
Steps towards the 
Open Worm project

Stephen D. Larson
http://openworm.googlecode.com

NeuroML3rd Annual Meeting
London, 4/1/2011



What neuroscience can learn 
from AI: embodiment



What neuroscience can learn 
from AI: embodiment

World

Sensor 
input, Control 
System, Moto

r output

ȰÂÏÄÙȱ



What neuroscience can learn 
from AI: embodiment

World



Virtual physical organisms 
in a computer simulation



Enter the worm: c. elegans

7ÈÁÔȭÓ 
up, baby?



)Î ÓÅÁÒÃÈ ÏÆ ÎÁÔÕÒÅƦÓ ÄÅÓÉÇÎ 
principles via simulation

ÅHow can a humble worm regulate itself?

ïReproduces

ïAvoids predators

ïSurvives in different chemical and temperature 
environments

ïSeeks and finds food sources in an ever changing 
landscape

ïDistributes nutrients across its own cells

ïManages waste and eliminates it



Enter the worm: c. elegans

)ȭÖÅ ÏÎÌÙ ÇÏÔ 
1000 cells in 
my whole 
ÂÏÄÙȣ ÐÌÅÁÓÅ 
simulate me!



Worm structure

Á~1000 cells

Á302 neurons

Á50k synapses

Á95 muscles



A complete simulation of the 
×ÏÒÍƦÓ ÂÒÁÉÎƗ ÂÏÄÙ ÁÎÄ 
environment

Simulated
World
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The goal: understanding a 
faithfully simulated nervous 
system end to end

Extracting mathematical principles from simple nervous 
systems is necessary if we are going to understand and 
reconstruct the much larger nervous system of the human.



Outreach: put the model 
online and let the world 
play with it

ÅSex: Hermaphrodite
ÅInterested in: 
Escaping my worm 
Matrix
ÅRelationship status: 
Its complicated.



How much do we know about the 
worm?
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Full connectome

Varshney, Chen, Paniaqua, Hall and Chklovskii, 2011



Entire cell lineage mapped



Entire cell lineage mapped


