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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 to Web services, database must have scalability.

We are designing and developing a database Jungle for study of scalable database. 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 develope persistent and distributed database on jungle. Distributed
data on Jungle is developing using parallel distributed framework Alice. We implemented
distributed on Jungle and confirmed with our cluster system that data is distributed
between the server node. Also, we developed simple bulletinboard system with Jungle
and key-value store database Cassandra. We compared Jungle and Cassandra using simple
bulletinboard. As a result, we got better performance then Cassandra.
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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 .

00 Database Jungle D0 O 0OD0O0
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40 00000000 JunglelD U

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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@DDDDDDDDDDD(DD) 040 0DOU0O0OODOOO Jungled OO

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 000000000 OO0O0OOOODO0ODOODO.ObO,0b0DO0o0bODOO
00o0o0oooobOoooooobOobo. obobobooobobobooooboobooog
goboobooboboboo.boo,0bbobooobooboobOoobo.

Jungle 0O OO0OO0OD0O0OOO Journal OO DOOOODOOODOOO. OO Journal
O00000oooboobooooDboonbono WriterDOODOOODODO. JungleOOOO
000000000000 WriterODODO writeOOOODOOODOODOODODOO.

OO0 Journal 0 Writer OO 0OOOOO0O0O, D000O0O0O0O0O0OODOOOOODOO
O0o0. 0od0o, 0000000 bobooooooboboooobooooooooog
O00000000,000 Aliee000DODODODODO. AliceDODOODOO Mes-
sagePack D0 0O 0O0OOD0OOONO TreeOperationLog 0O OO. DOOODODOOO
00 TreeOperationLog 00000000000 DO0OODO0OOOOODOOODOODOODO
oo.
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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).
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Sooooooooo0oo (oo)

Os50 0OO0DOODODOO JungleOOOO

Listing 5.2: DO O0OO0OODOO0OOOOOO dot DOODO

% 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="chilqd2"
label="parent"
label="parent"
label="parent"

H O © 0 1 O Ut i W

}

node0 00 nodel DO OD0OOODOOODOOODO. ODLOOODOODOODOODOO,
Alice 00000000 O0OODOOOOODO (DO0)OOOOODODDOOOOOUOODOOOO
O0D000D00000000O0. node0-gnodel OOOOODOOODOOODOOODOOODO
O. 0000 label="child1” OO, node0 [0 nodel D OO OO"child1”O0ODOOODOOOO
gobbobuoooobobobogd.

dot OOODOODOODOODO AliceO0OD0OODOODODOODODODODO,0DO0D00D0O0O
gbbugbbooobboob.buoobbooobuodobboobbuoobbood
goooboobobobob,dot00booboobobobobobobboobnDoonog
goboooooobo.

gbobogobogbobuogbogbboobooboobboobuooboonoog
O,00000000.dot0D00O0OB20000000000000005100€0.

Topology server
Manager | EREDOEWGDLE node0

server server m
nodeO node3 server server
T T . nodef1 node2
S
server server {‘ ;
node1 node4
— server — server server
node2 node3 node4

O 5.1: AlieceO00O0D0OODOODODOOODOODO

5.1.2 0JU0O0OOOO0O0OO0O0OOO

00 Jungle 00000000000 Aliee 0000000000000000000
0.000000 Alice 0 TopologyNode J00000000000000000000
000 (5.3).

00 Database Jungle 000000 23



@DDDDDDDDDDD(DD) Os50 0OO0DOODODOO JungleOOOO

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.put("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.put("local", "count", 0);

20

21| }

ogoo,00b0 10 oo oooboooooooooo. oopobooooao.
woooOo19ooooooooooooa. 00 TestCodeSegment O O 0 CodeSegment
0000000 00000, csO arglOO00O Receiver OO0 OO0 ODOO0OODOOONO
00, Receiver 0 000 DataSegment 0 0 000000000 OO0O. argl 00O setKey
APIOODODOOD, 00000 DataSegment 0 00 7count”0 0000 O0O0O0OO0O. O
O00000’count”’00000000O0O0O0O0ODODO, 0000000000 0000
O00000. setKkey APIDODDOODDOODDOO”local”’0000D0OOODO DataSegment
00000oooooDoD0o0o0oO0. ooooooooooOgd”lecal”’dOnm.

O000000ods.put000000. 000000190000 putO OO ”count”d
oodooooooonooooo. put0 0000 s 00000 o0oooooon
OO0DOooDbOoooooo.

put 0000 0O7count” 00000000 00 Receiver OO dsOO0O0O0OO0OOONO
OO0. 70000 130000 ds.asIntegerO OO0, "count”0 00 0OO0OOOODOO
gobbooobboouobuoogt. boubbd eds.put oo, Oogd
TestCodeSegment 0 000000, 0000000000000 count”d put0 OO0
O0ddooo.0ooooddd’count’0 00O 100 00000O0OO0O.

DataSegment 00 000000 CodeSegment 0 00D OO0O0OOO 52000.

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 000000000000 DOOCOOOOOOOODOD.ODOO, AliceO0O
000000000000 000D0O0O0000D DataSegment DO OOOO0ODOOOOO.
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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|

OO0 Student DO 00000 O0OOODOOODOODOOODOO.ODO0OOOODOODOOODO
gobobog,0obbbdggbooboooobbobuoooon.

Listing 5.9: MessagePack O 0 000000 0OO0OOO0O0OO 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
OO0D000Oput0DO0O0D00O0OD0O0O. DataSegment U 000000000 O0OOOODOOOO
gobbbuoooobbob,ooobbboooobbbbooobbboao. oo
O, AliceD 000 Studen 00O (Listing5.8) 0000 O0O0O0OOODO.

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.
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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 JUOOODODOOOOO

TreeOperationLog 0 000 DODO0DO0O0O0OODOOOO,00000O0DOO. DOO, Tree-
OperationLogD 00D 0O0O0OD0O0OO0O0OO0OOO0OO0ODOODOODO. ODOOO, TreeOpera-
tionLogO OO OODOOOO, 00000000000 O0O0OO0DO0ODLOO0OODDOODOO. O
00, TreeOperationLogD OO OO OO0, 00000 UUID, OO0 timestamp O O O
0000000000 D00D0O0 NetworkTreeOperationLogO OO OO OO.

5.3.3 NetworkTreeOperationLog [ [J [J
NetworkTreeOperationLog D 0 OO0 O OO O0OO??0000.

Listing 5.11: NetworkTreeOperation 1 O OO OO OO

@Message
public class NetworkTreeOperationLog implements TreeOperationLog

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

O U W
—~~

List 00000 00D O NetworkTreeOperation 0 TreeOperation 0000000000
O00000000. TreeOperationLog O implements 0, O 0 0O OO timestamp O O O
000.0000000000D00D000DO0ODO0O0DO0ODO,D00D000 NetworkTree-
OperationLogD D000 0O0OO0O0ODOO0ODOOOOODODOO.

534 UU0UOOOOO

OO00000o000O0ooo0oobOobOob. ObobO,0b0b00b00obOO0obOUOobOobO. oo
0000000000000 TreeOperationLog [0 NetworkTreeOperationLog 0 00 0O O,
ods.put 0000 CodeSegment 1 0 OO OO OOODOOOO.

000,0000000000000D0000000. 000, ods.put0d0000
OO00000ooO0obOO0boOooo0bO,00b00b00obODO0oDO0oDOO0obOobobOoboOo.bOgo
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O,ods.put 000000 ThreedODODODODOOOO. DDOODOOO commitOdOO
000, NetworkTreeOperation 0 D O D OO0 OO0 O00O0OOOO0O0ODOOOO0OOODO
goo.

Listing 5.12: NetworkTreeOperation put D 0 OO OO0 O0OOO0OOOO0OO

—

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

W N

LogPutCodeSegment 0 0 0 000 O00D0O0ODOODO.

Listing 5.13: put 000000 OO CodeSegment [ 0 O

// LogPutCodeSegment Class

NetworkTreeOperationLog log;

public LogPutCodeSegment(Network TreeOperationLog _log) {
log = _log;

@Override
public void run() {
ods.put("log", log);

_
O © 00 DU W N
— —

ggobobbobob,bbbbduuooooo,guobbbbbboduooooo. 0od
U0 JungleO OO OOOOOOoDOOOODOOO. bOODODOOLDbOOObDOOODO
O00.0000, ods.put U 00O DataSegment O "log”’0 000000000000, DO
gobobooggibbib. eds.put 00O UOO0O0O0OOOOOOOO0OODOO, 000
gobbobuoooobbobogd.

5.3.5 UUOOOO0O0OOODODOOO

O00D000DOO DataSegment 07log’0 000000 O0ODOODO TreeOperationLog
gooooo0oooobobo.boo0oooobo0o0oDpDooooooboooDoOoo.

O0000000oooooooobooboobobooboO0o0oOo,00000o0o0bDb DataSeg-
ment 100000000000, AlieeDO00OO00O0O0O00O0DODOQO DataSegment O OO
OO0ooOo”CLIST’"0DOO00O00obD0oooobooooobDo. " CcLsToooooon
Oo0oooO00ooOoOoboo0ooDboooooptdoooDOOOD.

Listing 5.14: 0000000000000 DOOO

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

public LogUpdateCodeSegment() {
log.setKey("log");
clist.setKey("_CLIST");;

List<String> list = clist.asClass(List.class);
for (String node : list) {

= O © 0 O Utk W
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12| ods.put(node, log.key, log.getVal());
13
14

00O log O NetworTreeOperationLogO D O OO O. OO list 007 CLIST"OD0OOOO
0000000000. 0000000 List0D0O0000. listd000 1000000
O,ods.put 0000000000 O0ODOOOO0O,0000000O00 DataSegment [0 0
OOoooogoo.

listODOO00000,051000000000000000O000, "parent”, ”childl”,
"child2? OO0DODOO0O0OOD. D000 00OO0DOD0OO0ODOO0ODOOODOODOOO”parent”d
O0 ListDDO00oDogno.

5.3.6 UUUUOODOOOOO

OoboobobooobooobooobooooobooobogoDo. JungleOOOoooooQ
U0o00obooobo0dbbOoOn TreeEditor U D DOOOODOODO. OO TreeEditor U
O00,00000000 TreeOperation 10 100000000000 00OO0O. OO
goboboodagd.

Listing 5.15: 000000 ooooooooo

[y

// Receiver log <— 7log0 0000000000000 O0OOO7
// Jungle jugnle
NetworkTreeOperationLog netLog = log.asClass(NetworkTreeOperationLog.class); // 000000
O NetworkTreeOperationLog
String treeName = netLog.getTreeName();
JungleTree tree = jungle.get TreeByName(treeName);
TreeEditor editor = tree.getLocalTreeEditor(); // Editor 0 0O O
for (TreeOperation op : netlog) {
NodePath path = op.getNodePath();
NodeOperation nodeOp = op.getNodeOperation();
10| either = edit(editor, path, nodeOp, nodeOp.getPosition()); /000000000,
11| if(either.isA()) {
12 //000oooooo.
13]
14| editor = either.b();

15| }

W N

0 N O U

©

7000000000 TreeOperation 0 0 O O O NodePath O NodeOperation 0 00 OO
O00D00O800UDbD9YDUOUO0. ODODO edit OO TreeEditor O NodePath, OO0 0O O
NodeOpeartion 0 OO0 O00OO00O0O. edit0DO0OO0OODOOODO.

Listing 5.16: edit D O O OO

Either<Error, JungleTreeEditor> edit(JungleTreeEditor editor, NodePath path,
NodeOperation nodeOp, int pos) {
String key = ";
uuuuCommand, ¢ = nodeOp. getCommand () ;
vuuuswitchy (e {
uuuuucaseuPUT_ATTRIBUTE :
uuuuuuukeyu=ynodeOp . getKey () ;
LuuuuuuByteBuffer value = nodeOp.getValue() ;
Luuuuuureturn editor . putAttribute (path, key, value);

© 00N O Utk W
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10 |_||_,|_||_,uCaseuDELETE_ATTR.IBUTE:

11| uuuuuokey=unodeOp. getKey O ;

12| puuuuuureturn editor.deleteAttribute (path, key) ;
13| uuuuucaseuAPPEND_CHILD:

14| uuuuuureturn editor . addNewChildAt (path, pos) ;
15| uuuuucaseuDELETE_CHILD:

16| Luuuuuureturn editor.deleteChildAt (path, ,0) ;

17}

NodeOperation 0 APIO O 0O 0 Commandd 00 0 00O O TreeEditor 0 APIO D OO O
0. 00 NodeOperation APIO D O00O0OO0O0OODOODOOODOO,DD0000000
000000 TreeEditor 0 APIDOOOOOOOODOO.

54 UO0OOOOO

O00,000000000000000000000DO0. 0300 Jungled Writer O
gboboooobobooboooooooboooobUobOo.booboobobooog
000000, 0000000000b00b000bO00oo0oDooOoooooooooo. og
0000000000 TreeOperationLog 0O OO 0. OO, TreeOperationLog O O O O
00000, MessagePack DD ODOOO0OOOODOOODODOO NetworkTreeOperationLog
gooooono.

000, Writer 0 NetworkTreeOperationLog0 O OO0 00000000 O. ODODOO
0000000000 D0O0D0000O PersistentChangeListWriter 0 0 O 0 0O O .

Listing 5.17: NetworkTreeOperation 0000000000

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| }

write OO0 Jungle 00000000000 0ODOOOOOOODOODOO.0DOOOOO
0000 ChangeList O TreeOperationLog O 0 O O Iterable<TreeOperation>[ 0 O[O
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O00. 00 uvIbDO0O000D0D0o00ooOooDOoonD. bOooo, NetworkTreeOpera-
tionLogO OO O ODOODO.

000000000000 00000 PersistentChangeListWriter 000000000
O0000000.00000D0D000D0000D00O00 NetworkTreeOperationLog O [
J000000. 000000000 MessagePackOODODOOOOOOOOOoO, OO
O00000000000000000000000D00000 (Listings.15, 77).

5.0 UUUuboubuubuoubououod

Jungle DO DOOO0OO0OO0OO0O0OOOOODODOOOOOOODO. DOOoOoOobOoDbDOoO
goggoooboobobbboboobbbobboboooboodddddouooooooon
OobO. JungleDODODODOOOOOOOOODOODODODOOOOODOODODOD.

gobobooog,bbuoggoobobboooobobobo.booooboboboa
ooooooooboboboDb. ob JungleDOOOOOOOOOOOOOODOODO

odoos4000.

message message message message
timestamp timestamp timestamp timestamp

O b4 Jungle HODOODOOODOODODOOOOODOOO

gboboooboobooboobol1ooboobobooob.oboob10bboo
00000000 1000000000 00nD. 0g,00000n attributes D OO0
J0do0ooo0D message OO0 O0OO0OODOODO timestamp DO O00DDDOO. O
0o0o0oboooboooooooboooboooooo.

gboboooboboooboboooboboooboboobobooboboo,boo
doobboooobb. booouobbooooboobossbsedun.
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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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0 5.60 servernode0 U O OOOOUOOOOOOOO. ODOO0DOODODOOODOODO
g,dbobooboobobuobooboboboobob. 0b0 timestamp 0D OO O
gogoboboo. bbouogoogobbbbboodd, timestamp U0 g4d, g
Ubooobgobooboobd timestamp UO00DO0O0O0O0D0O0O0O0DOOODOO
gobob.bogobobbbooodgoobobooooboboooooon.
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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
Ooooooboooo. JungleDOODODOOODOODODOOODOODOODOODO.

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 T |

Request

server
node1

client 1

server

client 2 node2

Jungle

server or
node... Cassandra

server

client N
node n

H00E

o e o

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.

00 Database Jungle 000000 36



@DDDDDDDDDDD(DD) 060 0ODUODOODODODODOO Jungle OO0

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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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
oobooboooooboooboooobo.bobob oo rMIGCCOOoOoooboogoo,
000000 9% U0 GCOooOoooooooUooooooooooO0. oooo, o
O0b000000-Xmx20g -Xms10gU OO, VMO OO -Xmx6g -Xms4g O OO OO OO
gogo.

goboobog

HTTPOOOOODOOODOODOOOOOOOOOOOOOD.oooooooooo
gbbooobuogbobbooboobobuoobobboobooboboobobobod
gbood.ob200b00b000b00b00booboobo,0booboobd
gbbogobogboobbuooobboobboooboo.gbbuoobbood
gobbboooobbbooodobbboooobbboooob.

Listing 6.1: OO 0O0OO0O0OO0ODOO

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

gobbbooobobbboooobbbooogbooboobogo

Listing 6.2: DO UODOO00OO0DOOOOO

1{ % ulimit —n 10000
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6.2 U0OOO1

gbbugboboogbboobbuooboboboobbuoobboooboag. bod
goobobobiogoobobobosbbbbodooo, bbb 4000ogno. oogog
OO00OooOoDOobooooon weighttpOOODOOOOOoOOO.

Listing 6.3: weighttpO O OO OO0 OO 10

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

O0o0oboob200b00b0o0ooooooog,2000ooooooo,oog
000000002000 HTTPrequest 00000 O0O0ODOOODO. Cassandrad OO
000000000, Replication factor 1 0 Consistency Level 0 ONE O OO .
0000D0bOo0doDe3,64000. OD0DDOODDOOOODDOODDOODODOOO, O
0000000000000 00000O000O0. 000 200000000000000
O0o0ooDO0oooooooooooooon.

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

I Jungle_—+—
Cassandra Consistency Level ONE !---x--+

100 j 1 R

80 | ! | i ]

time(sec)
(2]
o
T
1

L

10 20 30 40 50 60
number of clients

063 000000000000D0O00DOO
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Single node write benchmark (Requests : clients * 20,000)
180 T T T T

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

160 | . | .
140 | | | -
120 | | | | .

100 ) : 3 .

time(sec)
x
K

1ol

10 20 30 40 50 60
number of clients

064 00000000O0O0O0O0OOOOOO

6.2.1 0UO0O0OO1000

O000,0000000 JungleODODOODODODOOODOOODOO.0DO0OOOODOO
OO00O0oobOobobooOd,Cessandral 0000000 0OO00ODOOOOOOODOODO
10000000, JungleODOOOODOOOOOODOO,D000000000. OD0OO
Oo0D0o0ob0oooboooboooobuoooboboobonD. JungleDOooobDoo
gog,budbgobgobgobg. gbooboobooboobooboobg
goboooboobooobobooobbooobboo. bboooboboooobobo
JungleDOOODOOOO0OOOOOO10000000O0O0OO0.

6.3 UOOO2

g0b0dodooboobooboooobooobooboooobooobOo VMO 480
00,00000000000 KVMUOO 1200000,0060000000. JungleO
Cassandral 00O 00O0O0OO0OOO100,200,3000000,0000000 100,200,
00bobooooboboo. KVvMUOOUOUODODOOoOOoooooboooOg. weighttp O O
000ob0ob0o1gbobUob. 0bobob0obU0o20b0bU0bUobOon. Cassandra
O Replication factor O 50 Consistency Level 0 QUORUM O O O .

gugooobbbbbboooodooo. bogoooooobobobobibnbes, 660
gd.
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060 0ODUODOODODODODOO Jungle OO0

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

60 T T T T T
Jungle —+—
Cassandra Consistency Level QUORUM +--x---
50 |
40 o
3 1
o 30
£
20
10
* ES
. : !
0 1 1 1 1 1
10 15 20 25 30
number of clients
Oe6o 0000000 Ooooouououoouao
distributed write benchmark (Requests : clients * 20,000)
300 T T T T T
Jungle +——+—
Cassandra Consistency Level QUORUM ---x---
X
250 |
200
g X
3 150 H
£
%
100
X
50
X
0 F i T i E:
10 15 20 25 30

number of clients

U e66:000ogobbobouooooboobuooon
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6.3.1 U0OO0O2000

0000, Jungle0 000 CassandraJ 00000000000 0O0ODO. OO0 1000
Oo00b0oo0o0obooobobo0oobo0bo0o0ob0oo0. bbooooboooooo
goboobobooobuooobboobo,oboobobooobooOo HTTPOD DO
0000000000000 DO00. 0010000 Jungled Cassandrad 00000
0000 Cassandra 0 Consisteyncy Level 0 QUORUMOOOOODOOOODOODOODO
10000000D00. 00 Cassandra 0 Replication factor O 50 000000. OO
0 0O, Consistency Level 0 QUORUMUO DO OO, 000003000000000000O
000000, 00b00o30b0o00oboobonooobooobonoooboooonog
O.Jungle0 0000000 0O0OD0O0OO0O0ODODODO0ODOOODOODODOOOD.OOO
Jungle 000, 00000000DO00,000000000O000O000O000DO0O00OO
gooooboob. boob,b0o0ob0oobo,0bbooboboobooobo
O00000o0bOOoboooboooboooboobooooooo.
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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 MergeDOOOOOODO.0000,0000000000
000000000000000. Junele0O00O0O0O000O00O0O00000O00OO0O0O
OD0000000 AlieeD000. Alice00000000000O00O0,0000000
00000000000000000000000. JunegleD0OOOOO0O0O0OOOOOO
00000 TreeOperationLog 0 Alice 0000000000, 000000000000
0000000000000000000. 00, JungleD0O0O0O0O00O00O Journal
0000000000000000000000000000000000000000,
Cassandra0000000000. 0000,00000000000000 20000
1000000000000 1000000000000000000000. 2000
000000000000000000000000000000000000000
00000. 0000000 Jungled Cassandra0 0000000000000 0O0OO.

7.2 QJUOoon

721 OJ0OOOOOOO

U0 JungleOODDOOOODOOO0DOOODDOODOODOODOOODO. ODQDOOO
ggobobbbbbbboduoooobbbbobbbboouooooooo. oooa,
gbobuogbobogobboobbuoobbogoboo.oobbuoobobooooboad
gbboodgb,uggbbooobboodobbboobbboobboboobbood
goboooooobo.

7.2.2 MergerUOODOOOOONO

Jungle Merge U0 0 DOUOODO0OO0O0O0ODOODOOOO0O0OODO, 00 MergeOO OO
gbooooboooboboooboboodo. 00, JungleOOOO MergeODOQOOQOOQOO
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U0o00obodn MergeeDOODOODO. DO0ODOODDOOODODO Merged OO
gobbbuoooobb.bb,oo0bbbboooobbbbuoooobbboood
gooood.bobo,bo0bobbo0oboob MergeDOODoooooooog
gooobo.

723 OUOOOOOd

gbooooo Junglel, 000000 OO00O0OOODOOOO0ODOO. DODOODOOO
goobooboboboobooooobobooboDb. booboob JungledDODODO
gobooboa,gobbobuogoobob. bbogogbbobbuoooobobbooon
gbogobuodbboobobbodboobboobuoobbooboobobobod
gobooogd.

724 0JU0U0OO0OOOOO0OOOOO

JungleDODOODOOOOODOODOODOOOO,0000D0DOOOO.ODOOOOO
gobbbooooboboooo. gobobobuooooboboboo,gobbbooog
goodoog,obboooooobbobbbbboboboobobobbbbbbbobo. 00,
MergeUOOODO,00000000O000DO0O0ODOOODODOODDOODDODODOD. OO
gbobbuooobbobuoogbbog,bbbooobbboooobboogbbbao
gobbbooooooboooooobooo.
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