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Abstract

Over the last couple of decades, Chip Multi-Processors (CMPs) — also called multicores, have
been the leading architectural choice for computing systems ranging from battery-operated de-
vices to high-end servers. Even though CMPs enhance performance through concurrent exe-
cution of application programs, the contention for shared resources makes the performance of
individual application programs and associated energy consumption unpredictable. Applica-
tions sharing the memory hierarchy in CMP can slow down by more than 80% [1], completely

degrading the performance improvement achieved by multicores.

The level of performance degradation encountered by a single application due to CMP shared
resource contention depends on its own and co-runners’ (applications running on other cores)
memory behavior. By taking these factors into account, modeling the inter-application resource
contention is essential as it gives valuable information to achieve performance and energy opti-

mization.

In this thesis, we first propose lightweight metrics that accurately capture the potential con-
tention among concurrently running applications on CMP. We also show and capture the time

varying behavior of applications and extract them using phase-wise profiling.

With the help of these metrics, we propose and validate a methodology for optimizing perfor-
mance that can be used in making contention aware scheduling decisions. In addition to this,
we also propose a learning model that predicts the performance of applications with partially

shared cache.

On the other hand, energy consumption is a critical parameter as it constitutes the most sig-
nificant operating cost for computing clouds. Analogous to this, limited use time before the
need to recharge batteries, continues to be an essential user concern in mobile devices. To
optimize on power consumption, modern CMP processors are designed with Dynamic Volt-
age and Frequency Scaling (DVFS) support at the individual core as well as for the uncore

part. This control on DVFS can provide for fine-grained control of performance and energy as



shown in this work. When applications slow down due to resource contention, typically their
performance sensitivity to DVES also reduces. Hence, the performance-energy trade-off curve
of each application varies with its co-runners. In this thesis, we also model the performance-
energy trade-off for applications running on a CMP platform with provision for both core and
uncore DVFS. We use a learning algorithm to build the model. The proposed model is not
statically tuned to support a specific DVFS policy. It builds a relationship between the DVFS
steps based on the behavior of the chosen application and the co-runners represented through
two simple metrics and performance. It is flexible enough to be part of any DVFES controller.
We demonstrate the efficacy of our proposed model by considering various QoS policies where
the user specifies the maximum permissible performance loss. The model predicts the lowest
possible voltage/frequency step such that the QoS requirement is met and the energy saving is

maximized.
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