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⚫

P(θ|X, Y) =
𝑃 𝑌 𝑋, 𝜃 𝑃(𝜃)

𝑃(𝑌|𝑋)

posterior

Evidence

Likelihood prior

➢
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⚫



Deep Ensembles

• i.i.d 𝐷 = {𝑥𝑛, 𝑦𝑛}𝑛=1
𝑁

• y 𝑅 𝑦 ∈ {1,⋯ , 𝐾}

• 𝑥 𝑝𝜃(𝑦|𝑥)를
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⚫
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S(𝑝𝜃 , (𝑦, 𝑥))

• y|x 𝑝θ(𝑦|𝑥)

Deep Ensembles
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⚫

S 𝑝𝜃 , 𝑞 ≤ 𝑆 𝑞, 𝑞

• S 𝑝𝜃 , 𝑞 = ׬ 𝑞 𝑦, 𝑥 𝑆(𝑝𝜃 , 𝑦, 𝑥 )𝒹𝑦𝒹𝑥

• 𝑝θ 𝑦 𝑥 = 𝑞(𝑦|𝑥)

• ℒ 𝜃 = −𝑆(𝑝𝜃 , 𝑞)
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⚫

−𝑙𝑜𝑔𝑝𝜃 𝑦𝑛 𝑥𝑛 =
𝑙𝑜𝑔𝜎𝜃

2 𝑥

2
+

𝑦 − 𝜇𝜃 𝑥
2

2𝜎𝜃
2 𝑥

+ 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡.

• 𝑆 𝑝𝜃 , y x = log𝑞𝜃(𝑦|𝑥)

•

• 𝑆 𝑝𝜃 , q = 𝔼𝑞 𝑥 𝑞 𝑦 𝑥 𝑙𝑜𝑔𝑝𝜃 𝑦 𝑥 ≤ 𝔼𝑞 𝑥 𝑞 𝑦 𝑥 𝑙𝑜𝑔𝑞(𝑦|𝑥)

Regression(NLL) Classification(Brier score)

𝐾−1෍
𝑘=1

𝐾

(𝛿𝑘=𝑦 − 𝑝𝜃(𝑦 = 𝑘|𝑥))2

𝐷𝐾𝐿(𝑞(𝑌|𝑋)||𝑝𝜃 𝑌 𝑋 = 𝔼𝑞 𝑙𝑜𝑔
𝑞 𝑌 𝑋
𝑃𝜃 𝑌 𝑋

≥ 0

= 𝔼𝑞 𝑙𝑜𝑔q Y X − 𝔼𝑞[𝑙𝑜𝑔𝑝𝜃(𝑌|𝑋) ≥ 0

𝔼𝑞 𝑙𝑜𝑔q Y X ≥ 𝔼𝑞[𝑙𝑜𝑔𝑝𝜃(𝑌|𝑋)

𝔼𝑞 𝑞(𝑌|𝑋)𝑙𝑜𝑔q Y X ≥ 𝔼𝑞[𝑞(𝑌|𝑋)𝑙𝑜𝑔𝑝𝜃(𝑌|𝑋)



𝑓 𝑥 𝜇, 𝜎2 =
1

2𝜋𝜎2
exp −

𝑥−𝜇 2

2𝜎2
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⚫

−𝑙𝑜𝑔𝑝𝜃 𝑦𝑛 𝑥𝑛 =
𝑙𝑜𝑔𝜎𝜃

2 𝑥

2
+

𝑦 − 𝜇𝜃 𝑥
2

2𝜎𝜃
2 𝑥

+ 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡.

Regression(NLL)
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x′ = x + 𝜖𝑠𝑖𝑔𝑛 ∇𝑥ℓ 𝜃, 𝑥, 𝑦

•
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⚫ Adversarial training
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⚫ Ensemble
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𝜎2(𝑥) = 𝑀−1σ𝑚(𝜎
2
𝜃𝑚(𝑥) + 𝜇2𝜃𝑚

(𝑥)) 𝜇2∗(𝑥)
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⚫ Ensemble

𝜇
𝜎2

𝜇
𝜎2

𝜇
𝜎2 𝜇, 𝜎2

.

.

.

𝜇∗(𝑥) = 𝑀−1෍

𝑚

𝜇𝜃𝑚(𝑥)
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⚫ Evaluation metrics and experimental setup

−𝑙𝑜𝑔𝑝𝜃 𝑦𝑛 𝑥𝑛 =
𝑙𝑜𝑔𝜎𝜃

2 𝑥

2
+

𝑦 − 𝜇𝜃 𝑥
2

2𝜎𝜃
2 𝑥

+ 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡.

NLL

Brier score

𝐾−1෍
𝑘=1

𝐾

(𝛿𝑘=𝑦 − 𝑝𝜃(𝑦 = 𝑘|𝑥))2



Experiment

• 𝑦 = 𝑥3 + 𝜖 𝑤ℎ𝑒𝑟𝑒 𝜖~Ν(0, 32)

•

•
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⚫ Toy datasets 불확실성 측정
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⚫ Ensemble 및 Adversarial training 효과 검증 (MNIST, SVHN data)
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⚫ Out-of-distribution데이터의 불확실성 검증
𝐻 𝑥 = −෍

𝑖=1

𝑛

𝑃 𝑥 𝑙𝑜𝑔𝑃(𝑥)
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⚫ Accuracy as a function of confidence

•

•

•

✓

✓ 𝑚𝑎𝑥𝑘​𝑝(𝑦 = 𝑘 ∣ 𝑥)

✓ ≥ 𝜏 0 ≤ 𝜏 ≤ 1
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❖

❖

❖

✓

✓

✓

✓
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