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Problem Setup

• Control a Non-stochastic time-slotted system:

AdaFTRL-C Algorithm & Guarantee

• At each slot 𝑡:
• Execute 𝑢! = ∑"#$

% 𝑀!
["]	𝒘𝒕)𝒋    (DAC class)

• Set regularization parameter 𝜆! ∝ ∑+#$!)$ 𝒈+ ,	

• Update policy params:

𝑀!-$ = argmin
.∈0

	{𝑐! 𝒙𝒕 𝜋 , 𝒖𝒕 𝜋 + 𝜆! 𝑴 ,}

• Theorem: 

AdaFTRL-C Proof Concepts

Step 1: 𝑐! 𝒙𝒕, 𝒖𝒕 = 𝑐! 𝒙𝒕 𝜋! , 𝒖𝒕 𝜋𝒕   +  residual (New NSC+FTRL result) 

•  Lemma:

Step 2: 𝑐! 𝒙𝒕 𝜋! , 𝒖𝒕 𝜋𝒕  has a sublinear regret  (Standard FTRL result) 

•  Lemma:

Step 3:  The residual is also sublinear      (New result) 

•  Lemma:

Numerical Examples

1

Take an action 𝒖𝒕 via a 
policy 𝜋! ∈ Π

Incur an adversarial 
cost 𝒄𝒕 𝒙𝒕, 𝒖𝒕

Transition to 𝒙𝒕!𝟏 =
𝐴𝒙𝒕 + 𝐵𝒖𝒕 +𝒘𝒕 via 

adversarial noise 𝒘𝒕

Update the policy 𝜋!

• Target: best policy in 𝚷

𝜋⋆ = argmin
.∈0

	@
!#$

2
𝑐!(𝒙𝒕 𝜋 , 𝒖𝒕 𝜋 )

s.t., 𝒙𝒕!𝟏 = 𝐴𝒙𝒕 + 𝐵𝒖𝒕 +𝒘𝒕, 	 ∀𝑡	.

• Metric: policy regret 

ℛ! =@
!#$

2
𝑐!(𝒙𝒕, 𝒖𝒕) − 𝑐!(𝒙𝒕 𝜋⋆ , 𝒖𝒕 𝜋⋆ )

Where:
• 𝒙𝒕, 𝒖𝒕	:	The	actual		trajectory	due	to	 𝜋! 2 .
• 𝒙𝒕 𝜋⋆ , 𝒖𝒕 𝜋⋆  the counter factual due to 𝜋⋆.

• Features:
• 𝜋⋆	is based on witnessed costs and noise.
• ℛ! = 𝑜(𝑇) ⇒ 𝜋!  achieves 𝜋⋆’s performance.

• The Standard Controller: Gradient P.C. :

• Execute 𝑢! = ∑"#$
% 𝑀!

["]	𝒘𝒕)𝒋  (DAC)

• Update Policy Param: 𝑀!-$ = 𝑀! + 𝜂𝒈!, 
𝒈! = ∇3𝑐! 𝒙𝒕 𝜋 , 𝒖𝒕 𝜋

• GPC ‘s Policy Regret:

ℛ2 = 𝒪 𝑔 𝑇

• What if 𝒈! 	is small (easy environments)?

Polynomials in 
matric norms

For 𝑇 
steps

Universal Upper 
Bound on 𝒈!

RQ:

2 3

Adaptive regularization

Can the bound on ℛ!  be modulated by 𝒈"  
instead of 𝑔 ?

ℛ2 = 𝒪 𝑔 @
!#$

2
𝒈! ,

𝒈! 	 𝒪 𝑔5/, 𝑇𝒪 1
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Disturbances & costs are 10% their max: Disturbances & costs are max: Disturbances & costs are max & alternating:
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