
2) Nguyen, Shafieezadeh-Abadeh, Kuhn & Mohajerin Esfahani, Math. Oper. Res., 2023
1) Frank & Wolfe, Nav. Res. Logist., 1956; Jaggi, ICML, 2013

<latexit sha1_base64="o7DPD0PBhvek1oHzYm40bQt/PY8="></latexit>

min
u,x,y

EP
⇥
x>Qx+ u>Ru
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s.t. x = Hu+ Gw, y = Cx+ v, u 2 Uy
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Proof Sketch:

Distributionally Robust Linear Quadratic Control
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outputs
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Proposition: We have

p? =

⇢
min
q2RpT

U2U

max
W2GW
V2GV

g(U, q,W,V)

where

GW =

⇢
W

����
W = diag(X0,W0, . . . ,WT�1), X0 2 Sn+, Wt 2 Sn+ 8t 2 [T� 1]
G(X0, X̂0)  ρx0 , G(Wt, Ŵt)  ρwt

8t 2 [T� 1]
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���V = diag(V0, . . . ,VT�1), Vt 2 Sp+, G(Vt, V̂t)  ρvt 8t 2 [T� 1]
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Restriction to 

linear policies

Bahar Taşkesen, Dan A. Iancu, Çağıl Koçyiğit & Daniel Kuhn

Linear dynamical system:

Quadratic cost:

Imperfect state measurements:

Causal controllers:
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ut = φt(y0, . . . , yt) 8t 2 [T� 1]
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xt+1 = Axt + But + wt
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(xt>Qxt + ut>Rut) + xT>QxT
�

Linear Quadratic Control

Separation of Estimation and Control
independent


with zero mean
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P = joint distribution of (x0, {wt}T�1
t=0 , {vt}

T�1
t=1 )

Optimal inputs:
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Assumption:
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P is an arbitrary distribution

feedback gain matrix:

 

efficiently 

computable via DP1)
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independent of P
state estimator:


nonlinear in


#P-hard2)
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state estimator:

linear in

efficiently computable via 
Kalman filtering
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Distributionally Robust LQG Control
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u, x, y-player

Cyclic Dependencies

inputs 

outputs

states 
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Noise-free system:
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Gaussian

causal output-feedback policies  = causal purified output-feedback policies
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u = ψ(η)

Ambiguity set:
Gaussian 


with mean 0
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Px0 distribution of x0 with mean 0

���W2(Px0 , P̂x0)  rx0
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(u, x)-player
moves first
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s.t. x = Hu+ Gw, u 2 Uη
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s.t. x = Hu+ Gw, y = Cx+ v, u 2 Uy

(a) The primal problem is solved by a linear policy;


(b)  The dual problem is solved by a Gaussian distribution;


(c)  Strong duality holds.

Structural Results

600 fold

speedup

10 inputs
10 outputs
10 states

<latexit sha1_base64="SFmq4c0Oc/N/zhIkI/aEaTzHTr4="></latexit>=

Step 1Step 2

Step 3
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Step 1:
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Gelbrich ambiguity set
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Step 2:

Restriction to 

normal

distributions
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Step 3: Sion’s minimax theorem 
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Convert “max” to “min” via duality
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Theory Practice

Numerical Solution to DR-LQG
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“Life can only be understood going 

backwards, but it must be


 lived going forwards.”

- Søren Kierkegard
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