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ABSTRACT

Application and system development using Common Object Request Broker Architecture and Java
provides robustness, flexibility, and reusability. IDL design is a key of CORBA performance to be
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level mechanism) u1Aun Remote Procedure Calls (RPC) lm‘éﬁﬂ?ﬁ{iﬂ msﬁﬂmaﬁmﬁu
dnuuzlszAnammamauveunaluladinguuunsznefiniunives Gokale, A. uag
Schmidt, D.C. Tud) a.a1. 1996 uag 1998 lalfSouhsunisiiauseninnalanisandeszau

amm:ﬂa"Lﬂmsﬁmia?;amsﬁ’auﬁanaNuum?aﬂiwﬂ:nm%"anmuﬁ'ﬂymz%gaﬁuyu
#2'11 1 short, char, long, double Ly Tﬂuﬂﬁzxﬁuﬂ?mm’fagaﬁﬁa"lﬁ'ﬁianﬁwﬁwnm
(throughput) 1S susuAUYUIANISd150390YA (buffering) Y09 C++ socket wrapper 1Y
CORBA #awmsfmuaunamissdisesdoya (buffer size) daust 1 Alalud, 2 ATalud, 4
fla'lug, 8 Ala'lud, 16 Ala'lud, 32 Ala'lud, 64 Ala'lud uas 128 Ala'lud dmsudedeya
vu1n 64 wang'lud mwnwd 3.1 oz 3.2 waasSuadeyait ldifeusunsfmuaiin

' o & g s a a o o w
”u’JUﬁ‘ﬁBQ{;ﬂy‘aﬂlﬂﬂ C++ U2 Orbix “]Nﬂju CORBA ORB V]Naﬂiﬂﬂniﬁ'ﬂ IONA suaInuy



16

VA ' o = a Jd o 9 A va < 4
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9
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C++ version performance

shart —o—
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double ~e—
char =e—
oclel ——w
50 struct e
a0 b 5
8. ..............
v.E_._l;‘
<
3 40k 4
=)
3
E
20 F 4
0

0 20 40 60 D 100 120 140
Sendar Buffer size in KBytes

2NN 3.1 UAAIANNAINITONM INNTUYDY CH++

ORBIX version performance

short ~e—
en leng —-— -
double -e—
char -s—
CClel wtee
6o SUUCE =
8_
J:;j ——M
E
2 40 ¢ -
o)
2
E =
20 F .
0

60 en 100 120 140

0 20 40
Sandar Buffer size in KByles
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Fududnvuzdoyaiindresunsdeinadoyariuszuuiniodis laverdunisees
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wiwanuidiseslumsdedoyad 32 Alalud mwnisAneidedu uazgluounsSonld
ama’fﬂgamaa Satoshi Hirano Yoshiji Yasu iag Hirotaka Igarashi 143 a.e1. 1996 1ife
= <3 o 1 && c:,
1WSoufoun1391191U5EN 19 C socket Java socket 1taz CORBA ORB dalunisnaneaiild

Visibroker ¥84U3EM Visigenic $11a

¢ v
3.2 gunsamazammnadonflylumnaney
msibsziivdseansnwmsihemveana Tuladaguuunszavesyimsnaaeusy
4 1 4y o & q 9 Y o o
szuuInIevIwRnemsanus lumsiszuiana e liaeandosdunmsiiuvesssuy
@ LY o o 4 ' a e g ' v
aldluilegliu dutuluFendensuiiunesiiinnus1gar1min3 8410 100Mbps Ethernet
wa & a sdq s o dy
Tasauauiaveunsesneununes Ny lunrsnagoviine
1) nioadsvines

- IASBINDUNUNDS Pentiumll 350MHz MUWATMSINAD 128 MB

5$1J1Jﬂﬁﬁaﬂ‘lﬁ Windows NT Server 4.0

Visibroker for Java 3.3 111n3843i9#3 11)5Un51 ORB v83vS1iM Visigenic

n3osiiofiudnen Ing (complier) AmsumsdouTdsunsudronuiein
f1® Just In Time complier (JIT) 1w Visual Café 3.1 Enterprise Edition YDIUTEN
Symentec

2) n5edlamoudt

t

(A50IAONNUNDY Pentiumll 350MHz MUIWANUIINAN 64 MB

b :uuﬂﬁﬁ’ﬁms Windows NT Workstation

o 4 P a e
Visibroker for Java 3.3 111uin399iio%3i 151n 31 ORB 489031 Visigenic

A A A @ o N o s =) Y ’
wseadioNitlumneyIng (complier) dmiumsi@oulusunsudronuinm

A Just In Time complier (JIT) T Visual Café 3.1 Enterprise Edition ¥99U58%
Symentec
a A Y
3) STULNTDVIY 100Mbps Ethernet 15ouaoa2e 113 lanea TCP/IP
¥y v v
TumsnaaevldusnmisaasdsTsunsunisSonlFouBuwnsesnsuineinld

Julaaeuiuaz lusunsuildusns Buwasoudinines 1aold Just In Time 1.1x
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o o P 9 Y o = et
complier 499 Symentec d1v5uneN Ind lsunsuA@oudlsniyinm udnhmadSoudion

o 1

i ldlumsdeeyauvufiazdidnusszninldsunsuiiilu orRB Aunalnaisdoms
| v A A < o ¥ a g <2 o
ITAVANDUY 1¥U Java socket 1130 C socket mm%1m1]uaﬂymzﬂmuvawﬂawﬂaaﬂugﬂuun
t o Y d a ' o o o a
msdadeyanaly unzfannuilFlunsdedeyalwadeyalusivesyadrfuveriia
° 4 =1 o v
i’fay,mm'u octet sequence ATUNTIINIHUAVDY IDL Falsouldnunsaa byte array Y9408

Java tine C

3.3 wamsnaaeylszdnsan
3.3.1 wanaaeumsastoyaluziues byte array
A~ a v S L ' ° P o
welimsisonldau vunvesersisendelilddmuavnsn Tusunsusieu Java
Q'l o A a
socket 19War4un1311199M¥04 BufferedOutputStream class 11 DataOutputStream class 343}
dnvazadioiumsieuves CORBA uazdmuaviaiildseeiudeya (butfer size) 32 KB

¥
C socket TUYNAMMUANMININMUTUALINY Java ualloudodo0113 TaoiimsSuesdiay

v o wa
Yoya lavdn Iuln
10
o - B —H
8 e —&— C Socket
P
— 7 —»
§ 6 N - Java Socket
g -2l
2 4 2 —a&— Visibroker
c 3 A &
g & e
5\
S
0 . . : . . .
1 2 4 8 16 32 64 128 256
Array Size in KB

M 3.3 uaasdasanusilumsdedoyaniivuiauandiaiy

Tugu 3.3 uaasdawanmsnageumsiinuanisnisfinarauudd wud C socket
< i J 1 o ar 4
Tganus lunsdadeyaneudragaaui@oaiuiy Java socket TatinAoyszana 9.4 MB/sec.
aHo g .y . S o A dava 1w a
Tuvazidananuiilunmisdedoyaves Visibroker W1 FedlAiuidrsnnuisives
1 9 3 Q‘ é’ ol 1 o ~ Ll o 1
¥oanumsdemsiinunludasuniig fu Usz@niamues CORBA 1enudingi low-
. . ¥ Y 4 4 o
level communication middleware  IW51zABIIFIAURVIUTUMIUYAIgYVDSOYAIN

presentation layer LazNsAADONYBYA
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3.3.2 HANATPUMFAIVDLYALVY octet stream MelfiamwuIndenyss CORBA
a PRy 1 .. - o
msiaanudaii 1 lumsdadoyauny octet stream 494 Visibroker MiiuTsunsu
[ o ' ia o <t o
ORB-compliant 1Jumsnaceumsiinulasninsinvesmsdsdeyaniidnuuslndifvaiy
: 7y ' A A et ot v @ dqy &
msaeIdadeyadmszyuniei iwenfSouifsuvinavesdoyaiunaild Falsingwa

o P [~ ~ [y 1 d| o t oo
AI3197 1 Times iluszoznaniildlumsivdadoyn uaz Rae iWudasimsdeadoyaiiia’ld

°

1) ‘é 1 .
AV UINUIULIN IWUH‘I‘U‘HM‘UEN Octet Stream w1s¢’1’30 Times (Rate = Octetstream + Times)

4
=t T J ! A o

[ 1 W a 4 [~ [l 4
wysasimsdedoyalimsiiviiueiaitvd ey Tagszminyuiuasunuiovuradoya

e
LWN‘UU Uamu’mﬂmuawﬁ'mmmwu nm‘w“l‘mmumﬂw TﬂUUﬁ’J‘HﬂL‘WN‘UuiuﬂTSLSUﬂ

£
aanmﬂmma"ﬂsa GNuwaTﬂumamﬂmu'Jwauamwmumuwunu

M31N 3.1 6A5INSAIVDYAUUL octet sequence

Octetstream Times Rate
(KB) (msec) (KB/msec)
1 0.711 1.406
256 0.661 387.272
512 0.601 851.913
1024 0.681 1572.964
2048 0.811 2525.277
4096 32 3618.374
8192 1.442 5680.998
16384 2.333 7022.717
32768 5.01 6540.519
65536 7.91 8285.208
131072 15.83 8279.975
262144 31.34 8364.518
524288 68.30 7676.252
1048576 136.2 7698.796

3.4 Yedeninanal)szd@nsnMued CORBA (CORBA Performance Issues)
nansageuiinadhaduiaznsinulusenuuLLeWWAINFUAI CORBA
U093 Slama, D., Garbis, J., Russel, P (1999) 1ag Brose, G., Vogel, A., and Duddy, K (2001) #1
Tnswinmseenuuueeuinddionn  IDL  vesnesutiuiinasenuaunsoluns
WaveewnAInFu CORBA IDL fideuedia hifiyluvuannsaldannemnsaly
Msivesssuuuazi limsvosvinavesssuuiiull1dondas msesnuuy CORBA

IDL Interface UANANIINATOBAUUY interface dm3ugivuFeiaquuutninningegfiy
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(CORBA IDL Design Techniques)
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UszuIanana1useal (N-tier architecture) 8819 CORBA ADINITHIDINIIIANIIAIY
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4.1 HUBHAUAINTID (Iterator Pattern)
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1 P ] 1 1 a 4 o a
Teglugdwoufivzduinuniedrs Bumesidsvesdudiniunisi@ou IDL W2
v a S v - 4 o '
UsznoudulewesistuiiivaloesisFuiAuafe getProductitems FafMuanITaIAU

¥y o o a 9/ PH A & Y = 9
Joyaluglyadiduvesdum awiuaaslunmi 4.1 e lnawunidesmsiSongdoya

= o

= - o dy v o y 4 .
’duﬁﬁ SUATSUIUMATIININIUAIUAINT 4.2 AU mimmim%'mmdﬂﬂﬂamu‘n (client

' o Y

b4 ]
proxy) zdamisumdesveriuldeglugtuivumnasguudadad swb iedediiosve

[ v a0 v ad o °
Aana12 114 Product Catalog Servant iognsHludsvlnesissutanamudidoae lav

a

» bed
doynhdandurzeyluziues sequence of Productitems fariuniniinisiSungdeyadudn

9

o a a ! ¢ ad s i
n VIUIU %zuﬂ15%%05311'nﬂﬂmaummzmsﬂnai n+l A3

module productcatalog
{
struct Productitem {
int productID;
string  productName;
float  productPrice;
}'.
typedef sequence<Productltem> ProductltemList;
interface ProductCatalog {
ProductitemList getProductltems(in string group,
in string category, in string status)
raises (SomeRemoteException);
}_.
)i

PN 4.1 §796729 IDL dmsusmuaooudnaaua

1119 MANNIT lterator Pattern 171915 v1l59m1518ou IDL szdvafimsdimua
Y

jUuvy IDL Iamnsanisdeyavuna Ingjesnifludmdes Wmugandudmindgnld

e

b-

v v
Aadoya Taotmuadumesiayod i1 WugIu (base iterator interface) #9353

ﬂ:

’
=4

y
NOANT TUVDIAIIG135202 1na (remote iterator) A0 IDL 119 iterator TUAIWA 4.3

14
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a 4 4 a o [

UsznoudiuBumesine Baselterator 1A BaseListlterator 1Wal#d198admiudwidn

~ 1 - [~/ u ' e Y a &R o o oy
202 1n0du 15U Productiterator Tuai 4.4 1lud10d19 IDL Mfinsdredadadaning
ay @ sl Y [} o o
Wug1ululuga ProductCatalog Taswadnsinldvindszuianaszgndenduiiu
Productlterator unufioziuyAuna ProductltemList 110111 TWannaoluTusunsums
o ad o o o 13 -
HugsWines Productlterator nu‘nm‘nnﬂmﬁnuau%’ay’amzieuﬁ'w Productlterator 9%

2 4 o a 4 o a § '
Us1ngiuiiieilinisiTun1dWendu getProductitems(...)  doyahegnivlusziueyiu

o ga o o 7
HadWs A 1Anindumt wenvniidadesdautasileddu getbroductitems(...) 1uluga
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1 o ¢ a g o 1
ProductCatalog 1¥dafiUHAANTAIUN158198990UINA Productlterator LNUMTAIYAVD

Productsltem
Client Application
Invoke
request »<  Ok? Throw Exception [——pHandie
exception
Prepare data
for use » Use data

CORBA
Remote Service

Product Catalog
Servant

®  Sequence of productitems

4

ORB

mwﬁ 4.2 AITVIUMINIATIIU NS ﬁﬁ 9390 (Standard Procedure to Handle Requests)

module iterator
{
interface Baselterator {
boolean hasNext(') raises (SomeRemoteException);
short count( ) raises (SomeRemoteException);
}’.
interface BaselListlterator {
boolean hasPrevious( ) raises (SomeRemoteException);
short previousIndex( ) raises (SomeRemoteException);
boolean hasNext() raises (SomeRemoteException);
short nextIndex( ) raises (SomeRemoteException);
short count( ) raises (SomeRemoteException);
},.
o

NN 4.3 LAAIRIDEINITIVOU Base Iterator 14 IDL
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module producicatalog
{
struct Productltem {
int productID;
string  productName;
Sfloat productPrice;

§r

typedef sequence<Productltem> ProductitemList;

interface Productlterator : iterator :: BaseListlterator {
Productltemnext( ) raises (SomeRemoteException);
ProductitemList nextBlock(in short size ) raises (SomeRemoteException);
Productltemprevious() raises (SomeRemoteException);
ProductltemList previousBlock (in short size ) raises (SomeRemoteException);

5

interface ProductCatalog {
Productlterator getProductltems(in string group,
in string category, in string status)
raises (SomeRemoteException);

} s

B
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4.2 ﬁaszyaamﬁnﬁﬁﬁfmm (Secondary Object Identifier)
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FufinséreBasumesiauss Stock fioglu StockWatch.idl idefimsisungdoyaiuly
wanzade vxfinsGenldaiuusen 2 wrea Ao getStock() #1814 Portfolio 11z
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Y
¥

/7 IDL : StockWatch Example
module StockWatch {

// Basic type definitions

typedef string Date;

typedef float Money;

typedef string Symbol;

typedef sequence<Symbol> SymbolSeq;

// Exceptions

exception rejected { string m_reason; };

// Structs

struct Pricelnfo {
Money m_price;
Date m_when;

X

typedef sequence<Pricelnfo> PricelnfoSeq;

/ Interfaces

interface Stock {
Symbol getSymbol();
string getdescription() raises(rejected);
Money getCurrentPrice() raises(rejected);
PricelnfoSeq getRecentPrices () raises (rejected);

x

interface StockWatch {

SymbolSeq getsymbols () raises (rejected);

Stock getStockBySymbol (in Symbol asymbol) raises (rejected);
X
)

AN 4.6 IDL Interface 9494 StockWatch
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// CORBA IDL
module Portfolio {
#include <StockWatch.idl>
interface Holding;
typedef sequence<Holding> HoldingSeq;
interface Portfolio {
Money getCurrentValue ( );
HoldingSeq getHoldings ( );
k
interface Holding {
unsigned long getNumberOfShares ( );
Stock getStock (),
};
}'.

2N 4.7 1DL Interface Y84 Portfolio

: 4
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o - @ £ 2 ]
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«

module Portfolio {

#include <StockWatch.idl>

interface Holding;

interface Portfolio {

Money getCurrentValue ( );
SymbolSeq getsymbols ( };

Holding getHoldingBySymbol (in Symbol asymbol);
|5
interface Holding {

unsigned long getNumberOfShares ( );

Stock getStock ();

——

}
MNN 4.8 IDL N secondary object identifier Y93 Portfolio
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4.3 MInNavadaya (Data Size Blocking)
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DONLUY IDL IﬂEJ‘VI')"hJ umimﬁuﬂiﬂsaaswamagalmuu struct INDIAUNUTUAVDYDD

o = J v o ar UK
138701 U (struct  <struct_name>) taziilotdosisFudmSuden struct 49017 (

o o

returnType(); ) HAZNINH 4.10 (¥) warnIn1sidon Fast IDL lolinsiruaalssydiay

a o [ ar g do w 4 o v
a9 UM AIMUA (data_type)Seq  LHudIszYRRUINAMIGUADY iNeTangudeya
1 @ ol = @ 2 . o o P
struct Lmazmsﬂu‘mmmnu (sequence<struct_name> ) Fah Itaasumfosvediag
‘oA

] ' 4 4 o 1
gnaenIdszuunieninld Welonlosissu reunType) 92a9AUAT (data_type)Seq

UNY struct_name Tunmn 4.10 n)

module <module_name> { module <module_name> {
struct <struct_name> { struct <struct_name> {
(date_type) DataTypeNamel; (date_type) DataTypeNamel;
(date_type) DataTypeName2; (date_type) DataTypeName2;
|5 K
typedef sequence<(struct_name)>
interface <interface identifier> { (data_type)Seq;

(struct_name) returnType();
interface <interface_identifier> {

. (data_type)Seq returnType();
3

()
()
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d et y14819891u IDL #11891nde 4.4.1 IDL Inssslidnyuzanmng 4.12 Tay

o a Jd o Y 9 a =y
fmyadumes o nsy Tterator 197 TUiuAY

module iterator {
interface Baselterator {
boolean next_N();
short count( );
void destroy( );
¥
IR

' Y
NN 4.11 IDL UDIUVUUNUAINRG (Base Iterator)

#include “iterator.idl”
module <module_name> {

struct [struct_name] {
(date_type) DataTypeNamel;
(date_type) DataTypeName?2;

b
typedef sequence<(data_type)> (data_type)Seq;

interface <interface_identifier>Iterator : iterator {
boolean next_N(in unsigned long how_many,
out (data_type)Seq the_list);

b

interface <interface_identifier> {
<interface_identifier>Iterator returnType();

|5
2N 4.12 ﬂﬁﬂi:gﬂéﬂ‘l’i’ Iterator Pattern 118 Secondary Object Identifier 1% Fast IDL
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ABSTRACT

Distributed Object Technologies (DOTs) was
becoming common and widely in the software
development. Application and system development
using Common Object Request Broker Architecture
and Java provides robustness, flexibility, and
reusability. So the performance of CORBA I1IOP
implementation is crucial in high-performance
network computing systems. This paper aims at
studying and evaluating the object communication
mechanism in CORBA environment in order to
analyze the object operations compared with the
conventional network communication programming,
find the key sources for reducing the overhead of
communications and improving the communications
performance.

Keywords: Distributed Object Technology, Common
Object Request Broker (CORBA), Java

1. INTRODUCTION

Distributed client/server computing is becoming
common in software development and application
with the increasing popularity of the Internet, the
Web in the near future. There are various ways in
which applications can interact in a distributed,
networked computing environment. Examples are
low-level sockets, remote procedure calls, CORBA,
Java RMI, and some others. Any such mechanism
must support interaction between applications
running on various operating systems and hardware
architectures, and developed wusing different
languages. This is becoming even more important
with the increasing popularity of the Internet and the
Web. Common Object Request Broker Architecture
(CORBA) defines the object request broker (ORB), a
standard mechanism, which provides and handles the
communication between objects on clients and
servers. It includes making information describing

ICMIT 2000
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the objects in a system and their interfaces available
to any objects in the system without regard to
operating platforms and host locations. CORBA
automates common network programming tasks; for
examples object location, object activation, parameter
marshalling/demarshalling,  framing, and error
handling. Also CORBA provides the basis of
defining higher layer distributed services, such as
naming, events, replication, transactions, and
security.

However, the primary drawback of using CORBA
ORB as-the higher-level communication middleware
is the performance of data transferring reduction
compared with conventional network programming
techniques as C\C++ socket, including the lower
throughput because of conventional CORBA ORBs
incur significant overhead when delivered large data
rates to application. The earlier works pinpointed that
some key sources of overhead are from data
presentation layer data conversion and data copying.
So this paper aims at studying the object
communication mechanism in CORBA environment
in order to conceive their operations and evaluate its
performance in data transfer and the throughput of
CORBA ORBs.

2. OVERVIEW OF CORBA

The Common Object Request Broker Architecture, or
CORBA is a multi-vendor standard for the distributed
object framework, developed by a consortium 700+
companies called the Object Management Group
(OMG). It is a set of specifications for providing
interoperability and portability to distributed object-
oriented applications. CORBA ORB:s allow clients to
invoke operations on distributed -objects without
concern for object location, programming language,
Operation platform, communication protocols, and
hardware equipment. The CORBA core provides
basic functions such as remote object connection and
remote method call, while the CORBA services and
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remote method call, while the CORBA services and
facilities arrange extended functions. CORBA
services provide the low-level functionality needed
by,objects such as persistence, naming and directory
services, transaction services, and so on, while
CORBA facilities provide a high-level framework
that can be used by applications to invoke user-ievel
facilities such as compound document management,
help facilities, and system administration.

The core of CORBA architecture is the Object
Réquest Broker (ORB) that acts as the object bus
over which objects transparently interact with other
objects located locally or remotely. The CORBA 2.0
specificationr particularizes a protocol for the
communication between a client and an object server
running on ORBs provided by the same or different
vendors. The General Inter-ORB Protocol (GIOP)
specifies transfer syntax and a standard set of
message formats for ORB interoperation. It is simple
and scalable, and is designed for implementation on
any reliable, connection-oriented protocol such as
TCP/IP. The Internet Inter-ORB Protocol (IIOP)
specifies how GIOP is implemented over TCP/IP.
The CORBA architecture composes the primary
components shown in Figure 1. The responsibility of
each component in CORBA is described below [2]:

operation() Objects

(Servant)

Client

| ¢in args N

‘ } [ [a]8 l ORB ( IDL ’ W
Dii Stub Interface Skeleton <
® : : I Object

\\ Adapter
(G \3
A\

Figure I Components in the CORBA Reference Model

ORB CORE)

o Servant: This component implements the
operations defined by an OMG Interface Definition
Language (IDL) interface and uses object-oriented
programming languages like C++ and Java. A servant
is identified by its object reference, which identifies
the servant in a server process.

e Client: The program entity invokes an operation
on the servants. Accessing the services of a remote
object should be transparent to the caller.

¢ ORB Core: When a client invokes an operation
on the servant, the ORB Core is responsible for
delivering the request to the servant and returning a
response, if any, to the client. For remote servants
executing, a CORBA-compliant ORB Core
communicates via the GIOP and IIOP, which runs
over the TCP transport protocol.

* ORB Interface: An ORB is a logical component
that may be implemented in various ways. To
decouple applications from implementation details,
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the CORBA specification defines an abstract
interface for ORB. This ORB interface provides
standard operations that convert object references t
strings and vice versa.

e CORBA IDL stubs and skeletons: CORBA IDL
stubs and skeletons serve as the “glue” between the
client and server applications and ORB. Stubs
provide the static invocation interface (SII) that
marshals application data into a common packet-level
representation and demarshal the representation back
into typed data to an application.

¢ Dynamic Invocation Interface (DII): The DII
allows a client access the request transport
mechanisms provided by the ORB at run time. It
serves as a generic interface that does not require
stubs.

® Dynamic Skeleton Interface (DSI): DSI binds
incoming method calls for such object that do not
have IDL-based compiled skeletons at run time. The
DSI is the server equivalent of a DIL. It can receive
either static or dynamic client invocations.

* Object Adaptor (OA): Object Adapter provides
the core run-time functionality required by servers. It
is on top of the ORB's communication services and
accepts requests for service on behalf of the server's
objects. It demultiplexes incoming requests to the
servant and dispatches the appropriate operation
apical on that servant.

In the following sections, Figure 2 illustrates the
overall architecture of CORBA, which divided into
the primary three layers [6]. The top layer is the basic
programming architecture, which is visible to the
developers or the clients and object server programs.
The middle layer is the remoting architecture, which
transparently makes the interface pointers or object
references meaningful across different processes. The
bottom layer is the wire protocol architecture, which
further extends the remoting architecture to work
across different machines or platforms.

At the top layer, the basic programming architecture,
the client and the server programs communicate as if
they reside in the same location. A server object can
be activated and obtain its object reference by using
bind() operation. ORB starts a server that contains
that object and then the server initializes all supported
objects. Server will registers all objects with Basic

Client Server

Basic

programming

TCP socket

Client machi;

Server machine

Figure 2 The overall architecture layers of CORBA
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Object Adapter (BOA) to tell ORB that it is ready to
accept client requests.

The middle layer consists of the infrastructure
necessary for providing the client and the server with
the illusion that they are in the same address space.
To send data across different address spaces requires
a process called marshaling and unmarshaling.
Marshaling packs a method call's parameters (at a
client’s space) or return values (at a server’s space) in
the Common Data Representation (CDR) format
before putting it into a standard format for
transmission. Unmarshaling, the reverse operation
unpacks the standard format to an appropriate data
presentation in the address space of a receiving
process.

The bottom layer specifies the wire protocol for
supporting the client and the server running on
different machines. When the client-side ORB gets a
request, it consults a locator file to choose a machine
supported and sends the request to the server-side
ORB via TCP/IP. The server is started by the server-
side ORB, the object is instantiated and BOA creates
a socket endpoint. For clients talking the IIOP
protocol, the server generates an Interoperable Object

Reference (IOR) that contains a machine name, a

TCP/IP port number, and the object reference. The
BOA registers the object reference with the ORB and
the object reference is returned to the client side to
establish a socket connection to the server. The
request is sent to the target server through the
established socket connection. The target skeleton is
identified by the object reference ID. After invoking
the actual method on the server object, the skeleton
marshals the return values and sends them via IIOP
throughout TCP/IP port number.

3. PERFORMANCE EVALUATION

This experiment has focused on measuring the
throughput and round-trip times of data transferring
of widely CORBA ORB product, Visigenic’s
Visibroker 3.3. Although there are many CORBA
products, Visibroker is one of the most popular. To
evaluate CORBA in likely be the common
environment  for  high-performance  network
computing, the client program was run on a separate
server computer. All PCs were connected via 100
Mbps Ethernet. The environment was as follows:
¢ CPU: 2 Pentium I1 350 MHz computers with
128 MB memory for server and 64 MB for
client
e OS: Windows NT Workstation 4.0 SP 4
¢ Network: 100 Mbps and TCP/IP
e Java VM: Symantec’s Visual Café 3.1
e Java Compiler: Symantec’s JIT 1.1.x
» Visigenic's VisiBroker for Java 3.3 (Java-
implemented CORBA IIOP)
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This testbed mention some observations about the
ease of writing programs using CORBA but it is
difficult to express ease-of-use in value.

3.1 The Testbed Environment Setting

This section describes the CORBA testbed and out
outlines the experimental methods. To compare the
times used to pass data, byte stream data between
hosts is compared between several implementations
of CORBA and other lower-level mechanisms like
sockets. Byte stream data is representative of
applications like bulk file transfer. However, byte
stream array does not test the overhead of
presentation layer conversions because untyped data
is not necessary to be marshaled or demarshalled. So
to test how fast does an ORB transfer data; data
acquisition systems require high bandwidth of data
transfer. The uses of typed data like octet in sequence
is representative of file transferring. In addition,
measuring typed data transfer reveals the overhead of
presentation layer conversions and data copying for
the communication middleware mechanisms used.

3.2 Experimental Results

For the evaluation of data transfer, there is used a
method that take a byte array as arguments. The size
of array is undefined at the compile time. The Java
Socket version used the DataOutputStream class with
the BufferedOutputStream class to act like CORBA.
The buffer size was 32 KB. The C socket version is
equivalent to the Java socket version, but written in

MB/sec
10

—— C Socket

8
; P .

Java Socket

Visibroker

0 v v T v v v T —

] 2 4 8 16 32 64 128 256
Array Size in KB

Figure 3 Byte in array

C. It does byte reordering for the network byte order.

Figure 3 shows the results of byte array transfers
respectively. The horizontal axis indicates the size of
an array to be transferred to a remote method in KB.
The vertical axis is the bandwidth of transfer in
MB/sec. For byte array transfer, C Socket showed
very high data transfer rate and the performance of
Java Socket is similar too. Their average was at near
9.4 MB/sec. In contrast, the data transfer rates of
Visibroker was low. These findings illustrate that as
channel speeds increase, the performance of the
CORBA implementations become worse relative to
that achieved by low-level communication
middleware since the overhead of presentation layer
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conversions and data copying become increasingly
dominant.

When evaluated the performance of only Visibroker,
the data transfer rate of octet stream like file
transferring is shown in Table 1.

Table 1: Data transfer rate of Octet stream.

Octetstream Times Rate
(KB) (msec) (KB/msec)
] 1 0.711 1.406
256 0.661 387.272
"512 0.601 851.913
1024 0.681 1572.964
2048 0.811 2525.277
4096 1.132 3618.374
8192 1.442 5680.998
16384 2.333 7022.717
32768 5.01 6540.519
65536 7.91 8285.208
131072 15.83 8279.975
622144 31.34 8364.518
524288 68.30 7676.252
1048576 136.2 7698.796

The data transfer rate is increasingly significant.
When increasing the data size, it is added in double of
round-trip times. It shows that unless a large number
of complex data is passed, the constant overhead of
an invocation overshadows the impact of data sizes.
Hence, it is imperative to eliminate this overhead so
that CORBA can be used effectively to build flexible
and reliable middleware capable of delivering very
high data rates to applications.

4. CONCLUSIONS

Although CORBA is good for distributed object
computing, especially to allow many request
invocations in the same communication path. From
the evaluation above, CORBA is much slower than
conventional network programming techniques
because of data handling specific; for examples,
parameter marshalling prepares data for transfer
between the client and server. Moreover, parameters
must be copied between multiple layers of transfer.
The CORBA implementation performed worse when
sending large and complex data because of excessive
copying and marshalling/demarshalling overhead and
write resulting from small size write-buffers. The
results in this paper indicate that the efficient
optimization need to be applied to the CORBA client-
side stubs and server-side skeletons to reduce the
marshalling, data copying, and overhead. Including
the buffer management that is very important for
high-performance network computing. In byte
transfer test, the cost for data copying degraded the
bandwidth largely for CORBA. The further study is
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to improve the integrating techniques and tools that

simplify  application  development,  optimize
application performance, and measure application
processes in order to pinpoint and alleviate

performance bottlenecks.

REFERENCES

(1] A. Gokhale and D.C. Schmidt, “Measuring the
Performance of Communication Middleware on
High-Speed Networks,” presented at the IEEE
Conference on Proc. SIGCOMM '96, Stanford,
Calif,, Aug. 1996.

[2] A. Gokhale and D.C. Schmidt, ‘Measuring and
Optimizing CORBA Latency and Scalability Over
High-Speed Networks’, IEEE Transactions on
Computers, April 1998, p.391-413.

[3] J. L. Rosenberger, Teach Yourself CORBA in
14 days. Indiana: Sam Publishing, 1998.

[4] MLC Systeme GmbH and Distributed Systems
Research Group, “CORBA Comparison Project -
Final Project Report,” Online.
http://www .kav.cas.cz/~buble/corba/comp/. June
17, 1998.

[5] Orbix Research at United Kingdom. “Performance
Improvements in CORBA Applications,” Online.
http://www cse.bufTalo.eduw/pub/WWW/dobs/proj
ects/poster/index.html. March 3,1999.

[6] P. Emerald Chung ET all, “DCOM and CORBA
Side by Side, Step by Step, and Layer by Layer,”
Online.
hitp:#/www.cs. wustl.edw/~schmidi'submit/Paper.h
tml, September 30, 1999.

[7] R. Orfali and D. Harkey, Client/Server
Programming with JAVA and CORBA, John
Wiley & Sons, Inc., 1997.

(8] Satoshi Hirano, Yoshiji Yasu and Hirotaka
Igarashi, “Performance Evaluation of Popular
Distributed Object Technologies for Java,”
Online, December 15, 1999.

0-7803-6652-2/2000/$10.00
©2000 IEEE



&
¥e - ana
U d‘ =
Juning
da
AOIUNINA

FAMSAN

sz IRveY

wnaein yasIng
18 WOAINIUU 2519

PN IANTUNNUNIUAS
AR tiuma (..
M1INeINTAONRIAADT
urINgaLNAA

o O « =
FusNsfny 2540

53





