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ABSTRACT
We present empirical evidence to demonstrate that there is
little or no difference between the Java Virtual Machine and
the .NET Common Language Runtime, as regards the com-
pilation and execution of object-oriented programs. Then
we give details of a case study that proves the superiority of
the Common Language Runtime as a target for imperative
programming language compilers (in particular GCC).

1. INTRODUCTION
Sun’s Java Virtual Machine (JVM) and Microsoft’s .NET

Common Language Runtime (CLR) have recently emerged
as fierce rivals for the accolade of the premier next-generation
computing platform.

We say little in qualitative terms about the overall relative
merits of the two machines or their designers’ philosophies.
Those matters have already been considered elsewhere [8].
Instead, we make a quantitative comparison of the perfor-
mance of the JVM with the CLR, using a standard Java
benchmark test. Performance is defined in terms of code size
and code speed, since both factors are important for would-
be ubiquitous distributed computing platforms. From this
general comparison, we see how the two virtual machines
are evenly matched, when executing programs written in
idiomatic modern object-oriented style.

Then we move on to address the issue of how well the two
virtual machines serve as targets for the imperative pro-
gramming style. We consider the problem in both qualita-
tive and quantitative terms, by applying it to code genera-
tion in the GCC compiler.

We note in passing that Gough [8, 7] has undertaken a
similar investigation in the context of his Component Pascal
compiler.

2. JAVA VIRTUAL MACHINE
Java [1] is a simple general-purpose object-oriented arch-

itecture-neutral programming language. Java compilers con-
vert Java source code into Java bytecode, which is stored in
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Java class files. These are a platform-independent binary
distribution format. The bytecode is executed by interpre-
tation or just-in-time compilation (JIT), at runtime.

The runtime system that handles Java bytecode is known
as the Java Virtual Machine (JVM) [13]. The JVM has been
designed with the explicit aim of supporting Java.

The JVM . . .

• is stack-based

• is secure—type safety is guaranteed by preventing ex-
plicit pointer manipulation

• has automatic memory management (garbage collec-
tion)

• is object-oriented, with primitive instructions for cre-
ating objects, accessing object members, etc.

Although the JVM is primarily designed to be the target
for Java high-level language compilers, there are many other
compilers which target the JVM [9, 21].

3. COMMON LANGUAGE RUNTIME
The .NET Common Language Runtime (CLR) [14] is de-

signed to be a language-neutral architecture. This is one
respect in which the CLR differs from the JVM. However,
there are many similarities: The CLR (like the JVM) . . .

• is a stack-based virtual machine

• has a platform-independent bytecode format [12]

• is secure and type-safe

• is garbage collected

• has object-oriented primitive instructions

Thus the CLR is a good target for compilers for modern
object-oriented languages like Java and C# [11]. However,
the CLR has many other features which are included to pro-
vide support for other language styles.

One extreme is the imperative programming style. Con-
sider the example of C [10], which allows arbitrary pointer
manipulation. On the CLR, such behaviour is permitted,
but we lose our secure, type-safe properties. Also, garbage
collection doesn’t work any more. Explicit memory alloca-
tion and deallocation is required.

The opposite extreme is the functional programming style.
Consider the example of Standard ML [15]. Tail recursive
function calls are essential for efficient execution, and the
CLR provides a tail call instruction. SML .NET [2] takes
full advantage of this support.



benchmark JVM CLR
(datasize) time/s size/KB time/s size/KB
crypt (c) 46 9.8 20 11.7
fft (b) 83 10.0 74 11.7
heapsort (b) 75 8.2 66 9.7
lufact (c) 77 10.6 80 12.3
sparse (c) 192 8.7 194 10.8

Table 1: Java Grande benchmark results

4. GENERAL PERFORMANCE COMPAR-
ISON

Size of the bytecode (class files for JVM, portable exe-
cutable files for CLR) reflects on the quality of the source-
language compiler. In general, smaller bytecode is better,
since it is quicker to load into the virtual machine, and
quicker to transmit across slow networks. The time taken
to execute programs is the other important consideration.
This reflects on the quality of the JIT compiler (JVM or
CLR). Faster run-times are always desirable.

Of course, we will not make the absurd claim that code
size and code execution time are independent. Sometimes,
large code runs slower, because it is not optimal. However, it
is just as true that sometimes, large code runs quicker—due
to loop unrolling, for example. So, the relationship between
code size and code speed is a complex one, which we leave
for another day.

We used a selection of programs from the standard Java
Grande benchmark suite [4]. The programs chosen are all
single-threaded and computationally intensive. The Java
Grande benchmark suite has been used as a basis for com-
paring the performance of different Java execution environ-
ments [4], and also as a basis for comparing the performance
of programs written in Java with equivalent programs writ-
ten in other languages [3]. Thus this benchmark suite seems
eminently suitable for comparing JVM with CLR, and Java
with C#.

Before conducting any tests, it was necessary to port the
Java Grande benchmark source from Java to C#. We en-
deavoured to do this by changing as little source code as
possible. Java and C# are remarkably similar languages.
We found that on average, less than 5% of the source code
needed modification to turn a valid Java program into an
equivalent valid C# program.

After this, we compiled the Java benchmarks using the
J2SE 1.4.1 javac compiler. We compiled the C# bench-
marks using Visual Studio .NET v7.0.9466. The compiled
Java bytecode was then executed using Java HotSpot Client
VM v1.4.1-01. The compiled .NET bytecode was then ex-
ecuted using .NET Framework v1.0.3705. All tests were
carried out on a lightly loaded 1.4GHz i686, Win2K Pro
system.

From the results in table 1, it is evident that Java/JVM
and C#/CLR give nearly identical results for equivalent
programs. The Java compiler produces marginally smaller
bytecode than the C# compiler, but this appears to be a
consistent difference.

The JIT compilers also show similar performance. In
two cases (fft, heapsort) CLR gives slightly better execution
times, in two cases (lufact, sparse) JVM gives slightly better
execution times. The crypt result is an anomaly. CLR exe-
cutes this benchmark in half the time taken by JVM. This

is presumably because crypt does not run for too long, so
we encounter JIT warm-up effects, and JVM takes longer to
warm-up than CLR. These details are carefully explained in
the HotSpot white paper [20].

5. PORTING GCC
The GNU Compiler Collection (GCC) [19] is a world-class

optimising compiler. It has been at the heart of the open-
source movement for the last twenty years. GCC is a com-
pletely modular compiler. It currently boasts front-ends for
C, C++, Objective-C, Fortran, Ada and Java. GCC has
been ported to all common hardware platforms, and to many
more exotic platforms too.

The usual way to port GCC to a new platform [16, 18]
involves creating a new compiler backend. Each backend is
defined by a set of “machine description” files, which define
how GCC’s internal Register-Transfer-Language representa-
tion maps onto actual target machine instructions.

5.1 egcs-jvm
In 1999, Trent Waddington implemented a GCC backend

(egcs-jvm) [22] that targets the JVM. This formed part of
the University of Queensland binary translation project [5].
egcs-jvm is able to compile a subset of the C language to
JVM bytecode. Waddington experienced tremendous dif-
ficulty in implementing many features of C, because they
were not supported natively in the JVM, so he had to pro-
vide cumbersome workaround tricks to enable . . .

• a linear untyped view of memory, with explicit pointer
manipulations

• static global data and its initialisation

• full support for both unsigned and signed integer types

The workarounds are generally inefficient, bloating the code
size and slowing down execution time. There are more fea-
tures of C which egcs-jvm does not even attempt to support,
because they are just infeasible on the JVM, e.g. indirect
jumps. At present, by Waddington’s own admission, devel-
opment on egcs-jvm is at a stand-still.

5.2 GCC .NET
In 2003, we began to design and implement a GCC back-

end that targets the CLR (GCC .NET) [17]. This work is
still at a preliminary stage, but we are certainly able to com-
pile at least as many programs as egcs-jvm. Of course, we
were able to take full advantage of the extra coverage of the
CLR instruction set, which includes direct support for the
three problems listed above, and many more.

6. GCC PERFORMANCE COMPARISON
We chose a set of simple C benchmark tests from the

GCC Benchmarks Collection [6]. These programs only use
the basic features of C, all of which should be supported by
both egcs-jvm and GCC .NET.

However, while egcs-jvm could be persuaded to compile
the benchmarks, the resulting Java bytecode was not exe-
cutable. First the JVM complained about code verification
errors, so we turned off the code verification feature. Then
the code began to execute, but threw runtime errors before
completing. So, egcs-jvm produced code that left much to
be desired.



JVM CLR
benchmark time/s size/KB time/s size/KB
ack 7.2 <0.1 3.6
ack2 7.0 1.4 3.6
takeuchi2 7.7 0.8 4.1

Table 2: GCC benchmark results

In contrast, GCC .NET compiled the simple benchmark
programs, and the resulting .NET bytecode could be exe-
cuted faultlessly at once.

In table 2, we present the performances of code generated
by egcs-jvm and GCC .NET. Notice that the code size is
smaller for GCC .NET generated code, since it can han-
dle imperative features directly, without having to resort to
ungainly workaround code like egcs-jvm.

As for execution times, we leave the egcs-jvm column
blank, a sad reflection on the utter abandonment of this
project.

7. CONCLUSIONS
We have demonstrated that there is little performance dif-

ference between the JVM and the CLR, for standard object-
oriented style programs.

The feature of the CLR that gives it an advantage over the
JVM is its ability to handle other language paradigms than
just modern object-oriented style. This is what distinguishes
the CLR from the JVM. There is no need to employ ugly
workarounds to support alternative language styles. Instead,
such support is present natively in the CLR instruction set.
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