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Overview and Nonconvex Landscapes Unified Framework: Extended Convex Lifting (ECL)
* Policy optimization has achieved great empirical success in various applications.
£Z
* A strong theoretical foundation is lacking for continuous control tasks. fi(z1,z2) = (i—i — 2) + (z2 — 1)%, fo(z1,22) = :c_i — 2‘ + |22 — 1
* LQR, LQG, H infinity control all have intriguing nonconvex landscapes. hi(yi,y2) = (y1 — 2) + (yo — 1)2 ha(y1,Y2) = |y1 — 2| + |y2 — 1
LQG optimal control H infinity robust control
1 [t T T : ST T
] = i — Joo 1= Ru)dt
min JLqe %EI;OE[T /0 (" Qx + u” Ru) min 1&%}%/0 (2" Qz + u” Ru)
s.t. &= Ax+ Bu+w s.t. &= Az + Bu+ w, z(0) =0
y=Czx+v y=Cz+v
w, v white Gaussian noises d=[wl T ]T
[min J(K )} LQG: saddle point H infinity: non-smooth
Kek

Dynamic policies

The tuple (List, Fevxs Gaux, ®) is an ECL of f if

1) L C R? xR x R% is a lifted set with an extra variable ¢ € R% such that the canonical projection
K — [DK OK] of Ly, onto the first d+1 coordinates, given by 7, (L) = {(x,7) : I € R% s.t. (z,v,€) € Lig },
Bk Ak satisfies
i + B epis, (f) € 7z~ (L) € clepis (f). (6a)
= £
« N < 2) Foux € R x R% is a convex set, Gaux € R% is an auxiliary set, and ® is a C?-diffeomorphism
= Ckx + Dky

from Lig t0 Fevx X Gaux-"

3) For any (zx,7,&) € L, we have

Structure of Stationary Points O(z,7,8) = (7,¢1,¢2) and  (7,¢1) € Fevx (6b)

{Theorem 1 Any non-degenerate Clarke stationary point is globally optimal. }

for some (; € R% and (3 € Gaux (i.e., the map ® directly outputs + in the first component).

Non-degenerate points £ < Dud : (z, f(z)) € may(List)

Key Ideas LTheorem 2 Convex reformulation ;gﬁ flz) = (%Cf)ngffm - }
* Non-strict Linear Matrix Inequality (LMI) . . . -
AW(K)TP + PAa(K) PR g {The‘"‘em 3 @ €Duand0€df(@") = f(z") = inf f(z) }
Jrgen(K) < vif 3P, T'st. . Bdg?;g ; - No spurious
B ] =0, P> 0, trace(T") < . References & Acknowledgement stationary points
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Convex Reformulation with change of variables

P, P
when Y = JLQG,R(K) and P2 > 0, where P = [ H 12]
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