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Welcome to A View on the New Technologies for Instrumentation and
Measurements

On behalf of the organizing committee, we cordially welcome you to the 2006 IEEE Instrumentation
and Measurement Technology Conference (IMTC).

This IMTC edition will be held for the first time South of Italy - Sorrento. The IMTC venue, Hilton
hotel, with its modern yet inviting facilities, stands on a hill overlooking the town of Sorrento and
offering to its guests a unique and spectacular view, beautifully framed by the jagged outline of the
Gulf of Naples on the horizon, the unmistakable silhouette of Mount Vesuvius, while just round the
corner unfolds the breathtaking Amalfi Coast. The same encounter of sky, land and sea that has
inspired so many poets and writers since the old Roman times.

IMTC/2006 continues a series of successful scientific and technical annual events with this 23"
edition. The conference covers all aspects of the theory and practice of instrumentation, measurement
and control technologies, and related applications. This year the conference is focused on 4 View on the
New Technologies for Instrumentation and Measurements. The impetuous escalation of the technology
requires, as a consequence, a continuous view on its impact on instrumentation and measurement field
both from research, industry, and daily life.

We are sure that the universally recognized beauty of Sorrento will be a perfect frame for this
prestigious conference. It is, in fact, a further occasion, not only to meet old friends and new people
from all over the world, but, moreover, to engage with them a continuous comparison directed to make
wider the views on the technological progress of Instrumentation and Measurement.

The IMTC/2006 organization was a complex task due to the large and increasing interest of our
research and application areas. Effort from many people was required to shape the technical program,
arrange accommodation, manage the administrative aspects, and set up the social functions. We like to
take this opportunity to thank all and each of them. We like also to thank the public and private
organizations that supported the meeting in different ways.

For the first time a complete automatic web based abstract selection was introduced, the final electronic
version of the manuscripts was formatted by using an adequate software developed for this aim.

The IMTC/2005 Technical Program consists of 86 oral and poster sessions scheduled over three days.
With the wide range of technical sessions covering the whole range of the Instrumentation and
Measurement field we are happy to welcome you to the variety of technical presentations that await
you this year. Thanks to all of the Technical Program Committee members and the reviewers who have
contributed to make this outstanding program possible.

The technical program was particularly difficult to be arranged since we received, for the first time 644
abstracts from all over the world. Due to the time limits of the conference only 460 papers have been
selected after a painstaking activity of the program committee and additional reviewers. We like to
thank all people who contributed to this process with opinions, comments, and suggestions to choose
the best papers and even improve their quality.
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The technical program encompasses several events and activities. The keynote speech will be held by
FERRARI experts in the field of electrical and electronic measurements, we tried to show a one the
well recognized world wide Italian technology.

Several parallel sessions will accommodate the contributed papers: to avoid overlapping of sessions on
related topics, papers are distributed in separate thematic tracks. A special one, the 2" ADC Forum,
was devoted to ADCs, DACs and DAQ. Some sessions are designated as special since they have been
solicited and organized and will be chaired by well-known experts from the international industrial and
academic communities. Panels have also been organized to allow a wider and in-depth discussion of
some hot topics related to education and measurement system modernization.

Tutorial sessions have been included to offer attendees hands-on, practical information.

Several Awards offered by International Institution and Companies will be assigned, in particular to
young researchers.

The Conference is about to begin. You are now in a position to enjoy the fellowship of colleagues and
experts and to pass free time in natural and artistic beauties. It is up to you to appreciate the Conference
worth! Be critical! We, metrologists, colleagues, and friends, we know that this is the best way to
improve quality, and to achieve lasting excellences.

General Chairman General Co- Chairman
Pasquale DAPONTE, University of Sannio, Tom LINNENBRINK, IEEE TC-10 chairman,
Benevento, Italy Hittite Microwave Corp. Business Development Manager

Technical Program Co-Chairman Technical Program Co-Chairman
Fabrizio RUSSO, University of Trieste, Italy Kim FOWLER, IEEE 1&M Magazine, Editor-in-Chief
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................................................................................................................................................ 9:30AM
................................................................................. Energy Harvesting from PZT Pyroelectric Cells
Angel Cuadras, Manel Gasulla, Alessio Ghisla and Vittorio Ferrari...........ccccceevieriiienienneenen. 1668
................................................................................................................................................ 9:50AM
....................................................... Energy-Management for Power Aware Portable Sensor Systems
Olfa Kanoun and Hans-Rolf TraenKIer..........ccciiiiiiiiiiiiiiiiiieeeee e 1673

Medical Measurement and Instrumentation, Room: Nettuno #4 Room

................................................................................................................................................ 8:30AM
............................................................... Carbohydrate Detection Failure Analysis via Biosensoring
Christina Siontorou and Fragiskos Batzias ...........cccceeeiiiriiieiiiieciiicciee et 1680
................................................................................................................................................ 8:50AM
............................................. Galvanical Coupling for Data Transmission through the Human Body
Marc Simon Wegmueller, Michael Oberle, Norbert Felber, Niels Kuster and Wolfgang Fichtner
..................................................................................................................................................... 1686
................................................................................................................................................ 9:10AM
......................................................................................... A Navigation System for Visually Impaired
Franjo Cecelja, Vanja Garaj, Ziad Hunaiti and Wamadeva Balachandran.............c.cccccceeeneenne. 1690
................................................................................................................................................ 9:30AM
.................... Ultrasound Pulse Optimization for the Measurement of the Contrast Agent Responses
Simone Curletto and Andrea TIUCCO .......eoiuiiiiiiiiiieiee e 1694
................................................................................................................................................ 9:50AM
...................... A Method of Synchronous Sampling in Multifrequency Bioimpedance Measurements
Mart Min, Toomas Parve, Paul Annus and Toivo Paavle............c.cccooovviiiieiiiieiiciieccceieeeee, 1699

Electromagnetic Compatibility Measurements in the Industrial and Telecommunication World,
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................................................................................................................................................ 8:30AM
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................................................................................................................................................ 8:50AM
............................................................... EMI Measurements from ESD between Charged Insulators
Mirko Marracci, Bernardo Tellini, Massimo Macucci and Massimo Agostinelli...................... 1711
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................................................................................................................................................ 9:10AM
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..................................................................................................................................................... 1715
................................................................................................................................................ 9:30AM
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Signal Processing 7, Room: Nettuno #1 Room
.............................................................................................................................................. 10:30AM
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.............................................................................................................................................. 10:50AM
.............................. Estimation of the Instantaneous Periodic Parameters in the Frequency Domain
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.............................................................................................................................................. 11:10AM
....................................... A Demodulation Technique for the Sensing Circuit of a MEMS Gyroscope
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.............................................................................................................................................. 11:30AM
..................................... Readout and Control Electronics for a Microelectromechanical Gyroscope
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.............................................................................................................................................. 11:50AM
........................... Instrumentation Design for Gate and Drain Low Frequency Noise Measurements
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.............................................................................................................................................. 10:30AM
............................................................... System identification approach applied to jitter estimation.
Frans Verbeyst, Yves Rolain, Johan Schoukens and Rik Pintelon..............cccoeeieiieniiiiinnenn. 1752
.............................................................................................................................................. 10:50AM
........................................... Non-parametric Noise Models extracted from Overlapping Sub-records
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.............................................................................................................................................. 11:10AM
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.............................................................................................................................................. 11:30AM
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.............................................................................................................................................. 11:50AM
............................................... Multi-Agent System Information Fusion for Environment Monitoring
Rami Abielmona, Emil Petriu and Thom Whalen ............ccccccoovvviiiiiiiiiiiiiiieeeee e 1774
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.............................................................................................................................................. 10:30AM
............................................................................................... In-vivo Blood Characterization System
Blagoy Iliev, Gheorghe Pop and Gerard METjer .........cccuiiiriiieriieeiieeiiee et 1781
.............................................................................................................................................. 10:50AM
............. Automatic Analytical Modeling of EIS Data by Evolutive Programming Based on Cultural
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.............................................................................................................................................. 11:10AM
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.............................................................................................................................................. 11:30AM
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.............................................................................................................................................. 10:30AM
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.............................................................................................................................................. 10:50AM
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.............................................................................................................................................. 11:10AM
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.............................................................................................................................................. 11:50AM
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................................................................................................................................................. 1:30PM
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................................................................................................................................................. 1:50PM
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................................................................................................................................................. 2:10PM
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................................................................................................................................................. 2:30PM
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Leopoldo Angrisani, Mauro D'Arco, Charles Greenhall and Rosario Schiano Lo Moriello...... 1850
................................................................................................................................................. 2:50PM
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................................................................................................................................................. 1:30PM
................................................ Design and Application of a Field Mill as a High-Voltage DC Meter
Peter Tant, Bruno Bolsens, Tom Sels, Daniel Van Dommelen and Johan Driesen.................... 1861
................................................................................................................................................. 1:50PM
.................................................... Reliable and Repeatable Power Measurements in DVB-T Systems
Leopoldo Angrisani, Domenico Capriglione, Luigi Ferrigno and Gianfranco Miele ................ 1867
................................................................................................................................................. 2:10PM
.................................. Optimal Placement of Measurement Devices in Electric Distribution Systems
Carlo Muscas, Fabrizio Pilo, Giuditta Pisano and Sara SUliS..........coovvveeviiiieeiiiieeieieeeeeeee e, 1873
................................................................................................................................................. 2:30PM
Measurement Technique for the Static Output Characterisation of High Current Power MOSFETs
Toni Lopez and Reinhold EIferiCh...........oooiiiiiii e 1879
................................................................................................................................................. 2:50PM
.............................. Definition of Power Quality Indices for DC Low Voltage Distribution Networks
Micaela Caserza, Andrea Mariscotti and Paolo PINCEtI..........coovvveoiieiiieiiiiieceeeeeeee e 1885
Automated Test, Robotics, Industrial Automation, and Mfg. 1, Room: Nettuno #4 Room

................................................................................................................................................. 1:30PM
.... On a New Graph Theory Approach to Designing Zero-Aliasing Space Compressors for Built-In
Self-Testing

Sunil R. Das, Altaf Hossain, Emil M. Petriu, Mansour H Assaf and Mehmet Sahinoglu.......... 1890
................................................................................................................................................. 1:50PM
................................................ Fault Detection and Diagnosis for Multi-Level Cell Flash Memories
Robert Martin, Wen-Ben Jone and Sunil Das.........ooooovviiiiiiiiiiiiiiiieee et 1896
................................................................................................................................................. 2:10PM
.An Improved Fault Simulation Approach Based on Verilog with Application to ISCAS Benchmark
Circuits

Sunil R. Das, Sujoy Mukherjee, Emil M. Petriu, Mansour H Assaf and Mehmet Sahinoglu .... 1902
................................................................................................................................................. 2:30PM
................................................. Robot Position Identification by Actively Localizing Sound Beacons
Jie Huang, Satoshi Ishikawa, Michiko Ebana, Huakang Li and Qunfei Zhao..............c.ccu...... 1908
................................................................................................................................................. 2:50PM
........................................... Detection and Estimation of Nonlinear Distortions in Industrial Robots
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................................................................................................................................................. 1:30PM
........................................................ Two-Stage Differential Charge and Transresistance Amplifiers
Marco Massarotto, Alfonso Carlosena Garcia and Antonio J. Lopez-Martin ............ccceeenveenne. 1920
................................................................................................................................................. 1:50PM
................................ IEEE 1588-based Synchronization System for a Displacement Sensor Network
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................................................................................................................................................. 2:30PM
..... High-speed complex admittance/permittivity needle probe for investigation of multiphase flows
Marco Jose Da Silva, Falk Brueckner, Eckhard Schleicher and Uwe Hampel .......................... 1937
................................................................................................................................................. 2:50PM
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Non-invasive Instrumentation and Measurement 1, Room: Nettuno #3 Room

................................................................................................................................................. 3:30PM
........ Non-invasive Testing of Quality of Pork Meat: Novel Planar Electromagnetic Sensors Based
Approach

Subhas Mukhopadhyay, Chinthaka Gooneratne and Gourab Sen Gupta .........c.ccccveveveerrieennennee. 1947
................................................................................................................................................. 3:50PM
...Synthetic Aperture Focusing Technique in High-Frequency Ultrasound Imaging to Locate Layer
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................................................................................................................................................. 4:10PM
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................................................................................................................................................. 4:30PM
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Frequencies
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................................................................................................................................................. 4:50PM

High Accuracy Disbond Thickness Estimation Scheme Employing Multiple-Frequency Near-Field

Microwave Measurements

Mohamed Abou-Khousa and Reza Zoughi.............ccoeeeiiiiiiiiiiiiieieece e 1967
Waveform Measurement, Analysis, & Generation, Room: Nettuno #4 Room

................................................................................................................................................. 3:30PM
.................... A Bandwidth Extension Technique for Dynamic Characterization of Power Amplifiers
David Wisell, Daniel Ronnow and Peter Handel..............c.ooooviiiiiiiieiiiieee e 1972
................................................................................................................................................. 3:50PM
..... Synchronic filter based on switched capacitor filters for high stability phase-detectors systems.
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................................................................................................................................................. 4:10PM
.................................................... Convergence of Least-Squares Multi-Harmonic Fitting Algorithm
Pedro Ramos and ANtONIo SETTa........cc.uiiuiiiiiiiiiiieeiee ettt st 1982
................................................................................................................................................. 4:30PM
.......... Target Tracking In a Sensor Network Based on Particle Filtering and Power-Aware Design
Yan Zhai, Mark Yeary and Jean-Charles NOYeT........c..cccuevciiiriiiiiieiieeieeiieeieeee e 1988
Sensors, Transducers, Smart Sensors 2, Room: Nettuno #6 Room
................................................................................................................................................. 3:30PM
..................................... Temperature Compensation for a Piezoelectric Fibre-Optic Voltage Sensor
Pawel Niewczas, Lukasz Dziuda, Grzegorz Fusiek and James McDonald.............c.cccceeeeenen. 1994
................................................................................................................................................. 3:50PM
................................................ The application of a stochastic transducer for air flow measurement
Vygantas Augutis and Marius SQUNOTIS..........ecveeeriieeiieeeiieeeiieeeieeesteeesaeeesreeessseeesseesnsseesnnns 1999



................................................................................................................................................. 4:10PM

........ A Multi-Spectral Analog Photon Counting Readout Circuit for X-Ray Hybrid Pixel Detectors
Matteo Perenzoni, David Stoppa, Mattia Malfatti and Andrea Simoni...........cccceeeeverieneennnne. 2003
................................................................................................................................................. 4:30PM
................................................................. Characterisation and Modelling of a Magnetic Biosensor
Teresa Almeida, Moises Piedade, Filipe Cardoso, Hugo Ferreira and Paulo Freitas................. 2007
................................................................................................................................................. 4:50PM
.................. A High Dynamic Range CMOS Interface for Resistive Gas Sensor Array with Gradient
Temperature Control

Mattia Malfatti, Matteo Perenzoni, David Stoppa, Andrea Simoni and Andrea Adami ............ 2013
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..................................................................................................................................................... P145
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..................................................................................................................................................... P146
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..................................................................................................................................................... P147
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..................................................................................................................................................... P148
...... Surface Morphology Measurement and Investigation of A New CMOS Compatible Thermopile
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..................................................................................................................................................... P149
.......................................................... Development of the Multi-point Thermal Gas-mass Flowmeter
Guo Wei Liang, Qian Min Mao, Dai Liang Xie, Chang Wu Li and Fang Wang........................ 2038
..................................................................................................................................................... P150
...................................................................................... Fiber Bragg Grating Magnetic Field Sensor
Kalaga Madhav Venu, Kannadorai Ravi Kumar, Sunderajan Asokan and Talabatulla Srinivas 2042
..................................................................................................................................................... P151
....................... An Integrated Micro Fluxgate Magnetic Sensor with Sputtered Ferromagnetic Core
Andrea Baschirotto, Enrico Dallago, Piero Malcovati, Marco Marchesi and Enrico Melissano 2045
..................................................................................................................................................... P152
.................................................................... The Loading Effect of Radio-Frequency Current Probes
Carlo F. M. Carobbi and Luigi M. Millanta.............cccoeeiiiiiiiniiiiienieeiieie et 2050
..................................................................................................................................................... P153
.......................... Architecture for Distributed Monitoring based on Smart Sensors and Web Service
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..................................................................................................................................................... P154
............. Self-mixing-based demodulation technique for dynamic fiber Bragg grating strain sensors
Han Cheng Seat, Yue Wang, Thierry Bosch, Weisheng Hu and Xianfeng Chen ...................... 2060
..................................................................................................................................................... P155
.................. A Novel Approach to On Line Oil Quality Sensing Through Side- Polished Optic Fiber
Ainhoa Gaston, Ivon Lozano and Joaquin Sevilla...........cccccuieeiiiiniiiiniieceeceeeee e 2066



............................ A Linear Variable Differential Capacitive Transducer for Sensing Planar Angles
Boby George, Madhu N Mohan and Jagadeesh V Kumar............cccccoeviiiiiiniiiiienieeiceeieeee 2070
Plenary Poster Session: Robotics, Industrial Automation, and Mfg. 2, Room: Nettuno #3 Room
..................................................................................................................................................... P157
........................................................... Fault Diagnosis Based on Petri Model in Machining Process
Zhu Miaofen, Chen Guojin and Wang Yaka .........cccccieriiiiiiniieiiieie et 2077
..................................................................................................................................................... P158
...................................... Online Machining Process Monitoring Using Wavelet Transform and SPC
Dongfeng Shi, Dragos Axinte and Nabil GIndy .........ccccccceeviiriininiiniinininececceceeeeeee 2081
..................................................................................................................................................... P159
..................... New Techniques for Fault Detection Analysis by Injecting Additional Frequency Test
Jordi Cusido, Javier Rosero, Luis Romeral, Juan Antonio Ortega and Antoni Garcia............... 2087
..................................................................................................................................................... P160
.................................................. Robot Position Identification Using Specially Designed Landmarks
Jie Huang, Chunlei Zhao, Yoshitaka Ohtake, Li Huakang and Qunfei Zhao..............c.ccccceee.. 2091
..................................................................................................................................................... P16l
...................................... Active Exploration in Building Hierarchical Neural Networks for Robotics
Qinggang Meng and Mark Lee ........coccuiiiiiiiiiiiieiecee et 2095
..................................................................................................................................................... P162
......................................... A Reliable And Robust Methodology For Testing Measurement Software
Giovanni Betta, Domenico Capriglione, Antonio Pietrosanto and Paolo Sommella.................. 2101
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..................................................................................................................................................... P163
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Sergey Kharkovsky, Adam Craig Ryley, Vivian Stephen and Reza Zoughi............ccccceeenene. 2108
..................................................................................................................................................... P164
.............. Improved Time-Frequency Distribution Series for Ultrasonic Non-Destructive Evaluation
X1uli DU and Y1 Shen......coviiiiiii e 2112
..................................................................................................................................................... P165
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Darko Vasic, Vedran Bilas and Boris Snajder............ccoooiiriiiiiiiiiiiiieieeiece e 2116
..................................................................................................................................................... P166
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..................................................................................................................................................... P167
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..................................................................................................................................................... P168
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..................................................................................................................................................... P169
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..................................................................................................................................................... P170
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..................................................................................................................................................... P171
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..................................................................................................................................................... P172
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..................................................................................................................................................... P173
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..................................................................................................................................................... P174
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..................................................................................................................................................... P175
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..................................................................................................................................................... P176
....................... Investigate the optimal geometry to minimize demagnetizing effect in RTD-Fluxgate
Bruno Ando', Salvatore Baglio, Adi Bulsara, Vito Caruso and Vincenzo Sacco....................... 2175
..................................................................................................................................................... P177
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..................................................................................................................................................... P178
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..................................................................................................................................................... P179
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..................................................................................................................................................... P180
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..................................................................................................................................................... P181
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..................................................................................................................................................... P182
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..................................................................................................................................................... 2215
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..................................................................................................................................................... P186
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..................................................................................................................................................... P187
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..................................................................................................................................................... P188
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..................................................................................................................................................... P189
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..................................................................................................................................................... P190
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..................................................................................................................................................... P191
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..................................................................................................................................................... P192
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Abstract — Coupling is considered one of the most complex software
quality attributes in Object Oriented (OO) Systems. We belief that
OCL expressions provide essential coupling information at early
phases of software development. For that reason, we started to study
if object coupling information obtained from OCL expressions
affects the quality of the model that is finally delivered, based on the
hypothesis that object coupling (an structural property) of an OCL
expression within a UML/OCL model (artifacts) can influence on
the cognitive complexity of modelers (subjects), and high cognitive
complexity leads to OCL expressions exhibit undesirable external
qualities, such as reduced comprehensibility and modifiability. In
this paper we explain the influence of object coupling on the
comprehensibility and modifiability of OCL expressions following a
cognitive theory-based approach. We study cognitive complexity
using mental and cognitive models to explain the rationale of the
measures we defined for measuring object coupling. This cognitive
theory-based approach was also used for obtaining a clear
explanation of a family of experiments we run to confirm our
hypothesis. The empirical results reveal that there is empirical
evidence that object coupling is strongly correlated with the
comprehensibility and modifiability of OCL expressions.

Keywords - software measures, cognitive theory, software
comprehension,  coupling  measures, OCL  expressions,
comprehensibility, modifiability, maintainability.

I. INTRODUCTION

Within the more relevant theoretical basis for developing
quantitative models relating products measures and external
quality attributes [1], there is a strong hypothesis that an
effect of measures on external quality attributes exists. In the
software engineering literature, the mechanism causing this
effect is assumed to be the cognitive complexity [5].
Cognitive complexity is defined as the mental burden of the
individuals (modelers, developers, testers, etc.) who have to
deal with software artefacts. This effect is hypothesized as
follows: structural properties of a software artifact (such as
coupling, cohesion, size, etc.) have an impact on its cognitive
complexity. High cognitive complexity leads to an artifact
exhibiting undesirable external qualities (such as reduced
maintainability).

0-7803-9360-0/06/$20.00 ©2006 IEEE

Nevertheless, rarely in the empirical software engineering
literature neither defined measures nor empirical works are
explained using cognitive theory. That is, there no further
explanation of how a defined measure is related to the mental
model of an individual, or giving an instrumentation to
quantify the cognitive load of individual when they deal with
experimentation objects.

The purpose of this article is twofold:

e First, we present an explanation of how measures for
object coupling in OCL expressions are related to
both, dimension of comprehension [3] and cognitive
complexity models [4].

e Secondly, we describe a family of experiments to
show that object coupling can influence on the
comprehensibility and modifiability of OCL
expressions, through the explanation of the effect of
the cognitive complexity.

The first goal is developed in section 2 whilst the second is

developed in section 3 and 4. Finally, in section 5 we present
the conclusions and outline the future work.

II. COGNITIVE ASPECTS OF MEASURES

Regarding the first purpose of the paper, we defined in
[18] a set of measures for structural properties of OCL
expressions, taking into account that OCL expressions are the
principal building block of modeling with OCL, and the
relevance of the OCL language [13] within Model-Driven
Engineering [12]. Within MDE (such as Model-Driven
Development and Model-Driven Architecture) models are the
primary focus for software development, and platform-
independent model (PIM) forms the foundation for all later
design work, as a major determinant of the quality of the
overall OO. Several authors [22] argue that only the
combination of OCL and Unified Modeling Language [14]
avoid obtaining under-specified models, due to OCL is used
as a textual add-on of the limited expressiveness of diagram-
based UML notation.

In order to explain the cognitive complexity of individuals
when they deal with OCL expressions, we based our
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reasoning of the comprehension of OCL expressions in two
main theories: mental models and cognitive models. We are
conscious that the application of the former theory is not
straightforward, due they were defined for program
comprehension, and the OCL expressions are declarative
without getting embroiled in implementations details [10] as
a program does. However, we consider that the dimension are
generally enough to be applied to the comprehension of a
declarative language like OCL. In fact, the essence of
program comprehension is identifying artifacts, discovering
relationships, and generating abstractions [21]. We believe
that, whatever the language be, imperative or declarative, the
comprehension of its specifications (or products) involve
different cognitive dimensions. However, we believe that
mental models are not the unique element impacting in the
cognitive complexity of modelers, also cognitive processes
and temporary information structures in the subject's head are
also used to from the mental model [20] and that is the reason
we evaluate cognitive models. Both applied theories, mental
and cognitive models are explained in the subsections A and
B, whereas subsection C describes the main elements of the
cognitive dimensions and the cognitive process that a
modeler employed during the comprehension of OCL
expressions.

A. Mental Models

A mental model, also referred to as schema, is a predictive
representation of real world systems. Mental representations
are created to reason about, explain, and predict the objects
and information in the world, behaviour of systems, etc [17].
So, mental models play an important role in software
comprehension and correspondingly in comprehension-
related tasks, such as modification and debugging. Many
studies in software comprehension were performed largely
with procedural applications [6], [7]. However, recently a
number of studies have tested elements of the above mental
model structure on OO software [2].

Two important dimensions of program comprehension
were used as a basis during the last years:

e Dimension of Scope of Comprehension: The breadth of
familiarity with the program gained by the programmer
during comprehension activities determine this dimension
[7]. Littman et al. [11] found two strategies used by
programmers concerning scope of comprehension,
systematic and as-needed. Using the systematic strategy,
the programmer attempts to gain a broad understanding of
the program before carrying out modifications. On the
other hand, using the as-needed strategy, the programmer
does not attempt to understand the overall design of the
program but concentrates instead on the functioning of
selected local parts of the code that are critically involved
in the modification. Erdos et al. [9] propose partial
comprehension as the only feasible approach when
systems are large or when deadlines have to be met.

e Dimension of Direction of Comprehension: This
direction of comprehension activities refers to the

cognitive models used to group approaches of how

programmers comprehend software. Existing program

understanding models agree that comprehension proceeds
either bottom-up, top-down or a combination of the two

(opportunistic) [20], [15].

Recently a number of studies have tested elements of the
mental model structure on OO software. In particular, the
more relevant mental model of a bottom-up approach is the
Burkhardt et al.'s model [2] based on the Pennington’s model
[16]. In these models the foundation is the existence of these
two program abstractions during comprehension, the program
model and the situation model, being the program model
formatted before the situation model, in a bottom-up manner.
This program model contains text structure knowledge, where
programmers first develop a control-flow abstraction of the
program, sequence of operations, etc. Once the program
model has been fully assimilated, the situation model is
developed, and this requires knowledge of the application
domain. The situation model encompasses knowledge about
the following structural components:

1. Problem Objects: These objects directly model objects
of the problem domain.

2. Relationships between Problem Objects: These consist
of the inheritance and composition relation-ships between
objects.

3. Reified Objects: An example of a computing, or reified,
object is a string class, which is not a problem domain object
per se. Reified objects are represented at the situation model
level in as much as they are necessary to complete the
representation of the relationships between problem objects,
i.e., they bundle together program-level elements needed by
the domain objects.

4. Main Goals: The main goals of the problem correspond
to functions accomplished by the program viewed at a high
level of granularity.

5. Client— server Relationships: Communication between
objects corresponds to client — server relationships in which
one object processes and supplies data needed by another
object.

6. Data Flow Relationships: Communication between
variables corresponds to data flow relationships connecting
units of local plans within a routine.

B. Cognitive Models

Two cognitive process or techniques that are concurrently
and synergistically applied in problem solving and were
defined by Cant et al. in the Cognitive Complexity Model
(CCM model) [4]. The CCM gives a general cognitive theory
of software complexity that elaborates on the impact of
structure on comprehension [8]. Although the study of Cant
et al. has been considered a reasonable point of departure for
understanding the impact of structural properties "on
comprehensibility of code and the coding process", we
believe that this model can also be applied to UML
developers when they try to understand OCL expressions.
The two cognitive processes are chunking and tracing.
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Chunking involves the recognition of a set of declarations
and the extraction of information from them, which is
remembered as a chunk (a single mental abstraction),
whereas tracing involves scanning, either forward or
backwards, in order to identify pertinent chunks. The
comprehension of a particular “chunk™ is the sum of three
components: (1) the difficulty of understanding the “chunk”
itself; (2) the difficulty of understanding all the dependencies
on the “chunks” upon which a particular “chunk” depends,
and (3) the difficulty of “tracing” these dependencies to those
“chunks” . When a method calls for another method to be
used in a different class, or when an inherited property needs
to be understood, are typical examples of where “tracing” is
applied.

C. OCL expression’ comprehension

We believe that different issues influence the

comprehension of OCL expressions:

e Direction of Comprehension: We believe that during early
phases of OCL expressions comprehension, modellers
tended to utilize a bottom up direction, by reading the
textual representation of the OCL expressions and then
mentally grouping these statements into higher level
abstractions. During the grouping or chunking the
expression the modellers switched to the graphical UML
diagram to which the expression is associated with,
looking for artefacts referred in the OCL expressions, i.e.
rolename of relationships, methods, attributes, etc.
However, in the lasts phases of OCL expressions
comprehension process the modelers increasingly used an
opportunistic direction of comprehension. Nevertheless,
the direction is primarily bottom up, the OCL expression
trace the process of understanding through the model. In
Table 1 we analyzed the bottom-up direction aspect and
we present in the third and fourth columns a mapping of
each measure with the component of the situation (or
program) model to which applies in the Burkhardt et al.'s
model. This mapping was obtained according to:

— Measures related to navigations (NNR, WNN, DN)
are considered as mechanisms of relationship be-
tween problem objects, e.g. through navigations it is
possible to access objects related to the contextual
instance.

— Problem objects, i.e. objects of the problem domain,
are identified through the number of navigated
classes (NNC), the number of attributes or
operations of the contextual type (NAS or NOS),
and the number of user-defined data type attributes
or operations (NUDTA or NUDTO), the number of
contextual instance (implicitly —NIS- or explicitly -
NES- specified), the number of properties postfixed
by @pre, and the collection operation iterator
variables (when they represent a collection of
problem objects).

— Collection operations as an important OO
mechanism to manipulate object collections are
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considered a reified object, i.e. not problem domain
object per se. Due to definition expressions are used
to factorize a common subexpression are considered
reified objects as well.

— NAN, WNON and WNM measures are considered
client-server relationships because the contextual
instance has a reference to a property (attribute or
operation) of other objects.

—  The number of OCL keywords, the number of let’
variables, and the number of boolean and
comparison operators are considered elementary
operations of the Program Model.

— If expressions are considered a control
mechanism of the Program Model.

Scope of Comprehension: We believe that modellers uses
a partial or systematic strategy, during OCL expression
comprehension i.e., she or he attempt to understand the
overall design to which the OCL expression is related.
However we think that OCL expression modifications
demands a narrow scope of comprehension, and
modellers should apply a more as-needed strategy of the
surrounding classes of the contextual type.

Cognitive Model and cognitive techniques: An OCL

expression is a suitable “chunk” unit, which modellers

should understand as a whole declaration constraining an
aspect of the system being modelled. To understand an

OCL expression, as a “chunk”, UML developers must

carry out “tracing” to understand some properties

(attributes, operations or rolenames) belonging to other

classes, for example when a operation is referred through

messaging, navigation of relationships, etc. “Tracing” is a
technique commonly applied by UML developers during
the comprehension of OCL specifications. In general, the
understanding of an OCL expression as a “chunk”
involves a strong intertwining of “tracing” and

“chunking” techniques.

An example of “chunking”: The contextual instance, i.e.
self, provides a point of reference for the interpretation of
an OCL expression. Whenever we use the self keyword,
we are doing “chunking” of the expression.

An example of “tracing": If an OCL expression includes a
navigation for accessing an attribute (or operation)
belonging to a class, the proper evaluation of the
navigation will disrupt the understanding of the OCL
expression. The evaluation of the navigation, will involve
the understanding of the rolenames (or class names if
rolenames are missing in the diagram) mentioned in the
navigation, to look for them in the class diagram, to look
for the attribute (or operations) mentioned through the
navigation, and eventually to understand the OCL
expressions associated to this attribute (or operation), if
they have OCL expressions attached. Table 1, fifth

column, summarizes the measures we defined [18]

according to the technique they are related to.
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Table 1: Mapping between Measures for OCL expressions and Burkhardt” Mental Model and Cant” CCM

Measure Measure Description Mental Model of Burkhardt Cognitive
technique
Model Relation of CMM
NNR Number of Navigated Relationships Situation Rel. between Problem objects | Tracing
NAN Number of Attributes referred through Navigations Situation Client-server objects Tracing
WNON Weighted Number of referred Operations through Navigations Situation Client-server objects Tracing
NNC Number of Navigated Classes Situation Problem objects Tracing
WNM Weighted Number of Messages Situation Client-server objects Tracing
NUDTA Number of User-Defined Data Type Attributes Situation Problem objects Tracing
NUDTO Number of User-Defined Data Type Operations Situation Problem objects Tracing
WNN Weighted Number of Navigations Situation Rel. between Problem objects Tracing
DN Depth of Navigations Situation Rel. between Problem objects Tracing
WNCO Weighted Number of Collection Operations Situation Reified objects Tracing
NEIL, NII Number of Explicit/Implicit Iterator variables Situation Problem objects Tracing
NAS Number of Attributes belonging to the classifier that Self represents Situation Problem objects Chunking
NOS Number of Operations belonging to the classifier that Self represents | Situation Problem objects Chunking
NVD Number of Variables defined through <<Definition>> expressions Situation Reified objects Chunking
N@P Number of properties postfixed by @pre Situation Problem objects Chunking
NES Number of Explicit Self Situation Problem objects Chunking
NIS Number of Implicit Self Situation Problem objects Chunking
NKW Number of OCL KeyWords Program Elementary operation Chunking
NVL Number of Variables defined by Let expressions Program Elementary operation Chunking
NIE Number of If Expressions Program Control Flow Chunking
NBO Number of Boolean Operators Program Elementary operation Chunking
NCO Number of Comparison Operators Program Elementary operation Chunking

II1. A FAMILY OF EXPERIMENTS

Regarding the second purpose of this paper, we use a
family of experiments to explain the influence of object
coupling (measured by the measures we defined) on the
maintainability of OCL expressions, through the cognitive
complexity. Card et al. argue [5] that one way to
operationalize cognitive complexity is to equate it with the
ease of comprehending an object-oriented artifact. So, in
order to estimate the cognitive complexity of OCL expression
during experimentation, we gather the subject perception of
the complexity of OCL expressions comprehension and
modification, using linguistic labels. This instrumentation of
the cognitive complexity was used to triangulate hypothesis
between structural properties, cognitive complexity and
external quality attributes, following the rationale of the
theoretical basis for developing quantitative models of Briand
etal. [1].

The experiments were run in May and June (2005) at the
Technical University of Valencia (UPV) and Complutense
University of Madrid (UCM) respectively. In order to study
the influence of object coupling on the comprehensibility
(COM) and modifiability (MOD) of OCL expressions we
have considered not only the time subjects spent on the COM

and MOD tasks required in the experimental material, but
also their efficiency and their subjective perception of the
difficulty when carrying out these tasks. We think that, both
quantitative (COM and MOD efficiency) and qualitative
(subject’s rating) information is important to obtain more
solid findings.
Experiment Hypotheses:

hypotheses based on our beliefs:

e Hypotheses 1: Hy; The ranks of the (COM or MOD) Eff
do not differ from their expected value, i.e. the mean
efficiency is the same for all the models. H, ;= —H,

We formulated different

e Hypotheses 2: Hy, There is no significant correlation
between the measures defined for OCL expressions,
related to object coupling and their (COM or MOD) Eff.
Hi»= —Hp,

e Hypotheses 3: Hy; There is no significant correlation
between the OCL expression measures related to object
coupling and the (COM or MOD) SubComp. H,; =
—|H0’3

e Hypotheses 4: Hyo4 The COM or MOD SubComp are not
correlated with the COM and MOD Time. Hy 4: —Hg4

e Hypotheses 5: Hy s The (COM or MOD) SubComp is not
correlated with the COM and MOD Eff. H, 5= —HO0,5.
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From the descriptive and exploratory analyses, we can
conclude that the efficiency of subjects when they had to
comprehend and modify the OCL expressions, increased as
time passed.

Due to the size of the population from the UCM
experiment the formulated hypotheses of the experiments
could not be tested in the same way as we analyzed the
hypotheses for the UPV experiment. However, we used the

UCM data to confirm the findings obtained in UPV, gath-
ering the whole set of data from both experiments (after using
statistical tests needed to realize if this is possible and enable
us to collect all the data). We found different results for the
hypotheses that were confirmed once we gather the whole
data set. We summarize the findings for each hypothesis in
Table 1.

Table I. Synopsis of Hypotheses and the statistical test applied.

Relation between Efficiency Time Subjective Complexity
COMEff, MOD Eff COM and MOD Time COM and MOD SubComp

OCL Expression Hypotheses 2 Hypotheses 3

Measures Test: Spearman (1) the NNR, NNC, Test: Spearman The NNR, NNC, WNN,
WNN, DN, WNCO and NEI WNCO, NEI and DN measures are significant
measures have are significant correlated with the COM  subjective
correlated with the COM Efficiency complexity; and NNR, WNN, DN, NCO and
(2) the NNR, WNN, DN and NCO WNCO measures are significant correlated
have significant correlated with the with the MOD subjective complexity
MOD Efficiency

COM  Sub-Comp | Hypotheses 5 Hypotheses 4

MOD Sub-Comp

Test: © Kendall
The subjective ratings are influenced
by the COM and MOD efficiency.

Test: T Kendall

The subjects’ subjective ratings (COM or
MOD rating) are influenced by the time
they spent comprehending or modifying the
OCL Expressions, i.e. both times seem to
affect their perception of the level of
complexity of an OCL expression.

The results reveal again that there is empirical evidence
that object coupling defined in an OCL expression is strongly
correlated with the maintainability of OCL expression
(hypothesis 2), but these findings are strengthen by the
following facts:

e Considering the COM and MOD tasks, the object
coupling of OCL expressions impact in the cognitive
complexity in different way (hypothesis 3), and this effect
is explained as follows using the cognitive theory.

—  Considering the constituent of the mental model of
Burkhardt, Problem objects (NNC, NEI), Relation of
problems objects (NNR, WNN, DN) and Reified
objects (WNCO) affects the COM tasks. However
only Relation of problems objects (NNR, WNN,
DN) affects MOD tasks. We think that in a
systematic strategy during comprehension a broad
familiarity of the expression and its contextual
information should be gathered by the subjects,
however during modification, in as needed strategy,
the focus of the comprehension was only on
relationship between problem objects.

— Measures related to chunking and tracing affect
UND tasks, and mainly tracing affect the MOD
tasks.

e COM and MOD Subcomp is correlated to the COM and
MOD Time (hypothesis 5) and also with COM and MOD
Efficiency (hypothesis 5).

e The set of measures that are correlated with the
maintainability of OCL expression (hypothesis 2) is
almost the same as the set of measures correlated with
COM and MOD sub-comp (hypothesis 3).

Iv. CONCLUSIONS

Due to the quantitative models relating product measures
and external quality attributes based their hypothesis in the
impact that a software artefacts (such as its coupling)
have an impact on its cognitive complexity and the
effect that a high cognitive complexity leads to an
artefact exhibiting undesirable external qualities (such as
reduced comprehensibility and modifiability), we consider
the cognitive complexity as a central aspect that should be
analyzed during the definition of measures and their
empirical validation. We evaluate cognitive complexity of
modellers when they deal with OCL expressions within
UML/OCL models taking into account two cognitive
theories: mental model and cognitive process. In relation
to the former theory we use two dimensions of
comprehension (scope and direction) and we focus on
bottom-up direction of comprehension of Burkhardt [3].
Considering the latter theory we explain two cognitive
process of the cognitive complexity model of Cant et al.:
chunking and tracing. These two cognitive theories were
applied to achieve the twofold goal of this paper as
follows:

(1) We had analyzed how the two cognitive theories are
related to comprehension of OCL expression. We
described the relationships between each defined
measures and the constituent of the mental model of
Burkhardt model, eg. NNC and NEI are related to
“problem objects”, NNR, WNN, DN are related to
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“relation of problems objects” and WNCO is related to
“reified objects”, etc.

(2) Regarding its application in an empirical work, we
described a family of experiments run in May and June
(2005) at the Technical University of Valencia and
Complutense University of Madrid respectively. In order to
study the comprehensibility and modifiability of OCL
expressions we have considered not only the time subjects
spent on the comprehensibility and modifiability tasks
required in the experimental material, but also their
efficiency and their subjective perception of the difficulty
when carrying out these tasks. We think that, both
quantitative and qualitative measures provide more
information for obtaining obtain more solid and credible
findings. The results reveal that, to some extent, there is
empirical evidence that object coupling defined in an
OCL expression is strongly correlated with the
comprehensibility and modifiability of OCL expressions
(hypothesis 2). Nevertheless, we are conscious that further
replications are necessary, especially with subjects and
materials taken from industrial settings.

The two purposes of this paper show what Rilling et al.
argues in [19]: the understanding attributes of cognitive
process can lead to new software measures that allow the
prediction of human performance in software development
for assessing and improving the maintainability of software
artifacts.
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