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Outline

1 Generative Models: Review

2 Conditional Generative Models

3 Conditional Generation as Image/Video Style Transfer
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AutoEncoder Generation

• Assume the model is well-trained. Take MNIST as an example
• If we want to generate digit 1

◦ AE can do with feeding 1 into E, but it’s not generative
◦ VAE: we need to sample from random noise → no control!
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GAN Generation

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

N(0, I)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Raw Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x ⇠ p(x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Real
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Fake
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>G

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

D
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x̂ ⇠ p (z)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

• Same as VAE, we generate from a noise → no control!
• Upside: they both can generate completely new, cool images
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We Want More for Outputs

• Can we generate images of digits from a single signal, e.g. from a
scalar input?
• Can we adopt, say Van Gogh’s style into images w/o formal

drawing training?
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How?

• Can we change the style of input based on an random template?
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Different Input and Output Domains?

• Can we generate description based on images?
• Or vice versa?
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Outline

1 Generative Models: Review

2 Conditional Generative Models

3 Conditional Generation as Image/Video Style Transfer
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Idea: Condition on Attributes/Styles

• So far: we generate from a latent representation

z ∼ p(z), x̂ = p(x|z) ≈ Gψ(z) (1)

• Now, we also have an attribute y as part of input:

z ∼ p(z|y), x̂ = p(x|z, y) ≈ Gψ(z, y) (2)
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Conditional VAE (CVAE1 2)

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Raw Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DECODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ENCODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x ⇠ p(x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

d(x, x̂)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Reconstruction Error
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Mode
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

q�(z|x, y)

<latexit sha1_base64="HPImTt4grE7x7DNpORWpCYeTHIs=">AAAB+nicbVDLSgNBEOz1GeNro0cvg0GIIGFXAuot6MVjBPOAZFlmJ7PJkNmHM7PqmuRTvHhQxKtf4s2/cZLsQRMLGoqqbrq7vJgzqSzr21haXlldW89t5De3tnd2zcJeQ0aJILROIh6Jlocl5SykdcUUp61YUBx4nDa9wdXEb95TIVkU3qo0pk6AeyHzGcFKS65ZuHM7cZ+VntAIPZ6g9Bi5ZtEqW1OgRWJnpAgZaq751elGJAloqAjHUrZtK1bOEAvFCKfjfCeRNMZkgHu0rWmIAyqd4fT0MTrSShf5kdAVKjRVf08McSBlGni6M8CqL+e9ifif106Uf+4MWRgnioZktshPOFIRmuSAukxQoniqCSaC6VsR6WOBidJp5XUI9vzLi6RxWrYr5YubSrF6mcWRgwM4hBLYcAZVuIYa1IHAAzzDK7wZI+PFeDc+Zq1LRjazD39gfP4AOwKSsg==</latexit>

q�(z|x, y)

<latexit sha1_base64="HPImTt4grE7x7DNpORWpCYeTHIs=">AAAB+nicbVDLSgNBEOz1GeNro0cvg0GIIGFXAuot6MVjBPOAZFlmJ7PJkNmHM7PqmuRTvHhQxKtf4s2/cZLsQRMLGoqqbrq7vJgzqSzr21haXlldW89t5De3tnd2zcJeQ0aJILROIh6Jlocl5SykdcUUp61YUBx4nDa9wdXEb95TIVkU3qo0pk6AeyHzGcFKS65ZuHM7cZ+VntAIPZ6g9Bi5ZtEqW1OgRWJnpAgZaq751elGJAloqAjHUrZtK1bOEAvFCKfjfCeRNMZkgHu0rWmIAyqd4fT0MTrSShf5kdAVKjRVf08McSBlGni6M8CqL+e9ifif106Uf+4MWRgnioZktshPOFIRmuSAukxQoniqCSaC6VsR6WOBidJp5XUI9vzLi6RxWrYr5YubSrF6mcWRgwM4hBLYcAZVuIYa1IHAAzzDK7wZI+PFeDc+Zq1LRjazD39gfP4AOwKSsg==</latexit>

DKL (q�(z|x, y)kp(z|y))

<latexit sha1_base64="ohat9zNVr+Sff3rgzX0DbcjTKls="></latexit>

p(z|y)

<latexit sha1_base64="Xqe0Eu0e2/APYYffn8L+VuVlrqY=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVgnorevFYwX5Au5Rsmm1Ds9mQZIV17Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzAsmZNq777aysrq1vbBa2its7u3v7pYPDlo4TRWiTxDxWnQBrypmgTcMMpx2pKI4CTtvB+Gbqtx+o0iwW9yaV1I/wULCQEWys1JaVx6f0DPVLZbfqzoCWiZeTMuRo9EtfvUFMkogKQzjWuuu50vgZVoYRTifFXqKpxGSMh7RrqcAR1X42O3eCTq0yQGGsbAmDZurviQxHWqdRYDsjbEZ60ZuK/3ndxISXfsaETAwVZL4oTDgyMZr+jgZMUWJ4agkmitlbERlhhYmxCRVtCN7iy8ukdV71atWru1q5fp3HUYBjOIEKeHABdbiFBjSBwBie4RXeHOm8OO/Ox7x1xclnjuAPnM8fmwqPHA==</latexit>

p (x|z, y)

<latexit sha1_base64="RsKVMkvLgdS6xbynhctvZo9hbeg=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0WoICWRgrorunFZwT6gDWEynbRDJ5NhZiKmsV/ixoUibv0Ud/6N0zYLbT1w4XDOvdx7TyAYVdpxvq2V1bX1jc3CVnF7Z3evZO8ftFScSEyaOGax7ARIEUY5aWqqGekISVAUMNIORjdTv/1ApKIxv9epIF6EBpyGFCNtJN8uCb8nFK08Po3PYHoKfbvsVJ0Z4DJxc1IGORq+/dXrxziJCNeYIaW6riO0lyGpKWZkUuwligiER2hAuoZyFBHlZbPDJ/DEKH0YxtIU13Cm/p7IUKRUGgWmM0J6qBa9qfif1010eOlllItEE47ni8KEQR3DaQqwTyXBmqWGICypuRXiIZIIa5NV0YTgLr68TFrnVbdWvbqrlevXeRwFcASOQQW44ALUwS1ogCbAIAHP4BW8WWPrxXq3PuatK1Y+cwj+wPr8AZbdkmg=</latexit>

x̂ ⇠ p (x|z, y)

<latexit sha1_base64="Og8E+4IAOgvPTG2V8V3MZN8lmXk=">AAACBXicbVDLSsNAFJ34rPUVdamLwSJUkJJIQd0V3bisYB/QhDCZTtqhM0mYmUhj7MaNv+LGhSJu/Qd3/o3TNgttPXDhcM693HuPHzMqlWV9GwuLS8srq4W14vrG5ta2ubPblFEiMGngiEWi7SNJGA1JQ1HFSDsWBHGfkZY/uBr7rTsiJI3CW5XGxOWoF9KAYqS05JkHTh+pbDiCjqQcxp4TS1oePtyfwPQYembJqlgTwHli56QEctQ988vpRjjhJFSYISk7thUrN0NCUczIqOgkksQID1CPdDQNESfSzSZfjOCRVrowiISuUMGJ+nsiQ1zKlPu6kyPVl7PeWPzP6yQqOHczGsaJIiGeLgoSBlUEx5HALhUEK5ZqgrCg+laI+0ggrHRwRR2CPfvyPGmeVuxq5eKmWqpd5nEUwD44BGVggzNQA9egDhoAg0fwDF7Bm/FkvBjvxse0dcHIZ/bAHxifP1yol9g=</latexit>

Noise

<latexit sha1_base64="I9MopJ22Ay6q8yuOFJajED/Ef8Q=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL56kgv2AJpTNdtou3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxMpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmkODxzLW7ZAZkEJBAwVKaCcaWBRKaIWjm6nfegRtRKwecJxAELGBEn3BGVrJ9xGeMLuLhYFJt1xxq+4MdJl4OamQHPVu+cvvxTyNQCGXzJiO5yYYZEyj4BImJT81kDA+YgPoWKpYBCbIZjdP6IlVerQfa1sK6Uz9PZGxyJhxFNrOiOHQLHpT8T+vk2L/MsiESlIExeeL+qmkGNNpALQnNHCUY0sY18LeSvmQacbRxlSyIXiLLy+T5lnVO69e3Z9Xatd5HEVyRI7JKfHIBamRW1InDcJJQp7JK3lzUufFeXc+5q0FJ585JH/gfP4AnXWSFQ==</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

z

<latexit sha1_base64="Wud7Tk1lAE0TofbfdXT/CfC5Fa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+0hjQo=</latexit>

p✓(z|y)

<latexit sha1_base64="tQvs29GcETjNxbbbM6g8/aDs7m8=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDiJexKQL0FvXiMYB6QLGF20kmGzD6c6Q2sa77DiwdFvPox3vwbJ8keNLGgoajqprvLi6TQaNvf1srq2vrGZm4rv72zu7dfODhs6DBWHOo8lKFqeUyDFAHUUaCEVqSA+Z6Epje6mfrNMSgtwuAekwhcnw0C0RecoZHcqNvBISArPT4lZ91C0S7bM9Bl4mSkSDLUuoWvTi/ksQ8Bcsm0bjt2hG7KFAouYZLvxBoixkdsAG1DA+aDdtPZ0RN6apQe7YfKVIB0pv6eSJmvdeJ7ptNnONSL3lT8z2vH2L90UxFEMULA54v6saQY0mkCtCcUcJSJIYwrYW6lfMgU42hyypsQnMWXl0njvOxUyld3lWL1OosjR47JCSkRh1yQKrklNVInnDyQZ/JK3qyx9WK9Wx/z1hUrmzkif2B9/gCkmJIJ</latexit>

• VAE objective: ELBO = Eqφ(z|x)[log p(x|z)]−DKL(qφ(z|x)‖p(z))
• Now CVAE:

ELBO = Eqφ(z|x,y)[log p(x|z, y)]−DKL(qφ(z|x, y)‖p(z|y)) (3)
1

https://arxiv.org/abs/1406.5298
2

https://pdfs.semanticscholar.org/3f25/e17eb717e5894e0404ea634451332f85d287.pdf
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CVAE Results

VAE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

CVAE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Ground Truth
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Ground Truth
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

on label 5
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Selected from generation

<latexit sha1_base64="xcDAMvH0M0ZkYdm+DU1TRfAbOC0=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmkoO6KblxWtA9oQ5lMb9qhk0mYmYgldOnGX3HjQhG3foI7/8ZpmoW2Hhg4nHMvc8/xY86Udpxvq7C0vLK6VlwvbWxube/Yu3tNFSWSQoNGPJJtnyjgTEBDM82hHUsgoc+h5Y+upn7rHqRikbjT4xi8kAwECxgl2kg9+7Cr4UGnt8CBaujjQEYhHoAAmQ1MenbZqTgZ8CJxc1JGOeo9+6vbj2gSgtCUE6U6rhNrLyVSM8phUuomCmJCR2QAHUMFCUF5aRZkgo+NYm6IpHlC40z9vZGSUKlx6JvJkOihmvem4n9eJ9HBuZcyEScaBJ19FCQc6whPW8F9Jk1+PjaEUMnMrZgOiSSmE6lKpgR3PvIiaZ5W3Grl4qZarl3mdRTRATpCJ8hFZ6iGrlEdNRBFj+gZvaI368l6sd6tj9lowcp39tEfWJ8/gtyaTw==</latexit>

Randomly selected

<latexit sha1_base64="iTabL2E9qD93FezDuBYwTd+CU5Q=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZKai7ohuXVewD2qFkMnfa0ExmSDJiGerGX3HjQhG3/oU7/8a0nYW2Hggczrk3yTl+wpnSjvNtFZaWV1bXiuuljc2t7R17d6+p4lRSaNCYx7LtEwWcCWhopjm0Ewkk8jm0/OHVxG/dg1QsFnd6lIAXkb5gIaNEG6lnH3Q1POjsloggjvgIm5uAagjGPbvsVJwp8CJxc1JGOeo9+6sbxDSNQGjKiVId10m0lxGpGeUwLnVTBQmhQ9KHjqGCRKC8bJpgjI+NEuAwluYIjafq742MREqNIt9MRkQP1Lw3Ef/zOqkOz72MiSTVIOjsoTDlWMd4UgcOmDR5TfCAESqZ+SumAyKJ6UCqkinBnY+8SJqnFbdaubiplmuXeR1FdIiO0Aly0RmqoWtURw1E0SN6Rq/ozXqyXqx362M2WrDynX30B9bnD0R6l28=</latexit>

Conditionally Generated

<latexit sha1_base64="8jrlnPBx99TIIn5oXS+mjXAyQFA=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4CrsSUG/BHPQYwTwgCWF2tpMMmZ1dZnrFsOTmxV/x4kERr/6CN//GyeOgiQUNRVU3TZUfS2HQdb+dpeWV1bX1zEZ2c2t7Zze3t18zUaI5VHkkI93wmQEpFFRRoIRGrIGFvoS6PyiP/fo9aCMidYfDGNoh6ynRFZyhlTq5oxbCA6blSAVirDAph/QaFGiGEIw6ubxbcCegi8SbkTyZodLJfbWCiCchKOSSGdP03BjbKdMouIRRtpUYiBkfsB40LVUsBNNOJzlG9MQqAe1G2o5COlF/X6QsNGYY+nYzZNg3895Y/M9rJti9aKdCxQmC4tNH3URSjOi4FBoIDRxt8kAwrm0RnPI+04yjrS5rS/DmIy+S2lnBKxYub4v50tWsjgw5JMfklHjknJTIDamQKuHkkTyTV/LmPDkvzrvzMV1dcmY3B+QPnM8f8zqaBA==</latexit>

Conditionally Generated

<latexit sha1_base64="8jrlnPBx99TIIn5oXS+mjXAyQFA=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4CrsSUG/BHPQYwTwgCWF2tpMMmZ1dZnrFsOTmxV/x4kERr/6CN//GyeOgiQUNRVU3TZUfS2HQdb+dpeWV1bX1zEZ2c2t7Zze3t18zUaI5VHkkI93wmQEpFFRRoIRGrIGFvoS6PyiP/fo9aCMidYfDGNoh6ynRFZyhlTq5oxbCA6blSAVirDAph/QaFGiGEIw6ubxbcCegi8SbkTyZodLJfbWCiCchKOSSGdP03BjbKdMouIRRtpUYiBkfsB40LVUsBNNOJzlG9MQqAe1G2o5COlF/X6QsNGYY+nYzZNg3895Y/M9rJti9aKdCxQmC4tNH3URSjOi4FBoIDRxt8kAwrm0RnPI+04yjrS5rS/DmIy+S2lnBKxYub4v50tWsjgw5JMfklHjknJTIDamQKuHkkTyTV/LmPDkvzrvzMV1dcmY3B+QPnM8f8zqaBA==</latexit>

• How to edit VAE to make CVAE:
◦ Fuse y and input to Encoder, e.g. as simple as concatenation
◦ Fuse y and noise with learnable weights before Decoder

• Results seem sharper (we implicitly make use of labels)
• And we can now control the the modes of generation!
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Conditional GAN (CGAN3) - Similar!

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

N(0, I)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Raw Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x ⇠ p(x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Real
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Fake
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>G

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

D
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

3
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Mode
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit> y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

z

<latexit sha1_base64="Wud7Tk1lAE0TofbfdXT/CfC5Fa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+0hjQo=</latexit>

x̂ ⇠ p (z|y)

<latexit sha1_base64="2tZtSLFQCNns3flLZEWIYMvNbL4=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSGVpUpQJWCrYGEsEn1ITRQ5rttadRzLdhAhdGHhV1gYQIiVf2Djb3DbDNBypCsdnXOv7r0nFIwq7Tjf1sLi0vLKamGtuL6xubVt7+w2VZxITBo4ZrFsh0gRRjlpaKoZaQtJUBQy0gqHl2O/dUukojG/0akgfoT6nPYoRtpIgX3gDZDO7kbQUzSCIvCEorB8Dx9gegwDu+RUnAngPHFzUgI56oH95XVjnESEa8yQUh3XEdrPkNQUMzIqeokiAuEh6pOOoRxFRPnZ5IsRPDJKF/ZiaYprOFF/T2QoUiqNQtMZIT1Qs95Y/M/rJLp35meUi0QTjqeLegmDOobjSGCXSoI1Sw1BWFJzK8QDJBHWJriiCcGdfXmeNE8qbrVyfl0t1S7yOApgHxyCMnDBKaiBK1AHDYDBI3gGr+DNerJerHfrY9q6YOUze+APrM8fwguXdA==</latexit>

� y

<latexit sha1_base64="wwJTqG6O3MBs31wkDAncdaD/nys=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4kDIjBXVXdOOygn1AZyiZNNOGZpKQh1CG/oYbF4q49Wfc+Tdm2llo64ELh3Pu5d57YsmoNr7/7ZXW1jc2t8rblZ3dvf2D6uFRRwurMGljwYTqxUgTRjlpG2oY6UlFUBoz0o0nd7nffSJKU8EfzVSSKEUjThOKkXFSGArJrIbhBZxWBtWaX/fngKskKEgNFGgNql/hUGCbEm4wQ1r3A1+aKEPKUMzIrBJaTSTCEzQifUc5SomOsvnNM3jmlCFMhHLFDZyrvycylGo9TWPXmSIz1steLv7n9a1JrqOMcmkN4XixKLEMGgHzAOCQKoINmzqCsKLuVojHSCFsXEx5CMHyy6ukc1kPGvWbh0ateVvEUQYn4BScgwBcgSa4By3QBhhI8AxewZtnvRfv3ftYtJa8YuYY/IH3+QO6EJDY</latexit>

� y

<latexit sha1_base64="wwJTqG6O3MBs31wkDAncdaD/nys=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4kDIjBXVXdOOygn1AZyiZNNOGZpKQh1CG/oYbF4q49Wfc+Tdm2llo64ELh3Pu5d57YsmoNr7/7ZXW1jc2t8rblZ3dvf2D6uFRRwurMGljwYTqxUgTRjlpG2oY6UlFUBoz0o0nd7nffSJKU8EfzVSSKEUjThOKkXFSGArJrIbhBZxWBtWaX/fngKskKEgNFGgNql/hUGCbEm4wQ1r3A1+aKEPKUMzIrBJaTSTCEzQifUc5SomOsvnNM3jmlCFMhHLFDZyrvycylGo9TWPXmSIz1steLv7n9a1JrqOMcmkN4XixKLEMGgHzAOCQKoINmzqCsKLuVojHSCFsXEx5CMHyy6ukc1kPGvWbh0ateVvEUQYn4BScgwBcgSa4By3QBhhI8AxewZtnvRfv3ftYtJa8YuYY/IH3+QO6EJDY</latexit>

• GAN: minψ maxθ Ex∼p(x)[log Dθ(x)] + Ez∼p(z)[1− log Dθ(Gψ(z)]
• Now CGAN:

min
ψ

max
θ

Ex∼p(x)[log Dθ(x|y)] + Ez∼p(z|y)[1− log Dθ(Gψ(z|y)] (4)

3
https://arxiv.org/pdf/1411.1784.pdf
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CGAN Results

• How to edit GAN to make CGAN: similar to CVAE
• And also, we can now control the modes of generation

LTI/SCS 11-695: AI Engineering Conditional GenerationSpring 2020 13 / 28
Image credit: Alec Radford et al. 2016



Outline

1 Generative Models: Review

2 Conditional Generative Models

3 Conditional Generation as Image/Video Style Transfer
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Neural Style Transfer4

• Style Image an Content Image features are extracted by VGG

4
https:

//www.cv-foundation.org/openaccess/content_cvpr_2016/papers/Gatys_Image_Style_Transfer_CVPR_2016_paper.pdf
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Image credit: Leon A. Gatys et al. 2016
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Neural Style Transfer using CNN

• White noise x is modeled into 2 components: content and style
• Each will have the respective loss
• Both losses are optimized together

LTI/SCS 11-695: AI Engineering Conditional GenerationSpring 2020 16 / 28
Image credit: Leon A. Gatys et al. 2016



Neural Style Transfer using CNN

• Training converges when x matches content and style

LTI/SCS 11-695: AI Engineering Conditional GenerationSpring 2020 17 / 28
Image credit: Leon A. Gatys et al. 2016



Cycle Consistency Loss

• Cycle loss is based on 2 phases: forward and back transfers
• Provides symmetric alignment intuition
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Image credit: Jun-Yan Zhu et al. 2017 (Unpaired Image-to-Image Translation using Cycle-Consistent Adversarial Networks)



CycleGAN5

x
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit> G(x)

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

F (G(x))
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

• 1 Generator,
• 2 Discriminators (1 per each style).
• Augmented by cycle loss
5

https://arxiv.org/pdf/1703.10593.pdf
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Image credit: Jun-Yan Zhu et al. 2017
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CycleGAN

• Is also known as unpaired image-to-image translation

LTI/SCS 11-695: AI Engineering Conditional GenerationSpring 2020 20 / 28
Image credit: Jun-Yan Zhu et al. 2017



StyleGAN6: Progressive GAN extended

• 8-layer FNN mapping network f transforms z into styles w

• Each layer control each details: e.g. hair, pose, face, ...
• Adaptive instance norm (AdaIN) + noise are added to CNN layers
• G takes a constant instead of z directly
6

https://arxiv.org/pdf/1812.04948.pdf
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Image credit: Tero Karras et al. 2018

https://arxiv.org/pdf/1812.04948.pdf


StyleGAN: Mixing Regulation

• Use two latent codes z1 and z2 during training
• Regulate contribution between them

LTI/SCS 11-695: AI Engineering Conditional GenerationSpring 2020 22 / 28
Image credit: Tero Karras et al. 2018



StyleGAN: Noise and Results
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Image credit: Tero Karras et al. 2018



Adversarial Latent Autoencoders (ALAE)

• Idea: break GAN into smaller components
• Decompose: G = G ◦ F and D = D ◦ E

• G and E act like Decoder and Encoder in auto-encoder

LTI/SCS 11-695: AI Engineering Conditional GenerationSpring 2020 24 / 28
Image credit: Stanislav Pidhorskyi et al. 2020



From ALAE to StyleALAE7

• Now E and G act the same roles as f and g networks in StyleGAN

7
https://arxiv.org/pdf/2004.04467.pdf
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Image credit: Stanislav Pidhorskyi et al. 2020
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StyleALAE: Generation
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Image credit: Stanislav Pidhorskyi et al. 2020



StyleALAE: Mixing
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Image credit: Stanislav Pidhorskyi et al. 2020



Some other resources

• Multi-Content GAN for Few-Shot Font Style Transfer8

• Deep Photo Style Transfer9

• FSGAN: Subject Agnostic Face Swapping and Reenactment10

• Unsupervised Multimodal Video-to-Video Translation via
Self-Supervised Learning11

• Unpaired Photo-to-manga Translation Based on The Methodology
of Manga Drawing12

• Code: Neural Style Transfer

• Code: CycleGAN

8
https://arxiv.org/pdf/1712.00516v1.pdf

9
https://arxiv.org/pdf/1703.07511v3.pdf

10
https://arxiv.org/pdf/1908.05932.pdf

11
https://arxiv.org/pdf/2004.06502.pdf

12
https://arxiv.org/pdf/2004.10634.pdf
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