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ABSTRACT

In this position paper, we propose the notion of just-inetioon-
cern modeling. As some concerns emerge late in the software |
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of an emerging concern implies that its corresponding zatitin
will generally cut across multiple modules, making any geas-
sociated with the concern more difficult and more risky.

cycle and can be ephemeral, we argue that mechanisms steuld b Mitigating the impact of emerging concerns is difficult fovd

available to capture descriptions of concerns as they enwmrhe-
come relevant. Based on our experience with the FEAT concern
modeling and analysis tool, we highlight the essential atizris-
tics, benefits, and pitfalls of just-in-time concern moxdglat the
source code level.

Categories and Subject Descriptors

D.2.3 [Software Engineering: Coding Tools and Techniques; D.2.6
[Software Engineerind: Programming Environmentstaterac-
tive environmentsD.2.7 [Software Engineering: Distribution,
Maintenance, and Enhancement
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INTRODUCTION

The general notion of aoncernhas proven a useful tool to or-
ganize software development. Simply stated, a concernytbizig
a stakeholder may want to consider as a conceptual unitdimg
features, non-functional requirements, and design idioms

As studies and experience have shown, the realization ofia co
cern in a software system is often scattered and tangledgdhro
out the different artifacts comprising the system, and irtiga:
lar through source code [1, 3, 10]. Among the many reasons ex-
plaining the scattering and tangling of concerns, we find tiesv
concerns oftemmergeas a system evolves. Concerns can emerge
because of changes to an application’s domain (e.g., hewireeq
ments [11]), or because maintenance tasks require that aew c
cepts be understood in isolation. In any case, the unplanatudle
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main reasons:(a) the number of potentially emerging concerns
is infinite, and(b) the continued relevance of emerging concerns
is difficult to predict. Combined, these reasons make it st-c
effective to explicitly re-modularize systems to accoumil emerg-

ing concerns (e.g., through refactoring [2, 5] or Aspedetted
Programming [3]).

To address the problem of emerging concerns, we have been re-
searching an approach that allows developers to model thkeim
mentation of concernas they become relevarthis approach re-
lies on a model called concern graphs [8, 9] which represiiets
subset of the source code of a system relevant to a concem. Th
concern graph model is supported by a tool, called FE#&Bt al-
lows developers to build models of scattered concerns vthég
are investigating the source code, and to make changes siearsy
through a simplified view of the system provided by the concer
models.

This paper briefly describes how to model concerns using FEAT
and concern graphs, highlights the characteristics of pipeoach
that support just-in-time concern modeling, and discutiseden-
efits and tradeoffs of just-in-time modeling at the sourcdedevel.

2. MODELING CONCERNS WITH FEAT

The Feature Exploration and Analysis Tool (FEAT) is an Esgip
plug-in allowing developers to create models describirgy ith-
plementation of concerns in Java source code, and to mdulify t
code of a system through a simplified view provided by the mod-
els. Eclipse is an integrated development environmenigfiea With
an architecture that supports the addition of modulesgdalug-
ins) that add to the development environment’s functiand4].
Since the complete description of FEAT is available fromeoth
sources [6, 9], we only present a brief scenario of a develoa-
ifying source code with FEAT.

First, the developer investigates the source code of araysse
ing a set of queries provided by the FEAT tool (Figure 1). FEAT
queries are similar to the functionality offered by the gsé Search
Engine but offer a greater number of query types and can tsk use
to model concerns. Query results are presented in a vieindist
the domain and range of the query (Figure 2). Query resultbea
further analyzed.

When a concern of interest emerges in the code explored by the
developer, the developer creates a concern model. At thig po
a concern model is simply a hierarchical organization ofceons

*http://www.cs.ubc.ca/labs/spl/projects/feat
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Figure 1: A FEAT query accessed from the Package Explorer
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Figure 2: Query results in FEAT

and their sub-concerns. The left part of Figure 3 shows amexa
ple. In this model, a top-level concern represents the “Seagure
often found in GUI-based applications. This top-level amncis
divided into three sub-concerns that represent the codéntipde-
ments different subsets of the main concern.
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Figure 3: A Partial Concern View in FEAT

During code exploration, the developer builds a concernehod
by adding individual elements (methods, fields, or classies)
were discovered during the exploration to the concern motte
entire results of queries can also be added to the concerelmod
as one “building block”. At any point, the current concerndab
can be viewed by selecting a box in the Concern Graph View (lef
panel of Figure 3). Selecting a concern model displays alegl-
ements in the concern (see Figure 3, right panel), and thlations
(displayed in a separate view not shown in this paper). Ftasd
views, it is possible to drill down to the source code and qrenf
modifications.

3. ESSENTIAL CHARACTERISTICS

FEAT has a number of characteristics that support jusirire-t
concern modeling at the source code level.

e Non-intrusive. Concern models produced by FEAT are purely
descriptive. They consist of a graph of relations (e.g.l|sta
“accessed by”) between elements in a program [8]. As a
result, using FEAT does not require any preprocessing of
the code besides the static analysis required to support the
gueries. As a result, a developer can begin modeling con-
cerns with FEAT at any point in a task. The developer can
also stop modeling concerns at any point and use partial re-
sults.

e Integration with program investigation. Besides the trivial
step of naming concern models, the only task necessary to
model concerns in FEAT is to flag query results as part of a
concern. This task can be integrated in the normal program
investigation activities of developers, and does not mequi
any context switching or even the use of graphical views that
are different than the ones used for program investigation.

e Inconsistency detectionConcern models that describe parts
of other software engineering artifacts can become insensi
tent as the artifacts are modified. As a simple example, a list
of methods of interest in a software system will become in-
consistent if a method is deleted or if any of its uniquelynide
tifying characteristic is changed (e.qg., identifier, sigma).

To ensure that concern models remain valid, FEAT incor-
porates an inconsistency detection and management mecha-
nism that ensures that any concern description availakde to
developer is either consistent or explicitly flagged as imco
sistent [9]. As a result, developers can alternate the tafsks
modeling concerns and modifying the corresponding source
code without fear of invalidating the models produced.

4. DISCUSSION

The concern graph approach as implemented in FEAT was evalu-
ated formally through five empirical studies [6, 8, 9] andimhally
through discussions with numerous users. These expesiarce
able us to present a synthesis of the main benefits and pivfaihe
idea of just-in-time concern modeling at the source codellev

4.1 Benefits

Just-in-time concern modeling naturally supports program
vestigation activities.As part of an empirical study of program
modification in Eclipse (not involving FEAT), we observed mga
characteristics of developer behavior that can benefit ffmrsup-
port of concern models [7]. For example, we found that deyaie
who successfully implemented a requested change tendexdtte d
ment their planned code modifications. Just-time concerdefso
can be used to help developers build this plan. We also obderv
that all developers periodically re-investigated the sanethods
during a program modification task. Just-in-time concerrlet®
can help developer keep track of their current knowledgeaafra
cern, potentially limiting the amount of re-investigatinecessary.
As part of another empirical study, this time with subjecsing
FEAT [6], we observed developers referring to methods stare
a concern graphs on multiple occasions during a modificatisk
For example a developer would first access an element in the co
cern model to implement a feature, and then use the concedalmo
to quickly find the same element at a later stage to fix an iecorr



implementation of the feature. Such evidence indicatesdbia-
cern models created on-the-fly during software modificatisks
have immediate benefits for developers involved in the task.

The relative cost of just-in-time concern modeling is malim
when performed as part of program investigation activities

Controlled studies and informal user feedback have shoan th
investigating source code by following structural depemites is a
natural process for many developers. In fact many users 8TFE
report using the tool mostly for its powerful cross-refaieg fea-
tures. Because the basic idea of just-in-time concern rirapiefith
FEAT is to piggy-back the creation of concern models onts thi
natural program investigation task, the true cost of bngdton-
cern models is minimal. This low cost is an important propert
of just-in-time modeling as it removes the necessity for(dmmne-
times implicit) analysis required to ensure that the besefiusing
concern models will surpass the cost of their creation. Beehe
cost of just-in-time concern modeling is so low, it is praatito
model concerns in this fashion for all concerns but the oraes h
ing the simplest implementation. In practice, we have fotlnad it
becomes useful to build concern models with FEAT as sooneas th
implementation of a concern involves code in more than tlree
four different methods.

4.2 Pitfalls

The context associated with just-in-time concern modeinis i
plicit. The current support for modeling concerns in FEAT is lim-
ited to descriptions of the source code. The only additiamfair-
mation in a concern model is a free-form concern name pradvide
by a developer (e.g., “caching mechanism”, “save featur@®y
capturing limited information about the context in whichacern
model is relevant, just-in-time concern models are at rishes
ing misinterpreted. For this reason, care must be takenansihg
descriptive names for concern models.

The nature of just-in-time concern models is very task- and
developer-specificConcern models created on-the-fly tend to be
very specific because they only include information abouteco
structures traversed during program investigation d@ivifor a
specific task. For this reason, they may be incomplete. For ex
ample, a concern model for a feature might only describe dfalf
the code relevant to the feature if the developer who cretited
model only needed to explore half of the feature’s impleragon
to carry out the task. As a result, developers must be caabfult
any assumptions they make about the completeness of jtistén
concern models when attempting to reuse these models.

5. CONCLUSION

Not all concerns can be foreseen and a number will inevitably
emerge during the evolution of a software system. Emergiamg ¢
cerns whose implementation is scattered throughout araysate
particularly problematic as it may not be cost-effectivesstructure
the code of the system to modularize them. We propose to model
emerging concerns using just-in-time techniques. Our FE@d-
cern modeling and analysis tool supports just-in-time eomenod-
eling by integrating the concern modeling and program itigas
tion activities. Experience and empirical studies involyiFEAT
have shown that just-in-time concern modeling can providectl
benefits to developers in the context of a single task andangiv
careful management, can result in concern models that afalus
for multiple tasks.
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