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Abstract

Relational DataBase(RDB) has problem of impedance mismatch. Exist an OR Mapper
that can use database records as objects in program. and DB has been expand such as
table specialization KVS and Json correspondence. However program Construction com-
plexity structure on memory. It has gap between data in program and data in database.

Laboratory develops database Jungle that resolves these problems. Jungle doesn’t
destroy the tree structure. Construction a new tree while saving trees. Jungle transaction
by atomic exchange the root of the tree. Program can use Jungle tree and not ask
database. Jungle jas Consistency for every tree. Possible create new consistent tree by
merge consistent trees together. Easy to send data.

Jungle can read fast. However writing speed depend on Structure of tree and tree size.
worst case Order(n). And create Index is slow. This research will improve Jungle editing
function. After, Develop and use applications using Jungle.

benchmark was confirm the speedup of the tree editing function. And Jungle able to
read data faster than PostgreSQL and MongDB.
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ByteBuffer get(String key)

Uobbooobboooold keyOOQOOOOOOO
ByteBuffer 0000000000 DO0ODOOO keyO OO
ubobooboooo

String getString(String key)

Ub0boo0bo0bodind keyOODOODOOODO String
U0000obboob0obbo0bD0OkeyUODODOOODOO
ugooo
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goboogobbdo200b0bugdbidd neme 00000 oooooooOog
gbooboboob 3ebdobon

JungleTree tree = jungle.getTreeByName("TreeName");
TreeNode root = tree.getRootNode();
Children children = root.getChildren();
Either<Error,TreeNode> either = children.at(1);
if (either.isA())

return either.a();
TreeNode child = either.b();
Attribute attribute = child.get Attribute();
String value = attribute.getString("name");

)

© 0 N O Ut W N

gobobodg3ebbbuoogn

1000 Jungle DO DOOO0ODO2000000000000000000000OO
go3-rodbouodgbooboiligbgobogbooobog-90booboonb g
gboooboobobbO mame” OO OO0OOOOO0ODOODOO

3.7 00OOO API

JungleJO O O 0O0ODO Default Jungle Tree Editor0 00 0O0OOOOO OO ODefault
Jungle Tree Editor U0 O OOOODOOODOOODOO APIOCOODODOODO Jungle
Tree Editor 0 00000000 0O0OO0ODODO O Default Jungle Tree Editor O O Jungle
Tree O 0 O getTreeEditorO DD OO ODOOOODO 3.80 Jungle Tree Editor O O O O
O00000O0O0DO0ODO APIOODOODODOD 380000DO0 APIDOODO
Either<Error, JungleTreeEditor> 00 U U0
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0 3.8: Editor 00000000 API

addNewChildAt ( NodePath path,
int pos)

path O O0OO0O0O0O0D0 pesODOODODOOOONO
ggooood

deleteChildAt ( NodePath
path,int pos)

path U O0OO0O0O0O0D0 pesOOODOOOOONU
gogno

putAttribute( NodePath
path,String key,ByteBuffer

value)

path U UOOOOOOOOONO key UUODO value
gboooooooooo

deleteAttribute( NodePath
path,String key)

path OO0 OUOO0O0OD0OO0ODOOOO keyOOU
ggbobobooggooobooogn

moveChild( NodePath path,int

num, String move)

path 00000000 numUO 0O 00O U move U
ggoboboogd

pushPop () 0000000000000000000000
0000000000000000000000
0000 OmO00(1)00000

success () 00000000000000000000000

00000000 JungleTreeEditor DO OO0 O0OO
ggbobuoooobbooooboboboood

UO0000D000 Default Jungle Tree Editor U U DO OUOOOOOOODODOONO
obobobbooodobobbbO0dOdd befault Jungle Tree Editor U U U0
O0D000000000000000000000 editor.successQOUOOODOOOMO
obob0Dbo000odoobDO Default Jungle Tree Editor U OO DOOOOON
O00O00oDOO0Ob000o0o0oobDbDOsuccessO U Error 0000000000000
gbgobobboobooboon

U000 JungleTreeEditor U OO UOODOOOODOOODOODODOOOOODOOODOODO

JungleTreeEditor editor = tree.getTreeEditor();
DefaultNodePath editNodePath = new DefaultNodePath();
Either<Error, JungleTreeEditor> either = editor.addNewChildAt(editNodePath, 0);
if (either.isA())
return either.a();
editor = either.b();
editor.success();

N O Ot s W N

10000000 Editor DODOOO0ODOODO20000000000000 Path OO
O0000ODefault Node Path OO OO0 OO0OOO0O0O0ODOOO0OOOOOOOOODOOODO
gobogobbooobbuooobboo3guboboobboooboboonboobon
gbobooooboobob40000000000D0O0DODO0 Either DOOO
O000D0O0Db0ob0o0oooOr0oo0b0O0ob0O0onbDg Commit DOOOO

gbobobobooboobddbDLegdOODbOODOO
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3.8 Commit

Jungle Tree Editor 00 000000000 OOOOCommit 00000000 OCommit
000000000 Jungle Tree Editor 00000 success() 00O OO0ODOOODODOOO

Commit 0000 O Jungle Tree Editor 0000000000 OOOOOOOOOOO
O TreeContext 000000000000 O0O0O0DO0O0O TreeContext 0 O OOOO0O
TreeContext 000000000 Commit 0000000 TreeContext DO OOOOOMO
000000000 Threed OOOOODODOOO0O0OOOODODDOOOOOOOOOO0O
oood

1. 000000 TreeContext 00 D0 O010000000O00O TreeContext D OO OO
OO00OO00 TreeContext OO OODO

2. 0000000000000 Thread O Commit 00 0000000000000
0 (0O00000)0

3. 00D0D0D0ODOOTreeContext 0 Atomic 00 DOO00OO0(0O0O0O0OO)O

gbbogobuogbbbuoobbodbuoobbuobboobuoobbooobobg
APIDODODOJungle0 00 D0OD0OO0ODOODOOODOODOODOODODO

3.9 Log

Jungle 00O Editor 000000000 DODODODOOOOOD APIODDOOOOOOO
NodeOperation 0 O 0O O O O NodeOperation 0 NodePath OO OO0 0000000000
00000 TreeOperation DO 00 Jungle 00000000000 TreeOperation O O O
0000000 commit DO0OO00O. OO TreeOperation OO 0O OO TreeOperationLog
0000 TreeOperationLogD 000 0O000O0O 3.1000.

000000 3.1: TreeOperationLog O O O

public interface TreeOperationLog extends Iterable<TreeOperation>

public TreeOperationLog add(NodePath _p,NodeOperation _op);
public TreeOperationLog append(TreeOperationLog _log);
public int length();

[N B RO
—~

}

Iterable<TreeOperation>0 000 00O OO O Iterator O O O TreeOperation O O O
O00000000000addO append0 0000000 TreeOperation I 0 0 00O O
0000000000 0Db0Ob0 LegDODOODODODOOOOOJungled0OOOO
OO000O0 JungleDO0OLogOODOOOOODOODOODODOOOOODOODODO
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3.10 00O API

O0000oooOAPIDOOOJungle0 0000000 DOODOOOOOOOODOOO
000000000000 APIODOOOODODOOOD0O000O0DO0DOO0O0000 Interface
Traverser OO 0O0O0Olambda 00000000000 OODOOOOODODO findOO
ooooooag

1’[ public Iterator<TreeNode> find(Query query, String key, String searchValue); ‘

U0 find000 000000000000 DO0O0O0O0ODO boolean comdition(TreeNode)
O0000QueryUOODO0OO0O0O0O0OO0IndexOOODOOODOODODO String keyld
String valueU U DOUOUOOOOOO0OODOOO Iterator D UUOO findOOOODO
gooooo

1| InterfaceTraverser traverser = tree.getTraverser(true);

2| Iterator<TreeNode> resultNodelterator = traverser.find((TreeNode node) —> {
3 String name = node.getAttributes().getString("name");

4 if (name == null) return false;

5 return name.equals("kanagawa");

6 }, "belong", "ryukyu");

gooooooooboooogo

100000000000 00000000 Interface Traverser U OO ODO20
0000000000 findO DO0O0D0O0OO00O0OO0OIndex 00000000 "belong"
o0 "ryukyu" U000 OO0O0O0OO03-500000000000000000000
0000000 "name" U0ODO "kanagawa" U0 DO 0OO0O0O0O0OOOOOOOO

gbdboobdn "pelong" OUU "ryukyu"U OO OO "name" U U 0 kanagawa [
2000000000000 Iterator OO ODD0D0OOO0OOODOOOODOO IndexOODO
dooooooooooon

3.11 Index

Jungle 0000 00O0O0O0O0O0OODOOOODOODODO0O0O0O0O0OD0OD0OOODDODDODDOOOO
0000000000000 00 IndexOOOOOOOOOOO0OO0O0 IndexOOOOOO4
O000ndexODOOO0DO0ODOODOOOOO TreeMapODOOOO IndexOOODOOOOO
O0000000000000000ndexO00000000 Om)0OO0O0OOOODODOOO
O0000000Jawa OOOOOO0OO0OOO0O0O0OO0O00O0O0OOOOOOODO Functional
Javal TreeMapO0 OO DOO0O0OO00O0O0O IndexOODODOOOOOOO TreeMap O OJungle
gooodoouoobooooooooooooooo0oooooooooooon
0000000000000 00D00000000 TreeMapOOOOOOJungled OO
0000000000000 000000000000000000000 IndexO O
000000000000 000000 JungleODOOO IndexOOOOOOO
1| TreeMap<String key,TreeMap<String attribute,List<TreeNode> nodeList> index> indexMap
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Jungle Index IndexMapU DU DO UOOUODOOOOOOO IndexMapl get OO
U000 IndexOOODOO0OO0ODOOODO IndexOOOOO getdO00OOO0OOODOOODO
0000000000 IndexOOOOO name OO kanagawa DO OO OO O0OOO0O
Oherator OO0 OO0O0O00OO0OODOOOOOOO

Optional<TreeMap<String, List<TreeNode>>> indexOp = indexMap.get("name");
if (!indexOp.isPresent())
return new Nullterator<TreeNode>();
TreeMap<String, List<TreeNode>> index = indexOp.get();
Optional<List<TreeNode>> nodeListOp = index.get("kanagawa");
if (InodeListOp.isPresent())
return new Nullterator<TreeNode>();
return nodeListOp.get().iterator();

0 N O Ut s W N

1-4000 IndexMap OO OO0 "name” 000000 D0O Index DOOODODOOO

5-8000 ODUOO00O Index OO0 OO0 "kanagawa” 00O 0000 Iteratord 00O
ooooo

JungleOODOOO APIDDOOOOODOOO0ODOOOOOOODDOOODDOODOOO
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4.1 000 Red Black Treell [ [

Jungle IndexOOJava0 OO O0O0OO0O0OOOOOODOODO Functional Java O 0O 0O O
TreeMap OO OUOOOOOOOODOODOOOFunctional JaveaOODODOODODOOOOOO
0000000 bOoboboOoboO0on TreeMap OO OOooooooono

4.2 Index[ 00O Update

Jungle OIndex 0 0 00O Commit 0O Full UpdateOD O OO OO OO OO OO Commit
O00000O(Mm)0 Indexd Update DO DOODDOOOOOOOOOOOODOOODODOO

ndex OOD00O0O0O0ODOOO0O0OO0OO0ODOOOO0O0ODOODOO0ODODOO IndexOODOO
godd JungleDOOOOO

4.3 Differential Jungle Tree O [

Jungle 00 0000000000000 0DODO0O0O0O0O0OO0O0OO0OOOO0O0OO O(n)
O000000DO0ODooOOoO0O OoO()OOoooooooDJungleDOOODOOOOOOOO
000 PushPopOOOUOODOOOOODOPushPopO OOOOOOOODOOOOODOOODO
O000O00b0bo0oobo0obbOOobobooobobo0obboOoODOoUdDifferential Jungle
Tree O 0 O 00O O O Differential Jungle Tree 00000000000 OOODOODOO
goboooogn

Differential Jungle Tree 000 0000000000000 O0O0OODOOOOOODOO
gobbooogbbbuoobobbbooobbobuoooob
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4.4 Red Black Jungle Tree

Jungle OO O0OO0OOO0ODOOOOOODOOOOOODOOOOODOOODOOOO
goodbboboobbooobobooobooboboobboboobbooboon
0000000000000 00000 n(logN)DOD00O0ODOOOOOODefault Jungle
Tree OOOOODOO0OO0OOO PathODODODODOODOOOOOODOOOOODOODOOO
gobbuooobbobuooobbboobbbuooobbobooobbbuoooboboo
O0000o0oo0ob0ob0oobobuobouoobobOobOn JungleTree 00O ooog
U0bbbooodbbbOdd Balance Key UUOODODOOOooooO

000000000 BalanceKey 000000 N(Logn)D OO OOOOOO On)00O
oo
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Jungle J Index 00 O Functional JavaOl OO 0O TreeMap D0 OO OO0O0O0O0OOOOOOO
O O Functional Java 00 TreeMap D00 000000000 DOOODOOOOOOODOO
O0o0ob0ooboobooboobobobobobOonoOJungle 00004 TreeMap O
O0o0oboooboooo

O000b00ooobodOJungle0 0000000 TreeMap OO OO0 OTreeMap U O
Red Black Tree U0 OO0 OOO0OOO

5.1 Red Black Tree

Red Black Tree 0000 0000000000000 0O0OOOOOO0OOOO
1. 0000000000000

2. 00000000000

3.0000000000

4 00000000000000

5. bbtouoooboboboooobbbuooobbbuoooobobod

Red Black Tree U0 DO 0ODOD0D0O0OO0ODOO0OOOODODOOODODDOODODOODODO
000000000000 00D0O00O0ORedBlack TreeD OO ODOOOOODOODOOO
O(logn)00OOODO

5.2 000 TreeMap 000

U000 TreeMapO OJavaOOOOODOOODOOODO TreeMap<K,V>KeyO OO OO OO
TreeMap OO O OOOKVOOOOOOOODODODOOKeyO ValueOOOOODOO
000000000000 5100 Key O String 00O Value O ByteBuffer 00 00O O
gooobooboobooo

Joododg 5.1: TreeMap O DO OO OO

1’[ TreeMap<String, ByteBuffer> map = new TreeMap<>();
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5.3 000 TreeMap [ API

000 TreeMap OO0 O0O00O0O0D0OOCO0ODOOOOOOODOGM1O0000000 API
goobooon

0 51: 000 TreeMap OO OOOOODO API

Node getRoot() TreeMap OOOD0OO0OOO0ODODO

boolean isEmpty() TreeMap OO DO O0OO0OO0OO0O0ODO true 000
TreeMap<K,V> put(K key, V TreeMap O key:value 0000000000 0O0O0O
value) TreeMap 0O OO

TreeMap<K,V> delete(K key) TreeMap O key DO OO OO0O0OO0OOOOOODOOO
000 TreeMap 0000

V get (K key) TreeMap O key U0 O ODOOD0OOODOOODOO

boolean contain(K key) TreeMap U key DD UODODOOOOOOOODOODOO
trued 00 0O

Iterator<K> keys() TreeMap OO0 0O0OO0O0OO0OO key O Iterator 0 OO0

O00 TreeMap O Oputbdelete DO DO OO00OO0OOO0O0O TreeMap OO0 OD0OODOOO
O TreeMap OO0 O0O0O0000 (00000052 000000000 newMapO O OO
U0 mep DU OOODOOOOOOO

000000 5.2: TreeMap OO QO

TreeMap<String,String> map = new TreeMap<>();
TreeMap<String,String> newMap = map.put("key","value");

N =

54 [0O0O0O Red Black TreeU OO0
000 Red Black Tree 000 0000000000000 0O0O0OO
1. 0000000000000000000000
2. 00000000000000000000000000000000
3. 0000000000000000000000000
4 0000000000000000000

5. bbuuouoobbbuoobbooogbbbuooonoboobbbuooobobod
gobbboooobbboooobboboooooobooboan
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7.1 Differential Tree Context

JungleO OO TreeContext 0 D000 D000 OO0OOOOODODOOODOOODOODiffer-
ential Jungle Tree D0 0000000000000 OODOODOOODOODOO Differential
Tree Context 0 O OO O
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Differential Jungle Tree D0 000000 JungleD0O OO0 APIOOOOO (O 7.1)0

O 7.1: JungleD0DODOOOOOO API

createNewDifferenceTree(String | Jungle O O O O Differential Jungle Tree OO0 OO0 ODO0O
treeName) OooooobDOoobooooDod nulOOO0O

000000 710000 Differential Jungle Tree DD D00 ODOOOOOOODOO
oo

000000 7.1: Differential Jungle Tree O O O

1 Jungle jungle = new DefaultJungle(null, "hogehoge", new DefaultTraverser());
2| String treeName = "difTree";
3‘ JungleTree tree = jungle.createNewDifferenceTree(treeName); ‘

Jungle O 0O 0 TreeMap<String, Jungle Tree> OO OO Jungle Tree 0O DO ODOOO
Differential Jungle Tree 0 Default Jungle Tree D OO0 TreeMap 000 O0OO0ODOO
O0000000000ooooooOoOoUoOo(ooooog .2)0

gboogog r2:. 00000

Jungle jungle = new DefaultJungle(null, "hogehoge", new DefaultTraverser());
String treeName = "treeName";

JungleTree defaultTree = jungle.createNewTree(treeName)
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