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Foreword

We are living in the information age being surrounded by diverse types of complex
networks. The study of complex networks has gained a significant research interest
in recent years, mostly because of their ubiquitous presence in nature and society,
leading to an inter-disciplinary research field involving researchers from all major
scientific disciplines.

This monograph deals with three types of complex networks describing the
structure of software systems, the semantic web ontologies, and the self-organized
social structure of research collaboration. In Chaps. 1 and 2, the authors give an
overview of fundamental concepts, metrics, methods, and models important in
studying real-world complex networks. As the main research contribution of the
monograph, they propose and empirically validate several novel methods to analyze
complex networks in which nodes are enriched with the domain-independent
structural metrics and the metrics from a particular domain (i.e., software metrics,
ontology metrics, and metrics of research performance, respectively).

Software networks are directed graphs that represent the dependencies among
software entities present in a complex software system. One software system can be
represented by several software networks reflecting its structure at different
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granularity levels. For example, the design structure of an object-oriented software
system is typically described by three different kinds of software networks that
depict dependencies among methods, classes, and packages (i.e., modules or
namespaces). The applications of software networks are numerous, including the
analysis of software systems using graph-based methods, computation of software
design metrics, program comprehension and visualization, reverse engineering of
software systems, identification of key software components, identification of
design flaws in source code, analysis of change impact, and prediction of defects in
software systems.

The authors give a comprehensive overview of previous empirical studies of
software networks in Chap. 3. In the same chapter, they introduce a novel
methodology to examine coupling and cohesion in software systems, found on
enriched software networks. The authors also propose domain-independent graph
clustering evaluation metrics for measuring the cohesiveness of software entities
indicating their benefits over commonly used software cohesion metrics. The case
studies presented here show that the proposed methodology has both theoretical and
practical relevance. It enables a deeper understanding of phenomena that are
commonly considered as indicators of poorly designed software systems (i.e., high
coupling, low cohesion, and large cyclic dependencies). Additionally, it can be
utilized for software engineering practitioners to identify keys, distinctive features
of highly coupled software entities, software entities involved in cyclic depen-
dencies, and software entities causing low cohesion providing valuable information
for software development, testing, and maintenance activities.

The ontology formally describes the concepts and relationships in a domain of
discourse. Ontologies have a prominent role in the development of the semantic
web where they serve as shared and agreed-upon knowledge models enabling
information reuse and interoperability. Ontologies and networks are very closely
related—an ontology is a set of axioms inducing a semantic network of ontological
entities present in the ontology. In Chap. 4, the authors show that modular semantic
web ontologies represented by enriched ontology networks can be studied and
evaluated in the same way as software systems represented by enriched software
networks.

The last four chapters of the monograph are devoted to co-authorship networks.
Co-authorship networks are social networks in which nodes represent researchers
and links do research collaborations among them. In Chap. 5, the authors first
discuss several graph-based representations of research collaboration and several
ways to quantify its strength. In Chap. 6, they focus on the author name disam-
biguation problem appearing when extracting a co-authorship network from a
bibliographic database in which authors are not uniquely identified. They provide a
comprehensive overview of existing heuristic and machine learning approaches to
solving the author name disambiguation. Then, the authors propose a novel
supervised network-based method for disambiguating author names in biblio-
graphic data.

vi Foreword



Research collaboration is one of the fundamental determinants of contemporary
science. The study of co-authorship networks is thus crucial for understanding the
social structure and evolution of research communities. In Chap. 7, the authors give
a thorough overview of existing empirical studies of co-authorship networks and
identify their common structural and evolutionary properties. In Chap. 8, they
propose a novel methodology based on enriched co-authorship networks to analyze
the structure and evolution of research collaboration. The accompanying case study
shows that the proposed methodology enables an in-depth analysis of research
collaboration and its relationships with other indicators of research performance.

In my opinion, researchers and students interested in complex networks may
benefit a lot from this monograph in two ways. First, the monograph provides a
comprehensive and up-to-date overview of studies of complex networks from three
important domains. Second, it introduces new methods to study complex networks
enriched with domain-dependent metrics that are empirically validated with rele-
vant and interesting case studies. The monograph may be also useful for researchers
and practitioners in software engineering, ontology engineering, and scientometrics
since it gives a network-based perspective on important issues from those three
disciplines. I have recognized the significance of the original research contributions
presented in the monograph and thus expect that they will motivate further research
directions and novel applications.

Seoul, Korea Prof. Sang-Wook Kim
Hanyang University
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Preface

A wide variety of complex natural, engineered, conceptual, and social systems of
high technological and scientific importance can be represented by networks—
structures that describe relations, dependencies, and interactions between
constituent parts of a complex system. Well-known examples of complex net-
worked systems include technological systems such as Internet, power grids,
telecommunication, and transportation networks; social systems such as academia,
corporations, markets, and online communities; biological systems such as brain,
metabolic pathways, and gene regulatory networks; and ecological systems such as
food chains. In order to understand, control, or improve a complex system com-
posed out of a large number of inter-related parts, it is necessary to quantify,
characterize, and comprehend the structure and evolution of underlying complex
networks.

The focus of this monograph is on complex networks from three domains:
(1) networks extracted from source code of computer programs that represent the
design of software systems, (2) networks extracted from source code of semantic
web ontologies that describe the structure of shared and reusable knowledge, and
(3) networks extracted from bibliographic databases that reflect scientific collabo-
ration. In the monograph, we present novel methods for analyzing enriched soft-
ware, ontology, and co-authorship networks, i.e., complex networks in which nodes
are enriched with both domain-dependent metrics (software, ontology, and metrics
of research performance, respectively) and domain-independent metrics used in
complex network analysis.

The monograph is intended primarily for researchers, teachers, and students
interested in complex networks and data analysis and mining. Additionally, it may
also be interesting for researchers dealing with software engineering, ontology
engineering, and scientometrics since it addresses topics from those disciplines
within the framework of complex networks.

The monograph consists of three major parts entitled “Introduction”, “Software
and Ontology Networks: Complex Networks in Source Code”, and “Co-authorship
Networks: Social Networks of Research Collaboration”.
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Part I. In Chap. 1, we make an introduction to complex networks and outline
our main research contributions presented in this monograph. The next chapter,
Chap. 2, presents fundamental complex network measures, algorithms, and models.
Those two chapters contain the necessary theoretical background and preliminaries
used in the rest of the monograph.

Part II. The second part of the monograph is devoted to software and ontology
networks. Those two types of complex networks, although representing two dif-
ferent kinds of complex man-made systems, have one important thing in common
—they show dependencies between entities present in a system described in a
formal language. In Chap. 3, after presenting an overview of the literature inves-
tigating software networks, we propose and empirically evaluate a novel method-
ology to study the structure of enriched software networks. In Chap. 4, we apply the
same methodology to study the design of a large-scale modularized ontology.

Part III. The last part of the monograph is focused on co-authorship networks.
This part contains four chapters. In Chap. 5, we discuss different models of
co-authorship networks, different schemes to quantify the strength of research
collaboration, different types of co-authorship networks, and their main applica-
tions. Chapter 6 is devoted to the extraction of co-authorship networks from bib-
liographic databases. We start with an overview of existing approaches to the author
name disambiguation problem and their actual utilization in empirical studies
analyzing co-authorship networks. In the same chapter, we study the performance
of various string similarity metrics for identifying name synonyms in bibliographic
records. We present a novel network-based method to disambiguate author names
and investigate the impact of author name disambiguation to the structure of
co-authorship networks. A comprehensive overview of studies dealing with the
analysis of co-authorship networks is given in Chap. 7. Finally, in Chap. 8, we
propose a novel methodology to study the structure and evolution of enriched
co-authorship networks and demonstrate it on a case study in the domain of
intra-institutional research collaboration.

Novi Sad, Serbia Miloš Savić
Novi Sad, Serbia Mirjana Ivanović
Sydney, Australia Lakhmi C. Jain
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LV Louvain (community detection algorithm)
MAXODF Maximum Out-Degree Fraction
MCL Markov Cluster Algorithm
MCN Method Collaboration Network
MLE Maximum Likelihood Estimation
MR Mathematical Reviews
MWU Mann—Whitney U
NCLASS Number of Classes
NEC Number of External Classes
NINST Number of Instances
NMI Normalized Mutual Information
NOC Number of Children
NUMA Number of Attributes
NUME Number of Entities
NUMM Number of Methods
OCN Ontology Class Network
ODF Out-Degree Fraction
OMN Ontology Module Network
ONGRAM Ontology Graphs and Metrics
OO Object-Oriented
OON Ontology Object Network
OSN Ontology Subsumption Network
OUT Out-degree
OWL Web Ontology Language
PCN Package Collaboration Network
PMF Probability Mass Function
PNAS Proceedings of the National Academy of Sciences
PR Page Rank
PROF Productivity (Fractional Counting)
PRON Productivity (Normal Counting)
PROS Productivity (Straight Counting)
PS Probability of Superiority
RDF Resource Description Framework
REC References to External Classes
RR Relationship Richness
RS Radicchi Strong
RSNC Reference Similarity Network Clustering
SBM Stochastic Block Model
SCC Strongly Connected Component
SCG Static Call Graph
SICRIS Slovenian Current Research Information System
SIGIR Special Interest Group on Information Retrieval
SIGMOD Special Interest Group on Management of Data
SLAND Self-training Lazy Associative Name Disambiguation

Acronyms xix



SNA Social Network Analysis
SNEIPL Software Networks Extractor Independent of Programming Language
SOM Spectral Optimization of Modularity
SQALE Software Quality Assessment based on Lifecycle Expectations
SRCI Serbian Research Competency Index
SVM Support Vector Machine
SW Small-World
SWEET Semantic Web for Earth and Environmental Terminology
TCC Tight Class Cohesion
TDNS Top Degree Node Set
TEXPR Total Expression Complexity
TF-IDF Term Frequency—Inverse Document Frequency
TOT Total Degree
UNS University of Novi Sad
W3C World Wide Web Consortium
WBET Weighted Betweenness Centrality
WCC Weakly Connected Component
WCLO Weighted Closeness Centrality
WCOLL Strength of Collaboration
WCRE Working Conference on Reverse Engineering
WDEG Weighted Degree Centrality
WECOLL Strength of External Collaboration
WLCOLL Strength of Local Collaboration
WMC Weighted Methods Per Class
WS Watts–Strogatz
WT Walktrap
WWW World Wide Web

xx Acronyms
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