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Generative Modeling
n Unsupervised learning
n Capture real distribution of data
n Learn hidden representations
n Generate new samples
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Deep Generative Models
n Generative adversarial networks
n Variational auto-encoder, Auto-regressive networks, …
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(Goodfellow et al., 2014; Kingma et al., 2013)
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Generative Adversarial Networks
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n Global optimum at: !" = !$%&%
n z encodes all the information, e.g. object, background, style…
n Generator is not controllable

(Goodfellow et al., 2014)



6

Conditional Generative Modeling
n condition y + random noise z à sample x
n Semi-supervised setting
n How to guarantee the controllability of generator?

¨ Disentangle the semantics of our interest and other variations
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Disentangled hidden representations
n Split z of original GAN into two parts:

¨ y: represents generative conditions
¨ z: represents other variations

n Consider two parts separately:
¨ Dedicated inference models C and I
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Models for understanding y and z
n y

1. Learn from a small set of labeled data by MLE
2. Reconstruct generation conditions from generated samples

n z
1. Reconstruct random noises from generated samples
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Collaborative games
n

¨ Implies:
n

¨ Implies:
n Drive the information encoded by y and z to be

disentangled
n Guarantee the controllability of generator
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Models for estimating real distribution
n p(x, y, z): complicated; z is not visible
n Model p(x, y) and p(x, z) respectively

¨ Draw inspiration from ALI and TripleGAN
¨ Adversarial training avoids distributing the probability mass 

diffusely over data space 
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Adversarial games 
n

n

n and
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Theoretical Guarantees 
n
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(Goodfellow et al., 2014)
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Theoretical Guarantees 
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Proof:
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Discussion
n

¨ Ry helps !" #, % to approach !(#, %)
¨ Ry is suitable for semi-supervised learning

n Use pairs generated by C in ()*
¨ Labeled data is lacking and may be biased

n SGAN is a combination of MLE-based methods and GAN-
based methods
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Algorithm
n c
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Related work: ALI

n Adversarially Learned Inference 

¨
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(Dumoulin et al., 2016)
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Related work: TripleGAN

n Three-player game:
¨
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(Li et al., 2017)
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Evaluate controllability of generator
n Use a golden classifier to test the (x,y) pairs generated by

different conditional generator
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Semi-supervised classification
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Conditional generation
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Conditional generation
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Ablation study 
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Visual quality
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Visual quality
n inception score�6.91(�0.07)

¨ TripleGAN�5.08(�0.09) 
¨ Improved-GAN without MD�3.87(�0.03)
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Image progression 
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Style transfer 
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Conclusion
n SGAN

¨ Two collaborative games and two adversarial games
¨ Mutual bootstrapping trick to improve C and G
¨ Disentangled representations and more controllable

generator
¨ Good performance on a spectrum of downstream

applications
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Thanks!
n Questions?
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