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1 Introduction

As part of the TELplus project at least 20 millipages of text resulting from OCR were
expected to be made available by the partners &HEthopean Library, with the purpose of
indexing them and thus improving overall searchises.

In order to automate the processes, the partneriés were expected to provide links in the
metadata records to their full-text material. Hoawnot all the partners could fulfill this
requirement in time, so alternative methods haddoimplemented for these cases. The
alternative techniques used for this purpose waredsting the texts by HTTP from links in
HTML pages, or, as a last resort, manual file tiemns

This document reports the results of the developsnenacquire these pages and index them,
which comprise these main results:

e A new set of metadata elements for the TEL-AP f(i#Text and
tel:structuralMetadata)

e An implementation of a Full Text Harvester (implertseethe methods for linking to
full text via the TEL-AP metadata records).

¢ An implementation of a Search Engine (a serveriegibn implemented using the
SOLR open source indexer and retrieval system basetthe Apache’s Lucene text
retrieval library).

e The harvesting and indexing of nearly 24 milliorgea consisting of collections from
these partners: Austria, Czech Republic, Estoniande, Hungary, Iceland, Latvia,
Lithuania, Norway, Poland, Slovenia, Sweden.

Chapter 2 describes the metadata elements of theAPEthat were used in this context,
including the newly defined ones.

Chapter 3 describes the Full Text Harvester, amgbteln 4 describes the Search Engine. These
descriptions assume that the reader has accdss tode of the Full Text Harvester, provided
by the IST to the TEL Officé.

Chapter 5 provides extra relevant recommendationsake into consideration for the
implementation of a search engine, based on therxee from this action.

Finally, chapter 6 reports the collections harnesiad indexed in the moment of writing of
this document.

It is expected that readers of this document valfdhaccess to the software provided by the
IST and be knowledgeable about the technologied (iMdaven 2, SOLR, SRU, etc.) and the
indexing techniques mentioned, especially textxmpwith snippets.

1 The full-text harvester code will be added to Eheopean Library’s source code repository. Acdesthis
code is available on request by contacting Sallgralters gally.chambers@kb .l
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2 Additions to The European Library Application Profile for
Objects for TELplus

The detailed processes to be implemented and thereenents for that were defined in a
TELplus WP1 meeting held in The Hague in March 20008is chapter reports the decisions
concerning The European Library Application Profde Objects.

2.1 Metadata for linking to full-text for indexing

After the initial analysis of the purpose and thetimods to reach it, it was concluded that two
new metadata elements should be added to The Eamdpbrary Application Profile for
Objects for this purpose:

e tel:fullText

e tel:structuralMetadata

2.1.1 Full Text [tel:fullText]:

Name fullText

Type Property

Qualified Name tel:fullText

Source label Not Applicable

Label Full Text

Defined by The European Library Application Profile for Objects v2.0
Identifier [TEL_ldentifier]fullText

Status Proposed

Source definition | Not Applicable

TEL definition A URL linking to a full-text document for indexing.

TEL guidelines The metadata element tel:fullText is used for partner libraries to provide a link
to the full-text that they would like to be included in The European Library.
This element should include a link (URL) to a full-text document.

The links contained in tel:fullText will not be shown to users. If the same URL is
also used for providing access to the full-text for users, using the “See Online”
functionality, this URL should be included in both elements.

The full-text materials will be located in The European Library by the existence
of tel:fullText. Records that do not contain tel:fullText or
tel:structuralMetadata are considered to be metadata-only records. Even if
such records link to full text via the dc:identifier element, they will not be

indexed.
Sub-property of: not applicable Is refined by: | not applicable | Encoding scheme: | URI
Obligation: Mandatory for access | Repetition: Yes Data type: URI
to full-text
L Administrative | Accessing full-text
Functions:
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2.1.2 Structural Metadata [tel:structuralMetadata]:

Name structuralMetadata

Type Property

Qualified Name Tel:structuralMetadata

Source label Not Applicable

Label Structural Metadata

Defined by The European Library Application Profile for Objects v2.0
Identifier [TEL_Identifier]structuralMetadata

Status proposed

Source definition | Not Applicable

TEL definition A URL linking to a file with structural metadata. This file contains the URLs
linking to full-text documents for indexing.

TEL guidelines The metadata element tel:structuralMetadata is used for partner libraries to
provide a link to a file with structural metadata. Any structural metadata
format may be used, since The European Library will only use the URLs linking
to full-text documents for indexing.

The links contained in tel:structuralMetadata will not be shown to users.

The full-text materials will be located in The European Library by the existence
of tel:structuralMetadata. Records that do not contain tel:structuralMetadata
or tel:fullText are considered to be metadata-only records. Even if such
records link to full text via the dc:identifier element, they will not be indexed.

sub-property of: not applicable Is refined by: | not applicable | Encoding scheme: URI
Obligation: Mandatory for | Repetition: yes Data type: URI
access to full-text

Administrative | Accessing full-text

Functions:

2.2 Metadata terms for use with hierarchical records

In addition, for those partners who want to make fil-text of newspapers available, The
European Library proposed a solution for creatimid between the newspaper (parent)
record and the newspaper issues (child) recordsrt thits solution, the existing metadata
elements were required:

e dcterms:bibliographicCitation
e dcterms:isPartOf

e dc:identifier

The European Library provided additional guidelirtesassist partners creating the links
between the parent and child records.
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2.2.1 Bibliographic Citation [dcterms:bibliographicCitation]

Name bibliographicCitation

Type property

Qualified dcterms:bibliographicCitation
Name

Source label

Bibliographic Citation

Label

Bibliographic Citation

Defined by Dublin Core Library Application Profile
http://dublincore.org/documents/library-application-
profile/index.shtml#BibliographicCitation

Identifier http://purl.org/dc/terms/bibliographicCitation

Status 1h use

Source Bibliographic citation information for a journal article, or similar bibliographic

L resource

definition

TEL The label containing bibliographic citation information that you want to display to

definition the user. It is used for linking back to the parent metadata record.

TEL For creating links between hierarchical records; records that have both a parent

guidelines and a child element, e.g. a (parent) record for the newspaper which is linked to

individual (child) records for the different issues of the newspaper.
dcterms:bibliographicCitation should be used in the “child” record. It should
contain the bibliographic citation information (text) that you want to display to the
user. It is used for linking back to the parent record together with the
dcterms:isPartOf element.

DCMI provides Guidelines for Encoding Bibliographic Citation Information in Dublin
Core Metadata that may be useful.

Sub-property | dc:identifier Is refined by: not Encoding not
of: applicable scheme: applicable
Obligation: Man.datory for | Repetition: no Data type: Text and
linking records numbers
Lo Navigation | Object level usage | Linking Records
Functions:

2.2.2 Is Part Of [dcterms:isPartOf]

Name isPartOf

Type property

Qualified Name dcterms:isPartOf

Source label Is Part Of

Label Is Part Of

Defined by Dublin Core Metadata Initiative

http://dublincore.org/documents/dcmi-terms/#terms-isPartOf

crs http://purl.org/dc/terms/isPartOf

Identifier
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Status

in use

Source definition

A related resource in which the described resource is physically or logically
included.

TEL definition

Contains the unique identifier of the parent record.

TEL guidelines

For creating links between hierarchical records; records that have both a
parent and a child element, e.g. a (parent) record for the newspaper which is
linked to individual (child) records for the different issues of the newspaper.
dcterms:isPartOf should be present in the child record and contain the unique
identifier of the parent record (provided in dc:identifier). It is used for
linking purposes together with the dcterms:bibliographicCitation element.

Sub-property of: dc:relation Is refined | not applicable | Encoding not
by: scheme: applicable
Obligation: f:\:;icrj]agt?erzorﬁsr Repetition: | no Data type: :ﬁ:;bers and
Functions: Navigation | Object level usage | Linking Records
2.2.3 lIdentifier [dc:identifier]:
Name identifier
Type property
Qualified Name dc:identifier
Source label Identifier
Label Identifier
Defined by Dublin Core Metadata Initiative
http://dublincore.org/documents/dcmi-terms/#terms-identifier
Identifier http://purl.org/dc/terms/identifier
Status in use

Source definition

An unambiguous reference to the resource within a given context.

TEL definition

The unique identifier of the record

TEL guidelines

For creating links between hierarchical records; records that have both a
parent and a child element, e.g. a (parent) record for the newspaper which
is linked to individual (child) records for the different issues of the
newspaper. dc:identifier should be used in both the parent and the child
record to provide the unique identifier of the record for linking purposes.

Sub-property of: not applicable [ Is refined | not Encoding not
by: applicable scheme: applicable
Obligation: Man.datory for | Repetition: | no Data type: text and
linking records numbers
Lo Navigation | Object level usage | Linking Records
Functions:
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3 The Full Text Harvester

The Full Text Harvester implements the methodslifdting to full text via the TEL-AP
metadata records as agreed during the TELplus W#timg in The Hague in March 2009.

The harvesting is done based on TEL-AP metadatardscpreviously harvested by OAI-
PMH, by web crawling a page that contains the litokthe full text documents for those cases
where no metadata exists, or by file transfer ibtieer automated means could be used.

When the harvesting is performed based on TEL-ARda¢a, the harvester uses the TEL-AP
elements <tel:fullText> and <tel:structuralMetadafar discovering where to download the
full text files associated to a metadata recordesEhelements contain links to full text
materials or structural metadata (which will continks to the actual full text files).

It supports the harvesting of PDF, HTML and plaxttfiles. In the case of PDF files, the
harvester downloads the files, extracts the tedttha PDF original file is discarded.

3.1 General architecture

The Full Text Harvester consists of an applicatioet receives commands from an operator
via a command line. Each command is executed byn@ependent process. The operator
should not execute possible conflicting commandsiukaneously, as it may create
inconsistencies in the harvester's repository.

The harvester is configured by an XML file. Thi¢efiallows the operator to specify the
parameters of the harvester, to register all tHedut collections to be harvested, and also to
specify the parameters for each collection indepetigd

An example of a configuration is provided with 8atware, in the path:
e "[fullTextHarvester-config.xml"

The collections to be harvested have to be provideda file system folder containing
metadata records in the TEL-AP format, or altekredyi by a URL to a web page that contains
the links to the full text documents. These foldarsd URLs must be specified in the
configuration file.

The operator can execute the commands for hargesaioh collection. The duration of the
harvest of one collection depends of the size hadike formats and can range from a couple
of hours to several weeks. Therefore, the harvesheuld typically be executed as a
background process.

During the harvesting process the harvester stdrésxt files and associated TEL-AP records
in its local repository. This repository consistsaofolder on the file system. This folder
contains one subfolder for each collection, anddeghe collection folder, the harvested
objects are spread in subfolders to avoid havingynfiles on one folder.

Log files of the harvests can also be found ingheent folder of the harvester's repository.

Once a collection's harvest is finished, it canekported to files in the proper input format
required for SOLR. This export is initiated by thygerator with the appropriate command.

The SOLR files are generated in the harvester'ssrigpy in the subfolders "solr" and
"solrPages".
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3.2 Technical requirements

The software was structured and built as a Mavprogct, and requires Java 1.6 to run.

The disk requirements depend on the amount of hextg harvested. During its usage in
TELplus, approximately 600 GB were necessary dutiregharvesting of nearly 30 million
pages.

The memory requirements can reach the 1GB of RAMHe JRE, therefore it should be run
on a computer with at least 2 GB of RAM.

The software was used in the Linux operating system

3.3 Installation

The installation of the Full Text Harvest consistshe following:
1. Install of a Java JRE 1.6

2. Make sure that java command is in the PATH systarable.
3. Unzip the distribution zip archive file in the ia#iation folder.
4. Choose and create a folder in the file systemherarvester's repository.

5. Edit the file "fullTextHarvester-config.xml" and rbgure the collections for
harvesting. The file contains details on how toficpme the harvester and the
collections.

6. Give executable permissions to the *.sh files amitistallation folder (ex: "chmod
u+x *.sh")

7. Make available on the file system the source megadaords in TEL-AP, in the
locations configured in the "fullTextHarvester-cigatml” file.

3.4 Operation of the harvester

Operation of the harvester is performed by exegutmmmands over the command line, and
by direct manipulation of the repository of thevester on the file system.

3.4.1 Commands line operations

After the installation, three shell scripts aredt®d on the installation folder. These are the
commands that the harvester makes available foagiag the full text harvests.

All commands are executed via shell scripts. Thigtsccan be customized by the operators.
The default scripts assume the following:

e« Javaisinthe PATH;

e The configuration file is on the same folder andnamed "fullTextHarvester-
config.xml";

Page 7



« The commands are to be executed in the background,;

e The output is redirected to a file.

3.4.1.1RunHarvester.sh

This command starts the full text harvesting of @odlection. It generates a log in the
harvester's repository named "collection.harvegtItis output is redirected to a file named
"out-harvester-collection.txt"

The command line parameters are:
e RunHarvester.shollection

3.4.1.2ExportToSolr.sh

This command starts the exporting of a previouslyésted collection to xml files formatted
according to the input format of SOLR. The SOLRedilare generated in the harvester's
repository, in the subfolders "solr" and "solrPdgdts output is redirected to a file named
"out-export-solr-collection.txt"

The command line parameters are:
e ExportToSolr.stcollection

3.4.1.3DisplayStatistics.sh

This command displays statistics about the hardestatents of a Collection. It calculates:
e The number of objects with full text

e The total number of text files
e The total number of files per file type
e The number of pages

Calculation of the number of pages is not possibleall file formats, and only PDF is
supported in a reliable way. Counting of pages oM files only works for BnF.
The command line parameters are:

« DisplayStatistics.shbollection

3.4.2 Other operations

Other operations on the full text harvester are aw#ilable via commands, and have to be
executed by direct manipulation of the harvestegjsository on the file system, or via
operating system commands.
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3.4.2.1Stopping running operations

If the operator wants to interrupt a command whiis executing, that can be done safely by
terminating the process using the operating systammand. Stopping the commands in this
way, is unlikely to create any inconsistencieshia lharvester.

3.4.2.2Cleaning the repository

When a collection that was previously harvesteddade be harvested again, the previous
harvest must be deleted from the harvester's repgsif it is not deleted, the harvester will
only harvest the new full text objects that existhe repository.

To completely delete a collection these three islddould be deleted:
e harvester_repositorgollection

e harvester_repositorgolr/collection

« harvester_repositorgolrPagesbllection
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4 The Search Engine

The Search Engine is a server application impleetensing the SOLR open source indexer
and retrieval system based on the Apache’s Luaetiedtrieval library. This system is able to
index XML documents previously generated by thd Felxt Harvester and provide search
and other services over them.

Examples of services provided by this Search Engire the faceted search, snippets
generation and word suggestion. SOLR provide andP{XML API to index and search
over the indexes.

Typically, SOLR is not the final User Interface &pation. Another application is needed to
request a search query to SOLR and transform thatsanto a human readable format. In our
case we have a middle application, named TELHandleich requests the search queries to
SOLR and transforms the answers into the SRU/SRW. ¥ktocol. Finally, the TEL Client
applications will use the TELHandler SRU/SRW API.

4.1 SOLR Index and Search API

The XML documents indexed by SOLR are sets of §igoluctured in the SOLR schema:

<docs>
<doc>
<field name="id”>urn:example:id</field>
<field name="text”>Example of text content</field>

</doc>

</docs>

The Full Text Harvester is able to transform thidahtext files in the SOLR ingest format,
according to its required schema.

The SOLR allows a fully distributed search engireng separated instances, known as
shards which could be installed in the same or in segaranachines. In case of using the
same machine to install two shards the servers ttebd configured using different PORTS

(see SOLR documentation). Each instance can havitlleone or more indexes defined as
cores A core works as a separated instance inside the seb server (the same PORT).

Each instance could be used as a point of accetselband/or to other instances through an
HTTP/GET-> XML service.

To build a distributed architecture the client agtion just needs to set a GET parameter to
identify the requested shards.

The following example illustrate a scenario of &m requesting a query to the server
instance localhost:7480/solr/Icelanddefining as shards the same instance and another
localhost:7480/solr/France

http://localhost:7480/solr/Iceland/select?shards=localhost:7480/solr/Iceland,localhost:7480/solr/France&qg=
world war&.....
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In this scenario both shards are in the same s@b@lhost:7480) but in two separated cores
(Iceland and France).

If the system becomes too slow it is possible togaich core in a different server machine just
by changing the client’s application URL. For exaepo move the server application for the

collection “France” to the machine with IP 192.1683 the previous request URL, in the

client, could be like this:

http://localhost:7480/solr/Iceland/select?shards=localhost:7480/solr/Iceland,192.168.1.23:7480/solr/France
&g=world war&.....

4.2 Technical requirements

The software is already compiled using the verdignof SOLR which brings together a Java
server Jetty, and requires Java 1.6 to run.

The disk requirements depend on the amount of hextg indexed. During its usage in
TELplus, approximately 500GB were necessary duitiegndex of nearly 30 million pages.

The memory requirements can reach the 1GB of RAMHe JRE, therefore it should be run
on a computer with at least 8GB of RAM.

The software was used in the Linux operating system

4.3 General Architecture

The retrieval system is placed at the SOLR_BASHeohnd is structured in 3 main parts:
e The INDEXES folder
e The index SCRIPTS folder
e The SOLR engine

4.3.1 The INDEXES

The INDEXES were structured into PAGES and FULLTIEEX his was done because the
snippets generation algorithm provided by SOLReig/\slow for big documents. The process
of searching was changed to search first in FULLTEXdexes and then request the best
pages for each TOP document and generate the snippiag the page. There were a few
performance tests which led to this decision. Thests are reported below in this section.

Inside INDEXES/FULLTEXT and INDEXES/PAGES were cdea the following specific
indexes:

e Austria

e Estonia
e France

e Hungary
e Iceland
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Latvia

Lithuania

Norway

Poland

Slovenia

Sweden
CzechRepublic_monograph

The Iceland PAGES index was separated into foulirsidxes, as it was very large.

4.3.2 The SCRIPTS

The SCRIPTS folder contains a foldaclude which has the script files to generate one file
for each sub index creation.

With the scripts already created, in order to geteethe indexes for Iceland pages, for
example, the filgpagesiceland.skhould be executed. To create the indexes ofrid&&ull
text, the filefulltextlceland.shshould be executed. To do that see the README fieT
placed inside the SOLR_BASE APP.

4.3.3 The SOLR Engine

The SOLR engine application is already configuned jast needs to be started in order to run
the server applications. The application includes:

e The TELHandler SRU server
e The SOLR FULLTEXT search engine
e The SOLR PAGES search engine

The TELHandler application was developed to sele3RU requests. The SOLR instances
were configured to use omere for each sub index created, one for each coulmrghis way
if the system becomes to slow it is possible taezte thecoresin different machines.

The TELHandler is placed in the FULLTEXT servertarxe atwebapps/telHandlefolder.
SOLR instances are in tinebapps/solr.warTELHandler provides a configuration file at:

‘ “/webapps/telHandler/WEB-INF/classes/eu/europeana/tel/conf.properties” ‘

4.3.3.1TEL Handler

The internal architecture ¢élHandleris very simple. First of all it parses an SRU gueith

a lexical and syntactic CQL (Common Query Languaageker. In second place it creates a
final query for SOLR/Lucene query API using the figuration provided in file
conf.properties Thirdly it sends a request query and facets geioer to the FULLTEXT
server which can be a distributed set of shards.dagh TOP result it sends a query to
PAGES engine requesting the best pages for thaty.qddis request carries a snippets
generation parameter. Finally it merges the sngppeth the FULLTEXT response and
creates the final SRU response using a XSLT tramsfion which uses a XSL placed at:

‘ /webapps/telHandler/WEB-INF/classes/eu/europeana/tel/sru.xsl ‘
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By default the Ngrams query is requested to SOLRTIEL Handler provides the following
services:

e Get SRU response with Ngrams query

e Get SOLR response with Ngrams query

e Get Query with NGrams to Lucene

e Get Extended CQL with NGrams

e Parse CQL level 2

e Get SRU response with LuceneTranslator query
e Get SOLR response with LuceneTranslator query
e Get LuceneTranslator query (using Level 3 CQL)
e Parse CQL level 3

The configuration of TELHandler very simple and mlad. The configuration provides the
follow possibilities:

e The SRU Fields mapping to Lucene Fields.

e Stemming N-GRAMS technigues configuration or none.
e Boosting factors of each SRU field

e The URL of the FULLTEXT point of access

e The URL of the PAGES point of access (Which cantureed off in case of the
snippets generation is made at FULLTEXT engine)

The configuration is already set to use all conesath FULLTEXT and PAGES server and to
use Ngrams linear combination ranking scheme. $taexming technique was evaluated in
TEL@CLEF task of Cross Language Evaluation Forumtirgethe best results between all
participants. The working notes of our experimeastavailable at clef campaign web sibeit

a reviewed version will be published in the SprmgeCS issue with the proceedings of the
CLEF 2009 workshop.

4.3.3.2Examples

Figure 1 illustrates the interface for the TEL Hiend
Figure 2 shows the query request to SOLR for tndseGet Query with Ngram to Lucene

The same query, but structured for better visugpestion, can be requested using the service
Get Extended CQL with NGrams. That is illustrated=igure 3. In this example the SOLR
response will be given by the screenshot in Figurigure 5 illustrates the response in SRU

1 www.clef-campaign.org/2009/working_noteathadoCLEF2009.pdf
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schema.
But if we request the default service, illustraited

Figure 5, the response given by TELHandler comé&Rbl schema and each record brings the
best snippets.

TEST FORM for SRU service

CQL Fields: (author, title, subject, description. date, language, fulltext)
CQL Operators (for CQL Level2): AND, OR, NOT (can also use brackets for associativity purposes)

Query fulltext=drame OR dc_creator=durand
Mode Get SOLR response with Ngrams query -
Start Record 1 -

Maximum Record 10 ~

Figure 1 — SRU Test Form Services

— <telHandler>
+ <comments></comments>
— <luceneQueryExtended cql_level="2" cql_generator="cu.curopeana.tel.cql.parser. CQLParser" extensionType="ngrams">
(text:(drame)™0.53 text 5:(drame)™0.26 text 4:(dram rame)"0.12 text 3:(dra ram ame)*0.06 )*1 OR (dc_creator:(durand)*0.53 dc_creator 3:
(duran)™0.26 dc_creator 4:(dura)*0.12 dc_creator 3:(dur)"0.06 )*3
</luceneQueryExtended>
</telHandler>

Figure 2 - Lucene Query with Ngrams.

“telHandler>
+ <E O e < COTIen s>
— =xcqlExtended cgl level="1" cql generator="cu.curopeana.tel.cgl.parser. CQLParser” extensionType="ngrams">
—<triple=
- <hoolean>
“value>OR=<‘value=
<boolean=
— <leftOperand=>
—<searchClause generator="cu.curopeana.tel.eglagrams NGramsConverter™>
=<index boost="1">fulltext</index>=
— <relation=
<valper=<valne=
</relation>
<term>drame=/term>
= <fieldQuery field="fulltext” targetField="text">
<configuration minGramSize="3" maxGramSize="5" stemmingType="pure"/=
=subQuery boost="0.53" targetField="text">drame=/subQuery=
<subQuery boost="0.26" targetField="text 3">drame<'subQuery=
<subQuery boost="0.12" targetField="text_4">dram rame</subQuery=>
=subQuery boost="0.06" targetField="text 3"=dra ram ame<'subQuery>
</field Query>
</searchClause>
<NeftCrperand=
= =rightOperand=
—<searchClause generator="eu.curopeana.teleglngrams NGramsConverter™s
<index boost="3">dc.creator<index>
— =relation>
<value==<valne=
</relation=>
<term>durand<term=>
= <fieldQuery field="dc.creator” targetField="dc_creator™>
<configuration minGramSize="3" maxGram5ize="5" stemmingType="front"/»
<subQuery boost="0,53" targetField="dc_creator" >durand-<'subQuery=>
=subQuery boost="0.26" targetField="dc_creator 5">duran=/subQuery=
<subQuery boost="0.12" targetFleld="d¢_crestor 4™>dwra<'subQuery=
<subQuery boost="0.06" targetField="dc_creator 3">dur</subQuery=
</field Query>
<'searchClanse>
</rightOperand>
=/triple>
=<'zeqlExtended:=
< felHandler=>

Figure 3 - TEL Handler Response for Ngrams Query Geeration.
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[~ <response>
—<Ist name="responseHeader">
<int name="status">0</int>
<int name="QTime">1879</int>
— <lIst name="params">
<str name="spellcheck">true</str>
<str name="facet">true</str>
<str name="hl snippets">3</str>
<str name="start">)</str>
— <str name="q">
(text:(drame)"0.53 text_5{(drame)"0.26 text_4{dram rame}*0.12 text_3:(dra ram ame}*0.06 }*1 OR (dc_creator:{durand)*0.53 dc_creator_3:(duran)"0.26 d
(dury0.06 3
</str>
<str name="facet limit">5</str>
— <arr name="facet field">
<str>facetCreator</str>
<str>facetDate</str>
<strfacetLanguage</str>
<str>facetType</str>
</arr>
<str name="hl">true</str>
<str name="rows">10</str>
</st>
</lst=
—<result name="response" numFound="60402" start="0" maxScore="0.015774652">
— <doc>
<float name="score">0.015774652</lloat>
—<arr name="dc_title">
— <str>
Lietuves Zinios / redaktorius ir leidéjas Jonas VileiSis. - 1902-1915, 1922-1940. 1990-1994, 1996-
</str>
<arr>
—<str name="id">
hitp:/www_epaveldas It/vbspi/'showImage do?id=DOC_0O_70128_1
</str>
</doc>
— <doc>
<float name="score">0.01456802</float>
— <arr name="dc_identifier">

— oo

Figure 4 - SOLR Response to the Ngrams Query

— <searchRetrieveResponse>
<version>] l<version>
<numberOiRecords>60402<numberOfRecords:
=<records>
— <record>
<recordSchema>telap_fulltext<'recordSchema=
<recordPacking>xmi<'recordPacking>
—<recordData>
= <telap fulltext:de>
—<tekid>
hitp v epaveldas ovbspd showimage doid=DOC_0O_T0128_1
</tel:id=
<tel:collection™
<teliscore>0.015774452<"tel:score>
—<tel:snippet=
—<tel:iragment>
- w0 Etame ben <em>drame</em> atsigavime misiduoda T Hetinig tawtos atsigavimasy (223) Ir
=tel:fragment>
</tel:snippet>

= <de:titie>
Lietuvos Zinios / redaktorius & letdéjas Jonas VileiSis - 1909-1915, 1922-1940, 1990-1994, 1996-
</dc:title>

<ftelap_fulltext:de>
<‘recordData>
</record:>

+ <record></record>

= <record=<record>

T <record><record>

+ <record><record>

+ <record=<record>

= <record><record>

+ Zrecord><'record>

T <record><record>

+ <record=<Tecord>

<records>

—<tel:facets>

= <tel:facet name="{zcetCreatar">
<tel:facetLabel ocurr="37">Emakeele Sehs<'tel:facetLabel>
<tel:facetLabel ocurr="17">Ewoopa Komisjon<'tel:facetLabel>
<tel:facetLabel ocurr="14"">
<tel:facetLabel ocurr="10">Eesti Evangeelne Luterlk Kirik. Lamse kogudus<tel:facetLabel>
<tel:facetLabel ocurr="10">Sotsizalmmncteermm-<'tel:facetLabel>

<ftel:facet=
= <telidfacet name="facctDatc">

<tel:facetLabel ocurr="145">2007<'tel:facetLabel>
# - F: 1 abhol "1 8 MNAc bl -farctT abal

Figure 5 - SRU Response given by TELHanlder
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4.3.3.3SOLR PAGES and FULLTEXT instances

For SOLR, FULLTEXT and PAGES, a set of configuratoin themulticore folder was

created. This folder contains oselr.xml file declaring thecoresand one folder that is a
replica for each core. It is also where the indetxema and the SOL&dre configuration are

defined.

The indexing schema is available mtlticore/[core]/conf/schema.xmAll text fields were
indexed using three separated indexes. One fomiated words with size 4 characters,
another for fragmented words with size 5 charaadeasanother for original words. This will
be used by TELHandler application to build clevereges independent from document
languages. The SOLR configuration is adapted to Téduirements and is available at
multicore/[core]/conf/solrconfig.xmllt is not recommended to change this files bec#use
could cause integration problems between TELHaratldrSOLR instances.

4.3.4 Indexing History and Benchmark Tests

This section provides a set of explanations andltesvhich were the basis for selecting the
chosen architecture for the TEL Search Engine. Wergto justify the multicore architecture
and the reason for the separation between PAGES-HBhUTEXT. Finally we show some
benchmark tests performed to three SOLR configumati

4.3.4.1SOLR Multicore

The indexing history began with the indexation BfT&EL harvested collections using one
single instance of SOLR search engine with just core. This means that we started using
just one single index folder. Initially this appobadidn’t reveal any problems taking into
account that the SOLR administration API providesremental indexing at document
granularity. However several machine denials ofviser caused by full disk space and
electrical problems showed that the index couldbbex corrupted at indexing time causing
the indexing process, which takes several daystad again from the beginning. For that
reason we decided to keep separated indexes attofis level. With this policy the indexes
become lighter and easier to maintain. Initially weught that this policy could be
detrimental to the speed of the search engine. Meryveve subsequently found that the
system operated more slowly when very large indevexe being used in comparison to when
using separated ones. This was very clear for gause with a very large index (e.g.300
Gigabytes) we could perform searches taking seveiraltes.

4.3.4.2PAGES index and Snippets

Beside the problems reported above, there was aenatbue with the snippets generation.
Snippets are small fragments of text retrieved ftbendocuments that are relevant to the user
query. They help the user to understand the coimewhich the query term is found in the
retrieved document. The generation of snippetsireg full storage of the full text of the
documents because snippets are generated at runtime

Page 16



The algorithm provided by SOLR is very slow wheedisn very big documents because it is
based in regular expressions. It is possible tiairé versions of SOLR might provide new
algorithms to do this task.

We considered the possibility of removing the seigfbecause creating snippets increases the
response time from several seconds to minutes exemting the snippets just for the 10
shown documents. However, snippets were considered very important to the project’s
success so we tried to find a technique to solegtbblem with the available technology. We
found that splitting the documents into small pagesld be a solution if we indexed each
page as a separate document without the full Térd.process was based on two steps, first do
a full text search to retrieve the most relevartuhoents and then do a new search, this one
with snippets, in pages field to retrieve the t&gpiages for each top document. The snippets
were very quick to produce because a page is asveayl fragment of the document.

Another problem was that the number of documerdseased exponentially considering that
each page was a document and considering an awafrdQ® pages per document. Beside that
the full text fields didn’t need to store the texty more, the index size increases 50 times
because of the number of documents. To solve tippets problem the resulting index size
takes us again to our first problem, the speedh®frésponses increase again. For that reason
we decided to have a separate instance for pagearenher for full text. In this way the full
text index was small and the pages index was biggemot very big. We also found that
pages search queries were quicker because the waaryestricted to one document and
because the logic AND makes the index lookups d¢penaich more efficiently.

4.3.4.3Benchmark Evaluation

All of our benchmark evaluation was done using jhe Austrian collection because it was
one of the biggest collections. The configuratiohshe three tests are shown in Table 1. Our
best results were obtained with a separated instatth an index of pages to generate the
snippets. This solution is the one which needs misk&tspace.

Table 1: Configurations for snippets generation usig page field.

Conf. 1 Conf. 2 Conf. 3

Multi fields NotStored/Indexed

One field fulltext | NotStored/Indexed| NotStored/Indexed

One field page/ | Stored/Indexed separated instance separated iestanc

Snippets 10 queries irpage | 10 queries in separated | 10 queries in separated

Generation filtering docID instancepagefiltering instancepagefiltering
doclD doclD

Index Size /| GB 25 4 4

Separated 15 15
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Table 2: Configurations for snippet generation usig the fulltext field.

Conf. 4 Conf. 5
Multi fields fulltext Stored/Indexe

One field fulltext / doc | Stored/Indexe

Snippets Generation | in fulltext in fulltext
Index Size / GB 9 9

Configuration 1 was the first approach using just instance, one index, for all documents
and page documents. The second configuration wssame approach but the pages index
was created in a separated instance running isaime machine.

The third approach was a variation of the seconuragezh where we split the full text in
several full text fields, which in practice will ltlee same for us in terms of search process but
could possible change the performance at Lucered (@able 2). We also tried this approach
at Configuration 5 to make a final attempt to gatethe snippets in full text index but the
response times where again very poor. FinallyGbefiguration 4 is reported here because it
was our first approach using just one index anaximy the original full text to generate
shippets. This was the worst configuration.

It is important to note that we used this perforogatest using just one machine with separate
server instances using different ports. Independeathines for instances possible will
increase the results because we note that CPUlwagsaprocessing at 100%.

We evaluated 8 queries, where the last one wasditigult to answer by the system because
it included several logical OR operators and sdubfferent words, as we can see:

Q1: fulltext=Kundmachung AND (dc.creator="durand" OR dc.title=drame OR fulltext=Aufgebotesbei)
Q2: fulltext=treibenden AND (dc.creator="durand" OR dc.title=drame OR fulltext=Partei)

Q3: fulltext=Weiteren AND (dc.creator="durand" OR dc.title=drame OR fulltext=Volkymnmisfen)
Q4: fulltext=Josef OR fulltext=WedIschen OR fulltext=Erben OR fulltext=Belrage OR fulltext=im AND Q3:
(dc.creator="durand" OR dc.title=drame OR fulltext=Volkymnmisfen)

Q5: fulltext=Gericht OR fulltext=meldetoder OR fulltext=einen

Q6: fulltext=Mitgliede OR fulltext=Nervlllitungsratcs OR fulltext=odereinem

Q7: fulltext=gleichnamigen OR fulltext=odereinem

Q8: fulltext=baranyllvar AND fulltext=odereinem

QQ9: fulltext=gtsttzmtwuif AND fulltext=odereinem

Q10: fulltext=Nervllltungsratcs AND fulltext=odereinem

Each query was submitted to the 5 configuratiossiitieg in the times reported in Table 3.
All results were obtained in the first interactahen the SOLR cache results was empty.

Query Q2 uses less frequent terms than the othateguand that is visible in the results. All
configurations perform well with that query. Thante“treibenden” occurs only in 2215
documents of Austria collection and probably allc@ments that include it are in near
segments of Lucene index.

The queries Q8, Q9 and Q10 use words already wspdevious queries to test the caching
performance in all configurations versus the asedtitre. As we show, configuration 2 using
separated instances for full text and pages id#teer solution. Configuration 1, using just
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one index for pages and full text, is slower andtkek that is because the index is very big.
Even in Q10 where words, which uses words alreadyl un previous queries, so we expect
system to have them in cache, Configuration 1 andr® recoveras well as Configuration 2.

Informally we ran some tests with 3 Estonian aittidanian collections and we found that
the Configurations 1 and 3 take minutes to anstweiqueries while configuration two grows

linearly.

Table 3: Query response times in milliseconds (fitsnteraction)

Query/Conf | Conf1 | Conf2 | Conf3 | Conf4 | Conf 5

Q1 6858 | 5624 | 10865| 9279| 16284

Q2 3602| 3729| 3787 2096 4228

Q3 4332 3519| 10921| 8812| 14796

Q4 4932| 3787| 7196| 6138| 10346

Q5 6453 | 4664| 9753| 10304 9723

Q6 5435| 3646| 8654| 12852 11234

Q7 4536| 2773| 6896| 7535 9934

Q8 3987 | 1346| 2356| 9067| 10345

Q9 4678 | 2172| 3543| 11234 7856

Q10 3467 | 1830| 4345| 7852| 10234
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5 Implementation Recommendations

In this section we report relevant recommendatitmstake into consideration for the
implementation of a search engine. These recomntiendaare founded on the literature and
on our practical experience.

5.1 Distributed Index Versioning for High Availability Search
Engines.

Search engine platforms have two main jobs: update search an index. The first job is
directly related with availability because the irdthat is the heart of the system, will change.
If we don’t take careful precautions the index dolbsécome corrupted and search service will
be unavailable. For that reason the update shaaildebsioned. In distributed environments
this problem increases because there are morespoirfailure. To solve this problem the

system should be capable of performing transadtigpmdates over distributed nodes. This can
be accomplished using versioned indexes but ngtwitlh it.

5.2 Updates

5.2.1 Recommendations

Information Retrieval Systems have the capabilityoffer the same levels of availability as
regular database systems. Usually the task of uqgdet controlled by the server and not by
client. The indexes remain for long periods of timiéhout any kind of update. The problem
we want to solve is to replace the index while argus being executed without stopping the
service. Replacing an index implies to replace Gigaven Terabytes of data. Below we
specify a set of precautions and guidelines to havwaind when an update system is being
developed:

e The old copy of the index should always be kepil timé¢ availability confirmation of
the new index. Indexing technologies are not allestas the old DBMS’s. In some
situations index could be irreparably corrupted. thes to happen just needs a simply
write operation not to run well in a specific fdad our index could be damaged.

e The system should be capable of working with d#feérversions at same time to
guarantee that queries being performed when thatepd being done are always
answered.

¢ When we are using disjoint clusters the system ulsha@lways use a cluster
confirmation from all nodes before do somethinghwite new index.

We will now explain a simple technique to commitvibeen index versions.

5.2.2 Committing between versions

We don’t want to stop the service even for a sedmwhuse we never know if the system will
start again after a stop and because in the majafritases the restart takes a few seconds. To
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accomplish this we should test index correctnesgisraspond with a confirmation. In clusters

the system should wait for confirmation from alldes. After that we need to bring up the

new index and ready it to perform search resultgjoAd policy is to test index correctness

using the regular search interface against the index. At the end the system will need to

switch between versions. The objective is to acdmmphat without major system status

modifications. This can be done using a middle ndyetween user and server. The system
should keep an index version number to pass frawser to the server layer. When the new
version is operational and tested the version nunsheapdated in the middle layer and the

next query will use transparently the new indexsiar. This means that the server should be
capable to keep an array of at least two openeekagglat same time. When no more queries
are being executed in the old index the systenchase it and eventually delete it.

5.3 Search Time

Search time can be improved both using distribundexes and a merged central server but
this will require always a set of benchmark testshow the effective improvement. Some
thoughts1 and experiments lead us to assume ttiat besults can be obtained with extensive
caching of pre-computed partial hit lists for frequterms and phrases

5.4 Architecture

Scalable search engines can be created using kepmposed architectures. Some

possibilities are, for example, distributed indexdistributed processing in server replicas or
both. The distributed index is achieved distribgtisets of documents into a cluster of

machines. Each machine builds its index based ®mvin set of documents. Results are
merged in merge servers. This architecture reqtiasevery cluster node compute a partial
search result. The other possibility is to repkddie index on every machine in the cluster and
create a query plan to compute, for example, eawi mverted list in different machines and

use intersection or union to merge them later énfitmal results.

The distributed processing architecture does rfeciathe relevance score function, but that
does not happen with distributed indexes. Soméaetalculations require information about
the entire index, such as the term frequency. Ehisformation is not available when the
partial indexes are built independently.

1 http://ww.opensubscriber.com/message/java-dev@ki@pache.org/8554277.html

2 Xiaohui Long. “Three-level caching for efficientiery processing in large web search engines”, Rifabe
14th Int. World Wide Web Conference. (2005)
[http://citeseerx.ist.psu.edu/viewdoc/summary?d0i£11.59.2342]
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6 Content acquired and indexed

Table 4 reports the collections acquired and indeke the moment of writing of this
document.

Table 4: Report of the acquired collections and thendexing process

Provider Method AC?;SIUO[];:\)/::; Pages S%k?(?yﬁss)ize
harvest
Austria OAI-PMH 29-10-2009] 100% 511.00Q 7.113.648
Caeln. OAI-PMH | 23-10-2009 PARTIAL|  2.579.511 4.727.796
Republic
Estonia OAI-PMH 10-10-2009, 100% 713.933 9.533.64(
France Manual 28-10-2009 100% 8.242.90§ 57.706.63¢
Hungary OAI-PMH 13-11-2009] 100% 237.914 2.094.88(
Iceland OAI-PMH 10-10-2009, 100% 5.727.149 111.459.064
Latvia OAI-PMH 05-11-2009| 100% 195.075 6.165.564
Lithuania HTML/HTTP | 23-10-2009] 100% 125.477 2.225.904
Norway OAI-PMH 15-10-2009, 100% 1.600.00d 1.293.16d0
Poland OAI-PMH 10-10-2009, 100% 436.198 1.419.316
Slovakia HTML/HTTP | 08-11-2009 PARTIAL 185.000 0
Slovenia OAI-PMH 02-11-2009, 100% 328.502 5.890.612
Spain OAI-PMH 09-11-2009 PARTIAL 3.033.525 10.275.68(
Sweden OAI-PMH 25-10-2009] 100% 1.409.095 8.876.824
Total 228.782.724

Offline transfers of extra contents from the cdil@as of the Czech Republic and the overall
collection of the Slovakia were still in progresstine date of this report (total numbers yet to
be counted, but for the case of the Czech Repitldiceady was estimated to be of nearly 3
million pages more). Also the harvesting of plu dillion pages from Spain is in progress.
The work to complete these actions will continue irearly 2010, after the end of the
TELplus project.

For France it was not possible to implement OAI-PMHtime for TELplus, so manual
metadata export was used.

Finally, for Sweden we faced problems with the alogity of the OAI-PMH service, so the
metadata also was sent by file manual transfer.
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