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Number of nodes: ()
Adjacency matrix: A;; = A;; =1

Nodes degree: L, = ZA,L.J-
J

Transition probability A,
formitoj: T(J‘Z) = k-J

Probability to find the
walker on node i at time +: P; (%)

P;(t) ~ k; (asymptotically) 1(

|
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Node capacity: N
Number of walkers: 5()

Number walkers at node i: 72;
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Node capacity: N
Number of walkers: 5()

Number walkers at node i: 72;

Transition probability formito j:

P(ni,...,nq,t) Probability to find the system in the state(n1,...,nq)
at time t
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preserved
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v The “mass” conservation provides

B a(B)k
b= zk:p(k) 1+ a(B)k

v Let 1 walkers to diffuse in the crowded network h

. O
v From a single node measure P1 and kq “experiment”

> 1
v Compute aq .= a(ﬁl) — P -
. 1 —p7° ks )

v Repeat s times the experiment and compute a5 = a(fs)

v Solve
51 p(1)

Bs p(s)
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Erdos-Renyi Scale free

Q =500, =2
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node i.

Random walk on a crowded network.
Given an undirected network made by €2 nodes, let A, ;= A ; be its adjacency matrix and &; — > Ay
the nodes degree. Assume each node can host af most N agents and let »; be the number of agents in

Walkers hop from node to node (using
existing links and if space at destination is
available) according to the transition

A new non-linear transport

operator.
let P(ny,...,nq,t)be the probability
to find the system in state (n1, ..., nq)

af time 1. Let denote the average density of
nodei: pi = (ni)/N
Then

lim
N—oo

where Aij = Aij/k; — di; is the Random-
walk Laplacian.

p) The “total mass”
).
is preserved

Network reconstruction.
The mass conservation implies

i) Let 3, walkers to diffuse in a crowded network ;
ii) From a single node, measure p3°and %,

iii) Then compute  a; := a(8,) = : ftfooo ki
iv) Repeat s times and get o, = a(3,) e

v) Solve 5, p(1)
0
fés p('s)

p(k)
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Hopping in the crowd to unveil network topology

Malbor Asllanl, Timateo Carlett!, Francesca DI Pattl, Ducclo Fane!l), Francesco Plazza
Subvtcad on 17 Nov 26127)

Wo intracuce a nenlinear aperarors ta madel diftusion an 3 camplex undirected netaark wader cromded

cond bons. We shaw that the asympratic distribubon of difusing agents is a nornear funchion af the nodes”
degres anc saturates to a constant value for sufficiently large connectivities, at variance with standard
diffusian in 1he ansence of axcluded-walume eftects. Building an this ebsenvation, we deline and selw an
irverse protlem, aimed at reconstructing the a prioa unknown cannectivity distribution. The method gathesx
all the nacassary (Aformation by repeating & limitad numbers of indasendant rAasurenants of the asympretic
density at 2 single nade that can be chasen rmaadamly. The Technique is successtully rested against bach
synthetic and ~eal data, and shown to estimate with great accuracy also the tatal numbes of nodes,
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