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ABSTRACT

Reuse of aspects, and pointcuts more specifically, becomes
more and more important as AOP matures and libraries
will include aspects. The Elementary Pointcut [2] design
pattern aims to improve the reusability of aspects that com-
bine pointcuts and advice in one module. This short paper
will introduce this pattern using the GoF template [1].

Categories and Subject Descriptors

D.2.2 [Software Engineering]: Design Tools and Tech-
niques

General Terms

Design, Languages
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1. INTENT

Define the general structure of a pointcut by decomposing
it into elementary pointcuts. Elementary Pointcut lets sub-
aspects override certain properties of the composite point-
cut, without changing its overall structure. This way the
composite pointcut, and hence the aspect in general, be-
comes more reusable.

The Elementary Pointcut pattern can be considered as
the Template Method design pattern [1] applied to pointcut
definitions.

2. MOTIVATION

Consider an e-finance framework that provides basic bank-
ing services. Accounts, the key entities in the system, have
a unique id and a balance, and provide two kinds of transac-
tions: to withdraw and deposit an amount on the account.

class Account{

String id;

double balance;

Account (string id){...}

double GetBalance (){...}

void WithDraw (double amount){...}
void Deposit (double amount){...}

Listing 1: The Account class.

The amount that is deposited or withdrawn should be strictly
positive and this should be verified. This verification is im-
plemented as an aspect Amount Verification.

cclass AmountVerification {
pointcut transactions(double amount):
execution (x Account.WithDraw (..))

&& args (.., amount)
|| execution(x Account.Deposit (..)
&& args (.., amount);

before (double amount): transactions (amount)

{
}

if amount <= 0 throw new Exception ;

Listing 2: The base aspect, verifying the transac-
tions on Account (in CaesarJ).

The goal is to make the account and associated amount
verification as reusable as possible for various banking ser-
vices, like savings accounts, investment services, interna-
tional bank accounts, ...Suppose for instance that the Ac-
count component is reused as part of a BasicBanking compo-
nent that implements some basic banking services: creation
of new accounts, withdrawal from an account, deposit on an
account and transfer between accounts.

class BasicBanking{
List <Account> accounts;
void CreateAccount(string id){...}

void WithDraw(string id,double amount){...}

void Deposit(string id,double amount){...}

void Transfer(string from, string to,
double amount){...}
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Listing 3: The BasicBanking class

From a security viewpoint, a key issue in e-finance, input



validation should happen as soon as possible. So, we also
need to verify the amount of the three transactional oper-
ations of BasicBanking. The fact that BasicBanking uses
Account and thus Amount Verification will be applied any-
way, is not satisfactory.

Intuitively, we assume that reusing the existing Amount Ver-

ification aspect to validate the amount in the BasicBanking
service, should be very easy, because the operations are al-
most the same (syntactically and semantically) and only one
extra operation should be verified. More concrete, we want
to reuse the AmountVerification aspect to achieve that the
amounts of the three operations in BasicBanking (withdraw,
deposit and transfer), are verified.

cclass BBAmountVerification extends
AmountVerification{
pointcut transactions(double amount):
execution (x BasicBanking.WithDraw (..))
&& args (.., amount)
|| execution (x BasicBanking.Deposit (..)
&& args (.., amount);
|| execution (x BasicBanking. Transfer (..)
&& args (.., amount);

Listing 4: The subaspect, verifying the transactions
on BasicBanking (in CaesarJ).

As Amount Verification is implemented right now, only the
advice can be reused and all the common pointcut prop-
erties have to repeated. Without a proper design of the
AmountVerification aspect, reusing it is cumbersome and
leads to duplication of pointcut expressions.

3. APPLICABILITY

Use the Elementary Pointcut pattern when you want to
design a reusable aspect. The composite pointcut defines
the invariant properties and structure of the pointcut and
leaves it up to subaspects to (re)define the variable parts.

To avoid duplication of pointcut expressions among sev-
eral aspects, one can define a superaspect using Elemen-
tary Pointcut to express the common properties of the sub-
aspects.

4. STRUCTURE
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+compositePointcut() —
+elementaryPointcutl ()
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Figure 1: Structure of Elementary Pointcut

5. PARTICIPANTS

e Base aspect - a base aspect with a composite point-
cut decomposed into a number of elementary point-
cuts. Ideally, the elementary pointcuts are orthogonal
with respect to each other, so that they can be refined
independently (e.g. each elementary pointcut puts a
restriction on only one join point property and is least
restrictive on all other join point properties, like a wild-
card). The composite pointcut is then defined on the
basis of the elementary pointcuts by means of logical
operators.

e Subaspect - an aspect overriding some of the elemen-
tary pointcuts from the base aspect.

6. COLLABORATIONS

The subaspect relies on the base aspect to define the in-
variant structure of the pointcut by means of elementary
pointcuts.

7. CONSEQUENCES

The reusability of the superaspect is largely determined
by the general structure that is defined by the composite
pointcut. If each elementary pointcut only puts a restric-
tion on one join point property (like call/execution, type,
member, argument, . .. )1, these properties become reusable
separately, without duplicating the rest of the composite
pointcut expression.

The comprehensibility of pointcuts defined as one long
regular expression is far from optimal. Regular expressions
are often cryptic and difficult to understand. Defining ele-
mentary pointcuts breaks up these complex long pointcuts
into easy understandable pointcuts with meaningful names.
Using these meaningful names to define the composition of
the final pointcut also makes the final pointcut easier to
understand.

8. IMPLEMENTATION

Two aspect language features are necessary to benefit
maximally from the advantages Elementary Pointcut offers:

e aspect inheritance with both advice and pointcut in-
heritance and pointcut overriding

e explicit aspect deployment.

Aspect inheritance is essential to be able to reuse pointcut
expressions, preferably with the ability to refer to the in-
herited pointcut expression inside a redefinition (e.g. with
super).

Explicit aspect deployment is needed to choose which as-
pects are active, in case base aspects are only used in the
definition of subaspects, without the necessity of being com-
posed in the application themselves.

In AspectJ the reuse of aspects by means of inheritance
is limited to abstract aspects, because of the absence of an
explicit deployment operator. Also, only abstract pointcuts
can be redefined, making Elementary Pointcut rather lim-
ited in AspectJ. An example of an aspect language that
provides the necessary features is CaesarlJ.

IThis is not always possible, e.g. in AspectJ, the type prop-
erty cannot be separated from the call/execution property.



9. SAMPLE CODE

The following code presents the benefits of using Elemen-
tary Pointcut in the basic banking example (in CaesarJ).

cclass AmountVerification {
pointcut classes ():
execution (x Account.x*(..));
pointcut members():
execution (x *.WithDraw (..))
|| execution (x *.Deposit (..));
pointcut arguments(double amount):
args (.., amount);
pointcut transactions(double amount):
classes () && members ()
&& arguments (amount );
before (double amount):transactions (amount)

{
}

if amount <= 0 throw new Exception ;

Listing 5: The base aspect,using elementary point-
cuts.

The pointcut transactions is the composite, composed of
the elementary pointcuts classes, members and arguments,
each restricting one join point property (the class, the class
member and the arguments respectively).

Without the execution join point property, these elemen-
tary pointcuts would be orthogonal w.r.t. each other.

cclass BBAmountVerification
extends AmountVerification{
pointcut classes ():
execution (x BasicBanking.x(..));
pointcut members():
super . members ()

|| execution(x *.Transfer (..));

Listing 6: The subaspect, reusing the base aspect.

Except for the execution join point property, all common
properties are reused by inheriting and overriding the el-
ementary pointcuts. The class property is changed to Ba-
sicBanking and the member property is extended with Trans-
fer.
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