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From1classification1to1probability1estimation

PredictingCaccurateCprobabilitiesCwithCaCrankingCloss

TheCresultCofCisotonicCregressionCisCtheCsameCforCanyCtwoCinputCsetsCofCscoresCthatCrankCexamplesC
inCtheCsameCorder-CThisCsuggestsCthatCtoCmaximizeCtheCaccuracyCofCestimatesCfromCisotonicC
regression;CweCshouldCuseCtheCinputCmodelCwithCmaximalCpairwiseCrankingCperformance-

|nCparticular;CweClookCtoCmaximizeCtheCareaCunderCtheCRO?CcurveCSLU?V;CbeingCtheCprobabilityCofC
aCrandomlyCdrawnCpositiveChavingCaChigherCscoreCthanCaCrandomlyCdrawnCnegative0

ToCmaximizeCthis;CconsiderCtheCregularizedCempiricalCconvexCapproximation

ThisCpairwiseCrankingCobjectiveCisCtheCbasisCofCe-g-CSVMRank-C|tCmayCbeCoptimizedCefficientlyC
usingCstochasticCgradientCdescent0CweCneedCtoCpickCaCrandomCSpositive;CnegativeVCpair-CTheC
resultingCmodelCwillChaveCgoodCrankingCperformanceCinCanCLU?Csense-CWeCthenCapplyCisotonicC
regressionCtoCtheseCscoresCtoCgetCprobabilityCestimates-C|nCsummary;CourCapproachCis0

?lassically;CinCsupervisedClearningCweCaimCtoCpredictCtheClabelCofCaCfutureCtestCexample-C|nC
manyCpracticalCapplications;Cthough;CweCneedCtoCpredictCprobabilitiesCofClabels;Ce-g-0

SaVCTakingCactionsCtoCmaximizeCexpectedCutility;CwhichCisCnaturallyChandledCbyCestimatingC
theCprobabilityCofCrewardCgivenCanCaction6

SbVC5eedingCinCpredictionsCtoCaCmetaFclassifier;CbeCitCanotherCautomatedCsystemCorCaChumanC
expertClikeCaCphysician;CwhereCitCisCessentialCtoCestimateCtheCconfidenceCinCpredictions6

ScVCNonFstandardClearningCtasks;ClikeCpositiveCandCunlabelledCexamples;CareCsolvableCSwithC
assumptionsVCifCweCestimateCprobabilities

LnotherCoptionCisCtoCtakeCtheCscoresCofCsomeCinputC
modelCFCnotCnecessarilyConeCoptimizingCaCproperClossCFC
andCthenCpostFprocessCtheseCinCsomeCway-C|sotonicC
regressionCS|RVCisConeCsuchCscheme-C=ere;CweCassignCaC
scoreCtoCeachCexampleCthatCpreservesCtheCorderingCofC
inputCmodelCscores;CandCminimizesCsquaredClossCSwhichC
isCproperVCtoCtheCobservedClabels0

Existing1approach1#2:1post-processing

Theory:1proper1losses
Experimental1results

Our1approach:1ranking1loss1+1isotonic1regression

WeCrunCexperimentsConConeCsyntheticCandCtheCfollowingCthreeCrealFworldCdatasets0

SaVCK++?upCj[2;CwhereCtheCgoalCisCtoCmaximizeCutilityCbyCcontactingCcustomersCestimatedCtoCbeC
receptiveCtoCaCsolicitation6

SbVC7?LT;CaCdocumentCcollectionCwithCpositiveCandCunlabelledCexamplesConly6

ScVC=ospitalC+ischarge;CaCmedicalCinformaticsCdatasetCwhereCconfidenceCscoresCareCessentialCforC
useCinCaCmetaFclassifier

Experimental1setup

WeCgenerateCsyntheticCdataCwhereCtheClinkCfunctionC
isCaCcappedCstepCfunction0

forCsomeCfixedCCCCCCCC-CNoteCthatCasCCCCCCCCCCCCCCC;CthisC
approachesCaCstandardCstepCfunction;CandCtheC
sigmoidCusedCinClogisticCregressionCisCaCreasonableC
fit-CLsCCCCCCCCCCCCCCCCCC;CtheCstepCfunctionCoccupiesCaCveryC
thinCband;CandCtheCsigmoidCisCaCbadCfit-

WeCseeCthatCisotonicCregressionCsignificantlyC
improvesCtheCprobabilityCestimatesCofClogisticC
regression-CSThus;CevenCmatureCmethodsClikeC
logisticCregressionCmayCbeCdefeatedCbyC
misspecification-VCOurCmethodCfurtherCimprovesCtheC
qualityCofCtheseCestimatesCforCaCrangeCofCaCvalues-
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5igCK0CResultsConCsyntheticCdataset-
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WeCestablishCaCconsistencyCresultCforCtheCmodel0CifCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCforCsomeC
monotoneCfS-V;CthenCweCwillCrecoverCtheCprobabilityCdistributionCinCtheClimitCofCinfiniteCsamples-CThisC
classCofCprobabilityCdistributionsCisCknownCasCtheCsingleFindexCmodelCfamily-

Justification1of1approach

TheCsimplestCschemeCtoCobtainCprobabilityCestimatesCisCoptimizingCaCproperClossCbetweenCtheCmodelC
predictionsCandCtheCtrueClabels-C7enerally;CaCregularizerCCCCCCCisCaddedCtoCpreventCoverfitting0

ThisCcoversClinearCandClogisticCregression;CneuralCnetworks;Cet cetera-CPossibleCfailureCmodesCinclude0

SaVCMisspecificationCofCtheClinkCorCscoringCfunction

SbVC5initeCsampleCeffects;CsuchCasCbiasCofClearnedCw

ScVC|ncludingCaCregularizationCtermCmakesCtheClossCfunctionCnonFproper

Existing1approach1#1:1proper1loss1minimization

TheCproofCofCthisCclaimCreliesConCtheCfollowingCingredients0

SaVCTheCLU?CisCmaximizedCbyCpredictingCaCmonotoneCtransformCcS-VCofCCCCCCCCCCCCCCCCCCCCC6CseeC
[?lemenconCet al;CLOSCjH8]-

SbVCMinimizingCFSwVCasCaboveCwillCrecoverCtheCtrueCprobabilityC[?lemenconCet al;CLOSCjH8]-

ScVC|sotonicCregressionConCtopCofCanCoptimalCrankingCrecoversCtheCtrueCprobability-

ToCshowCScV;CweCnoteCthatCisotonicCregressionCoutputsCcalibratedCprobabilityCestimates;CsoCthat

1utCusingCSaV;CandCtheCfactCthatCtheCpredictionsCCCCCCCCCCCCCCCCCCCCCCCCareCthemselvesCcalibrated;

Therefore;CitCmustCbeCtheCcaseCthatCweChaveCrecoveredCtheCtrueCprobabilities-

TheCgeneralizationCerrorCofCaCmodelCCCCCCCCCCCCCCCCCCCCCCCCCCwrtCaClossCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCis

|fCtheCminimizerCofCCCCCCCCCCCCCCCCCCCforCaCfixedCCCCCisCCCCCCCCCCCCCCC;CthenCtheCmodelCwithCbestCgeneralizationCerrorC
isCCCCCCCCCCCCCCCCCCCCCCCC-CWeCcallCaClossCsatisfyingCthisCproper-

OnCtheCrealFworldCdatasets;CweCgenerallyCachieveCbestCofCbothCworldsCperformance0CgoodCrankingC
accordingCtoCLU?;CandCgoodCregressionCaccordingCtoCMS4CorCutility-CObserveCforCexampleCtheCUDHHC
improvementCinCutilityCoverClogisticCregressionConCtheCK++?upCj[2Cdataset-C7enerally;ClogisticCregressionC
processedCwithCisotonicCregressionCalsoCperformsCwell-CTheCgoodCrankingCperformanceCofClogisticC
regressionChasCbeenCanCareaCofCrecentCtheoreticalCstudyC[KotlowskiCet al;C|?MLCjqq]-

5igCq0C|llustrationCofClinkCfunctionCforCsyntheticCdata-

LCquestionCarises0CwhatCmodelCshouldCweCuseCasCinputCtoCisotonicCregression$

OurCapproachChasCgoodCrankingCandCregressionCperformanceCsimultaneously-CLnCexistingCmodelCforC
thisCregimeCisCtheC?ombinedCRegressionCandCRankingCS?RRVCframeworkC[Sculley;CK++jqH]CwhichC
optimizes;CforCaCfixedCscalarC

?omparedCtoCourCapproach;CinC?RRCtheCregressionCcomponentCisCparametric;CandChenceClimitedCinC
whatCitCcanCmodel-C5urther;CtheCoverallCobjectiveCisCnotCproperCSevenCwithoutCregularizationV;CnorCdoesCitC
exactlyCmaximizeCtheCLU?;CbecauseCofCtheClinearCtradeoff-COurCapproachCmanagesCtoCovercomeCtheseC
twoCconcernsCbyCdealingCwithCthemCsequentially-

SqVCforC
CFCPickCrandomCexamplesCCCCCCCCCCCCCCCCCCCandC
CFCUpdateCwCbasedConCgradientCofCFSwVCabove
C
SKVCLpplyCisotonicCregressionConCresultingCscoresC

whereC

TableCq0CTestCsetCresultsConCK++?upCj[2Cdataset- TableCK0CLverageCtestCsplitCresultsConC7?LTCdataset-

TableCD0CLverageCtestCsplitCresultsConC=ospitalC+ischargeCdataset-
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TheCmethodsCweCcompareCareClinearCSLinRegVCandClogisticCSLogRegVCregression;CwithCandCwithoutC
postFprocessingCbyCisotonicCregressionCSWC|RV;CtheCcombinedCregressionCandCrankingCmodelC
S?RRV;CandCourCapproachCSRankCWC|RV-
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