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ABSTRACT

Heterogeneous computing (HC) environment is the coordinated
use of different types of machines, networks, and interfaces to
maximize the ability to solve computationally intensive problems.
Usually theses applications consist of various components that have
different computational requirements. As machine architectures
become more advanced, the extent to which a given task can exploit a
given architectural feature depends on how well the task’s
computational requirements match the machine’s advanced
capabilities. This variation in tasks needs as well as machine
capabilities has created a very strong need for developing
Mapping/scheduling techniques especially for the HC community. In
fact, the applicability and strength of HC systems are derived from
their ability to match computing needs to appropriate resources.

The mapping problem can be stated shortly as: deciding on which
task should be moved to where and when, to optimize some system
performance criteria. Mapping problems are known to be NP-
Complete except under a few special situations. The existing
heuristics for mapping tasks in HC systems works either statically or
dynamically. This distinction is based on the time at which the
mapping decisions are made. In contrast to static techniques where
the complete set of tasks to be mapped is known a priori and the
mapping is done off-line, in dynamic mapping methods the machine
allocation process is done at run time. Although the principal
advantage of the static mapping is its simplicity, it fails to adjust to
changes in the system state. A dynamic scheme is needed because the
arrival times of the tasks may be random and some machines in the
suite may go off-line and new machines may come on-line.

This research proposes, describes, compares, and discusses a
number of mapping algorithms that can be used for dynamically
assigning tasks to machines in a general HC system. In the HC
environment considered here, the tasks are assumed to be
independent, i.e., no communications between the tasks are needed.
This scenario is likely to be present, for instance, when many
independent users submit their jobs to a collection of shared
computational resources. Furthermore, some of the algorithms



investigated in this study are preemptive, and assume that the tasks
have no deadlines or priorities associated with them.

In general, dynamic mapping heuristics can be grouped into two
categories: immediate mode and batch mode. The algorithms
investigated in this study cover these two categories. Actually, in the
immediate mode, a task is mapped onto a machine as soon as it
arrives at the mapper. However, in batch mode, tasks are not mapped
onto the machines as they arrive; instead they are collected into a set
that is examined for mapping at prescheduled times called mapping
events. The independent set of tasks that is considered for mapping at
the mapping events is called a meta-task. While immediate mode
heuristics consider a task for mapping only once, batch mode
heuristics consider a task for mapping at each mapping event until the
task begins execution.

Six new heuristics, four for batch mode and two for immediate
mode, are introduced as part of this research. For the heuristics
discussed here, maximization of throughput is the primary objective,
because this performance measure is the most common one in
production oriented environments. To achieve this objective, the
batch mode heuristics considered task migration as well as resource
utilization. On the other hand, the immediate mode heuristics
considered, to varying degrees and in different ways, improving
performance by applying the concept of load balancing.

Simulation studies were performed to compare the performance
of these heuristics with some existing ones. In total, six batch mode
heuristics and three immediate mode heuristics are examined. The
extensive experiments were carried on under a variety of system
heterogeneity modes and different task arrival rates. Furthermore, the
trade-offs among and between immediate mode and batch mode
heuristics was studied experimentally. The experimental results
helped to reveal which algorithm to use in a given heterogeneous
environment.
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