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Article Overview

Supercomputing centers use energy-efficient communication models that combine dynamic power
management, application-aware control, and advanced cooling to optimize performance while minimizing
energy consumption.

Dynamic Power Management and Application-Aware Models

Modern HPC centers implement dynamic, application-aware power management frameworks to optimize
energy use across compute nodes. Systems like EE-HPC use a hierarchical control system where a central
Energy Manager (EM) monitors job policies, power domains, and node allocations, dynamically steering
compute nodes based on workload characteristics. This approach allows energy-efficient communication by
adjusting power distribution in real time, reducing unnecessary energy consumption without compromising
performance .

Predictive and Analytical Models

Energy-efficient communication also relies on predictive models that estimate total system power, including
communication overhead. Hybrid CPU-GPU supercomputers use support vector regression and job-duration
heuristics to forecast power usage per job, enabling proactive energy optimization. These models account for
energy losses due to voltage conversion and rectification, ensuring that communication and data transfer
between nodes are managed efficiently .

Cooling and Infrastructure Optimization

Energy-efficient communication is closely tied to cooling strategies. Liquid-cooled supercomputers, modeled
through frameworks like ExaDigi T, simulate thermo-fluidic dynamics to optimize energy use in both compute
and communication subsystems. By predicting transient cooling behavior, these models help maintain optimal
temperatures for high-speed interconnects and communication hardware, reducing energy waste .

Al and Workload-Aware Techniques

Supercomputing centers running Al workloads adopt power-capping and workload-aware scheduling to
improve energy efficiency. For example, GPUs used in Al training can have their power draw limited,
reducing energy consumption by 12-15% with minimal impact on task completion time. Integrating these
controls into job schedulers ensures that communication-intensive operations are executed efficiently while
maintaining throughput .
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Summary
Energy-efficient communication station models in supercomputing centers combine dynamic power
management, predictive modeling, advanced cooling, and workload-aware scheduling. These strategies reduce

energy consumption across compute and communication nodes, optimize interconnect performance, and
support sustainable, high-performance operationsin modern HPC facilities .

As global demand for computing grows, energy efficient HPC has become more important than ever. In this
post, we'll explore how

Download Citation | Designing an Energy-Efficient HPC Supercomputing Center | This paper presents design

At the same time, Partitioned Global Address Space Models are being designed which provide global address
space

A taxonomy study on energy-aware computing has been performed by , which characterize the different

An communication channel with defined protocol provides information to and from the energy eficiency
library for fine-grained control.

Proposed an energy-efficient master computing framework with communication, supercomputing, and Al
integration for

Furthermore, by comparing the energy efficiency evaluated by the Green 500 with the results of DEA, it
demonstrated

"When we look at the electricity that we used to cool the system in the building, it would have been 2.4
million kilowatt hours and we

Abstract This paper presents design considerations that drive the development of an energy-efficient, high

This study highlights the potential of integrating generative and predictive models to optimize energy
efficiency in liquid

To address the challenges in predicting energy consumption, this study proposes an architecture of edge
computing
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In this paper, we present a data-driven model of power consumption for a hybrid supercomputer (which held
the top

Supercomputers, which harness the power of multiple interconnected processing cores,

Abstract. The work presents a case study related to the efficient use of energy in the Supercomputing Centre of
Castile and Leon

This article represents the first review that provides a comprehensive comparison of energy efficiency between
different

Energy efficiency in a supercomputing center: a case study Fern&#225;ndez Gonz&#225;lez, A. 1,
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