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Abstract

Rapid evolution in the transistor fabrication technology has resulted in transistors with
less than 10nm gate length. This advancement in the CMOS technology scaling along
with the Moore’s law has enabled the designers to put more cores inside the same die.
Modern processor architects use this phenomenon to build highly complex and sophis-
ticated cores. This has resulted in a steady increase in performance over the last few
decades. But, upon the death of Dennard scaling, the power density does not remain
constant with reduction in the transistor size making it impossible to sustain the increase
in performance. The continuous increase in the power envelope, elevates peak tempera-
tures of the chip, resulting in increased leakage power dissipation. This increase in power
dissipation not only constrains the design options but also affects the chip reliability and
increases the packaging and cooling costs. With the continuous increase in the number of
cores and its complexity, power and temperature have emerged as first order design con-
straints. Fabrication of transistors to accurate dimensions is another serious challenge
in the nanometer era. Because of the inherent limits introduced by the manufacturing
process and the underlying device physics, variability in transistor dimensions and its
electrical characteristics is inevitable. In this thesis, we study the different factors that
can potentially degrade the scaling trends of multicore and manycore processors, quantify
their effects and propose techniques to mitigate or reduce their impact on performance
and power consumption.

We first study the nature of lateral heat conduction in large multicore processors and
its associated implications on leakage power. We then propose a novel technique based
on Hankel transforms to efficiently evaluate onchip temperature in the presence of lateral
heat conduction, and leakage power. We formulate the heat-spread aware task assign-
ment problem as an optimization problem and use insights from the derived mathemat-
ical model and design a family of algorithms to solve it heuristically. We then consider

the effects of process variation. We semi-analytically demonstrate that the number of



usable cores decrease as the amount of process variation increases. We show that it is
possible to mitigate this trend to some extent by adopting novel multicore architectures
such as dynamic and asymmetric cores. Now, instead of considering temperature and
process variation separately, we consider both their effects together. Consequently, we
consider a variant of our placement problem in which we consider process variation. For
manufacturing processes that have a high degree of process variation, our heuristics can
measurably reduce leakage power, as well as maximum temperature reached by the chip.

Overall, the objective of this work is to study the impact on power and performance

due to thermal linkages as well as process variations in modern manycore processors.

vi
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