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(Generalized) Bayes update Example 2: Dy(p||7) = x*(p||7) Constrained optimization

- Constraint: p € F = {qu, b € M} a parametric family. Example:
{ — Gaussian distributions.
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Linearization gives:
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Reasons to go beyond KL: Assume there is a norm || « || such that peM so

s KNoBLAUCH, J., JEWSON, J. & DAMOULAS, T. (2019). Generalized variational 1.p — Egp|€:(0)] is L-Lipschitz w.r.t || - ||,
inference: Three arguments for deriving new posteriors. Preprint arXiv. 2. p > ng(P”ﬂ') is a-strongly convex w.r.t H . ” Explicit update

» constraint on p: variational inference. Theorem: regret bound {tl
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Example 1: Dy(p||7) = KL(p||w) s=1
Dy(p|l7) = E Mirror descent structure: initialize Ag = 0, and update at each step:

» known result: KL(p||7) is 1-strongly convex with respect to || + ||1v; <( A = )\t_l*— NV = Lo~g,[Li—1(0)],
\ Ht = VF (At)

[ e6)plan) - [ p'a0)| < n(d6) [ —

» formula for the update?

» we have:
» regret bounds?

Theorem: formula for p* — “non-exponential weights”

- < [_/ w(d6) Let || - || be a norm on RY. If each 1 — Eg.q,[€s(0)] is convex and
V@i (y) = argmax {xy — ¢(x)}, L-Lipschitz with respect to || - ||, if & — Dg(qu||™) is c-strongly
e =2llp—=#/llry convex with respect to || - ||,

, - - on the condition that 0 < £,(0) < L for any 6.
p'(d0) = Vo* [ Ay —n ) £:(0) | w(dO).
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| Example 2: Dy(p||7) = x“(pl|7) T | ﬂ 2T Dy(qul|r)
The proof uses convex analysis tools from: Z : L9~q, [ £:(0)] - | :

s AGRAWAL, R. & HOREL, T. (2020). Optimal Bounds between f-Divergences and > qb(x) = x° — 1 is 2-strongly convex so D¢ is 2-strongly convex with t=1

Integral Probability Metrics. ICML. respect to the Lg(ﬂ') norm.
» we have Example where Dy, is strongly convex: Gaussian family, KL case,

Example 1: Dy(p||7) = KL(p||7) q studied in
/gt(g)p(dg) — /Etp’(dg) _p(g) 7r(d6) s CHERIEF-ABDELLATIF, B.-E., ALQUIER, P. & Knan, M. E. (2019). A

dm generalization bound for online variational inference. ACML.
d(x) = x log(x) Conditions on the expected loss studied in

» DOMKE, J. (2020). Provable smoothness guarantees for black-box variational

inference. ICML.
The proof is based on an adaptation of the study of FTRL, see e.g.:

on the condition that ( [ £,(0)*w(d0))

s SHALEV-SHWARTZ, S. (2011). Online learning and online convex optimization.
Foundations and trends in Machine Learning.
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