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Common Notion of Stability?
Results




Motivations & Definitions

tabilty of Boolean Dynami
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Regulatory Dynamics
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Regulatory Dynamics

mRNA] ak? [ImRNA(?)]
t kP 4 [Hesl(t — 7)] Trna
[Hes1] _ B{mRNA()] [H::lgt)]

»6 parameters for a single gene

production delay 7, production ratesc, 3, binding
threshold k" characteristic degradation timesTHes1 s Trna

»larger systems??



Discrete Abstract Model

> ON/OFF-States
» Interactions-Network
» Dynamics (time evolution of states):
Boolean functions

Boolean Networks
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An Example of a Boolean Network




Stability of Boolean Networks

Stability of Boolean Dynamics
F. Ghanbarnejad, K. Klemm



Stability?

»small perturbation?
»known noise in BN:

® Stochastic asynchronous update

 Flip perturbations: damage spreading



Flip Perturbation

two Initialized states that differ at one
node only

-> reach the same trajectory.
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probabality of healing from perturbation

Flip Perturbation
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Stability of Boolean Dynamics
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Stability?

for all perturbed Initial conditions In
a sufficiently small neighborhood,
the same trajectory obtains
asymptotically




A minimal example




- unstable limit cycle
@ stable fixed points

initial condition X, for -1 <t<0

initial condition X, for -1 <t<O

state-continuous dynamical system



Results
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Methods
. K=2
. DDE
) _ ) oahg(t) if y(t) # hi(t)
yi(t +1) = { 0 otherwise

with  h;(t) = f;(O(y;3)(t)), O(Yr (i) (t)))
| . Boolean function f with

P(f) oc exp(As(f))

. Perturbation
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Flip vs. Small Timing Perturbation
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Summary & Outlook

Flip perturbation:

disagreement with definition of stability In
corresponding continuous case.
INCONSISTANCY!

Timing perturbation:
Fresh look at Order-Disorder Transition In
Boolean networks
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Summary & Outlook

Flip perturbation:

disagreement with definition of stability In
corresponding continuous case.
INCONSISTANCY!

Timing perturbation:
Fresh look at Order-Disorder Transition In
Boolean networks

Evolution?
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An Example of a DDE

Si(t) = alf(hi(t = 1)) — si(t)]

(0 w<0s a bl b2 [c
f(fU)—{ 0 0 0

1 >=0.5 and 1

hi(t) = axy(t)r2(t) + bizy(t) + baxa(t) + ¢ nor 1 -1 -1 1
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