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a comprehensive introduction to machine learning that uses probabilistic models and
inference as a unifying approach today s 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 11
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

probabilistic machine learning grew out of the author s 2012 book machine learning a
probabilistic perspective more than just a simple update this is a completely new book
that reflects the dramatic developments in the field since 2012 most notably deep
learning

this book summarizes the vast amount of research related to teaching and learning
probability that has been conducted for more than 50 years in a variety of disciplines
it begins with a synthesis of the most important probability interpretations throughout
history intuitive classical frequentist subjective logical propensity and axiomatic views
it discusses their possible applications philosophical problems as well as their potential
and the level of interest they enjoy at different educational levels next the book
describes the main features of probabilistic thinking and reasoning including the
contrast to classical logic probability language features the role of intuitions as well as
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paradoxes and the relevance of modeling it presents an analysis of the differences
between conditioning and causation the variability expression in data as a sum of
random and causal variations as well as those of probabilistic versus statistical
thinking this is followed by an analysis of probability s role and main presence in
school curricula and an outline of the central expectations in recent curricular
guidelines at the primary secondary and high school level in several countries this
book classifies and discusses in detail the three different research periods on students
and people s intuitions and difficulties concerning probability early research focused
on cognitive development a period of heuristics and biases programs and the current
period marked by a multitude of foci approaches and theoretical frameworks

familiarize yourself with probabilistic graphical models through real world problems
and illustrative code examples in r about this book predict and use a probabilistic
graphical models pgm as an expert system comprehend how your computer can
learn bayesian modeling to solve real world problems know how to prepare data and
feed the models by using the appropriate algorithms from the appropriate r package
who this book is for this book is for anyone who has to deal with lots of data and draw
conclusions from it especially when the data is noisy or uncertain data scientists
machine learning enthusiasts engineers and those who curious about the latest
advances in machine learning will find pgm interesting what you will learn understand
the concepts of pgm and which type of pgm to use for which problem tune the model
s parameters and explore new models automatically understand the basic principles
of bayesian models from simple to advanced transform the old linear regression
model into a powerful probabilistic model use standard industry models but with the
power of pgm understand the advanced models used throughout today s industry see
how to compute posterior distribution with exact and approximate inference
algorithms in detail probabilistic graphical models pgm also known as graphical
models are a marriage between probability theory and graph theory generally pgms
use a graph based representation two branches of graphical representations of
distributions are commonly used namely bayesian networks and markov networks r
has many packages to implement graphical models we Il start by showing you how to
transform a classical statistical model into a modern pgm and then look at how to do
exact inference in graphical models proceeding we Il introduce you to many modern r
packages that will help you to perform inference on the models we will then run a
bayesian linear regression and you Il see the advantage of going probabilistic when
you want to do prediction next you Il master using r packages and implementing its
techniques finally you Il be presented with machine learning applications that have a
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direct impact in many fields here we |l cover clustering and the discovery of hidden
information in big data as well as two important methods pca and ica to reduce the
size of big problems style and approach this book gives you a detailed and step by
step explanation of each mathematical concept which will help you build and analyze
your own machine learning models and apply them to real world problems the
mathematics is kept simple and each formula is explained thoroughly

utility based learning from data provides a pedagogical self contained discussion of
probability estimation methods via a coherent approach from the viewpoint of a
decision maker who acts in an uncertain environment this approach is motivated by
the idea that probabilistic models are usually not learned for their own sake rather
they are used t

while large data sets have enabled machine learning algorithms to act intelligently in
complex domains standard machine learning algorithms perform poorly in situations
in which little data exists for the desired target task transfer learning attempts to
extract trends from the data of similar source tasks to enhance learning in the target
task we apply transfer learning to probabilistic rule learning to learn the dynamics of a
target world we utilize a hierarchical bayesian framework and specify a generative
model which dictates the probabilities of task data task rulesets and a common global
ruleset through a greedy coordinated ascent algorithm the source tasks contribute
towards building the global ruleset which can then be used as a prior to supplement
the data from the target ruleset simulated experimental results in a variety of blocks
world domains suggest that employing transfer learning can provide significant
accuracy gains over traditional single task rule learning algorithms

the management of uncertainty in the semantic is of foremost importance given the
nature and origin of the available data this book presents a probabilistic semantics for
knowledge bases disponte which is inspired by the distribution semantics of
probabilistic logic programming the book also describes approaches for inference and
learning in particular it discusses 3 reasoners and 2 learning algorithms bundle and trill
are able to find explanations for queries and compute their probability with regard to
disponte kbs while trillp compactly represents explanations using a boolean formula
and computes the probability of queries the system edge learns the parameters of
axioms of disponte kbs to reduce the computational cost edgemr performs distributed
parameter learning leap learns both the structure and parameters of kbs with leapmr
using edgemr for reducing the computational cost the algorithms provide effective
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techniques for dealing with uncertain kbs and have been widely tested on various
datasets and compared with state of the art systems

volume i of the series introduces the general focus of the workshops volume ii looks at
specific areas of interaction between theory and experiment volumes iii and iv focus
on key areas of learning systems that have developed recently volume iii looks at the
problem of selecting good models the present volume volume iv looks at ways of
making learning systems practical the editors divide the twenty one contributions into
four sections the first three cover critical problem areas 1 scaling up from small
problems to realistic ones with large input dimensions 2 increasing efficiency and
robustness of learning methods and 3 developing strategies to obtain good
generalization from limited or small data samples the fourth section discusses
examples of real world learning systems

this book proposes probabilistic machine learning models that represent the hardware
properties of the device hosting them these models can be used to evaluate the
impact that a specific device configuration may have on resource consumption and
performance of the machine learning task with the overarching goal of balancing the
two optimally the book first motivates extreme edge computing in the context of the
internet of things iot paradigm then it briefly reviews the steps involved in the
execution of a machine learning task and identifies the implications associated with
implementing this type of workload in resource constrained devices the core of this
book focuses on augmenting and exploiting the properties of bayesian networks and
probabilistic circuits in order to endow them with hardware awareness the proposed
models can encode the properties of various device sub systems that are typically not
considered by other resource aware strategies bringing about resource saving
opportunities that traditional approaches fail to uncover the performance of the
proposed models and strategies is empirically evaluated for several use cases all of
the considered examples show the potential of attaining significant resource saving
opportunities with minimal accuracy losses at application time overall this book
constitutes a novel approach to hardware algorithm co optimization that further
bridges the fields of machine learning and electrical engineering

probabilistic graph based models such as bayesian and markov networks are used to
represent and reason about uncertainty in many real world domains since most
inference or reasoning tasks over them are np hard in general the following two
strategies are used in practice to combat the intractability of exact inference first a
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potentially intractable model is learned from data and then polynomial time
approximate inference algorithms e g belief propagation gibbs sampling etc are used
at inference time to trade accuracy with computational complexity second strong
constraints are imposed on the models e g tree structure at learning time such that
exact inference is tractable and then exact algorithms are used at inference time
inspired by the work in the tractable probabilistic models community who use the
latter approach in this dissertation we propose algorithms that learn models on which
exact or approximate inference or both are computationally efficient as well as
accurate we call such algorithms inference guided learning igl algorithms to date we
have developed four novel igl algorithms investigated their theoretical properties and
empirically evaluated their practical performance our first algorithm induces a cutset
network a probabilistic model that admits linear time full maximum a posteriori map
inference in addition to linear time posterior marginal mar inference this algorithm
alleviates the following shortcoming in existing work on tractable probabilistic models
the learned models are such that exact mar inference is tractable but full map
inference is not and as a result they exhibit poor performance for the latter query type
our second algorithm learns more accurate discriminative or conditional cutset
networks ccns from data these networks yield more accurate answers to full map and
mar queries under the assumption that a fixed subset of variables in the application
domain is always observed our third algorithm induces probabilistic models on which
rao blackwellised importance sampling a popular simulation based inference scheme
is likely to perform well finally our fourth algorithm focuses on using local information
to improve the quality of tractable models unlike global information local information
is available in plenty but is susceptible to noise and therefore our proposed method
filters noise in a principled manner

colt 90 covers the proceedings of the third annual workshop on computational
learning theory sponsored by the acm sigact sigart university of rochester rochester
new york on august 6 8 1990 the book focuses on the processes methodologies
principles and approaches involved in computational learning theory the selection first
elaborates on inductive inference of minimal programs learning switch configurations
computational complexity of approximating distributions by probabilistic automata
and a learning criterion for stochastic rules the text then takes a look at inductive
identification of pattern languages with restricted substitutions learning ring sum
expansions sample complexity of pac learning using random and chosen examples
and some problems of learning with an oracle the book examines a mechanical
method of successful scientific inquiry boosting a weak learning algorithm by majority
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and learning by distances discussions focus on the relation to pac learnability majority
vote game boosting a weak learner by majority vote and a paradigm of scientific
inquiry the selection is a dependable source of data for researchers interested in the
computational learning theory

machine learning approaches have traditionally made strong simplifying assumptions
that a benevolent teacher is available to present and classify instances of a single
concept to be learned that no noise or uncertainty is present in the environment that a
complete and correct domain theory is available or that a useful language is provided
by the designer additional much existing machine learning research has been done in
a piecemeal fashion addressing subproblems without a uniform conceptual approach
to designing intelligent systems the resulting learning techniques often are only useful
for narrowly defined problems and are so dependent on the underlying assumptions
that they do not generalize well or at all to complex domains pagoda probabilistic
autonomous goal directed agent the intelligent agent design presented in this thesis
avoids making any of the above assumptions it incorporates solutions to the problems
of deciding what to learn selecting a learning bias and inductive learning under
uncertainty in an integrated system based on the principles of probabilistic
representation of knowledge bayesian evaluation techniques and limited rationality as
normative behavioral goal pagoda has been implemented and tested in a simulated
robot domain ralph rational agent with limited performance hardware goal directed
learning gdl allows the agent to decide what to learn enabling autonomous learning in
complex domains the value of being able to predict various features of the
environment is computed using the principles of decision theory the agent used the
features with highest values as learning goals for building predictive theories
probabilistic bias evaluation pbe determines the learning bias for each learning goal
using probabilistic domain knowledge an expected learning curve and a time
preference function to find the expected discounted future accuracy for proposed
biases the best of these biases is used for learning theories are represented as
uniquely predictive theories upts which consist of restricted sets of conditional
probabilities probability combination using independence pci a probabilistic inference
method which relies on minimal independence assumptions is applied to the theories
to make probabilistic predictions for planning and evaluation a bayesian evaluation
method is used to determine the best theory to explain the observed data chapter 1 of
the thesis defines the problem of building autonomous rational agents and motivates
pagoda as a solution to this problem chapter 2 surveys past approaches to
probabilistic learning chapter 3 describes pagoda s performance element including
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the ralph world and pagoda s probabilistic representation for theories upts inference
method pci and planning mechanism chapters 4 5 and 6 describe goal directed
learning probabilistic bias evaluation and probabilistic learning respectively the
implementation of pagoda in the ralph domain and results of empirical tests are
described in chapter 7 related work in a number of fields is discussed in chapter 8
finally chapter 9 presents conclusions and outlines open problems for future research

since its birth the field of probabilistic logic programming has seen a steady increase
of activity with many proposals for languages and algorithms for inference and
learning this book aims at providing an overview of the field with a special emphasis
on languages under the distribution semantics one of the most influential approaches
the book presents the main ideas for semantics inference and learning and highlights
connections between the methods many examples of the book include a link to a
page of the web application cplint eu where the code can be run online this 2nd edition
aims at reporting the most exciting novelties in the field since the publication of the 1st
edition the semantics for hybrid programs with function symbols was placed on a
sound footing probabilistic answer set programming gained a lot of interest together
with the studies on the complexity of inference algorithms for solving the mpe and
map tasks are now available inference for hybrid programs has changed dramatically
with the introduction of weighted model integration with respect to learning the first
approaches for neuro symbolic integration have appeared together with algorithms
for learning the structure for hybrid programs moreover given the cost of learning
plps various works proposed language restrictions to speed up learning and improve
its scaling
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