
Larissa Schmid – Performance-Detective: Automatic Deduction of 
Cheap and Accurate Performance Models

Modeling for Continuous Software Engineering
KASTEL – Institute of Information Security and Dependability

Performance-Detective: Automatic Deduction of Cheap and Accurate 
Performance Models
Larissa Schmid, Marcin Copik, Alexandru Calotoiu, Dominik Werle, Andreas Reiter, Michael Selzer, 
Anne Koziolek, Torsten Hoefler

19.07.2022



Larissa Schmid – Performance-Detective: Automatic Deduction of 
Cheap and Accurate Performance Models

Modeling for Continuous Software Engineering
KASTEL – Institute of Information Security and Dependability

19.07.20222

Motivation: Cost of computing clusters



Larissa Schmid – Performance-Detective: Automatic Deduction of 
Cheap and Accurate Performance Models

Modeling for Continuous Software Engineering
KASTEL – Institute of Information Security and Dependability

19.07.20223

Motivation: Cost of computing clusters



Larissa Schmid – Performance-Detective: Automatic Deduction of 
Cheap and Accurate Performance Models

Modeling for Continuous Software Engineering
KASTEL – Institute of Information Security and Dependability

19.07.20224

Motivation: Cost of computing clusters



Larissa Schmid – Performance-Detective: Automatic Deduction of 
Cheap and Accurate Performance Models

Modeling for Continuous Software Engineering
KASTEL – Institute of Information Security and Dependability

19.07.20225

Motivation: Configuration options
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Motivation: Configuration options
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Performance Modeling

Various options that influence performance
How to choose the best configuration?
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Performance Modeling

Performance models help in understanding application behavior
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Performance Modeling

Automatic performance modeling generates models from empirical 
measurements
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Performance Modeling

Automatic performance modeling generates models from empirical 
measurements
But – which strategy to use to select configurations to measure?
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Current Modeling Workflows
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Performance-Detective Modeling Workflow
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Performance-Detective Modeling Workflow
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Performance-Detective Modeling Workflow
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Performance-Detective Modeling Workflow
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Performance-Detective Modeling Workflow
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Performance-Detective Modeling Workflow
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Experiment design
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Profiling
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Modeling

Performance-Detective is orthogonal to the instrumentation and learning 
methodology

Approach Sampling Learning
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Modeling

Performance-Detective is orthogonal to the instrumentation and learning 
methodology

Approach Sampling Learning

Extra-P

Performance-Influence 
Models
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Modeling

Performance-Detective is orthogonal to the instrumentation and learning 
methodology

Approach Sampling Learning

Extra-P Full-factorial

Sparse

Performance-Influence 
Models
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Modeling

Performance-Detective is orthogonal to the instrumentation and learning 
methodology

Approach Sampling Learning

Extra-P Full-factorial Regression to 
Performance-Model 
Normal FormSparse

Performance-Influence 
Models
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Performance-Detective is orthogonal to the instrumentation and learning 
methodology

Approach Sampling Learning

Extra-P Full-factorial Regression to 
Performance-Model 
Normal FormSparse

Performance-Influence 
Models

Plackett-Burman
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Modeling

Performance-Detective is orthogonal to the instrumentation and learning 
methodology

Approach Sampling Learning

Extra-P Full-factorial Regression to 
Performance-Model 
Normal FormSparse

Performance-Influence 
Models

Plackett-Burman Decision Trees
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Case Studies

Kripke: 3D Sn particle-transport application
Pace3D: Multi-physics solver
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Kripke: 3D Sn particle-transport application
Pace3D: Multi-physics solver
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Pace3D: System analysis

Pressure calculation with projected 
conjugate gradient method
Parameters:

Number of processes – procs
Volume of material – vol
Spacing on the coarse grid – cubes
Iterations of the solver – iters
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Pace3D: Experiment Design

Full-factorial experiment design:
54 different configurations
5 repetitions per configuration
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Pace3D: Experiment Design



Larissa Schmid – Performance-Detective: Automatic Deduction of 
Cheap and Accurate Performance Models

Modeling for Continuous Software Engineering
KASTEL – Institute of Information Security and Dependability

19.07.202248

Pace3D: Experiment Design
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Pace3D: Experiment Design

25 instead of 3125 experiment executions – 4% of samples needed. 
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RQ1: Modeling using a single repetition of 
experiments

Modeling 
approach

#repetitions Mean error Pace3D Mean error Kripke

interpolate extrapolate interpolate extrapolate

Extra-P 5 8.3% 9.3%
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RQ1: Modeling using a single repetition of 
experiments

Modeling 
approach

#repetitions Mean error Pace3D Mean error Kripke

interpolate extrapolate interpolate extrapolate

Extra-P 5 8.3% 9.3% 4.6% 18.3%

Extra-P 1 8.1% 8.7%
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RQ1: Modeling using a single repetition of 
experiments

Modeling 
approach

#repetitions Mean error Pace3D Mean error Kripke

interpolate extrapolate interpolate extrapolate

Extra-P 5 8.3% 9.3% 4.6% 18.3%

Extra-P 1 8.1% 8.7% 4.3% 15.2%
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RQ1: Modeling using a single repetition of 
experiments

Modeling 
approach

#repetitions Mean error Pace3D Mean error Kripke

interpolate extrapolate interpolate extrapolate

Extra-P 5 8.3% 9.3% 4.6% 18.3%

Extra-P 1 8.1% 8.7% 4.3% 15.2%

PIM 5 21.6% 60.2%

PIM 1
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RQ1: Modeling using a single repetition of 
experiments

Modeling 
approach

#repetitions Mean error Pace3D Mean error Kripke

interpolate extrapolate interpolate extrapolate

Extra-P 5 8.3% 9.3% 4.6% 18.3%

Extra-P 1 8.1% 8.7% 4.3% 15.2%

PIM 5 21.6% 60.2%

PIM 1 22.6% 62.8%
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RQ1: Modeling using a single repetition of 
experiments

Modeling 
approach

#repetitions Mean error Pace3D Mean error Kripke

interpolate extrapolate interpolate extrapolate

Extra-P 5 8.3% 9.3% 4.6% 18.3%

Extra-P 1 8.1% 8.7% 4.3% 15.2%

PIM 5 21.6% 60.2% 21.8% 25.7%

PIM 1 22.6% 62.8%
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RQ1: Modeling using a single repetition of 
experiments

Modeling 
approach

#repetitions Mean error Pace3D Mean error Kripke

interpolate extrapolate interpolate extrapolate

Extra-P 5 8.3% 9.3% 4.6% 18.3%

Extra-P 1 8.1% 8.7% 4.3% 15.2%

PIM 5 21.6% 60.2% 21.8% 25.7%

PIM 1 22.6% 62.8% 22.4% 25.3%
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RQ2: Varying independent parameters simultaneously – 
Modeling with Extra-P

Experiment Design Perf-
Taint

Cost in 
core hours

Error

interpolated extrapolated

Performance-Detective ✓

Full-factorial ✓

Full-factorial -
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RQ2: Varying independent parameters simultaneously – 
Modeling with Extra-P

Experiment Design Perf-
Taint

Cost in 
core hours

Error

interpolated extrapolated

Performance-Detective ✓ 10.9

Full-factorial ✓ 367.6

Full-factorial - 367.6
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RQ2: Varying independent parameters simultaneously – 
Modeling with Extra-P

Experiment Design Perf-
Taint

Cost in 
core hours

Error

interpolated extrapolated

Performance-Detective ✓ 10.9 8.1% 8.7%

Full-factorial ✓ 367.6

Full-factorial - 367.6
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RQ2: Varying independent parameters simultaneously – 
Modeling with Extra-P

Experiment Design Perf-
Taint

Cost in 
core hours

Error

interpolated extrapolated

Performance-Detective ✓ 10.9 8.1% 8.7%

Full-factorial ✓ 367.6 9.5% 10.7%

Full-factorial - 367.6
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RQ2: Varying independent parameters simultaneously – 
Modeling with Extra-P

Experiment Design Perf-
Taint

Cost in 
core hours

Error

interpolated extrapolated

Performance-Detective ✓ 10.9 8.1% 8.7%

Full-factorial ✓ 367.6 9.5% 10.7%

Full-factorial - 367.6 6.2% 6.3%
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RQ2: Varying independent parameters simultaneously – 
Modeling with Extra-P

Experiment Design Perf-
Taint

Cost in 
core hours

Error

interpolated extrapolated

Performance-Detective ✓

Sparse ✓

Sparse -
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RQ2: Varying independent parameters simultaneously – 
Modeling with Extra-P

Experiment Design Perf-
Taint

Cost in 
core hours

Error

interpolated extrapolated

Performance-Detective ✓ 10.9

Sparse ✓ 5.5

Sparse - 5.5
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RQ2: Varying independent parameters 
simultaneously – Modeling with Extra-P

Experiment Design Perf-
Taint

Cost in 
core hours

Error

interpolated extrapolated

Performance-Detective ✓ 10.9 8.1% 8.7%

Sparse ✓ 5.5

Sparse - 5.5
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RQ2: Varying independent parameters 
simultaneously – Modeling with Extra-P

Experiment Design Perf-
Taint

Cost in 
core hours

Error

interpolated extrapolated

Performance-Detective ✓ 10.9 8.1% 8.7%

Sparse ✓ 5.5 8.9% 17.7%

Sparse - 5.5
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RQ2: Varying independent parameters 
simultaneously – Modeling with Extra-P

Experiment Design Perf-
Taint

Cost in 
core hours

Error

interpolated extrapolated

Performance-Detective ✓ 10.9 8.1% 8.7%

Sparse ✓ 5.5 8.9% 17.7%

Sparse - 5.5 15.0% 31.8%
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RQ2: Varying independent parameters 
simultaneously – Modeling with Decision Trees

Experiment Design Perf-
Taint

Cost in 
core hours

Error

interpolated extrapolated

Performance-Detective ✓

Plackett-Burman ✓

Plackett-Burman -
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RQ2: Varying independent parameters 
simultaneously – Modeling with Decision Trees

Experiment Design Perf-
Taint

Cost in 
core hours

Error

interpolated extrapolated

Performance-Detective ✓ 10.9

Plackett-Burman ✓ 164.4

Plackett-Burman - 164.4
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RQ2: Varying independent parameters 
simultaneously – Modeling with Decision Trees

Experiment Design Perf-
Taint

Cost in 
core hours

Error

interpolated extrapolated

Performance-Detective ✓ 10.9 22.6% 47.7%

Plackett-Burman ✓ 164.4

Plackett-Burman - 164.4
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RQ2: Varying independent parameters 
simultaneously – Modeling with Decision Trees

Experiment Design Perf-
Taint

Cost in 
core hours

Error

interpolated extrapolated

Performance-Detective ✓ 10.9 22.6% 47.7%

Plackett-Burman ✓ 164.4 20.1% 45.4%

Plackett-Burman - 164.4
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RQ2: Varying independent parameters simultaneously – 
Modeling with Decision Trees

Experiment Design Perf-
Taint

Cost in 
core hours

Error

interpolated extrapolated

Performance-Detective ✓ 10.9 22.6% 47.7%

Plackett-Burman ✓ 164.4 20.1% 45.4%

Plackett-Burman - 164.4 27.0% 44.2%
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Conclusion

Problem: Performance modeling workflows use heuristic sampling
Contribution: Deduce minimal necessary experiment design
Evaluation on two applications shows maintained model accuracy while 
significantly reducing needed core hours

Results for Pace3D Results for Kripke
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