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Abstract

The importance of distributed computers is increased as widely used Internet or IoT
(Internet of Things). Distributed computations include scalability which keeps quality of
service on larger number of nodes, reliability which assures the specification of the service,
and expand-ability. If if the service itself is not changed, the hardware of platform shall
be changed, which is necessary to adapt by the service.

We developed a distributed computation framework called Alice, which uses Data Seg-
ments and Code Segments as units of computation. Alice uses pools of Data Segments,
whose Data Segments are accessed by keys from computation nodes. A Code Segments
takes or peeks Data Segments by keys, and when all Data Segments are ready, the Code
Segment is executed in a concurrent way.

In Alice besides Code Segment and Data Segments, Meta Code Segments and Meta
Data Segments can be inserted. Using Meta Code Segments and Meta Data Segment,
we can change the behavior without changing the normal level code. In the example
of distributed screen sharing system called TreeVNC, usefulness of Meta computation of
Alice is confirmed such as Data Segment Compression and failure node managements. A
topology manger which controls topology of distributed node in both static and dynamic
way is also useful meta computation in Alice.

Keys and access modes in Alice are described in Java implementations, which are some-
times put in the separated places, such as Java object constructor or other. This makes
the communication protocol using keys untraceable. In Alice implementations, Code and
Data Segment manager is implemented as a global singleton, as a result, we cannot use
multiple instance of Alice in a process. So it is impossible to simulate distributed compu-
tation in a process. It is also difficult to implement communication over NAT (Network
Address Translations), which have to handle two different networks at a node. Type
correctness is not so clear in Alice, since dynamic cast is used. It better to define more
intuitive APIs.

In this research, we designed a new distributed framework Christie from Alice expe-
riences. Christie use name Gears instead of Segment which is sometimes confusing. A
simple key and access mode description using Java Annotation is introduces. Also, mul-
tiple Data or Code Gear Managers are supported which makes possible to simulating
distributed computation in a node or NAT handling.

Comparisons with other framework such as Akka or Hazelecast are also shown.
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&5,

Alice (2%, Start CS (Y —ZA3—F 2.1 ) &S C @ main IZHYT 5 X5 LREHIc
FiITEND CS »3d»H 5, Start CSIEED DSIZHMIEL 7\, D F D Input DS % Ff/- 7
W, ZDCS%main XY v FATnew U, execute XV v RZIERZ & CEITZHBIE
5ZEMNTE S,

1 | public class StartCodeSegment extends CodeSegment {
2
3 @QOverride
4 public void run() {
5 new TestCodeSegment();
6
7 int count = 0;
8 ods.put(”local”, "cnt”, count);
9
10
1|}
YV —A3— R 2.1: StartCodeSegment D4
1 | public class TestCodeSegment extends CodeSegment {
2 private Receiver inputl = ids.create(CommandType. TAKE);
3
4 public TestCodeSegment() {
5 inputl.setKey(”local”, "cnt” );
6
7
8 @Override
9 public void run() {
10 int count = inputl.asInteger();
11 System.out.println(”data.=_" + count);
12 count++;
13 if (count == 10){
14 System.exit(0);
15
16 new TestCodeSegment();
17 ods.put(”local”, "ent”, count);
18 }
19|}

YV —A3—F 2.2: CodeSegment D

Wi %5387 L — 7 — 2 Christie D& 10
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V—=A3—=F 21 5fFHTIRICEFIEZWVWCS(Y—Aa— K 22) ZEKL T
%, 847H T Output DS API %@ L T Local DSM {ZXf L T DS % put L T\W5%, Output
DS APTIECS D ods E\WS 7 4 — )L RZHWTT 72 A3 5, ods i put & update &
flip ZFETT 5 LN TE 5, TestCodeSegment 1Z D7 cent” &\ D key (25 U THATZRE
BB H Y. 84T7H T put 237N 5 & TestCodeSegment 1FFEITI N5,

CS @ Input DS 1%, CS DERKFZIEE T 20 ENH 5, &I CommandType(PEEK
7 TAKE), DSM #. £ LU Tkey &> Ti7b# 5, Input DS API (2 CS D ids &\
T4 —I)VRZHWTT Z7€AF %, Output DS &, ods A&t 3 5 put/update/flip A
Vv REZDE FENX XD 57253, Input DS DA ids I peek/take A YV v Rid7a <,
create/setKey X/ v FNT CommandType Z$5&E U THEITT 5,

V—Ad—R22F, 005 9FTAI VIRV NI BHBETH S, 247HTIX, Input
DS API 2% D create AV v KT Input DS Z &9 %32 Il (Receiver) Z{F> T\ 5,
51802 1% PEEK & 721 TAKE 2 {85€9 5.

e Receiver create(CommandType type)

ATEHDPS 6fTHIFA VA NI 22 THE, AVANTIZRIEZAT Y 27 MEMO 71
TIIVIEETHEZRA TV VEERT HBIIFOE SN THEDOAIEZ1T S
B TH 5,

TestCodeSegment D 3 > A b T 7 X BIEIX N 7ZBRIZ IX,

1. CSHAKFD 7 1+ — )V REH Receiver input IZ ids.create (CommandType.TAKE) A3
i, input BHIELZ N5,

2. 517HIZ#H % TestCodeSegment D I > A b T 7 XD TAKE REfF S5,

517 HIE. 247 H D create THE 5 1172 Receiver 233 % setKey AV v K& H\WT Local
DSM 225 DS ZHifg L T\ 5,

e void setKey(String managerKey, String key)

setKey XY v N peek/take DFETE2ITD, £D DSM D ED key IZXF U T peek F 7z 1%
take IX Y RZEGTIELINEBETE S, IVY FORREPLV AR AL UTHER
B CSIEETINS,

AiF D87 U — U — 2 Christie © # & 11
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EIrENbrun AV Yy RONEIZ
1. 1017H THUE 172 DS % Integer BUZZH L T count IZRAT 5,
2. 124 TH Ccount 21 V27 U AV b9 5,

3. 1I6fTH TRIZEITEINS CS 2ES, run NOWMEEZ K Z 7265 CS IZEI NS 7=
O, WHZEOELZWIESIZZDOEIIZHL WL CS Z2IELMNERDH D, O
FTIRD CS X Input DS DRFEARFEIZ A B,

4. 1747H T count % Local DSM IZ put %, Input DS D3 WA B IRFED R X v 7z
72, IRD CS WEFI N5,

5 I31TEHMETERMETH D, count DIED 10 12 NIEE T T 5,

Lo T\W5,
1. THWSLNT WS asinteger() 1& asClass XYV v RO—HTH b, asClass 1& take/peek
THUF U 72 DS % Object B S RO THRG T 570D APITH %,

e <T> T asClass(Class<T> clazz)

CSHTDSDTF—ZXZ2HFHE5121E, ELWELZZFHR U225 Z D asClass AV v K&{FH
I NIERR S0,

AiF D87 U — U — 2 Christie © # & 12
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2.5 Alice ® Meta Computation

Alice TlZ, MM % Computation & Meta Computation [ZF§fE b L. 2 7 7 fhhk & B
HINLEIZ 73S 5, Alice @ Computation &, key (2 & 0 DS 2§56 &b, DS Ao
72 CS ZMiFNZETT ML Z 5D, TN LT, Alice ® Meta Computation
IZ. Remote / — F & D@F MR B Y — DK, @EFET LT —XBADOLHEFZ 5,

Alice DEEREZBINT A2 WS Z 2k 7' v 7 J < fllH 5 Meta Computation % & fjl1 3
HLEVHIZ 55, Alice Tl Meta Computation & U T 43 BiERBE DHEEEE DB HE % £
35720, a2 I<IECS 2Rt I AR MR T Y — RO, B & W D R
ZYOREULMIZT 26T\, 70277 I ZHKMOMWMEE T EhR U, Yo
fRAH Z - 72356 DML % Meta Computation & U THEET 57213 TL W,

ZDE51270T 7595 T, @HAHEBINLIEE TEET S 2 TE L5720,
HRRDEH 2 MA T2 Y TN T 0T 5 Lheild TE 5, HROEEZIMZ TS T A
DILRATED L WNWS T &, I— F2HIEU WO EELFOEFEZRTLS WD
ZeThB,

Meta Computation  CS/DS TESGNTE D, Tu s I<xfllro RAZVWINS6D
CS/DS & Meta CS/Meta DS & IFFIXN 5,

BIE Alice 121, T — X DJEMHBERE., MR Y — DR - EHMEHE. / — NOEGFRER
BEEE. / — NOUIWr - FEGRF O HBEEE 72 & D Meta Computation 2VHE I LT W
5, Zivo OFMMIZAKKEEDHIE (6] X TreeVNC OHIRE [7] [8] I & o> TmI N7z,
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2.5.1 Alice O FHatkaE

VE—R ) —RIZKRERT—RZE2ED=DIT, T—XR2FEMLUIZWEERD D, FZ
T, Alice JEMEE Y R—FLTW5, LHL, BIZEMDOAY Yy REHARLZbITTIX
W, ERET— X2 OMMEE, EMELUZE EH] ) — RADEREZ FRFICEB L 72\WGEDH
%728, Meta CS 2413 Z & TDSIZEME & FEEMED T — X Z2HERHZRFTA L5 LTW
% (X 2.3),

Code
Segment P .
DS DataSegmentManager Code
\\\A oS |_»| Segment
DS DS [EiE FEFEHE LT
Coge M keyt A5DS || *#DS N
Segment DS 2+t 4
C C
S S
| key2—-| DS DS ~ |
Code DS DS L[ Code
Segment Segment
— —

X 2.3: DS D3 EME & JEERE D S % R D

12O DSHIZMeta DS E LT FD 3 DOERMAE B & TTF— RIZLREW2E
=8, BREZSUEERTDS 25,

1. —f72 Java D7 I AFX 7T =7 b
2. MessagePack for Java [9] TV U 7 I 4 Z{bINFznNAF VATV =7 b
3. 2% EMELIZNAF VAT T b

Local DSM IZ put EN75E 1, (1) D—f&i7Z% Java 7 I A4 7Y 27 b & ULTEN
IN 5, Remote DSM IZ put & N7z5& 1, @ISKHT (2) D byteArray [ZE# I 7z N A
FUVATV 7 MIAEBI N DS AHEME N5, Local/Remote DSM (Z DS % [E#fi L T
RIFEL 720G IE (3) DEMEAZ HW 5,

Wi %5387 L — 7 — 2 Christie D& 14
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T—XDEMEIEET 5121, put 5 DSM O HETDHTIZ” compressed” & D1 5 721}
TV, YV—232—F232413@HD DS & EHMED DS 2> O ROHITH 5,

7 7

1 |ods.put(”’remote”, "num”, 0);

V—ZA3d—FR 2.3: @EDDS 2> CS DH

1 | ods.put(” compressedremote”, "num”, 0);

V—Ad—FK 2.4: [FMEL7-DS 285 CS OH

ZDESIZa—FOEHEEZMATHEMTE 5720, MOFHREHFE2EZTITT— X
AP ETE S, £72. DS ZHD HTERE asClass() WES CHEI CTHEN THONS 720,
I—ROEFEDRL, TUTIINT—ROMEEEZ R DHBEDL,

2.5.2 TopologyManager

Alice Tl&, / — FADOEHEHYY MR o Y —OREEH % | Topology Manager & Topol-
ogy Node &5 Meta Computation 232t L CT\\W5, YR I<ikbRuy—77 1)
#HE U, Topology Manager IZitAAFE AT Th AR Y — 2 kT2 &N TE 5,
FRBEY—7 7 A4 )VIE DOT Language [10] £\ 5 FFETatid T N5, DOT Language &
Z, V=V T F AP EAWTT —RREL LTD I T 72 RBT 572007 — Xk 5
HD—DTHb, YV—AA—R25F3HED/ —RFTYV VI bRuy—2fle D bR
nY—77A4NVOHITH 5,

digraph test{
node0 —> nodel[label="right”]
node0 —> node2[label="1left”]
nodel —> node2[label="right”]
nodel —> node0[label="1left”]
node2 —> node0[label="right”]
node2 —> nodel[label="1eft”]

0O N O U W N

V—Z232—K 25 AR Y—7 71 INLOH

DOT Language 7 7 T )Vid dot AX Y REZHWT I I 7OEE 7 7 A Va2 EKT H I &
MTEDB, TDEH, Gk U7z bR Y —=DRE LU WRA LT 5 Z & HETH 5,

Topology Manager (& b R Y —7 7 1 V&2 gidrdi, SMERHLZ2 7407 2 (B
. Topology Node) IZ##td 5 XE 27147 bDIP 7 RLVARKR— MRS, Eifz
xS (X124,
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Topology <_}ad_ l D)
Manager »
~ )
DN TN ring.dot

] \ So
A N
/| Topology \\
/ Node N
I \
\

N Topology
N Node
4 /

Topology

Node

2.4: Topology Manager 23 FEiB IZHEWV b AR 1T Y — % HERK

FARBY =7 74 )L T lavel & UTHE L 724Hi1E Remote DSM O£4Hi & LU T Topology
Node IZJEX N B, ZD7-&, Topology Node i& Topology Manager @ IP 7 F L A X X
HoTOWNIXHSOHERITARE ) — ROT— X2 %MD, / — FETOEL Wiz E
HcTtEs,

Elo, EBEONET TV r—2a TR BN S/ — NOBRFORE > TS LIZR
572\, F D728 Topology Manager IZE b Ao Y —IZ&HX G L TW5, hARBY—0D
FEHSE % 32K L T Topology Manager #1725 EIFNUE, & & 13# L\ Topology Node 33l
FBHT %72 NZ, Topology Manager * 5 Topology Node (2% U T##i 9 X & Topology
Node DIEH A put S NEEGLULEEDINEIRITH IS, Z LT Topology Manager 73D bR
O Y —EWRAFEH X N5, BIE Topology Manager TIXEINAR v Y —& A 7L LT
DARIZHIGL TWD,
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3 Alice DA

Alice ZHER LU TW S HTWL D DRBEEBIH S 2720 2o 2R 5121 Alice
Hik %z et 3 2 BEDRH D bbb o7z,

3.1 API D D45

24 TxRUZE D12, InputDS 250183 5121&, —E& 7 1+ — )L K T Receiver % create U
T. % D% Reveiver IZxf U T setKey THHEBHADLE D key ZHHE L RITNIX RS20, Z
DEIZA YTy SO TSN TUE > TWTIE, FlibAEMEAR Bz a— N 25
ZEIZED key IZH U TRBEDLEZIT - TWVWBDDERIIT 0520,

X 512, setKey IZHHERFLRIGIIDNLE o TR WZH, ZD DS 2R FbE5bETWVW5
CS UMD S EMFTHETLE S (V—A3—F3.1),

public class StartCodeSegment extends CodeSegment {
@Override
public void run() {
TestCodeSegment cs = new TestCodeSegment();
cs.input.setKey(”data”);
ods.put(”local”, "data”, 1);

}

0 N O Uk W N

}

YV —Z 33— R 3.1: setKey Z /D S FEOH 94

public class TestCodeSegment extends CodeSegment {
private Receiver input = ids.create(CommandType. TAKE);

@Override
public void run(){
System.out.println(”data.=_" + input.aslnteger());

0O N O Ut W N

}

V—Z 33— 3.2: S setKey 12 & D ED key 21> TWBDHDDH 572\ CS DH

&5 FEZHzINnde, CSETEZRTED key IZLTHRHLBGLEZIToTW
LZD0OMNEHRNZD, setKey ZIETH L TWS I— RZ2WUB0ENH B, TNTIER
WUPNE WD, ¥ Tkey 2HHET 2D T RETH 5,
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Al DWW — Rid 7 a2 os~voaHe b2, CSHAA2ELEDETWSDH
ZTDCSZREZFZITTHBETE LR DEEMELZWNEL RS TIER S0,

3.2 setKey I3EHBIZIEIE R T IUER S5 720

setKey AV Y R&2 IV AT 27 X TRIPE, setKey XV v RaEnd REICFFIER TN
7 6720,

CS FNETEITIBER DS AT WS, DS DEFIZEINT 5 L ZOMED, T2
AV REN, 012785 & DS e THil - 72 Z & Ll & 11 Thread pool NE 15,

setKey BATICILI 2 Gl U 7256, £ QW DMTHONLRWATREMEA S O Thread pool
& 3% 5 1 NullPointerException % 7| E 2 Z 97,

1 | public class ShowData extends CodeSegment{

2 private Receiver]] info;

3

4 public ShowData(int cnt) {

5 info = new Receiver[cnt];

6 for (int i= 0;i < cnt; i++) {

7 infoi] = ids.create(CommandType. TAKE);
8 infoli].setKey (SetInfo.array(i]);

9

10 }

11

12 @Override

13 public void run() {

14 int size = 0;

15 for (Receiver anlnfo : info) {

16 DataList dlist = anInfo.asClass(DataList.class);
17 dlist.showData();

18 }

19 }

20 | }

Y — A d— R 3.3: NullPointerException (272 % RJREMED B 5

YV —Z 33— R 3.31%, for X TsetKey & ids.create % cnt O [BZIE, FHEJIZ DS OHUS
BEPRDES L LTWD, UL, setKey Bl XN 7ZBIZ, DS OEFIZKIIT 5
CETMBECHBIEINTLUE D, run D Tinfo DESDOERZZIFhHE2RRIELO L
L T%%, 2[HHD asClass T NullPointException # 5| #2239, ZOMESH A > 7w b
API DELBRDHEIC L DS IINEZ T T —ThH %,
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SEOEE, AVANT I RANEY —AT—R 34D &SGR T 2HELDH 5,

public ShowData(int cnt) {
info = new Receiver[cnt];
for (int i= 0;i < cnt; i++) {
infoli] = ids.create(CommandType. TAKE);

for (int i= 0;i < cnt; i++) {
infoli].setKey(SetInfo.array/i] );

O © 0N O Ut e W N

[y

YV — A d— R 3.4: NullPointerException (272 & 782 W ek

DX IEHBRDNEFZZEZ LN ST T T I v URITITIR S IRVEEN TR, N
ZH| SR UEEMEZ2E25 22285, JOHERICHEADS APIREHIToRELL
HR B

3.3 #HIHZ setKey

setKey I3CSD IV A NI VR TIRETAZEHE N, 2D E, FEET 5 key 1X515K

REMNSEIIZZITED, £y b TBHIENTES, LML, TNTIEEBRIZEARL
HATHONTWBEDONRDLND D6, 72, put TEHAREDFEYT D key 2O 2T
I—REZHELRITNIERS RV, ZDL51Z, Alice TIXCS 2ffnEbT L 2EE
U CENNZ setKey ZFHEIZC LT L E o728 WT, EHEIZENRITNIE T 0T T LDETHE
PR THRVES TR T LUES>TWVWS, TD72d, B setKey IZTE 20 & 5 1l
[RLU., 3—NORBELERLTE2HENHSD, CSIZHULTA VT v b5 key HERN
WZHRENE, FHEDLETVD key IZR L TD put ® Uiz OfEE 3 2781 VD
ETNVMRERETHRRATEI LN TELEZ6NS,

3.4 BUAHEHITE 220

inputDS % 3} H{ % Receiver &7 — & % Object L THRioTHEH, ZDT—X% CSH
THESICEFEELWRIZF Y A NTE2M8ERH S, LA L, inputDS THRET 5 DIk key D
ATHY, TOT—RZDOEETERNSR, TD/=H, DSORZRSITIE put LTW
LN EFTWBEBENDH D, WoTH flip XNTWVWABHEENS H B2, ®AIZZE D DS
Zput LTWBEHDZ R OT5DIERHETH S, (E->T, MHEEHLETWVS key IZED
EOBRMDT = ZPHIBE L TWEDNEZDCS Z/RIZZTTHNE LIIITERELE
A B
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3.5 key#HZBBHDA—I

2.4 D CodeSegment DHIFETH 5i1H Y . key 4 & £ D key THH G872 DS % 31T HL
% Receiver 3 Ep 52 D35, L 70T ID WY 1Ima L TUF 2 X2 EIL
2L 72D, b EDLE S key £ & input DS DA —E & il X E 720,

3.6 DataSegment D D BHFEM:

2.5.1 TR UL ST, Alice IZJEME D Meta Computation % 53& U 72E, DS WIZHE K
ORI % FRHZF -85 L5117z,

LBALINTIE. DSBS EDEAREZR >TWED0n, EOREBIZHZDWhhD D
5\, F7z. DS 2 byteArray Bl & Z A - 72356, T—X TH B Object BlE L THEI N
726 D7D 7P, MessagePack X LM TEI I N2 DR D0 % HH] T 5 0ULH %2 AN ITH
RS rol, SR DSICEVEMLIERNEARICRZE5 Z 2 i2anid, 512D
B DI X B 2 ¥ 177 %

Alice HAKDIEIR - TNy 7% LT T57720i12H, DSHEDHER>TWEDN%
OEHTHO®S LSIZLZW,

3.7 LocalDataSegmentManager % & 5F T\

Alice Tl 12D/ —RIzD& 1 DU D LocalDSM Z &5 EIF S NRWNED 12725 T W
5y TDDIZLATD & S MENFAE L 7z,

3.71 120/ —RTHEHEEDSMELDOT A N7 Z W

WHFZEEE TR T — X X— A Jungle [11] ZFFE L TH D, ZDOHHGEEFHFTIE Alice
PHVWSNTWS, Jungle DL ST 7V r—ra VORFTIER, 120v> vk
THEBOEL ) — RELTTT AN RITWEWEGEERH 572, ULHL, Alice TIEF—DoOD
77— a3 YA LocalDSM lF—2 & F > T2, T A MISELR ) — N
BEFT TV = arvERTYL EFRITNERS W WS PRS-z, TDT
DOV TINVATZY) T T T I ENRITNIEL S VO IXARERREETIE RN,
FORBRIZT AN TESL LD, A—7027 5 LANT LocalDSM 2 EH LS EIF S5 b
EITTREEEEZT,
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¥ 3#E  Alice OMER

3.7.2 TopologyManager D L5k 73 K

Alice TIZ & Y HHEDE N E
M52 eFEATWE (12]

S%175 7212, TopologyManager 123D D DHEHE % 18

ZD—DONNAT X DBRETH S, NATBZIIDWHT 7V 75— a UHEEIZB I 551
BD1DOTEHEMN, 7T IRIZE > TEDFEEIIAS TIE%\, Topology Manager
WNAT 2l 2 72/ — REEEKELZ OITAZLI12LD., 2y N —22KIc8TI08@E

PTADEIITUR,

3.1 IX TopologyManager # W TC NAT # X 2 9 572D DEITH 5,

Private
TopplogyManager : Tree

10.0.0.2

~¥X_ 1:whereto
~~I~_connect
NN

2 : connect to TR
A1,A2

Grobal
TopologyManager : Tree
1338.138.1.2
\\ 3 : where to
N\, connect Private
AN TopologyManager : Tree
AN 10.1.0.3
\ \\ -
N\ 1:whereto ¥ -
4 : connects N connect -7,-”
to AO PP

X R
X

2 :connect to
B1,B2

Private Network A

Private Network B

3.1: D TopologyManager (Z & 5 NAT # X DFBL

W E 7 L — 27 — 2 Christie D% &t
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¥, b RaY—=Txb EIFT7 ) r—ya vE LR ERT AR BIML - \»W e
# 2Tz, TreeTopology @ VNC 7 71 & StarTopology ®F ¥ v N7 7'V & HHE L 7=
WEWSHEENEFN72DTH D, JlhRay—07 7)) r—a UGz RNn
I£. VNCEHEDAF Y 7 3y k% Chat EIC#HE72 0. VNC _EIT Chat DA% E 3 A
YREUTHIT & Vo IRV EZIT 05 (K 3.2),

TopologyManager : Tree TopologyManager : Star

-~ 1 : where to

192.168.1.3 - 192.168.1.4

S~ S~ connect

~ ~
~ ~

2 :connectto ~ >~~~

AliceVNC AliceChat

X 3.2: I AR —D7 TV Ir—a vk

TopologyManager &% » N7 —2 ¢ MARBY =T LIZFHETE72H, WTNOHK
BEH EED TopologyManager #1375 EIF, HEEXE 5 Z & THEEAGEL 25,

4 FE TOD Alice TlZ, 12D/ — RIZX L T Topology Manager (% 1 D&k 5N T W7z,
Topology Manager £ 4/ — FOX DD 2§ 25D, / — F T & IZ547E 15 Topology
Node &\ Meta Computation T&H 5, Topology Manager (&% X #1172 node D IER
(nodeName & IP 7 K L' Z® HashMap) % ”nodeTable” &\ 5 Key IZXf)ad 5 DS & L TR
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FLTWa, L T Topology Node i Topology Manager %5 & 0 24T 5 #1172 nodeName
% hostname” £\ 5 Key IZfR 735, DF D, ##i3 % Topology Manager 233 2 #1iX
TopoloyNode (Z#[ D 24T 5415 nodeName I Z 5728, 5 F TD K S 1Z”hostname” &
WS 12D Key I TIRIIETE R, 12D/ — RIZEEBD TopologyManager % )it
X 5121, TopologyNode 23D nodeName % KD M H 5, TopologyNode H3
D TopologyManager (ZX G TE 2 & S5 IZ UARITNIER 520,

% Z T, Meta Computation & U T, #% ® Local DSM & 12412 Topology Manager Z
& @ Meta Local DSM %1325 EIF 5 AERE X 505 (X 3.3),

4 N

"nameTable" "nameTable"
nameName IP nameName IP
nodeO | 133.13.10.5 nodeO | 192.168.1.2
nodel | 192.168.1.2 nodel | 192.168.1.3
G /

\/ node2 | 192.168.1.4
N\ J
A4
Topology Topology
Manager 2 Manager 1

manager1 manager2

manager1

"hostname" "hostname" "hostname"
node0 node1 node0
DSM1 DSMH1 DSM2

3.3: LD TopologyManager (ZEE D LocalDSM A3 ity
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ZNZ 1D Topology Manager {ZX 59 % LocalDSM ZED , £ E UK S U 7z node-
Name Z#&#3 % Z & T, DSM 2t 0 X % 721) T TopologyNode DAk A X 312
# D Topology Manager (ZXfJGTE S L WO KEITH B,

UL U, BIFED Alice ® 2 — R TIZ DSM % EH 3 5 class A3 static class TH o 72728,
BHD Local DSM #FDZ L IXTERD o7z, static EHDRI S & L7ze Z A, Alice
DRI D A= RZ2BETEIRBERDHDZ VRN o7T, &o T, FHXKEFDERIZIL static
class D72 WELEZ TV, DSMUIDBFZIZ XL E RN Z2FEHL 20,
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Has ST 1L — L7 — 2 Christie D
% et

4.1 Christie ® $HE LM

3ETD Alice DIIERZBEZ., B IV—LT— 2%V ETRELLEZ -,
ARETIX, HzIlZlE-> 20807 L — 27 — 2 Christie D%t #2303 5, Christie {2 %3
BEMRIZTO LS IZEZ B,

o create/setKey D & 5 72 fEME7 APT 2 > v Tz Uitk z 1 EXHE 5

o TUJIINMAHR LR LHBEMNENS LD T AR L, Btz L
S5

e static 72 LocalDSM # 7 < L. DA VARV AZFEIZLS EiFohbd k51T
TAHEIELTAT—5VY¥ V51 %2m EIES

4.2 Christie O 3R E

BEARMNZIE Alice ERIU, R AT & T — X &2 MNP WEBALIZ /3 E] U THRAZBIFR 2 5k L.
AJIDM - 72 D SiFFEATT B2 WD T s T IV IFEEHNS,

Christie 1% Alice £[@] U < Java TEDPNTWS, U USRI YRR EDFFET 5
GearsOS [13] IZHUD A7z \\W 728, GearsOS Z K3 % 535 TdH % Continuation based
C(CbC) IZ B m g7 ket 2 Hi5 9,

GearsOS Tl& CodeSegment/DataSegment & RO & U T CodeGear/DataGear &
WO EFE HWT WS 728, Christie TH T2 CodeGear/DataGear(EA N, CG/DG)
EMERZ & T 5,
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DG IF Alice & [FAIfkIZ DataGearManager(BA F DGM) 2§84 %, DGM 13 Local & Re-
mote 23 D, & T®D DGM I CodeGearManager(2A N CGM) THEHL XN 5, GearsOS T
1 Context £S5 2TD CG/DG & —4HEHT 270 A0DH D, Alice ® CGMH I D
Context IZFH¥ 9 5, £ TD CGM & ThreadPool &Aidd CGM 2TD Y A M EHEL T
WB72, £TOCOG/DCIZT 2L ATEETH S (K 4.1),

CGM1 cGM2
| |
ThreadPool
I I
CGMList |CGM1 ||CGM2 |
DGM List DGM List
\\ //
LocalDGM RemoteDGM1 RemoteDGM2 LocalDGM RemoteDGM
keyl key2 keyl key2

4.1: CGM ¥ CGM & DGM z=EH 3 %

CG % Ftib 9 2 B X Alice [A#k CodeGear.class Z k&9 %, CodeGear %

void run(CodeGearManager cgm) Z D class TH D, 7B 7 I <iErun AV v FHIZ
W AR T B, 107y NTHRELZ key (G L7 DG BETHI>722 &, run 1ITE
PN NFEFTF IS, Christie D APTIZIE run D51 ETZIFEL > 72 CCM ##H L T
77X A$ B, GearsOS Tl CG T Context 232 J1ET Z L IZL>TCGIEDGIZT
7% A3 BH7-8, Christie THZF Dl HiEZFHHAL 7=,

W D Runnable 7 7 ATIXZ D XS 1Z5[8% 51 & 5 Z 2D TERWVWA, CodeGearEx-
ecutor & \» 9 Runnable D Meta Computation ZfAZZ & TI DX 512 CGM =%
U7Zed 6 OFdalk & Al geiz U 7z,

ZE L\ CodeGear DELR SFIRIZDWTIX, 4.4 = THAT 5,
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4.3 APIDE

Z ZTlE Alice ® API ORE% I ¥ 2 TG L 7= Christie ® APLIZDWT, 1 V7w
N 7ORNTY b, T=Z2OHROHUIZHTTHIHT 5,

T/ TF—=aryDBAZLEAL YTy hORh

InputAPIL 121 Alice £ [F] U < Take & Peek Z FIE L 7z, Christie Tl Input DG D5E
WZW 7/ 5=avEfES, T/ T75—=Yarviid, JIARAY Y R, Nu =iz U
THINER % 5k T & % Java D Meta Computation TH b, SLHHIZQZDIF 5 Z & TE
BTE, AVIFNVDT ) T aviERTHILHTES,

Alice Tl Input DZZIF L. TH % Receiver ZE D 025 key v b LT\, Christie
Tld Input 72D DG Z2ED, TD EIZT /7= 3 v TKey 2 €95 (V—AI—
R 7.1),

1 | @Take(” count”)
2 | public DataGear<Integer> count = new DataGear<>();

Y —ZA3— K 4.1: Take O]

7/ 7= a3y TRELZ InputDG 1, CG 24k U 72BXIZ CodeGear.class N THiH
EOLEDREITTONE, T2k Java D reflectionAPI ZFHL TW 5,

Christie DZ DA YTy N7/ F—=Yavid7 4= )V NIZHLTULA B TER W
B, InputDG DAL & Take/Peek DIFE & key DIFE % 69 — AT TH < Z & A HHHEIC
RESTWVWD, TD72 Alice D & SIZHD CS D 5D key NDT%E XN D Z & HR0,
¥z, 7/ 57— aryOEEIXRUNTIME TIETERWED, BN key DFEEEFL S
ZENTES, ZO&LDIZ, 7/ 7=y aviEHAWEZI LT, Alice Dtk D43 HERIRED
X N7z,

V=22 —=R71D217HIZH S L 512, InputDG 2 E ST 2B I BT RIDIRED
P 725, DataGear 13bE4 R BID 7 — R 2 5 72 D12 Java DB TZITHLS £ 512
LTED, <>IIKHBELEBITT - X DB EZRETE S, Z0LSIZEHBTEI LT,
Christie TIMDIMI 2 S0 TH CCERB7ZITI T Ty bEINDT— XD
N5 ISR X, k72, BHIELTCEZ DGR EELESTH - 72551F
TI—t%57-0, MOBEWZRLLRRLEEEOE N0 ST IV IR o7z,

7z, Alice Tl key & ZEHDA—ED 6 Al HMEIME < 7> T W7z, LA U Christie T
W key EEBGN—B LBV LT =257, HREHARTVWI—RRAFEITBEL LD
> TWb, ZOEMZEHLUTIE, JavaDAXTHET T IV API TH S Javassist [14]
ERAWTT /77— 3 U o ZBHOBAEIERSIRATZA, Javassist TIEELEKDHTIZ
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MDED T T ABHERL TIER SRV E WS HIRNH o 72728, Christie TIFFEHR T E %4
o7,

UE— b/ — FIZH U T Take/Peek 9" % EfiE. RemoteTake/RemotePeck D7 /7 —
YavaEaERAWS (V—A32—K172), ZDOEHEDLELEN Local H* Remote 2% 7/
T—YavDEWIrSOEHTOLRS LI Il o7z,

1 | @RemoteTake(dgmName = "remote”, key = ”count”)
2 | public DataGear<Integer> count = new DataGear<>();

Y — A 3— K 4.2: RemoteTake Dl

B, JEMED Meta Computation (& Alice & FIRRT, $5E 9 2BRIZ DGM £ DHTIZ com-
pressed Z D% (VY —A 33— K 4.3),

1 |@RemoteTake(dsmName = ”compressedlocal”, key = ”count”)
2 | public DataGear<Integer> count = new DataGear<>();

Y — 23— K 4.3: Local ~DEHEDFEE D

Local 7* & ® TAKE Tl DGM & DIEEMN WA, FNid Local TOEHEIZEAIEE L
TWiEWE=HTH5, LU, Local COEMEZ U &5 & EZIX RemoteTake % T
BT A2 230 6ETH 5,

DGM ZEELTCOT Y N7y hDd

Output API iZ1& put/flip Z IR L 7z, put/flip DAY v RIZDGM IZHEI N T\,
cal.java CodeGear.class IZIE DGM ZHf3 3 2 AV Y RAH O, TNEZHVWTEHZAAL
WDGM Z#5E LU CiE# put 5, £ D728 Local/Remote DY Y # 2 135 E 5 DGM
DYIDFEZIZL->TITD, VY —AT2— K 4.4, 451% Local & Remote (Z put 3 5 gk DA
Th 5,

1 | getLocal DGM().put(” count”, 1);

YV —A3— R 4.4: Local ~~ put 3 54l

1 | getDGM("remote”).put(”count”, 1);

Y — A d— R 4.5: Remote /~ put 3" 5 4
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flip  FRKIZ DGM IZEE DG 2 d (VY — A 32— K 4.6),

1 | public class Flip extends CodeGear {

2

3 @RemoteTake(dgmName = "remotel”, key = "name”)

4 public DataGear<String> name = new DataGear<>();
5

6 @Override

7 protected void run(CodeGearManager cgm) {

8 getDGM("remote2” ).put("name”, name);

9

10|}

YV — A 3d— R 4.6: Remote ~ flip 3 54

Christie TIX DCM IZX U TEEE put 95728, Alice ® ODS IZH 72 587172, ODS
ZRHT 2L DEEDGM IZEZAL LS REEDIES BEBNTH L LEA /O T
b5,

BZEELZWT — X O H L

Alice D asClass (ZAH2Y 3 5 D73 getData TH B, VY —Ad— KN 4.7 X getData Z H\\NT
InputDG 2256 T — X 2 G35 2H41TH 5,

public class GetData extends CodeGear{

Q@Take(”name”)
public DataGear<String> name = new DataGear<>();

@Override

protected void run(CodeGearManager cgm) {
System.out.println(” this.name._is_:.” + name.getData());

}

© 00 O Utk W N

—_
o

}

YV —A3d— R 4.7: getData D

Alice L E S ik, 7ol I RE2EELRSTRWEATH S, 4.3 TRUZEDIZ,
InputDG Z KT HBICIER 2 g€ 4 5, ZORITNBTCHRESIN, VE—F/—F¢&
BETAEEMRZNE, ZDL DT getDatad 57T/ IR fEE LR EHIEL
WHICTHESTE 5720, 707 ~DEHE2RS UEEEE2HEHET 222N TE 5,
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4.4

CodeGear Dt b £

AR D 3 — Rl LocalDSM (Z put U7 DG ZHUD i U TFR/RT 5 D% 10 [FIFE D & 94
BETH 5,

0 N O Ut W NN

© 00 N O Uk W N

_ = = =
=W N = O

public class StartTest extends StartCodeGear{

public StartTest(CodeGearManager cgm) {
super(cgm);

public static void main(String args|]){
StartTest start = new StartTest(createCGM(10000));
}

@Override

protected void run(CodeGearManager cgm) {
cgm.setup(new TestCodeGear());
getLocal DGM().put(”count”, 1);

Y — X 3— R 4.8: StartCodeGear D4

public class TestCodeGear extends CodeGear {

Q@QTake(” count”)
public DataGear<Integer> count = new DataGear<>();

public void run(CodeGearManager cgm){
System.out.println(hoge.getData());

if (count.getData()!= 10){
cgm.setup(new TestCodeGear());
getLocalDGM().put(”count”, count.getData() + 1);

YV —ZA3— K 4.9: CodeGear D

Alice [AlBk, Christie TH InputDG % £#72 72\ StartCG 2> 5 L %2 FAtE 9 %, StartCG
1% StartCodeGear.class % M7k 9% Z & TRl T & %, Alice Tl StartCS H CodeSeg-
ment.class Z &K U TEPNT W72, ENH StartCS DD H] U D 5 D52 o 72 3,
Christie TlXZ DAL IR,
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StartCG % gl 3 B BRIZ 1% createCGM AV w RTCGM 22 LTI vy A MT 7 RIZ
ESBENDD, V—AT— 48D 8ITHTENPTHON TS, createCGM D 51U
WBYVE—RN/ =RV Ty MEETHEMFES R— " BESZ2EET S, CGM % LR L 72
IZ LocalDGM ¥V € — b LifE 21T 5 728D Daemon H/ES N5,

CGIZHLTT /  T—=yarvhofbibEa2ETT AU X setup AV v RHTTS,
ZD-HY —ATA—FK48D 13f7H, V—ARAIA—=FK49D 10{7HD L 51Z, new L7 CG
% CCGM D setup AV v NIZIETHERH 5, Alice Tl new THUX CC DRHIZ A7z
73, Christie TIE—E CG Znew La\We 7/ 7= a v ofGbEE5bE 2175 WHENT
TN, new DI setup 2475, TD7=, CG DAERMIZITHT CGM MBABHEIT 7
%5, tun TCCM 2ZFETDIZIZD/-DTH 5, b, StartCG 1 > 7w b &Kz
W28, setup 2179 BED R <, new I N/ZRF T run BWEITI NS,
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4.5 DataGearManager D5 EIF

Alice TlZ LocalDGM 77 static TEDPN T W72 B D Local DGM Z3iH BT 5 Z
EINTERN o7z, UL Christie TIZ CGM % 2 DERK T NIX LocalDGM & 2 D/ES
N5, D LocalDGM [A LD D & b £, Remote ~DFEfi & [l U & 5 1Z RemoteDGM
% proxy & UCALE BT T 72295 (M4.2),

node : A

CGM1 CGM2

/ /7 N\
X

Remote Local Remote
DSM DSM DSM

\ 4 /

node : B
cGM2
Remote Local Remote
DSM DSM DSM

4.2: RemoteDGM % 4t U THLD Local DGM % £ &

=
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YV —A3— K410 %, LocalDSM % 2 D35 EIF, BHWZ Y E— MR TTHERE
THHTHB, 114T7HIZH S & 512, RemoteDGM #1375 _EIF 5121% CGM 23FFD cre-
ateRemoteDGM A YV v RZ W5, 5l18UIZI1X RemoteDGM £ & i 45 E— K/ — K
DIP7 RVA, R—rHESZEL TWV5,

public class StartRemoteTakeTest extends StartCodeGear{

public StartRemoteTake(CodeGearManager cgm) {
super(cgm);

public static void main(String args[]){
CodeGearManager cgm = createCGM(10000);
new StartRemoteTake(cgm);

O N O U W N

_ =
= O ©

cgm.createRemoteDGM ("remote”, "localhost”, 10001);
cgm.setup(new RemoteTakeTest());

— = =
=W N

CodeGearManager cgm2 = createCGM(10001);
cgm2.createRemoteDGM (" remote”, ”localhost”, 10000);
cgm2.setup(new RemoteTakeTest());

— =
0 = O G
—

—

Y —Z 32— K 4.10: LocalDGM % 2 D/ %

DE—MDGEDEIULLSIZT 7R ATESLZ LT, I—ROEHZEFIZ, {—v v
ED1207 7V 5= a VNTHRT TV r—avOTANBRTED LD,

F7-. CCGM IZNERIZ CGM DY A k% static TH->TH 0., EEERS L7 CCM 24
TEHEHELTWS, 20D, A XL )L TlE RemoteDGM % 1t 3124 Local DGM (ZHH.
7R AFRETH D, TD-H, Christie TIEBEZIZ NAT Bz H3FEETE 5 Z & 3T
TZ 5,

4.6 DataGear OLE

Alice TIXT — X D% EMN 2 EH T 572012 DS WIZEBO T — 2R 2 EFFL TV
7zo U7»U Christie T 7T — XA Z IR D class 1271 TW5, DataGear Z kA U 72
MessagePackDataGear &, £ 3% BIZ#Hk# U 7z CompressedDataGear = AR U7z, £ D
T2bF 2T ABI T ADT =R REREE LR oL WT — 2R 2R DI ->T
W53, 77 A%RBETTSEDEREZRFELTWARONRE L5157z, TN
IR T o7z,
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4.7 @7 Ha—

A= THIHA L 7z Christie D&t 2 W < 2 % 3 17T Christie D@ED 70— % ¥ —
A E TSNS A, 4.3 1% LocalDGM 12 Take 247\, LocalDGM HNIZ DG A3
Hol- TONHDOHENTH 5,

main CodeGearManager StartCodeGear CodeGear Local
—— = DataGearManager
| | i i |
createCGM ! ' ! !
I I I
new StartCS ' | i
new CS i :
1
new LocalDGM '
put
setup
create Command
by Annotation
:_l set counter
take
Calt ) [DG is exist]

run Take
DG

[DG is not exist]

;l decrement Command
counter ; addWaitList

i opt ] [counter = 0]
i execute
' :l run()

X X

__><_________________________________________________________

4.3: LocalDGM IZ Take L7z & D 71—

7’125 < d main T CGM & StartCG 24 d %5, CCGM & [FRFIZ Local DGM IEAE 5
Nad, CCMBRERKI N, setup AV Y RPBEENZ LT/ T—avro TAKEa<Y Y R
MWELSNFETIND, CGIFERLZA YTy bavy FOBEEZIIEE Lizaw v X
ZRioTED., IV RARIND (InputDG 23§D ) 72T AT V R IFJF-> TWE, 0
12725 & run WO MLEE S ThreadPool Nk 515,
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4.4 1%, LocalDGM IZ Take 2475 %, LocalDGM NIZ DG D372 D3> 7272812 Put
RHEEOLE2T 2L ZONHDORNTH S, main 72 & DM DLIRIZX 4.3 & [FEEED 7=
HEMT 5,

Local Other Remote Other
CodeGear DataGearManager DataGearManager StartCodeGear
| i : |
. 1 | .
! create
| RemoteDGM
I
create Command
by Annotation
set counter
take »Lalt_ [DG is exist]
run Take
o e put
[DG is not exist]
Command —;—
addWaitList create :
:_l remoteCommand
remote put |

I

I

I

ot [waitCommand '

is exist] !

DG resolve !
<. | J waitCommand !
decrement :
:l counter '

I

opt J [counter = 0] !

I
execute :
run() :

I

I

- :
I
X | | X

4.4: RemoteDGM (Z Put L7z &D 70—

Local £7213VE— KR/ — K26 PUT a~v Y RBEFINZEE., L waitList (2 Put
L72DG 2F->TWbdaxy RAEbIEETINS,
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4.51%. RemoteDGM IZ Take 17> 72 & EOMHDBRENTDH 5,

Remote Other Local Other
StartCodeGear CodeGear DataGearManager DataGearManager StartCodeGear
T

T
1 1
1 1
| |
I I
I I
I I
—— |
I
I

new CS put

create
RemoteDGM

setup

create Command
by Annotation

set counter

take

Ll
Command
addWaitList
create Remote
; Command
remote take
| -
Lol
alt ) [DG is exist]
| create
e reply__ _______ - ;l Reply Command
resolve [DG is not exist]
waitCommand c
ommand
DG 2 addWaitList
e
decrement
counter

[opt J [counter = 0]

execute
g

4.5: RemoteDGM Z Take L7z & D710 —

StartCG TEHETIZ RemoteDGM % 4k L TH <, RemoteTake 7./ T —3 3 V15 Re-
moteDGM |29 % Take 3<% > FZ A LUEITT 5, RemoteTake D K S 12V E— hp
5 DIRE %MD I Y Rk RemoteDGM @ waitList iZ A%, % L T, MessagePack J& =
IZZ LU 72 RemoteCommand Z/EK L. Z 4% RemoteDGM 232 fHL TWABH] /) — KD
LocalDGM (Z3% 5,

TN % ZITHL - 721D LocalDGM (X, DG 23®H X REPLY 2~ > RZ2 4L TiX DR
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I, BUDGHRITNE VE— ISR -a~vy FEu—hILDOGE L FEEKIZ LocalDGM
D waitList IZ A5,
REPLY %3 IJHU5 £ RemoteDGM & waitList IZA->TW/-a~vy Rz2ERT 5,
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Christie TI&7 /T —Ya v &2 WS Z & THMMEZ IR T 220 TE, ZD LD
W27 7= a vEHW APLIZ Akka X Hazelcast (213780728, & D EddbtED & W7
L—LU—=20binolzEZX 5,

7z, FEFTZE UELZZ & T Alice & D /AW Meta Computation DFEIENEZ T -
Teo THUZXODMIDPRDWT BT T ADFEENPRIZL 5Tz, BT —Y a ViE@kEDE
W Akka *° Hazelcast TIZZ D X570 75 I V7 IZN#ETH 5,

InputDG DFEEIZENWT, CGIZDGZEETHLEWVWODIE. DGE2ZDE X flip TE 5
EII2TB72DThH o7z, HIZEXIETZENLSNT DataGear IT7 077 v HFHT 5 Z
L3, TDH, DCEEESETIZT / T—rarvhroERUREIZAX LA v —
BT Z LT, S0P T VIR AEETH B, flip TEHHG1E. key ZIRET S7
T TITABEDIZTRETH B,

7z, put/flip 5 DCGM £ 2 EERET2EEHH, £Z0LHTT Y My b
LTWBHDWOMRB LIV Ry 7 AT R\, WEORMAD 2,
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AWK TIE, ETDET L — LT — ISR B2\ U, Akka, Hazelcast &kt
BUBRRS T L —LT — 2 Alice B2 iU Calid TE 2Rz D2 & 2R
U7z, £7z. Alice DFfD Code Segment /Data Segment DEHAE 7V XFLk /5%, Meta
Computation (IZDWTZFHBH L, Alice TNAT R 2T 5720DFEERLZ, 6
ZEURD Alice DR & U T, NAT A %9 5 72 DIZ M EE7% Local Data Gear Manager
DEBOLD EITHTERNZ &, HHTBT T LDTARRLISNWI &, APIY V&Y
7 ZADEEIZ X 0 BB DN T WS Z 8, BOBBEENENTWRWI LR YRR
U, EGETOBEMZ Rz, £ U T, 487 L — ALY — 27 Christie D#al &7 U, Code
Gear Manager £ \»9 Code Gear/Data Gear OE S % L8> Z & T Data Gear Manager
EEBOLHL LT OoND L5120, TNIZEDTAMPESITARD, RELZ NAT X
DFEIINIETES, £/, T/ T7—YarvEHWE I LTI VR Y I ADHMME % #
P, SOITHBREDENZ XD EEEDOE VIR AIREICR 722 &2 U, £L
T, INHEE U7 Christie T U THEITHEITAREREZEE L2,

6.2 SROHE
TopologyManager M 522

Alice L@ U <, ## - BjFY7Z2 bR v ¥ —EH D T Z % TopologyManager D SEZENHE T
» %, Christie TIX#EED LocalDSM H37 5 LI A[EEZ: 728, TopologyManager T NAT
RAZBHFEEUVERMEDLH B0 ZMGET 5 7, BEDOEFNEZAIET 272012, Topolo-
gyManager 2° X > U 7z BRIZ i 72 7% TopologyManager % 3. % 1} % Meta Computation
bMEZEEZD,
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52 FH M D MG

AR Tld Christie DFREF & EAREEF TRIT 720, TN ENIFEE D EtERE
FoTWaDNIEEZFHIL TV, CG/DGDOTUT T IV TETIVIREDHARMIZ
X Alice LRILTH B0, 7/ T—a VOUEREIIZE DA —N—~y NIZEDR->T
WEPBR ST TH D, TDD, Alice L AFEDOEEMEELZFF>TWEH, T—
ROBEPEMEIIIZ 5N TVWENRE %2 ELEOFIEZ HWCTHIE S 2 BBV H 5,

Jungle & D&

DGM IZ—FED T —ZRXR—=ZATH 3 Lk R7zD, BURD DCGM IE T — & RN — AT E
MU I avERoTWRY, YUIFEEETHIAEL TW5 Jungle T— XA R—RAE M F
VYO avERoTED, HIIY—VHRERENEMV AT LAZR>TWVWS, TD7
& Jungle T —ZR—=A L DIEET 5 Z & T, DGMADEEEREHMES T2 NEE
L\,

GearsOS ~NDO®1T

GearsOS I ZHFBRFPTH - 72720, KX DRI s Tld Christie @ & 5 72438k
Biex T2 Z LD D57z, GearsOS TIXE 7 IVIREBMNE akasya [15] 23 5 7=
B, HHIZA>TNS key @ put LENA L E 2V S LOBETHRDI 5 2 L AT
%, GearsOS ETHM TR I I v PRTcEnX LV EEEDESWTT TS I v 79
FFCTE 5720, FRAIZIX Christie %2 GearsOS D3 #UERE & U THLD JAA Tz,

GearsOS 12 Christie #4173 % 121&, GearsOS (Z Java DT / T —3 2 VIZHY T 5
Meta Computation % 534 5 HE A H 5, £ L T Christie TIEHFEBTEZ 0o 7 )/
T2 avnroDEBOHBERIMTANEEIC T IV LR TWAPLIZZRS &
EZohb,
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71 HADOTY ) TF—YaVviESE

Christie D7 /T —a yDERFEEL, TO7 /) FT— 3 rhs take 2 E7 T 55459
AT B,
V—=Z32—=R 71, 727 Christie MHD 7 /) 7= a VDOEETH 5,

Q@Target(Element Type.FIELD)
@Retention(RetentionPolicy. RUNTIME)
public @interface Take {

String value();

T W N

YV — A 32— K 7.1: Take DFEH

Q@Target(Element Type.FIELD)
@Retention(RetentionPolicy. RUNTIME)
public @interface RemoteTake {

String dgmName();

String key();

S U W N

Y — A 3— K 7.2: RemoteTake D%

@Target ¥ QRetention (X7 / T—> a3 VEREDZODT /7= 3y, ART /)T —
YarvThHbd, Qlarget 1IZIX, 74—V RKPAYY R, AVANIIRBRY, ZDT/
T—a YOMIMKRRE R BREXEZN M2 R T 5, QRetention 121X, SOURCE -
CLASS * RUNTIME 23 #IRT &, 7/ 7 — 3 YOI Nz BN E DR £ C4F
INBNEEHRT S, reflectionAPI ZFIFT 121X RUNTIME Tl 7 5720728,
Christie @7 / 57— a > ®@QRetention (¥4 T RUNTIME T %,
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EHELUET /) T—VayOinyY —A3—=RK73, 74Th 5,

1 | @Take(” count”)
2 | public DataGear<Integer> count = new DataGear<>();

V— 23— R 7.3: Take 7/ 7 —3 3 > OfFi

1 | @RemoteTake(dgmName = "remote”, key = ”count”)
2 | public DataGear<Integer> count = new DataGear<>();

Y — A 32— K 7.4: RemoteTake 7/ 57— 3 > O{f HH

T/ T=arvEFS5B NIRRT AENY AT —-F 71 Dvalue XV —A3—F
7.2 D dsmName & Wo 72 F —IZRFI NG, @EF—IIXH L THEZ ANDSGEIE. YV —
Ad—=R 74D &I key=DFETiLik LR ITNIE%R S5 0WH, Take DX D IZF—A1D
DEE, ¥F—H%E value 2T 52 L TEORREERT 5 LN TE 5,

setup AV Y RNTIXERINZT7 4 =V RIZHLTT /) T—> a3 v e EDEREZ UL
HLTWS, 22k Java @ reflectionAPI 23M#iH T T\ 5, reflectionAPI Tld X%
CBITADT 4 =)V RRRAY Y R, ZNIHNTET /) T—arver/ 7—ayv
PRFEFTAF T IR AT EHIENTES, V—AI—FR 75 Esetup AV v RHNT
reflectionAPI ZFHWTC T /7 —Y 3 v 6 Take AX V R2EK T B0 TH 5,

1 [for (Field field : this.getClass().getDeclaredFields()) {

2 if (field.isAnnotationPresent(Take.class)) {

3 Take ano = field.getAnnotation(Take.class);

4 set TakeCommand(”local”, ano.value(), initDataGear(field, ano.value()));

5 } else if (field.isAnnotationPresent(RemoteTake.class)) {

6 RemoteTake ano = field.getAnnotation(RemoteTake.class);

7 setTakeCommand (ano.dgmName(), ano.key(), initDataGear(field, ano.key()));
8|}

9/}

YV — 23— R 7.5: reflectionAPI T7 ¢ — )L K D5 % B

TA— IV RPSEELEDG 2T ) F—va v sBfE Lz key S YTy haw Yy
N (TAKE/PEEK) %45 L, DGM ~% - TEGT 3,
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