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ABSTRACT

JudaicaLink is a novel domain-specific knowledge base for
Jewish culture, history, and studies. JudaicaLink is built by
extracting structured, multilingual knowledge from differ-
ent sources and it is mainly used for contextualization and
entity linking. One of the main challenges in the process of
aggregating Jewish digital resources is the use of the Hebrew
script. The proof of materials in German central cataloging
systems is based on the conversion of the original script of
the publication into the Latin script, known as Romanization.
Many of our datasets, especially those from library catalogs,
contain Hebrew authors’ names and titles which are only
in Latin script without their Hebrew script. Therefore, it is
not possible to identify them in and link them to other corre-
sponding Hebrew resources. To overcome this problem, we
designed a reverse-transliteration model which reconstructs
the Hebrew script from the Romanization and consequently
makes the entities more accessible.
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1 INTRODUCTION

A knowledge base is a collection of knowledge about a vari-
ety of entities and it contains facts explaining those entities
[10]. Besides being used for applications such as question
answering [6], and visualization [7], knowledge bases also
play an important role in opening up new possibilities for
tasks such as Entity Linking; i.e. linking named entity men-
tions appearing in a text with their corresponding entities in
a knowledge base [11]. General-purpose knowledge bases,
such as DBpedial, are huge resources and using them for
domain-specific tasks, when only a small subset of the data
is actually relevant, is hard and not very efficient. There-
fore, many domain-specific knowledge bases are being devel-
oped by gathering resources and information about a specific
topic, such as the domain-specific knowledge base for oc-
cupations and job activities [5] or JudaicaLink [4], which
is a domain-specific knowledge base for Jewish culture and
studies, which forms the basis for the work presented in this
paper. JudaicaLink is built by extracting structured, multilin-
gual knowledge from different sources, e.g. various online
encyclopediae, gazeteers or handbooks. For each source, a
separate dataset is created to track data provenance. A main
task therefore is the interlinking and identity resolution of
entities across these datasets.

One challenge we face in this process is that the datasets
not only use different languages, but also different scripts,
such as Cyrillic and Hebrew. Often such barriers can be
overcome by common cross-lingual matching techniques as
exploitation of the entity context or multi-lingual sources
(particularly DBpedia) as intermediate link target. There
is, however, a substantial amount of library metadata with

Ihttp://wiki.dbpedia.org
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only little to none context and Hebrew authors’ names and
titles which are only in Romanized form without the original
Hebrew script. Therefore, it is not possible to identify them
in and link them to corresponding Hebrew resources easily.

To overcome this problem, we designed a reverse translit-
eration model which reconstructs the Hebrew script from
its Latin script. Having The Hebrew script enables us to find
the right match in the Hebrew resources, such as data from
the National Library of Israel?, and link the entities to their
corresponding matches. In doing this, we have to deal with
name similarities and also name duplicates.

In the remainder of this paper we briefly introduce Ju-
daicaLink, its data sources and infrastructure. Then we will
explain the reverse transliteration method that we have de-
veloped to deal with Hebrew names in Latin script and the
disambiguation procedure for linking the entities to their
correct corresponding entries in other resources.

2 JUDAICALINK

JudaicaLink® is a domain-specific knowledge base for Jew-
ish culture and studies. One of the main applications of Ju-
daicaLink is to act as a central reference point for the con-
textualization of metadata of library collections, i.e., entity
resolution within and linking of metadata to improve re-
source access and to provide richer context to the user.

Data sources and Infrastructure

Reference works such as encyclopediae and glossaries func-
tion as guides to specific scholarly domains and are therefore
highly relevant data sources for JudaicaLink, for example
the YIVO Encyclopedia of Jews in Eastern Europe?. By using
customized web scrapers, we extract structured data from
the article pages and turn every article into a linked and
described entity. Furthermore, subsets of other data sources
are added such as the Integrated Authority File (GND) of
the German National Librarys, the DBpedia or the Virtual
Internet Authority File (VIAF) ©. These sources not only pro-
vide additional data, they are also widely acknowledged as
authority data and therefore form linking targets for library
data from all over the world.

JudaicaLink is constantly developed and extended accord-
ing to the requirements at hand in our digital library contex-
tualization projects, such as the Specialized Subject Service
Jewish Studies’. Besides data on persons, it contains mainly
data on geographic places and events.

Zhttp://web.nli.org il/sites/nlis

3http://www.judaicalink.org

4http://yivoencyclopedia.org

Shttp://dnb.de

%Virtual International Authority File, Available: http:/viaf.org/viaf/data (ac-
cessed on 13. September 2018)

7Fachinformationsdienst Juedische Studien, http://jewishstudies.de
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All the code for extraction and data generation is available
open source via GitHub®. The extracted information is avail-
able as Linked Open Data (LOD) using the JudaicaLink ontol-
ogy’ and Pubby (DM2E version) as Web Frontend [1]. Dumps
are available in Turtle (Terse RDF Triple Language, TTL)!
from our website!l. Internally, the datasets are organized
as different named graphs. Links between the datasets are
mostly generated automatically and form datasets (linksets)
on their own. The complete knowledge graph can be accessed
as union graph containg all datasets via a public SPARQL
endpoint2,

The Challenge of the Hebrew Script

There are several challenges that arise while constructing the
datasets: unstructured data sources like online encyclopediae
need to be made available as structured data with stable
URISs, relevant subsets of general-purpose knowledge bases
have to be identified to fill the gaps between the specialized
resources and to provide further context, and last, to further
enrich our datasets, all data sources will be integrated and
interlinked, and the identified entities (persons) will be linked
to other resources which have further information about
these entities.

One of the main challenges in the process of linking Jew-
ish digital resources is the use of the Hebrew script. Today,
with the ubiquity of Unicode and the support for right-to-left
languages in modern software, dealing with the script itself
is trivial. There is a savor of irony that the greatest chal-
lenges with Hebrew script today arise from measures taken
by previous generations of curators to avoid using it because
they could not handle metadata in scripts not known to them
prior to the use of digital catalogs. As computers took over,
the difficulty of storing and presenting resources containing
multiple scripts remained until Unicode came to prominence,
so many cataloging systems have standardized on the conver-
sion of the original script into Latin script, a process known
as Romanization. For researchers, the absence of Hebrew
script in the metadata is a detriment. Researchers may not
be familiar with Romanization systems used by a resource.
Additionally, creating queries and sifting through results
in Romanization is more difficult than using native script.
Marquardt has written about these challenges and the status
of Romanized Hebrew metadata in various institutions at
great length [8]. Weinberg has also done an outstanding job
detailing the approach to Hebrew metadata specifically in

8https://github.com/wisslab/judaicalink-loader
https://github.com/wisslab/judaicalink-ontology/blob/master/judaicalink-
ontology.md

Ohttps://w3.org/TR/turtle/
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2http://www.judaicalink.org/search/
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the USA [12]. Today’s curators have recognized these prob-
lems, and more recent records for Hebrew entities contain
both Hebrew and Romanized forms. However, a great bulk of
older Hebrew metadata exist only in Romanized form and are
difficult to use or integrate them for other purposes. There-
fore, we have developed a system to reconstruct Hebrew
from Romanized text and, by integrating the Hebrew script
into our datasets which only had the Romanized form, made
the entities in these datasets more accessible and therefore
possible to be linked to other resources.

3 RECONSTRUCTION OF THE HEBREW FROM
THE ROMANIZATION

Relatively little has been written about the conversion of Ro-
manized Hebrew back to the original script. Typing common
Hebrew Romanization into Hebrew Google translate will
produce suggestions in Hebrew letters, though we have been
unable to find any information about their methodology.
There are also various attempts which are mostly presented
as interactive demos, but again there is no information about
their methodology and their performance quality'®. Ornan
and Leket-Mor have written about idealized Hebrew Roman-
ization schemes that would be both reversible and dialect
agnostic [9]. Unfortunately, such "ideal" systems do not exist
in real libraries. Bar and Dershowitz have done some ex-
cellent work on converting Judeo-Arabic (Arabic written in
Hebrew letters) to standard Arabic and, while not strictly
the same problem, it also deals with script conversion. Their
use of statistics for determining correct words has been in-
structive for our approach [2]. To our knowledge, there are
no publications aside from our own [3] that deal with the
conversion of Romanization into the original script from
real-world metadata. Reconstruction is non-trivial for two
reasons. First, none of the several systems of Romanization
in our local dataset can be deterministically converted to
the source script. In addition, Hebrew orthography is also a
source of ambiguity. Many words (and names not least) have
multiple traditional spellings. Our approach can be broken
into two steps:

(1) Deterministically generate every possible Hebrew form.

(2) Filter out implausible results and rank the remaining
forms, singling out the most probable result.

Form Generation

First, the Romanized word is split into tokens using our
Python library, Deromanize. Additional documentation about
how the Romanization standard is defined is available at
the project repository'*. Each token corresponds to one or

Bhttps://stevemorse.org/hebrew/eng2heb.html,
http://www.alittlehebrew.com/transliterate/, http://transliterate.com
14 https://github.com/FID-Judaica/deromanize
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more possible Hebrew conversion forms. The conversions are
created from predefined lists where more likely conversions
are given a higher rank."

sh a l 0 m
0 wlo-[0% 0100
10 X 3 -

10 X

Figure 1: tokens and possible conversions

Next, the Cartesian product over all conversion forms is
used to create all hypothetical Hebrew forms for the given
Romanized form. A normalized rank for each Hebrew form
is calculated based on the combined rank of the single to-
kens. Generating these products could theoretically be a
bottleneck, but it has not been in practice.

0.64‘0.16‘ 0.06 ‘ 0.06 ‘ 0.05 ‘ 0.03

m’vw‘ a7 ‘ nxbw‘ mbxw‘ ubxw‘ axoRY

Figure 2: tokens combined

Filtering

After all the forms have been generated by Deromanize, we
move on with filtering and further prioritizing these gen-
erated forms. Our initial work in this area was focused pri-
marily on the conversion of book titles [3] and now we have
expanded our work to conversion of authors names. In the
initial study, several filtering steps were tried for selecting
the best results. The simplest approach was to spell-check to
find the forms that are real words. As our earlier study de-
tails, spell checking by itself is not reliable when multiple real
words are produced. In the example in Figure 2, the top result
is the correct Hebrew form, but the second suggestion is also
a real word, shalem. In this case, the top suggestion would
still be correct because we factor in the predefined ranks,
but this is unreliable. Additionally, foreign words, traditional
spellings and personal names are not in a spelling dictionary.
We therefore created a specialized spelling dictionary of He-
brew personal names based on name elements from the NLI
authority data, as well as Hebrew data from VIAF. This dic-
tionary contains each name element and the number of times
it occurs in the datasets. However, personal names are still
problematic because many orthographic variations can exist

I5Note that this is not a probabilistic approach; Ranks are determined in
predefined lists which have been created by domain experts.
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for names which sound the same and therefore often also
share a Romanized form. In the case of Jewish names, they
may have Hebrew spellings as well as additional spellings
in Hebrew characters for the local Jewish dialects, such as
Yiddish, Ladino or Judeo-Arabic. The VIAF dataset was fur-
ther used to create a lookup table which contains forms of
the full name in other languages correlated to their Hebrew
forms. This is useful because our local authority data often
also has forms of the name in other languages. For example,
if we have the name "Mosheh ben Asher", Mosheh, ben and
Asher are all considered separate elements. We use the name
dictionary to verify generated forms for each element. A
Cartesian product is made of the top four forms for each
element, and each combination is tested against the results
from the full-name lookup, and those that match become
the top candidates. We then match the top three candidates
directly against names found in the NLI dataset.

4 RESULTS

For the evaluation of our reverse transliteration, we used
one of our multi-lingual datasets'® which contains 5,170 per-
son names both in Romanization and Hebrew script. Using
our approach, we produced the top-ranked Hebrew form
for each Romanized form and compared the result to the
Hebrew version in our data. With 3,878 matches, we reached
an accuracy of 75%.

Besides the names with Hebrew form, our dataset also
contains 9,474 person’s names where only the Romanized
form is available. To get a better understanding of the appli-
cability for entity disambiguation in our project, we used the
top three candidate forms to search for matches for these
names in NLI authority data'’. This way, at least one match-
ing entity could be obtained for 7,333 names (77.4%); 2,534
of these names had more than one match in the NLI data.
For disambiguation, we considered additional personal in-
formation such as date of birth and death, where available.
This way, we were able to select a single matching entity for
1085 records (42.8% of the duplicate names).

5 CONCLUSION

In this paper, we presented a novel approach for reverse
transliteration of Romanized Hebrew for the use case of en-
tity matching. With 75% correct reversions and over 77%
of matching candidates, we certainly have a good basis for
entity matching. Nevertheless, we want to focus on the miss-
ing 25% first: based on the results of the matching, we will
further refine the predefined lists and therefore the prioriti-
zation of our guesses. In contrast to general Hebrew texts,
that we used as starting point [3], the case of personal names

18http://www.judaicalink.org/datasets/ubffm-persons
17 182,447 persons, http://www.judaicalink.org/datasets/nli-persons
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presents special challenges and follows own rules. Regarding
the disambiguation and the actual entity matching, we will
investigate how existing information can be best used and
where we can obtain further context by bridging the script
barrier using our approach. Besides the existing open source
release, we also intend to make all of our tools available for
external use via a public API, so that the approach can easily
be tested on other data.
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