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Image courtesy of Z. Johan.
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Plate 3 A dynamic, local load-balancing algorithm applied to a weather model. This shows the
situation after grid points have migrated to compensate for a “hot spot” slightly to the left of the
grid center, Jmage courtesy of J. Michalakes.
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Plate 4 Potential temperature isosurface from a simulation of thunderstorm downdrafts, as
described in the text. Image courtesy of J. Anderson.




Plate 5, Load distribution in an atmosphere model with a 64x128 grid. Each figure shows per-
point computational load at a single time step, with the histogram giving relative frequency of dif-
ferent load values. The upper image shows a time step in which radiation time steps are performed.
and the lower image an ordinary time step. Diurnal, land/ocean, and local variations are visible.
Images courtesy of J. Michalakes.




Plate 6 Molecular model for the active site region in the enzyme Malate Dehydrogenase, as
described in the text. image couitesy of P Bash.

Plate 7 Profile data generated by the Gauge performance tool for a parallel atmospheric model
running on 32 processors, showing per-processor communication volume and message counts and
a three-dimensional profile in which color indicates time. Processors 24-31 are specialized I/O
processors.




Plate 8 Gantt chart and space-time graph for a parallel climate model executing on 64 proces-
sors, generated using the Paragraph performance tool.
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Plate 9 Thinking Machine Corporation’s PRISM performance tool, here applied to a Gaussian
elimination algorithm. Image courtesy of D. Reed.
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Plate 10 Paragraph displays of instantaneous communication activity in a parallel climate model
executing on 64 processors.

Plate 11 Gantt chart, state duration histogram, and instantaneous state diagram for a search prob-
lem running on 16 processors, generated using Upshot. Image courtesy of E. Lusk.
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Plate 12 Gantt chart for a computational chemistry code executing on 8 processors of an IBM SP
computer, generated using the Upshot performance tool. /mage courtesy of J. Tilson.

In Out Detailed Zoom

Plate 13 Pablo display of performance data collected from a numerical solver. Image courtesy of
D. Reed.
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Plate 14 Pablo virtual reality display of performance data. Irage courtesy of D. Reed.
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Plate 15 IBM'’s VT trace analysis tool.
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Preface

Welcome to Designing and Building Parallel Programs! My goal in this book is to provide
a practitioner’s guide for students, programmers, engineers, and scientists who wish to
design and build efficient and cost-effective programs for parallel and distributed computer
systems. I cover both the techniques used to design parallel programs and the tools used
to implement these programs. I assume familiarity with sequential programming, but no
prior exposure to parallel computing.

Designing and Building Parallel Programs promotes a view of parallel programming
as an engineering discipline, in which programs are developed in a methodical fashion
and both cost and performance are considered in a design. This view is reflected in the
structure of the book, which is divided into three parts. The first part, Concepts, provides
a thorough discussion of parallel algorithm design, performance analysis, and program
construction, with numerous examples to illustrate fundamental principles. The second
part, Tools, provides an in-depth treatment of four parallel programming tools: the par-
allel languages Compositional C++ (CC++), Fortran M (FM), and High Performance For-
tran (HPF), and the Message Passing Interface (MPI) library. HPF and MPI are standard
parallel programming systems, and CC++ and FM are modem languages particularly well-
suited for paraliel software engineering. Part Il also describes tools for collecting and an-
alyzing performance data. The third part, Resources surveys some fundamental parallel
algorithms and provides many pointers to other sources of information.

A unique feature of this book is that it is also a guide to a larger resource accessible via
the Internet and the World Wide Web. Designing and Building Parallel Programs (Online)
provides online access to the book’s contents and also allows you to download the parallel
tools described in the book, to access example programs and other educational materials,
and to browse through a weaith of other online information on parallel and distributed
computing. The online version is described in Chapter 13.



