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» Systems + Properties + Perturbations = Robustness
* Aims

* Preliminary results
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Biochemical system
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Biochemical system — Continuous / ODEs
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ds/dt =k,.[S] - k,.[W].[S]
dW/dt = k,.[W].[S] - ks.[W]
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Biochemical system — Stochastic / CTMC
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Biochemical system — Stochastic / CTMC
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Biochemical system — Stochastic / CTMC / State space enumeration
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Biochemical system — Stochastic / CTMC / Q matrix
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Properties / Continuous system
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Properties / Stochastic system

Continuous Stochastic Logic
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Properties / Stochastic system

Continuous Stochastic Logic
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Perturbations
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Perturbations / kinetic parameter
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Perturbations / kinetic parameter
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Perturbations / kinetic parameter
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Perturbations / external parameter
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Perturbations / external parameter
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Perturbations / external parameter
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Perturbations / system structure
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Perturbations / system structure
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Perturbations / system structure
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Perturbations / initial conditions
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Perturbations / initial conditions
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Perturbations / initial conditions
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Perturbations / property
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What is Robustness?

[ N

Robustness is the ability of a system to maintain its

property against internal and external perturbations.

“Kitano, 2004”
J
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What is Robustness?

[ N

Robustness is the ability of a system to maintain its

property against internal and external perturbations.

“Kitano, 2004”
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Ry p = ¥ (p) Dg (p)dp
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What is Robustness good for?

What is Robustness good for?
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To get a bigger picture



What is Robustness good for?

Comparing systems
98.8% common DNA




What is Robustness good for?
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What is Robustness good for?
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What is Robustness good for?
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State of the art — Robustness for Deterministic ODEs
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Definition of Robustness for Stochastic Systems
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Preliminary results

Full CSL
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Preliminary results
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Preliminary results / Error control
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R=? [ C<=1000 ] (B=0,1,2)

Preliminary results / 1D parameter space refinement

State #17 (A=0, B=1, a=1, b=1, aA=0, aB=0, bA=0, bB=0)
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Preliminary results / 1D model, 1 parameter, 0.01 error
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Preliminary results / 1D model, 1 parameter, 0.001 error
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Preliminary results / State space distribution in each interval
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Preliminary results / 2D parameter space refinement
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Complexity

What affects the complexity?
# of perturbed parameters and their disc/cont
dimension of system (# of species)
size of each dimension (# of particles of each species)
temporal size of property formulae
structural complexity of property formulae
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Conclusion

State of Art
Robustness = System + Property + Perturbations
Robustness of biochemical systems is important
Existing approaches mainly for deterministic ODEs
Aims
Define robustness for stochastic systems
Find efficient algorithms to compute robustness
How
Exploit structure of biochemical CTMCs
Parallelization on massively parallel platforms
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Thank you for your attention
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