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WHAT IS NEURAL EQUIVALENT FOR 
THE MOLECULAR TREATMENT OF DISEASE?

DNA RNA Protein

?

Diseases of protein dysregulation

Genetic intervention

Diseases of disrupted cognitive computation?

Neural intervention?
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Barbier et al., 2022



GENOMICS SPURRED ADVANCES ACROSS MOLECULAR BIOLOGY

Genome Transcriptome Proteome

Bioinformatics
Computational

Biophysics

The transcriptome is constrained by the genome

The proteome is constrained by the transcriptome
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Connectome Activity? Computations?

Neuroinformatics
Computational
Neuroscience

Ç Neuroscience has no idea what belongs here and how 
to connect them

Ç How do we characterize neural activity in way 
constrained by connectome?

Ç How do we characterize computations possible with 
brainɅs connectome and activity?

The transcriptome is constrained by the genome

The proteome is constrained by the transcriptome

High-density imaging 
and recordings?

NeuroAI?



HYPOTHESIS: CAN NEUROMORPHIC REVEAL COMPUTOME?

Connectome Activity? Computations?

Full-scale circuit simulations Neural Algorithms

Scalable Neuromorphic Computing



NEUROMORPHIC COMPUTING AS AN ENABLING TECHNOLOGY?

Wang & Aimone, Nat Comp Sci 2024 Kudithipudi et al, Nature 2025

Simulating connectome -scale circuits is 
intractable on conventional hardwareɎ

WorldɅs Largest Computers

Ɏ neuromorphic hardware is now reaching brain-scales



Shiu et al., Nature 2024

125,000 neurons
50 million synapses

ϥntelɅs Loihi 2 neuromorphic chip
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Felix Wang, William Severa, Brad Theilman



SIMULATIONS OF SMALL CONNECTOMES ARE 100X FASTER ON 
NEUROMORPHIC HARDWARE

Felix Wang, William Severa, Brad Theilman, in preparation; https://arxiv.org/pdf/2508.16792



SIMULATIONS (AND NEURAL DATA) IS ONLY A SNAPSHOT

Connectome Activity? Computations?

Neural Algorithms

Scalable Neuromorphic Computing

Full-scale circuit simulations



LARGE-SCALE SIMULATIONS CREATE A BIG DATA CHALLENGE

Wang et al., IOP NCE 2024

ü Neural simulations can replicate cortical -like 
spiking activity

ü In simulation, we can scale these up to millions 
of neurons on HPC platforms (Wang et al., IOP 
Neuromorphic Computing and Engineering 
2024)

ü Have we created a new big data problem?



HOW MANY NEURONS DO WE NEED TO RECORD FROM?

All in simulation, so why not record 
from every neuron? 

Input/Output is expensive, 
can only observe subset of neural activity



CHALLENGE: CAN WE MOVE FROM A SERIAL PERSPECTIVE OF NEURAL 
ACTIVITY TO A CAUSAL AND STRUCTURE-BASED ABSTRACTION?

ü Connect causally-related spikes 

Functional 
Correlations

Structural 
Relationship

GNATs
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Brad Theilman



GRAPHICAL NEURAL ACTIVITY THREADS (GNATS)



GNATS ARE REPEATED OVER TIME AND ARE INDUCED BY INPUTS



ü GNATs provide a functional - and anatomical -
based abstraction from individual spikes

ü Provides a potential mechanism for integrating 
information across different timescales of 
sensory modalities and behavioral outputs

ü Potentially a more stable and useful 
readout for neuromorphic and neurotech

ü Enables computation to be robust to variation 
in individual spikes which can make 
probabilistic frameworks for neural 
computation more viable

ÅNext steps

ü Exploring GNATs on birdsong data (with 
Tim Gentner, UCSD) and formal 
mathematical analysis (with Joel Rosenfeld, 
USF) in new CRCNS project



NEURAL ACTIVITY IS CONSTRAINED BY CONNECTOME

Connectome Neural Computome ?

Neural Algorithms

Scalable Neuromorphic Computing

Full-scale circuit simulations

Activity 
Threads?
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Connectome Neural Computome ?

Scalable Neuromorphic Computing

Full-scale circuit simulations

Activity 
Threads?

Neural Algorithms

?????



Å Locally dense, globally sparse connectivity

Å Scalable: neighbors ~ O(1)

Å Sparse spiking activity

Neuromorphic virtues:

NEUROFEM: NEUROMORPHIC HARDWARE CAN SOLVE SPARSE LINEAR 
SYSTEMS

Theilman and Aimone, Nature Machine Intelligence 2025



Theilman and Aimone, Nature Machine Intelligence 2025



Theilman and Aimone, Nature Machine Intelligence 2025



NEUROFEM IS SIMILAR IN SPEED TO GMRES AND CONJUGATE 
GRADIENT

Conjugate gradient is faster at small 
scales, but can only be used for 
symmetric matrices

Neuromorphic solution is general 

Theilman and Aimone, Nature Machine Intelligence 2025



NEUROFEM SHOWS COMPELLING STRONG AND WEAK SCALING

Strong Scaling Weak Scaling

Theilman and Aimone, Nature Machine Intelligence 2025



CAN NEUROMORPHIC COMPUTING LINK 
CONNECTOME TO COMPUTOME? 

Connectome Neural Computome

Scalable Neuromorphic Computing

Full-scale circuit simulations

Activity 
Threads?

Neural Algorithms

?????
constrains constrains


