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Outline

❑ Why performance data usually is not reusable
❑ The three-part plan: collect, standardize, publish
❑ Metaper, automatic metadata capture on the cluster
❑ Metadata schema, everything in sync
❑ Perfortal, HPC performance data exchange portal
❑ Vision: Research Data Management Containers (RDMC)
❑ Open questions and how you can help
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Motivation

The Problem: data without context
❑ HPC centers produce many traces and profiles per day
❑ Almost none of this data is shared outside the group that made it
❑ After six months, even with a publication, data is hard to interpret

C
X scale on Y?

STUDY

Ô Setup & workflow
software, compiler, system, configuration

� Workload runs
repeated executions, traces, profiles

¢ Analysis
measurements, comparison, interpretation

A
¥ Published

õ DATA + CONTEXT

software, compiler, system, configuration
repeated executions, traces, profiles
measurements, comparison, interpretation

Ð Software á System Ô Execution
Compiler ? Node ? Ranks ?
MPI ? Partition ? Hyperthreading ?

❑ Data survives but the context is often missing or incomplete
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Motivation

Why This Matters: FAIR for performance data

❑ For performance data, Interoperable and Reusable break first
❑ A trace is technically accessible if it’s emailed to you
❑ It’s not reusabel without the metadata to reconstruct how it was made

❑ Our approach
❑ Treat metadata capture as the main lever for FAIRness
❑ The paper preserves the scientific result
❑ We make the performance data reusable
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Collect, Standardize, and Publish

Three connected objectives:
Standardized Metadata Schema

SHARED SCHEMA

Automated Metadata Collection

METAPER Data Exchange Portal

PERFORTAL

generate

validate

metadata + other outputs

Design philosophy: enrichment is optional
❑ Run metaper with zero configuration and get metadata.json
❑ Upload to Perfortal with that file
❑ Add dataset info, tool-specific summaries, eventually an RDMC
❑ Each step is opt-in
❑ Mirrors the FAIR principles of a maturity model, not a pass/fail test
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Collect, Standardize, and Publish

Building on an existing HPC performance ecosystem

TAU
analysis

Scalasca
analysis

Score-P
measurement

HPCToolkit
analysis · · ·

{ Existing tools

Metaper
FAIR metadata

CUBE / OTF2
manifest.json
scorep.cfg

· · · Perfortal
exchange

structured output

uses
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Automated Metadata Collection

Metaper: design goals
❑ Minimal setup required

❑ One metaper invocation
❑ No schema knowledge up front

❑ Two-phase capture
❑ Some data exists during the job
❑ Some only after the scheduler terminates the job

❑ Extensible via plugins
❑ Tool-specific postprocessing (Score-P today) without touching the core

❑ Anonymization as a first-class option
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Automated Metadata Collection

Metaper: architecture
❑ Python package

❑ Built on top of MachineState
❑ Organized into core/, job/, hardware/, . . .

❑ Hardware info collected per node and compressed (raw kept)
❑ Errors as values

❑ Fields that cannot be collected are written to metadata error.json

❑ Two-phase ”job” info collector

Phase 1
Read SLURM * variables

Post-job fields = null

Phase 2
metaper finalize

Query sacct and fill in

❑ Optional human-supplied info about the dataset in CWD,
dataset metadata.json

"name": "npb-mz-c-benchmark"

"workloadFamily": "computational fluid dynamics"

"libraries": "MPI, OpenMP, Score-P"

8 / 27



Automated Metadata Collection
Metaper: pipeline overview

build run.sbatch

#SBATCH --nodes=2

#SBATCH --ntasks-per-node=4

# Module load & venv

ml release/2026 GCC/14.3.0 OpenMPI/5.0.8 Score-P/9.4

source /path/to/venv/bin/activate

# Build

make PREP=scorep

# Workload

srun -n 8 -c 1 heat-blocking.scorep 4096 4096 128

# Metadata

metaper --scorep
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(finalized)

9 / 27



Automated Metadata Collection

Metaper: what you get

demo heat/

metaper <JobID>

config.json................................parsed flags (debug)

metadata.json...................................main output

metadata error.json............... per-field errors, if any (debug)

scorep preprocess.json ............tool-specific main output

hardware specs ....................... per-node hardware (debug)

24

node i8019.json

87

node i8018.json

summary scorep...................... tool-specific outputs (debug)

scorep-score.txt

scorep score.json

scorep metadata.json

summary.md
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Automated Metadata Collection

Metaper: metadata JSON output

{

"$schema": "https://gitlab.gwdg.de/nfdixcs/i3-performance-management/hpc-performance-metadata/-/raw/metadata-v1/metadata/metadata.v1.schema.json",
"schemaVersion": 1,

"generator": {
"name": "Metaper",
"version": "0.1.0",
"generatedAt": "2026-07-21T11:57:11Z"

},

"job": {

"identity": {
"jobId": "2301782",
"userId": "pooseh",
"clusterName": "alpha",
"queueName": "alpha",

"scheduler": {
"type": "slurm",
"version": "slurm 23.11.8"

}

},

"resources": {

"requested": {
"nodeCount": 2,
"cpuCount": 8,
"gpuCount": 4,
"memoryBytes": 68719476736,
"walltimeLimitSeconds": 600

},

"allocated": {
"nodeCount": 2,
"cpuCount": 16,
"gpuCount": 4,

"nodeList": [

"i[8018-8019]"

]

}

},

"topology": {
"mpiRanks": 8,
"threadsPerRank": 1,
"ranksPerNode": 4,
"gpusPerNode": 2,
"gpusPerTask": null

},

"timing": {
"startTime": "2026-07-21T13:56:49",
"submitTime": "2026-07-21T13:56:48",
"eligibleTime": "2026-07-21T13:56:48",
"endTime": "2026-07-21T13:57:22",
"walltimeSeconds": 33,
"cpuTimeSeconds": 528,
"queueWaitTimeSeconds": 1

},

"usage": {
"maxResidentMemoryBytes": 4997120,
"maxVirtualMemoryBytes": 303546368,
"maxDiskReadBytes": 28038922,
"maxDiskWriteBytes": 4393533,
"maxPageFaultCount": 286

},

"termination": {
"state": "COMPLETED",
"exitCode": 0,
"derivedExitCode": 0,
"signal": null

}

},

"hardware": {

"cpu": [

{
"id": "cpu-6e0185",
"vendor": "AuthenticAMD",
"modelName": "AMD EPYC 7352 24-Core Processor",

"family": 23,
"model": 49,
"stepping": 0,

"baseFrequencies": [
"3.20 GHz"

],
"sockets": 2,
"coresPerSocket": 24,
"totalCores": 48,
"smtActive": true,
"smtWidth": 2,
"totalThreads": 96,
"numaNodes": 4,

"cache": {
"L1d": "32 KiB",
"L1i": "32 KiB",
"L2": "512 KiB",
"L3": "16 MiB"

}

}

],

"memory": [

{
"id": "mem-f9102b",
"memTotal": "984 GiB",
"swapTotal": "0 B",
"hugepageSize": "2 MiB",
"hugepagesTotal": 0,
"hugepagesMemory": "0 B"

}

],

"gpu": [

{
"id": "gpu-a92f26",
"brand": "nvidia",
"productName": "NVIDIA A100-SXM4-40GB",
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Automated Metadata Collection

Metaper: tool-specific postprocessing
❑ First plugin: scorep postprocess

❑ Runs scorep-score

❑ Parses manifest.json / scorep.cfg
❑ MPI / USER / COM region breakdowns
❑ Top N most time-consuming functions
❑ Percentage of runtime breakdowns

❑ Invoked as --scorep topn=[10],[hash] on the command line
❑ A lightweight summary of the full trace
❑ Plugins are self-contained, future tools without touching this one

12 / 27



Automated Metadata Collection

Metaper: tool-specific JSON output

{

"$schema": "https://gitlab.gwdg.de/nfdixcs/i3-performance-management/hpc-performance-metadata/-/raw/scorep-v1/preprocess/scorep/scorep.v1.schema.json",
"schemaVersion": 1,

"generator": {
"name": "Metaper",
"version": "0.1.0",
"generatedAt": "2026-07-21T11:57:22Z"

},
"tool": "scorep",

"overview": {
"totalTimeSeconds": 32.15,
"totalVisits": 7562

},

"performance": {

"timeDistribution": {
"mpi": 85.72,
"com": 0.03,
"usr": 14.25,
"scorep": 0.0

},

"topFunctions": [

{
"type": "MPI",
"region": "MPI_Init",
"visits": 8,
"time": 25.26,
"timePercent": 78.57

},

{
"type": "USR",
"region": "heatTimestepInner",
"visits": 1024,
"time": 4.47,
"timePercent": 13.9

},

{

"type": "MPI",
"region": "MPI_Waitall",
"visits": 1024,
"time": 0.97,
"timePercent": 3.02

},

{
"type": "MPI",
"region": "MPI_Barrier",
"visits": 16,
"time": 0.51,
"timePercent": 1.59

},

{
"type": "MPI",
"region": "MPI_Send",
"visits": 42,
"time": 0.4,
"timePercent": 1.24

},

{
"type": "MPI",
"region": "MPI_Recv",
"visits": 42,
"time": 0.29,
"timePercent": 0.9

},

{
"type": "USR",
"region": "heatTimestepBoundary",
"visits": 1024,
"time": 0.06,
"timePercent": 0.19

},

{
"type": "MPI",

"region": "MPI_Startall",
"visits": 1024,
"time": 0.05,
"timePercent": 0.16

},

{
"type": "MPI",
"region": "MPI_Finalize",
"visits": 8,
"time": 0.05,
"timePercent": 0.16

},

{
"type": "USR",
"region": "heatTotalEnergy",
"visits": 2,
"time": 0.04,
"timePercent": 0.12

}

]

}

}
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Automated Metadata Collection

Metaper: installation
❑ Once, on the login node

ml release /2026 GCC /14.3.0 Python /3.13.5

python3 -m venv path/to/v_env

source path/to/v_env/bin/activate

pip install path/to/metaper

❑ Inside every batch script, same modules as install time

ml release /2026 GCC /14.3.0 Python /3.13.5

source path/to/v_env/bin/activate

❑ A little extra work to ensure the functionality
❑ Future: admin installation via EasyBuild or so
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Automated Metadata Collection

Metaper: scalability
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Automated Metadata Collection

Metaper: status and availability

« GPL-3.0 �

gitlab.gwdg.de/.../metaper

¥ Working today

Ã test suite · TESTING.md

[ documentation

g 2D MPI heat-equation solver

¡ NAS BT-MZ (MPI+OpenMP)

DEMO

Ý In development

+ more tools

+ tools-specific reduced formats

á HPC-native installation
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The Shared Metadata Schema
What is a schema?

❑ Formally defines the structure, types, and constraints of a data
format – a contract between producers and consumers of the data

❑ We use JSON Schema (Draft 2020-12):
machine-readable ⇒ validation, tooling, self-documenting etc.

❑ Why: consistent metadata across schedulers/sites, automated
validation & interoperability, a versioned and citable artifact (FAIR)

"identity": {
"title": "Job Identity",
"type": "object",
"required": ["jobId", "scheduler"],
"properties": {

"jobId": {
"type": "string",
"description": "Unique identifier assigned to the job by

the scheduler, e.g. ...",
},
"clusterName": {

"type": "string",
"examples": ["barnard", "otus"]

}
}

}
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The Shared Metadata Schema

ú HPC Perf. Metadata Schema

« GitLab U versioned � citable

Ð Metaper
collects metadata

á Perfortal
publishes metadata

depends on

❑ HPC performance metadata schema
gitlab.gwdg.de/nfdixcs/i3-perf.../hpc-performance-metadata

❑ A citable, independently versioned artifact
❑ Both Metaper and Perfortal consume it as an external dependency
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Publishing HPC Perf. Experiments

Perfortal: architecture [based on hpcioanalysis.zdv.uni-mainz.de]

ø React Frontend

FORMS & UPLOAD UI
á Go Backend

PERFORTAL API

ú Schema pipeline

generates Go structs

REST

JSON

codegen

ó Bazel monorepo

built & tested as one coordinated unit

õ MongoDB

persisted metadata

é ClamAV

scans every ZIP

Å Seafile

stores uploaded data

uploads

ù deployed on Kubernetes
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Publishing HPC Perf. Experiments

Perfortal: upload workflow

# 1. Email verification

minimal identity for attribution & follow-up
accepts email from German institutes
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Perfortal: upload workflow

# 1. Email verification

K 2. Import from Metaper

metadata.json
scorep preprocess.json

Metaper metadata

dataset metadata.json

tool-specific summaries

¥ /.Validate

non-blocking

X Pre-fill & correct

best effort

D Generate artifacts
ø HTML dataset preview

A short summary for target repo
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Publishing HPC Perf. Experiments

Perfortal: upload workflow

# 1. Email verification

K 2. Import from Metaper

D 3. Review & correct metadata

mandatory + optional form fields

20 / 27



Publishing HPC Perf. Experiments

Perfortal: upload workflow

# 1. Email verification

K 2. Import from Metaper

D 3. Review & correct metadata

� 4. Submit

B source, scripts, traces, summaries

20 / 27



Publishing HPC Perf. Experiments

Perfortal: upload workflow

# 1. Email verification

K 2. Import from Metaper

D 3. Review & correct metadata

� 4. Submit

B source, scripts, traces, summaries

T 700 MB each
Î 5T cloud storage now
Ý Dataset registered in Perfortal

20 / 27



Publishing HPC Perf. Experiments

Perfortal: upload workflow

# 1. Email verification

K 2. Import from Metaper

D 3. Review & correct metadata

� 4. Submit

B source, scripts, traces, summaries

T 700 MB each
Î 5T cloud storage now
Ý Dataset registered in Perfortal
¥ Available by an admin approval

20 / 27



Publishing HPC Perf. Experiments

Perfortal: dataset preview
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Publishing HPC Perf. Experiments

Perfortal: status and availability

�
perfortal.zih.tu-dresden.de

¥ Working today

✓ core upload & pre-fill

✓ metadata model

✓ non-blocking schema validation

Ý In development

+ more tools

ú RDMC integration

� Dataverse / Zenodo export

roadmap
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Research Data Management Container

What is NFDIxCS?
❑ National Forschungdateninfrastruktur for and with Computer

Science, one consortium of Germany’s NFDI initiative
❑ Goal: interoperable infrastructure for FAIR data and software

exchange across CS
❑ Introduces RDMC

Access Control

Workflows

Filter & Transformations

Context
Software

Data
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Toward RDMCs

Why connect to the RDMC
❑ Metaper + schema + Perfortal form:

❑ a useful self-contained pipeline
❑ an HPC-specific FAIR exchange

❑ NFDIxCS’s RDMC forms a common unit of exchange across CS
❑ An RDMC is a bundle of interconnected research artifacts plus the

execution context
❑ Data Artifacts

❑ Software Artifacts

❑ Execution Environment (REE)

❑ Metadata Manifest

❑ External Links (DOI/Repository)

❑ A dataset that is FAIR within Perfortal is not automatically
interoperable unless it becomes an RDMC
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Open Issues and Limitations

❑ Tool coverage is Score-P only
❑ add support for other tools e.g. TAU, HPCToolkit, PIKA?

❑ Anonymization could be improved
❑ currently: user names, IP addresses in the metadata
❑ Needs to address re-identification from data

❑ Perfortal is a single TU Dresden hosted instance
❑ Federation across centers

❑ RDMC generation

25 / 27



Conclusion and Links

Metaper
❑ Automatic, two-phase, plugin-extensible metadata capture for HPC jobs

gitlab.gwdg.de/nfdixcs/i3-performance-management

❑ Try out the demo contained in the repository on your cluster

Shared schema
❑ One source of truth

gitlab.gwdg.de/nfdixcs/i3-performance-management

Perfortal
❑ Adds metadata, validates, enriches, and publishes (Dataverse/Zenodo)

perfortal.zih.tu-dresden.de

NFDIxCS
❑ https://nfdixcs.org

Funding information: DFG NFDI 52/1, Project No. 501930651
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Open Questions
Tell us what you think

2-minute survey:
❑ Tool coverage priorities
❑ Would you use Perfortal?

tud.link/vvhzym
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