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The Story of Alice and Bob



High Level Overview

• Motivation - Test with choice of 5 out of 10 questions 

• Bob - study all 10 chapters, decide at test time 

• Alice - study the easiest 5 chapters. 

• Questions: 

• Which one is better? 

• How can Alice know which are easier?



Supervised Learning

• Underlying unknown distribution 

• A labeled set  

• Our goal is to find            that minimizes the risk:

P (X,Y )

f 2 F

R(f) , EP [`(f(x), y)]

Sm = {(x, y)}m ⇠ P



Selective Classification

• Selective Classifier is a pair  

• Coverage: 

• Selective risk:

�(f, g) , EP [g(x)]

(f, g)(x) =

⇢
f(x), if g(x) = 1;
don’t know, if g(x) = 0.

(f, g)

R(f, g) , EP [`(f(x), y)g(x)]

�(f, g)
.

Ran El-Yaniv, and Yair Wiener. "On the foundations of noise-free selective classification."



Risk Coverage Tradeoff
Se

le
ct

iv
e 

Ri
sk

Coverage



Risk Coverage Tradeoff
Se

le
ct

iv
e 

Ri
sk

Coverage



Risk Coverage Tradeoff
Se

le
ct

iv
e 

Ri
sk

Coverage

�(f, g)
<latexit sha1_base64="6zDWX7Kl69xQIrIgS+jS1Ek50JE=">AAAB8HicdVDLSgMxFM34rPVVdekmWIQKUmamQ1t3BTcuq9iHtEPJpJk2NMkMSUYoQ7/CjQtF3Po57vwbM20FFT1w4XDOvdx7TxAzqrRtf1grq2vrG5u5rfz2zu7efuHgsK2iRGLSwhGLZDdAijAqSEtTzUg3lgTxgJFOMLnM/M49kYpG4lZPY+JzNBI0pBhpI9314zEtheejs0GhaJcv6lXXq0K7bNs1x3Uy4ta8igcdo2QogiWag8J7fxjhhBOhMUNK9Rw71n6KpKaYkVm+nygSIzxBI9IzVCBOlJ/OD57BU6MMYRhJU0LDufp9IkVcqSkPTCdHeqx+e5n4l9dLdFj3UyriRBOBF4vChEEdwex7OKSSYM2mhiAsqbkV4jGSCGuTUd6E8PUp/J+03bJTKbvXXrFxs4wjB47BCSgBB9RAA1yBJmgBDDh4AE/g2ZLWo/VivS5aV6zlzBH4AevtEzFSkBE=</latexit>

R(f, g)
<latexit sha1_base64="XhNm8B37csPU902zIxVvYkEQSq0=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0WoICFJQ1t3BTcua7EPaEOZTCft2EkmzEyEEvoPblwo4tb/ceffOGkrqOiBC4dz7uXee/yYUaks68PIra1vbG7ltws7u3v7B8XDo47kicCkjTnjoucjSRiNSFtRxUgvFgSFPiNdf3qV+d17IiTl0a2axcQL0TiiAcVIaanTKgcX4/NhsWSZl/Wq41ahZVpWzXbsjDg1t+JCWysZSmCF5rD4PhhxnIQkUpghKfu2FSsvRUJRzMi8MEgkiRGeojHpaxqhkEgvXVw7h2daGcGAC12Rggv1+0SKQilnoa87Q6Qm8reXiX95/UQFdS+lUZwoEuHloiBhUHGYvQ5HVBCs2EwThAXVt0I8QQJhpQMq6BC+PoX/k45j2hXTuXFLjdYqjjw4AaegDGxQAw1wDZqgDTC4Aw/gCTwb3Hg0XozXZWvOWM0cgx8w3j4Bw9aOqA==</latexit>



Confidence Rate Functions

• For a classifier   ,We seek for a confidence rate 
function      that reflects loss monotonicity  

•       is only ranking (not probabilities)

f

(x1|f)  (x2|f) () PrP [f(x1) 6= y1] � PrP [f(x2) 6= y2]
<latexit sha1_base64="QNtx+zTuUrQa7HrjXPWM2z74Wpg="></latexit>
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Geifman & El-Yaniv - "Selective classification for deep neural networks” NeurIPS 17



Confidence - Softmax Response

• Simply take     to be the Softmax Response (SR) 

• Reflects the classification margin 

• Other variants - Entropy, max minus 2nd

f , max
j2Y

(f(x|j))


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Confidence - MC-Dropout

• Apply dropout at inference 

• Estimate prediction statistics over numerous 
forward passes with dropout

Gal & Ghahramani. "Dropout as a Bayesian approximation: Representing model 
uncertainty in deep learning."



From Uncertainty to 
Selective Classifier

• A selective classifier can be obtained by 
thresholding the confidence rate function 

• Selection of    is based on a validation set

g✓(x) ,
⇢

1, if f (x) � ✓;
0, otherwise.

✓

Geifman & El-Yaniv - "Selective classification for deep neural networks” NeurIPS 17



SR or MC-dropout?
Imagenet Resnet-50

Geifman & El-Yaniv - "Selective classification for deep neural networks” NeurIPS 17



Softmax Response is Not Optimal

“Easy" Points “Hard” Points

Geifman & El-Yaniv - “Bias-Reduced Uncertainty Estimation for deep neural 
classifiers” ICLR 19
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L(f,g) = r̂`(f, g|Sm) + � (c� �̂(g|Sm))

 (a) = max(0, a)2
<latexit sha1_base64="CiaPr+0DBX1Qlc0N7hIqK8GsO6Q="></latexit>

Optimization

• Inspired by interior point methods (IPM) 

• Constrained optimization problem: 

• Unconstrained objective:

✓⇤ = argmin
✓2⇥

(R(f✓, g✓))

s.t. �(g✓) � c.
<latexit sha1_base64="y/Y5ZIFgumy4cuHvYZsNgGic45I="></latexit>

r̂(f, g|Sm) =
1
m

Pm
i=1 `(f(xi), yi)g(xi)

�̂(g|Sm)
<latexit sha1_base64="YEO0Vue1XVuljnNq+94sNRpzpXA="></latexit>

r̂(f, g|Sm) =
1
m

Pm
i=1 `(f(xi), yi)g(xi)

�̂(g|Sm)
<latexit sha1_base64="YEO0Vue1XVuljnNq+94sNRpzpXA="></latexit>



The Story of Alice and Bob



Back to Bob and Alice

• How can we learn     before      is converged? 

• How can Alice choose which 5 chapters to study? 

• Can we get "world knowledge” from the rejected part?

g
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Auxiliary output

• In low coverage the effective training set size is reduced  

• We can learn “world knowledge” from rejected instances 

• Auxiliary output is added as regularisation for 
representation learning based on the entire domain 

• Combined with the selective risk:

Lh = r̂(h|Sm) =
1

m

mX

i=1

`(h(xi), yi)
<latexit sha1_base64="NnGNlTEBwOV6wMeLXYw382P/QY0="></latexit>

L = ↵L(f,g) + (1� ↵)Lh
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Empirical Results

Cifar-10 Cats vs. Dogs



Empirical Results

Cats vs. Dogs

40% risk reduction



Empirical Results - Regression

Concrete Compressive Strength (UCI)



Embedding Analysis

• SelectiveNet does not “invest” representational 
capacity on rejected instances

SelectiveNet Threshold



Conclusion

• Improved results compared to SR and MC-dropout 

• No need of additional training set for calibration 

• Selective regression with fast inference
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