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Garbage Collection in Ruby

Jul 03, 2023 (updated at Oct 02, 2023)

1. Overview

Ruby’s garbage collector code lives in a single file called gc. c. “Garbage collector” is

probably not the best term to call it because in addition to garbage collection, the code

iInside gC.C is responsible for memory allocation and management. In other words, the

whole lifecycle of an object is managed by the garbage collector.

2. Primitive object types

While every type of Ruby object may appear to work the same in the Ruby source code, there
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Optimizing Ruby’'s Memory Layout: Variable Width Allocation

Shopify is improving CRuby’s performance in Ruby 3.2 by optimizing the memory layout in the garbage collector through the Variable Width
Allocation project.
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Implement moving Immix in MMTk

O ruby / ruby

i1 Pull requests 568

github.com/ruby/ruby/pull/15744

(& Agents
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Q Type [/]to search

00 wiki ) Security

15744

|~ Insights
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Code ~

Il e peterzhu2118 merged 4 commits into ruby:master from peterzhu2118:register-pinning-obj (0 on Dec 29, 2025

(J) Conversation 2 -O-

o

Commits 4

[} Checks 91

peterzhu2118 commented on Dec 26, 2025

Files changed 25

This commit implements moving Immix in MMTK, which allows objects to move

in the GC.

The performance of this implementation is not yet amazing. It is very
similar to non-moving Immix in many of them and slightly slower in others.
The benchmark results is shown below.
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Member

+470 -71 sa88

Reviewers

No reviews

Assignees

No one assigned

Labels

None yet

Projects

None yet

Milestone

No milestone

Development

Successfully merging this pull request may close
these issues.
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def allocate from freelist

* ob] = @freelist

1T ob]
@freelist = obj.next

0b]
else
gc_slowpath
end
end




1imit

4

cursonr



1imit

T_HASH

cursonr



1imit

43

cursonr

T_OBJECT



1imit

43

cursonr

T_STRING



1imit

T_ARRAY T_HASH | T_OBJECT | T_STRING -

43

cursonr



def allocate_from_bump_pointer(size)
obj] = @cursor
@cursor += size
1T @cursor <= @lumtit

0b]
else
gc_slowpath
end
end




def allocate from freeltist def allocate_from_bump_pointer(size)

obj = @freeltist obj] = @cursor
1T obj @cursor += size

@freelist = obj.next 1f @cursor <= @limit

obj ob}
else else

gc_slowpath gc_slowpath
end end
end end
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gc/mmtk/mmtk.c

static VALUE
rb_mmtk_alloc_fast_path(struct objspace *objspace, struct MMTk_ractor_cache *ractor_cache, size_t size)

{

MMTk_BumpPointer *bump_pointer = ractor_cache->bump_potinter;
Lt (bump_pointer == NULL) return 0;

uintptr_t new_cursor = bump_pointer->cursor + size;

if (new_cursor > bump_pointer->limit) {

return 0;

}

else {
VALUE obj = (VALUE)bump_potinter->cursor;
bump_poilinter->cursor = new_cursor;
return obj;

}

}


https://github.com/ruby/mmtk/blob/31a3530182a72bb202221413e036653858d253ed/gc/mmtk/mmtk.c#L781-L797
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Implement fast path for bump pointer allocator #53 Code -

ol ol Reterzhu2118 merged 1 commitinto main from alloc-fast-path (0) on Dec 20, 2025

() Conversation 0 -o- Commits 1 [l Checks 22 Files changed 4 +63 -3 EEES
@ peterzhu2118 commented on Dec 20, 2025 Member *+° Reviewers
{ No reviews
Adding a fast path for bump pointer allocator can improve allocation performance.
Assignees

For the following microbenchmark with MMTK_HEAP_MIN=100MiB:

No one assigned

10_000_000.times { String.new } (O
Labels
None yet
Before:
Projects
810.7 ms * 8.3 ms [User: 790.9 ms, System: 40.3 ms] Ll;l
None yet
After:
Milestone
No milestone
777.9 ms = 10.4 ms [User: 759.0 ms, System: 37.9 ms] Ll.j

Development

@ Successfully merging this pull request may close
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dl.acm.org/doi/10.1145/3563323

Optimal Heap Limits for Reducing Browser Memory Use

MARISA KIRISAME, University of Utah, United States
PRANAV SHENOQY, University of Utah, United States
PAVEL PANCHEKHA, University of Utah, United States

Garbage-collected language runtimes carefully tune heap limits to reduce garbage collection time and memory
usage. However, there’s a trade-off: a lower heap limit reduces memory use but increases garbage collection
time. Classic methods for setting heap limits include manually tuned heap limits and multiple-of-live-size
rules of thumb, but it is not clear when one rule is better than another or how to compare them.

We address this problem with a new framework where heap limits are set for multiple heaps at once. Our
key insight is that every heap limit rule induces a particular allocation of memory across multiple processes,
and this allocation can be sub-optimal. We use our framework to derive an optimal “square-root” heap limit
rule, which minimizes total memory usage for any amount of total garbage collection time. Paradoxically, the
square-root heap limit rule achieves this coordination without communication: it allocates memory optimally
across multiple heaps without requiring any communication between those heaps.

To demonstrate that this heap limit rule is effective, we prototype it for V8, the JavaScript runtime used in
Google Chrome, Microsoft Edge, and other browsers, as well as in server-side frameworks like node.js and
Deno. On real-world web pages, our prototype achieves reductions of approximately 16.0% of memory usage
while keeping garbage collection time constant. On memory-intensive benchmarks, reductions of up to 30.0%
of garbage collection time are possible with no change in total memory usage.

CCS Concepts: « Software and its engineering — Runtime environments; - Information systems —
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github.com/ruby/mmtk/pull/54

O ruby / mmtk Q Type [/]to search

Implement Ruby heap #54

Il e Reterzhu2118 merged 1 commit into main from ruby-heap (0 on Dec 22, 2025

() Conversation 0 -0- Commits 1 [} Checks 22 Files changed 6

Q‘,(

peterzhu2118 commented on Dec 22, 2025 Member

This heap emulates the growth characteristics of the Ruby default GC's heap. By default, the heap
grows by 40%, requires at least 20% empty after a GC, and allows at most 65% empty before it
shrinks the heap. This is all configurable via the same environment variables the default GC uses

( RUBY_GC_HEAP_FREE_SLOTS_GOAL_RATIO , RUBY_GC_HEAP_FREE_SLOTS_MIN_RATIO ,
RUBY_GC_HEAP_FREE_SLOTS_MAX_RATIO , respectively).

The Ruby heap can be enabled via the MMTK_HEAP_MODE=ruby environment variable.

Compared to the dynamic heap in MMTk (which uses the MemBalancer algorithm), the Ruby heap
allows the heap to grow more generously, which uses a bit more memory but offers significant
performance gains because it runs GC much less frequently.

We can see in the benchmarks below that this Ruby heap heap gives faster performance than the
dynamic heap in every benchmark, with over 2x faster in many of them. We see that memory is often
around 10-20% higher with certain outliers that use significantly more memory like hexapdf and erubi-
rails. We can also see that this brings MMTk's Ruby heap much closer in performance to the default
GC.

Ruby heap benchmark results:

8- +- 0 10 9'@

() Issues 2 {1 Pullrequests &> Agents (») Actions Projects () Security |~ Insights

Code ~

+176 -5 088

Reviewers

No reviews

Assignees

No one assigned

Labels

None yet

Projects

None yet

Milestone

No milestone

Development

Successfully merging this pull request may close
these issues.
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Il e Reterzhu2118 merged 1 commit into main from ruby-heap (0 on Dec 22, 2025
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peterzhu2118 commented on Dec 22, 2025 Member

This heap emulates the growth characteristics of the Ruby default GC's heap. By default, the heap
grows by 40%, requires at least 20% empty after a GC, and allows at most 65% empty before it
shrinks the heap. This is all configurable via the same environment variables the default GC uses

( RUBY_GC_HEAP_FREE_SLOTS_GOAL_RATIO , RUBY_GC_HEAP_FREE_SLOTS_MIN_RATIO ,
RUBY_GC_HEAP_FREE_SLOTS_MAX_RATIO , respectively).

The Ruby heap can be enabled via the MMTK_HEAP_MODE=ruby environment variable.

Compared to the dynamic heap in MMTk (which uses the MemBalancer algorithm), the Ruby heap
allows the heap to grow more generously, which uses a bit more memory but offers significant
performance gains because it runs GC much less frequently.

We can see in the benchmarks below that this Ruby heap heap gives faster performance than the
dynamic heap in every benchmark, with over 2x faster in many of them. We see that memory is often
around 10-20% higher with certain outliers that use significantly more memory like hexapdf and erubi-
rails. We can also see that this brings MMTk's Ruby heap much closer in performance to the default
GC.

Ruby heap benchmark results:
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