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Searching for information in large rather unstructured realworld data sets is a dicult task, because the user expects immediate
responses as well as high-quality search results. Today, existing search
engines, like Google, apply a keyword-based search, which is handled
by indexed-based lookup and subsequent ranking algorithms. This kind
of search is able to deliver many search results in a short time, but
fails to guarantee that only relevant data is presented. The main reason
for the low search precision is the lack of understanding of the system
for the original user intention of the search. In the system presented in
this paper, the search problem is tackled within a closed domain, which
allows semantic technologies to be used. Concretely, a multi-agent system
architecture is presented, which is capable of interpreting a key-words
based search for the car component domain. Based on domain specic
ontologies the search is analyzed and directed towards the interpreted
intentions. Consequently, the search precision is increased leading to a
substantial improvement of the user search experience. The system is
currently in beta state and it is planned to roll out the functionality in
near future at the car component online market-place motoso.de.
Abstract.
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Introduction

Searching for information is a dicult task and is considered to be an important
skill for internet users. Despite this diculty, currently well known search engines
like Google are mainly based on keyword-oriented search requests. A search
process often involves several rounds in which the user has to iteratively rene
the query according to the preliminary gathered results. One reason for this way
of searching is that the request style is easy to employ for the users. Nevertheless,
the user intentions cannot be understood well, because only the occurrence of
certain keywords decides about the result relevance and its inclusion in the result
set. Understanding user intentions in general is very hard but becomes easier
when the search topic is constrained in beforehand e.g. by considering a closed
domain only. In this case semantic technologies, like ontologies and corresponding
reasoning mechanisms, can be applied to analyze and comprehend the query.

Such an approach has the potential to combine the ease of use of a keywordoriented search request with the semantic expressiveness of a metadata based
query.
In this article, semantic search techniques are applied to the car domain
at the German Internet marketplace motoso.de [11]. The platform is mainly
specialized in new and used replacement and tuning components, tires and wheels
as well as garage services for all types of vehicles. Currently, the total number
of components is about 5.8 Million, whereby 85% is located in the passenger car
category. In addition, roundabout 400.000 complete automobiles are registered
in the database. The adverts are primarily placed by commercial customers and
can contain a lot of detail information that is possibly of interest for potential
buyers. In order to manage the adverts they are grouped into a tree-like structure
with main and subcategories (e.g. 16 main categories for components with circa
700 branches of varying depth), which also exhibit links to the car types as
well as their model and variant renements. In addition to the base information
containing a short and long description, price, state, origin, etc., a lot of category
specic attributes with dierent types and allowed values can be specied. This
allows a very precise (semi-structured) description, which should enable potential
customers to nd adequate oers. In this context, one serious problem is that
descriptions are entered by dierent service providers in very dierent ways
leading to variable data quality. This variable data quality causes non optimal
search results, because the search is based on full text indices and might not
take into account relevant but poorly described adverts.
In the next section the background and related works concerning semantic
search is shortly summarized. Thereafter, in Section 3 the system architecture
of the agent-based semantic search engine is presented. Its realization within
motoso.de is described in Section 4 and the paper closes with a summary and
an outlook on planned future work.
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Analysis of the Search Problem

The motoso.de portal can be seen as representative for a wide range of internetor intranet-based systems, i.e. the class of systems, which provide a search function as the main entry point to access its contents. These kinds of systems share
a number of common properties:







a common theme or domain for the whole portal,
huge data sets,
large diversities of data contents,
heterogeneity with respect to data quality and data completeness (e.g. due
to heterogeneous data sources),
multiple search alternatives including a 'at' keyword-based quick search
as well as extended search and/or browsing capabilities based on domain
specic metadata and categorizations.

The assets of such a kind of portal are the stored entries, where entries can be
oered goods or services in marketplace like eBay (or motoso.de), but also e.g.,

publications in a scientic research portal. The main purpose of the portal's
web interface is to provide an interested user access to those (and only those)
entries that match its current interest. The dierent search alternatives provide
the means for the user to express this interest to the system. As an example,
two search alternatives are described in the following and discussed with respect
to their advantages and disadvantages.

Quick Search:

A single search phrase can be entered that (by default) leads

to a keyword search matching those entries where all words appear in some
part of the entry.

Advanced (or extended) Search

The user is oered detailed control over

which parts of the entries data should be searched (e.g. title, text, specic
attributes). Moreover, queries a not entered as 'at' text but follow domain
specic representations (e.g. two number elds for entering a price range,
a drop down list or a set of check boxes for choosing among predened
categories).
Quick search is the kind of search that most search engines like Google oer
and that is therefore well known by virtually every internet user. Among the
biggest advantages of the quick search is its intuitivity and ease of use. The
disadvantage is the generally poor result quality of purely keyword-based search
[1,10]. Therefore, most search engines improve the perceived result quality by
applying stemming, and removing stop words from the search phrase and by
sorting the results using complex ranking algorithms. Nevertheless, this approach
can not incorporate domain knowledge for interpreting search requests.
The advanced search approach requires that knowledge about the domain of
the portal is explicitly incorporated into the system (for providing dierentiated
search options), but also assumes that the user is knowledgeable in the domain
itself (to make use of the advanced search options). The disadvantage of this
approach is therefore the complicated query formulation that might deter inexperienced users. On the other hand, experienced users benet from the ability
of formulating very precise queries with respect to the relevant properties of the
considered domain.
The two described search alternatives form extremes with respect to the
trade-o between usability and result quality. Recently, semantic approaches
have been introduced that try to combine both advantages. The general idea of
these approaches is to oer a simple free form query, but use semantic technologies for interpreting the query and thus improving search results. An overview
of several of these approaches is given in the rest of this section. The overview is
coarsely divided into semantics for broad-based search engines vs. semantically
enriched vertical, i.e. domain-specic, engines.
Introducing semantics is typically much more ambitious for broad-based
search engines, because they cannot easily draw initial implications from the
query. An elegant solution for this problem are semantic web search engines
that are capable of performing an attribute-based retrieval process on typical
semantic web resources like ontology A-boxes and RDF resources. These engines

can directly make use of semantic technologies like ontological reasoners but currently can operate on a small database only. Regrettably, they are subject to the
basic chicken and egg problem of the semantic web, i.e. people don't see the reason to be one of the early adopters for meta tagging their sites because the merits
of this overhead remain unclear as long as no critical mass has been achieved [5].

3 and Swoogle4 [4] search engines. Other

Examples of this category are the SHOE
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approaches like Powerset and Cognition (e.g. compared in [7]) try to seman-

tically interpret the query using natural language processing (NLP) techniques.
Basically, these approaches translate the user query into a canonical query over
the database of indexed documents [6]. Some NLP search approaches also classify the interpreted query according to several predened areas of expertise. In
a second step these approaches can then use domain-specic for interpreting the
categorized query similar to vertical search engines (see next paragraph). An

7

example of this approach is the Hakia search portal , which supports queries in
multiple languages and covers already a diversity of dierent domains.
Vertical search engines are developed for specic domains and include domain knowledge for retrieving optimized search results. Classical vertical search
engines operate similar to standard search engines and use indices for looking up
search results. These engines have clear advantages in the crawling and indexing
process, because the spiders only have to be sensitive for web pages that contain
keywords from the considered domain and the index is also constrained by the
domain vocabulary [12]. The quality of search can be further enhanced when
vertical search engines are enriched with semantic technologies. An ontology for
the target domain can be developed by experts from the specic area. The ontology can then be used to understand terms and possibly also combinations of
terms in the query leading to a (more or less vague) interpretation of the user
intention. As described above, for this interpretation, sophisticated NLP algorithms can be applied, though, at least some indication exist [3] that a vague but
simple ontology-based interpretation of a query can for some application cases
be more appropriate than a thorough NLP analysis. One example is the vertical

8 for holiday planning. It tries to extract the gen-

semantic search engine UpTake

eral intention of the trip planning such as family holidays versus a romantic
trip. On basis of this broad categorization the search is directed to the right
data by knowing ontologically, what makes up the interpreted type of trip. This
information can then be used to rank the results accordingly.
The system described in this paper uses ontology-based reasoning for improving the search in a domain-specic portal. It therefore follows a similar approach
like UpTake. The main reasons for this choice are its relative simplicity and
eectiveness compared to other (e.g. NLP) approaches.
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http://www.cs.umd.edu/projects/plus/SHOE/search/
http://swoogle.umbc.edu/
http://www.powerset.com/
http://www.cognition.com/
http://www.hakia.com/
http://www.uptake.com/

3

Semantic Search System Architecture

In this section the general architecture of the semantic search system and its implementation will be introduced. Its main purpose is to transform an incoming
quick search query to an advanced query with explicit structure via interpretation of the formerly unstructured search phrase. In addition, the system shall also
be capable of improving its behavior constantly by incorporating user feedback
on the search quality.

3.1 System Design

Fig. 1.

ASQP system architecture

The main architecture of the ASQP (agent-based semantic query processing)
system is depicted as Prometheus [8] system overview diagram in Fig. 1. An
incoming quick search request is directed towards the monitor component that
is responsible for its complete processing and therefore can be considered as
the control unit of the system. In a rst step the control unit decomposes the
request into a list of single words and word chunks up to a predened length
and distributes it together with the original request to all active parsers. Each
parser analyzes the request according to its domain knowledge, whereby the
system can provide an arbitrary number of dierently specialized parsers. Hence,
a parser tries to identify the semantics of the single tokens and small token
chunks of the request by operating on a specic ontology or taxonomy and sends
its interpretation back to the monitor. The monitor collects the answers and
in case the last answer arrived or a dened timeout occurs preevaluates the
results. If there are conicting interpretations of words or chunks from dierent
parsers the results are forwarded to a mediator. The mediator has access to all

ontologies, previous evaluations and probabilistic observation data and decides
for each conicting word or token which decision to follow. The arbitrated results
are then forwarded to a solver, which has the purpose to generate the nal
solution. Therefore, it mainly resorts to an ontology of search pattern behavior,
in which search intentions are stored for groups of semantic components. The
search intention together with the semantically analyzed request is then handed
over to the monitor, which redirects the request as attribute-based search to
other established components outside of the ASQP system.
The incorporation of user feedback in the system is realized via a dedicated
evaluator component. This component is fed with user evaluation data con-

cerning single requests and calculates evaluations for the parsers, mediator and
solver. These evaluations are stored in a specic evaluation database, and allow
estimating the system's standard of performance. Furthermore, the specic evaluations are also forwarded to the corresponding components, which in this way
get a chance to adapt their behavior accordingly.

3.2 System Implementation
The ASQP architecture has been implemented as multi-agent system using Jadex
0.96 [2]. Each of the roles, as dened in the design, has been mapped to a separate BDI agent type. The agents operate on the RDF and OWL ontologies using
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the semantic web framework Jena2 . In order to meet the performance criteria
for a real-time search engine, most ontologies have been indexed using LARQ
(Lucene + A SPARQL Processor for Jena). This allows a quick full text search
on the ontologies with LARQ-extended SPARQL [13] queries. To reduce the
number of matches in beforehand of the processing, additionally a Lucene-score
can be used. Reasoning capabilities are currently only used in the solver agent.
This agent instantiates an inference ontology consisting of the parser results and
applies (currently quite simple) inference rules to deduce the user intention. Finally, the integration of the system with the existing search infrastructure and
with the user interface had to be considered. The connection to the existing
system infrastructure is minimal and is restricted to a search call on the traditional attribute-based search service. On the other hand, the user interacts via
the browser with the system the Jadex webbridge framework [9] could used to
simplify the delegation of user requests via Java servlets to the agent tier and
back. Finally, the user interface of the portal itself was changed slightly. The
user now has the possibility to explicitly turn on/o the semantic search facility.
In addition, a new feedback dialog is generated, in which a user can state if the
extracted intention was right or not.

4

Realization within motoso.de

To incorporate the ASQP system into the motoso.de portal, two distinct tasks

10 For the system to provide meaningful results with respect

had to be performed.
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http://jena.sourceforge.net
A test version of the motoso.de semantic search is available at:
http://semanticmotoso.mine.nu/

to the automotive domain, specic ontologies and inference rules had to be provided. Additionally, dierent modes of operation were implemented, providing
dierent strategies, how the system interacts with a user.

4.1 Domain-Specic Ontologies and Inference Rules
Domain knowledge for the motoso.de portal is reected in three separate ontologies, which are used by the respective parser agents (cf. 3.1). The purpose of each
of the parser agents is to assign meaning to single keywords or phrases. Each
parser only considers a specic ontology and therefore only assigns meaning to
those keywords that match some concept of this ontology. For the interpretation of the ontological concepts, all domain-specic ontologies refer to a common
general-purpose ontology containing basic concepts and properties such as 'isPartOf ' and 'equivalent'. The domain-specic ontologies, described below, all
contain type as well as instance data.

Car Brands and Model Series Ontology

On the type level, this ontology

introduces broad concepts like 'Manufacturer' and 'VehicleType', but also
very detailed conceptual structures for describing properties of model variants, etc. The instance level contains data about a wide range of car types
and is taken from the corresponding German federal authority (Kraftfahrtbundesamt).

PARTS Ontology

PARTS is an acronym for (replacement) parts, accessories,

rims/tires, tuning parts, and services. The PARTS ontology therefore contains type and instance level data about specic parts or services. This ontology has been created by domain experts in a manual process by analyzing
the existing oers. Special care has been taken to extract all the synonyms
and abbreviations used for describing the same concept (e.g. 'window lifter'
vs. 'window winder'), as these are important for improving the search result
quality.

Geographic Locations Ontology

This ontology contains information about

German cities, districts, states, and regions as well as German postal codes.
To exemplify the usage of the domain ontologies, consider the search queries 'audi
100' and 'audi 22527'. Based on the information in the car brands ontology, the
rst query can be matched as a complete phrase to a specic car type (Audi 100).
For the second query, no match for the phrase exists, but the separate keywords
can be matched, i.e. 'audi' represents a manufacturer (car brands ontology) and
'22527' is a postal code belonging to a district of Hamburg (geographic ontology).
As described in Section 3.1, the combined (and possibly conicting) meanings provided by the three parsers are collected and interpreted by the solver
agent. The solver agent uses domain specic reasoning rules that operate on the
results from the parsers. The reasoning rules are responsible for assessing the
query intention (e.g. is the search geared towards parts or a complete vehicle).
The rules are manually derived by experts and represent their experience, how
unstructured queries should be matched to the domain-specic attributes. In addition, the solver can use evaluation data of previous requests to resolve conicts
due to incompatible semantic interpretations from the dierent parsers.

4.2 Modes of operation
The ASQP system takes a user query, which is then augmented with semantic
annotations. The system itself makes no assumptions, how these annotations
should be reected in a portals web presence. In the prototype developed at
motoso.de, the user can choose from three dierent options of using the ASQP
system:

Show

In this mode, the semantic interpretation of the users search phrase is

presented to the user without altering the search itself. This mode is helpful for inexperienced users to learn how their queries would be interpreted.
Moreover, this mode is used during the evaluation and training phase of the
system (see below).

Suggest

Based on the semantic interpretation of the search phrase, this mode

will oer alternatives these (e.g. synonymous or related concepts) in addition

Do

to the originally identied search terms.
This mode transforms the original user query into a new attribute-based
search, that reects the predicted user intention.

Ideally, the system would work only in 'do' mode, once it is productive, i.e. constantly providing an improved search result quality without bothering the user
about the complex semantic internals that operate behind the scenes. Yet, as
the dynamic content of the portal represents a moving target and the ontologies
and reasoning rules are hand-crafted, it needs a certain amount of training for
the system to produce stable results. Therefore a fourth mode ('eval') is implemented, that makes use of the evaluation feature of ASQP. In 'eval' mode,
the semantic interpretation of an issued query is presented to the user, who can
then rate each of the recognized intentions and concepts as being (in)correctly
identied (see Fig. 2). The evaluation result is fed back into the ASQP system,
which stores all evaluations to improve future query analysis (cf. Section 3.2).
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Summary and Outlook

In this paper a general architecture and a concrete, domain-specic implementation of an agent-based semantic search system are presented. It is argued that
semantically enriched search technology can ll a gap between an easy to use but
limited 'quick search' and a powerful but complicated attribute-based 'advanced
search'. An overview of existing approaches is given and related to the semantic
approach used in this paper.
The proposed ASQP (agent-based semantic query processing) architecture
combines semantic technology with a multi-agent system collaborative problem
solving approach. The architecture is exible and extensible in the sense that
arbitrary agents, which are knowledgeable in a specic area, can easily be added
and removed at any time. The dierent agents are thus able to interpret dierent
portions of a user query and ultimately allow deriving user intentions from the
query text. The architecture was developed in the context of a concrete application domain (the motoso.de portal) and also realized in this context. Dierent

Fig. 2.

Screenshot of the system in 'eval' mode

ontologies relevant for the car domain were devised and provided to separate
agents. The results of the semantic query interpretation can be used in the portal to provide suggestions to users or directly transform the search request in
accordance to the assumed user intention.
Currently, the system is running as a prototype and is used for internal
evaluations of the technology at motoso.de. The evaluation is also performed for
training of the system with respect to the domain in order to improve the overall
query interpretation accuracy. On a technical level, the system runs stable with
average response times below one second. If the ongoing evaluation ultimately
conrms the initially promising results it is planned to integrate the system into
the public motoso.de search interface.
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