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Dynamics layer
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Gao, Barzel, Barabasi. Nature 530, 307 (2016) « Barzel, Barabasi. Nature Physics 9, 673 (2013)
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Figure from: Hens, Harush, Haber, Cohen & Barzel. Nature Physics 15, 403 (2019)



rnnging networks to life

A My (x), M1(x), M5(x)

patterns of information spread



Information flow in complex networks

x]' — x]' + Ax] > X; + Axl(t)

signal response

Nature Comm. 6, 7186 (2015) e Nature Physics 9,673 (2013) e Nature Biotech. 31, 720 (2013)  Phys Rev E 80, 046104 (2009)



Information flow in complex networks
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The zoo of propagation patterns

Interaction mechanisms
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Hens, Harush, Haber, Cohen & Barzel. Nature Physics 15, 403 (2019)
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The zoo of propagation patterns

Interaction mechanisms
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Taming the zoo of propagation patterns

Individual node response time
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k; Node i's weighted degree
7; Node i’s individual response time

Ti"’kie

A node'’s intrinsic response time scales
with its weighted degree

Hens, Harush, Haber, Cohen & Barzel. Nature Physics 15, 403 (2019)



Why should you care?
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Hens, Harush, Haber, Cohen & Barzel. Nature Physics 15, 403 (2019)



Dynamic insight
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Network GPS — how signals navigate the network

Freeway
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Hens, Harush, Haber, Cohen & Barzel. Nature Physics 15, 403 (2019)



Network GPS — how signals navigate the network

Freeway
6>0
Hulbs
Botftlenecks
Traffic jam
Traffic jam
6<0
Hubs
Free flow
Freeway

Hens, Harush, Haber, Cohen & Barzel. Nature Physics 15, 403 (2019)



Network GPS — how signals navigate the network
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Network GPS — how signals navigate the network
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Same topology — different spreading rules
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Same topology — different spreading rules
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Same topology — different spreading rules
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Same topology — different spreading rules
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Same topology — different spreading rules
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Same topology — different spreading rules
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Dictionary of network dynamics

Interaction
mechanisms

My, M, M, Dynamic
determinants
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Understand

B. Barzel et al. Nature Communications 7186 (2015), Nature Biotechnology 31 (2013).



Information flow

X, + Ax,, —> x;+ Ax;(t) —> x,,+ Ax,,(t)

signal mediation response

U. Harush and B. Barzel. Nature Communications 2181 (2017)



Information flow

|—> Freezing

X, +Ax, — x;+ A%(t) —> X, + Ax,f,il}(t)
signal mediation response

U. Harush and B. Barzel. Nature Communications 2181 (2017)



The zoo of information flow patterns
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Taming the zoo of information flow patterns
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Hhezoo universal information flow patterns
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Universal classes of information flow patterns
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Glycolysis: do cells prefer fraffic jams?
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Control
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H. Sanhedrai, J. Gao, M. Schwartz, S. Havlin and B. Barzel. Nature Physics 18, 338 (2022)



Inaugural meeting on network dynamics
' & networks of networks
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H. Sanhedrai, J. Gao, M. Schwartz, S. Havlin and B. Barzel. Nature Physics 18, 338 (2022)



Dynamic transitions
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Dynamic transitions - irreversible
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Reigniting the network activity
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H. Sanhedrai, J. Gao, M. Schwartz, S. Havlin and B. Barzel. Nature Physics (In press)



The recoverable phase

Recoverable

Can you reignite a failed
system by controlling just
one node?

Inactive

H. Sanhedrai, J. Gao, M. Schwartz, S. Havlin and B. Barzel. Nature Physics (In press)
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The recoverable phase

Single node reigniting —
reviving the failed system by
activating one node

Recoverable

Inactive

H. Sanhedrai, J. Gao, M. Schwartz, S. Havlin and B. Barzel. Nature Physics (In press)
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