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1 Abstract

2 Introduction

Data-driven research depends on specific versions of datasets, software, and com-
putational environments, together with a record of how they were combined to
produce results. We adopt the term research object to denote a collection
of data, code, and metadata that together represent the research output as a
unit. It is common for the components of a research object to be managed
separately—code in one repository, data on a shared drive, environment setup
in a wiki page, provenance in a lab notebook or nowhere at all—and this frag-
mentation undermines rigor, reproducibility, reusability, and efficiency. Even
when gathered in one place, research objects are often tightly coupled to spe-
cific environments, opaque to outside collaborators, and difficult to reuse or
redistribute.

The FAIR principles’ and FAIR4RS guidelines? provide structured guid-
ance for making digital objects findable, accessible, interoperable, and reusable.
The Workflow Community Initiative (WCI-FW)?3 mapped these principles onto
computational workflows but explicitly chose not to define new ones, instead
treating workflows as hybrid data/software objects. [TODO: Relate/compare
to FAIR here]

Many researchers already employ practices that address these operational
properties—version control, containerized environments, structured project di-
rectories, documented analysis steps—but lack a shared vocabulary to name
them, evaluate how thoroughly they are applied, and communicate that eval-
uation to collaborators and reviewers. Here we provide that vocabulary: the
STAMPED properties (Self-contained, Tracked, Actionable, Modular, Portable,
Ephemeral, and Distributable), originating from the YODA Principles?, which
describe the operational maturity of a research object. Rather than a com-
pliance threshold, each STAMPED property is a spectrum from a practical
minimum—often what researchers are already doing—to an aspirational ideal.
A researcher who stores everything under one project directory, version-controls



analysis scripts, and documents how to run them is already meeting the prac-
tical minimum for Self-containment, Tracking, and Actionability. As complex-
ity grows—multi-institutional collaborations, heterogeneous workflows spanning
platforms, long-term reproducibility requirements—the same properties guide
researchers toward more rigorous practices without requiring wholesale adop-
tion of new tools. STAMPED provides a vocabulary for describing and a frame-
work for evaluating and incrementally improving the operational properties of
research objects toward enhanced rigor, reproducibility, reusability, and effi-
ciency.

3 Comments

Table 1: The STAMPED Properties. FEach property addresses a distinct di-
mension of research object organization that contributes to reproducibility. To-
gether, they provide a framework for evaluating and improving the reproducibil-
ity of computational research.

Letter Principle Description

S Self-containment A research object is a complete retrieval unit—it can be obtained
and understood in its intended scope without needing to reference
external resources.

T Tracking The state and provenance of all components is recorded.

A Actionability Research object contains machine-actionable information to carry
out procedures to obtain or reproduce content.

M Modularity All modules are independent and composable.

P Portability Research object could be moved to different environments while
retaining its STAMPED properties.

E Ephemerality Procedural execution is performed within a throwaway environ-
ment.

D Distributability =~ All modules and procedures are shareable externally in a persis-

tent state.

The items containing keywords "MUST”, ”SHALL”, ”SHOULD”, and "MAY”
are to be interpreted as described in RFC 21197,

3.1 Self-containment

e S.1: All modules and components essential to replicate computational
execution MUST be reachable within a single top-level research object.

Reproducibility fails when a research object depends on resources that are

not part of it—an undocumented library, a dataset referenced by a broken URL,
a script that assumes tools are installed on the host system. We call this the
“don’t look up” rule: a research object must never rely on implicit external
state. Instead, it must be a complete retrieval unit, where all modules and



components essential to reproduce its results are contained within a single top-
level boundary (S.1, Table 1).

Components may be included literally (e.g., files committed directly) or by
reference (e.g., as subdatasets, registered data URLs). Both approaches satisfy
self-containment, provided the references are explicit and part of the research
object. At a minimum, everything needed is gathered under one root and any
external dependency is explicitly documented—ensuring that nothing is implic-
itly assumed about the host system, a concern further addressed by Portability.
At the ideal end, every reference is precise enough that retrieval is unambiguous;
how to achieve that precision is the concern of Tracking (T) and Distributability
(D).

Self-containment is the foundational property upon which the remaining
STAMPED properties build. Tracking, Modularity, Portability, and Distributabil-
ity each address a different aspect of how that boundary is organized, versioned,
and shared—but none are meaningful without first establishing what is inside
it.

3.2 Tracking

e T.1: Persistent content identification MUST be recorded for all compo-
nents.

e T.2: All components SHOULD be tracked using the same content-addressed
version control system.

e T.3: Provenance of all modifications MUST be recorded.

e T.4: Code-driven provenance SHOULD be recorded programmatically
and MUST include the versions of all components involved.

Research data and code change constantly during a project, and each change
compounds the difficulty of reconstructing any previous state: which version of
a dataset was used for a particular analysis, what parameters were set, what
code produced a given figure. Tracking addresses two concerns: the identity of
each component—which exact state it was in—and provenance, the recorded
history of what actions produced or modified it. These are often managed
separately—versions in one system, provenance in a lab notebook or nowhere
at all—and this fragmentation makes prior work hard to validate.

The spectrum of Tracking begins with content-addressed version control.
Rather than relying on semantic version labels, content-addressed systems iden-
tify each state by a checksum of its contents. This distinction matters: two
datasets labeled “version 1.0” by different labs are ambiguous; two datasets
with identical content hashes are provably identical. Version control commits
also capture basic provenance—who made the change, when, and a description
of why—unifying identity and provenance in a single system. This also provides
a safety net: any change can be reverted and any prior state restored, making
it safe to modify and experiment. For tracking to be effective, all components



of the research object must be under version control—code, data, environment
definitions, and configuration.

Traditional version control is designed for code and other text files, but
research objects often include large binary datasets, container images, and other
assets that do not fit this model. Compatible tools such as git-annex, Datal.ad,
or DVC extend content-addressed tracking to these components, ensuring that
all parts of the research object are managed under the same system.

Toward the ideal end, provenance is captured programmatically by tooling
rather than by manual annotation, producing richer records than a human would
typically write: each computational step records what command was executed
and what inputs it consumed. When modules are independently tracked under
compatible systems (M), the version of every module at the time of each commit
is also discoverable, providing a complete picture of the state that produced a
given result. This enables not just inspection but re-execution.

3.3 Actionability

e A.1: Research object MUST contain sufficient instructions to reproduce
all computational results.

e A.2: Procedures SHOULD be specified as executable specifications.

A research object may be self-contained and fully tracked, yet having all
ingredients and a record of what was done is insufficient without a recipe that
can be followed. Requirement A.1 is what makes a research object operationally
useful—the bridge between having the components and being able to use them.

At a minimum, a research object must contain documentation thorough
enough for another researcher to follow every step to reproduce results. Ac-
tionability applies to every other STAMPED dimension: at the ideal end, each
property is enacted not through documentation alone but through executable
specifications (A.2):

e Self-containment is more actionable when retrieval of all components
is specified and executable (e.g., git clone, datalad install), not just
listed in a manifest.

e Tracking is more actionable when provenance records are re-executable
(e.g., datalad rerun), not just inspectable.

e Modularity is more actionable when components can be composed, up-
dated, and replaced via tooling (e.g., git submodule), not just organized
into directories.

e Portability is more actionable when environment specifications are machine-
readable and can be resolved on different hosts (e.g., conda env create,
Nix flakes), not just documented in a README.



¢ Ephemerality is more actionable when computation can be orchestrated
in disposable environments (e.g., docker compose, Slurm), not just in-
structed to “run in a clean environment.”

¢ Distributability is more actionable when a frozen state can be produced
and retrieved by others (e.g., containers, npm ci), not just described with
pinning instructions.

The principle is tool-agnostic: any system that moves a property from docu-
mented to executable moves the research object further along the actionability
spectrum.

3.4 Modularity
e M.1: Components SHOULD be organized in a modular structure.

e M.2: Components MAY be included directly or linked as subdatasets.

Separation of concerns is a foundational engineering practice: organizing
a system so that each piece has a clear, distinct role. With clear boundaries
between the conceptual components of a research object, it becomes more navi-
gable and maintainable. We define a module as a separately distributable unit
of a research object—such as a dataset, a collection of analysis scripts, or a com-
putational environment definition. In practice, module boundaries often align
with repository boundaries, but a module may also be a published container,
a registered dataset, or any independently versioned unit. Modularity applies
this principle to research objects, structuring them as assemblies of modules
whose boundaries are explicit. At a minimum, a research object should sepa-
rate analysis code, input datasets, computational environments, configuration
settings, and results into distinct directories. Beyond this, independent ver-
sioning of modules enables reuse: a dataset or environment can be updated to
a newer version, or swapped for an alternative, without disrupting the rest of
the research object. This is possible through manual management but becomes
practical when handled by tooling that automates module installation, version-
ing, and composition. Toward the ideal end, the full research object can be
reassembled from its specification through automated, recursive installation of
its modules.

3.5 Portability

e P.1: Procedures MUST NOT depend on undocumented host environment
state.

e P.2: Computational environments MUST be explicitly specified.

e P.3: Environment definitions MUST be version controlled.



A research object that is self-contained, tracked, and modular may still fail
to run on a different machine if it is silently affected by inherited host state—a
specific Python installation, a system library, a hardcoded path, or an assumed
OS configuration. This coupling is often invisible on the original system and
only surfaces when someone else attempts to reproduce the work. Portability
requires making all host dependencies explicit, so that the research object can
be adapted to a new environment.

Some degree of coupling to the host is unavoidable—path naming restric-
tions, resource limits, platform-specific flags. The spectrum of Portability be-
gins with isolating this host-specific configuration from the rest of the research
object, so that adapting to a new environment, however involved that may
be, requires only changing configuration. Beyond this, several complementary
approaches reduce host coupling: virtual machines provide full system-level iso-
lation; container-based tools (Docker, Singularity/Apptainer) bundle OS-level
environments; and declarative package managers (Nix, Guix) specify environ-
ments that can be reconstructed from a definition. Toward the ideal end, the
computational environment is fully specified and version controlled within the
research object, enabling it to be instantiated on any compatible system.

3.6 Ephemerality

e E.1: Computational results SHOULD be produced in ephemeral environ-
ments.

A research object may satisfy Self-containment, Tracking, and Portability
while its computational environment has only ever been assembled once, incre-
mentally, on the original researcher’s machine. During development, researchers
routinely modify their environment—installing packages, adjusting configura-
tions, setting variables—and each change is individually small but collectively
difficult to document. The result is environment drift: an environment that
works but may not be reconstructable from its specification alone, where un-
documented steps can go unnoticed when internalized knowledge silently fills
the gaps. Ephemerality eliminates this problem by construction: a disposable
environment built from tracked specifications cannot carry undocumented state,
so any successful execution exercises Self-containment, Actionability, and spec-
ification completeness.

The spectrum of Ephemerality ranges from manually setting up a fresh
environment from the project’s specification—sufficient to catch environment
drift—to fully automated disposable environments created and destroyed per
execution. At the ideal end, ephemeral computation also enables testing across
different host systems, where same-host execution validates specification com-
pleteness and different-host execution validates that specifications are not cou-
pled to a specific system. The FAIRly big workflow approach® and platforms
such as Code Ocean operationalize this ideal, treating each computation as an
ephemeral work unit—which also enables scaling, as independent disposable in-
stances can be parallelized across subjects, parameters, or datasets. Ephemeral



computation does not validate everything—for instance, an ephemeral environ-
ment with network access may fail to notice unpinned dependencies fetched at
build time, a self-containment gap that only surfaces when those resources move
or disappear—but it substantially raises confidence that the research object is
self-contained, portable, and actionable.

3.7 Distributability

e D.1: All referenced modules and components MUST be persistently re-
trievable by others.

e D.2: Environment specifications SHOULD support reproducible builds.

A research object that is self-contained on the author’s machine but cannot
be obtained by others in the same state is effectively unreproducible beyond its
origin. Self-containment (S) establishes that everything needed is within the
boundary and Tracking (T) records the state of each component. Distributabil-
ity ensures that others can obtain the research object in that same state.

The distinction mirrors the concept of a software distribution: a curated,
versioned bundle in which all components are resolved to specific versions and
packaged for consumption. Simply sharing a research object—uploading scripts
to a repository with loose dependencies, or posting files on a website with no ver-
sion guarantees—does not constitute distribution in this sense. A distributable
research object is packaged so that it can be retrieved in the same state as
intended.

Distributability also has a circular relationship with the other STAMPED
properties: someone else’s distribution effort often serves as the starting point
for a new research object’s self-containment. Researchers routinely begin by
downloading containers, fetching published datasets, and installing released
software—modularly composing the distributions of others to assemble their
own self-contained research objects.

The spectrum of Distributability begins where FAIR leaves off: publicly ac-
cessible components with documented retrieval instructions. Toward the ideal
end, several complementary strategies reduce the risk that external changes will
break a research object’s reproducibility: bundling dependencies into contain-
ers or archives reduces the surface area of components that can independently
change or disappear; hosting on archival infrastructure (Zenodo, DANDI, Soft-
ware Heritage) with content-addressed identifiers allows recipients to verify in-
tegrity regardless of source; and mirroring across multiple platforms protects
against the failure of any single registry.

3.8 Checklist for compliance to principles

We hope that the preceding sections have provided a clear understanding of
the STAMPED properties and their rationale. While this understanding is
essential, researchers may also benefit from a practical checklist to assess their
research objects against these principles. This checklist provides such a guide



for assessing compliance with STAMPED principles, ordered by the strength of
the requirement (MUST, SHOULD, MAY).

MUST

> Self-containment (S.1): All modules and components essential to repli-
cate computational execution MUST be reachable within a single top-level
research object.

O Are all files and directories nested under a common root?

O Are datasets included, linked, or referenced reachable from the code
and environment specifications without cross the boundary of a com-
mon root?

O Is external software included in the environment or linked as sub-
modules within the project boundary?

> Tracking (T.1)4(T.3): Persistent content identification MUST be recorded
for all components. Provenance of all modifications MUST be recorded.

O Are version control systems such as Git used for code, text, docu-
mentation, and configuration files?

O Are version control systems such as git-annex, Datalad, or Git LFS
used for large binary data?

O Are the exact environment specifications used to generate a set of
results included in the provenance records to link computational ac-
tions to a particular environments?

> Actionability (A.1): The research object MUST contain sufficient in-
structions to reproduce all computational results.

O Is a README.md or Makefile included with instructions for installa-
tion and usage?

O Is there a clear starting point for users to start reproducing results
(e.g., a main script, a workflow definition, or a container image)?

> Portability (P.1): Procedures MUST NOT depend on undocumented
host environment state.

O Are relative paths used in scripts, avoiding hardcoded or system-
specific paths like C:\Users\... or /home/user/...?

O Are all software dependencies included in the environment specifica-
tion, rather than relying on pre-installed tools?

O Have all assumptions about the host system’s configuration been doc-
umented (e.g., specific OS versions, required system libraries, or en-
vironment variables)?



> Portability (P.2): Computational environments MUST be explicitly
specified.

O Is there a clear list of system requirements and dependencies docu-
mented in the README or environment specifications?

> Portability (P.3): Environment definitions MUST be version controlled.

O Are environment specifications (e.g., Dockerfiles, pyproject.toml,
package. json) included in the version control system alongside code
and data?

O Is there a process for updating environment specifications when de-
pendencies change, and are these updates tracked in version control?

> Distributability (D.1): All referenced modules and components MUST
be persistently retrievable by others.

O Are environment specifications (e.g., container digests, frozen pack-
age manifests) included to ensure others can attempt to exactly repli-
cate the environment?

O Are environment specifications shared in a way that others can access
and use them (e.g., published container images, archived environment
files)?

[0 Is there documentation on how to obtain and use the environment
specifications for reproduction?
SHOULD

> Tracking (T.2): All components SHOULD be tracked using the same
content-addressed version control system.

O Is a common version control system (e.g., Git, DVC, git-annex, or
DataLad) used across all components?

> Actionability (A.2): Procedures SHOULD be specified as executable
specifications.

O Is the workflow tested regularly to ensure instructions remain accu-
rate?

> Modularity (M.1): Components SHOULD be organized in a modular
structure.

O Are raw data, processed data, code, and environment definitions sep-
arated into distinct modules?

> Ephemerality (E.1): Computational results SHOULD be produced in
ephemeral environments.



O Is the pipeline tested in a fresh container, batch job, clean virtual
machine, or cloud-based instance?

O Does the workflow spawn disposable environments for each execution,
allowing for isolation of runs?

> Distributability (D.2): Environment specifications SHOULD support
reproducible builds.

O Are the exact environment specifications used to generate a specific
set of results regularly tested to ensure they can be reconstituted as
intended?

O Are environment artifacts archived within the research object where
possible (e.g., executable binaries, container images)?

O Is there a process for updating environment specifications when de-
pendencies change, and are these updates tracked in version control?

MAY

> Modularity (M.2): Components MAY be included directly or linked as
subdatasets.

O Are external datasets or software dependencies included as submod-
ules or linked as submodules?

O Is the modular structure documented to clarify how components re-
late and can be recombined?

O Are modular boundaries defined in a way that allows independent
updates without breaking the overall workflow?

O Is there a clear mechanism for composing modules together (e.g., git
submodules, or container orchestration)?

[ Is there documentation or tooling to support users in understanding
and navigating the modular structure?

3.9 Enabling tools

No single tool addresses all the dimensions of scientific rigor described above,
though many tools contribute to one or several properties simultaneously. For
example, container technologies such as Docker or Singularity serve Portability
by providing OS-level isolation from explicit environment specifications, en-
able Ephemerality by disposing per-execution environments, and facilitate Dis-
tributability by producing frozen, shareable artifacts. Similarly, version control
systems such as Git underpin both Tracking (content-addressed identification
and change history) and Self-containment (gathering all components under a
single root). In practice, self-containing all data might be undesired or pro-
hibitive due to size or other concerns. Extensions such as git-annex, Datalad,
DVC, and Git LFS strike the balance between the two properties by tracking
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metadata that identifies specific data versions and obtainability information in-
stead, e.g., content checksums and URLs of remote servers that act as a source,
and providing actionable interfaces to obtain the data when necessary.

This overlap is not incidental — it reflects the interdependence of the STAMPED
properties themselves. Achieving Ephemerality, for instance, inherently exer-
cises Portability and Actionability: a disposable environment must be reconsti-
tuted from explicit specifications, encouraging end-to-end automation. Likewise,
Distributability builds on Self-containment and Tracking: a research object can
only be shared in a consistent, retrievable state if its boundary is well-defined
and all components are precisely identified. The tools that serve multiple prop-
erties do so precisely because they operationalize these connections.

Table 3 maps some commonly used tools and technologies to each STAMPED
property. A comprehensive up-to-date review of existing tools is out of scope
for this formalization paper and would quickly become outdated. To fill that
niche, we initiated a satellite project with a website to describe tools and exam-
ples, and characterize them in terms of STAMPED and FAIR principles [cite
https://myyoda.github.io/principles-examples/stamped_principles/].

STAMPED properties are tool-agnostic. For example, any system that
moves a property from documented to executable moves the research object fur-
ther along the actionability spectrum, but certain tool categories recur across
multiple properties; a well-chosen tool can address several dimensions at once,
and a thoughtfully assembled toolchain can cover all of them. Researchers
should select tools based on their domain, infrastructure, and team familiarity,
recognizing that the tools listed here are illustrative rather than prescriptive:
what matters is that the underlying property is satisfied, regardless of which
tool achieves it.

Where multiple tools serve the same STAMPED property, the choice be-
tween them often involves trade-offs between flexibility and simplicity. A rep-
resentative example is the choice between git-annex and Git LFS for large-file
tracking. Both appear under Self-containment and Tracking in Table 3, but
they occupy different points on a complexity-flexibility spectrum. git-annex
supports many remote types (e.g. other git repositories over SSH or HTTP, or
simple cloud data stores such as S3, local drives, offline USB archives), making
it well-suited to multi-institutional collaboration, long-term archival where data
sovereignty or offline access is required, as well as local content tracking. Git
LFS offers a simpler alternative: it is transparent to users, natively supported
by GitHub and GitLab, and broadly adopted. But it is centralized (requiring
an LFS server), lacks offline capability, and provides less flexible remote config-
urations. Lightweight STAMPED implementations using Git LFS are entirely
feasible for easier onboarding, trading federation flexibility for reduced opera-
tional overhead. The same pattern—flexibility versus simplicity—recurs across
other tool choices in Table 3: container-based versus package-based environ-
ment management, workflow engines versus shell scripts, and federated archives
versus centralized platforms.
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3.10 Examples and Case Studies

Several research projects have already adopted and documented YODA principles—
the predecessor to STAMPED—demonstrating practical utility across domains.
BIDS Standard Evolution: A significant validation of the “do not look
up” principle occurred within the Brain Imaging Data Structure (BIDS)” com-
munity. Originally, the BIDS specification nested derived data under derivatives/
within the original raw dataset, creating upward dependencies that violated
portability. Following YODA principles, the BIDS community reversed this re-
lationship: derivative datasets now exist independently and reference raw data
as subdatasets, not vice versa.
This architectural shift influenced major neuroimaging tools:

e fMRIPrep: Switched default output layout to follow YODA structure

e OpenNeuroDerivatives: Entire derivative dataset collection now fol-
lows YODA organization, separating processed outputs from raw data
dependencies

e BIDS specification: Updated to accommodate and recommend YODA-
compliant layouts for derivative datasets

Workflow Platforms: Infrastructure projects implementing YODA at scale:

e BABS?®: Platform implementing the “FAIRIly big workflow” approach,
demonstrating YODA principles for large-scale neuroimaging analyses with
containerized pipelines and modular dataset composition

e CRCNS.org: Neuroscience data sharing platform providing YODA-structured
templates and validation tools

These adoptions demonstrate that STAMPED properties solve practical or-
ganizational challenges across scales, from individual studies to community-wide
infrastructure.

3.11 Lit Review

The challenges STAMPED addresses are not unique to neuroscience or even
scientific computing broadly. Multiple communities independently developed
organizational frameworks exhibiting remarkable convergent evolution toward
similar core patterns.

Between 2003 and 2025, at least 19 distinct initiatives emerged addressing
research data organization, version control, and reproducibility:

Foundational principles: Noble’s 2009 guidelines for computational bi-
ology organization®, FAIR principles for data sharing!, Software Carpentry’s
“Good Enough Practices” '°.

Version control extensions: git-annex (2010), Git LFS (2015), DVC
(2017), Pachyderm (2014), Quilt (2020s) all independently arrived at “Git for
data” concepts, applying proven version control semantics to large datasets.
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Cloud platforms: Code Ocean (2017), brainlife.io (2017), Flywheel (2018),
Galaxy (2005) provide turnkey reproducibility services, all implementing code/environment /data
trinity separation.
Framework tooling: Kedro (2019), nipoppy (2023), Cookiecutter Data
Science (2016) provide opinionated structures for data engineering and neu-
roimaging workflows.
Metadata standards: RO-Crate (2019), BioComputeObject (IEEE 2791-
2020), PROV (TODO), BIDS (2016) address packaging and provenance stan-
dardization.
Despite independent origins, these frameworks converged on core patterns:

e Separation of concerns: Data, code, environment, and results managed
distinctly

e Immutability: Raw data never modified in-place
e Hierarchical organization: Nested, modular structures
e Version control: Applying Git concepts beyond just code

e Provenance tracking: Recording how outputs were generated
STAMPED’s unique contributions within this landscape:

¢ Federated composition: Subdatasets can live anywhere (not central-
ized)

e Interface agnosticism: Works with any container/pipeline system
e Local-first design: Works offline, no cloud platform dependency
e git-annex flexibility: Many remote types vs single-server models

e Scale via modularity: Proven from single files to 80004 subdatasets
(datasets.datalad.org)

This convergent evolution validates that STAMPED properties are not ar-
bitrary choices but responses to fundamental challenges in computational re-
search reproducibility. The formalization presented here provides a foundation
for interoperability and comparison across this evolving ecosystem of tools and
standards.

3.11.1 DVC (Data Version Control)

Shares “Git for data” philosophy but differs in architecture: DVC uses ex-
ternal .dvc files with remote storage configuration, while tools complementary
to STAMPED such as Datal.ad with git-annex integrate directly into the git
repository structure. DVC focuses on Python and ML workflows within a sin-
gle project, whereas STAMPED is language-agnostic and supports federated
multi-project composition. Both are valid; choice depends on team familiar-
ity (DVC easier for ML engineers), infrastructure (DVC integrates easily with
cloud ML platforms), and scale requirements (git-annex more flexible for feder-
ated datasets).
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3.11.2 Pachyderm

Enterprise “Git for data” with Kubernetes-native architecture. Pachyderm re-
quires a centralized cluster and cloud infrastructure, while a STAMPED ap-
proach is local-first, works offline, and supports federation. Pachyderm pro-
vides automatic pipeline triggering, whereas STAMPED emphasizes explicit,
provenance-tracked execution (e.g., datalad run). Pachyderm excels for pro-
duction ML pipelines, team collaboration with shared compute resources, and
automatic scaling. STAMPED excels for research workflows, offline work, and
heterogeneous datasets across institutions.

3.11.3 Kedro

Python data engineering framework with modular pipelines. Kedro provides
within-project modularity through Python pipeline components, while STAMPED
provides across-project modularity through subdatasets as git submodules. Ke-
dro includes built-in visualization (Kedro-Viz), whereas STAMPED is CLI-
focused with integration to external tools. These approaches are complemen-
tary: a Kedro pipeline inside a STAMPED research object combines both
strengths.

3.11.4 Cloud Platforms (Code Ocean, brainlife.io, Flywheel)

Turnkey reproducibility services with proprietary interfaces. Platforms offer
zero local setup and institutional partnerships; STAMPED offers local control
with no vendor lock-in. Platforms provide web GUIs with point-and-click inter-
action; STAMPED provides CLI/API with scriptable automation. Platforms
are centralized (single capsule or project); STAMPED is federated (compose
across repositories). STAMPED research objects could wrap platform outputs:
download results, organize locally with full versioning, and compose across plat-
forms via subdatasets.

3.12 Future Directions

- Yarik will jot down their ideas for such a table about AT relation - Other items
such as the examples as a living entity can be briefly mentioned but do not need
sub sub sections

4 Data Availability
5 Code Availability
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Table 2: Normative statements about STAMPED properties of research objects.

Principle

Requirements

To be Self-contained:

e all modules and components needed to understand and execute
the Research Object are retrievable as a single unit.

e external dependencies are explicitly documented with retrieval
instructions.

e there are no implicit references to undocumented external re-
sources.

To be Tracked:

e every component has version information (commit hash, tag, or
identifier).

e changes to components are recorded with timestamps and au-
thorship.

e provenance records capture the computational history, context,
and transformations.

To be Actionable:

e instructions for executing procedures are present and unam-
biguous.

e execution paths can be followed manually or automated pro-
grammatically.

e the Research Object transitions from documentation to opera-
tional capability.

To be Modular:

e modules can be independently modified.
e components are organized in logical, separable units.
e modules can be composed together or used in isolation.

To be Portable:

e system requirements and dependencies are explicitly docu-
mented.

e the Research Object is flexible enough to execute on different
host environments without modification by the user.

e environment specifications are machine-readable where possi-
ble.

To be Ephemeral:

e computation can occur in temporary, disposable environments.

e results are reproducible without knowledge of previous runs.

e no reliance on external configurations or host system states
(such as OS registry modifications).

To be Distributable:

e all modules and components can be shared in a persistent, re-
trievable state.

° depende&pies are frozen or pinned to specific versions across
systems.

e the Research Object can be obtained by others in the same state
as intended.




Table 3: Sample tools to improve scientific practice for each STAMPED prop-

erty.
Property Tools / Technologies Role
S — Self-containment | Git submodules, DataLad, | Gather all components (code, data, en-

git-annex, DVC, Git LFS

vironments) under a single root via
direct inclusion or explicit references
(e.g., subdatasets, registered URLs)

T — Tracking

Git, git-annex, DatalLad, DVC,
Docker and other containers, Ke-
dro, Git LFS, OSF.io, Zenodo
and other data archives provid-

Version control for code and data;
content-addressed identification; prove-
nance recording (e.g., datalad run
for programmatic provenance capture);

ing DOIs persistent identifiers for content (DOIs)

A — Actionability Make, Snakemake, Nextflow, | Define executable specifications for
CWL, datalad run, git annex | workflows; provide clear entry points
addcomputed for reproducing results

M — Modularity

Git submodules, DatalLad sub-
datasets, Kedro

Organize components into indepen-
dently versioned, composable modules;
provide project templates with logical
directory separation

P — Portability

Docker, Singularity, Nix,
conda, pip (pyproject.toml,
requirements.txt), npm

Explicitly specify and isolate compu-
tational environments; container-based
(OS-level isolation) or package-based
(declarative, reproducible builds)

E — Ephemerality

Docker, Singularity, docker
compose, Slurm, cloud deploy-
ments (e.g., AWS, GCP, Azure,
GitHub Actions)

Spawn disposable, temporary environ-
ments per execution; validate that spec-
ifications are complete by reconstitut-
ing from scratch

D — Distributability

Zenodo, PyPI, conda-forge,
DockerHub/GHCR, RO-Crate,
npm ci, pip freeze, executable
compilers

Archive and persistently host frozen,
versioned research objects and their
components; enable retrieval by others
in the intended state
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