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Center for Astrostatistics
Astronomy at the beginning of the 21st century, and particularly research arising from wide-field
survey observatories at various wavebands, finds itself with serious challenges in statistical 
treatments of data to achieve its astrophysical goals. A vast range of statistical problems arise in the
scientific interpretation of astronomical studies involving sampling, multivariate and survival analysis,
image and spatial analysis, signal processing and time series analysis, nonlinear regression, and
more.

It is this diversity of statistical issues confronting astronomy today that led to the creation of the
Center for Astrostatistics at Penn State in 2003 to facilitate development and promulgation of
statistical expertise and toolkits for astronomy and related observational sciences. The Center is
housed in the Department of Statistics. The activities of the Center are multi-faceted: conduct and
support research on forefront problems; provide forums where active astrostatistical researchers can
interact; foster new cross-disciplinary collaborations; liaise with other organizations oriented towards
statistical applications in physical sciences. One of the aims is to disseminate advanced
methodologies to the wider astronomical and space science communities through curriculum
development, tutorial workshops, Web-based resources, and public software.

The Center will serve as a crossroads where researchers at the interfaces between statistics, data
analysis, astronomy, space and observational physics collaborate, develop and share methodologies,
and together prepare the next generation of researchers.

The IIA-Penn State Astrostatistics School (July 2-7, 2007): The Indian Institute of 
Astrophysics (IIA) and the Center for Astrostatistics are jointly organising a 6-day school 
in statistical inference for practising astrophysicists and physicists affiliated with Indian
institutions. The school is based on the curriculum developed for the Summer Schools in 
Statistics for Astronomers at the Center for Astrostatistics. The school will be held on the 
picturesque campus of the Vainu Bappu Observatory, a field station of the IIA. This campus 
is located near the village of Kavalur in the Javadi Hills in Tamil Nadu, about 175 km south-east
of Bangalore, and about 200 km south-west of Chennai (formerly Madras).

Past Programs

Summer School in Statistics for Astronomers III (June 4-9, 2007): Schedule and
Lectures,   Pictures).

Statistical Challenges in Modern Astronomy IV (June 12-15, 2006): The fourth in a series
of interdisciplinary international research conferences (Conference Program, Photographs,
Conference Poster). 

Second Summer School in Statistics for Astronomers and Physicists was held during 
June 6-10, 2006 (Schedule and Lectures,  Pictures). 
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SAMSI   Astrostatistics Program (January - May, 2006): A semester long research program
on Astrostatistics was held at Statistical and Applied Mathematical Sciences Institute. The
program started with Tutorials [Videos of Tutorials] followed by Opening
Workshop (January 23-25, 2006).   Four Working Groups (Exoplanets, Surveys & Population
Studies, Gravitational Lensing, and Source Detection & Feature Detection) are meeting on a 
regular schedule at SAMSI.   Photographs.

A Summer school in Statistics for Astronomers and Physicists was held during June
5-17, 2005 at the Pennsylvania State University (Summer School Schedule, Photographs,
Summer School Poster). 
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StatCodes

Online statistical software for astronomy and related physical
sciences

StatCodes is a Web metasite with links to public domain software implementing statistical methods.
The codes are chosen for their potential utility for research in astronomy and other physical sciences.
Some are obtained from large code archives (such as R, CRAN, StatLib, GAMS),  while others are
scattered throughout the Internet. It includes multi-purpose statistical computing systems,
single-purpose packages, single-purpose source codes, and various Web resources and services.
StatCodes listings are organized by statistical topic.

In mid-2005, StatCodes was updated and incorporated into Penn State's Center for Astrostatistics
(CASt).   CASt provides a range of statistical resources for the physical scientist including
astrostatistical tutorials, annotated bibliographies, conferences and research in addition to
StatCodes. 

The R statistical package
Other broad-scope statistics packages & libraries
On-line resources in statistics
Interactive Web tools

Bayesian statistics
Correlation & regression
Density estimation, smoothing & splines
Multivariate classification & analysis
Nonparametric methods
Spatial statistics & image analysis
Statistical distributions
Survival analysis (censored data)
Time series analysis
Visualization tools

StatCodes is now located at CASt (http://astrostatistics.psu.edu) and is maintained by Eric
Feigelson, who would be glad to hear of other codes appropriate for listing here. Listing in
StatCodes does not constitute any warranty concerning the validity, quality or applicability of the
code.

Last StatCodes update: May 2005 
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The R package

R, closely related to the commercial package S-Plus, is the largest and most comprehensive public
domain statistical computing environment.  It provides a coherent, flexible programming environment
for data analysis, applied mathematics, statistical analysis, and graphics.  Unlike some menu-drived
statistical packages, the user interacts with R with a C-like command language with pop-up graphical
windows.  The core R package is enhanced by several hundred user-supplied add-on packages in the
Comprehensive R Archive Network (CRAN) and the Omegahat Project for Statistical
Computing. Binary executables and open source codes for Linux, Windows and MacOS can be
downloaded for instant use.  R has extensive documentation. Here we list some of its capabilities that
may be of interest to the physical scientist.

The base R package includes:

arithmetic (scalar/vector/array) 
bootstrap resampling and confidence intervals (basic, ABC, percentile, studentized, tilted,
jackknife)
correlation coefficients (Pearson, Kendall, Spearman)
distributions (Gaussian, Poisson, and many other statistical distributions and special
functions, including random deviates)
empirical distribution tests (Anderson-Darling, Cramer-von Mises, Kolmogorov-Smirnov)
and quantiles
exploratory data analysis
generalized linear & generalized additive modelling
graphics, publication-quality (scatter, dendrograms, lattice, etc)
integration and interpolation
linear algebra and equation solutions (extensive methods)
linear mixed-effects modelling
linear modelling (including nonlinear functions), resistant regression. robust M-estimators
linear & quadratic programming (simplex, penalized constraints)
local and ridge regression (loess, variograms)
maximum likelihood estimation (AIC, BIC)
multivariate analysis (tabulations, ANOVA, discriminant, factor, principal components,
Mahalanobis distances, MANOVA, principal components)
multivariate cluster analyses (agglomerative and divisive clustering, dissimilarity matrix,
fuzzy, k-nearest neighbor, k-means & m-medioid partitioning, monothetic,  recursive
partitioning, regression trees, self-organizing maps)
neural networks (censored, least-squares, entropy, log-linear, maximum likelihood,
perceptron)
nonlinear least-squares regression
smoothing (cross-validation, histograms, kernel, local regression, variogram)
sorting
spatial analysis & point processes (correlogram, kriging, Moran's I, Geary's C, pattern
analysis, polynomial surface, simulation, variogram)
splines (B-spline, periodic, polynomial)
statistical tests, parametric & nonparametric (Ansari, Bartlett, binomial, Box, F, Fisher,
Fligner, Friedman, Mantel-Haenzel, Mauchley, McNemar, Mood, proportions, Shapiro, t,
Wilcoxon, signed rank), 
survival analysis for censored data (Cox regression, Kaplan-Meier & Fleming-Harrington
survival curves, life table, linear regression, ridge regression, tobit modelling, Weibull &
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other survival curve fitting, k-sample tests)
time series analysis (ARMA, acf, Box-Jenkins, FFT, Kalman filter, lags, mixed-effects,
prediction, smoothing, spectral analysis) 

CRAN add-on packages treat:

   (see Chapter 5 for brief individual descriptions)

adaptive quadrature
ARIMA modeling
Bayesian computation (empirical Bayes, MCMC calculations & diagnostics, survival
regression, logit/probit, networks
Boolean hypotheses
boosting
bootstrap modelling
classification and regression trees
convex clustering & convex hulls
conditional inference
combinatorics
elliptical confidence regions
energy statistical tests
extreme value distribution
fixed point clusters
genetic algorithms
geostatistical modelling
GUIs (Rcmdr, SciViews)
heteroscedastic t-regression
hidden Markov models
hierarchical partitioning & clustering
independent component analysis
interpolation
irregular time series.  
kernel smoothing
kernel-based machine learning
k-nearest neighbor tree classifier
Kolmogorov-Zurbenko adaptive filtering
least-angle and lasso regression
linear programming (simplex)
likelihood ratios
local regression density estimators
logistic regression
map projections
Matlab emulator
matrices, sparse matrices, tensor decomposition
Markov chain Monte Carlo
mixture models
mixture discriminant analysis
model-based clustering
nonlinear least squares
Markov multistate models
mixture models & regression
multidimensional analysis
multimodality test
multivariate time series
multivariate Shapiro-Wilk test
multivariate outlier detection
multivariate normal partitioning
multivariate normals with missing data
neural networks
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non-linear time series analysis
nonparametric multiple comparisons
omnibus tests for normality
orientation data, outlier detection
parallel coordinates plots
partial least squares
periodic autoregression analysis
Poisson-Gamma additive models
polychoric and polyserial correlations
principal component regression
principal curve fits
projection pursuit
proportional hazards modelling
quantile regression
quasi-variances
random fields
random forest classification
ridge regression
robust regression
Sampford sampling
segmented regression break points
self-organizing maps
shape analysis
space-time ecological data analysis
spatial analysis and kriging
spline fits & regressions (MARS, BRUTO)
structural regression with splines
tesselations & Delaunay trangulation
three-dimensional visualization
two-stage least squares regression
unit root tests
variogram diagnostics
wavelet toolbox & denoising
weighted likelihood robust inference

CRAN includes codes and datasets associated with textbooks on:

Bayesian statistics
bootstrapping
circular statistics
contingency tables
data analysis
engineering statistics
econometrics
kernel smoothing
generalized additive models
image analysis
linear regression
relative distribution methods
smoothing
survival analysis (censored data) 
time-frequency analysis

Through base R, CRAN and the Omegahat Project, R interfaces to the following
languages, formats and protocols:

Languages : BUGS, C, Fortran, Java, Python, Perl, XLisp
Headers: XML
I/O file structures: ASCII, binary, bitmapped images, ftp, gzip, MIM, Oracle, SAS, S-Plus,
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SPSS, Systat, Stata, URL, .wav)
Web formats : cgi, HTML, Netscape, SOAP 
Statistics packages: GRASS, Matlab (emulator), XGobi
Spreadsheets: Excel, Gnumeric
Graphics: Grace, Gtk, OpenGL, Tcl/Tk
Databases: MySQL, SQL, SQLite
Science/math Libraries: GSL, Isoda, LAPACK
Parallel processing: PVM
Text processors: LaTeX
Network connections: sockets, DCOM, CORBA
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Other broad-scope statistical packages

StatLib 
Well-respected library of public domain statistical software, from Carnegie Mellon University.

Fortran libraries
Collection of public domain libraries including BLAS, EISPACK, LAPACK, LINPACK. MINPACK,
MUDPACK, SLATEC, TOMS, and others. A service of the Fortran Market.  For example, SLATEC is
a large mathematics library (about 900 modules) including random number generators,
weighted spline and piecewise polynomial fitting, nonlinear least squares fitting.

CMLIB
NIST Core Math Library collection of subroutine libraries including BLAS, EISPACK, FISHPAK,
FNLIB, FFTPACK, LINPACK and QUASPACK. Contains about 750 modules. Includes k-means and
hierarchical cluster analyses, spine and piecewise polynomial fits, fast Fourier transforms,
nonlinear weighted orthogonal distance regression, multivariate historgrams,
maximum-likelihood mixture models, bivariate linear regression with measurement errors, and
random number generators. 

DATAPAC
Large subroutine library (about 170 modules) for probability and density distributions,
line-printer plots (histograms, scatter), general statistical analysis, time series analysis,
polynomial regression. From the National Institute of Standards & Technology.

GNU Scientific Library (GSL)
The GSL is a large software system written in C/C++ which includes a variety of statistical
capabiliities:  random deviates from statistical distributions; Fourier wavelet and Hankel
transforms; basic statistics; density estimation (histograms, interpolation); linear and non-linear
fitting. 

IDAMS
Software package for the manipulation and statistical analysis of data including multivariate
analysis and graphical displays for multidimensional tables. From UNESCO.

Scilab
Open source scientific software package with toolboxes in 2D/3D graphics & animation, linear
algebra, ODE solver, signal processing & dynamical systems, optimization, graphs,  introductory
statistics, and more.  From INRIA (France).

StatPy
Annotated metasite with informative background on Python, an object-oriented programming
language, and developments in Python for scientific, numerical and statistical computing. By
Thomas Loredo, Cornell University.

GRB Tool Shed
An interactive environment for the multivariate classification of gamma-ray burst data from
NASA's BATSE experiment.  Includes decision trees, Naive Bayes, K*-means using EM Algorithm,
COBWEB, backpropagation neutral networks, Kohonen neutral networks.  Based on the Weka
machine learning package.  From Jon Hakkila & colleagues at College of Charleston.
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XLisp-Stat
Statistical computing environment for data analysis, statistical instruction and research with an
emphasis on dynamic graphical methods.  Extensible in the Lisp language.  From L. Tierney,
University of Minnesota. 

OpenStat4
Package oriented towards the social sciences, provides correlations, ANOVA, linear modeling, 
nonparametric analysis, neural networks, and simulations.  Written in C++ with accompanying
free textbook by W. G. Miller (2004). 

SSP
Smith's Statistical Package in a spread-sheet menu format.  Includes elementary graphics,
permutations and simulations, ANOVA, linear regression, and nonparametric runs test.

EasyReg
Econometrics package for Windows including: variable transformations, kernel density
estimation, time series analysis (cross-correlation, stationarity tests, ARIMA & GARCH
modeling), linear regression models (Poisson regression, Tobit, 2-stage least squares,
user-supplied nonlinear), and more by H. Bierens (Penn State). 

LASSPTools
UNIX utilities for numerical analysis and graphics including animation, rotations, Fourier
transforms, data filtering.  From the Laboratory of Atomic and Solid State Physics at Cornell
University. 
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On-line resources in statistics

Metasites of public-domain statistical software:

Statlib 
Comprehensive archive of public domain statistical software, datasets and news maintained by
the Department of Statistics at Carnegie Mellon University.

Guide to Available Mathematical Software
Access to dozens of packages in NETLIB & elsewhere organized through a problem decision tree.
From the National Institute of Standards and Technology.

Econometric software
Large collection of commercial and public software used in econometrics including regression,
time series analysis, Bayesian analyses, linear modeling, limited-dependent variables (i.e.
censoring & truncation), optimization, and links to other metasites. From the Econometrics
Journal online. 

Advanced Visual Systems (AVS) 
International AVS Centre clearinghouse for visualization software, with over 900 public domain
modules. 

Metasites of commercial statistical software:

Commercial statistics packages
Lists of commercial statistical packages, from the University of Koln.

Science Plus Group
European commercial distributor of several hundred packages for data analysis in the social and
behavioral sciences. Includes structural regression modeling, multivariate analysis, survival
analysis, bootstrap and jackknife analysis, general statistics, data mining, GIS, classification,
and more.

A guide to statistical software
Links to SAS, Matlab, Minitab, BMDP, SPSS, S-Plus,  Systat, and others from the Departments of
Statistics at George Mason University.

Metasites to Web resources on statistics (societies, journals, departments, on-line
courses and textbooks, commercial and public domain software, etc.):

Statistics and Statistical Graphics Resources
Award-winning annotated, topic-based collection of available resources for statistics, statistical
graphics, and computation related to research, data analysis and teaching with ~600 links. From
the Statistical  Consulting Service of York University.

Statistics education links
A large list of (some fully on-line) texts, courses, tutorials, glossaries, Java demonstrations,
graphics, datasets,  etc. by Juha Puranen of University of Helsinki.
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STATLinks 
Comprehensive collection of links to statistical resources on the Internet including software
libraries, journals, departments and organizations, SAS/S+ software, forecasting and neural
network information, and more.  From Charlie Hallahan of the US Dept. of Agriculture.

WWW Virtual Library: Statistics
Data sources, job announcements, organizations & departments, archives, software vendors,
journals,email lists & news groups. From the Department of Statistics at University of Florida.

Statistics on the Web
A large list or organizations, Web courses, on-line texts, publishers, email exploders, etc. by
Clay Helberg. 

StatSci.org
Lists of statistical societies, departments, agencies, jobs, journals and software. From the Centre
for Statistics of University of Queensland.

Listings of statistical meetings and workshops:

Amstat News  from the American Statistical Association 
IMS Bulletin  from the international Institute of Mathematical Statistics 
SIAM calendar from the Society for Industrial and Applied Mathematics 
CSDA SSN from the Statistical Software Newsletter of the Computational Statistics & Data Analysis
division of the International Statistics Institute

Metasites for the fields of statistical pattern recognition, classification, neural
networks, machine vision and learning, data mining, image processing,
mathematical morphology:

Knowledge Discovery and data mining (Katholieke) 
Pattern Recognition Files (Delft) 
The DataMine (DataMine.com TWiki site) 
Image Processing Library (Intel) 
Computer vision software (Carnegie-Mellon) 
Classification Society of North America

Metasite for Bayesian statistical methods:

Bayesian inference for the physical sciences (BIPS)
Annotated metasite with informative background on Bayesian statistics and its applications in
astronomy & physics.  Provides links to texts, tutorials, articles, software, and on-line
resources.  By Thomas Loredo, Cornell University.

On-line statistical textbooks:

StatSoft electronic textbook
Comprehensive on-line text emphasizing multivariate analysis with some advanced topics such
as data mining, machine learning, regression splines, neural networks, survival analysis, time
series analysis.  From StatSoft.

Hyperstat
Introductory on-line textbook by David Lane of Rice University. 
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Engineering Statistics Handbook
Well-organized elementary text designed for engineers with associated Dataplot software
package. From the National Institute for Standards and Technology.

The Data Analysis Briefbook
A condensed handbook, or extended glossary, of several dozen topics in statistics and related
fields for physicists.  An award-winning resource by R. Bock and W. Krisher at CERN.

Computing & statistical data analysis
Notes from an four-week postgraduate crash course for particle physicists by Glen Cowan (Univ.
of London). Topics include probability theory and functions, Monte Carlo methods, frequentist
statistical tests and parameter estimation, maximum likelihood and least squares estimators,
confidence intervals and limits, and unfolding instrumental response functions.  Codes are in
C++. 

Electronic statistics textbook
On-line textbook covering basic statistics, multivariate analysis, clustering and classification,
data ining, experimental design, linear regression and nonlinear estimation, nonparametrics,
quality control, survival analysis, time series and more.  From StatSoft.
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BIPS:
Bayesian Inference for the Physical Sciences

Rev. Thomas Bayes (1702-1761) and Pierre Simon Laplace (1749-1827)

ANNOUNCEMENT:
Penn State's Center for Astrostatistics and SAMSI will jointly host a winter school in
astrostatistics 18-25 January 2006, including 3 days devoted to Bayesian methods
and 2 days devoted to nonparametric and machine learning methods. The school

also includes 2 days of tutorials on astronomy for statisticians. See the CASt School
page for info.

Welcome to BIPS: Bayesian Inference for the Physical Sciences, an annotated online index/clearinghouse for
information on the Bayesian approach to statistical inference of special relevance to applications in the physical sciences.

This page is constantly evolving, so I hope you'll visit regularly. To guide you in your repeat visits, the What's New AT 
BIPS page summarizes recent changes in reverse chronological order.

If you come across an online resource that you think should be referenced here, please don't hesitate to pass it along to the
BIPS webslave, via the links at the bottom of this and other pages.

Bayes's Theorem

Directory

General Texts and Tutorials

Preprints/Reprints

Bayesian Software

Miscellaneous Bayesian Resources
| Organizations/Directories | Groups/Centers | Conferences | On Thomas Bayes |

General Statistical Resources With Bayesian Content

General Texts and Tutorials

Probability Theory: The Logic of Science
This site hosts PDF and PostScript files of physicist Ed Jaynes's monumental treatise on Bayesian inference, the
first volume of which will be published in 1999/2000 by Cambridge University Press. The same site hosts an
excellent brief biography of Ed Jaynes written by his last graduate student, Larry Bretthorst.
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Jaynes: Probability Theory---The Logic of Science
Yet another site archiving the chapters of Jaynes's book in PostScript, made available here by mathematician Carlos
Rodriguez. The version here is not the latest version.

Bayesian Spectrum Analysis and Parameter Estimation
This 1988 book by Larry Bretthorst is a very readable and practical introduction to Bayesian inference applied to
the analysis of time series data with additive Gaussian noise. Published by Springer-Verlag, it is now out of print,
but by arrangement with the publishers is available online at the Washington University Bayesian Reprints web site
maintained by Larry.

Washington University Bayesian Reprints
This site archives tutorial and application papers by Ed Jaynes, Larry Bretthorst, Stephen Gull, David Mackay,
Devinder Sivia, Phil Gregory, and Tom Loredo (physical scientists associated with the MaxEnt conferences). The
tutorial papers include the following (PDF links provided here; PostScript links also available via the URL above):

Bayesian methods: General background (Jaynes 1986)
Bayesian inductive inference and maximum entropy (Gull 1988)
From Laplace to SN 1987A: Bayesian inference in astrophysics (Loredo 1990)
An introduction to parameter estimation using Bayesian probability (Bretthorst 1990)
An introduction To model selection using probability theory as logic  (Bretthorst 1996)

Data Analysis: A Bayesian Tutorial
This is an undergraduate text on Bayesian inference written for physical scientists by Devinder Sivia, and published
by Oxford University Press. It is available in paperback. A bit more info, including some readers' comments, can be
found at Sivia's home page. Originally published in Summer of 1996, this was the first "modern" Bayesian book
written expressly for physical scientists, and built on the work of the leading physicist exponents of Bayesian
methods (Jaynes, Bretthorst, Gull, and Skilling). Please eschew the strange use of the term "evidence" in this
otherwise fine book; this usage is unique to the Cambridge/Oxford MaxEnt practitioners, and the term is used
differently in other Bayesian literature. A revision is in progress that will update the book with material on modern
computational techniques.

Bayesian Logical Data Analysis for the Physical Sciences: A Comparative Approach with Mathematica Support
This is the newest book (May 2005) on Bayesian methods for physical scientists, written by astronomer Phil
Gregory. Aimed at graduate students, it covers the fundamentals at a level between that of the Jaynes and Sivia
books. It has a much more "applied" focus than Jaynes's book, and covers several applications at a level well
beyond what is addressed in Sivia's book. There is particularly extensive coverage of spectral analysis (detecting
and measuring periodic signals), including a self-contained introduction to Fourier methods. It also includes some
treatment of frequentist methods. It is currently the only book written for physical scientists that covers modern
Bayesian computational methods (i.e., MCMC), though only a small part of the "computational landscape" is
explored. It is available in hardcover and in eBook format. A Mathematica notebook with material supporting the
book is available for download from the BLDA support page. Gregory has actively taught Bayesian methods to
physics and astronomy students for over a decade; the book certainly benefits from his extensive classroom
experience.

Bayesian Reasoning in High Energy Physics: Principles and Applications
Giulio D'Agostini, an outspoken proponent of Bayesian methods in high energy physics, has extensive course notes
on basic Bayesian statistics archived at the CERN Lecture Program web site (see the 1997/1998 section) as a series 
of 5 PostScript files with over 150 pages:

Introduction
Part 1
Part 2
Part 3
Bibliography

This report is also available as CERN "Yellow" Report CERN-99-03.

Maximum Entropy Data Consultants: References
Included on this page is John Skilling's article from the Journal of Microscopy (1998), "Probabilistic Data 
Analysis; An Introductory Guide." This gives a brief introduction to the Bayesian approach, and an introductory
overview of various Monte Carlo methods for doing Bayesian calculations. Please eschew the strange use of the
term "evidence" in this otherwise fine review; this usage is unique to the Cambridge/Oxford MaxEnt practitioners,
and the term is used differently in other Bayesian literature.
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Kenneth Hanson's Home Page
Hanson works at the Los Alamos National Lab using Bayesian methods to deal with problems in uncertainty
quantification for physics models. This site includes articles documenting the work of Hanson and his
collaborators, as well as tutorial articles by Hanson and by guest speakers visiting his Uncertainty Quantification
Working Group. These include:

Bayesian Reasoning in Physics: Principles and Applications by Giulio d'Agostini (U. Rome)
Minicourse on Bayesian Analysis in Physics by Volker Dose (Max Planck Inst.)
Tutorial on Markov Chain Monte Carlo by Ken Hanson
Introduction to Bayesian image analysis by Ken Hanson

Tom Loredo's Bayesian Reprints
Tutorial and research papers by the editor of the BIPS web site. Three general tutorials and reviews that may be of
particular interest to BIPS visitors include:

From Laplace to Supernova SN 1987A: Bayesian Inference in Astrophysics  (1990)
The Promise of Bayesian Inference for Astrophysics (1992)
The Return of the Prodigal: Bayesian Inference in Astrophysics  (1994)
Bayesian Inference: A Practical Primer (slides from a talk at MaxEnt 2000)

Visit the link above to find descriptions and links for these papers.

Preprints/Reprints

Bayesian Analysis E-print Archive
Hosted by the Los Alamos XXX server that hosts the main reprint archives in physics and astronomy, this part of
the archive sees little traffic, but the papers that do appear here are usually of specific relevance to physical
scientists.

ISBA/SBSS Bayesian Abstract Archive
An archive of Bayesian publications, including technical reports and theses as well as more publicly available
publications, hosted by ISDS at Duke and sponsored by ISBA (International Society for Bayesian Analysis) and
SBSS (Section on Bayesian Statistical Sciences of the American Statistical Association).

MCMC Preprints
A well-maintained collection of pointers and bibliographic information for publications on Markov Chain Monte
Carlo (MCMC) methods.

Perfectly Random Sampling from Markov Chains
David Wilson's web page providing annotated bibliographic information for articles describing a new (1996)
approach to using Markov Chains to simulate distributions arising in statistical mechanics, Bayesian inference, and
other fields. This approach, "perfectly random sampling" or "exact sampling," removes the problem of assessing
convergence of Markov chains (for some problems), and can be used to create a set of iid samples from the Markov
chain's stationary distribution. A brief and basic tutorial on exact sampling is available at Radford Neal's
Miscellaneous Documents page.

Washington University Bayesian Reprints
This site archives tutorial and application papers by Ed Jaynes, Larry Bretthorst, David Mackay, and Tom Loredo
(physical scientists associated with the MaxEnt conferences).

Bayesian Model Averaging Home Page
Chris Volinsky's collection of links to articles and software on Bayesian model averaging, a technique for
accounting for uncertainty in model specification when making inferences.

Space Telescope Science Institute Search Page
STSci archives a number of papers in HTML format describing Bayesian methods for "inverting" complicated
imaging data. You can locate these via the search facility linked here (try searching for "bayesian").

G. D'Agostini - Probability and Statistics
D'Agostini, a leading proponent of Bayesian methods in particle physics, collects here many of his papers on the
Bayesian approach.
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Geophysical Inverse Theory
John Scale's web site with extensive course notes, a review paper, and other papers on Bayesian approaches to
solving geophysical inverse problems, including software resources in Xlist-Stat and Mathematica.

Maximum Entropy Data Consultants: References
This page from the MEDC web site collects a few of the references by John Skilling and Sibusiso Sibisi on the
"Massive Inference" approach to Bayesian density estimation (using infinitely divisible process models, such as
gamma, Dirichlet, and compound Poisson processes). Further references on this topic are available via ftp from
DAMTP at U. Cambridge.

Non-Subjective Bayesian Statistical Methodology
This site maintains a PostScript catalog of "noninformative" priors of various types for various problems
(conventional priors, reference priors, etc.), as well as lists of conferences and researchers concerned with "default"
Bayesian methods.

Tom Loredo's Bayesian Reprints
Tutorial and research papers by the editor of the BIPS web site.

Bayesian Software

Note: (P) indicates a package with multiple functions, documentation, etc. Other programs are often single-purpose
subroutines with little on-line documentation.

StatLib (CMU)
StatLib, hosted by Carnegie Mellon University, is a system for distributing statistics software, much of it Bayesian.

The AutoClass Project
Unsupervised Bayesian classification system that seeks a maximum posterior probability classification for
multivariate data, including mixed real-value and discrete data with missing values. (P) 

BAYESPACK, etc. (Alan Genz's Home Page)
Genz is a leader in the development of new algorithms for numerical computation of mulitiple integrals; his recent
research focuses on integrals that arise in Bayesian inference. His homepage provides many of his papers in
PostScript form, and collections of FORTRAN software implementing and demonstrating his algorithms. His
BAYESPACK collection will be of particular interest to those doing Bayesian calculations of modest (up to 10 or
so) dimensions. SunOS Unix users may prefer the gzipped tar file version of the package here at BIPS to Genz's
piecemeal distribution (the tar version also fixes a minor incompatibility with the SunOS f77 compiler). (P) 

BUGS: Bayesian inference Using Gibbs Sampling (also an ftp directory)
BUGS is a program for Bayesian inference using the Gibbs Sampler Markov chain Monte Carlo technique
produced by the Biostatistics Unit of the Medical Research Council of the United Kingdom. It is written in Modula
2 and distributed as compiled code for a variety of platforms. The sites above host the software and documentation
in dowloadable files. There is also an extensive online HTML manual for BUGS. (P) 

Radford Neal's software for flexible Bayesian modeling
"This software supports Bayesian regression and classification models based on neural networks and Gaussian
processes, and Bayesian mixture models. It also supports a variety of Markov chain sampling methods, which may
be applied to distributions specified by simple formulas, including simple Bayesian models defined by formulas for
the prior and likelihood. The latest version, of 1999-03-13, allows you to try lots of Markov chain sampling
methods on Bayesian models defined using a BUGS-like notation." The software consists of a suite of
command-line programs that can be chained together (interacting through data stored in files) to make inferences.
(ANSI C for Unix, with support for xgraph under X-windows.) (P) 

Bayesian Model Averaging Home Page
Chris Volinsky's collection of links to articles and software on Bayesian model averaging, a technique for
accounting for uncertainty in model specification when making inferences. Includes links to several S-PLUS
packages.

Gibbs sampler iterations
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Calculates the number of iterations needed in a Markov chain Monte Carlo run.

First Bayes
Teaching package for elementary Bayesian statistics. (P) 

Belief Networks
Links to software for graphical belief functions, Bayesian networks and influence diagrams. (P) 

B/D
Bayes linear methods based on expectation and covariance structures.

Math 648 - Bayesian Inference
Minitab examples.

MatLab Scripts for Bayesian Blocks
Jeff Scargle here provides the text of his 1998 Astrophysical Journal article on Bayesian blocks (a Poisson 
changepoint model for detecting variability) and MatLab scripts and sample data for doing Bayes Blocks
calculations.

Bayesian Time Series Analysis Software by Mike West and Colleagues
This site provides pointers to three collections of software Mike West (ISDS) and his colleagues have produced, as
well as collections of data sets for software testing and development. Included are the BATS software (DOS/Win)
for the book Applied Bayesian Forecasting and Time Series Analysis , and Fortran90/S-plus software for
nonstationary time series analysis and analysis with autoregressive component models.  (P) 

Maximum Entropy Data Consultants
This commercial firm based in the UK was founded by astronomers John Skilling and Steve Gull, and sells the
influential and widely used MEMSYS code for quantified (i.e., Bayesian) maximum entropy "deconvolution" of
data. They also develop software implementing "massive inference" techniques for Bayesian density estimation.

Miscellaneous Bayesian Resources

Organizations/Societies/Directories:

ISBA: International Society for Bayesian Analysis
The main international organization promoting the development and application of Bayesian methods, at
www.bayesian.org. There is also still some ISBA info at the old ISBA site at Albany.

ASA Section on Bayesian Statistical Sciences

Bayesians Worldwide: Bayesian Statistics Personal Web Pages

Home Pages of Bayesian Groups/Centers:

ISDS: Institute for Statistics and Decision Sciences
Based at Duke University in North Carolina, ISDS hosts a graduate program in statistics that includes a
strong focus on Bayesian inference.

Bayesian Model-Based Learning Group
Located at NASA Ames Research Center, this group works on the theory and associated algorithms for
various kinds of general data analysis techniques using Bayesian inference. The AutoClass home page is
here, as well as a site on Bayesian search methods.

Cambridge University Inferential Sciences Group (also here)
This is the home page for the Cambridge Bayesian Inference/MaxEnt group. They are perhaps most closely
associated with Maximum Entropy methods, but in the 90s their work has taken on a more general Bayesian
flavor.

Harvard/CfA Astronomy & Statistics Working Group
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This group consists of astronomers from the Harvard-Smithsonian Center for Astrophysics and statisticians
from Harvard University's Department of Statistics, collaborating on astrostatistics problems. Their
emphasis is on using hierarchical Bayesian models and MCMC algorithms to analyze data from the
Chandra X-ray satellite. Some of their methodology is available in the Chandra Interactive Analysis of
Observations (CIAO) software.

MPIPP Bayesian Data Analysis Group
This is the home page for a group of scientists at the Max Planck Institute for Plasma Physics who develop
Bayesian methodology and software for various general data analysis problems. They hosted the 1998
Workshop on Maximum Entropy and Bayesian Methods. Their interests include inverse problems, wavelets,
and signal and background separation.

Albany MaxEnt Page
This small site has links with information about the recent annual workshops on Maximum Entropy and
Bayesian methods.

Non-Subjective Bayesian Statistical Methodology
This site hosts lists of publications, reports, conferences, and contacts regarding the use of "default" priors in
Bayesian inference.

Dept. of Statistics at Carnegie Mellon University
Though not a Bayesian group, with Department members like Jay Kadane, Rob Kass, and Larry Wasserman,
this group produces a lot of Bayesian work. They are especially interested in interdisciplinary applications,
and run an annual workshop on applied Bayesian statistics. CMU also hosts the StatLib statistics software
archive.

Statistics at Univeristy of Washington
A site with notable Bayesian content from Adrian Raftery, Julian Besag, Peter Hoff, Matthew Stephens and
their colleagues on such topics as spatial statistics, nonparametrics, model averaging, clustering, and
classification.

Conference Information:

MaxEnt 2000: 20th International Workshop on Maximum Entropy and Bayesian Methods  (alternate URL)
This year's workshop will be hosted by Ali Mohammad-Djafari in France, 8-13 July 2000.

6th Valencia International Meeting on Bayesian Statistics
The major regular gathering of Bayesian statisticians, held every three to four years in Spain. The 6th
meeting will be held from June 6 to June 10, 1998.

Fourth Workshop on Bayesian Statistics in Science and Technology
This annual workshop, hosted by the Statistics Department at Carnegie-Mellon University, offers a variety
of lecture and poster presentations, with special in-depth lectures and discussion of a few chosen case
studies of practical applications of Bayesian inference. The 4th Workshop will be held September 25-27,
1997.

Bayesian Signal Processing
This is a 1-week session (20-29 July 1998) offered as part of a six month (July to December 1998) program
on Nonlinear and Nonstationary Signal Processing hosted by the Isaac Newton Institute for Mathematical 
Sciences in Cambridge, England. Topics to be covered include Bayesian numerical methods,
nonlinear/nonstationary time series, forecasting, changepoint modeling, dynamical systems, and applications
in econometrics and environmental and spatial data analysis.

The Bayesian Songbook
Every three to four years there is a large gathering of Bayesian statisticians in Valencia, Spain; these are the
famous and influential "Valencia" meetings that have produced a series of conference proceedings simply
titled Bayesian Statistics 5, etc.. A tradition of these meetings is a "cabaret" performance by participants,
typically featuring at least one "adaptation" of a popular song with lyrics altered to refer to some aspect of
Bayesian statistics. This web site collects the lyrics in LaTeX and PostScript, and even a few audio files
(WAV format).
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On Thomas Bayes:

MacTutor Bio

Portrait

Portrait/Outline

General Statistical Resources With Bayesian Content

Virtual Library Entry on Statistics

StatLib (CMU)
StatLib, hosted by Carnegie Mellon University, is a system for distributing statistics software, much of it Bayesian.

StatCodes
"StatCodes is a metasite with links to over 200 sites providing free on-line codes implementing statistical methods
that may be useful to astronomers. Methods include time series analysis, multivariate analysis, censored and
truncated data, nonparametric statistics, correlation and regression, Bayesian methods (hosted by Tom Loredo,
Cornell University [the site you are at right now!]), density estimation and smoothing, image analysis, spatial
statistics, visualization tools, interactive Web tools, and multipurpose statistics packages. In some fields like signal
processing and wavelet analysis, the resources are vast and links are given to other metasites. Some codes are
single subroutines (usually in Fortran or C), while others are full packages with documentation. The contents of
StatCodes is searchable through the Astronomical Software Directory Service
(http://doright.stsci.edu/asds/docindex.html). StatCodes welcomes links to new codes, particularly those written by
astronomers. StatCodes is maintained by Penn State astronomer Eric Feigelson (edf@astro.psu.edu)."

The DATA Center Home Page
The Center for Data Analysis Technology and Applications is an informal forum for exchanging ideas about new
data analysis technology with astrophysical applications and is hosted by Jeff Scargle at NASA/Ames. The web site
hosts descriptions of talks presented at DATA Center meetings and a bibliography of publications of members.
Scargle and a few other members work on astrophysical applications of Bayesian inference.

PDG: Particle Data Group
The home page for the Particle Data Group that produces the annual Review of Particle Physics which includes
recommendations of statistical methods for common data analysis tasks in high energy physics. The little Bayesian
content in the Review remains a subject of continuing controversy. The statistical content can be found in the
"Mathematical Tools" section of the Review.

The Data Analysis BriefBook
An on-line version of a standard particle physics reference on data analysis methods, prepared and hosted by
CERN. Bayesian content is virtually nonexistant, but it's a useful reference for its description of current statistical
practice in high energy physics.

Thanks to Eric Feigelson for providing a head start in locating online sources of Bayesian software.

Tom Loredo's Index Page / Email Tom Loredo
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Correlation & regression

The following methods treat data with heteroscedastic (different for each point) measurement errors which are
commonly present in astronomical data:

Linear regression with measurement errors and scatter
Weighted ordinary least squares line with heteroscedastic measurement errors and
homoscedastic intrinsic scatter in the dependent variable. Also includes code in SLOPES.
Developed for astronomy by M. Akritas (Penn State) & M. Bershady (Wisconsin).

Partial correlation for censored data
A test for partial correlation between three variables, any or all of which are subject to
censoring, based on a generalized Kendall's tau.  Developed for astronomy by M. Akritas
(Penn State) and J. Siebert (MPI). 

Measurement error linear regression
Three short Fortran programs implementing errors-in-variables bivariate linear regression
(York, Fasano & Vio, Ripley methods).  Developed for astronomy by F. Murtagh of
University of London. (Look under "Various other programs") 

ODRPACK 
Orthogonal distance nonlinear regression for data weighted by known measurement
errors.  By the National Institute Standards & Technology.

Errors-in-Variables Model
Least squares linear and nonlinear parameter estimation with errors in the predictor
variables and the dependent variable.  Applied Stat Algorithm #286 distributed by Statlib.

Linear regression with measurement errors
Code calculationg simultaneous confidence bands for linear regression with heteroscedastic
errors using bootstrap resampling, based on Faraway & Sun (JASA 1995). Code in
LISP-STAT and S+. 

SLOPES 
Computes ordinary and symmetrical least-squares regression lines for bivariate data (orthogonal
regression, reduced major axis, OLS bisector and mean OLS).  Developed for astronomy by G. J.
Babu & E. Feigelson of Penn State.

PROGRESS
Least median of squares regression  and least trimmed squares (LTS) which is highly robust to
outliers in the data.  By P. Pousseeuw of University of Antwerp.

Fast Least Trimmed Squares (LTS)
Robust multivariate regression technique based on the subset of points whose least-squares fit
gives the smallest sum of squared residuals.  Efficient method for large datasets. By P.
Rousseeuw  of University of Antwerp.

NLR 
Programs for nonlinear parameter estimation by least squares, maximum-likelihood and some
robust methods.  From NIST's GAMS.
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Nonlinear regression
Large Fortran program for maximum-likelihood and quasi-ML estimation of parameters in
nonlienar regression models.  TOMS Algorithm #717.

Least squares codes
A extensive collection of Fortran 90 codes for unconstrained linear and nonlinear least-squares,
ridge regression, fitting ellipses to (x,y) data, logistic regression, and more. From Alan J. Miller
(CSIRO). 

EasyReg
Econometrics package for Windows including: variable transformations, kernel density
estimation, time series analysis (cross-correlation, stationarity tests, ARIMA & GARCH
modeling), linear regression models (Poisson regression, Tobit, 2-stage least squares,
user-supplied nonlinear), and more by H. Bierens (Penn State).

Nonlinear Statistical Models
C++ implementation of least squares estimates for univariate and multivariate nonlinear
regression. Associated with the text by A. R. Gallant (1987).

Regress+
a Macintosh-based program for linear and non-linear regression, with bootstrap estimation of
errors of parameters and other options.  From causascientia.org.

Generalized additive models
Generalized additive models fitting a variety of models (Gaussian, Binomial, Poisson, Gamma,
Cox) using cubic smoothing splines.  Distributed by StatLib.

Robust linear regression
Robust regression by least absolute deviations. Applied Statistics algorithm #132 distributted by
Statlib

Confidence intervals for nonlinear regression
Generates grid of variance ratios to plot confidence regions for two parameters using Halperin's
method.  Applied Statisiticss algorithm #290 distributed by Statlib.
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Density estimation, smoothing & splines

LOESS 
Locally-weighted regression for irregularly spaced multivariate data estimating regression curves
and surfaces by a local smoothing procedure. Manual includes application to velocity structure of
spiral galaxy.  By W. Cleveland and colleagues, distributed by Statlib and Netlib.

LOCFIT
Package for multivariate nonlinear regression and adaptive smoothing developed at Bell Labs
and based on the book `Local Regression and Likelihood' (Springer, 1999). Similar to LOESS but
with more flexible bandwidth options; includes cross-validation and other model assessment
tools. Code available in C and within the S-plus, S and R software environments. By J. Sun of
Case Western Reserve University.

FITPACK
Fits curves and surfaces using splines under tension. Distributed by GAMS and Netlib.

DIERCKX
Package of smoothing spline subroutines with automatic knot selection.  Distributed by GAMS
and Netlib.

GRKPACK 
Nonparametric estimation of generalized linear model regression surfaces by fitting smoothing
spline ANOVA models for Poisson and other data, with Bayesian confidence intervals.  By Y.
Wang of University of Wisconsin, distributed by Statlib.

Nonparametric regression
Fast implementations of nonparametric curve estimators including local linear regression, the
Nadaraya-Watson estimator and kernel density estimators.  By J. Fan of University of North
Caroline, distributed by Statlib.

Kernel density estimation
Gaussian smoothing using fast Fourier transform.  Applied Statistics algorithm #176.

Mixture models
Maximum likelihood estimates of mixture of normal, Poisson or other distributions. Applied
Statistics algorithm #203. 

Mixture models
Maximum likelihood estimates of mixture of normal, Poisson or other distributions.  Applied
Statistics algorithm #221. 

Dip statistic 
Computes Hartigan's statistic to test for unimodality. Applied Statistics algorithm #217.

Univariate kernel smoother
Calculates probabilities of bins for a multinomial vector using a quadratic kernel with smoothing
determined from cross-validation.  By J. Dong & J. Simonoff of New York University, distributed
by Statlib.
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Multivariate classification & analysis

Classification

Classification Society of North America (CSNA)
Metasite with links to classification meetings, journals, discussion groups, commercial and
on-line software. 

CLUSFIND: DAISY, PAM, CLARA, FANNY, AGNES, DIANA & MONA
Collection of multivariate clustering techniques implemented in the core R package.  DAISY
computes dissimilarities between objects with different types of variables.  Partitioning Around
Medoids (PAM) partitions the dataset using the k-medoid method which is robust against
outliers. Clustering Large Applications (CLARA) partitions large data sets.  Fuzzy Analysis
(FANNY) give a fuzze partitioning.  Agglomerative clustering (AGNES) and divisive clustering
(DIANA) give hierarchical structures.  Monothetic Analysis (MONA) uses binary variables. This
site gives stand-alone Fortran implementations.  From the book Finding Groups in Data: An
Introduction to Cluster Analysis by L. Kaufman and P. J. Rousseeuw (1987).

Normal mixture models

Several codes are available that classify and characterize multivariate datasets as mixtures of
Gaussian populations via likelihood methods, often using the EM Algorithm and Bayesian principles.
Snob uses the minimum message length method of machine learning.

EMMIX by G. McLachlan of University of Queensland
MCLUST by C. Fraley and A. Raftery of University of Washington
AutoClass Cby P. Cheeseman of NASA's Ames Research Center
Snob by D. Dowe of Monash University
FastEM by the Auton Lab (CMU) and the PiCA Collaboration

Weka Knowledge Explorer
Machine learning algorithms for data mining including multivariate classifiers, decision trees,
neural nets, GUIs, resampling and more.  In Java

Machine Learning Library in C++ (MLC++)
Data mining and multivariate classification package including data manipulation, variety of
categorizers (on attributes, thresholds, nearest neighbor, perceptron, decision tree ), induction
algorithms, and visualization tools of data and trees.  From Silicon Graphics Inc.

GRB Tool Shed
Interactive environment for the analysis of astronomical gamma-ray bursts from NASA's BATSE
experiment.  Emphases multivariate classification including supervised decision trees,  K*
nearest neighbor, Naive Bayes,  normal mixtures using the EM Algorithm, K means, COBWEB,
backpropagation neutral networks, and Kohonen networks.  Based on the Weka machine
learning package.  By Jon Hakkila (College of Charleston) and colleagues.

Feasible solution algorithms
Algorithms for the common high breakdown estimation criteria, and to find the minimum volume
ellipsoid in multivariate datasets. By D. Hawkins, University of Minnesota, and distributed by
Statlib.
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Oblique classifier 1 (OC1)
Partitioning of multivariate datasets using oblique and axis-parallel hyperplanes. Written in C by
S. Salzbert of Johns Hopkins University.

Software for clustering and multivariate analysis
Metasite with descriptions of on-line programs and packages.  From Fionn Murtagh (Univ.
London)

Dysect
Clustering algorithm based on dynamic altering of hierarchies.

Fast Algorithm for Classification Trees"
Tree-structures classification similar to CART.

Cluster
Library of several dozen subroutines from NIST for multivariate clustering algorithm from 1975
monobraph by J. A. Hartigan. 

Cluster analysis
Six programs computing dissimilarities, partitioning using medoids, k-medoid clustering, fuzzy
clustering, agglomerative and divisive hierarchical clustering, clustering of binary data.

CLUSBAS
Average-linkage hierarchical clustering. 

Hierarchical clustering
Algorithm for agglomerative clustering using various criteria (Ward's minimum variance, single
linkage, average linkage, complete linkage, McQuitty's method, median method, centroid
method). 

Hierarchical clustering
Algorithm for single-linkage and minimum intra-cluster variance clustering.  Applied Statistics
algorithm #58.

k-means clustering,
k-means clustering minimizing intra-cluster variance. 

Multivariate analysis

R Package
Package in Pascal developed for ecological spatio-temporal multivariate datasets based on
monograph by L. & P. Legendre (1983). Functionalities include autocorrelation using
correlograms (Moran's I and Geary's c indices), hierarchical agglomerative clustering, k-means
clustering, chronological clustering for multivariate time series, analysis of variance, geometrical
connectors, (nearest neighbor, Gabriel's connection, Delaunay triangulation), Mantel's
two-sample statistic, multidimensional scaling by principal coordinates analysis, univariate
periodogram.  [This package should not be confused with the enormous R statistical package 
modeled after S-Plus.]

ADE-4 
Large multivariate analysis and graphical display package designed for ecologists and
geographers. Includes principal components analysis with instrumental variables,
correspondance analysis, coinertia analysis, contingency tables, discriminant analysis,fuzzy
correspondance analysis, Rao's diversity coefficient, Moran's I and Geary'c randomization tests
for spatial autocorrelation, Wartenberg's multivariate spatial correlation analysis, partial triadic
analysis of k-tables.  From the bioinformatic group at Universite de Lyon for Macintosh and
Windows 95 platforms. 
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Fast Minimum Covariance Determinant (MCD)
This is a highly robust estimator of multivariate location and scatter based on the subset of
points whose covariance matrix has the lowest determinant.  Efficient method for large
datasets.  By P. Rousseeuw and K. Van Driessen of University of Antwerp.

Minimum Volume Ellipsoid (MINVOL)
Computes highly robust location and scatter matrix.  By P. Rousseeuw of University of Antwerp.

Multivariate data analysis software
Collection of subroutines for principal components analysis, partitioning, hierarchical clustering.
discriminant analyses (linear, multiple, k-nearest neighbors), correspondence analysis,
multidimensional scaling, Sammon mapping, Kohonen self-organizing feature map. From Fionn
Murtagh (Univ. London). 

MicrOsiris
Self-contained data management and analysis system well-adapted to very large multivariate
datasets.   Includes fast searches and data minin, ANOVA, linear modeling, clustering, life table
analysis. For Windows. 

IPP
Interactive Projection Pursuit, providing 1- and 2-dimensional projections of multivariate data for
interactive discovery of structure. The user chooses and graphically investigates interesting
projections. From Case Western Reserve University. C and Fortran algorithms installed as a
library for S-Plus. 

Projection pursuit
Two-dimensional exploratory projection pursuit. 

Multivariate skewness and kurtosis 
Probabilities of R2

Distribution function of the square multiple correlation coefficient

Linear dependency analysis for multivariate data 
Blah 
Multivariate linear regression by least median of squares. 
Minimum volume ellipsoid estimator

Robust estimator of multivariate location and dispersion. 

Hypo 
Hypothesis testing for means and spreads for multivariate Gaussian data.



http://astrostatistics.psu.edu/statcodes/sc_nonparam.html

1

Nonparametric statistics

Partial correlation for censored data
A test for partial correlation between three variables, any or all of which are subject to
censoring, based on a generalized Kendall's tau. Developed for astronomy by M. Akritas (Penn
State) and J. Siebert (MPI).

REMEDIAN
A robust average method for very large datasets based on a median of medians of subsets that
fit into computer memory or which stream by without being stored.  By P. Rousseeuw of
University of Antwerp. 

Sn
Robust location-free estimation of scale (spread) for univariate data.  Two efficient algorithms
are presented. By P. Pousseeuw of University of Antwerp.

2x2 contingency tables
Exact probabilities for 2x2 contingency tables. By R. Berger of North Carolina State University
and distributed by Statlib. 

Mann-Whitney U statistic probabilities
Applied Statistics algorithm #62 distributed by Statlib.

Spearman's rho correlation coefficient probabilities
Applied Statistics algorithm #89 distributed by Statlib. 

Ansari-Bradley statistic probabilities
Applied Statistics algorithm #93 distributed by Statlib. 

Runs-up and runs-down test
Applied Statistics algorithm #157 distributed by Statlib. 

Multivariate k-sample rank sum and median tests
Applied Statistics algorithm #174 distributed by Statlib. 

Shapiro and Wilk's W statistic probabilities
Applied Statistics algorithm #181 distributed by Statlib. 

Generalized 2-sample Smirnov test probabilities
Applied Statistics algorithm 288 distributed by Statlib. 

RANKCI
Obtains confidence intervals and point estimates for the two-sample location problem. ACM
TOMS algorithm #516, distributed by GAMS and Netlib.

VMISES
Von Mises test probabilities. ACM TOMS algorithm #518, distributed by GAMS and Netlib.

RAKK, DURB, and EPST
Kolmogorov-Smirnov probabilities using three methods. ACM TOMS algorithm #519, distributed
by GAMS and Netlib. 
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HLQEST
Hodges-Lehmann location estimator. ACM TOMS algorithm #616, distributed by GAMS and
Netlib.
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Spatial statistics & image analysis

The following are metasites to vast resources in the areas of pattern recognition, classification,
neural networks, perceptrons, machine vision and learning, data mining, and image
processing:

Pattern Recognition Group (TU Delft) 
TOOLDIAG (Brazil)
Computer vision software (Carnegie-Mellon)
Classification Society of North America
Knowledge Discovery and data mining (Katholieke Univ) 
http://www.uni-koeln.de/themen/Statistik/index.e.html.

AI-GEOSTATS software & shareware archive
This is a very large metasite operated by the European Comission Joint Research Centre
providing extensive links to software used in geostatistics, geographic information
systems, landscape analysis, and related fields. The most commonly used method is 
kriging, giving optimal prediction and extrapolation of 2- and 3-dimensional unevenly-spaced
data, including quantitative estimation of the uncertainty at each point. Examples of the codes
linked by AI-GEOSTATS include:

UNCERT
Large package in C designed for hydrogeologists histograms and plots, varograms and
cross-variograms, jackknifing uncertainty estimates, kriging, 3-dimensional visualization of
scattered data. 

Geographic Resources Analysis Support System (GRASS)
Comprehensive Geographic Information System (GIS) used for geospatial data
management and analysis, image processing, graphics/maps production, spatial modeling,
and visualization.

Generic Mapping Tools (GMT)
Collection of 50 UNIX tools for 2- and 3-dimensional datasets with filtering, spline and
nearest neighbor estimation, filtering, many projections and contouring. Produces EPS
illustrations.

Geostatistical Software Library (GSLIB)
Fortran code under UNIX for 2- and 3-dimensional geostatistics including many krigings
with uncertainties estimated by simulated annealing, cross-validation and jackknifing.
PostScript outputs.

Neighborhood EM (NEM)
Clustering and classification of spatial data based on EM Algorithm implementation of a
penalized likelihood statistic. Code in C.

Computer Vision source codes
Impressive metasite with links to many image processing packages including: SatherVision
(object oriented environment); SUSAN algorithms (structure-preseving smoothing, edge/corner
detection); GSnake (contour modeling, extraction/detection), Object Recognition Toolkit
(progressive edge detection); Steerable Pyramid (multiscale, multiorientation wavelet-based
image decomposition); MMach (mathematical morphology toolbox within Khoros, with dilation
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and erosion); KLT (feature tracker for registration of overlapping images); MeasTex (texture
classification). Provides links to toolkits within specific environments (KHOROS, X11/Motif, Vista,
Tcl/Tk, MatLab, Macintosh, OpenGL), tool libraries for specific image formats (JPEG, TIFF,
MPEG), and codes for image synthesis by ray tracing. 

Hypermedia Image Processing Reference
Tutorial materials in image processing and machine vision concentrating on ~50 image
processing operations: image arithmetic, geometric operations; shape analysis; smoothing,
denoising, Fourier and other digital filters; edge and feature detection and classification; dilation
erosion, segmentation and skeletonization: distance, Fourier and Hough transforms.  HIPR
provides information, Java demonstrations, student exercises, image library, detailed glossary &
index, bibliography and software.  From the Dept. of Artificial Intelligence at the University of
Edinburgh.

Morphometrics software
Site providing information and software relating to mathematical morphometrics including:
multivariate regression of shape and unwarping of images using thin-plate splines;
N-dimensional image rotation and superimposition; shape analysis using landmarks; outline
detection; analysis of outlines using Fourier analysis, eigenshape analysis and fractal analysis;
image enhancements; and more.  From The Biological Sciences at SUNY Stony Brook.

SpatStat
A library of R modules for statistical analysis of spatial point processes. Includes simulation,
summary statistics (empty space, nearest neighbour, Ripley's K, J, and pair correlation
functions), maximum-likelihood parametric modelling (inhomogeneous Poisson, Strauss,
pairwise interaction, and user specified processes). By Adrian Baddeley of the Univ. Western
Australia. 

TOOLDIAG
Collection of methods in C for statistical pattern recognition through classification of
multidimensional continuous features. Includes several classifier paradigms (k-nearest neighbor,
radial basis function network, Parzen window, Q* algorithm), feature selection strategies and
criteria (estimated minimal error probability, inter-class distance, probabilistic distance), feature
extraction (inear discriminant analysis, principal component analysis, Sammon mapping),
cross-validation error estimation and more. 

NPT (N-PoinT spatial statistics)
Fast implementation of n-point spatial statistics using KD Trees. Includes 2-point correlation
function, pruned trees,   Developed for astronomy by the Auton Project (Carnegie-Mellon
University) and the PiCA Collaboration. 

Spatial autocorrelations
Highly efficient Matlab and Fortran toolbox for computing simultaneous and conditional spatial
autoregressions and mixed regressive spatially autoregressive models, produced by K. Pace of
the Dept. of Finance at Lousiana State University.

Gaussian Markov random field simulation
GMRFsim is a group of C-routines for the fast and exact simulations of general Gaussian random
fields on a 2-dimensional lattice and general graph, provided by H. Rue of the Norwegian
Institute of Technology. It may be useful both to compare with an observed image or as step in
building Bayesian spatial models. 

Programs for stochastic geometry
Codes by Dietrich Stoyan, author of "Stochastic geometry & its applications" (1995): Voronoi 1.0
for 3-dimensional tessellations, STG 4.1 for the simulation and statistical analysis of several
models of stochastic geometry; and programs for stereology.

Multiscale analysis
ADS is a sub-package associated with the multivariate analysis system ADE-4 with multiscale
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aanalysis and graphical display of spatial point patterns based on Ripley's function K(r).

VORONOI
Computes voronoi diagrams and Delaunay triangulations. 

Tesselations
Dirichlet tessellation and Delaunay triangulation of spatial points.  Bu T. R. Turner of University
of New Brunswick.

Minimum spanning tree
Three short codes for the calculation, printing and updating the minimum spanning tree of a
multivariate dataset from the journal Applied Statistics are available here, here and here. 

Toolkits for manipulating images & converting formats:

ImageMagick 
GIMP  (GNU Image Manipulation Program)

Toolkits for creating and manipulating graphics:

gnuplot 
Grace 
PGPLOT and PHPLOT
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Statistical distributions 

StatCalc
Calculator of distributions for many statistical distributions, nonparametric tests (runs, sign,
Wilcoxon, Mann-Whitney) and related quantities.  For Poisson data, includes p-values for
differences of means and ratios.  By K. Krishnamoorthy of University of Louisiana Lafayette.

Tests of normality and exponentiality
Twenty-four nonparametric and parametric tests. By P. Johnson and distributed by Statlib.

Ranlib 
Library of random number generators for Poisson, normal, chi-squared, and various other
distributions.  From the University of Texas and distributed by Statlib. 

MVNPACK
Fortran subroutines for computation of multivariate normal distributions and integrals using
several different methods. by A. Genz of Washington State University.

Xtremes
Windows package for extreme values analysis.  Includes univariate & multivariate data,
frequentist & Bayesian approaches, tests to upper tails of distributions, maximum-likelihood and
point over threshold fits to EV distributions, simulations.  Written in StatPascal and accompanies
volume Statistical Analysis of Extreme Values (3rd ed) by R. D. Reiss & M. Thomas (2005). 
Distributed by Risktec.

Probabilities for univariate and bivariate Gaussian and Student's t distributions
Based on TOMS algorithm #4628 and Applied Statisticss algorithm #3.  Distributed by Statlib.

Random deviates of the multivariate normal
Subroutine for generating random multivariate normal data with specified correlations.  TOMS
algorithm #717 distributed by Statlib.

Standard normal distribution
Accurate subroutines for area under tail of Gaussians. Applied Statistics algorithm #66
distributed by Statlib.

Chi-squared distribution probabilities
Applied Statistics algorithms #91 and R85 distributed by Statlib.

Fisher's exact variance test for Poisson distribution
Applied Statistics algorithm #171 distributed by Statlib.

Tests for normality
Nonparametric goodness-of-fit tests for uniform, normal and exponential distributions.  Applied
Statistics algorithms #248.1 and #66 distributed by Statlib.
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Censored and truncated data 

Censored data point are those whose measured properties are not known precisely, but are known to lie above or below
some limiting sensitivity. Truncated data points are those which are missing from the sample altogether due to sensitivity
limits. 

ASURV
Astronomy survival analysis for right- and left-censored data including the Kaplan-Meier
estimator, several two-sample tests, bivariate correlation measures and linear regressions.
Developed for astronomy by E. Feigelson of Penn State University.

Partial correlation for censored data
A test for partial correlation between three variables, any or all of which are subject to
censoring, based on a generalized Kendall's tau.  Developed for astronomy by M. Akritas (Penn
State) and J. Siebert (MPI).

Mean & standard deviation
Maximum likelihood estimation of a censored univariate normal population.  Applied Statistics
algorithm #138 distributed by Statlib.

Linear regression
Maximum likelihood multivariate linear regression with censoring in the independent variable. 
Applied Statistics algorithm #139 distributed by Statlib.

Mean of truncated multivariate dataset
Maximum likelihood estimate of mean and covariance of the truncated multinormal distribution. 
Applied Statistics algorithm #249 distributed by Statlib.

Mixture models for truncated data
Fits mixture of normals to grouped and truncated data.  Applied Statistics algorithm #254
distributed by Statlib.

Multivariate two-sample test with censoring
Wei-Lachin generalized Wilcoxon and log-rank tests for multivariate data. Applied Statistics
algorithm #262 distributed by Statlib.

Bounded variable least squares
Linear least squares problems with upper and lower bounds on the variables. By R. L. Parker
(Scripps) and P. B. Stark  (UC Berkeley) and distributed by Statlib.
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Time series analysis

Fast Fourier Transforms
Metasite with annotated links to libraries and source codes,benchmarks, and didactic material on
various forms of the Fast Fourier Transform.  From FFTW.  These include:

FFTW
Subroutine library in C for efficient computation of the discrete Fourier transform in one or
more dimension for datasets of arbitrary size. Winner of Wilkinson Prize for Numerical
Software.  From Matteo Frigo and Steven G. Johnson of MIT.

FXT library
Algorithms fast Fourier and other transforms, sorting and searching, permutations, and
more with associated text book. By Jorg Arndt (Bayreuth).

Variable star software
A variety of programs for amateur astronomers from the American Association of Variable Star
Observers including: averaging, polynomial fitting, Fourier analysis, residual analysis (TS);
iterative pre-whitening (CLEANest); epoch folding plots (PhasPlot); and non-stationary
periodicities (WWZ). 

Finding periodicities with splines
Nonparametric method for locating periodicities in unevenly spaced univariate data based on
efficient least-squares fitting of cubic B-splines. Developed for astronomy by C. Akerlof at
University of Michigan

Standards Time Series and Regresion Package (STARPAC)
Library of about 150 Fortran subroutines for time series analysis and nonlinear regression,
developed at the National Institute for Standards and Technology. Includes digital filtering,
complex demodulation, univariate and bivariate correlation and spectrum analysis, ARMA and
ARIMA models. Old-fashioned interface.  Distributed by the National Center for Atmospheric
Research. 

TimesLab
Maximum-likelihood autoregressive analysis including autocorrelation functions, ARMA model
fitting, windowning and filtering, noise and model simulations, spectral density, and Box-Jenkins
analysis.  Accompanies volume TIMESLAB: A Time Series Analysis Laboratory by H. J. Newton
(1988).  Distributed by Statlib.

TISEAN
Nonlinear time series analysis package for chaotic systems. Includes linear tools (autoregressive
models, power spectrum, filters), visualization tools, embedding and Poincare sections, nonlinear
prediction and local polynomial models, dimensionality adn entropy estimation, Lyapunov
exponents, simulations, and cross-correlation of multivariate time series. From TISEAN Project
at MPI Dresden and University of Wuppertal, Germany.

Amara's Wavelet page
Metasite with extensive description, software, bibliography, and Web sites for wavelet methods.
Provides linksto nearly wavelet software packages and toolboxes (many are commercial and not
public domain). Environments include UNIX, X-Windows, Windows, Macintosh, C, C++, Matlab,
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Maple, PV-WAVE, Khoros, Mathematica, S+, IDL and MIDAS. See also a similar site at the
University of Salzburg. 

Multi-Taper Spectral Analysis Methods (MTM)
Spectral analysis with tapering to minimize spectral leakage and spurious correlations.

EasyReg
Econometrics package for Windows including: variable transformations, kernel density
estimation, time series analysis (cross-correlation, stationarity tests, ARIMA & GARCH
modeling), linear regression models (Poisson regression, Tobit, 2-stage least squares,
user-supplied nonlinear), and more by H. Bierens (Penn State).

SemiNonParametric
Package for multivariate nonparametric time series analysis by maximum likelihood polynomial
expansion permitting uneven weighting, non-normality and nonlinearity. By A. R. Gallant and G.
E. Tauchen, and distributed by Statlib.

XQZ
Dynamic XWindow graphical system for exploratory time series analysis including autoregressive
models and Fourier analysis. Distributed by Statlib.

RQA software
Software for Recurrence Quantification Analysis of complex (e.g. chaotic, nonlinear and
nonstationary) systems. By. C. L. Webber of the Department of Physiology at Loyola University
Chicago. 

Singular Spectrum Analysis - MultiTaper Method (SSA-MTM)
Toolkit of UNIX utilities to analyze short, noisy time series testing for trend and oscillating
components, and three kinds of power spectra (windowed correlogram, multi-taper method,
maximum-entropy method).  From the Department of Atmospheric & Oceanic Sciences at
University of California Los Angeles.

Maximum likelihood ARIMA model
Calculates the maximum likelihood estimators of the parameters of a fractionally-differences
ARIMA(p,d,q) model with covarances and correlation matrices and standard errors.  By C. Fraley
of University of Washington.

Time-frequency analysis
Package for optimal and adaptive kernel time-frequency representations for long signals with
changing time-frequency characteristics.  It adapts the kernel over time for improved
performance.  By R. Baraniuk (DSP Group, Rice University) and colleagues.

ARMA model
Maximum likelihood estimation of autoregressive-moving average model by Kalman filtering. 
Applied Statisistics algorithm #154 distributed by Statlib.

Goodness-of-fit test for ARMA model
Applied Statistics algorithm #194 distributed by Statlib.

Change point for Poisson process
Continuous-time estimation of a change-point in a Poisson process.  By. R. W. West and R. T.
Ogden of University of South Carolina.

Restricted maximum likelihood estimation for unevenly spaced data
Parameter estimation for unevenly spaced univariate time series using a first-order process with
white noise.  By S. P. Smith of EA Engineering and distributed by Statlib.

CUSUM charts
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Probability and distribution functions of run lengths in a cumulative summation chart. By F. F.
Gan and distributed by Statlib.
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Visualization tools

Advanced Visual Systems (AVS)
International AVS Centre clearinghouse for visualization software, with over 900 public domain
modules. 

UM supercomputer for scientific visualization & graphics
Extensive descriptions and links to commercial and public software for 3-dimensionally plotting,
contouring, volume rendering, image processing, animation and videos, fluid visualization, and
related topics. 

Following are a few of the many toolboxes specializing in 3-dimensional rendering and
visualization:

SCIRun & BioPSE
Integrated porblem solving environments emphasizing visualization of continuous 3-D
images and movies.  Written in Tcl with interfaces to Fortran, C++, Matlab, C and IDL. 
From the Scientific Computing and Imaging Institute at University of Utah.

Visual3
Interactive graphics environment for visualization of 3D, structured or unstructured data.
Written in Fortran and C for OpenGL platforms. By G. Haimes (MIT).

VolPack & related libraries
Software libraries for 3-D continuous data: high-quality volume rendering, aligning and
merging datasets, filling data gaps, efficient rotation, and more.   Written in Tcl &
OpenGL.  From Stanford Computer Graphics Lab.

GGobi
An update of the well-regarded XGobi program for interactively exploring multivariate point-like
data including brushing, editing, rotation, grand tour and projection pursiut.

ImageMagick
Flexible software suite for the creation, modification and display of bitmap images in many
formats.  Runs interactively or interfaces with Perl, C/C++, Python, Tcl, Java and more. From
ImageMagick Studio LLC.

Visualization Toolkit (vtk)
Comprehensive visualization system for 3-dimensional graphics, image and volume processing,
many color and texture options, scalar to tensor displays, filtering and qmodeling, handles large
datasets. Extensible C++ code with Tcl or Java wrapper.  From Kitware Inc.

XmdvTool
Software package for the interactive visual exploraton of multivariate datasets including
scatterplots, star glyphs, parallel coordinates, and dimenensional stacking with N-dimensional
brushing. Designed for UNIX platforms at Worcester Polytechnic Institute.

Xnavigation
Interactive program for navigating through multivariate datasets using smooth low-dimensional
local structures. By S. Oue of Carnegie Mellon University and distributed by Statlib.



http://astrostatistics.psu.edu/statcodes/sc_visualiz.html

2

CViz
A Java-based visualization tool for analyzing large and complex high-dimensionality datasets. By
IBM. 

Information Visualization & Exploration (IVEE)
Advanced package for data visualization, specializing on dynamic query techniques (zooming,
rangesliders, alphasliders & toggles) and cluster visualization. From Chalmers University; more
recent commercial versions are available at Spotfire AB.

DATAPLOT
Interactive 2-D and 3-D plotting package (histograms, box plots, time series, diagrams) with
fitting (non-linear, polynomial, spline) and statistics (summary, distribution fuctions, ANOVA,
smoothing). From the National Institute of Standards & Technology.

The following are public domain scientific graphics and plotting programs:

PGPLOT
Subroutine library for producing scientific graphs, written in Fortran and callable by many
languages.  By T. J. Pearson (Astronomy, Caltech).

Gnuplot
Interactive data and function plotting utility in 2D and 3D. 
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Statistics books by physicists, astronomers and engineers

Conference proceedings on statistics for astronomy and physics

Selected articles in statistics for astronomy and physics

Statistics books by statisticians
Broad coverage in one volume
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 CASt online resources

Statistics books by astronomers and physicists
Bayesian Logical Data Analysis for the Physical Sciences

by P. C. Gregory (2005). After introduction to probabilities, Bayesian and frequentist inference,
this monograph presents Bayesian applications to data with Gaussian and Poisson errors, linear
and nonlinear modelling, maximum entropy, Markov chain Monte Carlo integration, and spectral
analysis of time series. Provides worked examples with astronomical data, problem sets, and
codes associated with Mathematica.

Multivariate Data Analysis for Astrophysics
by Fionn Murtagh (c. 2005). Unpublished lecture notes for a graduate course for astronomers
with astronomical applications emphasizing clustering (hierarchical, minimal spanning tree,
Voronoi tesselation, partitioning, mixture models, self-organizing maps, ultrametric spaces,
P-adic coding), and discriminant analysis (Bayes and nonparametric discrimination, multilayer
perceptron). An update of his 1987 monograph appears here.

Bootstrap Techniques for Signal Processing
by Abdelhak M. Zoubir and D. Robert Iskander (2004). This book serves as a handbook on
`bootstrap' for engineers, to analyze complicated data with little or no model assumptions.
Bootstrap has found many applications in engineering field including, artificial neural networks,
biomedical engineering, environmental engineering, image processing, and Radar and sonar
signal processing. Majority of the applications are taken from signal processing literature.

Practical Statistics for Astronomers
by Jasper V. Wall & C. R. Jenkins (2003).  Textbook on methods relevant for observational
astronomy with emphasis on Bayesian approaches and worked problems. Covers probability,
correlation, hypothesis testing, Bayesian models, time series analysis, luminosity functions and
clustering. 

Data Reduction and Error Analysis for the Physical Sciences
by Philip Bevington & D. Keith Robinson (2003, 2nd ed.).  Popular text with code covering error
analysis, Monte Carlo techniques, least-squares fitting, maximum-likelihood, and
goodness-of-fit.

Astronomical Image and Data Analysis 
by Jean-Luc Starck and Fionn Murtagh (2002).  Advanced techniques for treating astronomical
data including data filtering & storage, image processing (edge detection, segmentation, pattern
recognition), image compression, source detectcion, multiscale analysis using wavelet
transforms, deconvolution, multivariate data, entropies, catalogs and Virtual Observatories.  

Statistics of the Galaxy Distribution
by Vicent J. Martinez and Enn Saar (2002).  Comprehensive monograph on the large-scale
galaxy of the universe traced by galaxy redshift surveys.  It reviews the astronomical
observations, statistical techniques and cosmological inferences. 

Principles of Data Analysis
by Prasenjit Saha.  Brief introductory book covering Gaussian & Poisson distributions, Monte
Carlo methods, least squares, nonlinear regression, and entropy.  Available free on the Web. 

Probability and Statistics in Experimental Physics
by Byron P. Roe (2001, 2nd edition)  Textbook  covering basic comcepts, statistical
distributions, Monte Carlo methods, central limit theorem, correlation coefficients, curve fitting
with constraints andconfidence belts, likelihood ratios, least-squares and robust estimation
(including errors in x and y), Poisson problems.  Problem sets with solutions.  

Data Analysis: Statistical and Computational Methods for Scientists and Engineers
by Siegmund Brandt (1999, 3rd edition).   Volume bridging the gap between physical
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experiment and statistical theory.  Includes Monte Carlo, maximum likelihood and least squares
methods; hypothesis tests, analysis of variance, polynomial regression, and time series
analysis.  Code on CD-ROM.  

Statistical Data Analysis
by Glen Cowan (1998).  Guide to practical applications of statistics in expermental physical
science with examples from particle physics.  Includes Monte Carlo methods; parameter
estimation (maximum likelihood, least squares, moments); errors, limits and confidence
intervals; and characteristic functions.

Image processing and Data Analysis: The Multiscale Approach
by J.-L. Starck, F. Murtagh & A. Bijaoui (1998).  Technical monograph on the use of wavelets
for multiscale analysis of astronomical, engineering, remote sensing, and medical images.

Astrostatistics
by G. Jogesh Babu & Eric D. Feigelson (1996).  A review of research topics on the methodology
of astronomical data analysis including resampling methods, spatial point processes,
symmetrical linear regressions, multivariate classification, time series analysis, censoring and
truncation.  Introduces astronomical problems to statisticians. 

Data Analysis: A Bayesian Tutorial
by Devinder Sivia (1996).  A clear introduction by a physicist covering parameter estimation,
model selection, assigning probabilities, nonparametric estimation, and experimental design.  

Statistics: A Guide to the Use of Statistical Methods in the Physical Sciences
by Roger J. Barlow (1993).  Introductory treatment of parameter estimation (least squares,
maximum likelihood), hypothesis testing, Bayesian statistics and non-parametric methods. 

Statistics in Theory and Practice
by Robert Lupton (1993).  Intermediate-level monograph aimed at physical scientists explaining
probability distributions, sampling statistics, confidence intervale, hypothesis testing, maximum
likelihood estimation, goodness-of-fit, and nonparametric rank tests.  Includes problems with
answers. 

A Practical Guide to Data Analysis for Physical Science Students
by Louis Lyons (1991).  Undergraduate text for interpretation of experiments including
distributions and moments, Gaussian errors, combining results, least-squares fitting, weighting
and confidence intervals, parameter testing.  

Some older volumes of interest include:
    Statistics for nuclear and particle physicists (Louis Lyons, 1986)
    E. T. Jaynes: Papers on probability, statistics and statistical physics  (E. T. Jaynes, 1989)
    Multivariate Data Analysis (Fionn Murtagh, 1987)
    The History of Statistics: The Measurement of Uncertainty Before 1900 (Stephen M. Stigler, 1986)
    Statistical Methods in Experimental Physics (W. A. Eadie et al., 1971)
    Method of least squares and principles of the theory of observations (I. V. Linnik, 1961)
    Combination of Observations (William M. Smart, 1958)
    Statistical Astronomy (Robert J. Trumpler & Harold F. Weaver, 1953)
    Introduction to Physical Statistics (Robert B. Lindsay, 1941)
    Scientific Inference (Harold Jeffreys, 1937)
    On the algebraical and numerical theory of errors of observations and the combination of observations  (George B.
Airy, 1861)
    Theory of the combination of observations least subject to error (Carl F. Gauss, 1823, English ed 1995)

Return to CASt bibliographies
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mathematical statistics with a strong mathematical component. Covers probability &
distributions, convergence, confidence intervals, Monte Carlo and bootstrap, maximum
likelihood methods, EM Algorithm, sufficiency, optimal hypothesis tests, ANOVA and normal
models, nonparametric statistics, Bayesian statistics, linear models (robust, least squares,
Wilcoxon, general).

Essentials of Statistical Inference
by G. A. Young and R. L. Smith (2005). Slim text developed at the University of Cambridge with
emphasis on computational techniques (e.g. bootstrap, MCMC). Includes Bayesian methods and 
decision theory, hypothesis testing, sufficiency, confidence sets, likelihood theory, prediction, 
bootstrap methods, and other topics (e.g. pseudo-likelihoods, Edgeworth expansion, Bayesian 
asymptotics).

All of statistics: A concise course in statistical inference
by Larry Wasserman (2004). Intended for graduate students in allied fields, this book gives a
presentation of a wide range of topics with emphasis on mathematical background and
theorems. Topics include random variables, expectations, empirical distribution functions,
bootstrap, maximum likelihood, hypothesis testing, Bayesian inference, linear and loglinear
models, multivariate models, graphs, density estimation, classification, stochastic processes and
simulation methods. Web page provides R code and datasets.

Principles of Statistical Inference
by D. R. Cox (2006). A slim volume by a distinguished statistician, this gives a discursive, fairly 
advanced, presentation of fundamental issues including comparison of frequentist and Bayesian 
approaches. Topics include interpretations of uncertainty, significant tests, asymptotic theory, 
aspects of maximum likelihood.

Comparative Statistical Inference
by Vic Barnett (3rd ed, 1999). Detailed and well-written comparison of three approaches in 
modern statistics: classical frequentist, Bayesian, and decision theoretical. Includes illustration
of the approaches, views of probability, utility and decision-making, and other approaches to 
inference (e.g. fiducial, structural).

Statistical Models
by A. C. Davison (2003). A thick textbook with examples in R covering topics including
confidence intervals, likelihood and model selection, stochastic models, point and Poisson 
processes, estimation and hypothesis testing, linear and nonlinear regression models, Bayesian 
models, conditional and marginal inference.

Testing Statistical Hypotheses and Theory of Point Estimation
by E. L. Lehmann & Joseph P. Romano (3rd ed, 2005) and by E. L. Lehmann & George Casella
(2nd ed, 1998). Lehmann's classic, comprehensive graduate texts in mathematical statistics
from the 1980s. Covers probability, unbiased tests, linear hypotheses (including chi-squared),
minimax principle, conditional inference, Bayes estimation, large-sample theory, asymptotic
optimality.

Mathematical statistics: basic ideas and selected topics
by Peter J. Bickel, Kjell A. Doksum (2nd ed, 2001).

Stochastic modelling of scientific data
by Guttorp, Peter (2001).

Return to CASt bibliographies
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 CASt online resources

Conference proceedings on statistics for astronomy and physics
Data Analysis Challenges in Astronomy

Astrostatistics workshop at the High Energy Astrophysics Division (American Astronomical
Society) meeting in New Orleans (2004).  Most presentations are online.

Statistical Challenges in Astronomy
edited by Eric D. Feigelson & G. Jogesh Babu (2003).  Third Penn State cross-disciplinary
research conference on astrostatistics.  Topics include cosmology (large-scale structure, cosmic
microwave background.

PhyStat 2003: Statistical Problems in Particle Physics, Astrophysics, and Cosmology
edited by Louis Lyons et al. (2003).  Interdisciplinary conference held at the Stanford Linear
Accelerator.  Topics include statistical inference for physical scientists, small samples,
goodness-of-fit methods, data mining, statistical codes, mixture models.  Full text of
proceedings is online. 

Advanced Statistical Techniques in Particle Physics
Conference held at Durham covering confidence intervals and limits, multivariate methods,
systematic errors, goodness-of-fit tests, parton distributions, instrument-specific techniques,
and matrix methods. Full text of proceedings is online. 

Astronomical Data Analysis
edited by Jean-Luc Starck & Fionn D. Murtagh (2001).  SPIE conference #4477 held in San
Diego. 

Mining the Sky
edited by A. J. Banday, et al. (2001).  Workshop at the Max Planck Institutes in Garching on
databases, sky surveys, and data mining.

Confidence Limits
Two workshops, convened by Louis Lyons and Fred James at FermiLab and CERN, for discussion
of frequentist and Bayesian inferences from low- or zero-signal observations in particle physics. 
Proceedings and discussion for the CERN workshop are available online. 

Statistical Challenges in Modern Astronomy II
edited by G. Jogesh Babu & Eric D. Feigelson (1997).  Second Penn State cross-disciplinary
research conference on astrostatistics.

Errors, Bias, and Uncertainties in Astronomy
edited by C. Jaschek & F. Murtagh (1990).Early astrostatistics conference held in Garching.  

Statistical Methods in Astronomy
edited by E. J. Rolfe (1983).  Early astrostatistics conference sponsored by the Centre des
Donnees Stellaires in Strasbourg.  

Related conferences include: 
Astronomical Data Analysis Software and Systems

(1992--) 14 annual conferences published by the Astronomical Society of the Pacific.  Many
topics in data processing, software systems, packages and standards in astronomy. 

Astronomical Data Analysis II
edited by Jean-Luc Starck & Fionn D. Murtagh (2001-02).  Two conferences sponsored by the
Society of Photo-Industrial Engineers (#4477 and 4847). Topics include information storage &
retrieval, and data mining in astronomy.

Data Analysis in Astronomy
(1984/86/88/91) Four workshops held in Erice on software and methodology for astronomical
data analysis.

Return to CASt bibliographies
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 CASt online resources

Selected articles in statistics for astronomy & physics
Two types of articles are presented here: broad reviews or discussions of statistical issues relevant to the observational
physical sciences; and examples of recent statistical advances to illustrate the state-of-the-art.  Papers from both the
mathematical statistical and physical science literature are included.  While not required, a strong preference is given to
articles whose full text is available on-line without constraint.  Articles are selected by the Center for Astrostatistics Board
and Associates; please forward additional selections to Eric Feigelson (edf@astro.psu.edu).
 

Comparison of Bayesian and frequentist approaches
Bayesians, frequentists, and scientists

by Bradley Efron. A brief, readable and fascinating view of 21st century applications of statistics
to modern science involving a combination of frequentist and Bayesian approaches.  Topics
include bootstrap, empirical Bayes and false discovery rate.  2005 ASA Presidential Address.  B. 
Efron (2005), JASA 100, 1

Bayesian, frequentists and physicists
A similar article oriented towards particle physics.  Topics include Feldman-Cousins bounds,
model selection, James-Stein estimation, empirical Bayes. Appears in PhyStat 2003.

Bayesian reasoning vs. conventional statistics in high energy physics
by G. D'Agostini. Another valuable discussion comparing frequentist and Bayesian methods in
the physical sciences.  Talk at MaxEnt98 conference.

Confidence interval and limits with small signals
A unified approach to the classical statistical analysis of small signals

by Gary J. Feldman & Robert D. Cousins.  Seminal study in particle physics for construction of
confidence intervals and limits when low- or zero-signal is present.  A bibliography of related
papers appears here.   Phys. Rev. D, 57, 3873-3889 (1998).

Lectures on statistics and numerical methods in HEP
by Frank Porter & Roger Barlow.  Lectures on high energy physics given to the SLAC Users
Organization in 2000.

A Fully Bayesian Computation of Upper Limits for Poisson Processes
by Luc Demortier. Detailed treatment (2004). 

Image processing
Bayesian restoration of digital images employing Markov chain Monte Carlo

by K. P. N. Murthy.  Invited review. (2005).
Morphological classification of galaxies by shapelet decomposition in the Sloan Digital Sky
Survey. II. Multiwavelength classification

by B. C. Kelly and T. A. McKay.  Principal components analysis of shapelet coefficients (after
inclination correction) and a normal mixture model leads to a classification of galaxy
morphologies.  Astron. J. 129. 1287-1310 (2005).

Bootstrap resampling as a tool for radio-interferometric imaging fidelity assessment
by Athol Kemball and Adam Martinsek.  Model-based and subsample bootstrap methods are
examined to test fidelity of features in radio interoferometric imaging.  Astron. J. 129, 1760 
(2005).

Multiscale likelihood analysis and complexity penalized estimation
by Eric D. Kolaczyk and Robert D. Nowak.  A mathematical framework is presented for the
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application multiscale models (e.g. wavelet decomposition) to count (Poisson) and catagorical
(binomial) as well as Gaussian data.  Here the data-based likelihood is subject to a multiscale
factorization; in the Poisson case, it involves a recursive partitioning.  Application to
photon-counting images is envisioned.  Annals of Statistics 32, 500-527 (2004)

Massive data sets
Class discovery in galaxy classification

by David Bazell and David J. Miller.  Application of neural network mixture models to the
star/galaxy classification problem.  Astrophys. J. 618, 723-32 (2005).

Statistical challenges with massive data sets in particle physics
by Bruce Kunteson & Paul Padley.  Review of particle physics problems for statisticians.  Journal 
of Computational & Graphical Statistics (2003). 

Bayesian methodology
Significance in gamma-ray astronomy - the Li & Ma problem in Bayesian statistics

by S. Gillessen and H. L. Harney.  The significance of gamma-ray source existence in a Poisson
data set with high background is examined in a Bayesian context.  Astron & Astrophys 430, 
355-62 (2005).

Formal rules for selecting prior distributions: A review and annotated bibliography
by Robert E. Kass and Larry Wasserman.  Discussion of non-informative (non-subjective) priors
used in Bayesian inference with emphasis on Jeffreys's rules.  J Am Stat Assn 91, 1343 (1996). 

Reviews and research on Bayesian inference in astrophysics
by Thomas Loredo.  Several substantial lectures and research articles from 1989 to 2003 on the
principles and prospects for Bayesian methods in astronomy.  Applications include Gaussian &
Poisson problems (e.g. the neutrinos from SN 1987A), gamma ray bursts, periodograms for
time series, spatial analysis of cosmic microwave background radiation, adaptive experimental
design, and computational techniques.

Poisson processes
Equivalence theory for density estimation, Poisson processes and Gaussian white noise
with drift

by Lawrence D. Brown et al.  This very mathematical paper gives an example of a current
theoretical study of Poisson processes which are often seen in astronomical and physics
observations.  Annals of Statistics, 32, 2074-97 (2004).

Multivariate analysis
Analysis of Variance -- Why it is more important than ever

by Andrew Gelman.  Discussion of ANOVA, a classical multivariate technique involving the
structuring of regression coefficients into batches to improve prediction, in terms of exploratory
data analysis, linear modeling, and hierarchical Bayesian regression.  Annals of Statistics 33, 1
(2005)

Least angle regression
by Bradley Efron et al.  This discusses various computational efficient methods for model
selection in least-squares multiple regression; e.g. predicting redshift from a large database of
properties of extragalactic objects.  Least angle regression is compared to the Lasso, boosting,
and traditional stepwise regression techniques.  Annals of Statistics 32, 407-51 (2004) with
commentaries.

Nonparametric statistics
Spectral classification technique for X-ray sources: Quartile analysis

by Jaesub Hong et al. Use of the median and ratio of quartiles to  characterize
the spectra of faint CCD X-ray sources. Astrophys. J. 614, 508-17 (2004).

Time series analysis 
Time series analysis in astronomy: Limits and potentialities

by R. Vio et al.  Applications of stochastic differential equations using an extended Kalman filter
to astronomical time series, with software.  See also their earlier astrostatistical studies on
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time-frequency analysis, cross-correlation function, irregular sampled data, 
reverberation mapping, and phase-space reconstruction. 

Wavelet-based estimation with multiple sampling rates
by Peter Hall and Spiridon Penev.  This paper is an example of recent studies of the statistical
properties of wavelets.  When a nonstationary signal in noise is sampled at discrete times,
information may be lost when signal strength and structure increases.  Here an algorithm for
adaptive switching between sampling rates based on high-frequency wavelet terms is
presented. Annals of Statistics, 32, 1933-56 (2004)

Multiscale likelihood analysis and complexity penalized estimation
by Eric D. Kolaczyk and Robert D. Nowak.  A mathematical framework is presented for the
application multiscale models (e.g. wavelet decomposition) to count (Poisson) and catagorical
(binomial) as well as Gaussian data.  Here the data-based likelihood is subject to a multiscale
factorization; in the Poisson case, it involves a recursive partitioning.  Application to
photon-counting images is envisioned.  Annals of Statistics 32, 500-527 (2004)

A selective overview of nonparametric methods in financial econometrics
by Jianqing Fan.  This review gives insight into recent progress in modeling correlated but
stochastic time series such as seen in stock prices, gamma-ray bursts, accretion binaries, or BL
Lac objects. The procedures model nonstationary autoregressive processes with
heteroscadasticity (i.e. where the nature of the variations change with time).  See his recent
monograph Nonlinear Time Series: Nonparametric and Parametric Methods (2003). 

Model selection & goodness-of-fit
A tutorial introduction to the minimum description length principle

by Peter Grunwald.  This is a recent method of inference addressing the model selection
problem that balances goodness-of-fit with model complexity, and thus avoids overfitting with
too many parameters.  The mathematics is based on Kolmogorov Complexity, information
theory and data compression, and the result is related to penalized likelihood criteria (AIC, BIC,
RIC).  See also the MDL research Web site.

Spatial point processes
Estimating the J function without edge correction 

by Adrian Baddeley et al.  The J function is a combination of the empty space (~ the
astronomers' void probability) function and nearest-neighbour distance distribution (~ 2-point
correlation) function in a spatial point process (e.g. distribution of galaxies in space).  This study
proposes a Monte Carlo test of the importance of weighting due to edge effects (~ survey
boundaries).  (1997)

Multivariate clustering
A robust method for cluster analysis

by Maria T. Gallegos and Gunter Ritter.  A treatment of multivariate clustering when outliers are
present.  A subset of the observations are partitioned into clusters using a maximum-likelihood
estimator so that the pooled sum of squares and products matrix has minimum determinant. 
Annals of Statistics 33, 347-380 (2005)

Model-based clustering, discriminant analysis, and density estimation
by Chris Fraley and Adrian E. Raftery A review of recent methods for discrimination of groups in
multivariate datasets, mixture and classification models.    J. Amer. Statist. Assoc. 97, 611--631
(2002)

False Discovery Rate method
Multiple Comparison Procedures

Hochberg, Y. and Tamhane, A. (Wiley, 1987)
Controlling the False Discovery rate in astrophysical data analysis

Miller, C. J. et al (PiCA collaboration)  Astron. J.  122, 3492-3505 (2002).
A stochastic process approach to False Discovery Rates

Genovese C., Wasserman L. Annals of Statistics 32 1035-1061 (2004).
Estimating the proportion of false null hypotheses among a large number of independently
tested hypotheses

Meinshausen, N and Rice, J. (2005)
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Broad coverage of statistics in single volumes 

Undergraduate level

Mathematical statistics and data analysis
by John A. Rice (3rd ed, 2006). Mathematical statistics textbook interwoven with applications 
and practice. Covers probability, statistical distributions, central limit theorem, survey sampling.
parameter estimation, hypothesis testing, goodness-of-fit, data visualization, two-sample 
comparisons, bootstrap, analysis of variance, categorical data, linear least squares, Bayesian 
inference and decision theory.

Statistics
by David Freeman, Robert Pisani & Roger Purves (3rd ed, 1998). Popular and well-written
elementary textbook deemphasizing mathematical formulae. Covers experiment design,
descriptive statistics, correlation & regression, probability, sampling, measurement error, and
tests of significance.

Advanced Statistics from an Elementary Point of View
by Michael J. Panik (2005). Broad, readable textbook covering descriptive statistics, random 
variables and probability distributions, sampling, maximum likelihood and point estimation, 
parametric hypothesis tests, nonparametric techniques, goodness-of-fit, bivariate correlation 
and regression.

Introductory Statistics and Random Phenomena
by Manfred Denker & Wojbor A. Woyczynski (1998). Textbook designed for engineering 
students emphasizing stochastic processes. Covers descriptive statistics, distributions, 
randomness, chaos, maximum-likelihood modeling, modeling normal populations, and ANOVA.

100 Statistical Tests
by Gopal K. Kanji (3rd ed, 2006). Concise, popular handbook presenting standard tests (mostly 
for normal populations) covers tests of correlation, 2- and k-sample tests, median and rank 
tests, and autocorrelation tests. Includes chi-squared, Cochran, delta, Dixon, Duckworth,
Dunnett, Durbin-Watson, F, Fisher, H, Harrison, Hartley-Kanji-Gadsden, Kendall,
Kolmogorov-Smirnov, Kruskal-Wallis, Link-Wallis, Mardia-Watson-Wheeler, median, q, Q, rank,
run, sequential, serial correlation, Siegel-Tukey, sign, Spearman, Steel, t, Tukey, U, UMP, V,
w/s, Watson-Williams, Watson U, Wilcoxon, Wilcoxon-Wilcox, Wilcoxon-Mann-Whitney, and Z
tests.

Common Errors in Statistics and How to Avoid Them
by Phillip I. Good & James W. Hardin (2nd ed, 2006). Readable, informal introduction to 
statistical procedures. Includes basic concepts, hypothesis testing and estimation, p-values and
confidence intervals, graphics, model selection, regression methods, multivariate regression, 
and model validation.

Graduate level

Introduction to mathematical statistics
by Robert Hogg, Joseph McKean & Allen Craig (6th ed, 2005). Graduate-level survey of
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mathematical statistics with a strong mathematical component. Covers probability &
distributions, convergence, confidence intervals, Monte Carlo and bootstrap, maximum
likelihood methods, EM Algorithm, sufficiency, optimal hypothesis tests, ANOVA and normal
models, nonparametric statistics, Bayesian statistics, linear models (robust, least squares,
Wilcoxon, general).

Essentials of Statistical Inference
by G. A. Young and R. L. Smith (2005). Slim text developed at the University of Cambridge with
emphasis on computational techniques (e.g. bootstrap, MCMC). Includes Bayesian methods and 
decision theory, hypothesis testing, sufficiency, confidence sets, likelihood theory, prediction, 
bootstrap methods, and other topics (e.g. pseudo-likelihoods, Edgeworth expansion, Bayesian 
asymptotics).

All of statistics: A concise course in statistical inference
by Larry Wasserman (2004). Intended for graduate students in allied fields, this book gives a
presentation of a wide range of topics with emphasis on mathematical background and
theorems. Topics include random variables, expectations, empirical distribution functions,
bootstrap, maximum likelihood, hypothesis testing, Bayesian inference, linear and loglinear
models, multivariate models, graphs, density estimation, classification, stochastic processes and
simulation methods. Web page provides R code and datasets.

Principles of Statistical Inference
by D. R. Cox (2006). A slim volume by a distinguished statistician, this gives a discursive, fairly 
advanced, presentation of fundamental issues including comparison of frequentist and Bayesian 
approaches. Topics include interpretations of uncertainty, significant tests, asymptotic theory, 
aspects of maximum likelihood.

Comparative Statistical Inference
by Vic Barnett (3rd ed, 1999). Detailed and well-written comparison of three approaches in 
modern statistics: classical frequentist, Bayesian, and decision theoretical. Includes illustration
of the approaches, views of probability, utility and decision-making, and other approaches to 
inference (e.g. fiducial, structural).

Statistical Models
by A. C. Davison (2003). A thick textbook with examples in R covering topics including
confidence intervals, likelihood and model selection, stochastic models, point and Poisson 
processes, estimation and hypothesis testing, linear and nonlinear regression models, Bayesian 
models, conditional and marginal inference.

Testing Statistical Hypotheses and Theory of Point Estimation
by E. L. Lehmann & Joseph P. Romano (3rd ed, 2005) and by E. L. Lehmann & George Casella
(2nd ed, 1998). Lehmann's classic, comprehensive graduate texts in mathematical statistics
from the 1980s. Covers probability, unbiased tests, linear hypotheses (including chi-squared),
minimax principle, conditional inference, Bayes estimation, large-sample theory, asymptotic
optimality.

Mathematical statistics: basic ideas and selected topics
by Peter J. Bickel, Kjell A. Doksum (2nd ed, 2001).

Stochastic modelling of scientific data
by Guttorp, Peter (2001).
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R software

Using R for introductory statistics
by John Verzani (2005). Textbook presenting elementary concepts and methods with extensive
R code examples. Includes univariate, bivariate and multivariate data, statistical distributions,
simulations, confidence intervals, significance tests, goodness of fit, linear and nonlinear
regression, ANOVA, and appendices of graphics, GUIs and programming in R.

Statistics: An introduction using R
by Michael J. Crawley (2005). Introductory statistics with strong focus on R code. Topics include
variance, single and two samples, linear modeling, regression, ANOVA and ANCOVA, Poisson
data, proportions, and censoring.

Data analysis and graphics using R: An example-based approach
by John Maindonald and John Braun (2003). Textbook seeking to provide tools for scientists
performing statistical analyses. Topics include introduction to R, statistical distributions, formal
inference, linear and multiple regression, smoothing, Poisson regression, ANOVA, time series,
tree-based classification, multivariate exploration and discrimination.

Modern applied statistics with S-PLUS
by W. N. Venables and B. D. Ripley (4th ed, 2003). Well-respected textbook with extensive S
(closely related to R) code, it discusses S programming and graphics, linear and nonlinear
modeling, robust statistics, censoring, multivariate analysis, tree-based methods, time series
and spatial point processes.
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Resampling and Computational methods

Monte Carlo Statistical Methods
by Christian P. Robert & George Casella (2nd ed, 2004). Graduate-level text on modern
methods in computational statistics. Includes random variable generators, Monte Carlo
integration & optimization, Markov chains & MCMC, Metropolis-Hastings algorithm, slice
sampler, Gibbs samplers, reversible jump algorithms, convergence, perfect & importance
sampling.

An Introduction to the Bootstrap
by Bradley Efron and Robert. J. Tibshirani (1994).  Widely used textbook on bootstrap and
related resampling methods.  Covers bootstrap confidence intervals, regression models,
jackknife & permutation, bias, cross-validation, hypothesis testing, adaptive estimation,
nonparametric inference.

Introduction to Statistics Through Resampling Methods and R/S-PLUS
by Phillip I. Good (2005). A short textbook with many examples using R. Includes concepts of 
statistics and probability, distributions, hypothesis testing, survey design, 2-sample tests, 
categorical data, multivariate analysis, regression types, classification, and summarizing results.

Bootstrap Methods: A Practitioner's Guide
by Michael R. Chernick (1999).  A concise introduction to bootstrap resampling procedures for
estimation, confidence sets, linear and nonlinear regression, forecasting and time series, and
other problems (kriging, censoring, point processes, missing data).  Comparison of related
methods such as jackknife and Bayesian bootstrap.

Bootstrap Methods and Their Applications
by A. C. Davison & D. V. Hinkley (1997). Useful presentation with examples from S-Plus
including: bootstrap methods, tests and confidence intervals, linear regression and more
complex dependencies, and semiparametric likelihood inference.

Elements of Statistical Learning: Data Mining, Inference, and Prediction
by Trevor Hastie, Robert Tibishrani & Jerome Friedman (2001).  Well-respected undergraduate
text in computationally intensive methods of data mining and machine learning emphasizing
concepts rather than applications.  Topics include neural networks, support vector machines,
classification trees, boosting & related methods.

Numerical Analysis for Statisticians
by Kenneth Lange (1999). Graduate level text covering a wide range of methods including least
squares, resampling & the bootstrap, Markov chain Monte Carlo, Fourier series & wavelets, and
the EM Algorithm.  On-line version available.
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Nonparametric statistics

Introduction to modern nonparametric statistics
by James Higgins (2004). Undergraduate level text covering standard methods (1-, 2- and
k-sample methods; tests for trends) plus topics such as multivariate tests, analysis of censored
data, nonparametric bootstrap methods, smoothing and robust model fitting

All of nonparametric statistics
by Larry Wasserman (2005). Graduate level text covering the bootstrap, delta method,
nonparametric regression, density estimation and smoothing, orthogonal functions & wavelets,
minimax estimation,and confidence sets.
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Multivariate statistics

Applied Multivariate Statistical Analysis
by R. A. Johnson & D. W. Wichern (5th ed, 2002).  Well-respected and comprehensive textbook
at the undergraduate level.  Covers multivariate normal distributions, likelihood ratio method,
k-sample comparisons, linear regression models, principal componients, factor analysis,
structural equations, canonical correlation, discrimination, hierarchical and non-hierarchical
clustering, multidimensional scaling and correspondance analysis.

Applied Linear Regression Models
by Michael H. Kutner, John Neter & Christopher J. Nachtsheim  (4th ed, 2004).  Well-respected
undergraduate textbook.  Covers bivariate linear regression, residual diagnostics, multiple
regression, autocorrelation and correlation models, polynomial regression, nonlinear regression,
model selection and validation.

An R and S-PLUS Companion to Multivariate Analysis
by Brian Everitt (2005). Practical and informative cookbook for multivariate analysis with R
including summary statistics, visualization, principal components analysis, factor analysis,
multidimensional scaling and correspondence analysis, clustering, discriminant analysis and
MANOVA, and multiple regression.

Multivariate Statistical Methods
by Donald F. Morrison (4th ed, 2005). Text developed for business school students.  Includes
multivariate normal populations, tests on means, MANOVA, classification by discriminant
analysis, covariance matrices, principal components, and factor analysis.

Classical and Modern Regression with Applications
by Raymond H. Myers (2nd ed., 1990). Undergraduate/ graduate-level text for statistics
students.  Covers simple & multiple linear regression, best model criteria, residual & influence
diagnostics, non-standard conditions (measurement errors & weighting, Poisson, GLM, outliers),
multicollinearity, and nonlinear regression.
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Baysian methods

Bayesian Data Analysis
by Andrew Gelman, John Carlin, Hal Stern & Donald Rubin (2nd ed, 2003). Well-respected and
popular graduate textbook on Bayesian inference and modelling. Includes single- and
multi-parameter models, large-sample inference, hierarchical models, sensitivity analysis,
experiment design, regression models, mixture models, missing data, and computational issues
(EM algorithm, posterior simulation, Metropolis algorithm, Gibbs sampler).

Bayesian Logical Data Analysis for the Physical Sciences
by P. C. Gregory (2005). The first monograph by an astronomer on Bayesian statistical
methods. Covers the elements of Bayesian inference, maximum entropy probabilities, Markov
chain Monte Carlo, and Bayesian approaches to spectral analysis (e.g. periodic time series) and
Poisson sampling.

Data Analysis: A Bayesian Tutorial
by Devinderjit S. Sivia & John Skilling (2nd ed, 2006). Introduction Bayesian methodology for
scientists and engineers. Includes parameter estimation, model selection, nonparametric
estimation, experimental design, least-squares extensions, error propagation, nested sampling, 
and image processing.

Statistical Decision Theory and Bayesian Analysis
by James O. Berger (2nd ed, 1985).  Authoritative and popular graduate-level textbook on
Bayesian methodology.  Covers concepts (loss function, prior information, Bayesian inference),
empirical Bayes, hierarchical Bayes, robustness, computation, minimax methods, invariance,
sequential analysis, complete classes.

Markov Chain Monte Carlo in Practice
by W. R. Gilks, S. Richardson & D. J. Spiegelhalter (1996).  A multi-author discussion of MCMC
computational issues in Bayesian modeling, with applications in many fields (including
astronomy). Topics include Markov chain concepts, state-space modeling, computational
strategies & convergence, hypothesis testing and model selection, model improvement, variable
selection, EM algorithm, hierarchical & nonlinear models, image analysis, measurement error,
mixture models.

Bayes and Empirical Bayes Metehods for Data Analysis
by Bradley P. Carlin & Thomas A. Louis (2nd ed, 2000). Graduate-level volume on Bayesian
computation with examples from biomedicine and WinBUGS software. Topics include an
introduction to Bayesian inference, empirical Bayes approach, comparison with frequentist
procedures, MCMC computation, model criticism & selection, decision theory, and special cases.
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Time series analysis: Introductions 

The Analysis of Time Series: An Introduction
by Chris Chatfield (6th ed, 2003). A readable presentation of time series theory and practice.
Covers autoregressive ARMA/ARIMA models, Fourier spectral analysis, linear systems,
likelihood-based state-space models, and the Kalman filter, nonlinear models, multivariate time
series, and long-memory models.

An Introduction to Time Series and Forecasting
by Peter J. Brockwell, Richard A. Davis & P. J. Rockwell (2nd ed, 2002). Undergraduate-level
monograph on time series with Windows-based software. Includes regression with stationary
autoregressive ARMA/ARIMA models, nonstationary ARCH/GARCH models, multivariate time
series, maximum likelihood state space modeling, time series errors, Poisson data. Methods
include Burg, Hannan-Rissanen, EM, Holt-Winters, Kalman, and other algorithms.

A First Course in Statistics for Signal Analysis
by Wojbor A. Woyczunski (2006). Text for engineering students on random signal processing. 
Covers Fourier transforms and power spectra, stationarity and autocorrelation, bandpass and
other filters, Gaussian signals, and discrete signals.

Time series analysis: More advanced 

A Wavelet Tour of Signal Processing
by Chibli G. Mallat & Stephane Mallat (2nd ed, 1999). Comprehensive graduate textbook of
wavelet theory and engineering applications with Matlab-based software. Topics include Fourier
methods, wavelet & related transforms, analog & digital methods, noise removal, deconvolution,
signal and image compression, singularity and edge detection, multifractal analysis, and
time-frequency problems.

Wavelet Methods for Time Series Analysis
by Donald B. Percival & Andrew T. Walden (2000). Graduate-level text with emphasis on
applications in the physical sciences. Includes introductions to wavelets and Fourier theory,
development of the discrete wavelet transform, stochastic processes, wavelet variance, long
memory processes, and signal estimation (thresholding, scaling, shrinkage).

Time Series Analysis by State Space Methods
by Durbin & S. J. Koopman (2002). Monograph on parametric maximum likelihood modeling of
time series using state space methods, with applications in econometrics. Topics include linear
Gaussian models, filtering & smoothing, maximum likelihood estimation, Kalman filtering,
Bayesian analysis & Gibbs sampling, nonlinear & nonGaussian models.

Smoothness Priors Analysis of Time Series
by Genshiro Kitagawa & Will Gersch (1996). Monographs on Bayesian approaches to modeling
of complex time series in the context of state space modeling, including applications in the
physical sciences. Covers linear Gaussian state space modeling, nonstationary models and
variance, multivariate time series, inhomogeneous Poisson processes, quasi-periodic processes,
and non-linear smoothing.
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Stochastic processes 

Introduction to Probability Models
by Sheldon M. Ross (9th ed, 2006).  Popular undergraduate-level textbook on stochastic
processes. Topics include introduction to probability theory and random variables, conditional 
probability, Markov chains, Poisson processes, renewal theory, queueing theory, reliability 
theory, Brownian motion & stationary processes, and simulation techniques.

Stochastic Processes & Models
by David Stirzaker (2005). Well-written undergraduate-level text from Oxford introducing 
stochastic processes. Covers random variables; martingales and Poisson processes, Markov 
chains, Monte Carlo simulation, birth processes and queues, and diffusion processes.

Statistical Analysis of Stochastic Processes in Time
by James K. Lindsey (2004). Moderately advanced text on stochastic processes with R code 
available. Topics include state space modeling, survival processes, Markov chains, dynamic
models (hidden Markov models & Kalman filtering), doubly stochastic processes, change points, 
autoregression, spectral analysis, growth curves, and repeated measurements.

Poisson Processes
by J. F. C. Kingman (1993). Slim, insightful volume arguing for the importance of Poisson
processes in the theory of random processes. Discusses Poisson processes, various theorems, 
Poisson processes on a line, marked Poisson processes, Cox processes, stochastic geometry, 
and the Poisson-Direchlet distribution.
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Nonlinear regression

Applied Measurement Error in Nonlinear Models
by R. J. Carroll, D. Ruppert, L. A. Stefanski (1995). Monograph treating issues arising in
(non)linear regression in the presence of measurement errors, with examples from biomedicine.
Topics include linear regression with various error structures, regression for calibration,
instrumental variable estimation, hypothesis testing, density estimation & nonparametric
regression, and simulation, (quasi)likelihood, Bayesian, semiparametric methods, and other
topics.

Statistical Tools for Nonlinear Regression: A Practical Guide with S-PLUS and R Examples
by S. Huet, A. Bouvier, M.-A. Poursat & E. Jolivet (2nd ed., 2004). Cookbook-type monograph
on use of nls2 package in R with examples from biomedicine. Covers nonlienar regression
models, parameter estimation & confidence intervals, variance estimation, model
misspecification diagnostics, calibration & prediction, multinomial & Poisson nonlinear models.
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Pattern recognition

Astronomical Image and Data Analysis
by Jean-Luc Starck & Fionn Murtagh (2nd ed, 2006). Survey of modern methods of image,
signal and data processing with emphasis on astronomical applications. Covers filtering,
deconvolution, image compression, multichannel data, catalog analysis, data storage &
retrieval, multiresolution methods (wavelet & a trous transform).

Pattern Classification
by Trevor Hastie, Robert Tibishrani & Jerome Friedman (2001). Well-respected text on
computational methods for image and signal analysis with MATLAB software. Includes maximum
likelihood and Bayesian estimation (PCA, Gibbs algorithm, EM algorithm, hidden Markov
models), nonparametric techniques (density estimation, nearest neighbor), multilayer neural
networks, annealing & genetic algorithms, tree methods, machine learning (minimum
description length, bootstrap, boosting), unsupervised clustering (k-means, Bayesian classfiers).

Image Processing and Data Analysis: The Multiscale Approach
by Jean-Luc Starck, Fionn Murtagh and Albert Bijaoui (1988). Presentation of wavelet methods
for image analysis with emphasis on astronomical applications. Covers continuous and discrete
wavelet transforms, median transforms, multiresolution support and filtering, deconvolution
(including Lucy-Richardson algorithm, maximum entropy, and CLEAN), multiresolution
regression and forecasting, geometric registration, disparity mapping (including kriging), image
compression, source detection, and multiscale vision models.

Pattern Recognition and Neural Networks
by B. D. Ripley (1996). Readable monograph on issues arising in multivariate and image
analysis, machine learning and computer vision. Covers statistical decision theory, linear
discriminant analysis, feed-forward neural networks, non-parametric methods, tree-based
classifiers, belief networks, and unsupervised methods.
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Pattern recognition

Astronomical Image and Data Analysis
by Jean-Luc Starck & Fionn Murtagh (2nd ed, 2006). Survey of modern methods of image,
signal and data processing with emphasis on astronomical applications. Covers filtering,
deconvolution, image compression, multichannel data, catalog analysis, data storage &
retrieval, multiresolution methods (wavelet & a trous transform).

Pattern Classification
by Trevor Hastie, Robert Tibishrani & Jerome Friedman (2001). Well-respected text on
computational methods for image and signal analysis with MATLAB software. Includes maximum
likelihood and Bayesian estimation (PCA, Gibbs algorithm, EM algorithm, hidden Markov
models), nonparametric techniques (density estimation, nearest neighbor), multilayer neural
networks, annealing & genetic algorithms, tree methods, machine learning (minimum
description length, bootstrap, boosting), unsupervised clustering (k-means, Bayesian classfiers).

Image Processing and Data Analysis: The Multiscale Approach
by Jean-Luc Starck, Fionn Murtagh and Albert Bijaoui (1988). Presentation of wavelet methods
for image analysis with emphasis on astronomical applications. Covers continuous and discrete
wavelet transforms, median transforms, multiresolution support and filtering, deconvolution
(including Lucy-Richardson algorithm, maximum entropy, and CLEAN), multiresolution
regression and forecasting, geometric registration, disparity mapping (including kriging), image
compression, source detection, and multiscale vision models.

Pattern Recognition and Neural Networks
by B. D. Ripley (1996). Readable monograph on issues arising in multivariate and image
analysis, machine learning and computer vision. Covers statistical decision theory, linear
discriminant analysis, feed-forward neural networks, non-parametric methods, tree-based
classifiers, belief networks, and unsupervised methods.
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Spatial Point Processes

Statistical Analysis of Spatial Point Patterns
by Peter Diggle (2nd ed, 2001). A short, classic monograph on the analysis of spatial data with
applications to environmental and epidemiological research. Topics include sparsely sampled
patterns, summary statistics, likelihood-based modelling, and nonparametric methods.

Statistics for Spatial Data
by Noel A. Cressie (1993). Comprehensive monograph on point patterns and lattice data. 
Includes introduction to geostatistics, kriging (ordinary, universal, robust, Bayesian, etc) &
variograms, spatial prediction, inference for lattice models (Markov random fields, parameteri
estimation), spatial randomness, Poisson & Cox processes, multivariate & marked spatial point
processes.

Statistical Inference and Simulation for Spatial Point Processes
by Jesper Moller, R. P. Waagepetersen (2003). Graduate-level monograph on point patterns
with emphasis on MCMC methods. Covers Poisson point processes, summary statistics (K, L, F,
G and J functions), Cox processes, Markov point processes, birth-and-death processes, 
Metropolis-Hastings algorithms, and maximum-likelihood, Bayesian and simulation-based
inference.

Hierarchical Modeling and Analysis for Spatial Data
by Sudipto Banerjee, Bradley P. Carlin & Alan E. Gelfand (2004).  Advanced up-to-date text on
modeling point process, areal and map data with some examples using R & WinBUGS.  Includes
kriging & variograms, autoregressive models, stationary & nonstationary models, Bayesian
inference, spatial misalighment, multivariate & spatio-temporal models, spatial survival models.
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Data visualization & mining

The Visual Display of Quantitative Data
by Edward R. Tufte (2nd ed, 2001). Very popular, widely-praised, broad-scope presentation of
statistical display and graphic design.

Visual Data Mining: Techniques and Tools for Data Visualization and Mining
by Tom Soukup & Ian Davidson (2002). Helpful volume on strategies for data mining with
business applications. Includes data selection & preparation, model selection & verification,
visualization tools.

Graphics of Large Data Sets: Visualizing a Million
by Anthony Unwin, Martin Theus, Heike Hofmann (2006). Well-illustrated, readable multiauthor 
volume on contemporary visualization methods. Covers statistical graphics (dotplots, boxplots,
scatterplots, histogram, grand tour), blending and highlighting, interacting with large datasets,
mosaic plots, rotating plots, parallel coordinate plots, networds, trees and recursive plots, 
transactions.
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Other topics

Model Selection and Multimodel Inference
by Kenneth P. Burnham  & David R. Anderson (2nd ed., 2002). Graduate-level monograph on
methods for selecting parametric models using an information theoretic approach with examples
using complex datasets.  Starts with background on likelihood & least squares theory, principle
of parsimony. Akaike Information Criterion & related penalized likelihoods, the Kullback-Leibler
distance between two models, confidence sets for best models, ranking models, bootstrap
methods, and more.

Goodness-of-Fit Tests and Model Validity
edited by C. Huber-Carol, N. Balakrishnan, M.S. Nikulin & M. Mesbah (2002). Conference
proceedings on recent research13 involving goodness-of-fit. Topics include Pearson’s
chi-squared, Shapiro-Wilk tests, Kolmogorov-Smirnov and Cramer-von-Mises tests, robust
methods (outliers), survival models (censoring), and graphical methods.

Survival Analysis: A Self-Learning Text
by David G. Kleinbaum and Mitchel Klein (2nd ed, 2005).  Popular text on methods for censored
data with emphasis on applications in biomedicine.  Includes Kaplan-Meier estimatpr, life table
analysis, hypothesis testing, log-rank and Peto 2-sample tests, proportional hazards model and
Cox regression, likelihoods for parametric models, and competing risks.

Statistical Analysis of Spherical Data
by N. I. Fisher, T. Lewis & B. J. J. Embleton (1993). Monograph treating data distributed on a
circle or sphere. Includes data displays, goodness-of-fit tests, distribution functions, tests for
isotropy and symmetry, multimodal analysis, correlation and regression.
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