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To meet the increasing demand for computational performance, the number of cores in embedded
processors as well as general-purpose processors, has rapidly grown in recent years. How to fully
utilize such processors with a high degree of parallelism has now become a more important issue than
ever.

In general, the forms of parallelisms can be classified into task-parallelism and data-parallelism.
The task-parallelism is achieved by the concurrent execution of different tasks on multiple cores in
parallel, and the data-parallelism focuses on executing the same task with different input data sets on
multiple cores. Many of existing task scheduling algorithms only consider the task-parallelism. In
other words, each task is executed on a single core. However, most scientific and media applications
often combine the two kinds of parallelism, which means, multiple data-parallel tasks are executed in
a task-parallel fashion. This mixed-parallel approach significantly increases the scalability of
parallelism. Many studies have shown that exploiting both task- and data-parallelisms often yields
better performance than pure data- or task-parallelism. This paper addresses the task scheduling
problem which takes into account both task- and data-parallelisms.

In this thesis, we provide an extensive survey on existing task scheduling algorithms. Since the
scheduling problem is NP-hard, there are a large number of heuristics and meta-heuristics which aim
to find near-optimal results in a practical time. List scheduling is one of the most popular heuristics
for task scheduling problems, which assigns a particular priority to tasks, and schedules these tasks by
the assigned priorities. In our thesis, we extend the traditional priority strategy to task scheduling for
data-parallel tasks. We propose six list scheduling algorithms with different strategy of priority
assignment. The experimental results demonstrate the effectiveness of the proposed algorithms
against a commercial mathematical programming solver.

We also find that a specific static priority is hard to be effective against all applications. Next, we
extend the simple list scheduling to use two static priorities switched during task scheduling. In our
experiments, we compare the proposed algorithm with traditional list scheduling algorithms. The
experimental results show that the proposed algorithm yields shorter scheduling length, by 2% on
average and up to 10%, than pure list scheduling with a single priority.

The advantages of list scheduling algorithms and their variants produce results in a very short time
and are relatively simple to implement. However, their acquired scheduling results are often far from
optimal ones. In recent years, many studies have turned to meta-heuristics to solve task scheduling
problems. Meta-heuristics provide certain algorithmic frameworks to search the solution space and
avoid local optimal results, which are effective ways to improve the quality of results. In this thesis,
we present an introduction of several popular meta-heuristics for task scheduling. Furthermore, an
efficient method based on a genetic algorithm (one kind of meta-heuristics) is proposed to solve the
task scheduling problem which considers both task- and data-parallelism. Different from traditional
genetic algorithms for task scheduling, we propose a novel representation for the chromosome of task
scheduling and corresponding genetic operators, aiming to reduce the search space and improve the
computing speed. In addition to the single-thread implementation, we parallelize our algorithm with
OpenMP to speed up our algorithm. Our experiments show that the proposed genetic algorithm finds



near-optimal schedules and outperforms the previously discussed list scheduling algorithms by 5% on
average and up to 13%.

Although the heuristic and meta-heuristic algorithms produce sub-optimal scheduling lengths in a
reasonable time, it is still desirable to obtain optimal scheduling lengths in some cases, for example,
to evaluate heuristic algorithms. This thesis proposes an exact algorithm to find optimal results. The
proposed algorithm is based on depth-first branch-and-bound search. We present four rules to prune
non-optimal branches. The experiments show that our algorithm could find best schedules in a
practical time. In our experiments with up to 100 tasks, the proposed algorithm successfully finds
optimal schedules for 135 test cases out of 160 within 12 hours. Even in the case where optimal
schedules are not found within 12 hours, the proposed algorithm finds better schedules than
state-of-the-art heuristic algorithms.

As mentioned above, this thesis proposes broadly four algorithms for task scheduling with both
task- and data-parallelisms. The four algorithms feature different characteristics on computational
complexity and quality of results, and system designers can employ the one which best satisfies their
requirements on computational complexity and quality of results.



