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Online Convex Optimization with Hints :
[ Receive f;(x) J
For T slots [Execute x; = AL f-() 3;11, ﬁ())]
[ Incur f;(x;) ]
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Ry =0 ((PT + 1)/ Epr + 1)

(w/o. ensemble)

Ry =0 (\/(Pr+1)(Br + Pr))

(with ensemble)
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Even with constant path (P; = 1) the regretis linear Ry = Q(T).
Why? and how to address this?

Insight: Regret Decomposition

Proposal: Control the Dual State

T—1
Rr S REUC+ ) flusr — uy ||dual statel,
t=1

||glth

(1,0) for 7 > t.

t<t', g, =(—1,0) for 7 <t, and g,

Large dual-state obscures the switch.

New dual state: P+ = Gg: Pick 71+ such that:

E.g.:. @« =argmin{gi;s_1,x)+7r(x) = ny = —g1.1—1 — Vr(xs)
rcX
Next state:  P1.t = g¢ — Vr(x¢) (recovers OMD’s state)

OptFPRL: FTRL with Controlled State

Li+1 = argmin{( Pt ,x) + r1:4(T) + frri(x) +  Ix(x) }
. N~ N’ N\’ N—
State vector Incremental regularizers Prediction Set constraint

T—1
> w1 — wel| [|dual state||. = O(v/Er Pr + Hr)
=1 T—1
Hr = Z Hut—l—l — utH €t
t=1

A bounded dual state induces reactive iterates.

OptFPRL Regret

0((1+PT)¢F).

Rr < (3.7R+ Pr)\/Er + Hr

(w/o0. ensemble)

X ={x c R |lz|| <2}, fi(z) = (c1, ).

e 5c. 1: ¢11000 = —1, €2000—2500 = —9, €3500—3750 = —10, otherwise ¢; = 1.
e Sc. 2: ¢; alternates between 1 and —1 every 50 steps; ¢; = ¢; — 54
Sc. 1 Sc. 2
12 —k— FTRL ()~ OptFPRL —< OMD 16 —%— FTRL ()~ OptFPRL —< OMD
-ok- FTRL, x; #x/} -<> OptFPRL, x; #x* = OMD, x; #x* -ok- FTRL, x; #x/ -<> OptFPRL, x; #x/ = OMD, x; #x}
10 *‘*“*‘* 14
& PN SREEN
2 X Ko 31
S 6 o 1
S A AR A A
£E i g? 6 5 i
) 4 . — E
> 5 ) .
< * Z \:’—
: 4 A
2 T 5\<\ DOV S S = S S
: . — ~—x 2 :
> o 74 %’( \-
ow?§0©000 N B e S e e e e
0 1 2 3 4 5

0.0 0.2 0.4 0.6 0.8 1.0

Horizon T Horizon T

x 103




