ...
CAPOODO Jungle . . . ... ... ...

JungleO O OO0

TreeOperationLogD DO OO OOOOOOOOOOO ... ........

oooooooobDonD Alice . ... ..

Alice DOO0OOODOOOODDOOOO

AliceODODOOODOOO .. ... ...
ggboooooono oo

ggbbobuogoobboogooboo

OO0000O0b000000 JungleO OO
0

00O database Jungle 000000

14
14
14
15
16
16
17

20
20
20



Sooooooooo0oo (oo)

5.3 UDOOO ..o s

gell 00O

6.1 OO0 ... o
6.2 OO0O0O0O ... ..
6.2.1 0O0OOOOOOO ... ... .
6.22 Merger OO QOOGOOOGQ ... ..

6.2.3 Compaction0O00OO0O0OD0OO0ODO0O
HEN
gooo

gooo

00O database Jungle 000000

21
21
21
21
21
21

22

23

24

ii



2.1
2.2
2.3

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10

4.1
4.2
4.3
4.4
4.5
4.6

OO0000000000000 ... e e 4
OO000000 ... e e 5
Neodj OO DOODO . .o e e e 6
OO00O000000 ... e e 7
OO0D00000000 . ... e e e e 8
DO00O0000000T1 ... e 9
OO000000000 2 ... e e e e e 9
OO0000000003 ... e e e 9
OO0000000004 ... e e e e 10
OO00000000000 ... e 10
Node O attribute 0 NodePath . . . . .. ... ... ... ... .. .... 11
TreeOperationLog OO OO . . . . . . . .. . oo 12
CApO0000D0OO0O0OODODOODODOO .. ... ... .. ... ... 13
00000 Network Topology . . . . . . . .. .. .. ... ... ... 14
00000 Network Topology . . . . . . . .. .. . ... 14
Alice 00O0DOD0OD0O0DOOOODOO ... it 16
Jungle 00 0DO0O0OO0OD0OODOODODOOODOO ... .. 17
0000000000000 ooooooooog ... 18
I 18

00 database Jungle 000000 iii



00O database Jungle 000000

v



10 Ui

1.1 OO

1.1.1 DODOoooon
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000000000000000000 RDBO NoSQLOODOODOOO. ODODO, O
OO0 NoSQLOODOODODOODOO Cassandra, MongoDB, Neo4j 0O OO OODO.

2.1 RDB 0 NoSQL

000000000000 RDBO NoSQLOOODOOD. RDBOOOOODODOOO 2
000000000000 000000000000000. RDBOOOOOOOOO
0000000 SQLODOOOD,000000000000000000000. 000,
RDBOOOOOOOOOOOOOOOOOOOOOOD. 0O0O0,0000 PCOOO
000000000000000000000000000000000. 000000
00000 NoSQL(Not Only SQL) 00 O00D0. 200000000000, Key-Value,
000000,000000000000000000000. NoSQL O, SQL OO0
0000000000000000000000000000000.

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

e 000 (Availability) 000000000000 DOOOODOOOOODOOOOO
gbogoobobooboob.

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

000 CAPOO [JODO00O00. 00000000000 00O0O,00 CApOOOOO
oooooooobo. obooobob0oboboboboRDBOOO. OOO0OODOODO
OO00000 NoSQLODOODOODOODOO. OO NoeSQLOUDOODOO, 00000000
gbgoboboboobooboobgobon.
O000OOoO00oDOoOo0oooooo,00 cApOoo0oOoooOoOobDoooooon.
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2.3 Cassandra

Cassandra 0 20080 700 Facebook 0000000000000 O0O00O0 Key-
Value 0000000000, Amazon O Dynamo 0000000000000 C0O0O
00000000000000. 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) 0 0O0O0. 00,100000000000000000OOO, 00000
00000000000 (D0O00)00O0000D0. 0000000000 (sharding) O
Ob. MongoDB OO UODOOOODOODOOODOOOODOOODOODOOODOODO.

1~10007—%
NHdEE
v
Node 1 Node 2 Node 3
1-33F TiEY 34~66F TEHY 67~100% TEY

0220000000
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2.5 Neodj

Neodj O, 000000000OO00O0O0O0O NoeSQLOODODOODODOO.DOODODO
goboboboooo. gobbboooobobboooobobbooooo,bbooog
gbbogbbogobobooo.gbbuoobobobbooobbuoobobboobood
. gogbobbbooooobboooob,bobooobbobboooobbbooon
gobbobudg. gggbobbooog,bbuoooobbbbuoooobbboood
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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

0 2.3: Neo4j OO QOO
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3.1 000000000 Jungle

Jungle 00D ODOODODOODO CMSOOOOOOOOOOOOODODODOO
gbbuodgbbuoobbooobbo. ogobboobboobboobboobobood
OO00oO00b wWikiDSNSOOO,00b0oooobooooobooogoooboooogoo,
gbgoboboobooboobgn.

Oooobooboo,00gooboboooog,Jungled00oogooobobOO

gogoog.

3.1.1 0O0OOOono

gobbobuooodgb,buoggobobobbuoooobbobooooobooog. g
10dgbgobgooboboboobo.

@) @
/— K100~
BEETHRZD
_>

OJONOI0I0

031 000000ooon

ggooboo,bbbobobbboodooooobbooobboo. bog,bboad
gbobooboboobobooboboobobooboboo,oboobobo
gbbuogboboogbboobbuoobboooboo.gbbuoobuoobobood
gbgobgooboboobo.
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3.1.2 00O0OO0Oo0n

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 /

U333 0b0oboboob 1

@ J—RBEIE—L @
wREXTW/—R

100%Z1ERT %

U 34: 00000000002

JRRTHEW/ — KRB

£TO/— K03 @ @ p
P—%&Fn/ — R . ‘A

N

10088132 éopy <root, 2, 5>
-

N
~

Cbpy

OJONOIOIONORO

g 35 b0booggoooo 3
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U WS

ZEHTORTW -~
(%) oo inem () (7
=85

OlONOIOIONORO

g 36 00oogoobon4

gbobboooobb,goobbbuoobbboooobbboooobn.

OJONORO

U3 obooboobuoonoo

3.2 JungleJOOOooonong

Jungle 00000000000 Node O attribute D000 OOO. attribute O String
00 Key O ByteBuffer 0 value 0000000000, Jungle OOOODOOOODOO
0,00 NodeOOODOODOO attribute 000000000 O0ODO. OO NodeOODO
O00000000000000.00000 NodePath DOOOO (O 3.8).

Node 0000 Node OOODODO, 000 attribute 0000000000 OOODO.
Node 00OD0ODOODOOD400 APIODOODDOODO.
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NodePath<-1,1,2,3>

O 3.8: Node O attribute 0 NodePath

e addNewChild(NodePath _path, int _pos) NodePath OO OO OO Node OO0
000 Node OOODO APIOOD. pos 0ODOO0ODOODODODOODODOO
Oo0o.

e deleteChildAt (NodePath _path, int _pos) NodePath O pos OO ODOOOOMO
Node OOODODO APIDOO.

e putAttribute(NodePath _path, String _key, ByteBuffer _value) Node [ at-
tribute 00000 API OODO. NodePath O attribute O OO OO Node OO O.

o deleteAttribute(NodePath _path, String _key) _key U 00O attribute O OO
000 APIO0O0O. NodePath O Node OO DO.

00 NodeODOOODO API O NodeOperation 000 0OO.

3.2.1 TreeOperationLog

APIODOODOO, Jungle D00 00O NodeOperation 000 O00OO0O0O0OOODOOO,O
O00commit 0000000000 000.O000000C0D0O00000O0 NodeOperation
0 TreeOperationLog O O O . Jungle 0 00O 0O TreeOperationLog D0 O O0O0O0O0OOMO
O000. 000 TreeOperationLog 000000000 (3.1).

Listing 3.1: DO 0ODO00OO0DOO0O0O0O

1| [APPEND_CHILD: <—1>:pos:0] \
2| [PUT_ATTRIBUTE:<—1,1>:key:author,value:oshiro] \
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3| [PUT_ATTRIBUTE:<—1,1>:key:mes,value:hello]
4 [PUT_ATTRIBUTE:<—1,1>:key:key,value:hoge]
5‘ [PUT_ATTRIBUTE:<—1,1>:key:timestamp,value:0]

O00b0000O00bOO0bO0oO00O0DbO0DO0ObObOO0ODbDODO0OObOODOobOOODbDOD
O000O0O0Oooooo (o 3.9).

O0000000000 NodeOperation OO0, j;, DOO0DOO0OOOO0O0OODO Node-
Path 00 0. NodePath 00O 0O O Node O position O attribute 00 OO0 O0O0O0OO.

[PUT_ATTRIBUTE:<-1,1>:key:author,value:oshiro]

[PUT_ATTRIBUTE:<-1,1>:key:mes,value:hello]

[PUT_ATTRIBUTE:<-1,1>:key:key,value:hoge]
[APPEND_CHILD:<-1>:p0s:0]  [PUT_ATTRIBUTE:<-1,1>:key:timestamp,value:0]

LJ_»

Node DiEHN attribute MIBAN

"author" => "oshiro"
"mes" =>"hello"
Ilkeyll => l|hogsll

"timestamp" => 0

0 3.9: TreeOperationLog 0 0O OO

3.3 U0ooooouooboouooood

Jungle O 0O0O0O0O0OOO0OODOOOOOOOOO. OODbOoOobobOoOoboDbOon
O0o0boooboobooogD. JungleDOOOODOOOODO, 0000000000
goob. dggogobboobbouoooobboobobooooo. bobbo,00o0ag
OoooooboonD Jungle0OOOODOODODOOOOOOODOODO.

gboobooobg JungleDOODOODOODODOOODOODOODOODODOODO
goboog.

3.4 0O0O0oOoooo
3.5 CAP OO0 Jungle
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RDB MongoDB

A M Cassandra TS
Neo4;j
Jungle

0 3.10: CApOOO0O0DODOOO0OOOODOOOODOO
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4.1 TreeOperationLog OO0 O0OODO0OOOOOOMO
[

Jungle 00O ODOODO TreeOperationLog 00O OOOOODOODO. OO TreeOpera-
tionLog DO DO OOOODOODO, Jungle DO OODO0ODOOODOODOOOODOOOODO
O0000.0000000bO0oO00oOo0oo0o0oo0oooDooooUoo.

Jungle D00 O0OO0O0O0ODOOOODOODOOODOODOOOOD.ODOD,O000O0
00000OoO0o00ooo0ooo00oo0o0ooooUoooDoUbDoo. ooooo
gooooo0obooOo0oooobobooobboooobooooo.

00000000000 bO0O00O0O0ObO0b0ObDO0bOobOoDOoD AliceDonoOo.
Alice JO000000000DDDODOOOOOCOOOODODODO TreeOperationLog 00O O
0000o000DOoO00ooooooooooooooooo.

server server
node0 node0
S —
server server server server
node3 nodef1 node1 node2
server server server
node2 node3 node4
S — S T —
0 4.1: 00000 Network Topology 0 4.2: 00O 0O0O O Network Topology

4.2 00000000000 Alice

Alice DDO00ODDOODODOODDODOOODOOODOOODO. Alice DOOODO
DataSegment, 0 0 00 CodeSegment 000000000000 OODOODOOODODO.
DataSegment 00O DO ODOOOOO0O
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4.3 Alice 00O 0OOOOOOOOOO

Alice 0000000000000000000000000000000. 00000
000000000042000000000000 dt0000000000000O0
0oo. (4.1).

Listing 4.1: Alice 00 OD00O0ODOODOOOOOODOOODOODOO
1’[ % java —cp Alice.jar alice.topology.manager.TopologyManager —p 10000 —conf ./topology/tree5.dot i

000000 Aliee000000O0OO0OO0OOODODODODODODODODODO.
dot UO0QOOODO,000000DO0OO0O0OO0O0ODODODObOOODOD. bob,000
O000050,2000000000000 dot0000D0OOOOO (4.2).

Listing 4.2 0000000 DOOOOOOO detODOODO

% cat treeb.dot
digraph test {

node0 —> nodel
node0 —> node2
nodel —> node0
nodel —> node3
nodel —> node4
node2 —> nodel
node3 —> nodel
node4 —> nodel

label="child1"
label="child2"
label="parent"
label="child1"
label="child2"
label="parent"
label="parent"
label="parent"

H O © 0 1 O Ut i W

}

node0 00 nodel 0O O0OO0OD0OOOOO0ODO. ODOOODDOODOODLOODOO,
Alie 0000000000000 00O00 (0O0)OOODODODOoOooooooooood
O0000000000000. node0-gnodel OO OOOOOOO0OOO0OOOOO
0. 0000 label="child1” O, node0 O nodel OO O OO7child1”O000O0OO0OOO
gboobgobooboobgo.

dot 0DODOOO0OOODO Aliee000OO0O0O0ODOOODOOODDOO,00D0000O0O
gboobobooboboboo.oobobobooooboboboobobobg
oooooobobooog,det0oboboobooboobooboboboboobogn
gbgobogooobo.

gboogbobogboboobogobbobobooboobboobuooboonooba
O,00000000.dot000O0O4200000000000000043000.
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040 JungleOOOOO

server

node0
S —

server
node1l

Topology

Manager

server
node2

EHLOBWEbE

server

node3d

server
node4

—

server
node0

parery Ch||d2
Am paer

server
node1

parer;t/— Yi“dz
4;1 par:k

server
node3

server
node4

0 43: Aliece 0O0ODOOO0ODDOOODOOODOO

gobgobooboobbo, gobooboobboobbobboob.
"child2”, "parent” DO O0ODOOO0ODOOODOOOODOOODOODOOOODOODOO

server
node2

? child1”,

goooon.
0oodooooooooboooonooooobooooooooonoo,ooood
0000 (4.3)
Listing 4.3: Alice DO OOO0OO0ODOOOOO
1| public static void main( String[] args ) throws Exception
2{
3|  RemoteConfig conf = new RemoteConfig(args);
4 new TopologyNode(conf, new StartBBSCodeSegment(args, conf.bbsPort));
5[ }

000, 0000000000 o0boooobooooooboooDoobooooon
gboboboooboboboooboboboooobobobDooboboobDoo. g
0 0O, massO0.cs.ie.u-ryukyu.ac.jp DO OO0 D0OO0OOOOOOO 1000000000000
O00000000000000000000000 (4.4).

Listing4.4: 0O 000000000000

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

4.4 Alicel00O0O0O0OO0OONO

gbobobooogboobobuoooobbboooobbooooboog.

4.5 UUOOOOOOOO

gbobobooogboobooooboog.
gboogoobodg,ogbobobouodgbboobuoobbuoobooboboobobon.
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4.6 UULOOUOOOOOOOOOOOOOO

Jungle DO DOOO0OOO0OO0O0OOODOODODOOOOOOODO. DOooOooboboOobOoo
goggooboobbbboboobbbobbobooobooddoodoudooooooon
Oob0. JungleDODOODOODOOOOOOODOODODODOOOOODODODOD.

gobobobooog,bbuoggooboobboooobobobo.boooobobobogd
OoooooooboboboDb. ob JungleDODOOOOOOOOOOOOODOODO

odoo44000.

message message
timestamp timestamp

044 Jungle DODOO0ODOO0ODOODODOOOOODOOO

message
timestamp

message
timestamp

gboboobobobooboobol1obobooboboob.oboob1bbOon
gbooobdobl1gobuoobuooboob. o0, bobbOon attributes D OO O
00000000 message HUDOOO0O0O0O0O timestamp DO OOOODO. O
gobbooboooobbbooooboboboooobon.

gbboogbboodobboodobbooobbooobbooobboo,bod
gboobgobobbo.0oboobobobobbooboo4s04600D0.

00 database Jungle OO0 0000 17



@DDDDDDDDDDD(DD) 040 JungleOOOOO

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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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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5.1 O0OOO
5.2 UOUO0OMO
5.3 UUgQ
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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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