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1 Intr oduction

This reportpresentghe progressnadein workpackage3 (WP3) of the PEPITO projectduring the
first year
Thereportis organizedasfollows. In sectionl.1 we statethe objectives of workpackage3. In

section1.2 we briefly presentthe motivations of the work donein this workpackage. Section2
summarizesvhat hasbeenachieved so far in this workpackage.ln section3 we presenthe tasks
plannedfor the secondyear of actiity. Section4 summarizeghe organizationalchangeswhich
influencethe work progressin section5, we highlight the connectiondbetweenvorkpackage3 and
the otherworkpackagesf the PEPITO project.

1.1 Objectives

The goal of workpackage3 (WP3) is to integrate peerto-peer (P2P) abilities into Oz and JavA.
Thedistributedmiddlevareinfrastructures provided by thedistribution system(D SS) developedin
workpackagel (WP4).

This documentfocus on the implementatiorof an applicationprogrammingnterface (API) be-
tweenthe Java virtual machine(Java VM) andthe DSS.

We expectthe JavA API to provide the samefunctionalityasthe C++ API definedin the DSS.

Investigationson the following topicsarerequiredto achieve theabove objectives.

1. Distribution Subsysten{DSS).

2. JavaNative Interface(JNI).

1.2 Motivationsand Vision

In workpackage3 we implementa JAvA API for the DSS called JDSS. For the realizationof the
JDSS we usethe JAvA native interface(JNI) [6] technologyfrom SunMicrosystems.

1.2.1 DSS

All languages/systenthat fulfill the requirementslefinedfor the DSS [1] - theseareconcurrenyg,
referencesecurity datastructuring distinctionbetweerstatelessindstatefuldatastructuresandauto-
maticmemorymanagemerntcanbe extendedwith transparendlistribution by couplingthe systemo
the DSS. For exampleprogramminganguagesuchasJava, C#, Oz, Erlang,Camlcanin principle
usethe DSS.

TheDSS interfaceprovidesroutinesfor globalization memorymanagementuffering, marshal-
ing, I/0 andconnecityity.

1.2.2 JDSS

At thistime an Oz bindingto the DSS exists. We wouldlik e to provide thecapabilitiesof theDSS in
aprogrammindanguageavhichis in wide use.Dueto its prominencén webservicesanddistributed
computingJavA is a promisingplatformto make the servicesof the DSS widely available.
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1.3 Developmentenvironment

Our developmentervironmentfor this projectis RedHat Linux 8.0 andthe following development
toolsareusedto developthe JDSS software:

- SunJ2SEl1.4.1
- GNU C++compiler2.96
- GNUmake 3.79.1

The JavAa platformis a programmingervironmentconsistingof the Java virtual machine(Java
VM) andthe Java Application Programmingdnterface(Java API). As a partof the JAvA VM imple-
mentationthe NI [5] is atwo-wayinterfacethatallows Java applicationgo invoke natve codeand
vice versa.The developercanthustake advantageof the Java platform, but still utilize codewritten
in otherlanguages.

1.3.1 JNI

The main designgoalsof the INI are binary compatibility amongdifferentJava VM implementa-
tions, efficiencyto supportime-criticalcodeandfunctionalcompletenesw® enablenative methodgo
accomplishusefultasks.

The NI exposeghe Jara VM implementatiordetailsto the native codein four ways:

- By providing opaquereferencedo JAVA objects,therebyhiding objectimplementatiorfrom
native code.

- By placingafunctiontablebetweernthe JAva VM andnative codeandrequiringall accesof
Java VM datato occurthroughthesefunctions.

- By defining a setof native typesto provide uniform mappingof Java typesinto platform-
specifictypes.

- By providing flexibility to the Java VM vendorasto how objectmemoryis handledin cases
wherethe userexpectscontinuousmemory

By usingthe JNI aJava application(or library) riskslosingtwo benefitsof the Java platform.

- Java applicationsthat dependon the INI canno longerreadily run on multiple hosterviron-
ments. Indeedonly the part of the applicationwritten in Java is portable,the rest mustbe
recompiledfor eachnew hostervironment.

- While the Java programmingdanguagds type-safeandsecure native languagesuchasC or
C++arenot. As aresult,extra careis requiredwhenwriting applicationsusingthe JNI asa
misbehaing native methodcancorruptthe entireapplication.

A generalrule whenusingthe NI is to architectthe applicationsso that natve methodsare
definedin asfew classesspossible.This entailsa cleanerisolationbetweemative codeandtherest
of theapplication.

The calling corventiondeterminesow a native functionreceivesargumentsandreturnsresults.
The JNI requiresthe native methodsto be written in a specifiedstandardcalling corventionon a
given hostervironment. For example,the JNI follows the C calling corventionon UNIX andthe
stdcal | corventionin theWin32 environment.
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Errorsmadein JNI programmingaredifferentfrom exceptionghatoccurin the JavaVM imple-
mentation.The NI functionsdo not checkfor programmingerrors.Passingllegal agumentgo JNI
functionsresultsin undefinedoehaior.

Finally the JNI doesnot rely on exceptionhandlingmechanismsn native programminglan-
guagessthereis nostandaranechanisntommonlysupported Thus,JNI programmerareexpected
to checkfor andhandleexceptionsaftereachoperationthatcanpotentiallythrov anexception. It is
extremelyimportantto check,handle,andcleara pendingexceptionbeforecalling ary subsequent
JNI functions.CallingmostJNI functionswith a pendingexceptionleadsto undefinedesults.



PEPITO, DeliverableNo: D3.8 IST-2001-33234 26thJune2003

2 Curr ent Achievements

In this sectionwe briefly presenthe systemarchitectureof the JDSS andits implementationFinally
we outline someproblemsencounteredofarin the developmentof the software.

2.1 SystemAr chitecture

The JDSS softwareis organizedn layers.A layeredarchitecturds designedasa hierarchyof client-
sener processethatminimizesinteractionbetweenayers.Eachlayeractsasa clientfor themodule
above it andactsasasener for themodulebelow it.

UserApplication UserdefinedGlue
JDSS Default Glue
JDSS DSSGlue

DSS

As illustratedin theabove diagramthe softwarearchitecturds dividedinto threelayers:

- Theapplicationlayer. Userapplicationswrittenin JAvA anduserdefinedglue codebelongto
this layer.

- Theinterfacelayer. The JDSS itself is organizedin two layerscodedrespecttely in C++and
Java. Concretelythe JDSS interfaceis composedf the JavA library (j dss. j ar ) andthe
native library (I i bJDSS. so). Making both ervironmentwork togetherrepresentshe main
technicalchallengeof this workpackage.

- Themiddlevare layer. The DSS (I i bDSS. so) providestransparentistribution to the host
environment. This servicelayerhidesthe detailsandheterogeneityf the underlyingplatform.

2.2 JDSS Implementation

All Java sourcesof the JDSS arecontainedin the JAvA packagg dss. In this reportwe present
only the definitionsof the JDSS neededor understandinghe basicimplementatiormechanisms.

2.2.1 DSS.java

The JavA classDSS constituteshe centralpartof the JDSS andprovidesthe main functionality of
the DSS API. While all Java methodsin classDSS aredeclaredst at i ¢, we defineexportedand
importedmethoddifferently:

- Exportedmethodsare declaredasnative methodsandthey useJNI to call the corresponding
DSS methodsn the DSS. Themethodcr eat eEMJ( ) is givenhereasanexample.

- Importedmethodssimplyredirectthecall to theactualadapteclass(theclassvy DSSAdapt er
is usedhereasdefault map). di sposeSi t eRepr esent ati ve() is givenhereasanex-
ampleof animportedmethod.
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Hereis anoutline of the definition of this class.
public final class D8Sinpl enents DSSEUNS {
private stati c DBSVAP nap = new M/DSSAdapt er() {};
public static voi d addnap(DSSMAP nap) {

Debug. trace("{j dss. D83 _addnag') ;
0SS map = nap;

}

THETTTIE T eeaRTSHTTTTTTT LT ]
/* Qobalization used when creating a distributed entity */

public static native Proxyl nterface creat eBM{CM Nane cm
Prot ocol Nane pn, Access_Architecture aa RCal g GC annot) ;

/] nore ...

LHLEHTEEEEEE T A NMPARTS T T
public static voi d di sposeS t eRepresent at i vg( DssReadBuf f er buf,
Sdte Address addr) {

nap. di sposeS t eRepresent at i ve(buf, addr);
}

/] nore ...
LTI EETTT ON specific stuffs //TTTTTTTTTTTTTTTTT

privatestatic nativevoidinitlDy);

static {
Syst eml oadlLi brary("JDSS') ;
initlDy);

}

2.2.2 DSSMAPjava

TheJava interfaceDSSMAP. j ava defineghefunctionalityto be provided by the hostenvironment
for couplingthe systemto the DSS.

publ i c i nterface DEIVAP ext ends DESEuNns {
public Ste Address unnar shal SteRepresent at i vg(DssReadBuf fer buf, Ste Nange nang);
publ i ¢ voi d di sposeS t eRepresent at i ve(DssReadBuf f er buf, Ste Address addr);
publ i ¢ Pst 1 nGont ai ner I nt er f ace cr eat ePst | nGont ai ner() ;
publ i ¢ Pst 1 nGont ai ner I nt er f ace | oopBackQut 2I n(Pst Qut Gont ai ner | nt er f ace pst Qut) ;
publicvoid @ error(Sring nsg;
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publ i c void G__warni ng(Sring nsg);
publ i ¢ voi d dssDebugl nterfacg 0SS AREA area int param;

2.2.3 DSSEnums.java

The Java interface DSSEnuns. j ava containsall enumeratiorobjectscorrespondingo the C++
enumerationtypesdeclaredn theincludefile dss_enum hh of the DSS.

publ i c interface DESEuNs {

publ i c Abs(p AO NO QP = new AbsQ() ;
publ i c Absp AOGD B ND = new AbsQ() ;
public Abs(p AOGDB ND VAR = newAbsQ() ;
publ i ¢ Abs(p A0 GD READ VALLE = new AbsQ( ) ;
public Absp AOSTATEVRTE = new AbsQX) ;
publ i c Abs(p AO STATE READ = new AbsQ() ;
publ i c Abs( AO STATE LK = newAbsQ) ;
publ i ¢ Abs(p AO STATE UNLAXK = new AbsQ() ;

publ i ¢ Abs(p AO STATE EXTRACT = new AbsQ( ) ;
/] many nore. .

2.2.4 DSS.cc

Thenative methodi ni t | Ds is calledduringtheinitalizationof the classDSS andis responsibldor
initializing JNI specificdatasandmappings.

JN BXPCRT j obj ect JN CALL Java j dss_[BS creat eBMU
(JNEnw *eny, jclass cls jobject cm jobject pn jobject aa jobject GCannot) {
[CBS TRAH "createBMJ cal | ed') ;
I/ nore ...
Proxyl nterface *val = createBM{(QVNam® cmval, (Protocol Nang pn val,
(Access_Architecture aa val, (RGalg GCannot_val);

j class cl azz1l = env>H ndQ ass(NAME _Proxy) ; /1 class Proxy inpl enents Proxyl nterface
j net hodl Dmid = env->Get Met hodl O{cl azz1, "< nit>", "(J)V');

C8S ASSERI(mid = NULD);

return env>Newj ect(cl azzl, md (jlong val); // returnresult as Java (yj ect

}

/] nore ...

JN BEXPCRT voi d JN CALL Java jdss D5S initI D{JN Ew *eny, jclass cls) {
CBS TRAH"initl Ds cal l ed');

const jcl ass cl azz = env>H ndQ ass(NAME DSSEhung) ;
CBS ASSRI(cl azz ' = NLD) ;

i ni tDecl s(eny, clazz);

i ni t Mps(env, cl azz);
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Whenthe Java VM startsup, it constructsa list of directoriesthatwill be usedto locatenative
librariesfor applicationclasses.The contentsof the list are dependentiponthe hostervironment
andthe VM implementation. For example,in the Win32 ervironment,the list of directoriescon-
sistsof the Windows systemdirectories the currentworking directory andthe entriesin the PATH
ernvironmentvariable. Under Solarisor Linux the list of directoriesconsistsof the entriesin the
LD LI BRARY_PATH environmentvariable.

2.2.5 DSSmaps.cc

TheDSS middlewvareexpectssomefunctionalityto beprovidedby thehostervironment. Thebinding
of theimportedJava methodswith their correspondindd SS methodsoccursin methodi ni t Maps.

voi d i ni t Mps(JN Env *env, jclasscls) {
CEIVAPS TRACH "i ni t Maps,_(enter)");

Q error =@ errorlnpl;
QG warning = @ warni ngl npl;

unnar shal S teRepresent at i ve = unnar shal St eRepresent at i vel npl;
di sposeS t eRepresent ati ve = di sposeS t eRepresent at i vel npl ;

DBSVAPS TRACK i ni t Mips_(1 eave) ") ;

For a betterunterstandingf the mechanisnwe alsogive heretheimplementatiorof the method
di sposeSi t eRepr esentati vel npl .

voi d di sposeS t eRepresent ati vel npl (DssReadBUf f er* buf, Ste_ Address* addr) {
CESWAPS TRACH "di sposeS teRepresent ati ve cal | ed') ;

JN Env *env = JNJ Get BW() ;
jclass cl azz = env->H ndd ass(NAME B9 ;
const char* sig = "(Lj dss/DssReadBuf fer; Ljdss/Ste Address;)V.";

jrethodl Dmid = env->Get S ati cMet hodl el azz, "di sposeS teRepresentati ve', sig);
jobject obj =env->CGl | Sati cyj ect Mthod cl azz, nmid);

2.3 Javaexample

Inorderto illustratethe useof the JDSS we presentherea simple JAvA applicationadaptedrom a

testexampleprovided in the DSS softwaredistribution [9]. This exampleshows the expressieness
of the entity distribution modelprovided by the DSS which allows usto shareentitiesbetweerthe

two processes.

package exanpl es. echo_server;

i nport j ava. net. | net Address;
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inport jdss.*;
inport utils.io server.*;
inport utils.map *;

publ i c cl ass EchoServer {

publicstaticvoidnain(Srind] args) throws Exception {
int iport = 9000;
I net Address i p = | net Addr ess. get ByNang( " 127. 0. 0. 1) ;

|Ceerver.initializel @ip iport);
QVariabl e variabl e = newQ\Vari abl g ) ;
CPort np = newPFort(vari abl €) ;

Sringstr =new&ring(Ti cket Take port ToTi cket(np) ) ;
Systemout. print!n("Ti cket: :");
Systemout. printlnstr);

for (5;) {
while (variableisked)) {
| Ger ver. est abl i shGnnect i ong) ;
| Gerver. bl ocki ng_sel ect();
}
CDatadata = variabl e get Val ueg() ;
if (DataisLlist(data)) {
Crlist Ist = (CrList) data
Clataele =Ist.car();
if (CGDataiskort(ele) {
CPort port = (Fort) el e
port.send(new ZAt ong"Hel | 0") ) ;
}
if (xDataisAtonfel €)
Systemout. printl n("Received " +eleprint());
variable = (Variabl @ |st.cdr();
}
el se
DSSQ@ error("Var js pot g |ist");
} /1 for loop

package exanpl es. echo_server;
i nport j ava net. | net Address;
inport jdss.*;

inport utils.io server.*;

inport utils. nap.*;

public class EchoQient {

10
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public static void nain(Srind] args) throws Exception {
if (args.length!=1) {
CsS @ error("Wong nunber, of argunents");
}

Sringticket =argg0];

Systemout. print! n("Gnnectingto ' + ticket);

int port = 9000;

I net Address i p = | net Addr ess. get ByNang( " 127. 0. 0. 1) ;

| Ceerver.initializel@ip port);

D6S oper at el nt Par anQDSS DSS_STATI C 0SS DSS_STATI C LGG PARAMETER
0, DsSOLL ALLint\al ug));

CPort cp = Ticket Take. ti cket ToPort(ti cket.getBytes());
OVariabl e variabl e = newQ\Variabl g ) ;
CQPort nyPort = newPort(vari abl €) ;

cp.send(nyFort) ;
| Cer ver. est abl i shGdnnecti ong) ;

whil e (variableisFreq)) {
| Ceer ver. bl ocki ng_sel ect() ;

}
Systemout. print! n"Done  recei ved " + variableprint());

2.4 Problemsencountered
We summarizen this sectionthe main problemsencounteredluringthefirst projectyear:

- The adaptationof the JDSS to version0.6 of the DSS requiredmore effort than expected.
We starteda first implementatiorof the JDSS basedon an early versionof the DSS andthen
adaptedt to version0.6 whichintroducedmary changedothin the APl andin theimplemen-
tationof the DSS.

- Delugging Java applicationsusing JNI canbe very cumbersomeJNI errorsin native code
generallyresultin Java coredumpwhich are hardto work with. We thus decidedto adda
simpletracemechanisnio the JDSS software.

- Peopledeveloppingthe DSS andthe JDSS areworking in slightly differentdevelopmenten-
vironments.This ledto somesoftwareconfigurationproblems.

11
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3 Plannedwork

Thetasksplannedor the secondyearof this workpackagerethefollowing:

- More softwaretesting.Only a subsebf thefunctionalityprovidedby the JDSS hasbeentested
sofar.

- Adaptationto the next DSSversion(s).The currentJDSS softwareis basedon version0.6 of
theDSS.

- Automaticmalkefile generation.

- Generationof the API documentatiorusing Javadoc. Jasadoc([7] is the tool from Sun Mi-
crosystemdor generatingA\Pl documentatioin HTML formatfrom doccommentsn source
code.

- Projectbuild onWindows usingCygwin[4]. Cygwinis aLinux-like ervironmentfor Windows.
It consistsof a DLL which actsasa Linux emulationlayer providing substantiaLinux API
functionalityanda collectionof tools,which provide Linux look andfeel.

4 Organizational changes

Oneteammemberleft the projectduring the coveredperiod: Dr. Christine Rockl, former work-
packagemanagefor WP3, hasleft the EPFLin November2002. Leila Rizkallahparticipatedo the
projectasa summerstudentuntil endof June2002.

5 Relation to other workpackagesin PEPITO

In this sectionwe shaw how this workpackageconnectgo the otherworkpackage®f the project
PEPITO.

- WP4 This workpackagedealswith the DSS andis stronglyconnectedo workpackage3. In-
deedthe JDSS directly depend®n theresultsof workpackaget. Our contactpersondor de-
signandimplementatiorquestionsaboutthe DSS areErik Klintskog andZacharia€l Banna.
Weinitially planneduo visit themin Swedemttheendof 2002,but thetravel hadto bedelayed
to somedatein thisyear

- WP3 Thisworkpackagelealswith theexperimentatiorof P2Pprogrammingabstractionsising
the MozartandJAVA programmingervironments.

- WP5 Thisworkpackages concernedvith demonstratoapplicationsvhich will usetheresults
of workpackages.

12
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