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Abstract

“Native methods”in Java are methodswritten in some
otherlanguageusuallyC or C++. Sunincludedin JDK

1.1 the “Java Native Interface” (JNI) for writing such
native methodsin a portableway, independentf JVM

implementationJNI satisfieghatgoal, but hastwo ma-
jor problems:JNI codehasmajorinherentinefficiencies,
becausevrythingthasto bedoneascallsthrougharun-
time table of function pointers. Using JNI is alsovery
verbosetediousanderrorpronefor the programmer

The GnuCompilerfor the Java platform (GCJ)is based
on compiling Javato machinecodeusingthe GnuCom-
piler Collection(Gcc) framewnork. GCJoffersanin ad-
dition to JNI an alternatve, the CompiledNative Inter-
face(CNI). CNI is basedntheideaof makingthe C++
andJava datarepresentationandcalling corventionsas
close as practical, and using a slightly modified Java-
aware C++ compilerto compile native methodwritten
in C++ methods.CNI codeis bothvery efficientandis
alsovery easyandnaturalto write, becausét usesstan-
dardC++syntaxandidiomsto work with Javadata.The
runtimeandclasslibrary associatedvith GCJis libgcj,
which is written in a mix of Java and C++ codeusing
CNI.

1 Background

Not all the codein a Jara applicationcanbe written in
Java. Somemustbe written in a lowerlevel language,
eitherfor efficiency reasonsor to accesgow-level facil-
ties not accessiblén Java. For this reasonJasa meth-
ods may be specifiedas “native”. This meansthat the
method has no method body (implementation)in the
Java sourcecode. Instead,it hasa specialflag which
tellsthe Java virtual machineto look for the methodus-
ing someunspecifiedookupmechanism.
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1.1 The Java Native Interface

Sun’s original Java DevelopmentKit (JDK) version
1.0 defineda programminginterfacefor writing native
methodsin C. This provided ratherdirect and efficient
accesdo theunderlyingVM, but wasnot officially doc-
umentedandwastied to specificsof theVM implemen-
tation. Therewaslittle attemptto make it an abstract
API thatcouldwork with ary VM.

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

The problemwith JNI thatit is a ratherheary-weight
interface,with majorrun-timeoverheadslt is alsovery
tediousto write codeusingJNI. For example,for native
codeto accesafield in anobject,it needs¢o make two
functioncalls (thoughthe resultof thefirst canbesaved
for future accesses)This is cumbersomeo write and
slow atrun-time.

To specifyafield in JNI, you pasdts nameasastringto

a run-timeroutinethat searchesreflective” datastruc-
tures. Thusthe JNI requiresthe availability at run-time
of completereflectve data(namestypes,andpositions
of all fields, methodsand classes).The reflective data
hasotheruses(thereis a standardsetof Java classegor

accessinghereflective data) but whenmemoryis tight,

asin anembeddedystemiit is a luxury mary applica-
tionsdo notneed.

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

package timing ;

class Timer {
private long lastTime;
private  String  lastNote;



/**  Return time in milliseconds
* since last call,

* and set lastNote. */

native long sincelLast(String

}

Figure 1 shows how it could be programmedisingthe
JNI: Notethefirst env parameterwhichis a pointerto
a thread-specifiarea,which alsoincludesa pointerto
a tableof functions. The entire NI is definedin terms
of thesefunctions,which cannotbe inlined (sincethat
would make JNI methodsno longer binary compatible
accross/Ms).

note);

#include  <jni.h>
jdouble  Java _Timer _sinceLast (
JNIEnv *env, /* interface pointer  */
jobject obj, /* ‘"this" pointer  */
jstring note) /* argument #1 */
{
/I Note that the results of the first
/I three statements could be saved for
/I future use (though the results
/I have to be made "global first).
jclass cls =
env->FindClass("timing.Timer");
jfieldld ITid =
env->GetFieldID(cls, "lastTime",
"3
jfieldld INid =
env->GetFieldID(cls, "lastNote",

"Ljava/lang/String;");

jlong oldTime =
env->GetLongField(obj,
jlong  newTime =
calculate  _new_time();
env->SetLongField(obj,
env->SetObjectField(obj,
return newTime - old _Time;

ITid);

ITid,
INid,

newTime);
note);

}

GCJ supportsINI, but it also offers a more efficient,
lower-level, andmorenaturalnative API, which we call
CNI, for “Compiled Native Interface”. (It canalsostand
for CygnusNative Interface,sinceCNI wasdesignedat
CygnusSolutionsbefore Cygnuswas acquiredby Red
Hat.) The basicideais to make GNU Java compati-
ble with GNU C++ (G++), and provide a few hooksin
G++ so C++ codecanaccesslava objectsas naturally
asnative C++ objects. Therestof this papergoesinto
detailsaboutthis integratedJava/C++ model. The key
ideais thatthecalling corventionsanddataaccessefor
CNI are the sameas for normal nonnative Jasza meth-
ods. Thusthereis no extra JNIEnv parameterandthe

C++ programmeigetsdirect accesdo the Java objects.
This doesrequire co-ordinationbetweenthe C++ and
Jasaimplementations.

Below is thethe earlierexamplewritten usingCNI.

#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;
}

This usesautomatically-generatet@ming/Timer.h

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

public :java:lang::Object
{
jlong
jstring
public:
jlong

I3

lastTime;
lastNote;

virtual sinceLast(jstring note);

2 API vsABI

A fundamentagjoalof JNI wasthatit shouldbeindepen-
dentof the JVM; it shouldbe possibleto implementINI

onary reasonabldVM implementationCNI canalsoin

principlebeimplementedn arny reasonabldavaimple-

mentation,by putting sufficient knowledgein the C++

compiler This is possiblebecausehe C++ compiler
candistinguishC++ andJava types,andthususediffer-

entrepresentationfor C++ andJava objects. However,

CNI works more naturallythe closerthe C++ and Java
datarepresentationare. For GCJour goalwasto make

the Java ABI (Application Binary Interface)ascloseto

the C++ ABI asmadesense.

Anothergoal of INI wasto definea portableABI, rather
thanjust an API (Application Programmindnterface).
Thatfor ary givenplatform(machineandos),compiled
JNI code shouldnot dependon the JVM implementa-
tion. However, sinceJNI is definedin termsof C data
typesandfunctioncalls,it doesdependnthe C ABI of

thegivenplatform. OnemightsaythatJNI wasdesigned
for applicationgeliveredin compiledform, presumably



onsomesmallnumberof platforms.It seemsaquestion-
abletradeof to accepthe overheadsindincorvenience
of NI for this very restrictedform of binary portability,

especiallyto thoseof us who believe sourceshouldbe

available.

Thatis notto saythatwe think an ABI is not desirable,
far from it. We think thatfor now an ABI may be pre-
mature,andan APl suchasCNI may make moresense.
Note thoughthat muchof the C++ communityis mov-
ing towardsa stabledefinedABI, andthis will become
thedefaultfor the forthcomingGec 3.0. At thatpoint, it
may make senseo definea Java ABI partly in termsof
aC++ABI. CNI maybeviewedasa pre-cursotto that.

If weview CNI asanABI for Java, it nailsdown anum-
ber of aspectof the Javaimplementationsuchasfield
layoutandexceptionhandling). CNI leavesotherparts
of the implementation,such as object allocation and
synchronizationynspecifiecbut definesportablehooks.
ThesehooksdefineanABI aslongasthehooksarefunc-
tion calls, but if the hooksare macrosor getinlined to
accessmplementation-specififields, thenbinary com-
patibility is gone.

CNI as currently implementedasumesa conserative

garbagecollector For example CNI lets you loop

throughanarraywithout having to be awareof garbage
collectionissuesWhile this seemso prohibitacopying

collector, actuallyit doesnot. Rather it meanghatif a

copying collectoris usedthenthe C++ compilerhasto

be awarethe fact,andgeneratehe neededablessothe

collectorcanupdateall registersandmemorylocations
thatpoint ata movedobject.

A related more generaldisadwantagewith GCJ con-
cerns“Binary Compatibility” as discussedn the Jasa
LanguageSpecification[??]. GCJ-compilectlassesare
muchmorevulnerableto breakingif a classthey depend
on is changedand re-compiledthan Java class files
are. Adding a private memberto a baseclasschanges
the offsetsof fieldsin a class,which meansthe gener
atedcodeis changed.This is the sameasfor C++, and
is a costof GCJ-stylecompilationyou payin exchange
for performance.Thereare techniquegshat somepeo-
ple useto reducetheseproblemsin C++ [?7?]; similar
techniquesmay be applicableto GCJand henceCNI.
One possibility is that the offset of a field in a struc-
turebecompiledinto alink-time constantthatwould be
resoled by the (static or dynamic)linker. Thatwould
reducebinarycompatibility problemsguite a bit, though
it may produceslightly lessoptimalcode.

3 Utility functions and macros

Both JNI andCNI providetoolkits of utility functionsso
native codecodecanrequest/ariousserviceof theVM.
CNI usegheC++syntaxfor operationghathave adirect
correspondencin C++ (suchasaccessingan instance
field or throwing anexception),For otherfeaturessuch
ascreatinga Java stringfrom a nul-terminatedC string,
we needutility functionsor macros.Many of thesehave
similar namesandfunctionalityasthe JNI functions ex-
ceptthatthey donotdependona JNIEnv pointer

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

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

TheJNI C++interfaceis justasetof inline methodghat

wraptheC interface for example:

jstring str = env->NewStringUTF("Hello");
In the CNI, we do not usea JNIEnv pointer so the
usagses:

jstring str = JvNewsStringUTF("Hello");

In general CNI functionsandmacrosstartwith the‘Jv’
prefix, for examplethe function ‘ JvNewObjectAr-
ray '. This corventionis usedto avoid conflicts with
otherlibraries. Internalfunctionsin CNI startwith the
prefix ‘ _Jv _’; nameswith this prefix areresenedto the
implementatioraccordinghe C andC++ standards.

3.1 Strings

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

»jstring JvNewString  (const  jchar
*chars, jsize len) €« Createsa new Jasa String
object, where chars are the contents,and len is the
numberof characters.

»jstring JvNewsStringLatinl (const

char *bytes jsize len) € Createsa new Jaa
String object, where bytes are the Latin-1 encoded
charactersandlenis thelengthof bytes in bytes.



»jstring
char *bytes «
StringLatinl

JvNewsStringlLatinl (const
Like the first  JvNew-
, but computeden usingstrlen

»jstring JvNewStringUTF  (const  char
*byted 4 Createsa new Java String object, where
bytesare the UTF-8 encodedcharactersof the string,
terminatedoy anull byte.

»jchar *JvGetStringChars (jstring
str) € Returnsapointerto thearrayof charactersvhich
male up astring.

» int JvGetStringUTFLength (jstring
str) €4 Returnsnumber of bytes required to encode
contentsof strasUTF-8.

» jsize JvGetStringUTFRegion (jstring

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

4 Object model

In termsof languageeatures Java is in essence sub-
setof C++. Java hasa few importantextensions,plus
a powerful standarcclasslibrary, but on the whole that
doesnot changethe basicsimilarity. Java is a hybrid
object-orientedanguagewith afew nativetypes,in ad-
dition to classtypes.lt is class-basedyherea classmay
have staticaswell asperobjectfields,andstaticaswell
asinstancemethods. Non-staticmethodsmay be vir-
tual, and may be overloaded. Overloadingin resohed
at compiletime by matchingthe actualargumenttypes
againstthe parametetypes. Virtual methodsareimple-
mentedusingindirectcallsthroughadispatchtable(vir-
tual function table). Objectsare allocatedon the heap,
andinitialized usinga constructormethod. Classesre
organizedn a packagéhierarchy

All of thelisted attributesare alsotrue of C++, though
C++ hasextrafeatureqfor examplein C++objectsmay
alsobe allocatedstatically or in a local stackframein
additionto the heap).Because&sCJusesthe samecom-
piler technologyasg++ (the GNU C++ compiler),it is
possibleto make the intersectionof the two languages
usethesameABI (objectrepresentatioandcalling con-
ventions). The key ideain CNI is that Jasa objectsare
C++ objects,and all Java classesare C++ classeqbut

nottheotherway around).Sothemostimportanttaskin
integratingJavaandC++ is to remove gratuitousncom-
patibilities.

4.1 Primiti ve types

Java provides 8 “primitive” types: byte , short
int , long , float , double , char , andboolean .
Theseas the sameas the following C++ typedef s
(which are definedin a standarcheadeffile): jbyte

jshort ,jint ,jlong ,jfloat ,jdouble ,jchar |,
andjboolean

Javatype | C++name| Description

byte jbyte 8-bit signedinteger

short jshort 16-bit signedinteger

int jint 32-bitsignedinteger
long jlong 64-bit signedinteger
float jfloat 32-bitIEEE floating-point
double | jdouble 64-bit IEEE floating-point
char jchar 16-bitUnicodecharacter
boolean | jboolean | logical (Boolean)values
void void novalue

»JvPrimClass  ( primtype « Thisisamacrowhose
argumentshould be the nameof a primitive type, e.g.
byte . Themacroexpandgo apointertotheClass ob-
jectcorrespondingo theprimitivetype. E.g.,JvPrim-
Class(void) hasthe samevalueasthe Java expres-
sionVoid. TYPE (orvoid.class ).

4.2 Classes

All Java
java.lang.Object
a unigue “root”

are derived from
C++ does not have
but we use a C++
java::lang::Object as the C++ version of
the java.lang.Object Java class. All otherJava
classesare mappedinto correspondingC++ classes
derivedfrom java::lang::Object

classes

class,

Java class such as
and the correspondingC++
to be the sameclass,

We consider a
java.lang.String
classjava::lang::String
justusingdifferentsyntax.

Interfaceinheritance(the “implements " keyword) is
currentlynotreflectedn the C++ mapping.



4.3 Object references

We implementa Java objectreferenceasa pointerto the
startof thereferencedbject. It mapsto a C++ pointer
(WecannotuseC++reference$or Javareferencessince
oncea C++ referencehasbeeninitialized, you cannot
changeit to point to anotherobject.) The null Java
referencamapsto the NULL C++ pointet

The original JDK implementedan objectreferenceasa
pointerto atwo-word “handle”. Oneword of thehandle
pointsto the fields of the object, while the otherpoints
to a methodtable. GNU Java, like mary newer Jasa
implementationsgoesnot usethis extraindirection.

4.4 Castsand Runtime Type Safety

Java castsdo runtime type checkingwhen downcast-
ing. GCJautomaticallyinsertscalls to runtime func-
tions to perform thesechecksas appropriate. When
writing CNI code, this checkingis 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

instancefields of the class,in order The objectheader
consistof a singlepointerto a dispatchor virtual func-

tion table. (Theremay be extra fields “in front of” the

object, for examplefor memory managementhut this

is invisible to the programmerandthe referenceo the

object points to the word contining the dispatchtable

pointer)

Thefieldsarelaid outin the sameorder, alignment,and
sizeasin C++. Specifically 8-bite and 16-bit native
types (byte , short , char , and boolean ) are not
widenedto 32 bits, eventhoughthe Java VM doesex-
tend 8-bit and 16-bit typesto 32 bits whenon the VM

stackor temporaryregisters.

If you includethe gcjh -generatecheaderfor a class,
you canaccessieldsof Javaclassedn 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);
}

you canwrite:
#include  <gcj/cni.h>
#include  <Int.h>
Int*

mult (Int  *p, jint K)

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

return  new Int(p->i * K);

}

CNI doesnot strictly enforcethe Java accesspecifiers,
becausdavapermissiongannotbedirectlymappednto

C++ permission. Private Java fields and methodsare
mappedto private C++ fields and methods,but other
fieldsandmethodsaremappedo publicfieldsandmeth-
ods.

4.6 Arrays

While in mary ways Java is similar to C and C++,
it is quite differentin its treatmentof arrays. C ar
raysare basedon the ideaof pointerarithmetic,which
would be incompatible with Java’s security require-
ments. Java arraysaretrue objects(arraytypesinherit
from java.lang.Object ). An array-\aluedvari-
ableis onethatcontainsareferencepointer)to anarray
object.

Referencinga Java arrayin C++ codeis doneusingthe
JArray templatewhichis definedasfollows:

class __JArray public  java:lang::Object
{

public:

int length;

I3

template<class T

class JArray public  __JArray
T data]0];

public:

T& operatorf[](jint i)y { re-
turn  datali]; }

I3

For example,if youhave avaluewhich hastheJavatype
java.lang.String][] , you canstoreit a C++ vari-
ableof type JArray<java::lang::String*>*

CNI hassomecornveniencetypedefswhich correspond
to typedefdrom INI. Eachis thetypeof anarrayholding



objectsof theappropriateype:

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> *longArray;
typedef  JArray<jfloat> *jfloatArray;
typedef  JArray<jdouble> *jdoubleArray;

»template<class T> T *elements  (JAr-

ray<T> &array) « This template function can be
usedto geta pointerto the elementsof the array. For
instance,you can fetch a pointer to the integersthat

makeupanint[] likeso:
extern  jintArray foo;
jint  *intp = elements (foo);

The nameof this functionmay changen thefuture.

You can createan array of objectsusingthis function:
»jobjectArray JvNewObjectArray (jint
length jclass  klass jobject init) « Here
klassis the type of elementsof the array; init is the
initial valueto be putinto everyslotin thearray

For eachprimitive type thereis a function which can
be usedto createa new array holding that type. The
nameof the functionis of theform JyNewTypéArray
where Type is the name of the primitive type, with
its initial letter in uppercase. For instance,JvNew-
BooleanArray  can be usedto createa new ar
ray of booleans. Eachsuchfunction follows this ex-
ample:pjbooleanArray JvNewBooleanArray
(jint length «

»jsize  JvGetArrayLength (jarray
array) <€ Returnghelengthof array.

Unlike Java, arrayboundscheckingfor C++ codeis not
automatidout insteadmustbe doneby hand.

5 Methods

Java methodsare mappeddirectly into C++ methods.

The headeffiles generatedy gcjh includethe appro-
priatemethoddefinitions.Basically thegeneratedneth-
odshave the samenamesand“corresponding’typesas
the Javamethodsandarecalledin the naturalmanner

5.1 Overloading

Both Java andC++ provide methodoverloading where
multiple methodsn aclasshavethesamename andthe
correctone is chosen(at compile time) dependingon
the algumenttypes. The rulesfor choosingthe correct
methodare(asexpectedmorecomplicatedn C++than
in Java, but the fundamentaideais the same. Givena
setof overloadedmethodsgeneratedy gcjh the C++
compilerwill choosethe expectedone,aslong aseach
primitive Java type mapsto a distict C++ type.

Commonassemblerand linkersare not aware of C++

overloading, so the standardimplementationstrateyy

is to encodethe parametettypes of a methodinto its

assembly-leel name.Thisencodings calledmangling

andthe encodechameis the mangledname The same
mechanisms usedto implementJava overloading.The
namemanglingusedby CNI mustbe the sameasthat
generatedyy GCJ.

5.2 Instance methods

Virtual methoddispatchis handledessentiallythe same
in C++andJava—i.e. by doinganindirectcall through

a function pointerstoredin a perclassvirtual function

table.C++is morecomplicatechecausé hasto support
multipleinheritancebut thisdoesnotaffectJavaclasses.
G++ historically useda differentcalling conventionthat

wasnot compatiblewith theoneusedby GCJ.

The first two elementsof the virtual function table are
usedfor specialpurposesn both GNU Jara and C++;
in Java, thefirst pointsto the classthatownsthevirtual
functiontable,andthe seconds usedfor an objectde-
scriptorthatis usedby the GC markprocedure.

Callinga Javainstancemethodin CNI is doneusingthe
standardC++ syntax.For example:

java::lang::Number *X;

if (x->doubleValue() > 0.0)

Defining a Java native instancemethodis alsodonethe
naturalway:

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

return  (jdouble) value;
}



5.3 Interface method calls

A Java classcanimplementzeroor moreinterfaces in

additionto inheriting from a single baseclass. An in-

terfaceis a collection of constantsand methodspeci-
fications. An interface provides a subsetof the func-

tionality of C++ abstractvirtual baseclassesput they

are currentlyimplementeddifferently. Sinceinterfaces
areinfrequentlyusedby Java native methodswe have

notmodifiedG++to allow for methodcallsvia interface
pointers.In the future we might addan explicit mecha-
nismto CNI to allow this.

5.4 Static methods

StaticJava methodsareinvokedin CNI usingthe stan-
dardC++syntax,usingthe*:: ' operatoratherthanthe
‘.’ operator For example:

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

Defining a static natve method uses standardC++

methoddefinition syntax.For example:

#include  <java/lang/Integer.h>
java:lang::Integer*
java::lang::Integer::getinteger(jstring S)

{
}

5.5 Obiject allocation

New Java objectsare allocatedusing a class-instance-
creation-expression

new Type ( arguments)

The samesyntaxis usedin C++. In bothlanguagesthe
new-expressionactually doestwo separateoperations:
Allocatinganinstanceandthenrunningtheinstanceni-

tializer (constructor).

Using CNI, you canallocatea new object using stan-
dardC++ syntax. The C++ compileris smartenoughto
realizethe classis a Java class,andin thatcasegener
atesa call to arun-timeroutinethatallocatesa garbage-
collectedobject. If you have overloadedconstructors,
the compilerwill choosethe correctoneusingstandard
C++ overloadresolutionrules. For example:

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

In G++, methodsget passedan extra magic argument,
whichis not passedor Java constructors G++ alsohas
the constructorsetup the vtable pointers. In Java, the
objectallocatorsetsup the vtable pointer, andthe con-
structordoesnot changethe vtable pointer Hence,the
G++ compilerneedgo know aboutthesedifferences.

Allocating an array is a specialcase,since the space
needediepend®ntherun-timelengthgiven.

6 Sharing codefor JNI and CNI

It would be niceto combnethe advantage®of CNI with
the portability of JNI. Thatis peopleshouldbe ableto
write native codethat can be compiledfor either CNI
or JNI. This canbe doneusingconditionalcompilation,
with separatecodefor JNI and CNI, but of coursethat
makeswriting native methodsvenworsethanplain JNI.
It shouldbe possibleto usesomepre-processingdricks
to reducethe duplication,though.

It would be appealingo be ableto write CNI codeand

automaticallytranslateit to JNI code. However, recog-
nizing whereJNI calls areneededvould requiresome-
thing with the sophisticationof a C++ compiler The

logicalthingwould beto usea C++compilerwith asuit-

ableoption,say--emit-jni . Theninsteadf actually

generatingJNI C sourcethis compilerwould generate
machinecodethatcallstheappropriateINI routines.l.e.

ratherthanactually getting JNI C code,you would get

machinecodeequialentto that generatedrom JNI C

code. This is not quite asportableas pure JNI 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
somecombinatiorof G++changesanextensionto gcjh,
andrun-timecode.Someideashave beensuggestedyut
thereare no actualplansfor sucha project. Note that
100% automatictranslationmight be difficult, so you
might have to put in #ifdef ~ JNI conditionalsocca-
sionally, but thegoalwould be to minimize JNI-specific
code.



7 Packages

The only global namesin Java are classnames,and
packagesA padage cancontainszeroor moreclasses,
andalsozeroor moresub-packageveryclasshelongs
to eitheranunnamedackageor apackagehathasa hi-
erarchicalandglobally uniqguename.

A Java packageis mappedto a C++ namespace The
Java classjava.lang.String is in the package

java.lang , which is a sub-packagef java . The
C++ equialentis the classjava::lang::String ,
which is in the namespacgava::lang , whichis in

thenamespacg@va .

Thesuggestedvay to dothatis:

/I Declare the class(es).
Il (Possibly in a header
namespace java {
namespace lang {
class Object;
class  String;

}

file.)

}

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

{
b

7.1 Leaving out packagenames

Having to alwaystype the fully-qualified classnameis
verbose. It also makesit more difficult to changethe
packagecontaininga class. The Java package decla-
ration specifieghatthe following classdeclarationsare
in thenamedpackagewithouthaving to explicitly name
the full packagequalifiers. The package declaration
canbefollowedby zeroor moreimport declarations,
which allows either a single classor all the classesn
a packageo be namedby a simpleidentifier C++ pro-
videssomethingsimilarwith theusing declaratiorand
directive.

A Javasimple-type-importieclaration:

import  PackageName TypeNamg

allows using TypeNameas a shorthandfor Package-
Name TypeName The C++ (more-okless)equialent
isausing -declaration:

using PackageName TypeName

A Javaimport-on-demandeclaration:

import  PadkageName*;

allows using TypeNameas a shorthandfor Package-
Name TypeNameThe C++ (more-orless)equialentis
ausing -directive:

using namespace PadageName

8 Exception Handling

It is a goal of the Gce exception handling mecha-
nism that it as far as possiblebe languageindepen-
dent. The Java featuresare againa subsetof the G++
features,n that C++ allows neararbitraryvaluesto be
thrown, while Java only allows throwing of references
to objectsthatinheritfrom java.lang.Throwable

While G++ and GCJ sharea commonexceptionhan-
dling framework, thingsarenot yet perfectlyintegrated.
The mainissueis thatthe “run-time type information”
facilitiesof thetwo languagesrenotintegrated.

Still, thingswork fairly well. You canthrow a Java ex-

ceptionfrom C++ usingthe ordinarythrow construct,
andthisexceptioncanbecaughtoy Javacode.Similarly,

you cancatchan exceptionthrown from Jasa usingthe
C++catch construct.

Notethatcurrentlyyoucannotmix C++catcheandJava
catchesn a single C++ translationunit. Thisis caused
by a limitation in GCC's internal processingpf excep-
tions,andwe do intendto fix this eventually

C++ codethat needsto throw a Java exceptionwould
justusethe C++ throw statementFor example:

it (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
Javafragment:

try
do _stuff();



} catch (java.lOException ex) {
System.out.printin("caught 1/0  Error");
} finally {
cleanup();
}

couldbeexpressedhiswayin G++:

try {

try {
do_stuff();

} catch (java:io::IOException*
printf("caught /O Erron\n;");

ex) {

}
catch (...) {

cleanup();

throw; Il re-throws exception

}

Notethatin C++ we needto usetwo nestedry state-
ments.

9 Exception Generation

Java codeis extensiely checled at runtime. For in-
stanceijf aJavaprogramrecursesoo deeply a Stack-
OverFlowException is generated. Likewise, if a
null pointeris dereferenceda NullPointerExcep-

tion is generated.This is typically doneby the Java
runtime.

GClJis currently weak on thesechecks. Explicit null
pointerchecksaregeneratedn the specificcaseof call-
ingafinal function.In othercasesverely ontherun-
time to trap sgmentationviolationsandturn theminto
NullPointerException . However, this approach
only works on platformswith MMU support.In the fu-
turewe planto give gcj the ability to automaticallygen-
erateexplicit checksfor null pointersandthengenerate
the appropriateaxception. Whenthis happensve will
mostlikely not modify the C++ compilerto do this, but
will insteadrely onthe CNI programmeto addexplicit
checksby hand.

Thesameconsiderationspplyto stackoverflows.

10 Synchronization

EachJava objecthasanimplicit monitor. The JavaVM
usesthe instruction monitorenter to acquireand
lock a monitor, and monitorexit to releaset. The

JNI hascorrespondingnethodsMonitorEnter and
MonitorExit The correspondingCNI macrosare
JvMonitorEnter andJvMonitorExit

The Java sourcdanguagealoesnot provide directaccess
to theseprimitives.Insteadthereis a synchronized
statementhatdoesanimplicit monitorenter before
entry to the block, and doesa monitorexit on exit
from the block. Note that the lock hasto be released
eventheblockis abnormallyterminatedy anexception,
which meanghereis animplicit try -finally

From C++, it makessenseo usea destructorto release
alock. CNI defineshefollowing utility class.

class JvSynchronize() {
jobject obj;

JvSynchronize(jobject 0)
{ obj = o; JvMonitorEnter(o); }

“JvSynchronize()
{ JvMonitorExit(obj); }
2

Theequialentof Java’s:

synchronized (0BJ) { CODE; }

canbesimply expressed:

{ JvSynchronize dummy(OBJ); CODE; }

Java also has methodswith the synchronized  at-
tribute. Thisis equivalentto wrappingthe entiremethod
bodyin a synchronized  statement. (Alternatively,
animplementatiorcouldrequirethecallerto dothesyn-
chronization. This is not practicalfor a compiler, be-
causesachvirtual methodcall would have to testat run-
time if synchronizations needed.) Sincein GCJ the
synchronized attributeis handledby themethodim-
plementationijt is up to the programmerof a synchro-
nized native methodto handlethe synchronization(in
the C++ implementatiorof the method).In otherwords,
you needto manuallyaddJvSynchronize  in ana-
tive  synchronized method.

11 ClasslInitialization

Javarequiresthateachclassbe automaticallyinitialized
atthetime of thefirst active use. Initializing a classin-
volvesinitializing thestaticfields,runningcodein class
initializer methodsandinitializing baseclasses.There



may alsobe someimplementatiorspecificactions,such
as allocating String  objectscorrespondingo string
literalsin thecode.

The GCJcompilerinsertscallsto JvinitClass (ac-
tually _Jv _InitClass ) atappropriateplacesto ensure
thata classis initialized whenrequired. The C++ com-
piler doesnot insertthesecalls automatically- it is the
programmeisresponsibilityto make sureclassesreini-
tialized. However, this is fairly painlessbecausef the
corventionsassumedby the GCJsystem.

First,libgcj  will makesureaclassisinitializedbefore
aninstanceof that objectis created.This is oneof the
responsibilitieof the new operation.This is takencare
of bothin Java code,andin C++ code. (Whenthe G++
compilerseesanew of aJavaclass,t will call aroutine
in libgcj  to allocatethe object,andthat routine will
take careof initializing theclass.)It followsthatyou can
accessaninstancefield, or call aninstance(non-static)
methodandbe safein the knowledgethatthe classand
all of its baseclassediave beeninitialized.

Invoking astaticmethodis alsosafe. Thisis becaus¢he

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-
siblefor calling JvinitClass beforedoing anything

elsein themethod(unlessyou aresureit is safeto leave

it out).

Accessingastaticfield alsorequiregheclassof thefield

to beinitialized. TheJavacompilerwill generateodeto

call Jv _InitClass  beforegettingor settingthefield.

However, the C++ compilerwill not generatehis extra
code,soit is your responsibilityto make surethe class
is initialized beforeyou access staticfield.

12 Changesto G++

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

e For eachJava primitive type (suchaslong ), G++
definesa C++ primitive type, with a namelike
_Jjava __long . (A namewith two initial under
scoreis resened to theimplementationsoit can-
not clashwith a valid useridentifier) Thesetypes

aredistinct from all othertypes. The CNI header
fileswill thendo:

typedef _java _long jlong;

This mechanisnmakesit easyfor the compilerto

distinguish Java types from standardC++ types,
giving themthe correctsizein bits. Eachof these
typeshasa special“Java type” flag bit set. When
mangling the name of a methodinto an assem-
bler label, Java typesarerecognized.For example
_java _long is mangledthe sameasthe C++ 64-

bit integertypelong long .

Thecompilerrecognizeextern  "Java" in ad-
dition to the standardextern "C" and ex-
tern "C++" . If a classis definedinside the
scopeof extern "Java" , then the compiler
set the “Java type” bit on the classand the cor-
respondingpointer type. The “Java type” bit is
alsosetfor a classif its baseclasshasthe “Java
type” bit set. The standardlibgcj/CNI header
files definejava::lang::Object inside ex-
tern "Java" ; thusall classeghatinherit from
java::lang::Object havethe“Javatype” bit
set.

Thereis a compilerinternalfunctionthat checksif

atypeis avalid Javatype. Thisis usedto catcher-

rorssuchaswhenaprogrammemgccidentallytypes
long insteadof jlong inthefunctionheadewof a
Javaclass.

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 whencompiling a new-expressiorthe allocated
type is a Java type, thenthe compiler generates
call to the run-time routine _Jv _AllocObject

The compiler also suppressegeneratingcode to
causdheobjectto bede-allocatedf theconstructor
throws an exception. (Suchde-allocationis man-
datedby the C++ standardbut is not correctfor
Java, which assumes garbagecollector)

The interfaceto constructorseedsto be changed
S0 magic vtable pointer initialization and the ex-
tra constructorargumentdo not happenwvhencon-
structinga Java object.

C++ hasthe problemthat the compilercannottell
which compilationunit needsto emit a classs vir-
tual functiontable. Variousrulesandheuristicsare



used but sometimeshesamevtablehasto beemit-
ted by more than one compilationunit. This is
not an issuefor Java types: G++ never emits the
vtable, sincethatis donewhen GCJcompilesthe
Javaclass.

e G++handlesatch andthrow by generatingp-
propriatelibgcj calls.

13 Performancenumbers

Figure 1 shovs somebenchmarknumberscomparing
JNI and CNI. (The benchmarksare basedon codeby

Matt Welsh.) (ADD MORE FORFINAL PAPER.)They

are a numberof micro-benchmarksall run on a 600
MHz Athlon runningRedHatLinux 7 with apre-2.4ker

nel. Eachcolumnmeasures:

1. RunningJDK 1.3 from Sun, calling a testmethod
writtenin pureJava.

2. Again running JDK 1.3 from Sun, with the test
methodwritten usingin JNI. For thoserows that
have two numbersthe seconchumberis whenus-
ing cashingof jfieldID  s.

3. Using GCJ(versionshippedwith RedHat7), call-
ing atestmethodwrittenin pureJava.

4. AgainusingGCJ(versionshippedwith RedHat7),
callingatestmethodwrittenin C++usingCNI.

14 Usageand featuresof gcjh

The gcjh is usedto generateC++ headerfiles from
Java classfiles. By default, gcjh generates relatively
straightforvard C++ headerfile. However, therearea
few caveatsto its use,anda few optionswhich canbe
usedto changehow it operatesWe don't list the options
here,asthey arent too relevantto this discussion.

gcjh will generateall the requirednamespaceleclara-
tionsand#include ’'sfor theheadeffile.

Gcjhalsohastheability to decompilesimpleJava meth-
ods. Currentlyit doesthis via ad hoc patternmatching
— it recognizesempty methods,accessomethods,and
methodswhich returnthis  or null . Thesechoices
were madeprimarily becausehey were simpleto im-

plementbut alsobecauseéhey seemedikely to provide

goodinlining opportunitiesThisfeaturein effectimple-
mentscross-languag@lining, andwe anticipatemore
work herein thefuture.

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

e gcjhmustbecarefulto generatdieldsandmethods
in the sameorderasthe compileritself sothatthe
G++ view of objectlayoutis compatiblewith the
GCJview. This meanshatgcjh hasto be updated
wheneereithercompilerchangests objectlayout.

e Somevalid Java identifiers, like register , are
keywords in C++. We handlethis casein gcjh
with somecollusion by gcj. We adda $ to the
end of any namethat conflicts with a C++ key-
word. For instance a methodtypename appears
in the headerandin the generatedbjectfile, as
register$ . Thisencodings robust—if the Jasa
codehasamethodnamedstruct$ , it isrenamed
to struct$$ . Thus,conflictsareneverpossible.

e In C++itisn’t possibleto have afield andamethod
with the samename while in Java thisis possible.
If the conflicting field is static,gcjh simply issues
an error. Otherwise,the field will be renamedby
appending __’ in the generatedheaderthis is safe
becauseobject codethat refersto instancefields
will notusethefield’sname.In thefuturewe plan
to eliminatethis problem. Oneapproachwould be
to modify gcj and gcjh to mangleconflicting field
namesasis donefor identifiersmatchingC++ key-
words.

e In Java it is often corvenientto 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 code usesa pointerto the Classobject, e.qg.
&java::lang::Class::class$

e gcjh assumeghat all the methodsand fields of a
classhave ASCII names.TheC++compilercannot
correctly handlenon-ASCIl identifiers. gcjh does
not currently diagnosethis problem. In the future
we hopeto generatédneadersvhich useC++ UCNs
(the C++ equivalentof Java\u escapesjo avoid
this problem.

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



Test JDK pureJava | JDK with INI GClJpureJava | cj with CNI
Void no-opmethod .027us .077us .026us .028us
Instancdfield increment| .06us 2.88us/.35us | .02us .02us
Staticfield increment .033us 4.3%s/.395us | .027us .029us
Figurel: Benchmarkmeasurements
/I 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;

}
I3
class :timing:Timer public  :java:lang::Object
{
public: /I actually package-private

virtual jlong sincelLast  (:java:lang::String *);
Timer ();
private:

jlong lastTime;

:java::lang::String *lastNote;
public:

static java::lang::Class class$;
2
#endif /* _timing _Timer __ */
Figure2: Timer.h asgneratedy gjch

anexception. This featureis corvenientwhenwritinga ~ References

classfor thefirst time.

An alternatve to a separtegcjh programwould bemodi-

fying G++soit couldread.class filesdirectly. How-

ever, usinggcjhis almostascorvenient,andG++ is al-

readyvery comple, so addingsignificantJava-specific
changeseemsdll-advisedfrom the perspectie of long-

termcompilermaintenance..

Figure2 is theoutputof gcjhontheTimerclassfrom the
first section.
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