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> 1 DENDRITIC TOOLKIT FOR COMPUTATION

Dendrites are tree-like structures that ‘
connect neurons synapses to its soma.

Dendrites are not just wires!

They can perform interesting computation
like:
= Coincidence Detection

= Current Summation

= Directional selectivity

= Non-linear filtering

=  Amplification of Synaptic inputs I
Increased Connectivity and i

London 2005, Poirazi 2020 Computation



‘ DENDRITE MODELING
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4 ‘ SINGLE NEURON MULTIPLICATION

Groschner et al., Nature 2022

Leveraging Inhibition

Shunting Inhibition/
Leveraging Leakage
Conductance

Comp

Y

th_NMDA

compartmental membrane  Tumpa
— =

ME Vieml[V] V,
mem - — NMDA
M_Lor 0.60 -
- Vth_NMDA
U Bleak 8umpa 095
Trmioa 0.50
Vleak
Vie, v 045 - : : -
T ™M T a0 80 120 tiws]
Schemmel, Johannes, et
al., IEEE [ICNN, 2017.
180
160
140
% 120
:Z 100
>“E 80
= o Lobula giant movement
o detector (LGMD) of locusts
. Gabbiani et al., Nature 2002 [

0.5 1 L5 2 25
Time (ms)

Dendrites with Active Channel,
Ramakrishnan et al., IEEE
TBIOCAS, 2013.

NMDA /Ca

Multiplication based on dendritic I
subtraction of two converging inputs
encoded logarithmically, followed byI

exponentiation through active
membrane conductances. I



SINGLE NEURON MULTIPLICATION

from fan-shaped body of Drosophila brain
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6 IDRAGONFLY WITH DENDRITES y e
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NEUROMORPHIC CODESIGN

Algorithms ~ Devices & Physics of
Circuits Computing

Coordinate transformations from Dragonflies to Neuromorphic Hardware
Lead PI: Frances Chance, SNL

R GT FPAA Intel’'s Loihi
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DRAGONFLY INTERCEPTION WITH DENDRITES
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DRAGONFLY INTERCEPTION WITH DENDRITES
> " COMPARISON
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10 | DIRECTION-SELECTIVE DENDRITES z-A""p”tTT;H m
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11 | DIRECTION SELECTIVE CIRCUITS
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DIRECTION-SELECTIVE CELLS FOR COMPLEX
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NEUROMORPHIC COMPUTING CHALLENGE:

SCALABILITY VS. COMPLEXITY
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However, to achieve brain-like
complexity we need both scaling
and rich dynamics.

= Solving ill-structured problems

= Online learning
= Transfer learning

Understanding fundamental
mechanisms in neuroscience,
translated to algorithms and models
will influence next-generation
devices, architectures and intelligent
computing systems
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