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Mogul: Location Independent Object Migration System

JIN NAKAZAWA,! MASAHIRO MOCHIZUKI' and HIDEYUKI TOKUDA®

This paper proposes a transparent object migration model which enables existing applica-
tions to migrate between hosts without depending on platforms. The key issues are trans-
parency and reusability of existing applications to exploit application mobility for mobile
computing. In this research, we have developed an object migration system named Mogul
with Java. Using Mogul, existing applications can migrate transparently without changing
their code. The novelty of Mogul is Dynamic Method Redirection which provides applica-
tions transparency. In this paper, at first, some conventional approaches for migration are
presented with discussion of their features. Then we describe design and implementation of
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Mogul, and finally, usability of Mogul is discussed based on the result of evaluations.
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Table 1 Classification of migration mechanisms.
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public void move(Identifier id)
public void copy(Identifier id)
public void delete()

public Identifier getID()

M1 714Yxy 5o API
Fig.1 API of distributed widgets.

4.2 Ty bE

T 4Ty FEIX, Java AWT (Abstract Window
Toolkit) HOL—F AL ¥ T2 —AFT 227 D
B I ATH 5 java.awt.Component 7 7 X2, 1
RT AV YR EBMTAZ LI o TERELE. 2
NoD AV v Fid, oo~y FEFEIC, 12—
TRV rilLoTEEISNS. T/-70ur 5=t
Java PRS2 &L —F A ¥ T2 AF TV 2y
MIFL T, BEIBL TR 1 IR 2B E T i
TH5.

U4 Yxy MEBIZ, TFRISRTEIT R B 4E
ZRICBVWT—EICEN S 5.

| widget:/ /A X b &/1—F 5/ 7 5 A%/ EF |

RBNFHTHERAMGEYZY 1T 29  OFLEF
ALB%, I-FREABREEFAN ETOLFELY
Pz EELTS) - arna—¥ID %, -
FARAZBRYBET AT 2y DY S AZERL, BRI
F—2 3 ADOERINIEROA Y A5 0 2227
T5201, IEFCEYETONIEHTHS. K1
DHET, move BLY copy AV v FOFIHTH 2 id
i, 22T Y 0#INTFTHY, LIEIRLAE
VAT ey PBIFOL-FRHETE/ELZDDOT
H5.

4.3 1—-Hvx—T v

I—FA-T v L, FL—F Gl TEET
5 —nNT0FS5ATHY, T4y FEIZHL T,
B, BE, HBRoSBIELIRMETS. Y1V 20 b
WiZ A RE Y RERRIL, 2—FE:—Y DD
T4V 2y PEBRTF T NABEER, T4V v b
HANTFER5.

=R =T v ITEERRC, RFERAR- LB
Wz ry VEFIRLT, 77927 b MR E s
T5. DR, 74020 bOBREL, a< U FEICE
BL—FIR =T ¥ \DY ZT AP DR} I3
L Tirbh b,

4.4 VLR

AU REfE, TR —TU X EBLO T 1 P2y
FREBEERETA-OOBEE, K2 IRT 5D

June 1999

2 avrF—E
Table 2 A list of commands.

HEgk & FIRB
VRS E IS 231
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weopy widget://miro.keio.ac.jp/fin/sftest/0
moma@sfc.wide.ad.jp
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moma@sfc.wide.ad.jp
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wdelete widget://miro.wide.ad.jp/jin/sftest/0
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LHPLBOBRAYT 75 AT 2LBEI R B0k,

WrapperInputStream 1X, AP ) —A9bF 7T x
7 R HABAS, LETHNEREARALEL TV =7
FONA P a—F R, BREEOI-FIRA-T v hDL

import java.awt.*; ‘\
import java.awt.event.*;
public class HelloWindow extends Frame implements
ActionListener {
private Hello h;
public HelloWindow(){
Button b = new Button();
b.addActionListener(this);
add(b, BorderLayout.CENTER);
h = new Hello();
}
public void actionPerformed(ActionEvent e){
h.hello();
}
o}
public class Hello {
public hello(){
System.out.println("Hello!");
}
}

2 ¥rFia—F
Fig.2 Sample code.

writeObiect(obi)T
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O—FF5. 220, “ERARAENNAPa—-F 2%
oy atTsIl EllloT, N4 a—FEEEDONR
T A= ARALELTVS,

5.1.2 AVyRUSAL TS a8

AV R UYF ALV 7S gy X, Java RMI %
HORB % & L FREICY E— T 2V v FIRUTH L
THY, METHRAFT7 Y 27 b ARTIREL AV
TEHL. M4, M2 i2/RL 7% HelloWindow #
TV FEBRELEBOXAV YT ALY ay
FIZ2oWT, &7 I ABOEELRL YTV A
MTHh5.

4 TiX, ¥ SN 7 HelloWindow 77 7
FSD XYy FIFUHLAS, #HEAA S ED Hello
FTT 2 INYT AL TP ERTWAE, ZOL X,
MethodRequest +7 ¥ = 7 b 8 X UF MethodReply
ATV M, FT V2 b ARTIBEEL AT
2—FT i =T Y HTHEZEEINS.

5.2 MDD 5HEE

KAFRAEBL 72 DMR X, BENA 7V 227 v B
By AT AR VBT IREL TnE. KETIRE
BReD HMIZ DV TR S,

5.2.1 #F7Y 1B

DMR Tit, 77V =7 P BERC, BERREL

Wrapper is
in Cache
Wrapper is
Available on
Filesystem

[yes]

[ Load ]
Wrapper Class

A
[ Generate ]
Wrapper Code

Wrapper Code

Insta%m

ﬁnd

Wrapper

obj = Wrapper

"\ Object

[no]

More Object

Exists

M3 A7V PHADT 7 74ET 1R
Fig.3 Activity flow in object output.
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ST woltowingow | [ Halo Wrapper | [ Wrapperoutputswears | [ Mtspperinputsteam “Hello
M hellog)
callRemoteMethod()
Lo
{MethodRequest)
quest
‘ethodWrapper
Invoke() - -l
M4 xvyFI¥ALriaror—4r AR
Fig.4 Message passing flow in method redirection.
THRESRATAT 2y PEREELT, BROSEY Ve \
V=% ML —AL, BETRELR LT TV 22 b OAERE (enipped)

RAMIBEST D, L —APIIBERTRLR LT 7V =
7 MERALISHEEICE, YFA TV VDRI T F
T2 b eBETAH. ZDLE, java.io.Serializable
AVF T2 —ARERELTWELT TV 27 b 2%
BEL LTI,

H TV a—FK s HelloWindow + 7Y = 7 b 35
BENGRF TV 27 b ELTHRESNLEEIZIE, [
ATV P eRERELTEBEOSRBY Y —% L —
A$ A, ZDO¥E, HelloWindow 7 7 =7 Mi#
EURETHY), K2 FOEHAICL>TBRBEATY
%5 Hello X727 =7 MIBEARTETHS. Lido
T, 7T =7 FEEHIZ, HelloWindow + 7Y =
JPE HlloA 7V 27 NDAITHT V27 b &
BRAMIBHET S,

5.2.2 BEG X 2T R HEE

LEOFIIBWTC Hello A7V 27 VDAY T FT
Vs M, BEKRZNICBREIN HelloWindow
A7V 7 AT HelloA 7V =7 b ELTHIRE
Na. L7ZWBoT, 79RAADAVAY Y RE, 7
FAARITDAYAY Y AIBEBLEELHOULE
b DMRTIE, 7F9AARYTIVS5A% 75 R
ADY 77 ALL, §RTDAV YRt =54
F$+5Z L TROEARAM L RIES A, K512, Wrap-
perGenerator \Z X > CBEAER SL/z Hello 257
2 5ANY—Aa—FO—#ERT. K5 $T, Hello

public class Hello_Wrapper extends Hello implements
DMR_Wrapper{
(snipped)
public void hello(){
if (!DMR_CONNECTED)
return;
Class types[] = new Class[0];
Object args[] = new Object[0];
Object reply;
reply=DMR_callRemoteMethod("hello", args,
types) ;
(snipped)
}
. J
Bs5 Ry7o¥rTra—F
Fig.5 Sample stub.

AET 75 ANEHEL Tb DMR_Wrapper 1> %
7 = — AL, java.io.Serializable 41~ ¥ 7 = — X% ¥k
ALTwh, L7doT, 7745 - ary0FB%
BfiZIZ, Hello A3 747V 2 7 b ZFD T ERZEE
na.

5.2.3 XVyRUZALL T 3 BEE

R A MCB% SN/ HelloWindow + 73 x. 7
F2SD Hellod 7Y =27 MiZstd % 2V FIFOTH L
i3, FRFCBEINT: Hello A% 7% &HBL 72 E—
AV Y FFOCHLIZE T, BBEF X LD Hello
ATV MNYT AL T FERS.

AV RDFAVL 7 a3 IBLTOLEE 58]



RALEBEA TV 27 P BEY X T A Mogul DEH . 2581

B

Table 3 A platform for evaluation.

7Y 2 2 (dali)

Vol. 40 No. 6
%3
HE v 1 (miro)
CPU UltraSPARC 168 MHz X 2
FitlE 128 MB
[ON] Solaris 2.5.1

UltraSPARC-II 248 MHz x 2
512 MB
Solaris 2.5.1
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Table 4 A result of evaluation on migrating HelloWindow.

Himfa () BaRME (2 BELE)

BEME (ED) i (2 BEMRE)

4.15 % 0.24 #

418 # 0.28 ¥

®5 RMI & DMR D87 4 —< ¥ AHE
Table 5 Comparison of performance between RMI and DMR.

510 0 1 3 4 5
RMI 182ms 228ms 228ms 241ms 251ms 251 ms
DMR 429 ms 483ms 519 ms 524ms 634ms 633 ms

AUYFBEHLIRE

| mAvhT—saRE
gYS ALY araRk

ElR {23

Be AVyFVFAVL Iy TERE
Fig.6 A result of evaluation on method redirection.
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Fig.7 Class hierarchy in RMI.
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Fig.8 Class hierarchy in DMR.
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