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ABSTRACT

Through AspectJ, aspect-oriented programming (AOP) is
becoming of increasing interest and availability to Java pro-
grammers as it matures as a methodology for improved soft-
ware modularity via the separation of cross-cutting con-
cerns. AOP proponents often advocate a development strat-
egy where Java programmers write the main application,
ignoring cross-cutting concerns, and then AspectJ program-
mers, domain experts in their specific concerns, weave in
the logic for these more specialized cross-cutting concerns.
However, several authors have recently debated the merits
of this strategy by empirically showing certain drawbacks.
The proposed solutions paint a different development strat-
egy where base code and aspect programmers are aware of
each other (to varying degrees) and interactions between
cross-cutting concerns are planned for early on.

Herein we explore new possibilities in the language design
space that open up when the base code is aware of cross-
cutting aspects. Using our insights from this exploration
we concretize these new possibilities by extending AspectJ
with concise yet powerful constructs, while maintaining full
backwards compatibility. These new constructs allow base
code and aspects to cooperate in ways that were previously
not possible: arbitrary blocks of code can be advised, advice
can be explicitly parameterized, base code can guide aspects
in where to apply advice, and aspects can statically enforce
new constraints upon the base code that they advise. These
new techniques allow aspect modularity and program safety
to increase. We illustrate the value of our extensions through
an example based on transactions.

Categories and Subject Descriptors

D.3.3 [Programming Languages]: Language Constructs
and Features— Procedures, functions, and subroutines
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1. INTRODUCTION

The principles of aspect-oriented programming (AOP) [21]
are becoming increasingly popular in software development.
As languages, tools, and development environments pro-
viding AOP have begun to mature, increasing numbers of
projects are considering using AOP. Java programmers are
offered the benefits of AOP through AspectJ [20], the most
prominent of all aspect languages.

The lure of AOP comes from its promise to help alleviate
one of the most challenging facets of software development
— the detangling of code through the separation of cross-
cutting concerns. Beyond increasing modularity due to this
separation, additional promises include increased program-
mer specialization, increased parallel development, and im-
proved application debugging, introspection, and reconfigu-
ration. Disregarding cross-cutting concerns is an attractive
approach in that it allows the use of domain-specific experts
to implement cross-cutting concerns. Indeed, this notion of
complete obliviousness is often taken as a defining tenant
of AOP where one would always say, “Just program like
always, and we’ll be able to add the aspects later [11].”

However, the adoption of AOP is not as widespread as
might be expected given these promises. While many factors
certainly affect the adoption of a new methodology and its
associated languages [8], the slow adoption rate is one indi-
cator that there may be “strings” attached to these promises
in that AOP brings with it a new set of challenges that have
not yet been resolved. There is an increasing amount of re-
search that details these challenges, their underlying causes,
and potential solutions [1, 7, 10, 17, 22, 23, 27, 28|.

Specifically, the desirability and even feasibility of abso-
lute obliviousness as outlined above has recently been ques-
tioned. Oblivious programming strategies have been shown
to cause quantification-related problems [28], reduce aspect
modularity [10], and cause safety and feasibility problems [23].

To address these challenges authors have proposed ways
in which to plan for, restrict, infer, or document aspects’ in-
teraction with base code [1, 17, 22, 28]. With the exception
of [22] these proposals argue for a reduced level of oblivi-
ousness and a shift in design strategy where the presence of
aspects are planned for a priori and aspect and base code
programmers actively cooperate. However, these proposals
do not fundamentally increase the power of the AOP models
on which they are built, but rather seek to adjust, guide, or
constrain systems such that modularity is improved.



In this paper we explore new territory starting from a new
premise, considering the improved modularity and safety
that are possible when aspects are part of the software de-
sign process and when aspects and base code can explicitly
communicate. By removing the premise that all base code
should be oblivious to aspects and by allowing for explicit
interaction instead through ezplicit join points (EJPs), we
show how the above challenges are addressed and that the
power of AspectJ is fundamentally increased.

This paper presents the full EJP concept, the ramifica-
tions of their advanced features, and EJP’s impact on As-
pectJ and AOP for the general case. More precisely this
work uniquely contributes the following:

1. A discussion on the design principles backing the EJP
extensions, giving insights into challenges faced by obliv-
ious design as expressed through AspectJ.

2. The fully developed EJP language extensions with cor-
responding syntax and an exploration of their advanced
features, including pointcut arguments and policy en-
forcement. We show how these advanced features fun-
damentally increase the power of AspectJ for AOP.

3. A running example showing the fundamental and prac-
tical benefits of EJPs with all their advanced features
by using EJPs to implement the transactions cross-
cutting concern.

Roadmap. Section 2 presents background and discusses
related work. Section 3 discusses design principles leading
up to our language extensions. Section 4 introduces explicit
join points and show how they can implement transactions,
and Section 5 presents advanced EJP features, including
pointcut parameters and policy enforcement. Section 6 sum-
marizes our work. The Appendix details our extensions to
the AspectJ and Java grammars.

2. BACKGROUND

This section first overviews AspectJ and then we briefly
survey related work highlighting challenges to aspect-oriented
software development and previously proposed solutions, set-
ting the stage for the contributions of the paper.

2.1 Aspect] fundamentals

AOP seeks to improve modularity through two well-known
concepts termed quantification and obliviousness: aspects
make quantified statements over programs about where and
how new logic should be injected, and then these quantified
statements are applied obliviously to programs. [11] These
two concepts are so fundamental that some authors accept
the assertion that AOP is quantification and obliviousness.

AspectJ [20] was the first industrial-strength AOP lan-
guage and remains the most prominent and popular AOP
extension of Java to date. Every language extension that is
part of AspectJ can be classified as either directly supporting
quantification or obliviousness, and the language itself was
designed under the assumption of absolute obliviousness. In
AspectJ obliviousness dictates that code to implement cross-
cutting concerns is completely separated from the code im-
plementing the primary concern (termed the base code) and
is moved into aspects. Key structural elements of the base
code, such as method calls and field accesses, are exposed

as join points, representing the points at which logic to im-
plement cross-cutting concerns can be woven in. A quan-
tification language is defined to allow for collections of join
points, termed pointcuts, to be defined in terms of syntac-
tic patterns, types, and even dynamic state and program
control flow. Logic to implement cross-cutting concerns is
placed within advice, which then use pointcuts to inject this
logic before, after, or around join points. Advice and point-
cuts are grouped into aspects, the basic reusable unit.

2.2 Related work

While the benefits of AOP and AspectJ are many and
have been clearly demonstrated in the literature, researchers
have also highlighted significant challenges faced by AOP as
modeled within AspectJ. Herein we present those challenges
and proposed solutions that are most relevant to our work.

Case studies based on empirical software quality metrics
have begun to emerge [6, 10, 13, 12, 28, 30]. One empiri-
cal case study [10] explored how metrics were affected when
exception handling was implemented using AspectJ instead
of Java. While certain aspects of software quality were im-
proved (viz. separation of concerns), the overall system com-
plexity increased, cohesion decreased, and the modularity of
the aspectized exception handling code was much less than
anticipated, showing low levels of handler code reuse.

The issues involved in obliviously using aspects to add
transactional semantics to base code were studied in [23].
This particular cross-cutting concern is relatively complex
and requires intricate interaction with program state ex-
posed over many distinct join points. The authors found
significant challenges in placing the transactionalizing logic
solely within aspects, noting that transaction scope, com-
pensation, and isolation level are better determined by the
base code in most cases. Also, implementing this concern
raises correctness issues, as there is no way for aspects to
enforce constraints upon the base code being advised.

In [17] the authors introduce the idea of a pointcut inter-
face, proposing that pointcuts be defined in a hierarchical
manner, moving complex pointcut definitions closer to the
base code they match against, even defining certain point-
cuts in classes. While this helps to separate aspects from
implementation details, the modularity of the pointcut in-
terface is limited because aspects cannot use other abstract
aspect’s pointcuts, as discussed in Section 3.5. This limita-
tion implies that pointcuts that are reuseable between as-
pects must be defined within a single aspect, and this single
aspect becomes directly coupled to all base code it advises.

In [28] Sullivan et al. demonstrate deficiencies in modu-
larity due to an oblivious development methodology, using a
large OO system (HyperCast) as a case study. They propose
that base code be structured according to design rules con-
tained within crosscutting programming interfaces (XPIs),
extending the ideas of [17]. Pointcuts are then written ac-
cording to patterns specified by the design rules, and in this
way pointcuts are made more robust. In their follow-on
work [16] they describe how to represent XPIs using As-
pectJ pointcut descriptors. However, there is no mechanism
to ensure that base code conforms to the design rules, and
this technique also suffers from the same modularity issues
as [17] for the same reasons.

Aldrich takes a different approach by proposing open mod-
ules [1]. Aspects are only allowed to advise the join points
explicitly exported by a module. If a module carefully de-



fines visible join points to avoid internal implementation de-
tails, the resulting pointcuts in aspects are robust to future
changes in that module. While this technique prevents as-
pects from writing fragile pointcuts it does so by removing
aspects’ power to advise fragile points, which might be nec-
essary to implement a cross-cutting concern, which, as was
demonstrated in [28], is often the case.

A similar approach to improving modularity is taken in
[22], but instead of relying on modules explicitly declaring
aspect interfaces these aspect interfaces are automatically
generated. Changes to base code can be compared against
these generated interfaces to discover unwanted side effects.
While this helps mitigate unwanted changes in how aspects
advise base code, it does not actually reduce coupling nor
increase pointcut robustness.

The general direction of prior research is to involve aspects
early in the design process and shape base code to accommo-
date them. We argue that if obliviousness is already lessened
to this degree at this higher level then the step to introduce
explicit communication between base code and aspects is
not a big one, especially if these explicit constructs are only
used where necessary and with care. We show herein that
by allowing programmers the possibility of explicitly coop-
erating with aspects the power of AspectJ is increased and
that aspect modularity and safety can be increased.

3. DESIGN PRINCIPLES

In this section we discuss design principles underlying the
development of our EJP extensions. We briefly overview
previous ways in which cross-cutting concerns are imple-
mented in Java and AspectJ, explaining specific weaknesses
of each approach. We visualize these approaches and also in-
troduce a running example based on transactions. Later we
use this pedagogical framework to clarify the presentation
of explicit join points.

3.1 Visualization framework

Figures 1-3 abstractly depict the structure, control flow,
and data flow for the different approaches to implement
cross-cutting concerns. The labeled circles represent fields,
formal parameters, or local variables. For example, in Fig-
ure 1, class C contains four fields (A, B, C, and D), and
method A has 3 formals (E, F, and G). The numbered boxes
represent statements — method call or field access — and
thus represent advisable join points. The labeled circles in-
side each statement represent the variables used within that
statement that are accessible to pointcuts within AspectlJ.
Control flow between blocks of code or methods is depicted
by arrows. A double-lined arrow represents the control flow
after an exception is raised.

3.2 Inlined approach

Figure 1 depicts how the code would be structured in an
inlined approach, where code to implement a cross-cutting
concern is written in place as needed. The use of variables
A, B, F, and G within the cross-cutting concern depict that
it shares data with the base code and that data may be ex-
changed. Variables C and D are used exclusively to imple-
ment the cross-cutting concern. Note that the cross-cutting
concern may trigger exceptions that must be handled.

Inlining the full implementation of cross-cutting concerns
wherever they’re needed produces redundant and tangled
code. Thus, in Figure 2 we refactor the cross-cutting concern
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Figure 1: Inlined approach

Class C
®®
Method A ®F e
[ BE6 0 Class A
1.OEGE ]
HEN I co
BENOIGIGIC MethodCCC B ® ® ©
Cross-cutting concemn
BERACIGICEN
(2© |
o |
|
[4.®® [] I
(e

Figure 2: Refactoring approach

into another class. Any data within base code required by
the cross-cutting concern’s implementation is passed as an
argument to the implementation method in class A. This
approach is functionally identical, reduces redundancy, and
preserves constraints. However, the base code is still tied
to the specific implementation of the cross-cutting concern.
Class C must specifically instantiate or store a reference to
class A, and if the implementation was changed or refactored
the base code would probably need to be modified. In this
way the base code is unnecessarily coupled to the cross-
cutting concern, hindering modularity and flexibility.

3.3 Aspect] approach

Eliminating these issues is the main motivation behind
AOP and AspectJ. Figure 3 depicts how the concern would
be implemented with AspectJ. The base code is completely
oblivious to the aspect, depicted by the removal of the ex-
plicit call to the other class. This allows for the details of
the implementation of the cross-cutting concern to change
freely without concerning the base code. In this figure we
depict the possibility that the cross-cutting concern be im-
plemented by two aspects. The details of how the imple-
mentation was factored into two aspects is not important
here — just that it is possible for more than one aspect to
implement the cross-cutting concern, and that the aspect(s)
may require all or some of the state that the non-AspectJ
implementation would have required.

Note that in this instance the concern (and thus the as-
pect) requires specific state from the base code. Because
AspectJ is limited to either advising a single statement or
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Figure 3: AspectJ approach

an entire method body, it is not possible for a single point-
cut to capture all of the state required for proper execution
of the cross-cutting logic. If the aspect advised the entire
execution of method A then it would have access to variables
B (through target), E, F, and G, but it would not be able
to inject the cross-cutting code at the proper location, nor
could it access the new value of variable G if statement 1 in
Figure 3 changed variable G (and G was a scalar). If the
aspect chose to weave logic immediately after statement 2,
it would only be able to access variable B. Similarly, if the
aspect wove logic immediately before statement 3 it would
only have access to variables A, B, and F. In this way advice
in AspectJ have limited access to state within base code.
Additionally, aspects that need to inject logic at very spe-
cific points within a method have to use very detailed (and
therefore fragile) pointcut patterns. For example, for as-
pect A2 to inject logic at the desired location, it uses a
pointcut similar to withincode (+ C.A(..)) && call (mpattern)
where mpattern matches the method call at statement 3.
The pointcut expression would have to be even more spe-
cific and complex if the method called by statement 3 was
called elsewhere within method A — the pointcut expres-
sion would then have to pick out the specific location by
argument type or value. If the method calls had identical
arguments (or no argument) it would not even be possible to
match the exact location, and the programmer would prob-
ably choose to refactor the base code to accommodate the
aspect. Thus, in addition to state accessibility issues, im-
plementing cross-cutting concerns in this fashion aggravates
the fragile pointcut problem due to unilateral pattern match-
ing in pointcuts, tightly coupling aspects to base code and
hindering base code modification or refactorization [27].
Another problem with this approach is that the aspect
can no longer directly affect the control flow of the base
code beyond the scope of a single join point. For example,
an aspect cannot safely introduce exceptions into the base
code and require during compilation that these exceptions
be handled. The aspect could throw a soft exception and
specify that some other aspect catch these soft exceptions,
but there are no compile time constraints available to ensure
that this actually happens. Advice can use a throws clause
to indicate the advice can throw a checked exception, but it
is not allowed to throw any checked exception that cannot

class Agent {
CardProcessor cC = ...;
void createTrip (Person p, Flight f, Hotel h) {

f.reserveSeat (p);
h.reserveRoom (p) ;
cc.debit (p.getCC(), ...);
}
}

Listing 1: Pseudo-code of business logic in example

already be thrown by the join point it is advising (so new
checked exception types cannot actually be introduced by
aspects). For cross-cutting concerns with semantics requir-
ing proper error handling this lack of static enforcement is
undesirable and is a safety hazard, and we address this issue
with our language extensions as demonstrated later.

3.4 Transactions example

To ground our presentation of EJPs in practice, we intro-
duce a running example showing pseudo-code to implement
the transactions cross-cutting concern. Since different fla-
vors of transactions exist [29], and extending programming
languages with specific support is expensive in many senses,
aspects seem like a promising solution.

Listing 1 shows pseudo-code for a method representing
business logic we would like to “transactionalize.” The person,
Flight, and Hotel Objects represent transactionalizable ob-
jects (or send commands to a database in a manner compati-
ble with the transactionalizing mechanisms). The reserveseat
and reserveroom method calls represent business logic within
the transaction that may cause exceptional control flow (e.g.,
the flight or hotel is booked out). The debit operation on
the cardprocessor object represents an action that cannot
be rolled back automatically, requiring explicit compensa-
tion [5]. Other examples include interaction with legacy
systems that are incompatible with the transactionalizing
mechanisms, physical or network device (I/0O), etc. [18].

Using AspectJ to implement transactions and related mech-
anisms is an area of active interest in research and industry
[4, 14, 24, 31]. In this discussion we focus on the funda-
mental difficulties in using AspectJ to implement transac-
tions rather than focusing on the details of any one system.
The actual implementation could employ optimistic or pes-
simistic concurrency control, be based on databases, objects,
or enterprise APIs, be centralized or distributed, etc.

The general strategy in applying transactions using As-
pectJ is to use around advice to wrap transactionalizing logic
around method calls that should be executed with transac-
tional semantics or that affect the state within the transac-
tion. The aspect is responsible for creating or referencing
a transaction context object to manage the state for the
transaction (typically one context is required per top level
transaction). Examples of how to do this with AspectJ can
be found in [24] (based on JDBC and JDA) and in [23] (in
the context of the OPTIMA transaction framework).

The pseudo-code showing this strategy (abstracted away
from the details of any particular system) is depicted in List-
ing 2. Not shown are concrete aspects that would specify
pointcut expressions indicating where transactions should
begin (e.g. to match the call to agent.createrrip). Barring
failures and potential state—point separation issues, the As-
pectJ approach works well — the business logic is free from



abstract aspect TransactionImpl {
abstract pointcut startTranIsoLevelO();

abstract pointcut startTranIsoLevel3();
void around() : startTranIsoLevelO() {
TransContext t = (...).getContext (0);
t.beginTrans () ;
proceed() ;
t.commitTrans () ;

}

void around () : startTranIsoLevel3 () {
TransContext t = (...).getContext (3);

}
after () throwing : startTranIsoLevelO ()
|l ... || startTranIsoLevel3()
{
TransContext t = (...).getActiveContext();
t.abortTrans () ;
}
declare soft: TranException: within (TransactionImpl)
}

//Now declare aspects that derive from TransactionImpl

Listing 2: Pseudo-code of transactionalizing mecha-
nisms with AspectJ

the implementation details of transactions and different as-
pects could be written to implement transactions utilizing
different mechanisms, allowing weave-time adaptation of the
business logic according to need and context.

3.5 Challenges

However, the possibility of failure introduces important
problems. If a transaction fails then the error must be han-
dled — a correct program cannot ignore the failure and con-
tinue with a rolled back state of the system, especially if
the rollback is incomplete [9] and/or compensation is re-
quired for certain actions. Since aspects cannot require new
checked exception types to be handled (exceptions must be
softened instead) a safety hazard is introduced.

Additionally, the modularity and flexibility of the transac-
tion cross-cutting concern is restricted in the following ways:

1. First, while the actual implementation is within an ab-
stract aspect, concrete aspects must be used to over-
ride the abstract pointcuts and describe every join
point in the program where a transaction should be
opened. When the concrete aspects with the point-
cuts are specified they have to explicitly indicate the
base aspect they are deriving from, tying the point-
cut definitions to the actual implementation technique
that should be used. If one wants to try a different im-
plementation aspect, all of the concrete aspects have
to be changed so they inherit from the new aspect.

Also, because these concrete aspects are separate from
and yet tightly coupled to the base code, as the base
code changes these pointcuts have to be maintained.
Each cross-cutting concern adds a potentially large
amount of new pointcuts to be maintained, limiting
the scale of the technique and reducing overall mod-
ularity. In these ways the subclasses of the abstract
aspect are tightly coupled both to the abstract aspect
itself (the transaction implementation technique) and
to the base code being advised (through their pointcut
descriptors). These limitations on aspect modularity
have been observed in empirical case studies [10, 28].

2. Second, because the concrete aspects cannot specify
the isolation level to use through a parameter in the
pointcuts they specify (as pointcut arguments can only
be populated via state from base code) a separate ab-
stract pointcut must be used for each possible isolation
level. Alternatively a separate concrete aspect could
be used along with a field within the aspect to in-
dicate the isolation level, but either way the number
of pointcuts or concrete aspects required grows multi-
plicatively as the number of parameters affecting the
advice increases. In this example the total number of
possibilities was only 4, but in other practical scenarios
the total number of distinct parameter values required
could become unmanageable.

3. Finally, AspectJ does not allow aspects to advise ab-
stract pointcuts in other aspects. This means that
if one wanted to implement another concern (e.g. a
concern monitoring the timing and source location of
transactions) then the aspect implementing the new
concern could not reuse the pointcut definitions from
the concrete subclasses of the TransactionImpl abstract
aspect — all of the pointcuts would have to be specified
again (observe that it could not simply advise method
calls to the Transcontext class because the concern also
wants to record the source locations in the base code
where the transactions are starting or ending). This
greatly increases the difficulty of adding new concerns
that need to advise similar join points to existing con-
cerns and is in contrast to the stated goals of AOP.
Classpects [26] have been proposed to address this
challenge by removing any distinction between class
and aspect, thus removing anonymity for advice.

These arguments are further substantiated in an empirical
extendability study [19].

4. EXPLICIT JOIN POINTS

In this section we present explicit join points, illustrating
how they compare and contrast to these previous techniques.
The running example of implementing transactions via as-
pects is continued, showing one example of how EJPs are
effective in practice.

4.1 Simple EJPs

By removing from our language design the assumption
that all base code will be oblivious to aspects, we are now
free to introduce explicit communication mechanisms. One
simple communication mechanism would be for base code
to invoke methods within aspects. However, while this is
actually possible in AspectJ (as all aspects are also classes),
this wouldn’t be aspect-oriented because base code would
be invoking logic in aspects (OO) instead of aspects weaving
logic into base code (AO).

Instead, we define the simplest EJP declaration to have
the same form as a method declaration within an interface,
having an identifier, return value, formals, and a throws
list (but no method body). We do allow specification of a
default return value to be used if no aspect advises the EJP.
The base code then references these EJP declarations using
syntax similar to static method invocation. A new pointcut
modifier, ejp, is defined (used within the ca11l pointcut) to
pattern match EJPs within base code.
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Figure 4: AspectJ with EJPs approach

Listing 3 overviews syntax for the fully fledged EJPs and
previews the advanced EJP features that we introduce in the
sections below, while Appendix A precisely defines our syn-
tactic extensions. Refer to Listing 4 for examples of point-
cuts that match against EJPs.

Figure 4 shows the structure, data flow, and control flow in
a program designed using the EJP pattern. Because we have
reintroduced explicitness into the base code, aspect(s) are
able to access all information required by the cross-cutting
concern. The throws list of the EJP signature ensures during
compilation that the base code handles any exceptions that
could be raised (or alternatively that aspects handle these
exceptions and soften them using declare soft).

The EJP serves as an explicit representation of an ab-
stract contract between the base code and aspects, modeling
the information required by the cross-cutting concern and
also any constraints to be enforced upon base code wishing
to be advised. In contrast to method invocation, however,
the target class is not predefined, and the base code is not
coupled to any specific implementation.! At a minimum
the EJP designer should informally specify any high-level
pre- and post- conditions and the semantics of the EJP’s
formals. Additionally, the EJP designer could attach some
abstract promise of functionality to EJP declarations. In ac-
cordance with the information hiding design principle [25],
the contract that the EJP represents should be as abstract
as possible so that concern implementations hide their im-
plementation details, thus facilitating future enhancement
(via changing, composing, or recomposing aspects) without
requiring the base code to be modified.

4.2 Beyond simple EJPs

The EJPs described in the above form represent a change
in design methodology more than a new or novel language
construct — the simplest EJPs can be used today without ex-
tending AspectJ by modeling EJPs as static methods. How-
ever, the increased power and real benefits of EJPs come as
we add new language features that bring aspect-awareness
to base code. As we allow base code to use aspect-oriented
concepts directly we approach a paradigm shift towards co-

!Using the command pattern would reduce coupling vs.
method invocation, but would not be as effective as aspects.
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Figure 5: Advising arbitrary code blocks using
scoped EJPs

operative aspect-oriented programming, where the distinc-
tion between base code and aspects is blurred, and the sce-
nario where aspects are advising other aspects in complex
ways becomes much more common. Indeed, one of the issues
limiting the scalability of AspectJ with respect to the num-
ber of cross-cutting concerns is that it is difficult for aspects
of one cross-cutting concern to advise aspects implementing
another cross-cutting concern, due to the anonymous nature
of advice and the unilateral advising model in AspectJ.

The need for aspects to robustly advise other aspects is
not limited to theory, but becomes more necessary as sys-
tem complexity increases. For example, a fault analysis en-
gine would arguably need to advise code within exception
handling aspects, not just advise the join points that the ex-
ception handling aspects advise. This is similar to arguing
that following a strict layering approach (where a layer can
only communicate with its immediately neighboring layers)
is not always practical or desirable. We seek to empower
aspect-oriented programming to better address these cases.

The first new language feature we add is a scoped modi-
fier for EJP declarations, which when specified allows base
code to attach a block of code to an EJP reference using
syntax similar to anonymous class instantiation. We add
the ejpscope pointcut modifier, which matches executions
of blocks of code attached to EJPs. This allows arbitrary
blocks of code to be advised, as depicted in Figure 5. Refer
to Listings 3 and 4 and Appendix A for related syntax.

It is worth noting how scoped EJPs are advantageous over
a well-known technique in the AspectJ community — refac-
toring blocks of code into new methods in order to advise
that block of code. The refactoring approach has two sig-
nificant drawbacks:

1. First, it has been shown empirically that refactoring
methods to expose new join points decreases object co-
hesion and artificially increases system complexity [10]
(as measured by the well-founded metrics of that study).

2. Second, the negative effects multiply as additional cross-
cutting concerns advise base code. The base code be-
comes increasingly splintered as differing concerns re-
quire the advising of different blocks of code and more
and more state is passed as arguments through these
“intermediate methods.” Additionally, if these refac-
tored blocks of code change multiple local variable val-
ues existing in an outer scope the lack of pass by ref-
erence parameters further complicates the signatures



aspect A {
// Syntax for EJP declarations:

[<JavaModifiers>] [scoped] joinpoint
<ReturnType> <Name> " (" <Formals> ")"
[pointcutargs " (" <DefPCArg> ["," <DefPCArg>]x ")"]
[handles ...]
[throws ...]
["=" <DefaultValueExpr>] ";"

//where <DefPCArg> is <ArgName> " (" <Formals> ")"
}

class C {
void m() {

// Syntax for using EJPs in base code:

<AspectName> "." <EJPname> " (" <Args> ")"
[pointcutargs <PCArg> ["," <PCArg>]x] ] ";"

// Syntax for using scoped EJPs in base code:

<AspectName> "." <EJPname> " (" <Args> ")"
[pointcutargs <PCArg> ["," <PCArg>]*

nn

// block of code to be advised

nyn n.w
7

//<PCArg> is <ArgName>" ("<Formals>")" ":" <Pointcut>

Listing 3: Overview of explicit join point syntax

aspect A {
// Examples of ejp and ejpScope pointcut modifiers:
pointcut pl(...): call(ejp(<EJP name>)) && args(...);
pointcut p2(): cflow(call (ejpScope (<scoped EJP name>)));
}

Listing 4: Matching EJPs in pointcuts

of these methods. Each concern added to the system
makes refactoring increasingly difficult [10], hindering
methodologies such as Extreme Programming [3].

These effects are in direct contrast to one of the foremost
goals of AOP — to make it easy to adapt, evolve, and refactor
(via the separation of cross-cutting concerns).

In contrast, scoped EJPs do not require the introduction
of new methods, preserving cohesion and avoiding the mud-
dling of the primary decomposition of the program. With
scoped EJPs, the cf1ow construct is more powerful and less
fragile, as now explicit meaning can be associated with a
single scoped EJP as opposed to having to attach meaning
to a list of method names using a pointcut. Scoped EJPs
also scale better in the presence of multiple cross-cutting
concerns — because the blocks of code being advised remain
inlined in their original methods and can access and modify
local variables in all visible outer scopes, method signatures
can remain unchanged and concerns can be added or re-
moved simply by wrapping or unwrapping a block of code
within a scope. Each concern is orthogonal to the other in
relation to its effect on the base code, as code can freely
reach across multiple scopes without additional effort. This
also has the side effect of making the base code more read-
able and comprehensible, as all significant cross-cutting se-
mantics are visible via the EJPs. Without EJPs in order to
comprehend these semantics complex pointcuts and multi-
stage advice would need to be referenced and understood.

4.3 Handles list

Now that aspects can advise arbitrary blocks of code we
can introduce new and interesting ways in which aspects and
base code can interact. One such way is facilitated by the

1 interface CompensationRecord {

2 void compensate();

3 void log(...);

4}

5 abstract aspect TranConcern {

6 scoped joinpoint void enterTrans (int isolationLevel)
7 pointcutargs ignoreableCompensations ()

8 throws TranException;

9 joinpoint int defaultIsolationLevel() = 0;

10 joinpoint void addCompensation (CompensationRecord r);
11 }

Listing 5: EJP interface defining the transaction
cross-cutting concern

1 class Agent {

2 CardProcessor CcC = ...;

3 void createTrip (Person p, Flight £, Hotel h)

4 throws TranException {

5 int level = TranConcern.defaultIsolationLevel();

6 TranConcern.enterTrans (level) {

7 f.reserveSeat (p);

8 h.reserveRoom(p) ;

9 cc.debit (p.getCC(), ...);

10 //The TranConcern.addCompensation EJP would

11 //be referenced here because of the cc.debit call

12 }i
13 }
14 }

Listing 6: Pseudo-code of business logic with EJPs

addition of a new handies list to an EJP declaration. Listing
checked exception types in the handles list means that for
each type in the list some aspect (at least one) will advise
that point joint and handle that exception type.? In essence,
it is a promise to the base code that aspects will handle
certain exceptions (the base code need not be concerned
with how and where the exceptions are handled — only that
they are). In the base code referencing a scoped EJP with
a handles list has the same effect on checked exceptions as
if that block of code were associated with catch blocks for
the checked exceptions types in the handies list.

4.4 Transactions with EJPs example

With our new language features we are now better equipped
to effectively implement the transaction cross-cutting con-
cern. Listings 5, 6, and 7 show the implementation using
EJPs, in contrast to the AspectJ implementation shown in
Listings 1 and 2. Note that any compensation related con-
structs are irrelevant in this section.

Observe that the EJP implementation does not suffer from
the downfalls of the AspectJ method as discussed in Sec-
tion 3.4. First of all, the entertrans EJP declaration on line
8 of Listing 5 specifies that references to that EJP must han-
dle that checked exception (see Listing 6, line 4) and that
aspects advising that EJP are allowed to throw a checked
exception of type Trankxception. Whereas in the Aspect]
implementation the TransactionImpl aspect had to soften
TranException (and had no guarantee this exception would
be handled), advice can now declare the TranException type
in their throws list without a compiler error without requir-
ing softening. Instead of adding the TranException type to
the throws list in the base code an aspect could be used to
implement the exception handling logic for that exception.

2This can be enforced during compilation when base code
and aspects are woven all at once.



1 aspect TransactionImpl ({

2 pointcut tranScopes (int isolationLevel):

3 call (ejpScope (TranConcern.enterTrans))

4 && args(isolationLevel);

5 //A transaction begins and ends at the outermost

6 //instance in the control flow of the enterTrans EJP
7 void around(int isolationLevel) throws TranException:
8 tranScopes (isolationLevel)

9 && !cflowbelow (tranScopes(..))
10 {

11 TransContext t = ...;

12 t.beginTrans () ;

13 proceed() ;

14 t.commitTrans () ;

15 }

16 after () throwing throws TranException: tranScopes(..) {
17 TransContext t = (...).getActiveContext ();

18 if (¢t !'= null) t.abortTrans();

19 }

20 //Some aspect could advise the addCompensation EJP

21 }

Listing 7: Pseudo-code of aspect implementing
transaction concern with EJPs

An error handling aspect would soften the EJP’s checked
exception using a robust pointcut based on the EJP name:

declare soft (): TranException:
call (ejpScope (TranConcern.enterTrans))

Note that in the EJP case without an exception handling
aspect (or another mechanism to handle the TranException
checked exception) a compiler error is raised, whereas with
the AspectJ method the original exception being thrown is
softened, so no compiler error is raised if the exception is
not handled in some way.

Also observe that the implementation aspects are concrete
and no additional pointcuts or aspects need to be defined
now or in the future — the pointcuts are robust, in contrast
to the pointcuts required by the AspectJ implementation.

Usually base code is not concerned with the isolation level,
so we defined the defaultisolationrevel EJP (Listing 5, line
9). This allows aspects to customize the isolation level in the
general case and then for the base code to directly override
it as desired (see Listing 6, line 5).

Additionally, the implementation is robust to changes in
how transactions are implemented. If one desires to try
a different aspect in the place of TransactionTmpl then the
only step is to define the new aspect and the one pointcut
that refers to the EJP — no pointcuts need to be changed
or duplicated and no changes need to be made to aspect
inheritance, in contrast to the AspectJ technique.

Another important benefit of the EJP approach is that the
advice can be customized on a per join-point basis (through
the formals of the EJP), as shown by the isolationLevel
parameter in this example (Listing 7, lines 2, 7, and 8).
Whereas the AspectJ technique required four nearly identi-
cal advice to model the four different possible isolation levels
the EJP technique could model this with just one. (While
the advice could be refactored somewhat to eliminate re-
dundancy, this is hindered by the need to ultimately call
proceed, although proceed Can actually be captured within a
closure.) Although the parameters are specified in the base
code in the example (and as discussed in [23] it is often de-
sirable to do so) they could have just as easily been specified
by aspects, as discussed next.

To preserve obliviousness in the base code Listing 8 demon-
strates how aspects could be used to “reference” EJPs at

abstract aspect ReferenceTransEJP {
abstract pointcut startTranIsoLevelO();

abstract pointcut startTranIsoLevel3();
void around() : startTranIsoLevelO () {
TranConcern.enterTrans (0) {
return proceed() ;
i
}

declare soft: TranException: within (ReferenceTransEJP)

Listing 8: Pseudo-code of using aspects to indirectly
reference EJPs in base code

appropriate places within the base code. However, we warn
that this technique only shifts the pointcut coupling seen
in the AspectJ technique to a different set of aspects, and
advocate instead that in most cases base code should di-
rectly reference EJPs. However, this technique would help
AspectJ code begin using EJPs with minimal change while
allowing new code to reap the full benefits of EJPs. With-
out the notion of a scoped EJP, this new level of indirection
that facilitates pointcut robustness would not be possible.
Finally, the use of EJPs (whether they are referenced di-
rectly in base code or indirectly through aspects) facilitate
adding new concerns that advise the same join points be-
ing advised by existing aspects. To return to our running
example, an aspect implementing the monitoring of timing
and source location of transactions would only require one
pointcut (to match the enterrtrans EJP), in contrast to the
AspectJ method that requires the respecification of all join
points in the base code where transactions begin and end.

5. ADVANCED EJP FEATURES

In this section two additional features of EJPs are intro-
duced: pointcut arguments and policy enforcement.

5.1 Pointcut arguments

The explicit presence of AOP features in base code al-
low us to introduce a new construct for cooperative AOP
— pointcut arguments. When declaring an EJP optionally
one can also specify a set of pointcut arguments to be at-
tached to the EJP. Each pointcut argument attached to an
EJP declaration can be thought of as declaring an abstract
pointcut whose full name is <EJP name>. <arg name>.

Instead of deriving aspects to specify the concrete defi-
nitions for these abstract pointcuts, base code is given the
opportunity to specify these pointcuts incrementally in the
following way: References to EJPs in base code optionally
use the pointcutargs keyword (see Listing 3). In this con-
text the list of pointcuts following the pointcutargs keyword
add to the definition of the named pointcut arguments. The
pointcut arguments in each EJP declaration are fully defined
by the disjunction of all of their corresponding pointcut pat-
terns within the base code that references them.

Pointcut arguments allow the base code to use the power
of pointcuts to tell aspects additional places they should (or
should not) advise. This is advantageous in scenarios where
the base code has a better understanding than aspects of
which join points should be advised. If pointcut fragility
cannot be avoided then at least the definition of the fragile
pointcut can be moved as close as possible to the code upon
which it is tightly coupled. We define new pointcut mod-



class Testing {
void testTrans () {
TranConcern.enterTrans(...) //EJP ref.
pointcutargs ignorableCompensations()://Add to the
(call (ejp (*.addCompensation)) && //pointcutarg
cflow (call (thisblock)) //definition.
{...}; //comp. is now ignored in cflow of this block

Listing 9: Base code adding to a pointcut argument

ifiers thisclass, thismethod, and thisblock, applicable only
within pointcut patterns within base code (referring to the
containing class, method, or EJP block), to mitigate point-
cut fragility by avoiding references to explicit typenames.

To illustrate pointcut arguments we continue our transac-
tions example. Listing 5 shows how explicit compensation
might be modeled in the EJP interface. The base code would
reference the EJP to record actions requiring manual com-
pensation upon rollback, as denoted in Listing 6. Note that
an aspect could be used to reference the EJP obliviously if
desired but might face state—point separation challenges.

Sometimes code may need to ignore compensation because
it is compensated as part of a larger transaction. We add the
enterTrans.ignoreableCompensations pointcut argument (see
Listing 5), which describes compensations that should be ig-
nored. The pointcut modeled by this pointcut argument is
incrementally defined as base code references the enterTrans
EJP. Through pointcut arguments, base code specifies ad-
ditional join points where compensation should be ignored.

Listing 9 gives an example where all compensation is ig-
nored within transactions started by the EJP block in the
testTrans method. The following is an example pointcut
that uses the pointcut argument defined in Listing 5:

pointcut newRecords(): call(ejp (*.addCompensation)
&& !'enterTrans.ignoreableCompensations();

5.2 Policy enforcement

Another advanced feature complementing EJPs is our con-
tribution of policy enforcement mechanisms. In AspectJ,
compilation errors can be generated when join points match
certain pointcut expressions. We extend this mechanism
via the nomatch keyword so that errors are generated when a
pointcut expression does not match any join points within a
given lexical scope (package, class, method, or EJP block).

Consider the following example:

declare error nomatch by ejp://Check each EJP block that...

call (» CardProcessor.x*) : //contains these join points
call (ejp (*.addCompensation(..))): //What to require
"missing compensation!"; //Error message

This illustrates how policy enforcement can be used to
ensure that any scoped EJP containing method calls on a
cardProcessor object should also contain a reference to the
addCompensation EJP. In this way policies can be written that
ensure that base case does not “forget” to reference EJPs
that are part of a larger protocol.

6. CONCLUSIONS

We have presented and precisely defined explicit join
points with their advanced features, which enhance the power
of Java and AspectJ and increase modularity and safety.
The value of EJPs were demonstrated by implementing the

transactions cross-cutting concern with both AspectJ and
EJPs and comparing and contrasting the two methods in
detail. Through EJPs we advocate a cooperative AOP ap-
proach where base code and aspects actively cooperate. An
extension of the AspectBench compiler [2] that implements
EJPs is freely available under terms of the LGPL®. We an-
ticipate future research exhibiting new design patterns made
possible by the enhanced power of AspectJ with EJPs.
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APPENDIX
A. SYNTAX EXTENSIONS

Herein we formally define our extensions to the AspectJ
and Java grammars. Our grammar extensions are LALR(1),
and their descriptions follow the conventions used in the
Java language specification [15].

Syntax added to AspectJ:

EzxplicitJoinPointDeclaration :
EzxplicitJointPointHeader FormalPointCutParams,,: Han-
dlesopt Throwsopt ExplicitJoinPointInitializer pt
EzxplicitJointPointHeader :
Modifiersopt scopedopt ExplicitJointPointDeclarator

EzxplicitJointPointDeclarator:
joinpoint ResultType Identifier (FormalParamlList)

FormalPointCutParameters:
pointcutargs FormalPointCutParameterList

FormalPointCutParameterList:
FormalPointCutParameter
FormalPointCutParameter, FormalPointCutParameterList

FormalPointCutParameter:
Identifier (FormalParameterListopt)

Handles:
handles ClassTypeList

EzxplicitJoinPointInitializer:
= FEzxpression

MethodConstructorPattern:

thisclass || thismethod || thisblock
EzxplicitJoinPointPattern
EzxplicitJoinPointScopePattern

ExplicitJoinPointPattern:
ejp (MethodPattern)
tejp (MethodPattern)

EzxplicitJoinPointScopePattern:
ejpScope (MethodPattern)
tejpScope (MethodPattern)

DeclareDeclaration :

declare error nomatch Granularity : PointcutExpression :
PointcutExpression : StringConstant

Granularity :

by package

by class

by method

by ejp

Syntax added to Java:

EzxplicitJoinPointExpression:

ExplicitJoinPoint PointcutArguments,p: Blockpt;
EzxplicitJoinPoint:

AspectName . ExplicitJointPointName (ArgumentListopt)

Pointcut Arguments:

pointcutargs PointcutArgumentList
Pointcut ArgumentList :

Pointcut Argument

Pointcut Argument, Pointcut ArgumentList

PointcutArgument:
PointcutName (FormalParamlList,pt) : PointcutExpression




