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Introduction 
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General problem   > System   >  Collected data: (parts of) trajectories  



 x 0 , u0 ,r 0 , x 1 ,u 1 , r 1 ,...



  > Dynamics of the system unknown  3
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General problem   > Goal: finding a (nearoptimal) control policy   > How: many solutions   >  Approximation structures
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General problem   > Approximation structures bring uncertainties   > Garantees on the performance of a policy ?
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Introduction
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What we propose   > Compute a lowerbound on the return of a given  policy, starting from a given initial state...   > … using the (assumed nonnoisy) database  without approximation
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Formalization
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  > Finite horizon T   > Continuous state and action spaces X , U  



∀ t∈ { 0,. .. , T −1 } x t ∈ X ,u t ∈U



  > Deterministic system dynamics f : X  U → X   



∀ t∈ { 0,. .. , T −1 } , x t1=f  x t ,u t 



  > Deterministic reward function ρ : X  U → R 7
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  > Data: a nonnoisy set of n tuples l



l



l



l



n



F={  x , u , r , y  }l=1 l



l



l



y =f  x ,u  l l l r =  x , u   



  > We assume having computed a deterministic  policy h h : [0,... T1 ]  X → U 8
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Performance of h   > Tstage return of the policy h, starting from x0 T−1



   



J  x 0 =∑  x t , h t , x t  h T



t =0



with    ∀ t∈ { 0,. .. , T −1 } , x t1=f  x t ,u t 



    >  Knowledge of f and ρ is needed for exact  h computation J T  x 0  9
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What is the point ?   > When  f and ρ are known: OK BUT   > Most of the time, no (exact) information about f  and ρ  
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What is exact ?   > Tuples are assumed to be nonnoisy (e.g., deterministic)   > They give exact values of  



  system dynamics



 



 rewards signals  



l



l



l



y =f  x ,u  l l l r =  x , u  11
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General idea   >  Using a sequence of T tuples to compute an exact lowerbound on  T−1



J  x 0 =∑  x t , h t , x t  h T



t =0



using the exact rewards and the exact dynamics given  by the tuples   > Maximizing this lowerbound by chosing the best  sequence of tuples 12
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Assumptions   > (Deterministic framework)   > Lipschitz continuity of f, ρ and h 



2



2



Lf , L , L h∈ℝ , ∀  x , x '∈ X , u , u '∈U , 0≤t≤T −1 ∥f  x , u−f  x ' , u '∥≤Lf ∥x−x '∥∥u−u'∥   ∣ x , u−  x ' ,u ' ∣≤L ∥x−x '∥∥u−u '∥ ∥ht , x −h t , x '∥≤ Lh∥x−x '∥ 13
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Definition   >  State action value functions   h N



Q  x , u: X×U ℝ  



T−1



h N



Q  x , u= x ,u 



∑    x t , h t , x t 



T− N1



with xTN+1 = f(x,u)   > We have h T



h T



J  x 0 =Q  x 0 , h0, x 0  14
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Properties >  Recursion h N



Q  x , u= x ,u Q



h N−1



[f  x ,u , hT −N 1, f  x ,u ]



  > Good news: all these functions are Lipschitz  continuous  



N−1



LQ = L ∑ [ Lf 1Lh ]



t



N



t =0
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Computing a lowerbound from a sequence of tuples   >  Sequence of tuples: 



lt



lt



lt



lt



T −1 t =0



[ x , u , r , y ]



  > Using recursion (t = TN):



Q



h  T −t



 



lt



lt



lt



lt



 x , u =  x ,u Q



h T −t−1



  > Non noisy database : 



lt



lt



lt



lt



lt



lt



[ f  x , u  , ht1, f  x , u ] lt



f  x , u = y l l l   x , u =r t



t



t
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  >  Thus



Q



h T −t



lt



lt



lt



 x , u =r Q



h T −t−1



lt



lt



[ y , h t1, y ]



  > Connexion between tuples using Lipschitz  continuity



Q with



h T −t−1



lt



lt



 y , ht1, y ≥Q



l t1



lt



h T −t−1



l t1



x



l t1



l t1



, u −LQ



T −t −1



t 1



lt



t 1=∥x − y ∥∥u −h t1, y ∥ 17
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Link between two tuples lt



h N



lt



lt



Q  x , u ≥r Q



h N−1



x



l t1



l t1



, u −LQ



T −t −1



t 1



  with l t1



lt



l t1



lt



t 1=∥x − y ∥∥u −h t1, y ∥
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An illustration  



x0



x 1=f  x 0 , h 0, x 0  x2



r 0 =  x 0 ,h 0, x 0 



0 l0



l0



l0



x T −2



1



l0



x ,u  l0



x T −1



l0



x , u , r , y 



T −1 l1



l1



l1



x



l1



x , u , r , y  x



l T −2



,u



l T −2



,r



l T −2



,y



xT



l T −1



l T −2



,u



l T −1



,r



l T −1



,y



l T −1







0 =∣ x l −x 0∣∣∣ ul −h0, x 0 ∣ 0



0



1=∣∣y l −x l ∣∣∣∣u lt −h  1, y l ∣∣ 0



1



1



0
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Results 
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Lowerbound associated with a sequence of tuples τ     >  A computable lowerbound on



h T



J  x0



T −1



B  , x 0 = ∑ [r −LQ ∥x − y ∥∥u −h t , y ∥] h



 



lt



t=0



lt



l t−1



lt



l t−1



T −t



with 



l −1



y =x 0
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Results 
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Maximizing the lowerbound  B  , x 0    > Maximizing over the set of all possible sequences  of tuples FT ✶ T F



h



B  x 0 =max B  , x 0  and  



h T



∈ F



T



✶ T F



J  x 0 ≥B  x 0 



    > Viterbilike algorithm
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Results 
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Algorithm  
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Results



4/5



Tightness of the computed lowerbound B ✶F  x 0  T



?



    > Hypothesis on the density of the database (with X  and U bounded) 



∃∈ℝ :  



sup



l



l



{ min ∥x− x ∥∥u−u ∥}≤



 x ,u ∈ X ×U l∈{1,... , n}



" For each couple (x,u), the nearest tuple is not farther than α "
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Then







h T



✶ T F



∃C∈ℝ : J  x 0−B  x 0 ≤C 
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Conclusion and Future Work
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  > An approach for computing an exact lowerbound   > Simple algorithm   >  Linear relationship with the database density To improve     >  Strong correlation with the Lipschitz constants   >  The lowerbound can be very low (!) 25



Conclusion and Future Work
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Using the same approach in a stochastic framework   > Work in progress Developing new algorithms based on this approach   > An evaluation tool 



Thank you! 26
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