Modular Software Design with Crosscutting Interfaces

William G. Griswold*  Kevin Sullivar? ~ Yuanyuan Sonty  Macneil Shonlé
Nishit Tewar?  Yuanfang Cai  Hridesh Rajah

¢?Computer Science A*Computer Science & Engineering
University of Virginia UC San Diego
Charlottesville, VA 22903 La Jolla, CA 92093-0114

{sul l'i van, ys8a, yc7a, nt 6x, hr 2j }@s. vi rgi ni a. edu {wgg, nshonl e}@s. ucsd. edu

Abstract The contribution of this paper is the presentation of a
practical approach to improve the modular designs of pro-

Aspect-oriented programming languages such as Aspeffaims written using AspectJ-style AOP. Our approach is

offer new mechanisms for decomposing systems iriased on the use of what we catbsscut programming

modules and composing modules into systems. This paterfaces, or XPIs, to decouple aspects from the complex

per introducesrosscut programming interfaces (XPls) as  and changeable details of the code that they advise [2].

a practical approach to improving the modular desigigithout limiting the possibilities for AO advising or re-

of programs written using AspectJ-style AOP. It does ngtiiring new programming languages or mechanisms, our

limit existing aspect-oriented mechanisms or require neyproach appears to better modularize aspects and ad-

ones. vised code, allowing for their separate and parallel evolu-
tion, and producing a better alignment between programs

Categories and subject descriptors: D.2.2 [Software Emd designs.

gineering]: Design Tools and Techniques—modules and

interfaces; D.3.3 [Programming Languages]: Language

Constructs and Features; D.2.11 [Software Engineering].l Problem

Software Architectures—information hiding; D.2.7 [Softg,r gpproach emerged from an experiment using AOP to
ware Engineering]; Distribution, Maintenance, and EriP'nprove the design of HyperCast, a 300-class, 50 KLOC

hancement. Java system for multicast and other communications in
General terms: Design, Languages. self-organizing overlay networks [3]. HyperCast's log-
Keywords: aspect-oriented, preconditions, postcon@ing concern and client-facing event notification behav-
tions. iors were implemented by scattered code fragments, mak-

ing enhancement of their limited behaviors difficult. Us-

) ing AspectJ aspects to improve the design seemed a natu-

1 Introduction ral idea.
The oblivious design was obtained by assuming that

Aspect-oriented programming languages such as Awd the developers been able to ignore crosscutting con-
pectJ [1] offer new mechanisms and possibilities for deerns, they would have written the same code, just leav-
composing systems into modules and composing modul®g out the code for the crosscutting concerns. Aspects
into systems. AspectJ-style design is based on the usen advise the code in precisely the places where scat-
of aspect modules that support quantified advising of d¢red fragments appear in the original design.
namic points in program execution: namely the invocationwe started by using aspects to modularize a logging
of aspect-defined advice methodgein points matched concern and a few concerns implemented with an implicit
by pointcut descriptors, or PCDs. In practice, PCDs aranvocation mechanism. We changed HyperCast as little
written directly in terms of lexical properties of adviseds possible, just encapsulating scattered code in aspects,

code. resulting in a design of the base functionality that was es-
“This research supported in part by NSF CISE grants FCA-ozogSentially the same as bEfore., .absent the crosscutting con-
and FCA-0429786. cerns. The AOP notion afbliviousness presents such a



design as an ideal: designers should not have to consitbenot corrupt the state machine [2]. The resulting de-
crosscutting concerns or aspects that implement them Elgn better mirrors the conceptual design and provides far
In comparison to the original object-oriented design, obetter separation of aspect code from the details of the ad-
economic analysis showed an increasetbptionsvalue vised code. Our net option value analysis showed greater
of modularity in this straightforward AO design [2]. How-value of modularity over the first design, while the com-
ever, we encountered costly problems that largely offgdéxity of the aspects and overall coupling was signifi-
the net value improvement. cantly reduced.

First, aspect design and evolution were complicated.The primary contribution of this paper is to realize these
The designers had to inspect all the code to identify rélenceptual crosscutting interfaces as syntactic crosscut
evant join points. Since join points were not exposed fimg interfaces in AspectJ, with semantics defined by
a consistent way, complex PCD expressions and adwe¢eakest precondition invariants. A crosscut programming
were needed. Innocuous changes to code could chaingerface, or XPI, has several elements:
the matched join points, violating assumptions made by
the advising aspects. ¢ aname,

Second, the resulting class_ and aspect a_bstractior_ls dig 5 static scope over which it abstracts join points;
not reflect the conceptual design. In the designers’ minds,

HyperCast's protocols are implemented by abstract state one or more abstracted sets of join points, each ex-
machines. Event notifications expose key state machine pressed as:
transitions so that aspect-like clients can react to them.

Our traditionally derived AO design had no separate, ex- — aconcrete, named PCD;

plicit representation of the state machines as interfaces.  — preconditions that must be satisfied at each join

The PCDs of the aspects were candidates, but they fell point where advice can run, calledpeovides

short; each aspect defined its own PCDs for its own pur- clause; and

pose. — postconditions that must be satisfied after ad-
One way to make the state machine abstraction clearer vice may have run, calledraquires clause.

in the design would have been to rename the pointcut de-

scriptors used in the aspects after the state machine core- @ set of constraints, alesign rules, prescribing how
cepts they were implicitly using. However, as reconcep- code must be written to expose all and only the spec-
tualized, renamed, and used, these pointcuts would have ified points in program execution through the given
no longer belonged to their respective aspgmsse. Yet PCDs.

there was no appropriate place for these pointcutsin a
perCast class, either, as the advised join points were
centralized in a class or meaningful subclass hierarc
The pointcuts identified true crosscutting behaviors.

Hl.ﬁ)fé\spect\] these elements are declared in an aspect.
%peckable invariants can be checked with a separate plug-
gable aspect.

An XPI, like an API, abstracts changeable and complex
design decisions and operates as a decoupling contract be-
1.2 Approach tween providers and users. Unlike an API, an XPI ab-

stracts a crosscutting concern rather than a localized con-
The above line of reasoning exposed important crossatérn. In the case of AspectJ-style design, an XPI abstracts
ting concerns distinct from those modularized in aspeciglvised join points. To paraphrase Parnas [6, p. 1058],
The “new” concerns were HyperCast's core protocols axePIs should modularize crosscutting design decisions that
other crosscutting abstract behaviors. These behavigre complex or likely to change. In turn, the implementor
needed to be exposed through interfaces, against whigplements an XPI, not by providing code to simulate a
aspects could be implemented. Benefits would be afpecified behavior, but by shaping code to expose spec-
tained in abstraction (e.g., the program structure refigctified behaviors through join points matching designated
the key abstraction in the designers’ minds and conv@€Ds. With respect to obliviousness, a designer does not
sations), and modularity (e.g., parallel development andcessarily anticipate particular aspects, such as lgggin
modular evolution). but does anticipate the need for domain-relevant abstrac-

We thus repeated our experiment with HyperCast, ugns that facilitate development and evolution of aspects
ing Design Rules as [5] conceptual interface constructexpressible in terms of provided XPIs. The design method
which stabilized and syntactically regularized the retgvathat we have found to work is to identify domain abstrac-
join points in the code, and also constrained the aspetits's that are not adequately captured in the class design,



and to express them as XPIs. Thus, no explicit refererféfy v, 25P°F (2 R bdate L ition)):

is made to future aspects in their design, although the use-cal | (* FigureEl ement +. set=(..)) _
fulness of the XPls can be checked against anticipated as-'! ¢! (* Figuredlement+. movey(..));

pects. af ter (Fi gur eEl ement f):

. . . Fi gureEl ement StateTransition(f) & target(f
In the following, we use a detailed comparative exam- p; Sm ay. updat e(f); () get(f) ¢

ple to show how to apply the XPI method and what bene3
fits can accrue fromit. )

<<interface>>
FigureElement
+moveBy()

2 Two Designs for a Figure Editor

[ . \
. . . . g Point Line
In 'FhIS section we presen_t twp deagns_ for the classic figure — . ' l#pT - Point
editor example [1]. The firstis a traditional AOP modular- |+y : int #p2 : Point
ization; the second, a design with XPIs. We evaluate the :seg;() :SE:E;O
designs in terms of how well they manifest fundamental oab : int ooty : Point
design concerns, abstract irrelevant details, and accomj+gety() : int +getP2() : Point
modate change. *moveBy() *moveBy()
Display
.. . ‘ +update()
2.1 A Traditional AO Design M i
DisplayUpdate
Consider a simple figure editing tool for editing draw- +after(): FigureElementStateTransitionl()

ings comprising points and lines (figure elements), where
each figure element is depicted on a display, and whétigure 1: A traditional display updating aspect and the
the display always reflects the current states of figure etesulting aspect-oriented design of figure editor.
ments. The FigureElement class provides an interface for
the concrete subclasses, Point and Line. The Display class
manages the display and provides a method, update()ctanges in FigureElement abstract state occur. We gen-
display the current states of all figure elements. The specalized and described this set of points in the form of
ification requires a call to update() whenever the abstracPCD, FigureElementStateTransition(), which captures
state of a figure element changes. calls to mutator methods of Line and Point and calls to
The figure editing example has been used to introduveveBy(), which moves a figure element by a certain off-
the ideas of crosscutting concerns, scattering and tapgliset. Figure 1 presents a UML model of this design. As is
and how AOP addresses these issues. The crosscuttypical in straightforward AOP, the DisplayUpdate aspect
concern in this case is the policy that statd®n the ab- depends on implementation details of the Point and Line
stract state of a FigureElement changes, the Display must  classes. A more sophisticated AO design could remove
be updated. Implementing this policy in an OO style leadshese dependences.
to scattered update() calls throughout FigureElement subThere are several reasons to be concerned about such a
class implementations, and the tangling of these calls irf@sign. First, the Point and Line implementations had to
code concerned with FigureElement updating. be written before the aspect could be written, limiting the
The Observer pattern could be used to remove the exailable parallelism in development. Second, the aspect
plicit calls, but it still requires that event-related cdae implementor had to study the Point and Liimaplemen-
scattered and tangled in the FigureElement code and eta¢ions in order to be able to write the aspect (pointcut
where. The approach has been criticized on the grounidscriptors) correctly. The lack of an abstraction layer
that it requires that the author of the FigureElement cobdetween the aspect and the advised code adds to the cog-
anticipate extensions. AOP provides an alternative thtive load on the aspect implementor. The aspect lets the
avoids the need for such preparation in support of displRiyureElement writer ignore display updating, but the as-
updating. The DisplayUpdate aspect, shown in Figuredact writer cannot ignore low-level details of FigureEle-
satisfies the update specification. ment. Third, the correctness of the aspect depends on un-
We implemented this aspect in the manner populatable details of the Point and Line implementations. The
ized in the research and practitioner literature on AOdesign is thus subject to be compromised by apparently
We studied the FigureElement code to find points whersmocuous changes in them.



2.2 An AO Design with XPIs

By employing XPIs, the designer seeks to insulate as-
pects from the details of the code they advise, while con-
straining that code to expose certain behaviors in specifiet i ¢ aspect XFi gur eEl ement Change {
ways. In the process, important but previously su_bmerg{erqe purpose of the point() PCD is to expose all and
crosscutting concerns become manifest as XPIs inthe preM y Fi gureEl enent abstract state transitions. Ve
gram. In the figure editing case, an XP1 will separate thESeHL" ¢ {1et ALl such transity one be |l erented by
DisplayUpdate aspect from FigureElement details. Oume PCDs of this XPI, and we assume that any such call
XPI reifies the concepttransition hasoccurredin the ab- x;sﬁztsgﬁgn;est he state of any ﬁf‘éhfgéﬁeﬁ;nih' s XM
stract state of a FigureElement. It provides simple PCDs directly or indirectly. The topLevel Point() PCD

f : : ; poses all and only "top level" transitions in the
by which aspects can advise all such actions without hafEor et "states of Lompound i gureEl enent  obj ect s.
ing to depend on the underlying source code, while con- . ,
straining the system implementor to ensure that all abP“?L'rgef‘("f ASaee nt (FigureEl ement fe):
stract state changes (and only such state changes) are im-<& (cal I (voi d Fi gur eEl ement +. set*(..))
plemented in a way that matches the PCDs. I I ig: : E‘éf;ﬂrE'E?ngE't f”ﬁgthr f*;))V;*.B“- )

The syntactic part of the XPI exposes two named PCDs, o | ( | ‘o)

. . : publ i c poi ntcut topLevel Point (FigureEl ement fe):
point() and topLevelPoint() . The PCD signature (Name™ ,;; i (te) && 1 cf I owbel ow( poi nt ( Fi gur eEl errent) ) ;
and parameters) constitute the abstract interface; the par
of the PCD that matches points in the code is part of the’'
hidden implementation of the XPI (see Figure 2). Itis

: . _protected pointcut staticmethodscope():
only here that dependences on details of the underlying'(; {1 e he (void Fi gureFl ement +. set *(. . ))
code arise. | WI t El ncoge(vgi d Fi glur eEl ement +. m)ve!sy(. )

We document the semantics informally in the following ! " " neode (i guregienent=.nev(..));
prose. The point() PCD exposes all FigureElement state
transitionst This abstraction is |mplemented, in a sens‘e*(:hecks the contracts for the XFigureEl ement Change XPI.
by the pattern that matches calls to FigureElement mutar
tors. The system designer is constrained to ensure &t c aspect FigureB ement ChangeContract {
the PCD pattern matches all and only such FigureElementrrovi bes: xPI nmatches al | cal s and only
mutator calls and that state transitions occur only as a re-f/a' I's to Figurefl ement mutators
sult of such calls. The topLevelPoint() PCD exposes allgeci are error:
and only changes to the states of compound FigureEle- (EEF'SE:‘E & egf;hfgglngﬁeﬁ: ftl)c)”?‘ hodscope()
ment objects (such as Line) but not changes to their com- “contract viol ation: nust set Fi gureEl enent”
ponent elements (name|y Point). + " field inside setter nethod!";

The semantics of XPIs can include behavioral con- «
straints on aspects. In our example, we require that noREQU RES: advi sers of this XPl must not change

| i . i the abstract state of any FigureEl ement object
advisor of this XPI cause a side-effect on a FigureElement,

i i inti ihi i private pointcut advisingXPl():
pbjec_t. This constraintin effect.proh|p|ts adwcgfr_orﬁcal Wi £ hi n(XFi gur eEl ement Changer) && advi ceexecuti on():
ing FigureElement mutators either directly or indirectly.

Like APIs, XPIs enable a degree of contract check-"°fo" i(p?gu?L'Ei”e“(nZﬁYaigﬂgﬁ"Lf)? )m(Fi qur o8l ement) {
ing [7]. When included in the program’s build, the aspect Error Handl i ng. si gnal Fatal (" Contract viol ation:"
shown below the XPI in Figure 2 constrains developers *+ . advisor of Xriguredl ement Change cannot

. . i + " change FigureEl ement instances");
to modify the internal state of a FigureElement from only }
within the FigureElement mutators. To a degree, it also
ensures that the aspects using the XFigureElementChange
XPI are not able to modify the abstract state of any Fig-
ureElement. The aspect cannot, however, verify the pfigure 2: The XFigureElementChange XPI and separate
grammer’s adherence to the naming requirements.  contract-checking aspect.

Figure 3 presents a DisplayUpdate aspect using this

otected pointcut staticscope():
wi t hi n(Fi gur eEl enent +) ;

1we use the generic PCD nanpejnt(), not to be confused with the
Point class, as an analog of a generic “run” method name etimaustics
are already suggested by the name of the containing XPlI.



public aspect DisplayUpdate { _ .
after(): p2. x += dx;
XFi gur eEl enent Change. t opLevel Poi nt (Fi gur eEl enent) { p2.y += dy;
updat eDi spl ay() ;
}

public void updateDisplay() {
Di spl ay. update();

Making the fields private drives the Line.moveBy() de-
signer to change to the implementation:

1 public void moveBy(int dx, int dy) {
pl. moveBy(dx, dy);
- «interface» 2. noveBy(dx, dy);
comonen || rgustmenrans y Pme i @)
+, i .
oty +PCDtoplevelloint) Now consider the DisplayUpdate aspect implemented
without the XPIl. When Line.moveBy() is invoked, the
Point Tine advice is invoked three times: once for the call to
X int * l#p1 - Point Line.moveBy() and once for each call to Point.moveBy()
;ys:ei;t() : fg:t;)':gi"‘ in the body of Line.movesy(). '_I'he as_sumption by_the as-
ssetY() +setP2) Dispiay pect about Line’s otherW|.se—h|dden implementation was
:g:gﬁg :2: :g:gg Eg:m P broken by the apparently_lnnocuous change [9]. .
+moveBy() +moveBy() F : 0 The XPI approach avoids such problems by establish-

,,,,,,,,,,,,, ing an interface in the form of design rules, where aspects
3 can assume that the rules are followed, and code within
the scope of the XPI is required to conform to its terms,
and vice versa. It is important that XPIs have both syn-
. o . . ax, in the form of convenient abstract PCDs, and seman-
F'9”r¢ 3. Display L_deatmg a.SpeCt using an XPl, and tﬁgs. Our XPI specifies that the PCD must match a join
resulting aspect-oriented design. point if and only if it indicates a change in the abstract
state of a FigureElement. Under this XPI, DisplayUpdate
XPI and the resulting UML model. The aspect now déLses the provided convenient PCD (and promises not to
pends only on the abstract, public PCD signatures igfect changes into FigureElement), and the implementor
XFigureElementChange, not on implementation details@fLine would implement Line.moveBy() so that it's join
the Point and Line classes. Classes Point and Line c8fintis captured by the PCD.
tribute to implementing the XFigureElementChange XPI
by ensuring that method names match the given PCD%i_fZ Adding Color to Figure Elements
and only if they have the specified change semantics.
The second change is behavioral, adding Color as a Line
. . attribute with getter and setter methods, with the require-
3 Analy3|5 of the DeSIQnS ment that all observers of figure element update when a
) ) i Line’s color changes. In the non-XPI approach, one of
We now compare the designs in terms of abstraction agg, yndesirable scenarios are required to ensure that the
evolvability. .As Kiczales and Mez!m did [8],_ we f'rStdispIay updates properly. One, the Color implementer
change public data members to private, forcing updagds; pe aware of the DisplayUpdating aspect and its PCD
to occur through advisable method calls. We then extefthiementation to figure out how to name the Color setter
FigureElement to include Color. The next section shoWsathod so the PCD will match it. Two, the aspect imple-
how adding a classic “non-functional” aspect, properientor must change the DisplayUpdating PCD to match
enforcement, is facilitated by XPls. whatever choice the Color implementor makes. With
more aspects involved, these scenarios become less ap-
3.1 Data Member Access pealing.

In our original design, the coordinates in the Point In the XPI case, the Color implementor need o_nly be
class were public, permitting this implementation ciware of the figure element state-change XPI and its con-

DisplayUpdate

+after(): topLevelPoint()

Line.moveBy(): straint that a state can be changed only by a method named
public void moveBy(int dx, int dy) { moveBy or aname s_tartlng with S(_et. The presence of an
pl.x += dx; XPI thus guides the implementor in choosing names for
pl.y += dy; methods and in making other decisions that can influence



lic aspect PointLineRelation {

. . - u
PCD matching. In this case, the implementor must namg, | v 25PFcL For nt. parent ;

the method something like setColor, rather than change-
Color; and merely doing so exposes color changes as a§*
stract state changes through the XPI. To our knowledge,
no prior work clearly guides programmers to design cod&,,p; i ¢ Line Point. get Parent () {
for ease of advising. } return parent;

| *
Wien a Line's Point is possibly set,

4 Extending the New Design reestablish the parent of the Line's Points.

pri/vat e poi ntcut changePoint(Line I):

Adding a property and its implementation to a system is (' iﬁfé'uiea ement Change. poi nt (Fi gur oF enent)
an important issue. We explore it in the context of XPIs
by adding a feature that maintains a geometric invariant®| O;E ;‘1?)9 'p;r SnangePornt (1)
in the figure editor: Lines may not be degenerate. Thatis, 1.getP2().parent = null :
the two points that define a line cannot have identical cot
ordinates. Enforcing this invariant requiresthatnoLiee b after(Line 1): changePoint (1) {
degenerate when first created and that no change to a Point - 3‘3 28 gy ent =1
in a Line makes it degenerate. This is an instance of the '
more general problem of maintaining invariants for com-
pound structures under changes to their respective parts.

Note that invariant enforcement essentially changes the Figure 4: The PointLineRelation aspect.
originally specified behavior of Points by conditioning the
effects of a Point mutator on a Point’s participation in a
Line. Such a change could require broad changes in #tgne are not.

software’s implementation; the advantage of using an asThus, the first part of our solution creates a represen-
pect is that the code changes can be localized to the @gon of a new Point-Line relation. We use an aspect to
pect, even if their effects are not. With this observatiqAtroduce aparent field into the Point, to record the Line
in mind, we now argue that the use of XPIs, while not@ which a point belongs, if any (see Figure 4). The aspect
panacea, can improve a designer’s ability to express ajis the XFigureElementChange XPI, updating the par-
use abstractions that both manage these complex effegisfield as appropriate when a Line is created or one of
and are central to designers’ thinking. its Points replaced. Note that although this aspect updates
We assume that the designer has decided to usett@parents of Points, it does not violate the XFigureEle-
aspect module to implement the invariant enforcemententChange Requires contract because the parent is part
Since an appropriate XPI to write the aspect against degghe hidden state of FigureElements. In keeping with
not already exist, we need to determine the domain ahis XPI, no setParent method is introduced, calls to which
straction for decoupling development of the aspect frofould inappropriately result in updating the Display.
development of the normal case, and then write thatXPI.Figure 5 presents the XPI and resulting design. The
The behavioral abstraction we needi@nge to a Point  XpointinLineChange XPI exposes three events on the
that is part of a Line. Given this, the aspect can then imend-points of a line: change in X coordinate, change in
plement the policyrevent changesto Pointsin Linesthat v coordinate, and change in both coordinates.
would create any degeneracies. Having written this XPI, it is now straightforward to
The precise invariant we seek for the given devrite an aspect for invariant enforcement (not shown): us-
sign is that a Line cannot have two end Points at thi&y around advice, it advises changes in Points that are in
same coordinate. Modifying a Line by calling methodines and allows them to occur only if they preserve the
Line.setP1(Point) or Line.setP2(Point) can violate this iinvariant. The XPI abstracts changes to Points in Lines.
variant. So can directly modifying the coordinates of Bhe aspect separately abstracts the invariant and enforce-
Point that belongs to a Line, without direct reference tfent policy. This kind of separation is at the heart of our
the Line. However, a key concept absent from the orighterface-oriented approach to AO design for improved

nal system is the relation between Points and Lines. Fapdularity and abstraction. It permits reuse of the XPI
instance, there is no field in Point that stores a containing

Line. A subtlety is that some Points are part of a Line, and 2And in a real system, a point may be a part of many lines.

blic bool ean Point.partOfLi ne() {
return parent != null;




| *
The X() PCD exposes changes to the x coordinate
of any point that belongs to a line (simlarly
for Y() and XY().
*/
publ i ¢ aspect XPoi ntlnLi neChange {
public pointcut X(Point p, int x):
call (void Point+.setX(int))

&% target(p) &% args(x) && if(p.partOfLine());

public pointcut Y(Point p, int y):
call (void Point+. setY(int))

&% target(p) &% args(y) && if(p.partOfLine());

public pointcut XY(Point p, int dx, int dy):
cal I (void Point+. moveBy(int,int))
&& target(p) && args(dx, dy)
&% if(p.partOfLine());

<<interface>>
FigureElement

+moveBy()
N
Point Line
kx :int ) ' J#p1: Point
Ly :int #p2 : Point
+setX() +setP1()
+setY() +setP2()
+getX() : int +getP1() : Point
+getY() : int +getP2() : Point
+moveBy() +moveBy()
«interface»
XPointinLineChange
+PCD:X()
+PCD:Y()
+PCD:XY()

InvariantChecking

+around(Point,x): X()
+around(Point, y): Y()
+around(Point,dx,dy): XY()

Figure 5: The XPointInLineChange XPI and the resulting

design.

pects [10]. Dantas and Walker's AspectML provides ad-
vice access controls to the parameters of a function def-
inition, hence modifying the join point signature of calls
on the function [11]. The XPI approach does not pro-
vide a hiding mechanism, rather it specifies the expo-
sure of given abstract execution phenomena. Combining
these approaches might produce an interesting point in the
space of design methods and supporting mechanisms.

Aldrich, among others, has proposed language
constructs—and by implication a design method—for
module-based join point interfaces. Open Modules ex-
pose only PCD-selected join points on private state [9].
The Open Modules system provides for the exposure of
join points such that a module state that is intended to be
hidden cannot be advised. Simply, a module has to de-
clare a pointcut in order to export join points on its pri-
vate state. Thus, it permits the evolution of a module
implementation without requiring rework of aspects. Be-
cause the resulting interface is limited to crosscuttirgy th
module’s implementation, it would be at best awkward to
capture the crosscutting concepts found in our HyperCast
case study [2].

Aspect-aware interfaces. Kiczales and Mezini recog-
nized the need to program against crosscutting interfaces.
They defined a notion adspect-aware interfaces (AAIS),

in which aspects extend the interfaces of modules they
advise [8]. Specifically, dependences of aspects on join
points are computed for a system and are shown as anno-
tations on the explicit interfaces of advised code.

Revealing such dependences is an enabler of modu-
lar reasoning and change. A programmer can see how
join points are being advised and avoid making changes

pects from possible changes to the ways that Points 4@ modular interfaces (for example in XP-style develop-

Lines may be modified.

5 Related Work

ment [12]), AAls can serve as a valuable substitute—they
inform, even if they do not decouple and abstract. Like-
wise, the cross-references provided by AAls could prove
useful in guiding refactoring activities, perhaps resgti

in XPIs.

Most work that aims to improve program modularity un- vet AAls do not clearly manifest conceptual design

der the use of AO mechanisms focuses on language mM@ghcerns. There is no textually distinct interface con-
els and expressiveness, rather than on software desigict, but instead a set of annotations. There is no con-
methodology. Two recent developments that address dgy,ct for attaching contracts or programming against.
sign more directly are relevant here. Also, support for modularity is limited. The display of ex-
isting dependences between existing code and PCDs can-
Join point scoping. Larochelle et al. proposed anot tell developers how to shape new code to correctly
PCD-based mechanism for hiding a crosscutting setefpose behaviors to existing PCDs, nor how to write new
join points, thus preventing their being advised by aBCDs to capture the desired behaviors of existing code.
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Conclusion

[6] D. L. Parnas. On the criteria to be used in decom-

posing systems into modulesCommunications of

The XPI approach decouples aspect code from the unsta- the ACM, 15(12):1053-1058, 1972.

ble details of advised code without compromising the e
pressiveness of existing AO languages or requiring ne
ones. By extending well-understood notions of module

interfaces to crosscutting interfaces, it provides a prin
cipled alternative to the concept of oblivious design. In

our discussions with best-practice AO programmers, we
have found that some indeed design and develop in styl-
ized ways that are consistent with the XPI approach. It

)l_\]] Bertrand Meyer. Applying "design by contract”.

Computer, 25(10):40-51, 1992.

Gregor Kiczales and Mira Mezini. Aspect-oriented
programming and modular reasoning.|@SE ' 05:
Proceedings of the 27th international conference on
software engineering, 2005.

thus has the potential to ground, regularize, and dissertB] Jonathan Aldrich. Open modules: Modular reason-

inate best software engineering practices using the new

mechanisms provided by AO programming languages.
Our experience to date with XPls is limited to two sys-

tems, HyperCast [2] and figure element. We expect t
IDE support could aid programmers by showing the sco

of an XPI's applicability. Being non-hierarchical, XPIs

could overlap, but we have not seen this possibly com-
plex interaction. We have yet to investigate the promise
of XPls for AO languages with different mechanisms than
AspectJ’s.
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