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ABSTRACT
In previous work, we have shown that multicodes can be
used to improve the performance of Java applications. We
extend that work by both implementing more multicodes
and considering multicodes of greater length. This has re-
sulted in significantly larger performance gains than those
that have been achieved previously for some benchmarks.

Categories and Subject Descriptors
D.3.4 [Programming Languages]: Optimization

General Terms
Performance, Languages

Keywords
virtual machine, bytecode, optimization, Java, interpreter

1. INTRODUCTION
The Java programming language [1] is being widely used

for the development of general purpose applications. Un-
fortunately, many of the features that make Java popular
also hinder its performance. In particular, using a virtual
machine to achieve platform independence significantly de-
grades application performance.

One optimization technique that can be used to help over-
come this performance penalty is multicode substitution [4].
This optimization reduces the amount of overhead imposed
by the virtual machine by considering some Java bytecodes
in groups rather than individually.

Previous work has only considered the implementation of
as many as 10 multicodes, each restricted to a maximum
length of 5 bytecodes. This work significantly extends the
previous study by increasing the number of multicodes im-
plemented to 48 and the maximum length of each multi-
code to 20 bytecodes. Performance testing has shown that
meaningful performance gains can be achieved on Java in-
terpreters for some benchmarks. When the benchmarks
201 compress and 222 mpegaudio are considered from the
SPEC JVM98 Benchmark Suite [3], it was found that per-
formance gains exceeding 20 percent could be achieved.

2. MULTICODE OVERVIEW
A traditional Java interpreter executes a Java class file

using a loop that fetches the next bytecode out of memory,
decodes the bytecode using a switch statement and then
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Figure 1: Multicode Identification Algorithm

executes a codelet that performs the operations required by
the bytecode. While techniques such as threading [2] have
been developed to perform decoding more efficiently, these
three basic operations are still fundamentally present in the
interpreter.

The fetch and decode operations are overhead imposed
by the interpreter. As a result, it is beneficial to remove
these operations whenever possible. Multicodes accomplish
this goal by converting a sequence of Java bytecodes into
a single multicode which combines the functionality of the
sequence into one new bytecode. Consequently, the number
of fetch-decode-execute (FDE) cycles required to accomplish
the task is reduced from one FDE cycle per bytecode in the
sequence to one FDE cycle per multicode. As our perfor-
mance results show, this reduction in FDE cycles is a signif-
icant saving.

3. MULTICODE IDENTIFICATION
The sequences of bytecodes executed by the JVM vary

greatly from application to application. As a result, we
chose to profile the applications being tested. This was a
non-trivial undertaking because it was necessary to keep a
record of both the bytecodes that were executed and the or-

der in which they were executed. To achieve this goal, it was
necessary to save each bytecode as it was executed, which
resulted in data files up to 3 gigabytes in size. In addition,
we also saved sufficient information to identify the start of
each basic block within the list of bytecodes executed.

An iterative algorithm was used to determine which se-
quences occurred with greatest frequency. While the itera-
tive algorithm has a large computational complexity, it en-
sures that each bytecode executed only contributes to the
count of a single multicode. This constraint is important be-
cause each bytecode can only be part of a single multicode.
If a bytecode were included in the count of several multi-
codes, the count for all multicodes except the first would be
artificially inflated since only the substitution for the first
multicode could actually be performed.



Figure 1 shows the process followed in order to identify
the multicodes used during testing. Our algorithm begins
by processing the execution trace generated when the ap-
plication was profiled and separating the bytecodes by ba-
sic block. Performing this transformation on the data en-
sures that we do not identify multicodes that span basic
blocks. This constraint is important because it is impossible
to branch to the middle of a multicode at the Java bytecode
level. In the future, we hope to reduce the strength of this
constraint from basic blocks which have only one entrance
point and one exit point to multicode blocks which have only
one entrance point but may have many exit points.

The multicode counter identifies all sequences of byte-
codes of lengths 2 through 20 within each block. Each time
a sequence is identified, the count corresponding to the se-
quence is incremented.

Once all of the sequences have been counted, the best
sequence is determined. This is done by assigning a score
to each sequence which is the product of its count and its
length. We use this score because it represents the total
number of bytecodes that will be impacted by the substi-
tution. In the future, the scoring system will be expanded
to consider the optimization potential of each sequence, al-
lowing us to make better choices about what sequences to
implement as multicodes.

The best sequence is added to the list of multicodes iden-
tified. All occurrences of the sequence are removed from the
block list. By performing this removal, it is guaranteed that
bytecodes used to determine the current multicode will not
be counted during the determination of subsequent multi-
codes. The multicode identification process is repeated until
the desired number of multicodes have been determined.

4. MULTICODE PERFORMANCE
Previous work has shown that multicodes can be used to

achieve performance gains of up to 10 percent. By imple-
menting additional multicodes and extending the identifica-
tion algorithm to consider multicodes up to 20 bytecodes
in length, we have been able to achieve significantly bet-
ter results for two of the benchmarks in the SPEC JVM 98
Benchmark Suite. In particular, modifying the Kaffe Java
interpreter to implement 48 multicodes tailored to each ap-
plication has shown a performance gain of 21.3 percent for
201 compress and 24.2 percent for 222 mpegaudio. Testing
was conducted on a dual processor Pentium III with 768 MB
of RAM clocked at 600 MHz running RedHat Linux kernel
2.4.20-20.9smp. Input size one was used during testing.

5. FUTURE WORK
A comparison of the lists of multicodes for each of the

benchmarks revealed that 201 compress and 222 mpeg-
audio have higher average multicode lengths than the other
benchmarks. Furthermore, 201 compress has more than
twice as many multicodes of length 10 than the remaining
benchmarks while 222 mpegaudio has almost four times as
many. As a result, we believe that it would be beneficial to
develop techniques that will allow us to identify longer mul-
ticodes without decreasing the number of occurrences of the
multicode selected. Once these techniques are implemented,
we hope to achieve similar performance gains for the other
benchmarks in the SPEC JVM 98 suite.

One technique that will allow us to increase average mul-
ticode length is despecializing the Java class file when iden-
tifying and substituting multicodes. This will permit byte-
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Figure 2: Relative Performance Change as the Num-

ber of Multicodes Increases

codes of the form 〈Type〉load/store 〈n〉to be replaced with
the more general 〈Type〉load/store bytecode with the ap-
propriate argument. The transformation will increase the
number of times a multicode can be substituted since byte-
codes with different implicit arguments will no longer be
considered distinct. Previous work has shown that this type
of despecialization has minimal impact on the runtime per-
formance of the application [5].

Permitting multicodes to span basic blocks, as described
in Section 3 will also increase average multicode length which
may further improve the performance of some benchmarks.

6. CONCLUSIONS
Increasing the number of multicode substitutions performed

as well as increasing the maximum length allowed for a mul-
ticode has resulted in a meaningful increase in runtime per-
formance for two benchmarks when compared to the results
achieved in previous studies [4]. These gains were achieved
for those benchmarks that have the largest average multi-
code lengths. Techniques such as despecialization and al-
lowing multicode substitutions that cross basic blocks will
make it possible to increase the average multicode length
for the remaining benchmarks in the hope that it may be
possible to improve the performance of these benchmarks as
well.
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