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ABSTRACT

A widespread implementation approach for the join point
mechanism of aspect-oriented languages is to instrument ar-
eas in code that match the static part of pointcut designa-
tors, inserting dynamic checks for that part of matching that
depends on run-time conditions, if needed. For performance
reasons, such dynamic checks should be avoided whenever
possible. One way to do so is to postpone weaving of advice
calls until run-time, when conditions determining the emer-
gence of join points hold. This calls for fluid code—code that
adapts itself to the join point emergence at run-time, and
suggests that AOP concepts should be integrated into the
execution model underlying a VM. In this paper, we present
first steps toward such an integration in Steamloom, an ex-
tension of IBM’s Jikes Research Virtual Machine. Steam-
loom is fairly restricted, but our initial experimental results
indicate that aspect-aware VMs and fluid code are promising
w.r.t performance. While the focus in this paper is on per-
formance, there are other advantages of aspect-aware VMs
to be investigated in the future.

1. INTRODUCTION

Dedicated support for fluid code at virtual machine level
is needed for an efficient implementation of dynamic join
points. This is the message we want to put forward in this
section. We start by explaining our understanding of dy-
namic crosscutting, followed by a discussion of strategies to
enable it. Next, we discuss why dynamic crosscutting should
have VM support for fluid code, especially (but not only) for
performance reasons, and present in a nutshell our approach
to such support.

1.1 Dynamic Join Points

The notion of join points is an important concept of aspect-
oriented programming. Crosscuts are sets of related join
points which are defined by pointcut designators. A special
class of pointcuts are those that can directly be mapped to
locations in the program code. A method execution point-
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cut, e. g., can be directly mapped to the place(s) in the code
implementing the method. In the following, we call such
crosscuts code-level crosscuts. Other crosscuts such as the
one described by “whenever z is executed in the control flow
of y” cannot directly be mapped to a location in the code.
They rather emerge depending on the dynamics of the pro-
gram execution, hence, we call them dynamic crosscuts.

We distinguish two classes of dynamic crosscuts. First,
there is the class of statically bound dynamic crosscuts for
which we can statically determine a set of potentially af-
fected code locations (join point shadows in the terminology
of [12]). An example of this family is the crosscut defined
by cflow(aPCD) && othexrPCD’, where otherPCD is assumed
to be a code-level crosscut. In this case, we can statically
determine the set of shadows for the otherPCD part and then
make sure at run-time that only those statically determined
shadows that occur in the control flow of aPCD actually yield
a join point.

The second class of dynamic crosscuts are those whose
correspondence to code locations cannot be restricted in a
reasonable way before run-time, for which reason we call
them unbound dynamic crosscuts. Consider, e.g., an aspect
that counts the invocations of certain methods during the
execution of a program. The set of methods whose invoca-
tions are counted has, however, to be dynamically editable
by the user, so it can only be known at run-time. In this
case, the static shadows will include all method invocation
locations in code. Also unbound are crosscuts resulting from
dynamic aspects, i.e., aspects that are woven at run-time,
as supported by some AOP approaches [25, 8, 16].

Let us now consider how well these different levels of dy-
namic crosscuts can be supported with static machine code
(non-fluid code). Statically bound dynamic join points can
be implemented by instrumenting the set of potentially af-
fected code locations with dynamic checks, which can either
be generated by a compiler, bytecode weaver or class loader
or programmed manually, e.g., by conditional logic in the
advice code. Manual checks are tedious and fragile because
a small change in the program or requirements may invali-
date them. There are different languages that offer built-in
constructs for expressing certain dynamic crosscuts, e.g.,
via cflow in AspectJ. Mapping such PCDs to locations in
code by integrating the needed check dynamics is done by
the compiler (weaver, class loader), which makes the main-
tenance problem of manual checks less severe. The problem
remains with dynamic crosscuts that lack direct support,
such as the unbound dynamic one discussed above. In As-

1PCD is an abbreviation for pointcut designator.






























