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As good as it gets nowadays:

Experiment: 1,000 repetitions of a single-threaded numpy

array increment (10M integers) on a dedicated, high-

performance dual Xeon server.

These are ideal conditions for minimum variability: no 

interference, no speculative execution.

The performance distribution is highly consistent, but 

nevertheless shows:

● Inherent Variability: Even the simplest, most unassuming 

code exhibits performance variability on modern 

hardware, despite having no resource contention or 

interference.

● Suboptimal Consistency: The presence of the left tail 

proves that the system often fails to consistently reach 

its maximum attainable performance, even in an idealized 

environment.
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Reshaping distributions

● The question: How can we exploit the 

information hidden in performance variability to 

reduce it and to improve performance?

● The answer: Variability-guided optimization
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Benchmark:
7z compression,
Single-thread CPU

Influential factor:
Context switches

Mitigation:
Thread pinning
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Benchmark:
srad,
Multi-thread CPU

Influential factor:
CPU migrations

Mitigation:
Disable NUMA 
rebalancing in 
kernel
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Benchmark:
gpt-oss-20b LLM,
A100 GPU

Influential factor:
GPU clock 
frequency variance

Mitigation:
Frequency capping
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Benchmark: Stable diffusion, A100 GPU. Influential factor: temperature. Mitigations: Cooldown delay; server fan speed
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Conclusion & Future work

● The distribution is the performance: Summarizing results into a single 

number isn't just an approximation—it's often a misrepresentation of 

system behavior.

● Variability is the signal: Non-determinism is an opportunity. When we treat 

variability as a first-class citizen, we can diagnose and mitigate the root 

causes of performance jitter.

● The future is automation: Much of the process of root-cause analysis of 

performance variability, hypothesis falsification, and effective mitigations 

can be automated, partially with the help of LLMs.
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Thank you!

For follow-up questions:
eitan.frachtenberg@hpe.com

To use SHARP/VGO

github.com/HewelettPackard/sharp

“Information is the resolution of uncertainty”

-- Claude Shannon
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