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Linear-chain LSTM 
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• In linear-chain LSTM, history is summarized and encoded 
in memory cells in a sequential fashion. 



Recursive LSTM 

• Recursion and the structures it forms are common in 
different modalities, e.g., trees [Socher, ’12; ’13]. 
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• While linear-chain LSTM can be used to model such 
problems, we take a different view point. 
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Recursive LSTM 
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• We aim to explore a good way to 
consider invariants and long-
distance interplays over given 
structures. 
• E.g., the distance/relationship 

between n1 and n2 are invariant if 
node p varies (e.g., as a node of noun 
or a subtree of a longer phrase). 

• Such a model is interesting to us also 
because it recursively summarizes 
history over structure constituents. 

• We propose to extend LSTM to recursive (tree here) 
structures. 



The Memory Blocks 
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S-LSTM: Forward Propagation 
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S-LSTM: Backpropagation 
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Left child: 

Right child: 

Handling non-binary trees? 



Experiments 
(Sentiment analysis) 
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Can a machine fall in love? 
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… … 

―Merriam-Webster Dictionary 

Love: 
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… … 

Love, admiration, satisfaction … 

Anger, fear, hunger … 

―Merriam-Webster Dictionary 

Love: 
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― “The Emotion Machine”, Marvin Minsky. 
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Semantics/Sentiment composition  
(Figure is borrowed from [Socher et al. ’13]) 
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Semantics/Sentiment composition  
(Figure is borrowed from [Socher et al. ’13]) 



Experiment Set-up 

• Data: Stanford Sentiment Treebank 

◦ Movie reviews 

• # sentences: 8544/1101/2210 (training/dev./test) 

• # phrases: 318582/41447/82600 

◦ All phrases, including roots (sentences), are 
manually annotated with sentiment labels. 

• Evaluation metric 

◦ Classification accuracy (5-category) 
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Recursive Neural Tensor Network (RNTN)  
[Socher et al., ’13] 
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Results 
(Default setting)  

17 



Results 
(Default setting)  
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• In the default setting, all phrases are manually 
annotated with sentiment labels, which is often not a 
real-life set-up. 

 

 

 

 

 

 

• Now, we keep only root annotations and root+leaf 
annotations (imitating the use of lexicons). 

A Real-life Set-up 
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Results in a Real-life Set-up 
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Structures vs. no Structures 
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Summary 

• A tree-structured recursive LSTM model. 

• Achieved the state-of-the-art performance on a 
semantic composition task. 

• Explicitly modeling the structures is helpful. 

    

   Code is available by email! 
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Some Related Work 

• Related 

◦ Irsoy & Cardie, NIPS-14;   

◦ Kalchbrenner et al., ACL-14;  

◦ Socher et al., EMNLP-13;  

◦ Hermann et. al, ACL-13  

 

• More related 

◦ Tai et al. ACL-15 

◦ Le & Zuidema *SEM-15 
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Thank you! 
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