gcj: Compile Java into
Native Machine Code

Technical Paper

Copyright © 2000 Red Hat, Inc., All rights reserved.

Craig Delger <cdelger@redhat.com>
Mark G. Sobell <sobell@redhat.com>

version 1.00
11 December 2000



gcj: Compile Java into Native Machine Code

Abstract

The GNU Compiler for Jda (gcj) is an open-source compiler maintained
by the Free Softare Foundation. It uses tHaogcj libraries. \érsion
libgcj-2.96-22is compatible with Sus’JDK 1.1 with a f& exceptions
including ANT and inner classes. Mapeople are requestinghVl

support. It is one of the first priorities for thexheelease. It also does not
have full locale support (internationalization) at this time; it just supports
the US locale.

The GNU Compilerfor Java (gcj) improvesthe performancef Java
code on Linux systems. By compiling into machine code instead/af Ja
byte code your Ja programs will not only rurakter lot leave more CPU
cycles aailable for other tasks.

Despite thedct that compiling Jea code to yield nate machine
codeis still in theearlystagesthereliability of this processs shavn by the
number of companies that are already using it to create commercial
solutions.

This paper is an introduction towddopment usingcj on an 1A32
(Intel Architecture, 32-bit s, formerly referred to as x86) platform. It
helps you set up your delopment evironment and &lks you through
compiling and delgging simple Ja applications usingcj andgdb.

You can use the samevééopment process with a suitably
configured GNU cross-compilation toolchain for an embeddeetgrci,
gcg gas andbinutils built to generate code for ARM, RerPC, MIPS or
other supported tgets). This approach is ideal for embedded systems as
they tendto beresourceconstrainedA virtual machinemaynotbereadily
available for a taget system and may consume too much code space,
operating memoryand CPU ycles.

Red Hat Linux is a pmerful ervironment for deeloping and
deploying Java programs. Numerouswiaderelopment tools and virtual
machinesreavailableon Linux. Oneof themostinterestinggcj, is afree,
open-sourceompilerthatcompileslara sourcecodeor Javabytecodeinto
natve machine code. A va program compiled into naé& machine code
runs faster than Ja byte code on ava virtual machine and uses less
memory

This paper assumes that yowéa wrking knavledge of a UNIX-
like operating system. If you do not, refer to introductory reference
material and plore your shell account. Refer oftennban andinfo
pagesGivethecommandnan bashorinfo bashto learnmoreaboutbash
(the Bourne Agin Shell). When you see w@mhiliar commands use the
associatednan or info command to learn more. Refer to e home
page ahttp://sources.edhat.com/java/ and the link to thgcj FAQ on
that page for helpful hints.
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Overview

This tutorial uses the folaing tools:

» Java compiler: gcj

o Javalibrary: libgcj

» Java delugger: gdb

* An editor of your choicev, emacs or other)

Each of these tools is included with Red Hat Linux 7. After you
understand he to use these toolsxglore their may options. With this
understandingou canbuild your preferreddevelopmengenvironment.Red
Hat Linux and the Linux Applications Library include nyaadditional
developer tools that are shipped with the Red Haeda®D set and are
also aailable on the Red Hat &1 site (see the follang section).

The net section starts this tutorialycj development project.

The Environment

Before you start maksure that you Iva the follaving packages (RPMs)
installed. Later grsions will work, earlier ersions will not. Each of the
packages is included with Red Hat Linux @t lnay not be installed.

If you have a Red Hat Linux 7 installation CD and one of the
packagess notinstalled,you caninstall it from theRPMSdirectoryonthe
CD. Without this disk you can use youré/bravser to davnload the
package(s) frorhttp://www.redhat.com/apps/dwnIoad/.l Enter the
name of the utility (droppingverything from the firstyphen on (enter
binutils instead obinutils-2.10.0.18-1.i386.pm in theby keywor d
window onhttp://www .redhat.com/apps/danload/ andyouwill findthe
latest \ersion of the package).

Use the folleving command format to check for the presence of a
packageon your systemandfor the versionnumber Replacebinutils with
the name of the package you are looking for

$ rpm-q binutils

binutils-2.10.0.18-1

Theversionnumbersn thefollowing list arecurrentasof the dateof
this paperYou must installibgcj before you instakjcc-java.

* Ccpp-2.96-54.i386.rpm istheC-CompatibleCompilerPreprocessor
The C compiler uses this preprocessor to transform your program

1. If you cannot access the Red Hat Public File &efvecause it currently has
the maximum number of users it can handle) then try one of the mirror sites
listed athttp://www .redhat.com/davnload/mirr or.html.
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prior to compiling it. This program is called a macro processor
because it all@s you to define macros, which are abiatons for
longer constructs.

* libgcj-2.96-22.i386.rpm is the Jaa runtime library

* gcc-java-2.96-54.i386.rpm adds support for compiling ia
programsandbytecoddnto native code.(For consisteng you might
expect this package to be nanggj-*.r pm.)

* libgcj-devel-2.96-22.i386.rpm is the Jaa compiler deelopment
environment

* gdb-5.0-7.i386.rpm is thegdb full-featured, command-dren
delugger gdb allows you to trace thexecution of programs and
examine their internal state atyatime. It works with C and C++
programs that he been compiled witgcg the GNU C compiler

* binutils-2.10.0.18-1.i386.rpm is a collection of binary utilities.

Before trying to install these libraries neagure that the RPM files
arein yourworkingdirectoryandthatyouareworkingasroot (Superuser).
Give the follaving commands (omit the which is theroot prompt)

(You can abbnegate the filenames to a unique prefix faled by an
asterisk ). For example you can probably abbrate the agument to
binutil* in the first command.)

# rpm-Uvh binutils-2.10.0.18-1.i386.rpm
rpm-Uvh gcc-java-2.96-54.i 386.rpm
rpm-Uvh gdb-5.0-7.i386.rpm

rpm - Uvh |ibgcj-2.96-22.i386.rpm
rpm-Uvh |ibgcj-devel -2.96-22.i386.rpm
exit

o H HHHH

When you are finished installing these prograritsfeom the
Superuser shell or logout and logiraagas yourself so that you are once
againrunningasaregularuser To testthatgcj is properlyinstalledgive the
following command. ®u should see the responsewhdelav.

$ gcj
gcj: No input file.

Compiling

The folloving example creates, compiles, and runs the classic K&R
Hel | o wor | d!' program in Jaa. Although you can create this file inyan
of your directoriest canbe helpfulto work in anemptydirectory Startby
creating a directory naméxlloworld (mkdir helloworld), change
directories so that you areovking in the nes directory €d hellovorld),
and use a ¢ editor to create andaaa file namedielloworld.java that
contains all bt the first of the follwing lines:
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$ cat helloworld.java

| **

* The helloworld class inplenments an application that
* displays "Hello World!" to the standard out put.

* % [

class helloworld {
public static void main(String[] args) {
Systemout.printin("Hello World!"); //Display the string.

}
}

NOTE

On some systems tli& ASSPATH variable may be set. In order for the
example programs in this paper tomk this \ariable mushot be set. Gie
the folloving command to unset it:

$ unset CLASSPATH

The folloving command imokesgcj to compile and link the
helloworld.java source file. The command links the compiled code with
thegcj runtime, thdibgcj package, which consists of the core class
libraries,agarbagecollectorlibrary, anabstractioroverthesystenthreads,
and, optionallya bytecode interpretefhe addition of the bytecode
interpretermeanghatgcj compiledapplicationscandynamicallyloadand
interpret class files, resulting in neik compiled/interpreted systems.

$ gcj --main=helloworld -o helloworld helloworld.java

The—main=helloworld option generates a stubo that the
application startsx@cuting with the main method of the class named. In
this example the application shouldexute the main method of the
helloworld class.The—o helloworld optiontellsthegcj compilerto name
the executable fildhelloworld. Thehelloworld.java agument is the name
of the source file thagcj is compiling. Errors are displayed ggj on the
screen.

Test your program by gng the follaving command. If you do not
see the wrdsHel | o Wor | d! then check your program:

$ ./helloworld
Hel o Worl d!

Onceyou getthis programto work you have compiledandrunaJava
program thatxecutes as nat machine code.

The net program demonstrateswado usegdb to delug a Jaa
program that has been compiled usyaog

2. Sub: A dummyprocedurghatis namedn aprogramto preventanundefined
label error when the program is ledkwith a run-time library
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Using gdb to Debug a Java Program

Thegdb utility is the GNU command-line dabger that ealuates binary
(object) files that contain compiled-in degjging symbols. The né
example coers the basigdb operations of setting breakpoints and
stepping through the running code. fdllow this ekample you can either
use the wrking directory or create awalirectory name@mployeeand
usecd to male it your working directory Create the file named
Employee.java with the folloving contents:

$ cat Enpl oyee.java
cl ass Enpl oyee{
String | astnane;
String firstnane;
String title;
bool ean stat us;

voi d showAttributes(){

System out. println("Enmpl oyee nane: " + firstname + " " + | astnane);
Systemout. println("Enployee title: " + title);
if (status == true)
System out. println("Enpl oyee status = active");
el se
System out. println("Enpl oyee status = inactive");

public static void main (String argunents[]){
Enpl oyee e = new Enpl oyee();
e.lastname = "Smth";

.firstnane = "Joe";

.title = "Finance";

.status = true;

e
e
e
e.showAt tri butes();

This program does not do muchutiprovides an gample for
learning hav to usegdb. Use the-g argument to compile detgging
symbols into the object code and an upperéaae shwn (because the
name of the class gms with anE):

$ gcj -g --nmai n=Enpl oyee -0 Enpl oyee Enpl oyee.java

Now, call gdb with the name of the prograf@mployee as an
argument:

$ gdb Enpl oyee

(gdb)

After several lines of information you will see the prompgdb) .
Thegdb utility can tell when a program it is dedpging receies a signal.
You can instrucgidb in advance hav to respond to each type of signal.

Some ‘ersions ofglibc use the SIGPWR and SIGXCPU signals in
theimplementatiorof POSIXthreaddor Linux. If youdonothandlethese
signals thedeluggermaystopwhen,from your point of view, nothinghas
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happenedYou cangive acontinue (¢) commandvhenthis happen®r you
can use the follwing commands to handle tf#GPWR andSIGXCPU

signals:
(gdb) handl e SI GPVWR nostop nopri nt
Si gnal St op Print Pass to program Descri ption
SI GPVR No No Yes Power fail/restart
(gdb) handl e SI GXCPU nost op nopri nt
Si gnal St op Print Pass to program Descri ption
S| GXCPU No No Yes CPU tine linit exceeded

To set a break point on line 20, tyipeeak (or justb), followed by
the name of the source file, a colon, and the line number from the source
file:

(gdb) break enpl oyee.java: 20

Breakpoint 1 at 0x804bcfd: file Enployee.java, |ine 20.
When you run the program it stops at the breakpoint:

(gdb) run

Starting program /hone/ cdel ger/ enpl oyee/ Enpl oyee
[New Thread 1024 (LW 2080)]

[ New Thread 2049 (LWP 2081)]

[ New Thread 1026 (LW, 2082)]

[Switching to Thread 1026 (LW, 2082)]

Breakpoi nt 1, Enpl oyee. main (argunents=@083ff0) at Enpl oyee.java: 20
20 e.title = "Finance";
Current |anguage: auto; currently java

Now step through the program byig the commandext (n) to
execute the nd line of source code.

(gdb) next
21 e.status = true;

To view the current &lue of a ariable, give the commangrint (p)
followedby thevariablename . Thefollowing commandlisplaysthevalue
of thelastnameattribute of theEmployeeobjecte:

(gdb) print e.lastnanme
$1 = java.lang. String "Smith"

Use thebacktrace command to display a history of theseution of
your program This commandists theentirestack® oneline perframé* for

all framesin thestack.Thecommandsvhere andinfo stack arealiasedor
backtrace:

3. Sack: A data structure that stores items that are accessed in last-in first-out
(LIFO) order Data items are said to be “pushed onto” and “poppieaf’oh
stack.

4. Sack frame or activation record: A data structure containing thanables
belonging to one particular scope incarnation of a function.
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(gdb) backtrace
#0 Enpl oyee. mai n (argunment s=@083ff0) at Enpl oyee.java: 21
#1 0x401cf23d in gnu::gcj::runtinme::FirstThread::run (this=@065ea0)
at ../../../libjaval gnu/gcj/runtime/natFirstThread.cc: 146
#2 0x401d8dOa in java::lang:: Thread::run_ (obj=@065ea0)
at ../../../libjavaljavallang/nat Thread. cc: 263
#3 0x401e930d in really_start (x=@08dff8)
at ../../../libjavalposix-threads.cc: 344
#4 0x403064d1 in GC start_routine () from/usr/lib/libgcjgc.so.1
#5 0x4031fc87 in pthread_start_thread_event (arg=@f 7ffc00)
at manager.c: 274

ThestacktraceincludesbothJaracodeandthenative methodsn the
libgcj runtime library

Thelibgcj library is implementedasa mixture of JavaandC++ code
because it is notwhys possible to implement all ofvdausing Jea [for
example lav level system routines must be accessed via@é&G++)
code]. The Jaa core classes priale the user with 3Ja methods that are
wrappers to the nag code, minimizing the need for thesaage Jea
programmer to write in nat code. The stack trace includes botraJa
code and C++ code (tmative methods) from thelibgcj runtime library

Java classes can interact with norva@&ode in 2 \ays: using the
standardNI° methodor moreseamlesslyia CNI. Thegcj compileruses
CNI becausd letsyoutreatcompiledJavaasthoughit wereC++because
objectlayoutsarethesameandthe ABI (applicationbinaryinterface)is the
same. Br exampleCNI code can makmethod calls on va objects as
though thg were C++ objects.

A program may hee more than one threbdf execution. B
examinethreadausetheinfo thr eadsandthethr eadscommandsTheinfo
threadscommand lists thexesting threads and their ID numbers:

(gdb) info threads
* 3 Thread 1026 (LWP 2082) Enpl oyee. mai n (argunent s=@083f f 0)
at Enpl oyee. java: 21
2 Thread 2049 (LWP 2081) 0x40410670 in __poll (fds=0x80a2e6c, nfds=1
ti meout =2000) at ../sysdeps/unix/sysv/linux/poll.c:63
1 Thread 1024 (LWP 2080) 0x4036c722 in __sigsuspend (set=0xbffff760)
at ../sysdeps/ unix/sysv/linux/sigsuspend.c: 45

An asterisk(*) to theleft of thegdb threadnumbemarksthecurrent
thread. ® change the current threadvegithethr ead command folleved
by theid of thethreadyou wantto switchto. The next examplechangeso
thread ID number 1:

5. JNI stands for dJa Native Interfice and CNI stands for C/C++ Negti
Interface. JNI is Sus’spec and has aif bit of overhead to use (from the
programmes standpoint). CNI alles for a more seamless igtation of
Java code with natie code (that is, the ne#i code can refer to\laobjects
directly rather than héng to call JNI methods).

6. A portion of a program that can run independently of and concurrently with
other portions of the same and other programs.
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(gdb) thread 1
[Switching to thread 1 (Thread 1024 (LWP 2080))]
#0 0x4036¢722 in __sigsuspend (set=0xbffff760)
at ../sysdeps/uni x/sysv/linux/sigsuspend.c: 45
45 ../ sysdeps/ uni x/ sysv/|inux/sigsuspend.c: No such file or directory.
Current |anguage: auto; currently c

To verify that you hae switched threads,\g theinfo threads
command agin:
(gdb) info threads
3 Thread 1026 (LWP 2082) Enpl oyee. mai n (argunent s=@083ff 0)
at Enpl oyee. java: 21
2 Thread 2049 (LW, 2081) 0x40410670 in __poll (fds=0x80a2e6c, nfds=1
ti meout =2000) at ../sysdeps/unix/sysv/linux/poll.c:63

* 1 Thread 1024 (LWP 2080) 0x4036¢c722 in __sigsuspend (set=0xbffff760)
at ../sysdeps/unix/sysv/linux/sigsuspend.c: 45

The asterisk to the left of the thread number 1 indicates that it is the
current thread.

If you want to run through the rest of the program without
interruption remwe the &isting break point at line 20 with tlodear
command:

(gdb) clear 20
No breakpoint at 20

Now run through the rest of the program usingdbstinue (c)
command:

(gdb) conti nue

Cont i nui ng.

Enpl oyee nane: Joe Snith
Enpl oyee title: Finance
Enpl oyee status = active

Program exited nornal ly.

(gdb) quit

$

There are manways to rurgdb. To learn more, read threan page
for gdb (theman page refers to additional resourcegpiing help ingdb
displays a concise list of commands.

Graphicalfront endsto gdb, suchasinsightandDDD, canmake gdb
easierto use.Theemacsutility hasintegratedgdb functionalitythatallows
youto rungdb in onewindow while displayingthe sourcecode,including
an indication of the line beingecuted in a second wingo

Conclusion

This paper ceered the use ajcj andlibgcj to compile Jea source code
into natve machine code under Linux. It also yioed exkamples of
running and delgging (usinggdb) the resulting object code.
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Therearemary resourcesvith informationaboutthetoolscoveredin
this paperWith the information you n@ have you should be able to use
these resources tamand your knaledge. Some good places to start
looking for information are:

* http://www.redhat.com/devnet The Red Hat Deeloper Netwark
(RHDN) home page.

e http://sources.redhat.com News about free softare.

* http://www.redhat.com/devnet Ask questions at The a
Developer forum.

* http://sources.redhat.com/java/ Thegcj home page. TheA®)
listed on this page isevy helpful.

e http://www.gnu.org/manual/gdb/html_mono/gdb.html The
GNU Source-Leel Delugger manual.

* http://www.redhat.com/embedded Discusses Red Hat
commercial tools and custom engineering for embedded systems.
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