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Automatic dynamic memory management (garbage collection) in the 
OpenJDK HotSpot Java Virtual Machine (JVM) continuously reclaims 
memory previously provided to the application by first, identifying 
parts of the Java heap as unused and second, making this memory 
available for allocations. 

The Garbage-First (G1) garbage collector [1] is a high-performance 
implementation of such an algorithm in the JVM. 

Currently, G1’s unit of reclamation are regions completely free of live 
objects. Regions are equally sized subdivisions of the Java heap. 
Since it is rare that regions are completely empty just by coincidence, 
G1’s main mechanism to generate new allocatable regions is moving 
out (evacuating) live objects of preferably sparsely populated regions 
to somewhere else. 

However, in some situations, evacuation is expensive or not useful at 
all: for example, evacuation can require significant effort to reclaim 
only a single region, or meaningless as evacuation of humongous ob-
jects will not make available memory lost due to fragmentation [2]. 

One alternative to reclaiming memory by evacuation is the re-use of 
areas of known free space within regions as e.g. implemented by the 
Immix garbage collector [3].  

The goal of this master’s thesis is to 

1. investigate the changes required to make G1 a hybrid partially com-
pacting collector: keep using evacuation for objects in the young gen-
eration but perform partial in-place allocation into free space in the old 
generation for promoted objects. 

2. based on that investigation, implement a prototype demonstrating 
the idea and 

3. measure the impact of the changes on garbage collection behavior 
on a set of benchmarks (for example [6], [7], [8]). 
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There is existing preparatory work, e.g. since JDK 20, existing 
liveness analysis explicitly recognizes the free areas between objects 
within regions [9] but does not use them for allocation. G1 should be 
extended to collect information about these areas of allocatable 
memory (“holes”) in the old generation and apply a heuristic whether 
a given region should be evacuated, its space used for in-place allo-
cation or left alone. 

When allocating memory, G1 should then use these holes to allocate 
space for promoting objects into if advantageous. The changes must 
integrate into existing mechanisms like eager humongous object re-
claim [4] and SATB marking [5]. 

The progress of the thesis should be discussed every two or three 
weeks with the advisors, potentially at lower frequency later. Please 
note the guidelines of the Institute for System Software when prepar-
ing the written thesis. The deadline for the written thesis is September 
31st, 2026. 

As the goal is to contribute this approach to the OpenJDK open-
source repository [10], signing the OCA [11] is required. 
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