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Uncertainty Quantification Springer Nature

In the ideal world, major decisions would be made based on complete and
reliable information available to the decision maker. We live in a world of
uncertainties, and decisions must be made from information which may
be incomplete and may contain uncertainty. The key mathematical
question addressed in this volume is "how to make decision in the
presence of quantifiable uncertainty." The volume contains articles on
model problems of decision making process in the energy and power
industry when the available information is noisy and/or incomplete. The
major tools used in studying these problems are mathematical modeling
and optimization techniques; especially stochastic optimization. These
articles are meant to provide an insight into this rapidly developing field,
which lies in the intersection of applied statistics, probability, operations
research, and economic theory. It is hoped that the present volume will
provide entry to newcomers into the field, and stimulation for further
research.

Do Dice Play God? Springer Science & Business
Media

This book provides an examination of major problems
facing the world using mathematics of uncertainty.
These problems include climate change, coronavirus
pandemic, human tracking, biodiversity, and other
grand challenges. Mathematics of uncertainty is used
In a modern more general sense than traditional
mathematics. Since accurate data is impossible to
obtain concerning human tracking and other global
problems, mathematics of uncertainty is an ideal
discipline to study these problems. The authors place
several scientific studies into different mathematical
settings such as nonstandard analysis and soft logic.
Fuzzy differentiation is used to model the spread of
diseases such as the coronavirus. The book uses
fuzzy graph theory to examine the problems of human
tracking and illegal immigration. The book is an
excellent reference source for advanced under-
graduate and graduate students in mathematics and
the social sciences as well as for researchers and
teachers.

Mathematics of Uncertainty for Coping with World Challenges
Springer
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This book provides a timely overview of fuzzy graph theory, laying
the foundation for future applications in a broad range of areas. It
introduces readers to fundamental theories, such as Craine’ s
work on fuzzy interval graphs, fuzzy analogs of Marczewski’ s
theorem, and the Gilmore and Hoffman characterization. It also
introduces them to the Fulkerson and Gross characterization and
Menger’ s theorem, the applications of which will be discussed in
a forthcoming book by the same authors. This book also discusses
in detail important concepts such as connectivity, distance and
saturation in fuzzy graphs. Thanks to the good balance between
the basics of fuzzy graph theory and new findings obtained by the
authors, the book offers an excellent reference guide for advanced
undergraduate and graduate students in mathematics, engineering
and computer science, and an inspiring read for all researchers
interested in new developments in fuzzy logic and applied

mathematics.

Bioterrorism Chapman & Hall

This book presents a philosophical approach to probability and
probabilistic thinking, considering the underpinnings of probabilistic
reasoning and modeling, which effectively underlie everything in data
science. The ultimate goal is to call into question many standard
tenets and lay the philosophical and probabilistic groundwork and
infrastructure for statistical modeling. It is the first book devoted to the
philosophy of data aimed at working scientists and calls for a new
consideration in the practice of probability and statistics to eliminate
what has been referred to as the "Cult of Statistical Significance." The
book explains the philosophy of these ideas and not the mathematics,
though there are a handful of mathematical examples. The topics are
logically laid out, starting with basic philosophy as related to
probability, statistics, and science, and stepping through the key
probabilistic ideas and concepts, and ending with statistical models.
Its jargon-free approach asserts that standard methods, such as out-
of-the-box regression, cannot help in discovering cause. This new
way of looking at uncertainty ties together disparate fields —
probability, physics, biology, the “soft” sciences, computer science —
because each aims at discovering cause (of effects). It broadens the
understanding beyond frequentist and Bayesian methods to propose
a Third Way of modeling.

Aer ospace System Anal ysis and Optim zation

I n Uncertainty Elsevier

| nverse problens are found in many
applications, such as nedical imaging,

engi neeri ng, astronony, and geophysi cs,
anong others. To solve an inverse problemis
to recover an object fromnoisy, usually

i ndirect observations. Solutions to inverse
probl ens are subject to nmany potenti al
sources of error introduced by approximte
mat hemati cal nodel s, regul arization nethods,
numeri cal approxi mations for efficient
conput ations, noisy data, and limtations in
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t he nunber of observations; thus it is

i nportant to include an assessnent of the
uncertainties as part of the solution. Such
assessnent is interdisciplinary by nature,
as it requires, in addition to know edge of
the particul ar application, nethods from
applied mat hematics, probability, and
statistics. This book bridges applied

mat hemati cs and statistics by providing a
basic introduction to probability and
statistics for uncertainty quantification in

the context of inverse problens, as well as
an introduction to statistical
regul ari zati on of inverse problens. The

aut hor covers basic statistical inference,

I ntroduces the franmework of ill-posed

I nverse probl ens, and explains statistical
guestions that arise in their applications.
An Introduction to Data Anal ysis and
Uncertainty Quantification for |Inverse

Probl ens?i ncl udes many exanpl es that explain
t echni ques which are useful to address
general problens arising in uncertainty
quantification, Bayesian and non-Bayesi an
statistical nethods and di scussions of their
conpl enentary roles, and analysis of a real
data set to illustrate the nethodol ogy
covered throughout the book.

Deci si on Maki ng Under Uncertainty Springer

Sci ence & Business Medi a

Uncertainty theory is a branch of mathematics
based on normality, nonotonicity, self-duality,
count abl e subadditivity, and product neasure
axions. Uncertainty is any concept that
satisfies the axions of uncertainty theory.
Thus uncertainty is neither randommess nor
fuzziness. It is also known from sone surveys
that a | ot of phenonena do behave |i ke
uncertainty. How do we nodel uncertainty? How
do we use uncertainty theory? In order to
answer these questions, this book provides a
sel f-cont ai ned, conprehensive and up-to-date

presentation of uncertainty theory, including
uncertai n progranm ng, uncertain risk analysis,
uncertain reliability analysis, uncertain
process, uncertain cal culus, uncertain

differential equation, uncertain |ogic,
uncertain entail nent, and uncertain inference.
Mat hemat i ci ans, researchers, engineers,
designers, and students in the field of

mat hematics, information science, operations
research, system science, industrial

engi neeri ng, conputer science, artificial
intelligence, finance, control, and nanagenent
science will find this work a stinulating and
useful reference.

Uncertainty Mddeling in Finite El enent,
Fatigue and Stability of Systens Springer
Nat ur e

Engi neers and scientists often need to sol ve
conpl ex problens with inconplete information
resources, necessitating a proper treatnent
of uncertainty and a reliance on expert

opi nions. Uncertainty Mdeling and Anal ysis
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I n Engi neering and the Sciences prepares
current and future anal ysts and
practitioners to understand the fundanental s
of know edge and i gnorance, how to nodel and
anal yze uncertainty, and how to sel ect
appropriate anal ytical tools for particul ar
probl ens. This volune covers prinary
conponents of ignorance and their inpact on
practice and decision making. It provides an
overview of the current state of uncertainty
nodel i ng and anal ysi s, and revi ews energi ng
t heori es whil e enphasi zi ng practi cal
applications in science and engi neering. The
book i ntroduces fundanental concepts of
classical, fuzzy, and rough sets,
probability, Bayesian nethods, interval

anal ysis, fuzzy arithnetic, interval
probabilities, evidence theory, open-world
nodel s, sequences, and possibility theory.
The aut hors present these nethods to neet

t he needs of practitioners in many fields,
enphasi zing the practical use, limtations,
advant ages, and di sadvant ages of the

met hods.

Model i ng and I nverse Problenms in the Presence
of Uncertainty World Scientific

This book deals with the application of

spectral nethods to problens of uncertainty
propagati on and quanti ?cation i n nodel - based
conputations. It speci?cally focuses on
conput ati onal and al gorithm c features of these
nmet hods which are nost useful in dealing with
nodel s based on partial differential equations,
Wi th special att- tion to nodels arising in
sinmulations of ?uid ?ows. Inplenentations are
illustrated through applications to el enentary
probl ens, as well as nore el aborate exanpl es
selected fromthe authors’ interests in

i nconpressi bl e vortex-dom nated ?ows and
conpressi ble ?ows at | ow Mach nunbers. Spectra
stochastic nmethods are probabilistic in nature,
and are consequently rooted in the rich

mat hemat i cal foundation associated with
probability and neasure spaces. Despite the
authors’ fascination with this foundation, the
di scussion only - ludes to those theoretical
aspects needed to set the stage for subsequent
applications. The book is authored by
practitioners, and is primarily intended for
researchers or graduate students in
conput ati onal mat hematics, physics, or ?uid
dynam cs. The book assunes famliarity with

el ementary nethods for the nunerical solution
of time-dependent, partial differential
equations; prior experience wth spectral ne-
ods is naturally hel pful though not essential.
Ful | appreciation of el aborate exanples in
conput ati onal ?uid dynamcs (CFD) would require
famliarity wwth key, and in sone cases
delicate, features of the associ ated numeri cal
nmet hods. Besi des these shortcomngs, our aimis
to treat algorithm c and conputational aspects
of spectral stochastic nethods with details

suf ?cient to address and reconstruct all but

t hose hi ghly el aborate exanpl es.
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Mat hemat i cal Model |i ng Springer

Thi s book presents the fundanental notions and
advanced mat hematical tools in the stochastic
nodel i ng of uncertainties and their
guantification for |arge-scale conputational
nodel s in sciences and engineering. In
particular, it focuses in paranetric
uncertainties, and non-paranetric uncertainties
with applications fromthe structural dynam cs
and vi broacoustics of conpl ex nechani cal
systens, from m cronechanics and nmultiscal e
mechani cs of heterogeneous materials. Resulting
froma course devel oped by the author, the book
begins wth a description of the fundanent al

mat hemati cal tools of probability and
statistics that are directly useful for
uncertainty quantification. It proceeds with a
wel | carried out description of sonme basic and
advanced net hods for constructing stochastic
nodel s of uncertainties, paying particular
attention to the problemof calibrating and

I dentifying a stochastic nodel of uncertainty
when experinental data is avail able. This book
is intended to be a graduate-I|evel textbook for
students as well as professionals interested in
the theory, conputation, and applications of
risk and prediction in science and engi neering
fields.

Uncertainty Mdeling and Anal ysis in Engineering
and the Sci ences Chapnman and Hal | / CRC

The expression of uncertainty in nmeasurenment poses
a chall enge since it involves physical,

mat hemati cal , and phil osophi cal issues. This
problemis intensified by the limtations of the
probabilistic approach used by the current standard
(the GUM Instrunmentation Standard). This text
presents an alternative approach. It makes full use
of the mathematical theory of evidence to express
the uncertainty in neasurenents. Coverage provides
an overview of the current standard, then pinpoints
and constructively resolves its limtations.

Nuner ous exanpl es throughout hel p explain the
book’ s uni que appr oach.

Measurenent Uncertainty Profile Books
Uncertai nty has been of concern to

engi neers, managers and scientists for
many centuries. |In managenent sciences there
have existed definitions of uncertainty in a
rat her narrow sense since the begi nning of
this century. In engineering and uncertainty
has for a long tinme been considered as in
sci ences, however, synonynous with random
stochastic, statistic, or probabilistic.
Only since the early sixties views on
uncertai nty have ~econe nore heterogeneous
and nore tools to nodel uncertainty than
statistics have been proposed by several
scientists. The probl em of nodeling
uncertai nty adequately has becone nore

I nportant the nore conpl ex systens have
beconme, the faster the scientific and

engi neering worl d devel ops, and the nore

| nportant, but also nore difficult,
forecasting of future states of systens have
beconme. The first question one should
probably ask is whether uncertainty is a
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phenonenon, a feature of real world systens,
a state of mnd or a | abel for a situation

i n which a human being wants to nake
statenents about phenonena, i. e. , reality,
nodel s, and theories, respectively. One cart
al so ask whether uncertainty is an objective
fact or just a subjective inpression which
Is closely related to individual persons.
Whet her uncertainty is an objective feature

of physical real systens seens to be a
phi | osophi cal question. This shall not be
answered in this vol une.

Uncertainty Modelling in Data Sci ence Nova Science
Publ i shers

Spotlighting the field of Multidisciplinary Design
Optim zation (MO, this book illustrates and

i mpl ements state-of-the-art nethodol ogies within

t he conpl ex process of aerospace system design
under uncertainties. The book provi des approaches
to integrating a nultitude of conponents and
constraints with the ultimte goal of reducing
design cycles. Insights on a vast assortnent of
probl ens are provided, including discipline
nodel i ng, sensitivity analysis, uncertainty
propagation, reliability analysis, and gl obal

mul tidisciplinary optim zation. The extensive range
of topics covered include areas of current open
research. This Work is destined to becone a
fundanmental reference for aerospace systens

engi neers, researchers, as well as for
practitioners and engi neers working in areas of
optim zation and uncertainty. Part | is largely
conpri sed of fundanentals. Part Il presents

nmet hodol ogi es for single discipline problens with a
revi ew of existing uncertainty propagation,
reliability analysis, and optim zation techni ques.
Part 11l is dedicated to the uncertainty-based MDO
and related issues. Part IV deals with three MDO
rel ated issues: the multifidelity, the nmulti-

obj ective optim zation and the m xed

conti nuous/di screte optim zation and Part Vis
devoted to test cases for aerospace vehicl e design.
An I ntroduction to Mat hemati cal Mdeling SI AM
Uncertainty is an ever-present and ineradicable
aspect of politics. It affects all inportant issues
of governance and policy, in both donestic and

i nternational contexts. Rather than treating the
uncertainty of politics as a nystery, this book
provi des an original and direct treatnent of
political uncertainty as a scientifically-knowable
phenonmenon with wel | -defined principles and
substantive properties. Specific applications of
this theory of political uncertainty are
denonstrated in diverse areas of politics,
exam ni ng such questions as when and how wars break
out, when and how governnents col |l apse, and when
and how political cooperation enmerges. The author
shows how probability and nmat hemati cal nodeling can
play a central role in understandi ng such conpl ex
and fundanmental issues.

Uncertainty Analysis in Engineering and Sci ences:
Fuzzy Logic, Statistics, and Neural Network
Approach Springer Nature

Model i ng and I nverse Problens in the Presence of
Uncertainty collects recent research-including the
aut hors' own substantial projects-on uncertainty
propagati on and quantification. It covers two
sources of uncertainty: where uncertainty is
present primarily due to neasurenent errors and
where uncertainty is present due to the nodeling
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formul ation i

An Introduction to Data Anal ysis and
Uncertainty Quantification for |nverse
Probl enms Springer Nature

Uncertainty Quantification in Miultiscale
Materials Modeling provides a conplete
overvi ew of uncertainty quantification (UQ
I n conputational materials science. It
provi des practical tools and nethods al ong
Wi th exanples of their application to
problens in materials nodeling. UQ nethods
are applied to various nultiscal e nodel s
rangi ng fromthe nanoscal e to nacroscal e.
Thi s book presents a thorough synthesis of
the state-of-the-art in UQ nethods for

mat eri al s nodel i ng, including Bayesian

I nference, surrogate nodeling, random
fields, interval analysis, and sensitivity
anal ysis, providing insight into the unique
characteristics of nodels franed at each

scale, as well as common issues in nodeling
across scal es.
Spectral Methods for Uncertainty

Quantification Springer Science & Business
Medi a

Thi s book ranks countries with respect to
their achi evenent of the Sustainable

Devel opnent Goals and their vulnerability to
climate change. Human |ivelihoods, stable
econom es, health, and high quality of life
all depend on a stable climate and earth
system and a diversity of species and
ecosystens. Climate change significantly

| npacts human trafficking, nodern slavery,
and gl obal hunger. This book exam nes these
gl obal probl ens using techni ques from

mat hemati cs of uncertainty. Since accurate
data concerning human trafficking and nodern
slavery is inpossible to obtain, mathematics
of uncertainty is an ideal discipline to
study these problens. The book al so
considers the interconnection between
climate change, world hunger, human
trafficking, nodern slavery, and the
coronavirus. Connectivity properties of
fuzzy graphs are used to exam ne trafficking
fl ow between regions in the world. The book
Is an excellent reference source for
advanced under graduate and graduate students
I n mat hemati cs and the social sciences as
wel|l as for researchers and teachers.

Convex Model s of Uncertainty in Applied
Mechani cs Springer Science & Business Medi a

The functionality of nodern structural,
mechani cal and el ectrical or electronic systens
depends on their ability to perform under
uncertain conditions. Consideration of
uncertainties and their effect on system
behavi or is an essential and integral part of
defining systens. In eleven chapters, |eading
experts present an overview of the current
state of uncertainty nodeling, analysis and
design of large systens in four nmajor areas:
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finite and boundary el enent nethods (conmmon

structural analysis techni ques), fatigue,
stability analysis, and fault-tol erant systens.
The content of this book is unique; it describes
exciting research devel opnments and chal l enges in
ener gi ng areas, and provi de a sophisticated

t ool box for tackling uncertainty nodeling in
real systens.

Uncertainty Quantification for Hyperbolic and
Ki neti c Equati ons Springer Science & Business
Medi a

A nodern approach to mat hematical nodeling,
featuring unique applications fromthe field of
mechani cs An Introduction to Mathematica
Model i ng: A Course in Mechanics is designed to
survey the mat hematical nodels that formthe
foundati ons of nodern science and incorporates
exanples that illustrate how t he nost

successful nodels arise from basic principles

i n nodern and cl assi cal mat hematical physics.
Witten by a world authority on mathemati cal

t heory and conputati onal nechanics, the book
presents an account of conti nuum nmechani cs,

el ectromagnetic field theory, quantum
mechani cs, and statistical nmechanics for
readers with varied backgrounds in engineering,
conput er science, mathematics, and physics. The
aut hor stream i nes a conprehensive
understanding of the topic in three clearly
organi zed sections: Nonlinear Continuum
Mechani cs introduces kinematics as wel |
force and stress in defornmabl e bodies;
nmonment um bal ance of |inear and angul ar
nmoment um conservation of energy; and
constitutive equations Electromagnetic Field
Theory and Quantum Mechani cs contains a brief
account of el ectromagnetic wave theory and
Maxwel | 's equations as well as an introductory
account of quantum nechanics with rel ated
topics including ab initio nethods and Spin and
Pauli's principles Statistical Mechanics
presents an introduction to statistical
mechani cs of systens in thernodynam c
equilibriumas well as continuum nechani cs,
guant um mechani cs, and nol ecul ar dynam cs Each
part of the book concludes with exercise sets
that allow readers to test their understanding
of the presented material. Key theorens and
fundanental equations are highlighted

t hroughout, and an extensive bi bliography
outlines resources for further study.
Extensively class-tested to ensure an
accessi bl e presentation, An Introduction to
Mat hemati cal Modeling is an excel |l ent book for
courses on introductory mat hemati cal nodeling
and statistical nechanics at the upper-

under graduate and graduate | evels. The book

al so serves as a valuable reference for
professionals working in the areas of nodeling
and sinul ati on, physics, and conputati onal

engi neeri ng.

Mat hermat i cal Model s Spri nger

This text provides a framework in which the main
objectives of the field of uncertainty
guantification (UQ are defined and an overvi ew of
the range of mat hemati cal nethods by which they can
be achi eved. Conplete with exercises throughout,

as
mass and
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the book will equip readers with both theoretical
under st andi ng and practical experience of the key
mat hemat i cal and al gorithm c tools underlying the
treatnment of uncertainty in nodern applied

mat hemati cs. Students and readers alike are
encouraged to apply the mat hematical nethods

di scussed in this book to their own favorite

probl ens to understand their strengths and
weaknesses, al so nmaking the text suitable for a self-
study. Uncertainty quantification is a topic of
increasing practical inportance at the intersection
of applied mathematics, statistics, conputation and
nunmer ous application areas in science and

engi neering. This text is designed as an
introduction to UQ for senior undergraduate and
graduate students with a nmathematical or statistical
background and al so for researchers fromthe

mat hemati cal sciences or fromapplications areas who
are interested in the field. T. J. Sullivan was
Warw ck Zeeman Lecturer at the Mathematics Institute
of the University of Warw ck, United Kingdom from
2012 to 2015. Since 2015, he is Junior Professor of
Applied Mathematics at the Free University of
Berlin, Germany, with specialismin Uncertainty and
Ri sk Quantification.

Fuzzy Data Analysis John Wley & Sons
Recognition of the need to introduce the ideas
of uncertainty in a wide variety of scientific
fields today reflects in part sonme of the

pr of ound changes in science and engi neeri ng
over the | ast decades. Nobody questions the
ever-present need for a solid foundation in
applied mechani cs. Neither does anyone question
nowadays the fundanental necessity to recognize
that uncertainty exists, to learn to eval uate
it rationally, and to incorporate it into
design. This vol une provides a tinely and
stimul ati ng overview of the analysis of
uncertainty in applied nechanics. It is not
just one nore rendition of the traditional
treatnment of the subject, nor is it intended to
suppl enent exi sting structural engineering
books. Its aimis to fill a gap in the existing
professional |iterature by concentrating on the
non- probabi listic nodel of uncertainty. It

provi des an alternative avenue for the analysis
of uncertainty when only a |imted anmount of
information is avail able. The first chapter
briefly reviews probabilistic nethods and

di scusses the sensitivity of the probability of
failure to uncertain know edge of the system
Chapter two di scusses the nat hemati cal
background of convex nodelling. In the

remai nder of the book, convex nodelling is
applied to various |inear and nonli near

probl ens. Uncertain phenonena are represented

t hroughout the book by convex sets, and this
approach is referred to as convex
nodel | i ng. This book is intended to inspire
researchers in their goal towards further
growt h and devel opnent in this field.
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