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Abstract

A variety of computer systems from HPC to mobile systems are power limited and
performance sensitive. These systems use very similar components at different scales. Dynamic
Voltage and Frequency Scaling (DVFS) features enable modulation of CPU performance and
efficiency characteristics to power, energy and timing requirements.

Programs have a variety of computational characteristics. If a CPU subsystem substantially
limits a particular program’s execution progress, that program’s throughput will vary
proportionally with the subsystem’s clock frequency. In contrast, if a CPU subsystem does not
substantially limit throughput, the impact of a change in its clock frequency will result in a
diminimus change in a program’s execution time.

Dynamic Voltage and Frequency Scaling (DVFS) power domains commonly encompass
entire cores and their associated caches. This work indicates that moderate energy efficiency gains
may be attainable for some programs if limiting and non-limiting subsystems’ (D)VFS domains
are decoupled. This decoupling enables tuning of their relative performance to application
characteristics. Widely used simulation and modeling tools were extended to support this

exploratory research.
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Chapter 1: Introduction
1.1 MOTIVATION

Modern computer systems from HPC to mobile systems are power limited and
performance sensitive. These systems use very similar components at different scales [1].

Furthermore, application-specific CPUs may be optimized for energy efficiency. For
example, CPUs and their subsystems can be selected and clocked to provide required performance.
Even instruction sets are optimized to satisfy embedded systems’ power, performance, and energy
requirements.

(D)VEFS features enable modulation of CPU performance and efficiency characteristics to
better match system power and energy limitations, and application constraints. Higher frequency
provides greater throughput at the cost of increased power consumption. When sufficient
parallelism is exposed by the application and available from a system, optimization of efficiency
via DVFS can also maximize throughput. Energy consumed by computing components is
classified as either active or background. Active energy consumption is due to gate state changes
on the computational data or control path. Background energy is consumed by leakage current
and activity required to keep the system “alive.”

The throughput of a CPU-limited computation is limited by the rate of gate transitions.
The energy required for a gate transition activity is monotonic with voltage. Voltage is monotonic
with frequency. Therefore, energy required to actively compute a result is monotonic with
frequency. And therefore, if all energy went to active gate transitions, a computation would be
most efficient at lowest available frequency.

Background energy consumption is the integral of background power consumption over

the time required to complete a computation. Background power varies only 20% over the range

Reproduced with permission of copyright owner. Further reproduction prohibited without permission.
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