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Abstract

As the performance gap between processors and memory systems continues to in-
crease, memory and I/O subsystems are increasingly becoming the major bottleneck
for many I/O-intensive out-of-core applications. To address this problem, new mod-
els of parallel computation and new methods of program synthesis for out-of-core

computation are needed. This thesis presents our contributions in these two areas.

We first introduce the concept of resource metrics to characterize various models
of parallel computation. Based on this concept, we introduce a LogP-HMM model
for modeling parallel machines with multi-level memories and a communication net-
work. More specifically, LogP-HMM is a representative of a class of models that are
formed by combining a network model with a hierarchical memory model. We in-
troduce a variant of the LogP-HMM model, the LogP-UMH model, which combines
the LogP model with the UMH model. We present several near-optimal fast Fourier
transform (FFT) and sorting algorithms for both models.

We then introduce an algebraic method for synthesizing efficient parallel out-of-
core programs. This method uses tensor products to represent a class of algorithms
with recursive computational structures, known as block recursive algorithms. To
obtain the improved performance, we synthesize programs of the block recursive al-

gorithms for two variants of the LogP-HMM model, a single-processor multi-disk
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