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What Is A Native Method

o A native method is code written in another
language (usually C) and called from a Java
program.

« Generally you cannot useyour own native
methodsin applets.

« TheJNI (Java Native Interface) specifiesa
communication protocol.




Why Use Native Methods

« You already havelots of tricky code alr eady
written and debugged in another language (for
instance, numerical analysislibraries). You'd
rather not rewriteit in Java.

¢ You need accessto system devices. At some
point, partsof the Java I/O library make native
calls.

You think Java might betoosow (probably a
lame excuse)

Problems With Native Methods

You lose portability. You must provide a native

library for each supported environment.

¢ You lose safety. Native methods do not have
same cheds as Java methods. I f your native
method has abad bug (e.g. a corrupt pointer)
you are in trouble. The VM can get completely
lost.

o Generally, anative all isuntrusted.

The NI binding isnot awork of beauty.
Coding is cumbersome.

Basic Ideas

o A Javaclassdeclaresthat a particular method
has a native implementation, by-using the
nat i ve keyword.

e A C or C++function (the stub) iswritten to
implement the keyword, using a JNI protocol
that we will discuss

o Thestub iscompiled into ashared library
(DLL on Windows).

e TheJava VM loadsthelibrary. Callstothe
native method are handled by calling the stub.




The Complications

« Basicideasaresimple, asnext example will
illustrate.

« Thereare complications:
— How are method calls made (C has no classes)?
— How are parameters passed?
— How isavalue returned?
— What about function overloading?
— How can the stub throw an exception?

— How do we differentiate between static and non-
static member s?

— What about strings and arrays?

Simple Stuff First

« Exampleisafunction called hel | o, that is
called from a Java program.
e hel | o isdeclared as a native method

e Hel | oNati ve (theDLL containing hel l'0) is
loaded prior tofirst use.

class Hel | oNative {
native public static void hello( );
static {
System | oadLi brary( "Hel | oNative" );
}
public static void main( String[] args ) {
hello( );
}
}

Generating the Stub Specification

« After you compil ethe java code, you generate
the header filefor the stub. Thiswill tell you
what function(s) toimplement. It usesa bizarr e
encoding. Run (from MS-DOS window)

javah Hel | oNative

« What you get is (approximately)

#incl ude <jni.h>

JNI EXPORT void JNI CALL Java_Hel | oNative_hello
(IJNIEnv *, jclass);

e Thereare also commentsand #i f def s that
allow you to write both C and C++ code.




Mangling

« Thestub correspondsto the native method
name, signature, and return type.

« Thereisaruletofigureit all out, but why
bother ? Rule takesinto account:
— Classname, Method name, weird charactersin

identifiers

— Parameter types, overloading

« Remember that j avah requiresaclassfile
generated by j avac.
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Some Details

o The parameters (especially env) in the stub are
useful when the native method has parameters,
return types, exceptions, or if wewant to create
stringsand arrays. That'sa future example.

« Wened toimplement thestub in a .cfile, then
compileit into ashared DLL .

#incl ude <stdio. h>

#include "Hel | oNative. h"

JN EXPORT void JNI CALL

Java_Hel | oNati ve_hel | o(JNI Env *env, jclass cls) {
printf( "Hello world\n" );

}
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More Details

« Remember toadd j dk??/i ncl ude and
j dk??/i ncl ude/ wi n32 toinclude path for
C or C++ compilation.

e« Move. dl | fileup tosamedirectory asJava
project.
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Parameters

o Primitive parametersand return valuesin the
Java native dedaration have C equivalentsin
the stub.

int --> jint
double --> jdouble
bool ean --> ] bool ean

o Usethesefor portability. (A ji nt will always
be 32 bits)

« JNI _TRUE and JNI _FALSE are also defined
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Strings

e Usethej string typein your stubs.

« May ned to convert between C-stylechar *
stringsand j stri ng.

o UseNewsSt ri ngUTF to createanew j st ri.ng

from a C-style string. Useful for returning a
j string.NewsSt ri ngUTF isaccessd through
env with afunky call. First parameter iseny,
second parameter isa C-style string.
JNI EXPORT jstring JNI CALL
Java_Cl ass1_Get Hel | oWor | d(JNIEnv *env, jclass c)
{return (*env)->NewStringUTF(env, "Hello world");}
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Strings as Parameters

« Nedl to get info about the string, and most

likely, get a C-style equivalent.

Problem: If a C-style gquivalent holdsa

referenceto the string, then garbage mllector

won't redaim it.

o C-style quivalent must releaseitshold.

« These methods are accessed via ( *env) - >

const jbyte* GetStringUTFChars( JNI ENV *env,
jstring str, jboolean *isCopy );

voi d Rel easeStringUTFChars( JNIENV *env,
jstring str, const jbytes *bytes );
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Here's a String Concatenation

o Thisisvery proneto bugs, with bad pointers
and memory leaks. Also, watch constness

JNI EXPORT jstring JNICALL Java_StringAdd_add (JNIEnv *env,
jclass cl, jstring a, jstring b) {
const char *al = (*env)->Get StringUTFChars( env, a, NULL );
const char *bl = (*env)->GetStringUTFChars( env, b, NULL );
char *c = (char *) malloc( strlen(al) + strlen(bl) + 1 );
jstring result;
strcpy( ¢, al); strcat( c, bl);
result = (*env)->NewStringUTF( env, ¢ );
(*env) - >Rel easeStri ngUTFChars( env, a, al);
(*env) - >Rel easeStri ngUTFChars( env, b, bl );

free( c);
return result;
}
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Same Code in C++
e In C++, change (*env) toenv, and remove
env asfirst parameter in most calls.
JNI EXPORT jstring JNICALL Java_StringAdd_add (JNI'Env *env,
jclass cl, jstring a, jstring b) {
const char *al = env->GetStringUTFChars( a, NULL )}
const char *bl = env->GetStringUTFChars( b, NULL );
char *c = new char[ strlen(al) + strlen(bl) + 11];
strepy( ¢, al); strcat( c, bl);
jstring result = env->NewStringUTF( c );
env- >Rel easeSt ri ngUTFChars( a, al );
env- >Rel easeStri ngUTFChars( b, bl );
delete [] c;
return result;
}
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Same Code in Safer C++
e Can useC++ library classs.

JNI EXPORT jstring JNICALL Java_StringAdd_add (JIN Env *env,
jclass cl, jstring a, jstring b) {
const char *al = env->GetStringUTFChars( a, NULL );
const char *bl = env->Get StringUTFChars( b, NULL );

string ¢ = al;
c += az;

jstring result = env->NewStringUTF( c.c_str( ) );
env->Rel easeStringUTFChars( a, al );
env- >Rel easeStringUTFChars( b, bl );

return result;
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Accessing Instance Members

« Not all that convoluted (the standards are going

down!)

— Usethe second parameter (j obj ect ) inthestub

— Need toget aj cl ass object for thej obj ect

— Need to get either afi el dl Dor net hodl D; this
involves mor e mnvoluted mangling

— Need to then use @ther Get XXXFi el d or
Set XXXFi el d or Cal | XXXMet hod (XXXisi nt. or
doubl e or vj ect, etc)

« On semnd thought, thisis convoluted!
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Getting Fields

« Consider an Enpl oyee classwith privatei nt
fieldsmont h, day, and year .

o Here'scodeto print out the month:

JN EXPORT voi d JNI CALL Java_Date_pri nt Mont h
(JNEnv * env, jobject obj)

{
jint nonth;
jclass class = (*env)->Cet Obj ectC ass( env, obj );
jfieldIDid_nmonth = (*env)->CetFieldl X env, class,

"month", 1" );

nonth = (*env)->GetIntField( env, obj, id_nonth );
printf( "Mnth is %\n", nonth );

}

Some Details

o UseGet nj ect d ass to dbtain thej cl ass
object. Passin env and the objed.

e UseGet Fi el dl Dto dbtain thefi el dl D.
Parametersare env, thej cl ass objed, the
field name, and the mangled type of thefield.

e Usejavap -s -private O assNanmeto
get the mangled info. Again, there'sa formula
for this, but why bother. You must be
exceptionally accurate with the mangling.

o Use Get XXXFi el d toget afield. Parameters
areenv, theobject, and thefi el dI D.
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Getting String fields

o UseGet Onj ect Fi el d; you must typecast
downto aj string.
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Calling Methods

« Here'scodeto print out amonth by calling its
get Mont h method:

JNI EXPORT voi d JNI CALL Java_Date_pri nt Mont h
(JNIEnv * env, jobject obj ) {
jclass class = (*env)->Get Obj ect Cl ass( env, obj );
jmethodl D id_getMonth = (*env)->Get Met hodl D( env,
class, "getMnth", "()I" );
jint nonth = (*env)->Call|ntMethod( env, obj, id_getNonth );
printf( "Mnth = %", nonth );
}
« If method takes parameters, they are additional

parametersto Cal | XXXMet hod
o Last parameter to Get Met hodl Dismangled
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Accessing Static Members

e UseFi ndd ass instead of Get bj ect d ass

to dbtain jclassreference
jclass class_math = (*env)->Fi nddass( env,
"javall ang/ math" );

e UseGet Stati cXXXFi el d and
Set St at i cXXXFi el d to access s$atic fields.
— Second parameter to accessfield isj cl ass instead
of j obj ect .
e UseGet Stati cMet hodl Dand
Cal | St at i cXXXMet hod to access satic
methods. Again, usej cl ass when invoking.
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Calling a Constructor
« Invokea constructor by calling NewChj ect :

jobject obj = (*env)->Newbject( env, class,
net hodl D, parantl, paran2, ... );

o Get theclassby using Fi ndd ass.
e To get thenet hodl D passfour parameters:
— env (asusual)
— Theclassobtained above
—"<init>" asthemethod name
— Theusual mangling stuff that contains the signature
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Arrays
« Java ar ays have corr esponding C types.
doubl e[] -> j doubl eArray
int[] -> jintArray
oject[] -> j obj ect Array

o Can use Get XXXAr r ayEl enent and

Set XXXAr r ayEl ement to accesselements:
jint x = (*env)->GetIntArrayEl enent( env, arr, 3 );
Syntax isannoying, to say the least

Can call NewXXXAr r ay to create a new array.
jintArray a = (*env)->New ntArray( env, 40 );
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Getting a C-style Array
« Can get aC-stylearr ay using
Get XXXAr r ayEl enent s (note pluralization).
« Thisgivesa pointer to an arr ay.
« Thismay be a copy of the arr ay, but the @py

can be copied back to the original when you

call Rel easeXXXArr ayEl ement s.

— last paramis0, JNI _COMM T, or JNI _ABORT
« If you don't call Rel ease. . . ,thereisno

guaranteethat any changes gick.

jint *a = (*env)->GetlntArrayEl ements(env, arr, NULL);

(*env) - >Rel easel nt ArrayEl enents( env, arr, 0 );
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Exceptions

« Can throw an exception with Thr owNew. The
exception will be thrown when the native
method eventually returns.

« Thr owNew does not terminate the method.

(*env) - >Thr owNew( env, (*env)->Fi ndd ass(env,
"javaliol |l CException"), "IOerror" );

« Native method can chedk if an exception
occurred by calling Except i onCccur ed:

jthrowabl e e = (*env)->Excepti onCccurred(env);

e € isNULL if no exception; otherwise should
return and let VM propagate exception
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Some Details

o Object references(j stri ng, j obj ect , etc)
arevalid for duration of method call only, and
in samethread only
— use global referencesif you need longer duration

« Createwith

gl obref = env->Newd obal Reference( ref );
« Must then eventually use

env->Del et ed obal Ref erence( gl obref );

« Can also get and release monitors
— Obtain monitor with env- >Moni t or Ent er,

release with env- >Moni t or Exi t
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Summary
« With native mde, you can write pretty much
anything you want to.
« Very difficult debugging; there'slittle help.
« Not portable.
« Don't useit unlessyou haveto.
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