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Abstract

Granting access to governmental data has becomatter of public interest since long. There argonal and
international regulations like the German environtakinformation act (UIG) or the European infrasture for
spatial information (INSPIRE). Both encourage goweental institutions to make information availale the
public.

Despite the fast-paced development in informatemhnology many problems with data integration farefrom
being solved. The availability of distributed datamands for standardised procedures in serviceosg and
invocation, in data processing and integrationh@ligh there are many efforts for a standardisatfomeb services
and data exchange formats, on the level of the ridtrative institutions heterogeneous data strestand service
interfaces are still the normal case. Hence, theptexity of granting access to environmental infation in a
uniform way with respect to the aforementioned tatjons is very high.

The German environmental information porRdrtalU (www.portalu.de)is a publicly financed information
infrastructure. It offers a single point of entrgr fall information with environmental relevance chédy public
authorities. Here, the key problem is not how tbvee the information or how to present the resolta query, but
how to integrate the plethora of heterogeneousstateces. The aim is to allow for the integratidédata in as many
formats as possible and give access to all sowitbsa uniform query mechanism. The architecturePoftalU
contributes to this situation with its flexible aedtensible concept of specialised data source-ipligFrom the
point of view of the query facility in PortalU, ahformation sources are treated uniformly as takyeliver their
search results in the same way (the ranking ofdbkalts can be influenced, though). Data source&f different
structure can be connected, indexed and queried.KEly component is the iBus, a communication brdket
distributes queries to all connected data sourndscallects, combines, and delivers the answersturn. One of
the strong points in the architecture of Portallhis wide range of data formats and the diversitinformation
systems that are supported.

1. Introduction

Queries to PortalU (Végele et al. 2007) are amsdédased on a set of highly heterogeneous data
sources, all from public administrations, all withevance to environmental subjects, comprising

* Web pages (more than 3 million web pages),

* Metadata about environmental information objects,
* Research reports,

* Maps,
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* Measurement readings, e.g. on air pollution, watedity, or radiation,
* OpenSearch result sets.

Because of the different nature of the data smyr®ortalU deals with highly heterogeneous data
structures. Web pages are relatively unstructunedtext-centred whereas metadata that can bevedtrie
from metadata catalogues from most of the fed¢asds, are highly structured in accordance withel-w
defined data model. Moreover, a wide range of dadeage formats are supported, ranging from highly
structured relational database systems to senutated data stemming from XML databases or single
XML documents. Even less sophisticated (from thimtpof view of database development) data storage
formats like excel sheets can be integrated.

PortalU acts as an information broker and offegsservices in form of an internet portal. Newadat
sources are analysed with respect to the indextatesin PortalU. By data source-specific mappiradis,
relevant information can be extracted and integrat® the index. The quality in query answerinfese
heavily on the specification of the mappings.

This paper describes the range of differentlyucitred environmental information from public
authorities and how the architecture of Portalldwad for the integration of all of the different émiation
sources. First, an overview is given about theeddffit kinds of data sources that are supporteciiple.
Then, the architecture is described in detail ofgtd by a description of the integration procedse T
paper concludes with an outlook on future develagsie

2. Classesof Data Sources

PortalU integrates a wide range of data sourndsoffers uniform access to environmental inforomati
from the public administration. Hence, users arth lpeople seeking and public authorities publishing
information. The variety in data formats that cam &ccessed reflects the variety in information
infrastructure in public administrations. There a@ministrative units with large-scale information
systems, but also small public authorities withpanoften basic ways of dealing with data managéme
PortalU offers solutions for most of them. There some information sources that are also supported
not described in this paper, e.g. SemanticNetwork&s, RSS feeds, or the almanac. These information
sources are not in the scope of this paper asédteepvailable only in the portal and not in theuteset
that is returned by PortalU.

In the following, a characterisation is given tbe most important data sources that are inclunl¢le
architecture of PortalU.

Web Pages

PortalU includes a vast amount of selected weiepan its index. Although only information from
public authorities is considered here, the web padex comprises more than 3 million entries. Tos!
of web pages is cultivated by the partners (whreh at the same time, the principals) of Portaldmin
experts from all associated institutions providdisa of sites that characterise the crawling preces
including web addresses as entry points, (pattefhsveb addresses that should not be followed, and
another class of addresses that are ignored cahpl@hese address specifications define the setebf
pages in the PortalU index. Thanks to the editaviak of experts the content of the web index oft&b
has an outstanding relevance with respect to emwviemtal subjects.
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M etadata

Nearly all (15 out of 16) federal states in Gemgnanaintain metadata catalogues about information
objects with environmental relevance. Moreover, oalgiovernmental institutions like the
Umweltbundesamor the Bundesamt fur Naturschutzave extensive collections of metadata. These
metadata are highly structured in accordance telkdefined data model. Many catalogues use thedi
and catalogue softwateGrid (Klenke et al. 2007). Although InGrid can be emgidyndependently from
PortalU for the maintenance of collections of matadnformation, it is typically used in conjunctiwith
PortalU. Thanks to the tight coupling, InGrid mettdcatalogues can be integrated into PortalU ad ho
while other metadata catalogues need specificfattes and individual schema mappings, depending on
the DBMS that is used.

OpenSear ch Result Sets

Another possibility for the integration of datausces is the use of OpenSeaf8B 2010) result sets.
Here, a wide-spread and well-understood technolegmployed for the communication of queries and
search results. In this context, PortalU is noyaml information broker but also a meta-searchrengi

A data source, which is connected via OpenSearshbe any kind of information source. For exampl
an OpenSearch interface may connect a relatiotabdse, but also a web index can be connected. Some
data sources already come with an OpenSearchaaogerThis is the most convenient situation. Usimg a
existing infrastructure, there is no need to tadee ©f the local data structure, the mapping d&simj or
the ranking scores.

In addition to that PortalU offers its own Opeaf®# server component. This is a software instahat
that is installed remotely and connects to a latalbase. Implemented as a web service it offers,
following a predefined mapping schema, an interfta returns query results from the underlying
database in form of OpenSearch result sets. Tisface gives complete control over the mapping
schema and the ranking of the results. Note thah mespect to the mapping of local schemas to the
PortalU index, OpenSearch server installationgjare similar to data source clients, which arel@xed
in the next section.

In PortalU, OpenSearch data sources are alsoinsghjunction with the main web index, as some of
the partners of PortalU already have an infrastinecfor web indexing and make their index available
through an OpenSearch interface.

Databases

Data source clients (DSCs) are adapter instafiatithat directly connect to the data source. The
installation can be either local (part of the Plrtservice infrastructure) or remote (on the sagmwer as
the data source). The difference to OpenSearclesarstallations is that search results are rethinea
format proprietary to PortalU. Hereby, the mapptogthe fields of the PortalU index is much more
flexible. With DSCs, the mapping from the data middethe result set is provided by the client, whic
communicates directly with the PortalU system {B&s). The client generates a local index, whichris
abstraction layer between any kind of databasensatend the structure of the PortalU search indbis T
index is used for the answering of queries.

A wide range of information systems can be irdégt in this way. For example, most of the common
relational database management systems (RDBMSheamwnnected. A mapping client, which connects
to a RDBMS via JDBC, creates a local index uponréiational data according to the mapping schema.
Queries to the client as well as the results apeessed in a specific format proprietary to PortalU

While RDBMS often cover highly structured infortio with large numbers of entries, there are also
information sources like Access databases and Estemtts. The latter are widely distributed buthwit
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respect to data integration, often neglected. Algtothere are good reasons to limit the support of
information systems to robust and scalable inforwnasystems, it can be useful to extend the rarige o
supported database types to more simple data solEspecially for small authorities with little cesces
and expertise in information technology it is ovadtage to be able to integrate the data as Kgain,

the same principles apply as with other data sotliepts: A mapping is defined, which specifies plagts

of the (local) data structure that will be mappad made available to (global) queries.

XML Data Sources

The architecture of PortalU emphasises the iatemgr of XML data. As XML has become a standard in
information interchange, the need to support XMlolw/ious. For this reason, various kinds of XML-
based data sources can be integrated. The mosfisjerface connects Web Services that implement
the CSW (Catalogue Service Web) standard. Thesécesrcan be integrated ad-hoc, as PortalU
internally has a predefined mapping from CSW schémis own index structure. In addition to that,
there is support for specific XML databases (egmiho) and (a more generic) support for plain XML
documents collections. The mapping of XML dataeialised by a full support of XPath expressions. The
guery language XPath is very well suited for datmiaetion and data transformation, which are thg ke
prerequisites in the process of data integration.

By the specification of mappings for informatidrom all of these sources into a distributed, but
homogeneous index structure, PortalU offers a umifoiew on all these different sources. The
architecture of PortalU is explained in the nextiea.

3. Architecture

PortalU as a service portal integrates many diffekinds of data sources from public authoritiéth
environmental relevance and offers a one-stop acgasseveral different query interfaces. Beforengo
into the details of data integration in PortalUp@ef overview is given on how information can be
retrieved from PortalU.

3.1 Query Interfaces

PortalU offers several interfaces for searchivgdistributed data sources:

* Form-based interactive search portal: The portesgmts a search form, which can be used for simple
keyword searches, but also offers a wide rangepaftly interactive) expert features which are
available for the refinement of a query, e.g. byperal or spatial constraints.

» Opensearch: PortalU offers an OpenSearch inteftdeake et al. 2010), which basically accepts the
same query syntax as the portal search interfabe. fmiain difference is that the result sets are
delivered in a specific XML-syntax, which is optsed for machine readability and thus for
reusability.
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Figure 1: PortalU / InGrid Architecture. Note that the indfot external CSW sources is
optional but recommended for better search perfoomalnGrid catalogues are metar
catalogues with a more specific interface (I{Rlitg) compared to other metadata catalo
(DSC-iPlug) and come with a pre-defined mapping.

 CSW interface: A metadata information retrievakifacce, which delivers the result set in a highly
structured way, compliant to the standards of CS®W IS0 1.0 (OGC 2010) and INSPIRE (JRC
2009).

These interfaces clearly serve different purpodésereas the interactive search, which is avaalabth
the web page of PoralU, is obviously addressediatain users, the purpose of the OpenSearch and CSW
interfaces is to allow for the integration of Ptdtan web service infrastructures. Furthermore, doiery
languages of CSW and PortalU are very differenerf@g in CSW are designed for searching in a single
catalogue and use a very limited set of queryafileghe filtering of the results, whereas the query
language of PortalU is much more expressive andrtaiade for a distributed information system. For
example, the search can exclude (or be limitegperific data sources or categories of informafidre
advantage of the CSW interface lies in the stanseddaccess to information.

3.2 TheiBus: Result Set Har monisation

The central communicational component in the aechitre of PortalU is the iBus. New data sources
have to register at the iBus following a proprigtaommunication protocol. Incoming queries become
distributed to all connected data sources, the arssare collected in return. The collected reseitis
treated in the following way:

» Duplicates are filtered, as the same result mayirate from several sources.

* Results are ordered with respect to ranking scores.

* Results are grouped according to the specificagoren in the query.

» Filters that are specified with the query are aggphvith respect to datatypes, domain, topic, value-
ranges, or data source.
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» Afterwards, the result set is passed to the queeyfaces.

Information from remote sources can only be foufnthe native data structure can be mapped to a
searchable index structure. This mapping procedsssribed in the next section.

3.3 Data Integration: Schema Mappings

PortalU is designed as an information broker.ré&fwge, instead of fully integrating data setseveht
parts of a data set are identified and made avaifab later search. This information system idisea by
the definition of views on data sources. Consedyemtformation is integrated strictly virtually ithe
sense of a federated database system. Sometimesydro for reasons of performance, the views on a
data source are materialised in a local mirrorsT&iuseful, for example, with CSW data sourcegreh
guery answers typically consist of larger amoumtdata compared to other data sources.

This concept of information integration in Podatelies on two key components: a uniform index
structure (that is described in the next sectior schema mappings for each data source. The schema
mappings specify how parts of the original dataditires correspond to fields in the index. The rnrags
do not only define what kind of information is usied relating a search term to a data set but alsat
and how much information is returned with the seagsult. The amount of information that is congalin
in a search result as delivered by PortalU depstratdly on the mapping: It might consist solelyaofink
that allows retrieving the data set from the omdjidata source, but it might as well consist ofpalits of
the original data set.

In the following we distinguish between data-cienand document-centric sources. This discrimorati
is well-known from a categorisation of XML data (ssmi-structured dataXML data sources can be
highly structured or virtually unstructured), buig also suitable for the classification of datarges of
PortalU.

Mappingsfor highly data-centric sources

The schema mappings reflect the data structume ddita source. For example, XPath expressions are
used for the identification of relevant parts in KMata. Typically, the navigational elements ofxdPath
expression are used with well-structured XML. Bawdre are also built-in string functions that carubed
for less structured XML documents.

Mappings for relational databases are realisddrm of SQL expressions. SQL expressions are @er s
highly structured, only string operations allow sodegree of ambiguity. The complexity of a mapping
therefore depends on the complexity of the undeglylatabase. For example, a pre-defined mapping for
an InGrid metadata catalogue relates over 250sfigltm more than 50 tables of the underlying retsdl
database to fields in the search index. Note thatiSCs also offer a graphical user interface lfier t
specification of a mapping. This interface allowsriteractively define the tables, relations betwéee
tables and eventually those columns (or even dawheé tuples by applying additional filters) thae a
needed in the mapping.

Mappingsfor document-centric sources

With a decreasing degree of structure the arsabtyfscontent becomes more important. When intagyati
relatively unstructured data like HTML pages as iaformation source, the content of the atomic
information unit, the web page, has to be analystghsively. The building of an index of selectedbw
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pages is therefore more complex. The total of ctéle web pages is determined by three paramebers: t
entry points (start-URLS) for the crawling procet$® link patterns that should be followed (limiRUs)
and link patterns that should never be followedcligde-URLs). Collected HTML pages are fetched,
indexed and semantically analysed by a combinaifodutch search technologiNutch 2010) and the
Semantic Network Service (SNS 2010) of the UBA.

The next section gives some details about hoarmmhtion is retrieved using a uniform index struetu

3.4 The Search Index

PortalU uses a distributed index structure wisareh connected data source maintains a search afidex
its own. All the indexes are built using theicene(Lucene 2010) framework and are therefore, with
respect to the technical realisation, identicalwieer, the important aspect is not the technoldgica
framework itself. Rather, the fact that all compaisein PortalU use the same heuristic for builcamgl
maintaining a search index and ranking of the tesul

Queries are evaluated using this collective @frcte indexes. A prerequisite for this operatiorthis
structural uniformity of the distributed indexesn Andex represents sets of information objectshef t
underlying data source. The exact nature of armmdtion object is defined by the schema mapping. It
can be given, for example, by a set of SQL quen#®re each query maps a database entity to ar inde
field. Each information object has to comprise bfeast a title and an abstract. Optionally, aritety
number of additional properties can be assigneth adding a new field to the index.

The query syntax in PortalU offers some specidreh keywords, e.g. spatial constraints can be
expressed. These query parameters are relateddificindex fields, which can be defined by theexma
mappings of the data source clients. If these di@ld not exist, the data source client will retam
answers to queries with such parameters. For exanifph database entjatasetlanguagef a data
source is mapped to an index field nandath_lang the query ‘air pollution data_lang=eng’ would wnl
return answers from data sources that specifyfiglis and answers would be limited to those itehet t
have the appropriate value ‘eng’.

Another prerequisite for a distributed indexhig ability of each single index to add a rankingredo
the results. Given that the algorithm for the detaation of the ranking score is the same for aliad
source clients, the iBus can deliver the collece=iilts as a sorted result set to the query irdesta

The ranking and the composition of the resulca@tbe influenced in several ways. Firstly, a datarce
can be promoted by a bonus on the ranking scoedl of its results. Secondly, each index field ¢an
emphasised (or weakened) so that it has greateeirde on the ranking score of the result. Moreover
filters can be defined, which exclude informatidajeets inside or outside a specified range of \safoea
certain index field.

There are several ways in which the results ¢mexry can be delivered. Usually, search enginesrret
their results as links to the orignal content. Tikiglso the case in PortalU for the results frara of the
web indexes. Moreover, direct links to services likap viewers can be provided. Search results fihem
metadata catalogues, however, are returned asatag-pairs containing all information that is definby
the mapping. The OpenSearch interface deliversetiesults in an XML structure, while the portal
dynamically generates a web page that is a tramsftoon of the results into a human-readable forhe T
results delivered by the CSW interface are alwaysplete CSW records, though pre-defined subsets of
full records can be requested.
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4. Discussion and Outlook

We described the basic steps that are needethdointegration of a new data source in PortalU.
Especially with respect to web indexes, the Opertbeiterface offers a very convenient solution. It
allows for a distributed web index and a combinmatiof different search technologies. The main
disadvantage of this solution lies in the fact tinat algorithm, which determines the ranking sadrthe
(remote) search results cannot be controlled. Tiyway to influence the measurement of the qualfty
search results from an OpenSearch interface lighanmanipulation of the scoedter the results are
returned. This, however, can only be achieved istatic way for all results of the same interface,
independent from the context of the query. Dynaadistments to result sets in relation to the magki
algorithm of PortalU are not yet possible in readima time during the generation of an answer to the
original query. For this reason, the integrationaafiew web index demands for intensive testinghef t
search results and careful fine-tuning of the patans of the interface.

We have shown how PortalU centralises accessfeomation systems for environmental data from
public administrations. Due to international legign like INSPIRE and a growing interest in web
service orchestration in general, the CSW interfaic@ortalU will be in constant development. At the
time of writing, data exchange via CSW in the fatéNSPIRE is resounded throughout the land, but in
fact this infrastructure for data exchange is stilheavy development and will be a constructida &r
years to come. Therefore, besides the never-endipgvements in usability, better support for speci
data sources, and better performance in geneeathhllanges in web service interoperability wél dne
of the main tasks for the PortalU team in the retxire.

5. Summary

The aim of PortalU is to integrate environmemébrmation from public authorities, independerftigm
the underlying data formats. Although the integtatiata itself is highly heterogeneous, standardised
query facilities can be offered. Besides the folamsdunl search in the portal, OpenSearch and CSW are
supported as prominent interface standards.

The architecture of PortalU is designed to beilfle and extensible, new data sources can be added
easily. A mapping client suitable for the data ctee of the new source has to be installed, eltelly
or remotely. Additionally, a mapping from the saischema to the search index has to be defined.

One of the main requirements for data integratioRortalU is that authorities owning the datagtio
have to apply only as little changes to their infation systems as possible. This is achieved by
standardised index structures and mapping clidréts ¢an be easily installed and act as interfages t
PortalU. The range of supported data formats corerst of the relevant information sources that are
maintained by public authorities: HTML web pagedational databases, XML databases and documents.
It is one of the main achievements of PortalU hawcsurally highly diverse data sources are integta
into a homogeneous search index.
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