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Problem Formulation 

Switched LTI plant 

x ˙ = Aσx + Bσu + Eσw 
y = Cx + Dw 

w → Unknown disturbance 
u → Control input 
y → Output 
σ(t) → Switching signal 

Objective: output regulation 

minu,x g(u) + h(y) 
s.t. 0 = Aσx + Bσu + Eσw 

y = Cx + Dw 

Regulate the plant to the
equilibrium points that
minimize a given cost 

E. Dall’Anese (CU Boulder) Online Optimization of Switched Systems Aug 20, 2020 2 / 23 



Problem Formulation 

Switched LTI plant Objective: output regulation 
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Problem Formulation 

Switched LTI plant 

x ˙ = Aσx + Bσu + Eσw 
y = Cx + Dw 

Objective: tracking of solutions 

minu,x g(u, t) + h(y, t) 
s.t. 0 = Aσx + Bσu + Eσw(t) 

y = Cx + Dw 
w → Unknown disturbance 
u → Control input 
y → Output 
σ(t) → Switching signal 

Output tracks optimal solu-
tion trajectory implicitly defined
by a time-varying problem 

u⇤(t)
<latexit sha1_base64="R4FIpNsEonqxbz1mvE66N53iuHw=">AAAB73icbVDLTgJBEOzFF+IL9ehlIpigB7LLRY9ELx4xkUcCK5kdZmHC7MOZXhOy4Se8eNAYr/6ON//GAfagYCWdVKq6093lxVJotO1vK7e2vrG5ld8u7Ozu7R8UD49aOkoU400WyUh1PKq5FCFvokDJO7HiNPAkb3vjm5nffuJKiyi8x0nM3YAOQ+ELRtFInXLycFHB83K/WLKr9hxklTgZKUGGRr/41RtELAl4iExSrbuOHaObUoWCST4t9BLNY8rGdMi7hoY04NpN5/dOyZlRBsSPlKkQyVz9PZHSQOtJ4JnOgOJIL3sz8T+vm6B/5aYijBPkIVss8hNJMCKz58lAKM5QTgyhTAlzK2EjqihDE1HBhOAsv7xKWrWqY1edu1qpfp3FkYcTOIUKOHAJdbiFBjSBgYRneIU369F6sd6tj0VrzspmjuEPrM8fUUSO0g==</latexit><latexit sha1_base64="R4FIpNsEonqxbz1mvE66N53iuHw=">AAAB73icbVDLTgJBEOzFF+IL9ehlIpigB7LLRY9ELx4xkUcCK5kdZmHC7MOZXhOy4Se8eNAYr/6ON//GAfagYCWdVKq6093lxVJotO1vK7e2vrG5ld8u7Ozu7R8UD49aOkoU400WyUh1PKq5FCFvokDJO7HiNPAkb3vjm5nffuJKiyi8x0nM3YAOQ+ELRtFInXLycFHB83K/WLKr9hxklTgZKUGGRr/41RtELAl4iExSrbuOHaObUoWCST4t9BLNY8rGdMi7hoY04NpN5/dOyZlRBsSPlKkQyVz9PZHSQOtJ4JnOgOJIL3sz8T+vm6B/5aYijBPkIVss8hNJMCKz58lAKM5QTgyhTAlzK2EjqihDE1HBhOAsv7xKWrWqY1edu1qpfp3FkYcTOIUKOHAJdbiFBjSBgYRneIU369F6sd6tj0VrzspmjuEPrM8fUUSO0g==</latexit><latexit sha1_base64="R4FIpNsEonqxbz1mvE66N53iuHw=">AAAB73icbVDLTgJBEOzFF+IL9ehlIpigB7LLRY9ELx4xkUcCK5kdZmHC7MOZXhOy4Se8eNAYr/6ON//GAfagYCWdVKq6093lxVJotO1vK7e2vrG5ld8u7Ozu7R8UD49aOkoU400WyUh1PKq5FCFvokDJO7HiNPAkb3vjm5nffuJKiyi8x0nM3YAOQ+ELRtFInXLycFHB83K/WLKr9hxklTgZKUGGRr/41RtELAl4iExSrbuOHaObUoWCST4t9BLNY8rGdMi7hoY04NpN5/dOyZlRBsSPlKkQyVz9PZHSQOtJ4JnOgOJIL3sz8T+vm6B/5aYijBPkIVss8hNJMCKz58lAKM5QTgyhTAlzK2EjqihDE1HBhOAsv7xKWrWqY1edu1qpfp3FkYcTOIUKOHAJdbiFBjSBgYRneIU369F6sd6tj0VrzspmjuEPrM8fUUSO0g==</latexit><latexit sha1_base64="R4FIpNsEonqxbz1mvE66N53iuHw=">AAAB73icbVDLTgJBEOzFF+IL9ehlIpigB7LLRY9ELx4xkUcCK5kdZmHC7MOZXhOy4Se8eNAYr/6ON//GAfagYCWdVKq6093lxVJotO1vK7e2vrG5ld8u7Ozu7R8UD49aOkoU400WyUh1PKq5FCFvokDJO7HiNPAkb3vjm5nffuJKiyi8x0nM3YAOQ+ELRtFInXLycFHB83K/WLKr9hxklTgZKUGGRr/41RtELAl4iExSrbuOHaObUoWCST4t9BLNY8rGdMi7hoY04NpN5/dOyZlRBsSPlKkQyVz9PZHSQOtJ4JnOgOJIL3sz8T+vm6B/5aYijBPkIVss8hNJMCKz58lAKM5QTgyhTAlzK2EjqihDE1HBhOAsv7xKWrWqY1edu1qpfp3FkYcTOIUKOHAJdbiFBjSBgYRneIU369F6sd6tj0VrzspmjuEPrM8fUUSO0g==</latexit>

u(t)
<latexit sha1_base64="zHPgW2tb/uRCkzWwyQYLjSdZNAM=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5otCTaWGIiHwlcyN6ywMre3mV3zoRc+A82Fhpj6/+x89+4wBUKvmSSl/dmMjMviKUw6LrfTm5jc2t7J79b2Ns/ODwqHp+0TJRoxpsskpHuBNRwKRRvokDJO7HmNAwkbweT27nffuLaiEg94DTmfkhHSgwFo2ilVjmp4GW5Xyy5VXcBsk68jJQgQ6Nf/OoNIpaEXCGT1Jiu58bop1SjYJLPCr3E8JiyCR3xrqWKhtz46eLaGbmwyoAMI21LIVmovydSGhozDQPbGVIcm1VvLv7ndRMcXvupUHGCXLHlomEiCUZk/joZCM0ZyqkllGlhbyVsTDVlaAMq2BC81ZfXSatW9dyqd18r1W+yOPJwBudQAQ+uoA530IAmMHiEZ3iFNydyXpx352PZmnOymVP4A+fzBzWHjjY=</latexit><latexit sha1_base64="zHPgW2tb/uRCkzWwyQYLjSdZNAM=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5otCTaWGIiHwlcyN6ywMre3mV3zoRc+A82Fhpj6/+x89+4wBUKvmSSl/dmMjMviKUw6LrfTm5jc2t7J79b2Ns/ODwqHp+0TJRoxpsskpHuBNRwKRRvokDJO7HmNAwkbweT27nffuLaiEg94DTmfkhHSgwFo2ilVjmp4GW5Xyy5VXcBsk68jJQgQ6Nf/OoNIpaEXCGT1Jiu58bop1SjYJLPCr3E8JiyCR3xrqWKhtz46eLaGbmwyoAMI21LIVmovydSGhozDQPbGVIcm1VvLv7ndRMcXvupUHGCXLHlomEiCUZk/joZCM0ZyqkllGlhbyVsTDVlaAMq2BC81ZfXSatW9dyqd18r1W+yOPJwBudQAQ+uoA530IAmMHiEZ3iFNydyXpx352PZmnOymVP4A+fzBzWHjjY=</latexit><latexit sha1_base64="zHPgW2tb/uRCkzWwyQYLjSdZNAM=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5otCTaWGIiHwlcyN6ywMre3mV3zoRc+A82Fhpj6/+x89+4wBUKvmSSl/dmMjMviKUw6LrfTm5jc2t7J79b2Ns/ODwqHp+0TJRoxpsskpHuBNRwKRRvokDJO7HmNAwkbweT27nffuLaiEg94DTmfkhHSgwFo2ilVjmp4GW5Xyy5VXcBsk68jJQgQ6Nf/OoNIpaEXCGT1Jiu58bop1SjYJLPCr3E8JiyCR3xrqWKhtz46eLaGbmwyoAMI21LIVmovydSGhozDQPbGVIcm1VvLv7ndRMcXvupUHGCXLHlomEiCUZk/joZCM0ZyqkllGlhbyVsTDVlaAMq2BC81ZfXSatW9dyqd18r1W+yOPJwBudQAQ+uoA530IAmMHiEZ3iFNydyXpx352PZmnOymVP4A+fzBzWHjjY=</latexit><latexit sha1_base64="zHPgW2tb/uRCkzWwyQYLjSdZNAM=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5otCTaWGIiHwlcyN6ywMre3mV3zoRc+A82Fhpj6/+x89+4wBUKvmSSl/dmMjMviKUw6LrfTm5jc2t7J79b2Ns/ODwqHp+0TJRoxpsskpHuBNRwKRRvokDJO7HmNAwkbweT27nffuLaiEg94DTmfkhHSgwFo2ilVjmp4GW5Xyy5VXcBsk68jJQgQ6Nf/OoNIpaEXCGT1Jiu58bop1SjYJLPCr3E8JiyCR3xrqWKhtz46eLaGbmwyoAMI21LIVmovydSGhozDQPbGVIcm1VvLv7ndRMcXvupUHGCXLHlomEiCUZk/joZCM0ZyqkllGlhbyVsTDVlaAMq2BC81ZfXSatW9dyqd18r1W+yOPJwBudQAQ+uoA530IAmMHiEZ3iFNydyXpx352PZmnOymVP4A+fzBzWHjjY=</latexit>

t
<latexit sha1_base64="UOl9xrCGluT+8fFhRN0OeEn0fdY=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQxWrg3LFrbkLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxanzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPYzoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSbte89yad1+vNG7yOIpwBudwCR5cQQPuoAktYDCCZ3iFN0c6L86787FsLTj5zCn8gfP5A5c+jVI=</latexit><latexit sha1_base64="UOl9xrCGluT+8fFhRN0OeEn0fdY=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQxWrg3LFrbkLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxanzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPYzoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSbte89yad1+vNG7yOIpwBudwCR5cQQPuoAktYDCCZ3iFN0c6L86787FsLTj5zCn8gfP5A5c+jVI=</latexit><latexit sha1_base64="UOl9xrCGluT+8fFhRN0OeEn0fdY=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQxWrg3LFrbkLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxanzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPYzoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSbte89yad1+vNG7yOIpwBudwCR5cQQPuoAktYDCCZ3iFN0c6L86787FsLTj5zCn8gfP5A5c+jVI=</latexit><latexit sha1_base64="UOl9xrCGluT+8fFhRN0OeEn0fdY=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQxWrg3LFrbkLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxanzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPYzoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSbte89yad1+vNG7yOIpwBudwCR5cQQPuoAktYDCCZ3iFN0c6L86787FsLTj5zCn8gfP5A5c+jVI=</latexit>

E. Dall’Anese (CU Boulder) Online Optimization of Switched Systems Aug 20, 2020 3 / 23 



Problem Formulation 

Switched LTI plant Objective: tracking of solutions 

x ˙ = Aσx + Bσu + Eσw minu,x g(u, t) + h(y, t) 
y = Cx + Dw s.t. 0 = Aσx + Bσu + Eσw(t) 

y = Cx + Dw 
w → Unknown disturbance 
u → Control input Output tracks optimal solu-
y → Output tion trajectory implicitly defined
σ(t) → Switching signal by a time-varying problem 

Key quantity in this talk: w ˙ → time-variability of an optimal solution 
∗ I.e., w ˙ ↔ u ˙
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Algorithmic design 

Offline optimization
(feedforward)

u⇤
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Local control / regulation

Dynamical system

Closed-loop optimizer
u̇ = Fc(u, y, t)
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ẋ = A�x+B�u+ E�w

y = Cx+Dw
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ẋ = A�x+B�u+ E�w

y = Cx+Dw
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Dynamical system

Online optimization
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time-scale separation
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Motivating Examples 

min Total Travel (Cost, Time) 
s.t. Network is at equilibrium 

(Using real-time measurem.) 

[Bianchin-Pasqualetti’20], [Grandinetti et al ’18] 

min Total generation cost 
s.t. Swing equation 

(Using real-time measurem.) 

[Menta et al’19], [Colombino et al’20] 
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Motivating Examples From Traffic Control 

Suboptimal controllers (i.e., route selection) → instabilities 
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λ Two parallel roads: 
ẋ1 = −f(x1) + rλ 
ẋ2 = −f(x2) + (1 − r)λ 

Drivers select the fastest route: 
r ˙ = r(1 − r)(x2 − x1) 

“free” selfish routing With controller 
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Motivating Examples From Traffic Control (2) 

Uncontrolled traffic → instabilities 
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A more accurate model: CTM 
ẋ1 = − min{d1x1, s2x2} + r21 min{d2x2, s1x1} + w1 

ẋ2 = − min{d2x2, s1x1} + r12 min{d1x1, s2x2} + w2 

Roads have two modes: free-flow and congested 

Uncontrolled system With controller 

Traffic Dynamics

State-Dependent

Switching

Traffic

Density

Mode
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Related Work (a short list) 
• Related to feedback-based optimization (with plant ∞ fast) 
[Jokic et al’09], [Bolognani et al’13], [Bernstein et al’13], [Dall’Anese-Simonetto’16], [Bernstein et al’19], [Colombino et al’19], ... 

• [Menta et al’19]: LTI, static optimization, stability of strict local optima 

• [Hauswirth et al’20] extension to nonlinear dynamical systems 

• [Lawrence et al’18] Joint stabilization and regulation, static, LTI 

• [Colombino et al’18] LTI, time-varying, strongly convex, exponential ISS 

• [Zheng et al’19] Feedback-linearizable systems, time-varying 

Today: switched LTI, time-varying, exponential ISS, gradient flow 

In the paper: Hybrid Nesterov, practical stability, other results ... 
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Design of Feedback Controllers 

Switched LTI plant Time-varying problem 

x ˙ = Aσx + Bσu + Eσw minu,x g(u) + h(y) 
y = Cx + Dw s.t. 0 = Aσx + Bσu + Eσw 

y = Cx + Dw 

Recall: gradient flow (if plant is ∞ fast and w is known) 

y = −CA−1Bu + (D − CA−1E)w 
u ˙ = −rg(u) − GTrh(Gu + Hw) “solves” the optimization 
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Switched LTI plant Time-varying problem 

x ˙ = Aσx + Bσu + Eσw minu,x g(u) + h(y) 
y = Cx + Dw s.t. 0 = Aσx + Bσu + Eσw 

y = Cx + Dw 

Proposed online gradient-based controller: 

εσ ẋ = Aσx + Bσu + Eσw 
y = Cx + Dw 
u̇ = −rg(u) − GTrh(y) 
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Framework: Hybrid Dynamical Systems 

εσ x ˙ = Aσx + Bσu + Eσw 
y = Cx + Dw 
u ˙ = −rg(u) − GTrh(y) 

Hybrid dynamical system (HDS): 

Flow: z ˙ ∈ F (z, ẇ) Jumps: z+ ∈ G(z, ẇ) 

HDS for interconnection between gradient flow and plant: 
+ Flow: εσ x ˙ = Aσx + Bσu + Eσw Jumps: x = x 
+ u ˙ = −rg(u) − GTrh(Cx + Dw) u = u 

σ+ ∈ S 
τd → average “dwell time” τ+ = τ − 1 

σ̇ = 0 
˙ τ ∈ [0, 1/τd] 

E. Dall’Anese (CU Boulder) Online Optimization of Switched Systems Aug 20, 2020 12 / 23 



Framework: Hybrid Dynamical Systems 

εσ x ˙ = Aσx + Bσu + Eσw 
y = Cx + Dw 
u ˙ = −rg(u) − GTrh(y) 

Hybrid dynamical system (HDS): 
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HDS for interconnection between gradient flow and plant: 
+ Flow: εσ x ˙ = Aσx + Bσu + Eσw Jumps: x = x 
+ u ˙ = −rg(u) − GTrh(Cx + Dw) u = u 

σ+ ∈ S 
τd → average “dwell time” τ+ = τ − 1 

σ̇ = 0 
˙ τ ∈ [0, 1/τd] 

E. Dall’Anese (CU Boulder) Online Optimization of Switched Systems Aug 20, 2020 12 / 23 



ISS for Hybrid Dynamical Systems 

HSD with flows z ˙ ∈ F (x, ẇ) and jumps: ż+ ∈ G(x, ẇ) 

Definition [Nešić et al ’13]. The compact set A is ISS if: 

kz(t, j)kA ≤ β(kz(0, 0)kA, t, j) + γ(sup 
τ ≥0 

k ẇ(τ)k) 

where β ∈ KLL and γ ∈ K∞. 

Definition. The set A is exponentially ISS (E-ISS) if: 

kz(t, j)kA ≤ a0(e − 1 
2 (b0t+c0j)kz(0, 0)kA + d0 sup 

τ≥0 
k ẇ(τ)k) 

If the set of oprimizers are E-ISS for the feedback intercon-
nection, then the controller achieves tracking and stability 
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Technical Assumptions: Switched LTI system 

As. Individual modes are exponentially stable: 

AT 
σ Pσ + PσAσ � −Qσ, Pσ � 0, Qσ � 0 

As. Modes have common equilibrium points: 

∃ u, w | 0 = Aσx + Bσu + Eσw for all σ 

Note: We focus switching signals for which the number of discontinuities
in every open interval (s, t) ⊂ R+ satisfies [Hespanha-Morse ’99] : 

N(t, s) ≤ N0 + tτ
−
d 

s 
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Technical Assumptions: Cost 

As. The cost functions have a Lipschitz-continuous gradient: 

krh(u) −rh(u0)k ≤ ` uku − u0k krg(y) −rg(y0)k ≤ ` yky − y0k 

As. Cost satisfies Polyak-Łojasiewicz (PL) inequality: 

1 krf(u)k2 ≥ µ(f(u) − f(u ∗)) 2 

A strongly convex function satisfies the PL inequality, but the inverse 
implication does not hold. PL inequality implies invexity [Karimi et al’16] 

∗ Every u is a global minimizer 
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Tracking: Single Mode 

εσ x ˙ = Aσx + Bσu + Eσw 
y = Cx + Dw 
u ˙ = −rg(u) − GTrh(y) 

∗ ∗ Define: z = [u, x], z = [u , x ∗] 

Proposition. Suppose that the plant has a single mode. If 

εσ < 
λ(Qσ) 

4` ykCkkGkkPσA
−1 
σ Bσk 

then the set {z − z ∗} is E-ISS with rate b0 = µ2/`, c0 = 0. 

n o n o p
¯Details: a0 = āσ /aσ , āσ = max (1 − θσ ) ` , θσ λ(Pσ ) , aσ = min (1 − θσ ) µ , θσ λ(Pσ ) 

2 2 
√ 

2 maxσ krσ k T d0 = , r = [2θσ kPσ A
−1 Eσ k, (1 − θσ )` y kHkkGk] ˜ σ σ d min{1,µ2} 
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Tracking: Switched Plant 
+ Flow: εσ x ˙ = Aσx + Bσu + Eσw Jumps: x = x 
+ u ˙ = −rg(u) − GTrh(Cx + Dw) u = u 

σ ˙ = 0 σ+ ∈ S 
τ̇ ∈ [0, 1/τd] τ+ = τ − 1 

Theorem. Consider the interconnection above with state (z̃, τ, σ), 
where z̃ = z − z ∗ is the tracking error. If 

εσ < 
λ(Qσ) 

4` ykCkkGkkPσA
−1 
σ Bσk 

and τd > 
` 

2µ2 
ln 

� 
ā 
a 

� 

, N0 ∈ Z>0 

then the set A = {0} × S × TC , with TC := [0, N0] × S, is E-ISS with 

parameters b0 = µ2/`− % 
τd 
, c0 = % − ln 

� 
ā 
a 

� 
. 

r 
āe Details: a0 = 

N0% 
, a ¯ := maxσ∈S āσ , a := minσ∈S aσ , ln(ā/a) < % < 2µ 2 τd/` 

a 
√ 

2 maxσ krσ k 
d0 = 

d̃ min{1,µ2} 

E. Dall’Anese (CU Boulder) Online Optimization of Switched Systems Aug 20, 2020 17 / 23 



Tracking: Switched Plant 
+ Flow: εσ x ˙ = Aσx + Bσu + Eσw Jumps: x = x 
+ u ˙ = −rg(u) − GTrh(Cx + Dw) u = u 

σ ˙ = 0 σ+ ∈ S 
τ̇ ∈ [0, 1/τd] τ+ = τ − 1 

Theorem. Consider the interconnection above with state (z̃, τ, σ), 
where z̃ = z − z ∗ is the tracking error. If 

εσ < 
λ(Qσ) 

4` ykCkkGkkPσA
−1 
σ Bσk 

and τd > 
` 

2µ2 
ln 

� 
ā 
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Constant Disturbance: Illustrations 

kz(t, j)kA ≤ a0e
− 1 

2 (b0t+c0j)kz(0, 0)kA 
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Tracking: Illustrations 

kz(t, j)kA ≤ a0e− 1 
2 (b0t+c0j)kz(0, 0)kA + d0 supτ≥0 k ẇ(τ)k) 
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Teaser: Hybrid Restarted Nesterov 

Hybrid feedback controller inspired by Nesterov’s accelerated gradient 

εσ x ˙ = Aσx + Bσu1 + Eσw 
ρ 

u̇1 = (u2 − u1) 
u3 

κu3 � � 
+ u̇2 = − rh(u1) + GTrg(y) u = r0u1 + (1 − r0)u2 2 ρ 
+ u̇3 = 1 u 3 = T 

1) Resolves the lack of robustness of accelerated methods when online 
and in closed loop with dynamical system [Hauswirth et al ’20] 

2) Outperforms the gradient-flow controller for strongly convex costs 

See our paper! 
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Conclusions 

• Work at the intersection of online optimization, control, and HDS 

• E-ISS for switched LTI and costs that satisfy the PL inequality 

• Under strong convexity, hybrid restarted Nesterov method 

• Next steps: 

- Constrained problems 

- Robustness to inexact gradient information 

- Connections with MPC (with J. Cortes) 
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Thanks! 
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