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A Study of distributed database
Jungle
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Abstract

Smartphone and tablet pc are widely used, thereby Web services that handle large
amounts of data are emerging. It has caused the webserver is down. Therefore, scal-
ability is important software factor today. Scalability in distributed system is able to
increase performance linearly when just added new node to system. In order to make
provide scalability, we considered design of architecture.

We are developing a database Jungle. It is use non-destructive tree structure. Non-
destructive tree structure is not the destruction of data. Editing of data is done creating
by new tree. Jungle was designed as a distributed database. But data distribution and
persistent has not yet been implemented in the Jungle.

In this paper, we develop distributed database on jungle for pursuit architecture with
scalability. Distributed data on Jungle is developing using parallel distributed framework
Alice. As a result, we confirmed that data is distributed between the server node.
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—EARREE L THREFEL 2T — 2 ICBETES T, Hi L S A& 2R L CF— % %
FH2L%E).

AWHZETUE, Jungle IC0T — % RX— R L AGMEDFE L ITo 7. 77— ¥ HEH T I
MRS CHFhTH 2 WH 7L —2 7 — 27 TH B Alice ZH L 72, KR, 2R
WHESE % W CTEBDO Y — ) — FETTF =¥ DMz ) 2 L 2R L 7.

1.1.2 KR DHERK

K LTI, RDITET — % R— 2120 W TR 26 BT 7235 B8 R %, 5
3T, IFBEEIARRGEIC X 2 Jungle DIREARGRGHE, THON—Y a VEHI AT L0225
B L HEGEHC DWW TR S, AT T, 3R T oG 2 5 T, 4 ®
THREL 58T — 8 X—Z Jungle Dl 2179 729, gtk 7a 77 L% 34T
5. 2O 7T LiE Jungle & Cassanta ZNEND T —FRXR—A%2fliH) bD%
HEL 7. FRIOMANERES ETHFE L 7cfgmtk 7'a 75 L 288D /) — FTIiT3 ¢, &
fifzZ 2217 %5 2 & T Jungle & Cassandra OTEREIHIR 2179 . 26 Eix, RAFEICE T 5 %
L ESBOBEICO LTINS,
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AETRETT—IR—2ADFEHETHZ )L —>aF LT —F¥_—2 (RDB) & NoSQL
IZOWTHRRS . RIZ, T —F S AT LICEWTEE L CAP FHICOWTlNn 5. ik
BITHEFD NoSQL 7— % X— R & L T Cassandra, MongoDB, Neodj DRI DTl
N5,

2.1 RDB & NoSQL

F—=F R=213 KT 23 & RDB & NoSQL 2471} 541%. RDB 3T &5 57% % 2
RILDT —TNMIZED T =8 2R RFFT 27— RXR—ATH 5. RDB IZT—FRXR—ZAT7 7
L AZELLTSQL &2, —BDOL v TTF— ¥ 2 JICi3mETH 3. Lol
RDB 3= VAL EOMBRER 723 2 £ TE v, 22T, WA PC 2y
OHbHEL T PUMZ L TEHTELE T — I R—APRKRDNT. ZN6DT—
% R—Z 1 NoSQL(Not Only SQL) EWFIZN 5. 2 KILD T — 7 TIlEHE < | Key-Value,
F¥axv b, 797 0o BBEATT—% DRFE%Z1T9. NoSQL 1%, SQL % fiH
T57 = R=Z I T LR WAEEZTS 2 E2HMICLTWS

2.2 CAP Fi&#
THT =S AT LIZBWTRD 3 OZERFICHEIET 2 2 S I3 TE 2w
o —H: (Consistency) 2 TD/ — FId 7 YDA IXF L 7—% 2k 7.

o H[HME (Availability) & % / — FICPEFESFHEL THHREL TS/ —FIckhH
T — Y DRAFEEDITAS.

o JTWIHPE (Partition-tolerance) v b7 —Z7fEFHIC K D / — FOEEITINTH 7 —
FR—ZIPEHEL LT 5 2 ETE S,

ZAUx CAP L[] LIS, FIHT 27— R—RERYE, 2O CAP w8 % Eilk
L s v, —EEEHEZERL 727 —¥ X—2Z%% RDB TH %. Wi
I E T HEE1E NoSQL 77— RXR—R L7425, Z LT NoSQL D54, Witk & #%
b9, ~HUEPHHED &L 6 2 RGEL TW A THEIE D> TL 5.

DTRT =Y AT L%EZD5E1E, 20 CAP EHZEHRL TuRT U s 2.
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2.3 Cassandra

Cassandra[2] (% 2008 4£ 7 HIZ Facebook IZL>TA—7"v YV —R L LRI N
Key-Value %27 — % X—Z2TdH 5. Amazon D Dynamo[3] &) ¥ — Y 2 —F —
Y R=ADHEEZZ T TEENTVE, AF—<L A% NoSQL 77— R— Rk 5.

Cassandra 13—/ — FOMEICA VI ATV b Ny 7703 XL zH05.
AVVATYE eIk ) = PRIy v RiciiESI NS, ) IR
BETERINIMELH . T—F 2 HEZACERICIE, =45y ¥ 2 fHIZEWZD
VY T ONED SIRFEHAI DT Y — N ) — FALEZIAENS. AV ATV -y
ST EAGSEZET, /= FOEDEE L 25A, BRLEZ L2 Thb ki nif]
KD 5. 77— DRDICE D DEDY — NNDEMPKELHEIC, Af2NE A Y & a2
ERETY v 7 RicHi ) — F2BEMNT 22 ETHAMEZ T ITS L wotFRbENS.

F=FZRARKENLZTRET 202" TL 7V r—vav 727788, 7—%DiihE
EHWVLOD/) — ST IDhZROBEA VATV —LNVERETES. avy
AT V¥ —L_)UIZIEFEIZ ONE, QUORAM, ALL 2% 5. L7V r—>avy 7 778D
Bfi%z N & L7284, ONE X120/ —F, QUORUM (& N/24+1®D/—F, ALL ¥ N
D) —=FNEFRAEEERIT). AV AT V=NV LU= a7 77%
EAVIAT UY=LV DORKEIZ X D Cassandra (ZE\ A M & oWtz £

node 1 F—D/N\v¥a

hash:
0.0 /

hash: hash:
node 3 0.75 0.05 node 2

hash:
0.50

node 4

X 21: AV ATvyy— Ny U7
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2.4 MongoDB

MongoDB 1% 2009 I A X 4172 NoSQL D7 —F X—Z2TH 5. JSON 74—~ |
DEX2AVET—=FR=ZATHH, ZHEFAF—DBENY L — 3 FILT—7 I
Z6MN5. AX =/ d, BT =Y DEERZITIDEDN . 207D L —
Y a PN T = RXR=Z2HARTT =% DENM - HIERDMTVR 0.

MongoDB 3R L 7e 77— 2 HBOY —NICEHB 2 L 5. ZELV 7Y r—va v
(replication) & MEENS. 72, 1 DDY —N"DBRTDT—F2FFODOTHL, b 5HiH
DIz % DY — NI EISETRET 5. Iz vy—T 4 v 7 (sharding) & ).
MongoDB &L 7'V r—> a v by v —74 v 72 & D3tk L —EME2Fo.

1~100DF—%
MNHdEE
\
Node 1 Node 2 Node 3
1~-33% TiHY 34-~-66F THHY 67~100F Y
\/ \ \/
]

Node 1 Node 2 Node 3
DEH DEH DEH

22 ¥ —T4 VT
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2.5 Neodj

Neodj 1F, 77 7 7= R=ZALWEENS NoSQL DT —F RXR—ATH%. 7—F% 7
F7ELTRETS. 79713/ —FEJL—varvyy kDRI N, 20nxz70n7
ORF 42O ENTEL. YL —2aviv i3 7T0IHILEIADIYIICHT
5. /—=F»o)L—yarvyy 7Zilll) 7054 %2H52ETT—FOHSE%ZIT
ATEWNTES. BHET—FRXR=RATIL, 7—% OHH H LIl DF5 G5O HIE % 17
V.Y, T 7T = R=RAT 77 ENLR T T—=IDRELBHAIVB) =5 /) —
RANOBENZ 1 ATy 7 TTE. 20700, ENLEFT—IBRELRAH L, 7=
NV EECFERETT— % OREMTA 5.

Neodj 1Z3vAF — L AL —7DRRICKHR 27 F A 2T 5 2 L THHT —F RXR—A
ELTHBET 2. v A Y —ICEDPNTT =Y IBAL—TICEZIATNGD, $I2a8TH
AL —=TICEERAENEDLIFTIE RV, Lo TTF—Y DBAMENELN S EREH 5.
AL =7 H—=NEEERFL T2 T7 =Y ZIRTILENTESL. 2D Neodj lEE\»
A MEBEDBRICE A 2 2 3T E 20l M & Wit 2 5o

AL—=T/—=RlcHLTH
N TIORHBEBINTED

AL—=7/—=K1 AL—F/—R 2

X 23 PRI —ERAL—TICLkB 7 5R%
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Jungle (A7 —ZEY T4 DH5 CMS D2 HIE L THMAETHIEI N TV B IE
BRI ABE T — Y RXR—2AThH 5. BN ary T IR AV P AT ALATIE7 0
7" — )% Wiki * SNS 3% <K, 2N D7 = 79 A F D& I KEDSKEETH 2720
TG L L TARGEZEH L Tw 5. BIfE Java & Haskell 12X D ZNZ N5 5ECH
FHEINTE YA THR S DX Java IRTH 5.

ARFETIEE THIEENARS & FEBEENAREOFHIHZ L Jungle IZB 1T 57— %471
DEFFHIZHOVTIHR S,

3.0.1 TRIENAES

ARG DIREIR, REE TR L Cw a3 F— Y 2 EEESMA L 2 L TT) . X
3.1 IFHEN AR EOmELZ L L T3

G, 8
oK /@?ﬂ@%

L OO

X 3.1: W ARE & D e

BARAREE 1, WEETIBICROR Y 7 28 2 038035 5. ZOR, 75 %%
JHLA ) ERZEEETZ2AL Y FIFEHSHZOKT 2085 0 | lEH V56
BARDEEIKD 2 FTHSMZ 2 E LR TNE RS RV, TRTERY 71Tk A7 —
VT4 BEEbNTLEY).
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3.0.2 FEBIRMIABE

JERR P ARE & | IR AR & 130E D, —EER L 72 ARZ20HE T 2 2 L i3, JE
HPUARE BT T —YORERR, V— b2 oELZITI / —FETat—2fTuHiL
CARREEZERT 2 2 L Cfrbi g, X 3.2 13 IEHEN AR ED F— Y ELZ R L TV 3,

@ root h"SZBED @ @
Holc/—RZFE

TIAE—%Z1T5

M S S

OJONOIOIONOIO

Xl 3.2: FEMHEEIARESE O

IEBERIARE IC B T 2 T — FHRED TNz DL TR T

1. V=t ofEEIT) / — FEFTORAZHFRNS (X3.3).
2. MEZITH) /—FDav—%Lt % at—%tol/)—FAT—%YOf%ELTTI (X
3.4).

3. AR RIHEONL— 5 aE =1L/ —FETOMD /) —Foavr—%2L hE
% (X3.5).

AE=L7N—F/ = FERELZIT>TORY ), — FADOSEZ ) # L AR
Z1E% (IX13.6)
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@ =k h5 S — K5

FTONRZRAND JCZ

<-1,2,5>

OJ0 @@@

3.3: JEBEIIARNE D T 1

@ J—RB5ZEIE—L
wEZTW/—R
100%=1ER T %

OO QOO Q@

copy

3.4: FEMIRINAREE O itk T-NH 2

ISR THEW/ — KRB

@ £TO/—RD] @ @ .
P—% TN/ — R . ‘A

N

10088155 copy '\ <root 2.5>
-

AN

Copy

OJONOIOIONORO

3.5: FEWIEAREE DR FIE 3
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U WS

x%b\ﬁbn’c L -~
(%) wsmrnem (7)) ()
(T

OlO @@ ONORO

X 3.6: FEMIR AN E DL TEH 4

JEWHIAREIE ICB W T T =7 Du y 7B E 72 25571%, RO a € —%2{EK& 2 714
WKV—F /= FE2EHTLLEERTTHS. T mELITo T L[ER Yy 7 23N i
BAREIG I AN, fERICB W TH 77— 9 DFEAAADARETH % (K 3.7). ZD7®D
BRNAREGE I HERA T — AL R T o T35,

&

OJONORO

X 3.7: FEWHEIARREEIC X 2 F)

3.1 Jungle [CHIFZ2T—INDF7I7EX

Jungle T 7 —% %2 ZNZ D Node 2% attribute & L TREFT 5. attribute 1 String
MDD Key & ByteBuffer @ value DX 7IC K DERINS. Jungle TT—F D7 7L A
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X, 2D Node "DT7 7 A% XF. Node D7 7+t AL, RDOLHTE Node 2T /34
WX DITZ%. TD/8AIE NodePath & FEIEIL % (IX]3.8).

tree_name

NodePath<-1,1,2,3>

3.8: Node D attribute & NodePath

3.2 Jungle KT BT —FiRE

3.2.1 NodeOperation

Jungle IZ X 2 /ND T —ZifftlE Node DL 7. Node fREED 7212 API 3H
B3INTED, 2D API IZ NodeOperation & WE:IX41%. NodeOperation 1Z1ERD 4 DD
API HEIN TV 5.

e addNewChild(NodePath _path, int _pos) NodePath THi&E I 117z Node IZFit
£ 7% Node ZiBIMT 2 API TH 5. pos THESINLHFFIC L L GEMNZE
1.

e deleteChildAt(NodePath _path, int _pos) NodePath & pos IZL DIEEI NS
Node ZHIf%$ % APl TH 5.

e putAttribute(NodePath _path, String _key, ByteBuffer _value) Node /T at-
tribute 2B %5 API TdH 5. NodePath I attribute Z3IBfT % Node Z457.

e deleteAttribute(NodePath _path, String _key) _key 2%/ attribute DHIFR
%179 API TH 5. NodePath (& Node 2717
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NodeOperation (3® £ THRNDT—FHTEDHNTH L. 77V 75— a vy LX)
DIFEEIT S X 523, Jungle 1T &k %57 — % Diffiff 13 NodeOperation 23 £ > 7 LI
LoTUUTbis. ZDHEED NodeOperation DEEF ) % TreeOperationLog & 9.

3.2.2 TreeOperationLog

Jungle W ClZ NodeOperation (FMEXR T ZICfE F LT E | &I commit 415 2
ETHREDE T 5. ZDK, v ZIZHE N 7-8E%5(D NodeOperation 1% TreeOperationLog
E LTS, DUTIC TreeOperationLog O BARY 4 2 789 (3.1).

Listing 3.1: P A RY =232 —Y v —DFH|f

[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

Zoua 73S ROMETHER L /Xy F>—2 7 lfgntii7a 77 L5281 5EFH ZAAIC
hfrbnzu /7 th 2 (X3.9).

RXFDHEFIEFELT L 72 NodeOperation DFFHZ R T, <> IZX D HEN T 2HFIE
NodePath #7579 . NodePath DZFEilLAEIZ Node @ position % attribute DIEH % L
Tw3,

[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]

/V "author" => "oshiro"

Node D&M attribute DB I:'mes" = "Ir'\ello"
timestamp" =>0

3.9: TreeOperationLog D EA4&A

3.9DFMH%ZITH. 3, APPEND_CHILD (2 X D Root Node ® 0 HHD it L %2 %
Node DENMZLT Y . KIZ, IBIN%1T5 7 Node 2% L C PUT_ATTRIBUTE (Z & D attribute
DIEH %= Fi7-d T <. attribute DNFIIEE DTEHRE R T auther, X v —Y ODHNE%
FT mes, ZL T A LAY Y7 % timestamp & ZNZNF—IZTEH I ETEMINS.
PLEgr i 7a 75 JTEB T 5 1 DDFZIAARTIHAET % TreeOperationLog TH 5.
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3.3 DEUN—Y3VEBIATLICELDT—TDRE

Jungle 1& Git % Mercurial & W o 72 3HN—2 a VEHS X7 LA DEEZ 2 I1ES
NTVS. A= a VBB 2T L8, S ANBICE2Y 7 b7 = TRIRICEWTE
HEREZEH T2 275 TH 5. DHEBY 257 L TRREZNEFNBT—H LI
VAP YDz u—vEEL BHREIOVAY Y RET L TED S NS (K3.10).
O—ANDYRY FVIFHIICHEBIL, y—NEIZHBZIV RS PYRBADY XY FYT
TN EBBEZDIART Y 77T =PI B I ENTES. £, n—ALD
VRY P VICHEERBAD DI 77y 77— b2 MDY R P UANERKEEZ 2 BT
X5 HEMS AT LTI, ENDY R MIDPENZELTH, JIOY RS FUDNS
IO —VRIFIIENTES. 2y b7 —2ICBENRLELTH, a—h)VIlh 2iRENHE
JEE 2y b7 =2 BIHBRIIGZA D 2 ETES. 200, WML oWt e s S

Z5.
—

repository

repository

—
—
1 .

3.10: TENN—2 a VEHY AT A

3.3.1 Y—IIL&LBT—ILTEFEDER

THEHY AT L TlE, 77— % OHEFIRFICE W TEHEDFRET 2R H 5. Z40UE,
B 2T LEZBEIZLTVS Jungle ICBWTHRIZHETH 2. F— Y DEEEZT
) EFITX, LD T —FITHIREIIMZ 5L TWL A IREED D Ltz v, Jungle 1Y 7 2 X b
MELGE BEL > TWE T —F%2IBT. ZD7OT —FIZRHFDHDTH %0 1304EE
SNz, ZOEE, BT =S IRENMZ SN, ZNEBICETO T — & Ml S ¥ 7%
FHUER %0, 20X I ) R r VIS ) RICTFT—¥mENThbNTED, 7—
Y DI ZEICTE R WIREZEE L ). ZOMHEZERT 2 FRPHETHS. &
BB A 7 LTI L Ce— EWEN B EE TR Z 1300 5. = —V %, HF
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DY R M) DT —IREEREZZITD, a—ANIlH VR M) OfRELEDE S
EETH L. T—FHRIZH LT Jungle 37 7V 75— a vy LRV TOR—Y %2 FEL
THH 2 L TRz IEH 5

DINC> =Y BRERGA L Z ) THROULHAD T — I fEIC OV TORIZ R T (K3.11,3.12,3.13).

$§2 - Sf%l

QQ 300 0. \QQQ
00 > OOO

—IRETT

X 3.11: EEOFAE L w7 — Y ke

o"%c\ 9

OO O\ Q F— 5 REB rd ggg

qE= Q ORBEEE >k

Q0

X 3.12: HARICE R Z IR TE 5 7 — ¥ ik

O
A ;CQOQO_T??Q-\

QQ \ Q TIHRES FREAL
e . BERIF IR
Q Q Q

X 3.13: EZEHFET 5 57— Y ke
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O PR BEF (i (14) %38 AHET—5 N~ Jungle DA

3.4 Xy hJ7—7kROY—DFE

THOERRS AT L% ZE T Jungle THZNEND T —F X—APMATICHE) C K HITL
720, Z0RDICERIEIF MR Y —DBKE, =N/ = FITDOT—F T 71X
BETH D, 7, T—FDHDIDITER Lzt Ruy — BT 7= 2kdD TN
X% 5700,

3.4.1 YU—KkROYV—DFER

DT —% =R Jungle TR EINDE 2y b7 =27 bRy —i3v ) —ihg&EzHEE L
TWw3, VY —iER 61X, 7—Y0EBEWNE L 25G, by 7ETT =% 26k
HBHZETIHZS. Py 7H LRy 7ETOMICH DY =N — FTT =Bk
WRPIFEL 62—V 2TV, 9=V ORRZHD TEMTIUZ L w26 Th D,
oy 7Ml 25— Xy v a il TR T — I IREDFERZ MY — N — FIZi T & EfiL
7T =9 BHTHBIZS 2 Z LRI DRET IV =T IR EZ DT 208 NH 5. V) —H
BOYEE, =3/ — FELOED ) CHHBIHE . 2070, AHEMro77—
I HREDEIREZ B> TnD ) —FICEETEEZTTTEL. 2Cov—T74 v 70HHUFA
TV P RIAL RV ERINELDTH S.

3/ 3
ZZERN
server server
nodef1 node2
4/7/ \s:
server server
node3d node4

3.14: v ) —1®D Network Topology

3.4.2 ~RAOY—OFFER

Jungle THHT 2%y F7—7 bRoY—3FY Y —ME2EZTH505, )Y TP Xy
Yalll oD Fy PV =7 PR Y —IC KRB THR T RMIEH S, 2D
e, ) =R TR HHIZR Y P 7 =7 bARY —DREITA S X HIc L.
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server
server
node
node
server server
server d
node noae
node
server
node
server server — \ orver
node node
T — S nOde nOde

W L) > ] /: S — ° 5
B315: ¥ 7EObRRY % 3.16: A v > 2o b KE Y —

Z ZTCUMMRETHAEZIT> T30 7 L —L 7 — 27 TH % Alice ZHHT 5.
Alice 1Z 2=V DPLEAE 2> VDGR HEIR T —F DT 7 X A %2179 B &, $&hc
PR YRR Z fR L T B,

3.5 WHDELT L —LT—7 Alice

Alice 13U ETHFEL TR RWINTH 7V —LT7 =27 TdH%. Alice 3T—5%
DataSegment, ¥ A 7 % CodeSegment &9 B T ) 7077 I v 72 2L Tn 3.
a— FDilsr & 72 % CodeSegment (&, FIHEICHE 77— % TH % DataSegment 23\ 2K
FIEITBTONS (X3.17). CodeSegment DFEFHRIC K D 1IN 2 Hi7 T —5 Tl hlod
CodeSegment 23917 I 11572 ® D DataSegment & 7% % . DataSegment & CodeSegment
DHMAGHLRIZX DS - T e 7o 2 v TORTFEBRHNEZNS.

Data Code Data
Segment Segment
" Code
Segment

Data Data
Segment Code Segment
Segment
Data / Data Code
Segment Segment Segment

3.17: DataSegment & CodeSegment IZ X % 702 7 J L Difidl
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3.5.1 MessagePack IC&3 U754 X

Alice Tl DataSegment D7 — % £BLIZ MessagePack(http://msgpack.org) %z FJH L
T3, MessagePack 134 7Y =7 b ENA FUNEEAI LS VT T4 X747 7Y
TH5. Alice ITED XY PI =0 ZNLTCT—FYILT7RATHEZE, ZDT =80
MessagePack T U7 74 AWMT2 % 2 EDEMETHS.

3.6 Jungle DT —% 73HL

Alice ITX D P RaY—DBRE T —8 7 7 AOBREPMREE I N, BIZT— 5 T
DRBIZEDT—=F %3y F T =270 TOPIRD LT IUL R S v, 2 2 TERITNZON
TreeOperationLog TdH 5. TreeOperationLog (&7 — FEDEREIZ7 5. £ D Node 12
EDE ) BEERZ LI2DD E W IFERBAS TS, 2D TreeOperationLog % Alice %
o Ty — N/ = FIZED, T—YDREZ L CH5 ) ZETRIL T2 2KOZ &8
HHg & 7%, Alice Z H\W 5728, Z® TreeOperationLog (& MessagePack 12 & D) 7
FARURBRIGICT 5 2 EBRETH 5.

3.6.1 CAP FiE& Jungle

ZZFTD Jungle DG EEE 2T, CAP EHUCE T 2 Jungle DIV HMEEZ B Z 5.
SHEHAN=—a DX LY R MY b, ZRENHMEOEEZMZ 3 2
EBTZBZETHEZW S W, 28, 2y b= 25N T r—A N TTo
7T =Y DEHEZ Xy P —7HIHECERTEL L L, VA M LEF> T3
T—=F%Z T IGRTZEMTES. D% D Jungle (X[ & Wtk Iz 77— 8 X—
2%ZHBLTWS., FRETHENLEBED T =¥ X—2 & Jungle & D CAP TH DR
R%2X3.18 1T T,

—E%

RDB MongoDB

A Cassanda  )KATIIE
Neo4j
Jungle

X 3.18: CAP EHIZBITEK T —F RXR—=2D V. HAE
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3.7 Jungle O7IC K27 —% DKtk

Jungle 3R TIHICA VX EVILT— Y Z2RFFT 270, fiHT 2 X E) OR=E
MWRES LD, 2D, N—FFT 4 AZIZEEHL, —EDOXY) TREFL T 3i#lE
DT—=%%2 X)) Lo LATNIE RS R\, 22T, v /il s 57 —% DKM
DFEEZIT). I TRIZZEDEI LT —FRITNHN—F T AINEEERTHIL
V) EDFEA T 203, ZHUE Alice Z2fli) 2 ETHRL T35, Alice 25780
MessagePack 12X ) >V 77 A4 XAAJEE% TreeOperationLog 23 CT&E 5. 2D VYT 74 R
HJBE%: TreeOperationLog Z ZDE EFN—F T 4 A7 ANEFZIAL T L LTr 7 OKEEMED
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248 Jungle DEER

ARFETIE Jungle 12T 7 HEEEICOWTRRS . HiFE T Jungle D7 —F 77 F v &
TBEGEHIOWTHH L 7. A u Y -l efhyy —/ — FD T =5 D7 7 % 2Ttk
2% Alice 29 5. £72, Jungle T 7 — D1 7 & L T TreeOperationLog 23
H%. 2D TreeOperationLog % Alice IZ & Dy —N /) — F KB Z L TT—F DI

Yt

72119 .

4.1 Alice D hROY—YX—I v+ —0DF]H

4.1.1 FROY—TYX—I v —ODiCE

Alice ZHHWTH =) — FTr R —DEK 2179 HiEZ i3, Alice ® F X u
U= 3= v —DOEH)IE 4.2 DRRITIT . (4.1).

Listing 4.1: Alice IZk A%y 7 —27 F ARy —2 32— v —DiH)
1’[ % java —cp Alice.jar alice.topology.manager.TopologyManager —p 10000 —conf ./topology/tree5.dot ‘

pAT7vaviEbruY —<2—Y vy =0 A —FDHFT, -conf & 7> 3 ¥l dot
77 ANDNARIET.

R— P &FFIE Alice 12 & DEIR I N/ WG E 7 1 75 L OB ICHETHEND 5.
dot 774N, PR =2 ED X WTERT 220EDLNTWS. DINIC, =N
J—FE5T, 20K — &2 T % dot 7 7 A VOBIZRT (4.2).

Listing 4.2: *v F7—7 bRy —@EMH dot 7 74 )V

1| % cat tree5.dot

2| digraph test {

3| node0 —> nodel [label="child1"
4 node0 —> node2 [label="child2"
5/ nodel —> node0 [label="parent"
6/ nodel —> node3 |label="child1"
71 nodel —> node4 [label="child2"
8 node2 —> nodel |[label="parent"
9 node3 —> nodel [label="parent"
10, node4 —> nodel [label="parent"
11 }

node0 ¥ nodel FH¥ — N/ — FOLHZ/RT. =N/ —FDOMEITIZ T RULDBH D,
Alice FTIEZD I VIHEIN LTI (F—) 29 2 &L THUDY — N/ — F DT —
I\TI7XATHIEMNTES. nodel -j, nodel 1FH—23/ — FELDEN) 2R L T
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% . KiZHi < label="child1” %, node0 %% nodel M7 —# 127 child1” & \» 9 CFFN % {# 9
CETTIVRATELZERT.
@t774»%%&@&%Am£@rﬁmy—vz—Vv—mﬁLf,#—N/—Fu
el Z T2 I X vrriind. PRy —<2—Y v —3iiTE /Y — /) —FIiC
ﬂLT/—b%ﬁ%ﬂb%bdm774w*jfbfw WO I =N — FlaLo3gE
F%ﬁ?i?ﬁﬁ%t?

FROY —2 2= — 3 EREREZHOTL 29— — FICH L CART 24 ) iR
O,%ﬁﬁ%%ﬁi%.@t774»42K;0%m§n%Fﬁuy—%ﬂ4lmﬁ?.

Topology server

Manager EREDEWGHLE node0
paren‘t//( \ child2
hild1 t
server server cnl paren
node0 node3d server server
> node1 node2
child2
pareW
e o
—— server T —— server server
node2 node3 node4

X 4.1: Alice ICXk 2%y b7 —7 bR Y-

KHNSEI»N T3 XFINE, HFEOTFT =217 72 AT 25X —%2/"7. 7childl”,
"child2”, "parent” &) ¥F—%fH) L THODOY—N) —FIths 75 2T 3
ENTESL. ZNThARuY —< 32—V r—EEIINS.

4.1.2 7 7UTr—y g3 >AEAlOER

K Jungle 7w 75 ADBRMINT Alice D bFruay—/ —FEHEELRZIT) £H 1T
5. ZD7®IZiF Alice D TopologyNode 7 7 ANME R IFRZFEL T v AY v A%k
m¢5@a.

Listing 4.3: 77V /7 —> a v OjilH)

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 7 7 A 135 2 514 & L T CodeSegment %3ZIFH{%. TopologyNode DA
VAZVARETHIDIC P RO T =2 k=Y — 2T, R b RrY -2 —
X =5 ERE IO =N —FE FRaP—DERET). D,
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o 2 BB S L7z StartJungleCodeSegment D FEFT% 479 . StartJungleCodeSegment
WIXHEFE DT 7V r—v a v OUBEIINS.

TV —yaroiRERICEary 74 70BEHRELT, PRuY =232 =Y v =
TR —ND ALV ER— I FEFZ2ETHEDLRDH 5. Hl 21X, mass00.cs.ie.u-
ryukyu.acjp €W P —NETER—FHE S5 10000 ZFHEL T PRy —<v 32—V vy—2%jd
B LGEIEIRDE ) IS (4.4).

Listing 4.4: P AR —<%— ¥ —DHH

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

4.2 Alice ZFHAWTOOEER
Iz bRy — ETOTF—YDEZERZITHIBTITOVTIHRS,

4.3 O77DO>U7Z4X
TR DIIYT 74 RO THRRS.
SUTIALRER, T—F %22y F7—7 BICHRLTCORWERICERTEZ L TH 5.

4.4 BRIRZO7 S ALCHBITEZIYI—IDEE

Jungle \ZHEEE 2T BOMELE L TT—2HE1H 5. o —/) —F15
BT 27— FILCTEHZ MA ARG 2 NR E L GEICHEET 58
TH3. Jungle TEINZ 7 7V r—y avliie—Y %9832 2 L CRRIE 2

SRlrHGEE 2T PlEE LTl 7a 77 L2 B L 7. il 7’a 775 L5
ErkfTole—YIlo0nTiliR3. £7 Jungle Z HWZERR 70 77 L DT — & {5
JiEE X 421087

et 7 a 775 L TIRERAIIEIC 1 DDORBEIEBMERI NS, R ii~D 1 DDFE
ARITT/ —F210BIMT 52 EICHYT S, £7, K1/ — Fid attributes & L TH
ZIAADNETH 5 message & H ZIAF NI Z KT timestamp ZRFFL T 3. 5k
WEMEINZETY — RIZIiFECHTHE YIRS LS.

flir— ") = F Do DEZAAZZDEE T/ —FOBRAIEMLTLEYI E, T—F
DEGVEPHNTLE ). CORDRELZEL TWLDNM43 & 441045,
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message message
timestamp timestamp

4.2: Jungle \Z X ¥tk 7a 75 LD 7 —F RE %

message
timestamp

message
timestamp

server server
node0 node1
T *
2AE2BIZENZEND
/—RICIFEFERD

BEFICESAENK
timestamp timestamp
@ @ @ 10000 @ @ 10100

4.3: i —oX ) — FOMRE T — 7 Kk Xk 25D A 1
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server server
node0 node1
? T
T—5 DESHE
MEEN S

——————————

X 4.4: fliyr— 3 — FOMRE T — & KIRIZ L 285D L 2

X 4.4 D server node) DARDIRFEIZT 2 DM TH 5. FRHDONDEZIAADIER
i, HFERAAINLREPFROWIHICR RIS L) I Lwv. Tz timestamp Z FIH T
52 ETIT). M —N ) = P o k77— 1B L T, timestamp 22 L, RICH
TORFEL TV B RD T/ — FD timestamp & HERTWL 2 & TF—% DEMT 285
ZRD L. NG HEELITS RIS AT LB ITS>—VIck 5.
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Jungle O FFh

EH5E DEABET —Y—N—2X

HIZE TlE Jungle IZBF 308 T — ¥ R—ZADFEM R FEICOW TR, KETIXFE
Zf7> 7 Jungle 2% L C Cassandra & OVERRIGES 21T\l 2 9 5. PEREH D 25118
Slsfgnti 7 75 L% Jungle & Cassandra Z 0L ZF4US/ER L 72, EEED 7 — FIcE
BoTWBHIREBIZE W THHERZHID 721z, 2FRHEME T 2 VMWare D 51555 % 7]
MT 5. 7, MADWREIHHL TV E 7L —FH— N ETHHTWS KVM &/ —

FeLTHMT 3.

5.1 EERAE

Bl E U BRE 2 Fefit L T 2 g a7’ 1 75 L% Jungle & Cassandra Z 411211
TEI L, HTTP Y 7 2 A MK D AR Z 2T TTH . LARY AWFE-TL 5 L TORE

iz 130 %.

F7o, BRIZ 2o . 379 FHRIE, EE O/ —FTcEBIL TS5 bD1oD /) —F
WCAMZPIT S HETHS. ZiUd ) — FOEIZHHIL TL ARV ADNEL o T

DHEPD BT TH 5.
HTTP
Request [ server
node
server server
node node
\ /7
VA /N
server 5 i ‘| server
node : ! ‘1 node
/7 \
/ \
¥ BT/ —RAnTng

5.1: BEH D Jungle D1/ — KD Ef
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HTTP

server
node

[

server
node

server
node

server
node
server
node
server
node
server
node

5.2: BHEEEH D Cassandra D 1 / — KD Efif

RINAT ) FEBRIIERD ) — FIcRH LIEED 7 74 7~ b Az 2 HETH .
ZNZENREOHTTP Y7 ZAMZ2ZL, £TDY 7 T A F DI )20 2 Rl 2 JE

ER-3

7347 POEIZHHIL T/ —FZEPT I ETLARVAZHFFCE LA —7

BT 42l R0 TH 5.

Clients

HTTP

client 1 Request

Server nodes

client 2

or
Cassandra

client N

HuBY

X 5.3: HE D7 547 v b oEED ) — F~OAM

5.1.1 weighttp

RODERRT1OD /) — FICAMZP TS 7077037 27 —"OHEY =L TH
% weighttp Z{HH T 5. weighttp 1ZF8Y 7 = A MK, FIRHEEGIE, A4 74 7 AL v P
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EAT7avE L THRETS I ENTES.

5.1.2 #/RIR70O07 7 A

SIEER T 2¥mtk7a 75 LIBIAAR Y = 7Y —NTH % Jettyz 70 v F LV
FELTHMHML, Ny 72 FIZ Jungle & Cassandra ZFJH L T3,

5.1.3 SEERIRIE

J— RAEETIEIZH—/NDHLE

i< % VMWare £ KVM D27 7 25 Dfif%Z L TITRT. 77 AZI3fEkxE 51 &
#5287,

#5.1: /—F%2FET3¥ % VMWare 7 7 A ¥ DLtk

BETE PR |
CPU Intel(R) Xeon(R) CPU X5650@2.67GHz
Memory 8GB
OS CentOS 5.8
HyperVisor VMWare ESXi

#£5.2. /) —F2FETEIE2KVM 7 7 25 DLk

BET N WE |
CPU Intel(R) Xeon(R) CPU X5650@2.67GHz
Memory 8GB
OS CentOS 5.8
HyperVisor KVM

1B8ICEBTEENNIETL— R —/NDOEk

BHIDEBCTAMEZNPTAME LT L — R —N"2HT 5. 7L — Fy—DflkE
#5317
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7 5.3
BEZ N W
CPU Intel(R) Xeon(R) CPU X5650@2.67GHz
VBt 78 12
a2 7 H 24
Memory 132GB
0OS Fedora 16
JavaVM || Java(TM) SE Runtime Environment (build 1.6.0-39-b04)

RSN} )

HTTPIZ & D) / — FICERiZ N 2565 %2 002 2 L0355, Z2HUIV —DFEIC
EVaxrravBe7 7ANERTORIETHS. TD2ODEIZT 7 4V FTIINZ
BLDELESTED, ZOFEETREI—FNDREN R Y 7 kol RyF2— kD
TAHRMEDLRDH 2. Z2TRDEHICa< vy F2EFTEIETarry a vy BofliR%
BRI ENTES.

Listing 5.1: 3 %7 ¥ a Y EEHEPLT

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

7 7 A NGB OHIRZ L THEEIRDa~ vy F29T17 5
Listing 5.2: 7 7 A )Vatah 1D HIPR 2 53

f
1’ % ulimit —n 10000

5.2 EERAER
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read benchmark(1,000,000 Requests)

300 T T T T T T T T T
Jungle —+—
N Cassandra ---x---
250 | i
x S o I
/,/ \\\><‘ : SYem oo mm =T =T
200 / .
o /
g ’/
% 150 | / -
£ X
100 —
50 —
B e
0 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
nuber of nodes
S = N > ¥
X 5.4: GEARIARNR Y Fo— 7 FEG
write benchmark(1,000,000 Requests)
600 T T T T T T T T
X, o Jungle —+—
/o T - Gassandra —<—-
500 | ,‘/ \\\><——~~u,,,,,,,,, /,/'/ .
/’ X
400 |- -
*
)
&
& 300 .
£
200 —
100 _/\///_’\/*—_7
0 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50

nuber of nodes

5.5 HEIAAR Y F 2 — 7 fER
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6.1 F&H

6.2 SEROFE

6.2.1 T—YREIDER

6.2.2 Merger 7J)LJJ X LD

6.2.3 Compaction DEEX - WM EDER
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AKMFEZITIICHTD, TELICICHELTHEEI DL S DT, THRE2WAZEEEL
7P ENRBIEEZ IO & D e L T

¥ 7z, A RO R % 5 2 T 728 o 72, Bi&#: Symphony DKINRE X A,
US4 S 2 THO - RHBRE S A O L E9. BRA ifsEicBio 5 2 L TH
LYOWHIZ SR TS Z EHEEE L 7.

WHEZ21T ) Icd 7 0, WHIFHREEREE O, B, SEEICH IR S A, AR
BEI A, WA EFHEEDRTD X N —IZEH T2 L £,

RIZIC, REDBELF THA TS NIRKEITHES EH#HL £
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o Java IC X 2R AE S A T L DR%GE & I3, KRIREHE, B (FRERKR),
WEFER (BRBRKR), A —7 vV — R A ¥~ 7 7 L ¥ & 2011 Okinawa, Sep, 2011

e Continuation based C @ GCC 4.6 EDFEIEIZDOWT,
KYEAERE, B EIG (FBRRE),
Fo3mlrw 7 vy e v RY YA Jan, 2012

e GraphDB A TinkerPop Dfiva7i,
KIS HE, Bt BRERK ),
55 15 [7] Java Kuche, Sep, 2012

e TARVI TNV ATLDODAREZHOI-EBIEE T —F XN—2ADIRE EHE

D)l oy
%,

RIAEHE, TIEP B (BRERRS?), TIIF 1 (BB, Al IRE (Hai&#t Symphony),
HRUHERS AT LY 7 b7 27 ARV —T 4 v 7 - ¥ AT LI5S (0S), May,
2013

e Data Segment DTELT —F X—ZANDJEHH,
KBAEHE, I ARE (FRERREE), M EIG (FRRKE),
HAY 7 b7 = 7842 30 [BIEREY (2013 1) GG CE, Sep, 2013
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