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ECAVI: A tool for Event Calculus Analysis and
Visualization

Abstract

Although action languages are well-established as a means to model dynamic
domains, their adoption by knowledge engineers is often hindered by modelling
errors and steep learning curves. Event Calculus (EC), as one of the most promi-
nent action languages, has a way of representing causal and narrative information
which differentiates from other similar formalisms. It has been argued that visual
modelling tools could assist knowledge engineers in the modelling task and improve
the quality of the resulting models. The ADOxx Meta-Modelling platform enables
the development of modelling toolkits where the metamodel and the modelling
method are made by the developer.

In this thesis, we present the tool ECAVI (Event Calculus Analysis and VI-
sualisation), a domain independent visual modelling tool for designing dynamic
domains in the Event Calculus. ECAVI is mainly addressed to inexperienced
modellers (such as students who are working towards understanding the Event
Calculus), aiming to help them become acquainted with the features of Event
Calculus and to guide them during the process of designing their problems.

For the realisation of the tool we make use of the ADOxx meta-modelling
platform’s functionalities in order to design our graphical language based on the
syntax and semantics of the Answer Set Programming (ASP) formal language and
with the help of a Java program, we pair it with the state-of-the-art automated
reasoner, Clingo.

Even though ECAVT is still a work-in-progress, with several features that have
been planned but not implemented yet, we argue that the tool will be useful to a
diverse audience of knowledge modellers as a teaching assistant for the fundamental
concepts of reasoning about actions and change and also as a way to visualise full
ASP programs.






ECAVI: 'Eva gepyaieio yia Avaiuvon xou
Orntixonoinorn tou Aoyiopol Xuvufdaviwy

Hepirngm

Ov yAooeg dpdong €youv xatcpwiel wg péco yio TN povielonoinon Suvopl-
%WV TOPEWY, WGTOCO, 1) LVIOVETNGT TOUG amd Unyavixols YVoong cuyvé eunodileton
ano CGQAAUOTA LOVTIEAOTOMONG Xt amoTopeS xoumOAeS udinone. O Aoylopodg Xuy-
Bavtwv (AY), we pio and g mo onuavtixés Yhwooes dpdong, UTopel vou ovamapo-
GTAOEL OUTIWOELS X APNYNUATIXEC TANPOYORIEC UE TEOTO ToL dlapoporoleital amod
dhhoug mopduoloug popuaiiopols. ‘Eyel unootroyel ot to epyakeio omTindc yo-
VIEAOTIOIMGTE UTOPOLY Va Botdficouy Toug Unyavixols YVmong xatd Tr Stadixacio Tng
povtehomoinong xat vor BEATIOGOUY TNV TOOTNTA TWY LOVTEAWY Tou tpoxintouy. H
Meta-Modelling mhatgpdpoua ADOxx emitpénet tnv avdntuén epyaheiwy poviehonoln-
O”NC OTOU TO UETAUOVTERD Xou 1) U€V0BOC LOVTENOTIOTOINOTG XATAOKELGLOVTOL ATt TOV
TEOYPOUHUATIOTY.

Ye auth) T Simhwpoatixd epyacia, tapovaidlouue o epyoreio ECAVI, éva avedip-
TNTO TOPEWY EpYORElD OTTIXNG UOVTEAOTIOMONG VLol TO OYEBLICUO BUVOHXDY TOUEWY
otov Aoyoud LupPdviov. To ECAVI arevdiveton xupiwe oe dtopa diywe eumeipla
ot yovtehomoinon (6nwe padntéc mou Peloxoviar 6To 6TEd0 TG XATAVONONS TOU
AY) pe otdyo va touc Bondfoer va eoxewdoldy pe o yopaxtelo Tid tou AYX xou
Vo Toug xadoonyNoEL xatd TN Sladixacior oyESLCUO) TWV TEOBANUATHY TOUC.

[ v LAormoinon Tou epyalelou yenolomololUe TIC ActTovpyiee Tne metamod-
elling mhoatpopuag ADOXxX doTE Vo GYEBLACOUPE TN Yapuxh Hog YAOooo ue Bdon to
ouvtaxtxd xou ) onuactoloyia tne Answer Set Programming (ASP) yAdhooag, xou
pe ™ Pordela evog Java mpoyeduuatog T cUVBUALOUUE UE TOV GUYYEOVO OUTOUOTO-
roinuévo reasoner, Clingo.

[Tapdro mou to ECAVI anotekel axdpa S0UAeld oe eEENEN, UE APXETA YAUEAUXTNOL-
o TXd TV €YOLY TROYEAUUUATIOTEL ahhd Bev €youv axdur epapuootel, utootneilouue
ot To gpyaheto Vo elvan ypriowo o €va xowd ToIAWY ATOUMY TIOU ATy OAOOVTOL UE
povtehomoinom yvoong we évag Bondog dudaoxahiog yia Tic YeUehddeS €VVolES NG
GUANOYIO TG OYETIXA UE TIC EVERYELEC Xal TNV AAAAYT) UECH OTO YEOVO ARG Xol G
€Voy TPOTIO OTITIXOTIOINONE TAHEWY TEOYEAUUUdTwY o ASP.
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”The world ain’t all sunshine and rainbows. It’s a very mean and
nasty place and I don’t care how tough you are it will beat you to your
knees and keep you there permanently if you let it.

You, me, or nobody is gonna hit as hard as life. But it ain’t about how
hard ya hit. It’s about how hard you can get hit and keep moving
forward. How much you can take and keep moving forward.

That’s how winning is done! Now if you know what you’re worth then
go out and get what you’re worth. But ya gotta be willing to take the
hits, and not pointing fingers saying you ain’t where you wanna be
because of him, or her, or anybody!

Cowards do that and that ain’t you! You’re better than that!”

Rocky Balboa

”We must accept finite disappointment but never lose infinite hope!”

Martin Luther King
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Chapter 1

Introduction

1.1 Motivation

Reasoning about actions, change and causality has been an important challenge
from the early days of Artificial Intelligence (AI). Action languages are well-
established logical theories for reasoning about the dynamics of changing worlds,
aiming at ” formally characterizing the relationship between the knowledge, the per-
ception and the action of autonomous agents” [31]. One of the most prominent
action languages is the Event Calculus [19, 25], which incorporates certain useful
features for representing causal and narrative information and has been applied
in domains as diverse as high-level robot cognition, argumentation [1, 5], service
composition [30], complex event detection [32], and others.

The Event Calculus, being a logical formalism, is generally hard to tackle by
the non-expert, and novice practitioners find it hard to properly model a domain
of interest. It has been argued [26] that visualisations generally help knowledge
engineers understand better the ramifications of their modelling decisions. In
the context of the Event Calculus, we argue that a visual representation of the
various axiom types may help knowledge engineers understand the semantics of the
different axiom types, thereby simplifying the learning process for inexperienced
modellers and reducing the number of modelling mistakes.

Fill and Karagiannis [8], investigated the role of visualization in the concep-
tualization of modelling methods and commented on the fact that ”the absence
of a graphical representation during modelling will inevitably force the engineer to
develop an adequate visualization for the elements of the syntax of the modelling
language, by taking into account the corresponding semantics”. This realization is
also enforced by many popular efforts in visualisation, such as the introduction of
UML [9] in the context of software engineering, or Protégé! as a visual tool for
ontology editing.

A model represents a partial and simplified view of a system, so, the creation
of multiple models is usually necessary to better represent and understand the

'https://protege.stanford.edu/
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system under study. Models allow the sharing of a common vision and knowledge
among technical and non-technical stakeholders, facilitating and promoting the
communication among them. They also make the project planning more effective
and efficient while providing a more appropriate view of the system to be developed
and allowing the project control to be achieved according to objective criteria.
The concepts of system, model, meta-model and their relations are the essential
concepts of Model-Driven Engineering (MDE) [3]. MDE focuses on the models,
rather than the code, using them as primary engineering artefacts [2]. ECAVT takes
a model-based approach, where the code is generated directly from the models,
in order to meet integration and interoperability requirements in the context of
MDE.

To the best of our knowledge, there does not exist any tool that focuses on
the visualization of Event Calculus semantics. Visic et. al. [33] introduced the
only good point-of-reference for our case, a domain-specific language (DSL) that
considers the "modelling method engineering” as the application domain and al-
lows the method engineer to focus on the conceptual building blocks of a modeling
method rather than on a meta-modelling platform’s technical specificity.

Motivated by this fact, the object of this thesis is the design and development of
a new, domain independent modelling tool, ECAVI (Event Calculus Analysis and
VIsualisation), which offers a visual language for designing dynamic domains in the
Event Calculus, while assisting the user in the process of knowledge engineering,
through the ADOxx meta-modelling platform and with the help of a state-of-the-
art automated reasoner, Clingo.

1.2 Contributions

For the first version of the ECAVI modelling tool, we mainly focus on novice users
of Event Calculus, with basic or no knowledge of the formalism, such as students
that are working towards understanding the Event Calculus; our aim is for this tool
to be used as an assistant for teaching the fundamental concepts of reasoning about
actions and change and in the future, also assist the more experienced users. More
specifically, the first version of the ECAVI modelling tool relies on the following
contributions:

e The offer of a visual language for designing causal dynamic domains, sup-
porting phenomena such as context-dependent event occurrences, context-
dependent effects of events and concurrency. Next versions will further ex-
tend the language with more features, such as non-determinism, indirect
effects of events and others.

e The tight coupling of the visual domain representation with two powerful
logical formalisms, namely the Event Calculus and Answer Set Programming
(ASP), that enable the knowledge engineer to perform complex reasoning
tasks, such as progression, observation explanation etc.
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e Assist the user in the process of knowledge engineering, minimising the pos-
sibility for syntactical errors. More importantly, our current work concerns
also the raising of warnings and exceptions whenever logical fallacies are de-
tected, which may lead to contradicting or counter-intuitive behaviour, e.g.,
when the same property may become true and false at the same time.

e Adoption of a pedagogical approach in the process of designing causal do-
mains, aiming to help non-experts, such as students, to learn the basics of
how a conceptual model can be translated and executed through the logic
programming paradigm.

1.3 Thesis Outline

The thesis is organized as follows. Chapter 2 describes all the necessary back-
ground material needed for understanding the fundamentals of the 2 main parts
our tool comprises of, namely Event Calculus and the ADOxx Meta-modelling
tool. On Chapter 3 we review some tools that are relevant to our work and have
provided valuable insight towards the realisation of ECAVI. Chapter 4 describes
the full methodology behind the conceptualization of our tool and the visual no-
tation adapted on the ASP syntax and semantics. Chapter 5 presents the main
architecture of ECAVI, as well as, a full description of a simple use case imple-
mented with the tool. Finally, chapter 6 presents the main conclusions of this
thesis along with a description of the open issues and directions that define our
future work.



CHAPTER 1. INTRODUCTION



Chapter 2

Background

This chapter provides the necessary background material in order to understand
and follow the main concepts of this thesis. It comprises of 3 main parts that define
our tool and are essential to our methodology and implementation: Event Calculus,
Answer Set Programming (ASP) and the ADOxx Metamodelling Platform.

2.1 Event Calculus

Commonsense reasoning is essential to intelligent behavior and thought. It allows
us to fill in the blanks, to reconstruct missing portions of a scenario, to figure out
what happened, and to predict what might happen next. Reasoning about the
world requires a large amount of knowledge about the world and the ability to use
that knowledge. Commonsense reasoning can be used to make computers more
human-aware, easier to use, and more flexible. Although it comes to us naturally
and appears to be simple, it is actually a complex process [27].

The Event Calculus is a narrative-based many-sorted first-order language for
reasoning about action and change. The basic notions of the Event Calculus
are events, fluents and timepoints. It explicitly represents temporal knowledge,
enabling reasoning about the effects of a narrative of events along a time line. It
also relies on a non-monotonic treatment of events, in the sense that by default
there are no unexpected effects or event occurrences.

Several fundamental entities must be represented: objects in the world and
agents such as people and animals, properties in the world that change over time
which we call fluents and such is the location of an object, events or actions that
occur in the world such as the action of a person moving an object, and at last we
need to represent time.

Formally, a sort £ of events indicates changes in the environment, a sort F
of fluents denotes time-varying properties and a sort T of timepoints is used to
implement a linear time structure. The calculus applies the principle of inertia
for fluents, in order to solve the frame problem, which captures the property that
things tend to persist over time unless affected by some event.
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An event may occur or happen at a timepoint and a fluent has truth value
at a timepoint or over a timepoint interval (true or false). The occurence of an
event may affect the state of a fluent. We have commonsense knowledge about
the effects of events on fluents, specifically about, events that initiate fluents and
events that terminate fluents. For example, we know that the event of picking
up an object initiates the fluent of holding the object and the event of setting
down an object terminated the fluent of holding the object. We represent these
notions in first-order logic with the use of the Event Calculus domain-independent
predicates!:

e HoldsAt(F,T) represents that fluent F is true at timepoint T.

Happens(E,T) represents that event E occurs at timepoint T.

Initiates(E,F,T) represents that, if event E occurs at timepoint T, then the
fluent F will be true after T.

Terminates(E,F,T) represents that, if event E occurs at timepoint T, then
the fluent F will be false after T.

ReleasedAt(F,T) represents that fluent F is released from the commonsense
law of inertia at timepoint T and its truth value can fluctuate.

The commonsense notions of persistence and causality are captured in a set of
domain independent axioms, referred to as DEC [27], that express the influence of
events on fluents and the enforcement of inertia for the holdsAt and released At
predicates. In brief, DEC (Discrete time Event Calculus) states that a fluent that
is not released from inertia has a particular truth value at a particular time if at
the previous timepoint either it was given a cause to take that value or it already
had that value. In DEC timepoints are restricted to the integers. For example,
initiates(e, f,t) means that if action e happens at timepoint ¢ it gives cause for
fluent f to be true at timepoint ¢ + 1.

In addition to domain independent axioms, a particular domain axiomatisation
requires also axioms that describe the commonsense domain of interest, observa-
tions of world properties at various times and a narrative of known world events.
The role of the ECAVI tool is to assist knowledge engineers in designing Event Cal-
culus domain axiomatisations, without requiring them to master the complexities
of logic programming.

Satisfiability and logic programming-based implementations of Event Calculus
dialects have been proposed over the years. Recently, progress in generalising
the definition of stable model semantics [7] used in ASP has opened the way for
the reformulation of Event Calculus axiomatisations into logic programs that can
be executed with ASP solvers [21]. ASP is a form of knowledge representation
and reasoning paradigm oriented towards solving complex combinatorial search

'In the sequel, variables, starting with a upper-case letter, are implicitly universally quantified,
unless otherwise stated. Predicates and constants start with a lower-case letter.
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problems. A domain is represented as a set of logical rules, whose models, called
answer sets, correspond to solutions to a reasoning task, such as progression or
planning. As will be described next, ECAVI implements a translation of Event
Calculus theories into ASP rules, which are then executed by the Clingo ASP

reasoner2 .

2.2 Answer Set Programming

Answer Set Programming (ASP) is an approach to knowledge representation and
reasoning. Knowledge is represented as answer sets programs, and reasoning is per-
formed by answer set solvers. Answer set programming enables default reasoning,
which is required in commonsense reasoning.

The syntax of answer set programs derives from the Prolog language. We use
the syntax of the ASP-Core-2 standard. The semantics of answer set programs is
defined by the stable model semantics introduced by Michael Gelfond and Vladimir
Lifschitz [11, 23], where a conclusion is infered only if there is explicit evidence to
support it.

An answer set program consists of a set of rules of the form:

a:—p.

which represents that «, the head of the rule, is true if 5, the body of the rule, is
true. Here is an answer set program:

pP-
r :- p, not qg.

The first rule p. is called a fact. It has an empty body and is written without the
:= (if) connective.The symbol , indicates conjunction (A). The token not refers
to negation as failure and is different from classical negation (—). The expression
not q represents that q is not found to be true.

We can perform automated reasoning on this program by placing it in a file
example.lp and running the answer set grounder and solver clingo on the file.
The clingo reasoner is a combination of the answer set grounder gringo and the
answer set solver clasp, offering more control over the grounding and solving
processes.

The syntax of answer set programs is defined as follows:

A signature consists of the following disjoint sets:
e A set of constants.
e For every n € {1,2,3,...}, a set of n-ary function symbols.

e For every n € {0,1,2,...}, a set of n-ary predicate symbols.

https:/ /potassco.org/



8 CHAPTER 2. BACKGROUND

Given a signature o and a set of variables disjoint from the signature, we define
answer set programs as follows.

A term is defined inductively as:

e A constant is a term.
e A variable is a term.

e If 7 and 79 are terms, then —7, 71 4+ T2, 71 — T2, 71 * T2 and 71 /72 are terms.
The symbols +,-,*, and / are arithmetic symbols.

e If ¢ is an n-ary function symbol and 7y, ..., 7, are terms, then ¢(71,...,7,) is
a term.

e Nothing else is a term.

A ground term is a term containing no variables and no arithmetic symbols.
An atom is defined inductively as follows:

e If p is an n-ary predicate symbol and 71, .., 7,, are terms, then p(7y,...,7,) is
an atom.

e If p is an 0-ary predicate symbol, then p is an atom.

o If 7 and 7 are terms, then 71 < 7o, 71 <= T2, T = T2, 1! = T, T > T,
and 71 >= 79 are atoms. The symbols <,<=,=,! = >, and >= are the
comparative predicates.

e Nothing else is an atom.

A ground atom is an atom containing no variables, no arithmetic symbols, and
no comparative predicates.
A rule is

a1 | .o | ag =B, ..., B, DOt 1, ..., NOL Yy

where aq, ..., , 51,y By Y15 ---, Vo are atoms. aql...|ay is the head of the rule,
and B, ..., Bm, not 71, ..., not v, is its body.
A fact is a rule whose body is empty (m = 0 and n = 0).
A constraint is a rule whose head is empty (k = 0).
A ground rule is a rule containing no variables, no arithmetic symbols, and no
comparative predicates.
A logic program, answer set program or program is a set of rules.
A traditional rule is a rule whose head contains a single atom (k = 1).
A traditional program is a set of traditional rules.
A ground program is a program containing no variables, no arithmetic symbols,
and no comparative predicates.

Answer set programming languages, such as those of Iparse, gringo, and DLV,
and the standard ASP-Core-2, further specify the following:
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e Constants are integers or start with a lowercase letter.
e Variables start with an uppercase letter.
e Function symbols start with a lowercase letter.

e Predicate symbols start with a lowercase letter.

2.3 Agile Modelling Method Engineering

The Agile Modelling Method Engineering (AMME) is a domain-independent method-
ology addressing the interaction between modelling and machine processing of
models, including, simulation, analysis and code-generation. The main character-
istics of AMME with regard to changing requirements are [12, 14]:

e Adaptability: the ability to modify existing concepts/properties (to meet
new requirements).

e Extensibility: the ability to add new concepts/properties to the existing
metamodel.

e Integrability: the ability to add bridging concepts/properties in order to
integrate existing building blocks.

e Operability: the ability to provide satisfying user interaction and model
understandability.

AMME relies on a methodological core called the Conceptualization Lifecycle
which establishes several phases for incrementally deriving modelling tools, from
modelling method creation until the technical deployment in the form of usable
software [14]. Thus, in ECAVI, we focus on this methodology in order to define
the requirements and design the modelling language of our tool.

2.4 ADOxx Metamodelling Platform

ADOxx is the creation of the Open Models Laboratory (OMiLAB)3, a dedicated
research and experimentation space for modelling method engineering. Both a
physical and virtual place, it is equipped with tools to explore method creation
and design, experiment with method engineering and deploy software tools for
modelling [12].

The ADOxx meta-modelling development and configuration platform?® enables
the development of modelling toolkits, where the metamodel and the modelling
method are made by the developer. The modelling toolkits implemented with
ADOxx follow a configuration approach on platform level (re-use of existing im-
plementations and functionality on platform level in different scenarios) that is
supported by an expert community.

3http://austria.omilab.org/psm/home
‘https://www.adoxx.org/live/adoxx-documentation
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The tool has been used and tested for more than 20 years in research and
industrial projects and is considered a mature tool for metamodel development
with a great variety of features, high scalability and reliability [8].

In ADOxx the following roles are distinguished in relation to the task/skills
needed to perform certain modelling/meta-modelling tasks.

Identified Roles Major Tasks Required Skills Cases
1
B8 |
Modelling Domain Domain Knowledge £2 | % a
\ Knowledge Method Knowledge = ‘E., E’
e 83|52
MM-Tool User “El|83
Eg
L8 8 B B B B B N &R &8 N §B & B B _§B B N _§ | ‘.6%
)
Developing an Meta Domain Knowledge 33
Modelling Tool Method Knowledge = K
Platform Knowledge 2 8
MM-Tool Developer &

Agile development of ADOxx platform in .
parallel to medelling method development

Implementation of tool Platform Knowledge
specific and ADOxx ADOxx Technology
functionality Skills
ADOxx Developer

Table 2.1: ADOxx Role/Task/Skill Matrix

e Modelling Method Tool User: represents the target group of the toolkit
to be developed. The major task of this role relates to transforming the
domain knowledge into requirements for the modelling toolkit.

e Modelling Method Developer: has expertise in developing and trans-
lating the requirements into meta-model concepts (class hierarchy, relation
specification, cardinalities)

e ADOxx Developer: uses the input of the MM-Tool Developer and maps
these requirements to available ADOxx functionality and implements the
requirements accordingly.

In ECAVI, we have both the roles of the ADOxx Developer and the MM-Tool
Developer in order to implement the modelling language that translates the re-
quirements defined by the Tool User. Furthermore, ECAVT is designed so that any
MM-Tool User with no method knowledge can gain this knowledge with the use
of our tool.
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ADOxx provides two different toolkits, both of them implementing the ADOxx
meta’? model and operating on the same database. The Development Toolkit sup-
ports the creation of modelling methods, whereas the Modelling Toolkit allows for
the creation of models.

The specification and definition of a modelling method is defined by Kara-
giannis and Kiithn [16]. Modelling methods are divided into two components: a
modelling technique, consisting of the modelling language and the modelling pro-
cedure, and the mechanisms and algorithms. The modelling language contains the
elements that describe the models and is defined by its syntax, semantics and nota-
tion. The modelling procedure is implicitly realised with the model types, whereas
each one is a set of modelling concepts that are grouped in a useful way.

It is possible to define simple metamodels, which are the prerequisite of de-
ploying modelling toolkits, based on three concepts and their relations. A class is
one of the core constituents of the meta? model of ADOxx and can be related with
other classes by means of relation classes, where it is possible to specify which class
may be connected with which classes by means of the specific relation class [8, 17].

2.4.1 The GraphRep class attribute

The GraphRep class attribute® allows the design of a graphical representation for a
specific constructs in a graphical design application. Upon completion, the graph-
ical construct representation can be automatically translated into the platform-
specific code of ADOxx. It is of type LONGSTRING, hence it’s value is a text
that is interpreted as a script by the GRAPHREP interpreter.

There are five types of elements distinguished: Style elements, Shape elements,
Variable assigning elements, Context elements and Control elements.

The representation characteristic for following shape elements is modified by
five style elements: PEN, FILL, SHADOW, STRETCH and FONT.

The ADOxx GraphRep repository collects implementation of graphical repre-
sentation from different scenarios and projects and provides them to the commu-
nity. All community members as free to add, revise, use, modify, comment and
rate the GraphReps available in the repository®.

Shttps://www.adoxx.org/live/graphrep
Shttps://www.adoxx.org/live/adoxx-graphrep-repository-wiki/-/wiki/GRAPHREP+
Repository/FrontPage



12 CHAPTER 2. BACKGROUND

2.4.2 AdoScript

ADOxx features a powerful scripting language, export to XML for external pro-
cessing and offers the possibility to couple external applications.

External coupling with ADOxx enables the realisation of additional function-
ality on platform level that is not covered by the core functionality provided by the
tool” (Fig. 2.1). In order to implement that, we use the AdoScript macro language
of ADOxx that is designed for this purpose and allows significant extension possi-
bilities with low programming effort. AdoScript enables integration via a so-called
“Message-Port Concept”, where specific ports are assigned to each kind of message
and the resulting messages are used for further usage and application®.

Add-On
Implementation

External Coupling ADOxx
Functionality

Configuration of ADOxx
Components

Core
Functions
Model
Manipulation

' Visualisation /

Simulation
\\\\__ Transformation //

AdoScript — Expression

ADOWS AdoScript
Batch
XML & ADL Mode
Import/Expart

Figure 2.1: ADOxx External Coupling Functionality

AdoScript can be executed on many different ways, so it can be used where it is
needed:

e As menu entry: used for manual execution (e.g. Scripts 2)

e In events: If specific actions are executed, an AdoScript can be automati-
cally called

e In the Notebook via Programcall: similar to menu entries, but triggered
from within the Notebook.

e Automatically over Command Prompt: trigger during startup of ADOxx
and handover of AdoScript through the command prompt.

e From AdoScript Shell: as a debugging and development facilities to test
code snippets (Script 3).

"https://www.adoxx.org/live/external-coupling-overview
Shttps://www.adoxx.org/AdoScriptDoc



Chapter 3

Related Work

In the previous chapter, we described the main components of this thesis; Event
Calculus and the ADOxx metamodelling platform. As this thesis is targeted to-
wards the integration of those two components in order to implement a visual-
isation tool, this chapter studies in more detail other works that we deemed as
related to ours. Other visualization tools have been made for many purposes and
they have pointed out the advantages of visualisation. Moreover, extensive work
with Answer-Set programming has pointed out the capabilities of the language.

3.1 OMIiLAB Modelling Method Projects

There exists a big variety of modelling toolkits implemented with the ADOxx
Metamodelling Platform. Most of those modelling method projects are available
on the OMiLAB website and have been extensively documented [17].

The members of the OMiLAB Network have studied the use of modelling tools
in education. Educational activities within OMiLAB address the pragmatics of
modelling for all user groups as well as modelling method engineering. The open-
ness of tools and materials enables the worldwide uptake/integration of community
results in formal and informal educational activities. The primary target groups
are universities, training facilities and similar institutions [12].

The rest of this section, describes some of the most known modelling method
projects available within OMiLAB, which are a good reference of work and provide
some helpful insight towards the capabilities of the ADOxx platform that we can
use for the implementation of our tool.

The Fundamental Conceptual Modelling Languages (FCML) method [15] and
its proof-of-concept Bee-Up Tool' are aimed at being used as a multi-purpose
and multi-layered modelling approach, where method agility is manifested by a
multitude of notation alternatives in a single tool for different kinds of users,
and also by machine interpretable semantics on which functionality of varying
specificity may be built. The method provides the starting steps towards the design

'http://austria.omilab.org/psm/content/bee-up/info

13
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of domain-specific modelling languages, as well as, a resource of lessons learned
which can support both teaching activities in the area of conceptual modelling and
scientific experimentation at meta-modelling level.

One version of the entity-relationship languages is the Higher order Entity-
Relationship Modelling Language (HERM). Using HERM for database develop-
ment has important advantages over other extended entity-relationship models
yet, it is not suitable for a schema that consists of a large set of entity types with
a small set of attributes and a few tuples inside the entity classes. Kramer and
Thalheim [20] demonstrate the creation of a graphical modelling tool based on
ADOxx which creates a graphical HERM schema by allowing an automatic trans-
lation into a logical model after the modelling based on directives which represent
a first step on a compiler approach translation.

The Knowledge Work Designer [13], a modelling tool for flexible decision-aware
business processes. It is based on two principles: the separation of business logic
and process logic and the support of both structures and unstructured knowledge.
Process logic can be represented as a structured business process using BPMN, as
a non-structured case plan in CMMN or as a combination of both called BPCMN.
Decision tables are currently the only representation formalism for structured busi-
ness logic. Any other business logic can be stored in a file (business data or any
kind of document) and referenced via the document model. Future versions of the
tool will include support for other types of visual knowledge representation like
class diagrams, semantic networks, or ontologies.

3.2 VizDSL: Interactive Information Visualization

Visualization techniques are used as part of Model-Driven Engineering (MDE)
to visualise the code, the problem domain and the models used to describe the
domain. Morgan et. al. [26] introduced a platform-independent and extensible
modelling language, VizDSL, which allows non-IT experts to describe, model and
create interactive visualizations, quickly and easily. VizDSL is based on the Inter-
action Flow Modeling Language (IFML) for creating highly interactive visualiza-
tion. It can be used to model, share and implement interactive visualization based
on model-driven engineering principles.

Since VizDSL is platform-independent and extensible through its UML profile,
it is important to provide IFML extension details. VizDSL takes a model-based
approach rather than a procedural approach to the design process, to meet inte-
gration and interoperability requirements in the context of MDE.

The tool will evaluate its usability in terms of satisfaction, efficiency and ef-
fectiveness by means of user studies with users taken from the OGI Pilot?.

For the implementation of ECAVI, we studied the techniques used by VizDSL
and incorporated those that seemed fitting for our purpose.

’http://www.mimosa.org/oil-and-gas-interoperability-ogi-pilot
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3.3 ReACT! Interactive Educational Tool

It is of the essence for the robotic systems to be provided with high-level cognitive
capabilities since the complexity of the tasks and the variability of environments
place high demands on the robots’ intelligence and autonomy.

Dogmus et. al. [4] presented an interactive educational tool for artificial intel-
ligence (AI) planning for robotics. ReACT! enables students to describe robots’
actions and change in dynamic domains via interactive user interface without first
having to know about the syntactic and semantic details of the underlying formal-
ism (Fig. 3.1). They also can solve hybrid planning problems using state-of-the-art
reasoners for hands-on applications of cognitive robotics without having to know
about their input/output language or usage.

The teaching of AI planning in robotics class for students from various de-
partments and with different backgrounds can be a very challenging and time-
consuming work. The job of the tool is to guide the students towards the rep-
resentation of dynamic domains generically and the solving of planing problems
using various planners/reasoners, without having to know the particular specifics.

Declaration Domain Description | Planning Problem = Solver

Action Descriptions | Concurrency € aints | Transition Constraints | State Constraints Ramifications
acion gotatoration) |+ ooy |
Decla oma scription ning e ve

Preconditions

The action is not executable at a state where the Followi
- . Declarations
atRobo=L1| Action: goto(location) - gotolL1)

Add
)

Effects

Variables:

L1, L2, L3, L4 location
B1, B2, B3, B4 :: box
Objec
1.9 location.

The effects of the action are as follows Add box1, box2 :: box
Fluents

Effect Action Description

? | preconditions:

nonexecutable goto(L1) if atRobosL 1

Effects Delete

Figure 3.1: Screenshot of the ReACT! user interface.

3.4 Sealion IDE for ASP

SeaLion 3 is an Integrated Development Environment for Answer-Set Programming
(ASP) [28]. It is developed as part of an ongoing research project on methods and
methodologies for developing answer-set programs.

Seal.ion is designed as an Eclipse plugin, providing useful and intuitive features
for ASP and targets both experts and software developers new to ASP, but with

Shttp://www.sealion.at/
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familiarity with support tools as used in procedural and object-oriented program-
ming. The goal is to fully support the languages of the state-of-the-art solvers
Clasp and DLV, as opposed with other IDEs that support only a single solver.

The IDE is in an alpha version that already implements important core func-
tionality. The editor provides syntax highlighting, syntax checks, error reporting,
error highlighting, and automatic generation of a program outline. There is func-
tionality to manage external tools such as answer-set solvers and to define arbi-
trary pipes between them, as needed when using separate grounders and solvers.
Moreover, in order to run an answer-set solver on the created programs, launch
configurations can be created in which the user can choose input files, a solver con-
figuration, command line arguments for the solver, as well as output-processing
strategies. Answer sets resulting from a launch can either be parsed and stored
in a view for interpretations, or the solver output can be displayed unmodified in
Eclipse’s built-in console view.

The visualisation functionality of SeaLion is itself represented in an Eclipse
plugin, called Kara [18]. Kara is a tool for the graphical visualisation and editing
of interpretations (Fig. 3.2). It is started from the interpretation view. One can
select an interpretation for visualisation by right-clicking it in the view and choose
between a generic visualisation or a customised visualisation.

& Sealion - ASP GEF Editor - Eclipse Platform
File Edit Navigate Search Project Bun Window Help

J[:ej' bl o J 3 G- Q- J@ - J&‘ Bi- & - e T | sealion @.Sealion D... &Jjava [[Resource

[t Project Explorer 52 = 0O ||&& spanningtree div [’ﬁ hydraulic-leaking_de ﬁ iii iiii . ii; "y =5
= <):5[ L »e Palette I

s select

12 GringoProject — 1/ L_{Marquee
1= javaproj -~

3
4
b 1= mydivpreject
3
3
3

(= New Compo...

_reach——

= Sealion
1= SealionProject
1= Sudoku

¥ g Testing 675 [https://mmdasp.sv]
b B8 maze.gringo 675
b B8 MazePreconditions.gringo 66
b B testing.gringo 627

~ lef = testproject 676 [https:/immd
b 3 paper
v [Ftestdv 663
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Figure 3.2: Screenshot of the Sealion’s visual interpretation editor.



Chapter 4

Methodology

In the following chapter we describe the main goals that ECAVI aims to satisfy,
with a close relation to the kinds of users we focus on at this point, as well as, the
modelling method that we followed and the meta-reasoning and integrity checks
that are implemented so far.

4.1

Requirement Analysis

The process, as well as the outcome, of knowledge engineering can benefit by
following certain guidelines and good practices, especially in complex cases, such
as the domains that action languages are focusing on, which are dynamic and
incorporate perplex causal relations. According to Mueller [27], any method for
automated commonsense reasoning must incorporate 5 main key aspects:

The representation of commonsense knowledge about the world and real
scenarios in it.

The representation of objects, agents, time-varying properties, events and
time, otherwise referred to as commonsense entities.

Dealing with object identity. Representation and reasoning about common-
sense domains, such as time, space and mental states.

Address of the commonsense law of inertia, release from this law, concur-
rent events with cumulative and canceling effects, non-deterministic effects,
preconditions, and triggered events. Those phenomena are referred to as
commonsense phenomena.

Use of representations of scenarios and commonsense knowledge to specify
processes for reasoning. Specifically, support of default reasoning, temporal
projection, abduction, and postdiction.

We incorporate these aspects in our tool with the use of the Event Calculus syntax
and semantics and by separating the design into 4 sub-models, further described
in Section 4.2.

17
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CHAPTER 4. METHODOLOGY

Our aim is for this tool to be used as an assistant for teaching the fundamental
concepts of reasoning about actions and change. For this purpose, at this point of
the tool’s development, we focus on a target group of novice users and students
that are working towards understanding the Event Calculus.

Before we begin to identify the requirements for our tool, we must first distinguish
each group of users we focus on and what are their distinct needs. We separate
our first target group of users into 4 sub-groups:

1. Users with some knowledge and a little experience in logical programming
(e.g. Prolog) but no previous knowledge in Event Calculus.

2. Users with no knowledge in logical programming but with programming
background (e.g. knowledge of C, C++, Java etc.)

3. Users with no programming knowledge whatsoever but with some experi-
ence in modelling (e.g. people who have worked with other modelling tools
implemented on ADOxx such as the Business Process Management tool,

ADONIS).

4. Users with no programming knowledge neither any modelling experience.

answer-set solver works.

User User User User
Group 1 | Group 2 | Group 3 | Group 4
Walk-through wizard/tooltips
to help make the first steps
into the tool X X X
making the first model.
Tooltips that explain what
each object of the design X X X X
represents.
Help to become acquainted
with specific features X X X
of the language
(eg. delayed effect axioms)
Assistance in the process of
building an axiom, X X X X
avoid syntactical errors.
Build ASP programs without
needing to know how the X X

Table 4.1: List of requirements specified for each distinct group of users in our

target group




4.1. REQUIREMENT ANALYSIS 19

At the above table we pinpoint the needs for our target group of users. Notice
that, in a couple of cases a certain target group isn’t considered to necessarily
have a certain need. For example, a user that has previous experience with other
modelling tools made on the ADOxx platform (eg. ADONIS) may not need tooltips
that show how to make the first model.

We also want to help the users that already know how Event Calculus works
(e.g. knowledge engineers) visualize their programs. Those users, however, will
need the support of further features from our tool such as non-determinism, indi-
rect effects of events and others. The need for our tool to support those users as
well, is considered part of our future work (see Section 6.2).

In addition, for the knowledge engineer that wants to interoperate with differ-
ent teams in the same project, quickly communicating the high-level behaviour of
a component without delving into the code details (by exchanging visual represen-
tation of the model), can be a key aspect in promoting productivity.
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4.2 Modelling Method

Karagiannis and Kiithn in 2002 [16] proposed a framework for the description of
modelling methods (see Fig. 4.1). In this framework a modelling method is com-
posed of a modelling technique and mechanisms and algorithms. The modelling
technique is further divided into a modelling language and a modelling proce-
dure [8, 15].

madelng

—
maethod
- used for

meChanisms
& algorith

modeling 4 ued n
technique T
4 defines way of language spphcation
madeling dedrads
defines visuskzation
] medelng — procedure genenic
language 4 defines meaning mechanisms
‘ £ algonthms
defires grammes ?‘
specific
desiribes sleps results —— mechamsms
r— synlax W semanhcs & algonthms
m rL | hybiid
consdes B ’ =
* & arranges mechanisms
semantic sccordngo | semantic & algonthms
mapping L domam

Figure 4.1: The Generic Modelling Method Framework

4.2.1 The ECAVI Modelling Language

In order to build our modelling tool, the modelling language of Event Calculus
needs to be realized. As described in Section 2.4, a modelling language consists of:

1. Syntax: the specification of a modelling construct
2. Semantic: the definition of the meaning of a modelling construct
3. Notation: the graphical representation of a modelling construct

A modelling construct can be a (concrete) class, relation class, modeltype or
attribute.

For the realization of our modelling language, the steps are clear'. First, we
define the conceptual aspects of the implementation of our modelling language
(namely the Event Calculus in our case), and then we move to the realization of
the Event Calculus meta-model with ADOxx.

1

4.2.2 Conceptualization of the Modelling Language

During this phase, we find a mapping between the generic ADOxx Meta2Model
(Fig. 4.2) and our modelling language, the Event Calculus.

"https://www.adoxx.org/live/modelling-language-implementation-on-adoxx
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Figure 4.2: The generic ADOxx Meta2Model

In ADOxx there are 3 types of classes?:

e Pre-defined Abstract Classes derived from the ADOxx meta model classes
and implemented on platform level. These classes have a given semantic and
basic syntax in form of attributes.

e Abstract Classes as self-defined classes enabling to structure the meta model
and define syntax in form of attributes and semantic, which is inherited by
sub-classes. They inherit their behaviour from their super-class - which is
often a pre-defined abstract class from the ADOxx meta model.

e (Concrete) Modelling Classes that can be used, when applying the corre-
sponding modelling language. Hence, all model objects created in every
model on ADOxx are an instance of a class.

First, we need to consider what classes and relation classes are needed in order
to represent the main constructs of a given language definition. Then, we need
to think of appropriate super classes (provided by the ADOxx Operationalizable
Meta Model) for new classes, as well as, accounting for the definition/configuration
of (new) attributes so that our meta model describes the full syntax and semantics
of our modelling language. Not all constructs that are part of the syntax of a
modelling language need to have a graphical representation; these constructs are
usually abstract (i.e. not instantiated in models) and are typically for reusability
of semantics (e.g. property inheritance). After that, we are ready to define an
intuitive graphical notation for the classes and relation classes in order to simplify
the modelling, with the use of the GraphRep class attribute (see Section 2.4.1).

’https://www.adoxx.org/live/classes
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For our implementation, we make use of the pre-defined classes of the Static
Library in order to define our Domain Objects, the constants of our domain. The
Dynamic Library is then used to define models that describe the rest of our domain.

Relations between two objects of the same model are defined with a correspond-
ing instance of the relation class. In order to define relations between objects that
belong in different models, a special configuration of a Relation Class is needed,
called InterRef. InterRef makes the connections needed for our models to inter-
link3.

All the defined classes and relation classes of our implementation are shown in
Appendix A.

4.2.3 Implementation of the Modelling Language

In ECAVI, we rely on the ASP syntax and semantics (described in Section 2.2),
which implement Event Calculus theories. As for the visual notation deployed to
model the key aspects of the formal languages, we developed a set of visual cues
shown in Figure 4.4
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Shttps://www.adoxx.org/live/relations
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Figure 4.4: Graphical Notation of ECAVI

4.2.3.1 Modelling Procedure

To accommodate the modelling process, we follow a common practice in knowledge
engineering for dynamic domains, which breaks down the modelling tasks into four
sub-models (Fig. 4.3):

e The Domain Object model (Figure 4.3a), which specifies all Object Symbols
(or Roles) and the Instances (or Constants) that populate our domain.

e The Fluent and Event model (Figure 4.3b), which specifies all dynamic as-
pects of our domain, in the form of fluents, events , and other user-defined
predicates. Together with the Domain Object model, this part defines the
signature (or alphabet) of our domain axiomatisation.

e The Domain Aziomatisation model (Figure 4.3c), which axiomatises the
dynamics of our domain. This is the main part of the modelling process,
supporting the user in defining effect axioms (Initiates, Terminates, Trig-
gers), coupled with preconditions and effects defined in the previous models,
e.g., fluent and event expressions.

e Finally, the Starting State model (Figure 4.3d) defines the initial state of
a domain, and the narrative of events that happen at various timepoints.
This is used as input to the clingo solver, to find answer sets satisfying the
domain dynamics.

With the help of Event Calculus, we can represent commonsense knowledge and
scenarios, and use the knowledge to reason about the scenarios (Erik T. Mueller [27]).
A full description of the basic notions of the Event Calculus and ASP, that we
mapped to graphical representations follows.
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4.2.3.2 Visual Notation

We design the graphical representation of each object with the use of the GraphRep
class attribute. The following classes are part of the Static Library:

Object Symbol

A constant or variable that defines the context/domain of the
implementation. An object symbol has an arity defined by
the number of its instances.

The symbol R represents the fact that an Object Symbol is
perceived like a Role of an Instance.

Instance

An instance of an object symbol (constant or variable, called
term in ASP). An instance is associated with one or more
object symbol(s) via a ISA Association.

Has Role (Relation)

The connector that defines a relation between an Instance and
- = an Object Symbol. This relation is practically used to give a
- role to an instance.

Figure 4.5 shows an example of how the Domain Objects are drawn in our model.
In this example, anakin has the role of father and luke and leia have the role of
child. All three of them also have the role of a person.

person &, leia
A R Il
The corresponding EC definition is: 'i' N
person(anakin;luke;leia). ’ -
father (anakin) . anla!,m ke =
child(luke;leia). :
] R
father child

Figure 4.5: Domain Objects Representation
Example



4.2. MODELLING METHOD 25

The following classes are part of the Dynamic Library:

s 3
e g
= 2

A time-varying property of the world. A fluent has a truth
value at a timepoint or over a timepoint interval; the possible
truth values are true and false.

An event or action that may occur in the world. It may occur
or happen at a timepoint. After an event occurs, the truth
values of the fluents may change (i.e. an event may initiate
or terminate a fluent).

User-Defined Predicate

Applies a nature to an already defined instance. This type of
predicate differs from a fluent in a sense that it is not depen-
dent on time.

Eg. movableObj(0Obj) :- object(Obj).

Predicate is a precondition to a fluent or an event (Relation)

o,
aaaaaaaa:ﬂﬁ.

This connector defines a relation between a User-Defined
Predicate and a Fluent or an Event.

Eg. fluent (right0f (X,Y)) :-

object(X), object(Y) movableObj(X), movableObj(Y).

HoldsAt (f,t) represents that fluent f is true at timepoint t.
A fluent is linked to an instance of the HoldsAt class with the
InterRef relation.

Happens (e, t) represents that event e occurs at timepoint t.
An event is linked to an instance of the Happens class with
the InterRef relation.

Happens and HoldsAt can be negated. In ECAVI, we visualize the negation of an
Event Calculus predicate with the symbol = with a red background on the left
side of the predicate (Fig. 4.7).
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For a fluent we use the symbol of the hourglass to visualize the fact that the
fluent’s state may change from time to time. For an event we use the symbol of
a bell notification to imply that an action occurs at the time the event happens.
The same symbols are used on the HoldsAt and the Happens classes, respectively.
Both the HoldsAt and the Happens predicates occur at a certain timepoint and
for that purpose we added the symbol of a clock at the top right of their graphics.
Notice that, at the cases when an event occurs at some timepoints before or after
another (e.g. T-1, T+2, etc.), the corresponding timestamps are shown (Fig. 4.7)

Effect Predicates

0000

Figure 4.6: States of an effect:
(a) Default (b) Initiates (¢) Terminates (d) Triggers

When an effect is created, it assumes the default state (temporary state upon
creation). The user then, has to define the type of the effect. The effects of event
can be of 3 different types: Initiates, Terminates or Triggers (further described in
Section 2.1).

The effects of events may have preconditions that define if the event will have
its intended effect (qualification):

- A fluent precondition is a requirement that must be satisfied for an event
to have an effect. We express the fluent preconditions in the form of HoldsAt.

- An action precondition is a requirement that must be satisfied for the
occurrence of an event. We express the fluent preconditions in the form of
Happens.

Fluent Precondition (Relation)

The connector used for defining fluent preconditions. The
relation is outgoing from an instance of a HoldsAt class and
incoming to an instance of an Effect.

e.g. Fig. 4.7 shows an example of 2 fluent preconditions to an effect

—

Event Precondition (Relation)

Similar to the connector for a fluent precondition with the
only difference of a bullet at the starting end (in order to
distinguish between them with a glance).

e.g. Fig. 4.8 shows an example of an event precondition to an effect

—
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Triggering Event (Relation)

The connector used for linking an effect to the event that has
| TEEELEY the behaviour of a trigger.
Figures 4.7 & 4.8 display examples of triggering events to effects

Triggered Fluent (Relation)

An effect of type Initiates or Terminates has an outgoing rela-

tion to the fluent that will be triggered if all the preconditions
H are true. This connector specifies this type of relation.

In Fig. 4.8, an example of a triggered fluent is shown on the right

side of the effect.

Triggered Event (Relation)

Similar to the previous connector, this connector specifies the

outgoing relation from an effect of type Triggers to the event
[ — that will be triggered if all the preconditions are true.

In Fig. 4.7, an example of a triggered event is shown on the right

side of the effect.

&

& . @+
.@

Figure 4.7: Triggering axiom with two fluent preconditions.

Figure 4.7 illustrates an example of a triggering axiom where the effect has the
type ”Triggers” and in order for the event turnRed to be triggered on timepoint
T+1, the event newPedestrian has to occur at the timepoint T and 2 fluent pre-
conditions (waitingP & —isRed) have to be true as well.
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@

¢
@ H &
& o
-@

Figure 4.8: Initiates axiom with a fluent and an event precondition.

Figure 4.8 displays an example of an axiom where the effect has the type ” Initiates”
and in order for the fluent waitingP to become true at timepoint T, the event
newPedestrian has to occur at timepoint T and a fluent precondition (isRed)
and an event precondition (—turnGreen) have to be true.

For better visualization, the preconditions are shown before the effect, the trig-
gering event is shown above the effect and the triggered event/fluent on the effect’s
right side. This order and the connectors (arrows) are drawn this way to better
represent the flow of time.

Full examples with the implementation of a use case are shown in Section 5.2
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4.3 Translation into ASP

The axiom shown in Figure 4.7 when translated into ASP composes the following
code:

happens (turnRed(t1),T+1) :-
not holdsAt(isRed(t1),T),
holdsAt (waitingP (PERSON2),T),
happens (newPedestrian (PERSON1) ,T),
PERSON1!=PERSON2.

Meaning:

At a certain timepoint T, if a new pedestrian (PERSONI) arrives at the traffic
light (t1) for the purpose of crossing to the other side of the road, and the light
is not red and there is already another pedestrian waiting (PERSON2), then the
traffic light will turn red at the next timepoint T+1

For simplicity, we assume that there is only one traffic light in this case with two
states: when the light is green the cars can move through and the pedestrians have
to wait, and when the light is red the cars will have to stop and the pedestrians
can cross the road.

In ASP, it is a common practice for predicates and constants to start with a
lower-case letter and for variables to start with an upper-case letter (more details
in Section 2.2). In our example, ¢1 is a constant that has already been defined
with the role of a traffic light. PERSON1 and PERSONZ2 are variables of the type
person that will each be mapped to an already defined constant of a person when
the resulting answer sets are produced by the reasoner. Moreover, T is a variable
that represents a timepoint which can equal to an integer. In this example there
are 2 fluents: isRed and waitingP, and 2 events: turnRed and newPedestrian.

In order to achieve the correct translation of the models, we export them into
XML format (a feature supported by ADOxx) and then an intermediate Java
program performs the required analysis on the XML exported file where for each
complex object it finds all the relations of this object (incoming and outgoing),
translates them according to the ASP syntax and writes the corresponding ASP
rules and axioms into the file that compiles the final ASP program that the Clingo
reasoner is gonna run.

As already mentioned in Section 4.2.2, the InterRef functionality enables us
to make mappings between objects that belong in different models. For example,
each instance of the HoldsAt class (in Domain Axiomatization model) is linked
with a fluent from the Fluents and Events Model. These kind of links are essential
for the translation into ASP. If any essential InterRef is missing, then our program
cannot move on to the translation of the XML extract into ASP code.

To make the process of the translation easier, we implemented Java classes
that imprint the full structure of each type of ”object” in ASP. An overview of the
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classes that comprise the XML translator to ASP is shown in Section 5.

Essentially, the Java code reads the XML files in the order that ASP code is
commonly written (domain objects, rules and axioms before the definition of the
starting state). So, it first reads the Domain Objects Model export, parses the
constants and writes them into an ASP file (.Ip extension). After that, it reads the
Fluents and Events Model export, parses and writes them into the file and then
moves on to the Domain Axiomatization Model export and at the end the Starting
State Model export. The main class of our program is the class XMLtoASP. For each
XML file exported from our model it makes the procedures shown in Algorithm 1.

Notable is the way we define which are the variables of the ASP program. Lines
8-12 of the algorithm describe our solution. When an argument has an InterRef
to a class type Instant, then it is a constant that has already been defined in
the Domain Objects Model, and is written into the ASP program with lower-case
letters. Otherwise, if the InterRef points to a Object Symbol class object, then we
assume that the argument is a variable of this role and is then written into the
ASP program file with upper-case letters.
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Algorithm 1 Steps for translating XML into ASP
1: if Domain Object Model then

2:  for all objects of type Instance do

3: get the Instance’s role(s)

4: WRITE the domain object into the .lp file

5: else if Fluent and Event Model then

6:  # fluents and events have the same structure

7. for all events and fluents do

8: find all arguments by reading the InterRefs to Instances & Object Symbols

9: if the InterRef is an Instance then

10: the argument is an already defined constant

11: else if it is an Object Symbol then

12: we assume that the argument is a variable

13: WRITE fluents/event into the .Ip file

14: else if Domain Axiomatization Model then

15:  for all HoldsAt objects do

16: follow similar steps with before to find the InterRef to the fluent and
arguments

17:  for all Happens objects do

18: follow similar steps with before to find the InterRef to the event and
arguments

19:  for all Effects do

20: get the relation to the triggering event

21: if effect type = Initiates or Terminates then

22: get the relation to the triggered fluent

23: else if effect type = Triggers then

24: get the relation to the triggered event

25: if effect has preconditions then

26: for all effect preconditions (event and fluent) do

27: get event and fluent preconditions

28: WRITE the axiom into the .lp file

29: else if Starting State Model then
30:  for all HoldsAt and Happens that comprise the starting state do
31: WRITE it into the .Ip file
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4.4 Meta-reasoning & Integrity Checks

The basic idea of ASP is to find solutions to a problem, in the form of answer sets
(usually stable models) of a logic program, which consists of rules and constraints
that define properties of the solutions. The problem is solved by computing stable
models using answer set solvers like clasp [10]. Simple reasoning over answer sets is
frequently supported by ASP systems but more specialised reasoning tasks require
more processing and are not easily done. In the previous years, there have been
some works focused on the job of meta-reasoning on answer sets [6, 29].

The adoption of the logic programming paradigm offers certain leverage to
the knowledge engineer, such as the ability to prove properties or to easily find
optimal solutions, yet the process of detecting and ironing out logical errors is often
cumbersome. This is due to the declarative nature of program execution, which
does not follow a procedural execution, but instead relies on logical dependencies
among rules in the encoding.

We aim to implement some extensive meta-reasoning into our tool that will help
the more experienced users run and visualize their programs better, but at this
point of ECAVI’s development, we focus on implementing simple meta-reasoning
tasks and integrity constraints that are designed for the purpose of helping the
user create full and syntactically correct programs.

AdoScript, the macro language of ADOxx, is designed for the purpose of pro-
viding the meta modeler with significant extension possibilities with low program-
ming effort (see Section 2.4.2). We make use of AdoScript for implementing a
number of features that make the user’s work with building axioms easier and also
enable us to support a number of integrity checks.

In ECAVI, we implement simple but fundamental checks for syntactical errors
either with the help of AdoScript or in Java at design time before the run of the
Clingo reasoner. In more detail:

e An instance must always have at least one role (object symbol).
For this purpose, the Java programs checks the Domain Object Object for
whether an instance isn’t mapped to any Object Symbol.

e Whatever the type of an Effect (Initiates, Terminates or Triggers)
there must always be an event that triggers this effect. For this
purpose, we developed a script in AdoScript that automatically generates
the triggering event for an Effect (see Script 4).

e An effect, with the type of Initiates or Terminates requires a fluent
to be triggered. So it must always have an outgoing relation to a fluent.
And if an effect is of type Triggers it must always have an outgoing
relation to an event to be triggered. Similarly with the triggering event,
a script is developed for the auto-generation of the corresponding objects.

e In order for an ASP program to run on the Clingo reasoner, the
starting state of the world of the designed domain has to be defined.
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At the start of the script that implements all the main functionality of the
ADOxx External Coupling with Java and Clingo (Script preview 6) we check
whether the script was called from a Starting State Model. This model has
to be designed before we can move on to the translation into ASP.

Preconditions are not necessary for an effect. However, effects often have one or
more preconditions. A script was composed for the purpose of making the process
of generating a new precondition for an effect easier and quicker (Script 5). The
user has to right click on the effect the desired precondition is to be linked and
then choose from the context menu what kind of precondition it is gonna be (fluent
or event precondition).

The objects that are automatically generated are empty instances. The user
then has to open the object’s notebook and define the corresponding relations (i.e.
InterRef) and information. With this process, we point the user to the right way
of modelling an axiom, minimizing as well this type of syntactical errors.

Furthermore, the ADOxx meta-modelling platform has some build in function-
alities that enable us to enforce some conditions that are essential for building rules
in EC, like unique name assumptions and having the preconditions and all events
and fluents whatsoever already defined when applying them on an axiom.

After the user clicks the "Run” option and chooses which models define his/her
program, those models are then exported into XML and the Java intermediate pro-
gram checks if there is an object with a missing relation before doing any other
activity (eg., an Instance has no Role, a HoldsAt precondition has no InterRef to
a fluent etc.). If any missing relation is found, then an error is raised pointing the
user to the object that is undefined, highlighting it as well.

A sample list of scripts is shown in Appendix B.
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Chapter 5

Implementation & Use Case

In this chapter we describe how our tool was implemented. We present the archi-
tecture of the developed system specifying the role that each component has and
how everything comes together. We also present a basic use case scenario that was
designed as a sub-problem to a much more extensive real-life problem.

5.1 Architecture

ECAVI is developed with the use of the ADOxx metamodelling platform. We
try to develop a modelling language that is tailored to the Event Calculus way
of representing causal relations, making use of the ADOxx External Coupling
functionality with the AdoScript macro language (see Section 2). A high-level
overview of the tool’s architecture is shown in Figure 5.1.

The ADOxx meta-modelling platform comprises of the Development Toolkit
and the Modelling Toolkit. The whole realization of the ECAVI meta-model hap-
pens on the Development Toolkit, which we use in order to build the modelling
language of our tool, by defining our modelling constructs (classes, modeltypes and
attributes) stepping on some ADOxx pre-defined abstract classes and to define
our modelling procedure by separating the process of building a full ASP program
into 4 sub-models (see also Section 4.2). We design the graphical representation
for each class and relation class by defining the class attribute GraphRep and with
the help of the GraphRep online repository (see Section 2.4.1). Furthermore, we
use the Development Toolkit to realise the external coupling that provides the tool
with additional functionality, with the help of the AdoScript macro language (see
Section 2.4.2).

The AdoScript Message-Ports and Commands (see Appendix C) enable us to
define new menu entries, realize specific model checking and provide additional
add-on-programming. The scripts 2 and 3 in Appendix B give an example of how
AdoScript provides add-on functionality. AdoScript is the actual link between
ADOxx and Clingo following these steps:

35
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Figure 5.1: The architecture of the ECAVI modelling toolkit

1. Export the designed models in XML.

2. Provide the XML files as input to the Java program that implements the
translation of the designs into ASP programs.

3. Run the translated ASP program on the Clingo reasoner and save the re-
sulting answer sets into a file.

4. Provide the Clingo results as input to the Java program that parses them
into XML format which is needed for the results to be displayed back into
the model.

In the Modelling Toolkit, the end user makes use of the modelling language that
was realised in the Development Toolkit. The user will follow the modelling pro-
cedure steps in order to design a new domain of application that will be translated
into an ASP program and given into the Clingo reasoner to produce the resulting
answer sets. During the user’s work in the Modelling Toolkit, the various func-
tionalities implemented in AdoScript and defined in the Development Toolkit will
be triggered either consciously by the user (e.g. when a user chooses to add a
precondition to an Effect from its context menu) or automatically when another
event happens and causes the functionality to be triggered (e.g. when an Effect
is created and its type is chosen, a couple of object instances are automatically
created and linked with it).
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The Java intermediate program is made for the purpose of translating the
designed models into an ASP program and vice versa. On the way to making
the translation from XML to ASP and vice versa, easier and more efficient, we
implemented Java classes that imprint the full structure of each type of "object”
in ASP. In more detail, each model designed in ADOxx is exported as an XML
file. The Java program parses each one of the XML files and with a certain order
that follows the common practice of writing ASP programs (first constants, then
events and fluents, then the axioms and at the end the starting state), translates
them into ASP and writes them into the file that the Clingo reasoner runs and
produces the desired answer sets. It then parses the results and produces the XML
file that is read by AdoScript and displayed back into the model. The algorithm
that the Java uses in order to translate the XML into ASP is shown in Section 4.3.

v translator

Figure 5.2: Overview of the classes of the Java translator program.

Figure 5.2 shows an overview of the Java classes that were implemented. Each
ADOxx object class is mapped with a corresponding class in Java. In addition, we
added 2 enumerations for the types of an effect (Fig. 5.3) and for the constraint
operator types (Fig. 5.4). The constraints are defined for predicate arguments, for
example in section 4.3, the 2 instances of type person are part of the constraint
PERSON1 != PERSON2.

public enum EffectType { DEFAULT, INITIATES, TERMINATES, TRIGGERS }

Figure 5.3: Effect types enumeration

public enum ConstraintOperator { NON_EQUAL, EQUAL, GREATER, GREATER OR_EQUAL, LESSER, LESSER OR _EQUAL }

Figure 5.4: Constraint types enumeration
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The following script is an excerpt of the AdoScript code that has the functionality
of adding a new menu item under a new top-level menu called ” Menu algorithms”.
This menu item called "Run...” calls the script where the whole process of the
communication between ADOxx and clingo is implemented with the help of the
Java program. An excerpt of the script that implements the whole run process is
shown in Appendix B.

Algorithm 2 Add new menu item for the Run process

# add the item as a new menu item under a new top-level menu called
"Model algorithms" for each component

ITEM "Run..."
acquisition:"Model algorithms" modeling: "Model algorithms"
analysis: "Model algorithms" simulation: "Model algorithms"
evaluation: "Model algorithms" importexport:"Model algorithms"

# exzecute an external ASC file when clicking on the menu, could be
in a file space (as below) or also in library using db:\\
EXECUTE file: ("D:\\Nena\\AdoScript\\runClingo.asc")

The Script 3 shows the process of adding a new menu item, under the top-level
menu " Extras”, that opens a Debug Shell where the user can enter AdoScript code
that he wants to test out. This functionality was mostly designed for helping us
test out the code we added for the functionalities we implemented, but can be
helpful, as well, for users that already have gained experience with the tool and
want to use AdoScript to "play” with their models.

Algorithm 3 Add AdoScript Debug Shell

ITEM "AdoScript Debug Shell"

acquisition: "Extras" modeling: "Extras"

analysis: "Extras" simulation: "Extras"

evaluation: "Extras" importexport: "Extras"
IF (type (adoscript) = "undefined")({

SETG adoscript:""
}
CC "AdoScript" EDITBOX text:(adoscript)

fontname:"Courier New" fontheight:12

title: "Enter the code you want to test..." oktext:"Run"
IF (endbutton = "ok"){

SETG adoscript:(text)

EXECUTE (text)
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5.2 An Example of Application - Use Case

In this section, an example of application (ie. a use case) is described. Even
though we made the use case intentionally trivial, it can be generalized to account
for more complex domains with larger knowledge bases.

As part of a general-purpose smart city project, an engineer wishes to model
the behaviour of a particular type of traffic lights that change from red to green
and back according to some rules. The desirable behaviour is for the light to stay
green for cars as long as a predefined number of pedestrians show up and wait to
cross the road. The idea is to model the dynamics of the traffic light domain with
a given ruleset, so that it can be integrated in the overall smart city system and
be stress-tested through simulation to fine-tune its parameters.

Figures 5.5, 5.6, 5.7, 5.8, 5.9, 5.10, 5.11 describe the creation of our use case
step-by-step. Beside each figure, we also show the corresponding ASP code.

trafficLight (t1). e e e

trafficLight person automobile

person(pl). A i
person(p2) .

Iil Iil Iil \i\ Ii\
automobile(al). . . . . .
automobile(a2).

t ol p2 al a2

Figure 5.5: Domain Objects of Traffic Light example

Figure 5.5 shows how the Domain Objects of our problem are designed. We have
defined an instance of a traffic light (¢1), two instances of type person (p1,p2) and
two more instances of type automobile aka. cars (al,a2).

fluent (isRed (TRAFFICLIGHT)) :-
trafficLight (TRAFFICLIGHT) .
fluent (waitingP (PERSON)) :-
person (PERSON) .
fluent (waitingA (AUTOMOBILE)) :-
automobile (AUTOMOBILE) . - _
event (turnRed (TRAFFICLIGHT)) :-
trafficLight (TRAFFICLIGHT) .

event (turnGreen (TRAFFICLIGHT)) :- - _
trafficLight (TRAFFICLIGHT) .

event (newPedestrian (PERSON)) :- Figure 5.6: Fluents and Events of the
person(PERSON) . Traffic Light example

event (newAutomobile (AUTOMOBILE)) : -

automobile (AUTOMOBILE) .




40 CHAPTER 5. IMPLEMENTATION & USE CASE

The definition of the fluents and the events of the traffic light use case is demon-
strated in Figure 5.6. For our problem we have 3 fluents which define the state of
an instance (the top 3 objects of the figure with the symbol of the hourglass). The
first fluent’s argument is an instance of the trafficLight role and is used to describe
if the traffic light is red. The second fluent, has a person as its argument and is
used to define if the person is waiting to cross the street. And, finally, the third
fluent describes the state where a car is waiting for the light to turn green again.

Moreover, we define 4 events which describe actions that occur at a certain time
(the bottom 4 objects in the figure with the symbol of the bell). The first 2 events
describe the action of a traffic light becoming red and a traffic light becoming green.
The third event happens when a new person arrives at the stop for the purpose
of crossing the road and the last event describes the action of a new car arriving
at the location the traffic light is.

Fluents and events may contain both variables and instances as arguments.
They may also contain other predicates, where in this case, a user-defined predicate
object is made and connected with the fluent/event using the relation/connector

shown in Section 4.2.3.2.
e
initiates (turnRed (TRAFFICLIGHT), & ©
isRed (TRAFFICLIGHT), T):- .Q.
trafficLight (TRAFFICLIGHT), time(T).
=
terminates (turnGreen (TRAFFICLIGHT), ! ; ©
isRed (TRAFFICLIGHT), T):- :
trafficLight (TRAFFICLIGHT), time(T). ©%

Figure 5.7: Simple effects
of Traffic Light example

In Figure 5.7 the ”simple” effects with no preconditions of our problem are de-
fined. At the top of the picture, an initiates effect is displayed and at the bottom,
a terminates effect is displayed that affect the state of a traffic light. The meaning
of those effects is: at a certain time T if the event turnRed occurs then the traffic
light will turn red and respectively, at a time T if the event turnGreen occurs then
the traffic light will turn green.

Figure 5.8 demonstrates 3 effects that have preconditions. The first one, at
the top of the picture, is a positive effect axiom where, at a certain time, if the
traffic light is red and a new car arrives, then the car has to wait (for the light
to turn green). The second positive effect axiom describes the behaviour where,
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if the traffic light is not red (ie. if it’s green and the cars can move through) at a
certain time and a new pedestrian arrives, then the pedestrian has to wait. Notice
that in this axiom, the holdsAt precondition which is negated in the ASP code,
also has the negation sign visualized with a red background on the left side of the
holdsAt object.

)
initiates(newAutomobile (AUTOMOBILE), .
waitingA (AUTOMOBILE), T) :- .
holdsAt (isRed (TRAFFICLIGHT),T), h@ . b@
automobile (AUTOMOBILE) . H.H'
initiates (newPedestrian (PERSON), @
waitingP (PERSON) ,T) :- b

not holdsAt (isRed (TRAFFICLIGHT),T)

’ @ : @
person (PERSON) , bH.H’b
@

trafficLight (TRAFFICLIGHT),

time (T) . i
terminates (turnRed (TRAFFICLIGHT),

2
waitingP (PERSON),T) :- h@ N H
holdsAt (waitingP (PERSON),T), '_:‘@H}

trafficLight (TRAFFICLIGHT),

person (PERSON) , Figure 5.8: Effects with precon-
time (T). ditions from the Traffic Light ex-
ample

At the bottom of the picture, a negative effect axiom is shown, a terminates effect
which shows that, at a certain time, if a person is waiting to cross the street and
the traffic light turns to red, then the pedestrian will no longer wait and can cross

the street.
una

happens (turnGreen (TRAFFICLIGHT) ,T+1) : - .
happens (turnRed (TRAFFICLIGHT),T) . I
@+

Figure 5.9: Simple trigger axiom

In the Figure 5.9 we can see a simple trigger axiom which describes the transi-
tion of a traffic light’s state from one timepoint to another. In particular, if the
traffic light was red at time 7', then on time T'+1 the traffic light will become green.
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.
happens (turnRed(t1),T+1) :- © .
not holdsAt(isRed(t1),T), &H.H.

holdsAt (waitingP (PERSON2),T),

happens (newPedestrian (PERSON1),T), “,_T

PERSON1!=PERSON2.

Figure 5.10: Trigger axiom
with preconditions.

The Figure 5.10 demonstrates the same axiom that we analysed in Sections 4.2.3.2
and 4.3. If describes the effect: if a new pedestrian arrives at the traffic light, at
time T, and the light is not red (ie. it is green for the cars) at the same time, and
another person is already waiting to cross the street, then the traffic light will turn
red at the time T+1.

[C] 42
happens (newPedestrian(pl),0). . .

happens (newPedestrian(p2),2).

Figure 5.11: Starting state
objects.

In Figure 5.11 we can see the 2 happens objects that the starting state of our
problem consists of. The starting state is initialized with the appearance of the
person pl at time 0 (T) and then the appearance of a second person p2 at time 2
(T+2).

The graphic representation of the axioms aims to visualise a certain flow of
actions. In particular, the effects have incoming arrows from the fluents and the
events that are considered as preconditions to them. The connector between the
events that are the triggering point for an effect to take place (if all the precondi-
tions are met) and the corresponding effect, is drawn with a bullet on each edge,
and the fluent or event that is the result of the effect has an arrow pointing to it.

The ADOxx Notebook is where the user can interact with an instance of a
class and is accessed with a double-click on the object. In the object’s notebook,
the user can give values to the attributes of each class. For each different type of
class, we define which attributes are part of the notebook (e.g. all the InterRefs
are defined in the notebook). The Notebook can be divided into chapters and the
attributes can be grouped inside chapters.
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IHappens'Sﬂ&‘)S (Happens)

Event:
= tumRed BY] Traffic Lights Fluents and Events

Name:
[ Happens-80805

Negation

®no
Oyes

Time:
[

1
turnRed

Arguments:

@ t1 =] Traffic Lights Domain

[ 5how arguments

Figure 5.12: Example of a notebook for the class Happens

An example of the notebook for the class Happens is demonstrated. This object is
the triggered event of the Trigger axiom shown in Figure 5.10. The Notebook of
the class Happens is divided into 3 chapters. Figure 5.12 displays the first chapter,
where the user is called to define the InterRef to the event to be mapped to the
Happens instance, choose if the instance is negated, change the value of time if
needed (default value is 0), define the argument(s) with the necessary InterRefs
and choose if the arguments will be displayed on the drawing area.

Figure 5.13 displays the second chapter of the Happens class Notebook. In
this chapter, the user can define the constraints that need to be applied in order
for an effect to have the desired results. In order to define a constraint, we must
choose the type of the constraint (the types are shown in Fig. 5.4), what role the 2
arguments of the constraint have and then define the InterRefs to the objects that
include the arguments that are part of the constraint. In our example of the trigger
axiom, the constraint we have added is for the 2 instances of type person to be
different, PERSON1 != PERSON2. Those arguments are part of the triggering event
and one of the fluent preconditions (newPedestrian & waitingP) so we define the
InterRefs to those two objects. Then we choose the role these arguments have,
person in our case, and then choose the operator from the drop-down list.

Happens-80803 (Happens)

Constraint argument pair:

A
Happens-80302 5N Traffic Lights Domain Axiomatization
 HoldsAt-80809 2] Traffic Lights Domain Axiomatization

Constraint argument type:
|'3‘ person ETraﬁ‘ic Lights Domain

Constraint operator:

i | g T ] |

Figure 5.13: Example of defining constraints for a triggered event
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Notice that, the names of the Happens and HoldsAt objects are auto-generated
when the object is created. The auto-generated name is displayed on the first
chapter of the object’s notebook, in read-only mode, so that the user will know
the name of the object when defining an InterRef to it.

The third chapter of the Happens class Notebook includes 2 textfields, Descrip-
tion and Comment. Those two textfields are part of every object class implemented
in ADOxx. We use the Description field in order to provide a sample description of
what objects of this class are used for (e.g. what we use an object of type Happens
for). The Comment field is for the user to write whatever comment he may find
helpful regarding this object instance, during his design. A couple of examples of
the Description chapter are shown in Figure 5.14

person (Object Symbol)

Mame:

| person |

Description: |

A constant or variable that defines the context/domain of the implementation. An object symbol
has an arity defined by the number of its instances,

The symbol R represents the fact that an Object Symboel is perceived like a Role of an Instance.

isRed (Fluent)

| e

| isRed |

Description: O

A time-varying property of the world, A fluent has a truth value at a timepoint or over a timepoint
interval,

The possible truth values are true and false,

Figure 5.14: Examples of descriptions of object classes.

All of the above figures are parts of the 4 model types that define our problem
(further described in Section 4.2). The user is free to implement the models in any
order he desires but in order to make the desired mappings (InterRefs) to other
models, a certain order of implementation has to be applied. For this purpose,
we designed a walk-through wizard, in the form of infoboxes, that help first time
users of the tool learn and understand the correct order to design their domains.
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Upon the start of the Modelling Toolkit, the user is asked if he wants the tutori-
al/infoboxes displayed (Fig. 5.15)

Al Modelling Toolkit (TestUser)

o Do you want to see the tutorial?

Figure 5.15: Tutorial: User is asked if he wants the tutorial displayed.

If the ”Yes” option is chosen then the tutorial continues, otherwise it is skipped.
Upon the click of the ”Yes” option a small description of the 4 model types is
displayed (Fig. 5.16).

Model Types Info and Order O X
The tool comprises of 4 model types: | Close |
Start with the Domain Object Model, where the constants of the domain to be designed are Find...
defined.

Find next
Mext is the Fluent and Event Model, where the dynamics (fluents, events and other predicates) of [0
the domain are designed. Help

Then the Domain Axiomatization Model, where all the axioms that use the objects designed in
the previous 2 maodels are defined.
This is the main part of the modelling process.

And finally, the Starting State Model, where the initial state of the designed domain is defined,
narrating the events that happen at various timepoints.

604 characters

Figure 5.16: Tutorial: Description of the 4 modeltypes

First, the Domain Object Model has to be designed for the initialization of the con-
stants that define the problem. Then the Fluents and Events Model is designed,
after that the Domain Axiomatization Model and last is the Starting State Model.
The last three of those models need InterRefs to the Domain Object Model in order
to define the arguments of each predicate and the last 2 models need InterRefs to
the Fluents and Events Model, as well, so that fluents and events can be mapped
to HoldsAt and Happens objects correspondingly. This order of the model design
also incorporates the semantic of Event Calculus and ASP where the constants
and the preconditions must already be defined for the axioms to apply.
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Following the above, when each of the 4 modeltypes is opened (i.e. when the
model window is activated), a description of the model and the object classes that
comprise that model is displayed (Figures 5.17, 5.18, 5.19, 5.20).

Domain Object Model Info O ®
The Domain Object Model consists of 2 main object dlasses: I Close l
Object Symbaol: a constant or variable that defines the domain of the design. The symbol R Ftl.
represents the fact that an Object Symbol is perceived like a Role of an Instance.

Find next
Instance: an instance of an object symbaol.

Print...
______________________________________________________________________ Help

An Instance is connected with one or more Object Symbols via a Has Role relation.

e.g. An Instance with the name luke has a Has Role relation to an Object Symbol with the name
persaon.

570 characters | | |

Figure 5.17: Tutorial: Description displayed for the Domain Object Modeltype

Fluent and Event Model Info O *
The Fluent and Event Model is where all the dynamic aspects of a domain are specified. | Claze |
It consists of 3 main objects:

Find...
Fluent: a time-varying property of the world. It has a truth value (true or false) at a timepoint or
over a timepoint interval. Find nesxt
Event: an event or action that may occur in the world. It may occur at a timepoint. After an [FT e
event occurs the truth values of the fluents may change. Help

User-Defined Predicate: applies a nature to an already defined instance. It differs from a fluent in
a sense that it is not dependent on time.

A User-Defined predicate may be part of a Fluent's or Event's definition

e.g. A fluent's argument can be an instance of an object inside the house. If the argument is a
constant called "table” then this instance can be part of the predicate "movableObj(table)”

917 characters| | |

Figure 5.18: Tutorial: Description displayed for the Fluent and Event Modeltype
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Domain Axiomatization Model Info O *

The Domain Axiomatization Model axiomatises the dynamics of the domain and is the main part * | Close |
of the modelling process.

It consists of 3 main objects: Find..

HoldsAt: a predicate that represents that a fluent has a truth value at a certain timepoint. Find next

Happens: a predicate that represents that an event occurs at a certain timepoint. Pl
Help

Effect: can be of 3 types (Initiates, Terminates, Triggers) representing the effect the occurence of
an event can have to fluents.

The HoldsAt and Happens instances are mapped with a Fluent and an Event, respectively, that
has been already defined in the Fluent and Event Model.

An effect is always linked with an event whose occurence is described (triggering event relation).

An effect is always mapped with an event or a fluent (depending on the state of the effect) that

1268 characters | | |

Figure 5.19: Tutorial: Description displayed for the Domain Axiomatization Mod-
eltype

Starting State Model Info O *
The Starting State Model defines the initial state of the designed domain, specifying the | Close |
narrative of events that happen at various timepoints.

Find...
It is used like an extension of the Domain Axiomatization Model and uses the same HoldsAt and
Happens dasses. Find next
Print...
Help

258 characters | | |

Figure 5.20: Tutorial: Description displayed for the Starting State Modeltype

Each of those tooltips are also accessible for the user to read - if need be - later
via a top-level menu option called ”Show model description”.
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(S5TEP 1): Select models to translate into A5P

| X
Please select your models: £ Next Step
) Models
= Traffic Lights Cancel
@TL - Starting State

a Traffic Lights Domain

@ Traffic Lights Domain Axicmatization
@ Traffic Lights Fluents and Events

Figure 5.21: Run Step 1: Choose the models to translate

(STEP 2): Show options

Choose what you want to be shown in the resulting answer sets:
holdsAt/2

happens/2

Complex (| will write the command)

Done Cancel

Figure 5.22: Run Step 2: Show option for answer sets

Enter complex show command X Enter maxstep >
Command Maxstep
F : hold=At(F, maxstep). | | 5|
OK Cancel Help oK Cancel Help
Figure 5.23: Run Step (optional): Figure 5.24: Run Step 3: Define
Define complex show option

maxstep
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Figures 5.21, 5.22, 5.23, 5.24 show the steps that follow after the user chooses to
run the script that implements the translation to ASP (script 6).

On the first step, the user is called to choose the which models will comprise
his ASP program. A check has to be done at this point, if at least one model of
each type is chosen since all modeltypes are needed for a complete ASP program.
However, more models of each modeltype can be chosen, for if the domain that was
designed is too big then it is a good practice to split the design of each modeltype
into more than one models.

On the second step, the user chooses the value of the #show directive. This
directive is used for advising the solver to project stable models onto instances
of a certain predicate, meaning if the option holdsAt/2 is chosen, then for each
answer set only the holdsAt instances are going to be displayed. Below an example
of an answer set that clingo produces for our traffic lights problem when the show
option is holdsAt.

Answer: ]

Figure 5.25: Example of an answer set produced by clingo

If the user desires to enter a more complex option to the show directive, then
he has to choose the last choice shown in Step 2 (Fig. 5.22). When this choice is
selected, then the intermediate step shown in Figure 5.23 is displayed and the user
can write the command he desires. The example command shown in the figure
enables the printing of only certain arguments from a predicate.

The DEC.Ip file defines the Discrete Event Calculus Domain independent ax-
iomatization that we use for our program. In this file, the variable maxstep is
used for defining the max timepoint for which the clingo reasoner is gonna run.
On the final step, the user defines the value of the variable maxstep (Fig. 5.24).
In DEC.Ip we defined:

time (0. .maxstep)

meaning that the variable of time takes values from 0 to maxstep. In our example
the maxstep equals to 5 and in the answer set example in Figure 5.25 we can see
that the timepoints in the answers are up to the number 5.
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Chapter 6

Conclusions and Future Work

6.1 Conclusions

In this thesis, we presented ECAVI, a new, domain independent modelling tool,
which supports the modelling of dynamic domains in the Event Calculus through
a visual interface for generating axioms. In essence, our tool offers a visual meta-
modelling platform for knowledge engineering, providing meta-reasoning capabili-
ties to support the inexperienced modeller become acquainted with the features of
Event Calculus, and simplifying the process of creating complex models, thereby
assisting him/her during the complex learning process.

Visualisation has been identified as a useful means to improve the performance
of knowledge engineers, while the need to visualise logical concepts, especially in
dynamic domains, has been around for many years; nevertheless, very few tools
have focused on the visualisation of action languages. An initial attempt to il-
lustrate similar calculi in an abstract level (like the Situation Calculus) has been
presented in [34]; our proposal is more expressive, and provides a more distinguish-
able flow of actions. The SeaLion IDE for Answer-Set Programming [28] is also
making a remarkable attempt towards providing graphical representation for the
ASP language, yet it only focuses on a specific target group of users with some or
more extensive background knowledge. Moreover, VizDSL [26], a visual Domain-
Specific Language for highly interactive visualisations argues that “visualisation
facilitates knowledge sharing between different user groups with different levels of
expertise and experience, without requiring extensive background knowledge or
training”. Similar to our work, [4] introduced an interactive educational tool for
students that want to learn AI planning for robotics. The tool guides the student
to model a dynamic domain and solve a planning problem, however no graphical
visualisation of the axioms is provided. ECAVI is an attempt to offer a complete
solution towards this direction, being a domain-independent educational tool that
models dynamic domains via a visual interface that focuses on making the stu-
dent understand actions, change and causality. The Unified Modelling Language
(UML) [9] has been a guide towards realising a visual notation for our purposes.

o1
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6.2 Future Work

ECAVI is in a work-in-progress phase and is only a first prototype. The features
presented in Chapter 5 have already proven their usefulness in some preliminary
tests, but cannot be considered complete, and do not fully realise our vision to-
wards a meta-modelling platform for modelling dynamic domains. Despite the
encouraging (informal) feedback received by students who tried the tool, we still
need to perform a more extensive normative evaluation of the current features of
ECAVI that will quantify the gains in terms of modelling time and task comple-
tion time that users of different levels have while using the tool (as opposed to
the standard baseline of using a plain text editor). Specifically, we will evaluate
the tool’s usability in terms of satisfaction, efficiency and effectiveness by means
of user studies both from the perspective of the variety of students with different
backgrounds, as well as, the perspective of the teacher.

We already identified some bugs in the modelling interface what will be finished
in a subsequent step. The need for minor revisions of the current features and/or
the incorporation of new ones is expected to emerge through the evaluation process,
allowing us to further improve and refine the usability of the tool and to identify
weak /strong features.

Moreover, upcoming versions will consider more features of the Event Cal-
culus, such as non-determinism, indirect effects of events and others. With the
integration of more capabilities in our tool, full programs that have already been
implemented in ASP can be imported and visualised with the help of ECAVI. We
also plan extend the integrity checks and the meta-reasoning capabilities of our
implementation, by raising warnings and exceptions during design time.

Furthermore, we plan to extend our focus to other types of users, i.e., users
with different levels of modelling experience. Clearly, more experienced users have
different needs, therefore new features will have to be supported, such as more
complex meta-reasoning tools and tools analysing the resulting models to iden-
tify potential errors or poor modelling choices. Such features may be useful to
experienced users who typically model large domains with hundreds of rules.

In the long run, we envision ECAVI to take the form of a fully visual inte-
grated development environment for modelling dynamic domains, complete with a
debugger, step-by-step execution and other features typically found in IDEs, while
supporting alternative action languages, such as the Situation Calculus [24, 22] or
similar action formalisms.
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Appendix A

List of Classes & Relation Classes

= Classes
@ Instance
@ Object Symbol
[=I ' Relation classes
* = Has Role Instance --> Object Symbol

Figure A.1: List of classes and relation classes of the ADOxx Static Library

=) Classes
X _ lLibraryMetaData__
X _ ModelTypeMetaData__
B Fluent
@ Event
Activity
= HoldsAt
& Happens
Effect
B Predicate

= I¥ Relation claszes
b= effect_to_fluent Effect --= HoldsAt
w—= gvent_precondition Happens --» Effect
*= fluent_precondition HoldsAt --»> Effect
** triggered_by Effect --= Happens
precondition_to_fluent Predicate --»> Fluent
== friggers Effect --» Happens

Figure A.2: List of classes and relation classes of the ADOxx Dynamic Library
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Appendix B

Sample List of Scripts in AdoScript

Algorithm 4 Auto-generate Triggering Event (Happens)

# Get the "Type" attribute wvalue of from object
CC "Core" GET_ATTR_VAL objid: (idInstId) attrname: ("Type")
SETL type: (val)

IF (type="Initiates" OR type="Terminates" OR type="Triggers") {
# get the id of class "Happens'"
CC "Core" GET_CLASS_ID classname:"Happens"

# create the object/instance of the class
CC "Core" CREATE_0BJ modelid:(idModelId) classid:(classid)
IF (ecode != 0) {
CC "AdoScript" ERRORBOX ("The object could not be
created!")
}
SETL newInstanceID:(objid)

# get the id of the connector "triggered_by"
CC "Core" GET_CLASS_ID relation classname:'"triggered_by"
IF (ecode != 0) {
CC "AdoScript" ERRORBOX ("The relation triggered_by
couldn’t be found!")
3
CC "Core" CREATE_CONNECTOR modelid:(idModelId)
classid:(classid)
fromobjid:(instid) toobjid:(newInstanceID)
IF (ecode !'= 0) {
CC "AdoScript" ERRORBOX ("The relation triggered_by
could not be created!")
3
# this has to be called to update the modeling window
CC "Modeling" REBUILD_DRAWING_AREA

61
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Algorithm 5 Auto-generate Preconditions

# get the id of class "HoldsAt"
CC "Core" GET_CLASS_ID classname:"HoldsAt"

# create the object/instance of the class
CC "Core" CREATE_0BJ modelid:(id_ModelId) classid:(classid)
IF (ecode != 0) {
CC "AdoScript" ERRORBOX ("The object could not be created!")
}

SETL newInstanceID:(objid)

# get the id of the connector "fluent_precondition”
CC "Core" GET_CLASS_ID relation classname:"fluent_precondition"
IF (ecode != 0) {
CC "AdoScript" ERRORBOX ("The relation fluent_precondition
couldn’t be found!")

CC "Core" CREATE_CONNECTOR modelid:(id_ModelId) classid:(classid)
fromobjid: (newInstanceID) toobjid:(id_InstId)
IF (ecode != 0) {
CC "AdoScript" ERRORBOX ("The relation triggered_by could not be
created!")

# this has to be called to update the modeling window
CC "Modeling" REBUILD_DRAWING_AREA
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Algorithm 6 Run Export and Translation (only key parts)

CC "Modeling" GET_ACT_MODEL

SETL nCurrentModelID: (modelid)

IF (modelid !'= -1) {
CC "Core" GET_MODEL_INFO modelid: (nCurrentModelID)
SETL sCurrentModeltype: (modeltype)

# only run script <2f a model of a specific type is open
IF (sCurrentModeltype = "Starting state model") {
# Step 2 - open a configuration screen.
# a configuration screen can be realized using the CoreUI
MessagePort for model select boxes and the like or custom
screens using a DLL for the matriz dialog
CC "CoreUI" MODEL_SELECT_BOX
oktext:"Next Step" boxtext:"Please select your models:"
title:" (STEP 1): Select models to translate into ASP"
multi-sel mgroup-sel setdbclick:0
SETL boxResult: (endbutton)

# Export model as XML

# Write export to tmp file
SET sJARpath: ("<insert JAR path here>")
SET sTranslationResult:
("<local path>\\translatedFromXML.1lp")

# perform a transformation using external functionality
developed in Java

SYSTEM ("cmd /c java -jar " + sJARpath + " " + sJARargs)
result:rc
IF (rc '= 0) {
CC "AdoScript" ERRORBOX ("File with name: " +
sXMLFileName + " didn’t run.")
EXIT
}

# set file were the Clingo results will be printed into
SET sClingoResult: ("<local path>\\TL_clingo_result.txt\"")

SYSTEM ("cmd /c clingo.exe <local path>\\DEC.1lp \"" +
sTranslationResult + "\" -c maxstep=" + maxstep + " > " +
sClingoResult) result:rc

IF (rc = 0) {
CC "AdoScript" ERRORBOX ("Couldn’t run clingo!")
EXIT

}

CC "AdoScript" INFOBOX ("Run Complete!")
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Appendix

AdoScript MessagePorts and Commands

AdoScript MessagePorts and Commands

General AdoScript Commands

MessagePort "Analysis"

9

"l "CoreUl"

cc LEO
EXECUTE IFELSIF ELSE
SEND WHILE
SYSTEM OR

BREAK
cALL NEXT
SET XIT
SETL FUNCTION
SETG PROCEDURE

'RUN_ANALYTIC_EVALUATION
EXEC

L6

MessagePort "AdoScript”

EXEC_DYNAMIC_EVAL_MODULE_DLG
EXEC_DYNAMIC_EVAL_START_DLG.
LOCK_SHELL

UNLOCK_SHELL
RUN_DYNAMIC_EVALUATION

“Attribute Profiles
ATTRPROF_SELECT BOX

Colors in the Tabular Representation
RESET_OBJ_BACKGROUND objd
RESET_OBJ_FOREGROUND obji:
SET_0BJ_

Browser

MessagePort “Simulation”

CHECK_ALL_TRANSITION_CONDITIONS
A

EXEC_STEADY, WORKLOAD_ANALYSIS_DLG
EXEC_FIXED_WORKLOAD_ANALYSIS_DLG
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ADL_EXS
AOUEXPORT_APPMODELS
Dialogues
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GET_ALL_OBJS_OF_CLASSNAME
GET_ALL_OBJS_WITH_ATTR_VAL
GET_CONNECTORS
GET_CONNECTOR_ENDPOINTS

GET 0BJ_I
GET 0BJ_NAME
LOCK_OBJECT
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Figure C.1: Overview of AdoScript MessagePorts and Commands
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Appendix D

Documentation

We used Answer Set Programming, the ADOxx Metamodelling Platform and Java
for the development of the tool. We used the IntelliJ IDE for writing Java. The
versions used for each technology are:

Technology Version
Java 11
IntelliJ 2018.2.5
Clingo 454
ADOxx 1.5

Table D.1: Development Versions

A PC with the Clingo reasoner and the ADOxx platform installed is needed. The
JAR file that implements the translation and connects the 2 end-points will be
provided.

In order to use our modelling language, the user has to import the library
of our modelling language on the ADOxx Development Toolkit and then assign
an ADOxx user instance to that library. Then he can connect to the ADOxx
Modelling Toolkit with that user instance’s credentials and ECAVI is ready to
use.
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