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Boolean networks
<latexit sha1_base64="h274fgUk49r2puV07otC293WZ24=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICWRol6EohePFewHtCFstpt26W4SdjdiCf0rXjwo4tU/4s1/47bNQVsfDDzem2FmXpBwprTjfFsrq2vrG5uFreL2zu7evn1Qaqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN1O/fYjlYrF0YMeJ9QTeBCxkBGsjeTbpZ5iA4F9VtGn6Bo5Z8j17bJTdWZAy8TNSRlyNHz7q9ePSSpopAnHSnVdJ9FehqVmhNNJsZcqmmAywgPaNTTCgiovm90+QSdG6aMwlqYijWbq74kMC6XGIjCdAuuhWvSm4n9eN9XhlZexKEk1jch8UZhypGM0DQL1maRE87EhmEhmbkVkiCUm2sRVNCG4iy8vk9Z51b2o1u5r5fpNHkcBjuAYKuDCJdThDhrQBAJP8Ayv8GZNrBfr3fqYt65Y+cwh/IH1+QMfu5KM</latexit>

�i(t) = 0, 1
State of node i

Network configuration
<latexit sha1_base64="vbT/AE+XF2IzxJ415IiSMEBZuXI="></latexit>

~�(t) = (�1(t), . . . ,�i(t), . . . ,�N (t))

<latexit sha1_base64="9KPMkZzyouwlJnOLTeoLfKxmK3c="></latexit>

�i(t) = Fi (~�Ni(t� 1))
Boolean function

S. Kauffman, Nature 224,177–178 (1969).
R. Albert, H.G. Othmer , J. Theor. Biol. 223, 1–18 (2003).

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

Drosophila 
Melanogaster segment 

polarity network

<latexit sha1_base64="vcgSM6gUGJdprwt6AgVsLlYMoAc=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoopREiroRim5cSQX7gCaEyWTSTjt5MDMRSsgvuPFX3LhQxK07d/6NkzYLbT1w4XDOvdx7jxszKqRhfGulldW19Y3yZmVre2d3T98/6Ioo4Zh0cMQi3neRIIyGpCOpZKQfc4ICl5GeO7nO/d4D4YJG4b2cxsQO0DCkPsVIKsnRa1aA5Agjlt5mDoWX0ErHjlmHFvMiKepw7KQTh2ZW5uhVo2HMAJeJWZAqKNB29C/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBIkRnqAhGSgaooAIO519lMETpXjQj7iqUMKZ+nsiRYEQ08BVnfn9YtHLxf+8QSL9CzulYZxIEuL5Ij9hUEYwjwd6lBMs2VQRhDlVt0I8QhxhqUKsqBDMxZeXSfe0YZ41mnfNauuqiKMMjsAxqAETnIMWuAFt0AEYPIJn8AretCftRXvXPuatJa2YOQR/oH3+AFyKnL0=</latexit>

Ni = {j1, . . . , jki}
Neighbors of node i



Boolean networks
State-transition graph (STG)

Each configuration corresponds to 
a node in the STG; transitions 
between configurations are 
determined by the Boolean rules 
of the dynamics
If there are N nodes in the 
network, the STG is composed of

<latexit sha1_base64="Ch/18B5CiUYn5xBrpxb5U921wms=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0Q1GPQiyeJaB6QrGF20psMmZ1dZmaFEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777aysrq1vbOa28ts7u3v7hYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyG11O/+YRK81g+mFGCfkT7koecUWOl+/LjbbdQdEvuDGSZeBkpQoZat/DV6cUsjVAaJqjWbc9NjD+mynAmcJLvpBoTyoa0j21LJY1Q++PZqRNyapUeCWNlSxoyU39PjGmk9SgKbGdEzUAvelPxP6+dmvDSH3OZpAYlmy8KU0FMTKZ/kx5XyIwYWUKZ4vZWwgZUUWZsOnkbgrf48jJplEveealyVylWr7I4cnAMJ3AGHlxAFW6gBnVg0IdneIU3RzgvzrvzMW9dcbKZI/gD5/MHzlqNfw==</latexit>

2N nodes

transient 
configuration

fixed-point 
configuration



Individual-based mean-field approximation (IBMFA)
<latexit sha1_base64="b8fq1DtZNHflsheSOPHl7DBwXTY=">AAACBHicbVDLSgMxFM34rPU16rKbYBHaTZmRom6EohuXFewD2mHIpGkbmskMyR2hDF248VfcuFDErR/hzr8xbUfQ1gMXTs65l9x7glhwDY7zZa2srq1vbOa28ts7u3v79sFhU0eJoqxBIxGpdkA0E1yyBnAQrB0rRsJAsFYwup76rXumNI/kHYxj5oVkIHmfUwJG8u2C9nkJyvgS10tdzQch+Xm7Zd8uOhVnBrxM3IwUUYa6b392exFNQiaBCqJ1x3Vi8FKigFPBJvluollM6IgMWMdQSUKmvXR2xASfGKWH+5EyJQHP1N8TKQm1HoeB6QwJDPWiNxX/8zoJ9C+8lMs4ASbp/KN+IjBEeJoI7nHFKIixIYQqbnbFdEgUoWByy5sQ3MWTl0nztOKeVaq31WLtKosjhwroGJWQi85RDd2gOmogih7QE3pBr9aj9Wy9We/z1hUrmzlCf2B9fAOjL5WI</latexit>

si(t) = P (�i(t) = 1)

<latexit sha1_base64="gQ0QZrHgZBkqf996/QQVBa6B0JU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0muM9g==</latexit>

i

state variables are assumed 
to be uncorrelated

<latexit sha1_base64="sO+zUhg53dPjE7hMGPa9accwUOg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt2swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wf5O42b</latexit>

j1

<latexit sha1_base64="IB4hJOchOyBameLnpvb6uYVddCI=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4xyiOBDZkdemFkdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJYPZpygH9GB5CFn1Fjp/rFX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStm7KFfvqqXadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A+r+NnA==</latexit>

j2

the evolution of the expectation value obeys

<latexit sha1_base64="hFdrdW6vaNPerf/Bihz+YzI0neg="></latexit>

�j1 �j2 �i

0 0 1
0 1 0
1 0 0
1 1 1

<latexit sha1_base64="+5XsWynpVY3DjXv3GZVjC5Cdvuc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvjvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+ien5/Xqld53EU4QiO4RQ8uIQa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wcXUo2v</latexit>

Fi

<latexit sha1_base64="dEZ+plhbDrL650t4iBb41seRte8=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhZSkFHUjFN24kgr2AU0Ik+mknXYyCTMToYRs3Pgrblwo4tZ/cOffOGm70NYDFw7n3Mu99/gxo1JZ1rdRWFpeWV0rrpc2Nre2d8zdvZaMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/dF17rcfiJA04vdqHBM3RH1OA4qR0pJnHjohUgOMWHqbeRReQicdevYpHHpVJ/PMslWxJoCLxJ6RMpih4ZlfTi/CSUi4wgxJ2bWtWLkpEopiRrKSk0gSIzxCfdLVlKOQSDedfJHBY630YBAJXVzBifp7IkWhlOPQ1535zXLey8X/vG6iggs3pTxOFOF4uihIGFQRzCOBPSoIVmysCcKC6lshHiCBsNLBlXQI9vzLi6RVrdhnldpdrVy/msVRBAfgCJwAG5yDOrgBDdAEGDyCZ/AK3own48V4Nz6mrQVjNrMP/sD4/AHQ7pd+</latexit>

Ni = {j1, j2}

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

expectation value over an infinite 
number of realizations of the 
dynamics



Individual-based mean-field approximation (IBMFA)

started from random configurations
<latexit sha1_base64="vw4DSYOT4mGGm6qcgnEY/ELrzU0=">AAACDnicbVDLSgMxFM34rPU16tJNsBTqps6Uom4KRTcuK9gHtMOQSTNtaJIZkoxQSr/Ajb/ixoUibl27829MpwNq64F7OZxzL8k9Qcyo0o7zZa2srq1vbOa28ts7u3v79sFhS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdD3z2/dEKhqJOz2OicfRQNCQYqSN5NtF5dOSrjmnsAYbpZ6iA45+FDdtZxXfLjhlJwVcJm5GCiBDw7c/e/0IJ5wIjRlSqus6sfYmSGqKGZnme4kiMcIjNCBdQwXiRHmT9JwpLBqlD8NImhIapurvjQniSo15YCY50kO16M3E/7xuosNLb0JFnGgi8PyhMGFQR3CWDexTSbBmY0MQltT8FeIhkghrk2DehOAunrxMWpWye16u3lYL9assjhw4BiegBFxwAergBjRAE2DwAJ7AC3i1Hq1n6816n4+uWNnOEfgD6+MbUd2X1Q==</latexit>

si(t = 0) = P (�i(t = 0) = 1) = 1/2

accuracy of IBMFA is tested on numerical simulations

regular random Boolean networks real Boolean networks

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

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



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

<latexit sha1_base64="lqkc9f4SKqzK65Xrr2XdsTY74dE="></latexit>

X = {(i1, �̂i1), . . . , (ik, �̂ik)}

The state of the nodes in the seed set is pinned, i.e., does not change in time 

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

<latexit sha1_base64="vw4DSYOT4mGGm6qcgnEY/ELrzU0=">AAACDnicbVDLSgMxFM34rPU16tJNsBTqps6Uom4KRTcuK9gHtMOQSTNtaJIZkoxQSr/Ajb/ixoUibl27829MpwNq64F7OZxzL8k9Qcyo0o7zZa2srq1vbOa28ts7u3v79sFhS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdD3z2/dEKhqJOz2OicfRQNCQYqSN5NtF5dOSrjmnsAYbpZ6iA45+FDdtZxXfLjhlJwVcJm5GCiBDw7c/e/0IJ5wIjRlSqus6sfYmSGqKGZnme4kiMcIjNCBdQwXiRHmT9JwpLBqlD8NImhIapurvjQniSo15YCY50kO16M3E/7xuosNLb0JFnGgi8PyhMGFQR3CWDexTSbBmY0MQltT8FeIhkghrk2DehOAunrxMWpWye16u3lYL9assjhw4BiegBFxwAergBjRAE2DwAJ7AC3i1Hq1n6816n4+uWNnOEfgD6+MbUd2X1Q==</latexit>

si(t = 0) = P (�i(t = 0) = 1) = 1/2
<latexit sha1_base64="SGDyJTpWJihgUHSMRj1uURCoxAE=">AAACC3icbVBNS8NAEN3Ur1q/oh69LC2Cp5KIqMeiF48V7Ac0pWy2m3bpZhN2J2IJuXvxr3jxoIhX/4A3/42bNgdtfTDweG+GmXl+LLgGx/m2Siura+sb5c3K1vbO7p69f9DWUaIoa9FIRKrrE80El6wFHATrxoqR0Bes40+uc79zz5TmkbyDacz6IRlJHnBKwEgDu+oBewAVppgHOMMcezICLrEXEhhTItJuNrBrTt2ZAS8TtyA1VKA5sL+8YUSTkEmggmjdc50Y+ilRwKlgWcVLNIsJnZAR6xkqSch0P539kuFjowxxEClTEvBM/T2RklDraeibzvxEvejl4n9eL4Hgsp9yGSfAJJ0vChKBIcJ5MHjIFaMgpoYQqri5FdMxUYSCia9iQnAXX14m7dO6e14/uz2rNa6KOMroCFXRCXLRBWqgG9RELUTRI3pGr+jNerJerHfrY95asoqZQ/QH1ucPwGKa4g==</latexit>

if i /2 X

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

Boolean networks
seed set

<latexit sha1_base64="/mPItDrbLHYaYswT7ooeiX5XrZ4="></latexit>

�i(t) = �̂i if i 2 X

subsequent values of the state variables are determined by 
the rules of the dynamics



Dynamical influence of seed sets

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

<latexit sha1_base64="AiNFHTwRLFjm+NtB8BgGTVn7/4k="></latexit>

H(~s) =
1

N

NX

i=1

h2(si)

<latexit sha1_base64="r6046u8Rs8D+3ROZCHb8c6DH8tQ=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhzCduhox1AvwtCLxwnuBbZS0izdwtKmJKkwyj6FF7+KFw+KeBVvfhvTrYJu/iHwy/95HpLn78eMSmXbX8bK6tr6xmZhq7i9s7u3bx4ctiVPBCYtzBkXXR9JwmhEWooqRrqxICj0Gen44+us3rknQlIe3alJTNwQDSMaUIyUtjzTGnm1sqzAS2hBCfuMD+d3C5adzKr8eI6l2TNLdtWeCS6Dk0MJ5Gp65md/wHESkkhhhqTsOXas3BQJRTEj02I/kSRGeIyGpKcxQiGRbjpbawpPtTOAARf6RArO3N8TKQqlnIS+7gyRGsnFWmb+V+slKrhwUxrFiSIRnj8UJAwqDrOM4IAKghWbaEBYUP1XiEdIIKx0kkUdgrO48jK0a1XnrFq/rZcaV3kcBXAMTkAZOOAcNMANaIIWwOABPIEX8Go8Gs/Gm/E+b10x8pkj8EfGxzdfJ5nj</latexit>

h2(s) = �s log2(s)� (1� s) log2(1� s)

upper bound of the ground-truth entropy

Drosophila Melanogaster segment 
polarity network

Estrogen receptor breast cancer 
network

long-term regime

long-term regime



unconstrained greedy optimization
Influence maximization in Boolean networks

<latexit sha1_base64="xMhoAS25EYKMlfRTh4Dhjn+g2TI="></latexit>

Xv = {(b1, �̂b1), . . . , (bv, �̂bv )} optimal seed set at stage v
<latexit sha1_base64="yoEhkHwdlEC7bKFtmDcy1Wgppnw=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9iVoF6EoBePEcwDkrDMTnqTIbMPZnqFsAQv/ooXD4p49Su8+TfOJnvQxIKGoqqb7i4vlkKjbX9bS8srq2vrhY3i5tb2zm5pb7+po0RxaPBIRqrtMQ1ShNBAgRLasQIWeBJa3ugm81sPoLSIwnscx9AL2CAUvuAMjeSWDrsBwyFnMm1PXJte0S4EMY41oFsq2xV7CrpInJyUSY66W/rq9iOeBBAil0zrjmPH2EuZQsElTIrdREPM+IgNoGNoyALQvXT6woSeGKVP/UiZCpFO1d8TKQu0Hgee6cwO1vNeJv7ndRL0L3upCOMEIeSzRX4iKUY0y4P2hQKOcmwI40qYWykfMsU4mtSKJgRn/uVF0jyrOOeV6l21XLvO4yiQI3JMTolDLkiN3JI6aRBOHskzeSVv1pP1Yr1bH7PWJSufOSB/YH3+ANgylxc=</latexit>

X0 = ;For v=0 . Set v = 1 and iterate:

1. choose the best seed 
<latexit sha1_base64="oX+FLLGfMZBrqQu8XEQ1AapWV+4="></latexit>

(bv, �̂bv ) = arg min
(i,�̂i)/2Xv�1

H(~s|Xv�1 [ (i, �̂i))

2. the new set of seeds is

3. increase v to v + 1

The above algorithm 
is iterated until

<latexit sha1_base64="CLBcg7TBiv0SK5u0FFhhxn+uVVw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyWRom6EopsuK9gHNCFMptN26GQSZiaFErNz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40eMSmVZ30ZhZXVtfaO4Wdra3tndM/cP2jKMBSYtHLJQdH0kCaOctBRVjHQjQVDgM9Lxx7eZ35kQIWnI79U0Im6AhpwOKEZKS5553Kg4E4ITmT44AVIjjFjSTb1kkp7Ba2h5ZtmqWjPAZWLnpAxyND3zy+mHOA4IV5ghKXu2FSk3QUJRzEhacmJJIoTHaEh6mnIUEOkmsz9SeKqVPhyEQhdXcKb+nkhQIOU08HVndqtc9DLxP68Xq8GVm1AexYpwPF80iBlUIcxCgX0qCFZsqgnCgupbIR4hgbDS0ZV0CPbiy8ukfV61L6q1u1q5fpPHUQRH4ARUgA0uQR00QBO0AAaP4Bm8gjfjyXgx3o2PeWvByGcOwR8Ynz9csJj6</latexit>

H(~s|Xv) = 0 meaning that the seed set 
leads to a fixed point

the entropy function is computed in the long-term regime of the dynamics

T. Parmer, L.M. Rocha, and F. Radicchi, Nature Communications 13, 3457 (2022)
a greedy post-processing technique is applied to set of identified seeds

Xv = Xv�1 [ (bv, �̂bv )



a greedy post-processing technique is applied to set of identified seeds

<latexit sha1_base64="xMhoAS25EYKMlfRTh4Dhjn+g2TI="></latexit>

Xv = {(b1, �̂b1), . . . , (bv, �̂bv )} optimal seed set at stage v
<latexit sha1_base64="yoEhkHwdlEC7bKFtmDcy1Wgppnw=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9iVoF6EoBePEcwDkrDMTnqTIbMPZnqFsAQv/ooXD4p49Su8+TfOJnvQxIKGoqqb7i4vlkKjbX9bS8srq2vrhY3i5tb2zm5pb7+po0RxaPBIRqrtMQ1ShNBAgRLasQIWeBJa3ugm81sPoLSIwnscx9AL2CAUvuAMjeSWDrsBwyFnMm1PXJte0S4EMY41oFsq2xV7CrpInJyUSY66W/rq9iOeBBAil0zrjmPH2EuZQsElTIrdREPM+IgNoGNoyALQvXT6woSeGKVP/UiZCpFO1d8TKQu0Hgee6cwO1vNeJv7ndRL0L3upCOMEIeSzRX4iKUY0y4P2hQKOcmwI40qYWykfMsU4mtSKJgRn/uVF0jyrOOeV6l21XLvO4yiQI3JMTolDLkiN3JI6aRBOHskzeSVv1pP1Yr1bH7PWJSufOSB/YH3+ANgylxc=</latexit>

X0 = ;For v=0 . Set v = 1 and 

1. choose the best seed 

2. the new set of seeds is

3. increase v to v + 1

The above algorithm is iterated until
<latexit sha1_base64="CLBcg7TBiv0SK5u0FFhhxn+uVVw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyWRom6EopsuK9gHNCFMptN26GQSZiaFErNz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40eMSmVZ30ZhZXVtfaO4Wdra3tndM/cP2jKMBSYtHLJQdH0kCaOctBRVjHQjQVDgM9Lxx7eZ35kQIWnI79U0Im6AhpwOKEZKS5553Kg4E4ITmT44AVIjjFjSTb1kkp7Ba2h5ZtmqWjPAZWLnpAxyND3zy+mHOA4IV5ghKXu2FSk3QUJRzEhacmJJIoTHaEh6mnIUEOkmsz9SeKqVPhyEQhdXcKb+nkhQIOU08HVndqtc9DLxP68Xq8GVm1AexYpwPF80iBlUIcxCgX0qCFZsqgnCgupbIR4hgbDS0ZV0CPbiy8ukfV61L6q1u1q5fpPHUQRH4ARUgA0uQR00QBO0AAaP4Bm8gjfjyXgx3o2PeWvByGcOwR8Ynz9csJj6</latexit>

H(~s|Xv) = 0

constrained greedy optimization 
towards the attractor

the entropy function is computed in the long-term regime of the dynamics

<latexit sha1_base64="TherzswobQ5BRRW8+3yUOJ82sJc="></latexit>

(bv, �̂bv ) = arg min
(i,�̂i)/2Xv�1,(i,�̂i)2⇥

H(~s|Xv�1 [ (i, �̂i))

<latexit sha1_base64="N1u1Sble2PCmrSjBS7L1VOFTbww=">AAACK3icbVDLSgNBEJz1bXxFPXoZDEICIexKUC+CxIunoGBUyC5hdraTDJl9MNMrhGX/x4u/4kEPPvDqfziJOWhiQUNR1U13l59IodG23625+YXFpeWV1cLa+sbmVnF750bHqeLQ4rGM1Z3PNEgRQQsFSrhLFLDQl3DrD85H/u09KC3i6BqHCXgh60WiKzhDI3WKDfe6D8joKXWzslOlLgoZQOZq0QtZ3nEqRpJBjLpKy80Zu1mhbt4pluyaPQadJc6ElMgEl53isxvEPA0hQi6Z1m3HTtDLmELBJeQFN9WQMD5gPWgbGrEQtJeNf83pgVEC2o2VqQjpWP09kbFQ62Hom86QYV9PeyPxP6+dYvfEy0SUpAgR/1nUTSXFmI6Co4FQwFEODWFcCXMr5X2mGEcTb8GE4Ey/PEtuDmvOUa1+VS+dNSZxrJA9sk/KxCHH5IxckEvSIpw8kCfySt6sR+vF+rA+f1rnrMnMLvkD6+sbw8GlnQ==</latexit>

⇥ = {(1, �̃1), . . . , (N, �̃N )}

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

Influence maximization in Boolean networks

meaning that the seed set leads to a fixed point

Xv = Xv�1 [ (bv, �̂bv )
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Drosophila Melanogaster 
segment polarity network

known attractors

overestimated

overestimated
overestimated
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regular random Boolean networks



Influence maximization in Boolean networks

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

Real Boolean networks from the Cell Collective repository

Helikar, T. et al. BMC Syst. Biol. 6, 1–14 (2012)
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Real Boolean networks from the Cell Collective repository
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Influence maximization in Boolean networks
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Attractors are found via brute-force search

Real Boolean networks from the Cell Collective repository



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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