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INTRODUCTION

• Machine Reading Comprehension (MRC) is to read and comprehend a given article and 
answer the questions based on it, which has become enormously popular in recent few 
years

• The related datasets and algorithms are mutually benefitted

• From cloze-style to sentence-style

• From simple model to complex model

• In this paper, we focus on solving the cloze-style RC problem
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INTRODUCTION

• Key components in RC

→Document 

• Query

• Candidates

• Answer *Example is chosen from the MCTest dataset (Richardson et al., 2013)
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INTRODUCTION

• Specifically, in cloze-style RC

• Document: the same as the general RC

• Query: a sentence with a blank

• Candidate (optional): several candidates to fill 
in

• Answer: a single word that exactly match the 
query (the answer word should appear in the 
document)

*Example is chosen from the CNN dataset (Hermann et al., 2015)
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INTRODUCTION

• CBT dataset (Hill et al., 2015)
Step1: Choose 21 sentences

Step2: Choose first 
20 sentences as 

Context

Step3: Choose 21st 
sentence as Query

Step3: With a BLANK 

Step3: The word removed from Query 

Step4: Choose other 
9 similar words from 

Context as Candidate 
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RELATED WORKS

• Predictions on full vocabulary

• Attentive Reader (Hermann et al., 2015)

• Stanford AR (Chen et al., 2016)

• Pointer-wise predictions (Vinyals et al., 2015)

• Attention Sum Reader (Kadlec et al., 2016)

• Consensus Attention Reader (Cui et al., 2016)

• Gated-attention Reader (Dhingra et al., 2017)
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ATTENTIVE READER

• Teaching Machines to Read and Comprehend (Hermann et al., 2015)
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STANFORD AR

• A Thorough Examination of the CNN/Daily Mail Reading 
Comprehension Task (Chen et al., 2016)
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ATTENTION SUM READER

• Text Understanding with the Attention Sum Reader Network (Kadlec et al., 2016)
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CONSENSUS ATTENTION READER

• Consensus Attention-based Neural Networks for Chinese Reading Comprehension (Cui et al., 2016)
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GATED-ATTENTION READER

• Gated-Attention Reader for Text Comprehension (Dhingra et al., 2016) 
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AOA READER

• Primarily motivated by AS Reader (Kadlec et al., 2016) and CAS Reader (Cui et al., 2016)

• Introduce matching matrix for indicating doc-query relationships

• Mutual attention: doc-to-query and query-to-doc

• Instead of using heuristics to combine individual attentions, we place another attention 
to dynamically assign weights to the individual ones 

• Some of the ideas in our work has already been adopted in the follow-up works not only 
in cloze-style RC but also other types of RC (such as SQuAD).
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AOA READER

• Model architecture at a glance
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AOA READER

• Contextual Embedding 

• Transform document and 
query into contextual 
representations using word-
embeddings and bi-GRU units
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AOA READER

• Pair-wise Matching Score 

• Calculate similarity between each 
document word and query word

• For simplicity, we just calculate 
dot product between document 
and query word  
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AOA READER

• Individual Attentions 

• Calculate document-level 
attention with respect to 
each query word
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AOA READER

• Attention-over-Attention 

• Dynamically assign 
weights to individual doc-
level attentions
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AOA READER

• Final Predictions 

• Pointer Network (Vinyals et al., 2015)

• Apply sum-attention mechanism 
(Kadlec et al., 2016) to get the final 
probability of the answer
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AOA READER
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• An intuitive example: Let say this is a story about `Tom bought a 
diamond ring for his beloved girl friend…`

Tom loves <blank> .

Query-level  
Attention 0.5 0.3 0.15 0.05

Candidate 
Answers

Mary        = 0.6
diamond   = 0.3
beside      = 0.1

Mary        = 0.3
diamond   = 0.5
beside      = 0.2

Mary        = 0.4
diamond   = 0.4
beside      = 0.2

Mary        = 0.2
diamond   = 0.4
beside      = 0.4

Average Score  
(Cui et al., 2016)

Mary          = (0.6+0.3+0.4+0.2) / 4 = 0.375
diamond     = (0.3+0.5+0.4+0.4) / 4 = 0.400 
beside        = (0.1+0.2+0.2+0.4) / 4 = 0.225

Weighted Score  
(This work)

Mary     = 0.6*0.5+0.3*0.3+0.4*0.15+0.2*0.05 = 0.460 
diamond   = 0.3*0.5+0.5*0.3+0.4*0.15+0.4*0.05 = 0.380
beside      = 0.1*0.5+0.2*0.3+0.2*0.15+0.4*0.05 = 0.160



RE-RANKING

• N-best re-ranking strategy for cloze-style RC 

• Mimic the process of double-checking, in terms of fluency, 
grammatical correctness etc.

• Main idea: Re-fill the candidate answer into the blank of query to 
form a complete sentence and using additional features to score 
the sentences
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RE-RANKING

• Procedure of re-ranking 

• Generate candidate answers: N-best decoding

• Refill the candidate into query

• Scoring with additional features: mainly LM features

• Feature weight tuning: using K-Best MIRA algorithm (Cherry and Foster, 2012)

• Re-scoring and Re-ranking
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RE-RANKING

• Features that used in re-ranking 

• Global LM: trained on document part of training data

• Word LM: 8-gram LM using SRILM tool (Stolcke, 2002)

• Word-class LM: 1,000 word classes using mkcls tool (Josef Och, 1999)

• Local LM: trained on document part of test-time data sample-by-sample
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EXPERIMENTS
• Dataset 

• CNN(Hermann et al., 2015), CBT-NE/CN (Hill et al., 2015)

• Hyper-parameters 

• Embedding: uniform distribution with l2-regularization, dropout 0.1

• Hidden Layer: bi-GRU

• Optimization: Adam(lr=0.001), gradient clipping 5, batch 32

• Implementation: Keras (Chollet, 2015) + Theano (Theano Development Team, 2016)
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EXPERIMENTAL RESULTS

• Single model performance 

• Significantly outperform 
previous works 

• Re-ranking strategy could 
substantially improve 
performance
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EXPERIMENTAL RESULTS

• Single model performance 

• Introducing attention-over-
attention mechanism instead 
of using heuristic merging 
function (Cui et al., 2016) may 
bring significant improvements
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EXPERIMENTAL RESULTS

• Ensemble performance 

• We use greedy ensemble 
approach of 4 models trained 
on different random seed

• Significant improvements over 
state-of-the-art systems
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RE-RANKING ABLATIONS

• Calculate weight proportion between global 
and local LMs 

• Observations

• NE category seems to be more 
dependent on local LM

• CN category seems to be more 
dependent on global LM
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QUANTITATIVE ANALYSIS

• Accuracy vs. Length of Document

• AoA Reader shows consistent 
improvements over AS Reader on 
different length of document

• Improvements become larger when 
the length of document increases, 
indicating that our model could 
better handle the long documents
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QUANTITATIVE ANALYSIS

• Accuracy vs. Frequency of answer

• Most of the answers are the 
top frequent word among 
candidates

• Tend to choose either high or 
low frequency word
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CONCLUSIONS & FUTURE WORK

• Conclusion 

• Propose a novel mechanism called “Attention-over-Attention” to dynamically assign weights to the 
individual attentions

• Two-way attention: adopt both doc-to-query and query-to-doc attentions for final predictions

• Experimental results show significant improvements over various state-of-the-art systems

• Future Work 

• Investigate more complex attention mechanism via adopting external knowledge

• Look into the questions that need comprehensive reasoning over several sentences
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EXTENSION: INTERACTIVE AOA READER

• Interactive AoA Reader 

• As a step further of our work, we’ve 
refined our model as ‘interactive’, which 
dynamically and progressively filter the 
context for question answering

• Shows state-of-the-art performance 
and ranked No.1 in Stanford SQuAD 
Task (Rajpurkar et al., 2016)

Y. Cui, Z. Chen, S. Wei, S. Wang, T. Liu, G. Hu 35 / 40 AoA Reader - Episode

*As of August 1, 2017. http://stanford-qa.com

http://stanford-qa.com


REFERENCES

• Dzmitry Bahdanau, Kyunghyun Cho, and Yoshua Bengio. 2014. Neural machine translation by jointly learning to align and translate. 
arXiv preprint arXiv:1409.0473 .

• Danqi Chen, Jason Bolton, and Christopher D. Manning. 2016. A thorough examination of the cnn/daily mail reading comprehension 
task. In Association for Computational Linguistics (ACL).

• Colin Cherry and George Foster. 2012. Batch tuning strategies for statistical machine translation. In Proceedings of the 2012 
Conference of the North American Chapter of the Association for Computational Linguistics: Human Language Technologies. 
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