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1.0 Introduction

“Interoperability” had been a topic discussed in infor-
mation processing and exchange communities long before
the arrival of the internet, yet it has never been so critical
or of such great concern among so many communities as
it is in today’s digital information environment. The digital
age has encouraged the emergence of many knowledge or-
ganization systems (KOS) and new KOS types. It has also
brought a demand for interoperability to underpin activi-
ties along with emerging technologies, such as web set-
vices, the publishing, aggregation, and exchange of KOS
data via multiple media and formats, and behind-the-
scenes exploitation of controlled vocabularies in naviga-
tion, filtering, and expansion of searches across networked
repositories (Clarke and Zeng 2012). On a much broader
landscape, systems that provide or support data and infor-
mation management have been created everywhere. They
are built based on the prevailing needs of a domain, ot-
ganization, or application, embedding different contexts,
purposes, and scope decisions by different institutional
sponsors. Integration has become a way of life for many
organizations, and interoperation of systems across de-
partments and organizations has become essential (On-
tolog 2018).

Fundamentally, the ability to exchange services and data
with and among components of distributed systems or si-
los is contingent on agreements between requesters and
providers who need to have a common understanding of
the meanings of the requested services and data (Heiler
1995). A receiver of information needs to be able to inter-
pret or understand the contents in a manner relatively con-
sistent with the sender’s intended interpretation or mean-
ing to meet (common) opetational objectives (i.e., the con-
text for and of the information) (Fritzsche et al. 2017).
Such cooperative agreements are sought after at three lev-
els:

— Technical agreements cover, among other things: for-
mats, protocols, and security systems so that messages
can be exchanged.

— Content agreements cover data and metadata and in-
clude semantic agreements on the interpretation of in-
formation.

— Organizational agreements cover group rules for ac-
cess, preservation of collections and services, payment,
authentication, and so on (Arms et al. 2002).

In the digital information environment, interoperability be-
tween systems remains a ubiquitous need and expectation,
not only for professions dealing with information re-
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sources, but also businesses, organizations, research groups,
and individuals who seek to create optimal experiences,
minimize operational overhead, reduce costs, and drive fu-
ture innovations utilizing new technologies and resources
(Fritzsche et al. 2017).

Knowledge organization systems and services have
been the key for understanding and bridging these contex-
tual differences. Taking cases of information retrieval
across different systems, the expression in question may be
either a search query or part of the metadata associated
with a document. In both cases, inter-concept mapping is
the fundamental step. An expression formulated using one
KOS vocabulary would need to be converted to (or sup-
plemented by) a corresponding expression in one or more
other vocabularies (ISO 25964-1:2011). “Vocabularies can
support interoperability by including mappings to other
vocabularies, by presenting data in standard formats and
by using systems that support common computer proto-
cols” (ISO 25964-2:2013 Section 3. Terms and defini-
tions). The need can be seen from any of these situations

(NISO Z39.19-2005 Appendix A 10.1):

— Metasearching of multiple content resources using the
searcher’s preferred query vocabulary;

— Indexing of content in a domain using the controlled
vocabulary from another domain;

— Merging of two or more databases that have been in-
dexed using different controlled vocabularies;

— Merging of two or more controlled vocabularies to
form a new controlled vocabulary that will encompass
all the concepts and terms contained in the originals;
and

— Multiple language searching, indexing, and retrieval.

Meanwhile, existing KOS vocabularies differ with regard
to structure, domain, language, or granularity. The incom-
patibilities that occur at structural, conceptual, and termi-
nological levels of KOS directly impact multiple resource
searching (Iyer and Giguere 1995). KOS interoperability
forms an essence for overall interoperability research and
practices, as determined by the ISO 25964 Thesauri and In-
tergperability with other ocabularies and other standards prior
to it.

This article presents the major viewpoints of interop-
erability, with the focus on semantic interoperability. After
presenting the definitions and introducing standards, ap-
proaches to achieving interoperability as demonstrated in
standards and best practices, projects, and products in the
broad domain of knowledge organization are discussed.
Figures and tables are created and used to help the inter-
pretation of the major interoperability approaches. Addi-
tional examples are used with sources provided.

2.0 Definitions

ISO 25964 Thesauri and Interoperability with other V'ocabularies
defines interoperability as the “ability of two or more sys-
tems ot components to exchange information and to use
the information that has been exchanged” (ISO 25964-
2:2013). Addressing the involved components and results,
NISO (2004) states that “interoperability is the ability of
multiple systems with different hardware and software
platforms, data structures, and interfaces to exchange data
with minimal loss of content and functionality.” Other
definitions note “use” in addition to “exchange”; thus, in-
teroperability is considered as the ability of two or more
systems or components to exchange information and data
and use the exchanged information and data without spe-
cial effort by either system or without any special manipu-
lation (CC:DA 2000; Taylor 2004).

Witnessing the web and distributed computing infra-
structures gaining in popularity as a means of communi-
cation, Sheth (1998) brought attention to the changing fo-
cus on interoperability in information systems since the
mid 1980s: from system, syntax, and structure to seman-
tics. Ouksel and Sheth (1999) further laid out four types of
heterogeneity corresponding to four types of potential in-
teroperability issues:

— System: incompatibilities between hardware and oper-
ating systems.

— Syntactic: differences in encodings and representation.

— Structural: variances in data models, data structures, and
schemas.

— Semantic: inconsistencies in terminology and meanings.

In the KO-related domains, interoperability panoramas are
normally highlighted on three of these four types: syntac-
tic, structural, and semantic (Moen 2001, Obrst 2003). In
the book The Organization of Information, Joudrey and Taylor
(2017, 189) expressed that “without interoperability on all
three levels, metadata cannot be shared effortlessly, effi-
ciently, or profitably.” Without syntactic interoperability,
data and information cannot be handled propetly with re-
gard to formats, encodings, properties, values, and data
types; and therefore, they can neither be merged nor ex-
changed. Without semantic interoperability, the meaning
of the language, terminology, and metadata values used
cannot be negotiated or correctly understood (Koch
20006). Varying degrees of semantic expressivity can be
matched with different types: low at syntactic interopera-
bility, medium at structural interoperability, and high or
very high at semantic interoperability (Obrst 2003).

With semantic interoperability, the expanded notion of
data includes semantics and context, thereby transforming
data into information. This transition both broadens and
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deepens the foundation for all other integration approaches,
blending semantic interoperability within various levels of
interoperability: data, process, services/interface, applica-
tions, taxonomy, policies and rules, and social networks (Pol-
lock and Hodgson 2004). Based on the characterizations
specified by previous researchers, semantic interoperability
can be defined as the ability of different agents, services, and
applications to communicate (in the form of transfer, ex-
change, transformation, mediation, migration, integration,
etc.) data, information, and knowledge—while ensuring ac-
curacy and preserving the meaning of that same data, infor-
mation, and knowledge (Zeng and Chan 2010/2015).

3.0 Standards and recommendations

Standards and best practice recommendations have been
developed globally. This section presents selected stand-
ards and recommendations that address interoperability is-
sues, corresponding to the four layers that have been high-
lighted by researchers and communities (Figure 1)(refer to
“Section 2 Definitions” above; Ouksel and Sheth 1999;
Adebesin et al. 2013; Obrst 2003; Ontolog 2018).

3.1 System layer

Starting from the base, interoperability at the system layer
addresses issues on incompatibilities between hardware
and operating systems for the technical exchange of data
through networks, computers, applications, and web set-

Semantic
(data context)

vices. A few examples of recommendations developed in
the 2010s and that are closely connected to information
providers are introduced here:

— The IIF (International Image Interoperability Frame-
work) Consortium has defined a set of common API
(application programming interfaces) specifications
that support interoperability between image reposito-
ries. The four APIs developed in the 2010s are: 1) Image
API; 2) Presentation API; 3) Authentication API; and,
4) Search API (http://iiif.io/technical-details/). Major
software of image viewers and image servers support
IIIF APIs.

— The Research Data Alliance (RDA) is a community-
driven international organization established in 2013.
RDA’s Research Data Repository Interoperability Work-
ing Group released its “Research Data Repository In-
teroperability WG Final Recommendations” recently (re-
view period 26 June, 2018 to 26 July, 2018 DOI:10.15
497/RDA00025). The majot components are: 1) a gen-
eral exchange format based on the well-known specifica-
tion of Baglt (a hierarchical file packaging format for
storage and transfer of arbitrary digital content) and
complemented with Baglt Profiles; and, 2) a specification
defining how to describe the internal structure of Baglt-
based packages.

— “Data on the Web Best Practices” (W3C Recommenda-
tion 31 January 2017) presents the best practices related
to the publication and usage of data on the web. “In-
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Figure 1. Standards and recommendations addressing interoperability issues.
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teroperability” is one of the benchmarks of benefits
that data publishers will gain. The recommendation
aligns interoperability with eight best practices (summa-
rized at Section 11 in this W3C Recommendation). It
also emphasizes that, to promote the interoperability
among datasets, it is important to adopt data vocabular-

ies and standards (https://www.w3.org/TR/dwbp/).
3.2 Syntactic layer

Syntactic issues that directly impact any interoperability ef-
fort are the differences in encoding, decoding, and repre-
sentation of data. The most important data language
standards that enable the exchange of data through com-
mon data formats ate the W3C (World Wide Web Consot-
tium) official recommendations developed for the seman-
tic web.

The widely applied W3C standards in KOS vocabular-
ies and data exchanges in the semantic web include:

— Resource Description Framework (RDF), a standard
model for data interchange on the web (https://www.
w3.org/RDF/).

— RDF Schema (RDES), a semantic extension of RDE
RDFS provides mechanisms for describing groups of
related resources and the relationships between these
resoutces (https://www.w3.otg/TR/tdf-schema/).

— Web Ontology Language (OWL), a semantic web lan-
guage designed to represent rich and complex knowledge
about things, groups of things, and relations between
things. OWL documents are known as ontologies
(https:/ /www.w3.org/ OWL/).

— Simple Knowledge Organization Systems (SKOS), a
common data model for sharing and linking KOS via
the semantic web. SKOS became a W3C recommenda-
tion in 2009. Its development was based on the ISO
guidelines for developing monolingual thesauri [ISO
2788 (1974 and 1986)] and multilingual thesauri [ISO
5964 (1985)]. In developing SKOS, “Correspondences
between ISO 2788/5964 and SKOS constructs” were
developed (https://www.w3.0rg/2004/02/skos/).

— SKOS eXtension for Labels (SKOS-XL), released in
2009, defines an extension for SKOS, providing addi-
tional support for describing and linking lexical entities
(https:/ /www.w3.org/ TR/ skos-reference/skos-xLhtml) .

— After the publishing of ISO 25964 Thesauri and Interop-
erability with Other Vocabularies Part 1 in 2011, an ISO
25964 SKOS extension (iso-thes) was initiated. A corre-
spondence table between ISO 25964 (which replaces
ISO 2788 and 5964) and SKOS/SKOS-XL models was
generated. In addition, a set of extensions (e.g;, a class
of “iso-thes:CompoundEquivalence,” a number of
sub-classes of “skos-xl:Label,” and properties for prov-

enance and management use) wete proposed (Isaac
2013; ISO 25964) (https:/ /www.niso.otg/schemas/iso
25964).

3.3 Structural layer

Information architectural variances in data frameworks,
data models, data structures, and schemas add another
layer of interoperability challenges. In the efforts to enable
the exchange of data through pre-defined structures, con-
ceptual models have been established by LAM (library, ar-
chive and museum) communities in the digital age. Con-
ceptual models are independent of any particular encoding
syntax and application systems. These are best seen from
community standards developed for creating structured
data and providing access to information resources in var-
ious LAM communities.

— IFLA LRM (Library Reference Model), a model for-
mally adopted by IFLA Professional Committee in Aug,
2017 that consolidated three IFLA FRBR family mod-
els and covers all aspects of bibliographic data (refer to
Zumer 2018).

— DCMI Abstract Model, 2 Dublin Core Metadata Initia-
tive (DCMI) Recommendation (2007) specifying the
components and constructs used in Dublin Core
metadata (Powell et al. 2007).

— BibFrame (Bibliographic Framework), a new model
(version 2.0, 2016) initiated by the Library of Congress
for describing bibliographic data.

— CIDOC-CRM, the Conceptual Reference Model
(CRM) produced by the International Committee for
Documentation (CIDOC) of the International Council
of Museums (ICOM) for desctibing the implicit and ex-
plicit concepts and relationships used in cultural herit-
age documentation (version 6.2.3, 2018).

— RiC-CM (Records in Context conceptual model), first
draft released in September 2016 by the International
Council on Archives” Experts Group on Archival De-
scription (refer to Bountouri 2017 Chapter 6).

— Many domain models and profiles have been developed
under the umbrella of a conceptual model in order to
ensure consistency and comprehension as well as in-
teroperability across domains of LLAMs and go beyond
the restricted silos. A significant effort is a streamlined
profile of CIDOC-CRM, named Linked Art Profile of
CIDOC-CRM.

3.4 Semantic layer
Semantic interoperability/integration is basically driven by

the communication of coherent purpose. In the practice
of integration and achieving interoperability, multiple con-
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texts (including but not limited to time, spatial frame, trust,
and terminology) have to be addressed. Their similarities,
differences, and relationships must be understood. In gen-
eral, a context is commonly understood to be the circum-
stances that form the setting for an event, statement, pro-
cess, or idea, and in terms of which the event, statement,
process, or idea can be understood and assessed. While di-
verse and complicated in defining what “contexts” means,
there could be guidelines to help make explicit some as-
pects of a context when using a particular development
methodology (Ontolog 2018).

ISO 25964 Thesanri and Interoperability with other 1 ocabu-
laries contains two parts; Part 2 (ISO 25964-2:2013) is de-
voted to the interoperability of thesauri with other types
of KOS (Table 1). The principles and practice of mapping
are its prime focus. The scope includes interoperability of
thesauri with classification schemes, taxonomies, subject
heading schemes, ontologies, terminologies, name author-
ity lists and synonym rings. The specification covers the
details of the features and functions of thesauri and other
common types of KOS, which then lead to the best prac-
tice guides of mapping between thesauri and other types
of KOS vocabularies. In the standard, semantic compo-
nents and relationships of each of these types are com-
pared with thesaurus components (refer to ISO 25964-2,
Section 17 to 24).

Having standards and best practice recommendations
does not imply that every KOS would be created with a

global consistency. Achieving a balance between ensuring
semantic interoperability and addressing particular (e.g., lo-
cal) information needs is a reality. Confronting the global
consistency vs. a multiplicity of modules, John Sowa
(2006) explained Wittgenstein’s theory of “language
games,” which allow words to have different senses in dif-
ferent contexts, applications, or modes of use. Meanwhile,
Sowa indicated newer developments in lexical semantics
based on the recognition that words have an open-ended
number of dynamically changing and context-dependent
“microsenses.” Thus, a lattice of theoties would be able to
accommodate both: supporting modularity by permitting
the development of independent modules, while including
all possible generalizations and combinations. The result-
ing flexibility enables natural languages to adapt to any
possible subject from any perspective for any humanly
conceivable purpose (Sowa 2006). Comparably, Svenonius
(2004) looked at the epistemological foundations of
knowledge representations embodied in retrieval lan-
guages and considered questions such as the validity of
knowledge representations and their effectiveness for the
purposes of retrieval and automation. The representations
of knowledge she considered were derived from three the-
ories of meaning, all have dominated twentieth century
philosophy: operationalism, the referential or picture the-
ory of meaning, and the contextual or instrumental theory
of meaning. Her conclusion is that, in the design of a re-
trieval language, a trade-off exists between the degree to

Coverage of ISO 25964-2’s recommendations for

interoperability

Between — classification schemes [used by libraries (whether physical or

thesauri —

electronic) or bibliographic databases]
classification schemes used for records management (within business

and: context, e.g., functional classification, file plan, business scheme)

ontologies

name authority lists

_ synonym rings

subject heading schemes

taxonomies (in networked environment, for organizing web pages and
portals; a category label usually is not accompanied by notation.)

terminologies (E.g., glossaries and term bases)

Table 1. Coverage of ISO 25964-2’s recommendations for interoperability between thesauri and other types of KOS.
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which the language is to be formalized and the degree to
which it is to be reflective of language use (Svenonius
2004). Focusing on thesauri’s structure and functional de-
signs, Mazzocchi (2016) provided a comprehensive analy-
sis of different theoretical approaches to meaning, as pre-
sented by important scholars, ranging from Wittgenstein
to Svenonius, Sowa, Hjerland, Soergel, and others. The
different perspectives on the nature and representation of
meaning could lead to different ways of designing the se-
mantic structures of thesauri.

The Ontology Summit 2016 Communiqué pointed out
that “both syntactic and semantic interoperability across
systems and applications are necessary. In practice, how-
ever, Semantic Interoperability (SI) is difficult to achieve”
(Fritzsche et al. 2017). There is a need to maximize the
amount of semantics that can be utilized and to make it
increasingly explicit (Obrst 2003). Knowledge organiza-
tion systems have been recognized as prerequisites to en-
hanced semantic interoperability (Patel et al. 2005). The
approaches to be discussed in the following sections
mainly aim at the semantic interoperability level.

4.0 Interoperability approaches in KOS vocabulary
development

Establishing and improving semantic interoperability in
the whole information life cycle always requires the use of
KOSs (Tudhope and Binding 2004). Sometimes new vo-
cabularies need to be created (or extracted) first. In other
cases, existing vocabularies need to be transformed,
mapped, or merged (Patel et al. 2005). KOS is a generic
term used for referring to a wide range of types, including
classification schemes, gazetteers, lexical databases, taxon-
omies, thesauri, ontologies and other types of schemes, all
designed to support the organization of knowledge and
information in order to make their management and re-
trieval easier (Mazzocchi 2018). Individual KOS instances
are referred as “KOS vocabularies” (to differentiate from
“metadata vocabularies”) in this article. Using the termi-
nology of the linked open data (LOD) communities, KOS
vocabularies are used as “value vocabularies” (which are
distinguished from the “property vocabularies” like
metadata element sets). This term refers to its usage in the
RDF-based models where the “resource, property-type,
property-value” triples benefit from a controlled list of al-
lowed values for an element in structured data (Isaac et al.
2011).

In the following sub-sections, KOS vocabulary devel-
opment is the focus. The projects mentioned in this sec-
tion are examples only (longer discussions can be found
from Zeng and Chan, 2004; 2010). The various approaches
are not exclusive and, in fact, can be complementary.

4.1 Derivation
4.1.1 Derived vocabularies

A new vocabulary may be derived from an existing vocab-
ulary, which is seen as a “source” or “model” vocabulary.
This ensures a similar basic structure and context while al-
lowing different components to vary in both depth and
detail for the individual vocabularties. Specific derivation
methods may include adaptation, modification, expansion,
partial adaptation, and translation. In each case, the new
vocabulary is dependent upon the source vocabulary (see
Figure 2).
For example:

— Faceted Application of Subject Terminology (EAST) htep://
fast.oclc.org/, a joint vocabulary effort of OCLC and Li-
brary of Congress, derives its contents from the Library
of Congress Subject Headings (LCS H) and modifies the syn-
tax to enable a post-coordinate mechanism (Chan et al.
2001).

— In addition to the multilingual Arz and Architecture Thesan-
rus (AAT) master version, multiple translated versions
are hosted at different countries (Refer to ZAEE
BBZEZ 5/ (htp:/ /aatteldap.tw); The Dutch Art & Ar-
chitecture Thesanrus (AAT-Ned) (http://website.aat-ned.
al/home); AAT Deutsch (http:/ /www.aat-deutsch.de/),
and Tesanro de Arte & Arguitectura (btip:/ | www.aatespanol.
¢t/ taa/ publico/ buscar.btm)). Vatiations could exist in the
coverage, updates, candidate concepts and terms, as well
as semantic relationships.

— The Dewey Decimal Classification (DDC) has been trans-
lated into more than thirty languages and serves library
users in more than 135 countries worldwide. Some are
partial adaptations or partial translations (https://www.
oclc.otg/en/dewey/ features/summatries.html).

A variation might include the adaptation of an existing vo-
cabulary, with slight modifications to accommodate local
or specific needs (Figure 2). A derived vocabulary could
also become the source of a new vocabulary (as in the case
of some translated vocabularies).

4.1.2 Microthesaurus

A designated subset of a thesaurus that is capable of func-
tioning as a complete thesaurus is called a microthesaurus
(ISO 25964-2:2013). It is different from the derived vocab-
ularies that are made through adaptation, modification, ex-
pansion, and translation, as discussed in the previous sec-
tion. Depending on the original design, the answer to the
question, “Can a microthesaurus be made from an existing
thesaurus?” could be: yes, maybe, no, or not directly. The
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Derivation of New Vocabularies from a Source Vocabulary
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Figure 2. Derivation of new vocabularies from a source vocabulary (Zeng and Chan 2010, 4651).

alphabetically organized vocabularies that were initially de-
signed with a flat structure, even having some broader and
narrower context, may not be easily used to generate mi-
crothesauri. In general, KOS vocabularies that are good
resources for generating microthesauri would have: a clas-
sificatory structure (e.g, Enrol e, a faceted structure (e.g,,
AAT, EAST), or deep hierarchies (e.g., AAT, NASA The-
saurus, STW Thesanrus for Economics).
For example:

— Eurol’pc, the multilingual, multidisciplinary thesaurus
covering the activities of the EU, is split into twenty-
one domains and 127 microthesauri in its 4.4 (2015)
version. A microthesaurus is considered by Eurol/oc as
a concept scheme with a subset of the concepts that are
part of the complete Enrol’oc thesaurus (http://eu-
rovoc.europa.cu/100141).

— The CHIN Guide to Museum Standards (2017) of the
Canadian Heritage Information Network comprises a
section of “Vocabulary (Data Value Standards),” which
lists dozens of recommended vocabularies. Individual
vocabularies listed under various domains contain those

RENNT3

from AAT facets (e.g, “objects;” “agents;” “styles and

periods;” “materials;” and physical attributes”) and
AAT hierarchies (e.g., “processes and techniques” hier-

archy and “disciplines” hierarchy). These can be consid-

ered as microthesauti (https://www.canada.ca/en/het-
itage-information-network/services/ collections-docu-
mentation-standards/chin-guide-museum-stand-
ards/vocabulary-data-value.html).

— Since 2014, AATs linked data SPARQL endpoint
(http:/ /vocab.getty.edu/) makes it possible for anyone
to generate a microthesaurus dataset (e.g., “object gen-
res” or a smaller unit of “object genres by function”)
easily in just a few seconds, encompassing concept
URIs, labels, and semantic relationships represented as
linked data datasets and downloadable in multiple for-
mats. Such a function opens the door for any digital col-
lection that needs standardized controlled vocabularies
in linked data format (instructions of how to obtain
data using SPARQL for creating a microthesaurus can
be found in Zeng 2018).

It should be acknowledged that, creating derived vocabu-
laries and microthesauri have become widely used ap-
proaches today as LOD gains its momentum. The demand
can be seen from these scenarios. Many projects for digital
humanities are able to create LOD datasets using existing
unstructured and structured data resources. The linking
points are primarily the concepts and named entities, i.e.,
identifiable things including people, organizations, places,
events, objects, concepts, and virtually anything that can be
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represented in structured data, as demonstrated by the ex-
amples from Binding and Tudhope (2016). In the RDF tri-
ples (subject-predicate-object), these concepts and named
entities occupy the positions of “subject” and “object.”
Nevertheless, for a dataset to be qualified as LOD, identi-
fied entities need to be named with URIs. Thus, KOSs that
have been released/published as LOD are populat re-
sources for the LOD dataset producers to use. Depending
on the situation, the usage of LOD KOSs might involve
multiple choices and steps. In general, making a new vo-
cabulary through the derivation method or creating a mi-
crothesaurus from a LOD KOS is common (Zeng and
Mayr 2018).

4.2 Expansion

Even within a particular information community, there are
different user requirements and distinctive local needs. The
details provided in a particular vocabulary may not meet
the needs of all user groups. Two practical approaches to
expansions are highlighted below (Figure 3): leaf nodes
and satellite vocabularies.

4.2.1 Leaf nodes

In thesaurus and classification development, a method
known as leaf nodes has been used in which extended
schemes for subtopics are presented as the nodes of a tree
structure in an upper vocabulary. When a leaf node (e.g,

Leaf node

Leaf nodes and
external vocabularies

“wetlands”) is in one thesaurus, and more specific subtop-
ics of that concept exist in a specialized vocabulary or clas-
sification system (e.g, “Wetlands Classification Scheme”),
then the leaf node can refer to that specialized scheme
(Zeng and Chan 2004). On the other hand, a new vocabu-
lary can be built on the basis of more than one existing
vocabulary. A major task of the developers is to not be un-
necessarily redundant. Rather, their primary role is to ex-
tend from the “nodes” and grow localized vocabulary
“leaves” (see Figure 3). The leaf nodes approach can be
used in small vocabularies or very large domains, and the
specialized portion can have different languages or nomens.
By definition, nomen (defined as “an association between an
entity and a designation that refers to it”) is the appellation
used to refer to an instance of 7es (defined as “any entity in
the universe of discourse”) (Zumer 2018). To explain, a 70-
men can be any sign or sequence of signs (alphanumeric
characters, symbols, sound, etc.) that a res is known by, re-
ferred to, or addressed as (Zeng, Zumer and Salaba 2010).

For example:

— DDC, when used by various countries, may have exten-
sions in a non-English edition for certain classes in or-
der to meet the local needs, as demonstrated in a figure
in the article of Mitchell et al. (2014). Each subclass is
represented by edition-specific nomens. The nomens are
valid within the edition with the expanded hierarchy
only (Figure 4).

P, N

A super structure and its
Satellite vocabularies

Figure 3. Leaf node linking and satellites (Zeng and Chan 2010, 4652 with updates).
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T2—4888 (22/eng)

T2--4888 Norrbotten County (Norrbottens l&n) s

120 Table 2. Geographic Areas, Historical Periods, Persons

T2--3-12-8 Specific continents, countries, localities
extraterrestnal worlds

12-4.T2-9 Modem world. extratemestrial worlds

-4 Europe 'Westem Europe

12-48 Scandinava

T2-486-T2--488 Divisions of Sweden

T2-488 Northern Sweden (Norrland)

T2-4888 Norrbotten County (Norrbottens lan)

Notes

Including "Lappland province (Lappland landskap). Norrbotlen province
(Norrbotten landskap)

*For a specific part of this junsdiction;
follow instructions under 12-4-T2-9

. or feature, see the part and

T2—4888+ (22/swe)

T2-4888 Norrbottens lan
T2--48887 Vastra Norrbottens lan

T2-488872 Anidsjaurs kommun

T2-488874 Arjeplogs kommun

T2-488875 Jokkmokks kommun

T2-48887 Gallivare kommun

T2-4 7 Kiruna kommun

Notes ¥

Klassificera har landskapet *Lappland

*For sarskilda delar av defta geografiska omrade se
delen och folj anvisningarna under 12—-4-12-9

T2.48884  Ostra Norrbottens Ian

T2-488841 Pite3 kommun
12-488842 Luled kommun
12-488843  Kalix kommun
T2-488844 Haparanda kommun
T2-488845 Overtorne4 kommun
T2-488846 Pajala kommun

1248884 Overkalix kommun

12-438848 Bodens kommun
12-48884 Alvsbyns kommun
Notes -

Klassificera har landskapet Norrbotten

Figure 4. Example of leaf nodes, as demonstrated by a non-English edition of DDC. (Mitchell, Zeng, and Zumer 2014, 95)

4.2.2 Satellite vocabularies

With careful collaboration and management, satellite vo-
cabularies can be developed around a superstructure in or-
der to meet the needs of managing specialized materials or
areas. Satellites under a superstructure are usually devel-
oped deliberately as an integrated unit and require top-
down collaboration for management.

For example:

— LCSH-based vocabularies include the Legislative Indexing
Vocabulary (LIV), the Thesanrus for Graphic Materials
(I'GM), the Global 1 egal Information Network (GLIN) the-
saurus, LC Medium of Performance Thesanrus for Music, 1L.C
Children’s Subject Headings, etc. A significant satellite
vocabulary of LCSH is the Library of Congress Genre/
Form  Thesaurus  for  Library and  Archival Materials
(LCGFT), which assumed its title in June 2010
(http://id.loc.gov/).

— The Forum on Information Standards in Heritage
(FISH) Thesauri of Historic England are composed of
several separate online thesauri for monument types: “ar-
chaeological objects,” “building materials,” “defense of
Britain,”

components,” “maritime place names,” “mari-

2 ¢ »

time craft types,” “maritime cargo,” “evidence thesau

PENNTS

rus,” “archaeological sciences,

< 2

event types,” “resource
description thesaurus,” and “historic aircraft types.”
These thesauri are displayed in an integrated space on the
FISH Thesauri web site. Terms are grouped by classes
rather than by broadest terms (top term) and are cross-
linked within each thesaurus. The classes are not part of
a normal thesaurus hierarchy structure (http://thesau-
rus.historicengland.org.uk/newuser.htm).

4.2.3 Open umbrella structure

An alternative approach that has products similar to satellite
vocabularies moves from a different direction, aiming to
plug-in different pieces to an existing open umbrella struc-
ture. The reason is that, in the example of ontology devel-
opment, the upper level of an ontology (i.e., the more gen-
eral concepts) is more fundamental for information integra-
tion. Automatic methods may be used for the semantic or-
ganization of lower-level terminology. The responsibility of
ensuring interoperability is that of the developers who will
create the plug-ins to coordinate under the umbrella.

Putting the ontologies of special interest aside, Patel et
al. (2005) established a three-tier structure of upper--core-
-domain ontologies:
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1) Upper ontologies define basic, domain-independent
concepts as well as relationships among them.

2) Core (or intermediate) ontologies are essentially the up-
per ontologies for broad application domains (e.g., the
audiovisual domain). They may help in making real-
world decisions for which upper ontologies may fall
short for certain problem domains.

3) Domain ontologies, in which concepts and relationships
used in specific application domains are defined (e.g, a
“goal” in the soccer video domain). Patel et al. (2005)
explain that the concepts defined in domain ontologies
would correspond to the concepts and relationships es-
tablished in both upper and core ontologies, which may
be extended with the addition of domain knowledge

(Figure 5).

The UK Digital Curation Center’s Digital Curation Mannal:
Installment on “Ontologies” (Doerr 2008) recommends that the
editors of KOSs first agree on a common upper-level on-
tology across disciplines in order to guarantee interoperabil-
ity at the fundamental and functional levels. On the other
hand, Tudhope and Binding (2008) advise that it is im-
portant to fully grasp the conditions and cost-benefit ratio
of connecting an upper ontology and domain KOS: 1) the
intended purpose—indexing and retrieval vs. automatic in-
ferencing; 2) the alignment of the ontology and domain
KOS; 3) the number of different KOS structures intended
to be modeled; and, 4) the use cases to be supported.
Examples of upper ontologies:

— The Upper Cyc® Ontology was released in 1996
(http://goo.gl/3zhKfs) based on a giant knowledge

base developed in the past two decades. It covers ap-
proximately 3,000 terms capturing the most general
concepts of human consensus reality that satisfy two
important criteria: universal and articulate (i.e., neces-
sary and sufficient).

— Suggested Uppet Metged Ontology (SUMO) (http://
www.adampease.org/OP/), released in Dec. 2000 as an
open source ontology, was focused on meta-level con-
cepts (i.e., general entities that do not belong to a spe-
cific problem domain). It has been mapped to all of the
WordNet lexicon and provides not only the largest
open formal ontology but also multilingual language
generation template and navigation tools.

— Basic Formal Ontology (BFO) (http:/ /ifomis.uni-saarland.
de/bfo/), though considered a smaller genuine upper
ontology, has been used by more than 250 ontology-
driven endeavors throughout the world.

4.3 Integration/Combination

New KOS vocabularies with supporting services can be
created with multiple resources combined in a new KOS
while the original sources and definitions are maintained.
Such an approach is bottom-up, as demonstrated by the
following examples. The Unified Medical Language Sys-
tem® (UMLS) Metathesanrus has its scope determined by
the combined scope of its source vocabularies. The Tax-
MeOn meta-vocabulary enables the management of het-
erogeneous biological name collections and is not tied to a
single “authority” system (Figure 6).

Upper ontology

Core / Intermediate ontologies

Domain ontologies Domain ontologies

Core / Intermediate ontologies

Domain ontologies Domain ontologies

Figure 5. Intermediate and domain vocabularies plugged-in under an open umbrella structure (Zeng and Chan 2010, 4653).
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Figure 6. Multiple source vocabularies lead to a meta-vocabulary.

4.3.1 Metathesaurus

A name used by the UMLS, a metathesaurus represents a
kind of interoperability approach in which the scope of
the KOS vocabulary and system is determined by the com-
bined scope of its source vocabularies. An important step
is to assign several types of unique and permanent identi-
fiers to the concepts, concept names, and relationships be-
tween concepts, thus the meanings, concept names, and
relationships from each vocabulary are preserved while
unified in the metathesaurus.

For example:

Metathesanrus of UMLS, started in 1986 at the U.S. Na-
tional Library of Medicine (NLM), is one of the three
major UMLS products: Mezathesanrus, the Semantic Net-
work, and the SPECLALIST Lexicon and Lexical Tools. Me-
tathesanrus is a large biomedical thesaurus with links to
similar names for the same concept from more than 100
different KOS vocabularies in the world, including over
130 English and nineteen non-English KOS vocabularies
as of June 2018. Many relationships (primarily for syno-
nyms), concept attributes, and some concept names are
added by the NLM during Metathesanrus creation and
maintenance, but essentially all the concepts themselves
come from one or more of the source vocabularies. Gen-
erally, if a concept does not appear in any of the source
vocabularies, it will also not appear in the Metathesaurus
(NLM 2009: section 2.1.1). It is a pioneer of using iden-
tifiers for the concepts and concept names it contains, in
addition to retaining all identifiers that are present in the
source vocabularies. It also identifies useful relationships
between concepts and preserves the meanings, concept
names, and relationships from each vocabulary. (Refer to
the webpage https://www.alm.nih.gov/research/umls/
knowledge_sources/metathesaurus/ and the UMLS Ref
erence Manual on Metathesanrus for details from Chapter 2,
National Library of Medicine 2009).

4.3.2 Heterogeneous meta-vocabulary

Similar to the metathesaurus discussed above, sometimes
the situation involves creating a heterogeneous meta-vo-

cabulary that supports the representation of changes and
differing opinions of certain concepts. Taking biology as
an example, the positions of species and the nomenclature
in scientific taxonomies involve a lot of changes, which di-
rectly impact the access to the publications and data asso-
ciated with them in different time periods.

For example:

TaxMeOn is a heterogeneous meta-vocabulary for bio-
logical names built by Tuominen, Laurenne, and
Hyvonen (2011). The datasets utilized in the study con-
sist of twenty published species checklists that cover
mainly northern European mammals, birds, and several
groups of insects, resulting in about 78,000 taxon names.
The TaxMeOn ontology schema contains twelve onto-
logical classes with forty-nine subclasses. The represen-
tation of the dataset encompasses these contents: 1) the
different conceptions of a zaxon; 2) the temporal order
of the changes; and, 3) the references to scientific publi-
cations whose results justify these changes (Refer to Tax-
MeOn site for an example http://onki.fi/onkiskos/
cerambycids/).

The direct application of the taxon meta-ontology model
that allows multilingual, different opinions for the biolog-
ical taxonomy concept and nomenclature in a unified view
can be beneficial to the researchers of biology. The de-
tailed data can be further linked to other datasets with less
taxonomic information, such as species checklists, and
provide users with more precise information. The data
model enables managing heterogeneous biological name
collections and is not tied to a single database system
(Tuominen et al. 2011). The modeling method and the
model itself can be extended in a flexible way and inte-
grated with other data sources. This design and product is
another pioneer in the KOS vocabulary and service devel-
opment embracing interoperability.

4.4 Interoperation/shared/harmonization
The functions of a shared concept scheme or bridge

scheme will be discussed in this section. While somewhat
ovetlapping with the integration/combination approach
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presented above, activities discussed below would usually
lead to a new scheme that is not constrained by the details
and coverages of the sources. A final product may have its
own structure and scope and will function as an interoper-
ation facilitator. This section also discusses virtual harmo-
nization through linking, another kind of practice that be-
came widely adopted along with the growth of the seman-
tic web. The effective implementations rely on interopera-
tion with other target resources outside of the base vocab-
ulary itself, where each of the target resources is controlled
and maintained by the original provider.

4.4.1 Shared bridge scheme

Open data is a trend that has resulted in an incredible num-
ber of high-quality open datasets from government and
international institutions in various domains. Yet, open
data needs common semantics for linking diverse infor-
mation. One of the strategies is to create a shared bridge
concept scheme via integrating existing standard vocabu-
laries used by the dataset providers in related fields or do-
mains. As usual, the existing KOS involved would vary in
the structure, language, scope, and culture, maintained by
different institutions. It would not be realistic to select any
as the “hub” or “source” vocabulary and map others to it,
nor applicable to create a new “authority” vocabulary to
unify them. As reported by Baker et al. (2016a), in search-
ing across large databases in agriculture and environment,
a shared concept scheme would improve the semantic
reach of these databases by supporting queries that freely
draw on terms from any mapped vocabulary and achieving
economies of scale from joint maintenance. In the ontol-
ogy community, bridge ontologies (vs. reference ontolo-

gies) are typically used to mediate between specific con-

cepts of multiple ontologies. They capture the commonal-

ities between various applications and local ontologies

within the same domain (Fritzsche et al. 2017) (Figure 7).
For example:

The Global Agricultural Concept Scheme (GACS) project
of Agrisemantics (a community network of seman-
tic assets relevant to agriculture and food security)
initiated the creation of a shared concept scheme by
integrating existing standard vocabularies in agricul-
ture and environment (Baker et al. 2016a). GACS
functions as a multilingual KOS hub that includes
interoperable concepts related to agriculture from
several large KOS, including AGROIVOC of the
Food and Agriculture Organization of the UN, the
CAB Thesanrus by CAB International of UK, and the
U.S. National Agricultural Library (NAL) Thesanras, all
maintained independently. The latest GACS beta
version provides mappings for 15,000 concepts and
over 350,000 terms in twenty-eight languages (Baker
et al. 2016a). The processes’ unique points are: 1) the
mappings focused on three sets of frequently used
concepts (10,000) from each of the three partners
(which are only a portion of an original vocabulary);
2) mappings were automatically extracted and then
manually evaluated and corrected; 3) a classification
scheme that was developed jointly in the 1990s was
revised to tag concepts by thematic group (chemical,
geographical, organisms, products, or topics); and, 4)
alongside generic thesaurus relations to broader, nar-
rower, and related concepts, organisms will be re-
lated to relevant products (Baker et al. 2016b).

Figure 7. Shared/bridge scheme built on the selected sets of source vocabularies.
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4.4.2 Reference ontologies

“Reference ontologies” is a term used in the formal ontol-
ogy community. These ontologies are intended to be re-
used and are not rigidly tied to an application’s specific use
cases and requirements (Fritzsche et al. 2017), which dif-
ferentiate them from the shared bridge schemes discussed
in the previous sub-section. Explained in the Ontology
Summit 2016 Communiqué (Fritzsche et al. 2017), refer-
ence ontologies reflect the base-level knowledge of a
broad domain or the semantic consensus of an industry
sector. By design, they are created to facilitate integration
across systems, repositories, and data sources. Rather than
serving as an upper ontology that helps mediate between
other ontologies, a reference ontology serves as a means
for mapping the terminology of multiple information sys-
tems and data to a common set of shared concepts.
Propetly conceived, a collection of reference ontologies
can be viewed as orthogonal (non-overlapping), interoper-
able resources.

For example:

— The Foundational Model of Anatomy (FM.A) is an ontology
that represents the structure of the human body and is
one of the largest computer-based knowledge sources
in the biomedical sciences. It is among the information
resources integrated in the distributed framework of
the anatomy information system developed and main-
tained by the Structural Informatics Group at the Uni-
versity of Washington. Anatomy is considered funda-
mental to all biomedical sciences. Comprised of
roughly 75,000 classes, 120,000 terms, and 168 relation-
ship types, FMA represents a coherent body of explicit
declarative knowledge about human anatomy. Its onto-
logical framework can be applied and extended to all
other species. The computer-based knowledge source
distinguishes itself from other traditional sources of
anatomical information, such as atlases, textbooks, dic-
tionaties, thesauti or term lists (http://sig.biostr.wash-
ington.edu/projects/fm/AboutFM.html)

— Financial Industry Business Ontology™ (FIBO) is an
ontology created by the Enterprise Data Management
Council and the Object Management Group (OMG).
FIBO® specifies the definitions, synonyms, structure,
and contractual obligations of financial instruments, le-
gal entities, and financial processes. It is an industry initi-
ative to define financial industry terms, definitions and
synonyms using semantic web principles, aiming to con-
tribute to transparency in the global financial system to
aid industry firms (https://www.omg.org/hot-topics/
finance htm)

4.4.3 Virtual harmonization through linking

The semantic web encourages the sharing and reuse of
data, including the components of KOS vocabularies, such
as a concept in the definition, a parallel appellation/ nomen,
a visual representation, etc. Around the world, activities of
virtual harmonization through linking as well as generating
multilingual labels by using SKOS-XL, have proven to be
successful.

For example:

Thesaurus of Plant Charactetistics (TOP) (http://www.
top-thesautus.org/) is committed to the harmonization
and formalization of concepts for plant characteristics
widely used in ecology. An entry of TOP presenting the
definition with multiple sources of the concepts, coded
with the URI from the original namespaces (e.g, PO,
PATO, EFO, and Mayr) (Figure 8.1).

Another example:

The Art & Architecture Thesaurus (AAT) Online includes
links to representative images of a concept hosted by
outside collaborators (Figure 8.2).

And finally, a third example:

Faceted Application of Subject Terminology (EAST) (http://
expetimental.wotldcat.otg/fast/ reported using “foaf:
focus”) to allow FEAST’s controlled terms (representing
instances of “skos:Concept”) to be connected to URIs
that identify real-wotld entities specified at I“LAF,
GeoNames, and DBpedja. With the correct coding of prop-
erties, machines can understand (teason) that a 45T
controlled term is telated to a real-world entity and allows
humans to gather more information about the entity that
is being described (O’Neill 2013; Mixter 2013)(Figure
8.3, which is based on O’Neill 2013 and Mixter 2013,
with screenshots from EAST, 2019-01).

5.0 Mapping

Many KOS vocabulaties have been independently devel-
oped or have already been applied to collections. Mapping,
a process of establishing relationships between the con-
cepts of one vocabulary and those of another, is a widely
used approach to achieve the semantic interoperability of
existing KOS vocabularies. The term “mapping” might be
used to refer to a process of establishing relationships be-
tween the contents of one vocabulary and those of an-
other, or as a product of mapping process, €.g;, a statement
of the relationships between the terms, notations or con-
cepts of one vocabulary and those of another.
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Figure 8.1. An example from Thesaurus of Plant Characteristics showing the virtual harmonization of multiple sources of the concepts
(http:/ /www.top-thesaurus.org).

W Art & Architecture Thesaurus® Online
Full Record Display

[E aw Sear 4Previous Page B rete

Click the J% icon to view the hierarchy.

Semantic View (JSON, RDF, NV Turtle, N-Triples)

* Ropresontative Images: 1234586

ID: 300198841
Page Link: http://vocab.getty.edu/page/aat/300198841

Record Type: concept

“ rhyta (drinking vessels, <vessels for serving and consuming foed>, ... Furnishings and Equipment
(hierarchy name))

Figure 8.2. An example from AAT showing the links to representative images managed at collaborators’ sites (AAT ID: 300198841).

5.1 Major challenges

For achieving interoperability among existing KOS vocab-
ularies, challenges of mapping arise when existing KOS
vocabularies differ with regard to structure, domain, lan-
guage, or granularity. The foremost problem might be the
number and variety of problems to be encountered in any
mapping process.

Special challenges and controvetsial opinions have always
overshadowed the projects that have attempted to map mul-
tilingual vocabularies. For example, equivalence correlation
must be dealt with not only within each original language
(intra-language equivalence) but also among the different
languages (inter-language equivalence) involved. Intra-lan-

guage homonymy and inter-language homonymy are also
problematic semantic issues (IFLA Classification and Index-
ing Section 2005). Hudon (1997) pointed out that while var-
ious textbooks and guidelines provided many details on the
“conceptual equivalence” issue, when discussing semantic
solutions, display options, management issues, or use of
technology, the guidelines seldom go as far as commenting
on whether or not a particular option is truly respectful of
a language and its speakers. The issue of “language equality”
must be taken into account in the analysis and eventual se-
lection of a solution to a specific problem.

Further complications arise when perspectives of dif-
ferent cultures need to be integrated. With the assumption
that all languages are equal in a crosswalk table, the central
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Examples from Faceted Application of Subject Terminology (FAST)

1. Search FAST and find the item.
http://fast.oclc.org/searchfast/

Search results for: "JFK (John Fitzgerald Kennedy), 1917-1963"

Limit Results by: All B

3. In the RDF record for ID 35588:

<rdf:Description rdf:about="35588">
<dct:identifier>35588</dct:identifier>

<skos:inScheme rdf:resource="ontology/l.0/#fast"/>

<rdf:type rdf:resource="http://schema.org/Person”/>

<skos:inScheme rdf:resource="ontology/l.0/#facet-Personal”/>
<skos:prefLabel>Kennedy, John F. (John Fitzgerald),
1917-1963</skos:prefLabel>

<schema:name>Kennedy, John F. (John Fitzgerald), 1917-1963</schema:name>

Displaying 1 to 1 of 1 SEFro, He s --through “foafifocus” (first line in the box of codes below), the identifiers
1| Jump (such as Wikipedia URT) allow EAST terms to include detailed information
Heading ¢ Facet ¢ Uses = that is usually excluded in authority records; and
Kennedy, John F. {John Fitzgerald), S st --through “schema:sameAs” (also in the box of codes below), the identi-
1917-1963 - fier of IVLAF lets EAST take advantage of all of the various string values

2. TERM DETAILS display includes “Source and Other

included in VIAF (containing dozens of multilingual name authorities)
without having to manually include the values in the RDF triples for the

Links” specific entry in EAST.
<foaf:focus>
RECORD 1D: <rdf:Description rdf:about="http://en.wikipedia.org/wiki/John_F._Kennedy">

fs100035568 <rdfs:label>John F. Kennedy</rdfs:label>

SOURCES AND OTHER LINKS:

Kennedy, John F. (John Fitzgerald), 1917-1963--{DLC)n 79055297

John F. Kennedy--http:/fen. wikipedia.org/wikitohn _F._Kennedy

Kennedy, John F. (John Fitzgerald), 1917-1963--https./iviaf org/hvial/68910251
LINKS TO FULL RECORD:

Permanent Link http:/fid.worldcal. orgfast/3s5588

MARC-21 record hitp:/fid. worldcat.org/fast35588/marc21.xml

RDF record hitp:/id. worldcat.org/fast/35588/rdf xml

& has a link to RDF record. =

</rdf :Description>

</foaf:focus>

<gschema:sameRs>

<rdf:Description rdf:about="https://viaf.org/viaf/68910251">
<rdfs:label>Kennedy, John F. (John Fitzgerald), 1917-1963</rdfs:label>
</rdf:Description>

</schema:sameAs>

Screenshots captured 2019-01-17 from http://experimental.wotld-
cat.org/fast/35588/rdf.xml

Figure 8.3. Examples from Faceted Application of Subject Terminology (EAST) showing the machine understandable coding of linkages to ex-

ternal vocabularies.

question is whether the unique qualities of a particular cul-
ture expressed through a KOS vocabulary can be appro-
priately transferred during the mapping process. Gilreath
(1992) suggests that there are four basic requirements that
must be harmonized in terminology work: concepts, con-
cept systems, definitions, and terms.

In addition to language and cultural variants, KOS vo-
cabularies have different microstructures and macrostruc-
tures: they represent different subject domains or have dif-
ferent scope and coverage; they have semantic differences
caused by variations in conceptual structuring; their de-
grees of specificity and use of terminology vary; and the
syntactic features (such as word order of terms and the use
of inverted headings) are also different. Discussing the
unification of languages and the unification of indexing
formulas, Maniez (1997) pointed out that paradoxically the
information languages increase the difficulties of coopet-
ation between the different information databases, con-
firming what Lancaster (1986) observed earlier: “Perhaps
somewhat surprisingly, vocabularies tend to promote in-
ternal consistency within information systems but reduce
intersystem compatibility” (Lancaster 1986, 181).

In reality, during the transforming, mapping, and merg-
ing of concept equivalencies, certain specific nomens that
represent the concepts, formed with definite syntaxes, are

sought. While experimenting with an expert system to map
mathematics classificatory structures and test the “con-
vertibility,” Iyer and Giguere (1995) identified several kinds
of semantic relations between DDC and Mathematics Subject
Classification, comprising these situations: exact matches,
specific to general, general to specific, many to one, cyclic
mapping strategies, no matches, and specific and broad
class mapping. Different types of equivalencies have also
been defined by various important manuals and standards,
identified as: exact equivalence, inexact equivalence (or
near-equivalence), partial equivalence, single to multiple
equivalence, and non-equivalence (Aitchison, Gilchrist,
and Bawden 1997; 1SO25964-2:2013) (Figure 9).

The complex requirements and processes for matching
terms, which are often imprecise, may have a significant im-
pact on several aspects of vocabulary mapping: browsing
structure, display, depth, non-topical classes, and the balance
between consistency, accuracy, and usability (Zeng and Chan
2010). Various levels of mapping or linking can coexist in
the same project, such as those identified by the Multilingual
Access to Subjects (MACS) project: terminological level
(subject heading), semantic level (authority record), and syn-
tactic level (application) (Freyre and Naudi 2003).

Even with the advancement of information technolo-
gies, there are still many mapping processes done at the
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Figure 31. Degrees of equivalence

Case Source language

Target language

1 - Exact equivalence

2 - Inexact equivalence

3 - Partial equivalence

4 - Single-to-multiple equivalence

5 - Non-equivalence

O acceptable term exists

=

S

{ } acceptable term does not exist

Figure 9. Degrees of equivalence (Aitchison, Gilchrist, and Bawden 1997).

syntax-level (word, phrase, and context), rather than at the
semantics-level. The issues of incorrect mapping of hom-
ographs for concepts belonging to different domains can
be found in the mapping services and individual vocabu-
lary’s published mapping results (e.g, “recruitment” as a
biological process and as a personnel management pro-
cess). The concept mapping according to the semantics
will be a major and much-needed service; it is still a chal-
lenge for those dependent on machine mapping;

New Al (artificial intelligence) with machine learning
does present great potential to reduce all such conflicts and
improve interoperability at all layers, especially semantic in-
teroperability. In archaeological communities, ARTADNE,
which consortium consists of twenty-four partners in six-
teen countries, has reported extensive research and develop-
ment activities, including using rule-based and machine
learning mechanisms. For example, rule-based techniques
have been employed with available archaeological vocabu-
laties from Historic England (HE) and Rijksdienst voor het Cul-
tureel Ernfgoed (RCE). A study on semantic integration of data
extracted from archaeological datasets with information ex-
tracted via natural language processing (NLP) across differ-

ent languages demonstrated the feasibility of connecting
and semantic cross-searching of the integrated information.
The semantic linking of textual reports and datasets opens
new possibilities for integrative research across diverse re-
sources (Aloia et al. 2017; Binding et al. 2018).

5.2 Models of mapping process

The direct mapping and hub structure mapping models,
recommended by ISO 25964-2:2013 (see Table 2 based on
ISO 25964-2:2013, 6.3 and 6.4), addresses the mapping of
contents between two or mote vocabularies that do not
share the same structure, differ in scope or language, and
may belong to different types (e.g., thesauri, classification
schemes, name authority lists, etc.). Note that syntax dif-
ferences of encoding languages or expressions are not ad-
dressed. The mappings should always be established be-
tween the concepts (i.e., not the appellations representing
the concepts).

In both direct mapping and hub structure models, the
double-headed arrows indicate that the mappings are in-
tended to work in dual directions. Each double-headed ar-
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Model: Direct-linked Model: Hub Structure
vée |- _ | Voc Voc
A = L3 B A
1 t
Voc
B
Y
Voc .. | Noc
C e - D Voc Voc
C D

As more vocabularies become involved in direct

When multiple vocabularies are involved, it is often convenient to designate one
Each double-headed arrow represents a pair of | yocabulary as a “hub” (Voc B in this figure) to which each of the other vocabular-
mappings, one in each direction. ies is mapped. Each concept in the hub vocabulary should be mapped to the cor-
responding concept(s) in the other vocabularies, and vice versa.

mapping, the number of mapping processes will
increase dramatically.

For example, mapping among four vocabularies
will require a total of twelve sets of mappings, rep-
resented in six pairs, as shown in the above figure.

Voc P VocW
Voc Q Voc X
VocR Voc S VocY VocZ

When two-way mappings are not necessary, mappings can be in one direction only,
“from” or “to” the hub.

Table 2. Mapping models recommended by ISO 25964.

row represents a pair of mappings, one in each direction.
When two-way mappings are not necessary, alternative
models can be used in which one of the vocabulaties is used
as the source and the other one as the target. The un-
matched members of the vocabularies need to be treated
with additional strategies. Between any pair of vocabularies,
the mapping quality that can be achieved is best when the
target vocabulary has equal specificity as well as the same
breadth of coverage as the source vocabulary ISO 25964-
2:2013 Section 0).

The direct-linked model, as illustrated in Table 2, indi-
cates that direct mappings should be established between

the concepts of each vocabulary and those of each other’s
vocabulary. The mapping may be initiated by either end of
the involved vocabularies. This may be extended to any
number of vocabulaties by establishing direct mappings
from each vocabulary to each other one. As more vocabu-
laties become involved, the number of mapping processes
will increase dramatically. A mapping cluster, defined as a
“coordinated set of mappings between the concepts of
three or more vocabulaties” (ISO25964-2:2013. Section
3.42) is generally maintained and published with a particular
publishing or application objective. For example, a cluster
of mappings between four different thesauri might be main-
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tained so that a user of any one of them can easily search
document collections indexed with any of the four.

With more KOS vocabularies publishing their whole
datasets as linked data and opening for free use, more and
more direct mapping results have become available. Often
the mapping results of each concept can be found on its
entry page. For example, each entry of the LCSH can be
viewed and downloaded in various RDF formats, while the
mapping of the subject heading to other national libraries’
subject headings (e.g, from The Bibliothéque nationale de
France) are listed as “Closely Matching Concepts from
Other Schemes” (see an example for “Smartphones” at
http://id.loc.gov/authorities/subjects /sh2007006251.
html).

The “hub structure” uses a cross-switching approach,
normally applied to reconcile multiple vocabularies. In this
model, one of the vocabularies is used as the switching
mechanism between the multiple vocabularies. Such a
switching system can be a new system (e.g,, UMLS Metathe-
saurus, introduced in Section 4.3) or an existing system (e.g.,
AGROVOC). The hub needs to be comprehensive enough
in the required subject area(s), at least at high levels. The
following examples are, again, from the well-known KOS
interoperability efforts:

— AGROVOC thesaurus, developed and maintained by
the Agricultural Information Management Standards
(AIMS) division of of the Food and Agriculture Or-
ganization (FAO) of the United Nations, is the switch-
ing vocabulary of fifteen important KOS vocabularies
used worldwide plus DBpedia (as seen June 2018).
Global vocabularies such as LCSH, DDC, Enrol oc and
specialized vocabularies in a variety of related domains
(involving multiple natural languages) are all mapped
through machine-assisted human mapping process.
AGROIOC and the mapping results are completely en-
coded with SKOS, with mapping degrees indicated by
SKOS “exactMatch,” “closeMatch,” “broadMatch,”
and “narrowMatch.” (Refer to http://aims.fao.org/
standards/agrovoc/linked-data for the cutrent status
of the mapping; see an example for the concept
of “tuna” at http://aims.fao.org/aos/agrovoc/c_8003.
html.)

— Information Coding Classification (ICC) was designed
by the founder of ISKO, Ingetraut Dahlberg, as a the-
oretical superstructure of a universal system. It consists
of nine general object ateas according to the principle
of evolution. The over 6,500 knowledge fields were de-
fined with the combination of concepts of ontical level
objects (ontical refers to a particular area of being), cat-
egorical concepts, and its subdivisions (Dahlberg 2017).
In 1996, the author proposed its use as a switching
mechanism between the five widely used classification

systems: Dewey Decimal Classification (DDC), Universal
Decimal Classification (UDC); Library of Congress
Classification (LCC), The Bliss Bibliographic Classifica-
tion (BC), and Colon Classification (CC). The encouraging
results of top-level comparison were reported in 1998
with DDC and UDC almost matched; and the total
matching to five classifications was fifty-two, among
eighty-one subject groups of ICC. The types of map-
ping fall into four groups: “equivalence,” “inclusion,”
“is about,” and “union” (Dahlberg 1998).

Selective mapping models showing in Table 2 all require
significant work to build and maintain. In the circumstance
that it is unnecessary to map the entire vocabularies, map-
pings can be established only for the concepts that have
been used or are likely to be used within the application in
question. This model could be applied when there are rel-
atively few concepts common to two or more vocabularies.
In such a case, only a limited number of mappings can and
should be established. Another case is to conduct the map-
ping among the products that applied the vocabularies,
e.g, in the indexes or catalogues. While this reduces the
initial mapping effort, it can increase updating mainte-
nance tasks when changes are made in the collection (ISO
25964-2:2013, Section 6.5).
For example:

— MACS Multilingual Access to Subjects was a pioneer project
aimed to enable users to simultaneously search the cata-
logues of the project’s partner libraries in the languages
of their choice (English, French, German). It mapped
subject headings used in three monolingual subject au-
thortity files: Schlagwortnormdatei/ Regeln fiir den Schlagwort-
katalog (SWD/RSWK), Répertoire dantorité-matiére ency-
clopédique et alphabétique unifié (Ramean), and Library of Con-
gress Subject Headings (ILCS H) (Freyre and Naudi 2003).

— SciGator (http://scigator.unipv.it) is a new tool devel-
oped at the University of Pavia, Italy, a well-known in-
stitution of medieval origins. Its nine main libraries
have the tradition of using local schemes to organize
their collections to satisfy their specific needs. With the
efforts of standardizing the shelfmarks among a num-
ber of libraties by adopting a single scheme based on
DDC as well as the action of a number of other librar-
ies to supplement DDC as additional subject access
points, SciGator has been developed to allow users to
browse the DDC classes used in different libraries at the
University of Pavia. Besides navigation of DDC hierar-
chies, SciGator suggests “see-also” relationships with
related classes and maps equivalent classes in local
shelving schemes, thus allowing the expansion of
search queries to include subjects contiguous to the in-
itial one (Lardera et al. 2017).
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Co-occurrence mapping works at the application level, e.g,,
in metadata records that have assigned subject terms from
more than one vocabulary (e.g., MeSH and LCSH subject
headings assigned to the same publication). Instead of pre-
pating a completely mapped work at the source vocabulary
level (as illustrated in Table 2), the group of subject terms
can actually result in loosely-mapped terms (Zeng and Chan
2004). A new study reported a different kind of co-occur-
rence mapping, using a social network approach that lever-
ages online social platform information (i.e., research activ-
ities and social activities) for mapping. The underlying as-
sumption behind the approach is that “two classes/terms in
different KOS are related if their corresponding research
objects are connected to similar researchers” (Du et al.
2017).

Blended mapping models. In mapping between two vo-
cabularies, multiple models might be used in the same case,
as summarized by the 4AT-Taiwan team for a study on the
conceptual structures of concepts for Chinese artin the Tai-
wan National Palace Museum (NPM) Vocabulary (treated as
the source) and AAT (treated as target) (Chen et al. 20106).
Patterns found in this project might represent many similar
cases of vocabulary mapping, such as: concepts are com-
pletely covered, incompletely covered, or not covered by the
target vocabulary; and specific category can be found or
does not exist in the target. Each model, simply interpreted
in the following table, specifies whether a vocabulary is se-
lected as the “base,” supplemented by the other vocabulary,
or if the vocabulary is “fully adopted.” All depend on the
situations encountered (Table 3, based on Chen et al. 2016.).

Ontology matching is a global interest, as reflected by
Otero-Cerdeira et al.’s 2015 paper, “Ontology Matching: A
Literature Review” of more than 1,600 papers. A classifi-
cation framework by Euzenat and Shvaiko (2013) was used
in the study (Figure 10), which can be followed top-down
(focusing on the interpretation that the different tech-

niques offer to input information) or bottom-up (focusing
on the type of input that the matching techniques use),
while both meet at the “oncrete techniques” tiet.

On top of all the surveys conducted on complex ontol-
ogy matching, Thiéblin et al. (2018) carried out a study of
these surveys. The paper indicates that there still is no
benchmark on which complex ontology matching ap-
proaches can be systematically evaluated and compared.
With a proposed definition of complex correspondences
and alignments, a classification of these approaches based
on their specificities is proposed in the paper. The speci-
ficities of the complex matching approaches rely on their
output (type of correspondence) and their process (guid-
ing structure) (Thiéblin et al. 2018).

5.3 Encoding the alignment degrees

Encoding the alighment degrees is a prominent process
called upon by the LOD movement. The mashups, cross-
walks, and interlinking all rely heavily on the alignment of
the components in RDF triples. The requirement for the
precision of mapping is more important than that in the
previous non-LOD environment. ISO 25964-2 enumer-
ates scenarios of mappings and categorized them in three
groups: equivalence mappings (including simple equiva-
lence (one-to-one) and compound (one-to-many) equiva-
lence mappings), hierarchical mappings, and associative
mappings. It also discusses in detail exact, inexact, and par-
tial equivalence.

To encode and represent the mapping degrees when
multiple vocabularies are involved, RDFS, OWL, and
SKOS have provided guidance and properties, including:

— between ontological classes: “owl:equivalentClass” and
“rdfs:subClassOf”;

Model Source Vocabulary Target Vocabulary For situations such as:
National Palace Museum (NPM) Vocabulary | Art & Architecture Thesaurus (AAT) v v :
Model A [supplement] v'*:base plant
Model B v'=:base [supplement] Chinese painting techniques
When well-structured sub-fac-
Model C [--none - e i larsiad ets and hlerarchles are needed
(e.g, animal, plant, people,
building)
For categories carrying strong
Model D v'+-fully adopted --none --| cultural distinctions, and work-
ing only for the Chinese styles

Table 3. Blended mapping models—four models used in mapping the National Palace Museum (NPM) Vocabulary (treated as the source)
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Figure 10. Matching techniques classification (Euzenat and Shvaiko, 2013; Otero-Cerdeira et al. 2015).

— between properties: and
“rdfs:subPropertyOf ”;

— between concepts from concept schemes: “skos:exact-
Match,” “skos:closeMatch,” “skos:relatedMatch,” and the

reciprocal pair “skos:broadMatch” and “skos:narrow

“owl:equivalentProperty”

Match” (Figure 11 left); for transitive super-properties of

EERNT3

“skos:broader” and “skos:narrower,” “skos:broaderTran

sitive” and “skos:narrowerTransitive” (Figure 11 right).

It should be remembered that, in mapping concepts, an
exact match of two concepts found from different vocab-
ularies is rare, even though sometimes the labels read the
same and the scope notes or definitions are similar. Their

pre-defined constraints should be able to reveal the equiv-
alency or similarity of the two concepts or classes to be
mapped. A “skos:closeMatch” is more approptiate than a
“skos:exactMatch” in the majority of situations.

Other designed schemas are also available. UMBEL
(Uppet Mapping and Binding Exchange Layer http://um-
bel.otg/) is designed to help content interoperate on the
web and has mapped OpenCyc, DBpedia, PROTON,
GeoNames, and Schema.org. This is enabled through its UM-
BEL Vocabulary, which contains three classes and thirty-
eight properties for describing domain ontologies, provid-
ing expressions of likelihood relationships distinct from
exact identity or equivalence.

SKOS mappings

SKOS allows bridging across KOSs from different contexts

KOs 2:
l({:s 1B @ aninal
::t;“ human
wildcats £ Dbject
skos:inScheme
skos:inScheme

kos:exactMatch

S

skos:broadMatch

& inferring a transitive hierarchy from asserted “skos:broader” statements

(i) skos:broader— skos:broader—
&
- - : - e - b
skos:broaderTransitive — skos:broaderTr_e_msiti\re__'-- e
(ii skos:broader skos:broader—

ex:mammals
- e

ex:animals.
= e 4
skos:broaderTransitive_~"—
e
-

e =
T _gkos:bmadeﬂransilive' .Y
1o

S
RS -

~skos:broaderTransitive ~ ~ ~

Figure 11. Demonstration of matching results encoded with SKOS properties (Isaac 2010; Isaac and Summers 2009).
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— UMBEL classes: “reference concept” (for mote broadly
understood concept), “super type” (for a higher-level
of clustering and organization of “reference con-
cepts”), and “qualifier” (a set of descriptions that indi-
cate the method used to establish an “isAbout” or “cor-
respondsTo” relationship between an UMBEL refer-
ence concept (RC) and an external entity).

— UMBEL properties: thirty-eight properties provide the
mapping basis for the vocabulary: “correspondsTo,”
“isAbout,” “isRelatedTo,” “relatesToXXX” (thirty-
onee variants), “isLike,” “hasMapping,” “hasCharacter-
istic,” and “isCharacteristicOf” (http://techwiki.um-
bel.otg/index.php/UMBEL_Vocabulary)

6.0 Harmonization through terminology services

Thousands of KOS vocabularies have been developed and
are in use in every field. Even with the same or similar con-
cept scope, concepts in vocabularies that are in isolation
from one another might be represented in different terms,
use different formats and formalisms, and are published
and stored with different access methods. Vocabulary har-
monization is needed not only for those existing vocabu-
laries, but also for the initiations of new vocabulary devel-
opments.

Terminology services is a broad term referring to the
repositories and registries of vocabularies (including both
value vocabularies and property vocabularies). A group of
services is used to host and present vocabularies, member
concepts, terms, classes, relationships, and detailed expla-
nations of terms that facilitate semantic interoperability.
Powered by semantic technologies and enabled by RDE,
SKOS, and OWL, they have emerged during the last dec-
ade. In addition to registering, hosting, publishing, and
managing diverse vocabulaties and machine-processable
schemas, these services also aim to enable searching,
browsing, discovery, translation, mapping, semantic rea-
soning, automatic classification and indexing, harvesting,
and alerting.

Terminology services can be interactive machine-to-
machine or between human and machine. User-interfacing
services can also be applied at all stages of the search pro-
cess. For example, in supporting the needs of searching
for concepts and the terms representing the concepts, ser-
vices can assist in resolving search terms, disambiguation,
browsing access, and mapping between vocabularies. As a
search support for queries, services facilitate query expan-
sion, query reformulation, and combine browsing and
search. These can be applied as immediate elements of the
end user interface, or they can act in underpinning services
behind the scenes, depending upon the context. Techno-
logically, web services can be used effectively to interact
with controlled vocabularies. Terminology services repre-

sent an entirely new dimension in KOS research and de-
velopment (Tudhope, Koch, and Heery 2006; Golub et al.
2014).

Variations of these terminology services can be found

in terms of:

— The natural languages involved: monolingual, bilingual
(mainly involving an original language and English), or
multi-lingual;

— The number of KOS vocabularies contained in a set-
vice;

— Vocabulary version information’ availability: current
version only or all versions, with or without descriptive,
technical, and administrative metadata of a vocabulary;

— Provenance data’s availability: As more KOS vocabular-
ies are released and updated online, the provenance data
might be emphasized at a different level, e.g;, vocabu-
lary, entry, or even concept- and term-specific level;

— Scope of the services: registration of vocabulaties only,
or accessing to all KOS vocabularies hosted; onsite
searching, browsing, displaying, and navigating, direct
linking to data values, etc. The highest-level service
would be the alighment among vocabularies (e.g., Bi-
oPortal).

The scope of the services mentioned above indicates two
major types of terminology services to be referenced: re-
positories vs. registries (Zeng and Mayr 2018).

— Vocabulary repositories are used for those services host-
ing full content of a KOS vocabulary as well as the man-
agement data for each component updated regularly. A
typical example, BioPortal (https://bioportal.bicontol-
ogy.otg/) is presented in Appendix 1 at Zeng 2018
(http:/ /wwwisko.org/cyclo/interoperability#Happ1).

— Vocabulary registries differ from repositories because
they offer information about vocabularies (i.c., metadata)
instead of the vocabulary contents themselves; they are
the fundamental services for locating KOS products. The
metadata for vocabularies usually contain both the de-
scriptive contents and the management and provenance
information. The registry may provide the data about the
reuse of ontological classes and properties among the
vocabularies, as presented by linked open vocabularies

LOV)(https:/ /lovlinkeddata.es/dataset/lov /).

Duting the last twenty years, there have been well-funded
projects that could be seen as pioneers in terminology set-
vices. Information about these experimental projects can be
found in a previous encyclopedia article by Zeng and Chan
(2010, 2015). A list containing truly functional services as of
July 2018 can be found in Appendix 2 of Zeng (2018),
(http:/ /www.isko.org/cyclo/interoperability#app2). It is
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based on a recent review by Zeng and Mayr (2018) with up-
dates after May, 2018 (e.g,, changes of the EU Vocabularies
and LOV).

Registering KOS vocabularies and services would need
to begin with a set of common attributes that describe
them. Metadata of KOS vocabularies, including desctip-
tions of a vocabulary’s data model, type, protocol, status,
responsible body, available format, affectivity, and other
features, are very important to terminology services, vocab-
ulary users (machine or human), and retrieval systems. At a
minimum, metadata for KOS resources will describe spe-
cific characteristics of a KOS, facilitate the discovery of
KOS resources, assist in the evaluation of such resources
for a particular application or use, and facilitate sharing, re-
using, and collaboration of the KOS resources. A Dublin
Core Application Profile for KOS Resources (NKOS AP)
was released in 2014, which was developed based on the
work begun in 1998 by members of the Networked
Knowledge Organization Systems (NKOS). The specifica-
tion, known as NKOS AP (http://nkos.slis.kent.edu/nkos-
ap.html) defines the set of RDF classes and properties that
can be used to describe any KOS resoutce.

7.0 Conclusion

This article represents an attempt to bring together the
major approaches and standards in the semantic interop-
erability dimension through reported cases and available
real services. The selected examples are only demonstra-
tions of the approaches, and each actually could represent
more than one method. Tools and technologies are not dis-
cussed in this entry but certainly can be labeled as ground-
breaking at the current stage of the web. ISO 25964-
2:2013 has a dedicated section (Section 14) on the tech-
niques for identifying candidate mappings, including com-
puter-assisted direct mapping,

Following the linked data principles that benefit from
the data-driven, shared editing and publishing workflow, as
well as an increasing number of KOSs published in ma-
chine-understandable formats, the reusability of any of
the existing and new KOS vocabularies is greatly increased.
Mapping the semantics promotes cooperation and reduces
duplication. Coherent semantics benefit research, innova-
tion systems, and value chains (Baker et al. 2016b).

The author would like to conclude this article by using
a statement from the recent Ontology Summit 2018 Com-
muniqué (Ontolog 2018, 5-6):

Each system, organization, community, database or
message format is thus defined in its own, too often
implicit, context which might, in turn, depend on
other contexts .... While these systems are defined
and built independently, systematic integration of

their information and processes is essential for col-
laboration, shared services, information sharing and
analytics. These capabilities are not optional in to-
day’s wotld; they are essential for the continued ex-
istence of commercial enterprises and the effective-
ness of government.
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