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We consider the case when all nodes
update synchronously their state.
However, our methods can be
generalized for arbitrary updating
schemes.




Boolean networks
State-transition graph (STG)

fixed-point | |
configuration Each configuration corresponds to

a node in the STG; transitions
between configurations are

”\ determined by the Boolean rules

of the dynamics

w If there are N nodes In the
transient \/ network, the STG is composed of

configuration
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nodes



Individual-based mean-field approximation (IBMFA)

, _ , _ expectation value over an infinite
Si (t) o P(O-Z (t) o 1) number of realizations of the
dynamics
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P (?(l‘)l?(l‘)) _ H [Sl,(t)]o'i(t) [1— s5;(0)] 1-0:(t) state variables are assumed
. to be uncorrelated

the evolution of the expectation value obeys
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Individual-based mean-field approximation (IBMFA)
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started from random configurations s;(t = 0) = P(o;(t =0) =1) = 1/2

accuracy of IBMFA is tested on numerical simulations

baseline error (dashed) is given by the standard deviation of numerically
simulated trajectories
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Boolean networks

We study the dynamics of a network under a peculiar choice of
its initial configuration

seed set
X = {(ila&il)v Tt (Z]“a-“c)}

The state of the nodes in the seed set is pinned, i.e., does not change in time
Ji(t) —0; if1e X

The initial state of all nodes outside the seed set value is
maximally uncertain, i1.e.,

sit=0)=Po;(t=0)=1)=1/2 ifi¢ X

subsequent values of the state variables are determined by
the rules of the dynamics
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Dynamical influence of seed sets
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Influence maximization in Boolean networks
unconstrained greedy optimization

Xy ={(b1,05,),- -, (b, 0p,) } optimal seed set at stage v

Forv=0 X, =1 .Setv=1and iterate:

1. choose the best seed

by, 0p, ) = ar min  H(s|AX,—1 U (2, 0;
(buss,) =arg min (51 U (0.6)

? the new set of seeds is
va — Xfu—l U (bvaa-bv)

3.increasevtov + 1

The above algorithm _ meaning that the seed set
IS iterated until H(g‘ X’U) o O leads to a fixed point

the entropy function is computed in the long-term regime of the dynamics
a greedy post-processing technique is applied to set of identified seeds
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Influence maximization in Boolean networks

constrained greedy optimization B - -
towards the attractor O =11,01),-..,(N,0n)}

Xy = Ub1, b, ), -+, (buy Gb,) optimal seed set at stage v
Forv=0 X, =@ .Setv=1and

1. choose the best seed

by, 0p, ) = ar min H(s|X,—-1 U (12,0
( b ) g (1.6)¢Xn o (6.6:)€6 (_W 1 ( ))

? the new set of seeds is
Xv — Xv—l U (bva 61)@)
3. increase vto v + 1

The above algorithm is iterated until H(§| XU) — O meaning that the seed set leads to a fixed point

the entropy function is computed in the long-term regime of the dynamics
a greedy post-processing technique is applied to set of identified seeds
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Influence maximization in Boolean networks

known attractors
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Influence maximization in Boolean networks
regular random Boolean networks
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Influence maximization in Boolean networks
Real Boolean networks from the Cell Collective repository

Helikar, T. et al. BMC Syst. Biol. 6, 1-14 (2012)
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Influence maximization in Boolean networks
Real Boolean networks from the Cell Collective repository

Helikar, T. et al. BMC Syst. Biol. 6, 1-14 (2012)
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Influence maximization in Boolean networks
Real Boolean networks from the Cell Collective repository

Borriello, E. & Daniels, B. C. Nat. Commun. 12, 1—-15 (2021).
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Attractors are found via brute-force search

T. Parmer, L.M. Rocha, and F. Radicchi, Nature Communications 13, 3457 (2022)



Computational time

regular random Boolean networks real Boolean networks
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