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> Standard random walk on networks

» Random walk with crowding and “social” behaviour

» Emergence of empty nodes and mass segregation:
= Heterogenous network structure
= Ring
= Complete graph
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Limiting carrying capacity: at most N agents per node
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g(0) = 0 : “social” aspect

g(1) = 0 : crowding




Random walk on networks with crowding and aggregation
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Emergence of empty nodes
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Stationary densities: p7g(p;) — % p; Q(Pj) =

C :
S pi=0 or g(p;)= %pf (yt" (sub)community)
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pi = X1 Lijlpjg(p) — pig(p;)] with L;; = % — 0y

Stability of the homogeneous fixed point ?
Letp; = + §; with § € (0,1) and §; = o(1)
—> & =J8 with] = [g(B) — Bg' (B)]L

\ J \

Y Semi-definite
$(B) negative matrix

— Stability condition: £(8) > 0
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gx)=x*1—-x)%,a e R"

: 0.6
If a < 1: the homogeneous state 1s always stable

a—1
2a — 1 0.4

If a > 1: the homogeneous state is stable < B >

a\: 2 ——> Homogeneous state unstable if § < % /

PZ pi(0) = OB

pi(0) =p(B +o1;) with — o<1
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P32 1 9(pj) with g(x) = x*(1 — x)?

. Q
pi = %g(pi) —

Q
Q-1
—q P =Bg(p) — = Z g(pj)

pi(0) <p;j(0) ——> pi(t) <p;(t) vVt € R*

Indeed if p;(T) = p;(T) for some T € R¥, then g;(T) = g;(T) and thus p;(t) = p;(®) Vt =T



Complete graph
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5000 nodes ; g(x) = x*(1 — x)%; p;(0) € [f =%, 5 + 2| with § = 10~
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Initial densities: L)) (1)

Asymptotically:

pi = 00rpi =2,
,Bk

pl =~ _pl(XZ — 2X3 +X4,) Wlth Xk = (1 _f)k—l

e p r B P2 ,
r‘—tl}f})o_p_i — ’BZE=1—2E+? withé =1—f



From local information to global information
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From local information to global information

=  Predicted
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» We have introduced a class of non-linear diffusion processes accounting for
crowding and “social” behaviour

» In the steady state, empty nodes emerge leading to a segregation of the mass
into multiple (sub)communities

» We provided the condition for the homogeneous state to be unstable and

investigated how the fraction of empty nodes varies with the average node
density






Appendix: fraction of empty nodes in the ring

g(x) = x*(1 - x)?

pi(0) = +107*r; (i =1,--,20)
1; ~normal distribution
centred at 0 with variance 1
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