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Abstract
As computers attempt to work with larger and more com-
plex datasets, the need for 64-bit computing is becoming
more acute. Many applications, such as video editing and
large scale databases, are reaching the limits of addressable
memory in 32-bit computers. These new 64-bit architectures
are dependent on compilers to produce equivalent or better
code. Here we look at the issues in porting the Jikes RVM to
the AMD64 architecture, the apparent 64-bit successor to the
32-bit x86 architecture. We explore various design decisions
made in porting to AMD64 and provide recommendations
for those who wish to port Jikes RVM to subsequent archi-
tectures.

One of the primary challenges in increasing processor
word size is the corresponding increase in code size and
memory usage due to the larger pointers and data. Tech-
niques to save memory space in the JVM are hampered
by the JVM spec, which favors 32-bit implementations. By
bending the JVM spec, we have implemented a memory sav-
ing optimization to the AMD64 port Jikes RVM. We have
also reduced memory space by using equivalent 32-bit in-
structions when possible. These two memory optimizations
have saved as much as 7% on the SpecJvm98 and Java
Grande benchmarks.

Keywords Porting, Code Size, Stack Size, Compilers, 64-
bit, AMD64, x86-64, JVM

1. Introduction
64-bit computing is becoming increasingly prevalent. A
number of application domains have been driving the push
for 64-bit computing. For example, large databases and
video editing applications require large address spaces, so
that more data can be stored in memory, thereby improv-
ing performance. A 32-bit architectures can only address
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4 gigabytes of memory directly. Any application needing
more than 4G of addressable space must rely on operat-
ing system hacks or other tricks to achieve their goal. Data
warehousing applications require large data movements to
improve throughput. A 64-bit architecture allows for fewer
data movement operations, since a full 64-bits can be ac-
cessed. Scientific computing applications perform opera-
tions on large, high precision numbers. A 64-bit architecture
has native support for such operations, thereby increasing
performance of computationally intensive simulations.

However, with the advantages of 64-bit systems comes a
number of costs. Application size and data size can increase
dramatically when moving form 32-bit systems to 64-bit
systems. The code size increase can also have effects on
performance; larger code size means more instruction cache
pressure, and more conflict misses.

In terms of practical computing environments used today,
AMD64 is the heir-apparent to the popular IA32 (x86) ar-
chitecture. While Intel’s IPF (Itanium) processor is still be-
ing manufactured, it looks as though it will soon be voted
off the island. There are reports that Intel is abandoning Ita-
nium for the AMD64 (Intel rebranded EM64T) architecture.
Additionally, AMD is producing 64-bit desktop CPUs in the
Athlon 64. There is a fair chance that a 64-bit CPU could be
America’s Next TopDesktopCPU Model.

Consequently, it is desirable to port systems to the AMD64
architecture. We chose the Jikes RVM as our porting tar-
get, as it is a popular, freely available, open-source platform
for compiler, virtual machine, and memory management re-
search. As a result, the Jikes RVM system provides an ideal
foundation for research into all manner of 64-bit computing
issues. We, of course, research memory space optimizations
in this work.

The focus of this work is on the baseline compiler, which
translates Java bytecode instructions into native machine
code. Jikes RVM also includes an optimizing compiler, that
can dynamically optimizing routines. However, the optimiz-
ing compiler is complex and would require more effort to
port. The baseline compiler provides enough functionality
for us to examine memory space issues. Even though the
baseline compiler does not use any performance optimiza-
tions, space optimizations are still important to it, since all



code used by the RVM is initially compiled by the baseline
compiler. Future work will focus on the optimizing compiler.

A port of the Jikes RVM baseline compiler is particularly
interesting for a number of reasons. First, the Jikes RVM has
been ported incrementally. Each port of the Jikes RVM has
been done by a separate team, possibly with different goal,
which makes the porting process more challenging than a
system that has been build from the ground up for porta-
bility (e.g. GCC).Secondly, the interactions between Jikes
RVM and AMD64 are complicated by the requirements of
the JVM spec, which seems to favor 32-bit platforms. Fi-
nally, Jikes RVM is an interesting platform because of its
significant space considerations. The baseline compiler com-
piles all classes before the optimizing compiler. This means
that space is of concern to the baseline compiler, even if per-
formance is not its highest priority.

Our contributions in this work are as follows:

• Design and implementation of the AMD64 port of the
baseline compiler, including verification of bytecodes
emitted by the compiler.

• Analysis of porting and debugging the Jikes RVM, in-
cluding recommendations to make future ports easier and
more effective.

• Size optimizations of the baseline compiler, reducing
code and stack space compared to traditional implemen-
tations of the JVM.

The rest of the paper is organized as follows. Section 2
covers work that provided a foundation for ours. Section 3
gives an overview of the AMD64 architecture, as well as de-
tails of the Jikes Bootstrapping process. Section 4 describes
our porting techniques, and recommendations for easing the
porting of Jikes RVM to new architectures. Section 5 details
the implementation of our memory space improvements for
Jikes RVM on AMD64. Section 6 describes our experimen-
tal setup and results. Section 7 describes future work for the
project. Finally, Section 8 concludes the paper.

2. Related Work
Much work has been done on the correct design and imple-
mentation of portable compilers [6]. However, there is rela-
tively little literature on porting compilers for architectures
that are essential extensions to currently implemented archi-
tecture. There are unique challenges when working with a
compiler that was built for a single system, then ported to
more and more systems as its popularity grows.

Our porting efforts targets the Jikes RVM architecture,
based on the Jalapeno adaptively optimizing virtual ma-
chine [3]. Jikes RVM currently supports PowerPC on AIX,
PowerPC64 on AIX and Linux on IA32. It was initially de-
veloped to run on the PowerPC architecture. Alpern et al.
subsequently added support for the Intel IA32 architecture
on Linux [1]. Then, Kyrylkov further extended Jikes RVM

to support the 64-bit extensions to the PowerPC architec-
ture [12]. Each of these ports represents a significant effort,
and of course as more architectures are added, the base has
become fundamentally more portable.

The ground work for the AMD64 port of Jikes RVM
was done as part of Frederik Deschrijver’s Master’s thesis
work [4]. His work was primarily in the assembler and
bootImageWriter, described in section 3. Deschrijver did
some work on the baseline compiler, though few of the
implementations of the Java bytecodes were tested.

Currently the Sun JVM, the IBM JVM, and the Kaffe
JVM have been ported to AMD64. However little public
information is available on the design and implementation
of these ports. GCC, the GNU compiler collection, has also
been ported to the AMD64 architecture. The GCC porting
effort is detailed in [9]. Our stack space optimization detailed
in Section 5 is built on Vensterman et. al.’s work [14]. They
initially proposed the optimization, but did not implement it.

3. Background
Many of the challenges presented in this paper relate to the
complicated interactions between the AMD64 architecture
and Jikes RVM. This section summarizes the features of
these systems that are most relevant to a successful port of
Jikes RVM to AMD64.

3.1 AMD64 Architecture

The AMD64 architecture [2] is a 64-bit ISA, based heavily
on Intel’s IA32 (x86) architecture. This architecture extends
the x86 architecture with a new “long mode.” (Legacy mode
is also provided for strict compatibility with IA32). Long
mode is designed to run with a 64-bit operating system.
Long mode is itself split into two sub-modes: 64-bit mode
and compatibility mode. Compatibility mode enables 32-bit
applications to run under a 64-bit operating system. 64-bit
mode enables access to the added registers and increases
the address space (i.e. allows for 64-bit pointers). This work
adds Jikes RVM for long (64-bit execution) mode.

AMD64 adds a number of extensions to the traditional
x86 architecture. Of course, the architecture supports 64-bit
integers, since the general purpose registers have been ex-
tended to 64-bit. Also, the architecture can address a larger
address space due to the 64-bit word size. In order to main-
tain as much transparency as possible to x86, AMD64 adds
a REX prefix to the 64-bit long mode. The AMD design-
ers co-opted theinc anddec instructions for this purpose.
Consequently, there is no longer a single byteinc ordec en-
coding in the AMD64 ISA. Without the REX prefix the in-
struction operands default to 32-bits, and the additional reg-
isters offered by AMD64 are inaccessible. The AMD64 ISA
also adds 8 general purpose registers to the relatively register
poor x86 ISA. Additionally, the new architecture also adds
8 XMM streaming SIMD registers. The default operand size
remains 32-bit, but push and pop instructions default to the



64-bit operand size. Also, a number of little used features,
such as segmented addressing, were removed in long mode.

3.2 Jikes RVM Bootstrapping Process

Jikes RVM is a Java Virtual Machine and JIT compiler,
written in Java. A robustness goal of any such system is for
the system to be able to compile and run itself. Jikes RVM
achieves this goal. In fact this is the standard way Jikes RVM
is built. This creates abootstrappingproblem, that is if Jikes
is to compile and run itself, how is the first instance created?
Figure 1 shows the basic process of building Jikes RVM.

To solve the bootstrapping problem Jikes RVM uses
two tools, the BootImageWriter and BootImageRunner. The
BootImageWriter is a Java program that consists of the Jikes
RVM core classes, most importantly the compiler and as-
sembler. The BootImageWriter instantiates a baseline com-
piler instance running on a host JVM, and uses that instance
to write out the machine code and basic Java data struc-
tures needed for a functional JVM. This is stored in the
RVM.image file, which is a file that contains the memory
layout of the Jikes RVM. Then, the BootImageRunner is re-
sponsible for loading the RVM.image file into memory, and
transferring control to the RVM. It is interesting to note that
this all happensbeforeJikes RVM is run. This means that
the baseline compiler is assumed to be correct as part of the
boot process.

4. Porting Design and Implementation
Porting a large and complex code base such as Jikes RVM
presents a number of software engineering challenges. When
Jikes RVM was ported to the IA32 architecture, it was only
designed to support 32-bit architectures. PowerPC 64-bit
support was only added later, and much of this support was
not adapted for the Intel architecture. Of course, certain
high-level architectural changes were made for 64-bit sup-
port, but much of the IA32 baseline compiler was not de-
signed for 64-bits. The challenge was to add 64-bit support
to the IA32 baseline compiler, maximizing code reuse while
generating an efficient port.

Jikes RVM is an open-source project, and many of the
original developers have moved on to other projects. Large
scale, distributed projects such as this have a tendency to be-
come unmaintainable unless care is taken. A port to a new
machine can sometimes require significant changes in the
assumptions and design of a system. These changes should
be considered carefully, so that work by future collaborators
and porters is not hindered. Here, we describe in detail our
porting and debugging process, and explain our design de-
cisions. We also give porting recommendations for making
future ports of Jikes RVM easier to manage.

4.1 Porting Design Decisions

Perhaps, the most important decision in this port is how
to represent the various data types in a 64-bit architecture.

Table 1. Type Sizes for 64-bit programming models (bits)
Type Java Spec LLP64 LP64 ILP64
byte 8 8 8 8
char 16 16 16 16
short 16 16 16 16
int 32 32 32 64
long 64 32 64 64
float 32 32 32 32
double 64 64 64 64
reference und. 64 64 64
returnAddress und. 64 64 64

There are three main 64-bit programming models: LP64,
ILP64, and LLP64 [9]. The corresponding type sizes of these
models (as well as JVM specification) are shown in Figure
4.1. The naming scheme for each model specifies which
types of variables are 64-bit: int (I), long (L), reference (P),
or long long (LL). In the LP64 model, which is used by GCC
on AMD64, the int type is 32-bit and the long and reference
types are 64-bit. In the LLP64 model, the int type is 32-bit,
the long is also 32-bit, and the reference is 64-bit. If Java had
a long long type, it would be 64-bit under this model. Finally,
the ILP64 model sets the int, long, and reference types all to
64-bit. In order to evaluate which of these models to use, one
must consult the Java Virtual Machine specification [13].

The JVM specification requires that certain types have
certain lengths also in order to ensure the portability of the
Java language. For example, an int in Java must be a 32-
bit quantity; whereas, a long is specified as 64-bit. The Java
specification says nothing about the size of reference. The
specification states that the word size must be long enough
to accommodate a byte, char, short, int, float, reference, or
returnAddress. The spec also dictates two words must be
long enough to hold a long or a double. The LP64 model
is the only model that satisfies the requirement int be 32-bit
and a long 64-bit. Additionally, references should be 64-bit,
so that they can address large memories. A returnAddress
should also be 64-bit to support large memory. LP64 is a
natural fit for a 64-bit JVM.

It is important to differentiate the data type sizes and the
size of data items as they are represented on the stack or
in registers. All non-64 bit quantities will be represented on
the stack as words (64-bit) in order to preserve alignment.
The alignment on 8 byte boundaries will increase stack con-
sumption, but increase performance. Stack issues are cov-
ered more thoroughly in Section 5.2.

4.2 Baseline Compiler Porting Process

As described in Section 2, Deschrijver had already imple-
mented some of the low level tools needed to build a 64-bit
version of the RVM.image, and to enable the assembler to
emit 64-bit code. The next major hurdle to getting a running
RVM is the baseline compiler. The baseline compiler im-
plements a simple JVM compiler, which takes single byte-



Figure 1. The process of Jikes compiling and bootstrapping itself
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code and emit the corresponding assembly. In this set up the
standard system stack emulates the JVM stack. The baseline
compile does not consider any adjacent instruction or po-
tential inefficiencies. This substantially simplifies the imple-
mentation of the compiler because each bytecode can be im-
plemented independently, by simply considering its effects
on the stack. Figure 2 shows an example of one bytecode,
i2l (integer to long), being converted to its corresponding as-
sembly. Notice that the operation pushes and pops the stack,
and uses the registers only as temporaries, in this case, for
conversion.

We first began by verifying that simple bytecodes were
being generated correctly. However, when we began our
porting work, the Jikes RVM virtual machine could not boot
completely, due to the fact that the RVM has compiled itself,
complete with untested implementations of various bytecode
instructions. This means that traditional methods of unit test-
ing were ineffective because the base on which we would
do the test was unreliable (A problem discussed in Sec-
tion 4.3.2. We solved this problem by inserting our bytecode
tests in theVM.boot() function, which is the first Java func-
tion that is executed by the bootImageRunner (i.e. the entry
point of RVM.image). At the beginning of theVM.boot()
function, we would insert Java code that corresponded to
the bytecodes we wished to test. We began with simple test
cases, such as integer addition. The changes to bytecodes
like i2l are relatively simple, involving mostly additional
instructions to preserve stack alignment. Later bytecodes
caused more problems, like the tableswitch instruction. This
is the bytecode used to implement switch statements. Here
the code being generated assumed the offsets for the jump
targets to be 32-bits, however when calculating the total size
of the table, they usedBYTES_IN_WORD as the multiplier,
causing the jump instruction to jump far beyond the intended
target. After enough bytecodes were working the VM was
able to correctly call and return from methods, and it was
possible to useVM_Syscall.print, which directly called
to the underlining C support functions. This process took up
the largest portion of our time on this project, due to the sub-

tle problems that arise, and the large number of bytecodes
that needed to be implemented correctly.

4.3 Porting Recommendations

There are a number of opportunities to improve Jikes RVM
to make future ports easier to manage. We make two specific
recommendations to simplify the porting process. First are
changes to the x86 assembler, to provide better handling of
future extensions to the x86 and AMD64 architectures. Sec-
ond is a recommendation for bytecode inlining, to simplify
the testing process when porting to a new architecture.

4.3.1 Improved auto-generated assembler

Assemblers are obviously highly ISA specific, but when one
ISA is the basis for another, it makes sense to try to extend
the assembler to the new ISA. This is what has been done
with x86 and AMD64. However, due to the very large num-
ber of instructions and addressing modes in the x86 architec-
ture, the original authors of the assembler took the approach
of “semi-automating” the creation of the assembler [1]. In
practice, however this automation takes the form of a bash
script that emits Java code. The desired code is parametrized
and inlined (using “here documents”) into the script, which
filled in the different addressing modes for each instruction.
This certainly saves a lot of code duplication, but is still not
a very clean implementation.

One alternative approach is to explicitly parametrize
the operation and addressing mode, so that the method
emitMOV_Reg_RegDisp(...) would changed to a more
generalized method likeemit(MOV,RegRegDisp,. . . )
(with appropriate enumerations of opcodes and addressing
modes). Retrofitting an implementation like this would be a
difficult task because hundreds of lines of code have already
been written that assume the existence of method that encode
the operation and addressing mode into the method name.
Further is approach faces the problem that some of these in-
structions take different numbers of arguments, which is not
allowed in the Java Language.

We propose two possible solutions to this problem. First
is to create a coreAssembler class that uses a more gener-
alizedemit method, and then create a script (bash or oth-



erwise) that would create an assembler that would create
a wrapper class with all the desired functions, that would
call emit in the core assembler, and perhaps box any pa-
rameters to solve the problem of variable argument count.
A second approach would be to implement the wrapper
class in a more dynamic language, like the Java implemen-
tation of python, jython. This would allow methods like
emitMOV_Reg_RegDisp(...) to be dynamically changed
to emit(MOV,RegRegDisp,. . . ) without any explicit
declarations.

4.3.2 Inline Bytecode Testing

The next feature that would simplify future porting efforts is
a standardized way to automatically run the bytecode tests
without a fully functional virtual machine. Before the mem-
ory manager is implemented, basic bytecodes must be work-
ing properly. That means that the bytecode tests cannot cre-
ate new classes or call non-static methods. The easiest way
to test these bytecodes is to have them inlined directly into
the beginning ofVM.boot(), the entry point of the virtual
machine. However, doing this manual entails much tedious
copy/paste work. One possible solution to this is to leverage
the already existing preprocessor. The preprocessor would
have to be extended to allow aninclude directive, to in-
clude a file. Then the bytecode tests could be programmati-
cally inserting into the beginning of the VM process during
the testing phase.

4.4 Debugging Methodology

There are a number of difficulties in debugging Jikes RVM
code, especially when attempting to add support for another
architecture. In this section, we describe utility scripts we
developed and describe a methodology to debug Jikes RVM
issues. Our debugging methodology is most useful to those
porting Jikes RVM to a new architecture or Operating Sys-
tem or those needing to debug low-level Jikes RVM code
(e.g. assembler, baseline compiler, virtual machine).

The Jikes RVM User’s Guide [10] recommends The GNU
debugger (Gdb) for RVM debugging. Gdb is freely avail-
able, widely used, and familiar to most systems program-
mers. Most important, Gdb understands AMD64 assembly.
Unfortunately, Jikes RVM does not emit stabs symbol sup-
port for its Java code when it compiles its boot image. The
stab format provides a standard way to describe a program
to the debugger. It is used by many debuggers other than
Gdb[7, 8]. The C portions of Jikes RVM already include
stabs information, since they were compiled with gcc’s -g
option. Only a small fraction of Jikes RVM is written in C,
however, so the vast majority of Jikes RVM has no stabs
information and thus minimal debugging support. Our pro-
posed debugging methodology addresses this limitation of
Jikes.

As part of the boot image writing phase of the build
process, Jikes RVM outputs a map file, RVM.map, which
consists of a table of symbols, their associated address, and

other attributes. We created a bash utility script that parsed
the map file and converted it into Gdb commands. The script
allows us to break in specific functions and trace execution,
even in the early virtual machine initialization. We found
this script especially useful as we were able to break in the
VM.boot() function, the first Jikes RVM Java function that is
called. This script allowed us to trace through the Java code
generation test cases we inserted inVM.boot().

Additionally, we created a python script that would take
a given instruction pointer and find the nearest symbol in
the RVM.map file. This script proved especially useful when
we were debugging segmentation faults in Jikes RVM. It is
important to note that this script does not allow for source-
level debugging, but it does provide symbol support.

We found Gdb helpful in our debugging, since it sup-
ports debugging on the AMD64 architecture. The disassem-
bly functionality was especially useful, since it provides an
independent means to verify that our assembler is generat-
ing correct machine code. Gdb is widely used on AMD64,
so there is high likelihood that Gdb will disassemble instruc-
tions correctly.

In addition to Gdb, there is some intrinsic Jikes RVM de-
bugging support that would be helpful to anyone porting the
RVM. Jikes RVM includes aVM_Lister class that allows
one to print out the bytecode operation the baseline compiler
is generating, as well as the corresponding assembly instruc-
tions and machine code. All that is needed to make use of
this functionality is to pass the option-X:bc:mc=true to
Jikes RVM. By default, this option will print information for
all compiled code. Thankfully, Jikes RVM also provides an
option (-X:bc:method_to_print) to specify which meth-
ods need to use theVM_Lister functionality. We would of-
ten print the VM.boot method, where we injected bytecode
tests, and other problem functions. This allows the bytecode
implementer to see precisely what assembly is generated.
We usedVM_Lister functionality extensively in the boot-
strapping phases to print out assembly as the boot image was
being written. This process is fairly involved. As a result, we
created yet another utility script, adapted from the official
Jikes RVM build script, to simply this process. The script
will run the baseline compiler on the host virtual machine
and output information on all the methods we specify.

Additionally, we used the time-honored debugging tech-
nique of interspersing print statements within our modified
Jikes RVM code. TheVM_Lister class provides the as-
sembler with thenoteByteCode method, which allows the
compiler to annotate the output listed. We used it to out-
put statements during boot image creation. We also used
VM_sys.print() for “printf” debugging during actual
RVM execution. We found all these debugging techniques
useful and would recommend them to any who wished to
work on porting Jikes RVM. The Gdb debugger was help-
ful in verifying our assembler implementation and tracing
through Jikes RVM execution in general. TheVM_Lister



Figure 2. Implementation of the i2l (int to long) bytecode

[2] i2l
00004C| POP rax | 4058
00004E| CDQE | 4898
000050| PUSH 0 | 6A00
000052| PUSH rax | 4050

class was useful, since it allowed us to easily relate assembly
and machine code to the corresponding bytecode operation;
Gdb could not do this easily. TheVM_Lister was our main
method of debugging in the early stages of the port. The
println method allowed us to pinpoint bugs by allowing us
to test assumption about certain execution paths.

4.5 Debugging Recommendations

The inability to use source level debuggers in systems that
rely on dynamically created code is a serious usability con-
cern. Kumar et al. [11] have developed a system for en-
abling Gdb for dynamic systems. Such a system can map
debugging information to dynamic code addresses, thereby
enabling practical source-level debugging.

Failing a full implementation of a Jikes-aware debugger,
Jikes RVM would be significantly easier to debug if it at
least natively emitted stabs information. Consequently, we
recommend that a stabs file (RVM.stabs) be generated as
part of the build process. This should not be too difficult,
since a fair amount of the information is already outputted
in the RVM.map file. The gdbrvm wrapper script, provided
in the Jikes RVM, distribution could then be modified so that
it would read the stabs information in the Gdb initialization
sequence. This would allow for true source-level debugging,
allowing for much easier debugging. GCJ, the GNU com-
piler collection’s Java to machine code compiler, already
supports source-level debugging with gdb, so it is feasible.

5. Space Optimizations
It is important to be aware of changes in code size when
moving from a 32-bit to 64 bit architecture. This is a par-
ticular problem when dealing with the Java Virtual Machine
which makes many assumptions that are difficult to reconcile
when dealing with a non-32-bit platform [14]. This problem
presents itself most directly when implementing the JVM
stack on the system stack, as is done for the Jikes RVM base-
line compiler. Furthermore, a compiler should emit 32-bit
instructions, whenever possible, in order to minimize code
size.

5.1 Java Stack Model

The Jikes RVM baseline compiler uses the system stack to
model the JVM stack, as described in Section 4.2. This sim-
plifies the implementation of the compiler, but forces the
system stack to follow the semantics of the JVM stack, as

described in the JVM Specification [13]. The JVM specifi-
cation describes the stack as acting on two data types, cat-
egory I and category II. Category I data types include 32-
bit integers, bytes, 32-bit floats, references, and returnAd-
dresses. Category II data types include 64-bit long integers
and 64-bit double precision floating points. The JVM Spec-
ification mandates that category I types must occupy one
“stack slot,” while category II must occupy two. Since all
stack operations are 64-bit on the AMD64, category II types
must therefore occupy 128 bits of space on the stack, even
though they only contain 64 bits of usable data. Figure 3
illustrates the problem. The 32-bit stack is shown on the
left and the corresponding 64-bit stack in the center. Essen-
tially, the diagrams are the same, except the middle diagram
is extended to 64-bits. The double type still encompasses
two stack slots in the 64-bit stack, even though only one is
needed.

5.2 Stack Size Optimization

In order to improve code size and stack usage, we have im-
plemented a stack size optimization by bending the Java Vir-
tual Machine specification. Although the JVM specification
requires category II data types to occupy two stack slots,
most bytecodes are type safe, that is, the bytecode expects
a well-defined set of types on the top of the stack before
the instruction executes, and the instruction leaves a well-
defined set of types on the stack. This means that it would
be possible to eliminate some of the padding due to the size
differences between the required size of the stack slot, and
the actual size of the data held in the stack slot. There are
two prime candidates for this type of size optimization. First
is the integer, which is defined as 32 bits, but since it is in the
same category as a reference, it must reside in a 64-bit slot.
We decided not to implement this operation because AMD64
defaults all stack operations to 64 bits, and stack misalign-
ment could cause serious performance penalties. The second
candidate is the category II data types. Since all category II
types require only 64 bits of space, they are padded with an
additional 64 bits of junk, which can be eliminated. Figure 3
(rightmost diagram) shows the optimized stack with the ex-
tra stack slot allocated to the double removed. We feel this is
a practical and useful optimization, and have implemented it
in our baseline compiler bytecode implementation.



Figure 3. JVM Stack
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5.3 Implementation of Stack Size Optimization

In order to correctly implement this optimization an number
of assumptions made by Jikes RVM had to be changed. The
most obvious of these changes is in how the compiler emits
long and double bytecodes. For example, Figure 2 is the im-
plementation of thei2l bytecode, the first push instruction
(PUSH 0) exists simply to maintain stack consistency. These
instructions were guarded such that if our optimization is
turned on, they will not be emitted. Other necessary changes
were more subtle. Figure 4 shows the original (Jikes RVM
2.4.0 x86) implementation of thegetSize() method in the
classVM_TypeReference. This method is used to calculate
the space needed to store data on the stack, which is used to
determine how much stack space to reserve for locals dur-
ing a method prologue. The difficulty this implementation
is that it makes a number of assumptions that are problem-
atic for our optimized implementation. For example, is the
size that is being returned the size the data takes up on the
stack, or is it the actual size of the data? The final return
is for “all int like types.” which includes bytes and chars,
so the intent seems to be for this function to return the size
on the stack, instead of the actual size of the value (as the
comment implies). The poses a problem for our 64-bit im-
plementation. For it to give the correct stack-size value for
the unoptimized version,BYTES_IN_LONG must be set to 16.
However,BYTES_IN_LONGis a system-wide constant, and it
would be dangerous to set it to 16 when clearly longs still
are only 8 bytes. Our solution to this is to split thegetSize
function into two functions,getSize andgetStackSize.
Using these two function it is easy to differentiate between
the intended use of the two functions.

5.4 Problem Bytecodes

Changing the implementation of the stack offers poten-
tial bytecode saving, however some bytecode instructions
present a problem for this technique. For example, the
*load_<n> instruction loads a local variable from the stack
frame, indexed by the opcode. It takes the value at that index

and pushes it onto the top of the stack. This index corre-
sponds to stack slot, therefore all category II data on the
frame must take two slots so the indices will remain correct.

This problem can be solved by making the distinction
between the Operand Stack and its surrounding frame. Local
variables are stored in the frame, before the operand stack,
not as part of the stack [13]. Therefore, our size optimization
maintains the layout of the local variables as described in
the specification, and allow the operand stack to use the
optimization.

Another more serious problem is thedup_2x bytecode
instruction. Thedup_2x instruction duplicates the category
I operand on the top of the stack, two stack slots lower
on the stack.It explicitly allows these two stack slots to
contain either two category I data values, or one category
II data value. Under our optimization, if the data value is
one category II, thedup_2x would put the data value too far
down the stack.

This problem can be solved with some amount of context-
sensitive information. The instruction must know to emit
only one pop if there is a category II data value in the second
position. We have not implemented this fix yet, as we believe
it rare to use thedup_2x instruction in this way.

5.5 REX prefix optimization

The REX prefix extension enables 64-bit operations, as de-
scribed in Section 3.1. The REX prefix encodes four flags:
REX.W, REX.R, REX.X, REX.B. If REX.W is set, the de-
fault word size is changed from 32 bits to 64 bits. The
REX.R, REX.X, REX.B flags provide register extensions
to the Mod/RM byte, SIB index, and SIB base. These are
x86 instruction bytes that are used for various addressing
modes. Most instructions default to 32-bit operands. A REX
prefix is only needed if 64-bit operands/operations or the
extended AMD64 register set are required. Furthermore,
certain instructions imply a 64-bit operation, so a REX pre-
fix is unnecessary. These instructions includePUSH, POP,
near CALL, near JMP, LOOPcc among others. Unfortu-
nately, the initial AMD64 assembler [4] emits a REX prefix



Figure 4. Original Jikes RVM implementation of the getSize function for non local stack calculations

/∗ ∗
∗ How many b y t e s o f memory words do v a l u e o f t h i s t y p e t a k e ?
∗ /

pub l i c f i n a l i n t g e t S i z e ( ) throws U n i n t e r r u p t i b l e P r a g m a{
i f ( i s R e f e r e n c e T y p e ( )| | isWordType ( ) ) re turn BYTES IN ADDRESS ;
i f ( t h i s = = Long | | t h i s = = Double ) re turn BYTES IN LONG ;
i f ( t h i s = = Void ) re turn 0 ;
i f ( t h i s = = Code ) re turn VM. Bui ldFor IA32 ? BYTES IN BYTE : BYTES IN INT ;
re turn BYTES IN INT ; / / a l l i n t l i k e t y p e s

}

for all instructions that could possibly require one. This sim-
plifies the assembler implementation, but causes to assem-
bler to emit REX prefixes when they are unnecessary. To
solve this problem, we have modified the assembler to emit
prefixes only as necessary. First, the REX prefix usage was
removed from all the instructions that are defined to be 64-
bit. Then, the assembler’s methods were made to check for
64-bit operands using the existingfits() utility method.
64-bit versions of certain assembly instructions were also
added. Finally, a check for extended register usage was also
added. The assembler modification was complicated by the
Jikes RVM bash assembler macro scheme [1]. Certain as-
sembler macros had to be refactored into separate macros,
and new utility functions were added. We have not finished
implementing the REX prefix optimization in all cases, but
our results (see 6) indicate a significant savings.

6. Results
All experiments were performed on a dual AMD Opteron
244 system with 2GB of RAM running Fedora Core Linux.
For the bootstrapping process we used the Sun JVM 1.4.2,
and GCC 3.4.4. To extract the size of the emitted code
we used the BootImageWriter’s-demographic switch. The
benchmark class files were added to theRVM.primordials
file, and the total code size was subtracted from the base
RVM code size so that the measurement would only include
the benchmark classes, and not the RVM classes.

6.1 Code Size measurements

We performed size experiments on two standard benchmark
suites as well as our own micro-benchmark. The results of
these experiments are described below.

6.1.1 SPECjvm98 Benchmarks

Table 2 gives a summary of the SPECjvm98 benchmark
suite. The code size optimizations result in relatively small
reduction in total code size, due to the small number amount
of double and long arithmetic in the benchmarks. The best
performing spec benchmarks are mtrt and check. mtrt is
somewhat misleading in that the 1.16% saving actually only
represents a code size decrease of 16 bytes. This is due to the

very small size of mtrt, which only has one function (that
returns a long), during which it creates an instance of the
raytrace benchmark. The check benchmark has a savings of
0.70%, since it verifies double-precision computations. The
raytrace benchmark has the smallest decrease in code size.
To get a better idea of why this is the case, we examined
the raytrace source, and discovered that all the floating point
computation is done with floats, which are defined to be 32
bits. The other benchmarks vary in their code savings based
on how much each relies on doubles and longs.

The REX prefix optimization preformed significantly
better on SPECjvm98. The results are summarized in Ta-
ble 3. Some benchmarks saw as much as a 7% decrease in
code size due to the elimination of unnecessary REX pre-
fixes, with an average of 5.83% overall. All benchmarks
receive a significant code size reduction. The results of the
SPECjvm98 benchmark with both optimizations are listed in
Table 4. As expected, the use of both optimization performs
slightly worse than the sum of the two individual optimiza-
tions, since the stack optimization will eliminatePUSH and
POP operations that the REX prefix optimization could opti-
mize.

6.1.2 Java Grande Benchmarks

The Java Grande Benchmark Suite were run to augment
our SPECjvm98 analysis. The Java Grande Benchmarks are
selected to “use large amounts of processing, I/O, network
bandwidth or memory.” [5]. This better models the types
of applications we expect to be of interest to 64-bit users.
The Java Grande Benchmarks perform slightly better than
SPECjvm98, with an average code size savings of .5% as
shown in Table 5 . Interestingly, the Java Grande Benchmark
suite also contains a raytracer, which responds significantly
better to our code size optimizations. This is because the
Java Grande raytracer is implemented using doubles, instead
of floats. Certain benchmarks, such as heapsort and sparse
matrix multiplication, still don’t see a large code savings
since they rely on the 32-bit computations.

As seen in the SPECjvm98 benchmarks, the REX pre-
fix optimization gave much more significant improvements
compared to the stack optimization. Table 6 shows a code



Table 2. Code size reductions using single words for longs and doubles on SPECjvm98.
Benchmark Original Code Size Reduced Code size % reduction
check 58624 58216 0.70%
compress 23960 23936 0.10%
jess 320864 320664 0.06%
raytrace 108480 108464 0.01%
db 24720 24696 0.10%
javac 653424 651352 0.32%
mpegaudio 184744 184648 0.05%
mtrt 1400 1384 1.16%
jack 252896 251808 0.43%
checkit 5400 5392 0.15%

Table 3. Code size reductions using REX prefix optimization on SPECjvm98.
Benchmark Original Code Size Reduced Code size % reduction
check 58624 55136 6.33%
compress 23960 22416 6.89%
jess 320864 304880 5.24%
raytrace 108480 103344 4.97%
db 24720 23360 5.82%
javac 653424 618896 5.58%
mpegaudio 184744 174424 5.92%
mtrt 1400 1328 5.42%
jack 252896 238232 6.16%
checkit 5400 5096 5.97%

Table 4. Code size reductions using REX prefix and stack optimization on SPECjvm98.
Benchmark Original Code Size Reduced Code size % reduction
check 58624 54760 7.06%
compress 23960 22408 6.93%
jess 320864 304720 5.30%
raytrace 108480 103344 4.97%
db 24720 23352 5.86%
javac 653424 617328 5.85%
mpegaudio 184744 174376 5.95%
mtrt 1400 1328 5.42%
jack 252896 237424 6.52%
checkit 5400 5096 5.97%



savings of up to 6.66%. The average savings for the Java
Grande Benchmark is 5.31%. Table 7 gives results for both
optimizations on the Java Grande Benchmark Suite. Here
also, the combined optimization did not do as well as the
sum of the two optimizations’ code savings.

6.1.3 Synthetic Benchmark

In order to test the limits of the stack savings technique,
we created a synthetic micro-benchmark. This benchmark
consists of a simple class that performs multiplication of a
matrix and a scalar, exclusively using long and double data
types. This does not represent the standard style of Java pro-
gramming currently, however, as 64-bit computing becomes
more prevalent, we believe that Java programmers will move
to using more longs and double types. Additionally the mul-
tiplication loop of the benchmark has been manually un-
rolled five times. Again, this is not normal style, however,
the purpose of this is to give an idea of the dynamic effects
that this optimization will have on the system. Compiling the
microbenchmark with our system resulted in a 10.7% im-
provement, reducing the code size from 2232 bytes to 2016
bytes. This benchmark shows that the stack size optimiza-
tions can achieve significant savings.

6.2 Stack Size Improvements

Due to the fact that there are still vital portions of the Jikes
RVM infrastructure that have not yet been ported to AMD64,
we are unable to obtain specific stack size savings measure-
ments. However, our intuition is that the stack size improve-
ments will be more significant than the code size savings.
This is because the additional pushes and pops of doubles
and longs will be more noticeable in a dynamic instruction
count, where the benchmark is expected to loop many times
over certain calculations. Also, its important to remember
that thePUSH andPOP instructions are generally one byte in
code size, but represent an 8 byte change to the stack pointer.

7. Future Work
This work represents an important part of an ongoing ef-
fort to create a working implementation of Jikes RVM for
AMD64. Our first order of business is to finish the base-
line compiler port.This will require debugging issues in
VM_Magic, which provides low-level virtual machine con-
structs, and the memory manager. The memory manager
also requires some study, not only for correctness, but also
for space saving opportunities specific to the AMD64 archi-
tecture. Finally the optimizing compiler is a large source of
future work, specifically the register allocator, which should
be modified to use AMD64’s additional registers. The opti-
mizing compiler will provide another avenue for exploring
64-bit computing issues.

In addition to the “structural” future work involved with
creating a fully functional Jikes RVM (incl. optimizing com-
piler) working under AMD64, we believe there is also fruit-

ful future work in continuing to look at the space issues as-
sociated with the baseline compiler. There are a number of
edge cases that represent potential problems with bytecodes
such asdup_2x. We believe these can be solved using data
structures already built into Jikes RVM.

Once we are finished with the baseline compiler, we
would also like to do a more through analysis of the runtime
performance of the size optimization we have implemented,
specifically with regard to stack size. Because push and pop
instructions are only one byte long but affect the stack by 4
bytes, we expect the relatively small change in bytecode size
to have a much larger effect on stack usage. We would also
like to apply our REX prefix optimization more aggressively.
Finally, we would like to have our work incorporated into the
official Jikes RVM project, so that others may explore 64-bit
computing issues as well.

8. Conclusion
This work is part of a larger ongoing project to get a us-
able port of the Jikes RVM on AMD64. The most up-to-date
status of the project is available through our wiki, found at
http://www.osheim.org /moin.cgi/Jikes. This work critically
examined the process of porting Jikes RVM to AMD64. We
offered a number of recommendations for changes to the vir-
tual machine and the assembler to make future ports eas-
ier. We implemented a number of scripts to ease the debug-
ging process, available on the wiki. Additionally we inves-
tigated memory space improvements to the code emitted by
the baseline compiler. Ultimately, we hope to submit a full
working version of the Jikes RVM back to the sourceforge
community.
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