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Introduction: For linear system identification,
the ordinary least squares (OLS) estimator is
minimax optimal under Gaussian noise. In
safety-critical scenarios, bounded noise is
very common.

Minimax Lower Bound
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Questions:

1. Is OLS estimator still minimax optimal for
bounded noise?

2.  Which estimator is minimax optimal for
bounded noise?

q Gaussian Q(1/VT) (Wainwright '19) l/v T) (Mourtada '22)
Regression
Bounded Q(1/T) (Yi & Neykov ’24) Q(1/vT) (Rudelson & Vershynin ’08)
Gaussian | Q(1/VT) (Jedra & Proutlere ’19) (1/\/ ) (Tu et al. '24)
LTI Sys Id
Bounded Q(1/T) (Thm. 1 Q(1/vT) (Thm. 2)

Problem Setup: Given a discrete-time linear
time-invariant (LTI) system:
Xepr = Axe +wy,

where x;, w; € R™. Assume
1). (bounded noise) ||w||,, < W and w, are
i.i.d. forallt;
2). (stable) p(4) < 1;
3). (boundary probability) Ve € [0,w], 3C >
0,s.t. Vj €[n],

max( ( 2P w+e) P(Wt(j) >W—6)) < Ce.

The ordinary least squares (OLS) for scalar case:

T-1
a9t = argmin, Z“xt“ - axt||
t=1

Theorem 2 (our work). Assume |a| < 1. Then, V§ € (0,1)
and smalle > 0,

P9 —all, <€)= 1= onlyif T > Q)

(OLS only achieves Q(Eiz))

Theorem 1 (our work). Given a single
trajectory {x;}¢e(r]- Fr denotes the o-algebra
generated by {x;};¢[r) and Ardenotesa Fj -
measurable estimator. Then, V6 € (0,1) and
smalle > 0,

. A > _
s;TpAelélrfan(HAT All, <e)=1-4§

only if

(The best estimator can achieve Q(i))

The set membership estimator (SME) based on {x;}¢(r]
Sp = {A € RV™: |lxesr — Axl| < W, Ve € [T - 1]}.

Algorithm Comparison:

oLs: min X751 — Axl|’
OLS-SME: min |4 - A9S||
AEST
2
CLS: 2152 YT lxesn — Axl|
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OLS achieves O(\/l—T) ®

Theorem 3 ([2]). V& € (0,1) and small € > 0, with or without

knowing w,

VAr €Sy, P(IlAr—All,<e)=1-6 if T>Q(Q.

( SME achieves the optimal Q(=)) )
c A

SME, OLS-SME, and CLS achieves 0(>)©
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