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Abstract

A semi-dynamic system is presented that is capable of
predicting the performance of parallel programs at run-
time. The functionality given by the system allows for ef-
ficient handling of portability and irregularity of parallel
programs. Two forms of parallelism are addressed: loop
level parallelism and task level parallelism.

1. Introduction

Parallel processing poses two distinct yet related prob-
lems for programmers and system developers: portability
and irregularity. Portability is the ability of a program to
execute quickly and efficiently on a multitude of different
parallel platforms'. Irregularity is a quality of parallel pro-
grams where the resource requirements of the program are
difficult to determine and thus efficient resource allocation
is difficult. As will be demonstrated, both of these issues
are related and can be addressed with a combination of
compile-time and runtime components in an Adaptive Par-
allelism system.

The fundamental problem of creating portable parallel
programs is that system resources, both in terms of numbers
and capabilities, are unknown until execution time. Like-
wise, the fundamental problem of handling irregularity is
that the resource requirements of the program are unknown
until execution time. The symmetry of these problems lead
to a common solution in the form of dynamic resource allo-
cation.

Resource allocation issues from both portability and ir-
regularity can be addressed through the use of an Adaptive
Parallelism system. Adaptive parallelism is a field of study
where programs perform runtime modifications in response

IThere are several other aspects of portability that are not addressed
in this paper, such as creating cross-platform executable file formats and
defining cross-platform programming interfaces; these concerns are or-
thogonal to the issue of optimizing performance

to changes in the program or machine state [2][7][8]. This
work extends the functionality of an adaptive parallelism
system through the inclusion of a predictive execution time
estimator, which guides the use of parallelism in a program.
Since the adaptive parallelism system allocates resources
dynamically at runtime, the problems of portability and ir-
regularity are addressed simultaneously.

For this paper, the following terms are defined. A thread
is any type of parallel workload and does not denote a spe-
cific implementation (e.g. task, process, lightweight thread)
or invocation method (e.g. fork, spawn, FORALL). A pro-
cessing element is a single processor in the parallel system
and does not imply any specific architecture or set of capa-
bilities for the processor.

The system is targeted for multi-programmed SPMD
(Single Program Multiple Data) or MIMD (Multiple In-
struction Multiple Data) homogeneous systems. No as-
sumptions are made about the network topology, the system
architecture, or the other programs running concurrently on
the system. The methods will work equally well on ad-
hoc clusters, server farms, and structured parallel systems.
Although the proposed work does not cover heterogeneous
systems, the methods could easily be extended to apply to
grids, networks of workstations, and other mixed environ-
ments.

2 Solution Overview

The goal of parallel processing is to use as many re-
sources as possible to minimize the execution time of a pro-
gram. The computation time of a parallel program is in-
versely proportional to the number of processing elements
assigned to the program. It is obvious that under-utilization
of resources is not desirable. However, it is well established
that using too many threads will slow down the execution
of a parallel program. The use of parallel resources creates
overhead from thread creation, workload migration, and
inter-thread communications. Therefore, any portable sys-
tem will have to find a balance between the computational
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