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Efficient Object Serialization by Dynamic Specialization in RMI

KENJI KoNOt it and TAKASHI MASUDAT

This paper describes a novel approach to object serialization in remote method invocation
(RMI). Object serialization enables an object to be passed between heterogeneous platforms.
Efficient serialization is a primary concern in RMI because the conventional approaches incur
large runtime overheads. The approach described here specializes a serializing routine dy-
namically according to the receiver’s platform. The specialized routine converts the sender’s
in-memory representations of objects directly into the receiver’s in-memory representations.
The receiver can thus access the passed objects without any data copies and data conversions.
Experimental results show that our prototype implementation is 1.9-3.0 times faster than Sun
XDR, and the time needed for specializing a serializing routine is only 0.6 msec.
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Fig.2 Parameter-passing in RMI.
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Fig.3 System architecture.
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Fig.4 Example data type.
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Fig.5 Layout descriptions of strings.
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1: struct Account_1ld {

2: struct ref_ld person;

3: struct int_ld number, balance;
4: 3}

5

6: struct Person_1d {

7 struct string_ld name, address;
8: struct int_1ld age;

9}

10:

11: serialize_Account(char *buf,

12: class Account account,

13: struct Account_ld account_1d,
14: struct Person_ld person_1d)
15: {

16: serialize_ref_Person(buf,

17: account.person,

18: account_ld.person,
19: person_1d) ;

20: serialize_int (buf,

21: account.number,

22: account_1ld.number) ;
23: serialize_int (buf,

24: account.balance,

25: account_ld.balance) ;
26: }

06 00000000000000 Accountd O
Fig.6 Example of a generic serializer (for Account).
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1 serialize_int(char* buf,
2 int data, int_1ld 1d)
3 {
4: buf = align(buf, 1d.align);
5: if (is_same_endian(1ld.endian)
6: &% align_match(ld.align)){
7 /* sender and receiver
8: use the same layout */
9: *(int*)buf = data;
10: } else if(is_same(ld.endian)){
11: /* receiver uses the same ordering
12: but different alignment */
13: for(i = 0; i < ld.size; ++i){
14: buf[i] = ((charx*)&data) [i];
15: }
16: } else {
17: /* receiver uses
18: different ordering */
19: for(i = 0; i < ld.size; ++i){
20: buf [i]=((char*)&data) [1d.size-i-1];
21: }
22: }
23: buf += 1ld.size;
24: }

07 0000D0000000DO0OD integerd O
Fig.7 Example of a generic serializer (for integer).
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1: void serialize_int(char *buf, int data){
2: buf = align(buf, 4);

3: buf [0] = ((char*)&data)[3];

4: buf[1] = ((char*)&data)[2];

5: buf [2] = ((charx)&data) [1];

6: buf [3] = ((charx)&data) [0];

7 buf += 4;

8: }

08 0O0ODOODODODOODOOOD
An example of specialized code.

Fig. 8
gooooooooobooobbooooboboono
gboboobooboooo
3.4 00OOODOOOOO
goooooooooobbobobooooooo
godoooooooboooboooobooooono
0ooooooooobooooooooooooooo
0ooooooooooDooboooboboooo
00000DbOo0oOOooOoooOoooooooooono
JddodboOobOOo0obooOoobooOooooooo
goooodboobooobooooboobooog
gooboooobobooobobbooooooobo
gobooboobbobooboouoooooboboo
gooboobododooboobobboboboboooog
gdoo0obobo0ooooooobuoobboooono
opoooooooboooooo
go0ooooooobobobOooooobobobooo
Joodoo0D0oo0ooboooooboooooooo
JodbO0ooooooOoOoOoo0o0ooOooooobooa
0o0od0dbOoO0oOboOobOOoOoooboOoobooboooa
goboooboboboooobobuoooooobooa
gooooboboobooboobobobbbobbo
pooooooooobooooobooooobobo
gddddddoooooobooooooooooo
o000 obOo0oooboooooooooobobooo
Oo0oooooOoooboooobooooboobooa
0oo0o0oDoOoOoDOoooOoOoooboooooooao
goooooOobOoooooooboooooooaoa
Jodoooooooooooooooboooo
Jo0odob0O0obOoobDoooobooooooo
oo0ooooooUoooooooopoooo@o
oo0ooooOoooOooooooooo@)oooo
goobbooooooooboboboooooobo
JOododoboooobooooobbboboobbo
goboodbooobooobobobooooboog
OgodoooodbOooooooboboooooooon
goooboOoooobooooboooboooooo
J0oDO0oOD0ooO00oo0obO0ooOooooooobooooa
JooDOd0Do0O0o0OooobDOooooooooooon

goooooooo

Oct. 2000

goooooooooooooooouoboooooo
gboboobooooooboboobooooooo 20000
goobooooooooboooboooooobooo
oooobobooooooooooooooooooo
gboooooboliobooooooob 2000000
gooooobooooboobooboooooooo
goooooooboooooooobooobooo
3.6 0000000000000

gooobooooooobooooboobooboaon
gboooooooooooooooboooooooon
ooooooOooooooo c++000000o00
gboboooooooobobooooooooboooo
oboooooboooboooooboocooooon
gooooooooooooooboooooobooooon
goooooobooooboooOooooboobooDo
goooobooooooooobooboboooboooon
gooooboooooooboobboobooooboooboo
gboboboobodbododdooooooooooooooon
j2000000000oo0boooo0ooooon
goooobooooooooobboooooboood
goooad

4. 0 g

41 00OO0OO

00000000000000(1) SunO XDRO
000O0™0oO00000000000 000XDRI(2)
000000000000000000000000
000000000nedSM(3)0 000000000
000000000Ds0O0 300000000000
0000000000000 000D000000O00
000000000000 000000000000
0000000000 UltraSparcd 200 MHzO O O
00000O0Solaris 2510 0000000000000
0000000000 UltraSparclDd 300 MHzOO O
00000Solaris 26 0000 00000000000
00D0000000000000000 PentiumIT
0 400MHzOO DO 00000 FreeBSD-2.2.7 0 000
000000000000 00000000 Ultra-
SparcllD 300 MHzOO O 0 0 000 Solaris2.6 0 0 O
00000000000 0PentiumlII O UltraSparcll
00000000000000000D00000C00
0000000000000 00000000000
000000000000000000000000
00000000000000000 100MbpsOO
000000000000000000000000
00 TCP/IPOOODOO



Vol. 41 No. 10

time (msec)

16384 |- bk
57344 |-
65536

| | |
0 o o
© © o
~ @ -
N S o
» F =

object size (bytes)

(a) 000000

o0ooooo0ooooo0ooooooooo RMIOOO

time (msec)

2923

—o6— XDR

-
.-

o T
N
=
=)

16384 |- NX
57344 |
65536

| |
© o o
© ©
~ o —
N S @
» T

S 24576 |

size (bytes)

o
s3
g
@
<

(b)y0DODOOD

09 0OO00O0OO0OOOOOOOOO
Fig.9 Time spent in serialization and deserialization.
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comparisons with XDR).

4.2 0O0O0O0OO0O0O

booooooooooboooboooobooboobooo
gboooooooOoocooobooooobooOooooooo
goooooooooooooobooooobobo
goooobooooooooboooboobobooo
goooooooooooboboboooooooboo
goooooobOooboobboOooooooooo
O4000000600000C00000000COO
od20000000000000000000 gece
googooo 2r20000000o00cboooooa
goboooo-o20000O

43 0 0O0OO

goobOooooOOoOoODOOobDOoOooOOOooOOn
OO000OnoDdsO DSO XpROOOOOOOOOO
O00OneDSOOOOOO XorROOOCOOO0DOODO
oboooooooooboobbobOooooooooDo

goooooooooooboooboboobooooo
dobOO0COOneDdsOOO0OOOODSOOOODOOOO
gbOooooooooooboooooobooooon
gboooooooooooooooboobooooboooo
gl1o00 xrRO0O00O0O00O0O0DOOOOODOOOGOOOO
OO000O0OnedsO00D00OO0OOOODO 200000
goooDbo13000000000000000
gbooodbopsdbOOoOoOobOOoOos3.ouooooan
goo1l19b0b0o0o0ooboooooooooood
100 RMIOOOOOOODOOODOOOCOO000
goootodbodouoobobooob1ro0oooooooo
gooooobooo 1noooboooooobooooo
obobo000000000000O0neDbsO OO DS
gbooooooooOoobooon0o xsrO00000
gbooooooooooooboboooooboboo
g03400000000000000000DO0OO



2924

goooooooo

Oct. 2000

w
S

B comunication
B deserialize

B scrialize

~
&
T

- — o
=) @ S

elapsed time (msec)

2

0

XDR noDS DS

(a) Homogeneous server and client

011
Fig. 11

gboobooboooooobooooobooboooboooo
dboooooooooooboO0b000OnobpsO XDRO
oooobooooocoooOOoOoo0o0O0o0000 Onobs
gboooooooooooooboooooooboooan
gooooooooooobooobooooobbobOoo
O0000OneDsOODOOOODSOOODODODOO
gdopsOboboobOOOOOOOODOOOOODOOO
goooboooooobooboobbobooboobodoa
goboooboooobooboooooag

5. 0 O0Q0ad

000000000000 D000006) 0000
000000000Birrell 0O network object 0
006 00000000000 DODOD Onetwork
object 100000000 DOO0O0ODOOOOODOOO
00000000000 0000000000000
000000000000000000000000
000000000000000000 100000
010002000000010000000000
000000000000 0000000000000
0000 1000000 1000000000000
ooooooon

UsCc?¥opooon0o0onon 200000000
00000000ovusCcO0O0ooooooooog
000000000000 D000D000000O0O0D
000000000000000Sum RPCOOOO
0000000000000000000000000
000000000000000000000000
000000000000000000000000

Flick®0000000000000000000
000 IDLOOO0O00OO0OO0O0O0D000000000
0000000000000 IDLODD0O0O0OOO0O0
FlickDOODOODOOOOOOOOOOOOOOOO
00000 IDLO000O0ODO0O00 0000000
000000000000 0000D0O0000o0O0no

[l communication
B deserialize

W serialize

~
S
T

=

>

elapsed time (msec)

2

0

XDR noDS DS

(b) Heterogeneous server and client

RMIOOOOOOOOOOOOO
Breakdown of time spent in one round-trip RMI.

gooooooooboooboobooOoboooobobooobooooo
gboobooboooobooooooooobog

USCO FlickOOOOOOO0OO0ODOO0O0O0D0DDO
goOooobOoooooobOoOooooOoooobooon
gooooooooooooooooooooboooDo
gooooooooooboooooobooooooo
gboooooooooooooooooo

0010000000 SunO XDROOOOOO
gooooboooooooboooooooboooon
gooboooobooooocoooooobooooboo
gooobooobooooobobooooooooooo
gooooooooooooobooooDbobo 2000
oo 2000000o0o000b000b000

6. 0 0O 0O

ooooboooooooooobooboooooo
gooooooooboboooobobooooboooooan
ooboodoboodoooooooooooobooon
gbooooooooobboooooooooobooo
gboooooooooooobobooobooooooo
gooobobool1goooobool1oobooooboobooo
gooboooooooooooboooooooooon
0o0oo0O0o0oo000oo0oo0oo00O0OSund
XbROOOOOOOOOO 13000 3.000000
ooo0oobooooooobbooOogon 0.6msec
ooooooo

O000oo0o0oooo0o00o0oooooono co
o00oooooocooooboO0n TempoOOOOD
goobooooooooooooooboobooooo
gbobooobooooooooboobooooooobooo
gooboooodoooooooooooooboooon
ooooobooooOoobooooooooooo
ooad



Vol. 41 No. 10

o oo o

1) Birrell, A., Nelson, G., Owicki, S. and
Wobber, E.: Network Objects, Software Prac-
tice and Ezxpericence, Vol.25, No.S4, pp.87-103
(1995).

2) Chappell, D.: Active X and OLE, Microsoft
Press (1996).

3) Consel, C. and Noel, F.: A general approach
for runtime specialization and its application
to C, Proc. ACM Symposium on Principles of
Programming Languages, pp.145-156 (1996).

4) da Silva, M.M., Atokinson, M. and Black,
A.P.: Semantics for Parameter Passing in a
Type-Complete Persistent RPC, Proc. IEEE
16th Int. Conf. on Distributed Computing Sys-
tems, pp.411-418 (1996).

5) Eide, E., Frei, K., Ford, B., Lepreau, J. and
Lindstrom, G.: Flick: A Flexible, Optimizing
IDL Compiler, Proc. ACM Conf. on Program-
ming Language Design and Implementations,
pp.44-56, ACM (1997).

6) Herlihy, M. and Liskov, B.: A Value Transmis-
sion Method for Abstract Data Types, ACM
Trans. Programming Languages and Systems,
Vol.4, No.4, pp.527-551 (1982).

7) IRISA/INRIA: Tempo Specializer. available
from http://www.irisa.fr/compose/tempo/.

8) Java Soft: Method  Invo-
cation Specification (1997). available from
http://www.javasoft.com/.

9) Li, L., Forin, A., Hunt, G. and Wang, Y.-M.:
High-Performance Distributed Objects over a
System Area Network, Technical Report MSR-
TR-98-68, Microsoft Research, Microsoft Cor-
poration (1998).

10) Muller, G., Marlet, R., Pu, C. and Goel,
A.: Fast, Optimized Sun RPC Using Auto-
matic Program Specialization, Proc. IEEE 18th
Int. Conf. on Distributed Computing Systems,
pp.240-249 (1998).

11) Object Management Group: The Comon Ob-

Java Remote

o0ooooo0ooooo0ooooooooo RMIOOO 2925

ject Request Broker: Architecture and specifi-
cation, 2.0ed., Technical Report, Object Man-
agement Group (1995).

12) O’Malley, S., Proebsting, T. and Montz,
A.B.: USC: A Universal Stub Compiler, Proc.
ACM Conference on Communications Archi-
tectures, Protocols, and Applications (SIG-
COMM), pp.295-306 (1994).

13) Queinnec, C.: Marshaling/unmarshaling as a
compilation/interpretation process, Technical
Report, Research Report LIP6,/1998/049, LIP6
(1998).

14) Sun Microsystems Inc: External Data Rep-
resentation Standard: Protocol Specification
(1990).

(00120 1027000)
(00120 90 7000)

o0 ooooooon

97000019970 000000
gooooooooooooooon
goooboooboboooobozo000

'}K&?{Mﬁ 1000000000000000
il ", <

oooooooo19990 10000
gbooooooboooooo 2100000040
gobooboooboooboooobooooooooo
gbooooooooboooboooooooooon
boooooooo nnoooooooooooogoo

o0 ooooooo
193900019630 00000O0
obooboooooooies 0dn
N\ - gbooooooooooooooo
\—‘/ gboobooooorr000ogn
‘ - . go0o19880 300000000
gopbz2o000400000000000000000
gbooooooooooooobooo




