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Dear Reader, it is our pleasure to present to you Pro-
ceedings of the 2014 Federated Conference on Com-
puter Science and Information Systems (FedCSIS), which
took place in Warsaw, Poland, on September 7-10, 2014.
Each of the papers, found in this volume, was refereed by at
least two referees and the acceptance rate of full (regular)
papers was 34.88% (150 papers out of 430 submissions).

FedCSIS 2014 was organized by the Polish Information
Processing Society (Mazowsze Chapter), Warsaw University
of Technology, Wroctaw University of Economics and Sys-
tems Research Institute Polish Academy of Sciences. FedC-
SIS was organized in technical cooperation with: IEEE
Computer Society, IEEE Region 8, Computer Society Chap-
ter Poland, Gdansk Computer Society Chapter, Poland, Pol-
ish Chapter of the IEEE Computational Intelligence Society
(CIS), ACM Special Interest Group on Applied Computing,
International Federation for Information Processing (IFIP),
European Alliance for Innovation (EAI), £6dZ ACM Chap-
ter, Informatics Europe, Asociacion de Técnicos de Infor-
matica, Committee of the Computer Science of the Polish
Academy of Sciences, Polish Society for Business Informat-
ics, Polish Chamber of Information Technology and
Telecommunications, Polish Chamber of Commerce for
High Technology, Mazovia Cluster ICT and Eastern Cluster
ICT Poland. Furthermore, the 9" International Symposium
Advances in Artificial Intelligence and Applications
(AAIA'14) was organized in technical cooperation with: In-
ternational Rough Set Society, International Fuzzy Systems
Association and Polish Neural Networks Society.

FedCSIS 2014 consisted of the following events:

+  AAIA'14—9" International Symposium Advances in
Artificial Intelligence and Applications

+  AIMA'14 — 4" International Workshop on Arti-
ficial Intelligence in Medical Applications

+ ASIR’14 — 4" International Workshop on Ad-
vances in Semantic Information Retrieval

+ CEIM'14 — 1* Complex Events and Information
Modelling

+  WCO'14 — 7™ Workshop on Computational Op-
timization
*  CSS—Computer Science & Systems
+  CANA'l4 - 7" Computer Aspects of Numerical
Algorithms

+ MMAP'14 — 7" International Symposium on
Multimedia Applications and Processing

+ ScoDiS-LaSCoG'14 — 2™ Workshop on Scal-
able Computing in Distributed Systems and
7" Workshop on Large Scale Computations on
Grids

«  ECRM—Education, Curricula & Research Methods

» E2LP Workshop Application of Innovative
Teaching Methods in Embedded Engineering
» ISEC'14 - Information Systems Education &
Curricula Workshop
* iNetSApp—Innovative Network Systems and

Applications
* EAIS'14 — Emerging Aspects in Information
Security

*  SoFAST-WS'14 — 3 International Symposium on
Frontiers in Network Applications, Network
Systems and Web Services

+  WSN'14 — 3 International Conference on
Wireless Sensor Networks
*  IT4MBS—Information Technology for Management,
Business & Society

+ ABICT'14 — 5™ International Workshop on
Advances in Business ICT

+ AITM'14 — 12" Conference on Advanced
Information Technologies for Management

+ ISM'14 — 9" Conference on Information Systems
Management

« IT4L'14 — 3" Workshop on Information
Technologies for Logistics

+ KAM&AI4KM’14 — 20" Conference on
Knowledge Acquisition and Management and
2" Workshop on Artificial Intelligence for
Knowledge Management

+ Joint Agent-oriented Workshops in Synergy (JAWS)

+ MAS&M'14 — International Workshop on Mul-
ti-Agent Systems and Simulation

+ SEN-MAS'14 — 3" International Workshop on
Smart Energy Networks & Multi-Agent Systems
*  SSD&A—Software Systems Development &
Applications
+  ATSE'14—5" International Workshop Automating
Test Case Design, Selection and Evaluation
+  MDASD'14 — 34 Workshop on Model Driven
Approaches in System Development
Furthermore, an AAIA’14 Data Mining Competition, fo-
cused on key risk factors for the Polish State Fire Service
has been organized. This competition was an integral part
of the 1%' Complex Events and Information Modeling
workshop, while its results constitute a separate section in
these proceedings. Awards for the winners of the contest
were sponsored by: Dituel Ltd. and F&K Consulting En-
gineers Ltd.



Each event constituting FedCSIS had its own Organizing
and Program Committee. We would like to express our
warmest gratitude to members of all of them for their hard
work attracting and later refereeing 430 submissions.

FedCSIS 2014 was organized under the auspices of Prof.
Lena Kolarska-Bobinska, Minister of Science and Higher
Education, Dr Rafal Trzaskowski, Minister of Administra-
tion and Digitization, Prof. Michat Kleiber, President of the
Polish Academy of Sciences, Major General Wiestaw Le$ni-
akiewicz, Chief Commandant of the State Fire Service, Prof.
Hanna Gronkiewicz-Waltz, Mayor of the Capital City of
Warsaw, Prof. Jan Szmidt, Rector of Warsaw University of
Technology, Gen. Prof. Zygmunt Mierczyk, Rector of Mili-
tary Technical Academy, and Prof. Andrzej Gospodarowicz,
Rector of Wroclaw University of Economics.

FedCSIS was sponsored by the Ministry of Science and
Higher Eduction, Intel, Orange Polska S.A. and Samsung.

Maria Ganzha, Co-Chair of the FedCSIS Conference
Series, Systems Research Institute Polish Academy of
Sciences, Warsaw, Poland, and Gdansk University, Gdansk,
Poland

Leszek Maciaszek, Co-Chair of the FedCSIS Conference
Series, Wroctaw University of Economics, Wroctaw, Poland
and Macquarie University, Sydney, Australia

Marcin Paprzycki, Co-Chair of the FedCSIS Conference
Series, Systems Research Institute Polish Academy of
Sciences, Warsaw and Management Academy, Warsaw,
Poland



Annals of Computer Science and Information Systems, Volume 2

Proceedings of the 2014 Federated Conference
on Computer Science and Information Systems

(FedCSIS)

September 7-10, 2014. Warsaw, Poland

TABLE OF CONTENTS

CONFERENCE KEYNOTE PAPERS

The Fog Computing Paradigm: Scenarios and Security Issues 1
ITvan Stojmenovic, Sheng Wen
The Smart Grid’s Data Generating Potentials 9

Marco Aiello, Giuliano Andrea Pagani

9TH INTERNATIONAL SYMPOSIUM ADVANCES IN ARTIFICIAL
INTELLIGENCE AND APPLICATIONS

Call For Papers 17
Neural network approach to ECT inverse problem solving for estimation of
gravitational solids flow 19
Hela Garbaa, Lidia Jackowska-Strumitto, Krzysztof Grudzien, Andrzej
Romanowski
Adaptive Learning for Improving Semantic Tagging of Scientific Articles 27

Andrzej Janusz, Sebastian Stawicki, Hung Son Nguyen

A Brain Emotional Learning-based Prediction Model A Brain Emotional

Learning-based Prediction Model For the Prediction of Geomagnetic Storms 35
Mahboobeh Parsapoor, Urban Bilstrup, Bertil Svensson

Parallel Feature Selection Algorithm based on Rough Sets and Particle

Swarm Optimization 43
Mateusz Adamczyk

Global versus modular link prediction approach for discapnet: website

focused to visually impaired people 51
Olatz Arbelaitz, Aizea Lojo, Javier Muguerza, Inigo Perona

Using Fuzzy Logic and Q-Learning for Trust Modeling in Multi-agent

Systems 59
Abdullah Aref, Thomas Tran

Minimizing Size of Decision Trees for Multi-label Decision Tables 67
Mohammad Azad, Mikhail Moshkov

The inverse infection problem 75
Andrds Bota, Miklos Krész, Andrds Pluhdr

An unorthodox view on the problem of tracking facial expressions 85

Magdalena Btazek, Maria Kazimierczak, Artur Janowski, Katarzyna Mokwa,
Marek Przyborski, Jakub Szulwic



Experimental evaluation of selected tree structures for exact and
approximate k-nearest neighbor classification
Aleksander Cistak, Szymon Grabowski

Identification of malware activities with rules
Bartosz Jasiul, Joanna Sliwa, Kamil Gleba, Marcin Szpyrka

The influence of using fractal analysis in hybrid MLP model for short-term
forecast of closing prices on Warsaw Stock Exchange
Michat Paluch, Lidia Jackowska-Strumitto

Fuzzy Logic Rules Modeling Similarity-based Strict Equality
Ginés Moreno, Jaime Penabad, Carlos Vizquez

Dynamic Weighting New method of weighting panels with large numbers of
weighting parameters
Marcin Pery

Election Algorithms Applied to the Global Aggregation in Networks of
Comparators
Lukasz Sosnowski, Andrzej Pietruszka, Stanistaw Lazowy

MITC: An Intention-Based Model for Cooperative Resolution of Traffic
Conflicts
Alejandro Triana Castaneda, Enrique Gonzdlez Guerrero

Fully Informed Swarm Optimization Algorithms: Basic Concepts, Variants
and Experimental Evaluation
Szymon fukasik, Piotr Andrzej Kowalski

Ladder Tagger—Splitting Decision Space to Boost Tagging Quality
Mariusz Paradowski, Adam Radziszewski

A Developmental Genetic Approach to the cost/time trade-off in Resource
Constrained Project Scheduling
Grzegorz Pawinski, Krzysztof Sapiecha

4TH INTERNATIONAL WORKSHOP ON ARTIFICIAL INTELLIGENCE
IN MEDICAL APPLICATIONS

Call For Papers

Fuzzy Vikor Approach: Evaluating Quality of Internet Health Information
Eric Afful-Dadzie, Stephen Nabareseh, Zuzana Kominkovd Oplatkovd

Construction of Healthcare System Structure for Reliability Analysis
Miroslav Kvassay, Elena Zaitseva

Bronchopulmonary Dysplasia Prediction Using Support Vector Machine
and LIBSVM
Marcin Ochab, Wiestaw Wayjs

Improving the performance of machine learning classifiers for Breast Cancer
diagnosis based on feature selection
Noel Pérez, Miguel Angel Guevara, Augusto Silva, Isabel Ramos, Joana
Loureiro

Topological Prostate Segmentation Method in MRI
Done Stojanov, Saso Koceski

EMG Speller with Adaptive Stimulus Rate and Dictionary Support
Mindaugas Vasiljevas, R-utenis Turcinas, Robertas Damasevicius

Feature Selection for Classification Incorporating Less Meaningful
Attributes in Medical Diagnostics
Agnieszka Wosiak, Danuta Zakrzewska

An infrastructure for efficient reporting workflow in grid based teleradiology
architectures using Relation Based Semantic Matching and Integer Linear
Programming

Ayhan Ozan Yilmaz, Nazife Baykal

vi

93

101

111

119

129

135

145

155

163

171

181
183

191

201

209

219

227

235

241



A new approach to automatic continuous artery diameter measurement
Bartosz Zieliniski, Adam Roman, Agata Drézdz, Agata Kowalewska, Marzena
Frotow

4TH INTERNATIONAL WORKSHOP ON ADVANCES IN SEMANTIC
INFORMATION RETRIEVAL

Call For Papers

Semantic sentence structure search engine
Nikita Gerasimov, Mazim Mozgovoy, Alexey Lagunov

Extracting Semantic Prototypes and Factual Information from a Large Scale
Corpus Using Variable Size Window Topic Modelling
Michat Korzycki, Wojciech Korczyniski

An approach to service-oriented information systems architecture
development based on semantic closure measure
Viktor Mokerov

Learning History with Timelines: Use Cases, Requirements and Design
Evgeny Pyshkin, Nikita Bogdanov

LELA - A natural language processing system for Romanian tourism
Bernadette Varga, Alina Dia Trambitas-Miron, Andrei Roth, Anca Marginean,
Radu Razvan Slavescu, Adrian Groza

Ontology-based Concept Similarity Integrating Image Semantic and Visual
Information
Mengyun Wang, Xianglong Liu, Lei Huang, Bo Lang, Hailiang Yu

15T CoMPLEX EVENTS AND INFORMATION MODELLING

Call For Papers

Heuristic to Build RCCS8 for Event Locations
Majed Ayyad

An approach to discover false alarms in monitoring system in the copper
mine
Bartlomiej Karaban, Jerzy Korczak
Virtual Reality for Fire Evacuation Research
Max Kinateder, Enrico Ronchi, Daniel Nilsson, Margrethe Kobes, Mathias
Miiller, Paul Pauli, Andreas Miihlberger

A Framework for Dynamic Analytical Risk Management at the Emergency
Scene. From Tribal to Top Down in the Risk Management Maturity Model
Adam Krasuski

Data Cleansing of the Fire & Rescue Text Corpus. The Case Study of
Correction of the Misspellings and Segmentation into Sentences.
Karol Krenski, Mateusz Fliszkiewicz

A Granular Evacuation Modeling Framework
Wojciech Swieboda, Andrzej Krauze, Hung Son Nguyen

AATA’14 DATA MINING COMPETITION AT THE KNOWLEDGE PIT

Call For Papers

Key Risk Factors for Polish State Fire Service: a Data Mining Competition
at Knowledge Pit
Andrzej Janusz, Adam Krasuski, Sebastian Stawicki, Mariusz Rosiak, Dominik
Slezak, Hung Son Nguyen
Parsimonious Naive Bayes
Marc Boullé

vii

247

253
255

261

269

273

281

289

297

299

307

313

323

331

337

343

345

355



Building an Ensemble from a Single Naive Bayes Classifier in the Analysis
of Key Risk Factors for Polish State Fire Service
Stefan Nikoli¢, Marko KneZevié, Viadimir Ivancevié, Ivan Lukovié

Identification of Key Risk Factors for the Polish State Fire Service with
Cascade Step Forward Feature Selection
Piotr Ptoniski

Robust Method of Sparse Feature Selection for Multi-Label Classification
with Naive Bayes
Dymitr Ruta

Feature Selection for Naive Bayesian Network Ensemble using Evolutionary
Algorithms
Adam Zagorecki

Feature selection and allocation to diverse subsets for multi-label learning
problems with large datasets
Eftim Zdravevski, Petre Lameski, Andrea Kulakov, Dejan Gjorgjevikj

7TH WoRKSHOP ON COMPUTATIONAL OPTIMIZATION

Call For Papers

A Look-Forward Heuristic for Packing Spheres into a Three-Dimensional
Bin

Hakim Akeb
3-D filter SQP method for optimal control of the multistage
differential-algebraic systems with inconsistent initial values

Pawet Drgg, Krystyn Styczen

Hybrid GA-ACO Algorithm for a Model Parameters Identification Problem
Stefka Fidanova, Marcin Paprzycki, Olympia Roeva

Width Beam and Hill-Climbing Strategies for the Three-Dimensional
Sphere Packing Problem
Mhand Hifi, Labib Yousef

Meta-optimization method for wavelet-based damage identification in
composite structures
Andrzej Katunin, Piotr Przystatka

Optimisation using Natural Language Processing: Personalized Tour
Recommendation for Museums
Mayeul Mathias, Assema Moussa, Juan-Manuel Torres-Moreno, Fen Zhou,
Marie-Sylvie Poli, Didier Josselin, Marc El-Béze, Andréa Carneiro Linhares,
Frangoise Rigat
Exploratory Equivalence in Graphs: Definition and Algorithms
Jurij Miheli¢, Luka Fiirst, Uro§ Cibej
An adaptive branching scheme for the Branch & Prune algorithm applied to
Distance Geometry
Douglas Gongalves, Antonio Mucherino, Carlile Lavor
Higher-Order Quantum-Inspired Genetic Algorithms
Robert Nowotniak, Jacek Kucharski
Change-Point Detection in Binary Markov DNA Sequences by
Cross-Entropy Method
Tatiana Polushina, Georgy Sofronov
An efficient algorithm for the density Turan problem of some unicyclic
graphs
Halina Bielak, Kamil Powroznik
Routing on Dynamic Networks: GRASP versus Genetic
Benoit Bernay, Deleplanque Samuel, Alain Quiliot

viii

361

369

375

381

387

395

397

405

413

421

429

439

447

457

465

471

479

487



Exact and Approximation Algorithms for Linear Arrangement Problems
Alain Quiliot, Djamal Rebaine

An Application of Developmental Genetic Programming for Automatic
Creation of Supervisors of Multi-task Real-Time Object-Oriented Systems
Krzysztof Sapiecha, Leszek Ciopinski, Stanistaw Deniziak

A Comparison between Different Chess Rating Systems for Ranking
Evolutionary Algorithms

Niki Vecek, Marjan Mernik, Matej érepins%k, Dejan Hrncic
Data-driven Genetic Algorithm in Bayesian estimation of the abrupt
atmospheric contamination

Anna Wawrzynczak-Szaban, Marcin Jaroszyriski, Mieczystaw Borysiewicz

Dispersive Flies Optimisation
Mohammad Majid Al-Rifaie

COMPUTER SCIENCE & SYSTEMS

Call For Papers

7TH CoMPUTER ASPECTS OF NUMERICAL ALGORITHMS

Call For Papers

Solving Systems of Polynomial Equations: a Novel End Condition and Root
Computation Method
Maciej Bartoszuk

Accuracy Evaluation of Classical Integer Order Based and Direct
Non-integer Order Numerical Algorithms of Non-integer Order Derivatives
and Integrals Computations

Dariusz W. Brzezinski, Piotr Ostalczyk

Performance analysis of the WZ factorization in MATLAB
Beata Bylina, Jarostaw Bylina

Performance Analysis of Multicore and Multinodal Implementation of
SpMYV Operation
Beata Bylina, Jarostaw Bylina, Przemystaw Stpiczyniski, Dominik Szatkowski

Implementation of a distributed parallel in time scheme using PETSc for a
Parabolic Optimal Control Problem
Juan Cdceres, Benjamin Bardn, Christian Schaerer

An error estimate of Gaussian Recursive Filter in 3Dvar problem
Salvatore Cuomo, Ardelio Galletti, Livia Marcellino, Raffaele Farina, Livia
Marcellino

Inexact Newton matrix-free methods for solving complex biotechnological
systems
Pawel Drgg, Marlena Kwiatkowska

Finite Element Numerical Integration on Xeon Phi coprocessor
Filip Kruzel, Krzysztof Bana$

Performance analysis of scalable algorithms for 3D linear transforms
ITvan Lirkov, Marcin Paprzycki, Maria Ganzha, Stanislav Sedukhin, Pawel
Gepner

MuPAD codes which implement limit-computable functions that cannot be
bounded by any computable function
Apoloniusz Tyszka

On multivariate cryptosystems based on maps with logarithmically
invertible decomposition corresponding to walk on graph
Vasyl Ustimenko

ix

493

501

511

519

529

539

541

543

553

561

569

577

587

597

603

613

623

631



7TH INTERNATIONAL SYMPOSIUM ON MULTIMEDIA
APPLICATIONS AND PROCESSING

Call For Papers

Gaussian-Based Approach to Subpixel Detection of Blurred and Unsharp
Edges

Anna Fabijariska
Computer Aided Assessment of Linear and Quadratic Function Graphs

Using Least-squares Fitting
Wojciech Bieniecki, Sebastian Stoliriski, Magdalena Stasiak-Bieniecka

Efficient Volumetric Segmentation Method
Dumitru Dan Burdescu, Liana Stanescu, Marius Brezovan, Cosmin Stoica
Spahiu
3D model reconstruction and evaluation using a collection of points
extracted from the series of photographs
Marcin Luckner, Katarzyna Rzgzewska
Indoor head detection and tracking on RGBD images
Katarzyna Nizatowska, Lukasz Burdka, Urszula Markowska-Kaczmar
High quality, low latency in-home streaming of multimedia applications for
mobile devices
Daniel Pohl, Stefan Nickels, Ram Nalla, Oliver Grau
An Optimized Version of the K-Means Clustering Algorithm
Cosmin Marian Poteras, Cristian Mihdescu, Mihai Mocanu
Handwritten Signature Verification with 2D Color Barcodes
Marco Querini, Marco Gattelli, Valerio M. Gentile, Giuseppe F. Italiano
Movement Tracking in Terrain Conditions Accelerated with CUDA
Piotr Sktodowski, Witold Zorski
Masking the Effects of Delays in Human-to-Human Remote Interaction
Fei Su, John Markus Bjgrndalen, Phuong Hoai Ha, Otto J. Anshus
Pong Game on FPGA with CRT or LCD Display and Push Button Controls
Roland Szabd, Aurel Gotean
Image Hashing Secured With Chaotic Sequences
Relu-Laurentiu Tataru

2ND WOoRKSHOP ON SCALABLE COMPUTING IN DISTRIBUTED
SYSTEMS AND 7TH WORKSHOP ON LARGE SCALE
COMPUTATIONS ON GRIDS

Call For Papers

Synthesis of Real Time Distributed Applications for Cloud Computing
Stawomir Bagk, Stanistaw Deniziak

Performance Analysis of SaaS Ticket Management Systems
Pano Gushev, Sasko Ristov, Marjan Gusev

Creating portable TOSCA archive for iKnow University Management
System
Magdalena Kostoska, Ivan Chorbev, Marjan Gusev

Performance Analysis of Distributed Internet System Models using QPN
Simulation
Tomasz Rak
Implementation of a Network Based Cloud Load Balancer
Sasko Ristov, Marjan Gusev, Kiril Cvetkov, Goran Velkoski
Supporting job-level secure access to GPGPU resources on existing grid

infrastructures
John Walsh, Jonathan Dukes

639

641

651

659

669

679

687

695

701

709

719

729

735

741
743

753

761

769

775

781



EpucATioN, CURRICULA & RESEARCH METHODS

Call For Papers

3RD INFORMATION SYSTEMS EDUCATION & CURRICULA
WORKSHOP

Call For Papers

Flipped Computer Science Classes
R. Robert Gajewski, Marcin Jaczewski

New Teaching Methods: Merging “John Dewey” and “William Heard
Kilpatrick” Teaching Techniques
Habib M. Fardoun, Abdullah Almalaise Alghamidi, Antonio Paules Cipres

New Teaching Techniques of Mathematics Subjects by means of Artificial
Genesis

Habib M. Fardoun, Daniyal M. Alghazzawi, Antonio Paules Cipres
Global Unification Model of Studies based on similar subjects

Habib M. Fardoun, Daniyal M. Alghazzawi, Lorenzo Carretero Gonzdlez
Benu: Operating System Increments for Embedded Systems Engineer’s
Education

Leonardo Jelenkovié, Domagoj Jakobovié, Stjepan Gros
Experience with Real-Life Students’ Projects

Jaroslav Kral, Michal Zemlicka

Strategies for the Individualization of an Informatics Course
Olga Mironova, Irina Amitan, Jelena Vendelin, Merike Saar, Tiia Ritditmann

Situational Software Engineering: Complex Adaptive Responses of Software

Development Teams

Barry Myburgh
Requirement Engineering for Effective Mobile Learning: Modelling Mobile
Device Technologies Integration for Alignment with Strategic Policies in
Learning Establishments

Remy Olasoji, David Preston, Amin Mousavi

INNOVATIVE NETWORK SYSTEMS AND APPLICATIONS

15T WoRKSHOP ON EMERGING ASPECTS IN INFORMATION
SECURITY

Call For Papers
Enterprise-oriented Cybersecurity Management
Tomasz Chmielecki, Piotr Chotda, Piotr Pacyna, Pawet Potrawka, Norbert
Rapacz, Rafat Stankiewicz, Piotr Wydrych
A New Mode of Operation for Arbiter PUF to Improve Uniqueness on
FPGA
Takanori Machida, Dai Yamamoto, Mitsugu Iwamoto, Kazuo Sakiyama
Evaluation of highly available and fault-tolerant middleware clustered
architectures using RabbitMQ
Maciej Rostaniski, Krzysztof Grochla, Aleksander Seman
Solution for Secure Private Data Storage in a Cloud
Kirill Shatilov, Vladislav Boiko, Sergey Krendelev, Diana Anisutina, Artem
Sumaneev
Order-preserving encryption schemes based on arithmetic coding and
matrices
Maria Usoltseva, Sergey Krendelev, Mikhail Yakovlev

xi

791

793
795

803

809

815

819

827

835

841

851

861
863

871

879

885

891



A Comparison between Business Process Management and Information
Security Management
Gaute Wangen, Finar Arthur Snekkenes

Security Evaluation of Bistable Ring PUFs on FPGAs using Differential and
Linear Analysis
Dai Yamamoto, Masahiko Takenaka, Kazuo Sakiyama, Naoya Torii

3RD INTERNATIONAL SYMPOSIUM ON FRONTIERS IN NETWORK
APPLICATIONS, NETWORK SYSTEMS AND WEB SERVICES

Call For Papers

Automated Discovery of Worldwide Content Servers Infrastructure - the
SNIFFER Project
Andrzej Bgk, Piotr Gajowniczek, Marcin Pilarski, Marcin Borkowski

Graph Based Messaging APIs—concept and implementation
Michat Cieszko, Jarostaw Legierski

Requirements for IMS services and applications over interoperable
broadband Public Protection & Disaster Relief Networks and Commercial
Communication Networks
Henryk Gierszal, Anna Stachowicz, Filip Majerowski, Barttomiej Kowalczyk,
Michat Goryriski, Vassilis Kassouras, Spase Dracul

Throughput Improvement by Adjusting RTS Transmission Range for
W-LAN Ad Hoc Network
Akihisa Matoba, Masaki Hanada, Moo Wan Kim

The procedure for monitoring and maintaining a network of distributed
resources

Tomasz Malinowski, Artur Arciuch
Anonymization of data sets from Service Delivery Platforms

Radostaw Naumiuk, Jarostaw Legierski
MonSamp: an SDN Application for QoS Monitoring

Daniel Raumer, Lukas Schwaighofer, Georg Carle
POI Explorer — A Sonified Mobile Application Aiding the Visually Impaired
in Urban Navigation

Piotr Skulimowski, Piotr Korbel, Piotr Wawrzyniak

Characterizing webpage load from the perspective of TCP connections
Luis Miguel Torres, Eduardo Magana, Mikel Izal, Daniel Morato

3RD INTERNATIONAL CONFERENCE ON WIRELESS SENSOR
NETWORKS

Call For Papers

Energy Harvesting for Wireless Sensor Networks Review
Saba Akbari

Lifetime and Reliability Evaluation Models based on the Nearest Closer
Protocol in Wireless Sensor Networks
Ning Cao, Russell Higgs, Gregory M. P. O’Hare, Rui Wu

Universal Synchronization Algorithm for Wireless Sensor
Networks—“FUSA algorithm”
Michal Chovanec, Jana Puchyovd, Martin Hudik, Michal Kochldri

A hybrid indoor localization solution using a generic architectural
framework for sparse distributed wireless sensor networks
Tom Van Haute, Jen Rossey, Pieter Becue, Eli De Poorter, Ingrid Moerman,
Piet Demeester

xii

901

911

919

921

925

933

941

947

955

961

969

977

985
987

993

1001

1009



Wireless Sensor Network — Value Added Subsystem of ITS Communication
Platform
Jan Kapitulik, Juraj Micek, Matus Jurecka, Michal Hodot

WSN for Traffic Monitoring using Raspberry Pi Board
Michal Kochldri, Michal Hodoni, Lukd$ Cechovié, Jan Kapitulik, Matus Jurecka

2.4GHz ISM Band Radio Frequency Signal Indoor Propagation
Michal Kochldn, Juraj Micek, Peter Sevcik
Mixed-Mode Wireless Indoor Positioning System Using Proximity
Detection and Database Correlation
Piotr Korbel, Piotr Wawrzyniak, Piotr Skulimowski, Pawet Poryzata

Tool-supported Requirements-based Topology Design for Wireless Sensor
Networks
Stefan Lange, Jiirgen Ldsche, Krzysztof Piotrowski

An Energy Conservative Wireless Sensor Network Model for Object
Tracking
Gokcer Peynirci, Ilker Korkmaz, Muharrem Gurgen

Power aware MOM for telemetry-oriented applications using GPRS-enabled
embedded devices — levee monitoring use case
Tomasz Szydlo, Piotr Nawrocki, Robert Brzoza-Woch, Krzysztof Zielinski

A low power Wireless Sensor Node with Vibration Sensing and Energy
Harvesting capability
Mateusz Zieliniski, Fabien Mieyeville, David Navarro, Olivier Bareille

Carrier sense range effect on performances of multipath routing in Wireless
Sensor Networks

Ismail Bennis, Hacene Fouchal, Ouadoudi Zytoune, Driss Aboutajdine
Switched-Beam Antenna for WSN Nodes Enabling Hardware-driven Power
Saving

Luca Catarinucci, Sergio Guglielmi, Riccardo Colella, Luciano Tarricone

INFORMATION TECHNOLOGY FOR M ANAGEMENT, BUSINESS &
SOCIETY

Call For Papers

5TH INTERNATIONAL WORKSHOP ON ADVANCES IN BUSINESS
ICT

Call For Papers
Selected Aspects of Temporal Knowledge Engineering
Maria Mach-Krél, Krzysztof Michalik

A note on BPMN Analysis. Towards a Taxonomy of Selected Potential
Anomalies
Anna Mroczek, Antoni Ligeza

Towards an Understanding Business Intelligence. A Dynamic
Capability-Based Framework for Business Intelligence
Celina M. Olszak

Using parameter optimization to calibrate a model of user interaction
Bernd Pfitzinger, Tommy Baumann, Dragan Macos, Thomas Jestddt

Hybrid framework for investment project portfolio selection
Bogdan Rebiasz, Iwona Skalna, Barttomiej Gawet

Analysis of Aggregated Bot and Human Traffic on E-Commerce Site
Grazyna Suchacka

xiii

1017

1023

1027

1035

1043

1049

1059

1065

1073

1079

1087

1089
1091

1097

1103

1111

1117

1123



12TH CONFERENCE ON ADVANCED INFORMATION
TECHNOLOGIES FOR MANAGEMENT

Call For Papers

Towards Semantic-based Process-oriented Control in Digital Home
Tatiana Atanasova

Implementation of Virtual Desktop Infrastructure in academic laboratories
Pawel Chrobak

Multi-criteria Evaluation of the Intelligent Dashboard for SME Managers
based on Scorecard Framework
Mirostaw Dyczkowski, Jerzy Korczak, Helena Dudycz

Identification of the knowledge conflicts’ sources in the architecture of
cognitive agents supporting decisions-making process
Marcin Hernes, Jadwiga Sobieska-Karpinska

On Winners and Losers in Procurement Auctions
Grzegorz Kersten, Tomasz Wachowicz

Performance evaluation of decision-making agents’ in the multi-agent system
Jerzy Korczak, Marcin Hernes, Maciej Bac

Critical Success Factors for ERP Projects in Small and Medium-sized
Enterprises — The Perspective of Selected German SMEs
Christian Leyh
Algorithms for Automating Task Delegation in Project Management
Bogdan Pop, Florian Boian
Development of the Organizational Agility Maturity Model
Roy Wendler
Comparison of architectures for service management in IoT and sensor
networks by means of OSGi and REST services
Daniel Wilusz, Jarogniew Rykowski

9TH CONFERENCE ON INFORMATION SYSTEMS MANAGEMENT
Call For Papers

Towards a Comprehensive Model for E-Government Adoption and
Utilisation Analysis: The Case of Saudi Arabia
Saleh Alghamdi, Natalia Beloff
The Application of a Conversion Method in a Confrontational
Pattern-Based Design Method Used for the Evaluation of IT Systems
Witold Chmielarz, Marek Zborowsk:
Semantic Organization of Information Resources for Supporting the Work
of Academic Staff
llona Pawetoszek
Barriers in Creating Regional Business Spatial Community
Tomasz Turek, Dorota Jelonek, Cezary Stepniak
Identification of mental barriers in the implementation of cloud computing
in the SMEs in Poland
Tomasz Turek, Dorota Jelonek, Cezary Stepniak, Leszek Ziora
Assessing the quality of e-government portals — the Polish experience
Fwa Ziemba, Tomasz Papaj, Danuta Descours
Investigation of the COBIT Framework Input/Output Relationships by
Using Graph Metrics
Mesut Ateger, Ozgir Tanriéver
Acquiring a Digital Audience for Theaters — Looking Through The Lenses of
Customer Equity and Empirical Research
Urszula Swierczyniska-Kaczor, Pawet Kossecki

xiv

1131
1133

1139

1147

1157

1163

1171

1181

1191

1197

1207

1215

1217

1227

1235

1243

1251

1259

1269

1277



3RD WORKSHOP ON INFORMATION TECHNOLOGIES FOR
LogGIisTIiCcS

Call For Papers

Task Assignments in Logistics by Adaptive Multi-Criterion Evolutionary
Algorithm with Elitist Selection
Jerzy Balicki

Using UAVs for Remote Study of ice in the Arctic with a View to Laying
the Optimal Route Vessel
Dmitriy Fedin, Alexey Lagunov, Anatoliy Tyagunin
Visual enhancement of service maps in logistics clouds
Michael Glockner, Bjorn Schwarzbach, Andreas Barton, André Ludwig, Bogdan
Franczyk

Modeling enablers for sustainable logistics collaboration integrating -
Canadian and Polish perspectives
Katarzyna Grzybowska, Anjali Awasthi, Mohammad Hussain

Sustainable Supply Chain - Supporting Tools
Katarzyna Grzybowska, Gdbor Kovdcs

Adaptive scheduling in dynamic environments
Hanno Hildmann, Miquel Martin

Information System Framework Architecture for Organization Agnostic
Logistics Utilizing Standardized IoT Technologies

Dimitris Karadimas, Flias Polytarchos, Kyriakos Stefanidis, John Gialelis
A hybrid CP/MP approach to supply chain modelling, optimization and
analysis

Pawet Sitek

Road Vehicles Identification and Positioning System
Cemil Sungur, Hact Bekir Gokgiindiz, Adem Alpaslan Altun

20TH 20TH CONFERENCE ON KNOWLEDGE ACQUISITION AND
MANAGEMENT & 2NP WORKSHOP ON ARTIFICIAL
INTELLIGENCE FOR KNOWLEDGE M ANAGEMENT

Call For Papers
CKD: a Cooperative Knowledge Discovery Model for Design Project
Xinghang Dai, Nada Matta, Guillaume Ducellier
Social media and emotions in organisational knowledge creation
Harri Jalonen
Application of selected classification schemes for fault diagnosis of actuator
systems
Mateusz Kalisch, Piotr Przystatka, Anna Timofiejczuk
Intelligent Association Rules for Innovative SME Collaboration
Gulgun Kayakutlu, Irem Duzdar, Eunika Mercier-Laurent

Danger Theory-based Privacy Protection Model for Social Networks
Nai-Wei Lo, Alexander Yohan

Knowledge extraction from professional e-mails
Nada Matta, Hassan Atifi, Frangois Rauscher

Knowledge Portal for Exclusion Process Services
Krzysztof Hauke, Mieczystaw Owoc, Maciej Pondel

Data Warehouse as a Source of Knowledge Acquisition. An Empirical Study
Mieczystaw Owoc, Mohammad Alsqour, Abdulrhman Ahmed

Knowledge Sharing in Distributed Agile Projects: Techniques, Strategies

and Challenges
Mohammad Abdur Razzak, Rajib Ahmed

XV

1285

1287

1293

1301

1311

1321

1331

1337

1345

1353

1361
1363

1371

1381

1391

1397

1407

1415

1421

1431



Information security in IT global sourcing models
Matgorzata Sobiniska, Kazimierz Perechuda

4TH JOoINT AGENT-ORIENTED WORKSHOPS IN SYNERGY

Call For Papers

15T INTERNATIONAL WORKSHOP ON MULTI-AGENT SYSTEMS
AND SIMULATION

Call For Papers

Opening Pandora’s box: Some Insight into the Inner Workings of an Agent
Based Simulation Environment
Daniel Dawson, Peer-Olaf Siebers, Tuong Manh Vu

Improving the Social Capital of Trust-based Competitive Multi-Agent
Systems by Introducing Meritocracy
Antonello Comi, Lidia Fotia, Domenico Rosaci
Common and Domain-specific Metamodel Elements for Problem
Description in Simulation Problems
Valeria Seidita, Patrizia Ribino, Carmelo Lodato, Salvatore Lopes, Massimo
Cossentino

Stigmergic MASA: A Stigmergy Based Algorithm for Multi-Target Search
Ouarda Zedadra, Nicolas Jouandeau, Hamid Seridi, Giancarlo Fortino

3RD INTERNATIONAL WORKSHOP ON SMART ENERGY
NETWORKS & MULTI-AGENT SYSTEMS

Call For Papers

Multi-Agent-based Distributed Optimization for Demand-Side-Management
Applications
Tim Dethlefs, Thomas Preisler, Wolfgang Renz

Overview of Research Challenges towards Smart Grid Quality by Design
David Gesvindr, Barbora Buhnova, Jan Rosecky

Conjoint Dynamic Aggregation and Scheduling Methods for Dynamic
Virtual Power Plants
Astrid NiefSe, Sebastian Beer, Jorg Bremer, Christian Hinrichs, Ontje
Liinsdorf, Michael Sonnenschein

El Farol Bar problem, Potluck problem and electric energy balancing - on
the importance of communication
Weronika Radziszewska, Ryszard Kowalczyk, Zbigniew Nahorski

Don’t step on the Distribution’s Tail (Investigating the impact of random
fluctuations on efficient resource utilization)
Fabrice Saffre, Hanno Hildmann

Synthesised Constraint Models for Distributed Energy Management
Alexander Schiendorfer, Jan-Philipp Steghdfer, Wolfgang Reif

A New Intrusion Prevention System for Protecting Smart Grids from
ICMPv6 Vulnerabilities
Manali Chakraborty, Nabendu Chaki, Agostino Cortesi

SOFTWARE SYSTEMS DEVELOPMENT & APPLICATIONS

Call For Papers

xvi

1441

1449

1451

1453

1461

1467

1477

1487

1489

1497

1505

1515

1525

1529

1539

1549



5TH INTERNATIONAL WORKSHOP AUTOMATING TEST CASE
DESIGN, SELECTION AND EVALUATION

Call For Papers

Tool for Automatic Testing of Web Services
llona Bluemke, Michat Kurek, Matgorzata Purwin

Handling Conflicts to Test Transport Protocol’s Parallel Routing on a
Vehicle Gateway System
Hassan Mohammad, Muhammad Shamoon Saleem

Automating Acceptance Testing with tool support
Tomasz Straszak, Michat Smiatek

ons on Test Design Techniques
Marc-Florian Wendland

Automating Test Case Design within the Classification Tree Editor
Ute Zeppetzauer, Peter M. Kruse

A Comparison of Three Black-Box Optimization Approaches for
Model-Based Testing
Teemu Kanstren, Marsha Chechik

3RD WORKSHOP ON MODEL DRIVEN APPROACHES IN SYSTEM
DEVELOPMENT

Call For Papers

Grammar-Based Model Transformations
Galina Besova, Dominik Steenken, Heike Wehrheim

Extended Entity-Relationship Approach in a Multi-Paradigm Information
System Modeling Tool
Viadimir Dimitrieski, Milan Celikovic, Slavica Aleksic, Sonja Risti¢, ITvan
Lukovié

Stormgen - A Domain specific language to create ad-hoc Storm Topologies
K Chandrasekaran, Siddharth Santurkar, Abhishek Arora

Study of Interoperability between Meta-Modeling Tools
Heiko Kern

Alvis Virtual Machine
Piotr Matyasik

Pragmatic Model-Driven Software Development from the Viewpoint of a
Programmer: Teaching Experience
Jaroslav Porubdn, Michaela Bacikovd, Sergej Chodarev, Milan Nosdl
MuSCa: A Multiscale Characterization Framework for Complex Distributed
Systems
Sam Rottenberg, Sébastien Leriche, Chantal Taconet, Claire Lecocq, Thierry
Desprats

Efficient Description and Cache Performance in Aspect-Oriented User
Interface Design
Tomds Cerny, Miroslav Macik, Michael J. Donahoo, Jan Janousek

Author Index

xvii

1551
1553

1559

1569

1575

1585

1591

1599
1601

1611

1621

1629

1639

1647

1657

1667

1677






DOI: 10.15439/2014F298
ACSIS, Vol. 2

Proceedings of the 2014 Federated Conference on
Computer Science and Information Systems pp. 1467-1476

L gh0iEss

Common and Domain-specific Metamodel Elements
for Problem Description in Simulation Problems

Patrizia Ribino¥, Valeria Seidita®¥, Carmelo Lodato?, Salvatore Lope:si and Massimo Cossentino?
stituto di Reti e Calcolo ad Alte Prestazioni
Consiglio Nazionale delle Ricerche
Palermo, Italy
Email: {ribino,c.lodato,lopes,cossentino } @pa.icar.cnr.it
§Dip. di Ingegneria Chimica Gestionale Informatica Meccanica, University of Palermo
Palermo, Italy
Email: {valeria.seidita} @unipa.it

Abstract—It is well known that the multi-agent system
paradigm is well suited for modelling and developing simulations
of complex systems belonging to several application domains.
Simulation study aims at developing simulation models useful for
representing, studying and analyzing entities and their behavior
in a system according to specific purposes. With our work
we are trying to understand what are the right elements to
be considered and included in the description of a simulation
problem. In order to root our resulting metamodel in the state
of the art of multi-agent simulations we started from the study
of twelve papers dealing with four different application domains:
Crowd Dynamics, Traffic and Transportation, Electricity Power
Engineering and Supply Chain and Logistic. From this study
we obtained a metamodel that may be used by an analyst as a
guideline and concept repository for facing a new system design.
The metamodel is the result of a well defined approach that is
described together with the obtained results consisting in one
core metamodel containing elements that are common to all the
four application domains and some domain extension contents.
These latter contain the elements that are specific of each of the
studied domains and are not present in the others.

I. INTRODUCTION

ULTIAGENT system paradigm is well suited for mod-
eling and developing simulations of complex systems
belonging to several application domains. As Kliigl says in
[1], multiagent simulation is considered a killer application
of agent-based technology. But an engineering approach for
developing simulation models is still lacking and several issues
are still open. Moreover the author says “a categorization
of models with respect to relevant design concepts would be
a good starting point advancing the knowledge on what is
relevant for multiagent simulations ’[1]. This future research
is suggested to address the challenge about: which design
concepts are relevant for which type of model? Due to the
wide variety of domains in which multiagent simulations are
employed, our question is: which concepts are relevant for
which type of agent based simulation problem? Answering to
this question, in our opinion, helps to find a solution to the
proposed challenge.
The main aim of our research is to develop a complete
methodological approach for conducting simulation studies.
Our approach will be composed of: (i) the phase devoting

978-83-60810-58-3/$25.00 (© 2014, IEEE

to describe the features of the simulation problem, (ii) the
phase for verifying if the simulation model adheres to the
real system and then (iii) the phase for defining experiments
and implementing them in the simulation framework. The
development of a specific MAS resides inside the whole
simulation methodology.

In this paper we focus on the first part of our project,
the one related to the first activities of a simulation study.
Simulation study aims at developing simulation models useful
for representing, studying and analyzing entities and their
behavior in a system following specific purposes. Activities
in simulation studies are mainly performed by the analyst and
the model designer that have to create a model of the world
starting from the description of the problem. But what are the
right tools for them to build the simulation model that best
fits their needs? And above all, agent simulation is used in
several application domain presenting very different features
that affect the creation of simulation models, so how may the
model designer identify the elements helping him to construct
the simulation model?

This starting point is very demanding, several authors in
literature agree on that and propose different solutions. In this
work we propose a preliminary work for solving this problem
by focusing on the problem statement, our aim is to create a
metamodel of all the elements and their relationships that we
have to find in the problem description of a simulation study.
As we said, several different simulation studies greatly differ
for the application domain they refer to, so in order to be as
much general as possible in the creation of the metamodel,
we analyzed and studied papers by four different application
domains (Crowd Dynamics, Traffic and Transportation, Elec-
tricity Power Engineering and Supply Chain and Logistic) in
order to retrieve common and specific elements.

In other words, the contribution of this paper is in the
identification of what elements are commonly used for describ-
ing some simulation problems and, moreover, what elements
are used in specific application domains. From this study we
obtained a metamodel that may be used by an analyst as
a guideline and concept repository while describing a new
problem. We do not claim that all situations may be faced
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(or have to be faced) with the proposed metamodel but we
think that if the elements we list in that have been frequently
used in papers dealing with similar problems, it is likely that
such elements may be useful again in the same context or in
a similar one.

The rest of the paper is organized as follows: in section
IT we detail the motivations for our work against the related
works in literature, in section III we show the process for
bundling the metamodel and then in sections IV and V some
discussions and conclusions are drawn.

II. MOTIVATION AND RELATED WORKS

Simulation is the discipline for designing a model of actual
or physical systems. It abstractly represents a real system
involving the elaboration of models where system behavior
is reproduced following a set of hypothesis used to define
different scenarios. Multiagent simulation focuses on the study
and description of distributed behavior in a dynamic context
[2] and consists in identifying simulation models where enti-
ties (such as agents), their behaviors, their interactions among
themselves or with the environment in which they are situated,
are described. Hence simulation studies prescribe to work with
models of the problem and not with the problem itself.

Simulation results are used in place of experimentation over
the actual or real system. If the model were not the closest
approximation of the actual system then it might lead to
erroneous considerations, faults and costly decisions.

The question we want to answer is: which are the activities
to made in order to build adequate simulation models?

In [3] and [4] the life cycle of a simulation study is
illustrated, it prescribes ten phases organized in a quite iterative
way. Briefly, the first step is communicating the problem and
Sformulating it, then defining the system objectives, creating the
conceptual model and finally designing experiments. Defining
and setting the objectives of the study is a very important
step that may lead to the identification and the definition of
the right simulation model to use for investigating a specific
problem and analyzing its results.

In [5] the author investigates how to build a valid and
credible simulation model. He does not describe a real and
complete methodological approach, rather he presents a set of
techniques for building a valid model. Law’s approach starts
with the identification of a set of steps to do for formulating the
problem, these steps sound like advises more then techniques,
indeed he say “Problem of interest is stated by the decision-
maker. It may not be stated precisely or in quantitative terms.
An iterative process is often necessary” and still “a kickoff
meeting is necessary for discussing the overall objectives of
the study, the scope of the model, the performance measures,
etc.”. Nothing is said, in Balci’s, Nance’s and Law’s works,
about how to perform these activities in order to retrieve the
most useful elements for creating simulation models starting
from problem description.

It is clear that the description of the problem, or of the do-
main under study, greatly affects the production of simulation
models. The risk of influencing the result of simulation study is
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high. The model developer and then the decision maker have
to be sure to work with problem domain description where
useful elements are described. From a literature review and
above all from [6] we can highlight the following elements:
entities of the domain exposing behavior, the objective of the
simulation, the parameters to be tuned for evaluating results,
the interactions among entities, possible rules or constraints
for interacting, resources and services from which entities take
data for implementing their behavior.

Balci and Nance in [7] presented an high level procedure for
guiding the analyst during problem formulation; he identified
the need of formulating the problem in objective terms and
distinguished between problems requiring prescriptive or de-
scriptive solutions. The procedure he proposed is very detailed
and is followed by a formulated problem verification activity
and the measurement of the formulated problem. The overall
approach may be resumed in fifteen very detailed tasks that,
we may say, influenced all the successive work in problem
domain description and from which the previous said elements
may also be abstracted.

In the agent oriented context Garro et al. [8] propose
a methodology for guiding domain experts from analysis
to modeling. Our approach mainly focuses on the problem
formulation and, starting from the same considerations of Balci
and Nance, does not “still” propose detailed guidelines for
problem statement description but instead provides the set of
elements and relationships among them, a metamodel, that
we abstracted from several works presented in literature. This
metamodel is the base for obtaining the sequence of activities
to do for building the most correct problem statement for a
specific problem.

Today, it is quite usual that existing software engineering de-
sign methodologies start with the assumption that the Problem
Statement document is already available, it is usually presented
in the form of a text document, sometimes delivered using
techniques such as interviews or ethnographic approaches [9]
as often as not it is presented as an unstructured document
containing a free description of the problem.

Our aim is to pose the base for creating guidelines for
writing problem statements as a useful input for an agent-
based simulation methodology and we want to answer to the
following questions:

- How the problem statement has to be done?

- Which are the essential elements it has to present?

- How to describe the specific problem that should be

solved by the model in the simulation study?

First of all, we considered that if the Problem Statement
has to serve as a basis for obtaining a simulation model it
has to contain and make explicit elements such as the entities
involved in the real system, their behavior and interaction with
the environment but also elements representing the objectives
of the simulation and a fair set of parameters settings and
measures.

This is very different from a common problem statement, for
instance from the one devoted to illustrate elements useful for
obtaining an object model (of a object-oriented methodology).
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Fig. 1. Metamodel Building Process

In what does a simulation study differ from an agent based
methodology? May differences be reported on the structure (or
on how to build) of a problem statement? In order to answer to
these questions we decided to explore and analyze the research
products of several fields in which agent-based simulation is
used in order to retrieve the common elements in use and to
create a metamodel for supporting the creation of problem
statements for agent-based simulation systems.

We analyzed literature from the fields of Financial Market,
Urban Development, Traffic and Transportation, Crowd Dy-
namics and Logistic and Supply Chain Management in order to
identify the shared elements in all these categories of problems
and to conduct a generalization process that is detailed in the
following section.

The reason for which we create a metamodel for repre-
senting abstract simulation study elements lies in the deep
experience we have in creating and documenting design
methodologies [10], [11], [12], [13]. Indeed, in the PRoDe
approach [14], elements and relationships among them are
used for representing dependencies among elements and es-
tablishing the right sequence of tasks/activities to do for
reaching a design result. This is what we mean to do with
the problem domain, once having determined the elements
and their relationships that have to be present in a problem
statement we might be able to determine the set of activities for
instantiating them. This results, in the context of our complete
building-in- progress methodology, in a set of guidelines to
be used for writing the most useful problem statement for a
specific need.

III. METAMODEL DEFINITION

A critical point for a simulation study is to accurately
formulate the problem to be addressed in order to obtain a
high-quality simulation model. Problem statement is the first
activity by which the addressed problem is translated into a
well formulated one that is sufficiently detailed for allowing
specific modeling activities. Several studies have highlighted
that agent-based simulations seem to be more suited in the
field of socio-economic systems, which covers a wide range
of problem domains. These domains share some common
concepts but differ from some others. Hence, for answering
the question “which concepts are relevant for specific types

of agent based simulation problems?”, we are leading a
systematic analysis of several scientific papers in order to
determine: (i) what are the domains of simulation problems
commonly faced with an agent-based approach; (ii) what is
the set of shared concepts useful for describing such problems
and (iii) what is the set of concepts that differ among domains
of agent based simulation problems.

As we previously said, we are working on the development
of a methodology that covers the entire life cycle of a
simulation study starting from the problem statement activity.
In this paper we propose a preparatory study whose aim is
building a metamodel that may be applicable in different agent
based simulation studies for supporting the problem statement
creation activity.

In the following we show the process we performed for
building such metamodel and its preliminary results.

A. Metamodel Building Process

In order to build the metamodel for agent based simulation
problems, we followed the process shown in Fig.1. The first
three steps allow us to collect data and information that will
be the starting point for our analysis. Then, a key concepts
identification, followed by a categorization activity, enables us
to make some reasoning useful for determining the metamodel.
In the following we show the results of these steps.

a) Data Collection Phase: Firstly, we performed a liter-
ature review for identifying problem categories addressed by
means of agent based simulation approaches. The preliminary
results of this research highlighted that agent based simulations
are applied to solve problems in the following domains (and
not only!): (i) Financial Markets [15], [16] where simulations
are used for studying the behavior of individual investors, the
dynamics of markets, trading mechanism and so on; (ii) Urban
Development [17], [18] that studies models for urban planning,
city dynamics, individual residential behaviors; (iii) Traffic
and Transportation [19], [20], [21] dealing with simulation
models for transportation planning, design and operations; (iv)
Crowd Dynamics [22], [23], [24] that studies the behaviors of
individuals, groups in several critical scenarios often with the

IThis research is not intended to be exhaustive. The results we present are
only preliminary. We are doing further researches in order to obtain more
accurate results.
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aim of buildings design; (v) Social Networks that studies the
evolution and dynamics of networks [25], [26]; (vi) Logistics
and Supply Chain Management that studies processes inside
different nodes of supply chain or the whole supply chain in
order to find the best organizational structure for collaborative
companies working together [27], [28], [29]; (vii) Electric
Power Engineering [30], [31], [32] deals with the generation,
transmission, distribution and utilization of electric power as
well as the electrical devices connected to such systems.

The second step in the Data Collection phase was papers
selection for each of the previously identified categories. The
selection was based on two criteria: details of the simulation
problem description and its relevance/impact of the paper.
Finally, we analytically gathered elements from each paper.
Such elements were opportunely ordered according to their
semantic and functional similarity.

So far, we have examined only four problem domains:
Traffic and Transportation [19], [20], [21], Crowd Dynamics
[22], [23], [24], Electric Power Engineering [30], [31], [32],
Logistics and Supply Chain Management [27], [28], [29]. In
this preliminary work we selected 12 papers, three for each
domain.

The results of this phase are sets of domain dependent
concepts. All the common concepts of each domain have been
grouped by analyzing the text describing each domain in the
papers. Each element has been identified firstly looking at its
explicit presence in sentences, the same was made for relation-
ships, and secondly analyzing the whole domain description
text in order to find unexpressed implicit knowledge.

b) Key Concepts Identification and Categorization: The
key concepts identification (see Fig.1) is the conceptual ac-
tivity we performed for processing sets of domain dependent
concepts coming from the previous stage. Our aim was to infer
a set of “higher level” abstraction categories that can be more
widely applicable to generic agent based simulation problems
(see Fig.2). For instance, in the domains we studied, we found
concepts like room, road and city that may be represented, at
an higher level, by the “spatial position” concept.

Abstractions Spatial

Rfivsical Position

Features,

Active Physical
Entity Environment

Crowds Dynamics
e

Electricity Power -
Engineering
Househlods

Traffic & Transportation

Traffic ) (Traffic
Light Rule
upply Chain & Logistis
Outsourcing
Environment

Fig. 2. Identification of higher level abstraction categories for the problem
description metamodel.
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The results of this activity are listed below:

1Y)

2)

3)

4)

A problem statement of an agent based simulation study
describes active entities. For representing such entities,
each domain uses concepts such as: (i) people, per-
sons, pedestrian, individuals, human beings in the field
of crowd dynamics; (ii) cars, drivers, buses, vehicles,
people, AGVs, trucks etc... in the domain of traffic and
transportation; (iii) electric cars, devices, households,
electricity sellers, buyers, players etc... in the domain
of power engineering; (iv) companies, suppliers, pro-
duction, customers, resources,organization etc... in the
domain of logistic and supply chain management.
Active entities may be located in a physical space. Their
local position could either be a geographic position or a
particular place (for example a room, a corridor, a road,
in a station and so on);

Active entities are described by means of features and
behaviors. The kinds of features we discovered in our
domains are: physical, psychological and technical fea-
tures. To give some examples in the domain of Crowd
Dynamics a problem statement may contain sentences
such as: “Agents in a hurry will not respect others’
personal space ... More polite agents will respect lines
and wait for others to move first...” [23]; “Agents are
given different psychological (e.g., impatience, panic,
personality attributes) and physiological traits” [23];
“Human individuals are different from each other by
age, body dimension, mobility and personality”[33]. Ex-
amples in Power Engineering are: “The market operator
manages the pool using a market-clearing tool to set
market price and a set of accepted selling and buying
bids for every negotiation period” [30]. "Room air
conditioning Schedule time on: 15 min Schedule time
off: 35 min, Power: 221 W ...The simulated vehicles
are able to move to and between different cities and
recharge from time to time"[31]. In the domain of Traffic
and Transportation, typical features are described with
sentences such as “FEach driver or pedestrian is assigned
an agent’s profile that includes height, width, velocity
steering ... ” [21]. In the Logistic and Supply Chain
domain we may find sentences such as “..forest is
harvested by small-size entrepreneurs responsible for
felling trees, for cross cutting them into appropriate
length logs, and for hauling then to roadside” [34].
The problem statement includes a description of a real
world portion (physical or abstract). The represented
environment may contain active entities, static and dy-
namic objects, groups of entities. Some examples: “Each
smart city starts with a number of households, vehicles
and power stations. ...lIts area is placed at the origin
of a coordinated system or as a neighbor to an existing
reference city e.g. on north, south, east or west” [31].
“The electricity market environment typically consists
of a pool that players submit their bids to, which can
be symmetric or asymmetric, and a floor for bilateral
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5)

6)

7

contracts” [30]. “Ten thousand agents that fill a corridor
that is 300m long” [22). “The floor plan contains a
number of office spaces organized along hallways and
corridors. There are two egress exits, exit A on the west
and exit B on the south” [33]. “The static structure of
a bus network is composed of four elements: itinerary,
line, bus stop and bus station” [20]. “is a warehouse
consisting of: number of Gates where the articulated
lorries leave their containers waiting to be unloaded;
number of Sorting Area with twelve Sorter Places (where
the pallets are left in order to be addressed toward next
destination)...” [29].

The problem statement describes the dynamics occurring
in the real world portion. These dynamics are expressed
in terms of actions and interactions of active entities.
They can also be constrained by some regulations.
To give some examples: “When people are crossing
portals, care must be taken to avoid intersection between
agents leaving and agents entering”[23].“High truck
A is stopped in the lane closest to the sidewalk and
obscures the pedestrian’s view. Vehicle B approaches
the crosswalk from the second lane and the view of
the driver is obscured t00”[21]. “Players negotiating
on the pool must prepare a bid for the 24 periods of
the spot market ... The market operator must assure
that the economical dispatch accounts for the specified
conditions, which might imply removing entities that
have presented competitive bids but whose complex con-
ditions were not satisfied” [30], “a network of facilities
is responsible for orchestrating all operations from the
forest to the customers, including the operations of many
sawmills” “Once dried, bundles are disassembled to be
planed, cut to length, sorted, and graded according to
standard rules or customer specifications”[34]. “In a
normal situation(non-panic), people will respect lines
and wait for others to walk first” [23]. “People movement
can also be restricted due to environmental constraints
imposed by the spatial geometries” [33]. “The length
of time that elapses during an assembly depends on
a specified manufacturing delay parameter. It also de-
pends on whether the assembly is performed in parallel
or sequentially” [28].

The problem statement may contain information about
entity groupings and roles of the entities. Examples:
“Members in a hierarchically structured group (such
as families) tend to stay together and follow the
leader”[33]. “Each household belongs to one city and
it is randomly placed within the city area. Households
have a number of appliances that consume and/or pro-
duce energy” [31].

The problem statement defines the objectives of the
simulation study. Examples taken from the examined
papers are: “Egress Analysis for building design”[33].
“Traffic analysis for support decision for example road
safety” [21]. “Efficient management of electricity net-
work”[31]. “The goal of both simulations was to service

TABLE I
KEY ELEMENTS AND THEIR MAPPING WITH THE ANALYZED DOMAINS.

PROBLEM DOMAINS
Crowd Traffic & Power Logistics &
Dynamics Trasportation Engineering Supply Chain
Active Entity X X X X
Physical Features X X X X
INDIVIDUAL Psycological Features X v - v
ENTITY X
Technical Features - - -
X X X X
Behavior
Behavioral rules x X - v
Physical Environment X X v v
Abstract Environment - - v v
Static Object X X X X
= REAL WORLD
Bl rorrion Dynamic Object X X - X
=]
= X X X X
g Physical Features
klﬂ . . X X v v
E Spatial Position
=]
E Structural Constraints v X v v
Rules/Constraints X X X X
SCENARIO X X X X
Interaction
Actions X X X X
Role X X X v
SOCIAL . X % v v
STRUCTURE Groups
Social Rule X X - \
TS Objective X X X X
PURPOSE
Parameter X X X X

Keys: X = Total Mapping; V = Partial Mapping; - = No Mapping

customer orders at or near 100%, based on the three day
requirement” [28].

8) The problem statement defines parameters to be tuned in
order to reach simulation objectives. These parameters
may refer to the system as a whole or to its entities.
Some examples of system parameters: different spatial
distribution of the occupant [33], density of crowd [22],
changing supplier or add a distribution center [35].
Examples of entity parameters are: distance to obsta-
cles[23], vehicles velocity and distance from cross walk
[21], inventory levels, lead time and transportation time
at different locations to better understand the dynamics
of the supply chain [35].

After Key Concepts Identification, the Categorization of
Concepts is carried out in order to find high level concepts
as explained in Fig. 2. Two work products result from this
activity, one describing the concepts (see Table I) and one
describing the relationships discovered into the analyzed do-
main(see Table II).

In Table I we represent the set of high-level concepts
resulting from this activity grouped according to a more
general category they are related to. In particular, a total
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TABLE I
AN EXCERPT OF RELATIONSHIPS DETECTED AMONG CONCEPTS.

INDIVIDUAL ENTITY REAL WORLD PORTION
Active Physical ~ Psycological Technical Behavior Behavioral Physical Abstract Static Dynamic Physical Spatial Structural
Entity Features Features  Features Rules Environment Environment Object Object Features Position Constraints
Active Entity .
interacts
Physical Features
owns
Psycological Features
INDIVIDUAL ° owns
ENTITY o
‘Technical Features
owns
Behavior . .
shows influence infuence infuence
may be
Behavioral Rules M
follows constrained
Physical
Environment may contain
Abstract
Environment
Static Object
characterize may contain may contain
= REAL WORLD
= Dynamic Object
3  PORTION ¥ ) may contain
S y
& is influenced
Physical Features
2 ) owns by has has
E ¢ be be be
B Spatial Position may be may be may be
E g located on located on  located on
9 3 a is constrained
zZ Structural Constraints .
= by imposes
. follows/is
Rules/Constraints / .
constraine are imposes are
are
SCENARIO Interaction . .
involved in
. erforms,
Actions P /
is involed aggregate
may be
Role Yy b
adopt determined
SOCIAL S may
STRUCTURE F belong to
S may be
Social Rule i n
respects influenced by
is may be
Parameter °
SIMULATION correlated  may be may be maybe  corelated to may be may be may be may be
PURPOSE

Objectives

mapping (x) means that the concept has been encountered in
all the papers we examined for the specific domain. Partial
mapping (v) means that only some papers of the same domain
use the concept the cell refers to. No mapping is represented
by ().

For space constraints, we only show an excerpt of the work
product related to the relationships (see Table II). This is
a table where the kind of relation discovered between two
concepts is reported. The values of darker cells are the same
of their symmetric cells. Only to name a few, we have de-
tected the following relationships: (i) an active entity interacts
with active entities; (ii) the behavior may be constrained by
behavioral rules; (iii) physical environment may contain static
object; (iv) a static object may be located on a physical space
and many others.

c) Metamodel Definition: The study of the simulation
problems under analysis, Table I and Table II highlighted
that, although the problem domains are quite different, they
share some high level features and differ for some others.
For instance, looking at the table’s columns, we may see that
Abstract Environment is not present in the Crowd Dynamics
and Traffic and Transportation domains and it is only partially
present in the other two. The Physical Environment has always

been found in the Crowd Dynamics and Traffic and Trans-
portation domains and only partially in the Power Engineering
and in the Logistics and Supply Chain management domains.
So, we may say that the problem statement metamodel for the
simulation study of a specific domain may be composed of a
core metamodel, where common elements for all the studied
domain may be found, and extensions where some specific
and particular elements are shown (Fig. 3).

Core Metamodel

Domain 1 Domain 2 Domain N
Extension Extension Extension
Content Content Content

Fig. 3. Metamodel Scheme

Hence, the Core Metamodel contains all the elements we
identified derived from the set of concepts that are shared
among all domains under analysis. As a consequence, the role
of the Core Metamodel will be to provide a minimum set of
elements to be described in a problem statement for a non
specific agent based simulation study. The Domain Extension
Contents are collections of metamodel elements that allow for
defining “more specific and domain dependent” contents for a
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problem statement of agent based simulation studies belonging
to a particular domain.

The resulting Core Metamodel is shown in Fig. 4. It
aims to support the definition of an agent based simulation
problem by identifying those elements that, once defined in
the problem statement, will provide a shared starting point
for the development of an agent based simulation model. The
Domain Extension Contents for Traffic and Transportation and
Power Engineering domains are shown in Fig. 5 and Fig. 6
respectively. As concerns, the Domain Extension Content for
Crowds Dynamics domain, it entirely overlaps with that Traffic
and Transportation Extension Content. For space constraints,
we do not show the Logistics and Supply Chain Extension
Content.

In particular, Table I, along with other considerations arisen
from the activities we performed, helped us to define the
elements of the metamodel. Whilst, Table II helped us to
define the relationships among elements of the metamodel. The
total or partial mapping also provided us information to define
the cardinality of the metamodel relationships. For instance,
from Table I we defined the metamodel elements: Active
Entity, Behavioral Rule, Social Rule, Structural Constraint and
Behavior. In Table II, we can see that these elements are
linked by the following relationships: (i) Active Entity follows
Behavioral Rules; (ii) Active Entity respects Social Rules;
(iii) Behavior is constrained by Structural Constraints. Hence,
we chose to model these relationships in our metamodel by
introducing an abstract element named Rule whose Structural
Constraints, Behavioral Rules and Social Rules are special-
izations. This choice allowed us to model the aforementioned
relationships with only one link between Behavior and Rule
labeled is constrained by. The Active Entity is related to Rule
by means of its Behavior. In the same way, we deducted some
other relationships and elements of the metamodel that do not
explicitly appear in the tables.

In the following we describe the Core Metamodel elements
showing also, when present, the related elements of the
Domain Extension Contents.

Looking at Fig. 4, a generic Simulation Problem Statement
is composed of a System to be simulated and Simulation Pur-
poses. The System to be simulated in an agent based simulation
study can be described by means of a set of interacting entities
(i.e.: Active Entities) that own some distinctive attributes
concerning their individuality (i.e.: Features) and that show
particular Behaviors. A Physical Feature is a particular kind
of Feature. It allows to describe the body properties of the
entities (i.e: weight, height, etc...). The Feature may also
be Psychological (i.e: impatient, polite, etc...) and Technical
Feature (i.e.: energy consumption, capacity, etc...), we found
the first in the description of the Crowd Dynamics domain and
in the Traffic and Transportation domain (see the Extension
Content in Fig. 5) whereas we found the second in the
description of the Active Entities in the domain of Power
Engineering (see the Extension Content in Fig. 6). Whilst,
the Behavior is constrained by Rules. Rules can be Behavioral
Rules (see Fig.5), Structural Constraints and Social Rules (see

Fig. 5). A Behavioral Rule is an explicit statement or principle
governing the functionality, the conduct or the procedures
within a particular domain, commonly prescribing what is
possible or allowable. Social Rules and Structural Constraints
are defined in the following.

Commonly, the primary purpose of a simulation study is to
analyze the behavior of a system under some conditions. Thus,
the simulation purpose is defined by identifying the Questions
to be answered and by determining what are the Parameters to
be investigated from which the resulting simulation model will
depend on. In this context, a Parameter denotes a measurable
factor that can be varied during simulation experiments and
may characterize the system and/or determine its behavior
(i.e: System Parameter). Parameters are related to each Active
Entity present in the system so, since Active Entities own Fea-
tures and show Behaviors, parameters may also characterize
or determine Behavior and may be related to Features through
the Entity Parameter. For instance the velocity of a vehicle is
a physical feature described together with the related active
entity, so, in this case, a physical feature may also be realized
by an Entity Parameter.

Moreover, the System to be simulated concerns a Real-World
Portion that includes Active Entities and passive entities (i.e.:
Objects). These latter do not exhibit behaviors but contribute
to the description of the System to be simulated. The Real-
World Portion is a Physical Environment in the domains of
Crowd Dynamics and Traffic and Transportation and it may
impose several Structural Constraints (see Fig. 5) derived by
its physical configuration. Whilst, it can be also an Abstract
Environment like it is in the domain of Power Engineering
(see Fig. 6) for electricity markets.

In the same way, Objects may be Static or Dynamic Objects
in the Crowd Dynamics and in the Traffic and Transportation
domain but only static in the Power Engineering domain? (see
the Extension Contents in Fig. 5 and Fig. 6 respectively).

Moreover, Active Entities and Objects are located on a
Spatial Position when the problem concerns a Physical En-
vironment.

For describing the System to be simulated it is also nec-
essary to identify Scenarios to be investigated. A Scenario
is a description of the Interactions that occur among entities
and/or the Actions individually performed by Active Entities. A
Scenario describes a way in which the System to be simulated
behaves in specific situations.

Finally, the System to be simulated may be further described
by means of a Social Structure. The Social Structure describes
the way the System to be simulated is organized according to
specific Roles played by Active Entities. A Role describes what
an active entity is able to do. It expresses a set of behaviors
showed by an Active Entity when it is involved in a social

2We would like to point out again that these considerations are the result
of a preliminary work. We think to be likely that Dynamic Objects can be
found in the Power Engineering Domain, but at the moment this does not
emerge from the examined papers. Whether the element Dynamic Objects
should be present also in the domain of the Power Engineering, then both
elements, Dynamic Object and Static Object, will be moved within the Core
Metamodel.
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Simulation Core Metamodel
Problem
Statement
q is i by means of
Question ° dzﬁned Simulation System to be |is described by means of
y -
Purpose simulated  |j i may belong
] performs l
determines is related to concerns ! ! Social
. |
\L i i Sruetre
EEEEr Ri.,aér%%"d Active Entity shows ——|  Behavior §
l e i l i describes
ownsw Jocated on 1 vO0.. o T 2004 PO il
Physical . . .
Bt Object _ Interaction Action Role
. owns Feature influences
Entity System T 7 T J
Parameter Parameter L) i .
may impose 0. ’;Zﬁﬁj 4 0..1 determines
. . Spatial
Static Object may be located 0.1 Position
0.* e s
by
Structural
Constraint Rule
is related to
Fig. 4. The Core Metamodel derived from the domain under analysis.
Simulation Core Metamodel
Problem
Statement
i : T y means of
Question s digned Simulation System to be s described by means of
Purpose simulated |is described by means of may belong
T performs
determines is related to concerns lii - j .
interacts i Social
v P Scenario Structure
eal Wol . . . |
Parameter Portion Active Entity — shows H‘ Behavior ‘ 3
l may be i describes describes
0. @i located on L Vvo.* 0 vi.> 1.7
EnF\’/:‘r)(,)sr;(:;nt ‘ Object }—‘ ‘ ‘ Interaction ‘ ‘ Action ‘ ‘ Role ‘
Feature infl
‘ Entity ‘ System ‘ T qune im vences T J
Parameter Parameter L i "
T EEse 0. I;r;;;llﬁzl 0..1 5 determines
Spatial
may be located 0...1 Position
0.* on s i by
Structural ’—¢0’—‘
Constraint [ Rule
is related to 7 rd ( \—A—‘
f
L Behavioral - i r describes - |10
ehavioral ynamic Psychological i
0% Rule Object Feature Social Rule
0. A Traffic & Transportation Extension Content

Fig. 5. Core Metamodel along with Traffic and Transportation Extension Content.

pattern. A Group defines an aggregate of active entities that
can be together in the same place or that can be connected by
some shared behavior or feature. A Social Rule has the same
role of a Behavioral Rule but it is shared and followed by the
members of a Group.

I'V. DISCUSSIONS

The focus of the Problem Statement Activity is to acquire
all the necessary knowledge of the real-world system to be
simulated and to point out the issues that the simulation studies
have to address. In particular, without a definitive statement of
the specific questions of interest to be addressed, it is impossi-
ble to decide on an appropriate level of knowledge detail useful
to build an appropriate simulation model. A method to clearly
define what type of the knowledge about the problem is rele-
vant may be useful in order to avoid missing important parts

of the problem description. The metamodel resulting from our
study allows to handle two levels of knowledge at the same
time. A knowledge related to the system to be simulated as a
whole. It concerns aspects of the system that are not directly
related to the individual entities and it helps to build the so-
called environment model®. A knowledge relating to specific
aspects of single entities that will be suited for building the
agent models. Moreover, preliminary results we have obtained
give us some suggestions about the knowledge to be included
in a problem statement and how to describe it in a systematic
way. The Core Metamodel highlights that the formulation of
a simulation study may ground on five key aspects:

3 An agent based simulation model is in many cases composed of two basic
components. They are an agent model that focuses on each single agent and its
behavior and an environment model that focuses on the structure and features
of the real world portion in which agents act.
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Fig. 6. Core Metamodel along with Power Engineering Extension Content.
1) the issues to be addressed by the simulation study made kinds of norm affect the system, this strongly depends on

2)

3)

4)

5)

explicit by means of the metamodel element named Sim-
ulation Purpose. Instantiating this metamodel element
means to formulate the questions to be answered that
coincide with the definition of goals of the simulation
study. As a consequence, this leads to associate goals
with information that define them operationally and
that has to be considered during the definition of the
simulation model.

the structural aspect of the system to be simulated
defined by its constituting parts. It is made explicit by
instantiating the metamodel element named Real World
Portion. This means to collect the knowledge necessary
to describe the real-world part involved in the system
to be simulated according to the issues to be addressed.
Commonly, this concerns the description of the physical
configuration of the real-world system under analysis
(i.e: its components). As the Core metamodel shows,
components may be static objects of the portion of the
world enclosed by the system or active entities that are
someone/something performing actions;

the dynamical aspect of the system to be simulated
caused by processes taking place in the system. It is
captured by defining actions and interactions that are
performed by someone/something in particular operative
scenarios.

the organizational aspect (if any) which refers to the
social structure captured by defining the groups and
sets of roles that may be present in the system to be
simulated.

the normative aspect (if any) given by regulations that
commonly constrains the dynamics or physicality of
the system. It refers to any kind of regulations such
as procedural rules, legal regulations, social norms,
structural rules or physical laws. Usually, only some

the particular domain. For example, in a simulation study
concerning a manufacturing system normally the system
is subjected to procedural rules and legal regulations.
Vice versa, if the simulation is about the citizen of a
town during an event then, probably, social norms could
affect the system.

These key aspects may provide a first guideline about the
kind of knowledge that can be managed during the problem
statement activity. Moreover, basing on such a metamodel we
are able to establish a starting point for the construction of
a systematic approach for performing the problem statement
activity by choosing the order that should be used for in-
stantiating the metamodel elements. We already explored such
an approach with the PRoDe method for developing software
design processes starting from the underlying metamodel [14].

V. CONCLUSIONS AND REMARKS

Multiagent simulations are employed in several domains
and for several simulation purposes. Finding a uniform way
to address the problem description for a simulation study
is an open issue. The work proposed in this paper is a
preliminary step toward an ambitious objective: the definition
of a complete methodological approach to obtain high quality
simulation models for generic agent-based simulation studies.
Such an approach will cover several activities starting from
the problem statement to the results analysis trough the model
validation. At the moment, we are addressing some questions
related to the problem statement activity and in this paper we
present our preliminary results.

As well as in many engineering contexts, we think that
an accurate problem formulation is the first step to be ac-
complished in order to obtain a high-quality agent based
simulation model. To do this, we are defining a metamodel-
based approach in order to perform the problem statement

1475



1476

activity. The metamodel aims to guide the problem formulation
highlighting the main elements and relationships that have to
be made explicit. In this paper we present the rough metamodel
we have already defined. This metamodel is composed of
elements belonging to a shared level among several simulation
problem domains useful for formulating generic simulation
studies and several domain extension contents that allow us
for detailing specific domain simulation studies.

(1]

[2]

(31

(4]

[5]

(6]

(71

(8]

[91

[10]

[11]

[12]

[13]

(14]

[15]

[16]

REFERENCES

F. Kliigl, “Engineering agent-based simulation models?” in Agent-
Oriented Software Engineering XIII, ser. Lecture Notes in Computer
Science, J. P. Miiller and M. Cossentino, Eds. Springer Berlin
Heidelberg, 2013, vol. 7852, pp. 179-196. ISBN 978-3-642-39865-0
O. Labarthe, E. Tranvouez, A. Ferrarini, B. Espinasse, and B. Montreuil,
“A heterogeneous multi-agent modelling for distributed simulation of
supply chains,” in Holonic and Multi-Agent Systems for Manufacturing,
ser. Lecture Notes in Computer Science, V. Marik, D. McFarlane, and
P. Valckenaers, Eds. Springer Berlin Heidelberg, 2003, vol. 2744, pp.
134-145. ISBN 978-3-540-40751-5

O. Balci, “Guidelines for successful simulation studies,” in Sim-
ulation Conference, 1990. Proceedings., Winter, Dec 1990. doi:
10.1109/WSC.1990.129482 pp. 25-32.

R. E. Nance, “The conical methodology and the evolution of simulation
model development,” Annals of Operations Research, vol. 53, no. 1, pp.
1-45, 1994. doi: 10.1007/BF02136825

A. Law, “How to build valid and credible simulation models,” in
Simulation Conference (WSC), Proceedings of the 2009 Winter, Dec
2009. doi: 10.1109/WSC.2009.5429312 pp. 24-33.

C. M. Macal and M. J. North, “Tutorial on agent-based modeling and
simulation,” in Proceedings of the 37th conference on Winter simulation.
Winter Simulation Conference, 2005. doi: 10.1057/j0s.2010.3 pp. 2-15.
O. Balci and R. E. Nance, “Formulated problem verification as an
explicit requirement of model credibility,” SIMULATION, vol. 45, no. 2,
pp. 76-86, 1985. doi: 10.1177/003754978504500204

A. Garro and W. Russo, “< i> easyabms</i>: A domain-expert oriented
methodology for agent-based modeling and simulation,” Simulation
Modelling Practice and Theory, vol. 18, no. 10, pp. 1453-1467, 2010.
S. Viller and I. Sommerville, “Ethnographically informed analysis for
software engineers,” International Journal of Human Computer Studies,
vol. 53, no. 1, pp. 169-196, 2000. doi: 10.1006/ijhc.2000.0370

M. Cossentino and V. Seidita, “PASSI: Process for agent societies
specification and implementation,” in Handbook on Agent-Oriented
Design Processes, M. Cossentino, V. Hilaire, A. Molesini, and V. Seidita,
Eds. Springer Berlin Heidelberg, 2014, pp. 287-329. ISBN 978-3-642-
39974-9

A. Chella, M. Cossentino, L. Sabatucci, and V. Seidita, “Agile passi:
An agile process for designing agents,” Computer Systems Science and
Engineering, vol. 21, no. 2, pp. 133-144, 2006.

M. Cossentino, V. Hilaire, N. Gaud, S. Galland, and A. Koukam, “The
ASPECS process,” in Handbook on Agent-Oriented Design Processes,
M. Cossentino, V. Hilaire, A. Molesini, and V. Seidita, Eds. Springer
Berlin Heidelberg, 2014, pp. 65-114. ISBN 978-3-642-39974-9

V. Seidita, M. Cossentino, and S. Gaglio, “Adapting PASSI to support
a goal oriented approach: a situational method engineering experiment,”
in Proc. of the Fifth European workshop on Multi-Agent Systems
(EUMAS’07), 2007.

V. Seidita, M. Cossentino, V. Hilaire, N. Gaud, S. Galland, A. Koukam,
and S. Gaglio, “The metamodel: a starting point for design pro-
cesses construction,” International Journal of Software Engineering
and Knowledge Engineering, vol. 20, no. 04, pp. 575-608, 2010. doi:
10.1142/S0218194010004785

K. Boer-Sorban, Agent-Based Simulation of Financial Markets: A
Modular, Continuous-time Approach. FErasmus Research Institute of
Management (ERIM), 2008, no. EPS-2008-119-LIS.

M. Lovric, Behavioral Finance and Agent-Based Artificial Markets.
Erasmus Research Institute of Management (ERIM), 2011, no. EPS-
2011-229-F&A.

[17]

(18]

(19]

[20]

(21]

(22]

(23]

(24]

[25]

(26]

(27]

(28]

[29]

[30]

(31]

(32]

(33]

(34]

(35]

PROCEEDINGS OF THE FEDCSIS. WARSAW, 2014

I. Benenson, “Multi-agent simulations of residential dynamics in the
city,” Computers, Environment and Urban Systems, vol. 22, no. 1, pp.
25-42, 1998. doi: 10.1016/S0198-9715(98)00017-9

J. Perret, F. Curie, J. Gaffuri, and A. Ruas, “A multi-agent system for
the simulation of urban dynamics,” in /0th European Conference on
Complex Systems (ECCS’10), Lisbon, Portugal, 2010.

P. Paruchuri, A. R. Pullalarevu, and K. Karlapalem, “Multi agent sim-
ulation of unorganized traffic,” in Proceedings of the first international
Jjoint conference on Autonomous agents and multiagent systems: part 1.
ACM, 2002. doi: 10.1145/544741.544786 pp. 176-183.

D. Meignan, O. Simonin, and A. Koukam, “Simulation and evaluation
of urban bus-networks using a multiagent approach,” Simulation Mod-
elling Practice and Theory, vol. 15, no. 6, pp. 659-671, 2007. doi:
10.1016/j.simpat.2007.02.005

G. Waizman, S. Shoval, and 1. Benenson, “Micro-simulation model for
assessing the risk of car-pedestrian road accidents,” in 7th International
Workshop on Agents in Traffic and Transportation, Valencia, Spain,
2012.

S. J. Guy, J. Chhugani, S. Curtis, P. Dubey, M. Lin, and D. Manocha,
“Pledestrians: a least-effort approach to crowd simulation,” in Pro-
ceedings of the 2010 ACM SIGGRAPH/Eurographics Symposium on
Computer Animation. Eurographics Association, 2010, pp. 119-128.
N. Pelechano, J. M. Allbeck, and N. I. Badler, “Controlling individual
agents in high-density crowd simulation,” in Proceedings of the 2007
ACM SIGGRAPH/Eurographics symposium on Computer animation.
Eurographics Association, 2007, pp. 99-108.

A. Shendarkar, K. Vasudevan, S. Lee, and Y.-J. Son, “Crowd simulation
for emergency response using bdi agent based on virtual reality,” in
Proceedings of the 38th conference on Winter simulation. — Winter
Simulation Conference, 2006. doi: 10.1109/WSC.2006.323128 pp. 545—
553.

F. Menges, B. Mishra, and G. Narzisi, “Modeling and simulation of
e-mail social networks: a new stochastic agent-based approach,” in
Proceedings of the 40th Conference on Winter Simulation.  Winter
Simulation Conference, 2008, pp. 2792-2800.

P. Holme and G. Ghoshal, “Dynamics of networking agents competing
for high centrality and low degree,” Physical review letters, vol. 96,
no. 9, p. 098701, 2006. doi: 10.1103/PhysRevLett.96.098701

L. A. de Santa-Eulalia, J.-M. Frayret, and S. D’Amours, “Essay on
conceptual modeling, analysis and illustration of agent-based simulations
for distributed supply chain planning,” INFOR, vol. 46, no. 2, pp. 97—
116, 2008.

S. Buckley and C. An, “Supply chain simulation,” in Supply Chain
Management on Demand, C. An and H. Fromm, Eds. Springer Berlin
Heidelberg, 2005, pp. 17-35. ISBN 978-3-540-24423-3

M. Cossentino, C. Lodato, S. Lopes, and P. Ribino, “Multi agent simu-
lation for decision making in warehouse management,” 2011 Federated
Conference on Computer Science and Information Systems, FedCSIS
2011, pp. 611-618, 2011.

Z. Vale, T. Pinto, 1. Praca, and H. Morais, “Mascem: electricity markets
simulation with strategic agents,” Intelligent Systems, IEEE, vol. 26,
no. 2, pp. 9-17, 2011. doi: 10.1109/MI1S.2011.3

S. Karnouskos and T. N. De Holanda, “Simulation of a smart grid city
with software agents,” in Computer Modeling and Simulation, 2009.
EMS’09. Third UKSim European Symposium on. IEEE, 2009. doi:
10.1109/EMS.2009.53 pp. 424-429.

N. W. Oo and V. Miranda, “Multi-energy retail market simulation with
intelligent agents,” in Power Tech, 2005 IEEE Russia. 1EEE, 2005. doi:
10.1109/PTC.2005.4524755 pp. 1-7.

X. Pan, C. S. Han, K. Dauber, and K. H. Law, “A multi-agent based
framework for the simulation of human and social behaviors during
emergency evacuations,” Ai & Society, vol. 22, no. 2, pp. 113-132,
2007. doi: 10.1007/s00146-007-0126-1

J.-M. Frayret, S. D’amours, A. Rousseau, S. Harvey, and J. Gaudreault,
“Agent-based supply-chain planning in the forest products industry,”
International Journal of Flexible Manufacturing Systems, vol. 19, no. 4,
pp. 358-391, 2007. doi: 10.1007/s10696-008-9034-z

J. M. Swaminathan, S. F. Smith, and N. M. Sadeh, “Modeling supply
chain dynamics: A multiagent approach,” Decision Sciences, vol. 29,
no. 3, pp. 607-632, 1998. doi: 10.1111/j.1540-5915.1998.tb01356.x



