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lterative algorithms
Unconstrained optimization with f strongly convex.

o )

ml < V2f(x) < LI, and define k = £ (condition number)

e Gradient method:

Xk+1 = Xk — OéVf(Xk)

* Nesterov’s accelerated gradient method (AGM)
Yk =Xk + B(xk — Xk-1)
Xk+1 = Yk — aVF(yx)



lteration complexity
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Noise robustness

V£ is inexact/approximate.

Many different noise models have been studied.

We use relative deterministic noise:

||vﬁ10isy - vfexact” S 5
IV foxact |

Ex: round-off error.



Performance in the presence of noise

Gradient method: slow and robust  Nesterov's AGM: fast and fragile
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Simulated by solving a small SDP
(Lessard et al., SIAM Journal on Opt., 2016)



Proposed algorithm: Robust momentum method

Iteration update:
X1 = Xk + B(xk — xx-1) — aVF(yx)
Yie = X+ (X — Xk-1)

with parameters:

k(1 — p)*(1+ p) Kp? r’

s WL (=) (R & ()

single tuning parameter p:

<ps< 1-3

—— N——
fast + fragile slow + robust



Control interpretation

Nesterov's AGM:

Xk+1 = Yk — OéVf(yk) u y
Vi = Xk + B(x — Xk—1) \Va3




Frequency domain condition

Transfer function for the linear part:

(I+7)z—~

L FERER)

Sufficient condition for linear convergence: x, — x, = O(p*)

1—LG(pz)

Re |(pz7! —1) 1= mG(p2)

<0 forall |z] =1

e combination of Circle Criterion and Zames-Falb multipliers



Gradient method
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Idea: add a margin to improve robustness

1—-LG(pz)

Re |(pz™' — 1) 1= mG(p2)

+v <0

e v > 0 is a robustness margin

e tune a, 3,7 to obtain a vertical line at —v.

for all |z] =1
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Robust Momentum Method

imaginary part
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Nesterov's AGM — not a line!
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Trade-off: Performance vs noise

Convergence rate (p
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Simulation with relative gradient noise
f(x) = x7 + 103
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Thank you



