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Abstract

Excessive power consumption is the primary obstacle to build the new generation of
supercomputers (exascale supercomputers) in the near future. There is a high demand
to perform computations for new discoveries in science and technology which
currently impossible using existing computing power. In response to this demand,
exascale supercomputers are needed to reach sustained performance in the order of

exaflops.

To address this issue and achieve exascale performance within a reasonable power
budget, more efforts are needed from the high-performance computing (HPC)
community in both hardware and software directions. Finding new ways to improve

power efficiency will become major challenge for exascale computing researchers.

Additionally, modern central processing units (CPUs) like Sandy Bridge and
Haswell architectures are expected to become a significant ingredient in the pursuit

of exascale computing due to their performance and power efficiency features.

In this thesis, we highlight the need for finding new techniques to address the
power obstacle of exascale systems. We investigate whether some power advantage
can be identified in a fundamental computation. The hypothesis is that some
algorithms have an inherent power advantage.

Sorting and searching algorithms are among the most used code blocks in high-
performance computing applications. Our work focuses on exploring the inherent
power advantage of fundamental algorithms. We investigated two competitors of
sorting algorithm and two well-known search algorithms. Quicksort is a popular
choice that is widely used by programmers because of its fast execution time, a

feature that could have an adverse effect on power. We experimentally investigate



the power efficiency of mergesort, a simpler alternative against the 3-way
partitioning quicksort algorithm. Results support a distinct advantage for mergesort
over quicksort.

Furthermore, we investigated the binary search algorithm against ternary search
algorithm. The results support a distinct advantage for binary search over ternary
search in terms of power consumption.

Researchers can start to rethink about fundamental algorithms from both power
and energy perspective to provide better recommendations for the upcoming exascale

systems.



