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O ABSTRACT 0O

Jgroup presents a Group Communication System that integrates the Java RMI
distributed object model with Object Group, and provides several important features that
make it suitable for developing modern networked applications.

This research adds new feature into Jgroup, which is the ability to deal with
database based on Object Relational Mapping (ORM) tools, where many current Internet
applications require storing data in database and retrieving them later through lookup
operations.

Hibernate and EclipseLink are popular and open source ORM tools, so we present a
method integrating database with Jgroup based on these tools, as we compare between the
performance of Jgroup integrated with Hibernate and the performance of Jgroup integrated
with EclipseLink for different types of queries. The results show that Jgroup/EclipseLink
outperforms Jgroup/Hibernate, and the delay time required to perform query with
EclipseLink may decrease to the half compared with Hibernate.

This paper proposes a new design to add Data Persistence service to Jgroup; by
inserting this service as a layer into Group Manager which is connected to each replica in
Jgroup object group.
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(5) S PA e Wghain Ayl G s3] Ge zppaill o dasylall dgaldll mun g S
public interface HExternal extends ExternalGMIListener {
public String listStudents( ) throws RemoteException;

Aghed #)RY ) (e g paally HEXxternal 4ol 4galgh 15 Jill

bl e 385l 4 2y o35 cHibernateServer aiad) 358 LS iy cdualal) dgalgll et 2y
-l 32e B ae Jelaill Jgroup axia & Hibernate alasiul lgd 2 Al

1- private static SessionFactory factory;
2- try{
3- factory = new Configuration().configure().buildSessionFactory();

Adal) adan Gl ad o3l (s JOTOUP adda 368 (e £ia 16 JSA)

(= SessionFactory (e ¢ liy 4 glhaall i) Lghg de ganal) joa o gas 2y p23dl) o8
Glilyll 32l ae Jelall Zalal) vie (6)JSEN (e 3 hull A xiage s WS Configuration slacy) (e
Aaphll elediul A (e duda i 2 ¢ G aal U8 (e daaladl Zgaldll Gk saa) elediul axy @lly
lis pom Ly 22y (7)) IS (50 3 landl 3 LS clinse Do) 4ilal) giias (5 4a3lill OpenSessiony()
Anycast Lall (e Ll e 48l oda e

1- @Anycast public String listStudents( )

throws RemoteException {
2- StringBuilder str = new StringBuilder('Results: ");
3- Session session = factory.openSession();

.User g Manager J& cya belesic) (Say illy cadial) (aia listStudents() i hal) gadas 49S @ 7l

¢a2iall (it degena (e 33smpal) Clariall paea e Shaws addStudent()  daglal il
Aag ) (3t 36 Cpe eya (8 )Jil mia s -Multicast 2axiall Gl Jad (e (y5S5 s Sl
bl saclE ) 2aa COls Sl AilaY Lhle il it Manager  aall maw s addStudent()
Multicast Jaaill (e Ll o il Cum (g Agykall puity pawilly Cadall 35k (dat 2y
@Multicast public Integer addStudent(String fname, String Iname, int age)

throws RemoteException {

Session session = factory.openSession();

.addStudent() 4& k) 368 (1 £3a :8JSal

358 Gaian ) JEY) sy )il dgalll e gie mead) Fhhll g g adiad) 35S Baial any
Alny addStudent() k) adle vl 14 (45 4k ¢al 9JSAN <lng Cua ((Manager caall)
90l o 4 shaudl LS bl 5aclE Jpan ) alla Jas
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1- DependableRegistry registry = RegistryFactory.getRegistry();
2- String[] bindings = registry.list();

3- HExternal server =(HExternal)registry.lookup('Jgroup/HibernateServer');

4- server.addStudent(“Fname”,”Lname”, 19);

L4 Gillh 4Ly addStudent() 46kl Adlesia) 48 ¢l Manager 368 ¢ shal 19 Jeil)

G e Manager caall lglie 58 @ills (User caall) axaiuall 358 LU 5 5,891 5hall iy
38 e el (100 ) JSE alagy Apm)all Ggalsl) o 3k alleSinls axial) (aje de gena ae alliall
JistStudents() dsylall Alle xiul A4S (i User caall

1- DependableRegistry registry = RegistryFactory.getRegistry();
2- String[] bindings = registry.list();
3- HExternal server=(HExternal)registry.lookup

("Jgroup/HibernateServer");

4- String S = server.listStudents);

listStudents 44, hall Asle sin) 488 iags User ciuall 358 (1 shal 110 i)
bl sasld Jaan b A Ol cdlaw aran o Jsuaall
Cus (e Hibernate 1 4dglis 43k, Eclipselink e alae¥L Jgroup  aw clily sacl8 e oy

Persistencr.xml Gl ¢ L) callais Wil V) cdaa Al dgal ) oo zarailly il 385 andall 38 Gian
.hibernate.cfg.xml Caldl ;e Yoy

:Jgroup J) cilibad) algs desd 48l 758 - 4

lpaany e Alisiiall Apal 58V s YT (e Ao sane (30 JOrOUP 8 sl Gl #3505 (30
0o Ae sene Apalyil Uil A1 OS G . 11 JSAH 3 clnge s WS Jlai) 4Ses DA e (andl
Jany .C sl pahe Y Aiae dend 2330 Lghlan aadd) (el paen (3055 (S deddll jeu) (li2Y)
Ae gend) Ayl Slele il PIA (e (2 al) Glesens W35 Al Glaadll e o3

A et Ak JS i (ligda 33e (ge Cilgal) (GM ) desanall jiae (1350 ae adiie dad JS Laiis
java ) JPA adixi culily alse dead ddla) ) 1208 8 ol sal) Canasill Cargy .Jgroup Jd e a3
024 p2AN0 LAe sanall jae Gliih ae Bauaa Alda A lealy) PA (e Jgroup ) (persistence API
Juaiy) e 50l cladiall paen Ayeal A53aill AL e genl) dygne dadd (ga IS (UL ol5) daal
Al de gend) dipla ¢ ledind daxds (lilall 320l e Lglhaall cilleall Ui Coga g lgaany g
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o A Cagan day i) deld e G Al Apedl Alal) e Zaad Y ALY ol () aa Jelil
Ly S

cmis||sms i ps i

PGMS

GM: Group Manager.
SMS: State Merging Service.
GMIS: Group Method Invocation ’

= ~ = N G NI e 7
Seprigesyy @000 090909090 0 02000 EETmEEOTR SR S
PGMS: Partitionable Group
Membership Service.
S: Server, C: Client. ®

PS: Persistence Service.
Gmi: Group method invocation.

Ao garall pida cligh ) @bl algs dead ddLa) :11 Jedl
Agh o L Ae ganall e liss (358 —blall plga Ak saal) Akl alag 48K 12 JSEN mla g
iy cardall Jidis die lgardind Al Glidall jies e DUL 32c 8 ae Je lill dalal) vie bl o)y Ada
(pasisd) 5 aall) dexdll (5l e sl callall e ol

| Management Interface ‘ ___________

| User Interface | ___________

Persistence Service i
| Entity Manager Factory || Entity Transaction | Database

|EntityManagerI | Query H Persistence |
| SMS l | PGMS I | GMIS SMS: State Merging Service. .
GMIS: Group Method Invocation
Service.

PGMS: Partitionable Group
Membership Service.

L) alga Al AbL) ay Ao ganall e ddy 112 JSa

s A saill e Jgroup das A1 meuas shapaadl diall dila) (e oSl Jla b

S Yseas Ll alss Ak Legd Loy Ay glhaall culiadal) Aigh L (a23a Jp) Adaail) g die-
A ()l dgalsll pam Gkl gaaY elexinl) AN e il 2y )5 2ie (Entity Manager Factory
L) 520 we casllaall Jelail) (38a5 e Yssua iy Entity Manager ¢ L)

todieals DA e i) apenaill iy HUnil) we Jelail) ir

sl duantll Gllee sla) e plaill e dgaldl o2a .S« :Management Interface 5ylaY) dgalse
Laaill (e de sanall Ayl ¢ le i) deaad (Multicast) sdaiall Eull cNY alasin) DA e @lldy bl s2c
.Jgroup & (EGMI) =~ )
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L)l &8 Bl e @Dt (peddiuall Agalsll 028 maudi tUser Interface axiiwdl dgalye
L) sacld b i

:AdBlially galill

shaY AUl (Ll L) bl o) maa s i Cus 130 JKEN DA (e 43)aal 8 g (e
aals JOrOUP axie 4 dgas ae ¢Adliae cDlelea Jal o (SELECT) Sl

40.6 413 415 45
40
35
253 >0
208 206 25 =
16.7 20 ‘g’.
133 15 g
10
5
c
between operator greater than greater than where clause
operator operator with

Type of operator

M Jgroup/Hibernate Jgroup/EclipseLink

Allis cBlales aa select Maiud) Jal s Jgroup/Hibernate ¢1af as Jgroup/EclipseLink glaf 4;aa : 13 sl

(o ) Bila) Ol dga e Slaial) 3l 2 Rl ey Al (13 )JSa (e Laadg
e 40.6ms ) 20.6ms e Jiiy Cus (Hibernate  aladin) vie zgaage dlays (... between Jalaal)
Aad o cabila) cOlladl 038 35as: Jgroup/Eclipselink st ol (s 8 .between  Jaled) 35a;
(8 JS5 20ms

oo <ll3y Hibernate  ae dasad) Jgroup ¢lal e Eclipselink as dssadl Jgroup 1ol (3ig
bl iy 38 ¢ Datal) 8 CDlalae dgng e Lla GlD edays aiaidl select cildlaiul g gl Caline Jaf
aadiul xe greater than  Jaleall pa select  Slaiud shal 23U il o) of L) deagill 5 1)
= Hibernate alasiu) yie auds Sl ehal oD bl e cacal (0 Jil Jgroup s EclipseLink
.Jgroup

ool ladl) bl sacl ) Jaas Alea) sl U (55 Ll sl ey 14 JS80 els
gosd 230 5 ae €l g ¢ Joatl AU Ll 05 15 JSA ey a3 (@ddStudent 4yl
Al Laally Taie Javsgial) 32 55 e e Dlatiad JS 3 G cp234l)
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Gl saeld U‘" S AdLs) d%‘ Cma a.blla

300
250
200
“w
E
150 2
&
100
50
0
SR 4R 3R 2R iR
=#=Jgroup/Hibernate 2415 136.3 126.1 96.7 193
={=Jgroup/EclipseLink| 168.1 113 105.6 841 147
L) Sasl Jaan ) Jaw Adlda) dgles Jal e 45jla 114 g2
3 < 0
> - ~ -
) da) Euaat Jal e 40 jl8a
» - ~
400

1 350
\ 300
250 2

E
\ 200 g
N

— 150 &

5R
=$=Jgroup/Hibernate | 348.9 | 1389 | 1053 | 102.7 24
~f=Jgroup/EclipseLink| 1613 | 109.1 | 102.6 826 15

e duaat Alae Jab o i 115 Jo

I3 sy cgmil) 230 5 e Jaes aaads ALY w1 Sl () 45 SN DA (e i
e O A8 @bl el Al e Llial) et ally multicast Laaill 8 48 6 gall Y5 0 Ludml
i Uil (e Laa saalgiall axiall feus

e A3)ae g8l sl ey Jgroup/EclipseLink Alaaiuly Jas Cuaaly Ail) dglee llas
2 348.9 ms Oe Jaas Caail U il ey (mlassl 15 0K e LadlcJgroup/Hibernate
.Jgroup/EclipseLink & 161.3 ms ) Jgroup/Hibernate

e Jgroup ¢l e @3 Eclipselink  as Jgroup 1l o oy A8 o) DA ogm
Aalide O alas ga i) ldainal ¢ Jpants ddlia) 330idl) L) g 15l gaen 3 clld; Hibernate
e ldels 8 Jgroup as Lealaain) Jladdll 31y s Eclipselink a3 A . (select with operators)
RERE RS
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3cl e aye 3e )i A0 e .(Caching) ddaw sl 3,813 sy Lealaaiul Eclipselink 2llad g
e o LS cclilyll sl ) 136 2 liss Y (find dlead) OMA (he) A 0 el (6 ¢ I5Y) 5yall il
3acld ) = ololl e 2ae 5 ye N e s Laa (re—fetched) Cila sale) Gl ¥ Query Daiuy)
J< 33l 028 Eclipselink 44 sexi o) gl & .Cache (e dgllaall Glilyll Je Jgeanldly litll
. EhCashe of Hazelcast Jis daiaia sl ) dilaall a2 (38 of Hibernate 3 (<4 ¢ iaa

Remote ) RMI ¢lal o d3)ladll DA (e cJgroup o cilibd) se)ef )5 540l il sl
& «Hibernate e slaic¥l clily 520l aa Jatije Jadd 2aly andal lgaladin) vie (Method Invocation
cui . Leaf Hibernate e alaie Y cilily 520 43 po Jafipe Lgie S ¢ildie 5 35a5 Jgroup ¢l
Sl 230 2l e lldg A cDlandl ol alain listStudents i) s Al b 4l
P T IVE RCE

140

120 —

Delay
(ms)

M Jgroup/Hibernate
N RMI/Hibernate

1 2 3 4 5
Number of Clients

.l a3 3055 aa Hibernate as daasal) RMI ¢4 aa Hibernate aa daasal) Jgroup ¢l 45l :16 s

O IS b el ¢l e a5 e Jad OS85l ey a5 (16 ) IS G Jaady v/
.RMI/Hibernate 5 Jgroup/Hibernate

.Jgroup/Hibernate = RMI/Hibernate G385 dadd aaly (1) J (e DY) 2is e v
Gleleviu) dallad Jgroup 3 ddla) clish dgadl @l 3gay . (Jgroup 2 55ms Luw RMI & 30ms)
(i) s3)sl) (3l

et il 2,00 Tylas .RMI/Hibernate 1= Jgroup/Hibernate +1af G (il 22 alsi ga V'
e ganall Adpyla eledin) Aaad o8 Y Cus Anycast gl e o)Al Ae geaal) A8ha s lexin) 3 Jgroup
22ia Y sy JS Aumsiy asli b tusllae pDlaind IS e Aadl i padd) Lasls Jgroup 8 das )l
Slexia G deall D3jlsa e oLy oo Agsllae Slatid Libee S ga cldy (il desans (o Ciliss
-(Jgroup alasinly bkl acl@ )<s 325 La ) yu) ldaiul) Mes Ao ju (o iy pasrd) Ao sane
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: Gluagilly clalitiuy)

e Alaid) a3 sk e ae by Les il Lamay ol ae lgaed 3 Alle 45550 Jgroup as .
Baaa Ll a3

21l (e ey LS cdendll Ay 8l5 salyy 8 Jgroup e bl sacld (e 8wt e o L) ably b
LA e e 2ae dgag aa @lldg Ay glaall lSaind anlaia) 8 aUaill

aedgroup  aladnnl 3y Sall bl aeld e Juaailly 2lay) cilblee oY 23U el Wl LC
Ol Gaat) Agllaall A gisall S ig 5 2 ) D 3gm cpadall fasi 230 25 ae ORM cilpal (50
Sl gl (g bl JalS5 Bty Uil

«Hibernate  alaiin) (e Juadl lily 3ac 8 &= leawal Jgroup s Eclipselink alasiul s, .d
.EclipselLink asasiul sie Ayslaall cldlaindl gyl dlaiul gay ol oY

e il sacl ey Sadll e tCiadl 3 (mpal) Allie ol e ol el sl 5 Le
OIS 1)) L laals cye s (Java Data Object) JDO 5 OpendPA  Jie (g al ol aladinly Jgroup
.EclipseLink ;s ddld i<t JGroup s <lsl) s saa) alasiul

el (e patie Aas U8 ae Jaipall Ae sanall e clisha ) bl algo Ak dla) o
£l Baand) Laadl) ae ducaiall elal (G A3)Ra)) ST ARl 030 Adla) (ge oSadl) Jla Ay A el dlE)
call 13a 5 Sl oSl Lgaladind e daaidl

a2 Al AKall clinlaill (e I A JGroup ae ilily sl ges dilee (4o 3alEY) (K4 .
& -(Bookshops ) cusgi) je (i€l s AK€ ecilill) el e Slelis (allatig Ll ) ddgige cilard
Jsmanlls 3yisiall (i) apan oo o3 ULl 3ac 8 (e Dl ALY Sy Gadaill 138 Jalye (g0 Ay
Loy s B i€ Aila) ) Lo Aage (8 Gaadail) ohyae zling LS il o3a saaly et cileglea o
Ngie and o 2ny @l g 4ke 88 giall Geastl) 2ae Joand Jie oSl anf Bl Joanil dalal) ) 28Ul all
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