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Objective

Probabilitic Certification:

A general framework to face high uncertainties and still have
something to guarantee with an explicit (hopefully high)
probability.

This talk

Explain the framework of Probabilistic Certification through the
example of combined therapy of cancer using highly uncertain
population models.
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Outline

I Cancer problem

I Proposed solution

I Results

I Take away message
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Model

Time structure of the drug’s delivery

I duty ratio γ ∈ [0, 1]

I updating period τ

Problem Design a feedback that contracts the tumor (x1) while
keeping the health (x2) above above some threshold xmin

2
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Problem Design a feedback that contracts the tumor (x1) while
keeping the health (x2) above above some threshold xmin

2

Version 1

Reduce Hospitalization

Version 2

Reduce Drug’s use

Despite the very bad knowledge of the parameters

p: patient-dependent parameter
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Assume that a θc -parametrized
controller has been designed:

u(kτ+t) = K (x(kτ), θc) t ∈ [0, τ ]

θc := (β, r , α)

Consider the protocol parameters:

θp := (NT , γ, γc ,D1,D2)

NT Number of periods
γ The duty ratio
γc The contraction factor
D1 Available quantity of drug 1
D2 Available quantity of drug 2

θ = (θc , θp) Design parameter

Results with
Di = 75% (of available)
α = 0.5
γ = 0.4
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γc The contraction factor
D1 Available quantity of drug 1
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θ = (θc , θp) Design parameter

How to certify that ∀p ∈ P:

x1(T |θ, p)− γcx1(0) ≤ 0
maxt

[
xmin

2 − x2(t|θ, p)
]
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γc The contraction factor
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θ = (θc , θp) Design parameter

How to find θ such that we
can certify that:

(∀p ∈ P) g(θ, p) ≤ 0
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θ satisfying the constraints may not be unique

⇓

min
θ∈Θ

J(θ) s.t (∀p ∈ P) g(θ, p) ≤ 0

Optimal Robust constraints satisfaction problem

Version 1: J(θ) = γ
Version 2: J(θ) = α1D1 + α2D2

J(θ) = Cθ
I Extremely hard to solve
I Uselessly conservative

I worst case analysis
I even extremely rare bad configurations are accommodated for

Relaxed formulations ⇒ Probabilistic certification
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Define the constraints violation indicator:

I (θ, p) :=

{
0 if g(p, θ) ≤ 0
1 otherwise (constraints are violated)

Robust constraint: (∀p ∈ P) g(θ, p) ≤ 0

For any given m, N must be sufficiently high yo get:

N ≥ m/η

Pr
{

(R2(N)) ∩ (!R1)
}
≤ δ

(η, δ)=(precision,confidence)So how much for N?
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When the admissible set Θ is discrete with cardinality nΘ

N ≥ 1

η

(
m + ln(

nΘ

δ
) +

(
2m ln(

nΘ

δ
)
)1/2

)

m positive integer (m = 1, 5, 10 etc.)
nΘ card(Θ)
η Precision (η = 10−2, 10−3)
δ Confidence parameter (δ ≤ 10−3)

NOTA

I dim(p) does not matter !!!!

I (nΘ, δ) → logarithmically !!
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Application / cancer problem:

I Precision η = 10−2

I Confidence δ = 10−1

I m = 1

I nΘ = 576

→ N = 2155

→ # simulations = 1, 241, 280
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Successful use on

I Cancer treatment

I Anesthesia (up to 600% of parameter variation)

I EV charging station in smart district

I It is the ends of robust control in traditional sense

I All Market assessments are based on probabilities

I As everybody knows: the 0-risk is not of this world !

I The knowledge of statistic of p underlines everything

I Maybe some preliminary research on this has to be done

I Good news: In your case, data is available !!!
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