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Motivation Interval Prediction

« Adaptive: estimate the dynamics along the way Having observed N samples, given 6 € Cn 5, we want

e« Robust: avoid failures, maximize worst-case outcomes x(t) < x(t) <Z(t), Vit > ty. (6)

Related work

Proposition (Simple predictor of Efimov et al. 2012).
e Robust Dynamic Programming [e.g. lyengar 2005]
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o Quadratic costs (LQ) [e.g. Dean et al. 2017]

ensures the inclusion property (6).

L, Stabilization only
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Settmg Assumption 3. There exists orthogonal Z such that Z"AnZ is Metzler.
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Proposition (Enhanced predictor of Leurent et al. 2019).

Model Estimation

p(t) = Anz(t) - AAiz(t) — AA_T"(t) + Bu(t) + D" w(t) — D™ w(t),
z(t) = ANT(t) + AALTT(t) + AA_x~ (t) + Bu(t) + DTw(t) — D~ w(t),

ensures the inclusion property (6) under Assumption 3.

Robust control
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Definition 1 (Surrogate objective). Let x,T following (6) and Theorem 2 (Lower bound)

Model Estimation V)€ N "R, () where R,(w)€  min  R(a). V() <V"(u)
n=N-+1 €z, (1),Tn(u)]
— Z[W Theorem 3 (Suboptimality bound). Under two conditions:
1. a Lipschitz reqularity assumption for the reward function R;
2. a stability condition: there exist P > 0,Qy € RP*P, p > 0, and Ny € N COPOH?H..Y 1 (Asymptotlc .nea.r—optlmahty). Un.der
an additional persistent excitation (PE) assumption
such that
T 3,0 > 0:Vn > > < Amin (21,31 @, <_27
VN > AN'()7 |:ANP _II_DP’-lAg ™ QO f)‘gl;q < O’ ?’ ¢ n = no, ? — ( n=—p ) — ¢
' the stability condition 2. of Theorem 3 can be relared
we can bound the suboptimality with probability at least 1 —0, for a planning to its limit Ay — A(0) and
budget K, as:
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Cn.s shrinks with the number of samples N. ook W seeing e
Assumption 1 (Structure).
d
A0)= A+ 0:0;. Il Multi-Model Extension
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Optimal planning of action

Assumption 2 (Noise Model). Assume
Assumption 4 (Multi-model ambiguity). (A, ¢) from (4) lies within a finite set of M models.

o sub-Gaussian observation: E[exp (u'n)] < exp (su’X,u) g
o bounded disturbance: w(t) < w(t) < w(t) Model adequacy If y & P™, the model (A,,, ¢,,) can be confidently rejected. e
Proposition 1 (Robust selection). With discrete ambiguity, the robust version of OPD enjoys ‘/
. , , , the same regret bound as OPD and recovers V' exactly. N\
Theorem 1 (Matricial version of Abbasi-Yadkori et al. 2011). S 12
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Then, with probability at least 1 — &
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agent
Robust EPC
= Nominal EPC

. de f et(Gn 2 )1/2
with By (6) = \/QID((;;e(tCz)\j;\))lﬂ) - (Ad)1/28.
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¢ After training on 3000 episodes




