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(Lots of) Previous Work
• Graph-based Methods 

• Click Graph 

• Query-Flow Graph 

• Term-Query Graph 

• … 

• Clustering queries from history 

• Supervised Learning-based 
methods 

• …
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Using Word Embeddings
• Sessions represent well the 

interactions of users with a 
search engines: 

• queries 

• clicks: algo results and ads 

• We generate a distributed 
representation of actions in a 
common vector space: 

• inspired by word2vec
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Models for Embedding 
Interactions

• Context2Vec 

• Content2Vec 

• Context-Content2Vec
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Model 1: Context2vec
• Session as a sentence: 

• actions are words (e.g., 
‘nike shoes’) 

• vectors are learned on each 
action/word 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• Consider the “content” of the 
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Paragraph2Vec
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Model 3: Context-Content2Vec
• A combination of the previous 

two models 

• When an action is not popular 
we give more importance to its 
content 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9



…" …"

Projec'on)

…" …"

words)within)the)m0th)query)

qm"b$

qm$ wt"c$

wt$

wt"1$ wt+1$ wt+c$

qm"1$ qm+1$ qm+b$

context)

content)

Projec'on)

Model 3: Context-Content2Vec
• A combination of the previous 

two models 

• When an action is not popular 
we give more importance to its 
content 
 
 
 
 
 
 
 

is the frequency of the K-th actions

Original 

Contrib
ution

9



Optimization
• Stochastic Gradient Ascent 

• Negative Sampling: 

• 10 Negative samples 

• Negatives chosen in order 
to deal with clicks and skips 

• Dimension D = 300 

• Context neighborhood = 5 

• Content neighborhood = 7
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Experiments
• Session Data 

• 12 billion sessions collected on 
the US website of Yahoo Search 

• Query Content Data 

• from the 45 million most frequent 
queries 

• Click Data 

• For all the sessions we collected 
the clicks on algo and sponsored 
results 

• Query Flow Graph (QFG) as baseline
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Anecdotes
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The Effect of Ad Clicks
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The Effect of Ad Clicks
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The Effect of Ad Clicks
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A Broader Comparison
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Editorial Evaluation

In-dictionary

Out-of-dictionary
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NDCG@K Values
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Experiments on TREC Data
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Coverage and Estimated 
Improvements
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Queries similar to ads  
(ads category = ‘cars’)
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Conclusions and Future Work
• We presented the first query rewriting 

mechanism using word embeddings 

• We evaluated the proposed methods 
using both in-house and publicly 
available TREC data sets 

• When compared to the current state-of-
the-art approaches, we showed that 
context-content2vec generates the most 
relevant query rewrites, while at the same 
time maintains high level of ad coverage 

• Future: 

• Better sessionization algorithms 

• Navigational query detection to bias our 
method less towards generating those 
queries 




