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As HPC systems and large-scale Al data centers continue to expand, energy consumption has increased substantially, driven largely by intensive GPU

usage. To address this challenge, numerous techniques have been proposed to improve GPU utilization and, consequently, energy efficiency. Many of
these approaches rely on runtime systems that dynamically adjust hardware parameters—such as GPU frequency—based on observed GPU
performance counters, often without accounting for the latency between configuration changes and their observable effects, or modeling it as a fixed
constant.
n this work, we present a GPU energy efficiency runtime system which utilizes the sampling of GPU performance counters to enable fine-grained,
application-agnostic energy optimization. The design of this runtime system is based on the insights obtained using LATEST, the implementation of
methodology for analyzing GPU frequency switching behavior. LATEST measures the reactivity of GPU to frequency change requests (switching latency),
and the length of the frequency change (transition latency). This awareness of frequency switching latency enables frequency adjustments to be
performed as often as permitted by the switching latency, while minimizing associated overhead.

Energy Efficiency Runtime System for GPUs (CUDA ENRUNTIME)

We introduce an open-source Energy Efficiency Runtime System designed for CUDA GPUs. The runtime system utilizes CUPTI (CUDA Profiling Tools
Interface) PM (Performance Metric) Sampling APl to estimate the arithmetic intensity. The optimal streaming multiprocessor frequency for the
arithmetic intensity estimate is then set through the NVML (Nvidia Management Library) using a specialized daemon tool.
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