Introduction to Lua

Lua is a powerful, efficient, lightweight, embeddable scripting language. It supports
procedural programming, object-oriented programming, functional programming, data-driven
programming, and data description. Lua is used for all sorts of applications, from games to
web servers to image processing.

This book will cover everything you need to know about Lua, including its syntax, standard
libraries, and best practices.

Chapter 1: Getting Started

Installing Lua

1. Windows: Download Lua for Windows from the official Lua website and run the
installer.
2. Mac: Use Homebrew:

sh
Copy code
brew install lua

3. Linux: Use your distribution's package manager, e.g., for Ubuntu:

sh
Copy code
sudo apt-get install luab5.3

Running Lua

You can run Lua in interactive mode by typing 1ua in your terminal, or you can execute a
Lua script file by running 1ua filename.lua.

sh

Copy code

lua

> print("Hello, World!"™)
Hello, World!

Chapter 2: Basic Syntax

Variables and Data Types

Lua is dynamically typed, meaning variables do not have types; only values do.

lua

Copy code

-—- Variable declaration

local a = 10 -— number

local b = 1.23 -— number (floating-point)



local ¢ = "hello" -- string

local d = true -- boolean
local e = nil -- nil
Operators

Arithmetic Operators

lua

Copy code

local a, b = 10, 3

print (a + b) -- 13

print(a - b) --7

print(a * b) -- 30

print(a / b) -- 3.3333333333333
print(a % b) -— 1 (modulus)
print(a ~ b) -- 1000 (exponentiation)

Relational Operators

lua

Copy code

print (10 == 10) -- true
print (10 ~= 3) -- true
print (10 > 3) -- true
print (10 < 3) -- false
print (10 >= 10) -- true
print (10 <= 3) -- false

Logical Operators

lua

Copy code

print (true and false) -- false
print (true or false) -—- true
print (not true) -- false

Concatenation Operator

lua

Copy code

local a, b = "Hello", "World"
print(a .. " " .. b) -— Hello World

Chapter 3: Control Structures

If Statements

lua
Copy code
local a = 10
if a > 5 then

print ("a is greater than 5")
elseif a == 5 then

print ("a is equal to 5")
else



print ("a is less than 5")
end

Loops

While Loop

lua

Copy code

local i =1

while i <= 5 do
print (i)
i=1+1

end

Repeat-Until Loop

lua
Copy code
local 1 =1
repeat
print (i)
i=1i+1
until i > 5

For Loop

lua

Copy code

for i =1, 5 do
print (i)

end

for i =5, 1, -1 do

print (i)
end

Tables

Tables are the only data structure in Lua and can be used as arrays, dictionaries, and more.

lua

Copy code

local array = {1, 2, 3, 4, 5}

local dict = {name = "John", age = 30}

local mixed = {1, "hello", true, name = "John"}
print (arrayl[1l]) --1

print (dict.name) -- John

print (mixed[2]) -- hello

print (mixed.name) -- John

-- Iterating over arrays

for i, v in ipairs(array) do
print (i, wv)

end



-- Iterating over dictionaries

for k, v in pairs(dict) do
print (k, wv)

end

Chapter 4: Functions

Defining and Calling Functions

lua
Copy code
function greet (name)
return "Hello, " .. name
end
print (greet ("World")) -- Hello, World

Anonymous Functions

lua

Copy code

local greet = function(name)
return "Hello, " .. name

end

print (greet ("Lua")) -- Hello, Lua

Multiple Return Values

lua

Copy code

function getCoordinates()
return 10, 20

end

local x, y = getCoordinates|()
print(x, y) -- 10 20

Chapter 5: Standard Libraries

String Library

lua
Copy code
local str = "Hello, Lua!"

-- Length
print (#str) -- 11

-- Substring
print (string.sub(str, 1, 5)) -- Hello

-- Find
print (string.find(str, "Lua")) -- 8 10

-- Replace



print (string.gsub(str, "Lua", "World")) -- Hello, World!

-- Upper/Lower case
print (string.upper (str)) -- HELLO, LUA!
print (string.lower (str)) -- hello, lua!

Table Library

lua
Copy code
local t = {10, 20, 30}

-— Insert

table.insert (t, 40)

print (table.concat(t, ", ")) -- 10, 20, 30, 40
-— Remove

table.remove (t, 2)

print (table.concat(t, ", ")) -- 10, 30, 40

-- Sort

table.sort (t, function(a, b) return a > b end)
print (table.concat(t, ", ")) -- 40, 30, 10

Math Library

lua

Copy code

print (math.abs (-10)) -- 10

print (math.ceil (1.2)) -- 2

print (math.floor(1.8)) -- 1

print (math.max (1, 2, 3)) -- 3

print (math.min(1, 2, 3)) -- 1

print (math.random (1, 100)) -- Random number between 1 and 100
print (math.sqgrt(16)) -- 4

1/0O Library

Reading from Standard Input

lua
Copy code
local input = io.read()

print ("You entered:", input)

Reading/Writing Files

lua

Copy code

-- Writing to a file

local file = io.open("test.txt", "w")

file:write("Hello, Lual!")
file:close()

-- Reading from a file
local file = io.open("test.txt", "r")
local content = file:read("*all")



file:close()
print (content) -— Hello, Lua!

Chapter 6: Metatables and Metamethods

Metatables

lua
Copy code
local t = {1, 2, 3}
local mt = {
__index = function(table, key)
if key == "size" then
return #table
end
end
}
setmetatable (t, mt)
print(t.size) -- 3

Metamethods

lua
Copy code
local t1 = {1, 2, 3}
local t2 = {4, 5, 6}
local mt = {
__add = function(tablel, table2)

local result = {}
for 1 = 1, #tablel do
result[i] = tablel[i] + table2[i]
end
return result
end

}
setmetatable (tl, mt)
setmetatable (t2, mt)

local t3 = t1 + t2
for , v in ipairs(t3) do

print(v) --5 7 9
end

Chapter 7: Object-Oriented Programming

Using Tables as Objects

lua
Copy code
local Person = {name = "", age = 0}

function Person:new(o, name, age)
o = o0 or {}
setmetatable (o, self)
self. index = self
o.name = name or self.name



0.age = age or self.age
return o
end

function Person:greet ()
return "Hello, "
end

self.name

local john = Person:new(nil, "John", 30)
print (john:greet()) -- Hello, John

Chapter 8: Coroutines

Basic Coroutine Usage

lua
Copy code
local co = coroutine.create (function ()
for i = 1, 5 do
print (i)
coroutine.yield()
end
end)

coroutine
coroutine
coroutine.
coroutine.
coroutine.

.resume
.resume

resume

(co)
(co)
resume (co)
(co)
resume (co)

a s w N

Coroutine Status

lua

Copy code

local co = coroutine.create (function ()
print ("Coroutine running")

end)

print (coroutine.status(co)) —-— suspended
coroutine.resume (co)
print (coroutine.status(co)) -- dead

Chapter 9: Modules and Packages

Creating a Module

lua

Copy code

-- mymodule. lua
local mymodule = {}

function mymodule.greet (name)
return "Hello, " .. name

end

return mymodule
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Sure, there's much more to cover. Let's continue with additional chapters on more advanced
topics and practical examples.

Chapter 10: Error Handling

Using pcall and xpcall

Lua provides two functions, pca11 and xpcal1, for protected calls, which allow you to catch
and handle errors gracefully.

lua
Copy code
local function divide(a, b)
if b == 0 then
error ("Division by zero!")
end
return a / b
end

local status, result = pcall(divide, 10, 0)
if not status then
print ("Error: " .. result) -—- Error: Division by zero!
else
print ("Result: " .. result)
end

xpcall allows you to specify an error handler:

lua
Copy code
local function errorHandler (err)
return "Handled error: " .. err
end
local status, result = xpcall (function() return divide (10, 0) end,
errorHandler)
print (result) -- Handled error: Division by zero!

Chapter 11: Debugging

Using the Debug Library

Lua's debug library provides powerful tools for inspecting and modifying the state of a
running program.

lua
Copy code
local function foo ()
local x = 10
debug.sethook (function (event)



print (event, debug.getinfo(2) .name)
end, "c")
local y = x + 20
return y
end

print (foo ())
Debugging with print

A common debugging technique in Lua is to insert print statements to check variable values
and program flow.

lua

Copy code

local function add(a, b)
print ("a:", a, "b:", b)
return a + b

end

print (add(2, 3)) -- a: 2 b: 3

Chapter 12: File 1/O

Reading and Writing Text Files

Reading from and writing to text files are common tasks.

lua

Copy code

-- Writing to a file

local file = io.open ("output.txt", "w")
file:write("Hello, Lua!")

file:close()

-- Reading from a file

local file = io.open ("output.txt", "r")
local content = file:read("*all")
file:close()

print (content) -—- Hello, Lua!

Reading and Writing Binary Files

Binary file operations are similar to text file operations but require proper handling of binary
data.

lua

Copy code

-- Writing to a binary file

local file = io.open("binary.dat", "wb")

file:write(string.char(0x42, 0x69, 0Ox6e))
file:close()

-- Reading from a binary file
local file = io.open ("binary.dat", "rb")
local content = file:read("*all")



file:close()
print (content) -— Bin

Chapter 13: Network Programming

Using LuaSocket

LuaSocket is a popular library for network programming in Lua.

lua
Copy code
local socket = require("socket")

-— Creating a TCP client

local client = socket.tcp()

client:connect ("www.example.com", 80)

client:send ("GET / HTTP/1.1\r\nHost: www.example.com\r\n\r\n")
local response = client:receive("*a")

print (response)

client:close ()

-- Creating a TCP server

local server = socket.bind("*", 12345)
local client = server:accept()
client:send ("Hello from server!\n")
client:close ()

server:close ()

Chapter 14: Advanced Tables

Metatables and Metamethods

Metatables provide a way to customize the behavior of tables.

lua
Copy code
local t = {1, 2, 3}
local mt = {
__add = function(a, b)

local result = {}
for 1 =1, #a do
result[i] = a[i] + b[i]
end
return result
end

}
setmetatable (t, mt)

local t2 = {4, 5, 6}

local t3 = t + t2

for , v in ipairs(t3
Erint(v) -- 57

end

) do
9

Weak Tables



Weak tables are used to create references that do not prevent their keys or values from being
garbage collected.

lua
Copy code
local t = setmetatable({}, { mode = "kv"})
local key = {}
t[key] = "value"
print (t[key]) -- value
key = nil
collectgarbage ()
for k, v in pairs(t) do
print (k, v) -- No output, key has been collected
end

Chapter 15: Userdata and C API

Interfacing with C

Lua can interface with C/C++ code, making it powerful for extending applications.

c

Copy code

// mymodule.c
#include <lua.h>
#include <lauxlib.h>
#include <lualib.h>

static int myfunction (lua_ State *L) {
lua pushstring(L, "Hello from C!");
return 1;

}

int luaopen mymodule (lua State *L) {
lua register (L, "myfunction", myfunction);
return 0;

Compile and use the module in Lua:

sh

Copy code

gcc -shared -o mymodule.so -fPIC mymodule.c -I/usr/include/lua5.3
lua

Copy code
local mymodule = require ("mymodule")
print (mymodule.myfunction()) -- Hello from C!

Chapter 16: Practical Examples

Building a Simple Web Server

Using LuaSocket, we can create a simple web server.



lua

Copy code
local socket = require("socket")
local server = socket.bind("*", 8080)

while true do

local client = server:accept ()

client:send ("HTTP/1.1 200 OK\r\nContent-Type: text/plain\r\n\r\nHello,
Lua!")

client:close()
end

Simple Database Interaction

Interfacing with a SQL.ite database using LuaSQL.

lua
Copy code
local luasgl = require("luasgl.sglite3")

local env = luasqgl.sqglite3()
local con = env:connect ("test.db")

-- Creating a table
con:execute ("CREATE TABLE test (id INTEGER PRIMARY KEY, name TEXT)")

-- Inserting data
con:execute ("INSERT INTO test (name) VALUES ('John Doe')")

-— Querying data
local cursor = con:execute ("SELECT * FROM test")
for row in cursor:fetch({}, "a") do
print (row.id, row.name)
end

-- Closing the connection
cursor:close ()

con:close ()

env:close ()

Chapter 17: Performance Optimization

Profiling

Using the Lua profiler to identify performance bottlenecks.

lua
Copy code
local profile = require ("profile")

profile.start ()

-- Code to profile
local function heavyComputation ()
local sum = 0
for i = 1, 1000000 do
sum = sum + i
end
return sum



end
print (heavyComputation())

profile.stop ()

Memory Management

Understanding and managing memory usage in Lua.

lua

Copy code

collectgarbage ("collect")

print (collectgarbage ("count")) -- Memory in KB

local t
for 1 =
t[i]

{}
1000000 do

1,
= 1

end

collectgarbage ("collect")
print (collectgarbage ("count"))

Chapter 18: Best Practices

Code Organization

Organizing your Lua code for maintainability and readability.
e Use modules to separate functionality.
e Follow consistent naming conventions.

e Write documentation for your functions and modules.

Error Handling

o Always handle potential errors using pcall or xpcall.
e Provide meaningful error messages.

Performance
e Avoid unnecessary global variables.

o Use local variables for frequently accessed variables.
e Profile your code to find and optimize bottlenecks.

Chapter 19: LuaJIT

Introduction to LuaJIT

LuaJIT is a Just-In-Time Compiler for Lua, offering significant performance improvements.

Using FFI (Foreign Function Interface)



Interfacing with C libraries using LuaJIT's FFI.

lua
Copy code
local ffi = require("ffi")
ffi.cdef[]
int printf (const char *fmt, ...);

1]

ffi.C.printf ("Hello, %s!\n", "LuaJIT")

Performance Considerations

e LualIT can significantly speed up CPU-bound tasks.
o Notall Lua code benefits equally from JIT compilation; profile your code to
determine where LuaJIT provides the most benefit.

Chapter 20: Practical Projects

Building a Simple Game

Using the Love2D framework to create a simple game in Lua.

lua
Copy code
function love.load()
love.window.setTitle ("Simple Game")
player = { x = 100, y = 100, speed = 200 }
end

function love.update (dt)
if love.keyboard.isDown ("right") then
player.x = player.x + player.speed * dt
elseif love.keyboard.isDown ("left") then
player.x = player.x - player.speed * dt
end

if love.keyboard.isDown ("down") then
player.y = player.y + player.speed * dt
elseif love.keyboard.isDown ("up") then
player.y = player.y - player.speed * dt
end
end

function love.draw ()
love.graphics.rectangle ("£fill", player.x, player.y, 50, 50)
end

Creating a RESTful API
Using Lua with a web framework like OpenResty to build a RESTful API.

lua

Copy code

-- Install OpenResty and write the following to a .lua file
local cjson = require "cjson"



local mysgl = require "resty.mysqgl"

local function connect db()

local db, err = mysqgl:new()

if not db then
ngx.say("failed to instantiate mysqgl: ", err)
return

end

db:set timeout (1000)

local ok, err, errno, sqglstate = db:connect{
host "127.0.0.1",
port = 3306,
database = "test",
user = "root",
password = "",
max packet size = 1024 * 1024,

}
if not ok then
ngx.say("failed to connect: ", err, ": ", errno, " ", sqglstate)
return
end
return db
end

local function get users()
local db = connect db()
if not db then return end

local res, err, errno, sglstate = db:query("select * from users")
if not res then
ngx.say("bad result: ", err, ": ", errno, ": ", sglstate, ".")
return
end
ngx.say (cjson.encode (res))
db:close ()
end
if ngx.var.request method == "GET" then
get users()
end

This concludes our comprehensive guide to Lua. By now, you should have a thorough
understanding of Lua's capabilities, from basic syntax and control structures to advanced
features like metatables, coroutines, and interfacing with C. Lua is a versatile and powerful
language suitable for a wide range of applications. Happy coding!

Chapter 1: Getting Started

In this chapter, we explore the initial steps to start using Lua, a powerful, efficient,
lightweight scripting language. We begin with installation instructions for various operating
systems, including Windows, Mac, and Linux. Once installed, Lua can be run in interactive
mode or by executing script files. This chapter also introduces the basic syntax of Lua,
including how to print text to the console, thereby establishing a foundation for further
learning. By the end of this chapter, readers will have Lua installed on their system and be
able to run basic Lua scripts.

Chapter 2: Basic Syntax



Chapter 2 dives into the core syntax of Lua, covering the fundamental building blocks of the
language. We explore variables and data types, highlighting Lua's dynamic typing system
where variables can hold values of any type. Arithmetic, relational, logical, and concatenation
operators are discussed to perform various operations on data. Understanding these basics is
crucial as they form the basis for writing any Lua program. By the end of this chapter, readers
will be familiar with Lua’s syntax and be able to perform basic operations using different
data types.

Chapter 3: Control Structures

This chapter covers Lua's control structures, which allow you to control the flow of your
program. We start with i f statements to execute code conditionally, followed by loops that
let you repeat code blocks. We examine while, repeat-until, and for loops, each serving
different iteration needs. Additionally, we introduce tables, Lua’s only data structure, used for
arrays and dictionaries. By the end of this chapter, readers will be able to implement
conditional logic and iterative processes, and use tables to store and manipulate data
collections.

Chapter 4: Functions

In Chapter 4, we delve into functions, a key aspect of structuring and reusing code in Lua.
We cover defining and calling functions, passing arguments, and returning values. The
chapter also explores anonymous functions, allowing you to create functions without names,
and multiple return values, a powerful feature of Lua. Understanding functions enables you to
break down complex problems into manageable pieces and promotes code reuse and
modularity. By the end of this chapter, readers will be adept at creating and using functions in
their Lua programs.

Chapter 5: Standard Libraries

This chapter introduces Lua's standard libraries, providing essential functionalities for string
manipulation, table operations, math computations, and input/output operations. The string
library includes functions for string length, substring extraction, and pattern matching. The
table library offers tools for managing arrays and dictionaries, such as insertion, removal, and
sorting. The math library includes mathematical functions like trigonometry and random
number generation. The 1/O library enables file reading and writing. Mastery of these
libraries equips readers with tools to handle common programming tasks efficiently.

Chapter 6: Metatables and Metamethods

Chapter 6 explores metatables and metamethods, advanced features that allow customization
of table behavior. Metatables enable you to define how tables respond to certain operations,
such as addition or indexing. We cover creating metatables and setting them on tables, and
implementing metamethods like  index, add, and more. This powerful mechanism
allows for the creation of sophisticated data structures and behaviors, extending Lua’s
capabilities. By the end of this chapter, readers will be able to harness the power of
metatables to create custom behaviors in their Lua applications.



Chapter 7: Object-Oriented Programming

In this chapter, we introduce object-oriented programming (OOP) in Lua, demonstrating how
to use tables and metatables to create objects and classes. We cover defining classes, creating
instances, and implementing methods. Lua’s flexibility allows for various OOP styles,
including prototype-based and class-based approaches. Understanding OOP in Lua enables
you to structure your code in a more modular and reusable way, essential for larger projects.
By the end of this chapter, readers will be able to design and implement object-oriented
systems in Lua.

Chapter 8: Coroutines

Chapter 8 focuses on coroutines, a powerful feature for handling concurrency in Lua.
Coroutines allow you to suspend and resume functions, enabling cooperative multitasking.
We cover creating and managing coroutines, using coroutine.create, coroutine.resume,
and coroutine.yield, as well as checking coroutine status. This chapter explains how
coroutines differ from traditional threading models and their advantages in specific scenarios.
By mastering coroutines, readers can write efficient and responsive Lua programs that handle
asynchronous tasks smoothly.

Chapter 9: Modules and Packages

This chapter covers modules and packages, essential for organizing and reusing code in Lua.
We explain how to create and use modules, encapsulating functionality in separate files. The
require function is introduced for importing modules, promoting code modularity. We also
discuss best practices for module design, including namespace management and avoiding
global variables. By the end of this chapter, readers will be able to structure their Lua projects
using modules, enhancing maintainability and code reuse.

Chapter 10: Error Handling

In Chapter 10, we delve into error handling in Lua, a crucial aspect of building robust
applications. We cover the use of pca11 and xpca11 for protected calls, allowing you to
catch and handle errors gracefully. This chapter explains how to write custom error messages
and use error handlers for more controlled error management. Proper error handling ensures
that your Lua programs can gracefully recover from unexpected situations, providing a better
user experience and easier debugging.

Chapter 11: Debugging

This chapter introduces debugging techniques in Lua, essential for diagnosing and fixing
issues in your code. We explore the debug library, which provides functions for inspecting
and modifying the state of running programs. Additionally, we discuss the use of print
statements for simple debugging and more advanced tools like hooks for tracing function
calls. By mastering these debugging techniques, readers will be able to efficiently identify
and resolve bugs, ensuring their Lua programs run correctly.



Chapter 12: File 1/O

Chapter 12 covers file input and output (1/0) operations, enabling your Lua programs to read
from and write to files. We discuss reading and writing text files, as well as handling binary
files. This chapter includes practical examples of file operations, such as creating, opening,
reading, writing, and closing files. Understanding file I/O is crucial for applications that need
to persist data or interact with the filesystem. By the end of this chapter, readers will be able
to perform various file operations in Lua.

Chapter 13: Network Programming

In this chapter, we explore network programming in Lua using the LuaSocket library. We
cover creating TCP clients and servers, allowing Lua programs to communicate over a
network. Practical examples include a simple web client that makes HTTP requests and a
basic TCP server that accepts and responds to client connections. Network programming
expands the possibilities of Lua applications, enabling you to build networked applications
such as web services, chat servers, and more. By mastering this chapter, readers will be
equipped to develop network-enabled Lua applications.

Chapter 14: Advanced Tables

Chapter 14 delves into advanced table features, including metatables and weak tables. We
explore how to customize table behavior with metatables and metamethods, allowing for
operator overloading and custom indexing. Weak tables, which allow their entries to be
garbage collected, are discussed for managing memory efficiently. These advanced table
techniques enable the creation of sophisticated data structures and behaviors, extending Lua's
flexibility and power. By the end of this chapter, readers will have a deep understanding of
tables and how to leverage their advanced features.

Chapter 15: Userdata and C API

This chapter covers interfacing Lua with C/C++ using userdata and the Lua C API. Userdata
allows Lua to represent arbitrary C data types, enabling seamless integration with existing C
libraries. We explain how to create and manipulate userdata, and provide an example of
writing a Lua module in C. Understanding the Lua C API allows you to extend Lua’s
functionality, integrating it with high-performance C code or accessing system-level features.
By mastering this chapter, readers will be able to create Lua bindings for C libraries and
extend Lua applications with native code.

Chapter 16: Practical Examples

Chapter 16 provides practical examples of Lua applications, demonstrating how to apply
what you've learned. Examples include building a simple web server using LuaSocket and
interacting with a SQL.ite database using LuaSQL. These examples illustrate how to combine
Lua’s features to build real-world applications. By working through these examples, readers
will gain hands-on experience and see how Lua can be used in various scenarios, from web
development to data management.



Chapter 17: Performance Optimization

This chapter focuses on optimizing Lua programs for better performance. We cover profiling
techniques to identify bottlenecks and memory management practices to minimize resource
usage. Tools like the Lua profiler and strategies for optimizing code, such as using local
variables and avoiding unnecessary global lookups, are discussed. Efficient memory
management techniques, including garbage collection and weak references, are also covered.
By mastering these optimization techniques, readers will be able to write more efficient and
responsive Lua programs.

Chapter 18: Best Practices

In Chapter 18, we discuss best practices for writing Lua code, ensuring maintainability,
readability, and performance. Topics include code organization, error handling, naming
conventions, and modularity. We emphasize the importance of writing clean, well -
documented code and using modules to encapsulate functionality. Following these best
practices helps create robust, scalable, and easy-to-maintain Lua applications. By adhering to
these guidelines, readers will produce higher quality code and reduce the likelihood of bugs
and maintenance issues.

Chapter 19: LuaJIT

This chapter introduces LuaJIT, a Just-In-Time (JIT) compiler for Lua that significantly
improves performance. We explain how to install and use LuaJIT, and explore its powerful
Foreign Function Interface (FFI) for calling C functions directly from Lua. Performance
considerations and scenarios where LuaJIT provides the most benefit are discussed. LuaJIT's
speed and FFI capabilities make it an excellent choice for performance-critical applications.
By the end of this chapter, readers will be able to leverage LuaJIT to enhance the
performance of their Lua programs.

Chapter 20: Practical Projects

Chapter 20 provides comprehensive project examples, showcasing how to build complex
applications using Lua. We cover creating a simple game using the Love2D framework and
building a RESTful API with OpenResty. These projects combine various Lua features,
demonstrating how to structure and implement larger applications. By working through these
projects, readers will gain a deeper understanding of applying Lua in real-world scenarios and
develop the skills to tackle their own Lua-based projects.
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