@ Sun

Integrated Java™ and C
Language Debugging
using the Eclipse platform

Matthew B White

Staff Software Engineer
IBM UK
http://www.ibm.com

TS-1011

2006 JavaOne®™ Conference | Session TS-1011 | jaua.sun.com )"ji':IUEIOI'IE!(Sf



¢ JavaOne

Goal of this Talk

2006 JavaOnes™ Conference | Session TS-1011 | 2 java.sun.com/javaone/sf



Agenda

Introduction
Building Native Code in Eclipse

How to Do Integrated Debugging
With the Demo

Alternatives to Java Native Interface (JNI)
JNI—Some Best Practices

2006 JavaOnes" Conference | SessionTS-1011 | 3 java.sun.com/javaone/sf



Agenda

Introduction
Building Native Code in Eclipse

How to Do Integrated Debugging
With the Demo

Alternatives to Java Native Interface (JNI)
JNI—Some Best Practices

2006 JavaOnes" Conference | SessionTS-1011 | 4 java.sun.com/javaone/sf



>,

Java Technology from a C Perspective

How does the operating system see
the Java VM?

A Java VM is just another process

This process can be controlled by
a debugger

Java programming environment source
level debugging

“Application level” operation from the OS position

This assumption is critical to this
hybrid approach
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The Problem...

Java technology is good
... but sometimes we need to use native code

When a problem occurs how do we use the
normal debugging techniques to solve it?

Normal C and Java based debuggers don't
know about the “other world”

Some proprietary debuggers have solved this
How do we do this with other tools?
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State of the Art

* Using GDB and JDB it was possible to do this
* Eclipse with the JDT and CDT have arrived

* It is possible to move the technigues to
this space

* A similar approach using other GUI debuggers
IS possible
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Setup—and Building JNI Code
in Eclipse

* Tools used
* Eclipse 3.1 and CDT
* Cygwin
* MinGW
- JDK™ 1,42

* Notable points
* Use correct linking options in makefile
- Set the binary parser to the correct value
« Set the makefile command
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Sample Compile Command for a DLL

gcc -—-shared -g -o Javalmp.dll jnitest.c
-Wl,--kill-at -Id:\mingaw\include
—Id:\ jdks\ibm jdkl.4.2\include
—Id:\ jdks\ibm jdkl.4.2\include\win32

* -kill-at is important to ensure that the __ stdcall

naming convention is used
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Integrated Debugging

The general approach is to
Launch the debugee Java VM process
Attach to this debugee Java VM process from GDB
Attach to the Java VM using the Java
based debugger

This can all be done from within the Eclipse
debug perspective

Not a totally integrated solution
3 process are being launched

Eclipse perspective helps by showing output
In same place
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Limitations

* Timing is important in launching processes
Need to be able identify the Java based process

Simple JNI based utility DLL can help here
* It contains simple OS API call to find process id

Native JNI libraries need to be loaded early
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Step 1—Launch App for Remote
Java Code Debugging

= Run
Create, manage, and run configurations
Run a Java application @
Configurations: MName: | INITest - Launch for remote
EE CfC++ Local application
[£] main —= - : _
El Run VM Under GDB @ main = Arguments I =i IRE I ¢ Classpath I EL// Source I ﬁ En\tlronmentl =1 common I
----- 4 Edipse Application —Program arguments:

----- E5] Java Applet

=31 Java Application

3] INITest

7] NITest - Launch for remote!
""" Ju Junit

= % JuUnit Plug-in Test Variables... |

..... SWT Application

— WM arguments:

-¥debug -¥Xnoagent -Djava.compiler=none -¥runjdwp:transport=dt_socket,server =y, suspend=n,address=6751

Variables... |

—Working directory:

¥ Use default working directary Workspace... | File Sustem. .. | Yariables. .. I

Mew Delete Apply | Rewert I

=T 1 Close |

@ Main I (9= Arguments I =i RE I %, Classpath I B Source P& Environment | = Common I

Environment variables to set:

Variable | Value | Mew. ..

® path E:/_work/debugging/edipse_workspace/DLL
Select... |
Edt.. |
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Step 2—Attach GDB to the
Application’s Java VM

= Debug

Create, manage, and run configurations

Configurations:

Mame: | GDB - Edclipze Launched 1vM

""" Ju JUnit

[+-[£] C/C++ Local Application
..... [€] C/C++ Postmortem debugger Project:
----- 4 Edlipse Application
..... 5] Java Applet
+-[3] Java Application

----- J¥ Junit Plug4n Test
+-[Z, Remote Java Application
----- [=#7| SWT Application

(=[] C/C++ Attach to Local Application

Main I %‘S’F Debugger | Tiy Source | =l comman |

|oLL

C/C++ Application:

| Ci\Program Files\Java\j2re1.4.2_03'bin\javaw. exe

Browse... |

SeardﬂProject...l Browsze... |

M %5 Debuger

& Sourcel =] gommonl

Debugger: ICygwin DB Debugger

j Advanced...

- Debugger Options
Main |

GDB debugger: | D:\_tools\cygwin'inlgdp. exe

(DB command file: |

(Warning: Some commands in this file may interfere with the startup operation of the debugger, for example run”.)

Browse...
Browse...

Apply | Reyert I

Debug I Close I
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elect Process

Step 3—Select Process ID

Select a Process to attach debugger to:

- favam.exe - 4276 |

= javaw.exe - 5544

= D:\_jdksYibm_jdk1.4. 2\bin\javaw. exe

&l conscle &2 E&IE—%@|SE"F3'DE

ME]
T | %5 Whiskey's De... »

JNITest - Launch for remote [Java Application] D:\_jdks\bm_jdk1.4. 2\binYjavaw.exe (18-Mar-2006 15:58:54)

————||In Jawva Main helli...

Loading the librarv...
Hello from C PID=4276

Loaded the library - now attach GDE then JDE, press any Key

2006 JavaOnes Conference | Session TS-1011 | 17 java.sun.com/javaone/sf




Step 4—Launch GDB

* GDB will
attach to the
Java VM

* It will
suspend
the Java VM

* Click resume

XSun

microsystems

S Debug - jnitest.c - Eclipse SDK

Ieg -

File Edit Refactor Navigate Search Project Run Window Help

B l#s-0-A- @& |5 -8 -oa-a -

5 Debug £

i3 CIS R

i ¥ = O || Variables (00 Breakpoints £2 Mudu\es|Reg\stErs|

=1-[3] INITest - Launch for remate [Java Application]

-ﬁ D:'_jdksibm_jdk 1. 4. 2\bin\javaw.exe (18-Mar-2006 15:58:54)
GDB - Edlipse Launched WM [C/C++ Attach to Local Application]

=& Cyani Ugger (180306 17:35)

“Thread [1] (Suspended)

ntdliZwReadFile() 0x77f5bfb4
ReadFile() 0x77e7abi0

of® Thread [2] (Suspended)
of? Thread [3] (Suspended)
o Thread [4] {Suspended)
of® Thread [5] (Suspended)
of? Thread [8] (Suspended)
o Thread [7] (Suspended)
of® Thread (8] (Suspended)
1% Thread 6] (5enendsd)

{2 Copy Stack

Ctrl+C

5 <symbol is not available = 0x7ffe0304

<symbal is not available> 0x00000c34
1 <symbol is not available> 0x00000000

= Instruction Stepping Mode

[ jnitest.c 33 [¥] ITest.java

#include <stdio.h>
#include <Windows.h>

#include "mbw_JNItest.h"

JNIEXPCRT jint JNICRLL Java_mbw_JNI]

int pid = GetCurrentProcessId();

fflush(stdout) ;
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[ Resume
[0 s
(8] Terminate

B, Terminate and Relaunch
- Disconnect

{9e FEsume Wi

+@ E\_work\debugging\edipse_workspace\DLL \jnitest.c [ine: 13]
@ IMITest [line: 32] - main(String[])
@ INITest [line: 39] - main{String[])

printf("Hello from C PID=%d\n"

%

B, Terminate and Remove
%Relaunch

@Terminabe Al

[C]Edit GDB - Edlipse Launched VM.
E/Edlt Source Lookup...

Properties
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Step 5—Attach the Debugger

= Debug

Create, manage, and run configurations
Attach to a Java virtual machine accepting debug connections

Configurations:

[#-[E] C/C++ Attach to Lacal Application
[T] CjC++ Local Application
[T] CjC++ Postmortem debugger

3] Java Application
Ju Junit

J4 JUnit Plug-n Test

@, Remote Java Application

B

- [Z {308 - Remote Java Connection

- [5] SWT Application

Mew Delete

Mame: | JDB - Remote Java Connection

& connect | E, source | EI comman |

Project:
| JavaProject Browse... |
Connection Type:

|Standard (Socket Attach)

Connection Properties

Haost: | localhost

Port: | 6751

[ Allow termination of remote VM

Apply | Rewerk |

Debug I Close |
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Step 6—Ready to Go...

* Three Process

* Main Application
GDB

JDB

All are running, application
Is blocked waiting for input;
hit key in Console for

main application

= Whiskey's Debug Perspective - jnitest.c - Eclipse SDK

File Edit Refactor Mavigate Search Project Run  Window Help
JEi-EE @ [ $-0- Q- |®™®P |H -5 -0 e~

— . = =
% Debug 12 00 & *{?" | = | Fi ¥ =0
Ell'il IMITest - Launch for remote [Java Application]

o gl D:Y joke\jbm_jdk 1.4, 2\bin\javaw.exe (18-Mar-2006 15:58:54)
EE GDE - Edipse Launched JvM [C/C++ Attach to Local Application]
Eﬁ Cygwin GDB Debugger (18/03/06 17:35)

3@ Thread [2] (Running)
.ﬁ' Thread [3] (Running)
@ Thread [4] (Running)
.ﬁ' Thread [3] (Running)
@ Thread [6] (Running)
.ﬁ' Thread [7] (Running)
@ Thread [5] (Running)
.ﬁ' Thread [9] (Running)

----- I.H Debugger Process (18/03/06 17:35)
----- .H C:\Program Files\Javalj2re1.4.2_03'bin'javaw.exe (18/03/06 17:35)
EIE I0B - Remote Java Connection [Remote Java Application]

=-§§8 Classic VM[localhost:6751]

------ & Thread [main] (Running)
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Java Breakpoint is Hit First

First Breakpoint
IS In Java

GDB notes program
as running

JDB notes as
suspended

Step over the
native call

l. Whiskey's Debug Perspective - JNITest.java - Eclipse SDK

File Edit Refactor Source Mavigate Search Project Run Window Help

Iti-FE&|#-0-6- @ | 45 [H-5 oo

¥ Debug &% i3 o % S

@ LS| P Y0

[=-[3] INITest - Launch for remote [Java Application]

"y D\ icksljbm_jdk1.4. 2\bin\javaw. exe (18-Mar-2005 17:49:18)
=] E GDB - Edlipse Launched JVM [C/C++ Attach to Local Application]
EI@ Cygwin GDB Debugger (18/03/06 17:49)

v Thread [1] (Running)
#® Thread [2] (Running)
¥ Thread [3] (Running)
¥ Thread [4] (Running)
p# Thread [5] (Running)
p® Thread [&] (Running)
p& Thread [7] (Running)
& Thread [8] (Running)
2 Thread [9] (Running)
& Thread [10] (Running)
- -;% Debugger Process (18/03/06 17:49)
- -.ﬁ C:\Program Files\Javaljzre1.4.2_03'bin'javaw.exe (18/03/06 17:49)
EI--E JDE - Remote Java Connection [Remate Java Application]

1 &2 Classic M[ocalhost:6751]

1= Thread [main] {Suspended (breakpeint at line 32 in INITest))
+ = INITest.main(String(]) line: 32
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Breakpoints | Expressions ‘
ok B4

~ © fargs= Sting[0] (d=11);

[] jnitest.c [3] rTest.java 52
-

// TODO Auto-generated cat
e.printStackTrace ()

System.out.println (" ####$
/* ... call the native met
new JNITest().native_doubl

System.out.println(" $3#%F
new JNITest().native doubl

try {
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C Breakpoint is Hit Next

l. Whiskey's Debug Perspective - jnitest.c - Eclipse SDK
File Edit Refactor Navigate Search Project Run Window Help

* GDB has now stopped - o o

35 Debug 33 [ I | " i% 7 7 O||09= variables 7 . Breakpaints | Expressions ‘
h k . B- [T InITest - Launch for remote [Java Apphcahnn] ok B ‘ &
o ephl Di\jdkstibm _jdk1.4. 2\bin'avaw.exe (18-Mar-2006 17:49:18) "] —
a t e re a p O I n B [T GDB - Edipse Launched WM [C/C++ Attach to Local Application] :“] DE?.I f Dxnnzafndfqﬂ
Bl @ Cygwin GDB Debugger (18/03/06 17:49) (Suspended) o2 p;ﬁ;;_—qﬂ;ﬂﬂﬁﬁ %0
= EIJ% Thread [1] (Suspended: Breakpoint hit.) 5----(><]: pld —_ESUU
= B3ave mbw JTest native. doubleintl) atinitest,c; 13 Ox6b641194 TS
&jvm!_IVM_DesiredAssertionStatus@12() 0x70d4e%a2
7 <zymbal is not available> 0x002a0f43
& <symbal is not available> 0x0006fd30
5 <symbol is not available > 0x0000002a
4 <zymbol is not available> 0x002d2068
3 <zymboal is not avalable > 0x00230f43
2 <symbal is not available> 0x22cc9ced
~~= 1 <symbol ig not available > 0x00000000
#-g® Thread [2] (Suspended)

* Can step over
native code

[+
[+
£
. g Thread [5] (Suspended)
g Thread [8] (Suspended)
[+
£
[+

#-o® Thread [7] (Suspended)
f - Thread [8] (Suspended)

]
@ Thread [9] (Suspended)
not responding

- pe| Debuager Process (18/03/06 17:48) #include <stdio.h>
~pei Ci\Program Files\Java'j2re1.4.2_03'bin\javaw.exe (180306 17:49) #include <Windows.ny
- E DB - Remote Java Connection [Remote Java Application]

= Classic Mocahost:6751] #include "mbw JNItest.h”

* Step Return—so don't
debug in Java VM SR vt seve s

int pid = GetCurrentProcessId():

o printf("Hello from C PID=%d\n",pid)
fflush(stdout) ;
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Alternatives to JNI

* JNI isn’t hard—but can be daunting
* Should be used in its place

* Two types of alternatives
* Tools to simplify usage
* Totally bypassing
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Bypassing Completely

* Typically some form of remoting
* Could be done with custom network marshalling code

* WebServices infrastructures have improved this

* http://lwww-128.ibm.com/developerworks/library/ws-
nativecode/index.html?ca=drs-ws1704
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Tool Support

JACE

* http://reyelts.dyndns.org:8080/jace/release/docs/inde
x.html

JNI++
* http://jnipp.sourceforge.net/

* XFunction
* http://www.excelsior-usa.com/xfunction.html

* Complete List

* http://weblog.janek.org/Archive/2005/07/28/Alternativ
estoJavaNativel.html
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JNI Best Practices

Be careful with the distinction between Local
and Global References

Local should remain local
Watch out for Invocation API
Global should always be freed

Always check the Exception AND return code
Cache Method, Field, Class IDs

Avoiding marshalling data across JNI
Use new java.nio.ByteBuffer class
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JNI Performance

* Often cited to be slow
* Performance can be affected

* Results though are very variable
depending on situation

* Avoid marshalling the data across
the boundary

* Use the java.nio.ByteBuffer

* Do local performance tests
* Test your architecture
* Test your Java VM
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Summary

* Integrated Debugging is possible
* JNI is okay to use if treated with respect
* Do local performance tests
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For More Information

* Tools used

* Eclipse http://www.eclipse.org/
- CDT http://www.eclipse.org/cdtMinGW
* Cygwin http://www.cygwin.com
* MinGW http://www.mingw.org
* Books

* “The Java Native Interface” Sheng Liang
. “JNI” ROb Gordon
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For More Information

Articles

* Mixed Java and C Debugging

* GBD and JBD Command Line
* Matthew White—IBM

* http://lwww-128.ibm.com/developerworks/javal/library/j-
jnidebug/index.html?dwzone=java

* GUI Version using Eclipse and Insight
* Nick Jancewicz—Kinetek Systems, Inc

* http://www .kineteksystems.com/white-
papers/mixedjavaandc.html
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For More Information

JNI References
* General Introduction
* http://en.wikipedia.org/wiki/Java_Native Interface

* Sun’s JNI Reference
* http://java.sun.com/j2se/1.5.0/docs/guide/jni/index.html

* Performance
* http://java.sun.com/developer/TechTips/2000/tt0801.html#tip2
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