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several factors determine how much performance is gained by a parallel solver. the increase in speed of
the solver with respect to the number of processors is due to the reduction of the number of tasks. there

is also the need to account for communication, synchronization, and cache contention costs. with two
types of parallelism (mpi and openmp), hwang and martins ( 2018 ) discussed the factors that determine

the performance-efficiency of their parallel solver. the paper does not take into account the workload
partitioning, and so the number of tasks is set to be the total number of unknowns. the two main

performance factors that are emphasized are number of processors and communication time. in their
experiments, the number of processors is changed from 1 to 80, while the communication time is given a

constant value of 1 second. the solver performance-efficiency is then analyzed and plotted against the
number of processors and the communication time. it is found that there is a continuous improvement in

performance for the same solver with increasing number of processors. the best-performing algorithm has
a solver time of less than one second for the calculation of about 50,000 unknowns on 80 processors. this

solver was developed for the openmdao system. chapter 2 provides an overview of the field of parallel
computing. the chapters follow a logical sequence, starting with the development of computers, moving

to processor architectures, with a summary of the important research methods. the book further
progresses by moving to the advanced concepts of computer architecture, such as pipelining, instruction

level parallelism, and microprogramming. the book continues with an in-depth coverage of data flow
architectures, which are the ultimate platform for parallel execution. the section on vlsi covers the

fundamentals of computer organization, logic design, and design for manufacturability. each chapter is
self-contained and comprehensive.
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maud provides a virtual dual mesh
with distinct dual cells (figure 2.1 )
that can be used in many design

spaces and different model
hierarchies. using dual cells makes it

possible to schedule the cell
assembly process (and related cell

decomposition and bisection) in
parallel, given that the

computational cost of the associated
operations scales linearly. a general

iterative matrix solver algorithm

                               2 / 6



 

(hwang, liao, and martins 2017 ) is
used to solve the nonlinear system
in each dual cell. in a hierarchical

dual mesh, each dual cell is
decomposed into small cells that are
recursively decomposed into smaller
sub-cells. this results in a series of

dual mesh hierarchies that are
coupled, with a shared dual mesh at
the root, followed by a dual mesh at
each of the levels of the hierarchy.
the final strategy is implemented

using the dual mesh parallelization
framework (hwang and martins

2015 ). the size of each dual mesh is
2p, where p is the number of
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processors used, and each nonlinear
system of equations are solved via a

direct solver. at the root of the
hierarchy, the dual mesh must be
assembled into a complete sub-

mesh of size of 2n before solving a
set of nonlinear equations. this

process can be decomposed into
two sequential stages: mesh

assembly, in which the rows of the
dual mesh are extended to the

boundary of each of the sub-cells;
and mesh recomposition, in which
the mesh is partitioned among the
available processors. although the

assembly is initially performed using
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the sequential quadratic assignment
algorithm (anderson and keough

1987 ), it has been found to be more
efficient to decompose the assembly

and recompose it using a parallel
quadratic assignment algorithm

(qaa). this process is performed by
partitioning the dual mesh boundary

rows into groups that are
independently distributed among

the available processors. the
boundary rows are only assembled
and partitioned once at the start of
the process, and are reused for the

remainder of the process. a row
distribution tree is used to facilitate
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the local row partitioning, and a
move index tree is used to trace the

moves of the qaa process.
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