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Abstract

Virtual Separation of Concerns reduces the drawbacks of im-

plementing product line variability with preprocessorg-D
velopers can focus on certain features and hide others of n
interest. However, these features eventually share elsmen

including no support for separation of concerns [18]. \itu
Separation of Concerns (VSoC) [12] allow developers to
hide feature code not relevant to the current task, being

gmportant to reduce some of the preprocessors drawbacks.

The idea is to provide developers a way to focus on a feature

without the distraction brought by other features [10].
Although this approach is helpful to visualize a feature
individually, it does not modularize features to the extent

between them, which might break feature modularization,
since modifications in a feature result in problems for an-
other. We present the concept of emergent feature modular I )
ization, which aims to establish contracts between feafure ©f Supportingindependent feature maintenance and develop
to prevent developers from breaking other features when per Ment [16], since developers know nothing about hidden fea-
forming a maintenance task. These interfaces are product-,tur‘?s,' In fact, by V'Sua"z'”g a”‘?' trying to mamtgm afgatu

line-aware, in the sense that it only considers valid featur individually, a developer might introduce errors into ttié-h

combinations. We also present a prototype tool that imple- den features, since these features eve_ntually share_ diemen
ments the concept. — such as variables and methods — with the maintained fea-

ture. For instance, the new value of a variable might be cor-
Categories and Subject Descriptors  D.2.3 [Software En-  rect to the maintained feature, but incorrect to another one
gineering: Coding Tools and Techniques that uses this variable. Thus, we have a problem due to the
lack of feature modularization: the modification of a featur
leads to errors in another one. Moreover, this problem may
be worse because this error is only noticed when running the
. product built with the problematic feature [10].
1. Introduction In this work, we propose the concept of emergent fea-
A Software Product Line (SPL) is a family of intensive sys- ture modularization, which consists of establishing cactls
tems developed from reusable assets. These systems sharesanong feature implementations. We call our approach emer-
common set of features that satisfy the specific needs of agent because the components and interfaces here are neither
particular market segment [6]. By reusing assets, it is pos- predefined nor have a rigid structure. Instead, they emerge
sible to construct products through specific features degfine on demand to give support for specific feature development
according to customers’ requirements [17]. Features &e th or maintenance tasks. For example, using the emergent con-
semantic units by which different programs within a SPL can cept, the developer firstly selects feature code to maintain
be differentiated and defined [21]. The set of possible prod- We associate this selection with a feature, or a combination
ucts of a SPL is usually represented through feature models.of features, which we denote as a feature expression. Then,

Features are often implemented using preprocessors [3jnformation with respect to the other features and theircom
12]. Conditional compilation directives such#sfdef and binations emerge through an interface.
#endif encompass code associated with features. Despite We also achieve the hiding benefits towards feature com-
their widespread use, preprocessors have some drawbackqrehensibility. But, while still hiding the feature codener-
gent interfaces abstract its details. At the same time, they
provide valuable information to maintain the selected code
and keep other features and their combinations safe.
This paper makes the following contributions:
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¢ We present the concept of emergent feature modulariza-
tion to help developers when maintaining SPL imple-
mented with preprocessors-like mechanisms (Section 3);



e A general algorithm to compute emergent components (Copy). In addition, this situation gets worse because this er-
and their emergent interfaces (Sections 3.1, 3.2, and 3.3);ror is only noticed when the developer eventually builds the

« A prototype tool based on CIDE [12] (a tool that relies product line with the problematic feature combination(gsi

on VSoC) to support the concept. It computes and shows Copy). _ _
emergent interfaces after developers select the code to W& d0 not provide th€opy feature code on purpose in
maintain. Emergent interfaces contain provided/required Order to simulate a developer that is using VSoC, so that he

information to/from other features (Section 4). IS not concerqed a.bout Other ffagtures (sgch@). Con-
sequently, he is neither maintaining nor visualizing théeco

2. Motivating Example surrounded by th€opy #ifdef directive. To some extent,

i . this support for hiding features is worthwhile to the indepe
Virtual Separation of Concern_s (VSoC) reduces some of pre- dentfeature comprehensibilityenefit, since it may help de-
processors drawbacks, allowing developers to hide feature,

d trel t1o th t maint task [121. Th velopers to comprehend a feature individually. Despite thi
cogde hotrelevant 1o the current maintenance tas [ ]". us advantage of visualizing features individually, VSoC does
developers can, to some extent, maintain a feature without

[ h f i ify-
the distraction brought by other features [10]. However, we not provide enough support for understanding and modify

how here that VSoC | ; ht ide feat q ing features in separate. For example, because there is no
showhere that V>0t 1S not enough to provide teature moau=;,¢, mation about the hidden featur@fpy) when maintain-
larization, which aims at achieving independent featura-co

ing Musi | in it. he i
prehensibility, changeability, and development [16]. ing Music, problems may occur in it. So, the independent

; ) changeabilitybenefit is not achieved.
For example, consid&cenario 1 where a developer has g b

L 3 ) . In this context, sharing information about two or more
o _mamtam theMu_s1c feat_ure O.f the Mob|le Media SPL [7]. features may be a confusing point for two developers, so that
It implements this functionality using the J2ME standard

! L _ achieving theparallel developmeris difficult. For example,
media API, so that users can play music in formatsikBl amne b P

; : . ) considerScenario 2 where a developer is responsible for
andMp3. Basically, the |m.plementat|on.conta|nsacontroller evolving theCopy feature and another one is responsible
(MMController), responsible for handlmg.the play a.nd.stop for the Music feature. The first developer might decide to
events, and a screem/(Scre_en), respon'_5|ble for painting ._use thescreen variable for implementing a progress bar
the b_uttons anq encapsulating the media A_PI. Our scenariog showing the copy progress. Meanwhile, because only
;:onsw;tss(_)f ad?:]néa n:\lgvlformat t? playt/ lelSICI. ﬂ@goge? one place in the original version of the product line uses
ormat. since 99 supports not only play and stob ynq o creen variable, the second developer might decide to
but also pause, rewind and forward events, we need a neWchangelVIMController(screen) for MMController (new
controller and screen for it. Figure 1 shows the changes in

t of theMus i c feat de in order to fit thi ¢ : MMScreen(..)) and delete thecreen declaration. Since
parto usicleallre codein orderto tthis newtormat. - ¢ . reen is now undeclared, a compilation error will happen

in the Copy feature. It happens because there is mutual

MMScreen screen = new MMScreen(..); L X
Vetaot oo comoter = new MMGontolertscreen) agreement between the creator and acces§22]. Since
I1#ifdef . . .
Jitendit OagScreenscroen = new OggScren. ) this contract does not exist, developers of a feature might
OggController controller = new OggController(screen);
//#:/::\;Screen screen = new MMScreen(..); aCtua”y break anOther one.
ahGontrollr controller = new MMController(soreen); Scenario 1and Scenario 2basically show that condi-
/#itdet copy tional compilation, even with VSoC support, does not pro-
Hrenel vide adequate modularization support. Bug regasfssys-

tems like Linux Kernel and Mozilla present similar prob-

Figure 1. Adding Ogg format to the Mobile Media SPL. lems (undeclared variables, missing methods, ...) inaglvi
different features. Besides these kinds of syntactic eyas
Notice that there is astifdef directive encompassing discussed in the remaining of the paper, we also consider se-

the code of theCopy optional feature, which allows us to  mantic errors such as when changing the value of a variable

remove that part of the code. Therefore, in the original ver- that another feature uses. This way, the new value might be

sion of the product line, we have at least two products (pos- right for the maintained feature but wrong for others. Our

sible feature selections): (Wusic without Copy; and (ii) approach aims to address these cases as well.

Music with Copy. The compiler raises no errors when com-

piling the (i) variant in the resulting version of the produc 3. Emergent Feature Modularization

line. However, there is a compilation error when we take

the (ii) variant into consideration. Theopy feature uses

a method ¢ontroller.setMediaName(. .)) that is only

defined inMMController, so that it does not exist in our

new OggController class due to a programmer failure.

This shows that we have no proper feature modularization:

the modification of a featurel(isic) breaks another feature  !See http://bugzilla.kernel.org/ and https://bugzillezitia.org/

To solve the problems discussed previously, we propose the
concept of emergent feature modularization, which basical
consists of establishing, on demand and according to a given
development task, interfaces for feature implementations
It is an uncommon way to think about components and




interfaces: they are not predefined by developers, nor havecode to maintain (selected by the developer); Bathflow
a rigid structure. Instead, we compute them on demand torepresenting backward (from the beginning of the method
give support for specific feature development tasks. to the selection) and forward dataflows derived from the
For example, in a maintenance task, we consider the fea-Selectioncomponent. The dataflows are useful to navigate
ture code to be maintained a component, naifekkction through the code, being important to retrieve data dependen
The backward/forward paths of the code surrounding it are cies among features with respect to 8mectionFor exam-
components too. Paths consider the different feature com-ple, through dataflovd4, we learn that thésorting feature
binations by the feature model. We name thdataflows usesmedia, which is a variable declared in tt&election
since features exchange data among them. Interfaces basiNotice that we discard dataflows in which all code is only
cally capture data dependencies between these componentsssociated with th8electiorfeature expression. In this way,
and give support to maintainir§electiorwithout having to d1 (Figure 2) is not taken into account. So, as mentioned,
understand the details of code associated ta#tiaflows we associate each component with a feature expression and
Still using the Mobile Media SPL [7], we now illus- an interface, which states that components may provide/re-
trate our approach using a scenario with two optional fea- quire elements such as variables to/from other components.
tures, Sorting and Favorites, and a mandatory one, These interfaces emerge from the components, establishing

Management, which is the feature to maintain — ti8elec-
tion component. Figure 2 illustrates forward dataflows with
arrows. SinceSorting andFavorites are optional fea-
tures, there are four different feature expressions, eaeh o
associated with alataflow component:dl: Management
A (- Favorites) A (— Sorting); d2: Management A
Favorites A Sorting; d3: Management A Favorites
A (- Sorting); andd4: Management A (— Favorites) A
Sorting.

For each componen§glectiomrand Dataflow), we com-

pute associated interfaces expressing dependenciesdretwe

them. For example, Figure 2 shows that the datati@as-
sociated wittFavorites) requires thenedia variable pro-
vided by theSelection These interfaces allow us to change

Selectiorabstracting details of the surrounding feature code.

At the same time, they provide information to the developer,

so that he might avoid implementations that cause problems

to other features, like removing:dia, for instance.

Selection

[

N T B >
(associated with ~~- MediaData media = ...\ " Data.ﬂow :
Management) v (associated with Favorites)
g d1] d2| d3['d4
Interface
Interface #ifdef favorites Requires: media
Provides: media
setFavorite(megia);
Dataflow #endif [~~

"7~ Dataflow

associated with "~ | irdef sorting | . ) )
Fa\gorites and Sorting) (associated with Sorting)

Interface Interface
ires: i Requires: media
Requires: media

Figure 2. Components and their respective interfaces.

#ifdef sorting

countView(media);

#endif '

An advantage of using the feature model information is
that we can filter which dataflows to take into account. For
example, suppose that we associateSakectiorcomponent

contracts between features.

requires elements from

Interface

1

rovi lements t . . .
provides elements to is associated with

1

1 is associated with 1 .
Feature Expression Component
1 1 [
Developer | Dataflow |
1 derives 0..*

|_selction_|
Figure 3. Conceptual Model of our approach.

selects

We now illustrate how our approach might be useful to
avoid the problems of the scenarios showed in Section 2.

Scenario 1

In order to add th®ggformat, we place botMMScreen
and MMController declarations into arlse statement.
Since the maintenance involves these declarations, develo
ers select them before proceeding with the task, as illiestra
in Step 1of Figure 4. This is an example 8klectiorcompo-
nent. Additionally, this component is associated with a fea
ture expression, which, in this caseMsisic. Now, this de-
veloper needs information to proceed with the maintenance
without damaging other features. For example, which infor-
mationSelectiorprovides (like declared variables and their
values) that other features require.

By using theSelectioncomponent, we derive dataflow
components. In Figure 4, arrows fro8electiontowards
other parts of the code represent dataflatisahdd?2). Since

with featureA, that cannot be present in the same product Copy is an optional feature, we have the following dataflows

with featureB. This might be due to a constraint in the

with their respective feature expressiods: Music A Copy

feature model or by them being alternative features. Thus, andd2: Music A (- Copy).

we discard dataflows containing both features.

The conceptual model of our approach, depicted in Fig-

After defining theSelectionand Dataflow components,
their interfaces emerge in order to establish the contracts

ure 3, summarizes these ideas. As explained, there are twdataflowdlis associated with theopy feature, which uses

kinds of componentsSelection which corresponds to the

the controller variable from theSelection component



Interface Therefore, our emerging interfaces should help develop-

Selection ) . i
0 s @ Pravides ers to make some changes in one feature without breaking
S | — Tteoneroster (o) others, even when they are working on parallel, mitigating
el O tu“:"iﬂ() the problem illustrated icenario 2 _
d1 d2 ‘o copy Now we present the details on how we implement our
Copy emergent approach. Mainly, we defined a general algorithm
el that consists of three major steps: () Compﬁleéectlorand
setMediaName(.) dataflows components; (ii) Compute their interfaces; and
(iii) Match these interfaces.

Figure 4. Emergent Interface for Scenario 1. 3.1 Selection/Dataflows Components

The first step consists of computing tBelectioncompo-
nent and the dataflow components. We associat&éhec-
] ) tion component with a feature expression and its computa-
(see Figure 4). This way, the interface of dataftstates  jon js straightforward: it is the Abstract Syntax Tree (AST
that Copy requirescontroller. Because the developer is representing the code selected by the developerStse 1
maintaining theSelection he must be aware that there is andStep 2 of Figure 6. From th&Selectionrcomponent, we
another feature (and, maybe, another developer) depend¢ompute the backward and forward dataflow components.
ing on controller. In this way, theSelectioninterface g discussed earlier, we compute dataflows in accordance to

emerges $tep 2of Figure 4), stating that thBelection the feature expression associated with $ieéectiorcompo-
component should provide to ti@py feature a variable  nent and the feature model.

controller assigned to aMController object and this Figure 6 shows a simplified feature model of the Mo-
object must have theetMediaName (. .) method. This in- bile Media product line [7]. It contains thManagement

terface might be useful to avoid problems like the one re- mandatory feature (filled circle) and ti@opyand SMSop-
ported inScenario 1of Section 2. Now, looking at the in-  ional features (open circles). When maintaining Sedec-
terface makes the developer think twice before assigniag th tjg component (associated wilianagement we compute
samecontroller variable to ardggController object. the following dataflowsd1: Management A (= Copy) A (—
SMS); d2: Management A Copy A SMS; d3: Management A
Copy A (— SMS); andd4: Management A (— Copy) A SMS.
Figure 5 illustrates two developers working on two differ- Although all these feature expressions are valid according
ent features. Each developer is responsible for a featare, ato the feature model, there is a particularity within theeod
explained inScenario 2of Section 2: developeék maintains  of Figure 6: dataflows2 andd4 are the same because of the
theMusic feature, whereas develop@mworks on theCopy two conditional directivescopy || sms andsms. When
feature. So, develop&selects th&€opy code snippet, asil-  considering dataflowd2, Copy andSMS are present, so that
lustrated inStep 1of Figure 5. Because there is code before both directives evaluate toue, which means thatl2 starts
and after the selection, forward and backward dataflows arefrom theSelectiortowards the secontbndif directive. The
computed. They are, respectivetig andd4. Again, these  same happens to dataflaik. BecausesMs is present, both
dataflows are helpful to establish the contracts. We can useconditional compilation directives evaluatettae as well.
them to discover other features that share information con-  These feature expression combinations are important to
tained in theSelectiorcomponent of developd. alert developers about the impact of their maintenance. By
Now, suppose that the contracts have already emergedusing them, we are able to inform the exact product con-
(Selectioninterfaces illustrated irsteps 2and Step 3 and figurations impacted by a determined maintenance task. For
when maintainingCopy, developerB decides to use the example, if the maintenance assigned a new valusator
screen variable (from theMusic feature) to implement a  (Figure 6), we can inform the developer which SPL prod-

Scenario 2

progress bar for theopy feature Step 4. DevelopeB now ucts this change may affect. In this case, it affects alliposs
requires a variable provided by another featuMes(c). ble feature combinations. If the number of possible affécte
Thus, we update botlselectionand dataflow interfaces.  products is high, and if theanv maintenance point is avoid-
Step 5 shows the update&electioninterface for devel-  able, developers may opt for another strategy or algorithm

oper B. This way, when selecting thBusic feature be- to maintain the desired code without causing potential prob
fore a maintenance, the analogous components/interfacesems in those products.

computations occur for developgr and theSelectionin-
terface shows information to himS{ep 6. Now, when
looking at this interface, developex would think twice Now that theSelectionand the dataflow components are
before refactoringnew MMController(screen) tO new already defined, we should compute their interfaces. First,
MMController (new MMScreen()). we consider thé&electioninterface, calculated by using not

3.2 Selection/Dataflows Interfaces



Interface

Provides

Interface controller = new

Provides N MMController(..)
Music A Music 4 to Copy

(2) controller = new (6) N N
Uil 11 .. controller.setMediaName (..)
A —>| MMScreen screen | | —> MController(..) A —> | MMScreenscreen | [ — to Copy

to Coj
=new ... PY e
MMController controller.setMediaName (. .) MMController screen = new MMScreen(..)
controller = new ... to Copy

controller = new ... to Copy
d4 :> da
Interface Interface

Copy

Copy - Requires
(1) @) Raquizes ) ol 5)
B coililEn controller = new B - conrorer: —> controller = new
setMediaName(..) MMController(..) setMediaName(..) MMController (..)
from Music screen ... from Music
¢d3 l d3 screen = new MMScreen(..)
from Music

Figure 5. Emergent Interfaces for Scenario 2.

only the Selectioncomponent, but also the backward and (italic line in Figure 6). We show the updat&lection

forward dataflow components. interface in what follows.

When the developer selects the code associated with the
Managementnandatory feature, we compute the AST of the * Provides canv and nextcontroller = this to:
Selectiorromponent and navigate throughoutit to define the Copy /A SMS; Copy A (- SMS); and (- Copy) A SMS
Selection Elements List (SEhis list plays an important
role to define theSelectioninterface. It represents all dec- Now, the developer of th&electioncomponent knows

larations, assignments and variable uses withirBtlection ~ what he should provide in order to keep the other features
component. We illustrate SEL Btep 3of Figure 6. Foreach  safe. In addition, this emergent interface abstracts idetéi
dataflow component, we navigate through its code searchingthese surrounding features, keeping the developer focused
for elements of SEL. We use some algorithms in this search. on the maintenance task as well as on the elements that may
Now, we detail two of them: cause problems to these features.

Notice that there is an element of SEL that is not used
in any of the dataflowsstoredImage. This way, removing
such a variable or changing its value does not affect other
features, but only the maintained feature. Therefore, this
variable is not considered in tt8electiorinterface.

We consider the dataflow interfaces as follows. We need
to compute the interfaces for the dataflow components of
Figure 6. Instead of using the SEL as an input, we use the
Selectioninterface in order to avoid useless elements, such
asstoredImage. Thus, two elements must be considered:
canv andnextcontroller = this. Now, we search for
» Providescanv to: these elements within each dataflow component.

Copy A SMS; Copy A (— SMS); and (- Copy) A SMS

¢ Does any other feature need variable declarations?
Takingcanv variable from SEL as an example, we search
in the forward dataflows components for uses of this
variable within features other thfanagementBBecause
this variable appears in three dataflow componedi®s (
d3, andd4) within other featuresGopy and SM3, we
add it to theSelectioninterface. Thus, developers must
be careful when dealing with this variable, since there
are other features needing it. This way, tBelection
interface states the following:

e d2, d3, andd4 Require:

eD ny other f ren ifi ignment? )
oes any other feature need a specific assignment canv andnextcontroller = this fromManagement

Now, we consider the assignments present in SEL that
reach other features. If there are two assignments to a
variable withinSelectionwe only consider the last one.
There is only one assignment in SElextcontroller Given that we have th&electionand Dataflowinterfaces,

= this. This algorithm verifies in the forward dataflows we check if they match. That is, if everything that is re-
components if this assignment reaches other features. Asquired by the interfaces is provided. Using the example
we can see, it reaches the feature expressions associfrom Figure 6, suppose that the developer responsible for
ated withd2, d3, andd4, since each of these dataflows the Managementeature now decides to change the value
(bold line in Figure 6) usegsextcontroller assigned assigned tmextcontroller. Thus,Selection does not

to this. Although we reach all feature expressions, the providenextcontroller = this anymore, which inter-
other use ohextcontroller (within #ifdef sms) is faces of dataflowsl2, d3, andd4 require. The contract is
not reached becausextcontroller gets reassigned now broken, and this should be reported to the developer.

3.3 Matching Interfaces



Image storedimage;
PhotoViewScreen canv;

AbstractController nextcontroller = this;

(2)
—————> AST

iR,

diy

//#if copy Il sms

controller.setNextCont

//#endif
/#ifdef sms

d2 and d4

V //#endif

PhotoController controller = new PhotoController(...);

canv.setCommandListener(controller);
nextcontroller = controller;

SmsController smscontroller = new SmsController(...);
smscontroller.setNextController(nextcontroller);
canv.setCommandListener(smscontroller);
nextcontroller = smscontroller;

l (©)

Selection Elements List (SEL):

roller(nextcontroller);

Declares: canv, storedlmage
Assigns: nextcontroller = this

Figure 6. Copy and SMS features of Mobile Media.

4. Supporting Developers

To support developers in charge of maintaining annotative-
based SPLs, we present xCIDE (eXtended Colored IDE):
a prototype tool that implements the concept of emergent
interfaces. We implemented xCIDE as an extension of
CIDE [12], a tool that allows developers to use preproces-
sors in a disciplined manner. Instead of textual comments,
it uses background colors to represent features. Thusy give
that we already have a SPL implemented with CIDE, our
tool can automatically compute the emergent interfaces on
demand to support developers that need to maintain a SPL.
As mentioned, the developer must first select code that he
wishes to maintain. Based on this selection, the tool com-
putes interfaces for th8electiorand dataflow components.
It presents theSelectioninterface to the developer, in or-
der to prevent him of breaking feature modularity — that is,
breaking a feature that he is not concerned while performing
the maintenance task. Figure 7 illustrates our tool showing
an emergent interface to the developer. As Figure 7 points
out, there is hidden feature code, associated &#thingand
Copyfeatures, respectively. After the developer indicates the
code snippet to maintain, the tool shows the emergent inter-
face related to that code — stating tlk@htroller is pro-
vided with a certain value tGopy:.

4.1 Implementation

Our implementation relies on the three steps showed in Sec-

tion 3 plus another one to show the emergent interface. The
first one uses the Eclipse Java Development Tool (JDT) [1]
to retrieve the AST of the selected code and comput&tie

MediaController;java 53

private boolean playMultiMedia (String selectedMedi
InputStream storedMusic = null;
try {
MediaData mymedia = getAlbumData () .getMedi]

Hidden Code (Sorting feature)
Emergent Interface 1%

Provides controller to Copy
Provides MMController controller=new MMController to Copy | IRe|

Hidden Code (Copy feature)

this.setNextController (controller);

return true;

Figure 7. xCIDE screenshot.

dataflow components of our interest. This analysis relies on
variety of algorithms like the ones presented in Section 3.2
Roughly, since CIDE uses background colors to represent
feature expressions, these algorithms search for elements
of SEL which are in different colors of the feature expres-
sion associated with th&electioncomponent. If found, we
consider them in th&electioncomponent interface. Then,
we take this interface as an input for Soot to compute each
dataflow interface. We match them (third step) and show the
Selectiorinterface to the user (fourth step).

4.2 Limitations and Ongoing work
Our tool currently implements the general algorithm to

lectioncomponent. Based on this selection, we then proceedemerge interfaces. The main limitation when computing in-
to retrieve the dataflow components with the aid of Soot [2], terfaces happens when we have mutually exclusive features.
a Java optimization framework for analyzing and transform- The tool searches SEL elements in all feature expressions
ing Java bytecode. This way, we have computed3bakec- (all colors), whether mutually exclusive or not. Improving
tion as well as the dataflow components. this computation is an ongoing work.

The second step consists of computing the interfaces. The  We are also working on other algorithms, using both intra
AST retrieved is important to compute the Selection Ele- and interprocedural analysis. An example is the chain of
ments List (SEL). We use this list as an input to Soot, which assignments. In this case, changing the value of a variable
is also used to compute the interfaces, where we analyze thex in the Selectionrcomponent may produce a chain of other
changes that reaches another feature. For instance, wé migh
use the new value of to define the value of which, in

2The tool is available a@ittp://www.cin.ufpe.br/~mmr3/onward10



its turn, defines the value of. If another feature uses, Our interfaces and the task context of Mylyn emerge during
changing the value of can cause problems to this feature. maintenance. Finally, we also provide information reduc-
tion, since we only show elements shared with other features
to the developer through tt&electiorinterface.
5. Related work Colored IDE (CIDE) is a tool for decomposing legacy
Interfaces for non-annotative approachesThis work fo-  applications into features [12]. Although CIDE uses the
cuses on interfaces for techniques that annotate code to depreprocessors semantics (based on the same annotative ap-
fine feature boundaries, such as conditional compilation. proach), it avoids pollution of code, which means thiédef
Since this leads to scattering and tangling, researchefs ev directives are no longer needed. Instead, it relies on the
uated the use of Aspect-Oriented Programming [3, 4, 15] Eclipse editor to define the features boundaries through
to solve these problems. However, because of problems likepackground colors. CIDE relies on VSoC, so that it is pos-
fragile pointcuts [19], researchers proposed interfa@s b sible to hide code of features not interesting to the current
tween classes and aspects to achieve modularity. maintenance task. We presented an extension of this tool to

Griswold et al. [8] proposed Crosscutting Programming improve feature modularization. Our intent is to make de-
Interfaces (XPIs) aiming at decoupling the aspects from de- velopers aware about other featutssforeinitiating their
tails of classes, providing better modularity during p@tal  maintenance tasks. Also, emergent interfaces show the exac
evolution. Also, there is a notion of provides and requires product configurations that a maintenance may affect.
that XPIs may check. For example, we might define a con-  Conceptual Module [5] is an approach to support devel-
tractin which aspects cannot change the state of some objectopers on maintenance tasks. They set lines of code to be part
We can write XPls using AspectJ language constructs. Thus,of a conceptual module and use queries to capture other lines
components and interfaces have arigid structure: claases, that should be part of it and to compute dependencies among
pects, and XPlIs. Unlike XPIs, our approach does not prede-other conceptual modules. We also catch dependencies, but
fine components and interfaces. They emerge on demandwe go beyond since we consider features relationships. Both
according to a maintenance task. In addition, since emergen approaches abstract details from developers so that tmey co
interfaces are not written, they do not need language con-centrate on relationships among features or conceptual mod
structs but tools responsible for generating them. LikesXPI  yles rather than on code of no interest, being important for
we abstract details of features, being important to make de-comprehensibility. However, our interest lies not only on
velopers focus on the maintenance task. providing dependencies, but also information that may be

The AspectScope tool [9] realizes the idea of aspect- yseful during maintenance. For example, interfaces may in-
aware interfaces in AspectJ [14]. It performs whole-progra  dicate that hidden features have statementsdiketinue,
analysis of AspectJ programs and displays module intesface preak, throws, and return. Now, developers are aware
according to current deployment of aspects. It aims to help about possible control flow changes during maintenance.
developers understand program behavior with local reason-  Safe composition Safe composition relates to safe gen-
ing. Their concept of presenting interfaces to the develope eration and verification of properties for SPL assets:pre-
is similar to what we propose in this work, aiming to facil-  viding guarantees that the product derivation processrgene
itate modular reasoning through tool support. However, As- ates products with properties that are obeyed [11, 20]. Gen-
pectScope module interfaces are not product-line-awase. A erating all SPL products to check safe composition turns out
we do, AspectScope provides a visualization of interfaces. o be impractical as the SPL becomes larger.

Separation of Concerns.Some approaches aim to pro- Thaker et al. present techniques for verifying type safety
vide separation of concerns by hiding information. My- properties of product lines using FMs and SAT solvers [20].
lyn [13] is a task-focused approach to reduce information They extract properties from feature modules and verify tha
overload, so that only artifacts (like packages, classed, a they hold for all SPL members. Safe composition is also pro-
methods) relevant to a current task are visible. A task con- posed for the Color Featherweight Java (CFJ) calculus [11].
text, created during a programming activity, filters thi®in This calculus establishes type rules to ensure that CFJ code
mation. This way, Mylyn monitors tasks aiming at storing only generates well-typed programs. CIDE — the tool we
information about what developers are doing to complete the extended — implements this formalization.
task. If the task is not completed, developers can continue  These works check for type errors on SPL products, be-
them afterwards. When opening the IDE to complete that ing similar to the matching interfaces step of our algorithm
task, instead of showing thousands of artifacts, devetoper where we catch some of these errors. However, our intent is
may select the task and Mylyn provides only the artifacts re- to use emergent interfaces to prevent errors when maintain-
lated to it, improving productivity (developers do not sgen ing features. Moreover, some elements in our emergent in-
time searching for the artifacts of that task) and reducing terfaces deal with the system behaviour (value assignment)

the information overload. Like Mylyn, our approach also rather than 0n|y with static type information.
needs a selection. Developers select the snippet in order to

maintain it, whereas when using Mylyn they select tasks.



6. Concluding Remarks the 30th International Conference on Software Engineering

This paper introduced the emergent feature modularization (ICSE'08) pages 261-270, New York, NY, USA, 2008. ACM.
concept, which might be applied to maintain features in [8] W. G. Griswold, K. Sullivan, Y. Song, M. Shonle, N. Tewari
product lines. We call our approach emergent since we do Y- ¢&h and H. Rajan. Modular Software Design with Cross-
not rely on components and interfaces with a rigid structure cutting InterfacesIEEE Software23(1):51-60, 2006.
meaning that they are not predefined. Instead, they emerge [9] M. Horie and S. Chiba. Aspectspope: An outline viewer for
on demand to support developers when maintaining features. ~ ASPECtJ programsJournal of Object Technolog(9):341~
Our interfaces abstract details from features that are not 361, 2007.
relevant to the current task (the hidden ones), but at the sam [10] C. Kastner and S. Apel. Virtual separation of concerasec-
time provide valuable information to maintain a feature and ond chance for prepracessodaurnal of Object Technology
keep these hidden ones safe. Because of this abstraction, 8(6):59-78, 2009.
developers still have the benefits provided by VSoC, in the [11] C. Kastnerand S. Apel. Type-checking software prodoes
sense that the feature code of no interest continues hidden. - @ formal approach. IRroceedings of the 23rd International
We also presented a three-step algorithm to compute gggiezrgg Clzzrépégfnrgiizs Ssgmil,fesiggelz?s;ngoaﬁ@es
emergent components and interfaces, implemented in xCIDE. s ' .
The tool uses the emergent feature modularization concept/12] C- Kastner, S. Apel, and M. Kuhlemann. Granularity oftS
so that after a selection, it shows an emergent interface to V&€ Product Lines. IRroceedings of the 30th International
the developer, keeping him informed about the contracts be- g;gfilrzcvc\(?o?; ﬁl(\)(ﬁv&/gr: ggggeAegr':/lg (ICSEGmges 311-
tween the selected feature and the other ones. ' L ' o .
As future work, we intend to improve our tool with [13] M. Kersten and G. C. Murphy. Using task context to imgrov

more robust emergent interfaces. Also, we should conduct programmer productivity. IfProceedings of the 14th Inter-
9 ) ' national Symposium on Foundations of Software Engineering

an experiment to evaluate our proposal to verify its advan- (FSE'06) pages 1-11, New York, NY, USA, 2006. ACM.

tages/disadvantages in terms of developer’s productivity [14] G. Kiczales and M. Mezini. Aspect-Oriented Programgnin

and Modular Reasoning. IRroceedings of the 27th Inter-
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