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Abstract

Users of the Wev services is increasing by the diffusion of smartphone and tablet pc. How-
ever it caused the webserver down. Therefore, scalability is the important software factor
for Web services today. Scalability in distributed system is able to increase performance
linearly when just added new node to system. In order to provide scalability to Web
services, database must have scalability.

For study of scalable database, we are designing and developing a database Jungle which
has non-destructive tree structure. Non-destructive tree structure dose not destruct the
data when data editing by creating new tree.

In this paper, we implemented persistent and distributed database on jungle. Dis-
tributed data on Jungle is developed by using Alice which is parallel distributed frame-
work. We confirm the data distribution between the server nodes on Jungle with our
cluster system. Also, we developed simple bulletinboard system with Jungle and key-
value store database Cassandra. We compared response time of Jungle and Cassandra
using simple bulletinboard. As a result, Jungle got better performance than Cassandra.
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3.1 Jungle 00O 0OOOOOOOOOO

Jungle DO O DOODOOOOOOOODOODOODOOO. JungleDODODOODOO NodelO
attribute D 0 0 O O . attribute 0 Key-ValueODOODOOOOOOOO. KeyO String O
O Valued ByteBuffer OO DO O0O0O0O. JungleOOOOOOOODOODO, OO NodeO O
O0D00000. NodeOOODODDO,00000 NodeOOODOOODOODOO. OO
000 NodePathO OO 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
OO000000. TreeOperationLogD OO O ODOOOOO 3.1000.

000000 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 }

0 Iterable<TreeOperation>0 00 0O OO OO Iterator O O O TreeOperation O O [
00000000000, addO append 0000000 O TreeOperation 0 0000 O
oooooooo.

0000000000000 O0 TreeOperationLogOD OO O ODO0OO0OO (DODDOOO
3.2).

obobog 32 00000000000000

[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

0000o0ooDoOoOoOoDODOoO000000000oo,0000ooooO attribute O 3
O00000000000000000 (O 3.9).

O000000D0D0000 NodeOperation D OOO0OO. <>00000D00000O0O0O0
NodePath OO 0. NodePath 00O 0O OO O Node O position O attribute O 0O O O O O
ood.
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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

gdodooooooog 3o od. 0d, APPEND_CHILD:<-1>:pos:00 U U
Root NodeO 00O 0O0ODOOO NodeODODODOOD. ODO,000000 NodeOOODO
PUT_ATTRIBUTE<-1,0> OO0 attribute OO O0OOODOO0O. attributeJ0O00 OO
000000 auther, 000000 OO0O0OO0O mes, 000000 DODODOO timestamp
goboboooobobbuoooooobo.

O00000D00O000O00bO0O10000b000D000 TreeOperationLog OO O .
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40 00000000 JunglelD U

O0oboo0ooboooobooobD Jugled000O0O0OO0O0OODO. DOOODOOODDOOODO
OO00oOooooooonD Jungle, 000000000 OOODOODO. ODO,0000O
000000, TreeOperationLogO OO OOOOO. JungleDOODOOODOOODOOO,
gobbobuooooboboooobbbooogbobobboooo.oobo,oo00d
ooooboobooobobooooboog,JJugled 000000 ODOOOOOOODOOODO.

4.1 0OO00O0OO0ODOODOOODOObOOObOOOOn

JungleDOOODOO Gitd Mercurial D0 OO0 00000 0OOODOOOOOOOO,DO
gobobboogogboboobodgg. bogogoobobo,gogogbboboga
gbbuodgbbugobobuooobooobboob.boobboobbooobood
gbobogobboodgbbuoogbbog,bboobbooobbooobbood
00 (0D41). 000000Q00O0OOO0OOODODO,0000DDODODODDDODOOOOO
gobobobuooooboboogobobobooogoobooooobooo. o, d
gboobobogbuodgboobboobuooboboobboobuooboobbod
ggoobooob. bbbodooooooo,goobbobobbboddgooao, oo
gobbobuoooobboboooobbb.bbuooobbboooobob,ooa0d
gobbbuoooobobboooobobooogooobo.booa,bbboood
gobbogad.

4.1.1 0O0O0OOOOODOO API

O0000O0DbO0b00O,0000 300 APIDODOODOODO,0D00DODObOOO
uo.

e commit
go0O0O0O0O0oO0O0oOoOoooooooooooooooooooooo.

e push
000000000000 000D00DO0000DO0ooDOooDOooDO.

e pull
OO000D0DO000oo0ooooooDooooooooooog.
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@DDDDDDDDDDD(DD) 040 0DOU0O0OODOOO Jungled OO

repository

repository

repository

repository

e
1 l

U41: 00000000

ODcommit 0000000000 0ODOOODO0OOOODO0OOOO,pushO0O0O0ODOODO
ooobooooboooobbooooooboooobD. bo,pdl00b00O0O0b0bO0ooon
gobbbooooobbooooon.
gbobooboboobobooboboobobooboboob,bobbob
gudddododoooooooooo. ooy UUUUOQ
ooooob0o. 0obobobobo0o. bobob00oo0ob0b0ob0nD Merge OO
MergeO O UODOOOOO0OOOOOOODODOOOODODOODODODOO. OO
gbgoboboboobooboobgoobobobobo.

4.1.2 MergeUUOUOOOOoooooooOO

googboobooobda,bodgbuogboobboobooboobbo.goa,bd
OooooooooobobO JungledOODOODOOOOOOOO.OO0OOODOODO
gboooo,boboobobooboboboobuooboboob. Jungled oo g
gobbb,gogbobbbouooobbb.buoooobbbbuoooobbbooad
gboodg.bboo,gbbogbuooboobb,bboboboobooboobbod
gobbbdud.gogbbbboooobbbbuoooobbboooobobbo,od
goboboooobboooobobboooo.bbboooobboooogboboog. d
O00000000,000000 MergeOOOOOOOOOOOOOO. Merge, O
gbobogobboodgbbooobbog,bboobbooobbooobbood
O000o0.0o0boooob JungleDOOOOOOO0OODODOOO MergeO OO
goboooooobo.

000 MergeJOODOOO0O0O0D0OO00O00ODO0ODO0ODO0O0O0O0OO0OO0OOO (O 4.24.34.4).
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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 0O00O0O0OOOOOOODOOOOOO

OO00oO0boobog JungleOOOODOOOOODOOOODOODOOOODODOO
goob. obbbbbobo,bbobudgooooobob,obbbboooooaad
gbbogobog. gbugoboboobboobboobobooobboobbood
000000000 MergeOOO,MergeOOODOOOODOOOOO0DOOOODOOO (O
45). 00,0000 (046), 00000 (04000000 0DO0DO0DOOOOOOOO0O
gbboobbuooobboobboobobooobboobbooobboobbo
gbob.ogbboogooo,oboogbbogbbuogobobooo.boog,ood
gbogbobboobuoobobooboboboobobboboobo.bobogb
gobbooogbobbuooooboboooboboobod.

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
node

server
node

server
node

server
node

server server \

server server
node node

0460000000000 047 00000000000

00000000000 bO0oU0o0b00ob0obUobD0obOobOoDbDOoDn Alicedgonog.
Alice JO0O00ODOOODOOOOOOOODOODODOODOODOODOODOOODO,OO
gobboboggobobobuoooobooog.

4.3 0J00O0OO0OO0OOOOOO Alice

Alice 000D 0ODODOU0ODODODODOUODOODODODOO. Alice DODODO
DataSegment, 0 0O 0 CodeSegment 00 D000 ODOOOOODOODOOOOODOOO.
000000000 CodeSegment 0, 00000O00O0ODOONO DataSegment 00O 0O O
00000000 (O 4.8). CodeSegment 0 00000000 0OOODOOOOOODO,O0O
CodeSegment 000000 O0ODO DataSegment O O 0. DataSegment [ CodeSegment
0ooooooooooooooodoooooooooooonooooonoon.

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 0O DataSegment 00 000 00O MessagePack[8] 0000000 . MessagePack
0000000000000 00000000000000000000. Aliced 00
0000o0oOo0000ooooooooobooo,bbo0odd MessagePack O 00O
gdododooooooooogd.

4.4 Jungle 0O 0O0OOO

Alice 000O0ODDODDODODDOODOODOODOODOODO. OODOODOO
gboobooooobobobOobooobooboboooboobooo.Dgoboboog
TreeOperationLog 00 O 0. TreeOperationLog 000000000 D0O0O. OO Node O
000000000000 00000D000000. 00 TreeOperationLog O Alice O
000b0o0O0o0bO0o0DOoO0,0b000b000o0bO0oo0o00obODOoo0DboboDOoobooOoog
00000, Aliee0OD0OODOO, OO TreeOperationLog [0 MessagePack 0000 00O
00O0000D0Oo0o0obOOo0obooooDoon.

4.5 0O0OO0O0OOOOOOOOO

Jungle 0000000000 O0O0OOOOO0ODOODO.ObO,0b0D0O0o0bOobDOO
000000000000 000000. 0000000000000 0o0oDooDooagon
O000ooO0ob0o0OOoO00.0bo0o,00b00b00ob0obobooobooboOoo.

Jungle 0O OOO0OO0ODOO0OOO Journal OO DOOOODOOODOO. OO Journal
O0000o0ooobooboonoboonono wWriterDOODOOODODO. JungleOOOO
000000000000 WriterODOO writeOOOODOOODOODOODODOO.

OO0 Journal 0 Writer OO 0OOOOO0O0O, DO00O0D0OO0O0O0O0OODOOOOODOO
O000. 0000, 000000000000 000O000O00O000O000O00A0O
O0D000DO0O0OD0ODO, 000 Alice DODOODODOODODOO. AliceO0DOOODO
MessagePack 000000000 OOO TreeOperationLog OO O. DOOOOOO0O
000 TreeOperationLog 000000000 0DO0OO0OD0O0O0OOOODOODOODOOO
oOoooogoo.
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60 000000000 Junglel U
HREEN

00000 JungleOOOOOODOODODODOODOOOODOO. ODOOODOODODO
O0000O000O0O0boOo0oOoooOoOn AlieeDbOOODO. 00, Jungle00O0OO
00000000 TreeOperationLog OO 0. OO TreeOperationLog O Alice 0O OO
O0000000000000000000O0ono 9.

D000 Jungle O0O0DOODOOOOOOODOODO. OO, Alice0D0ODODOOODOO
O0O0DoOoO, Aliee0D000ODOOO0OO0O0ODOODDOOOOOODOO. AliceOO
0oo0oooOo0oooO0oboo0o0ooooO0oboo0oooOo,oDo0goboooo
oooooooob.oo,gb0boboob0Jungleb00000oooooOo.oogn
go0ooo0o0oo0o0ooo0Ooooooo00oooUoo0U0oo. ogo,0o0ob000
000000000000 MergeDOOOUOODOODOODOOOODO MergeOODOO
ooOd.

5.1 Alice D0D0O0O0O0OOOOOOODOO

5.1.1 UJU0UOO0Ogooooobood

Alice JO0O0O0OODODOODOOOODODOODOOOODODODOO. AlicebOOnO
gobobbooobobobooouoboobsigoooo.

000000 5.1 Aliced0000D0DODODODODOOOOOOOOOOOO
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 dot 000000000 (DOOODOO 5.2).
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ooogod s2.d0boobobobobodn dot O Qg

% 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"

H O © 0 1 O Ut i W

}

node0 00 nodel DO OD0OOODOOODOOODO. ODLOOODOODOODOODOO,
Alice 00000000 O0OODOOOOODO (DO0)OOOOODODDOOOOOUOODOOOO
O0000000000000. noded0 -=>nodel DOOOOODOODOOOODOOODOO
O0. 0000 label="child1” 00, node0 O nodel OO OO O”child1”"OOOODOOOO
gobboooobbbuoooob.

dot OOODOODOODOODO AliceO0OD0OODOODODOODODODOODO,0DO0D00D0O0O
gbbugbbogobboob.buoobbooobuodobboobbuoobobood
goooboobobobob,dot00booboobobobobobobboobooonog
goboooogoobo.

gboogobogboobuogbuogbboobuooboobboobuooboooog
O,00000000. 000000520 doet0000OD00OO00OO0OOO0ODODODO
gs100d.

Topology server
Manager | EREDOEWGDLE node0
server server )/_\
node0 node3d server server
— — . node1 node2
S —
server server /‘ ;
node1 node4
S server —— server server
node2 node3 node4

O 5.1: Aliece 0O0ODOOO0ODDOOODOOODOO

5.1.2 JU0UOUO0O0OOOoOon

OO0 Jungle OOODOOOODOOOO AlieceDOOODOOOODOOODOOOODDOO
O0.000000 Aliced TopologyNode OO0 OOODODOOODOOODOOODOODOODO
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000 (000000 5.3).

gboobod s3: 0b0bouoaobon

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 OO0 OO0 200000 CodeSegment 00 00O . TopologyNode O O
O000O0000DO00bO0DO0oO0bO0oDOooO0obObO0ODO0b0. Oboobobboo
0000000000000 0O0DOO0oDO0ooD0ooooOoDOOoooooooo. ooo,
020000000 StartJungleCodeSegment O 0 00O O. StartJungleCodeSegment
000000000000 0DoooDooDooo.

000000000 DbO00bOO00ODODbOobOO0OODbO00ODbO,00b0oO0DbOoOobDOoDO
000000000000 000D0O0000DO0000DOO0. 000, mass00.cs.ie.u-
ryukyuacjp OO0O0O00O00OO0OOOOO 1000000000000D000DO0O0DODOOO
O000000000DoO0 (OoOoooo s54).

oboobodg s4& 0b00bOo0obOoOobOoOoD

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

5.2 Alice DD DODOOOOMO

Alice0 DO O0OOOOOOOODODOOODODDODODOOOOOOOOODOOOOOOO,
AliceDO00ODO00D0O0OO0ODOOODOOODOOODOOODOOODODOO. OO0 DataSegment
0 CodeSegment 0 00D OOOOOODO. ODOOOOO, DataSegment [1 CodeSegment
godoobooouooouoobog, oo ooouoon.

5.2.1 Alice UD0DOOOOODOOO

Alice O DataSegment O 0000 CodeSegment0 DO O ODDOOODOODOOODOOOO
0. CodeSegment O OO ODOOO DataSegment DO O OO O. OO0 DataSegment
O000000 CodeSegment 0000000 OOODO. DataSegment 0 00000 OMO
O0O0D0O0CO00DO0OO0.000000 5.50 CodeSegment 1O OO0 O.
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000000 5.5: CodeSegment O 00 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 = argl.asInteger();

8 count+-+;

9 System.out.println("count_="+count);

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

11 CodeSegment c¢s = new TestCodeSegment();

12 cs.setKey("count");

13 ods.put("local", "count", c);

14}

15

16| public static void main(String[] args) {

17 CodeSegment c¢s = new TestCodeSegment();

18 cs.argl.setKey("local", "count"); // setKey API
19 cs.ods.put("local", "count", 0);
20
21| }

0000000 bs5000000.00000D00DO,D001D0D0100DOODOODOODO
OooboobOooooo. 170000 0000 bo0obOooOooon. 00 TestCode-
Segment 0 0 0 CodeSegment 000000 csOO0ODO0O. esO argl 00O Receiver O
00000000 DO0OD0ODOOD, Receiver OO0 DataSegment 00D OO OOOOO
OO000. arglOOO setKey APIDOOOODO, 00000 DataSegment O O O ”count”
Oooooboooooo.gooobob’count’d000ooooboooooon,on
O000D0000 esOODO0OODOODOOD. setKey APIODOOODOODOODOODO ”ocal”
O000000 DataSegment 0 D 00D ODOODOODOODOOOO. DODOODODOODO
000 7local” O O.

O0D00000ods.put0OO000O0. O0OD0O0OO 190000 putOODO”count”d
OO00oO00o0ooDobOoO0oOUDbDO0. pwtdD0O00OD0 csOOOODOODOOODOODODOODO
suboooooooboooo.

put U0 OO0 count’”0 0000000 00 ReceiverUO D argl DO OOOOOOO
O00. 70000 130000 argl.asIntegerO) OO0, "count”0 00 0OO0OOMO
00000000000 0bO0Db0b0OD. ob0,0000 ods.put0000OO0O. O
00 TestCodeSegment D DO ODOO, 000000 OOOO0ONO”count”d putd O
OO0o0OooOoboOob0.boboooboobocout”0 000 1000000D0ODOO.

DataSegment U 0 OO0 OO0 CodeSegment OO DO OOOOOOO 5.2000.
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local local
DataSegment DataSegment
"count"
. update TestCode |UPdate | | TestCode
main > 1 >
Segment Segment
queue

O 5.2: DataSegment [0 CodeSegment 0 0000 O0O0OOO

5.2.2 0U00O0O0DOOO DataSegment 0000

Alice0D00OD0O0ODOODOODODODODODOODODOO. ODODODODODODODODOO
0000 DataSegment U DO DO 0000000 OO0OODOOOOO.

O0,Alice0 00 20030000000000000000DO0O0O0O0ODO. ODDOO
gboobgoobobbobbss3bon.

server
node0

"pary xarent"
Ahilcn " "chilh

server server
nodef1 node2

Us3: 00u0aobon

0000000000 DataSegment 000000000000 DOO0ODOOODOOOO
0000b000ob0oboo0obo. bbb boobouoobooboobOoos3bonoonog
0000000000 "parent”, "child1”, "child2” OO0 00O 0OO. OO0, server node0
O server nodel O DataSegment DO OO0 7count’0 000 00O0OOOOOOODOO
O0,00000setKkey0000000O0O0O0DOODO 5.60.

000000 5.6: CodeSegment 0 00000000 DataSegment 0 0O 0O OO

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

[y

\V]

O00,00000000 DataSegment 00000000000 DO, putOOOOOO
00000 o0o0o00o000oooooooO. Oood, server nodel O server node2 [ server
node0 [0 DataSegment [0 "message”’ 0 000000000000 O00OODODO,00000
O0ooooooaa s.ro.
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OO00000 57000000000 DatasSegment 00000000

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

5.2.3 UU0UOLOOOLOO0OOOOODLOOOOO0

000,0000000000000 DataSegment 000000000000. Alice
00 MessagePack 10000 00000000000000000000000. Mes
sagePack 000 0000000000000 O0O00O0O00000. 0000, AlicedOO
0000000000000000000000 DataSegment00000000000.

MessagePack 0 0 0000000000000 000000000O. 000000
D0O@Message 0 0000000000000, 0000000000000000
MessagePack 0 0 000 00000000000000. 00000000000000
(000000 5.8).

O0O0O00O0d 5.8 MessagePackUD OO ODOOODOOOOOOO 1

import org.msgpack.annotation.Message

1
2
3| @Message

4 public class Student {
5 String name;

6| int age;

7|

}

o000 Student OO0 O0O0O0OO0OOODOOOOODOOODOOD.DODOOODODOOO
00000.00,0000000000000000000O0O0O(DOOO00O0 5.9).

000000 5.9: MessagePackU DO OO DOOO0O0O0OO0O0OO0OO 2

import org.msgpack.annotation.Message

1
2
3| @Message

4| public class Class {

5 List<Student> studentList;
6| }

OooooD,0b0000o0boooogbobOon studentDOO0O0OOODOOOOODO
O00. o000, Stwdent 000000000 0O0ODOOOODODOOODO,0D00O
gobbboooobobbouoooaob.

O0000000D00D0OD0OD DataSegment 00O O0DOODOOOOOOOOOOO
O0000Oput0 0000000, DataSegment U D 0000000000 OODOOOO
gobobuoooobooboo,ggbboboooobobboooboboboooo. od
00, Alice0 000 Studen0 0000000000000 (DOOODOO 5.8).

000000 5.10: DataSegment

—_

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

O MessagePack DO D0 0OD00O0OO0O0OO0OOO0ODOOOO0O DataSegment D0 OO0 O OO0
O0o00ooOOooooooo.
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5.3 UUUoooood

Jungle 00O O00O00O0OD0OOODOOOO0O. DOD0O0OO,0b000bO0OOOOOOn
O000,000 DataSegment 0000000000 O0OO. DOODODOO, @Message
gobbboooobbboooobbboooobbbuooooo.

5.3.1 TreeOperationLogO OO OOOMO

00000000 TreeOperationLog OO0 000000000 DOODOOODOODOOOO
O0000000000,000000000000000000D0000d. TreeOpera-
tionLog 0 TreeOperation 0 00 00 00O O, TreeOperation 0 NodePath 0 NodeOpera-
tion0000000D00OD0O. 0D000,0000000000DOO0ODOOOO0ODOO0OO0
opoooo.

O0000000000,000000000000D0000000000000O . Mes-
sagePack O List 000 O0000O0O0O0ODO, TreeOperationLog 0 00 00O OO Iterable
D000 List0 00000000000 DOO000O.

54 UOUOOOOOOOOOO

TreeOperationLog 0 0000000000 DOOO0O,00000O0DOO. ODOO, Tree-
OperationLogD 000 0O0O0OD0O0OD0O0OOOOO0OO0ODOODOODO. ODOOO, TreeOpera-
tionLogOD OO OODOOOO,0000000D000O00O0OO0DO0ODOOOODDOODOO. O
00O, TreeOperationLogO D OO OO OO, 00000 UUID, OO0 timestamp O 0O O
O00000000D0D00D0O0 NetworkTreeOperationLogO OO OO OO.

5.4.1 NetworkTreeOperationLog ][] [J
NetworkTreeOperationLogD DO DO OO O0OOOOOOOO 5.110000.

OO0O0O000d 5.11: NetworkTreeOperation 0 0 OO0 OO0 OO

@Message
public class NetworkTreeOperationLog implements TreeOperationLog

public LinkedList<NetworkTreeOperation> list;
String treeName;
long timestamp;

o Ul W N
—~

O ListD0000DODOOO NetworkTreeOperation [0 TreeOperation 0 OO0 OO0 0000
O000000O000. TreeOperationLog O implements 0, 00 OO O timestamp O O
O000. 0000000 0o0DO0o000D0ooooooooDg, 00000 Network-
TreeOperationLogD D OO0 D O00OOOOOOODOOODOOODOO.
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5.4.2 UOU0OOOOOO

O000000DO0000DObO000ODODODbOO00. boooooODboOoOoOobDoDbo
0 TreeOperationLog [0 NetworkTreeOperationLog 0 O 0 O, ods.put O O 0O O CodeSeg-
ment 000000000 0ODOODO.

O00,0000000000000D0000000. 000, ods.put0d0OnOng
OO000o0ooO0obOO0obOoooo0bO,00b0b00ooD0oD0oDOO0obOobOoObObOOo.bOgo
O,ods.put 0000000 ThreedOODOODOOODO. ODODODOODOO commitOOdOO
000, NetworkTreeOperation 0 D 0000000000000 O0O0ODOODOOODOODO
0000 (000oooo 5.12).

000000 5.12: NetworkTreeOperation put 0O DO OO OOOOOOOOOO

—

NetworkTreeOperationLog netLog = new NetworkTreeOperationLog(-uuid, _treeName,newLog);
CodeSegment cs = new LogPutCodeSegment(netLog);
cs.execute();

[\~]

w

LogPutCodeSegment 0 0000000000000 (DOOODOO 5.13).

000000 5.13: putO0O00O0OOO CodeSegment O 00 O

public class LogPutCodeSegment extends CodeSegment{
NetworkTreeOperationLog log;
public LogPutCodeSegment(Network TreeOperationLog _log) {
log = _log;

public void run() {

1

2

3

4

5

6 @Override
7|

8 ods.put("log", log);
9

0

1

}
}

00000bO00ob0,b00b0b00o0b0o0o0,00ooboooboooooo. oo
OO0 JungleOODODOOODOODODDOOODODOOO. bDOODODDOOODOOODbDOOODO
O00000. D000, ods.put 00O 0O DataSegment 0 ”log’0 0000000000
O0,0000000000D00D0. ds.put0000gooooooobooooog,
O0o000OoooOooooooooon.

5.4.3 UUUUOOLOUOOOOOLOOOOO

00000000 DataSegment 07log”0 0000 O0O00OO0ODONO TreeOperationLog
0000000000 O0O0. b00bO0oDbOO0oDo0obOOo0obOOo0obOoOobOooDDbOoD.

O000000bo00ob0o0ooo0boo0o0booobo,00bbo0gbog DataSeg-
ment 00 O0000000O00O0O. AlieceOODOOODODODOOODOOO DataSegment 00O
goooorCcLST"ooooobooooooooooooo. "CcLIsTooonoog
O000000000000000000000put0000000000 (DODOODOO
5.14).
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Dooood s14: 000ooooobooonpgoonog

public class LogUpdateCodeSegment extends CodeSegment {
Receiver log = ids.create(CommandType. TAKE);
Receiver clist = ids.create(CommandType. PEEK);

log.setKey("1log");

1
2
3
4
5 public LogUpdateCodeSegment() {
6
7 clist.setKey("_CLIST");;

8

10| List<String> list = clist.asClass(List.class);
11| for (String node : list) {
12 ods.put(node, log.key, log.getVal()); // Send datasegment to other node

0 12000 ods.put(node, log.key, log.getVal()) DO ODOOOOODOOOOODOO
OO0O000. 00 logd O NetworTreeOperationLogd OO O OO . OO list 0 O7”_CLIST”
00000000000 00000. D000000 ListDO00oOoo0o. list0odo
10000000, ods.put 00000000 DOO0OOODDOOO, O0D0DOOODODO
DataSegment 00 OO0 00 OOO.

list00000000,05100000000000000000, "parent”, ”childl”,
"child2” OO OO0 ListOOODOOO. 000000000000 0O00OO0DODOd”par-
ent”’000 List 00O OD0OODO.

544 0OUOOUOOOOOODOO

O0b0ooobooboooboooboobooobooobbogDOo. JungleODOOOOO
O0000000000D00D00 TreeEditor 0O O0O0O0O0O0O0OO. OO TreeEditor O
O00,00000000 TreeOperationd 10 100000000000 0O0DOO. OO
00000000 (000000 5.15).

go0o0o00g s5.15: 000000000000000

// Receiver log<— 7log”0 0000000000000 0OOOO

// Jungle jugnle

// Either<Error,Jungle TreeEditor> either

NetworkTreeOperationLog netLog = log.asClass(NetworkTreeOperationLog.class);
String treeName = netLog.getTreeName();

JungleTree tree = jungle.getTreeByName(treeName);

TreeEditor editor = tree.getLocalTreeEditor(); // Editor O 0O O

for (TreeOperation op : netlog) {

9| NodePath path = op.getNodePath();

10| NodeOperation nodeOp = op.getNodeOperation();

11| either = edit(editor, path, nodeOp, nodeOp.getPosition()); //00000000O.
12| if(either.isA()) {

13 //00000.0000

0 N O Utk W N

15| editor = either.b();

16| }

08000000000 TreeOperation T 0 0O O O NodePath 0 NodeOperation O O O 0
0000009000 1000000. 000 editD OO TreeEditor 0 NodePath, O O O
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NodeOpeartion 00000000, edit0 000000000 (DO0O0O0ODO 5.16).

OO000D0O0O 5.16: edit0O0O0OO0

Either<Error, JungleTreeEditor> edit(JungleTreeEditor editor, NodePath path,
NodeOperation nodeOp, int pos) {
String key = "";
Command ¢ = nodeOp.getCommand();

9
10,
11
12
13]
14
15
16

17|

1
2
3|
4
5 switch (c) {
6]
7]
8

}

case PUT_ATTRIBUTE:

key = nodeOp.getKey();

ByteBuffer value = nodeOp.getValue();

return editor.putAttribute(path, key, value);
case DELETE_ATTRIBUTE:

key = nodeOp.getKey();

return editor.deleteAttribute(path, key);
case APPEND_CHILD:

return editor.addNewChildAt(path, pos);
case DELETE_CHILD:

return editor.deleteChildAt(path, 0);

0 NodeOperation d APIO O OO Commandd O 0 0O OO O TreeEditor 0 APIO O OO
O0. 00 NodeOperation D APID OO OO0O0O0OO0OODOOOODOODOO, 0000000
0000000 TreeEditor 0 APIDOOOODOODOOOO.
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5.5 U

00, 0000000000000 00000000bO. 0300 Jungled Writer O
OO0000o000DoO0Do00ooOooooooooooooooo. oopoooooooon
O000000,0000000000D0O0000DO0DO00DODODODO0O0DODOOOO0OO. O
00000000000 TreeOperationLogO OO O O. OO, TreeOperationLog O 0O O O
00000, MessagePack DD ODOOOOOOOOODODOO NetworkTreeOperationLog
ooooooo.

000, Writer O NetworkTreeOperationLog D OO DO O0OO0OOOOO. OOOO
O0000000000000000D0 PersistentChangeListWriter 000000 (00O
000 5.17).

OO000D00 5.17: NetworkTreeOperation D 0 OO OO O0O0OO

public class PersistentChangeListWriter implements ChangeList Writer {

MessagePack msgpack;
OutputStream out;

public PersistentChangeListWriter(OutputStream _out, MessagePack _msgpack) {
out = _out;
msgpack = _msgpack;

10,  @Override
11| public Result write(ChangeList cs)

{
13 NetworkTreeOperationLog log

14 = new NetworkTreeOperationLog(cs.uuid(), cs.getTreeName(), cs);
15 try {

16 msgpack.write(out, log);

17 out.flush();

18 return Result.SUCCESS;

19 } catch (IOException e) {

20 //00000

21
22| return Result.FAILED;
23| }

OwriteDOO Jungle DO O ODOO0ODOO0ODO0O0ODOOOODOOOOO.ODODOOOO
00000 ChangeList 0 TreeOperationLog 0 0 0 00 Iterable<TreeOperation>[ 0 [
O0O00.00uulbOdo0oooooooooooog. oDodo, NetworkTreeOper-
ationLogO O OO OOOO.

000000000000 00000O PersistentChangeListWriter 0 00000000
O0000000.00000D0D000D0000D00D0000O NetworkTreeOperationLog O [
O000000. 000000000 MessagePackOD OO OOOOOoOooooooO,Oo0
O000bO00O0o00O0obO0obOOobOobooboOooooDooD.
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5.6 Mergell 1

Jungle DO DOOO0OOO0OO0O0OOODOODODOOOOOOODO. DOooOooboboOobOoo
goggooboobbbboboobbbobbobooobooddoodoudooooooon
OO00. Jungle DODODOOOOOOODOODOO MergeQOOOOOoOooooOO.

5.7 UUUUOODOODOODOODOODOOONO

gobbobooog,bobuoggoobbbuoooobobobo.buoooobobobod
O0000 MergeUDOOOOODO. OO Jungle OO OOOO0OOD0OODOOOOOOODO

odoos4000.

message message
timestamp timestamp

O 54 Jungle D0 O0OOO0OOOODOODODOOOO

message
timestamp

message
timestamp

gboboooboobooboobol1loobooboboboob.oboob10bbon
OO00oooooo100o0boooonoonooD. Oob,b0b0on0O attributes DO OO
00000000 message UODODODUOOOOODOO timestamp DO OOOOO. O
goboobogbbobooboobuooboobobo.

gbobooobobooobobooboboobobooboboobobno,boo
gobbbooobbb.ooogbbobuoooobbobassibsetun.
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server server
node0 node1
* *
2AE2BIZENZND
/—RICIFEFERD

HETICESATFIE
timestamp
@ @ @ 10100

U s5: 0buguobbouoonobbouoonobobogl

server server
nodeo node1

&%
b\ﬂﬂh%

_________

Os56: 000000000000DO0O0DOOODOODDOO0D 2
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571 0UDU0UU00OU0OO0OO0O0OOOO Merge

0560 servernode0 OO0 O0OO0O0OO0OOOOODO. ODOODOOOODOOODOOO,
gogobbobbouogoooobboobbogoood. 0o0 timestamp U0 0O 0O0O
gboogo. ooboboobbooboobboobn, timestamp JOOO, 0000
gobbobuoooobbobod timestamp DO UOOO0OO0O0DOUOO0OOO0ODOOOOO0
O0b0.00000000b0b0obo0ooooboobDO0n Merged DO
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el UO0O0OOUOOOOOOO
Jungle U 0

OOoo0oO0O JungleDODOODOOOO0ODOOODOOOODOOODOOODOOO.ODOOOO
O000 JungleO OO0 Cassandra0 000 O000O00O0DOOOCO. ODOOO0OOOOO
O000000000 Jungled Cassandra OO0 0OO00000. OOOOOO0OODOODO
ooboobooboboobooboobooboooobooboobo,bboob0ogn VMWare
gobbobuoooob. bb,oooobboboooobbobboooobobbooon
OKVMOOOOOOOOOOOOOO [10). JungleD0OODOOOOOODOOOOODOO
gobobogao.

6.1 OO0

0000000000000000000000000 Jungled Cassandrad 0 0 O
D000,HTTPOO0O0O0O0O0O0000000000.000000000000000
00000,00000000000000000000.

00,0002000.0000000,000000000001000000000
00000000 (D 6.1).

Clients

Blade Server
Bulletin

ComDi
‘EED,///”*’ Board

Jungle
or
Cassandra

ge6l:0010000000000O0000010000O0
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gobobobbogooobobbogooobbobbooooobbobobooooan.
gboobooobobo HTTPOOODOOOO, 00000 b000bOo0o0bboobbg
uo.

gbodgbbobobotoboobooboobboobodobooboobboobda
00000000ooooo (O 6.2).

Clients Server nodes
TR . | HTTP  ©T777777777775

Request

server
node1

client 1

server

client 2 node2

Jungle

server or
node... Cassandra

server

client N
node n

H00E

__________________________

0e620020000000000000000L0O00O0000

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

Ubo0 VMWarel KVMUOUOOUOODOOODOO 6.2, 063000.

Ue62:.0000000000O00O0O00O00O VMWareDQOOOOOOooOoooooooooog

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

063 0000000D00O0DOOKVMOOODOOOO

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)

gobbobooodn

gbobodbooboboglooboobobooboboo,booboboob
gbooboobobobbob.oobobobobboobboe40nnD
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064 00000000000O00DO0OODOODOODOOO

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)

JungleD OO O JavaVM OO UOOOOOOO

0000 JungleDOOOOOOO,JavaVMOOUOOOOOODOODODOO HeapO OO
Oo0oooobDoo. JungleOOODODOODOODOODOOO,DO00D00OO0OODO
gobDoooonD. Jawval HeapOOOOOOOOooooOoooobooooooODO
gobobood,bddd java.lang.0utOfMemoryError: GC overhead limit exceeded
oO0ob0o0ooobOobooboboobobob. ool GCODOODOODOD
0,0000009% 00 GCOO000O0O0O00OO0O0O0O0O0O0OOOO. 00OO,O
O0b000000-Xmx20g -Xms10ogU OO, VMO OO -Xmx6g -Xms4gU O OO OO OO
gogo.

gobooog

HTTPOOOOODOOODOOOOOOOOOOOOOOOD.ooooobooooo
gboogobuogbobbogbooobuoobobboobooboboobobobod
gbood.ob200b000000000b00b0o0bo0o0boO,0bo0bOo0obo
gbbuogobogboobobuooobboobboooboo.gobbuoobbood
gobbbooobbbooodobbboooobboboooob.

gooobod el 0b0bboooobon

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

gobbbooobobbboooobbbooogbooboobogo

gbbobug 62 00000000ODOOO0O0ODO

1{ % ulimit —n 10000
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060 0ODUODOODODODODOO Jungle OO0

6.2 U0OOO1

gbbugboboogbboobbuooboboboobbuoobboooboag. bod
goobobobiogoobobobosbbbbodooo, bbb 4000ogno. oogog
OO00O0DooDOobOobo0oooonDgD weighttpOODOODOOOOODOO.

OO00000 6.3: weighttpOODOOOOOOO

10

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

O00od0oboobo200b0000o0oobooooboo,ogoo200000bo0ooog
0,0000,000000000002000 HTTPrequestJOOODOODODOODO
O0. Cassandra0 00 000O0O0ODOODO, Replication factor 1 0 Consistency Level O

ONEODOO.

gbogobges, 64000, bOO0DObOoOobOoOoOobOoOoDbOoOobDO,00n
gobogobbooobbooobbooo.bbo20bbooobobooobboon
gobbooogbboboooobboboood.

120

100

80

60

time(sec)

40

20

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

I Jungle F—+—t

Cassandra Consistency Level ONE i===%===

20 30 40 50
number of clients

063 00000b0b0buooooboobogan
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60
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Single node write benchmark (Requests : clients * 20,000)
180 T T T T

I Jungle —+—
Cassandra Consistency Level ONE j==-x--=

160 - x i -
140 H i -
120 i .

100 | ) : 1

time(sec)
”*
.

40

10 20 30 40 50 60
number of clients

064 00000000O0O0O0O0OOOOOO

6.2.1 0UO0O0OO1000

o000, 0000000 JungleOODOODOOOOODOODOODO. ODOODODOO
OO0000o0DbO0b0obo0ooD,Cassandral OO0 OO0 OOODOOOOOOODOODO
10000000, JungleODOOOODOOOOOODOO,D000000000. OD0OO
Ooob0oobooboooboooooooobobooDooD. JungleDOOoooooo
gbo,0bugdbgobgobgob.ogbooboobooboobooboobd
gpoooobdgoobg,bogboobooboobooboo.boobooboooog
OO0 Jungle0 000000000 O0OOO10000000O00OO.
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6.3 UUUOO2

0o0odoooooooooooooooobooooooooooooog vM O 48
000,00000000000 KVMOO 1200000,0060000000. Jungle
O Cassandra0 00 O0D0O0OO00O0OODO 100,200,3000000,000000¢0 100,
200,30000000000000. OooUooobooooooouo 1uooao
O, 0000oodooodooooooodooo1igonooonoooooooon
O0. 0doboooooooooooooooboooooouooooooooon
KvMOOOOOOoOOoOOoOooDoOoooo. weighttpOOODOOOODOO 1000000O.
000000000 20000000000. Cassandra 0 Consistency Level ONE O
QUORUMUOODOODOO. QUORUMO Replication factorO 5000000O0O.

doodobooooooboooouoo. toobooouooooooon 6.5,6.60
0. 0o0o00oooooooooooooooon.

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

60 T T T T T
Jungle F——i
Cassandra Consistency Level QUORUM ===x=-==
Cassandra Consistency Level ONE =+« -+

50 :
¢

3 H -
40 | g ! : i

30 |

Y Ty T T

time(sec)

e

= n 3 i b

1 1 1 1
10 15 20 25 30
number of clients and server nodes

FHime

U es5 0D0000obbbouoooobobuoooon
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distributed write benchmark (Requests : clients * 20,000)
300 T T T T

Jungle ——
Cassandra Consistengy Level QUORUM  ===x-=-4
Cassandra Congistency Level ONE :::#:.::

%

250 - H .

200 y

150 H i

time(sec)

100 1

50 | B

0 L. L] L) ' ¥
10 15 20 25 30
number of clients and server nodes

0e6 00000obobbooooonbobooooon

6.3.1 0O0O0O0O2000

0000, Jungle0000 Cassandra 000000000000 DOOO.O00O0OO0O
00000 Consistentcy Level QUORUMO OO OOOOO 3000000000000
O.0010000 Jungled Cassandra0 0000000 0OO0O Cassandra 0 Consistency
Level 0 QUORUMOOOOOOODOODOOODOO1DOD00O00DOOODO. OO0 Cassandra
O Replication factor 0 50 000000. 000D, Consistency Level 0 QUORUM O
oo, g 3o bbobuoo,bbbuoo 3buooa
0o0ddooooooobooooooooooD. JungleOOOOOOOOOOOOO
0oooooobooooooooooo. oo Jungle 0o, 000doogooon,
0ooooboooodooooooooooooooooooooo. oooo,00o
gobogo, oo ooobuooouoooouooo
gooooooooog.
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7.1 0O0OU

O0000,00000RDBO NoSQLOOOODOD, 000 NoSQLO OO Cassandra,
MongoDB, Neo4j 0 0000000000000 00O00000O00000. 00000
000000 Jungle 0000000000000 OO0D0O0O00, 000000000
00000000000000000000000. Jungle0OOOOO0OD0OO0OOOO
000000000000 MergeDOOOODOOODO,00000000000000O
00000oO0oooo.

00,Jungle 0000000000000 0000000000000000O0 Alice
000. Aliee0 0000000000000 00O0O0D,0000000000000
00000000000000000. Juegled0O00O0O00OO0DOO0O0O0OO0ODOOO
TreeOperationLog 0 Alice 0000000000, 00000000000000000O
00000000000000. 000, JungleD0O00O0O0000 Journal 0000
0000000000000000000000000

000000000000, Cassandra0 000000000. 0000,000000
0000000020000, 1000000000000 1000000000000
0D00000000.200000000000000000000000000000
000000000000000000. 0000000 JungleO Cassandrad 00O
DO0ooooooooooo.

7.2 QJUOoon

7.21 pull/push00000000000O0O

gooboob Jungle, 0000000000 0ODO0OO0ODOODOODODODODODO
gb.bbuoodgbobbuoodobbboooobboooobboooob.boood
OJungle00DO00OO0OOOOOOO, 00000000, 0D0D0DOO,00DbO00OO
gobbbuoooobbob.bboodob,bbouooobbbbuoooobbboood
gogobobbobbobbdodooooooooboboobbbooooooooo. gooa,
000000000000 pull/push APIDOOOOOO.
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7.2.2 MergerUDOOOOOO

Jungle Merge U0 O DOUO0DO0O000O0ODOODOOOO0O0O0O0O, 00 MergeOO OO
gbooboooooboboobobod. bod, JungledOOO Merge OO Qoo
O00000000 MergeUODODODOO. DOOODODODOODOO Merged ODODO
gobbobuoooobo.bb,gogbbobboooobbbbuooooboboboood
O000b0o.0b0o0,00000b0000b00 MergeODODOOOOOoOOoOoOOO
goooo.

723 UUUOOOOOoOoooon

JungleUDOODOOOOOOODOOOOOOO,b0b00000bOO0ODOOOoOOOD.
gobbbuooooboboooobobbooo. gooboboboooobobob,o0d
gbgbodgbodobodoob,buogbobuodobodbobboobobbuobobobaoo
O.000,Merge0 0000, 000000000000 O0OOO0DOOODOODODO
gob. gogbobbbuooooobbboooa,bbbbuooooobbobbogo
gobbbuogoobbboooobobbouooaooboo.
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gbboodgbboodbbuoodobbooobbooobba,bboodobbood
goboboboooooboboooobooo.
gbbodgbbodg,ooboboobba,bbo,bboobbuoobbdao aab,od
gob,toogobbbuoggobbouoooobbooooon.
O00,0000,JST/CRESTO000O0O0OD0O0O0O0O0O0O0OOOOOODoOoOOOO
Oo0ooooOooooOooooOoooob-ADDOUOODOOODDOOODDO.ODDOOO
OoooDoobooooooobooO,00bb Symphony 0 ODOODOO, 000000
gbbuogbobooobboobbuoobb.ogbooobboobboobbood
gbogobobobooboog.
gobob,g0bbobuoogobobuoogboboooon.
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