Pro le-based retrieval on the World Wide
Web

B.van Gils basvg@acm.org
H.A. Proper e.proper@acm.org
P.van Bommel pvb@cs.kun.nl
E.D. Schabell erics@cs.kun.nl

June 23,2004

Abstract

In this article we presenta novel architecture for Information Retrieval
on the Web called Vimes . This architecture is based on a broader de ni-
tion of relevanceThis broader de nition lies in the fact that there is more
then just topical relevance. Documents (or: resources)must also con rm
to other constraints with regard to form, format and also things like price
and quality .
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1 Introduction

In today's “information society” information plays an increasingly important
role. The trick is to get the right information at the right time and in an ap-
propriate format for a given goal. Finding the right information has beenre-
searched extensively in the IR- eld over the last decades.Alr eady in the 1970's
people tried to devise computer programs to assistthem in their search for
information. Thesecomputerized searchesstarted with searching in homoge-
neous document collections such asin the sTAIRS-project (SM83). The search
processbecame more elaborate with the apparent rise of the Web. It led to
the intr oduction of search engines such as GOOGLE which not only indexes
(hyper)text, but alsoimages, PDF-documents and interactive databasessuch as
Citeseer (Cit97). In other words, search engines attempt to retrieve relevant
resoucesrather than documents alone.

The importance of the timing aspectis particularly obvious when invest-
ment decisions are involved, such ason the stock market. Getting some infor -
mation late could have huge ( hancial) consequencesImplementing astrategy
for getting information in time often depends on many things such aschoosing



the right partner/supplier: some news sites are “faster' then others in picking
up news.

The thir d aspectmentioned deals with formats in the broad sense.It refers
to “le format” (e.g. PDF, or HTML) aswell as“structural format” (e.g. “ab-
stract”, or “photograph”). The le format issuehasbeenaround sincethe early
days of computing. Since people use dif ferent tools for jobs such as text pro-
cessing a need for conversion tools between the le formats arose. Many of
these conversions are available today. This is not (yet) the casefor the latter
issue, even though attempts have been made. A good example of this type
of software is a computer program that generatesabstractsfor expository text
(seee.qg.(BE97)).

It is apparent that these factors vary for dif ferent users of IrR-systems. For
some usersit is ok if certain nancial records arrive slightly late, whereasfor
others it might have unpleasant consequences,some people would prefer an
abstract of a (large) report over its full text etcetera. In other words, each of
these factors can be seenas a characteristicof a searcher. Loosely de ned, a
pro le is the collection of all characteristics of a searcher that are relevant for
the retrieval process.

The goal of this paper is to presenta broader de nition of what relevancés,
and to show how this can be used in IR. This broader notion of relevanceis
basedon the mentioned issues,and will be presentedin Section4. To this end,
we briey presenta model for information supply in Section 3. This model
(based on (GPBO03b; GPB03a))allows us to intr oduce transformations which
are essentialto the intr oduction of our prototype retrieval architecture Vimes
in Section5. Section2 intr oducesthe pro les which areusedin Vimes .

2 Proles

Alr eady in (MK86) it was recognized that information retrieval systemscanbe
personalized for usersby meansof pro les. During the last few decadesalot of
reseach hasbeeninvested in the areaof user pro les. Often, thesepro les are
used to enhancethe query by capturing the user's notions of query terms (see
e.g. (MK86; CK0O0; PKP00)). However, pro les can be used more extensively.
For example, in (Gli96) pro les are used for accesscontrol. We de ne that:

De nition 2.1(Prole) A (user)pro le consistsof a setof prefeenceswith regard
to behaviof aseach engineaswell constraintson theresultsit presentgo theuser

To illustrate this de nition, the following list are the items that make up a
particular user-pro le:

preferences : | prefer a maximum of 25 results per page, and by selecting a
relevant resource (clicking on the link) will open a new window .

constraints : | prefer HTML and pPDF formats and refuse the Micr osoft boc-
format. Furthermor e, the size of the resource should not exceed25Mb.

Using this de nition, therearetwo areasin the retrieval processwhere pro-
les can be used. Firstly, they can be used for post-pocessinghe results of
the ranking process. For example, an resource that was found to be topically



relevant can be converted to the proper format (SeeSection 4). Furthermore,
pro les canbe used to make sure that the retrieval engine operates according
to the user's wishes.

In the previous sectionwe explained what pro les areand what they canbe
used for. In this section we presenta possibldormat for storing thesepro les,
whereasin the next sectionwe explain how/wher e they are stored exactly.

Sincewe want the proles to be re-used across (Web) search engines, the
format should be an openstandard Mor e speci cally , we want our format to
be machine understandable and interoperable. The eXtensible Markup Lan-
guage (XML, seee.g. (BPSMMO0OQ)) s particularly well suited for this task (see
e.g. (SH02)). The following xML-fragment is an example of what apro le could
look like:

<? xml version="1.0" 7>
D e -->
<l-- A profile has an owner, identified by his/her  Email-address. ->
<l--  Furthermore, a check-sum is included for security purposes. ->
<l--  This profile stores 3 characteristics. -->
D e -->
<l--  define the owner of the profile -->
<profile owner="Bas van Gils" email="bas.vangils@cs.kun.nl" €s="2768A493">
<l--  1st characteristic: how many results per page? -->
<characteristic type="results"> <page> 25 </page> </characteristic>
<l--  2nd charactersitic: the max. size in Mb -->
<characteristic type="max_size"> <mb> 5 </mb> </characteristic>
<l--  3rd characteristic: preferred file-types -->
<characteristic type="file_type">

<type nr="1"> HTML </type>
<type nr="2"> PDF </type>
<type nr="3"> PS </type>
</characteristic>
</profile>

Note that this excerptis intended to illustrate our ideas. De ning aformal
DTD for pro les is part of futur ereseach.

3 The model

Our model of information supply is basedon the distinction between data and
information. The entities found on the Web, which canbeidentied by means
of a URI (BL94), are dataresouces Thesedata resourcescanbe information, if
and only if they arerelevant with regard to a given information need. Also, we
presumethat many data resourcescan, at least partially , convey the samein-
formation. Hence,we de ne informationresouceso be the abstractentities that
make up information supply. Eachinformation resource has at least one data
resource associatedto it. Consider for example the situation in which we have
two data resources:the painting Mona Lisa, and a very detailed description of
this painting. Both adhere to the sameinformation resourcein the sensethat
a person seeking for information on “the Mona Lisa' will consider both to be
relevant.

In away, the data resourcesimplementthe information resources;a notion
similar to that in (FHJO1)where “facts' in the document subspaceare consid-
ered to be “proof' for hypotheses in the knowledge subspace. Note that each
data resource may inplement the information resourcein a different way. We
de ne arepiesentatiortypeto indicate exactly how a data resourceimplements



the information resource it is asociated to. Examples of representations are
full-content, abstract, keywor d-list, extract, audio-only etcetera.

Many dif ferent types of data resourcescan be distinguised on the Web to-
day, such asdocuments in dif ferent formats (HTML, PDF, etc.),databases,inter-
active Web-servicesetcetera. Hence, eachdata resource has a dataresoucetype
Furthermor e, data resources may have several attributes such as a price or a
measurement for its quality. Such attributes can be de ned in terms of an at-
tribute typeand the actual value that a data resource hasfor this given attribute
type.

Also, valuescan be attributed to data resources. For example, the value
“640x480" can be used to denote the resolution of an image, or $20the price of
adata resource. We model this by de ning that combinations of data resources
and values associatedto thesedata resourceshave an attribute type.

Last but not least, data resourcescan be interr elated. The most prominent
example of this interr elatednesson the Web is the notion of hyperlinks(Con87;
Bus45), but other types of relations between data resourcesexist aswell. Ex-
amples are: an image may be part of awebpage, a scienti ¢ article may refer to
other articles etcetera.

Figure 1 shows the General Model for Information Supply, which is based
on the following verbalisation:

» Information Resources have at least one Data Resource associated to
them;

* A Representation denotesthe unique combination of an Information Re-
sourceand a Data Resource

» Representationshave at least one Representation Type

» Data Resourceshave at leastone Data Resource Type

» Data Resourcesare related via Relations with a source and a destination.
» Relations have at least one Relation Type.

» Data Resourcesmay have attributed values

» Attributes have at leastone Attribute Type

The fact we have several typesin our model indicated heterogeneity. The
fact that many dif ferent data resourcestypes exist refersto the le-format dis-
cussionfrom Section1, wher e asthe heterogeneity refersrefersto the structural
format. The following section explains how these affect the de nition of rele-
vance.

4 Relevance

One of the basic functions of any information retrieval (IR) system s relevance
ranking: the (characterizations of) resourcesare ranked such that the resources
that are “most relevant” arelisted rst, and the onesthat are leastrelevant are
listed last. In (DNBO02) an overview is given of metrics that are used to deter-
mine the relevancy of a Web-document with regard to a query. Furthermore,
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it is pointed out that relevancy involves more than topicalrelevanceother at-
tributes of resources(such asits quality and price) areimportant aswell.

Apart from topical relevance,which is the “traditional' way of measuring
relevance,we de ne that other constraints must be met aswell. Examples of
such constraints are its format (asexplained in the previous section), but also
price, quality etcetera. It may very well be that a searcher is willing to pay a
certain amount of money in order to get his hands on a high-quality resource!
Hence, we de ne relevanceasfollows:

De nition 4.1(Relevance) Resoucesarerelevantwith regardto aqueryif andonly
if this resouce meetsall the criteria that a seacherposeson it, and may pertain to
topicality, structural formatand le-format.

This de nition resemblesthe notion of functional versus non-functional re-
quirementsin Software Engineering (Som89). It is now well acceptedthat non
functional requirementsand functional requirementsare equally important to
any software engineering project (seee.g. (CdPL02; Bar02)for a discussion on
the importance of non functional requirements).

This modi ed view of relevancehas an impact on precisionand recall for it
is “lesseasy'for adocument to be relevant with regard to a query. For example,
it may be that aresourcemust be converted to another format beforeit is really
relevant. In Section5 we explain how a retrieval system can exploit this new
notion of relevancein order to achieve "better retrieval'.

5 Architecture

In the previous sectionswe explained our notion of formats, pro les and rele-
vance. Thesenotions are essentialfor the architecture of Vimes , which we will

intr oduce here. The architecture usesmany elementsthat stem from previous
reseach, such asbrokers, agents, semantic web components and web services.

5.1 Components

User pro les will bestored in arepository for easyaccessand reuseby Vimes .
The format in which this information will be maintained should be an accepted
open standard, such as XML asoutlined briey in the previous section. Using
such an open standard will make life easierfor the user asthey only need to
de ne their preferencesonce. All retrieval enginesthat know how to deal with
(this type of) pro les canre-usethis single prole 2.

In the previous section we intr oduced a new notion of relevance. We also
explained how, in some cases,resourcesmay have to be transformed before
they are considered to be relevant. To cater for these transformations we in-
troduce a transformationbrokef. The broker will be a networked service, en-
capsulating functionality of all available transformation tools on the network
and provide for multiple methods of transport. For example, a requestto the

10pen issuesthat we needto work out still are the managementof thesepro les: whereto store
them? how to achieve an acceptablelevel of security?

2This transformation broker owed out of the earlier work done on resource accessfor generic
information retrieval (Sch02).



transformation broker includes the form desired is PDF and the resource doc-
ument is a postscript document. This particular conversion can be achieved
by a transformation broker on the network that provides the tool ps2pdf For
similar reasonsas before, we chooseopen standards for transport, such asrFTp
and HTTP. An additional benet is that other parties can more easily partici-
pate/contribute by submitting transformation routines to the broker.

The broker component will be Vimes ' main interface for users seeking in-
formation. It will interact with the user-pro le repositories and search engines
on the Web. Essentialto our architecture s the broker's ability to interact with
not only the well known web search engines (Yahoo, GOOGLE, AltaV ista, Ex-
cite, etc.), but also with such enabling technologies as static agents, mobile
agents, web services and services using the Semantic Web or Resource De-
scription Framework (seee.g. (Goo03; FM99; BLHLO01; LS99)). Our broker
component will also provide interaction with different forms of user-pro le
repositories, both local and remote. This will allow interaction with other pro-
le systemson the Web (seee.g. (PKPOO)for an agent-basedapproach along
theselines). This leads to the following architectural diagram, with the com-
ponents in the shaded areamaking up the Vimes -system.

Resulie Relevant
Search Engine

searcher
'

Characterize

Retrieve Transform
Representation

I
I
i
I
- Transformation
Broker

Pleasenote that the components will beloosely coupled sothat they (especially
the pro le repository and the transformation broker) can also be accessedby
other systemsvia the Web.

5.2 Example session

In this section we describe what the retrieval processcould look like, based
on the architecture as de ned in the previous section. The rst thing to be
done is that the user createsapro le, preferably via anintuitive Web-interface,
after which it can securely be stored in the repository. The second step is to
browse to the broker, which functions asthe main interface for the rest of the
process. The user identi es himself (either automatically via e.g.a cookie, or
more explicitly via a login-screen) after which the relevant pro le is retrieved
from the repository.

When the pro le is retrieved, the user can enter his query into the system.
Two things can happen at this point: either the broker decides to reformulate
the query based on the user-prole, or it leavesthe query untouched. Sub-
sequently, the query is submitted to one of the search engines. This can be
one of the well known web search engines, but others are possible such asan
agent, a web service or other external services as described above. Basedon
the user's pro le, the broker may decide to post-processdiscovered resources.



Thereturned list of discovered resourceswould then be transformed using the
transformation broker. If this is indeed the case,the resourcesare processed
and ranked again before they are presentedto the user.

6 Conclusion

In this position paper we introduced a novel retrieval architecture called
Vimes which is basedon a broad notion of relevanceand pro les asa means
to store user preferencesthat are (semi) constant.

This broader notion of relevanceis derived from a model for information
supply (Section3). The foundation for both this model lies in the hetepgeneity
of information supply: there are many different kinds of resources, several
resourcesmay (partially) convey the same information, may have attributes
such asprice, quality etcetera.

The traditional notion of relevance, which “only” considers topical rele-
vance, can then be extended such that a resource is relevant with regard to a
query if and only if all constraints that were posed on it by a searcher are met.
Theseconstraints may include things like price and quality, but also structural
form and format.

Vimes is intended to be a broker that assistsusersin querying the Web.
There arethreeimportant components in this architecture. The pro le repository
storesthe pro les of all usersin an open format such as xmL. There are still
some open issuesin this area, such as specifying a language for storing the
pro les, enforcing that they are stored securely, etcetera.

The secondcomponent is the transformationbroker which enablesus to per-
form transformations on resourcesfound on the Web. With these transforma-
tions we hope to be able to transform resourcesinto aformat that is convenient
/ wanted by individual users. For example, we can transform a HTML docu-
ment into PDF, or generatean abstractof areport that is too long according to a
user's pro le. We arecurrently working on asystemthat performs thesetrans-
formations by setting up a Conversion Clearinghouse that is web accessible,
allowing usersto search through our available conversions.

Last but not least, the brokerin the Vimes architecture is the user-interface.
It interacts with the two other components, aswell aswith search engines on
the Web. Much work remains to be done in this are also. For example, we
needto gur e out what the interface will look like, which message-standads
are going to be used to interface with the other components, etcetera.

All in all, this article provides insight into a novel way of thinking about
retrieval. It outlines the architecture Vimes , without giving afull speci cation.
Finally, we have presenteda road-map for our reseach.
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