


Machado et al, 2015

Mathis et al (201

Romero-Ferrero et al, 2019

Kanishk Jain

t=0.00s

Pereira et al (2018)



Down from Raise/
Low rear Scan

—

w (cycles/sec)

Low Rear High Rear

Turn Left High Dart

Wiltschko et al, 2015

Lab Coordinates Real Time

() =

2cm

Behavioral Space

Stephens et al, 2008

GJB et al, 2014 Fast Leg Movmement #4



Individual Flies:

Anterior

Side 1,

Posterior

GJB et al, 2016



Individual Flies:

Anterior

Sld,%

Posterior










A prelude

,,). ’» / Y

\ /
\lw ' : ’ Nl // ¥ /4
) A l | ) \ ’/l IJ(;( ) / /

|




X,‘([ + 1) = X,'(I) + V,’(f)AZ
0(t + 1) =0(r)), + AO

@8, Gase B e O

xw; g\i“;{i&gd“gﬁﬁ *:b j AL
W A & N\
W%Végi%“’»;gﬂf - %-ﬁf’%ﬁ
< -« ~ [ -
e P VA PPy N F
L S T R Sy T
EEINTITA SN 4 SR, S
R L NN P PN N
N VJ‘W “E,v?,J \\\?5’ "H&i\ﬁ oy
A
(C) ﬂé:«-‘:‘ An P » &: :2 (d)f[ 1 ﬁrf%é" ; ﬂ”‘f \ 1
sl L =& b Wt il gre Pt
= %mcu t‘“z‘: £ < f i fw? 9”’,«& pA 1»’? ’M
DR E T, Ty
TR TN Tene: o S A AR STl
& =g & F Xy g h f'x”f‘ /39 (‘/1
TsFaT . S ﬁfp 4 P"M A 1 }
Amﬁz,&‘y A - & Y ﬂ/\ #ft F
Km# VAR LI )
NS LS A ; WWW
¥ he k!y p
Lo L, 717” fﬂf%ﬂ’l f (U

Vicsek et al, 1995

Va

Ve




x

arcsin[sin(e —a)]

240 360 480

120

0

240 360 48

Time (min)

120

240 360 480

120

<

, @ udwubije snoauejuesul

Buhl et al, 2006



Buhl et al, 2006

Mean alignment

Total time spent in the ordered phase (min)
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Classical Method: Indices or Representative Behaviors
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p(Behavior|Z1, Z2)
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Klibaite et al, Physical Biology (2017)



p(Z1, Z2|Behavior)

d" Position Q@ Position
During During
Q@ Behavior J' Behavior

anterior

Wing Movement + Locomotion  \_ 4440 N=35615

Klibaite et al, Physical Biology (2017)






Linking individuals through regression:

Coen et al, 2014

Stimulus history

f(t)

Linear filter
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Inferring the structure and dynamics
of interactions in schooling fish
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What is an interaction?

frequency

1 2 3 4
Behavior

Synchronization Similar Repertoires Emerging Behaviors

Or Maybe Predictability?

Klibaite & Shaevitz, bioRxiv (2019)
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What is an interaction?
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How can we think about predictability as a dynamical property?

x(t) = [X@)X({t-1), X(-27)]



How can we think about predictability as a dynamical property?

Problem: We don’t have a continuous dynamical system...



Previous States > — Next State

Long Short Term Memory (LSTM)
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Navier-Stokes Equations

(conservation of mass & momentum)
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