
Garbage Collection Fundamentals

Algorithmen und Applikationen

Michael Aleithe



Agenda

• Einführung

• Algorithmen

• Messung der GC

• GC-Tuning und Beispiele



so much garbage …

[1, 2]



so much garbage …



… Garbage Collection (GC)   @ Java

[3]



… but not only in Java!

[4-11]



Generational GC

[12]
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Algorithmen der Old Generation

• Concurrent Mark and Sweep (CMS) Serial Mark and Compact

Full GC

sehr lange STW !!!

-XX:CMSInitiatingOccupancyFraction

[12]
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kurze Gedankenpause

• Mark and Sweep
• Serial/Parallel Mark and Copy

Eden
Old

Generation
S0 S1

Young Generation

• Serial/Parallel Mark and Compact 
• Concurrent Mark and Sweep (CMS)

-XX:-UseConcMarkSweepGC

[12, 13]



Garbage First (G1)

[12]



Garbage First (G1)

dynamische 
Heap-Architektur

--------------------------------
Rollen der regions werden 

dynamisch zugeordnet

[12]



Garbage First (G1)

Größe der regions wird 
dynamisch bestimmt
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Garbage First (G1)
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Garbage First (G1)

keine Fragmentierung 
ABER:

Stop-the-World (STW)

[12]



G1 - Laufzeitvorgaben

[12]



kurze Gedankenpause

[12]



kurze Gedankenpause

-XX:+UseG1GC

-XX:GCPauseTimeInterval

-XX:MaxGCPauseMillis

[12, 13]



Measuring GC (1)

• jstat



Measuring GC (1)

• visualgc



Measuring GC (2)

[13]

-verbose:gc

-XX:+PrintGCDetails

-XX:+PrintGCApplicationStoppedTime

…



Measuring GC (2)

• https://gceasy.io/

https://gceasy.io/


Measuring GC (2)

• https://gceasy.io/

https://gceasy.io/


@Medium: Be Precise in Measuring GC

[14]



Tuning the GC
high 

throughput

short
pauses

less
memory

less
CPU

[12]



… and how do I do that in practice?

-XX:-UseParallelOldGC

-XX:+UseLargePages

-XX:+UseCompressedStrings

-XX:-UseParallelGC

-XX:NewSize=2m

-XX:SurvivorRatio=8

-XX:SurvivorRatio=n

-XX:ParallelGCThreads=n

-XX:MaxGCPauseMillis=n

-XX:TargetSurvivorRatio=50-XX:NewRatio=n

-XX:AllocatePrefetchStyle=1

-XX:MaxTenuringThreshold=n

-XX:ConcGCThreads=n

-XX:+UseBiasedLocking

-XX:NewRatio=2

-XX:+OptimizeStringConcat

-XX:+UseFastAccessorMethods

-XX:-UseConcMarkSweepGC-XX:+UseG1GC

[13]



GC in Practice (1)

• Load- and Performancetesting with XLT

[15]



Load- and Performance-Testing with XLT

[16]



Minimizing GC-Latencies on XLT

Test Maximum Latencies in Seconds Reduction in 
Percentage

Default Tuned

Test 1 0.68 0.55 19.1%

Test 2 0.71 0.45 36.6%

Test 3 0.60 0.49 18.4%

Test 4 0.56 0.49 12.5%

Test 5 0.40 0.26 35.0%

[16]



GC in Practice (2)

• Performance-Analysis in telematics (SOAP-Interfaces)

Optimizing GC-throughput

(HP-Loadrunner)



GC in Practice (3)

• Software Systems in Finance (Azul Zing JVM)

• C4 – Garbage Collector

[17]



GC in Practice (4) – Panama Papers

[18]



GC in Practice (4) – Panama Papers

[19]



… analyzing on Neo4J

MATCH (a:Entity)-[r:REGISTERED_ADDRESS]-(b:Address) RETURN a,r,b LIMIT 1000



… analyzing on Neo4J (G1 vs. CMS)
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… analyzing on Neo4J (CMS)
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Lessons Learned

• Macro-Tuning vs. Micro-Tuning

effort success

20 % 80 %

80 % 20 %

Pareto-Principle



Questions?
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