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Overall computational strategy
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Immunogenic antigen g Molecular recognition of
pathogen; antigen selection
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System-wide immune signaling;

Optimally synergistic adjuvant T antigen-adjuvant co-selection
for max immune memory

=

Mathematical Immunology &

Immunodynamics R4 M | | L



Knowledge-driven assembly of a digital twin

(a) The right pieces (b) Connecting the dots  (c) Explaining what | see (d) Collecting insightful data
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Asking computers to imagine and reason Asking computers to design
GenAl/ LLM; Docking/ MD Discrete event simulations

Asking computers to read Asking computers to program
Natural language processing (NLP) Evolutionary programming (GA)/ Machine Learning (ML)
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Connecting the dots with Al

@ Do they connect ?

; Accelerated best-quess screening -

of binding events

Advanced hypothesis generation

@ What is the functional consequence ? @

filling in gaps in our knowledge
of host biology

Mathematical Immunology &
Immunodynamics

What new data is
needed ?

Design maximally
informative trials
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What about size

Very compact — very specific

Smaller domain and task-speci- Local & highly secure

Reconstructing Biological Pathways by Applying Selective
Incremental Learning to (Very) Small Language Models

Very large — very general
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Llama 3 ~70 Billion parameters Tiny BERT ~ 4 Million parameters
Latest > several Trillion ) .
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Out of the box
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BERT Large
340 M parameters
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67 M parameters

Few-shot performance

] 4.4 M parameters
I

OF1
OAccuracy

* 80% training set (93 samples/class
balanced to minority class)

» 20% hold-out set (23 samples//class).

Tiny BERT
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Creating a specialist

& deepseck

DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via
Reinforcement Learning

DecpSeck-Al A selective incremental learning

research@deepseek.com

* Not all examples are informative or useful
» Partially redundant and/ or unreliable examples can:

* Introduce significant bias that washes out or overshadows
informative examples

Are hugely inefficient, unnecessarily long and resource-intensive
model fine-tuning

High containment data will be sparse, difficult and expensive to acquire

Deepseek-r1: Incentivizing reasoning capability in LLMs via reinforcement learning. arXiv
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The next most informative example

 Randomly (baseline control)

Conceptual criterion
* Least certain; diversity (entropy)

1. How confident or certain in my guess for this new example?
ve - P  Largest shiftin model (EGL)

2. What is the probability that | am guessing correctly > ¢ Label-informed ...Most certain but
probably wrong

Evaluating the Performance of Transformer-based models and ML
Strategies for Vaccine Epitope Selection (PRRS)
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Does protein A requlate protein B?

0.90
< ~1/3 of available sample pathway segments

0.85 : ~79% average predictive accuracy
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Does protein A requlate protein B?

Low entropy incorrect policy

Mid-course (iteration 14) PRC Late-course (iteration 25) PRC
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Validation of putative regulation

. . SLM predicted pathway
Assessing trustworthiness segments

+ Known documented
pathways segments (INDRA)

) o
/ \
\ Validation
Does protein A SLM G Constraint Pathway element in model pool
regulate protein B ‘ GOOg'f ‘ /-) S ‘ Presence / representation
» . BERT / (SAT) * Regulatory action (positive/ negative)
positively, negatively or not at all? @
State 2 Staten \ /
100 Million Parameters :

Participation and regulatorv action in model pool
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* Bidirectional encoder representations from transformers (BERT)



Powering Al models

d TPU (Google) ? _ ;

GPU chip

CPU chip L |
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GPU-accelerated modeling of biological regulatory networks
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Pushing scale
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Cross-disciplinary and embedded

Research Staff Graduate Students
L
- Joyce Reimer, MSc Aspen Erlandsson-Brisebois, U4. Dominic George, MSc candidate (with Rayan lab)
> & Biomedical Engineer Engineering Science Mathematics, U Sask
U Sask U Toronto

Al Logical reasoning and memory generation

Luis Gonzalez Dominguez, U4 (with Rayan Lab)
Mathematical Physics, U Sask
Quantum ML antigen pattern recognition

Numerical optimization,
HPC

Quantum ML circuit design

Student Alumni

o
Pranta Saha, BSc - Jason Broderick, U4 Chris Chen, BSc (cw Dhar lab)

Computer Science Engineering Science. Biochemistry, Microbiology and Immunology (BMl)
U Sask U Toronto (Wilson Lab) Kira Comfort. BSc

(cw Wilson, Khatooni, Tikoo labs)

Biochemistry, Microbiology and Immunology (BMl)

- NLP, ML, Gen-Al Quantum optimization

Across disciplines, colleges and institutions
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[t takes a village
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