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What is behavior’”?






Zidane in a dish
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Courtship in Drosophi
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Marla B. Sokolowski

Nature Reviews Genetics 2, 879-892
(2001)
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E Chasing Time = [SS.CS]
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Phenomenology: many scales

A

movemes actions

| day court

hike
| hour dine flirt
| minute

walk open door havedrink  write A’

| second

step reach
| frame glance

10 pix 100 pix 1000 pix

activities



Parametrization

Individual features
1) velocity

2) angular velocity
3) min wing angle

4) max wing angle
5) mean wing length
6) body axes ratio

7) fg body ratio

8) image contrast

Relative features
9) distance between
10) leg distance

11) angle between
12) facing angle
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[Eyjolfsdottir, 2014]
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Ethograms

J CS male-male K CS male-female L Cha-Tra male-male
n=20 n=24 n=10

aggression aggression

6 wing threat

wing threat

.8 wing threat s
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cireling : ‘
\ wing wing
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wing extension circling &

courtship wing extension

[Dankert et al., Nature Methods, April 2009]
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by hand it would have taken (20+24+10)*1/3 * 3 * 7 = 400h



|_evels of enlightenment

e Description
e Phenomena

e Mechanisms



FINDING AGGRESSION NEURONS IN THE FLY

Genomic
— enhancer” | GAL4 I

Tissue-specific expression
of GAL4

A LIBRARIESuOF Drosophila SFRAINS WITH
DlFF&R\ENT GENETICALLY LABEEED POPULATIONS

%w OF NEURONS .W

GAL4 X=ion
channel
U gene
UAS
Transcriptional activation
of gene X

warmth-sensitive

hyperaggressive!



Analysis by synthesis
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[Braitenberg, 1984]



PLANNING

MOTOR

Action

Perception

group-level goals and plans

SOCIAL NETWORK

Interaction, cooperation,

. 7
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individual goals and plans

PREFRONTAL CORTEX

SOCIAL INTERACTION
plans, goals, behavior,
relationships ...
COGNITION
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pose, movemes, actions,
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|_evels of analysis

» Description

* Phenomena
o Grammar

e Purpose

* Mechanisms
* Performance
e Ontogeny

* Phylogeny



From phenomena to
mechanisms:
a simple example



[Branson et al. Nature Methods, Jun.’09]






[Branson et al. Nature Methods, Jun.’09]
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An engineers’ solution
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Try implementing it with 10° neurons

http://www.news.wisc.edu/newsphotos/images/fruit_fly research03_6801.JPG



http://www.news.wisc.edu/newsphotos/images/fruit_fly_research03_6801.JPG

collision n.17: t=4.45, -9, 6:59_9346, —¢45=—35.9597 v1 6:16, v45=28
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collision n.24: t=7.855, -¢6:—103.8353, —<p9=—54.548 v8=14, v =26
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Regressive motion




collision n.24: t=7.855, -¢6:—103.8353, —<p9=—54.548 v8=14, v =26
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EXperiment
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[Chalupka "15]
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|_evels of enlightenment

e Description - f1ly trajectories

e Phenomena - stops, chases, .. (actions)

e Grammar - T-stops, X-stops, (interactions)
e PUrpose - Avoid predation and collisions
e Mechanisms - regressive motion (implem. ?)
e Performance - Mobility, safety

 Ontogeny - Learning??

e Phylogeny - 27



Mechanism inference

[Eyjolfsdottir 2016,2017]



Fly-centric features
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Model architecture

""""" » generative

—» discriminative

Simulation:
- prediction as input

W(/ </ W(/ - compute v; on the fly

[Eyjolfsdottir 2016,2017]



Sanity check:
learning on a synthetic fly



Can the model learn generative control laws”

SynthFly Simulation

obstacle visible
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Interesting units

synthetic fly simulation

hidden unit .
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Classification






Discovery



Discovery: FlyBowl

tSNE dimensionality reduction

O female
QO male

right wing extension
left wing extension

h!;: hidden states of unsupervised model



Discovery: IAM-OnDB

W T stroke length W e \riter identity




Prediction






=d

S —

flavk\ﬂk‘.




Simulation



Simulation: FlyBowl

fly vision || M * [}

chamber vision



Simulation: FlyBowl

simulated




Simulation - handwriting
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summary

Brains, behavior and intelligence
Description

Phenomena

Mechanisms

Relationship with Al7
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