
time series analysis textbook

The Ultimate Guide to Choosing the Right Time
Series Analysis Textbook

Are you drowning in data, struggling to decipher the hidden patterns within
time-dependent observations? Do you need a reliable guide to navigate the
complex world of time series analysis? Then you've come to the right place.
This comprehensive guide will help you choose the perfect time series
analysis textbook, based on your level of expertise and specific learning
objectives. We'll explore various textbooks, compare their strengths and
weaknesses, and provide you with the knowledge to make an informed decision.
Get ready to unlock the secrets of your data!

Understanding the Importance of Choosing the Right
Textbook

Selecting the appropriate time series analysis textbook is crucial for your
success. A poorly chosen textbook can lead to frustration, confusion, and
ultimately, a lack of understanding. The right textbook, however, will serve
as your trusted companion, guiding you through the intricacies of
forecasting, modeling, and interpreting time-dependent data. Consider these
factors when making your selection:

Your mathematical background: Some textbooks assume a strong mathematical
background, including advanced calculus and linear algebra. Others cater to a
broader audience with less mathematical rigor.
Your learning style: Do you prefer a highly theoretical approach, or a more
practical, hands-on learning experience?
Specific applications: Are you interested in specific applications of time
series analysis, such as finance, econometrics, or environmental science?
Some textbooks focus on particular domains.
Software proficiency: Many textbooks integrate specific software packages,
such as R or Python. Ensure the textbook aligns with your software skills or
willingness to learn a new one.

Key Features of a High-Quality Time Series Analysis
Textbook

A top-notch time series analysis textbook should possess several key
characteristics:

Clear and concise explanations: The material should be presented in a clear,
understandable manner, avoiding unnecessary jargon.



Numerous examples and exercises: Real-world examples and practice problems
are essential for reinforcing concepts and developing practical skills.
Up-to-date content: Time series analysis is a constantly evolving field.
Choose a textbook that incorporates the latest advancements and techniques.
Appropriate level of detail: The level of detail should match your existing
knowledge and learning goals. Don't choose a textbook that's too advanced or
too simplistic.
Supportive resources: Look for textbooks that offer supplementary materials,
such as online resources, data sets, and solutions manuals.

Recommended Time Series Analysis Textbooks: A
Comparative Overview

Let's delve into some highly-rated time series analysis textbooks,
categorized by difficulty level:

Introductory Level:1.

"Forecasting: Principles and Practice" by Rob J Hyndman and George
Athanasopoulos: This free online textbook is exceptionally well-written,
accessible, and practical. It focuses on forecasting methods and uses R for
examples and exercises. It's a great starting point for beginners.

Intermediate Level:1.

"Time Series Analysis: Forecasting and Control" by George E. P. Box, Gwilym
M. Jenkins, Gregory C. Reinsel, and Greta M. Ljung: This classic text is a
comprehensive and rigorous treatment of time series analysis. While
mathematically demanding, it provides a deep understanding of the subject.
It's a standard reference in the field.

Advanced Level:1.

"Analysis of Financial Time Series" by Ruey S. Tsay: This book focuses on the
application of time series analysis in finance. It's highly mathematical and
assumes a strong background in statistics and econometrics. It's ideal for
graduate students and researchers in finance.



Detailed Examination of "Forecasting: Principles and
Practice"

Let's examine "Forecasting: Principles and Practice" by Hyndman and
Athanasopoulos in more detail:

Outline:

Introduction: Overview of forecasting, types of forecasting problems, and the
importance of forecasting accuracy.
Chapter 1: Data: Exploring different types of time series data, including
their characteristics and visualizations.
Chapter 2: Classical Decomposition: Methods for decomposing time series data
into its components (trend, seasonality, etc.).
Chapter 3: Exponential Smoothing: A range of exponential smoothing methods
for forecasting, including simple, double, and triple exponential smoothing.
Chapter 4: ARIMA Models: A detailed explanation of autoregressive integrated
moving average (ARIMA) models, including model identification, estimation,
and diagnostics.
Chapter 5: Regression Models: Using regression models for forecasting,
including incorporating explanatory variables.
Chapter 6: Other Forecasting Methods: An introduction to other forecasting
techniques, such as neural networks and support vector machines.
Chapter 7: Evaluating Forecast Accuracy: Methods for evaluating the accuracy
of different forecasting methods.
Chapter 8: Case Studies: Real-world examples of forecasting applications
across various industries.
Conclusion: Summary of key concepts and future directions in forecasting.

Explanation of Outline Points:

Each chapter provides a clear and concise explanation of the topic, along
with numerous examples and exercises using R. The book emphasizes practical
applications and provides a wealth of resources, including datasets and R
code. The authors' clear writing style and focus on practical applications
make this a highly accessible and valuable resource for anyone interested in
time series analysis.

Frequently Asked Questions (FAQs)

What is the best time series analysis textbook for beginners?1.
"Forecasting: Principles and Practice" is an excellent choice for
beginners due to its clear explanations and practical approach.



Which textbook is best for finance applications? "Analysis of Financial1.
Time Series" by Ruey S. Tsay is a highly regarded text for financial
time series analysis.

Do I need a strong math background for time series analysis? It depends1.
on the textbook and your desired level of understanding. Some
introductory texts require minimal mathematical knowledge, while
advanced texts demand a strong background in calculus and linear
algebra.

What software is commonly used in time series analysis? R and Python are1.
popular choices due to their extensive libraries for time series
analysis.

How do I choose the right textbook for my specific needs? Consider your1.
mathematical background, learning style, specific applications, and
software proficiency when making your selection.

Are there any free time series analysis textbooks available? Yes,1.
"Forecasting: Principles and Practice" is a free and excellent online
textbook.

What are the key concepts covered in most time series analysis1.
textbooks? Key concepts typically include stationarity, autocorrelation,
ARIMA models, exponential smoothing, and forecasting accuracy measures.

Where can I find additional resources for learning time series analysis?1.
Online courses, tutorials, and research papers can supplement your
learning from a textbook.

Is it necessary to use software for time series analysis? While some1.
basic analysis can be done manually, software is highly recommended for
more complex analyses and practical applications.



Related Articles

ARIMA Modeling in Time Series Analysis: A deep dive into the intricacies1.
of ARIMA models.

Time Series Forecasting with Python: A practical guide to using Python2.
for time series forecasting.

Exponential Smoothing Methods: A Comprehensive Overview: A detailed3.
exploration of various exponential smoothing techniques.

Stationarity Tests in Time Series Analysis: Understanding the importance4.
of stationarity and methods for testing it.

Time Series Decomposition: Unveiling Seasonal and Trend Patterns:5.
Learning how to decompose a time series into its constituent components.

Forecasting Accuracy Metrics: Choosing the Right Measures: A guide to6.
selecting appropriate metrics for evaluating forecasting accuracy.

Real-World Applications of Time Series Analysis: Exploring case studies7.
from various industries.

Advanced Time Series Techniques: Beyond ARIMA and Exponential Smoothing:8.
A look at more advanced modeling techniques.

Building a Time Series Model in R: A step-by-step tutorial on building a9.
time series model using R.

  time series analysis textbook: Forecasting: principles and practice Rob J Hyndman, George
Athanasopoulos, 2018-05-08 Forecasting is required in many situations. Stocking an inventory may
require forecasts of demand months in advance. Telecommunication routing requires traffic
forecasts a few minutes ahead. Whatever the circumstances or time horizons involved, forecasting is
an important aid in effective and efficient planning. This textbook provides a comprehensive
introduction to forecasting methods and presents enough information about each method for readers
to use them sensibly.
  time series analysis textbook: Time Series Analysis George E. P. Box, Gwilym M. Jenkins,
Gregory C. Reinsel, Greta M. Ljung, 2015-06-02 Praise for the Fourth Edition The book follows
faithfully the style of the original edition. The approach is heavily motivated by real-world time
series, and by developing a complete approach to model building, estimation, forecasting and
control. —Mathematical Reviews Bridging classical models and modern topics, the Fifth Edition of
Time Series Analysis: Forecasting and Control maintains a balanced presentation of the tools for
modeling and analyzing time series. Also describing the latest developments that have occurred in
the field over the past decade through applications from areas such as business, finance, and
engineering, the Fifth Edition continues to serve as one of the most influential and prominent works
on the subject. Time Series Analysis: Forecasting and Control, Fifth Edition provides a clearly



written exploration of the key methods for building, classifying, testing, and analyzing stochastic
models for time series and describes their use in five important areas of application: forecasting;
determining the transfer function of a system; modeling the effects of intervention events;
developing multivariate dynamic models; and designing simple control schemes. Along with these
classical uses, the new edition covers modern topics with new features that include: A redesigned
chapter on multivariate time series analysis with an expanded treatment of Vector Autoregressive,
or VAR models, along with a discussion of the analytical tools needed for modeling vector time series
An expanded chapter on special topics covering unit root testing, time-varying volatility models such
as ARCH and GARCH, nonlinear time series models, and long memory models Numerous examples
drawn from finance, economics, engineering, and other related fields The use of the publicly
available R software for graphical illustrations and numerical calculations along with scripts that
demonstrate the use of R for model building and forecasting Updates to literature references
throughout and new end-of-chapter exercises Streamlined chapter introductions and revisions that
update and enhance the exposition Time Series Analysis: Forecasting and Control, Fifth Edition is a
valuable real-world reference for researchers and practitioners in time series analysis, econometrics,
finance, and related fields. The book is also an excellent textbook for beginning graduate-level
courses in advanced statistics, mathematics, economics, finance, engineering, and physics.
  time series analysis textbook: Practical Time Series Analysis Aileen Nielsen, 2019-09-20 Time
series data analysis is increasingly important due to the massive production of such data through the
internet of things, the digitalization of healthcare, and the rise of smart cities. As continuous
monitoring and data collection become more common, the need for competent time series analysis
with both statistical and machine learning techniques will increase. Covering innovations in time
series data analysis and use cases from the real world, this practical guide will help you solve the
most common data engineering and analysis challengesin time series, using both traditional
statistical and modern machine learning techniques. Author Aileen Nielsen offers an accessible,
well-rounded introduction to time series in both R and Python that will have data scientists, software
engineers, and researchers up and running quickly. You’ll get the guidance you need to confidently:
Find and wrangle time series data Undertake exploratory time series data analysis Store temporal
data Simulate time series data Generate and select features for a time series Measure error Forecast
and classify time series with machine or deep learning Evaluate accuracy and performance
  time series analysis textbook: Introduction to Time Series Analysis and Forecasting
Douglas C. Montgomery, Cheryl L. Jennings, Murat Kulahci, 2015-04-21 Praise for the First Edition
...[t]he book is great for readers who need to apply the methods and models presented but have little
background in mathematics and statistics. -MAA Reviews Thoroughly updated throughout,
Introduction to Time Series Analysis and Forecasting, Second Edition presents the underlying
theories of time series analysis that are needed to analyze time-oriented data and construct
real-world short- to medium-term statistical forecasts. Authored by highly-experienced academics
and professionals in engineering statistics, the Second Edition features discussions on both popular
and modern time series methodologies as well as an introduction to Bayesian methods in
forecasting. Introduction to Time Series Analysis and Forecasting, Second Edition also includes:
Over 300 exercises from diverse disciplines including health care, environmental studies,
engineering, and finance More than 50 programming algorithms using JMP®, SAS®, and R that
illustrate the theory and practicality of forecasting techniques in the context of time-oriented data
New material on frequency domain and spatial temporal data analysis Expanded coverage of the
variogram and spectrum with applications as well as transfer and intervention model functions A
supplementary website featuring PowerPoint® slides, data sets, and select solutions to the problems
Introduction to Time Series Analysis and Forecasting, Second Edition is an ideal textbook
upper-undergraduate and graduate-levels courses in forecasting and time series. The book is also an
excellent reference for practitioners and researchers who need to model and analyze time series
data to generate forecasts.
  time series analysis textbook: Time Series Analysis and Forecasting by Example Søren



Bisgaard, Murat Kulahci, 2011-08-24 An intuition-based approach enables you to master time series
analysis with ease Time Series Analysis and Forecasting by Example provides the fundamental
techniques in time series analysis using various examples. By introducing necessary theory through
examples that showcase the discussed topics, the authors successfully help readers develop an
intuitive understanding of seemingly complicated time series models and their implications. The
book presents methodologies for time series analysis in a simplified, example-based approach. Using
graphics, the authors discuss each presented example in detail and explain the relevant theory while
also focusing on the interpretation of results in data analysis. Following a discussion of why
autocorrelation is often observed when data is collected in time, subsequent chapters explore
related topics, including: Graphical tools in time series analysis Procedures for developing
stationary, non-stationary, and seasonal models How to choose the best time series model Constant
term and cancellation of terms in ARIMA models Forecasting using transfer function-noise models
The final chapter is dedicated to key topics such as spurious relationships, autocorrelation in
regression, and multiple time series. Throughout the book, real-world examples illustrate
step-by-step procedures and instructions using statistical software packages such as SAS, JMP,
Minitab, SCA, and R. A related Web site features PowerPoint slides to accompany each chapter as
well as the book's data sets. With its extensive use of graphics and examples to explain key concepts,
Time Series Analysis and Forecasting by Example is an excellent book for courses on time series
analysis at the upper-undergraduate and graduate levels. it also serves as a valuable resource for
practitioners and researchers who carry out data and time series analysis in the fields of
engineering, business, and economics.
  time series analysis textbook: Time Series Analysis Univariate and Multivariate Methods
William W. S. Wei, 2018-03-14 With its broad coverage of methodology, this comprehensive book is a
useful learning and reference tool for those in applied sciences where analysis and research of time
series is useful. Its plentiful examples show the operational details and purpose of a variety of
univariate and multivariate time series methods. Numerous figures, tables and real-life time series
data sets illustrate the models and methods useful for analyzing, modeling, and forecasting data
collected sequentially in time. The text also offers a balanced treatment between theory and
applications. Time Series Analysis is a thorough introduction to both time-domain and
frequency-domain analyses of univariate and multivariate time series methods, with coverage of the
most recently developed techniques in the field.
  time series analysis textbook: Applied Time Series Analysis Terence C. Mills, 2019-01-24
Written for those who need an introduction, Applied Time Series Analysis reviews applications of the
popular econometric analysis technique across disciplines. Carefully balancing accessibility with
rigor, it spans economics, finance, economic history, climatology, meteorology, and public health.
Terence Mills provides a practical, step-by-step approach that emphasizes core theories and results
without becoming bogged down by excessive technical details. Including univariate and multivariate
techniques, Applied Time Series Analysis provides data sets and program files that support a broad
range of multidisciplinary applications, distinguishing this book from others.
  time series analysis textbook: Time Series Analysis and Its Applications Robert H.
Shumway, David S. Stoffer, 2017-04-25 The fourth edition of this popular graduate textbook, like its
predecessors, presents a balanced and comprehensive treatment of both time and frequency domain
methods with accompanying theory. Numerous examples using nontrivial data illustrate solutions to
problems such as discovering natural and anthropogenic climate change, evaluating pain perception
experiments using functional magnetic resonance imaging, and monitoring a nuclear test ban treaty.
The book is designed as a textbook for graduate level students in the physical, biological, and social
sciences and as a graduate level text in statistics. Some parts may also serve as an undergraduate
introductory course. Theory and methodology are separated to allow presentations on different
levels. In addition to coverage of classical methods of time series regression, ARIMA models,
spectral analysis and state-space models, the text includes modern developments including
categorical time series analysis, multivariate spectral methods, long memory series, nonlinear



models, resampling techniques, GARCH models, ARMAX models, stochastic volatility, wavelets, and
Markov chain Monte Carlo integration methods. This edition includes R code for each numerical
example in addition to Appendix R, which provides a reference for the data sets and R scripts used in
the text in addition to a tutorial on basic R commands and R time series. An additional file is
available on the book’s website for download, making all the data sets and scripts easy to load into
R.
  time series analysis textbook: Time Series Analysis and Forecasting by Example Søren
Bisgaard, Murat Kulahci, 2011-08-09 An intuition-based approach enables you to master time series
analysis with ease Time Series Analysis and Forecasting by Example provides the fundamental
techniques in time series analysis using various examples. By introducing necessary theory through
examples that showcase the discussed topics, the authors successfully help readers develop an
intuitive understanding of seemingly complicated time series models and their implications. The
book presents methodologies for time series analysis in a simplified, example-based approach. Using
graphics, the authors discuss each presented example in detail and explain the relevant theory while
also focusing on the interpretation of results in data analysis. Following a discussion of why
autocorrelation is often observed when data is collected in time, subsequent chapters explore
related topics, including: Graphical tools in time series analysis Procedures for developing
stationary, non-stationary, and seasonal models How to choose the best time series model Constant
term and cancellation of terms in ARIMA models Forecasting using transfer function-noise models
The final chapter is dedicated to key topics such as spurious relationships, autocorrelation in
regression, and multiple time series. Throughout the book, real-world examples illustrate
step-by-step procedures and instructions using statistical software packages such as SAS®, JMP,
Minitab, SCA, and R. A related Web site features PowerPoint slides to accompany each chapter as
well as the book's data sets. With its extensive use of graphics and examples to explain key concepts,
Time Series Analysis and Forecasting by Example is an excellent book for courses on time series
analysis at the upper-undergraduate and graduate levels. it also serves as a valuable resource for
practitioners and researchers who carry out data and time series analysis in the fields of
engineering, business, and economics.
  time series analysis textbook: Analysis of Financial Time Series Ruey S. Tsay, 2010-10-26 This
book provides a broad, mature, and systematic introduction to current financial econometric models
and their applications to modeling and prediction of financial time series data. It utilizes real-world
examples and real financial data throughout the book to apply the models and methods described.
The author begins with basic characteristics of financial time series data before covering three main
topics: Analysis and application of univariate financial time series The return series of multiple
assets Bayesian inference in finance methods Key features of the new edition include additional
coverage of modern day topics such as arbitrage, pair trading, realized volatility, and credit risk
modeling; a smooth transition from S-Plus to R; and expanded empirical financial data sets. The
overall objective of the book is to provide some knowledge of financial time series, introduce some
statistical tools useful for analyzing these series and gain experience in financial applications of
various econometric methods.
  time series analysis textbook: Time Series Analysis and Its Applications Robert H. Shumway,
David S. Stoffer, 2013-03-14 A balanced and comprehensive treatment of both time and frequency
domain methods with accompanying theory. Numerous examples using non-trivial data illustrate
solutions to problems, such as evaluating pain perception experiments using magnetic resonance
imaging or monitoring a nuclear test ban treaty. Although designed as a text for graduate level
students in statistics and the physical, biological and social sciences, some parts of the book will also
serve as an undergraduate introductory course. Theory and methodology are separated to allow
presentations on different levels, and the material has been updated by adding modern
developments involving categorical time series analysis and the spectral envelope, multivariate
spectral methods, long memory series, nonlinear models, longitudinal data analysis, resampling
techniques, ARCH models, stochastic volatility, wavelets and Monte Carlo Markov chain integration



methods. The book is supplemented by data and an exploratory time series analysis program ASTSA
for Windows that can be downloaded from the Web as freeware.
  time series analysis textbook: The Analysis of Time Series Chris Chatfield, Haipeng Xing,
2019-04-25 This new edition of this classic title, now in its seventh edition, presents a balanced and
comprehensive introduction to the theory, implementation, and practice of time series analysis. The
book covers a wide range of topics, including ARIMA models, forecasting methods, spectral analysis,
linear systems, state-space models, the Kalman filters, nonlinear models, volatility models, and
multivariate models.
  time series analysis textbook: Time Series Analysis: Methods and Applications Tata Subba
Rao, Suhasini Subba Rao, C.R. Rao, 2012-06-26 'Handbook of Statistics' is a series of self-contained
reference books. Each volume is devoted to a particular topic in statistics, with volume 30 dealing
with time series.
  time series analysis textbook: Handbook of Time Series Analysis Björn Schelter, Matthias
Winterhalder, Jens Timmer, 2006-12-13 This handbook provides an up-to-date survey of current
research topics and applications of time series analysis methods written by leading experts in their
fields. It covers recent developments in univariate as well as bivariate and multivariate time series
analysis techniques ranging from physics' to life sciences' applications. Each chapter comprises both
methodological aspects and applications to real world complex systems, such as the human brain or
Earth's climate. Covering an exceptionally broad spectrum of topics, beginners, experts and
practitioners who seek to understand the latest developments will profit from this handbook.
  time series analysis textbook: Time Series Analysis: Forecasting & Control, 3/E , 1994-09
This is a complete revision of a classic, seminal, and authoritative text that has been the model for
most books on the topic written since 1970. It explores the building of stochastic (statistical) models
for time series and their use in important areas of application -forecasting, model specification,
estimation, and checking, transfer function modeling of dynamic relationships, modeling the effects
of intervention events, and process control.
  time series analysis textbook: Interrupted Time Series Analysis David McDowall, Richard
McCleary, Bradley J. Bartos, 2019 Interrupted Time Series Analysis develops a comprehensive set of
models and methods for drawing causal inferences from time series. It provides example analyses of
social, behavioral, and biomedical time series to illustrate a general strategy for building
AutoRegressive Integrated Moving Average (ARIMA) impact models. Additionally, the book
supplements the classic Box-Jenkins-Tiao model-building strategy with recent auxiliary tests for
transformation, differencing, and model selection. Not only does the text discuss new developments,
including the prospects for widespread adoption of Bayesian hypothesis testing and synthetic control
group designs, but it makes optimal use of graphical illustrations in its examples. With forty
completed example analyses that demonstrate the implications of model properties, Interrupted
Time Series Analysis will be a key inter-disciplinary text in classrooms, workshops, and short-courses
for researchers familiar with time series data or cross-sectional regression analysis but limited
background in the structure of time series processes and experiments.
  time series analysis textbook: Time Series Analysis James D. Hamilton, 2020-09-01 An
authoritative, self-contained overview of time series analysis for students and researchers The past
decade has brought dramatic changes in the way that researchers analyze economic and financial
time series. This textbook synthesizes these advances and makes them accessible to first-year
graduate students. James Hamilton provides comprehensive treatments of important innovations
such as vector autoregressions, generalized method of moments, the economic and statistical
consequences of unit roots, time-varying variances, and nonlinear time series models. In addition, he
presents basic tools for analyzing dynamic systems—including linear representations,
autocovariance generating functions, spectral analysis, and the Kalman filter—in a way that
integrates economic theory with the practical difficulties of analyzing and interpreting real-world
data. Time Series Analysis fills an important need for a textbook that integrates economic theory,
econometrics, and new results. This invaluable book starts from first principles and should be



readily accessible to any beginning graduate student, while it is also intended to serve as a
reference book for researchers.
  time series analysis textbook: Hands-On Time Series Analysis with R Rami Krispin,
2019-05-31 Build efficient forecasting models using traditional time series models and machine
learning algorithms. Key FeaturesPerform time series analysis and forecasting using R packages
such as Forecast and h2oDevelop models and find patterns to create visualizations using the
TSstudio and plotly packagesMaster statistics and implement time-series methods using examples
mentionedBook Description Time series analysis is the art of extracting meaningful insights from,
and revealing patterns in, time series data using statistical and data visualization approaches. These
insights and patterns can then be utilized to explore past events and forecast future values in the
series. This book explores the basics of time series analysis with R and lays the foundations you need
to build forecasting models. You will learn how to preprocess raw time series data and clean and
manipulate data with packages such as stats, lubridate, xts, and zoo. You will analyze data and
extract meaningful information from it using both descriptive statistics and rich data visualization
tools in R such as the TSstudio, plotly, and ggplot2 packages. The later section of the book delves
into traditional forecasting models such as time series linear regression, exponential smoothing
(Holt, Holt-Winter, and more) and Auto-Regressive Integrated Moving Average (ARIMA) models with
the stats and forecast packages. You'll also cover advanced time series regression models with
machine learning algorithms such as Random Forest and Gradient Boosting Machine using the h2o
package. By the end of this book, you will have the skills needed to explore your data, identify
patterns, and build a forecasting model using various traditional and machine learning methods.
What you will learnVisualize time series data and derive better insightsExplore auto-correlation and
master statistical techniquesUse time series analysis tools from the stats, TSstudio, and forecast
packagesExplore and identify seasonal and correlation patternsWork with different time series
formats in RExplore time series models such as ARIMA, Holt-Winters, and moreEvaluate
high-performance forecasting solutionsWho this book is for Hands-On Time Series Analysis with R is
ideal for data analysts, data scientists, and all R developers who are looking to perform time series
analysis to predict outcomes effectively. A basic knowledge of statistics is required; some knowledge
in R is expected, but not mandatory.
  time series analysis textbook: Practical Time Series Analysis Dr. Avishek Pal, Dr. PKS
Prakash, 2017-09-28 Step by Step guide filled with real world practical examples. About This Book
Get your first experience with data analysis with one of the most powerful types of
analysis—time-series. Find patterns in your data and predict the future pattern based on historical
data. Learn the statistics, theory, and implementation of Time-series methods using this
example-rich guide Who This Book Is For This book is for anyone who wants to analyze data over
time and/or frequency. A statistical background is necessary to quickly learn the analysis methods.
What You Will Learn Understand the basic concepts of Time Series Analysis and appreciate its
importance for the success of a data science project Develop an understanding of loading, exploring,
and visualizing time-series data Explore auto-correlation and gain knowledge of statistical
techniques to deal with non-stationarity time series Take advantage of exponential smoothing to
tackle noise in time series data Learn how to use auto-regressive models to make predictions using
time-series data Build predictive models on time series using techniques based on auto-regressive
moving averages Discover recent advancements in deep learning to build accurate forecasting
models for time series Gain familiarity with the basics of Python as a powerful yet simple to write
programming language In Detail Time Series Analysis allows us to analyze data which is generated
over a period of time and has sequential interdependencies between the observations. This book
describes special mathematical tricks and techniques which are geared towards exploring the
internal structures of time series data and generating powerful descriptive and predictive insights.
Also, the book is full of real-life examples of time series and their analyses using cutting-edge
solutions developed in Python. The book starts with descriptive analysis to create insightful
visualizations of internal structures such as trend, seasonality and autocorrelation. Next, the



statistical methods of dealing with autocorrelation and non-stationary time series are described. This
is followed by exponential smoothing to produce meaningful insights from noisy time series data. At
this point, we shift focus towards predictive analysis and introduce autoregressive models such as
ARMA and ARIMA for time series forecasting. Later, powerful deep learning methods are presented,
to develop accurate forecasting models for complex time series, and under the availability of little
domain knowledge. All the topics are illustrated with real-life problem scenarios and their solutions
by best-practice implementations in Python. The book concludes with the Appendix, with a brief
discussion of programming and solving data science problems using Python. Style and approach This
book takes the readers from the basic to advance level of Time series analysis in a very practical and
real world use cases.
  time series analysis textbook: Advanced Time Series Data Analysis I. Gusti Ngurah Agung,
2019-03-18 Introduces the latest developments in forecasting in advanced quantitative data analysis
This book presents advanced univariate multiple regressions, which can directly be used to forecast
their dependent variables, evaluate their in-sample forecast values, and compute forecast values
beyond the sample period. Various alternative multiple regressions models are presented based on a
single time series, bivariate, and triple time-series, which are developed by taking into account
specific growth patterns of each dependent variables, starting with the simplest model up to the
most advanced model. Graphs of the observed scores and the forecast evaluation of each of the
models are offered to show the worst and the best forecast models among each set of the models of
a specific independent variable. Advanced Time Series Data Analysis: Forecasting Using EViews
provides readers with a number of modern, advanced forecast models not featured in any other
book. They include various interaction models, models with alternative trends (including the models
with heterogeneous trends), and complete heterogeneous models for monthly time series, quarterly
time series, and annually time series. Each of the models can be applied by all quantitative
researchers. Presents models that are all classroom tested Contains real-life data samples Contains
over 350 equation specifications of various time series models Contains over 200 illustrative
examples with special notes and comments Applicable for time series data of all quantitative studies
Advanced Time Series Data Analysis: Forecasting Using EViews will appeal to researchers and
practitioners in forecasting models, as well as those studying quantitative data analysis. It is suitable
for those wishing to obtain a better knowledge and understanding on forecasting, specifically the
uncertainty of forecast values.
  time series analysis textbook: Time Series Analysis Jonathan D. Cryer, Kung-Sik Chan,
2008-04-04 This book presents an accessible approach to understanding time series models and
their applications. The ideas and methods are illustrated with both real and simulated data sets. A
unique feature of this edition is its integration with the R computing environment.
  time series analysis textbook: Multivariate Time Series Analysis and Applications William W.
S. Wei, 2019-03-18 An essential guide on high dimensional multivariate time series including all the
latest topics from one of the leading experts in the field Following the highly successful and much
lauded book, Time Series Analysis—Univariate and Multivariate Methods, this new work by William
W.S. Wei focuses on high dimensional multivariate time series, and is illustrated with numerous high
dimensional empirical time series. Beginning with the fundamentalconcepts and issues of
multivariate time series analysis,this book covers many topics that are not found in general
multivariate time series books. Some of these are repeated measurements, space-time series
modelling, and dimension reduction. The book also looks at vector time series models, multivariate
time series regression models, and principle component analysis of multivariate time series.
Additionally, it provides readers with information on factor analysis of multivariate time series,
multivariate GARCH models, and multivariate spectral analysis of time series. With the development
of computers and the internet, we have increased potential for data exploration. In the next few
years, dimension will become a more serious problem. Multivariate Time Series Analysis and its
Applications provides some initial solutions, which may encourage the development of related
software needed for the high dimensional multivariate time series analysis. Written by bestselling



author and leading expert in the field Covers topics not yet explored in current multivariate books
Features classroom tested material Written specifically for time series courses Multivariate Time
Series Analysis and its Applications is designed for an advanced time series analysis course. It is a
must-have for anyone studying time series analysis and is also relevant for students in economics,
biostatistics, and engineering.
  time series analysis textbook: Introduction to Multiple Time Series Analysis Helmut
Lütkepohl, 2013-04-17
  time series analysis textbook: Elements of Nonlinear Time Series Analysis and Forecasting
Jan G. De Gooijer, 2017-03-30 This book provides an overview of the current state-of-the-art of
nonlinear time series analysis, richly illustrated with examples, pseudocode algorithms and
real-world applications. Avoiding a “theorem-proof” format, it shows concrete applications on a
variety of empirical time series. The book can be used in graduate courses in nonlinear time series
and at the same time also includes interesting material for more advanced readers. Though it is
largely self-contained, readers require an understanding of basic linear time series concepts,
Markov chains and Monte Carlo simulation methods. The book covers time-domain and
frequency-domain methods for the analysis of both univariate and multivariate (vector) time series.
It makes a clear distinction between parametric models on the one hand, and semi- and
nonparametric models/methods on the other. This offers the reader the option of concentrating
exclusively on one of these nonlinear time series analysis methods. To make the book as user
friendly as possible, major supporting concepts and specialized tables are appended at the end of
every chapter. In addition, each chapter concludes with a set of key terms and concepts, as well as a
summary of the main findings. Lastly, the book offers numerous theoretical and empirical exercises,
with answers provided by the author in an extensive solutions manual.
  time series analysis textbook: Analyzing Neural Time Series Data Mike X Cohen, 2014-01-17
A comprehensive guide to the conceptual, mathematical, and implementational aspects of analyzing
electrical brain signals, including data from MEG, EEG, and LFP recordings. This book offers a
comprehensive guide to the theory and practice of analyzing electrical brain signals. It explains the
conceptual, mathematical, and implementational (via Matlab programming) aspects of time-,
time-frequency- and synchronization-based analyses of magnetoencephalography (MEG),
electroencephalography (EEG), and local field potential (LFP) recordings from humans and
nonhuman animals. It is the only book on the topic that covers both the theoretical background and
the implementation in language that can be understood by readers without extensive formal training
in mathematics, including cognitive scientists, neuroscientists, and psychologists. Readers who go
through the book chapter by chapter and implement the examples in Matlab will develop an
understanding of why and how analyses are performed, how to interpret results, what the
methodological issues are, and how to perform single-subject-level and group-level analyses.
Researchers who are familiar with using automated programs to perform advanced analyses will
learn what happens when they click the “analyze now” button. The book provides sample data and
downloadable Matlab code. Each of the 38 chapters covers one analysis topic, and these topics
progress from simple to advanced. Most chapters conclude with exercises that further develop the
material covered in the chapter. Many of the methods presented (including convolution, the Fourier
transform, and Euler's formula) are fundamental and form the groundwork for other advanced data
analysis methods. Readers who master the methods in the book will be well prepared to learn other
approaches.
  time series analysis textbook: Time Series Analysis for the Social Sciences Janet M.
Box-Steffensmeier, John R. Freeman, Matthew P. Hitt, Jon C. W. Pevehouse, 2014-12-22 Time series,
or longitudinal, data are ubiquitous in the social sciences. Unfortunately, analysts often treat the
time series properties of their data as a nuisance rather than a substantively meaningful dynamic
process to be modeled and interpreted. Time Series Analysis for the Social Sciences provides
accessible, up-to-date instruction and examples of the core methods in time series econometrics.
Janet M. Box-Steffensmeier, John R. Freeman, Jon C. Pevehouse and Matthew P. Hitt cover a wide



range of topics including ARIMA models, time series regression, unit-root diagnosis, vector
autoregressive models, error-correction models, intervention models, fractional integration, ARCH
models, structural breaks, and forecasting. This book is aimed at researchers and graduate students
who have taken at least one course in multivariate regression. Examples are drawn from several
areas of social science, including political behavior, elections, international conflict, criminology, and
comparative political economy.
  time series analysis textbook: Time Series Analysis Henrik Madsen, 2007-11-28 With a focus
on analyzing and modeling linear dynamic systems using statistical methods, Time Series Analysis
formulates various linear models, discusses their theoretical characteristics, and explores the
connections among stochastic dynamic models. Emphasizing the time domain description, the author
presents theorems to highlight the most
  time series analysis textbook: Hydrologic Time Series Analysis Deepesh Machiwal, Madan
Kumar Jha, 2012-03-05 There is a dearth of relevant books dealing with both theory and application
of time series analysis techniques, particularly in the field of water resources engineering.
Therefore, many hydrologists and hydrogeologists face difficulties in adopting time series analysis as
one of the tools for their research. This book fills this gap by providing a proper blend of theoretical
and practical aspects of time sereies analysis. It deals with a comprehensive overview of time series
characteristics in hydrology/water resources engineering, various tools and techniques for analyzing
time series data, theoretical details of 31 available statistical tests along with detailed procedures
for applying them to real-world time series data, theory and methodology of stochastic modelling,
and current status of time series analysis in hydrological sciences. In adition, it demonstrates the
application of most time series tests through a case study as well as presents a comparative
performance evaluation of various time series tests, together with four invited case studies from
India and abroad. This book will not only serve as a textbook for the students and teachers in water
resources engineering but will also serve as the most comprehensive reference to educate
researchers/scientists about the theory and practice of time series analysis in hydrological sciences.
This book will be very useful to the students, researchers, teachers and professionals involved in
water resources, hydrology, ecology, climate change, earth science, and environmental studies.
  time series analysis textbook: The Practice of Time Series Analysis Hirotugu Akaike, Genshiro
Kitagawa, 2012-12-06 A collection of applied papers on time series, appearing here for the first time
in English. The applications are primarily found in engineering and the physical sciences.
  time series analysis textbook: Mathematical Foundations of Time Series Analysis Jan Beran,
2018-03-23 This book provides a concise introduction to the mathematical foundations of time series
analysis, with an emphasis on mathematical clarity. The text is reduced to the essential logical core,
mostly using the symbolic language of mathematics, thus enabling readers to very quickly grasp the
essential reasoning behind time series analysis. It appeals to anybody wanting to understand time
series in a precise, mathematical manner. It is suitable for graduate courses in time series analysis
but is equally useful as a reference work for students and researchers alike.
  time series analysis textbook: Introduction to Modern Time Series Analysis Gebhard
Kirchgässner, Jürgen Wolters, 2008-08-27 This book presents modern developments in time series
econometrics that are applied to macroeconomic and financial time series. It contains the most
important approaches to analyze time series which may be stationary or nonstationary.
  time series analysis textbook: Time Series: Theory and Methods Peter J. Brockwell, Richard
A. Davis, 2009-05-13 This edition contains a large number of additions and corrections scattered
throughout the text, including the incorporation of a new chapter on state-space models. The
companion diskette for the IBM PC has expanded into the software package ITSM: An Interactive
Time Series Modelling Package for the PC, which includes a manual and can be ordered from
Springer-Verlag. * We are indebted to many readers who have used the book and programs and
made suggestions for improvements. Unfortunately there is not enough space to acknowledge all
who have contributed in this way; however, special mention must be made of our prize-winning
fault-finders, Sid Resnick and F. Pukelsheim. Special mention should also be made of Anthony



Brockwell, whose advice and support on computing matters was invaluable in the preparation of the
new diskettes. We have been fortunate to work on the new edition in the excellent environments
provided by the University of Melbourne and Colorado State University. We thank Duane Boes
particularly for his support and encouragement throughout, and the Australian Research Council
and National Science Foundation for their support of research related to the new material. We are
also indebted to Springer-Verlag for their constant support and assistance in preparing the second
edition. Fort Collins, Colorado P. J. BROCKWELL November, 1990 R. A. DAVIS * /TSM: An
Interactive Time Series Modelling Package for the PC by P. J. Brockwell and R. A. Davis. ISBN:
0-387-97482-2; 1991.
  time series analysis textbook: Introduction to Time Series and Forecasting Peter J.
Brockwell, Richard A. Davis, 2013-03-14 Some of the key mathematical results are stated without
proof in order to make the underlying theory acccessible to a wider audience. The book assumes a
knowledge only of basic calculus, matrix algebra, and elementary statistics. The emphasis is on
methods and the analysis of data sets. The logic and tools of model-building for stationary and
non-stationary time series are developed in detail and numerous exercises, many of which make use
of the included computer package, provide the reader with ample opportunity to develop skills in
this area. The core of the book covers stationary processes, ARMA and ARIMA processes,
multivariate time series and state-space models, with an optional chapter on spectral analysis.
Additional topics include harmonic regression, the Burg and Hannan-Rissanen algorithms, unit
roots, regression with ARMA errors, structural models, the EM algorithm, generalized state-space
models with applications to time series of count data, exponential smoothing, the Holt-Winters and
ARAR forecasting algorithms, transfer function models and intervention analysis. Brief introducitons
are also given to cointegration and to non-linear, continuous-time and long-memory models. The
time series package included in the back of the book is a slightly modified version of the package
ITSM, published separately as ITSM for Windows, by Springer-Verlag, 1994. It does not handle such
large data sets as ITSM for Windows, but like the latter, runs on IBM-PC compatible computers
under either DOS or Windows (version 3.1 or later). The programs are all menu-driven so that the
reader can immediately apply the techniques in the book to time series data, with a minimal
investment of time in the computational and algorithmic aspects of the analysis.
  time series analysis textbook: Climate Time Series Analysis Manfred Mudelsee, 2010-08-26
Climate is a paradigm of a complex system. Analysing climate data is an exciting challenge, which is
increased by non-normal distributional shape, serial dependence, uneven spacing and timescale
uncertainties. This book presents bootstrap resampling as a computing-intensive method able to
meet the challenge. It shows the bootstrap to perform reliably in the most important statistical
estimation techniques: regression, spectral analysis, extreme values and correlation. This book is
written for climatologists and applied statisticians. It explains step by step the bootstrap algorithms
(including novel adaptions) and methods for confidence interval construction. It tests the accuracy of
the algorithms by means of Monte Carlo experiments. It analyses a large array of climate time
series, giving a detailed account on the data and the associated climatological questions. This makes
the book self-contained for graduate students and researchers.
  time series analysis textbook: Applied Time Series Analysis with R Wayne A. Woodward,
Henry L. Gray, Alan C. Elliott, 2017-02-17 Virtually any random process developing chronologically
can be viewed as a time series. In economics closing prices of stocks, the cost of money, the jobless
rate, and retail sales are just a few examples of many. Developed from course notes and extensively
classroom-tested, Applied Time Series Analysis with R, Second Edition includes examples across a
variety of fields, develops theory, and provides an R-based software package to aid in addressing
time series problems in a broad spectrum of fields. The material is organized in an optimal format
for graduate students in statistics as well as in the natural and social sciences to learn to use and
understand the tools of applied time series analysis. Features Gives readers the ability to actually
solve significant real-world problems Addresses many types of nonstationary time series and
cutting-edge methodologies Promotes understanding of the data and associated models rather than



viewing it as the output of a black box Provides the R package tswge available on CRAN which
contains functions and over 100 real and simulated data sets to accompany the book. Extensive help
regarding the use of tswge functions is provided in appendices and on an associated website. Over
150 exercises and extensive support for instructors The second edition includes additional real-data
examples, uses R-based code that helps students easily analyze data, generate realizations from
models, and explore the associated characteristics. It also adds discussion of new advances in the
analysis of long memory data and data with time-varying frequencies (TVF).
  time series analysis textbook: Linear Models and Time-Series Analysis Marc S. Paolella,
2018-12-17 A comprehensive and timely edition on an emerging new trend in time series Linear
Models and Time-Series Analysis: Regression, ANOVA, ARMA and GARCH sets a strong foundation,
in terms of distribution theory, for the linear model (regression and ANOVA), univariate time series
analysis (ARMAX and GARCH), and some multivariate models associated primarily with modeling
financial asset returns (copula-based structures and the discrete mixed normal and Laplace). It
builds on the author's previous book, Fundamental Statistical Inference: A Computational Approach,
which introduced the major concepts of statistical inference. Attention is explicitly paid to
application and numeric computation, with examples of Matlab code throughout. The code offers a
framework for discussion and illustration of numerics, and shows the mapping from theory to
computation. The topic of time series analysis is on firm footing, with numerous textbooks and
research journals dedicated to it. With respect to the subject/technology, many chapters in Linear
Models and Time-Series Analysis cover firmly entrenched topics (regression and ARMA). Several
others are dedicated to very modern methods, as used in empirical finance, asset pricing, risk
management, and portfolio optimization, in order to address the severe change in performance of
many pension funds, and changes in how fund managers work. Covers traditional time series
analysis with new guidelines Provides access to cutting edge topics that are at the forefront of
financial econometrics and industry Includes latest developments and topics such as financial
returns data, notably also in a multivariate context Written by a leading expert in time series
analysis Extensively classroom tested Includes a tutorial on SAS Supplemented with a companion
website containing numerous Matlab programs Solutions to most exercises are provided in the book
Linear Models and Time-Series Analysis: Regression, ANOVA, ARMA and GARCH is suitable for
advanced masters students in statistics and quantitative finance, as well as doctoral students in
economics and finance. It is also useful for quantitative financial practitioners in large financial
institutions and smaller finance outlets.
  time series analysis textbook: Multivariate Time Series Analysis Ruey S. Tsay, 2013-11-11 An
accessible guide to the multivariate time series tools used in numerous real-world applications
Multivariate Time Series Analysis: With R and Financial Applications is the much anticipated sequel
coming from one of the most influential and prominent experts on the topic of time series. Through a
fundamental balance of theory and methodology, the book supplies readers with a comprehensible
approach to financial econometric models and their applications to real-world empirical research.
Differing from the traditional approach to multivariate time series, the book focuses on reader
comprehension by emphasizing structural specification, which results in simplified parsimonious
VAR MA modeling. Multivariate Time Series Analysis: With R and Financial Applications utilizes the
freely available R software package to explore complex data and illustrate related computation and
analyses. Featuring the techniques and methodology of multivariate linear time series, stationary
VAR models, VAR MA time series and models, unitroot process, factor models, and factor-augmented
VAR models, the book includes: • Over 300 examples and exercises to reinforce the presented
content • User-friendly R subroutines and research presented throughout to demonstrate modern
applications • Numerous datasets and subroutines to provide readers with a deeper understanding
of the material Multivariate Time Series Analysis is an ideal textbook for graduate-level courses on
time series and quantitative finance and upper-undergraduate level statistics courses in time series.
The book is also an indispensable reference for researchers and practitioners in business, finance,
and econometrics.



  time series analysis textbook: Time Series Forecasting in Python Marco Peixeiro,
2022-11-15 Build predictive models from time-based patterns in your data. Master statistical models
including new deep learning approaches for time series forecasting. In Time Series Forecasting in
Python you will learn how to: Recognize a time series forecasting problem and build a performant
predictive model Create univariate forecasting models that account for seasonal effects and external
variables Build multivariate forecasting models to predict many time series at once Leverage large
datasets by using deep learning for forecasting time series Automate the forecasting process Time
Series Forecasting in Python teaches you to build powerful predictive models from time-based data.
Every model you create is relevant, useful, and easy to implement with Python. You’ll explore
interesting real-world datasets like Google’s daily stock price and economic data for the USA,
quickly progressing from the basics to developing large-scale models that use deep learning tools
like TensorFlow. About the technology You can predict the future—with a little help from Python,
deep learning, and time series data! Time series forecasting is a technique for modeling time-centric
data to identify upcoming events. New Python libraries and powerful deep learning tools make
accurate time series forecasts easier than ever before. About the book Time Series Forecasting in
Python teaches you how to get immediate, meaningful predictions from time-based data such as
logs, customer analytics, and other event streams. In this accessible book, you’ll learn statistical and
deep learning methods for time series forecasting, fully demonstrated with annotated Python code.
Develop your skills with projects like predicting the future volume of drug prescriptions, and you’ll
soon be ready to build your own accurate, insightful forecasts. What's inside Create models for
seasonal effects and external variables Multivariate forecasting models to predict multiple time
series Deep learning for large datasets Automate the forecasting process About the reader For data
scientists familiar with Python and TensorFlow. About the author Marco Peixeiro is a seasoned data
science instructor who has worked as a data scientist for one of Canada’s largest banks. Table of
Contents PART 1 TIME WAITS FOR NO ONE 1 Understanding time series forecasting 2 A naive
prediction of the future 3 Going on a random walk PART 2 FORECASTING WITH STATISTICAL
MODELS 4 Modeling a moving average process 5 Modeling an autoregressive process 6 Modeling
complex time series 7 Forecasting non-stationary time series 8 Accounting for seasonality 9 Adding
external variables to our model 10 Forecasting multiple time series 11 Capstone: Forecasting the
number of antidiabetic drug prescriptions in Australia PART 3 LARGE-SCALE FORECASTING WITH
DEEP LEARNING 12 Introducing deep learning for time series forecasting 13 Data windowing and
creating baselines for deep learning 14 Baby steps with deep learning 15 Remembering the past
with LSTM 16 Filtering a time series with CNN 17 Using predictions to make more predictions 18
Capstone: Forecasting the electric power consumption of a household PART 4 AUTOMATING
FORECASTING AT SCALE 19 Automating time series forecasting with Prophet 20 Capstone:
Forecasting the monthly average retail price of steak in Canada 21 Going above and beyond
  time series analysis textbook: Time Series Analysis Wilfredo Palma, 2016-04-29 A modern
and accessible guide to the analysis of introductory time series data Featuring an organized and
self-contained guide, Time Series Analysis provides a broad introduction to the most fundamental
methodologies and techniques of time series analysis. The book focuses on the treatment of
univariate time series by illustrating a number of well-known models such as ARMA and ARIMA.
Providing contemporary coverage, the book features several useful and newlydeveloped techniques
such as weak and strong dependence, Bayesian methods, non-Gaussian data, local stationarity,
missing values and outliers, and threshold models. Time Series Analysis includes practical
applications of time series methods throughout, as well as: Real-world examples and exercise sets
that allow readers to practice the presented methods and techniques Numerous detailed analyses of
computational aspects related to the implementation of methodologies including algorithm
efficiency, arithmetic complexity, and process time End-of-chapter proposed problems and
bibliographical notes to deepen readers’ knowledge of the presented material Appendices that
contain details on fundamental concepts and select solutions of the problems implemented
throughout A companion website with additional data fi les and computer codes Time Series Analysis



is an excellent textbook for undergraduate and beginning graduate-level courses in time series as
well as a supplement for students in advanced statistics, mathematics, economics, finance,
engineering, and physics. The book is also a useful reference for researchers and practitioners in
time series analysis, econometrics, and finance. Wilfredo Palma, PhD, is Professor of Statistics in the
Department of Statistics at Pontificia Universidad Católica de Chile. He has published several
refereed articles and has received over a dozen academic honors and awards. His research interests
include time series analysis, prediction theory, state space systems, linear models, and
econometrics. He is the author of Long-Memory Time Series: Theory and Methods, also published by
Wiley.
  time series analysis textbook: Elements of Multivariate Time Series Analysis Gregory C.
Reinsel, 2012-12-06 The use of methods of time series analysis in the study of multivariate time
series has become of increased interest in recent years. Although the methods are rather well
developed and understood for univarjate time series analysis, the situation is not so complete for the
multivariate case. This book is designed to introduce the basic concepts and methods that are useful
in the analysis and modeling of multivariate time series, with illustrations of these basic ideas. The
development includes both traditional topics such as autocovariance and auto correlation matrices of
stationary processes, properties of vector ARMA models, forecasting ARMA processes, least squares
and maximum likelihood estimation techniques for vector AR and ARMA models, and model checking
diagnostics for residuals, as well as topics of more recent interest for vector ARMA models such as
reduced rank structure, structural indices, scalar component models, canonical correlation analyses
for vector time series, multivariate unit-root models and cointegration structure, and state-space
models and Kalman filtering techniques and applications. This book concentrates on the
time-domain analysis of multivariate time series, and the important subject of spectral analysis is not
considered here. For that topic, the reader is referred to the excellent books by Jenkins and Watts
(1968), Hannan (1970), Priestley (1981), and others.
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