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Aspect mining is a reverse engineering process that aimsdihg crosscutting concerns in existing systems.
This paper proposes an aspect mining approach based omaetey methods that are called from many different
places, and hence have a high-in, which can be seen as a symptom of crosscutting functigndlite approach

is semi-automatic, and consists of three steps: metriclkzdion, method Itering, and call site analysis. Carrying
out these steps is an interactive process supported by gs&glug-in called IWNT. Fan-in analysis has been
applied to three open source Java systems, totaling ardd®@Q@ lines of code. The most interesting concerns
identi ed are discussed in detail, which includes seveaaerns not previously discussed in the aspect-oriented
literature. The results show that a signi cant number ofssitting concerns can be recognized using fan-in
analysis, and each of the three steps can be supported by tool
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1. INTRODUCTION

Aspect-oriented software development (AOSD) is a progrargiparadigm that addresses
crosscutting concerngeatures of a software system that are hard to isolate, &iodevMm-
plementation is spread across many different modules -kiellvn examples include log-
ging, persistence, and error handling. Aspect-orientedn@mming captures such cross-
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2 Marius Marin et al.

cutting behavior in a new modularization unit, thepectand offers code generation facil-
ities toweaveaspect code into the rest of the system at the appropriategla

Aspect minings an upcoming research direction aimed at nding crossugittoncerns
in existing, non-aspect oriented code. Once these conbenesbeen identi ed, they can
be used for program understanding or refactoring purpdsegxample by integrating
aspect mining techniques into the software developmeitsioite. In addition to that,
aspect mining research increases our understanding afatrbi®ig concerns: it forces us
to think about under what circumstances a concern shoulchplemented as an aspect, it
helps us nd crosscutting concerns that are beyond the dgaaloones such as logging and
error handling, and it may lead to concerns that are crotisguyet not easily modularized
with current aspect technology (such as, e.sPACT]).

In this paper we propodan-in analysisan aspect mining approach that involves look-
ing for methods that are called from many different callsimd whose functionality is
needed across different methods, potentially spread ogeymlasses and packages. Our
approach aims at nding such methods by computing the famétric for each method
using the system'’s static call graph. It relies on the okst@wn that scattered, crosscutting
functionality is likely to generate high fan-in values fagykmethods implementing this
functionality. Furthermore, it is consistent with the gelides of applying aspect solutions
when the same functionality is required in many places thhout the code [Colyer et al.
2005].

Fan-in analysis is a semi-automated process consistinged steps. First, we identify
the methods with the highest fan-in values. Second, we digrmethods that may have
a high fan-in but for which it is unlikely that there is a sys@tic pattern in their usage
that could be exploited in an aspect solution. Typical eXespre getters and setters, as
well as utility methods. Third, we inspect the call sitesha high fan-in methods, in order
to determine if the method in question does indeed implere#scutting functionality.
This step is the most labor intensive, and it is based on aysieaf recurring patterns in,
for example, the call sites of the high fan-in method. Alpstare supported by an Ecligse
plug-in called FNT, which is also discussed in the paper.

We discuss the application of fan-in analysis to three egstpen source systems (the
web shop BTSTORE, the drawing application JBirDRAwW, and the servlet container
ToMcAT) implemented in Java. For all systems our approach foundmbeu of inter-
esting crosscutting concerns that could bene t from an eispeented redesign.

When evaluating the quality of an aspect mining technique,¢hallenges have to be
faced. The rstis that a benchmark system must exist in whighcrosscutting concerns
are known already, for example because they have been &tehti an expert. At the mo-
ment, such a benchmark does not exist. A growing number @&caspining researchers,
however, are using JbirDRAW as their case study, which is thus evolving into such a
benchmark system.

The second evaluation challenge is that the decision thaheeern is crosscutting and
amenable to an aspect-oriented implementation is a debjoe; which is a trade-off be-
tween alternatives. Thus, there is not a yes/no answer tqubstion whether a concern
identi ed is suitable for an aspect implementation. As aggguence, quantitative data on
the number of false negatives (how many crosscutting coscae missed) or false posi-
tives (how many of the concerns we identi ed are in fact natsscutting) has a subjective

1 www.eclipse.org
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Identifying Crosscutting Concerns Using Fan-in Analysis 3

element to it. This means that an evaluation of an aspechiteichnique just in terms
of, for example percentages of false positives and negatowein terms of precision and
recall, is an oversimpli cation.

To deal with these issues, we decided to discuss a substauntider of concerns found
in considerable detail, explaining for what reasons theyukhbe considered as cross-
cutting concerns. In order to encourage a debate on ourtsestd selected open source
systems on purpose, allowing others to see all code dethéswesired.

As aresult, the paper can be read in two ways. First of afl tiié presentation of the fan-
in aspect mining technique. Second, it is a discussion afetomosscutting concerns that
were found in three open source systems by means of fan-ipséa thus establishing a
rst step towards a common benchmark that can be used indug$pect mining research.

The scope of the present paper is aspect mining itself. Ukm@spect mining results,
for example for refactoring to &PECT], is a separate topic, for which we refer to, e.qg.,
Binkley et al. [2005], as well as to our own work on reimplerieg some of the concerns
discussed in the present paper [van Deursen et al. 2005n Mbai. 2005].

This paper is organized as follows. We start out by survegiigting work in the area
of aspect mining. Then, in Section 3, we present the fan-itrimpehe analysis steps, as
well as the Eclipse plug-in supporting fan-in analysis. étt®n 4 we present an overview
of the case studies. In Sections 5-7 we cover the resultsnebtdrom applying fan-
in analysis to three open source case-studies presentiegatef the concerns found in
considerable detail. We re ect on these case studies, oredsons for success, and on the
limitations of our approach in Section 8. We conclude withummary of the paper's key
contributions and opportunities for future work.

We assume the reader has basic knowledge of aspect-origritgchmming, and we
refer to Gradecki and Lesiecki [2003], The AspectJ Team B20hd Laddad [2003b] for
more information.

2. ASPECT MINING: BACKGROUND AND RELATED WORK

Since aspect mining is a relatively recent research areastaveout by providing some
uniform terminology. We then discuss the most importaneasmining approaches pub-
lished to date.

2.1 Terminology

Sutton and Rouvellou [2005] provide a discussion on whastitates a “concern”. Fol-

lowing them, we take concern generally to be “any matter st in a software system.”

Concerns can live at any level, ranging from requirementsise cases, to patterns and

contracts. In this paper we will focus on concerns that plegl@at the source code level.
We distinguish between a conceridentandextent

—A concern'sintentis de ned as the objective of the concern. For example, thenirof
a tracing concern is that all relevant input and output patans of public methods are
appropriately traced.

—A concern'sextentis the concrete representation of that concern in the systouarce
code. For example, the extent of the tracing concern canefsthe collection of all
statements actually generating traces for a given meth@ohpser.

In aspect mining, we search for source code elements thandéd the extent of con-
cerns thatrosscuthe software system's modularization structure. Scrolsscutting con-
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4 Marius Marin et al.
package myaspects;
public aspect Tracing {
declare parents . mypackage.* implements Traceable ;
public interface Traceable {
public void traceEntry (String methodSig);
public void traceExit(String methodSig);
}
public void Traceable.traceEntry(String methodSig) {
System.out.printin("Entering "+ methodSig);
}
public void Traceable.traceExit(String methodSig) {
System.out.printIn("Exiting "+ methodSig);
}
pointcut thePublicMethods(Traceable t) :
target (t) &&
execution (public * mypackage..*(..)) &&
I'within  (Tracing );
Object around (Traceable t): thePublicMethods(t) {
t.traceEntry ( thisJoinPoint .getSignature().toString());
Object result = proceed (t);
t.traceExit( thisJoinPoint .getSignature().toString());
return  result;
}
1

Fig. 1. Aspecd de nition for the tracing concern

cernsare not dedicated to a modularization unit like a single pgek class hierarchy,
class, method, but acatteredover all these units. As an example, the tracing concern
will affect many different methods distributed over diféat packages or classes. A conse-
guence of this scattering iangling modular units cannot deal exclusively with their core
concern, but have to take into account the implementatiantwdr concerns that crosscut
their modularization as well.

Aspect-oriented software development aims at avoiding rifaéntenance problems
caused by scattering and tangling by making use of the neecaspodularization con-
struct. As a simple example, consider an implementatiomefttacing concern in #
pECTF, as shown in Figure 1. Thdeclarestatement at the top of the aspect body ensures
that all classes contained in a particular package extemdriteableinterface, using a
so-called inter-type declaration. THeaceableinterface itself is provided in the subse-
quent lines, including a default implementation of the iifaee. In this way, the aspect
extends multiple classes, thereby capturing the staticasscutting nature of tracing.
The remainder of the aspect captures the dynamic crossguttsing a “pointcut” which

2www.aspectj.org
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Identifying Crosscutting Concerns Using Fan-in Analysis 5

intercepts all calls to public methods, and “around advtbat emits a string with the sig-

nature of the executing method just before and just afteniésution. The aspect can be
woven into the base code, keeping the lattbliviousto the tracing concern. This helps
to reduce the tangling in the base code and provides a ndteisghimplementation of the

crosscutting concern. Furthermore, a (small) reductiaroofe size can be achieved if the
crosscutting is suf ciently regular (as is the case with thecing concern: the pointcut

expression can quantify over all public methods).

Aspect mining aims at nding crosscutting concerns in @érigt non-aspect-oriented
code. Such concerns could possibly be improved by applydpg&-oriented solutions or
can be documented for program comprehension purposes. ifirggrmvolves the search
for source code elements belonging to the implementatienabsscutting concern, i.e.,
which are part of the concern's extent. We will refer to suoteelements aseedsOnce
we have found a single seed for a concern, we can try to expenskeied to the full extent
of the concern, for example by following data or control owmendencies.

Aspect mining generally requires human involvement. Tioges we will say that aspect
mining tools yieldcandidate seedsvhich can be turned intoon rmed seedgor simply
“seeds”) if accepted by a human expertpon-seed§ rejected. Sometimes a non-seed is
also referred to as false positive- afalse negativehen is a part of a known crosscutting
concern, potentially detectable by the technique, butexdiskie to inherent limitations of
the approach or due to the specic lters applied in it. Theykaespect mining challenge
is to keep the percentage of con rmed seeds in the total sediodidate seeds as high as
possible, without increasing the number of false negativesnuch. As we will see, with
fan-in analysis this percentage is above 50%.

The origins of aspect mining can be traced back to the coresgignment problem,
i.e., the problem of discovering domain concepts and asgigthem to their realizations
within a speci ¢ program [Biggerstaff et al. 1994]. Work dmig problem has resulted in
such research areas as feature location [Koschke and Q@0#eWilde and Scully 1995;
Xie et al. 2006], design pattern mining [Ferenc et al. 2086} program plan recognition
[Rich and Wills 1990; Wills 1990; van Deursen et al. 2000].

In aspect mining we speci cally search for concerns (cot€ewhose realization in a
given program cuts across modular units. Several aspecdhgnapproaches have been
published, for which we propose a distinction betwegrery-basedind generativeap-
proaches. Query-basedapproaches start from manual input such as a textual pattern
Generativeapproaches, including fan-in analysis, aim at generatiggls automatically
making use of, for example, structural information obtdifim the source code. Be-
low we discuss these two categories of aspect mining appesadvoreover, we discuss
techniques that are most closely related to our fan-in aisaly

2.2 Query-Based Approaches

Query-based, explorative techniques rely on search patf@ovided by the user. Source
code locations that match the pattern correspond to crtiBggaoncern seeds, which can
subsequently be expanded to more complete concerns using a t

One of the rst query-based tools, the Aspect Browser, usesal pattern matching for
guerying the code, and a map metaphor for visualizing thelteefGriswold et al. 2001].
The Aspect Mining Tool AMT extends the lexical search frora #hspect Browser with
structural search for usage of types within a given piec@dédHannemann and Kiczales
2001]. Both tools display the query results in a Seesofetyipw as highlighted strips in
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6 Marius Marin et al.

enclosed regions representing modules (e.g., compilatiits) of the system [Eick et al.
1992].

AMTEX is an AMT extension that provides support for quanitify the characteriza-
tion of particular aspects [Zhang and Jacobsen 2003]. AMTIEXurn, has evolved into
PRISM, a tool supporting identi cation activities by meawfdexical and type-based pat-
terns calledngerprints [Zhang and Jacobsen 2004]. A ngerprint can be de ned, for
example, as any method in a given class of which the names stitht a given word. A
software engineer de ning ngerprints is assisted by stiethadvisors PRISM currently
provides a ranking advisor which reports the most freqyemted types across methods.
This idea is akin to fan-in analysis, which reports the mosgiently used methods across
a system. There are, however, no reports about the suclesssfof applying the approach
implemented in PRISM to the identi cation of crosscuttingncerns.

The Feature Exploration and Analysis Tool FEAT is an Ecliplsg-in aimed at locating,
describing, and analyzing concerns in source code [Rotilmd Murphy 2002]. It is
based orroncern graphsvhich represent the elements of a concern and their rekdtips.

A FEAT session starts with an element known to be a conceith seel FEAT allows the
user to query relations, such as direct call relations, betwthe seed and other elements
in the program. The results of the query that are considexledant by the user to the
implementation of a (crosscutting) concern can be adddtktgtaph-based representation
of the concern.

The Concern Manipulation Environment CME aims at providsupport across the
whole lifecycle of an aspect-oriented development projeerrison et al. 2004]. This
support also includes aspect identi cation facilitiesaagh an integrated search compo-
nent (Puma) that uses an extensible query language (Ppffthaaret al. 2004]. The Pan-
ther language includes the static part of the Aspect] paitenguage. CME also allows
for concern management similar to FEAT. Most importantly]EEprovides a possible in-
frastructure for the integration of different approachesspect mining, including seed
identi cation and concern exploration and management.

Various query-based tools (the Aspect Browser, AMT, and PE#ave been compared
in a recent study [Murphy et al. 2005]. This study shows thatgueries and patterns are
mostly derived from application knowledge, code readingrds from task descriptions,
or names of les. As the study shows, prior knowledge of thstesn or known starting
points strongly affect the usefulness of the outcomes oattadysis.

2.3 Generative Approaches

The second group of aspect mining approaches aim at autathatenerating crosscut-
ting concern seeds with a good quality: seeds that will redbe effort of further under-
standing and exploring the concern. The approaches in éitégjory can be described as
generativaechniques and will typically provide the input for the extive approaches.

Many generative approaches use program analysis teclaiqueok for symptoms of
code scattering and tangling and identify code elementgiixiy these symptoms that
can act as candidate aspect seeds.

Shepherd et al. [2004] use clone detection based on progem@ndence graphs and
the comparison of individual statement's abstract syntegd for mining aspects in Java
source code.

Three clone detection tools, implementing matching onrtskabstract syntax trees, and
on program dependence graphs, respectively, are evalmatadintink et al. [2005] on an
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Identifying Crosscutting Concerns Using Fan-in Analysis 7

industrial C component. The starting point were four detdidarosscutting concerns that
were manually identi ed and annotated in the code befordhdrhe evaluation assesses
the suitability of clone detection for identifying thesencerns automatically by measuring
the coverage of the annotated concerns by detected clones.

Code clones in object-oriented systems would typically éfaatored through method
extraction [Fowler et al. 1999] which results in scatteralisdo the extracted method [Lad-
dad 2003a]. Fan-in analysis looks for the concerns impléeteby these scattered calls,
which could be further refactored into aspect advice.

Dynamic analysis has been considered for aspect idenitbigdty examining execution
traces for recurring execution patterns [Breu and Krinkefd@nd by applying formal con-
cept analysis to associate method executions to tracescspedocumentation-derived
use-case scenarios [Tonella and Ceccato 2004a]. Parljculzallenging for dynamic
analysis techniques is to exercise all functionality in $fgetem that could lead to aspect
candidates. This implies that a preliminary activity is dee in which use-case scenarios
are de ned for the system under investigation. Fan-in asialgoes not require such a
preliminary activity.

The rst of the two dynamic techniques has been adapted thctnstatic analysis to
search for recurring execution patterns in control ow drajKrinke 2006]. The technique
is similar in some respect to fan-in analysis, which seaébierecurrent call relations. The
experimental results of the technique are discussed by aogsgm with our own results
reported for one of the analyzed systems, and show many coomdings.

Formal concept analysis has also been applied in an idergnalysis that groups pro-
gramming elements based on their names [Tourwé and Mend.208is analysis starts
from the assumption that naming conventions can be usedadti® the scattered elements
of a concern. Although fan-in analysis could use naming eatiens for the investiga-
tion of the automatically generated results, its primamyctionality relies on structural
relationships.

The suitability of refactoring certain interfaces implemtedd by a class has been in-
vestigated through a number of indicators like the namintepa used by the interface
de nition, the coupling between the methods of the impletirenclass and the methods
declared by the interface, or the package location of therfete and its implementing
class [Tonella and Ceccato 2004b]. By comparison with faaralysis which focuses on
method seeds, this technique is directly targeting interfde nitions for seed identi ca-
tion.

Besides our own experiments [Marin et al. 2004a], assessneéfan-in analysis have
been provided by Gybels and Kellens [2005] who used the oetran approximate heuris-
tic for measuring scattering. Another assessment of thadyais has been made available
through the Timna framework [Shepherd et al. 2005] whictsusachine learning tech-
nigues to combine the results of several aspect mining tqeaba.

In their more recent work, Breu and Zimmermann [2006] sefocboncerns by analyz-
ing the changes in the values of the fan-in metric betwedareift versions of the system
under investigation. The technique they propose examhmesérsion history for inser-
tions of method calls. Similar to fan-in analysis, a reporseed consists of a set of one
or more methods with same call site locations. This techaizpuld complement fan-in
analysis by giving insight into the evolution of the metsigalues in a system, and hence
into the evolution of the concern of a method.
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2.4 Aspect Identi cation Case Studies

The subject systems that we have analyzed in the previousrjieal. 2004a] and present
work have also been used by related research [Shepherd®?80&l, Shepherd et al. 2004;
Janzen and De Volder 2003; Binkley et al. 2005] or in tool destations (e.g., FEAT
[Robillard and Murphy 2002]). However, our work on fan-inadysis is the rst attempt
to establish a common benchmark for the development of aspieing techniques, by
explicitly reporting the results obtained for a number ade&studies and discussing them
in signi cant detail. This work has been continued in a comgpige study [Ceccato et al.
2006] of the fan-in technique with the dynamic [Tonella aret€ato 2004a] and identi er
analysis [Tourwé and Mens 2004] approaches. ThetIrRAW case-study targeted by the
comparison experimentis intended to become the de-factohmeark for aspect mining.

3. ASPECT MINING USING FAN-IN ANALYSIS

Fan-in analysis ts in the category of generative aspectimgirapproaches. The main
symptom of crosscuttingness it tries to capturedattering the code for one concern is
spread across the system. If the scattered pieces of coéefirastionality in common,
it is likely that this will have been factored out in helper tiheds. These methods are
then called from many places, giving them a high fan-in valuean aspect-oriented re-
implementation of such concerns, the method would constfpart of) the advice, and the
call site would correspond to the context that needs to brioaghusing a pointcut.
Fan-in analysis consists of three steps:

(1) Computation of the fan-in metric for all methods;

(2) Filtering of the set of methods to obtain the methodsdnatmost likely to implement
crosscutting behavior;

(3) Analysis of the remaining methods to determine whictheht are part of the imple-
mentation of a crosscutting concern.

The next subsections describe each of these steps, as wedlta®l ENT supporting these
steps.

3.1 A Fan-In Metric for Aspect Mining

The metric we will use for aspect mining is based on methodrdawnhich is a “measure
of the number of methods that call some other method” [Somiflee2004]. Thus, we
will collect the set of (potential) callers for each methodand the cardinality of this set
gives the required fan-in value. The actual value, howesfemethod fan-in depends on
the way we take polymorphic methods (callers as well ases)lmto account.

Therefore, our rst re nement is that we count the numberdifferent method bodies
that call some other method. Thus, if a single abstract ntkthamplemented in two
concrete subclasses, we treat these two implementaticzepasate callers.

Our second re nement deals with calls to polymorphic metho&ecall that we are
interested in methods that are called from many differeaatgs, since these are potentially
part of a crosscutting concern. If we nd that a particularthoel m belongs to such a
concern, it is very likely that superclass declarationsutirctass overrides ah belong to
that same concern. For that reason, if we see that metRagdplies methodnto an object
of static typeC, we addmPto the set of (potential) callers for eanhdeclared in any sub-
or superclass dt.
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Identifying Crosscutting Concerns Using Fan-in Analysis 9

; Fan-in contribution
' Call site Alm | A2m | Bm | Clm | C2.m
B fl(ALal)f aLm(ig | 1 0 1 1 1
void m() f2(A2 a2)f a2.m();g 0 1 1 1 1
f3(B b) fbm(); g 1 1 1 1 1
f4(C1 c1)f c1.m();g 1 1 1 1 0
f5(C2 c2)f c2.m();g 1 1 1 0 1
c1 c2 [ Total fan-in | 4 ] 4 1] 5] 41 4 ]
void m() void m()
(a) Example Class Hierarchy (b) Corresponding Fan-in Values

Fig. 2. Example class hierarchy and corresponding fandinega

With this de nition, (abstract) method declarations higitte inheritance hierarchy act
as fan-in accumulators: whenever a speci ¢ subclass implgation is explicitly invoked,
the fan-in of not only the speci c but also of the abstract noet is increased. In this way,
if there are many calls to different speci ¢ implementasome get a high fan-in value
for the superclass method. An aspect-oriented reimpleastiontwould aim at capturing
the many speci ¢ call sites into a pointcut, and invoke thetedet method in the advice,
relying on polymorphism to dispatch to the proper speci plementation.

An example hierarchy is shown in Figure 2. The example itatss the effects of various
calls to a polymorphic methoeh in different positions in the class hierarchy. Note that,
given our de nition, the fan-in for method m in class C1 is radfected by calls to m
de ned in C2 and vice versa: the same holds for sibling clegskand A2.

Our last re nement is concerned with super calls. For supdlscwe explicitly know
which method is targeted, which therefore is the only methibdse call set is extended.

Observe that there are multiple ways in which a fan-in metgic be de ned. Histori-
cally, the notion of fan-in was introduced by Henry and Kaf{t981] as an indicator for
coupling in procedural software. They include data acae$ani-in as well, which we do
not. An overview of coupling indicators for object-oriedtgystems is discussed by Briand
et al. [1999]. In some cases these metrics are based on atilexief the fan-in metric,
which then often is taken at the class level (instead of thinatkfan-in we use) — see, e.g.,
Henderson-Sellers et al. [1996]. In other cases calls frawaie methods are excluded
from the fan-in count.

3.2 Method Filtering

After having computed the fan-in values of all methods, welathe following lters, in
order to obtain a smaller set of methods with a higher chahiceglementing crosscutting
behavior.

First, we restrict the set of methods to those having a faabmve a certain threshold.
This can be an absolute fan-in value (say, 10) or a relativegm¢age (say, the top 5% of
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10 Marius Marin et al.

all methods ordered by their fan-in values). Note that amlaibs value threshold not only
acts as a lter, but also an indicator for the severity of thattering.

In our case studies, we experimented with several valuesfamd 10 to be a useful
trade-off between the number of concerns that one can ndthachumber of methods
that need to be inspected.

Second, we lter getters and setters from the list of methoHsis is either based on
naming conventions (methods matching the “get*” or “set#ttern) or on an analysis of
the method's implementation.

Last but not least, we lIter utility methods, likeString() , classes such agMLDoc-
umentUtilscontaining “util” in their name, collection manipulationatinods, and so on,
from the remaining set. This is a manual step that may recainge familiarity with the
subject system. This familiarity can be improved after eietation by looking at the
results and analyzing apparent indicators like names dlyescessible documentation,
such as descriptive comments in the code. The heuristicsse for identifying utility
methods in our case studies are based on the following aésgo

—Methods that belong to collection classes and/or packdagesJHOTDRAW case study,
for example, comes with its own library for collection classWe typically recognized
these based on class or package names, sugilj@gEnumeratorHandleEnumeratqr
ListWrapper and so on.

—Documented utilities, based on naming and easily avaldbbumentation criteria. For
example, for BRTSTORE, the utility methods belong to two classe$MLDocumentU-
tils and PopulateUtils which creates and prints SQL statements used to populate th
sample database for the application. laMcAT, we marked classes from thail.buf
package as utility, which deals with encoding and decodinffebs. We also marked
the util.digester.Digesteclass as utility - the class is described as an XML parser in
Tomcat's documentation.

3.3 Seed Analysis

Our nal step is to conduct a manual analysis of the remaisetgf methods. This analysis
follows a number of guidelines, part of which bene t from antatic support. Reasoning
about the reported candidates can take a top-down or batfpapproach.

In the bottom-up approach we look for consistent invocatioiithe method with a high
fan-in value from call sites that could be captured by a moinhde nition. Examples of
such consistent invocations include:

—The calls always occur at the beginning or the end of a method

—The calls occur in methods that are all re nements of a @rafdstract method, as, for
instance, for contracts exercised across class hieratchie

—The calls occur in methods with similar names, like harsifer mouse or key events;

—All calls occur in methods implementing a certain role,fasexample, listener-objects
that register themselves as observers of a subject-olget s

The regularity of these call sites typically will make it pdde to capture the calls in a
pointcut mechanism, and the high fan-in method into advidee main challenge of the
bottom-up approach is to recognize these patterns leadipgintcuts. As we will see in

the next section, it is possible to offer tool support heed trelps the human engineer in
conducting this analysis.
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Fig. 3. HNT in action, showing th&an-in Analysis Viewtop right) and theSeeds Viebottom right).

In the top-down approach, we take domain knowledge or knibgédeof typical cross-
cutting concerns into account, as described by, e.g., Haane and Kiczales [2002] or
Laddad [2003b]. For example, a number of design patternselécrosscutting) roles and
methods speci ¢ to these roles that can appear in the liseefls. The human engineer
can take advantage of such knowledge when analyzing thédzirdseeds to recognize
the pattern-speci c roles. The Composite pattern, for guande nes roles and methods
to allow parent-objects to refer and manipulate child-edeta. Similarly, the methods in
a decorator class are characterized by the consistenectidin functionality they imple-
ment.

3.4 The Fan-in Tool FINT

The Fan-in Tool ivT? is an Eclipse plug-in that provides automatic support ferrtetric
computation, method ltering, and candidate analysis st#ifan-in analysis.

To compute the fan-in metric, the tool rst builds the abstrayntax tree for the user-
selected sources, and then creates a call graph with theodsetteclared in the selected
sources and their callees. The fan-in metric is derived ftiois graph, as described in
Section 3.1. The results are displayed in Han-in Analysis viewshown in Figure 3,
together with the list of callers for each method. The resstéin be ordered alphabetically
or by their fan-in value. Optionally, the results can alsstmeed on le.

3 http://swerl.tudelft.nl/bin/view/AMR/FINT . The features discussed in this paper are partefr®.6.
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The same view is used for the ltering step of fan-in analy3isus, the user can indicate
an absolute threshold for the fan-in value. Furthermoreuber can choose to lter out
accessor methods by their signature based on the “get*'airsaming convention, or
based on their implementation.

In addition to that, the user can indicate groups of elem&htsse methods are to be ex-
cluded from the callee or caller sets. Excluded calleesratieated as utility-methods and
represent methods considered irrelevant for analysis.il&igm the user-selected callers
will not contribute to the fan-in metric of the analyzed nmdk. Both Iters can be ap-
plied, for instance, to (JUnit) tests, which are neitheevaht as candidate-seeds nor as
callers. The user marks these elements in a browser windbighvdisplays the Java el-
ements in the hierarchy of the analyzed elements, simil&rctpse'sPackage Explorer
view. The user can select a check-box for the enclosing ki, or declaring class of
the method to be Itered.

Methods not declared in the analyzed sources, but callechdlyzed methods are con-
sideredlibraries and can optionally be included in the analysis. These matlsadnot
contribute to the fan-in metric of a method.

The Fan-in Analysis Views also the starting point for the last analysis step. Fram th
view, the engineer can inspect the reported methods anddakgrs. Methods can be
marked as seeds and added to 8e=ds Viewshown at the bottom of Figure 3. In this
view, the seeds can be documented with a concern desctigtond to a le or loaded
from a previous analysis.

The analysis and seed views frorF support the user in recognizing recurring pat-
terns and similarities as discussed in the previous sedti@iping him or her in deciding
whether one or more high fan-in methods belong to a crossgutbncern.

The various ways in which methods and call sites can be sartddnspected in INT
help to discover such patterns. Furthermore, the tool ges/automatic support for detect-
ing some of the possible relations between the callers ohatyaed method, like grouping
of the callers by common hierarchies or their declaringrfatees, by the position of the
analyzed call, or by other callees shared by the callers.

As an example, Figure 4 shows the view for analyzing the sadléa method with a high
fan-in value by investigating their declaring interfac@$e callers declared by the same
interface are shown in a same, distinctive color. Such amlg helpful, for example,
in identi cation of (crosscutting) responsibilities thate to be ful lled by a number of
classes.

The same gure also shows a relational table for the callete@method with the high
fan-in value and the relative position of the call in the bafythe caller. This analy-
sis investigates whether the call occurs on the rst, secastibefore last, or last posi-
tion. These positions would typically indicate a before fiel@advice as a natural aspect-
refactoring solution for the candidate seed and its set ltdfrsa

4. THE CASE STUDIES

We have applied fan-in analysis to several case studiese thf which we describe in
detail in this paper. All cases are open source systemsyialjovalidation of our results
by others. The PTSTORE and JHOTDRAW systems are demonstration applications of
J2EE technologies and design patterns, respectivetyaCIAT is the largest system, and
one that is widely used in web servers all over the world.

ACM Journal Name, Vol. V, No. N, Month 20YY.



Identifying Crosscutting Concerns Using Fan-in Analysis 13

Fig. 4. Seed inspection usingNT. The color codings in the right window indicate inheritarfcgm common
interfaces; the table at the left marks the positions obdalla high fan-in method.

PETSTORE JHOTDRAW TOMCAT

size in non-comment lines of code 17,032 20,594 149,219
number of methods 1,917 3,230 13,489
methods with fan-in 10 16 (1%) 205 (6%) 424 (3%)
Statistics for methods with fan-in 10

utility methods 3 20 16
accessors 5 71 181
con rmed seeds 7 (87%) 58 (51%) 164 (73%)
non-seeds 1(13%) 56 (49%) 63 (27%)
concerns 5 10 10

Table I. Key statistics of our case studies

Before going into detail in the case studies, we rst discassimber of general obser-
vations, and explain in what format we will present the thoage studies.

4.1 First Findings

Key statistics for our case studies are provided in Table l.rsBhobservation that can
be made from this table is that Itering methods above theshold of 10 reduces the
number of methods to be inspected to 1, 6, and 3 percengo8FORE, JHOTDRAW and
TOMCAT, respectively. Figure 5 shows the fan-in distribution foe three case-studies.
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Fan-in distribution
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g. 5. Fan-in distribution for the three case studies.

As can be seen, the vast majority of methods have a very lovinfabhe large percentage
of methods with a fan-in value of 0 can be explained by the neatdi the applications.
PetStore, for instance, is a J2EE application and a numbeailisf are not explicit in the
code but made by the container (EJB-speci ¢ methods).

A second observation that can be made from Table | is thatdbesaor and utility |-
ters eliminate about half of the high fan-in methods. Not the utility methods Itered
out here are the ones that are part of the system under stuiliyy thethods in external
libraries are not taken into account in the rst place, anchdboccur in the table. If nec-
essary, the scope of the system under study can be extenohetlite certain libraries as
well. This is a decision that requires a certain amount of @ionknowledge, for exam-
ple that a particular library is used for addressing a knomasgcutting concern (we will
encounter such a situation for tlegggingconcern in the DMCAT case study in Section 7).

The methods of the system under study that are not Iteredadlligive the set to be
analyzed in a last, tool-assisted step. This should resaltdlassi cation as either a seed
for a crosscutting concern, or as a non-seed. Our third gagen from Table | is that for
all cases, a signi cant percentage (87%, 51%, and 73% fothiteze cases) of the methods
that need to be inspected manually turn out to be con rmedse&hus, while this step
may be more labor-intensive, it does give a good chance oihg@rosscutting concern
seeds.

A nal observation is that there are many more seeds thanemmsc This is due to
two reasons. First, there may be multiple concern instaftgesne sort of concern. For
example, JlbTDRAW makes use of more than one Observer. Second, a single caacern
often identi ed through multiple seeds. For example, foz thbserver design pattern, we
may not only nd a high fan-in for the noti cation method, batso for the methods for
attaching different observers to a subject.

4.2 Case Study Presentation

In the next sections we discuss theTSTORE, JHOTDRAW, and TOMCAT case studies.
We particularly focus on the third step, in which seeds afeeeicon rmed or rejected as
belonging to a crosscutting concern, since this step irmplegious considerations, inherent
in the mining process, about the classi cation of a candid&ted. For each case study, we
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Method Fan-in  Concern

XMLDocumentException(String) 27 Contract enforcement
ServiceLocatorException(Exception) 22 Exception wragpi
CatalogDAOSysException(String) 19 Exception wrapping
PopulateException(String, Exception) 11 Exception wiagp
TransitionException(Exception) 15 Exception wrapping
XMLDocumentException(Exception) 23 Exception wrappimglaracing for debugging
ejb.ServiceLocator() 30 Service locator

XMLDBHandler() 10 False positive

Table Il. PETSTOREhIgh fan-in methods and concerns

discuss several of the concerns found in considerablel getplaining why we think that
they are crosscutting, and analyzing to what extent theseeras are amenable to an
aspect-oriented re-implementation. A full list of all hifgn-in methods and the concerns
they belong to are publicly available on our web %ites well as in the technical report
on which this paper is based [Marin et al. 2004b]. The sit¢henmore describes which
methods exactly were marked as utilities, thus making opegrents fully reproducible.

In order to give an impression of the limitations (and hengpatunities for improve-
ment) of fan-in analysis, the next sections also discus®sufrthe false positives (rejected
candidate seeds) and some of the concerns that are knownHeoliterature or from re-
lated studies that our analysis missed (false negativesje that while we can compute
the percentage of false positives (the number of non-seitted by the total number
of seeds), we cannot determine the percentage of falseiveegjailhis would require a
common benchmark that documents all the crosscutting coseghibiting the symptoms
(code scattering) targeted by fan-in analysis. At the tiferiting, no such benchmark
exists.

5. PETSTORE

The rst case study we discuss i€PSTORE. This is a sample J2EE e-business applica-
tion developed by SURN.It is a demonstration of a Web application allowing custcsner
to purchase via a web browser. In addition, it includes mesltd perform administration
tasks like sales statistics, orders and shipping managepten ETSTORE is an applica-
tion demonstrating the proper use of most of the J2EE coagcaptl can be considered a
well-designed system.

An overview of the methods with a fan-in of 10 and higher, ithi@n-in value, and the
concerns they represent is given in Table Il. In this papeewsain why these concerns
are indeed crosscutting. A detailed description of thefma®ring towards APeCT is
presented by Mesbah and van Deursen [2005].

Service Locators The method with the highest fan-in value (30) belongs toSkevice-
Locatorclass from theejb package, which implements the J2EE pattern of the same name
[Alur et al. 2003]. The intent of the pattern is to provide agde point of control to clients

that need to locate and access a component or service in sirebs or integration tier.
The common solution is to have a single instance of the sete@ator class for an applica-
tion or, at least, for a tier and thus to have it implementea siagleton. The advantages of

4 http://swerl.tudelft.nl/bin/view/AMR/FaninAnalysisR esults
5 http:/fjava.sun.com/blueprints/ , PETSTOREVersion 1.3.2.
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public class InvoiceTD implements  TransitionDelegate {

|+ sets up all the resources that will be needed to do
* @ transition

*/
public void setup() throws TransitionException {
try {
ServiceLocator sl = new ServicelLocator();
gFactory = sl.getQueueConnectionFactory(JNDINames. ... );
q = sl.getQueue(JNDINames. ...);
queueHelper = new QueueHelper(gFactory, q);

} catch (ServiceLocatorException se) {
throw new TransitionException(se);

1

/++ Send an order approval to the OrderApproval Queue...

*/

public void doTransition(TransitionInfo info) throws TransitionException {
String xmlICompletedOrder = info.getXMLMessage();

try {

queueHelper.sendMessage (xmICompletedOrder);
} catch (JMSException je) {
throw new TransitionException(je);

1

Fig. 6. Error handling in BTSTORE

this solution, however, are not always clear for the EJBdi& thus the adopted solution
can vary [Johnson 2003].

PETSTORE contains two different service locators: the web-tier anienplemented as a
singleton but the fan-in of the method returning the uniausteince is only 7; the identi ed
EJB-tier locator is not a singleton and the method reposéké constructor of the class.

The service locator de nes a consistent lookup mechanisrthisdependencies of the
various application components, which couples these coems to the infrastructure
framework and tangles them with the lookup logic.

A possible refactoring for the service locator is fhependency Injectiopattern (also
called Inversion of Contrgl used in lightweight containers to avoid directly referiegc
a service locator [Fowler 2004], a mechanism that resenthke@spect-oriented mech-
anisms for injection. For Singleton implementations, tlpext refactoring of the pat-
tern [Murali et al. 2004] and the optional caching mecharjisaddad 2003b] are in place.
The exception wrapping discussed next is also applicalitest&ervice Locator identi ed.

Exception Wrapping The majority of the seeds are constructors femrBTrORE excep-
tions. As an example, Figure 6 shows ffransitionExceptiortase, which is thrown from
15catch blocks in different classes and packages.

As in the InvoiceTDclass in the gure, most of the methods throwing the exceptio
implementdoTransition(..) andsetup() declared by théransitionDelegatenter-
face. All the transition delegates handle exceptionsedl&d the particular functionality
and re-throwTransitionExceptionThis mechanism is common to many J2EE design pat-
terns [Alur et al. 2003], such ausiness Delegatdiscussed by Laddad [2003a]. The
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exception wrapping ilBusiness Delegataims at hiding the implementation details of a
business service. The issue hidden in this case is the sexception that can be thrown
by the actual implementation.

This consistent mechanism is spread over many places, aefhearing solution is
discussed by Laddad [2003a]. Aspects can be used to ishiexteption handling and to
wrap the original exception thrown by the underlying impésttation in the new exception.
This will result in improvements in code size, localizatemd clarity. Studies of exception
handling refactoring [Lippert and Lopes 2000] show a reitumodf catch  statements when
using AOP of up to 95%. For the case at hand, we found that tese$ affected were
reduced by 20% [Mesbah and van Deursen 2005].

Contract Enforcement A method with a fan-in value of 27 is a constructor for XieL-
DocumentExceptiodlass. This exception is raised if the structure of the XMkuloent
does not comply with the expected structure. By examiniegtil sites, we were able to
observe that 9 of them af@mDOM(Node) methods, all throwing the exception if a certain
compound condition fails. It turns out that all complex citinths share a common check,
which can be easily factored out as an aspect by means oemfwice — giving rise to the
concerns similar to the pre- and post-condition (designdmtract) examples discussed by
The AspectJ Team [2003].

In this manner, the code will be better localized and new oastwill be prevented from
omitting the required checks.

Moreover, a set of another 14 call sites are methods of the sdass that throw the
reported exception if certain conditions do not hold. A sehb-of 11 methods from these
callers check the same condition, namely the Boolean vdlaa mput parameter.

Debug Information The XMLDocumentExceptioolass has a second constructor with
a high fan-in. This constructor is (like for the businessedates) used as an exception
wrapper. In addition to that, before being wrapped the etxee@t hand is written on the
error output stream. This additional behavior (on top ofwhapping) can be added as
another aspect, which indicates which exception shouldrinéepl before being wrapped.
Turning printing debug information into an aspect helpsrisuge a common debugging
strategy, and to isolate the concern that is otherwise cuttisg.

False PositivesThe one case considered as non-aspect in the rst set of datediis an
XMLDBHandler constructor with a fan-in value of 10. The callers setip(..) methods
in classes that populate the associated database tableslaté from XML les. The
setup(..) implementations are only slightly different: they retumm imstance of an
anonymous inner class extendiklyylLDBHandlerthat is an XML lIter. Because all the
callers are well localized in a single package and therelisame populate(..) method
that triggers the whole process at a client's request, weddddo label this candidate as
non-crosscutting.

False NegativesAs brie y mentioned at the beginning of this section, onelw# tmissed
concerns is the service locator in the web-tier, implener@te a singleton, but whose
method for accessing the unique instance has a fan-in valy?7.

A second concern potentially identi able by fan-in analys transaction management.
If J2EE's built-in transaction mechanism is used, the caméewell-isolated. BTSTORE,
however, also includes explicitly encoded transactionagament, which consists of calls
to the Java Transaction API (JTA). In principle these can &eated by fan-in analy-
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[ Concern | No. of methods | Max fan-in |
Adapter 1 37
Command 2 24
Composite 12 24
Consistent behavior 20 31
Contract enforcemen 3 31
Decorator 6 57
Exception handling 1 11
Observer 10 37
Persistence 6 22
Undo 3 25

Table Ill. Concerns found for JirDRAW, together with the number of high-fan in methods, and théédsg
fan-in among those methods.

sis, but since they belong to an external library, we norynabbuld not include them in
our analysis. Furthermore, the fan-in values for the twohmes in the JTA API (the
javax.transaction.’package) used by STORE code have a value (of just 2) well below
our threshold.

6. JHOTDRAW

JHoTDRAWS® is an application framework for two-dimensional graphitss an exercise
in developing software making use of design patterns [Gaeiraa 1994].

Our lters eliminated around half of the methods with top fimnvalues. We were
rather cautious not to eliminate too many methods. The omthods designated as “util-
ity” are enumeration manipulators (e.§gigureEnumerator.hasNextFigure()/next-

Figure() ).

An overview of the concerns found is given in Table Ill. Foclkaoncern, it lists the
number of different high fan-in methods that pointed to tbeaern, and the maximum
fan-in value for this concern. In the next sections we disthsse concerns in more detail.
Aspect solutions for some of these concerns are availatwagh the open source AJiH-
DRAW’ project [van Deursen et al. 2005], an ongoing activity t@ecgr JFOTDRAW to
AspecT starting from the results reported in the present paper.

6.1 The Undo Concern

In the top of the list of methods sorted by fan-in, a number ethods point to the undo
functionality, such as thendo method inUndoableAdapterAn undo in a graphical editor
is clearly a concern that cuts across many features andtastjvalthough textbooks on
aspect-oriented programming, such as Gradecki and Le§@B3], The Aspect] Team
[2003], Laddad [2003b], do not discuss using aspects fooduadctionality .

A (somewhat simpli ed) representation of the participgticlasses in the JBirDRAW
undo implementation is given in Figure 7. dFDRAW offers various sorts ddictivities
which are contained in a class hierarchy. Examples of comadivities include handling
font sizes, triangle rotation, or image rotation.

6 http://jhotdraw.org/ , version 5.4b1
7 http:/fajhotdraw.sourceforge.net/
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Fig. 7. Participants foundoin JHOTDRAW.

The interfacdJndoableencapsulates the notion of undoing an action, for whichat pr
vides theundo method. Each class implementing a concrete activity thatogaundone
de nes a static nested class conforming to thieloableinterface. The nested class knows
how to undo the given activity, and has access to all the Idaihthe activity that may be
needed for this. Whenever the activity modi es its stateglgio updates elds in its as-
sociated undo-activity needed to actually perform the uddoaddition to that, a list of
affected gureds maintained, whose state must be adjusted if the actwity be undone.

In JHOTDRAW, there are 22 activities that can be undone, causing the corazern to
be spread over these classes. This, in turn, leads to a higih far the methods of, for
exampleUndoable which helped us to identify this crosscutting concern.

An aspect-oriented solution for the undo concern is preseby Marin [2004]. It con-
sists of a number of steps.

—First, the existing activities are extended with an asstami to their undoables by means
of an inter-type declaration.

—Second, existing operations are extended with functityrtal keep track of the old state
so that the action can be undone. These existing operatamde captured using a
pointcut, and then the updates can be contained in advie cod

—Last but not least, the various nested classes contaihengridoable activities can be
added by means of inter-type declaratiéns.

8 The present version of #PECT does not support introducing inner and static nestededass
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Thus, this refactoring captures the undo “protocol” in anpaut and advice, ensuring that
undo functionality is properly invoked whenever commandasexecuted. Furthermore,
the methods and (inner) classes devoted entirely to unddifurality are moved out of the

command classes, and are remodularized into an aspect.

6.2 Persistence

Another crosscutting concern that pops out clearly throaidghigh fan-in is persistence.
The concern was easily spotted, as there are six differetitods involved, each having
a name built from words like “read”, “write”, “storable”, fiput”, and “output”. Storing
and restoring gures is performed by methods inherited ftbmStorableinterface. This
interface offers methods to read one self frotarablelnpustream, or write one self to
a StorableOutpustream.

The implementation of the persistence concern is spread3®/elasses. Figures im-
plementing theStorableinterface invoke several methods from t&&orableOutputind
Storablelnputlasses. The two classes are specialized in writing/rgadirious (primi-
tive) types, (e.g., String, Color, int, etc.) to/from a @tgrdevice. This results in a high
fan-in for their methods, which allowed us to detect the iségace concern using fan-in
analysis.

The Storableinterface can be consideredsacondarnyinterface, i.e., one that does not
de ne the primary role of the implementing class but only addpplementary function-
ality to it. An aspect-oriented implementation for this cem can super-impose such as
secondary role onto relevant classes by means of interdgpkrations (as done in the
AJHOTDRAW project [Marin et al. 2005]). In this way, the persistencgitas isolated in
the aspect, and gure classes need not contain any perséstefated code.

Observe that this refactoring merely moves methods frorssela to aspects, and in-
volves neither a pointcut nor advice. Thus, this refactpdnes not have an effect on any
fan-invalue, and the methods from tB¢orableOutpuandStorablelnputlasses will con-
tinue to have a high fan-in. In the original implementatiobowever, these calls came from
many different classes or even different packages. In thecisolution, all calls are from
the persistence aspect. This suggests that it may be ititerés lift the call relation to
the class, aspect, or package level, and count, for exatmgl@yumber of other packages
using a particular method. We have not yet explored thictions.

6.3 Observers in JHOTDRAW

Several methods with high fan-in point to instances of@fiserverdesign pattern. Exam-
ple methods includgigure.addFigureChangeListener(..) (fan-in 11) andFigure.-
changed() (fan-in 36).

The participants of the Observer design pattern are showkigare 8, taken from
[Gamma et al. 1994]. One method that we expect to have a higinfe notify : this
method is called for every different kind of change eventdhserver wants to hear about.
Furthermore, we expect the fan-in for thttach anddetach methods to be related to the
number of observers involved. Ti@bserver.update() method is likely to have a low

fan-in value, as it is only called from trgubject.notify() method.
These expectations are met in fDRAW: The Figure.changed() method corre-
sponds to the&Subject.notify() and indeed has the highest fan-in, allowing us to dis-

cover this concern. Observers are calléstenersin JHOTDRAW, and theaddFigure-
ChangelListener  corresponds to thattach method.
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Subject observers
l *

Observer

attach(Observer)
detach(Observer) update )

notify() .| for each observer o
o.update( );
‘ }

ConcreteSubjec subject |concreteObserve
subjectState observerState
getState() observerState =
setState( ) subject.getState() | +  update()

Fig. 8. Class diagram illustrating the participants in tHes€rver design pattern.

Matching on the naming conventions used in the rst obsefeend led us to another
instance of the pattern (with a somewhat lower fan-in). THas-in analysis provides
initial seeds and application understanding, which them loa used by complementary
techniques to identify further cross cutting concerns.

The Observer is a prototypical example of a design suitatnl@fi aspect implemen-
tation: Inter-type declarations can be used to super-implesObserveror Subjectroles
onto classes of interest, and pointcuts and advice can lietaseeave in the appropriate
calls tonotify()

The noti cation protocol used in JBITDRAW is somewhat more complicated than a
simple call tochanged() . Before the change is being made, the affected gures shuild
invalidated, which should be done by means of a call to théawktillChange()  (fan-in
value 25). Such @olicy enforcementoncern calls for an around advice, which helps to
ensure that the protocol is properly implemented.

6.4 Other Concerns

Command and Related ConcernsA method with high fan-in value (24) that is easy to
connect to a design patternAbstractCommand.execute() . The crosscutting nature of
the Command pattern is discussed by Hannemann and Kic2082]f They propose a
(fairly complex) aspect-oriented representation in whddferent roles (such as the com-
mandinvoker andreceive) are distinguished. Thprotocol between these is based on
a pointcut capturing all places where invocations are reguffor example when a GUI
button is pressed). The advice then is to activate the rec&w the given invoker. This
corresponds to calling thexecutemethod, which in the aspect solution has a low fan-in,
and in the non-aspect implementation a high one. The afilityaof this solution to
JHOTDRAW is not clear: isolating the Command concern in this way is gicated by
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public void execute() {
/I perform check whether view() isn't null.
super .execute();

/I prepare for undo
setUndoActivity(createUndoActivity());
getUndoActivity(). setAffectedFigures(view().selecti on());

/I key logic: cut == copy + delete.
copyFigures (view().selection(), view().selectionCoun t());
deleteFigures(view().selection());

/I refresh view if necessary.
view().checkDamage ();

Fig. 9. (Simpli ed) execute method in JbirDRAW exhibiting tangling.

the interaction with thendoandredoconcerns.
The various implementations of the specerecute() commands exhibit two further
concerns, as illustrated by tutCommandaxample in Figure 9:

—Eachexecute implementation starts with a super call responsible fockhey a com-
mon pre-condition, throwing an exception if it does not hdltis is aContract enforce-
mentconcern as discussed fOEPSTORE.

—Mostexecute implementations conclude with a check if the gure has bdsamnged in
order to trigger a refresh of the view if necessary. ThisRsaviding consistent behavior
concern as discussed by The Aspect] Team [2003].

Factoring these (as well as the undo functionality) out efdbde in Figure 9 would leave
theexecute method with just its core functionality, which is an implem&tion of the cut
operation by means of a copy and delete operation.

Consistent Behavior The seeds reported by fan-in analysis cover 11 differemaites
of the “consistent behavior” concern. In other words, theme 11 different contexts into
which a set of method-callers invoke a method with a highifavalue as part of a con-
sistent mechanism. Examples include the previously dssmisoti cation to conclude
the execution of commands, consistent (de-)activatioonalst initialization of tools, etc.
Each of these 11 instances is a suitable candidate for explaat by an aspect solution by
means of a pointcut and advice.

Composite High fan-in values are also obtained for the children malaithen methods
from the Composite pattern (e.gdd(Figure) , fan-in value 13). The high fan-in in this
case is largely due to the fact that these manipulation nasthee widely used, but there
was no systematic pattern in this usage. The high fan-intiglinectly related to the cross-
cutting nature of the Composite pattern, and, consequerdtyaffected by a refactoring
to the aspect-oriented Composite implementation suggdsteHannemann and Kicza-
les [2002] (which consists of one aspect containing ingpetdeclarations for the various
composite participants).
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Decorator, Adapter Several of the high fan-in methods are related to the Deaprat
Adapter patterns. These patterns are different from, Egmmand and Observer, which
have characteristic methods likely to have a high fan-ie¢ete and notify, respectively).
Instead, the Decorator and Adapter patterns make use ofstemsforwarding, which
allows us to recognize the relation with the pattern of theess methods with a high fan-
in value reported for this concern (such BecoratorFigure.containsPoint , fan-in
value 15).

The aspect solution for these patterns as discussed by Hemmeand Kiczales [2002]
is to drop the decorator and adapter classes altogethectlginveaving in the relevant
decorations or adaptations in the appropriate classesthaihthis solution is applicable
to JHOTDRAW is not clear, since JBITDRAW relies on enabling or disabling decorations
(which is less easy to do in the implicit aspect solution).

False Positives The group of false alarms for I¥DRAwW consists of 56 methods.
More than half of these methods are implementations of twthatks: displayBox  and
containsPoint . The rst of the two returns the display box of a gure. The et
has a high fan-in value because it supports many of the actesociated with a gure,
like drawing or moving gures, etc. However, the callers twbnot be grouped by a clear
relationship, and no clear call idiom could be observed wheestigating the call sites.

Similar observations apply to tte®ntainsPoint method, which checks if a point is
inside a gure. Except one implementation, which togeth@hwther reported methods
in the DecoratorFigureclass implement the consistent logic of redirecting inaagdalls,
containsPoinhas been marked as a false positive.

Other false alarms include vmoveBy methods fronfigure classes, which implement
actions for moving a gure, and a number of complex accessathods that could not be
Itered using the name or implementation criteria.

False NegativesAs discussed for the identi ed Observer pattern instantiegrinstances
of this pattern can be discovered starting from the fan-@dse TheDrawing classes, for
example, are part of a different Observer implementatiahdene role-speci ¢ methods
with names that are similar to those in thigure classesadd/removeDrawingChange-
Listener(..) . These role methods have lower fan-in values becausBtieing Ob-
server implementation has a smaller extent, with fewerselaghat register d3rawing
observers.

The comparison experiment using 3JFDRAW as common benchmark revealed a few
concerns missed by fan-in analysis [Ceccato et al. 2006¢.@dthese concerns is\dsitor
pattern instance. The pattern de nes speci c roles and oadhsuch as the visit operations
for the Visitor role, and theaccept method implemented by thésitableelements. The
visit  method in theVisitor role would collect calls from all th¥isitableclasses that pass
self-objects as arguments to this method for being visittdarge number olvisitable
elements would therefore increase the fan-in value of tk#ovimethod. However, in
JHoTDRAW only two Figure classes implement the methods to accept visitors. The large
majority of gures do not override the default implementatifor this task, which also
implements the tree traversal for composite elements.

We have found implementation of the Visitor pattern throtigrole-speci c methods
by applying ENT to its own source code, as well as ioWCAT, as we shall see in the next
section.
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Fig. 10. Example ©DMCAT con guration

7. TOMCAT

Apache TOMCAT is the servlet container that is used in the reference imgfeation for
Sun's Java Servlet and JavaServer Pages technologmscAT is developed within the
open-source Jakarta project at the Apache Software FaondaiThe main elements of
TOMCAT are the servlet container called Catalina, the JSP engiterlciasper, and the
TOMCAT connectors. We analyze and discuss the results for versifrl3) of Tom-
cat 10,

The main architectural components abMcAT are shown in Figure 10 [Moodie 2005].
The outerServercomponent offers a number 8erviceshrough various€onnectorsThe
default connector implements HTTP. TRagine Host and Contextcomponents are all
container componentgepresenting the top-level container, the virtual hasd, the actual
web application, respectively. Inside containers therebemested componentghich can
provide various administrative services. Some compongarisbe contained more than
once and are marked with a star in the gure. Particularlgvaht for our discussion are
the nested components calledlves these can intercept a request and process it before it
reaches its destination.

The crosscutting concerns found fooMCAT are summarized in Table IV. Again, some
of the concerns are related to crosscutting behavior asuebeed in design patterns, but
there are also some concerns not previously described wBetoelaborate some of the
concerns in more detail.

9 http://jakarta.apache.org/tomcat/
10 http:/ftomcat.apache.org/tomcat-5.5-doc
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[ Concern | No. of methods | Max fan-in |
Chain of responsibility (pipeline) 24 18
Command 2 16
Composite 9 37
Consistent behavior 34 90
Contract enforcement 9 46
Lifecycle 73 34
Logging 1 10
Observer 6 56
Redirector 4 25
Visitor 1 28

Table IV. Concerns found for GMCAT, together with the number of high-fan in methods, and théésg fan-in
among those methods.

7.1 Lifecycle

Lifecycleis a common interface for several Catalina components,igiragy a consistent
mechanism to start and stop the component. It is a seconal@rnfaice, adding new, sup-
plementary capabilities to the core logic of the implemegttlassesLifecycleis imple-
mented by more than 40 classes. T™mt andstop methods for these classes have
fan-in values varying between 25 and 34. The set of resulfarefn analysis comprises
73 implementations of these two Lifecycle methods.

Thestart andstop methods are part of a particular typecoisistent behavi@gcheme:
Thestart operation has to be called before any public method of thepoorant, while
stop terminates the object's use and should be the last call fmmaponent's instance.
Furthermore, implementors of thefecycleinterface have to adopt ttgubjectrole from
the Observermpattern: listeners can be added which must be noti ed of stastop events.
The key methods to support these operations have fan-ievals high as 56.

The Lifecycle concern can be seen as a generalization ofsbefstop() methods
to remedy Java's expensive nalization mechanism [Vick2@92; Goetz 2004]. Those
methods take care of cleaning up the object's resourceddnbie program code to avoid
the overhead of having nalizers but will result in crosgtuy for the object's clients.

The Lifecycle concern is complex, comprising several aoisig concerns. Although
aspect-oriented solutions have been presented for sortsegfat; a complete refactoring
solution remains an open issue. One of the problems is thayfie of consistent behavior
needed by the concern cannot be expressed in a pointcul-Bagect language like A
PECTJ (because it requires specifying “before accessing anljguuiethods of class” and
“after last use of class”).

7.2 Valves/ Chain of Responsibility

A method occurring around 20 times in the seed list isrifke(..) method in thé/alve
hierarchy. Valves are nested components that implemeniggable request-processing
operation for an associated container. Valves are contéateugh a pipeline structure, in
which each valve passes the request tattake method of the next valve in the pipeline.
Examples of valve classes includlecessLog Valvi® create standard web serverslog les,
RemoteAddress Valte lIter the requests by the IP address of the client that sittiech
them, orSingleSignOn Valvi® grant user access to the web applications associatecwith
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virtual host.

The pipeline organization of the valves is implementedgifiire Chain of responsibility
pattern [Gamma et al. 1994]. This implies that a valve's ¢ogéc is crosscut by the func-
tionality of retaining the reference to the next valve inpifgeline and consistently passing
the invocation to it. Furthermore, the various implemeaotest of theinvoke method are
tangled with other concerns. TheauthenticatorBasabstract class, for instance, imple-
ments the basic functionality of the request authenticatilve. However, itsnvoke
method also performs logging operations for debugging/iies. Similarly, the previ-
ously mentioned\ccessLog Valvenplements diming operation for the request/response
operation it has to log. An aspect-oriented solution for@ein of responsibilitypattern
is provided by Hannemann and Kiczales [2002].

7.3 Other Concerns

A number of architectural components obWicAT and Catalina are Container elements.
The Containerinterface de nes these elements@smpositestructures. Standard imple-
mentations of the interface are abstractions of tleaM€TAT container components, like
StandardEnginer StandardContextFan-in analysis identi es the children manipulation
methods speci ¢ to th€ompositestructure of these components and reports them as con-
cern seeds (fan-in values of up to 37).

In the same category of design patterns, a number of seedsspond to the Observer,
like the noti er for Container eventpntainerBase.fireContainerEvent(..) ) (fan-
in value 55) and thexecute method of theCommandpattern implementation (fan-in
value 16). Similar to the cases discussed foodBRAW, the Command seed methods re-
ported for TOMCAT are also part of aontract enforcemerhat consist of a pre-execution
attribute validation. The contract is implemented as atoathe method in the super class.
Other seed results include methods that participate inrtieimentation of consistent
redirectionfunctionality (Wrapper$; the methods implement non-trivial accessors that are
invoked by a large number of methods that simply rediredt tradlers to dedicated meth-
ods of the reference returned by the reported seed. Thafaaties for these seeds are up
to 25.

Differentpre-condition check enforcemeratiee also part of the various implementations
for the Lifecyclestart andstop methods. The reported seed method in this case is the
constructor of the exception thrown if the pre-conditioesl@ot hold (fan-in value 32).

Theloggingconcern is particularly interesting because of the newémgntation strat-
egy in version 5.x of DMCAT. This concern used to be implemented in the previous
versions using Logger classes that were part of the CataiaHowever, the currentim-
plementation uses logging functionality available thrlowpecialized, external libraries.
Although we have been able to directly identlfygging methods in the analyzed code
(e.g.,ModuleClassLoaddr as well as logging functionality tangled with the impleme
tion of other seed methods, a number of dileggingseeds are missed. This is due to our
choice not to include library components in the analysislissussed in Section 4.

The remaining seeds include, besides other instances obtteerns already discussed,
a large number (up to 25) of different instances of¢basistent behaviazoncern, as well
as seeds for the super-imposed role in\tisitor pattern.

False Positives A group of 13 false alarms consists of methods in JspReadeiand
ServletWriterclasses. The rst class is an input buffer for the JSP paasetthe reported
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methods are utilities for parsing JSP les, like methods ftech an input String in a le or
to skip space-characters. The callers are methods in thBa/Serclass.

The methods reported f@ervletWriterprint String elements in various formats to an
output stream. The callers of these methods belong tGtheeratorclass, which outputs
Java code from an internal, tree-based (XML) represematidSP documents.

These classes could have been consideredilay, if we would have had more detailed
knowledge about the system prior to analysis.

Among the other false alarms there are 12 implementatiorikeoftore method in
the StoreFactoryBaséierarchy. The classes in this hierarchy are specializestdring
con guration elements, such &erver Service Engine or Contexto a XML con guration
le (server.xml). The callers of the reported methods arelai®d in classes in the same
hierarchy or are overloaded implementations ofsthee  method in the clasStoreCon g
This class is part of the same concern as the reported methmatiso no crosscutting
element could be identi ed.

False NegativesThe literature on ©MCAT discusses hardly any crosscutting concerns,
making it dif cult for us to assess whether there are anyrieséing false negatives we
missed. The crosscutting concern that is discussed widelifémMcAT is logging, and
often it is mentioned as an example of poor modularizatiop alkeady discussed, fan-in
analysis helps us to identify several seeds for the loggimgern. However, the analyzed
version of TOMCAT is extensively using logging methods declared by extelibahiies
(theorg.apache.commons.loggingpackage). By canceling the lIter for library methods
in FINT and looking for calls to externally declared methoae noticed that there are 19
methods from the logging package that are referred from iadyaed TOMCAT sources.
From these ones, 13 methods belong toltbg class and show a fan-in value higher than
the considered threshold of 10. The fan-in value for the ileggnethod for debugging
(Log.debug ), for example, is as high as 465.

8. DISCUSSION

High Fan-in as Indicator As we have seen in the previous case studies, fan-in analysis
identi es high fan-in methods, applies a series of Itergh@se methods, after which more
than half of the remaining methods turn out to be related twascutting concern.

We can distinguish three main situations in which a highifamalue indicates the pres-
ence of crosscutting concerns:

—The method has a high fan-in because it is part dff@amiccrosscutting mechanism.
The typical refactoring will be to capture the call sitesotingh a pointcut, and to move
the method call to advice. Examples that we encountereddeabxception wrapping,
contract enforcement, observer noti cation, and life eycl

—The method has a high fan-in because it is used $igtic crosscutting mechanism. A
typical example is a secondary interface that must be imghted by a series of classes.
The various implementations are likely to make use of theeshetper methods, giving
these a high fan-in. The refactoring is to collect all thederface implementations into
one or more inter-type declarations. This we encountenethéopersistence concern.

—The method has a high fan-in because it is part of a concatrpthys a key role in the
design. The method happens to be part of a crosscutting wgnehich will bene t
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from an aspect-oriented refactoring. The refactoring, éx@w, will not affect any of the
call sites of the high fan-in method. This we encounteredfercomposite concern.

These situations are not mutually exclusive. In many casesncern involves static as
well as dynamic crosscutting, as we have seen for the undmeconWe then are likely to
see multiple seeds, which may either point us to the statio tire dynamic crosscutting
behavior.

The Type of Concerns Identied The fact that we were able to nd similar aspects
in various case studies suggests that their identi cationat accidental. We identi ed
various crosscutting concerns that are discussed in #gratiitre, including those that stood
at the origins of aspect-oriented programming. In addjtise have identi ed a number
of new aspects, such andoandLifecycle Given the different nature of the three case
studies, we feel that these results can also be achievethier cases.

A notable source of crosscutting behavior is formed by weidesign patterns: for
both JHOTDRAW as well as DMCAT they account for approximately half of the concerns
identi ed. This suggests that it may be worthwhile to invgate the use of design pattern
mining techniques (see, e.g., Ferenc et al. [2005]) for@spaing purposes.

Reasoning about Seeds and Non-seed®ne of the subjective elements of our aspect
mining approach is the third step in which the human engihesrto distinguish seeds
from non-seeds. We adopted the following reasons for dlasgia high fan-in method as

a seed:

—We were able to link the method to a concern that is known torbsscutting.

—We considered the method's concern to be conceptuallyratpfiom the key function-
ality of the calling classes. Thus, it would be meaningfuitake the base implementa-
tion oblivious of method's concern.

—We could discover an idiom, recurring patterns, or othenilgirities in for example the
call sites found, suggesting an implicit relationship bextw these call sites that could
be made explicit through a pointcut with advice.

—We were able to identify a refactoring tostec™ that may be bene cial in terms of
modularization, exibility, or evolution. Usually, theseefactorings were composed
from basic refactorings as included in the catalogs praVioe Laddad [2003a] and
Monteiro [2004].

When rejecting a high fan-in method as a seed, we were nottaldehieve any of the
above.

Utility Filtering A step requiring some manual effort is the ltering of utlimethods.
The intent of this is to remove groups of methods for whicls & ipriori obvious that they
do not belong to crosscutting concerns. It is not necessacgpture all utility methods.
Therefore, the amount of effort involved in this step is vi@mjted: if it is not immediately
clear if something is a utility, it is simply safe not to ltehe method, and analyze it in
detail if it turns out to have a high fan-in.

Percentage of False Positive§ he percentage of false positives in the three case studies
is 13%, 49% and 27% forrSToORE, JHOTDRAW, and TOMCAT, respectively (see Ta-
ble I). Based on these gures, and based on experiments waucted with other systems,
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we conjecture that 50-75% of the candidate seeds that wéifidemtomatically can be
con rmed as belonging to a crosscutting concern.

Note that this percentage is conservative in two ways: JRivetonly discarded classes
or methods as utilities when this was immediately obviouscddd, we only con rmed
seeds when we clearly could see the crosscutting naturesafrilerlying concern. In
other words, it is possible that with a more involved analysfi some of thenon seeds
from Table | these could turn out to be crosscutting concasnsell. For this reason, it is
reasonable to expect that other systems will exhibit a amnfdr perhaps higher) success
rate.

False NegativesWhile working on our case studies, analyzing their desiga ianple-
mentation in considerable depth, we did encounter seveyscutting concerns not found
through fan-in analysis, some of which were discussed irptiegious sections. As an
example, for RTSTORE we found transaction management, scattered implemensatio
the Serializable interface, and opportunities for makisg of ASPECW's approach to im-
itating multiple inheritance [Mesbah and van Deursen 2085]|for the logging example
discussed for ®MCAT, key methods implementing transaction management any lie
be missed as well, because they are part of imported lilsréinet we do not include in
our analysis. Crosscutting concerns found incfBrRAw through other aspect mining
approaches are discussed and compared by Ceccato et &].[2809 example concern
fan-in analysis did not ndis bringing a gure to the front eending it to the back, simply
because the methods involved were not called suf cienttgmof

Based on these observations, we can make the following nemergl claims about
the sort of crosscutting concerns that will not be found tigtofan-in analysis. First, the
“footprint” of the concern should be above the threshold ughf the concern involves
dynamic crosscutting, the number of scattered calls shioaldigher than the threshold.
Furthermore, if the crosscutting is purely static, the @nawill usually not be found,
unless the scattered implementation relies on sharedidunadity, and the number of call
sites is higher than the threshold.

Note that the effect of the threshold is twofold. First of @lhelps us reduce the number
of methods to be inspected. In addition to that, it allowsaustl those aspects that are
likely to signi cantly in uence the modularity of the soueccode. Thus, while we certainly
miss some crosscutting concerns, we are likely to nd thesahat are most scattered, and
hence good candidates for refactoring.

Percentage of False Negativesiow to arrive at a percentage for false negatives is less
clear. This would require a report of all the crosscuttingans that could be found in
the case studies considered. Such reports have not beéabévarior to our experiments.
Furthermore, such a report would be affected by the difgoltdeciding objectively what

is and what is not a crosscutting concern.

The way to achieve progress in this direction is by estaislgsh common benchmark
of known crosscutting concerns in existing systems. Suchretimark would not only
be a simple list, but also a summary of the reasons why cectirterns are deemed
crosscutting. Our coverage of the concerns we found thrdagfin analysis is aimed
at establishing and promoting such a benchmark.

Seed Inspection Effort How much effort is involved in inspecting seeds by hand? An
important observation to make is that in many cases it isiplest® decide for a group
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of methods together whether they constitute a seed. Onendasthis is our treatment

of polymorphism. In our de nition of the fan-in metric onelteould increase the metric

value for several methods in the hierarchy of the invoketbeal Therefore, method im-

plementations in the same hierarchy, which most commonpfément the same concern,
also share many of their callers.

Such situations are very common in the cases analyzedolcEr, for instance, the
over 200 seed and non-seed methods are implementationslaratens of only less than
100 distinct methods. As another example, the set of catetidar JFOTDRAW includes
more than 20 implementations of ttieplayBox method, which we marked as non-seed.
Grouping methods by their declarations as supported by EEonsiderably reduces the
investigation effort required for each method.

FINT offers further ways to reduce the manual effort involvedeéea inspection. This
includes various analyses to detect relations betweerdller of a reported method with
a high fan-in value, as discussed in Section 3.4. For exgmglexamining the callers
(of any of the around 20 reported implementations) ofitlieke method in TOMCAT's
Valves pipelineoncern, FNT shows that more than 80% of these callers are ial®tie
methods irValveclasses. The tool groups these callers as shown in Figunech.r8lations
are present for a signi cant number of discovered seed$,dlireg crosscutting elements
discussed for JHTDRAW's Undoconcern and the concerns in tBiemmanchierarchy, as
well asException wrappingoncerns in BTSTORE.

Required Expertise Level How much domain knowledge or expertise is required for
conducting fan-in analysis? For the bottom-up approactenmke look for consistent in-
vocations of the method with a high fan-in value from caksithat could be captured by
a pointcut de nition, little speci ¢ knowledge is neededoRhe top-down approach more
a priori knowledge is required. The top-down approach setie easily observable rela-
tions between tool-reported candidates and known exampla®sscutting functionality;
design patterns are the most common in our cases. The ruleepieyed for associating
patterns to candidates are simple: the methods are par oblibs de ning the design pat-
terns and/or they execute actions speci ¢ to respons#sliof participants in the pattern
implementation (e.g., delegations of actions).

Note, however, that many crosscutting concerns describ#tki context of design pat-
tern implementations will typically be found by means of Hwtom-up approach as well.
For instance, calls to noti cation methods in implemerdas of the Observer pattern, or
invocations to the action of the next element in a pipelingafc of responsibility) are
typical examples of crosscutting concerns targeted byirfaamalysis. In this case, the
discussion of the patterns serves to describe the largéexddnto which the crosscutting
concern occurs.

AspectJ Fan-in analysis is an aspect mining approach that is epiimndependent of A-
PECTJ or any other aspect-oriented language. Fan-in analystechnique for understand-
ing a system's modularization, helping developers to ndsscutting concerns. Some of
these can be candidates for a refactoring towardB#C ™ (as discussed forER®STORE
and JFOTDRAW by Mesbah and van Deursen [2005] and Marin et al. [2005]). cfoer
concerns, alternative aspect-oriented solutions, sucbmagposition Iters [Bergmans and
Aksit 2001] or the inversion of control pattern [Fowler 2Q04hile for still other concerns
present aspect-oriented languages do not offer a suitadidellarization mechanism yet.
Thus, fan-in analysis is not only a possible rst step in oéfasing to aspects. It also is
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a program comprehension technique that can help to unddrstasscutting concerns in
existing applications.

The Fan-In Metric The variant of the fan-in metric we have used, has been ogiini
for aspect mining purposes, and, as shown in this paper,foaglt us good results. An
open question is whether this metric can be further improw@de possible route would
be to lift the fan-in metric to the class, inheritance hiehar or package level, as we
brie y discussed for the persistence concern ofiiDRAW in Section 6.2. Fine tuning the
metric such that it re ects, e.g., call site locations ir&tef the mere number of methods
containing call sites is an issue for further research.

9. CONCLUDING REMARKS
9.1 Contributions

We consider the following as our three key contributions.

First of all, we propose a new, metrics-based, aspect miapgmyoach. The approach
aims at capturing crosscutting concerns by focusing on oastthat are called from many
places, and hence have a high fan-in. Our case studies showaftér appropriate Itering
more than 50% of these methods turn out to belong to a crdssgabncern.

Our second contribution isIRT, a tool that is freely downloadable that supports fan-in
analysis. INT not only shows how the fan-in metric and the lters can be iempénted,
but also offers support for the nal manual step consistifigexploring the high fan-in
methods and their call sites, and managing the seed-methods

The third contribution consists of the extensive case stidie conducted. We argue
in detail why we think that certain concerns are crossoglftirthree existing open source
Java systems. Some of these concerns were not previougsitssin the literature as
crosscutting (such as undo or lifecycle). Moreover, in muastes we discuss alternative
aspect-oriented implementations of these concerns. Budtirey list of concerns and their
manifestation in the three systems is relevant not onlydorifi analysis: it is of value for
the validation of any aspect mining approach.

In addition to that, we offer an explanation of our resultsithgntifying the factors
contributing to the success of fan-in analysis as an aspedhgnapproach, as well as the
limitations of the approach.

9.2 Future Work

We are presently in the process of extending our resultgatmnfollowing lines.

First, we are considering various extensions et One route is to integratel T with
other concern elaboration tools, such as FEAT [Robilladiarphy 2002] or the Concern
Manipulation Environment CME [Harrison et al. 2004]. We twbuse such tools to explore
and describe a concern or feature to its full extent, stgftiom the (partial) set of elements
and relations identi ed by INT as part of the crosscutting concern implementation.

Another option is to combine IKT with other automated aspect identi cation tech-
nigues, such as, for example, techniques based on forme¢pbanalysis, identi er anal-
ysis, or clone detection. A prerequisite for combinatiotoibe able to assess and compare
aspect mining techniques and their results.

In addition to that, we continue to elaborate our case studi@is will provide further
data on optimal threshold values, typical number of cors#rat can be found in existing
applications, and gures for the percentages of false pesitand false negatives.
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The results presented in this paper show that the recognipsdcutting concerns fol-
low various implementation idioms. Fan-in analysis is jgatarly suited for identifying
method invocations that cut across a set of other methodeiet#y, concerns like those
encountered in the Decorator pattern are typically lessyliko occur among the results
of this technique. Steps towards design of mining techrgdbat target speci ¢ imple-
mentation idioms have been taken in our more recent workifMaral. 2006]. Two such
techniques are already available iNnF and more extensions are planned as future work.

One of our activities directly related to one of the caseistu@resented in this paper
is AJHOTDRAW [van Deursen et al. 2005], a sourceforge project in which fier @n
aspect-oriented re-implementation of JfDrRAw, based on the concerns found in the
present paper. In this way, the case studies presented drenettie starting point for a
benchmark for comparing aspect mining and refactoring@ggres.
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