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A What are temporal web dynamics?
A Why the dynamics impact search?
A Overview of time-aware approaches

Temporal Information Extraction
Temporal Query Analysis

Time-aware Retrieval and Ranking

A Conclusion and outlook
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BS'Temporal Web Dynamics

A Web is changing over time in many aspects,
e.g., Size, content, structure and how it is
accessed by user interactions or gueries.
| Size: web pages are added/deleted at all time
I Content: web pages are edited/modified
I Query: userso I nformati ol

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

Content Change
Non-version Version
Social medias (Twitter, Facebook, Youtube, etc.)
£ Wikipedia
S News feeds
>
e Emails Blogs E-commerce sites
News archives, e.g., NY Times (20 years), Web archive collections by
& the Times (150 years), and Zeit (17 years) Internet Archive, Internet Memory
& Foundation, or British Library

Twitt hi
Persistent Web documents witier archives Wikipedia history

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

Implications: Crawling, Indexing, Ranking
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B35 Changes in User Behavior

User Behavior Change

_
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A
October 2012

n halloween: 77

L

Implicit ‘
Spikes
*_é' e Current trends/events
s e Breaking news
8 Weekly, monthly or yearly
e Periodic events
2 Atemporal
g » General Web queries

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

Fig. 2 Categorization of queries with temporal information needs.

Implications: Query Analysis, Ranking
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Temporal Query Examples

||Sports

|Culture

Day

boston red sox [october 27, 2004]
ac milan [may 23, 2007]

Kurt cobain [april 5, 1994|
keith harring [february 16, 1990]

Month

stefan edberg [july 1990]
italian national soccer team [july 2006]

woodstock [august 1994]
pink floyd [march 1973]

Year||babe ruth [1921] rocky horror picture show [1975]
chicago bulls [1991] michael jackson [1982]
Decade||michael jordan [1990s] sound of music [1960s]
new york yankees [1910s] mickey mouse [1930s]
Century||la lakers [21st century] academy award [21st century|
soccer [21st century] jazz music [21st century]
Technology World Affairs
Day||mac os x [march 24, 2001] berlin [october 27, 1961]
voyager [september 5, 1977] george bush [january 18, 2001]
Month|[thomas edison [december 1891] poland [december 1970]
microsoft halo [june 2000] pearl harbor [december 1941]
Year||roentgen [1895] nixon [1970s]
wright brothers [1905] iraq [2001]
Decadel|internet [1990s] vietnam [1960s]|
sewing machine [1850s] monica lewinsky [1990s]
Century || musket [16th century] queen victoria [19th century]

siemens [19th century]

muhammed [7th century]

[Berberich et al., ECIR 2010]
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Implications for Search

@ - o Time-sensitive
@\(L query Determlmng queries
O Search Intent

Term: {Germany, World, Cup}
Time: {06/2006, 07/2006}

matching/ranking
- _ Annotated
Temporal Semantic documents s Term: {wq, w,,
Web Annotation

é.} w
Time: {PubTime(d,), ContentTime(d;)}

D2006

Retrieved results
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Temporal Information
Extraction
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Two Time Aspects

Two time dimensions
1. Publication or modified time
2. Content or event time

Yaroslavl: A cultural centre in Russia celebrates {%{%‘ilﬂ
. NOW .t
1000 years of history .
This online supplement is produced and published by Rossiyskaya Gazeta C 0 n t e n t t I m e

(Russia), which takes sole responsibility for the content.

This setflement controlled the mouth of Yfe Kotorpsl, which linked
Rostov the Great — in those days the rincipality — with
the Volga. Such competition was gfearly a hindragce fo the young
Prince Yaroslav. Arriving in the gfiea, he ordered s soldiers to

impose order and destroy thg/bagan holy place.

As one legend recounts
bear against them, byj
hacked the beast dg

e pagan priests unleas
e prince fearlessly stepp

d a huge holy
forward and

The prince, findjflg the location suitable, built a wooden fortress on
ffle promontory above the Volga, callingit Yaroslawl,

3fa =um sagcrally acknowledged that this hdppened in or
around the year 1010.

RELATED ARTICLES

2-54PM BST 09 Oct 201Q g Yaroslavl picture gallery 08 Oct 2010

Offering tourists a Cdgrming glimpse of Russia’s colourful Incidentally, it was a bear which much later became thq symbaol of
past, the ancient city oN{aroslavl is a "place where history is  the town that grew up on the site of the foriress. Even t§day, the
made" bear is depicted on Yaroslavl's coat of arms.

At one fime on t ubllml @a@k@ﬂ retu It‘én e The rapid development of Yaroslavl was \nterrup the
villages, one of Which, situated next to a pagan holy place, was Mongol invasion when the city was almost comple™hedestr®yed

called Bear's Corner. Close by, at the place where the Kotorosl
river flows into the Volga, was a village settled by the descendants
of Finno-Ugric tribes who mixed with the recently arrived Slavic
people at the time when the ancient Russian state of Kiev was

December 2010
Philhv an his Russia E@==5
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2>  Document Dating

Problem Statements

A Difficult to find the trustworthy time for web documents
I Time gap between crawling and indexing
I Decentralization and relocation of web documents
I No standard metadata for time/date

A For a given document with uncertain
timestamp, can the contents be used to ((\
determine the timestamp with a sufficiently ;

high confidence? 0 % O <
Letds me seee N\\ /
{ found a bible-like This document is /

document. But | have probably
no idea when it was W_rltten in 850 AC
created? with 95% confidence. 5/\/\
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B3S' Probabilistic Approach

Temporal Language

MOd el S {Temporal Language Models J

A Based on the statistic usage- Tmestamp | Word | Freg
of words over time _» 1990 | tsunam !
tsunami 1999 Japan 1

A Compare eaCh Word Of a e 1999 tidal wave 1
. ™S 2004 tsunami 1
non-timestamped document T
with a reference corpus 2004 | cathquake | 1

Similarity Scores

A Tentative timestamp --a  Score@o9=1 |

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

time partition mostly
overlaps in word usage

Score(d;, pj) = > yecq P(W|di) x log m%g

[de Jong et al., AHC 2005; Kraalij, SIGIR Forum 2005; Kanhabua et al., ECDL 2008]
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A How to determine relevant temporal

expressions tagged in a document?

I Not all temporal expressions associated to an event
are equally relevant

Reported by World Health Organization (WHO) on
29 July 2012 about an ongoing Ebola outbreak
In Uganda since the beginning of July 2012

A Approaches: machine learning; rule-based

[Kanhabua et al., TAIA 2012; Strotgen et al., TempWeb 2012; Hoffart et al., AlJ 2012]
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Temporal Query Analysis
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B35 Temporal Queries

A Temporal queries exist in

the Web and archives

I Relevancy is dependent on time

T Documents are about events at
particular time

I Users: historians, librarians or
journalists
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time and relevance (guery 156)
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20 40 G0 80 100 1206
months {most recent date 1994 12 -- 0)

Figure 2.3: Query 156 “Efforts to Enact Gun Control
Legislation”- Relevant documents mostly in the past.

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

Peetz et al., IR 2014]
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3§ Challenges

A Searching temporal document collections
I E.g., digital libraries, web/news archives
A Problems: semantic gaps or lacking knowledge

1. possibly relevant time of queries
2. terminology changes over time
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L35 Challenges

A Semantic gaps: lacking knowledge about
1. possibly relevant time of queries
2. terminology changes over time

§ ( time;
¥ = suggest time,
{ ) | | query 4
e

C~_J

\__time, /
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A Semantic gaps: lacking knowledge about
1. possibly relevant time of queries
2. terminology changes over time

5  time;
& suggest time,
- = \__time,

How to determine the time of an implicit temporal query?




