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Basic Set Theory

The main notions of set theory (cardinals, ordinals, transfinite induction) are fundamental to all 
mathematicians, not only to those who specialize in mathematical logic or set-theoretic topology. Basic 
set theory is generally given a brief overview in courses on analysis, algebra, or topology, even though it 
is sufficiently important, interesting, and simple to merit its own leisurely treatment. This book provides 
just that: a leisurely exposition for a diversified audience. It is suitable for a broad range of readers, from 
undergraduate students to professional mathematicians who want to finally find out what transfinite 
induction is and why it is always replaced by Zorn's Lemma. The text introduces all main subjects of 
``naive'' (nonaxiomatic) set theory: functions, cardinalities, ordered and well-ordered sets, transfinite 
induction and its applications, ordinals, and operations on ordinals. Included are discussions and proofs 
of the Cantor-Bernstein Theorem, Cantor's diagonal method, Zorn's Lemma, Zermelo's Theorem, and 
Hamel bases. With over 150 problems, the book is a complete and accessible introduction to the 
subject.

Invariant Descriptive Set Theory

Presents Results from a Very Active Area of ResearchExploring an active area of mathematics that 
studies the complexity of equivalence relations and classification problems, Invariant Descriptive Set 
Theory presents an introduction to the basic concepts, methods, and results of this theory. It brings 
together techniques from various areas of mathem

Elementary Set Theory, Part I

This book provides students of mathematics with the minimum amount of knowledge in logic and set 
theory needed for a profitable continuation of their studies. There is a chapter on statement calculus, 
followed by eight chapters on set theory.

Proceedings of the 2012 International Conference on Communication, Electronics and Automation 
Engineering
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This book is a collection of selected papers from the 2011 International Conference on Communica-
tions, Electronics and Automation Engineering hold in Xi’an, China, August 23-25, 2012. It presents 
some of the latest research findings in a broad range of interdisciplinary fields related to communi-
cations, electronics and automation engineering. Specific emphasis is placed on the following topics: 
automation control, data mining and statistics, simulation and mathematical modeling, human factors 
and cognitive engineering, web technology, optimization and algorithm, and network communications. 
The prime objective of the book is to familiarize the readers with cutting edge developments in the 
research of electronics and automation engineering with a variety of applications. Hopefully, the book 
can help researchers to identify research trends in many areas, to learn the new methods and tools, 
and to spark innovative ideas.

Set Theory with Applications

The purpose of this book is to provide the reader who is interested in applications of fuzzy set theory, 
in the first place with a text to which he or she can refer for the basic theoretical ideas, concepts and 
techniques in this field and in the second place with a vast and up to date account of the literature. 
Although there are now many books about fuzzy set theory, and mainly about its applications, e. g. 
in control theory, there is not really a book available which introduces the elementary theory of fuzzy 
sets, in what I would like to call "a good degree of generality". To write a book which would treat the 
entire range of results concerning the basic theoretical concepts in great detail and which would also 
deal with all possible variants and alternatives of the theory, such as e. g. rough sets and L-fuzzy sets 
for arbitrary lattices L, with the possibility-probability theories and interpretations, with the foundation 
of fuzzy set theory via multi-valued logic or via categorical methods and so on, would have been an 
altogether different project. This book is far more modest in its mathematical content and in its scope.

Fuzzy Set Theory

For thousands of years, it is generally believed that mathematics begins with the natural numbers and 
counting. But there is something more fundamental than counting. It is the grouping of things. If a child is 
shown a picture of a farm with sheep and cows here and there and asked to count the number of sheep, 
the child would first put the sheep in a group mentally and then count the number of sheep in the group. 
Without grouping, counting cannot happen. Therefore, mathematics begins with the grouping of objects, 
which is the object of study of set theory. In this book, we explore the fundamental concepts of sets 
and related topics: propositional logic, methods of proof, relations and functions. Unlike the technical 
approach adopted in most books, we use many everyday examples to show that these concepts can be 
found everywhere in our daily life. The book also has plenty of exercises and solutions to all exercises 
are provided.

Essential Concepts of Set Theory

This monograph introduces involutive categories and involutive operads, featuring applications to the 
GNS construction and algebraic quantum field theory. The author adopts an accessible approach for 
readers seeking an overview of involutive category theory, from the basics to cutting-edge applications. 
Additionally, the author’s own recent advances in the area are featured, never having appeared 
previously in the literature. The opening chapters offer an introduction to basic category theory, ideal 
for readers new to the area. Chapters three through five feature previously unpublished results on 
coherence and strictification of involutive categories and involutive monoidal categories, showcas-
ing the author’s state-of-the-art research. Chapters on coherence of involutive symmetric monoidal 
categories, and categorical GNS construction follow. The last chapter covers involutive operads and 
lays important coherence foundations for applications to algebraic quantum field theory. With detailed 
explanations and exercises throughout, Involutive Category Theory is suitable for graduate seminars 
and independent study. Mathematicians and mathematical physicists who use involutive objects will 
also find this a valuable reference.

Involutive Category Theory

This research level monograph reflects the current state of the field and provides a reference for 
graduate students entering the field as well as for established researchers.

Set Theory



The book focuses on the educational perspective of Riemann-Roch spaces and the computation of 
algebraic structures connected to the Riemann-Roch theorem, which is a useful tool in fields of complex 
analysis and algebraic geometry. On one hand, the theorem connects the Riemann surface with its 
topological genus, and on the other it allows us to compute the algebraic function field spaces. In the 
first part of this book, algebraic structures and some of their properties are presented. The second part 
shows efficient algorithms and examples connected to Riemann-Roch spaces. What is important, a 
variety of examples with codes of algorithms are given in the book, covering the majority of the cases.

Riemann-Roch Spaces and Computation

This monograph presents a study of modern functional analysis. It is intended for the student or 
researcher who could benefit from functional analytic methods, but does not have an extensive 
background and does not plan to make a career as a functional analyst.

Infinite Dimensional Analysis

A Comprehensive Course in Analysis by Poincaré Prize winner Barry Simon is a five-volume set that 
can serve as a graduate-level analysis textbook with a lot of additional bonus information, including 
hundreds of problems and numerous notes that extend the text and provide important historical 
background. Depth and breadth of exposition make this set a valuable reference source for almost 
all areas of classical analysis. Part 1 is devoted to real analysis. From one point of view, it presents 
the infinitesimal calculus of the twentieth century with the ultimate integral calculus (measure theory) 
and the ultimate differential calculus (distribution theory). From another, it shows the triumph of 
abstract spaces: topological spaces, Banach and Hilbert spaces, measure spaces, Riesz spaces, 
Polish spaces, locally convex spaces, Fréchet spaces, Schwartz space, and spaces. Finally it is the 
study of big techniques, including the Fourier series and transform, dual spaces, the Baire category, 
fixed point theorems, probability ideas, and Hausdorff dimension. Applications include the constructions 
of nowhere differentiable functions, Brownian motion, space-filling curves, solutions of the moment 
problem, Haar measure, and equilibrium measures in potential theory.

Real Analysis: A Comprehensive Course in Analysis, Part 1

The textbook literature on ordered sets is still rather limited. A lot of material is presented in this 
book that appears now for the first time in a textbook. Order theory works with combinatorial and 
set-theoretical methods, depending on whether the sets under consideration are finite or infinite. In 
this book the set-theoretical parts prevail. The book treats in detail lexicographic products and their 
connections with universally ordered sets, and further it gives thorough investigations on the structure 
of power sets. Other topics dealt with include dimension theory of ordered sets, well-quasi-ordered sets, 
trees, combinatorial set theory for ordered sets, comparison of order types, and comparibility graphs. 
Audience This book is intended for mathematics students and for mathemeticians who are interested 
in set theory. Only some fundamental parts of naïve set theory are presupposed. Since all proofs are 
worked out in great detail, the book should be suitable as a text for a course on order theory.

Ordered Sets

This lively and concise book is based on the lectures for undergraduates given by the authors at the 
Moscow State University Mathematics Department and covers the basic notions of the general theory 
of computation. It begins with the definition of a computable function and an algorithm and discusses 
decidability, enumerability, universal functions, numberings and their properties, $m$-completeness, 
the fixed point theorem, arithmetical hierarchy, oracle computations, and degrees of unsolvability. The 
authors also cover specific computational models, such as Turing machines and recursive functions. 
The intended audience includes undergraduate students majoring in mathematics or computer science, 
and all mathematicians and programmers who would like to learn the basics of the general theory of 
computation.

Computable Functions

This textbook is designed for an Introduction to Proofs course organized around the themes of number 
and space. Concepts are illustrated using both geometric and number examples, while frequent 
analogies and applications help build intuition and context in the humanities, arts, and sciences. 
Sophisticated mathematical ideas are introduced early and then revisited several times in a spiral 



structure, allowing students to progressively develop rigorous thinking. Throughout, the presentation 
is enlivened with whimsical illustrations, apt quotations, and glimpses of mathematical history and 
culture. Early chapters integrate an introduction to sets, logic, and beginning proof techniques with a 
first exposure to more advanced mathematical structures. The middle chapters focus on equivalence 
relations, functions, and induction. Carefully chosen examples elucidate familiar topics, such as natural 
and rational numbers and angle measurements, as well as new mathematics, such as modular arith-
metic and beginning graph theory. The book concludes with a thorough exploration of the cardinalities 
of finite and infinite sets and, in two optional chapters, brings all the topics together by constructing the 
real numbers and other complete metric spaces. Designed to foster the mental flexibility and rigorous 
thinking needed for advanced mathematics, Introduction to Mathematics suits either a lecture-based 
or flipped classroom. A year of mathematics, statistics, or computer science at the university level is 
assumed, but the main prerequisite is the willingness to engage in a new challenge.

Introduction to Mathematics

This book discusses current topics in rough set theory. Since Pawlak’s rough set theory was first 
proposed to offer a basis for imprecise and uncertain data and reasoning from data, many workers have 
investigated its foundations and applications. Examining various topical issues, including object-orient-
ed rough set models, recommendation systems, decision tables, and granular computing, the book is 
a valuable resource for students and researchers in the field.

Topics in Rough Set Theory

This book constitutes the thoroughly refereed conference proceedings of the 14th International Con-
ference on Rough Sets, Fuzzy Sets, Data Mining and Granular Computing, RSFDGrC 2013, held in 
Halifax, Canada in October 2013 as one of the co-located conference of the 2013 Joint Rough Set 
Symposium, JRS 2013. The 69 papers (including 44 regular and 25 short papers) included in the JRS 
proceedings (LNCS 8170 and LNCS 8171) were carefully reviewed and selected from 106 submissions. 
The papers in this volume cover topics such as inconsistency, incompleteness, non-determinism; fuzzy 
and rough hybridization; granular computing and covering-based rough sets; soft clustering; image and 
medical data analysis.

Rough Sets, Fuzzy Sets, Data Mining, and Granular Computing

Part 1 of this book deals with theoretical contributions of rough set theory, and parts 2 and 3 focus on 
several real world data mining applications. The book thoroughly explores recent results in rough set 
research.

Rough Set Theory: A True Landmark in Data Analysis

This book constitutes the refereed proceedings of the 8th International Conference on Intelligent 
Computing, ICIC 2012, held in Huangshan, China, in July 2012. The 85 revised full papers presented 
were carefully reviewed and selected from 753 submissions. The papers are organized in topical 
sections on neural networks, evolutionar learning and genetic algorithms, granular computing and 
rough sets, biology inspired computing and optimization, nature inspired computing and optimization, 
cognitive science and computational neuroscience, knowledge discovery and data mining, quantum 
computing, machine learning theory and methods, healthcare informatics theory and methods, bio-
medical informatics theory and methods, complex systems theory and methods, intelligent computing 
in signal processing, intelligent computing in image processing, intelligent computing in robotics, 
intelligent computing in computer vision, intelligent agent and web applications, special session on 
advances in information security 2012.

Intelligent Computing Theories and Applications

This book constitutes the refereed proceedings of the 12th International Conference on Rough Sets, 
Fuzzy Sets, Data Mining, and Granular Computing, RSFDGrC 2009, held in Delhi, India in December 
2009 in conjunction with the Third International Conference on Pattern Recognition and Machine 
Intelligence, PReMI 2009. RSFDGrC 2009 is the core component of a broader Rough Set Year in 
India initiative, RSIndia09. The 56 revised full papers presented together with 6 invited papers and a 
report on the Rough Set Year in India 2009 project were carefully reviewed and selected from a total 
of 130 submissions. The papers are organized in topical sections on foundations of rough sets and 



beyond; rought set algorithms and applications; fuzzy set foundations and applications; data mining 
and knowledge discovery; clustering and current trends in computing; and information retrieval and 
text mining.

Rough Sets, Fuzzy Sets, Data Mining and Granular Computing

This three-volume set constitutes the refereed proceedings of the International Conference on Compu-
tational Science and its Applications. These volumes feature outstanding papers that present a wealth 
of original research results in the field of computational science, from foundational issues in computer 
science and mathematics to advanced applications in almost all sciences that use computational 
techniques.

Computational Science and Its Applications - ICCSA 2007

The LNCS journal Transactions on Rough Sets is devoted to the entire spectrum of rough sets related 
issues, from logical and mathematical foundations, through all aspects of rough set theory and its 
applications, such as data mining, knowledge discovery, and intelligent information processing, to 
relations between rough sets and other approaches to uncertainty, vagueness, and incompleteness, 
such as fuzzy sets and theory of evidence. This volume contains 8 revised selected papers from 
11 submissions to the Rough Set and Knowledge Technology Conference (RSKT 2008), together 
with 5 papers introducing advances in rough set theory and its applications. The topics covered are: 
perceptually near Pawlak partitions, hypertext classification, topological space versus rough set theory 
in terms of lattice theory, feature extraction in interval-valued information systems, jumping emerging 
patterns (JEP), and rough set theory.

Transactions on Rough Sets XII

This volume constitutes the proceedings of the 10th International Conference on Simulated Evolution 
and Learning, SEAL 2012, held in Dunedin, New Zealand, in December 2014. The 42 full papers and 
29 short papers presented were carefully reviewed and selected from 109 submissions. The papers 
are organized in topical sections on evolutionary optimization; evolutionary multi-objective optimization; 
evolutionary machine learning; theoretical developments; evolutionary feature reduction; evolutionary 
scheduling and combinatorial optimization; real world applications and evolutionary image analysis.

Simulated Evolution and Learning

This book is based on lectures given at "Mekhmat\

Real and Functional Analysis

Soft computing techniques are innovative tools that use nature-inspired algorithms to run predictive 
analysis of industries from business to software measurement. These tools have gained momentum 
in recent years for their practicality and flexibility. The Handbook of Research on Fuzzy and Rough 
Set Theory in Organizational Decision Making collects both empirical and applied research in the field 
of fuzzy set theory, and bridges the gap between the application of soft computational approaches 
and the organizational decision making process. This publication is a pivotal reference for business 
professionals, IT specialists, software engineers, and advanced students of business and information 
technology.

Handbook of Research on Fuzzy and Rough Set Theory in Organizational Decision Making

Assessing the degree to which two objects, an object and a query, or two concepts are similar or com-
patible is a fundamental component of human reasoning and consequently is critical in the development 
of automated diagnosis, classification, information retrieval and decision systems. The assessment 
of similarity has played an important role in such diverse disciplines such as taxonomy, psychology, 
and the social sciences. Each discipline has proposed methods for quantifying similarity judgments 
suitable for its particular applications. This book presents a unified approach to quantifying similarity 
and compatibility within the framework of fuzzy set theory and examines the primary importance of 
these concepts in approximate reasoning. Examples of the application of similarity measures in various 
areas including expert systems, information retrieval, and intelligent database systems are provided.

Similarity and Compatibility in Fuzzy Set Theory



Fuzzy sets have experienced multiple expansions since their conception to enhance their capacity to 
convey complex information. Intuitionistic fuzzy sets, image fuzzy sets, q-rung orthopair fuzzy sets, 
and neutrosophic sets are a few of these extensions. Researchers and academics have acquired a lot 
of information about their theories and methods for making decisions. However, only a small number 
of research findings discuss how neutrosophic sets theory and their extensions (NSTEs) are used 
in education. The Handbook of Research on the Applications of Neutrosophic Sets Theory and Their 
Extensions in Education implements fresh scientific approaches to enhance the quality of decisions 
under neutrosophic environments, particularly within education. Covering key topics such as data 
modeling, educational technologies, decision making, and learning management systems, this major 
reference work is ideal for instructional designers, researchers, academicians, scholars, practitioners, 
instructors, and students.

Handbook of Research on the Applications of Neutrosophic Sets Theory and Their Extensions in 
Education

The two-volume set CCIS 143 and CCIS 144 constitutes the refereed proceedings of the International 
Conference on Electronic Commerce, Web Application, and Communication, ECWAC 2011, held in 
Guangzhou, China, in April 2011. The 148 revised full papers presented in both volumes were carefully 
reviewed and selected from a large number of submissions. Providing a forum for engineers, scientists, 
researchers in electronic commerce, Web application, and communication fields, the conference will 
put special focus also on aspects such as e-business, e-learning, and e-security, intelligent information 
applications, database and system security, image and video signal processing, pattern recognition, 
information science, industrial automation, process control, user/machine systems, security, integrity, 
and protection, as well as mobile and multimedia communications.

Advanced Research on Electronic Commerce, Web Application, and Communication

This carefully edited book presents an up-to-date state of current research in the use of fuzzy sets 
and their extensions. It pays particular attention to foundation issues and to their application to four 
important areas where fuzzy sets are seen to be an important tool for modeling and solving problems. 
The book’s 34 chapters deal with the subject with clarity and effectiveness. They include four review 
papers introducing some non-standard representations

Fuzzy Sets and Their Extensions: Representation, Aggregation and Models

This book constitutes the thoroughly refereed conference proceedings of the 8th International Con-
ference on Rough Sets and Knowledge Technology, RSKT 2013, held in Halifax, Canada in October 
2013 as one of the co-located conferences of the 2013 Joint Rough Set Symposium, JRS 2013. The 69 
papers (including 44 regular and 25 short papers) included in the JRS proceedings (LNCS 8170 and 
LNCS 8171) were carefully reviewed and selected from 106 submissions. The papers in this volume 
cover topics such as history and future of rough sets; foundations and probabilistic rough sets; rules, 
reducts, ensembles; new trends in computing; three-way decision rough sets; and learning, predicting, 
modeling.

Rough Sets and Knowledge Technology

This book constitutes the refereed proceedings of the Third International Conference on Advances 
in Visual Informatics, IVIC 2013, held in Selangor, Malaysia, in November 2013. The four keynotes 
and 69 papers presented were carefully reviewed and selected from various submissions. The papers 
focus on four tracks: computer visions and engineering; computer graphics and simulation; virtual and 
augmented reality; and visualization and social computing.

Advances in Visual Informatics

This book constitutes the refereed proceedings of the 5th International Conference on Rough Set 
and Knowledge Technology, RSKT 2010, held in Beijing, China, in October 2010. The 98 revised 
full papers papers presented were carefully reviewed and selected from 175 initial submissions. The 
papers are organized in topical sections on rough sets and computing theory, fuzzy sets, knowledge 
technology, intelligent information processing, health informatics and biometrics authentication, neural 
networks, complex networks, granular computing, metaheuristic, cloud model and its application, data 



mining in cloud computing, decision-theoretic rough set model, and quotient space theory research 
and application.

Rough Set and Knowledge Technology

This book gathers cutting-edge papers in the area of Computational Intelligence, presented by spe-
cialists, and covering all major trends in the research community in order to provide readers with a rich 
primer. It presents an overview of various soft computing topics and approximate reasoning-based ap-
proaches, both from theoretical and applied perspectives. Numerous topics are covered: fundamentals 
aspects of fuzzy sets theory, reasoning approaches (interpolative, analogical, similarity-based), deci-
sion and optimization theory, fuzzy databases, soft machine learning, summarization, interpretability 
and XAI. Moreover, several application-based papers are included, e.g. on image processing, semantic 
web and intelligent tutoring systems. This book is dedicated to Bernadette Bouchon-Meunier in honor of 
her achievements in Computational Intelligence, which, throughout her career, have included profuse 
and diverse collaborations, both thematically and geographically.

Fuzzy Approaches for Soft Computing and Approximate Reasoning: Theories and Applications

This book offers a comprehensive guide to the use of neutrosophic sets in multiple criteria decision 
making problems. It shows how neutrosophic sets, which have been developed as an extension of 
fuzzy and paraconsistent logic, can help in dealing with certain types of uncertainty that classical 
methods could not cope with. The chapters, written by well-known researchers, report on cutting-edge 
methodologies they have been developing and testing on a variety of engineering problems. The 
book is unique in its kind as it reports for the first time and in a comprehensive manner on the 
joint use of neutrosophic sets together with existing decision making methods to solve multi-criteria 
decision-making problems, as well as other engineering problems that are complex, hard to model 
and/or include incomplete and vague data. By providing new ideas, suggestions and directions for the 
solution of complex problems in engineering and decision making, it represents an excellent guide for 
researchers, lecturers and postgraduate students pursuing research on neutrosophic decision making, 
and more in general in the area of industrial and management engineering.

Fuzzy Multi-criteria Decision-Making Using Neutrosophic Sets

The Springer Handbook for Computational Intelligence is the first book covering the basics, the 
state-of-the-art and important applications of the dynamic and rapidly expanding discipline of com-
putational intelligence. This comprehensive handbook makes readers familiar with a broad spectrum 
of approaches to solve various problems in science and technology. Possible approaches include, for 
example, those being inspired by biology, living organisms and animate systems. Content is organized 
in seven parts: foundations; fuzzy logic; rough sets; evolutionary computation; neural networks; swarm 
intelligence and hybrid computational intelligence systems. Each Part is supervised by its own Part 
Editor(s) so that high-quality content as well as completeness are assured.

Springer Handbook of Computational Intelligence

This book constitutes the refereed proceedings of the International Second International Multi-Confer-
ence on Artificial Intelligence Technology, M-CAIT 2013, held in Shah Alam, in August 2013. The 25 
revised full papers presented were carefully reviewed and selected from 110 submissions. M-CAIT 
2013 hosted four special tracks in a single event: Intelligence Computation on Pattern Analysis 
and Robotics (ICPAIR 2013), Data Mining and Optimization (DMO 2013), Semantic Technology and 
Information Retrieval (STAIR 2013) and Industrial Computing & Applied Informatics (IComp 2013). 
The papers address issues of state-of-the-art research, development, implementation and applications 
within the four focus areas in CAIT: pattern recognition, data mining and optimization, knowledge 
technology and industrial computing.

Soft Computing Applications and Intelligent Systems

This research level monograph reflects the current state of the field and provides a reference for 
graduate students entering the field as well as for established researchers.

Set Theory



Covers key rough computing research, surveying a full range of topics and examining defining issues 
of the field.

Rough Computing: Theories, Technologies and Applications

Condition Monitoring Using Computational Intelligence Methods promotes the various approaches 
gathered under the umbrella of computational intelligence to show how condition monitoring can 
be used to avoid equipment failures and lengthen its useful life, minimize downtime and reduce 
maintenance costs. The text introduces various signal-processing and pre-processing techniques, 
wavelets and principal component analysis, for example, together with their uses in condition monitoring 
and details the development of effective feature extraction techniques classified into frequency-, 
time-frequency- and time-domain analysis. Data generated by these techniques can then be used for 
condition classification employing tools such as: • fuzzy systems; rough and neuro-rough sets; neural 
and Bayesian networks;hidden Markov and Gaussian mixture models; and support vector machines.

Condition Monitoring Using Computational Intelligence Methods

heavily Environmental mathematical models represent one of the key aids for scientists to forecast, 
create, and evaluate complex scenarios. These models rely on the data collected by direct field 
observations. However, assembly of a functional and comprehensive dataset for any environmental 
variable is difficult, mainly because of i) the high cost of the monitoring campaigns and ii) the low 
reliability of measurements (e.g., due to occurrences of equipment malfunctions and/or issues related 
to equipment location). The lack of a sufficient amount of Earth science data may induce an inadequate 
representation of the response’s complexity in any environmental system to any type of input/change, 
both natural and human-induced. In such a case, before undertaking expensive studies to gather and 
analyze additional data, it is reasonable to first understand what enhancement in estimates of system 
performance would result if all the available data could be well exploited. Missing data imputation is 
an important task in cases where it is crucial to use all available data and not discard records with 
missing values. Different approaches are available to deal with missing data. Traditional statistical data 
completion methods are used in different domains to deal with single and multiple imputation problems. 
More recently, machine learning techniques, such as clustering and classification, have been proposed 
to complete missing data. This book showcases the body of knowledge that is aimed at improving the 
capacity to exploit the available data to better represent, understand, predict, and manage the behavior 
of environmental systems at all practical scales.

Overcoming Data Scarcity in Earth Science
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