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Got a Question?
Please Interrupt Me!
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Agenda

•Why is benchmarking hard?
•What do we need for a research paper?
•What do we need for day-to-day engineering?
• A practical process
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Why Is Benchmarking Hard?
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A Hypothetical Benchmark

• Large Java application
• Running on HotSpot JDK 25

•On an up-to-date Ubuntu Linux 24.04

• It’s “reasonably deterministic” workload
• a batch job, e.g., document processing
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Measurement Results
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What are we likely 
observing here?

JIT compiler making our benchmark faster



Measurement Results
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What do we expect to 
happen next?

Ideally, we’d have reached “peak” performance



Results of a 2nd Benchmark Invocation
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Why could it be faster?

• Different memory location
• Different core type
• Different clock frequency
• Different compiler decisions
• …



Results of a 3rd Benchmark Invocation
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Why could it be slower?

• Different memory location
• Different core type
• Different clock frequency
• Different compiler decisions
• …



Results of Three Benchmark Invocations

10

0 n
iterations

ru
n 

tim
e

lo
w

er
 is

 b
et

te
r

Which one is the correct 
data set?

Assuming we made no methodological 
mistake, they all are.

But, need to check our methodology!



Invocation 1 had more data…
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What could have 
happened here?

• Scheduled on different 
code/core type

• JVM change memory layout
• …

Late JVM memory layout change observed in:

Experimental Evaluation Methodology for the Era of No Steady Performance

J. Antoch, W. Binder, L. Bulej, F. Farquet, V. Horký, A. Prokopec, A. Rosà, and P. Tůma. 10 (OOPSLA1): 33 (2026)
DOI: 10.1145/3798236

https://www.bibsonomy.org/person/1de4770a7eaa3bff0ef8f67a749fb87fe/author/0
https://www.bibsonomy.org/person/1de4770a7eaa3bff0ef8f67a749fb87fe/author/1
https://www.bibsonomy.org/person/1de4770a7eaa3bff0ef8f67a749fb87fe/author/2
https://www.bibsonomy.org/person/1de4770a7eaa3bff0ef8f67a749fb87fe/author/3
https://www.bibsonomy.org/person/1de4770a7eaa3bff0ef8f67a749fb87fe/author/4
https://www.bibsonomy.org/person/1de4770a7eaa3bff0ef8f67a749fb87fe/author/5
https://www.bibsonomy.org/person/1de4770a7eaa3bff0ef8f67a749fb87fe/author/6
https://www.bibsonomy.org/person/1de4770a7eaa3bff0ef8f67a749fb87fe/author/7
https://dx.doi.org/10.1145/3798236


Same Benchmark, Different Input
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What could be 
happening here?

• GC triggering in regular 
intervals

• …



Same Benchmark, Different Input
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What could be 
happening here?

• Benchmarking on a laptop
• Different temperature
• Plugged into power?

• Software updates
• …

Feb 2, 21:05

Jul 25, 14:31



What makes benchmarking hard? (1/2)

• Run-time Optimizations
• Feedback-based compiler decisions
• Memory changes, garbage collection

• Security mechanism
• Address Space Layout Randomization

• Hardware complexity
• Memory hierarchies, caches, locality
• Cores, core types, …
• Dynamic clock frequency changes

• Thermal budgets
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What makes benchmarking hard? (2/2)

• Environmental impact
• Temperature
• Power source

• Software updates/changes
• Linking order 

• And, many more?...
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What Do We Need for a Paper?
Requirements and Paper Types
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Potential Types of Papers

• A “New” Thing: A new category
• Focus not on performance

• A “Better” Thing: In existing category, but better
• Performance “as least as good”

• An “Improvement/Optimization”
• Needs to improve performance

• An “Observation” Study
• Observe, Analyze, Report on existing things
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Dimensions of Performance Experiments

• Goal: what one aims to show
• It’s “practical”
• Has no overhead
• Clear improvement

• Level of Evidence
• depth and breadth of experiments

• number/diversity of benchmarks/workloads
• type of properties demonstrated

• run time, memory use, scalability, …
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Dimensions of Performance Experiments

• Statistical reliability
• number of measurements
• measurement methodology
• analysis methodology

• Publication venue
• Different expectations

• Workshop
• Specialized conference
• Top conference
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The “New” Thing

Challenge: no existing benchmarks
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Performance 
Evaluation
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A “Better” Thing

Challenge: Engineering Cost
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An “Improvement/Optimization”

Challenge: Engineering Cost,
 Suitable Benchmarks
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An “Observation” Study
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Performance 
Evaluation

goal

practical

no overhead

clear improvement

evidence reliability
Challenge: needs depth to
 create new knowledge



What Do We Need for
Day-to-Day Engineering?
Requirements and Paper Types
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Testing Needs to be Trivial!

git commit

git push

25

If it takes more,
things will break 

without us noticing!



Benchmarking Needs to be Trivial!

git commit

git push
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If it takes more,
things will be slow 

without us noticing!



You want tracking over time
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Comparing Specific Revisions
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See all data at a glance
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As well as historic data as context
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It’s not a total black box, profiles help!
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Denoise

• raise the process priority
• use CPU core shielding
• request CPU to work at constant frequency
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sudo denoise --num-cores 8 --cset-path /usr/bin/cset init
sudo denoise --num-cores 8 --cset-path /usr/bin/cset minimize
sudo denoise --num-cores 8 --cset-path /usr/bin/cset exec -- ./my-benchmark1 --my-args
sudo denoise --num-cores 8 --cset-path /usr/bin/cset exec -- ./my-benchmark2 --my-args
sudo denoise --num-cores 8 --cset-path /usr/bin/cset restore



Which benchmarks to run?

• Feedback needs to be timely, maybe 30min?
• Benchmarks you need for a paper
• Perhaps in smaller problem sizes
• Ensure they work. And keep working!

• Enough to have some confidence
• More signal than noise…
• Fast enough feedback
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A Practical Process
Create, Commit, Benchmark, Analyze, Write Up, Publish
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Benchmarking, Automation, Result Tracking, 
Data Analysis, and Paper Writing
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DEMO



Key Points
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Your Paper Needs a Methodology That Suites It
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No Silver Bullet, But A Useful Checklist

https://www.sigplan.org/Resources/EmpiricalEvaluation/



Example: Show Distributions: Boxplots or Better!
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https://stefan-marr.de/2024/06/5-reasons-for-box-plots-as-default/



When In Doubt: Get Early Feedback

Experimental Setups
• brief submissions
• describe the experimental setup
• no results

Next opportunity:
VMIL’26
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A Starting Point of Relevant Literature

Virtual Machine Warmup Blows Hot and Cold
E. Barrett, C. Bolz-Tereick, R. Killick, S. Mount, and L. Tratt. Proc. ACM Program. 
Lang., 1 (OOPSLA) ACM (2017) DOI: 10.1145/3133876

Statistically Rigorous Java Performance Evaluation
A. Georges, D. Buytaert, and L. Eeckhout. OOPSLA '07. ACM (2007) 
DOI: 10.1145/1297027.1297033

Rigorous Benchmarking in Reasonable Time
T. Kalibera, and R. Jones. ISMM’13. ACM (2013) DOI: 10.1145/2491894.2464160

Producing Wrong Data Without Doing Anything Obviously Wrong!
T. Mytkowicz, A. Diwan, M. Hauswirth, and P. Sweeney. ASPLOS '09. ACM (2009) 
DOI: 10.1145/1508284.1508275

Relative Factors in Performance Analysis of Java Virtual Machines
D. Gu, C. Verbrugge, and E. Gagnon. VEE’06. ACM (2006) DOI: 10.1145/1134760.1134776

Scientific Benchmarking of Parallel Computing Systems: Twelve ways to tell the masses when 
reporting performance results
T. Hoefler, and R. Belli. SC’15, ACM (2015) DOI: 10.1145/2807591.2807644
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Tools Are Great, But!

• Reflect on the offered 
benchmarks
• Are they a subset? Why?

• Reflect on the offered 
measuring approach, and 
methodology
• Does it fit my needs?
• Can I explain it?

42

If the Tool is a Blackbox,
choose something else!
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