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Outline

• Bayesian Networks and Large Language Models

• Introduction of the method

• Prototype

• Evaluation

• Use-cases
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Bayesian Networks in medical diagnostics

• Model diagnosis well

• Combine expert knowledge and machine 
learning

• Difficult for expert to understand

→ Explanatory solutions
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Large Language Models

• Benefits

– Simple interaction

– Dynamic

– Approachable

• Disadvantages

– „Hallucinations”

→ Retrieval Augmented Generation

– Unreliable reasoning

→ Fine-tuning
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Goals

Extending Bayesian Networks with LLMs

Mitigating the problems of LLMs Diagnostic assistantsMaking Bayesian Networks accessible
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Fundamentals of the method

• Bayesian Network inference and its semantic explanation

– Using explanatory algorithms similar to RAG

– Semantic extension with RAG

• Components:

– Annotated Bayesian Network

– Bayesian-LLM Intelligent Assistant (BLIA)

– Large Language Model

• Bayes-LLM Intelligent Assistant

– Natural language evidence processing 

– Explanation of Bayesian Network and its results

– Explanation of the domain

– Dynamic interaction

– Relies on LLM and Bayesian Network
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Prototype
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Evaluation

• Is the Bayesian Network made approachable?

• Is it semantic?

• Is it based on its inner knowledge?

• Is it well formulated?

Query: 

Given the patient lives a high 

risk lifestyle and is middle-

aged and has a family history of 

early dementia what is the 

likelihood of Huntington's 

disease?

Answer:

Based on the provided 

information, the likelihood of 

the patient having Huntington's 

disease is assessed as high. 

This conclusion is drawn from 

the following key factors:

Family History: A family history 

of early dementia significantly 

increases the risk of genetic 

conditions like Huntington's 

disease, which is inherited in 

an autosomal dominant mannner...
Hennessy et al. (2020). Explaining Bayesian Networks in Natural Language. NL4XAI Workshop, ACL.

Reiter (2019). NLG Challenges for Explainable AI. NL4XAI Workshop, ACL.

Consistency
Answer 

Relevancy

Medical 

Language

Narrative 

Explanation

Handeling 

uncertainty

100% 100% 100% 100% 100%

Answer 

Relevancy 

Semantic 

Similarity
Faithfulnes

91% 95% 91%
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Diagnosis
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Advising
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Report generation
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Report generation
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Electronic Health Record processing



BME MIT                                                                                                                 Bayesian – LLM Intelligent Assistant

Overview from conversations
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Overview from conversations
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Education
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Conclusions

• Approachable Bayesian Networks for domain experts

• Wide array of applications

• Potentials of the method

– Different white-box models

– Alternative domains

– Other modalities

Illustrations: storyset.com
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BLIA’ s architecture
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Example

Aggregator

Explainer Retriever

Observations and 

queries

Planner

Imaging studies show 

suspicious lesions, 

and the patient has 

memory problems. 

What is the 

diagnosis? 
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Example

Aggregator

Explainer Retriever

Observations and 

queries

Planner

Aggregator, 

Explainer, 

Retriever
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Example

Aggregator

Explainer Retriever

Observations and 

queries

Planner

CT, fMRI = Dementia 

risk

Memory disorders = 

yes
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Example

Aggregator

Explainer Retriever

Observations and 

queries

Planner

The likelihood of 

neurodegenerative 

dementia is high due 

to the presence of 

memory impairment and 

imaging findings 
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Example

Aggregator

Explainer Retriever

Observations and 

queries

Planner

The likelihood of 

neurodegenerative dementias is 

high, as memory impairment is 

one of the primary signs of 

cognitive decline, and imaging 

studies often show damage to 

brain structures that is 

characteristic of dementias.
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