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Abstract

Comprehension is an essential part of software teaBnce. Only software that is well
understood can evolve in a controlled manner. Ia gaper, we present a formal process
model to support the comprehension of softwareesysty using Ontology and Descrip-
tion Logic. This formal representation supports tiee of reasoning services across dif-
ferent knowledge resources and therefore, enaldes provide users with guidance dur-
ing the comprehension process that is context semdo their particular comprehension
task.

Keywords:Software maintenance, program comprehension, goo®@deling, ontological
reasoning

1. Introduction

Program comprehension is a major factor in progdffective software maintenance
and enabling successful evolution of computer systeSome estimate that up to 50% of
the maintenance effort is spent understanding soxode [3]. This significant comprehen-
sion effort is due to several factors, e.g., déferes among comprehension tasks and their
specific settings [6]. These variations lead to a-well defined multi-dimensional prob-
lem space that creates an ongoing challenge fdr that research community and tool
developers. Solutions developed to address theskeigges are commonly not integrated
with each other, due to a lack of integration stdd or difficulties to share services and
knowledge among them. The situation is further cicapgd by the non-existence of com-
prehension process models that could guide maarsawwhile performing comprehension
tasks.

There has been little work in examining how difféareomprehension tools work to-
gether for end users [7, 10] and how these toajetteer, with other relevant program
comprehension specific resources (e.g., user @gpetask and environment specific set-
tings, etc.), can collaboratively support a spegiiiogram comprehension task. Maintain-
ers are typically left with no guidance on how tmplete a particular comprehension task
within a given context. Our research aims to addtass lack of context sensitivity by
introducing a formal process model that stressescive approach to guide software
maintainers during comprehension tasks. Within puacess model, the basic elements
and their major inter-relations are formally modelsy Ontology and Description Logic
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(DL) [16], and the process behavior is modeled bynderactive process metaphor. Our
approach differs from existing work on comprehensiwodels [1, 2, 4], tools integration
[7, 15] and task-specific process models [7, 1Heweral aspects:

1. We present a formal comprehension process modeldbais an Ontological and De-
scription Logic representation. The model provideseamless integration of different
comprehension concepts, like user expertise, revengineering, as well as compre-
hension tools and techniques within such a comnoogss model.

2. Our approach is based on an open environment fgosughe introduction of new con-
cepts and their relationships, as well as enridstieyy concepts with newly gained
knowledge or available resources.

3. Our approach provides the ability to reason abofdrination from the ontological
representation and to provide both an active amtesgt-sensitive support to guide the
comprehension process itself.

The rest of this paper is organized as follows. Tlo¢ivation for our research is intro-
duced in section 2, followed by section 3, the vaie research background. Section 4
describes in detail the context-driven program cahension process model, followed by
section 5, the implementation and validation. Déstons and future work are presented in
Section 6.

2. Motivation

Modeling program comprehension processes is a -gintiénsional problem domain,
due to the interactions among different informatéonl knowledge resources. Our process
model was motivated by approaches used in othdicaipn domains, like Internet search
engines (e.g., Good)eor online shopping sites (e.g., AmaZorCommon to these appli-
cations is that they utilize different informatioesources to provide an active, typically
context-sensitive user feedback that identifieouwsses and information relevant to a
user’s specific needs. The challenges in applyinglai models to program comprehen-
sion are not only caused by the required synthl#silfferent information and knowledge
resources, but also by the need to provide a fomath-model to enable reasoning about
the potential steps of the comprehension process fdimalization of the process model
enables the use of additional automated reasomingces to guide programmers in ac-
quiring and interpreting relevant knowledge acrdgferent information resources and
hierarchies.

For example, a maintainer, while performing a caghpnsion task, often utilizes and
interacts with various tools (e.g., parsers, debuggsource code analyzers, visualization
tools, etc.). These tools interactions are causebolly the interrelationships among arti-
facts required/delivered by these tools and theipdechniques needed to complete a
particular task. Identifying these often transitivaationships among information re-
sources becomes a major challenge. Within our agprove support automated reasoning
across these different information resources (elgmain knowledge, documents, user
expertise, software, etc.) to resolve the trarsitelationships.

1 www.google.com
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Fig. 1. Conceptual Model

Figure 1 shows a simplified illustration of thisopess by restricting the available in-
formation resources to tools and task only. Oucess model will be able to answer ques-
tions like:

1. Given the current knowledge of the system, whalstace applicable to perform a par-
ticular comprehension task using a top-down appr®ac

2. Given a current knowledge level acquired in a bottgo manner, what are the potential
(direct/indirect) related tasks that can be pertaith

From a more pragmatic viewpoint, process modelsehavbe able to adapt to ever
changing environments and information resourcdsetased as part of a process. In our
approach, we address this problem by providingiBoum ontological representation that
can be extended and enriched to represent any rgaimgd knowledge or change in the
information resource(s). Furthermore, this newlingd knowledge will become an inte-
grated part of the process that can be furtheizedil and reasoned on by our process
model.

3. Background

In this section we review research relevant to @ssanodeling as well as some of the
technical foundations utilized in our process model

3.1. Program Comprehension Process

Historically, software lifecycle models and proassiave focused on the software de-
velopment cycle. However, with much of a systenperational lifetime cost occurring
during the maintenance phase, this should be tefleda both the development practices
and process models supporting maintenance activibeme approach is to focus on the
software maintenance process (including programpcehension) being a major part of a
total system life cycle/process models, as sugddeteexample in [17, 19]. These process
models focus mainly on the creation of additiorzdtvgare artifacts during software devel-
opment to support future maintenance efforts.
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A more specific instance of a software maintenanoeel is program comprehension.
Program comprehension is typically referred tohesgrocess involved in constructing an
appropriate mental model of a software system tmbmtained [1, 2]. There exist vari-
ous aspects affecting program comprehension [3néking it an inherently complex and
difficult problem to address. Some of the majouéssaffecting the comprehension proc-
ess are the user's comprehension ability (e.g.emdapce, knowledge background), the
characteristics of the software system to be cohgméed (e.g., its application domain,
size and complexity), the comprehension task tpdréormed (e.g., maintenance, reverse
engineering, architecture recovery), as well agdloés and software artifacts (e.g., source
code, documentation) available to support the cetmgmsion process. Mental models are
applied to describe a maintainer’s current undeditey of a software system. These men-
tal models are formed through the use of cognitimelels that describe both the cognitive
processes and information structures needed ttecaemental model [6]. In the past dec-
ades, several cognitive models have been develaperplain how maintainers compre-
hend source code. Bottom-up [1], top-down [2], amtdgrated [3, 4] are the three major
theories of program comprehension that try to madéh the activities and the processes
involved in creating the task-specific mental madel

These mental models build the foundation for moshgehension process models.
One also has to deal with the integration of resesiaffecting the comprehension process
and the ability to guide users during the comprsteenprocess itself. Existing research in
modeling program comprehension has focused in #s¢ @gn describing the comprehen-
sion process in the context of a specific task domfEn example for such a task-specific
comprehension domain is reverse engineering, wbiftdn combines, in an ad hoc man-
ner, simple query tools and a significant effortthe user to interpret the retrieved or
abstracted information [10]. Existing reverse engiitgy models therefore focus on mod-
eling informally the extraction of information frothe source code or documentation in
order to reconstruct higher level abstractions lamgwledge from a subject system [17].
Another example for a task-specific semi-automptimcess model is architectural recov-
ery [11], which can be seen as a more specificrsevengineering task. In [11], the recov-
ery process is composed of six general phaseshaidsequence is described as part of
this process model.

It is generally accepted that even for these mpeeific comprehension task instances,
like architectural reconstruction, a fully-autonthferocess is not feasible [11]. Further-
more, existing models share the following challenge

- These models use existing information resources (Bs€r expertise, source code in-
formation, tools) to help constructing a mental elaaf a program. However, they lack
the necessary formalism and representation thawdlbth the resource integration in a
uniform model and the ability to infer additionaldwledge from these models.

- Knowledge management (extendibility, flexibility dumtegration of newly gained re-
source and knowledge) is a major challenge dubedaick of a formal process model
representation.

- These models provide typically only general desioist of the steps involved in a
process, without detailing these steps or providjaiglelines on how to complete these
steps within a particular comprehension setting.

In our approach, we provide a formal representatiia integrates these information
resources and allows reasoning and knowledge mer@ageacross these resources. Fur-
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thermore, we address the issue of context-senstipport, providing the maintainer with
guidance on the use of the different informaticsorgces while accomplishing a particular
task.

3.2. Ontology and Description Logic

Intuitively, “software comprehension” refers to igities that humans perform: under-
standing, conceptualizing, and reasoning aboutveoft. In this regard, a crucial aim of
providing support for software comprehension isagsist and improve human thinking
processes. Research in cognitive science sugdestariental models may take many
forms, but the content normally constitutes an lagip [8]. Ontologies are often used as a
formal, explicit way of specifying the concepts amdationships in a domain of under-
standing [16], with Description Logic (DL), a knowlige representation formalism, being
used as a standard ontology language. DL is a rfajodation of the recently introduced
Web Ontology Language (OWL) recommended by the WA, [

DL represents domain knowledge by first defininggveht concepts (sometimes called
a class or TBox) of the domain and then using tkeseepts to specify properties of indi-
viduals (also called an instance or ABox) occuriimghe domain. Basic elements of DL
are atomic concepts and atomic roles, which cooms$go unary predicates and binary
predicates in First Order Logic. Complex concepts then defined by combining basic
elements with several concept constructors.

For example, given atomic conceptgifact andJPG, as well as the rolbasFormat
(refers to an artifact that has JPG format), thecept of JPGArtifactcan be defined as
follows:

JPGArtifact Artifact hasFormat.JPG

Likewise, given a concefitool and the rolaleliver (means that a tool delivers an arti-
fact), the concept afPGOutputTootan be defined as follows:

JPGOutputTool Tool deliver. JPGArtifact

DL allows for the precise characterization of a @pidaxonomy in a domain, by defin-
ing subsumption relationships between concepts.

For instanceComprehensionTool Tool specifies tha€ComprehensionTool
is the sub-concept dfool , which means all instances of the cond@pinprehension-
Tool are also instances of tiieol concept.

Individuals and their relationships in the domaia apecified as instances of the con-
cepts and their corresponding roles as well. Talanle for example. It is the instance
of ComprehensionTool and hasclass.jpgas output. The DL expressions foreole
are as follows:

Creole:ComprehensionTool,
class.jpg: Artifact,
(class.jpg,JPG):hasFormat,
(Creole, class.jpg):deliver
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Based on these given facts, a DL reasoner can atitathainfer thatCreoleis aTool
and aJPGOutputToohs well.
The basic inference on concept expressions in OQe&oriLogic is subsumption written

as C D [16]. With the support of an existing reasonestsas Racer [20], more reasoning
services can be derived. Typical services providgedRbcer include terminology infer-
ences (e.g., concept consistency, subsumptionsifitasion and ontology consistency
checking) and instance reasoning (e.g., instaneekafhg, instance retrieval, tuple re-
trieval, and instance realization). For a more itltacoverage of DLs and Racer, we refer
the reader to [16,20].

4. Modeling Program Comprehension

The program comprehension meta model presentedsinetbearch is based on two ma-
jor criteria:

Flexibility and extensibilityThe process model has to be able to adapt to ehange
ing comprehension task and its settings, anddt rméeds to support its own evolution.
Active guidanceA limitation of existing software process modelgy(eRUP [14]) is
that these models focus only on the informal dpsion of the different process arti-
facts and notations used as part of the process.ifffioirmal representation does not al-
low for an active guidance on what artifact or tiota can/should be applied within a
given process context.

A model is essentially an abstraction of a real emkceptually complex system that is
designed to display significant features and charistics of the system, which one wishes
to study, predict, modify or control [12]. In oupgoach, the comprehension process
model is a formal description that represents #ievant information resources and their
interactions. The information resources include:

Task Description of the comprehension process tasks.

User. Participant who has the main responsibility tdilfuhe task.

Tool: Description of existing and available program poemension tools.

Artifact: Description of software and comprehension proeesiacts.

SoftwareArtifact Description of the target software, e.g., sofevdocuments, software
components, analysis artifacts.

DocumentsDescription of the documented artifacts

Historical data Information collected during the process for laise.

In what follows, we describe: (1) the ontologicapresentation used to model the in-
formation resources, (2) the task-solving apprasstd to model the interaction between
users and the process context, and (3) the knoeledgnagement used to support its
merging and integration.
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Fig. 2. Comprehension Process Meta Model

4.1 Ontological Comprehension Process Model

In this research, we use ontologies and Descriftagics to formally model the major
information resources used in program comprehenai@htheir inter-relationships. The
benefits of using a DL-based ontology as a meamaddel the structure of our process
model are as follows:

Knowledge acquisition and managementAs mentioned previously, program com-
prehension is a multifaceted and dynamic activityolving different resources to enhance
the current knowledge about a system. Consequerily,comprehension process model
has to reflect and model both the knowledge adipisiand use of the newly gained
knowledge. The ontological representation providsswith the ability to add newly
learned concepts and relationships as well as netarices of these to the ontological
representation. This extendibility enables our pssamodel not only to be constructed in
an incremental way, but also to reflect more chpdbk iterative knowledge acquisition
behavior used to create a mental model as partimiah cognition of a software system
[1-4].

For example, in Figure 3, each program comprehartsisk (e.g., source code analysis
task, document analysis) utilizes information reses from the knowledge base (KB) that
are needed to perform the particular task. Onceasleis completed, the existing KB will
be enriched with the newly derived information frdhe current task performed, e.g.,
source code analysis artifact and document anabmifact respectively. This newly
gained knowledge becomes an integrated part dkBiand can be further utilized by the
following tasks.
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Fig. 3.Knowledge Addition in the Comprehension Process

Reasoning.Having DL as a specification language for a formatdalbgy enables the
use of reasoning services provided by DL-based letdye representation systems, by
inferring knowledge through transitive closure asrdifferent ontologies. The DL-based
ontology and reasoning services form the basis@th, the knowledge integration and
retrieval used in our process model.

Table 1.Software Comprehension Ontology (partial view)

Concept Definition Example Instances
Artifact
SourceCode The source code of the software Seord of uDig system [18]:
SourceCode_uDig
Class Class of the system AddessSeeker, USGLocation
JavaDocDocument Javadocs for the system uDig JasadavaDocDocument_ulig
UserGuideDocument The user’s guide uDig User Guide:
UserGuideDocument_uDig
Task
DocumentAnalysis Analysis of the document artifact | Document analysis for the uDig Uspr
Guide:DocumentAnalysis_UserGuideld
ocument_uDig
DetailedAnalysis Analysis of the source code at| @etailed analysis for the uDig syst
below class level DetailedAnalysis_uDig
SourceCodeAndDocu- | Analysis of the traceability betweenTrace between uDig source code and
mentTrace the document and source code User Guide document:
uDigSourceCodeAndDocument-
Trace_uDig
Tool

DetailedAnalysisTool Tool for analysis of sourcedeoat | Creole, SOUND
or below class level
DocumentAnalysisTool Tool for analysis of the doamn| TextMiningTool
artifact

User
User | The analyzer | Concordia SEGroup

Building a formal ontology for program comprehemsiequires an analysis of the con-
cepts and relations of the discourse domain. Itiquéar, the outlined process model must
be supported by the structure and content of thaagical knowledge base. Our approach
here is twofold: We (1) created sub-ontologies dach of the discourse domains, like
tasks, software, document, and tools (Figure 2J; (@ link them via a number of shared
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high-level concepts, likartifact, task or tool, which have been modeled akin to a (sim-
ple) upper level ontology [9].

4.2 Process Management

As mentioned previously, the interaction betweesrsignd the comprehension process
in the context of a current comprehension taskgpkylominant role of any comprehen-
sion process model. Users should become immerst#teiprogram comprehension proc-
ess, while a particular comprehension task unfoltie user itself is active and interacts
with different resources (e.g. support from totdshniques, documents and expertise) and
other users (e.g. system or historic user datepmaplete a particular comprehension task.
We introduce a process manager to establish conwamionm and interaction between
users, the process and the ontology manager. Adlypol usage scenario for our com-
prehension process model is illustrated in Figyreith the iterative nature of the process
being reflected by the loop (messages 2-22). A isseompleting a comprehension task
and the process manager, ontology manager, reaaodevailable resources are all work-
ing together to assist the user in the comprehensiocess.

g s

Ontoleg Beasoner [Ontelogy(Task, Software. | . oo urca:
Manager | Tool, Histary ste) | 5

User

s Iniialize Task !
D Setting

T 2 ctart Task_|

aaaaaa

3: Reguest Task
Information

4: Retriewe

5 Reason

8- Return

o

Provide Guideling

11: Choose the,
Option

15: Load the Redources

17: Request
Feedback
18: Feedback and

Update

19: Notify Update

20: Update

21: Canfirme d
e i e
22: Confirmed

Fig. 4. Tool Usage Sequence Diagram

Based on a given task setting (message 1), theggananager applies a set of prede-
fined queries to identify (reason about) potentislources that might be applicable to the
comprehension task (messages 2-14). The user it#evah the process through the proc-
ess manager by interpreting and visualizing theecitrcomprehension context and by
triggering new events and actions. Our ontologiegresentation allows both, reasoning
cross the different information resources, and ragldiewly gained knowledge (concepts,
relations and instances) to the knowledge baseingakese available for further process-
ing. For instance, message 9 may return a ligafriiques that support architecture analy-
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sis, such as class model recovery, design pattalysis, coupling analysis and metrics.
The resulting set of tools will be further analyzet a potential applicability ranking is
derived. At this point, the user has the choicevbenh three different options: (1) accept
one of the suggestions (Figure 4, messages 152)&)reate his own queries to search and
filter information for specific settings, tools bistorical data; (3) explore all tools and
techniques that are registered with the processimad well as other potentially relevant
information stored in the ontologies.

After completion of the tool usage, the user wilbyide feedback and annotate briefly
his experience with the tool and his success tosvprdblem solving (Messages 18-22).
The resulting feedback is used to enrich the hishdbdata stored in the ontology, as well
as trigger the next iteration of the comprehengimtess (depending on the outcome of
the current step success or conflict/failure).

4.3 Knowledge Management

In our environment, we have to manage knowledgen freany different sources (e.g.,
tools or users), concerning various artifacts (sgurce code or documentation). It is not
realistic to expect all these sources to shar@glesi consistent view within a comprehen-
sion task. Rather, we expect disagreements betimeleridual users and tools during an
analysis. In our approach, we explicitly model #nalfferent views using a representa-
tional model that attributes information to (ne$tedntexts using so-calledewpoints.

An elegant model for managing (possibly conflicjingformation from different
sources has been proposed by [5]: Knowledge istsired intoviewpointsand topics
Viewpoints are environments that represent a pdaticpoint of view (e.g., information
stemming from a particuldool or entered by asel). Topics are environments that con-
tain knowledge that is relevant to a given subjedj., design patterns, architectural re-
covery). These environments arestedwithin each other: viewpoints can contain either
other viewpoints or topics. A topic can contain Whexlge pertaining to its subject, but
also other viewpoints, e.g., when the subject atlaar user.

System I

]
ﬁl : Initial Knowledge: 1, 3, 6, 7 H
Ser ! Knowledge Percolation: 2, 4, 8 H
belongs_to (class1, bridge_pattern) ' Knowledge Ascription: 5 H
Notes I .:-'-':.,. .
= Conflict detected!

belongs_to (class1, bridge_pattern)

User 2 I
Design Pattern Analysis I
53 % belongs_to(class1, layered_architecture)
7. | belongs_to (class1, factory_pattern) P
5 Document Analysis I
User 2 I ’ ~ .
3 belongs_to(class1, layered_architecture)
6. | belongs_to(class1, layered_architecture)

Fig. 5.Knowledge Merging Using Ascription and Percolation
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Thus, we can explicitly distinguish between knowkedguser (or tool) has on certain
topics and, at the same time, manage (possiblylicting) knowledge about what user
believes other users beliewabout the same topic, since this information istaimed
within different, nested viewpoints. These viewpsicteatespaceswithin which to do
reasoning: consistency can be maintained withiapéctor a viewpoint, but at the same
time, conflicting information about the same togin be stored in another viewpoint. This
allows us to collect and maintain as much knowledgepossible, attributing it to its
sources, without having to decide on a “correct’afeéinformation, thereby losing infor-
mation prematurely. For example, a user mightelelithat a certain set of classes form
the bridge design patternwhile the documentation states they belong tarhitectural
layer, and the design pattern analysis tool identifiesrt as dactory pattern(Figure 5).

Viewpoints can beonstructedas well aglestructedhrough the processes agcription
andpercolation Stated briefly, the process of ascription alloasorporating knowledge
from other viewpoints (users, tools) unless theralieady conflicting information on the
same topic. The mechanism of percolation is intreduor the deconstruction of nested
knowledge. Here, some (assumed) held knowledga dopic contained in a nested
viewpoint may be percolated into its outer enviremts, up to the top-level viewpoint of a
user (or the main environment) and be thus acquaisdchowledge.

5. System Implementation and Evaluation

In this section, we provide both a general systeenodew of our process model, as
well as a more detailed design description of thilogical representation used to model
the knowledge base.

5.1. System Overview

A general system overview of our process modeh@svs in Figure 6. The process itself
is based on two main components, the process anuhtiology management.

Eclipse IDE

Process Management

Ontology Management

ﬂ —— Racer

Ontology

Fig. 6. System Architecture

Ontology Manageris used to manage the infrastructure of the ppooexiel, where the
basic elements of the program comprehension progedstheir inter-relationships are
formally represented by DL-based ontology. Our apph supports the addition of new
concepts and their relations in a given sub-ontglapordinates the reasoner with the

can perform both pre-defined and user-defined qaefihe ontology manager is an exten-
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sion to our SOUND tool [13], an Eclipse Plug-in tpabvides both ontology management
(software ontology and document ontology have kdmreloped) and inferences service
integration using the Racer [20] reasoner. Sotfer,ontology management interface pro-
vides the following services: adding/defining neancepts/relationships, specifying in-
stances, browsing the ontology, and a Java Sagsdquery interface.

Process Managelis built on top of the ontology manager and presidisers with both
the context and the interactive guidance duringdbmprehension process. The process
context is established by the process managerndepgeon the user process interact ions,
the current state of the knowledge base and thetires information inferred by the rea-
soner. For the interactive guidance, the processmgex utilizes different visual metaphors
to establish a representation that allows useirmmaerse in the process context and, at the
same time, provides an approach to analyze arideutite inferred knowledge to provide
guidance during the comprehension process itself.

5.2 Initial Evaluation

At the current stage, we have successfully impléeteand used our SOUND ontology
management and query tool to perform comprehentieks such as impact analysis,
design pattern recovery, and component identificafiL3]. In addition, we have defined
an initial set of concepts and relations for thmaming sub-ontologies as the foundation
for our process model (see Figure 7, which shopartal view of these ontologies).
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A set of frequently used queries has been defin¢dd system, e.g. identifying the cou-
pling among classes, recovering the design paitethe system. We are currently in the
process of conducting a larger case study in cofktibn with Defence Research and
Development Canada (DRDC), Valcartier to explord aalidate the applicability of our
comprehension process model. The system used feadeestudy is an open source Geo-
graphic Information System (GIS) — uDig [18]. Basedthe initial uDig knowledge base
shown in Figure 6 and the reasoning services peavidy Racer [20], we can now illus-
trate the use of the ontological representatioarerfce of knowledge. The queries are all
based on nRQL (new Racer Query Language) [20] ancessidhe comprehension task
related questions raised earlier in Section 2.

Q1: Given my current knowledge of the system, whds taxe applicable to perform a
particular comprehension ta8k
In this question, a user wants to define a queay ittentifies all tools that can poten-
tially support a design pattern analysis task & ¢bntext of the uDig system. The result-
ing query would be as follows:
(RETRIEVE
(?TOOL)
(AND (?TOOL Tool)
(?TOOL DesignPatternAnalysis_uDig suppo rt)))

The Racer reasoner provides the following queryli@su
(((?TOOL SPQR))
((?TOOL FujabaToolSuiteRE))
((?TOOL SOUNDY))
((?TOOL PTIDEJ)))

In this case, the reasoner would infer and idgrtifist of available tools in the current
KB context that potentially can support design grattanalysis for our uDig case study:
SPQR, FujabaToolSuiteRE, SOUND and PTIDEJ. A more ashchreasoning example is
shown in the following query. This query adds orgrietion to only identify the design
pattern analysis tools that are applicable (aluiegl artifacts to use these tools are avail-
able) in the current KB context.

(RETRIEVE

(?TOOL)
(AND (?TOOL Tool)
(?ART Artifact)
(?TOOL ?ART require)
(?TOOL DesignPatternAnalysis_uDig suppor 1))

Query results provided by the reasoner:
(((?TOOL FujabaToolSuiteRE))
((?TOOL SOUND))
((?TOOL PTIDEJ)))

In this case, the SPQR tool is excluded, sinceqaired artifact is not available in the
current KB context. Similarly, one can identify whiartifacts are necessary or missing in
the KB before one can apply a specific tool.

Q2: Given a current knowledge level, what are the ipite (direct/indirect) related tasks
that can be performed?
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Here we assume that potential tasks refer to siistéhat can be supported by the cur-
rently available tools and artifacts in the KB. Tesulting query is as follows:
(RETRIEVE
(?TASK)
(AND (?TASK Task)
(?TOOL Tool)
(?ART Atrtifact)
(?TOOL ?ART require)
(?TOOL ?TASK support)))

Query results provided:
( ((?TASK DesignPatternAnalysis_uDig))
((?TASK DocumentAnalysis_UserGuideDocument_uD i9))
((?TASK SourceCodeAndDocumentTrace_uDig))
((?TASK ArchitectureAnalysis_uDig))
((?TASK DetailedAnalysis_uDig)))

As part of the ongoing uDig case study, we willfpen in the next step a specific com-
ponent substitution task, in which a tracking comg will be substituted by a client
specific version. As part of this case study, ifdiial user profiles will be set up and track
the progress of users in completing the substitutask. Feedback from the process and
information resource usage will be collected fattar refinement and enrichment of both
the process model and the knowledge base.

6. Discussion and Future Work

Program comprehension is an essential part of aoftvinaintenance, as any software
evolving activity cannot skip the comprehendingpst®ur work promotes the use of both
formal ontology and automated reasoning in progcamprehension research, by provid-
ing a DL-based formal ontological representationdifferent information resources in-
volved in a comprehension process.

Existing work on comprehension tool integration feesi either on data interoperability
using a common data exchange format [7] or on seriritegration among different re-
verse engineering and software comprehension [b6]s Our approach can be seen com-
plementary to these ongoing tool integration e$folinproving the overall capabilities and
applicability of reverse engineering tools will peb enrich our tool ontology and there-
fore, directly/indirectly benefit the comprehensjmocess model. However, our approach
goes beyond just tool integration. It is the forraatological representation that supports
both reasoning across different knowledge souricetu¢ling tools) and provides context
support and guidance during the comprehension psatself. Another major advantage of
our approach is its flexibility and extensibilitgat support the evolution of our compre-
hension process model itself.

Current research in modeling software maintenamoeegsses [7, 17, 19] typically de-
scribe only very generally the process and lackn&drrepresentations. Thus, they are
unable to utilize any type of reasoning service®sg the different knowledge sources
involved in the comprehension process. To the bestuo knowledge, there exists no
previous work that focuses on developing a forrmatess model to describe the program
comprehension process.
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An intuitive visual format for the task process mbd still in development. Existing
research in context-sensitive User Interfaces [22] be used as a basis for our process
visualization. As part of our future work, we wdlso conduct several case studies to en-
rich our current ontology and optimize the compredien process model for different
comprehension and software evolution tasks.
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