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ABSTRACT

In the design of multicomputer systems, the scheduling
and mapping of a parallel algorithm onto a host architecture
has a critical impact on overall system performance. In this
paper we develop a graph-based solution to both aspects of
the mapping problem using the simulated annealing opti­
mization heuristic. A two phase mapping strategy is formu­
lated: I) process annealing assigns parallel processes to
processing nodes, and 2) connection annealing schedules traf­
fic connections on network data links so that interprocess
conllnunication conflicts are minimized. To evaluate the
quality of generated mappings, cost functions suitable for
simulated annealing are derived that accurately quantify
communication overhead. Application examples are pre­
sented using the hypercube as a host architecture, with host
graphs containing up to 512 nodes.

I. INTRODUCTION

Multicomputers are a farm of parallel pro.cessing system
composed of many processing elements (PE's), each with its
own local memory. Individual PE's are connected to other
PE's by point-to-point links that allow the bidirectional
transfer of data. The cost of connecting every processor to
every other processor is typically prohibitive, so links connect
only selected processors, forming an interconnection
topology such as a mesh, tree, or binary hypercube. Each
processor executes a task or process. Local references by a
process are efficient, since the PE contains local memory, but
communication with processes executing on other PE's can
significantly limit system throughput if data must be trans­
ferred over many links or if links are congested due to exces­
sive traffic. To realize the full potential ofa multicomputer's
capabilities, it is essential that the distance between commu­
nicating processes he minimized and that link traffic is mini­
mized to reduce delay.

The mapping problem maps an image architecture, a set
of processes and their communication requirements, onto a
multicomputer or host architecture. The problem consists
of two components: I) assignment of processes to processors,
and 2) assignment or scheduling of interprocess communi­
cation tramc over network links. This paper presents a new
approach to processor and link assignment in multicomput-

ers based on the simulated annealing heuristic. The proce­
dure has been implemented for binary hypercube host
architectures. Results indicate that the technique produces
good, and often optimal, mappings within reasonable com­
putation times.

The paper first discusses the mapping problem, recent
research, and communication overhead cost functions that
can be used in an objective function. Simulated annealing is
then applied to the mapping problem to find processor and
link assignments that minimize the objective function for
given host and image architectures. The final section pre­
sents results for mapping two image architectures, each con­
taining up to 512 processes, onto a binary hypercube
multicomputer.

II. TIlE MAPPING PROBLEM

The assignment and scheduling problem concerns the
mapping of an arbitrary image architecture onto a general­
purpose host or target architecture in a manner that mini­
mizes communication conflicts among concurrent processes.
For our purposes, the image architecture consists of a set of
synchronous, static processes with communication require­
ments known prior to run time. The host architecture de­
scribes a point-to-point multiprocessor network with a frxed
interconnection topology. To evaluate the quality of an as­
signment, an objective fUIlction is used to quantify the com­
munication cost. The behavior of the mapping algorithm
and the quality of generated assignments depend on the ob­
jective function chosen,

A. lIost Architecture

The host architecture is represented by a host graph that
describes the interconnection of processors in a multi­
processor network. The host graph is denoted by the undi­
rected graph GH = < VH, Elf> where VH is a set of
processors, and EH is a set of edges describing the communi­
cation paths between processors. Every vertex in VH corre­
sponds to a distinct processing element, referred to as a
node. Every edge (n" n)) E Elf corresponds to a bidirectional
data link between nodes n, and n). This implies that a single
physical network link exists between each pair of directly
connected processors. The host graph is assumed to be a
connected graph, disallowing the possibility of isolated
processor nodes. The following terminology is used when
referring to the host architecture.
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N The number of nodes III the host network,
N= IvH!.




