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1 Intr oduction

This reportpresentsthe progressmadein workpackage3 (WP3) of the PEPITO projectduring the
first year.

The reportis organizedasfollows. In section1.1 we statetheobjectivesof workpackage3. In
section1.2 we briefly presentthe motivationsof the work done in this workpackage. Section2
summarizeswhat hasbeenachieved so far in this workpackage.In section3 we presentthe tasks
plannedfor the secondyear of activity. Section4 summarizesthe organizationalchangeswhich
influencethework progress.In section5, we highlight theconnectionsbetweenworkpackage3 and
theotherworkpackagesof thePEPITO project.

1.1 Objectives

The goal of workpackage3 (WP3) is to integratepeer-to-peer(P2P)abilities into Oz and JAVA .
Thedistributedmiddlewareinfrastructureis providedby thedistribution system(DSS) developedin
workpackage4 (WP4).

This documentfocuson the implementationof anapplicationprogramminginterface(API) be-
tweentheJava virtual machine(Java VM) andtheDSS.

WeexpecttheJAVA API to provide thesamefunctionalityastheC++ API definedin theDSS.
Investigationson thefollowing topicsarerequiredto achieve theabove objectives.

1. Distribution Subsystem(DSS).

2. Java Native Interface(JNI).

1.2 Moti vationsand Vision

In workpackage3 we implementa JAVA API for the DSS calledJDSS. For the realizationof the
JDSS we usetheJAVA native interface(JNI) [6] technologyfrom SunMicrosystems.

1.2.1 DSS

All languages/systemsthat fulfill the requirementsdefinedfor the DSS [1] - theseareconcurrency,
referencesecurity, datastructuring,distinctionbetweenstatelessandstatefuldatastructuresandauto-
maticmemorymanagement- canbeextendedwith transparentdistribution by couplingthesystemto
theDSS. For exampleprogramminglanguagessuchasJAVA, C#,Oz,Erlang,Camlcanin principle
usetheDSS.

TheDSS interfaceprovidesroutinesfor globalization,memorymanagement,buffering,marshal-
ing, I/O andconnectivity.

1.2.2 JDSS

At this timeanOZ bindingto theDSS exists.Wewouldlike to provide thecapabilitiesof theDSS in
aprogramminglanguagewhich is in wideuse.Dueto its prominencein webservicesanddistributed
computingJAVA is apromisingplatformto make theservicesof theDSS widely available.
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1.3 Developmentenvir onment

Our developmentenvironmentfor this projectis RedHat Linux 8.0 andthe following development
toolsareusedto developtheJDSS software:

- SunJ2SE1.4.1

- GNU C++ compiler2.96

- GNU make 3.79.1

The JAVA platform is a programmingenvironmentconsistingof the Java virtual machine(Java
VM) andtheJava ApplicationProgrammingInterface(Java API). As a partof theJAVA VM imple-
mentation,theJNI [5] is a two-wayinterfacethatallows Java applicationsto invoke native codeand
vice versa.Thedevelopercanthustake advantageof theJava platform,but still utilize codewritten
in otherlanguages.

1.3.1 JNI

The main designgoalsof the JNI arebinary compatibilityamongdifferentJava VM implementa-
tions,efficiencyto supporttime-criticalcodeandfunctionalcompletenessto enablenativemethodsto
accomplishusefultasks.

TheJNI exposestheJava VM implementationdetailsto thenative codein four ways:

- By providing opaquereferencesto JAVA objects,therebyhiding object implementationfrom
native code.

- By placinga function tablebetweentheJAVA VM andnative codeandrequiringall accessof
JAVA VM datato occurthroughthesefunctions.

- By defining a set of native typesto provide uniform mappingof JAVA typesinto platform-
specifictypes.

- By providing flexibility to theJAVA VM vendorasto how objectmemoryis handledin cases
wheretheuserexpectscontinuousmemory.

By usingtheJNI aJava application(or library) riskslosingtwo benefitsof theJava platform.

- Java applicationsthatdependon the JNI canno longerreadily run on multiple hostenviron-
ments. Indeedonly the part of the applicationwritten in Java is portable,the rest must be
recompiledfor eachnew hostenvironment.

- While theJava programminglanguageis type-safeandsecure,native languagessuchasC or
C++ arenot. As a result,extra careis requiredwhenwriting applicationsusingthe JNI asa
misbehaving native methodcancorrupttheentireapplication.

A generalrule when using the JNI is to architectthe applicationsso that native methodsare
definedin asfew classesaspossible.Thisentailsacleanerisolationbetweennative codeandtherest
of theapplication.

Thecalling conventiondetermineshow a native functionreceivesargumentsandreturnsresults.
The JNI requiresthe native methodsto be written in a specifiedstandardcalling convention on a
given hostenvironment. For example,the JNI follows the C calling conventionon UNIX andthe
stdcall conventionin theWin32environment.
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Errorsmadein JNI programmingaredifferentfrom exceptionsthatoccurin theJava VM imple-
mentation.TheJNI functionsdonotcheckfor programmingerrors.Passingillegalargumentsto JNI
functionsresultsin undefinedbehavior.

Finally the JNI doesnot rely on exceptionhandlingmechanismsin native programminglan-
guagesasthereis nostandardmechanismcommonlysupported.Thus,JNI programmersareexpected
to checkfor andhandleexceptionsaftereachoperationthatcanpotentiallythrow anexception.It is
extremelyimportantto check,handle,andcleara pendingexceptionbeforecalling any subsequent
JNI functions.CallingmostJNI functionswith apendingexceptionleadsto undefinedresults.
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2 Curr ent Achievements

In thissectionwebriefly presentthesystemarchitectureof theJDSS andits implementation.Finally
we outlinesomeproblemsencounteredsofar in thedevelopmentof thesoftware.

2.1 SystemAr chitecture

TheJDSS softwareis organizedin layers.A layeredarchitectureis designedasahierarchyof client-
server processesthatminimizesinteractionbetweenlayers.Eachlayeractsasaclient for themodule
above it andactsasaserver for themodulebelow it.

UserApplication User-definedGlue

JDSS DefaultGlue

JDSS DSSGlue

DSS

As illustratedin theabove diagramthesoftwarearchitectureis dividedinto threelayers:

- Theapplicationlayer: Userapplicationswritten in JAVA anduser-definedgluecodebelongto
this layer.

- The interfacelayer: TheJDSS itself is organizedin two layerscodedrespectively in C++ and
Java. Concretelythe JDSS interfaceis composedof the JAVA library (jdss.jar) andthe
native library (libJDSS.so). Making both environmentwork togetherrepresentsthe main
technicalchallengeof thisworkpackage.

- Themiddleware layer: The DSS (libDSS.so) providestransparentdistribution to thehost
environment.Thisservicelayerhidesthedetailsandheterogeneityof theunderlyingplatform.

2.2 JDSS Implementation

All JAVA sourcesof the JDSS arecontainedin the JAVA packagejdss. In this reportwe present
only thedefinitionsof theJDSS neededfor understandingthebasicimplementationmechanisms.

2.2.1 DSS.java

The JAVA classDSS constitutesthecentralpartof the JDSS andprovidesthemain functionalityof
the DSS API. While all JAVA methodsin classDSS aredeclaredstatic, we defineexportedand
importedmethodsdifferently:

- Exportedmethodsaredeclaredasnativemethodsandthey useJNI to call thecorresponding
DSS methodsin theDSS. ThemethodcreateEMU() is givenhereasanexample.

- Importedmethodssimplyredirectthecall to theactualadapterclass(theclassMyDSSAdapter
is usedhereasdefault map). disposeSiteRepresentative() is given hereasan ex-
ampleof animportedmethod.
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Hereis anoutlineof thedefinitionof this class.

public final class DSS implements DSSEnums {

private static DSSMAP map = new MyDSSAdapter() {};

public static void addmap(DSSMAP map) {
Debug.trace("{jdss.DSS} addmap");
DSS.map = map;

}

////////////////////////EXPORTS ///////////////////////////

/* Globalization, used when creating a distributed entity */

public static native ProxyInterface createEMU(CM_Name cm,
ProtocolName pn, Access_Architecture aa, RCalg GC_annot);

// more ...

/////////////////////////IMPORTS //////////////////////////

public static void disposeSiteRepresentative(DssReadBuffer buf,
Site_Address addr) {

map.disposeSiteRepresentative(buf, addr);
}

// more ...

/////////////////// JNI specific stuffs ////////////////////

private static native void initIDs();

static {
System.loadLibrary("JDSS");
initIDs();

}

}

2.2.2 DSSMAP.java

TheJAVA interfaceDSSMAP.java definesthefunctionalityto beprovidedby thehostenvironment
for couplingthesystemto theDSS.

public interface DSSMAP extends DSSEnums {
public Site_Address unmarshalSiteRepresentative(DssReadBuffer buf, Site_Name name);
public void disposeSiteRepresentative(DssReadBuffer buf, Site_Address addr);
public PstInContainerInterfacecreatePstInContainer();
public PstInContainerInterfaceloopBackOut2In(PstOutContainerInterfacepstOut);
public void GL_error(String msg);
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public void GL_warning(String msg);
public void dssDebugInterface(DSS_AREA area, int param);

}

2.2.3 DSSEnums.java

The JAVA interfaceDSSEnums.java containsall enumerationobjectscorrespondingto the C++
enumerationtypesdeclaredin theincludefile dss enum.hh of theDSS.

public interface DSSEnums {
public AbsOp AO_NO_OP = new AbsOp();
public AbsOp AO_OO_BIND = new AbsOp();
public AbsOp AO_OO_BIND_VAR = new AbsOp();
public AbsOp AO_OO_READ_VALUE = new AbsOp();
public AbsOp AO_STATE_WRITE = new AbsOp();
public AbsOp AO_STATE_READ = new AbsOp();
public AbsOp AO_STATE_LOCK = new AbsOp();
public AbsOp AO_STATE_UNLOCK = new AbsOp();
public AbsOp AO_STATE_EXTRACT = new AbsOp();
// many more..

}

2.2.4 DSS.cc

ThenativemethodinitIDs is calledduringtheinitalizationof theclassDSS andis responsiblefor
initializing JNI specificdatasandmappings.

JNIEXPORT jobject JNICALL Java_jdss_DSS_createEMU
(JNIEnv *env, jclass cls, jobject cm, jobject pn, jobject aa, jobject GC_annot) {
DSS_TRACE("createEMU called");
// more ...
ProxyInterface *val = createEMU((CM_Name) cm_val, (ProtocolName) pn_val,

(Access_Architecture) aa_val, (RCalg) GC_annot_val);

jclass clazz1 = env->FindClass(NAME_Proxy); // class Proxy implements ProxyInterface
jmethodID mid = env->GetMethodID(clazz1, "<init>", "(J)V");
DSS_ASSERT(mid != NULL);
return env->NewObject(clazz1, mid, (jlong) val); // return result as Java Object

}

// more ...

JNIEXPORT void JNICALL Java_jdss_DSS_initIDs(JNIEnv *env, jclass cls) {
DSS_TRACE("initIDs called");

const jclass clazz = env->FindClass(NAME_DSSEnums);
DSS_ASSERT(clazz != NULL);
initDecls(env, clazz);
initMaps(env, clazz);

}
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WhentheJava VM startsup, it constructsa list of directoriesthat will be usedto locatenative
libraries for applicationclasses.The contentsof the list aredependentuponthe hostenvironment
and the VM implementation.For example,in the Win32 environment,the list of directoriescon-
sistsof theWindows systemdirectories,thecurrentworking directory, andtheentriesin thePATH
environmentvariable. Under Solarisor Linux the list of directoriesconsistsof the entriesin the
LD LIBRARY PATH environmentvariable.

2.2.5 DSSmaps.cc

TheDSSmiddlewareexpectssomefunctionalitytobeprovidedby thehostenvironment.Thebinding
of theimportedJAVA methodswith theircorrespondingDSS methodsoccursin methodinitMaps.

void initMaps(JNIEnv *env, jclass cls) {
DSSMAPS_TRACE("initMaps (enter)");

GL_error = GL_errorImpl;
GL_warning = GL_warningImpl;

unmarshalSiteRepresentative = unmarshalSiteRepresentativeImpl;
disposeSiteRepresentative = disposeSiteRepresentativeImpl;

DSSMAPS_TRACE("initMaps (leave)");
}

For a betterunterstandingof themechanismwe alsogive heretheimplementationof themethod
disposeSiteRepresentativeImpl.

void disposeSiteRepresentativeImpl(DssReadBuffer* buf, Site_Address* addr) {
DSSMAPS_TRACE("disposeSiteRepresentativecalled");

JNIEnv *env = JNU_GetEnv();

jclass clazz = env->FindClass(NAME_DSS);

const char* sig = "(Ljdss/DssReadBuffer;Ljdss/Site_Address;)V;";
jmethodID mid = env->GetStaticMethodID(clazz, "disposeSiteRepresentative", sig);
jobject obj = env->CallStaticObjectMethod(clazz, mid);

}

2.3 Java example

Inorderto illustratetheuseof the JDSS we presentherea simpleJAVA applicationadaptedfrom a
testexampleprovided in theDSS softwaredistribution [9]. This exampleshows theexpressiveness
of theentity distribution modelprovided by the DSS which allows us to shareentitiesbetweenthe
two processes.

package examples.echo_server;

import java.net.InetAddress;
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import jdss.*;
import utils.io_server.*;
import utils.map.*;

public class EchoServer {

public static void main(String[] args) throws Exception {
int iport = 9000;
InetAddress ip = InetAddress.getByName("127.0.0.1");

IOServer.initializeIO(ip, iport);
OzVariable variable = new OzVariable();
OzPort mp = new OzPort(variable);

String str = new String(TicketTake.portToTicket(mp));
System.out.println("Ticket::");
System.out.println(str);

for (;;) {
while (variable.isFree()) {

IOServer.establishConnections();
IOServer.blocking_select();

}
OzData data = variable.getValue();
if (OzData.isList(data)) {

OzList lst = (OzList) data;
OzData ele = lst.car();
if (OzData.isPort(ele)) {

OzPort port = (OzPort) ele;
port.send(new OzAtom("Hello"));

}
if (OzData.isAtom(ele))

System.out.println("Received " + ele.print());
variable = (OzVariable) lst.cdr();

}
else

DSS.GL_error("Var is not a list");
} // for loop

}

}

package examples.echo_server;

import java.net.InetAddress;

import jdss.*;
import utils.io_server.*;
import utils.map.*;

public class EchoClient {
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public static void main(String[] args) throws Exception {
if (args.length != 1) {

DSS.GL_error("Wrong number of arguments");
}

String ticket = args[0];
System.out.println("Connecting to: " + ticket);
int port = 9000;
InetAddress ip = InetAddress.getByName("127.0.0.1");

IOServer.initializeIO(ip, port);

DSS.operateIntParam(DSS.DSS_STATIC, DSS.DSS_STATIC_LOG_PARAMETER,
0, DSS.DLL_ALL.intValue());

OzPort cp = TicketTake.ticketToPort(ticket.getBytes());
OzVariable variable = new OzVariable();
OzPort myPort = new OzPort(variable);

cp.send(myPort);
IOServer.establishConnections();

while (variable.isFree()) {
IOServer.blocking_select();

}
System.out.println("Done, received " + variable.print());

}

}

2.4 Problemsencountered

Wesummarizein thissectionthemainproblemsencounteredduringthefirst projectyear:

- The adaptationof the JDSS to version0.6 of the DSS requiredmore effort than expected.
We starteda first implementationof theJDSS basedon anearlyversionof theDSS andthen
adaptedit to version0.6which introducedmany changesbothin theAPI andin theimplemen-
tationof theDSS.

- DebuggingJAVA applicationsusingJNI canbe very cumbersome.JNI errorsin native code
generallyresult in JAVA coredumpwhich arehard to work with. We thusdecidedto adda
simpletracemechanismto theJDSS software.

- PeopledeveloppingtheDSS andtheJDSS areworking in slightly differentdevelopmenten-
vironments.This led to somesoftwareconfigurationproblems.
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3 Plannedwork

Thetasksplannedfor thesecondyearof thisworkpackagearethefollowing:

- Moresoftwaretesting.Only asubsetof thefunctionalityprovidedby theJDSS hasbeentested
sofar.

- Adaptationto thenext DSSversion(s).ThecurrentJDSS softwareis basedon version0.6 of
theDSS.

- Automaticmakefile generation.

- Generationof the API documentationusing Javadoc. Javadoc[7] is the tool from SunMi-
crosystemsfor generatingAPI documentationin HTML formatfrom doccommentsin source
code.

- Projectbuild onWindowsusingCygwin[4]. Cygwinis aLinux-likeenvironmentfor Windows.
It consistsof a DLL which actsasa Linux emulationlayer providing substantialLinux API
functionalityandacollectionof tools,whichprovide Linux look andfeel.

4 Organizational changes

One teammemberleft the project during the coveredperiod: Dr. ChristineRöckl, former work-
packagemanagerfor WP3,hasleft theEPFLin November2002.Leila Rizkallahparticipatedto the
projectasasummerstudentuntil endof June2002.

5 Relation to other workpackagesin PEPITO

In this sectionwe show how this workpackageconnectsto the other workpackagesof the project
PEPITO.

- WP4 This workpackagedealswith theDSS andis stronglyconnectedto workpackage3. In-
deed,theJDSS directly dependson theresultsof workpackage4. Our contactpersonsfor de-
signandimplementationquestionsabouttheDSS areErik Klintskog andZachariasEl Banna.
Weinitially plannedto visit themin Swedenat theendof 2002,but thetravel hadto bedelayed
to somedatein thisyear.

- WP3 Thisworkpackagedealswith theexperimentationof P2Pprogrammingabstractionsusing
theMozartandJAVA programmingenvironments.

- WP5 Thisworkpackageis concernedwith demonstratorapplicationswhichwill usetheresults
of workpackage3.
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