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Why?

 OCaml changes fast
 Changes may be substantial, e.g. OCaml 4 -> OCaml 5
 OxCaml makes things even more complex

* |What are the performance impacts of a particular change?

OCaml needs a modern performance observability system with
representative benchmarks, repeatable runs that collect GC/runtime
metrics and presents clear regression feedback.



Vision

A publicly accessible, continuously-updated performance dashboard for the
OCaml ecosystem, supporting:

* Developers tracking the impact of runtime/compiler PRs before merge

* Release teams comparing major versions (4.14 -> 5.x -> OxCaml)

* Developers studying GC behaviour under different workloads

 The community gaining confidence in OCaml's performance trajectory



Goals

* Local-first, Cl-ready: same tool works for a developer benchmarking locally and for
automated CI runs. No separate setup required.

* Application runtime performance: focus on the performance of generated code, not
compiler throughput or build times.

e Re-runnable on current hardware: benchmarks should build and run on modern
Linux distributions and hardware without requiring old platform versions.

* Pluggable and extensible: new benchmarks, new compiler versions, new GC
parameters, new profiling tools can be added without restructuring the infrastructure.

* Platform support: Linux AMD64 and ARMG64 as the primary Cl targets. Other Linux
architectures, FreeBSD and macOS supported as local targets.
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Abstract

Since benchmarks drive computer science research and industry
product development, which ones we use and how we evaluate
them are key questions for the community. Despite complex run-
time tradeoffs due to dynamic compilation and garbage collection
required for Java programs, many evaluations still use methodolo-
gies developed for C, C++, and Fortran. SPEC, the dominant pur-
veyor of benchmarks, compounded this problem by institutionaliz-
ing these methodologies for their Java benchmark suite. This paper
recommends benchmarking selection and evaluation methodolo-
gies, and introduces the DaCapo benchmarks, a set of open source,
client-side Java benchmarks. We demonstrate that the complex in-
teractions of (1) architecture, (2) compiler, (3) virtual machine, (4)
memory management, and (5) application require more extensive
evaluation than C, C++, and Fortran which stress (4) much less, and
do not require (3). We use and introduce new value, time-series,
and statistical metrics for static and dynamic properties such as
code complexity, code size, heap composition, and pointer muta-
tions. No benchmark suite is definitive, but these metrics show that
DaCapo improves over SPEC Java in a variety of ways, including
more complex code, richer object behaviors, and more demanding
memory system requirements. This paper takes a step towards im-
proving methodologies for choosing and evaluating benchmarks to
foster innovation in system design and implementation for Java and
other managed languages.

Categories and Subject Descriptors C.4 [Measurement Techniques]
General Terms Measurement, Performance
Keywords methodology, benchmark, DaCapo, Java, SPEC

1. Introduction

When researchers explore new system features and optimizations,
they typically evaluate them with benchmarks. If the idea does not
improve a set of interesting benchmarks, researchers are unlikely
to submit the idea for publication, or if they do, the community is
unlikely to accept it. Thus, benchmarks set standards for innovation
and can encourage or stifle it.

For Java, industry and academia typically use the SPEC Java
benchmarks (the SPECjvm98 benchmarks and SPECjbb2000 [37,
38]). When SPEC introduced these benchmarks, their evaluation
rules and the community’s evaluation metrics glossed over some of
the key questions for Java benchmarking. For example, (1) SPEC
reporting of the “best” execution time is taken from multiple it-
erations of the benchmark within a single execution of the virtual
machine, which will typically eliminate compile time. (2) In ad-
dition to steady state application performance, a key question for
Java virtual machines (JVMs) is the tradeoff between compile and
application time, yet SPEC does not require this metric, and the
community often does not report it. (3) SPEC does not require re-
ports on multiple heap sizes and thus does not explore the space-
time tradeoff automatic memory management (garbage collection)
must make. SPEC specifies three possible heap sizes, all of which
over-provision the heap. Some researchers and industry evaluations
of course do vary and report these metrics, but many do not.

This paper introduces the DaCapo benchmarks, a set of gen-
eral purpose, realistic, freely available Java applications. This pa-
per also recommends a number of methodologies for choosing and
evaluating Java benchmarks, virtual machines, and their memory
management systems. Some of these methodologies are already in
use. For example, Eeckhout et al. recommend that hardware ven-
dors use multiple JVMs for benchmarking because applications
vary significantly based on JVM [19]. We recommend and use this
methodology on three commercial JVMs, confirming none is a con-
sistent winner and benchmark variation is large. We recommend
here a deterministic methodology for evaluating compiler optimiza-
tions that holds the compiler workload constant, as well as the stan-
dard steady-state stable performance methodology. For evaluating
garbage collectors, we recommend multiple heap sizes and deter-
ministic compiler configurations. We also suggest new and previ-
ous methodologies for selecting benchmarks and comparing them.
For example, we recommend time-series data versus single values,
including heap composition and pointer distances for live objects as
well as allocated objects. We also recommend principal component
analysis [13, 18, 19] to assess differences between benchmarks.

Java Benchmarking
DaCapo suite

for using real-world macro-benchmarks.

Inspired by Sandmark for tracking OCaml evolution and DaCapo



Micro-benchmarks

https://github.com/ocaml-bench/benches

 Extract Sandmark benchmarks into a standalone project
o Approximately 200 microbenchmarks

* Help with stress testing the runtime and capture specific regressions but do
not capture user experience.

e |s this useful? Who will maintain this?

e More micro-benchmarks in PRs and Issues


https://github.com/ocaml-bench/benches

Macro-benchmarks

https://qgithub.com/ocamli-bench/macro-benches

 DaCapo-style OCaml macro-benchmarks based on realistic applications
o Capture regressions that may be observed by users

» Target application areas that are important to OCaml

e 20 tools, 33 distinct workloads with configurable running times

» 13 different categories e.g. Compilers, Static analysis, Web, Proof
assistants.

* 11 different runtime features e.g. ephemerons, effects, C stubs, signals,
custom blocks, off-heap allocation.


https://github.com/ocaml-bench/macro-benches
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YAML Configs

includes: # macrobenchmark suite
- "../base/ocaml/macro base.yml"

runtimes:
ocaml-5.5.0: # baseline
type: OCaml
version: "5.5.0"
ocaml-5.5.0-fp: # wvariants
type: OCaml
version: "5.5.0"
configure args: “"--enable-frame-pointers"”
ocaml-5.5.0-fp-flambda.:
type: OCaml
version: "5.5.0"
configure args: "“"--enable-flambda --enable-frame-pointers"”

configs:
- "ocaml-5.5.0|perf grpl|re-25|md-2"
- “ocaml-5.5.0-fpl|perf grpl|re-25|md-2"
- “ocaml-5.5.0-fp flambda|perf grpl|re-25|md-2"

comparisons:
- label: “frame pointer comparison"
a: ocaml-5.5.0
b:
- ocaml-5.5.0-fp
— ocaml-5.5.0-fp-flambda




Python Notebooks

A — Regression Dashboard

Audience: anyone asking "did this compiler change regress or improve the benchmarks?"

Structure (Option C — per-comparison). Every section under 84 corresponds to one comparison block declared in runbms.yml (or supplied via COMPARISONS_OVERRIDE ). Each block is a self-contained
story: instruction-count deltas, wall-time and max-RSS tornado plots per pair, a tradeoff scatter restricted to the block's variants, and ranked top-N regressions/improvements.

When runbms.yml declares no comparisons: block, the loader falls back to a single default block ( BASELINE vs every other variant) — the rendered output is then equivalent to a traditional single-baseline
view.

Configuration knobs are in the next cell. See README.md §5.6 for the YAML schema.

C — GC Parameter Sweep

Audience: GC/runtime researcher or release engineer.

This notebook is organised around three explicit questions. Each section is labelled with the question it answers; cells inside a section share a reference point and an aggregation level.

§ Question Reference point Aggregation Audience
3 Q1 — Better than default for this workload? this runtime's default cell per-benchmark app developer
4 Q3 — Should we ship a new default? this runtime's default cell geomean across benchmarks (+ worst-case shown) release engineer

5 Q2 — How does this config affect a cross-runtime comparison? the other runtime at the same cell per-benchmark, per-cell runtime maintainer



Early Results

Regression on Default Parameters
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Early Results

Intra-runtime Parameter Sweep

lig_parse_typecheck — intra-d8b (A% vs default (262144, 120)) (black = default, gold = intra-d8b best Pareto (1048576, 150), dashed blue = cross-version win cell (262144, 40))
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Early Results

Tracking OCaml Issue #14533

lig_ video frames _pool — intra-d8b (A% vs default (M=44, 0=120))

lig_video frames_pool: A% wall time vs d8b default (M=44, 0=120)
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Early Results

Pareto: tracking time/space tradeoff

Cross-version (d8b vs 5.4) per-cell scatter — lower-left = d8b strict win
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. improvement . neutral warn . regression

eio_conc_default

eio_conc_large —

jsoo_large —

sedlex_tokenize_default —

Early Results
Faster Minor GC #14751 -

lig_parse_typecheck_default —
lig_parse_typecheck_large —
ydump_repeat_default —
ydump_repeat_large —
ocamlformat_rocq_default —

OCaml Benchmark Dashboard

cpdf_squeeze_default —

Machi R irmin_mem_rw_default —
acnine un

Host CPU RUN Created ocamlformat_rocq_large —

monolith AMD Ryzen 9 9950X 16-Core Processor monolith-2026-08-18-Tue-044952 2026-08- menhir_ocamly —
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. . . . . . . frama_c_eva_sqlite_default —
Regression view. Pick a baseline and a comparison — each is a runtime, plus a °

menhir_sysver_canonical —

value for each swept parameter (space_overhead, minor_heap, gc_plan, ...) if the run
devkit_htmlstream_default —

has any. Defaults to the comparison declared in the run manifest, but any pair ,
devkit_htmlstream_large —

works (e.g. LXR vs Bactrian, or trunk vs the PR at a chosen (s, 0)). Negative A is test_decompress._large —

better; thresholds +1% warn, +3% regression/improvement. zarith_pi_large —
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test_decompress_default —

Compare zarith_pi_default —
frama_c_eva_sqlite_large —

runtime owl_gc_large —

[ pri4571 CJ owl_gc_default —

| | | | |
-5 +0 +5 +10 +15 +20
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Early Results

...Measuring Runtime Variants

2 improvement(s), 4 regression(s) across 30 benchmark(s).

. improvement . neutral

warn . regression
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eio_fiber_stream —
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test_decompress —
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devkit_network —
devkit_htmlstream —

sedlex_tokenize —

-30 -20 -10 +0
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5.5.0-flambda vs 5.5.0

23 improvement(s), 1 regression(s) across 30 benchmark(s).

. improvement . neutral

warn . regression

lig_parse_typecheck
owl_gc —
alt_ergo_yyll —
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ocamlformat_rocq —
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goblint —
jsoo —
alt_ergo_fill —
devkit_stre —
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zarith_pi —
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cpdf_blacktext —
devkit_gzip —
test_decompress —
cpdf_squeeze —

eio_fiber_stream —
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devkit_htmlstream —
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lig_video_frames_pool —
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5.5.0-fp-flambda vs 5.5.0

22 improvement(s), 1 regression(s) across 30 benchmark(s).
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Early Results

New GC-pacing logic #14796

OCaml Benchmark Dashboard

Machine Run

Host CPU Run

monolith  AMD Ryzen 9 9950X 16-Core Processor monolith-2026-07-18-Sat-025524
Cores Kernel

32 6.17.0-19-generic Produced by

running-ng (native)

Created
2026-07-
18T17:46:327

Tools
perf 6.17.13 - olly
0.5.4-12-g3d37a0b

Runtimes trunk-e53a0322 - gc-pacing-72c712d4

Regression view: each comparison declared in the run manifest is rendered below.

Pick the metric to compare; negative A is better (fewer instructions, less time).
Thresholds: £1% warn, +3% regression/improvement.

If this run swept GC parameters, pick the point to compare at — otherwise the same
runtime shows up once per parameter combination. (Parameters with a single value

are omitted; use Parameter sweeps to see the whole grid.)

Metric Wall time C:
minor_heap 262,144 Cj
space_overhead 120 3

17

gc-pacing PR vs trunk merge-
base — (s, 0) sweep 2026-07-13

7 improvement(s), 0 regression(s) across 29 benchmark(s).
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Outcomes

 Benchmarks are runnable locally on Linux
» Extracted suite of micro benchmarks from Sandmark
 New suite of macro benchmarks in the DaCapo-style

* |mprovements to runtime events implementation e.g. #13011, #14189,
#14522, #149606, #14969, #15000, #15001, #15010, #15016

* |mprovements to profiling tools like runtime_events_tools and pert

 Deeper analysis of runtime changes e.qg. #14571, #14796
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Future work

 Better Benchmark coverage:

* runtime features e.g. compaction, multi-domain, OxCaml

e principal component analysis
» Infrastructure: Setting up service to run benchmarks on tuned machines
* |Improving runtime events metrics: memory fragmentation, STW cost

» Support local running on more platforms: macOS, FreeBSD, Windows
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Benchmarking OCaml

Thank you!
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