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Abstract

Smartphone and tablet pc are widely used, thereby users of the Web services is increasing.
It has caused the webserver is down. Therefore, scalability 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 DO O DOODOOOOOOOODOODOODOOO. JungleDODODOODOO NodelO
attribute D 0 0 0 O . attribute 0 Key-Value OO OO OOOODOOO. KeyO String
00 ValueO ByteBuffter UODOOOO0O. JungleOOOOOOOOODOO, OO NodelO
OO0D000000. NedeOODOODOOO,00000 NodeOODOOODOODOODO. O
0000 NodePathOO OO O (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 =

00000oo0oob0ooboooob0ooboono,0oboboooDbgg attribute O 30
O0000000000ooooO (O 3.9).

00000000000 NodeOperation DO ODOOO. <>000000O0O0ODOOO
NodePath OO 0O . NodePath 0 OO0 OO Node O position O attribute 00O 0O 0O OO
oog.

00 Database Jungle 000000 15
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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

O0b0o0oobooooboog JungleD000O0O0O0OO0O0O. ODOOOODOOODOOODO
OO00O00oooobDOg Jungled, 00000000 OOOOOOO.ODO0,00000€0
00000, TreeOperationLogOD OO OO OODO. JungleDOOOOOODOOOODO,O
gbobogobobooobbooobbuodgbboooobboog.gbbooobboo
Ooooooboboboooog, JungleDO0OO0OD0OOOO0OOOODOODOODOOO.

4.1 0OO00O0OO0ODOODOOODOObOOObOOoOOn

JungleDOOODOO Gitd Mercurial D0 OO0 00000 0OO0ODOOOOOOOO,DO
gobobbogogbboobuoog. boudgoooobobo,oogobbobogo
gbbuogbbugbobooobooobboob.boobboobbooobood
gboboggbboogbbuooggbbog,bboobbooobbooobbood
00 (0 4.1). 00000O0O0OOOOOOOOOOODO,000000000000000
gbbuogobogobboobbuooboboobooobbuoobbuoooob.ood
g,buggbbdugobbuoobobbuooobboobbooobbooobbood
ggobobooobo. bbddoooooo,gobbboobboboddgoooo, o
gobbobuoooobboboooobbbo.buooobbboooobobb,o0d
gobbbuogooboboooobobooogooboo. ogog,bboood
goboobooggd.

4.1.1 0O0O0OOOOODOO API

O000000O0D0O0O0DbObO 300 ApPIDDODOOODO,0000DbDObObOOO
guo.

e commit
go0O0O0OO0OO0O0O0OooooooooooooooooooDooooo.

e push
000000000000 000D00DO000O0DOooDOooDOooDO.

e pull
OO000D0D00O00o0oo0ooooooooooooooooog.
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repository

repository

repository

repository

e
1 l

U41: 00000000

commit 0000000000000 0O0OO0DO0OO00O0OO,pushODO0O0O0ODOODOOO
Ooooooooooboobobobobobo. bg,pdl000O00O0000000
gobbbooooobbooooon.
gbobooboboobobdooboboobobooboboob,bobbob
guodddodooooooooooo. oL UUoQ
oooboob0o. 0oboboboboo. bobob00o0o0o0b0obO0nD Merge OO
MergeO O OUDOOOOOOOOOOOODLOODOOOODODOODODODOO. OO
gbgobobobooboobuooboobobobobo.

4.1.2 MergeUUOUOOOOoooooooOO

gboogoobooobda,bodgbuogboobboobooboobbo.ooag,od
OooooooooobobO JungledOODOODOOOOOOOO.OO0OOODOODO
gboooo,bobooboboobobobobuooboboob. Jungled oo g
gobobb,ggbobbbouooobbb.buoooobbbboooobbbooad
gboodg.bboo,gbbogbuooboobb,bboobogboobboobbod
gobbbdud.gogbbbbooobbbbouooobbboooobbbo,od
goboboooobboogoboboooo.bbbooobbooogboboag. d
OO00000b000000000 MergeDOOOOOODODODOOOO. Merged, OO
gbbogobboodgbboogbbo,bbboobbooobbooobbood
OOoo0ooD.0000boood Jungled0OOOO0OO0O0OO0O0DOO0OO MergeOOODO
goboboogoobobod.

000 MergeJO0ODOO0OO00O0D0OO00O00O0O0ODO0O0O0O0O0O0O0O0OO0OO0O (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

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
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[4]|0 000000 . 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 OO O ODO0O0O0DO0OOO Journal OO OOODOODOOOODOOO. OO Jour-
nl 0000000000000 000O0000 Writer DODOOOOOO. JungleO OO
0000000000000 Writer DOODO writeDOOOO0ODOODOODODOODO.

OO0 Journal 0 Writer OO 0OOOOO0O0O, D000O0O0O0O0O0OODOOOOODOO
O000. 0000, 000000000000 000O000O00O00O000O0O00A0O
OD0D000DO0O0OD0ODO, 000 Alice DODOODODOODODOO. AliceODOOODO
MessagePack 000000000 OOO TreeOperationLog OO O. DOOOOOO0O
000 TreeOperationLog 000000000 0DO0OO0O0O0OO0OOOODOODOODOOO
ooo.
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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
goboboooooooboasiooobog.

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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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
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.dot00O0O0OB20000000000000005100€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 24



@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 W N
—~

}

TopologyNode 00000 200000 CodeSegment 00 00O . TopologyNode O O
00000000000 0O0DO00bO0ODO0OOO0ObO0O0ODOO0OO0. OboOoDbOobboOoo
0000000000000 oOoDoDoooooooooooDoDoooooooo. ooo,
020000000 StartJungleCodeSegment OO OO O O. StartJungleCodeSegment
O0000D0DO00o0oo0ooooooooooo.

000000000 DO000O0O00ODODOO0ObOO0ODODO0O0ODO, 0D0bO0O0DDbDOo0ODOoDOO
00000000000 DDoODoDOoOOoOOoOOOoODOODODODOO. OO0, mass00.cs.ie.u-
ryukyuacjp U0 O0O0OO00OOOOO0OO 100000000000000O0O00O0DOOO
0000000000000 (5.4).

Listing 5.4: DO UODO00OOO0DOOOOO

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

5.2 Alice 0O0O0OOOOOO

Alice0000D0DDO0DOODOOODODDODODOODOOODODOODOODOOO, Al-
ice0 00000000000 DO0ODOODOODOODOOOODOO. 00O DataSegment (O O
0)0 CodeSegment(D 00 )0 0000000000, ODO0OODOQO DataSegment O
CodeSegment 1 00000000 O0OO0OO0OO0ODO,0D00000DO0DOODODOOO
goooo.

5.2.1 Alice UO0DOOOOODOOO

Alice O DataSegmentd 0 00 00 CodeSegment0 000000000 O0O0D0OO0O
OO0000000. CodeSegment 10O DO OO OO DataSegment OO DO OO. ODODO
DataSegment 0 0 OO0 OO CodeSegment DD D OO OOOOOO. DataSegment O O
0000000000000 0000. 000 5.50 CodeSegment 00000 .
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Listing 5.5: CodeSegment [0 [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 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| }

gboobogoooob.oboboobo,ob0o1b0owobooboboobooboobog
OooOoD. 170000 9000000000 0DbO0. OO TestCodeSegment O O [
CodeSegment 0000000 csOODO0OO. csd arglOO0 Receiver DO DO OOODOO
00000000, Receiver OO OO DataSegment UD DO DOOODOODOOOODO. argl
O00 setKey APIDDODOODO, 00000 DataSegment OO0 O7count”0 00000
Ooooo.gboogbotd’count’d000oooooooooobo,0b00ooooon
OO0 csO00000D00O0ODO. setKey APIDODODOODOOOOODO”ocal”’OODOOO
O DataSegment UO O DO OODODOOOO0OO00OO0O. OO0OO0O0OOOOOODO”]ocal”
gogd.

O0D00000ods.put0O0O000O0. O00OO0O0OO0 190000 putOODO”count”d
gbooooobooboobobot.put00OD00O csUODOODbOOODOoOobOobDOnDO
sguuboobooooon.

put U0 OO0 count’”0 0000000 0O Receiver UD O dsOOOOOOOOOO
O0. 70000130000 ds.asIntegerO OO0, "count’0 0000000000
gobooobobooobboouobb. oobbddb eds.putgoog. 0oOO
TestCodeSegment D DD OOO, 0000000000000 count”d put OO0
gooobogbD.ooboobob’count”0 00O 100000000O0O.

DataSegment 0 OO0 OO0 CodeSegment O OO 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
O0,00000 setKkeyOOOOOOOS5.60.

Listing 5.6: CodeSegment 0 0 000 0O OO O DataSegment O O O 0O O

[y

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

\V]

O00,00000000 DataSegmentO OO0 O0O0O00O00O0O0,pwt0 00000000
00000D000b000booOoo. bgOo, server nodel O server node2 [0 server node0
0 DataSegment [0 "message” 00 00000000000 OO0OO0O0OOODOOOOS.70.
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Listing 5.7 0000000 OO DatasSegment 0 00000000

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

5.2.3 UUULUUOOLOUOOOLOObLOUOOO

O00,0000000000000 DataSegment OO OD0OO0OO0OO0OO. Alice
OO0 MessagePack D 0O OO DO0O0OOO0ODOOOODOO0OODOO0ODOOOOO. Mes-
sagePack 000000000000 DOOCOOOOOOODOD.ODOO, AliceO0O
O0000D0O0000D0O00D00D00000DD DataSegment 00O OO0 OODOODO.

MessagePack 00 000000000000 0ODOO0ODOOOOODOO. ObOOoOOO
O00O@QMessage 0 0O 0ODO0ODOODOO0ODOOO, OO000ODOO0ODDODOOOOOO
MessagePack D0 0 OO O00OO0O0O00O0OO0OOOO0ODO. ODOO0DOOO0O0oOoOoooOoOg.

Listing 5.8: MessagePack D 0 OO0 O0O0O0OOO0OOOOO 1

import org.msgpack.annotation.Message

1
2
3| @Message

4 public class Student {
5 String name;

6| int age;

7|

}

000 Student 0O O0O00O0DOOOOO0ODOOOODOOO.0O0ODOOOODOOOO
gobooobg,bobboboobooboobuooboobg.

Listing 5.9: MessagePack 00 00 0O0O0O0OOOOOOOO 2

import org.msgpack.annotation.Message

1
2
3| @Message

4| public class Class {

51 List<Student> studentList;
6| }

Ooobo,00b0000bo000ogooDon stwdent D OO0OooooooboOoOoooO
O.000,Swdent 00000000 0ODOOODOOOOODOODOOOD,ODO00D000OO
gobbobuoooobobogd.

O000000000DO0D0ODO DataSegment 00O O0D0OODOOOOOOOOODOO
OO0000Oput0DOO0D00O0OO00O. DataSegment U D00 OO0 0OOOOOOODOOOO
gobboboooobbob,gooobboboooobobboooobobobbooo. oo
O, Alice0 000 Studen 00 O (Listing5.8) 00000000 OODO.

Listing 5.10: DataSegment

—_

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

MessagePack D0 000000000 D0O0ODOOOO DataSegment 000000000
OO0oOoDoooooog.
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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
NetworkTreeOperationLog D 00O O OO O0OO5.110000.

Listing 5.11: NetworkTreeOperation 0 OO OO 0O OO

@Message
public class NetworkTreeOperationLog implements TreeOperationLog

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

o Ul W N
—~

List 0 0 0000DO OO NetworkTreeOperation [0 TreeOperation D 0000000000
O00000000. TreeOperationLog O implements 0, O 0 0O OO timestamp O O O
O00.00000000000000000D0000000, 00000 NetworkTree-
OperationLog 0 00000000000 ODOODOODOOOO.
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5.4.2 UOU0OOOOOO

00000000000 00obOobOOobO. ODobO,000000D0ODO0ObD0ODbO. OO
0000000000000 TreeOperationLog [0 NetworkTreeOperationLog 0 00 0O O,
ods.put 0000 CodeSegment 00O ODO00O0O00O0ODOODO.

000,0000000000000D0000000. 000, ods.put0d0OnOng
OO000o0ooO0obOO0obOoooo0bO,00b0b00ooD0oD0oDOO0obOobOoObObOOo.bOgo
O,ods.put 0000000 ThreedOODOODOOODO. ODODODOODOO commitOOdOO
000, NetworkTreeOperation 0 D 0000000000000 O0O0ODOODOOODOODO
ooood.

Listing 5.12: NetworkTreeOperationl put D 00D O 0OO0O0O0OO0O0OOO0OO

—

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

[\~]

w

LogPutCodeSegment 0 0 0 OO0 OO OOOOODOO.

Listing 5.13: put 000000 OO CodeSegment [ 0 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

}
}

000o0bO0Oo,0b00b0b0o0b0oOo,0b0o0oo0boooDboooooo. 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
gooogrCcLST"oogooonoooooooooooo. " CLIST"ODooboog
0000000000000 00bO00bO0 pwtOO0OODDOODOO.
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Listing 5.14: 0000000 noooooooon

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

log.setKey("log");

1
2
3
4
5/ public LogUpdateCodeSegment() {
[§
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

12000 ods.put(node, log.key, log.getVal()) UUODOOOODOOOOOOOOODO
O000. 00 logO O NetworTreeOperationLogD OO OO O. OO listdO”_CLIST”O
O00OoO000000ooobbo0. oboobDbO0 LstdooooD. listb0o00 1000
O000,ods.putOD000000OOOOOOOOOOO,00000000 DataSegment
ooooooooo.

issOO0O00O0000,0s5100000000000000000, "parent”, "child1”,
7child2” OOO0O0OUO ListDDO0000. O000000o0oooooooo0o0o0ng”par-
ent’O00 ListDOOOOOO.

54.4 0OU0OO0OOOODOOOOO

gbobobooooooboboboboooooboobobg. JungleD OO onoonQ
O0000000000D0OD0O0 TreeEditor D0 O0OO0O0OOO. OO TreeEditor O
O00,00000000 TreeOperationd 10 100000000000 0ODOO. OO
gobboogad.

Listing 5.15: U0 0000000000000

// Receiver log <— "log0 0000000000000 O0OO
// Jungle jugnle
NetworkTreeOperationLog netLog = log.asClass(NetworkTreeOperationLog.class);
String treeName = netLog.getTreeName();
JungleTree tree = jungle.getTreeByName(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 //000000000.
13|
14| editor = either.b();

15 }

0 N O Ut W N

©

7000000000 TreeOperation 0 0 0O 0O O NodePath 0 NodeOperation 0 0 0O OO
O00D00O800UDbD9YDUUUO. ODOO edit OO TreeEditor O NodePath, O 0O O
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NodeOpeartion OO0 DO DOO00O. editO0OO0ODOOOOO.

1
2|
3|
4
5|
6]
7]
8

9
10,
11
12
13]
14
15
16
17|

Listing 5.16: edit D O O OO

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

}

NodeOperation 0 API 0O 0O 0 O Command 0000 00O TreeEditor 0 APIO OO OO
0. 00 NodeOperationd APIOOODOOO0OOOODOOOODOODO, 00000000
000000 TreeEditor 0 APIDOODOOOOODODOO.

O

0 Database Jungle D OO OO0
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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 0 NetworkTreeOperationLog0 O OO0 D OO O00O0O0O0OO. DODOOO
000000000000 D00O000 PersistentChangeListWriter 0 000 0O O .

Listing 5.17: NetworkTreeOperation 0 000000000

public class PersistentChangeListWriter implements ChangeListWriter {

MessagePack msgpack;
OutputStream out;

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

100 @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| }

writeUO O Jungle OO O 0OD0OO0O0O0OOO0O0ODOO0ODOOOO0ODOODO. O0OODOOO
0000 ChangeList 0 TreeOperationLog 0 00 O 0 Iterable<TreeOperation>[ OO O
O00. 00 UuUIDODO0O0ODOODOODOODOODOO0O0DOO. D000, NetworkTreeOpera-
tionLogO OO OODOODO.

D0000000D000D00000OO0 PersistentChangeListWriter 000000000
O0000000. 0000000000000 0D0O00O NetworkTreeOperationLog [ 0
O0O00000. 000000000 MessagePackDOOOOOOoooooooo, 0O
O00000000000D00000000000D00000O0 (Listing5.15, 5.16).
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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 OO ODOODOOOOOOOODO. ODODOOODOOOOODOO
g,b0odboodbbuodgbbuogbobuoooboofob. 000 timestamp U000
gboogob. obboobbooboobboobbg, timestamp U0 OO, 000
gobbobuoooobbobodd timestamp U OO0OO0DODOO0O0OO0ODOOOOO0
O0o00. 0000000000000 000000000 MergeO OO
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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.
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061 J000000000O000O0O0 Jetty Cassandrall 00O 00O O

oo |ooooo

Jetty 6.1.26
Cassandra 2.0.4

6.1.4 0O0OOO
gobboboogoboboboooobobooooboon

gboodb VMWare KVMUOOUOODOOOODODOOOOO. 0DO0O0OO0OO0ODOOe6.20
ge30dg.

062 000000000000O00O0O VMWareDOOOOOOoOooooooooooooO

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

0630000000000 DO0OKVMOOODOOO

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

gobobooodn

gbobbuoggbbboooob 1bogobbooobobobog,bbuooobobod
gbgobobbobbob.oobobbobbobbe40nn
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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.

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"

O0o0dooobo2000b00b00oboobo0o,0bgbo20b000ooooog,
O000000D0O0DO0ODO0ODOO2000 HTTPrequestJDOODOODOOOOODOODO.
Cassandra0 000 00OOOO0ODOO, Replication factor 1 0 Consistency Level 0 ONE
ooo.

oooooboooesd, 64000, ODODDOODODODOO0DDODOODODDOOOOOO, O
000000000000 D0000o0ooo0oOo. 0o 20000000000000
000000000000 0DO0DoOooDoDOoon.

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

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

100 i | _

80 | | i | e

time(sec)

T

of 1

10 20 30 40 50 60
number of clients

063 00000b0b0buooooboobogan
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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
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 . ; .
Jungle ——+—

Cassandra Consistency Level QUORUM ---x---
Cassandra Consistency Level ONE :-----

50 - _
X

30 |

JR N I

time(sec)

X = z 1

0 ] 1 1 1 1
10 15 20 25 30

number of clients

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

Jungle -
Cassandra Consistency Level QUORUM  +--x---
Cassandra Consistency Level ONE :-----

X

250 i ]
200 - y

150 H i

time(sec)

100 1

50 | B

i
-

10 15 20 25 30
number of clients

0e6 00000obobbooooonbobooooon

6.3.1 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
00000000000.00,Jungle0000000000000000000000O
0000000 AliceD000. Alie0 0000000000000 O0D0OO00O0,000
000000000000000000000000000. JungleDOOOOOOOO
000000000 TreeOperationLog 0 Alice 0000000000, 00000000
00000000000000000000000. 00, Juweled000000000
Journal 000 000000000000 O00O0000000O000000000000
00000, Cassandra0 000000000. 0000,00000000000000
20000. 1000000000000 100000000000000000000
0.200000000000000000000000000000000C0O0000
0000000000, 0000000 JungleD Cassandra0 00000000000
ooooo.

72 QJUooon

7.2.1 pull/push000000000000O

00000dd Jungled, OOODOOOOOOODODODODODOOOOOOOOOOO0O
0o0. 0o ooooooooooooogog. oooo
OO0 Jungle 0O DODODODODODODODODOD, 00000000O0O0O0OO0OOOOOOO. O
dooodoooooonooooooooooodoooooonoooooooon
oo obobobnoodo, onoooooooooon
pull/push APID O OODOOO.
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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

JungleDOOODOOOOOOODOODOOOO,000000D0O0O0O0.O00OO0OO
gobbbuooooboboogd.gobobuoooobooo,gobboboood
ggdodood,obboooooobboobbbbbbboobobobbbobbbbobo. 04,
MergeUOOODO,00000000D000DO00O0O0O0OOOOOOODDOODOD. OO
gobboodgbbboogbbog,bbbooobbboooobbooobbbao
gobbboooooobobooooooog.
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O000,JST/CRESTOOO0OOOODOO0O0OOO0OOO0OOOOOO0O0OOOooDOoo
OO000oOo0oOooooooob-ADDbOOO0ODOO0ODOOOOD.ODODDOOO0ODOOOO
O0ooooobooooD,0000 SymphonyOD OO OOODO, 00000000000
gbbuogboboogobboob.bobbuobobooobboobbuoobbood
gogooobgo.
go,bbbbuggoobobbooooobbobboooogb,bbobooood
gbgobooboobooboobgobon.
gbbodgbobog,oooooobooa, bbb, 0bogbbuogobboo oonb,od
gog,bobboobbobooboobooboobuoobon.
gob,oggobbbuoooobbboooobobooag.

00 Database Jungle 000000 47



[]

[1]

RN

HEEEN

Nancy Lynch and Seth Gilbert. Brewer’s conjecture and the feasibility of consistent,
available, partition-tolerant web services. ACM SIGACT News, 2002.

Avinash Lakshman and Prashant Malik. Cassandra - a decentralized structured
storage system. LADIS, Mar 2003.

Giuseppe DeCandia, Deniz Hastorun, Madan Jampani, Gunavardhan Kakulapati,
Avinash Lakshman, Alex Pilchin, Swaminathan Sivasubramanian, Peter Vosshall,
and Werner Vogels. Dynamo: Amazon’s highly avaliable key-value store.

http://msgpack.org/. Messagepack.

O000,0000. Datasegment 00000000000 OO. O00D0OO0O0OOO
000, September 2013.

O0D00,0000. Cassandra00O0O0 ecmsd pcO00O0D0O00OO0O0OO0OODOO0O
O0000.00000000000, August 2010.

OO000,0000. Cassandra0 0000000000000 O0 cmsO0OO. OO
0000, March 2011.

Fay Changand Jeffrey Dean, Sanjay Ghemawat, Wilson C. Hsieh, Deborah A. Wal-
lach, Mike Burrows, Tushar Chandra, Andrew Fikes, and Robert E. Gruber. Bigtable
. A distributed storege system for structured data.

Matt Welsh. The staged event-driven architecture for highly-concurrent server ap-
plications.

Eric Brewer Matt Welsh, David Culler. Seda : An architecture for well-conditioned
, scalable internet services. SOSP.

Mario Tokoro, Editor. Open Systems Dependability - Dependability Engineering for
Ever-Changing Systems, 2013.

OO0 00 and0J0 O0.0000000C000D0DOO0ODOOO0O0O D-CaseDOO
gogo, 2013.

Database Jungle 000000 48



ooy

e Jwa JOUUDDOODODDOODODODDODODOUOODDOODODO,0D000,000(COOO),
0000 (0000),0000000000D0o00oO 2011 Okinawa, Sep, 2011

e Continuation based C 00 GCC 4.6 00000 O0O0O,
0000,0000(0000),
OskEidddoooooooooogd, Jan, 2012

e GraphDB OO TinkerPop OO OO,
O0000,0000 (0000),
0 150 Java Kuche, Sep, 2012

e 100000000000OO0D0000000000OOOOD000000000
U,
0000,0000(0000),0000(0000),00 00 (0000 Symphony),
000000000000000000000000000000000 (0S), May
2013

e Data Segment 0000000000000,
0000,000(0000),0000(@000),
0000000000030000 (201300)00000, Sep, 2013

00 Database Jungle 000000 49



