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  Temporal Web Dynamics 

ÅWeb is changing over time in many aspects, 

e.g., size, content, structure and how it is 

accessed by user interactions or queries. 

ïSize: web pages are added/deleted at all time 

ïContent: web pages are edited/modified 

ïQuery: usersô information needs changes 

 

 [Ke et al., CN 2006; Risvik et al., CN 2002] 
 [Dumais, SIAM-SDM 2012; WebDyn 2010] 



Content/Structure Changes 

Implications: Crawling, Indexing, Ranking 

Fig. 1 Categorization of document collections with content changes over time. 



Changes in User Behavior 

Implications: Query Analysis, Ranking 

Fig. 2 Categorization of queries with temporal information needs. 

http://www.google.com/insights/search 



Temporal Query Examples 

ÅA temporal query consists of: 
ïQuery keywords 

ïTemporal expressions 

ÅA document consists of: 
ïTerms, i.e., bag-of-words 

ïPublication time and temporal expressions 

 [Berberich et al., ECIR 2010] 



Implications for Search 
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Temporal Information 

Extraction 



Two Time Aspects 

Two time dimensions 

1. Publication or modified time 

2. Content or event time 

content time 

publication time 



Problem Statements 
Å Difficult to find the trustworthy time for web documents  
ïTime gap between crawling and indexing 

ïDecentralization and relocation of web documents 

ïNo standard metadata for time/date 

Document Dating 

Letôs me seeé 

This document is 

probably  

written in 850 A.C.  

with 95% confidence. 

I found a bible-like 

document. But I have  

no idea when it was  

created? 

ñ For a given document with uncertain 

timestamp, can the contents be used to 

determine the timestamp with a sufficiently 

high confidence? ò 



Probabilistic Approach 

Timestamp Word 

1999    tsunami 

1999    Japan 

1999    tidal wave 

2004    tsunami 

2004    Thailand 

2004    earthquake 

Temporal Language Models 

tsunami 

Thailand 

A non-timestamped 

document 

Similarity Scores 

Score(1999) = 1 

Score(2004) = 1 + 1 = 2 Most likely timestamp is 2004 

Temporal Language 
Models 

ÅBased on the statistic usage 
of words over time 
 

ÅCompare each word of a 
non-timestamped document 
with a reference corpus 
 

ÅTentative timestamp -- a 
time partition mostly 
overlaps in word usage 

 [de Jong et al., AHC 2005; Kraaij, SIGIR Forum 2005; Kanhabua  et al., ECDL 2008] 
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  Extracting Content Time 

ÅHow to determine relevant temporal 

expressions tagged in a document? 
ïNot all temporal expressions associated to an event 

are equally relevant 

 

 

 

 

ÅApproaches: machine learning; rule-based 
 

Reported by World Health Organization (WHO) on 

29 July 2012 about an ongoing Ebola outbreak 

in Uganda since the beginning of July 2012 

 [Kanhabua et al., TAIA 2012; Strötgen et al., TempWeb 2012; Hoffart et al., AIJ 2012] 



Temporal Query Analysis 



Temporal Queries 

ÅTemporal queries exist in 

the Web and archives 
ïRelevancy is dependent on time 

ïDocuments are about events at 

particular time 

ïUsers: historians, librarians or 

journalists 

 

 

 [Li et al., CIKM 2003; Jones and Diaz, ACM TOIS 2007; Berberich et al., ECIR 2010; 

Peetz et al., IR 2014] 



ÅSearching temporal document collections 
ïE.g., digital libraries, web/news archives 

 

ÅProblems: semantic gaps or lacking knowledge 
1. possibly relevant time of queries 

2. terminology changes over time 

Challenges 
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ÅSemantic gaps: lacking knowledge about 
1. possibly relevant time of queries 
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How to determine the time of an implicit temporal query? 


