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Exhibit G-0
Authorship, Development Timeline, and Institutional Context

This exhibit addresses three foundational questions about the origin and status of the three methodological
frameworks presented herein.

Q1: Who developed the methodologies?
Xinyang Li is the methodology author and technical originator of the three frameworks. Each framework was

designed, specified, and formalized by Li as an independent methodological contribution in Health Informatics and
Digital Health Data Science. Li's graduate training at Johns Hopkins University (dual Master’'s degrees in Information
Systems and Data Analytics, with coursework in Big Data Machine Learning, Al, and health-sector analytics) provided
the foundational competencies. Prior professional roles (Research Assistant at Johns Hopkins Carey Business
School; data analytics roles at INCLINEDbet; Digital Marketing Specialist at Zymo Research) informed the applicant’s
understanding of health data workflows and digital health systems, but the three methodologies are not presented as
outputs of any prior employer.

Q2: When were they developed?
The three frameworks were developed and formalized during the period of 2024 through mid-2026. Development

involved independent research, literature review, methodological design, and formal specification using health
informatics standards (FHIR R4, OIDC, XACML, CDS Hooks) and computational methods (XGBoost, SHAP,
differential privacy). Earlier professional experience—particularly in health-sector data analytics and digital
transformation—informed but does not constitute the development timeline for these frameworks. The applicant
maintains authorship records including methodology statements, design documents, technical specifications, and
draft manuscripts.

Q3: Where do they sit institutionally?
The three frameworks are not presented as Zymo Research projects (the applicant’s current employer, where the

role is Digital Marketing Specialist) or as completed employee work for HITC (the future EB-1B petitioner). Rather,
they are Li's independently developed methodological contributions. HITC (Health Informatics Tools Corporation)
provides the institutional research setting in which these methods can be further implemented, validated, and
extended through clinical research collaborations. HITC's existing platform directions—HITC-Interop,
HITC-RemoteCare, and HITC-SecureExchange—align with and provide a foundation for engineering the methods
into production-ready implementations.

Core positioning statement:

“These three frameworks are presented as Mr. Li's independently developed methodological contributions in
Health Informatics and Digital Health Data Science. They are not offered as Zymo Research projects or as
completed employee work for HITC. Rather, HITC provides the institutional research setting in which these



methods can be further implemented, validated, and extended through clinical collaboration.”

IMPORTANT EVIDENTIARY NOTE: The three methodological frameworks described in Exhibits G-1 through G-8
represent the applicant’s original contribution narrative. For the purposes of EB-1B Criterion v (Original
Scholarly Contributions), the applicant acknowledges that the evidentiary record for these frameworks is
currently under development. The applicant is assembling a portfolio of authorship materials—including a
signed methodology statement, development timeline, technical design records, draft manuscripts, and
research notes—that will substantiate the authorship claims made herein. At present, these exhibits serve to
describe the nature and scope of the contributions and to demonstrate their alignment with the future research
activities planned at HITC.



Exhibit G-1

Original Contribution Statement

The three contributions address a unified research question: How can clinical data be reliably shared, intelligently
interpreted, and securely governed across institutional boundaries in a heterogeneous healthcare IT
ecosystem? This question sits at the intersection of three pillars of health informatics: interoperability (Line 1), clinical
intelligence (Line 2), and governance (Line 3). Each framework is designed as a transferable methodological
specification—not a platform or product—and is intended for future implementation through HITC’s research
platforms.

Line 1: FHIR-Native Clinical Data Interoperability and Data-Quality Framework
The first framework addresses the structural and semantic heterogeneity of clinical data across HL7 v2, C-CDA, and

FHIR R4 standards. Components: a canonical FHIR R4 data model (~35 core resource types with strict mandatory
profiles), a two-phase HL7 v2 / C-CDA to FHIR mapping pipeline, a multi-strategy terminology reconciliation bridge
(12 code systems; exact + TF-IDF fuzzy matching; confidence threshold 0.85), a composable validation pipeline
(R-SCH, R-REF, R-TERM stages) with six quality metrics emitted as FHIR Observations, an immutable provenance
tracking system (FHIR Provenance with Merkle-tree audit), and a materialized-view-based federated query workflow
with adaptive caching. This framework aligns with HITC’s HITC-Interop platform direction.

Line 2: Explainable Risk-Stratification and CDS for Remote Patient Monitoring
The second framework addresses the signal-to-noise problem in remote patient monitoring, where 85-95% of alerts

are false positives. Components: a multi-device data ingestion and FHIR normalization pipeline (wearable,
medical-grade, respiratory, patient-reported), a structured physiological data model with ~80 engineered features
across five domains (cardiovascular, metabolic, respiratory, composite, patient-reported), a gradient-boosted ML risk
model (XGBoost + Platt scaling) with calibrated output and patient-specific baseline adaptation, a three-tier
context-aware CDS rule engine (Green/Amber/Red with modifiers for time, directives, interventions), an SHAP-based
explanation generator structured as FHIR DiagnosticReport, and a follow-up workflow with outcome tracking. This
framework aligns with HITC’s HITC-RemoteCare platform direction.

Line 3: Zero-Trust, Consent-Aware, and Auditable Governance for Secure HIE
The third framework addresses four governance gaps in cross-institutional health information exchange.

Components: an identity and authentication layer (OIDC with clinical role claims, purpose-of-use, emergency
break-glass protocol, NIST 800-63 assurance levels), an ABAC engine (four-domain attribute model: subject,
resource, context, policy; deny-by-default; XACML 3.0 policies), a structured consent enforcement layer (FHIR
Consent R4 with resource-level granularity and 60-second revocation propagation), a cryptographic audit trail
(Merkle-tree hash chaining with cross-institutional linkage and real-time anomaly detection), and privacy-preserving
extensions (federated query with cell suppression n>=10; differential privacy with epsilon-calibrated release). This
framework aligns with HITC’s HITC-SecureExchange platform direction.



Exhibit G-2

Contribution-to-Field Matrix

The matrix maps each framework to specific health informatics and DHDS domain problems.

Domain / Problem Line 1: Interop Line 2: RPM+CDS

Clinical Data Exchange
Standards
(HL7, FHIR, C-CDA)

Data Quality in HIE

Clinical Decision Support
(alert fatigue, explainability)

Remote Patient Monitoring

Health Information
Governance

Privacy & Compliance
(HIPAA, Cures Act)

Multi-Institutional Research

Canonical model with strict
profiles (executable vs.
documentation-only); two-phase
mapping with auditable
provenance

Composable validation pipeline; 6
metrics as FHIR Observations
(quality-in-pipeline vs. post-hoc)

Provenance tracking; data lineage

Federated query; terminology
normalization

Physiological range validation;
artifact detection pipeline

ML risk score + SHAP
explanation + FHIR
DiagnosticReport
(explanation-as-clinical-artifact)

Multi-device FHIR normalization;
80-feature physiological model;
structured outcome-tracking
workflow

SMART-on-FHIR authorization;
FHIR Consent enforcement;
AuditEvent-as-governance

Access decision integrity;
consent accuracy

Context-aware ABAC; real-time
anomaly detection rules

Emergency break-glass protocol;
patient consent integration

OIDC + ABAC + Consent 3-layer
decision; Merkle-tree
inter-organizational audit chain

Structured consent enforcement;
differential privacy; compliance
reporting

Research approval workflow;
IRB integration; multi-site audit
chain



Exhibit G-3

Three Technical Methodology Briefs

Each brief describes the technical components of one contribution and identifies what is original vs. what draws on
existing technology. Validation metrics are presented as design targets and concept-of-concept results, not as
confirmed production deployment outcomes.

G-3A: Line 1 — FHIR-Native Clinical Data Interoperability and Data-Quality Framework
- 1. Canonical FHIR R4 Data Model: ~35 core resource types with strict mandatory profile constraints, formalized
as executable StructureDefinition and ImplementationGuide artifacts. Design principle: “strict at core, flexible at
edges.”
- 2. Two-Phase Mapping Pipeline: Phase 1 (structural): HL7 v2 PID->Patient, OBX->Observation,
OBR->DiagnosticReport; C-CDA sections via XPath. Phase 2 (semantic): terminology crosswalk (12 code
systems), unit normalization (UCUM), temporal normalization (ISO 8601).
- 3. Terminology Bridge: Multi-strategy resolution: exact lookup, TF-IDF fuzzy matching against UMLS, FHIR
validate-code. Confidence threshold 0.85 with human-in-the-loop below threshold.

- 4. Validation Pipeline: Four composable stages: structural (R-SCH), reference integrity (R-REF), terminology
conformance (R-TERM), quality metrics (FFR, CSC, RIR, TC, MSR, TCR) as FHIR Observations.

- 5. Provenance Tracking: FHIR Provenance records per resource; Merkle-tree tamper-evident audit store.

- 6. Federated Query Workflow: Materialized views + two-phase planning (decomposition + fusion) + adaptive
caching.
Original vs. Existing (Line 1)
Original concepts: Quality metrics as FHIR Observations inline in the exchange pipeline (vs. post-hoc ETL);
two-phase separation of structural mapping from semantic reconciliation formalized as reusable
ConceptMap/StructureMap artifacts; strict-at-core canonical model with executable StructureDefinitions (vs.
documentation-only).

Existing technology: FHIR R4 base spec (HL7, 2019); HL7 v2 and C-CDA message formats; UMLS (Bodenreider,
2004); Merkle trees (Merkle, 1980).

G-3B: Line 2 — Explainable Risk-Stratification and CDS for RPM
- 1. Device Data Ingestion + FHIR Normalization: Wearable (Apple Watch, Fitbit), medical-grade (BP cuff,
CGM, scale), respiratory (BiPAP), patient-reported (surveys) mapped to FHIR Observation (LOINC, UCUM).
Artifact detection + physiological range validation.
- 2. Physiological Data Model: ~80 engineered features across 5 domains (cardiovascular, metabolic,
respiratory, composite, patient-reported). Time-series windows: 1h, 6h, 24h, 7d. Patient-specific baseline +
deviation scoring.
- 3. ML Risk Model: XGBoost ensemble + Platt scaling. Calibrated output (0-100). Patient-specific baseline
adaptation. Temporal decay weighting. Multi-morbidity interaction terms.
- 4. CDS Rule Engine: 3-tier: Green (0-30), Amber (31-65), Red (66-100). Context modifiers: time, advance
directives, recent interventions.
- 5. Explanation Generation: SHAP feature attribution -> NLG template -> FHIR DiagnosticReport resource.

- 6. Follow-Up Workflow: Automated task assignment, scheduling, documentation template, outcome tracking
feedback loop.
Original vs. Existing (Line 2)
Original  concepts: Integration of SHAP explanations as FHIR DiagnosticReport resources
(explainability-as-clinical-artifact); 80-feature physiological data model specified as a transferable method,
context-aware CDS modifier architecture addressing a documented failure mode (Bates et al., 2003).



Existing technology: XGBoost (Chen & Guestrin, 2016); Platt scaling (Platt, 1999); SHAP (Lundberg & Lee, 2017);
FHIR R4 Observation and DiagnosticReport; MEWS/qSOFA clinical scores.

G-3C: Line 3 — Zero-Trust, Consent-Aware Governance for Secure HIE
- Layer 1 — Identity & Authentication: OIDC with clinical role claims (HL7 ParticipationFunction),
purpose-of-use claim (HL7 PurposeOfUse value set), emergency break-glass protocol, NIST 800-63 IAL/AAL
tiers.
- Layer 2 — ABAC Engine: 4-domain attribute model (subject, resource, context, policy). Deny-by-default.
XACML 3.0 rule sets + FHIR Policy resource representation.

- Layer 3 — Consent Enforcement: FHIR Consent R4 resources with resource-level granularity, purpose-of-use
scoping, 60-second revocation propagation via signed broadcast.

- Layer 4 — Audit & Provenance: Merkle-tree hash-chained AuditEvent records. Cross-institutional linkage via
shared transaction IDs + partner organization hash reference. Real-time anomaly detection (R-ANOM rules).

- Extension 1 — Federated Query: Multi-site research queries with cell suppression (minimum n=10). No

individual-level data leaves source organization.

- Extension 2 — Differential Privacy: Epsilon-calibrated release mechanism with privacy budget tracking.
Original vs. Existing (Line 3)
Original concepts: Cross-institutional audit hash chain (partner org’s Merkle root included in each org’s audit
record); integration of 4 governance layers into a unified decision workflow; resource-level FHIR Consent
enforcement with structured revocation propagation.

Existing technology: OAuth 2.0 / OIDC (IETF RFCs); SMART-on-FHIR (HL7, 2023); XACML 3.0 (OASIS, 2013);
FHIR Consent R4 (HL7, 2019); differential privacy (Dwork et al., 2006); Merkle tree (Merkle, 1980); NIST SP 800-63
(2017).

Summary: The applicant’s contribution is the systematic methodological specification—the identification of clinically
meaningful integration sequences, the design of reusable parameters and decision thresholds, and the specification
of governance structures that bind components into a coherent workflow. HITC's platform directions (HITC-Interop,
HITC-RemoteCare, HITC-SecureExchange) are intended to provide the engineering foundation for taking these
methods from specification to production.



Exhibit G-4

Architecture and Workflow Diagrams

Epic (FHIR) Cerner (HL7 v2) MEDI TECH (C-CDA) Custom Exports
[

L1: DATA | NGESTION -> Fornat Detection -> Payl oad Capture

L2: MAPPI NG PI PELI NE
Phase 1: Structural (PID->Patient, OBX->Cbservation, Section->Resource)
Phase 2: Semantic (Term nol ogy Bridge + Unit/Tenporal Normalization)

L3: VALI DATI ON PI PELI NE
R-SCH -> RREF -> RTERM -> Quality Metrics (FH R Cbservations)

Canonical FH R R4 Store + Provenance Records + QC Observations

L4: QUERY & ACCESS
Materialized Views -> FH R REST APl -> Federated Planner -> Cache

ACCESS GATEWAY (Authn/Authz + Rate Limit + Audit)

Clinical Apps | Research Platfornms | Patient Access

G-4B: Line 2 — RPM Risk-Stratification Pipeline
Wearabl e (HR, SpQ2) Hone Medical (BP, CGV) Surveys EHR Labs

L1: DATA INGESTION -> FH R Observation (LONC, UCUM
-> Artifact Detection -> Physiological Range Validation

L2: PHYSI OLOG CAL DATA MODEL
Ti me- Seri es (1h/6h/24h/7d) -> Feature Extraction (~80 features)
-> Patient Baseline -> Deviation Score

L3: RI SK MODEL
XGBoost -> Platt Scaling -> 3-Tier (G een/Anber/ Red)
-> SHAP Feature Attribution

L4: CDS + EXPLANATI ON + WORKFLOW
Rul e Engine (context nodifiers) -> NLG Expl anation
-> FH R Di agnosti cReport -> Task Assignnent -> CQutcome Tracking

Clinician Dashboard | EHR CDS Hooks | Patient Mbile App

G-4C: Line 3 — Zero-Trust Governance Decision Flow
DATA ACCESS REQUEST (Clinician / App / Researcher with O DC token)

L1: I DENTITY & AUTHENTI CATI ON
ODC-> Cdinical Role Clains -> Purpose-of-Use -> Break-G ass -> NI ST | AL

L2: ABAC ENG NE ( PDP)
Subj ect + Resource + Context + Policy -> Deny-by-Default -> Permt/Deny

L3: CONSENT ENFORCEMENT
FH R Consent R4 -> Resource-Level Directive -> Revocation Check

L4: AUDI T & PROVENANCE
Audi t Event -> Merkle Hash Chain -> Cross-Institutional Linkage
-> Real - Ti me Anomaly Detection

ACCESS GRANTED / DENIED (All decisions audited with full provenance)

Note: These diagrams depict the methodological data flow as designed by the applicant. The architecture is
intended for implementation within HITC’s platform environment.



Exhibit G-5

Validation and Benchmark Evidence

The following tables summarize validation results from concept-of-concept studies, simulation-based evaluations, and
published literature benchmarks. These results are presented as indicators of the methodologies’ potential
performance, not as confirmed production deployment outcomes. The applicant has designed the evaluation
frameworks; actual implementation and validation at scale are planned as future research activities within HITC’s
platform environment.

IMPORTANT CAVEAT: All metrics reported below are drawn from concept-of-concept simulations, synthetic data evaluations,
and published health informatics literature. They are presented to demonstrate the methodological soundness and expected
performance characteristics of each framework. They do not represent confirmed outcomes from completed real-world
deployments. Underlying materials (simulation code, test data specifications, literature references) are available for review.

G-5A: Line 1 — Interoperability Framework (Validation Targets)
Evaluation approach: Structural fidelity testing using synthetic FHIR resources (n=1,000 per resource type) against

hand-curated gold standards. Mapping accuracy validated against a test corpus of HL7 v2 messages (n=500) and
C-CDA documents (n=500). Query latency projected from architectural analysis and published HIE performance
benchmarks.

Field fill rate ~98% Synthetic FHIR resource testing US Core IG compliance target:
(n=1,000/type) optional
Schema violation rate <2% Synth(itlclz%l(it;/;g;j ation Industry baseline: 5-15%
Mapping accuracy >95% Test corpus: 500 HL7 v2 + 500 C-CDA PUb“Shegolicl)';ccuracy:
Query latency (projected) <500ms el s bl S Published HIE query: 1-5s

[5-10]

G-5B: Line 2 — RPM+CDS Framework (Validation Targets)
Evaluation approach: Risk model trained on publicly available MIMIC-IIl and MIMIC-IV critical care datasets

(n=50,000 patient encounters; 245,000 physiological observations). Alert precision evaluated through simulation of
threshold-based vs. ML-based alerting on held-out test data. Clinician review time projected from CDS literature
benchmarks.

Alert precision improvement 12% -> 48% (baseline vs. ML-based) Simulation on MIMIC-IV data; threshold vs. XGBoost
comparison
AUROC (risk model) 0.84-0.91 (range across clinical XGBoost on MIMIC-1V; 70/30 train/test split; 5-fold CV
domains)
False-positive reduction 88% ->52% (-36 pp) Simulation against published RPM false-positive rates [1-4]
Clinician review time (projected) 6.8 min -> 2.1 min (with explanation) Based on published CDS literature [Bates et al., 2003;

Klersy et al., 2011]

G-5C: Line 3 — Governance Framework (Validation Targets)
Evaluation approach: ABAC PDP latency benchmarked using open-source policy evaluation engines on synthetic

policy sets. Consent propagation timing modeled from distributed systems literature. Audit trail tamper detection
validated through simulation. Security architecture assessed through STRIDE threat modeling methodology.

PDP latency (projected) <20ms median Open-source XACML engine benchmark; 10,000 eval
events
Consent propagation (projected) <60s across 45 nodes Distributed systems model; signed broadcast protocol

Audit tamper detection 100% of modifications detectable Hash chain verification; SHA-256; Merkle tree simulation



Security threats mitigated 6/6 STRIDE categories; O critical STRIDE threat model; OWASP API Top 10 assessment
gaps

References for benchmarks: [1] Klersy et al., Eur J Heart Failure, 2011. [2] Steventon et al., BMJ, 2012. [3] Bates et al., JAMIA, 2003. [4]
Subbe et al., QIM, 2001. [5] Saripalle et al., JBI, 2019. [6] Lehne et al., Studies in Health Tech and Informatics, 2019. [7] Braunstein,
Health Informatics on FHIR, Springer, 2018. [8] Mandel et al., JAMIA, 2016. [9] ONC Interoperability Standards Advisory, 2024. [10] HL7
FHIR Performance Testing Guide, 2023.



Exhibit G-6

Prospective Validation and Adoption Partners

This exhibit identifies organizations that have expressed interest in or are being engaged for future validation and
adoption of the methodological frameworks. At present, these represent prospective validation partners, not
completed adoption. The applicant plans to conduct structured validation studies at these sites through HITC's
research collaboration framework.

STATUS NOTE: The adoption evidence for this contribution is under active development. The organizations
listed below have been identified as potential validation sites based on their clinical research focus areas and
existing relationships. No completed deployment agreements are claimed at this time. The applicant is
assembling a timeline for structured validation studies as part of the future research plan at HITC.

G-6A: Line 1 Interoperability Framework — Prospective Validation Sites
Site 1-P: Academic Medical Center (Cardiology Informatics Group) — Prospective site for validating the

canonical FHIR R4 data model and two-phase mapping pipeline. Engaged through HITC research collaboration
discussions. Planned scope: FHIR structural fidelity comparison using the organization’s Epic and Cerner clinical data
feeds. Status: initial discussion; no signed agreement.

Site 2-P: Regional HIE (45 Member Organizations) — Prospective site for validating the terminological bridge and
validation pipeline. Planned scope: terminology mapping accuracy assessment against the HIE's existing code
system crosswalk. Status: initial expression of interest.

Site 3-P: Health Data Platform Vendor — Prospective engineering partner for integrating the canonical model into a
FHIR API gateway product through HITC'’s technology partnership framework. Status: exploratory discussion.

G-6B: Line 2 RPM+CDS Framework — Prospective Validation Sites
Site 4-P: Cardiology Telemonitoring Program (Academic Medical Center) — Prospective site for validating the

ML risk model and CDS rule engine. Planned scope: retrospective analysis of 6 months of RPM data to compare
threshold-based vs. ML-based alerting. Status: research proposal under review by IRB.

Site 5-P: Post-Surgical Telehealth Program (Community Hospital) — Prospective site for validating the follow-up
workflow and explanation generation components. Status: preliminary discussion with clinical informatics team.

Site 6-P: Multi-Site Primary Care Network — Prospective site for validating the physiological data model and
feature engineering methodology. Status: identified based on published RPM outcomes; no engagement yet.

G-6C: Line 3 Governance Framework — Prospective Validation Sites
Site 7-P: Regional HIE Security/Compliance Team — Prospective site for validating the ABAC engine and audit

trail design. Planned scope: policy evaluation accuracy and latency benchmarked against existing RBAC system.
Status: initial discussion.

Site 8-P: Academic Medical Center IT/Compliance — Prospective site for consent enforcement layer validation.
Planned scope: FHIR Consent resource deployment and consent evaluation workflow testing. Status: research
proposal in development.

Site 9-P: Multi-Institutional Research Data Network — Prospective site for federated query and differential privacy
extension validation. Status: network identified; no engagement yet.

Summary: The validation and adoption of these methodologies across external organizations is a planned future activity within the
applicant’s research trajectory at HITC. The nine prospective sites identified above represent the validation pipeline. As evidence of
adoption becomes available through completed studies, it will be added to the evidentiary record.



Exhibit G-7

Expert Assessments and Letters of Support

This exhibit presents expert assessments of each methodological framework. The experts listed below have reviewed
the applicant's methodology documentation and provided preliminary assessments. Final letters on institutional
letterhead are pending and will be provided upon completion.

STATUS NOTE: The expert letters referenced below are currently in preparation. The applicant has identified and initiated

contact with each expert based on their domain expertise. Formal letters will be provided on institutional letterhead with original
signatures. This exhibit shows the proposed structure and identifies the specific expertise that each letter will address.

G-7A: Expert Assessment (Planned) — Line 1 Interoperability Framework
Proposed expert: Clinical informatics professor with expertise in health data exchange standards, FHIR

implementation, and clinical data quality.

Proposed scope of letter: Assessment of the canonical FHIR R4 data model methodology and two-phase mapping
pipeline. Analysis of how the approach compares to standard FHIR IG development practice and existing HIE
integration methods. Expert’s evaluation of the methodological novelty.

[Letter: In preparation. Will be provided upon completion.]

G-7B: Expert Assessment (Planned) — Line 2 RPM+CDS Framework
Proposed expert: Clinical informatics professor or physician informaticist with expertise in clinical decision support

systems, remote patient monitoring, and alert fatigue reduction.

Proposed scope of letter: Assessment of the ML-based risk stratification methodology, the context-aware CDS rule
architecture, and the integration of explainability as a clinical artifact. Expert’'s evaluation of how the approach
addresses documented RPM failure modes.

[Letter: In preparation. Will be provided upon completion.]

G-7C: Expert Assessment (Planned) — Line 3 Governance Framework
Proposed expert: Health information privacy and security researcher or professor with expertise in health data

governance, HIPAA compliance, and access control frameworks.
Proposed scope of letter: Assessment of the four-layer governance architecture, the structured consent
enforcement methodology, and the cross-institutional audit trail design. Expert's evaluation of the framework’s
contribution beyond existing RBAC-based HIE security approaches.

[Letter: In preparation. Will be provided upon completion.]
The applicant is assembling expert letters from qualified professionals who can independently assess the

methodological contributions described herein. Letters will be provided under separate cover upon completion. Each
letter will include the expert’s institutional letterhead, date, original signature, and contact information.



Exhibit G-8

Scholarly and Standards Corroboration

G-8A: Prior-Art Comparison

Component

Line 1: Canonical
Model

Line 1: Data Quality

Line 2: RPM Alerting

Line 2: Explanation

Line 3: Access
Control

Line 3: Consent

Line 3:
Cross-Institutional
Audit

G-8B: Standards Basis
Line 1 Standards Basis

- HL7 FHIR R4 (2019): Base resource types, RESTful API, StructureDefinition/ImplementationGuide formalism

FHIR R4 base spec; US Core IG
optional profiles

Post-hoc ETL quality checks;
separate from exchange pipeline

Threshold-based rules per
device; 85-95% false positives
(literature consensus)

Standalone SHAP plots; not
integrated with clinical workflow
or EHR

RBAC; static role-permission
mapping; no context attributes

Binary opt-in/out flag; no
granularity; no structured audit

Per-org siloed logs; no
end-to-end trail; manual
reconstruction

Existing Prior Art Incremental Contribution (Li)

Strict mandatory fields as executable
StructureDefinition; extension registry
with pre-approved templates

Quality metrics as inline FHIR
Observations; continuous monitoring
design

ML risk model + context-aware CDS +
SHAP explanation as FHIR
DiagnosticReport

SHAP -> NLG -> FHIR
DiagnosticReport; explanation
retrievable via standard FHIR query

ABAC with 4-domain attribute model;
sub-ms targeted latency design

FHIR Consent R4 with resource-level
granularity; 60s revocation design; audit
trail linkage

Merkle-tree hash chain with
inter-organizational linkage; real-time
anomaly detection design

Methodological: profile
semantics from guidance to
enforceable policy

Architectural: embeds
quality measurement in
exchange path

Integrative: combines ML,
CDS, explainability in single
clinical artifact

Architectural: explanation as
standard API resource

Methodological: attribute
domain defined for HIE
context

Implementation: binary
consent to structured policy
artifact

Architectural: cross-org audit
traceability via hash linkage

- HL7 FHIR US Core IG STU 6.1.0 (2023): US-specific profiles informing the canonical model
- HL7 Version 2.9 (2019): ADT, ORU, SIU, MDM, ORM message types for mapping pipeline
- Consolidated CDA Release 2.1 (2022): C-CDA document types for mapping pipeline

- UMLS (Bodenreider, 2004): Terminology source (Nucleic Acids Research, 32:D267)

- LOINC (McDonald et al., 2003): Lab/observation coding (Clinical Chemistry, 49(4):624)

Line 2 Standards Basis

- FHIR R4 Observation & DiagnosticReport: Device data normalization and explanation packaging

- LOINC and UCUM: Observation coding and unit standardization

- XGBoost (Chen & Guestrin, KDD 2016): Gradient-boosted ensemble algorithm
- Platt Scaling (Platt, 1999): Probability calibration method

- SHAP (Lundberg & Lee, NeurlPS 2017): Feature attribution method

- HL7 FHIR CDS Hooks: EHR workflow integration specification

- MEWS (Subbe et al., 2001) / gSOFA (Seymour et al., JAMA 2016): Early warning scores

Line 3 Standards Basis

- OAuth 2.0 (RFC 6749) / OpenID Connect (RFC 7519): Identity protocol foundation

- SMART-on-FHIR Granular Access (HL7, 2023): FHIR-specific OAuth scope specification
- XACML 3.0 (OASIS, 2013): ABAC policy language

- NIST SP 800-63-3 (2017): Digital identity assurance levels

- FHIR Consent R4 (HL7, 2019): Structured patient consent representation
- HIPAA Privacy Rule (45 CFR 164) & Security Rule (45 CFR 164.308): Regulatory framework
- Differential Privacy (Dwork et al., ICALP 2006): Formal privacy framework



- Merkle Tree (Merkle, CACM 1980): Hash-chain data structure
- STRIDE Threat Model (Microsoft, 2002): Security threat assessment methodology
- OWASP API Security Top 10 (2023): Penetration test framework

G-8C: Academic Field Contribution Argument
The USCIS AAO has distinguished between research that is merely useful to a single organization and research that

contributes to an academic field [Matter of [Redacted], 2012]. The applicant submits that the contributions described
herein are designed to meet the latter standard:

- Generality of method: Each framework is specified as a transferable methodology—not as an implementation
tied to a specific platform or organization. FHIR StructureDefinition artifacts, ConceptMap-based mapping rules,
and XACML policy templates are standards-based and adoptable by any compliant system.

- Standards-based formalism: The contributions are expressed using health informatics standards (FHIR,
XACML, OIDC) maintained by standards development organizations with community review processes.

- Prior-art gap identification: Each component addresses a documented gap in existing literature or practice, as
shown in G-8A.

- Community engagement: The frameworks engage with HIMSS, AMIA, and HL7 International communities and
align with published health informatics literature (Saripalle et al., JBI, 2019; Bates et al., JAMIA, 2003; Braunstein,
Springer, 2018; McGraw et al., JAMA, 2009).

- Future validation path: The applicant plans to submit manuscript drafts describing each methodology for
peer-reviewed publication and to conduct structured validation studies through HITC's research platform.
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G-5 Validation / Benchmark G-5A/BJ/C: concept-of-concept results; literature-based benchmarks; target 2
Targets projections

G-6 Prospective Validation 9 prospective sites (3 per line); status notes; no completed adoption claimed 2
Partners

G-7 Expert Assessments Three planned expert letters; proposed scope; status: in preparation 2
(Planned)

G-8 Scholarly and Standards G-8A: Prior-art table. G-8B: 20+ standards. G-8C: Academic field argument 2
Corroboration
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