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Abstract

In Java RMI, object parameters are passed by object serialization. It is known that the
serialization performance dominates total performance of Java RMI. However, the conven-
tional approach of object serialization has two problems about efficiency. First, in order to
preserve interoperability between heterogenous platforms, it converts object parameters to
canonical representations and restores them from canonical representations. Second, in or-
der to preserve class polymorphism of Java objects, it analyses class information at runtime
more than necessary. We solve these problems by two-step dynainic specializations. The
first step specializes serialization routines according to a receiver’s memory representations
and the second step specializes the serialization routines according to class information. The

implementation of our approach was about 12%-17% faster than the implementation of the
conventional approach.
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void serialize_object(Object object) {
: Class clazz = get_class(object);

1:
2
3:
4:  Fieldinfof] fields = get_fields(clazz);
5:

6: for (inti=0;i < fields.length; i++) {
7 if (fieldsli] is boolean type) {

8 serialize fields[i} as boolean
}else

12:  if (fields[i] is double type) {
13: serialize fields[i] as double
14: }else

15.  if (fields]i} is Object type) {
16: serialize fields[i} as Object
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2: void serialize_int

3: (int data,

4: MemoryRepresentationDesc mrd)
5:{
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char* buffer;
void serialize_int(int data)

{
/* Align by receiver’s align */
buffer = ALIGN(buffer);
*(int*)buffer = data;

buffer += 4;

}

R 4: BFSLBEO it AL U754 A —F>

=y 7P fFbhTwhnid, 4Dy 1) 754X
VW—FLEE3 DY TIAZXN—F I ) =R
BLv, ZoLHE, ZEAOAEVERIZb LD
{EFHbic LY, EBRBRLOMETREEIGRL,
OB LEI YT T4 AN—F VBB LHFT
%5,

3.2 G 2ERENEIRvIE L

FTV20 YDV TIARERLLEERE S
AEROBITE BT D720, BESATIIEZESI T A
CEILLAY Y794 AN —F V3 BIMICERLT
Wwh, ZRIZED, B7FAXOVWTHHEICOMA
7T AERBIET AT L L, ETBDO 2 5 A EH
BPEIRTE S, i, DT L) 2FETAT
bhb,

LIYNVTIARENEFTT V2o bDY T AP
HTHAENE ) 2RREB.

2LEBDY I RATHNIE, 75 AEROBAT 4T
W, FO7GRAEF LIV T 5L AN —F
VHRBIICERT S,

BB I ATHNE, 207 5 ABIHELE
DYNVTIGALANV—FVEFNS,

B, LREOFEIFIITIAINV—Fvizon
THEBRICERATE S,

ROV TIAZN—F T}, M5ICFELYE
FIADF T2 bV IT 54 XFTHBATHo
Th, ILRLEVYTIL AN —F V2 k5T,
VITITAXENDE T T AEROBATSLE
i b,

CDIYNVTIGARN—F %, HBISADYT
AFHICEDTNT, BHFHET L L, 207 IR

BLL YU 7SS4 AN —F VBB EHNTED,
72 ziE, H5IERLAEZFADZ 5 AEHRICED
WTHHLEIT I BE, 7 5 X Sample 252007 1 —
WIREEOD, I1Hiorv—Si32E L s
{, HENV—TTixint 74— F& double 7 1 — W
FEIY 754 XFTMEI W Edbrs, Z01:
O, B b a—FiE, Be6lFELZEI I
b, RELREHESERL V- THEBR I TS 7
B, M6DYITIAZAN—FYIEIFE1OY) TS
ARXN—F LD LR L,

public class Sample {
private int intField;
private double doubleField;
} .

5 SU754XENB25ADH (F>Ths
5 %)

void serialize_Sample(Object obj) {

serialize obj.intField as int
serialize obj.doubleField as double

=

B6: 4T Ns T ACBREMLENAZY Y TI4 X
W—F

B6ICRLIZVITIAAN—F U 2HSB L,
Sample 7 SADA 7V 2o bDY ) 754 IHZiZ
77 ABBOBHPERTED, §6oT, 7 5X1E
WIC L BBIILIC L o T, EFTHO 2 5 ZEHD
B ERIRT 522 e TE B,

4 FEI

RAVREFHET Java RIEEKE —WLEE LRV
EWV ) FETEERITo 2.

B 7 CEEDBER 2 RT.

Java TiX, XEY - 77 2 AHNL FEETLE
TRBVEV) FIHDH 70, AEY % int BIR
long BE L LTC75 v b7+ —ABEFD CPU &4
THOTEBERETALESRD 5H4 OREFH
EHTERV., 20720, Java DT v -84




Java application

Java

C++
(o]
Java VM Epecializer

Native machine

m is our implementation

B 7 EEROMER

WTRTHRAF4 72— FC++TEERITo/. 2
7 LB LR E DA V5 — T o 4 AEGIZ C TF
Wiz, A

IhFAT47T A= FhbJavaDA TV 7
DT A=V ENT 2R TBHEL LT, INI(Java
Nativelnterface) [9] % FiV 7z, BEICICHK [10] 2 & T
BEIATWA XS, INLIZEEREIEUH LT
FHEINTBY, EFEOF—IN—~Ay FATKEW,
LPLEAS, INIRAA T4 73— F2b JavaiR
AW BRET A o OBEAM— OB R FET
HY, BADINERBELKZ. JavaDdt 7V 22 b
D74 —N FEEERETCENE, BREFRNOE
FEICHETELLELONSD,

72, B EAT ) BB LRI, INRIA T
BR &Nz C EEBB D433 TdH % Tempo special-
izer [11] Z iv3/z. 72721, Tempo P& T 5By
BbBiZ Java DR A F4 7 AV y FELTHRIBET 3
ZENTERP oD, BEOEE T, £ITH
NV —F U RBEL, TRE2ETRHICRURTIL
2L, BB R RBHICER LTS, JIULE
BHLHBRTIREL, B Java i 4 74 TAY Y
FAREA TV 27 P EXTRTRELR L WD
B 54, Tempo DEKT LB LEIAEL T
V1l bERThRPo RO ETHS.

B BERELITo 7z Java KB, FIA LI V8
43, BIEERIEIR 10BN THA.

5 =E&

B CRA T4 DRET DFHENER LIEERD
EEOWREL BT LD T754 - a vz
BT AHEHET 5 ERETo 72

Java [RAEEEHE Sun JDK1.2.1
Production Release
C++a 45 g++-2.95.2
Cavnr{y gec-2.95.2
Eoiliskegld Tempo-1.194

* 1 EZEEICHWZY -V

BBt R LT AHEROEEL LTI IDK£DLD
TR, ERODIDKDTNIT)ALERAT AT
O— FTEZELALDDETHEB L. ThEIHKRADE
PR T4 72— FTEPNTNELI EITERT
HUBUBEOXEBLY R T 57-0TH%. (JDKD
EREDOAEE Java TEPNTV D)

IERTE, YIT7I5A4E-arvoRgeET
BF TV PELTY I -HEDA TV MR
Awviz, v =DK%/ - Fidint 74—V F% 2D
Y double 74— W% 220%%L, F/4F/—FA
DBEBR 208D LHCLi. /—FFTV=2 b
12094 X3 3254 Ve b,

ERTEEZ 12511 FTOVY) —HFEEDOLT
Vs b (3254 M b 65504 254 FET) oW
T, YIVT7FAXMTR ATV bEAEYNY
77 EHEALTTORME, FIUT A XATIE
AEYNRy 77HhbF TV 2y VEETT % E TOR
BZEEHIL, Zho 2 A5 LAEE LY 754 E—
YaviZBELERE L.

¥/, ERETTo-RBEBRIIVTIAIM, 7
V754 XBEDITE2DBY)THS. 02 )45
IBREREZERAO X T YRBEFFALEEIKDOVT
DHREERL T,

CPU UltraSPARC 168MHz x 14
Memory size 1.2 Gbytes
Operating System Solaris 2.6(SunOS 5.6)
Java IRIERR Sun JDK1.2.1

Production Release

k) 2: EBRRE

EERDFERIT T A AHT32/54 + 95992 /54 + £
TOF TV 2y MZOWTIEK 8, 2016 734 F 256
65504 54 FETOF TV 27 MZOWTIEK 9D
Il hof, W8, MIIKKBVWTIDK ZiERD
IDKDTHWVIT) AL %R T4 73— FTEEL



e
o

..

serialization time(ms)
o
[3,]

T T 17 ¥ -1 T T T

B TN NS ANNS T NS T N A/

0 500
object size(bytes)

g

B 8: MAELLEEEREER (1 X 3254 A5 992
NA R

L O O
o O o

n
o

serialization time(ms)
8

Py
o

o

object size(Kbytes)

B 9: MRELBEERER (1 X216 N1 P25
65504 734 1)

57D, Ours 3HADFEEOEESYZTHRLTWS.
28, K8IKBWTA T Vs b A4 XH 32,3
A L2404 FOBFBHETTYTI4E-V 3 T
EL7ZBHPBBOBEITL HREL hoTWDB, &
DEREITHATH 5.

EROBERLY, BRADFEOERIEEDOT NV
TYXLDEREIIERTIYTISAE-Y g VItE
TAHRHMEZH 12905 1T%EMT 5 2 L b ot

LI 5T, HkIZBEIC [7) T, Sun RPC %> CORBA [12]

2E, CERE*N—RLLAEZRMIKBYAF TV
TP YTIA¥—Ta L ICBLT, SIS ER BV
TERER L OMEERELHIRT 2 FErERL,
KOERELOHMBEREToTWA, ZOHERICLS
L, VUTIFAX¥-Y g LICET BRI 4T% D
b 6TRAMTE /.

£ DERER L BT 5 L R COEMHE (b 12%
PH17%) b E Y X AR, ThidEFEOER
BWT, A7V D74 -V FOBERE T
V2 DI IAEBLBERLEICHVTVS INI
BRERF =Ny FlhoTWnaEDLEELL

.

6 PBIEMZE

Manta [6] & RMI ICBLLAMBDORA 717
I—=FEAVWCEELZRMI, A7V b2y TS5
A¥—a y2ERL: Java BB THS. Lo
L2 DF ki Java AERME O W E S 2iFUER
57, FAMBORATF 4+ Ta—- FlokE LEKEL
T3,

Opyrchal [13] &%, 4 PERIEEORBIL%
ToZDilttL, A7V bOF A X2 BA S
BIEIEY VYT IAX - avieaHRLILFTo
o, ok, YITIAXENLEFT Vs MG
INB7 5 AFREHB T LTHIV22 b
FA4 X% 50%HR L 72,

Jaguar project [10] Ti%, ERBRICER LA
7V x 2 b (ZN% pre-serialized object L IE5) %
Java (RABHEM D b EEIRETE 5 X 5 (RSN %
PELZ, CRIZEYIYTIAE—Y a vBEDOE
BEZRIER TN TEE, LELIOFHE
13 Java REEHAE O VETLENSY, /2TEH
RAL OMEERVBEOETHITOIEOTHE
HO Java T 0T T L DETHELE T 5 WHHN




5.

Braux [14] 5 BBV LOFEE BT, Java D
reflection B{E (A 7V 27 bDITARB/ELRED
BlE) REIRGELL, EFRO 7 AEROBITE
BIRTAZLiCEoT, T V22 bDYYTSA
XIZBT HEER % # 20% 4 5 # 38%5HE L 7=,

WoDFHER, ETED S 5 AEROMT % 5K
LEDART, YYTIAXCBIB+T Vs VE
B, ROFELEDOLTEREREAL Tib
ns.,

FHFHZNLTVALZLEDLY, VU754
APROYBEDE D EADFELY bESOFE
DFFRECDIE, Fi PERBIEICBRT HET
B o ABHRBINOAEHIR L0 L, H5IE
VYT IAE -V a vy eHICBITLETES T AR
WEEHRL7-DTHA.

(A T

F4iE Java RMI BT BTV bV UT T
A¥—varg%HELIITIFEE LTENRLE
Vs FEERRELL.

BB LD FEEZHAVE LRIV AT Vs |
DEFBERT TV 27 P EXBEOX T RANE
BEBRTAILNFTREZYVA T V22 VOERE
BAOTRPERTHI LN TE. T8t
DEFICL ) EFTED 7 5 AFROBITEHRT 2
ZENTET,

BADRELIZFEOEREIEROT VT Y X 4
DEZELHRTINTIA Y- a VICET HRE
W 12%5 5 1TREM L. TRICE D Ee ORE
L7z FEOEMEI R TE .

FAELRLIYTIAY— 3 VIROKEDT:
OIZIFEINIIZE B L ==~y FEHIETAZ LD
VETHILI L bhol.

S

[1] Sun Microsystems, Inc: Jave Remote Method In-
vocation Specification. http://java.sun.com/.

[2] Sun Microsystems, Inc: Enterprise Java Beans
specification. http://java.sun.com/.

[3] Sun Microsystems, Inc.:

http://java.sun.com/.

Jini  specification.

[4] Sun Microsystems, Inc: Java Virtual Machine
Specification. http://java.sun.com/.

[6] Sun Microsystems, Inc: Java Object Serialization
Specification. http://java.sun.com/.

[6] Maassen, J., van Nieuwpoort, R., Veldema, R.,
Bal, H. E. and Plaat, A.: An efficient implementa-
tions of Java’s Remote Method Invocation, Proc.
of 7th ACM SIGPLAN Symposium on Principles
and Practice of Parallel Programming, pp. 173-182
(1999).

[7] Kono, K. and Masuda, T.: Efficient RMI : Dy-
namic Specialization of Object Serialization, Proc.
of IEEE 20th International Conference on Dis-
tributed Computing Systems, pp. 308-315 (2000).

(8] WEMET, REKT: 47 Yz FEFHLOBIME
12 & BEhEEY % RMI OEHR. H#FBD.

[9] Sun Microsystems, Inc: Java Native Interface
Specification. http://java.sun.com/.

[10] Welsh, M. and Culler, D.: Jaguar: En-
abling Efficient Communication and I/O in Java.
http://www.cs.berkeley.edu/ mdw/proj/jaguar/.

[11] IRISA / INRIA - University of Rennes:
Tempo specializer - o partial evaluator for C.
http://www.irisa.fr/compose/tempo/.

[12] Object Management Group: The Common Ob-
ject Request Broker Architecture Specification.
http://www.omg.org/.

Opyrchal, L. and Prakash, A.: Efficient object se-
rialization in Java, Proc. of IEEE 19th Interna-
tional Conference on Distributed Computing Sys-
tems Workshop, pp. 96-101 (1999).

Braux, M. and Noye, J.: Towards Partially
Evaluating Reflection in Java, Proc. of 2000
ACM SIGPLAN Workshop on Pertial Evalue-
tion and Semantics-Based Program Manipulation
(PEPM’00) (2000).

(13]

(14]



