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The Wayback Machine

* Replays Web resources with a temporal dimension
* |dentified by URL and timestamp (crawl time)

http://web.archive.org/web/20121107020708/http://www.nytimes.com/

http://web.archive.org/web/TIMESTAMP/URL

* Challenges for the user

1. Find the relevant timestamp

* At what date / time was the webpage / content of interest online / crawled?
2. Discover the desired resources

* What is the URL of the webpage / content of interest at the relevant date / time?
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Temporal Search in Web Archives

* Documents are temporal / consisting of multiple versions
* Version / snapshot / capture represents are crawl
* A version may be a duplicate of a previous one

* Or it may contain slight or drastic changes (might be a completely new page)
 Temporal relevance in addition to textual relevance

* Temporal relevance is not always encoded in the content

* Very little text snippets or changes may be of high importance
* Resource identifiers (i.e., URLs) may change over time
* A webpage moved to a new URL makes it hard to detect previous versions

* Information needs / query intents are different from traditional IR
* There is no clear understanding of what is (temporally) relevant
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Temporal Archive Search (Tempas) L3S

» Goal: find URLs / entry points / authority pages over time
* most central URLs of an entity / topic in a given time

* Idea: exploit external information to detect temporal relevance
 capture temporal keywords / descriptors from external data (surrogates)

* v1: based on tags from Declicious (tempas.L3S.de/v1)
* uses temporal frequencies of social bookmarks as proxy for temp. importance
 biased by Delicious users, only limited available data for 8 years

* v2: based on the hyperlink graph of the Web (tempas.L3S.de/v2)

* less biased, more data, growing with the Web archive
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Tempas vl (tempas.L3S.de/v1
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e Ul with support for temporal queries and temporal results

[Helge Holzmann, Avishek Anand. Tempas: Temporal Archive Search Based on Tags. WWW 2016]
[Helge Holzmann, Wolfgang Nejdl, Avishek Anand. On the Applicability of Delicious for Temporal Search on Web Archives. SIGIR 2016]
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Tempas v2 (tempas.L3S.de/v?2

y switch to v1
TG ?ﬂ_}?ﬂ.\ obama n (based on Delicious tags)
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About 622 results (0.106 seconds) Hide non-archived results

http./barackobama.com/

Barack Obama (2009)

http://barackobama.com/ f‘.}’.’»’—é’p‘orm@ .
Q Web Archive Search Baraclk Obama (2009) ... Barack Obgma and Joe Biden: Thl;— Change We Need (2009) IObama 01/01/2011 l AMERICA
(2008) ... Barack Obama 2008 (2008) ... Obama 2012 (2012) ... Barack Obama - Organizing for nistory

America (2012) ... Obama for America | 2012 (2011) ... Obama for America (2011) ... Welcome to

- ‘ Obama for America (2010) ... Barrack Obama (2007) ...
v2. it's all temporal again. 2009 - 2008 - 2012 - 2011 - 2010 - 2007

02/01/2009 ‘ HAPPY
Barack Obama (2010) . NEW YEAR %

http://de.wikipedia.org/wiki/barack_obama 02/01/2008
([ F I ' l t g t h t t Barack Obama (2010) ... Prasident Barack Obama (2010) ... Obama (2009) ... Barack Hussein sl
ro a S O a n c o r ex s Obama (2009) ... Barack Obama - Wikipedia (2008) ... Barack Obama (Deutsch) (2008) ... Barack e e
Obama — Wikipedia (2012) ... mehr zu Barack Obama auf Wikipedia (2012) ... US-Prasident Obama M Wit
(2011) ... US-Prasident Barack Obama (2011) ... '

i De|ICIOUS |S biaSEd 2010 - 2009 - 2008 - 2012 - 2011 - 2007 - 2005 & o™
e Available data is limited Aok Sbama (019

Barack Obama (2010) ... Président Barack Obama (2010} ... Obama (2009) ... Barak Obama (2009 ...
Tweets von Obama (2009) ... Barack Obama bei Twitter (2012) ... Twitter Barack Obama (2012) ...

4 Ta gs d O n Ot a I I OW fo r Barack Obama on Twitter (2011) ... Twitter-Seite von Barack Obama (2011) ... Obama @ Twitter

(2008) ... Barack Obama twittert (2008) ...

natural keyword search 2010 - 2009 - 2012 - 2011 - 2008
* Anchor texts serve well for the task of temporal navigational queries

[Helge Holzmann, Wolfgang Nejdl and Avishek Anand - “Exploring Web Archives Through Temporal Anchor Texts”. WebSci 2017] 10
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Temporal Retrieval Model L3S

* Based on temporal hyperlink graphs with yearly granularity
* only emerging links in time period [ta, tb] are considered

Lemergence = U c €{cr €plta <t <ty )\ U c € {ct € plt < tq}
peP peEP

* Relevance is determined by hosts linking to a URL v w.r.t. anchor text a
freq(v,a) = |{host(u)|e = (u,v) € E A (e,a) € L}|

freq(v,a)

MaXy eV, acA freq(v,a)

rel(v,a) = log(



19/10/2017

Helge Holzmann (holzmann@L3S.de)

Index Construction and Retrieval

* Based on the German Web archive (TLD .de) from 1996 to 2013

e > 2 billion distinct archived pages linking to 26,443,384,902 URLs (not only .de)
* 319,574,156 URLs indexed after cleaning infrequent and malformed links

* Anchor texts classified by relevance class per year: ¢ = relc(v,a) = |rel(v, a)]

* Weighted by maximum frequency in a year: boost(¢) = ¢ - log( max freq(v,a))
* Indexed into Elastic Search

veV,a€eA
{
. "url™: "http://.../wiki/World_Wide_Web",
* One full-text index per "years": {
year and relevance class "2‘?,‘8?_"_: [‘E,led I
e Scored by tf-idf with boost "7": ["internet", ...]

}!
"2012": {

s
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Tempas v2 Example Queries (1)

* Barack Obama * Angela Merkel

obama @ [2005, 2006]

1. http://obama. senate.gov
2. http://de.wikipedia.org/wiki/barack_obama

obama @ [2005, 2007]

1. http://myspace. com/barackobama
4. http://obama.senate.gov
5. http://youtube.com/profile?user=barackobamadotcom

obama @ [2008, 2013]

1. http://barackobama. com
2. http://de.wikipedia.org/wiki/barack_obama
3. http://twitter.com/barackobama

merkel @ [2000, 2004]

1. http://merkel.de (university bookstore Merkel)
2. http://angela-merkel.de

angela merkel @ [2000, 2004]

1. http://angela-merkel . de
2. http://cdu.de/idx-merkel.htm
3. http://cdu.de/ueber-uns/buvo/pv/pv.htm

merkel @ [2005, 2010]

1. http://angela-merkel.de
2. http://de.wikipedia.org/wiki/angela_merkel

merkel @ [2010, 2013]

1. http://angela-merkel.de

2. http://facebook. com/angelamerkel?. ..

3. http://de.wikipedia.org/wiki/angela_merkel
4, http://twitter.com/search?g=%23merkel

13
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Tempas v2 Example Queries (2)

* European Union * Creative Commons License
european union @ [1996, 2005] creative commons license @ [2002, 2003
1. http://europa.eu.int 1. http://creativecommons.org/licenses/by-nc-sa/1.@
european union @ [2005, 2013] 2. http://creativecommons.org/licenses/by-nd-nc/1.@

ive ¢ s license @ [2004, 2
1. http://en.wikipedia.org/wiki/european_union creative commons license @ [2004, 2006]

2. http://europa.eu 1. http://creativecommons.org/licenses/by-nc-sa/2.@
3. http://europa.eu.int 2. http://creativecommons.org/licenses/by-nc-nd/2.9

creative commons license @ [2007, 2013]

Hl P H 1. http://creativecommons.org/licenses/by/2.5
* Wikipedia

2. http://creativecommons.org/licenses/by/3.9
3. http://creativecommons.org/licenses/by-nc-sa/3.@

wikipedia @ [2001, 2002]

1. http://de.wikipedia.com/wiki.cgi?wikipedia_willkommen
2. http://wikipedia.com
3. http://de.wikipedia.com

wikipedia @ [2003, 2013)

1. http://de.wikipedia.org
2. http://de.wikipedia.org/wiki/hauptseite
3. http://wikipedia.de

3. http://wikipedia.org 14
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Tempas Results as Entry Points

(‘O

* From temporal search to temporal data analysis

Graph-centric view Data-centric view User-centric view Graph-centric Data-centric

User-centric

data access

graph analysis / search

B 1
e "
D

Zoom

processing / presentation

s manual
/ exploration

results

Zoom

[Helge Holzmann and Thomas Risse - “Accessing Web Archives from Different Perspectives with Potential Synergies”. RESAW/IIPC 2017]
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ArchiveSpark <|Z3>S)j§

?
N
>

§

* Expressive and efficient Web archives data access / processing =

P
* Joint work with the Internet Archive Z l
e Open source @

* Fork us on GitHub: https://github.com/helgeho/ArchiveSpark
 Star, contribute, fix, spread, get involved!
* Easily extensible

* More details in:

* Helge Holzmann, Vinay Goel, Avishek Anand.

ArchiveSpark: Efficient Web Archive Access, Extraction and Derivation.
In Proceedings of JCDL, Newark, New Jersey, USA, 2016.

ARCHIVE

16
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Efficient Processing with ArchiveSpark

* Seamless two step loading approach
* Filter as much as possible on metadata before touching the archive

(W)ARC

WARC/LD Enrichments
url2, timel
CDX Wi‘mc“ 0 E.onte nt-Type: text/html
urll, timss =htmlx...
G HTML
urll, timel, status, mime, .. WARC/1.0 NER
urll, time2, status, mime, ... ot hitml
) o WARC/| WARC/LOD o e
urll, time3, status, mime, ... > ol url3, timel W-"k.fﬁer
urll, timed, status, mime, C Content-Type: text/html
<html=

WARD waARCS1.0

prti e POS-Tagger {ISON}
url3, timel, status, mime, ... url2, time2

url3, time2, status, mime, ... >__i WARC/L.0 Cantent-Type: text/html UnkS
url?, time3, status, mime urld, timel <htmle. ..
' tent-Type: text/h
urld, timel, status, mime, ... wp:; your too'(s
<html...

WARC/1.0

urld, time2 tus, mime url3, time2
i Content-Type: text/html
WARC/1.0 - etc
urld, tima2 hateal -

Content-Type: text/htmil

Ll

select / filter > enrich with

apply
meta data headers / content f'IE/r > enrichments output
ilter

[Helge Holzmann, Vinay Goel and Avishek Anand - “ArchiveSpark: Efficient Web Archive Access, Extraction and Derivation”. JCDL 2016] 17




ungsze
“:"“ 9 ’)[‘,.0

19/10/2017 Helge Holzmann (holzmann@L3S.de) &

ArchiveSpark 2.0

* Data specifications allow for more data sources

DATA SPECIFICATIONS E UNIFIED DATA MODEL
'METADATA | & I | DATA RECORDS | !
e.q., CDX server, e.g., (WJARC, HTTP | 1 meeeemeeeeeececeeeceeeeeee e

books index,
search engines, ...

Response, ePub, txt, ... GENERIC ENRICHMENT

select / filter enrich with
meta data > headers / content

3
]
]
1
: ~
i E
. INTERFACE '
l !
! i
! i
! i
! i
: ' /
1 1 1
i : '
: : L .'|\.|J.'L| '
1
i url2, timel, status, mime, .. : - POS—TGQ‘QE{ : {JSON}
| [ ez, s, mime, . | : Links |
E urld, timel, status, mime, : . : }IOUF tGOl’S E
" i <hitrnl._. i :
: l wncns, |0 P etc. |
A L Content-Type: text/himl L | [}
1 3 (- [
] \ L [}
I. ................ ! : L R e e L L e e S S R 8 L L 0 & T &8 & X 81

:

0

1

1

i

:

1
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Data Analysis with Tempas

* Integrating Tempas search results with ArchiveSpark

* |dentifying entry points for efficient Web archive access
e Example study

ISPARK
) ﬁ:;‘:zgi%:l?ou] level O level 1 Web Archive data (]

o € restaura nt prices sssss h > E.thri‘;ﬁcl-(tim‘I.:> data access P content extraction > aggregation >

* Average increase of 23%

> DM vs. €

19
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Conclusion and Future Work <|Z3§)§

2

N5

* Efficient access is crucial when working with Web archives
» Specialized retrieval methods are required to find suitable entry points

* Anchor texts are valuable (temporal) pointers into Web archives

* Good (lightweight) alternative to full-text search for navigational queries
* To find URLs of interest for an entity / object in a given time period

* As entry points for a more detailed temporal exploration / analysis (at scale)

 Quantitative evaluation is difficult

* Available judgements not suitable for this (new?) task

* e.g., phoenix.edu irrelevant for query 'university of phoenix' in TREC 2012 Web Track
* We are working on it, stay tuned
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Thank you!

e www.L3S.de
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tempas.L3S.de/v2
e github.com/helgeho/Tempas2ArchiveSpark
e github.com/helgeho/ArchiveSpark
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