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The first frame

Here is a whole application.

import { createApp } from "@profullstack/hqtui";

const app = createApp();
app.render(({ ui }) => {
  ui.panel({ title: "Hello" }, (p) => {
    p.text("Hello, terminal.");
    p.label("Press q to quit.");
  });
});
await app.start();


Run it and you get a bordered panel, in the terminal’s full alternate screen, that redraws when the window resizes and restores your shell cleanly when you press q. There is no configuration, no widget registry, no component lifecycle. There is a function that describes a screen.

That function is the whole model, so it is worth being precise about it.


The view is a function of your state

app.render takes a callback and calls it whenever something might have changed. It hands you a container and the current terminal size, and you draw. It does not hand you a component tree to mutate, and it does not keep a copy of your data.

This matters more than it sounds. Your state stays yours: a plain object, a class, a database handle, whatever you already had. Nothing needs to be wrapped in an observable or declared in a schema for the library to see it.

const state = { selected: 0, rows: loadRows() };

app.render(({ ui }) => {
  ui.table({
    rows: state.rows,
    selected: state.selected,
    columns: [{ key: "name", title: "Name" }, { key: "size", title: "Size" }],
  });
});


When state.selected changes, the next frame reflects it. There is no subscription to forget.



Frames are cheap because the terminal is not redrawn

The naive way to build a terminal UI is to clear the screen and print everything again. That flickers, it is slow, and it fights the scrollback.

HQTUI keeps two framebuffers. You draw into one; the encoder compares it to the last one and emits escape sequences only for the cells that differ. A dashboard where one number changed sends a handful of bytes, not a screen.

You will see this in the status bar of the demo: changed cells and the byte count of the last frame. Those numbers are the ones worth watching when a UI feels sluggish, and Performance is about reading them.



The container, briefly

The ui you are handed is a Container. Everything hangs off it, and it has two kinds of method:


	Layout, which nests: row, column, panel, grid, spacer.

	Widgets, which draw: text, table, meter, graph, button, and the rest of the gallery.



They compose the obvious way.

ui.row({ gap: 1 }, (row) => {
  row.panel({ title: "Left", size: "1fr" }, (p) => p.text("one"));
  row.panel({ title: "Right", size: "1fr" }, (p) => p.text("two"));
});


A container passed to a callback is scoped to that region. p above cannot draw outside its panel, which is why you never end up with a widget that mysteriously overwrites the one next to it.



Where the frame ends up

Nothing about this requires a terminal. The same view function renders headlessly:

import { renderToText } from "@profullstack/hqtui";

const screen = renderToText(({ ui }) => {
  ui.panel({ title: "Hello" }, (p) => p.text("Hello, terminal."));
}, { width: 40, height: 5 });


screen is a string. That is how the pictures on hqtui.com are made, how the tests in Testing assert, and how you check a layout in CI without a pseudo-terminal. It is the same code path as the real thing, not a mock of it.



What to read next

If you know what you want to draw, go to the widget gallery and copy the call. If you want to understand why your panels are the wrong size, the next chapter is the one you need.





Layout

Almost every layout question in a terminal UI is the same question: who gets the leftover space? Terminals are small, integral and resizable, so a layout that looks right at 120 columns has to degrade to 80 without you thinking about it each time.

There are three ways to size a thing, and knowing which one you asked for explains nearly every surprise.


Cells, fractions, fill

ui.column({ gap: 1 }, (col) => {
  col.text("header", { size: 1 });        // exactly one row
  col.panel({ title: "body", size: "1fr" }, () => {});  // a share of the rest
  col.spacer("fill");                      // whatever is still left
});



	A number is cells. size: 3 is three rows in a column, three columns in a row. Use it for things with a known height: a status bar, a header, a single meter.

	"1fr" is a fraction of what remains after the fixed sizes are taken. Two siblings at 1fr split the remainder evenly; 2fr and 1fr split it two to one. This is the one you want for the main body of a screen.

	"fill" takes the leftover. A spacer("fill") between two things pushes them apart, which is how you right-align the clock in a header row.



Omit size and a widget takes its intrinsic height: a four-row table takes four rows, text takes as many rows as it has lines. That default is usually right, and it is why most code does not mention sizing at all.



Rows and columns

row lays children left to right, column top to bottom. The root container is a column, so the common case needs no ceremony.

ui.row({ size: 1 }, (header) => {
  header.text(" hqtui", { bold: true, size: 12 });
  header.tabs({ tabs: ["dashboard", "traffic"], active: 0 });
  header.text("12:45:42 ", { align: "right" });
});


gap inserts blank cells between children, once, not around the outside. If you find yourself adding a trailing spacer to fake a gap, you wanted gap.



Panels

A panel is a box with a border, a title, and an interior container.

ui.panel({ title: "CPU Overview", subtitle: "62%", size: "1fr" }, (p) => {
  p.meter({ label: "all", value: 0.62 });
  p.graph({ values: history, min: 0, max: 100, size: "1fr" });
});


The interior is inset by the border, so a panel of height 10 gives its body 8 rows. This is the single most common source of “why is my graph one row too short”. If you need the body to be exactly n, ask for n + 2.



Grids

When you want a real matrix rather than nested rows, use a grid.

ui.grid({ columns: ["1fr", "1fr"], rows: ["1fr", "1fr"], gap: 1 }, (g) => {
  g.panel({ title: "CPU" }, (p) => p.meter({ label: "all", value: cpu }));
  g.panel({ title: "Memory" }, (p) => p.meter({ label: "used", value: mem }));
  g.panel({ title: "Disk" }, (p) => p.meter({ label: "root", value: disk }));
  g.panel({ title: "Net" }, (p) => p.sparkline({ values: net }));
});


Cells fill in order. A grid is the right tool when the panels are peers; nested rows and columns are right when one region genuinely contains another.



Responding to width

Terminals get narrow. Rather than guessing, ask:

ui.responsive({
  0: (narrow) => narrow.column({}, (c) => { left(c); right(c); }),
  100: (wide) => wide.row({ gap: 1 }, (r) => { left(r); right(r); }),
});


The keys are minimum widths, and the largest one that fits wins. Two breakpoints is usually enough: stacked, and side by side.



When layout is not the answer

Sometimes you want to draw exactly where you mean to, and no amount of nesting expresses it. There is an escape hatch, and using it is not a defeat:

ui.draw((surface) => {
  surface.text(0, 0, "anywhere", { fg: theme.primary });
  surface.hline(0, 1, surface.width, "─", { fg: theme.border });
});


surface is the raw region: width, height, and cell-level drawing, clipped to the area the layout gave you. Every widget in the library is built on exactly this, so nothing you can reach for is more privileged than what you can write.





Text and status

Most of a dashboard is not charts. It is labels, numbers, and the small furniture that tells you what you are looking at. Getting that furniture right is most of what makes a terminal UI feel finished.


Text, and its two shorthands

ui.text("Plain text. It fills the width it is given.");
ui.text("Bold, in the theme's primary color.", { bold: true, fg: theme.primary });
ui.text("Right aligned.", { align: "right" });
ui.text("Long copy wraps when you ask it to.", { wrap: true });


Without wrap, text is truncated at the edge with an ellipsis rather than spilling. That is deliberate: a wrapped line silently changes a widget’s height, and a dashboard whose panels resize when a hostname gets longer is a dashboard that jumps around.

Two shorthands exist because they are used constantly:


	ui.label(...) is text in the theme’s muted colour. Captions, units, the line under a number that says what the number is.

	ui.heading(...) is bold text in the theme’s title colour.



ui.heading("Storage");
ui.label("Four volumes, one degraded");


Reach for these rather than passing colours by hand. When someone switches to the light theme, muted and title follow; a hard-coded grey does not.



Badges

A badge is a status chip: short, coloured, and read at a glance.

ui.row({ size: 1, gap: 1 }, (r) => {
  r.badge({ text: "active", color: theme.success, size: 10 });
  r.badge({ text: "idle", color: theme.warning, variant: "subtle", size: 8 });
  r.badge({ text: "failed", color: theme.danger, variant: "outline", size: 10 });
});


Three variants, and they are not interchangeable. filled is loud and belongs to the one thing that matters on the screen. subtle tints the background and sits quietly in a list. outline is for a state that is notable but not current, like a job that failed an hour ago.

If every badge is filled, none of them is.



Dividers

ui.divider();
ui.divider({ label: "status", align: "center" });


A labelled divider titles a section without spending a panel on it. In a dense screen that is often the right trade: a panel costs two rows of border and a gap, a divider costs one row.



Key and value pairs

This is the backbone of every system panel, and it has one job: put labels on the left, values on the right, and align them.

ui.keyValues([
  { label: "Host", value: "web-01.iad" },
  { label: "Uptime", value: "18d 04:12" },
  { label: "Load", value: "0.42  0.51  0.60", color: theme.warning },
  { label: "Established", value: "1,284", color: theme.success },
]);


Values are pushed to the right edge by default, which is what makes a column of numbers readable. Pass spread: false and they sit next to their label instead, which reads better for prose-ish values like a file path.

Colour the value, not the label. The label is furniture; the value is the thing whose state you are signalling.



The status bar

Terminal users expect a strip of keybindings along the bottom, and expect it in a particular shape: key, then what the key does.

ui.statusBar({
  items: [
    { key: "F1", label: "Help" },
    { key: "F2", label: "Theme" },
    { key: "F3", label: "Filter", active: true },
    { key: "q", label: "Quit" },
  ],
  right: [{ label: "0.41ms  184 cells" }],
});


active highlights an entry, which is how you show that filter mode is currently on rather than merely available. The right slot is for the things that are true rather than the things you can do: frame time, a connection state, a clock.

Draw it last, after the body, with ui.spacer(1) above it. It is the one widget whose position is a convention rather than a preference, and breaking the convention makes an application feel wrong for reasons people struggle to name.





Tables, lists, trees and logs

Four widgets show a sequence of things: table, list, tree and log. They look different and share one idea, so learn the idea once.


The pane

A list of rows longer than the space it has needs two numbers: which row is selected, and which row is at the top. Those two numbers are yours.

const pane = { selected: 0, offset: 0 };

ui.table({
  rows,
  selected: pane.selected,
  offset: pane.offset,
  followSelection: true,
  onScroll: (delta) => { pane.offset += delta; },
  onSelectRow: (row) => { pane.selected = pane.offset + row; },
  columns: [...],
});


The library does not keep them, because the moment it does you have two sources of truth about where the user is, and they drift the first time you filter the list. followSelection is the one convenience: it scrolls offset so the selected row stays visible, which is what an arrow key should do.

onScroll turns the widget into its own scroll region: the wheel acts on whatever the pointer is over, rather than on one designated list per screen. Pass it, and a mouse works the way people expect.



Tables

ui.table({
  rows: files,
  selected: 1,
  zebra: true,
  columns: [
    { key: "name", title: "Name", min: 12, color: theme.primary },
    { key: "size", title: "Size", width: 9, align: "right" },
    { key: "type", title: "Type", width: 6 },
    { key: "modified", title: "Modified", width: 10, align: "right", color: theme.muted },
  ],
});


width is fixed, min is a floor for a column that otherwise shares the remainder. Give fixed widths to the columns whose content has a known shape (sizes, times, percentages) and let the name column absorb the rest. That one rule produces a table that survives being resized.

Right-align numbers. Always. A column of right-aligned figures can be compared by eye in a way a ragged one cannot, and it costs one word.

zebra tints alternate rows. It helps on wide tables and is noise on narrow ones.



Lists

A list is a table with one column and less ceremony.

ui.list({
  items: [
    { label: "apps/demo", color: theme.primary },
    { label: "packages/hqtui" },
  ],
  selected: 0,
  bullet: "▸",
  scrollbar: true,
});


Use it for navigation and for sets of things with no attributes worth a column. The moment you want a second piece of information per row, you want a table.



Trees

ui.tree({
  nodes: [{
    label: "systemd",
    expanded: true,
    values: [{ text: "1.3", width: 6 }],
    children: [
      { label: "bash", values: [{ text: "0.1", width: 6 }] },
      { label: "postgres", values: [{ text: "6.7", width: 6 }] },
    ],
  }],
  selected: 2,
});


expanded is on the node, so the shape of the tree is your data’s business. values are right-hand columns carried per node, which is how a process tree shows CPU and memory without giving up the indentation that makes it a tree.

Selection counts visible rows, not nodes: collapsing a subtree changes what index 2 means. Store the selection as an index into what is shown, and recompute it when you collapse something, or store the node id and find it each frame. The second is more code and never wrong.



Logs

Logs are the odd one out: they tail.

ui.log({
  entries: [
    { time: "12:45:02", level: "info", message: "listening on :8080" },
    { time: "12:45:09", level: "warn", message: "slow query 412ms", meta: "{table=users}" },
    { time: "12:45:11", level: "error", message: "upstream timeout" },
  ],
  fromEnd: 0,
  scrollbar: true,
});


fromEnd counts backwards from the newest line, and 0 means keep tailing. That is the opposite of offset on the other three, and it is deliberate: a log that is following the tail should stay following it when new lines arrive, and an offset from the top does the wrong thing every time a line is appended.

Scrolling back sets fromEnd to a positive number; scrolling to the bottom sets it to zero and tailing resumes. Wire it as:

onScroll: (delta) => { pane.fromEnd = Math.max(0, pane.fromEnd - delta); }


level is matched case-insensitively against the theme’s levels, so info, INFO and Info all colour the same. meta is the trailing dimmed field for structured context, and it is truncated first when the terminal is narrow, which is the right thing to lose.





Numbers that move

Nine widgets draw numbers. Choosing between them is mostly about two questions: is this one value or a series, and how much vertical space do I have?




	you have
	you have room
	use





	one ratio
	one row
	meter



	one ratio, known total
	one row
	progress



	one ratio, want it loud
	five rows
	gauge



	many ratios
	one row each
	meters



	a series
	one row
	sparkline



	a series
	several rows
	graph



	a series, short and countable
	several rows
	histogram



	parts of a whole
	several rows
	donut



	a temperature
	one row
	heatBar






One value

ui.meter({ label: "CPU", value: 0.62, style: "smooth", color: theme.primary });
ui.meter({ label: "MEM", value: 0.31, style: "segmented" });


value is 0 to 1. Out-of-range values are clamped rather than drawn off the end, and NaN renders as an empty bar rather than throwing, because a metric that is briefly unavailable should not take the dashboard down with it.

smooth uses partial block characters for sub-cell precision. segmented draws discrete ticks, like btop. Segmented reads better when several meters are stacked, because the ticks line up between rows; smooth reads better alone.

Leave color off and the bar is coloured along the theme’s heat ramp, green through amber to red as it fills. That is usually what you want for a utilisation figure, and exactly what you do not want for something where high is good. Pass an explicit colour in that case.

ui.progress({ label: "Indexing", value: 37, max: 120, showCount: true });


progress is for a job with a known total. With max and showCount it shows 37/120 rather than a percentage, which is more useful when the unit means something.



Many values

ui.meters(
  cores.map((value, i) => ({ label: `P${i}`, value })),
  { columns: 2, labelWidth: 4, valueWidth: 5, style: "segmented" },
);


One call for a whole bank, laid out in columns. Set labelWidth and valueWidth explicitly when the labels vary in length, or the bars start at different columns and the block stops reading as a unit.



A series

ui.sparkline({ label: "CPU ", values: history, text: "44%", color: theme.success });


A sparkline is one row: label, inline chart, value. Three or four stacked make an excellent compact summary, and they cost almost nothing.

ui.graph({ values: history, min: 0, max: 100, fill: true, color: theme.success, size: "1fr" });


A graph is a Braille line chart, so it draws at twice the horizontal and four times the vertical resolution of the cells it occupies. That is why it looks smooth in a space where block characters would look like stairs.

Set min and max when the scale is meaningful. A CPU graph that autoscales to its own range makes an idle machine look busy: 4% to 6% fills the panel. Pinning 0 to 100 costs nothing and tells the truth.

Several series overlay:

ui.graph({
  series: [
    { values: rx, label: "rx" },
    { values: tx, label: "tx" },
  ],
  legend: true,
  axis: true,
});


axis puts min and max labels down the left edge; timeAxis puts labels along the bottom. Both cost a row or a column, so add them when the numbers matter and leave them off in a dense grid where the shape is the point.



When Braille is wrong

Braille needs a font with Braille coverage and a terminal that renders it. Most do. When it does not, or when the series is short enough to count, block columns read better:

ui.histogram({ values: history, color: theme.accent, size: "1fr" });


The library also degrades on its own: on a terminal that reports no Unicode support, graphs fall back to block and then to ASCII rather than emitting mojibake. You do not have to detect anything.



Dials

ui.gauge({ value: 62, label: "62%" });
ui.donut({ segments: [
  { value: 4.65, color: theme.primary, label: "Used" },
  { value: 10.96, color: theme.warning, label: "Free" },
] });


A gauge wants at least nine columns by five rows; a donut about twelve by six. Below that they are drawn but not worth the space, and a meter says the same thing in one row. Use them where you have room and want one number to dominate, which on a dashboard is usually not more than once.



The heat bar

ui.heatBar({ value: 0.64 });


Segments coloured along the heat ramp with no label and no readout. It is the temperature row in btop, and it is the right widget when the colour is the information and the exact number is not.





Input and focus


Keys

app.on("key", (key) => {
  switch (key.name) {
    case "down": state.selected++; break;
    case "up": state.selected--; break;
    case "q": app.quit(); break;
  }
});


key.name is a normalised name, not a byte: "up", "pageup", "f3", "enter", "escape", "a". Modifiers are flags on the same object, so key.ctrl && key.name === "k" is the command palette and you never parse an escape sequence yourself.

Two things are worth knowing because they bite everyone once.

Terminals send Escape and the start of every function-key sequence as the same first byte. The input layer disambiguates by waiting a few milliseconds, so a real Escape arrives very slightly late. That is not a bug you can fix by polling faster, and it is why Escape is a poor choice for anything that should feel instant.

And arrow keys have two encodings. In application cursor mode a terminal sends ESC O A rather than ESC [ A, and both are decoded, so you do not care. You do care when you synthesise keys in a test: send the form your terminal mode implies, or the key will not arrive.



The mouse

Mouse handling is per widget rather than per screen, which is what makes the wheel do the obvious thing:

ui.table({
  rows,
  onScroll: (delta) => scroll(pane, delta),
  onFocus: () => focus(pane),
  onSelectRow: (row) => { pane.selected = pane.offset + row; },
});


Pass onScroll and the widget claims the region it drew; the wheel over that region scrolls it, and the wheel over the panel next to it scrolls that one instead. There is no global “which list has the mouse” state to maintain.



Controls, and how focus happens

ui.row({ size: 1, gap: 1 }, (r) => {
  r.button({ label: "Primary", width: 11, size: 11, onPress: () => confirm() });
  r.button({ label: "Danger", width: 10, size: 10, variant: "danger" });
});

ui.checkbox({ label: "Toggle", checked: state.toggle, variant: "toggle",
              onToggle: () => { state.toggle = !state.toggle; } });

ui.select({
  value: THEMES[state.theme],
  options: THEMES,
  selectedIndex: state.theme,
  open: state.open,
  onOpen: () => { state.open = !state.open; },
});

ui.textInput({ label: "Search", value: state.query, placeholder: "type to filter…" });


Focus is positional and implicit. A control that takes a handler registers itself in the order it is drawn, and Tab moves through that order. There is no focus id to assign and no tab index to keep in sync, because the order you draw things in is the order a user will read them in.

The consequence to know: a control drawn conditionally changes the tab order when it appears. If a panel shows an extra button while a job is running, the buttons after it shift by one. Usually that is right. When it is not, draw the control always and disable it.

Pass focused: true explicitly to override, which is what a modal does to put the cursor on its default button.



Tabs

ui.tabs({
  tabs: SCREENS.map((s, i) => `${(i + 1) % 10} ${s}`),
  active: SCREENS.indexOf(state.screen),
  onSelect: (index) => { state.screen = SCREENS[index]; },
});


Tabs are clickable and take a number prefix by convention, so 3 jumps to the third screen and the label tells you that without a help page. It is a small thing that makes an application feel like it was built by someone who uses terminals.



The pattern underneath

Every control here follows the same shape: it takes its current value and a callback, and it stores nothing. checked comes from your state and onToggle changes your state; the widget never holds a second copy that could disagree.

This is why there is no form abstraction in the library and no need for one. Twelve controls wired this way are twelve lines of state and twelve callbacks, and every one of them is inspectable in your own object rather than somewhere in a component tree.





Overlays

Three widgets draw over the screen rather than in it: modal, commandPalette and tooltip. They share a mechanism worth understanding, because it explains both why they work and the one way they surprise people.


They are deferred, not nested

An overlay does not draw where you call it. It registers a function that runs after the whole frame is laid out, against the root surface.

app.render(({ ui, height }) => {
  ui.row({ size: 1 }, (header) => { /* … */ });
  ui.column({ size: height - 4 }, (body) => { screen(body, state); });
  ui.statusBar({ items: KEYS });

  if (state.showHelp) {
    ui.modal({ title: "Help", width: 62, height: 18, message: HELP,
               buttons: [{ label: "Close", focused: true }] });
  }
});


The modal covers the header, the body and the status bar, even though it was called from the same container as they were and even though the container it was called on is only one row tall. That is the point: an overlay is not constrained by the region you happened to be in when you asked for it.

The surprise is the mirror image. Because overlays run last, you cannot draw on top of one from a normal widget. If you want something above a modal, it has to be another overlay, and overlays run in the order they were registered, so a tooltip registered after a modal lands on top of it.



Modals

ui.modal({
  title: "Confirm Action",
  width: 46,
  height: 9,
  message: "Terminate process 4821 (postgres)?\n\nThis cannot be undone.",
  buttons: [
    { label: "Yes", variant: "success", focused: true },
    { label: "No", variant: "ghost" },
  ],
});


message honours newlines, which is why it is a string rather than a set of children. A modal wants width and height given: sized to its content it jitters as the message changes, and a dialog that changes size while you read it is unpleasant.

Give exactly one button focused: true. That is the one Enter presses, and for a destructive action it should be the safe one.

A modal does not trap input for you. It draws; you decide what keys mean while it is up:

app.on("key", (key) => {
  if (state.showModal) {
    if (key.name === "escape" || key.name === "n") state.showModal = false;
    if (key.name === "enter" || key.name === "y") { terminate(); state.showModal = false; }
    return;                    // nothing behind the modal sees this key
  }
  // …normal bindings
});


That early return is the whole of modality. Forgetting it is why a dialog sometimes scrolls the list behind it.



The command palette

const matches = COMMANDS.filter((c) =>
  c.label.toLowerCase().includes(state.query.toLowerCase()));

ui.commandPalette({
  query: state.query,
  items: matches.map((c) => ({ label: c.label, hint: c.hint })),
  selected: state.index,
});


The palette draws a query line and the results. It does not filter: you do. That is deliberate, because your matching is better than any generic one the library could ship. Fuzzy match, match on aliases, sort by recency, put the thing they just used first. The widget’s job is to look right.

Bind it to Ctrl+K. Every application that has one binds it to Ctrl+K.



Tooltips

ui.tooltip({ text: "swap is 87% full", x: 6, y: 3 });


A small floating box anchored at a cell, clamped so it stays on screen. Use it for hover text with the mouse, or to explain a value that has just gone red.

Tooltips are the one overlay that should usually be transient. Register it only while the condition holds, and let the next frame not register it, rather than tracking a dismissal.





Themes and colour


Use the theme, not a hex code

Every draw call takes an optional colour, and every one of them defaults to something from the theme. Reaching past the theme is how a UI ends up unreadable for the person who runs a light terminal.

The palette is small on purpose:


	background, surface, foreground, muted, border

	primary, accent

	success, warning, danger

	title, borderFocused

	heat, a ramp

	a series palette, for charts



ui.text("42.1%", { fg: theme.success });
ui.badge({ text: "failed", color: theme.danger, variant: "outline" });


If you find yourself wanting a colour that is not in the list, the usual answer is that one of primary, accent or a series colour is the one you meant.



The heat ramp

theme.heat is a gradient, green through amber to red. Meters and heat bars use it by default, and you can sample it directly:

import { heatColor } from "@profullstack/hqtui";

ui.text(`${percent(load)}`, { fg: heatColor(theme, load) });


This is the right default for utilisation, and the wrong default whenever high is good. A cache hit rate of 98% drawn on the heat ramp is a bright red number that means everything is fine. Pass an explicit colour there.



Series colours

For charts with several lines, take colours from the series palette rather than picking them:

import { seriesColor } from "@profullstack/hqtui";

ui.graph({
  series: metrics.map((m, i) => ({ values: m.values, label: m.name, color: seriesColor(theme, i) })),
  legend: true,
});


They are chosen to stay distinguishable from each other and from the background, in every bundled theme, which is harder than it sounds and not worth redoing per project.



Switching themes

const THEMES = ["dark", "dracula", "nord", "tokyo-night", "light"];
app.on("key", (key) => {
  if (key.name === "f2") app.setTheme(THEMES[++i % THEMES.length]);
});


The next frame is drawn in the new theme. There is nothing to invalidate, because the view is a function and it is about to be called again anyway.

Test in the light theme at least once. It is where hard-coded colours show up, and where a muted you replaced with a grey becomes invisible.



Degradation

Not every terminal has sixteen million colours, and the library does not pretend otherwise. Capabilities are detected once and every colour is mapped down as needed: truecolour to 256, 256 to 16, and to nothing at all when the terminal is not a terminal.

This is why you should not compare colours for equality or reason about the exact bytes emitted. Write the colour you mean and let the encoder decide what the terminal can hear.

The same applies to glyphs. Braille charts fall back to block characters and then to ASCII; box-drawing borders fall back to +, - and |. You can force any of it for testing:

renderToText(view, { width: 80, height: 24, capabilities: { unicode: false, colors: "16" } });


That is worth a snapshot test if you ship to environments you do not control, because “it looked fine on my terminal” is the whole class of bug this degradation exists to prevent.



One warning about backgrounds

A background colour on a widget fills its whole region, including the cells the content does not reach. That is what you want for a selected row and what you do not want for a label, where it draws a coloured rectangle to the edge of the panel. If a background looks too wide, the widget’s region is wider than its text, and the fix is a size rather than a colour.





Testing a terminal UI

A terminal UI is unusually easy to test, because the output is a grid of characters and the renderer is a pure function of your state. There is no browser, no pseudo-terminal, and no waiting.


Render to a string

import { renderToText } from "@profullstack/hqtui";

const screen = renderToText(({ ui }) => dashboard(ui, state), { width: 80, height: 24 });
expect(screen).toContain("postgres");


That is the whole setup. renderToText runs the same code path the real application does, so a layout bug shows up here exactly as it would on screen.

For anything beyond substring matching, take the screen object:

import { renderToScreen } from "@profullstack/hqtui";

const screen = renderToScreen(view, { width: 80, height: 24 });

screen.text();          // the whole grid, trailing spaces trimmed
screen.line(3);         // one row
screen.find("CPU");     // { x, y } or null
screen.cell(4, 3);      // { char, fg, bg, attrs }
screen.regions;         // the mouse regions widgets registered




Assert on meaning, not on pixels

The temptation is to snapshot the whole screen. Resist it for anything but the smallest components. A full-screen snapshot fails when someone changes a padding, so it gets regenerated without being read, and then it is not a test.

Prefer assertions that say what you meant:

// The selected row is highlighted, wherever it ended up.
const found = screen.find("postgres")!;
expect(screen.cell(0, found.y).bg).not.toBe(screen.cell(0, found.y + 1).bg);

// The value is right-aligned in its column.
expect(screen.line(2).endsWith("4.2 KB")).toBe(true);

// The wheel can actually reach the table.
expect(screen.regions.some((r) => r.id === "procs")).toBe(true);


That last one is worth calling out. A scroll handler that is never registered because the widget was drawn in a zero-height region is invisible in a text snapshot and obvious in regions.



Colour and attributes

cell() gives you the resolved colour, so you can assert that a value went red without asserting on escape sequences:

const cell = screen.cell(screen.find("98%")!.x, screen.find("98%")!.y);
expect(cell.fg).toBe(theme.danger);


Compare against the theme’s colour rather than a literal. A test containing 0xff5555 is a test that fails when the palette is adjusted, for no reason.



Animation and frames

import { renderFrames } from "@profullstack/hqtui";

const frames = renderFrames(view, 10, { width: 40, height: 8 });
expect(frames[0].text()).not.toBe(frames[9].text());


The frame number is passed to your view, so anything driven by it is reproducible: frame 7 is always the same picture. Do not test animation by sleeping.



Degraded terminals

Force the capabilities rather than hoping:

const ascii = renderToText(view, {
  width: 80, height: 24,
  capabilities: { unicode: false, braille: false, colors: "16" },
});
expect(ascii).not.toMatch(/[⠀-⣿]/);   // no Braille survived


One test like this per project catches the whole class of “it is mojibake over SSH from the build box”.



The traps

Height matters more than you think. A widget in a region of zero rows draws nothing and throws nothing. If an assertion fails because the text is not there, print screen.text() before assuming the widget is broken; nine times out of ten the layout gave it no room.

Trailing spaces are trimmed by text() and not by line(). Comparing a whole screen against a template literal fails on invisible whitespace forever. Use toContain, or trim both sides deliberately.

A wide character is two cells. screen.cell(x, y) on the second half of a CJK glyph or an emoji returns an empty char, not the character. That is correct, and it means indexing by character offset into a line with emoji in it will drift.

The theme is resolved per render. If you pass theme: "light" to one call and compare colours against the dark theme’s constants, everything fails in a confusing way. Resolve the theme once in the test and use that object.





Performance

A terminal is a slow output device with a fast interface, and almost every sluggish TUI is sluggish for the same reason: it writes too much.


What a frame costs

Three numbers, in order of how often they explain the problem:


	Bytes written. What actually goes down the pipe. Over SSH this is the one that matters.

	Changed cells. How many cells differed from the last frame. Bytes track this closely.

	Render time. How long your view function took. Usually the smallest of the three, and usually not the problem.



The demo puts all three in its status bar, and it is worth putting them in yours while you are building:

ui.statusBar({
  items: KEYS,
  right: [{ label: `${num(state.renderMs, 2)}ms  ${state.changedCells} cells  ${state.bytes}B` }],
});


A steady dashboard at rest should be writing tens of bytes per frame, not thousands. If an idle screen is writing kilobytes, something is changing that should not be.



The usual culprits

A clock with seconds, redrawn as a whole row. The row is one string, so one digit changing rewrites the row. Draw the clock in its own small region and the diff shrinks to the digits.

Rebuilding data every frame. The view is called on every tick; if it sorts ten thousand processes each time, that is your render time. Sort when the data changes, not when the screen draws.

// Wrong: sorts every frame.
app.render(({ ui }) => {
  const rows = [...state.processes].sort(byCpu);
  ui.table({ rows, /* … */ });
});

// Right: sorts when the data or the sort key changes.
function refresh() { state.sorted = [...state.processes].sort(byCpu); }
app.render(({ ui }) => ui.table({ rows: state.sorted, /* … */ }));


Rendering rows you cannot see. Pass offset and let the widget draw the visible window. Slicing ten thousand rows to twenty yourself works too; drawing all ten thousand into a twenty-row region does not, because you paid to format every one of them.

Animating something nobody asked to animate. A spinner in a corner guarantees a non-empty diff on every single frame, forever. If the screen is otherwise static, that spinner is your entire byte budget.



Frame rate

Draw when something changed, not on a timer, whenever you can:

setInterval(() => { poll(); app.invalidate(); }, 1000);


invalidate asks for a frame. If your data arrives once a second, thirty frames a second is twenty-nine wasted diffs. The library will coalesce invalidations within a frame, so calling it from three different handlers in the same tick costs one render.

When you genuinely are animating, cap it. Sixty frames a second in a terminal is not smoother than thirty; it is the same picture and twice the bytes.



The parts that are already fast

Some things are not worth optimising because they are already handled:


	The diff. Cell comparison is a tight loop over typed arrays, and the encoder emits runs rather than per-cell escapes. It moves the cursor rather than repainting a line, and it does not reset attributes between cells that share them.

	Resizes. Buffers are reused across a resize rather than reallocated.

	Unicode width. Character widths are computed from a compact table, not by measuring, and the result is cached per code point.



You will not beat these by hand, and attempts usually end up drawing more.



Measuring properly

Render headlessly in a loop rather than eyeballing the terminal:

import { renderFrames } from "@profullstack/hqtui";

const start = performance.now();
renderFrames(view, 100, { width: 200, height: 60 });
console.log((performance.now() - start) / 100, "ms per frame");


That measures your view, without the terminal in the way. If it is fast here and slow on screen, the problem is bytes rather than compute, and the fix is drawing less rather than drawing faster.





The same screen in eleven languages

The same dashboard runs in eleven languages, and they are not all the same kind of thing. Knowing which kind you are using tells you what to expect.


Native ports

TypeScript, JavaScript, Rust, Go, Python and Zig each implement the library. Not a wrapper: the buffer, the diff, the layout engine and all twenty-eight widgets, in that language, with no shared object to install.

ui.meter(MeterOptions::new(0.62).label("CPU"));


ui.Meter(hqtui.MeterOptions{Value: 0.62, Label: "CPU"})


ui.meter(w.MeterOptions(value=0.62, label="CPU"))


They are kept honest by generated fixtures: the TypeScript reference renders a few hundred scenes, and every other port renders the same scenes and is compared cell for cell. A drifted default fails a build rather than becoming a subtle difference nobody notices for a year.

Use a native port when the language is the one your project is already in. The API is idiomatic in each: builders in Rust, option structs in Go, dataclasses in Python, anonymous struct literals in Zig.



FFI bindings

C++, Ruby, PHP and Perl reach a shared native core through a small C ABI.

ui.meter(0.62, label: 'CPU')


The trade is real and worth stating plainly: those four reach the eight widgets the core draws, not all twenty-eight. text, divider, keyValues, table, log, meter, graph and gauge. If you need tabs or a command palette in Ruby today, you need a native port instead, and the honest coverage table lives on the widget gallery.

They also need the shared library built, which the launcher does for you and your build will have to do for itself.



A bridge

COBOL is the eleventh, and it is a different idea. COBOL does not link against anything. It writes fixed-width records, which is the thing COBOL has always been good at, and an adapter reads them and draws.

MOVE "METER" TO SR-VERB
MOVE "CPU"   TO SR-KEY
MOVE "0.62"  TO SR-NUM
PERFORM EMIT-RECORD

cobc -x -free examples/widgets.cbl -o widgets
./widgets | bun adapter/render.ts

There are two adapters, one in TypeScript and one in Rust, and they produce byte-identical output from the same records. That is the point of the design: the interface is a record layout rather than an API, so it belongs to no language and no runtime, and a nightly batch job that already emits records can be pointed at a dashboard for the cost of a DISPLAY statement.

The same trick works for anything that can write a line of text. If you have a language with no port and no FFI, you have a bridge already.



Choosing


	The language your project is in has a native port: use it, and you get everything.

	It has an FFI binding: use it if the eight widgets cover you.

	It has neither, but it can print: write records and use an adapter.

	You want the demo without installing anything:



curl -fsSL https://hqtui.com/demo.sh | sh -s -- rust

That fetches the current revision, builds it in a private cache, and runs it, with --mise to use the pinned toolchain or --system to use yours. It never touches your checkout and never installs anything globally.



What is actually shared

Not code, in most cases. What is shared is the specification: the fixture scenes, the theme definitions, the layout rules, and the exact bytes the encoder should emit for a given diff. That is why the ports do not drift, and why adding a twelfth language is a matter of implementing against fixtures rather than guessing from documentation.



