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1. Introduction to Conformal Prediction

Conformal prediction (CP) [1] builds prediction regions that achieve the 
desired marginal coverage 1 − α under nothing more than exchangeability - 
no other distributional assumptions. 

2. Different Types of Coverage Guarantee

• Marginal Coverage Guarantee

  𝑃(",$)(𝑌{'()} ∈ 	𝐶(𝑋{'()})) 	≥ 	1	 − 	𝛼. (2)

• PAC-style Coverage Guarantee
 

 𝑃(",$) 𝑃 𝑌'() 	 ∈ 𝐶 𝑋 '() ≥ 1	 − 	𝛼 ≥ 1	 − 	𝜖.	(3)

𝑷(𝑿,𝒀) ∶	The probability taken over the data distribution of a random test 
sample (e.g., X, Y).

1 - α: The target coverage level (e.g., 0.90 or 0.95) indicating the 
proportion of times the true value falls inside the predicted set.

1 - δ: The confidence parameter (or probability of success) indicating how 
often the coverage guarantee will actually hold.

3. Optimising Conformal Prediction

4.Regression: DCO separates tuning from calibration

• Dataset: Diabetes, 𝑛 = 442, 𝑑 = 10; all predictors and the response are standardized.
• Sparse prior:

• 𝜃! ∼ 𝐿𝑎𝑝𝑙𝑎𝑐𝑒(0, 𝑏), 𝜃" ∼ 𝒩(0,10), 𝜏 ∼ 𝒩#(0, 𝑐)
• Bayesian model:

𝑓$(𝑦 ∣ 𝑥) = 𝒩(𝑦 ∣ 𝜃%𝑥 + 𝜃", 𝜏&)

5. ImageNet-A Classification Example

• Dataset: ImageNet-A
• Prediction set: 𝐶(𝑥) = {𝑦: 𝑆'(𝑥, 𝑦) ≤ 𝑞()*}

A non-conformity score S(x, y) is 
evaluated on an independent calibration 
set 𝒟cal. The prediction set is

𝐶 𝑥 = {𝑦: 𝑆 𝑥, 𝑦 ≤ 	 ;𝑞)-.}.  (1)

where ;𝑞)-.	is the empirical (1−α) 
conformal quantile of the calibration 
scores.

Non-conformity Scores: design sharper non-conformity scores.

Bayesian integration: use posterior predictive uncertainty in the score.

Threshold search: minimise set size under a risk / mis-coverage constraint.

DCO principle: tune structure on 𝐷/0'1, calibrate only on untouched 𝐷234.
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