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Clever Search: A WordNet Based Wrapper for Internet Search
Engines

Peter M. Kruse, André Naujoks, Dietmar Roésner, Manuela Kunze

This paper presents an approach to enhance search engines with information about
word senses available in WordNet. The approach exploits information about the
conceptual relations within the lexical-semantic net. In the wrapper for search
engines presented, WordNet information is used to specify a user's request or to
classify the results of a publicly available web search engine, like Google, Yahoo,
etc.

In diesem Beitrag wird ein Ansatz vorgestellt, der auf der Grundlage der
verfligbaren Informationen in WordNet die Ergebnisse von herkémmlichen
Suchmaschinen verbessert. Es werden hierzu die konzeptuellen Relationen des
lexikalischen-semantischen Netzes genutzt. Der beschriebene Suchmaschinen-
aufsatz nutzt WordNet-Informationen um Nutzeranfragen zu spezifizieren und um
die gefundenen Webseiten der herkdmmlichen Suchmaschinen (Google, Yahoo
etc.) zu klassifizieren und zu gruppieren.

1. Introduction

In most cases, when a user employs a web search engine, he will be confronted
with a large amount of web pages as results. Most of the web search engines
rank the web pages according to their relevance.

The vivisimo (http://vivisimo.com/) search engine offers the user web pages
classified according to frequent words in the web pages. For example, as result
for the search term “Java’, the user gets a list of web pages which are grouped
into categories like Java, Technology, JavaScript etc.

But web pages about the topic ‘Java’ in the sense of ‘island’ or ‘coffee’ don't
occur in the list. Other search engines deliver only a small number of web pages
about the topics ‘coffee’ or ‘island’. In this case, it is necessary to extend the
search request by additional information.



In general, two deficiencies can be observed when using a common web
search engine:

e web pages without the relevant information are presented in the results
and

e web pages are not grouped according to similar content (classification).

To avoid these deficiencies, additional information for the query and a
posteriori analyses of query results are necessary.

For the first problem described above, the extension of the user request is
helpful. But the question is: Which additional terms added to the user request
are necessary to get only relevant web pages?

The second problem is related to a user-friendly presentation of the results. In
this case, it is sufficient to analyse the occurrence of relevant terms on the web
pages within the result set of the query. Here again, it must be decided what the
relevant terms on a web page are (with respect to the user request).

Both (problem) cases need information about the relevant terms: in the first
case to expand the user query and in the second case for the classification of
web pages within the answer set.

For the selection of relevant terms, the wrapper described below uses
WordNet’s information about different senses of a word. WordNet (Miller, G.
(1990)) contains one or more senses for a word. For each sense there exists
information about conceptual relations (like hypernyms, hyponyms, etc.). In this
lexical-semantic net, each concept presented in a conceptual relation is
represented by a so-called synset. A synset is a set of synonyms, which can
contain more than one element. The wrapper uses these words to improve the
results from a common web search engine and their presentation to the user.

The next section describes the wrapper and its different modes. After this,
some ideas are outlined for an improvement of the post-filter mode of the
wrapper. In section 4, we describe the integration of GermaNet (Hamp, B.,
Feldweg, H. (1997), Kunze, C. (2001)) as resource for the wrapper. A summary
IS given at the end of the paper.



2. Clever Search

The wrapper for web search engines described in this paper supports the user in
two modes in order to cope with the problems described above: search with a
pre-filter and search with a post-filter. Both approaches use information
available from WordNet in order to improve the results of a standard web search
engine.

The wrapper can be used with different common search engines (Google,
Yahoo, and MSN). For search engines that use the same sources (e.g. Yahoo and
Altavista), only one search engine of this group is offered to the user. Via
configuration parameters, additional search engines can also be integrated into
the clever search wrapper.

In the following, both modes of the wrapper are explained in detail.
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Fig. 1: Selection of word senses for a request.




2.1. Search with a pre-filter

When searching with a pre-filter, the user request will be extended by additional
terms to obtain better search results. The user can concretise the search request
by selecting a distinct word sense from WordNet (see Fig. 1). For the selection
process, WordNet’s short glossary descriptions for each sense are presented to
the user. The user has two options: the user can either use the option ‘return all
senses’ or only one specific sense can be selected.

If the option “return all senses’ is selected then no extension is carried out. In
this case, the original user request will be forwarded to the search engine.

In the other case, when one specific sense is selected, the original user request
is extended by information selected from WordNet. This request will be
forwarded to the search engine and the results of the search are presented by the
search engine.

For example, the user types ‘ring’ as input. Clever search presents all senses,
like ring = gang; ring = jewelry; etc. The user selects one sense and the user's
original request will be extended with the WordNet information of the selected
sense (e.g. all pages about ring = jewelry).

Another example: in the example interaction (cf. Fig. 1), three different
WordNet senses of the query term ‘Java’ are offered. For each choice of a
specific sense, the user gets a different cluster of result pages (cf. Fig. 6 to Fig.
8).

For the extension of the user request, WordNet information about terms in
conceptual relations with the selected sense is inserted into the request. First the
hyponymy relation is checked and the words which are members of the related
synsets are used. If no such information about hyponyms exists then the
hypernymy relation is exploited for the extension.

2.2 Search with a post-filter

In this case, the original user request will be sent to a search engine without any
changes, but the results of the search will be classified according to information
available from WordNet. The user can choose whether all word senses should be
used for this analysis or only one sense (Fig. 2). If the user selects only one



sense then the web pages found by a standard search engine are analysed with
respect to the selected sense. Otherwise, the calculation of the weights are
carried out for each sense available in WordNet.
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_ closed chain

Fig. 2: Selecting form for post-filter mode.

The classification process for retrieved documents is based on weighting the
number of occurrences of concepts from WordNet related to the input. All
information available via hypernymy, hyponymy, meronymy, and holonymy
relations for the different senses is used as relevant concepts.

The results of this mode can be presented in list form or in a ranking table.
The screenshot presented in Fig. 3 shows a ranking table for the search string
‘ring’. In WordNet, 9 senses are available for this term. For each web page
found by a standard search engine, the weight was calculated with respect to the
information for the different senses within WordNet (because the option ‘Return
all senses’ was selected). In the ranking table, all web pages and their weights



for the different senses (columns “1.” to “9.”) are presented. Above the table, the
short glossary descriptions of the different senses are given.

The weighting process itself will be explained below.

Weighting of Results for Classification

The next paragraphs describe the steps of the weighting algorithm, which are
realized for each WordNet sense. For each sense of a search term in case of first
option one or for the chosen sense (in case of second option), a list is created of
all concepts of hypernyms, hyponyms, meronyms, and holonyms of a sense.
Then according to the position in the tree of conceptual relations, the concepts
are weighted.
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Fig. 3: Ranking table of the results.



In the next step, each web page delivered by the common search engine will
be analysed with respect to each of the possible word senses. The occurrences of
terms referring to different concepts on the web page are counted. After this, the
number of occurrences is multiplied by the weight of the concept. The weight of
the web page is the sum of the weight of all concepts appearing within the web

page.

For each sense, the web pages can be listed in descending order according to
their weight for this sense.

A crucial point in the weighting process is the determination of the relevance
factor. Using the level information within the hypernym tree is only a coarse
approach. This can be improved by using and applying more information for the
determination of the relevance factor to get a more differentiated factor. In the
next section, a number of ideas for this are presented.

3. Improvement of the Algorithm

There are a number of ways to improve the algorithm. The following list
contains some ideas which can be integrated into the algorithm:

e Even for different senses there may exist joint ancestors in the hypernym
tree. In this case, the terms associated with these (general) concepts
should get a lower relevance factor than those of a more specific concept
(occurs only in one sense of WordNet). For example, the concept ‘entity’
of the hypernym tree of the entry ‘Java’ (see Fig. 4) gets a lower
relevance factor than the concept ‘abstraction’, because the former is
defined as hypernym for two distinct senses (‘island’ and ‘coffee’).

e Another extension of the algorithm could be a user-definable weighting of
the different conceptual relation types. For example, hypernyms or
hyponyms could be assigned a higher relevance factor than meronyms.

e Short web pages often contain information in a more compact and more
condensed form. This means, the information on these web pages is
probably more relevant for a given topic. On the other hand, for a web
page with a longer text it can be assumed that this web page is less
focussed and that it can also contain concepts which are not so relevant
for a topic.



o If one sense is selected, then it is possible to use the information about all
senses. The concepts of the non-selected senses are assigned with a
negative factor, i.e., if one of these concepts occur in the web page then
the negative factor is included in the calculation of the weight of a web
page. Thus web pages with content about another (non-selected) sense or
web pages with multi-thematic content get a lower weighting, while web
pages with content about the sense selected obtain a higher weighting.

e Another finer classification approach is to consider the word frequencies
within a (sub-)language. Frequent words are assigned with a lower
relevance factor than rarely used words. Statistical approaches proven in
many information retrieval (IR) applications can be used for this task. For
example, the integration of IR measures (Sparck Jones (1972)) like term
frequencies (TF) and inverse document frequencies (IDF) will be helpful
for the weighting process within the Clever Search wrapper.

specific Java
island be\;erage object-oriented
programming language
land food drink
object substance substance
v - 1] 1 !
general  entity entity entity abstraction

Fig. 4: Excerpt of the hypernym tree for the concept ‘Java’.

4. Integration of GermaNet

Can Clever Search be used with GermaNet for retrieving web pages in German?
In both methods (pre-filter and post-filter), the WordNet function ‘Overview of
Senses’ (option “-over’) and the parameter —g (‘Display gloss’) is used. This
functionality delivers information about the different senses for the different
word categories (noun, verb, etc.). For each sense, a short natural language
description is presented (see Fig. 5).



This function is a feature of WordNet version 2.0. The current version of
GermaNet does not support such a function. Additionally, the short natural
language descriptions are often missing in GermaNet. Therefore an easy, direct
adaptation of the wrapper for GermaNet is not possible.

Nevertheless, it is possible to use the wrapper with GermaNet. One solution
could be that instead of the description of the word sense, information about the
hypernymy and hyponymy relation is presented to the user, so that the user can
choose one of the senses. Further more, the information presented by the
‘overview’ function in WordNet can be created manually. It is a little bit more
complex than to use a predefined function, but it is possible.

5. Summary

The wrapper for search engines presented in this paper uses WordNet in two
modes to improve the results. One mode expands the user's request with
additional information based on WordNet's senses. The other mode classifies the
results of a search engine according to WordNet's sense information. Both
approaches exploit WordNet's information about the conceptual relations for a
word sense.

The search with a pre-filter delivers better results than the search with a post-
filter. The reason is that in general it is not possible to analyse all results of the
search engine. In many cases, the search engine delivers only its 1000 top-
ranked pages. The search with a post-filter will possibly improve when all pages
found can be analysed.

The further development of the wrapper will include the integration and
evaluation of different weighting strategies as described in section 3. Another
point which should be investigated is the combination of both modes, so that the
user can select a sense and the web pages delivered by the standard search
engine will be ranked with respect to the information available in WordNet.

The Clever Search wrapper described in this paper is available at
http://oslo.cs.uni-magdeburg.de/~cegeie/

The techniques from Clever Search’s pre-filter approach are useful for the
retrieval of other media types as well. Currently, only text retrieval is



implemented, but experiments with query expansion for image retrieval in pre-
filter mode showed promising results (cf. Fig. 9).
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3. (2) hoop, ring -- (a rigid circular band of metal or wood or other matenal used for holding or
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4. closed chain, ring -- ({chemistry) a chain of atoms in a molecule that forms a closed loop)
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Fig. 5: Function ‘overview’ for the term ‘ring’.
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Web Results 1- 10 of about 75,900 for “java” "object-oriented programming language™ OR "object-oriented programing language

Java Forums - java is pure object oriented programing language or ...
Java Runtime Environment (JRE). Java Forums - java is pure object oriented programing
language or not why? Java Forums. Welcome. », Login. Search Forums. ...

forum.java.sun.com/thread.jspa?messagelD=2886050 - 25k - Cached - Similar pages

object-oriented programming language concept from the Java ...

... Kinds of object-oriented programming language : C++ (10 facts); Java (5 kinds, 50

facts) - An object-oriented programming language developed by Sun Microsystems ...

www. site uottawa. ca:4321/java/ object-orientedprogramminglanguage.html - 8k - Cached - Similar pages

i

Java concept from the Java knowledge base

... i interpreted by the Java interpreter, is run using a virtual machine, is a kind

of object-oriented programming language, supports method name overloading, ...
www. site.uottawa.ca:4321/javallava html - 16k - Cached - Similar pages

[ Mare results from www. site uotlawa ca |

Mike Levin - Java is an Object Oriented programming language.

Mike Levin - Leamning Java. Java is an Object Oriented programming language. ...
Java |s An Object Oriented Programming Language. This ...

www. mike-levin.com/java/object-oriented. html - Bk - Cached - Similar pages

Kodak wins Java patent suit | CNET News .com

... that these patents covered the method where an application "asked for help” from

another application--such as in Java's object-oriented programming language. ...

news.com.com/ Kodak+wins+Java+patent+suit/2100-1014_3-5394765 html - 47k - Cached - Similar pages

[
... java, Object-oriented programming language(java) (Official Release).
java_1.1, Java Release 1.1, object-oriented programming language. ...
www. cts wustl edu/bin/cts/pkglist.cgi - 10k - Cached - Similar pages

o) adile Systems: Low-Power Direct-Execution Java Microprocessors for ...
File Format: PDF/Adobe Acrobat - View as HTML

... These technologies include the Java object- oriented programming language, the Java
Wirtual Machine; as well as a large selection of runtime class libraries. ...

www. ajile. com/downloads/aJile-white-paper pdf - Similar pages

Amazon.com: Books: Foundations of Java Programming for the World ...
... the development of the World Wide Web itself has any technology attracted as much
attention as has Sun Microsystem's Java object-oriented programming language. ...
mantiscorp.com/autoforward/foundationsofjava.htm - 44k - Cached - Similar pages

Short C_ourse: Intro. to Java _
e —— i - S | &

Fig. 6: Results of Clever Search for WordNet’s sense of ‘java’: ‘programming language’.
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“noir” (and any subsequent words) was ignored because we limit queries to 10 words.

Web Results 1- 10 of about 3,940,000 for “java™ "coffee” OR "coffee substitute” OR "lrish coffee” OR “"cafe au lait” OR "cafe noir” (

Cafe au Lait Java News and Resources

Cafe au Lait Java News and Resources. Quote of the Day. if all proprietary
software users are totally honest, they wouldnt agree ...

www. ibiblio.org/javafag/ - 41k - 8 Jan 2005 - Cached - Similar pages

Java Coffee Break - your free gquide to the world of Java ...
The Coffee Break. Your free guide to leaming the Java™ programming language. ...
www javacoffeebreak. com/ - 27k - Cached - Similar pages

Free Java tutorials from the Java Coffee Break

... Java Coffee Break Tutorials. Here are all our tutorials on Java programming.
If you cant find what you're looking for, also try ...

www javacoffeebreak comfutonals/ - 13k - Cached - Similar pages

[ More results from www javacoffeebreak com |

xm.com
www, xm.com/ - 1k - B Jan 2005 - Cached - Similar pages

wakeup!. . welcome to CYBERJAVA, internet cafe

Get Wired at Cyber Java, the first internet cafe in los angeles since 1995,
Enjoy playful smoothies, gourmet sandwiches, innovative ...
www.cyberjava.com/ - 7k - Cached - Similar pages

airlsjavacafe: Girls' Java Cafe

... Description. The Girls' Java Cafe. ... Questions? Please see the See the Girls' Java
Cafe Frequently Asked Questions (GJC FAQ). Already a member? Go to the cafe. ...
https:/girlsjavacafe.dev java.net/ - 14k - 8 Jan 2005 - Cached - Similar pages

Amazon.com: Gourmet Food: Jumpin' Java Coffee Gift Basket - Small

... Jumpin' Java Coffee Gift Basket - Small ... Coffee, First Colony French Roast Coffee,

Hazelnut Cappuccino ... Chocolate Gourmet Mocha Cocoa, Café Cappuccino Flavor ...

www, amazon.com/exec/obidos/ tg/detail/-/BO000TBZZA?v=glance - 42k - 9 Jan 2005 - Cached - Similar pages

Funky Java Coffee House - Village of Villa Park Business & ...

< Return to Business & Semwvices Directory. Funky Java Coffee House (link to
location map) Conveniently located in Villa Park Plaza on St. ...

www. invillapark. com/bizffunkyjav.htm - 5k - Cached - Similar pages

port city java coffee and cafes
Provides coffee houses throughout the area; includes locations, photos, history, and contact information.

www. portcityjava.com/ - 2k - 8 Jan 2005 - Cached - Similar pages vl
< ™ | [_}J

Fig. 7: Results of Clever Search for WordNet’s sense of ‘java’: ‘coffee’.
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Google

Web Results 1 - 10 of about 3,460,000 for “java™ “island". (0.08 seconds)

Java (island) - Wikipedia, the free encyclopedia

Java (island). ... The island of Java is also famous for the Java man, a set of fossil
remains of Homo erectus found near the Brantas river in East Java. ...
en.wikipedia.org/wikifJava_(island) - 31k - 9 Jan 2005 - Cached - Similar pages

Java (island) - Wikipedia, the free encyclopedia

Java (island). From ... encyclopedia. (Redirected from Java island). View of the Puncak
area in West Java Enlarge. View of the Puncak area in West Java. ...
en.wikipedia.orgfwikilJava_island - 31k - Cached - Similar pages

[ Mare results from en wikipedia. org ]

Document Title

«.. to go to my home page. Internet=\W™® & Vixjh WE~O a3 AS@ "
sOp@rHASUSE+ae s NOEW alh®nned JAVA 8 %4C ...

www.geocities. com/ResearchTriangle/6653/1¢c.htm - 4k - Cached - Similar pages

The conquest of Java Island, March 1942

The conquest of Java Island, March 1942, Prelude to the campaign. ... The Java Island
Campaign, March 1942, The West Java Island Campaign, March 1942, ...

www. geocities. com/dutcheastindies/fjava html - 101k - Cached - Similar pages

[ Mare results from www. geocities com ]

Java (island)

... Java (island). Most populated island of Indonesia, situated between Sumatra and
Bali, area (with the island of Madura) 132,000 sq km/51 000 sq mi; population ...
www tiscali.co,uk/reference/ encyclopaedia/hutchinson/mDO0B963 html - 15k - Cached - Similar pages

Java Island, Jakarta, Yogyakarta, Solo, Bandung, Semarang ...
... Flores Island Sumba Island Timor Island Alor & Islands around West Papua (Irian
Jaya) Sulawesi Island Bomeo/Kalimantan Sumatra Island Java Island Other Small ...

ww. bali-travel-online.comfjavaisland/ - 51k - Cached - Similar pages

Earthquake jolts Indonesia's Java Island - INQ7 net

An earthquake measuring 5.8 on the Richter scale rocked the westem pan

Indonesia\'s densely populated Java Island early Thursday but there were no reports ...
news.ing/ .net/breaking/ index.php?index=3&story_id=20741 - 37k - Cached - Similar pages

MSN Encarta - Java (island)
... Already a subscriber? Sign in above. Java (island). |. Introduction. ... 67 items. Dynamic
Map. View map of Java (island). Multimedia. B items. Selected Web Links. ...

encarta.msn.com/encyclopedia_ 761560516/Java_(island). html - 41k - Cached - Similar pages

Island Lava Java Island of Hawaii - Yahoo! Travel
Island Lava Java, Island of Hawaii - find photos, descriptions, maps, and what's
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Fig. 8: Results of Clever Search for WordNet’s sense of ‘java’: ‘island’.
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Fig. 9: Image retrieval for ‘java’ for senses ‘coffee’ and ‘island’.



