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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.
Numerical algorithms, modern programming techniques, and parallel computing are often taught serially across different courses
and different textbooks. The need to integrate concepts and tools usually comes only in employment or in research - after the
courses are concluded - forcing the student to synthesise what is perceived to be three independent subfields into one. This book
provides a seamless approach to stimulate the student simultaneously through the eyes of multiple disciplines, leading to
enhanced understanding of scientific computing as a whole. The book includes both basic as well as advanced topics and places
equal emphasis on the discretization of partial differential equations and on solvers. Some of the advanced topics include
wavelets, high-order methods, non-symmetric systems, and parallelization of sparse systems. The material covered is suited to
students from engineering, computer science, physics and mathematics.
With its cogent overview of the essentials of parallel computation as well as lists of P-complete and open problems, extensive
remarks corresponding to each problem, and extensive references, this book is the ideal introduction to parallel computing.
An Introduction to Parallel Programming, Second Edition presents a tried-and-true tutorial approach that shows students how to
develop effective parallel programs with MPI, Pthreads and OpenMP. As the first undergraduate text to directly address compiling
and running parallel programs on multi-core and cluster architecture, this second edition carries forward its clear explanations for
designing, debugging and evaluating the performance of distributed and shared-memory programs. In edition, this new edition
includes coverage of accelerators via new content on GPU programming and heterogeneous programming. New and improved
user-friendly exercises teach student how to compile, run and modify example programs. Takes a tutorial approach, starting with
small programming examples and building progressively to more challenging examples Focuses on designing, debugging and
evaluating the performance of distributed and shared-memory programs Explains how to develop parallel programs using MPI,
Pthreads and OpenMP programming models Includes a robust package of online ancillaries for instructors and students Provides
lecture slides, a solutions manual, downloadable source code and an image bank
Peter Seibel interviews 15 of the most interesting computer programmers alive today in Coders at Work, offering a companion
volume to Apress’s highly acclaimed best-seller Founders at Work by Jessica Livingston. As the words “at work” suggest, Peter
Seibel focuses on how his interviewees tackle the day-to-day work of programming, while revealing much more, like how they
became great programmers, how they recognize programming talent in others, and what kinds of problems they find most
interesting. Hundreds of people have suggested names of programmers to interview on the Coders at Work web site:
www.codersatwork.com. The complete list was 284 names. Having digested everyone’s feedback, we selected 15 folks who’ve
been kind enough to agree to be interviewed: Frances Allen: Pioneer in optimizing compilers, first woman to win the Turing Award
(2006) and first female IBM fellow Joe Armstrong: Inventor of Erlang Joshua Bloch: Author of the Java collections framework, now
at Google Bernie Cosell: One of the main software guys behind the original ARPANET IMPs and a master debugger Douglas
Crockford: JSON founder, JavaScript architect at Yahoo! L. Peter Deutsch: Author of Ghostscript, implementer of Smalltalk-80 at
Xerox PARC and Lisp 1.5 on PDP-1 Brendan Eich: Inventor of JavaScript, CTO of the Mozilla Corporation Brad Fitzpatrick: Writer
of LiveJournal, OpenID, memcached, and Perlbal Dan Ingalls: Smalltalk implementor and designer Simon Peyton Jones:
Coinventor of Haskell and lead designer of Glasgow Haskell Compiler Donald Knuth: Author of The Art of Computer Programming
and creator of TeX Peter Norvig: Director of Research at Google and author of the standard text on AI Guy Steele: Coinventor of
Scheme and part of the Common Lisp Gang of Five, currently working on Fortress Ken Thompson: Inventor of UNIX Jamie
Zawinski: Author of XEmacs and early Netscape/Mozilla hacker
Parallel algorithms Made Easy The complexity of today's applications coupled with the widespread use of parallel computing has
made the design and analysis of parallel algorithms topics of growing interest. This volume fills a need in the field for an
introductory treatment of parallel algorithms-appropriate even at the undergraduate level, where no other textbooks on the subject
exist. It features a systematic approach to the latest design techniques, providing analysis and implementation details for each
parallel algorithm described in the book. Introduction to Parallel Algorithms covers foundations of parallel computing; parallel
algorithms for trees and graphs; parallel algorithms for sorting, searching, and merging; and numerical algorithms. This remarkable
book: * Presents basic concepts in clear and simple terms * Incorporates numerous examples to enhance students' understanding
* Shows how to develop parallel algorithms for all classical problems in computer science, mathematics, and engineering *
Employs extensive illustrations of new design techniques * Discusses parallel algorithms in the context of PRAM model * Includes
end-of-chapter exercises and detailed references on parallel computing. This book enables universities to offer parallel algorithm
courses at the senior undergraduate level in computer science and engineering. It is also an invaluable text/reference for graduate
students, scientists, and engineers in computer science, mathematics, and engineering.
The use of parallel programming and architectures is essential for simulating and solving problems in modern computational
practice. There has been rapid progress in microprocessor architecture, interconnection technology and software devel- ment,
which are in?uencing directly the rapid growth of parallel and distributed computing. However, in order to make these bene?ts
usable in practice, this dev- opment must be accompanied by progress in the design, analysis and application aspects of parallel
algorithms. In particular, new approaches from parallel num- ics are important for solving complex computational problems on
parallel and/or distributed systems. The contributions to this book are focused on topics most concerned in the trends of today’s
parallel computing. These range from parallel algorithmics, progr- ming, tools, network computing to future parallel computing.
Particular attention is paid to parallel numerics: linear algebra, differential equations, numerical integ- tion, number theory and their
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applications in computer simulations, which together form the kernel of the monograph. We expect that the book will be of interest
to scientists working on parallel computing, doctoral students, teachers, engineers and mathematicians dealing with numerical
applications and computer simulations of natural phenomena.
This is a practical student guide to scientific computing on parallel computers, working up from a hardware instruction level, to
shared memory machines, and finally to distributed memory machines.
Distributed and Parallel Systems: From Instruction Parallelism to Cluster Computing is the proceedings of the third Austrian-
Hungarian Workshop on Distributed and Parallel Systems organized jointly by the Austrian Computer Society and the MTA
SZTAKI Computer and Automation Research Institute. This book contains 18 full papers and 12 short papers from 14 countries
around the world, including Japan, Korea and Brazil. The paper sessions cover a broad range of research topics in the area of
parallel and distributed systems, including software development environments, performance evaluation, architectures, languages,
algorithms, web and cluster computing. This volume will be useful to researchers and scholars interested in all areas related to
parallel and distributed computing systems.
Authored by two of the leading authorities in the field, this guide offers readers the knowledge and skills needed to achieve
proficiency with embedded software.
This book constitutes the refereed proceedings of the 6th International Conference on Algorithms and Architectures for Parallel
Processing, ICA3PP 2005, held in Melbourne, Australia in October 2005. The 27 revised full papers and 25 revised short papers
presented were carefully reviewed and selected from 95 submissions. The book covers new architectures of parallel and
distributed systems, new system management facilities, and new application algorithms with special focus on two broad areas of
parallel and distributed computing, i.e., architectures, algorithms and networks, and systems and applications.
An Introduction to Parallel ProgrammingMorgan Kaufmann
An In-Depth View of Hardware Issues, Programming Practices, and Implementation of Key Methods Exploring the challenges of
parallel programming from the perspective of quantum chemists, Parallel Computing in Quantum Chemistry thoroughly covers
topics relevant to designing and implementing parallel quantum chemistry programs. Focusing on good parallel program design
and performance analysis, the first part of the book deals with parallel computer architectures and parallel computing concepts and
terminology. The authors discuss trends in hardware, methods, and algorithms; parallel computer architectures and the overall
system view of a parallel computer; message-passing; parallelization via multi-threading; measures for predicting and assessing
the performance of parallel algorithms; and fundamental issues of designing and implementing parallel programs. The second part
contains detailed discussions and performance analyses of parallel algorithms for a number of important and widely used quantum
chemistry procedures and methods. The book presents schemes for the parallel computation of two-electron integrals, details the
Hartree–Fock procedure, considers the parallel computation of second-order Møller–Plesset energies, and examines the
difficulties of parallelizing local correlation methods. Through a solid assessment of parallel computing hardware issues, parallel
programming practices, and implementation of key methods, this invaluable book enables readers to develop efficient quantum
chemistry software capable of utilizing large-scale parallel computers.
Innovations in hardware architecture, like hyper-threading or multicore processors, mean that parallel computing resources are
available for inexpensive desktop computers. In only a few years, many standard software products will be based on concepts of
parallel programming implemented on such hardware, and the range of applications will be much broader than that of scientific
computing, up to now the main application area for parallel computing. Rauber and Rünger take up these recent developments in
processor architecture by giving detailed descriptions of parallel programming techniques that are necessary for developing
efficient programs for multicore processors as well as for parallel cluster systems and supercomputers. Their book is structured in
three main parts, covering all areas of parallel computing: the architecture of parallel systems, parallel programming models and
environments, and the implementation of efficient application algorithms. The emphasis lies on parallel programming techniques
needed for different architectures. For this second edition, all chapters have been carefully revised. The chapter on architecture of
parallel systems has been updated considerably, with a greater emphasis on the architecture of multicore systems and adding
new material on the latest developments in computer architecture. Lastly, a completely new chapter on general-purpose GPUs
and the corresponding programming techniques has been added. The main goal of the book is to present parallel programming
techniques that can be used in many situations for a broad range of application areas and which enable the reader to develop
correct and efficient parallel programs. Many examples and exercises are provided to show how to apply the techniques. The book
can be used as both a textbook for students and a reference book for professionals. The material presented has been used for
courses in parallel programming at different universities for many years.
This book offers a practical guide to the advanced features of the MPI (Message-Passing Interface) standard library for writing
programs for parallel computers. It covers new features added in MPI-3, the latest version of the MPI standard, and updates from
MPI-2. Like its companion volume, Using MPI, the book takes an informal, example-driven, tutorial approach. The material in each
chapter is organized according to the complexity of the programs used as examples, starting with the simplest example and
moving to more complex ones.Using Advanced MPI covers major changes in MPI-3, including changes to remote memory access
and one-sided communication that simplify semantics and enable better performance on modern hardware; new features such as
nonblocking and neighborhood collectives for greater scalability on large systems; and minor updates to parallel I/O and dynamic
processes. It also covers support for hybrid shared-memory/message-passing programming; MPI_Message, which aids in certain
types of multithreaded programming; features that handle very large data; an interface that allows the programmer and the
developer to access performance data; and a new binding of MPI to Fortran.
An Introduction to Parallel Programming is the first undergraduate text to directly address compiling and running parallel programs
on the new multi-core and cluster architecture. It explains how to design, debug, and evaluate the performance of distributed and
shared-memory programs. The author Peter Pacheco uses a tutorial approach to show students how to develop effective parallel
programs with MPI, Pthreads, and OpenMP, starting with small programming examples and building progressively to more
challenging ones. The text is written for students in undergraduate parallel programming or parallel computing courses designed
for the computer science major or as a service course to other departments; professionals with no background in parallel
computing. Takes a tutorial approach, starting with small programming examples and building progressively to more challenging
examples Focuses on designing, debugging and evaluating the performance of distributed and shared-memory programs Explains
how to develop parallel programs using MPI, Pthreads, and OpenMP programming models
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The Book of R is a comprehensive, beginner-friendly guide to R, the world’s most popular programming language for
statistical analysis. Even if you have no programming experience and little more than a grounding in the basics of
mathematics, you’ll find everything you need to begin using R effectively for statistical analysis. You’ll start with the
basics, like how to handle data and write simple programs, before moving on to more advanced topics, like producing
statistical summaries of your data and performing statistical tests and modeling. You’ll even learn how to create
impressive data visualizations with R’s basic graphics tools and contributed packages, like ggplot2 and ggvis, as well as
interactive 3D visualizations using the rgl package. Dozens of hands-on exercises (with downloadable solutions) take you
from theory to practice, as you learn: –The fundamentals of programming in R, including how to write data frames, create
functions, and use variables, statements, and loops –Statistical concepts like exploratory data analysis, probabilities,
hypothesis tests, and regression modeling, and how to execute them in R –How to access R’s thousands of functions,
libraries, and data sets –How to draw valid and useful conclusions from your data –How to create publication-quality
graphics of your results Combining detailed explanations with real-world examples and exercises, this book will provide
you with a solid understanding of both statistics and the depth of R’s functionality. Make The Book of R your doorway
into the growing world of data analysis.
This book constitutes the proceedings of the 25th International Conference on Parallel and Distributed Computing, Euro-
Par 2019, held in Göttingen, Germany, in August 2019. The 36 full papers presented in this volume were carefully
reviewed and selected from 142 submissions. They deal with parallel and distributed computing in general, focusing on
support tools and environments; performance and power modeling, prediction and evaluation; scheduling and load
balancing; high performance architectures and compilers; data management, analytics and deep learning; cluster and
cloud computing; distributed systems and algorithms; parallel and distributed programming, interfaces, and languages;
multicore and manycore parallelism; theory and algorithms for parallel computation and networking; parallel numerical
methods and applications; accelerator computing; algorithms and systems for bioinformatics; and algorithms and
systems for digital humanities.
The era of practical parallel programming has arrived, marked by the popularity of the MPI and OpenMP software
standards and the emergence of commodity clusters as the hardware platform of choice for an increasing number of
organizations. This exciting new book,Parallel Programming in C with MPI and OpenMPaddresses the needs of students
and professionals who want to learn how to design, analyze, implement, and benchmark parallel programs in C using
MPI and/or OpenMP. It introduces a rock-solid design methodology with coverage of the most important MPI functions
and OpenMP directives. It also demonstrates, through a wide range of examples, how to develop parallel programs that
will execute efficiently on today’s parallel platforms. If you are an instructor who has adopted the book and would like
access to the additional resources, please contact your local sales rep. or Michelle Flomenhoft at:
michelle_flomenhoft@mcgraw-hill.com.
Software -- Programming Techniques.
The book serves as a first introduction to computer programming of scientific applications, using the high-level Python
language. The exposition is example and problem-oriented, where the applications are taken from mathematics,
numerical calculus, statistics, physics, biology and finance. The book teaches "Matlab-style" and procedural
programming as well as object-oriented programming. High school mathematics is a required background and it is
advantageous to study classical and numerical one-variable calculus in parallel with reading this book. Besides learning
how to program computers, the reader will also learn how to solve mathematical problems, arising in various branches of
science and engineering, with the aid of numerical methods and programming. By blending programming, mathematics
and scientific applications, the book lays a solid foundation for practicing computational science. From the reviews:
Langtangen ... does an excellent job of introducing programming as a set of skills in problem solving. He guides the
reader into thinking properly about producing program logic and data structures for modeling real-world problems using
objects and functions and embracing the object-oriented paradigm. ... Summing Up: Highly recommended. F. H. Wild III,
Choice, Vol. 47 (8), April 2010 Those of us who have learned scientific programming in Python ‘on the streets’ could be
a little jealous of students who have the opportunity to take a course out of Langtangen’s Primer.” John D. Cook, The
Mathematical Association of America, September 2011 This book goes through Python in particular, and programming in
general, via tasks that scientists will likely perform. It contains valuable information for students new to scientific
computing and would be the perfect bridge between an introduction to programming and an advanced course on
numerical methods or computational science. Alex Small, IEEE, CiSE Vol. 14 (2), March /April 2012 “This fourth edition
is a wonderful, inclusive textbook that covers pretty much everything one needs to know to go from zero to fairly
sophisticated scientific programming in Python...” Joan Horvath, Computing Reviews, March 2015
A comprehensive overview of OpenMP, the standard application programming interface for shared memory parallel
computing—a reference for students and professionals. "I hope that readers will learn to use the full expressibility and
power of OpenMP. This book should provide an excellent introduction to beginners, and the performance section should
help those with some experience who want to push OpenMP to its limits." —from the foreword by David J. Kuck, Intel
Fellow, Software and Solutions Group, and Director, Parallel and Distributed Solutions, Intel Corporation OpenMP, a
portable programming interface for shared memory parallel computers, was adopted as an informal standard in 1997 by
computer scientists who wanted a unified model on which to base programs for shared memory systems. OpenMP is
now used by many software developers; it offers significant advantages over both hand-threading and MPI. Using
OpenMP offers a comprehensive introduction to parallel programming concepts and a detailed overview of OpenMP.
Using OpenMP discusses hardware developments, describes where OpenMP is applicable, and compares OpenMP to
other programming interfaces for shared and distributed memory parallel architectures. It introduces the individual
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features of OpenMP, provides many source code examples that demonstrate the use and functionality of the language
constructs, and offers tips on writing an efficient OpenMP program. It describes how to use OpenMP in full-scale
applications to achieve high performance on large-scale architectures, discussing several case studies in detail, and
offers in-depth troubleshooting advice. It explains how OpenMP is translated into explicitly multithreaded code, providing
a valuable behind-the-scenes account of OpenMP program performance. Finally, Using OpenMP considers trends likely
to influence OpenMP development, offering a glimpse of the possibilities of a future OpenMP 3.0 from the vantage point
of the current OpenMP 2.5. With multicore computer use increasing, the need for a comprehensive introduction and
overview of the standard interface is clear. Using OpenMP provides an essential reference not only for students at both
undergraduate and graduate levels but also for professionals who intend to parallelize existing codes or develop new
parallel programs for shared memory computer architectures.
Mathematics of Computing -- Parallelism.
Hadoop in Action teaches readers how to use Hadoop and write MapReduce programs. The intended readers are
programmers, architects, and project managers who have to process large amounts of data offline. Hadoop in Action will
lead the reader from obtaining a copy of Hadoop to setting it up in a cluster and writing data analytic programs. The book
begins by making the basic idea of Hadoop and MapReduce easier to grasp by applying the default Hadoop installation
to a few easy-to-follow tasks, such as analyzing changes in word frequency across a body of documents. The book
continues through the basic concepts of MapReduce applications developed using Hadoop, including a close look at
framework components, use of Hadoop for a variety of data analysis tasks, and numerous examples of Hadoop in action.
Hadoop in Action will explain how to use Hadoop and present design patterns and practices of programming
MapReduce. MapReduce is a complex idea both conceptually and in its implementation, and Hadoop users are
challenged to learn all the knobs and levers for running Hadoop. This book takes you beyond the mechanics of running
Hadoop, teaching you to write meaningful programs in a MapReduce framework. This book assumes the reader will have
a basic familiarity with Java, as most code examples will be written in Java. Familiarity with basic statistical concepts (e.g.
histogram, correlation) will help the reader appreciate the more advanced data processing examples. Purchase of the
print book comes with an offer of a free PDF, ePub, and Kindle eBook from Manning. Also available is all code from the
book.
CUDA is a computing architecture designed to facilitate the development of parallel programs. In conjunction with a
comprehensive software platform, the CUDA Architecture enables programmers to draw on the immense power of
graphics processing units (GPUs) when building high-performance applications. GPUs, of course, have long been
available for demanding graphics and game applications. CUDA now brings this valuable resource to programmers
working on applications in other domains, including science, engineering, and finance. No knowledge of graphics
programming is required—just the ability to program in a modestly extended version of C. CUDA by Example, written by
two senior members of the CUDA software platform team, shows programmers how to employ this new technology. The
authors introduce each area of CUDA development through working examples. After a concise introduction to the CUDA
platform and architecture, as well as a quick-start guide to CUDA C, the book details the techniques and trade-offs
associated with each key CUDA feature. You’ll discover when to use each CUDA C extension and how to write CUDA
software that delivers truly outstanding performance. Major topics covered include Parallel programming Thread
cooperation Constant memory and events Texture memory Graphics interoperability Atomics Streams CUDA C on
multiple GPUs Advanced atomics Additional CUDA resources All the CUDA software tools you’ll need are freely
available for download from NVIDIA. http://developer.nvidia.com/object/cuda-by-example.html
The Parallel Programming Guide for Every Software Developer From grids and clusters to next-generation game
consoles, parallel computing is going mainstream. Innovations such as Hyper-Threading Technology, HyperTransport
Technology, and multicore microprocessors from IBM, Intel, and Sun are accelerating the movement's growth. Only one
thing is missing: programmers with the skills to meet the soaring demand for parallel software. That's where Patterns for
Parallel Programming comes in. It's the first parallel programming guide written specifically to serve working software
developers, not just computer scientists. The authors introduce a complete, highly accessible pattern language that will
help any experienced developer "think parallel"-and start writing effective parallel code almost immediately. Instead of
formal theory, they deliver proven solutions to the challenges faced by parallel programmers, and pragmatic guidance for
using today's parallel APIs in the real world. Coverage includes: Understanding the parallel computing landscape and the
challenges faced by parallel developers Finding the concurrency in a software design problem and decomposing it into
concurrent tasks Managing the use of data across tasks Creating an algorithm structure that effectively exploits the
concurrency you've identified Connecting your algorithmic structures to the APIs needed to implement them Specific
software constructs for implementing parallel programs Working with today's leading parallel programming environments:
OpenMP, MPI, and Java Patterns have helped thousands of programmers master object-oriented development and other
complex programming technologies. With this book, you will learn that they're the best way to master parallel
programming too.
During the last three decades, breakthroughs in computer technology have made a tremendous impact on optimization.
In particular, parallel computing has made it possible to solve larger and computationally more difficult prob lems. This
volume contains mainly lecture notes from a Nordic Summer School held at the Linkoping Institute of Technology,
Sweden in August 1995. In order to make the book more complete, a few authors were invited to contribute chapters that
were not part of the course on this first occasion. The purpose of this Nordic course in advanced studies was three-fold.
One goal was to introduce the students to the new achievements in a new and very active field, bring them close to world
leading researchers, and strengthen their competence in an area with internationally explosive rate of growth. A second
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goal was to strengthen the bonds between students from different Nordic countries, and to encourage collaboration and
joint research ventures over the borders. In this respect, the course built further on the achievements of the "Nordic
Network in Mathematical Programming" , which has been running during the last three years with the support ofthe
Nordic Council for Advanced Studies (NorFA). The final goal was to produce literature on the particular subject, which
would be available to both the participating students and to the students of the "next generation" .
DAPSYS (International Conference on Distributed and Parallel Systems) is an international biannual conference series
dedicated to all aspects of distributed and parallel computing. DAPSYS 2008, the 7th International Conference on
Distributed and Parallel Systems was held in September 2008 in Hungary. Distributed and Parallel Systems: Desktop
Grid Computing, based on DAPSYS 2008, presents original research, novel concepts and methods, and outstanding
results. Contributors investigate parallel and distributed techniques, algorithms, models and applications; present
innovative software tools, environments and middleware; focus on various aspects of grid computing; and introduce novel
methods for development, deployment, testing and evaluation. This volume features a special focus on desktop grid
computing as well. Designed for a professional audience composed of practitioners and researchers in industry, this book
is also suitable for advanced-level students in computer science.
Programming is now parallel programming. Much as structured programming revolutionized traditional serial
programming decades ago, a new kind of structured programming, based on patterns, is relevant to parallel
programming today. Parallel computing experts and industry insiders Michael McCool, Arch Robison, and James
Reinders describe how to design and implement maintainable and efficient parallel algorithms using a pattern-based
approach. They present both theory and practice, and give detailed concrete examples using multiple programming
models. Examples are primarily given using two of the most popular and cutting edge programming models for parallel
programming: Threading Building Blocks, and Cilk Plus. These architecture-independent models enable easy integration
into existing applications, preserve investments in existing code, and speed the development of parallel applications.
Examples from realistic contexts illustrate patterns and themes in parallel algorithm design that are widely applicable
regardless of implementation technology. The patterns-based approach offers structure and insight that developers can
apply to a variety of parallel programming models Develops a composable, structured, scalable, and machine-
independent approach to parallel computing Includes detailed examples in both Cilk Plus and the latest Threading
Building Blocks, which support a wide variety of computers
New and classical results in computational complexity, including interactive proofs, PCP, derandomization, and quantum
computation. Ideal for graduate students.
Programming Massively Parallel Processors: A Hands-on Approach, Second Edition, teaches students how to program
massively parallel processors. It offers a detailed discussion of various techniques for constructing parallel programs.
Case studies are used to demonstrate the development process, which begins with computational thinking and ends with
effective and efficient parallel programs. This guide shows both student and professional alike the basic concepts of
parallel programming and GPU architecture. Topics of performance, floating-point format, parallel patterns, and dynamic
parallelism are covered in depth. This revised edition contains more parallel programming examples, commonly-used
libraries such as Thrust, and explanations of the latest tools. It also provides new coverage of CUDA 5.0, improved
performance, enhanced development tools, increased hardware support, and more; increased coverage of related
technology, OpenCL and new material on algorithm patterns, GPU clusters, host programming, and data parallelism; and
two new case studies (on MRI reconstruction and molecular visualization) that explore the latest applications of CUDA
and GPUs for scientific research and high-performance computing. This book should be a valuable resource for
advanced students, software engineers, programmers, and hardware engineers. New coverage of CUDA 5.0, improved
performance, enhanced development tools, increased hardware support, and more Increased coverage of related
technology, OpenCL and new material on algorithm patterns, GPU clusters, host programming, and data parallelism Two
new case studies (on MRI reconstruction and molecular visualization) explore the latest applications of CUDA and GPUs
for scientific research and high-performance computing
The end of dramatic exponential growth in single-processor performance marks the end of the dominance of the single
microprocessor in computing. The era of sequential computing must give way to a new era in which parallelism is at the
forefront. Although important scientific and engineering challenges lie ahead, this is an opportune time for innovation in
programming systems and computing architectures. We have already begun to see diversity in computer designs to
optimize for such considerations as power and throughput. The next generation of discoveries is likely to require
advances at both the hardware and software levels of computing systems. There is no guarantee that we can make
parallel computing as common and easy to use as yesterday's sequential single-processor computer systems, but unless
we aggressively pursue efforts suggested by the recommendations in this book, it will be "game over" for growth in
computing performance. If parallel programming and related software efforts fail to become widespread, the development
of exciting new applications that drive the computer industry will stall; if such innovation stalls, many other parts of the
economy will follow suit. The Future of Computing Performance describes the factors that have led to the future
limitations on growth for single processors that are based on complementary metal oxide semiconductor (CMOS)
technology. It explores challenges inherent in parallel computing and architecture, including ever-increasing power
consumption and the escalated requirements for heat dissipation. The book delineates a research, practice, and
education agenda to help overcome these challenges. The Future of Computing Performance will guide researchers,
manufacturers, and information technology professionals in the right direction for sustainable growth in computer
performance, so that we may all enjoy the next level of benefits to society.
An Introduction to Parallel Programming, Second Edition presents a tried-and-true tutorial approach that shows students how to
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develop effective parallel programs with MPI, Pthreads and OpenMP. As the first undergraduate text to directly address compiling
and running parallel programs on multi-core and cluster architecture, this second edition carries forward its clear explanations for
designing, debugging and evaluating the performance of distributed and shared-memory programs while adding coverage of
accelerators via new content on GPU programming and heterogeneous programming. New and improved user-friendly exercises
teach students how to compile, run and modify example programs. Takes a tutorial approach, starting with small programming
examples and building progressively to more challenging examples Explains how to develop parallel programs using MPI,
Pthreads and OpenMP programming models A robust package of online ancillaries for instructors and students includes lecture
slides, solutions manual, downloadable source code, and an image bank New to this edition: New chapters on GPU programming
and heterogeneous programming New examples and exercises related to parallel algorithms
Learn how to accelerate C++ programs using data parallelism. This open access book enables C++ programmers to be at the
forefront of this exciting and important new development that is helping to push computing to new levels. It is full of practical
advice, detailed explanations, and code examples to illustrate key topics. Data parallelism in C++ enables access to parallel
resources in a modern heterogeneous system, freeing you from being locked into any particular computing device. Now a single
C++ application can use any combination of devices—including GPUs, CPUs, FPGAs and AI ASICs—that are suitable to the
problems at hand. This book begins by introducing data parallelism and foundational topics for effective use of the SYCL standard
from the Khronos Group and Data Parallel C++ (DPC++), the open source compiler used in this book. Later chapters cover
advanced topics including error handling, hardware-specific programming, communication and synchronization, and memory
model considerations. Data Parallel C++ provides you with everything needed to use SYCL for programming heterogeneous
systems. What You'll Learn Accelerate C++ programs using data-parallel programming Target multiple device types (e.g. CPU,
GPU, FPGA) Use SYCL and SYCL compilers Connect with computing’s heterogeneous future via Intel’s oneAPI initiative Who
This Book Is For Those new data-parallel programming and computer programmers interested in data-parallel programming using
C++.
Author Peter Pacheco uses a tutorial approach to show students how to develop effective parallel programs with MPI, Pthreads,
and OpenMP. The first undergraduate text to directly address compiling and running parallel programs on the new multi-core and
cluster architecture, " An Introduction to Parallel Programming" explains how to design, debug, and evaluate the performance of
distributed and shared-memory programs. User-friendly exercises teach studentshow to compile, run and modify example
programs. Takes a tutorial approach, starting with small programming examples and building progressively to more challenging
examplesFocuses on designing, debugging and evaluating the performance of distributed and shared-memory programsExplains
how to develop parallel programs using MPI, Pthreads, and OpenMP programming models"
This textbook is a concise introduction to the basic toolbox of structures that allow efficient organization and retrieval of data, key
algorithms for problems on graphs, and generic techniques for modeling, understanding, and solving algorithmic problems. The
authors aim for a balance between simplicity and efficiency, between theory and practice, and between classical results and the
forefront of research. 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, optimization,
collective communication and computation, and load balancing. The authors also discuss important issues such as algorithm
engineering, memory hierarchies, algorithm libraries, and certifying algorithms. Moving beyond the sequential algorithms and data
structures of the earlier related title, this book takes into account the paradigm shift towards the parallel processing required to
solve modern performance-critical applications and how this impacts on the teaching of algorithms. The book is suitable for
undergraduate and graduate students and professionals familiar with programming and basic mathematical language. Most
chapters have the same basic structure: the authors discuss a problem as it occurs in a real-life situation, they illustrate the most
important applications, and then they introduce simple solutions as informally as possible and as formally as necessary so the
reader really understands the issues at hand. As they move to more advanced and optional issues, their approach gradually leads
to a more mathematical treatment, including theorems and proofs. The book includes many examples, pictures, informal
explanations, and exercises, and the implementation notes introduce clean, efficient implementations in languages such as C++
and Java.
Advancements in microprocessor architecture, interconnection technology, and software development have fueled rapid growth in
parallel and distributed computing. However, this development is only of practical benefit if it is accompanied by progress in the
design, analysis and programming of parallel algorithms. This concise textbook provides, in one place, three mainstream
parallelization approaches, Open MPP, MPI and OpenCL, for multicore computers, interconnected computers and graphical
processing units. An overview of practical parallel computing and principles will enable the reader to design efficient parallel
programs for solving various computational problems on state-of-the-art personal computers and computing clusters. Topics
covered range from parallel algorithms, programming tools, OpenMP, MPI and OpenCL, followed by experimental measurements
of parallel programs’ run-times, and by engineering analysis of obtained results for improved parallel execution performances.
Many examples and exercises support the exposition.
This book outlines a set of issues that are critical to all of parallel architecture--communication latency, communication bandwidth,
and coordination of cooperative work (across modern designs). It describes the set of techniques available in hardware and in
software to address each issues and explore how the various techniques interact.
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