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Professor-Forcing1

• Can not use GAN directly for text domain for discreteness
• Still want to apply adversarial training:

◦ G: RNN as usual
◦ D: classify hidden states output between free-run and

teacher-forcing modes
1

https://arxiv.org/pdf/1610.09038.pdf
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Cross-Alignment Text Style Transfer2

E G+ Z + D2

Adversarial  
loss

• Encoder + Generator = enc-RNN + dec-RNN = Seq2Seq
◦ Encode: (text, style) = (xi, yi)
◦ Embedded Representation: (zci, zsi), drop style zsi,
◦ combined with new style for decoding: (zci, yj), j = i or j 6= i

◦ Result: x̂j (we have transferred from style i to j).
• Professor-Forcing between 2 styles:

◦ D1: distinguish x̂1|zc1, y1 and x̂1|zc2, y1

◦ D2: distinguish x̂2|zc2, y2 and x̂2|zc1, y2

2
https://arxiv.org/pdf/1705.09655.pdf
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Cross-Alignment TST: Results
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Adversarially Regularized Autoencoder3

• EncoderRNN: encφ(z|x) = PQ (real), DecoderRNN: pψ(x̂|z)
• Generator from noise s ∼ N(0, I): gθ(z̃|s) = Pz (fake)
• Discriminator: real PQ vs. fake Pz

• Add binary classifier C to enforce disentanglement of y from z

• Objective: minφ,ψ [Lrec(φ, ψ) + λ1DWasserstein(PQ,Pz) + λ2LC ]
3

https://arxiv.org/pdf/1706.04223.pdf
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ARAE: Results

LTI/SCS 11-695: AI Engineering Style Transfer (cont’d)Spring 2020 7 / 35
Image credit: Jake (Junbo) Zhao et al. 2018



ARAE: Results
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Regularized Auto-encoder (CARA4)

• ARAE: learnable prior Pz from s ∼ N(0, I): less posterior collapse
• Add an auxiliary classifier CMI for generated sentences x

◦ CMI enforces conditional generation
◦ Regulate the rate of CMI and use BERT for encoder E

4
http://people.ee.duke.edu/˜lcarin/AAAI_LiY_6828.pdf
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CARA: Results
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Some Other Papers

• A probabilistic formulation of unsupervised text style transfer5

• On Variational Learning of Controllable Representations for Text without
Supervision6

• Style Transformer: Unpaired Text Style Transfer without Disentangled Latent
Representation7

• Zero-Shot Fine-Grained Style Transfer: Leveraging Distributed Continuous Style
Representations to Transfer To Unseen Styles8

• Generating Sentences from Disentangled Syntactic and Semantic Spaces9

• Adapting Language Models for Non-Parallel Author-Stylized Rewriting10

• Structuring Latent Spaces for Stylized Response Generation11

5
https://openreview.net/pdf?id=HJlA0C4tPS

6
https://arxiv.org/pdf/1905.11975.pdf

7
https://arxiv.org/pdf/1905.05621.pdf

8
https://arxiv.org/pdf/1911.03914.pdf

9
https://www.aclweb.org/anthology/P19-1602.pdf

10
https://arxiv.org/pdf/1909.09962.pdf

11
https://arxiv.org/pdf/1909.05361.pdf
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Cross-Domain Transfer

• So far: Style/Attribute transfer within the same domain:
Image/Video or Text
• Cross-Domain Transfer/Translation:

◦ Image-to-Text: Image Captioning, VQA
◦ Text-to-Image: Image Synthesis
◦ Text-to-Audio: TTS (Text to Speech)
◦ Audio-to-Text: ASR (Automatic Speech Recognition)
◦ Any pair of modalities
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Show-Attend-Tell12

• Still Encoder-Decoder model
◦ Encode images by CNN
◦ Decode to text by RNN
◦ Attention to align spatial to sequential space

• Translate Image to Text, or generate Text conditioned on Image
12

https://arxiv.org/pdf/1502.03044v3.pdf
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Show-Attend-Tell: Results
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Transform & Tell13: News Image Captioning

• Two main components:
◦ Encoder: Extract 4 multimodal features XA,XI ,XF ,XO

◦ Decoder: Transformer-based LM
13

https://arxiv.org/pdf/2004.08070.pdf
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Transform & Tell: Results
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Visual Question Answering (VQA14)

• Reference architecture for VQA
• Extracting features from both and merge/align them using

point-wise multiplication
14

https://arxiv.org/pdf/1505.00468.pdf
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VQA: Results
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Up-Down Attention for VQA15

• Still based on the reference model
• With up-down attention

15
https://arxiv.org/pdf/1707.07998.pdf
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Up-Down Attention for VQA

• Faster RCNN to extract region vectors
• With up-down attention: using 2 LSTMs to align image-text
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Up-Down Attention for VQA: Results
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Object-Semantics Aligned Pre-training (OSCAR16)

• Pre-training are now important for vision-language tasks
• Make use of object detector’s tags for alignment

16
https://arxiv.org/pdf/2004.06165v3.pdf
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OSCAR: Transformer and Pre-training

• Pre-training: BERT for words, Faster-RCNN for obj detection,
uses multiple datasets: [w, q, v] are [word, tag, visual features]
◦ Randomly mask 15% input h = [w, q] and minimize

LMT L = −E(w,q)∼D log p(hi|h6=i, v)

◦ Randomly pollute 50% q, use binary classifier y = FC([q′, v], v) to
have contrastive loss:

LMT L = −E(w,q′,v)∼D log p (y|FC([q′, v], v))
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OSCAR: Embedded Representation

• Pre-trained representations are adapted to specific tasks
• State-of-the-art for many tasks: Image Retrieval, Image

Captioning, VQA-v2, ...
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OSCAR: Image Captioning Results
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StackGAN17

• Two-phase generation, stage 2 is conditioned on stage 1
• Regularization for text embedding on G: DKL (N(µ0, σ0)‖N(0, I))

17
https://arxiv.org/pdf/1612.03242.pdf
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StackGAN: Results
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StackGAN++18

• Instead of having 2 phases, now model multi-scale resolutions
• Multiple Gs and Ds with tree-like structure

◦ G: h0 = F0(c, z) and hi = Fi(hi−1, c) and outputs si = Gi(hi)
◦ Di: distinguishes si with real image xi

18
https://arxiv.org/pdf/1710.10916.pdf
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StackGAN++: Results
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Pix2Pix19

• Use CGAN to transfer from edges to photos
• So the edge maps are the labels fed to both D and G

19
https://arxiv.org/pdf/1611.07004.pdf

LTI/SCS 11-695: AI Engineering Style Transfer (cont’d)Spring 2020 31 / 35
Image credit: Phillip Isola et al. 2016

https://arxiv.org/pdf/1611.07004.pdf


Pix2Pix: Results
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Semantically Multimodal Image Synthesis (SMIS20)

• Encoder:
◦ Class-specific inputs: Xc = Mc ◦X and latent output Zc

◦ Concat them before feeding to Encoder: S = concatcXc

• Decoder generates conditioned on classes
20

https://arxiv.org/pdf/2003.12697.pdf
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SMIS: Tasks

• Applicable for diverse tasks
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SMIS (GroupDNet): Comparison
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