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Welcome

Install Ling, write your first program, and learn how
this book works.
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Preface

This book teaches you to program, using a language called Ling. You do not need to know
anything about computers beyond how to open a folder and type in a text file. If you have
programmed before, you will fly through the first chapters and find the later ones, which are
about graphics, games and sound, a good deal of fun.

Who this book is for

I wrote the Beginner Edition with four kinds of reader in mind.

® The complete beginner. You are curious, perhaps a little nervous, and you have never
written a program. Every idea in this book is introduced with an everyday comparison
before it appears in code, and every program is small enough to type in by hand.

* The teenager (or the parent of one). You want to make games and pictures that move, not
spreadsheets. By Chapter 6 you will have a 3D room on your screen, and by Chapter 7 a
game you can play and show to friends.

* The artist or musician. You care about colour, shape, rhythm and sound, and you would
like to bend a computer to your imagination. Ling draws patterns and plays music from
nothing but numbers, and the later chapters explore that.

¢ The hobbyist coming from elsewhere. You may know Python, JavaScript or Scratch. You
will recognise most of the ideas, and the book is honest about the places where Ling is
different (there is no assignment statement, for loops have a surprising rule, and there is
no dictionary type yet).

What is Ling?

Ling (R &, "spirit language") is a programming language with an unusual feature: it is
polyglot. Its keywords can be written in English, Chinese, Japanese, Korean, Thai and many
other human languages, even mixed inside one file. The same program can be read by a
student in Beijing, Seoul, Tokyo, Bangkok or Boston. In this book we write the keywords in
English, but you will see the other spellings in the first chapter, and you can use any of them
yourself.
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Ling is also a practical language. A single, small command, ling, runs your program. The
same language opens windows, draws 2D and 3D pictures, plays and analyses sound, talks to
networks and builds programs that you can give to other people. It runs on Windows, macOS
and Linux.

Ling is also a young language, and it is still growing. Some features that you may expect from
older languages are missing, and a few behave in ways that will surprise you. A good book
should not hide that. Where Ling has rough edges, this book tells you plainly, tells you why,

and shows you how to work around them. I would rather you learn the truth than be puzzled
later.

The three editions

Ling's book comes in three parts, and each is a complete book in its own right.

Edition For Covers

Beginner (this people who are new to the language basics, your first 3D room, a small game, sound

book) programming and music, and how to build a project

Intermediate people who have data and modules, files, user-interface applications, larger
finished this book games, packaging, and a collection of recipes

Advanced experienced concurrency, networking, cryptography, artificial
programmers intelligence, compiler internals and embedding Ling in Rust

The Reference, a large catalogue of every keyword and built-in function with a verified
example, accompanies all three editions.

Three editions, one path

( N [ N
Beginner Intermediate
Language basics, first 3D room, jg Data, modules, Ul apps, games, fg-| Concurrency, networking, crypto, Al,
sound, projects files, packaging, recipes compiler internals, Rust embedding
. J L J

Figure: The Beginner edition covers the language basics, your first 3D room, sound and projects. Intermediate
covers data, modules, Ul apps, games, files, packaging and recipes. Advanced covers concurrency, networking,
crypto, Al, compiler internals and Rust embedding.
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How this book is organised

The nine tutorial chapters build on each other.

. Welcome to Ling installs the language and runs your first program.

. Values and Bindings teaches numbers, text, names and arithmetic.

. Decisions and Loops teaches if , while, for and match.

. Functions teaches how to package your code into reusable pieces.

. Lists and Text teaches collections and string handling, with three small projects.

. Your First 3D Room opens a window and builds a room you can walk around.

. Drawing and Games teaches 2D drawing, keyboard and mouse, and a complete game.
. Sound and Music makes sound and music out of numbers.

O 00 NN O U1 kAW N

. Your First Project shows how to organise, debug and ship a program.

Chapters 1 to 5 use only the terminal and need no special hardware. Chapters 6 to 8 open
windows and play sound, so you will need a computer with a screen and speakers or
headphones.

How to get the code and the examples

Every program in this book is printed in full. You can type it in, or copy it from the page, and
run it. Typing the first few by hand is a good idea: it forces you to read every character.

Every example was run on Ling 2030.1.53, the version current when this book was written.
The output printed below each program is the real output we obtained, not a hand-written
guess. More example programs, from tiny scripts to full 3D scenes, are part of the Ling
project's source repository at github.com/taellinglin/ling and the project website, ling-
lang.org.

Conventions

A short guide to the visual conventions in the book follows in the next section, "How to Use
This Book". In brief:

® code in this typeface is Ling code, or the name of something you type or see on the
screen.

® Programs are shown in boxed listings, with their output in a separate panel just below.
® Four kinds of callout box mark Tip, Note, Warning and Try it passages.
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* Every chapter ends with a summary and with exercises whose answers are at the very end
of the chapter.

A last word before you begin

Programming is not magic, and it is not only for mathematicians. It is a craft, like cooking or
carpentry. You get good at it by making things, making mistakes, and fixing them. The

mistakes are not a sign that you are doing it wrong; they
are
the learning. Every programmer you admire has seen the same error messages that you will.

Be curious. Change things. Break things on purpose to see what happens. When something
works, make it a little more ambitious. And have fun: the best reason to learn to program is
that it is a delight to make a machine do what you imagined.

Welcome to Ling.
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How to Use This Book

This short section explains the visual conventions used throughout the book, so that you can
tell at a glance what you are looking at.

Code listings

Programs appear in boxed listings with syntax colouring. There are three kinds, each with a
different label.

Complete programs

A listing that is a complete program, which you can save in a file ending in .ling and run
with ling run, looks like this:

bind start = do {

println("Hello, world!")
}

oUTPUT

Hello, world!

The panel under the listing, labelled
output
, shows exactly what the program printed when we ran it. If your output differs, check your

typing first; the programs in this book are tested.

Unless a listing says otherwise, it was run twice: with the default engine, and with the careful
interpreter (ling run --interp ). When the two engines give different answers, the text
beside the listing says so and explains why.

Windowed (GUI) programs

Programs that open a window, draw pictures or play sound carry a GUI badge on the listing:

10
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GUl
bind start = do {
open_window(320, 200, "Hello window")
while window_is_open() {
f£ill(20, 20, 60)
set_color(255, 200, 80)
draw_disc(160, 100, 50)
present()

A GUI listing is also a complete program, but its real result appears on your screen, not in the

terminal, so usually there is a screenshot beside it instead of an output panel. Close the
window or press Escape to stop it. If a GUI program also prints text, for example when it
ends, an output panel is shown.

Fragments

Sometimes we show only a few lines to make a point. These are fragments: they are not

complete programs, and they will not run unless you put them inside bind start = do { ...

} (orinside a function). Fragments carry no output panel:

FRAGMENT

bind score = score + 10

Terminal sessions

Commands you type in a terminal and the text the computer prints back are shown in a plain

panel. A dollar sign ( $ ) marks the line you type; do not type the dollar sign itself:

OUTPUT

$ ling run greet.ling

Hello, world!
My name is Ling.
2+2=14
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Callouts

Boxes in the margin of the text call attention to four kinds of thing.

TIP

A shortcut, a good habit, or a way to save time. You can skip tips, but you will probably wish
you had read them.

NOTE

Extra background or a detail that makes an idea clearer. Notes often explain
why

WHARNING

A trap. Warnings describe mistakes that cost many people time. Read these carefully; they
are the product of other people's pain.

TRY IT

A small experiment for you to run right now. Programming is learned by doing, so please do
these.

Chapter structure

Every chapter has the same shape.

1.
2.
3.
4.

12

What you'll learn, a short opening paragraph.
Short sections that each teach one idea, with small programs.
A Chapter summary, a list of the main points. It is a good way to review.

Exercises with answers under the heading Answers. Try each exercise before you read its
answer; there is often more than one correct way.
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Figures

Figures are pictures with an italic caption beneath them. Screenshots in the book were
captured from real runs of the programs shown, using the screenshot function that you will
learn in Chapter 6. Diagrams, such as the frame loop, show how an idea fits together.

Version note

Every example in this book was run on Ling 2030.1.53 (and on lingfu 2030.1.19, the project
tool). Ling is under active development. Later versions may add features or fix some of the
rough edges that the book points out. The programs here should keep working, but the
output of a newer version might differ in small ways, and a "known trap" described here may
have been repaired. When in doubt, the first line printed by the bare command 1ling shows
which version you have.

A few built-in functions that exist only in newer builds of Ling than the one we used (for
example str_to_hex, hex_to_str, rand_seed, net_local_ip, clipboard_get and
clipboard_set ) are not used in the Beginner edition for that reason.

Spelling and language

The book is written in English, and Ling's keywords are shown with their English spellings.
The other spellings, in Chinese, Japanese, Korean, Thai and other languages, are listed in the
Reference. Where a program in this book prints a message in another script, that is
intentional.

Typing the programs

A few practical points, if you are typing programs in by hand:

* Indentation is for people; Ling does not care how far a line is indented. But keep it neat.
Two spaces per level makes a program much easier to read.

® Keep the quotation marks straight. A word processor often turns straight quotes into curly
ones, which Ling cannot read. Use a plain text editor or a code editor.

® Copy a program exactly, including brackets. When a program does not work, compare it
character by character with the book.

® Lingis case-sensitive: Println isnot println.

13
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Now turn the page and begin.

14
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Learn Ling

Nine hands-on chapters from your first line of code to
a finished project.
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CHAPTER 1

Welcome to Ling

What you'll learn. In this chapter you will find out what Ling is and why it can be written in
five (and more) human languages. You will install it, run your first program, and learn the
edit-run loop that you will repeat thousands of times in your programming life. You will also
learn how this book is laid out so you can find your way around it.

Whatis Ling?

A computer program is a list of instructions written for a machine that follows them exactly,
quickly, and without ever getting bored. A programming language is the vocabulary and
grammar you use to write those instructions down. Python, JavaScript, Rust and C are
programming languages. Ling is one more, and it has a rare property: it is polyglot.

Most programming languages are written in English. The words if, while, return and
function come from English, and a student who does not speak English must learn those
words before learning anything else. In Ling, every keyword has several spellings, one for
each of many human languages, and you can use whichever you like. The program below
says hello in English:

bind start = do {
println("Hello, world!")

OouUTPUT

Hello, world!

Here is the same program written with Chinese keywords:
4 start = # {

println("fREF, HFHE!")
}

16
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OoUTPUT

frlF, R !

The words 4 and #. are the Chinese spellings of bind and do . Nothing else changed except
the greeting. Japanese, Korean and Thai work in just the same way:

RiE start = 2T {
println("CAICHEIE. HFE! ")

OUTPUT

CAICBEIE, HFR!

HIQIE start = M3 {

println("HESHM|2, M|AI1™)

OUTPUT
HESIAR, A

WA start = M {

println("adadsnlan!")

ouUTPUT

ajadvlan!

17
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One program, five vocabularies

[ English bind do print }

[ 574 = HH }
RiE £17 ENRI

— Hlols Al Z2f )

[ s KA Vi AN }

All of these spellings are valid in the same file.

Figure: The same keywords in five languages. All of these spellings are valid, even in the same file.

When you run a non-English file, Ling prints a small notice such as [detected language:
Chinese (#13X)] on a separate channel (called "standard error"), so it does not mix with your
program's own output. You can safely ignore it.

You can even mix spellings inside one file. This is allowed:

// Keywords from different languages can share one file
% start = do {

println("English and Chinese, together")

OUTPUT

English and Chinese, together

NOTE

Ling also accepts keyword spellings in French, German, Spanish, Portuguese, Russian,
Arabic, Persian, Hebrew, Urdu and Hindi. In this book we use the English spellings because
they are the most common, and because the book itself is written in English. The Reference
part of the book lists every keyword in every supported language.

Being polyglot is a friendly feature, but it would not matter much if Ling could not
do

18
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anything. Tt can. The same language drives windows, 3D graphics, sound and music,
networking, databases and games. In the beginner chapters of this book you will write text
programs first, and then build a 3D room, a small game and a tune. All of it with the same
handful of ideas.

Where does the name come from?

"non

Ling (R) is a Chinese word that can mean "spirit", "spiritual" or "quick-witted". The command-
line program that runs your code is called ling, and the project manager that creates and
packages bigger projects is called lingfu (Rf¥, "spirit token"). You will meet both of them
soon.

Installing Ling

Ling is installed from the command line. If you have never used a command line (also called
a terminal or shell), do not worry: it is a window where you type a command, press Enter,
and the computer replies. You will only need a few commands.

TIP

On Windows, open the Start menu and type "PowerShell". On macOS, open the app called
"Terminal". On Linux, press Ctrl+Alt+T or look for "Terminal" in your applications.

The one-line installers

The project provides an installer for each family of systems. It first makes sure that a Rust
toolchain is present (Ling is built from Rust source code), and then builds ling and lingfu
for you.

On macOS and Linux:

curl —-proto '=https' —-tlsvl.2 -sSf https://ling-lang.org/install.sh | sh

On Windows, in PowerShell:

irm https://ling-lang.org/install.psl | iex

The first build takes a few minutes, because your computer is compiling real software. Make
a cup of tea.

19
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If you already have Rust
If you already use Rust, you can install both tools directly from the Rust package registry:

cargo install ling-lang lingfu

After installing, the programs 1ling and lingfu are placed in a folder called .cargo/bin
inside your home folder. The installers normally add that folder to your PATH, which is the
list of places your terminal searches for programs.

Checking that it worked

Ling has no --version flag; instead, if you run ling with no arguments it prints a help text,
and the first line tells you which version you have:

OUTPUT
$ ling
ling 2030.1.53 — The Omniglot Systems Language

Usage:

ling run <file.ling> run using the Cranelift JIT backend (default)

ling run —-interp <file.ling> run using the tree-walking interpreter

If your terminal says that the command 1ing is not found, close the terminal and open a
new one (the PATH is only read when a terminal starts). If it still fails, check that the
.cargo/bin folder is on your PATH.

NOTE

Every example in this book was run with Ling 2030.1.53. Newer versions may add features.
They should not break the examples, but if a program behaves differently on your machine,
check your version first.

Your first program

Programs are ordinary text files. Do not use a word processor for them: Word and Pages add
hidden formatting that Ling cannot read. Use a plain text editor. Notepad works, and so does
any code editor (more on those below).

20
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1. Create a new folder somewhere easy to find, for example ling-book in your Documents
folder.

2. Inside it create a file called greet.ling . The extension .ling is the convention for Ling
files.

3. Type or paste the following text into the file and save it.

# My first real program

bind start = do {
println("Hello, world!")
println("My name is Ling.")
println("2 + 2 =", 2 + 2)

OouUuTPUT

Hello, world!

My name is Ling.
2+2=14

4. Open a terminal in that folder. (On Windows 11 you can right-click inside the folder and
choose "Open in Terminal"; on a Mac, drag the folder onto the Terminal icon.)
5. Type ling run greet.ling and press Enter.

You should see exactly the output shown above. Congratulations. You are now a programmer.

Reading the program
Let us look at it line by line, because every Ling program in this book has the same skeleton.

® # My first real program isa comment. Everything from a # to the end of the line is
ignored by Ling. Comments are notes to human readers. You can also start a comment
with //.

® bind start = do { ... } isthe entry point. Think of it as the front door of your program:
when you run a file, Ling looks for a binding called start (or main) and runs the
instructions between the curly braces { and }. The word bind means "give this name to
this thing". Here, the name start is given to a block of instructions (do { ... }).

® println("Hello, world!") isa function call. println is a function that prints a line of text
on your screen. What you want printed goes in parentheses.

® "Hello, world!" isa piece of text, written between double quotes. Programmers call text
a string.

21
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The very last line, println("2 + 2 = ", 2 + 2), shows something interesting: Ling did the
arithmetic for you. It computed 2 + 2, got 4, and printed it right after the text. Notice that
there is no space or separator inserted between the two things you gave to println ; thatis
why the text ends in = with a space. We will come back to this in the next chapter.

WHARNING

The entry point must be a bind of a do { } block. If you write fn main() { ... } asyou
would in some other languages, Ling will say "no entry point" and do nothing. And top-level
lines such as a bare println("hi") outside any block are a parse error. Everything you want
to run goes inside bind start = do { ... }.

The edit-run loop

Programming is a loop with three steps, and you will repeat it more often than you can
count:

1. Edit the file in your editor and save it.

2. Run it with ling run yourfile.ling.
3. Look at what happened, think, and go back to step 1.

Professionals do this too. They are simply faster at it. The most important habit you can form

is to run your program
often
, after every small change, instead of writing fifty lines and hoping they all work. If

something breaks, you will know it was your latest small change.

Try it now. Change the greeting in greet.ling, save the file, and run it again:

OUTPUT

$ ling run greet.ling

Hello, world!
My name is Ling.
2+2=14

Did your change appear? If yes, you have mastered the loop.

22
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When things go wrong

You will make mistakes; everybody does. Ling reports a mistake with a message that starts
with error[parse] (the program is not written in a form Ling understands) or

error[runtime] (the program was understandable but failed while running). Here is a classic
one. In many languages you change a variable by writing x = x + 1. Ling has no such
statement:

FRAGMENT

bind start = do {
bind x = 5
x=x+1

println(x)

OouUuTPUT

$ ling run errl.ling

error[parse]: unexpected token in expression: Eq

--> errl.ling

The message is not pretty, but it points at the problem: an unexpected = (the token called
Eq ). In Ling the way to "change" a value is to bind the name again: bind x = x + 1. We will
study this in Chapter 2.

Here is another classic: a missing closing parenthesis.

OouUTPUT

$ ling run err2.ling

error[parse]: unexpected token in expression: RBrace

-—> err2.ling

Here Ling reached the closing brace } of the block while it was still waiting for the ) that
should end println("hi" . The message names the thing it found ( RBrace ) rather than what
is missing. A good rule of thumb: when the error mentions a token that seems innocent, look
at the line just before it for a missing bracket or quote.

TIP

Read error messages from the top. Fix the first error, then run again. Later errors are often
just echoes of the first one.

23
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Choosing an editor

You can write Ling in any text editor. A code editor makes it more pleasant by colouring the
words (called syntax highlighting), matching your brackets, and offering to finish words as
you type. Popular free choices are Visual Studio Code, Sublime Text and Notepad++.

For Visual Studio Code, the Ling project provides an extension named ling-lang (found in
the Ling repository under editors/vscode-ling ). It offers:

¢ syntax highlighting for the English keywords and for all the other languages,

® auto-completion for the keywords and every built-in function, with a one-line description
when you hover over a name,

* hints showing the parameters of a function as you type its call,

* asmall "Ling Dark" colour theme,

® code snippets: type start and press Tab to get the skeleton of a program.

It also warns you when you call a function that does not exist. This is helpful for a reason you
will meet in Chapter 9: Ling itself does not always complain about misspelled function
names.

To install it, look for ling-lang in the Extensions view of VS Code. If it is not listed in the
marketplace yet, install it from the file in the repository: run code --install-extension ling-
lang-0.1.4.vsix in the folder editors/vscode-ling .

TRY IT

Open your greet.ling in a code editor with the extension installed. Hover over println
and read the description that pops up. Then misspell println as printn and see what the
editor says.

How to read this book

This book is the Beginner Edition of a three-part series.

24
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Three editions, one path

4 N [ N 7 )
Beginner Intermediate Advanced
Language basics, first 3D room, jg Data, modules, Ul apps, games, | Concurrency, networking, crypto, Al,
sound, projects files, packaging, recipes compiler internals, Rust embedding
\. A\ J L J

Figure: The Beginner edition covers the language basics, your first 3D room, sound, and your first project. The
Intermediate edition goes into data, modules, Ul apps, games, files, packaging and recipes. The Advanced edition
covers concurrency, networking, cryptography, Al, compiler internals and embedding Ling in Rust.

The chapters build on each other, so read them in order the first time. After that, use the
Reference, which is organized by topic, when you need to look something up.

Fach chapter has the same shape:

* What you'll learn at the top, so you know what to expect.

® Short sections with small, complete programs. Every program is complete. You can copy
it into a file and run it. The output printed below a program is the real output we got.

® Four kinds of callout boxes: Tip (a shortcut or good habit), Note (extra background),
Warning (a trap that will cost you time) and Try it (a small experiment for you to do right
now).

¢ A Chapter summary with the main points.

* Exercises with answers at the end. Do try them before reading the answers. Programming
is learned with the fingers, not the eyes.

Programs which open a window or play sound are labelled as such, so you know to expect
something on your screen instead of text in the terminal. The next section of the book, "How
to Use This Book", explains all the visual conventions in detail.

TIP

Type the examples by hand at least for the first few chapters instead of pasting them. Typing
forces you to read every character, and typing errors are a wonderful teacher.

Chapter summary

* Lingis a polyglot language: its keywords can be written in English, Chinese, Japanese,
Korean, Thai and more, even within a single file.

25
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Install it with the one-line installer or with cargo install ling-lang lingfu; the programs
are ling (runs your code) and lingfu (manages projects).

A program is a plain text file ending in .ling, run with ling run file.ling.
Execution starts at bind start = do { ... }.

println(...) printsaline; # and // start comments.

The edit-run loop is: edit, save, run, look, repeat. Run often.

Error messages starting with error[parse]l mean Ling could not understand the text;
error[runtime] means it failed while running.

Exercises

1.

Make a file about.ling that prints three lines: your name, your favourite colour and your
favourite number.

. In greet.ling, delete one of the quotation marks around "Hello, world!" and run it.

What does Ling say? Put the quote back.

. Change the line println("2 + 2 = ", 2 + 2) so that it prints the result of 100 / 8.
. Write the hello-world program with the keywords 4 and # instead of bind and do .

Does the output change?

. Add a comment to the top of one of your programs using #, and another using // .

Confirm that both are ignored.

Answers

1.

For example: ling-module bind start = do { println("Mina") println("green")
println(7) }

. You get an error[parse] message. The exact wording varies, because the missing quote

makes Ling treat the rest of the file as part of the text. Putting the quote back fixes it.

. println("100 / 8 = ", 100 / 8) prints 160 / 8 = 12.5.

4. The output is identical (Ling may print [detected language: Chinese (F3X)] on the side).

26

Only the spelling of the keywords changed.

. Both # note and // note are comments; the program behaves exactly as before.
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CHAPTER 2

Values and Bindings

What you'll learn. In this chapter you will meet the basic kinds of information a Ling
program works with (numbers, text and true/false answers), learn how to give them names
with bind, and do arithmetic with them. You will also discover how printing works,
including one surprising detail that catches every beginner exactly once.

Values: the things programs know about

Every program is about something: the score in a game, the name of a player, the
temperature outside. In programming, a single piece of information is called a value. The
three kinds of value you will use most are:

Kind What it holds Examples

number any number, whole or with a fraction 42, 3.14, -7

text letters, words, sentences; also called a string "hello", "Room 101"
boolean one of exactly two answers: yes or no true, false

Let us print one of each:

bind start = do {
println(u2)
println(3.14)
println("a piece of text")
println(true)
println(false)

27
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DUTPUT
u2
3.14

a piece of text

true
false

Notice three things. Numbers are written bare, with no quotes. Text is written between
double quotes. And true and false are written in lower case with no quotes, because they
are not text: they are the two answers to a yes-or-no question.

NOTE

Ling is dynamically typed: it does not make you declare in advance what kind of value a
name will hold. The name x can hold a number now and text later. Ling will not stop you,
though it will not protect you either, so keep your values tidy.

A few small rules about how to write values:

Numbers use ordinary digits and at most one decimal point: 3.14 is fine. Ling has no
scientific notation (1e3 ), no hexadecimal ( 0xff ), no digit separators (1_000 ), and you
cannot write .5 or 3..Write 0.5 and 3.0.

Text uses double quotes only. Single quotes are not text delimiters. Text can span several
lines, and it understands a few escape sequences that start with a backslash: \n for a new
line, \t foratab, \" for a double quote, and \\ for a backslash itself.

Ling also has Iists (Chapter 5), a "nothing" value written (), and more. We will meet them
when we need them.

Bindings: giving names to values

If you had to type 3.14159265358979 every time you needed pi, you would soon lose your
patience. Instead you give the value a name and use the name from then on. In Ling that is
called a binding, and you make one with bind :
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bind start = do {
bind name = "Mina"

bind age = 12

println("Hello, " + name)
println(Cname, " is ", age)
println("next year: ", age + 1)

OUTPUT
Hello, Mina

Mina is 12

next year: 13

You can read bind name = "Mina" aloud as "bind the name name to the text Mina". Think of a
name as a sticky label that you put on a value. Wherever you write the label, Ling reads the
value stuck to it.

Names may contain letters, digits and underscores, and must not start with a digit. Use
names that say what the value means: age is better than a, and tip_percent is better than
t . Programmers write for other humans first and for the computer second, and that
includes the human you will be next month.

Rebinding: how Ling "changes" things
Here is the biggest difference between Ling and many other languages. Ling has no

assignment statement. You cannot write score = score + 5. Instead, you bind the name
again:

bind start = do {
bind score = 10
println("score is ", score)
bind score = score + 5
println("score is ", score)
bind score = score * 2

println("score is ", score)
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DUTPUT
score is 10

score is 15

score is 30

Read bind score = score + 5 as: "work out what score + 5 is, using the current value of
score , then stick the label score onto the result". The old value 10 is not modified; the label
is just moved to a new value. The right-hand side is always worked out first.

If you prefer a physical analogy, think of a row of labelled jars. bind does not pour new
contents into a jar; it throws away the old label and sticks the same name onto a new jar.

WRARNING

Writing score = score + 5 isa parse error in Ling. If you come from another language,
this will bite you more than once. The cure is a habit: whenever you want to change
something, type bind .

Printing

You have already used println. There are two printing functions, print and println, and in
Ling they behave identically: both finish with a new line. When you give them several things,
separated by commas, they print all of them one after the other:

FRAGMENT

println(Cname, " is ", age)

prints Mina is 12, asthe previous example showed. Here is the surprise that I promised you.

WARRNING

println puts nothing between the things you give it. Not a space, not a comma.
println("sum", 1 + 2) prints sum3, not sum 3. If you want a space, put the space inside
your text.
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bind start = do {
println("sum", 1 + 2)
println("a", "b", "c")
println("sum: ", 1 + 2)
println("line one\nline two")
println("She said \"hi\"")

ODUTPUT
sum3

abc
sum: 3

line one

line two

She said "hi"

The first line prints sum3, the second abc, and the third sum: 3 because we included »: »
in the text ourselves. The last two examples show escapes: \n starts a new line in the middle
of the text, and \" puts a double quote inside text without ending it.

Joining text with +

You can also join pieces of text into one bigger text using +. This is called concatenation:

FRAGMENT

println("Hello, " + name)
println("Count: " + to_str(7))

When one of the pieces is a number, convert it to text first using to_str(...) (the short
name str(...) also works).

Building messages with format

When a message has many gaps to fill, format is tidier. It takes a template containing {}
placeholders, and fills them in with the remaining arguments, in order. The special
placeholder {:.2} showsanumber with two decimal places:

31



LING

bind start = do {
bind radius = 5
bind area = pi() * radius * radius
println("Area: ", round(area * 100) / 100)
println(format("Area is about {:.2}", area))
println(format("{} + {} = {}", 2, 3, 2 + 3))
println("Count: " + to_str(7))
println(to_number("12") + 1)
println(len("hello"))

OUTPUT
Area: 78.54

Area is about 78.54
2+3=5

Count: 7
13
)

round(area * 100) / 100 is a common trick for rounding to two decimals: multiply by 100,
round to a whole number, divide by 100. format("...{:.2}...", area) doesthe same job
more neatly. Notice that to_number("12") turns text into a number, and len("hello") counts
the characters in a text.

NOTE

format only understands {} and {:.N} where N is a number of decimals. There is no
padding ( {:5} ), no numbered placeholders ( {06} ), and no way to write a literal brace.

Comments

A comment is a note for humans. Everything after a # or after // on aline is ignored. Use
them to explain why you did something, not to repeat what the code obviously does:

FRAGMENT

# The shop gives 10 percent off on Fridays
bind discount = 10 // percent
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Ling has no block comments (the /* ... */ of other languages). To comment out several
lines, put # at the start of each.

Arithmetic

Ling does arithmetic with the usual symbols. Let us try them all:

println(7
println(7
println(7
println(7
println(7
println(2

OUTPUT
10

u

21

3.5

1
14

# Arithmetic playground
bind start =

do {
+ 3)
- 3)
* 3)
/2
% 2)
+ 3 % U)

println((2 + 3) * 4)
println(-5 + 2)
println(10 / 4)

The operators are + (add), - (subtract), * (multiply), / (divide) and % (the remainder after
division, also called modulo). Look at what the outputs tell us:

e 7/ 2 is 3.5.Division always gives an exact answer, not a rounded-down whole number.
If you want the whole-number part, use floor , which we meet shortly.
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® 7% 2is 1,because 2 goes into 7 three times with 1 left over. The remainder operator is
surprisingly useful. n % 2 == @ is the test for "n is even', and a value % 10 gives the last
digit.

® 2+ 3 x4 is 14 not 20. Multiplication and division happen before addition and
subtraction, just as in school mathematics. Use parentheses to say what you mean: (2 +
3) = 4 is 20.

® Negative numbers work as you expect: -5 + 2 is -3.

Order of operations in full, from strongest to weakest: a minus sign in front of a number,
then = / %, then + -, then comparisons, then s&, then || .

TIP

When you are not sure about the order, add parentheses. They cost nothing, and they tell
the reader what you meant.

A small example: splitting a bill

Let us put bindings and arithmetic to work. Four friends share a restaurant bill with an 18
percent tip:

# A tiny bill splitter
bind start = do {
bind bill = 84.50
bind tip_percent = 18
bind people = 4

bind tip = bill * tip_percent / 100
bind total = bill + tip
bind each = total / people

println("Bill: ", bill)

println("Tip: ", round(tip * 100) / 100)
println("Total: ", round(total * 100) / 100)
println("Per head: ", round(each * 100) / 100)
println(format("Each person pays {:.2}", each))
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OUTPUT

Bill: 84.5
Tip: 15.21
Total: 99.71
Per head: 24.93

Each person pays 24.93

Every line does one small thing, and every step has a name. That is the secret of readable
programs: break a big calculation into small named pieces. Notice the blank lines. Ling
ignores them, but they let us group the inputs, the calculation and the report.

A word about decimal numbers

Computers store fractions in binary, and some tidy-looking decimal numbers cannot be
stored exactly. You will occasionally see this:

bind start = do {
println(0.1 + 0.2)
println(l / 3)
println(100 * 1.1)

OUTPUT
0.30000000000000004

0.3333333333333333
110.00000000000001

This is not a bug in Ling. Every programming language that uses standard floating-point
numbers behaves the same. The tiny errors are far too small to matter in games and
drawings; when you need to show a number to people, round it, as we did in the bill splitter.

Math functions

Beyond the five operators, Ling provides a toolbox of math functions. A function is called by
writing its name and, in parentheses, the values it needs (its

arguments
). Here are the ones you will use most:
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bind start = do {
println(sqrt(81))
println(pow(2, 10))
println(abs(-7.5))
println(floor(3.9))
println(ceil(3.1))
println(round(2.5))
println(round(3.14159 * 100) / 100)
println(min(4, 9))
println(max(d, 9))
printlnCclamp(15, 0, 10))
println(pi())
println(sin(0))
println(cos(0))

OoUTPUT
9

3.141592653589793

0
1
sqrt(x) square root: sqrt(81) is9
pow(a, b) a raised to the power b
abs(x) drop the minus sign
floor(x) / ceil(x) round down / round up to a whole number
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Function What it does

round(x) round to the nearest whole number
minCa, b) / max(a, b) the smaller / the larger of two numbers
clamp(x, low, high) force x into the range from low to high
pi0 the number 3.14159...

sin(x), cos(x) trigonometry, angles in radians

Two details deserve attention. First, pi needs its parentheses: it is the function pi(), not a
bare name. Second, sin and cos use radians, where a half circle is pi() , not 180. You will
use them to make things circle and wobble in the graphics chapters.

TRY IT

Predict the output of printin(round(2.5)), println(round(-2.5)) and
println(floor(-2.5)) , then run them. Were you right?

The full list of math builtins, including tan, exp, ln, logl@, atan2, lerp and smoothstep,
isin the Reference.

Comparisons and booleans

A comparison asks a yes-or-no question and gives a boolean answer.

bind start = do {
println(5 > 3)
println(5 == 5)
println(5 != 5)
println("cat" == "cat")
println(true && false)
println(true || false)
println(!true)
bind big = 100 > 50
println("big is ", big)
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OUTPUT
true
true
false
true
false
true

false

big is true

The comparison operators are == (equal), != (notequal), <, >, <= and >=. A single = is
never a comparison in Ling; it appears only in bind . The logic operators are && ("and": both
must be true), || ("or": at least one must be true) and ! ("not": flip the answer).

We will use these answers to make decisions in the next chapter.

WHAHRNING

Do not chain comparisons the way you do in mathematics. 1 < x < 10 does not mean "x is
between 1 and 10" in Ling. Write x > 1 & x < 10.

Mistakes that fail quietly

Because Ling is forgiving, a few mistakes do not produce an error message. Here is one:

FRAGMENT
bind start = do {
println(l.5e3)

You might hope for 1500 . The number syntax stops at 1.5, so Ling reads e3 as a separate
name, which has no value. On the default engine, the program prints 1.50) . The interpreter
(which we meet in Chapter 9) is stricter and stops with error[runtime]: undefined: 'e3'.
Another quiet one: dividing by zero gives () on the default engine and inf in the
interpreter. If you ever see a () in your output where you expected a number, suspect a typo
or a mistake like these.
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Chapter summary

* A valueis one piece of information: a number (42, 3.14), text ( "hello" ), or a boolean

(true or false).

bind name = value gives a value a name. To "change" a name, bind it again: bind score =
score + 1. Thereisno x = 1.

print and println are the same; they add a new line and put nothing between their
arguments.

Join text with + (convert numbers with to_str ), or fill gaps with format("{} and {:.2}",
a, b).

Comments start with # or //.

Arithmetic: + - * / %, with the usual precedence; parentheses for clarity.

Handy functions: sqrt, pow, abs, floor, ceil, round, min, max, clamp, pi(), sin,
GOS).

Comparisons (== 1= < > <= >=) produce booleans, which combine with &&, || and .
Rounding for display: round(x * 100) / 100 .

Exercises

. Write a program that binds your age to a name and prints how old you will be in 10 years,
in the form In 10 years I will be 22.(Remember: println adds no spaces for you.)

. A rectangle is 12.5 wide and 8 tall. Bind these to names and print its area and its perimeter,
each with a label.

. Convert 98.6 degrees Fahrenheit to Celsius. The formulais (£ - 32) * 5 / 9. Print the
answer rounded to one decimal place.

.Whatdo 17 % 5, 17 / 5, floor(17 / 5) and pow(2, 8) print? Work them out on paper
first, then check by running.

.Bind n to 10. Using only bind , make n become 11, then 22, then 4 (by adding one,
doubling, and then subtracting 18). Print n after each step.

Answers

1. ling-module bind start = do { bind age = 12 println("In 10 years I will be ", age +
10) } This prints In 10 years I will be 22.

2. ling-module bind start = do { bind w = 12.5 bind h = 8 println("Area: ", w * h)

println("Perimeter: ", 2 * (w + h)) } This prints Area: 100 and Perimeter: 41.
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3. bind ¢ = (98.6 - 32) * 5 / 9 followed by println(round(c * 10) / 10) prints 37. (98.6

degrees Fahrenheit is body temperature, 37 degrees Celsius.)
4. 17 % 51is2, 17 / 5 is 3.4, floor(17 / 5) is 3 and pow(2, 8) is 256.

5. ling-module bind start = do { bind n = 10 bind n = n + 1 println(n) bind n = n * 2

println(n) bind n = n - 18 println(n) } This prints 11, 22 and 4.
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CHAPTER 3

Decisions and Loops

What you'll learn. Programs become interesting when they can choose between actions and
repeat actions. In this chapter you will learn if and else to make decisions, while and for
to repeat work, and match to pick between many cases. You will also learn two traps that
catch nearly every Ling beginner, and how to walk around them.

Making decisions with ir

Imagine a robot following written instructions: "If it is hot, drink water." The robot checks a
condition, and only if the condition is true does it perform the action. The Ling version looks
almost the same:

bind start = do {
bind temperature = 31
if temperature > 30 {
println("It is hot. Drink water.")
}

println("Done checking.")

OUTPUT

It is hot. Drink water.

Done checking.

The pattern is if condition { ... }.The condition is any expression that produces true or
false, usually a comparison like temperature > 30 . If it is true, the instructions inside the
braces run. If it is false, Ling skips them. The last println is outside the braces, so it always
runs.

Notice there are no parentheses around the condition and the braces are required, even for
a single instruction.
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TIP

Change temperature to 20 and run again. The first message disappears and only Done
checking. is printed. Experiments like this are the quickest way to understand a program.

else ¢ the other road

Often you want one thing to happen when the condition is true, and a different thing when it
is false. That is else:

bind start = do {
bind age = 15
if age >= 18 {
println("Adult ticket")
} else {
println("Youth ticket")

oUTPUT

Youth ticket

Exactly one of the two blocks runs, never both and never neither. Think of a fork in the road.
Many roads: else if

You can chain decisions. Ling tests the conditions from top to bottom and runs the first block
whose condition is true. The rest are skipped.
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bind start = do {

bind score = 83

if score >= 90 {
println("Grade A")

} else if score >= 80 {
println("Grade B")

} else if score >= 70 {
println("Grade C")

} else {
println("Keep practising")

OUTPUT

Grade B

An 83 is not at least 90, so the first test fails. It is at least 80, so the second succeeds, and Ling
prints Grade B and ignores the remaining branches (even though 83 is also at least 70).
Because order matters, always put the most specific or the largest threshold first.

WARARNING

If you wrote the grade tests in the opposite order ( score >= 70 first), every score from 70 up
would be a "C". Read your chain from the top and ask at each step: "can this branch steal a
case that belongs to a later one?"

Combining conditions

The logic operators from the last chapter let you ask compound questions. Remember: &&
means "and", || means "or", and ! means "not".
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bind start = do {

bind n = 7
if n%2==0 {
println(n, " is even")
} else {
println(n, " is odd")
}

bind hour = 14

if hour >= 9 && hour < 17 {
println("The shop is open")

}

bind raining = true

bind have_umbrella = false

if raining && !have_umbrella {

println("You will get wet")

DUTPUT
7 is odd

The shop is open

You will get wet

n % 2 == 0 is the classic evenness test: an even number leaves no remainder when divided
by 2. The shop is open when the hour is 9 or later and before 17. And you get wet if it is
raining and you do not have an umbrella ( !have_umbrella flips false to true).

NOTE

Comparisons and logic combine in a fixed order: arithmetic first, then comparisons, then
&&, then || .In hour >= 9 & hour < 17 the two comparisons are worked out first and
then joined. When in doubt, use parentheses.

Bindings inside if

Names that you bind inside an if block stay alive after the block ends. In some languages, a
variable created inside braces disappears at the closing brace; in Ling, the if (and the

while ) blocks share the surrounding scope. That means you can write this and it works as
you would hope:
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FRAGMENT

if score > 50 {

bind result = "pass"
} else {

bind result = "fail"
}
println(result)

We will use this in the Collatz example below.

Repeating with unite

A while loop repeats a block as long as its condition remains true. Picture a child on a swing:
"while I am still swinging, keep pushing".

bind start = do {
bind i = 1
while i <= 5 {
println("Count: ", i)
bind i =i + 1
}
println("Liftoff!")

oUTPUT

Count:

1
Count: 2
Count: 3

4
)

Count:
Count:
Liftoff!

Study the shape of this loop, because you will write it constantly:

1. Set a counter before the loop (bind i = 1).
2. State the condition that keeps the loop going (i <= 5).
3. Inside the loop, do the work and move the counter forward (bind i = i + 1).
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Step 3 is the one that beginners forget. If you never change i, the condition stays true
forever and the loop never ends: an infinite loop. If this happens, your terminal appears
frozen. Press Ctrl+C to stop the program.

WHAHRNING

An infinite loop in a text program is annoying; in a window program (Chapter 6) it can lock
up the window. Always check that something inside your while changes the thing that its
condition looks at.

Accumulating a result

The most useful trick with while is the accumulator: a name that collects a running result.

bind start = do {
bind total = 0
bind n = 1
while n <= 100 {
bind total = total + n
bind n = n + 1
}
println("1l + 2 + ... + 100 = ", total)

bind balance = 100

bind years = 0

while balance < 200 {
bind balance = balance * 1.07
bind years = years + 1

}

println("Doubling at 7 percent takes ", years, " years")

OouUTPUT

1+2+ ...+ 100 = 5050

Doubling at 7 percent takes 11 years

The first loop adds the numbers 1 to 100 into total . Each pass through the loop, total is
rebound to its old value plus the current n. (The story goes that the mathematician Carl
Friedrich Gauss did this sum in his head as a schoolboy; a computer needs a hundredth of a
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millisecond.) The second loop answers a real question: how many years does it take for
savings to double at 7 percent interest? Notice that we did not need to know the answer in
advance. The loop keeps going until the condition balance < 200 is false.

When you do not know how many repetitions you will need, while is the right tool.

A loop with a decision inside it

Loops and decisions nest in each other like boxes. Here is a famous puzzle, the Collatz
sequence. Start with any number. If it is even, halve it. If it is odd, triple it and add one.
Repeat until you reach 1. Nobody has ever proved that every starting number gets there, but
27 does, and we can count how many steps it takes:

bind start = do {
bind n = 27
bind steps = 0
while n !'= 1 {
if n %2==0 {
bind n = n / 2
} else {
bind n = n * 3 + 1
}
bind steps = steps + 1
}
println("Collatz steps for 27: ", steps)

OoUTPUT

Collatz steps for 27: 111

Because if and while share their surroundings, the bind n = ... inside the if really does
change the n that the while tests. This is exactly the behaviour we want.

Counting with +or

When you do know how many times to repeat, for is more compact. A for loop walks
through a range of numbers:
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bind start = do {
for i in 0..5 {

println("i is ", i)
}
for k in 1..4 {

println(k, " x 7 =", k * 7)
}

i is

i is

i is

0..5 means "the numbers 0, 1, 2, 3 and 4". The range starts at the first number and stops just
beforethe second. That is why for i in ©..5 runs exactly 5 times, and why computer
people often count from 0. The name i (or k, or anything you like) is bound to each number
in turn.

A range can go through any whole numbers: 1..4 gives 1, 2 and 3.

You can also walk straight through a list, which Chapter 5 explores in detail:

bind start = do {
bind xs = [10, 20, 30]
for x in xs {
println(x * 2)
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DUTPUT
20

4o
60

Trap 1: the range end must be one simple thing

This is a trap, and a nasty one because Ling does not warn you. The end of a range must be a
single token: a number, a name, or a parenthesised expression. It cannot be a function call or
a sum written without parentheses.

FRAGMENT

bind xs = [10, 20, 30]

for i in 0..len(xs) { // WRONG: silently runs zero times
println("item ", i)

}

for i in 0..(len(xs)) { // RIGHT: parentheses

println("item ", i)

Here is a complete program that runs both versions side by side:

bind start = do {

bind xs = [10, 20, 30]

println("the wrong way:")

for i in 0..len(xs) {
println("item ", i)

}

println("the right way:")

for i in 0..(len(xs)) {
println("item ", i)

3

println("straight over the list:")

for x in xs {

println(x)
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OoUTPUT

the wrong way:

the right way:

item 0

item 1

item 2

straight over the list:
10

20

30

The "wrong way" prints nothing at all. Ling read 0..1len as the range and then did not know
what to do with (xs) . (The interpreter, run with ling run --interp, reports an undefined:
'len' error instead of staying quiet. We will come back to that difference in Chapter 9,
because it is one of the best debugging tools you have.)

TIP

Make it a rule: whenever a range end is anything other than a plain number or a plain
name, wrap it in parentheses. 0..(n + 1), 0..(len(xs)) .

Trap 2: a for loop cannot update outside names

Now the most surprising rule in Ling. Inside a for loop, each pass works on its own fresh
copy of the surrounding names. When you bind something inside a for , that binding does
not escape. Look at this attempt to add up the numbers 1 to 4:

bind start = do {
bind total = 0
for i in 1..5 {
bind total = total + i
}
println("total after for: ", total)

OoUTPUT

total after for: 0
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The total should be 10. It is 0, because the bind total = total + i changed only a private
copy that was thrown away at the end of each pass. This happens in both of Ling's engines, so
you can rely on it.

The cure is simple: if you want to accumulate a result, use while . The loops earlier in this
chapter already do it correctly. If you like the neatness of for for printing and drawing, use
it for that. If you need to collect a total, a count, a maximum or a growing text, use while .

NOTE

Loops that only do things (print, draw, play a note) are perfectly fine as for . The trap only
bites when the loop is supposed to leave something behind in a name.

Nested loops: drawing a triangle

A loop inside another loop is called a nested loop. The outer loop picks a row; the inner loop
works along the row. Here the outer loop isa for (it only prints), and the inner one is a
while (it builds up the text line):

bind start = do {
for row in 1..6 {

bind line = ""

bind col = 0

while col < row {
bind line = line + "=*"
bind col = col + 1

}

println(line)

oUTPUT

*

*%
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Each row is one star longer than the one before. Notice how bind line = "" resets the text at
the start of each row, and how col has to be reset too. Those resets are where nested loops
usually go wrong.

No break and no continue

Some languages let you jump out of a loop early with break . Ling's stop and again are
reserved words, but in the current version they do not do anything. To leave a loop early,
make the condition false. A common way is a flag:

FRAGMENT
bind searching = true
bind i = 0
while searching && i < 100 {
if i * i > 50 {
bind searching = false
} else {
bind i =i + 1

match : Choosing between many values

Along else if chain that compares one value against many possibilities is clumsy. match is
neater. You give it a value and a list of arms, each written pattern => action . Ling tries the
arms from the top and runs the first one that fits. The pattern _ fits anything, so it makes a
good "everything else" arm.
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bind start = do {

bind day = 3

match day {
1 => println("Monday")
2 => println("Tuesday")
3 => println("Wednesday")
_ => println("Some other day")

}

bind word = "red"

match word {
"red" => println("stop")
"green" => println("go")

_ => println("wait")

OoUTPUT

Wednesday

stop

You can match numbers and text. The arms are checked in order, so keep _ last.

match can also produce a value, so you can bind its result:

bind start = do {
bind label = match 2 {
1 => "one"
2 => "two"
- => "many"
}
println(label)

OUTPUT

two
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WARNING

Ling does not check that you covered every case. If no arm matches and there isno _, the
match quietly produces O, the "nothing" value. Always end with _ unless you are certain.

In this chapter we only matched literal values. match can also take apart the results of
operations that might fail (ok(...) and bad(...) ) and your own custom types. You will meet
that when we study more advanced data.

TRY IT

Change day to 9 and run d11 again to see the _ arm in action. Then delete the _ line and
run it a third time. What is printed?

Chapter summary

® if condition { ... } runsa block only when the condition is true; add else { ... } for
the alternative and else if for chains. Braces are required; parentheses around the
condition are not.

e Combine conditions with &&, || and ! . Test evennesswith n % 2 == 0.

® if and while blocks share the surrounding names, so binds inside them persist.

® while condition { ... } repeats while the condition holds. Always move something
toward ending the loop. Use Ctrl+C to stop a runaway.

® Use while with an accumulator to compute totals, counts and other running results.

® for i in a..b countsfrom a up to, but not including, b . It also walks lists: for x in xs.

® Trap 1: a range end must be a single token. Write @..(len(xs)) , not 0..len(xs) .

® Trap 2: binds inside a for body do not escape the loop. Accumulate with whitle .

® There is no working break or continue ; use a flag in the while condition.

® match value { pattern => action _ => fallback } chooses between many cases and may

produce a value.

Exercises

1. Write a program that binds a number n and prints positive, negative Or zero .
2. Print the multiplication table of 6 from 6 x 1 to 6 x 10, using a for loop.
3. Use a while loop to add up all the even numbers from 2 to 50 and print the total.
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4. Starting with 1, double a number until it is larger than 1000. Print how many doublings it
took and the final value.

5. (Challenge) Print a triangle of numbers where row 1is 1, row 2is 12, row 3is 123, up to
row 5. Hint: build a text in an inner while loop with to_str.

Answers

1. ling-module bind start = do { bind n = -4 if n > 0 { println("positive") } else if n
< 0 { println("negative") } else { println("zero") } }

2. ling-module bind start = do { for k in 1..11 { println("6 x ", k, " =", 6 * k) } }
The range ends at 11 because the end is excluded.

3. ling-module bind start = do { bind total = 0 bind n = 2 while n <= 50 { bind total =
total + n bind n = n + 2 } println(total) } The total is 650.

4. ling-module bind start = do { bind v = 1 bind count = 0 while v <= 1000 { bind v = v

* 2 bind count = count + 1 } println(count, " doublings, final value ", v) } This
prints 10 doublings, final value 1024 .

5. ling-module bind start = do { for row in 1..6 { bind line = "" bind ¢ = 1 while c <=
row { bind line = line + to_str(c) bind c = c + 1 } println(line) } }
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CHAPTER 4

Functions

What you'll learn. A function is a named recipe: you write the steps once, and use them as
often as you like. In this chapter you will define your own functions with fn, give them
parameters, get answers back with return, and discover how a function can even call itself.
You will finish by building small, complete programs from well-chosen pieces.

The problem functions solve

Suppose you want to greet three people. You could write three printin lines with slightly
different text. For three people that is fine; for three hundred it is a chore, and if you later
decide the greeting should end with a smiley, you must change three hundred lines.

A function solves this. It is a named, reusable block of instructions. You have been using
functions since Chapter 1: println, sqrt and round are all functions that someone wrote
for you. Now you will write your own.

Defining and calling a function

fn greet(name) {
println("Hello, " + name + "!")

}

bind start = do {
greet("Ada")
greet("Grace")
greet("Mina")

}
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OUTPUT
Hello, Ada!

Hello, Grace!

Hello, Mina!

The pattern is:

FRAGMENT
fn name(parameter) {

. instructions ...

® fn isthe keyword that says "I am defining a function".
® greet isthe function's name. Pick a verb or a clear description.

® name in parentheses is a parameter: a blank that is filled in each time the function is
used. Inside the function, it behaves like a name bound to whatever value you passed in.

® The braces hold the body, the instructions the function carries out.

Defining a function does not run it. Just as a recipe in a cookbook produces no cake until
someone cooks, the body only runs when you call the function: greet("Ada") . The value in
parentheses (the argument) is poured into the parameter.

Note where the function sits: outside and above bind start . In Ling, the top level of a file
may contain only bind, fn, and a few other definitions. The instructions that do things live
inside start .

TIP

Think of a function as a vending machine. You put in the arguments, something happens
inside, and (sometimes) something comes out. You do not need to know how the machine
works to use it; you only need to know what to put in and what you get back.

More than one parameter

A function can take several parameters. Separate them with commas in the definition and in
the call, and the arguments are matched up by position.
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Getting answers back with return

So far greet only prints. Often you want a function to compute something and hand the
answer back, so that the caller can use it in further calculations. That is what return does:

fn square(n) {

return n * n

fn average(a, b) {
return (a + b) / 2

bind start = do {
println(square(7))
println(average(10, 25))
println(square(average(2, 4)))

DUTPUT
4o

return n * n ends the function immediately and gives n * n back to the caller. Because the
call square(7) has a value, you can use it anywhere a value is allowed: inside println, inside
a bigger expression, or even as the argument of another call. The last line, square(average(2,
4)) , is worked out from the inside out: average(2, 4) is 3, and square(3) is9.

Early returns

A function can have several return statements. The first one that runs ends the function, so
you can use them to handle special cases up front, which keeps the rest of the function
simple:
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fn cube(n) { n *x n * n }

fn describe(n) {

if n <0 {
return "negative"
}
if n==0 {
return "zero"
}

return "positive"

bind start = do {
println(cube(3))
println(describe(-5))
println(describe(0))
println(describe(12))

DUTPUT
27

negative

zero

positive

Look at describe . If n is negative, the first return fires and the function is finished; the
other tests are never even looked at. There is no need for else here because a return
already leaves the function. Also notice cube : when a function body is just one expression,
you may leave out return, and the value of the last expression is returned automatically. We
recommend writing return anyway; it makes your intention obvious.

NOTE

A function that never returns a value gives back (), the "nothing" value. If you print the
result of greet("Ada") you will see () . This is why you should not use the result of a
function that only prints.
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Types are optional

If you have seen other languages, you may wonder whether Ling lets you declare what kinds
of values a function accepts. You may write fn double(x: number) —> number { ... },and
Ling accepts it, but it currently ignores these annotations entirely. They serve only as notes
for human readers. We leave them out in this book.

Functions that call functions

Real programs are built in layers. Small functions do one tiny job; bigger functions combine
them. Here is a temperature converter:

fn celsius_to_f(c) {

return ¢ * 9 / 5 + 32

fn fahrenheit_to_c(f) {
return (f - 32) x5/ 9

bind start = do {

println("@ C =", celsius_to_f(0), " F")
println("37 C = ", celsius_to_f(37), " F")
println("100 C = ", celsius_to_f(100), " F")
println("212 F = ", fahrenheit_to_c(212), " C")
println("")

println("Celsius Fahrenheit")

bind c = -10

while c <= 40 {
printlnCc, " ", celsius_to_f(c))
bind ¢ = ¢ + 10
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OoUTPUT

0C =232F
37 C =98.6 F
100 C = 212 F
212 F 100 C

Celsius Fahrenheit

-10 14
0 32
10 50
20 68
30 19
4o

The two conversion functions each hold one formula. start uses them as a toolbox. Notice
how readable start is: it says what happens (convert 100 degrees) without showing how. The
formula lives in exactly one place, so if you find a mistake, you fix it once.

The table at the bottom uses a while loop (remember: loops that need to change a counter
use while ) and calls celsius_to_f on every pass.

TRY IT

Add a function km_to_miles(km) (multiply by 0.621371) and print a table for 10, 20, ..., 100
kilometres.

What a function can see

Each time a function runs, it gets its own private set of names: its parameters, and anything
it binds itself. They disappear when the function ends, and they cannot collide with names in
the code that called it. The function below counts using its own i, but the caller's i is
untouched:
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fn count_up(limit) {
bind i = 1
while i <= limit {
println(i)
bind i = i + 1
}
println("counted to ", limit)

bind start = do {
bind i = 99
count_up(3)
println("my own i is still ", i)

ouUTPUT

counted to 3

my own i is still 99

A function can also see names bound at the top level of the file, outside any function. That is
the right place for constants (values that never change) such as a tax rate:

bind tax_rate = 0.2
fn with_tax(price) {

return price + price * tax_rate

bind start = do {
println(with_tax(50))
println(with_tax(9.99))
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DUTPUT
60

WHAHRNING

A function cannot see the local names of the function that called it. If start binds radius
= 5 inside its braces and a function you wrote uses radius , the function will not find it.
Pass it in as an argument instead. Passing values in explicitly makes functions easier to
understand and reuse.

Functions that call themselves

Here is a mind-bending idea: a function may call jtself. This is called recursion, and it is
surprisingly natural. The factorial of a number n (written n!)is n times all the whole
numbers below it downto1.So 5! = 5 * 4 * 3 » 2 * 1 = 120. Notice that 5! = 5 » 4! . The
big problem contains a smaller version of itself.

Every recursive function needs two parts:

1. A base case: a situation so simple that the answer is known directly (1! = 1). Without it
the function would call itself forever.

2. A recursive case: it solves a slightly smaller problem by calling itself, and combines the
result.
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fn factorial(n) {
if n <=1 {
return 1
}

return n * factorial(n - 1)

fn fib(n) {
ifn<2{
return n

}
return fib(n - 1) + fib(n - 2)

bind start = do {

println("5! = ", factorial(5))
println("10! = ", factorial(10))
bind i = 0
while i < 12 {
println("fib(", i, ") = ", fib(i))
bind i =i + 1
}
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OUTPUT

51 =120

10! = 3628800
fib(0)
fib(1)
fib(2)
fib(3)
fib(d)
fib(5)
fib(6)
fib(7)
fib(8)
fib(9)
fib(10) = 55
fib(11) = 89

Follow factorial(3) by hand:

factorial(3) returns 3 * factorial(2) .

factorial(2) returns 2 * factorial(l) .

factorial(l) is the base case and returns 1.

Now the answers climb backup: 2 * 1 = 2,then 3 x 2 = 6.

The second function, fib, computes the Fibonacci numbers: 0,1, 1, 2, 3, 5, 8, 13, ..., where
each number is the sum of the two before it. It has two base cases (0 and 1) and calls itself
twice. Fibonacci numbers appear in the spirals of shells and sunflowers, which is a good
reason to remember them.

WHARNING

Recursion has costs. A function that calls itself forever runs out of room and crashes. And
the doubled call in fib is slow for big inputs: fib(35) does tens of millions of calls. Use
recursion where the problem is naturally nested, and loops where a plain counting job will
do.

Organizing a program

Once you know functions, a good habit is to make start read like a table of contents. Put
each job in a function with a clear name, and let start do little more than call them in order.
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A good function:

* does one thing, and its name says what,
¢ takes everything it needs as parameters,
e cither returns a value or does something (prints, draws), not both,

¢ fits on one screen.

Compare two versions of "print the area of a circle". In the first, the formula is buried in
start . In the second, there is a function circle_area(r) that returns a number, and start
prints it. The second can be reused by a game that needs the number but never wants to
print it.

Also remember to order your file sensibly: constants first, then helper functions from the
simplest to the most complex, and bind start last.

Mini-project: FizzBuzz

FizzBuzz is the best-known beginner puzzle. Count from 1 to 20. For multiples of 3 print
Fizz , for multiples of 5 print Buzz , for multiples of both print FizzBuzz, and for everything
else print the number. (It is also a famous job-interview question, so you are about to learn
something with practical value.)
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fn fizzbuzz(n) {

if n % 15 == 0 {
return "FizzBuzz"

}

if n %3 ==0 {
return "Fizz"

}

if n %5 ==0 {
return "Buzz"

}

return to_str(n)

bind start = do {
for n in 1..21 {
println(fizzbuzz(n))

® -

LING
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OoUTPUT

FizzBuzz
16
17

19

The order of the tests matters. A multiple of 15 is also a multiple of 3 and 5, so it must be
checked first, otherwise it would print just Fizz . The function turns a number into a word,
and start simply loops and prints. This separation means you could reuse fizzbuzz
anywhere.

Mini-project: a number-guessing helper

In the game "guess my number", one player thinks of a number between 1 and 100, and the
other guesses. After each guess, the first player says "too low", "too high" or "correct". The
smartest strategy is to always guess the middle of the remaining range, so that each answer
halves the possibilities. A hundred numbers needs at most seven guesses. Let us teach the

computer this strategy:
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# A "guessing helper": it finds a secret number from 1 to 100

# by always guessing the middle of the remaining range.

fn clue(guess, secret) {
if guess < secret {
return "too low"
}
if guess > secret {
return "too high"
}

return "correct"

fn find_secret(secret) {
bind low = 1
bind high = 100
bind tries = 0
while true {
bind guess = floor((low + high) / 2)
bind tries = tries + 1
bind answer = clue(guess, secret)
println("guess ", guess, ": ", answer)
if answer == "correct" {
return tries
}
if answer == "too low" {
bind low = guess + 1
} else {
bind high = guess - 1

bind start = do {
bind n = find_secret(37)

println("Found it in ", n, " guesses")

®
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OUTPUT
guess 50: too high
guess 25: too low

guess 37: correct

Found it in 3 guesses

The function clue is the referee. It compares a guess with the secret and returns one of three
texts. find_secret isthe player: it keepsa low and a high end of the range still possible,
guesses the middle ( floor rounds down), asks the referee, and narrows the range. Note
while true : thisloop has no natural end, so we leave it with return when the answer is
correct. That is one safe way to write a loop with an exit in the middle.

TRY IT

Change the secret from 37 to 1 and to 100, and see how many guesses are needed. Then try
other values. You should never need more than seven.

Notice how this program has three layers: clue knows the rules, find_secret knows the
strategy, start knows the story. You can change any layer without touching the others.

Silent mistakes with function names

One last warning, which is so important that it gets its own section. If you misspell a function
name, the default engine does not complain:

FRAGMENT

bind start = do {
println(double(21))
println(doubel(21)) // typo

On the default engine, the second line prints () and carries on as if nothing were wrong.
The interpreter, however, stops with error[runtimel: unknown function 'doubel' .Ifa
function seems to "do nothing", or if () shows up in your output, run the program with ling
run -—interp yourfile.ling. We will study this properly in Chapter 9.
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Chapter summary

fn name(parameters) { body } defines a function; define it at the top level of the file,
outside start.

A function runs only when it is called: name(arguments) .

return value hands a value back and ends the function; a function can have several
returns.

Without return, the value of the last expression is returned; a function that does not
compute anything returns () .

Parameters and names bound inside a function are private to it. Functions can see top-
level bindings but not the local names of their caller.

A function may call itself (recursion) if it has a base case that stops the process.

Build programs in layers of small functions with clear names; keep start short.

Type annotations are accepted but ignored.

Misspelled function names fail silently on the default engine; use ling run —-interp to
catch them.

Exercises

1. Write a function is_even(n) that returns true or false, and print is_even(10) and
is_even(7) .

2. Write max3(Ca, b, c) that returns the largest of three numbers. (Hint: the built-in max
takes two arguments, and you can nest it.)

3. Write sum_to(n) thatreturns 1 + 2 + ... + n usinga while loop, and then a second

version sum_to_r(n) that uses recursion. Check both give 5050 for 100.

. Write power(base, exp) recursively, using only multiplication. ( power(2, 10) should be
1024.)
. Write grade(score) that returns "a" for 90 and over, "B" for 80 to 89, »c* for 70 to 79 and

"F" otherwise. Then use it to print the grades for the scores 95, 85, 75 and 40.

Answers

1. ling-module fn is_even(n) { return n % 2 == 0 } bind start = do {

println(is_even(10)) println(is_even(7)) } This prints true and false.

2. fn max3(a, b, ¢) { return max(a, max(b, c)) }.Calling max3(4, 9, 6) gives9.
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3. ling-module fn sum_to(n) { bind total = @ bind i = 1 while i <= n { bind total =

72

total + i bind i = i + 1 } return total } fn sum_to_r(n) { if n <= 0 { return 0 }
return n + sum_to_r(n - 1) } Both return 5050 for 100.

. ling-module fn power(base, exp) { if exp == 0 { return 1 } return base * power(base,

exp - 1) } The base caseis exp == 0, since anything to the power 0 is 1.

. ling-module fn grade(score) { if score >= 90 { return "A" } if score >= 80 { return

"B" } if score >= 70 { return "C" } return "F" } bind start = do { for s in [95, 85,
75, 401 { println(s, ": ", grade(s)) } } This prints 95: A, 85: B, 75: C and 40: F.
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CHAPTER 5

Lists and Text

What you'll learn. Until now each name held one value. In this chapter you will learn to
keep many values together in a list, to walk through them with loops, and to take text apart
and put it back together again. You will finish with three small projects: a word counter, a
shopping list and a statistics tool. You will also learn what to do about the fact that Ling has
no dictionary type yet.

Lists: a row of boxes

Imagine a row of numbered boxes. Each box holds one value, and you find a value by its box
number. That is a list. Lists are how a program holds a collection: the scores of five players,
the names in a class, the pixels of a row in a picture.

You write a list between square brackets, with the values separated by commas:

bind start = do {
bind fruits = ["apple", "banana", "cherry"]
println(fruits)
println(len(fruits))
println(list_get(fruits, 0))
println(list_get(fruits, 2))
bind fruits = list_push(fruits, "date")
println(fruits)
println("now ", len(fruits), " fruits")
bind fruits = list_set(fruits, 1, "blueberry")
println(fruits)
println(list_join(fruits, ", "))
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OUTPUT

[apple, banana, cherry]
3

apple

cherry

[apple, banana, cherry, date]

now 4 fruits
[apple, blueberry, cherry, datel]
apple, blueberry, cherry, date

Let us unpack this:

® ["apple", "banana", "cherry"] isa list of three pieces of text. Printing a list shows its
contents in square brackets (text without its quotes).

len(fruits) isthe number of items: 3. The same function counts the characters of a text.

® list_get(fruits, @) fetches the item at position 0. Positions start at 0, not 1. The first
item is number 0; the last of three is number 2. This is called zero-based indexing and is
common in programming. If it feels strange, think of the position as "how many items do I
skip before this one?"

® list_push(fruits, "date") produces a list with an extra item at the end.

® list_set(fruits, 1, "blueberry") produces a list with the item at position 1 replaced.

® 1list_join(fruits, ", ™) glues the items into one text, using the separator you give.

Notice that after list_push and list_set we wrote bind fruits = ... again. That brings us
to the most important rule of this chapter.

WHAHARNING

Always rebind the result of list_push and list_set.Write bind fruits =
list_push(fruits, "date"), never just list_push(fruits, "date").On one of Ling's two
engines the original list is also changed behind your back, and on the other it is not. Code
that relies on either behaviour is a bug waiting to happen. By always rebinding, you get the
same result everywhere.

Why rebinding matters: a demonstration

The following tiny program shows what happens if you rely on the original staying
unchanged:
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bind start = do {
bind a = [1, 2, 3]
bind b = list_set(a, 0, 99)
println("a = ", a)
println("b = ", b)

OUTPUT
a = [99, 2, 3]

b = [99, 2, 3]

With the default engine, a was changed by list_set as a side effect, so both lists show 99.
With the interpreter ( ling run —-interp), a keeps its original [1, 2, 3].Same program,
different answers. The lesson: a list that you want to keep unchanged must not be passed
to list_set or list_push. If you need an independent copy, build one with a loop. You will
see this done in the statistics project below.

Building a list in a loop

Start with an empty list from list_new() , then push items into it. Because of the rule from
Chapter 3 that for loops cannot leave results behind, build lists with white:

bind start = do {

bind squares = list_new()

bind i = 1

while i < 8 {
bind squares = list_push(squares, i * i)
bind i =i + 1

}

println(squares)

println(len(squares))

OUTPUT
[1, 4, 9, 16, 25, 36, u9]

7

Here is what happens if you use for instead:
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bind start = do {
bind squares = list_new()
for i in 1..8 {
bind squares = list_push(squares, i * i)
3

println(squares)

OouUTPUT

[1, 4, 9, 16, 25, 36, u9]

On the default engine this seems to work. On the interpreter, it prints [] : an empty list,
because each pass of the for loop pushed onto a private copy that was thrown away. The
default engine only gets the "right" answer by accident, thanks to the aliasing we saw above.
Do not rely on it. Build lists with while.

NOTE

For reading, for isfine: for x in xs { ... } walks through alist. The trouble only starts
when the loop body must leave something behind.

Out-of-range positions

If you ask for a position that does not exist, list_get does not stop the program. It quietly
returns an empty text. A list of 3 items has positions 0, 1 and 2, and list_get(fruits, 3) is
an empty text, not an error. Keep your counters within @ and 1len(xs) - 1, and in a loop test
i < len(xs).

Walking a list

The usual pattern for visiting every item with an index is a while loop:

FRAGMENT
bind i = 0
while i < len(xs) {
bind item = list_get(xs, i)
# ... do something with item ...

bind i =i + 1
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If you only need the items and not their positions, for item in xs { ... } isshorter. If you
need the position too, you can combine for i in 0..(len(xs)) (with its mandatory
parentheses!) with list_get(xs, i) .

Finding the biggest and smallest

Statistics need totals, extremes and averages. Here a loop computes them by hand, and the
built-in list_max and list_min confirm the result (the second argument is a fallback for an
empty list):

bind start = do {
bind scores = [72, 95, 88, 61, 79]
bind total = 0
bind best = list_get(scores, 0)
bind worst = list_get(scores, 0)
bind i = 0
while i < len(scores) {
bind s = list_get(scores, i)
bind total = total + s
if s > best {
bind best = s
}
if s < worst {
bind worst

1
wn

}

bind i =i + 1
}
println("count: ", len(scores))
println("total: ", total)
println("average: ", total / len(scores))
println("best: ", best)
println("worst: ", worst)
println("list_max says ", list_max(scores, 0))
println("list_min says ", list_min(scores, 0))
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OUTPUT
count:
total:
average: 79
best: 95
worst: 61

list_max says 95

list_min says 61

The pattern best / worst is the "champion" technique: start with the first item as the
champion, then challenge it with each item and replace it whenever the challenger wins.

Text is a sequence too

Text looks like a list of characters, and a few of the same ideas apply. But Ling gives text its
own toolbox. Here is the tour:

bind start = do {
bind s = " Hello, Ling World "
println(len(s))
println("[" + trim(s) + "1™)
bind s = trim(s)
println(str_upper(s))
println(str_lower(s))
println(substr(s, 0, 5))
println(str_find(s, "Ling"))
println(str_find(s, "Python"))
println(str_replace(s, "World", "Friend"))
println(starts_with(s, "Hello"))
printlnCends_with(s, "World"))
println(str_repeat("ab", 3))

println(s.contains("Ling"))
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OUTPUT

21

[Hello, Ling World]
HELLO, LING WORLD
hello, ling world
Hello

7

-1

Hello, Ling Friend

true
true
ELELET)

true

len(s) number of characters

trim(s) remove spaces from both ends

str_upper(s) / str_lower(s) change case

substr(s, start, count) count characters beginning at position start (starting

from O, like lists)

str_find(s, needle) position of the first match, or -1 if there is none
str_replace(s, from, to) replace every from with to

starts_with(s, prefix), ends_with(s, yes/no tests

suffix)

str_repeat(s, n) repeat the text n times

s.contains(needle) does it contain the needle?

Notice -1 from str_find : since valid positions are 0 or more, -1 is the traditional "not
found" signal. Test for it with an if .

TIP

Functions that change text, such as str_upper , never modify the original text; they return a
new one. As with lists, you must bind the result to keep it: bind s = trim(s) .
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Splitting and joining

The most valuable text function is split. It cuts a text into a list of pieces wherever a
separator appears. Its partner list_join glues them back together:

bind start = do {
bind line = "red,green,blue,yellow"
bind parts = split(line, ",")
println(parts)
println(len(parts))
for p in parts {
println("colour: ", p)
}
println(list_join(parts, " | "))

OUTPUT

[red, green, blue, yellow]
4

colour: red

colour: green

colour: blue

colour: yellow

red | green | blue | yellow

Whenever you have data in a text (a line of comma-separated values, a sentence, a path with
slashes) split is the first tool to reach for.

Taking text apart letter by letter

Here is a classic exercise: reversing text and testing for palindromes (words that read the
same backwards, like "level"). We use substr(s, i, 1), which fetches the single character at
position i:
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fn reverse_text(s) {
bind out = ""
bind i = len(s) - 1
while i >= 0 {
bind out = out + substr(s, i, 1)
bind i =i -1
}

return out

fn is_palindrome(s) {
bind clean = str_lower(str_replace(s, " ", ""))

return clean == reverse_text(clean)

bind start = do {
println(reverse_text("Ling"))
println(is_palindrome("never odd or even"))

println(is_palindrome("hello"))

OouUTPUT

gnilL

true
false

Study is_palindrome : it first cleans the text (removes spaces, lowers the case), then compares
it with its own reverse. Small functions, each doing one job, working together. This is the
style that makes programs readable.

TRY IT

Make is_palindrome ignore commas as well, by adding a second str_replace . Test it with
"A man, a plan, a canal, Panama".

81



LING

There is no dictionary (yet)

In many languages you can make a dictionary (also called a map or hash table) that stores
values under names: ages["Mina"] = 12. Ling does not have such a type yet. Neither does it
have sets or tuples. What it has instead are lists and, as we will see in later editions, your own
custom record types.

This is an inconvenience, not a dead end. The standard workaround is parallel lists: keep
one list of keys and a second list of values, so that keys[il goes with values[i] . To look
something up, search the keys list for the position, then read the same position in the values
list. The helper function that finds the position is the heart of the pattern:

FRAGMENT
fn index_of(items, target) {
bind i = 0
while i < len(items) {
if list_get(items, i) == target {
return i
}
bind i =i + 1
}

return -1

A search through a list is slower than a real dictionary when the list is huge. For the
hundreds or few thousands of items in a beginner's project it is instantaneous.

NOTE

You can compare numbers, text and booleans with ==, as we have been doing. But
comparing two lists with == is always false, even if their contents are identical. Compare
the items one by one, or compare their list_join texts.

Mini-project: word counter

How many times does each word appear in a sentence? This is a dictionary job, so we use the
parallel list trick: words holds each distinct word, and counts holds how often we have seen
it.
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# Word counter. Ling has no dictionary type (yet), so we keep two lists

# side by side: words[i] is a word and counts[i] is how often we saw it.

fn index_of(items, target) {
bind i = 0
while i < len(items) {

if list_get(items, i) == target {

return i
}
bind i =i + 1
}
return -1

bind start = do {
bind text = "the cat saw the dog and the dog saw the cat run"
bind all = split(text, " ")
bind words = list_new()

bind counts = list_new()

bind i = 0
while i < len(all) {
bind w = list_get(all, i)
bind pos = index_of(words, w)
if pos == -1 {
bind words = list_push(words, w)
bind counts = list_push(counts, 1)
} else {
bind counts = list_set(counts, pos, list_get(counts, pos) + 1)
}

bind i =i + 1

}
println("total words: ", len(all))
println("unique words: ", len(words))
bind k = 0
while k < len(words) {
println(list_get(words, k), ": ", list_get(counts, K))

® -
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OUTPUT

total words: 12
unique words: 6
the: 4

cat:

Saw:

dog:

and:

run:

Trace what happens for the first three words. the : index_of finds nothing (-1 ), so we
append,the to words and 1 to counts. cat:same. saw:same. When the appears again,
index_of returns 0 ; we rebind counts with position 0 raised by one. Notice how both
list_push and list_set are used as bind counts = ....

You can improve this: make the text lower-case with str_lower first so that "The" and "the"
count as the same word, or remove punctuation with str_replace .

Mini-project: shopping list

Three parallel lists hold the item names, unit prices and quantities. A loop prints a bill:
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# A shopping list with prices, kept as two lists in step.
bind start = do {

bind items = ["milk", "bread", "apples", "cheese"]

bind prices = [1.20, 2.50, 3.75, 4.10]

bind qty = [2, 1, 6, 1]

println("Item Qty  Cost")

bind total = 0

bind i = 0

while i < len(items) {
bind cost = list_get(prices, i) * list_get(qty, i)
println(list_get(items, i), " ", list_get(qty, i), " ", cost)
bind total = total + cost
bind i =i + 1

}

println("Total: ", round(total * 100) / 100)

bind items = list_push(items, "tea")

bind prices = list_push(prices, 3.20)

bind qty = list_push(qty, 1)

println("Now buying ", len(items), " things: ", list_join(items, ", "))

OUTPUT
Item Qty Cost
milk 2 2.4

bread 1 2.5
apples 6 22.5
cheese 1 4.1
Total: 31.5

Now buying 5 things: milk, bread, apples, cheese, tea

The list items gets a new entry along with one in each of the other two lists. That is the price
of parallel lists: you must keep them in step. If you add an item to one but forget the others,
the numbers will be out of line.
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Mini-project: simple statistics

Our final project computes the mean (average), the median (the middle value when sorted)
and the range of a data set. It includes a small sorting routine and a function that makes an
independent copy of a list, so that the caller's data is never touched:
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# Simple statistics with a hand-written sort.
fn copy_of(xs) {
bind out = list_new()
bind i = 0
while i < len(xs) {
bind out = list_push(out, list_get(xs, i))
bind i =i + 1
}

return out

fn sorted(xs) {
bind out = copy_of(xs)
bind n = len(out)
bind i = 0

while i < n {
bind j =i + 1
while j < n {
if list_get(out, j) < list_get(out, i) {

bind tmp = list_get(out, i)
bind out = list_set(out, i, list_get(out, j))
bind out = list_set(out, j, tmp)
}
bind j = j + 1
}
bind i =i + 1
}
return out

fn mean(xs) {

bind total = 0

bind i = 0

while i < len(xs) {
bind total = total + list_get(xs, i)
bind i =i + 1

}

return total / len(xs)
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fn median(xs) {
bind s = sorted(xs)
bind n = len(s)
bind mid = floor(n / 2)
ifn%2==1{
return list_get(s, mid)
}
return (list_get(s, mid - 1) + list_get(s, mid)) / 2

bind start = do {
bind data = [9, 2, 7, 4, 4, 10, 1]

println("data: ", data)

println("sorted: ", sorted(data))

println("mean: ", round(mean(data) * 100) / 100)

println("median: ", median(data))

println("data again: ", data)

println("range: ", list_min(data, 0), " to ", list_max(data, 0))
}

OUTPUT
data: [9, 2, 7, 4, 4, 10, 1]
sorted: [1, 2, 4, 4, 7, 9, 10]
mean: 5.29

median: 4

data again: [9, 2, 7, 4, 4, 10, 1]

range: 1 to 10

The sort works like this: for each position i, look at every later position j; whenever the
later value is smaller, swap the two. After the loop, the smallest values have bubbled to the
front. The swap uses a temporary name tmp , exactly like swapping the contents of two cups
requires a third cup. This is called a selection sort; it is not the fastest sort but it is clear.

Because sorted works on a copy (copy_of ), the line data again: proves the original is
unchanged on both engines.
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Chapter summary

* Alist holds many values: [1, 2, 3].Create an empty one with list_new() .

® Positions start at 0. list_get(xs, i) reads, list_set(xs, i, v) replaces, list_push(xs,
v) appends, len(xs) counts.

* Always rebind the result: bind xs = list_push(xs, v) . Never rely on the original list
staying the same or changing.

® Build and update lists with while, not for . Reading with for x in xs is fine.

® 1list_get with a bad position returns empty text rather than an error; stay within e and
len(xs) - 1.

® Tlist_join(xs, sep) makes text from a list; split(text, sep) makes a list from text.

e Text tools: trim, str_upper, str_lower, substr, str_find (-1 if absent), str_replace,
starts_with, ends_with, str_repeat, contains.

* Ling has no dictionary type yet. Use parallel lists and an index_of helper.

® == on lists is always false; compare item by item.

Exercises

1. Make a list of five numbers and print their total with a while loop.

2. Write count_vowels(s) that returns how many of the letters a, e, i, o, u appear in a text.
(Hint: lower-case it first, then test each character with str_find("aeiou", ch) != -1))

3. Split the text "3,8,15,4" on commas, convert each piece with to_number , and print the
biggest number.

4. Write a function contains_item(xs, target) thatreturns true or false. Use it to check
whether "cheese" is on a shopping list.

5. Extend the word counter so that it prints the word with the highest count. (Hint: use the
champion technique over the counts list and then read the same position from words .)

Answers

1. ling-module bind start = do { bind xs = [4, 8, 15, 16, 23] bind total = 0 bind i = 0
while i < len(xs) { bind total = total + list_get(xs, i) bind i =i + 1 }
println(total) } This prints 66 .

2. ling-module fn count_vowels(s) { bind t = str_lower(s) bind n = @ bind i = 0 while i
< len(t) { if str_find("aeiou", substr(t, i, 1)) != -1 { bind n =n + 1 } bind i = i +
1 } return n } count_vowels("Programming") is 3.
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3.

90

ling-module bind start = do { bind parts = split("3,8,15,4", ",") bind best =
to_number(list_get(parts, 0)) bind i = 1 while i < len(parts) { if
to_number(list_get(parts, i)) > best { bind best = to_number(list_get(parts, i)) }
bind i = i + 1 } println(best) } This prints 15. (A for loop would not work here,
because of the rule that binds inside for do not escape.)

. Reuse the index_of pattern: fn contains_item(xs, target) { return index_of(xs, target)

1= -1 }, with index_of as defined above.

. After the counting loop, add a "champion" loop: keep best_pos = 0, and for every k

where list_get(counts, k) > list_get(counts, best_pos) , rebind best_pos = k. Finally
print list_get(words, best_pos) . For the sentence in this chapter it prints the .
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CHAPTER B

Your First 3D Room

What you'll learn. It is time to leave the terminal. In this chapter you will open a window,
learn the "frame loop" that powers every Ling picture, place 3D shapes with a camera and
lights, draw spinning patterns, and finish with a room you can walk around using the arrow
keys. You will also learn how to take screenshots of your work.

NOTE

Programs in this chapter open a window, so they are labelled GUI and have no output panel
(the interesting output is on your screen). Press Escape or close the window to stop any of
them.

How a picture moves

A film is a stack of still pictures shown fast enough that your eye sees movement. A Ling
window works the same way. Your program draws one still picture (a frame), shows it, and
immediately starts on the next. Done sixty times a second, this looks like animation.

Every graphical Ling program therefore has the same four-step rhythm:

The frame loop

open window clear / fill camera + draw display update state
once each frame each frame each frame each frame

Figure: Open the window once. Then, for each frame: clear the screen, draw your scene, show it with present(),
and update your numbers. Repeat while the window is open.

1. Open the window, once, before anything else.
2. Clear ( fill) so that last frame's picture does not linger.
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3. Draw the shapes.
4. Present ( present() ) to show what you drew.

The loop continues while window_is_open() . That function becomes false when the person
closes the window or presses Escape, so you never need to code your own exit.

Your first window

Here is the smallest program that makes something spin:

GUl
bind start = do {
open_window(640, 400, "My first window")
bind angle = 0
while window_is_open() {
f£ill(15, 18, 40)
set_color(255, 120, 60)
cube(®, 0, 3, 1, 1, 1, angle, angle * 0.7, 0, 0)
present()
bind angle = angle + 0.02

Line by line:
® open_window(640, 400, "My first window") makes a window 640 pixels wide and 400

pixels tall, with a title. Note the order: numbers first, title third.

®* bind angle = 0 creates a counter outside the loop. It stays alive for as long as the program
runs.

® while window_is_open() { ... } isthe frame loop.

® fill(15, 18, 40) paints the whole window dark blue. The three numbers are red, green
and blue, each from 0 to 255.

® set_color(255, 120, 60) chooses the pen colour for the shapes that follow.
® cube(®, 0, 3, 1, 1, 1, angle, angle * 0.7, 0, 0) draws a cube (explained below).
® present() shows the picture.

® bind angle = angle + 0.02 nudges the angle for the next frame. That is why the cube
turns.
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WHARNING

Nothing appears on the screen until present() is called. If you forget it, you will see an
empty window. And if you forget the bind angle = angle + ... line, your picture will be
perfectly still. Both are the most common first mistakes.

Reading a shape call

Every solid shape in Ling, whether cube , sphere, cone, torus or a dozen others, is called
the same way. There is a lot of information, so it helps to read it in groups of three:

FRAGMENT

cube(ex, cy, cz, sx, sy, sz, rx, ry, rz, mode)

cx, cy, cz isthe centre: where the shape sits in the world.
sx, sy, sz isthe size: how stretched it is along each direction. A size of 1 gives roughly
one unit of radius.

rx, ry, rz isthe rotation, in radians, around the x, y and z axes.

mode is 0 for a solid shape, 1 for a wireframe (only the edges) and 2 for both.

Only the centre is truly required; the rest have sensible defaults. That is why you will see
short calls like sphere(®, 0, 4) in other people's code.

Where is everything? The three axes

You need a mental map of space. In Ling's 3D world:

x runs to the right,

¢ yruns down,

z runs away from you, into the screen.
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Figure: The world axes. The red line is x (right), the green line is y (down) and the blue line is z, pointing straight
into the screen so that it is seen end-on.

The surprise is that y points down, like the rows on a text page. So "above" means negativey.
The ceiling of a roomis at y = -3 and the floor at y = 3. If your shape appears upside down
or in the wrong place, check your signs.

TIP

Make a note on a sticky label for your monitor: "x right, y DOWN, z away".

A row of shapes

Ling comes with more than twenty ready-made solids: cube, sphere, cylinder, cone,
torus , pyramid, gear, helix, stairs and more. Let us put four of them in a row, each
spinning at its own angle:
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bind start = do {
open_window (800, 5600, "Shapes")
set_shade_mode(1)
set_rim(0, 0, 0, 0)
set_shadow_color(30, 30, 50)
set_ambient(0.3)
bind t = 0
while window_is_open() {
fill(20, 22, 48)
clear_lights()
add_light(-3, -4, 0, 1, 1, 1, 0.7, 30)

set_color(230, 70, 70)
sphere(-4.5, 0, 4, 1, 1, 1, 0, t, 0)

set_color(70, 190, 110)
cube(-1.5, 0, 4, 0.8, 0.8, 0.8, t, t, 0)

set_color(80, 140, 240)
torus(1.5, 0, 4, 1, 1, 1, 1.2, t, 0)

set_color(2u40, 200, 60)
pyramid(4.5, 0.3, 4, 1, 1, 1, 0, t, 0)

present()
bind t = t + 0.03
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Figure: A sphere, a cube, a torus and a pyramid, as drawn by the program above.

The program starts with some "set-up" lines which run once. We will explain them in a
moment; for now notice how it is organized. Everything before the while runs once.
Everything inside runs every frame. Every frame we clear the lights, add the light again,
choose a colour, and draw four shapes whose y rotation is t .

Look at the pyramid: it points down because of the y-axis rule. Rotate it by 3.14159 around
the x axis (the rx slot) to turn it point-up.
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Figure: A dozen of the solids: cube, sphere, cone, cylinder, torus, icosahedron, gear, gyro, helix, arch, pyramid and
stairs.

TRY IT

Swap the torus fora gear ora helix . Set the last ( mode ) argument of one shape to 1 to
see its wireframe.

The camera

You are the camera. By default it sits at the origin looking along the z axis, which is why
shapes at z = 4 show up in front of you. You can change what the camera sees with three
tools:

® set_camera_pos(x, y, z) moves the camera. (Technically it chooses the point the world is
rotated around, but you can imagine you simply walked there.)

97



LING

® set_camera(cos_yaw, sin_yaw, cos_pitch, sin_pitch) turns it. Thisis an odd interface:
you give it the cosine and sine of the angle, not the angle itself. To turn left and right by
an angle a, call set_camera(cos(a), sin(a), 1, 0) . The lasttwo numbers, 1, @, mean
"do not tilt up or down".

® set_zdist(d) is a depth offset that works like the position of your eye behind the picture.
A small value like 0.5 puts your eye almost at the camera position, which is right for a
first-person view inside a room.

A positive yaw turns the camera to the right (so the scene slides left on the screen). To walk
forward in the direction you are facing after turning by yaw, move by sin(yaw) along x and
cos(yaw) along z. You will see that formula in the room program below.

NOTE

Call the camera functions every frame, before you draw. The camera is part of the state of
each frame.

Colour and light

Colours in Ling are three numbers from 0 to 255. Pure red is 255, @, ©; white is 255, 255,
255 ; mid-grey is 128, 128, 128 . A handy way to find a colour is to open any paint program,
pick a colour, and copy the red, green and blue values.

WARARNING

The numbers are not clamped. If you write 300 for a channel, it does not become 255: it
spills over into the next channel and gives a strange colour. Keep every value from 0 to 255.

Ling's default look is deliberately stylish: shadow areas are tinted indigo, edges glow cyan,
and surfaces have a faint holographic sheen. That looks great for science-fiction scenes but
washes out your pen colours. The set-up lines in our programs switch to calmer shading:

FRAGMENT
set_shade_mode(1) # smooth, no sheen
set_rim(0, 0, 0, 0) # no glowing edge

set_shadow_color(30, 30, 50) # a dark neutral shadow
set_ambient(0.3) # a little light everywhere
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You can see the default look in the first spinning cube, which is cool-coloured even though
we asked for orange. Add the four lines above and the cube turns into a flat, muted orange-
red (with only ambient light and no add_light, it is dim and shows no shading). Experiment:
the difference is the quickest way to learn what each line does.

Lights
Shapes are lit by up to several coloured point lights. A light is added with

FRAGMENT

add_light(x, vy, z, r, g, b, intensity, radius)

The position comes first, then the colour (each from 0 to 1, or 0 to 255), then the brightness,
and finally the radius: the distance at which the light fades out. Because lights accumulate
frame after frame, call clear_lights() at the start of each frame and add them again.

Here is a scene with a warm orange light on the left and a cool blue one on the right:
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GUl
bind start = do {
open_window(800, 500, "Lights")
set_shade_mode(1)
set_rim(0, 0, 0, 0)
set_shadow_color(20, 20, u40)
set_ambient(0.25)
bind t = 0
while window_is_open() {
fill(12, 12, 28)
clear_lights()
# a warm light on the left and a cool one on the right
add_light(-3, -2, 1, 1.0, 0.55, 0.2, 1.6, 12)
add_light(3, -2, 1, 0.2, 0.5, 1.0, 1.6, 12)

set_color(235, 235, 235)

sphere(-3, 0, 4, 1.3, 1.3, 1.3, 0, 0, 0)
sphere(0, 0, 4, 1.3, 1.3, 1.3, 0, 0, 0)
sphere(3, 0, 4, 1.3, 1.3, 1.3, 0, 0, 0)
cube(®, 2.4, 4, 6, 0.1, 1.5, 0, 0, 0, 0)

present()
bind t =t + 1
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Figure: Warm and cool lights tint the white spheres differently on their two sides.

The balls are all pure white (235, 235, 235), yet they pick up pink on one side and blue on
the other. That is what coloured lighting does.

Patterns made of lines: tex

Solids are not the only things you can place in space. The vtex_x family draws vector
textures: patterns made of lines, laid on a flat sheet that you can orient any way you like.
They are cheap to draw and wonderful for walls, floors and decorative art. Examples are
vtex_grid, vtex_rings, vtex_star, vtex_flower, vtex_spiral, vtex_lotus, vtex_chakra,
vtex_yantra and vtex_pagoda .
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Figure: Eight vtex patterns above a vtex_grid floor.

Every vtex call begins with nine numbers that describe the sheet:

FRAGMENT

vtex_flower(cx, cy, cz, ux, uy, uz, VX, Vy, vz, ...pattern numbers.. ., fr, hue)

® cx, cy, cz isthe centre of the pattern.
® ux, uy, uz isthe direction that the sheet's "right" points.
® vx, vy, vz isthe direction of its "up".

At the end, fr is a frame counter that you pass in, which animates the colours, and hue
shifts the colour so that neighbouring patterns look different.

Three combinations cover most rooms:

Sheet U (right) V (up)
floor or ceiling 1, 0, 0 0, 0, 1
upright wall facing you 1, 0, 0 0, -1, 0
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Sheet U (right) V (up)
upright wall to your left or right 0, 0, 1 0, -1, 0

Notice 0, -1, @ for "up": because y points down, the way to say "up" is a negativey.

NOTE

vtex colours come from a rainbow that depends on fr and hue . They do not use your pen
colour from set_color .

A spinning mandala

Now for the fun part. We can rotate a sheet by changing U and V. If a is an angle, then u =
(cos a, sin a, 0) and V = (sin a, -cos a, 0) are a sheet turned by that angle. (U and V
must stay at right angles to each other. If you get the sign of one wrong, the pattern looks
squashed.) Layer several patterns turning at different speeds, and you get a mandala:
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GUl
# A spinning mandala made of vector textures.
bind start = do {
open_window(640, 640, "Mandala")
bind t = 0
while window_is_open() {
fill(e, 4, 16)
set_camera(l, 0, 1, 0)

# Turn the pattern by changing its "right" (U) and "up" (V) directions.
bind a = t * 0.01

bind ux = cos(a)
bind uy = sin(a)
bind vx = sin(a)

bind vy = 0 - cos(a)
vtex_rings(0, 0, 6, ux, uy, 0, vx, vy, 0, 7,8, 2.2, 0.2, t, 0)
vtex_star(0, 0, 0, wux, uy, 0, wvx, vy, 0, 12, 2.0, 1.2, 0.0, t, 1)

# A second layer turns the other way.
bind b = 6 - t * 0.017

bind ux = cos(b)
bind uy = sin(b)
bind vx = sin(b)
bind vy = 0 - cos(b)

vtex_lotus(®, 0, 0, ux, uy, 0, wvx, vy, 0, 0.3, 1.5, 12, t, 2)

# The centre stays still.
vtex_flower(®, 0, @, 1, 0, 6, 0, -1, 0, 0.7, 18, t, 3)

present()
bind t = t + 1
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Figure: The mandala, a moment in its spin. The star and rings turn one way; the lotus turns the other way.

Note the structure. Inside the loop, we work out a from the counter t; from a we compute
the four numbers ux, uy, vx, vy;we passthem to the first two patterns. Then we rebind the
same four names for the opposite rotation b and pass them to the lotus. Re-using names like
this is perfectly fine, since bind simply puts a name on a new value.
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TRY IT

Change the 0.01 and 0.017 speeds. Make the lotus use t instead of ® - t * 0.017 so that
it turns the same way as the rings. Change the last number (the hue ) of each pattern to see
different colour combinations. Raise or lower the 12 in vtex_star to change the number
of points.

Taking screenshots

Programs can photograph themselves. The call screenshot("tag"), placed after present() ,
saves the current frame as a PNG file in a folder called screenshots in the directory where
you launched the program. The file name contains the time, your tag and the window size,
for'exanlple ss_1793232922_room_960x600.png .

You can ask for one at any time, for instance when the player presses a key. The room
program below uses if key_pressed("p") { screenshot("room") }: press P and you get a
picture. Every figure in this chapter was made that way.

You can also make a program photograph itself automatically and then quit. This is handy

when you want to produce a picture from a script, and it is also the best way to
test
a graphical program without watching it:
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GUl
# A window that closes itself after 60 frames, then reports.
bind start = do {
open_window(480, 300, "Counting frames")
bind n = 0
while window_is_open() {
fill(1e, 20, 50)
set_color(255, 255, 255)
sphere(0, 0, 3, 1, 1, 1, 0, n * 0.05, 0, 0)
present()
bind n = n + 1
if n >= 60 {
quit(Q)

}
println("I drew ", n, " frames")

println("frame_count says ", frame_count())

OouUTPUT

I drew 60 frames

frame_count says 60

The program counts frames, closes the window with quit() after 60, and then prints a
report. The code after the loop runs once the window has closed, so a windowed program
can leave text output in the terminal, too. frame_count() is a built-in counter that agrees
with our own.

TIP

There is no built-in "delta time" function in this version of Ling. If you need to know how
many seconds passed between frames, call time_now() (seconds since the program started)
and subtract the value you saved on the previous frame.

107



LING

Finishing touch: a room you can walk around

Now we combine everything: a floor and ceiling of grids, four walls with decorations, four
pillars, lights, a spinning centrepiece, and keyboard control. Read it slowly. It is longer than
anything so far, but it is built from pieces you know.
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# A room you can walk around in.

# Arrow keys: left/right turn, up/down walk. P takes a screenshot. Escape quits.

fn pillar(x, 2z) {
set_color(200, 190, 170)
cylinder(x, 0, z, 0.5, 3, 0.5, 0, 0, 0, 0)
set_color(1560, 140, 120)
cube(x, 3, z, 0.8, 0.12, 0.8, 0, 0, 0, 0)
cube(x, -3, z, 0.8, 0.12, 0.8, 0, 0, 0, 0)

fn walls(t) {
# floor and ceiling (+y is DOWN, so the floor is y = 3)
vtex_grid(@, 3, 0, 1, 0, @, 0, 0, 1, 16, 16, 1, 1, t, 0)
vtex_grid(e, -3, 0, 1, 0, 8, 0, 0, 1, 16, 16, 1, 1, t, 2)
# four walls, upright: V = (0, -1, 0)

vtex_grid(e, o, 8, 1, e, 0, 0, -1, 0, 16, 6, 1, 1, t, 1)
vtex_grid(e, o, -8, 1, 6, @, 0, -1, 0, 16, 6, 1, 1, t, 1)
vtex_grid(-8, o0, ¢, ©, o, 1, o, -1, 0, 16, 6, 1, 1, t, 3)
vtex_grid(g8, 0, 0, o, 0, 1, 0, -1, 0, 16, 6, 1, 1, t, 3)

# a wall decoration on each wall

vtex_flower(0, 0, 7.9, 1, 0, 0, 0, -1, 0, 1.6, 24, t, 0)
vtex_rings(0, 0, -7.9, 1, 0, 0, 0, -1, 0, 6, 6, 1.8, 0.2, t, 1)
vtex_star(-7.9, 0, 0O, 0, 0, 1, 0, -1, 6, 10, 1.8, 0.8, 0.0, t, 2)
vtex_lotus(7.9, 0, 0, e, 6, 1, 0, -1, 0, 0.4, 1.7, 12, t, 3)

bind start = do {
open_window(960, 600, "My 3D room")
set_shade_mode(1)
set_rim(0, 0, 0, 0)
set_shadow_color(30, 30, 50)
set_ambient(0.3)

bind px = 0
bind pz = -5
bind yaw = 0
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bind t = 0

while window_is_open() {

# ——-- input: update the camera numbers -—-
if key_down("left") {
bind yaw = yaw - 0.03
}
if key_down("right") {
bind yaw = yaw + 0.03
}
if key_down("up") {

bind px = px + sin(yaw) * 0.1

*

bind pz = pz + cos(yaw)
}
if key_down("down") {
bind px = px - sin(yaw)

*

*

bind pz = pz - cos(yaw)

# ——— draw -——

fill1(8, 8, 20)

set_camera(cos(yaw), sin(yaw), 1, 0)
set_camera_pos(px, 0, pz)
set_zdist(0.5)

clear_lights()
add_light(e, -2.5, 0, 1.0, 0.85, 0.6, 1.0, 14)

walls(t * 0.3)
pillar(-6, -6)
pillar(6, -6)
pillar(-6, 6)
pillar(6, 6)

# the centrepiece: a bobbing, spinning torus and a sphere in the middle
set_color(2u40, 200, 80)

torus(®, 1.5 + sin(t * 0.05) * 0.3, 0, 0.7, 0.7, 0.7, 1.2, t * 0.03, 0)
set_color(90, 160, 255)

sphere(®, 1.5 + sin(t * 0.05) * 0.3, 0, 0.3, 0.3, 0.3, 0, 0, 0)
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present()

if key_pressed("p") {
screenshot("room")

}

bind t = t + 1

Figure: The room seen from its starting position. The flower on the far wall is vtex_flower, the floor and walls are
vtex_grid, the pillars are cylinders, and the bobbing centrepiece is a torus around a sphere.

How it is organized:

® pillar(x, z) and walls(t) are functions that draw parts of the room. Because they are
called from inside the frame loop, they draw anew every frame. Remember from Chapter
4 that functions see their parameters and top-level names. That is why we pass t in
explicitly.

® Before the loop, px, pz and yaw hold the position and heading of the camera. These are
updated by the key tests in the loop.
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key_down("left") is true while the left arrow is held. Turning changes yaw ; walking

moves px and pz by a small step in the facing direction (sin(yaw), cos(yaw)) .

® The input section comes before drawing, so every frame uses the freshest camera
numbers.

® Thelampsitsat (0, -2.5, 0): remember that negative y means up, so it hangs near the
ceiling.

® Thefloorisat y = 3 and the ceiling at y = -3, matching the pillars, which are 3 units tall

each side of the centre.

WARNING

The 3D world has no walls in the sense of collisions. You can walk right through the grids
and look at the room from outside. The room is only drawn, not solid. (Chapter 9 and later
editions cover physics.)

Walls that you have walked through, or are standing right behind, can show stray lines. That
is a limit of the simple perspective used here, not a mistake in your code.

Where to go from here

You have used maybe a tenth of the graphics toolbox. In the Reference you will find many
more shapes, tex_* pixel textures such as the Mandelbrot fractal, post-processing effects
such as bloom and outlines, and text and user-interface drawing. Here is the same room kind
of scene with some of that toolbox applied:
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Figure: Light pools and light beams give a scene atmosphere. Effects like these are covered in the Intermediate
edition.

Chapter summary

* A graphical program is a loop: open the window once, then each frame: fill, draw,
present() ; stop when window_is_open() is false (Escape or close).

® present() isthe only call that shows pixels. Nothing appears without it.

* World axes: x right, y down, z away from you. Up means negative y.

® Shapes share one call format: centre, size, rotation, mode. cube , sphere, cylinder, cone,
torus , pyramid , and many more.

® Coloursare 0 to 255, not clamped. Use set_shade_mode(1) , set_rim(®, 0, 0, 0),
set_shadow_color(...) and set_ambient(...) for faithful colours.

® Lights: clear_lights() then add_light(x, y, z, r, g, b, intensity, radius) each
frame.

e (Camera: set_camera(cos a, sin a, 1, 0) takes cosines and sines; set_camera_pos ,
set_zdist .

® vtex_x patterns are drawn on a sheet defined by a centre and U and V directions; floor,
wall and side-wall sheets have standard values.
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screenshot("tag") after present() savesa PNG; quit() ends the program. Use a frame
counter with quit() to test GUI programs.

Unknown function names are silently ignored, so check the spelling when a call seems to
do nothing.

Exercises

1.
2.

3.

4.
5.

Make the first program's cube grow and shrink, by using 1 + 0.5 * sin(angle) as its size.
Add a floor to the "row of shapes" program with a vtex_grid at y = 1.5, using the floor
sheet (U =1,0,0, V=10,0,1).

Change the room's wall pattern colours by editing the last number ( hue ) of each
vtex_grid call. Also try changing t * 0.3 in walls(t * 0.3) to @ and see what happens
to the colours.

Add a fifth pillar in the middle of the room, and add a second light in a different colour.

(Challenge) Make the mandala react to the mouse: pass mouse_x() * 0.001 instead of t *
0.01 as the rotation angle.

Answers

1.

14

In g1, replace the three size arguments by a name: bind s = 1 + 0.5 * sin(angle) inside
the loop and call cube(®, 0, 3, s, s, s, angle, angle * 0.7, 0, 0).Because angle only
grows by 0.02 per frame, the breathing is slow; use angle * 5 inside the sin for a faster
pulse.

. Add vtex_grid(e, 1.5, 4, 1, 0, 0, 0, 0, 1, 12, 6, 1, 1, t * 30, 0) before present() .

The grid is centred at (@, 1.5, 4), 12 columns by 6 rows, one unit per cell.

. The hue just rotates the colour phase; each value 0, 1, 2, 3 gives a different colour set.

With walls(e) the colours are frozen, because fr never changes.

. pillar(e, 0) draws a pillar at the centre; it hides the centrepiece, so move that or use

pillar(3, 0) . A second light is one more add_light(...) call right after the first, for
example add_light(e, -2.5, 4, 0.3, 0.5, 1.0, 1.0, 14).

. mouse_x() returns the pointer's x position in pixels. Multiplying by 0.001 converts it to a

small angle, so moving the pointer across a 640-pixel window turns the mandala about
0.64 radians (roughly 37 degrees).
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CHAPTER 1

Drawing and Games

What you'll learn. In the last chapter you worked in 3D. Here you will go back to the flat page
and draw pictures with circles, triangles, gradients and arcs. Then you will make your
pictures respond to the keyboard and the mouse, and put everything together into a
complete little game that you can play and change.

NOTE

Programs in this chapter open a window and are labelled GUI. Press Escape to close any of
them.

The 2D canvas

A 2D drawing is like painting on graph paper. The window is a grid of pixels, and every
drawing call tells Ling which pixels to colour. Two things are different from maths class:

® The origin (0, 0) is the top-left corner of the window.
e ygrows downward. A pointat y = 40e is lower on the screen than a pointat y = 100 .

So in an 800 by 500 window, the centre is (460, 250) , the top-rightis (800, ©) and the
bottom-right is (8ee, 56e) . This is the same "y points down" rule you met in 3D, and it is
how nearly every screen works.

You draw with a pen. set_color(r, g, b) chooses the pen colour, and every shape you draw
after that uses it, until you change it. This is the opposite of putting the colour in each call,
and it makes drawing code short.

Here are the main tools:

Call Draws

fill(r, g, b) clears the whole window to one colour
draw_disc(cx, cy, r) a filled circle

draw_circle(cx, cy, r) a circle outline

triangle(x0, yO, x1, yl1, x2, y2) a filled triangle

draw_line(x0, y0, x1, y1) a thin line
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Call Draws

draw_arc(cx, cy, r, a0, al, segments) part of a circle outline, angles in radians, clockwise
draw_poly([x0, yO, x1, y1, ...1) a filled polygon from a list of points

grad_rect(x, y, w, h, r0,g0,b0, rl,gl,bl, a rectangle fading between two colours

dir)

set_color_hsl(h, s, 1) 8e1n0((:)olour by hue 0-360, saturation 0-100, lightness

You might wonder where the rectangle is. There is no plain filled-rectangle call. But a
gradient from a colour to

the same colour
is just a flat rectangle, so we can write our own. That is the perfect use for a function

(Chapter 4):

FRAGMENT
fn rect(x, y, w, h, r, g, b) {
grad_rect(x, y, w, h, r, g, b, r, g, b, 1)

Now rect(0, 380, 800, 120, 50, 110, 60) paintsa green strip. Building your own small
tools on top of what the language provides is a big part of programming.

TIP

Draw in layers, from the back to the front. Later shapes paint over earlier ones, exactly like
painting on a canvas. Sky first, mountains next, trees last.

A landscape

Here is a complete scene. Read it from the top and imagine the picture growing layer by
layer.
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# A little 2D landscape. The pen colour applies to everything drawn after set_color.

# There is no rectangle call, but a gradient with two equal colours is a flat
rectangle.
fn rect(x, y, w, h, r, g, b) {

grad_rect(x, y, w, h, r, g, b, r, g, b, 1)

fn tree(x, ground) {
rect(x - 6, ground - 50, 12, 50, 110, 70, u40)
set_color(40, 150, 70)
draw_disc(x, ground - 70, 32)
draw_disc(x - 20, ground - 50, 24)
draw_disc(x + 20, ground - 50, 2u4)

bind start = do {
open_window(800, 500, "Landscape")
bind t = 0
while window_is_open() {
# sky: a gradient from deep blue (top) to pink (horizon)
grad_rect(0, 0, 800, 380, 30, 40, 110, 250, 150, 140, 1)

# sun
set_color(255, 220, 120)
draw_disc(600, 300, 60)

# mountains

set_color(70, 60, 110)

triangle(0, 380, 150, 190, 300, 380)
triangle(200, 380, 380, 150, 560, 380)
set_color(95, 85, 140)

triangle(450, 380, 620, 220, 800, 380)

# ground
rect(0, 380, 800, 120, 50, 110, 60)
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tree(120, 4u40)
tree(330, 460)
tree(690, u450)

# a bird made of two arcs, flapping with the frame counter
set_color(20, 20, 30)

bind flap = sin(t * 0.15) * 6

draw_arc(150, 120 - flap, 18, 3.4, 6.0, 16)

draw_arc(186, 120 - flap, 18, 3.4, 6.0, 16)

present()
bind t = t + 1

Figure: The landscape. The sky is a gradient, the mountains are triangles, the trees are discs and a rectangle, and
the bird is two arcs.

Some details worth noting:
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® The sky is one grad_rect from dark blue at the top to pink at the horizon (the last
argument 1 means top-to-bottom; @ would be left-to-right).

® tree(x, ground) isa function: the trunk and leaves are placed relative to x and ground,
so we can plant as many trees as we like by calling it again.

® The bird's wings are arcs. Angles are in radians and grow clockwise because y points
down: 0 isto the right and 3.14159 is to the left. The arcs from 3.4 to 6.0 make the
upper curve, like a "v" with curved wings.

® The wing flap uses sin(t * 0.15) * 6, a number that swings smoothly between -6 and 6,
which makes the bird move up and down. Sine waves are the animator's best friend.

TRY IT

Make the sun set. Bind a name sun_y = 300 + t * 0.2 and use it as the sun's y. Add a few
more trees with different x positions, or make a second bird. Try set_color_hsl for the
leaves.

Listening to the keyboard
A game must react to its player. In Ling, you poll the input: once per frame, you ask "is this
key down right now?" There are no event handlers or callbacks. That keeps things simple.

® key_down("left") istrue as long as the left arrow is held.

® key_pressed("space") is true only on the single frame when space goes down. Use it for
things that happen once per press: shooting, jumping, pausing.

Keys are named in lower case: the letters "a" to "z", the digits, "left", "right", "up",
"down" , "space", "enter", "escape", "lshift", "f1" and many others. An unknown name
is just false.

Here is the classic first interactive program: a ball you can move.
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# Move a ball with the arrow keys. Hold Shift to go faster.
bind start = do {
open_window(640, 400, "Move the ball")
bind x = 320
bind y = 200
while window_is_open() {
bind speed = 3
if key_down("lshift") {
bind speed = 8
}
if key_down("left") {
bind x = x - speed
}
if key_down("right") {
bind x = x + speed
}
if key_down("up") {
bind y = y - speed
}
if key_down("down") {
bind y = y + speed
}
bind x = clamp(x, 20, 620)
bind y = clamp(y, 20, 380)

fill(1e, 10, 30)
set_color(255, 1860, 60)
draw_disc(x, y, 20)
present()

The ingredients of nearly every game are visible here:

1. State: the numbers x and y, which describe where the ball is. They live outside the loop
so they survive from frame to frame.

2. Input: the if key_down(...) lines change the state.

3. Draw: the picture is created from the state.
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Note bind speed = 3 at the start of each frame, followed by a Shift test that raises it to 8.
Also note clamp(x, 20, 620) : it forces the ball to stay inside the window.

WRARNING

Keep the order input, update, draw. If you draw first and update afterwards, your picture is
one frame behind the state.

Listening to the mouse

mouse_x() and mouse_y() give the pointer's position in pixels. mouse_down() is true while the
left button is held, and mouse_down_right() while the right one is held.

GUl
# Paint with the mouse: hold the left button to draw, right button to clear.
bind start = do {
open_window(640, 400, "Mouse paint")
£ill(2u5, 240, 225)
bind hue = 0
while window_is_open() {
if mouse_down() {
set_color_hsl(Chue, 80, 50)
draw_disc(mouse_x(), mouse_y(), 10)
bind hue = hue + 3
if hue >= 360 {
bind hue = 0

}

if mouse_down_right() {
f£ill(2u5, 240, 225)

}

present()

Hold the left button and drag to paint with a changing rainbow colour. We do not call fill
inside the loop, so the old paint is not erased each frame: the window keeps what we painted.
(A right-click calls fill once to wipe it.) That is the exception to the rule from the last
chapter: in a drawing program that accumulates, you clear only when you want to.
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NOTE

If you try the paint program and notice gaps in a fast stroke, that is because we draw only
one disc per frame, at the pointer's current position. A smoother brush would draw a line
from the previous position to the new one. That makes a good exercise.

Making a game

Now let us build Star Catcher. Stars fall from the sky; you slide a basket left and right to
catch them. Every catch scores a point and makes the next star fall faster. Miss three and the
game ends. Press Space to try again.

Before typing any code, a game designer lists three things:

¢ State, the numbers that describe the world at this instant: the basket's x, the star's x and y,
the fall speed, the score, the lives left.

* Rules, how the state changes: the basket obeys the keys, the star falls, and when it reaches
the bottom either you catch it (it is close enough to the basket) or you lose a life.

® Picture, how the state is drawn: a gradient sky, a star at (star_x, star_y), a basket, and
the score text.

FEach frame the program does:
input, update, draw.
Here is the complete game:
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# STAR CATCHER
# Move the basket with the left and right arrow keys (or A and D).

# Catch the falling stars. Miss three and the game is over. Space restarts.

bind autoplay = false

# set to true to watch the computer play

fn rect(x, y, w, h, r, g, b) {

grad_rect(x, y, w, h, r, g, b, r, g, b, 1)

# A five-pointed star, drawn as a ten-cornered polygon.

fn star(cx, cy, size, spin) {

bind pts = list_new()

bind i = 0

while i < 10 {
spin + i * 0.6283185

bind a =
bind r =
if i % 2
bind r
}
bind pts
bind pts
bind i =

}

size

=1 {

= size * 0.45

= list_push(pts, cx + cos(a) * r)
= list_push(pts, cy + sin(a) * r)
i+1

draw_poly(pts)

bind start = do {
open_window(640, 480, "Star Catcher")

bind basket_x = 320

bind star_x
bind star_y
bind fall =
bind score
bind lives
bind t = 0

3

0
3

100 + rand() * 4ue
0

®
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while window_is_open() {
if lives > 0 {

# ———-— input ———-

if key_down("left") || key_down("a") {
bind basket_x = basket_x - 7

}

if key_down("right") || key_down("d") {
bind basket_x = basket_x + 7

}

if autoplay {
bind basket_x = star_x

}

bind basket_x = clamp(basket_x, 50, 590)

# ———— update ———-
bind star_y = star_y + fall
if star_y > 4ue {
# the star reached the basket's height: caught or missed?
if abs(star_x - basket_x) < 55 {
bind score = score + 1
bind fall = fall + 0.25
} else {
bind lives = lives - 1
}
bind star_x = 50 + rand() * 540
bind star_y = 0
}
} else {
if key_pressed("space") {
bind lives = 3

bind score = 0

bind fall = 3
bind star_y = 0
}
}
# ———— draw ———-

grad_rect(@, 0, 640, 480, 15, 15, 50, 4@, 25, 80, 1)
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set_color(255, 220, 80)
star(star_x, star_y, 24, t * 0.05)

set_color(255, 255, 255)
rect(basket_x - 50, 445, 100, 14, 90, 190, 255)
rect(basket_x - 50, 4u5, 100, 4, 200, 235, 255)

set_color(255, 255, 255)
ui_text(16, 14, 22, "SCORE " + to_str(score))
ui_text(5600, 14, 22, "LIVES " + to_str(lives))
if lives <= 0 {
set_color(255, 116, 110)
ui_text(170, 200, 36, "GAME OVER")
set_color(255, 255, 255)
ui_text(170, 260, 20, "PRESS SPACE")

present()
bind t = t + 1
}

println("Final score: ", score)
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Figure: Star Catcher in play. The star spins as it falls; the basket is at the bottom.

How the game works

The star. star(cx, cy, size, spin) builds a list of ten corner coordinates, alternating
between a big radius (the points) and a smaller one (the notches), and hands it to draw_poly .
A list is built with a while loop (the for-loop trap again), and the corners come from cosine
and sine, which place points around a circle. Passing a spin angle makes the star rotate.

The state machine. Look at the structure if lives > 0 { ... } else { ... }.Whileyou
have lives, the game is running; when they are gone, only the restart test runs. That is the
simplest form of a game state: "playing" versus "game over". Bigger games add more states
such as "menu" and "paused".

Catching. When the star's y passes 440 (the height of the basket), we compare the horizontal
distance abs(star_x - basket_x) with 55, which is half the basket's width plus a little
forgiveness. If it is smaller, you caught it. Either way, the star restarts at the top with a new

126



® - LING

random x. rand() gives a random number from 0 up to (but not including) 1, so 56 + rand()
* 510 is a random position between 50 and 590.

Difficulty. bind fall = fall + 0.25 makes every next star a little quicker. That tiny line
turns a toy into a game: it creates tension.

Text. ui_text(x, y, size, text) draws textin a built-in stroke font that needs no font file. It
draws capital letters, and the colour is the pen colour. We join the label to the number with
+ and to_str.

The ending. When the window is closed, the loop ends, and the line after it, println("Final
score: ", score), printsin the terminal.

1

TIP

Constants like 55 and 440 are called magic numbers, because a reader cannot tell what
they mean. For your own bigger games, give them names at the top of the file: bind
basket_half = 50 . The code is easier to read and to change.

Testing a game without playing it

How do you know a game works if you cannot sit and play it for every change? Programmers
write a

test mode
. Notice the line near the top:
FRAGMENT
bind autoplay = false # set to true to watch the computer play

and the two lines in the loop that use it:

FRAGMENT
if autoplay {
bind basket_x = star_x

When autoplay is true, the basket simply follows the star, so the computer catches
everything. You can watch a minute of the game without touching the keyboard. For
automated checks, you can also add a frame counter that calls quit() after some number of
frames. We used both while writing this book: the game ran about fifteen seconds with no
key presses (so the player lost all three lives, tested the game-over state), and also in autoplay
mode (tested the catch). That is how we know every line of this program runs.
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Ideas for improvement

® Add a second kind of falling object, a bomb, which costs a life if you catch it.
® Add a high score: keep best and update it when the game ends.

® Use mouse_x() for steering instead of the keys.

® Change the sky colour every five points.

® Draw the lives as little stars instead of a number.

TRY IT

Make the game easier by raising the half-width of the basket check from 55 to 80 (and make
the basket wider to match). Then make it harder by starting fall at 5.

Chapter summary

® The 2D canvas has its origin at the top-left; x grows right, y grows down.

® set_color choosesthe pen; draw_disc, draw_circle, triangle, draw_line, draw_arc,
draw_poly and grad_rect draw in it. There is no rectangle call; write your own rect
helper around grad_rect .

® Draw back to front; later shapes cover earlier ones.

® Inputis polled each frame: key_down (held), key_pressed (once per press), mouse_x(),
mouse_y() , mouse_down() .

e Structure every game as state (names outside the loop), then each frame input, update,
draw.

® Use clamp to keep things in bounds, rand() for randomness, and abs for distances.
® Use ui_text for text when you have no font file.

® Build lists with while. Use a lives > 0 check as a simple "playing / game over" state.
* Give yourself a test mode (an autoplay flag, or a frame counter with quit() ).

Exercises

1. Draw a simple face: a big yellow disc, two small dark discs for eyes, and an arc for the
mouth.

2. Make the moving ball bounce instead of stopping: keep a speed vx and vy, move the ball
by them each frame, and when it hits a wall reverse the sign of that speed.

3. Change the paint program so that the colour changes with the pointer's x position instead
of time.
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4. Add a high score to Star Catcher: remember the best score during the session and show it
on screen with ui_text.

5. (Challenge) Add a bomb to Star Catcher: a second falling object, drawn as a dark circle,
that costs a life if caught. Reuse the same pattern as the star.

Answers

1. ling—-gui bind start = do { open_window(400, 400, "Face") while window_is_open() {
fill(30, 30, 60) set_color(255, 220, 60) draw_disc(200, 200, 120) set_color(u®, 40,
40) draw_disc(160, 170, 14) draw_disc(240, 170, 14) draw_arc(200, 210, 60, 0.4, 2.74,
24) present() } } The mouth is an arc from 0.4 to 2.74 radians, the lower part of a circle
because angles run clockwise.

2. ling-gui bind start = do { open_window(640, 400, "Bounce") bind x = 100 bind y = 100
bind vx = 4 bind vy = 3 while window_is_open() { bind x = x + vx bind y =y + vy if x
<20 || x >620 { bind vx =0 - vx } if y <20 || y > 380 { bind vy = 0 - vy }
fill(1e, 10, 30) set_color(255, 120, 80) draw_disc(x, y, 20) present() } }

3. Replace bind hue = hue + 3 by bind hue = mouse_x() / 640 * 360, and remove the wrap-
around test.

4. Bind best = @ before the loop. When a miss takes lives to zero, if score > best { bind
best = score }.Draw it with ui_text(16, 44, 22, "BEST " + to_str(best)) .

5. Give the bomb its own bomb_x and bomb_y ; make it fall each frame; when bomb_y > uue
and abs(bomb_x - basket_x) < 55, subtract a life; then reset it to the top. Draw it with
draw_disc(bomb_x, bomb_y, 14) in dark grey.
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CHAPTER B

Sound and Music

What you'll learn. Ling can make sound with nothing but numbers: no recordings, no
downloads. In this chapter you will learn how pitch becomes a number, play notes from your
keyboard and mouse, compose a melody as a list, turn it into a real sound file, and have Ling
listen to its own music and tell you about it. You will finish with a tiny melody player.

NOTE

Programs that play sound are labelled GUI, because they open a small window. They need
working speakers or headphones, and you will hear nothing if your volume is muted. The
text panels in this chapter show what the programs print, not what they sound like.

Sound is a number

When you pluck a guitar string it vibrates, and the vibration moves the air. The number of
vibrations per second is the frequency, measured in hertz (Hz). A higher frequency is a
higher note. Concert A, the note an orchestra tunes to, is 440 vibrations per second: 440 Hz. A
computer can create a sound by producing a wave that wobbles at the right frequency. It is
just arithmetic.

Musicians do not talk about hertz; they say "A", "C sharp", or "middle C". Computers use yet
another numbering, called MIDI numbers, where every key on a piano has a whole number:
middle C is 60, the next key up (C sharp) is 61, then D is 62, and so on. A4, the concert A, is
69. Adding 12 to a MIDI number raises the note by one octave, which doubles its frequency.

Ling has three functions to move between these ideas:

® nusic_hz(pitch) turns a MIDI number (or a name such as "cu" or "a#3")intoa
frequency in hertz.
® music_note_name(hz) turns a frequency into the name of the nearest note.

® Both accept ordinary numbers, so you can do arithmetic on pitches.

Let us print a table: a C major scale.
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bind start = do {
println("A4 is ", music_hz("Ad4"), " Hz")
println("middle C (60) is ", round(music_hz(60) * 100) / 100, " Hz")
println("C5 is ", round(music_hz("C5") * 100) / 100, " Hz")
println("d4@ Hz is the note ", music_note_name(4u40))

println("300 Hz is nearest to ", music_note_name(300))

# one octave of a C major scale
bind scale = [60, 62, 64, 65, 67, 69, 71, 72]
bind i = 0
while i < len(scale) {
bind m = list_get(scale, i)
println(m, " ", music_note_name(music_hz(m)), " ", round(music_hz(m)), " Hz")

bind i =i + 1

OUTPUT

Al is 44O Hz

middle C (60) is 261.63 Hz
C5 is 523.25 Hz

4ue Hz is the note A4

300 Hz is nearest to D4

60 C4 262 Hz

62 DU 294 Hz
64 EU4 330 Hz
65 FU 349 Hz
67 GU 392 Hz
69 A4 440 Hz
71 B4 4oy

72 C5 523

The pitch numbers 60, 62, 64, 65, 67, 69, 71, 72 are the white keys of a piano from middle C
up to the next C. Notice the pattern of gaps: 2, 2, 1, 2, 2, 2, 1. That pattern

is
a major scale, and it sounds "happy" no matter which key you start from. Start from 57

instead of 60 and you get an A major scale.
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TIP

music_hz(69) is 440. Every MIDI number up or down multiplies the frequency by the
twelfth root of two, about 1.0595. Twelve steps make exactly 2, one octave. You never have to
remember any of this, because music_hz does it for you.

Your first sounds

A one-shot blip

The easiest sound is audio_blip . You give it a frequency, a duration in seconds, a waveform,
and a volume:

FRAGMENT

audio_blip(ude, 0.5, "triangle", 0.3)

The waveform decides the character of the sound:

Name Sounds like

"sine" pure and smooth, like a flute or a whistle
"triangle" soft and hollow

"square" buzzy and retro, like an old video game
"saw" bright and harsh, like strings or brass
"noise" hiss, useful for drums and wind

An unknown name falls back to sine, so a typo gives you a sine wave rather than an error.
A keyboard piano

Let us combine this with last chapter's keyboard polling. The home-row keys A to K play a
scale:

132



® - LING

GUl
# A computer-keyboard piano. Keys A S D F G H J play CD E F G A B (and K the high C).
fn key_note(i) {

return list_get([60, 62, 64, 65, 67, 69, 71, 72], i)

bind start = do {
open_window(640, 260, "Keyboard piano")
bind keys = ["a", "s", "d", "f£", "g", "h", "j", "k"]
bind lit = -1
bind fade = 0

while window_is_open() {
# input: one blip each time a key goes down
bind i = 0
while i < len(keys) {
if key_pressed(list_get(keys, i)) {
audio_blip(music_hz(key_note(i)), 0.5, "triangle", 0.3)
bind lit = i
bind fade = 12
}

bind i =i + 1

# draw: eight white keys; the one just played glows
£ill(20, 20, 35)
bind i = 0
while i < len(keys) {
bind x = 20 + i * 75
if i == lit && fade > 0 {
grad_rect(x, 40, 70, 180, 255, 220, 90, 255, 180, 60, 1)
} else {
grad_rect(x, 40, 70, 180, 245, 245,6 245, 205, 205, 215, 1)
3
set_color(u0, 40, 60)
ui_text(x + 25, 190, 20, str_upper(list_get(keys, 1i)))

bind i =i + 1
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set_color(255, 255, 255)
ui_text(20, 10, 18, "PLAY WITH A SD F G H J K")
if fade > 0 {
bind fade = fade - 1
}
present()

When you press a key, key_pressed is true for exactly one frame, so each press triggers
exactly one blip. We look up the pitch with a little function, key_note(i), find its frequency
with music_hz, and play it. The "lit" key glows for twelve frames. Rows of keys are drawn with
a while loop.

TRY IT

Change "triangle" to "square" and listen. Change the numbers in key_note to a different
scale. A minor pentatonic starting on A is [57, 60, 62, 64, 67, 69, 72, 74] . Does

anything you play sound bad? (Hard to do with a pentatonic scale, which is why guitarists
love it.)

A theremin

The theremin, invented around 1920, is an instrument you play without touching it. The
player's hand moves in the air near an antenna and the pitch changes. We can build a version
with the mouse:
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# A theremin: the mouse controls pitch (left to right) and loudness (bottom to top).
bind start = do {
open_window(640, 400, "Theremin")
audio_volume(0.5)
while window_is_open() {
bind freq = 110 * pow(2, mouse_x() / 640 * 3) # three octaves, from 110 Hz up
bind loud = (1 - mouse_y() / 400) * 0.25
audio_tone(0, 0, 0, 3, 0, freq, loud, 5, 0.01)

fill(1e, 10, 30)
set_color(120, 220, 255)
draw_disc(mouse_x(), mouse_y(), 12 + loud * 80)
set_color(255, 255, 255)
ui_text(16, 14, 18, music_note_name(freq) + " " + to_str(round(freq)) + " HZ")
present()
}
audio_tone(0, 0, 0, 3, 0, 220, 0, 5, 0.01)

This uses a different function, audio_tone , which creates a continuous sound, a tone that
keeps going until you silence it. It has nine arguments:

FRAGMENT

audio_tone(slot, x, y, z, w, freq, amp, lfo_rate, lfo_depth)

® slot isthe number of the tone. Calling with the same slot again retunes the same tone
instead of starting another, so calling it every frame is the way to make a sound that
follows your mouse.

* x, vy, z placesthe sound in 3D space, relative to the camera, so the sound pans left and
right and gets quieter if it is far away. We put it directly ahead at z = 3.

® w isan extra "fourth dimension" parameter for strange timbres. Zero turns it off.
® freq isthe frequency in hertz and amp the loudness.

® 1lfo_rate and lfo_depth add a gentle vibrato: a wobble in the pitch, 1fo_rate times a
second, of a size 1fo_depth as a fraction of the pitch.

135



LING

The pitch formula is worth a close look: 110 * pow(2, mouse_x() / 640 * 3) . At the left edge
mouse_x() is 0, so pow(2, 0) is1and the frequency is 110 Hz. At the right edge, it is pow(2,
3) = 8, 50880 Hz. Each doubling is an octave, so the window spans three octaves. Because
the exponent changes smoothly with the pointer, equal mouse movements make equal
musical steps. That is how real instruments work.

There is no way to delete a tone, so when the loop ends, the program sets the amplitude to 0
to silence it.

WARNING

Keep the volume low while you experiment. audio_volume(0.5) setsthe master volume. A
continuous tone at full volume through headphones is unpleasant.

Composing with lists

You already know how to store a sequence of numbers: a list. A melody is exactly that: a list
of pitches and a matching list of durations. We measure durations in beats, not seconds,
because beats are independent of the tempo. A tempo of 120 beats per minute means each
beat lasts half a second; a tempo of 60 means one second. Change the tempo, and the same
tune plays faster or slower, just as in a score.

This is the "parallel lists" idea from Chapter 5 doing musical work.

Rendering a song to a file

Ling includes the engine of a full music studio, called a DAW (digital audio workstation),
which you can script with the daw_* functions. You build a project with tracks, put clips on
the tracks, and put notes in the clips. Then you bounce the project, which means rendering
it to an ordinary sound file. All this happens in memory; it needs no sound card, and no
recordings.

Here is the whole thing for "Twinkle, Twinkle, Little Star":
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# Compose a melody as data, render it to a sound file, then analyse the file.

# No sound files are needed: everything is made from numbers.

bind start = do {
daw_new()
daw_set_bpm(120)
bind lead = daw_track_add("synth")
bind clip = daw_clip_add_midi(lead, 0, 16)

# "Twinkle, Twinkle": MIDI pitches and how long each lasts, in beats
bind pitches = [60, 60, 67, 67, 69, 69, 67, 65, 65, 64, 64, 62, 62, 60]
bind lengths = [1, 1, 1, 1, 1, 1, 2, 1, 1, 1, 1, 1, 1, 2]

bind when = 0

bind i = 0

while i < len(pitches) {
bind p = list_get(pitches, i)
bind d = list_get(lengths, i)
daw_note_add(lead, clip, when, d * 0.9, p, 0.8)
bind when = when + d

bind i =i + 1

}
println("notes added: ", len(pitches))
println("song length: ", when, " beats")

bind ok = daw_bounce("twinkle.wav", 0, when, 0.5, 16, "wav", 0.5)

println("rendered: ", ok)

bind track = music_load("twinkle.wav")

println("loaded track number ", track)

println("lasts about ", round(music_duration(track)), " seconds")
println("detected key: ", music_key(track))

println("onsets found: ", len(music_onsets(track)))

® -
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DUTPUT
notes added: 14

song length: 16 beats

rendered: 1

loaded track number 0
lasts about 9 seconds
detected key: C# minor

onsets found: 13

Let us walk through it.

1. daw_new() starts an empty project. daw_set_bpm(120) sets 120 beats per minute.

2. daw_track_add("synth") adds a synthesizer track and returns its number. Other kinds
include "drums", "pluck" and "chip" .

3. daw_clip_add_midi(lead, @, 16) puts an empty clip on the track, starting at beat 0 and
lasting 16 beats. A clip is a container for notes.

4. The while loop adds each note. daw_note_add(track, clip, start, length, key,
velocity) takes the start time and length in beats, the MIDI note number, and a velocity
(how hard the key was hit, from 0 to 1). We keep a running when counter; each note starts
when the previous one ended. We make notes 90 percent as long as their slot (d * ©.9),
leaving a tiny gap so repeated notes do not blur together.

5. daw_bounce renders beats 0 to when to twinkle.wav.The 0.5 is a tail of half a second so
that the last note can fade out; 16, "wav" are the format; the final number only matters
for compressed formats. It returns 1 for success.

6. The finished file is an ordinary WAV you can open in any media player. It appears in the
folder where you ran the program.

Then something delightful happens: the program listens to its own work. music_load reads
a sound file and gives it a handle. music_duration tells us the length in seconds (a 16-beat
song at 120 BPM is 8 seconds, plus our 0.5 second tail), music_key estimates the musical key,
and music_onsets finds the moments at which new notes begin.
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NOTE

The analysis is an
estimate
. We composed in C major, but the analyser guessed C sharp minor: a close neighbour, since

the C major tune only uses a few notes. A short melody is not much to go on. It found 13
onsets although we wrote 14 notes: when two identical notes follow one another, the
analyser may not notice a new attack. Use these analysis tools for fun and for effects, not for
proof.

Drums

Drums are a track of the kind "drums" . Instead of pitches, the note numbers choose which
drum is hit: 36 is the bass drum, 38 the snare, 42 the closed hi-hat. Rhythm is about where in
the bar the hits fall:

# A two—bar drum loop: kick on the beat, snare on 2 and 4, hi-hat on the off-beats.
bind start = do {

daw_new()

daw_set_bpm(100)

bind drums = daw_track_add("drums")

bind clip = daw_clip_add_midi(drums, 0, 8)

bind beat = 0
while beat < 8 {
daw_note_add(drums, clip, beat, 0.25, 36, 0.9)
if beat % 2 == 1 {
daw_note_add(drums, clip, beat, 0.25, 38, 0.8)
}
daw_note_add(drums, clip, beat + 0.5, 0.25, 42, 0.5)
bind beat = beat + 1

daw_bounce("drums.wav", 0, 8, 0.0, 16, "wav", 0.5)

bind t = music_load("drums.wav")

println("seconds: ", round(music_duration(t)))
println("tempo: ", round(music_bpm(t)), " BPM")
println("hits detected: ", len(music_onsets(t)))
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OoUTPUT

seconds: 5

tempo: 100 BPM
hits detected: 15

In every beat we place a kick (36) at the start and a hi-hat (42) halfway through (at beat +
0.5). On the odd beats we add a snare (38): that gives the backbeat of rock music. The
analyser confidently reports the tempo we asked for. Note how it needs no idea of what
drums are: it just notices that loud sounds repeat at a steady rate.

TIP

To hear what the DAW can do, ask a synth track for its preset names:
daw_inst_presets(track) returns [Init Saw, Sub Bass, Additive Organ, FM Bell,
Hybrid Pad] in this version. Pick one with daw_inst_preset(track, "FM Bell").

Hearing your own song

The WAV file can be played with the music_* player: music_load it, then music_play(track) .
While it plays, music_pos() tells you the position in seconds, so you can draw a progress bar.
Here is a bass line and a bell melody, rendered and then played back:
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# Make a song, save it as a WAV file, then play that file back with the music player.
bind start = do {

daw_new()

daw_set_bpm(110)

bind bass = daw_track_add("synth")

daw_inst_preset(bass, "Sub Bass")

bind bclip = daw_clip_add_midi(bass, 0, 8)

bind roots = [45, 41, 48, u3]

bind i = 0

while i < 4 {

daw_note_add(bass, bclip, i * 2, 1.8, list_get(roots, i), 0.9)

bind i =i + 1

bind lead = daw_track_add("synth")
daw_inst_preset(lead, "FM Bell")
bind lclip = daw_clip_add_midi(lead, 0, 8)
bind tune = [72, 76, 79, 76, 72, 77, 81, 77, 76, 79, 83, 79, 74, 77, 79, 71]
bind i = 0
while i < len(tune) {
daw_note_add(lead, lclip, i * 0.5, 0.45, list_get(tune, i), 0.7)

bind i =i + 1

daw_bounce("song.wav", 0, 8, 1.0, 16, "wav", 0.5)
bind track = music_load("song.wav")

println("song length: ", round(music_duration(track)), " seconds")

open_window(480, 200, "Now playing")
music_play(track)
while window_is_open() {
£i11(15, 25, 40)
set_color(120, 255, 190)
ui_text(20, 30, 26, "PLAYING SONG.WAV")
bind frac = music_pos() / music_duration(track)
grad_rect(20, 120, u4u4® * clamp(frac, 0, 1), 20, 120, 255, 190, 60, 160, 255, 0)
present()
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if music_pos() >= music_duration(track) - 0.1 {

quit()

OouUTPUT

song length: 5 seconds

Several things are new here:

® Two tracks, each with a preset ( "Sub Bass" and "FM Bell" ) which changes the sound of
the synthesizer.

e The bass notes 45, 41, 48, 43 are the chord roots A, F, C and G, each held for two beats;
the bell plays eight notes per bar above.

® After rendering, the program opens a window and plays the finished file. The progress
bar's width is music_pos() / music_duration(track) , the fraction played so far, multiplied
by the full bar width. When the song is almost over, quit() closes the window.

WHAHARNING

music_play(track) always restarts the track from the beginning, so do not call it every
frame. There is music_pause() to pause (it keeps the position) and music_stop() to stop (it
rewinds to the start). If you want to resume a paused track, call music_play(-1) .

NOTE

The DAW also has daw_play() , which plays the project live without bouncing first. It is
audible, but it is meant for tools that edit music, and it is best avoided in short test scripts.
Bouncing a file is simpler and does not depend on a sound card, which is why we use it
throughout this chapter.

A tiny melody player
Last, a melody player that does not render anything. It plays each note at the right moment,

using the clock. The melody is two lists at the top of the file: pitches (with 6 meaning a rest)
and beats . It is "Ode to Joy"
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# A tiny melody player. The tune is just two lists: pitches and durations.

# 0 means "rest". It plays once, shows each note as it sounds, then quits.

bind pitches

= [64, 64, 65, 67, 67, 65, 64, 62, 60, 60, 62, 64, 64, 62, 62, 0]

bind beats =[1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1.5, 0.5, 2, 1]
bind tempo = 132 # beats per minute
bind start = do {
open_window(640, 300, "Melody player")
bind spb = 60 / tempo # seconds per beat
bind begun = time_now()
bind next_at = 0 # when the next note is due (seconds)

bind index
bind shown

0

while window_is_open() {

bind now
if index
bind p
bind d
if p >

= time_now() - begun

< len(pitches) && now >= next_at {
= list_get(pitches, index)

= list_get(beats, index) * spb

0 {

audio_blip(music_hz(p), d * 0.9, "triangle", 0.3)

bind
} else

bind
}

shown = music_note_name(music_hz(p))
{
shown = "rest"

bind next_at = next_at + d

bind index = index + 1

}
if index
quitQ)

Fi11(25,

>= len(pitches) && now > next_at + 0.5 {

15, u5)

set_color(255, 200, 90)
ui_text(ue, 70, 90, shown)
set_color(120, 120, 180)

®
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ui_text(u40, 200, 20, "NOTE " + to_str(index) + " OF " + to_str(len(pitches)))
present()
}
println("Played ", index, " notes")
}

OouUTPUT

Played 16 notes

The important idea is the scheduler. Each frame we compute now, the seconds since the
start. Whenever now reaches next_at, the time at which the next note is due, we play that
note and push next_at forward by the note's duration. In this way the music's rhythm comes
from the clock, not from the frame rate: if the computer is slower or faster, the tune keeps
the correct tempo. (The notes are only started on frame boundaries, so each can be late by a
fraction of a frame, about a sixtieth of a second. That is quite good enough for a tune; a
precise sequencer would use the DAW.)

spb is "seconds per beat", 60 / tempo . The tune plays at 132 beats per minute. Change tempo
to 90 for a calmer performance, or 180 for a frantic one.

At the end the program prints how many notes it played. As the last note is played, a half
second of silence passes before the window closes, so the final note is not cut off.

TRY IT

Replace the melody with your own tune. Write the notes of "Happy Birthday" (it starts with
60, 60, 62, 60, 65, 64) with matching beats, and put the tempo at 120. A rest between phrases
isa 0 in the pitches list.

Chapter summary

® Sound is vibration; the frequency in hertz sets the pitch. A4 is 440 Hz; an octave doubles
the frequency.

® MIDI numbers number the piano keys: 60 is middle C, 69 is A4. music_hz(pitch) and
music_note_name(hz) convert between numbers, names and frequencies.

® audio_blip(freq, seconds, wave, volume) plays a short sound; waveforms are "sine"
"triangle", "square", "saw" and "noise" .

® audio_tone(slot, x, y, z, w, freq, amp, lfo_rate, lfo_depth) isa continuous tone,
retuned by calling it again with the same slot; set the amplitude to 0 to silence it.
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A melody is two parallel lists: pitches and durations in beats.

The DAW builtins build a project: daw_new, daw_set_bpm, daw_track_add,
daw_clip_add_midi, daw_note_add, and daw_bounce to render a WAV file without any sound
card or recordings.

music_load reads the file back; music_duration, music_key, music_bpm and music_onsets
analyse it; music_play, music_pause, music_stop and music_pos play and track it.

Drum notes select drums: 36 kick, 38 snare, 42 closed hi-hat.

To play notes on time, compare the clock ( time_now() ) with the time the next note is due.
Analysis results are estimates.

Exercises

1. Use music_hz to print the frequency of every note from middle C (60) up to the C an octave
above (72), twelve steps in all. What do you notice about the first and last frequencies?

. Change the keyboard piano so that pressing the key "z" plays a drum-like sound using
audio_blip(120, 0.15, "noise", 0.4).

. Change the theremin so that vertical position controls the vibrato depth (the last
parameter) instead of the loudness. Keep the loudness constant at 0.15.

. Write a program that composes a four-beat drum pattern with a kick on every beat,
bounces it to mydrums.wav , loads it, and prints the number of onsets detected.

. Add a second voice to the melody player: play each note a fifth higher (that is 7 MIDI steps)
at the same time as the main note, with a lower volume. Hint: one more audio_blip inside
the same if .

Answers

1. A loop from 60 to 72 calling println(m, " ", music_hz(m)) gives 261.6 and about 523.3.
The last frequency is exactly double the first: that is what an octave is.

2. Add if key_pressed("z") { audio_blip(120, 0.15, "noise", 0.4) } inside the frame loop,
before drawing.

3. Replace the last argument of audio_tone with mouse_y() / 400 * 0.05 and use 0.15 for
amp .

4. Reuse the drum program above with daw_set_bpm(120) , a clip of 4 beats and a single
daw_note_add(drums, clip, beat, 0.25, 36, 0.9) per beat. Bounce with
daw_bounce("mydrums.wav", 0, 4, 0.0, 16, "wav", 0.5) and print len(music_onsets(t)) .
The count may be slightly different from 4: the analyser is an estimate.
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5.Inside if p > @ { ... }, after the existing audio_blip, add audio_blip(music_hz(p + 7),
d * 0.9, "triangle", 0.15).
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CHAPTER 9

Your First Project

What you'll learn. Until now each program has been a single file. Real programs grow, so in
this last beginner chapter you will learn to create a proper project with lingfu, split a
program across several files with use, and package it so friends can run it. You will also
learn how to hunt down mistakes, including the sneaky ones that Ling does not report by
default, and you will get a troubleshooting checklist to keep.

From a file to a project

A single .ling file is perfect for experiments. But a game with graphics, sound, levels and
fonts has many files, and you need somewhere to keep them together, along with a
description of the whole thing: its name, its version, where it starts.

That is what a project is: a folder with a small description file, called the manifest, and your
source files. The tool for managing projects is lingfu (RfF, "spirit token"). You installed it
together with ling in Chapter 1.

From source file to running program

Source Lexer Parser MIR Backend
ling text ling-lex AST ling-mir JIT / AQT / WASM

Interpreter Cranelift JIT

ling run --interp : walks the tree directly ling run (default) : native code at launch

The same program runs on every path; choose by startup time versus peak speed.

Figure: From source to program. Your files are read by ling, which runs them directly, or packages them for other
platforms.
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Creating a project

Open a terminal in the folder where you keep your work and type:

OUTPUT

$ lingfu new demo

Creating project: demo

Spirit Realm created!
cd demo
lingfu build

lingfu run

(The real tool decorates its messages with small symbols; we have left them out.) lingfu has
created a folder named demo containing:

OUTPUT

demo/
Ling.toml the manifest
src/start.ling your program starts here
tests/test.ling a starter test
lexicons/en.ling language data
README . md

.gitignore

Let us run it:

OUTPUT
$ cd demo
$ lingfu run

Running .../demo/src/start.ling...

Welcome to demo Spirit Realm
Spirit Level: %k

Three words in a row, lingfu, run, and nothing about files. lingfu run finds the manifest,
finds the entry program, and runs it with ling run underneath. You can still run any file
directly with ling run src/start.ling : both paths end up in the same place.
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NOTE

lingfu new can also create projects in other human languages: lingfu new demo --lang
zh makes a project whose folders and files have Chinese names ( R .toml , RiR/E. X ).
Supported choices are en, zh, ja, ko, th and ru.

The manifest

Open Ling.toml in your editor:

[spirit]

name = "demo"

kind = "bin"

version = "2030.0.0"

[author]

ling-lin = { email = "you@example.com" }
[realm]

language = "en"

level = "gk"

source = "src"

[root]

core = { version = "2030.0", language = "en" }
[depends]

# Add dependencies: spirit-name = { version = "x.y.z" }

TOML is a simple configuration format: [sections] in square brackets, and key = value
lines. The [spirit] section holds what matters most: the name of the project, its kind (bin
is an ordinary program; others include game, ui and lib), and its version .

The entry = gotcha

There is one thing in the generated manifest that will trip you up when you get to packaging.
The program is in src/start.ling, but the packaging command lingfu build (which uses
ling build internally) assumes by default that your program is called main.ling in the
project's top folder. If you try to build the project as it was generated, you get this:

149



LING

OUTPUT

$ lingfu build

Building Ling project...
Entry: .../demo/src/start.ling

-> AOT-compiling to a native executable...

error: entry '.../demo/main.ling' not found
Error: build failed

The fix is one line. Tell the builder where the program starts, in the [spirit] section:

[spirit]

name = "demo"

kind = "bin"

entry = "src/start.ling"

version = "2030.0.0"

We tried this and the entry error is gone. ( lingfu run and lingfu test do not need the line,
because they search src/start.ling themselves. That is why the problem only shows up at
the last step.)

WHAHRNING

The part of Ling that packages programs reads the manifest line by line instead of with a
full TOML reader. Write every setting on one line, in the form key = value with a space
before the =. Lists, like targets = ["win", "lin", "web"], mustalso be on a single line.

Splitting a program across files

A program with five hundred lines in one file is hard to read. Split it into files, each with a
job. The keyword that connects files is use .

Our example is a temperature converter. The two conversion functions go in their own file,
as a library: a file that holds functions but has no bind start :
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FRAGMENT
# convert.ling - a library file: functions only, no start.
fn c_to_f(c) {

return c * 9 / 5 + 32

fn f_to_c(f) {
return (f - 32) x5/ 9

The main program, which sits in the same folder, borrows them:

# main.ling - the program. It borrows two functions from convert.ling.

use "convert.ling" as conv

bind start = do {

println("0 C = ", conv::c_to_f(0), " F")
print'l.n("l@o (= ", COnV:ZC_tO_'F(]_O@), n F")
println("-40 F = ", conv::f_to_c(-40), " C")

DUTPUT
06 C=32F

100 C = 212 F
-40 F = -40 C

use "convert.ling" as conv loads the other file, relative to the file that says use , and gives it
the nickname conv . After that, conv::c_to_f(0) calls the function c_to_f from that file. The
double colon :: reads as "inside". Nicknames prevent confusion if two files happen to
contain functions with the same name.

You may leave out the as : then the functions are called by their plain names, and you may
also leave off .ling:
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FRAGMENT

use "convert"

bind start = do {
println(c_to_f(37))

which prints 98.6 . Both forms work in a plain ling run main.ling and also inside a lingfu
project, where you would place convert.ling in the src folder nextto start.ling . (We tried
it both ways.)

WARARNING

Share functions between files, not values. A top-level bind in a library file (such as bind
tax = 0.2)is notusable from the importing file, and not even from the library's own
functions, so such programs mishehave (the default engine gives you () ; the interpreter
gives you an "undefined" error). If you need a shared value, write a tiny function that returns
it: fn tax() { return 0.2 }.

How to divide a program

A useful way to decide what goes where:

® One file peridea. physics.ling, drawing.ling, levels.ling .

¢ Small files. If you scroll more than a couple of screens, it is time to split.

* The entry file is short. Its start calls the pieces in order. Someone opening it should be
able to understand the whole program in a minute.

e Name by what it does, not how: scoring.ling, not stuff2.ling .

Testing

A test is a small program that checks that something works. lingfu test runs the file
tests/test.ling (and any other .ling file in tests/) and reports success if they all run
without failing:
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OUTPUT
$ lingfu test

Testing Ling project...

test: .../demo/tests/test.ling
A1l mirrors are clear
Ling tests passed for demo

All tests passed!

A test is an ordinary program: it needs a bind test = do { ... } (any bind of a do block
serves as the entry). It "fails" if it stops with a runtime error. Ling has no assertion function,
so to make a test that fails on purpose, call a function that fails under the interpreter. That is
a bit awkward, so for now you can think of tests as a safety net for "does this program still
run to the end without crashing?".

Shipping your program

You have made something. How do you give it to a friend who does not have Ling? You build
it: the build process packages your program, and the Ling runtime that drives it, into
something a person can double-click.

OouUTPUT

$ ling build main.ling —-platform win

$ ling build main.ling --platform web,lin,mac
$ lingfu build —-platform all

The --platform option chooses the target systems: win (Windows), lin (Linux), mac
(macOS), web (a page for a web browser), or all for the four of them. The results are written
to a folder called dist, with one sub-folder per platform. Some other useful options:

Option What it does

--out folder put the results somewhere other than dist

--icon file use your own icon (SVG, PNG or ICO) for the application

--pack embed pictures, fonts and sounds inside the program, giving a single file
-—aot compile to native machine code instead of embedding the interpreter
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If your program uses files such as pictures or sound, list them in the manifest so that they
travel along. Since the packager reads the manifest line by line, a list of patterns goes on one
line:

includes = ["music/*.wav", "font/*.otf"]

WARNING

Native builds create a small Rust project behind the scenes and compile it, so you must have
a Rust toolchain installed (the installer from Chapter 1 sets one up), and the first build can
take several minutes. The command-line options and the manifest rules in this section
come from the documented behaviour and the program's source. In our test environment
we confirmed that the entry-file problem above is real and that the fix works, but the
compile step itself stopped with a linker error that came from the sandbox machine we
used, so we could not produce a finished executable ourselves. If your build fails on a
missing file or a linker message, check that Rust is correctly installed first.

Finding mistakes (debugging)

Every programmer spends a large part of their time hunting for the reason a program does
something unexpected. The hunt is a skill, and it can be learned. Here are the methods, from
the simplest.

1. Print what you think you know

The oldest trick is to add println lines that show the values at the point where things go
wrong:

FRAGMENT
println("DEBUG x = ", x, " y =", y)

Run the program and compare what is printed with what you expected. The first place where
reality differs from your expectation is where the bug lives. Remove the debug lines when
you are done, or comment them out with #.

2. Run it on the interpreter

This is the most useful Ling-specific advice in the book. Ling has two engines that run your
programs:
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® The default engine, the JIT (just-in-time compiler), is fast. It translates your program into
machine code while it runs.

* The interpreter reads your program step by step. It is slower but careful: it reports many
mistakes that the JIT silently lets pass.

You select the interpreter with --interp :

oUTPUT

$ ling run —-interp myprogram.ling

Here is the best example. A misspelled function name:
fn area(w, h) {

return w * h

bind start = do {
bind a = area(3, 4)

println("area: ", a)
bind total = aera(5, 6) + a
println("total: ", total)

OUTPUT

area: 12

total: ()

The program above has a typo: aera instead of area . On the default engine, the failed call
does not stop the program. The call simply produces (), the "nothing" value, which spreads
through the arithmetic, so the output says total: (), and no error is shown. (We have
shown the real output above.) The interpreter tells you exactly what is wrong:
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OoUTPUT

$ ling run —-interp dbgl.ling

area: 12
error[runtime]: unknown function 'aera'
--> dbgl.ling
traceback (deepest call last):
0: start

hint: check the spelling, or ‘use' the module that defines it

TIP

Make --interp part of your routine. Whenever a program prints () where it should print
something, or a sound is missing, or a function seems to do nothing, run it once with --
interp before doing anything else. Many bugs are found in ten seconds this way.

The silent-failure rule applies to every built-in function too. Misspell draw_disc as draw_dsic
in a graphics program and the shape simply never appears. The JIT also lets other things
pass: for example a division by zero gives () rather than an error. And as you saw in Chapter
5, the two engines sometimes disagree about lists. If a program works on one engine and not
on the other, your program has a bug; the interpreter is the reference for what Ling means.

3. Make it smaller

When a program of two hundred lines fails, copy it, then delete parts until the failure
disappears. The last thing you deleted is the culprit. It is like finding which light bulb in a
string is broken.

4. Explain it out loud

Describe your code, line by line, to a friend, a pet or a rubber duck. This is such a well-
known method it has a name:

rubber duck debugging
. Nine times out of ten you find the mistake while explaining.

5. Read the error message, calmly

Ling's messages are short. They say what kind of error it was ( parse or runtime ), the file, and
often a hint. For a parse error, look at the line before the one reported: a missing bracket or
quote is noticed late.
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When something is wrong, work through the list from top to bottom:

Symptom Likely cause and fix

ling is "not found"

error[parse]: unexpected token in
expression: Eq

error[parse] and the line looks fine

no entry point

Output shows ()

Text runs together: sum3
A loop total stays at O
A for over 0..len(xs) does nothing

A list changed when you did not expect

A window opens and shows nothing
A 3D shape is upside-down or missing
A graphics call does nothing

Colours look washed out and cyan

A number like 1.5e3 misbehaves

No sound

lingfu build says entry ...
not found

main.ling

The window will not close

A shared value from use is ()

Close and reopen the terminal; check that the folder
.cargo/bin is onyour PATH.

You wrote an assignment like x = x + 1.Write bind x =

+ 1.
A missing ), } orclosing quote earlier in the file.

The file has no bind start = } (oryouused fn

main() ).

do { ...

A misspelled function, a missing value, or 1/0 . Run with ——
interp.

println adds no separators; put spaces in your text.
You accumulated inside a for.Use while.
Range ends need parentheses: 0..(len(xs)) .

Always rebind: bind xs = list_set(xs,

you need to keep.

...); copy lists

You forgot present() , or you cleared after drawing.
Remember y points down and z points away; check signs.
Misspelled name. Unknown builtins are silently ignored.

The default stylised shading; use set_shade_mode(1) and
set_rim(0, 0, 0, 0).

There is no scientific notation. Write 1500 .

Check the system volume; try audio_blip(due, 0.5,
"sine", 0.3) alone.

Add entry = "src/start.ling" to the manifest.

NG

X

Press Escape, or close it with the window button; in a terminal

press Ctrl+C.

Share functions, not top-level values.
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NOTE

Ling is a young language, and it has rough edges. A good deal of this book is

about
those rough edges so that they do not surprise you. When something behaves oddly, you
may not have made a mistake. Check the Reference, which lists verified behaviour, and
compare the two engines.

Where to go next

You have completed the Beginner edition. You can write programs with values, decisions,
loops, functions, lists and text. You can draw in 2D and 3D, handle input, build a small game,
make sound, and organize and ship a project. That is a great deal, and the same tools keep
working as projects grow.

The next steps depend on what you enjoy:

* Intermediate edition. Data in depth (your own record types with form and choose , error
handling with ok and bad ), working with files, modules and bigger projects, user-
interface applications, more game techniques (physics, collision, sprites, animation,
dialogue boxes), packaging and a collection of cooking-book style recipes.

* Advanced edition. Concurrency (threads and channels), networking and web servers,
cryptography, AT and language-model features, compiler internals, and embedding Ling in
Rust programs.

* The Reference is always useful. Every built-in function has an entry with its parameters
and a verified example.

Meanwhile, here are four project ideas of exactly the right size to practise on:

1. A quiz game that asks questions from a list and keeps the score.

2. A 3D gallery: a room with several frames on the walls (use the vtex patterns as paintings)
and a camera that you can walk around.

3. A drum machine: a grid of keys that toggles drum hits, bounced to a WAV file.

4. A dodge game: like Star Catcher, but the player moves in two directions and avoids falling
hazards.

TRY IT

Pick one idea and write a plan before you write code: list the state, the rules and the picture
(as we did for Star Catcher). Then build the smallest version that works, run it, and add one
feature at a time. That is how programs grow, and it is how everyone learns.
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Chapter summary

A project is a folder with a manifest (Ling.toml ) and sources. lingfu new name creates
one; lingfu run and lingfu test runit.

Gotcha: the generated project keeps its program in src/start.ling, so add entry =
"src/start.ling" to [spirit] before using lingfu build .

Manifest settings are read line by line; keep each on one line, with a space before =.

Use use "file.ling" as name to split code into files; call name::function(...) . Share
functions, not top-level values.

ling build file.ling --platform win,lin,mac,web (or all) packages a program into
dist ; --pack embeds resources. You need a Rust toolchain.

Debugging: print values; run with ling run --interp to expose silent mistakes such as
misspelled function names; shrink the program; explain it aloud.

The default engine silently ignores unknown functions (returning () ); the interpreter
reports them.

Keep a troubleshooting checklist and use the Reference.

Exercises

. Create a project with lingfu new myfirst . Change its start.ling to print your name, and

run it with lingfu run.

2. In that project, add a library file src/greetings.ling with a function hello(name) that
returns "Hello, " + name, and use it from start.ling with use "greetings.ling" as g.

3. Write a program that deliberately misspells a function name. Run it with both engines and
write down the difference.

4. Add entry = "src/start.ling" to your manifest. What would have happened without it
when you ran lingfu build ?

5. Pick one of the bugs in the troubleshooting table and write a tiny program that shows it.
Then fix the program.

Answers

1. lingfu run prints whatever your println shows; the project creates src/start.ling,
which contains bind start = do { ... }.

2. greetings.ling: fn hello(name) { return "Hello, " + name } . start.ling: use

"greetings.ling" as g on the firstline, and in start, println(g::hello("Mina")) . The
output is Hello, Mina.
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3. For example println(sqrt_of(9)) . The default engine prints Q) ; the interpreter stops
with unknown function 'sqrt_of'.

4. lingfu build would have stopped with entry '.../main.ling' not found, because the
builder looks for main.ling by default.

5. For example the accumulate-in- for bug: bind total = 0, for i in 1..5 { bind total =
total + i }, println(total) prints 0. The fix is the same loop written with while .
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Reference

Every keyword and the essential builtins, with
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CHAPTER 18

Keywords

Ling source can be written in many human languages. The lexer ( src/lexer/mod.rs ) maps
each spelling of a keyword to one canonical token, so the same program can mix scripts. This
chapter lists every keyword with its English spelling, the spellings accepted in Chinese (zh),
Japanese (ja), Korean (ko) and Thai (th), what it really does, and a verified example. The lexer
also accepts spellings in French, German, Spanish, Portuguese, Russian, Arabic, Persian,
Hebrew, Urdu and Hindi, which are not listed individually.

Fach keyword carries a status:

® Active - parsed and given meaning by the language.

* Parsed, no effect - accepted by the parser but ignored at run time.

¢ Reserved word only - recognised by the lexer so it cannot be written in another language
by accident, but the parser treats it as a plain identifier; it does nothing. Several of these
(stop, again, change, sure, ...) appear in older documentation as if they worked. They
do not.

Where this chapter and the repository documentation
(docs/src/glossary/keywords.md , docs/src/multilingual/keywords.md) disagree,
this chapter follows what the lexer and runtime actually do. Notably the lexer,
not the lexicon .ling files, is authoritative: for example Thai choose is ‘&anuuy
(not 1&an ), Thai form is Taseas1e and Japanese choose is iR .

Examples marked ling were run with the default 1ing run backend; where ling run —-
interp prints something different, both outputs are shown. ling-interp examples only work
on the interpreter.

Keywords can be used as variable names (the parser accepts any keyword wherever a name is
expected), which is why the reserved-word-only entries cannot misbehave in old code.

Keyword summary

Keyword zh IE] ko th Status
bind S R w=iE N Hpol= WA Active
&
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Keyword zh IE] ko th Status
do # =17 Alsh ¥ Active
fn B B F9%K [SES Worzdu Active
mod ®% & EVa-L oE Tuga Active (functions only)
type (5] B EFQ! %l Parsed, no effect
use # 5| 5 A2 Ta Active
if = m HL ofok X a1 Active

A
else T[N & fth ofL|™ fingiiu Active
while wm Y — 5] sot &t ueusi Active

bl =

for i 1’ 1eoIc 298 dmsy Active
in F ()= otof| Tu Active
match il — o x| e Active
return =} BR% %3 szt 3| Au Active

3t
own ME 4 FrE E fuaaas Parsed, no effect
lend & &3 gl Ttin Parsed, no effect
share EEEES QLT HH 29 waviiu Parsed, no effect
move By ¥ e2)] ols ginel Parsed, no effect
copy 54l § pi-El) A Anaan Parsed, no effect
async 25 = JEEHA HIS7| liuwsaudu  Parsed, no effect
wait EF & &Fo 7| sa Unreliable
asm - - - - Parsed, no effect
post KA B ®Bis AlA| &9 Reserved word only
give “w F EY Fai=} 13% Reserved word only
fit &8 B FSkels (S TRER Y] Reserved word only
form R BE TxE TATIRY Active
choose W ik EiR MEY anuuy Active
can e TE3 Its &usa Reserved word only
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Keyword zh IE] ko th Status
change B A& EZ3 A wdeuula  Reserved word only
9
stop 1E =1 IEFNh = H= k) Reserved word only (no break)
%)
again Eisn Hptes A ihdn Reserved word only (no
continue)
try =37 Ry =Y A= aay Active as a builtin function
sure TAE T wEh Al uiuau Reserved word only
maybe aRE =Y 245 ofOtE hREEH Reserved word only
pure i bty 2 & usang Reserved word only
spawn A= FoEh MM &9 Reserved word only
ok ¥ | Bu Z0} ANKY Active
bad b7 RES () Lfae AONRIA Active
none x Bl ole i Unreliable
as H LT 2M dlu Active (aliasing)
where eIt BL ct Toadt Skipped
true / 5/ R’ B/ &/ A a5y / wia  Active (literals)
false %l

Keyword reference

bind

Introduces a binding: bind name = expression . It is the only way to create or change a

variable (there is no separate assignment statement), so re-binding an existing name is how

you "update" it.

e Status: Active

e Aliases: zh: &, ®%;ja: #@, /\; ko: HIRIE , 2 ;th: ya (further spellings exist in:
French/German/Spanish/Portuguese, Russian, Arabic/Persian/Urdu, Hebrew, Hindi)

* Note: At top level, bind also defines global values and the program entry point ( bind
start = do { ... }).

* Note: Any keyword may be used as a binding name, e.g. bind change = 5.
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bind start = do {
4e

bind price
bind price = price + 2

println(price)

oUTPUT

u2

do

Block expression: do { statements } runs its statements in order and evaluates to the value
of the last one. Abare { ... } in expression position is the same thing. The program entry
pointisa do block bound to start .

e Status: Active

® Aliases: zh: #;ja: #i, %£17; ko: &% ; th: vih (further spellings exist in:
French/German/Spanish/Portuguese, Russian, Arabic/Persian/Urdu, Hebrew, Hindi)

® Note: Under the interpreter, bindings made inside a do block are discarded when the
block ends. The default JIT backend lets them leak into the enclosing scope. Do not
depend on either.

bind start = do {
bind total = do {

bind a = 20
bind b = 22
a+b
}
println(total)

OoUTPUT

u2
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fn

Declares a named function: fn name(parameters) { body }.The value of the last expression
in the body is the result; return exits early. Functions are declared at top level (or inside a
mod ), not inside other functions.

2l

Status: Active

Aliases: zh: & ; ja: B3, B8 ; ko: &= ; th: WerAtu (further spellings exist in:
French/German/Spanish/Portuguese, Russian, Arabic/Persian/Urdu, Hebrew)

Note: Parameter and return type annotations (a: number, -> number ) are parsed and
ignored. Generic parameters ( <T>) are skipped.

Note: A function sees top-level bind values read-only, but not the local variables of its
caller.

Note: fn beforea |...| is not how closures are written; use |x| expression (see
Closures in the syntax chapter).

fn area(w, h) { w = h }

fn describe(n) {
if n > 100 { return "big" }
"small"

}

bind start = do {
println(area(6, 7))
println(describe(500))
println(describe(5))

DUTPUT
u2

big

small

Conditional expression: if condition { ... }, optionally followed by else if ... { } and
else { }.Itevaluates to the value of the branch taken ( () when no branch is taken and
there isno else ). Braces are mandatory; the condition needs no parentheses.
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* Status: Active

e Aliases: zh: #, #n;ja: L ; ko: gtek, = ; th: a1 (further spellings exist in:
French/German/Spanish/Portuguese, Russian, Arabic/Persian/Urdu, Hebrew, Hindi)

® Note: Use real booleans in conditions. Truthiness of non-booleans differs between
backends: the JIT treats "" and [] astrue, the interpreter as false.

* Note: Bindings made inside an if body remain visible after it (the body shares the
enclosing scope).

bind start = do {

bind n = 15

bind kind = if n % 15 == 0 { "fizzbuzz" } else if n % 3 == 0 { "fizz" } else {
"other" }

printlnCkind)

OUTPUT

fizzbuzz

else
Introduces the alternative branch of an if, or chains with another if as else if.

* Status: Active
e Aliases: zh: &, & ;ja: f1; ko: OtLI® ; th: fiaziu (further spellings exist in:
French/German/Spanish/Portuguese, Russian, Arabic/Persian/Urdu, Hebrew, Hindi)

bind start = do {
bind t = 3
if t > 5 { println("hot") } else { println("mild") }

OouUuTPUT

mild
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while

Loop while a condition holds: while condition { body }.The body runsin the enclosing
scope, SO bind counter = counter + 1 inside the loop updates the outer counter. while is
therefore the loop to use when you need to accumulate a result.

Status: Active

Aliases: zh: &, %, —% ;ja: B ; ko: 52, 85 ; th: aawd (further spellings exist in:
French/German/Spanish/Portuguese, Russian, Arabic/Persian/Urdu, Hebrew, Hindi)
Note: There is no working break or continue (see stop and again ). To leave early, make
the condition false or return from a function.

bind start = do {

bind i = 1

bind product =1

while i <= 5 {
bind product = product * i
bind i = i + 1

}

println(product)

oUTPUT

120

for

Iterates over a range, list or string: for name in iterable { body }.Ranges are written
lo..hi and exclude hi. Strings iterate by character under the interpreter.

Status: Active

Aliases: zh: Jji; ja: #, 7=®IC; ko: 9l8H ; th: &wsu (further spellings exist in:
French/German/Spanish/Portuguese, Russian, Arabic/Persian/Urdu, Hebrew, Hindi)
Note: Each iteration gets a fresh copy of the scope: bind total = total + i insidea for
body does not change the outer total . Use while to accumulate, or build results with
list_push on the JIT backend.

Note: Tterating a string yields empty values under the default JIT backend; iterate a list or
a range instead.
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bind start = do {
for i in 1..4 { println(i * i) }

for name in ["ada", "lin"] { println(str_upper(name)) }

OouUTPUT

in
Separates the loop variable from the sequence in a for statement.
® Status: Active

e Aliases: zh: F;ja: @ ; ko: ¢l ; th: W (further spellings exist in:
French/German/Spanish/Portuguese, Russian, Arabic/Persian/Urdu, Hebrew)

bind start = do {

for x in [10, 20, 30] { println(x) }

OUTPUT
10

20
30

match

Pattern matching: match value { pattern => expression, ... }.The first arm whose pattern
fits is evaluated. Patterns: _ (anything), a literal (number, string, true / false ), a bare name

(matches anything and binds it), ok(p) / bad(p) , and enum variants Variant(pl, p2) (a
payload-less variant is written variant() ).

e Status: Active

169



LING

* Aliases: zh: B ;ja: —%; ko: 0i%| ; th: fuq (further spellings exist in:
French/German/Spanish/Portuguese, Russian, Arabic/Persian/Urdu, Hebrew)

e Note: If no arm matches, the whole match evaluatesto () ; there is no exhaustiveness
check.

® Note: There are no guards ( if conditions) and no patterns for lists, ranges or form
records.

choose Shape { Circle(r), Rect(w, h), Dot }
fn area(s) {
match s {
Circle(r) => 3 * r * r,
Rect(w, h) => w * h,
Dot() => 0

}

bind start = do {
println(area(Circle(2)))
println(area(Rect(3, 4)))
println(area(Dot()))

println(match 7 { 1 => "one", 7 => "seven", _ => "other" })

OUTPUT

12
12

0

return

Leaves the current function immediately with a value: return expression (or bare return for

Q).

® Status: Active

* Aliases: zh: H;ja: B3, %3 ; ko: g2t | F2t; th: du (further spellings exist in:
French/German/Spanish/Portuguese, Russian, Arabic/Persian/Urdu, Hebrew, Hindi)
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® Note: A function without return yields its last expression. A return directly inside start
ends the program silently on the JIT backend and is a runtime error ( unexpected top-level
return ) on the interpreter.

fn first_even(xs) {
for x in xs {
if x %2 == 0 { return x }
}
return 0 - 1
}
bind start = do {
println(first_even([3, 5, 8, 91))
println(first_even([1, 31))

OouUTPUT

form

Declares a record type: form Name { field, field }.Create an instance by calling the name
like a function with the fields in order, and read a field with value.field.

* Status: Active

* Aliases: zh: #x, 7 ;ja: #&; ko: 1% ; th: Tasease (further spellings exist in:
French/German/Spanish/Portuguese, Russian, Arabic/Persian/Urdu, Hebrew)

* Note: Field types may be written (x: number ) but are ignored. A type annotation directly
before the closing brace swallows the brace, so when you annotate fields, end the list
with a comma: form P { x: number, y: number, }.

* Note: Instances are immutable; to "change" a field build a new instance. Two instances
compare unequal with == even when their fields are equal.

* Note: Struct literals such as Point { x: 1, y: 2 } are not supported.
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form Point { x, y }
bind start = do {
bind p = Point(3, 4)
println(p)
println(p.x + p.y)

OUTPUT
Point { x: 3, y: 4 }

7

choose

Declares an enumeration with optional payloads: choose Name { Variant, Variant(a, b) }.
Build values by calling a variant like a function and take them apart with match .

® Status: Active

o Aliases: zh: %%, i% ; ja: 3R ; ko: M= ; th: &anuwy (further spellings exist in:
French/German/Spanish/Portuguese, Russian, Arabic/Persian/Urdu, Hebrew)

* Note: A variant without payload is still constructed with parentheses (Dot() ), and
matched as pot() .

e Note: The variant name of a value is available as value.tag.

* Note: As with form, a payload type annotation is only safe inside parentheses.

choose Light { Red, Yellow, Green }
fn action(l) {
match 1 {
Red() => "stop",
Yellow() => "slow",

Green() => "go"

}
bind start = do {

println(action(Green()))
println(Red().tag)
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OoUTPUT

go
Red

ok

Constructs a success result ( ok(value) ) and also serves as a match pattern.

* Status: Active
* Aliases: zh: #F, 7 ;ja: BL; ko: &0t; th: anae (further spellings exist in:
French/German/Spanish/Portuguese, Russian, Arabic/Persian/Urdu, Hebrew)

fn parse_age(s) {
bind n = to_number(s)
if n > 0 { ok(n) } else { bad("not a positive number") }
}
bind start = do {
println(parse_age("d41"))
println(match parse_age("d1") { ok(n) => n + 1, bad(e) => e })

OUTPUT
ok(41)

u2

bad

Constructs a failure result ( bad(reason) ) and serves as a match pattern. A bad value prints as

Err(reason) .

* Status: Active

e Aliases: zh: #f, i ;ja: B\ ; ko: L ; th: @ewana (further spellings exist in:
French/German/Spanish/Portuguese, Russian, Arabic/Persian/Urdu, Hebrew)
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fn parse_age(s) {

bind n = to_number(s)

if n > 0 { ok(n) } else { bad("not a positive number") }
}
bind start = do {

println(parse_age("x"))

println(match parse_age("x") { ok(n) => n, bad(e) => "error: " + e })

ouUTPUT

Err(not a positive number)

error: not a positive number

true and false

The boolean literals. They are the only values if and while should be given.

e Status: Active
* Aliases: zh: &, &;ja: &, #; ko: &, A%l ; th: a%0, wia (further spellings exist in other
languages)

bind start = do {
println(true && !false)

ouUTPUT

true

bind start = do {
println(false || 1 == 2)

ouUTPUT

false
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Words that look like keywords but are not

start (and main, B, Bu, A%, ...) is not a keyword. It is the conventional name of the
entry binding; see the syntax chapter. The runtime recognises a list of entry names in
many languages (start, main, B, 3 , M, navaTtb, inicio, commencer , anfang, ¥,
s, g%, I, ...) and otherwise runs the first top-level binding whose value is a do
block.

result appears in the lexicon files and glossary but the lexer does not recognise it; it is an
ordinary identifier.

loop, break, continue, struct, enum, impl, trait, unsafe, const, static, ref, mut,
pub, priv and let appear in some lexicon files (for example the Thai one) but are not
keywords. Ling has no loop, N0 let and no const ; use while, bind, and a top-level
bind .

Type names ( number , text, bool, list, map, tuple) in the glossary are documentation
words only. Ling is dynamically typed and has no map type.
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CHAPTER 11

Syntax, Types and Semantics

This chapter describes the Ling language as it actually behaves. Everything here was checked
against the lexer and parser in src/ and by running programs. Where the README or the
glossary promise something the implementation does not do, the difference is called out.

Ling currently has two execution engines. ling run file.ling uses the Cranelift JIT backend
by default; ling run -—-interp file.ling uses the tree-walking interpreter, which is the
semantic reference. They agree on well-behaved programs but differ in several corners,
summarised in the last section of this chapter. Examples are run on both engines and any
difference is shown.

Program structure

A Ling file is a sequence of items at top level: bind, fn, mod, form, choose, use, type.
Statements such as printiln(...) are not allowed at top level; they must live inside a
function or the entry point.

The entry point

Execution starts at a top-level binding whose value is a do block. The conventional spelling
is:

OoUTPUT

bind start = do {

The runtime looks for a binding named start, main, &, 5u, A%, HauyaTb, Hauano, inicio,
comenzar , début , commencer , démarrer , anfang, starten, inicio, ¥, gso& , Iy or nna
(checked in that order). If none exists, the first top-level binding whose valueisa do { }
block is used. If there is no such binding the program is a library and ling run reports no
entry point.
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fn main() { ... }, as shown in some README examples, does not work: main
must be a bind of a do block. The erroris no entry point - need bind start =
do {...}.

bind start = do {
println("Hello, Ling!")

oUTPUT

Hello, Ling!

bind main = do {

println("main works too")

OouUTPUT

main works too

Comments and whitespace

A comment runs from // or # to the end of the line. Whitespace, including newlines,
separates tokens; statements need no terminator, and an optional ; may follow any
statement. There are no block comments.

# a hash comment

// a slash comment

bind start = do {
println("a") // trailing comment
println("b"); println("c")

OouUTPUT
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Identifiers

An identifier starts with a letter or underscore (any Unicode letter, including CJK, Thai,
Cyrillic, Arabic) and continues with letters, digits and underscores. Identifiers are case-
sensitive. Any keyword may be used as an identifier.

bind start = do {
bind %@l = "Ling"
bind do = 3
println(%&&])
println(do + 1)

OouUTPUT

Ling

i}

Literals

Literal Form Notes

Number 42, 3.14  Decimaldigits with an optional single fractional part. There is no hexadecimal,
exponent ( 1e3), digit separator ( 1_000 ), or leading/trailing-dot ( .5, 3. ) form.
All numbers are 64-bit floats.

Text "hello" Double quotes only; may span several lines. Escapes: \n \t \r \" \\ \0.Any
other \x is kept literally, backslash included. No interpolation: "{x}" is just
those characters.

Boolean true, Also B/ &, & /A, 259/ Wi, ...

false
Unit O The "nothing" value; produced by functions with no result. Prints as () .
List [1, Heterogeneous, zero-indexed.

Iltwoll .

3.0]

Range 0..5 Half-open: 0,1, 2, 3, 4. Used with for.

Function \|x\| x Closure; see below.

value + 1

There is no character literal ('a' is a syntax error), no map/dictionary literal and no tuple
literal.
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bind start = do {
println("linel\nline2")
println("tab\there")
println("quote: \"g\" backslash: \\")
println(1.5 + 1)
println([1, "two", 3.5, truel)
println((Q))

DUTPUT
linel
line2

tab here

quote: "q" backslash: \
2.5

[1, two, 3.5, true]

@)

Numbers

Because every number is a 64-bit float, integers are exact up to 2253 and division always
produces a float result.

bind start = do {
println(7 / 2)
println(16 / 5)
println(7 % 3)
println(0.1 + 0.2)
println(1000000 * 1000000)
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DUTPUT
3.5
2

1
0.30000000000000004
1000000000000

Division by zero is not an error: under the interpreter 1 / @ is inf and @ / @ is NaN; the JIT
backend prints () for 1 / o.

Types

Ling is dynamically typed. A value is one of:

Type Examples Created by

number 3,2.5 numeric literals, arithmetic

text "abc" string literals, +, string builtins

bool true literals, comparisons

unit QO functions without a result, ()

list [1, 2] list literals, list_new, ranges (conceptually)
result ok(5), bad("e") the ok / bad constructors

function \Ix\| x closure expressions

record Point { x: 1, y: 2 } asprinted a form name called like a function
variant Circle(2) a choose variant called like a function

There is no map/dictionary type, no set, no tuple, no character type and no null: the builtins
list_» operate on lists, and keys must be emulated with parallel lists. The type names
number , text, bool, list, map, tuple in the glossary and lexicon files are documentation
only. Type annotations in code ( x: number, -> number ) are parsed and ignored.

fn describe(a: number, b: text) —> text {
b + to_str(a)

}

bind start = do {
println(describe(5, "n="))
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OoUTPUT

n=5

Operators

From the tightest to the loosest binding;:

Level Operators Associativity Notes

1 O 01 left member/method, call, index, path, range

2 - (prefix) ! & wait own prefix -x is @ - x; Ix is x == false; &x isjust x;
lend share move copy the ownership words are no-ops
x / % left

4 + - left + concatenates text (the other operand is

converted to text)

5 == I= < > <= >= left 1 < 2 == true parsesas (1 < 2) == true
6 && left
7 \|\| andasingle \| left

Notes that matter in practice:

® Unary minus works (-x, -3 + 5, 2 = -x ) but cannot be doubled (- - x is a syntax
error). Writing 0 - x is always safe and is what older documentation recommends.

* The upper bound of a range must be a single name, number or parenthesised
expression. 0..n and 0..(n + 1) work; 0..n + 1 isasyntax error, and 0..len(xs) does
not do what it looks like (the call is applied to the range). Write 0. .(len(xs)) or bind the
length first.

* gs& and || do not short-circuit on the interpreter: both operands are always evaluated,
sodonotrelyon x != 0 & 10 / x > 1 to protect the right-hand side.

® Comparison chains are left-nested: 1 == 1 == 1 is (1 == 1) == 1, which is false.

® + onanumber and text converts: "a" + 1 is al and 1 + "a" is la. Arithmetic between a
number and a boolean is a runtime error on the interpreter.

® % on floats works (7.5 % 2 is 1.5).

® Text compares with ==, 1=; ordering ( <) on text is not reliable (JIT gives false, the
interpreter errors). Lists, records and variants are never equal under == ([1, 2] == [1,
2] is false ); compare elements or fields individually. Numbers, text and booleans
compare by value.
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bind start = do {
println(2 + 3 = 4)
println((2 + 3) * )
println(10 - 3 - 2)
println(-3 + 5)
println(2 * -4)
println(l < 2 && 2 < 3)
println(!true || 1 == 1)
println("n=" + 5)
println([1, 2] == [1, 21)

ouUTPUT
14

Bindings, scope and shadowing

bind name = expression creates a binding. There is no assignment statement (x = 5 isa
syntax error); to change a value, bind the name again. A later bind of the same name
replaces the earlier one (shadowing).

bind start = do {
bind x = 1
bind x = x + 10
bind x = x * 2

println(x)

182



® - LING

OoUTPUT

22

Where a re-binding is visible depends on the construct that contains it:

Construct Bindings made inside it

if / else body stay visible afterwards (shared scope)

while body stay visible afterwards, so loops can accumulate

for body discarded at the end of each iteration (fresh copy per iteration)

match arm discarded

function body local to the call

do { } block discarded by the interpreter, leaked into the enclosing scope by the JIT

The consequence that surprises most newcomers: a for loop cannot accumulate into an
outer variable. Use while .

bind start = do {
bind total = 0
for i in 1..5 { bind total = total + i }

println(total)
bind t2 = 0
bind i = 1

while i < 5 {
bind t2 = t2 + i
bind i =i + 1

3

println(t2)

OouUTPUT

0

10

Top-level bind values are global constants. Functions can read them, but each function call
starts with only its parameters and those globals; the local variables of the caller are not
visible.
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bind RATE = 3
fn scaled(n) { n * RATE }
bind start = do {

bind RATE = 100

println(scaled(2))
}
OUTPUT
6
Functions
fn nameCa, b) { ... }.Theresultis the last expression, or the value of return. Functions

may be recursive and may be declared in any order (an £n below start is visible to it).
Functions cannot be nested inside other functions. Calling a function with too few
arguments leaves the missing parameters undefined; using one is a runtime error on the
interpreter and yields () on the JIT.

fn fib(n) {
if n < 2 { return n }
fib(n - 1) + fib(n - 2)
}
fn greet(name) { "Hello, " + name + "!" }
bind start = do {
println(fib(15))
println(greet("Ling"))

OUTPUT
610

Hello, Ling!

A function that is called with an unknown name fails with unknown function on the
interpreter, but the JIT backend quietly evaluates the call to () . Check spelling carefully; use
ling run —--interp to get a diagnostic.
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Control flow

if / else

if is an expression. Braces are required. See the if keyword entry for truthiness caveats.

bind start = do {

bind n = 7
bind label = if n < 0 { "negative" } else if n == 0 { "zero" } else { "positive" }
println(label)

OouUuTPUT

positive

while

bind start = do {

bind n = 27

bind steps = 0

while n !'= 1 {
bind n =ifn%2==0{n/2}else {3 *xn+11}
bind steps = steps + 1

}

println(steps)

OouUTPUT

111

for and early exit

Loops over a range, a list (or, on the interpreter, a string). There is no break / continue ( stop
and again are reserved words that do nothing); leave a loop early by return ing from a
function.
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fn index_of(xs, target) {
bind i = 0
while i < len(xs) {
if xs[i] == target { return i }
bind i = i + 1
}
0 -1
}
bind start = do {
println(index_of(["a", "b", "c"1, "b"))
println(index_of(["a"], "z"))

OUTPUT

The example uses while with an explicit index because a counter updated inside a for body
would be discarded after each iteration.

match

See the match keyword entry. Patterns are tried top to bottom.

fn classify(n) {
match n {
0 => "zero",
1 => "one",

other => "many (" + to_str(other) + ")"

}
bind start = do {

println(classify(0))
println(classify(1))
println(classify(9))
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OoUTPUT
Zero

one

many (9)

Records and enumerations

form defines a record and choose a tagged union. Both are used by calling the declared
name as a constructor.

form Player { name, hp, }
choose Cmd { Move(dx, dy), Say(text), Quit }
fn run(c) {
match c {
Move(dx, dy) => "move " + to_str(dx) + "," + to_str(dy),
Say(t) => "say " + t,
Quit() => "bye"

}

bind start = do {
bind p = Player("Lin", 30)
println(p.name + " has " + to_str(p.hp))
println(run(Move(1l, 0 - 1)))
println(run(Say("hi")))
println(run(Quit()))

OUTPUT
Lin has 30

move 1,-1

say hi

bye

Constructing with the wrong number of fields is an error on the interpreter (P expects 2
field(s), got 1) and silently yields () on the JIT backend.
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Closures

A closure is written |params| expression, for example |x| x * 2 or |a, b| a + b.A closure
with no parameters must be written | | expression (with a space) because || lexes as the
logical-or operator. Closures capture the variables visible where they are created.

Closures are the least reliable part of the language. Calling a closure held in a variable
(bind f = |x| x * 2 then £(3)) fails on the interpreter (unknown function 'f', because a
call by bare name only looks up declared fn items) and gives () or a correct answer on the
JIT depending on the surrounding code. Passing a closure to a function that calls it fails on
the JIT. What is dependable:

® (Calling a closure expression directly: (|x| x + 1)(5) .

® Handing a closure to the builtins that take one ( try, list_map, list_filter, list_find)
on the interpreter.

Prefer a named fn whenever you need a function value of your own.

INTERPRETER ONLY

bind start = do {
println((|x| x + 1)(5))
println(list_map([1, 2, 31, [x| x * 10))

OouUuTPUT

6

[10, 20, 30]

The default JIT backend prints this instead:

OUTPUT
6

O

Modules and imports

Inline modules. mod name { fn ... } groups functions under a namespace called with
name: :function(...) .
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File imports. use "path" loads another file; use "path" as alias namespaces it. The path is
relative to the importing file and the .ling extension may be left off. A file used as a library
has no entry point; the entry file is the one passed to ling run.

mod text_tools {
fn shout(s) { str_upper(s) + "!" }

}

use "mathutil.ling" as mu

bind start = do {
println(text_tools: :shout("hey"))
println(mu: :cube(d))

oUTPUT

HEY'!

64

where mathutil.ling contains:

FRAGMENT

fn cube(n) { n *n * n }

Imported files share the limitation noted for mod : values bound at the top level of an
imported file are not usable; export functions instead.

Ownership words

Ling's design documents describe an ownership system (own, lend, share, move, copy,
change ). In the shipped runtime these words are accepted as prefix operators on expressions
(and before parameter names) and then ignored: there is no borrow checker, use-after-move
is not detected, and change is not even an operator. Memory is managed automatically. They
are safe to write as documentation of intent. See the keyword entries.
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Concurrency and async

async and wait are accepted syntax with no scheduling behind them: an async fn runs
synchronously when called, and wait returns the value on the interpreter but () on the JIT.
spawn is not implemented. Genuine parallelism is provided by the thread_x, chan_* and
shared_* builtins, where each thread is an isolated interpreter that communicates by
channels; see the builtins chapter.

Error handling

There are no exceptions and no try/ catch syntax. Recoverable failures are values: a
function returns ok(value) or bad(reason) and callers unpack the result with match . Many
builtins follow a softer convention instead - they return e, false, "" or [] on failure (for
example to_number, list_get, file_exists). A fatal problem raises a runtime error that
ends the program with a message and a traceback; try(closure) (interpreter only) converts
such an error into bad(message) .

fn parse_pair(text) {
bind parts = split(text, ",")
if len(parts) != 2 { return bad("expected two values") }
ok(to_number(parts[0]) + to_number(parts[1]))

}

bind start = do {
println(match parse_pair("3,4") { ok(v) => v, bad(e) => e })
println(match parse_pair("3") { ok(v) => v, bad(e) => e })

OouUuTPUT

7

expected two values

Runtime errors look like this (interpreter):

INTERPRETER ONLY

bind start = do {
println(read_file("no_such_file.txt"))
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OoUTPUT

error[runtime]: read_file 'no_such_file.txt': The system cannot find the file

specified. (os error 2)

-—> example.ling
traceback (deepest call last):
0: start

The default JIT backend prints this instead:

OoUTPUT

O

Writing Ling in other languages

Because the lexer maps each keyword spelling to one token, a file may be written entirely in
Chinese, Japanese, Korean, Thai and other supported languages, and may mix them. Builtin
names have translations too (for example EI for print ; see each builtin entry). ling prints
[detected language: ...] on standard error for non-English files. Use lingfu normalize
<lang> to rewrite a whole project into another language.

B OfEMm) { Honx 2}

BB =H{
£ x = 1fEQLD
Hx >u0 { EIC"K") P& { (VM) )
EN(x)

oUTPUT

X

42
[detected language: Chinese (H3)]

The same program in Thai:
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WA Bu = M {
WA x =5

& x > 3 { wuw("ua") } Daztiu { Wow("Goe") }

OouUTPUT

uin

[detected language: Thai (muwilng)]

JIT versus interpreter: known differences

These were observed with Ling 2030.1.53. Choose ling run --interp when you need
diagnostics or the reference behaviour, and the default JIT for speed once a program is
correct.

Situation G EETD) Interpreter (D
Unknown function name evaluatesto () silently unknown function error
Calling a closure stored in a variable often O unknown function error
Passing a closure to a builtin ( try, closure becomes () works
list_map,..)
list_push / .push onalist may mutate the original returns a new list
list
bind inside do { } leaks to enclosing scope  discarded
for c in "text" empty values iterates characters
wait expr O the value
pi, none as bare names O pi works, none undefined
Printing a range value [0, 5] (endpoints) [0, 1, 2, 3, 4]
Index past end of list yields an empty value runtime error index N out of
bounds
1/0 QO inf
for i in 0..len(xs) empty loop undefined: len
Truthiness of "" and [] true false
String ordering "a" < "b" false runtime error
read_file of a missing file O runtime error
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Situation JIT (default) Interpreter (I NNEGD)
Wrong constructor arity O runtime error
Top-level return in start ends program quietly runtime error

A program that avoids these corners behaves identically on both engines.
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CHAPTER 12

Core Builtins Reference

Every function in this chapter is called by name, for example sqrt(16) . Parameters are
positional; a missing trailing argument usually takes a documented default instead of raising
an error. Each entry lists the spellings that also work in Chinese (zh), Japanese (ja), Korean
(ko) and Thai (th); the runtime recognises further aliases in French, German, Russian,
Arabic, Persian, Hebrew and Urdu which are not listed here.

Examples marked 1ing were run with the default ting run backend and the output shown
is real. Where the tree-walking interpreter ( ling run --interp) prints something different
the difference is shown under the example. Examples marked ling-interp only work on the
interpreter, and ling-gui examples were checked against the source but not executed.
Blocks marked ling-module are library files, not programs.

Graphics, audio, networking, cryptography, physics and Al builtins are documented in their
own chapters.

Output and formatting

Console output. print and println are the same builtin: both write every argument
converted to text, joined with no separator, followed by a newline. Use format or + to build
spaced output.

print(value, ...) Writes its arguments to standard output, then a newline

println(value, ...) Identicalto print:writes the arguments joined without a separator and
ends with a newline

print_color(color, value, Printsa line wrapped ina bold bright ANSI colour escape sequence

.

print_file(text) Writes text to standard output without a trailing newline
format(template, value, Builds a string by substituting each {} in template with the next
L)) argument

format::join(list) Concatenates every element of a list as text, with no separator
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print(value, ...)

Writes its arguments to standard output, then a newline.

¢ Aliases: English: println;zh: 1, $J60;ja: EIR; ko: &2 ; th: wuw (further languages

exist)

Parameters: Any number of values of any type. Each is converted to text; there is no
separator between them.

Returns: () (unit).

Note: print appends a newline exactly like println;there is no newline-free variant (see
print_file for that).

Note: Lists printas [1, 2, 31, results as 0k(v) / Err(e) , whole numbers without a
decimal point (3, not 3.0).

bind start = do {
print("Hello, Ling!")
print(u2)
print(3.5)
print(true)
print([1, 2, 31)
print("a", "b", 1 + 2)

OUTPUT
Hello, Ling!
42
3.5

true
[1, 2, 3]
ab3

println(Cvalue, ...)

Identical to print : writes the arguments joined without a separator and ends with a newline.

e Aliases: English: print; zh: E1, $JE1;ja: EORI; ko: £ ; th: #wwW (further languages exist)

® Parameters: Any number of values.

e Returns: ).

195



LING

Note: Gotcha: println("sum", 1 + 2) prints sum3, not sum 3. Put the space inside a string
("sum ") or use format .

bind start = do {
println("sum", 1 + 2)
println("sum ", 1 + 2)
println("a", "b", "c")

OouUTPUT

sum3

sum 3

abc

format(template, value, ...)

Builds a string by substituting each {} in template with the next argument.

Aliases: zh: 3 ;ja: 7#—<v k; ko: M4 ; th: qluuy (further languages exist)
Parameters: template - text containing {} placeholders. {:.N} formats the next
argument (when it is a number) with N decimal places. Remaining arguments fill the
placeholders in order.

Returns: Text.

Note: A {} with no matching argument is dropped (becomes empty). Extra arguments are
ignored.

Note: Only {} and {:.N} are supported; {:5}, {:>8}, {0} and {name} are not. A literal
brace cannot be escaped.

Note: If the first argument is not text, it is simply converted to text and returned.

bind start = do {
println(format("x={} y={}", 1, "two"))
println(format("pi is about {:.3}", 3.14159265))
println(format("{} and {}", "only one"))
println(format("[{}1", [1, 21))
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OUTPUT
x=1 y=two
pi is about 3.142

only one and

[[1, 2]1]

ok(value)

Wraps a value as a success result.

Aliases: zh: #7; ja: BL ; ko: Zot; th: Tawm (further languages exist)

Parameters: value - any value (default ).

Returns: A result that prints as ok(value) .

Note: Use match r { ok(v) => ..., bad(e) => ... } tounpack. Calling any method on a
result returns the inner value ( ok(5).anything is 5 ), which is rarely what you want; prefer
match .

fn half(n) {

if n %2 == 0 { ok(n / 2) } else { bad("odd number") }
3
bind start = do {

println(half(10))

println(match half(10) { ok(v) => v, bad(e) => e })

OUTPUT
ok(5)

5

bad(reason)

Wraps a value as a failure result.

Aliases: English: err;zh: #f;ja: & ; ko: Lt ; th: e (further languages exist)

Parameters: reason - any value, usually a message string.

® Returns: A result that prints as Err(reason) .
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Note: The English builtin also answers to err . Note the printed form is Err(...) , while
the pattern and constructor are spelled bad .

fn half(n) {
if n %2 == 0 { ok(n / 2) } else { bad("odd number") }
3
bind start = do {
println(Chalf(7))
println(match half(7) { ok(v) => "value", bad(e) => e })

OUTPUT

Err(Codd number)

odd number

sqrt(x)

Square root.

Aliases: zh: 18 ; ja: ¥44R; ko: ME2; th: savsas (further languages exist)
Parameters: x - number.
Returns: Number (NaN for negative x ).

bind start = do {
println(sqrt(16))
println(sqrt(2))

DUTPUT
4

1.4142135623730951

pow(base, exponent)

Raises base to exponent (floating-point power).

Aliases: zh: & ;ja: XEHE ; ko: AEHS ; th: andde (further languages exist)
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Parameters: base, exponent - numbers (exponent defaults to 1).
Returns: Number.

bind start = do {
println(pow(2, 10))
println(pow(9, 0.5))

OUTPUT
1024

3

abs(x)

Absolute value.

Aliases: zh: Zuxl il , #axf; ja: #exE ; ko: ®oizf, Hoizt; th: ehduysal (further languages
exist)

Parameters: x - number.

Returns: Number.

bind start = do {
println(abs(0 - 7))
println(abs(2.5))

OouUTPUT

7

2.5

floor(x)

Rounds down toward negative infinity.

* Aliases: zh: M TFEE , T8  KE#H ; ko: W& ; th: daae (further languages exist)
e Parameters: x - number.

e Returns: Number.
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bind start = do {
println(floor(2.7))
println(floor(® - 2.1))

OouUTPUT

ceil(x)

Rounds up toward positive infinity.

Aliases: zh: @R, £%¥, X#8#; ko: 2 ; th: dadu (further languages exist)
Parameters: x - number.
Returns: Number.

bind start = do {
println(ceil(2.1))
println(ceil(@ - 2.9))

OUTPUT

round(x)

Rounds to the nearest whole number; halves round away from zero.

Aliases: zh: E&AA , @& ;ja: MEEA ; ko: 822l ; th: daaw (further languages exist)
Parameters: x - number.
Returns: Number.
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bind start = do {
println(round(2.5))
println(round(2.4))
println(round(® - 2.5))

oUTPUT

trunc(x)

Discards the fractional part (rounds toward zero).

Aliases: English: int; zh: B | 8%, &% ;ja: B8{b, ¥10#87T; ko: B3, B, HE; th:
ganafian (further languages exist)

Parameters: x - number.

Returns: Number.

Note: int is an English alias, but it truncates and returns a number; it does not convert
text. Use to_number for that.

bind start = do {
println(trunc(2.9))
println(trunc(® - 2.9))
println(int(7.99))

OouUuTPUT

min(Ca, b)

Smaller of two numbers.
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Aliases: English: minimum; zh: 8/\v; ko: #1232t ; th: shaa (further languages exist)
Parameters: a, b - numbers.

Returns: Number.

Note: Takes exactly two arguments. For a list use list_min .

bind start = do {
println(min(3, 1))

OouUuTPUT

1

max(a, b)

Larger of two numbers.

Aliases: English: maximum ; zh: 8% ; ko: %242} ; th: geae (further languages exist)
Parameters: a, b - numbers.

Returns: Number.

Note: Takes exactly two arguments. For a list use list_max .

bind start = do {
println(max(3, 1))

oUTPUT

3

clamp(x, low, high)

Limits x to the range 1low. .high .

Aliases: zh: #3Ex ; ja: sEESIR ; ko: HelM P ; th: 41da (further languages exist)
Parameters: x, low (default 0), high (default 1).

Returns: Number.

Note: If low > high the bounds are swapped instead of raising an error.
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bind start = do {
printlnCclamp(15, 0, 10))
println(clamp(® - 3, 0, 10))
println(clamp(5, 0, 10))

oUTPUT

pi0)
The constant pi (3.14159...).

e Aliases: zh: A% ;ja: FAEZE ; ko: Tol ; th: wa (further languages exist)
e Parameters: none.
® Returns: Number.

* Note: Always call it with parentheses. As a bare identifier pi evaluatesto () under the
default JIT backend (the interpreter does resolve the bare name).

bind start = do {
println(pi())
println(2 * pi() == tau())

oUTPUT
3.141592653589793

true

len(value)

Number of characters in a string, or elements in a list.

* Aliases: English: str_len;zh: K ;ja: E&; ko: Zo|;th: anuem (further languages exist)
® Parameters: value -text or list. Anything else gives 0 .
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® Returns: Number.
* Note: The English builtin is str_len; len is its alias. The method form "abc".len()
counts bytes ("é".1len() is2) while len("é") counts characters (1).

bind start = do {
println(len("hello"))
println(len("héllo"))
println(len([10, 20, 30]1))
println(len(42))

ouUuTPUT

to_str(value)

Converts any value to its text form.

® Aliases: English: str, num_str; th: wilasasse (further languages exist)
* Parameters: value - any value.
¢ Returns: Text.

bind start = do {
println(to_str(12) + "!")
println(str(3.5))
println(to_str([1, 21))
println(len(to_str(1000)))

ODUTPUT
12!
3.5

[1, 2]
i}
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to_number(text)

Parses text as a decimal number.

Aliases: zh: #%;5 (further languages exist)
Parameters: text - leading and trailing whitespace is ignored.
Returns: Number; o if the text is not a number (no error).

Note: Cannot distinguish "e" from invalid input. Hex, exponents and underscores are not
recognised; see hex_to_number .

bind start = do {
println(to_number("42") + 1)
println(to_number("3.5"))
println(to_number("abc"))
println(to_number(" 7 "))

OouUTPUT

split(text, separator)

Splits text at every occurrence of a separator.

Aliases: English: str_split; th: wea (further languages exist)

Parameters: text; separator (default newline; an empty separator also means newline).
Returns: List of strings.

Note: Splitting never trims; consecutive separators produce empty strings.

bind start = do {
println(split("a,b,c", ","))
println(len(split("a,,b", ",")))
println(split("linel\nline2"))
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OUTPUT
[a, b, c]

3
[linel, line2]

trim(text)

Removes whitespace from both ends.

Aliases: English: str_trim; th: dazgasiw (further languages exist)
Parameters: text .
Returns: Text.

bind start = do {
println("[" e trim(H hl n) e ||]||)

OouUTPUT

[hi]

starts_with(text, prefix)

True if text begins with prefix .

Aliases: English: str_starts_with ; th: 5use (further languages exist)
Parameters: text, prefix.
Returns: Boolean.

bind start = do {
println(starts_with("hello", "he"))
println(starts_with("hello", "l0"))

oUTPUT

true

false

206



® - LING

ends_with(text, suffix)

True if text ends with suffix .

® Aliases: English: str_ends_with ; th: asiasqe (further languages exist)
®* Parameters: text, suffix.
® Returns: Boolean.

bind start = do {
println(ends_with("report.pdf", ".pdf"))

OouUTPUT

true

str_replace(text, from, to)

Replaces every occurrence of from with to .

* Aliases: th: unuanse (further languages exist)
®* Parameters: text, from, to.
¢ Returns: Text.

bind start = do {

println(str_replace("a-b-c", "-", "+"))

OouUTPUT

a+b+c

str_find(text, needle)
Position of the first occurrence of needle.

® Aliases: th: wluas3e (further languages exist)
® Parameters: text, needle.
® Returns: Character index (0-based), or -1 if absent.
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bind start = do {
println(str_find("hello", "1"))
println(str_find("hello", "z"))

OouUTPUT

substr(text, start, length)

Extracts a slice by character position.

* Aliases: English: str_slice;th: guaess (further languages exist)
* Parameters: text; start (0-based); length (optional; default: to the end).
® Returns: Text. Out-of-range values are clamped, never an error.

bind start = do {
println(substr("hello", 1, 3))
println(substr("hello", 2))
println(substr("hello", 10, 2) + "|")

OouUTPUT

ell

1lo
I

str_repeat(text, count)

Repeats a string.

* Aliases: th: vinehaese (further languages exist)
e Parameters: text; count (default1).
® Returns: Text.
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bind start = do {
println(str_repeat("ab", 3))
println(str_repeat("=", 10))

DUTPUT
ababab

str_upper(text)

Converts to upper case.

¢ Aliases: none (English spelling only)
® Parameters: text.
® Returns: Text.

bind start = do {
println(str_upper("hello"))

oUTPUT

HELLO

str_lower(text)
Converts to lower case.
* Aliases: none (English spelling only)

* Parameters: text.
® Returns: Text.

bind start = do {
println(str_lower("HeLLo"))
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OoUTPUT

hello

.len()
Length of a string (in bytes) or list (elements).

* Aliases: zh: ¥, KE;ja: E<; ko: Z0|; th: anuam

e Parameters: receiver: text or list.

® Returns: Number.

* Note: For text, use the builtin len(text) when you want characters.

bind start = do {
println([1, 2, 3].1len())
println("abc".len())
println("é".len())
println(len("é"))

OouUuTPUT

.push(value)

Returns a copy of the list with value appended.
* Aliases: zh: #, 0 ;ja: &m0 ; ko: #7t; th: wiu
® Parameters: receiver: list; value.

® Returns: New list.

® Note: The original list is unchanged under the interpreter, so write bind xs = xs.push(4) .
Under the default JIT backend the original may be updated in place as well; do not rely on
either.

210



® - LING

bind start = do {
bind xs = [1, 2]
bind xs = xs.push(3)
println(xs)

oUTPUT

[1, 2, 3]

.contains(text)
True if a string contains a substring.
e Aliases: zh: @&
* Parameters: receiver: text; text.
® Returns: Boolean (false for non-string argument).

bind start = do {
println("hello".contains("ell"))

println("hello".contains("z"))

OUTPUT

true

false

.is_empty()
True if a string has no characters.
* Aliases: zh: 2%
® Parameters: receiver: text.
® Returns: Boolean.
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bind start = do {
println("".is_empty())
println("x".is_empty())

OouUTPUT

true

false

.hame

Reads a field of a form (struct) value.

* Aliases: none (the field name is whatever you declared)
e Parameters: receiver: struct value; the field name follows the dot.
e Returns: The field value. Error no field ... if it does not exist.

form Point { x, y }
bind start = do {
bind p = Point(3, 4)
println(p.x)
println(p.y)

oUTPUT

Lists

Lists are ordered, mixed-type sequences written [1, "two", 3.0]1.They behave as values:
functions return a new list instead of mutating. Because rebinding is the only form of
assignment, the idiom is bind xs = list_push(xs, item).Indexingis xs[i] (zero-based);
reading past the end is a runtime error under the interpreter.
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list_new()

list_push(list, value)
list_get(list, index)
list_set(list, index, value)
list_max(list, default)
list_min(list, default)
list_join(list, separator)
list_map(list, function)
list_filter(list, predicate)

list_find(list, predicate)

Creates an empty list

Returns the list with value appended

Reads an element by zero-based index

Returns the list with the element at index replaced
Largest numberin a list

Smallest number in a list

Joins the elements into one string

Applies a function to every element

Keeps the elements for which the predicate returns true

First element for which the predicate returns true

list_new()

Creates an empty list.

® Aliases: English: vec::with_capacity(n), Vec::from(list) ; zh: #@5I%K ; ja: HFHRU X b ; ko:
MZE ; th: shanstwai (further languages exist)
¢ Parameters: none.

® Returns: Empty list.

bind start = do {
bind xs = list_new()
println(xs)
println(len(xs))

oUTPUT

[1

0

list_push(list, value)

Returns the list with value appended.

e Aliases: zh: K%M ; ja: U X k&M ; ko: 2227} ; th: wiusans (further languages exist)
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Parameters: list; value.

Returns: The extended list.

Note: Always rebind the result: bind xs = list_push(xs, 5) .The interpreter optimises
exactly this pattern to run in place.

Note: If the first argument is not a list, a new one-element list is returned.

bind start = do {
bind xs = list_new()
bind xs = list_push(xs, 10)
bind xs = list_push(xs, "twenty")
println(xs)

OouUTPUT

[10, twentyl]

i
Re
[ )

214

st_get(list, index)

ads an element by zero-based index.

Aliases: zh: Byt , EREE ; ko: 24718 @7| ; th: sumanis (further languages exist)
Parameters: list; index (default 0).
Returns: The element; an empty string " if the index is out of range (no error).

Note: xs[i] is the stricter form: it is a runtime error when out of range under the
interpreter.

bind start = do {
bind xs = [10, 20, 30]
println(list_get(xs, 1))
println("[" + list_get(xs, 9) + "1")

OUTPUT

20

[1
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list_set(list, index, value)

Returns the list with the element at index replaced.

Aliases: zh: #t% , BERE ; ko: 244% ; th: desams (further languages exist)
Parameters: list; index ; value.

Returns: Updated list. An out-of-range index leaves it unchanged.

Note: Rebind the result: bind xs = list_set(xs, 0, 99).

bind start = do {
bind xs = [1, 2, 3]
bind xs = list_set(xs, 0, 99)
println(xs)

oUTPUT

[99, 2, 3]

list_join(list, separator)

Joins the elements into one string.

Aliases: English: join;zh: #%#: , &i& ; ko: 92 ; th: swunans (further languages exist)
Parameters: list; separator (default empty).
Returns: Text.

bind start = do {

print'Ln('LiSt_jOin(["a", "b", "C"], ||_||))
printlnCjoin([1, 2, 31, ", "))

OUTPUT

a-b-c
1, 2, 3
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read_file(path)

Reads an entire text file.

¢ Aliases: th: awiwa (further languages exist)
® Parameters: path - file path.
® Returns: Text (UTF-8). A missing or unreadable file is a runtime error (read_file 'path':
co).
® Note: Under the default JIT backend a failed read yields () instead of an error, so test
with file_exists first.

bind start = do {
write_file("note.txt", "line one\nline two")
println(read_file("note.txt"))
println(len(split(read_file("note.txt"), "\n")))
remove_file("note.txt")

oUTPUT

line one

line two
2

write_file(path, text)

Writes text to a file, creating parent folders and replacing existing content.

® Aliases: th: «feulWd (further languages exist)
®* Parameters: path; text.
® Returns: () . Failure to write is a runtime error.

bind start = do {
write_file("out/data.txt", "hello")
println(file_exists("out/data.txt"))

remove_dir_all("out")
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OoUTPUT

true

file_exists(path)

True if the path exists (file or folder).

Aliases: zh: X% (further languages exist)
Parameters: path.
Returns: Boolean.

bind start = do {
println(file_exists("definitely_missing.txt"))

oUTPUT

false

is_file(path)

True if the path is an existing regular file.

Aliases: th: JlulWa (further languages exist)
Parameters: path .
Returns: Boolean.

bind start = do {
write_file("t.txt", "x")
println(is_file("t.txt"))
println(is_file("."))
remove_file("t.txt")

oUTPUT

true

false
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is_dir(path)
True if the path is an existing directory.

e Aliases: th: flulaisnna3 (further languages exist)
* Parameters: path.
® Returns: Boolean.

bind start = do {
println(is_dir("."))

println(is_dir("missing_dir"))

oUTPUT

true

false

sleep(milliseconds)

Pauses the program.

o Aliases: English: sleep_ms; zh: BEBR , FK::BERRE;ja: BR% , R —7; ko: &x7|, & ;th: wea,
uau (further languages exist)

® Parameters: milliseconds - number.

e Returns: Q).

bind start = do {
sleep(50)
println("done")

oUTPUT

done

rand()

Pseudo-random number in the range 0 up to (not including) 1.
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Aliases: zh: B&# ; ja: &L ; ko: == ; th: du (further languages exist)
Parameters: none (arguments are ignored).

Returns: Number.

Note: There is no seeding function and no integer form: scale and floor it, e.g.
floor(rand() * 6) + 1 for adie.

Note: Not suitable for security; use random_hex for unpredictable bytes.

bind start = do {
bind r = rand()
println(r >= 0 & r < 1)
bind die = floor(rand() * 6) + 1
println(die >= 1 && die <= 6)

OUTPUT

true

true

time_now()

Seconds elapsed since the program started.

Aliases: zh: Waimti ; ja: #2i@8RS ; ko: #™AIZt; th: waikatiu (further languages exist)
Parameters: none.
Returns: Number (fractional seconds).

bind start = do {
bind t0 = time_now()
sleep(20)
println(time_now() - t0 >= 0.02)

OUTPUT

true
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CHAPTER 13

Command Line Tools: 'ling" and
“lingfu®

Two programs ship with Ling:

® 1ling compiles, runs, visualises and packages individual programs.

® lingfu (RfF, "spirit token") is the project manager: it scaffolds projects, runs their tests,
manages the Ling.toml manifest, publishes to a package registry and rewrites a project
into another human language.

Both are installed to the same directory ( ~/.cargo/bin for a Cargo install). lingfu finds ling
next to itself, then on PATH, and delegates to it for running and building. The transcripts
below were produced with Ling 2030.1.53 (ling ) and lingfu 2030.1.19.

Transcripts marked console are real terminal sessions; long absolute paths have been
shortened.

ling

OUTPUT
ling run [--interp|--wasm|--00|--01|--02|--03] <file.ling>
ling <file.ling> (shorthand for: ling run <file.ling>)

ling build <file.ling|dir> [--out dir] [--platform list] [--icon file] [--pack] [--aot]

ling ast [path] [--technical|--artwork|--ling|--all] [--out dir]
ling visualize <file.ling>

ling convert <asset> [-o out.ling] [--no-compression]

Running ling with no arguments, or with anything it does not recognise, prints the usage
text and exits with status 0. There is no --version or —-help flag; the first line of the usage
text carries the version ( ling 2030.1.53 - The Omniglot Systems Language ). Subcommands
that other tools sometimes expect ( check, fmt, translate, test)do notexistin ling; see
the remarks under lingfu check .
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A source file may use any of the extensions .ling, .®, .&, .& or .&.

ling run

Runs a program: it parses the file, finds the entry point (bind start = do { ... };seethe
syntax chapter) and executes it.

Flag Effect

(none) Cranelift JIT backend (the default). Falls back to the interpreter for the whole program
if the JIT cannot compile it.

—-—interp Tree-walking interpreter, the semantic reference. Gives the best diagnostics.
——wasm (alias —— Builds the program to WebAssembly, serves it on a local web server and opens the
web ) browser. Not verified here.

--00 --01 --02 JIT optimisation level (default --03 ). Use a lower level if a very large program takes
--03 too long to compile.

The flags may appear before or after the file name; the first argument with a Ling extension
is the program. Any further arguments stay on the command line and are visible to the
program: get_args() returns the whole command line (including ling, run and the script
path) and cli_arg("port", "8080") reads a --port 99 option.

OoUTPUT

$ ling run args.ling --port 99 extra

929
6

Behaviour worth knowing:

® Programs that call http_serve or lingtp_serve are automatically run on the interpreter,
because the JIT does not yet support closure arguments.

* A file whose entry point is missing is treated as a library and fails with error[runtimel: no
entry point, exit status 1.

® For a non-English source file, ling writes [detected language: Chinese (...)] (or Thai,
Japanese, ...) to standard error before running.

* A missing file gives [ling] error: file does not exist: <path> and status 1; no file at all
prints Usage: ling run [--wasm|--interp|--00|--01]|--02|--03] <file.ling> and status 1.

® Parse errors are reported as error[parsel: ... with status 1. Runtime errors are
error[runtime]: ... followed by a traceback .

221



LING

OUTPUT

$ cat hello.ling

fn sq(n) { n * n }

bind start = do {
println(sq(7))

}

$ ling run hello.ling

49

$ ling hello.ling

u9

$ ling run —-interp --00 hello.ling

u9

$ ling run nofile.ling

[ling] error: file does not exist: nofile.ling

Commands at a glance

Command English aliases Purpose

new <name> create Create a project folder

init initialize Scaffold a project in the current folder
build compile, make Build a native executable

run execute, start Run the project

test verify Run the project's tests

check lint, validate Check sources (see warning)
clean purge, clear Delete build output

doc docs, document Build documentation

fmt format, style Format sources (see warning)
tree structure, 1s Print the project tree

bench benchmark , measure Run cargo bench

update upgrade , refresh Run cargo update

add <package> install, include Install a package from the registry
search <query> find, seek Search the registry

publish release, share Publish the project

login <api-key> sign-in, auth Save registry credentials
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Command English aliases Purpose

logout sign-out, deauth Forget credentials

translate <file> trans, convert Translate keywords between languages (see warning)
manifest show, info Print the manifest

wizard guide, create-wizard Interactive project creator

normalize <lang> norm, localize Rewrite the project into another language

seed - Integrity fingerprint of the project

ast, convert - Forwarded to ling ast / ling convert

Options common to several commands: --lang /-1 <code> (scaffolding language: en, zh,
ja, ko, th, ru), ——type /-t <kind>, --root-lang <code>, --crates, ——path <dir>, —-dry-
run/-n.

Localised command names. Each command also has aliases in Chinese, Japanese, Korean,
Thai, Russian, Arabic, Hindi, Vietnamese, Greek, Hebrew, German, French, Spanish, Turkish
and Polish (for example i& / il for test in Chinese, waaau in Thai). These are recognised
only when the executable is invoked under its localised name - R#.exe, BfF , I8, &,
NUHDY , o8l W , Linhphu, Aivydu, wirh, lingfu-de, lingfu—fr, lingfu-es, lingfu-tr,
lingfu-pl . Under the normal name lingfu only the English words work, and messages are
English:

OUTPUT
$ lingfu ik

unknown command: i

lingfu --help

$ ./RFF.exe # same program, copied under its Chinese name
EEKR. ..
MK : ... \tests\test.ling

lingfu new

oUTPUT

lingfu new <name> [--type bin|lib|game|ui|ai|crypto|web|polyglot] [--lang

en|zh|jalko|th|ru]l [--root-lang <code>]
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Creates <name>/ containing a manifest, a source folder with an entry program, a tests folder,
a lexicon folder, README.md , .gitignore and ling.ignore. --type also accepts localised
words (for example 1ib = #{& = 2}o|€2{2| ). --lang chooses the language of the generated
files and of the folder names; --root-lang chooses the language of the core dependency.

OUTPUT

$ lingfu new demo

~ Ling Manifest - Spirit Token Descends ~
Creating project: demo

Spirit Realm created!
cd demo
lingfu build
lingfu run
$ find demo -type f
demo/.gitignore
demo/lexicons/en.ling
demo/ling.ignore
demo/Ling.toml
demo/README . md
demo/src/start.ling
demo/tests/test.ling

Folder and file names depend on the scaffold language:

Language Manifest Sources  Entry Tests Test file Build Lock Lexicons
English Ling.tom src start.lin tests test.lin buil .loc lexicon
g g d k s

Chinese RFF . toml TR 1= REL . R REE RET RE

Bt
Japanese  ZfF.toml ER =B =B m.E = =5 £5E

£
Korean & toml =k RS- EE: A3 EL] RS Hoj
Thai &9y . toml (o}} Bu. & naga negay . {9 &9 &an Adwii

Adla b

(Russian, Persian, Arabic, Hebrew, Urdu, French, German and others have tables of their
own.)

The generated English manifest and entry:
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[spirit]
name = "demo"
kind = "bin"

version = "2030.0.0"

[author]

ling-lin = { email = "you@example.com" }
[realm]

language = "en"

level = "gn

source = '"src"

[root]

core = { version = "2030.0", language = "en" }
[depends]

# Add dependencies: spirit-name = { version = "x.y.z" }
FRAGMENT

# src/start.ling - gateway to the Spirit Realm
bind start = do {
print("Welcome to demo Spirit Realm")

print("Spirit Level: #")

# Your Ling code awakens here

The lingfu manifest uses the tables [spirit] (name, kind, version, and optionally entry),
[author], [realm] (language, level, source), [root] (the core dependency)and
[depends] . Two tools read it with different parsers, which matters:

® lingfu run parses the file as real TOML and honours entry in [spirit] (or [packagel ).
® 1ling build reads name, version, kind, entry, icon, targets, pack, includes, ... line by
line (see the key table above) and defaults entry to main.ling.
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Because the generated project keeps its program in src/start.ling, add entry =
"src/start.ling" under [spirit] before running lingfu build ; without it the build stops
with entry '...\main.ling' not found. lingfu run and lingfu test work out of the box
because they search src/start.ling themselves.

lingfu init
lingfu init [--type ...] [--lang ...] does the same scaffolding as new, but inside the
current directory, using its name as the project name.

lingfu run

Runs the project's entry program with ling run . The entry is the first existing file among: the
manifest's [spirit] entry, <src>/<entry file>, <root>/<entry file>, <src>/main.ling,
<root>/main.ling . If there is no manifest, it looks in the current directory for a .ling file
(main.ling, src/main.ling, src/start.ling, ...); as alast resort it runs cargo run.Extra
arguments are passed to ling run .

OUTPUT
$ cd demo
$ lingfu run

Running ...\demo\src\start.ling...
Welcome to demo Spirit Realm
Spirit Level: %k

lingfu test

Runs <src>/<test file> if it exists (for English projects src/test.ling), then every .ling
file below the tests folder, each with ling run . The first failing run (non-zero exit status)
stops the sequence with tests failed. A project with no test files but a Cargo.toml falls back
to cargo test ; with no manifest at all it runs cargo test.

A test is an ordinary program: it needs an entry point and fails by exiting with an error. The
generated test program binds test (any bind of a do block counts as the entry).
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OUTPUT
$ lingfu test

Testing Ling project...

test: ...\demo\tests\test.ling
A1l mirrors are clear
Ling tests passed for demo

All tests passed!

Because there is no assertion builtin, make a test fail deliberately with a runtime error, for
example by calling read_file on a missing path or an unknown function under --interp .

lingfu clean

Deletes the project's build folder and lock folder (build and .lock, or their localised names)
and, when a Cargo.toml Or target/ exists, runs cargo clean .

oUTPUT

$ lingfu clean
removed ...\demo\build

removed ...\demo\.lock
Clean!

lingfu tree , lingfu manifest

lingfu tree prints the project's directory tree. lingfu manifest prints the path of the
manifest followed by its contents (or the Cargo.toml if no Ling manifest exists).

227



LING

OUTPUT
$ lingfu tree
Project tree:

demo
I— .gitignore

l— Ling.toml

|— README.md

F—— ling.ignore
F—src

F—— L start.ling
L tests

L L— test.ling

The branch drawing is the tool's own: it prefixes every child with the parent's connector, so
nested entries show two connectors on one line.
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CHAPTER 14

Window, Frame Loop, Input and
Camera

This chapter covers everything a graphical Ling program needs before it draws a single
shape: opening a window, running the frame loop, painting in two dimensions, reading the
keyboard, mouse and gamepad, and aiming the 3D camera. Shapes, textures and effects are
in the next chapter.

Every entry below was checked against the interpreter's dispatch table ( src/runtime/mod.rs).
Where this book and the older draft pages in the repository disagree, this book follows the
source. Entries marked "Aliases" list the Chinese (zh), Japanese (ja), Korean (ko) and Thai (th)
names accepted by the interpreter in addition to the English name; the interpreter also
accepts Arabic, Hebrew, Persian, Urdu, French, German and Russian names for many
builtins, which are not listed here.

Figure 10.1. A scene built only from the builtins in this chapter and the next, drawn live in a Ling window. Source:
examples/3d-rooms/3d-thai-japanese-clocktown.ling inthe Ling repository.
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The frame loop

A Ling graphics program has one shape. Open a window, then repeat four steps until the
window closes: clear, draw, present, repeat.

GUl

bind start = do {
open_window(800, 600, "Frame loop")
bind frame = 0

while window_is_open() {

fill(1e, 12, 30) # 1. clear to a background colour
set_color(255, 200, 80) # 2. draw

draw_disc(400 + 200 * sin(frame * 0.05), 300, uU0)

present() # 3. flush and show

bind frame = frame + 1

Three facts about this loop are worth memorising.

1. window_is_open() becomes false when the user closes the window or presses Escape. You
do not need to handle Escape yourself.

2. present() isthe only call that puts pixels on screen. It also flushes everything queued by
3D builtins, runs the post-processing chain, and reads the mouse. A frame without
present() is invisible.

3. There is no delta-time builtin. Use time_now() (seconds since the program started) and
subtract the previous value, or use frame_count() .

Colour arguments are plain numbers from 0 to 255. They are not clamped: the interpreter
packs (r << 16) | (g << 8) | b, soavalue above 255 spills into the neighbouring channel.
Negative numbers become 0.

Calling a function that does not exist (for example draw_rect , which Ling does not have) is
silently ignored. If a drawing call seems to do nothing, check the spelling against this chapter
first.
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Coordinate conventions

Figure 10.2. A red line along +x, a green line along +y and a blue line along +z, all starting at the white sphere. The
green line points down the screen. The blue line points straight into the screen, so it is seen end-on.

Space Origin +X +y +Z
Screen (2D) top-left pixel right down not used
World (3D) camera pivot right down away from the camera

Because +y is down, "above" is negative y. A ceiling lives at y = -3, afloorat y = +3. Angles
in draw_arc also run clockwise on the screen for the same reason.

The default projection centres the view on the window, uses a focal length equal to the
window height in pixels, and adds a fixed depth offset zdist = 5 before the perspective
divide. A point at (x, y, z) with the camera at the origin lands at

screen_x = width/2 + height * x / (z + zdist)

screen_y = height/2 + height * y / (z + zdist)
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Summary: window and frame

Builtin Purpose

open_window(w, h, title, resizable) Open a window
open_fullscreen(title, w, h) Open a borderless full-screen
window
open_fullscreen_scaled(title, scale) Full screen at 1/scale resolution
window_is_open() Loop condition
present() Finish the frame
quit() Close the window from script
get_width(), get_height() Framebuffer size
set_fps(n), set_vsync(on) Frame pacing
monitor_width() , monitor_height() , monitor_refresh(), Physical display
monitor_info()
flush_3d() , flush_post() Mid-frame flush
wait_window() Keep the last frame on screen
screenshot(tag) , record_frame() Save the framebuffer
frame_count() , time_now() Clocks

Window and frame entries

open_window(w, h, title, resizable)
Opens the program's window and allocates its framebuffer.

e Aliases: en gfx_window; zh #& ;ja U+ > FUR< ; ko #E7]; th damiens

® Parameters: w width in pixels (default 800); h height in pixels (default 600); title
window title string (default "Ling" ); resizable optional, 1 makes the window resizable
and maximisable (default 0).

® Returns: nothing.

® Notes: The numeric arguments come first and the title third. When the window is
resizable the framebuffer follows the client size from the next frame on, so read
get_width() and get_height() each frame. Opening the window also resets the 3D
projection to its defaults (centre of window, focal length equal to the height, zdist 5). If
the window cannot be created the program stops with cannot open window .
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Gul
open_window(1024, 640, "My game", 1)

open_fullscreen(title, w, h)

Opens a borderless window covering the whole primary monitor.

Aliases: en fullscreen;zh £F;ja £8@ ; ko MM ; th (damiseidiuaa

Parameters: title window title (default "Ling" ); w, h optional pixel size (default: the
monitor's resolution).

Returns: nothing.

Notes: The title is the first argument here, unlike open_window . On Windows the window

is topmost and keeps keyboard focus; examples/geometry/shapes_demo.ling opens its
window this way and pairs it with capture_mouse() .

GUl

open_fullscreen("Cathedral")

window_is_open()

True while the window is open; false once it has been closed, quit() was called, or Escape
was pressed.

Aliases: en gfx_is_open, is_open;zh & ;ja BLTWL3 ; ko #EZ ; th wihsadeag
Parameters: none.
Returns: boolean.

Notes: Before any window is opened it returns false, so a loop guarded by it simply does
not run.

GUul

while window_is_open() {
fill(e, 0, 0)
present()

233



LING

present()

Ends the frame: draws every queued 3D primitive, applies post-processing, copies the
framebuffer to the window and samples the mouse.

Aliases: en gfx_present, show;zh Z2¥, & ;ja &K ; ko EAl; th uaawa

Parameters: none.

Returns: nothing.

Notes: Depth-sorted 3D geometry (cube, vtex_x, draw_line_3d, and the others in the next
chapter) is only rasterised here, so those calls can be made in any order within the frame.
Direct 2D calls (draw_line, triangle, draw_disc, tex_* ) write to the framebuffer
immediately, before the queue is flushed, so 3D geometry always lands on top of them. To
draw 2D interface over a 3D scene use flush_3d() first. Click detection for the ui_x
widgets depends on present() being called once per frame.

GUul

present()

quit()

Asks the window to close, exactly like pressing Escape. Useful for an on-screen exit button.

Aliases: English only; exit_game and close_window are accepted synonyms.
Parameters: none.
Returns: nothing.

GUl
if ui_button(20, 20, 100, 32) == 1 { quit(Q) }

get_width() and get_height()

The current framebuffer width and height in pixels.

Aliases, get_width:zh % ;ja #8EUE ; ko WHl; th anunie
Aliases, get_height:zh &;ja EEE; ko =0|; th anuge
Parameters: none.
Returns: number.
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* Notes: For a fixed-size window these equal the arguments of open_window . For a resizable
window they change when the user resizes it.

Gul
bind cx = get_width() / 2
get_height() / 2

bind cy

time_now()

Seconds elapsed since the program started, as a fractional number.

* Aliases: zh %iginf(i ; ja #2865 ; ko ®xAIZt; th narilaqdiu
* Parameters: none.
e Returns: number.

® Notes: The idiom for a frame-time delta is to remember the previous value. ( epoch_now()
returns wall-clock seconds since 1970.)

GUl

bind last = time_now()

while window_is_open() {
bind now = time_now()
bind dt = now - last
bind last = now
fill(e, 0, 0)
present()

2D drawing

All the 2D builtins use screen pixels with the origin at the top-left and +y down. They draw in
the current pen colour, which stays in effect until you change it. present() is not needed for
the pixels to be written, only for them to be shown.
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Figure 10.3. One frame of 2D drawing. The brown circles at the lower right overlap under set_blend(1) , which
adds colour, so the overlap is brighter. The yellow arc was drawn from angle O to pi and, because y points down, it
is the lower half of its circle.

Builtin Purpose
fill(r, g, b) Clear the framebuffer
set_color(r, g, b), set_color_hsl(h, s, 1), mix_color(...) Pen colour
set_alpha(a) , set_blend(mode) , set_antialias(on) Pen state
draw_pixel, draw_line, triangle Basic primitives
draw_circle, draw_disc, draw_arc, draw_poly Curves and polygons
grad_rect, grad_triangle Gradient fills
shadow_blob, cast_shadow, shadow_params Soft shadows
depth_triangle, depth_line Depth-sorted 2D
set_frame_blur(a) Afterimage trails
fill(r, g, b)

Clears the whole framebuffer to a colour and resets the depth buffer for the new frame.

® Aliases: en gfx_fill, clear;zh &, & ;ja BDEL , HZE; ko X7, M7 ; th i
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Parameters: r, g, b each 0 to 255 (each defaults to 0, so fill() clears to black).
Returns: nothing.
Notes: Call it first in every frame. It does not change the pen colour.

GUul
fill(ie, 12, 30)

set_color(r, g, b)

Sets the pen colour used by every drawing call that follows. 3D shapes also use it as their
base colour.

Aliases: en gfx_color, color;zh #f ;ja BT ; ko M4H ; th &fuxa
Parameters: r, g, b each 0 to 255 (default 255).
Returns: nothing.

GUl
set_color(255, 120, 60)
draw_disc(100, 100, 30)

draw_pixel(x, y)

Sets one pixel to the pen colour. Coordinates outside the window are ignored.

Aliases: en gfx_pixel, pixel;zh B ;ja =< ; ko B32|7]; th 1naam
Parameters: x, y pixel coordinates (truncated to integers).
Returns: nothing.

GUl
draw_pixel(320, 180)

draw_line(x0, y0, x1, y1)

A one-pixel line in the pen colour.

Aliases: en gfx_line, line;zh EZ; ;ja #&#< ; ko 4327]; th nawdu
Parameters: the two end points in pixels.
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® Returns: nothing.
® Notes: Honours set_antialias and additive blend.

Gul
set_color(255, 255, 255)
draw_line(0, 0, get_width(), get_height())

triangle(x0, y0, x1, yl, x2, y2)

A filled triangle in the pen colour.

* Aliases: en draw_triangle, gfx_triangle; zh =AW4EE, B=#& ; ko Az"€12|7|; th 1a
CRHIRVETIRY

® Parameters: three corner points in pixels.

® Returns: nothing.

* Notes: To build rectangles and other polygons from triangles use two or more calls, or use
draw_poly .

GUl

set_color(230, 90, 90)
triangle(60, 300, 160, 140, 260, 300)

draw_circle(cx, cy, r)

A circle outline.

e Aliases: zh F#E , B ; ko &32|7]; th 1navnau

® Parameters: centre cx, cy and radius r in pixels (radius default 10).
® Returns: nothing.

GUlI
set_color(90, 200, 255)
draw_circle(380, 150, 60)

draw_disc(cx, cy, r)

A filled circle.
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* Aliases: en draw_filled_circle; zh B0 ;ja BDDRLA; ko #M<7]; th Mnavnauiiu

® Parameters: centre and radius as for draw_circle .
® Returns: nothing.
® Notes: Honours the blend mode, so with set_blend(1) it paints a glow.

GUl
set_color(120, 255, 160)
draw_disc(520, 150, u40)

key_down(name)

Is the named key currently held?

e Aliases: zh #4# ;ja ¥—#879 ; ko 7|%Z ; th nade

® Parameters: name alower-case string (see the table below).
® Returns: boolean. An unknown name is simply false.

* Notes: Returns false while another window has focus (and for a short grace period after

focus returns).

Letters, digits "a" to "z", "O" to "9"

Arrows and "left", "right", "up", "down", "home", "end", "pageup", "pagedown", "insert",

navigation "delete"

Editing "space", "enter",K6 "escape", "tab",K6 "backspace",6 "capslock"

Modifiers "lshift", "rshift", "lctrl", "rctrl", "lalt", "ralt"

Function keys "f1" to "f12"

Number pad "numpad@" to "numpad9" (or "KpO" to "Kp9" ), "numpad+", "numpad-", "numpadx"
"numpad/"

Punctuation "minus", "equals", "comma", "period", "slash", "semicolon", "quote",
"lbracket", "rbracket", "backslash", "grave" (the symbols - 746 B

1 ° alsowork)
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GUl

bind x = 40O

while window_is_open() {
if key_down("left") { bind x = x - 4 }
if key_down("right") { bind x = x + 4 }

fill(e, o, 0)
set_color(255, 255, 255)
draw_disc(x, 300, 20)
present()

key_pressed(name)

True only on the single frame in which the key went down, so holding the key does not
repeat.

* Aliases: zh #% ;ja ¥—# L7 ; ko 7I8% ; th nailu
® Parameters: name as for key_down .
® Returns: boolean.

* Notes: Use it for toggles, menu selection and firing once per press. Pressing Start on a
gamepad counts as "enter" .

GUl

bind paused = 0

while window_is_open() {
if key_pressed("p") { bind paused = 1 - paused }
fill(e, o, 0)
present()

mouse_x() and mouse_y()

The cursor position inside the window, in pixels, clamped to the window.

* Aliases: none (English names only)
* Parameters: none.
e Returns: number.
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* Notes: Both return 0 until the window exists. ui_hot and the ui_* controls read the
mouse themselves, so you rarely need these for interface work.

GUul
set_color(255, 255, 255)

draw_disc(mouse_x(), mouse_y(), 6)

mouse_down() , mouse_down_right() , mouse_down_middle()

True while the left, right or middle button is held.

* Aliases, mouse_down_right : th wndun

e Aliases, mouse_down_middle : th undnate

e Parameters: none.

® Returns: boolean.

* Notes: These are level checks. For a click edge, remember last frame's value.

GUl
bind was = 0
while window_is_open() {
bind now = 0
if mouse_down() { bind now = 1 }
if now == 1 and was == 0 { println("click at " + str(mouse_x()) + ", 6" +
str(mouse_y())) }
bind was = now
£ill(e, 0, 0)
present()

set_camera(cry, sry, crx, srx)

Sets the camera orientation from precomputed cosines and sines.

* Aliases: zh wEHBEN, Wk ;ja DXSHE ; ko FHHEAH ; th dnaas

® Parameters: cry, sry cosine and sine of the yaw angle (defaults 1 and 0); crx, srx
cosine and sine of the pitch angle (defaults 1 and 0).

® Returns: nothing.

LING
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® Notes: Pass the four numbers, not the angles. set_camera(l, 0, 1, 0) isthe neutral view
straight along +z.

bind start = do {
bind a = 0.3
set_camera(cos(a), sin(a), 1, 0)
println("yaw+ : " + str(project_3d(0, 0, 5)))
set_camera(l, 0, cos(a), sin(a))
println("pitch+: " + str(project_3d(0, 0, 5)))

OUTPUT

yaw+ : [796.77392578125, 5U0, u4.776682376861572]

pitch+: [960, 376.7739562988281, u4.776682376861572]

With no window open the projection keeps its defaults for a 1920 by 1080 frame (centre 960,
540). A positive yaw moved the point left of centre; a positive pitch moved it up.

set_camera_pos(x, y, z)

Moves the camera pivot to a world position.

* Aliases: zh 445 ; ja HXSEEAE ; ko FHHEIAE ; th desumionaas
e Parameters: x, y, z in world units (default 0).

® Returns: nothing.

* Notes: The audio listener follows the camera position when audio is active. Remember y is
down: to raise the camera, decreasey.

GUul

set_camera_pos(0, -2, -6) # two units up, six back

A free—fly camera

The whole chapter in one program: mouse look, WASD walking and a spinning object to look
at. The forward vector (sin yaw, cos yaw) keeps the walking direction aligned with the
view.
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bind start = do {
open_window(900, 600, "Fly")
capture_mouse()
set_depth_test(1)
set_ambient(0.3)
bind yaw = 0.0
bind pitch = 0.0

bind px = 0.0
bind py = 0.0
bind pz = -4.0
bind t = 0.0

while window_is_open() {

bind yaw = yaw + mouse_dx() * 0.003

bind pitch = pitch + mouse_dy() * 0.003

if pitch > 1.5 { bind pitch = 1.5 }
if pitch < -1.5 { bind pitch = -1.5 }
bind fx = sin(yaw) * 0.08

bind fz = cos(yaw) * 0.08

if key_down("w") { bind px = px + fx
if key_down("s") { bind px = px - fx
if key_down("d") { bind px = px + fz
if key_down("a") { bind px = px - fz

set_camera(cos(yaw), sin(yaw), cos(pitch),

set_camera_pos(px, py, pz)

f£ill1(8, 10, 24)

clear_lights()

add_light(-3, -6, 0, 1.0, 0.95, 0.85,

vtex_grid(e, 2, 8, 1,0,0, 0,0,1, 20, 20, 1, 1,

set_color(240, 150, 110)

cube(0, 0, 8, 1,1,1, t * 0.5, t, 0, 0)
present()

bind t = t + 0.02

bind pz = pz + fz
bind pz = pz - fz
bind pz = pz - fx
bind pz = pz + fx
sin(pitch))

1.0, 0)

t, 0)

L S IV
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Lighting set-up

Lights belong to the camera chapter because the same per-frame discipline applies: clear,
add, draw. How the lights shade a surface is explained in the next chapter.

set_ambient(level)

Sets the ambient light that fills everything regardless of the lights.

Aliases: zh ¥8) ; ja BENRE ; ko HEFHH ; th deuavsauiie
Parameters: level from 0to 1 (default 0.15).
Returns: nothing.

Notes: The default shading model also tints unlit areas with a cool shadow colour; see
set_shadow_color .

GUul

set_ambient(0.25)

add_light(x, y, z, r, g, b, intensity, radius)

Adds a coloured point light at a world position for this frame.

Aliases: zh 14T ; ja - ~&m; ko ZHET4; th (uuas

Parameters: x, y, z position (defaults 0, -3, 3). r, g, b colour, either 0 to 1 or 0 to 255
(if any channel exceeds 1.5 all three are treated as 0 to 255). intensity brightness
multiplier (default 1). radius distance at which the light fades to nothing; 0 means no
falloff (default 0).

Returns: nothing.

Notes: The argument order is position, colour, intensity, radius. Some older pages in the
repository show intensity before colour; the source is as listed here. Lights accumulate
until you call clear_lights(), so clear and re-add them each frame.

GUl
clear_lights()
add_light(e, -5, 4, 1.0, 0.85, 0.6, 1.2, 20)
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clear_lights()

Removes every light.

e Aliases: zh 54T ;ja S+ h#Z%E; ko ZE%7(3}; th douas
* Parameters: none.

® Returns: nothing.

GUl

clear_lights()
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CHAPTER 15

Shapes, Vector Textures, Pixel
Textures and Effects

This chapter lists the builtins that put things into the 3D scene: the parametric solids ( cube ,
sphere , gear , and about two dozen more), the low-level triangle and line calls, the vtex_*
vector patterns, the tex_» pixel textures, and the shading, post-processing and light-volume
effects that give the output its "anime holographic" look.

Everything here assumes the window, frame loop and camera of the previous chapter. In the
short fragments, the names n and frame stand for a frame counter that the surrounding
loop maintains. All snippets in this chapter need an open window; they are marked ling-gui
and were checked against the interpreter's dispatch table. The pictures were produced by
running the programs shown (or close variants) and calling screenshot() .

Figure 11.1. Aroom assembled from vtex_#* patterns and a few solid shapes, drawn live. Source: examples/3d-
rooms/3d-room.ling inthe Ling repository.
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Part 1. Primitive solids

Every solid shares one call shape:

name(cx, cy, €z, sx, sy, sz, rx, ry, rz, mode, e0, el, e2)

Group Meaning

cx, cy, World position of the centre

cz

SX, sy, Scale per axis (default 1 each). Each shape is built about one unit in radius (the cube spans -1to
sz 1), so the scale is roughly the half-extent or radius

rx, ry, Euler rotation in radians (default 0), applied in the order X, thenY, then Z, after scaling

rz

mode 0 filled (default), 1 wireframe, 2 both

e0, el, Shape-specific extras. ® or omitted selects the default; a value that is not positive also selects
e2 the default

Only the position needs to be given; every other argument has a default. Trailing arguments
may be dropped.

The pen colour ( set_color ) is the base colour for the fill and the colour of the wireframe.
Solids are lit by add_light and set_ambient, shaded by the model described in Part 4, depth-
sorted with the rest of the 3D queue, and drawn when present() is called.
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Figure 11.2. Twelve of the solids, lit by one warm light. Programs that want the pen colours to show through
faithfully set set_shade_mode(1), set_rim(®, @, 0, 0) andadark set_shadow_color first; see Part 4.

Remember the y axis points down (chapter 10). A cone has its apex at +y, so with the default
camera it points down the screen; rotate by pi on x to flip it. A gear lies in the x-z plane, so
rotate it by about 1.57 on x to face the camera.
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GUl
bind start = do {

open_window(900, 600, "Shapes")

set_depth_test(1)

set_ambient(0.25)

set_shade_mode(1)

set_rim(0, 0, 0, 0)

set_shadow_color(30, 30, 50)

bind n = 0

while window_is_open() {
£il11(8, 10, 24)
set_camera(l, 0, 1, 0)
clear_lights()
add_light(-2, -6, -2, 1.0, 0.95, 0.85, 0.6, 0)
bind a = n * 0.03
set_color(230, 120, 90)
cube(-2.8, 0, 7.5, 0.8,0.8,0.8, a, a * 0.7, 0, 0)
set_color(120, 200, 255)
sphere(0, 0, 7.5, 0.9,0.9,0.9, 0,0,0, 0)
set_color(190, 190, 200)
gear(2.8, 0, 7.5, ©0.9,0.3,0.9, 1.57, a*2, 0, 0, 14, 0.3)
present()

bind n = n + 1

Summary: solids

Group Builtins

Round cube, sphere, icosphere, dome, cylinder, cone, capsule, torus
Prisms and pyramids pyramid , prism, frustum

Dice tetrahedron, octahedron, dodecahedron, icosahedron
Mechanical gear, gyro, arch, stairs

Curves and surfaces helix, spring, star_prism, capsule_chain, mobius
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cube(cx,cy,cz, sx,sy,sz, rx,ry,rz, mode)

An axis-aligned box. Non-uniform scales give any rectangular block.

e Aliases: en box;zh A ;ja %; ko &x, 20K ; th nsas, anunad ; zh/ja A&

® Parameters: the common signature. No extras.

® Returns: nothing.

* Notes: The edge length is twice the scale: cube(0,0,8, 1,1,1, ...) isa 2-unit cube.

GUl

set_color(230, 120, 90)
cube(0, 0, 8, 1, 1, 1, 0, 0.6, 0, 0)

sphere(cx,cy,cz, sx,sy,sz, rx,ry,rz, mode, segments, rings)

A UV sphere; unequal scales make an ellipsoid.

e Aliases: zh & ; ja ¥ ; ko #;th wsenaun

® Parameters: the common signature; segments around the equator (default 16, range 3 to

128); rings pole to pole (default 12, range 2 to 128).
® Returns: nothing.

Gul
set_color(120, 200, 255)
sphere(0, 0, 8, 1,1, 1, 0, 0, 0, 0, 32, 24)

cylinder(cx,cy,cz, sx,sy,sz, rx,ry,rz, mode, segments)

A capped tube. The height runs along local y from -1 to 1, soitis 2 * sy tall.
e Aliases: zh [H#E;ja M ; ko #715 ; th nsenszuan

® Parameters: the common signature; segments (default 24, range 3 to 256).

® Returns: nothing.
* Notes: For a flat disc or plate use a small sy, for example 0.05.

GUul
cylinder(0, 0, 8, 0.8, 1.2, 0.8, 0, 0, 6, 0)
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cone(cx,cy,cz, sx,sy,sz, rx,ry,rz, mode, segments)

A capped cone with its apex at +y and base at -y.

Aliases: zh [4 ; ja M ; ko 2 ;th asa
Parameters: the common signature; segments (default 24).
Returns: nothing.

Notes: Because +y is down the screen, an unrotated cone points downward. Use rx =
3.14159 to point it up.

GUl

cone(0, 0, 8, 0.8, 1, 0.8, 3.14159, 0, 0, 0) # apex up

draw_line_3d(ax,ay,az, bx,by,bz)

A depth-sorted line between two world points, clipped at the near plane.

Aliases: en line3d;zh E3DZ; ; ja 3D#R#< ; ko 3047227 ; th Nnewdu3aa
Parameters: two world-space points.
Returns: nothing.

Notes: Shared edges between solids are de-duplicated automatically. See set_antialias
for smooth lines.

GUul
set_color(255, 255, 255)
draw_line_3d(-2, 0, 8, 2, 0, 8)

Summary: vtex

Builtin Pattern

vtex_grid Rectangular grid

vtex_rings Concentric polygons with twist
vtex_star Spinning star polygon
vtex_spiral Archimedean spiral
vtex_flower Flower of Life

vtex_halftone Cross-hatch dither fill
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Builtin Pattern

vtex_tessellated Wavy triangle mesh
vtex_hyperbolic_uv Poincaré-disc ceiling grid
vtex_letter_rain Thai-letter matrix rain
vtex_lotus Lotus petals

vtex_chakra Dhamma wheel

vtex_yantra Interlocked triangles in a square
vtex_spiked_cog Spiked gear

vtex_torii Torii gate silhouette
vtex_pagoda Tiered pagoda silhouette

In the entries below, PLANE stands for the nine plane arguments cx,cy,cz, ux,uy,uz,

VX,Vy,VzZ .

vtex_grid(PLANE, cols, rows, cell_w, cell_h, fr, hue)

A rectangular grid of lines, centred on the plane origin.

* Aliases: zh 4uf% ; ja #&F##k ; ko ZXRE ; th aease

e Parameters: cols, rows cell counts (default 10, 10); cell_w, cell_h cell size in world
units (default 1, 1); fr, hue (default 0).

® Returns: nothing.

® Notes: The grid spans cols * cell_w by rows * cell_h. Colour varies along the lines.

GUl
vtex_grid(e, 3, 9, 1,0,0, 0,0,1, 12, 8, 1, 1, frame, 0)

How a solid is lit

For each vertex the shader mixes a base colour (your pen colour) with:

1. an ambient term, set_ambient , blended with a shadow tint ( set_shadow_color ) wherever
the surface faces away from every light;

2. each light's contribution: pen colour times a soft step ramp of the angle to the light, times
the light colour, intensity and distance falloff;

3. arim glow ( set_rim ), brighter where the surface turns away from the viewer; and
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4.1in the default holo mode, a faint iridescent sheen that depends on the surface normal.

The colour is interpolated across each triangle, then quantised into a few brightness bands
per pixel. The result is smooth shading with crisp toon edges.

The defaults are deliberately stylised: a cool indigo shadow tint, a cyan rim at strength 0.6
and the holo sheen. They make unstyled scenes look cyan and washed out. For colours that
match your pen faithfully, as in Figure 11.2, set set_shade_mode(1) , set_rim(@, @, 6, 0) and
a dark neutral set_shadow_color .

Summary: tex

Builtin Pattern

tex_checkerboard Two-colour checker
tex_gradient Linear two-colour gradient
tex_noise Fractal noise through a palette
tex_spiral Animated spiral bands
tex_ripple Concentric ripples
tex_mandelbrot Mandelbrot set

tex_julia Julia set

tex_voronoi Voronoi cells

tex_halftone Halftone dots

tex_freq_map Audio-reactive spectrum
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CHAPTER 16

Vector Fonts, the Ul Toolkit and
Dialogs

This chapter covers everything that puts text and interface on the screen: real TrueType and
OpenType fonts rendered as resolution-independent vectors, the holographic stroke font, the
ui_x toolkit of meters, gauges and controls, and the cinematic dialog box.

All of these draw into the same framebuffer as the 2D calls of chapter 10, so they belong
between fill() and present() . To draw them over a 3D scene, call flush_3d() first.

MISSION CONSOLE
[ EncRcE |

Figure 12.1. Every widget on this screen is a ui_* call, redrawn each frame in a few lines of Ling. Source:
examples/ui/hud_showcase.ling in the Ling repository.
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Part 1. Fonts and text

Ling draws two kinds of text.

e Vector fonts. font_load reads a TTF or OTF file; font_text_fill, font_text and
font_text_3d draw its glyph outlines. The outlines keep their curves, so text is sharp at
any size, in 2D or on a 3D plane. Latin, Chinese, Japanese, Korean and Thai all work if the
font has the glyphs.

® The built-in stroke font. ui_text draws a monospaced single-stroke "holographic" face
that needs no font file. It supports basic characters only.

The first time a glyph is used, its outline is extracted and cached on disk under
cache/fonts/<font>/<codepoint>.ling (Or cache/fonts/<font>@<weight>/... when a weight is
given), relative to the directory the program runs in. Later runs read the cache.

Font loading is available in the native interpreter. In the web runtime font_load returns -1,
so portable programs should check the handle and fall back to ui_text .

Figure 12.2. font_text_fill (cyan), font_text (orange), a Chinese and Japanese line set in
Noto Sans SC, and ui_text (green, bottom). The red line marks y = 60, the y given to the first
line: y is the top of the text, so the glyphs hang below it.baseline.
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GUl
bind start = do {
open_window(720, 420, "Fonts")
bind f = font_load("assets/fonts/Exo02.ttf", 600)
bind cjk = font_load("assets/fonts/NotoSansSC.ttf")
while window_is_open() {
£il1(8, 10, 24)
set_color(0, 230, 255)
font_text_fill(f, 30, 60, 48, "Hello Ling")
set_color(255, 200, 80)
font_text(f, 30, 120, 48, "Stroked Outline")
set_color(255, 255, 255)
font_text_fill(cjk, 30, 200, 40, "R RF CAICHIE")
set_color(120, 255, 160)
ui_text(30, 250, 16, "UI TEXT 0123")
present()

Summary: fonts

Builtin Purpose

font_load(path, weight) Load a font, get a handle
font_text_fill(font, x, vy, px, text) Filled glyphs
font_text(font, x, y, px, text) Stroked outlines
font_text_3d(font, ..., size, text, rows) Text on a 3D plane
font_width(font, px, text) Measure a string
font_advance(font, char) Advance of one glyph
font_glyph_outline(font, char, tol) Raw outline as polylines
font_fallback(primary, fallback, scale) Per-character fallback font
set_font_antialias(on) , get_font_antialias() Glyph smoothing
ui_text(x, y, scale, text) Built-in stroke font
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font_load(path, weight)

Loads a TrueType or OpenType font and returns a handle for the other font_* calls.

Aliases: zh m#=E; ja 74> h5A ; ko 2225 ; th Tnaavaud

Parameters: path a file path. It is tried as given and then relative to the directory of the
running script. weight optional variable-font weight, a positive number such as 600 for a
solid, bold look; 0 or omitted uses the font's default.

Returns: a handle (0 for the first font loaded, 1 for the next, and so on), or -1 if the font
could not be read. On failure a message such as font_load failed (path): ... is printed
to the error stream.

Notes: Check for -1 and try a second path if your program may be started from different
folders. The repository ships Exo2, Orbitron, Rajdhani, Noto Sans (SC, JP, KR, Thai) and
Galmuri fonts in assets/fonts/ .

GUul

bind f = font_load("assets/fonts/Exo2.ttf", 600)
if £ < 0 { bind f = font_load("../../assets/fonts/Exo02.ttf", 600) }

font_text_fill(font, x, y, px, text)

Draws text as solid filled glyphs in the pen colour.

Aliases: zh BERF&;ja 72> FED ; ko 2BMZ ; th unwaus

Parameters: font a handle from font_load; x, y the top-left of the text line in pixels.
Measured on screen, capital letters start about 0.3 px below y and the baseline lies about
0.97 px below y; px the font size in pixels (default 16); text a string.

Returns: nothing.

Notes: Each glyph is filled independently so counters (the hole in "0") stay open. Edges are
crisp unless you call set_font_antialias(1) . An invalid handle draws nothing.

GUl

set_color(®, 230, 255)
font_text_fill(f, 30, 60, u48, "Hello Ling")

font_text(font, x, y, px, text)

Draws text as stroked outlines in the pen colour and blend mode.
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* Aliases: zh F&XAE ;ja 7#> bXF; ko 2EHAE ; th daanuausd

* Parameters: as for font_text_fill.

® Returns: nothing.

® Notes: Cheaper than filled text and good for a wireframe look. Honours set_blend and

set_antialias .

GuUl

set_color(255, 200, 80)
font_text(f, 30, 120, 48, "Stroked Outline")

ui_text(x, y, scale, text)
Draws text in the built-in holographic stroke font. No font file is needed.

* Aliases: zh REXF ;ja UIXF ; ko UIHIAE ; th saanumiiaa

* Parameters: x, y the top-left of the text; scale the glyph height in pixels, measured:
glyphs fill rows y to y + scale (default 16); text the string.

® Returns: nothing.

® Notes: Drawn in the pen colour. Each glyph is scale * 0.62 wide with a gap of scale *
0.24, so a string is about len * scale * 0.86 pixels wide. Letters are drawn as capitals,
and characters the face does not have (including all non-ASCII text) appear as a small box.
It is not a substitute for a real font.

Gul
set_color(120, 255, 160)
ui_text(30, 250, 16, "UI TEXT 0123")

Part 2. The Ul toolkit

The ui_x builtins are an immediate-mode toolkit. Nothing is stored between frames: you
call the widget every frame, passing in the current value, and it draws itself and, for
interactive controls, returns the new value. The program owns all state in ordinary variables.
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GUl
bind start = do {
open_window (480, 200, "Controls")
bind volume = 0.4
bind enabled = 0
while window_is_open() {
£ill(6, 10, 22)

bind volume = ui_slider(40, 60, 280, volume, 0, 1) # in: value, out: new
value
bind enabled = ui_toggle(u0, 100, 52, 24, enabled)
if ui_button(ue, 140, 120, 36) == 1 { println("clicked") }
present()
}
}

STATUS
|

Figure 12.3. The widgets of this chapter on one screen: panel and frame, bar, segmented bar, progress, slider,
toggle, checkbox, stepper, gauge, ring, radar, tabs, health bar, cooldown, counter, slot grid, d-pad and button.

Conventions shared by every widget:
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* Coordinates are screen pixels, origin at the top-left, y down. Rectangular widgets take x,
y, w, h;circular ones take a centre cx, cy and a radius r.

® Colours come from the current theme (below). Most widgets accept an optional trailing
r, g, b triple (0 to 255) that overrides their main colour for one call; the position of that
triple is given in each entry. Pass all three or none.

* Widgets draw no text. A button has no label, a tab strip has no captions and a stepper
shows no number. Draw labels yourself with ui_text or font_text_fill . This keeps the
toolkit independent of fonts.

¢ Interaction reads the left mouse button and the cursor. A control returns its new value; a
button returns 1 on the single frame the mouse goes down over it. Because that edge is
tracked across frames, present() must be called once per frame.

* Blend. Widgets honour the current blend mode, so set_blend(1) makes them glow.

Summary: UI toolkit

Group Builtins

Theme and layout ui_theme, ui_theme_colors, ui_hot, ui_frame, ui_bevel, ui_panel,
helpers ui_scanlines

HUD ui_radar, ui_compass, ui_reticle, ui_target

Meters ui_bar, ui_segbar, ui_gauge, ui_ring, ui_vu, ui_spark, ui_battery,

ui_progress

Controls ui_button, ui_toggle, ui_slider, ui_checkbox, ui_tabs, ui_stepper,
ui_tooltip
Game Ul ui_healthbar, ui_cooldown, ui_counter, ui_minimap, ui_dpad,

ui_slotgrid, ui_vignette
Pseudo-3D ui_gauge3d, ui_panel3d, ui_radar3d

Sound ui_sound

ui_bar(x, y, w, h, value, max, r, g, b)

A horizontal fill bar.

e Aliases: zh #/&% ;ja /N—; ko 2th; th uau

® Parameters: the rectangle (default 160 by 16); value the current value (default 0); max the

value that fills the bar (default 1); optional fill colour at the seventh position.
® Returns: nothing.
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Gul
ui_bar(4e, 70, 280, 14, 70, 160) # 70 percent

ui_button(x, y, w, h, r, g, b)

A bevelled button that highlights on hover and darkens when pressed. It draws no label.

Aliases: zh #4l ;ja K% > ; ko HE ; th ilu
Parameters: the rectangle (default 120 by 40); optional colour at the fifth position.
Returns: 1 on the one frame the left mouse button goes down over it, otherwise @ .

Notes: Draw a caption with font_text_fill or ui_text.Compare against 1: if
ui_button(...) == 1 { ... }.

GUl

if ui_button(20, 400, 120, 36) == 1 { println("engage") }

set_color(220, 240, 255)

bind lw = font_width(ui, 18, "ENGAGE")

font_text_fill(Cui, 20 + (120 - w) / 2, 400 + 18 - 0.64 * 18, 18, "ENGAGE") # centred
in the 120 by 36 button

ui_slider(x, y, w, value, min, max, r, g, b)

A horizontal slider.

Aliases: zh B ;ja X514 —; ko £2to|d ; th waudau

Parameters: x, y the left end of the track; w its width (default 160); value the current
value; min, max the range (default 0 and 1); optional colour at the seventh position. There
is no height parameter; the grab area is 20 pixels tall.

Returns: the new value. While the button is held over the slider, the value follows the
Cursor.

GUl
bind volume = ui_slider(40, 156, 280, volume, 0, 1)
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Summary: dialogs

Builtin Purpose

dialog_show(text, cps) Start a dialog

dialog_step(dt) Advance the typewriter

dialog_advance() Reveal the page, or go to the next page, or close
dialog_active() Is a dialog open?

dialog_typing() Is text still being revealed?

dialog_close() Close it now

dialog_color(role, r, g, b) Recolour a text role

dialog_draw(x, y, w, h, font) Draw the box and text
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CHAPTER 171

Animation: Anima

Anima is Ling's animation system. It rests on a simple idea: any moving thing, whether a 2D
drawing, a 3D mesh, a swarm of particles or a handful of numbers, is driven by small drivers
that you call every frame with the current time. A driver is a function from time (and a few
settings) to a number. You feed the number into a size, a position, an angle or a pattern
argument.

Anima divides its drivers along one axis that it calls temperament:

® Organic drivers (the Chinese character &, ling, "spirit") produce lifelike, slightly soft
motion: breathing, swaying, walking, springy follow-through, reaching with two-bone
inverse kinematics.

® Mechanical drivers (#1, ji, "machine") produce exact, rigid motion: meshed gears, cams,
slider-cranks, rack and pinion.

A character can mix both: a creature with a breathing chest and a mechanical jaw.
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Figure 13.1. Every motion here is one Anima call per frame. Upper left: breathe . Below it: gait_swing and
gait_lift moving a foot. Centre: spring_to chasing a moving target (the white ring). Lower centre: ik2
bending a two-bone arm toward a target. Upper right: gear_train with 12, 36 and 12 teeth. Lower right:
piston driven by a crank angle.

How to use a driver

Drivers are pure functions: they keep no hidden state, so calling one twice with the same
arguments gives the same answer. Two consequences follow.

1. For time-based drivers ( breathe , wobble, gait_x ) you pass the current time yourself,
usually the output of time_now() or a variable you add 1/66 to each frame. Nothing is
"playing" behind your back.

2. For dynamic drivers ( spring_to ) the state is returned to you and you pass it back in next
frame. The program owns the state.

Angles are in radians. Lengths and offsets are in whatever units your drawing uses.
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fn r3(x: number) —> number {
round(x * 1000) / 1000

bind start = do {
println("tween(0, 10, 0.25)
println("tween(0, 10, 2.0)
println("tween_ease cubic_in at 0.5
"cubic_in"))))
println("tween_ease bounce_out at 0.5
"bounce_out"))))
println("breathe(0.25, 1, 0.2)
println("wobble(0.25, 1, 2, 0)
println("gait_phase(0.3, 2)
println("gait_swing(0.125, 1, 30)
println("gait_lift(0.125, 1, 10)
bind sp = spring_to(®, 0, 1, 120, 14, 0.
println("spring_to one step
str(r3(sp[11)) + "1")
bind a = ik2(1, 1, 1, 1)
println("ik2(1, 1, 1, 1)
+ 1)
println("gear_couple(3, 12, 36)
println("gear_train(l, [12, 36, 12])
println("cam_1ift(3.14159265, 2)
println("piston(0, 1, 3)
println("rack(2, 0.5)
println("ease(quad_in, 0.5)

println("ease(bounce, 0.5)

® - LING

str(tween(0, 10, 0.25)))

+ str(tween(0, 10, 2.0)))

str(r3(tween_ease(0, 100, 0.5,

str(r3(tween_ease(0, 100, 0.5,

str(r3(breathe(0.25, 1, 0.2))))

+ str(r3(wobble(0.25, 1, 2, 0))))

+

+

str(r3(gait_phase(0.3, 2))))
str(r3(gait_swing(0.125, 1, 30))))

= " + str(r3(gait_lift(0.125, 1, 10))))
0166667)

= [" + str(r3(sp[0])) + ", " +

= [" + str(r3Calel)) + ", " + str(r3Cal1]))

" + str(r3(gear_couple(3, 12, 36))))
" + str(gear_train(l, [12, 36, 12]1)))

" + str(r3(Ccam_lift(3.14159265, 2))))

+

+

+

+

str(r3(piston(0, 1, 3))))
str(rack(2, 0.5)))
str(ease("quad_in", 0.5)))
str(r3(ease("bounce", 0.5))))

265



LING

OUTPUT

tween(0, 10, 0.25) 2.5

tween(0, 10, 2.0) 10

tween_ease cubic_in at 0.5 12.5
tween_ease bounce_out at 0.5 76.563
breathe(0.25, 1, 0.2) 1.2
wobble(0.25, 1, 2, 0) p)
gait_phase(0.3, 2) 0.6
gait_swing(0.125, 1, 30) 21.213
gait_lift(0.125, 1, 10) 7.071
spring_to one step [0.033, 2]
ik2(1, 1, 1, 1) [1.571, -1.571]
gear_couple(3, 12, 36) -1
gear_train(l, [12, 36, 121) = [1, -0.3333333u32674408, 1]
cam_lift(3.14159265, 2)

piston(0, 1, 3)

rack(2, 0.5)

ease(quad_in, 0.5)

ease(bounce, 0.5)

The program above defines a small helper r3 to round results to three decimals, because the
drivers work in single precision and print long fractions. The output was produced by
running it.

Summary: Anima builtins

Builtin Temperament Purpose

tween(a, b, t) neutral Linear interpolation
tween_ease(a, b, t, curve) neutral Eased interpolation
ease(curve, t) neutral Evaluate an easing curve
breathe(t, rate, depth) organic Breathing scale
wobble(t, freq, amp, phase) organic Sway or jiggle
gait_phase(t, speed) organic Walk-cycle phase
gait_swing(t, speed, stride) organic Leg swing
gait_lift(t, speed, height) organic Foot Lift
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Builtin Temperament Purpose

spring_to(pos, vel, target, k, d, dt) organic Spring step

ik2(11, 12, tx, ty) organic Two-bone inverse kinematics
gear_couple(angle, teeth_in, teeth_out) mechanical Two meshed gears
gear_train(angle, teeth) mechanical A chain of meshed gears
cam_lift(angle, lift) mechanical Cam follower
piston(angle, crank, rod) mechanical Slider-crank

rack(angle, radius) mechanical Rack and pinion

Easing curves

Two builtins evaluate easing curves, and they use different sets of names. Both ignore case;
unknown names fall back as noted.

tween_ease (Anima curves). Names may be written with or without underscores. Unknown
names give linear.

Family Names

Basic linear, step

Quadratic quad_in, quad_out, quad_in_out

Cubic cubic_in, cubic_out, cubic_in_out (also smooth)
Sine sine_in, sine_out, sine_in_out

Exponential expo_in, expo_out, expo_in_out

Elastic elastic_in, elastic_out (also elastic)

Back back_in, back_out, back_in_out (also overshoot)
Bounce bounce_in, bounce_out (also bounce)

ease (the UI toolkit's curves). Dashes and underscores are interchangeable. Unknown names
give quad_inout .

linear Straight line

quad_in, ease_in Slow start

quad_out , ease_out Slow finish

quad_inout, ease, smooth Slow start and finish (the default)
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cubic_in, cubic_out, cubic_inout Stronger versions

quart_out Very fast start, long slow finish
sine, sine_inout Gentle sine in-out

expo, expo_out Exponential decay

back, back_out Overshoots, then settles
elastic, elastic_out Springy overshoot

bounce, bounce_out Bounces at the end

Note that tween_ease spells the in-out forms quad_in_out while ease spells them
quad_inout ; since tween_ease removes underscores before matching, both spellings work
there.

Interpolation entries

tween(a, b, t)

Linear interpolation from a to b.

* Aliases: zh % ; ja %/ ; ko E¢l; th unsner

® Parameters: a startvalue; b end value; t progress, clamped to the range 0 to 1.

® Returns: a + (b - a) * t.
* Notes: Because t is clamped, you can keep increasing it past 1 and the value stays at b.

GUl
bind x = tween(100, 700, (time_now() - t0) / 2.0) # slides over two seconds
draw_disc(x, 300, 20)

tween_ease(a, b, t, curve)

Interpolation with an easing curve.

* Aliases: zh Zzh#hifl ; ja #BM##RE ; ko OIFER ; th unsnux

® Parameters: a, b start and end; t progress 0to 1; curve an Anima curve name (see

above), default "linear" .
e Returns: number. Elastic and back curves can overshoot b or undershoot a.
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GUl
bind y = tween_ease(500, 200, p, "bounce_out") # drops and bounces
draw_disc(400, y, 24)

breathe(t, rate, depth)
A breathing multiplier centred on 1.0: 1 + depth * sin(2 pi * rate * t).

* Aliases: ko 3g ; th wata; zh/ja g%

® Parameters: t time in seconds; rate breaths per second (default 1); depth the amplitude
(default 0.1).

® Returns: a number near 1. Multiply a size by it.

* Notes: It also drives pattern arguments: breathe the radius of a vtex_flower .

GUul
set_color(120, 220, 255)
draw_disc(120, 120, 40 * breathe(t, 0.4, 0.12))
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CHAPTER 18

Audio, Music and the DAW

This chapter documents the sound builtins of the Ling runtime. They fall into three layers
that are independent of each other:

1

. Audio engine (audio_x, ui_sound , morph_note ): a real-time positional synthesiser and

sample player with a master effect chain. Backed by the ling-audio crate.

. Music toolkit ( music_* ): decoding, analysis, playback of whole tracks, a General-MIDI-

style polyphonic synthesiser driven by .ling patch files, MIDI files, rhythm-game judging
and karaoke helpers. Backed by ling-music .

. DAW (daw_*, fs_x, dlg_x, st_*, px_*): the scripting surface of the LingStationX digital

audio workstation. Backed by ling-daw .

Conventions used in every entry:

Arguments shown with a default are optional. A missing argument takes the default listed;
a wrong type silently becomes the default (numbers) or an empty string.

All times are in seconds unless an entry says beats.

The runtime opens the audio device when the interpreter starts. If no output device exists,
the audio_* builtins silently do nothing and a line beginning audio init failed (no
sound) is printed to standard error. Analysis builtins (music_load , music_bpm, ...) and all
daw_x* editing and rendering builtins work without a device.

Aliases: most audio_* and music_* builtins can also be called by a translated name. The
entries list the Chinese (zh), Japanese (ja), Korean (ko) and Thai (th) names. Most of them
additionally have Persian, Arabic, Hebrew, Urdu, French, German and Russian names,
which are not listed here; see src/runtime/mod.rs . The daw_*, st_x and px_* families
have no aliases.

Entries are tagged B (beginner essential), I (intermediate) or A (advanced or rarely
needed).

Audio engine

The audio engine owns one output stream. Four kinds of sound share it:

Tones: long-lived oscillators in numbered slots, positioned in 4D space (audio_tone ).
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* One-shots: Ul blips (audio_blip, ui_sound ), positional sound effects (audio_sfx ) and
morph notes ( morph_note ).

e Samples: decoded files played back at a position or flat (audio_sample_* ).

* Background music: one looping WAV (audio_bgm ).

The listener is the camera. audio_listener takes the cosine and sine of the camera yaw and
pitch, the same four numbers you pass to set_camera, and set_camera_pos moves the
listener position too. Pan is equal-power left/right from the sound's camera-space X; level
falls off exponentially with distance. The final mix is soft-clipped with tanh .

Limits: tone slots grow on demand, with 32 simultaneous blips, 64 SFX voices, 32 morph
voices and 64 sample voices. When a pool is full the oldest voice is dropped.

Master level and background music

Builtin Level Summary

audio_volume(level) B Set the master volume.

audio_bgm(path, volume) B Load a WAV file and loop it as background music.
audio_bgm_volume(level) B Change the background-music volume without reloading it.

audio_volume(level)

Set the master volume.

Aliases: zh &2 - ko 2% - th szduiae
Parameters:

level (number, default 0.7) - linear gain applied to everything the audio engine mixes. 1.0
is unity.

® Returns: nothing.

* Notes: Does not affect the music_* engine, which has its own music_volume .

GUl
bind start = do {

audio_volume(0.5)

27



LING

audio_bgm(path, volume)

Load a WAV file and loop it as background music.

Aliases: zh &8/% -ja BeM - ko tiZS% - th iwasiunde

Parameters:

path (string) - path toa .wav file, used exactly as given (it is not resolved against the script
folder).

volume (number, default 0.5) - playback level.

Returns: nothing. A missing or unreadable file prints audio: bgm load failed to standard
error and the scene continues in silence.

Notes:

Only WAV is accepted here (read through the hound library and resampled to the device
rate). Use audio_sample_load or music_load for MP3, OGG, FLAC and AAC.

A second call replaces the current background track.

GUl
bind start = do {

audio_bgm("theme.wav", 0.4)
}

audio_bgm_volume(level)

Change the background-music volume without reloading it.

Aliases: zh E2FEE -ja BGMEE - ko HZSYSY - th ssduiuoiunds
Parameters:

level (number, default 0.5)

Returns: nothing. Does nothing if no background track was loaded.

GUl
bind start = do {
audio_bgm("theme.wav", 0.4)

audio_bgm_volume(0.15)
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Positional tones and the listener

Builtin Level Summary

audio_tone(slot, x, y, z, w, freq, amp, | Create or retune a continuous positional
1fo_rate, 1fo_depth) oscillator.

audio_listener(cos_yaw, sin_yaw, cos_pitch, | Set the listener orientation used for panning
sin_pitch) and attenuation.

audio_blip(freq, duration, wave, amp)

Play a short interface blip.

* Aliases: zh 7% -ja E—7F - ko 2#2 - th Fuefilu

* Parameters:

® freq (number, default 660) - frequency in Hz.

® duration (number, default 0.08) - length in seconds; minimum 0.01.

® wave (string, default "sine") - "sine", "square" (or "sq" ), "saw" /"sawtooth"
"tri" / "triangle", "noise" (Or "wn", "ns" ). Matching is case-insensitive and an
unknown name falls back to sine.

® amp (number, default 0.25)

® Returns: nothing.

* Notes: Fast attack, exponential decay. Not positional.

GUl

bind start = do {
audio_blip(880.0, 0.06, "square", 0.2)

ui_sound(name)

Play one of the built-in interface sounds.

Aliases: zh REE - ja UIF - ko QIEHo|AS - th (&l
* Parameters:

® name (string, default "click") - "click", "hover", "confirm" (two rising square blips),
"error" (two low saw blips), "toggle", "tick".Any other name plays "click" .
® Returns: nothing.
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GUl
bind start = do {

ui_sound("confirm")

music_load(path)

Decode an audio file into memory and return a track handle.

Aliases: zh HAE% -ja FEFHA - ko SAZE - th waanas

Parameters:

path (string) - WAV, FLAC, OGG (Vorbis), MP3 or AAC/M4A.

Returns: track handle (integer from 0), or -1 on failure (the reason is printed to standard
error).

Notes: The whole file is decoded at once, producing an interleaved stereo copy for
playback and a mono mix-down for analysis. Long files cost memory proportional to their
length.

bind start = do {

bind missing = music_load("no_such_file.wav")

print(missing)

oUTPUT

-1

music_duration(track)

Length of a decoded track in seconds.

Aliases: zh 5K -ja FERT ko S24Z0| - th anumuwas
Parameters:

track (integer) - handle from music_load .

Returns: seconds as a number; o for an unknown handle.
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music_play(track)

Start playing a track.

Aliases: zh #BHEZ% -ja ZEB4E - ko SA4MAM - th wWuwwas

Parameters:

track (integer) - handle from music_load .

Returns: nothing.

Notes:

Always makes track the engine's current track and starts it from the beginning, so calling
it again restarts the song; there is no separate resume builtin. To resume after

music_pause , call music_play with an id that is not a loaded track (for example -1), which
leaves the current track alone and just continues it; or note music_pos() first and call
music_seek after music_play .

Playback stops by itself at the end of the track (it does not loop). The music output stream
is opened on first use; if that fails a message is printed and the call does nothing.

On the web target music_seek isano-op and music_volume always addresses slot 0.

GUl

bind start = do {
bind song = music_load("song.ogg")
music_volume(0.8)

music_play(song)

music_pause()

Pause playback, keeping the position.

Aliases: zh #{E% % - ja SE—BEL - ko SALAEA - th naawasihnsn
Returns: nothing.
Notes: See music_play for how to resume.

GUl
bind start = do {

music_pause()
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music_stop()

Stop playback and rewind to the start.

Aliases: zh 2IkZ % - ja FEELE - ko 294Kl - th wgawas
Returns: nothing.

GUul

bind start = do {
music_stop()

music_volume(level)

Master volume of the music engine (track and synthesiser together).

Aliases: zh ZF5E& -ja BXEE - ko 3248¥ - th sudunag
Parameters:

level (number, default 0.8) - clamped to 0..2.

Returns: nothing.

Notes: The output is soft-clipped with tanh, so levels above 1 distort gently rather than
clip hard.

GUl

bind start = do {
music_volume(0.6)

Synthesis

The music engine contains a polyphonic synthesiser. An instrumentis a patch file in the

.ling patch format: plain key=value tokens separated by spaces or newlines, with #
starting a comment. Operators are numbered from 1 and an operator may frequency-
modulate a lower-numbered one.
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OUTPUT
name = "Rhodes EP"

gm = 5

poly = 16

opl.wave=sine opl.ratio=1.0 opl.level=1.0 opl.adsr=0.002,1.2,0.0,0.4

op2.wave=sine op2.ratio=14.0 op2.level=0.5 op2.fm=opl op2.adsr=0.001,0.2,0.0,0.2
filter.cutoff=0.8 filter.reso=0.2 filter.env=0.3 filter.adsr=0,0.5,0.2,0.3
lfo.rate=5.0 lfo.pitch=0.05

amp = 0.7

Recognised keys: name, gm (General MIDI program number), poly (voices, default 16), amp,
lfo.rate, lfo.pitch, lfo.cutoff,6 lfo.amp, filter.cutoff, filter.reso, filter.env,
filter.adsr, filter.on (any filter.* key switches the filter on), and per operator opN.wave
(sine, saw, square/pulse, tri, noise), opN.ratio, opN.fixed (fixed frequency in Hz),
opN.level , opN.detune, opN.adsr (attack, decay, sustain, release, comma separated) and
opN.fm (the operator it modulates). Unknown keys are ignored. The repository ships ready-
made patches in instruments/ .

Builtin Level Summary

music_patch(path) B Load an instrument patch and return its
handle.

music_note(instrument, pitch, duration, B Play a note of fixed length

velocity)

music_note_on(instrument, pitch, velocity) | Press a key and hold it.

music_note_off(instrument, pitch) | Release a key pressed with

music_note_on.

music_patch(path)

Load an instrument patch and return its handle.

* Aliases: zh 5#w%6 - ja F&FA - ko 2A7|Hx| - th uwefiedasauns

* Parameters:

® path (string) -a .ling patch file.

® Returns: instrument handle (integer from 0), or -1 if the file cannot be read or the music
engine could not start.

* Notes: Patch handles are passed as the first argument of music_note, music_note_on and
music_note_off . They are unrelated to track handles.
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Gul
bind start = do {
bind piano = music_patch("instruments/grand_piano.ling")

music_note(piano, "C4", 0.5, 0.9)

music_note(instrument, pitch, duration, velocity)

Play a note of fixed length.

* Aliases: zh &% -ja SfFEE - ko 2EMF - th @ulia

* Parameters:

® instrument (integer, default 0) - handle from music_patch .

® pitch (number or string, default 60) - MIDI number or note name.

® duration (number, default 0.5) - seconds the key is held; the patch's release tail follows.
® velocity (number, default 0.9)-0to 1.

® Returns: nothing.

GUl

bind start = do {
bind lead = music_patch("instruments/square_lead.ling")
music_note(lead, "E5", 0.25, 0.8)

music_hz(pitch)

Convert a MIDI number or note name to a frequency.

* Aliases: zh ZfiE - ja SHEKE - ko 2EFDL - th anudTua

e Parameters:

® pitch (number or string, default 69) - MIDI number or note name. An unparsable string is
read as MIDI 69.

® Returns: frequency in Hz. A4 (69) is 440.
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bind start = do {
print(music_hz("A4"))
print(round(music_hz(60) * 100) / 1600)
print(round(music_hz("C5") * 100) / 1600)

DUTPUT
a4e

261.63
523.25

music_note_name(Chz)

Name of the nearest note to a frequency.

Aliases: zh E# -ja &% - ko 2012 - th falia
Parameters:
hz (number, default 0)

Returns: a string such as "A4" or "c#5" (sharp spelling); an empty string if hz is not
positive.

bind start = do {
print(music_note_name(4u0.0))
print(music_note_name(262.0))

print(music_note_name(0.0))

OoUTPUT
Ay

cu

daw_bpm()

Project tempo.

Returns: BPM as a number.
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daw_set_bpm(Cbpm)
Set the project tempo.

® Parameters:
® bpm (number) - clamped to 20..400.
® Returns: nothing.

bind start = do {
daw_new()
daw_set_bpm(1000)
print(daw_bpm())
daw_set_bpm(96)
print(daw_bpm())

DUTPUT
Heoe

96

daw_track_count()

Number of tracks.

® Returns: integer.

daw_track_add(kind, path)

Add a track.

* Parameters:

® kind (string) - "synth", "drums", "audio", "sf2", "growl", "voice", "prism",
"sampler" , "pluck", "chip", "cinema" or "script".

® path (string, optional) - for instrument kinds, a patch file to load; for "sf2", the
SoundFont file (required).

e Returns: index of the new track, or -1 if the track limit is reached or a SoundFont cannot
be loaded.

* Notes:

280



® - LING

® New tracks start with a gentle compressor in their effect chain. Colours cycle through a
seven-colour palette.
® Anunknown kind isan error, nota -1 return: under ling run --interp the script stops

with unknown instrument type ; under the default backend the call yields unit and no track
is created.

bind start = do {
daw_new()
print(daw_track_add("synth"))
print(daw_track_add("drums"))
print(daw_track_add("audio"))
print(daw_track_count())

OouUTPUT

daw_track_name(track)

Name of a track.

e Parameters:

® track (integer)

® Returns: string; empty for an invalid index.

daw_track_set_name(track, name)
Rename a track.

* Parameters:

® track (integer)

® name (string)

® Returns: nothing.
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daw_track_set(track, field, value)

Change a track property.

¢ Parameters:

® track (integer)

® field (string)- "vol" (clamped 0..2), "pan" (-1..1), "mute" (above 0.5 means on), "solo",
or "color" (palette index 0..6).

® value (number)

® Returns: nothing.

bind start = do {
daw_new()
bind t = daw_track_add("synth")
daw_track_set(t, "vol", 0.5)
daw_track_set(t, "pan", -0.25)
daw_track_set(t, "mute", 1)
print(daw_track_get(t, "vol"))
print(daw_track_get(t, "pan"))
print(daw_track_get(t, "mute"))

OUTPUT

0.5

-0.25
1

daw_clip_add_midi(track, start, length)
Add an empty MIDI clip.

* Parameters:

® track (integer)

® start (number) - beats, at least 0.

® Tlength (number) - beats, at least 0.25.

® Returns: clip index, or -1 for an invalid track.
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daw_note_add(track, clip, start, length, key, velocity)
Add a note to a MIDI clip.

Parameters:

track (integer)

clip (integer)

start (number) - beats from the clip start.

length (number) - beats, at least 0.03.

key (number) - MIDI note number, clamped to 0..127.

velocity (number) - clamped to 0.01..1.

Returns: note index within the clip, or -1 if the clip is not a MIDI clip.

Notes: For a drum track, the key selects the drum voice (36 kick, 38 snare, 42 closed hat

).

daw_bounce(path, start, end, tail, bits, format, quality)

Render the project to an audio file, synchronously.

Parameters:

path (string) - output file; missing folders are created.

start (number, beats)

end (number, beats) - if not greater than start , the end of the project is used.

tail (number, seconds, default 0) - extra time after end for reverb and release tails.
bits (integer, default 16) - sample depth for WAV and FLAC.

NG

bl

format (String) - "wav", "flac" or "ogg" ; empty infers it from the file extension and falls

back to WAV.
quality (number 0..1, default 0.5) - Ogg Vorbis quality.
Returns: 1 on success, 0 on failure (see daw_status ).

Notes: Rendering is faster than real time and needs no audio device. For long projects use

the asynchronous daw_render_start so a window can keep updating.
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CHAPTER 18

Physics, Game Helpers and the Body
Toolkit

This chapter covers the builtins that simulate things: soft and rigid bodies, a liquid grid,
hyperbolic space, the 3D game helpers (textured meshes, collision, particles), the dialog box
system and the acoustic body toolkit. They are backed by the crates 1ing-physics, ling-game
and ling-body ; the crates themselves are described in the crates chapter.

Conventions:

® Handles are integers counting from 0 in creation order. Calls with an unknown handle do
nothing and return 0, an empty list or unit; they never raise an error.

* Defaults. An omitted or non-numeric argument takes the default listed in the entry.

e Headless use. The simulation builtins (soft_*, rb_* , liquid_step, body_*, coll_x
pfx_emit , pfx_step, dialog_* state) run without a window. The drawing builtins
(liquid_draw, tm_draw, pfx_draw, dialog_draw, body_draw, ...) draw into the open
window and need one.

e Names. The soft_*, rb_* and liquid_* builtins also have translated names; each entry
lists the Chinese (zh), Japanese (ja), Korean (ko) and Thai (th) ones. The tm_*, coll_x,
pfx_* and body_x* families have none.

Which way is up

Two coordinate conventions meet in this chapter, and mixing them up is the most common
cause of "my body falls through the floor".

* The renderer is y-down: positive y is toward the bottom of the screen. The soft-body
builtins follow it. A floor is at the largesty a body may reach, and gravity is a positive
number.

® The rigid-body world ( rb_* ) is y-up inside the engine: its default gravity is (0, -9.81, 0)
and rb_floor catches a body that is above the floor level and moving toward negative y.

If you flip rb_gravity to a positive y to match the renderer, rb_floor can no longer detect
the floor, because it only reacts to a falling body (negative y velocity). Keep rigid bodies y-up
and subtract y when you draw them, or leave rb_floor out and handle the floor yourself with
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rb_pos and rb_impulse .

Soft bodies

A soft body is a spring-mass sphere (86 nodes) that squashes and stretches on impact. All soft
bodies are independent of each other and of the rigid-body world, and they do not collide
with each other.

Builtin Level Summary

soft_ball(x, y, z, radius) B Create a deformable ball.

soft_step(id, dt, gravity) B Advance a soft body by one time step.

soft_bounce(id, floor_y, restitution) B Collide a soft body with a horizontal
floor.

soft_contain(id, min_x, min_y, min_z, max_x, Keep a soft body inside a box.

max_y, max_z, restitution)

soft_kick(id, dx, dy, dz, strength) | Give a soft body a push.

soft_spin(id, ax, ay, az, rate) | Add angular velocity about an axis

through the centroid.
soft_deform(id) | How squashed the body is.
soft_angular_speed(id) Tumbling speed.

soft_centroid(id) Centre of mass.

o W >

soft_nodes(id) Positions of every node.

soft_ball(x, y, z, radius)

Create a deformable ball.

Aliases: zh #%#k -ja V7 hR—JL - ko 2ZEE - th gnuaaiu
Parameters:

x, vy, z (numbers, default 0) - centre.

radius (number, default 1.0)
Returns: soft-body id (integer from 0).
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bind start = do {
bind ball = soft_ball(0.0, 0.0 - 3.0, 0.0, 1.0)
print(ball)
print(len(soft_nodes(ball)) / 3)

DUTPUT
0

86

soft_step(id, dt, gravity)

Advance a soft body by one time step.

Aliases: zh #fsbit -ja V7 hEH - ko ATEAR - th Au

Parameters:

id (integer)

dt (number, default 0.016) - seconds.

gravity (number, default 15.0) - acceleration along +y. Positive pulls toward the floor of
the screen.

Returns: nothing.

Notes: Four internal sub-steps run per call. Call it once per frame.

bind start = do {
bind ball = soft_ball(0.0, 0.0 - 3.0, 0.0, 1.0)
bind frame = 0
while frame < 300 {
soft_step(ball, 0.016, 9.8)
soft_bounce(ball, 2.0, 0.5)

bind frame = frame + 1

}
bind ¢ = soft_centroid(ball)
print("rests at y = " + str(round(c[1] * 100) / 100))
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OoUTPUT

rests at y = 1.09

soft_bounce(id, floor_y, restitution)

Collide a soft body with a horizontal floor.

Aliases: zh #fkiEth -ja V7 F&EH - ko 2ZEHRA - th oy

Parameters:

id (integer)

floor_y (number, default 0) - the floor plane. With the y-down convention the body lives
at y <= floor_y.

restitution (number, default 0.5) - bounciness, limited to 0..0.99.

Returns: nothing.

Notes: A slow contact settles the node on the plane instead of reflecting it, so a resting ball
does not creep upward.

soft_centroid(id)

Centre of mass.

Aliases: zh #f&iL -ja V7 RED - ko AZEFY - th 3aqudnatou
Parameters:

id (integer)

Returns: list [x, y, z1; [0, 0, 0] for an unknown id.

soft_nodes(id)

Positions of every node.

Aliases: zh ##ATil -ja V7 hEim - ko 2ZELE - th 3y

Parameters:

id (integer)

Returns: flat list [x, v, z, x, y, z, ...] of 86 nodes. Draw it to show the deformed
surface.
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Rigid bodies

One shared world of axis-aligned boxes (half-size 0.5 on every axis) with linear and angular
dynamics. Bodies collide with each other with a simple O(n squared) test. See the note on y-
up earlier in this chapter.

Builtin Level Summary

rb_add(x, y, z, mass) B Add a rigid body to the world.
rb_gravity(gx, gy, 9z) | Set the world gravity.

rb_step(dt) B Advance the whole world.
rb_floor(index, floor_y, restitution, friction) B Bounce a body off a horizontal floor.
rb_impulse(index, ix, iy, iz) | Apply a linear impulse
rb_torque(index, tx, ty, tz) | Apply a torque for the next step
rb_spin(index, wx, wy, wz) | Add to the angular velocity.
rb_pos(index) B Position of a body.

rb_rot(index) | Orientation of a body.

rb_add(x, y, z, mass)

Add a rigid body to the world.

* Aliases: zh Rifk#m - ja Bl#EM - ko ZX=7t - th vindagqude
* Parameters:

[ X,

y, z (numbers, default 0) - start position.
® mass (number, default 1.0)
Returns: body index.

Notes: New bodies have a restitution of 0.6 and a unit-cube extent.

rb_step(dt)

Advance the whole world.

* Aliases: zh RlfkZ#E - ja BUAER - ko ZHMAE - th Anude
* Parameters:

® dt (number, default 0.016) - seconds.

® Returns: nothing. Integrates every body (including rotation) and resolves body-body
collisions.
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rb_floor(index, floor_y, restitution, friction)

Bounce a body off a horizontal floor.

e Aliases: zh Rtk - ja BlfkE# - ko Zbtet - th Auude

® Parameters:

® index (integer)

® floor_y (number, default 0)

® restitution (number, default 0.6)

® friction (number, default 0.6) - converts sideways motion into roll.

® Returns: nothing.

* Notes: Call it every frame for every body that should be able to hit the floor. It acts only
when the body's lower face is below floor_y and it is moving toward negative y; see the y-
up note.

bind start = do {
bind box = rb_add(0.0, 5.0, 0.0, 1.0)
rb_impulse(box, 2.0, 0.0, 0.0)
bind frame = 0
while frame < 240 {
rb_step(0.016)
rb_floor(box, 0.0, 0.5, 0.6)

bind frame = frame + 1

}

bind p = rb_pos(box)

print("x = " + str(round(p[6] * 100) / 100))
print("y = " + str(round(p[1] * 100) / 100))

OUTPUT

4.5
0.5

rb_pos(index)

Position of a body.

* Aliases: zh WIAME - ja AAME - ko ZHLIXl - th dwvoude
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Parameters:
index (integer)
Returns: list [x, y, z].

liquid_new(width, height)

Create a fluid grid.

Aliases: zh #E®E -ja BREFR - ko MUY - th aseuasnar
Parameters:

width (integer, default 64) - cells; at least 2.

height (integer, default 64) - cells; at least 2.

Returns: grid id.

liquid_splat(id, x, y, kind, amount, radius)

Add fluid in a disc.

Aliases: zh &IAEA - ja BREEM - ko HHEA - th veavasmad
Parameters:

id (integer)

x, y (numbers, default 0) - centre in cells.

kind (integer, default 0) - @ water, 1 oil.

amount (number, default 1.0)

radius (number, default 4.0) - cells.

Returns: nothing.

liquid_step(id, dt)

Advance one grid.

Aliases: zh &EF# - ja REEF - ko HHMAY - th Anvasmad
Parameters:

id (integer)

dt (number, default 0.016) - seconds.

Returns: nothing.
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dialog_show(text, chars_per_second)

Start a dialog.

e Aliases: zh #if@% - ja £25ERF - ko igtEA| - th usesumaunun
* Parameters:

® text (string) - text with the markup above.

® chars_per_second (number, default 32) - typing speed, at least 1.

® Returns: nothing.
* Notes: Replaces any dialog already open.

dialog_step(dt)

Advance the typewriter and the auto-advance timer.

* Aliases: zh x[if##t - ja RFEEH - ko thetAE - th Anuvaumn
e Parameters:

® dt (number, default 0.016) - seconds.
® Returns: nothing. Call it every frame.

dialog_advance()

Respond to the player pressing the confirm key.

* Aliases: zh xfif#fit - ja £3F%0 - ko ciatzld - th favunaunun

® - LING

* Returns: nothing. If the page is still typing it is revealed at once; otherwise the dialog

moves to the next page, or closes after the last page.

dialog_active()

Whether a dialog is open.

* Aliases: zh x[i%0E - ja €54 - ko tistE - th unsunuvineu
® Returns: true or false (areal boolean).

dialog_typing()
Whether the current page is still being typed.

* Aliases: zh ¥ifT7 - ja RFE27H - ko HHEEIY - th mdsiuwumaumn
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® Returns: true or false.

dialog_draw(x, y, width, height, font)
Draw the dialog box and its revealed text.

* Aliases: zh xif4:] - ja RFEEE - ko theta2|7] - th Neunaunun

* Parameters:

® x, y (numbers, default 40 and 0) - top-left of the box.

® width, height (numbers, default 720 and 150)

® font (integer, default -1) - a font handle from font_load ; a negative value uses the
runtime's fallback text drawing.

® Returns: nothing.

GUl
bind start = do {

open_window(800, 300)

dialog_show("{n}Ling{/} arrives at {p}the harbour{/}.||She finds a {i}silver
key{/}.", 30)

dialog_step(0.5)

dialog_draw(u40, 120, 720, 150)

present()

Stepping a dialog without a window

bind start = do {
dialog_show("Hello {n}Ling{/}.||Second page.", 100)
print("active: " + str(dialog_active()))
print("typing: " + str(dialog_typing()))
dialog_step(0.5)
print("typing after 0.5 s: " + str(dialog_typing()))
dialog_advance()
print("page 2 typing: " + str(dialog_typing()))
dialog_advance()
dialog_advance()
print("active at the end: " + str(dialog_active()))
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OoUTPUT

active: true

typing: true

typing after 0.5 s: false
page 2 typing: true

active at the end: false

Small utilities in the game helpers

These builtins live in the same module as the tm_ family but have nothing to do with
meshes. They are handy in games with save codes, networking or shared random worlds.

Builtin Level Summary
str_to_hex(text) | Encode text as lowercase hexadecimal.
hex_to_str(hex) | Decode hexadecimal to text.

random_hex(bytes) Random bytes from the operating system, as hex.

rand_seed(n) Reseed rand() .

net_local_ip(Q) This machine's LAN address.

clipboard_set(text) Put text on the system clipboard.

> > >

clipboard_get() Read the system clipboard.
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CHAPTER 208

Input, Microphone and Speech-to-
Text

This chapter covers three kinds of input beyond the keyboard and mouse: game controllers,
the microphone, and recognising speech in recorded audio. The keyboard and mouse
builtins ( key_down, key_pressed, mouse_x, ...) belong to the window chapter.

* Game controllers come in two generations of builtin. The pad_* family is the modern
one: up to four players, edge-detected buttons, analog triggers, and the same code path on
desktop and in the browser. The older gamepad_* family reads the first active controller by
name and is the one that can make a controller vibrate. Both are backed by the ling-
input crate ("Sensorium") and the gilrs library; in a browser build the pad_* family uses
the W3C Gamepad APIL.

* The microphone (mic_x , plus music_mic_pitch in the music chapter) is backed by ling-
mic .

® Speech-to-text (stt_* ) runs the Whisper model locally. Nothing is sent over the network.

Every pad_*, gamepad_* and mic_x builtin is safe to call when no device exists: buttons read

as not pressed, axes as 0, and the microphone as silent. Treat the return value of mic_open
and pad_count asthe way to find out whether hardware is present.

Game controllers: the pad_ family

Call pad_poll once per frame, before reading anything. It drains the controller events,
advances the edge detection and returns the number of connected pads. Player slots count
from 0; there are four.

Button names accepted by pad_button and pad_pressed (case-insensitive; several names are
aliases of the same button):

Button Names

bottom face a, south, cross
right face b, east, circle
left face X, west, square

294



® - LING

Button Names

top face y, north, triangle

left shoulder 1b, 11, left_shoulder

right shoulder rb, rl, right_shoulder

left trigger (digital) 1t, 12, left_trigger

right trigger (digital) rt, r2, right_trigger

start start, menu, options

select select, back, share, view

guide guide, home

stick clicks 13, left_stick; r3, right_stick

d-pad up / dpad_up , down / dpad_down , left / dpad_left, right / dpad_right

An unknown name reads as not pressed. On a desktop build the face buttons are positional
(the bottom button is a on every vendor's pad), so you never need to branch on the
controller brand.

Stick direction. On desktop the vertical axes follow the screen convention: pushing a stick
up gives a negative pad_ly or pad_ry . In a browser build the values are those of the
Gamepad API, which use the same screen-down convention.

Builtin Level Summary

pad_poll() B Advance controller input by one frame.
pad_count() B Number of connected pads.
pad_connected(player) B Whether a pad is assigned to a player slot.
pad_button(player, name) B Whether a button is held down.
pad_pressed(player, name) B Whether a button went down this frame.
pad_1x(player) B Left stick, horizontal.

pad_ly(player) B Left stick, vertical.

pad_rx(player) B Right stick, horizontal.

pad_ry(player) B Right stick, vertical.

pad_lt(player) | Left analog trigger.

pad_rt(player) | Right analog trigger.

pad_rumble(player, low, high) I Request controller vibration through the Sensorium backend.
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pad_poll()

Advance controller input by one frame.

e Aliases: zh Fi@sti - ja /Sy RE#H - ko HEEZY - th Sleauwa

® Returns: the number of connected pads (integer).

¢ Notes:

* (all it once per frame before any pad_* read. The first call opens the controller backend;
if that fails it returns 0 and later reads give neutral values.

* FEdge detection uses a fixed 60 Hz step, independent of your real frame rate.

GUl
bind start = do {
open_window(640, 360)
while window_is_open() {
bind pads = pad_poll()
if pad_pressed(0, "a") {
print("A pressed on a pad; pads connected: " + str(pads))
}
present()

pad_count()
Number of connected pads.

* Aliases: zh F# -ja /{v F# - ko EZ - th dFwuuwa
® Returns: integer, as of the last pad_poll.

pad_connected(player)

Whether a pad is assigned to a player slot.

* Aliases: zh FiiL# - ja /Sy FEKE - ko HEAZ - th uwedtau
® Parameters:

® player (integer, default 0) - slot 0 to 3.
® Returns: true or false.
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pad_button(player, name)

Whether a button is held down.

* Aliases: zh FfZi ja /Ny RR&2> -ko HEHE - th fuuwa
* Parameters:

® player (integer, default 0)

® name (string) - see the table of names above.

® Returns: true while the button is down.

pad_pressed(player, name)

Whether a button went down this frame.

Aliases: zh FiFET -ja /{y BT - ko HEEY - th unana
* Parameters:
® player (integer, default 0)

name (string)
® Returns: true only on the frame of the press.

Notes: In a browser build only the current snapshot is available, so pad_pressed behaves
like pad_button there.

pad_lx(player)

Left stick, horizontal.

e Aliases: zh F#if&xX -ja /Sv REX - ko HE2IX - th uwaghaX
* Parameters:

® player (integer, default 0)

® Returns: -1 (left) to 1 (right); e without a pad.

* Notes: The value is the stick's raw position. No extra deadzone is applied by the builtin, so
a worn stick can read slightly off zero at rest; ignore values with a small absolute value in
your game.

pad_ly(player)
Left stick, vertical.

* Aliases: zh FMEY -ja /Xy FAEY - ko HEY - th uwadhay
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* Parameters:
® player (integer, default 0)
® Returns: -1 (up) to 1 (down); @ without a pad.

pad_rx(player)

Right stick, horizontal.

* Aliases: zh FHHAEX -ja /Sy FAX - ko HELX - th uwawX
e Parameters:

® player (integer, default 0)

e Returns:-1tol.

pad_ry(player)

Right stick, vertical.

* Aliases: zh Fi#gAY -ja /¥y RAY - ko HELY - th uwawny
* Parameters:

® player (integer, default 0)

® Returns: -1 (up) to 1 (down).

mic_open()

Open the default microphone and start capturing.

* Aliases: zh FZZ=N -ja ¥ IB< - ko OO|ZEY| - th dalud

* Returns: 1 on success, 0 if there is no device or access was refused. On the web target it

returns unit.
* Notes: Call it once. Reading levels afterwards costs almost nothing.
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GUl
bind start = do {
if mic_open() == 1 {
print("listening")
} else {

print("no microphone")

mic_rms()

Loudness of the latest buffer.

Aliases: zh £HNEZE - ja Y1 ZRMS - ko Ot0|3RMS - th &usRMS

® Returns: root-mean-square level from 0 to 1; @ if the microphone is closed.

GUl

bind start = do {
mic_open()
bind level = mic_rms()

print(level)
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Showcase

Real applications written entirely in Ling.



CHAPTER 21

® - LING

Case Studies: Applications Built in

Ling

These are real programs, shipped by the author of the language, written in Ling from the first
line to the last. They are included to show what the language does at scale and what its
authors learned doing it. Line counts are lines of Ling in the application's own tling/ folder,
measured with we -1, and exclude assets, generated data and the Rust crates the programs
call. Screenshots were taken from the running programs; the wallet's were taken with its
simulated ( --mock ) backend, so every balance, address and peer on them is made up.

Application
LingStationX

Ling Wallet

LingDev

LingModeler

Horizon

Soul Symphony, Ling
Edition

Kind

Digital audio workstation

Post-quantum wallet, node and
miner

Game scene, timeline and cutscene
editor

3D modeler, vector studio, texture
lab

Web browser with its own HTML, CSS
and script engines

3D game in six languages

Ling code

25,900 lines, 60
modules

8,800 lines, 33
modules

28,400 lines, 52
modules

16,000 lines, 32
modules

16,300 lines, 12
modules

26,000 lines of
game code

Native help

ling-daw audio
engine (Rust)

ling-crypto, ling-
net (Rust)

Software 3D renderer
is Ling

None beyond the
runtime

Image and video
decoders

Runtime graphics and
audio
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LingStationX

Sidebar  Mixer  Transport

v

a e

Arranger

Anthem of Ling Country

Anthem of Ling Country

Figure 90.1. The arranger. Each track tile, clip, ruler tick and mixer strip is drawn by Ling code every frame; the
clips of an imported eight-track song sit below four template tracks.

What it is. A complete digital audio workstation: arranger with automation lanes, piano roll
with per-note expression, mixer with effect racks, a node editor for signal routing, a clip
launcher for live performance, a file browser, a theory assistant, MIDI and audio import and
export, and several instruments (a subtractive, additive and FM synth, a physical-modelling
drum machine, a bass synth, a 16-voice synth called Prism, and a formant singer). It ships for
Windows, Linux and macOS, and as an app inside the LingOS operating system on x86-64 and
Raspberry Pi 5.

Why Ling fits. A DAW has two halves with opposite needs: a hard-real-time audio engine and
a huge, fast-changing user interface. Ling splits them cleanly. The engine is a Rust crate that
Ling controls through daw_x builtins, so the audio thread never waits on a script. Everything
the user touches is Ling: a screen is a function, a widget is a function, and a new panel is
added in an afternoon without touching the engine. Instruments are text patches, and users
can write their own effects and instruments in a few lines of the LingDSP expression
language in scripts/, reloaded while the program runs.
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Size and structure. 60 modules in ling/ (25,894 lines): core for input and widgets, ds for
the design system, actions for the do_action(id) command dispatcher, then one module
per screen (arranger, roll, mixer, nodes, perf ). More than 900 patch files and several
project templates live in instruments/ and assets/. Chapter 10 walks through the
architecture.

Sidebar  Mxer  Transport

s o [0 . Audio | MID > o Opened assets/templates/EDM Starter/project

Figure 90.2. The Parameters tab showing Ling Prism, a 16-voice synthesiser, with its oscillators, filter, envelopes
and modulation matrix. The panel is a Ling function reading the instrument's parameter list from the engine.

Lessons learned.

1. Put the engine behind a narrow builtin API and keep policy in the script. The Rust side
offers verbs ( daw_note_add , daw_undo_push ); the Ling side decides when to call them. It
made the engine testable headless, and the same daw_x calls render previews on a web
server.

2. Immediate-mode UI works if you cache what is expensive. Redrawing everything every
frame is simple and correct, but a per-note drawing loop in script cost about 2 ms per clip
per frame. The fix was one native call ( px_notes ) and a cache keyed on the project
revision.

3. Shared state belongs in one store. A function cannot see its caller's variables, so the
program keeps all state in st_get / st_set, prefixed by module. It reads like global
variables but is searchable, serialisable, and drivable from tests.
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4. Make the program testable from the command line early. --shot , —-do and --drive
replay scripted input and write a screenshot. tools/smoke.py opens every dialog, tab and
menu this way, and the project's screenshots/ folder holds more than a thousand
captures.

5. Know the language's sharp edges and write them down. The team's DEV_NOTES.md lists
them: every keyword of every supported human language is reserved (so si, ok and fit
cannot be variable names), && does not short-circuit so bounds must be checked first, and
boolean-returning builtins differ from number-returning ones.

Ling Wallet

@ WALLET LNG mainnet « Connecting...

WHLLER

- r o
Balance & activity - RECEIVE

: -t 4 1ngl v7k2 m9gf 8x3h
Ei_l gg988 L~ Sd6n 4pot 2wz8 yile
- Bsra 1g3u e
+2 FINGERPRIM 4488 . b114 . 3361 . 5aof

69,9988 O copy |
@ copy

-7 LNG
nf mm

Received +25 LNG
— | order #12" f i

~ | Mined block 1180 +50 LNG
S f

Figure 90.3. The wallet screen on the simulated backend: balance, the fingerprint of the user's address and three
activity rows, including a send flagged as using a reduced ring.

What it is. A desktop wallet, full node and background miner for LNG, an experimental
privacy coin, in one program. Payments use fresh one-time addresses, ring signatures over
same-value decoys, a hybrid post-quantum key exchange, and Dandelion++ propagation. The
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wallet file is encrypted with Argon2id and XChaCha20-Poly1305. A 4-D "HyperTorus"
visualisation animates the miner. It is explicitly labelled unaudited and experimental, in its
README, its About screen and a written threat model.

Why Ling fits. The project's thesis is that a security-critical program is easier to trust when it
is all in one readable language. Ling contributes three things that matter here: isolates with
capabilities (the miner can only hash; only the wallet thread can create a key), opaque key
handles (secrets never become Ling values), and a strict byte layer (hex strings plus bounds-
checked readers). The UT and the engine meet at a small contract of non-blocking be_* calls,
implemented once for the real node and once as a mock.

Size and structure. 33 modules (8,824 lines): core/ for consensus and wallet logic without
I/O, isolates/ for the node, wallet and miner threads, ui/ for sixteen screen and widget
modules, plus tests/ for byte-compatibility against a reference implementation. Chapter 11
walks through the cryptographic recipes.

Lessons learned.

1. Make the architecture enforce the security policy. Capabilities are checked by the
runtime, not by convention. A reviewer can answer "can the miner read the wallet file?"
from one thread_spawn line.

2. Ship a mock backend. --mock made every screen designable and screenshot-testable
without a chain, a network or a real key. It also stopped screenshots from ever containing
real data.

3. Test against a reference. Expected values in t_crypto.ling came from the original Rust
reference implementation, so a passing test means byte compatibility, not merely self-
consistency.

4. Put the checks where a human can fail. The send flow shows the recipient's fingerprint
and refuses to continue until the user confirms it matches, because a checksum protects
against typos but not against a swapped address.

5. Be honest in the product. Standard, novel and experimental primitives are labelled as
such on the About screen, and wipe is documented as best effort because it is. Trust
comes from stating the limits.
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@ Ve =il LNG mainnet Connecting... all 3 '+ Direct

6£480638
2al 0
38£43e54

58c69a88

twist 1 + vertex V1

MINING

AV NG
Background miner

3.21 H/s

2,430,118

Figure 90.4. The Mining screen on simulated data: thread count, duty-cycle intensity, a pause-while-1-am-using-
the-computer option and the 4-D torus walk drawn from lw_pow_trace samples.
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)
(2] REVIEW

EENG : : AMOUN 12.5 LNG
Pay a verified address lngl qawa X5Ef —_— : P
m2kz v7d4 hn3j —

9tly qebec 2rpl 12.501184 LNG

x4sa 8qu 341.2 KB

11 members

5

9cf 9143 7¢26 €386 | il

- invoice 2291

Compare this fingerprint with the recipient
Ask them to read theirs aloud (call or a second app). If any
group differs, cancel: you'd be paying someone else.

Verified
3fa%-c210-77be-04d1

Figure 90.5. The review step of a payment (simulated data): the recipient's identicon and fingerprint, fee, ring size
and a prompt to compare the fingerprint out of band.
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LingDev

Figure 90.6. LingDev editing a cutscene of the Soul Symphony Ling edition: hierarchy and assets on the left, the 3D
viewport with the camera path, the inspector on the right and the cutscene tracks in the dock.

What it is. A scene, timeline and cutscene editor for games, itself written in Ling. It edits 3D
levels, 2D menus and HUDs, and cinematic cutscenes with six track types (camera, dialog,
animation, audio, effects, events). It has a viewport with gizmos, a Flash-style keyframe
timeline with 21 easing curves, a script editor, a one-key build panel for Windows, Linux,
macOS, the web, a Raspberry Pi kernel image and LingOS, and importers that turned existing
games into projects. Six complete games are built with it: a first-person shooter, a breakout
game, a rhythm game, an arena shooter, a storybook platformer and the 2019 Soul
Symphony.

Why Ling fits. An editor and the thing it edits should speak the same language. LingDev's
runtime (19 modules, 18,500 lines) is Ling, copied into every project, and the editor use s the
same modules to play a game inside its own window. There is no export step that can
disagree with the preview.

Size and structure. 28,355 lines: 9,856 in the editor (app, project, timeline, cutscene,
inspector, hier, view3d, view2d, buildpanel, importers)and 18,499 in the shared runtime
rt/ . Projects are a lingdev.toml, line-based .lscene files and plain .ling scripts. Chapter
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12 has recipes from it.

Figure 90.7. The same editor editing a first-person stage: guards, lights and the extraction point in the 3D
viewport, drawn by the software renderer in the shared runtime.

Lessons learned.

1. One runtime for the editor and the game. Parsing, serialising and rendering a scene
happen in shared code, so the preview cannot drift from the product.

2. Design files for diffs. Line-per-record text with ignorable unknown fields lets artists use
version control and lets old projects open in new versions.

3. Snapshots beat inverse operations for undo. Serialising the scene to a string takes a few
lines and makes every edit undoable, including edits that did not exist yet.

4. A software renderer is a feature. Drawing 3D with Ling code (rt_sw3d ) means the same
viewport code runs on the desktop and in the LingOS builds, without depending on a GPU
API.

5. Easing and interpolation are worth writing in the language. rt_ease.ling runs
identically on every platform, and a designer can read it.
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LingModeler

bject | [ R

Figure 90.8. Edit mode on a box mesh, with the extrude and inset panels on the right.

What it is. A lightweight 3D modeler, 2D vector illustrator, animation studio, procedural
texture lab and rigging tool in one window. Modes cover object and edit (box modeling with
extrude, bevel, loop cut, subdivision, UV projections), rig (a 19-bone character armature),
weight painting with auto weights, pose and keyframed actions, vector paths and shapes, 2D
animation with onion skin, and 16 procedural texture generators. It reads and writes OB]J,
glTF, SVG and PNG, and its native .lmesh format is valid Ling source.

Why Ling fits. Ling's lists and string-keyed store make a mesh a handful of flat arrays;
copying them for undo is cheap because values share storage until edited. Because the
project file is itself Ling source, a game can use "hero.lmesh" and call draw_Hero(...)
without writing a loader. The same program runs on Windows, macOS, Linux, and inside
LingOS on x86-64 and Raspberry Pi 5.

Size and structure. 32 modules (16,015 lines). The largest are meshops (1,873, the modeling
operators), vec2d (1,537), view3d (1,534) and rig (1,205).

Lessons learned.
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1. Choose data layouts that fit the language. Flat parallel lists (vx, vy, vz, fi, fs, fc)are
simple, copy cheaply and handle tris, quads and n-gons together.

2. A file format that is also source code is free documentation. Anyone can open a .1lmesh
and read it.

3. Keep a procedural texture engine tiny. Sixteen generators are a hash, a noise, an fBm
and some arithmetic. Pass the tile period into the noise and every texture can be seamless.

4. State limits plainly. The README lists what the importers skip (SVG text, gradients, clip
paths; gITF animations). Users forgive limits they were told about.

o N SIS B

Figure 90.9. Rig mode: a generated character with its 19-bone armature, bone hierarchy on the left and bone
properties on the right.
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Apply hue shift

import PNG

Figure 90.10. The texture lab showing the animated fire generator with its colour ramp and seamless-tiling
options.
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Horizon

file:assets/test/languages html

Every script Ling speaks

English: The quick brown fox jumps over the lazy dog.
Frangais: Déja vu, naive fagade, /Qué? Strale, @resund, Lodz.
EAAnvikd: Metd oou kKOOUE.

Pycckuit: Cbelws e ews 3Tux Markux GpaHLy3ckux Bynok
eyt el Cldelde

varn: wnowi7o

gfagh: anagd galar

Figure 90.71. Horizon rendering its test page languages.html : Latin, Greek, Cyrillic, Arabic, Hebrew, Devanagari,
Thai, Japanese, Korean and Chinese, set in its own stroke font.
What it is. A private web browser, a Ling program in the look of the other apps: toolbar,
address field, bookmarks bar, status line. It parses HTML and CSS (selectors, cascade,
flexbox, grid, tables, floats, media queries), lays pages out, interprets page scripts in a
sandbox it implements itself (no JavaScript engine is involved), draws images and plays H.264
video through the runtime's player, and removes tracking parameters. History is kept only in
memory, with no cache and no cookies. It also exists as a no_std Rust layout library for
LingOS.

Why Ling fits. A browser is mostly text processing and tree walking, which Ling does well,
and the headline lesson is that it is fast enough. Rules are bucketed by their rightmost class,
id or tag, with ancestor filters, which makes a sheet of 20,000 rules workable. A headless
mode (-—dump file:page.html) prints the laid-out page, so the engine is tested without a
window; the language test page runs 83 checks of the script interpreter and reports "all 83
checks passed" in about 280 ms.
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Size and structure. 16,264 lines in ling/: html, css (3,250), layout (3,295), jsdom (3,964),
js and jsrun, ui and app . Image and video decoding, networking and fonts are runtime
builtins.

Lessons learned.

1. Write a headless mode first. ——dump and --click made the engine testable and let a
document check itself.

2. Budget everything a page can do. Scripts get a time allowance of a few seconds at load,
0.4 seconds per event and 60 ms per animation frame; over that, a script is stopped and
the page carries on.

3. Block by default. fetch, cookies, eval and workers are off on purpose. The privacy
features are the absence of features.

4. Know your backend. The browser's notes say to run it on the default JIT, because the tree-
walking interpreter runs out of stack at about 40 nested calls on Windows, too few for the
script sandbox. Other apps in this chapter are developed on the interpreter. Test your
program on every backend you ship.

Soul Symphony, Ling Edition

UL S THFRONY

EATTLE EDITION

HOLD HAF
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Figure 90.12. Soul Symphony Battle Edition running from a LingDev project: vector lattices, a heads-up display ana
a holographic map.

What it is. A spiritual 3D adventure in a soul realm: collect the letters of the world-song,

clear a monster lattice and duel in an arcade arena. It is a port of the author's 2019 game with

full voice-over and subtitles in six languages (1,578 lines of voice-over), and it is released for

Windows, Linux and macOS.

Why Ling fits. The project describes itself as written end to end in Ling. Geometry is vector
code, levels and bosses are Ling modules, and dialogue is stored per language as Ling data
modules. LingDev can import the game's cutscenes, voice-over, models, music and hub level,
which turns a finished game back into an editable project.

Size and structure. 47 files and about 26,000 lines in game/ (arcade, arena, boss,
companions, level, lattice, audio). The repository has more than 650 .ling files in all; most
of the additional lines are dialogue font data for Chinese, Japanese, Korean and Thai,
produced by tooling, not typed.

Lessons learned.

1. Separate content from code. Chapters are previews ( chapterl_preview.ling through
chapter8_preview.ling ), so each can be tested alone.

2. Treat localisation as data. Six languages of text, voice and fonts are data modules selected
at run time.

3. Make a finished game importable. Because the game is data and Ling modules, an editor
can open it, which is the strongest test of an open format.

Also shipped

Smaller programs from the same workshop show Ling on the server side. They are described
in their READMESs; the line counts are lines of Ling in each project.

Project What it is Lines of Ling
studio.linglin.ar Aweb site that sells LingStationX, hosts subscribers' cloud about 9,100 in
t projects, and renders previews offline with the DAW engine app,
( daw_bounce ) in detached jobs; SQLite storage controllers and
models
jadepos.store A point-of-sale for merchants on ling-http and ling- 9,310

crypto : Argon2id, BLAKE3, TOTP two-factor accounts, card
validation, and only brand and last four digits stored

fu.ling-lang.org The package registry for Ling, like crates.io, with two-factor 5,620
accounts, written in Ling (Thai keywords)
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Project What it is Lines of Ling
countries.ling- Small site back ends in the same house style 3,594 and 1,982
gov.org,

music.ling-

lin.me

What the larger programs have in common is worth stating once more. They keep a thin
native layer (an audio engine, a crypto library, decoders) and write everything else, including
user interfaces, file formats, parsers, renderers and test harnesses, in Ling. They share one
visual design system and one set of conventions, so a skill learned in one transfers to the
others. And a skill learned in one of them, such as reading a .lmesh ora .lscene, is plain
Ling, so it transfers without a toolchain.
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APPENDIX

Known Limitations and Gotchas

Ling is a young language that moves quickly. This appendix collects the behaviours that
surprise newcomers most often, so that you can recognise them in minutes instead of hours.
Everything here was verified against Ling 2030.1.53 using both backends: the default
Cranelift JIT (ling run) and the tree-walking interpreter ( ling run --interp ).

TIP

When a program misbehaves, run it once with ling run --interp . The interpreter reports
unknown functions and runtime errors that the JIT silently turns into () .

Unknown names fail silently on the JIT

On the default backend, calling a function that does not exist returns the unit value () and
the program carries on. A typo such as draw_rect (which does not exist) produces no error
and no drawing. The interpreter reports unknown function.Make --interp part of your edit-
run loop whenever something "does nothing".

There is no assignment statement

x = x + 1 isa parse error. Ling rebinds instead: bind x = x + 1. Rebinding shadows the
earlier binding in the current scope.

Loops and scope

Construct Does - inside update an outer variable?
while body Yes. The body shares the enclosing scope.

if body Yes.

for body No. Each iteration gets a fresh copy of the scope.
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To accumulate a total, use a while loop with a counter. A bind inside a do { } block is
discarded on the interpreter but leaks into the outer scope on the JIT, so do not depend on
either behaviour.

Range bounds must be simple

0..n and @..(n + 1) work. 0..n + 1 isa parse error, and 0..len(xs) silently misbehaves.
Wrap the bound in parentheses: @..(len(xs)) .

Numbers and text

® Numeric literals are decimal digits with at most one fraction. There isno 1e3, Oxff,
1_000, .5 or 3..

¢ Strings use double quotes only and have no interpolation. Build text with + and str() .

® print and println both end the line, and both join their arguments with no separator:
println("sum", 1 + 2) prints sum3.

® Single-precision results can print with noise ( 0.800000011920929 ). Use round(x * 100) /
100 when you display them.

Comparing structured values

== on lists, records and variants is always false, even for identical contents. Compare fields
or elements yourself.

What the type system does and does not do

Ling is dynamically typed. Type annotations such as x: number and -> T are parsed and
ignored. There is no map or dictionary type, no set, no tuple and no JSON parser. Model key-
value data with parallel lists or with records, or store it in SQLite through the db_* builtins.

Keywords that currently do nothing

These words are reserved by the lexer but have no effect at run time:

stop, again, change, post, give, fit, can, sure, maybe, pure, spawn, none
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In particular stop and again do not break out of or continue a loop. Restructure the loop
condition instead. The ownership words own, lend, share, move and copy are parsed and
ignored, with no borrow or move checking. async runs synchronously.

Closures

A closure passed to a builtin (try, list_map, list_filter and similar) works only on the
interpreter. Closures held in variables are unreliable on the JIT. A named top-level fn works
everywhere, so prefer it. The one exception is try() : on the JIT it always returns an error
(try: first argument must be a function ), even with a named function, and it works only
under --interp . Programs that call http_serve run on the interpreter automatically, so try
works inside request handlers.

JIT and interpreter differences at a glance

Situation JIT (default) Interpreter
Unknown function returns () silently error

1/0 @) inf

pi as abare name 0 (use piQ)) value

list_push may mutate the original list returns a new list
Empty text or list in a condition truthy falsy
Out-of-range index empty value error

Always write bind xs = list_push(xs, v) so that your code is correct on both.

Tooling

® lingfu new creates src/start.ling, but lingfu build expects main.ling unless the
manifest says otherwise. Add entry = "src/start.ling" to the [spirit] section of
Ling.toml.

® lingfu check, lingfu fmt and lingfu translate currently call ling subcommands that
do not exist, so they report success without doing anything.

® Localised lingfu command names (for example R# 517 ) work only when the executable
itself is renamed.
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® Native ling build compiles generated Rust through Cargo and needs a Rust toolchain on
the build machine.

Modules and shared code

use "file" flattens the loaded file into one namespace. Functions and (in the tested version)
top-level bind constants of the loaded file are visible, but if two files define the same
function name, the last one loaded silently wins, even for callers in the earlier file. Calls
between sibling functions inside a mod block are unreliable. Prefix your function names with
the library name, for example geom_area .

Testing

lingfu test runs programs on the JIT, which never fails at run time, so it can print "All tests
passed!" for a program whose assertions failed. Make your tests print a clear PASS or FAIL
line, and check that line, or run them under ling run --interp , which stops with an error.
Helper files placed inside tests/ are treated as tests and fail with "no entry point".

Performance

The JIT is more than a hundred times faster than the interpreter for arithmetic such as
recursive Fibonacci, but appending to a string in a loop is quadratic on the JIT: 40,000
appends took 1.1 s, against 39 ms on the interpreter. Collect pieces in a list and join them
once. Isolates run on the interpreter, so they help with blocking work but not with raw
arithmetic.

Parse traps

A line that begins with [ or - continues the previous expression. wait is reserved, and
append_file, panic and exit are not builtins.

Graphics and audio

* Window coordinates have +y pointing down. A cone's apex points down by default.
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® In font_text, font_text_fill and ui_text, y isthe top of the text line, not its baseline.
3D calls are queued and always draw on top of 2D calls unless you call flush_3d() .

® Colour arguments are not clamped; 300 spills into the next channel.

® rb_x physics is y-up with gravity of -9.81, while soft_x isy-down.

® delta_time() isnot implemented. Subtract successive time_now() values.

Versions

Check which ling you are running with the install location and the build date of the
executable, and update with cargo install ling-lang lingfu --force . A few builtins added
recently (str_to_hex, hex_to_str, net_local_ip, rand_seed, clipboard_set, clipboard_get )
are missing from older installs: they return (O on the JIT and report unknown function on
the interpreter.
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