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Introduction

Kubernetes is the de-facto standard for container orches-
tration, its default scheduler operates at node level only
ignoring per-core CPU thermal state.

Sustained CPU utilization causes localized thermal hotspots
and triggers thermal throttling, degrading performance and
hardware reliability.

Thermally-aware schedulers exist for OS / Real-Time Oper-
ating System (RTOS) environments, but none target Ku-
bernetes at CPU core granularity.

This work implements a custom Kubernetes scheduler that
selects the optimal CPU core per pod using real-time tem-
perature and utilization metrics.
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Literature Review

1. Thermal-Aware CPU Scheduling

Classical methods detect hotspots and redistribute CPU load.

Scheduling decisions can be improved using core temperature.

2. Per-Core Thermal & Utilization Modeling

Temperature depends on utilization, workload type, and cores.

Per-core sensors offer reasonably accurate thermal readings.

3. Core-Idling & Thermal Balancing Strategies

Core-idling is used to cool hotspots by temporarily reducing load.

Threads can be migrated to cooler cores to balance heat distri-

bution.
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Literature Survey contd...

4. Kubernetes Scheduler Architecture & Score Plugins

K8s scheduling pipeline uses plugin chain: PreFilter → Filter →
Score → Reserve → Bind.

Score plugins enable custom ranking logic.

5. Kubernetes CPU Manager & cgroups

CPU Manager provides CPU assignment using cpuset cgroups.

It enforces core binding, does not choose which cores to allocate.

6. GPU Telemetry (NVIDIA Management Library - NVML)

NVML exposes GPU temperature, memory, and power metrics.

Useful for extending thermal-aware scheduling to GPUs.
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Existing Methods

1. OS-level Thermal Schedulers

Approaches like Real-Time Thermal-Aware Scheduling (RT-TAS)

and Multiprocessor System-on-Chip (MPSoC) schedulers use DVFS,

migrations, and core-idling.

2. Kubernetes CPU Manager

Supports Guaranteed Quality of Service (QoS) with static core

pinning via cpusets.

3. Telemetry-Aware Schedulers (Industry)

Some schedulers use platform metrics like utilization or power.

None use per-core temperature for scheduling decisions.

4. GPU Scheduling Frameworks

NVML exposes device-level GPU metrics.

Still not suitable for per-core CPU thermal scheduling.
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Research Gap

Current Limitations in Kubernetes Scheduling:

Most existing thermal-aware studies target embedded sys-
tems, RTOS, or OS-level CPU/GPU scheduling.

No prior work applies thermal-aware techniques to Kuber-
netes.

No system assigns pods to specific CPU cores based on real-
time core thermal metrics.

Kubernetes CPUManager only enforces core binding, it can-
not choose optimal cores.

No thermal-aware per-core Score Plugin exists in the K8s
scheduling framework.
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Problem Statement

Core Problem: Existing Kubernetes scheduling operates only
at the node level and ignores per-core thermal behavior. This
work aims to develop a thermal-aware mechanism that selects
cooler, lightly loaded cores for pod assignment.

Importance of the Problem:

Reduces thermal throttling in CPU-heavy workloads.

Achieves more predictable performance across nodes.

Optimizes utilization of heterogeneous or thermally variant
cores.

Opens pathway for GPU-aware and energy-aware sched-
ulers.
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Objectives

Primary Objectives:

1 Design a real-time per-core thermal monitoring agent de-
ployed as a Kubernetes DaemonSet.

2 Develop a custom scheduler that scores and selects the
coolest, least-utilized CPU cores.

3 Enforce hard CPU core isolation on scheduled pods using
Linux cgroup constraints.

4 Validate the system against the default Kubernetes sched-
uler under sustained CPU stress workloads.

5 Quantify gains in average temperature, peak heat, thermal
throttling, and fan speed.
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System Architecture

4-Layer Design: Workload → Scheduling & Control → Moni-
toring → Execution & Hardware

1. Node-Agent DaemonSet (Privileged Go Service)

Reads per-core temp from /sys/class/hwmon (coretemp), uti-

lization from /proc/stat.

Simultaneous Multithreading (SMT) aware logical-to-physical core

mapping, Exponential Moving Average (EMA) smoothing to sup-

press transient spikes.

Exposes real-time metrics via GET /v1/readings/latest.

2. Custom Thermal-Aware Scheduler (Go Deployment)

Polls every 5s for pods

Scores each core: S = 0.65 (1− T̂ )+0.35 (1−Û) selects highest-

scoring core.

Binds selected pod to node via standard Kubernetes API.
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System Architecture contd...

3. CPU Affinity Enforcement (via Node-Agent)

Writes selected logical CPU ID to pod’s cpuset.cpus cgroup

parameter.

OS-level hard constraint, Linux kernel guarantees execution only

on pinned core.

Retry loop: 200ms interval, 30 s timeout, zero Kubernetes core

modifications.

Key Design Principles:

No modifications to Kubernetes core components, fully cluster-

compatible.

All control-plane interactions via official Kubernetes client-go li-

brary.

Proactive thermal balancing rather than reactive throttling.
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Architectural Model

Figure 1: Thermal-Aware Core-Level Scheduling Pipeline
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Results & Discussion

Experimental Setup:

Comparison: Default Kubernetes Scheduler vs. Proposed
Thermal-Aware Scheduler.

Platform: Single-node cluster, Intel Core i7-13700HX, 16
physical / 24 logical CPUs, air-cooled.

Workload: stress-ng benchmark, CPU-intensive pods.

Enforcement: Thermal-aware pods pinned to logical CPU
via Linux cpuset cgroups.

Scoring: S = 0.65 (1− T̂ ) + 0.35 (1− Û)
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Results & Discussion contd...

Scheduler Performance Comparison:

Table 1: Thermal Performance Comparison

Metric Default Thermal-Aware Improvement

Avg. Temperature (◦C) 80.0 63.2 21% ↓
Peak Temperature (◦C) 95.0 66.0 30.5% ↓
Temp. Range (◦C) 35.0 6.0 82.9% ↓
Fan Speed (RPM) ≈2900 ≈2250 22.4% ↓
Thermal Throttling Multiple (>90◦C) No Eliminated

Core Pinning Unconstrained CPU 22 (0.726) Optimized

Discussion:
Temperature range: 35◦C → 6◦C near-uniform thermal distribu-

tion across cores.

Thermal throttling completely eliminated, fan speed reduced by

22.4%.

Stable 60–66◦C operating band maintained under sustained stress

workloads.
Paper ID: wkp ee104s1 ISC High Performance 2026 June 26, 2026 15 / 22
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Conclusion & Future Scope

Conclusion:

First thermal-aware Kubernetes scheduler at CPU core gran-
ularity, fully Kubernetes-native.

End-to-end pipeline: Node-Agent → Thermal Scheduler →
cpuset cgroup enforcement.

21% avg. temp reduction (80◦C → 63.2◦C); 30.5% peak
reduction (95◦C → 66◦C).

Throttling completely eliminated; temp range down 82.9%;
fan speed reduced 22.4%.

Zero Kubernetes core modifications — fully compatible with
standard cluster deployments.
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Conclusion & Future Scope contd...

Future Scope:

Extend to multi-node clusters with cross-node thermal-
aware pod placement.

Integrate RAPL energy metrics for power-aware scoring
alongside temperature.

Dynamic weight tuning — adapt the 0.65/0.35 ratio based
on workload intensity.

GPU thermal scheduling via NVML for heterogeneous
GPU-accelerated workloads.
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[37] Akgün, Gökhan, and Diana Göhringer. ”Balancing Power and Performance With Task Dependencies in
Multi-Core Systems.” IEEE Access (2025).

[38] Shor, Joseph. ”Compact thermal sensors for dense CPU thermal monitoring and regulation: A review.”
IEEE Sensors Journal 21.11 (2020): 12774-12788.

[39] Marchese, Angelo, and Orazio Tomarchio. ”Telemetry-driven microservices orchestration in cloud-edge
environments.” 2024 IEEE 17th International Conference on Cloud Computing (CLOUD). IEEE, 2024.

[40] Pourmohseni, Behnaz, et al. ”Task migration policy for thermal-aware dynamic performance optimization
in many-core systems.” IEEE Access 10 (2022): 33787-33802.

Paper ID: wkp ee104s1 ISC High Performance 2026 June 26, 2026 21 / 22



ISC High
Performance

2026

Paper ID:
wkp ee104s1

Outline

Introduction

Literature
Review

Existing
Methods

Research Gap

Problem
Statement

Objectives

System
Architecture

Results &
Discussion

Conclusion &
Future Scope

References

Questions/ Discussion

Paper ID: wkp ee104s1 ISC High Performance 2026 June 26, 2026 22 / 22


	Outline
	Introduction
	Literature Review
	Existing Methods
	Research Gap
	Problem Statement
	Objectives
	System Architecture
	Results & Discussion
	Conclusion & Future Scope
	References

