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Abstract

GraFLAP grades automata, machines, grammars, and regular expressions submitted as
JFLAP files or plain text and is connected to Moodle via the middleware Grappa and the
question type MooPT. Until now, authoring a new GraFLAP exercise required detailed knowl-
edge of the grader itself and a fair amount of manual work, which kept most instructors
from writing their own tasks.

We present the GraFLAP Exercise Editor, a standalone Java application that lets instructors
create GraFLAP tasks in ProFormA format (and finally in questions in Moodle XML format)
from a sample solution in JFLAP together with a few task-specific settings, without any in-
sider knowledge of the grader. The editor covers automata, grammars, and machines, gen-
erates the accepted or rejected example words automatically where needed, and supports
randomized task variants.
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Abstract

GraFLAP grades automata, machines, grammars, and regular expressions sub-
mitted as JELAP files or plain text and is connected to Moodle via the middleware
Grappa and the question type MooPT. Until now, authoring a new GraFLAP ex-
ercise required detailed knowledge of the grader itself and a fair amount of manual
work, which kept most instructors from writing their own tasks.

We present the GraFLAP Exercise Editor, a standalone Java application that
lets instructors create GraFLAP tasks in ProFormA format (and finally in ques-
tions in Moodle XML format) from a sample solution in JFLAP together with
a few task-specific settings, without any insider knowledge of the grader. The
editor covers automata, grammars, and machines, generates the accepted or re-
jected example words automatically where needed, and supports randomized task
variants.
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1 Introduction

1 Introduction

GraFLAP! is a grader for exercises in theoretical computer science that builds on JFLAP
[Rod06] and is connected to Moodle through the middleware Grappa [Bec+13] and the
question type MooPT?. It grades finite, push-down, and Turing automata, grammars,
regular expressions, and Mealy, Moore, and Turing machines by testing whether a sub-
mitted JELAP file accepts or rejects a given set of words, or produces the expected
output. Similarly, grammars or regular expressions (given as plain text) are graded by
checking whether they generate the expected set of words.

GraFLAP itself, together with its integration into Grappa and MooPT, is described in
detail in a previous report [Spr24]; here we only summarize what is needed to follow the
editor.

Once written, a GraFLAP task can be shared with other instructors without effort,
since it is stored in the exchange format ProFormA. Writing a new task from scratch,
however, used to be a different matter. The task author had to know the internal
structure of a ProFormA /GraFLAP task, assemble the required ProFormA XML files,
and produce a state diagram of the sample solution separately. This required a level of
insider knowledge that most instructors, understandably, are not willing to acquire just
to write a handful of exercises.

We have been teaching theoretical computer science for many years and have been using
GraFLAP in our courses already with the learning management system LON-CAPA
[Kor+-01]. In the process of changing to Moodle, we wrote a converter from LON-CAPA
problem files to Moodle XML questions [DS21], which was later extended to generate
ProFormA files for GraFLAP tasks. This way, we could continue to author GraFLAP
tasks in LON-CAPA or by hand and convert them into Moodle questions, but the
problem of authoring new tasks from scratch remained.

The GraFLAP Exercise Editor closes this gap. A first prototype was built in a bachelor’s
thesis [Tit24], which we supervised, with the explicit goal that authoring a task should
require nothing beyond the ability to construct an automaton or machine in JFLAP
and the basic knowledge of theoretical computer science that can be expected from
anyone teaching the subject. In particular, no knowledge of the ProFormA format or of
GraFLAP’s internals is needed.

Meanwhile, the editor has been completed and extended to cover all GraFLAP task
families, to generate accepted and rejected example words automatically where possible,

'https://github.com/hsh-elc/graflap-main
2https://github.com/hsh-elc/moodle-qtype_moopt
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and to support randomized task variants. The resulting tasks can be exported as Pro-
FormA files and directly converted into Moodle XML for direct import into a Moodle
course.

2 The GraFLAP Exercise Editor

The GraFLAP Exercise Editor is a stand-alone Java application with a graphical user
interface for creating, saving, and loading GraFLAP tasks. It covers three task families
— automata (finite, push-down, and Turing automata), grammars, and machines (Mealy,
Moore, and Turing machines).

Internally, a task is stored as a LON-CAPA .problem file, which serves as the editor’s
native save format and, as described in Section 3, as the starting point for generating
randomized ProFormA task files ready to be imported into Moodle via MooPT. This
format is very compact and allows for randomization of task texts and solutions, which
is not supported by plain ProFormA itself.

Alternatively, several ProFormA task.zml files can be generated from a single LON-
CAPA problem file, each with different parameter values for randomized variants of
the same task, and these ProFormA files can then be embedded into a single Moodle
questions XML file for direct import into a Moodle question bank.

Every task needs a name, a description, and a sample solution; the task language can
currently be set to German or English. Name, description, and sample solution can use
any language, but the texts of the automatically generated feedback messages are in the
selected language.

2.1 Automata Tasks

For an automaton task, the accepted language is specified either by a regular expression
or by a generating grammar. If no explicit list of accepted and non-accepted words
is provided, the editor derives one automatically from the regular expression or the
grammar.

The sample solution itself has to be supplied as a JFLAP file. From this file, the editor
automatically derives a formal definition of the automaton and an SVG rendering of the
state diagram, using the SVG-generation interface of the GraFLAP grading component
itself. Figure 1 shows the editor’s view for an automaton task.

If randomization is enabled, one should use Perl variables (like $a) in the task description
and in the sample solution (not in the regular expression or grammar), so that the editor
can generate several variants of the same task with different parameter values.



2 The GraFLAP Exercise Editor

GraFLAP Problem Editor

Automaton

Language given by Here you can enter the accepted and non-accepted words
Please select Grammar or Regex If nothing is entered, the words will be generated automatically

Grammar Regex accepted words non-accepted words
[galh* |

Should the small letters be set randomly?
Should the formal definition of the parts of the automaton be queried?
Please select the JFf file of the sample solution automaton here

finternal |  Cho.. )
- Please select the language of the task German ® English
Optional o Please enter the title of the task here
Typ DEEETATER [DFA For words with an even number of $g |
Finite State Automaton v | Deterministic v | Please enter the task description here
- Design a deterministic finite automation, wich accepts
Please enter some text as a sample solution, or add text after the ords of the alphabet \(\Sigma =\{ $g, $h \} \) with an
generated solution leven number of $g's.

Generate sample solution automatically

Back  Cancel SaveDraft Preview Create

Figure 1: GraFLAP Editor: view for an automaton task.

As one can see in Figure 1, the editor also provides an HTML preview of the task, as
shown in Figure 2, similar to how it will appear in Moodle, including the state diagram
and the sample solution.

If the task author just saves the draft, the task does not need to be complete, and the
editor will not warn if something is missing. Only a LON-CAPA .problem file will be
saved. The task can be completed later, and the editor will check for completeness before
exporting it.

The create button will save the task as a LON-CAPA .problem file, generate the cor-
responding ProFormA task files for all randomized variants, and convert them into a
Moodle XML file for direct import into a Moodle course.

2.2 Grammar Tasks

For a grammar task, the language may again be defined either by a generating gram-
mar or by a regular expression, and the list of generated and non-generated example
words is produced automatically if not specified by the task author. Figure 3 shows the
corresponding editor view.

Task authors can write the task description in IXTEX and use SVG graphics for any
additional illustrations, which can also contain Perl variables for randomization.



2.2 Grammar Tasks

DFA for words with an even number of g

Design a deterministic finite automaton, wich accepts words of the alphabet £ = {g, h} with an even number of . Load Your jff file in the
following field! Please input now the components of the automaton in formally correct notion into the text fields below.

the set of states (states), the input alphabet (alphabet), the inital state/s (initials), the set of final states (finals), and the transition function (delta).
Write the elements as (fromState, input, toState) . Use E for the empty word, if applicable.

e.g. (s0,a,51),(s1,b,s2) and so on.

o

Task is graded automatically by GraFLAP. (Hochschule Hannover - Frauke Sprengel)

Possible Solution: Automaton:
A= ({s0,s1},{g,h},d,s50,{s0})
with transitions:
8(s0,9) = s1, 8(s1,g) = s0, §(s0,h) = s0, &(s1,h) = sl
As a table:

6|80 sl

glsl s0

h|s0 sl

with the state diagram:
h h

00

Figure 2: Preview for an automaton task.
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Language given by

GraFLAP Problem Editor

Inaformlike:S->aB,B->bS|E|a,S->aSa

S->Sb|Tb,T->ab |a

Should the letters be selected randomly?

Optional
Type

Context-Free v

Please enter some text as a sample solution
The language is generated by the grammar

\G=(\{ST\L\{%a, $b\L R SHN

with the rules

\[R=\{S\to S$b|Tsb, T\to 3a $b|$aTsb\}\]

Back

Cancel

Grammar
Please enter the generated and non-generated words here
If nothing is entered, it will be generated automatically
generated non-generated

Please select the language of the task | German English
Please enter the title of the task here

Grammar for a given PDA over { $3, $b}

Please enter the task description here

Given the following push-down automaton
<svg width="561pt" height="118pt" viewBox="0.00 0.00 561 .

Give a context-free grammar over the alphabet \(\{ $a, Sb\} \
generating the language accepted by this automaton.

< >

Save Draft  Preview = Create

Figure 3: GraFLAP Editor: view for a grammar task.

2.3 Machine Tasks

Tasks on Mealy, Moore, or Turing machines also need a sample solution in JFLAP
format, from which the editor can again generate an SVG state diagram. Here, specific
input and output words should be defined. An automatic generation of output words
from given inputs and the sample solution may be possible in a later version of the
editor, but is not yet implemented. Figure 4 shows the machine view of the editor.



2.4 Randomization and Formatting

GraFLAP Problem Editor

Machine

Please select the machine type here Enter input and corresponding output words
For Turing machines choose determinism Input Output
Type Determinism 10 I

. L 0
Turing v Deterministic v I|0|I IH
Please select the Jff file of the sample solution machine here Hﬁgl IH”
HeaProjects/GraFLAPExerciseEditor/target/tur_add,jff] Choose File ol i
Please enter some text as a sample solution (lj!||||||||||ﬁ IHHH

This can be done with the Turing machine

\[TM_{add} = (\{s_0,s_1,s_2,s_AL\{I\}\{I,0,\#\} \Delta,s_0\# \{s_A\}) \I

with _the l;ransition relation Please select the language of the task ' ' German @ English
\(beglg){ag%@ lta\, (s_F\f 1) \\ Please enter the title of the task here
s_0, elta\, (s_f\#r - - —
(s 0.D) &\\Delta\, (s 1\#.r) \ [Turing maschine for addlthn : |
(s_1,]) &\\Delta\, (s_1,,7\\ Please enter the task description here
(s_1,0) &\\Delta\, (s_2,|\ell) \\ Design a Turing machine, which computes the sum of two
(s_2,]) &\\Delta\, (s_2,|\ell) \\ natural numbers in unary representation.

(s_2,\#) &\\Delta\, (s_f\#r)
\end{align*}

Back | Cancel SaveDraft Preview Create

Figure 4: GraFLAP Editor: view for a machine task.

2.4 Randomization and Formatting

Randomization was designed into the editor from the start, as the example task views
already suggest. Task texts and solutions may contain Perl variables (e.g. $a), which
are replaced by concrete values in each generated variant. Task texts support KHIEX
for mathematical formulas. For graphical elements, embedding them as SVG is recom-
mended, not only for the same reasons of scalability and file-size that already applied to
STACK questions in earlier work, but also for using variables in SVG elements. These
features are tailored to the everyday needs of instructors in theoretical computer science
rather than to the full generality of the ProFormA format.

3 Inside the Editor

As noted above, a task created with the editor is saved as a LON-CAPA .problem file
[Kor4-01] first. Here, the task description, the sample solution, and the accepted or
generated language are stored in a compact format that allows for randomization of
task texts and solutions. For automata and machine tasks, an SVG rendering of the
state diagram is generated automatically from the JFF sample solution and stored in



4 Summary

the .problem file as well. The SVG generation uses the GraFLAP grader itself, so that
the rendering is consistent with what the grader outputs.

Here, we reuse a randomization mechanism that already existed: we had previously
written LC2Mdl [DS21] to convert LON-CAPA problem files into Moodle STACK ques-
tions. LCJFLAP2MdI?, built as an offshoot of LC2MdI, instead generates one or several
ProFormA task files from a single LON-CAPA problem file, with parameter values filled
in for each randomized variant.

These ProFormA task files are then embedded into Moodle XML questions and bundled
into one Moodle XML file by the converter ProFormA2Moodle?, which can be used from
the command line, through a graphical interface, or as a library, and which is not limited
to GraFLAP tasks.

The resulting Moodle XML file can be imported directly into a Moodle question bank,
using Moodle-XML import for MooPT questions, first prototyped in a related bachelor’s
thesis [Ahm24].

This way, an instructor can go from a single sample solution entered in the editor to a
set of randomized, ready-to-import Moodle questions without touching a LON-CAPA
problem file or ProFormA task files by hand.

4 Summary

The GraFLAP Exercise Editor removes the main obstacle that kept instructors from
writing their own GraFLAP tasks: it turns task authoring into filling in a task descrip-
tion, choosing or specifying the accepted language, and supplying a sample solution in
JFLAP, with the state diagram, formal definition, and example words generated auto-
matically wherever possible. Combined with the existing randomization pipeline and
ProFormA-to-Moodle-XML conversion, this provides a complete route from a single
hand-made exercise to a set of randomized questions ready for use in a Moodle course.
A compact user guide for the editor is planned as a next step, and further require-
ments identified through everyday classroom use will continue to be integrated into the
software.

3https://github.com/nfa019/1cJflap2mdl
‘https://github.com/nfa019/ProFormA2Moodle
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