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Stochastic Differential Equation
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SDE: Strong solution: Properties
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• Extension while keeping Semimartingale property?
• Discontinuous paths?

Jump Diffusion Process

Alternative  representation:
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Stochastic Hybrid Systems
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Hybrid Systems - Model 1
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Hybrid Systems - Model 1
Model can be expressed as
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Hybrid Systems - Model 1

(I) (III)
(II)

Different situations can arise:
I. Process jumps but no switching:
II. No jump in process but switching occurs:
III.Simultaneous switching and jump (Hybrid Jump):
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Hybrid Systems - Model 2 (Krystul and Blom)
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Hybrid Systems - Model 2
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Idea: 

       starts in some set        and               evolves according to some 
Ito-Skorohod SDE.

If         reaches a boundary of that set, the process immediately 
jumps to a new set         ( possibly including jump in      )

Process continues again according to the Ito-Skorohod SDE in a 
new set until it reaches the boundary of the current set.

Hybrid Systems - Model 3 (Krystul, Blom and Bagchi)
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Hybrid Systems - Model 3
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Hybrid Systems - Model 3
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Hybrid Systems - Model 3
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{Xt, θt} ∈ Rn ×M, M = {e1, . . . , eS}
switching diffusion process:
dXt = a(θt, Xt)dt + b(θt, Xt)dWt,

P (θt+δ = θ|θt = η, Xt = x) = ληθ(x)δ + o(δ), η != θ.
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Estimation of rare event probability in 
stochastic hybrid systems
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Factorization Approach
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Nested sequence of level sets
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Factorization Approach (continued)

Define
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Factorization Approach (continued)

Define
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Factorization Approach (continued)

Define
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Interacting Particle System (IPS) approach
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IPS algorithm
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IPS algorithm (continued)
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IPS algorithm (continued)
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IPS algorithm (continued)
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IPS algorithm (continued)
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IPS algorithm (continued)
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IPS algorithm (continued)
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Theorem (Cerou, Del Moral, LeGland and Lezaud, 2002)
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 Diffusion Example: Geometric Brownian Motion

Analytical solution:
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