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Our contributions

e Prediction-Powered Inference (PPI) [Angelopoulos et al., 2023]
leverages an ML model to derive tight fixed-time confidence sets.

e We extend the PPl framework to the anytime-valid setting.

e We can leverage prior information on the accuracy of the ML
model to obtain tighter anytime-valid confidence sets.
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Prediction-Powered Inference (PPI)

Given an input/output pair (X, Y) ~ P =Px x Py|x, consider the goal
of estimating

0* = argmin E[¢y(X, Y)],
7S

where fy(x,y) is a convex loss function parameterised by 6 € R.

To simplify the notation we focus from now on mean estimation
(0* = E[Y]). We refer to our article for the general case.
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Prediction-Powered Inference (PPI)

Plenty of Unlabelled Data Predictor Few Labelled Data

(X ey f (Xi, Vi),
Bad Estimator Rectnﬁer

fitn
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Confidence Sequences v.s. Confidence Intervals

Confidence Interval (Cl): CLT Asvmptotic Cl
Forall t > 1, Pr(ue€Cat)>1—a. > YITIPEOEL

Confidence Sequence (CS) KMT Asymptotic CS
PrlueCqorforallt >1)>1—a. -~ (AsympCS )
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Anytime-valid, Bayes-assisted, Prediction-Powered Inference

Under some realistic integrability assumptions we have:

Let (57)? be the sample variance of(f()N(,-)),Nz"l. Let § € (0,1). For any
p>0,

of 1 Nnp? +1
my, £ —2 1 | d
in VN, ( - an2) o8 ( 62 >

forms a (1 — §)—AsympCS with approximation rate 1/+/nlogn for m.
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Anytime-valid, Bayes-assisted, Prediction-Powered Inference

Under some realistic integrability assumptions we have:

Let (G5)? be the sample variance of (Y; — f(X;))",. Assume that
o= O(1/n*=2) for some r € [0,1]. For any continuous proper

prior T,

o= A, £ 2 ) n :

e i\ <2m2nn(An/&nA)2>

where k € (0,1) and n; : R — (0, \/t/(27)) is defined as
@ =[N @61

forms a (1 — k)-AsympCS with approximation rate 1/+/nlogn for A.
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Anytime-valid, Bayes-assisted, Prediction-Powered Inference

Finally we get for « = 0 + k:

~ A n
Con=10,£<¢ —2Z,|lo =
| [ {WJ : <2m2nn<An/anA>)

ah 1+ Nap? log Nnp? +1
\/ CNpp? 02
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Experiments

GALAXIES (N = 15743)
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Figure 1: Real data study. Average interval volume and cumulative
miscoverage rate over 1000 repetitions for the GALAXIES dataset.
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