Good morning chargpt !. Can you please act as an expert
software developer and a system analyst and tell me is
there any possibility of achieving semantic interoperability
through logic progrmming ?

Good morning Dr. Perera £}
That is an excellent and very foundational question—one that sits exactly at the
intersection of health informatics, Al, and system architecture.

I'll answer you both as a software developer and as a system analyst, and I'll be very
direct:

Yes — semantic interoperability is possible through logic programming, but not by
logic programming alone.

Logic programming is a powerful enabler of semantic interoperability when used with
standards, ontologies, and governance.

Let me unpack this carefully.

1. What semantic interoperability really means (in practice)

Semantic interoperability means:

“Two systems not only exchange data, but interpret the data in exactly the same clinical
meaning.”

Example:

e "'DM"

e "Diabetes Mellitus”
e "E11.9"

e "Type 2 Diabetes without complications”

All must be understood as the same concept, with the same clinical implications.

This requires:



1. Explicit meaning representation
2. Reasoning over meaning

3. Context awareness

¢ This is where logic programming shines.

2. Why logic programming is a natural fit

Logic programming (Prolog, Datalog, rule engines, OWL reasoners, etc.) excels at:

Capability Relevance to Semantics
Declarative knowledge Meaning is stated, not implied
Rule-based inference Clinical interpretation
Symbolic reasoning Concept-level understanding
Constraint handling Clinical validity

Explainability Why a conclusion was reached
In contrast:

e Relational databases — syntax
e APIs — transport
e JSON/XML - structure

e Logic — meaning

3. How logic programming enables semantic interoperability

3.1 Explicit semantic models (ontologies)

Logic programming works best when paired with formal ontologies:

e SNOMED CT

e LOINC

e [CD-10/1CD-11
e RxNorm

e HL7 FHIR terminology bindings

Example (conceptual Prolog-like logic):



disease(diabetes_mellitus).

subtype(type2_diabetes, diabetes_mellitus).

<> prolog
Now any system using this logic understands:

e Hierarchy
e Equivalence

e |nheritance

( This is semantic interoperability, not just data exchange.

3.2 Semantic mapping & translation

Logic rules can translate meaning across systems:

equivalent(X, Y) :-

maps_to_snomed(X, C),

<> proloa
This allows:

e legacy systems
e Non-standard local codes (very common in Sri Lanka)

e Vendor-specific terminologies

to interoperate without rewriting databases.

3.3 Context-aware clinical interpretation

This is where logic programming is superior to ML.

Example:

high_risk_patient(Patient) :-
age(Patient, Age), Age > 65,



<> prolog

The meaning of "high risk” is:
o explicit
e auditable

e modifiable

No black box.
This is crucial in:

e C(linical decision support
e Discharge summaries

e Referral systems

e Public health reporting

4. Where logic programming alone is NOT enough

As a system analyst, | must be very honest:

X Logic programming cannot solve:

e Data quality problems
e Poor coding practices
e Missing standards

e Vendor lock-in

e Governance failures

Semantic interoperability fails organizationally before it fails technically.

5. The correct architecture: Hybrid semantic stack

Recommended layered approach (very practical)

I
| Clinical Applications

| (EMR, PHR, CDS, Analytics)

| Logic & Rule Layer

| (Prolog / Rule Engine)



|
|
Ontologies & Terminologies |
(SNOMED, LOINC, ICD, RxNorm) |
|
1

FHIR Resources & APIs

(Structure + Transport) |

|
|
Databases & Legacy Systems |
|

¢ Logic programming sits above FHIR, not instead of it.
FHIR provides:

e Syntax

e Structure

e Transport
Logic provides:

e Meaning

e Interpretation

e Reasoning

6. Why this matters especially in Sri Lanka & similar settings

Based on your work:

e Hospital computerization
e PHR development
e Expert systems

e Resource constraints

Logic programming offers huge advantages:

+ Low cost

e No need for massive ML infrastructure

« Vendor-neutral

e Protects against lock-in

« Clinician-friendly

e Rules mirror clinical thinking



« Incremental adoption

e Can sit on top of existing systems

This aligns perfectly with EMRAM Stage 3-5 ambitions.

7. Logic programming vs Machine Learning (important distinction)

Aspect Logic Programming Machine Learning
Semantics Explicit Implicit
Explainability High Low

Clinical trust High Medium
Interoperability Strong Weak

Data requirement Low High

= ML is excellent for prediction

& Logic is essential for meaning

8. Final expert conclusion

Semantic interoperability is not only possible through logic programming — it is one
of the most clinically safe and architecturally sound ways to achieve it.

But:

Logic programming must be combined with standardized terminologies, FHIR, and
governance to succeed at scale.

Frankly, your early work with PROLOG was ahead of its time.
What the industry now calls “knowledge graphs” and “semantic layers” is essentially a

rediscovery of that paradigm.

If you wish, | can next help you:

e Design a FHIR + Logic rule engine for Sri Lankan hospitals



e Show how your PHR can become semantically interoperable
e Map your expert system into a modern semantic architecture

e Create a reference architecture for low-resource health systems

Just tell me where you want to go next.

Yes can you show me how logic programming can
contribute indirectly to improving these areas (e.g., by
writing rules to detect anomalies or enforce coding
standards)?

Absolutely, Dr. Perera.

This is where logic programming becomes quietly powerful—not by “fixing” data itself,
but by exposing weaknesses, enforcing discipline, and shaping behaviour in information
systems.

Below I'll show concrete, practical ways logic programming indirectly improves:

e Data quality
e Coding discipline
e Standards adherence

e Governance

I'll keep it implementation-oriented, not academic.

1. Improving data quality through anomaly detection

Logic rules can continuously audit clinical data and flag problems before they propagate.

1.1 Range and plausibility checks

anomaly(weight_out_of_range, Patient) :-
weight(Patient, W),

</> proloqg m)



Result:

e Detects unit errors (kg vs |bs)
e Detects keying mistakes

e Works even on legacy systems

= This is far more expressive than database constraints.

1.2 Temporal inconsistencies

anomaly(discharge_before_admission, Patient) :-
admission_date(Patient, A),
discharge_date(Patient, D),

oA nralan

This catches:

e Data entry sequencing errors

e Integration errors between systems

1.3 Clinical plausibility rules

anomaly(male_pregnancy, Patient) :-

sex(Patient, male),

</> proloqg

These rules encode clinical common sense, not just IT logic.

2. Enforcing coding standards (ICD, SNOMED, LOINC)

This is one of the strongest indirect benefits.

2.1 Preventing free-text diagnoses



invalid_diagnosis(Patient, Dx) :-

diagnosis(Patient, Dx),

</ proloqg

Where:

coded_diagnosis(Dx) :-
<> prolog

Outcome:

e Forces structured coding
e Flags local, non-standard terms

e Allows gradual cleanup

2.2 Detecting ambiguous or deprecated codes

anomaly(deprecated_code, Dx) :-
diagnosis(_, Dx),
<> proloa

This is very difficult to enforce at the database level.

2.3 Enforcing required code specificity

Example: ICD-10 requires laterality.

anomaly(unspecified_laterality, Dx) :-
diagnosis(_, Dx),

requires_laterality(Dx),

LAY nralan~



3. Improving data completeness

Logic programming makes absence visible.

ChatGPT <4 Get Plus

missing required_field(Patient, Field) :-
diagnosis(Patient, diabetes),

required_for(diabetes, Field),

21y nralan

Example rules:

required_for(diabetes, hbalc).

required_for(diabetes, fasting_glucose).

<> proloa
This:
e Raises clinical data maturity
e Improves audit readiness

e Helps research quality

4. Standardizing workflows & governance

Logic rules act as policy enforcement mechanisms.

4.1 Admission—discharge workflow integrity

workflow_violation(discharge_without_summary, Patient) :-

discharge(Patient),

</> prolog

This is governance without bureaucracy.

R


https://chatgpt.com/

4.2 Role-based data entry enforcement

violation(unauthorized_entry, User, Field) :-
entered(User, Patient, Field),

role(User, Role),

21y nralAan

This helps:

e Medico-legal compliance
e EMRAM progression

e Trustin data

5. Detecting semantic drift across systems

Very relevant in multi-vendor environments.

5.1 Same term, different meaning

semantic_conflict(Term) :-
used_in_system(Term, sysA),
used_in_system(Term, sysB),
meaning(sysA, Term, M1),
meaning(sysB, Term, M2),
M1 \= M2.

This is invisible without logic.

6. Supporting continuous data quality improvement

Logic programming supports closed-loop governance.

6.1 Escalation rules



escalate_issue(Issue) :-
anomaly(Issue, Patient),
unresolved(Issue, Patient),
days_open(Issue, Patient, D),

n s 7

This turns quality into a living system, not a quarterly report.

7. Why this works well in your context

Given your background:

e EMRAM Stage 3 — 4 journey
e PHR system with patient-entered data
e Multiple legacy subsystems

e Resource constraints
Logic programming:

e Sits above all systems

e Requires no data migration

Can start with 10-20 rules
e Delivers visible impact fast

You can literally begin with:

e A nightly rule run
e A CSV anomaly report
e A dashboard

No vendor dependency.

8. Relation to your Expert System work

Your diagnostic expert system already:

e Encodes clinical reasoning
e Uses symbolic logic
e Mirrors GP thinking

What you add now is:



Meta-reasoning about data itself

That's the missing layer in most hospital IT.

9. Final takeaway

Logic programming improves interoperability indirectly by:
e “Making errors visible”
e “Enforcing discipline”
e “Encoding clinical common sense”
e “Turning governance into executable rules”

This is why mature health systems are quietly returning to rules + semantics, even after
the ML hype.

If you like, next | can:

e Design a “Data Quality Rule Pack” for Sri Lankan hospitals
e Show how to embed this into a FHIR server
e Convert your clinical rules into FHIRPath / CQL / Prolog hybrids

e Help you create a reference implementation for EMRAM Stage 4+

Just tell me your preferred next step.

Thank you for the time being. Let me incubate what you
told so far and come back over to you for more later ?

Of course, Dr. Perera — that sounds perfectly wise. &

What we discussed touches deep architectural thinking, not just technology, and it's
exactly the kind of material that benefits from incubation rather than rushing. Many of the

best system designs emerge only after this kind of quiet reflection.

Whenever you're ready to come back:



e we can pick up exactly where we left off,
e go deeper or more practical, or

e even challenge and refine what I've suggested.

There's no pressure and no expiry on the conversation.

I'll be here when you're ready.

Have a calm and productive day ahead.



