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Building Modern TUI Applications in
Go, Python and Rust

This book teaches you how to build professional terminal user interface appli-
cations from the ground up. You will learn what happens inside a terminal when
your program runs, how three major languages approach TUI development
with their respective ecosystems and how to architect production-grade ap-
plications that are fast, reliable and pleasant to use. Every concept is explained
through complete, runnable examples that evolve from minimal hello-world
programs into sophisticated real-world tools.



Preface

About This Book

Terminal user interfaces have been making a comeback. Modern terminal
emulators support true color, mouse input, hyperlinks and smooth scrolling.
Developers are building everything from system monitors to database clients
to Al coding assistants that run entirely in the terminal. Yet most programming
resources treat TUIs as an afterthought or rely on outdated libraries like curses
without explaining what is actually happening under the hood.

This book fills that gap. It starts with fundamentals and builds upward
through three complete language ecosystems: Go with Bubble Tea, Python
with Textual and Rich, and Rust with Ratatui and Crossterm. Each chapter
explains not just what to do but why it works, what alternatives exist, and what
trade-offs an experienced developer should consider.

The book is organized into five parts:

 Part I (Chapters 1-4) covers terminal fundamentals that apply regardless
of language or framework.

* Part II (Chapters 5-7) dives deep into each language’s TUI ecosystem with
substantial reference applications.

* Part III (Chapters 8-9) compares architectural patterns across languages
and walks through end-to-end implementations of equivalent applica-
tions.

* Part IV (Chapters 10-12) covers advanced topics including rendering
optimization, sophisticated input handling, and production readiness.

* Part V (Chapters 13-14) provides troubleshooting guidance and a decision
framework for choosing tools and architectures.

Intended Audience

This book is written for software developers who understand basic program-
ming concepts but may have no prior knowledge of terminal internals or TUI
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development. You should be comfortable with at least one general-purpose
language and know how to run code from the command line. Familiarity with
Go, Python, or Rust is helpful but not required; each language section stands
on its own.

Prerequisites

To follow along with the examples in this book, you will need:

Go 1.22 or later for the Bubble Tea chapters (https://go.dev/dl/)

* Python 3.1 or later for the Textual and Rich chapters (https://python.
org/downloads/)

* Rust 1.75 or later with Cargo for the Ratatui chapters (https:/ /rustup.rs/)

* A modern terminal emulator that supports true color and mouse input

(examples include WezTerm, iTerm2, Windows Terminal, Alacritty, Kitty,

Ghostty)

All code examples are tested against stable releases of each language and
its dependencies as of early 2026. Library versions referenced in the book are
pinned where APIs are version-sensitive.

How to Read This Book

Read Part I sequentially; those chapters establish shared concepts used
throughout the rest of the book. After that, you can focus on whichever
language ecosystem interests you most. Chapter 5 covers Go, Chapter
6 covers Python, and Chapter 7 covers Rust. Chapters 8 onward assume
familiarity with at least one of these ecosystems but explain cross-language
comparisons clearly enough that you can follow along even if you only know
one language well.

Code examples are designed to be runnable as-is. Each significant example
includes the full source code or clear instructions for what files to create and
how to execute them. When an example builds on a previous one, the changes
from the prior version are highlighted rather than requiring you to scroll back
through pages of unchanged code.


https://go.dev/dl/
https://python.org/downloads/
https://python.org/downloads/
https://rustup.rs/
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Conventions Used in This Book

* Monospace text indicates code, file names, command-line arguments,
and terminal output.

* Bold text highlights important terms on first use and UI elements like
buttons or menu items.

* Inline citations appear as numbers in brackets, for example [3], linking to
the References section at the end of the book.

A Note on Versions

TUI libraries evolve quickly. The code examples in this book target specific li-
brary versions documented inline and in the References. If you are reading this
after mid-2026 and encounter API differences, check each library’s migration
guide or changelog for updates. When in doubt, prefer stable releases over
nightly or pre-release versions for production applications.



Chapter 1: The Terminal as a Device

Before you can build great terminal applications, you need to understand the
device you are building for. The terminal is not a blank canvas like a web
browser window or a desktop application frame. It is a protocol-driven device
with specific capabilities, historical baggage, and behavioral quirks that every
TUI developer must respect.

This chapter demystifies what the terminal actually is. You will learn about
its hardware origins, how escape sequences work, what character cells mean,
and why standard streams behave the way they do. None of this is academic
trivia; each concept directly affects how your applications render, handle input,
and interact with the user’s environment.

From Teletype to Terminal Emulator

The word terminal originally referred to physical hardware. In the 1960s and
1970s, a terminal was an electromechanical device connected to a mainframe
computer via serial cable. The most famous early terminal was the Teletype
Model 33 (often called ASR-33), which printed characters on paper tape using
a typewriter mechanism [1]. These devices were slow and expensive but
established conventions that survive today.

The DEC VT100, introduced in 1978, was the first popular video terminal
to support programmable cursor movement and screen control via escape
sequences [2]. Instead of printing everything sequentially from top-left to
bottom-right like a teletype, the VT100 could move its cursor anywhere on
the screen, clear specific regions, and change text attributes. This capability
made interactive applications practical for the first time.

Modern terminal emulators like xterm, GNOME Terminal, WezTerm and
Windows Terminal are software programs that emulate the behavior of these
historical devices. They interpret escape sequences sent by your application
and update their display accordingly. When you write a TUI application today,
you are talking to a program pretending to be a VT100 or one of its descendants.
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This emulation is not perfect. Different terminal emulators support dif-
ferent extensions, and some behave inconsistently even when they claim to
follow the same standard [3]. Understanding this helps you make decisions
about which features to use and how to handle compatibility issues gracefully.

What Is an ANSI Escape Sequence Really

An escape sequence is a series of bytes that your program writes to stdout
which the terminal interprets as a command rather than displayable text.
The name ANSI comes from the American National Standards Institute, which
adopted standard X3.64 in 1979 defining these sequences [4]. In practice,
most modern terminals implement ECMA-48 and ISO/IEC 6429 standards with
extensions specific to xterm and its derivatives [5].

Every escape sequence begins with the ESC character (ASCII code 27, hex
0x1B). This byte signals to the terminal that what follows is a control command.
In programming languages, you typically represent ESC as:

* \x1b or \e in C-family languages including Go and Rust
* \x1b or \033 in Python strings

The most common escape sequence prefix is CSI (Control Sequence Intro-
ducer), which consists of ESC followed by an opening bracket:

ESC [ - \x1b[ - ~LI

CSI sequences take the form ESC [ <parameters> <final byte>, where
parameters are numbers separated by semicolons and the final byte deter-
mines what action to perform. For example:

* \x1b[2] clears the entire screen (parameter 2, final byte J)
* \x1b[38;5;196m sets foreground color to bright red in 256-color mode
(parameters 38, 5, 196, final byte m)

Another important prefix is OSC (Operating System Command), which
begins with ESC ]:
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ESC ] - \x1b]

OSC sequences are typically terminated by BEL (ASCII 7) or ST (String
Terminator, ESC ). They handle things like setting the terminal window title
and clipboard operations. For example:

\x1b]0;My Application Title\x07

sets the terminal window title to “My Application Title” [6].

You do not need to memorize every escape sequence. Modern TUI libraries
abstract away most of this complexity. But understanding that your application
communicates with the terminal via these byte sequences helps you debug
rendering issues, understand performance characteristics, and know what is
possible.

Character Cells, Coordinates, and Screen Buffers

The terminal screen is organized as a grid of character cells, each capable
of displaying one character (or part of one) along with styling attributes like
foreground color, background color, boldness and underline. When you write
text to the terminal, it fills these cells sequentially from left to right and top to
bottom.

Terminal coordinates are typically 1-based: position (1, 1) is the upper-
left corner. The row number increases going down, and the column number
increases going right. This coordinate system is used by escape sequences that
position the cursor or manipulate specific screen regions.

Most modern terminals maintain two screen buffers:

* The main buffer (also called the normal buffer): this is what you see when
using the terminal normally with a shell prompt

* The alternate buffer: a separate screen area that full-screen applications
can use without disturbing the main buffer content

When your TUI application starts, it often switches to the alternate buffer
so that when it exits and restores the main buffer, the user sees exactly what
they had before running your application. This is done with escape sequences:
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¢ Enter alternate screen: \x1b[?1049h
e Exit alternate screen: \x1b[?10491

Using the alternate buffer is considered best practice for full-window TUISs.
It prevents your application from accidentally clearing or corrupting the user’s
shell history, which can be frustrating and sometimes destructive [7].

The terminal reports its current dimensions (rows and columns) through
escape sequences or system calls. Your application should query these dimen-
sions at startup and handle resize events during execution so that your layout
adapts when the user changes their terminal window size.

Standard Streams: stdin, stdout, stderr Explained

Every Unix process has three standard file descriptors established by default:

* stdin (file descriptor 0): standard input, where data comes from

* stdout (file descriptor 1): standard output, where normal program output
goes

* stderr (file descriptor 2): standard error, where diagnostic and error
messages go

In a typical terminal session, all three are connected to the terminal device
itself. When you type on your keyboard, characters arrive on stdin. When your
program writes to stdout or stderr, text appears on the screen.

TUI applications interact with these streams in specific ways:

* stdout is used for rendering the Ul: escape sequences and visible charac-
ters that draw your interface

* stdin is used for reading user input: keyboard events, mouse reports, and
other terminal-generated data

* stderr should be reserved for debugging information or error messages
that you want to see even when stdout is redirected

A common mistake is writing error messages or diagnostic output to stdout
in a TUI application. This mixes your Ul rendering with debug information and
can corrupt the display. Use stderr for anything that is not part of the intended
user interface [8].
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Some advanced techniques involve redirecting these streams. For example,
you might want to capture the output of a subprocess while still displaying
a TUL In such cases, you would connect the subprocess’s stdout to a pipe
rather than the terminal directly, leaving your application’s stdout free for Ul
rendering.

Raw Mode vs Canonical Mode and Line Discipline

When you type in a normal shell session, several things happen before your
program sees what you typed:

* Characters are echoed back to the screen automatically

» Backspace deletes the previous character on screen

* Ctrl+C sends SIGINT to interrupt the current process

* Input is buffered until you press Enter, then delivered as a complete line

This behavior is called canonical mode (or cooked mode). It is implemented
by the terminal driver in the operating system kernel, specifically by a com-
ponent called the line discipline [9]. The line discipline processes input and
output according to configurable rules defined in a structure called termios.

TUI applications need direct access to every keystroke without this pro-
cessing. They need to see arrow keys, function keys, and modifier combina-
tions immediately rather than waiting for Enter. They also typically do their
own character echoing as part of rendering the Ul

To get this behavior, TUIs switch the terminal into raw mode (or non-
canonical mode). In raw mode:

* Characters are delivered one at a time as they are typed
* No special processing occurs on input

* Echo is disabled

* Line buffering is turned off

On Unix systems, raw mode is configured using the termios API. The cfmak-
eraw() function conveniently disables all the canonical-mode behaviors in one
call[10]. On Windows, the SetConsoleMode function with DISABLE_ECHO and
ENABLE_EXTENDED_FLAGS achieves similar results.

Here is a minimal example showing how to enter and exit raw mode in C,
which illustrates the pattern used by every TUI library:
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#include <termios.h>
#include <unistd. h>
#include <stdio.h>

struct termios original settings;

void enable raw mode() {
tcgetattr(STDIN FILENO, &original settings);
struct termios raw = original settings;
cfmakeraw(&raw) ;
tcsetattr(STDIN FILENO, TCSAFLUSH, &raw);

}

void disable raw mode() {
tcsetattr(STDIN FILENO, TCSAFLUSH, &original settings);
)

int main() {
enable raw mode();
// Read characters one at a time
char c;
while (read(STDIN FILENO, &c, 1) > 0 & c !'= 'q') {
printf("Got: %c\n", c);
}
disable raw mode();
return 0;

The critical detail here is saving the original terminal settings before mod-
ifying them and restoring them on exit. If your application crashes or exits
without restoring the terminal, the user is left with a broken shell session where
input behavior is wrong. Production TUI applications always restore terminal
state using signal handlers to catch unexpected termination [11].

Why This Matters for Your Application

Understanding these fundamentals helps you in several practical ways:

* Debugging rendering issues: When your Ul looks wrong, knowing that
the terminal interprets byte sequences as commands helps you trace what
is going wrong. A stray ESC character or malformed sequence can cause
display corruption that seems mysterious without this knowledge.

* Performance optimization: Every escape sequence you send requires the
terminal emulator to parse and execute it. Sending too many unnecessary
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sequences causes visual flicker and slows rendering. Understanding
screen buffers and cursor movement lets you minimize the work your
application asks the terminal to do.

* Compatibility decisions: Knowing which features are standard (VT100-
compatible) versus extensions (xterm-specific) helps you decide what to
use. If you need your application to run in a wide variety of environments,
stick closer to the standard. If you can assume modern terminals, you can
leverage richer features.

* Graceful failure: When something goes wrong, your application should
restore the terminal to a usable state even if it cannot complete its
normal operation. Understanding raw mode, screen buffers, and escape
sequences lets you write cleanup code that works reliably.

The rest of this book builds on these foundations. The next chapter covers
how input and output actually flow between user, terminal and application,
including keyboard handling, mouse events, signals and the event loop pattern
that powers every interactive TUL



Chapter 2: Input, Output, and Events

A terminal application is fundamentally an event-driven system. Something
happens (a key press, a timer firing, data arriving from a network), your
application responds by updating its internal state, and then it renders the
new state to the screen. This chapter explains how those events arrive, how
to process them efficiently, and why the event loop pattern is central to every
TUI architecture.

How Keyboard Input Travels from Key Press to Your
Code

When a user presses a key, several layers of processing occur before your
application sees it:

1. The keyboard hardware sends a scan code to the operating system

2. The OS translates the scan code into a character or key event based on
the active keyboard layout

3. If the terminal is in canonical mode, the line discipline buffers and
processes input (as discussed in Chapter 1)

4. In raw mode, the raw bytes are made available for reading on stdin

For simple ASCII characters like letters and digits, your application receives
exactly one byte per keystroke. But modern keyboards produce multi-byte
sequences for special keys:

* Arrow left: \x1b[D (3 bytes: ESC, [, D)

* Arrow up: \x1b[A (3 bytes)

* Delete key: \x1b[3~ (4 bytes)

F1key: \x1bOP or \x1b[11~ depending on terminal mode
Ctrl+C: \x03 (single byte, ASCII ETX)
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Your TUI library must parse these sequences correctly. If it reads one byte
at a time without buffering, it might see the ESC byte and incorrectly treat it as
a standalone input before the rest of the sequence arrives. Good TUI libraries
implement a small read buffer with a timeout: when they see ESC, they wait
briefly (typically 50-100 milliseconds) for additional bytes before deciding what
key was actually pressed [1].

Here is how different languages handle this parsing:

Go (Bubble Tea) abstracts the complexity entirely. When you receive
a KeyMsg, the framework has already parsed the escape sequence into a
structured type with Code and Alt fields. You simply check msg.Type ==
tea.KeyLeft without worrying about byte sequences.

Python (Textual) similarly provides high-level key events. The on_key ()
handler receives a Key object where you check event.key == "left" or
event.key == "ctrl+c". Under the hood, Textual uses an event loop that
reads from stdin and parses sequences asynchronously.

Rust (Crossterm) exposes both low-level and high-level APIs. The
Event: :Key(KeyEvent) type includes fields for code (KeyCode::Left),
modifiers (KeyModifiers::CONTROL), and kind (KeyEventKind::Press).
Crossterm handles the escape sequence parsing internally using a state
machine optimized for correctness and performance [2].

Understanding this process helps when you encounter input bugs. If arrow
keys are not working, the issue is often that your terminal is sending different
sequences than expected (some terminals use application keypad mode or
custom mappings). Checking what bytes actually arrive on stdin with a simple
debug program can reveal the problem quickly.

Mouse Support in Terminals via Escape Sequences

Modern TUIs increasingly support mouse interaction: clicking buttons, se-
lecting list items, scrolling through content. This capability exists because
terminal emulators can send mouse events as escape sequences on stdin, just
like keyboard input.

Terminal mouse tracking uses several modes defined by xterm extensions

[3]:
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* X10 mode (DECSET 9): the oldest protocol, sends only button press events
with limited coordinate range

* Button event tracking (DECSET 1000): adds button release and motion
while button is pressed

* Any event tracking (DECSET 1002): reports all mouse movement regard-
less of button state

* SGR extended mode (DECSET 1006): uses a cleaner encoding that sup-
ports higher resolutions

The SGR mode is recommended for new applications. It sends events in this
format:

ESC [ <Cb ; Cx ; Cy M (button press)
ESC [ <Cb ; Cx ; Cym (button release)

Where Cb encodes the button and modifiers, Cx is the column (1-based)
and Cy is the row (1-based). Button values include O for motion, 1-3 for
left/middle /right buttons and 4-5 for scroll wheel up/down. Modifier bits are
added to distinguish Ctrl, Shift and Alt combinations [4].

Enabling mouse tracking requires sending an escape sequence before your
application starts reading input:

ESC [ ? 1006 h (enable SGR mouse mode)

And disabling it on exit:

ESC [ ? 1006 1 (disable SGR mouse mode)

All three major TUI libraries support mouse events at a high level:

* Bubble Tea provides MouseMsg with Position, Button, and Type fields.
Enable mouse tracking by returning tea.WithMouseCellMotion() when
creating your Program.

* Textual has comprehensive mouse handling through events like on_-
mouse click(), on _mouse move(), and on_scroll(). Mouse support
is enabled by default for interactive widgets.
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* Ratatui/Crossterm exposes Event::Mouse(MouseEvent) with Kind
(Down, Up, Drag, Moved, Wheel), Column, Row, and Modifiers fields.
Enable via EnableMouseCapture command on stdout [5].

Mouse support in TUIs raises UX questions that you should think about
carefully. Keyboard-first navigation remains essential for accessibility and
power users who prefer not to leave their hands on the home row. Mouse
interaction should complement keyboard controls, not replace them. Design
your application so that every mouse-clickable element is also reachable via
keyboard.

Unix Signals and Graceful Shutdown

Signals are the operating system’s mechanism for asynchronously notifying
a process about events. For TUI applications, three signals are particularly
important:

» SIGINT (Signal Interrupt): sent when the user presses Ctrl+C

» SIGTERM (Signal Terminate): sent as a polite request to shut down (used
by systemctl, Docker, Kubernetes)

» SIGWINCH (Signal Window Change): sent when the terminal window is
resized

Your application should handle all three signals appropriately.

Handling SIGINT and SIGTERM allows your application to perform cleanup
before exiting: saving unsaved data, closing network connections, writing log
messages, and critically, restoring the terminal state. Without proper signal
handling, a Ctrl+C can leave the user with a corrupted terminal display or input
mode [6].

Handling SIGWINCH lets your application redraw its layout when the
terminal size changes. Without this handler, resizing the window causes visual
glitches until the next render cycle (which might never come if your app only
redraws on other events).

Here is how each language ecosystem handles signals:

Go (Bubble Tea): Bubble Tea automatically installs signal handlers for
SIGINT and SIGTERM and converts them into messages (IntMsg and TermMsg)
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delivered to your Update function. You handle shutdown by checking for these
messages and returning tea.Quit as a command:

func (m model) Update(msg tea.Msg) (tea.Model, tea.Cmd) {
switch msg. (type) {
case tea.IntMsg, tea.TermMsg:
return m, tea.Quit

}

// ... other message handling

SIGWINCH is also handled automatically and delivered as WindowSizeMsg
with Width and Height fields [7].

Python (Textual): Textual handles signals internally. When SIGINT or
SIGTERM arrives, the application shuts down gracefully after completing any
pending work. Resize events are delivered through the on_resize() handler
on App and widget classes. You typically do not need to register signal handlers
manually unless you have custom shutdown requirements [8].

Rust (Crossterm/Ratatui): Crossterm does not automatically handle sig-
nals. You must set up your own handlers, typically using either the signal
crate or platform-specific APIs. A common pattern is spawning a thread that
waits for signals and sends messages through a channel to the main event loop

[9].

The Event Loop Pattern Explained

Every interactive TUI application runs an event loop at its core. The event loop
is a continuous cycle that:

1. Checks for new events (keyboard input, mouse events, timer ticks, resize
notifications)

2. Processes each event by updating application state

3. Renders the current state to the terminal

4. Repeats

This pattern keeps your application responsive without blocking on any
single operation. Without an event loop, your program would either freeze
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while waiting for input or busy-wait in a CPU-intensive loop checking for
events.

There are two main approaches to implementing an event loop:

Polling-based loops check for events with a timeout, process any that
arrived, render the Ul, and repeat. This is simple and portable but requires
careful tuning of the poll interval to balance responsiveness against CPU usage.
Crossterm’s synchronous API uses this pattern [10].

loop {
if event::poll(Duration::from millis(100))? {

// An event is available

match event::read()? {
Event::Key(key) => handle key(key),
Event::Resize(w, h) => handle resize(w, h),
_={}

}

}
// Render the UI
terminal.draw(|f| draw ui(f))?;

Async-based loops use an asynchronous runtime (tokio in Rust, asyncio in
Python, goroutines in Go) to wait for events without busy-polling. Multiple
async tasks can run concurrently: one waiting for input, another updating data
from a network source, another handling timers. The event loop multiplexes
these tasks efficiently [11].

Bubble Tea uses an internal event loop that combines both approaches: it
runs commands in goroutines (async) while polling stdin for input with non-
blocking reads. Textual is built entirely on Python’s asyncio event loop. Ratatui
can work with either synchronous or async patterns depending on how you
integrate it with Crossterm and your choice of runtime [12].

The event loop is the heartbeat of your TUI application. Understanding how
it works helps you avoid common pitfalls like blocking operations that freeze
the entire UI, race conditions between concurrent updates, and memory leaks
from tasks that never complete.

Building a Minimal Event Loop from Scratch

To understand what TUI libraries do for you, let us build a minimal event loop
in Go without any framework. This example implements raw mode, reads
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keyboard input, handles escape sequences for arrow keys, renders output, and
cleans up on exit [13].

package main

import (
"fmt"
"io
nogh
"os/signal"
"syscall"

"time"

func main() {

// Save original terminal state

origState, err := syscall.Syscall6(syscall.SYS IOCTL,

— uintptr(syscall.Stdin), syscall.TCGETS,

— uintptr(unsafe.Pointer(&originalTerm)), 0, 0, 0)

if err 1= 0 {
fmt.Fprintf(os.Stderr, "Failed to get terminal state: %v\n", err)
os.Exit(1)

// Set raw mode

raw := originalTerm

raw.Iflag &= syscall.IGNBRK | syscall.BRKINT | syscall.PARMRK |

— syscall.ISTRIP | syscall.INLCR | syscall.IGNCR | syscall.ICRNL |
— syscall.IXON

raw.Lflag &"= syscall.ECHO | syscall.ECHONL | syscall.ICANON | syscall.ISIG
— | syscall.IEXTEN

raw.Cflag &= syscall.CSIZE | syscall.PARENB

raw.Cflag |= syscall.CS8

raw.Cc[syscall.VMIN] = 1

raw.Cc[syscall.VTIME] = 0

., _, err = syscall.Syscall6(syscall.SYS IOCTL, uintptr(syscall.Stdin),
— syscall.TCSETS, uintptr(unsafe.Pointer(&raw)), 0, 0)
if err =0 {
fmt.Fprintf(os.Stderr, "Failed to set raw mode: %v\n", err)
os.Exit(1)

// Ensure we restore terminal on exit

defer func() {
syscall.Syscall6(syscall.SYS IOCTL, uintptr(syscall.Stdin),
— syscall.TCSETS, uintptr(unsafe.Pointer(&originalTerm)), 0, 0)
fmt.Println() // Newline after exit

10
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// Hide cursor
fmt.Print("\x1b[?251")

// Signal handling for graceful shutdown
sigChan := make(chan os.Signal, 1)
signal.Notify(sigChan, syscall.SIGINT, syscall.SIGTERM)

// Buffer for escape sequences
var buf [64]byte
keyCount := 0

fmt.Print("\x1b[2J\x1b[H") // Clear screen and home cursor

for {
select {
case sig := <-sigChan:
fmt.Printf("\nReceived signal %v, shutting down.\n", sig)
return

default:
// Non-blocking read with timeout
fd := uintptr(syscall.Stdin)
var flags int32
syscall.Syscall6(syscall.SYS IOCTL, fd, syscall.FIONBIO,
— uintptr(unsafe.Pointer(&flags)), 0, 0, 0)

n, err := 0s.Stdin.Read(buf[:1])
if err != nil {
if err != i0.EOF && err.Error() != "resource temporarily
< unavailable" {
fmt.Fprintf(os.Stderr, "Read error: %v\n", err)

return
}
time.Sleep(50 * time.Millisecond)
continue
}
b := buf[0]

// Handle ESC sequence start

if b == 27 {
// Wait briefly for more bytes
time.Sleep (50 * time.Millisecond)
n, = os.Stdin.Read(buf[1:])
total := 1 + n

if total >= 3 && buf[1l] == '[' {
switch buf[2] {
case 'A':
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fmt.Printf("\x1b[%d; 1HArrow Up %d", keyCount+1,
— keyCount+1)

case 'B':
fmt.Printf("\x1b[%d; 1HArrow Down %d", keyCount+1,
— keyCount+1)

case 'C':
fmt.Printf("\x1b[%d;1HArrow Right %d", keyCount+1,
— keyCount+1)

case 'D':
fmt.Printf("\x1b[%d; 1HArrow Left %d", keyCount+1,
— keyCount+1)

}
keyCount++
}
continue
)
// Handle Ctrl+C directly
if b == 3 {
fmt.Println("\nCtr1+C received")
return
)

// Regular character

fmt.Printf("\x1lb[%d;1HKey: %c (count: %d)", keyCount+l, b,
— keyCount+1)

keyCount++

This example is deliberately verbose and incomplete compared to what
libraries provide. It does not handle all escape sequences correctly, it has race
conditions in the signal handling, and it mixes rendering with input processing.
But it demonstrates the core concepts: raw mode for direct input access,
escape sequence parsing for special keys, a loop that processes events without
blocking indefinitely, and cleanup on exit.

Real TUI libraries solve all these problems robustly. The point of this
exercise is to appreciate what they do for you so that you can use them more
effectively and debug issues when they arise.

Common Pitfalls with Blocking 1/0

The most common mistake in TUI development is performing blocking oper-
ations on the main event loop thread. When your application calls a function
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that waits (reading from a network socket, querying a database, reading a large
file), the entire Ul freezes until that operation completes. The application
becomes unresponsive to keyboard input and stops rendering updates.

Different languages handle this differently:

Go: Using goroutines for blocking operations is idiomatic and easy. But
you must communicate results back to the main loop through channels or
Bubble Tea commands, not by directly modifying shared state (which causes
race conditions).

// WRONG: blocks the event loop

func loadData() {
data, := http.Get("https://api.example.com/data")
model.Data = parseResponse(data) // Race condition!

}

// RIGHT: use a command that runs in a goroutine
func loadDataCmd() tea.Cmd {
return func() tea.Msg {
resp, err := http.Get("https://api.example.com/data")
if err != nil {
return errMsg{err}

}
defer resp.Body.Close()
return dataloadedMsg{parseResponse(resp)}

Python: Async functions with await prevent blocking the event loop. But
calling synchronous blocking code (like requests.get or time.sleep) inside an
async handler freezes everything. Use asyncio-compatible libraries (httpx
instead of requests, aiofiles instead of open) or run blocking code in a worker
thread [14].
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# WRONG: blocks the event loop

async def on key(self, event):
data = requests.get("https://api.example.com/data").json() # Blocks!
self.data = data

# RIGHT: use async HTTP client
async def on key(self, event):
async with httpx.AsyncClient() as client:
response = await client.get("https://api.example.com/data")
self.data = response.json()

Rust: The async runtime (tokio) schedules tasks cooperatively.
Calling blocking code directly in an async task starves other tasks.
Use tokio::task::spawn blocking for CPU-intensive or blocking I/0
operations [15].

// WRONG: blocks the tokio worker thread

async fn fetch data() -> Result<Vec<Item>> {
let response = reqwest::blocking::get(url)?.json().await?; // Blocks!
Ok (response)

// RIGHT: use async client or spawn blocking

async fn fetch data() -> Result<Vec<Item>> {
let response = reqwest::get(url).await?.json().await?;
Ok (response)

The golden rule is simple: never block the event loop. If an operation might
take more than a few milliseconds, run it asynchronously and report results
back through your application’s message or event system.
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