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[Abstract]

For data to be used in Al systems, their quality and ability to support a specific Al purpose must be determined. Existing data
quality approaches and discussions regarding Al-Ready Data (AIRD) largely focus on identifying required elements, making it
difficult to assess data readiness and usability according to consistent criteria. This study views AIRD not as a fixed property but
as a state that changes through diagnosis and transformation and proposes a formal model for assessing such states. The model
assigns a dataset one common readiness state and one readiness state per Al purpose, determines state transitions at decision gates,
and distinguishes a common quality tier (Q-Tier) from purpose-specific readiness tiers (P-Tiers). Assessment results and supporting
evidence are organized into a machine-readable AIRD Pack. Application to public data shows that readiness assessments of the
same data can vary depending on their quality state and intended use. Furthermore, this study proposes functional layers for AIRD
standardization and directions for linking the framework to public data policy.
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Table 1. Comparison of major frameworks and the differentiation of this study

MOIS Guidelines Majithia et al.

Brewer et al.

Aspect (2026)[8] (2026)[6] FAIR-R (2025) (2026)[16] This study
Openness and quality ) ) . wpyn Five—level operational Gate—based readiness
State concept levels Checklist Fifth principle "R scale state model (states +
per—purpose predicate)
Purpose Single quality criterion Single framework Not defined Domain—specific PRV: Per-purpose
dependency readiness vector

Decision criteria Quality score ltem—by—item check

Conceptual level

Qlmin, mandatory

Maturity matrix gates, per—tier pass

lines
State transition Not defined Not defined Not defined Not defined Formalized as gate
condition conditions
Threshold Not specified Not specified Not specified Not specified Externalized as
treatment parameters
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Al Ready — umbrella concept (Quality-Ready and above ' not a separate state)

Raw Dataset Discoverable Dataset Quality-Ready Dataset Purpose-Ready Decision

Discoverable
Stage 1

o =2

DM-0

Original source Re-expressed - content-identical

Stage 2

4

Quality-Ready

Quality-Ready (unchanged)

Stage 3

Gold (Tier 3) Gold (Tier 3)
ML2-DL1
DM-2 DM-2

Purpose-specific derivatives
coexist with source
-

Cleansing applied - same version

Stale Dataset entered from Quality-Ready upon data or evidence invalidation or obsolescence (readinessState = Stale; derived PurposeReady decisions and Packs

suspended - Pack-only verification failure suspends the Pack, not the dataset)

packaging = AIRD Pack verified at G3 pack —standard Manifest - metadata Layers 1-3 - quality report - data referenced - SHA-256 binding

% 1. Al Ready Data =& {9|32| 74
Fig. 1. Composition of the Al ready data framework
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Table 2. State transition and update rules (Superseded is not a dataset state marker but a value of the pack's operational status,
assigned to a previous pack when a successor-version pack is registered)

Transition / update Condition Rule
Raw — D|§cpverable G1 =PASS Admission transition; discovery layer fixed
(admission)
Discoverable — Quality—Ready G2 = PASS Forward transition; Q-Tier assigned;

(forward)

a quality—ready pack is generated

Quality-Ready —
Purpose—Ready
(forward, per purpose)

G3 = PASS for purpose p; a registered profile and
an active official threshold profile exist for p

The dataset enters Purpose—Ready for purpose p;
P-Tier assigned for p; the source dataset remains
Quality-Ready; a purpose—specific pack is generated

G3 evaluation from
Discoverable (prohibited)

Prohibited (SHALL NOT) — blocks purpose evaluation for
quality—unverified data

Quality-Ready — Discoverable

f e Publisher declaration
(manual invalidation)

Reason must be recorded;
Q-Tier and all derived P-Tiers invalidated

Quality-Ready — Stale
(stale entry)

(a) source version (sourceDataVersion) updated;
(b) type C (obsolescence) feedback;
(c) dct:accrualPeriodicity X o elapsed —
determined and executed by the pipeline operator | returns the dataset's lifecycle state alongside the pack in
after confirming the trigger

Derived Purpose—Ready derivatives also enter Stale; the
tiers of the preceding state are retained but suspended;
the pack's operational status is not changed; the registry

discovery responses

Purpose—Ready — Stale
(stale entry, per purpose)

Trigger affects only the purpose—specific
derivative or its operation file

Only the readiness for purpose p enters Stale; the dataset
remains Quality—Ready; the P-Tier for p is retained but
suspended

Stale — preceding state

(recovery 1: re—verification) decision evidence

Trigger resolvable by restoring metadata or

Re—-run stage 2 and pass G2 again to return to
Quality—Ready; re—run stage 3 and pass G3 again to
return a derivative to Purpose—Ready; generate a new

pack and reference the previous pack as its earlier
version

Stale — version succession
(recovery 2)

Trigger affects the data body
(source update or type B)

Re-run from stage 1 within the same dataset and

increment the dataset version; the previous pack

becomes Superseded when the successor pack is
registered

Type A (structural error)

signal (update) failure

Pack structure or referenced—file verification

Re—adjudicate G2 or G3 according to the pack type; if the
error is confirmed, re—run the corresponding stage.
States are unchanged

Type B (quality degradation)

) Consumer feedback
signal (update)

The pipeline operator analyses the scope of impact and
decides whether to re—run stage 2
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Table 3. Key operatlonal criteria by purpose type (criteria are illustrative defaults)

Purpose type Key operational criteria Key metadata standards
> : : > .
ML-DL Label conformance = 0.95; class balance; featlure completeness = 0.90; label Croissant 1.0
consistency (Cohen's k)
RAG Chunkability; maximum chunk tokens; embedding—model compatibility aird—-rag profile
KG Entity linking ratio = 0.80; complete ontology mapping; identifier consistency VolD + SHACL, SPARQL

Stats Multidimensional cube structure; comp;luelézcodefhst linkage; explicit aggregation SDMX 2.1

FineTuning Instruction—response pair format; DPO data structure; domain vocabulary aird—finetuning profile
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no warning record

Counterfactual — open-format conversion skipped

The raw XLSX passes G 1, but D7 = 0.62 falls below the Tier 1 pass line. Machine readability is checked before the candidate tier, so Q-Tier is fixed at Tier 0 and the transition is blocked.

Packs generated 1 purpose-independent pack after G2 + 3 purpose-specific packs after G3 (ML - Stats - KG) = 4 packs - data referenced, not enclosed - SHA-256 binding

Display rule (optional)
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Fig. 2. Decision path for the factory dataset
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with Q-Tier Silver as the cap, ML and Stats display P-Tier 2 while KG stays at P-Tier 1. The reference values R* are unchanged.
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Table 4. Seven-dimension quality diagnosis of the factory dataset: preprocessed CSV (PASS) versus raw XLSX (counterfactual FAIL)

Dimension Mandatory D— CSV (PASS) D— Raw XLSX (FAIL)
D1 Completeness — 0.92 0.61
D2 Consistency — 0.85 0.54
D3 Accuracy — 0.91 0.72
D4 Timeliness — 0.78 0.80
D5 Validity — 0.89 0.58
D6 Unigueness — 0.88 0.76
D7 Machine—readability v 0.96 0.62 (gate failed)

Qlpin (primary) — 0.78 ;l\jz:rn((ﬁicé?tg)w - 0.54 — Tier O(by D7 gate)

Qg (reference, weighted) — 0.89 0.66
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Table 5. Comparison of the decision information that each type of framework can provide for the same case

Framework type

Decision information provided

Information not provided

Self-assessment
checklist

Per—item compliance status

Readiness state; whether the data can be consumed
for a given purpose

Single quality score

An aggregate score over multiple quality items

Whether a minimum dimension blocks the transition;
differences across purposes

ML metadata format

Machine-readable description of the dataset

Tier decision; comparison across purposes

This study decisions, and the blocking

State (Quality—Ready), tier (Tier 2), per—purpose

point

(D7 in the counterfactual case)
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Table 6. Functional layers for standardization and their mapping to international standards

Functional layer Core question

Main components Base international standards

Discovery How is data found and accessed?

Layer 1 metadata; rights and licenses;

DCAT v3, Dublin Core, SPDX,
column schema CSVW

Quality & Grading What is measured and decided?

7—dimension Ql; Q/y» primary decision;
Q-Tier; mandatory gates; DM

ISO/IEC 25012:2008, ISO/IEC
25024:2015, ISO/IEC 5259, W3C
DQV

Metadata & Profile How is it recorded and represented?

Readiness state model; Layers 1/2/3;

Croissant 1.0, VoID +
SHACL/SPARQL, SDMX,

purpose-type profiles aird-rag/aird—finetuning profiles

Transformation &

How is it executed and operated?
Governance

3-stage pipeline; Gates 1/2/3; warning
records; AIRD Pack; RAI documentation

PROV-0 [30], RAI vocabulary,
JCS (RFC 8785)

Exchange &
Consumption

How is it discovered, exchanged, and
consumed?

Pack exchange specification; registry;
conditions for agent consumption

SHA-256, DCAT v3, PROV-O

Conformance How is it certified?

Conformity assessment procedure;

certification mark — (future work)
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