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Message from the Symposium Chairs

On behalf of the Organizing Committee, we welcome you to the 27" Annual ACM Symposium on
Applied Computing (SAC 2012), hosted by The Microsoft Research — University of Trento Centre for
Computational and Systems Biology (COSBI). Over more than 20 years this international forum has
been dedicated to computer scientists, engineers and practitioners for the purpose of presenting their
findings and research results in the broad area of computer applications. The organizing committee is
grateful for your participation in this exciting international event. We hope that the conference proves
interesting and beneficial.

The Symposium is sponsored by the ACM Special Interest Group on Applied Computing (SIGAPP),
whose mission is to further the interests of computing professionals engaged in the design and
development of new computing applications, interdisciplinary applications areas, and applied research.
In line with this mission, the conference focuses on scientific and engineering work applied to real-
world problems. It provides an avenue to discuss and exchange new ideas in the wide spectrum of
application areas. We all recognize the importance of sharing experiences and research results about the
current applicative domains of computer science and information technology. In its current research
areas, COSBI shares the aims of the symposium. The centre has been proud to provide its expertise in
supporting the multidisciplinary imprint of the event, since this approach is the basis to cope with new
challenges and creating new solutions.

SAC 2012 offers Technical Tracks and Poster Sessions. The success of the conference can be attributed to
the substantial contribution of talented Track Chairs and Co-Chairs. Each track maintains a program
committee and a set of highly qualified reviewers. We wish to thank the Track Chairs, Co-Chairs,
Committee Members and participating reviewers for their hard work and effort to make SAC 2012 a high
quality conference. We also thank our invited keynote speakers, Dr. Anthony Finkelstein, University
College London, United Kingdom, and Dr. Letizia Tanca, Politecnico di Milano, Italy, for sharing their
knowledge with SAC attendees. Most of all, special thanks to the authors and presenters for sharing their
experience with the rest of us and to all attendees for joining us at Riva del Garda, Italy, this year.

The Local Organizing Committee has been a central contributor to the success of the SAC 2012
conference. Our gratitude goes to the Local Arrangements Chair, Dr. Mirtis Conci, to the Human
Resources and Operations Manager at COSBI Dr. Elisabetta Nones, to the Finance Manager at COSBI,
Dr. Monica Loss, and to COSBI President and CEO, Dr. Corrado Priami. A very special “thank you”
goes to our Program Chairs, Dr. Chih-Cheng Hung, Southern Polytechnic State University, Marietta,
Georgia, and Dr. Jiman Hong, Soongsil University, Seoul, Korea, for coordinating and bringing together
an excellent Technical Program. We would like to extend our thanks to the Publication Chair, Dr.
Dongwan Shin, New Mexico Tech, Socorro, New Mexico, for his tremendous effort in putting together
the conference proceedings, Posters Chair Dr. Mathew J. Palakal, Indiana University Purdue University,
Indianapolis, Indiana, for his hard work to make a successful Poster Program, and Tutorials Chair Dr.
Dan Tulpan, National Research Council of Canada, for arranging an exciting set of Tutorials.

Again, we welcome you to SAC 2012 and to the beautiful city of Riva del Garda. We hope you enjoy
the SAC 2012 conference and your stay in Italy. Next year, we invite you to participate in SAC 2013 to
be held in Coimbra, Portugal. The conference will be hosted by the Institute of Engineering of the
Polytechnic Institute of Coimbra (ISEC-IPC).

Sascha Ossowski and Paola Lecca
SAC 2012 Conference Chairs



Message from the Program Chairs

Chih-Cheng Hung
Southern Polytechnic State University, Marietta, USA

Jiman Hong
Soongsil University, Seoul, Korea

Welcome to the 27th International Symposium on Applied Computing (SAC 2012). For the past 26
years, SAC has become a major international venue for computing researchers and applied practitioners
to convene and share ideas on recent developments in a variety of applied areas of Information
Technology. The success of SAC has been the consolidation of a wide range of applied areas into
specialized modules called Tracks. Each of the Tracks are then organized and administered by experts in
the respective areas by instituting program committees, carrying out blind reviews according to the
ACM guidelines, and finally selecting the highly qualified papers for the Track. Since its inception eight
years ago, the Poster Sessions at SAC have become a tradition, and this year again the Poster will be an
integral part of the Technical Program at SAC 2012.

The open Call for Track Proposals and after prescreening the proposals, 34 Tracks were finally accepted
for SAC 2012. The prescreening and selections were made based on the success of those Tracks in the
previous SACs as well as targeting new and emerging areas. The Call for Papers for these Tracks
attracted 1056 final paper submissions from 61 different countries. The submitted papers underwent the
blind review process and 270 papers were finally accepted as full papers for inclusion in the Conference
Proceedings and presentation during the Symposium. The final acceptance rate for SAC 2012 is 25.6%
for the overall track. In addition to the accepted full papers, 76 papers that received high enough review
scores were accepted as short papers for the Poster program.

The Technical Program Organization of SAC 2012 is made possible through the hard work of many
people from the scientific community who have volunteered and committed many hours to make it a
success. Much credit goes to all the Track Chairs for making SAC 2012 Technical Sessions a huge
success. Some of the popular Tracks had an unprecedented submissions and having three blind reviews
for each paper was certainly a major challenge. Once again this year, we follow the previous years’
tradition of organizing various tracks into five different themes. The Symposium Proceedings and the
technical presentations are focused around these themes to form a series of related track sessions.

On behalf of the entire SAC 2012 Organizing Committee, we congratulate all the authors for having
their papers accepted in their respective Tracks, and we wish to thank all of those who made this year's
technical program a huge success. Specifically we wish to thank the speakers, track chairs, reviewers,
program committee members, session chairs, presenters, and all the attendees. We also wish to convey
our special thanks to the local organizing committee lead by Dr. Paola Lecca and Dr. Mirtis Conci from
University of Trento, Trento, Italy.

We wish you all a pleasant stay in Riva del Garda(Trento), hope you have a great time at SAC 2012, and
you will have the opportunity to share and exchange your ideas and foster new collaborations. We
would also like to take this opportunity to convey to you the news that the 28th International
Symposium on Applied Computing (SAC 2013) will be held in Coimbra, Portugal. We hope to see you
all and your colleagues at SAC 2013.



Poster Papers

Towards a Process Factory for Developing Situational Requirements Engineering Processes ............. 1089
Omid Jafarinezhad, Sharif University of Technology, Iran (Islamic Republic Of)
Raman Ramsin, Sharif University of Technology, Iran (Islamic Republic of)

Statechart-Based use Case Requirement Validation of Event-Driven Systems ..............ccccoceeviinnnee. 1091
Saurabh Tiwari, IITDM Jabalpur, India
Atul Gupta, IIITDM Jabalpur, India

Software Engineering Track

Track Co-Chairs: W. Eric Wong, UT-Dallas, United States
Chang Oan Sung, Indiana University Southeast, United States
John Kim, Utica College, United States

TrACK EQIEOTIAL .. .ottt e e e e e e e e e et e aeeeeee e et aaaaaeaseeeeeeeaaanaaaseeeaeees 1094

Integrating Event Logs into KDM RepOSItories ...........c.ccccooiiiiiiiiiiiiiiniieiiecie et 1095
Ricardo Pérez-Castillo, University of Castilla-La Mancha, Spain

Ignacio Garcia-Rodriguez de Guzman, University of Castilla-La Mancha, Austria

Mario Piattini, University of Castilla-La Mancha, Spain

Barbara Weber, University of Innsbruck, Spain

TAM2: Automated Threat ANALYSIS .........cccooiiiiiiiiiiii ettt 1103
Andreas Schaad, SAP Research, Germany
Mike Borozdin, University of Trento, Italy

An Empirical Investigation of Perceived Reliability of Open Source Java Programs ............................ 1109
Luigi Lavazza, Universita degli Studi dell'Insubria, Italy

Sandro Morasca, Universita degli Studi dell'Insubria, Italy

Davide Taibi, Universita degli Studi dell'Insubria, Italy

Davide Tosi, Universita degli Studi dell'Insubria, Italy

Managing the Dynamism of the OSGi Service Platform in Real-Time Java Applications ..................... 1115
Jodo Claudio Ameérico, Université de Grenoble, France

Walter Rudametkin, Université de Grenoble, France

Didier Donsez, Université de Grenoble, France

On the Improvement of a Fault Classification Scheme with Implications for White-Box Testing ........ 1123
Shimul Kumar Nath, Swinburne University of Technology, Australia

Robert Merkel, Monash University, Australia

Man Fai Lau, Swinburne University of Technology, Australia

An Architecture-Centered Framework for Developing Blog Crawlers ...............cccccooviiiiiiiiiiiieiniiieeeens 1131
Rafael Ferreira, Federal University of Pernambuco, Brazil

Jean Melo, Federal University of Alagoas, Brazil

Rinaldo Lima, Federal University of Pernambuco, Brazil

Patrick Brito, Federal University of Alagoas, Brazil

Evandro Costa, Federal University of Alagoas, Brazil

Fred Freitas, Federal University of Pernambuco, Brazil



Volume lI: Software Development and
System Software & Security

Requirement Engineering Track

Track Chair: Maria Lencastre, Universidade de Pernambuco, Brazil
Track EItOrIal ............ooooiiiiie ettt e e et e e e ettt e e e s tbbae e e sssaeeeesssaeeeeenssseeesassaeaeannns 1033
EA-Tracer: Identifying Traceability Links between Code Aspects and Early Aspects ...............c.......... 1035

Alberto Sardinha, INESC-ID and Instituto Superior Técnico, Portugal
Nan Niu, Mississippi State University, United States

Yijun Yu, The Open University, United Kingdom

Awais Rashid, Lancaster University, United Kingdom

A Clustering-Based Approach for Discovering Flaws in Requirements Specifications ......................... 1043
Alessio Ferrari, ISTI-CNR, Italy

Stefania Gnesi, ISTI-CNR, Italy

Gabriele Tolomei, ISTI-CNR, Italy

Goal-Oriented Approach to Creating Class Diagrams with OCL Constraints .................ccccceccvvvrinnnnne. 1051
Sombat Chanvilai, The University of electro-Communications, Japan

Kozo Honda, The University of electro-Communications, Japan

Hiroyuki Nakagawa, The University of electro-Communications, Japan

Yasuyuki Tahara, The University of electro-Communications, Japan

Akihiko Ohsuga, The University of electro-Communications, Japan

Extending SysML to Explore Non-Functional Requirements: The Case of Information System Design ... 1057
Anargyros Tsadimas, Harokopio University of Athens, Greece

Mara Nikolaidou, Harokopio University of Athens, Greece

Dimosthenis Anagnostopoulos, Harokopio University of Athens, Greece

Functional Requirements Validation by Transforming use Case Models into Abstract State Machines ... 1063
Patrizia Scandurra, DIIM - University of Bergamo, Italy

Tao Yue, Simula Research Laboratory, Italy

Andrea Arnoldi, DIIM - University of Bergamo, Italy

Marco Dolci, DIIM - University of Bergamo, Norway

A Comparative Evaluation of Two User Feedback Techniques for Requirements Trace Retrieval ..... 1069
Yonghee Shin, DePaul University, United States
Jane Cleland-Huang, DePaul University, United States

Monitoring Strategic Goals in Data Warehouses with Awareness Requirements ................................ 1075
Vitor E. Silva Souza, University of Trento, Italy

Jose-Norberto Mazon, University of Alicante, Spain

Irene Garrigos, University of Alicante, Spain

Juan Trujillo, University of Alicante, Spain

John Mylopoulos, University of Trento, Italy

A Systematic Mapping Study on Creativity in Requirements Engineering .................ccc.ccoccvvenninnnnne. 1083
Jodo Lemos, Federal University of Pernambuco (UFPE), Brazil

Carina Alves, Federal University of Pernambuco (UFPE), Brazil

Leticia Duboc, University College London, United Kingdom

Genaina Nunes Rodrigues, University of Brasilia, Brazil



Ontology-Based Documentation Extraction for Semi-Automatic Migration of Java Code ................... 1137
Davide Ancona, University of Genova, Italy

Viviana Mascardi, University of Genova, Italy

Ombretta Pavarino, University of Genova, Italy

Dynamic Reconfiguration in Self-Adaptive Systems Considering Non-Functional Properties ............. 1144
Hisayuki Horikoshi, The University of Electro-Communications, Japan

Hiroyuki Nakagawa, The University of Electro-Communications, Japan

Yasuyuki Tahara, The University of Electro-Communications, Japan

Akihiko Ohsuga, The University of Electro-Communications, Japan

From Relational ClassSheets t0 UMLFOCL ...........ccoooiiiiiiiiiiiieeeete ettt 1151
Jacome Cunha, University of Minho, Portugal

Jodo Paulo Fernandes, University of Minho & University of Porto, Portugal

Jodo Saraiva, University of Minho, Portugal

DAGS3: A Tool for Design and Analysis of Applications for Multicore Architectures ............................ 1159
Mauro Luigi Drago, Politecnico di Milano, Italy
Judith Bishop, Microsoft Research, United States

RefactoringNG: A Flexible Java Refactoring Tool .................ccooiiiiiiiiniiiiceeeceee e 1165
Zdenek Tronicek, FIT CTU in Prague, Czech Republic

Estimating Software Reliability via Pseudo Maximum Likelihood Method ..................cccooeciiiiiniiiinnnn. 1171
Shinya Ikemoto, Hiroshima University, Japan

Tadashi Dohi, Hiroshima University, Japan

Hiroyuki Okamura, Hiroshima University, Japan

Investigating Framework Product Lines .............ccccoooiiiiiiiiiiiiiicece ettt s eeeee e 1177
André Luiz de Oliveira, Universty of Sdo Paulo, Brazil

Fabiano Cuttigi Ferrari, Federal University of Sdo Carlos, Brazil

Rosdngela A. Dellosso Penteado, Federal University of Sdo Carlos, Brazil

Valter Vieira de Camargo, Federal University of Sdo Carlos, Brazil

Experience Report on Developing the Front-End Client Unit under the Control of Formal Methods .... 1183
Jan Friso Groote, Eindhoven University of Technology, Netherlands

Ammar Osaiweran, Eindhoven University of Technology, Netherlands

Jacco Wesselius, Philips Healthcare, Netherlands

Fault Class Prioritization in Boolean EXPIressions ..............ccocciiiiiiiiiiiiniiiiecccee e 1191
Ziyuan Wang, Nanjing University, China

Zhenyu Chen, Nanjing University, China

Tsong-Yueh Chen, Swinburne University of Technology, Australia

Baowen Xu, Nanjing University, China

A Knowledge-Based Framework for Reference Architectures ................ccocooiiiiiiiiiiiiinneeee, 1197
Elisa Yumi Nakagawa, University of Sao Paulo, Brazil

Martin Becker, Fraunhofer IESE, Germany

José Carlos Maldonado, University of Sdo Paulo, Brazil

Software Testing-Resource Allocation with Operational Profile ......................ccccoiiiiiiiiiii e, 1203
Satoru Ukimoto, Hiroshima University, Japan

Tadashi Dohi, Hiroshima University, Japan

Hiroyuki Okamura, Hiroshima University, Japan



Predicting Software Maintenance Effort through Evolutionary-Based Decision Trees ......................... 1209
Marcio P. Basgalupp, ICT-UNIFESP, Brazil

Rodrigo C. Barros, ICMC-USP, Brazil

Duncan D. Ruiz, PUCRS, Brazil

A Further Analysis on the use of Genetic Algorithm to Configure Support

Vector Machines for Inter-Release Fault Prediction ................cc.occoiiiieececee 1215
F. Sarro, University of Salerno, Italy

S. Di Martino, University of Naples, Italy

F. Ferrucci, University of Salerno, Italy

C. Gravino, University of Salerno, Italy

Single and Multi Objective Genetic Programming for Software Development Effort Estimation ........ 1221
Federica Sarro, University of Salerno, Italy

Filomena Ferrucci, University of Salerno, Italy

Carmine Gravino, University of Salerno, Italy

Comparative Stability of Cloned and Non-Cloned Code: An Empirical Study ...............ccccoeeiirnnnnne. 1227
Manishankar Mondal, University of Saskatchewan, Canada

Chanchal K. Roy, University of Saskatchewan, Canada

Md. Saidur Rahman, University of Saskatchewan, Canada

Ripon K. Saha, University of Saskatchewan, Canada

Jens Krinke, University College London, United Kingdom

Kevin A. Schneider, University of Saskatchewan, Canada

IDE-Based Real-Time Focused Search for Near-Miss Clones ..............c.ccccoeovieviiiiniiennieeeieeeieeeiee e 1235
Minhaz F. Zibran, University of Saskatchewan, Canada
Chanchal K. Roy, University of Saskatchewan, Canada

AODP: Refactoring Code to Provide Advanced Aspect-Oriented Modularization of Design Patterns .... 1243
Rosario Giunta, University of Catania, Italy

Giuseppe Pappalardo, University of Catania, Italy

Emiliano Tramontana, University of Catania, Italy

Poster Papers

An Analysis of Anti-Micro-Patterns Effects on Fault-Proneness in Large Java Systems ..................... 1251
Giuseppe Destefanis, University of Cagliari, Italy

Roberto Tonelli, University of Cagliari, Italy

Giulio Concas, University of Cagliari, Italy

Michele Marchesi, University of Cagliari, Italy

A Case Study in the use of Groovy and Grails .............ccoccoiiiiiiiiiee e 1254
Karen Malone, National University of Ireland, Galway, Ireland
Josephine Griffith, National University of Ireland, Galway, Ireland

Designing Architectures from Problem Descriptions by Interactive Model Transformation ................ 1256
Azadeh Alebrahim, University Duisburg-Essen, Germany

Isabelle Cote, University Duisburg-Essen, France

Maritta Heisel, University Duisburg-Essen, Germany

Christine Choppy, University Paris 13, Germany

Denis Hatebur, Institut fiir technische Systeme GmbH, Germany



Integrating Event Logs into KDM Repositories

Ricardo Pérez-Castillo, Ignacio Garcia-

Rodriguez de Guzman and Mario Piattini
University of Castilla-La Mancha
Paseo de la Universidad 4 13071
Ciudad Real, Spain
+34926295300

{ricardo.pdelcastillo, ignacio.grodriguez,
mario.piattini}@uclm.es

ABSTRACT

Business knowledge embedded in legacy information systems is a
valuable asset that must be recovered and preserved when these
systems are modernized. Event logs register the execution of
business activities supported by existing information systems, thus
they entail a key artifact to be used for recovering the actual
business processes. There exists a wide variety of techniques to
discover business processes by reversing event logs.
Unfortunately, event logs are typically represented with particular
notations such as Mining XML (MXML) rather than the recent
software modernization standard Knowledge Discovery
Metamodel (KDM). Process mining techniques consequently
cannot be effectively reused within software modernization
projects. This paper proposes an automatic technique to transform
MXML event logs into event models to be integrated into KDM
repositories. Its main implication is the exploitation of valuable
event logs by well-proven software modernization techniques.
The model transformation has been validated through a case study
involving several benchmark event logs.

Categories and Subject Descriptors

D.2.7 [Software Engineering]: Distribution, Maintenance, and
Enhancement — Restructuring, reverse engineering, and
reengineering. D.2.8 [Software Engineering]: Metrics —
Performance measures. D.2.13 [Software Engineering]:
Reusable Software — reusable models.

General Terms
Algorithms, Management, Measurement and Experimentation.

Keywords
Model-Driven Reengineering, Business Process, Event Logs,
Knowledge Discovery Metamodel.

1. INTRODUCTION

Business processes are a key asset for companies since they
represent the daily sequence of activities aimed at achieving their
business objectives [20]. In addition, it has been demonstrated that
companies which explicitly represent and manage their business
processes get a better competitiveness level, since business
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processes management helps companies to adapt to environmental
changes.

Most business processes are automatically supported in
companies by means of their information systems [20]. These
information systems undergo the phenomenon of software ageing
and erosion over time as a result of uncontrolled maintenance, and
they become Legacy Information Systems (LISs). When the
maintainability degree of LISs diminishes under acceptable levels,
these LISs must be replaced by other improved systems [2].

Re-implementing LISs from scratch is a possible solution to deal
with the negative effects of the software erosion phenomenon.
However, greenfield developments are not the most suitable
solution, since it entails various economical and functional risks
[17]. Firstly, the economic aspect of companies is affected, since
the replacement of an entire LIS, by implementing a new system
from scratch, can imply a low Return of Investment (ROI) with
regard to the old system. In addition, the development or purchase
of the new system might exceed a company’s budget. Secondly,
the new system may have a lack of specific functionalities that are
missing in the new one. This is due to the fact that over time new
meaningful business knowledge is incorporated into LISs during
their maintenance. That business knowledge embedded in LISs,
which is not present anywhere else, would be lost with new
developments from scratch.

Software modernization is a more suitable solution to address the
software erosion problem, since it saves cost and preserves the
embedded business knowledge. Software modernization is the
concept of evolving LISs with a focus on all aspects of the current
system’s architecture and the ability to transform current
architectures into target architectures. Software modernization
facilitates the preservation of business knowledge, since it tends to
recover all the embedded knowledge without discarding such
knowledge during the development of enhanced system [12].

Embedded business knowledge preservation entails two main
challenges, which are in line with the current challenges in reverse
engineering [3]. The first one is the discovery or elicitation of
business knowledge itself and the second one is the effective
usage of this knowledge to take advantage during evolution and
modernization of LISs.

The first challenge (i.e., discovery of the embedded business
knowledge) has been widely addressed in literature through some
business process mining techniques and algorithms [18], which
allow discovering the actual business processes carried out by
companies. These techniques take as input event logs which
represent the specific business activities executed by a system
following the Mining XML (MXML) format [19].



The second challenge concerns the effective usage of the
discovered business knowledge to accomplish more effective
software modernization processes. The evolved information
systems must support, or be aligned with, the actual business
processes previously discovered [5].

This paper focuses on this second challenge, since the business
process mining techniques so far focuses on discovering business
processes from particular even logs. However, these reverse
engineering techniques were not thought to produce valuable
event logs to be used in whole modernization projects. This is
owing to the fact that business process mining techniques use
event logs following the MXML format, which cannot be used
together with the recent specifications of the Architecture-Driven
Modernization (ADM) initiative [8], which has been especially
provided for modernizing LISs.

This paper addresses this problem from the perspective of
providing a model transformation for reversing event logs into
standard repositories according to the Knowledge Discovery
Metamodel (KDM). KDM is the specification proposed by the
ADM initiative to abstract and represent all the legacy software
artifacts and viewpoints of LISs during the reverse engineering
stage. The main advantage is that event logs transformed into
KDM models can be integrated into ADM-based processes so that
synergies between event models and the remaining kinds of
models (e.g., code model, database model, etc.) can be exploited
together and in a homogeneous and standardized way. For
example, feature location techniques may be improved since
features of event models (as well as the respective discovered
business process models) can be easily mapped with source code
elements in KDM models [7].

In order to demonstrate the feasibility and facilitate the adoption
of our proposal, a model transformation has been implemented
using QVTr (Query / View / Transformation Relations) and a case
study involving a real life LIS has been conducted. The case study
indicates that (i) the model transformation is effective, since it can
obtain KDM models representing the information registered in
event logs; and (ii) the transformation is efficient, since it can be
executed in a linear time regarding the number of events.

The remainder of this paper is organized as follows: Section 2
explains the background of the paper to understand the context
where the model transformation is applied. Section 3 provides the
model transformation proposed. Section 4 describes the case
study. Finally, Section 5 presents conclusions and future work.

2. BACKGROUND

This section introduces the key concepts to provide a better
understanding of the proposal: business process mining and
software modernization.

2.1 Business Process Mining

Business process mining describes a family of a-posteriori
analysis techniques exploiting the information recorded in an
event log [18]. Event logs sequentially record the business
activities executed in a Process Aware Information Systems
(PAIS) [18]. PAIS’s are systems that explicitly manage the
execution of business processes (e.g., Customer Relationship
Management (CRM) systems or Enterprise Resource Planning
(ERP) systems).

Business process mining allows companies to know what is
actually occurring within their organizational environment, since
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their business process models could not be aligned with the real-
life operation [4]. According to [18], there are three kinds of
business process mining techniques: (i) discovery which deal with
the construction of business processes when there is no a-priori
business process model; (ii) monitoring which are used for run-
time analysis such as checking if actual business processes are in
line with a reference business process model; and (iii) extensions
which extract and enrich business process models by using new
aspects recovered from event logs. The proposal is used in the
discovery type, since it aims to use event logs to discover business
processes and carry out software modernization projects that
preserve that business knowledge.

2.2 Software Modernization

Software modernization is an approach supporting evolutionary
maintenance [7], i.e., it consists of understanding and evolving
existing software artifacts and restores the value of LISs. Software
modernization does not replace traditional reengineering, but it
combine it together with new model-driven development
principles [9]. This means that traditional reengineering is
improved by treating all involved software artifacts as models and
establishing automatic, reusable model transformations between
models at different abstraction levels [12].

The Object Management Group (OMG) has launched the ADM
initiative to standardize the software modernization approach [9].
The first specification defined within ADM is KDM, which is a
metamodel to represent all the software artifacts of LISs. In
addition, KDM has been recently recognized as the ISO/IEC
19506 standard [13].
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Figure 1. KDM Layers, packages, and concerns (adapted [7])

KDM groups knowledge about legacy software artifacts into
various orthogonal concerns that are in turn organized in different
abstraction layers, each based on the previous one (see Figure 1).
The infrastructure layer is at the lowest abstraction level and
defines a small set of concepts used systematically throughout the
entire KDM specification. The program elements layer offers a
broad set of metamodel elements to provide a language-
independent intermediate representation for various constructs
defined by common programming languages. This layer has two
packages: Code and Action. The runtime resource layer
represents resources managed by the legacy system’s operation
environment (i.e., it focuses on aspects that are not contained
within the code itself). It has four packages: Data, Event, Ul and
Platform. The Event package is the portion of the metamodel used
to represent the KDM event model from the MXML log models.
Finally, the abstraction layer defines a set of meta-model
elements to represent domain-specific knowledge and a business-
overview of LISs.

The KDM specification facilitates the automation of the software
modernization process, since it defines the items that a reverse



engineering tool should discover and a software analysis tool may
use. In the past, traditional reverse engineering tools have been
built as silos where each tool recovers and analyzes different
proprietary content in a single silo. For example, maintainers
would use a reverse engineering tool for the source code and
another tool for the legacy database. At the end, maintainers
would have two proprietary and independent models, a source
code model and a database model, which must also be analyzed
independently. Nowadays, KDM makes it possible to build
reverse engineering tools in a KDM ecosystem where reverse
engineering tools recover knowledge regarding different artifacts,
and the outgoing knowledge is represented and managed in an
integrated and standardized way through a KDM repository.
Software analysis tools can therefore be plugged into the KDM
repository to generate new meaningful knowledge in the same
repository.

Transforming MXML logs to KDM event models allows taking
advantage of the KDM ecosystem. The obtained KDM models
can therefore be integrated into software modernization projects.

3. REVERSING EVENT LOGS

This section presents the technique proposed to obtain KDM
models from event log models.

3.1 Involved Metamodels

This section presents the metamodels used to represent the input
models (MXML event logs) and the output models (KDM event
models).

3.1.1 The MXML Metamodel

Event logs are represented according to the MXML notation.
MXML is the notation commonly used to represent event logs to
be exploited in business process mining techniques [19].

Figure 2 provides the respective metamodel (using the Ecore
metamodeling language as defined by Eclipse™ platform) for
representing  MXML event logs. The MXML metamodel
represents an event log as an instance of the WorkflowLog
metaclass. Each log consists of a set of instances of the Process
metaclass that contains, in turn, several Processinstance elements.
Each instance of the Processinstance metaclass represents a
specific execution of a business process using particular data. For
example, let us imagine a business process of a bank company. In
this example, there could be different business process instances
for different customers.

Each business process instance has a sequence of instances of the
AuditTrailEntry metaclass (see Figure 2). The AuditTrailEntry
metaclass represents events and consists of four main elements: (i)
the WorkflowModelElement that represents the executed business
activity; (ii) the EventType that represents if the activity was
started (start) or was completed (complete); (iii) the Originator
that provides the user who started or completed the business
activity; and finally (iv) the Timestamp that records the date and
time of the event.

Moreover, all the elements previously depicted can have one or
more instance(s) of the Data metaclass. The Data metaclass
groups several instances of the Attribute metaclass and aims to
include additional, relevant information in different elements of
the event log. This is the mechanism provided by the MXML
metamodel to achieve the extension of the models conforming to
this metamodel when it is necessary.
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3.1.2 The KDM Event Metamodel

The KDM Event metamodel corresponds to the portion of the
KDM metamodel depicted in the Event package (see Figure 1).
This metamodel defines a set of metaclasses for representing
states and state transitions caused by a set of events (see white
metaclasses in Figure 3).

The KDM event metamodel defines the EventModel metaclass to
depict an event model in KDM. Each instance of the EventModel
metaclass aggregates a set of EventResources of a certain LIS.
The EventResource metaclass is specialized into the State,
Transition and Event metaclasses. The Event metaclass has two
features: the name of the event and the kind feature depicting the
type of the event (i.e., start or complete).

Each instance of the EventResource metaclass is related to one or
more instances of the AbstractEventRelationship metaclass for
representing additional relationships between events apart from
transitions. The  AbstractEventRelationship  metaclass is
specialized into two metaclasses: the NextState metaclass
establishes a relationship from a Transition to the given State after
this event-based transition; and the ConsumeEvent metaclass
defines a relationship between a Transition and the Event that
triggers that transition (see white metaclasses in Figure 3).



Table 1. Set of basic transformation rules

Table 2. Extended set of transformation rules

ID| Rule Description

R1| Each instance of the WorkflowLog metaclass is transformed
into an instance of the EventModel metaclass in the output
model

R2| Each instance of the AuditTrailEntry metaclass is
transformed into an instance of the Event metaclass in the
output model

R3| Instances of the WorkflowModelElement and EventType
metaclass, belonging to an instance of the AuditTrailEntry
metaclass, are respectively incorporated into the features
‘name’ and ‘kind’ of the respective instance of the Event
metaclass (see R2).

R4| Instances of the Attribute metaclass with the name feature
‘implementation’ are transformed into instances of the
CodeElement metaclass within the respective instance of the
Event metaclass in the output model (see R2).

Moreover, the KDM event metamodel extends the KDM action
package from a previous layer (see Figure 1) since it defines a set
of event actions that can be used with the EventResources (see
white metaclasses in Figure 3). These event actions can be
represented by means of instances of the ProducesEvent metaclass
which defines the event that is produced by a particular code
element. The ProducesEvent metaclass together with the Event
metaclass have the reference implementation that is defined as an
instance of the CodeElement metaclass. Such references enables
feature concept location when event logs are represented as an
event model in KDM.

3.2 Transformation Rules

After the introduction of the involved metamodels, this section
presents a set of rules defined for transforming MXML event log
models into KDM event models. First of all, a KDM event model
must be created from the MXML event log model (see Rl in
Table 1). Moreover, events entail the key element of MXML
event log models, thus, events must be transformed into the KDM
event model (see R2 in Table 1).

Furthermore, the information concerning the four components of
an event (i.e., business activity name, type, originator and
timestamp) must be represented in the KDM event model. On the
one hand, the name and type of the events in the MXML models
are represented in the KDM event models by using the features of
the Event metaclass respectively (see R3 in Table 1). On the other
hand, the information concerning the originator and timestamp
cannot be directly represented in the KDM model according to the
KDM event package. For this reason, the KDM event model must
be extended with additional metaclasses so that it can support this
information. Besides originator and timestamp information,
additional MXML elements such as Process and Processinstance
elements exist which cannot be represented in output models
according to the original KDM event metamodel (cf. Section 3.3).

Finally, all the events, which represent executed business
activities, are mapped to their respective pieces of source code by
means of R4 (see Table 1). This is possible since the event log is
represented using the KDM metamodel and thus the KDM event
model can be linked with other models (e.g., the KDM code
model) according to other metamodel packages defined in the
KDM specification (see Figure 1). This mapping between events
and source code is a valuable knowledge during software
modernization.

ID| Rule Description

R5| An instance of the ExtensionFamily metaclass is created for
each instance of the EventModel metaclass in the output
model (see R1 in Table 1). This instance contains four
instances of the Stereotype metaclass. In turn, each
Stereotype instance contains an instance of the TagDefiniton
metaclass. The values of these four stereotypes are:
<process>, <processlnstance>, <originator> and
<timestamp>.

R6| Each instance of the Process metaclass is transformed in the
output model into an instance of the FEventResource
metaclass with an instance of the TaggedValue metaclass.
The tag feature of this instance links to the <Process>
stereotype, and the value feature represents process name.

R7| Each instance of the Processinstance metaclass is
transformed in the output model into an instance of the
EventResource metaclass with an instance of the
TaggedValue metaclass. The tag feature of this instance
links to the <Processinstance> stereotype, and the value
feature represents the name of the business process instance.

R8| Instances of the Originator and Timestamp metaclass are
transformed into two instances of the TaggedValue
metaclass which are added to the respective instance of the
Event metaclass (see R2 in Table 1). The instances of the
TaggedValue metaclass respectively define their tag
features as <Originator> and <Timestamp> stereotype, and
their value feature with the name of the originator and
timestamp registered in the input model.

3.3 Additional Rules and KDM Extension

In order to represent all the information registered in a MXML
model in the KDM model, we propose an extension of the KDM
event metamodel. Despite the KDM metamodel needs to be
extended, the impact of this extension on well-proven and KDM-
based tools is not problematic since it is carried out with the own
extension mechanism of the KDM standard. Besides this fact,
most elements of the event model are present in the core of KDM
which is used for many tools.

The standard extension mechanism of KDM is the extension
families. These are established by means of an instance of the
ExtensionFamily metaclass, which can exist for any kind of KDM
model, e.g., an instance of the EventModel metaclass. Each
extension family defines a set of instances of the Stereotype
metaclass which contain, in turn, a set of instances of the
TagDefinition metaclass (see highlighted metaclasses in Figure 3).
Stereotypes define a wide concern while tag definitions specify
the new elements. Tag definitions established in the extension
family are then used in standard elements of the KDM metamodel
by means of instances of the TaggedValue metaclass (see
highlighted metaclasses in Figure 3). Tagged values allow
changing or adjusting the meaning of those elements by
associating a value with a previously defined tag.

According to the extension mechanism, some additional rules are
established. R5 refines R1 by adding the creation of the extension
family within the event model (see Table 2). The extension family
collects four stereotypes with a tag definition: <process>,
<processinstance>, <originator> and <timestamp>. These
stereotypes are used in different elements of the KDM event
model. R6 and R7 respectively group business processes and



business process instances using the EventResource metaclass and
a tagged value (see Table 2). Moreover, the originator and
timestamp are represented by incorporating tagged values to the
respective event in the output model (see R8 in Table 2).

I top relation auditTrailEntry2Event {
xEventName : String;
xEventType : String;
xOriginatorName : String;
xDate : String;
xProcessInstanceName :
xProcessName : String;
xModelName : String;
checkonly domain mxml ate :
workflowModelElement wme
name xEventName
by
eventType = type : mxml::EventType {
type = xEventType
by

String;

mxml::AuditTrailEntry {
: mxml::WorkflowModelElement

originator = originator : mxml::Originator ({
name = xOriginatorName
18 by
9 timestamp = timestamp : mxml::Timestamp {

0 date = xDate

by

processInstance = pi : mxml::ProcessInstance {
name = xProcessInstanceName,
process p : mxml::Process ({

25 name xProcessName,

workflowLog = wl : mxml::WorkflowLog {
name xModelName

28 }
29 }
0 }
3 }i
enforce domain event eventModel:event::EventModel{
name = xModelName,
eventElement = eRes:event::EventResource {
35 name xProcessName,
eventElement eRes2:event::EventResource {
name xProcessInstanceName,
eventElement event : event::Event {
name = xEventName,
) kind = xEventType,
taggedvValue = originatorTag : kdm::TaggedValue {
tag = ot : kdm::TagDefinition ({
tag = 'Originator'
I
value
I
taggedvValue = timestampTag : kdm::TaggedValue {
tag = dt : kdm::TagDefinition ({
tag '"Timestamp'

nos W

xOriginatorName

O N N N,

xDate

implementation codeElement : code::CodeElement {
name xEventName
}
}
}

}
}i
when {

processInstanceZ2eventResource (pi, eventModel);
}

o

G EGEGRCRGECRC RO RGN

3}

Figure 4. The ‘auditTrailEntry2Event’ QVT relation.

3.4 Implementation

An executable version of the model transformation has been
implemented using QVT (Query/View/Transformation) [10].
QVT consists of two different, but related, languages: Operational
Mappings (QVTo) which provides an imperative and procedure-
based specification; and Relations (QVTr) which provides a
declarative and rule-based specification. We particularly use
QVTr due to its declarative nature facilitating the definition of the
proposed rules as well as declarative constraints that must be
satisfied by the metaclass instances of the input and output model.
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Due to the space limitation this paper only shows one relation as
example. The full transformation, however, is available online
[11]. Figure 4 shows the ‘auditTrailEntry2Event’ relation
illustrating the implementation of rules in QVT. In this relation,
the checkonly domain (lines 9 to 31) is defined on instances of the
AuditTrailEntry metaclass. This input domain checks the
existence of the four elements of an event (i.c., the business
activity, type, originator and timestamp). The input domain also
evaluates the existence of the process instance, process and the
event log where the auditTrailEntry element belongs (lines 22 to
30). On the other hand, the enforce domain (lines 32 to 59) creates
an instance of the Event metaclass (line 38) according to Rule R2.
This event is created within the respective log, process and
process instance. The originator and timestamp are added with the
appropriate stereotype according to the Rule R8 (lines 41 to 52).
Finally, the when clause invokes the ‘processinstance-
2eventResource’ to check, as a pre-condition, that the respective
process instance was previously created by means of the invoked
relation.

4. CASE STUDY

This section validates the proposed model transformation by
means of a case study that involves ten different event logs. The
case study is based on the formal protocol proposed by Runeson et
al. [16] for conducting case studies in the software engineering
field, which allows to improve the validity and repeatability.

4.1 Design

The object of this study is the proposed model transformation,
while the purpose is the evaluation of its effectiveness and
efficiency. In order to evaluate these properties, two research
questions are established:

RQI — Can the transformed KDM event models be integrated into
KDM repositories?

RQ?2 — Is the model transformation executed in a reasonable time?

The study follows a multi-case and holistic design. The study is
multi-case because it evaluates ten different MXML models. In
addition, the study is holistic since the model transformation is
applied to each case as a whole, and does not consider several
analysis sub-units. As a result, the independent variables of this
study are the different input MXML models.

The first research question (RQ1) is evaluated by means of
qualitative research. The qualitative evaluation focuses on the
effectiveness of the proposed model transformation, which is
measured by using the indirect assessment of the external quality.
The indirect assessment [1] consists of the comparison of
(aggregations of) metric values between input and output models.
In addition, the study uses metrics concerning external quality
since it represents the quality change induced on a model by the
transformation, ~ while internal  quality metrics (e.g.,
understandability, modifiability, reusability, etc.) represent the
quality of the transformation itself, which is not the objective of
this study. The evaluation of RQ1 is aimed at knowing if obtained
models are able to represent the respective event model within a
KDM repository.

The second question (RQ2), in turn, is quantitatively evaluated.
Therefore, some metrics are used to evaluate this question, which
are considered as the dependent variables of the study. The
evaluation of RQ2 uses the number of business process instances
and the number of events of the input MXML models. The



efficiency of the model transformation is measured through the
time spent on the transformation execution. The study uses the
tool Medini QVT [6] as the execution environment since it
supports the validation and execution of QVTr transformations.
The computer used for the execution consists of a dual processor
0of 2.66 GHz and a RAM memory of 4.0 GB.

4.2 Case Selection

Cases under study cannot be randomly selected, but the cases
must be selected according to some criteria in order to ensure the
case would provide strengthened conclusions from their
evaluation. For this reason, the case selection stage defines a
criterion list to choose a suitable set of cases.

The set of cases are selected from the set of benchmark MXML
models provided by the Process Mining Group that are available
in [15] as well as other event logs registered by information
systems of partner companies. The case selection procedure
establishes the following criteria to select the most appropriate
cases: C1 — The input models must have two or more processes
and different process instances for each one, i.e., there must be
events in different processes instances and process. This criterion
avoids the evaluation of a sequence of events of a single process,
which does not represent real-world logs. C2 — The entire set of
logs must have logs with a different number of events. The
objective of this criterion is to provide a set of logs with different
size to show the behavior of the transformation for small, medium
and large logs. C3 — Due to standards considered by the proposal,
event logs must be MXML-compliant.

Table 3 shows the ten input models under study. The selected set
of cases consists of MXML logs with an average size of 12474
events per log. The minimum size of a log is 66 events (for the
model ‘insuranceclaimexample’) and the maximum size is 73799
(for the model ‘grouped t32f0n50’). In addition, the number of
process instances varies between 6 and 1800 (see Table 3).
According to the source of the models, on the one hand, seven
models (M1 to M5, see Table 3) are selected from the set of
benchmark MXML logs as used in other studies [15]. On the other
hand, three models (M6 to M8, see Table 3) are selected from the
event logs registered from traditional (non-process-aware)
information systems of partner companies.

4.3 Case Study Procedure

Besides the case study design, a procedure must be defined to
execute the study. The execution procedure consists of in the
following steps:

1.The set of appropriate cases is selected according to the
selection criteria. After case selection, each case is taken one by
one to execute the proposed transformation, i.e., steps 2 to 4 are
repeated for each case.

2.The MXML log is analyzed using ProM tool [19]. ProM is an
extensible framework that supports a wide variety of process
mining techniques in the form of plug-ins. Thanks to ProM the
log can be analyzed to obtain, for example, the number of
events or process instances. All this information is annotated to
be evaluated later.

3.The MXML is then transformed to a KDM event model. The
QVTr transformation is executed by means of an Eclipse™
plug-in that we have specially developed for this purpose using
EMF/GMF, the Eclipse™ metamodeling framework. The plug-
in embeds the open source QVTr engine of Medini QVT [6] in
order to execute the proposed transformation. The plug-in
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additionally incorporates two editors and evaluators for the two
kinds of models: MXML log models, and KDM models.

4.After the execution, the obtained KDM event model is analyzed
according to the aforementioned metrics (cf. Section 4.1). All
this information is annotated to be analyzed later.

5.When steps 2 to 4 are executed for all the cases under study, all
the collection information (see Section 4.4) is analyzed to
answer the research questions and draw conclusions (see
Section 4.5).

6.Finally, the results of the study are reported through an
appropriate discussion as well as an evaluation of the possible
threats to the validity of the study (see Section 4.6).

Table 3. Data obtained during the case study conduction

Id [MXML Event Log ol # Events Transform.

Instances Time (s)
M1 |DutchRentalHouseOrganization 1000 13262 1947
M2 |insuranceclaimexample 6 66 45
M3 |logs Afschriften 374 9174 1721
M4 |outpatientclinicexample 1000 14000 2274
MS |grpd_all 98 1794 3
M6 |AELG-Members 63 856 11
M7 |CHES 28 100 6
M8 |Villasante Lab 149 546 10

Mean| 551.8 12474.3 687.4

Std. Deviation| 612.1 22297.9 917.4

4.4 Data Collection

Data to be collected during the conduction of the study as well as
their sources have to be defined before the execution in order to
ensure the repeatability of the study.

Table 3 shows the data collected during the execution of the
model transformation, which provides: (i) the case identifier; (ii)
the name of the MXML event log, (iii) the number of process
instances and (iv) events; (v) the time spent on executing the
transformation in seconds; and finally (vi) the last column
indicates if the KDM event model was or was not obtained with
any bug or mistake.

4.5 Analysis and Interpretation

After execution and data collection, the data is analyzed to obtain
the chains of evidence to answer the established research
questions.

In order to answer RQ1, the suitability of the obtained KDM event
models to be integrated into KDM repositories is qualitatively
evaluated. Although all the input models were analyzed, Figure 6
illustrates the qualitative analysis using model M6 as an example.
Figure 6 (left) shows the KDM event model obtained for input
model M6. The events of this model are obtained with
information of the piece of source code that supports the business
activity executed in an event. This information is stored in the
‘implementation’ feature of each Event element (see Figure 6
left). Those pieces of source code referenced from the KDM
Event model are represented in a respective KDM Code model
(see Figure 6 right) by means of different CodeElements. In the
example KDM Code model, such pieces of source code were
particularly represented as MethodUnit elements. The KDM Code
model is obtained from the LIS by means of the mentioned
technique based on static analysis, which was evaluated in a
previous work [14]. In this way, all the KDM Event and Code
models were therefore linked within the same KDM Repository.
As a result, RQ1 can be answered as true, i.e., the proposed model




transformation can obtain KDM event models from MXML
models and integrate them into a KDM repository.

Moreover, RQ2 must be evaluated. The time spent on the
execution varies between 3 seconds for case M5 and 2274 seconds
(a bit more than half an hour) for the biggest case M4, which has
14000 events (see Table 3). The mean of the transformation time
is 687.4 seconds (approximately 11 minutes). These values seem a
feasible time for models with more than 1000 events. However,
the scalability of the transformation must be demonstrated to
ensure its applicability for larger models.

Our hypothesis is that the transformation time is linear regarding
the size of input models, since the transformation has a theoretical
algorithmic complexity O(n), where n represent the number of
events. In order to confirm this hypothesis Figure 5 provides a
linear regression model, which considers the model size as the
independent variable and the transformation time as dependent
variable. The correlation coefficient R of the regression model is
0.975 (see Figure 5). Since R is very close to 1, our hypothesis is
confirmed. As a consequence, the scalability of the proposed
model transformation is ensured and RQ2 can be positively
answered.

4.6 Threats to the Validity

The validity of the study must be evaluated by considering the
possible threats and the list of actions to mitigate them. Firstly, the
internal validity is threatened by the execution environment used
to conduct the study, since the time values might vary. To

mitigate this threat, the study could be repeated and compared by
using different QVTr transformation engines apart from Medini
orT.

Moreover, the external validity 1is concerned with the
generalization of the results to a whole population. Since the
regression model is calculated with only eight values, the
generalization could be improved by more replications.
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Figure 5. Linear regression for transformation time.

&% FeesFactory.kdm L AELG-Members.kdm &3 =
[T Rescurce Set
4 & platform:/resource/KDM_Events/AELG-Members.kdm -

» 4 Code Model implementation
4 < Event Model AELG-Members
+ 4 Extension Family EventLogExtensionFamily

m

< Event Resource Author Management
4 < Event Rescurce Categories Management
4 4 Event Resourcef
a
» + Event getFeeType L

% FeesFactory.kdm 2 &4 AELG-Members.kdm =0
[T Resource Set
4 & platform:/resource/KDM_Events/FeesFactory.kdm -

4 4 Segment FeesFactory,java
4 < Code Model FeesFactory
< Language Unit Commeon Java Datatypes
4 < Packagefees
4 < Class Unit FeesFactory
4 Signature FeesFactory

| [ <= Event getFeeType J
4 Event Resourced
(. <4 Event getFeeType
» 4 Event getFeeType
+ | 4 Event updateFeeType
> <4 Event updateFeeType
> <4 Event Resourcel2
- 4 Event Resourceld
» < Event Resource 18
> < Event Rescurce 23
» < Event Rescurce 24 -
Ft i 3

1Y

Selection | Parent | List| Tree | Table | Tree with Columns

£ Propiedades 2 :".=:4> e =08
Propiedad Valor
Implementation ¥ Code Element FeesFactow.updateFeeT\,rpe]
Kind L= ctart
Marme '= updateFeeType
Stereotype

. <» Method Unit getFeeType I

4= Method Unit setFees
» 4= Method Unit find
bdethod Unit findFee
4 | <+ Method Unit updateFeeType
;< Signature update
> < Action Element al
4 Storable Unit FeeType
. < Action Element a2
< Method Unit removeByAutor
< Method Unit addFeeType

m

» <= Method Unit add -

Selection | Parent | List| Tree | Table | Tree with Columns
£ Propiedades i3 :",=:l> ¥ =0
Propiedad Valaor i

Export I'= public £

Kind "= methed

MName '= updateFeeType s
Il 1 3

Figure 6. Integration of an event model (left) into a KDM repository together with a code model (right).



5. CONCLUSIONS AND FUTURE WORK
This paper has proposed an approach to transform event logs into
KDM event models in order to integrate them into the KDM
ecosystem. As a result, the KDM event models can be used in
combination with other embedded knowledge recovered through
reverse engineering. The main hypothesis is that the KDM
ecosystem allows maintainers to obtain synergies from all the
related knowledge to improve software modernization activities
such as feature location among other.

This work provides an implementation of the model
transformation using QVTr as well as a supporting tool in order to
facilitate its validation and adoption by the industry. In fact, the
transformation is validated through a case study involving ten
event logs (seven benchmark logs and three logs obtained from
the execution of real-world LISs). The case study shows that the
proposed approach is able to obtain KDM event models from
event logs, which can be integrated into a KDM repository. The
main advantage of this fact is that KDM event models can be
mapped to particular pieces of source code that supports the
events. Moreover, the transformation time is linear, and therefore
the approach could be used with larger event logs.

The future work will address the repeatability of the case study
using additional and different event log models in order to deal
with the detected threats and obtain strengthened conclusions.
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