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Example: Hospital Scheduling Decisions

> H E R H ENE
» SO S BRI O
. . . Incorrect decisions
Forecaster predicts Hospital decides whether they from based on the
patient length-of-stay in have capacity to admit new , -
the hospital atients based on threshold gl Sl [PICLIRNoTE
e gecision on model’s predictions R LTIl
. : P to accrue costs.
of current patients’ length of
stay.
Question: What notion of calibration is necessary and sufficient to guarantee that a forecaster (ML model)
enables decision makers to predict their decision loss prior to deployment under threshold decision rules?
Reliability Gap

Average-Calibrated Forecaster

True Decision Loss
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We define the reliability gap to be the absolute difference between the
predicted decision loss and the true decision loss.
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Calibration Definitions

Definition (Average Calibration). A forecaster h satisfies average calibration if Distribution
PriplX](Y) < ¢ =c¢ Vee[0,1]. Calibration

Definition (Threshold Calibration). A forecaster h satisfies threshold calibration if

Prlh[X](Y) <c| h[X](yw) <a]=c Vyo € Y,a € [0,1],Vc € [0,1].

Definition (Distribution Calibration). A forecaster h satisfies distribution calibration if

Prih[X|(Y) <c|h[X]=g]=c Vge F(),

where F is space of CDFs corresponding to the forecaster’s model family.

Threshold Calibration: Necessary and Sufficient Condition for Zero Reliability Gap.

Threshold-Calibrated Forecaster

. . T 3.5| = True Decision Loss
Under a threshold-calibrated forecaster, we achieve zero reliability gap under any —= predicted Deciion Loss

threshold decision on the forecasted CDFs and any loss function.

Existing calibration definitions include average and distribution calibration. p - Zero
Threshold calibration addresses shortcomings of average calibration (insufficient = Reliability
for minimizing reliability gap) and distribution calibration (difficult to enforce in gz_o Gap!

practice).
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Achieving Threshold Calibration

We provide a recalibration algorithm that takes an uncalibrated forecaster as input and
provably outputs a threshold calibrated forecaster.

Algorithm 1: Threshold Recalibration

Input: Forecaster h : X — F())), maximum error € > 0
Output: A threshold-calibrated forecaster

Procedure converges after at most O (giz) iterations

Set h® < h
for t = 1,2, - until maximum threshold calibration error sup,,_ TCE(h*~1,y0,0) < edo . . .
Find the y, and « that maximize threshold calibration error. . and OUtpUtS a forecaster with threshold calibration

yo, o' «argsup . TCE(h""!,yo,q) error at most «¢.
Partition input features X into Xy «— {z € X' | k'~ ![z][y§] < o'} and X} = X'\ Ab.
Use Isotonic regression to learn recalibration maps ¢, ¢} : F(Y) — F()) on A and X;
respectively.
Apply the recalibration map to obtain new prediction functions.
t(pt—1 :
. [oh ) ifz e X
Pla] {d)tl(ht‘l[z]) otherwise
end Inspired by previous work on
return h” where T is the final iteration count. multicalibration.

Experiments: Threshold calibration outperforms other calibration methods in minimizing the reliability gap
across different threshold loss functions without compromising on the accuracy of the decisions.
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