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Preface

About this manual

Excelsior JET is a toolkit and complete runtime environment for optimizing, deploying
and running applications written in the Java programming language. JET is a powerful
solution that enables your desktop and server side Java applications to take full advantage
of the underlying hardware. Moreover, JET effectively protects your intellectual property
by making your programs as hard to reverse engineer as if they were written in C++. Aux-
ilary tools that come with Excelsior JET, simplify deployment of your Java applications
to target systems.

This manual is both a reference and learning guide. Its chapters are as follows:

Chapter 1 is a general introduction to Excelsior JET that explains some of the basic
features.

Chapter 2 describes JET installation and setup procedures.

Chapter 4 provides detailed usage instructions for the JET Control Panel, a graphical
wizard to the command-line compiler.

Chapter 16 covers command-line compiler usage in detail: operation modes, configura-
tion and project files, options, error messages and warnings, etc.

Chapter 10 discusses fine tuning and running your applications. This includes informa-
tion on adjusting a compiled application’s performance and memory consumption, setting
system properties, resource packing, and the like.

Chapter 12 is a discussion of JET support for the creation of dynamic link libraries.

Chapter 11 contains an explanation of the Mixed Compilation Model, which lets JET-
compiled applications to load and run Java class files that were not precompiled.

Chapter 6 describes deployment tools and utilities that enable distribution of compiled
applications to other computers.

Chapter 15 is a collection of solutions to common problems.

Appendix A contains information of interest to advanced users. Topic covered include
messages customization, complete regular expression syntax, and template files.



2 PREFACE

Conventions used in this manual

Language descriptions

Where formal descriptions for language syntax constructions appear, an extended Backus-
Naur Formalism (EBNF) is used.

These descriptions are set in the Courier font.
Text = Text [ { Text } ] | Text.

In EBNEF, brackets "[" and "]" denote optionality of the enclosed expression, braces " {"
and "}" denote repetition (possibly 0 times), and the vertical line " | " separates mutually
exclusive variants.

Non-terminal symbols start with an upper case letter (Statement). Terminal sym-
bols either start with a lower case letter (ident), or are written in all upper case letters
(OPTION), or are enclosed within quotation marks (e.g. ' =" ).

Source code fragments

When fragments of a source code are used for examples or appear within a text they are
set in the Courier font.

public class hello
{

static public void main (String args|[])

{
System.out.println ("Hello world!");



CUSTOMER SUPPORT 3
Customer Support

In case you experience technical problems using an Excelsior product, please contact
Excelsior Technical Support Department at:

Excelsior, LLC
6 Lavrenteva Ave.
630090 Novosibirsk RUSSIA

Tel: +7 (383) 330 55 08 (6 AM to 3PM GMT)
Fax: +1 (509) 271 5205

Email: support@excelsior-usa.com

Web:  http://www.excelsior-usa.com/jetsupport.html
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Chapter 1

Overview

1.1 Excelsior JET at a glance

Excelsior JET is a toolkit and complete runtime environment for optimizing, deploy-
ing and running applications written in the Java™ programming language. The product
package includes Excelsior JET Optimizer, Excelsior JET Runtime and Excelsior JET
Installation Toolkit.

The JET Optimizer enables you to convert your application’s components (classes, JAR
and WAR files, OSGi bundles) into optimized x86 (IA-32) code on the developer’s sys-
tem. As a result, you get high performance native executables for Microsoft Windows or
Linux. The produced native code is highly resistant to reverse engineering and tampering.

The JET Runtime includes the Java SE API licensed from Oracle and provides all low-
level Java routines which the optimized executables need to run such as garbage collec-
tion.

Excelsior JET Optimizer and Runtime are certified for compliance with the specification
of the Java platform, Standard Edition (Java SE), version 6.

If you want to distribute your application to a number of clients, you use the Installation
Toolkit to prepare an installation package including your optimized Java application and
the JET Runtime engine. Your clients simply install the package and start using your ap-
plication. Additional software installation, such as the Java Runtime Environment (JRE),
is not required on target systems.
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1.2 [Established features

1.2.1 JET Optimizer

The JET Optimizer transforms Java bytecode into high performance native code on the
developer’s system before program execution. The resulting optimized executables run
directly on the hardware.

The Optimizer employs various optimization techniques commonly used in traditional
C/C++ or FORTRAN compilers. To resolve Java performance challenges, the JET Opti-
mizer features state-of-the-art optimizations such as inlining virtual calls, safe removal of
ubiquitous synchronization, allocating objects on the stack and others.

The Optimizer comes with the JET Control Panel, a graphical tool that lets you quickly
set up a project file and convert your application into a highly optimized executable (see
Chapter 4.)

1.2.2 JET Runtime

The JET Runtime is a complete Java Virtual Machine (JVM). In particular, it includes a
just-in-time (JIT) compiler to load and run Java class files. The key difference from other
JVMs is that the JET Runtime can work with both Java classes and native executables
produced by the JET Optimizer. For example, a JET-compiled application will be able to
load Java plug-ins supplied in the form of jar files.

If your program uses plug-ins, loading them with the JIT compiler may take some time.
To reduce the overhead, you may enable JIT caching in the JET Runtime. As a result, the
native code produced by the JIT compiler will be retained in the JIT cache and reused on
subsequent launches of the application. See Chapter 11 for details.

1.2.3 Installation Toolkit

To facilitate rapid creation of installation packages, Excelsior JET includes JetPackll, yet
another graphical wizard. Using it, you prepare an installation package including your
optimized Java application and the JET Runtime.

The deployment procedure is as simple as possible. You specify the JET-compiled appli-
cation(s) and other files to be deployed, edit few settings, and the JetPacklIl generates a
self-extracting installation executable, automatically including the JET runtime.

The installation executable is powered by the bundled Excelsior Installer that features
both unattended and interactive installations.

In the interactive mode, the installer guides the users through the installation process
allowing them to specify installation settings as usual. You can customize the installer
to show end-user license agreement and to display installation interface in the English,
German, French, Italian, Brazilian Portuguese, Spanish, Polish, Russian or Japanese lan-
guages, depending on your choice or the system locale settings.

JetPackll can also prepare the resulting package in the form of self-contained directory
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that can be simply copied to target systems. It contains the clickable application’s ex-
ecutable that requires neither extra environment settings, such as PATH, nor additional
software installation, such as JRE. You can easily integrate such package into any setup
generator or run the application off a USB flash drive without installation.

To learn more about the JetPackIl and Excelsior Installer tools, please refer to Chapter 6.

1.3 What is new in Excelsior JET 7.6

This release enhances application performance, improves stability of compiled applica-
tions, and supports newer versions of Eclipse RCP and Apache Tomcat.

Application performance improvements

Excelsior JET 7.6 improves performance of the optimized applications, especially those
running on multi-core/multi-CPU systems. In our results, the performance increase
ranged from 1.2x to 2.6x on certain benchmarks.

Stability improvements

In the course of the JET Runtime redesign, a few issues that caused

e sporadic access violations (TRAP # 3) in long-running applications

e unexpected Out OfMemoryError throwing

have been now fixed.

Alignment with HotSpot behavior

Some peculiarities of JVM behavior have always been implementation-dependent: they
have not been covered by the Java SE platform specification, nor by the Java Compat-
ibility Kit test suite. Formally, a VM implementation can behave differently from the
Oracle VM provided the exact behavior is not enforced by the specification. In practice,
however, that may provoke issues in (widely used) Java components/libraries that were
not coded strictly to the Java specification and rely on HotSpot-specific features. This is
why we have aligned our implementation with HotSpot in the following aspects:

e the order of elements in arrays returned by the methods Class.getFields ()
and Class.getDeclaredFields () is now the same

e JNI functions now continue working even if there is a pending exception in the
thread (in the previous versions of the JET Runtime they could have immediately
returned)

e When getting JNI IDs, the lookup order of class members including those declared
in superclasses/superinterfaces is now the same
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Installation Toolkit enhancements

e For Tomcat-based applications, you may now configure Excelsior Installer to
prompt the end user to change the default HTTP port for the Web Server during
installation. See 8.3.2 for more information.

Other improvements
e Eclipse RCP
Support for Eclipse RCP 3.7 (Indigo) is included.

e Apache Tomcat

Support for Apache Tomcat 7.0 is added.

e Java SE updates
Java SE 6 Update 27 is supported.



Chapter 2

Installation and setup

Excelsior JET comes preconfigured for one of the recent Java SE versions, such as
1.6.0_27 (Java SE 6 Update 27.)! If your application can be run successfully on that
particular version of the Oracle JRE and does not require endorsed standards override,
you can begin using Excelsior JET right after installation (see 2.2). If your application
requires a different Java SE microversion or overrides endorsed standards, you also have
to configure Excelsior JET accordingly before compiling your application. See 2.3 for
details.

IThis is a microversion of the latest major Java version which compliance test suite (JCK) Excelsior
JET has passed.
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2.1 System requirements

The system requirements for Excelsior JET itself are as follows:

CPU: Intel Pentium III or compatible at 800 MHz or higher
RAM: 1.5GB minimum, 2GB or more recommended
Disk space: 650 MB minimum

Note: Creation of a new profile (see 2.3) requires up to
750MB extra for temporary use.

Display: The JET Control Panel (see Chapter 4) and JetPacklI (see
Chapter 6) graphical tools require display resolution of
1024x768x256¢c minimum (HiColor recommended). If
such resolution is not available, the product may still be
used in the command-line mode.

Operating system: kernel 2.6 or above
glibc 2.3 or above
NPTL 2.3 or above
X11 and xterm are required by graphical tools.
xterm must be reachable via the command search path.

The system requirements for applications compiled by Excelsior JET are as follows:
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CPU:
RAM:

Disk space:

Display:
Network:

Operating system:

Note: Excelsior provides full Technical Support Service for RedHat Enterprise Linux

[A-32 (Pentium Pro and above) or compatibles

Most applications will need the same or somewhat lower
amount of RAM as if run on the Oracle JRE

A binary executable created by Excelsior JET in the default
mode will occupy 2-3 times more disk space than the orig-
inal jar file. It also requires the Excelsior JET Runtime (set
of shared libraries and data files) to run, but does not re-
quire the Oracle JRE.

Same requirements as if run on the Oracle JRE

If you deploy the optimized applications using the Java
Runtime Slim-Down model, target systems must have In-
ternet/Intranet connection for possible download of the de-
tached package. For more details, see Chapter 9.

Excelsior JET 7.6 for Linux has passed Java SE 6 compli-
ance tests on the following Linux distributions:

e RedHat Enterprise Linux AS 4.0
e RedHat Enterprise Linux AS 5.0
e SUSE Linux Enterprise Server 9

e SUSE Linux Enterprise Server 10

In general, the compiled applications require the following
system libraries:

e kernel 2.6 or above
e glibc 2.3 or above

e NPTL 2.3 or above

4.0, RedHat Enterprise Linux 5.0, SUSE Linux Enterprise Linux 9 and SUSE Linux
Enterprise Linux 10 under the terms of available Support Contracts.

11

Providing support services for other Linux flavors is at discretion of Excelsior and may

require an additional consultancy agreement. For more information, contact Excelsior

Support Service department at

support@excelsior-usa.com

Excelsior JET has been certified for compliance with the specification of the Java plat-
form, Standard Edition 6, and contains the licensed code of this version of the Java SE

platform API.
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2.2 Installation

Excelsior JET for Linux is distributed as a self-extracted ZIP archive. To install it, change
the working directory to /usr/local or another location of your choice and run the
.bin file you have downloaded or received on CD:

chmod a+x ~/downloads/jet-760-pro-en-linux.bin
cd /usr/local
~/downloads/jet-760-pro-en—-linux.bin

It will invoke the more utility to display the license agreement. After you page through
it, the following message shall display:

Do you agree to the above license terms? [yes or no]

Type "yes" and hit Enter to accept the license and the installer will unpack the prod-
uct files into a subdirectory named in accordance with product version and edition, e.g.
./Jjet7.6-pro.

Now you need to set up the environment. Suppose you have unpacked JET into the di-
rectory JET-home. The directory JET-home/1ib/x86/shared must be listed in the
LD_LIBRARY PATH environment variable, and JET-home/bin in the PATH environ-
ment variable.

For instance, if you are using bash or Bourne shell, use the following commands:

export PATH=JET-home/bin:S$SPATH
export LD_LIBRARY_PATH=\
JET-home/1ib/x86/shared:SLD_LIBRARY PATH

There is a bash script in the Excelsior JET installation directory that you can use to set
these variables:

cd /usr/local/jet7.6-pro
source setenv

Note you have to run the script as source setenv (can be abbreviated as
<dot><space>setenv) so that it affects the current shell.

Run the command
jetsetup —-show-profiles

If your application works fine on the version of the Oracle JRE indicated in the existing
profile, you are done with setup and can begin optimizing your application

Otherwise, use JET Setup to create a new profile (see 2.3).

2.3 Profiles

A profile is the set of Excelsior JET Runtime files® for the given Java SE version and
the given set of jars overriding endorsed standards. A new installation of Excelsior JET

2shared libraries with precompiled platform API classes, shared libraries with native methods, resource
files, etc.
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contains a single default profile. It is typically based on the latest Java SE microversion
available at the moment of publishing the current release of Excelsior JET. This profile
has no Endorsed Standards overridden.

Using the JET Setup program, you may create additional profiles and switch between
them according to your applications’ requirements. New profiles are based on any of Java
SE microversions supported by Excelsior JET. The list of supported microversions is
displayed by JET Setup when you start creating a new profile. Typically, the just released
Excelsior JET supports only one Java SE microversion. As new Java SE updates are
released by Oracle, Excelsior provides updates for JET that add support for these Java SE
microversions. Visit Excelsior’s Web site to check what versions are currently supported.

Creation of a new profile includes precompiling of Java platform classes for a particular
Java SE microversion into a set of shared libraries. It is important to note that if your
application relies on the Endorsed Standards Override Mechanism, the overriding classes
have to be precompiled instead of their counterparts shipped with the Java platform.

To display the list of available profiles, execute the following command:
jetsetup —-show-profiles

The output will look as follows:

Please wait...
The following profiles were found by JET Setup:

O: profilel.6.0_27
Profile status: Active
Java SE: 1.6.0_27

Each item in the list of profiles contains a profile index and name, a status tag, and the
names of jar files that contain classes overriding endorsed standards, if any were specified
during profile creation.

Profile names are based on respective Java SE version numbers, for example name
“1.6.0_27 (2)” means that the profile is based on Java SE 6 Update 27.

Status tags have the following meanings:

Active
The profile is consistent and up-to-date and Excelsior JET is currently set up to
compile your applications against it.

Ready
The profile is consistent and up-to-date. Select it and click Activate to make it the
active profile.

Outdated
The profile may not be used, because an Excelsior JET update (see 2.4) was applied
or rolled back, so a (partial) rebuild of the profile is necessary for correct operation.

Damaged
The profile was damaged and may not be used. Usually this indicates that one or
more of its files are missing.
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RemoveOnly
There is a profile directory on the disk, but JET Setup has no information about that
profile. Usually this happens as a result of installing Excelsior JET on top of the
previous installation. All you can do with such a profile is remove it.

To create a new profile, run the jet setup utility as follows:
jetsetup -create-profile supported-java-se-version [options]

where supported-java-se-version is the exact Java SE version on which the profile will be
based, for instance:

jetsetup -create-profile 1.6.0_27

To find out which Java SE microversions are supported by your Excelsior JET installation,
run jetsetup without parameters.

To specify classes overriding endorsed standards, use one of the following options:
-endorsed-dirs dir-list

dir-list 1s a colon-separated list of directories containing jar files overriding endorsed
standards. Ignored if the option —create-profile is not specified or the option
—-endorsed-jars is specified.

-endorsed-jars jar-list

dir-list is a colon-separated list of jar files overriding endorsed standards. Ignored if the
option —create-profile is not specified.

JET Setup will display output similar to the following:

Please wait...
Compiling Java SE API classes. Please stand by...
Please wait while JET Setup prepares for compilation

The process of compilation can take from 30 minutes to several hours, depending on
your system configuration. In the end JET Setup should report that the new profile was
successfully created.

To change the active profile, run jet setup as follows:
Jjetsetup —activate-profile index

where index is the numerical index of the desired profile in the list displayed by the
command “jetsetup -show-profiles”.

To refresh an outdated profile, run jet setup as follows:
Jjetsetup -refresh-profile index

where index is the numerical index of the profile you want to refresh in the list displayed
by the command “jetsetup —-show-profiles”.

To make an outdated profile ready for use without refreshing it, use the Update Manager
(see 2.4.2) to rollback to the update level matching that profile.

To repair a damaged profile, run jet setup as follows:
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jetsetup -repair-profile index

where index is the numerical index of the profile you want to repair in the list displayed
by the command “jetsetup —-show-profiles”.

To remove a profile you no longer need, run jet setup as follows:
Jjetsetup -remove-profile index

where index is the numerical index of the profile you want to remove in the list displayed
by the command “jetsetup —-show-profiles”.

2.4 Updates

Excelsior periodically issues updates to the Excelsior JET product which fix bugs, add
support for the latest Java SE microversions and minor feature enhancements. The JET
Setup tool includes an update manager that enables you to install and apply product up-
dates, rollback to previous update levels and select custom combinations of updates.

The set of files constituting the product is split into logical components, such as compiler,
runtime, graphical tools and utilities, samples, documentation, and so on. When a defect
is resolved in one of the components, the engineering team may issue a hotfix containing
the corrected version of that component.

Since components are dependent on each other, a hotfix may include two or more updated
components, for instance, a fix in the compiler module that emits object files may require
changes in the linker.

Hotfixes are always cumulative: a component included in a hotfix is built from sources
containing fixes for all bugs addressed by previously issued hotfixes containing that com-
ponent. This rule substantially simplifies update management.

Hotfixes are available on-demand. If you report a particular problem that is already re-
solved through a hotfix, the support team will email that hotfix to you.

A Maintenance Pack is essentially a hotfix for all components updated since the initial
release of the given version of the product. Maintenance Packs are announced through
mailing lists and are made available for download.

To minimize download size, any hotfix issued after the latest Maintenance Pack requires
prior installation of that Maintenance Pack.

2.4.1 Update installation

An update is distributed as an executable file. When run, it prompts you for the location
of the respective version of Excelsior JET on your system. It then unpacks the files
constituting the update into a special location inside the JET directory and invokes JET
Setup to apply the update.

Note: Updates that make changes in the compiler and runtime are most likely to change
the status of the Active and Ready profiles (see 2.3) to Outdated. After applying such
an update use, use JET Setup to refresh the Outdated profiles or create new ones as
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described in 2.3. If you need to install several updates, e.g. a Maintenance Pack and a
hotfix issued after that Maintenance Pack, first install them all and then run JET Setup to
refresh or create profiles.

2.4.2 Update management

Once you have installed one or more product updates, you can rollback to any update
level or return to the latest level at any time as follows:

1. Display the list of installed updates using the command:

jetsetup —-show-updates

2. Locate in the list the update level to which you want to revert and memorize its
numerical index. Then run jet setup again as follows:

Jjetsetup —-switch-to-update index

3. Display the list of profiles available for the new update level:

jetsetup —-show-profiles

4. If necessary, refresh one or more profiles or create new ones as described in 2.3.

If an Excelsior support engineer has advised you to select a particular combination of
updates, do the following:

1. Display the list of installed updates using the command:

jetsetup -show-updates

2. Locate in the list the updates which you need to activate. Then run jetsetup
again as follows:

jetsetup —-activate-update list

where [list is a colon-separated list of update names.

3. Display the list of profiles available for the new combination of updates:

jetsetup —-show-profiles

4. If necessary, create new profiles as described in 2.3.

2.4.3 Cleaning up backed up configurations

Each time you install an update that invalidates the currently set up profiles (see 2.3), JET
Setup backs up those profiles into a subdirectory of your Excelsior JET installation so as
to enable rollback (see 2.4.2). Profiles occupy dozens of megabytes of disk space, so you
may wish to remove profiles for update levels to which you do not plan to revert.

To remove backed-up profiles, run the jet setup tool as follows:

Jjetsetup -cleanup-backup
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2.5 JET Setup options summary

On Linux, JET Setup is only available as a command-line utility. To access JET Setup
functionality from the command line, invoke the jet setup utility with one or more of
the following options:

-create-profile full-java-se-version

Initiates creation of a new profile (see 2.3). full-java-se-version is the complete
version number of the Java platform for the new profile, for instance:

jetsetup -create-profile 1.6.0_20

—endorsed-dirs dir-list

dir-list is a colon-separated list of directories containing jar files overriding en-
dorsed standards. Ignored if the option —~create-profile is not specified or
the option —~endorsed-jars is specified.

-endorsed-jars jar-list

dir-list is a colon-separated list of jar files overriding endorsed standards. Ignored
if the option —~create-profile is not specified.

If this option is specified, the option ~endorsed-dirs is ignored.

—-show-profiles

Displays the list of currently available profiles.

—activate-profile index
Activates the profile denoted by index in the list of profiles. The profile must have
Ready status.

-refresh-profile index
If the status of the profile denoted by index in the list of profiles is Outdated,
refreshes it.

-repair-profile index
If the status of the profile denoted by index in the list of profiles is Damaged, repairs
it.

-remove-profile index

Removes the profile denoted by index in the list of profiles.

—-show—-updates

Displays the list of installed and applied updates.

—activate-update update-names

Activates the updates denoted by update-names, which is a colon-separated list of
update names.
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-switch-to-update index

Reverts to the configuration of updates denoted by index in the list of applied up-
dates.

—cleanup-backup

Cleans up the backup directory.

—-version

Displays JET Setup version.

2.6 Reproducing the build environment

You may need to reproduce the Excelsior JET build environment for the given version of
your application in the following circumstances:

e your hard disk has failed and your Excelsior JET installation was not backed up;

e you are moving the build to another system, e.g. a build server;

e you need to issue a maintenance update for an old version of your application built
using a previous version of Excelsior JET;

e ctc.

If you do not have an SCM system or if your Excelsior JET installation is not managed,
make sure to write down the following information for each version of each application
you ship to end users or install in your production systems:

e the version of Excelsior JET used (e.g. 7.6)

e the exact combination of applied Excelsior JET updates (see 2.4), e.g.
Jjet-760-mpl, jet-760-hotfix14

e the exact version of Java SE (e.g. 1.6.0_27) in the active profile (see 2.3)

If you are using the endorsed standards override (see 2.3) feature, you also need to keep
copies of the respective jars or at least write down their exact versions.
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Excelsior JET Launcher

Excelsior JET Launcher is provided for quick setup of Excelsior JET projects. The
Launcher has the same command line interface as the standard java launcher but in-
stead of immediately running the program, it collects the application’s settings, such as
classpath, the main class, working directory and so on, and then invokes the JET Control
Panel wizard (see Chapter 4).

This simplifies project creation to a great extent because most of required settings are
made automatically. After that, you use the GUI wizard to choose how to optimize your
application', set a few options and start the JET Optimizer to produce a native executable.

Note: the JET Launcher is the easiest way to set up a project if your Java application is
started via a complex script file. You just need to replace the pathname of the standard
launcher in the script and start it.

3.1 Creating a new project

To start the JET Launcher, use its full path name for the current JET profile?, e.g.
<JET Home>/profilel.6.0_20/jre/bin/java
and specify the same arguments as for the standard java launcher.

If you use an IDE, such as IntellilJ IDEA, JBuilder, or Eclipse, the java launcher com-
mand line is typically displayed at the top of a Run window that appears when you start
your application from within the IDE. You can simply cut-and-paste it, replace the "java"
command with the full path to the JET Launcher and enter the line on a command prompt.

This brings up a dialog that displays the exact java command line and the application’s
working directory. Click Proceed to create a new project and open it in the JET Control
Panel (see Chapter 4).

'For example, you can select what is more important for your Java application: performance enhance-
ment or download size reduction

2Subdirectories profile<java-version> of the JET installation directory contain JET profiles, that is,
all the files s