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Research Context – JVM Garbage Collection

Garbage collection as part of JVM’s automatic memory management: 

23.10.2024 2

Identifying 
dead 

objects

Reclaiming 
memory

Compacting 
the heap
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Research Context – JVM Garbage Collectors
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Garbage Collector Operating Principle
Multiple Collection

Threads
Generational

Serial Garbage Collector Stop-the-world No Yes

Parallel Garbage Collector Stop-the-world Yes Yes

Garbage First Garbage Collector Mostly concurrent Yes Yes

Z Garbage Collector Fully concurrent Yes Since JDK 21

Shenandoah Fully concurrent Yes No
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Research Context – JVM Garbage Collectors
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Each garbage collector with its own individual 
tuning options

→ Impact of different configurations on the 
performance of CPAchecker?



Overview
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We benchmarked 

• 96 garbage collection 
configurations 

➢ 762 355 verification runs

➢ 2 063 days of CPU time

• different analyses of 
CPAchecker

• CPU time

• Wall time

• Peak memory consumption

Identify garbage collection 
configurations that enhance the 
performance of CPAchecker

2 main use cases: 

• Evaluating results in a 
scientific environment 

• Achieving results rapidly and 
with minimal memory usage

METHODOLOGYEVALUATION MEASURESTHESIS GOAL
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Experiment Setup
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SOFTWARE

Reproduction package available

HARDWARE

• BenchExec 

• JDK 17

• Ubuntu 22.04.4

• Setup of SV-COMP24: 

▪ timelimit: 15 min
▪ hardtimelimit: 16 min
▪ memlimit: 15 GB
▪ cpuCores: 4
▪ -heap 10 GB
▪ Identical configuration

• Subset of tasks of SVCOMP24

• Tasks of SVCOMP-24

• Common analyses:

▪ K-induction

▪ Value Analysis 

▪ Predicate Analysis

(no hardtimelimit and different 

configuration)

BenchCloud

▪ Set of “tc” machines 

Intel Core i7-10700

▪ Set of “apollon” machines

 Intel Xeon E3-1230v5 

VERIFICATION TASKS



Experimental Evaluation - Structure
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EXPERIMENTS BENCHMARKS

Selecting garbage collectors 5 configurations

Tuning garbage collector

• Total and initial heap size 21 configurations

• Generation size 32 configurations

• Number of parallel threads
12 configurations

• Number of concurrent threads

• Throughput goal 2 configurations

• Maximum pause time goal 2 configurations



Experimental Evaluation - Structure
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EXPERIMENTS BENCHMARKS

Logging Information 6 configurations

Garbage First Garbage Collector 18 configurations

→ In total: 37 garbage collection parameters



Results – Selecting Garbage Collectors
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Results – Selecting Garbage Collectors
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Results – Selecting Garbage Collectors
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Results – Heap Sizing
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• No experiments with total heap size (-Xmx)

• Initial heap size = total heap size (-Xms=-Xmx) 

• Expanding the heap: -XX:MinHeapFreeRatio



Results – Heap Sizing
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Results – Heap Sizing
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Results – Statistical Analysis
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• Category =  configuration of a garbage collector

• Method: Ordinary Least Squares

• Every configuration (in total 7 configurations) was benchmarked 5 times

Thanks to Statistical Consulting Unit StaBLab, Department of
Statistics, Ludwig-Maximilians-Universität München, Munich, Germany

Categorical Regression 
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Results – Statistical Analysis
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Unit: (s)



Results – Statistical Analysis
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Unit: (s)



Results – Statistical Analysis
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Unit: (s)



Results – SV-COMP24 and other Analyses
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• 5 configurations for SV-COMP24, K-Induction, Value Analysis, and Predicate Analysis

▪ SerialGC

▪ ParallelGC

▪ ParallelGC with MinHeapFreeRatio=80

▪ ParallelGC with MinHeapFreeRatio=80 and ParallelGCThreads=2

▪ G1GC

• Quantitative effects of different configurations may vary across different analyses of 
CPAchecker

However: Effects still recognizable!
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Conclusion
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• Use case: Evaluating results in a scientific environment 

→ Recommendation: Serial Garbage Collector

• Use case: Achieving results rapidly and with minimal memory usage

→ Recommendation: Parallel Garbage Collector tuned with MinHeapFreeRatio=80

• Performance measures are connected

• GC performance was generally robust

• Quantitative effects of different configurations may vary across different analyses of 
CPAchecker
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