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Abstract. Serbian Lexical Web Service (SLaWS) is a resource-oriented web
service designed to offer multiple functionalities—including morphosyntactic,
lexicographic, and canonical text services—to create the backbone of a digital
humanities infrastructure for the Serbian language. In this paper, we describe a
key component of this service called Morpho-SLaWS, the atomic morphosyn-
tactic component of the service infrastructure. The goal of Morpho-SLaWs is to
offer a reliable, programmatic way of extracting morphosyntactic information
about word forms using a revised version of the MULTEXT-East specification.
As a service-oriented lexical tool, Morpho-SLaWS can be deployed in a variety
of contexts and combined with other linguistic and DH tools.
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1 Intro: A Language in Search of an Infrastructure

A recent white paper evaluating the state of the Serbian language technologies has
shown that Serbian rates poorly in most categories, including the quantity and avail-
ability of lexical resources (Vitas et al. 2012).1 The lack of easily accessible,
open-sourced language resources and ready-made frameworks for quantitative textual
analysis that take into consideration the specificities of Serbian morphology and syntax
has been a major stumbling block in the development of Serbian Digital Humanities.

Serbian Lexical Web Service (SLaWS) is a resource-oriented web service designed
to offer multiple functionalities, including morphosyntactic, lexicographic, and
canonical text services that are the backbone of a digital humanities infrastructure for
the Serbian language. In this paper, we focus on one key aspect of SLaWS:
Morpho-SLaWS, the atomic morphosyntactic component of the service infrastructure
and the API for the query-driven extraction of Serbian morphosyntactic data. The web
service and the API follow standard practices in the field of web-based language
resources, while also making provisions for the peculiarities of contemporary Serbian,

1 At the same time, it is important to keep in mind that Serbian is not the only language suffering from
the predicament of underdeveloped resources. “It is estimated that for most European languages,
“even the basic resources are not yet available.” (Váradi et al. 2008).
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such as active Cyrillic/Latin digraphia and substandard Latin orthographic practices in
computer-mediated communication.

Morpho-SLaWS is a flexible and easily pluggable Digital Humanities (DH) tool,
developed in conjunction with recent developments in language service infrastructures
(Ishida 2006; Váradi et al. 2008; Murakami et al. 2010) and the goals of interopera-
bility, collaborative creation, management, and sharing of language resources by means
of distributed architectures (Calzolari 2008). For an under-resourced language like
Serbian, Morpho-SLaWS (and the SLaWS Framework in general) represents a major
departure in the way language resources are conceptualized, developed, and dissemi-
nated. We see Morpho-SLaWS as part of a long-term effort to build an infrastructure,
which will encourage programmatic accessibility and manipulability of Serbian textual
data in various DH contexts, including text annotation, indexing, cross-referencing, text
analysis, and visualization.

2 The Infrastructural Turn in Digital Humanities

DH encompass a wide range of scholarly activities ranging from digital philology and
creation of digital editions to text mining, distant reading, algorithmic criticism (see
Ramsay 2011; Berry 2012; Gold 2012; Liu 2012). As a community of practice, digital
humanists deal with electronic text not as a static artifact, but rather as a complex,
multi-dimensional and multi-layered datasets that need to be analyzed, annotated, and
manipulated in order to produce new knowledge. It should come as no surprise that one
of the most important challenges facing Digital Humanities today is how to consolidate
and repurpose available tools; how to create reusable but flexible workflows; and,
ultimately, how to integrate and disseminate knowledge, instead of merely capturing it
and encapsulating it. This technical and intellectual shift is what makes the ‘infra-
structural turn’ in Digital Humanities.

The increasing appeal of web services in the context of this infrastructural turn is
both technical and social. On the technical level, web services let heterogeneous agents
dynamically access and reuse the same sets of data using application programming
interfaces (API) and standardized workflows. On the social level, web services help
overcome the problem of “shy data,” i.e., data you can “meet in public places but you
can’t take home with you.” (Cooper 2010) Designing DH projects in line with the
principles of the service-oriented architecture (SOA) is, therefore, an important step in
the creation of open scholarly ecosystems.

A growing number of large-scale, international projects is delineating the contours
of the infrastructural turn in digital humanities and related fields, in which web ser-
vices, APIs, and Open Linked Data play a significant role. Large European consortia
such as CLARIN and DARIAH coordinate and direct efforts in the realm of digital
research infrastructures for language technologies and digital arts and humanities.
Initiatives such as the Open Annotation Collaboration (OAC) and the Web Annotation
Working Group are working on data models and interoperability specifications for a
distributed Web annotation architecture (Hunter et al. 2010; Haslhofer et al. 2011;
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Sanderson et al. 2013). While emerging protocols such as the Canonical Text Services
(CTS) identify and retrieve XML-structured textual passages of Classical authors using
an URN scheme (Smith 2009; Tiepmar et al. 2014).

The trend of open, shareable, and easily accessible “infrastructuralized” data is
catching on in individual DH projects as well: Open Siddur’s API (Nosek 2013)
retrieves, for instance, Jewish liturgical resources, while Folger Digital Texts offers a
simple API to identify and retrieve words, lines, or other segments of Shakespeare
plays, concordances as well as the so-called witness scripts for individual characters,
i.e., portions of the play that characters witness by virtue of being on stage.2 The
correspSearch API provides access to metadata of diverse scholarly letter editions with
regard to senders, addresses, as well as places and time of origin.3 APIs are nowadays
used not only to deliver content but also to document and make easily accessible the
encoding choices made in creating digital editions (Holmes 2014).

3 Morphosyntactic Annotation in the Service of Serbian DH

We know from experience that serious textual work in Digital Humanities, especially
with highly inflected languages such as Serbian, cannot be imagined without mor-
phosyntactic analysis. Lemmatization, POS-tagging, and removal of function or most
frequent words are basic pre-requirements for a variety of DH practices, including, for
instance, annotating a scholarly digital edition, performing a quantitative analysis of a
collection of electronic texts, or topic modeling.

In view of both the state of the Serbian language technologies and the infrastruc-
tural turn in Digital Humanities, we judged it essential to invest both time and effort in
developing a web service that would help with some of those tasks.

As a web service compliant with the REpresentational state transfer (REST)
architecture (Richardson and Ruby 2007), Morpho-SLaWS provides a framework for
query-based extraction of morphosyntactic data over the network. It follows the
principles of Resource Oriented Architecture (ROA): it makes the components of the
underlying lexical dataset addressable through URIs; it uses the HTTP GET method to
retrieve a representation of the resource; and every HTTP request happens in stateless
isolation, which makes backend implementation and architectural integration much
simpler.

Compared to conventional XML transport mechanisms such as SOAP, RESTful
protocol provides a lighter solution, more suitable for an online infrastructure,
including light mobile solutions (see Muehlen et al. 2005). These aspects happen to be
particularly important for under-resourced languages, where communities of devel-
opers and crowdsourced editors can lead to significant improvements in resource
availability and quality.

2 http://www.folgerdigitaltexts.org/api.
3 http://correspsearch.bbaw.de/index.xql?id=api.
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4 Morpho-SLaWS

4.1 The Morpho-SLaWS Lexicon

The morphosyntactic dataset that forms the backbone of Morpho-SLaWS was origi-
nally developed as part of Transpoetika, a bilingualized, WordNet-based
Serbian-English dictionary (Tasovac 2009; Tasovac 2012). It has been extended over
time and used internally in various contexts including encoding and indexing of literary
texts (Tasovac and Ermolaev 2011a; Tacoвaц and Jepмoлaeв 2012) as well as dic-
tionary backends (Tasovac and Ermolaev 2011b; Чемерикић 2013).

The Morpho-SLaWS Lexicon (MSL) links individual word forms with their cor-
responding lemmas and morphosyntactic annotation. The MSL tagset relies on the
revision of the MULTEXT-East morphosyntactic specification (Erjavec 2010; Tasovac
and Petrović, forthcoming). The specification defines a formal set of feature structures
for annotating salient word-level grammatical properties for each of the languages
concerned. The specification also provides a mapping between its feature structures and
the so-called morphosyntactic descriptions (MSD)—a compact annotation scheme
which can be used in a variety of natural language processing tasks. For instance, the
MSD Ncnpg--n corresponds to the feature structure consisting of attribute-value
pairs Category = Noun, Type = common, Gender = neuter, Number = plu-
ral, animate = no.

The full paradigm of the Serbian noun пиcмo (letter) in the Morpho-SLaWS lex-
icon looks like this:

The MSL is itself under active development. As of this writing, it consists of 3,948,328
morphological entries for 114,932 lemmas. In comparison, the morphological dictio-
nary of the Serbian language in the LADL/DELA format (Krstev 2008) covers a total
of around 4.5 million word forms and 130,000 lemmas (Krstev et al. 2011).
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4.2 The Morpho-SLaWS Backend

The Morpho-SLaWS backend is implemented as a JavaScript service running in the
NodeJS runtime environment, supported by the light Express web application framework
and MongoDB persistent storage. MongoDB is a non-relational (NoSQL), schema-less,
document-oriented, persistent storage solution, which offers multiple benefits over
conventional storage solutions (Wei-ping 2011), such as architectural design patterns
greater scalability and standardized solutions for easier replication scenarios.

4.3 The Morpho-SLaWS API

Query Parameters

Method: GET.

https://api.slaws.info/v1/forms/wordForm?fields=apikey,limit,offset,filter,paradigm,
transliterate,strict,created_since,modified_since,form,lemma,ana
The following table outlines a list of possible parameters, indicating whether they are required
(y) or not (n), briefly describing their functions, default values and data types (Table 1).

Table 1. Morpho-SlaWS parameters

Parameter Req. Function Data
Type

apikey y API key String
limit n The maximum number of results to return. Default: 10. Number
offset n The pagination of results to return. Default: 0. Number
filter n Filters results based on the MSD notation. * returns all forms, N*

returns all nouns, Nc* all common nouns, Nps* proper nouns in
the singular, etc. Default: *.

String

paradigm n By default, the system returns the MSD for the queried word form.
If true, the system returns a full inflectional paradigm of the
word form, regardless of whether the requested word form is a
lemma or not.

/forms/pyкe?paradigm = false =>pyкe (gen. sg),
pyкe (nom. pl.), pyкe (acc. pl.)

/forms/pyкe?paradigm = true =>pyкa, pyкe, pyци,
pyкy, etc.
Default: false

Boolean

transliterate n Transliterate the requested word form from Latin to Cyrillic. This
does not affect the output. Default: false.

Boolean

strict n If transliterate is set to true and strict is set to false, the system
will try to match and offer results for loose transliteration:

/forms/reci?transliterate = true&strict =
true =>peци
/forms/reci?transliterate = true&strict =
false =>peци,

peћи, peчи.
Default: true

(Continued)
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Most of the parameters and functionalities described in the above table are
self-explanatory. Two of them, however, deserve special attention, as they address a
peculiarity of contemporary Serbian as an actively digraphic language, which can be
natively written in both Cyrillic and Latin alphabets (Magner 2001). The API provides
two parameters: transliterate and strict to accommodate this feature. The
former instructs the system to transliterate from Latin to Cyrillic:

etc. Unlike the transliteration from Cyrillic to Latin, which is unambiguous, the
transliteration from Latin to Cyrillic poses some additional difficulties. Cyrillic
graphemes љ, њ, and џ correspond to Latin digraphs: lj, nj, and dž. Unicode does
provide single characters for the Latin digraphs, but they are hardly ever used in word
processing and in web content. While in majority of cases, the Latin digraphs can be
safely transliterated to their monographic Cyrillic counterparts, there are exceptions
that require a digraphic Cyrillic representation: for instance, džak = џaк (dž = џ), but
nadživeti = нaдживeти (dž = дж).

The system deploys what we call a maximal transliteration approach: every
Latin-script word is internally transformed into all of its theoretically possible Cyrillic
representations: džak =>[џ|дж]aк and nadživeti becomes нa[џ|дж]ивeти; the
system then returns the results for all the forms that it has encountered in the lexicon.

A further difficulty for the processing of web-based Serbian texts is that a large
portion of Serbian speakers in computer mediated communication employs
non-standard orthographic practices, most notably the diacritic-free versions of Latin
graphemes č, ć, š, đ, ž, and dž (Брборић 2000; Ivković 2013). Keeping in mind that
diacritics in the Serbian Latin alphabet are markers of distinct phonemes rather than
accent marks, the substandard orthographic practices can interfere with morphosyn-
tactic annotation.

Table 1. (Continued)

Parameter Req. Function Data
Type

created_since n Either zero or the Unix timestamp. Default: 0. Returns entries
created since a given time and date.

Number

modified_since n Either zero or the Unix timestamp. Default: 0. Returns entries
modified since a given time and date.

Number

form n Include the requested word form in the response. Default: true. Boolean
lemma n Include the lemma of the requested word form in the response.

Default: true.
Boolean

msd n Include the morphosyntactic analysis of the form in the response.
Default: true.

Boolean
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As we saw above, Morpho-SLaWS can transliterate standard orthographic con-
ventions by employing a maximal approach to compensate for the potential graphemic
ambiguities. In cases of non-standard orthographic practices, the API accepts an
additional parameter, strict, to indicate whether the system should try or not to
resolve the potential substandard graphemic alternatives.

Setting the parameter strict to false will search for all possible substandard
transliterations and return those that have an entry in the lexicon: in the case of reci, the
client will receive MSDs for reci (peци), reći (peћи), and reči (peчи):

The system accounts for multiple orthographic mappings:

1. the “traditional” non-standard Latin: c => [cčć]; dj => [dj|đ]; s => [sš]; z => [zž];
dz => [dz|dž];

2. the “Anglicized” non-standard Latin: ch => [čć]; cj => ć; zh => ž; sh => š;
dzh =>dž;

3. the “telegraphic” non-standard Latin: cc => č; ch =>ć; zz => ž; ss => š; dzz = > dž;

Output Formats. Morpho-SLaWS returns lexicon entries in two formats: as JSON
objects and as TEI-XML documents.

JSON notation.
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TEI Notation. Entries from the Morpho-SLaWS Lexicon can also be returned as valid
TEI documents, consisting of a teiHeader (Fig. 1) and lexicon entries encoded as
TEI feature structures. The header, which is a required TEI element, provides basic
metadata about the service as well as the full request query (Fig. 2).

Fig. 1. TEI header response

Fig. 2. TEI body response
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5 Conclusion and Future Work

Currently, Morpho-SLaWS provides atomic access to the morphosyntactic lexicon
through the read-only GET interface. It is the first-ever such web service for the Serbian
language. It has been successfully tested with ongoing projects at the Belgrade Center
for Digital Humanities, including the Transpoetika Dictionary (Tasovac 2012),
LitTerra4, and Bukvik.5

Further work on Morpho-SLaWS will continue in two parallel tracks: technically,
we will focus on expanding the scope of the service, on the one hand, to cover batch
processing of both plain-text and TEI-encoded XML files; and, on the other, to handle
creating, updating and deleting resources. At the same, we will pursue the development
of API-based applications in the realm of collaborative editing, crowdsourcing and
gamification of annotation tasks and morphosyntactic disambiguation.
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