
algebraic statistics

Unlocking the Secrets of Algebraic Statistics: A Deep
Dive

Introduction:

Are you fascinated by the intersection of abstract algebra and the world of data analysis? Do you
crave a deeper understanding of how sophisticated mathematical tools can illuminate statistical
problems? Then you've come to the right place. This comprehensive guide will delve into the
intriguing field of algebraic statistics, exploring its core concepts, applications, and future directions.
We'll move beyond the surface level, unraveling the complexities and showcasing the power of this
rapidly evolving discipline. Prepare to unlock the secrets of algebraic statistics and discover how it's
reshaping our approach to data analysis.

What is Algebraic Statistics?

Algebraic statistics is a relatively new but increasingly influential field that leverages the tools of
algebraic geometry and commutative algebra to tackle problems in statistics and probability. Unlike
traditional statistical methods that often rely on approximations and asymptotic results, algebraic
statistics provides exact solutions and a deeper theoretical understanding of statistical models. It’s a
powerful approach that allows us to analyze complex statistical relationships with greater precision
and insight.

Core Concepts in Algebraic Statistics:

Algebraic Varieties and Statistical Models:1.

At the heart of algebraic statistics lies the representation of statistical models as algebraic varieties.
An algebraic variety is a geometric object defined by a set of polynomial equations. In this context,
the variables represent parameters of the statistical model (e.g., probabilities, means, variances), and
the equations define the constraints on these parameters. This geometric perspective provides a
powerful framework for understanding the structure and properties of statistical models. For example,
a simple multinomial model can be represented as a simplex, a specific type of algebraic variety.
More complex models, like those used in graphical models or phylogenetic analysis, lead to higher-
dimensional and more intricate varieties.

Gröbner Bases and Ideal Theory:1.

A crucial tool in algebraic statistics is the concept of Gröbner bases. These are special sets of



polynomials that simplify computations within polynomial ideals (sets of polynomials sharing common
roots). In the context of statistical models, Gröbner bases can be used to solve systems of polynomial
equations defining the model's parameters, compute marginal probabilities, and test for
independence between variables. This allows for efficient computations and the ability to obtain exact
solutions, avoiding the approximations often inherent in traditional statistical methods.

Toric Varieties and Log-linear Models:1.

Log-linear models are commonly used to analyze contingency tables and represent relationships
between categorical variables. These models are closely related to toric varieties, a specific type of
algebraic variety. The connection between log-linear models and toric varieties provides a rich
theoretical framework for analyzing these models and understanding their properties, such as
conditional independence and marginalization. This algebraic perspective offers unique insights into
the structure and limitations of log-linear modeling.

Markov Bases and Sampling:1.

Generating samples from complex statistical models can be challenging. Algebraic statistics offers a
solution through the concept of Markov bases. A Markov basis is a set of moves that allow one to
transition between different points in the model's parameter space while maintaining the desired
probability distribution. These Markov bases can be computed using Gröbner bases, facilitating
efficient and exact sampling from intricate models. This capability is crucial for tasks like model fitting
and hypothesis testing.

Applications of Algebraic Statistics:1.

The applications of algebraic statistics are rapidly expanding and span numerous fields, including:

Phylogenetic Inference: Reconstructing evolutionary relationships between species using DNA or
other genetic data.
Graphical Models: Analyzing complex relationships between variables in networks, such as social
networks or gene regulatory networks.
Hidden Markov Models: Modeling sequential data with hidden states, prevalent in speech recognition
and bioinformatics.
Computational Biology: Analyzing biological data such as gene expression levels or protein
interactions.
Image Analysis: Developing robust and efficient methods for image processing and recognition.

A Textbook Outline: "Introduction to Algebraic Statistics"

I. Introduction:



What is algebraic statistics?
Motivation and historical context.
Overview of key concepts and applications.

II. Algebraic Geometry Fundamentals:

Affine and projective varieties.
Ideals and varieties: Hilbert's Nullstellensatz.
Gröbner bases and their computation.
Elimination theory.

III. Statistical Models and Algebraic Varieties:

Representation of statistical models as algebraic varieties.
Examples: multinomial models, log-linear models, graphical models.
Parameter estimation and inference.

IV. Markov Bases and Sampling:

Construction of Markov bases using Gröbner bases.
Efficient sampling algorithms.
Applications in model fitting and hypothesis testing.

V. Advanced Topics:

Toric varieties and their connection to log-linear models.
Algebraic aspects of Bayesian inference.
Applications in specific areas (e.g., phylogenetics, graphical models).

VI. Conclusion:

Summary of key concepts and results.
Future directions and open problems in algebraic statistics.

Detailed Explanation of Textbook Chapters:

Chapter I: Introduction: This chapter would lay the groundwork, defining algebraic statistics,
explaining its historical development, and motivating its study through compelling examples of its
applications in diverse fields.

Chapter II: Algebraic Geometry Fundamentals: This core chapter would provide a concise but rigorous
introduction to the necessary algebraic geometry concepts. It would cover the fundamental
definitions and theorems, with a focus on their relevance to statistical modeling. Concrete examples
and computational methods would be incorporated to ensure accessibility.

Chapter III: Statistical Models and Algebraic Varieties: This chapter would bridge the gap between
algebra and statistics. It would detail how different statistical models (multinomial, log-linear,
graphical models) can be represented as algebraic varieties. It would also introduce methods for
parameter estimation and inference within this framework.



Chapter IV: Markov Bases and Sampling: This chapter would delve into the crucial topic of Markov
bases and their role in sampling from complex statistical models. It would explain their construction
using Gröbner bases and present efficient algorithms for generating samples. The chapter would
conclude with applications to model fitting and hypothesis testing.

Chapter V: Advanced Topics: This chapter would delve into more advanced topics, exploring the
deeper connections between toric varieties and log-linear models, touching upon the algebraic
aspects of Bayesian inference and dedicating sections to applications within specific fields like
phylogenetics and graphical models.

Chapter VI: Conclusion: The concluding chapter would summarize the essential ideas and findings,
highlighting the significance of algebraic statistics in advancing statistical methodology. It would also
discuss open research problems and future directions within the field.

FAQs on Algebraic Statistics:

What is the difference between traditional statistical methods and algebraic statistics?1.
Traditional methods often rely on approximations and asymptotic results, whereas algebraic
statistics aims for exact solutions.

What are the main mathematical tools used in algebraic statistics? Key tools include algebraic1.
geometry (ideals, varieties, Gröbner bases), commutative algebra, and combinatorics.

What types of statistical models can be analyzed using algebraic statistics? A wide range,1.
including multinomial models, log-linear models, graphical models, and phylogenetic models.

How does algebraic statistics address the problem of sampling from complex models? Through1.
the use of Markov bases, which enable efficient and exact sampling.

What are some real-world applications of algebraic statistics? Phylogenetic inference, graphical1.
model analysis, computational biology, and image analysis.

What are the limitations of algebraic statistics? Computational complexity can be a challenge1.
for very high-dimensional models.



Is algebraic statistics accessible to researchers with limited background in abstract algebra?1.
While a background in algebra is helpful, many resources are available to bridge the gap.

What are some software packages used for algebraic statistics computations? Software1.
packages like Macaulay2, Singular, and SageMath provide tools for relevant computations.

Where can I find more information and resources on algebraic statistics? Numerous academic1.
papers, books, and online courses are available.

Related Articles:

Gröbner Bases: A Computational Tool for Algebraic Statistics: This article will provide a detailed1.
explanation of Gröbner bases and their applications in algebraic statistics.

Toric Varieties and Log-Linear Models: This will explore the deep connection between toric1.
varieties and log-linear models in statistical analysis.

Markov Bases for Efficient Sampling: This article will delve into the construction and application1.
of Markov bases in statistical sampling.

Algebraic Statistics in Phylogenetic Inference: This will showcase the use of algebraic statistics1.
in reconstructing evolutionary relationships.

Applications of Algebraic Statistics in Graphical Models: This will demonstrate how algebraic1.
statistics is used to analyze complex networks.

Parameter Estimation in Algebraic Statistical Models: This article will focus on techniques for1.
estimating model parameters using algebraic methods.



Computational Challenges in Algebraic Statistics: This article will discuss the computational1.
complexities encountered in algebraic statistics.

Software Tools for Algebraic Statistics: A guide to available software packages and their1.
capabilities.

The Future of Algebraic Statistics: This will discuss emerging trends and potential future1.
directions within this rapidly evolving field.

  algebraic statistics: Algebraic Statistics Seth Sullivant, 2018-11-19 Algebraic statistics uses
tools from algebraic geometry, commutative algebra, combinatorics, and their computational sides
to address problems in statistics and its applications. The starting point for this connection is the
observation that many statistical models are semialgebraic sets. The algebra/statistics connection is
now over twenty years old, and this book presents the first broad introductory treatment of the
subject. Along with background material in probability, algebra, and statistics, this book covers a
range of topics in algebraic statistics including algebraic exponential families, likelihood inference,
Fisher's exact test, bounds on entries of contingency tables, design of experiments, identifiability of
hidden variable models, phylogenetic models, and model selection. With numerous examples,
references, and over 150 exercises, this book is suitable for both classroom use and independent
study.
  algebraic statistics: An Introduction to Algebraic Statistics with Tensors Cristiano Bocci, Luca
Chiantini, 2019-09-11 This book provides an introduction to various aspects of Algebraic Statistics
with the principal aim of supporting Master’s and PhD students who wish to explore the algebraic
point of view regarding recent developments in Statistics. The focus is on the background needed to
explore the connections among discrete random variables. The main objects that encode these
relations are multilinear matrices, i.e., tensors. The book aims to settle the basis of the
correspondence between properties of tensors and their translation in Algebraic Geometry. It is
divided into three parts, on Algebraic Statistics, Multilinear Algebra, and Algebraic Geometry. The
primary purpose is to describe a bridge between the three theories, so that results and problems in
one theory find a natural translation to the others. This task requires, from the statistical point of
view, a rather unusual, but algebraically natural, presentation of random variables and their main
classical features. The third part of the book can be considered as a short, almost self-contained,
introduction to the basic concepts of algebraic varieties, which are part of the fundamental
background for all who work in Algebraic Statistics.
  algebraic statistics: Lectures on Algebraic Statistics Mathias Drton, Bernd Sturmfels, Seth
Sullivant, 2009-04-25 How does an algebraic geometer studying secant varieties further the
understanding of hypothesis tests in statistics? Why would a statistician working on factor analysis
raise open problems about determinantal varieties? Connections of this type are at the heart of the
new field of algebraic statistics. In this field, mathematicians and statisticians come together to solve
statistical inference problems using concepts from algebraic geometry as well as related



computational and combinatorial techniques. The goal of these lectures is to introduce newcomers
from the different camps to algebraic statistics. The introduction will be centered around the
following three observations: many important statistical models correspond to algebraic or
semi-algebraic sets of parameters; the geometry of these parameter spaces determines the
behaviour of widely used statistical inference procedures; computational algebraic geometry can be
used to study parameter spaces and other features of statistical models.
  algebraic statistics: Algebraic Statistics for Computational Biology L. Pachter, B. Sturmfels,
2005-08-22 This book, first published in 2005, offers an introduction to the application of algebraic
statistics to computational biology.
  algebraic statistics: Algebraic Statistics Giovanni Pistone, Eva Riccomagno, Henry P. Wynn,
2000-12-21 Written by pioneers in this exciting new field, Algebraic Statistics introduces the
application of polynomial algebra to experimental design, discrete probability, and statistics. It
begins with an introduction to Grobner bases and a thorough description of their applications to
experimental design. A special chapter covers the binary case
  algebraic statistics: Lectures on Algebraic Statistics Mathias Drton, Bernd Sturmfels, Seth
Sullivant, 2008-12-10 How does an algebraic geometer studying secant varieties further the
understanding of hypothesis tests in statistics? Why would a statistician working on factor analysis
raise open problems about determinantal varieties? Connections of this type are at the heart of the
new field of algebraic statistics. In this field, mathematicians and statisticians come together to solve
statistical inference problems using concepts from algebraic geometry as well as related
computational and combinatorial techniques. The goal of these lectures is to introduce newcomers
from the different camps to algebraic statistics. The introduction will be centered around the
following three observations: many important statistical models correspond to algebraic or
semi-algebraic sets of parameters; the geometry of these parameter spaces determines the
behaviour of widely used statistical inference procedures; computational algebraic geometry can be
used to study parameter spaces and other features of statistical models.
  algebraic statistics: Markov Bases in Algebraic Statistics Satoshi Aoki, Hisayuki Hara,
Akimichi Takemura, 2012-07-25 Algebraic statistics is a rapidly developing field, where ideas from
statistics and algebra meet and stimulate new research directions. One of the origins of algebraic
statistics is the work by Diaconis and Sturmfels in 1998 on the use of Gröbner bases for constructing
a connected Markov chain for performing conditional tests of a discrete exponential family. In this
book we take up this topic and present a detailed summary of developments following the seminal
work of Diaconis and Sturmfels. This book is intended for statisticians with minimal backgrounds in
algebra. As we ourselves learned algebraic notions through working on statistical problems and
collaborating with notable algebraists, we hope that this book with many practical statistical
problems is useful for statisticians to start working on the field.
  algebraic statistics: Algebraic Geometry and Statistical Learning Theory Sumio
Watanabe, 2009-08-13 Sure to be influential, Watanabe's book lays the foundations for the use of
algebraic geometry in statistical learning theory. Many models/machines are singular: mixture
models, neural networks, HMMs, Bayesian networks, stochastic context-free grammars are major
examples. The theory achieved here underpins accurate estimation techniques in the presence of
singularities.
  algebraic statistics: Algebraic and Geometric Methods in Statistics Paolo Gibilisco, 2010 An
up-to-date account of algebraic statistics and information geometry, which also explores the
emerging connections between these two disciplines.
  algebraic statistics: Algebraic Statistics Seth Sullivant, 2023-11-17 Algebraic statistics uses
tools from algebraic geometry, commutative algebra, combinatorics, and their computational sides
to address problems in statistics and its applications. The starting point for this connection is the
observation that many statistical models are semialgebraic sets. The algebra/statistics connection is
now over twenty years old, and this book presents the first broad introductory treatment of the
subject. Along with background material in probability, algebra, and statistics, this book covers a



range of topics in algebraic statistics including algebraic exponential families, likelihood inference,
Fisher's exact test, bounds on entries of contingency tables, design of experiments, identifiability of
hidden variable models, phylogenetic models, and model selection. With numerous examples,
references, and over 150 exercises, this book is suitable for both classroom use and independent
study.
  algebraic statistics: Algebraic Methods in Statistical Mechanics and Quantum Field Theory Dr.
Gérard G. Emch, 2014-08-04 This systematic algebraic approach offers a careful formulation of the
problems' physical motivations as well as self-contained descriptions of the mathematical methods
for arriving at solutions. 1972 edition.
  algebraic statistics: Mathematical Theory of Bayesian Statistics Sumio Watanabe, 2018-04-27
Mathematical Theory of Bayesian Statistics introduces the mathematical foundation of Bayesian
inference which is well-known to be more accurate in many real-world problems than the maximum
likelihood method. Recent research has uncovered several mathematical laws in Bayesian statistics,
by which both the generalization loss and the marginal likelihood are estimated even if the posterior
distribution cannot be approximated by any normal distribution. Features Explains Bayesian
inference not subjectively but objectively. Provides a mathematical framework for conventional
Bayesian theorems. Introduces and proves new theorems. Cross validation and information criteria
of Bayesian statistics are studied from the mathematical point of view. Illustrates applications to
several statistical problems, for example, model selection, hyperparameter optimization, and
hypothesis tests. This book provides basic introductions for students, researchers, and users of
Bayesian statistics, as well as applied mathematicians. Author Sumio Watanabe is a professor of
Department of Mathematical and Computing Science at Tokyo Institute of Technology. He studies
the relationship between algebraic geometry and mathematical statistics.
  algebraic statistics: Algebraic Methods in Statistics and Probability Marlos A. G. Viana, Donald
St. P. Richards, 2001 The 23 papers report recent developments in using the technique to help
clarify the relationship between phenomena and data in a number of natural and social sciences.
Among the topics are a coordinate-free approach to multivariate exponential families, some
rank-based hypothesis tests for covariance structure and conditional independence, deconvolution
density estimation on compact Lie groups, random walks on regular languages and algebraic
systems of generating functions, and the extendibility of statistical models. There is no index. c.
Book News Inc.
  algebraic statistics: Algebraic Function Fields and Codes Henning Stichtenoth, 2009-02-11
This book links two subjects: algebraic geometry and coding theory. It uses a novel approach based
on the theory of algebraic function fields. Coverage includes the Riemann-Rock theorem, zeta
functions and Hasse-Weil's theorem as well as Goppa' s algebraic-geometric codes and other
traditional codes. It will be useful to researchers in algebraic geometry and coding theory and
computer scientists and engineers in information transmission.
  algebraic statistics: Emerging Applications of Algebraic Geometry Mihai Putinar, Seth
Sullivant, 2008-12-10 Recent advances in both the theory and implementation of computational
algebraic geometry have led to new, striking applications to a variety of fields of research. The
articles in this volume highlight a range of these applications and provide introductory material for
topics covered in the IMA workshops on Optimization and Control and Applications in Biology,
Dynamics, and Statistics held during the IMA year on Applications of Algebraic Geometry. The
articles related to optimization and control focus on burgeoning use of semidefinite programming
and moment matrix techniques in computational real algebraic geometry. The new direction towards
a systematic study of non-commutative real algebraic geometry is well represented in the volume.
Other articles provide an overview of the way computational algebra is useful for analysis of
contingency tables, reconstruction of phylogenetic trees, and in systems biology. The contributions
collected in this volume are accessible to non-experts, self-contained and informative; they quickly
move towards cutting edge research in these areas, and provide a wealth of open problems for
future research.



  algebraic statistics: Applications of Polynomial Systems David A. Cox, 2020-03-02 Systems
of polynomial equations can be used to model an astonishing variety of phenomena. This book
explores the geometry and algebra of such systems and includes numerous applications. The book
begins with elimination theory from Newton to the twenty-first century and then discusses the
interaction between algebraic geometry and numerical computations, a subject now called
numerical algebraic geometry. The final three chapters discuss applications to geometric modeling,
rigidity theory, and chemical reaction networks in detail. Each chapter ends with a section written
by a leading expert. Examples in the book include oil wells, HIV infection, phylogenetic models,
four-bar mechanisms, border rank, font design, Stewart-Gough platforms, rigidity of edge graphs,
Gaussian graphical models, geometric constraint systems, and enzymatic cascades. The reader will
encounter geometric objects such as Bézier patches, Cayley-Menger varieties, and toric varieties;
and algebraic objects such as resultants, Rees algebras, approximation complexes, matroids, and
toric ideals. Two important subthemes that appear in multiple chapters are toric varieties and
algebraic statistics. The book also discusses the history of elimination theory, including its near
elimination in the middle of the twentieth century. The main goal is to inspire the reader to learn
about the topics covered in the book. With this in mind, the book has an extensive bibliography
containing over 350 books and papers.
  algebraic statistics: Computation with Linear Algebraic Groups Willem Adriaan de Graaf,
2017-08-07 Designed as a self-contained account of a number of key algorithmic problems and their
solutions for linear algebraic groups, this book combines in one single text both an introduction to
the basic theory of linear algebraic groups and a substantial collection of useful algorithms.
Computation with Linear Algebraic Groups offers an invaluable guide to graduate students and
researchers working in algebraic groups, computational algebraic geometry, and computational
group theory, as well as those looking for a concise introduction to the theory of linear algebraic
groups.
  algebraic statistics: The Geometry of Multivariate Statistics Thomas D. Wickens, 2014-02-25 A
traditional approach to developing multivariate statistical theory is algebraic. Sets of observations
are represented by matrices, linear combinations are formed from these matrices by multiplying
them by coefficient matrices, and useful statistics are found by imposing various criteria of
optimization on these combinations. Matrix algebra is the vehicle for these calculations. A second
approach is computational. Since many users find that they do not need to know the mathematical
basis of the techniques as long as they have a way to transform data into results, the computation
can be done by a package of computer programs that somebody else has written. An approach from
this perspective emphasizes how the computer packages are used, and is usually coupled with rules
that allow one to extract the most important numbers from the output and interpret them. Useful as
both approaches are--particularly when combined--they can overlook an important aspect of
multivariate analysis. To apply it correctly, one needs a way to conceptualize the multivariate
relationships that exist among variables. This book is designed to help the reader develop a way of
thinking about multivariate statistics, as well as to understand in a broader and more intuitive sense
what the procedures do and how their results are interpreted. Presenting important procedures of
multivariate statistical theory geometrically, the author hopes that this emphasis on the geometry
will give the reader a coherent picture into which all the multivariate techniques fit.
  algebraic statistics: Methods of Mathematics Applied to Calculus, Probability, and Statistics
Richard W. Hamming, 2012-06-28 This 4-part treatment begins with algebra and analytic geometry
and proceeds to an exploration of the calculus of algebraic functions and transcendental functions
and applications. 1985 edition. Includes 310 figures and 18 tables.
  algebraic statistics: Differential Geometry and Statistics M.K. Murray, J.W. Rice,
1993-04-01 Ever since the introduction by Rao in 1945 of the Fisher information metric on a family
of probability distributions, there has been interest among statisticians in the application of
differential geometry to statistics. This interest has increased rapidly in the last couple of decades
with the work of a large number of researchers. Until now an impediment to the spread of these



ideas into the wider community of statisticians has been the lack of a suitable text introducing the
modern coordinate free approach to differential geometry in a manner accessible to statisticians.
Differential Geometry and Statistics aims to fill this gap. The authors bring to this book extensive
research experience in differential geometry and its application to statistics. The book commences
with the study of the simplest differentiable manifolds - affine spaces and their relevance to
exponential families, and goes on to the general theory, the Fisher information metric, the Amari
connections and asymptotics. It culminates in the theory of vector bundles, principal bundles and
jets and their applications to the theory of strings - a topic presently at the cutting edge of research
in statistics and differential geometry.
  algebraic statistics: Multiparametric Statistics Vadim Ivanovich Serdobolskii, 2007-10-18
This monograph presents mathematical theory of statistical models described by the essentially
large number of unknown parameters, comparable with sample size but can also be much larger. In
this meaning, the proposed theory can be called essentially multiparametric. It is developed on the
basis of the Kolmogorov asymptotic approach in which sample size increases along with the number
of unknown parameters.This theory opens a way for solution of central problems of multivariate
statistics, which up until now have not been solved. Traditional statistical methods based on the idea
of an infinite sampling often break down in the solution of real problems, and, dependent on data,
can be inefficient, unstable and even not applicable. In this situation, practical statisticians are
forced to use various heuristic methods in the hope the will find a satisfactory solution.Mathematical
theory developed in this book presents a regular technique for implementing new, more efficient
versions of statistical procedures. Near exact solutions are constructed for a number of concrete
multi-dimensional problems: estimation of expectation vectors, regression and discriminant analysis,
and for the solution to large systems of empiric linear algebraic equations. It is remarkable that
these solutions prove to be not only non-degenerating and always stable, but also near exact within a
wide class of populations.In the conventional situation of small dimension and large sample size
these new solutions far surpass the classical, commonly used consistent ones. It can be expected in
the near future, for the most part, traditional multivariate statistical software will be replaced by the
always reliable and more efficient versions of statistical procedures implemented by the technology
described in this book.This monograph will be of interest to a variety of specialists working with the
theory of statistical methods and its applications. Mathematicians would find new classes of urgent
problems to be solved in their own regions. Specialists in applied statistics creating statistical
packages will be interested in more efficient methods proposed in the book. Advantages of these
methods are obvious: the user is liberated from the permanent uncertainty of possible instability and
inefficiency and gets algorithms with unimprovable accuracy and guaranteed for a wide class of
distributions.A large community of specialists applying statistical methods to real data will find a
number of always stable highly accurate versions of algorithms that will help them to better solve
their scientific or economic problems. Students and postgraduates will be interested in this book as
it will help them get at the foremost frontier of modern statistical science.- Presents original
mathematical investigations and open a new branch of mathematical statistics- Illustrates a
technique for developing always stable and efficient versions of multivariate statistical analysis for
large-dimensional problems - Describes the most popular methods some near exact solutions;
including algorithms of non-degenerating large-dimensional discriminant and regression analysis
  algebraic statistics: Partial Differential Equations Lawrence C. Evans, 2010 This is the
second edition of the now definitive text on partial differential equations (PDE). It offers a
comprehensive survey of modern techniques in the theoretical study of PDE with particular
emphasis on nonlinear equations. Its wide scope and clear exposition make it a great text for a
graduate course in PDE. For this edition, the author has made numerous changes, including a new
chapter on nonlinear wave equations, more than 80 new exercises, several new sections, a
significantly expanded bibliography. About the First Edition: I have used this book for both regular
PDE and topics courses. It has a wonderful combination of insight and technical detail...Evans' book
is evidence of his mastering of the field and the clarity of presentation (Luis Caffarelli, University of



Texas) It is fun to teach from Evans' book. It explains many of the essential ideas and techniques of
partial differential equations ...Every graduate student in analysis should read it. (David Jerison,
MIT) I use Partial Differential Equations to prepare my students for their Topic exam, which is a
requirement before starting working on their dissertation. The book provides an excellent account of
PDE's ...I am very happy with the preparation it provides my students. (Carlos Kenig, University of
Chicago) Evans' book has already attained the status of a classic. It is a clear choice for students just
learning the subject, as well as for experts who wish to broaden their knowledge ...An outstanding
reference for many aspects of the field. (Rafe Mazzeo, Stanford University.
  algebraic statistics: The Drunkard's Walk Leonard Mlodinow, 2008-05-13 NATIONAL
BESTSELLER • From the classroom to the courtroom and from financial markets to supermarkets,
an intriguing and illuminating look at how randomness, chance, and probability affect our daily lives
that will intrigue, awe, and inspire. “Mlodinow writes in a breezy style, interspersing probabilistic
mind-benders with portraits of theorists.... The result is a readable crash course in randomness.”
—The New York Times Book Review With the born storyteller's command of narrative and
imaginative approach, Leonard Mlodinow vividly demonstrates how our lives are profoundly
informed by chance and randomness and how everything from wine ratings and corporate success to
school grades and political polls are less reliable than we believe. By showing us the true nature of
chance and revealing the psychological illusions that cause us to misjudge the world around us,
Mlodinow gives us the tools we need to make more informed decisions. From the classroom to the
courtroom and from financial markets to supermarkets, Mlodinow's intriguing and illuminating look
at how randomness, chance, and probability affect our daily lives will intrigue, awe, and inspire.
  algebraic statistics: Topics in Algebraic Graph Theory Lowell W. Beineke, Robin J. Wilson,
2004-10-04 There is no other book with such a wide scope of both areas of algebraic graph theory.
  algebraic statistics: Algebraic and Geometric Ideas in the Theory of Discrete Optimization
Jesus A. De Loera, Raymond Hemmecke, Matthias K?ppe, 2013-01-31 In recent years, many new
techniques have emerged in the mathematical theory of discrete optimization that have proven to be
effective in solving a number of hard problems. This book presents these recent advances,
particularly those that arise from algebraic geometry, commutative algebra, convex and discrete
geometry, generating functions, and other tools normally considered outside of the standard
curriculum in optimization. These new techniques, all of which are presented with minimal
prerequisites, provide a transition from linear to nonlinear discrete optimization. This book can be
used as a textbook for advanced undergraduates or first-year graduate students in mathematics,
computer science or operations research. It is also appropriate for mathematicians, engineers, and
scientists engaged in computation who wish to gain a deeper understanding of how and why
algorithms work.
  algebraic statistics: Using Algebraic Geometry David A. Cox, John Little, DONAL OSHEA,
2013-04-17 An illustration of the many uses of algebraic geometry, highlighting the more recent
applications of Groebner bases and resultants. Along the way, the authors provide an introduction to
some algebraic objects and techniques more advanced than typically encountered in a first course.
The book is accessible to non-specialists and to readers with a diverse range of backgrounds,
assuming readers know the material covered in standard undergraduate courses, including abstract
algebra. But because the text is intended for beginning graduate students, it does not require
graduate algebra, and in particular, does not assume that the reader is familiar with modules.
  algebraic statistics: The New Statistical Analysis of Data T.W. Anderson, Jeremy D. Finn,
2012-12-06 A non-calculus based introduction for students studying statistics, business, engineering,
health sciences, social sciences, and education. It presents a thorough coverage of statistical
techniques and includes numerous examples largely drawn from actual research studies. Little
mathematical background is required and explanations of important concepts are based on
providing intuition using illustrative figures and numerical examples. The first part shows how
statistical methods are used in diverse fields in answering important questions, while part two
covers descriptive statistics and considers the organisation and summarisation of data. Parts three



to five cover probability, statistical inference, and more advanced statistical techniques.
  algebraic statistics: Algebraic Curves and Their Applications Lubjana Beshaj, Tony Shaska,
2019-02-26 This volume contains a collection of papers on algebraic curves and their applications.
While algebraic curves traditionally have provided a path toward modern algebraic geometry, they
also provide many applications in number theory, computer security and cryptography, coding
theory, differential equations, and more. Papers cover topics such as the rational torsion points of
elliptic curves, arithmetic statistics in the moduli space of curves, combinatorial descriptions of
semistable hyperelliptic curves over local fields, heights on weighted projective spaces,
automorphism groups of curves, hyperelliptic curves, dessins d'enfants, applications to Painlevé
equations, descent on real algebraic varieties, quadratic residue codes based on hyperelliptic curves,
and Abelian varieties and cryptography. This book will be a valuable resource for people interested
in algebraic curves and their connections to other branches of mathematics.
  algebraic statistics: Linear Models in Statistics Alvin C. Rencher, G. Bruce Schaalje,
2008-01-07 The essential introduction to the theory and application of linear models—now in a
valuable new edition Since most advanced statistical tools are generalizations of the linear model, it
is neces-sary to first master the linear model in order to move forward to more advanced concepts.
The linear model remains the main tool of the applied statistician and is central to the training of any
statistician regardless of whether the focus is applied or theoretical. This completely revised and
updated new edition successfully develops the basic theory of linear models for regression, analysis
of variance, analysis of covariance, and linear mixed models. Recent advances in the methodology
related to linear mixed models, generalized linear models, and the Bayesian linear model are also
addressed. Linear Models in Statistics, Second Edition includes full coverage of advanced topics,
such as mixed and generalized linear models, Bayesian linear models, two-way models with empty
cells, geometry of least squares, vector-matrix calculus, simultaneous inference, and logistic and
nonlinear regression. Algebraic, geometrical, frequentist, and Bayesian approaches to both the
inference of linear models and the analysis of variance are also illustrated. Through the expansion of
relevant material and the inclusion of the latest technological developments in the field, this book
provides readers with the theoretical foundation to correctly interpret computer software output as
well as effectively use, customize, and understand linear models. This modern Second Edition
features: New chapters on Bayesian linear models as well as random and mixed linear models
Expanded discussion of two-way models with empty cells Additional sections on the geometry of
least squares Updated coverage of simultaneous inference The book is complemented with
easy-to-read proofs, real data sets, and an extensive bibliography. A thorough review of the requisite
matrix algebra has been addedfor transitional purposes, and numerous theoretical and applied
problems have been incorporated with selected answers provided at the end of the book. A related
Web site includes additional data sets and SAS® code for all numerical examples. Linear Model in
Statistics, Second Edition is a must-have book for courses in statistics, biostatistics, and
mathematics at the upper-undergraduate and graduate levels. It is also an invaluable reference for
researchers who need to gain a better understanding of regression and analysis of variance.
  algebraic statistics: Algebraic Theories E.G. Manes, 2012-12-06 In the past decade, category
theory has widened its scope and now inter acts with many areas of mathematics. This book
develops some of the interactions between universal algebra and category theory as well as some of
the resulting applications. We begin with an exposition of equationally defineable classes from the
point of view of algebraic theories, but without the use of category theory. This serves to motivate
the general treatment of algebraic theories in a category, which is the central concern of the book.
(No category theory is presumed; rather, an independent treatment is provided by the second chap
ter.) Applications abound throughout the text and exercises and in the final chapter in which we
pursue problems originating in topological dynamics and in automata theory. This book is a natural
outgrowth of the ideas of a small group of mathe maticians, many of whom were in residence at the
Forschungsinstitut für Mathematik of the Eidgenössische Technische Hochschule in Zürich,
Switzerland during the academic year 1966-67. It was in this stimulating atmosphere that the author



wrote his doctoral dissertation. The Zürich School, then, was Michael Barr, Jon Beck, John Gray, Bill
Lawvere, Fred Linton, and Myles Tierney (who were there) and (at least) Harry Appelgate, Sammy
Eilenberg, John Isbell, and Saunders Mac Lane (whose spiritual presence was tangible.) I am
grateful to the National Science Foundation who provided support, under grants GJ 35759 and OCR
72-03733 A01, while I wrote this book.
  algebraic statistics: Semidefinite Optimization and Convex Algebraic Geometry Grigoriy
Blekherman, Pablo A. Parrilo, Rekha R. Thomas, 2013-03-21 An accessible introduction to convex
algebraic geometry and semidefinite optimization. For graduate students and researchers in
mathematics and computer science.
  algebraic statistics: Algebraic Geometry and Commutative Algebra Siegfried Bosch,
2022-04-22 Algebraic Geometry is a fascinating branch of Mathematics that combines methods from
both Algebra and Geometry. It transcends the limited scope of pure Algebra by means of geometric
construction principles. Putting forward this idea, Grothendieck revolutionized Algebraic Geometry
in the late 1950s by inventing schemes. Schemes now also play an important role in Algebraic
Number Theory, a field that used to be far away from Geometry. The new point of view paved the
way for spectacular progress, such as the proof of Fermat's Last Theorem by Wiles and Taylor. This
book explains the scheme-theoretic approach to Algebraic Geometry for non-experts, while more
advanced readers can use it to broaden their view on the subject. A separate part presents the
necessary prerequisites from Commutative Algebra, thereby providing an accessible and
self-contained introduction to advanced Algebraic Geometry. Every chapter of the book is preceded
by a motivating introduction with an informal discussion of its contents and background. Typical
examples, and an abundance of exercises illustrate each section. Therefore the book is an excellent
companion for self-studying or for complementing skills that have already been acquired. It can just
as well serve as a convenient source for (reading) course material and, in any case, as
supplementary literature. The present edition is a critical revision of the earlier text.
  algebraic statistics: Computational Topology for Data Analysis Tamal Krishna Dey, Yusu Wang,
2022-03-10 Topological data analysis (TDA) has emerged recently as a viable tool for analyzing
complex data, and the area has grown substantially both in its methodologies and applicability.
Providing a computational and algorithmic foundation for techniques in TDA, this comprehensive,
self-contained text introduces students and researchers in mathematics and computer science to the
current state of the field. The book features a description of mathematical objects and constructs
behind recent advances, the algorithms involved, computational considerations, as well as examples
of topological structures or ideas that can be used in applications. It provides a thorough treatment
of persistent homology together with various extensions – like zigzag persistence and
multiparameter persistence – and their applications to different types of data, like point clouds,
triangulations, or graph data. Other important topics covered include discrete Morse theory, the
Mapper structure, optimal generating cycles, as well as recent advances in embedding TDA within
machine learning frameworks.
  algebraic statistics: Semialgebraic Statistics and Latent Tree Models Piotr Zwiernik,
2015-08-21 The first part of the book gives a general introduction to key concepts in algebraic
statistics, focusing on methods that are helpful in the study of models with hidden variables. The
author uses tensor geometry as a natural language to deal with multivariate probability
distributions, develops new combinatorial tools to study models with hidden data, and describes the
semialgebraic structure of statistical models. The second part illustrates important examples of tree
models with hidden variables. The book discusses the underlying models and related combinatorial
concepts of phylogenetic trees as well as the local and global geometry of latent tree models. It also
extends previous results to Gaussian latent tree models. This book shows you how both
combinatorics and algebraic geometry enable a better understanding of latent tree models. It
contains many results on the geometry of the models, including a detailed analysis of identifiability
and the defining polynomial constraints
  algebraic statistics: Matrix Algebra From a Statistician's Perspective David A. Harville,



2008-06-27 A knowledge of matrix algebra is a prerequisite for the study of much of modern
statistics, especially the areas of linear statistical models and multivariate statistics. This reference
book provides the background in matrix algebra necessary to do research and understand the
results in these areas. Essentially self-contained, the book is best-suited for a reader who has had
some previous exposure to matrices. Solultions to the exercises are available in the author's Matrix
Algebra: Exercises and Solutions.
  algebraic statistics: Algebraic Geometry Robin Hartshorne, 2013-06-29 An introduction to
abstract algebraic geometry, with the only prerequisites being results from commutative algebra,
which are stated as needed, and some elementary topology. More than 400 exercises distributed
throughout the book offer specific examples as well as more specialised topics not treated in the
main text, while three appendices present brief accounts of some areas of current research. This
book can thus be used as textbook for an introductory course in algebraic geometry following a basic
graduate course in algebra. Robin Hartshorne studied algebraic geometry with Oscar Zariski and
David Mumford at Harvard, and with J.-P. Serre and A. Grothendieck in Paris. He is the author of
Residues and Duality, Foundations of Projective Geometry, Ample Subvarieties of Algebraic
Varieties, and numerous research titles.
  algebraic statistics: Statistics Using Technology, Second Edition Kathryn Kozak,
2015-12-12 Statistics With Technology, Second Edition, is an introductory statistics textbook. It uses
the TI-83/84 calculator and R, an open source statistical software, for all calculations. Other
technology can also be used besides the TI-83/84 calculator and the software R, but these are the
ones that are presented in the text. This book presents probability and statistics from a more
conceptual approach, and focuses less on computation. Analysis and interpretation of data is more
important than how to compute basic statistical values.
  algebraic statistics: Algorithms in Real Algebraic Geometry Saugata Basu, Richard Pollack,
Marie-Françoise Coste-Roy, 2013-03-09 In this first-ever graduate textbook on the algorithmic
aspects of real algebraic geometry, the main ideas and techniques presented form a coherent and
rich body of knowledge, linked to many areas of mathematics and computing. Mathematicians
already aware of real algebraic geometry will find relevant information about the algorithmic
aspects. Researchers in computer science and engineering will find the required mathematical
background. This self-contained book is accessible to graduate and undergraduate students.
  algebraic statistics: Algebraic Operads Jean-Louis Loday, Bruno Vallette, 2012-08-08 In many
areas of mathematics some “higher operations” are arising. These havebecome so important that
several research projects refer to such expressions. Higher operationsform new types of algebras.
The key to understanding and comparing them, to creating invariants of their action is operad
theory. This is a point of view that is 40 years old in algebraic topology, but the new trend is its
appearance in several other areas, such as algebraic geometry, mathematical physics, differential
geometry, and combinatorics. The present volume is the first comprehensive and systematic
approach to algebraic operads. An operad is an algebraic device that serves to study all kinds of
algebras (associative, commutative, Lie, Poisson, A-infinity, etc.) from a conceptual point of view.
The book presents this topic with an emphasis on Koszul duality theory. After a modern treatment of
Koszul duality for associative algebras, the theory is extended to operads. Applications to homotopy
algebra are given, for instance the Homotopy Transfer Theorem. Although the necessary notions of
algebra are recalled, readers are expected to be familiar with elementary homological algebra. Each
chapter ends with a helpful summary and exercises. A full chapter is devoted to examples, and
numerous figures are included. After a low-level chapter on Algebra, accessible to (advanced)
undergraduate students, the level increases gradually through the book. However, the authors have
done their best to make it suitable for graduate students: three appendices review the basic results
needed in order to understand the various chapters. Since higher algebra is becoming essential in
several research areas like deformation theory, algebraic geometry, representation theory,
differential geometry, algebraic combinatorics, and mathematical physics, the book can also be used
as a reference work by researchers.



  algebraic statistics: Algebraic Geometry, Arcata 1974 Robin Hartshorne, American
Mathematical Society, 1975-12-31
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