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Abstract:

The goal of formal semantics of languages is to reveal the nature of a language
beneath its syntactic surface. One of the popular and frequently used methods
is operational semantics. Its categorical representation using coalgebras is a
new approach to semantics. Current trends show that software visualization
of various calculations contributes to clarity and easier understanding. To
support students' interest in semantic methods, we designed and prepared a
software tool whose task is to visualize computations in coalgebraic opera-
tional semantics.
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INTRODUCTION

The global COVID-19 pandemic has directly influenced the change
of the basic worldwide concept of head-to-head teaching in schools and
universities [1,2,3,4]. It was necessary to react quickly and reorganize
teaching to be all online, using online platforms as virtual classrooms.
Initially, all forms of online communication were used, from Skype,
Viber, through Zoom, Discord, Webex platforms to Google classrooms,
only to establish communication with students. Now, after more than a
year of constant online teaching, the choice of platforms has stabilized
and schools have mostly decided to use one platform in their teaching.
In this way, the education was implemented in the home environment.

Besides that, the COVID-19 pandemic has provided an opportunity
to strengthen and to spread digital learning, in last decades with a devel-
opment of ICT, contemporary education has already started with use of
visual applications which facilitate comprehension of the teaching subjects
[5,6,7]. Dynamic Geometry Software (DGS) is widely used for visualisation
in teaching and learning mathematical topics [8, 9, 10, 11, 12].
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The KEGA project (cited in Acknowledgment) is
focused on improving and making teaching methods
more attractive applied in the lecture and laboratory
part of the subject. Its topicality is growing especially
in the present, when the current full-time teaching
replaced by a combined and distance form. Our goal is
to apply modern software solutions in this course as a
significant help in lecture and laboratory activities during
the teaching of the subject, in all forms teaching (full-
time, part-time, distance) and to a large extent also
support independent preparation of students.

In the future, we want to apply the proposed software
solution for the evaluation part of the course (tests, exams).
During the work on the project, we focus on the prepa-
ration and implementation of an integrated package of
programs that will allow illustrative and understandable
use of semantic methods. In this way we will achieve a
greater clarity of the applied procedures and principles
in the teaching of the subject.

The paper is organized as follows: The second section
provides an overview of related work. Section 3 intro-
duces our coalgebraic operational semantics translator
which translates Jane language into coalgebraic opera-
tional semantics. In the Section 4 we give the architecture
of most important parts of application. Last section
concludes the paper.

2. RELATED WORK

The practical usage of the coalgebras in computer
science used for teaching of formal methods for young
software engineers is given in [13]. Operational semantics
was introduced by Plotkin in [14]. Structural operational
semantics of imperative language Jane is presented in [15].

Due the pandemic, e-learning become the main form
of educational activity at all levels of education [1,2,3,4].
On the other side, when e-learning was not mandatory,
as it was in during last year, it was often associated with
problems resulting from the lack of interactivity and the
simple transmission of knowledge from the computer
screen. To overcome this shortage, we have developed
web application where students can see how semantics
works: in coalgebraic (operational) semantics, the Q
endofunctor performs one calculation step for each
application [16].

Sinteza 2021
submit your manuscript | sinteza.singidunum.ac.rs

3. COALGEBRAIC OPERATIONAL SEMANTICS
TRANSLATOR

Coalgebraic operational semantics translator is a web
application, which translates extended version of Jane
language into text and diagram representation of coal-
gebraic operational semantics. The translation is done
in the following steps:

1. Codeinput

2. Lexical and syntax analysis

3. Code structure

4. Showing result

First, we have to write text input (see Listing 1), that
should be a code in Jane language.

var X;

input x;
X:=x+1;

print x

Listing 1 - An example of a code written in Jane.

The input goes through lexical and then syntax analysis.
Basically, if input is not written in Jane language or has
some lexical or syntax errors, we cannot translate the
code into coalgebraic operational semantics. If there are
no errors in user typed code input, then we can do
semantics analysis and go further with translation.

With syntactically correct code we create a code
structure, which is our representation of code output.
We analyse each line of code and create their instances.
Each line of code instance has all information about that
line of code. For example, from assignment statement
we keep information of variable, in which we assigned
an arithmetic expression and we also keep information
about the arithmetic expression as well, so in next step
we have all needed information for translation. We create
code structure even if code had grammar errors, but of
course we won't have information about execution of
lines of code, we will instead have information about
those grammar errors, what caused them and on which
line and column of code the given error occurred.

Internet Technologies and Applications in Education and
Language Learning Session



In the case of getting grammar errors, we show them
to user, so the user can fix his code and do the process all
over again. Otherwise, we translate code structure into
coalgebraic operational semantics and show its text, as
shown in Figure 1, and diagram representation as shown
in Figure 2.

Q PMFRe EY cor x  (f Sintezs | @ mstruc | [ Blicor | @ IEEEEC | @ Head: | + (-]
C & coalgebraherokuspp.com * @ :

Coalgebraic Operational Semantics Translator

[0 CodeEdtor Linel1 W B P < TextOutput

PROGRAM

configs = (IP1; S1; Sz S3l, ma, (5), =)

Level

Program

DECLARATION D¢

[var ximg = m

Q(configg) = [next](configg) = configy
= (I51; S2; S31, m, (5), =)

Level

Program

a) Program and Declaration

Q PMFR. BY Coc Xl Sintezs | @ Mnstruc | [ BlicOr | @ IEEEEC | @) Headt | + (-]
G @ coalgebraherokuapp.com @ :

Coalgebraic Operational Semantics Translator

[ code Editor el @ A > & TextOutput

INPUT S,
[input xIm; = [x := 5Im = my

Q(config;) = [readl(config;) = config,
= ([52; S3l, m, =, €)

Level

Program

ASSIGNMENT S,

Ix := x+tifm; = [x := 6lm = m3

Q(configy) = [nextl(configs) = configs =
([551, ms, =, <)

Level

Program

b) Input and Assignment
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Q PMFR. €Y Cor x I Sintezs | @ Instruc | [ BlicOr | @ IEEEEC | @) Headt | + [-]
G @ coslgebraherokuapp.com * @ :

Coalgebraic Operational Semantics Translator

[J CodeEditor Linel1 [ B » & TextOutput

Ix := x+1jm; = [x := 6Jm; = m3

Q(configy) = [next](configy) = configs =
(Iss], ms, &, €)

Level

Program

PRINT S5
[print xJm; = print 6

Q(<onfigs) = [print](configs) = configs =
(6, (e, m3, =, (6)))

Level

Program

¢) Print
Figure 1 - Text output for x=5.

Coalgebraic Operational Semantics Translator

03 CodeEditor uess § B b | & olagemoupn

configd
config2
configd

[read] [next]

fprint]

config1
configd

Figure 2 — Diagram output for x=5.

4. ARCHITECTURE

Behind steps explained in previous section is the
architecture separated in two logics: front-end and back-
end (Figure 3). On front-end we have implemented code
editor powered by Monaco editor [17] created by Micro-
soft and derived from their Visual Studio Code editor.
As the code is inserted, it is sent to back-end, and the
code structure is obtained. When the result gets back, it
is shown to user. If there are errors, the interactive error
message containing information of issue that caused the
error is shown together with a line and a column, where
the error occurred. When there is no error, it is shown
the translation into coalgebraic operational semantics.
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The text representation is also interactive; all executed
lines of code are clickable, highlighting the lines of code,
which were translated. In diagram representation of coal-
gebraic operational semantics all the configurations and
steps between them are shown, with clickable nodes, also
highlighting the lines of code, which were translated.

Back-end part consists of analysing the code input
with lexical and syntax analysis done by ANTLR created
by Terrence Parr [18]. ANTLR also gives us the oppor-
tunity to easily attach semantics analysis to the process.
We have created grammar for ANTLR given in [19].

CodeEditorComponent OQutputEditorComponent

+ngOninit(): void
A

+ranslateCode(): void

Front-end

CodeController

pmm -codeService: CodeService

uée +code(code: String): CodeOutput
' +input(input: InputRequest): CodeOutput
W
Code Service N
ProgramVisitor
-programs: Map<Integer, Program= --Use-3
prog i o s > +visitProgram(ctc: ProgramContext). Program

+code(code: String): CodeOutput
+input(input: InputRe-quest): CodeOutput

Create

Create Use

Program
CodeOQutput

3| -executions: List<Execution>

-lexerErrors: List=<CompilationError> -programEexecution: Execution

-parserErrors: List<CompilationError=
-~runtimeError: RuntimeError
-programExecution: Execution
-inputRequest: InputRequest

-inputs: List=Integers=

+Program(loc: List=LineOfCode=)
+getProgramExecution(): Execution
+programResume(inputValue: int): void

+ all gefters and setters for fields above \L

i Execution
-executedLineOfCode: ExecutedLineOiCode
InpuiRequest -state: State

E
-childrenExecutions: List<Execution=
-parentExecution: Execufion
-number: int

-idOfProgram: int
-variable: String
-value: Integer

+ all getters and setters for fields above + all getters and setters for fields above

Figure 3 — Architecture.

5. CONCLUSION

In this article, we presented the results achieved in
the field of research and development of software tools,
which contribute to the attractiveness of teaching
semantic methods and which contribute to the clarity of
the semantics and its deeper understanding. Educating
young IT experts is always a challenge: how to keep up
with trends in information technology and how to pass
on information to students. Formal methods have their
irreplaceable place in software engineering. Almost all
formal methods have their basis in the formal semantics
of languages.
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Thanks to this, the education of future software
experts is always supported by a course on formal se-
mantics. In the field of formal semantics, there are several
directions, some of which require deeper mathematical
knowledge, other methods are also suitable for developers
who work with a mathematical basis only minimally.

The use of category theory highly contributes to a
solid mathematical basis for formal methods. Catego-
ries have a strong expressive ability and allow to model
relationships between mathematical structures in a very
elegant way. The software tool we presented in this work
allows us to visualize and model the coalgebraic opera-
tional semantics defined in [20].

We want to further apply the results from the mod-
eling of categorical semantics in teaching. Experience
shows that the software has a very good response from
students. Students understand the principles of methods
very well, if they do not work exclusively with math-
ematical relations, but can visualize calculations in
semantics on an interactive basis.

We are of the opinion that the development of (own)
visualization software tools will contribute to the attrac-
tiveness of teaching formal methods for students and
engineers in practice, especially during distance learning,
but also during full-time teaching, as interactive visuali-
zation brings some dynamism to the teaching process.
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