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What is an Algorithm Definition in Math?

The term "algorithm" has its roots in the name of the 9th-century Persian mathematician, Muḥammad ibn
Mūsā al-Khwārizmī. His work on arithmetic and algebra introduced systematic procedures for solving
mathematical problems, laying the groundwork for the modern understanding of algorithms. However, a
precise algorithm definition in math didn't emerge until much later. While al-Khwārizmī's methods were
algorithmic in nature, the formalization of the concept required the development of more rigorous
mathematical frameworks.

A modern algorithm definition in math can be stated as follows: An algorithm is a finite sequence of well-
defined, computer-implementable instructions, typically to solve a class of problems or to perform a
computation. These instructions must be unambiguous, meaning there is no room for interpretation, and
they must lead to a definite result after a finite number of steps. Crucially, an algorithm definition in math
emphasizes the computability aspect – the ability for a machine to execute the instructions.

This definition highlights several key characteristics:

Finiteness: The algorithm must terminate after a finite number of steps. An infinite loop is not an
algorithm.



Definiteness: Each step must be precisely defined; the actions to be carried out must be rigorously specified.
Ambiguity is unacceptable.
Input: An algorithm typically takes an input, which can be data or initial conditions.
Output: An algorithm produces an output, which is the result of the computation.
Effectiveness: Each step must be feasible; it must be something that can be carried out in practice, either by
a human or a machine.

The Historical Context of Algorithm Definition in Math

The evolution of the algorithm definition in math reflects the broader development of computer science
and theoretical computer science. Early examples of algorithms, like the Euclidean algorithm for finding
the greatest common divisor, predate modern computing by centuries. However, the formal study of
algorithms gained significant momentum with the advent of programmable computers in the mid-20th
century.

Alan Turing's work on Turing machines provided a theoretical model of computation that played a crucial
role in defining the boundaries of what is computable. This led to a deeper understanding of the limitations
of algorithms and the existence of problems that cannot be solved algorithmically (undecidable problems).
Church-Turing thesis further solidified this understanding, stating that anything computable by an
algorithm can be computed by a Turing machine.

Current Relevance of Algorithm Definition in Math

Today, the algorithm definition in math is central to numerous fields. It underpins the development of
software, drives advancements in artificial intelligence, and finds applications in various scientific
disciplines. Understanding algorithms is crucial for:

Computer Science: Designing efficient and reliable software systems.
Numerical Analysis: Solving mathematical problems using computational methods.
Cryptography: Developing secure encryption and decryption algorithms.
Machine Learning: Training models and making predictions.
Data Science: Processing and analyzing large datasets.

The study of algorithm complexity, analyzing the resources (time and space) required by an algorithm, is a
vital area of research, enabling the development of more efficient algorithms. Furthermore, the quest for
optimal algorithms—those that solve a given problem using the least amount of resources—remains a core
challenge in computer science and mathematics.



Different Types of Algorithms in Math

The field of algorithms encompasses a vast array of different types, each designed to address specific
problems. Some common categories include:

Sorting algorithms: Used to arrange data in a specific order (e.g., bubble sort, merge sort, quicksort).
Searching algorithms: Used to find specific data within a larger set (e.g., linear search, binary search).
Graph algorithms: Used to solve problems related to graphs and networks (e.g., Dijkstra's algorithm, shortest
path algorithms).
Numerical algorithms: Used to approximate solutions to mathematical problems (e.g., Newton-Raphson
method, numerical integration).
Optimization algorithms: Used to find the best solution to a problem within a given set of constraints (e.g.,
linear programming, gradient descent).

Conclusion

The algorithm definition in math, while seemingly simple at first glance, underpins a vast and
sophisticated field with far-reaching implications. Its historical evolution reflects the progress of
mathematics and computer science, and its continued relevance is undeniable in a world increasingly
reliant on computation. Understanding the principles of algorithms is crucial for anyone seeking to work in
fields where computational methods play a central role.

FAQs

What is the difference between an algorithm and a program? An algorithm is a conceptual1.
description of a solution to a problem, while a program is a concrete implementation of an algorithm
in a specific programming language.

Can all problems be solved using algorithms? No. Some problems are provably undecidable, meaning1.
no algorithm can solve them for all possible inputs.

What is algorithm complexity? Algorithm complexity refers to the amount of resources (time and1.
space) an algorithm requires to solve a problem, often expressed using Big O notation.



What is the significance of the Church-Turing thesis? It states that any problem solvable by an1.
algorithm can be solved by a Turing machine, providing a robust theoretical foundation for
computability.

How are algorithms used in machine learning? Machine learning relies heavily on algorithms to1.
train models, make predictions, and analyze data.

What are some examples of efficient algorithms? Merge sort, quicksort, and Dijkstra's algorithm are1.
examples of efficient algorithms for their respective tasks.

What are some challenges in designing algorithms? Challenges include ensuring correctness,1.
efficiency, robustness, and scalability.

How do mathematicians contribute to the development of algorithms? Mathematicians provide the1.
theoretical foundations for algorithms, analyze their complexity, and develop new algorithms for
solving mathematical problems.

What is the role of data structures in algorithms? Data structures organize and manage data,1.
significantly impacting the efficiency of algorithms.

Related Articles

"The Euclidean Algorithm: A Timeless Classic": Explores the history and application of the Euclidean1.
algorithm for finding the greatest common divisor.



"Introduction to Graph Algorithms": Provides a comprehensive overview of graph algorithms and1.
their applications in various fields.

"Understanding Algorithm Complexity: Big O Notation": Explains the concept of algorithm1.
complexity and how it's used to analyze algorithm efficiency.

"Sorting Algorithms: A Comparative Analysis": Compares various sorting algorithms, highlighting1.
their strengths and weaknesses.

"Numerical Methods for Solving Differential Equations": Discusses numerical algorithms used to1.
approximate solutions to differential equations.

"Optimization Algorithms in Machine Learning": Explores optimization algorithms used to train1.
machine learning models.

"Cryptography and Algorithm Design": Examines the role of algorithms in cryptography and the1.
design of secure systems.

"The Halting Problem and Undecidability": Discusses the limitations of algorithms and the concept of1.
undecidable problems.

"Data Structures and Their Impact on Algorithm Efficiency": Explores how different data structures1.
affect the performance of algorithms.



  algorithm definition in math: Algorithms For Dummies John Paul Mueller, Luca Massaron,
2017-04-24 Discover how algorithms shape and impact our digital world All data, big or small, starts
with algorithms. Algorithms are mathematical equations that determine what we see—based on our
likes, dislikes, queries, views, interests, relationships, and more—online. They are, in a sense, the
electronic gatekeepers to our digital, as well as our physical, world. This book demystifies the
subject of algorithms so you can understand how important they are business and scientific decision
making. Algorithms for Dummies is a clear and concise primer for everyday people who are
interested in algorithms and how they impact our digital lives. Based on the fact that we already live
in a world where algorithms are behind most of the technology we use, this book offers eye-opening
information on the pervasiveness and importance of this mathematical science—how it plays out in
our everyday digestion of news and entertainment, as well as in its influence on our social
interactions and consumerism. Readers even learn how to program an algorithm using Python!
Become well-versed in the major areas comprising algorithms Examine the incredible history behind
algorithms Get familiar with real-world applications of problem-solving procedures Experience
hands-on development of an algorithm from start to finish with Python If you have a nagging
curiosity about why an ad for that hammock you checked out on Amazon is appearing on your
Facebook page, you'll find Algorithm for Dummies to be an enlightening introduction to this integral
realm of math, science, and business.
  algorithm definition in math: Algorithm Design Michael T. Goodrich, Roberto Tamassia,
2001-10-15 Michael Goodrich and Roberto Tamassia, authors of the successful, Data Structures and
Algorithms in Java, 2/e, have written Algorithm Engineering, a text designed to provide a
comprehensive introduction to the design, implementation and analysis of computer algorithms and
data structures from a modern perspective. This book offers theoretical analysis techniques as well
as algorithmic design patterns and experimental methods for the engineering of algorithms. Market:
Computer Scientists; Programmers.
  algorithm definition in math: Algorithmic Problem Solving Roland Backhouse, 2011-10-24 An
entertaining and captivating way to learn the fundamentals of using algorithms to solve problems
The algorithmic approach to solving problems in computer technology is an essential tool. With this
unique book, algorithm guru Roland Backhouse shares his four decades of experience to teach the
fundamental principles of using algorithms to solve problems. Using fun and well-known puzzles to
gradually introduce different aspects of algorithms in mathematics and computing. Backhouse
presents you with a readable, entertaining, and energetic book that will motivate and challenge you
to open your mind to the algorithmic nature of problem solving. Provides a novel approach to the
mathematics of problem solving focusing on the algorithmic nature of problem solving Uses popular
and entertaining puzzles to teach you different aspects of using algorithms to solve mathematical
and computing challenges Features a theory section that supports each of the puzzles presented
throughout the book Assumes only an elementary understanding of mathematics Let Roland
Backhouse and his four decades of experience show you how you can solve challenging problems
with algorithms!
  algorithm definition in math: Algorithms from THE BOOK Kenneth Lange, 2020-05-04
Algorithms are a dominant force in modern culture, and every indication is that they will become
more pervasive, not less. The best algorithms are undergirded by beautiful mathematics. This text
cuts across discipline boundaries to highlight some of the most famous and successful algorithms.
Readers are exposed to the principles behind these examples and guided in assembling complex
algorithms from simpler building blocks. Written in clear, instructive language within the constraints
of mathematical rigor, Algorithms from THE BOOK includes a large number of classroom-tested
exercises at the end of each chapter. The appendices cover background material often omitted from
undergraduate courses. Most of the algorithm descriptions are accompanied by Julia code, an ideal
language for scientific computing. This code is immediately available for experimentation.
Algorithms from THE BOOK is aimed at first-year graduate and advanced undergraduate students. It
will also serve as a convenient reference for professionals throughout the mathematical sciences,



physical sciences, engineering, and the quantitative sectors of the biological and social sciences.
  algorithm definition in math: Mathematics Unlimited - 2001 and Beyond Björn Engquist,
Wilfried Schmid, 2017-04-05 This is a book guaranteed to delight the reader. It not only depicts the
state of mathematics at the end of the century, but is also full of remarkable insights into its future
de- velopment as we enter a new millennium. True to its title, the book extends beyond the spectrum
of mathematics to in- clude contributions from other related sciences. You will enjoy reading the
many stimulating contributions and gain insights into the astounding progress of mathematics and
the perspectives for its future. One of the editors, Björn Eng- quist, is a world-renowned researcher
in computational sci- ence and engineering. The second editor, Wilfried Schmid, is a distinguished
mathematician at Harvard University. Likewi- se the authors are all foremost mathematicians and
scien- tists, and their biographies and photographs appear at the end of the book. Unique in both
form and content, this is a must-read for every mathematician and scientist and, in particular, for
graduates still choosing their specialty. Limited collector's edition - an exclusive and timeless work.
This special, numbered edition will be available until June 1, 2000. Firm orders only.
  algorithm definition in math: Weapons of Math Destruction Cathy O'Neil, 2016 A former Wall
Street quantitative analyst sounds an alarm on mathematical modeling, a pervasive new force in
society that threatens to undermine democracy and widen inequality,--NoveList.
  algorithm definition in math: Mathematical Logic H.-D. Ebbinghaus, J. Flum, Wolfgang
Thomas, 2013-03-14 This introduction to first-order logic clearly works out the role of first-order
logic in the foundations of mathematics, particularly the two basic questions of the range of the
axiomatic method and of theorem-proving by machines. It covers several advanced topics not
commonly treated in introductory texts, such as Fraïssé's characterization of elementary
equivalence, Lindström's theorem on the maximality of first-order logic, and the fundamentals of
logic programming.
  algorithm definition in math: Algorithms and Complexity Herbert S. Wilf, 2020-09-30 This
book is an introductory textbook on the design and analysis of algorithms. The author uses a careful
selection of a few topics to illustrate the tools for algorithm analysis. Recursive algorithms are
illustrated by Quicksort, FFT, fast matrix multiplications, and others. Algorithms associated with the
network flow problem are fundamental in many areas of graph connectivity, matching theory, etc.
Algorithms in number theory are discussed with some applications to public key encryption. This
second edition will differ from the present edition mainly in that solutions to most of the exercises
will be included.
  algorithm definition in math: Mathematics for Machine Learning Marc Peter Deisenroth,
A. Aldo Faisal, Cheng Soon Ong, 2020-04-23 The fundamental mathematical tools needed to
understand machine learning include linear algebra, analytic geometry, matrix decompositions,
vector calculus, optimization, probability and statistics. These topics are traditionally taught in
disparate courses, making it hard for data science or computer science students, or professionals, to
efficiently learn the mathematics. This self-contained textbook bridges the gap between
mathematical and machine learning texts, introducing the mathematical concepts with a minimum of
prerequisites. It uses these concepts to derive four central machine learning methods: linear
regression, principal component analysis, Gaussian mixture models and support vector machines.
For students and others with a mathematical background, these derivations provide a starting point
to machine learning texts. For those learning the mathematics for the first time, the methods help
build intuition and practical experience with applying mathematical concepts. Every chapter
includes worked examples and exercises to test understanding. Programming tutorials are offered
on the book's web site.
  algorithm definition in math: The Ethical Algorithm Michael Kearns, Aaron Roth, 2020
Algorithms have made our lives more efficient and entertaining--but not without a significant cost.
Can we design a better future, one in which societial gains brought about by technology are
balanced with the rights of citizens? The Ethical Algorithm offers a set of principled solutions based
on the emerging and exciting science of socially aware algorithm design.



  algorithm definition in math: Numerical Algorithms Justin Solomon, 2015-06-24 Numerical
Algorithms: Methods for Computer Vision, Machine Learning, and Graphics presents a new
approach to numerical analysis for modern computer scientists. Using examples from a broad base
of computational tasks, including data processing, computational photography, and animation, the
textbook introduces numerical modeling and algorithmic desig
  algorithm definition in math: Algorithms Unlocked Thomas H. Cormen, 2013-03-01 For
anyone who has ever wondered how computers solve problems, an engagingly written guide for
nonexperts to the basics of computer algorithms. Have you ever wondered how your GPS can find
the fastest way to your destination, selecting one route from seemingly countless possibilities in
mere seconds? How your credit card account number is protected when you make a purchase over
the Internet? The answer is algorithms. And how do these mathematical formulations translate
themselves into your GPS, your laptop, or your smart phone? This book offers an engagingly written
guide to the basics of computer algorithms. In Algorithms Unlocked, Thomas Cormen—coauthor of
the leading college textbook on the subject—provides a general explanation, with limited
mathematics, of how algorithms enable computers to solve problems. Readers will learn what
computer algorithms are, how to describe them, and how to evaluate them. They will discover simple
ways to search for information in a computer; methods for rearranging information in a computer
into a prescribed order (“sorting”); how to solve basic problems that can be modeled in a computer
with a mathematical structure called a “graph” (useful for modeling road networks, dependencies
among tasks, and financial relationships); how to solve problems that ask questions about strings of
characters such as DNA structures; the basic principles behind cryptography; fundamentals of data
compression; and even that there are some problems that no one has figured out how to solve on a
computer in a reasonable amount of time.
  algorithm definition in math: Mathematics and Computation Avi Wigderson, 2019-10-29
From the winner of the Turing Award and the Abel Prize, an introduction to computational
complexity theory, its connections and interactions with mathematics, and its central role in the
natural and social sciences, technology, and philosophy Mathematics and Computation provides a
broad, conceptual overview of computational complexity theory—the mathematical study of efficient
computation. With important practical applications to computer science and industry, computational
complexity theory has evolved into a highly interdisciplinary field, with strong links to most
mathematical areas and to a growing number of scientific endeavors. Avi Wigderson takes a
sweeping survey of complexity theory, emphasizing the field’s insights and challenges. He explains
the ideas and motivations leading to key models, notions, and results. In particular, he looks at
algorithms and complexity, computations and proofs, randomness and interaction, quantum and
arithmetic computation, and cryptography and learning, all as parts of a cohesive whole with
numerous cross-influences. Wigderson illustrates the immense breadth of the field, its beauty and
richness, and its diverse and growing interactions with other areas of mathematics. He ends with a
comprehensive look at the theory of computation, its methodology and aspirations, and the unique
and fundamental ways in which it has shaped and will further shape science, technology, and
society. For further reading, an extensive bibliography is provided for all topics covered.
Mathematics and Computation is useful for undergraduate and graduate students in mathematics,
computer science, and related fields, as well as researchers and teachers in these fields. Many parts
require little background, and serve as an invitation to newcomers seeking an introduction to the
theory of computation. Comprehensive coverage of computational complexity theory, and beyond
High-level, intuitive exposition, which brings conceptual clarity to this central and dynamic scientific
discipline Historical accounts of the evolution and motivations of central concepts and models A
broad view of the theory of computation's influence on science, technology, and society Extensive
bibliography
  algorithm definition in math: Understanding Machine Learning Shai Shalev-Shwartz, Shai
Ben-David, 2014-05-19 Introduces machine learning and its algorithmic paradigms, explaining the
principles behind automated learning approaches and the considerations underlying their usage.



  algorithm definition in math: Algorithmic Algebra Bhubaneswar Mishra, 2012-12-06
Algorithmic Algebra studies some of the main algorithmic tools of computer algebra, covering such
topics as Gröbner bases, characteristic sets, resultants and semialgebraic sets. The main purpose of
the book is to acquaint advanced undergraduate and graduate students in computer science,
engineering and mathematics with the algorithmic ideas in computer algebra so that they could do
research in computational algebra or understand the algorithms underlying many popular symbolic
computational systems: Mathematica, Maple or Axiom, for instance. Also, researchers in robotics,
solid modeling, computational geometry and automated theorem proving community may find it
useful as symbolic algebraic techniques have begun to play an important role in these areas. The
book, while being self-contained, is written at an advanced level and deals with the subject at an
appropriate depth. The book is accessible to computer science students with no previous algebraic
training. Some mathematical readers, on the other hand, may find it interesting to see how
algorithmic constructions have been used to provide fresh proofs for some classical theorems. The
book also contains a large number of exercises with solutions to selected exercises, thus making it
ideal as a textbook or for self-study.
  algorithm definition in math: Computer Algebra and Symbolic Computation Joel S.
Cohen, 2002-07-19 This book provides a systematic approach for the algorithmic formulation and
implementation of mathematical operations in computer algebra programming languages. The
viewpoint is that mathematical expressions, represented by expression trees, are the data objects of
computer algebra programs, and by using a few primitive operations that analyze and
  algorithm definition in math: Introduction To Algorithms Thomas H Cormen, Charles E
Leiserson, Ronald L Rivest, Clifford Stein, 2001 An extensively revised edition of a mathematically
rigorous yet accessible introduction to algorithms.
  algorithm definition in math: Foundations of Discrete Mathematics with Algorithms and
Programming R. Balakrishnan, Sriraman Sridharan, 2018-10-26 Discrete Mathematics has
permeated the whole of mathematics so much so it has now come to be taught even at the high
school level. This book presents the basics of Discrete Mathematics and its applications to day-to-day
problems in several areas. This book is intended for undergraduate students of Computer Science,
Mathematics and Engineering. A number of examples have been given to enhance the understanding
of concepts. The programming languages used are Pascal and C.
  algorithm definition in math: Figuring Out Fluency in Mathematics Teaching and
Learning, Grades K-8 Jennifer M. Bay-Williams, John J. SanGiovanni, 2021-03-02 Because fluency
practice is not a worksheet. Fluency in mathematics is more than adeptly using basic facts or
implementing algorithms. Real fluency involves reasoning and creativity, and it varies by the
situation at hand. Figuring Out Fluency in Mathematics Teaching and Learning offers educators the
inspiration to develop a deeper understanding of procedural fluency, along with a plethora of
pragmatic tools for shifting classrooms toward a fluency approach. In a friendly and accessible style,
this hands-on guide empowers educators to support students in acquiring the repertoire of
reasoning strategies necessary to becoming versatile and nimble mathematical thinkers. It includes:
Seven Significant Strategies to teach to students as they work toward procedural fluency. Activities,
fluency routines, and games that encourage learning the efficiency, flexibility, and accuracy
essential to real fluency. Reflection questions, connections to mathematical standards, and
techniques for assessing all components of fluency. Suggestions for engaging families in
understanding and supporting fluency. Fluency is more than a toolbox of strategies to choose from;
it’s also a matter of equity and access for all learners. Give your students the knowledge and power
to become confident mathematical thinkers.
  algorithm definition in math: Algorithms in Modern Mathematics and Computer Science
Ŭzbekiston SSR fanlar akademii︠a︡si, 1981
  algorithm definition in math: The Master Algorithm Pedro Domingos, 2015-09-22
Recommended by Bill Gates A thought-provoking and wide-ranging exploration of machine learning
and the race to build computer intelligences as flexible as our own In the world's top research labs



and universities, the race is on to invent the ultimate learning algorithm: one capable of discovering
any knowledge from data, and doing anything we want, before we even ask. In The Master
Algorithm, Pedro Domingos lifts the veil to give us a peek inside the learning machines that power
Google, Amazon, and your smartphone. He assembles a blueprint for the future universal
learner--the Master Algorithm--and discusses what it will mean for business, science, and society. If
data-ism is today's philosophy, this book is its bible.
  algorithm definition in math: Mathematics for Computer Science Eric Lehman, F. Thomson
Leighton, Albert R. Meyer, 2017-03-08 This book covers elementary discrete mathematics for
computer science and engineering. It emphasizes mathematical definitions and proofs as well as
applicable methods. Topics include formal logic notation, proof methods; induction, well-ordering;
sets, relations; elementary graph theory; integer congruences; asymptotic notation and growth of
functions; permutations and combinations, counting principles; discrete probability. Further
selected topics may also be covered, such as recursive definition and structural induction; state
machines and invariants; recurrences; generating functions.
  algorithm definition in math: How to Think About Algorithms Jeff Edmonds, 2008-05-19
This textbook, for second- or third-year students of computer science, presents insights, notations,
and analogies to help them describe and think about algorithms like an expert, without grinding
through lots of formal proof. Solutions to many problems are provided to let students check their
progress, while class-tested PowerPoint slides are on the web for anyone running the course. By
looking at both the big picture and easy step-by-step methods for developing algorithms, the author
guides students around the common pitfalls. He stresses paradigms such as loop invariants and
recursion to unify a huge range of algorithms into a few meta-algorithms. The book fosters a deeper
understanding of how and why each algorithm works. These insights are presented in a careful and
clear way, helping students to think abstractly and preparing them for creating their own innovative
ways to solve problems.
  algorithm definition in math: Discrete Structures, Logic, and Computability James L.
Hein, 2001 Discrete Structure, Logic, and Computability introduces the beginning computer science
student to some of the fundamental ideas and techniques used by computer scientists today,
focusing on discrete structures, logic, and computability. The emphasis is on the computational
aspects, so that the reader can see how the concepts are actually used. Because of logic's
fundamental importance to computer science, the topic is examined extensively in three phases that
cover informal logic, the technique of inductive proof; and formal logic and its applications to
computer science.
  algorithm definition in math: Mathematics of Public Key Cryptography Steven D. Galbraith,
2012-03-15 This advanced graduate textbook gives an authoritative and insightful description of the
major ideas and techniques of public key cryptography.
  algorithm definition in math: Discrete Mathematics for Computer Science Gary Haggard,
John Schlipf, Sue Whitesides, 2006 Master the fundamentals of discrete mathematics with
DISCRETE MATHEMATICS FOR COMPUTER SCIENCE with Student Solutions Manual CD-ROM! An
increasing number of computer scientists from diverse areas are using discrete mathematical
structures to explain concepts and problems and this mathematics text shows you how to express
precise ideas in clear mathematical language. Through a wealth of exercises and examples, you will
learn how mastering discrete mathematics will help you develop important reasoning skills that will
continue to be useful throughout your career.
  algorithm definition in math: Computational Complexity Sanjeev Arora, Boaz Barak,
2009-04-20 New and classical results in computational complexity, including interactive proofs, PCP,
derandomization, and quantum computation. Ideal for graduate students.
  algorithm definition in math: Algorithms for Decision Making Mykel J. Kochenderfer, Tim A.
Wheeler, Kyle H. Wray, 2022-08-16 A broad introduction to algorithms for decision making under
uncertainty, introducing the underlying mathematical problem formulations and the algorithms for
solving them. Automated decision-making systems or decision-support systems—used in applications



that range from aircraft collision avoidance to breast cancer screening—must be designed to
account for various sources of uncertainty while carefully balancing multiple objectives. This
textbook provides a broad introduction to algorithms for decision making under uncertainty,
covering the underlying mathematical problem formulations and the algorithms for solving them.
The book first addresses the problem of reasoning about uncertainty and objectives in simple
decisions at a single point in time, and then turns to sequential decision problems in stochastic
environments where the outcomes of our actions are uncertain. It goes on to address model
uncertainty, when we do not start with a known model and must learn how to act through
interaction with the environment; state uncertainty, in which we do not know the current state of the
environment due to imperfect perceptual information; and decision contexts involving multiple
agents. The book focuses primarily on planning and reinforcement learning, although some of the
techniques presented draw on elements of supervised learning and optimization. Algorithms are
implemented in the Julia programming language. Figures, examples, and exercises convey the
intuition behind the various approaches presented.
  algorithm definition in math: A Spiral Workbook for Discrete Mathematics Harris Kwong,
2015-11-06 A Spiral Workbook for Discrete Mathematics covers the standard topics in a
sophomore-level course in discrete mathematics: logic, sets, proof techniques, basic number theory,
functions,relations, and elementary combinatorics, with an emphasis on motivation. The text
explains and claries the unwritten conventions in mathematics, and guides the students through a
detailed discussion on how a proof is revised from its draft to a nal polished form. Hands-on
exercises help students understand a concept soon after learning it. The text adopts a spiral
approach: many topics are revisited multiple times, sometimes from a dierent perspective or at a
higher level of complexity, in order to slowly develop the student's problem-solving and writing
skills.
  algorithm definition in math: Math for Programmers Paul Orland, 2021-01-12 In Math for
Programmers you’ll explore important mathematical concepts through hands-on coding. Filled with
graphics and more than 300 exercises and mini-projects, this book unlocks the door to
interesting–and lucrative!–careers in some of today’s hottest fields. As you tackle the basics of linear
algebra, calculus, and machine learning, you’ll master the key Python libraries used to turn them
into real-world software applications. Summary To score a job in data science, machine learning,
computer graphics, and cryptography, you need to bring strong math skills to the party. Math for
Programmers teaches the math you need for these hot careers, concentrating on what you need to
know as a developer. Filled with lots of helpful graphics and more than 200 exercises and
mini-projects, this book unlocks the door to interesting–and lucrative!–careers in some of today’s
hottest programming fields. Purchase of the print book includes a free eBook in PDF, Kindle, and
ePub formats from Manning Publications. About the technology Skip the mathematical jargon: This
one-of-a-kind book uses Python to teach the math you need to build games, simulations, 3D graphics,
and machine learning algorithms. Discover how algebra and calculus come alive when you see them
in code! About the book In Math for Programmers you’ll explore important mathematical concepts
through hands-on coding. Filled with graphics and more than 300 exercises and mini-projects, this
book unlocks the door to interesting–and lucrative!–careers in some of today’s hottest fields. As you
tackle the basics of linear algebra, calculus, and machine learning, you’ll master the key Python
libraries used to turn them into real-world software applications. What's inside Vector geometry for
computer graphics Matrices and linear transformations Core concepts from calculus Simulation and
optimization Image and audio processing Machine learning algorithms for regression and
classification About the reader For programmers with basic skills in algebra. About the author Paul
Orland is a programmer, software entrepreneur, and math enthusiast. He is co-founder of Tachyus, a
start-up building predictive analytics software for the energy industry. You can find him online at
www.paulor.land. Table of Contents 1 Learning math with code PART I - VECTORS AND GRAPHICS
2 Drawing with 2D vectors 3 Ascending to the 3D world 4 Transforming vectors and graphics 5
Computing transformations with matrices 6 Generalizing to higher dimensions 7 Solving systems of



linear equations PART 2 - CALCULUS AND PHYSICAL SIMULATION 8 Understanding rates of
change 9 Simulating moving objects 10 Working with symbolic expressions 11 Simulating force
fields 12 Optimizing a physical system 13 Analyzing sound waves with a Fourier series PART 3 -
MACHINE LEARNING APPLICATIONS 14 Fitting functions to data 15 Classifying data with logistic
regression 16 Training neural networks
  algorithm definition in math: An Introduction to Abstract Mathematics Robert J. Bond,
William J. Keane, 2007-08-24 Bond and Keane explicate the elements of logical, mathematical
argument to elucidate the meaning and importance of mathematical rigor. With definitions of
concepts at their disposal, students learn the rules of logical inference, read and understand proofs
of theorems, and write their own proofs all while becoming familiar with the grammar of
mathematics and its style. In addition, they will develop an appreciation of the different methods of
proof (contradiction, induction), the value of a proof, and the beauty of an elegant argument. The
authors emphasize that mathematics is an ongoing, vibrant disciplineits long, fascinating history
continually intersects with territory still uncharted and questions still in need of answers. The
authors extensive background in teaching mathematics shines through in this balanced, explicit, and
engaging text, designed as a primer for higher- level mathematics courses. They elegantly
demonstrate process and application and recognize the byproducts of both the achievements and the
missteps of past thinkers. Chapters 1-5 introduce the fundamentals of abstract mathematics and
chapters 6-8 apply the ideas and techniques, placing the earlier material in a real context. Readers
interest is continually piqued by the use of clear explanations, practical examples, discussion and
discovery exercises, and historical comments.
  algorithm definition in math: Combinatorial Algorithms Herbert S. Wilf, 1989-01-01 Covers
key recent advances in combinatorial algorithms.
  algorithm definition in math: Accuracy and Stability of Numerical Algorithms Nicholas J.
Higham, 2002-01-01 Accuracy and Stability of Numerical Algorithms gives a thorough, up-to-date
treatment of the behavior of numerical algorithms in finite precision arithmetic. It combines
algorithmic derivations, perturbation theory, and rounding error analysis, all enlivened by historical
perspective and informative quotations. This second edition expands and updates the coverage of
the first edition (1996) and includes numerous improvements to the original material. Two new
chapters treat symmetric indefinite systems and skew-symmetric systems, and nonlinear systems
and Newton's method. Twelve new sections include coverage of additional error bounds for Gaussian
elimination, rank revealing LU factorizations, weighted and constrained least squares problems, and
the fused multiply-add operation found on some modern computer architectures.
  algorithm definition in math: Foundations of Applied Mathematics, Volume 2 Jeffrey
Humpherys, Tyler J. Jarvis, 2020-03-10 In this second book of what will be a four-volume series, the
authors present, in a mathematically rigorous way, the essential foundations of both the theory and
practice of algorithms, approximation, and optimization—essential topics in modern applied and
computational mathematics. This material is the introductory framework upon which algorithm
analysis, optimization, probability, statistics, machine learning, and control theory are built. This
text gives a unified treatment of several topics that do not usually appear together: the theory and
analysis of algorithms for mathematicians and data science students; probability and its applications;
the theory and applications of approximation, including Fourier series, wavelets, and polynomial
approximation; and the theory and practice of optimization, including dynamic optimization. When
used in concert with the free supplemental lab materials, Foundations of Applied Mathematics,
Volume 2: Algorithms, Approximation, Optimization teaches not only the theory but also the
computational practice of modern mathematical methods. Exercises and examples build upon each
other in a way that continually reinforces previous ideas, allowing students to retain learned
concepts while achieving a greater depth. The mathematically rigorous lab content guides students
to technical proficiency and answers the age-old question “When am I going to use this?” This
textbook is geared toward advanced undergraduate and beginning graduate students in
mathematics, data science, and machine learning.



  algorithm definition in math: Deep Learning Ian Goodfellow, Yoshua Bengio, Aaron Courville,
2016-11-10 An introduction to a broad range of topics in deep learning, covering mathematical and
conceptual background, deep learning techniques used in industry, and research perspectives.
“Written by three experts in the field, Deep Learning is the only comprehensive book on the
subject.” —Elon Musk, cochair of OpenAI; cofounder and CEO of Tesla and SpaceX Deep learning is
a form of machine learning that enables computers to learn from experience and understand the
world in terms of a hierarchy of concepts. Because the computer gathers knowledge from
experience, there is no need for a human computer operator to formally specify all the knowledge
that the computer needs. The hierarchy of concepts allows the computer to learn complicated
concepts by building them out of simpler ones; a graph of these hierarchies would be many layers
deep. This book introduces a broad range of topics in deep learning. The text offers mathematical
and conceptual background, covering relevant concepts in linear algebra, probability theory and
information theory, numerical computation, and machine learning. It describes deep learning
techniques used by practitioners in industry, including deep feedforward networks, regularization,
optimization algorithms, convolutional networks, sequence modeling, and practical methodology;
and it surveys such applications as natural language processing, speech recognition, computer
vision, online recommendation systems, bioinformatics, and videogames. Finally, the book offers
research perspectives, covering such theoretical topics as linear factor models, autoencoders,
representation learning, structured probabilistic models, Monte Carlo methods, the partition
function, approximate inference, and deep generative models. Deep Learning can be used by
undergraduate or graduate students planning careers in either industry or research, and by software
engineers who want to begin using deep learning in their products or platforms. A website offers
supplementary material for both readers and instructors.
  algorithm definition in math: Algorithms Sanjoy Dasgupta, Christos H. Papadimitriou,
Umesh Virkumar Vazirani, 2006 This text, extensively class-tested over a decade at UC Berkeley and
UC San Diego, explains the fundamentals of algorithms in a story line that makes the material
enjoyable and easy to digest. Emphasis is placed on understanding the crisp mathematical idea
behind each algorithm, in a manner that is intuitive and rigorous without being unduly formal.
Features include:The use of boxes to strengthen the narrative: pieces that provide historical context,
descriptions of how the algorithms are used in practice, and excursions for the mathematically
sophisticated. Carefully chosen advanced topics that can be skipped in a standard one-semester
course but can be covered in an advanced algorithms course or in a more leisurely two-semester
sequence.An accessible treatment of linear programming introduces students to one of the greatest
achievements in algorithms. An optional chapter on the quantum algorithm for factoring provides a
unique peephole into this exciting topic. In addition to the text DasGupta also offers a Solutions
Manual which is available on the Online Learning Center.Algorithms is an outstanding
undergraduate text equally informed by the historical roots and contemporary applications of its
subject. Like a captivating novel it is a joy to read. Tim Roughgarden Stanford University
  algorithm definition in math: Algorithmic Number Theory: Efficient algorithms Eric Bach,
Jeffrey Outlaw Shallit, 1996 Volume 1.
  algorithm definition in math: The Algorithmic Foundations of Differential Privacy
Cynthia Dwork, Aaron Roth, 2014 The problem of privacy-preserving data analysis has a long history
spanning multiple disciplines. As electronic data about individuals becomes increasingly detailed,
and as technology enables ever more powerful collection and curation of these data, the need
increases for a robust, meaningful, and mathematically rigorous definition of privacy, together with
a computationally rich class of algorithms that satisfy this definition. Differential Privacy is such a
definition. The Algorithmic Foundations of Differential Privacy starts out by motivating and
discussing the meaning of differential privacy, and proceeds to explore the fundamental techniques
for achieving differential privacy, and the application of these techniques in creative combinations,
using the query-release problem as an ongoing example. A key point is that, by rethinking the
computational goal, one can often obtain far better results than would be achieved by methodically



replacing each step of a non-private computation with a differentially private implementation.
Despite some powerful computational results, there are still fundamental limitations. Virtually all the
algorithms discussed herein maintain differential privacy against adversaries of arbitrary
computational power -- certain algorithms are computationally intensive, others are efficient.
Computational complexity for the adversary and the algorithm are both discussed. The monograph
then turns from fundamentals to applications other than query-release, discussing differentially
private methods for mechanism design and machine learning. The vast majority of the literature on
differentially private algorithms considers a single, static, database that is subject to many analyses.
Differential privacy in other models, including distributed databases and computations on data
streams, is discussed. The Algorithmic Foundations of Differential Privacy is meant as a thorough
introduction to the problems and techniques of differential privacy, and is an invaluable reference
for anyone with an interest in the topic.
  algorithm definition in math: An Introduction to Discrete Mathematics Steven Roman,
1989 Intended for a one-term course in discrete mathematics, to prepare freshmen and sophomores
for further work in computer science as well as mathematics. Sets, proof techniques, logic,
combinatorics, and graph theory are covered in concise form. All topics are motivated by concrete
examples, often emphasizing the interplay between computer science and mathematics. Examples
also illustrate all definitions. Applications and references cover a wide variety of realistic situations.
Coverage of mathematical induction includes the stroung form of induction, and new sections have
been added on nonhomogeneous recurrence relations and the essentials of probability.
  algorithm definition in math: Algorithms and Data Structures Kurt Mehlhorn, Peter
Sanders, 2008-05-27 Algorithms are at the heart of every nontrivial computer application, and
algorithmics is a modern and active area of computer science. Every computer scientist and every
professional programmer should know about the basic algorithmic toolbox: structures that allow
efficient organization and retrieval of data, frequently used algorithms, and basic techniques for
modeling, understanding and solving algorithmic problems. This book is a concise introduction
addressed to students and professionals familiar with programming and basic mathematical
language. Individual chapters cover arrays and linked lists, hash tables and associative arrays,
sorting and selection, priority queues, sorted sequences, graph representation, graph traversal,
shortest paths, minimum spanning trees, and optimization. The algorithms are presented in a
modern way, with explicitly formulated invariants, and comment on recent trends such as algorithm
engineering, memory hierarchies, algorithm libraries and certifying algorithms. The authors use
pictures, words and high-level pseudocode to explain the algorithms, and then they present more
detail on efficient implementations using real programming languages like C++ and Java. The
authors have extensive experience teaching these subjects to undergraduates and graduates, and
they offer a clear presentation, with examples, pictures, informal explanations, exercises, and some
linkage to the real world. Most chapters have the same basic structure: a motivation for the
problem, comments on the most important applications, and then simple solutions presented as
informally as possible and as formally as necessary. For the more advanced issues, this approach
leads to a more mathematical treatment, including some theorems and proofs. Finally, each chapter
concludes with a section on further findings, providing views on the state of research,
generalizations and advanced solutions.

Additional Resources
How does a 'diff' algorithm work, e.g. in VCDIFF and DiffMerge?
An O(ND) Difference Algorithm and its Variations (1986, Eugene W. Myers) is a fantastic paper and you
may want to start there. It includes pseudo-code and a nice visualization of the graph …



algorithm - Finding all possible combinations of numbers to reach …
Jan 8, 2011 · Here is a Java version which is well suited for small N and very large target sum, when
complexity O(t*N) (the dynamic solution) is greater than the exponential algorithm. My …

JSchException: Algorithm negotiation fail - Stack Overflow
I am trying to connect to remote sftp server over ssh with JSch (0.1.44-1) but during session.connect(); I am
getting this exception: com.jcraft.jsch.JSchException: Algorithm …

algorithm - What does O (log n) mean exactly? - Stack Overflow
Feb 22, 2010 · Algorithm 1: Algorithm 1 prints hello once and it doesn't depend on n, so it will always run
in constant time, so it is O(1). print "hello"; Algorithm 2: Algorithm 2 prints hello 3 …

algorithm - Calculate distance between two latitude-longitude …
Aug 26, 2008 · Some of the answers do refer to Vincenty's formula for ellipsoids, but that algorithm was
designed for use on 1960s' era desk calculators and it has stability & accuracy …

algorithm - Difference and advantages between dijkstra & A star
Oct 23, 2012 · If I need the algorithm to run in milliseconds, when does A* become the most prominent
choice. Not quite, it depends on a lot of things. If you have a decent heuristic …

algorithm - How to find convex hull in a 3 dimensional space
Aug 24, 2013 · Since the algorithm spends O(n) time for each convex hull vertex, the worst-case running
time is O(n2). However, if the convex hull has very few vertices, Jarvis's march is …

algorithm - How to generate Sudoku boards with unique solutions …
Aug 3, 2011 · Unless P = NP, there is no polynomial-time algorithm for generating general Sudoku
problems with exactly one solution. In his master's thesis, Takayuki Yato defined The …

What is Sliding Window Algorithm? Examples? - Stack Overflow
Oct 20, 2013 · I think of it as more a technique than an algorithm. It's a technique that could be utilized in
various algorithms. I think the technique is best understood with the following …

Why does Collections.sort use Mergesort but Arrays.sort does not?
Sep 1, 2015 · Also, the documentation didn’t catch up, which shows, that it is a bad idea in general, to name
an internally used algorithm in a specification, when not necessary. The …

How does a 'diff' algorithm work, e.g. in VCDIFF and DiffMerge?
An O(ND) Difference Algorithm and its Variations (1986, Eugene W. Myers) is a fantastic paper and you
may want to start …

algorithm - Finding all possible combinations of numbers to reac…
Jan 8, 2011 · Here is a Java version which is well suited for small N and very large target sum, when
complexity O(t*N) (the dynamic …



JSchException: Algorithm negotiation fail - Stack Overflow
I am trying to connect to remote sftp server over ssh with JSch (0.1.44-1) but during session.connect(); I am
getting this …

algorithm - What does O (log n) mean exactly? - Stack Overflow
Feb 22, 2010 · Algorithm 1: Algorithm 1 prints hello once and it doesn't depend on n, so it will always run
in constant time, so it is …

algorithm - Calculate distance between two latitude-longitude po…
Aug 26, 2008 · Some of the answers do refer to Vincenty's formula for ellipsoids, but that algorithm was
designed for use on 1960s' …
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