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Preface

This guide describes how to port the CDC HotSpot Implementation Java virtual 
machine and class library to a target platform.

The companion documents CDC Build System Guide and CDC Runtime Guide 
describes how to build and run a CDC Java runtime environment, including the 
build-time and runtime options that control functionality, testing and performance 
features. This guide focuses on how to use those features at runtime.

Who Should Read This Document
The primary reader is a software engineer responsible for performing the initial port 
of the CDC HotSpot Implementation Java virtual machine and Foundation Profile to 
a target platform.

The reader should also be familiar with the following topics:

■ Operating systems and device drivers
■ Object-oriented programming
■ Java virtual machine semantics
■ Java programming
■ C programming
■ Assembly language programming
■ Open source software development tools

The porting layers of the CDC HotSpot Implementation Java virtual machine have 
been designed around a narrow set of porting interfaces that focus effort on the 
target platform rather than VM internals. So while a general understanding of 
compiler architecture is helpful, a deep understanding is not required. Experience 
with the target CPU’s assembly language is necessary.
  xvii



How This Book Is Organized
This document is divided into several major sections described below.

Part I: Getting Started introduces CDC HotSpot Implementation technology and 
outlines the planning stage for beginning a port.

Part II: HPI Layer describes the Host Programming Interface (HPI) layer, which 
provides the CPU and OS-specific interfaces for both the virtual machine runtime 
and the Foundation Profile class library.

Part III: Dynamic Compiler Layer describes the porting interfaces for the dynamic 
compiler. This optional porting layer provides a adaptng the dynamic compiler for 
CPUs that are not currently supported by one of the ports available from Java 
Partner Engineering (http://www.sun.com/software/jpe).

Part IV: Garbage Collector Layer describes how to build a garbage collector plug-in. 
These advanced APIs are optional since the default GC algorithms in CDC HotSpot 
Implementation Java virtual machine work well for a broad range of devices and 
applications.

Part V: GUI Layer describes the AWT porting layer for Personal Basis Profile and 
Personal Profile.

Part VI: AMS Layer describes the porting interfaces for CDC Application 
Management System.

Part VII: Appendices contains useful programming material for related porting 
issues like gdb-based debugging and programming techniques that promote system 
robustness under tight C stack situations.
xviii CDC Porting Guide • November 2005
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Typographic Conventions

Related Documentation

TABLE P-1 Typographic Conventions

Typeface Meaning Examples

AaBbCc123 The names of commands, files, 
and directories; on-screen 
computer output

Edit your .login file.
Use ls -a to list all files.
% You have mail.

AaBbCc123 What you type, when contrasted 
with on-screen computer output

% su

Password:

AaBbCc123 Book titles, new words or terms, 
words to be emphasized

Command-line variable; replace 
with a real name or value

Read Chapter 6 in the User’s Guide.
These are called class options.
You must be superuser to do this.

To delete a file, type rm filename.

TABLE P-2 Related Documentation

Topic Title

white paper The white paper CDC: Java Platform Technology for Connected 
Devices introduces CDC technology, standards, devices, 
applications and tools.

runtime options The companion document CDC Runtime Guide provides runtime-
oriented information for developers and testers.

build system The companion document CDC Build System Guide describes the 
CDC build system installation, configuration and testing.

TCK User documentation for running the TCK validation suites.
• CDC Technology Compatibility Kit version 1.0 User’s Guide
• Foundation Profile Technology Compatibility Kit version 1.0 User’s 

Guide
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Java virtual machine Java Virtual Machine Specification, Second Edition
(Addison-Wesley, 1999) defines the Java class format and the 
virtual machine semantics for class loading, which are the basis 
for the operation of the Java runtime environment and its ability 
to execute Java application software on a variety of different 
target platforms. See 
http://java.sun.com/docs/books/vmspec.

Java Native Interface 
(JNI)

Java Native Interface: Programmer's Guide and Specification 
(Addison-Wesley, 1999) by Sheng Liang describes the native 
method interface used by the CDC HotSpot Implementation Java 
virtual machine. http://java.sun.com/docs/books/jni.

Java Virtual Machine 
Debugger Interface 
(JVMDI)

Defines an interface that allows debugger tools like jdb and 
third-party debuggers to interact with a debugger-capable Java 
runtime environment. See 
http://java.sun.com/products/jpda/doc/jvmdi-
spec.html.

Java Virtual Machine 
Profiler Interface 
(JVMPI)

Defines an interface that allows the hprof profiler to interact 
with a Java runtime environment to measure application 
behavior. See 
http://java.sun.com/j2se/1.4.2/docs/guide/jvmpi/j
vmpi.html.

security Inside Java 2 Platform Security (Addison-Wesley, 2003) describes the 
Java security framework, including security architecture, 
deployment and customization. See 
http://java.sun.com/docs/books/security.

POSIX Threads Pthreads Programming: A POSIX Standard for Better. Multiprocessing 
(O'Reilly & Associates, 1996) by Bradford Nichols, Dick Buttlar 
and Jacqueline Proulx Farrell is an introduction to POSIX thread 
programming. See 
http://www.oreilly.com/catalog/pthread.

POSIX POSIX Programmer's Guide (O'Reilly & Associates, 1991) by 
Donald Lewine is an introduction to the POSIX interface. See 
http://www.oreilly.com/catalog/posix.

ANSI Standard C 
Library

The Standard C Library (Prentice-Hall, 1991) by P. J. Plauger is a 
comprehensive description of the ANSI C Library. See 
http://www.prenhall.com/books/ptr_0131315099.html.

Berkeley Sockets The Open Group maintains the Single UNIX Specification which 
defines standard UNIX interfaces. See http://www.unix-
systems.org/version3.

TABLE P-2 Related Documentation

Topic Title
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Accessing Sun Documentation Online
Sun provides online documentation resources for developers and licensees.

glibc The glibc library contains all the ANSI Standard C Library and 
POSIX library functions needed by the CDC HotSpot 
Implementation Java virtual machine. See 
http://www.gnu.org/software/libc/manual.

Linux The sample implementation is based on a Linux 2.2 platform. See 
http://www.kernel.org.

SoftFloat Library The SoftFloat Library is a software implementation of the IEEE 
Standard for Binary Floating-point Arithmetic. See 
http://www.jhauser.us/arithmetic/SoftFloat.html.

gcc Compiler Using and Porting the GNU Compiler Collection (Version 2.95, 1999). 
See http://gcc.gnu.org/onlinedocs. See also the ARM-
specific patch described in the CDC Build System Guide.

gdb Debugger Debugging with GDB (Version 5.1.1, 2002). See 
http://www.gnu.org/software/gdb/documentation.

ARM Processor ARM System-on-Chip Architecture (Addison-Wesley, 2000) is an 
introduction to the ARM processor architecture.

TABLE P-3 Sun Documentation

URL Description

http://docs.sun.com Sun product documentation

http://java.sun.com/j2me/docs Java ME technical documentation

http://www.sun.com/software/jpe Java Partner Engineering

TABLE P-2 Related Documentation

Topic Title
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Terminology
These terms related to the Java™ platform and Java™ technology are used 
throughout this manual.

Java technology level (Java level)

Java technology based (Java based)

class contained in a Java 
class file (Java class)

Java programming 
language profiler (Java profiler)

Java programming 
language debugger (Java debugger)

thread in a Java virtual 
machine representing a 

Java programming 
language thread (Java thread)

stack used by a Java 
thread (Java thread stack)

application based on Java 
technology (Java application)

source code written in the 
Java preogramming 

language (Java source code)

object based on Java 
technology (Java object)

method in an object based 
on Java technology (Java method)

field in an object based on 
Java technology (Java field)

a named collection of 
method definitions and 

constant values based on 
Java technology (Java interface)

a group of types based on 
Java technology (Java package)
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an organized collection of 
packages and types 

basedon Java technology (Java namespace)

constructor method in an 
object based on Java 

technology (Java constructor)

exception based on Java 
technology (Java exception)

an application 
programming interface 

(API) based on Java 
technology (Java API)

a service providers 
interface (SPI) based on 

Java technology (Java API)

developer tool based on 
Java technology (Java developer tool)

system property in a Java 
runtime environment (Java system property)

security framework for the 
Java platform (Java security framework)

security architecture of the 
Java platform(Java security architecture)

Feedback
Sun welcomes your comments and suggestions on CDC technology. The best way to 
contact the development team is through the following e-mail alias:

cdc-hotspot-comments@java.sun.com

You can send comments and suggestions regarding this document by sending email 
to: docs@java.sun.com
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PART I Getting Started

This part introduces the Connected Device Configuration HotSpot Implementation 
(CDC-HI) Java virtual machine and outlines the planning procedures and early 
stages of porting the CDC HotSpot Implementation Java virtual machine to a target 
platform.

This part contains the chapters:

■ Introduction
■ Planning





CHAPTER 1

Introduction

The Connected Device Configuration (CDC) is a group of Java ME technologies for a 
broad range of consumer and embedded products. This porting guide describes how 
to port the CDC HotSpot Implementation Java virtual machine and Foundation 
Profile class library to a new target platform. This chapter describes the CDC 
HotSpot Implementation Java virtual machine, its benefits, target applications and 
supported platforms. Chapter 2 provides an overview of the porting process and the 
chapters that follow describe the different stages of a port.

1.1 CDC Technology
CDC is a Java ME technology designed to leverage Java SE technology for non-
desktop systems. This includes a Java class library that is derived from the J2SE 1.4.2 
Java class library by removing certain server-oriented packages and deprecated 
methods and adding a few CLDC compatibility classes. The result is a set of APIs 
that are familiar to the millions of Java SE developers yet appropriate to the needs of 
non-desktop devices.

The CDC HotSpot Implementation Java virtual machine uses the same external 
interfaces as the Java SE HotSpot Java virtual machine. Both implementations fully 
adhere to the Java Virtual Machine Specification, Second Edition (Addison-Wesley, 1999) 
and both support VM-level interfaces like Java Native Interface (JNI), Java Virtual 
Machine Debugger Interface (JVMDI) and Java Virtual Machine Profiler Interface 
(JVMPI). However, the design and implementation of the CDC HotSpot 
Implementation Java virtual machine is quite different.

One of the most important benefits of this design is portability, which is the subject 
of this guide. For a target platform with interface libraries based on common 
operating system abstractions like POSIX, the porting process should take a matter 
of weeks instead of months. Since many common CPUs and operating systems are 
already supported, much of the work is already done in the form of sample ports or 
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porting utility libraries. In short, the portability interface of the CDC HotSpot 
Implementation Java virtual machine focuses developer effort on the target platform 
rather than the Java virtual machine implementation.

1.2 Benefits
CDC HotSpot Implementation is a fully compliant Java virtual machine that is 
highly optimized for resource-constrained devices like consumer products and 
embedded devices. CDC HotSpot Implementation combines excellent performance 
and reliability with a low memory footprint to meet the needs of a broad range of 
product scenarios.

CDC HotSpot Implementation was designed to inhabit the world of PDAs, set-top 
boxes and other consumer products and embedded devices. It complies with the 
same Java virtual machine specification as the Java SE application environment, but 
its implementation is tailored to the needs of resource-constrained devices. Because 
product designs vary, CDC HotSpot Implementation allows device-friendly tradeoffs 
between performance and constrained resources. CDC HotSpot Implementation 
achieves best-of-class performance with a modern dynamic compiler and solid 
reliability for multi-threaded and low-memory conditions. In addition, CDC 
HotSpot Implementation's portability interfaces enable rapid modification to 
support new target CPUs and operating systems while maintaining excellent 
performance.

■ Device Support

■ Excellent performance
■ Low memory footprint
■ Reliability

Low-memory conditions

Multi-threaded scenarios

■ Device friendliness

Portable

Configurable

■ Java Virtual Machine features

■ Floating point
■ Multiple user-defined class loaders
■ Serialization
■ Reflection
■ Weak references
■ Full I/O and networking
■ Core features and programming model of Java SE 
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■ Retargetable

■ Modular implementation

narrow porting interfaces

written in ANSI C and assembly language

■ CPU implementations

ARM

PowerPC

MIPS

SPARC

x86 (interpreter only)

■ Operating systems

Linux

Solaris

Darwin

Win32

■ Design Features

■ Dynamic compiler (JIT - Optimized Implementation only) 

Space efficient 

Fast 

Reliable 

Portable 

Configurable

■ Interpreter 

Fast

Written in ANSI C 

Uses GCC extensions when available

■ Java class preloading 

Space saving 

Data sharing 

In-place execution from ROM 

Pre-loading improves startup time and avoids fragmentation

■ Runtime

Fast startup and shutdown
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No resource leaks

Small class footprint

Process model independent

Virtualized JVM state

No global variables or statics

■ Memory management

■ Heap management

Virtual memory not required 

Fully compactible heaps 

No fragmentation 

■ Pluggable garbage collector (Optimized Implementation only)
■ Default generational collector

Short pauses 

Sequential heaps 

Coexists with native system

■ Thread support

■ Fast locking
■ Scalable and robust in heavily threaded scenarios
■ C stack safety for tight memory conditions
■ Porting layer supports both native and user-level threads

■ Standard Java VM interfaces

■ Java SE policy-based security model
■ JNI support
■ JVMDI debug support
■ JVMPI profiling support
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CHAPTER 2

Planning

The CDC HotSpot Implementation Java virtual machine has been designed for easy 
portability to alternate target platforms. This porting guide describes the basic stages 
of porting the CDC HotSpot Implementation Java virtual machine: bringing up the 
VM runtime and integrating the Foundation Profile class library. More advanced 
stages like porting the dynamic compiler and implementing an alternate garbage 
collection algorithm are discussed in later chapters.

The porting techniques described in this guide are based on the Linux/ARM sample 
implementation. TABLE 3-5 and TABLE 3-6 describes implementations for other CPUs 
and operating systems available through Java Partner Engineering 
(http://www.sun.com/software/jpe). If your target device uses one of these 
CPUs or operating systems, then the porting tasks can be simplified by using 
different portions of these ports. In addition, the source release includes porting 
libraries that streamline support for most platforms.

This chapter cover the following topics:

■ Target Platform Requirements
■ Porting Steps
■ Source Code Organization

2.1 Target Platform Requirements
The target platform requirements of the CDC HotSpot Implementation Java virtual 
machine are organized into the CPU and the operating system layers.
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2.1.1 CPU

Note – Most of these CPU features are relavent only to a JIT port that is part of the 
Optimized Implementation.

The porting strategy for the CDC HotSpot Implementation Java virtual machine is 
based on the simplifying assumption of targeting RISC CPUs that are common in the 
embedded and device marketplace. Most RISC CPUs are similar and their 
differences are mostly limited to their registers, instruction encodings and calling 
conventions.

Note – Though the x86 is the dominant non-RISC CPU, the CDC-HI Java virtual 
machine supports the x86 only within the interpreter and not within the dynamic 
compiler. Supporting the x86 within the dynamic compiler would lose many of the 
performance efficiencies gained by concentrating on RISC architectures.

The following list identifies some of the RISC features important to the CDC-HI Java 
virtual machine JIT porting interface.

■ RISC-like architecture
■ 32-bit integer and address size.
■ 2's complement integer representation.
■ Uniform 1-word instruction length.
■ Lots of registers.
■ Uniform set of general-purpose registers (except floating point) available for 

integer arithmetic and pointers.
■ Some parameters are passed in registers.
■ Return value appears in a register.
■ Load-store architecture. ALU instructions operate only on registers and 

immediates. Values must be explicitly moved between the ALU and memory 
with load and store instructions.

■ Interlocked load/store instructions to support fast locking.
■ Byte-addressable memory.
■ Allocating large contiguous memory regions for the code buffer and heap.
■ "call far" instruction that can reach the size of the code buffer.
■ Register-relative memory addresses for load and store instructions.

■ Dynamic compiler-specific requirements
■ Ability to flush the i-cache.
■ Write instructions as data into memory.
■ Execute instructions out of memory.

■ Non-assumptions
■ Byte order within a word.
■ Direction of C stack growth.
■ Presence or absence of delay slots following branches.
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■ Any particular arrangement of dedicated registers, or those available for use 
by generated code.

The CDC HotSpot Implementation Java virtual machine has been ported to several 
target CPUs. See TABLE 3-5 for a list of supported CPU ports available through Java 
Partner Engineering (http://www.sun.com/software/jpe).

Note – The companion document CDC Build System Guide describes the cross-
compiler and other developer tools used by the CDC build system.

2.1.2 Operating System
The operating system portability interfaces for the CDC HotSpot Implementation 
Java virtual machine are based on common operating system abstractions like POSIX 
and ANSI I/O. If these interfaces are available on the target platform, then the 
porting process is mostly a direct mapping from the HPI to the platform’s system 
interfaces. Chapter 3 describes the standard system interfaces required by the HPI:

■ Memory management.
■ Uniform address space (not segmented).
■ UNIX-like memory allocation functions.

■ ANSI Standard I/O.
■ POSIX thread management.

■ Easily ported to a POSIX thread library.
■ Alternate fast locking implementations available.
■ Don’t need separate processes.
■ Don’t need a large C stack per thread.
■ Monitor based.

■ Berkeley sockets.

The CDC HotSpot Implementation Java virtual machine has been ported to several 
target operating systems. These include Linux and several other UNIX-like 
operating systems. See TABLE 3-6 for a list of supported operating system ports 
available through Java Partner Engineering 
(http://www.sun.com/software/jpe).

The implementation requirements for the system library layer is largely shaped by 
the Java Native Interface (JNI) which provides a standard mechanism for Java 
classes to execute native methods. JNI provides a calling convention that allows a 
Java virtual machine to execute native methods on a target platform
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2.2 Porting Steps
The porting layers of the CDC HotSpot Implementation Java virtual machine were 
designed to make porting straightforward and to focus effort on issues that affect 
performance. This is achieved through simplifying assumptions like common OS 
and CPU abstractions as well as using example ports and porting utility libraries.

The steps described below will help introduce the CDC HotSpot Implementation 
technology and prepare the way for a successful port.

1. Start by working with a binary reference implementation as described in the CDC 
Runtime Guide. This will introduce the mechanics of using the Java application 
launcher and even more advanced topics like tuning the runtime performance of the 
dynamic compiler.

2. Work with the reference build environment as described in the CDC Build System 
Guide. This will introduce the mechanics of performing builds and testing the CDC 
Java runtime environment.

3. Perform a basic port that supports interpreter-only operation. In most cases, the 
common OS and CPU abstractions make this a straightforward task. There are some 
basic assembly language glue routines to write. Start by reading the header files in 
src/share/javavm/include/porting, which have many descriptive comments 
that are not duplicated in this guide. At the end of this stage, you should have a 
fully functional CDC Java runtime environment. This stage is described in 
Chapter 3.

4. Because object synchronization heavily affects runtime performance, it is 
necessary to tune the locking implementation. Chapter 4 describes how to 
approach the task of finding a locking implementation that is appropriate for the 
target system. Several implementations are provided.
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2.3 Source Code Organization
The reference source code for the CDC HotSpot Implementation Java virtual 
machine is organized into several top-level directories described in TABLE 2-1:

2.3.1 build Directory
The CDC build system is based on a Linux or Solaris host development system using 
commonly available Java and UNIX development tools. The basic development 
model is to use the CDC build environment as a cross-compilation system to build 
an executable runtime environment. Then the executable runtime environment is 
loaded onto a target device for testing. For more information about how to install 
and use the CDC build environment, see the companion document CDC Build System 
Guide.

TABLE 2-1 Top-Level Directories

Directory Description

build CDC build system.

src CDC source code.

TABLE 2-2 build Directory

Directory Description

<CPU> CPU-specific makefiles

<OS> OS-specific makefiles

<OS>-<CPU> These makefiles contain low-level makefile macro 
definitions that are unique to the OS/CPU combination. 
For example, the location of a CPU-spcific version of 
invokeNative.c would be found here.

<OS>-<CPU>-<DEVICE> The main build directory. This contains the top-level 
makefile with device-specific options and the generated 
target device-specific intermediate files for a Java runtime 
environment. These makefiles mostly set or override values 
used by the shared makefiles.

portlibs Makefile definitions for the shared JIT layer.

share Shared makefiles.
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2.3.2 src Directory
The HPI source code is organized so that a small amount of target-specific 
implementation code supports the much larger shared source code. TABLE 2-3 
describes the HPI source code hierarchy. These directories have parallel 
organizations to ease navigation and support the operation of the CDC build system.

The src directory contains the shared and target-specific source code for the CDC-
HI Java virtual machine and both the CDC and Foundation class libraries. For 
porting, the most important directories are the HPI header files in 
share/javavm/include/porting and the HPI implementation files in 
portlibs, <CPU>/javavm, <OS>/javavm and <OS>-<CPU>/javavm directories. 
These directories are described in Chapter 3.

The organization described in TABLE 2-3 uses the following naming conventions: 
<CPU> is the CPU architecture, e.g. arm, mips or some other target CPU family. 
<OS> is the platform operating system, e.g. linux, solaris or some other 
platform operating system.

TABLE 2-3 src Directory

Directory Language Description

<CPU> CPU architecture-specific source code. 
This code is shared by most ports based 
on <CPU>.

    javavm C CPU-specific portion of the VM 
implementation. At the HPI level, this 
directory contains a small amount of 
assembly glue code as well as source for 
the dynamic compiler. This hierarchy 
performs a similar purpose to 
src/portlibs, but for a specific CPU-
target. The files in this hierarchy use the 
interface_cpu.[ch] naming convention.

<OS> OS-specific source code. This code is 
shared by all ports based on <OS>.

    bin C OS-specific wrapper for the Java 
application launcher.

    classes Java OS-specific portion of the CDC and 
Foundation Profile class libraries.
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    javavm C OS-specific portion of the VM 
implementation. These source files 
contain support functions that interact 
with the required OS services. The files 
in this hierarchy use the 
interface_md.[ch] naming convention.

    lib text MIME content type system property 
table and platform-to-Java time zone 
mapping table.

    native C JNI native methods for the CDC and FP 
class library source code. These native 
methods require porting for the target 
OS.

    tools C OS-specific portion of the hprof profiler 
tool.

<OS>-<CPU> OS/CPU-specific source code.

    javavm C OS/CPU-specific portion of the VM 
implementation. These source files 
contain CPU-specific support functions 
that interact with low-level OS services 
like CPU-specific synchronization, 
numeric types and endianness. The files 
in this hierarchy use the 
interface_arch.[ch] naming 
convention.

portlibs C These porting utilities are used by most 
ports to map the HPI to common 
platform system interfaces. See 
TABLE 3-4 for a description of these 
porting utilities.

share1 Source code shred by different 
implementations.

    classes Java CDC class library source code.

    foundation Java Foundation Profile class library source 
code.

    javavm C Shared portion of the VM 
implementation.

TABLE 2-3 src Directory

Directory Language Description
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    javavm/include/porting C These header files define the HPI 
interfaces that the target-specific source 
must implement.

NOTE: The header files in this directory 
contain many descriptive comments that 
are not duplicated here. They should be 
studied carefully during the planning 
stages of a port.

    javavm/test Java Various test programs for exercising the 
VM.

    lib text Security policies.

    native C JNI native methods for the CDC and FP 
class library source code. These native 
methods do not require porting.

    tools C hprof source code.

1 The source code in the share hierarchy is intended for reference purposes only and should not be modified. If 
the default behavior needs modification, in most cases these changes should be made by overriding this default 
functionality with code in the target-specific source hierarchies. For other cases, see https://javapart-
ner.sun.com/partner/porting/04.html for an overview of the review process for modifying shared 
code.

TABLE 2-3 src Directory

Directory Language Description
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PART II HPI Layer

This part describes the HPI porting layer. This includes the CPU and OS-specific 
interfaces for both the virtual machine runtime and the CDC/Foundation Profile 
class library.

This part contains the chapters:

■ Host Programming Interface
■ Fast Locking





CHAPTER 3

Host Programming Interface

This Host Programming Interface (HPI) represents the portability interface for the 
runtime component of the CDC HotSpot Implementation Java virtual machine. 
Implementing the macros, data structures and functions of the HPI is the first major 
stage in porting the CDC HotSpot Implementation Java virtual machine to a new 
target system.

This chapter cover the following topics:

■ HPI Header File Hierarchy
■ Creating an HPI Implementation

This chapter uses the Linux/ARM/Zaurus port to describe how an HPI 
implementation is structured. In general, we make the simplifying assumptions that 
the target port includes ANSI and POSIX libraries and that the CDC build system 
uses the patched gcc cross-compiler described in the companion document CDC 
Build System Guide. For help with porting projects that fall outside these guidelines, 
contact Java Partner Engineering (http://www.sun.com/software/jpe).
3-1

http://www.sun.com/software/jpe


3.1 HPI Header File Hierarchy
The directory src/share/javavm/include contains a series of header files that 
impose a structure on an HPI port. The most important is 
src/share/javavm/include/defs.h, the top-level HPI include file that defines 
basic types and data structures as well as including the other HPI header files. The 
top-level HPI header file hierarchy is described in TABLE 3-1.

3.1.1 CVM_HDR_* Header File Macros
The CVM_HDR_* header file macros described in 
share/javavm/include/porting/defs.h represent the basic requirements for 
an HPI port. These macros are usually defined in 
<OS>/javavm/include/defs_md.h.

There are two categories of header file macros:

■ The CVM_HDR_ANSI_* macros described in TABLE 3-2 identify ANSI header files 
that define standard C library functions and data types used by the VM.

TABLE 3-1 HPI Header File Hierarchy

Header File Description

src/share/javavm/include/defs.h Defines basic types and data 
structures as well as including the 
other HPI header files.

src/share/javavm/include/porting/defs.h Describes the file mapping for the 
ANSI and VM header files. Some 
advanced options are also 
described here. See TABLE 3-2 
and TABLE 3-3 for descriptions of 
these header files.

src/<OS>/javavm/include/defs_md.h The top-level target-specific HPI 
header file. Provides the file mapping 
for the ANSI and VM header files 
and selects advanced platform 
features as well as common macros 
used throughout the target-specific 
source code.

src/<OS>-<CPU>/javavm/include/defs_arch.h OS-CPU architecture-specific 
macros.
3-2  CDC Porting Guide • November 2005



■ The rest of the CVM_HDR_* macros described in TABLE 3-3 identify the target-
specific VM header files that define functions and data structures for accessing 
platform-level services. These are usually found in <OS>/javavm/include with 
corresponding implementation files found in <OS>/javavm/runtime. They are 
organized into the stages described in Section 3.2, “Creating an HPI 
Implementation” on page 3-5”.

The macros shown in TABLE 3-2 define the locations of the standard ANSI C header 
files. They can also be used to define an alternate location or implementation or to 
interpose a wrapper file around the system file. One reason to do this is to redefine 
tokens that are causing conflicts with the VM code or to include other system header 
files first.

TABLE 3-2 ANSI Header File Macros

Macro ANSI Header File Description

CVM_HDR_ANSI_ASSERT_H <assert.h> Macro for verifying program assertion.

CVM_HDR_ANSI_CTYPE_H <ctype.h> Character types.

CVM_HDR_ANSI_ERRNO_H <errno.h> System error numbers.

CVM_HDR_ANSI_LIMITS_H <limits.h> Implementation-dependent constants.

CVM_HDR_ANSI_SETJMP_H <setjmp.h> Declarations for setjmp() and 
longjmp() that control transfers that 
bypass the normal function call and return 
protocol.

CVM_HDR_ANSI_STDARG_H <stdarg.h> Macros for handling variable argument 
lists.

CVM_HDR_ANSI_STDDEF_H <stddef.h> Standard type definitions.

CVM_HDR_ANSI_STDIO_H <stdio.h> Standard buffered I/O.

CVM_HDR_ANSI_STDLIB_H <stdlib.h> Standard library definitions.

CVM_HDR_ANSI_STRING_H <string.h> String operations.

CVM_HDR_ANSI_TIME_H <time.h> Time types.
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In most cases, cloning and modifying the linux example should be sufficient since 
it’s based on the porting libraries in portlibs/ansi_c and 
portlibs/gcc_32_bit.

3.1.2 src/portlibs Porting Libraries
The src/portlibs directory contains many useful porting libraries that simplify 
the task of porting the HPI layer to most platforms.

TABLE 3-3 VM Header Files Macros

Macro VM Header File Description

CVM_HDR_DOUBLEWORD_H 
CVM_HDR_ENDIANNESS_H 
CVM_HDR_FLOAT_H 
CVM_HDR_INT_H

doubleword.h 
endianness.h 
float.h 
int.h

Data type macros and APIs.

CVM_HDR_GLOBALS_H globals.h VM global state.

CVM_HDR_MEMORY_H memory.h Memory access.

CVM_HDR_JNI_H 
CVM_HDR_LINKER_H

jni.h 
linker.h

Native method support and dynamic linking 
support.

CVM_HDR_THREADS_H threads.h Thread support.

CVM_HDR_SYNC_H sync.h Synchronization support.

CVM_HDR_IO_H 
CVM_HDR_PATH_H 
CVM_HDR_SYSTEM_H 
CVM_HDR_TIME_H 
CVM_HDR_TIMEZONE_H

io.h 
path.h 
system.h 
time.h 
timezone.h

I/O support, Java system properties, time and 
system functions for halt and reset.

CVM_HDR_NET_H net.h Networking support.

TABLE 3-4 src/portlibs Sub-Directories

Directory Description

ansi_c Maps internal data types used by the HPI to common ANSI C data types.

dlfcn Supports dynamic linking of shared libraries directly through the dlsym() system 
call.

gcc_32_bit Maps internal data types used by the HPI to common gcc data types.

jit RISC porting library for the dynamic compiler.

posix I/O, socket and thread porting functions based on POSIX.

realpath UNIX path name handling.
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3.2 Creating an HPI Implementation
In this section we outline the steps necessary for creating an HPI implementation. 
Most of these steps are straightforward. A few require additional effort for which 
there is help in the form of porting libraries and examples.

Developing a new port from scratch is probably more work than is necessary. The 
sample Linux/ARM/Zaurus port serves two purposes. It’s well structured and 
commented so that it can be used as a good example for porting. And it’s also well 
tested and optimized for production use. Java Partner Engineering can provide other 
example ports, and the porting libraries in src/portlibs should simplify porting 
for most common target platforms.

Java Partner Engineering (http://www.sun.com/software/jpe) has ports 
available for other operating systems and CPUs. Since the HPI porting layer is 
separated into CPU and OS abstractions, the example for one OS support layer can 
be used as a starting point for a port to another target system. That is, the same OS 
layer can be used even if it’s based on a different CPU. Starting with one of these 
prebuilt modules will save a great deal of effort in porting the CDC HotSpot 
Implementation Java virtual machine to a new target platform.

TABLE 3-5 shows the CPU ports available from Java Partner Engineering.

TABLE 3-5 CPU Ports

CPU Support Level

ARM V4 architecture and higher

MIPS MIPS II, III, IV, and V

PowerPC PowerPC and e500 architectures

Sparc MicroSparc and UltraSparc

x86 (interpreter only) 386 and higher
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TABLE 3-6 shows the operating system ports available from Java Partner Engineering.

3.2.1 Suggested Work Flow
The work flow for developing an HPI implementation is divided into the stages 
listed below.

1. Section 3.2.2, “Prepare the Target-Specific build and src Hierarchies” on page 3-7 
describes how to setup the build and src hierarchies by cloning or combining code 
from existing ports.

2. Section 3.2.3, “Data Types, Global State and Memory Access Support” on page 3-8 
represents the main portion of the port. The goal is to implement enough of the HPI 
to perform basis tests that don’t require I/O capability.

TABLE 3-6 Operating System Ports

Operating Systems CPU Devices

Linux ARM • Sharp Zaurus
• Rebel.Com Netwinder
• iPaq running Familiar Linux
• MontaVista Linux
• Intel Bulverde chipset on the Mainstone development 

board
• TI Innovator development board for the OMAP 

platform

MIPS • Cobalt Raq2 and Qube2 running Debian Linux 3.0.1
• SGI Indy and Indigo2 running Debian Linux 3.0.1
• MontaVista Linux

PowerPC • YellowDog Linux 2.2, 2.3, and 3.0 on an Apple 
PowerMac

• MontaVista Linux

SPARC • Sun UltraSparc running Debian Linux 3.0.1

x86 • x86/PC running Red Hat Linux 7.2 and 9.0

Darwin (BSD-based) PowerPC PowerMac running MacOS 10.x

Solaris SPARC Solaris 2.7, 2.8, and 2.9 on Sun UltraSPARC hardware

Win32 ARM WinCE 3.0 on PocketPC (iPaq)

MIPS WinCE 4.1 on development board

x86 Windows 2000
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3. Section 3.2.4, “JNI Support” on page 3-9 adds dynamic linking and JNI support. 
The goal is to enable native method support required by the Java class library.

4. Section 3.2.5, “Thread Support” on page 3-10 adds thread support for both VM 
operation and Java runtime support.

5. Section 3.2.6, “Synchronization Support” on page 3-11 add synchronization 
support.

6. Section 3.2.7, “I/O and System Support” on page 3-12 adds I/O capability to the 
basic port to enable local file system-based class loading and I/O.

7. Section 3.2.8, “Networking Support” on page 3-12 adds support for socket-based 
networking to enable network-based class loading and I/O.

Each section below includes a description of the source code for the 
Linux/ARM/Zaurus sample implementation.

3.2.2 Prepare the Target-Specific build and src 
Hierarchies
The steps below are based on a target platform based on the operating system MyOS, 
the CPU MyCPU and the device MyDevice. The example is based on cloning the 
Linux/ARM/Zaurus sample implementation. See TABLE 3-5 and TABLE 3-6 for 
descriptions of other ports available from Java Partner Engineering that can be used 
to more closely match the target device.

1. Prepare the UNIX build tools for the new target device.

This will require configuring and building the cross-development build tools to 
include code generation capabilities for the new target device. See Chapter 2 and the 
companion document CDC Build System Guide for more information about 
configuring the CDC build system.

2. Refactor the platform-dependent makefiles hierarchy to support the target 
platform.

If necessary, this involves cloning four directories. For example,

% cp -r build/linux-arm-zaurus build/MyOS-MyCPU-MyDevice 
% cp -r build/linux-arm build/MyOS-MyCPU 
% cp -r build/linux build/MyOS 
% cp -r build/arm build/MyCPU

Note that these cloning steps are only necessary for build directories that will be 
modified. If the target CPU or OS is one of the ports described in TABLE 3-5 or 
TABLE 3-6, then no modification should be necessary at this stage of the port.
Chapter 3 Host Programming Interface  3-7



Tip – If the target OS and/or CPU are among the ports listed in TABLE 3-5 and 
TABLE 3-6, then use or modify the prebuilt makefiles instead.

3. Edit build/MyOS-MyCPU-MyDevice/GNUmakefile to define any necessary 
compiler flags and build-time options.

4. Refactor the platform-dependent source code hierarchy.

% cp -r linux-arm MyOS-MyCPU 
% cp -r linux MyOS 
% cp -r arm MyCPU

The MyOS directory will contain the bin, lib and tools sub-directories for the Java 
application launcher, system property files and profiler tools respectively. These 
should not require modification for a Linux port. Again, source code from other 
ports may be more appropriate than the Linux/ARM/Zaurus example used here.

Note that these cloning steps are only necessary for source directories that will be 
modified. If the target CPU or OS is one of the ports described in TABLE 3-5 or 
TABLE 3-6, then no modification should be necessary at this stage of the port.

5. For each of the stages outlined in the following sections, supply the required 
implementations.

For most target platforms, there should be some code supplied by one of the ports 
described in TABLE 3-5 or TABLE 3-6. So the actual amount of implementation steps 
should be a subset of the steps described below.

Tip – For ports that use existing OS and CPU implementations, for example porting 
linux-arm-zaurus, the only work requried is cleaning up the target device build 
directory and editing the GNUmakefile.

3.2.3 Data Types, Global State and Memory Access 
Support
The first stage of implementing the HPI layer is to implement the data types and 
support functions.
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Create target-specific implementation source files for the interfaces shown in 
TABLE 3-7. Again, the header files in share/javavm/include/porting include 
comments that describe the required interfaces. The existing ports use the porting 
libraries in src/portlibs.

3.2.4 JNI Support
The next stage is to add dynamic linking and JNI support. The sample 
Linux/ARM/Zaurus implementation uses Linux shared libraries to provide native 
library implementations. Many UNIX-like operating systems provide similar 
features.

TABLE 3-7 Implementation Source Files for Data Types, Global State and Memory Access 
Support

Header File Examples

porting/doubleword.h linux/javavm/include/doubleword_md.h 
linux-arm/javavm/include/doubleword_arch.h 
portlibs/gcc_32_bit/doubleword.h 
portlibs/ansi_c/doubleword.h

porting/endianness.h linux/javavm/include/endianness_md.h 
linux-
arm/javavm/include/endianness_arch.hlinux-
arm/javavm/include/endianness_arch.h

porting/float.h linux/javavm/include/float_md.h 
linux-x86/javavm/include/float_arch.hlinux-
arm/javavm/include/float_arch.h 
arm/javavm/runtime/arm_float_cpu.c 
portlibs/gcc_32_bit/float.h 
portlibs/ansi_c/float.h

porting/int.h linux/javavm/include/int_md.h 
linux-arm/javavm/include/int_arch.h 
portlibs/ansi_c/int.h

porting/globals.h linux/javavm/include/globals_md.h 
linux/javavm/runtime/globals_md.c

porting/memory.h linux/javavm/include/memory_md.h 
linux-arm/javavm/include/memory_arch.h 
arm/javavm/runtime/atomic_arm.S 
arm/javavm/runtime/memory_asm_cpu.S1

1 memory_asm_cpu.S contains ARM-specific optimizations that are not necessary for general-purpose porting. 
These APIs can be deactivated by removing the related macros in memory_arch.h.
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Create target-specific implementation source files for the interfaces shown in 
TABLE 3-8.

3.2.4.1 CVMjniInvokeNative

The most important part of this stage is the implementation of the 
CVMjniInvokeNative() routine which translates Java method calling conventions 
into the platform language (usually C) calling conventions used by native methods. 
The Java VM passes all the arguments in the Java stack and expects the results to be 
placed there as well.

For performance and stack safety reasons the implementation of 
CVMjniInvokeNative() should be written in assembly language. The comments 
in src/share/javavn/include/porting/jni.h and 
arm/javavm/runtime/invokeNative_arm.S describe the interface and 
implementation of CVMjniInvokeNative(). Contact Java Partner Engineering 
(http://www.sun.com/software/jpe) to get versions of 
CVMjniInvokeNative() for alternate processors.

3.2.5 Thread Support
If the target system has a POSIX thread library, then porting the thread support 
portion of the HPI is straightforward. In fact, 
src/portlibs/posix/posix_threads_md.c contains such an implementation. 
The alternatives are to find and port a POSIX thread library to the native platform or 
to port the thread interface directly to the native interface.

The porting/defs.h header file describes the CVM_HAVE_PROCESS_MODEL option 
that indicates that the target platform provides a process model. This allows the VM 
to avoid waiting for daemon threads to exit before shutting down.

Multi-processor systems are not supported by the CDC HotSpot Implementation 
Java virtual machine unless all CDC threads can be isolated to the same processor.

TABLE 3-8 Implementation Source Files for JNI Support

Header File Linux/ARM/Zaurus Example

porting/jni.h portlibs/gcc_32_bit/jni.h 
linux/javavm/include/jni_md.h 
arm/javavm/runtime/ 
  invokeNative_arm.S

porting/linker.h portlibs/dlfcn/linker_md.c

share/native/common/jni_statics.h linux/native/common/statics_md.h
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Create target-specific implementation source files for the interfaces shown in 
TABLE 3-9.

3.2.6 Synchronization Support
The speed of object synchronization greatly affects overall runtime performance. The 
default locking mechanism will work without porting effort, but is slow. Choosing 
between the other alternatives will require experimentation with the target platform. 
This is by far the most complex part of an HPI port to understand, though 
implementation is made easier by the options described in Chapter 4.

The porting/sync.h header file describes other advanced options:

■ CVM_ADV_SCHEDLOCK requires implementations of the CVMschedLock() and 
CVMschedUnlock() functions.

■ CVM_ADV_MUTEX_SET_OWNER requires the implementation of 
CVMmutexSetOwner().

■ CVM_ADV_THREAD_BOOST enables thread priority boosting. This option requires 
implementations of the CVMthreadBoostInit(), CVMthreadAddBooster(), 
CVMthreadBoostAndWait() and CVMthreadCancelBoost() functions.

Create target-specific implementation source files for the interfaces shown in 
TABLE 3-10.

TABLE 3-9 Implementation Source Files for Thread Support

Header File Linux/ARM/Zaurus Example

porting/threads.h portlibs/posix/threads.h 
portlibs/posix/posix_threads_md.c 
linux/javavm/include/threads_md.h 
linux/javavm/runtime/threads_md.c 
linux-arm/javavm/include/threads_arch.h

TABLE 3-10 Implementation Source Files for Synchronization Support

Header File Linux/ARM/Zaurus Example

porting/sync.h linux/javavm/include/sync_md.h 
linux/javavm/runtime/sync_md.clinux-
arm/javavm/runtime/sync_arch.c 
linux-arm/javavm/include/sync_arch.h 
linux-arm/javavm/runtime/sync_arch.c 
arm/javavm/runtime/atomic_arm.S

portlibs/posix/sync.h 
portlibs/posix/posix_sync_md.c
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3.2.7 I/O and System Support
The next stage is to add I/O and system support. If the target system has a POSIX-
like I/O toolkit, then this stage is straightforward.

Create target-specific implementation source files for the interfaces shown in 
TABLE 3-11.

3.2.8 Networking Support
The last stage is to implement socket-based network support. Again, using a POSIX 
library will simplify this task.

Create target-specific implementation source files for the interfaces shown in 
TABLE 3-12.

TABLE 3-11 Implementation Source Files for I/O Support

Header File Linux/ARM/Zaurus Example

porting/io.h linux/javavm/include/io_md.h 
linux/javavm/runtime/io_md.c 
portlibs/posix/io.h 
portlibs/posix/posix_io_md.c

porting/path.h linux/javavm/include/path_md.h 
portlibs/realpath/canonicalize_md.c

porting/java_props.h linux/javavm/runtime/java_props_md.c 
linux/javavm/runtime/locale_str.h

porting/system.h linux/javavm/runtime/system_md.c

porting/time.h linux/javavm/include/time_md.h 
linux/javavm/runtime/time_md.c 
portlibs/posix/posix_time_md.c

porting/timezone.h linux/javavm/runtime/timezone_md.c

TABLE 3-12 Implementation Source Files for Networking Support

Header File Linux/ARM/Zaurus Example

porting/net.h linux/javavm/include/net_md.h 
linux/javavm/runtime/net_md.c
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3.3 CDC Class Library Support Layer
The CDC class library support layer represents the portability interface for the CDC 
Java class library. This portability layer is divided into a small amount of C source 
code and a few low-level Java classes that interact with system-level services like a 
socket-based network stack, a file system and a native process model.

Implementing the macros, data structures and functions of this layer is based on 
providing native method implementations for certain system level classes in the 
CDC Java class library. The platform-level portion of the JNI mechanism is provided 
the HPI functions described in Section 3.2.4, “JNI Support” on page 3-9. For most 
UNIX-like platforms, the Linux-based platform-level Java classes should require 
little, if any, modification.

This chapter shows how to implement the system-level native methods for a new 
target system. It is divided into the following sections.

■ Section 3.3.1, “Source Code Organization” on page 3-13” describes the HPI header 
files and the sample implementations.

■ Section 3.3.2, “Creating a CDC Class Library Support Layer Implementation” on 
page 3-15” describes the basic workflow for porting the class library support 
layer.

3.3.1 Source Code Organization
The source code organization for the class library support layer is based on a 
combination of the Java class library and the platform-specific source code for the 
CDC reference implementations. For example, the CDC reference implementations 
keep operating system specific source code in src/OS. And the source code for the 
java.net package is usually kept in a hierarchy with a java/net directory 
structure. So for the Linux/ARM/Zaurus implementation, the native method 
implementations for the java.net package are kept in 
src/linux/native/java/net.

Profile-based Java and JNI source code can be found in src/*/profile.
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TABLE 3-13 describes the native method implementations for the CDC class library 
support layer in src/linux/native/java. There are three packages that require 
native method support: java.io, java.lang and java.net.

The src/share/native directory contains several portable native method 
implementations that do not require modification.

TABLE 3-14 describes platform-level Java classes in the linux/classes directory.

TABLE 3-13 JNI Native Method Source Code in src/linux/native/java

Source Files Description

io/FileSystem_md.c 
io/UnixFileSystem_md.c

The platform file system classes in java.io are 
based on common POSIX-based file system 
semantics. The native methods in 
src/linux/native/java/io are POSIX-
based. Other file system types are possible. See 
src/share/classes/java/io/FileSyste
m.java.

lang/Runtime_md.c 
lang/UNIXProcess_md.c

java.lang.Process provide access to 
platform-level processes. These should be very 
similar for most UNIX-like platforms.

net/InetAddressImpl_md.c 
net/PlainDatagramSocketImpl_md.c 
net/PlainSocketImpl_md.c 
net/SocketInputStream_md.c 
net/SocketOutputStream_md.c 
net/net_util_md.c 
net/net_util_md.h

java.net is based on Berkeley sockets available 
on most UNIX-like platforms. The native 
methods in src/linux/native/java/net 
are based on the socket interface. See 
TABLE P-2 for a reference document for the 
Berkeley Socket interface.

TABLE 3-14 Platform-Level Java Classes in linux/classes

Source Files Description

java/io/UnixFileSystem.java UNIX file system support.

java/lang/Terminator.java 
java/lang/UNIXProcess.java

UNIX process support.

sun/net/www/protocol/file/ 
  Handler.java

file protocol handler.

sun/net/www/protocol/jar/ 
  JarFileFactory.java

Retrieving and caching jar archives.
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3.3.2 Creating a CDC Class Library Support Layer 
Implementation
Porting the CDC class library support layer is very straightforward if the target 
system provides the baseline platform requirements:

■ POSIX I/O toolkit
■ ANSI standard C library
■ Berkeley sockets

As with the HPI layer, there are several existing ports that can be used as a starting 
place for porting. For example, the Darwin and Solaris ports provide good examples 
for most BSD-flavored UNIX implementations. See TABLE 3-5 and TABLE 3-6 for a list 
of CPU and operating system ports available from Java Partner Engineering.

Porting the CDC class library support layer to platforms that don’t provide these 
resources requires much more effort. The best way to approach that task is to 
understand these interfaces and to either find and port compatibility libraries or 
write native method implementations that map platform-level services into the more 
standard functionality required by the CDC class library support layer. Java Partner 
Engineering can help with these non-standard ports by providing example code and 
consulting services.

3.4 Simple Test Procedure
At this point the CDC Java runtime environment should be testable with following 
basic procedure. The companion documents CDC Runtime Guide and CDC Build 
System Guide have more information about how to exercise the CDC Java runtime 
environment.

1. Build the CDC Java runtime environment.

% make CVM_JIT=false

2. Test the CDC Java runtime environment.

% bin/cvm -cp testclasses.zip HelloWorld

This will provide a basic test for I/O support.
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CHAPTER 4

Fast Locking

Fast locking is a speed optimization technique for reducing the time needed to do 
object synchronization. Because the vast majority of locking is uncontended, this 
optimization is achieved by introducing the use of a lightweight lock in the absence 
of contention for a lock between threads. A lightweight lock is a data structure that 
records the fact that an object was locked instead of actually binding a monitor to 
the object and locking the monitor.

If no contention occurs, locking and unlocking of an object is achieved by simply 
marking the object's lightweight lock data structure accordingly. If contention 
occurs, the object will then be inflated by binding a monitor to the object. This is 
done by the contending thread, and ownership is assigned to the owner thread. 
After inflation, locking and unlocking of the object is done by actually locking and 
unlocking the monitor which is now bound to the object. A monitor object tends to 
be heavyweight because it normally involves system calls.

At some point in time, for example during garbage collection, an unlocked object 
monitor may be deflated. That means if the object is not locked at that time, its 
monitor may unbind from that object. After deflation, locking and unlocking of the 
object will be go through the lightweight lock mechanism again until contention 
occurs. Because locking an object through the lightweight lock mechanism generally 
takes less time and resources than the heavyweight, inflated mechanism, this scheme 
results in faster object synchronization.

4.1 Fast Lock Implementations
Each object has a header which contains a word of bits indicating the current state of 
the object from a locking perspective. The possible states are:

■ Locked. The locked state indicates that the object is locked with a lightweight lock 
and is associated with a lock record data structure which contains further 
information about the state of the object.
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■ Inflated into a heavyweight monitor. The inflated state indicates that the object has 
been inflated and is bound to a monitor as well as a lock record data structure. 
Both the monitor and lock record contain information about the object’s state.

■ Unlocked. The unlocked state indicates that the object is unlocked and is not 
associated with any lightweight lock nor heavyweight monitor. The state of the 
object is contained entirely in the object header itself.

The object header word bits, the lock record and any bound monitor must be 
manipulated under atomic conditions.

The CDC HotSpot Implementation Java virtual machine provides several options to 
implement this atomicity, as expressed in the possible values for the 
CVM_FASTLOCK_TYPE option described in TABLE 4-1. These options are usually set in 
the platform sync_arch.h header file because the OS and CPU both play a role in 
determining the proper CVM_FASTLOCK_TYPE. For example, in the Linux/ARM 
example, this is in linux-arm/javavm/include/sync_arch.h.
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TABLE 4-1 CVM_FASTLOCK_TYPE Values

Option Description

CVM_FASTLOCK_NONE The fast locking technique of object synchronization will not be used. Every 
time an object is to be locked, the object will be inflated and bound to a 
monitor. Locking and unlocking will always be done through the monitor.
If CVM_FASTLOCK_TYPE is set to CVM_FASTLOCK_NONE, the platform does 
not need to define CVM_ADV_MUTEX_SET_OWNER.
This is the easiest fast locking technique to port, but it is also the slowest.

CVM_FASTLOCK_ATOMICOPS The atomicity is achieved using atomic compare-and-swap and atomic swap 
operations. The platform must define the CVM_ADV_ATOMIC_CMPANDSWAP 
and CVM_ADV_ATOMIC_SWAP options and provide implementations for:
  CVMUint32 CVMatomicCompareAndSwap(volatile 
    CVMUint32 *addr , CVMUint32 new, CVMUint32 old);
  CVMUint32 CVMatomicSwap(volatile CVMUint32 *addr,
    CVMUint32 new);

The platform must also define the CVM_ADV_MUTEX_SET_OWNER option and 
provide an implementation for:
  void CVMmutexSetOwner(CVMThreadID *self,
    CVMMutex* m , CVMThreadID *ti);

CVM_FASTLOCK_MICROLOCK The atomicity is achieved using microlocks which are essentially non-
reentrant mutexes that are used to protect a critical region of code. The values 
of the CVM_MICROLOCK_TYPE option indicate the available microlock 
implementations:
• CVM_MICROLOCK_DEFAULT - The microlocks will be implemented using the 

platform's implementation of CVMMutex.
Alternatively, the platform could choose to define the 
CVM_HAVE_PLATFORM_SPECIFIC_MICROLOCK option. If so, the platform will 
have to provide implementations for all the CVMMicroLock APIs.
• CVM_MICROLOCK_SCHEDLOCK - The microlocks will be implemented using 

a lockout of the platform's thread scheduler. As such, the platform must 
define the CVM_ADV_SCHEDLOCK option and provide implementations for:

  void CVMschedLock(void);
  void CVMschedUnlock(void);

The platform must also define CVM_ADV_MUTEX_SET_OWNER option and 
provide an implementation for:
  void CVMmutexSetOwner(CVMThreadID *self,
    CVMMutex* m , CVMThreadID *ti);
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4.2 Choosing a Fast Lock Implementation
Deciding which fast lock implementation to use depends on the availability of 
certain platform-level APIs and the target processor’s atomic instructions.

It’s easiest to start by setting CVM_FASTLOCK_TYPE to CVM_FASTLOCK_NONE. This 
option allows the CDC HotSpot Implementation Java virtual machine to be ported 
with the minimal amount of effort spent on object synchronization issues. The 
platform must still provide implementations for the CVMMutex APIs. However, the 
implementation of CVMmutexSetOwner will not be necessary. Keep in mind that 
this implementation is probably the slowest and most resource intensive of all the 
fast locking implementations.

If the platform can provide an implementation of CVMmutexSetOwner, the next 
easiest combination is:

#define CVM_FASTLOCK_TYPE CVM_FASTLOCK_MICROLOCK 
#define CVM_MICROLOCK_TYPE CVM_MICROLOCK_DEFAULT 
#undef CVM_HAVE_PLATFORM_SPECIFIC_MICROLOCK

This combination of options allows the CDC HotSpot Implementation Java virtual 
machine to use the fast locking technique without the additional burden of having 
the platform provide the implementation of CVMmutexSetOwner.

Next, consider which implementation provides the fastest implementation. This can 
only be determined by trying each implementation on the platform. The reason there 
is no steadfast rule as to which implementation is faster is because the speed 
performance of the implementation depends on the platform’s implementation of 
the underlying supporting APIs as indicated in Section 4.1, “Fast Lock 
Implementations” on page 4-1.

Generally, setting CVM_FASTLOCK_TYPE to CVM_FASTLOCK_ATOMICOPS provides 
the fastest implementation. However, this is dependent on the platform being able to 
provide implementations for CVMatomicCompareAndSwap and CVMatomicSwap.

If these atomic operations are not available on the platform, the next fastest 
implementation may be CVM_FASTLOCK_MICROLOCK. However, the default 
implementation of microlocks in the CDC HotSpot Implementation Java virtual 
machine uses CVMMutex. Doing this may make CVM_FASTLOCK_MICROLOCK slower 
than CVM_FASTLOCK_NONE on some platforms.

If the platform can provide some fast alternate mechanism of achieving mutual 
exclusion, then it is possible to redefine the implementation of the VM’s microlocks 
to use this fast mechanism. The CVM_MICROLOCK_SCHEDLOCK option is provided as 
a way to implement microlocks if the platform has the mechanism for disabling the 
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platform scheduler from doing any context switches. Alternatively, the platform can 
define CVM_HAVE_PLATFORM_SPECIFIC_MICROLOCK and provide its own 
implementation of the CVMMicroLock APIs.

4.3 Implementations
TABLE 4-2 summarizes the CVM_FASTLOCK_TYPE and CVM_MICROLOCK_TYPE 
choices for the RIOI ports currently available through Java Partner Engineering..

The following notes describe how these choices were made. This should provide 
help with choosing appropriate values for CVM_FASTLOCK_TYPE and 
CVM_MICROLOCK_TYPE for a target platform.

Normally if CVM_MICROLOCK_DEFAULT is specified, a mutex-based microlock 
implementation is provided. However, this can be very slow if microlocks are being 
used as the fastlock type (CVM_FASTLOCK_MICROLOCK). In this case the platform 
normally will #define CVM_HAVE_PLATFORM_SPECIFIC_MICROLOCK and 
provide its own microlock implementation in the form of a spinlock. However, 
spinlock-based microlocks are only safe if threads don’t strictly enforce priorities. 
This is why they cannot be used for WinCE.

TABLE 4-2 Fast Lock Implementations

Port CVM_FASTLOCK_TYPE CVM_MICROLOCK_TYPE

Linux/ARM MICROLOCK DEFAULT(spinlock)

Linux/MIPS ATOMICOPS DEFAULT(mutex)

Linux/PowerPC ATOMICOPS DEFAULT(mutex)

Linux/SparcV8 MICROLOCK DEFAULT(spinlock)

Linux/SparcV9 ATOMICOPS DEFAULT(mutex)

Linux/x86 ATOMICOPS DEFAULT(mutex)

WinCE/ARM ATOMICOPS DEFAULT(mutex)

WinCE/MIPS ATOMICOPS DEFAULT(mutex)

Win32/X86 ATOMICOPS DEFAULT(mutex)

Solaris/SparcV8 MICROLOCK DEFAULT(spinlock)

Solaris/SparcV9 ATOMICOPS DEFAULT(mutex)

Darwin/PowerPC ATOMICOPS DEFAULT(mutex)
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All the platforms above except for WinCE could have chosen to use a spinlock-based 
microlocks rather than the default mutex-based microlocks. However, the benefit of 
doing so is insignificant if CVM_FASTLOCK_MICROLOCK is not being used, since 
microlocks are rarely used in this case.

Note that even if CVM_FASTLOCK_TYPE is not CVM_FASTLOCK_MICROLOCK, 
microlocks will still used by the shared code for purposes other than object 
synchronization. Since these represent a small portion of actual usage, it does not 
affect overall performance.

Setting CVM_FASTLOCK_TYPE can be summarized as follows: If a CAS instruction is 
available, use CVM_FASTLOCK_ATOMICOPS. Otherwise use 
CVM_FASTLOCK_MICROLOCK. Note that SPARC v8 (also known as microSparc) does 
not have a CAS instruction but SPARC v9 does. This is why the SPARC v8 uses 
CVM_FASTLOCK_MICROLOCK and SPARC v9 uses CVM_FASTLOCK_ATOMICOPS.

Setting CVM_MICROLOCK_TYPE can be summarized as follows: If a reasonably fast 
thread schedlock is available, use CVM_MICROLOCK_SCHEDLOCK. Otherwise use 
CVM_MICROLOCK_DEFAULT. If CVM_MICROLOCK_DEFAULT is used, then if 
CVM_FASTLOCK_MICROLOCK is also used, #define 
CVM_HAVE_PLATFORM_SPECIFIC_MICROLOCK and provide a spinlock 
implementation, assuming the OS thread scheduling allows for this (no strict thread 
priorities).

WinCE/ARM is an exception for the normal approach used to determine the proper 
locking types. At first is appears that it should use CVM_FASTLOCK_MICROLOCK 
since ARM does not have a CAS instruction. However, since a spinlock microlock 
implementation cannot be used on WinCE (because of strict thread priorities), the 
fastlock implementation would be done via a muxtex-based microlock, which would 
be slow. WinCE does provide a CAS OS call. Although rather slow compared to an 
actual CAS instruction, it is better than the alternative of using 
CVM_FASTLOCK_MICROLOCK with a mutex based microlock implementation.
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PART III Dynamic Compiler Layer

This part describes the porting interfaces for the dynamic compiler.
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CHAPTER 5

Dynamic Compiler

The CDC HotSpot Implementation Java virtual machine includes a dynamic 
compiler that can be easily ported to different target RISC CPUs. This chapter 
describes the dynamic compiler’s portability interface and shows how a port is 
structured.

This chapter cover the following topics:

■ Dynamic Compiler Overview
■ Dynamic Compiler Header File Hierarchy

It may be helpful to become familiar with the compiler policy command-line options 
described in the companion document CDC Runtime Guide.

5.1 Dynamic Compiler Overview
This section provides a short description of the dynamic compiler’s structure and 
operation. The purpose of this overview is to introduce terms and provide context 
for the porting effort, not to provide a theory of operations for the dynamic compiler 
itself. It is important to note that only a small well-defined portion of the dynamic 
compiler requires attention during the porting process. Most of the implementation 
is in shared source code that does not require review or modification during the 
porting process. On the other hand, a sophisticated knowledge of the target CPU 
architecture is necessary.
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TABLE 5-1 describes the modules of the dynamic compiler.

TABLE 5-1 Dynamic Compiler Modules

Module Implementation Description

Compilation 
policy

shared A mechanism for choosing what and how to compile. The 
dynamic compiler provides command-line options for 
expressing a compilation policy at runtime. See the 
companion document CDC Runtime Guide for a 
description of these command-line options.

Front-end (IR 
generator)

shared Once a method has been selected for compiling, the front-
end translates its bytecodes into an intermediate 
representation (IR) which represents expressions with a 
directed acyclical graph (DAG) data structure that 
simplifies optimization and code generation. 
Semantically, the IR is at a slightly lower level than 
bytecodes and uses an idealized RISC instruction set that 
allows for some parameterization. So during the first pass 
many code optimizations are performed by shared code, 
the most important being inlining.

JavaCodeSelect shared JavaCodeSelect is a parser generator similar to 
YACC. Where YACC is a general-purpose parser 
generator based on pattern matching within streams, 
JavaCodeSelect produces a parse that performs 
pattern matching within tree-based data structures. 
JavaCodeSelect runs at build-time and generates a 
pattern matching parser for the back-end code generator.

Back-end code 
generator

some porting The back-end code generator translates the method’s 
optimized IR representation into a native instructions for 
storage in the code buffer and eventual execution on the 
target CPU. Most of the porting effort for the back-end is 
in the implementation of emitter functions that generate 
native bit encodings for each IR node.

The back-end also contains a code generation engine built 
with JavaCodeSelect. After the initial IR translation, 
this code generation engine translates the IR 
representation into calls to the emitters. Most of the 
JavaCodeSelect grammar rules are written in shared 
code and do not require porting. A more advanced port 
could override some of these rules.1

Compiled code 
manager (CCM)

some porting The CCM provides pre-optimized static code routines for 
representing complex bytecode fragments that are difficult 
to compile dynamically. These are sometimes called 
helper functions. All of the helper functions have shared 
C implementations that can be replaced with optimized 
assembly code.
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As shown in TABLE 5-1, most of the porting effort is condensed into some 
initialization functions, and groups of well-defined emitter and helper functions.

There are basically three layers to the dynamic compiler implementation:

■ Most of the shared code in src/share is target-independent.
■ The code in src/portlibs/risc is a RISC porting library that abstracts the 

common features of RISC architectures.
■ The code in src/<CPU> and src/<OS>-<CPU> contain target-specific code.

Register manager some porting The register manager controls resource objects that can be 
used to store expression results and other semantic actions 
by the optimizer or back-end. These resource objects may 
be either a physical register or a spill area in the Java 
stack frame. The porting effort for the register manager is 
based on the CPU abstraction interface that identifies 
which register sets that the register manager can and 
cannot use.

Stack manager shared The stack manager is in charge of compile-time 
management of the Java expression stack and parameter 
stack. It keeps track of the expressions currently on the 
stack, which among other things, are used to compute 
stackmaps for GC safe-points.

Glue code some porting Target specific code (in assembler) that expedites calling 
from dynamically compiled code to CDC-HI runtime 
support routines such as CCM helper functions.

Code cache 
management

shared Once a method has been compiled, it is stored in the code 
cache so that the interpreter or other compiled methods 
can access it.

1 Overriding the default JavaCodeSelect grammar rules is not currently supported in this porting guide.

TABLE 5-1 Dynamic Compiler Modules

Module Implementation Description
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5.2 Dynamic Compiler Header File 
Hierarchy
The directory share/javavm/include/porting/jit contains the top-level 
header files that describes the macros, data structures and functions required by a 
port. These header files are described in TABLE 5-2.

TABLE 5-2 Dynamic Compiler Header File Hierarchy

Header File Description

share/javavm/include/porting/jit/

  jit.h

Top-level porting layer for the dynamic 
compiler. This header file describes macros 
that specify target-specific capabilities, 
data structures and support functions 
provided by the target implementation. 
Implementations for most of these support 
functions are available in the RISC porting 
library in src/portlibs/jit/risc.

portlibs/jit/risc/include/porting/

  jitrisc.h

The CPU abstraction interface defines the 
characteristics of the CPU.

portlibs/jit/risc/include/porting/

  jitriscemitter.h

Emitter porting layer.

share/javavm/include/porting/jit/

  ccm.h

portlibs/jit/risc/include/porting/

  ccmrisc.h

Helper porting layer.
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5.2.1 portlibs/jit/risc RISC Porting Library
The portlibs/jit/risc directory contains a RISC porting library that is the basis 
of CDC-HI’s shared RISC porting strategy.

5.3 Creating a Dynamic Compiler 
Implementation
In this section we outline the steps necessary for creating a dynamic compiler 
implementation. As with the HPI, other ports are available from Java Partner 
Engineering that can be used as examples. The best approach is to choose a CPU 
from the list in TABLE 3-5 with similar features to the target CPU. Then use the 

TABLE 5-3 portlibs/jit/risc RISC Porting Library

File/Directory Description

ccmintrinsics_risc.c Intrinsics for a few methods in java.lang.

jit_risc.c Back-end.

jitemitter.c This file implements all of the conditional emitters, and is 
meant for platforms that don’t support conditional 
instructions other than branches.

jitopcodes.c

jitopcodes.h

Shorthand names for the opcode values used by the back-end.

jitregman.c Register manager.

jitstackman.c

jitstackman.h

Stack manager.

jitgrammar.h Data structures for the codegen-time expression/semantic 
stack.

jitfloatgrammarrules.jcs

jitgrammardefs.jcs

jitgrammarincludes.jcs

jitgrammarrules.jcs

JavaCodeSelect input files that contain the default shared 
grammar rules.

include/export Public interface to be used by CPU-specific code emitters.

include/porting Portability interfaces to be implemented by CPU-specific 
ports.
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techniques found in that port as an example for the target port. This will help with 
the initial stages of porting, but nothing can replace the research/testing/tuning 
cycle necessary to exploit the best features of the target CPU.

5.3.1 Suggested Work Flow
1. Get the initial port working.

a. Collect architectural characteristics. This includes defining macros for the CPU 
abstraction interface that identify available registers, maximum load/store offsets 
and whether the target CPU has conditional ALU instructions.

b. Implement some glue code. Many glue functions are short pieces of assembly 
code that bind compiled code to C helper functions.

c. Implement the invoker functions. The four invoker functions described in 
share/javavm/include/porting/jit/ccm.h are critical to system 
performance. These are usually written in assembly language.

d. Implement the emitter functions. Because the emitter and helper functions are 
well defined they can be isolated for straightforward optimization and testing.

These steps should require about 4500 lines of code: a small amount for the CPU 
abstraction interface, about 1500 lines for the glue code and about 3000 lines for the 
emitter functions.

2. Tune the implementation by supplying optimized helper function 
implementations. Software floating point support is also implemented through a 
separate group of helper functions.
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5.3.2 CPU Abstraction Interface
The first stage is to write some macros described in 
portlibs/jit/risc/include/porting/jitrisc.h that define the 
characteristics of the target CPU.

portlibs/jit/risc/include/porting/jitrisc.h defines the CPU 
abstraction interface, including macros that describe available registers and control 
facilities like condition code settings and the availability of conditional instruction 
execution.

The CPU abstraction interface identifies which registers to use, allocate and avoid. 
The following list describes many of the macros in 
portlibs/jit/risc/include/porting/jitrisc.h.

■ CVMCPU_SP_REG: register number of the C stack pointer.
■ CVMCPU_JSP_REG and CVMCPU_JFP_REG: dedicated Java stack pointer and Java 

frame pointer registers. They must be in the set that are safe (non-volatile) across 
C calls.

■ CVMCPU_PROLOGUE_PREVFRAME_REG and CVMCPU_PROLOGUE_NEWJFP_REG: 
registers to be used in the prolog. These are used when calling some helpers in a 
compiled method’s prolog. They must be in the set that is safe across C calls. But 
they are only used during the prolog so will also be available for use by the 
compiled code.

■ CVMCPU_FIRST_PHI_SPILL_REG and CVMCPU_MAX_PHI_SPILLS_IN_REGS: 
registers to be used for holding computed values between blocks. These are 
usually at the low end of the range of non-volatile registers.

■ CVMCPU_ARG1_REG, ... CVMCPU_ARG4_REG, CVMCPU_RESULT1_REG and 
CVMCPU_RESULT2_REG: the C argument and return value registers. These are 
volatile across C calls.

■ Optional.
■ CVMCPU_CHUNKEND_REG: Java stack chunk end pointer
■ CVMCPU_CVMGLOBALS_REG: system globals pointer
■ CVMCPU_CP_REG: constant pool pointer

TABLE 5-4 CPU Abstraction Interface

Source File Description

portlibs/jit/risc/include/porting/

  jitrisc.h

CPU abstraction interface.

arm/javavm/include/jit/

  jitrisc_cpu.h

arm/javavm/include/jit/

  jitasmconstants_cpu.h

linux-arm/javavm/include/jit/

  jitasmmacros_cpu.h

ARM implementation.
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■ CVMCPU_EE_REG: ee pointer
■ CVMCPU_ZERO_REG: zero register

■ Register manager configuration. (Required.)

Note: these guidelines are for general purpose registers. There are corresponding 
macros for floating point registers.

■ There should be no more than 32 general purpose registers numbered 
0...(n-1), because the bitset for them must be represented with a 
CVMUint32.

■ CVMCPU_ALL_SET: the bitset of all registers.
■ CVMCPU_BUSY_SET: the bitset of all registers that the register manager should 

not allocate, and which it doesn’t already know about. (It already knows about 
any registers named in any of the above definitions, including C stack pointer, 
Java frame pointer, Java stack pointer and any optional dedicated registers). 
For example, registers reserved for use by the OS are included in 
CVMCPU_BUSY_SET.

■ CVMCPU_NON_VOLATILE_SET: the bitset of all registers safe across a C 
function call.

■ CVMCPU_VOLATILE_SET: the bitset of all registers unsafe across a C function 
call.

■ CVMCPU_AVOID_SET: the register set that can be used, but only as a last resort. 
Generally this will include the argument registers plus some or all of the phi 
registers.

■ CVMCPU_MIN_INTERESTING_REG and CVMCPU_MAX_INTERESTING_REG: the 
lower and upper bounds on register numbers that the register manager should 
consider for allocation. This is used by the register manager’s search 
optimization so that the register manager does not have to iterate over 
registers that can never be used.

■ Optional CPU features.
■ CVMCPU_HAS_CONDITIONAL_ALU_INSTRUCTIONS, 

CVMCPU_HAS_CONDITIONAL_LOADSTORE_INSTRUCTIONS and 
CVMCPU_HAS_CONDITIONAL_CALL_INSTRUCTIONS indicate conditional 
instruction support.

■ CVMCPU_HAS_ALU_SETCC indicates that ALU instructions can set condition 
codes.

■ CVMCPU_HAS_IMUL_IMMEDIATE indicates that the platform has an integer mul 
by immediate instruction.

■ CVMCPU_HAS_POSTINCREMENT_STORE indicates that the platform has a 
postincrement addressing mode for stores.

■ CVMCPU_MAX_LOADSTORE_OFFSET shows the maximum offset (+/-) for a 
load/store word instruction.

■ CVMCPU_RESERVED_CP_REG_INSTRUCTIONS shows the number of 
instructions reserved for setting up constant pool base register in the method’s 
prologue.
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■ CVMCPU_NUM_OF_INSTRUCTIONS_FOR_GC_PATCH gives the number of nop’s 
needed at GC check patch points, which is normally the case on processors 
with a delay slot after a branch-and-link instruction. Nop’s are alse needed if 
the call that is patched in cannot be done in one instruction.

5.3.3 Glue Code
The glue functions in share/javavm/include/porting/jit.h and 
portlibs/jit/risc/include/porting/ccmrisc.h are short routines that bind 
compiled code to C helper functions.

TABLE 5-5 Glue Code

Source File Description

share/javavm/include/porting/

  jit.h

Defines CVMJITgoNative and 
CVMJITexitNative glue functions.

portlibs/jit/risc/include/porting/

  ccmrisc.h

Defines glue functions for binding to 
compiled code to CCM C helper functions 
and for doing method invocations.

arm/javavm/runtime/jit/

  jit_cpu.S

Implementations of CVMJITgoNative 
and CVMJITexitNative glue functions.

arm/javavm/runtime/jit/

  ccmglue_cpu.S

Implementations of parts of ccmrisc.h.
Chapter 5 Dynamic Compiler  5-9



5.3.4 Miscellaneous Code
Some of the code for a port falls outside of neat categories.

5.3.4.1 Code Cache Copy

Dynamically compiled code makes many calls to various helper functions written in 
assembler. On most platforms these calls need to be made using a multiple 
instruction long call. This is because dynamically compiled code is in the malloc 
heap, and is normally too far away from code linked with the CDC-HI Java runtime 
binary to call it with a single instruction.

In order to locate the assembler functions closer to the dynamically compiled code 
so they can be called with a single instruction, the assembler functions can 
optionally be copied into the start of the code cache where the dynamically compiled 
code resides. This usually results in better performance.

The copying of the assembler functions is handled by shared code. It is enabled by 
#define CVM_JIT_COPY_CCMCODE_TO_CODECACHE. This will cause all code 
between the symbols CVMCCMcodeCacheCopyStart and 
CVMCCMcodeCacheCopyEnd to be copied. Normally ccmcodecachecopy_cpu.S is 
used to properly setup these two symbols.

A table of all functions that are copied must be setup in 
CVMJITinitCompilerBackEnd(), which is usually implemented in 
jitinit_cpu.c. The functions in the table must appear in the same order that they 
appear in memory.

TABLE 5-6 Miscellaneous Code

Source Files Description

arm/javavm/runtime/jit/

  ccmcodecachecopy_cpu.S

Convenience wrapper file for compiling 
together code for copying into the code 
cache and to guarantee the ordering of 
symbols.

arm/javavm/runtime/jit/

  jitinit_cpu.c

Initializing and destroying the back-
end.

linux-arm/javavm/runtime/jit/

  jit_arch.c

arm/javavm/runtime/jit/

  flushcache.S

Called by shared code. Also includes signal 
handler for handling trap-based 
NullPointerExceptions.

Cache flushing allows data written by 
the compiler to be reinterpreted as 
instructions. This may be implemented 
with a system call.
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Note that if you enable CVM_JIT_COPY_CCMCODE_TO_CODECACHE, debugger 
breakpoints set in the assembler code won’t function properly. If they are set after 
running CDC, then they will never be hit since the code cache copy of the functions 
are the ones actually used. If they are set before running CDC, then the trap 
instruction inserted by the debugger will get copied into the code cache copy. This 
will cause the breakpoint to be hit, but the debugger won’t know it’s a breakpoint 
and get will get confused.

5.3.4.2 Trap-based NullPointerExceptions

The implementations of many Java bytecodes, such as opc_invokevirtual, need 
to first check if an object reference is null, and throw a NullPointerException if 
it is. Dynamically compiled methods must also do the equivalent of a null pointer 
check. This leads to slower performance and increased generated code.

The CDC-HI dynamic compiler allows for a more lazy approach to check for null 
object references called trap-based NullPointerExceptions. It eliminates doing 
an explicit check for a null object reference, followed by a conditional branch to 
throw the exception. Instead the dereference of the null object reference is allowed to 
cause a crash. This results in a SIGSEGV on most platforms. A signal handler must 
be installed to catch this signal, confirm that it occurred in compiled code, and cause 
execution to resume in code that will throw a NullPointerException.

The Linux/ARM port implements the signal handler in jit_arch.c. The 
handleSegv() function catches the signal, changes the link register to the 
instruction after the crash occurred, and changes the pc to point to the 
CVMCCMruntimeThrowNullPointerExceptionGlue() routine. This exactly 
mimics the compiled code calling 
CVMCCMruntimeThrowNullPointerExceptionGlue() itself from the point of 
the crash, which is the desired behavior when using a null object references.

Implementing trap-based NullPointerExceptions is entirely optional. You can 
choose to implement it to increase performance. To disable it, make sure you don’t 
#define CVMJIT_TRAP_BASED_NULL_CHECKS. Once the port is working, you can 
choose to enable trap-based NullPointerExceptions and implement the signal 
handler for it.
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5.3.5 Intrinsics
java.lang contains a few methods that are implemented with intrinsics for the 
dynamic compiler.

Adding intrinsics is optional but the procedure is straightforward.

1. Create a configuration record for the intrinsic. See the example in 
arm/javavm/runtime/jit/ccmintrinsics_cpu.c. The record must be inside 
CVMJIT_INTRINSIC_CONFIG_BEGIN and CVMJIT_INTRINSIC_CONFIG_END 
markers. This record will include a pointer to the intrinsic glue implementation.

2. Override the CVMJITintrinsicsList intrinsic list in 
<CPU>/javavm/include/jit/jit_cpu.h.

TABLE 5-7 Intrinsics

Source Files Description

share/javavm/include/jit

  jitintrinsic.h

Intrinsic methods.

portlibs/jit/risc/

  ccmintrinsics_risc.c

Shared RISC implementation.

arm/javavm/runtime/jit/

  ccmintrinsics_cpu.c

arm/javavm/runtime/jit/

  ccmintrinsics_asm_cpu.S

ARM implementation.
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5.3.6 Invokers
The invoker functions handle the transitions between dynamically compiled 
methods and interpreted code. These functions are critical to performance and 
aggressive techniques are necessary, including reducing the number of memory 
accesses, hand scheduling the assembler code and taking into account properties of 
methods known at compile time.

5.3.7 Emitters
Each port requires a collection of emitters that map the IR instructions to the native 
encoding of the target CPU architecture. Sometimes they do more if more than one 
native instruction must be emitted. Writing the emitters requires detailed knowledge 

TABLE 5-8 Invokers

Source File Description

share/javavm/include/porting/jit/

  ccm.h

Shared code portability interface for 
invokers.

portlibs/jit/risc/include/porting/

  ccmrisc.h

RISC portability interface for invokers.

arm/javavm/runtime/jit/

  ccminvokers_cpu.S

Invoker implementation.
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of the target CPU architecture. This porting interface is well-defined but requires 
close attention to the target CPU’s capabilities. TABLE 5-9 shows the relevant source 
files for both the required interface and the ARM implementation.

Implementing the emitters will require a detailed understanding of the target CPU. 
The list below provides some guidelines for the required information.

■ Instruction set issues.
■ The emitters use the binary native encoding for the target CPU, not an 

assembly language.
■ Some ISAs include instructions that are supported by traps into the OS. This 

would affect performance.
■ Multiply-by-immediate.

■ Branch instructions.
■ Are delay slots required after branches?
■ Reach of branches and calls.
■ Which register(s) can be used in indirect branches?

■ Load/store addressing modes.
■ Post ++ store instruction.
■ Reach of offsets. (assume reg+offset).
■ Mechanism for loading and storing 64-bit quantities, even if it requires 

multiple instructions.
■ Because of the way the Java stack is organized, memory alignment beyond 

word alignment cannot be guaranteed.
■ Range of ALU instruction immediates.
■ Use of condition codes (if any).

■ Which instructions can set the condition codes.
■ Which instructions can be conditionally executed, depending on condition 

codes.

TABLE 5-9 Emitters

Source File Description

portlibs/jit/risc/include/porting/

  jitriscemitter.h

share/javavm/include/porting/jit/

  jit.h

Emitter portability interface.

arm/javavm/runtime/jit/

  jitemitter_cpu.c

arm/javavm/include/jit/

  jitriscemitter_cpu.h

arm/javavm/include/jit/

  jitriscemitterdefs_cpu.h

portlibs/jit/risc/

  jitemitter.c

Emitter implementation.
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■ If the processor lacks condition codes (e.g. MIPS) there must be a way to 
compare and branch (see programming idioms below).

After implementing the emitter functions, the dynamic compiler should be 
operational and ready for testing. The next stage is to implement helper functions.

5.3.8 Helpers
The back-end can optimize code at runtime or use pre-optimized static code 
modules called helpers that represent complex bytecode fragments that are difficult 
to compile dynamically. Because the shared code contains C implementations for 
every helper function, this work can be performed after first getting the port 
working. The goal here is to identify important helper functions and reimplement 
them, usually in assembly code.

Note: Most helpers require a small amount of assembler glue to bind compiled code 
to the C helper.

share/javavm/include/porting/jit/ccm.h includes a series of macros that 
indicate whether the helper function is provided by the platform implementation or 
uses the default shared C reference implementation. The the platform 
implementation can override the defaults with #defines in 
<CPU>/javavm/include/jit/ccm_cpu.h.

TABLE 5-10 Helpers

Source File Description

share/javavm/include/porting/jit/

  ccm.h

portlibs/jit/risc/include/porting/

  ccmrisc.h

Helper portability and glue interface.

share/javavm/include/

  ccm_runtime.h

share/javavm/runtime

  ccm_runtime.c

Shared C reference implementation.

arm/javavm/include/jit/

  ccm_cpu.h

arm/javavm/runtime/jit/

  ccmallocators_cpu.S

arm/javavm/runtime/jit/

  ccmmath_cpu.S

Helper implementation.
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The ARM implementation includes more optimizations than the other ports. The 
following arithmetic and allocator helpers represent a good place to start.

#define CVMCCM_HAVE_PLATFORM_SPECIFIC_IDIV

#define CVMCCM_HAVE_PLATFORM_SPECIFIC_IREM

#define CVMCCM_HAVE_PLATFORM_SPECIFIC_LMUL

#define CVMCCM_HAVE_PLATFORM_SPECIFIC_LNEG

#define CVMCCM_HAVE_PLATFORM_SPECIFIC_LSHL

#define CVMCCM_HAVE_PLATFORM_SPECIFIC_LSHR

#define CVMCCM_HAVE_PLATFORM_SPECIFIC_LUSHR

#define CVMCCM_HAVE_PLATFORM_SPECIFIC_LAND

#define CVMCCM_HAVE_PLATFORM_SPECIFIC_LOR

#define CVMCCM_HAVE_PLATFORM_SPECIFIC_LXOR

#define CVMCCM_HAVE_PLATFORM_SPECIFIC_NEW

#define CVMCCM_HAVE_PLATFORM_SPECIFIC_NEWARRAY

#define CVMCCM_HAVE_PLATFORM_SPECIFIC_ANEWARRAY

Note: you may choose to handle common cases with assembly language 
implementations and defer more complex cases for the C implementation. Object 
synchronization and object allocation helpers are usually implemented this way, 
providing high performance in the most common cases and ease of implementation 
in the more difficult cases.

5.3.9 Floating Point Support
The floating point helpers provide an opportunity to implement much faster 
functions than those provided with the C runtime. This is because Java floating-
point semantics are much simpler than full IEEE floating-point semantics because 
there are no modes or exceptions.
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CVM_JIT_USE_FP_HARDWARE causes the dynamic compiler to produce floating 
point instructions. Otherwise all floating point values are stored in general purpose 
registers and C helpers are called to perform most floating point operations. This is 
the softfloat model used by the ARM implementation. The C helpers can be 
overridden by assembly language helpers for better performance.

TABLE 5-11 Floating Point Support

Source File Description

share/javavm/include/porting/jit/

  ccm_runtime.h

Defines the helper porting interface.

share/javavm/runtime/

  ccm_runtime.c

Shared floating point helpers.

arm/javavm/runtime/jit/

  ccmmath_cpu.S

Assembly language floating point helpers.
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PART IV Garbage Collector Layer

This part describes the how to create a pluggable garbage collector.

This part contains the chapters:

■ Creating a Garbage Collector
■ Direct Memory Interface Reference
■ Indirect Memory Interface Reference
■ How to be GC-Safe

Note – The garbage collection APIs are optional because the built-in garbage 
collection algorithms are highly optimized and known to work across a wide range 
of applications. These APIs are made available for product-specific needs and are 
not required for general porting.





CHAPTER 6

Creating a Garbage Collector

This chapter describes how to create a garbage collector for the CDC HotSpot 
Implementation Java virtual machine. Creating a garbage collector is an optional 
part of porting the CDC HotSpot Implementation Java virtual machine to a new 
target system because the default generational garbage collector performs well 
under most circumstances.

Note – This chapter assumes basic knowledge of conventional garbage collection 
(GC) algorithms, such as mark-and-sweep and copying collection, as well as related 
GC concepts, such as read and write barriers.

The chapter covers the following topics:

■ Introduction 
■ Exactness
■ Pluggable GC
■ Writing a New GC

6.1 Introduction
The CDC HotSpot Implementation Java virtual machine’s memory system possesses 
the following features:

■ Exactness: ensures that the GC knows about all pointers at GC time; there is no 
need for conservative scans of the heap.

■ Pluggable GC: allows a GC author to write a new GC without changing the VM 
source.

CDC HI has a generational garbage collector as its default, resulting in much 
reduced average GC pause times and much reduced total time spent on GC. CDC HI 
incorporates an implementation of generational GC as its default GC. Generational 
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