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레이블링된데이터

수집 비용 높음

레이블이부여되지않은데이터

수집 비용 낮음



8/56

Unlabeled Data

Unsupervised Learning

Labeled Data

Supervised Learning
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Labeled data

Unlabeled data

Loss = Losslabeled + Lossunlabeled
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Unlabeled Data

Data
Transformation Cropped Flipped Rotation Virtual adversarial Attacked

[4] Sajjadi, Mehdi, Mehran Javanmardi, and Tolga Tasdizen. "Regularization with stochastic 
transformations and perturbations for deep semi-supervised learning." Advances in neural 
information processing systems 29 (2016): 1163-1171.

[5] Miyato, Takeru, et al. "Virtual adversarial training: a regularization method for supervised and 
semi-supervised learning." IEEE transactions on pattern analysis and machine intelligence 41.8 
(2018): 1979-1993.

Consistency 
Regularization
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Unlabeled data

Data
Transformation Cropped Flipped Rotation Virtual adversarial attacked

일반화 성능이 확보된

앙상블 모델의 예측 확률 값으로

Consistency Regularization 수행
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= Losslabeled + LossunlabeledSSL Loss

Losslabeled = Σ𝑖=1
𝑛 𝑤𝑖Losslabeledi

Lossunlabeled = Σj=n+1
m 𝑤jLossunlabeledj
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argmin𝜃{SSL Loss 𝜃 = Σ𝑖=1
𝑛 𝑤𝑖Losslabeledi + Σj=n+1

m 𝑤jLossunlabeledj}

መ𝜃(𝛼) = argmin𝜃{Σ𝑖=1
𝑛 𝑤𝑖(𝛼)Losslabeledi + Σj=n+1

m 𝑤j(𝛼)Lossunlabeledj}

ො𝛼 = argmin𝛼{Supervised Loss 𝛼 = Σ𝑖=1
𝑛 𝑤𝑖Losslabeledi}
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• 𝑞𝛽 𝜃 ≈ 𝑃 𝜃|𝑑𝑎𝑡𝑎

• 𝐾𝐿(𝑞𝛽 𝜃 ||𝑃 𝜃|𝑑𝑎𝑡𝑎 ) ≈
1

𝑁
σ𝑖=1
𝑁 𝐸 𝑦𝑖 , ෝ𝑦𝑖 + 𝜆σ𝑖=1

𝐿 𝜃𝑖
2
+ 𝑏𝑖

2
)

+Dropout training
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Weight L2 Regularization
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𝜃𝑖~𝑞𝛽(𝜃)

𝜃1 → 𝑌1

𝜃𝑇 → 𝑌𝑇
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𝜃𝑖~𝑞𝛽(𝜃)

𝜃1 → 𝑌1

𝜃𝑇 → 𝑌𝑇
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𝜃1~𝑞𝛽(𝜃)

𝜃T~𝑞𝛽(𝜃)
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