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2 Introduction

The BitSquid engine has a built in scripting component that alfamsescripting in Lua. The
scripting components versatile enough that it should be possible to build an entire game in Lua.
Dropping into C++ should only be necessary when maximum performance is ndeddd. that
case, only the performance critical parts need to be implemented in C++.

This documenprovides reference documentation for the Lua API. It describes how Lua is connected
to the C++ engine and documents the function calls that can be made itt Hoas not provide a
detailed description of how the different systems that can be scriptdcuan (such as thehysics

system) work To understand such a system you should begin by looking at the system
documentation to get a feel for the different concepts used and how they work together. Then you
can refer back to this document for a descriptigfithe scripting interface.

2.1 Why Lua?
There are three mainontendersfor a gameplay programming language:
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1 C#/Java (for example, by Mono integration)
f Lua/Python/RubyZ NJ 2 i KSNJ aRe&yl YAO¢é¢ I y3IAdz 35S0

Using C++ is already possible in the BitSquid engine, since the core engine is written in C++. C# and
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that they are nodifferent enoughfrom C++to have a huge impact on gameplay programmer

productivity. Also, they both come with huge, scary, sbhack boxuntime environments; we want

small runtimes that are easy to overview and contkke are still investigating this thgl, and in

the future, we may offer Mono bindings.



Of the dynamic languages, Lua is a standout. It is very fast, has a very small and clean
implementation that is easy to understand and a minimal runtini#out sacrificing flexibility and
power. The mairdrawbacks of Lua are:

1 Speed:On consoleswhere LuaJIT cannot be used, the speed is very slow compared to C++,
especiallyfor mathrintensiveoperations. We will address this by making the Lua/C++ binding

as lightweight as possible and by making it eagypéwe costly operations to C++.
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incremental garbage collector ameliorates the problem, but walking the heap looking for

garbage is still a costly operation. We addresii KA & o6& GNARGAYy3I 2dzNJ [ dz !

generate as little garbage as possible and keep the majority of the data in C, not in Lua.

1 No Static TypingDynamic typing is often faster during tivétial development. But during
the later stages, typannotation providesvaluable documentation and the compile time

checks make refactoring (such as renaming or removing a method) a lot easier. We believe
that for big projects, static typing is usually a win. We will look into the possibility of adding

type anndations and compile time validity checks to Lua.

1 No Native Threadingt.ua has no native threading support. Threading has to be done by

having separate Lugiates running on each thread. On the other hand, the thread

programming model offered by most langges (shared state with explicit synchronization) is
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easier to work with.

3 LuaConcepts

3.1 Loading and Running Lua Scripts

When the game engine loads, it also loads sihglafile (the Luaboot file). After loading the boot file
it calls the globalLuafunction init(). That functions is responsible for loading otharafiles and
resour@s needed by the application. The name of thea boot file can be configured in the

settings.inifile.

b2GS GKI G Eqieatde ofaf thedwotSile to bring in other Lua files, because those
files will not have been loaded by the time theot file is run. Taequirethe files, you must first

make sure that they are loaded. For example like this:

function init()
local package = Application.resource_package {"lua"“, " main/ game"}
ResourcePackage.load(package)
Resourcepackage.flush(package)
require "main/game"
end

Note that when you callequireyou always specify the script name without tHaa extension and

with the full path to the file in the game folder. This is consistent with how other resources in the

game are referenced.



The typichsetup for the boot script is to first load all the resources required to displajotuting

screen (The loading screen does not have to be a single static screen. It is a regular game world, just
like an ordinary level and can use animation, soundspisy etc. The only difference is that it is

usually small so that it loads quickly.) Then, the loading screen is displayed while the main game is
loading. Finally, when the loading has completed, the main game is started.

This is accomplisloawith the following steps:

Ininit() ¢ request the loading screen resource package.

Wait until the package has completéohding.

Create the loading screen game world.

Request the resource packages for the main game world.

Inupdate()¢ check if the main resource paakes has completed loading.

When the main resource package has completed, create the main game world and switch to
displaying it.

7. Now you can optionally dispose of the loading screen world, or you can keep it in memory if
you want to be able to display iugckly during level loads.
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that much memory, so there is little point in isolating the Lua files needed at a particular level and
streaming them in andut.

A good way of loading the lua files, is to put them all in a single resource package and load that
package early in the game (right after the loading screen has been displayed).

3.2 A Minimal Lua Game
A minimal script for a Lua game looks like this:

packa ge = nil
world = nil
test = nil
camera = nil

function init()
package = Application.resource_package {"unit", "test"}
ResourcePackage.load(package)
ResourcePackage.flush(package)

world = Application.new_world()
test = World.spawn_unit(world, ‘test', Vector3(0,0,0))

local world_unit = World.world_unit(world)

camera = Unit.create_camera(world_unit)

Camera.set_local_position(camera, world_unit, Vector3(0, -2,0))
end

function update(dt)
World.update ( world, dt)
end

function render()

Application.re nder_world(world, camera)
end

function shutdown()
Application.release_world(world)

ResourcePackage.unload(package)




Application.release_resource_package(package)
end

This script loads a resource package with the needed resources, createklaspavns a unitin it
and creates a camera to render the worlthen it continually updates and renders the world. Finally
it shuts down by destroying all the resources it has created.

Note thatinit(), update(), render@ndshutdown()are global functions thzare called by the game
engine at appropriate points.

If you want to support more than one world (such dsading screemnvorld and amainworld) you
need to keep track of which world is currently being shown and make sure to update and render it in
the updateandrendercallbacks.

You can add your own code to thpdate()callback to move around the objects in the game world.

3.3 Debugging Lua

The script integration has been written with rapid prototyping in mind. Script errors do not (typically)
crash the gme. Instead, if an error occurs in the script, an error message is written to the console.
You can fix the error and reload the script without restarting the game. Similarly you can tweak
values and add functionality in the scripts and just reload thesetthe effects of your changes,
without having to reload the game.

3.3.1 ScriptErrors
An error in a Lua script will be written to the Console, together with a stack traceback. Given the
error message and the stack traceback it should hopefully be easy te lad fix the error.

3.3.2 Command Line (Read Eval Print Loop)

By ticking the check box next to the command line in the Console window you can use the console to
directly type and evaluate script commands. The result of the commands will be printed to the
consde. This is a good way of investigating the runtime, testing things out and debugging problems.

For example, to spawn a test box, just write:

Worl d. spawn_unit(Game.world, fAtest/ boxo)

WhereGame.worlds the variable that holds your game world. Or, to disthe functions in the
Vector3module, write:

for f,_ in pairs(Vector3) do print(f) end

3.3.3 The Lua Debugger
If the stack traceback does not give enough information, you can useuf®ebuggeio find out
more about the error.



The Lua Debugger is an intatgd part of the Console, accessible through the menu op#imw >
Lua DebuggerThe Lua Debugger allows you to set breakpoints in the code and step through it as in a
regular debugger. You can also evaluate specific lua expressions.

|1|N In function Update [N A s LIk
a- Debugger: Stopped e
@ — - -
File Run Breakpoints Settings
:‘1"5 D:\Data‘sandbax'game lua Evaluate
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1 | e end
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The Lua Debugger

You can edit your Lua files directly in the Lua debugger ancase and Reload save them,
compile them, and load the new files into the running applicat®ave and Reloazhn thus be used
as a quick fband-continue option to fix small problems. Natieat for Save and Reload work, you
must setup the correct paths to your game executable and your data folders.

The game engine supports a generic debugging interface over TCP/IP for debugging Lua applications,
so if you want to integrate a debuggert & 2 dzNJ ¥ @2 NR G S [ dzf

3.3.4 Reloading LuaFiles
Lua files can be reloaded without restarting the application. You can reload a Lua file with the
console command:

SRAG2NZ A

reload lua path/to/file

Orreload all lua files with just

reloa dlua

Note that the reload command does not automatically recompile and build the Leadde/ou must
run your regular command line script for rebuilding the data directory before reloading the file.

For reloading to work, you must take some care wheiting your Lua files to that they reload
nicely. A Lua file is reloaded by just running the Lua file again. This means evaluating all the
definitions, etc again.



Consider the following Lua script:

function update()
print(fAHell 00d)

end

Running this scripwill create a function in the global table D o & dzLIRK G5 ¢ LONA v { &

a1 Stt2

edit the string and reload the script, the effect of the reload will be that the functiap Bt & dzLJR | G S é 6

is changed to the new definition, which means that everyone cplipdate()will get the new code.

A second example:

Game = {}
Game.__index = Game

function Game:update()
print fAHell oo
end

function init()
game = {}
setmetatable(game, Game)
end

function update()
game:update()
end

When this file is loaded a new tihis stored inp D 0 & D [ théSyéBow a DI Y S € BissatdalaR I G S ¢ 6

specific function. Wheimit() is run the game obje@ameis set to usep D & & D lasyitS meda table.

Consider what happens when we reload this file. At the start of the file, a newwallee created in

¢ D o & D land Sriuilatefunction will be created for that table. But the existing objgameQ &
meta table is not changed. (Unlds() is called again.) It will still refer to the a@ameobject. So

whengame:update(Jscalled,ig A f f & dGAff LINAYyG GKS 2fR adNAy3d al

We can fix this by changing the first line of the script to:

Game = Game or {}

Now, when the file is reloadeds D & ¢ D lalle&ly dists, so no new object is created. This means

that the updatefunction in the exisghg Gametable is changed, which means ttgamewill see the

change and use the nestring.

By carefully considering what happens to the global variables when a file is reloaded in this manner,

you canmake surehat reloading is safe and useful

3.4 The Lua/C++ Binding

The binding of C++ objects to Lua has been selected to balance programmer convenience with

runtime efficiency.



The maost convenient binding is to bind all C++ valudgllagserdatain Lua, since that means that
we can give them meta tables @mse hem with regular object syntax and arithmetic operations.

object:call()
c=a+b

However, using a full userdataggpensive. Full userdata objects are allocated on the heap and
subject to garbage collection. The more such objects we have, the timoe consuming garbage
collection will be. Also, temporarily allocating full userdata objects for efetgr, Unit, Mesh etc

that you want to talk to, just to garbage collect them a few frames later is costly. This is especially
true for operations tha create a lot of temporary objects, such as mathematical operations on
vectors and quaternions.

For this reason, the BitSquid engine ums different binding strategies.

3.4.1 LightUserdata Binding

This is the most common binding usedhe BitSquid engindt is used fotJnits Actors etc. The
object is bound as ght userdata which means that the Lua side just stores a raw pointer to the
underlying C object with no metatable and no type information.

Since light user data does not have a methle, yai cannot use the regular object syntax to call
them:

hAi+t+—set—name( Axo0)

Instead, you must explicitipok up the method in the class tablinit, and pass the objecinit as
parameter:

Unit.set_name(unit, x)

Or, with the method lookup cached for greaterieféncy:

local unit_set_name = Unit.set_name

unit_set_name(unit, x)

Light userdata objects areever2 6 Y SR 0& [ dzf 0&aAy OS GKSanstead,y Qi KI @
you must explicitly tell C to create and destroy the objects.

unit = World. spawn_unitwo r | d ficar o)
World.destroy_unit(world, unit)

The C side provides limited type chexkfor light user data objects. If you run into a situation where
the C side does not recognize a type mismatch, contact the engine team about adding additional type
checks.



3.4.2 Full Userdata Binding

Full user data bindings are used for objects that need to be owned by the Lua side. (Since a full user
data binding is the only way to get the object into the garbage collector.) The raycast objects created

by PhysicsWorld.make rayset NB |y SEI YL S5 (GKSé& R2y Qi ySSR (2
user, they are automatically collected by the garbage collector.

Full userdata are also used in a few cases for classes where theex@mtlyvery small number of
objects, such aworld and PhysicsWorldSince only a few instances of these classes ever exist, the
cost of using a full userdata object instead of a light user datagigable and we can use it for the
added type safety.

It is recommended to still use these full userdatgects as if theyverelight user data, i.e., instead
of:

Write:

Raycast.cast(ray, from, to, len)

Thisgives the gameplay code a more consistent look, which makes it easier to understand.

3.4.3 Singleton Binding

A singleton binding igsed for objects that are true singletons. l.e. there only exists one such object
in the application. An example Agplication a singleton representing the application itself and
Mousea singleton representing the (primary) mouse.

For singletons, no obj needs to be passed to the module functions, since they always operate on
the same object (the single object). So to check if a mouse button has been pressed, you just write:

if Mouse.button_pressed(0) then

You do not have to pass ampouseobject to thefunction.

3.4.4 Temporary Binding
A temporary binding is used for objects that need to be Lua owned, but where we create so many
temporary objects that using a full user data is prohibitively expensive.

The typical example is math objects such as vectors, guiates and matricesSuch objects cannot

be C owned, because that would mean that we would have to allocate and release all the temporary
objects by hand in Lua, which would be impossibly tedanderror prone But they cannot be full

user data objectsither, since the strain on the garbage collector would be too high.

The best (though by no means perfect) solution is to have theteraporary objectsEachvector3is
represented by dight userdataon the Lua side, which points into a buffer of tempgr&iector3
objects. Each frame the buffer of temporary objects is reset so that they can be reused the next
frame.



This means that on the Lua side, you can use Vector3:s with good performance, and without
worrying about allocating and deallocating them.

Butyou must be aware that the objects are otdgynporary. l.e., you cannot store ¥ector3in a Lua

variable and use it in the next frame. T¥ector3is only valid during the frame in which it was

allocated. If you want to save it and use it later you nsiste it in a more permanent way. For
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Unit.set_data(player, ipositiono, Vector3.add(a, b))

Another way of storing a Vector3 permanently is to extractthyg andzfield and store them in a
regularLuatable.

Note Itg2dzZ R Ffaz2 o6S LI &avedor3Berningent@diiBat caSstore ad 60 2 ESRE
Vector3but is allocated as a full user data. Such a class could be used as a regular Lua
variable for permanent storage of Vector3fsthis is desired, talto Niklas about
scheduling a milestone for it.

3.5 Storing Data in Units
The BitSquid engine provides a generic mechanism for storing data inldaits¢éhrough the
functions:

Unit.set_data()
Unit.get_data()
Unit.has_data()

The data istored and accessed bysaquence of keys. A key is either a string or an integer. For
example:

0 fheadshotso, 1)
pl ayer, fiscoreo, fAheadshot s|0)

The stored data can be a Lbaol, a Luanumber, a Lua string or any C side ettj (temporary objects
get stored permanentlydr a reference to a Lua table or Lua function.

Storing data in the unit data store has two advantages over using regular Lua tables for data storage:

9 The memory for the data is allocated on the C side, ratiha@n on the Lua side. Memory
Fft20FrGA2ya 2y GKS / &AARS INB SFaASNI 2 GNI Of
collection and are clearly assigned to a specific unit.

1 The data stored in the unit is available to all Lua threads. This means thatiystoca some
data in the main Lua thread and access it or modify it in one of the Lua job thi@ats:

This does not apply to references to tables and functions. References can only be used in the
Luastate in which they were created.)



3.6 LuaEvents
Thereare two ways that C++ calls into Lde first is the global calls twit(), update(), render@nd
shutdown() By implementinghose global functions you caustomize your game.

The second is througévents The BitSquid engine generates events wheargsting things happen,
such as when two physics objects collide or when an animation trigger is reached. Throughtthe
file, you can connect script callbacks to such events. This is done with a declaration like:

script_events = {

bounce = fABoexdo. bounc
hit = ABox. hito

}

Hered 0 2 dzgh@d@& K &ré the name of the events (as set in the file where the event is defined, for
example, thephysicdile, for a physics event).

Box.bouncandBox.hitare the names of global script functions that will bde@dlwhen the event
happens.The functions will be called with the unit that triggered the event as the first argument and
a table describing the event as second argument. The fields in the table depend on what kind of
event is generated.

function Box.bounc e(unit, event)
print (fAThe box collided ato, event . point)
end

Currently, all script event callbacks happen in the main thread. But the plan is to also support event
processing in the script job threads. Talk to Niklas about getting this feature in thetonide
schedule.

3.7 Running Multithreaded Lua Jobs
The script system supports running Lua code in multiple threads simultaneously, for maximum
performance.

The multithreading model used is similar to the one provided by LuaLanes. We run a separate
processinghread on each CPU core, and each of these threads has its own Lua state, that can run
functions, process data, etc. Note that each of these Lua states is completely separate, they do not
share data or memory. If you want to send data from one Lua staa@ddher you must do so

explicitly.

The best way is to use the engine as the bridge for sending data. You can store data in a unit with the
Unit.set_datafunction. This can be done from any thread, and you can read that data back from any
other thread withthe Unit.get_datafunction.

The Lua states are divided intorain stateand a number oWorker states Themain stateis where
most of the processing happens. It is the state that receivesiitate()andrender()callbacks, that
processes script even&tc. If you are keeping any game data in Lua, you should keep it in the main
state.



Theworker statesare simpler states that processript jobshat are posted to them from the main

state. A script job is just a name of a function to call, together sgtihne data to call it with. When

the application is created, a worker state is created for each CPU core and when you post script jobs
they get evenly divided between these worker states, so that each one has about the same amount
of work to perform.

The waker states have the potential of being memory hogs. Since you Rawarker states, where

Nis the number of CPU cores in your system, the memory use of the worker states gets multiplied by
N. For this reason, you typically want to store as little dag@@assible in the worker states and keep

the data inUnit.set_datainstead. And since the data is not synchronized across worker states, there

is not much point to having data in the worker state either. Typically, the worker state should only
contain a fewtemporary objects that are needed to process the current job.

One thing that the worker statasustcontain though, are the functions that perform the script jobs.
(Remember that in Lua, functiomse data.) Because of the potential memory cost of worketes
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want to implement the script jobs in a small set of separate Lua files and just load those files into the
worker states.

You load the thread scriptinto the worker states with the command:

Game.job_thread_require( Aithrepado

This will load the named scripitread.luainto all worker states, no matter how many there are.

To post a job to the script worker threads, use the command:

Game.add_job("update_  walker", game.walkersJi])

This will run the script job in the global functiopdate_walkerand pass igame.walkers][iBs its first
argument.

Note  Currently all script jobs take a single argument which must be a unit. Talk to Niklas about
getting a moreflexible interface where more types of arguments are supported.

To run the posted jobs, use the command:

Game.run_jobs()

When this command returns, all the jobs that were queued aidid_jobwill have been completed.

When writing a script job it is imponté to avoid threading errors. The Lua API has not been made
thread safe, because that would require locking for almost every operation that is performed in Lua
which would seriously degrade performance. Instead threading errors are avoided by being very
caeful about what data a script job can touch. The rules are as follows:



1 Each script job is associated with a particular unit. (Currently, the unit that is passed in to the
script job.)

1 A script job can freely read and modify the objects in the unit thetassociated with.

A script job may not touch any other unit.

9 A script job may not touch any global entities, such asweeld or the PhysicsWorld
directly. Instead a special thread safe interface that implements part of the functionality in
the globalentities will be provided. This interface may for example queue actions that later
will be performed on the global objectlhis thread safe interface has not yet been
written.)

=

Note In the future it will be possible to associate the script job with mibign one unit.

A sample script job can look like this:

function update_walker(walker)
local pos = Unit . get_local_position(walker, 0)
local dir =V ector3 . subtract( Vector3 . cross(Vector3(0,0,1), pos), pos)
Vector3.set_z(dir, 0)
dir= Vector3 . normalize(di )
local move = Vector3 . multiply(  dir, 0.01 )
pos = Vector3 . add(pos, move)
Unit . set_local_position(walker, 0, pos)
end

4 Math
These functions allow you to manipulate mathematical objects.

4.1 Vector3 (temporary)

A Vectords a three component vectdk, y, z)It is used to represents positions, directions,
velocities, etcNote that Vector3:s are temporary objects. You can only use a Vector3 during the
frame it was created.

Vector3(x, Y, z)

Creates a new Vector3 with components (x, Y, z).
add(a, b)

Addsthe two Vector3:sa andb and returns the result.
subtract(a, b)

Subtracts from a and returns the result.
multiply(a, f)

Multiplies the vectom with the scalaf and returns the result.
divide(a, f)

Divides the vectoa with the scalaf and returns the resi
multiply_elements(a,b)

Multiplies the vectorsa andb element by element and returns the result.

divide_elements(a,b)



Divides the vectora andb element by element and returns the result.
equal(a, b)

Returns true if the vectors are equal.
to_string(v)

Returns a string representation of the vector. You should only use this for debugging purposes, do
not save the string and read it back.

base(i)

Returns the:th base vector. le.,base(1yeturns the xaxis, etc.
element(v, i)

Returns the:th element h thevector, i. e.element(v, 1)yeturns the xcomponent ofv.
x(v)

Returns the x component of v.
y(v)

Returns the y component of v.
z(v)

Returns the z component of v.
set_x(v, X)

Sets the x component of v to x.

set_y(v, y)

Sets the y componentofvtoy
set_z(v, 2)

Sets the z component of v to z.
length(v)

Returns the length (the-Borm) of the vectow.
normalize(v)

Normalizes v and returns the result.
dot(a,b)

Returns the dot product of vectoesandb.
cross(a,b)

Returns the cross product of vectaandb.
distance(a,b)

Returns the distance between poirdsandb.
make_axes(x, y, z)

Given thex vector, computes two orthogonal vectoysandz and stores them in the respective
variables, in such a way thaty, andzform the basis for a coordinate/stem.

lerp(a, b, t)



Returns the result of lerp:ing between vect@andb with a fractiont.

4.2 Quaternion (temporary)

Represents a rotation in the quaternion formulation (X, y, z, w). Note that it is not strictly necessary
to understand quaternions to udhis class, you can just treat it as an opaque representation of a
rotation.

Quaternion(axis, angle)
Creates a quaternion that represents a rotatioraofyleradians around the vectaxis
guaternion(x,y,z,w)
Creates a quaternion from components.
identity ()
Returns the identity quaternion.
axis_angle(axis, angle)

Creates a quaternion from an axis angle representation. (This is the same as
Quaternion(axis,angle)

from_matrix4x4(m)
Creates a quaternion from the matnim.
look(dir, up)
Creates a quaterniowith the rotation needed to represent an object looking in the directdin
with up as its up vector.
multiply(ql, q2)
Multiplies the two quaternions and returns the result. This creates the rotation you get by first
rotating the object withgl and then wih g2.
equal(gql, g2)
Returnstrue if the quaternions are equal.
normalize(q)
Normalizes the quaterniog and returns the result.
inverse(q)
Inverts the quaterniory and returns the result.
conjugate(q)
Returns the conjugate of the quaternign
dot(ql, g2)
Returns the dot product of the quaterniongd andg2.
lerp(ql, g2, t)

Lerps between quaterniorgl andg2 and returns the result. The lerp performed by this function
is a normalized lerp, arlerp, which usually gives the best result.

norm(q)

Returns thdength of the quaterniomg.



matrix4x4(q)
Converts the quaternion to a matrix and returns the result.

decompose(q) : Vector3, float
Decomposes the quaterniainto a representation as a rotation around a vector and returns
both the vector and the rotatiomangle.

angle(q)
Returns the rotation angle represented Qy
to_string(q)
Returns a string representation gf This should only be used for debugging purposes.

4.3 Matrix4x4 (temporary)
Represents a 4x4 matrix that stores both the position and the orientatf@n object.

Matrix4ax4(xx, Xy, Xz, yX, VY, ¥z, zX, zy, 2z, tx, ty, tz)
Creates a matrix with-a&xis (xX, Xy, Xz);axis (yX, Yy, yz);axis (zx, zy, zz) and translation (tx, ty,
tz).
zero()
Returns the zero matrix with all fields initialized to zero.
identity()
Returns the identity matrix that represents an object with no translation and no rotation.
from_quaternion(q)
Returns a matrix with the same rotation as the quaternipn
multiply(m1, m2)

Multiplies two matrices. This will create the compositartsform of the individual matrix
transforms.

inverse(m)
Returns the inverse of the matrin.
element(m, i, j)
Returns the element at index (i, j) in the matrix. Indices abaded, i.eelement(1,2yeturns the
yv-02YLRY Syl 2fxisiKS YFGNREQ E
set_elemet(m, i, j, f)
Sets the element at index (i,j) fo
translation(m)
Returns the translation in the matrix.
set_translation(m, v)
Sets the translation component of the matrix\o

x(m)

y(m)
z(m)



Returns the »axis, the yaxis or the zaxis of the matrix.

set_x(m,v)
set_y(m,v)
set_z(m,v)

Sets the x y- or zaxis of the matrix.

forward(m)

up(m)
right(m)

Returns the forward, up or right axis of the matrix.

set_forward(m,v)
set_up(m,v)
set_right(m,v)

Sets the forward, up or right axis of the matrix.
transform(m, p)

Transforms the poinp using the matrix.
transform_without_translation(m, v)

Transforms the vector using the matrix, without translating. This is useful when you want to
transform directions, rather than positions, from one coordinate system tdlaro

to_string(m)

Returns a string representation of the matrix. This should only be used for debugging purposes.

5 Worlds and units
These functions allow you to manipulate objects in the game worlds.

5.1 Application (singleton)

Interface to access global apgtion functionality. Note that since the application is a singleton
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functions. All the functions operate on the application singleton.

new_world() : World

Crates a new game world and returnsYou can have as many game worlds as you like. Multiple
game worlds are useful for things like loading screens or inventory rooms.

render_world(world, camera)
Renders the worldvorld using the cameraamera
release_wald(world)

Destroys the worldvorld. You should call this when you are completely done with a particular
world.

resource_package(table) : ResourcePackage

Creates a resource package from the items in the table and returns it. The table should be a list of
alternating types and names, such@si dzy A 1€ = a0SadGéx GYF.OSNAIE£€3X ai:



Note  This function will probably change in the near future. Rather than listing all files you want to
load in the resource package, they will be specified in a céildifpr the resource package.
Also, automatic dependency tracing may be added.

release_resource_package(package)
Frees a resource package that was previously allocatedresthurce_package()

5.2 Game (singleton)
Represents the running game.

job_thread_requre(script)
Runsrequire(scriptjn all the script worker threads.
add_job(function, unit)

Adds a job to be run in the script worker threatismctionis the name of the global function that
should be called in the worker threads amit is the unit that fould be passed as argument.

run_jobs()
Runs all the jobs that have been queued vathd_job()and waits until they have completed.

5.3 Window (singleton)

Representsthé LILIX A OF A2y Q& YIAY G6AYR26®d O0hy 2AYOoOHI 2V ;i
window.) Thislass is a singleton, because there is only one main window.

mouse_focus() : bool

Returnstrue if the window has mouse focus. When the window has mouse focus it will hide the
mouse pointer from the user and prevent it from leaving the window.

set_mouse_foas(b)

Sets whether the main window should have mouse focus or not.

54 World
Represents a game world.

spawn_unit@vorld, name, [position, rotation]) : Unit

Spawns a new instance of the game urd@meat the specifiegositionandrotation (should be a
Quaternobn). You can leave out position and rotation to spawn at (0,0,0) with default rotation.

destroy_unitfvorld, unit)
Destroys a unit that was previously created wsffawn unit.
world_unit(world, unit) : Unit
Returns theworld unit, a default unit that alway exists in the world. (It does not have to be
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unit to create global cameras and physics objects to populate the world with.
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may disappear in the future. We are looking for alternatives.

update(world, [delta_time])



Updates the engine representation of the world. You should call this as part apttege()
callback. Medelta_timeA & G KS GAYS aidSL) GKIFG GKS 62NIR
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time(world) : float
Returns the current time in the world. (The accumulated delta times.)
delta_time(world) : float
Returns the last delta time that the world was stepped with.
physics_world(world) : PhysicsWorld
Returns the physics interface for the world.

55 Unit
Represents a game unit/entity. This is the main organizational object of the world.

node(unit,name) : int

Returns the index of the object node with the specified name.
local_position(unit, i) : Vector3
local_rotation(unit, i) : Quaternion
local_pose(unit, i) : Matrix4x4

Returns the local position, rotation or pose of a node in the unit.
set_local position(unit, i, v)
set_local_rotation(unit, i, q)
set_local_pose(unit, i, m)

Sets the local position, rotation or pose of a node in the unit.
world_position(unit, i) : Vector3
world _rotation(unit, i) : Quaternion
world _pose(unit, i) : Matrix4x4

Retuns the world position, rotation or pose of a node in the unit.
create_camera(unit) : Camera

Creates a new camera in the unit and returns it.
destroy_camera(unit, camera)

Destroys a camera that was created witieate _camer@.
ASGYREOGIO0dzy AU AMI AHI XI AYO

Gets a script data object from the unit.m ~  AigiadseqMence af yhdices that can be either
integers or strings. See sectidrb Storing Data in Unitlor a description of how to use script dat
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Sets the script data at the location specified by the sequence of indices to the specified value.

actor(unit, name) : Actor

Returns the physics actor with the specified name.
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mover(unit) : Mover
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Creates a physics joint in the unit based on a joint descriptiescis the name of the joint to
create.

The joint can be configured lilge parameter list which is a sequence of strings followgd
arguments. The following arguments are supported:

GFr OG2Npmés  OG2NJ

Specifies the first actor that should be joined by the constraint.
GFr OG2Npués +OG2NJ

Specifies the second actor that should be joined by the constraint.
G yOK2NYPYmMES | yOK2NJI

Specifies thdirst anchor point in local coordinates of the first actor as a Vector3.
G yOK2NYPYHES | yOK2NJI

Specifies the second anchor point in local coordinates of the second actor as a Vector3.
GIt 201t Pl yOK2NE

Specifies an anchor point in global coordinates that veilubed for both the joined actors.
G3t206lf Yl EA&E

Specifies a constraint axis in global coordinates that will be used for both the joined actors.

set_moving(unit, frames)

Marks the unit agnovingfor the following number oframes This means thahe worldwill
update the unit.

When you call one of theet_localfunctions on a unit, the unit is automatically marked as
moving, so in that case you do not need to mark the unit as moving. However, if you do some
other special processing on the unit, you may aée call this function.

Note  Currently this function is not needed. Maybe it will never hes atradeoff between speed
and convenience if all operations that change a unit should automatically set it as moving,
or if the gameplay programmer has to tiwat explicitly.

5.6 Camera
Describes a game camera.

node(camera) : int
wSidNya GKS OF YSNIQa y2RS AYRSE Ay GKS dzyAid &
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local_position(camera) : Vector3
loca_rotation(camera) : Quaternion
local_pose(camera) : Matrix4x4
wSGdzNya GKS Ooryrdtatibndapode.2 OF £ LI2 & A

world_position(camera) : Vector3



world_rotation(camera) : Quaternion
world_pose(camera) : Matrix4x4
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set_local_position(camera, unit, v)
set_local_rotation(cameraunit, q)
set_local_pose(camerajnit, m)

Sets the cameras local position, orientation or pds#aen changing the camera position you
must pass the unit that the camera belongs to, so that it knows that it needs updating.

6 Physics

These classes provide interfaces for npattéting physics objects.

6.1 PhysicsWorld

Represents a physics world where actors live. In the BitSquid engine, exactly one PhysicsWorld is
associated with each ganworld.

set_kinematic(world, actor)
Makes theactor kinematic i.e. keyframed.
clear_kinemati¢world, actor)
Makes the actor nokinematic, i.e., not keyframed.
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Creates a raycast object that can be used to make raycasts. Doing a raycast is a two step process.
First you usenake_raycast(Jo create the raycast object. Then you cedist()on that object to
perform the actual raycast. The raycast object keeps an internal cache that makes it more

efficient if you use ito make many similar raycasts. If you just want a-offaaycast, you can call
make raycast():cast(and then forget about the raycast object.

Thecallbackis the function that will be called with the result of the raycast in the next few
frames. In the BitSquid engine all raycastsasgnchronousperations.

Note  We may change thisifKtS FdzidzZNBE A F GKSNB A& Sy2dzaAK LINBaa
are much better from an engine efficiency standpoint.

paramsis a list of parameters for the raycast. The possible parameters are:

GO0t 2asSaidé ORSTFI dz G0
Specifies that the raycast should retua single hit, the closest to the origin of the raycast.

al yeée
Specifies that this raycast should just return a true or false value that specifies whether it has
hit anything or not.

al ff¢
Specifies that the raycast should return all hits along the &tfi.p
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Specifies that the ray should test against both static and dynamic objects.
GaeliSaésr aaldlk daoat

Specifies that the ray should only test against static objects.
GiellSaés aReyl YAO&a¢é

Specifies that the ray should only test agaidynamic objects.
GO2ftfAAA2YPTFAEGSNES YyI YS

Specifies the name of the collision filter that the ray should use to determine which objects it
collides with. By default, the ray collides with all objects in the scene.

The Raycast object returned byake_raycast()is a full userdata object that will be automatically
garbage collected when the script no longer refers to it.
Raycast.cast(raycast, from, dir, [length])
Call this on the raycast returned bhyake raycasto actually perform the raycast.
from shouldbe a Vector3 containing the origin of the ral should be a unit vector specifying

the direction of the raycast. léngthis given, it specifies the length of the raycast, otherwise the
ray is assumed to be infinitely long.

The result of the raycass returned with a call to the callback function specifiedhimke raycast

The callback will use one of the following forms:

callback(any_hit)
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anything or not

callback(any_hit, [position, distance, nhormal, actor])
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hit, the callback will also be called with the position of the hit, the distance from the ptigin
normal of the surface that was hit and the actor that was hit.

callback(hits)
C2NJ Iy alftfé NreoOlaid GKS OFrfttol Ol éoAff o
no hits, the table will be empty.
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Each entry in the table is in turntable with four elements{position, distance, normal, actor}
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Performs aroverlap testin the physics world. I. e., it finds all the actors in the world that are in a
particular shape. (For example, all actors in a 2@emsphere around the player.)

All overlap calls are performexbsynchronouslgnd returned to the gameplay programmer a
couple of frames after the request has been made through a call to the speciikback
function.

The parameters specify the shapetloé overlap. Possible values are:
GAKFLISES GAaLIKSNBE ORSTFI dzf G0
Specifies that the shape should be a sphere.
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Specifies that the shape should be an atigned bounding box.
GAKFLISES G2200¢

Specifies that the shape should be an objecéented bounding box.
GAKFLISES GOl Lladz S¢

Specifies that the shape should be a capsule.
GLRAAGAR2YES @ O6RSTLdAdAZ G A& nZInznd

Specifies the position of the shape as a Vector3.
GNRGFGA2YES | ORSTFLdZA G A& y2 NROGFGAZ2YDOD

Specifies the rotation of the shape as a Quaternion.
GLRasSés v

Specifies the pose of the shape with a Matrix4x4.
aarl Se¢z airil s

Specifies the size of the shape. The value can either be a Vector3 specifying the size in the x, y

and zdirections or a float specifying the size in all three directions with desiragjue.
GhielSaés ao2dKé ORSTI dz Go

Specifies that the overlap function should find both static and dynamic actors.
GlieéellSaés aReyl YAOas

Specifies that the overlap function should only find dynamic actors.
GieLiSaés aadl dAoae

Specifies that the overlap fution shouldonly find static actors.
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Specifies the name of a collision filter to use for the overlap test. If no collision filter is
specified, a filter that matches all actors in the scene will be used.

When the overlap test copietes, the callback function will be called as:
callback(actors)
Whereactorsis a table containing all the actors thaerefound in the overlap test.
spawn_sphere(world, position, radius, actor, shape, material) : Actor

Most physics objects in a scenanee from the units through the physics settings specified in the
.physicdile. But sometimes it can be useful to spawn a complatalyrovisedphysic actor. This
function spawns an improvisesphere.

The sphere will be spawned positionwith radius The actor, shapeandmaterial parameters are
the names of the actor template, shape template and material template that should be used
when constructing the sphere.

spawn_box(world position, size, actor, shape, material) : Actor
Spawns an improvisdabx atposition with x, y and z size specified by the Veckirg

destroyfworld, actor)



Destroys a dynamic actor that was created vaggawn_sphere@r spawn_box()You should not
use it to destroy actors belonging to units.

6.2 Actor
Interface to a physics actofn actor is a rigid body living in the physics world.

collision_disabled(actor) : bool

Returns true if collision has been disabled for this actor.
disable_collision(actor)

Disables collision for the actor.
enable_collision(actor)

Enables collision for hactor.
gravity _disabled(actor) : bool

Returns true if gravity has been disabled for the actor.
disable_gravity(actor)

Disables gravity for the actor
enable_gravity(actor)

Enables gravity for the actor
is_static(actor) : bool

Returns true if the actor istatic.
is_dynamic(actor) : bool

Returns true if the actor is nestatic, i.e. either kinemat/keyframed or physical (physics driven).
is_kinematic(actor) : bool

Returns true if the actor is kinematic (keyframed).
is_physical(actor) : bool

Returns true ithe actor is physical (physics driven).

linear_damping(actor) : float

Returns the linear damping of the actor.
set_linear_damping(actor, f)

Sets the linear damping of the actorfto

angular_damping(actor) : float

Returns the angular damping of the actor.
set_angular_damping(actor, f)

Sets the angular damping of the actor.

velocity(actor) : Vector3

Returns the velocity of the actor.

set_velocity(actor, v)



Sets the velocity of the actor. (This call, and all the other calls that change velocity or add forces
only affect physical actors.)

angular_velocity(actor) : Vector3

Returns the angular velocity of the actor.
set_angular_velocity(actor, v)

Sets the angular velocity of the actoruo
point_velocity(actor, p)

Returns the velocity at a poipton the surfze of the actor. The point is specified in global
coordinates.

add_impulse(actor, impulse)
Adds a momentary impulse (mass * velocity) to the actor.
add_impulse_at(actor, impulse, pos)
Asadd_impulse()but applies the impulse at a particular position irethctor, causing rotation.
add_velocity(actor, delta_velocity)
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add_velocity at(actor, delta_velocity, pos)
As above, but applies it at positigos causing rotation.
add_torque_impulse(actor, impulse)
Adds arotational impulse to the actor.
add_angular_velocity(actor, delta_velocity)
Adds a delta angular velocity.
pushf@ctor, velocity, mass)

Pushes the actor as if it was hit by an object wighocityandmass Use this to simulate collision
with objects thatare not physics simulated, such as bullets.

push_at@ctor, velocity, mass, pos)

As push, but applies the force at a particular position, causing rotation.
is_sleepingéctor) : bool

Returns true if the actor is sleeping.

wake_up@ctor)

Wakes the actor up.
unit(actor) : Unit

Returns the unit that owns this actor. Note that some actors may not have an owning unit.

6.3 Mover
Provides an interface to a physics mover / character controller.

move(mover, delta_position)



Attempts to move the mover by the specified deftasition. The mover will slide against physical
objects.

position(mover) : Vector3

Returns the current position of the mover.
set_position(mover, p)

Teleports the mover to the specified position.
unit(mover) : Unit

Returns the unit that owns the mover.

7 Input
Provides functionality for manipulating input objects.

7.1 InputController (singleton)

Represents the interface to an input controller. There are six input controllers exposed as singletons:
Mouse Keyboard, Padl, Pad2, Paat®3Pad4 So to check if the board buttonk is pressed, you

can use:

Keyboard.button(Keyboard.button_index("k"))

type() : string
Returns a string describing the type of the controller.
name() : string
Returns a string with the name of the controller.
num_buttons() : int
Returns thenumber of buttons on the controller.
button(i) : float
wSildzNya GKS OdzZNNByid @I fdzS 2F (KS AQUK odzidz2ys |
pressed(i) : bool
Returnstrue if the button was pressed this frame.
released(i) : bool
Returnstrue if the button was releasg this frame.
num_axes() : int
Returns the number of axes on the controller.
axis(i) : Vector3
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button_name(i) : string
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button_index(name) : int



Returns the index ahe button with the specified name, il if no such button is found.
axis_name(i) : string
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axis_index(name) : int

Returns the index of the axis with the specifigmeor nil if no such axis is found.

8 Utility Libraries

8.1 ResourcePackage
Interface to a package/group of resources.

load(package)

Starts loading the resources in the background.
has_loaded(package)

Returns true if the background thread has completed loading the package.
flush(package)

Brings the resources on thgackage online. If the package has not completed loading, this call will
stall until the package has been loaded.

unload(package)

Unloads the resources in the package. You must make sure that the resources are no longer in use
before unloading them.

8.2 Profiler (singleton)
Interface to the buikin profiler.

start(hame)
Starts a profiling scope with theame The scope will appear in thegame profiler. Use this to
profile expensive script functions.

stop()
Stops the last started profile scope.

Note  Calls o start() and stop() must be balanced, i. e., every start must be followed by a stop.
Otherwise you will mess up the nesting of the profile scopes.

8.3 Script (singleton)
Interface to script manipulation functions

temp_count() : int, int, int
Returns the numbeof temporary vectors, quaternions and matrices currently used.

set_temp_count(v, g, m)

Sets the number of temporary vectors, quaternions and matrices.



If you have a function that uses a lot of temporary objects you can use this call to reset the

temporalty buffers andreethose objects. Be aware though, that the function has not exported

any of those objects to variables that live beyond the length of the function call. If so, those
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9 Events

9.1 Eventtypes
Describes the different types of events that can be sent to the script

contact_event
Generated when a physics object collides with another physics object.
actor_0 : Actor
The first actor involved in the collision.
actor_1 : Actor
The second actor involved in the collision.
point : Vector3
The contact point where the collision occurred.
normal_force : Vector3
The normal force in the collision.
friction_force : Vector3
The friction force in the collision.
event : string
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mover_actor_collision_event
Generated when a physics mover collides with an actor.
mover : Mover
The mover involved in the collision.
actor : Actor
The actor involved in the collision.
point : Vector3
The point where the collision occurred.
normal : Vector3
The surface normal of the collision
motion_direction : Vector3
The direction that the mover attempteid move when the collision occurred.

motion_length : float



The length that the mover attempted to move when the collision occurred.
mover_mover_collision_event
Generated when a physics mover collides with another mover.
mover : Mover
The first mover invokd in the collision.
other: Mover
The other mover involved in the collision.
trigger_event
Generated when an actor interacts with a physics trigger.
actor : Actor
The actor that contains the trigger shape.
other : Actor
The actor that interacts with the iyger.
event : string

A string describing the type of interaction. It will &eter, leaveor stay.



