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Motivation

• Long-tailed Data (skewed class distributions):
• Plant identification
• Disease Diagnosis
• Biodiversity Monitoring

• Methods need to give:
• Good class conditional coverage
• Reasonable sized prediction sets

• Existing Methods on long-tailed data:
• Poor class conditional coverage
• Good class conditional coverage with a large size

• This work:
• New conformal score function called prevalence adjusted softmax (optimizes for macro 

coverage)
• New procedure that interpolates the thresholds between marginal and class-conditional 

coverage



Objective

• Input: 
• X ∈ 𝑋features 
• Unknown label Y ∈ 𝑌

• Goal: Construct a set-generating procedure with good class-
conditional coverage: 

• Landscape:
• Standard CP: Small sets but only guarantees marginal coverage and often 

has poor class-conditionalcoverage for some classes
• Classwise CP and rank calibrated CP: Large Sets
• Clustered CP: Defaults to Standard CP in rare classes  



Recap: From the Class Conditional Conformal 
Paper



Approaches
• Target a relaxed version of class conditioned coverage: Macro 

Coverage like macro accuracy (average over all classes):

We care equally about the coverage of all classes, but it is 
acceptable if a few classes have poor coverage, so long as the 

average class-conditional coverage is high
• Target class-conditional coverage, then back off (until the set 

size is reasonable): Interpolate between CLASSWISE CP and 
STANDARD CP by interpolating their quantile threshold

We want all classes to have good coverage
• User-defined parameter that can be tuned based on preference



Preliminaries: Conformal Prediction

• CP finds principled ways to set q as a function of the calibration 
data



Approach 1: Targeting Macro-Coverage 

• Minimize expected set size subject to macro coverage constraint

• Or its equivalent dual:

• This proposition says that thresholding on this quantity optimally 
balances macro-coverage and expected set size

• While access to exact probabilities is not present the numerator 
can be obtained from the classifier and the denominator is the 
label distribution 



Approach 1: Cont
• By creating prediction sets                                                   , approximate 

an oracle Pareto optimal set
• Choose t to achieve marginal coverage guarantee: Rewrite

where      
• Method:

• Run STANDARD CP with PAS score function
• Achieves the desired marginal coverage guarantee while (approximately) 

optimally trading off set size and macro-coverage

• Weighted Macro Coverage:



Approach 2: Interpolating between classwise
and Standard CP
• Linearly interpolating their quantile thresholds

• yth entry of the quantile is the weighted average of standard and 
classwise CP:



Experiments
• Datasets:

• Pl@ntNet-300k
• iNaturalist-2018

• Truncated versions retain classes with ≥101 test examples (100 
each). Used for reliable per-class evaluation. 69% of Pl@ntNet
and 90% of iNaturalist classes have fewer than 10 test examples!

• Metrics:
• FracBelow50%: fraction of classes with coverage < 50% (smaller is better)
• UnderCovGap: mean max(1−α − ĉᵧ, 0) across classes (smaller is better)
• MacroCov — average class-conditional coverage (larger is better)
• MarginalCov — overall coverage (should be ≥ 0.9)
• Avg set size — mean |C(X)| (smaller is better)



Result



Result: Set size vs Notions of coverage
• When targeting set size and 

class-conditional or macro-
coverage, it is more effective to 
optimize for this trade-off 
directly than trading off set size 
and marginal coverage

• CLASSWISE should generally 
be avoided, as comparable 
class-conditional and macro-
coverage can be achieved with 
significantly smaller sets using 
our proposed methods

• INTERP-Q produces 
reasonable set sizes even for 
large values of τ



Case Study: Coverage on Endangered Plant 
Species
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