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· Version Info

10/8/06 – First Version (after fixing plenty of grammatical errors)
11/9/06 – Added ToLua++ Sections 
· Resources

Programming in Lua Online Book: http://www.lua.org/pil/
ToLua Reference Manual: http://www.codenix.com/~tolua/tolua++.html
Game Programming Gems 5 – Charles River Media

· Document Purpose
This document is meant to serve as a guide to getting started in integrating Lua into a C++ game project.  It is by no means absolute, let alone guaranteed to be correct.  In fact it should be obvious that you are using the information given here at your own risk, although I’ve done my best to make sure everything here is accurate.  Hopefully it will serve its purpose in making the concepts clear enough for the reader to understand and move on to more advanced Lua/C++ integration.

What this document won’t cover is Lua syntax or advanced functionality.  Syntactically you should be able to pick up the language pretty quickly.  Things like how Lua’s garbage collector works, along with features like function closure, weak tables, and I/O are too verbose for included here.  Look to the Programming in Lua book for an excellent guide with the language itself.
· How LUA Works in your Game
If you’re going to be using Lua in your game then you’re going to need to know how to get the two languages to communicate.  Your scripts could be short object configuration files, or elaborate state machines that handle physics response and AI behavior.  Regardless of what you want to do with them, these scripts are going to need access to objects you’ve defined in the C side of your project and have ways of manipulating them.  

From http://www.lua.org/pil/24.html
These two views of Lua (as an extension language and as an extensible language) correspond to two kinds of interaction between C and Lua. In the first kind, C has the control and Lua is the library. The C code in this kind of interaction is what we call application code. In the second kind, Lua has the control and C is the library. Here, the C code is called library code. Both application code and library code use the same API to communicate with Lua, the so called C API. 
Your game could very well use LUA in ways that your C project will contains both application code and library code.  Meaning your C code will call on Lua to perform some tasks and a Lua script will call on your C code to perform some tasks.  You will need to make arrangements for both directions of communication in order to fully integrate the scripting language into your game.
· LUA Language Debriefing
This is a subject much better covered in the free Online Book: Programming In Lua.  Lua is dynamically typed, includes automatic memory management and garbage collection, and the syntax is powerful and very easy to pick up.  Knowing what those terms means, along with understanding how Lua deals with chunks and global variables is important when designing the structure of your scripting engine.  Especially because the API for Lua does not check for the correctness of their arguments, so a lot of responsibility is in your hands.

One subject that needs special mentioning for this guide is Tables.  A table in LUA is an associative array.  That is, objects in the array can be indexed not only by numbers, but also with strings or any other object (except nil).  Tables can represent ordinal arrays, sets, queues, or other data structures like classes or libraries.  It’s vital to know how to use tables in LUA as their application extends well into your management of scripts: You’ll be communicating between C and Lua code through the use of a table.

· Installing LUA into your Project
Your project will need to add two library files to its dependences: “lua.lib” & “lualib.lib”, and your source code will need to include these three header files to use those libraries: “lua.h”, “lualib.h”, “luaxlib.h”.  This will give you access to the functions and data types you need in order to create an instance of the Lua interpreter and tell it to execute a file of code, as well as facilitate communicating with the script and vise versa.  It’s all written in C, and requires only small modifications to run in C++.  How I compiled the Lua source into those libraries and fixed it to work in C++ is a very fuzzy memory, but I fumbled through it (with a little help from my friends) so I know you can get through it too.
· Building a Script Management System

A basic script management system needs to handle the details of creating and running multiple Lua scripts.  You are going to need an object representing a Lua script and a manager object taking care of as many Lua scripts as you need.

The manager’s most important job is to encapsulate the work of tracking scripts and resuming any that have been paused for the duration they specified.  The script object will represent a single state of the Lua interpreter as well as additional data to represent when and why it has yielded.
Section 1.10 of Game Programming Gems 5 contains a very good start for building a Lua Script Architecture and the source code is included on the CD which the DigiPen library should carry.  Basically you’ll need:

	LuaScript Manager
	LuaScript Object

	· A master lua_State
· A list of LuaScript Objects

· Adding new scripts

· Updating all scripts
	· A child lua_State
· Executing a file containing Lua code

· Executing a string containing Lua code

· Updating this script


· The lua_State Object
The lua_State object represents an environment (or state) of the LUA interpreter.  At the most basic level your scripting engine will just be managing pointers to lua_State objects for each script that gets executed.  It is the interface for controlling and communicating with a script.
You are going to want every script you load to have its own lua_State.  These states will need to be opened through a master lua_State that has already initialized Lua the way you need.  Each new lua_State shares all the global functions and variables of the original lua_State but gets its own stack and execution state. 
Lua does not load with any libraries automatically to keep its footprint as small as possible.  You’ll have to load whatever libraries you’re going to need yourself, and this includes any functions you’ve written in C that you want to give your scripts access to.  Here’s what your manager class will need to do in order to initialize Lua:

	lua_State* masterLuaState = lua_open();

//open any auxiliary libaraies we may need

//it’s best to only add these if you know you need them

lua_baselibopen (masterLuaState); 

lua_iolibopen   (masterLuaState); 

lua_strlibopen  (masterLuaState); 

lua_mathlibopen (masterLuaState);

//give lua access to your own libraries

//how you set this up is covered in a later section

luaL_openlib(masterLuaState, "LibraryName", scriptLib, 0);


Here’s how a Lua Script class can create a new child lua_State and execute a script file:

Important:  The master lua_State will already know about every child lua_State created, but it need to be able to find the object managing it as well.  The master lua_State also keeps track of global values through the use of a Table (mentioned above).  You can add a new element to this table that links the child lua_State to the Lua Script class in charge of it.  Think of it this way:  Both your Lua Manager in C and the master lua_State needs to keep a list of all Lua Script class objects, which will make sense why once you understand how a Lua script calls a C function and how you deal with coroutines.
	// create a thread/state for this object

lua_State* scriptState = lua_newthread(masterLuaState);
// let the master lua_State know which object is

// representing this new child lua_State.

lua_pushlightuserdata(masterLuaState, scriptState);

lua_pushlightuserdata(masterLuaState, this);

lua_settable(masterState, LUA_GLOBALSINDEX);

// Load the script file containing lua code 
luaL_loadfile(scriptState, “filename”);

// Execute the loaded script 
lua_resume(scriptState, 1);


· LUA Scripts Calling C Functions
Communication between the two languages is provided via a communication stack.  This stack is just another fancy Lua Table that you have access to through the lua_State object.  Since Lua is dynamically typed, a single stack entry can represent data of any Lua type.  Translation routines are provided to get the data into a format usable by C, and it is your responsibility to write in-between functions for Lua that use these routines in order to get those parameters passed off to the intended function.  They are called “glue functions” as they are what pull C and Lua together and talking to each other.

Making C functions available to a Lua script is done through the use of function libraries.  Function libraries are another table whereas each element is a mapping of a pointer to a C function and a name for Lua to call it by.  This table needs to be registered with the master lua_State in order for child scripts to call those functions.

· Registering Libraries
The format of glue functions and how they are registered are defined for you, and involves 2 main steps:
1. Make a LUA table that lists the functions you want to make available to your scripts.  The first column is what the name of the function will be in LUA; the second is the address of the function in C.
	// Glue Function declarations

// Implentations are in the next section
static int LuaSetTargetPos(lua_State* scriptState);

static int LuaGetPlayerScore(lua_State* scriptState);
static int LuaWaitFrames(lua_State* scriptState);
static const luaL_reg scriptLib[] =

{

    {"MoveCamera", LuaSetTargetPos },

    {"GetPlayerScore", LuaGetPlayerScore },
    {"WaitFrames", LuaWaitFrames },
    {NULL, NULL}

};


2. Register the table with Lua.  All functions listed in the table will have to be referenced by the library name you give it; here we called it GameFunctions.

	luaL_openlib(masterLuaState, "GameFunctions", scriptLib, 0);


 

So once this is done, here’s how you would call these function in a Lua Script.

	GameFunctions.MoveCamera(200, 200);
p1Score, p2Score = GameFunctions.GetPlayerScore();


Notice that the C functions that Lua can call have to match a signature Lua recognizes.  It can only take in one parameter, a lua_State object, and must return an int.  The lua_State object that gets passed in is the one that the script that called the function is running on.  The way you actually deal with parameters and return values is through the communication stack of the given lua_State object.  The best reference on how to use the functions that manipulate the stack can be found here: Programming in LUA Online Book: The Stack. 
· Communicating between languages using the LUA Stack

Now we’ll cover how your Glue Functions get information from LUA.  The lua_State object that is passed in can be used to access the communication stack of the script that called the function.  The “lua.h” header file contains various functions to handle the variables on the stack for whatever data type they might be.
In LUA when you make the function call:

	GameFunctions.MoveCamera(200, 200);


The parameters are pushed onto the stack and the associated C function gets called.  That function can pop those values from the stack and use them to perform whatever operation it was meant to.  Here’s how the glue function LuaSetTargetPos would work:
	static int LuaSetTargetPos(lua_State* scriptState)
{
      //To pop variables off the stack:
      float X = (float)lua_tonumber(scriptState, 1);
      float Y = (float)lua_tonumber(scriptState, 2);
 
      GameCamera.SetPosition(X, Y);
}


 

In fact, it’s even possible for C to return several values back to LUA.  The function’s return value notifies LUA to how many objects you’ve put onto the stack.
 

	static int LuaGetPlayerScore(lua_State* scriptState)
{
     //Push any number of variables onto the stack:
      lua_pushnumber(scriptState, game->playerScore[0]);
      lua_pushnumber(scriptState, game->playerScore[1]);
 
      //return the number of elements we’ve pushed
      return(2);
}


 

· Coroutines – Advanced Glue Functions
Coroutines are a form of cooperative multitasking, where it is up to you and the code you write, not the operating system or the Lua interpreter, to suspend scripts when they ask and resume it whenever necessary.
You’ll want your LUA scripts to have the ability to pause themselves at any point, so the key is that they need to call a registered glue function that yields the script’s execution.  It’ll be the Lua script manager’s responsibility to check if yielded scripts need to be resumed.  This could be after a number of frames or an amount of time, or could be conditional or event based.  Building a library of glue functions that allow your scripts several different ways of being resumed gives you more leverage on what tasks you can use the scripts for.  The only two functions you need from the API are lua_yield() and lua_resume().
Here’s the implementation of the remaining glue function we included in our library example above:

	 static int LuaWaitFrames(lua_State* scriptState)
{
     //*** IMPORTANT NOTE HERE ****
     //Get a pointer to the C++ object associated with this script
     lua_pushlightuserdata(scriptThread, scriptThread);

     lua_gettable(scriptThread, LUA_GLOBALSINDEX);

     LuaScript* s = lua_touserdata(scriptThread, -1));

     //Get the number of frames to wait from the stack
     //Update the object managing the given scriptState

     s->frameWaitCount = (int)luaL_checknumber(scriptThread, 1); 
     s->status = WAITFRAME;

     return(lua_yield(scriptThread, 1));
}


Important: When a glue function is called it only knows about the lua_State object.  To set script to be resumed you’ll need to know which instance of the Lua Script class contains it.  Now we finally find out why we added an entry to the master lua_State globals table referencing the C object managing to its lua_State.  Also remember that children lua_States share the same globals as the master lua_State.
· How to Call LUA Functions within C
Now that you know how to manipulate the communicate stack of a lua_State representing a loaded script, an example might be clearer than any explanation at this point:
 

	int CallFnFromScript(lua_State* scriptState, const char* fnName)
{
      // find the lua function and push it on the stack
      lua_getglobal(scriptState, fnName);
 
      // push any parameters onto the stack as well
      tolua_pushnumber(threadState, value);

      // now, call into Lua (here, paramCount = 1)
      if (lua_pcall(scriptState, paramCount, 1, 0))
      {
            // error calling function
      }
      // pop any returning values off of the stack
      int result = lua_tonumber(L, -1);

      lua_pop(L, 1);

      return(result);
}


You call lua_pcall() with the number of arguments you are passing and the number of results you want, and the fourth argument indicates an error-handling function.  Push any number of values onto the stack before you call the function to pass them as parameters, and pop any return values off the stack when the call succeeds.  There’s another function, lua_call() that doesn’t take an 4th parameter but will terminate the program if there is an error.  Programming in LUA Online Book: Calling LUA Functions
 

· Binding C++ Objects to LUA – Giving Lua Access to C++ classes
As your game project and scripting becomes more complex the more glue routines you might find yourself writing.  It’s very likely that you’ll need to use a class you’ve written in C within a Lua script.  Lua’s API is only designed to register C functions that have the signature of the glue functions described before (taking a lua_State pointer as an argument and returning an integer), so giving Lua access to the member data of a C++ class would require writing a glue function for each member function or variable you want to share.
“But what about object instantiation?” you ask.  Well, if you were to create a library that represented the glue functions that translated into your class you need to include one that handled allocating memory and constructing the object.  If you haven’t already read Chapter 28: User-Defined Types in C from the Programming in Lua online book, then I recommend you do so now (or shortly after this paragraph).  Everything you need to know to give Lua access to your classes (including typing an object through metatables) is there.
It’s possible to have classes and glue functions automatically generated for you through the use of a program like SWIGLua, LuaBind or ToLua++, or you can implement something like this guide describes on your own.  The next section will give a brief description on how to get started using ToLua++ to bind your C++ code to Lua.
· Using ToLua++ - Automatically Generating Glue Functions and Corresponding Lua User Types
Note:  ToLua offers a lot of features and that won’t be discussed here.  I haven’t gotten to use this application to its full potential, let alone use it as efficiently as possible.  Especially consider this part of the document a starting point only and not a definitive guide on the subject (check out the ToLua reference manual for that).  Google can be your best friend, and experimenting for yourself can supplement just about any guidance.

ToLua++’s website can be found here: http://www.codenix.com/~tolua/.

Integrating it into your project requires 3 files:

· bin/tolua++[.exe] - the main binary 

· include/tolua++.h - the header file 

· lib/tolua++.lib - the library 

The executable and library files don’t come in the download, so you’ll need to build them yourself.  A guide to doing so can be found here: http://lua-users.org/wiki/CompilingToluappWithoutScons.
Creating a package file
Processing a package file (using the tolua++ exe to build a c file)

Let’s start with an example header file, call it “PlayerObject.h”.
	class PlayerObject //tolua_export
{
     //tolua_begin
     void SetHealth(int value);

};

//tolua_end


After ToLua++ processes this file it will generate a function similar to this:

	static int tolua_PlayerObject_SetHealth(lua_State* tolua_S);




This generated function is registered with Lua much like how you were building function libraries before, and a script can access the function just like any other library (in this case the library name is PlayerObject).  But not really…
Of course SetHealth() needs to know what instance of PlayerObject to perform the function call on.  This can be done in several different ways and details an important point about Lua (stuff that is usually taken care of for you in C++).
	player:SetHealth(100);

player.SetHealth(player, 100);

PlayerObject.SetHealth(player, 100);




The colon hides the argument of the self parameter required by all object-oriented languages.  People have called it syntactic sugar and they’re right; all three of those statements above are essentially the same.
When you create your master lua_State, you’ll need to register all of the libraries that ToLua++ creates for you.  Conveniently a function is generated that does this for you and should been named something similar to:
	int tolua_yourProjectName_open(lua_State* tolua_S);



