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The problem
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The problem

* n agents
* their degrees of freedom
* what can we know of the way they interact ¢
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The problem

z, What we want to extract :
J * Number n of agents ?
/ * Connectivity ? Graph topology

/. \ / From
-complete / partial

-active / passive
o — 0 measurements.
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2 Either you have the full matrix, i.e. from a complete measurement,
or you have nothing.

» What can we do if we access only to a subset of all agents ¥
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Noise vs. frequency correlators vs. connectivity
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Noise vs. frequency correlators vs. connectivity
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Noise vs. frequency correlators vs. connectivity

-direct extraction of Laplacian
-partial inference from partial measurements

(8%:8%) = €2 Y (—0)* (%),

k=q
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Sketch of the analytics (1)

The model

Unperturbed dynamics x(f) = F[x(?)] F[x*] =0

Linearization about steady-state + perturbation

o0x = —J(x*)éx + &
Network/coupling structure
Jij(x*) = —0F;(x*)/0x;
Assumptions

2 J(x*) is symmetric and positive semidefinite
(undirected coupling; stable fixed point)
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Sketch of the analytics (ii)

Modal decomposition of J

Real eigenvalues 0 <A <A < --- <A,

Orthogonal eigenbasis {uy}, _,

ox(t) = Za Co (D) Uy

»Langevin equation for expansion coefficients

Ca(t) = —AaCa(t) + uq - E(1)
2 Solutions
t
Ca(t) _ e—)\at/ eAatua . g(t,)dt,
0
2 Velocity correlator

(0:()07;(t)) = Y _{¢a(t)és(t))taus,

a,3



Sketch of the analytics (iii)

Two-point velocity correlators

Need to define first and second moment of noise
-> Orstein-Uhlenbeck

(&i(0)) =0 (&:(t + At/2)&(t — At/2)) = &; §; exp (—|At]/To)
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Direct reconstruction
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Velocity correlators

Partial reconstruction (i)
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Partial reconstruction (i)

Pogition correlators

Velocity correlators

W 9w q ...- -m
Ftitee .
<
“ ;
i
I
i |2
.- -
k| s
.- ™
\
SEo: i & :
(1 — w)w/**2ug,
-2
2
R
-3
-2
-8
2

,%

0.5

lum mm
0
*_ RO X =
V)
Vv
\ %\
\ %\ -
.__ “ A L o
\ 8 .., |
Y
_., " «..
V) -
VL =)
\ v\ I
_. ‘ _,
_4 . __
._, Oﬁ \
\ A (=]
\ “ ___ TO.
,., [} ,__ |
\ 8 \
\ L\
\ )\ ©
Vv LS
| w,_ _
LA
X \ \ (=)
A B p—
%—X |
xS
vy o
A T
< . < 0 < v <
(=] < — — ™~ ™~ ™
| | | | | |
N
e
=1

L



Partial reconstruction (ii) : n=1000 with m=100 observable
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Geodesic distance
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