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Learning to Learn
Introduces cutting-edge research on machine learning
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theory and practice, providing an accessible, modern
algorithmic toolkit.

Machine Learning
This textbook explores the different aspects of data
mining from the fundamentals to the complex data
types and their applications, capturing the wide
diversity of problem domains for data mining issues.
It goes beyond the traditional focus on data mining
problems to introduce advanced data types such as
text, time series, discrete sequences, spatial data,
graph data, and social networks. Until now, no single
book has addressed all these topics in a
comprehensive and integrated way. The chapters of
this book fall into one of three categories:
Fundamental chapters: Data mining has four main
problems, which correspond to clustering,
classification, association pattern mining, and outlier
analysis. These chapters comprehensively discuss a
wide variety of methods for these problems. Domain
chapters: These chapters discuss the specific
methods used for different domains of data such as
text data, time-series data, sequence data, graph
data, and spatial data. Application chapters: These
chapters study important applications such as stream
mining, Web mining, ranking, recommendations,
social networks, and privacy preservation. The
domain chapters also have an applied flavor.
Appropriate for both introductory and advanced data
mining courses, Data Mining: The Textbook balances
mathematical details and intuition. It contains the
necessary mathematical details for professors and
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researchers, but it is presented in a simple and
intuitive style to improve accessibility for students
and industrial practitioners (including those with a
limited mathematical background). Numerous
illustrations, examples, and exercises are included,
with an emphasis on semantically interpretable
examples. Praise for Data Mining: The Textbook - “As I
read through this book, I have already decided to use
it in my classes. This is a book written by an
outstanding researcher who has made fundamental
contributions to data mining, in a way that is both
accessible and up to date. The book is complete with
theory and practical use cases. It’s a must-have for
students and professors alike!" -- Qiang Yang, Chair of
Computer Science and Engineering at Hong Kong
University of Science and Technology "This is the
most amazing and comprehensive text book on data
mining. It covers not only the fundamental problems,
such as clustering, classification, outliers and frequent
patterns, and different data types, including text, time
series, sequences, spatial data and graphs, but also
various applications, such as recommenders, Web,
social network and privacy. It is a great book for
graduate students and researchers as well as
practitioners." -- Philip S. Yu, UIC Distinguished
Professor and Wexler Chair in Information Technology
at University of Illinois at Chicago

An Introduction to Computational
Learning Theory
This graduate-level textbook introduces fundamental
concepts and methods in machine learning. It
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describes several important modern algorithms,
provides the theoretical underpinnings of these
algorithms, and illustrates key aspects for their
application. The authors aim to present novel
theoretical tools and concepts while giving concise
proofs even for relatively advanced topics.
Foundations of Machine Learning fills the need for a
general textbook that also offers theoretical details
and an emphasis on proofs. Certain topics that are
often treated with insufficient attention are discussed
in more detail here; for example, entire chapters are
devoted to regression, multi-class classification, and
ranking. The first three chapters lay the theoretical
foundation for what follows, but each remaining
chapter is mostly self-contained. The appendix offers
a concise probability review, a short introduction to
convex optimization, tools for concentration bounds,
and several basic properties of matrices and norms
used in the book.The book is intended for graduate
students and researchers in machine learning,
statistics, and related areas; it can be used either as a
textbook or as a reference text for a research
seminar.

Active Learning
Encyclopedia of Machine Learning
Convex optimization problems arise frequently in
many different fields. This book provides a
comprehensive introduction to the subject, and shows
in detail how such problems can be solved
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numerically with great efficiency. The book begins
with the basic elements of convex sets and functions,
and then describes various classes of convex
optimization problems. Duality and approximation
techniques are then covered, as are statistical
estimation techniques. Various geometrical problems
are then presented, and there is detailed discussion
of unconstrained and constrained minimization
problems, and interior-point methods. The focus of
the book is on recognizing convex optimization
problems and then finding the most appropriate
technique for solving them. It contains many worked
examples and homework exercises and will appeal to
students, researchers and practitioners in fields such
as engineering, computer science, mathematics,
statistics, finance and economics.

The Grant Application Writer's Workbook
The Elements of Statistical Learning
Data Mining: Practical Machine Learning Tools and
Techniques, Fourth Edition, offers a thorough
grounding in machine learning concepts, along with
practical advice on applying these tools and
techniques in real-world data mining situations. This
highly anticipated fourth edition of the most
acclaimed work on data mining and machine learning
teaches readers everything they need to know to get
going, from preparing inputs, interpreting outputs,
evaluating results, to the algorithmic methods at the
heart of successful data mining approaches.
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Extensive updates reflect the technical changes and
modernizations that have taken place in the field
since the last edition, including substantial new
chapters on probabilistic methods and on deep
learning. Accompanying the book is a new version of
the popular WEKA machine learning software from the
University of Waikato. Authors Witten, Frank, Hall, and
Pal include today's techniques coupled with the
methods at the leading edge of contemporary
research. Please visit the book companion website at
http://www.cs.waikato.ac.nz/ml/weka/book.html It
contains Powerpoint slides for Chapters 1-12. This is a
very comprehensive teaching resource, with many
PPT slides covering each chapter of the book Online
Appendix on the Weka workbench; again a very
comprehensive learning aid for the open source
software that goes with the book Table of contents,
highlighting the many new sections in the 4th edition,
along with reviews of the 1st edition, errata, etc.
Provides a thorough grounding in machine learning
concepts, as well as practical advice on applying the
tools and techniques to data mining projects Presents
concrete tips and techniques for performance
improvement that work by transforming the input or
output in machine learning methods Includes a
downloadable WEKA software toolkit, a
comprehensive collection of machine learning
algorithms for data mining tasks-in an easy-to-use
interactive interface Includes open-access online
courses that introduce practical applications of the
material in the book

Fundamentals of Computational
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Neuroscience
Discover everything you need to build robust machine
learning applications with Spark 2.0 About This Book
Get the most up-to-date book on the market that
focuses on design, engineering, and scalable solutions
in machine learning with Spark 2.0.0 Use Spark's
machine learning library in a big data environment
You will learn how to develop high-value applications
at scale with ease and a develop a personalized
design Who This Book Is For This book is for data
science engineers and scientists who work with large
and complex data sets. You should be familiar with
the basics of machine learning concepts, statistics,
and computational mathematics. Knowledge of Scala
and Java is advisable. What You Will Learn Get solid
theoretical understandings of ML algorithms Configure
Spark on cluster and cloud infrastructure to develop
applications using Scala, Java, Python, and R Scale up
ML applications on large cluster or cloud
infrastructures Use Spark ML and MLlib to develop ML
pipelines with recommendation system, classification,
regression, clustering, sentiment analysis, and
dimensionality reduction Handle large texts for
developing ML applications with strong focus on
feature engineering Use Spark Streaming to develop
ML applications for real-time streaming Tune ML
models with cross-validation, hyperparameters tuning
and train split Enhance ML models to make them
adaptable for new data in dynamic and incremental
environments In Detail Data processing,
implementing related algorithms, tuning, scaling up
and finally deploying are some crucial steps in the
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process of optimising any application. Spark is
capable of handling large-scale batch and streaming
data to figure out when to cache data in memory and
processing them up to 100 times faster than Hadoopbased MapReduce. This means predictive analytics
can be applied to streaming and batch to develop
complete machine learning (ML) applications a lot
quicker, making Spark an ideal candidate for large
data-intensive applications. This book focuses on
design engineering and scalable solutions using ML
with Spark. First, you will learn how to install Spark
with all new features from the latest Spark 2.0
release. Moving on, you'll explore important concepts
such as advanced feature engineering with RDD and
Datasets. After studying developing and deploying
applications, you will see how to use external libraries
with Spark. In summary, you will be able to develop
complete and personalised ML applications from data
collections,model building, tuning, and scaling up to
deploying on a cluster or the cloud. Style and
approach This book takes a practical approach where
all the topics explained are demonstrated with the
help of real-world use cases.

Pattern Recognition and Machine
Learning
This important text and reference for researchers and
students in machine learning, game theory, statistics
and information theory offers a comprehensive
treatment of the problem of predicting individual
sequences. Unlike standard statistical approaches to
forecasting, prediction of individual sequences does
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not impose any probabilistic assumption on the datagenerating mechanism. Yet, prediction algorithms can
be constructed that work well for all possible
sequences, in the sense that their performance is
always nearly as good as the best forecasting
strategy in a given reference class. The central theme
is the model of prediction using expert advice, a
general framework within which many related
problems can be cast and discussed. Repeated game
playing, adaptive data compression, sequential
investment in the stock market, sequential pattern
analysis, and several other problems are viewed as
instances of the experts' framework and analyzed
from a common nonstochastic standpoint that often
reveals new and intriguing connections.

Data Mining
This is the first textbook on pattern recognition to
present the Bayesian viewpoint. The book presents
approximate inference algorithms that permit fast
approximate answers in situations where exact
answers are not feasible. It uses graphical models to
describe probability distributions when no other books
apply graphical models to machine learning. No
previous knowledge of pattern recognition or machine
learning concepts is assumed. Familiarity with
multivariate calculus and basic linear algebra is
required, and some experience in the use of
probabilities would be helpful though not essential as
the book includes a self-contained introduction to
basic probability theory.
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Deep Learning
Taken literally, the title "All of Statistics" is an
exaggeration. But in spirit, the title is apt, as the book
does cover a much broader range of topics than a
typical introductory book on mathematical statistics.
This book is for people who want to learn probability
and statistics quickly. It is suitable for graduate or
advanced undergraduate students in computer
science, mathematics, statistics, and related
disciplines. The book includes modern topics like nonparametric curve estimation, bootstrapping, and
classification, topics that are usually relegated to
follow-up courses. The reader is presumed to know
calculus and a little linear algebra. No previous
knowledge of probability and statistics is required.
Statistics, data mining, and machine learning are all
concerned with collecting and analysing data.

Machine Learning
This book provides an introduction to the
mathematical and algorithmic foundations of data
science, including machine learning, high-dimensional
geometry, and analysis of large networks. Topics
include the counterintuitive nature of data in high
dimensions, important linear algebraic techniques
such as singular value decomposition, the theory of
random walks and Markov chains, the fundamentals
of and important algorithms for machine learning,
algorithms and analysis for clustering, probabilistic
models for large networks, representation learning
including topic modelling and non-negative matrix
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factorization, wavelets and compressed sensing.
Important probabilistic techniques are developed
including the law of large numbers, tail inequalities,
analysis of random projections, generalization
guarantees in machine learning, and moment
methods for analysis of phase transitions in large
random graphs. Additionally, important structural and
complexity measures are discussed such as matrix
norms and VC-dimension. This book is suitable for
both undergraduate and graduate courses in the
design and analysis of algorithms for data.

Prediction, Learning, and Games
Named a Notable Book in the 21st Annual Best of
Computing list by the ACM! Robert Sedgewick and
Kevin Wayne’s Computer Science: An Interdisciplinary
Approach is the ideal modern introduction to
computer science with Java programming for both
students and professionals. Taking a broad,
applications-based approach, Sedgewick and Wayne
teach through important examples from science,
mathematics, engineering, finance, and commercial
computing. The book demystifies computation,
explains its intellectual underpinnings, and covers the
essential elements of programming and
computational problem solving in today’s
environments. The authors begin by introducing basic
programming elements such as variables,
conditionals, loops, arrays, and I/O. Next, they turn to
functions, introducing key modular programming
concepts, including components and reuse. They
present a modern introduction to object-oriented
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programming, covering current programming
paradigms and approaches to data abstraction.
Building on this foundation, Sedgewick and Wayne
widen their focus to the broader discipline of
computer science. They introduce classical sorting
and searching algorithms, fundamental data
structures and their application, and scientific
techniques for assessing an implementation’s
performance. Using abstract models, readers learn to
answer basic questions about computation, gaining
insight for practical application. Finally, the authors
show how machine architecture links the theory of
computing to real computers, and to the field’s
history and evolution. For each concept, the authors
present all the information readers need to build
confidence, together with examples that solve
intriguing problems. Each chapter contains questionand-answer sections, self-study drills, and challenging
problems that demand creative solutions. Companion
web site (introcs.cs.princeton.edu/java) contains
Extensive supplementary information, including
suggested approaches to programming assignments,
checklists, and FAQs Graphics and sound libraries
Links to program code and test data Solutions to
selected exercises Chapter summaries Detailed
instructions for installing a Java programming
environment Detailed problem sets and projects
Companion 20-part series of video lectures is
available at informit.com/title/9780134493831

Computer Science
Describes recent advances in our understanding of
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the theoretical benefits of active learning, and
implications for the design of effective active learning
algorithms. It is intended for researchers and students
in machine learning and statistics who are interested
in gaining a deeper understanding of the
developments in active learning.

Low-Rank Models in Visual Analysis
Over the course of a generation, algorithms have
gone from mathematical abstractions to powerful
mediators of daily life. Algorithms have made our
lives more efficient, more entertaining, and,
sometimes, better informed. At the same time,
complex algorithms are increasingly violating the
basic rights of individual citizens. Allegedly
anonymized datasets routinely leak our most
sensitive personal information; statistical models for
everything from mortgages to college admissions
reflect racial and gender bias. Meanwhile, users
manipulate algorithms to "game" search engines,
spam filters, online reviewing services, and navigation
apps. Understanding and improving the science
behind the algorithms that run our lives is rapidly
becoming one of the most pressing issues of this
century. Traditional fixes, such as laws, regulations
and watchdog groups, have proven woefully
inadequate. Reporting from the cutting edge of
scientific research, The Ethical Algorithm offers a new
approach: a set of principled solutions based on the
emerging and exciting science of socially aware
algorithm design. Michael Kearns and Aaron Roth
explain how we can better embed human principles
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into machine code - without halting the advance of
data-driven scientific exploration. Weaving together
innovative research with stories of citizens, scientists,
and activists on the front lines, The Ethical Algorithm
offers a compelling vision for a future, one in which
we can better protect humans from the unintended
impacts of algorithms while continuing to inspire
wondrous advances in technology.

Foundations of Data Science
A survey of computational methods for
understanding, generating, and manipulating human
language, which offers a synthesis of classical
representations and algorithms with contemporary
machine learning techniques. This textbook provides
a technical perspective on natural language
processing—methods for building computer software
that understands, generates, and manipulates human
language. It emphasizes contemporary data-driven
approaches, focusing on techniques from supervised
and unsupervised machine learning. The first section
establishes a foundation in machine learning by
building a set of tools that will be used throughout the
book and applying them to word-based textual
analysis. The second section introduces structured
representations of language, including sequences,
trees, and graphs. The third section explores different
approaches to the representation and analysis of
linguistic meaning, ranging from formal logic to neural
word embeddings. The final section offers chapterlength treatments of three transformative
applications of natural language processing:
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information extraction, machine translation, and text
generation. End-of-chapter exercises include both
paper-and-pencil analysis and software
implementation. The text synthesizes and distills a
broad and diverse research literature, linking
contemporary machine learning techniques with the
field's linguistic and computational foundations. It is
suitable for use in advanced undergraduate and
graduate-level courses and as a reference for
software engineers and data scientists. Readers
should have a background in computer programming
and college-level mathematics. After mastering the
material presented, students will have the technical
skill to build and analyze novel natural language
processing systems and to understand the latest
research in the field.

Introduction to Machine Learning
An introduction to a broad range of topics in deep
learning, covering mathematical and conceptual
background, deep learning techniques used in
industry, and research perspectives. “Written by three
experts in the field, Deep Learning is the only
comprehensive book on the subject.” —Elon Musk,
cochair of OpenAI; cofounder and CEO of Tesla and
SpaceX Deep learning is a form of machine learning
that enables computers to learn from experience and
understand the world in terms of a hierarchy of
concepts. Because the computer gathers knowledge
from experience, there is no need for a human
computer operator to formally specify all the
knowledge that the computer needs. The hierarchy of
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concepts allows the computer to learn complicated
concepts by building them out of simpler ones; a
graph of these hierarchies would be many layers
deep. This book introduces a broad range of topics in
deep learning. The text offers mathematical and
conceptual background, covering relevant concepts in
linear algebra, probability theory and information
theory, numerical computation, and machine learning.
It describes deep learning techniques used by
practitioners in industry, including deep feedforward
networks, regularization, optimization algorithms,
convolutional networks, sequence modeling, and
practical methodology; and it surveys such
applications as natural language processing, speech
recognition, computer vision, online recommendation
systems, bioinformatics, and videogames. Finally, the
book offers research perspectives, covering such
theoretical topics as linear factor models,
autoencoders, representation learning, structured
probabilistic models, Monte Carlo methods, the
partition function, approximate inference, and deep
generative models. Deep Learning can be used by
undergraduate or graduate students planning careers
in either industry or research, and by software
engineers who want to begin using deep learning in
their products or platforms. A website offers
supplementary material for both readers and
instructors.

Learning, Education & Games, Volume 3:
100 Games to Use in the Classroom &
Beyond
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Low-Rank Models in Visual Analysis: Theories,
Algorithms, and Applications presents the state-of-theart on low-rank models and their application to visual
analysis. It provides insight into the ideas behind the
models and their algorithms, giving details of their
formulation and deduction. The main applications
included are video denoising, background modeling,
image alignment and rectification, motion
segmentation, image segmentation and image
saliency detection. Readers will learn which Low-rank
models are highly useful in practice (both linear and
nonlinear models), how to solve low-rank models
efficiently, and how to apply low-rank models to real
problems. Presents a self-contained, up-to-date
introduction that covers underlying theory, algorithms
and the state-of-the-art in current applications
Provides a full and clear explanation of the theory
behind the models Includes detailed proofs in the
appendices

Machine Learning
One of the currently most active research areas
within Artificial Intelligence is the field of Machine
Learning. which involves the study and development
of computational models of learning processes. A
major goal of research in this field is to build
computers capable of improving their performance
with practice and of acquiring knowledge on their
own. The intent of this book is to provide a snapshot
of this field through a broad. representative set of
easily assimilated short papers. As such. this book is
intended to complement the two volumes of Machine
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Learning: An Artificial Intelligence Approach (MorganKaufman Publishers). which provide a smaller number
of in-depth research papers. Each of the 77 papers in
the present book summarizes a current research
effort. and provides references to longer expositions
appearing elsewhere. These papers cover a broad
range of topics. including research on analogy.
conceptual clustering. explanation-based
generalization. incremental learning. inductive
inference. learning apprentice systems. machine
discovery. theoretical models of learning. and
applications of machine learning methods. A subject
index IS provided to assist in locating research related
to specific topics. The majority of these papers were
collected from the participants at the Third
International Machine Learning Workshop. held June
24-26. 1985 at Skytop Lodge. Skytop. Pennsylvania.
While the list of research projects covered is not
exhaustive. we believe that it provides a
representative sampling of the best ongoing work in
the field. and a unique perspective on where the field
is and where it is headed.

All of Statistics
The Elements of Statistical Learning
During the past decade there has been an explosion
in computation and information technology. With it
have come vast amounts of data in a variety of fields
such as medicine, biology, finance, and marketing.
The challenge of understanding these data has led to
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the development of new tools in the field of statistics,
and spawned new areas such as data mining,
machine learning, and bioinformatics. Many of these
tools have common underpinnings but are often
expressed with different terminology. This book
describes the important ideas in these areas in a
common conceptual framework. While the approach
is statistical, the emphasis is on concepts rather than
mathematics. Many examples are given, with a liberal
use of color graphics. It should be a valuable resource
for statisticians and anyone interested in data mining
in science or industry. The book’s coverage is broad,
from supervised learning (prediction) to unsupervised
learning. The many topics include neural networks,
support vector machines, classification trees and
boosting---the first comprehensive treatment of this
topic in any book. This major new edition features
many topics not covered in the original, including
graphical models, random forests, ensemble methods,
least angle regression & path algorithms for the lasso,
non-negative matrix factorization, and spectral
clustering. There is also a chapter on methods for
“wide” data (p bigger than n), including multiple
testing and false discovery rates. Trevor Hastie,
Robert Tibshirani, and Jerome Friedman are
professors of statistics at Stanford University. They
are prominent researchers in this area: Hastie and
Tibshirani developed generalized additive models and
wrote a popular book of that title. Hastie codeveloped much of the statistical modeling software
and environment in R/S-PLUS and invented principal
curves and surfaces. Tibshirani proposed the lasso
and is co-author of the very successful An
Introduction to the Bootstrap. Friedman is the coPage 19/36
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inventor of many data-mining tools including CART,
MARS, projection pursuit and gradient boosting.

Layered Learning in Multiagent Systems
Machine Learning: An Artificial Intelligence Approach
contains tutorial overviews and research papers
representative of trends in the area of machine
learning as viewed from an artificial intelligence
perspective. The book is organized into six parts. Part
I provides an overview of machine learning and
explains why machines should learn. Part II covers
important issues affecting the design of learning
programs—particularly programs that learn from
examples. It also describes inductive learning
systems. Part III deals with learning by analogy, by
experimentation, and from experience. Parts IV and V
discuss learning from observation and discovery, and
learning from instruction, respectively. Part VI
presents two studies on applied learning
systems—one on the recovery of valuable information
via inductive inference; the other on inducing models
of simple algebraic skills from observed student
performance in the context of the Leeds Modeling
System (LMS). This book is intended for researchers in
artificial intelligence, computer science, and cognitive
psychology; students in artificial intelligence and
related disciplines; and a diverse range of readers,
including computer scientists, robotics experts,
knowledge engineers, educators, philosophers, data
analysts, psychologists, and electronic engineers.

Machine Learning
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Linear algebra and matrix theory are fundamental
tools in mathematical and physical science, as well as
fertile fields for research. This second edition of this
acclaimed text presents results of both classic and
recent matrix analysis using canonical forms as a
unifying theme and demonstrates their importance in
a variety of applications. This thoroughly revised and
updated second edition is a text for a second course
on linear algebra and has more than 1,100 problems
and exercises, new sections on the singular value and
CS decompositions and the Weyr canonical form,
expanded treatments of inverse problems and of
block matrices, and much more.

Large Scale Machine Learning with Spark
This comprehensive encyclopedia, in A-Z format,
provides easy access to relevant information for those
seeking entry into any aspect within the broad field of
Machine Learning. Most of the entries in this
preeminent work include useful literature references.

MATLAB Primer, Eighth Edition
What does the Web look like? How can we find
patterns, communities, outliers, in a social network?
Which are the most central nodes in a network? These
are the questions that motivate this work. Networks
and graphs appear in many diverse settings, for
example in social networks, computer-communication
networks (intrusion detection, traffic management),
protein-protein interaction networks in biology,
document-text bipartite graphs in text retrieval,
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person-account graphs in financial fraud detection,
and others. In this work, first we list several surprising
patterns that real graphs tend to follow. Then we give
a detailed list of generators that try to mirror these
patterns. Generators are important, because they can
help with "what if" scenarios, extrapolations, and
anonymization. Then we provide a list of powerful
tools for graph analysis, and specifically spectral
methods (Singular Value Decomposition (SVD)),
tensors, and case studies like the famous "pageRank"
algorithm and the "HITS" algorithm for ranking web
search results. Finally, we conclude with a survey of
tools and observations from related fields like
sociology, which provide complementary viewpoints.
Table of Contents: Introduction / Patterns in Static
Graphs / Patterns in Evolving Graphs / Patterns in
Weighted Graphs / Discussion: The Structure of
Specific Graphs / Discussion: Power Laws and
Deviations / Summary of Patterns / Graph Generators
/ Preferential Attachment and Variants / Incorporating
Geographical Information / The RMat / Graph
Generation by Kronecker Multiplication / Summary
and Practitioner's Guide / SVD, Random Walks, and
Tensors / Tensors / Community Detection /
Influence/Virus Propagation and Immunization / Case
Studies / Social Networks / Other Related Work /
Conclusions

Introduction to Natural Language
Processing
Highlighting the new aspects of MATLAB® 7.10 and
expanding on many existing features, MATLAB®
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Primer, Eighth Edition shows you how to solve
problems in science, engineering, and mathematics.
Now in its eighth edition, this popular primer
continues to offer a hands-on, step-by-step
introduction to using the powerful tools of MATLAB.
New to the Eighth Edition A new chapter on objectoriented programming Discussion of the MATLAB File
Exchange window, which provides direct access to
over 10,000 submissions by MATLAB users Major
changes to the MATLAB Editor, such as code folding
and the integration of the Code Analyzer (M-Lint) into
the Editor Explanation of more powerful Help tools,
such as quick help popups for functions via the
Function Browser The new bsxfun function A synopsis
of each of the MATLAB Top 500 most frequently used
functions, operators, and special characters The
addition of several useful features, including sets,
logical indexing, isequal, repmat, reshape, varargin,
and varargout The book takes you through a series of
simple examples that become progressively more
complex. Starting with the core components of the
MATLAB desktop, it demonstrates how to handle basic
matrix operations and expressions in MATLAB. The
text then introduces commonly used functions and
explains how to write your own functions, before
covering advanced features, such as object-oriented
programming, calling other languages from MATLAB,
and MATLAB graphics. It also presents an in-depth
look at the Symbolic Toolbox, which solves problems
analytically rather than numerically.

Reinforcement Learning
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Covering all the main approaches in state-of-the-art
machine learning research, this will set a new
standard as an introductory textbook.

Linguistic Structure Prediction
Emphasizing issues of computational efficiency,
Michael Kearns and Umesh Vazirani introduce a
number of central topics in computational learning
theory for researchers and students in artificial
intelligence, neural networks, theoretical computer
science, and statistics. Emphasizing issues of
computational efficiency, Michael Kearns and Umesh
Vazirani introduce a number of central topics in
computational learning theory for researchers and
students in artificial intelligence, neural networks,
theoretical computer science, and statistics.
Computational learning theory is a new and rapidly
expanding area of research that examines formal
models of induction with the goals of discovering the
common methods underlying efficient learning
algorithms and identifying the computational
impediments to learning. Each topic in the book has
been chosen to elucidate a general principle, which is
explored in a precise formal setting. Intuition has
been emphasized in the presentation to make the
material accessible to the nontheoretician while still
providing precise arguments for the specialist. This
balance is the result of new proofs of established
theorems, and new presentations of the standard
proofs. The topics covered include the motivation,
definitions, and fundamental results, both positive
and negative, for the widely studied L. G. Valiant
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model of Probably Approximately Correct Learning;
Occam's Razor, which formalizes a relationship
between learning and data compression; the VapnikChervonenkis dimension; the equivalence of weak
and strong learning; efficient learning in the presence
of noise by the method of statistical queries;
relationships between learning and cryptography, and
the resulting computational limitations on efficient
learning; reducibility between learning problems; and
algorithms for learning finite automata from active
experimentation.

Theory of Disagreement-Based Active
Learning
The significantly expanded and updated new edition
of a widely used text on reinforcement learning, one
of the most active research areas in artificial
intelligence. Reinforcement learning, one of the most
active research areas in artificial intelligence, is a
computational approach to learning whereby an agent
tries to maximize the total amount of reward it
receives while interacting with a complex, uncertain
environment. In Reinforcement Learning, Richard
Sutton and Andrew Barto provide a clear and simple
account of the field's key ideas and algorithms. This
second edition has been significantly expanded and
updated, presenting new topics and updating
coverage of other topics. Like the first edition, this
second edition focuses on core online learning
algorithms, with the more mathematical material set
off in shaded boxes. Part I covers as much of
reinforcement learning as possible without going
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beyond the tabular case for which exact solutions can
be found. Many algorithms presented in this part are
new to the second edition, including UCB, Expected
Sarsa, and Double Learning. Part II extends these
ideas to function approximation, with new sections on
such topics as artificial neural networks and the
Fourier basis, and offers expanded treatment of offpolicy learning and policy-gradient methods. Part III
has new chapters on reinforcement learning's
relationships to psychology and neuroscience, as well
as an updated case-studies chapter including AlphaGo
and AlphaGo Zero, Atari game playing, and IBM
Watson's wagering strategy. The final chapter
discusses the future societal impacts of reinforcement
learning.

Data Mining
Over the past three decades or so, research on
machine learning and data mining has led to a wide
variety of algorithms that learn general functions from
experience. As machine learning is maturing, it has
begun to make the successful transition from
academic research to various practical applications.
Generic techniques such as decision trees and
artificial neural networks, for example, are now being
used in various commercial and industrial
applications. Learning to Learn is an exciting new
research direction within machine learning. Similar to
traditional machine-learning algorithms, the methods
described in Learning to Learn induce general
functions from experience. However, the book
investigates algorithms that can change the way they
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generalize, i.e., practice the task of learning itself,
and improve on it. To illustrate the utility of learning
to learn, it is worthwhile comparing machine learning
with human learning. Humans encounter a continual
stream of learning tasks. They do not just learn
concepts or motor skills, they also learn bias, i.e.,
they learn how to generalize. As a result, humans are
often able to generalize correctly from extremely few
examples - often just a single example suffices to
teach us a new thing. A deeper understanding of
computer programs that improve their ability to learn
can have a large practical impact on the field of
machine learning and beyond. In recent years, the
field has made significant progress towards a theory
of learning to learn along with practical new
algorithms, some of which led to impressive results in
real-world applications. Learning to Learn provides a
survey of some of the most exciting new research
approaches, written by leading researchers in the
field. Its objective is to investigate the utility and
feasibility of computer programs that can learn how
to learn, both from a practical and a theoretical point
of view.

Foundations of Machine Learning
This engaging introduction to random processes
provides students with the critical tools needed to
design and evaluate engineering systems that must
operate reliably in uncertain environments. A brief
review of probability theory and real analysis of
deterministic functions sets the stage for
understanding random processes, whilst the
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underlying measure theoretic notions are explained in
an intuitive, straightforward style. Students will learn
to manage the complexity of randomness through the
use of simple classes of random processes, statistical
means and correlations, asymptotic analysis,
sampling, and effective algorithms. Key topics
covered include: • Calculus of random processes in
linear systems • Kalman and Wiener filtering • Hidden
Markov models for statistical inference • The
estimation maximization (EM) algorithm • An
introduction to martingales and concentration
inequalities. Understanding of the key concepts is
reinforced through over 100 worked examples and
300 thoroughly tested homework problems (half of
which are solved in detail at the end of the book).

Matrix Analysis
An up-to-date account of the interplay between
optimization and machine learning, accessible to
students and researchers in both communities. The
interplay between optimization and machine learning
is one of the most important developments in modern
computational science. Optimization formulations and
methods are proving to be vital in designing
algorithms to extract essential knowledge from huge
volumes of data. Machine learning, however, is not
simply a consumer of optimization technology but a
rapidly evolving field that is itself generating new
optimization ideas. This book captures the state of the
art of the interaction between optimization and
machine learning in a way that is accessible to
researchers in both fields. Optimization approaches
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have enjoyed prominence in machine learning
because of their wide applicability and attractive
theoretical properties. The increasing complexity,
size, and variety of today's machine learning models
call for the reassessment of existing assumptions.
This book starts the process of reassessment. It
describes the resurgence in novel contexts of
established frameworks such as first-order methods,
stochastic approximations, convex relaxations,
interior-point methods, and proximal methods. It also
devotes attention to newer themes such as
regularized optimization, robust optimization,
gradient and subgradient methods, splitting
techniques, and second-order methods. Many of these
techniques draw inspiration from other fields,
including operations research, theoretical computer
science, and subfields of optimization. The book will
enrich the ongoing cross-fertilization between the
machine learning community and these other fields,
and within the broader optimization community.

Graph Mining
Traditional books on machine learning can be divided
into two groups- those aimed at advanced
undergraduates or early postgraduates with
reasonable mathematical knowledge and those that
are primers on how to code algorithms. The field is
ready for a text that not only demonstrates how to
use the algorithms that make up machine learning
methods, but

Machine Learning
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A major part of natural language processing now
depends on the use of text data to build linguistic
analyzers. We consider statistical, computational
approaches to modeling linguistic structure. We seek
to unify across many approaches and many kinds of
linguistic structures. Assuming a basic understanding
of natural language processing and/or machine
learning, we seek to bridge the gap between the two
fields. Approaches to decoding (i.e., carrying out
linguistic structure prediction) and supervised and
unsupervised learning of models that predict discrete
structures as outputs are the focus. We also survey
natural language processing problems to which these
methods are being applied, and we address related
topics in probabilistic inference, optimization, and
experimental methodology. Table of Contents:
Representations and Linguistic Data / Decoding:
Making Predictions / Learning Structure from
Annotated Data / Learning Structure from Incomplete
Data / Beyond Decoding: Inference

The Ethical Algorithm
The new edition of Fundamentals of Computational
Neuroscience build on the success and strengths of
the first edition. It introduces the theoretical
foundations of neuroscience with a focus on the
nature of information processing in the brain. The
book covers the introduction and motivation of
simplified models of neurons that are suitable for
exploring information processing in large brain-like
networks. Additionally, it introduces several
fundamental networkarchitectures and discusses their
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relevance for information processing in the brain,
giving some examples of models of higher-order
cognitive functions to demonstrate the advanced
insight that can begained with such studies.

Random Processes for Engineers
This book looks at multiagent systems that consist of
teams of autonomous agents acting in real-time,
noisy, collaborative, and adversarial environments.
This book looks at multiagent systems that consist of
teams of autonomous agents acting in real-time,
noisy, collaborative, and adversarial environments.
The book makes four main contributions to the fields
of machine learning and multiagent systems. First, it
describes an architecture within which a flexible team
structure allows member agents to decompose a task
into flexible roles and to switch roles while acting.
Second, it presents layered learning, a generalpurpose machine-learning method for complex
domains in which learning a mapping directly from
agents' sensors to their actuators is intractable with
existing machine-learning methods. Third, the book
introduces a new multiagent reinforcement learning
algorithm—team-partitioned, opaque-transition
reinforcement learning (TPOT-RL)—designed for
domains in which agents cannot necessarily observe
the state-changes caused by other agents' actions.
The final contribution is a fully functioning multiagent
system that incorporates learning in a real-time, noisy
domain with teammates and adversaries—a computersimulated robotic soccer team. Peter Stone's work is
the basis for the CMUnited Robotic Soccer Team,
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which has dominated recent RoboCup competitions.
RoboCup not only helps roboticists to prove their
theories in a realistic situation, but has drawn
considerable public and professional attention to the
field of intelligent robotics. The CMUnited team won
the 1999 Stockholm simulator competition, outscoring
its opponents by the rather impressive cumulative
score of 110-0.

Convex Optimization
Machine learning, one of the top emerging sciences,
has an extremely broad range of applications.
However, many books on the subject provide only a
theoretical approach, making it difficult for a
newcomer to grasp the subject material. This book
provides a more practical approach by explaining the
concepts of machine learning algorithms and
describing the areas of application for each algorithm,
using simple practical examples to demonstrate each
algorithm and showing how different issues related to
these algorithms are applied.

Optimization for Machine Learning
The goal of machine learning is to program computers
to use example data or past experience to solve a
given problem. Many successful applications of
machine learning exist already, including systems
that analyze past sales data to predict customer
behavior, optimize robot behavior so that a task can
be completed using minimum resources, and extract
knowledge from bioinformatics data. Introduction to
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Machine Learning is a comprehensive textbook on the
subject, covering a broad array of topics not usually
included in introductory machine learning texts.
Subjects include supervised learning; Bayesian
decision theory; parametric, semi-parametric, and
nonparametric methods; multivariate analysis; hidden
Markov models; reinforcement learning; kernel
machines; graphical models; Bayesian estimation;
and statistical testing.Machine learning is rapidly
becoming a skill that computer science students must
master before graduation. The third edition of
Introduction to Machine Learning reflects this shift,
with added support for beginners, including selected
solutions for exercises and additional example data
sets (with code available online). Other substantial
changes include discussions of outlier detection;
ranking algorithms for perceptrons and support vector
machines; matrix decomposition and spectral
methods; distance estimation; new kernel algorithms;
deep learning in multilayered perceptrons; and the
nonparametric approach to Bayesian methods. All
learning algorithms are explained so that students
can easily move from the equations in the book to a
computer program. The book can be used by both
advanced undergraduates and graduate students. It
will also be of interest to professionals who are
concerned with the application of machine learning
methods.

Algorithmic Aspects of Machine Learning
A comprehensive introduction to machine learning
that uses probabilistic models and inference as a
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unifying approach. Today's Web-enabled deluge of
electronic data calls for automated methods of data
analysis. Machine learning provides these, developing
methods that can automatically detect patterns in
data and then use the uncovered patterns to predict
future data. This textbook offers a comprehensive and
self-contained introduction to the field of machine
learning, based on a unified, probabilistic approach.
The coverage combines breadth and depth, offering
necessary background material on such topics as
probability, optimization, and linear algebra as well as
discussion of recent developments in the field,
including conditional random fields, L1 regularization,
and deep learning. The book is written in an informal,
accessible style, complete with pseudo-code for the
most important algorithms. All topics are copiously
illustrated with color images and worked examples
drawn from such application domains as biology, text
processing, computer vision, and robotics. Rather
than providing a cookbook of different heuristic
methods, the book stresses a principled model-based
approach, often using the language of graphical
models to specify models in a concise and intuitive
way. Almost all the models described have been
implemented in a MATLAB software package—PMTK
(probabilistic modeling toolkit)—that is freely
available online. The book is suitable for upper-level
undergraduates with an introductory-level college
math background and beginning graduate students.

Machine Learning
The key idea behind active learning is that a machine
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learning algorithm can perform better with less
training if it is allowed to choose the data from which
it learns. An active learner may pose "queries,"
usually in the form of unlabeled data instances to be
labeled by an "oracle" (e.g., a human annotator) that
already understands the nature of the problem. This
sort of approach is well-motivated in many modern
machine learning and data mining applications, where
unlabeled data may be abundant or easy to come by,
but training labels are difficult, time-consuming, or
expensive to obtain. This book is a general
introduction to active learning. It outlines several
scenarios in which queries might be formulated, and
details many query selection algorithms which have
been organized into four broad categories, or "query
selection frameworks." We also touch on some of the
theoretical foundations of active learning, and
conclude with an overview of the strengths and
weaknesses of these approaches in practice, including
a summary of ongoing work to address these open
challenges and opportunities. Table of Contents:
Automating Inquiry / Uncertainty Sampling /
Searching Through the Hypothesis Space / Minimizing
Expected Error and Variance / Exploiting Structure in
Data / Theory / Practical Considerations
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