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1 Introduction

General objective of TELplus WP3.2

The experiments pursued within the MACS prdje¢monstrated how mappings between
different vocabularies can improve multilingual ess to heterogeneous collections. This
approach, even if interesting for portals like TEL however heavily hampered by the work
manual mapping requires, given the size of theidensd vocabularies.

WP 3.2 investigates how automated vocabulary al@rntechniques can be applied to the
MACS multilingual case, namely the subject headimigRAMEAU, LCSH and SWD.

The main objective is to investigate what can beedid help multi-lingual subject access in a
TEL-like framework, from methodological, technicatd practical points of view. How can

we help vocabulary experts obtain mappings? Howwarintegrate the obtained mapping
knowledge in portal frameworks? And how both magpmomputation and integration can be
carried out so as to give final users optimal tdolaccess heterogeneous collections?

Our purpose is to extend the MACS experiment ieahways: (i) applying and evaluating
automated alignment procedures to MACS subjecis;efitending MACS alignments to
subjects that were not investigated by lack of humesources, or achieving alignments with
different semantics; (iii) taking into account theed for integrating the produced alignments
into the TEL framework.

It is not expected that automation of alignmentcpeses—using techniques such as the

semantic-web based ontology matching t8¢E07]—can be fully achieved. State-of-the-art

alignment tools still come with significant errates. Further, in the TELplus context, our
means are limited and the case at hand is diffictiltSection 2.1). However, these techniques
may still enable to heavily speed up a (then sartvraatic) alignment. Mappings could also

be sufficiently good to be used in the backgrouhanoappropriate search interface.

Contents of thisreport

This document extends a paper published at thepearo Conference on Digital Libraries

[WISS09]. It first presents the vocabulary alignmchniques that we have implemented for
our specific matching problem. It then reports am evaluation of the obtained alignments.
General lessons learned on applying the chosemitpeds for the case at hand are given in
the third section on “feasibility assessment”. Vdaaude by investigating the potential use of
the mapping produced, exploring both a manual nmegpgtcenario and the multilingual search
engine to which TELplus WP3.2 contributed, and \whgreported upon in D3.4.

Terminological clarifications

In the following, amapping refers to a semantic link between individual cqsesuch as
equivalence betweeSprinting and Course de vitesse . An alignment is a set of
mappings that hold between concepts of two vocaieslasuch as LCSH and SWD. A

1 http://macs.cenl.org

2 http://www.ontologymatching.org/
3/32



D3.5 — Automatic subject alignment experiments I

TE 1

TELplus project

matcher (or matching tool, or mapper) is a software tool that delivers alignments betvevo
input vocabularies.

2 Automatic alignment strategies

2.1 Introduction

Scope and difficulties of the alignment case

MACS focuses on three subject heading lists (SHis&d respectively at the British, French
and German national libraries, namely LCSH, RAMEARH SWD. Those vocabularies are
very large, as shown in Table 1.

Vocabulary Number of concepts
LCSH 339,612
RAMEAU 154,974
SWD 805,017

Tab. 1. Sze of SHLs (at the time those vocabul aries were sent to us)

Size makes the matching problem very hard to soBtate-of-the-art generic ontology
matching tools cannot handle large knowledge sirast The languages of the vocabularies is
a second issue, as state-of-the-art tools are yrfostlising on matching English vocabularies,
not to mention vocabularies in different languagkkso, the SHLs lack the kind of rich
semantic structure that is relied upon by manystoblere, concepts are related together by
hierarchical and associative links (see Tab. 2) that semantic structure is nor very rich nor
consistent across (and within) the vocabulariesalBi, our case lacks auxiliary information
that can be useful, such as a multilingual semamgiwvork (to be used as intermediary
background knowledge for the matching process (asdWet is often used for English), or a
full-text version of the books described using thdLs, which could have allowed us to
employ corpus alignment techniques.

Vocabulary Number of Number of Number of
concepts “broader” links “related” links
LCSH 339,612 247,117 21,380
RAMEAU 154,974 129,347 60,464
SWD 805,017 282,985 30,045

Tab. 2. Semantic structure information in the three SHLs

It is also important to note that the usage of epits with apparently similar meaning might
differ. A preliminary study to the MACS project hasleed shown differences in indexing

1 http://wordnet.princeton.edu/
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strategies in the libraries using the three SHLSOJL This can hamper the usefulness of the
techniques that are based on direct label compafsdinding matches.

As a matter of fact, we have organized over the thase years a Library Track in the context
of the Ontology Alignment Evaluation Initiativea yearly campaign aimed at evaluating state-
of-the-art ontology matching tools on specific casehe first two years, this Library Track
focused on two smaller thesauri from the Nationhldry of the Netherlands, and each time
only three matching tools participated, with enegimg but imperfect results. In 2009, we
offered the participating matching tools to workaur TELplus casé Only one tool managed
to send results, which were rather weak.

Contents of this section

This section reports on how, resulting from thewabproblems, we had to turn to practical,
adhoc solutions, which can cope with both the sizé the multilingual aspect of our case.
We have implemented four straightforward methodsvcabulary alignment, two based on
lexical properties of the concept labels, and twesda on the extensions of the concepts, i.e.
the objects annotated by them. The simplest apprdexically compares the labels of
concepts without translating them; a more soplasd version uses a simple translation
service we could deploy out-of-the-box. A simpldéemsional method makes use of the fact
that all three collections have joint instancesr{owmn books), which can be determined by
common ISBN numbers. Finally, we adapt work on mmatg based on instance similarity to
the multilingual case.

2.2 Lexical alignment

Mapping tools that exploit the lexical informatiohconcepts in controlled vocabularies, such
as their various labels, are numerous. Howeveggtmoostly use language-agnostic heuristics,
such as string distance, to compute similarity leetwconcepts’ lexicalizations. This gives

results of relatively good quality for English, bean prove much less beneficial with other

languages.

To introduce basic language-aware word compariserhave adapted to French, English and
German languages a lexical mapper that was firgeldped for Dutch [MIGBO7]. This
lexical mapper is mostly based on the CEBExnd DELA databases, which allow
recognising morphological variants of words (viamieatization) as well as their
morphological components (using knowledge on derige compound words). It can thus
produce “semantic equivalence” mappings betweeoeamus, when they have labels which are
strictly equivalent or correspond to a same lemima,also hierarchical (broader) matches,
when one concept’s label is a morphological compboae of the other concept’s labels.

1 http://oaei.ontologymatching.org/
2 http://www.few.vu.nl/~aisaac/oaei2009
3 http://celex.mpi.nl/

4 http://infolingu.univ-miv.fr/DonneesLinguistiqudittionnaires/telechargement.html
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Here, we focus however only the equivalence lirdssthose are the ones that were judged
relevant in the MACS project.

The different lexical comparison methods give risedifferent confidence levels for the
resulting mappings: a mapping based on two concéptdng exactly the same label is
assumed to be more reliable than one that is basedquivalence between the labels’
lemmas. Also, the mapper uses the “status” in thetrolled vocabulary for the lexical
features it compares. As part of WP3.2 work, weate@ SKOS representations of the
vocabularies. In this representation, mirroring twt@n be found in the original vocabulary
data, labels of concept can Ipeeferred or alternative2 The latter ones can in fact be
approximate synonyms, thus not fully reflecting theended meaning of a concept. For two
concepts, any comparison based on alternativedabéherefore considered less reliable than
a comparison based on preferred labels.

The combination of these two factors (different pamson techniques and different features
compared) allows us to grade the produced mappwgause for this adhoc val$aeshich are
merely aimed at producingranking of confidence levels.

The basic version of the mapper only uses one kggyat a time. To apply it in a multilingual
case, we translated the vocabularies beforehanded&ah vocabulary pair (e.g., RAMEAU
and LCSH), we translate each vocabulary by addew labels (preferred or alternative) that
result from translating the original labels, usihg@ Google Translateservice. We then run
the mapper twice, once for each language of the paithe RAMEAU-LCSH case, for
instance, the translation of RAMEAU to English iatehed (in English) to the original LCSH
version, and the translation of LCSH in French iateched (in French) to the original
RAMEAU version. The obtained results are then merge

2.2.1 Results

For each case, we ran twice the lexical matcherfitet run does not use translations, while
the second uses the basic translation strategyemiexs above. The number of mappings
obtained in that process is rendered in the folhguable:

Lexical technique LCSH-RAMEAU RAMEAU-SWD LCSH-SWD

Not using translation| 11,345 11,215 13,119

Using translation 57,595 42,869 44,017

Tab. 3. Number of lexical mappings obtained

1 http://www.w3.0rg/2004/02/skos/
2 http://Iwww.w3.org/TR/skos-primer/#seclabel

3 For instance, a mapping based on two preferregldabeing equal has a score of 0.95; a mappingcas the
lemma of an alternative label for a concept bempgadto the lemma of an alternative label of anotdwncept
will have a lower score (0.85).

4 http://translate.google.com/
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2.3 Extensional alignment

Instance-based matching techniques determine mhiéasty between concepts by examining
the extensional information of concepts, that & bbjects ifistances) they classify. In a
library case: those objects will be the books Haate these concepts as subject.

The principle of such techniques, already used mumber of works like [V97], is that the
similarity between the extensions of two concejtfifects the semantic similarity of these
concepts. This is a natural approach, as in mostlagy formalisms the semantics of the
relations between concepts is defined via theitamses. This also fits the notion of literary
warrant that is relevant for the design of con&@N/ocabularies in librariés.

2.3.1 Instance-based matching using overlap of comm  on instances

A first and straightforward method is to measure ¢dbmmon extension of the concepts (the
set of objects that are simultaneously classifigcdbtth concepts) [IMSWO07]. This method
has a number of benefits. Contrary to lexical temphes, it does not depend on the concept
labels, which is can be especially useful whenotelogies or vocabularies come in different
languages. Moreover, it does not depend on a gaofastic structure; this is important in the
case of SHLs, which are often incompletely struedur

The basic idea is simple: the higher the ratio@mbccurring instances for two concepts, the
more related they are. In our application contéx, instances of a concept c, noted as e(c),
are the set of books related to this concept \salgect annotation property. For each pair of
concepts, the overlap of their instance sets issared and considered as the confidence value
for an equivalence relation.

O Q -
! J 2 —

Books

Fig. 1. Smple instance-based method

1 As Svenonius wrote in [S00] “As a name of a subjée term Butterflies refers not to actual bulies but
rather to the set of all indexed documents abotietlies. [...] In a subject language the extensiba term is
the class of all documents about what the term snsuch as all documents about butterflies."
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Our measure, shown below, is an adaptation of tdredard Jaccard similarity, to avoid very
high scores in the case of very few instancesOtBegparameter was chosen so that concepts
with a single (shared) instance obtain the sameesa® concepts with, in the limit, infinitely
many instances, 20% of which co-occur. This chaceelatively arbitrary, but this measure
has shown to perform well on previous experimentshe library domain for the STITCH
project [IMSWOQ7].

Vv |eler) Ne(en)| x (le(er) Ne(es)| — 0.8)
le(ey) Ue(es)]

overlap;(cy, ca) =

Note that one concept can be related to multipteepts with different confidence values. In
our experiments, we consider the concept with thkedst confidence value as the mapping to
be included in the final alignment.

2.3.2 Instance-based matching using instance matchi ~ ng and enrichment

Measuring the common extension of concepts reqtheexistence of a sufficient number of
shared instances. In our case, we thus need bbak&dn be found in two libraries and are
described using the two vocabularies to match. iBhi®t a very common situation. However,
as instances (in our cases, books) have their nfermation, such as authors, titles, etc.; it is
possible to calculate the similarity between th&mnr assumption is that similar books are
likely to be annotated with similar subject headingo matter they are from different

collections or described in different languages.eWhve judge two books from different

collections to be similar, we enrich each of theithwhe concept annotation of the other one,
leading to a “virtually doubly annotated” book, whi can be exploited by the simple

technique of 2.3.1.

The instance matching based method first comparyeksbfrom both collections, using their
metadata records as proxies for them. For each ook Collection A, j, there is a most
similar book from Collection Byi We then consider that $hares the same subject headings
as j does. In other words, ia is now an instance o$altlject headings whichis annotated
with. This matching procedure is carried out onhbdirections. This way, we can again use
measures of the subject headings’ shared extensank as the one defined in the previous
section, even if these extensions are the resalttibicial enrichment.

From a bird’s eye view, the algorithm consists tbfisvo steps:

1) Enrich the instances (documents) of one coblectvith the annotations of the most similar
instance(s) of the other collection

2) Match the two vocabularies by using a co-ocauweebased similarity measure, in our case
we re-use the corrected Jaccard overlap coeffipigented in the previous section.
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Fig. 2. Instance-based method using instance similarity

There are various solutions to match instances. i©rne consider instances as documents
(with all their metadata as their feature) and iméermation retrieval techniques to retrieve
similar instances (documents). We base our approacthe TF-IDF (Term Frequency —
Inverse Document Frequency) weighting scheme wisiadften exploited in the vector space
model for information retrieval and text mining [88]. Our implementation is similar to
what an information retrieval tool such as Lucdeperforms to measure similarity between
gueries and documents—an important difference biiagthe “query” is the document to be
matched.

To apply such a method in a multilingual contesdnslation is necessary. We follow a naive
approach, using the Google Translate service twslimte book metadata, including subject
labels. The translation was done offline on a worgrord level. We created a list of all
unique words in each book collection. Batches ofdsovere sent via an API to the Google
Translate service, which proved to be relativelglale (still, the translation of all words
present in a corpus takes several hours). Everd Wasrwhich we obtained a translation was
then stored in a translation table. During theanseé matching process, we translate every
word of that instance by looking it up in the trati®n table and replacing it with the
translation if available. We then calculate boakikirity scores within a same language, stem
the words in metadata records. We consider a lapploach to the computation of IDF,
reflecting the different information loads of terinseach metadata corpus.

Once we obtain book similarity scores, we can caspar each book the most similar one in
the other collection. We then add to this bookdbecepts found in the indexing of that most
similar book. Thus, we obtain a collection of vally doubly indexed books, on which we can
use the simple extensional concept similarity mesadascribed in 3.1.

1 http://lucene.apache.org/
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Note that there were a number of choices we hadake when implementing the instance
matching process:

- normalizing or not the words of the corpus befdegtgg the similarity computation,
e.g., by stemming them (e.g., ‘make’, ‘makes’, ‘imgk all become: ‘mak’)

- filtering some metadata fields which have littleluea for recognizing book with
potentially similar subject, such as the ones itinditate the topmost library collection
the books belong to, or numerical values like pagmbers;

- comparing records grouping all metadata field cointeto one single “bag of words”,
vs. performing field-by-field comparison;

- filtering most commonly used words, or occurrentaords which are deemed to be
less informative, to make the matching processfast reduce the memory space it
uses;

- considering one global set of metadata for compgutie inverse document frequency
(IDF) of terms, or computing IDFs based on eackectibns’ metadata corpus;

- matching a given book to its most similar counterpra the other collection, taking
the N most similar books, or taking all books fdrigh the similarity is above a given
threshold;

- efc.

For more details, the reader is referred to [S09].

2.3.3 Data pre-processing and experiment settings

Records for books annotated using LCSH, RAMEAU &WD are gathered respectively
from the British Library (BL), the French Nationkibrary (BnF) and the German National
Library (DNB).

In order to apply instance-based matching methibaslink between each book record and its
subjects, must be properly identified. However, eptcfor the German collection, the
metadata records do not refer to the identifierstieg concepts from the controlled
vocabularies. Instead, librarians often use singptgng annotations. This introduces many
issues, for example, using the lower case versi@enoconcept’s label that is capitalized. Also,
the preferred label is in principle used to referambiguously to those subjects. But
sometimes librarians have been using alternatibelsawhen indexing. Or as a result of
vocabulary maintenance, a preferred label will bee@n alternative one, and corresponding
book descriptions will not be updated... Those ishag to be addressed by using a string
look-up and matching procedure to identify the bookcept links, using the information
found in the SKOS representations of the vocalesari

Another problem is that a single field can be uledcontrolled indexing and uncontrolled
one, or for controlled indexing with different vdmdaries—in the British collection records,
subjects from the MESH vocabulary appear in theesdield as LCSH ones, only field
indicators distinguish the two.

Furthermore, it is necessary to tackle gne-coordination issue. Librarians often combine
concepts into complex subjects when annotating $oelg.,France--History--13th
century . Some of these combinations are so often usedthiegt are included into the
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subject vocabulary later, while some are generatég at annotation time. In our data pre-
processing step, we adopted the following stratéfgyhe subject combination cannot be
recognised as an existing concept, it is then sépdinto single (existing) concepts, and the
book is considered to be annotated by each of tbeseepts. We are well aware that this
choice is not neutral. Hereby, a concept's extansieyond the instances simply annotated by
it, also contains the instances indexed with a @amg subject that includes it, if this
combination is not an existing concept in the vodaty. However, it also brings more
instances for concepts, which is very importantter statistical validity of the instance-based
methods we employ here. Indeed this is made evere mgportant by the low number of
annotations we identified from the collections. l@éery concept is used in the collections we
have, cf. Tab. 4 and Tab. 5. This issue, which asthy caused by the SHLs being designed
and used for collections beyond the ones we gditcatise a mapping coverage problem for
the instance-based methods, which we see in thesaetion.

Vocabulary Number of concepts| Concepts used in
collection

LCSH 339,612 138,785

RAMEAU 154,974 87,722

SWD 805,017 209,666

Tab. 4. Sze of SHLs and number of concepts used to annotate books in collections

Collections Total records Rec. with valid| Individual book-
subject annotations | concept links
English 8,430,994 2,448,050 6,250,859
French 8,333,000 1,457,143 4,073,040
German 2,385,912 1,364,287 4,258,106

Tab. 5. Three collections and identified records with valid subject annotations (i.e., thereis at
least one link between these books and one SHL concept)

Another related, important decision we made ise&irict ourselves to match only individual
concepts, or combinations that are reified in tbeabulary files. This drastically reduces the
problem space, while keeping it focused on the asyumost important part of the potential
book subjects. In fact this is rather in line withat is done in MACS, where very few
mappings (up to 3.8% for SWD-concepts mappingsplires coordinations of concepts that
are not already in the vocabularies.

A last pre-processing step is identifying the comnimoks in two collections. The ISBN

number is a unique identifier of one book. By conmgathe ISBNs in both collections, we

found three dually annotated datasets betweenhtiee pairs of SHLs, as shown in Tab. 6.
The number of common books is extremely small caegpéo the size of collections. This is
not unexpected, but causes a serious problem afepbrcoverage for the simple instance-
based method that completely relies on these connstences.

11/32
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Collection pair Common books
French-English 182,460
German-English 83,786
German-French 63,340

Tab. 6. Common books between different collections

2.3.4 Results

When applied to the three pairs of vocabularies #m&ir associated collections, the two
instance-based methods give raw results summed djpb. 7. Note that the list of original
similarity assessments is longer: any concept whaha book in common with another one
will cause a proposed mapping to appear in the ésen if the similarity computed is
extremely low. We kept mappings with a concept kirity measure above a 0.001 threshold.
As we see in Section 4, the aim is then to findbaect filter, selecting the best mappings
either based on their ranks or their raw confideneasure.

Instance-based LCSH-RAMEAU RAMEAU-SWD LCSH-SWD
technique

Simple instancet 1,794,722 1,745,474 2,353,079
based

Using instance 1,817,450 1,758,939 2,378,344
similarity

Tab. 7. Common books between different collections

3 Evaluation of automatic alignments

In the previous section, we have presented therfmiching techniques that we have used to
align RAMEAU, LCSH and SWD:

e lexical without translation,

e lexical with translation,

e extensional using real dually annotated books éferecalled “real dual”),

e extensional based on instance matching and enrithme
In this section, we detail how we evaluated thallteswe obtained using these different
techniques. First, we did a raw comparison with @Risting manual mappings created with
MACS, to have a first idea of the precision of theomatic alignment, and assess how well
those automatic alignments can reproduce what tsirdal manually. Second, to assess the
quality of those automatic mappings that are ndg@able using the MACS material, we
perform a manual evaluation on samples of the aaticralignments.

12/32
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3.1 Comparing with MACS manual mappings

3.1.1 Method

Our first evaluation approach uses the MACS mamagpings as reference mappiagsab.
8 gives the concept coverage of mappings betwednper of vocabularies:

Vocabulary pair | Number of mappings | Concepts involvd

LCSH-RAMEAU | 57,663 16.4% of LCSH and 36.1% |of
RAMEAU

RAMEAU-SWD | 13,420 7.8% of RAMEAU and 1.6% of SWD

LCSH-SWD 12,031 3.2% of LCSH and 1.4% of SWD

Tab. 8. Smple statistics of MACS manual mappings and concepts invol ved

Obviously, there is a serious lack in terms of emiccoverage if using MACS as a gold
standard, as MACS is still work in progress. Faaraple, only 12.7% of LCSH concepts and
27.0% of RAMEAU concepts are both involved in MA@&ppings and used to annotate
books in the collections we gathered. The situasomorse for the other two pairs of thesauri,
where only 1 to 3% concepts are both considerddA¢S and used to annotate books.

That can raise issue if one counts as false atinaatic mappings that are not confirmed by
MACS. To perform a relatively fair evaluation onrauatchers' accuracy, we separated the
generated mappings aggeable and non-judgeable. A mapping is judgeable if at least one
concept of the pair is involved in a MACS manualppiag, otherwise, it is not judgeable —
that is, no data in MACS allows us to say whetherrhapping is correct of not. We measure
precision as the proportion of the correct mappioger all generated and judgeable
mappings.

To measure the completeness of the found alignmestsvould need to compute recall, that
is, the proportion of the correct mappings ovelpabsible correct mappings. Unfortunately it
is very difficult to get all correct mappings inggtice. Manual alignment efforts are time
consuming and result in a limited number of mappimghe two vocabularies to align are big.
Despite the lack in concept coverage for MACS, weidkd that these manual mappings were
still useful to exploit. Indeed, measuring how wet can reproduce manual mappings with
the help of automatic tools is valuable per seaAsoxy for completeness, we thus measure
the coverage of MACS, that is, the proportion of & mappings we find in the
automatically produced alignments.

As mentioned in Section 2, our matchers return ickatel mappings with a confidence value
based on lexical considerations or the extensionatlap of two concepts. This allows us to
rank the mappings, and, moving from the top of rdueked list, to measure precision and
coverage up to certain ranks.

1 Those mappings were communicated by the MACS tssaveral dates. The latest shipment, with whieh t
results presented here were obtained, was sergrih2009.
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3.1.2 Results

Fig. 3 (a and b) gives the performance of the flitferent alignment methods for matching
LCSH and RAMEAU. Here the x-axis is the global ramkthose mappings—by “global
ranking,” we take the non-judgeable mappings imimant; however, they are not considered
when computing precision. Note that our lexical p&pprovides three confidence levels.
Mappings with the same value are given the same thay are therefore measured together.

1 T T T

T
lexical (without translation
lexical (with translation
real dual
instance matching based -

04 | .

02 —

0 I I I 1
0 20000 40000 60000 80000 10000

Global Rank
Fig. 3(a). Performance for matching LCSH and RAMEAU: Precision

The lexical method applied on non-translated LCStd & AMEAU gives a very limited
number of mappings: in total, 86% of these mappergsin MACS, but they only represent
13% of the MACS mappings. By naively using GooglenElate, the automated lexical
method already recovers 56% of MACS mappings, whideprecision decreases by 3%. The
main reason for this precision decrease is thatrdngslation is nor perfect nor stable. For
example, in SWD the German naachen occurs in several subject headings. However, it
was sometimes (rightly) translated to the FrencimenAix-la-Chapelle and in other
cases it was not translated at all.
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1
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08 |- =
06 |- =
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02 | P .
- .I::'/_Tll:-
i
0 “ﬁ 1 1 1 1
0 20000 40000 60000 80000 10000

Global Rank
Fig. 3(b). Performance for matching LCSH and RAMEAU: Coverage

From Fig. 3, the precision and coverage of thd fiks instance-based mappings generated
from the real dually annotated dataset (1% of totalk records in two collections) are similar
to the lexical method on non-translated thesauradGally, the precision decreases and the
coverage increases; and both level after approei;m&0K mappings.

The sheer number of instances (cf. Sec. 2.3.3)tatdy influences the performance of this
method. Another possible reason is that instanseébanethods focus on the extensional
semantics of those concepts, i.e., how they aré usgeality. Some mapped concepts are not
really equivalent from the point of view of themténsion, but they are used to annotate the
same books in two collections. For example, acogrdo MACS, the RAMEAU concept
Cavitation is mapped to the LCSH concdpavitation ; however, our instance-based
method maps it to another LCSH concdydraulic machinery , because they both
annotate the same books. Such mappings can therdfervery useful in the query
reformulation or search applications, and of coweald require further evaluation. This also
confirms that the intensional and the extensioeahantics (i.e., the meaning of a concept
attached by people and its actual use in the lggamay differ significantly.

The method based on instance matching performesewv®dhe loss of nearly 10% in precision
can have two reasons: 1) the translation of bod&ramation is not good enough; 2) the
similarity between books is calculated purely basedveighted common words, where we
ignore the semantic distinction between differeptadata fields, which could potentially help
to identify similar books. Meanwhile, by matchingngar instances on top of using real
dually annotated books, we gradually include nencepts, which increases coverage.
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3.2 Sample manual evaluation

3.2.1 Motivation and method

As introduced earlier, not every mapping can beluawad using the MACS comparison
method presented above, as neither of their cosasptonsidered in MACS before. For
example, up to rank 50K, 29% of MACS mappings (48)aetween LCSH and RAMEAU
are found, and the precision is 63%. However, dadg than 26K mappings were actually
judgeable.

Fig. 4 compares the distribution of different kirmfsmappings, where the shaded area shows
the number of non-judgeable mappings. The covasage for the SWD-related cases is more

serious, even for lexical mappings, as shown in BigdAmong those non-judgeable mappings,

we expect to find valid ones, given the precisibthe judgeable mappings that are found at

neighbouring ranks.

Jud(gjable ' Judgeable’ 100000 Judgeable 100000 Judgeable
10000 - mect ~ omect mect rrect
Non-judgeable -------- ’_ Nonqudgeable -—------ Non-judgeable ------- Non-judgeable -
!—ﬁ
| 30000 [ ] | i | i
5000 L | | | 50000 50000
//f
D O U U /
5000 - -
30000 4 50000 50000
10000 [ B
L L L 100000 L 100000 L
0 5000 10000 0 30000 0 50000 100000 0 50000 100000
(1) lexical without (2) lexical with (3) real dual (4) instance matching
translation translation based

Fig. 4. The distribution of mappings generated by different methods: LCSH-RAMEAU
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100000 : 100000 :
Judgeable Judgeable Judgeable Judgeable
_ Correct Correct _ Correct Correct
Meon-judgeable -—-—- Mon-judgeable -------- Mon-judgeable -—-— Mon-judgeable --------
30000 |- B 30000 -
50000 — 50000
I e I e
I I
0 0 = 0 D f====
50000 50000
30000 L
—l_ 30000
L 100000 L L 100000 L
1] 30000 o 50000 100000 1] 30000 1] 50000 100000
lexical with instance matching lexical with instance matching
translation based translation based
(a) LCSH vs. SWD (b) Rameau vs. SWD

Fig. 5. Coverage issue for the LCSH-SWD and RAMEAU-SWD cases

We thus carried out manual evaluation of samplesaf-judgeable mapping. For lexical
mappings, we took 50 random mappings within eaclthef three confidence levels. For
instance-based mappings, we first ranked them basetheir confidence values, and then
chose every 0 mapping among the first 1000 mappings, every"i®@pping from 1000 to
10,000 mappings, and every 180@®appings from 10,000 to 100,000 mappings. In adks,
we kept for manual evaluation only the mappings$ #na not judgeable according to MACS.
Depending on the actual sample size, the correspgmdror bar was also calculated.

3.2.2 Results

Fig. 6 (a, b, and c) shows the precision of theuahavaluation proportionally combined with
that from comparing with MACS reference mappingsr the LCSH-RAMEAU case, the
precision, which is consistent with Fig 3(a), irat&s that our methods indeed provide a large
number of valid mappings. More importantly, thepypde mappings that complement the
MACS manual mappings. For the LCSH-SWD and REAMUE3¥éses, the global precision
is also comparable with the precision measuredguSIACS alone. It also confirms that all
methods perform worse in these two cases, whicltarerelate to the fact that LCSH and
RAMEAU headings are quite similar in the way theg designed and used, and less similar
to SWD. Finally, the performances of the two ins&based methods cannot be distinguished
anymore. Yet, due to the small sample size, impassible to say whether this is caused by
statistical uncertainty, or by that fact that thethod using instance matching may suffer less
from a very small overlap of collections. This adpghould be investigated in the future.
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Fig. 6(a). Overall precision combining MACS and manual evaluation: LCSH-RAMEAU
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Fig. 6(b). Overall precision combining MACS and manual evaluation: LCSH-SAD
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Fig. 6(c). Overall precision combining MACS and manual evaluation: RAMEAU-SAD

4 Feasibility assessment of automatic alignments

As said in the introduction to this report, it istrexpected that automation of alignment
processes is entirely reachable. In fact, considetie intrinsic difficulty of the alignment
case at hand for existing matching techniques, Iveady had to focus on simple, pragmatic
alignment methods. In the previous sections, weehagpectively presented the alignment
strategies that we have implemented, and an evatuat their results.

The aim of the present section is to assess thsibfiy and costs of the chosen
methodological and technical approaches, especifabusing their practical ease of
deployment as well as on their extendibility. Weatiss each of the techniques we followed:

e lexical matching without translation,

e lexical matching with translation,

e extensional matching using real dually annotatezkbp

e extensional matching based on instance matchinganchment

Readers must be aware that this report is not detgrat a definitive guide on vocabulary
matching. It is a rather collection of informal tstments and lessons learned, from the
perspective of researchers who had to find andampht practical solutions to a complex
problem with limited resources.

19/32



D3.5 — Automatic subject alignment experiments

TET

TELplus project

4.1 Lexical matching without translation

4.1.1 Cost of implementation and running

Basic lexical matching was fairly easy to specifydaimplement. Having vocabularies
available using a common format and model (in age¢ RDF and the SKOS model) was
especially useful. This makes accessing and expjoidifferent kinds of labels easy. In
particular, articulating the comparison of differeieatures (preferred labels, alternative
labels) with different comparison options (direotrgarison, using lemmatized or split word
forms) was straightforward. Furthermore, there\ag few parameters to tune in the script
that we created, making it quite easy to run. Onsewver, matching each pair of vocabularies
took at most an hour, depending on the size of/ttoabulary, and including the time to pre-
load the external lexical resources that we used.

It is important to mention using different typeslekical knowledge is by far the most costly
component to implement in our process. Lexical loegas can be fairly complex. This is
especially true for the CELEX database, which nexguto understanding an important part of
the whole database’s structure to access linksdstwvord forms and lemmas. Such effort
must be reproduced for every language the matchsertth be applied with. Even though
CELEX provides with lexical information for Englisand German, the structure of the
database was slightly different for the two langsagAnd for French, we had to go for
another dictionary, DELA which has a different structure.

4.1.2 Applicability to the specific TELplus case

The three vocabularies we have to match in our asserovided with relatively extensive
lexical information, as shown in Tab. 9:

Vocabulary Number of | Number of | Number of
concepts alternative labels per
labels concept
LCSH 339,612 309,653 1.91
RAMEAU 154,974 200,811 2.30
SWD 805,017 1,078,299 2.34

Tab. 9. Lexical information in the three SHLS?

Without translation, the simple lexical matcher aarly perform well on concepts which
happen to have the same lexicalization in diffetanguages. We found however that more
such concepts than expected were present in oee trwcabularies. Especially, for places,
persons, or very specific topics that are provideth language-independent names (such as
Latin names for biological species), interestingopiags can be found. Still, the coverage of

1 http://infolingu.univ-miv.fr/DonneesLinguistiquéittionnaires/telechargement.html

2 Note that each concept is provided with exactky mmeferred label in the language of the vocabulary, in
addition to thealternative ones. The number of preferred labels is thus egudle number of concepts.
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those cases is not wide: slightly more than 10K pimags can be found for each pair of
vocabularies (cf. Sec. 2.2.1).

4.1.3 Genericity & extendability — potential applic  ations to other cases

The simple lexical approach can be applied to adfles where vocabularies are in the same
language, or a large set of concepts with commxindézations in different languages can be
expected (see above). Additionally, the namingtegrias must be consistent. If for instance
complex labels are permuted, more complex techsiga® required. External lexical
knowledge base can also be sought if the set ajrgyns provided in the vocabularies to
palliate for such lexical variations is not richoeigh. In general, using simple lexical methods
is expected to lead to better results in more cam&d domains, like science, as opposed to
more common-use topics.

Note that from the perspective of lexical procegsthe use of lemmatization, for which we
had convenient solutions at hand, can be replagetlifning to more common stemming
tools. Stemming can be less precise, but robusteimgntations are available for more
languages, and many come free of charge, as iouitene platforni.

4.2 Lexical matching with translation

4.2.1 Cost of implementation and running

Our translation-enabled matching process is baseth® same matching tool as the basic
lexical matching. The main difference is that aalndary is translated into the language of
another vocabulary prior to being matched to it.

As explained in Section 2.3, we used the Googlendlede service. This translation step is
straightforward to implement, as Google’s API iglfesimple and remains the same from one
couple of languages to the other. It requires h@wvevlarge amount of time—approximately
one day—to run, given the high number of conceptlgto translate (cf. Tab. 3). Also,
calling Google’s web service turned out to be ndlyfreliable—some concept labels not
being assigned a translation as a result of time. Mie thus had to do several runs of service
calls in order to ensure that every translatiorrgibhad been given an answer.

4.2.2 Applicability to the specific TELplus case

As shown in Tab. 3, our vocabularies are provideith welatively extensive lexical
information (preferred labels and alternative lapeTranslating allows finding many more
mappings than with the basic lexical approach. Aentmoned in Sec. 2.3, matching with
translation produces between 40K and 60K mappithggending on the vocabulary pair. The
results significantly overlap with the MACS onesgjting that this approach may be used for
helping manual matching. However, it still fallsosh with respect to coverage of the
vocabularies.

1 http://lucene.apache.org/
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Interestingly, automatic translation gives resutsgood precision for the English-French
case, but precision drops when the German langsageolved. We can hypothesize that this
is related to the design of the German headingsgshwdliffer from English and French ones,
while French and English headings follow relativelgse design rules [L99]. In addition,
Google Translate may have failed to appropriatalgglate some compound German words.

In fact, one must keep in mind that such onlinendlation service based on text corpus
statistics is of course not a perfect solution, #rad the quality varies from one language pair
to the othetk Also, a same word in different labels (and thu$edent lexical contexts) can
lead to different results. For example, in SWD therman city name Aachen occurs in
several subject headings. We found out that itleeh sometimes (rightly) translated to the
French Aix-la-Chapelle, but that in other casd®ad not been translated at all.

4.2.3 Genericity & extendability — potential applic  ations to other cases

Our naive translation approach is of course edsipfoyable for all languages managed by the
translation service we used. Plugging in otherdiations is very simple from a technical
perspective. It may however provide results of logeality, depending on the language, for
the reasons mentioned in the above section.

We are well aware that other, more sophisticatgutagrhes exist to tackle the translation
issue. But deploying them requires thorough exgeiiti the use of linguistic resources, which
makes it more difficult to assess their practieadibility with limited means. Also, a number
of industry translation options exist. But they @at a price, which may hamper their use in
a project such as TEL. Adopting them would alsainegjto take into account business-level
criteria, which falls beyond the (technical) scap®ur present experiment.

4.3 Extensional matching using real dually annotated books

4.3.1 Cost of implementation and running

The basic extensional matching method is in priecgxtremely simple to implement and
deploy. It requires to store, for each concept wsed subject of book collection, a link to its
extension, namely the books that have that conagm@ subject. Similarity assessment can
then be done by taking two concepts and using dnefla shown in Sec. 2.3, with the
extensions of these two concepts as input.

The most demanding task was in fact to obtain thetadata sets for books, and pre-
processing it to feed the (ISBN-based) extensiomparison process. For deploying the
instance-based matching method, two elements deedhcrucial:
- finding identifiers of books that are present iffedent collections—this is done by
retrieving common ISBNs or ISSNs;

1n fact Google Translate’s historical focus on bificial languages
(http://en.wikipedia.org/wiki/Google_Translate, assed November 2009) may also explain the discogpan
with the English-French case.
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- finding occurrences of concepts from the SHL SKQGfiversions inside subject
annotations.

Regarding both aspects, consistency issues occulfedt, ISBNs can be wrongly
documented. Sometimes they are incompletely typedtyped differently (e.g., with or
without spaces in-between groups of digits). Thery also be presented in different metadata
fields, even when the metadata of two collectiomsstéructured according to a same schema.
The British and French records, as we got them¢tlgpnase the Dublin Core metadata fields,
while DnB metadata comes in the MABxml format. Butthe French records the ISBN is
encoded in thelc:description field, while dc:identifier Is used in the English
ones.

Second, retrieving an exploitable link between tsoakd vocabulary concepts is not trivial, as
seen in Sec. 2.3.3. All the problems mentionedettierced us to implement rather ad-hoc
solutions. That could have been avoided if the lodtween books and concept had been
clearly represented in the data exports we got.

4.3.2 Applicability to the specific TELplus case

Our evaluation (see Sec. 3) shows that considé¢hegisage strategy for book concepts can
bring interesting results, complementing the mdguabtained mapping. However, as just
mentioned, applying that method to the TELplus ¢casm®t easy.

As regards the identification of common books agrosllections based on ISBNs, the
problem is dual: as seen, the description of ISBNBe metadata records may be incomplete,
or impossible to get. ISBNs may also not existeesgly for older books.

Further, there is an important indexing coverageeas The book collections we have to deal
with are huge; and subject indexing has not beere dor all books. It usually covers a

specific part of the collection, e.g., startingnird 986 for the German collection. The number
of books available for instance-based matchingpus fower than the number of books in the
whole collections, cf. Tab. 5. Also, the SHLs amnthaare designed for use in several
collections: some concepts may thus be used outsedeollections we have. As a result, not
every concept is used in the metadata we got,atf. 4. And a lot of concepts are very rarely
used. This causes an important data sparsenedsiprob

Due to the aforementioned subject indexing and I$Birage issues, the corpus of common
books obtained using ISBNs matching is thus qumtallscompared to the original collections’
sizes. And that corpus covers only a small parthefvocabularies to align, cf. Tab. 6. For
example, in the French and English collectionstetteee 128,423 pairs of book record with
the same ISBN, which involve 33,391 RAMEAU concegtsl 43,863 LCSH concepts. This
low numbers are not unexpected, but cause a sepimldem of concept coverage for the
simple instance-based method that completely rellesommon instances.

To palliate this issue, we tried to exploit notyidentical ISBNs, but ISBNs that correspond
to books that areelated, resulting for example from translation or re-psibing. ThingISBN

1 http://www.librarything.com/thingology/2006/06/itucing-thingisbn_14.php
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from the LibraryThing community site provides wghbch links. Yet, this community effort is
still much work in progress. In our case, the adddl number of ISBNs in one collection
having related ISBNs in another collection is sma# gathered less than 8,000 additional
links for the three collections. We thus did natlirde them in our process. In the near future,
this data may however be more interesting to ekpl@@épending on business opportunities,
the xISBN service from OCLCmay also be exploited, as a more complete butngayi
alternative.

4.3.3 Genericity & extendability — potential applic  ations to other cases

We can only apply basic instance-based matchingoappes when the concepts to be
matched are used in collections that share a sutdtaumber of elements—enough to give
sufficient statistical ground to overlap measufidss is often not the case in Cultural heritage
collections. Libraries may constitute an exceptasa same book can almost always be found
in several libraries. Yet, in the case of librariesn different countries, the overlap between
collections will be smaller, and one should seesidsahat are related to each other, instead of
books that are exactly the same.

Additionally, our experiment has shown that sontiaigs data ingestion and pre-processing
has to be carried out so as to recognize thoseicdéor related books. This is likely to be
also true for collections coming from libraries eththan the ones under scrutiny in our
experiment. There is no hint that the English, Eheand German national libraries are less
careful than other libraries when creating and etipg their metadata.

A final remark, our approach considers ormlye-to-one mappings between subjects that
already exist as such in the vocabularies. To eufie that initial choice, we had to ignore
some pre-coordination cases at the book levelnhoi@e general effort, it may be more fruitful
to adapt the process so as to detect mappings @etam@nbinations of conceptsdny-to-
many mappings). This requires changing the formula gre=d in the Sec. 2.3, as we have
done in [IKMWOQ9].

4.4 Extensional matching based on instance matching and enrichment

4.4.1 Cost of implementation and running

In the state-of-the art, very few efforts existttieaploy document similarity assessments
(inspired from Information Retrieval practice) tertve similarity between the subjects those
documents are about (a matter rather focused oth@nSemantic Web and Knowledge
Organization System research communities). Obtgiairsatisfactory procedure for instance
matching-based extensional matching required tHosaf efforts, both from the research and
implementation perspectives (see Sec. 2.3.2 anél]SAltogether, maybe one person-year
has been devoted to the whole effort of implemeniims approach in the TELplus case.

1 http://www.worldcat.org/affiliate/webservices/xisb
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Additionally to running the tool, appropriate dateust be obtained and pre-processed, even
though, in the specific case at hand, this work s@smon with the work required for the
basic extensional technique. Also, the tuning ef tethod is far from trivial. As hinted in
Sec. 2.3.2, there were many parameter setting ehqossible, which required extensive
testing.

Finally, it is important to mention that instancatehing is a complex task, which requires a
lot of computing power. This is especially true whbe collections of documents to match
are large, which was of course the case here. Mahows the performance of the tool when
applied to collection samples of different sizes,the indexing stepwhich is the most time-
consuming one. Together with the translation ofkowetadata, the computation of each
book’s most similar book in the other collectiohgtenrichment of books based on that
matching, and the computation of the overlap me&asbased on the enrichment, the whole
process can take more than a dozen hours.

Number of indexed books time to enrich 100K insesnmemory usage
(hh:mm)

524K 0:17 1,294 MB

2,506K 0:32 7,279 MB

Tab. 7. Run-time performance of the indexing step

4.4.2 Applicability to the specific TELplus case

Our evaluation (see Sec. 3) shows that the basensional method performs slightly better
than the instance matching-based method for thepimgg in the first ranks. However, the
precision quickly becomes similar as we go furtdewn the ranked mappings. The more
complex but more widely usable instance matchirgetlaapproach can thus be equally
applied here to provide with mappings complementatye manual ones.

One may hypothesize that in the TELplus contextyatld be very interesting to further test
this specific method using the full-text data aalié from book OCRing, as performed in
WP1. Using metadata, as we did, enables to levetlagehigher level of control of the
descriptions exploited. But full text may be moraemable to detecting similarity between
books from different collections using informaticetrieval approaches. The basic translation
we have used may also perform better when largemkshof text are being processed. When
translating a given (group of) word(s), completateaces give more appropriate data for
automatic translation methods than metadata re¢orgddich values cannot be considered to
be “real” text. However, the timing of the projelitl not allow carrying out such experiments.
Further work on that issue is certainly required.

4.4.3 Genericity & extendability — potential applic  ations to other cases

The main benefit of instance matching-based ext@asitechniques over basic extensional
techniques is that the former can be used even wiherbook collections available are

1In information retrieval approaches, indexinghis step that allows creating representations ofigients (in
our case, as vectors in a vector space) that aeaaste to similarity computation.
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disjoint, or when the overlap is very small. Theg s fact applicable whenever there is data
for the objects connected to the concepts to behadt

Of course there must be enough such objects, dsawetnough data to provide sufficient
material for the information-retrieval techniques wse. Also, the process we implemented
may have to be adapted to the case of other doltectThat can be time-consuming, given
the number of parameters available. However, weroksd in our various experiments that
the various settings show minor differences we. guality of their results. And, importantly,
the best results are almost always obtained ussigple baseline configuration. The need for
tedious parameter setting may thus be minimalad¢t, fve have already re-applied our tools to
another communication science case [WSTAQ9].

4.5 Concluding remarks

Implementing automatic matching techniques thatfitase such as the TELplus one is a
costly exercise. Automatic vocabulary matchingti an active research issue, and is likely
to remain so for the coming years, given the nunalper hardness of the challenges at hand.
Specific efforts are thus required to adapt exgstiechniques, or to implement them from
scratch.

We naturally hope that our experiments have hetpemake these issues clearer, especially
regarding instance matching-based extensional igagbs. This specific approach had not
been explored so far in cases such as ours. We thapehe results we obtained and the
lessons we learnt will help future practitionerods.

It is also worth noting that all automatic matcheféprts greatly benefit from vocabulary and
metadata sources’ being available in convenientdstal exchange formats. Regarding the
vocabularies to match, creating RDF/SKOS dataseisa#t of WP3.2 was helpful to devise
matching processes that are as generic as poskitdee could indeed be seamlessly applied
to the three matching cases we have. The situatama bit different for the book metadata.
All metadata came as XML, but the German set wagjusdifferent schema from the French
and English ones. And while the French and Englets used the same Dublin Core schema,
some subtle variations in the way fields are ussglired further efforts before exploiting
them.

Finally, even though the basic lexical method wascinless demanding, all automatic
methods require computational resources, both rimgeof computation time, memory and
disk space usage. This definitively prohibits tlse wf such techniques at final application
run-time. When the vocabularies to match and tls®@ated book collections are so large,
alignments have to be computed beforehand.

5 Usefulness assessment of automatic alignments

This section investigates what are the conditiomd #ne cost of integrating automatically
produced alignments into production processes, &bk ag the benefits users could expect
from this integration. Two aspects are focusedhmw the mappings can complement and
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support a manual mapping process, and how thepeamployed in the multilingual search
tool reported upon in D3.4.

5.1 Usefulness of automatic alignments for manual matching

As said, manual alignments are costly, and bengfifiom automatic input could help a lot.
Especially, while the precision of manual mappirsgygood, their coverage is more worrying.
It took years to build the MACS alignments, whidle at the time of writing this report still
not covering all concepts of LCSH, RAMEAU and SWiIe question we seek to answer in
that sub-section is whether our automatic alignsieah be of any help to a manual matching
project like MACS.

Answering this question requires to consider theatstly used to produce automatic
mappings. First, our evaluation (see Sec. 3.1.@)slthat automatic lexical mappings, with
or without translation, tend to have high precisard to mirror quite well what has been
produced manually. Such mappings may thereforaubeessfully used as direct input for the
manual matching process. The effort required tadatt them is expected to be small,
especially considering that they are based on ag&l€label comparison) which is easy to
understand for a human validator.

The issue is that those alignments have a rathek weverage. In fact, as MACS manual
alignments already contain thousands of mappirgs; €an add only little on top of them.
Applying those techniques seem therefore more t#duat the start of a matching project,
when the low-hanging fruits have not yet been micke

The two automatic alignment techniques that exploé usage of concepts in collections
arguably perform better with respect to coveradeylvirtually allow finding a mapping for
every concept that co-occurs (directly or by meahstance enrichment) with a concept
from another vocabulary. Additionally, we have sdleat to a great extent those mappings
complement the MACS manual ones. They can thuseprary useful to augment the
coverage of partial manual alignments.

However, this potentially higher coverage comethatcost of precision. When the overlap
between the extensions of concepts goes thinnempricision level drops quite highly. This
would hamper the work of a human operator in chafgalidating such automatic mappings.
An appropriate trade-off should therefore be deileech between the extra coverage
potentially provided by extensional alignments, #melextra effort required to correct them.

Luckily, our extensional approaches rank the maggaccording to their confidence measure.
This enables to fine-tune such a balance deperatfirie priorities of the mapping process at
hand: it is possible to select mappings correspanth a certain precision or coverage level.
However, this requires some prior sample evaluasonas to determine the expected quality
level of the mappings belonging to a given rankrnivél.

Finally, a crucial assumption for extensional matghs that similar books are likely to be
annotated with similar subject headings, no mattey are from different collections, or are
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described in different languages. As seen in Sethi8 assumption is partly validated in our
case: considering usage strategies for conceptgdiinteresting results that complement
manual alignments. However, we can observe disnegs between the indexing policies of
the three libraries involved. This results in magsi that do not correspond to strict
equivalence between the intuitive meanings of cptsceas shown in th€avitation
example on p. 15.

This raises issues when comparing with a manualoaph such as MACS. MACS in fact
also aims at taking into account the usage of quscélowever, that usage is quite difficult to
grasp for a human operator without the use ofsiattools that are able to cope with the
vastness of the collections involved. MACS alignisetihus mostly contain mappings that
mirror equivalence of the “intensional” meaningtbé concepts involved, as represented by
their labels.

Including extensional mappings in the loop may thusstion the methodology of the whole
alignment process, including the fundamental qoestif what is aelevant mapping. In fact
our extensional mappings can be very useful inygreformation or search applications (“did
you mean” suggestions, suggestions of related gbsicéhat intend to bridge across various
indexing policies, as we will see below.

5.2 Usefulness of automatic alignments for multilingual search

Our D3.4 report presents how we have selected mgpprom our four automatic alignments
to include them in a multilingual search prototypkngside the manually produced MACS
mappings.

The main barrier to using automatically producedrmhents in the context of an end-user
oriented prototype is their quality. As we measuite(tf. Sec. 3), this quality can be low,

especially for the alignments obtained using extavas techniques, which produce a huge
number of correspondences with greatly varying icemice levels.

5.2.1 Selection of automatic alignments

As already mentioned, our automatic mappings an&ke according to their confidence
levels, putting in first positions those who ar@ested to have better quality. This enables to
easily proceed with a meaningful selection.

We opted for selecting mappings that corresporehtexpected level of precision comprised
between 50% and 60%, based on the results of onuahavaluation (cf. Sec. 3.2). This
threshold, which may appear quite low, has two nwaiotivations. First, as automatic
mappings are sorted according to their expectetitgua search tool can still present results
that correspond to good mappings ahead of thetsesbtained using less good mappings.
This mirrors a strategy that is very common in sleangines, such as Google, where users
are first provided with results expected to be likst fitting ones, but have also access to a
“long tail” of worse results that they can explosbpuld they not be satisfied by the first ones.
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The second reason stems from the nature of thex®®teal mappings. Those mappings are
based on concrete statistical evidence drawn froen dctual usage of concepts in book
description. Even if they do not always corresptma strict semantic equivalence, most of
them—at least in the first dozen thousands—denatenaantic relation which can be judged
relevant by a user and thus bring an interesting)fof serendipity. As a complementary
example to th€avitation case presented in the previous section, we cationdhat the
Théatre sanscrit concept in RAMEAU is mapped t&anskrit drama--

History and criticism in LCSH. User interested in books indexed using first
subject may often be interested in books index@ugufe second one. Extensional mappings
can thus be very useful in the query reformationsearch applications. The resulting
serendipity effect may in fact be precious for cemgating the effect of controlled indexing
policies. Sometime those policies can result ircréigancies between what trained indexers
consider to be the subject of a book and the loosaenections end users accustomed to
modern search engines will judge useful for thefioimation need. This claim, even if
reasonable at first sight, remains of course todrgirmed by further evaluation on the search
prototype built: we could not carry out such evélradue to lack of time.

The selection process resulted in the inclusiofolldwing numbers of mappings in the tool.
For the lexical alignment without translation, nelestion has been made. The alignment
contains:
- 11,345 LCSH-RAMEAU mappings:
- 13,119 LCSH-SWD mappings;
- 11,215 RAMEAU-SWD mappings.
No selection was made also for the lexical mappingth translation, as all mapping
configurations are expected to be above our 60%skiwid for precision. The alignment thus
contains:
- 57,595 LCSH-RAMEAU mappings:
- 44,017 LCSH-SWD mappings;
- 42,869 RAMEAU-SWD mappings.
For this basic extensional alignment based ondweally indexed books, a selection has been
made, resulting in:
- 60,000 LCSH-RAMEAU mappings (corresponding appraadiety to an expected 60%
precision level)
- 5,500 LCSH-SWD mappings (corresponding approxirngatel an expected 50%
precision level);
- 7,250 RAMEAU-SWD mappings (corresponding approxehato an expected 50%
precision level).
Finally, for the extensional alignment using ins&@matching, we selected:
- 31,800 LCSH-RAMEAU mappings (corresponding appraadiaty to an expected 60%
precision level)
- 9,100 LCSH-SWD mappings (corresponding approxirgatel an expected 50%
precision level);
- 5,500 RAMEAU-SWD mappings (corresponding approxehato an expected 50%
precision level).

MACS manually created alignments contain approxaiyatt30,000 trilingual mappings,
which involve approximately 100,000 RAMEAU subjec®,000 LCSH subjects and 15,000
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SWD subjects. Some of our automatic mappings areraan with the MACS ones. However,
based on the figures showing this overlap (Fignd Eig. 5), we can argue that the automatic
alignments contribute a number of complementarypimays of the same order of magnitude,
which is a significant achievement. The multilingsaarch tool is thus very likely to benefit
from those alignments, as they will increase itgecage—i.e., the number of books it can
return as a result of a given language-specificyque

5.2.2 Ingestion of the mappings in the prototype

From a technical perspective, the selection andstign of selected automatic mappings in
the search prototype described in D3.4 was strifaigidard. All our matching tools indeed use
a standard output format, namely the one used enctintext of the Ontology Alignment
Evaluation Initiativel This greatly enhances interoperability, notablyewlt comes to ingest
mappings in another tool, like our search prototype

In fact, to comply with choices made in the eargvelopment of the prototype, we had to
convert to the XML format used in the MACS approaBht this was easy, as the MACS
format is geared towards the representation of laimmappings, and our SKOS
representations for the vocabularies contain allnécessary information to generate MACS-
compatible mappings—which in particular requires pineferred labels of mapped concepts to
be included along with their identifiers.

The only adaptation in the search tool ingestiamcedure was to make it compatible with a
small extension of the MACS format, representing ttonfidence measure granted to
mappings. This enables the tool to be aware ofrdim&ing, and thus present to the user

mappings in a decreasing quality order. An exaroplagested mapping can be found below:
<doc>

<field name="id">RealDual_LCSH-RAMEAU.3</fiel d>
<field name="RAMEAU">Analyse mathématique non standard</field>
<field name="RAMEAU_number">FRBNF121361738</f ield>
<field name="LCSH">Nonstandard mathematical a nalysis</field>
<field name="LCSH_number">sh85082118</field>
<field name="measure">0.966091783079296</fiel d>

</doc>

5.3 Concluding remarks

Our matching experiments on RAMEAU, LCSH and SWDbwlthat we can automatically

produce mappings of surprisingly good quality, ewdren using quite naive translation and
matching methods. The lexical methods produce aively high coverage of the MACS

manual mappings, which indicates that the use oh sery simple algorithms can already
support the creation of manual mappings. The irstdiased mapping methods provide
mappings that are significantly complementary tonu@d ones. This is interesting, as it
indicates that, while each approach brings usedslits, the intensional and extensional
semantic links are largely different. More effortsuld however now be required to turn these
findings into an appropriate methodology to assiahual alignment, or to evaluate to which

1 http://oaei.ontologymatching.org/2009/align.html
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extent “approximate” mappings can still benefitrtaltilingual collection access for end users
in the TELplus case.

From a more practical perspective, automaticallydpced alignments can seamlessly be
included in a multilingual search prototype. Intmarar, it is easy to perform a meaningful
selection of the mappings, based on their expegtetdity, both regarding precision of the
mappings and their coverage. The main drawbadhaisthis requires a prior evaluation of the
mappings. Even if it is possible to do it on a stdd sample, this can be regarded as a
significant effort, depending on the constraintattapply to the context where alignments
have to be employed.
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Annex — system specifications

All experiments were carried out using a servehuhe following characteristics:

Processors AMD Opteron™ 8220

Number of processor cores 8

Processor clock frequency 2800 MHz

Internal memory 32GB

Operating system Linux version 2.6.18-6-amd64, i&eb
4.1.1-21

Java™ VM Java HotSpot™ 64-Bit Server VM, build
1.5.0 14-b03, mixed mode

Note that we have not applied multi-threading in @periment implementations, so the main
program always uses a single thread and thus ke gingcessor core.
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