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Abstract: New programming languages are often designed to keep up with technological advance-
ments and project requirements while also learning from previous attempts and introducing more
powerful expression mechanisms. However, most existing dynamic programming languages rely on
English keywords and lack features that facilitate easy translation of language syntax. Additionally,
maintaining multiple implementations of the same language for different platforms, such as desktops
and microcontrollers, can lead to inconsistencies and fragmented features. Furthermore, they usually
do not use visual programming to fully implement the compiler and virtual machine. In this research
paper, we introduce Ring—a dynamically-typed language with a lightweight implementation. How-
ever, it boasts several advantages, including a rich and versatile standard library and direct support
for classes and object-oriented programming. The Ring language offers customization features. For
instance, it allows easy modification of the language syntax multiple times, enabling programming
by writing code using Arabic, English, or other keywords. Additionally, the language permits the
creation of domain-specific languages through new features that extend object-oriented programming,
allowing for specialized languages resembling CSS or Supernova. In the era of the Internet of Things,
instead of creating another language implementation to support microcontrollers, the same Ring
implementation allows us to create projects and applications for desktops, the web, WebAssembly,
Android, or Raspberry Pi Pico. The Ring Compiler and Virtual Machine are designed using the
PWCT Visual Programming language based on ANSI C. The visual implementation is composed
of 18,945 components that generate 24,743 lines of code, which increases the abstraction level by
approximately 23.5% and hides unnecessary details.

Keywords: programming language; visual programming; desktop; WebAssembly; IoT

1. Introduction

Programming languages play a crucial role in producing systems and applications.
They serve as the means of communication between us and the computer, enabling control
and the creation of software and applications. Initially, there was machine language, which
allowed us to program by directly controlling the operations provided by the hardware.
Soon, many programming languages evolved, each with different goals—such as ease
of learning, specific domain usability, using new programming paradigms, performance
improvement, security, portability, or achieving flexibility [1-4].

During the evolution of programming languages, a category known as dynamic
programming languages emerged. Examples of such languages include Lisp, Smalltalk,
Erlang, Python, Lua, and Julia, as demonstrated in Figure 1. These languages exhibit
several features that defer determination and execution to runtime rather than compiling
time. Notable characteristics include dynamic typing, flexible data structures, reflection,
metaprogramming, and the ability to evaluate code from strings using functions like eval().
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Figure 1. Some of the dynamic programming languages that were developed, starting in 1960.

Additionally, dynamic languages often provide a Read-Eval-Print-Loop (REPL) for
interactive development. The overarching goal of these languages is to achieve simplicity,
flexibility and reduced compile time. Ultimately, this speeds up the development cycle and
facilitates the creation of project prototypes in less time [5-12].

Another category of programming languages is visual programming languages (VPLs).
These languages use more than one dimension to create computer programs graphically
through text, shapes, colors, etc. They have achieved notable usage in education through
projects like Scratch [13-15]. Unlike the Scratch visual programming language, which
enables children to create multimedia applications using a user interface in their native
language, most dynamic programming languages rely on English keywords. Unfortunately,
these dynamic programming languages lack features that facilitate easy translation of
language syntax and libraries into other human languages [16-21].

While most visual programming languages are domain-specific, there are projects
classified as general-purpose and applicable to a wide range of programming tasks. One
such project is the Programming Without Coding Technology (PWCT) software, a visual
programming language that supports code generation in multiple textual programming
languages, including the C programming language [13]. Most of the popular dynamic pro-
gramming language implementations are based on using textual programming languages
like C, C++, etc. We assume that using visual programming to create the dynamic program-
ming language compiler and virtual machine is possible and provides a more user-friendly
implementation by avoiding syntax errors and increasing the abstraction level.

Dynamic programming languages as software products differ from one another in
terms of design, syntax, semantics, paradigms, features, implementation, execution meth-
ods, libraries, tools, and supported platforms, resulting in variations in the domains where
they are most suitable for use [22-31]. Some dynamic programming languages are specifi-
cally tailored for domains like R, MATLAB, and dBase [32-34]. On the other hand, some
dynamic programming languages serve as general-purpose tools suitable for a wide range
of tasks like Python [35-40]. Domain-specific languages are designed for a specific domain,
and they can be classified into two main types. The first type is Internal/Embedded DSLs,
which are embedded inside general-purpose languages and use their constructs, while the
second type is External DSLs (Like CSS, SQL, Supernova, etc.), which use its syntax and
semantics. Dynamic programming languages like Ruby could be used to create internal
DSLs. However, these internal DSLs will not resemble external DSLs [41-44].

The Supernova dynamic programming language is a domain-specific language dis-
tributed with the PWCT Visual Programming language [45]. This language was developed
over nine months to explore creating simple GUI applications using command-based syntax
that looks natural, as demonstrated in Figure 2.



Electronics 2024, 13, 4627

30f39

I want window and the window title is Hello.
I want label

I want button and the button caption is Close. Welcome

The window back color is white. | Close

& Hello = =] x

and the label caption is Welcome.

Figure 2. Using commands in the Supernova language to describe the application user interface.

After developing Supernova, we considered whether we could develop a new pro-
gramming language that supports object-oriented programming and extend it with novel
features to enable the development of embedded domain-specific languages resembling
CSS and Supernova [13,45].

With the rise of popularity of the Internet of Things (IoT) [46—48], numerous projects—such
as MicroPython and mRuby—have endeavored to leverage popular dynamic programming
languages for embedded systems and microcontroller development. This requires devel-
oping a lightweight implementation and has led to the challenge of maintaining different
implementations for the same programming language, where one implementation could
miss features that exist in another implementation [49-52].

Also, while we find many dynamic languages used for web application development
on the server side, JavaScript has dominated the scene as the language used at the front-end
inside web browsers. With the emergence of WebAssembly (binary instruction format that
can be executed by modern web browsers), it has become more practical to use several other
languages within the browser. However, this led to the development of different language
implementations to allow dynamic languages to fully benefit from this leap. Creating a
new dynamic programming language in this era may necessitate considering this evolution
to maximize its advantages [53-55].

Therefore, the primary aim of this work, as demonstrated in Figure 3 (all characteristics
have the same weights), is to use visual programming to develop a lightweight and
embeddable dynamic programming language and environment that facilitates easy and
rapid translation of language syntax. Additionally, the language will empower developers
to create embedded domain-specific languages (DSLs) resembling external DSLs like CSS
and Supernova. The language will be multi-paradigm, providing direct support for object-
oriented concepts such as classes, objects, encapsulation, and inheritance. Furthermore,
our language will offer cross-platform support for desktop, web, WebAssembly, and 32-bit
microcontrollers—all using a unified implementation. This implementation will be based
on a visual programming design that generates ANSI C code for the bytecode compiler and
the virtual machine. As a “batteries-included” language, it will come with rich libraries
and tools, including an integrated IDE with a form designer.

The main contributions of this study are as follows:

e  According to our knowledge, this is the first study to use visual programming to
develop and maintain a compiler and virtual machine for a dynamic programming
language over many years. We started development in September 2013, and the first
version of the Ring language was released in January 2016. We have provided multiple
releases each year to improve the design and respond to community feedback. Ring
1.21.2 was released in September 2024;

e Novel features that can extend the object-oriented programming paradigm, enabling
the development of domain-specific languages that resemble CSS and Supernova. Ad-
ditionally, Ring’s customization features, such as syntax modification, could support
multiple languages (e.g., Arabic, English);

e  The design and implementation of a dynamic programming language with broad
cross-platform compatibility, featuring a lightweight implementation that still provides
rich features.
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Figure 3. The key features of the proposed dynamic language and environment.

The rest of this paper is organized as follows: Section 2 discusses related works.
Section 3 presents the materials, methods, and the proposed dynamic programming lan-
guage. In Section 4, we present the results and evaluation of the visual implementation.
Section 5 contains the discussion. Finally, concluding remarks and future work are provided
in Section 6.

2. Related Work

The design of the proposed programming language is associated with various cate-
gories of dynamic programming languages. In Table 1, we present some of the different
categories along with examples of dynamic programming languages that could fit within
them. It is worth noting that some programming languages can be classified in more than
one category. For instance, Ruby could be classified in both categories two and three, while
a language like Tcl could fall into the first three categories.

Table 1. Some categories of dynamic programming languages and examples.

Refs. Category Examples

[22-25] Lightweight and Embeddable Lua, Squirrel, Wren, etc.
[29,36] Comes with Ready-to-Use Libraries Tcl, Perl, Python, etc.
[12,43] Support creating Embedded DSLs Lisp, Ruby, etc.
[11,34] Comes with Powerful IDEs Smalltalk, Visual FoxPro, etc.
[19,20] Supporting Non-English Syntax Supernova, Citrine, etc.
[32-34] Domain-specific dynamic languages R, xBase, etc.
[9,56,57] Concurrency-oriented design Erlang, Elixir, etc.
[6,58,59] Comes with a focus on Performance Julia, Mojo, etc.
[49-52] Other implementations MicroPython, mRuby, etc.

The first category is Lightweight and Embeddable languages [22-25], designed for
ease of integration and minimal resource consumption, making them suitable for various
environments. The second category includes Languages that Come with Ready-to-Use
Libraries, offering a rich set of pre-built functionalities to accelerate development [29,36].

Support for Creating Embedded DSLs is the third category, providing flexibility for
niche applications [12,43]. The fourth category is Languages that Come with Powerful
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IDEs, which enhance the development experience through robust tools and features [11,34].
The fifth category encompasses Languages Supporting Non-English Syntax, broadening
accessibility for developers worldwide [19,20]. Domain-Specific Dynamic Languages form
the sixth category, tailored for fields to optimize efficiency and effectiveness [32-34].

The seventh category focuses on Concurrency-Oriented Design, managing simultaneous
tasks crucial for high-performance applications [9,56,57]. Languages with a Focus on Perfor-
mance make up the eighth category, ensuring rapid execution and responsiveness [6,58,59].
The ninth category, Other Implementations, includes different implementations of popular
dynamic languages that focus on supporting microcontrollers or embedded systems. These
implementations could be developed by the same team that created the original language
(like mRuby) or by another team of developers who take the original language implemen-
tation and modify it by adding or removing features or changing the implementation (like
MicroPython) [49-52].

In Table 2, we present the key features of our proposed language and its connec-
tions to some other dynamic programming languages. Deliberately, we chose at least
one programming language from each relevant category (the first five categories) to pro-
vide a broader context for our language design. As we compare these languages, if a feature
is absent in the basic distribution but available through external libraries, tools, or ongoing
projects, we denote it with a (star) in the corresponding cell.

Table 2. The main features of the proposed dynamic programming language.

Criteria Lua Python Ruby VFP Supernova Proposed
[24] [60] [61] [34] [20] Language (Ring)
Open Source Vv

Portable
Lightweight
Embeddable

Dynamic Typing
Function like Eval()
Classes Concept
Inheritance Concept
Private Attributes
Batteries Included
IDE
Form Designer
Non-English Syntax
Case insensitive
1-based indexing
Change Keywords
Internal DSL
IDSL (Custom Syntax)
Visual Implementation
VI Based on CPWCT
Desktop
Web
WebAssembly
Microcontroller
No-GIL
Register based VM
Off-side rule
xBase (Database DSL)

*
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The Lua programming language stands out due to its compact language features
and efficient implementation, which are written in ANSI C. It serves as an embeddable
language, making it suitable for integration into projects that require scripting capabilities
through a relatively fast scripting language. Lua is commonly used for scripting in game
development. Notably, Lua does not include the concept of classes but instead emulates
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object-oriented concepts through its small and extensible language features. Additionally,
Lua lacks a rich standard library [22-25]. Some programming languages, such as Squirrel
and Wren, are designed to compete with Lua for game scripting. They use a different syntax
based on braces and provide direct support for classes. Similar to Lua, they also lack a rich
standard library. Although Wren seems no longer under active development, a smaller
version of the language called Lox is used to introduce how interpreters are developed,
allowing us to observe the usage of dynamic languages in introducing compiler and virtual
machine concepts [26]. On the other hand, we have another lightweight scripting language
called Tcl, which was introduced five years before Lua. While not as lightweight as Lua, Tcl
comes with a rich standard library. Tcl is known for its command-based syntax—where
everything is treated as a string—and its popular GUI library (Tcl/Tk), which is used in
other programming languages like Perl, Python, and Ruby for GUI tasks [27-31].

Microsoft Visual FoxPro (VFP) is a fast-commercial dBase dialect that natively supports
object-oriented programming. It includes a powerful IDE with auto-complete features
and a GUI builder (Form Designer) like Visual Basic. However, the latest release of the
language (Visual FoxPro 9.0 SP2) is a 32-bit Windows product and is no longer actively
developed [34].

Python is immensely popular. Although not as lightweight as Lua or Tcl, Python
boasts a rich standard library and supports various programming paradigms. It has
found widespread use in scientific computing and machine learning. Python comes with
an integrated development environment (IDE) called IDLE, although it lacks a Form
Designer/Builder, which exists in Visual FoxPro. While such tools exist for Python through
external libraries and tools, having such features in the standard tools of the language could
increase its usage in GUI development, especially since most standard IDEs for desktop
platforms come with these features [35-37].

The Ruby programming language is an example of a dynamic language that is used to
create DSLs. This reduces the development cost and the learning curve required to create
a DSL. Unfortunately, these DSLs will not look like Supernova or SQL because they are
influenced by the Ruby syntax [43,44].

With respect to syntax translation, numerous projects have attempted to address this
gap. For example, several Arabic programming languages (Like Supernova) have been
developed with a focus on using Arabic syntax. However, most of these projects remain
unused in production due to limited features and are no longer actively developed [16-21].
Another approach involves creating packages that introduce translation as a feature. For
instance, zhpy is a Python package that enables the writing of source code using traditional
Chinese keywords, which is then converted to Python. However, this approach can suffer
from multiple issues, including additional development and testing efforts, as well as lower
compile-time performance due to the extra layer of translation before invoking the Python
interpreter. Some programming language designers have recognized this challenge and
intentionally introduced syntax localization. For instance, the Supernova programming
language supports both Arabic and English syntax simultaneously, allowing an easy way
to share libraries written in different languages. However, adding translation support for
additional human languages without modifying the language implementation remains a
complex task. In contrast, the Citrine programming language provides multiple versions
that support over 100 human languages. Unfortunately, it does not offer an easy mechanism
for sharing code across these language versions within the same project, as sharing code
requires translation [18-20].

The implementation of dynamic programming language virtual machines could use a
Global Interpreter Lock (GIL) to ensure that only one thread can access the interpreter at a
time. This provides safety and avoids race conditions but prevents better performance from
using threads on multi-core systems for CPU-bound tasks [38—40]. For a programming
language like Python, there is ongoing work towards removing the GIL in recent versions.

The proposed dynamic programming language is designed to incorporate and im-
prove features related to the first five categories: Lightweight, Embeddable, Scripting,
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and Batteries-Included, providing powerful support for embedded DSLs, and it comes
with an IDE suitable for GUI development. Additionally, it provides syntax flexibility and
supports non-English syntax. Importantly, it does not belong to other categories, such as
domain-specific languages, concurrency-oriented languages, or those focused solely on per-
formance. While the proposed language is not a domain-specific language itself, it could be
used to create domain-specific languages. Additionally, while it is not specifically designed
around concurrency or performance, its proposed implementation—using a VM without a
GIL—allows the use of threads to improve the performance of CPU-bound applications.
The proposed programming language is designed to have a small implementation and
provide direct support for multiple programming paradigms in the first place, then be fast
enough and provide better runtime performance.

3. Materials and Methods

In this Section, we delve into our system design and implementation. We highlight
the essential features of the proposed dynamic programming language, Ring, and present
the system architecture. Our focus lies on the language features that facilitate localization,
syntax customization, and the development of domain-specific languages. The language
has been meticulously designed to offer syntax flexibility and empower users to customize
the language syntax according to their specific needs. This leads to the ability to create in-
ternal domain-specific languages (IDSLs) that look like external domain-specific languages
without the need to create specific parsers for them where the language constructs will be
enough to achieve this goal.

3.1. System Architecture

In Figure 4, we present the system architecture, which comprises three layers: the
language layer, the batteries-included layer, and the tools layer. The language layer is
closely tied to the compiler and the virtual machine implementation. It defines the core
programming language features, syntax, and semantics. In the Batteries-Included Layer, we
encounter various extensions and libraries that cater to different domains. These include
support for GUI, databases, web development, game development, and even platforms
like Raspberry Pi Pico. The tools layer encompasses both command-based utilities (such as
the package manager and REPL) and graphical tools like the form designer.

Code Editor Form Designer Web Tools Find In Files

Tools Layer

[ ]
Package Manager Debugger Ring2EXE [ ]
Batteries Included Layer
Y csv JSON GUI GameEnginef] G- = @ M

7 L
}”I?é"ra SD y a
PDF DB Graphics Network /apacrE OpensSL curl://  @ubw
‘ Binding Generator ‘ G253 ?\QI"«: MgSé\L( L.

Language Layer VirtuatMachine (V)

Visual Implementation System State Scanner I Execution Loop
Code/ByteCode File Handler I Parser I VM Modules
Generated Code (ANSI C)

Code/ByteCode String Handler Code Generator Built-in Functions

Build Scripts

General Library
‘ Automated Tests
I Common Data Structures l Memory Pool I Utility Functions I

Figure 4. The proposed system architecture.
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In the language layer, we have visual implementation, generated code, build scripts,
and automated tests. Visual Implementation is developed using Programming Without
Coding Technology (PWCT) software (version 1.9) [13,45]. The generated code is written
in the C programming language (specifically ANSI C) and necessitates a C compiler to
build the Ring executable. Throughout development, we employed multiple compilers, as
illustrated in Table 3. With respect to the build scripts and the automated tests, we have
employed batch files and shell scripts to automate the build process. Additionally, we
have a CMake file that can generate the C project for multiple compilers [62]. This file uses
CMake version 3.5. After each update to the project’s source code and before committing
code using Git [63], we used to run a comprehensive suite of tests. This process is now
automated through a Ring program that executes each test in a separate process and verifies
the output against the expected results. We are using Git version 2.42.

Table 3. C Compilers used for building our Ring Compiler/VM.

C Compiler Platform/OS (Target)
Watcom C/C++ MS-DOS
Microsoft Visual C/C++ Microsoft Windows
GNU C/C++ Ubuntu Linux
Clang macOS
Android-clang Android
Emscripten WebAssembly
GNU ARM embedded toolchain Raspberry Pi Pico

The General library provides common features used by other components, such as
the loader, compiler, and VM. These features include functions for processing files and
directories, especially when Ring is used on an operating system that provides a file system.
Additionally, the library implements Strings, Lists, and Hash Tables. One of the crucial
features offered by the library is the Memory Pool, which pre-allocates memory. The size
of the pre-allocated memory depends on the environment: a few kilobytes are allocated
when using Ring on microcontrollers like the Raspberry Pi Pico, while several megabytes
of memory are pre-allocated when using Ring on desktop environments such as Windows,
Linux, and macOS.

Since the proposed programming language can serve as both a scripting language and
an embeddable language, it needs features that fulfill these dual roles. This is achieved
through the loader, which plays a managerial role in our system design. The loader deter-
mines what actions will be taken and what will be avoided. It can print usage information,
process source code or bytecode files, execute code from strings, halt operations at specific
points (such as obtaining scanner tokens), or display applied grammar rules, among other
tasks. To achieve these objectives, the loader calls the Compiler/ VM components.

Since the implementation never uses C global variables, the loader also creates the
system state, and the state pointer is passed to different functions that require access to
common information about the processed files, the current stage, the memory pool, and
SO on.

In the Ring compiler, we have three main modules: the scanner, the parser, and the
code generator. The scanner reads the textual source code and converts it into tokens
(such as keywords, operators, identifiers, and constants). The parser processes these
tokens, checking for correct adherence to the language grammar, and then invokes the
code generator functions to produce bytecode. Ring employs a single-pass compiler [64],
where parsing, code generation, and optimization are interleaved. However, the language
performs only a few optimizations during code generation.

All these decisions are made in favor of maintaining a small implementation. The
language implementation utilizes a stack-based virtual machine [3]. This virtual machine is
specifically designed for the language and contains many instructions that directly map to
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its features. In total, there are 128 instructions within the virtual machine. The VM comes
with 255 built-in functions and provides an API for extensions written in the C language.
In the Batteries Included Layer, we have a powerful tool called the Binding Generator
(Like SWIG for Python [65]). Our tool is written in Ring itself and allows us to use
straightforward configuration files that describe and customize the functions and classes
available in C/C++ libraries. Once these configuration files are in place, the generator
works by producing the extension code. This code enables us to seamlessly use those C/C++
functions and classes from within the Ring language programs. To build extensions, we can
employ a C/C++ compiler, resulting in dynamic link libraries (DLLs), shared objects (SOs),
or dynamic libraries (Dylibs) according to the platform (Windows/Linux/macOS) [66].
In Table 4, we find a list of external C/C++ libraries used by the standard Ring exten-
sions provided by the language. The selection of these libraries is based on our experience
of using them in previous projects. Most of these libraries enjoy popularity within the
C/C++ community and cover various programming domains, including Database, Graph-
ics, Multimedia, Games, Terminal, GUI, Network Programming, and Web Development.

Table 4. A list of C/C++ Libraries used by Ring Extensions in the Batteries Included layer.

Domain C/C++ Libraries/Tools Count
Terminal User Interface (TUI) ConsoleColors and RogueUtil 2
Network and Security LibCurl, Libuv, and OpenSSL 3
Web Servers HTTPLib and Apache Web Server 2
Database ODBC, SQLite, MySQL, and PostgreSQL 4
Games & multi-media Allegro, LibSDL, RayLib and Tilengine 4
Graphics OpenGL, FreeGLUT and StbImage 3
Graphical User Interface (GUI) Qt, Libui, and NAppGUI 3
Common Files MiniZip, PDFGen and CJSON 3
SDK for Specific Platforms Android SDK and Raspberry Pi Pico SDK 2

These libraries exhibit different characteristics that impact the produced software.
For instance, the Qt GUI Framework offers an extensive array of classes and features, but
delving into it necessitates investing more time to study the framework [67]. Consequently,
programs built with Qt may have larger runtimes. On the other hand, a lightweight GUI
library like Libui has fewer features compared to Qt, but it excels in being compact. Notably,
most of the GUI tools in the Tools layer are based on RingQt.

In the Tools layer, we have a group of command-based tools such as the Ring Package
Manager, Ring2EXE, and the REPL. Additionally, we have GUI-based tools like the Ring
Notepad, which serves as our code editor, and the Form Designer, which is used for
designing application user interfaces and generating code following the MVC design
pattern [68]. Furthermore, Ring includes an application for searching text in multiple
files—a common feature required for large projects. All these tools are written using the
Ring programming language itself. Software documentation helps users learn and use
it. The language is distributed with documentation of over 2000 pages in the English
language that cover the different features and concepts. Also, there are chapters that cover
the different extensions, libraries, and tools provided by the language. The documentation
is created using Sphinx, a Python-based documentation tool. Specifically, we are using
Sphinx version 6.2.1, HTML Help Workshop version 4.74.8702, and MiKTeX 23.4.

3.2. Non-English Syntax

The language scanner (The first phase in the compiler) supports specific commands
(illustrated in Table 5) that allow users to change the language keywords and operators
multiple times, facilitating easy translation of the language syntax.
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Table 5. Scanner commands provided by the Ring Compiler.

Command Parameters Usage
ChangeRingKeyword OldKeyword NewKeyword Change language keyword
ChangeRingOperator OldOperator NewOperator Change language operator

LoadSyntax Syntax file name as literal Load syntax file
EnableHashComments None Support using # for comments
DisableHashComments None Disable using # for comments

In Figure 5, we present a WebAssembly application developed using Ring for on-
line language experimentation. Additionally, we provide an example of how Scanner
commands can be used to switch language keywords to Arabic syntax. The code begins
by translating keywords (such as put, get, if, elseif, and endif) from English to Arabic.
Subsequently, it employs this Arabic syntax to create a program that prompts the user for
their age and delivers a message based on that input.

Font Size: 16 - Style: Black

Source Code Clear (Code) » Run lizo oS5 L o9 Yol
S0 oS ... dlias

Lole 30 sslus 5l o ST yasll

Sample Change Keywords (Arabic Syntax) -  Output Clear (Output)
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237l + "lies 0S5 Lo o Yal" glol
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Figure 5. Arabic syntax within a WebAssembly application developed using Ring.

Rather than including these Scanner commands at the start of every Arabic source code
file, we can use the LoadSyntax command. This command allows us to load syntax files
containing groups of these commands. Additionally, instead of placing the LoadSyntax
command at the beginning of each source code file, we can simply add a file named
(ringsyntax.ring) to the Arabic project folder. The Scanner will automatically load this file
whenever we use any Ring source code file in the same folder.

This approach draws inspiration from the use of (__init__.py) files in Python modules
and the concept of (.htaccess) files in the Apache HTTP Server [69,70].

The application is developed using Ring through the following steps:

1. The user interface is designed using the Ring form designer. The form file (try.rform)
generates the tryView.ring file, which contains the RingQt source code that defines
the window controls and layouts and sets the default style;

2. In the controller class (tryController.ring), we determine the Ring code that will be
executed based on user interaction with the application GUI;

3. The (style.ring) file contains the Style class, which changes colors based on the selected
style. The default style is Black, and the user can change it to another predefined style
(Black, White, Blue, Modern, or Windows);

4.  The (samples.ring) file contains a Ring list that provides the predefined samples,
where each sample is represented through a nested list containing the sample name
and the sample code;

5. The (ringvm.ring) file contains a class that enables the sample’s source code to be
run in an isolated Ring virtual machine. If the sample produces a runtime error or
terminates the program, we can still use the Try Ring Online application executed by
the caller VM;
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6.  The (onlinering.ring) file contains functions that are automatically called before ex-
ecuting any sample code in the nested VM. These functions override the standard
functions used for input/output operations. When the console application requires an
input, these functions will pause the sub VM. Later, when the user enters the required
data, the caller VM will update the state of the sub VM, set the variable value, and
then resume the sub VM.

3.3. Domain-Specific Languages

One of the features provided by the Ring language is the ability to create domain-
specific languages (DSLs) on top of classes. These DSLs can employ specific syntax, and
we have the freedom to design this syntax. The underlying idea relies on using braces to
access objects, granting us the ability to utilize the attributes and methods provided by
those objects. Unlike some other programming languages that offer the “with” statement,
in Ring, this feature is provided through an operator. This operator allows us to use this
feature within expressions and in various places throughout the code. Notably, Ring does
not require semicolons or new lines between statements. We can type different statements
on the same line without any fuss. Additionally, in Ring, every expression is an acceptable
statement, giving us the freedom to write various values, all of which will be accepted by
the compiler.

Ring classes also support properties. Typing a property name can invoke the getter
method and execute the associated code. Moreover, Ring goes a step further by allowing
us to define methods like braceStart() and braceEnd(). These methods are automatically
called when we access an object using braces. Furthermore, the language automatically
invokes a method called braceExprEval() when we write an expression inside braces. With
these features, coupled with the ability to customize language keywords and operators, we
can construct domain-specific languages that resemble external DSLs such as CSS, QML,
SQL, and Supernova.

As an example, we will implement a tiny DSL. This simple DSL accepts a group of
numbers. While entering numbers, we can highlight some of these numbers as important.
Additionally, we could stop the processing using the “stop” command. The results of the
process include both the summation of the entered numbers and a list of the important
numbers. When typing numbers, using new lines is optional. Also, we do not need to use
() or [] to group these numbers.

Table 6 presents an example of how to use this tiny DSL and the expected output.
In the example, we entered a group of numbers while asking for some of them to be
highlighted using the (Important) word. Then, we decided to stop processing after the
number 60 using the (Stop) word.

Table 6. Example about a simple domain-specific-language implemented using Ring.

Usage (Ring Code) Output
new DSL {

200

400 Important

20 Sum: 1520

600 Important I : .
mportant:

60 400

102030 600

405060  Stop

70 8090

800 Important

}

To implement this tiny DSL, we only need to write one Ring class containing seven
lines of compact code. Figure 6 demonstrates the implementation and analysis of the Ring
features used in this class code.
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class DSL

nSum = @
stop = False

func getStop()

lastvalue
important aImportant

(]

stop = True

func getImportant() if !stop aImportant + lastvalue end
func braceExprEval (value) if Istop nSum += value end lastvalue = value
? "Sum: "+nSum ? "Important: " ? almportant

func braceEnd()

PRINT-STATEMENTS

ADD ITEM

IF-STATEMENTS

ASSIGNMENTS

METHODS

ATTRIBUTES

CLASSES

OPERATORS

KEYWORDS

Figure 6. Ring code to implement a simple domain-specific language.

We begin by defining the class and setting its name (DSL). After that, we declare
five attributes within our class: nSum, almportant, important, stop, and lastvalue. Since
our tiny DSL has two commands (Important and Stop), after declaring them as attributes,
we define the methods getImportant() and getStop() to determine what happens when these
words are used. The braceExprEval() method is called each time the language processes
a number inside the braces that access the object. We sum up these numbers by adding
them to the nSum attribute, and we store the last encountered number in the lastvalue
attribute. Finally, when we finish using braces, the braceEnd() method is automatically
called, printing the results.

3.4. Object-Oriented Programming (OOP)

The Ring programming language provides direct support for many features related
to the object-oriented programming paradigm [71], such as classes, objects, encapsulation,
composition, aggregation, inheritance, polymorphism, and operator overloading. Addi-
tionally, we have extended these features by introducing new capabilities, such as using
braces to access objects (braceStart(), braceEnd(), braceExprEval(), etc.) to facilitate the
implementation of domain-specific languages (DSLs) using classes.

This allows us to seamlessly blend our DSL implementation with the well-known
features of object-oriented programming. For instance, consider Figure 7, where we intro-
duce an update to our domain-specific language. This updated DSL supports retrieving
groups of computer prices and highlighting acceptable prices while displaying the output
through a Graphical User Interface (GUI). The figure contains four sections. The first section
represents the data used as input for the object created from the PickPrice class. The second
section presents the PickPrice class. The third section is related to the DSL class. The fourth
section, on the right side of the figure, shows the program’s output: a simple GUI window
containing a list box.
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1 new PickPrice {
Name
Computerl
Computer2
Computer3

}

class PickPrice from DSL

Acceptable
Acceptable

.5 Acceptable Prices

4400

Acceptable func getAcceptable() getImportant() 2000

func braceEnd
load "guilib.ring"
import System.GUI

app = new App {

win

}

exec()

}

new Window() {

setWindowTitle("Acceptable Prices™)

resize(400,200) setWinIcon(self,"bestprice.png")

list = new ListWidget(win) { addlList(Sort(this.aImportant)) }
setLayout( new VBoxLayout() { addwidget(list) } )

show()

func braceError

25class DSL

Figure 7. Extending our DSL using inheritance and the GUI library.

We define a new class called PickPrice, which inherits from the existing DSL class
(still present in our code, starting from line 25). Inside the PickPrice class, we introduce a
new attribute called Acceptable (used in place of the word “Important”). We define the
getAcceptable() method, which is called when the Ring language encounters the word
“Acceptable” within code, which uses braces to access an object created from the PickPrice
class. Essentially, it acts as a wrapper method, invoking the existing getlmportant() method
from the parent class (DSL) to reuse its functionality.

At line 10, we override the braceEnd() method implementation. Instead of the
command-based user interface, we replace it with a GUI. The GUI code leverages the
GUILib library provided by the Ring programming language, utilizing the popular Qt
framework. In line 17, we sort the numbers in our list (almportant) using the Sort() func-
tion and then add the items to a ListWidget. Line 23 introduces the braceError() method,
designed to prevent errors when typing words like “Name”, “Price”, “Computerl”, etc.

While we are inside class methods, using braces to access objects changes the current
object. Consequently, we need different variables to reference the opened object or the
object instance created from the current class. That is why we have (self) and (this). In
line 16, while we are inside the window object, we pass this object to the setWinlcon()
function using the (self) variable. In line 17, to access the almportant attribute (inherited
from the DSL class), we use the (this) variable to refer to the object instance that will be
created from the PickPrice class.

3.5. Batteries Included

The language ships with numerous extensions that wrap up popular C/C++ libraries
such as Allegro, LibSDL, OpenGL, Qt, and SQLite. These extensions provide convenient
bridges between Ring and these well-established libraries, making it easier for developers
to harness their capabilities. Ring libraries add another layer of abstraction on top of
Ring extensions. One standout example is the Game Engine for two-dimensional (2D)
Games. This engine consists of a set of classes built around the Allegro and LibSDL
game programming libraries [72,73]. What is interesting is that the engine encourages a
declarative coding style reminiscent of CSS or QML. So, when working with it, we can
express the game logic in a way that feels quite intuitive and expressive.
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The language comes with an extension called RingPico, which supports Raspberry
Pi Pico SDK [74]. In Figure 8, we see an example of using this extension. We can employ
procedural programming and directly call the functions provided by the extension, much
like we would when coding in a language such as C. Additionally, we have the option to
build classes around these functions or leverage the features of the Ring language for more
declarative code as demonstrated in the Figure.

load "circuit.ring”

SWITCH_PIN
LED_PIN

func main

Circuit { T SWEEs subax

14
15

s sansa e
auma

LED {

Pin = PICO_DEFAULT_LED_PIN
Blink = True
Delay = 0.1

LEDSwitch {

Pin = SWITCH_PIN

LED
Pin = LED_PIN
Blink = True
Delay =3

Figure 8. Using Declarative Style in Ring for Raspberry Pi Pico programming.

In this example (see Figure 8), we load the file circuit.ring, which contains the classes
Circuit, LED, and LEDSwitch. Inside this file, an object called Circuit is created from the
Circuit class as a global variable. We can access this object directly using braces, as shown
in Line 8. Once we are inside the object, using words like LED or LEDSwitch is equivalent
to accessing attributes defined in the Circuit class.

Using these attributes will call the getLED() and getLEDSwitch() methods. Invoking
these methods creates new objects from the LED and LEDSwitch classes, which are then
added to a list of objects defined inside the Circuit class. Additionally, the getLED() and
getLEDSwitch() methods return these newly created objects. We can access these objects
using braces, just as we did in lines 9, 14, and 16. Once we have access to an object, we can
set its attributes.

The additional magic related to the execution loop and responding to attribute values
(such as Pin, Blink, and Delay) is handled through the braceEnd() method. This method
initiates the execution loop and calls other methods that check the defined objects and
their attributes.

3.6. The IDE and the Form Designer

We developed GUI-based tools (Demonstrated in Figure 9) like the Ring Notepad,
which serves as our code editor, and the Form Designer, which is used for designing
application user interfaces and generating code following the MVC design pattern [70].
Furthermore, Ring includes an application for searching text in multiple files—a common
feature required for large projects. All these tools are written using the Ring programming
language itself, totaling around 15,000 lines of Ring code. Developing these tools based on
the Qt framework requires knowledge of GUI development, object-oriented programming,
and how to organize large programs in the Ring language.
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Figure 9. Ring IDE (Code Editor, Form Designer, etc.) is developed using Ring itself.

3.7. The Implementation (Using Visual Programming)

Ring Visual Implementation is developed using Programming Without Coding Tech-
nology (PWCT) software (version 1.9) [13,45]. This software offers various visual program-
ming languages, including HarbourPWCT, PythonPWCT, SupernovaPWCT, C#PWCT, and
CPWCT [75,76].

Each visual language corresponds to a specific textual programming language used in
the code generation process. In our case, we utilized CPWCT to design different compo-
nents, such as the General Library, Loader, Compiler, and Virtual Machine, through visual
programming. Subsequently, we obtained the source code in the C programming language.

PWCT is designed to provide precise control, like what we experience with textual
code editors, while also offering visual programming advantages such as reducing errors
and the ability to work with multiple dimensions and a rich user interface. Notably,
PWCT includes a powerful feature called the Time Dimension during visual programming.
With this feature, each step or block generated in the program stores information about
development time. Programmers can watch the program evolve step by step, revise the
order of the construction process, and even run the program at specific points in time.

The General library plays a crucial role in successfully implementing the Ring language
as a lightweight programming language. Other components extensively reuse the library
functions to implement many language features using lists and hash tables instead of
specific C structures. The list implementation (demonstrated in Figure 10) uses a Doubly
Linked List, Deque (Double-Ended Queue), and Singleton Cache to cache the pointer of the
last visited item and the index of the next item. This allows for quick traversal of the list
through a function that receives the item index as a parameter.

Additionally, there is an optional array of pointers that can be used in specific situations
to quickly find an item (through the item index) and use it without the need for the traverse
process or using the singleton cache. Furthermore, if the size of the list items is known
when creating new lists, memory could be allocated as a continuous block to be cache-
friendly and minimize cache misses. Using this data structure to implement language
features enables us to create a lightweight language with numerous capabilities while
also contributing to stability and reducing memory management errors. It is like writing
High-Level code like dynamic language code. However, it is essential to acknowledge
one clear disadvantage of this approach: lower performance and increased memory usage
compared to using specific C structures or arrays when implementing features. To strike a
balance, during language development, we identified performance bottlenecks—such as
function call implementations—and replaced them with specific low-level implementations
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based on a pre-allocated array of structures. Such optimizations became necessary once we
started supporting the Raspberry Pi Pico microcontroller.

= Typedef struct List

Define Structure

[
= struct Items * pFirst - List
= struct Items * pLast @ Typedet
= unsigned int nSize
= unsigned int nNextltem Singleton Cache
= struct ltems * pLastltem 2INgieton Lache
= struct Item ** pltemsArray
= struct HashTable * pHashTable
= struct ListBlocks * pBlocks
=8 Garbage Collector Data

= ListGCData vGC
= End of struct (List)

Figure 10. Using PWCT to define the List structure which uses a singleton cache.

While the Singleton Cache consumes less memory compared to the array of pointers,
it introduces a challenge: every read operation from the list items could potentially trigger
a write operation if the cache is updated. Such behavior is undesirable, especially when
sharing lists between threads. In this scenario, we opt for the array of pointers to avoid
relying on the singleton cache.

In Figure 11, we observe how the language grammar rules are implemented using
PWCT. For each group of grammar rules, we define a specific function. We had a step
that described each rule, allowing us to focus easily on specific rules using features like
collapsing and expanding in the steps tree. Each group of steps associated with the same
component can have an interaction page (a data entry form) that receives component
parameters and controls the steps’ generation and update processes. Notably, all compo-
nents, including the “Call Function” component, are created within the PWCT environment
itself. We have the flexibility to create new visual components or update existing ones.
During the development of the Ring Compiler/VM, we exclusively used the standard
components provided by PWCT. No new components were necessary because the available
ones sufficed for implementing the required features. In the toolbar, there is a combobox for
selecting the visual programming language. PWCT initially started with “HarbourPWCT”
as the default visual language, but we specifically chose “CPWCT” to develop our project
based on the C language.
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E
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a0

a FILE( C\PWCT18\SSBUILDICPWCTICOMPONENTSUDFICALLFUNCTION.IDF)

=8 Statement --> Class |dentifier [ From|:|< Identifier ]
=8 |F ring_parser_iskeyword(pParser,K_CLASS)
= © Start Here
o ring_parser_nexttoken (pParser)
= RING_PARSER_IGNORENEWLINE
o |F ring_parser_isidentifier(pParser)
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Functon Name N
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Parameters

=
S
B
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Output
LJJ

4 Statement --> Function|Func|Def Identifier [PARALIST]
w8 Statement --> Package Identifier {"." Identifier }
w8 Statement --> Private

@ Return ring_parser_stmt(pParser)

@ End of Function ring_parser_class
@O intring_parser_stmt ( Parser *pParser )
@ O intrina parser paralist ( Parser *pParser )

Component  Call Function Domain | CPWCT \ Functions &5 Close

N

Figure 11. Implementing the Ring language grammar using PWCT.
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In the same Figure, you will notice a button labeled “The Time Machine.” Clicking this
button provides a menu of options that allow us to play the program like a movie, revealing
the construction steps. Another crucial button is the “VPL Compiler.” By using this
button, we can examine the composition of different visual components, as demonstrated
in Figure 12. An interesting feature in the results is the count of interactions (visual
components) and the number of steps within the steps tree. These metrics provide insight
into the abstraction level offered by the interaction pages of the visual components.

@
0 e e e e

int ring
int ring
int ring
intring
int ring
int ring
int ring
int ring
int ring
int ring
int ring
@ End of File

@

El
000 0DoDoDODODOTDODOD O

2}

2 End of Function ring_parser_class

Statement --> Class Identifier [ From|:|< Identifier ]

. § VPL Compiler $%
Statement --> Function|Func|Def Identifier [PARALIST] Log
Statement --> Package Identifier {." Identifier } Compiling
Statement --> Private Compiling Time (Seconds) 2
Return ring_parser_stmt(pParser) Nimoer o Stepe. 1698

Number of Errors : 0

_parser_stmt ( Parser *pParser )

_parser_paralist ( Parser *pParser ) Emors

_parser_list ( Parser *pParser )

_parser_epsilon ( Parser *pParser )

_parser_passepsilon ( Parser *pParser )

_parser_namedotname ( Parser *pParser )

_parser_step ( Parser *pParser,int *nMark1 ) —
_parser_csexpr ( Parser *pParser ) Compie (Lose |
_parser_csbraceend ( Parser *pParser )

_parser_bracesandend ( Parser *pParser,int IClass, SCANNER_KEYWORD nKeyword )
_parser_ringvmsee ( Parser *pParser )

Figure 12. Using the VPL Compiler to get statistics about the visual representation.

An interesting question arises: why do we need a Visual Programming Language
(VPL) Compiler if the visual language itself is designed to prevent errors? The answer lies
in our ability to disable the Syntax Directed Editor, allowing us to manually arrange the
generated steps for visual components to do quick organization and refactoring. However,
this flexibility can sometimes lead to mistakes. Imagine a scenario where a component is
inadvertently placed in the wrong location, and the programmer does not immediately
notice the error. In such cases, the VPL compiler becomes invaluable—it can catch these
composition errors and help ensure the program is correct.

The Ring compiler generates bytecode, where each instruction must contain an op-
eration code and can include zero, one, or two arguments. This bytecode is stored by the
Ring compiler as a Ring List, allowing the compiler to easily insert instructions during code
generation. However, when this bytecode is passed to Ring VM, it undergoes a conversion
process to a more suitable representation for execution. This representation is stored as a
single continuous block in memory (rather than multiple byte-code chunks). Notably, it
includes extra space that can be utilized for new instructions produced at runtime by the
Eval() function. By having this additional space, the need for frequent memory reallocation
is reduced.

Within the Virtual Machine (VM), the bytecode representation employs fixed-size
instructions. Specifically, the size of each instruction is 16 bytes for 32-bit microcontrollers
(such as the Raspberry Pi Pico) and 24 bytes for 64-bit desktop environments. This bytecode
is writable, allowing the VM to update instructions during runtime—caching certain values
and even replacing instructions with faster alternatives that utilize pointers for variables,
thus avoiding costly search processes.

In Figure 13, we observe the structure of the bytecode on the left side. On the right
side, we find the VM instructions that have been added to enhance performance. Opting
for a writable long-byte code format is somewhat unconventional; for instance, Python
uses 2 bytes per instruction, while Lua uses 4 bytes [77,78]. However, our deliberate choice
of a long-byte code format serves two key purposes:
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=@ Typedef union Register
@ Typedef struct ByteCode
= © Members

@ unsigned int nOPCode: 8
unsigned int IFlagReg: 1
unsigned int IFlagReg2: 1
unsigned int ILiteral: 1
unsigned int IlUnused: 1
unsigned int nReg1Type: 2
unsigned int nReg2Type: 2
unsigned int nSmallintReg: 16
unsigned int nintReg: 32
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Figure 13. Ring Virtual Machine implementation using PWCT.

Simplicity of Implementation: Despite supporting a language with a substantial
number of features (128 instructions), we aimed for a compact implementation. The
writable long-byte code format allows us to achieve this without unnecessary complexity.

Performance Optimization: By using a longer bytecode format, we gain flexibility. We
can improve the performance of specific instructions without resorting to a just-in-time
compilation of machine code or significantly increasing the overall implementation size.

When considering the disadvantages of using a writable long-byte code format, it
is essential to address a few key points. First, this approach results in larger memory
requirements, which increases the likelihood of cache misses—a factor that directly impacts
performance. Additionally, storing the byte code in writable memory can be costlier,
especially on microcontrollers like the Raspberry Pi Pico [79,80]. However, to mitigate the
drawbacks associated with the larger bytecode size, the Virtual Machine (VM) incorporates
a clever strategy: some instructions serve multiple purposes. This technique is well-known
and proves useful in common scenarios. By identifying instructions that are frequently used
together, we can optimize their representation. In doing so, we avoid allocating unnecessary
space for instructions that do not require the full extent of the provided memory [81].

The Virtual Machine (VM) implements several useful features when embedded within
projects. For instance, during program execution, we can suspend or resume the VM [82],
allowing a running program to request VM suspension while preserving its state. Addi-
tionally, the VM supports having multiple language states—meaning that more than one
instance of the Ring VM can coexist within the same application. These features are of
practical use in the “Try Ring Online” application. Within this application, when we write
and run a program, it creates a new language state specific to our program. If the program
requires input from the console, it halts the sub-virtual machine, signaling to the main
VM that the console application is awaiting input. Users then type their input in a GUI
provided by the main VM and click “Send”. These data are copied to a variable associated
with Sub VM, and a resume operation follows. As a result, the console application in Sub
VM can receive the input. This approach enables us to create a playground for the Ring
language as a WebAssembly application without the need for threads.

In summary, all the modules related to the General Library, Loader, Compiler, and
Virtual Machine are designed using visual programming through PWCT. We have 43 visual
source files that generate 44 C source files and 28 C header files. Each visual source file could
generate one or more textual files. To achieve a lightweight implementation while retaining
a programming language with rich features and ensuring performance comparable to
scripting languages, we made the following design decisions [77-82]:
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1.  Applying principles such as “Don’t Repeat Yourself” (DRY) and the “Keep it simple

and stupid” (KISS) principle;

Using a single-pass compiler where the parsing and code generation are interleaved;

The ability to separate the compiler and the virtual machine and use any of them alone;

All the built-in functions are grouped in optional modules through preprocessor directives;

Ring Lists vs. C Structures: In most cases, we opted for Ring Lists over C structures;

Selective Use of C Structures: However, in specific features where performance impact

matters significantly, we chose to use C structures. These targeted optimizations

enhance critical parts of the language;

7. Flexible List Implementation: Our list implementation combines various data struc-
tures and optimization techniques, including Doubly Linked Lists, Deques (Double-
Ended Queues), Singleton Caches, arrays of pointers, Hash Tables, and continuous
memory blocks. This flexibility accommodates diverse use cases;

8. One block for Bytecode Storage: The bytecode resides in a single continuous memory
block, avoiding fragmentation. Moreover, we intentionally allocate extra space within
this block. This foresight reduces the need for frequent memory reallocation during
runtime, especially when using the Eval() function;

9.  Writable Long-Byte Code Format: The bytecode format uses a longer representation,
which allows for performance improvements. During runtime, instructions can be
dynamically replaced with faster alternatives, all without resorting to just-in-time
compilation to machine code or bloating the implementation size;

10. The Virtual Machine does not use a global interpreter lock (GIL), which results in
better performance when utilizing threads for CPU-bound tasks.

AL

4. Results

In this section, we present the various results related to our study. First, we introduce
information about the early users, followed by download statistics. Next, we discuss
multiple use cases. Additionally, we delve into our findings concerning Ring’s visual im-
plementation using the PWCT visual programming language. Then, we present the results
related to Ring’s lightweight implementation, followed by the performance benchmarks.

4.1. Early Users and the Programming Language Used Prior to Ring (2016)

Once we launched the Ring website, we posted a message in the Ring Group seeking
users interested in trying or testing the language and contributing by reporting bugs. In
the public group, interested users shared their age, gender, country (location), and the
programming languages they used prior to Ring. We noticed 43 messages, with 42 males
and 1 female. Most of the users are between the ages of 20 and 35, and 81% reported
that they were using C++, PHP, C#, Java, or Python, as demonstrated in Figure 14. We
noticed that 28 users (65%) were using statically-typed languages, while 15 users (35%)
were using dynamically-typed languages. This diverse usage background reflects the rich
experience of our users with different programming languages, leading to various feature
requests in different directions. Developers who used C# requested the development and
addition of the Form Designer to our code editor (Ring Notepad), which was developed
and added to Ring in version 1.3. Developers with a C/C++ background asked for features
related to C/C++ extensions, leading to the revision and improvement of the Ring API
and the addition of tutorials on using it. Additionally, developers who used PHP for web
development requested better support for web development, which led to the addition of
the Apache web server to Ring Notepad in Ring 1.6. Those users helped us discover and
fix many issues. They also improved the Ring documentation by adding the Frequently
Asked Questions (FAQ) chapter. Over time, they contributed over 800 samples of the Ring
language to the RosettaCode website.
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Figure 14. Early users and the language used prior to Ring.

4.2. Feedback from Online Course (2017-2018)

In 2017, we presented a free online course consisting of 18 videos in Arabic that
introduced the Ring programming language (covering input/output, control structures,
procedural programming, and object-oriented programming). We then invited interested
learners to watch the course and submit the samples they wrote during their learning
through GitHub so we could track their progress. We received samples from 76 participants.

In Table 7, we present the course content, while in Table 8, we introduce the statistics
about the course. Twenty participants (26.3%) were not interested and finished fewer than
two lessons, while 56 participants (73.7%) were interested and finished two or more lessons.
Of those 56 participants, 23 (30% of the total) finished the course. We noticed that two
participants became active contributors to Ring language samples and applications. The
contributors help us test, report bugs, and add samples, applications, and tutorials. As
of 2024, Ring is distributed with hundreds of samples and over 70 applications/games,
each ranging from a few hundred to a few thousand lines of Ring code. With respect to the
female participants, four of them completed the course, one completed just one lesson, and
the last one completed three lessons.

Table 7. Course Content.

Lesson Description Duration (H:M:S)
1 Installing Ring and writing the Hello World 0:30:43
program
2 Input/output, data types, strings, and numbers 0:36:33
3 Arithmetic/Logical operators and the if 0:58:20
Statement
4 Lists, nested lists, and loops 1:01:71
5 While Loop 0:48:34
6 Defining and using Functions 0:45:30
7 Standard functions 0:28:39
8 Using Eval() 0:23:01
9 Internet Library 0:38:47
10 Database and SQL 0:33:13
11 Classes and Objects 0:47:07
12 Declarative Programming 0:52:29
13 Domain-Specific Languages 0:19:46
14 Domain-Specific Languages (Part 2) 0:46:33
15 Functional Programming 0:42:37
16 Reflection and Meta-Programming 0:27:57
17 Memory Management and variables scope 0:58:28
18 Interactive Debugger 0:22:08
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Table 8. Statistics from Online Course.

Variable Value
Male 70
Female 6
Completed less than two lessons 20
Completed more than one lesson 56
Completed the course 23
Contributors 2

4.3. Feedback After a One-Hour Lecture (2019)

In 2019, we presented a one-hour lecture about the Ring language to third-year stu-
dents at the College of Computer and Information Sciences at King Saud University in
Saudi Arabia. The lecture was presented twice: the first time to 35 students and the second
time to 25 students. All 60 students were male. They had studied multiple courses related
to programming, including Introduction to Programming and Object-Oriented Program-
ming. They used Java during these programming courses. After the one-hour lecture,
we told them, “If you are interested in the Ring language, try to download and install it,
write some simple programs, and see if you become more interested in learning about the
language”. As shown in Figure 15, out of the 60 students, 44 were interested, and all of
them successfully installed the language and tried writing some programs using it. One
of the students said, “Why don’t we learn Ring instead of Java? It seems easier”. Another
student said, “This language looks like Python”.

Not Interested to try Ring || G KNKGIEGNGGEE
Interested to try Ring |

0 5 10 15 20 25 30 35 40 45 50

Figure 15. Feedback from students about Ring language after a one-hour lecture.

4.4. Downloads Statistics and Users Group (2016-2024)

Ring, as an open-source programming language, is hosted on GitHub. Users have
two options to get the language: they can clone the source code or download a precompiled
binary release for Windows, Linux, or macOS.

The project has garnered more than 1200 stars from developers worldwide. To
foster discussions about the language, Ring maintains an official Google Group (over
450 members). The group contains conversations covering various aspects of the language
across more than 2800 topics [83].

External services tracking GitHub downloads indicate that the project has been down-
loaded over 18,000 times. Furthermore, a mirror exists for the project files hosted on
Sourceforge. This mirror tracks download counts and their associated countries. Impres-
sively, the downloads from this mirror have surpassed 62,500.

In Figure 16, we present the operating systems used during downloads, while in
Figure 17, we present the countries that have the most downloads [84]. We expect that
each programming language could be more popular in specific countries due to marketing
reasons and the availability of educational resources. Many YouTube videos about the Ring
language are presented in Arabic by Egyptian developers and YouTubers. This could also
be one of the reasons Egypt has more users than other countries.
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Figure 16. Ring downloads statistics from Sourceforge (grouped by the Operating System).
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Figure 17. Ring downloads statistics from Sourceforge (grouped by the Country).
4.5. Use Cases and Printed Books (2017-2024)

In Table 9, we present some of the use-cases of the proposed programming language
and environment. These uses-cases are related to different domains like Front-end appli-
cations for Machine Learning models, Games development, Text/Data processing, and
Web development. We selected just one or two use-cases for each domain to avoid un-
necessary duplication. For more projects, the Ring language is distributed with over
80 applications/games/tools.

Table 9. Some use cases for the Ring programming language and environment.

Ref. Type Domain Description

[85] Research Paper Front-end apps for ML Models Predicting citations count
[86] Research Paper Front-end apps for ML Models Predicting game result
[87] Printed Book (USA) Games Development Shooter Game

[88] Steam Game Games Development Puzzle Game

[89] Research Paper Text/Data Processing apps Predicting impedance
[90] Printed Book (Egypt) Text/Data Processing apps Arabic Poetry Analysis
[91] YouTube Videos Desktop/Web development Free course

[92] Research Paper LLMs Training Dataset preparation
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File Options

The first two use-cases are based on using the form designer and the standard libraries
like GUILib, InternetLib, and JSONLIib, to create front-end applications for machine learn-
ing models [85,86]. These applications could offer a user-friendly interface that receives
input from users. The input is then transmitted to the machine learning model over the
internet, and the resulting prediction is returned in JSON format. Afterward, the applica-
tion processes this data and displays the outcome. Additionally, the GUI (Graphical User
Interface) could include features such as data visualization, statistics, or a display for the
dataset using the grid control, as demonstrated in Figure 18.
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Figure 18. A GUI application developed using the Ring language.

The third use-case is about using the Ring programming language for 2D game
development. This is explained through a printed English book (In the USA). The book
contains nine chapters and is over 600 pages. The source code is available online through a
GitHub project [87].

Figure 19 shows a puzzle game available on the Steam platform, written in Ring
code and utilizing the Allegro and OpenGL libraries. The game, titled “Gold Magic 800”,
comprises 44 levels [88]. These levels have been meticulously designed by a specific level
designer, which was also developed using Ring. Notably, the Level editor employs the Qt
library. This game serves as an excellent example of how different libraries provided by the
Ring language can be seamlessly mixed within the same project.

In [89], the Ring language is used to prepare a dataset before using it to train a machine
learning model. Another use-case is developing a Ring program that analyzes Arabic poetry.
The application contains over 3000 lines of Ring source code and is explained in detail in a
printed Arabic book (In Egypt) [90].

In [91], A YouTube channel with over 350 K subscribers provided over 500 videos
about the Ring programming language. These videos start by explaining the language
fundamentals and how to apply the different programming paradigms using it. The videos
cover desktop and web development, too. In [92], the authors used Ring language samples
and documentation to train LLMs how to write Ring programs.
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Figure 19. The GoldMagic800 game—A puzzle game developed using RingAllegro.

4.6. Visual Implementation (2013-2024)

In Table 10, we present the results of our visual implementation. The Table includes
details for each visual source file: the amount of storage used on the hard disk, the memory
used by PWCT after loading the file, the number of visual components, the count of steps
within the steps tree, the lines of code in the generated source files (.c), and the lines of code
in the generated header files (.h) if the visual source also generates such files. Finally, we
provide the total lines of source code (without comments/blank lines) generated by the
visual source file.

Table 10. Results of using the PWCT visual programming language to implement Ring compiler and
virtual machine.

Storage Memory Visible

Modules File Name (MB) (MB) Components Steps Steps Comment LOC
ring 2.07 21.5 211 320 287 35 236
Loader state 7.7 32 513 841 720 77 640
general 4.32 24.6 211 388 321 18 287
hashtable 2.27 35 189 322 268 16 251
General item 4.04 243 231 440 356 54 301
Library items 0.54 19.3 52 87 74 3 63
list 10.85 40.1 969 1798 1432 118 1378
string 3.94 26.6 271 497 399 18 383
hashlib 1.72 25.5 54 81 70 3 59
codegen 5.74 284 425 700 588 68 543
expr 14.52 46.8 705 1263 1059 155 918
Compiler objfile 5.98 29.1 524 934 757 85 606
parser 3.61 239 327 460 415 49 372
scanner 10.18 379 790 1318 1097 75 1006

stmt 11.59 41.2 913 1603 1376 278 1132
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Table 10. Cont.

Modules File Name S(t;);;ige M((;In];))ry Components Steps V;ts;Il;le Comment LOC
vm 14.18 48.1 1498 2285 1992 278 1655
vmapi 7.23 31.6 522 874 744 103 673
vmduprange 0.8 21.2 70 127 104 6 94
vmerror 1.5 20.7 139 265 220 37 186
vmeval 2.48 21.8 233 428 371 81 295
vmexit 1.82 211 83 167 132 15 119
vmexpr 12.28 43.8 986 1817 1445 57 1383
vmext 10.5 36.2 34 72 59 9 43
vmfuncs 7.78 32.7 498 1000 838 206 675
Virtual vmgc 11.64 419 922 1746 1422 240 1264
Machine vmjump 1.97 21.3 119 231 183 11 170
vmlists 7.21 30.7 379 674 549 36 513
vmoop 11.13 39.9 820 1497 1268 215 1081
vmperformance 3.45 25.6 192 332 273 24 255
vmstackvars 6.85 30.4 487 997 770 81 697
vmstate 5.5 27.2 385 619 578 146 435
vmstrindex 0.69 19.6 49 78 67 2 61
vmthread 1.59 444 148 262 219 32 191
vmtrycatch 0.76 19.7 20 38 33 5 25
vmvars 8.51 33.8 362 685 569 91 497
vminfo_ext 6.06 28.1 289 443 389 24 360
dll_ext 10.74 371 89 147 123 4 112
file_ext 9.57 36.9 688 1235 991 26 961
Built-in genlib_ext 22.75 66.6 1732 2965 2438 169 2308
Functions list_ext 5.65 28.5 531 982 782 35 740
math_ext 3.93 252 336 649 489 3 497
os_ext 525 26.8 313 572 464 23 427
refmeta_ext 8.05 33.5 636 1075 886 26 851

Each visual source file belongs to one of the modules, such as Loader, General Library,
Compiler, Virtual Machine, or the built-in functions. PWCT stores each visual source file
in two files: *.SSF and *.FPT. The storage size listed in the table represents the summation
of the file sizes of both files. The “components” column includes the total number of
components used within the visual source file, even accounting for repeated usage of the
same components. Each component corresponds to an interaction page (data-entry form)
and may generate one or more steps.

We present a summary of the results in Table 11. Also, we highlight the results for
each module in Figure 20. In this Figure, we notice that the Virtual Machine is the largest
module while the optional “built-in functions” is the second largest module.

Table 11. Summary of visual implementation size.

Criteria Total
Modules 5
Visual Source Files 43
Storage Size (MB) 278.95
Memory (MB) 1350.6
Visual Components 18,945
Steps 33,314
Steps (Visible) 27,617
Lines of Code (LOC) 24,743
Comments 3037

LOC including comments 27,780
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Figure 20. Visual implementation size for each module.
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In Figure 21, we present the loading time required to display the visual representation
and the code generation time for each visual source file. These values were measured
10 times for each file. In Figure 22, we present the code generation time for large visual
source files. The time is measured in seconds, and tests are performed using a Victus
Laptop [13th Gen Intel(R) Core(TM) i7-13700H, Windows 11, PWCT 1.9].
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Figure 21. The loading time (LT) and code generation time (CGT) for each visual source file.
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Figure 22. Code generation time (CGT) for large visual source files (measured in seconds).
4.7. Lightweight Implementation

Developing a lightweight programming language is not just about providing a lan-
guage with a small implementation. It is merely the beginning, and we must pay attention
to the growth in the language size over time. In Table 12, we present the growth percentage
in implementation size for the Ring programming language and other known lightweight
programming languages. The table presents the LOC of the first release and the LOC of
the latest release. The LOC includes the compiler, VM, and the built-in functions. The
growth in code size can be attributed to several factors, including fixing bugs, adding new

features, performance improvements, the expansion of libraries and built-in capabilities,
and enhancements in compatibility and interoperability.

Table 12. Growth in implementation size.

Language Period Implementation LOC (FR) LOC (LR) Growth
Ring 2016-2024 C 16,402 24,743 51%
mRuby 20142024 C 18,134 23,742 31%
Squirrel 2004-2022 C++ 9311 13,991 50%
Lua 1993-2024 C 5603 20,081 258%

Since Ring is designed to be a lightweight language, we have monitored the growth
of the implementation size over the years. From 2016 to 2024, the implementation size
has increased from 16 KLOC in Ring 1.0.0 to 24.7 KLOC in Ring 1.21.2, as demonstrated
in Figure 23. The growth percentage in the implementation size is 51%. In Figure 24, we
present the code size for the Lua Compiler/ VM. The source code was written from 1993 to
2024, and the implementation size increased from 5.6 KLOC in Lua 1.0.0 to 20 KLOC in
Lua 5.4.7. The growth percentage in implementation size is 258%.
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Figure 23. Generated code size for Ring Compiler/VM from 2016 to 2024.
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Figure 24. Code size for Lua Compiler/VM from 1993 to 2024.

In Figure 25, we present the generated code size for the Ring Compiler/VM for
different Ring releases. The textual source code is generated in ANSI C and can be used by
traditional programmers who may prefer text-based coding. This approach also enables
adoption in settings where visual programming tools are less practical.
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Figure 25. Generated code size for Ring Compiler/VM from Ring 1.0.0 to Ring 1.21.2.

4.8. Performance Benchmarks

In Table 13, we provide a benchmark comparison of various versions of the Ring
programming language (Ring 1.17, Ring 1.19, and Ring 1.21), including its WebAssembly
implementations on Edge and Chrome browsers, against VFP 9.0 and Python 3.13. Tests
are performed using a Victus Laptop [13th Gen Intel(R) Core(TM) i7-13700H, Windows 11].

Table 13. Performance benchmarks.

Ring 1.17 Ring 1.19 Ring 1.21 Ring 1.21 (We-  Ring 1.21 (We-
Benchmark (2022) (2023) (2024) bAsm/Edge)  bAsm/Chrome) Vo T 20 Python 3.13
Loop (500 K) 9 5 4 7 7 8 7
Loop (1 M) 18 1 9 13 13 15 14
Loop (10 M) 185 113 91 133 132 47 149
Loop (100 M) 1896 1154 954 1362 1332 595 1534
MathMax (100 K) 136 25 7 1 12 16 7
MathMax (1 M) 1384 245 69 117 119 94 66
MathMax (10 M) 13,847 2474 708 1161 1204 909 776
MathMax (100 M) 139,373 24,868 7178 11,833 11,935 8968 7315
FuncCall (100 K) 111 19 4 10 9 16 3
FuncCall (1 M) 1134 194 39 97 94 110 32
FuncCall (10 M) 11,337 1943 398 1001 962 1102 444
FuncCall (100 M) 113,142 19,542 4058 10,164 9563 11,214 3297
FibDP (500) 6 5 3 3 4 6 0.1
FibDP (700) 1 10 5 5 6 13 0.3
FibDP (1000) 21 19 10 10 11 15 0.4
FibDP (1200) 29 27 15 15 17 16 0.4
FibDP (500) 6 5 3 3 4 6 0.1
FibRec (20) 22 6 1 2 3 16 0.3
FibRec (25) 244 65 13 2 23 31 3
FibRec (30) 2887 763 148 252 254 377 39
FibRec (35) 33,847 8660 1691 2795 2810 4357 431
ListFill (100 K) 10 10 6 1 12 14 5
ListFill (500 K) 54 50 31 56 56 30 19
ListFill (1 M) 108 99 62 112 113 63 35
ListFill (10 M) 1085 1007 643 1143 1145 565 376
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The benchmarks cover a range of computational tasks, including looping (Loop),
mathematical calculations (MathMax), function calls (FuncCall), dynamic programming
Fibonacci calculations (FibDP), recursive Fibonacci calculations (FibRec), and list filling
(ListFill), with varying input sizes. These benchmarks are designed to reflect features that
are very common in many programs, ensuring their relevance and applicability across
different use cases. VFP was selected for this comparison because it is a multiparadigm,
dynamic language used in the development of PWCT. Python 3.13 was selected due to
its popularity and versatility as a dynamic language that supports multiple programming
paradigms. The performance, measured in milliseconds, indicates substantial improve-
ments in the newer versions of Ring, particularly in Ring 1.21. For instance, the execution
time for FuncCall (100 M) decreased dramatically from 113,142 ms in Ring 1.17 to 4058 ms
in Ring 1.21. Figure 26 presents the performance of this benchmark.

114,

Ring 1.21 (2024) Ring 1.21 Ring 1.21 VFP 5.0 Python 3.13

(WebAsm/Edge) (WebAsm/Chrome)

Figure 26. Function call (100 M) benchmark for Ring, VFP, and Python.

WebAssembly implementations show a slight increase in time compared to native
executions. Overall, the data highlights significant performance enhancements in newer
versions of Ring and offers a comparison of the efficiency of different programming envi-
ronments. With respect to Ring support for microcontrollers, which is relatively new (first
support started with Ring 1.21, released in September 2024), the performance results for
Ring 1.21 running on the Raspberry Pi Pico reveal some interesting insights when compared
to Ring 1.21 on a desktop. The Loop (500 k) benchmark was completed in 3.35 s, while
MathMax (100 k) and FuncCall (100 k) took 3.54 s and 3.32 s, respectively. The Fibonacci
Recursive (FibRec) at 25 iterations took 5.81 s, and the Dynamic Programming Fibonacci
(FibDP) at 500 iterations was notably fast at 0.89 s. However, the ListFill (100 k) benchmark
resulted in an “OUT OF MEMORY” error, which is expected given that the Raspberry Pi
Pico has only 264 KB of SRAM. A dynamically typed language like Ring may encounter
challenges on resource-constrained devices such as the Raspberry Pi Pico due to its limited
memory and processing power.

Ring is distributed with support for game programming libraries, which enable us to
create benchmarks for graphics and animations. In Figure 27, we demonstrate different
frames from the Waving Cubes sample provided by the RayLib open-source library. This
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sample presents an animation of 3375 cubes by changing their position, color, and size. In
Table 14, we present the performance results for this sample in Ring, C, and Python. C
demonstrates the highest efficiency with 480 frames per second (FPS). Ring 1.21 signifi-
cantly improves upon its predecessor, achieving 170 FPS compared to Ring 1.19’s 40 FPS,
showcasing notable advancements in performance. Python 3.13 provides 85 FPS.

Figure 27. Different frames from the waving cubes animation.

Table 14. The Waving Cubes benchmark.

Language FPS (Min) FPS (Max)
C 470 480
Ring 1.21 161 170
Python 3.13 80 85
Ring 1.20 33 40

The Binding Generator for Ring extensions is the first significant program written
in the Ring language itself and serves as an example and benchmark for file and text
processing. The generator comprises 1407 lines of Ring code. It operates very efficiently by
processing configuration files and generating the C/C++ code required for the extensions.
The largest extension we have with the Ring language is RingQt, which generates over
211,000 lines of C/C++ code in just 3.42 s, as demonstrated in Table 15. Other extensions
are smaller, and their code-generation process is completed in less than a second.

Table 15. Using the Code Generator to generate RingQt source code.

Variable Value
Extension RingQt
Configuration Files (Input) 439
Input Size 478 KB
Generated Files 197
Generated Lines of Code 211,174
Output Size 6.27 MB

Processing Time 3420 ms
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The Ring IDE is designed as a project that includes a Code Editor, Form Designer, Web
Browser, and a “Find in Files” application. Over the past eight years, it has proven to be a
robust and reliable tool, supporting the development of all Ring samples and applications
distributed with the language. The IDE'’s performance has consistently been impressive,
with no notable issues encountered during regular use. To ensure its reliability, a stress test
was conducted by opening all Ring applications and samples distributed with the language.
Memory usage was observed to be 348 MB at startup, slightly increasing to 365 MB after
opening 78 applications (253 files, totaling 76,924 lines of code) and further to 439 MB after
opening each file in the samples (1302 files, totaling 65,563 lines of code). This increase is
attributed to the autocomplete feature, which caches all the words in each opened file. Tests
are performed using a Victus Laptop [13th Gen Intel(R) Core(TM) i7-13700H, Windows 11,
and Ring 1.21.2].

Additionally, the performance of opening and displaying a source code file was less
than 250 ms for most files, as shown in Table 16. This performance depends on the file size.
This demonstrates the Ring IDE’s capability to handle extensive development tasks without
compromising performance. However, we continue to state in the Ring Group that the
Ring IDE is just an example of Ring usage. Ring, as a language, can be used with different
code editors based on programmer preference, which makes sense if the programmer is
using multiple languages in a project. The Ring IDE only supports Ring source code files,
which is a limitation in situations requiring a mix of programming languages.

Table 16. Loading and displaying files in Ring IDE.

Application/Sample Size (LOC) Loading Time (ms)
Analog Clock 256 36
Image Pixel 548 66
Knight Tour 646 67
Othello 780 78
Visualize Sort 817 81
Game Of Life 903 90
Laser 1051 94
Checkers 1354 124
Get Quotes History 3401 117
Discrete Fourier Transform 6417 203

5. Discussion

From Table 8, we notice that dozens of users learned the language through the available
resources (documentation, samples, applications, and videos), and their feedback helped
us grow the educational resources distributed with the language. For example, chapters
such as FAQ, Scope Rules, Performance Tips, and General Information were added and
enhanced based on this feedback. Also, many graphics programming samples (OpenGL
Camera and background, Collision detection, Chess 3D, etc.) are developed by one of
those users. Another important lesson learned from being close to users and responding
to their feedback is that this not only encourages more people to get involved and report
issues but also motivates users to become active contributors to the open-source project.
However, we acknowledge the limitations and potential biases, especially regarding the
demographic homogeneity (predominantly male participants) and the regional limitations
of early feedback, which could affect the generalizability of the results.

From the statistics in Figures 16 and 17, we can conclude that Ring, as a programming
language and research prototype, has been tried by thousands of users [83,84]. Based on
the use cases demonstrated in Table 8, the Ring programming language has proven to be
versatile. It has been effectively utilized in a variety of domains, including desktop devel-
opment (Ring IDE and Chess End Game application), game development (Shooter Game
and Gold Magic 800 puzzle game), and data analysis (Arabic poetry analysis application).
The language’s lightweight and embeddable nature, combined with its support for many
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programming paradigms, allows for rapid development [85-92]. However, this versatility
still needs to benefit more from the language’s ability to create domain-specific languages
and localization packages.

Abstraction is a known dimension in the Cognitive Dimensions Framework (CDF),
which is utilized in many research studies for the usability analysis of visual programming
languages [93]. Abstraction involves grouping elements or entities into a single entity to
either reduce viscosity (making it less difficult to modify) or align the notation with the
user’s conceptual structure. Abstractions are useful for modification and transcription
tasks (copying content from one structure to another). They play a crucial role in visual
implementation, as they significantly influence ease of use and can also increase protection
against errors [94,95].

From the results in Table 11, we observe that Ring visual implementation comprises
18,945 visual components, which in turn generated 24,743 lines of code. This finding
highlights the significant advantage of visual implementation: it increases the abstraction
level by 23.5% while concealing unnecessary details. Specifically, this advantage becomes
apparent when specifying component data through interaction pages (data-entry forms).
These interaction pages generate and update the steps tree based on the provided data.
However, a different scenario emerges when considering the generated steps tree. The
steps tree aims to provide additional information about the program structure and related
details, resulting in a total number of steps that exceed the lines of code, as demonstrated in
the “Steps” column. On the other hand, PWCT offers a “Read Mode” that allows users to
hide many of these implementation details. In this mode, the “Visible Steps” column shows
a count slightly less than the total lines of code. Despite this difference, the Steps Tree has a
clear advantage: it facilitates easy interaction with groups of steps. Its tree structure directly
provides two dimensions of interaction—siblings and children—which enhances usability
and navigation within the visual implementation.

This higher level of abstraction translates into a more productive development process
by allowing developers to focus on the overall structure and functionality of the program
rather than getting bogged down in the minutiae of code syntax. The visual components
provide a more intuitive and accessible interface, making it easier for developers to under-
stand and modify the codebase. Additionally, this approach improves usability by reducing
the likelihood of syntax errors and simplifying the debugging process. [13,45,76].

However, we have observed certain disadvantages while using PWCT:

e Large Storage Size: Visual implementations tend to occupy more storage space com-
pared to their textual counterparts. This is an important consideration, especially
when dealing with large projects;

e  Memory Requirements for Multiple Instances: The PWCT environment is designed
to open one visual source file at a time. To work with multiple files simultaneously,
you need to run multiple instances of PWCT. Unfortunately, this approach comes with
a memory cost. Opening all the visual source files related to the Ring compiler and
virtual machine implementation (43 files) requires approximately 1.3 GB of memory.
This could become an issue for larger projects that contain more visual source files,
where opening these files simultaneously for quick navigation could be problematic.
This might be required when searching in multiple files. We also noticed that PWCT
supports search/replace in a single visual source file, which is not practical for large
projects. To work around this issue, we used external tools to search in the generated
textual source code;

e Limitations of the Steps Tree Editor: The Steps Tree editor lacks support for drag-and-
drop functionality. Moving steps within the tree is possible only through cut-and-paste
operations. While this may not be a critical issue, it is worth noting for usability
purposes because it forces using the keyboard to move steps faster from one location
to another;
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e  Performance Challenges with Large Visual Source Files: When dealing with visual
source files containing thousands of components, performance can become an issue.
Loading such files or generating source code may exhibit slower behavior. For example,
our largest file (genlib_ext) contains 1732 components and 2965 steps. Loading the file
and displaying the visual representation takes over two seconds, while generating the
source code takes over 14 s, as demonstrated in Figures 21 and 22. This results in slow
development and iteration when tasks involve updating many visual source files;

e  No support for importing textual source code. This missing feature introduces many
limitations. If a programmer submits a GitHub pull request by modifying the textual
source code of the Ring Compiler/VM, we cannot simply import these changes.
Additionally, this is a barrier to integrating with Al tools that generate textual code.
While in visual implementation, we could use external libraries provided through
textual code (without visual implementation), the problem occurs when the generated
source code (from visual implementation) is modified directly by other contributors in
the project without making the change through visual programming first and then
generating the textual source code. This leads to effort duplication. This demonstrates
a limitation on collaborative development efforts. For users who might wish to
integrate Ring with existing workflows or tools and are looking to modify the language
implementation, we recommend making a choice and sticking to it: either use the
visual implementation and make any changes through it first or use the generated
textual source code and continue development based on it;

e PWHCT is designed to work only under Microsoft Windows. The support for other
operating systems is not native and requires extra tools (Like Wine for Linux).

Despite these challenges, our successful use of PWCT to develop and maintain the Ring
programming language compiler and virtual machine demonstrates its value. However,
addressing these scalability issues will be crucial if PWCT is to be adopted in larger projects
in the future.

Suggestions to mitigate these challenges:

1.  Separate the visual source into many files with clear names and purposes;

Keep each visual source file to fewer than a few thousand steps;

3. Open related visual source files according to the current task while closing unrelated
visual source files (or not opening them) to provide easy navigation between PWCT
instances through the operating system features;

4.  External tools are needed when searching multiple generated source code files.

N

From Table 12 and Figures 23 and 25, we demonstrated the growth of the Ring
language over eight years; while being a lightweight language, we noticed a growth in
the implementation size from 16 KLOC in 2016 to 24 KLOC in 2024. This percentage of
growth (51%) requires attention, and we could focus in the next years on reducing the
implementation size since the core features have been implemented and the implementation
is stable and usable. With respect to adding new features, we will try to keep most of these
new features in the libraries and the new domain-specific languages. From Tables 13-16,
we notice that the performance of the Ring programming language has improved over
time, and it is now fast enough for many use cases as a scripting language. However,
improving Ring’s performance remains a challenge, and we aim to provide optimizations
and enhancements with each new release.

6. Conclusions and Future Work

In this research paper, we introduced Ring—a dynamically typed programming lan-
guage developed and maintained for many years using visual programming, where the
generated code is based on ANSI C. Ring combines a lightweight implementation with sev-
eral advantages, such as a rich and versatile standard library, along with direct support for
classes and object-oriented programming. Customization is a key feature of Ring, allowing
developers to easily modify the language syntax multiple times. Moreover, Ring empowers
the creation of domain-specific languages through features that extend object-oriented
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programming. Beyond its language design, Ring provides a practical development envi-
ronment and facilitates rapid GUI application development.

Ring is adaptable across diverse platforms. Rather than creating separate language
implementations for specific contexts, the same Ring implementation serves a wide range
of environments. From desktop systems to WebAssembly and even 32-bit microcontrollers
like the Raspberry Pi Pico, Ring addresses the problem of missing language features that
exist in other implementations.

In summary, Ring emerges as a lightweight, versatile, and customizable dynamic
language developed using visual programming, adapting seamlessly to the ever-evolving
landscape of software development. The implementation based on visual programming
increases the abstraction level by 23.5% and provides a more user-friendly implementation
through visual programming advantages, such as avoiding syntax errors.

In the future, we plan to build multiple projects on top of the Ring programming
language, such as a localization package for many human languages, various domain-
specific languages for different fields, and a modern platform for visual programming. Our
priority is to provide a complete translation of all language syntax and libraries into Arabic.
Following this, we aim to develop a domain-specific language for GUI development,
like the Supernova language, but based on Ring’s features that extend object-oriented
programming to support the creation of internal domain-specific languages. After that, we
will focus on creating a visual programming language for game development.
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Abbreviations

The following abbreviations are used in this manuscript:

ANSI  American National Standards Institute
CDF Cognitive Dimensions Framework
CGT Code Generation Time

CSss Cascading Style Sheets

DRY Don’t Repeat Yourself

DSL Domain Specific Language

FAQ Frequently Asked Questions

GIL Global Interperter Lock

GUI Graphical User Interface

IDE Integrated Development Environment
IDSL Internal Domain-Specific Language
IoT Internet of Things

JSON  JavaScript Object Notation
KISS Keep it simple and stupid
KLOC  Thousands of lines of code
LLM Large Language Model
LOC Lines of Code
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LT Loading Time

ML Machine Learning

OooP Object Oriented Programming

PWCT Programming Without Coding Technology
REPL  Read-Eval-Print-Loop

SQL Structured Query Language

SWIG  Simplified Wrapper and Interface Generator
VEFP Visual FoxPro

VI Visual Implementation

VM Virtual Machine

VPL Visual Programming Language
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