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Score-Based Generative Model (SGM)
SGM

generated image x ← ← random image z
(Free Content Use from https://pixabay.com/vectors/robot-machine-technology-science-312566/)

(Figure 1 from Song et al., ICLR 2021)

high-quality generation
when score function can be estimated
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Conditional SGM by Classifier Guidance
SGM: unconditional generation when ∇x log p(x) can be estimated

Conditional SGM

generated x ← ← random z
y = dog

(Free Content Use from https://pixabay.com/vectors/robot-machine-technology-science-312566/)

Conditional SGM
conditional generation when ∇x log p(x|y) can be estimated

Hello, Bayes Rule

∇x log p(x|y) = ∇x log p(x)︸ ︷︷ ︸
unconditional score

+∇x log p(y |x)︸ ︷︷ ︸
classifier gradient

−∇x log p(y)︸ ︷︷ ︸
0

simple CGSGM
by classifier guidance + unconditional SGM
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Our Contributions

our impacts: an in-depth study of CGSGM, which ...
• makes its classifier design more robust with a novel angle

of regularization
• reduces the use of labeled data significantly
• achieves state-of-the-art conditional generation

performance in semi-supervised setting

what is the issue of simple CGSGM?
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Simple CGSGM

∇x log p(x|y) = ∇x log p(x)︸ ︷︷ ︸
unconditional score

+∇x log p(y |x)︸ ︷︷ ︸
classifier gradient

Pros
• easy reuse of well-trained unconditional SGM
• naturally applicable to semi-supervised data (few labeled data)

Cons

overfitting classifier
=⇒ bad conditional score
=⇒ bad conditional generation

but few labeled data⇒ overfitting classifier?!
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Key Idea: Cast Classifier as Unconditional SGM
energy-based parameterization exp(hθ(x, y)) ∝ p(x, y)

classifier
= argmaxkhθ(x, k):

approximate p(y |x) by

exp(hθ(x, y))∑
k exp(hθ(x, k))

unconditional SGM:
approximate ∇x log p(x) by

∇x log

∑
k exp(hθ(x, k))
normalization︸ ︷︷ ︸

p(x)

= ∇x log
∑

k

exp(hθ(x, k))

−∇x log(normalization)︸ ︷︷ ︸
0

classifier can cosplay as (be cast to)
unconditional SGM
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Benefit of Classifier-As-SGM
Unconditional SGM
trained with a well-known loss LSGM(ϕ),

with ϕ being SGM parameters

Classifier as Unconditional SGM

min
θ
Lcross entropy + LSC

can be regularized with self-calibrating loss LSC(θ) = LSGM(θ),
with θ being classifier parameters

seamlessly applicable to unlabeled data
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Comparison to Original CGSGM on Toy Data

self-calibrated CGSGM:
better scores in magnitudes & directions
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Comparison to Original CGSGM on Real Data
with merely 5% of labeled data

Original CGSVM
Intra-FID (↓) 31.17

Self-Calibrated CGSFM
Intra-FID (↓) 18.95

self-calibrated CGSGM:
better quality & more accurate
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Conclusion

dog

dog

random vector z

↘ ↙
generator

(free content from pixabay)

↓

• creativity can go wild
—regularization by another view helps
control
• self-calibrated CGSGM: another view

of classifier as unconditional SGM
• most importantly, math helps!

—more efforts on fundamental
research needed
• Bayes rule helps
• energy-based parameterization helps

Thank you! Questions?
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