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Forthcoming Summer 2025 from Cambridge!

Knowledge-Infused Learning:
Neurosymbolic Al for Explainability,
Interpretability, and
Safety
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Focus of Tutorle

NeuroSymbolic Al and Instructible Al

ector Symbolic Architectures

Grounding with Retrieval Augmented Generation

Explainability with Knowledge -infused Learning

OpenCHA: Domain Knowledge -driven

LLM-based Conversational Agent for Health



Model Size vs Explainability Trade-c
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Attention Maps and Layer Analysis and Attention Analysis and Token Attribution and
Feature Visualization | Activation Patterns Probing Tasks Hidden States with
Sparse Autoencoders
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Statistical Al is a Blackoows NeuroSymiolic Al
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Why NeuroSymbolic Al

Neural Implicit/Parametric
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Amit Sheth, Kaushik Roy, Manas GaurlNeurosymbolic Artificial Intelligence (Why, What, and How), IEEE Intelligent Systems, 38 (3), MayJune 2023



https://ieeexplore.ieee.org/document/10148662

Instructability

The capability of Al systems to be
taught and guided by humans to
cause intentional behaviours.
Features:
¢  Skill Acquisition
¢ Knowledge-Gap
management
¢ Human-Al Interaction
e Explainability
e Interpretability

. e Observability
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Commands, Queries ﬂ( . ‘-E'
and Responses - M )
P )

= =

Corrections
and Learnings
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Grounding

The process of establishing
meaningful connections between
Al representations and the real
world, ensuring Al systems
understand and interact with their
environment effectively.

A Features:

Symbolic Grounding
Functional Grounding
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Explainability

A Explanations that use terms and
connections specific to a

particular field or industry are more
useful than general words that
don't help people take action.

A Features:
Local and Global
Explanations
Causality
User-Appropriate
Explanations

Interpretabili Interpretabili
Labeled Dataset P o Labeled Dataset P o

Experience
(e.g. History)

Generative  Classification Information
Output Output graph (KG,

L

s

Generative
Output

Experience  Web Search Expe ] AN
(e.g. History) Corpus Guidelines T

User-level Explainability User-level Explainability



NeuroSymbolic Al

Neuro-symbolic Atechniguesincorporate broader forms of
knowledge(lexical, domainspecific, commorsense, and
constraintbased)into addressing limitations of either symbolic or
statistical Al approaches, suchrasdel interpretations anduser-
level explanations.Compared to powerful statistical Al that
exploits data,NeSybenefits fromdata and knowledge




Neurosymbolic
Al Iin the Era of
Large Language
Models




Copilots for
Health,

Manufacturing

Explainable and
Attributable
Reasoning on

Narratives

Implicit
Personalization in
Domain-specific
Conversations

Grounded Debiasing
using Rules and

Domain Knowledge
(No additional Data)

Worktlows-
ocuided Safe
Decision Making

Social Wellare
Optimized
Ensemble of I.LI.LMs

Applications of NeuroSymbolic Al with a focus on
Grounding, Explainability, and Instructibility (EGI)




NeuroSymbolic in Machine Learning and Natural Language Processi

Memory Query Answer

(DANTE, born-in, X)

\ 4
Symbolic
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Memory Access
born-in
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“Dante was born in [MASK]|.”

4 Y »
Neural LM

Memory Access

LM

Florence

e.g. ELMo/BERT

Petroni, F.,Rocktéaschel, T., Riedel, S., Lewis, P., Bakhtin, A., Wu, Y., & Miller, A. (2019, November). Language Models as Knowledge BasEs@cérdings of the 2019 Conference on Empirical
Methods in Natural Language Processing and the 9th International Joint Conference on Natural Language Processing (EMNLIRLP)



Data Hyperparameters
yperp Knowledge Lexicons

Rules
Graphs

Neural Al Symbolic Al
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Computing Power
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Wellness Dimension

Eight Dimensions of Wellness

SOCIAL SPIRITUAL

FINANCIAL PHYSICAL

N leR\-'!(;f.-'.‘,-_(" . ENV[RNMENT

Substance Abuse and Mental Health Services Administration

XSAMHSA

Source: Adapted from Swarbrick, M. (2006). A Wellness Approach.
Psychiatric Rehabilitation Journal, 29(4), 311-314.

www.samhsa.gov



Wellness Dimension

Wellness Dimension Definitions and
Questionnaire

EMOTIONAL
Coping effectively with life and creating
satisfying relationships.
ENVIRONMENTAL
Good health by occupying pleasant,
stimulating environments
that support well-being.

FINANCIAL
Satlsfactxon with current and
future financial situations.

INTELLECTUAL

SOCIAL
Recognizing creative abilities 8 DIMENSIONS OF i

Developing a sense of
and finding ways to expand W E L L N E S S connection, belonging, and a

knowledge and skills. well-developed support system.

PHYSICAL
Recognizing the need for physical
activity, diet, sleep, and nutrition.

SPIRITUAL
Expanding our sense of
purpose and meaning in life.

OCCUPATIONAL
Personal satisfaction and
enrichment derived from one’s work.

WX SERVICE
Substance Abuse and Mental Health Services Administration o U

XSAMHSA

hsa '} https:// store.samhsa.govsites/default/files/smal6 -4958.pdf
www.samhsa.gov ’f.’ra,lr“"

%
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Content worth 4000 users
6 Wellness Dimensions

A Physical
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Clinical expert explanations



Explanation Explanation
Ar A
Definitions N-
Context
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Prediction Explanation Explanation
Ar ‘r

Questionnaire
Chain of Thoughts with Workflow-baséd
Definitions In-Context Learning
Attention Attention
Matrix Matrix

Design 3 Design 4




Robustness using SVD Attention Rank (lower is better)
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Hybridized
Architectures:
NeuroSymbolic Al

Prediction Explanation
Questionnaire

Workflow-baged
In-Context Lgarning

Attention
Matrix

T

Design 4

Prediction

Definitions

In-Context
Learning

Explanation

Attention
Matrix




Domain Data

{(

Raw data from specific domain and processes

QO Process Knowledge

Expert-defined rules, constraints, and process sequ

Process
Knowledge -infused
Transform process knowledge into neural represent: .

Learning

<>

&) Infused Learning

Joint training with data and embedded knowledge

Key Benefits:

- Enhanced model interpretability through explicit process knowledge
- Improved generalization by incorporating domain expertise

« Better constraint satisfaction in predictions

- Reduced data requirements through knowledge guidance



Simple Text Classification

| am really struggling with my bisexuality, which is causing

chaos in my relationship with a girl. Being a fan of the LGBTQ

O2YYdzyAGez L Y Sldzat G2 ¢g2NIKfSaa G2 KSNd» LQY 206 af
380 RNHzy| 050rdzas L OFyaid 025 sPrecess Knowleol Ay
thoughts | need to get out of my head. . _
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members, and my nevernding loneliness brights up my path

to death, better form than data-

| do have the potential to live a decent life, but not with people ] . ]

who abandon me. Hopelessness and feelings of betrayal have dr|Ven ClaSS|f|Cat|On
turned my nights into days. | am developing insomnia because

of my restlegsne:ss. - X ] X o {:J
L 2dzau OFyQu u4lF1S AU FYyeY2ZNB® . SSYy | 05[’) I 3 7
someone | cared about. I've been diagnosed with borderline for

I 6KAESYT YR LQY 2dzad 3I2Ay3 02 Aazftl YR &f ¢

Y = Suicide ldeation



Simple Text Classification

| am really struggling with my bisexuality, which is causing Process Knowleddeased Classification

chaos in my relationship with a girl. Being a fan of the LGBT

O2YYdzyAluéz L Y Sldzrt G2 ¢ 2NIH&sthésabiectistedifcvdddrador@¥hey 2 6 &
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members, and my nevernding loneliness brights up my path Hasthe subjecthad anythoughtsof killing himself?

to death. YES

| do have the potential to live a decent life, but not with peopl

who abandon me. Hopelessness and feelings of betrayal hajge Hasthe subject been thinking about how he might do

turned my nights into days. | am developing insomnia becauge this?

of my restlessness. NO
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someone | cared about. I've been diagnosed with borderline for Hasthe subjecthasthese thoughts and someintentions
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Simple Text Classification

Indication

-F all No

Yes

(Question-s

Ideation

<ests >

Ideation

| am really struggling with my bisexuality, which is causing
chaos in my relationship with a girl. Being a fan of the LGBT
O2YYdzyAtez L Y Sldzrt G2 62
3SG RNMXzy1 0SOFdzaS L OFyQi
thoughts | need to get out of my head.

52y Q0 gl yd G2 tAQGS | yeY2NBd
members, and my neveending loneliness brights up my path
to death.

| do have the potential to live a decent life, but not with peor
who abandon me. Hopelessness and feelings of betrayal ha
turned my nights into days. | am developing insomnia becau
of my restlessness.
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Y = Suicide Ideation



SUICIDE IDEATION DEFINITIONS AND PROMPTS

Past
month

Ask questions that are bolded and underlined.

YES | NO

Ask Questions 1 and 2

Yes

( Question-1 )

No

Test1

Yes

C Question-2 )

No

|

C Question-3 >
CQuestion-4>
( Question-5 )

1) Wish to be Dead:
Person endorses thoughts about & wish to be dead or not alive anymore, or wish to fall asleep
and not wake up.

2) Suicidal Thoughts:
General non-specific thoughts of wanting to end one’s life/commit suicide, " lve thought about
killing myself without general thoughts of ways to kill ocneself/associated methods, intent, or
plan.
Have you actually had any thoughts of killing yourself?
If YES to 2, ask questions 2, 4, 5, and 6. If NO to 2, go directly to question 6.

3) Suicidal Thoughts with Method (without Specific Plan or Intent to Act):
Person endorses thoughts of suicide and has thought of a least one method during the
assessment peried. This is different than a specific plan with time, place or method details
worked out. "I thought about taking an overdose but I never made a specific plan as to when
where or how I would actually do it...and I would never go through with it.”
Have you been thinking about how you might kill yourself?

4} Suicidal Intent (without Specific Plan):
Active suicidal thoughts of killing oneself and patient reports having some intent to act on such
thoughts, as opposed to ™I fave the thoughts but I definitaly will not do anything about them.”
Have you had these thoughis and had some intention of acting on them?

5) Suicide Intent with Specific Plan:
Thoughts of killing oneself with details of plan fully or partially worked out and person has
some intent to carry it out.

6) Suicide Behavior Question:

Have you ever done anything, started to do anything. or prepared to do anything to

end your life?

Examples: Collected pills, obtainad a gun, gave away valuables, wrote a will or suicide nots,
took out pills but didn't swallow any, held a gun but changed your mind or it was grabbed from
your hand, went to the roof but didn't jump; or actually took pills, tried to shoot yourself, cut
yourself, tried to hang yourself, stc.

If YES, ask: How long age did vou do any of these?

» Owver a year ago? - Between three months and a year ago? - Within the last three months?

If all No

Yes

(Question-ﬁ

v

Indication

\TestZ/

Ideation

<este >

Yes

l

Ideation




Process Knowledge Structure in C-SSRS

Question-1 Decision Tree: Yuser =

Optimize by Bernoulli loss

Indication | R .
(Lyes(qi))(1 — Lno(qi)) = | * ssz(lRf" b
P

qu'
y T S
|R€h‘ l

)>:|:92

sub

_ Don’t want to live anymore. Sexually assault, ignorant family
Question-3 @ members and my never ending loneliness brights up my path
Question-4 todeath. [...] I've been diagnosed with borderline for a while,

and I'm just going to isolate myself and sleep forever.
(. J
Y

psub

'

Has subject had any thoughts of killing
himself? YES

Question-5




Process Knowledge Structure in C-SSRS

No

Test‘l/

Yes

(_ Question-2 )

Y

Indication

Ideation

|

Ideation

| wish | could give a shit about what would
make it to the front page. | have been there
and got nothing. Same as my life. | do have a
gun.’, 'l thought | was talking about it. | am
not on a ledge or something, but | do

have my gun in my lap., ‘No. | made sure
she got an education and she knows how
to get a job. | also have recently bought
her clothes to make her more attractive.
She has told me she only loves me because

| buy her things. 1

1. Wish to be dead - Yes
2. Non-specific Active Suicidal
Thoughts - Yes

3. Active Suicidal Ideation with
Some Intent to Act - Yes

4. Label: Suicide Behavior o




Process Knowledge Structure in C-SSRS
(Question )

No

Test1
p Y

Yes Indication
(' Question-2 )
es /Te st2\ No
~~— |
Ideation

Ideation




