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Abstract

The paper presents an approach to performance analysis of heterogeneous parallel algo-

rithms. As a typical heterogeneous parallel algorithm is just a modification of some homo-

geneous one, the idea is to compare the heterogeneous algorithm with its homogeneous

prototype, and to assess the heterogeneous modification rather than analyse the algorithm

as an isolated entity. A criterion of optimality of heterogeneous parallel algorithms is sug-

gested. A parallel algorithm of matrix multiplication on heterogeneous clusters is used to illus-

trate the proposed approach.
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1. Introduction

Heterogeneous networks of computers are a promising distributed-memory par-

allel architecture. In the most general case, a heterogeneous network includes PCs,

workstations, multiprocessor servers, clusters of workstations, and even supercom-

puters. Unlike traditional homogeneous parallel platforms, the heterogeneous
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parallel architecture uses processors running at different speeds. Therefore, tradi-

tional parallel algorithms, which distribute computations evenly across parallel proc-

essors, will not balance the load of different-speed processors of the heterogeneous

network. Faster processors will quickly perform their portions of computation

and will wait for slower ones at points of synchronisation.
A natural approach to the problem is to distribute data across processors un-

evenly so that each processor performs the volume of computation proportional

to its speed. Several authors have applied this approach to data parallel algorithms

based on the two-dimensional block-cyclic distribution [1–4].

The methods of the performance analysis of homogeneous parallel algorithms are

well studied. They are based on a number of models of parallel computers, including

the parallel random access machine (PRAM) [5], the bulk-synchronous parallel

model (BSP) [6], and the LogP model [7]. All the models assume a parallel computer
to be a homogeneous multiprocessor. The PRAM is the most simplistic model. It as-

sumes that all processors work synchronously and that interprocessor communica-

tion is free. The BSP allows processors to work asynchronously and models

latency and limited bandwidth. Finally, the LogP is the most realistic model among

them. It characterizes a parallel machine by the number of processors (P), the com-

munication bandwidth (g), the communication delay (L), and the communication

overhead (o). The LogP model has been successfully used for the performance anal-

ysis of parallel algorithms for (homogeneous) supercomputers. The theoretical anal-
ysis of a homogeneous parallel algorithm is normally accompanied by a relatively

small number of experiments on a homogeneous parallel computer system. The pur-

pose of these experiments is to show that the analysis is correct, and the analysed

algorithm is really faster than its counterparts.

Theoretical performance analysis of heterogeneous parallel algorithms is a much

more difficult task than that of homogeneous ones. While some research efforts in

this direction have been made [8,9], there is no adequate and practical model of het-

erogeneous networks of computers yet, which would be able to predict the execution
time of heterogeneous parallel algorithms with satisfactory accuracy. The problem of

optimal heterogeneous data distribution has proved NP-complete even for such a

simple linear algebra kernel as matrix multiplication on heterogeneous networks

[4]. Therefore, most practical heterogeneous parallel algorithms are sub-optimal. A

typical approach to assessment of a heterogeneous parallel algorithm is its experi-

mental comparison with some homogeneous counterpart on one or several heteroge-

neous platforms. Different heterogeneous algorithms are also compared mostly

experimentally. Due to the complex and irregular nature of heterogeneous networks,
such experimental assessment of heterogeneous parallel algorithms is not as convinc-

ing as for homogeneous ones. One can easily argue that the demonstration of the

advantage of one algorithm over other algorithm on one or several heterogeneous

networks does not prove that the situation will not change if you run the algorithms

on other networks of computers, with the different relative speed of processors, and

the different structure and speed of the communication network.

In this paper, we present a new approach to the performance analysis of hetero-

geneous parallel algorithms. As a typical heterogeneous parallel algorithm is just a
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