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Before We Start 
Little Formality 



Insight 



Annotation 

Correspondence 

Multi-Modal Hierarchical Models 
 

Mixture of Multi-Modal Latent Dirichlet Allocation 

Linking Word Emission & Region Emission with Mixed Weights 
 

Paired Word and Region Emission at Nodes 



Hierarchical Models 
 

𝑝 𝐷 𝑑 =  �𝑝(𝑐)
𝑐

 � �𝑃 𝑖 𝑙, 𝑐 𝑃(𝑙|𝑑)
𝑙𝑖∈𝐷

 

Original Version, by Hofmann 



Multi-modal Hierarchical Models 
 

NODE 
Image and co-occurring text 
 
 
Higher Node 
General 
 
 
Lower Node 
Specific 
 



Multi-modal Hierarchical Models 
 

� �𝑝 𝑤 𝑙, 𝑐 𝑝(𝑙|𝑑)

𝑁𝑤
𝑁𝑤,𝑑

𝑤∈𝑊

 � �𝑝 𝑏 𝑙, 𝑐 𝑝(𝑙|𝑑)

𝑁𝑏
𝑁𝑏,𝑑

𝑏∈𝐵

 

Word Emission Prob. 
(Freq. Table) 

Region Emission Prob. 
(Gaussian distribution) 

𝑝 𝐷 𝑑 =  �𝑝(𝑐)
𝑐

 � �
{𝑠𝑠𝑠}

𝑤∈𝑊

 � �
{𝑠𝑠𝑠}

𝑏∈𝐵

 

Process of Generating set of Observation 



Multi-modal Hierarchical Models 
 

𝑝 𝑤 𝐵 =  �𝑝(𝑐)
𝑐

 �𝑝 𝑤 𝑙, 𝑐 𝑝(𝑙|𝑐)
𝑙

 � �𝑝 𝑏 𝑙, 𝑐 𝑝(𝑙|𝑐)
𝑙

𝑁𝑏
𝑁𝑏,𝑑

𝑏∈𝐵

 

Cluster Word Emission 
Probability 

Blob Emission 
Probability 

How to predict word based on Image? 



Annotation 
Multi-Modal Hierarchical Models 

 
Mixture of Multi-Modal Latent Dirichlet Allocation 



LDA 
 

Dirichlet 
Parameter 

Per-document 
Topic Proportions 

Per-word 
Topic Assignment 

Observed 
Word 

θ z w α 

β 



LDA 
 

Dirichlet 
Parameter 

Per-document 
Topic Proportions 

Per-word 
Topic Assignment 

Observed 
Word 

θ z w α 

β 



MoM-LDA 
 

Dirichlet 
Parameter 

Per-document 
Topic Proportions 

Observed 
Word 

θ 
z w 

s b 

Per-region 
Topic Assignment 

Observed 
Blob 

c 

Per-word 
Topic Assignment 



Word Blob 

How Do We Associate? 
 

θ 

z 

c 

[Estimation Maximization] 



Correspondence 
Linking Word & Region Emission Prob. With Mix-weights 

 
Paired Word and Region Emission at Nodes 



Idea of These Two 

Considering Surroundings  

Strengthening words and regions relationship 

By giving pre-computed weight 



LINKING 
 

� �𝑝 𝑤 𝑙, 𝑐 𝑝(𝑙|𝐵, 𝑐,𝑑)

𝑁𝑤
𝑁𝑤,𝑑

𝑤∈𝑊

 � �𝑝 𝑏 𝑙, 𝑐 𝑝(𝑙|𝑑)

𝑁𝑏
𝑁𝑏,𝑑

𝑏∈𝐵

 

Word Emission Prob. 
(Freq. Table) 

Blob Emission Prob. 
(Gaussian distribution) 

𝑝 𝐷 𝑑 =  �𝑝(𝑐)
𝑐

 � �
{𝑠𝑠𝑠}

𝑤∈𝑊

 � �
{𝑠𝑠𝑠}

𝑏∈𝐵

 



LINKING 
 

� �𝑝 𝑤 𝑙, 𝑐 𝑝(𝑙|𝐵, 𝑐,𝑑)

𝑁𝑤
𝑁𝑤,𝑑

𝑤∈𝑊

 � �𝑝 𝑏 𝑙, 𝑐 𝑝(𝑙|𝑑)

𝑁𝑏
𝑁𝑏,𝑑

𝑏∈𝐵

 

Word Blob 

𝑝 𝐷 𝑑 =  �𝑝(𝑐)
𝑐

 � �
{𝑠𝑠𝑠}

𝑤∈𝑊

 � �
{𝑠𝑠𝑠}

𝑏∈𝐵

 

Vertical Mixture Weights 
(Pre-computed) 



Pair Word and Region Emission 
 

𝑝 𝐷 𝑑 =  �𝑝(𝑐)
𝑐

 � �𝑃 (𝑤, 𝑏) 𝑙, 𝑐 𝑃(𝑙|𝑑)
𝑙(𝑤,𝑏)∈𝐷

 

“tightens the relationship between regions and words” 



Criticque 





… we are disappointed that its correspondence 
performance is still matched by several methods… 
 
… significantly bettered by at least one of them. 
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