Appendix A. Reproducibility Package
Files supplied with this manuscript: (1) UDEF_reference_implementation.py — standalone synthetic benchmark and reference decision function; (2) UDEF_synthetic_benchmark_results.csv — per-domain benchmark metrics. Dependencies: Python 3.9+, NumPy, and pandas. Run with: python UDEF_reference_implementation.py
Appendix B. Data Dictionary for Future Real-World Studies
	Field
	Description
	Required metadata

	timestamp
	Observation time.
	Timezone, clock source, synchronization status.

	domain_id / batch_id
	Domain and run/batch identifier.
	Stable pseudonymous identifier.

	process_variables
	Measured process inputs and outputs.
	Units, sensor ID, calibration status, sampling interval.

	control_inputs
	Setpoints and interventions.
	Commanded vs actual value, operator/event ID.

	analytical_result
	Assay or quality measurement.
	Method version, instrument, dilution, replicate, unit.

	qc_evidence
	Validity evidence for the measurement.
	Reference checks, recovery, blank, system suitability.

	reference_label
	Adjudicated process or measurement fault label.
	Label source, reviewer, confidence, adjudication date.

	decision_outcome
	Action and downstream outcome.
	Reason code, operator override, cost/impact where available.



Appendix C. Research Integrity Statement
All numerical results in Section 6 are generated from the explicitly described synthetic data-generating process. No real company, laboratory, patient, production line, or industrial dataset was used. The numerical findings must be labelled synthetic in any reuse, abstract, presentation, or submission. Real-world performance, novelty, and cross-industry generalizability remain to be established.

