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About this book

This book describes the external interface for the New IBM Technology featuring
Persistent Reusable Java'" Virtual Machines. The OS/390 version of this
technology, which is featured in this book, is available as a special enhancement to
the IBM Developer Kit for OS/390, Java 2 Technology Edition.

This book also provides technical guidance on writing middleware and applications
to run on the Persistent Reusable JVM.

This book comprises the following chapters:

] . A ”

gives an
overview of the Persistent Reusable JVM, and introduces the concept of
JVMSets.

EChapter 2_Developing a launcher subsystem” on page 7 describes launcher

subsystems used to create and control Persistent Reusable JVMs and JVMSets.

EChapter 3_Performing system administration tasks” on page 57 describes

system administrator tasks, and in particular the different types of class used by
the Persistent Reusable JVM.

" Tr . »

the Persistent Reusable JVM.

" - i N )

explains how to write middleware for

explains how to write
applications for the Persistent Reusable JVM.

EChapter 6_Lagging events” on page 81 describes how to log unresettable

actions, reset trace events, and cross-heap events.

EChapter 7 Pracessing and debugging reset trace events” on page 83 describes

why reset trace events occur, and provides information on how to fix the code to
remove them.

EChapter 8 lsing checked standard extensions” an page 89 describes how to

load checked standard extensions that extend the core Java platform.

FAppendix A_Unresettable reason codes” on page 91 lists the reason codes that

detail why a Persistent Reusable JVM has been marked as unresettable.

tAppendix B Reset trace events” an page 91 lists the reset trace events that can

occur during JVM-reset.

FAppendix C_Application Programming Interface” on page 97 details the

application programming interface (API) for the Persistent Reusable JVM. The
API comprises hooks, JNI functions, Java classes, interfaces, and methods.

tGlossary” on page 113 defines the terms used in this book.

Who should read this book

This book is aimed at:

Transaction subsystem developers
Middleware and application developers

It provides:

© Copyright IBM Corp. 2001

A comprehensive overview of the Persistent Reusable JVM
A detailed explanation of how to write a transaction subsystem launcher

A guide to writing middleware and applications to run on the Persistent Reusable
JVM

Xi



Conventions and terminology used in this book

Conventions and terminology used in this book

Command line options, system parameters, and class names are shown in bold.
For example:

» -Xresettable

» -Xinitsh

* -Dibm.jvm.trusted.middleware.class.path
+ java.security.SecureClassLoader

Functions and methods are shown in a monospaced font. For example:
* ResetJavaVM()
e QueryJdavaVM()

Options shown with values in braces signify that one of the values must be chosen.
For example:

-Xverify:{remote | all | none}

Options shown with values in brackets signify that the values are optional. For
example:

-Xrunhprof[:help][:<suboption>=<value>,...]

Prerequisite and related information

Books on related information are listed in [Bihliagraphy” on page 114,

How to send your comments

Xii

Your feedback is important in helping to provide the most accurate and high-quality
information. If you have any comments about this book or any other Java on
0S/390 documentation, do one of the following:

* Go to the IBM Java on the 0S/390 Platform home page at:
bin: T os/sof v
There you will find the feedback page where you can enter and submit your
comments.

« Send your comments by email to java@hursley.ibm.com. Include the name of the
book, the part number of the book, the version of New IBM Technology featuring
Persistent Reusable Java Virtual Machines, and, if applicable, the specific
location of the text you are commenting on (for example, a page number or table
number).

New IBM Technology featuring Persistent Reusable Java Virtual Machines


http://www.ibm.com/servers/eserver/zseries/software/java

Summary of changes

Any changes made since the previous edition of the book are marked with vertical
lines to the left of the changes. The technical changes included in this edition are:

© Copyright IBM Corp. 2001

A JVMSet can now be created consisting of a master JVM and worker JVMs.
See:

— Eigure 3 on page 9, which shows a launcher subsystem for a JVMSet
— A description of the new -Xjvmset options in ENonstandard options” on
hage 14

¢ . : i

« ”

New garbage collection options: -Xgcpolicy and -Xgcthreads. See FNonstandard

The -Xoptionsfile option, which allows Java options and environment settings to

be passed by file. See Nonstandard options” on page 14.
A new QueryGCStatus function. See ‘Appendix C_Application Programming
Interface” on page 97

A new isResettableJVM method. See LisResettableJVM method” on page 101l

There are three hooks: abort, exit, and vfprintf. See [Standard options” od
page 14 and LAppe.ndlLC_ApphcalLon_Emgxammmg_Lnieriace_on_pageﬂ
Event logging output can now be redirected to the vfprintf hook function. See the

description of -Dibm.jvm.events.output in [System properties” on page 1d.

xiii
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Chapter 1. Introduction to the Persistent Reusable JVM

The New IBM Technology featuring Persistent Reusable Java Virtual Machines
speeds up the processing of Java applications in transaction processing
environments such as OS/390 systems. This book describes the external interface
specification for this new technology, and features the OS/390 version of the
Persistent Reusable Java Virtual Machine (JVM), which is available as a special
enhancement to the IBM Developer Kit for 0S/390, Java 2 Technology Edition.

Transaction processing in an OS/390 environment is characterized by short,
repetitive transactions that run in subsystems such as Customer Information Control
System (CICS®) Transaction Server or DB2® Database Management Systems. The
Persistent Reusable JVM improves transaction processing throughput in such
environments by providing the ability to:

* Run multiple JVMs within an OS/390 address space, thereby providing an
element of scalability between transactions processed and JVMs used.

* Process hundreds or even thousands of transactions in a JVM which is reset
between transactions or whenever necessary. This has the effect of distributing
the cost of starting that JVM over all of the transactions processed by the JVM.

The new concepts that are used to improve transaction processing throughput are
described in the following sections.

Sharing JVMs in an address space

To ensure isolation between transactions, each JVM processes only one transaction
at a time, and each JVM is created in its own Language Environment (LE) enclave
to ensure isolation between JVMs running in parallel. The set of JVMs within an
address space is called a JVMSet. JVMs in a JVMSet all share a common system
heap of system classes and other shareable classes. This reduces significantly the
time needed to start a new JVM in the JVMSet because the majority of system
classes will already be loaded in the system heap. It also reduces the overall
memory footprint for these classes because they are loaded only once per JVMSet
and not once per JVM.

A JVMSet comprises a master JVM and a set of (1-n) sharing worker JVMs. The
master JVM controls the JVMSet in two ways:

* It provides the system heap which is shared by all the worker JVMs.

|t sets up the class-loading environment to be used to load primordial and
shareable classes into the system heap.

Once created, the master JVM does not participate in any work. lts principle role is
simply one of JVMSet initialization. Specifically, this involves the externalizing of its
system heap to act as a class cache, and the externalizing of the JVM options that
are relevant to the JVMSet, such as the class loading paths. This information is
externalized by an encoded token which is returned from the master JVM creation
call. The launching subsystem that created the master JVM is therefore able to
pass this returned token as an option to each worker JVM when it is created.

There is a new JVM option for the Persistent Reusable JVM to control the creation
of master and worker JVMs. This option is the -Xjvmset option.

© Copyright IBM Corp. 2001 1



Serial reusability

Serial reusability

The model of one transaction per JVM implies the recycling of the JVM; that is,
create a JVM, run the transaction, and destroy the JVM. However, the startup
overheads for a traditional JVM are very high; clearly, high-volume transaction
processing requires a model that allows serial reuse of a JVM by many
transactions, and that destroys and creates a new JVM only when absolutely
necessary.

A serially-reusable JVM is one that can be reset to a known state, normally
between transactions; that is, after the application code has terminated for one
transaction and before the application code starts for the next application. Once the
JVM has been reset, the application code that runs in the next transaction is unable
to determine whether it is running in a new JVM or a JVM that has been reset. As a
result, the transaction cannot be affected by any actions of a previous transaction.
This mode of operation is provided in the Persistent Reusable JVM by a JVM
option, the -Xresettable option. When this option is specified, the JVM can be reset
by a Java Native Interface (JNI) function, the ResetJavaVM() function. Providing the
reset is successful, the following transaction can be executed in the same
Persistent Reusable JVM; and providing the reset continues to be successful, it is
possible to serially execute thousands of transactions in the same Persistent
Reusable JVM. This serial reuse of the JVM improves transaction processing
performance. The improved performance results from:

* Reduced JVM startup cost per transaction. The initial JVM startup cost is spread
over the number of transactions that execute in the JVM, and the JVM-reset cost
is relatively low per transaction.

* Reduced class-loading costs per transaction. This is because of the serial
reusability of system classes, middleware classes, and shareable application
classes.

If the JVM-reset fails, the launching system destroys the JVM and creates a new
one. Whenever this occurs, transaction processing performance is degraded. So it
is important to understand what causes the JVM-reset to fail. A reset-failure occurs
when an action or condition makes the JVM unresettable. In the majority of cases
this will be because an application class has performed an unresettable action.

Application classes

Application classes are not trusted by the Persistent Reusable JVM and must follow
a strict set of rules to avoid making the JVM unresettable. For example, application
classes must not:

* Modify global static variables, thereby changing the state of the JVM.

» Use the Abstract Windowing Toolkit (AWT) or any of its derivatives to access a
display or keyboard, or to print, as this could change the state of the AWT which
is treated as a nonresettable subsystem. For example, an application could find
that the background screen color has been changed by the previous application.

» Directly load a native library, as it cannot be known what the native library
provided by the application does. For example, it could modify static variables.

« Directly manage threads. This restriction exists to ensure that there cannot be
any access to the transient heap while it is being cleared.

Such actions are not prevented but if used they potentially leave the JVM in an
undefined state when the application is terminated. The application itself cannot be
relied upon to restore this state, and the JVM is not allowed to restore state on
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Application classes

behalf of the application as this would break the Java compliance rules. This is why
such actions are unresettable actions, and why application code is treated by the
JVM as untrustworthy. As a result, if an unresettable action is detected during the
execution of the application, the JVM is marked unresettable and the launching
subsystem destroys and re-creates the JVM.

The restrictions on application code are very similar (and in many cases identical)

to the restrictions that have been defined for the serial execution of Enterprise
JavaBeans™ (EJB) beans. See:

T o]

for the EJB Specification 1.1.

If application code is not trusted and therefore restricted in scope, how can you
build functions (such as EJB bean Containers or Java interfaces) for systems such
as CICS or MQSeries® which require the full scope of programming resources? The
answer is to use trusted middleware.

Trusted middleware classes

Trusted middleware classes are loaded by a middleware class loader, which
identifies the loaded classes to be trusted middleware. Middleware is trusted by the
JVM to manage its own state across a JVM-reset. Middleware manages its own
state in two parts:

+ It tidies up its own state during the ResetJavaVM() function. This is accomplished
using special Tidy-Up methods that can be defined for each middleware class.
For example, typical tidy-up actions would be:

— Release storage.
— Terminate any threads that were created during the transaction.

— Null out references from middleware objects to application objects. This
ensures that the JVM-reset does not fail in garbage collection because of
cross-heap references.

As the middleware state can be controlled by Tidy-Up methods, it is possible for
middleware to preserve state across resets of the JVM.

* It reinitializes its classes after a ResetJavaVM() call. It does this using special
Reinitialize methods that can be defined for each middleware class, and which
are executed on the first reuse of the class.

As a result, trusted middleware is allowed an unrestricted scope of operation.

Split heaps and heap-specific garbage collection

Split heaps provide a way of grouping objects by their expected lifetime. This
grouping is then exploited by utilizing heap-specific, garbage-collection models. The
heaps used are as follows:

System heap
Contains class objects that persist for the lifetime of the JVM. These are:

» System classes loaded by the bootstrap class loader. For example,
java.lang.*.
» Standard extension classes loaded by the extensions class loader.

Chapter 1. Introduction to the Persistent Reusable JYM 3
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Split heaps and heap-specific garbage collection

* Middleware classes loaded by middleware class loaders which implement
the Shareable interface. For example, the trusted middleware class
loader (TMC) supplied with the Persistent Reusable JVM implements the
Shareable interface.

These classes are loaded just once. Their static initializers are run just
once. The system heap is never garbage collected.

Application-class system heap
This is a segregated part of the system heap, and contains shareable
application class objects that persist for the lifetime of the JVM. Shareable
application classes are loaded just once by application class loaders which
implement the Shareable interface. For example, the shareable application
class loader (SAC) supplied with the Persistent Reusable JVM implements
the Shareable interface. Because these classes are reset during JVM-reset,
this forces the static initializers to run on first usage. The application-class
system heap is never garbage-collected.

Nonsystem heap
A fixed, preallocated area of contiguous memory that contains a middleware
heap and a transient heap.

Middleware heap
Contains objects that have a life expectancy longer than a single
transaction and that persist across JVM-resets. These include nonshareable
class objects loaded by a middleware class loader supplied by a
middleware vendor, and objects created in middleware context. During
JVM-reset, Tidy-Up and Reinitialize methods can be used to reset the
classes to a known initialization state ready for the next transaction. The
middleware heap is subject to garbage collection, usually at JVM-reset time.
The lifetime of these classes is controlled by the middleware.

Transient heap
Contains objects with a life expectancy tied to the transaction. These
include classes loaded by the default application class loader (which loads
classes using -classpath), plus any objects created in application context.
Classes are loaded by the application code for each transaction. Their static
initializers run on first usage. They are subject to garbage collection,
although this is not generally required during the transaction. At JVM-reset,
this heap is discarded and re-created (the size of the transient heap is
specified with the -Xinitth option.). For the Persistent Reusable JVM to be
resettable, there must be no active references from objects in the
middleware heap to objects in the transient heap. If there are, the JVM is
declared unresettable.

Eigur:eJ_an_pa.ge_El shows the split-heap model and summarizes the actions that

occur during a JVM-reset. Eigure 4 on page 5d shows the relationship between
class loaders and their target heaps.
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Split heaps and heap-specific garbage collection

—p Transaction ends Launcher calls ResetJavaVM() | Transaction starts |—P
System hea System heap

Classes remain unchanged

ol

Heap remains unchanged

Application-class system heap

W

Classes are reset

@

Nonsystem heap

Heap remains unchanged

Classes and objects discarded

éf&g\

Application-class system heap

Nonsystem heap

Transient
heap

RN

Heap re-created

Middleware object state is
determined by the Tidy-Up

At

; and Reinitialize methods. ;
| Heap might be garbage collected |

Figure 1. Split-heap model used in the Persistent Reusable JVM

{7

-Xinitth
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Chapter 2. Developing a launcher subsystem

This chapter:

» Gives an overview of launcher subsystems

» Explains how to start the debugging of an application

» Explains about prerequisites for Persistent Reusable JVMs

» Lists the command-line options, JVM options, and system properties
* Explains about Java command-line options

» Lists JVM option restrictions

» Gives the code for a sample launcher for a Persistent Reusable JVM
» Gives the code for a sample launcher for a JVMSet

Overview of launcher subsystems

JVM types

To use the Persistent Reusable JVM for transaction processing, a subsystem must
be developed to create and control the Persistent Reusable JVM, and to interface
with a host transaction processing system, for example, CICS Transaction Server or
DB2 products. This subsystem is referred to as a launcher, and the following
sections review all aspects of the Persistent Reusable JVM that need to be
addressed by a launcher subsystem. Eigure 2 an page g illustrates a typical
launcher subsystem for a reusable (standalone) JVM. Eigure 3 on page Q illustrates
a typical launcher subsystem for a JVMSet.

The launcher can launch either Persistent Reusable (standalone or JVMs in a
JVMSet) or nonreusable JVMs. A Persistent Reusable JVM delivers the best
performance for serial transactions. Nonreusable JVMs can run different types of
transaction that cause the JVM to become unresettable.

A Persistent Reusable JVM uses a JNI function called ResetJavaVM()to reset its
state at the end of a transaction, so that the next transaction sees a “new” JVM. For
the launcher to be able to invoke the ResetJavaVM() function at the end of a
transaction, it must launch the JVM initially using the JNI_CreateJavaVM() JNI
function, so that it gains control when the application code associated with the
transaction terminates. A simplified launcher example is shown in ESample launchet
far a Persistent Reusable JVM” on page 23. On 0S/390 systems, the launcher

might employ multiple LE enclaves to provide isolation.

Loading a class

Management of the different types of class that are used in the Persistent Reusable
JVM, and how they are loaded by the JVM, is a system administration task (see
[Loading classes” on page 57)). To summarize, the Persistent Reusable JVM uses
two class loaders to load shareable trusted middleware and shareable application
classes. These class loaders are added to the class loader hierarchy in the
Persistent Reusable JVM when the appropriate system properties (that define which
class paths should be used by the class loaders) are specified at JVM creation

time. See [Command-line options, .IVM options, and system properties” on page 12

© Copyright IBM Corp. 2001 7
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While transactions -
Get a transaction class
to process

Is there a suitable JVM
to use in the pool of
reset JVMs?

Launch a suitable JVM
and add to JVM pool

Yes

<

v

Run transaction on
selected JVM

}

Check for uncaught
exception. Accept?

Yes

Reset JVM
OK?

Destroy JVM
Destroy LE enclave

A

No more transactions -
Terminate JVMs

Figure 2. Launcher subsystem for a Persistent Reusable JVM
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Create the master JVM
of a JVMSet

A

While transactions -
p get a transaction class
to process

Launch a suitable JVM worker
passing token
returned from master

Is there a suitable
worker JVM to use
in the JVMSet?

Yes

l

A

Run transaction on
selected worker JVM

Check for uncaught
exception. Accept?

Reset worker JVM
OK?

Destroy worker JVM.
Destroy LE enclave

A

No more transactions -
terminate worker JVMs

v

Terminate master JVM

Figure 3. Launcher subsystem for a JVMSet

Choosing a JVM to use

The task of dispatching application code associated with a transaction on existing
JVMs or newly-created JVMs lies with the transaction processing environment, for
example, CICS or DB2. The choice of JVM to use from the pool already created
(the pool of reusable JVMs or workers in a JVMSet) is based on such factors as the
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basic JVM options in force, such as resettability, system heap size, and class paths
for middleware and shareable application class loaders.

If a suitable JVM does not exist, the launcher can create one with the necessary

JVM options, which are defined in tCommand-line options, JVM options,and
Bystem properties” on page 14. When a worker JVM is created, the worker is

passed the token returned from the master JVM.

Running the application code for a transaction

Once a suitable JVM has been found or created, the launcher executes the
necessary JNI code to load the application class associated with a transaction and
create a class object, find the method ID to execute, and execute the method to run
the transaction. In normal operation, when the application terminates, control is
passed back to the launcher, at which point the launcher calls the ResetJavaVM()
function. If the application does not terminate cleanly, and the launcher receives an
uncaught Java exception which it is willing to accept, the launcher can still call
ResetJavaVM(). If this is successful, the next transaction can be executed.
Otherwise the JVM must be destroyed.

Handling abnormal conditions

If a JVM fails because of an uncaught exception, the launcher has two options. If
the exception is acceptable (for example, a security failure), the launcher can clear
the exception and call ResetJavaVM(). If the exception is not acceptable or
unknown, the launcher must destroy the JVM.

Controlling access to JVM static variables

Because middleware is privileged to make changes to static data in the Persistent
Reusable JVM without causing nonresettability, there is the concern that
independently-written middleware components will make conflicting changes,
especially during the tidy-up phase of JVM-reset. To avoid this, it is recommended
that the launcher and its associated middleware code take responsibility for allowing
access to JVM statics by providing getter/setter methods. By doing this, the
launcher is in control and can maintain a consistent state for JVM static variables
throughout the life of the JVM.

Resetting a JVM

10

When the application code for a transaction completes, the launcher decides
whether to reset the JVM. Generally, it chooses to reset the JVM unconditionally.
However, in some cases it might choose to query the state of the JVM first before
making this decision. A JNI function (see FQuery.lavaVM() .INI function” on

bage 10d) can be used to determine the current state of the JVM, for example, to
determine whether there are multiple threads running or whether there are
application instance finalizers waiting to run. If the launcher decides to reset the
JVM, it calls a JNI function (see EResetJavaV/M() JNI function” on page 10d) which
attempts to reset the JVM to a known initialization state. ResetJavaVM() calls any
middleware Tidy-Up methods. The objective is to tidy up any transaction-related
resources that were acquired, and to tidy up any references to application objects
or application-class Ioader objects. These actlons are necessary for a clean reset.
For further details, see z
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Attention: The launcher must call ResetJavaVM() with the security context
unchanged from that used by the application. This ensures:
» The correct context for application finalizers
* That middleware Tidy-Up methods run correctly

See

If ResetJavaVM() returns JNI_OK, the reset was successful. A return of JNI_ERR
indicates that the JVM is unresettable and is in an undetermined state. In this case,
the launcher must destroy the JVM by calling DestroyJavaVM(). The launcher must
also terminate the LE enclave so that normal system end-of-processing actions are
performed and all traces of the JVM are removed. The reason why ResetJavaVM()
returned JNI_ERR can only be determined by rerunning the application code for a
transaction with logging turned on. See L inj

. A return of JNI_EINVAL indicates that the JVM was not started with
the -Xresettable option.

Required garbage collection

Every time the JVM is reset, the SAC and default nonshareable application class
loaders are dereferenced (the references to the objects are removed). This leads to
an accumulation of dereferenced objects in the nonsystem heap, and more
importantly to an accumulation of system memory-allocated (malloc’d) storage that
is associated with these objects. The more classes that were loaded by these class
loaders, the larger this malloc’d storage is likely to be. The objects and malloc’d
storage are not freed until the objects are garbage collected and the associated
finalizer methods are run. A problem arises when the growth of the nonsystem heap
is small, for example, when the nonsystem heap size is large but the growth in the
associated system malloc’d memory is large (for example, transactions have loaded
many classes). In this case, a garbage collection will not be triggered automatically
by a heap-full condition even after many JVM-reset cycles, whereas the memory
requirements reflected in working set size will be increasing. The launcher needs to
be aware that garbage collection might be required periodically if the transaction
mix has resulted in these conditions arising over a period of JVM-reset cycles.

Monitoring the state of heap growth is only possible by using the -verbose:gc JVM
option.

Handling launcher shutdown

During launcher shutdown, JVMs created by the launcher can be terminated in any
order, as required. Whenever a JVM is terminated, the associated LE enclave must
also be terminated. For JVMSets, the worker JVMs can be terminated in any order
and then the master JVM is terminated. The master JVM must be terminated last.

Determining why a JVM becomes unresettable
A logging facility has been implemented to assist in determining why a JVM
becomes unresettable. Event logging is enabled using the following system
property:
-Dibm.jvm.events.output={<path/filename> | stderr | stdout}

which specifies where to log events. Unresettable event logging is enabled using
the following system property:

-Dibm.jvm.unresettable.events.level={min | max}
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Logging of reset trace events is enabled using the following system property:
-Dibm.jvm.resettrace.events
Logging of cross-heap events is enabled using the following system property:

-Dibm.jvm.crossheap.events (This system property is active only when using a
debug build.)

Note: These properties are read only during JVM startup.

If a JVM becomes unresettable while running a transaction, the only way to
determine the reason is to enable these system properties and to rerun the
transaction. It is good practice to check the application code for a transaction and
middleware code prior to production use. For further details, see

. For further details on system properties, see m

Sample launchers

illustrates a
Persistent Reusable JVM being reused in a transaction processing loop.

launcher for a JVMSet” on page 33 illustrates an example JVMSet launcher.

Debugging an application

To debug an application, the JVM that runs the application must be started with the
-Xdebug option. This option can be added to any Persistent Reusable JVM. It is
not necessary to explicitly disable the Just-in-Time (JIT) compiler because the JVM
does not try to load it when debug is enabled. Using the debug option causes the
debugging agent to be loaded, and this allows future connection of the debug tool
using a password-protected socket connection.

Note: Specifying the -Xdebug option makes any JVM unresettable because the
monitoring activity is performed on a separate thread that is asynchronous to
the main Java thread that calls ResetJavaVM(). This could potentially
interfere with system and programming resources during the call to
ResetJavaVM().

Prerequisites

No specific prerequisites are defined for running a Persistent Reusable JVM rather
than a nonreusable JVM in an OS/390 system.

Command-line options, JVM options, and system properties

This section describes the command-line options, JVM options, and system
properties for the Persistent Reusable JVM.

The Persistent Reusable JVM has a set of standard options that are supported in
the OS/390 runtime environment. An additional set of nonstandard options are
specific to the OS/390 virtual machine implementation, and are also supported by
the Persistent Reusable JVM. Nonstandard options begin with -X. System
properties begin with -D.
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Command-line options

|
I Command-line options are those options that are supplied to and interpreted by the
I default “java” launcher, as opposed to JVM options that any launcher can pass to a
I JNI_CreateJavaVM() call.

| -classpath<classpath>

| -cp<classpath>

| Specifies a list of directories, JAR archives, and ZIP archives to search for
I user class files. Class path entries are separated by a semicolon (;).

I Specifying -classpath or -cp overrides any setting of the CLASSPATH

| environment variable.

I If -classpath and -cp are not used, and CLASSPATH is not set, the user
I class path consists of the current directory (.).

| Note: When launching a JVM using the JNI_CreateJavaVM() function, the

| -classpath or -cp options are not passed to the JVM because they

| are “java launcher” options rather than JVM options. Also, the

I CLASSPATH environment variable will not be honoured because this
| is detected by the Java launcher and not by the JVM. When

I launching a JVM using JNI CreateJavaVM(), the only way to define

I the classpath from which to load nonshareable application classes is
I via the -Djava.class.path system property.

| -fullversion
| Displays version information (VM type, Java level, and build date) and exits.
| This does not include JIT information.

-jar<filename>
Executes a program encapsulated in a JAR file. The first argument is the
name of a JAR file instead of a startup class name. For this option to work,
the manifest of the JAR file must contain a line of the form:

I Main-Class: classname

| where classname identifies the class having the:

| public static void main(String[] args)

| method that serves as the starting point for the application.

I When you use this option, the JAR file is the source of all user classes, and
I other user class path settings are ignored.

I -noverify
| Turns verification off.

| -showversion
I Displays version information (VM type, Java level, and build date), plus JIT
| information, and continues execution.

I -verifyremote
I Runs the verifier on all code that is loaded into the system by a classloader.

I -version
I Displays version information (VM type, Java level, build date, and JIT
| status) and exits. This includes information on the JIT compiler.

I -Xfuture

I Performs strict class-file format checks. This flag turns on stricter class-file
I format checks that enforce closer conformance to the class-file