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Implementation of Self-backup Mechanism for Strong Migration Mobile Agents

Fumiaki KATOH*' , Munenori KAT**

ABSTRACT: The authors have developed the platform of the autonomic distributed processing system,

AgentSphere, which is based on strong migration mobile agent. In this paper, a new mechanism for

making backup of an agent itself with all the data obtained by the process at the backup point is

introduced into AgentSphere. Users can use this agent’s self-backup mechanism by describing “backup’

El

commands in an agent’s code. The backed-up agent is sent into other AgentSphere machines via a

network. When the original agent will be unfortunately stopped or lost by a contingency, the backed-up

agent will wake up and be able to continue its process instead of the original agent. Thereby, the fault

tolerance of the system can be improved. In addition, the function which inserts automatically the

backup commands at the suitable locations in an agent code is proposed and implemented. Using this

function make it easy for users to transform their application agents into the agents with the self-backup

mechanism.
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reserved_backup A Y v FOKIAHZEIT I,

SENT—HIE LT, KIARZAT O RMEEZ 2 OB R,
—2>B DT, % reserved backup R o> BRI 4
%, ZHid reserved backup 2NERFE THEEEIET SN
TWEEEBIEARE, LHT b0 ThDH, —DHDSE
e LCGERERT 7 B ARKROZETHW T5b0TH
DM, FEERICFEELTHILLZAS, RVICHI—1y
RBREDoT2lowd, FENOH Uiz, BRI IciE
- 7 reserved backup X YV v FDOfLi& T, &0
reserved_backup * Y v RZzili-o7zhy, ZDOFE S LE-
RHAEZE XA P ELTREL TITL . ZLTED
E X MNYDPOEORIAI VT TEITEIND
reserved_backup A YV v FZEORHT Z LK D,

1€~ C, reserved backup A Y v K& EDL HWVOFH
RCHETRENILST, AREIND ANy I T v T T—
T POBITED > TS D0, ZRF5DE ZAHa—
PRZEOMFE T A= L LTHRETIUERWZ L &
L7z,

O

I TIEAEUT - - EEITHOWT 2 SOEMEEER 21T

Y, F5. 1IFAEIOFAMIZMHEH L7- Windows PC o —
BERTHD,
=5 1 EBEmESRIZEAL-wIV—&
<% | CPU oavo8 | A€
<2 A | Core2Duo | 2.13GHz | 2.0GB
<2 B | PentiumD |2.80GHz | 1.0GB
51 VS RAEHOEEF - 8t & backup A Vv FIZDL
TOEEHER

I TR T ABEOEA - otk backup AV v R
(ZOWTOIEMEZAT 5, €D, backup # Y v
FEFECANTZa— REHWe, Tita— RErZ 74
Effiolcz—T = MT, MM 7 ZAONEICEH 2 T A
NdD, T LTH~ >~ backup #* Y v R CTETHT
—BENy T v 7L, BTy T I
F—HANEEAETHI LT, B NERORE - BT
BHIRTW DS AR LT,

ZOa—KFI7 Al D7 44— FikjROsy TR
sS1D7 44—V RTHDHITAS2 D7 4—/L KdDHEIC
2NT, sl ®AY v R valiner) TINS5 7w 77
AT, HEIMSEA-NNCETRT =252y 7T v 7L,
Bl v ~EDAR, FLWSy I T o TRENR Y 7
Ty T EEEETILOTHD,

5. 11%, backup A YV v FAMEASNT-ZEHiEio o
—FT, 2—=FRERET 20T INZTTHD,
ZO®BMS5. 1 Oa— KLY — A3 — NEBRRITHT

public class BackupSampleTest {
private String IPaddress = "133.220.114.108";
private static AgentCoordinator ac;
public void create (){
SampleClass s1 = new SampleClass();
ac = getAgentCoordinator();
for (inti=0; i<10;it+){
System.out.println("backup BT DfEs1.i:" +s1.i+ " s1.j:" +
sl.getj() + " sl.s2.d:" +s1.s2.d);
sl.valincr();
| ac.backup(IPaddress, 0); |
Thread.sleep(2000);
}
System.out.println("backupf& D fEs1.i:" +s1.i+ " s1.j:" +
sl.getj() + " s1.s2.d:" + s1.s2.d);

}

5. 1 backup AV FZEALLEBRIIOO—F




public class Translated BackupSampleTest{
private String [Paddress = "133.220.114.108";
private static AgentCoordinator ac;
public void create (){
SampleClass s1 = new SampleClass();
ac = getAgentCoordinator();
if(ac.checkflag(0)==false){
ac = getAgentCoordinator(),
Jelse{
sl.buildClassValue(ac,0);
/
for (int i = 0;ac.checkflag(0)==true || 1<10;i++){
if(ac.checkflag(0)== false){
System.out.println("backup B D {Es1.i:" +s1.i+ " sl.j:" +
sl.getj() +" sl.s2.d:" + sl.s2.d);
s1.valincr();
| ac.backup(iPaddress, 0),]
Jelse{
s1.buildClassValue(ac,0);
i = ac.getIntegerValue(''i",0);
ac.setFlag(0);
/
Thread.sleep(2000);
)
System.out.printIn("backupf MDfEs1.i:" +s1.i + " s1j:" +
sl.getj() + " s1.s2.d:" + s1.s2.d);
)
}
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public class SampleClass {
int i;
private double j;
SampleClass2 s2;
SampleClass(){
i=1; j=3.0; s2=new SampleClass2();
}

PFOSAEHADBEEAA YR

public void buildClassValue(AgentCoordinator ac, int rank) {
i=(Integer)ac.getClassValue("s1.i", 0);
i=(Double)ac.getClassValue("s1.i", 0);
s2.buildClassValue(ac,0);

Iw«

double getj(){ return j; }

public void valincr() {
i+t jt++; s2.d++;

}

¥

public class SampleClass2 {
double d;

SampleClass2(){

d=13;

}

public void buildClassValue(AgentCoordinator ac, int rank) {

d = (Double)ac.getClassValue("s1.s2.d".0);

v
-4

}
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_ JavaClC console |

47T > SphereManaeer [Java P —23l] C¥Proeram Files¥ Java¥jref¥bin¥javan.exe

[tzentSpherel? load Translated_BackupSampleTest.class
load Tranzlated_BackupSampleTest.clazs

LoadAzent : Translated_BackupSampleTest.class
0K
[AzentSphere] > backupB] D {E=1.0:1 s1.j:3.0 =1.s2.d:13.0

dispatch: Address 133.220.114.108 Dort g0000
dispatch: Address 133.220.114.240 port E0000
backupBIM{B=1.i:2 s1.j:4.0 =1.s2.d:14.0

dispatch: Address 133.220.114.108 port EO000
dispatch: Address 133.220.114.240 port BO000
backupBiM{B=1.i:3 s1.j:5.0 =1.s2.d:15.0

digpatch: Address 133.220.114.108 port 60000
dispatch: Address 133.220.114,240 port 60000

digpatch: Address 133.
dispatch: Address 133.

220,
220,

4,108 port BOO0DD
4,240 port BO00D

1

1
backupBl D {E=1.i:4 =1.j:6.0 =1.s2.d:16.0
dispatch: Address 133.220.114.108 port E0000
dispatch: Address 133.220.114.240 port E0000
backupBI M {B=1.i:5 s1.j:7.0 =1.s2.d:17.0
dispatch: Address 133.220.114.108 port EO000
dispatch: Address 133.220.114.240 port BOO00
backupBIM{B=1.i:6 s1.j28.0 =1.s2.d:18.0

1

1

1
1

z—Yx v FOEL
5 4 IV ADETHR

JavaCC console

f588 | Javadoc EHE

3 ihs [Java FoAr—2r32s] G¥Proeram Files¥Java¥jrel 6.0 05¥binkjavaw.exe
[AgentSDhere]) bo Translated_BackupSampleTest

» be Translated BackupSampIeTest
backup calling

[Azent Spherel > backupElDiBEsl.i:7 =1.

3.0 =1.s2.di19.0

dispatch: Address 133.220.114.108 port goonn
digpatch: Address 133.220.114.108 port £0000
backup®l (D=1, i:8 s1.j:10.0 =1.s2.d:20.0

dispatch: Address 133220114108 port BOOOD
digpatch: Address 133.220.114.108 port £0000
backup®l (D=, i:9 s1.j:11.0 =1.s2.d:21.0

dispatch: Address 133.220.114.
dizpatch: Address 133.220.114.
backup®i =1, i:10 =1.5:12.0
dispatch: Address 133.220.114.
dizpatch: Address 133.220.114.
backupi® MiEs1.i:11 =1.5:13.0
I-YxlFRT!

108 port BO000
108 part £0000
sl.s2.di22.n
108 port BO000
108 part £O000
sl.s2.d:23.0

5 5 ZwLUBDEITHR

b, Bitkoa— F&2K5. 21277, BEdMa (2
Z TlE backup) ITRET OEHARATRL, 61
backup AEH OL#HE THETRLTHD, K5
315, 1EM5. 2THERALTND Y 7 ADEHH
Da— RERT, BBRINZHIIEITHRTRLTH D,

ko =a—R% AgentSphere Z#fEEH b~
YA TIITL, iD6 1T o72 & 2T AT AgentSphere %
fFlElL, =—Y=r b TSHL, TLTIITEAN
VI T v T ENTeT— Y = NSRBI I & R H
KBONEMHRT HT-0, v B T AgentSphere ®
Ny 27y 7OB/EA~ RTHD be 2~ FEFH
L, ¥V ATORENLFITIND Z LT, £
DOfERZK5. 4, M5. 51077, vV B THBLE
LA, N—TA T I ATHD 1 DERVA TV =
7 ksl OERFIEHEINTEY, v A TOREN
~ VB TATPI, 7T AT OWTEE - HrTE
TWDZENGhD,



5. 2 backup A Vv FOBEEAFEDIE L 4D ETHE

backup X Y v FOBHBEAN ED X 512 7oL T
I0EHERT LD, KEkw—L A~ U BE (L
TSP) OARR TOMIED 22— Rk L BSEAZ{T-
Too ZORER, BHISHTICL>THE. 6ITRIFAT
% &£ 91 reserved backup AV v RBfEAINT, &
reserved_backup 2V > RiZBE 4 &thaE BT 57-905]
BLLTy—r iy McEEEE-> T 5,

public void create() void find(intsum,intdepth,intplace){
start_re (); if(sum>
/MaptE B reserved_backup(3)
for(FO0;iNUM;iH++){ check[placq = true;
find(MAP[0][0],1,i); for(inti=1; i <NUM ; i++){
reserved_backup(1) if(check[i == false){
find(sum+MAP|[place][i],depth+1,i);
reserved_backup(2) reserved_backup(4)
) }
reserved_backup(5)

reserved_backup(6)
if(depth== NUM- 1){
sum += MAP[place|[0];
if(sum < point){
point = sum;

reserved_backup(7)

reserved_backup(8)
}check[placd = false;

®5 6 HMHSHEOI—F

FBioEHBm oM asiTo /MR, 2~80
reserved_backup A YV v FIZ&KViAENn, 1D
reserved_backup AV v ROHNPFE-T, 3~ 8 DL
® reserved _backup (XFF A VY > R TH 5 find O FHIFIE
CH LT T 2BRICHERB CEIT SN DOMETH Y,
Ny Ty 7ELTUTHE IRV DOIENY, B2 6N
%, LD L 1 reserved backup (IFHREMBET L, Eo
TETCAL I T L—=LRBR->TWLHEHTHY, KE
DB DT L BZEZ NS, ZTHIEERIENIZA TS
TSP T1ODOREN/ELNIZERII Ny 77T v I E¥#
ZATH Z LIS T 20T, BRI T v T ThHD
LEZHND,

F 72 Z DM D TSP 125V T backup A Y v F25k
REL TS Z L OREREIT -T2, £THIDIC 12 i~
v T ANELT TSP OB EITH =—V = h (S
LSRN OREE TITo 7, TOR-RK S 5D
BRI AN o T, IRICH OV TSP ZEiESHE, K4 55 D
BCo—Vxy haEESEE, 2L Tbe a~v 2 RT
BAELZEZA, 5RO 1 4 CRERKOR R Z M
L7z, Z#ud backup XYy RCZ—V = DNy 7

Ty TRERY, FOHRENLDOFETNHEKTNT, RNy
TT o TMAHTHDHZ LR LTND,

6. ¥

6. 1 F&b

AWFFETIE, ETEINC, BvA T L—a yOBH)
fiy 4 migrate OWE O L B 2T o7, LLAT®
AgentSphere TiE, ——3 x> k7 migrate 52X -
TBET 8L, 7V 74 7ROER L String RO A
TVl FLOMRTELCRBEIT S Z L3RR o 7z,
AW TIT ol 2 — FEBMFEOKRICEY, ZhET
RARETH T2 TALAT V=7 FHLEELTEEIL,
BEVECEITT S Z EBNFREL o Tz, TN T —HIX
EorHa—Fchm—vYxr bE LTRIEHES &
TRV, e R BRIORIE AT D 70 /T Kk FATA]
BBV AT Aol E B2 5.

SLICAIE T, ==V MRy I T v
HtaEE L, TLTFH TR Y 7 7 vy 7 ma T
&% backup AT —Yx MIRERL, ZoO@BEE
MR L7z, Zhicky, ==Y = MIETHFO~v v
TARPOFEREIZ L VIEIELZHATYH, fho~v ik
VIAENT-BHDONy 7T v TREEESEHZ LICLDY,
ZIERFIC R DI VIREED S, E AR - kT 22 &
DTEBHEICRY, TPz h AT LALELTOS
(BHEME - WBEEEOm B2 D Z L3 tikiz, £z, =
@ backup ML, T—Y = v MERRETHANFEHT
WERGFTIZAND ZENMTEDLLDOTH DL, BEFD
T—Y = hOa— Rz backup M A HEIFEAT DT
ELRELE, 2T, ==Yy Foa— REHNS
Wr L BT D 2 7 = — RT3 TR 5 Z Lz kv,
ADBBEI & EZDa— FADME, bbb, TNET
DALFR D ik PG R ARSI LW TR, o3y
7T v TOBEDT—Vx A R RELLTETCSE
Ropd—rimy RERBRNE D A& % BB LD
JFHIL, backup B ABATOLDOTHD, ZOHE)
FAMRE L TR L7 TSP oY 7L a— KTk
WL B2 DAEIHAT DI LN TEIN, hofx
a— R THEYRMLEICHATE L9125
%, FEEFAERMETHDL EEZZXTND,

6. 2 SEDEE

backup 2 ¥ > RH &k backup 2~ v KO BEFAF
EEEHLEZZ LICE Y, AgentSphere 3 A7 AD AT
HHEEAT 5 Scheduler Z 1E T 52 & T, FIILBIET
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