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Introduction

Despite the rapidly expanding projects on Al benchmarking, there is Ratmg SVStem Development

no universally accepted way to exactly determine the quality of a
benchmark. The term “Al benchmark” is poorly defined and
understood, further complicating precise judgments.

MLCommons developed 6 key points on the definition of a ML
benchmark.

- Problem specification: Well-defined task and format

- Dataset: Publicly accessible and downloadable data

- Metrics: Reproducible and quantitative comparison method

- Reference solution: At least one model ran with the benchmark
This project seeks to provide criteria for determining benchmark - Documentation: Good explanations for the above

quality. Assisted by a Python script, researchers will have the ability - Software (added later, formerly part of Documentation): Easily followed
to compare benchmarks using a single definition and rating scale. instructions for downloading and running

Purpose

For each of the qualities, a rubric was created to objectively rank
benchmarks on how well they match each quality. Scores for each
category range from O (lowest; nonexistent) to 10 (highest; perfectly
matches criteria).

Benchmark Visualization

The MLCommons team previously compiled a list of 23 benchmarks
using Al tools. Each benchmark was manually verified, then written
in @ machine-readable YAML format.

4. Reference Solution
Baseline implementation demonstrating task feasibility.

e  9-10: Well documented, reproducible baseline provided with performance results.
e 7-8: Functional baseline included and evaluated, but lacks full documentation or

reproducibility details.

A Python script was written to convert the YAML into Markdown and

Tex tables . Wlth com mand_l | ne ﬂags, SC” pt users can d ICtate . :;;Eiﬁg:e exists but is not evaluated using the benchmark or has little instructions for
Wh ether the SC” pt puts each entry |n q se pa rate flle Omlts the e 3-4: Baseline performance briefly mentioned but not run with the benchmark, or partial
] ] ] ] ] ] ’ implementation with no reported results.
provided BibTeX citation, or writes the table into a standalone TeX »  1-2: Reference solution briefly mentioned but is vague
. e 0: No reference solution or baseline presented
file.
Sample rubric for the “reference solution” category
S A description: |
def _load_single_yaml_file(self, file path: str, enable error_messages: bool = True) -> list[dict]: The date of availability of the benchmark. If an official release date is
hma t a.\vailablef use the date of adding the entry. . . .
| 6 Categories based on benchmark definition, all range from 0-5:
aaaaaaaaaaaaaaaaaaa () version: vi1.e
111111111111 (content, dict) description: |
rrrrrr [content] : .
st s, conditions optiomal e Reference Solution
ttttttttttttt
last_updated: '2024-85-81' # Could also be null
eError("Unsupported YAML format. Expected a dict or list of dicts.") descr‘iption: | . . .
et yamL YA Error a5 o The date when the entry was last updated. The format is YYYY-mm-dd s a reference solution available? |Is it well documented?
if enable _error _messages: condition: optional
print(f'{_RED}YAML syntax error in "{file_path}": \n{e}{_DEFAULT_COLOR}") . . "
PPPPPP o expired: null # This may be deprecated or duplicate the valid field DGES It ||St a” hardware & Sﬂftware req L” rement.s’?
) . . lieere bl rror mecenmec: bool = True) <> lictldicel: description: | . . .
e i i e n ndicasio £ che bachnar i 1o onger vl Are all metrics evaluated? Is the baseline model trainable/open?
i et 1t ot it gt o o (Score = Sum of the above where answer is yes)
.::: e_error _messages (bool): whether to print error messages to the console . Default True date: '2025-91-61"
contents of given YAML files descr‘iption: |
cords = [] Identifie 'F the benchmark is valid at the time of review. Invalidity may be caused by the code or data - -
e T v o s, e e longer.being available. Updated rubric for the “reference solution” category
rrrrrrrrrrrrr condltlon: requ1red R ’
ddddddddddd | as modified by the MLCommons team
..... description: |
tttttttttttttttttttttttttttttttttttttttttttttttt The name of the b h K
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee diti quir‘ d
If a YAML file contains syntax errors, the file is **not loaded**. url: https://github.com/fastmachinelearning/fastml-science/tree/main/jet-classify
Parameters: descri iption: |
file_paths (str or list[str]): filepath(s) to load from The main URL for this benchmark. We also mmend adding it to the citation.
ov?rwriting_ nnnnnnnn (bool, de-FaulE:True?: whether to m:rerwri eeeeeeeeeeee 's ex::Lst::L nnnnnnnnnnn ondition: required
ppppp _syntax_errors (bool, default=True): whether to print error messages upon finding YAML syntax errors.
R Using the created rubric, each benchmark was evaluated.
?elf._yaml:dicts= sssss _load_multiple yaml _files([file paths], print_syntax _errors ) des_.cr%?tionl: | o

Ratings were later added to the YAML files. The Python script was

Source code snippet of the script updated to include the ratings in its output table.

Part of a YAML entry for a benchmark

Jet Classification

Throughout the development process, the YAML format and ecification

required attributes changed often. For greater flexibility, the script
was modified to handle YAMLs in any data arrangement.
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Jet Classification

Link: https://github.com/fastmachinelearning/fastml-science/tree/main/jet-classify

Problem Spec: 8 — Classification is clearly defined for real-time inference on simulated LHC jets. Input features
(HLFs) are documented, though exact latency or resource constraints are not numerically specified.

Dataset: 9 — Two datasets (OpenML and Zenodo) are public, well-formatted, and documented; FAIR principles
are followed, though richer metadata would raise confidence to a 10.

Performance Metrics: 9 — AUC and Accuracy are standard, quantitative, and well-aligned with goals of jet
tagging and inference efficiency.
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nnnnnnnnnnn e oty 9% acience. law. and mo unzarsmansing mes
st s Reference Solution: 8 — Float and quantized Keras/QKeras models are provided with results. Reproducibility is
e werti good, though full automation and documentation could be improved.
P -
multiple—c Cond
quest ions in biclo . o
phy=ics, and cherésery, | | 01 0 91 | | descipdHonor ) . ) .
werirzan by domain s Easily able o . : Documentation: 8 — GitHub contains baseline code, data loaders, and references, but setup for deployment

Google-proof, v Scientific problems are e e 3 - L ¥ ’
yes GPOA Science Gr.::l:.art: et g'_zd”at;: ppppppppppppp ?fore choice. Multi- ressoning. vy | ol.DeepSeck-R1 | Go od GPOA Diamond 6.5 O mar) [ bels or rEfe re n c e_ - = e n ta tl 0 n . H = HH - H .
eeeeeeeeeeeeeeee e vt emtic (e.g., FPGA pipeline) requires familiarity with the tooling.
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Markdown output of the Python script

Fermi National Accelerator Laboratory I

Sample radar plot of ratings for a benchmark and accompanying explanations.
The Software category was not yet evaluated at the time of writing.
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