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Abstract

“Native methods”in Java aremethodswritten in some
otherlanguage,usuallyC or C++. Sunincludedin JDK
1.1 the “Java Native Interface” (JNI) for writing such
native methodsin a portableway, independentof JVM
implementation.JNI satisfiesthatgoal,but hastwo ma-
jor problems:JNIcodehasmajorinherentinefficiencies,
becauseevrythingthasto bedoneascallsthrougharun-
time tableof function pointers. Using JNI is alsovery
verbose,tediousanderror-pronefor theprogrammer.

TheGnuCompilerfor theJava platform(GCJ)is based
oncompilingJava to machinecodeusingtheGnuCom-
piler Collection(Gcc) framework. GCJoffersan in ad-
dition to JNI an alternative, the CompiledNative Inter-
face(CNI). CNI is basedon theideaof makingtheC++
andJava datarepresentationsandcalling conventionsas
closeas practical,and using a slightly modified Java-
awareC++ compiler to compilenative methodwritten
in C++ methods.CNI codeis bothvery efficient andis
alsovery easyandnaturalto write, becauseit usesstan-
dardC++syntaxandidiomsto work with Javadata.The
runtimeandclasslibrary associatedwith GCJis libgcj,
which is written in a mix of Java andC++ codeusing
CNI.

1 Background

Not all the codein a Java applicationcanbe written in
Java. Somemustbe written in a lower-level language,
eitherfor efficiency reasons,or to accesslow-level facil-
ties not accessiblein Java. For this reason,Java meth-
odsmay be specifiedas“native”. This meansthat the
methodhas no methodbody (implementation)in the
Java sourcecode. Instead,it hasa specialflag which
tells theJava virtual machineto look for themethodus-
ing someunspecifiedlookupmechanism.

1.1 The Java Native Interface

Sun’s original Java DevelopmentKit (JDK) version
1.0 defineda programminginterfacefor writing native
methodsin C. This provided ratherdirect andefficient
accessto theunderlyingVM, but wasnotofficially doc-
umented,andwastiedto specificsof theVM implemen-
tation. Therewas little attemptto make it an abstract
API thatcouldwork with any VM.

For JDK 1.1,Sundefineda“JavaNativeInterface”(JNI)
that definesthe offical portableprogramminginterface
for writing such“native methods”in C or C++. This
is a binary interface(ABI), allowing someoneto shipa
compiledlibrary of JNI-compilednative code,andhave
it work with any VM implementation(forthatplatform).

The problemwith JNI that it is a ratherheavy-weight
interface,with majorrun-timeoverheads.It is alsovery
tediousto write codeusingJNI. For example,for native
codeto accessa field in anobject,it needsto make two
functioncalls(thoughtheresultof thefirst canbesaved
for future accesses).This is cumbersometo write and
slow at run-time.

To specifyafield in JNI, youpassits nameasastringto
a run-timeroutinethat searches“reflective” datastruc-
tures.ThustheJNI requirestheavailability at run-time
of completereflective data(names,types,andpositions
of all fields,methods,andclasses).The reflective data
hasotheruses(thereis a standardsetof Java classesfor
accessingthereflectivedata),but whenmemoryis tight,
asin an embeddedsystem,it is a luxury many applica-
tionsdo not need.

As an example,hereis a small Java exampleof a class
intendedfor timing purposes. (This could be written
in portableJava, but let us assumefor somereasonwe
don’t wantto do that.)

package timing ;
class Timer {

private long lastTime;
private String lastNote;



/** Return time in milliseconds
* since last call,
* and set lastNote. */

native long sinceLast(String note);
}

Figure1 shows how it could be programmedusingthe
JNI: Notethefirst env parameter, which is a pointerto
a thread-specificarea,which also includesa pointer to
a tableof functions. The entireJNI is definedin terms
of thesefunctions,which cannotbe inlined (sincethat
would make JNI methodsno longerbinary compatible
accrossVMs).

#include <jni.h>

jdouble Java Timer sinceLast (
JNIEnv *env, /* interface pointer */
jobject obj, /* "this" pointer */
jstring note) /* argument #1 */

{
// Note that the results of the first
// three statements could be saved for
// future use (though the results
// have to be made "global" first).
jclass cls =

env->FindClass("timing.Timer");
jfieldId lTid =

env->GetFieldID(cls, "lastTime",
"J");

jfieldId lNid =
env->GetFieldID(cls, "lastNote",

"Ljava/lang/String;");

jlong oldTime =
env->GetLongField(obj, lTid);

jlong newTime =
calculate new time();

env->SetLongField(obj, lTid, newTime);
env->SetObjectField(obj, lNid, note);
return newTime - old Time;

}

GCJ supportsJNI, but it also offers a more efficient,
lower-level, andmorenaturalnativeAPI, which we call
CNI, for “CompiledNativeInterface”.(It canalsostand
for CygnusNative Interface,sinceCNI wasdesignedat
CygnusSolutionsbeforeCygnuswasacquiredby Red
Hat.) The basic idea is to make GNU Java compati-
ble with GNU C++ (G++), andprovide a few hooksin
G++ so C++ codecanaccessJava objectsasnaturally
asnative C++ objects. The restof this papergoesinto
detailsaboutthis integratedJava/C++model. The key
ideais thatthecallingconventionsanddataaccessesfor
CNI are the sameas for normal nonnative Java meth-
ods. Thusthereis no extra JNIEnv parameter, andthe

C++ programmergetsdirectaccessto theJava objects.
This doesrequireco-ordinationbetweenthe C++ and
Java implementations.

Below is thetheearlierexamplewrittenusingCNI.

#include "timing/Timer.h"

::timing::Timer::sinceLast(jstring note)
{

jlong oldTime = this->lastTime;
jlong newTime = calculate new time();
this->lastTime = newTime;
this->lastNote = note;
return newTime - oldTime;

}

Thisusesautomatically-generatedtiming/Timer.h

#include <cni.h>
class ::timing::Timer

: public ::java::lang::Object
{

jlong lastTime;
jstring lastNote;

public:
jlong virtual sinceLast(jstring note);

};

2 API vsABI

A fundamentalgoalof JNIwasthatit shouldbeindepen-
dentof theJVM; it shouldbepossibleto implementJNI
onany reasonableJVM implementation.CNI canalsoin
principlebeimplementedonany reasonableJava imple-
mentation,by putting sufficient knowledgein the C++
compiler. This is possiblebecausethe C++ compiler
candistinguishC++ andJava types,andthususediffer-
ent representationsfor C++ andJava objects.However,
CNI works morenaturallythe closerthe C++ andJava
datarepresentationsare.For GCJour goalwasto make
theJava ABI (ApplicationBinary Interface)ascloseto
theC++ ABI asmadesense.

Anothergoalof JNI wasto defineaportableABI, rather
than just an API (Application ProgrammingInterface).
Thatfor any givenplatform(machineandos),compiled
JNI codeshouldnot dependon the JVM implementa-
tion. However, sinceJNI is definedin termsof C data
typesandfunctioncalls,it doesdependon theC ABI of
thegivenplatform.OnemightsaythatJNI wasdesigned
for applicationsdeliveredin compiledform, presumably



onsomesmallnumberof platforms.It seemsaquestion-
abletradeoff to accepttheoverheadsandinconvenience
of JNI for this very restrictedform of binaryportability,
especiallyto thoseof us who believe sourceshouldbe
available.

That is not to saythatwe think anABI is not desirable,
far from it. We think that for now an ABI maybe pre-
mature,andanAPI suchasCNI maymake moresense.
Note thoughthatmuchof the C++ communityis mov-
ing towardsa stabledefinedABI, andthis will become
thedefault for theforthcomingGcc3.0. At thatpoint, it
maymake senseto definea Java ABI partly in termsof
a C++ ABI. CNI maybeviewedasapre-cursorto that.

If weview CNI asanABI for Java, it nailsdown anum-
berof aspectsof theJava implementation(suchasfield
layoutandexceptionhandling). CNI leavesotherparts
of the implementation,such as object allocation and
synchronization,unspecifiedbut definesportablehooks.
ThesehooksdefineanABI aslongasthehooksarefunc-
tion calls, but if the hooksaremacrosor get inlined to
accessimplementation-specificfields,thenbinarycom-
patibility is gone.

CNI as currently implementedasumesa conservative
garbagecollector. For example CNI lets you loop
throughanarraywithout having to beawareof garbage
collectionissues.While thisseemsto prohibitacopying
collector, actuallyit doesnot. Rather, it meansthat if a
copying collectoris used,thentheC++ compilerhasto
beawarethefact,andgeneratetheneededtablesso the
collectorcanupdateall registersandmemorylocations
thatpoint ata movedobject.

A related more generaldisadvantagewith GCJ con-
cerns“Binary Compatibility” as discussedin the Java
LanguageSpecification[??]. GCJ-compiledclassesare
muchmorevulnerableto breakingif aclassthey depend
on is changedand re-compiledthan Java class files
are. Adding a privatememberto a baseclasschanges
the offsetsof fields in a class,which meansthe gener-
atedcodeis changed.This is thesameasfor C++, and
is a costof GCJ-stylecompilationyou payin exchange
for performance.Thereare techniquesthat somepeo-
ple useto reducetheseproblemsin C++ [??]; similar
techniquesmay be applicableto GCJ and henceCNI.
One possibility is that the offset of a field in a struc-
turebecompiledinto alink-time constant,thatwouldbe
resolved by the (staticor dynamic)linker. That would
reducebinarycompatibilityproblemsquiteabit, though
it mayproduceslightly lessoptimalcode.

3 Utility functions and macros

BothJNI andCNI providetoolkitsof utility functionsso
nativecodecodecanrequestvariousservicesof theVM.
CNI usestheC++syntaxfor operationsthathaveadirect
correspondencein C++ (suchasaccessingan instance
field or throwing anexception),For otherfeatures,such
ascreatinga Java stringfrom a nul-terminatedC string,
weneedutility functionsor macros.Many of thesehave
similarnamesandfunctionalityastheJNI functions,ex-
ceptthatthey do notdependon aJNIEnv pointer.

For example, the JNI interfaceto createa Java string
from a C stringis thefollowing in C:

jstring str =
(*env)->NewStringUTF(env, "Hello");

TheJNI C++ interfaceis justasetof inline methodsthat
wraptheC interface,for example:

jstring str = env->NewStringUTF("Hello");

In the CNI, we do not usea JNIEnv pointer, so the
usageis:

jstring str = JvNewStringUTF("Hello");

In general,CNI functionsandmacrosstartwith the‘Jv ’
prefix, for examplethe function ‘JvNewObjectAr-
ray ’. This convention is usedto avoid conflictswith
otherlibraries. Internal functionsin CNI startwith the
prefix ‘ Jv ’; nameswith this prefix arereservedto the
implementationaccordingtheC andC++ standards.

3.1 Strings

To illustrate the available utility functions, CNI pro-
videsanumberof utility functionsfor workingwith Java
String objects. The namesandinterfacesareanalo-
gousto thoseof JNI.

�
jstring JvNewString (const jchar

* chars, jsize len) � Createsa new Java String
object, where chars are the contents,and len is the
numberof characters.

�
jstring JvNewStringLatin1 (const

char * bytes, jsize len) � Createsa new Java
String object, where bytes are the Latin-1 encoded
characters,andlen is thelengthof bytes, in bytes.



�
jstring JvNewStringLatin1 (const

char * bytes) � Like the first JvNew-
StringLatin1 , but computeslen usingstrlen .

�
jstring JvNewStringUTF (const char

* bytes) � Createsa new Java String object, where
bytesare the UTF-8 encodedcharactersof the string,
terminatedby anull byte.

�
jchar *JvGetStringChars (jstring

str) � Returnsapointerto thearrayof characterswhich
makeup astring.

�
int JvGetStringUTFLength (jstring

str) � Returns number of bytes required to encode
contentsof str asUTF-8.

�
jsize JvGetStringUTFRegion (jstring

str, jsize start, jsize len, char * buf) �
This putsthe UTF-8 encodingof a region of the string
str into thebuffer buf. The region of the string to fetch
is specifiedby start and len. It is assumedthat buf
is big enoughto hold the result. Note that buf is not
nul-terminated.

4 Object model

In termsof languagefeatures,Java is in essencea sub-
setof C++. Java hasa few importantextensions,plus
a powerful standardclasslibrary, but on the whole that
doesnot changethe basicsimilarity. Java is a hybrid
object-orientedlanguage,with a few native types,in ad-
dition to classtypes.It is class-based,whereaclassmay
havestaticaswell asper-objectfields,andstaticaswell
as instancemethods. Non-staticmethodsmay be vir-
tual, andmay be overloaded.Overloadingin resolved
at compiletime by matchingthe actualargumenttypes
againsttheparametertypes.Virtual methodsareimple-
mentedusingindirectcallsthroughadispatchtable(vir-
tual function table). Objectsareallocatedon the heap,
andinitialized usinga constructormethod. Classesare
organizedin apackagehierarchy.

All of the listed attributesarealsotrue of C++, though
C++ hasextra features(for examplein C++objectsmay
alsobe allocatedstaticallyor in a local stackframein
additionto theheap).BecauseGCJusesthesamecom-
piler technologyasg++ (the GNU C++ compiler),it is
possibleto make the intersectionof the two languages
usethesameABI (objectrepresentationandcallingcon-
ventions). The key ideain CNI is that Java objectsare
C++ objects,andall Java classesareC++ classes(but

not theotherwayaround).Sothemostimportanttaskin
integratingJavaandC++ is to removegratuitousincom-
patibilities.

4.1 Primiti ve types

Java provides 8 “primiti ve” types: byte , short ,
int , long , float , double , char , andboolean .
Theseas the sameas the following C++ typedef s
(which are definedin a standardheaderfile): jbyte ,
jshort , jint , jlong , jfloat , jdouble , jchar ,
andjboolean .

Java type C++ name Description
byte jbyte 8-bit signedinteger
short jshort 16-bit signedinteger
int jint 32-bit signedinteger
long jlong 64-bit signedinteger
float jfloat 32-bit IEEE floating-point
double jdouble 64-bit IEEE floating-point
char jchar 16-bitUnicodecharacter
boolean jboolean logical (Boolean)values
void void no value

�
JvPrimClass ( primtype) � Thisisamacrowhose

argumentshouldbe the nameof a primitive type, e.g.
byte . Themacroexpandsto apointerto theClass ob-
jectcorrespondingto theprimitivetype.E.g.,JvPrim-
Class(void) hasthesamevalueastheJava expres-
sionVoid.TYPE (or void.class ).

4.2 Classes

All Java classes are derived from
java.lang.Object . C++ does not have
a unique “root” class, but we use a C++
java::lang::Object as the C++ version of
the java.lang.Object Java class. All other Java
classesare mapped into correspondingC++ classes
derivedfrom java::lang::Object .

We consider a Java class such as
java.lang.String and the correspondingC++
class java::lang::String to be the sameclass,
just usingdifferentsyntax.

Interfaceinheritance(the “ implements ” keyword) is
currentlynot reflectedin theC++ mapping.



4.3 Object references

WeimplementaJavaobjectreferenceasapointerto the
startof thereferencedobject. It mapsto a C++ pointer.
(WecannotuseC++referencesfor Javareferences,since
oncea C++ referencehasbeeninitialized, you cannot
changeit to point to anotherobject.) The null Java
referencemapsto theNULLC++ pointer.

Theoriginal JDK implementedanobjectreferenceasa
pointerto a two-word“handle”. Onewordof thehandle
pointsto the fieldsof the object,while the otherpoints
to a methodtable. GNU Java, like many newer Java
implementations,doesnot usethis extra indirection.

4.4 Castsand Runtime TypeSafety

Java castsdo runtime type checkingwhen downcast-
ing. GCJ automaticallyinsertscalls to runtime func-
tions to perform thesechecksas appropriate. When
writing CNI code, this checking is not done auto-
matically. C++ code which must check this can call
java::lang::Class::isAssignableFrom .

4.5 Object fields

Eachobjectcontainsan objectheader, followed by the
instancefieldsof the class,in order. Theobjectheader
consistsof a singlepointerto a dispatchor virtual func-
tion table. (Theremay be extra fields “in front of” the
object, for examplefor memorymanagement,but this
is invisible to the programmer, andthe referenceto the
object points to the word contining the dispatchtable
pointer.)

Thefieldsarelaid out in thesameorder, alignment,and
size as in C++. Specifically, 8-bite and 16-bit native
types (byte , short , char , and boolean ) are not
widenedto 32 bits, even thoughthe Java VM doesex-
tend8-bit and16-bit typesto 32 bits whenon the VM
stackor temporaryregisters.

If you include the gcjh -generatedheaderfor a class,
youcanaccessfieldsof Javaclassesin the“natural”way.
Giventhefollowing Java class:

public class Int
{

public int i;
public Int (int i) { this.i = i; }
public static Int zero = new Int(0);

}

youcanwrite:

#include <gcj/cni.h>
#include <Int.h>
Int*
mult (Int *p, jint k)
{

if (k == 0)
// static member access.
return Int::zero;

return new Int(p->i * k);
}

CNI doesnot strictly enforcetheJava accessspecifiers,
becauseJavapermissionscannotbedirectlymappedinto
C++ permission. Private Java fields and methodsare
mappedto private C++ fields and methods,but other
fieldsandmethodsaremappedto publicfieldsandmeth-
ods.

4.6 Arrays

While in many ways Java is similar to C and C++,
it is quite different in its treatmentof arrays. C ar-
raysarebasedon the ideaof pointerarithmetic,which
would be incompatible with Java’s security require-
ments. Java arraysaretrue objects(arraytypesinherit
from java.lang.Object ). An array-valuedvari-
ableis onethatcontainsareference(pointer)to anarray
object.

Referencinga Java arrayin C++ codeis doneusingthe
JArray template,which is definedasfollows:

class JArray : public java::lang::Object
{
public:

int length;
};

template<class T>
class JArray : public JArray
{

T data[0];
public:

T& operator[](jint i) { re-
turn data[i]; }
};

For example,if youhaveavaluewhichhastheJavatype
java.lang.String[] , you canstoreit a C++ vari-
ableof typeJArray<java::lang::String*>* .

CNI hassomeconveniencetypedefswhich correspond
to typedefsfromJNI.Eachis thetypeof anarrayholding



objectsof theappropriatetype:

typedef JArray *jarray;
typedef JArray<jobject> *jobjectArray;
typedef JArray<jboolean> *jbooleanArray;
typedef JArray<jbyte> *jbyteArray;
typedef JArray<jchar> *jcharArray;
typedef JArray<jshort> *jshortArray;
typedef JArray<jint> *jintArray;
typedef JArray<jlong> *jlongArray;
typedef JArray<jfloat> *jfloatArray;
typedef JArray<jdouble> *jdoubleArray;

�
template<class T> T *elements (JAr-

ray<T> &array) � This template function can be
usedto get a pointerto the elementsof the array. For
instance,you can fetch a pointer to the integers that
makeup an int[] like so:

extern jintArray foo;
jint *intp = elements (foo);

Thenameof this functionmaychangein thefuture.

You cancreatean arrayof objectsusingthis function:�
jobjectArray JvNewObjectArray (jint

length, jclass klass, jobject init) � Here
klass is the type of elementsof the array; init is the
initial valueto beput into everyslot in thearray.

For eachprimitive type there is a function which can
be usedto createa new array holding that type. The
nameof thefunctionis of theform JvNewTypeArray ,
where Type is the name of the primitive type, with
its initial letter in upper-case. For instance,JvNew-
BooleanArray can be used to create a new ar-
ray of booleans. Eachsuch function follows this ex-
ample: �

jbooleanArray JvNewBooleanArray
(jint length) �

�
jsize JvGetArrayLength (jarray

array) � Returnsthelengthof array.

Unlike Java,arrayboundscheckingfor C++ codeis not
automaticbut insteadmustbedoneby hand.

5 Methods

Java methodsare mappeddirectly into C++ methods.
The headerfiles generatedby gcjh includethe appro-
priatemethoddefinitions.Basically, thegeneratedmeth-
odshave thesamenamesand“corresponding”typesas
theJava methods,andarecalledin thenaturalmanner.

5.1 Overloading

Both Java andC++ provide methodoverloading,where
multiplemethodsin aclasshavethesamename,andthe
correctone is chosen(at compile time) dependingon
the argumenttypes. The rulesfor choosingthe correct
methodare(asexpected)morecomplicatedin C++ than
in Java, but the fundamentalideais the same.Given a
setof overloadedmethodsgeneratedby gcjh theC++
compilerwill choosethe expectedone,aslong aseach
primitiveJava typemapsto a distict C++ type.

Commonassemblersandlinkersarenot awareof C++
overloading, so the standardimplementationstrategy
is to encodethe parametertypesof a methodinto its
assembly-level name.Thisencodingis calledmangling,
andtheencodednameis the mangledname. Thesame
mechanismis usedto implementJava overloading.The
namemanglingusedby CNI mustbe the sameasthat
generatedby GCJ.

5.2 Instancemethods

Virtual methoddispatchis handledessentiallythesame
in C++ andJava – i.e. by doinganindirectcall through
a function pointerstoredin a per-classvirtual function
table.C++is morecomplicatedbecauseit hasto support
multipleinheritance,but thisdoesnotaffectJavaclasses.
G++ historicallyusedadifferentcallingconventionthat
wasnot compatiblewith theoneusedby GCJ.

The first two elementsof the virtual function tableare
usedfor specialpurposesin both GNU Java andC++;
in Java, thefirst pointsto theclassthatownsthevirtual
function table,andthe secondis usedfor an objectde-
scriptorthatis usedby theGCmarkprocedure.

Callinga Java instancemethodin CNI is doneusingthe
standardC++ syntax.For example:

java::lang::Number *x;
if (x->doubleValue() > 0.0) ...

Defininga Java native instancemethodis alsodonethe
naturalway:

#include <java/lang/Integer.h>
jdouble
java::lang:Integer::doubleValue()
{

return (jdouble) value;
}



5.3 Interface methodcalls

A Java classcan implementzeroor more interfaces, in
addition to inheriting from a singlebaseclass. An in-
terface is a collection of constantsand methodspeci-
fications. An interfaceprovides a subsetof the func-
tionality of C++ abstractvirtual baseclasses,but they
arecurrently implementeddifferently. Sinceinterfaces
are infrequentlyusedby Java native methods,we have
notmodifiedG++to allow for methodcallsvia interface
pointers.In thefuturewe might addanexplicit mecha-
nismto CNI to allow this.

5.4 Static methods

StaticJava methodsareinvoked in CNI usingthe stan-
dardC++syntax,usingthe‘ :: ’ operatorratherthanthe
‘ . ’ operator. For example:

jint i =
java::lang::Math::round((jfloat) 2.3);

Defining a static native method uses standardC++
methoddefinitionsyntax.For example:

#include <java/lang/Integer.h>
java::lang::Integer*
java::lang::Integer::getInteger(jstring s)
{

...
}

5.5 Object allocation

New Java objectsareallocatedusinga class-instance-
creation-expression:

new Type ( arguments)

Thesamesyntaxis usedin C++. In bothlanguages,the
new-expressionactuallydoestwo separateoperations:
Allocatinganinstance,andthenrunningtheinstanceini-
tializer (constructor).

Using CNI, you can allocatea new object using stan-
dardC++ syntax.TheC++ compileris smartenoughto
realizethe classis a Java class,andin that casegener-
atesa call to a run-timeroutinethatallocatesa garbage-
collectedobject. If you have overloadedconstructors,
thecompilerwill choosethecorrectoneusingstandard
C++ overloadresolutionrules.For example:

java::util::Hashtable *ht
= new java::util::Hashtable(120);

In G++, methodsget passedan extra magicargument,
which is not passedfor Java constructors.G++ alsohas
the constructorssetup the vtablepointers. In Java, the
objectallocatorsetsup the vtablepointer, andthe con-
structordoesnot changethe vtablepointer. Hence,the
G++ compilerneedsto know aboutthesedifferences.

Allocating an array is a specialcase,since the space
neededdependson therun-timelengthgiven.

6 Sharing codefor JNI and CNI

It would beniceto combnetheadvantagesof CNI with
the portability of JNI. That is peopleshouldbe ableto
write native codethat can be compiledfor either CNI
or JNI. This canbedoneusingconditionalcompilation,
with separatecodefor JNI andCNI, but of coursethat
makeswriting nativemethodsevenworsethanplainJNI.
It shouldbe possibleto usesomepre-processingtricks
to reducetheduplication,though.

It would beappealingto beableto write CNI codeand
automaticallytranslateit to JNI code. However, recog-
nizing whereJNI callsareneededwould requiresome-
thing with the sophisticationof a C++ compiler. The
logicalthingwouldbeto useaC++compilerwith asuit-
ableoption,say--emit-jni . Theninsteadof actually
generatingJNI C source,this compilerwould generate
machinecodethatcallstheappropriateJNI routines.I.e.
ratherthanactuallygettingJNI C code,you would get
machinecodeequivalent to that generatedfrom JNI C
code. This is not quite asportableaspureJNI source,
but it would be portableto all JVMs that run on plat-
formsto which this compilerhasbeenported.For G++,
thatis almostall platformsin use.

Compiling CNI to JNI-using binaries might involve
somecombinationof G++changes,anextensionto gcjh,
andrun-timecode.Someideashavebeensuggested,but
thereareno actualplansfor sucha project. Note that
100� automatictranslationmight be difficult, so you
might have to put in #ifdef JNI conditionalsocca-
sionally, but thegoalwould beto minimizeJNI-specific
code.



7 Packages

The only global namesin Java are classnames,and
packages.A packagecancontainszeroor moreclasses,
andalsozeroormoresub-packages.Everyclassbelongs
to eitheranunnamedpackageor apackagethathasahi-
erarchicalandgloballyuniquename.

A Java packageis mappedto a C++ namespace. The
Java class java.lang.String is in the package
java.lang , which is a sub-packageof java . The
C++ equivalentis the classjava::lang::String ,
which is in the namespacejava::lang , which is in
thenamespacejava .

Thesuggestedway to do thatis:

// Declare the class(es).
// (Possibly in a header file.)
namespace java {

namespace lang {
class Object;
class String;

}
}

class java::lang::String
: public java::lang::Object

{
...

};

7.1 Leaving out packagenames

Having to alwaystype the fully-qualified classnameis
verbose. It also makes it more difficult to changethe
packagecontaininga class.TheJava package decla-
rationspecifiesthat the following classdeclarationsare
in thenamedpackage,withouthaving to explicitly name
the full packagequalifiers. The package declaration
canbefollowedby zeroor moreimport declarations,
which allows either a single classor all the classesin
a packageto benamedby a simpleidentifier. C++ pro-
videssomethingsimilarwith theusing declarationand
directive.

A Javasimple-type-importdeclaration:

import PackageName. TypeName;

allows using TypeNameas a shorthandfor Package-
Name. TypeName. The C++ (more-or-less)equivalent
is a using -declaration:

using PackageName:: TypeName;

A Java import-on-demanddeclaration:

import PackageName.*;

allows using TypeNameas a shorthandfor Package-
Name. TypeNameTheC++ (more-or-less)equivalentis
a using -directive:

using namespace PackageName;

8 Exception Handling

It is a goal of the Gcc exception handling mecha-
nism that it as far as possiblebe languageindepen-
dent. The Java featuresareagaina subsetof the G++
features,in that C++ allows near-arbitraryvaluesto be
thrown, while Java only allows throwing of references
to objectsthatinherit from java.lang.Throwable .
While G++ and GCJ sharea commonexceptionhan-
dling framework, thingsarenot yetperfectlyintegrated.
The main issueis that the “run-time type information”
facilitiesof thetwo languagesarenot integrated.

Still, thingswork fairly well. You canthrow a Java ex-
ceptionfrom C++ usingtheordinarythrow construct,
andthisexceptioncanbecaughtby Javacode.Similarly,
you cancatchan exceptionthrown from Java usingthe
C++ catch construct.

Notethatcurrentlyyoucannotmix C++catchesandJava
catchesin a singleC++ translationunit. This is caused
by a limitation in GCC’s internalprocessingof excep-
tions,andwedo intendto fix this eventually.

C++ codethat needsto throw a Java exceptionwould
just usetheC++ throw statement.For example:

if (i >= count) {
jstring msg =

JvNewStringUTF("I/O Error!");
throw new java::io::IOException(msg);

}

Thereis alsono differencebetweencatchinga Java ex-
ception,andcatchinga C++ exception. The following
Java fragment:

try {
do stuff();



} catch (java.IOException ex) {
System.out.println("caught I/O Error");

} finally {
cleanup();

}

couldbeexpressedthis way in G++:

try {
try {

do stuff();
} catch (java::io::IOException* ex) {

printf("caught I/O Error\n;");
}

catch (...) {
cleanup();
throw; // re-throws exception

}

Note that in C++ we needto usetwo nestedtry state-
ments.

9 Exception Generation

Java code is extensively checked at runtime. For in-
stance,if aJavaprogramrecursestoodeeply, aStack-
OverFlowException is generated. Likewise, if a
null pointeris dereferenced,a NullPointerExcep-
tion is generated.This is typically doneby the Java
runtime.

GCJ is currently weak on thesechecks. Explicit null
pointerchecksaregeneratedin thespecificcaseof call-
ing a final function.In othercaseswerely ontherun-
time to trap segmentationviolationsandturn theminto
NullPointerException . However, this approach
only workson platformswith MMU support.In thefu-
tureweplanto givegcj theability to automaticallygen-
erateexplicit checksfor null pointersandthengenerate
the appropriateexception. Whenthis happenswe will
mostlikely not modify theC++ compilerto do this, but
will insteadrely on theCNI programmerto addexplicit
checksby hand.

Thesameconsiderationsapplyto stackoverflows.

10 Synchronization

EachJava objecthasan implicit monitor. TheJava VM
usesthe instruction monitorenter to acquireand
lock a monitor, andmonitorexit to releaseit. The

JNI hascorrespondingmethodsMonitorEnter and
MonitorExit . The correspondingCNI macrosare
JvMonitorEnter andJvMonitorExit .

TheJavasourcelanguagedoesnotprovidedirectaccess
to theseprimitives.Instead,thereis a synchronized
statementthatdoesanimplicit monitorenter before
entry to the block, anddoesa monitorexit on exit
from the block. Note that the lock hasto be released
eventheblockis abnormallyterminatedbyanexception,
which meansthereis animplicit try -finally .

FromC++, it makessenseto usea destructorto release
a lock. CNI definesthefollowing utility class.

class JvSynchronize() {
jobject obj;

JvSynchronize(jobject o)
{ obj = o; JvMonitorEnter(o); }

˜JvSynchronize()
{ JvMonitorExit(obj); }

};

Theequivalentof Java’s:

synchronized (OBJ) { CODE; }

canbesimply expressed:

{ JvSynchronize dummy(OBJ); CODE; }

Java also has methodswith the synchronized at-
tribute.This is equivalentto wrappingtheentiremethod
body in a synchronized statement.(Alternatively,
animplementationcouldrequirethecallerto dothesyn-
chronization. This is not practical for a compiler, be-
causeeachvirtual methodcall wouldhaveto testat run-
time if synchronizationis needed.) Since in GCJ the
synchronized attributeis handledby themethodim-
plementation,it is up to the programmerof a synchro-
nized native methodto handlethe synchronization(in
theC++ implementationof themethod).In otherwords,
you needto manuallyaddJvSynchronize in a na-
tive synchronized method.

11 ClassInitialization

Java requiresthateachclassbeautomaticallyinitialized
at thetime of thefirst active use.Initializing a classin-
volvesinitializing thestaticfields,runningcodein class
initializer methods,andinitializing baseclasses.There



mayalsobesomeimplementationspecificactions,such
as allocatingString objectscorrespondingto string
literalsin thecode.

TheGCJcompilerinsertscalls to JvInitClass (ac-
tually Jv InitClass ) atappropriateplacesto ensure
thata classis initialized whenrequired.TheC++ com-
piler doesnot insert thesecalls automatically- it is the
programmer’sresponsibilityto makesureclassesareini-
tialized. However, this is fairly painlessbecauseof the
conventionsassumedby theGCJsystem.

First, libgcj will makesureaclassis initializedbefore
an instanceof that objectis created.This is oneof the
responsibilitiesof thenew operation.This is takencare
of both in Java code,andin C++ code.(WhentheG++
compilerseesanew of aJavaclass,it will call a routine
in libgcj to allocatethe object,andthat routinewill
takecareof initializing theclass.)It followsthatyoucan
accessan instancefield, or call an instance(non-static)
methodandbesafein theknowledgethat theclassand
all of its baseclasseshavebeeninitialized.

Invokingastaticmethodis alsosafe.This is becausethe
Java compileraddscodeto the startof a staticmethod
to make surethe classis initialized. However, the C++
compiler doesnot add this extra code. Hence,if you
write a native staticmethodusingCNI, you arerespon-
sible for calling JvInitClass beforedoinganything
elsein themethod(unlessyouaresureit is safeto leave
it out).

Accessingastaticfield alsorequirestheclassof thefield
to beinitialized. TheJavacompilerwill generatecodeto
call Jv InitClass beforegettingor settingthefield.
However, theC++ compilerwill not generatethis extra
code,so it is your responsibilityto make surethe class
is initializedbeforeyouaccessastaticfield.

12 Changesto G++

Hereis a summaryof changesmadeto G++, the GNU
C++ compiler, to make it aware of Java types, and
thusprovide theC++/Java interoperabilitywe have dis-
cussed:

� For eachJava primitive type(suchaslong ), G++
definesa C++ primitive type, with a name like

java long . (A namewith two initial under-
scoreis reserved to the implementation,so it can-
not clashwith a valid useridentifier.) Thesetypes

aredistinct from all other types. The CNI header
fileswill thendo:

typedef java long jlong;

This mechanismmakesit easyfor the compilerto
distinguishJava types from standardC++ types,
giving themthe correctsizein bits. Eachof these
typeshasa special“Java type” flag bit set. When
mangling the nameof a method into an assem-
bler label,Java typesarerecognized.For example

java long is mangledthesameastheC++ 64-
bit integertype long long .

� Thecompilerrecognizesextern "Java" in ad-
dition to the standardextern "C" and ex-
tern "C++" . If a class is defined inside the
scopeof extern "Java" , then the compiler
set the “Java type” bit on the classand the cor-
respondingpointer type. The “Java type” bit is
also set for a classif its baseclasshasthe “Java
type” bit set. The standardlibgcj/CNI header
files definejava::lang::Object insideex-
tern "Java" ; thusall classesthat inherit from
java::lang::Object havethe“Javatype” bit
set.

� Thereis a compilerinternalfunctionthatchecksif
a typeis a valid Java type. This is usedto catcher-
rorssuchaswhenaprogrammeraccidentallytypes
long insteadof jlong in thefunctionheaderof a
Java class.

� The compiler has an internal function that
takes a Java type, and generatesa declar-
tion that refers to the corresponding(run-time)
java.lang.Class instance. This is usedfor
exceptionhandlingandobjectallocation.

� If whencompilinga new-expressionthe allocated
type is a Java type, then the compilergeneratesa
call to the run-time routine Jv AllocObject .
The compiler also suppressesgeneratingcode to
causetheobjectto bede-allocatedif theconstructor
throws an exception. (Suchde-allocationis man-
datedby the C++ standard,but is not correct for
Java,which assumesa garbagecollector.)

� The interfaceto constructorsneedsto be changed
so magic vtable pointer initialization and the ex-
tra constructorargumentdo not happenwhencon-
structinga Java object.

� C++ hasthe problemthat the compilercannottell
which compilationunit needsto emit a class’s vir-
tual functiontable.Variousrulesandheuristicsare



used,but sometimesthesamevtablehasto beemit-
ted by more than one compilation unit. This is
not an issuefor Java types: G++ never emits the
vtable,sincethat is donewhenGCJcompilesthe
Java class.

� G++handlescatch andthrow by generatingap-
propriatelibgcj calls.

13 Performancenumbers

Figure 1 shows somebenchmarknumberscomparing
JNI and CNI. (The benchmarksare basedon codeby
Matt Welsh.)(ADD MOREFORFINAL PAPER.)They
are a numberof micro-benchmarks,all run on a 600
MHz Athlon runningRedHatLinux 7 with apre-2.4ker-
nel. Eachcolumnmeasures:

1. RunningJDK 1.3 from Sun,calling a testmethod
written in pureJava.

2. Again running JDK 1.3 from Sun, with the test
methodwritten using in JNI. For thoserows that
have two numbers,thesecondnumberis whenus-
ing cashingof jfieldID s.

3. Using GCJ(versionshippedwith RedHat7), call-
ing a testmethodwritten in pureJava.

4. AgainusingGCJ(versionshippedwith RedHat7),
calling a testmethodwritten in C++ usingCNI.

14 Usageand featuresof gcjh

The gcjh is used to generateC++ headerfiles from
Java classfiles. By default, gcjh generatesa relatively
straightforward C++ headerfile. However, therearea
few caveatsto its use,anda few optionswhich canbe
usedto changehow it operates.Wedon’t list theoptions
here,asthey aren’t too relevantto this discussion.

gcjh will generateall the requirednamespacedeclara-
tionsand#include ’s for theheaderfile.

Gcjhalsohastheability to decompilesimpleJavameth-
ods. Currentlyit doesthis via ad hoc patternmatching
– it recognizesemptymethods,accessormethods,and
methodswhich return this or null . Thesechoices
were madeprimarily becausethey were simple to im-
plement,but alsobecausethey seemedlikely to provide

goodinlining opportunities.Thisfeaturein effectimple-
mentscross-languageinlining, andwe anticipatemore
work herein thefuture.

gcjh has to handlemismatchesbetweenthe C++ and
Java programminglanguages. There are a few such
problems:

� gcjhmustbecarefulto generatefieldsandmethods
in thesameorderasthe compileritself so that the
G++ view of object layout is compatiblewith the
GCJview. This meansthatgcjh hasto beupdated
whenevereithercompilerchangesits objectlayout.

� Somevalid Java identifiers, like register , are
keywords in C++. We handle this casein gcjh
with somecollusion by gcj. We add a $ to the
end of any namethat conflicts with a C++ key-
word. For instance,a methodtypename appears
in the header, and in the generatedobject file, as
register$ . Thisencodingis robust– if theJava
codehasamethodnamedstruct$ , it is renamed
to struct$$ . Thus,conflictsareneverpossible.

� In C++ it isn’t possibleto haveafield andamethod
with thesamename,while in Java this is possible.
If the conflicting field is static,gcjh simply issues
an error. Otherwise,the field will be renamedby
appending‘ ’ in thegeneratedheader;this is safe
becauseobject code that refers to instancefields
will not usethefield’s name.In thefuturewe plan
to eliminatethis problem.Oneapproachwould be
to modify gcj andgcjh to mangleconflicting field
namesasis donefor identifiersmatchingC++ key-
words.

� In Java it is often convenient to refer to a Class
object, for instancevia the Foo.class syntax.
In C++ thereis no way to do this, so gcjh makes
the classobject appearto be a static field of the
classitself. This field is namedclass$ . Typ-
ical codeusesa pointer to the Classobject, e.g.
&java::lang::Class::class$ .

� gcjh assumesthat all the methodsand fields of a
classhaveASCII names.TheC++compilercannot
correctlyhandlenon-ASCII identifiers. gcjh does
not currentlydiagnosethis problem. In the future
we hopeto generateheaderswhich useC++ UCNs
(the C++ equivalentof Java \u escapes)to avoid
this problem.

gcjh canautomaticallygenerateC++ stubsfor a given
class. For eachnative methodin the classit will gen-
eratea C++ stubwhosedefault implementationthrows



Test JDK pureJava JDK with JNI GCJpureJava cj with CNI
Void no-opmethod .027� s .077� s .026� s .028� s
Instancefield increment .06� s 2.88� s/ .35� s .02� s .02� s
Staticfield increment .033� s 4.39� s/ .395� s .027� s .029� s

Figure1: Benchmarkmeasurements

// DO NOT EDIT THIS FILE - it is machine generated -*- c++ -*-

#ifndef timing Timer
#define timing Timer

#pragma interface

#include <java/lang/Object.h>

extern "Java"
{

namespace timing
{

class Timer;
}

};

class ::timing::Timer : public ::java::lang::Object
{
public: // actually package-private

virtual jlong sinceLast (::java::lang::String *);
Timer ();

private:
jlong lastTime;
::java::lang::String *lastNote;

public:

static ::java::lang::Class class$;
};

#endif /* timing Timer */

Figure2: Timer.h asgneratedby gjch

anexception.This featureis convenientwhenwriting a
classfor thefirst time.

An alternativeto asepartegcjhprogramwouldbemodi-
fying G++ soit couldread.class filesdirectly. How-
ever, usinggcjh is almostasconvenient,andG++ is al-
readyvery complex, soaddingsignificantJava-specific
changesseemsill-advisedfrom theperspectiveof long-
termcompilermaintenance..

Figure2 is theoutputof gcjhontheTimerclassfrom the
first section.
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