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public class printf
{ public native String printf(String s);
}
printf
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“Hello, Native World”
classHelloNative
{ public native static void greeting();
}
static

static

printf
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. hative

static



1. HelloNative.greeting . HelloNative

corgjava , corejava.HelloNative.greeting
2. . Java . ,
Java HelloNative greeting Java_com_horstmann_HelloNative _greeting.
3. ASCII ( , ', '%, Unicode
“\UOO7F ) . Oooxx . XXXX Unicode
16 . , corgjava.HelloNative.greeting C

corgjava HelloNative greeting

, greeting, , , greeting(int repeat)
Java HelloNative greeting
Java HelloNative greeting__|

javah . Javah ,
( 11-3).

javac HelloNative.java
, C javah . javah \jdK\bin

javah HelloNative

JDK1.1 javah —jni
JDK1.1 javah javal.0
.JDK1.2 NI

javah 11-1 , HelloNative.h



11-1: HelloNativeh
/* DONOT EDIT TH S FILE - it is machine generated */
#i ncl ude <jni.h>
/* Header for class HelloNative */

#i fndef _Included_Hel | oNati ve
#define _Included_Hel | oNative
#i fdef __cplusplus
extern "C' {
#endi f
/*
* (O ass: Hel | oNati ve
* Met hod: greeting
* Signature: ()V
*/
JNI EXPORT void JNI CALL Java_Hel | oNati ve_greeting
(JNTEnv *, jclass);

#i fdef __cpl uspl us

}
#endi f

#endi f

, Java_HelloNative_greeting
(INIEXPORT JINICALL jni.h

11-2

11-2: HelloNative.c
#i nclude "Hel |l oNative. h"
#i ncl ude <stdi o. h>

JNI EXPORT void JNI CALL Java_Hel | oNati ve_greeting
(JNIEnv* env, jclass cl)
{ printf("Hello world!'\n");

}

env cl

C++ : C++



extern “ C’

#i ncl ude "Hel | oNati ve. h"
#i ncl ude <stdi o. h>

extern “C”

JNI EXPORT void JNI CALL Java_Hel | oNati ve_greeting
(JNI Env* env, jclass cl)

{ printf("Hello world!l\n");

}

C++

cl —Ic\jdK\include —Ic: \jdk\include\win32 —L D HelloNative.c —FeHelloNative.dll

cc —G—l/usr/local/jdk/include/ -1/usr/local/jdk/include/sol aris HelloNative.c —o libHelloNative.so

( JDK

DOS DLL

C\devstudio\vc\bin\vcvars32.bat

System.loadLibrary
11-3



11-3: HelloNativejava
class Hel | oNati ve
{ public static native void greeting();
static
{ SystemloadLibrary("HelloNative");
}
}

11-4
HelloNativeTest

11-4: HelloNativeTest.java
cl ass Hel | oNati veTest
{ public static void main(String[] args)
{ HelloNative.greeting();

}
}

“Hello,Native
World!”

C printf

JNI_OnLoad . , VM
JINI_OnUnload

jint INI_OnL oad(JavaVM* void* reserved)
void JNI_OnUnload(javavM* vm , void* reserved)

JNI_OnL oad INI_VERSION 1 1 VM

java.lang.System

® void loadLibrary(String libname)



DOS/Windows

void load(String filename)

11-1:

32

11-1

Java
boolean
byte
char
short
int

long
float

double

jni.h

printf

UnsatisfiedLinkError

,C int

jint,jlong

C

jboolean 1
jbyte 1
char 2
jshort 2
jint 4
jlong 8
jfloat 4
jdouble 8

INI_FLASE=0

long
int

int

INI_TRUE=1

16

PATH

typedef



(1 ,3 ) DecimalFormat
- printf
. printf printf

11-5
Printf1

11-5: PrintflTest.java

class Printf1

{ public static native int print(int width, int precision, double x);

static
{ System.loadLibrary(* Printf1”);
}
}
C int  double 11-6 jint

11-6: Printfl.c
#include "Printfl. h"
#i ncl ude <stdi o. h>

JNIEXPORT jint JNICALL Java Printfl print

(JNIEnv* env, jclass cl, jint width, jint precision, jdouble x)
{ char fm[30];

jint ret;

sprintf(fmt, "%8d. %f", w dth, precision);

ret = printf(fm, x);

return ret;

fmt “ %w.pf" printf

jdouble



11-7  Printfl

11-7: PrintflTestjava
class PrintflTest

{ public static void main(String[] args)
{ int count = Printfl.print(8, 4, 3.14);
count += Printfl.print(8, 4, (double)count);

Systemout. println();
for (int i

< count; i++)

Systemout.print("-");
Systemout.println();

null

. UTF

ASCII

String
. String

char

16 Unicode C 8
UTF(Unicode Text Format)
, jchar
~ASClI
2 3
UTF
jstring
jstring
, NewStringUTF UTF
jstring JINI
NewStringUTF

JNIEXPORT jstring INICALL Java HelloNative getGreeting(JNIEnv* env, jclasscl)
jstring jstr;

char greetingp[] = “ Hello, Native World\n” ;

jstr = (*env)->NewStringUTF(env,greeting);



return jstr;

}

NI env

. env S 11-1 )

JINI (*env)->
C
(*env)->

11-1:env

C++ : CH+ NI . INIEnv C++
, NewStringUTF

jstr = env->NewStringUTF(greeting);
JINIEnv

NewStringUTF jstring . jstring
, GetStringUTFChars . UTF
const jbyte*

UTF

const

UTF

UTF

) ,
ReleaseStringUTFChars . , GetStringRegion



GetStringUTFRegion

, GetStringUTFLength UTF

C
®  jstring NewStringUTF(INIEnv* env, const char bytes])
UTF
NULL

env INI
bytes UTF

®  jsize GetStringUTFLength(JNIEnv* env, jstring string)

UTF

env INI
string

® const jbyte* GetStringUTFChars(JNIEnv* env, jstring string, jboolean* isCopy)

UTF string
NULL . ReleaseStringUTFChars
env INI
string
isCopy JNI_TRUE jboolean
INI_FALSE
® void ReleaseString UTFChars(INIEnv* env, jstring string, const jbyte byted[] )
bytes

env INI
string
bytes GetStringUTFChars

® void GetStringRegion(IJNIEnv* env, jstring string, jsize start, jsize length, jchar * buffer)



env JINI
string

start

length

buffer

void GetStringUTFRegion(IJNIEnv* env, jstring string, jsize start, jsize length, jchar * buffer)
UTF8
, 3 X length

jstring NewString(JNIEnv* env, const jchar charg[], jsize length)

NULL
env INI
chars UTF
length

jsize GetStringLength(IJNIEnv* env, jstring string)

env JNI

string

const jchar* GetStringChars(JNIEnv* env, jstring string, jboolean* isCopy)

NULL . ReleaseStringChars
env JINI
string
isCopy JNI_TRUE jboolean
INI_FALSE

void ReleaseStringChars(INIEnv* env, jstring string, const jchar chars[] )

chars

env JNI



string
chars GetStringChars

sprintf
C sprintf
11-8

11-8: Printf2Test.java
class Printf2Test
{ public static void main(String[] args)
{ double price = 44.95;
double tax =7.75;

double amountDue = price* (1 + tax / 100);

String s = Printf2.sprintDouble(" Amount due = %8.2f", amountDue);
System.out.println(s);

119 sprintf

11-9:Printf2java

class Printf2

{ public static native String sprint(String format, double x);

static
{ System.loadLibrary("Printf2");
}

JINIEXPORT jstring INICALL Java Printf2_sprint
((INIEnv* env, jclasscl, jstring format, jdouble x)



1110 C . GetStringUTFChars
. NewStringUTF . ReleaseStringUTFChars

11-10: Printf2.c
#include "Printf2.h"
#i ncl ude <string. h>
#i ncl ude <stdlib. h>
#i ncl ude <fl oat. h>

char* find_format(const char fornmat[])
/**
* @aramformat a string containing a printf fornat specifier
* (such as "98.2f"). Substrings "%%6 are skipped.
* @eturn a pointer to the format specifier (skipping the '%)
* or NULL if there wasn't a unique format specifier
*/
{ char* p;
char* q;

p = strchr(format, '%);

while (p '= NULL && *(p + 1) == "%) /* skip Wo*/
p = strchr(p + 2, "%);

if (p == NULL) return NULL;

/* now check that %is unique */

p++;
g = strchr(p, '%);
while (g !'= NULL && *(q + 1) == "%) /* skip %Wo6*/

q =strchr(q + 2, '"%);
if (g != NULL) return NULL; /* %not unique */

q=p + strspn(p, " -0+#"); /* skip past flags */
q += strspn(qg, "0123456789"); /* skip past field width */
if (*q==".") { g++; g += strspn(q, "0123456789"); }

/* skip past precision */

if (strchr("eEf FgG', *qg) == NULL) return NULL;
/* not a floating point format */

return p;

}

JNI EXPORT jstring JNICALL Java_Printf2_sprint
(JNIEnv* env, jclass cl, jstring format, jdouble x)
{ const char* cfornat;
char* fnt;
jstring ret;

cformat = (*env)->Get Stri ngUTFChars(env, format, NULL);
fm = find_format(cformat);
if (fm == NULL)
ret = format;
el se
{ char* cret;
int width = atoi (fnt);
if (wwdth == 0) width = DBL_D G + 10;
cret = (char*)malloc(strlen(cformat) + width);
sprintf(cret, cformat, x);



ret = (*env)->NewStringUTF(env, cret);
free(cret);
}
(*env) - >Rel easeStri ngUTFChars(env, format, cfornmat);
return ret;

}
%w.pc(c eEf g G )
Employee
raiseSalary
public void raiseSalary(double byPercent)
{ salary *= 1+byPercent / 100;
}

JINIEXPORT void INICALL Java Employee raiseSaary
(INIEnv *, jobject, jdouble)

jclass
this
this

javah

jobject

10



, INI JINI

, sdary  double GetDoubleField SetDoubleFied

GetlIntField/SetIntField,GetObjectFiel d/SetObjectField

x = (*env)->GetXxxField(env, class, fieldID);
(* env)->GetXxxField(env,classfiel ded x);

, class  Class . fiddiD
. JieldID XXX (Object,Boolean,Byte,
) . class 2 . GetObjectClass

jclass class Employee = (* env)->GetObjectClass(env,obj_this);
FindClass (

jclassclass String
= (*env)->FindClass(env,” java/lang/String”);
fieldlD CetFiddID : ,
; salary ID
jfildiD id_salary
= (*env)->GetFieldID(env,class Employee,” sdlary” ,” D");
“D” double

NI

raiseSalary



JINIEXPORT void INICALL Java Employee raiseSaary
(INIEnv * env, jobject obj_this,jdouble byPercent)
{ /* get the class*/

jclass class Employee = (* env)->GetObjectClass(env,obj_this);

* get thefield ID */
jfieldID id_salary = (*env)->GetFieldID(env,class Employee, “ sdary”,“D");

/* get thefield value */
jdouble salary = (*env)->GetDoubleField(env,obj_this,id_salary);

salary *= 1 + byPercent / 100;

[* set thefield value */

(*env)->SetDoubleField(env, obj_this, id_salary, salary);

GetObjectClass

GetObjectClass . NewGlobal Ref

static jclassclass x =0;
static jfieldID id_a;

if(class_x ==0)
{ jaclass cx = (*env)->GetObjectClass(env,obyj);
class X = (*env)-> NewGloba Ref(env,cx);

id a= (*env)->GetFiddID(env, clas, &’ " .2);

(* env)-> DeleteGlobal Ref(env,class x)



11-11 11-12 Employee
11-13 raiseSalary C

GetStaticFieldiD GetStaticXxxFiddID/ SetStaticXxxFiedID

FindClass

, System.out

/* get theclass*/

GetObjectClass

jclassclass_System = (*env)->FindClass(env,” java/lang/system” );

* get thefield ID */

jfieldID id_out = (*env)->GetStaticFieldID(env,class_System, “ out” ,

“Ljavalio/PrintStream; " );

/* get thefield value */

jobject obj_out = (* env)->GetStati cObjectField(env,class_System,id_out);

11-11:EmployecTest.java

public class Enpl oyeeTest
{ public static void main(String[] args)
{ Enployee[] staff = new Enpl oyee[ 3];

staf f[0] = new Enpl oyee("Harry Hacker", 35000);
staff[1] = new Enpl oyee("Carl Cracker", 75000);
staff[2] = new Enpl oyee(" Tony Tester", 38000);
int i;

for (i
for (i

0
0; i <3; i++) staff[i].print();

11-12:Employeejava

; i < 3; i++) staff[i].raiseSalary(5);



public class Enmpl oyee

{

}

public Enpl oyee(String n, double s)
{ nane = n;
salary = s;

}

public native void raiseSal ary(doubl e byPercent);

public void print()
{ Systemout.println(name +" " + salary);

}

private String nane;
private doubl e salary;

static
{ System | oadLi brary("Enpl oyee");
}

11-13:Employee.c

#i ncl ude "Enpl oyee. h"

#i ncl ude <stdi o. h>

JNI EXPORT void JNI CALL Java_Enpl oyee_rai seSal ary

{

(JNI Env* env, jobject obj_this, jdouble byPercent)

/* get the class */

jclass class_Enpl oyee = (*env)->Get bj ect d ass(env,
obj _this);

/* get the field ID */

jfieldiDid_salary = (*env)->CetFiel dl D(env,
cl ass_Enpl oyee, "salary", "D');

/* get the field value */

jdoubl e salary = (*env)->Get Doubl eFi el d(env, obj _this,
id_salary);

salary *= 1 + byPercent / 100;

/* set the field value */
(*env) - >Set Doubl eFi el d(env, obj_this, id_salary, salary);

® |fieldlD GetFieldID(INIENnv *env, jclasscl, const char name[], const sig[])

env JINI



cl

name

sg

Xxx GetXxxField(INIEnv *env, jobject obj, jfidid id)
Xxx  Object, Boolean, Byte, Char, Short, Int, Long,
Float Double
env JINI
obj
id
void SetXxxField(JNIEnv *env,jobject obj, jfieldID id, Xxx value)
Xxx  Object, Boolean, Byte, Char, Short,
Int, Long, Float Double
env JINI
obj
id

value

jfieldID GetStaticFieldID(INIEnv *env,jclass cl, const char name[], const char sig[])

env JNI
cl

name

sg

Xxx GetStaticX xxField(INIEnv *env,jclass cl jfieldID id)
Xxx  Object, Boolean, Byte, Char, Short, Int,
Long, Float Double
env JINI
cl
id

void SetStaticXxxField(INIEnv *env, jclass cl,jfieldID id, Xxx value)
XXX Object, Boolean, Byte, Char,
Short, Int, Long, Float Double



env JNI

cl

id

value

(Signature)
)

B byte
C char
D double
F float
I int
J long
Lclassname;
S short
\% void
4 boolean

Employee(java.lang.String, double, java.util.Date)

* (Ljavallang/String; Dljavalutil/Date;) V"

,D  Ljavalutil/Date;



float(][]

[LjavallangString;

[F

an

(Ljavallang/String;)V

void

javap —s —private Classname

public synchronized class Employee extends java.lang.Object
* ACC_SUPER bit set */

private java.lang.String name;

/* Ljavallang/String */

private double salary;

I*D*/

private java.util.Date hireDay;

[* Ljava/util/Date */

public Employee(java.lang.String, double, java.util.Date);

javap



I* (Ljavallang/String;Dljava/util/Date;)V - */
public void print();

I (V */

public void raiseSalary(double);

I (V */

publicint hireY ear();

Ol */

void(int, javalang.String)

, Printf C fprintf
Printf
PrintWriter

class Printf3
{ public static native void fprintDouble(PrintWriter out,
String s, double Xx);



sprint , String str
C PrintWriter print

(* env)->CallXxxMethod(env,implicit parameter, methodI D, explicit parameters)

XXX Void,Int,Object

fiedID ID
INI GetMethodID ID
, PrintWriter print ID !
PrintWriter 9 print

, void print(java.lang.String)

, “Ljavallang/string;)V”

[* get theclass*/

class_PrintWriter =(* env)->GetObjectClass(env, out);

/* get the method ID */
id_print = (*env)->GetMethodID(env, class_PrintWriter, * print”, “ (Ljava/lang/String;)V”);

/* call the method */
(*env)->CallVoidMethod(env, out, id_print, str);

11-14 11-15 Printf3
11-16 fprint C



ID ID API Method Field

jobject ToReflectedM ethod(INIEnv* env, jclass class, jmethodlD methodID); // return Method
object

methodID FromReflectedM ethod(IJNIEnv* env, jobject method);

jobject ToReflectedField(INIEnv* env, jclass class, jfieldID fieldID); // returns field object

fieldID FromReflectedField(INIEnv* env, jobject field);

2
® GetStaticMethodID CallStaticXxxMethod
°

System.getProperty(“ java.class.path™)

) . System
GetObjectClass FindClass
jclassclass_System = (*env)->FindClass(env, “ java/lang/System” );

, getProperty ID

“(Ljavallang/String;)Ljavallang/String;”

jmethodID Property =(* env)->GetStaticM ethodI D(env,class_system,” getProperty”,
“(Ljavallang/String;)Ljavallang/String;);

, . Call StaticObjectMethod



jobject obj_ref = (*env)->Call StaticObjectM ethod(env,class_System, id_getProperty,

(*env)->NewsStringUTF(env,” java.class.path”) );

jobject
jstring
jstring str_rer = (jstring)obj_ret;

C++ . C jstring, jclass

C++
, jobject  jstring

jstring  jobject

jobject obj_new = (*env) -> NewObject(env, class, methodID, construction parameters);

GetMethodID
13 <i ni t>”

const char[] filename =" ...";

FileOutputStream

C++

GetMethodID

jstring str_filename = (* env)->NewStringUTF(env, filename);

jclass class_FileOutputStream = (* env)->FindClass(env, “ javalio/FileOutputStream” );
jmethodID id_FileOutputStream =(* env)->GetM ethodI D(env,class_FileOutputStream,
“<init>", “ (Ljavallang/String;)V");

jobject

jobject obj_stream = (*env)->NewObject(env,class _FileOutputStream, id_FileOutputStream,

str_fileName);



javalang.String

JINI

CalNonvirtual XxxMethod
(

va list

.(valist stdarg.h C

11-14: Printf3Test.java
import java.io.*;

class Printf3Test
{ public static void main(String[] args)
{ double price = 44.95;
double tax = 7.75;
doubl e amountDue = price * (1 + tax / 100);
PrintWiter out = new PrintWiter(Systemout);
Printf3.fprint(out,
"Anmount due = 98.2f\n", anount Due);

out. flush();

11-15: Printf3,java
import java.io.*;

class Printf3
{ public static native void fprint(PrintWiter out,
String format, double Xx);

static
{ SystemloadLibrary("Printf3");
}

}

11-16: Printf3.c

void

“ pn

wyp



#include "Printf3.h"
#i ncl ude <string. h>
#i ncl ude <stdlib. h>
#i ncl ude <fl oat. h>

char* find_format(const char fornmat[])
/**
* @aramformat a string containing a printf fornat specifier
* (such as "98.2f"). Substrings "%%6 are skipped.
* @eturn a pointer to the format specifier (skipping the '%)
* or NULL if there wasn't a unique format specifier
*/
{ char* p;
char* q;

p = strchr(format, '%);

while (p '= NULL && *(p + 1) == "%) /* skip Wo*/
p = strchr(p + 2, "%);

if (p == NULL) return NULL;

/* now check that %is unique */

p++;
g = strchr(p, '%);
while (g !'= NULL && *(q + 1) == "%) /* skip %Wo*/

q =strchr(q + 2, "%);
if (g != NULL) return NULL; /* %not unique */

q=p + strspn(p, " -0+#"); /* skip past flags */
q += strspn(qg, "0123456789"); /* skip past field width */
if (*q==".") { g++; g += strspn(q, "0123456789"); }

/* skip past precision */

if (strchr("eEf FgG', *qg) == NULL) return NULL;
/* not a floating point format */

return p;

}

JNI EXPORT void JNICALL Java_Printf3_ fprint
(JNIEnv* env, jclass cl, jobject out, jstring fornat,
j doubl e x)
{ const char* cfornat;
char* fnt;
jstring str;
jclass class_PrintWiter;
jmethodl Did_print;

cformat = (*env)->Get Stri ngUTFChars(env, format, NULL);
fm =find_format(cfornat);
if (fmt == NULL)
str = format;
el se
{ char* cstr;
int width = atoi (fnt);
if (wwdth == 0) width = DBL_D G + 10;
cstr = (char*)mal l oc(strlen(cformat) + width);
sprintf(cstr, cformat, x);
str = (*env)->NewStri ngUTF(env, cstr);
free(cstr);

}

(*env) - >Rel easeStri ngUTFChar s(env, format, cfornat);



/[* now call ps.print(str) */

/* get the class */
class PrintWiter = (*env)->CGet Obj ectd ass(env, out);

/* get the nethod ID */
id_print = (*env)->Get Met hodl D(env, class_PrintWiter,
"print", "(Ljaval/lang/String;)V');

[* call the nethod */
(*env)->Cal | Voi dMet hod(env, out, id_print, str);

® jmethodlD GetMethodID(JNIENv *env, jclasscl, const char name[], const char sig[])

env JNI
cl

name

sig

® void CalXxxMethod(JNIEnv *env, jobject obj, jmethodID id, args)
® void CalXxxMethodA (INIEnv *env, jobject obj, jmethodI D id,jvaue argd[])
® void CalXxxMethodV (INIEnv *env, jobject obj, jmethodID id,va list args)
XXX Object, Boolean, Byte, Char,
Short, Int, Long, Float Double
- ID . jvalue

jvaue

typedef union jvalue

{ jboolean z;
jbyteb;
jchar c;
jshort s;
jintl;
jlongj;
jfloat f;
jdoubled,;
jobject [;



} jvaue;

C stdargs.h va list

env JNI
obj

args

® void CalNonvirtual XxxMethod(JNIEnv *env, jobject obj,jclass cl, jmethodID id, args)

® void CallNonvirtual XxxMethodA (INIEnv *env, jobject obj,jclass cl, jmethodID id, jvalue argy[])
® void CalNonvirtual XxxMethodV (INIEnv *env, jobject obj,jclass cl, jmethodID id, va_list args)

XXX
Object, Boolean, Byte, Char, Short, Int, Long, Float Double
- ID
jvalue . C
stdargs.h va list

env JINI
obj

cl

id

args

® methodID GetStaticMethodID(INIEnv *env, jclass cl, const char name[], const char sig[])

env JNI
cl

name

sig

® void CallStaticXxxMethod(JNIEnv *env, jobject obj, jmethodID id, args)
® void CallStaticXxxMethodA (INIEnv *env, jobject obj, jmethodID id,jvalue argy])
® void CalStaticXxxMethodV (INIEnv *env, jobject obj, jmethodID id,va_list args)
XXX Object, Boolean, Byte,



Char, Short, Int, Long, Float Double
- ID

jvalue . C

va list

env JNI
cl
id

args

jobject NewObject(IJNIEnv *env, jclass cl, jmethodI D id, args)

jobject NewObjectA(INIEnv *env, jclass cl, jmethodID id, jvalue args[])

jobject NewObjectV (INIEnv *env, jclass cl, jmethodI D id, va_list args)
ID “<init>”

GetMethodID

jvalue

C stdargs.h va list

env JNI

cl

args

11-2

11-2: C
C
boolean(] jbooleanArray
byte(] jbyteArray
charf] jcharArray
int[] jintArray

stdargs.h

void



short[] jshortArray

long(] jlongArray

float[] jfloatArray

doubl €[] jdoubleArray

Object[] jobjectArray
jarray (Generic)
C++ . C jobject

11-2
11-2:
GetArrayLength
jarray array = ...

jsizelength = (*env)->GetArrayLength(env,array);

(bool char, )
GetObjectArrayElement SetObjectArrayElement

jobjectArray array = ...

intij;

jobject x = (*env)->GetObjectArray(env,array i);
(* env)->SetObjectArray(env,array,j,X);

GetXxxA rrayElements

C++



, ReleaseX xxArrayElements

XXX
Object

ReleaseX xxArrayElements

GetXxxArrayElements jboolean

JINI_TRUE NULL

double

C a il

jdoubleArray array_a= ..
double scaleFactor = ..;
double* a= (*env)->GetDoubleArrayElements(env,array_aNULL);
for(i = 0;i < (*env)->GetArrayLength(env,array_a); i++)

ali] = &i] * scaleFactor;
(* env)-> ReleaseDoubleArrayElements(env, array_a, 0);

JDK

VM , Boolean (packed)
GetBooleanArrayElements jboolean (unpacked)




GetXxxArrayRegion SetXxxArrayRegion

NewXxxArray

( NULL )

jclassclass Employee = (*env)->FindClass(env, “ Employee”);
jobjectArray array_e = (*env)->NewObjectArray(env, 100, class employee, NULL);

JdoubleArray array_d = (* env)->NewDoubleArray(env, 100);

jsize GetArrayLength(INIEnv *env, jarray array)

env JNI

array
jobject GetObjectArrayElement(JNIEnv *env, jobjectArray array, jsize index)

env JNI

array
index

void SetObjectArrayElement(JNIEnv *env, jobjectArray array, jsize index, jobject value)

env JNI
array
index

value



Xxx* GetXxxArrayElements(INIEnv *env, jarray array, jboolean* isCopy)

C . XXX Boolean, Byte,
Char, Short, Int, Long, Float Double
ReleaseX xxArrayElements
env INI
array
isCopy JNI_TRUE jboolean ,
JINI_FALSE

void ReleaseXxxArrayElements(INIEnv *env, jarray array, Xxx elemg]], jint mode)

GetXxxArrayElements
env INI
array
eems
mode 0= eems (Free)
JNI_COMMIT= elems
JINI_ABORT= elems

void GetXxxArrayRegion(JNIEnv *env, jarray array, jint start, jint length, Xxx elemgd[])

env JNI
array
start

length

void SetXxxArrayRegion(JNIEnv *env, jarray array, jint start, jint length, Xxx elemd[])
C . XXX Boolean, Byte, Char,
Short, Int, Long, Float Double

env JNI

array



start

length
eems C
.C
, (exception)
, C . ,
Throw ThrowNow : ,
Throw , Throwable NewObject

, EOFException

jclass class EOFException = (*env)->FindClass(env,” javalio/EOFEXxception™ );

jmethodID id_EOFException = (*env)->GetM ethodI D(env,class EOFException,
“<init>",“ (V"); I* 1D of default construct */

jthrowable obj_exc = (* env)->NewObject(env, class EOFException, id_EOFException);

(*env)->Throw(env, obj_exc);

ThrowNew . ThrowNew
, UTF
(*env)->ThrowNew(env, (*env)->FindClass(env,” javalio/EOFException” ),
“ Unexpected end of file”);

Throw ThrowNew

Throw ThrowNew return



C++ : C++ , C++
. C++ , C++
, C++
Throw ThrowNew C++
JINI . , SetObjectArrayElement
ArraylndexOutOfBoundsException
ArrayStoreException
, ExceptionOccured
NULL

jthrowable obj_exc = (* env)->ExceptionOccured(env);

jbool occurred = (* env)->ExceptionCheck(env);

(* env)->ExceptionClear(env);

fprint ,
° NULL Null PointerException
o double %
I1legal ArgumentException

° malloc OutOfMemeoryError



ExceptionOccurred . 11-17

11-18
PrintWriter.print
cstr
11-19

11-17 : Printf4.c

#include "Printf4.h"
#i ncl ude <string. h>
#i ncl ude <stdlib. h>
#i ncl ude <fl oat. h>

char* find_format(const char fornat[])

/**

{

}

* @aramformat a string containing a printf fornat specifier
* (such as "98.2f"). Substrings "%%6 are skipped.

* @eturn a pointer to the format specifier (skipping the '%)
* or NULL if there wasn't a unique format specifier

char* p;
char* q;

p = strchr(format, '%);

while (p '= NULL && *(p + 1) == "%) /* skip Wo*/
p = strchr(p + 2, "%);

if (p == NULL) return NULL;

/* now check that %is unique */

p++;
g = strchr(p, '%);
while (g !'= NULL && *(q + 1) == "%) /* skip %Wo6*/

q =strchr(q + 2, '"%);
if (g != NULL) return NULL; /* %not unique */

q=p + strspn(p, " -0+#"); /* skip past flags */
q += strspn(qg, "0123456789"); /* skip past field width */
if (*g==".") { g++; g += strspn(qg, "0123456789"); }

/* skip past precision */

if (strchr("eEf FgG', *qg) == NULL) return NULL;
/* not a floating point format */

return p;

JNI EXPORT void JNICALL Java_Printf4 fprint

{

(JNIEnv* env, jclass cl, jobject out, jstring fornat,
j doubl e x)

const char* cfornat;

char* fnt;



jclass class_PrintWiter;
jmethodl Did_print;
char* cstr;

int wdth;

int i;

if (format == NULL)
{ (*env)->Thr owNew( env,
(*env) - >Fi ndd ass(env,
"javal | ang/ Nul | Poi nt er Exception"),
"Printf4.fprint: format is null");
return;

}

cformat = (*env)->Get StringUTFChars(env, format, NULL);
fmt = find_format(cformat);

if (fm == NULL)
{ (*env)->Thr owNew( env,
(*env) - >Fi ndd ass(env,
"javall ang/ |11 egal Argurment Excepti on"),
"Printf4.fprint: format is invalid");
return;

}

width = atoi (fnt);
if (wwdth == 0) width = DBL_D G + 10;
cstr = (char*)nmalloc(strlen(cformat) + wdth);

if (cstr == NULL)
{ (*env)->Thr owNew( env,
(*env)->Fi ndd ass(env, "javal/lang/QutOf MenoryError"),
"Printf4.fprint: malloc failed");
return;

}

sprintf(cstr, cformat, Xx);

(*env) - >Rel easeStri ngUTFChars(env, format, cfornat);
/[* now call ps.print(str) */

/* get the class */
class PrintWiter = (*env)->CGet Obj ectd ass(env, out);

/* get the nethod ID */
id_print = (*env)->Get Met hodl D(env, class_PrintWiter,
"print", "(QV");

[* call the nethod */
for (i =0; cstr[i] '= 0 & !(*env)->ExceptionCccurred(env);
i ++)
(*env)->Cal | Voi dMet hod(env, out, id_print, cstr[i]);

free(cstr);



11-18: Printf4.java
i mport java.io.*;

class Printf4
{ public static native void fprint(PrintWiter ps,
String format, double x);

static
{ SystemloadLibrary("Printf4");
}

}

11-19: Printf4Test.java
inport java.io.*;

class Printf4Test
{ public static void main(String[] args)
{ double price = 44.95;

double tax = 7.75;
doubl e amountDue = price * (1 + tax / 100);
PrintWiter out = new PrintWiter(System out);
Printf4.fprint(out, "Amount due = %@.2f\n", anountDue);
out. flush();

jint Throw(JINIEnv *env, jthrowable obj)

env JNI
obj

® jint ThrowNew(INIEnv *env, jclass class, const char msg[])

env NI

cl

msg String
® jthrowable ExceptionOccured(INIEnv * env)

NULL

UTF



env JNI

®  jboolean ExceptionCheck(INIEnv *env)
true

env JNI

® void ExceptionClear(INIEnv *env)

env JNI

API

(Invocation) API

JavavM Option options[1];
JavaVMInitArgs  vm_args,
JavaVM *jvm;

INIEnv  *env;

options[ 0] .optionString = “ -Djava.class.path=." ;

memset(&vm_args, 0, sizeof(vm_args));
vm_args.verson=JNI_VERSION_1 2;
vm_args.nOptions =1;

vm_args.options = options;

JINI_CreateJavaVM(&jvm, (void**)&env, & vm_args);

C++

C++



JINI_CreateJavaVM jvm

env

options
vm_args.nOptions . , - -
options] 1].optionString = “ -Djava.compiler=NONE’ ;
» WM :
. INI
options] 1].optionString = “ -verbose:jni” ;
MM
env . API
jvm . 4
(*jvm)->DestoryJavaV M (jvm);
11-20 C 1 2 Welcome
main
, VM \jdK\jre\bin\classic\jvm.dl| \jdK\jre\bin\hotpot\jvm.dll
, jvm.dil

jvmdil



DLL .(javac
D) , JDK src.jar

11-20: InvocationTest.c
#i ncl ude <jni.h>
#i ncl ude <stdlib. h>

int main()

{ JavaVMXtion options[1];
JavaVM ni t Args vm ar gs;
JavaVM *j vm
JNI Env *env;
| ong stat us;

j class cl ass_Wel cong;
jclass class_String;
j obj ect Array args;
jmet hodl D i d_nai n;

options[0].optionString = "-D0 ava. cl ass. path=.";

menset (&/m args, 0, sizeof(vmargs));
vmargs.version = JNI _VERSION 1_2;
vm args. nQptions = 1;

vm args. opti ons = opti ons;

status = JN _CreateJavaVM & vm (voi d**) &nv, &m args);
if (status == JN _ERR)
{ printf("Error creating VM n");

return 1;

}

cl ass_Wel cone = (*env)->Fi ndd ass(env, "Wl cone");

id_main = (*env)->CGet Stati cMet hodl D(env, cl ass_Wel cone,
"main", "([Ljava/lang/String;)V");

class_String = (*env)->Fi ndd ass(env, "java/lang/String");
args = (*env)->NewObj ect Array(env, 0, class_String, NULL);

(*env)->Cal | StaticVoi dMet hod(env, class_Wél cone,
id_main, args);

(*jvm ->DestroyJavavVM j v ;

return O;

java

launcher\java_ md.c



cl —Ic\jdKinclude —Ic: \jdK\include\win32  InvocationTest.c
c\jdK\lib\jvmlib

(InvocationTest.exe)

(Welcome.class)

° (JRE)

API
® jint INI_CreateJavaVM (JavaVM** p_jvm, void** p_env, JavaV MInitArgs* vm_args)
0
JINI_ERROR
p_jvm API
p_env INI

vm_args

® jint DestoryJavaV M (JavaVM** jvm)

, (*jvm)-> DestoryJavaV M (Jjvm)

jvm

C API

95/98,
NT
S Ron Petrusha inside the



Windows95 Registry, O Reilly, 1996

INI

95,98 NT

® |[NI

® |[NI

°

Petrusha
: (

11-3

11-3:

HKEY_CLASSES ROOT
HKEY_CURRENT_USER
HKEY_LOCAL_MACHI NE

INI

regedit

HKEY



/ . )

HKEY_CURRENT_USER\Software\Microsoft\M S Setup (ACME)\User Info

/

DefCompany="Y our Organization”
DefName="'Y our Name”

public cl
{ publ i
publ i
publ i
publ i

publ i
publ i
publ i

names

ass W n32RegKey

Cc
Cc

Cc
Cc

(@]

W n32RegKey(i nt theRoot, String thePath){.}
Enunerati on nanmes(){..}

native Object getValue(String nane);

native void setValue(String name, Object val ue);

static final int HKEY_CLASSES_ROOT = 0x80000000;
static final int HKEY_CURRENT_USER = 0x80000001;
static final int HKEY_LOCAL_MACHI NE = 0x80000002;

hasM oreElements/nextElement . getVaue

, Integer , . setValue



HKEY_CURRENT_USER\Software\Microsoft\M S Setup (ACME)\User Info
public static void main(String[] args)
{ Wn32RegKey key = new W n32RegKey(
W n32RegKey. HKEY_ CURRENT_USER,
"Software\\ M crosoft\\ MS Setup (ACVE)\\User Info");

Enuner ati on enum = key. nanmes();

whi l e (enum hasMor eEl enents())
{ String name = (String)enum nextEl enent () ;
Systemout.print(name + " =" + key.getVal ue(nane));

DefCompany=Horstmann Software

DefName=Cay Horstmann
°
setValue Object . Object String, Integer

hasM oreElements/nextElement

, getVaue ( 11-22 D)

.getValue
bytel]



1 . API

2.
4, REG_S/( )
NewStingUTF
5. REG_DWORD(32 ) , Integer
6. REG BINARY
NewByteArray SetByteArrayRegion
7. API
8. (String, Integer, byte[] )
, (Generic) . jstring, jobject
jarray jobject . setValue Object
value java.lang.String,
javalang.integer,byte[] , |IsAssignableFrom

classl  class2
(* env)->IsAssignableFrom(env,classl,class?)
classl class2 classl class2 JNI_TRUE
. Classl class2 . ,
(*env)->IsAssignableFrom(env,
(* env)->GetObjectClass(env,value),
(* env)->FindClass(env, “ [B” ])

true value

setValue



2.

3 String ,

4, Integer ,

5. byte[] )

6.

7. . String

Win21RegK eyNameEnumeration

, SetintField

count

index

1. index count

GetStringUTFChars

intVaue

GetByteArrayElements

byte(]
( 11-21 ).
DWORD 32
hkey
GetIntField
C
maxsize . , -1
0

. HasMoreElements

2. -1 , StartNameEnumeration



3. index count

NextElement

1. index count

2. -1
3.

4, index

5. index count

hkey, count, maxsize, index

INI_TRUE

, StartNameEnumeration

hkey, count, maxsize, index

advapi32.lib

, Win32RegKey  Win32RegKeyNameEnumeration

JINI_FALSE

cl —lc\jdk\include —Ic: :\jdk\include\win32 —L D Win32RegKey.c advapi32.lib—FeWin32RegKey.dll

11-23

HKEY_CURRENT_USER\Software\Microsoft\M S Setup (ACME)\User Info

Def Company=Horstmann Software

DefName=Cay Horstmann

Default user = Bozo the clown

Lucky number = 13

Smdll primes=23571113

11-21: Win32RegKey.java



import java.util.*;

public class Wn32RegKey

{

}

public Wn32RegKey(int theRoot, String thePath)
{ root = theRoot;
path = thePat h;
}
public Enumeration names()
{ return new W n32RegKeyNanmeEnumer ati on(root, path);
}
public native (hject getValue(String nane);
public native void setVal ue(String nane, (bject val ue);

public static final int HKEY_CLASSES_ROOT = 0x80000000;
public static final int HKEY_CURRENT_USER = 0x80000001;
public static final int HKEY_LOCAL_MACH NE = 0x80000002;
public static final int HKEY_USERS = 0x80000003;

public static final int HKEY_CURRENT_CONFI G = 0x80000005;
public static final int HKEY_DYN DATA = 0x80000006;

private int root;
private String path;

static
{ System | oadLi brary("Wn32RegKey");

}

cl ass Wn32RegKeyNaneEnunerati on i npl enents Enuneration

{

}

W n32RegKeyNaneEnuner ati on(int theRoot, String thePath)
{ root = theRoot;
path = thePat h;

}

public native Chject nextEl enent();
public native bool ean hasMoreEl enent s();

private int root;
private String path;
private int index = -1;
private int hkey = 0;
private int maxsize;
private int count;

cl ass Wn32RegKeyExcepti on extends RuntinmeException

{

}

public Wn32RegKeyException() {}

public W n32RegKeyExcepti on(String why)
{ super(why);

}

11-22: Win32RegKey.c



#i ncl ude "W n32RegKey. h"

#i ncl ude "W n32RegKeyNaneEnuner ati on. h"
#incl ude <string. h>

#i ncl ude <stdlib. h>

#i ncl ude <wi ndows. h>

JNI EXPORT j obj ect JNI CALL Java_W n32RegKey_get Val ue

(JNIEnv* env, jobject this_obj, jstring name)
{ const char* cnane;

jstring path;

const char* cpath;

HKEY hkey;

DWORD t ype;

DWORD si ze;

jclass this_class;

jfieldiDid_root;

jfieldlDid_path;

HKEY r oot ;

j obj ect ret;

char* cret;

/* get the class */
this_class = (*env)->Cet Cbj ect d ass(env, this_obj);

/* get the field IDs */

id_root = (*env)->CetFieldl D(env, this_class, "root", "I");

id_path = (*env)->GetFi el dl D(env, this_class, "path",
"Ljaval/lang/ String;");

/* get the fields */
root = (HKEY) (*env)->CGetlntField(env, this_obj, id_root);
path = (jstring)(*env)->CGet Cbj ect Fi el d(env, this_obj,
i d_path);
cpath = (*env)->Cet Stri ngUTFChar s(env, path, NULL);

/* open the registry key */
i f (RegOpenKeyEx(root, cpath, 0, KEY_READ, &hkey)
I = ERROR_SUCCESS)
{ (*env)->Thr owNew( env,
(*env) - >Fi ndd ass(env, "W n32RegKeyException"),
"Open key failed");
(*env) - >Rel easeStri ngUTFChar s(env, path, cpath);
return NULL;
}

(*env) - >Rel easeStri ngUTFChar s(env, path, cpath);
cname = (*env)->Cet StringUTFChar s(env, nane, NULL);

/[* find the type and size of the value */
i f (RegQueryVal ueEx(hkey, cname, NULL, & ype, NULL, &size) != ERROR SUCCESS)
{ (*env)->Thr owNew( env,
(*env) - >Fi ndd ass(env, "W n32RegKeyException"),
"Query val ue key failed");
Regd oseKey( hkey) ;
(*env) - >Rel easeStri ngUTFChar s(env, name, chane);
return NULL;



/* get menory to hold the value */
cret = (char*)nall oc(size);

/* read the value */
i f (RegQueryVal ueEx(hkey, cnanme, NULL, & ype, cret, &size) != ERROR_SUCCESS)
{ (*env)->Thr owNew( env,
(*env) ->Fi ndd ass(env, "W n32RegKeyException"),
"Query val ue key failed");
free(cret);
Regd oseKey( hkey) ;
(*env) - >Rel easeStri ngUTFChar s(env, nane, cnane);
return NULL;
}

/* depending on the type, store the value in a string,
integer or byte array */
if (type == REG S2)
{ ret = (*env)->NewStringUTF(env, cret);
}
else if (type == REG _DWORD)
{ jclass class_Integer = (*env)->Fi ndd ass(env,
"javallang/ I nteger");
/* get the method I D of the constructor */
jmethodl Did_I nteger = (*env)->Cet Met hodl D( env,
class_lInteger, "<init>", "(1)V');
int value = *(int*)cret;
/* invoke the constructor */
ret = (*env)->New(bj ect (env, class_Integer, id_Integer,
val ue) ;
}
else if (type == REG Bl NARY)
{ ret = (*env)->NewByteArray(env, size);
(*env) - >Set Byt eArrayRegi on(env, (jarray)ret, 0, size,
cret);
}

el se
{ (*env)->Thr owNew( env,
(*env) - >Fi ndd ass(env, "W n32RegKeyException"),
"Unsupported val ue type");
ret = NULL;
}

free(cret);
Regd oseKey( hkey);
(*env) - >Rel easeStri ngUTFChar s(env, nane, chane);

return ret;

}

JNI EXPORT void JNI CALL Java_W n32RegKey_set Val ue

(JNIEnv* env, jobject this_obj, jstring name, jobject val ue)
{ const char* cnane;

jstring path;

const char* cpath;

HKEY hkey;

DWORD t ype;

DWORD si ze;

jclass this_class;



jclass class_val ue;
jclass class_Integer;
jfieldiDid_root;
jfieldlDid_path;
HKEY r oot ;

const char* cval ue;
int ivalue;

/* get the class */
this_class = (*env)->Cet Cbj ect d ass(env, this_obj);

/* get the field IDs */

id root = (*env)->CGetFieldl D(env, this_class, "root", "I");

id_path = (*env)->Cet Fi el dl D(env, this_class, "path",
"Ljava/lang/ String;");

/* get the fields */

root = (HKEY) (*env)->CGetlntField(env, this_obj, id_root);

path = (jstring)(*env)->Cet oj ectFi el d(env, this_obj,
id_path);

cpath = (*env)->CGet Stri ngUTFChars(env, path, NULL);

/* open the registry key */
i f (RegOpenKeyEx(root, cpath, 0, KEY_WRI TE, &hkey)
I = ERROR_SUCCESS)
{ (*env)->Thr owNew( env,
(*env) - >Fi ndd ass(env, "W n32RegKeyException"),
"Open key failed");
(*env) - >Rel easeStri ngUTFChar s(env, path, cpath);
return;

}

(*env) - >Rel easeStri ngUTFChar s(env, path, cpath);
cname = (*env)->Cet StringUTFChars(env, nane, NULL);

cl ass_val ue = (*env) - >CGet Chj ect d ass(env, val ue);
class_Integer = (*env)->Fi ndd ass(env, "javal/lang/lnteger");
/* determ ne the type of the value object */
if ((*env)->lsAssignabl eFron{env, class_val ue,
(*env)->Fi ndd ass(env, "javal/lang/String")))
{ /* it is a string--get a pointer to the characters */
cval ue = (*env)->Cet St ri ngUTFChar s(env, (jstring)val ue,
NULL) ;
type = REG Sz,
size = (*env)->Cet StringlLength(env, (jstring)value) + 1,
}
else if ((*env)->lsAssignabl eFron{env, class_val ue,
class_Integer))
{ /* it is an integer--call intValue to get the value */
jmet hodl D i d_intVal ue = (*env)->Cet Met hodl D( env,
class_Integer, "intValue", "()I");
i value = (*env)->Cal | I nt Met hod(env, val ue, id_intValue);
type = REG_DWORD;
cval ue = (char*) & val ue;
size = 4;
}
else if ((*env)->lsAssignabl eFron{env, class_val ue,
(*env)->Fi ndd ass(env, "[B")))



/* it is a byte array--get a pointer to
type = REG Bl NARY;

the bytes */

cval ue = (char*) (*env) - >Get Byt eArr ayEl enent s(env,

(jarray)val ue, NULL);

size = (*env)->Cet ArrayLengt h(env, (jarray)val ue);
}
el se
{ /* we don't know how to handle this type */

(*env) - >Thr owNew( env,
(*env) - >Fi ndd ass(env,
"Unsupported val ue type");

Regd oseKey( hkey) ;

"W n32RegKeyException"),

(*env) - >Rel easeStri ngUTFChar s(env, name, chane);
return;

}

/* set the value */

i f (RegSet Val ueEx( hkey, cnane, 0, type, cvalue, size)

I = ERROR_SUCCESS)

(*env) - >Thr owNew( env,
(*env) - >Fi ndd ass(env,
"Query val ue key failed");

{

}

Regd oseKey( hkey);

(*env) - >Rel easeStri ngUTFChar s(env, nane,

/* if the value was a string or byte array,

poi nter */
if (type == REG S2)
{ (*env)->Rel easeStringUTFChars(env, (jstr
cval ue);
}
else if (type == REG Bl NARY)
{ (*env)->Rel easeByt eArrayH enents(env, (j

(byte*)cval ue, 0);
}
}

static int startNameEnunerati on(JN Env* env,
jclass this_class)

/* hel per function to start enuneration

*/

{

of na

jfieldl Did_index;
jfieldlDid_count;
jfieldiDid_root;
jfieldlDid_path;
jfieldl Did_hkey;
jfieldl Did_maxsize;

HKEY r oot ;

jstring path;
const char* cpath;
HKEY hkey;
int maxsize
int count = 0O;

/* get the field IDs */

"W n32RegKeyException"),

cnane) ;

rel ease the

i ng) val ue,

array) val ue,

j obj ect this_obj,

nes



}

id_root = (*env)->CetFieldl D(env, this_class, "root", "I");
id_path = (*env)->Cet Fi el dl D(env, this_class, "path",
"Ljaval/lang/ String;");

id_hkey = (*env)->CetFieldl D(env, this_class, "hkey", "I");

i d_nmaxsize = (*env)->GetFi el dl D(env, this_class, "nmaxsize",
1)

id_index = (*env)->GetField D(env, this_class, "index",
")

id_count = (*env)->CetFieldl D(env, this_class, "count",
")

/* get the field values */

root = (HKEY) (*env)->GetlntField(env, this_obj, id_root);

path = (jstring)(*env)->Cet Cbj ect Fi el d(env, this_obj,
id_path);

cpath = (*env)->Cet StringUTFChar s(env, path, NULL);

/* open the registry key */
i f (RegQpenKeyEx(root, cpath, 0, KEY_READ, &hkey)
I = ERROR_SUCCESS)
{ (*env)->Thr owNew( env,
(*env) - >Fi ndd ass(env, "W n32RegKeyException"),
"Open key failed");
(*env) - >Rel easeStri ngUTFChar s(env, path, cpath);
return -1;

}
(*env) - >Rel easeStri ngUTFChar s(env, path, cpath);

/* query count and max | ength of nanes */
i f (RegQueryl nfoKey(hkey, NULL, NULL, NULL, NULL,
NULL, NULL, &count, &maxsize, NULL, NULL, NULL)
I = ERROR_SUCCESS)
{ (*env)->Thr owNew( env,
(*env) - >Fi ndd ass(env, "W n32RegKeyException"),
"Query info key failed");
return -1,

}

/* set the field values */

(*env)->SetIntField(env, this_obj, id_hkey, (DWORD)hkey);
(*env)->SetIntField(env, this_obj, id_maxsize, maxsize + 1);
(*env)->SetIntField(env, this_obj, id_index, 0);
(*env)->SetIntField(env, this_obj, id_count, count);

return count;

JNI EXPORT j bool ean JNI CALL

Java_W n32RegKeyNaneEnuner at i on_hasMor eEl enment s
(JNI Env* env, jobject this_obj)

jclass this_class;

jfieldl Did_index;

jfieldlDid_count;

i nt index;

i nt count;

/* get the class */

this_class = (*env)->Cet bj ect A ass(env, this_obj);

/* get the field IDs */



id_index = (*env)->CGetFieldl D(env, this_class, "index",

")

id_count = (*env)->GetField D(env, this_class, "count",
)

i ndex = (*env)->CetlntField(env, this_obj, id_index);

if (index == -1) /* first tinme */

{ count = startNanmeEnuneration(env, this_obj, this_class);
i ndex = 0O;

}

el se
count = (*env)->CGetIntField(env, this_obj, id_count);

return index < count;

}

JNI EXPORT j obj ect JNI CALL
Java_W n32RegKeyNameEnuner at i on_next El enent
(JNI Env* env, jobject this_obj)
{ jclass this_class;
jfieldl Did_index;
jfieldl Did_hkey;
jfieldiDid_count;
jfieldl Did_naxsize;

HKEY hkey;
int index;
int count;
i nt maxsi ze;

char* cret;
jstring ret;

/* get the class */
this_class = (*env)->Cet Cbj ect d ass(env, this_obj);

/* get the field IDs */

id_index = (*env)->CGetFieldl D(env, this_class, "index",
1)

id_count = (*env)->CetFieldl D(env, this_class, "count",
")

i d_hkey = (*env)->Cet Fi el dl D(env, this_class, "hkey", "I");

i d_maxsize = (*env)->CGetFi el dl D(env, this_class, "maxsize",

)

index = (*env)->CetIntField(env, this_obj, id_index);

if (index == -1) /* first tine */

{ count = startNaneEnuneration(env, this_obj, this_class);
i ndex = 0;

}

el se
count = (*env)->CetlntField(env, this_obj, id_count);

if (index >= count) /* already at end */
{ (*env)->Thr owNew( env,
(*env) - >Fi ndd ass(env,
"java/ util/NoSuchEl ement Exception"),
"past end of enuneration");
return NULL;



}

maxsi ze = (*env)->GetlIntFi el d(env, this_obj, id_naxsize);
hkey = (HKEY) (*env)->GetlIntField(env, this_obj, id_hkey);
cret = (char*)nal | oc(naxsize);

/* find the next nanme */
i f (RegEnunVal ue( hkey, index, cret, &maxsize, NULL, NULL,
NULL, NULL) !'= ERROR_SUCCESS)
{ (*env)->Thr owNew( env,
(*env) - >Fi ndd ass(env, "W n32RegKeyException"),
"Enum val ue failed");
free(cret);
Regd oseKey( hkey) ;
(*env)->SetlIntField(env, this_obj, id_index, count);
return NULL;
}

ret = (*env)->NewStringUTF(env, cret);
free(cret);

/* increment index */
i ndex++;
(*env)->SetIntField(env, this_obj, id_index, index);

if (index == count) /* at end */
{ Regd oseKey( hkey);

}

return ret;

11-23: Win32RegK ey Test java
inport java.util.*;

public class Wn32RegKeyTest
{ public static void main(String[] args)
{ Wn32RegKey key = new W n32RegKey(
W n32RegKey. HKEY_CURRENT _USER,
"Sof tware\\ M crosoft\\ M5 Setup (ACMVE)\\User Info");

key. set Val ue("Defaul t user", "Bozo the clown");
key. set Val ue(" Lucky nunber", new Integer(13));
key. set Val ue("Snal | prinmes", new byte[]

{2 3 5 7, 111});

Enuner ati on enum = key. nanmes();
whi | e (enum hasMor eEl enent s())
{ String name = (String)enum nextEl ement ();

Systemout.print(name +" = ");

bj ect val ue = key. get Val ue( nane) ;



if (value instanceof byte[])
{ byte[] bvalue = (byte[])val ue;
for (int i =0; i < bvalue.length; i++)
Systemout. print((bvalue[i] & OxFF) + " ");
}

el se Systemout. print(val ue);

Systemout. println();

® jboolean IsAssignableFrom(IJNIEnv *env, jclasscll, jclass cl2)

JNI_TRUE JNI_FALSE
cl c2 c2 cl

env JINI
cl, cl2

® class GetSuperClass(INIEnv *env, jclass cl)
cl Object

NULL
env JINI

cl



