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Outline
• Motivation: AI systems as (buggy) computer programs
• The spectrum of neurosymbolic foundation models
• Should foundation models be debuggable?
• A framework for stackable multi-level foundation 

models
• Summary
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Let’s identify an error in an LLM
Gemini May 5/2025
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The Springside Theodore Combines
• the province of Saskatchewan 

had an “A” (cf. “AA,”  “AAA,” 
“MLB”) semi-professional 
baseball league

• Springside and Theodore 
were two small farming towns 
that didn’t have enough 
players unless they combined

• So they formed a baseball 
team called the “Springside 
Theodore Combines.”

Pop. 525

Pop. 315
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…but a combine can be many things 
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Let’s identify an LLM error



The Query/Update/Explain 
paradigm (QUE)
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The Query/Update/Explain paradigm
• There are only three ways 

to interact with a 
computer program:

• Ask a question (what, 
where, how, when, …)

• Provide an input (fact, 
opinion, observation, …)

• Ask for an explanation of an 
answer (justify an answer 
to a question)

Questions

Inputs

Answers/Explanations
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McCarthy’s Advice Taker
The main advantage 
we expect the advice 
taker to have is that its 
behavior will be 
improvable by merely 
making statements to 
it…



The spectrum of 
neurosymbolic foundation 
models
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What are foundation models?
• “Foundation models are large AI models trained on massive, diverse datasets, 

allowing them to be adapted to a wide range of tasks. They are essentially pre-
trained, general-purpose models that can be fine-tuned for specific applications, 
serving as a foundation for building various AI applications.”

- Google Gemini

• “A foundation model, also known as large X model (LxM), is a machine learning or 
deep learning model that is trained on vast datasets so it can be applied across a wide 
range of use cases.[1] Generative AI applications like Large Language Models are 
common examples of foundation models.”

- Wikipedia

• “AI is undergoing a paradigm shift with the rise of models (e.g., BERT, DALL-E, GPT-3) 
that are trained on broad data at scale and are adaptable to a wide range of downstream 
tasks. We call these models foundation models to underscore their critically central yet 
incomplete character.”
- multi-author (≈100) paper from Center for Research on Foundation Models, Stanford Institute for Human-Centered AI https://arxiv.org/abs/2108.07258

https://en.wikipedia.org/wiki/Machine_learning
https://en.wikipedia.org/wiki/Deep_learning
https://en.wikipedia.org/wiki/Foundation_model#cite_note-:1-1
https://en.wikipedia.org/wiki/Generative_artificial_intelligence
https://en.wikipedia.org/wiki/Large_language_model
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https://www.linkedin.com/posts/martin-ciupa-76418b17_heres-a-personal-breakdown-of-the-history-activity-7189730184667783169-dphx/
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A plausible spectrum of 
neurosymbolic foundational models

logic probability neural nets

Logic-based 
Foundation modelsLogic-based

foundation models

probability-based 
foundation models

reinforcement learning-based
foundation models

deep learning-based 
foundation models
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Dan Kahneman, Economics Nobel 
Laureate 2002
• More 

recently, 
proponent 
of “Thinking 
Fast, 
Thinking 
Slow.”
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Kahneman’s (2013) fast and slow 
thinking

De Raedt et al., From Statistical Relational to Neuro-Symbolic Artificial Intelligence
https://arxiv.org/abs/2003.08316
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Is that a tiger under my table?
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A plausible neurosymbolic 
framework
logic probability neural nets

Thinking slow … Thinking fast …

Logic-based 
Foundation models

Logic-based 
foundation models

probability-based 
foundation models

reinforcement learning-based
foundation models

deep learning-based 
foundation models
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High input volume, low value 
capture

• LLMs built by transformers are 
the Pandas of the machine 
learning world.

• When one hears about “running 
out of data,” think about 
running out of bamboo … if you 
get at most 30% value, you will 
need a lot to survive

• Pandas spend 41-66% of their 
day eating.

• Pandas deficate about 40 times 
a day … not sure about LLMs ;-)
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A spectrum of AI development 
models
logic probability neural nets

Thinking slow … Thinking fast …

Logic-based 
Foundation models

Logic-based 
foundation models

probability-based 
foundation models

reinforcement learning-based
foundation models

deep learning-based 
foundation models



QUEx for x=logic, 
probability, reinforcement 
learning, deep neural 
networks
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We need QUE for every foundation 
model
logic probability neural nets

Logic-based 
Foundation models

Logic-based 
foundation models

probability-based 
foundation models

reinforcement learning-based
foundation models

deep learning-based 
foundation models

QUEL
QUEP QUERL

QUENN
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AGM Belief Revision

Alchourrón, Carlos E., Peter Gärdenfors, and David Makinson. “On the Logic of Theory Change: Partial Meet 
Contraction and Revision Functions.” The Journal of Symbolic Logic 50, no. 2 (1985): 510–30. 
https://doi.org/10.2307/2274239.

Alchourrón

Gärdenfors

MakinsonA
A -> B

A -> B

A
?B-
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Bayes rule for probability calculation

Computation of conditional 
probability for n random variables
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RL Policy Debugging
• Required:

- What 
constitutes a 
reinforcement 
learning policy 
bug?

- How much 
reward/return 
history is 
required to 
rationalize a 
policy change? https://github.com/andyljones/reinforcement-learning-

discord-wiki/wiki#debugging-advice

Action1

Action2

Action3

…

Actionn

Action3

Action2

Actionn

…

Action1

debug

Andy Barto Rich Sutton
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Backpropagation 
• Backpropagatio

n provides a 
generic “loss 
function,” 
which identifies 
weights 
contributing to 
incorrection 
output, so that 
weights can be 
adjusted to 
improve output.

Rumelhart, D., Hinton, G. & Williams, R. Learning 
representations by back-propagating errors. Nature 323, 533–
536 (1986). https://doi.org/10.1038/323533a0
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What does QUE look like for QUEL
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What does QUE look like for QUEP
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What does QUE look like for QUERL

Why choose action Ai from a 
Reinforcement Learning 
Policy?

Policy = {A1, A2 , … Ai , … An} 

Explanation must be in terms 
of relevant reward/return 
used to learn Markov Decision 
Policy (MDP)
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What does QUE look like for QUENN

But back propagation can only 
“improve” the accuracy of subsequent 
prediction, not CORRECT it.



A framework for stackable 
multi-level foundation 
models
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Foundation Models and Explainable 
AI (XAI)

• XAI is the ability of an AI 
system to represent itself 
sufficiently adequately to 
provide explanations of its 
predictive output

• [insert Abed example-
based XAI]

https://adamfard.com/blog/explainable-ai
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A plausible neurosymbolic 
framework
logic probability neural nets

Logic-based 
Foundation models

Logic-based 
foundation models

probability-based 
foundation models

reinforcement learning-based
foundation models

deep learning-based 
foundation models
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A “stackable” neurosymbolic 
framework logic

probability
RL

Logic-based 
Foundation models

Logic-based 
foundation models

probability-based 
foundation models

reinforcement learning-based
foundation models

deep learning-based 
foundation models

Different mechanisms for 
Query, Update, and 
Explanation

neural nets
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A coordinated “stackable” 
neurosymbolic framework

Logic-based 
Foundation models

Logic-based 
foundation models

probability-based 
foundation models

reinforcement learning-based
foundation models

deep learning-based 
foundation models

facts
Inference rules

dependencies & priors
Bayes’ rule

weighted dependencies
encoders/decoders

action policies
reward/return rules
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Gödel/Turing/Hawking challenges 
abound …

facts
Inference rules

dependencies & priors
Bayes’ rule

weighted dependencies
encoders/decoders

action policies
reward/return rules

representation
self representation

Each model has a
 Gödel/Turing/Hawking structure:
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A community versus a stack?

li

Pi

Ri

Ti

R

L1

T1

R1

P1

T2

P2

R2

L2



Agents and Societies of 
Agents
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Where did the word “Agentic” come 
from?
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Minsky’s Society of Mind
• One of the fathers of computer science and cofounder 

of the Artificial Intelligence Laboratory at MIT -- gives a 
revolutionary answer to the age-old "How does the mind 
work?"

• Minsky brilliantly portrays the mind as a "society" of tiny 
components that are themselves mindless. … As the 
pages turn, a unified theory of the mind emerges, like a 
mosaic. Ingenious, amusing, and easy to read, The 
Society of Mind is an adventure in imagination.

https://www.goodreads.com/book/show/326790.The_Society_of_Mind
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Marvin Minsky
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Bill Roscoe’s ”Digital Civilization”
• Digital civilisation provides structures through which 

we interact with governments, companies and each 
other, guaranteeing transparency, uniformity and 
adherence to common principles and rules.

• Civilisation is too important for us to allow Big Tech 
companies to design it for their own benefit. They 
have a huge role to play but should not be allowed 
to design its rules or to gather huge amounts of data 
on us without a much greater degree of informed 
consent than we see at present.

https://blockchain.univ.ox.ac.uk/wp-content/uploads/2023/07/Bill-Roscoe-Digital-Civilisation.pdf
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Michael Jordan’s “Agent Market 
Economy”

https://www.inria.fr/en/new-research-chair-bringing-together-economics-and-artificial-intelligence
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Anticipating an AI/human digital 
market …
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Combining paradigms …
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Anticipating an AI/human digital 
economy …

• Examples of agent/human market transactions:
• How do new agents get created?
• What does it cost to connect to an agent?
• How are agents incented to collaborate?
• How do agents establish trust?

• What else???



Summary
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Summary
• The foundational scientific 

challenges of AI are not close to 
being solved, e.g., can 
foundation models be debugged?

• Foundational Models will have to 
be blended to achieve the next 
wave of scientific progress in AI.

• Integration of the QUE paradigm 
across the neurosymbolic 
spectrum is essential; no one 
foundation model is adequate.

http://www.sciencecartoonsplus.com/gallery/computers/index.php#
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Summary
• Foundational models from the 

neurosymbolic spectrum will have to be 
blended to achieve the next wave of 
scientific progress in AI.

• The blending may not be uniform, but 
specific to particular applications, e.g., 
compare precision health with visual arts 
entertainment.

• The degree to which foundational 
components are explainable determines 
the choice of representation and the 
evaluation of explanations.

• “Loss” functions, and debugging in general, 
must be based on explanatory foundations.

• Integration of mechanisms across the 
neurosymbolic stack is essential; no one 
foundation model is adequate.

http://www.sciencecartoonsplus.com/gallery/math/index.php#
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Openmind
• Long term open research 

agenda based on Alberta Plan 
(see https://arxiv.org
/pdf/2208.11173)

• Non-PI driven research plan 
focused on artificial 
intelligence, continual 
learning, and experience-
based learning

• See
 https://www.openmindresearc
h.org
)

https://arxiv.org/pdf/2208.11173
https://arxiv.org/pdf/2208.11173
https://arxiv.org/pdf/2208.11173
https://www.openmindresearch.org/
https://www.openmindresearch.org/
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Openmind’s Research Agenda
• Mission: Understand intelligence and share it openly with the world
• Our core research direction is outlined in the Alberta Plan for AI Research 

(Sutton, Bowling, Pilarski, 2022)
• Algorithm development for learning agentsMeta-learning, Average reward, 

Streaming, Continual learning 
• Building complete systems to evaluate our understandinge.g. Robot ants

• Our focus on understanding intelligence requires ongoing engagement 
with important technology changes

• Advances in edge computing can change the relevant computational complexity 
measures(sparse computation, energy efficiency, memory and compute costs)

• New sensing, actuation, and integrated systems can open up a new research 
questions (robot playpens, robot skin, long-term autonomy, exploring sound 
spaces or the EM spectrum)

• Two-way influence between future applications and future algorithms
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Openmind’s organization
• Openmind Canada

• Not-for-profit, incorporated in 2023
• Virtual research organization, mostly run from Edmonton

• Openmind Global
• Not-for-profit, incorporated 2025
• Global entity for establishing regional labs

• Openmind SEA (South East Asia)
• Virtual/physical research organization, potential connections 

with Malaysia, Singapore, Macau, Hong Kong, Thailand, 
Indonesia



Complexity of Foundation 
Models
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Caricature of Transformer-created 
Foundation Models

https://claude.ai/chat/b4312b81-d166-47fb-bf90-4efbec184a36
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What do deep neural models look 
like?

• Meta release of Llama-3 
representation choices:

• Huggingface “Safe Tensor Format.”
• https://huggingface.co/docs/text-generatio

n-inference/en/conceptual/safetensors#

• Model Weights in “bfloat16” format
• https://en.wikipedia.org/wiki/

Bfloat16_floating-point_format

https://visit-sphinx-github-user-manual.readthedocs.io/en/
develop/using_visit/Plots/PlotTypes/TensorPlot.html

https://huggingface.co/docs/text-generation-inference/en/conceptual/safetensors
https://huggingface.co/docs/text-generation-inference/en/conceptual/safetensors


Ontology Summit, March 11, 2026

What portion is used for inference?
• open source versus open 

weights?
• Gemini says

 “DeepSeek-V3 has a total of 671 
billion parameters. This includes the 
main model weights and the Multi-
Token Prediction (MTP) Module 
weights. Specifically, the main model 
has 671 billion parameters, while the 
MTP module adds another 14 billion, 
bringing the total to 685 
billion. During inference, only a 
subset of these parameters are 
activated, specifically 37 billion.”https://visit-sphinx-github-user-manual.readthedocs.io/en/

develop/using_visit/Plots/PlotTypes/TensorPlot.html
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… but AlphaEvolve has generative 
AI components?

• “AlphaEvolve leverages an 
ensemble of state-of-the-art 
large language models: our 
fastest and most efficient 
model, Gemini Flash, 
maximizes the breadth of 
ideas explored, while our most 
powerful model, Gemini Pro, 
provides critical depth with 
insightful suggestions. 
Together, these models 
propose computer programs 
that implement algorithmic 
solutions as code.

https://deepmind.google/discover/blog/alphaevolve-a-gemini-powered-coding-agent-for-designing-advanced-algorithms/

https://deepmind.google/technologies/gemini/flash/?_gl=1*7wovog*_up*MQ..*_ga*ODcyNjk2MzY0LjE3NDYxODE1OTY.*_ga_LS8HVHCNQ0*MTc0NjE4MTU5NS4xLjAuMTc0NjE4MTU5OS4wLjAuMA..
https://deepmind.google/technologies/gemini/pro/?_gl=1*5ncg4r*_up*MQ..*_ga*ODcyNjk2MzY0LjE3NDYxODE1OTY.*_ga_LS8HVHCNQ0*MTc0NjE4MTU5NS4xLjAuMTc0NjE4MTU5OS4wLjAuMA..
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Visualizing Transformer 
Architectures

https://bbycroft.net/llm

…
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Google’s Visual Model Explorer
“Model Explorer is a powerful 
graph visualization tool that 
helps one understand, 
debug, and optimize ML 
models. It specializes in 
visualizing large graphs in an 
intuitive, hierarchical format, 
but works well for smaller 
models as well.”

https://research.google/blog/model-explorer/
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Visualize “large” and “small” 
PyTorch/TensorFlo  models …

“Model Explorer supports 
multiple graph formats, 
including those used by 
JAX,r PyTorch, TensorFlow
 and TensorFlow Lite. 

Developed originally as a 
utility for Google 
researchers and 
engineers

Model Explorer is now 
publicly available as part 
of our Google AI Edge
 family of products.”

https://jax.readthedocs.io/en/latest/index.html
https://pytorch.org/
https://www.tensorflow.org/
https://www.tensorflow.org/lite
http://goo.gle/ai-edge
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Meta’s “Scalable Memory Layers”
“Scalable memory layers add 
more parameters to LLMs to 
increase their learning capacity 
without requiring additional 
compute resources. The 
architecture is useful for 
applications where you can 
spare extra memory for factual 
knowledge but also want the 
inference speed of nimbler 
models.”

Berges et al., “Memory layers at scale,” Meta FAIR, https://arxiv.org/abs/2412.09764
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Hints at a refreshed trajectory of AI 
research

“After a summer spent grappling with the 
staggering compute costs of large-scale AI, 
the industry's focus is rapidly shifting to 
efficiency. 
Google's release of EmbeddingGemma, a top-
performing small model, is the latest and 
most significant move in this direction. It 
follows a wave of innovation from companies 
like Hugging Face and Liquid AI, all aiming to 
prove that the future of AI isn't just about 
building bigger models, but building smarter 
ones that can deliver powerful results 
without breaking the bank — or the battery.”

https://venturebeat.com/ai/googles-mobile-ready-
embeddinggemma-ranks-highest-in-embedding-leaderboard?
utm_source=Iterable&utm_medium=email&utm_campaign=VBDaily
-Iterable

https://links.venturebeat.com/s/c/f-2eKEah8L7m7yrQazk-30Fv36K6L9HpHLsKWtezPQC1PNDvTC1qj89uem2zfDVj1VdPe0WjP0QVz3GOqSHPlu2EnusSKearrcRYURlffy1TPcD-d25R8uNMMFwoSEU9nObyNRQ9QN2xWV45H_GX6xcsHX2Bxv79Pd2KrGSdyYi1ioWm-TmNSVeqjDctOT1ZqQGEMKVHKXTy7gZ909aO5M0NSeSWdslBcdkB8E1EZttqK65EsnDoPSj_-glVaqqEtB3WYEQVeRzTDI82TBikVyfs7NkzEgO7yjds7bTY1HX1-DlpSpDIuUW-XUwEFwcUwz4K6jPd9D7KRVICQDTQ8SJKlWUeoK2DAZqoic5hLl1UJMyc1hhuaT0Wo73xNP3C3qtjwe_mg0PxZnJ5Aye_ILUyzcMSYXVc3AB_8gf3mLF19TPrbIV2a7xabkPnz8gC9ymS-EKoX7NsxZP3x-fJeMgGLrG-/HHxnIfJqDFCh9WRlqR80nv36uwymaBYT/12

