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Abstract
The goal of this thesis is to design and implement an editor simplifying writing system
requirements. The solution is to create a block-based text editor which will visualize the
terms of the text as blocks. The editor is implemented as a configurable web component
with two editor modes-block and text. The user can switch between the editor modes,
where the block mode is the primary one. In the block mode the user sees text visualized
as blocks and can reorganize individual parts of the text. The Evaluation chapter depicts
the typical user interactions with the editor.

Abstrakt
Cílem této práce je navrhnout a implementovat editor, který bude zjednodušovat psaní
systémových požadavků. Řešením je vytvoření blokového textového editoru, který bude
vizualizovat pojmy textu jako bloky. Editor byl implementován jako konfigurovatelná we-
bová komponenta se dvěma režimy editoru - blokovým a textovým. Uživatel může mezi
režimy editoru přepínat, přičemž blokový režim je primární. V blokovém režimu uživatel
vidí text vizualizovaný jako bloky a může reorganizovat jednotlivé části textu. Kapitola
Evaluation zobrazuje typické interakce uživatele s editorem.
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Chapter 1

Introduction

This prototype of a block-based text editor is developed to verify and evaluate the benefits of
fusing graphical and textual representations in the context of writing system requirements.
The goal of this approach is to evaluate how this graphical layer can support users in writing
and organizing system requirements. Whether it simplifies text manipulation, improves
orientation, and enhances the overall user experience. The graphical representation is
applied primarily for syntactic visualization, with the editor providing feedback on syntactic
errors and highlighting misspelled or unrecognized terms. This post-processing approach
ensures that users receive clear visual cues without altering the core behavior of a traditional
text editor.

We hope that this method will offer a more natural and efficient workflow, potentially
increasing productivity and enhancing usability for system engineers. Key features such
as drag-and-drop, block selection, and the ability to insert blocks with a simple click are
expected to make the interaction more intuitive and interactive.

The thesis is structured as follows. In chapter 2, the key concepts important to the
system engineering are explained. Chapter 3 focuses on possible implementation solutions
and the advantages and disadvantages of each approach. The following chapter 4 contains
the editor design and requirements that should be satisfied. The chapter 5 describes the
core functionalities and challenges faced during the editor implementation. The evaluation
of the editor’s core functionalities is described and shown in chapter 6. Lastly, chapter 7
summarizes the final state of the editor with a few ideas for possible future work.
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Chapter 2

Key concepts of systems modeling
and requirements

In the development of complex systems, a strong foundation of well-defined concepts and
methodologies is essential to ensure clarity and consistency throughout the project. This
chapter introduces fundamental concepts of system modeling and requirements engineering.

2.1 General workflow
The development of any software system typically follows a structured workflow that guides
the project from the initial idea to a functioning and validated product. This section outlines
the core stages of this workflow and highlights the importance of each phase in ensuring a
successful and efficient development process.

• Requirements gathering: This phase involves understanding client’s vision of the
system. First, detailed requirements are collected to define exactly what the system
should achieve. The collected requirements are then thoroughly analyzed and as a
result, a detailed specification is created.

• Design: After creating the specification from client’s requirements, the system can
be modeled and designed. Usually, the wireframes can be done first for the client and
developers to better understand the idea of the user interface, and improving the user
experience based on the wireframes. Then there is the technical side of the system,
such as designing the database or choosing an implementation language.

• Implementation: With the specification ready, the development phase starts. For
this phase, it is necessary for all developers to understand the concept and specification
of the system. Then the development process can begin. It involves programming,
debugging, refactoring, etc. Communication with the client is also a key part in case
of any changes and customization of the code.

• Verification and Validation (V&V): Verification and validation is a crucial pro-
cess to ensure that the system works correctly and meets the set requirements.

– Verification: Also known as static testing is a process of checking the system’s
outputs and if all the requirements are achieved. It also tests for bugs and
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any other unexpected behavior. It does so through reviews, inspections, walk-
throughs, and static analysis. Verification basically asks the question if we are
building the system right.

– Validation: Validation (or dynamic testing) asks the question if we are build-
ing the right system. It checks if the system fulfills the client’s needs and
intended usage. [6]

2.2 V-Model
The V-Model (as displayed in Figure 2.1) is a widely used software development life cycle
model. It is a disciplined model, which means that it follows a structured and systematic
approach, where each phase must be completed before entering the following stage. [4]

V-Model is based on the association of testing with each development stage shown by
the arrows in the middle, where each arrow shows the relationships between phases. The
left side of the model represents the design and development phase and the right side of
the model represents its testing phase.

Development starts by Requirement Gathering (top-left block) and moves sequentially
downward to the Coding phase. Then, the process moves upwards through various testing
phases, ensuring that each development phase is verified against the desired requirements.

Figure 2.1: V-Model

2.2.1 Design phases of V-Model

This subsection describes the left side of the V-Model. The phases follow the general
workflow when developing systems. Here are the individual blocks explained: [4]

• Requirement gathering: Standard procedure as in general workflow.

• System analysis: The requirements are analyzed and interpreted into a system
documentation by translating high-level requirements into a structured system spec-
ification.
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• Software design: Output of this phase is a complete system design. The hardware
and other technical components required for development are also described. Then,
the architectural design is specified, describing how the internal and external software
will be linked with all the components. Because there are no details on the modules
or components, the architectural design can also be called HLD or High-Level
Design.

• Module design: Internal design (LLD or Low-Level Design) of the modules is
specified in this phase. It is necessary for the modules to be specified according to
the architectural design.

• Coding: The software is being implemented.

2.2.2 Verification phases of V-Model

After documenting and implementing the system, the verification can take its place. Here
are the verification blocks explained: [4]

• Unit testing: These tests were created during the module design phase. Unit testing
tests the code level design of components and modules, and verify the technical design
and correctness of components.

• Integration testing: Integration tests created in software (architectural) design
ensure that modules are working well together.

• System testing: System tests created in the system analysis phase test the entire
system and ensure that expectations are met.

• Acceptance testing: Or User Acceptance Testing (UAT) created after gathering
requirements, ensures real-world usability with real data and focuses more on issues
such as performance, loading times, etc. in user environment.

2.3 Requirement specification
Requirement specification is the initial phase of V-Model and often considered the most
crucial one.

Requirement specifications are formalized statements that define the expected func-
tionality, performance, and constraints of a system or product. These specifications are
crucial for the development process, analysis, design, implementation, and testing. The
requirements need to be clear, complete, comprehensive, and consistent. [14]

Requirements can be categorized in multiple ways, but a common classification divides
them into functional and non-functional requirements.

Functional requirements describe what the system should do. For example, system-
specific functionality and/or tasks. It also defines specific actions and operations of the sys-
tem. All of these requirements have to be incorporated into the system. An example of a
functional requirement is: ”Users should receive notifications after making a transaction“.[5]

Non-functional requirements on the other hand describe how the tasks should be
performed, focusing on performance, security, scalability, and usability. An example of a
non-functional requirement is: ”The system should respond to user action in less than 2
seconds“.[5]
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What are the benefits of requirement specifications?

• Prevents misunderstanding in development.

• Stakeholders have a better understanding of the system.

• Helps identify any gaps in the requirements.

There are many methodologies how to write requirements, one well-known methodology
for writing clear and structured requirements is the Easy Approach to Requirements Syntax
(EARS) described in Section 2.5.

2.4 SysML
System architecture design is another important stage of the V-model. There are many
modeling approaches and tools that can be used for this purpose that can be used for
this purpose, one of which is the Systems Modeling Language, or SysML, is a graphical,
general-purpose system architecture modeling language for Systems Engineering applica-
tions developed as an extension of UML (United Modeling Language). It supports
specification, analysis, design, verification, and validation of a wide range of systems and
systems-of-systems such as software, hardware, information, processes, etc. [10].

Its ability to model complex, multi-domain systems makes it a crucial tool in fields such
as aerospace, automotive, robotics, and industrial automation.

Due to importance of Block Definition Diagram (BDD) and Internal Block Di-
agram (IBD) in this thesis, these will be the only blocks described, because BDD and
IBD are the blocks that we typically tie to system requirements mentioned in Section 2.5.
The blocks can represent elements from models, and the blocks from (BDD/IBD) are the
elements we will be representing with our blocks.

Figure 2.2: SysML Diagram Types
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Block

A block in SysML represents a modular, reusable, and encapsulated unit of a system. It
encapsulates properties, constraints, and behaviors. It also defines interfaces through ports,
allowing structured interaction with other blocks. Blocks can specify software, hardware,
mechanical, and other components. [11]

Block Definition Diagram (BDD)

A Block Definition Diagram is a static structural diagram that defines the system’s ar-
chitecture by showing blocks, their contents (properties, operations) and relationships (as-
sociations, generalizations, dependencies). They provide a high-level view of the system’s
hierarchy. [11]

Internal Block Diagram (IBD)

An Internal Block Diagram is used to describe the internal structure and connections of
a block and how its parts interact. It also represents the flow of information between
components, which is a key to modeling the behavior of a system. [12]

Difference between BDD and IBD

The Block Definition Diagram illustrates how the system is composed of different blocks
and their relationships, providing clear visualization of the system structure.

The Internal Block Diagram, on the other hand, focuses on the internal structure and
interconnection of blocks.

2.5 EARS
As mentioned in Section 2.3, the requirement specification needs to be precise, and the
Easy Approach to Requirements Syntax (EARS) provides a structured method for
writing requirements, ensuring that they are precise, unambiguous, and easy to understand
by both technical and non-technical stakeholders [9]. Using only a few keywords, EARS
defines five distinct templates (or patterns) that cover a wide range of requirement types.

General requirements syntax

The clauses always appear in the same order. The basic structure of an EARS requirement
looks like this: [8]

While <optional pre-condition>, when <optional trigger>, the <system name> shall
<system response>

The EARS ruleset says that the requirement has to have the following.

• Zero or many preconditions

• Zero or one trigger

• One system name

• One or many system responses
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When used correctly, EARS can also help with system analysis. For example, require-
ments starting with If are used in safety analysis. Some developers sometimes make the
mistake of handling unwanted behavior using When, making it harder to analyze the
system.

The first five templates listed below can be combined to handle more complex behavior.
If is typically used to describe unwanted behavior.

1. Ubiquitous requirements

Ubiquitous requirements are always active.

The <system name> shall <system response>

For example: The chair shall have a length of less than X [8].

2. State-driven requirements

State-driven requirements are denoted by While, and are active while the specified time
remains true.

While <precondition(s)>, the <system name> shall <system response>

For example: While there is no card in the ATM, the ATM shall display “insert card to
begin” [8].

3. Event-driven requirements

Event-driven requirements are denoted by When, and specify how the system must react
after a trigger occurs.

When <trigger>, the <system name> shall <system response>

For example: When “mute” is selected, the laptop shall suppress all audio output [8].

4. Optional feature requirements

Optional feature requirements are denoted by Where, and apply to products and systems
that have the specified feature.

Where <feature is included>, the <system name> shall <system response>

For example: Where the car has a sunroof, the car shall have a sunroof control panel on
the driver door [8].

5. Unwanted behavior requirements

Unwanted behavior requirements are denoted by If and then, and specify how the system
responds to unwanted situations.

If <trigger>, then the <system name> shall <system response>

For example: If an invalid credit card number is entered, then the website shall display
“please re-enter credit card details” [8].
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Complex requirements

Complex requirements can combine more keywords specified above to create requirements
for richer system behavior.

While <precondition(s)>, When <trigger>, the <system name> shall <system response>

For example: While the aircraft is on ground, when reverse thrust is commanded, the engine
control system shall enable reverse thrust [8].

2.6 Application of EARS in SysML Models
An interesting application of EARS is the integration of EARS requirements with entities in
a SysML model. This allows requirements to be directly linked to the system components,
behaviors, and constraints of the model. This can be achieved by retrieving model’s BDD
and IBD data as mentioned in Section 2.4. This way, specific elements such as components,
blocks, etc. can be annotated by EARS. For example, a requirement could specify that
a particular block must perform a certain function or an interaction (represented in the
IBD) under specific conditions. By embedding EARS requirements into SysML models,
engineers can create a cohesive and well-documented model that supports both high-level
system design and detailed requirement specifications.

11



Chapter 3

Underlying technologies

Next really important step is to choose the right technology (or technologies) to make this
editor. There are many different possibilities for how this type of editor can be implemented.
We can make custom Domain-Specific Language, use pure JavaScript, or pick one of
numerous frameworks the world has to offer. We can fully build this component from the
ground up or edit and customize some existing component to fit the thesis goals.

Since this editor is intended to be embedded within other applications, we need a mech-
anism to notify the parent component about changes made. These are known as change
notifications, and they are essential for synchronizing data, triggering validation, or up-
dating related UI elements when the editor’s content changes.

To ensure a smooth user experience, the chosen technology must support drag-and-
drop functionality. Performance is also a critical factor to ensure that the editor runs
smoothly and efficiently, as the editor should remain responsive even with large or complex
inputs.

This chapter describes possible technologies and compares their capabilities in the fol-
lowing sections.

3.1 Domain-Specific Language (DSL)
A Domain-Specific Language is a specialized programming or specification language created
for a specific domain. Creating a Domain-specific Language can be useful when it allows
a solution to certain problems more clearly than with the use of General-Purpose Lan-
guage (GPL) such as JavaScript. Some examples of DSLs are Structured Query Language
(SQL) or Hypertext Markup Language (HTML) [1].

In the context of implementing this editor, the Domain-Specific Language can be used
to define document structures, transformations, and user interactions in more declarative
way.

Creating a DSL

There are many tools for creating DSL. One of them is Xtext developed by Eclipse. It is
an open-source framework for the implementation of programming languages and DSL, al-
lowing quick and complete implementation, from grammar definition to parsing, validation,
and code generation [1].

12



DSL advantages

• Expressiveness and readability: Well-defined DSL can make defining structures
and behavior more intuitive.

• Constraint enforcement: DSL ensures that users follow certain rules through syn-
tax and validation.

• Customization: Well-defined DSL can be easily extended by defining new block
types.

• Visual formatting: Based on grammar allows feedback in the sense of syntax high-
lighting and error detection.

DSL disadvantages

• Development complexity: Developing a DSL requires building a parser for the
user-written text and an interpreter for the parser output, which can be time con-
suming and difficult compared to other solutions.

• Learning curve: Unlike general-purpose languages or natural language, a DSL typ-
ically requires the user to follow strict syntax rules and domain-specific constructs.

• Postprocessing: Structuring and formatting happens as post-processing, meaning
that the visual styles are applied after the editing instead of during the editing, which
can make the editor less interactive for users. This is undesirable in editors that aim
for high interactivity and responsiveness.

Drag and Drop support

Domain-Specific Languages do not provide built-in drag-and-drop functionality. However,
when a DSL is used in combination with a graphical or custom editor, drag-and-drop can be
implemented. Tools such as Xtext, Eclipse Sirius, or JetBrains MPS allow developers
to define graphical representations of the DSL, where drag-and-drop is supported as a way
to manipulate model elements visually.

Change notifications

Due to DSL’s usually being backed by a model or AST (Abstract syntax tree), it is possible
to trigger updates or listen to changes using observers, event listeners, or reactive patterns.

3.2 Pure JavaScript (Vanilla)
JavaScript has nothing to do with Java despite the similarity of the name. It is a highly
popular lightweight interpreted programming language and one of the core technologies
of the Web as well as HTML and CSS. JavaScript enables dynamic changes to website
content and is the foundation of many modern frameworks and libraries, as discussed in
the following sections.
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JavaScript advantages

• Direct DOM manipulation: JavaScript allows direct Document Object Model
(DOM) and browser APIs manipulation without the need of any additional library
or framework.

• Full control: Using vanilla JavaScript, the developer is able to implement everything
himself/herself. So, he/she can have full control of what is happening.

• Ecosystem and community: It provides a rich ecosystem with a wide range of
tools and libraries that make it versatile.

JavaScript disadvantages

• Lots of coding: Even though there are tons of libraries, we have to implement most
of the functionality ourselves, which can be really time-consuming and repetitive.

• More error-prone: Writing the functionality manually can cause an introduction of
more errors and bugs, especially in larger projects due to lack of abstraction provided
by frameworks.

Drag and Drop support

JavaScript by it self does not offer a drag-and-drop support. This functionality can be
programmed with the use of the native DragEvent API, but there are already many ad-
ditional libraries offering drag-and-drop solutions. One of these is Sortable.JS, which is
a lightweight and highly customizable library for reorderable drag-and-drop lists. It also
supports a multi-drag and nested list.

Change notifications

Vanilla JavaScript provides a simple mechanism for event-based communication using Cus-
tom Events. The editor can dispatch a custom event and the parent component or ap-
plication can listen for that event. Custom Events are a lightweight solution, but require
manual event handling.

3.3 Frameworks
JavaScript frameworks are an essential part of modern front-end web development. These
frameworks are well-tested solutions for building interactive web applications. They often
offer special tools for interaction with web APIs and other services and automate many
repetitive tasks in web development, improving efficiency and scalability.

React
React (or React.js) is officially a JavaScript (or TypeScript) library, not a framework. React
is an open-source component-based tool developed by Facebook that is used to build single-
page user interfaces. By itself, React often requires use of additional libraries for keeping
state, or implementation of routing, but with the use of packages like React Router, it is
possible to build multi-page user interfaces [2].
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React uses JSX (JavaScript XML), which is an extension of JavaScript syntax similar
to HTML but allows using JavaScript expressions directly. JSX also plays an important
role in conditional rendering and the creation of dynamic components.

React advantages

• Strong ecosystem and community: Large ecosystem and strong community with
plenty of resources/tutorials and third-party libraries available.

• Component-based architecture: It helps with faster and more modular develop-
ment.

• Virtual DOM: React uses a virtual DOM, which optimizes the rendering by updat-
ing only the necessary nodes of an actual DOM.

React disadvantages

• Steeper learning curve: Understanding of component’s lifecycle, hooks, and ren-
dering logic can be challenging for beginners.

• Rapid evolution: React library evolves quickly, updates introducing new function-
ality, and best practices make it harder to keep up.

• Dependency: React requires additional libraries for advanced functionality, which
can add more boilerplate code.

Change notifications

React provides a robust system for handling change notifications through its component-
based architecture and state management. Child components communicate changes to their
parent components using callback functions passed as props. When a child component
updates its internal state, for example, when the editor content changes, it can call the
provided callback to inform the parent of the new state. This solution is easy to integrate
without the need of external event handling, but is less flexible in applications not made
with React. For example, to notify a parent from a deep nested component without prop
drilling, React’s Context API can be used.

Drag-and-drop support

• react-dnd is a flexible and customizable drag-and-drop built on top of HTML5 and
the drag-and-drop API. It provides a multi-item manipulation, but requires under-
standing of the Drag and Drop API.

• react-beautiful-dnd is designed for aesthetics and supports keyboard navigation,
but it can be slower on large datasets due to its focus on smooth animations. Unfor-
tunately, this library is no longer maintained.

• dnd-kit is a flexible and powerful library that allows great customizability of drag-
and-drop behavior thanks to custom hooks such as useDraggable and useDroppable.
dnd-kit also offers many collision detection algorithms, making it easier to detect
collisions.
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Angular
Angular is an open source TypeScript-based framework developed and maintained by
Google. It provides a complete solution for front-end development, offering tools for im-
plementing templates, routing, dependency injection, and more. Angular is best suited for
building dynamic single-page web applications but also for large-scale projects with complex
requirements [13].

Angular advantages

• Component-based architecture: Helps with faster and more modular develop-
ment.

• Two-way data binding: Automatic synchronization between (application data) and
the view (UI), reducing the need for manual DOM manipulation and boilerplate code.

• Strong ecosystem and community: Angular has a large ecosystem, great docu-
mentation, as well as consistent updates.

Angular disadvantages

• Steep learning curve: Mastering Angular features, such as its templates, lifecycle
hooks, and RxJS (Reactive Extensions for JavaScript) integration, can be challenging.

• Overkill for smaller projects: Angular’s comprehensive features can make it un-
necessarily complex and resource-heavy for lightweight applications.

• Verbosity: Syntax can be verbose, which can lead to more boilerplate code in a
smaller projects.

• Performance overhead: The framework’s large bundle size can affect initial load
times, which may not be ideal for all use cases.

Change notifications

In Angular, @Output decorators and EventEmitter are used to emit events from child com-
ponents to parent components. This is Angular’s standard approach for handling change
notifications, but is not as easy to implement as in other technologies.

Drag-and-drop support

@angular/cdk/drag-drop is a drag-and-drop module included in Angular Material (UI
component library) with support for reordering DOM elements when dropping an item, but
is limited to basic drag-and-drop functionality.

Svelte
Svelte is a modern open-source component-based JavaScript framework used for building
user interfaces. Unlike other JavaScript frameworks, Svelte works by compiling compo-
nents into highly efficient vanilla JavaScript code at build time, which runs directly in the
browser. This way svelte does not need virtual DOM because the code manipulates the
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DOM directly [3]. Svelte by itself also does not provide tools for routing, SvelteKit extends
its capabilities, allowing for the development of full-stack web applications.

Svelte advantages

• Performance: Most of the heavy work is done by the compiler, also leaving smaller
file sizes.

• Simplicity: With clean syntax and no unnecessary boilerplate, it is possible to de-
velop faster with good maintenance.

Svelte disadvantages

• Smaller community: Although Svelte is growing rapidly, it does not have a large
community such as React or Angular. You will also not be able to find as many
third-party resources and tools.

• Learning curve: Understanding reactivity can be a bit problematic, even though
Svelte tries to simplify it because it works a little differently from the other frame-
works.

• Growth between developers: Svelte has not yet been spread in the development
of large-scale enterprise applications as much as its opponents.

Change notifications

Svelte offers a clean approach to event-based communication using createEventDispatcher.
This function allows a component to dispatch custom events, which can be handled by the
parent component. It also requires less boilerplate code than React or Angular.

Drag-and-drop support

svelte-dnd-action is a drag-and-drop library made for Svelte.

3.4 Customizing an existing text editor
There are several text editor libraries and components that could be modified to meet the
thesis goals. However, most existing libraries are designed as rich text editors, allowing
advanced formatting such as changing fonts, font sizes, boldness, and other text formatting
features. Here are some examples:

• Slate.js: A highly customizable framework for building rich text editors, built on top
of React.

• Draft.js: A rich text editor developed by Facebook and designed for use with React.

• ProseMirror: A modular toolkit for building rich text editors on the Web.

• Editor.js: A block-style rich editor that resembles tools like Notion. Offers a clean
JSON output and can be used with any technology listed above.
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While most of the listed examples are powerful and customizable, they focus on different
aspects of visualization and editing compared to our needs. In this thesis we need more than
text editing and formatting, and these editors we not designed to our needs. Modifying and
stripping them of unnecessary functionality would cause more damage than benefits, given
that the editor aims for simplicity and performance.

3.5 Technology evaluation
Although Domain-Specific Languages (DSLs) were considered for the implementation
of the editor primarily for their expressiveness, and visual structuring, they were not chosen
mainly for their limited interactivity since high responsiveness is crucial for this project,
and need for specific grammar even when not needed for our purposes.

The table below summarizes the qualities of the selected technologies as potential imple-
mentation languages for the text editor. These technologies were evaluated based on their
suitability for the specific requirements of the project, such as performance, ease of use, and
community support. The focus was on identifying the best tool for creating a lightweight
block-based text editor with no need for rich-text functionality.

Criteria JavaScript React Angular Svelte
Best for Lightweight,

simple
projects

Interactive and
modular projects

Scalable,
enterprise
projects

Lightweight, pro-
totypes

Advantages Direct
DOM ma-
nipulation,
full control

Component-based,
virtual DOM,
community

Two-way
data binding,
community,
in-built tools

Direct DOM
manipulation,
performance,
simplicity

Disadvantages Time-
consuming,
more error-
prone

Requires addi-
tional libraries

Verbose syn-
tax, overkill
for smaller
projects

Smaller commu-
nity, less tools
without SvelteKit

Experience Moderate Moderate Slim to none None
Notifications Built-in Built-in Built-in Built-in
Performance Depends on

implemen-
tation

Good (with virtual
DOM)

High (op-
timized for
large-scale
apps)

Very high (direct
DOM manipula-
tion)

Drag-and-Drop Library
support

Library support Library sup-
port

Library support

Table 3.1: Technology summary

The decision factors were:

• The most suitable use case for each technology.

• The size of the community and availability of support libraries.

• Limitations associated with the specific requirements of my use case.

• My personal experience and familiarity with each technology.
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• Performance

• Support for drag-and-drop and change notification mechanism

After evaluating all these factors, I have chosen React as the framework for this project.
The key reasons were that I have the most experience with this library, it also has a large
and active community, where I can look for a solution to a problem I get stuck on. Although
React requires additional libraries, which will be needed in some cases, the core operations
will be custom, minimizing dependency. The Eclipse SysON web application’s front-end is
also developed using React + Vite (build tool), and because it is planned to integrate
this editor into this tool, compatibility with SysON is important. As for the drag-and-drop
library dnd-kit is the best fit for the editor thanks to its great customizability, pre-made
collision detections, and many presets that fit our needs.
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Chapter 4

Design

The goal of this thesis is to design and implement an intuitive and easy-to-use block-based
text editor prototype as a reusable web component. The editor will be a generic and
configurable component, where one possible use case for this editor is writing requirements
for systems designed in SysMLv2, but the editor can be more general.

4.1 Basic editor idea
Figure 1.1 illustrates a basic editor idea for better understanding of the editor’s function-
ality. The design consists of blocks in multiple colors to help with differentiation of specific
block types. For example, different colors indicate block for keywords, variables, logical
operators, and other categories. Although the colors in Figure 1.1 are purely illustrative,
the color palette should also be customizable.

Figure 4.1: Basic editor idea

4.2 Editor requirements
To support the intended functionality and user experience, the editor must satisfy several
key requirements. These requirements include interactive editing capabilities such as drag-
and-drop for reordering content, toggling between block and plain text views, and the ability
to quickly insert predefined or custom blocks. In addition, syntax highlighting is used to
improve clarity and content comprehension during editing.
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4.2.1 Drag-and-drop

The editor components should allow the user to reorganize blocks seamlessly, without copy-
ing, pasting, or rewriting. To achieve this, the editor will include drag-and-drop func-
tionality. For more convenience and flexibility, the drag-and-drop feature should support
single-block and multiple-block movement.

4.2.2 Switching between blocks and text

The developer should be able to switch between blocks and text. Developers should be able
to toggle between modes without losing any formatting or structure already established in
the blocks. Both text and block modes are active at all times, the switching is mainly for
the visual side of the editor. The block mode is designed for the precise manipulation of
individual elements, while the text mode allows for more typical work.

4.2.3 Prefabricated blocks

The editor will include a set of prefabricated blocks available for quick access. These blocks
will be common elements such as keywords, states, objects, logical operators, etc. This
ensures that the developer doesn’t have to write everything from scratch, but instead click
on selected block and the block gets added on the position of input.

4.2.4 Custom blocks

In addition to prefabricated blocks, the developer will have an option to create custom
blocks. Once the block is created, it is added to the prefabricated blocks section, allowing
for faster reuse.

4.2.5 Syntax highlighting

Syntax highlighting helps developers better navigate through the code, quickly identify
errors, and understand the structure of the code. In this editor, syntax highlighting is
implemented based on the language syntax object. This object categorizes words or blocks
(e.g., keywords, operators, states, objects) and assigns them a specific color for highlighting.

Since this editor does not perform semantic checks, it highlights words or blocks only
if they match any category in the language syntax object. Each category is also associated
with a default color in which words or blocks belonging to that category will be displayed.

Language syntax object

For proper syntax highlighting and to support the prefabricated blocks section, the editor
requires a language syntax object containing the following properties:

• Type of word property (keywords, operators, etc.):

– color: A string representing the hexadecimal color value for the category’s text
(this can be customized within the editor).

– type: Numeric value provided to help differentiate between class names in
HTML elements.
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– prefab: Boolean value indicating whether current type of words should have to
be displayed in the prefabricated blocks section.

– items: A set of string values representing the actual words or phrases that
belong to this category. For example, the ”keywords“ category might include
items such as ”while“, ”when“, ”shall“, etc.

For this thesis test case, the earsTest object was created based on Model Integrated
Decomposition and Assisted Specifications (MIDAS) paper[7]. It includes all relevant
states, objects, processes, etc. depicted in the paper The language syntax object should be
a JavaScript/TypeScript object or JSON for compatibility with the editor.

4.3 Editor design wireframe
The wireframe in Figure 4.2 presents the structural layout of the block-based text editor.
At the top, the editor contains a section for Prefabricated Blocks.

The central area labeled Editor is the main workspace, where users write their require-
ments that are transformed into blocks as they write. The blocks within each requirement
follow a linear structure as in the plain text editors.

To the right buttons for switching between editor modes, and a settings button which
opens a panel that provides customization features such as toggling prefabricated blocks
section visibility, switching to dark mode, and changing the color palette. This layout
supports both usability and visual clarity, aligning with the goal of providing a user-friendly,
intuitive editing environment for structured text input.

Figure 4.2: Block editor wireframe
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Chapter 5

Implementation

The implementation of the text editor is a crucial part of this thesis. This chapter describes
the process of developing the editor, covering the details of architecture, components, and
key functionalities. The goal is to provide an understanding of the choices made in the
development, the technologies used, and the challenges faced during the implementation.

5.1 Project setup
The development of the text editor was done using React with TypeScript and Vite as the
build tool. Vite was chosen for its fast development server and optimized build process.
Compared to Create React App (CRA) which was a traditional way to build React apps,
but today there are many build tools that offer simpler usage and faster setup and build
times. That is why Vite was chosen for this project, due to its simplicity, performance, and
built-in TypeScript support[15].

5.2 Block-based text editor component
Due to the need for both editors to be active at all times for smooth transitions between
block and text mode, it is reasonable to have a parent component that manages both editor
components, allowing for synchronization and coordination between them. The parent
component holds references to each editor’s content using the useRef hook, one for the
block-based content and one for the plain text.

Each editor keeps its content internally in useState hook, and with each state update,
the references also update, ensuring that the most recent content is always available during
a mode switch.

The parent component also manages the currently active mode through the editor-
Mode state. Based on the selected mode, it conditionally renders either the BlockEditor
or the TextEditor component, passing the current content as well as the opposite editor’s
reference as props. This approach allows each editor to synchronize changes and preserve
user input during transitions.
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5.3 Text-mode editor
Firstly it was necessary to implement the basic text editor (Figure 7.2). The goal from the
User Experience point for text editor is to have exactly the same behavior as regular text
editors such as Notepad.

5.3.1 Syntax highlighting

Since syntax highlighting is a key feature when writing requirements, several HTML-based
editing approaches were considered. These included using standard HTML elements such
as <textarea>, <input>, and a content-editable <div>.

However, implementing syntax highlighting inside a single editable element presents
significant challenges. To visually separate different words, each word must be wrapped
in an element such as <span> or <div>. This DOM manipulation caused the behavior of
editing text to have a different experience than in typical text editors and introduced many
challenges that would be difficult to handle in code.

There was also an alternative possibility to use the block editor with adjusted styling to
appear as a basic text editor, but unfortunately due to the need for different behavior from
the block editor, such as smoothly moving in text using keyword arrows, the two-layer
rendering technique seemed like a better fit due to its ability to highlight different words
while preserving typical text editor behavior.

Two-layer technique

As the name suggests, there are two layers. Both layers are <div> elements with the same
dimensions perfectly aligned over each other:

• The top layer (<div> with class name editor-layer) is an editable element, which
captures user input and movement in text. This layer is completely transparent, but
the functionality is fully kept intact (caret, text selection, movement, etc.).

• The bottom layer (<div> with class name highlighted layer), on the other hand,
is visual only and contains tokenized text (text split into words) mirroring the original
text. Each tokenized word is rendered wrapped in <span> element. Each token is
styled according to its category (e.g. keyword, operator, identifier) using appropriate
CSS classes.

Highlighting words

To highlight words, each must first be categorized (e.g., as a keyword, state, etc.). A func-
tion called getWordTypes was implemented to determine these categories. This function
is executed before rendering and populates a typeArray, which holds the type of each
word based on its index.

Because the language syntax object can contain multi-word items, a forward-checking
mechanism was necessary. First, the function checks whether the current word matches the
beginning of any multi-word item. If it does, the following words are also compared. If the
entire phrase matches, their corresponding entries in typeArray are updated accordingly.
If no multi-word match is found, the word is compared against single-word items in each
category. If no match is found at all, the category other is assigned to indicate a possible
error.
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Finally, each word is rendered inside a <span> element with the corresponding CSS
class, allowing it to be visually styled based on its category using the typeArray. This
evaluation happens with every keystroke to ensure real-time responsiveness.

5.3.2 Caret positioning and new lines

One of the issues encountered during the implementation was that the caret was not dis-
playing in the correct position horizontally with a longer text in row, and vertically in text
with empty lines. This manifested in two ways:

• Horizontal alignment: Padding inside the <span> elements caused the caret
to be horizontally misaligned. This was fixed by removing padding from <span>
element.

• Vertical alignment: Browsers do not render new lines using <span> elements.
Also, the innerText property does not include any newline characters, only words
separated by spaces. To solve this, the content of textContent is divided to include
all words, spaces, and newline characters using regular expressions. Each group of
new lines is counted and adjusted by subtracting one and dividing by two to obtain
the number of how many <br> elements wrapped in <div> elements should be
rendered to simulate the exact number of new lines.

5.4 Block-mode editor
Next step was to implement the core of this thesis, the block editor (Figure 7.1). One of the
ideas considered for the implementation was if it would be possible to upgrade the Two-
layer technique, to support blocks. However, this would require more adjusting in word
spacing and line spacing to cover the blocks and input perfectly, which would make the
incorporating of drag-and-drop impossible. Since drag-and-drop is one of the core aspects
of the editor, this idea was discarded. Therefore, another solution was chosen which will
be described in the following sections.

5.4.1 Blocks

One of the most important aspects of the block editor are the blocks themselves. Each word
is rendered as a separate block, implemented using the HTML <div> element. While
inline elements such as <span> were considered, <div> was ultimately chosen due to its
block-level behavior, which simplifies the layout.

Using <div> ensures that blocks naturally stack behind each other and wrap lines when
overflowing using CSS properties flexbox with flex-direction:row and flex-wrap:wrap
layout styling. In addition, they are easy to target and style each block individually with
features such as border, padding, background, and text color using class-based styling. This
is useful when visually separating different types of blocks (e.g., keywords vs. operators).
It is also possible to edit content in existing blocks using the contentEditable attribute.

Although <div> is often used for inline text rendering, it was less suitable in this case
due to inconsistent behavior with newlines.
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Block type

The blocks are of type BlockType. The BlockType has following properties:

• index: A unique ID of the block as number, nextBlockIndex state hook takes care
of increasing the index each time a new block is created, so there are never two blocks
with the same ID.

• content: Block content as string. Either a word or \n for a new line.

• wordType: A number that indicates which type of word the content is. Whether
it is, for example, a keyword so it can get appropriate class name to be highlighted
with correct styling such as border color, fill color, and text color.

5.4.2 Text input

The input is necessary to be able to write in the editor. The solution of blocks does not
allow for classic caret manipulation for the same reasons as in the text editor.

The input in the block editor is another contentEditable <div>. In code, there are
four hooks that help with the functionality. There are two state hooks keeping the state of
inputs position. The first inputLineIndex is a state that remembers which line the input
is on indexed from 0, and the second is inputIndex, that remembers after which item on
the line is the input positioned (0 means the input is on beginning of the line, 1 means the
input is after the first block on line, etc.). The input is then rendered on those positions
in the editor. The last two hooks are inputRef useref hook that keeps reference to the
HTML element representing the input and its job is to keep the input focused, and another
state hook that remembers the text inside the input field.

Moving the input across the editor is handled in the handleKeyDown function. In any
editor, it is essential for users to be able to move freely inside the text, for example, to revisit
and modify previous lines or to navigate using the mouse. To enable this behavior in the
block editor, the handleEditorClick function was implemented. This function captures
mouse clicks and adjusts the position of the input field accordingly.

When a user clicks directly on a block, the input is positioned immediately after that
block. If the click occurs between blocks or at the end of a line, the editor calculates the
appropriate position by comparing the mouse coordinates (clientX and clientY) against
the offsetLeft and offsetTop + offsetHeight values of all blocks within the clicked line.
This mechanism is closely tied to the logic used for handling line wrapping, as described in
the following section.

5.4.3 Lines

One of the first difficult problems encountered while implementing the block editor was
separating lines. In plain text editors it is simply hitting enter and moving to next line.
This is the behavior that is wanted in this block editor as well.

Because flex-wrap:wrap is used, the lines are automatically wrapped not to overflow
the width of the line. After hitting enter, the enter is applied only on the input and
destroys the whole layout by increasing the height of each block on the same line. This
could be adjusted in the setting of flexbox, but still this would be unwanted behavior.
Instead, catching the hit of an enter key was added to the switch in the handleKeyDown
function.
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When hit of an enter key is registered, the symbol for newline is inserted into the position
of input in blocks state. This way, we know when a user wants to make a new line, and the
blocks can be rendered on separate lines. This is achieved with splitLines function which
takes all blocks with newline symbols and splits the blocks into separate lines. Lines are
represented by <div> elements with class name of line. Lines are then rendered with
blocks that belong to them.

However, this introduced another problem of narrower line heights when the line did
not contain any blocks and unintuitive caret movement, meaning the caret would move to
unexpected position when moving between lines.

The fix of narrow lines was rather simple. All that had to be done was to save the line
height when the editor first renders using useEffect hook, and then setting the saved height
as min-height of every line. This could not be done before the first render, due to future
ability to change font size, and the height of lines would be different than the hard-coded
value. The em or rem units could be used, but this seemed like a better solution.

To fix the caret movement when moving to the line above or below, it was necessary to
count the position the caret should be in. For example, moving from the position between
second and third block on line with short blocks to line above with long blocks could possibly
move the caret to the end of line instead to the closest possible space. To get the next caret
position, it is necessary to check the positions of blocks on line above (if exists) and set the
caret to the index of the closest space between blocks.

Line wrapping (overflow)

When the line has overflows, the blocks that reach the width of the line are wrapped in
the next line. This behavior is handled by flexbox mentioned in Section 5.4.3. However,
this behavior does not work as expected behavior in plain text editor, due to inability to
move one line below or above using keyboard arrows. This happens because the browser
when the line overflows, the input does not know that the line has overflown and sees it as
a single array of blocks. You are only able to move left and right and not move up or down
in the wrapped line because my solution of input sees the wrapped line as one continuous
line. There were two possible solutions to handle this.

The first one was to check if the line has wrapped by checking the current line height,
and baseLineHeight ref used to set lines’ min-height, and if the current line is taller, move
the last block to a new separate line. This solution sounds good, but there again would be
many situations to handle for correct behavior, like differentiating between lines that are
wrapped, and the ones that are new ”on purpose“, moving other blocks to same wrapped
line, and not entirely new ones, when deleting blocks, moving the blocks that would fit on
original line back, etc.

The second one was to handle the moving up or down more precisely. This is the
solution that is implemented in the editor. The core idea is to first check if the current line
is wrapped or not. If not, simply increase or decrease the inputLineIndex. If the line is
wrapped, and the input is not on the first line when moving up or the last line when moving
down, the line is then retreated with all its blocks directly from DOM, including all their
attributes (offsetLeft is important for us). Based on the offsetLeft attribute, which is
the number of pixels that the upper left corner of the current element (block) is offset to the
left of the parent element (line), the blocks are split into ”inner lines“. Then, based on the
input position in line and the desired moving direction, the correct future input position
is computed. The computation is simply taking the target line and finding the absolute
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value of difference between input’s offsetLeft and each block’s offsetLeft. The lowest
number’s index is the place on line, where the input is closest to the space between blocks.
Then because the line is still considered as a single array of blocks, the target index has to
be increased by the number of preceding blocks. This computation of precise input position
is also added to handling moving between all lines, wrapped or unwrapped.

5.4.4 Block selection

As in a regular plain text editor, selecting a part of the text and then manipulating the
selected part, for example, by deleting it or moving the selected part elsewhere, is funda-
mental. Similarly, in this block editor, it would be beneficial to have a way of selecting one
or more blocks.

This cannot be achieved simply by mouse dragging. That is why another two useState
hooks named selectedBlocks and firstSelectedBlockIndex were added. The select-
edBlocks is an array of blocks with all its attributes (BlockType), and firstSelected-
BlockIndex is also an array containing position of the first block (line index and block
index within the line) selected respectively to the beginning of the editor in case of deletion
of selected blocks. The future input position could be easily calculated, but more optimal
is simply remembering the position instead of iterating through all the blocks and deciding
where the input should be.

The selection happens when a user clicks on any block with the mouse button while
holding his shift key pressed. Simply adding all clicked blocks to the selection would be
unreasonable. The selected blocks should be grouped together and not all over the editor.
The reason why selectedBlocks is a state hook and not a regular variable is that changing
any state in the component triggers a re-render, which is necessary to visually differ selected
and unselected blocks. This is the logic behind selecting blocks:

• No blocks selected: Clicking a block adds it to the selection.

• One selected block: If the clicked block is already selected, it is deselected. Oth-
erwise, all blocks in between the selected and clicked blocks are selected.

• Many selected blocks: Clicking a block resets the selection to only the clicked
block.

Deselection of blocks happens when a user clicks anywhere inside the editor with or
without holding the shift key. Selecting blocks unfocuses the input, but that is handled by
adding selected blocks to the dependency list of useEffect, which takes care of focusing
the input.

5.4.5 Editing the blocks

If the user wants to edit some block’s content, it can be done by pressing Backspace key
on keyboard when the input is in front of the desired block for editing. The block is deleted
and inputText is set to the deleted block’s content.

To edit the block, it is also possible to double-click the block, and as in the Backspace
key option, the block is deleted and the input position is set to the original block position
with its content.
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5.4.6 Deleting blocks

Deleting blocks is also a fundamental behavior when working with the editor. This is
done either by pressing backspace and deleting the content inside, or simply pressing
Backspace + Shift keys in front of the block the user wants to delete. If the input
is not empty, the input is set to an empty field. Also, it is possible to delete a group of
selected blocks, by pressing the same key combination.

5.4.7 Copy & Paste

Unlike in the text editor, where copying and pasting content behaves as expected in typical
editors, implementing this functionality in the block editor is more complex. As mentioned
in Section 5.4.4, selecting blocks by mouse dragging is not supported. However, since block
selection is already implemented using the selectedBlocks state, it can be reused for this
purpose.

Notably, the selectedBlocks state holds not only the indices of the selected blocks
but the entire block objects (of type BlockType), allowing full access to their content and
metadata.

Copying

Copying is only possible when one or more blocks are selected. The copy event is caught
by the <div> element with blockEditor-container class name, and is handled by the
handleCopy function. This function checks if there are any selected blocks, if there are,
all the selected blocks are converted to plain text by joining each block’s content with
spaces (spaces around new lines are omitted to ensure clean formatting) and written to the
system clipboard using the Clipboard API. This is important to maintain copy-and-paste
compatibility between the text and block mode and enable interoperability with text-based
editors. If no blocks are selected, the event is ignored.

Pasting

The paste event is similarly captured on the <div> element with blockEditor-container
class name and handled by the handlePaste function. The function reads content from the
system clipboard and then converts the retrieved text into individual blocks. Any resulting
empty blocks (e.g., containging only white spaces from multiple consecutive spaces) are
filtered out to maintain clean visual formatting.

The new blocks are added to the editor’s block state at the current input position. After
adding new blocks, the input also has to be repositioned to the end of pasted text. This
is done by incrementing the inputLineIndex by the number of newline characters, and
the inputIndex is increased by the length of pasted text in case of no new lines, or by the
number of blocks after the last new line.

5.4.8 Drag and drop

To support intuitive reordering of blocks, drag-and-drop functionality was implemented
using the @dnd-kit1 library. Users can drag individual blocks or selected group and drop
them onto specific lines or between existing blocks in the editor.

1https://dndkit.com/

29

https://dndkit.com/


The implementation requires installing the @dnd-kit/core and @dnd-kit/sortable
packages. While core provides essential components such as <DndContext>, useDraggable,
and useDroppable, the sortable package offers out-of-the-box presets and hooks for build-
ing sortable interfaces which are important because they simplify the process of managing
drag-and-drop interactions with sortable items, handle complex use cases such as drag
handles, and provide built-in optimizations for smooth and responsive UI updates during
dragging.

DndContext

To support drag-and-drop functionality, the whole rendering logic has to be wrapped inside
an <DndContext> element. It is a context provider that uses the React Context API
for sharing data between draggable and droppable components and hooks. DndContext
takes some props2 to function properly:

• sensors: Sensors are used to detect different input methods such as keyboard, pointer,
touch, and mouse. This project uses a pointer sensor with distance activation to avoid
accidental dragging.

• onDragStart: A function that stores the index of the dragged block, allowing visual
feedback through the <DragOverlay> component.

• onDragEnd: A function that calculates the new target position of the dragged
block(s). This function will be described in more detail in later section.

• onDragCancel: A function that runs when the user cancels the interaction or drops
outside valid areas. In this editor, it only removes the index of dragged block to stop
<DragOverlay> rendering.

• collisionDetection: An algorithm deciding which item is the currently dragged
block hovering over. The rectangleIntersection imported from @dnd-kit/core is
used to decide whether the dragged item is hovering over a block, if no collisions are
found (not hovering over a block), the pointerWithin algorithm is used as a fallback
function to determine the precise position of mouse when the dragged item is released.
Only the fallback function can check if the drop area was a line.

Droppable

Each rendered line is wrapped inside a <SortableContext> element. It is used to define
a group of items that can be reordered through drag-and-drop. In the context of this
project, each line of blocks is treated as a separate sortable list. Each line gets a list of
all indices for blocks that can be dragged and reorganized in the line passed as a prop.
Additionally, each line acts as a drop target by integrating the useDroppable hook.

2Props are arguments passed into React components.
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Draggable

Each rendered block is made draggable thanks to the integration of useSortable hook.
The hook is initialized with a unique identifier corresponding to the block’s index to ensure
uniqueness. This hook returns a set of properties required to manage the drag behavior of
the block:

• setNodeRef: A reference setter attached to the block’s DOM node to register it as
a draggable item.

• attributes, listeners: Event handlers and accessibility attributes that must be
spread onto the block for correct behavior.

• transform, transition: CSS styles that are dynamically updated during dragging
to visually move the block.

Multiple block drag-and-drop

This editor supports a single block and multiple block drag-and-drop. Single block drag-
and-drop was supported by @dnd-kit out-of-the-box after setting up, but multiple block
drag-and-drop needed more configuration as the block selection is already solved, the im-
plementation is utilizing this functionality here.

The handleEditorClick function was modified not to deselect the blocks after a click
without holding the Shift key due to this desired functionality. After selecting multiple
blocks, which could be inline or across multiple lines, the user can drag the selected blocks
and drop them anywhere they desire. The drop place is determined by the selected block
(or position of mouse pointer).

Drop logic

When the drop is finished, function handleDragEnd is called. The function first verifies
that the drop is valid (not onto itself). If it is, it decides whether it was a single block or
multiple block drop, then the original block array is copied into a new variable for us to
modify. The array is then filtered to remove the dropped item or items.

The next step is to decide whether the drop happened over a block or a line. If the drop
was on the line, the target line index is retrieved from line id, and target index is set at the
end of line. If the drop was on the block, the target index is set to the index of the block
that the dropped block was hovering over. Also, if the index of dropped block was before
new position (moved forward), 1 is added to target index to reflect filtering of blocks. After
finding the target index for both cases, the block or array of selected blocks is added back
to the array of blocks, and the state is updated.

Block highlighting

The block editor supports single-word and multi-word blocks. When writing, each word is
kept in a single block, so first, it was necessary to check if there were separate blocks that
would match a multi-word item in any category, for example, the blocks [LGS] [Warning]
[System] should match the LGS Warning System state and get the corresponding
color assigned. For this reason, a function checkForWordWithSpaces was implemented.
After any change in blocks array, this function checks if there are blocks that could be
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joined together in order to match an item in any category. This check after a block array
manipulation is secured in a useEffect hook that also updates the block reference in
a parent component.

Each block gets its word category (or word type) assigned either when it is first created
or when converted from the text editor. However, this word type can be updated later in
response to user actions such as editing or merging blocks. The word type assignment is
handled by the function getWordType which checks if the word matches any item in the
language syntax object. If a match is found, the block’s wordType attribute is set to the
corresponding category ID, if not, the attribute is set to -1, indicating that the word does
not belong to any known category and may be incorrect or misspelled.

The category lookup does not use an array for items, but a set for an O(1) lookup of
possible matches using .has() function. To visually reflect a block’s category, its class name
is dynamically set to type-<category-id>, which maps to the appropriate CSS styles for
that category.

Prefabricated blocks section

The prefabricated blocks section (shown in Figure 5.1) is displayed above the editor area
and is available exclusively in the block editor mode. It shows categories of blocks based
on the prefab attribute in provided language syntax object with category name on top of
the section with all items displayed as blocks underneath.

Additionally, there is also a button for custom block creation, which after writing a name
and creating the block using a Create button gets added into the “Custom” section. Cus-
tom blocks are then saved into browser’s local storage to ensure persistence when switching
between editor modes, or closing and reopening the prefabricated blocks section. The cus-
tom block can be deleted from the prefabricated blocks section by clicking the X button
next to the desired custom block.

When a block from the prefab section is clicked, it is inserted at the current cursor
position in the editor, and the cursor position is updated. The visibility of the prefabricated
blocks section can be toggled inside the settings window.

Figure 5.1: Prefabricated section

Block evaluation timing and triggers

To ensure that the editor provides accurate syntax highlighting and category assignment,
each block must be evaluated regularly as the user interacts with the editor. This evaluation
process checks whether a block’s content matches any defined category in the language
syntax object and assigns the appropriate type and visual styling. This evaluation has to
be performed frequently to ensure that the editor remains responsive to changes and reflects
the correct styling and classification in real time. The evaluation happens every time user
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interacts with the blocks by deleting or making a new block, reorganizing the blocks using
drag-and-drop, or adding a block from the prefabricated blocks section.

There were many possibilities in how frequently this evaluation should happen when
writing requirements, but it came down to two options:

• Evaluating on each keystroke:This approach would provide real-time feedback
with the highest interactivity. However, it introduces performance issues, especially
for large requirement lists, as the evaluation would be triggered on every character
entered or removed.

• Evaluating on each whitespace: This strategy triggers evaluation only after enter-
ing a whitespace character (such as the spacebar). Although slightly less responsive,
it significantly reduces computational load and improves performance.

After considering the factors of performance and interactivity, the solution with eval-
uation with each white space was selected as the optimal approach, as opposed to the
text-mode editor, where the evaluation happens with each keystroke. It provides a good
balance between responsiveness and efficiency, while also being simpler to implement and
maintain.

5.5 Customization
Not every user has the same preferences, someone prefers a dark mode over a light mode,
someone prefers smaller text over, someone prefers a different font than the other one. This
is why it was necessary to implement a customization system within the editor.

All customizations can be accessed in the Settings button located in the bottom right
corner. Customizations are saved in the parent component (App), and are passed as props
to children as necessary.

There are both shared and editor-specific customization options. The common settings
include:

• Font type: Currently, there are three options available: serif, sans-serif, and monospace.

• Font size

• Background color

Additional customization options depend on the currently active editor.

Block editor customization

In the block editor, the user can choose whether the prefabricated blocks section should be
visible, by simply toggling the checkbox in the setting window shown in Figure 5.2 when
the editor is in block-mode.

As mentioned before, the blocks can be customized. The blockStyles state holds
styling information for each block category. Each block type is displayed within the settings
window, showing its current appearance to enhance the user experience during customiza-
tion.

After the user clicks on block category, its colors are displayed and any changes can
be made for the block’s fill color, text color, and border color. After changing any
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colors, the blockStyles are updated, which triggers re-render, and the changes reflect in
the settings window and every block in the editor that matches the changed category.

Each block receives its color values through props, based on its assigned wordType. The
blockStyles state is initialized with default values: black text color, gray border color,
and the fill color provided by the language syntax object.

Figure 5.2: Block settings

Text editor customization

Similar to the block editor, each word category is displayed in the settings window (Fig-
ure 5.3)for the text editor as well. By selecting a category, users can modify its text color.
These colors are stored in the textWordStyles state and are passed to the text editor as
a prop. The textWordStyles state is initialized with the category color values from the
language syntax object.

Figure 5.3: Text setting
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Chapter 6

Evaluation

The primary goal of the editor is to enable interactive work with text, which consists of
a large number of simple operations. For this reason, it is not meaningful to analyze
complex user scenarios in detail, as they are ultimately composed of a large number of
smaller, simpler actions. Therefore, this section focuses on summarizing the key operations
that users are likely to encounter and discusses how they relate to the challenges identified
and resolved in the previous chapters.

Editor configuration
The editor is built as a configurable component. In this thesis, the EARS format is used
as an example configuration. The configuration is defined in the wordCategories.tsx
file, which contains a language syntax object listing all keywords, states, objects and other
relevant terms. This object is then imported in App.tsx, BlockEditor.tsx, TextEd-
itor.tsx, PrefabBlockButton.tsx, and PrefabSection.tsx for syntax evaluation and
highlighting. The keywords would be configured directly, while terms will usually be pro-
vided dynamically by the app integrating this editor. For example, by utilizing information
about element from SysML models being the dynamically provided terms. Other sections
in this chapter use this configuration for the demonstration of user actions.

Multi-word matching
When writing words, after each spacebar is entered, the word inside the input is transformed
into a block. However, this transformation is more complicated. It is necessary to first at-
tempt to match the longest possible multi-word terms against the surrounding blocks. If no
multi-word match is found, the editor proceeds to check for single-word matches. If a block
does not match any item in any category, it is classified as unknown and visually marked
with a red dashed border. The following example illustrates how the system prioritizes
longer matching terms, using the LGS Warning System term as an example:

Figure 6.1: Multi-word before
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Figure 6.1 shows an intermediate state where the user has typed the phrase ”LGS
Warning System“ but has not yet pressed the final spacebar. In this state, LGS is already
matched and classified as a keyword (for demonstration purposes it was added to the
keyword category), Warning is temporarily marked as unknown since it does not match
any single-word term, and System is still part of the input field.

Figure 6.2: Multi-word after

Figure 6.2 shows the result after the final spacebar is pressed. The editor successfully
recognizes the full multi-word term LGS Warning System and transforms the individual
blocks into a single categorized term, preferring the longer match over previously matched
partial terms.

Block selection
Block selection is an essential feature for enabling efficient manipulation of multiple blocks
at once. It allows users to group and act on a range of blocks through a simple interaction.

When the user clicks on a block while holding the Shift key, the block is selected. If the
user then clicks on another block (again with Shift held), all blocks between the initially
selected block and the newly clicked block are added to the selection.

Figure 6.3: Selection before

Figure 6.3 shows the state after the user clicks on the req: 1 block while holding Shift,
selecting it as the starting point.

Figure 6.4: Selection after

36



Figure 6.4 demonstrates the selection after clicking on the req: 2 block. All blocks
between the initial and second click are included in the selection range and can be moved
or deleted using Shift + Backspace key combination as shown in Figure 6.5.

Figure 6.5: Selection deleted

Drag and drop
Drag and drop provides a convenient and intuitive way to reorganize the text. This fea-
ture plays an important role in enhancing user experience, especially when working with
longer or more complex requirements. To demonstrate some of the development challenges
involved, the following example showcases the process of dragging multiple selected blocks
and dropping them into the middle of a wrapped line.

Figure 6.6: Selected blocks for drag and drop

Figure 6.6 shows multiple selected blocks ready to move.

Figure 6.7: Dragging blocks in position of drop

In Figure 6.7, the blocks are dragged over the intended drop location, positioned between
the drop and between blocks.

Figure 6.8 shows the state of the blocks after releasing the left mouse button. The
issues that had to be solved were block selection (Section 5.4.4) and the ability to drag
them (Section 5.4.8), and computing the insert index of dragged blocks since the editor
sees the line as a single block array and not as visualized (mentioned in Section 5.4.3).
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Figure 6.8: Drag and drop finished

6.1 Editor limitations
Even though the core features of the block-based requirement editor are working, there are
still a few limitations that could not be fully solved. The issues are caused by technical
challenges or complexity of edge cases. The list below highlights some of the issues that
came up during development and are worth considering in future updates.

• When dragging one or more blocks on the same line, a live preview of the new block
order is shown before the drop is confirmed. However, this preview doesn’t work when
dragging across lines. An attempt to fix this was unsuccessful because of how fast the
collision detection changes. Since the editor needs to constantly check whether the
dragged item is over a line or a block, the algorithm returns a lot of rapid updates,
which makes a stable preview hard to implement.

• Currently, indenting lines using the TAB key is not supported.

• When checking a block’s content for a category match, special characters like . , ’ ”are removed from the word. This “sanitation” happens only during checking and has
no effect on the actual block content. So the block visually stays the same, even if
the matching logic ignored some characters.

• Since lines are stored as a single array of blocks, positioning the input sometimes feels
off when the line visually wraps across multiple rows. For example, if the input is
placed at the start of the third wrapped line and the user presses Arrow Up, the
cursor might jump to the end of the first wrapped line instead. The logical position
is still correct, but the browser may render it differently for layout reasons.

• It’s not currently possible to select multiple blocks and then add more to the selection
afterward. This is explained in more detail in Section 5.4.4. While it might feel
limiting at first, once the user understands how selection works, it is usually not
a problem to get the desired result.
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Chapter 7

Conclusion

This thesis aimed to design and implement a block-based text editor prototype to improve
the process of writing structured system requirements. The main goal was to evaluate the
benefits of combining graphical and textual representations within a single editing envi-
ronment to improve usability, interactivity, and overall user experience. Throughout the
development, the editor was shaped to support essential features, such as block manipu-
lation, drag-and-drop, syntax highlighting, and seamless switching between block and text
modes. This chapter summarizes the achievements of the project, describes the encountered
limitations, and discusses possibilities for future improvements.

Figure 7.1: Block-mode editor

Figure 7.1 shows the current stage of the editor in block-mode with enabled visibility
of the prefabricated blocks section and testing data.
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Figure 7.2: Text-mode editor

Figure 7.2 shows the current stage of editor in text-mode with testing data after switch-
ing from block-mode.

In summary, the implemented prototype successfully demonstrates how interactive vi-
sual representations can support the writing of system requirements. The combination of
block-based manipulation with traditional text editing shows potential in making require-
ment engineering more accessible and intuitive. While the editor still has room for growth,
the current solution offers a solid foundation for future development and integration into
larger systems. With further evaluation and refinement, this approach could meaningfully
enhance productivity and usability for engineers working in structured modeling environ-
ments such as SysML.

7.1 Possible future features
Although the current implementation of the editor fulfills its primary goals, there are several
additional features that could significantly improve usability, user experience, and func-
tionality. These ideas come from both observed limitations and potential improvements
identified during development. Implementing the following enhancements could make the
editor more powerful, efficient, and user-friendly in future iterations:

• The requirements could be collapsible to not overpopulate the screen with require-
ments not needed at certain time.

• Predefined templates would be a great way to ease the work of a developer. There
could be a template for each EARS requirement pattern, which after adding would
only need to be filled with desired parameters.

• Implementation of IntelliSense for known or already used words or blocks.
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• Implementing a semantics check of the requirements. Along with IntelliSense, this
functionality can be achieved with connection of the editor with e.g. grammar-based
DSLs such as Xtext.

• Implementing an undo/redo functionality.
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Chapter 8

Appendix

User Manual
Even though the keyboard shortcuts were mentioned throughout the implementation Chap-
ter 5, here are all the shortcuts implemented in the editor that can be used for manipulation
with the editor in block-mode:

• Shift + Backspace:

– If pressed when no blocks are selected and the input is empty, the first block
in front of the input position is deleted. If input is on the beginning of line, the
line is deleted, and the line content is moved to the line above (as standard in
plain text editors).

– If pressed when one or more blocks are selected and the input is empty, all
selected blocks are deleted.

• Left mouse button click: Moves input in position of the click.

• Shift + Left mouse button click: If clicked on the block, the block is selected.

• Double left mouse button click: If double-clicked on block, and the input is
empty, the block can be edited.

• Keyboard arrows: The arrows are used for moving between blocks and lines when
the input is empty.
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