interval analysis

Interval Analysis: Unlocking the Power of
Uncertainty in Computation

Introduction:

Are you tired of dealing with the limitations of traditional numerical analysis, where even
the smallest rounding error can throw off your calculations? Do you work with systems
where uncertainty is inherent, rather than an anomaly to be minimized? Then it's time to
explore the fascinating world of interval analysis. This comprehensive guide will delve deep
into the principles, applications, and advantages of interval analysis, empowering you to
handle uncertainty with precision and confidence. We'll explore its core concepts, practical
applications across various fields, and address common misconceptions, leaving you with a
solid understanding of this powerful computational tool. Get ready to unlock the power of
uncertainty!

What is Interval Analysis?

Interval analysis is a branch of numerical analysis that deals with calculations involving
intervals instead of single numbers. Instead of representing a variable as a single point
value (e.g., x = 3.14), interval analysis represents it as a range of possible values (e.g., x €
[3.1, 3.2]). This seemingly simple shift has profound implications, allowing us to account for
uncertainty, measurement errors, and rounding errors directly within our computations,
resulting in guaranteed results that encompass all possible solutions within the defined
intervals.

Key Concepts in Interval Analysis:

Interval Arithmetic: This forms the bedrock of interval analysis. It defines arithmetic
operations (+, -, , /) on intervals, resulting in new intervals that encompass all possible
results of the operation performed on any values within the original intervals. For example,
[2,4] + [1, 3] = [3, 7]. The crucial aspect is that the resulting interval always contains the
true result, guaranteeing enclosure.

Interval Extensions of Functions: Standard mathematical functions (sin, cos, exp, etc.) are
extended to operate on intervals, providing guaranteed bounds for the function's output
over the input interval. This involves finding the minimum and maximum values of the
function within the specified interval.

Inclusion Monotonicity: This essential property states that if one interval is contained within
another, the result of any interval arithmetic operation or function application on the
smaller interval will be contained within the result for the larger interval. This property is
crucial for guaranteeing the correctness and reliability of interval computations.

Dependency Problem: A significant challenge in interval analysis is the "dependency
problem." When the same variable appears multiple times in an expression, interval



arithmetic may overestimate the range of possible results because it treats occurrences of
the variable as independent. Advanced techniques, such as using more sophisticated
representations or applying specific transformations, help mitigate this issue.

Applications of Interval Analysis:

Interval analysis finds its applications across numerous fields, where uncertainty is a crucial
consideration:

Robotics and Control Systems: Modeling and controlling robots often involves dealing with
uncertainties in sensor readings and actuator responses. Interval analysis provides reliable
bounds for robot trajectories and guarantees safe operation.

Computer Graphics and Image Processing: Interval analysis can be used to perform robust
geometric computations, handle uncertainties in image data, and create more accurate and
reliable image processing algorithms.

Error Analysis and Verification: It's a valuable tool for rigorous error analysis in numerical
computations, providing guaranteed bounds on the error and enabling verification of
computational results.

Global Optimization: Interval analysis can be applied to find global optima of functions,
even in the presence of multiple local optima. This is achieved by systematically narrowing
down the search space using interval arithmetic.

Financial Modeling: In financial modeling, where predictions involve inherent uncertainty,
interval analysis can provide more realistic and reliable estimates, accounting for the range

of possible outcomes.

Scientific Computing: Interval analysis is increasingly being used to enhance the reliability
of numerical simulations and calculations in various scientific domains.

Advantages of Using Interval Analysis:

Guaranteed Results: The most significant advantage is the guarantee that the calculated
interval contains the true result, regardless of rounding errors or other uncertainties.

Handling Uncertainty: It directly incorporates uncertainty into the computations, providing a
more realistic and robust approach compared to traditional numerical analysis.

Improved Reliability: Interval analysis leads to more reliable and trustworthy results,
reducing the risk of errors due to approximations and rounding.

Error Detection: It can help detect and quantify errors in numerical computations and
simulations.

Limitations of Interval Analysis:

Overestimation: The dependency problem can lead to overestimation of the range of
possible results, widening the intervals and potentially reducing the precision of the results.



Computational Cost: Interval arithmetic operations are generally more computationally
expensive than traditional floating-point arithmetic.

A Sample Interval Analysis Project Outline:
Project Title: Analyzing the Stability of a Dynamic System using Interval Analysis
Outline:

Introduction: Briefly introduce the concept of interval analysis and its relevance to dynamic
system stability analysis. Mention the specific dynamic system to be analyzed.

Chapter 1: Background on Dynamic Systems and Stability: Provide a concise overview of
linear and nonlinear dynamic systems and the criteria for stability analysis (e.g.,
eigenvalues, Lyapunov functions).

Chapter 2: Introduction to Interval Arithmetic and its Application to Dynamic Systems:
Explain the basic principles of interval arithmetic and how it can be applied to represent
uncertain parameters in dynamic systems.

Chapter 3: Interval Analysis of the Chosen Dynamic System: Apply interval arithmetic to
analyze the stability of the specific dynamic system, considering uncertainties in system
parameters.

Chapter 4: Results and Discussion: Present the results of the interval analysis, discuss the
implications of the findings, and compare them to results obtained using traditional
methods.

Conclusion: Summarize the key findings and discuss the advantages and limitations of
using interval analysis for dynamic system stability analysis.

Explanation of Outline Points:

Each chapter of the project would expand on the points outlined above. For example,
Chapter 3 would involve detailed calculations using interval arithmetic to determine the
range of possible eigenvalues or Lyapunov exponents, taking into account the uncertainty
intervals of the system parameters. The discussion in Chapter 4 would critically evaluate
the obtained results, considering the potential overestimation due to the dependency
problem and comparing the precision and reliability of the interval analysis approach to
conventional methods. The concluding chapter would assess the overall effectiveness of
applying interval analysis in this specific context.

FAQs:

1. What is the difference between interval analysis and fuzzy logic? While both handle
uncertainty, interval analysis deals with precisely defined ranges, while fuzzy logic
uses membership functions to represent degrees of belonging to sets.

1. Can interval analysis handle complex numbers? Yes, interval analysis can be extended



to handle complex numbers, representing them as intervals of complex numbers.

1. How does interval analysis deal with division by zero? Division by an interval
containing zero is undefined, and appropriate error handling mechanisms are needed.

1. What programming languages support interval analysis? Several languages offer
libraries for interval analysis, including Python, MATLAB, and C++.

1. Is interval analysis computationally expensive? Yes, it's generally more
computationally expensive than traditional floating-point arithmetic due to the
increased number of operations involved.

1. What are some common software tools for interval analysis? Several commercial and
open-source software packages provide tools and libraries for interval computations.

1. Can interval analysis guarantee global optimality? While it can effectively narrow
down the search space, it doesn't guarantee finding the global optimum in all cases.

1. What are the limitations of interval analysis in solving nonlinear equations? Solving
nonlinear equations using interval analysis can be computationally challenging, and
the dependency problem can lead to wider intervals.

1. How can | learn more about interval analysis? Numerous textbooks, research papers,
and online resources provide detailed information on the theory and applications of
interval analysis.

Related Articles:

1. Interval Arithmetic: A Primer: A foundational guide to the basic concepts and



operations of interval arithmetic.

2. Solving Nonlinear Equations Using Interval Methods: An exploration of techniques for
solving nonlinear equations with guaranteed solutions using interval methods.

3. Interval Analysis in Robotics: Applying interval analysis to improve the reliability and
safety of robotic systems.

4. Global Optimization with Interval Analysis: Techniques for using interval analysis to
efficiently search for global optima of functions.

5. Uncertainty Quantification using Interval Analysis: A comprehensive overview of using
interval analysis to quantify uncertainty in various applications.

6. Comparison of Interval Analysis and Monte Carlo Methods: A comparative study of the
strengths and weaknesses of interval analysis and Monte Carlo methods for
uncertainty quantification.

7. Interval Analysis for Computer Graphics: Using interval methods to improve the
robustness and accuracy of geometric computations in computer graphics.

8. Software Tools for Interval Analysis: A review of popular software packages and
libraries for interval analysis.

9. Advanced Topics in Interval Analysis: An exploration of more advanced concepts and
techniques, such as constraint propagation and branch-and-bound methods.

interval analysis: Introduction to Interval Analysis Ramon E. Moore, R. Baker Kearfott,
Michael J. Cloud, 2009-04-16 An introduction to interval analysis for scientists and engineers
interested in scientific computation, especially using INTLAB/MATLAB®.

interval analysis: Methods and Applications of Interval Analysis Ramon E. Moore,
1979-01-01 This book treats an important set of techniques that provide a mathematically rigorous
and complete error analysis for computational results. It shows that interval analysis provides a
powerful set of tools with direct applicability to important problems in scientific computing.

interval analysis: Interval Analysis Gunter Mayer, 2017-04-10 This self-contained text is a
step-by-step introduction and a complete overview of interval computation and result verification, a
subject whose importance has steadily increased over the past many years. The author, an expert in
the field, gently presents the theory of interval analysis through many examples and exercises, and
guides the reader from the basics of the theory to current research topics in the mathematics of
computation. Contents Preliminaries Real intervals Interval vectors, interval matrices Expressions,
P-contraction, e-inflation Linear systems of equations Nonlinear systems of equations Eigenvalue
problems Automatic differentiation Complex intervals

interval analysis: Applied Interval Analysis Luc Jaulin, Michel Kieffer, Olivier Didrit, Eric
Walter, 2012-12-06 At the core of many engineering problems is the solution of sets of equa tions
and inequalities, and the optimization of cost functions. Unfortunately, except in special cases, such
as when a set of equations is linear in its un knowns or when a convex cost function has to be
minimized under convex constraints, the results obtained by conventional numerical methods are



only local and cannot be guaranteed. This means, for example, that the actual global minimum of a
cost function may not be reached, or that some global minimizers of this cost function may escape
detection. By contrast, interval analysis makes it possible to obtain guaranteed approximations of
the set of all the actual solutions of the problem being considered. This, together with the lack of
books presenting interval techniques in such a way that they could become part of any engineering
numerical tool kit, motivated the writing of this book. The adventure started in 1991 with the
preparation by Luc Jaulin of his PhD thesis, under Eric Walter's supervision. It continued with their
joint supervision of Olivier Didrit's and Michel Kieffer's PhD theses. More than two years ago, when
we presented our book project to Springer, we naively thought that redaction would be a simple
matter, given what had already been achieved . . .

interval analysis: Topics in Interval Analysis Eldon R. Hansen, 1969

interval analysis: Modal Interval Analysis Miguel A. Sainz, Joaquim Armengol, Remei Calm,
Pau Herrero, Lambert Jorba, Josep Vehi, 2013-11-18 This book presents an innovative new approach
to interval analysis. Modal Interval Analysis (MIA) is an attempt to go beyond the limitations of
classic intervals in terms of their structural, algebraic and logical features. The starting point of MIA
is quite simple: It consists in defining a modal interval that attaches a quantifier to a classical
interval and in introducing the basic relation of inclusion between modal intervals through the
inclusion of the sets of predicates they accept. This modal approach introduces interval extensions of
the real continuous functions, identifies equivalences between logical formulas and interval
inclusions, and provides the semantic theorems that justify these equivalences, along with guidelines
for arriving at these inclusions. Applications of these equivalences in different areas illustrate the
obtained results. The book also presents a new interval object: marks, which aspire to be a new form
of numerical treatment of errors in measurements and computations.

interval analysis: Interval Reachability Analysis Pierre-Jean Meyer, Alex Devonport, Murat
Arcak, 2021-01-20 This brief presents a suite of computationally efficient methods for bounding
trajectories of dynamical systems with multi-dimensional intervals, or ‘boxes’. It explains the
importance of bounding trajectories for evaluating the robustness of systems in the face of
parametric uncertainty, and for verification or control synthesis problems with respect to safety and
reachability properties. The methods presented make use of: interval analysis; monotonicity theory;
contraction theory; and data-driven techniques that sample trajectories. The methods are
implemented in an accompanying open-source Toolbox for Interval Reachability Analysis. This brief
provides a tutorial description of each method, focusing on the requirements and trade-offs relevant
to the user, requiring only basic background on dynamical systems. The second part of the brief
describes applications of interval reachability analysis. This makes the brief of interest to a wide
range of academic researchers, graduate students, and practising engineers in the field of control
and verification.

interval analysis: Applied Interval Analysis Luc Jaulin, 2001-08-30 CD-ROM contains: trial
version of Sun Microsystems' Forte Developer 6 for use with Solaris SPARC Platform Edition 2.6, 2.7
and 2.8.

interval analysis: Introduction to Interval Computation Gotz Alefeld, Jurgen Herzberger,
2012-12-02 This book is revised and expanded version of the original German text. The arrangement
of the material and the structure are essentially unchanged. All remarks in the Preface to the
German Edition regarding naming conventions for formulas, theorems, lemmas, and definitions are
still valid as are those concerning the arrangement and choice of material.

interval analysis: Interval Methods for Systems of Equations A. Neumaier, 1990 Mathematics
of Computing -- Numerical Analysis.

interval analysis: Interval Analysis Navid Razmjooy, 2023-12-04 Interval Analysis An
innovative and unique application of interval analysis to optimal control problems In Interval
Analysis: Application in the Optimal Control Problems, celebrated researcher and engineer Dr.
Navid Razmjooy delivers an expert discussion of the uncertainties in the analysis of optimal control
problems. In the book, Dr. Razmjooy uses an open-ended approach to solving optimal control



problems with indefinite intervals. Utilizing an extended, Runge-Kutta method, the author
demonstrates how to accelerate its speed with the piecewise function. You'll find recursive methods
used to achieve more compact answers, as well as how to solve optimal control problems using the
interval Chebyshev’s function. The book also contains: A thorough introduction to common errors
and mistakes, generating uncertainties in physical models Comprehensive explorations of the
literature on the subject, including Hukurara’s derivatives Practical discussions of the interval
analysis and its variants, including the classical (Minkowski) methods Complete treatments of
existing control methods, including classic, conventional advanced, and robust control. Perfect for
master’s and PhD students working on system uncertainties, Interval Analysis: Application in the
Optimal Control Problems will also benefit researchers working in laboratories, universities, and
research centers.

interval analysis: Analyzing Time Interval Data Philipp Meisen, 2016-09-28 Philipp Meisen
introduces a model, a query language, and a similarity measure enabling users to analyze time
interval data. The introduced tools are combined to design and realize an information system. The
presented system is capable of performing analytical tasks (avoiding any type of summarizability
problems), providing insights, and visualizing results processing millions of intervals within
milliseconds using an intuitive SQL-based query language. The heart of the solution is based on
several bitmap-based indexes, which enable the system to handle huge amounts of time interval
data.

interval analysis: Advances in Numerical Analysis Emphasizing Interval Data Tofigh
Allahviranloo, Witold Pedrycz, Armin Esfandiari, 2022-02-17 Numerical analysis forms a cornerstone
of numeric computing and optimization, in particular recently, interval numerical computations play
an important role in these topics. The interest of researchers in computations involving uncertain
data, namely interval data opens new avenues in coping with real-world problems and deliver
innovative and efficient solutions. This book provides the basic theoretical foundations of numerical
methods, discusses key technique classes, explains improvements and improvements, and provides
insights into recent developments and challenges. The theoretical parts of numerical methods,
including the concept of interval approximation theory, are introduced and explained in detail. In
general, the key features of the book include an up-to-date and focused treatise on error analysis in
calculations, in particular the comprehensive and systematic treatment of error propagation
mechanisms, considerations on the quality of data involved in numerical calculations, and a
thorough discussion of interval approximation theory. Moreover, this book focuses on approximation
theory and its development from the perspective of linear algebra, and new and regular
representations of numerical integration and their solutions are enhanced by error analysis as well.
The book is unique in the sense that its content and organization will cater to several audiences, in
particular graduate students, researchers, and practitioners.

interval analysis: Global Optimization Using Interval Analysis Eldon Hansen, G. William
Walster, 2003-12-19 Employing a closed set-theoretic foundation for interval computations, Global
Optimization Using Interval Analysis simplifies algorithm construction and increases generality of
interval arithmetic. This Second Edition contains an up-to-date discussion of interval methods for
solving systems of nonlinear equations and global optimization problems. It expands and improves
various aspects of its forerunner and features significant new discussions, such as those on the use
of consistency methods to enhance algorithm performance. Provided algorithms are guaranteed to
find and bound all solutions to these problems despite bounded errors in data, in approximations,
and from use of rounded arithmetic.

interval analysis: The Statistical Analysis of Interval-censored Failure Time Data Jianguo Sun,
2007-05-26 This book collects and unifies statistical models and methods that have been proposed
for analyzing interval-censored failure time data. It provides the first comprehensive coverage of the
topic of interval-censored data and complements the books on right-censored data. The focus of the
book is on nonparametric and semiparametric inferences, but it also describes parametric and
imputation approaches. This book provides an up-to-date reference for people who are conducting



research on the analysis of interval-censored failure time data as well as for those who need to
analyze interval-censored data to answer substantive questions.

interval analysis: Interval Analysis Walter N. Osborne, 2017 This book begins by presenting a
method for Interval Analysis based on simple statistical tools applied on a space of Gaussian
variables in Chapter One. Chapter Two describes how using interval analysis the main part of
optimisation techniques will allow to partially solve global optimisation problems. Chapter Three
covers the applications of interval computations in computer graphics. The final chapter addresses
the synthesis of Cable-Driven Parallel Manipulators (CDPMs) using interval analysis.

interval analysis: Survival Analysis with Interval-Censored Data Kris Bogaerts, Arnost
Komarek, Emmanuel Lesaffre, 2017-11-20 Survival Analysis with Interval-Censored Data: A Practical
Approach with Examples in R, SAS, and BUGS provides the reader with a practical introduction into
the analysis of interval-censored survival times. Although many theoretical developments have
appeared in the last fifty years, interval censoring is often ignored in practice. Many are unaware of
the impact of inappropriately dealing with interval censoring. In addition, the necessary software is
at times difficult to trace. This book fills in the gap between theory and practice. Features: -Provides
an overview of frequentist as well as Bayesian methods. -Include a focus on practical aspects and
applications. -Extensively illustrates the methods with examples using R, SAS, and BUGS. Full
programs are available on a supplementary website. The authors: Kris Bogaerts is project manager
at [-BioStat, KU Leuven. He received his PhD in science (statistics) at KU Leuven on the analysis of
interval-censored data. He has gained expertise in a great variety of statistical topics with a focus on
the design and analysis of clinical trials. Arnost Koméarek is associate professor of statistics at
Charles University, Prague. His subject area of expertise covers mainly survival analysis with the
emphasis on interval-censored data and classification based on longitudinal data. He is past chair of
the Statistical Modelling Society and editor of Statistical Modelling: An International Journal.
Emmanuel Lesaffre is professor of biostatistics at I-BioStat, KU Leuven. His research interests
include Bayesian methods, longitudinal data analysis, statistical modelling, analysis of dental data,
interval-censored data, misclassification issues, and clinical trials. He is the founding chair of the
Statistical Modelling Society, past-president of the International Society for Clinical Biostatistics,
and fellow of ISI and ASA.

interval analysis: Interval Methods for Circuit Analysis L. V. Kolev, 1993 Written by an
electrical engineer this book presents a novel approach in electric circuit theory which is based on
interval analysis ? an intensively developing branch or applied mathematics. Covering major topics
in both circuit and system theory and their applications, it suggests a variety of methods that are
suited for handling linear and nonlinear analysis problems in which some or all of the relevant data
are given as intervals. Detailed algorithms of the interval methods presented are developed,
enabling their easy implementation on computers. For the convenience of the reader a
comprehensive survey of all the necessary interval analysis notions and techniques is provided in the
introductory text. Most of the theoretical developments considered in the book are also clearly
illustrated through numerical examples.

interval analysis: Modern Trends in Structural and Solid Mechanics 3 Noel Challamel, Julius
Kaplunov, Izuru Takewaki, 2021-06-29 This book - comprised of three separate volumes - presents
the recent developments and research discoveries in structural and solid mechanics; it is dedicated
to Professor Isaac Elishakoff. This third volume is devoted to non-deterministic mechanics. Modern
Trends in Structural and Solid Mechanics 3 has broad scope, covering topics such: design
optimization under uncertainty, interval field approaches, convex analysis, quantum inspired
topology optimization and stochastic dynamics. The book is illustrated by many applications in the
field of aerospace engineering, mechanical engineering, civil engineering, biomedical engineering
and automotive engineering. This book is intended for graduate students and researchers in the field
of theoretical and applied mechanics.

interval analysis: Interval-Censored Time-to-Event Data Ding-Geng (Din) Chen, Jianguo
Sun, Karl E. Peace, 2012-07-19 Interval-Censored Time-to-Event Data: Methods and Applications



collects the most recent techniques, models, and computational tools for interval-censored
time-to-event data. Top biostatisticians from academia, biopharmaceutical industries, and
government agencies discuss how these advances are impacting clinical trials and biomedical
research. Divided into three parts, the book begins with an overview of interval-censored data
modeling, including nonparametric estimation, survival functions, regression analysis, multivariate
data analysis, competing risks analysis, and other models for interval-censored data. The next part
presents interval-censored methods for current status data, Bayesian semiparametric regression
analysis of interval-censored data with monotone splines, Bayesian inferential models for
interval-censored data, an estimator for identifying causal effect of treatment, and consistent
variance estimation for interval-censored data. In the final part, the contributors use Monte Carlo
simulation to assess biases in progression-free survival analysis as well as correct bias in
interval-censored time-to-event applications. They also present adaptive decision making methods to
optimize the rapid treatment of stroke, explore practical issues in using weighted logrank tests, and
describe how to use two R packages. A practical guide for biomedical researchers, clinicians,
biostatisticians, and graduate students in biostatistics, this volume covers the latest developments in
the analysis and modeling of interval-censored time-to-event data. It shows how up-to-date statistical
methods are used in biopharmaceutical and public health applications.

interval analysis: Data Analysis, Classification, and Related Methods Henk A.L. Kiers,
Jean-Paul Rasson, Patrick J.F. Groenen, Martin Schader, 2012-12-06 This volume contains a
selection of papers presented at the Seven~h Confer ence of the International Federation of
Classification Societies (IFCS-2000), which was held in Namur, Belgium, July 11-14,2000. From the
originally sub mitted papers, a careful review process involving two reviewers per paper, led to the
selection of 65 papers that were considered suitable for publication in this book. The present book
contains original research contributions, innovative ap plications and overview papers in various
fields within data analysis, classifi cation, and related methods. Given the fast publication process,
the research results are still up-to-date and coincide with their actual presentation at the IFCS-2000
conference. The topics captured are: ¢ Cluster analysis * Comparison of clusterings ¢ Fuzzy
clustering ¢ Discriminant analysis * Mixture models ¢ Analysis of relationships data ¢ Symbolic data
analysis * Regression trees * Data mining and neural networks ¢ Pattern recognition ¢ Multivariate
data analysis * Robust data analysis * Data science and sampling The IFCS (International Federation
of Classification Societies) The IFCS promotes the dissemination of technical and scientific
information data analysis, classification, related methods, and their applica concerning tions.

interval analysis: Interval mathematics Karl Nickel, 1975

interval analysis: Interval Analysis Walter N. Osborne, 2017

interval analysis: Interval Methods For Circuit Analysis L Kolev, 1993-09-23 Written by an
electrical engineer this book presents a novel approach in electric circuit theory which is based on
interval analysis — an intensively developing branch or applied mathematics. Covering major topics
in both circuit and system theory and their applications, it suggests a variety of methods that are
suited for handling linear and nonlinear analysis problems in which some or all of the relevant data
are given as intervals. Detailed algorithms of the interval methods presented are developed,
enabling their easy implementation on computers. For the convenience of the reader a
comprehensive survey of all the necessary interval analysis notions and techniques is provided in the
introductory text. Most of the theoretical developments considered in the book are also clearly
illustrated through numerical examples.

interval analysis: Applied Interval Analysis Luc Jaulin, Michel Kieffer, Olivier Didrit,
2001-09-06 This book is about guaranteed numerical methods based on interval analysis for
approximating sets, and about the application of these methods to vast classes of engineering
problems. Guaranteed means here that inner and outer approximations of the sets of interest are
obtained, which can be made as precise as desired, at the cost of increasing the computational
effort. It thus becomes possible to achieve tasks still thought by many to be out of the reach of
numerical methods, such as finding all solutions of sets of non-linear equations and inequality or all




global optimizers of possibly multi-modal criteria. The basic methodology is explained as simply as
possible, in a concrete and readily applicable way, with a large number of figures and illustrative
examples. Some of the techniques reported appear in book format for the first time. The ability of
the approach advocated here to solve non-trivial engineering problems is demonstrated through
examples drawn from the fields of parameter and state estimation, robust control and robotics.
Enough detail is provided to allow readers with other applications in mind to grasp their
significance. An in-depth treatment of implementation issues facilitates the understanding and use of
freely available software that makes interval computation about as easy as computation with
floating-point numbers. The reader is even given the basic information needed to build his or her
own C++ interval library.

interval analysis: Complex Interval Arithmetic and Its Applications Miodrag Petkovi¢, Ljiljana
D. Petkovic, 1998 The aim of this book is to present formulas and methods developed using complex
interval arithmetic. While most of numerical methods described in the literature deal with real
intervals and real vectors, there is no systematic study of methods in complex interval arithmetic.
The book fills this gap. Several main subjects are considered: outer estimates for the range of
complex functions, especially complex centered forms, the best approximations of elementary
complex functions by disks, iterative methods for the inclusion by polynomial zeros including their
implementation on parallel computers, the analysis of numerical stability of iterative methods by
using complex interval arithmetic and numerical computation of curvilinear integrals with error
bounds. Mainly new methods are presented developed over the last years, including a lot of very
recent results by the authors some of which have not been published before.

interval analysis: Real Analysis: A Constructive Approach Through Interval Arithmetic
Mark Bridger, 2019-07-05 Real Analysis: A Constructive Approach Through Interval Arithmetic
presents a careful treatment of calculus and its theoretical underpinnings from the constructivist
point of view. This leads to an important and unique feature of this book: All existence proofs are
direct, so showing that the numbers or functions in question exist means exactly that they can be
explicitly calculated. For example, at the very beginning, the real numbers are shown to exist
because they are constructed from the rationals using interval arithmetic. This approach, with its
clear analogy to scientific measurement with tolerances, is taken throughout the book and makes
the subject especially relevant and appealing to students with an interest in computing, applied
mathematics, the sciences, and engineering. The first part of the book contains all the usual material
in a standard one-semester course in analysis of functions of a single real variable: continuity
(uniform, not pointwise), derivatives, integrals, and convergence. The second part contains enough
more technical material—including an introduction to complex variables and Fourier series—to fill
out a full-year course. Throughout the book the emphasis on rigorous and direct proofs is supported
by an abundance of examples, exercises, and projects—many with hints—at the end of every section.
The exposition is informal but exceptionally clear and well motivated throughout.

interval analysis: Interval Finite Element Method with MATLAB Sukanta Nayak,
Snehashish Chakraverty, 2018-01-23 Interval Finite Element Method with MATLAB provides a
thorough introduction to an effective way of investigating problems involving uncertainty using
computational modeling. The well-known and versatile Finite Element Method (FEM) is combined
with the concept of interval uncertainties to develop the Interval Finite Element Method (IFEM). An
interval or stochastic environment in parameters and variables is used in place of crisp ones to make
the governing equations interval, thereby allowing modeling of the problem. The concept of interval
uncertainties is systematically explained. Several examples are explored with [FEM using MATLAB
on topics like spring mass, bar, truss and frame. - Provides a systematic approach to understanding
the interval uncertainties caused by vague or imprecise data - Describes the interval finite element
method in detail - Gives step-by-step instructions for how to use MATLAB code for IFEM - Provides a
range of examples of IFEM in use, with accompanying MATLAB codes

interval analysis: Doing Meta-Analysis with R Mathias Harrer, Pim Cuijpers, Toshi A.
Furukawa, David D. Ebert, 2021-09-15 Doing Meta-Analysis with R: A Hands-On Guide serves as an



accessible introduction on how meta-analyses can be conducted in R. Essential steps for
meta-analysis are covered, including calculation and pooling of outcome measures, forest plots,
heterogeneity diagnostics, subgroup analyses, meta-regression, methods to control for publication
bias, risk of bias assessments and plotting tools. Advanced but highly relevant topics such as
network meta-analysis, multi-three-level meta-analyses, Bayesian meta-analysis approaches and
SEM meta-analysis are also covered. A companion R package, dmetar, is introduced at the beginning
of the guide. It contains data sets and several helper functions for the meta and metafor package
used in the guide. The programming and statistical background covered in the book are kept at a
non-expert level, making the book widely accessible. Features * Contains two introductory chapters
on how to set up an R environment and do basic imports/manipulations of meta-analysis data,
including exercises * Describes statistical concepts clearly and concisely before applying them in R
Includes step-by-step guidance through the coding required to perform meta-analyses, and a
companion R package for the book

interval analysis: Applications of Interval Computations R. Baker Kearfott, V. Kreinovich,
2013-12-01 Primary Audience for the Book ¢ Specialists in numerical computations who are
interested in algorithms with automatic result verification. ¢« Engineers, scientists, and practitioners
who desire results with automatic verification and who would therefore benefit from the experience
of suc cessful applications. ¢ Students in applied mathematics and computer science who want to
learn these methods. Goal Of the Book This book contains surveys of applications of interval
computations, i. e. , appli cations of numerical methods with automatic result verification, that were
pre sented at an international workshop on the subject in EI Paso, Texas, February 23-25, 1995. The
purpose of this book is to disseminate detailed and surveyed information about existing and potential
applications of this new growing field. Brief Description of the Papers At the most fundamental level,
interval arithmetic operations work with sets: The result of a single arithmetic operation is the set of
all possible results as the operands range over the domain. For example, [0. 9,1. 1] + [2. 9,3. 1] = [3.
8,4. 2], where [3. 8,4. 2] = {x + yIx E[0. 9,1. 1] and y E [3. 8,4. 2]}. The power of interval arithmetic
comes from the fact that (i) the elementary operations and standard functions can be computed for
intervals with formulas and subroutines; and (ii) directed roundings can be used, so that the images
of these operations (e. g.

interval analysis: Using Stata for Quantitative Analysis Kyle C. Longest, 2014-07-02 Using
Stata for Quantitative Analysis, Second Edition offers a brief, but thorough introduction to analyzing
data with Stata software. It can be used as a reference for any statistics or methods course across
the social, behavioral, and health sciences since these fields share a relatively similar approach to
quantitative analysis. In this book, author Kyle Longest teaches the language of Stata from an
intuitive perspective, furthering students’ overall retention and allowing a student with no
experience in statistical software to work with data in a very short amount of time. The self-teaching
style of this book enables novice Stata users to complete a basic quantitative research project from
start to finish. The Second Edition covers the use of Stata 13 and can be used on its own or as a
supplement to a research methods or statistics textbook.

interval analysis: The Interval Rebecca Hill, 2014-11-14 The Interval offers the first sustained
analysis of the concept grounding Irigaray’s thought: the constitutive yet incalculable interval of
sexual difference. In an extension of Irigaray’s project, Hill takes up her formulation of the interval
as a way of rereading Aristotle’s concept of topos and Bergson’s concept of duration. Hill diagnoses
a sexed hierarchy at the heart of Aristotle’s and Bergson’s presentations. Yet beyond that
phallocentrism, she points out how Aristotle’s theory of topos as a sensible relation between two
bodies that differ in being and Bergson’s intuition of duration as an incalculable threshold of
becoming are indispensable to the feminist effort to think about sexual difference. Reading Irigaray
with Aristotle and Bergson, Hill argues that the interval cannot be grasped as a space between two
identities; it must be characterized as the sensible threshold of becoming, constitutive of the very
identity of beings. The interval is the place of the possibility of sexed subjectivity and
intersubjectivity; the interval is also a threshold of the becoming of sexed forces.



interval analysis: Encyclopedia of Optimization Christodoulos A. Floudas, Panos M.
Pardalos, 2008-09-04 The goal of the Encyclopedia of Optimization is to introduce the reader to a
complete set of topics that show the spectrum of research, the richness of ideas, and the breadth of
applications that has come from this field. The second edition builds on the success of the former
edition with more than 150 completely new entries, designed to ensure that the reference addresses
recent areas where optimization theories and techniques have advanced. Particularly heavy
attention resulted in health science and transportation, with entries such as Algorithms for
Genomics, Optimization and Radiotherapy Treatment Design, and Crew Scheduling.

interval analysis: Global Optimization Using Interval Analysis Eldon Hansen, G. William
Walster, 2003-12-19 Employing a closed set-theoretic foundation for interval computations, Global
Optimization Using Interval Analysis simplifies algorithm construction and increases generality of
interval arithmetic. This Second Edition contains an up-to-date discussion of interval methods for
solving systems of nonlinear equations and global optimization problems. It expands and improves
various aspects of its forerunner and features significant new discussions, such as those on the use
of consistency methods to enhance algorithm performance. Provided algorithms are guaranteed to
find and bound all solutions to these problems despite bounded errors in data, in approximations,
and from use of rounded arithmetic.

interval analysis: Recurrence Interval Analysis of Financial Time Series Wei-Xing Zhou,
Zhi-Qiang Jiang, Wen-Jie Xie, 2024-03-21 This Element aims to provide a systemic description of the
techniques and research framework of recurrence interval analysis of financial time series. The
authors also provide perspectives on future topics in this direction.

interval analysis: Understanding Analysis Stephen Abbott, 2012-12-06 This elementary
presentation exposes readers to both the process of rigor and the rewards inherent in taking an
axiomatic approach to the study of functions of a real variable. The aim is to challenge and improve
mathematical intuition rather than to verify it. The philosophy of this book is to focus attention on
questions which give analysis its inherent fascination. Each chapter begins with the discussion of
some motivating examples and concludes with a series of questions.

interval analysis: Understanding The New Statistics Geoff Cumming, 2013-06-19 This is the
first book to introduce the new statistics - effect sizes, confidence intervals, and meta-analysis - in an
accessible way. It is chock full of practical examples and tips on how to analyze and report research
results using these techniques. The book is invaluable to readers interested in meeting the new APA
Publication Manual guidelines by adopting the new statistics - which are more informative than null
hypothesis significance testing, and becoming widely used in many disciplines. Accompanying the
book is the Exploratory Software for Confidence Intervals (ESCI) package, free software that runs
under Excel and is accessible at www.thenewstatistics.com. The book’s exercises use ESCI's
simulations, which are highly visual and interactive, to engage users and encourage exploration.
Working with the simulations strengthens understanding of key statistical ideas. There are also
many examples, and detailed guidance to show readers how to analyze their own data using the new
statistics, and practical strategies for interpreting the results. A particular strength of the book is its
explanation of meta-analysis, using simple diagrams and examples. Understanding meta-analysis is
increasingly important, even at undergraduate levels, because medicine, psychology and many other
disciplines now use meta-analysis to assemble the evidence needed for evidence-based practice. The
book’s pedagogical program, built on cognitive science principles, reinforces learning: Boxes provide
evidence-based advice on the most effective statistical techniques. Numerous examples reinforce
learning, and show that many disciplines are using the new statistics. Graphs are tied in with ESCI
to make important concepts vividly clear and memorable. Opening overviews and end of chapter
take-home messages summarize key points. Exercises encourage exploration, deep understanding,
and practical applications. This highly accessible book is intended as the core text for any course
that emphasizes the new statistics, or as a supplementary text for graduate and/or advanced
undergraduate courses in statistics and research methods in departments of psychology, education,
human development , nursing, and natural, social, and life sciences. Researchers and practitioners



interested in understanding the new statistics, and future published research, will also appreciate
this book. A basic familiarity with introductory statistics is assumed.

interval analysis: Global Optimization Using Interval Analysis Eldon R. Hansen, 1992
Employing a closed set-theoretic foundation for interval computations, Global Optimization Using
Interval Analysis simplifies algorithm construction and increases generality of interval arithmetic.
This Second Edition contains an up-to-date discussion of interval methods for solving systems of
nonlinear equations and global optimization problems. It expands and improves various aspects of
its forerunner and features significant new discussions, such as those on the use of consistency
methods to enhance algorithm performance. Provided algorithms are guaranteed to find and bound
all solutions to these problems despite bounded errors in data, in approximations, and from use of
rounded arithmetic.

interval analysis: Introductory Business Statistics 2e Alexander Holmes, Barbara Illowsky,
Susan Dean, 2023-12-13 Introductory Business Statistics 2e aligns with the topics and objectives of
the typical one-semester statistics course for business, economics, and related majors. The text
provides detailed and supportive explanations and extensive step-by-step walkthroughs. The author
places a significant emphasis on the development and practical application of formulas so that
students have a deeper understanding of their interpretation and application of data. Problems and
exercises are largely centered on business topics, though other applications are provided in order to
increase relevance and showcase the critical role of statistics in a number of fields and real-world
contexts. The second edition retains the organization of the original text. Based on extensive
feedback from adopters and students, the revision focused on improving currency and relevance,
particularly in examples and problems. This is an adaptation of Introductory Business Statistics 2e
by OpenStax. You can access the textbook as pdf for free at openstax.org. Minor editorial changes
were made to ensure a better ebook reading experience. Textbook content produced by OpenStax is
licensed under a Creative Commons Attribution 4.0 International License.

interval analysis: Global Optimization Using Interval Analysis Eldon Hansen, G. William
Walster, 2003-12-19 Employing a closed set-theoretic foundation for interval computations, Global
Optimization Using Interval Analysis simplifies algorithm construction and increases generality of
interval arithmetic. This Second Edition contains an up-to-date discussion of interval methods for
solving systems of nonlinear equations and global optimization problems. It expands and improves
various aspects of its forerunner and features significant new discussions, such as those on the use
of consistency methods to enhance algorithm performance. Provided algorithms are guaranteed to
find and bound all solutions to these problems despite bounded errors in data, in approximations,
and from use of rounded arithmetic.
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