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课程提纲

单模态表示

视觉模态

文本模态

动作模态

三维点云

基本概念

神经网络及其优化

经典多模态机器学习

多模态表示

多模态对齐

多模态推理

多模态生成

多模态迁移

通用多模态机器学习

通用多模态（大）模型

多模态预训练

多模态典型应用



Task 2: Alignment



内容提纲

① Discrete alignment

① Local alignment

② Global alignment

② Continuous alignment

① Continuous warping

② Discretization and segmentation



Sub-Challenge 2a: Discrete Alignment



Connections



Language Grounding



Local Alignment – Coordinated Representations



Directed Alignment



Cross-modal Interactions

Arevalo et al., Show, Attend and Tell: Neural Image Caption Generation with Visual Attention, ICML 2015. Citations: 12828



Directed Alignment – Image Captioning

𝑭



Attention Gates

𝛼𝑖𝑗 is the (scalar) attention for word 𝑖 at image position 𝑗
𝒛𝑖 =෍

𝑗=1

𝐿

𝑎𝑖𝑗𝒇𝑗



Attention Gates

𝒛𝑖 =෍
𝑗=1

𝐿

𝑎𝑖𝑗𝒇𝑗

𝑎𝑖𝑗

𝑒𝑖𝑗 = 𝒗⊤𝜎(𝑾𝒔𝑖−1 +𝑼𝒇𝑗)
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Example – Image Captioning



Global Alignment



Global Alignment

𝑓: 𝐴 → 𝐵

𝑤𝑖,𝑓(𝑖) = 𝑔(𝒛𝐴
𝑖 , 𝒛𝐵

𝑓(𝑖)
)

max
𝑓∈𝑆𝑛

෍

𝑖=1

𝑁

𝑤𝑖,𝑓(𝑖)

Hungarian algorithm



“红娘算法”



Hungarian algorithm

Harold William Kuhn 

(July 29, 1925 – July 2, 2014)

Dénes Kőnig

(September 21, 1884 – October 19, 1944)

Jenő Elek Egerváry

(April 16, 1891 – November 30, 1958)

The Hungarian method, known also as the Kuhn–Munkres algorithm or Munkres assignment algorithm



Minimum-Weight Bipartite Matching



Minimum-Weight Bipartite Matching



Minimum-Weight Bipartite Matching

Subtract Row Minima



Minimum-Weight Bipartite Matching

Subtract Row Minima



Minimum-Weight Bipartite Matching

Subtract Row Minima



Minimum-Weight Bipartite Matching

Subtract Row Minima



Minimum-Weight Bipartite Matching

Subtract Column Minima



Minimum-Weight Bipartite Matching

Subtract Column Minima



Minimum-Weight Bipartite Matching

Subtract Column Minima



Minimum-Weight Bipartite Matching

Subtract Column Minima



Minimum-Weight Bipartite Matching

Iteration 1A



Minimum-Weight Bipartite Matching

Iteration 1A



Minimum-Weight Bipartite Matching

Iteration 1A



Minimum-Weight Bipartite Matching

Iteration 1A



Minimum-Weight Bipartite Matching

Iteration 1B



Minimum-Weight Bipartite Matching

Iteration 1B



Minimum-Weight Bipartite Matching

Iteration 1C



Minimum-Weight Bipartite Matching

Iteration 1C



Minimum-Weight Bipartite Matching

Iteration 1C



Minimum-Weight Bipartite Matching

Iteration 1C



Minimum-Weight Bipartite Matching

Iteration 1C



Minimum-Weight Bipartite Matching

Iteration 1C



Minimum-Weight Bipartite Matching

Iteration 1C



Minimum-Weight Bipartite Matching

Iteration 2



Minimum-Weight Bipartite Matching

Iteration 2A



Minimum-Weight Bipartite Matching

Iteration 2A



Minimum-Weight Bipartite Matching

Iteration 2B



Minimum-Weight Bipartite Matching

Output the matching



Minimum-Weight Bipartite Matching

Output the matching



Minimum-Weight Bipartite Matching

Output the matching



Minimum-Weight Bipartite Matching

Output the matching



Minimum-Weight Bipartite Matching

Output the matching



Minimum-Weight Bipartite Matching

Output the matching



Minimum-Weight Bipartite Matching

Output the matching



Minimum-Weight Bipartite Matching

Output the matching



Minimum-Weight Bipartite Matching

Output the matching



Minimum-Weight Bipartite Matching

Output the matching



Global Alignment

𝑓: 𝐴 → 𝐵

𝑤𝑖,𝑓(𝑖) = 𝑔(𝒛𝐴
𝑖 , 𝒛𝐵

𝑓(𝑖)
)

max
𝑓∈𝑆𝑛

෍

𝑖=1

𝑁

𝑤𝑖,𝑓(𝑖)

Hungarian algorithm

Why it works?

Complexity?



Global Alignment



Global Alignment



内容提纲

① Discrete alignment

① Local alignment

② Global alignment

② Continuous alignment

① Continuous warping

② Discretization and segmentation



Challenge 2b: Continuous Alignment



Continuous Warping – Example



Dynamic Time Warping (DTW)



Dynamic Time Warping (DTW)



Dynamic Time Warping (DTW)

现在有两个人说这个单词，一个人在前半部分拖长，其发音为1-1-

3-3-2-4；另一个人在后半部分拖长，其发音为1-3-2-2-4-4

1.计算两个序列各个点之间的

距离矩阵

2.寻找一条从矩阵左上角到右

下角的路径，使得路径上的元

素和最小

https://zhida.zhihu.com/search?content_id=8672639&content_type=Article&match_order=1&q=%E8%B7%9D%E7%A6%BB%E7%9F%A9%E9%98%B5&zhida_source=entity


DTW alternative formulation



Canonical Correlation Analysis – Reminder



Canonical Time Warping

Canonical Time Warping for Alignment of Human Behavior, Zhou and De la Tore, 2009



Temporal Alignment and Neural Representation Learning



Temporal Cycle-Consistency Learning



Temporal Cycle-Consistency Learning



Discretization (aka Segmentation)



Discretization – Example



Low-rank Fusion with Trimodal Input

⊙



Discretization – A Classification Approach

Grave et al., Connectionist Temporal Classification: Labelling Unsegmented Sequence Data with 

Recurrent Neural Networks, ICML 2006



Discretization and Representation – Cluster-based Approaches

Hsu et al., HuBERT: Self-Supervised Speech Representation Learning by Masked Prediction of Hidden Units, arxiv 2021
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