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Abstract nism to refactor a sort’s concrete instances to an aspeetdba
We propose a new measure for assesgjagerativeaspect solution. Sorts are relevant for aspect mining becausegbey
mining techniques: thécandidate-)seed qualitye show the sociate symptoms to generic concerns and are able to provide
relevance of this measure and investigate how it can be ird-focus for mining techniques and criteria for comparingrthe
proved forfan-in analysisa generative mining technique that findings.
we have proposed in a previous work. The investigation re- In this work we further consider how the (generative) as-
sults in a number of properties aimed at improving the gyalitP€ct mining techniques can be assessed, by proposing and dis

of the (candidate-)seeds reported by fan-in analysis. cussing a new measure: tf@andidate-)seed qualitg an in-
dicator of the human effort involved for analyzing the résul
1 Introduction of an aspect mining technique. We look in more detail at this

measure and how it can be improved for a specific mining

Aspect mining is a research area aimed at developing tedfcniqué, namely fan-in analysis. Our investigation itesu
niques for automatic identification of crosscutting comser " @ Number of properties to be considered for improving the
in existing code. A number of approaches to aspect mir¢andidate-)seed quality for this technique.

ing provide support for identifying and investigating thede

pertaining to a crosscutting.concern starting frorse@d a 2. Assessing generative mining tech-
program element (method, interface or group of statements) .

that is part of the crosscutting concern implementation. We niques

describe these approachesexplorativeor query-basedp- ) . )
The results of a generative aspect mining technique are

proaches. ) ; .
A second category of aspect mining approaches focﬁgndldate-seeds program elements that might pertain to

on identifying crosscutting concern seeds by looking in th@ crosscutting concern implementation, and which can be

source code for symptoms of crosscutting behavior, like tafnarked as_e_ither seeds ialse positivei_)y an human ana-
gling and scattering. We group this techniques ingarera- lyzer examining the Qutpui of the technique. The decision of
tive category. the human analyzer is typically supported by a number of el-

The mining techniques, and the generative ones in particﬁments provided by the mining technique for reasoning about

lar, face serious challenges in describing, comparing and c !ts output: grouping _Of res_ults by some C”te”?‘ (e.g:, nam-
bining their results due to (1) the lack of a clear definitioHng)’ (structural) relationships between properties disty
of the crosscutting concerns, and (2) their focus on geneﬁlae resu_lts ((_a._g., _related m(_athod calls), etc_. .
symptoms (tangling and scattering) that can occur in variou For_ S|mpI|f|_cat|on,_ we will refei to cand|dat(_a—seeds in the
concerns, of different level of granularity. This posegtier 0llowing sections simply asandidates We will also use
questions about how the results of a combination of aspeted dualityf we discuss about candidates that have been
mining techniques can be assessed, how to show improvem8}ftrked as seeds. _ .
of results, and what measures are relevant for assessisg the, / S€rous limitation of the (generative) aspect mining tech
results and a mining technique in general. nigues consists of lacking a clear definition of_ the Ci’OStﬂqglt

To address these problems, we have proposed a clag@ncerns and thus of those_ concerns they aim tq identify. As
fication system of the crosscutting concerns basedats a result, most of the techniques focus on generic symptoms

(atomic, generic crosscutting concerns) and a prelimigaty of crosscutting beh_avior, like tang_lin_g and sce_lttering.isTh _
of sorts[4, 5]. The crosscutting concern sorts are des;tribénakes the comparison and description of their results diffi-
by their specific symptoms (i.e., implementation idiom in gult:

non-aspect-oriented language), and a (desired) aspebamec e How is the reported candidate (program element) related



to a crosscutting concern, and what is that concern? Concrete instances of the sort comprise credentials checks
« How relevant s this relation for the mining technique: 1s2S Part of the authorization mechanism, or logging of excep-
this an expected result or just an accidental match? ~ ton throwing events in a system.

e Are the reported candidates relevant for the crosscup 3. (Candidate-)seed quality
ting nature of the associated concern, or just part of its
broader, more complex implementation? We propose the (candidate-)seed quality as a measure for as-

« Is the technique able to find similar concerns and is ﬁessing an aspect mining technique. The measure is defined as

able to easily distinguish between concerns that are nife percentage of relevant elements to make a decision about
similar? a candidate in the set of elements that the technique previde

for reasoning about its output.
To answer these questions we believe that the focus of | order to measure the (Candidate-)seed qua"ty, a tech-
a mining technique should not be (only) on general symmique has to define its primary elements to support reasoning
toms but (also) on expected results (and specific symptomghout a candidate (i.e., its output). Fan-in analysis dgfine
generic crosscutting concerns (sorts) that the technigtie @hese elements as the callers of the methods with a higmfan-i
pects to identify. This would allow for a clear assessment Gfalue: A fan-in candidate for consistent behavior is labels
the results (whether it is a relevant element of an expectetd Sseed if its callers are part of a relationship that can be &rm

instance) and the technique. ized in a pointcut definition.
The next example illustrates this point for fan-in analysis

a generative aspect mining technique[3].

3. (Candidate-)seed quality for fan-in

2.1. Sorts of crosscutting concerns analysis

A crosscutting concern sois a generic, atomic crosscutting

concern described by a number of properties common to Ve discuss the quality measure for the fan-in technique and

its (concrete) instances like: (1) a general intent, (2)ran i investigate what properties/attributes could be relef@min-

plementation idiom in a non-aspect-oriented language é.e proving it. The discussion uses for exemplification a number

specific symptom), (3) and a (desired) aspect mechanism ebselected results from the Z¥DRAW case-study.

support the modularization of the sort’s concrete instance JHoTDRAW ! is an editor for 2D graphics developed as an
Tablel shows several sorts from a longer list of proposegpen-source project and a show-case for how to apply design

canonical sorts[4]. These are described by the three elsmepatterns[1]. We used the application as a case-study fer fan

defining them as well as several examples of concrete iir analysis in a previous work, in which we also describe the

stances. concerns associated with the results of the analysis[3].
Complex crosscutting concerns described in literatuke, li

design patterns[2], are compositions of sort instances: ahl. Seed quality for a number of concerns in

Observer pattern implementation, for example, involves in JHOTDRAW

stances of theole superimpositiorsort for the two defined ) ) _

roles (Subject and Observer), as well as instanc&oosis- The selected concerns in dADRAW (typically) involve sev-

tent behaviofor the consistent actions of listeners notificatiorfr@! crosscutting elements (i.e., sorts instances), ffke,
and registration. instance, roles superimposition and consistent behaxior i

stances for the Observer pattern implementation. We look at
2.2. Defining “Target” crosscutting concern how the elements pertaining to consistent behavior insgnc
sorts for fan-in analysis in these complex concerns are identifiable by fan-in ansilysi
and what is the quality of the seeds for these instances.
Fan-in analysis generates candidates based on the fartHin me The selection of the concerns is aimed at showing various

ric of a method: if a method is called from many, scattereg|ations between the elements (callers) provided by ttte te
places, the method is considered a potential seed. Hence fafue for reasoning about its results.

in is essentially a metric for the scattering symptom of the
crosscutting concerns.
To focus our analysis, we define the targeted crosscuttir?gl-l- Undo

concerns of fan-in analysis as instances of the consis®nt Brie Undoconcern involves around 30 classes lienmands
hawor_sort. The sort is shown in Table 1; it is described b}'ools and(figure) handleglements. The changes spawned by
an action and a number of (method) elements that consigs eyecution of the activities associated with these afesne

tently execute the action as part of their complete funetion .5, pe undone by specialized, dedicatftloActivites The
ity. These elements are part of a context that can be forewhliz ’

by a pointcut definition. Lwww.jhotdraw.org
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Table 1. Sorts of crosscuttingness.

Seed Composite concern Targeted sort in-| Fan-in value
stance
UndoableAdapter.undo() Undo YES 24
UndoableAdapter.UndoableAdapter(DrawingView) Undo YES 25
Undoable.isRedoable() Undo YES 24
Figure.addFigureChangeListener(FigureChangeListener | Figure Change Observer | YES 11
Figure.changed() Figure Change Observer | YES 36
Figure.listener() Figure Change Observer NO 21
Figure.removeFigureChangeListener(FigureChangeiésje | Figure Change Observer | YES 10
Figure.willChange() Figure Change Observer | YES 25

Table 2. Selected fan-in seeds from JHOTDRAW

UndoActivityclasses are nested within their associated activinenting the Subject role. A number of elements listen for
changes inFigures by implementing thd-igureChangeLis-

ties and implement thendoableinterface.

Fan-in analysis reports three seeds forlthelo concern,

tener interface. The concrete figures implement or inherit

all of them part of instances of the targeted sort(s). Thdseethe methods specific to the Subject role for allowing (de-
are shown in Table 2. The first seed corresponds to a methpégistration of listeners, and notification of changeshieirt

implementing undo functionality and which is

called by 24state.

methods. Most of the callers (22) are implementations of the The (de-)registration action is a consistent behaviorHer t
undo method in the nestedJfhdoActivity classes. The 22 listeners of figure changes. This is implemented as a call to
callers follow the same idiom to invoke the reported seed: ththe method that adds/removes listener objects féigare:
invocation is the first call in the caller to check if the speFigure.add-/remove-FigureChangeListener

cific activity can be undone. The other two calletinflo-

Command.executndUndoRedoActivity.redalo

this idiom and are not part of a consistent behavior.

not follow

The notification of changes occurred in figures’ state is
also a consistent behavior applying to elements changiag th
state. The concern is implemented as a call to the notificatio

In order to decide about this candidate, we have to be abieethod:Figure.willChange before making the changes, and
to observe specific symptoms of consistent behavior, like thrigure.changegdafter the changes were made.

structural relation between the first 22 callers to definera co
text, or the similar positions of the calls. The other twdexa,

on the other hand, make the analysis of the candidate hardesntext of the pattern: the listeners interested in chahges
because they have to be investigated although they turn agtregister in order to be notified, and the actions chandiag t
not to be part of the consistent behavior concern. The retevastate of the Subject object have to notify about this change.
elements in the analysis of the callers are the first 22 slleHence all the callers of the reported seeds are relevant be-
cause the calls occur due to the participation into the patte
Similar, the quality for the other two candidates isimplementation. This participation is a secondary conéern

the callers. Moreover, the concern implemented by theesille
(the reported high fan-in methods) implies calls only fraan-p
ticipants in the pattern, in the context of the pattern. Tialg
ity of these seeds is thus 100%.

and hence the quality is 22/24 (92%).

22/25(88%) and 20/24(83%), respectively.

3.1.2. Figure Change Observer

TheFigure elements in JBTDRAW participate in an imple-

The consistent behavior for these instances of the sort is
due to the relation between the callers and the callee in the

Fan-in analysis reports several implementations of the de-

mentation of the Observer pattern (Figure Change) by impleeribed candidates. Table 2 shows the results omitting the



Seed

Orig. Quality

Same
method)

hierarchy(same

Role relation

Same Call Po-
sition

UndoableAdapter.undo()

22124 = 92%

22123(22122) = 96% (100%)

22/23 = 96%

22/22 = 100%

UndoableAdapter.UndoableAdapter(DrawingView)

22/25 = 88%

22122(22122) = 100%(100%)

22/22 = 100%

22/22 = 100%

Undoable.isRedoable()

20/24 = 83%

19/21(18/19) = 90%(95%)

19/21 = 90%

18/21 = 86%

Figure.addFigureChangeListener(FigureChangeLisyener

11/11 = 100%

Not relevant

10/10 = 100%

Not relevant

Figure.changed()

36/36 = 100%

Not relevant

Not relevant

33/33 = 100%

Figure.listener()

Figure.removeFigureChangeListener(FigureChangetésje

10/10 = 100%

Not relevant

9/9 = 100%

Not relevant

Figure.willChange()

25/25 = 100%

Not relevant

Not relevant

20/20 = 100%

Table 3. (Candidate-)seeds analysis for selected concerns

multiple implementations that occur due to polymorphism.

B

The last reported metho8fgure.listener provides access .. - = o L rE——
to the listener reference in the class implementing the Su - s & -
ject role. The method is part of this role, however, it doe: &=~

not belong to a consistent behavior instance in the analyz

implementation of the Observer pattern.

3.2. Properties/attributes to improve the qual-
ity of the fan-in candidates

To improve the quality of the fan-in candidates, we propose

number of properties to be considered for analyzing thersall

of a candidate. These properties show possible relations t |~
tween the callers of a method with a high fan-in, and are aime
at reducing the percentage of irrelevant elements for reasc #

ing.
The list of proposed properties comprises:

e structural relations between the callers. These relations

include:

— same hierarchy: The methods (callers) are defined
by the same interface (/super class). As a partic-
ular case, the callers could be implementations of
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JORKRRRRK KRR

the same method. The (callers of the) seed for the o

Undo concern previously discussed falls into this

category.

— common roles: A method is associated with all the
roles implemented by its class, so that the methods
can share common roles. Arole is typically defined
by an interface. Methods that belong to the same
hierarchy will also share the role that defines the

hierarchy: the callers of the discussdddo seed
are declared by theindoableinterface, which de-

Figure 1. FINT support for callers-analysis

consistent call position: The position of the call, relativ
to the caller's body, is consistent for the callers of the
reported method with a high fan-in value. Such a case
has been shown for the seeds discussed in Section3.1.

naming-based relations: The callers have similar names.
The naming-based and the structural relations can be ex-
pressed by an AspectJ-like pointcut definition, while the
call position could be an indication of the advice type
(before/after).

e relations based on the structure of the call: cloned/simila

fines the main role of the classes implementing the ®

concrete callers of the seed. Similarly, the callers
of the registration method in the previous Observer

example are associated with tRigureChangeLis-

tenerrole. The main role for these callers is, how-

ever, defined by other interfaces, likegure, which
is common to most of them.

— same class: The callers belong to the same class, as

for the case of a class level contract.
— etc.

call sites. An example is the exception wrapping concern
that consists of catching a specific type of exception and
re-throwing an exception of a different type[3].

“intentional” relations between callers, such as modifiers
of Subject objects in the context of the Observer pattern.
The relations between the callers are due to their partici-
pation in the pattern implementation.

3.3. Results after extending fan-in with a

callers analysis

Table 3 shows the quality of the fan-in seeds after analyzing
the callers based on some of the proposed properties.



The mined instances that are part of the Undo concern angeen the intent of the identified instances is based on the re
representative for many (/most) of the concerns identified ulation between the instance and design by contract contexts
ing fan-in analysis. In most cases, the quality of the seeds i The situations described for théndo concern where the
improved by analyzing the proposed properties. callers are related by structural relationships are comtaon

Although the original quality of the seeds for the Observemany of the concerns discovered by fan-in analysis. These in
implementation is 100%, the analysis of the callers based @ide consistent behavior and contract enforcement ingtan
the proposed properties is meaningful due to the complex rig¢ JHOTDRAW, for Commandand Tool elements, for in-
lation between the callers that has to be observed. Becawignce, as well as concerns in other analyzed case-stlikies,
the relation is intentional, it is expected that the invgatidd, PETSTOREand ToMCAT [3]. The intentional relationship, on
mainly structural, properties to be irrelevant, offeriittid or  the other hand, are typically harder to detect. The intentio
no insight into the intentional relation. However, the stru of a code developer could be captured by annotations in the
tural properties can provide insight into the specific cstesit  code, which to be analyzed by aspect mining techniques.
behavior instances: Most of the callers (10 out of 11) of the
registration method belong to classes that implement the liAcknowledgments The author would like to thank Arie van
tener role and that register themselves as listeners-@flae  Deursen (TU Delft) for his reviews and feedback.
object. Thecommon roleproperty groups and relates the 10
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The measure asks for a clearly defined target as a sort of
crosscutting concerns. We believe that sorts provide sensi
tent criteria for defining the focus, assessing and impigvin
the performance of a mining technique. They allow for con-
sistency in reporting the results of aspect mining, connlgjni
(and comparing) mining techniques, and evaluating the man-
ual effort to analyze the output of a technique. Sorts cam als
be used to define other, known measures that apply to aspect
mining, like precision and recall.

Our investigation has focused on instances of the consis-
tent behavior sort. However, the discussion and the results
also apply to contract enforcement: The two sorts diffeyonl
in intent, sharing the idiom (specific symptom) and the aspec
mechanism to modularize their instances. The distinctsn b
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