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Preface

This volume contains the proceedings of the 17th International Conference on Semantic
Systems, SEMANTICS 2021. SEMANTICS is the annual meeting place for profession-
als and researchers who make semantic computing work, who understand its benefits and
encounter its limitations. Every year, SEMANTICS attracts information managers, IT-
architects, software engineers, and researchers from organisations ranging from research
facilities, NPOs, through public administrations to the largest companies in the world.

SEMANTICS offers a forum for the exchange of the latest scientific results in se-
mantic systems and complements these topics with new research challenges in areas like
data science, machine learning, logic programming, content engineering, social compu-
ting, and the Semantic Web. The conference is in its 17th year and has developed into an
internationally visible and professional event at the intersection of academia and indus-
try.

Contributors to and participants of the conference learn from top researchers and
industry experts about emerging trends and topics in the wide area of semantic compu-
ting. The SEMANTICS community is highly diverse; attendees have responsibilities in
interlinking areas such as artificial intelligence, data science, knowledge discovery and
management, big data analytics, e-commerce, enterprise search, technical documenta-
tion, document management, business intelligence, and enterprise vocabulary manage-
ment.

The conference’s subtitle in 2021 was “In the Era of Knowledge Graphs”, and espe-
cially welcomed submissions on the following topics:

Web Semantics & Linked (Open) Data

Enterprise Knowledge Graphs, Graph Data Management, and Deep Semantics
Machine Learning & Deep Learning Techniques

Semantic Information Management & Knowledge Integration
Terminology, Thesaurus & Ontology Management

Data Mining and Knowledge Discovery

Reasoning, Rules, and Policies

Natural Language Processing

Data Quality Management and Assurance

Explainable Artificial Intelligence

Semantics in Data Science

Semantics in Blockchain environments

Trust, Data Privacy, and Security with Semantic Technologies
Economics of Data, Data Services, and Data Ecosystems

We additionally issued calls for three special sub-topics:

e Digital Humanities and Cultural Heritage
e [egalTech
e Distributed and Decentralized Knowledge Graphs



vi

Due to the health crisis caused by the Corona-Virus pandemic, 2021’s SEMANTICS
took place in a hybrid form in Amsterdam. A call for papers was distributed publicly and
we received 66 submissions to the Research and Innovation track.

In order to properly provide high-quality reviews, a program committee comprising
99 members supported us in selecting the papers with the highest impact and scientific
merit. For each submission, at least 3 reviews were written independently from the as-
signed reviewers in a single—blind review process (author names are visible to reviewers,
reviewers stay anonymous). After all reviews were submitted the PC chairs compared
the reviews and discussed discrepancies and different opinions with the reviewers to fa-
cilitate a meta-review and suggest a recommendation to accept or reject the paper. Over-
all, we accepted 19 papers which resulted in an acceptance rate of 29%.

In addition to the peer-reviewed work, the conference had four renowned keynote
speakers: Joe Pairman (Senior Product Manager, Tridion Docs; Prof. Enrico Motta (Pro-
fessor of Knowledge Technologies at the Knowledge Media Institute — The Open Uni-
versity); Prof. Maria-Esther Vidal (Head of Scientific Data Management Research Group
TIB — Leibniz Information Centre for Science and Technology and University Library);
and Dr. Vanessa Lopez (Research Scientist and Manager — Al for Health and Social Care
—1BM).

Additionally, the program had posters and demos, a comprehensive set of work-
shops, as well as talks from industry leaders.

We thank all authors who submitted papers. We particularly thank the program com-
mittee which provided careful reviews in a quick turnaround time. Their service is es-
sential for the quality of the conference.

Sincerely yours,
The Editors
Amsterdam, September 2021
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TODO: A Core Ontology for

Task-Oriented Dialogue Systems in
Industry 4.0

Cristina ACETA *!, Izaskun FERNANDEZ  and Aitor SOROA ®
2TEKNIKER, Basque Research and Technology Alliance (BRTA), Spain
5 CCIA Group, University of the Basque Country, Spain

Abstract. Nowadays, the demand in industry of dialogue systems to be able to
naturally communicate with industrial systems is increasing, as they allow to en-
hance productivity and security in these scenarios. However, adapting these sys-
tems to different use cases is a costly process, due to the complexity of the scenar-
ios and the lack of available data. This work presents the Task-Oriented Dialogue
management Ontology (TODO), which aims to provide a core and complete base
for semantic-based task-oriented dialogue systems in the context of industrial sce-
narios in terms of, on the one hand, domain and dialogue modelling and, on the
other hand, dialogue management and tracing support. Furthermore, its modular
structure, besides grouping specific knowledge in independent components, allows
to easily extend each of the modules, attending the necessities of the different use
cases. These characteristics allow an easy adaptation of the ontology to different
use cases, with a considerable reduction of time and costs. So as to demonstrate the
capabilities of the the ontology by integrating it in a task-oriented dialogue system,
TODO has been validated in real-world use cases. Finally, an evaluation is also
presented, covering different relevant aspects of the ontology.

Keywords. Semantic Web, Dialogue Systems, Natural Language Processing,
Industry 4.0.

1. Introduction

Factory workers are a core factor in production environments. These environments are
becoming more automatized over time, and workers require of intuitive and powerful
interaction techniques so as to successfully perform their assigned tasks in collabora-
tion with automatisms [1]. To cover this necessity, Human-Machine Interfaces (HMI)
have increasingly evolved in last years with the development of new mobile techniques
and new gadgets such as smartphones, tablets or Augmented Reality (AR) glasses. In
this context, a big number of systems have been developed, especially in collaborative
robotics, with human-machine interaction capabilities in different degrees [2,3].

In this sense, task-oriented dialogue systems are a very useful tool that allow workers
to work on multiple tasks at once without reducing the quality of their work, by perform-

ICorresponding Author: Cristina Aceta, Tekniker, C/Ifiaki Goenaga 5, 20600 Eibar, Spain; E-mail:
cristina.aceta@tekniker.es.
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ing secondary tasks simply by communicating with the target system. It is also worth
noting that the capacity of dialogue systems of communicating in natural language has
a positive impact in acceptation from humans [4]. However, the capacity of the system
to interpret human commands in most current frameworks in industrial environments is
basically based on a predefined vocabulary that allows the worker to interact with the tar-
get system, making use of templates [5,6]. These templates are based on human-readable
models, but all of them depend on expert manual work, which in most cases supposes
high costs, and they cannot be directly reused in other scenarios. Furthermore, these ap-
proaches negatively affect the naturality of the interaction and, thus, human acceptation
[7]. Also, the capacity of current interfaces to semantically understand natural human
commands is still limited and the required effort to do so is usually high.

This evidence motivates the development of the ontology presented in this work: the
Task-Oriented Dialogue management Ontology (TODO). TODO is a core, modular on-
tology that provides task-oriented dialogue systems with the necessary means to be ca-
pable of naturally interacting with workers (both at understanding and at communication
level) and that can be easily adapted to different industrial scenarios, reducing adaptation
time and costs. Moreover, it allows to store and reproduce the dialogue process to be
able to learn from new interactions. To the best of the authors’ knowledge at the time of
presenting this work, there are not core ontologies in the literature that deal with natural
interaction in industrial scenarios at this level, which gives special relevance to TODO.

This paper is organized as follows: Section 2 provides related work that is relevant
to this paper. Section 3 presents TODO, following the methodology used to develop
it; Section 4 makes some remarks on the instantiation process of TODO and its use in
several industry-related use cases. Finally, Section 5 includes a set of final considerations
for this work.

2. Related Work

According to [8], the basic architecture of a task-oriented dialogue system consists of
a natural language understanding component, a dialogue state tracker, a dialogue
policy and a natural language generation module. The first aims to extract an interpre-
tation from the command, the second and the third ones deal with the dialogue process
and management, and the latter generates the response directed to the user.

In general, for the natural language understanding component, most modern task-
oriented dialogue systems are somewhat based in frames, which consist of a representa-
tion on the information to be provided as slots, to be filled with the information provided
by the user [8] and supported by a knowledge base [9]. To assure the correct interpreta-
tion for a given command in this kind of dialogue systems, natural language technologies
are used in several solutions in the literature [10,11]. Classical architectures made use of
rules to detect the intent of the user and to perform slot filling, mainly semantic gram-
mars, as it can be seen in [9], or templates [12]. However, modern approaches gener-
ally do not make use of rules and rely on machine-learning-based (both classic machine
learning and deep learning) techniques [8]. Nevertheless, and as pointed out by [8], in-
dustrial approaches often make use of rules and templates for slot-filling techniques, as
the domain is limited enough for this approach to work.

As for dialogue management, rules have also been traditionally used in task-oriented
dialogue systems [13]. However, and as in the previous case, these techniques are being
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replaced by machine-learning-based methods such as conditional random fields [14,15],
maximum entropy models [16] and, more recently, deep learning models [17,18] [19].

Although they are proven to be widely used, machine-learning-based methods re-
quire of great amounts of data to train the systems, which is not easy to obtain for indus-
trial task-oriented dialogue systems, and rules are often generated for both natural lan-
guage understanding and dialogue management. However, constructing rules is time and
cost consuming and may be prone to errors, and supervised machine learning techniques
are being added to the paradigm by combining them with these rules to optimize results
[20,21].

In current approaches, ontologies have also been considered both for the natural
language understanding and the dialogue management components of task-oriented dia-
logue systems, as they are a powerful tool that allows to define in detail the domain and
reduce ambiguity between agents [10]. However, most dialogue systems that use ontolo-
gies found in the literature are limited to highly specific use cases and mainly to model
the domain. In [22], for the banking and finance domain, domain information, such as
products and services, is modelled in the ontology, as well as certain state-related dia-
logue information (e.g., which is the current product that is discussed in the conversa-
tion). In industrial scenarios, the work in [11] makes use of an ontology to model the
domain in terms of possible actions to be performed by the robot and a description of the
scenario.

As far as the authors of this paper are concerned, OntoVPA [23] is currently the only
intent to achieve a generic approach to semantic-based task-oriented dialogue systems
both at domain and dialogue management level. This commercial tool, aims to provide
a general approach to manage dialogue through ontologies and, more precisely, by mak-
ing a distinction between a domain and a dialogue management ontology. The domain
ontology and its instantiation store the knowledge related to the domain and the slots
to be filled for any of the modelled actions. The dialogue ontology, which is inspired
by the Speech Act Theory [24], has the capability of managing the dialogue process,
perform state tracking and can also manage responses and answers. However,the docu-
mentation for this tool is limited and the ontologies developed are not publicly available,
what makes its reuse impossible.

The advances in last decades regarding ontologies have allowed to associate their
building process to an engineering task through the creation of methodologies for that
matter to obtain quality ontologies [25]. However, as pointed by [25], traditional method-
ologies such as METHONTOLOGY [26] or NeOn [27] propose actions that are time and
resource consuming. Modern methodologies —such as eXtreme Method [28] or Rapid-
OWL [29]-, on the other hand, tend to include guidelines that are more consumption
friendly, but do not consider basic characteristics of Linked Data such as reuse of on-
tologies or ontology maintenance and updating [25]. For that purpose, [30] have de-
fined Linked Open Terms (LOT), a light methodology that also complies with reuse and
maintenance aspects. Moreover, this methodology has an industrial version, especially
optimised for ontology building for industrial scenarios.

The remarks above illustrate that the use of ontologies is a current trend in the litera-
ture referring to task-oriented dialogue systems, especially for ad-hoc domain modelling,
with great capabilites, but still in an early stage for dialogue management and generic
implementations. Indeed, since the only approach for this last issue is not available to
reuse, a new ontology development is motivated.
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3. The Task-Oriented Dialogue management Ontology (TODQO)

With the aim of enhancing natural communication between workers in industrial envi-
ronments and the systems to be used by them, TODO (Task-Oriented Dialogue manage-
ment Ontology) has been developed to be the core of task-oriented dialogue systems.
This section describes TODO in detail, following the methodology used for that purpose.

3.1. Ontology Development Methodology

In ontology development, two main considerations arise: on the one hand, ontologies
have to be “carefully designed and implemented” [31], so as to properly model all the
necessary information for their final use. On the other hand, ontology development is
becoming more and more centered in reuse [32]. Considering the above, it is important to
follow a well-defined design methodology to develop ontologies that are optimal both for
their intended function and to be reused by others. In the development process of TODO,
the methodology followed is LOT (Linked Open Terms), in its industrial version [30], as
it focuses on design of ontologies oriented to industrial scenarios. This methodology sets
four main steps of development:

* Requirements specification. It defines the motivation and the requirements to be
fulfilled by the ontology, through the Ontology Requirement Specification Doc-
ument (OSRD) [33]. The ORSD defines the purpose, scope, intended uses and
requirements —defined as Competency Questions (CQ)— of the ontology.
Implementation. By considering the requirements set in the previous step, the
ontology is constructed and evaluated.
Publication. Once the ontology has been created and properly annotated, its doc-
umentation is generated, and both ontology and documentation are published and
made accessible online.
* Maintenance. This step includes periodical revisions with the aim to solve issues,
add improvements, etc.

The following sections will document TODO ontology design process in terms of the first
three steps defined in LOT, as the last one is understood as further periodic maintenance
work after an initial version of TODO has been released.

3.2. Requirements Specification Step

Besides the motivation of the ontology, which has been previously documented in the
introduction, the ORSD leads to determine the specifications for the functional require-
ments of the ontology; that is, the knowledge that the ontology must cover. In this sense,
it is important to bear in mind that the main objective of the dialogue is to obtain a
command that is understandable for the target system from a natural language request.

To determine the required knowledge, three experts in collaborative industrial work
and dialogue systems were interviewed to gather information about their necessities and
the characteristics they considered to be covered by a task-oriented dialogue system and
which type of interactions were expected. By using the information obtained, a series of
requirements that had to be covered by the ontology were identified and codified as CQs.
For TODO, a total of 93 CQs were obtained, which can be grouped into the following 10
basic CQs:


sec:intro
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Figure 1. Overview of TODO. Triangles represent ontology modules, whereas rectangles correspond to
classes.

* CQO1. What are the elements that are present in the scenario?

* CQO02. Which is the action to be performed by the target system given a series of
key elements obtained from a user request?

* CQO03. Which are the arguments of a specific action?

* CQO04. Given a set of arguments from a specific action, to what argument can a
key element from the user request be associated to?

* CQO05. Which is the format of the information that has to be provided to the target
system?

* CQO06. Which is the first/next step of the dialogue?

* CQO07. What should be told to the user given a specific situation?

* CQO08. Given some output to the user, it is some input from the user required or
not?

* CQO09. Which step is currently being performed in the dialogue?

¢ CQ10. Which is the trace —and the information that includes— for an element?

These CQs have helped to define the scope of the ontology and to delimit its different
areas of knowledge, along with the classes and relations to be modelled. These CQs have
also helped to define the criteria to search for relevant ontological resources for reuse,
which will be specified in the implementation section.

3.3. Implementation Step

Ontology Implementation
TODO has been implemented as a modular ontology, inspired in the modules in [23],
which distinguish between domain-related and dialogue-related information. This mod-
ular approach provides many beneficial aspects to ontologies in terms of maintenance,
reasoning-processing?, validation, comprehension, collaborative effort and reuse [34].
Considering the CQs, the domain and dialogue modules have been divided in sub-
modules in TODO, so as to cover more specific areas of knowledge that have certain
independence. The definition of the CQs also contributes to the identification of reusable
concepts from other ontologies, a task that is considered as good practice in ontology

2Reasoners and processing tools may take more time to work over big ontologies.
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development [35]. More details on the reused concepts for each module are specified in
the following sections.

The general overview of TODO and its modules can be seen in Figure 1. The fol-
lowing lines will describe the dialogue- and domain-related modules, along with each of
their submodules.

Dialogue Ontology Module - TODODial

The TODODial module, which covers basic CQs 06 to 10, deals with the concepts used
for dialogue modelling, both for dialogue management and dialogue tracing. The knowl-
edge covering the former is intended to be implemented as static, and the latter as dy-
namic, as it will be instantiated during the dialogue process. Considering this, the module
consists of two submodules: Dialogue Management (TODODM) and Dialogue Trac-
ing (TODODT).

TODODM, which covers basic CQs 06 to 08, models the concepts that allow to
manage the dialogue process. In this sense, the dialogue process consists of two main
types of steps: Dialogue steps and Process steps. The former require of some interac-
tion with the user by the system (SystemStep) and, depending on the modelling of the
dialogue step, it may prompt the user to obtain information (SystemRequest) or it may
output some information (SystemResponse). The output to be presented to the user is
defined in a data property (outputSentence).

A system response will typically imply a system request, although it may also im-
ply a predefined action in dialogue control (DialogueControlMarkers), which might
establish that the dialogue process needs to continue, finish or to restart.

On the other hand, process steps do not require from interaction with the user.
Both dialogue and process steps have a step function associated. Step functions are a
very important concept in the dialogue process, since they are directly linked to specific
functions in the dialogue system component that manages the dialogue process (usually
known as dialogue manager). Furthermore, step functions have a set of implications
(through the object property implies and its subproperties) that determine the next step
of the dialogue process, considering the output of the step functions when executed in
the dialogue manager.

The TODODT module deals with basic CQs 09 to 10, and aims to model the neces-
sary concepts to allow dialogue recreability; that is, to gather the necessary information
to be able to reproduce the dialogue process, so as to detect possible errors or check the
flow of a specific piece of dialogue. Furthermore, this information can be exploited to
learn from finished interactions.

In this module, three main dialogue elements are subject to tracing: dialogues, user
steps and system steps. For dialogues, two types are distinguished: Dialogues and Sec-
ondary dialogues. Dialogues are the main concept of the dialogue, whereas Secondary
dialogues are the subdialogues that emerge in the context of a Dialogue. For example,
given the user request “I want information”: a dialogue trace would be created, and that
dialogue trace would have an associated user request trace. However, the user has not
specified the element they want information about, and the system generates a secondary
dialogue, with a trace of the request that asks for the missing information —which will
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Figure 2. Simple overview of TODODial.

recreate the output sentence(s) that the user has received as output. If the system output
is a request, a trace for the user response will also be created.

Figure 2 shows a simple overv