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1.1 Preliminary

Diffusion process in continuous space:

(applied in vision, audio, time series and etc.…)

1. Noise-conditioned score network (NCSN; Yang & Ermon, 2019)

2. Denoising diffusion probabilistic models (DDPM; Ho et al. 2020)

∆ Forward process:

◦ 𝐱0~𝑞 𝐱 → 𝐱𝑇~𝒩 0, 𝐈

◦ 𝑞 𝐱𝑡 𝐱𝑡−1) = 𝒩(𝐱𝑡; 1 − 𝛽𝑡 𝐱𝑡−1, 𝛽𝑡𝐈)

∆ Reverse process:

◦ 𝑝𝜃 𝐱𝑡−1 𝐱𝑡) = 𝒩(𝐱𝑡−1; 𝜇𝜃(𝐱𝑡, 𝑡), 𝜎𝜃(𝐱𝑡, 𝑡))

◦ 𝑞 𝐱𝑡−1 𝐱𝑡, 𝐱0) = 𝑞 𝐱𝑡 𝐱𝑡−1, 𝐱0)
𝑞 𝐱𝑡−1 𝐱0)

𝑞 𝐱𝑡 𝐱0)

∆ Training loss:

◦ 𝐿𝑡 = 𝐷𝐾𝐿(𝑞||𝑝𝜃)

◦ Parameterization of 𝐿𝑡 =

𝔼𝐱0(||(𝐱0 − 𝑓𝜃(𝐱𝑡, 𝑡))||
2)
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1.2 Motivation

From unconditional models to conditional models:

Diffusion-LM (classifier-guided) v.s. DiffuSeq (classifier-free)

Seq2Seq tasks: 𝐱 → 𝐲
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2.1 DiffuSeq

∆ Forward Process with Partial Noising:

◦ 𝑞 𝐳0 𝐰
𝑥⊕𝑦) = 𝒩 EMB(𝐰𝑥⊕𝑦), 𝛽0𝐈 ; 𝐳𝑡 = 𝐱𝑡 ⊕𝐲𝑡

∆ Reverse Process with Conditional Denoising:

◦ 𝐿𝑡 = 𝔼𝐱0, 𝐲0 (||(𝐲0 − 𝑓𝜃
~(𝐳𝑡, 𝑡))||

2)

∆ Training:

◦ importance sampling

∆ Inference:

◦ Rounding to embeddings

◦ Anchoring input signals
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2.2 Connections of different models

AR/iter-NAR/DiffuSeq: Generation process is along with different dimensions:
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3.1 Experiments

Four tasks: Dialogue, QG, Text Simplification, Paraphrase

Three groups of baselines: Plain encoder-decoder, PLMs, NAR

Comparable quality, better diversity
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3.2 Analysis

Diversity Ensures Quality
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3.2 Analysis

Diversity Ensures Quality

Step-wise Analysis against Iterative NAR
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3.2 Analysis

Diversity Ensures Quality

Step-wise Analysis against Iterative NAR                      Inference Speed
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4 Conclusion and future work

DiffuSeq: as a new generation paradigm

Potential: competitive results on Seq2Seq tasks

Analysis: diversity DiffuSeq v.s. iter-NAR

Future work: inference speed and sentence fluency
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