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Nicolas Cannasse

Game Developer

Release first version of Haxe in 2005
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Nicolas Cannasse

HEAPS.ioc CDB

GAME ENGINE
HashlLink VM Castle DB

-




Shiro Games

Evoland

9/10 Steam Rating
Written in haxe, using Heaps engine

~- A slight case of Sﬁébétine_con_t-ig-@ﬁfsgrdéﬁ =

Northgard

9/10 Steam Rating, topped steam
sales charts

Written in haxe, using Heaps engine
Runs on HashLink VM




MOTION

Dead Cells

9/10 Steam Rating
Written in haxe, using Heaps engine

Sold over 1 million copies across 6
platforms

Nintendo Switch, PlayStation 4, Xbox
One, Windows, macOsS, Linux




A ARMORY3D

A free blender game engine written in Haxe by Lubos Lenco

Edit View Help Paint  Scene Material Tools Library Export Preferences
0.59 Radius 1 Opacity  Add Visible Only ¥ Brushes
New Nodes
¥ Paint Maps
Base Color Normal
Occlusion Roughness
Metallic Height
¥ Materials

o""»

990"
avnp

»
-

o 0@
New Nodes

v Layers

prs:

Layer 1
New 2D View

» Objects

» Viewport

Orbit Perspective 0.92 FoV



A ARMORY3D + Kha

ARMORY3D uses Robert Konrad’s Kha library for
Graphics, Audio and Interaction

e HTML5 (WebGL 2, WebGL and canvas) e Tizen

e Windows (Direct3D 12, 11 & 9, Vulkan or OpenGL) e Flash

e Universal Windows Platform (Direct3D 12 & 11) e Unity 3D

e macOS (Metal or OpenGL) e Node.js (for automatically created server
e Linux (Vulkan or OpenGL) versions)

e Android (via C++ or via Java) e Java and AWT

¢ {OS (Metal or OpenGL) e C# and Windows Presentation Foundation
e tvOS

e Raspberry Pi
e PlayStation 4

* Xbox One 18 Platforms, 7+ GPU APIs

e Nintendo Switch



Let’'s see some code.

class Example A

var numbers: Array<Int>;

function new() {
numbers Y A
+

function printTotal() {
var total 0;

(number numbers) {
total number:

('Total = $total'):



What makes it different?

o Statically-typed, ECMA-like but with features normally
only found in functional languages

* First-class compile-time code generation

* [he compiler output Is bytecode and source code in other
programming languages

N N N
—




What makes it different?

e |n a zip the compiler, package manager and standard library Is
only 5 MB - small enough to bundle your entire build system
with your project

e Powerful static analyser
e Fast compile-times
e 1000 classes ~ a few seconds
* 100 classes ~ fractions of a second

e [ype system that promotes zero-cost abstractions



What I’'m going to talk about

A few of my favourite language features

 \What makes compile-time code
generation so ama

* When haxe Is a good fit and when it's a not



| anguage reature
Everything’'s an Expression

CSSValuelList* new_ list nullptr;
( value_list_separator ) {
kSpaceSeparator:
new_list = CreateSpaceSeparated():;

kCommaSeparator:
new_list = CreateCommaSeparated();

kSlashSeparator:
new_list = CreateSlashSeparated();

o
’

NOTREACHED () ;
h

new_list-—>values values;



| anguage reature
Everything’'s an Expression

/ Switch evaluates to a value

var new_list value_list _separator {

kKSpaceSeparator:
CreateSpaceSeparated();

kCommaSeparator:
CreateCommaSeparated();

kSlashSeparator:
CreateSlashSeparated():

¥

new_list.values values;



| anguage reature
Everything’'s an Expression

e

CSSValuelList* new_list nullptr;
( value_list_separator ) {
kSpaceSeparator:

new_list = CreateSpaceSeparated();

]
’

kCommaSeparator:

new_list = CreateCommaSeparated();

kSlashSeparator:

new_list = CreateSlashSeparated();

]
’

NOTREACHED() :
I

new_Llist->values values;

var new_list

HAXE

value_Tlist_separator A

kSpaceSeparator:
CreateSpaceSeparated();

kCommaSeparator:
CreateCommaSeparated();

kSlashSeparator:
CreateSlashSeparated();

}

new_list.values

values:



L anguage reature

Everything’'s an Expression
c 3

HAXE
CSSValuelList* new_ Llist nullptr; var new_list value_list separator {
(value_list_separator_) { kSpaceSeparator:
kSpaceSeparator: CreateSpaceSeparated();
new_Llist CreateSpaceSeparated();
; kCommaSeparator:
kCommaSeparator: CreateCommaSeparated();
new_list = CreateCommaSeparated();
. kSlashSeparator:
kSlashSeparator: CreateSlashSeparated();
new_list = CreateSlashSeparated();
: kDotSeparator:
kDotSeparator;
; }

. new_Llist.values values;
NOTREACHED( ) ;

}

new_list->values_ = values_; n_ 4

[
.



| anguage reature
Everything’'s an Expression

var new_list value_list _separator {
kSpaceSeparator:
CreateSpaceSeparated();

kCommaSeparator:
CreateCommaSeparated();

kSlashSeparator:
CreateSlashSeparated();

kDotSeparator: Error: Void should be CSSValuelList

,//
N /
N S
" V4

}

new_list.values values;




| anguage reature
Everything’'s an Expression

A try/catch as an expression:

var result Json.parse(str) (e: Any) null;




| anguage reature
Everything’'s an Expression

A loop as an expression”?

var result (i 0...4) 1 * 1i;

What would value should result have?



| anguage reature
Everything’'s an Expression

Answer:

var result (i 0...4) 1 * 1i;

Error: cannot use Void as value



| anguage reature
Everything’'s an Expression

| 0ops are Array expressions

var result |
(1 0 4) 1 1
l;



| anguage reature
Everything’'s an Expression

var grid = [

|



| anguage reature
Everything’'s an Expression

| 0ops are Array expressions

var squared = integers.map(n -> n * n);

var squared = [ (n integers) n * n ];



| anguage reature
Everything’'s an Expression

Creating a string-map in Haxe

var map = [
'one’ 1,
'two 2,

l;



| anguage reature
Everything’'s an Expression

| oops are Map expressions

var result |
(1 0...4)
‘index $1° 1 1



| anguage reature
Pattern Matching

How would you detect this pattern?

t it (777 ) A

value: 1,
left: {

value: 2, , '
left: { value: 3 }, // profit |

right: { value: 4 }

! L

Sinary Tree Graph In-Memory Match Condition



| anguage reature
Pattern Matching

How would you detect this pattern?

Like this?
{ if
value: 1, X.value == 1 &&
left: { X.left.value == 2 &&
value: 2, X. left. left.value == 3 &&
left: { value: 3 }, X. left.right.value == 4
right: { value: 4 } ) 1
I3 // profit !
s s

Sinary Tree Graph In-Memory Match Condition



| anguage reature
Pattern Matching

How would you detect this pattern?

f if o
value: 1, X.value == 1 &&
left: { X. left.value == 2 &&
value: 2, X. left. left.value == 3 &&
left: { value: 3 }, X. left.right.value == 4
right: { value: 4 } ) 1
I3 // profit !
s }

Sinary Tree Graph In-Memory Match Condition



| anguage reature
Pattern Matching

How would you detect this pattern?
With null checks

| if (
X.value == 1 &&
{ X.left !'= null && (

value: 1, ) &&x.left.value ==
left: 1 X. left.left '= null && (
value: 2, x.left.left.value == 3
left: { value: 3 }, ) &&
right: { value: 4 } x. left.right != null && (
1 X. left.right.value == 4
)
; ) {
// profit !
s

Sinary Tree Graph In-Memory Match Condition



| anguage reature
Pattern Matching

How would you detect this pattern? N

Optional Chaining (Swift)

{ if (
\{a}u?:{l’ X.value == 1 &&
ert: x.left?.value == 2 &&
value: 2, X.left?.left?.value == 3 &&
left: { value: 3 }, X.left?.right?.value == 4
right: { value: 4 } ) A .
// profit !
; }
I3

Sinary Tree Graph In-Memory Match Condition



L anguage Feature
Pattern Matching

How would you detect this pattern?

¥ Haxe Switch

{ switch x {
value: 1, case {1 _
left: { S S
value: 2, —— value: 2,
left: { value: 3 }, —> left: { value: 3 },
right: { value: 4 } < ) right: 1 value: 4
y 4
// profit !
I3

Sinary Tree Graph In-Memory Match Condition



| anguage reature
Pattern Matching

How would you detect this more complex pattern®?

Optional Chaining 3 Haxe Switch
if switch x {
(x.value == 0 || x.value == 1) && case {
X. left?.value == 2 && value: 0 | 1,
X.left?.left?.value == 3 && left: { value: 2,
X.left?.right != null left: { value: 3 },
) { right: { value: x }
print(x.left.right.value); s
} Ji
print(x);
I3

Binary Tree Graph



L anguage Feature
Enums (as algebraic data types)

enum Error { error {
UnknownError:
UnknownError: ('Unknown error'):
HttpError( errorCode: Int ); HttpError( errorCode ):

(‘HTTP error: $errorCode'):



| anguage reature
Abstracts — Zero Cost Abstractions

abstract Vec2(Array<Float>) A1

var x (get, set): Float;
var y (get, set): Float;

function new() {

this Array();
¥
@:op(A + B)
©

function add(rhs: Vec2) {
Vec2(x + rhs.x, y + rhs.y);

s

function get_x() this[0];

function get_y() this[1];

function set x(v: Float) this[0] V;:
function set_y(v: Float) this[1] Vv



L anguage reature
Static Extension — Add Methods to Existing Types

class VectorTools {

function dot(a: Vec2, b: Vec2) {
a.X * b.x + a.y * b.y;

VectorTools:

var v Vec2():




| anguage reature
Inline Native Code

function veryExpensiveMethod() {
#1T cpp

var result ('
// do some magic with SIMD

l);
#else

var result

#end



Static Analyser

¥ Haxe
b var a Vec2(2, 3);
e E— var b Vec2(3, 0);

®
.
®
““
.

e®
.
e®
o*
.
e®
“‘
.

var ab = a.add(b):

(ab.length());



Static Analyser ON

N
g s

analyzer—-optimize

console.log(Math.sqrt(34));



Static Analyser OFF

N
g s

var a
var a
var b
b
a

- . - . - . - .

S W WN

var b_

var ab Xx a_ X b X;

var ab_.y = a.y + b_y;

console.log(Math.sqrt(ab_x * ab_x + ab_y * ab_y);



Vec2 Implementation

class Vec2 {

var X: Int,;
var y: Int;

function
this.Xx X}
this.y = vy;
I3
function
Math.sqrt(x
I3
function
Vec2(x
s

new(x: Int, y: Int) {

length() {
X +y

V) ;

add(b: Vec2) {

b.X, VY

b.y);






Haxe Macros = C Macros



A Motivating example

The GPU Shading Language Problem




The Shading Language Problem

e GPUs require specialised languages

* Your shader code exists separately from your
app code but interacts heavily

e Different APIs have different languages so
portability is hard




Haxe Shading Language

e Shader as subset of Haxe process by a macro

 [his enables a compile-time linkage between your shader
and your app code

class AlphaChannel hxsl.Shader {
var SRC { var alphaShader AlphaChannel();
var pixelColor : Vec4; alphaShader.

@const var showAlpha Bool;
function fragment() {
( showAlpha )
pixelColor.rgb = pixelColor.aaa;
pixelColor.a 1.;

L



Haxe Shading Language

t gets even petter;

e Uber shaders are generated automatically
when HXSL detects shaders can be merged

* No longer need to trade-off modularity
against performance



Portability: HXSL translates into

Haxe Shading Language

GLSL (OpenGL)
HLSL (DirectX)
AGAL (Adobe Air)

PSSL (Playstation)



Macro Hello World

et the compile-time at compile-time

‘ ( compileTime() );

v

console.log('"2019-04-12 15:47:00");




Macro Hello World

et the compile-time at compile-time

function compileTime() {
var dateString = Date.now().toString();

$v{dateString};



A Less-Useless Macro

—mbed git commit hash and branch

function gitInfo() {
{

commitHash: $v{exec('git rev-parse HEAD')},
branch: $v{exec('git rev-parse ——abbrev-ref HEAD')}

}

v

branch: 'master',
commitHash: 'eed43ddd62b6797cbd4e@blf/837eeb65fa5da8012"’,



Another Macro ldea

Replace runtime config loading
with compile-time loading



Code often relies on assets

4
Y 4N\

v
. . .
.



Code often relies on assets

Kernel Extensions 1in backtrace:
com.apple.nvidia.classic.NVDAResmanTesla(10.0)
[796AE430-39FB-3255-8161-D52AFA28 -
EE2B]@OXxffffff7f81272000—>0xffffff7f81l4dbfff A
dependency: com.apple.iokit.IOPCIFamily(2.9)

[56AD16B5-4F29-3F74-93E7- D49283966DE2]@0xffffff
7180124000

dependency:
com.apple.iokit. IONDRVSupport(Z 4.1)
[ESA48E71-70F5-3B01- 81D3 CZBQ37BBE80A]@0xff

ffff7f81262000
dependency:
com.apple.iokit.IOGraphicsFamily(2.4.1)
[619F6C9F-0461-3BA1-A75F-53BBOF87ACD3]1@0
xfFffff7f8121b000 puuy
com.apple.nvidia.classic.NVDANV50HalTesla(10.0)
[7FE40648-F15F-3E18-91E2-FDDDF4C [
DA355]@Oxffffff7f814e6000—>0xffffff7f8178ffff
dependency: I
com.apple.nvidia.classic.NVDAResmanTesla(10.0. 0)
[796AE430-39FB-3255-8161-D52AFA
28EE2B1@Oxffffff7181272000
dependency: com.apple.iokit.IOPCIFamily(2.9)
[56AD16B5-4F29-3F74-93E7-D492B3966DE2 1@Oxffffff
780124000
com.apple.GeForceTesla(10.0) [3EA67900-

N




Paths created In
Google Earth

m O ((pnCnnfma! !t

C @ localhost

¥ Places

Get Directions History

Vs GreenTurtle-6

. GreenTurtle-7
GreenTurtle-8

+#» GreenTurtle-9
Shearwater-1
'«» Shearwater-2
Shearwater-3
Shearwater-4
Shearwater-5

Shearwater-7
. Shearwater-8
"« Shearwater-9
2 Locations
—+£=l Camera
7 FollowDwarfMinke

Google Earth Pro

DatassIO, NOAA, U.S. Navy, NGA4GEBCO

ImageTllandsat¥/AE@opernicus

Imagefy Date: 12/14/2015

Image IBCAO

9°04'42.42"S 153°57'51.82"E elev -907 m

Google Ear

eye alt 8269.89 km |
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Complile-time Assets

Data.



Complile-time Assets

Tight coupling k

= /)




Complle-time Assets
Implementation

functlon bu11dFromKML(f11ePath Strlng) Array<Field> {
T —— B . —— —— ::'p
'~ var content = sys.io.File. getContent(fllePath) ‘
var points parseKML(content) )

— _—A_beﬁi S— e —— = — — — — . — —

var classFields |

GENE point in points)

The old runtime
IOading blt | class X {

s
). fields[0]

var $name: Array<Float> = $v{points};

| -

Context.registerModuleDependency(Context.getLocalModule(), filePath);

classFields;



Complle-time Assets
Implementation

@ (Macros.buildFromKML('tracks/data/animal-odysseys.kml'))
class Data {

¥



More Macro ldeas

e Haxe-JSX equivalent for Haxe React

function render() hi>Hello World</h1l @ ReaCt

e Easier testing

test(length == 3) —Pp length 3 length

e Mark fields to serialise

var health: Int:

var events: Events;

4
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Haxe Compiler Output

JavaScript e Java
C++ (and Cppia for insanely fast compile-times) e Python
LUA
e C via HashLink
Swf (Flash)
ActionScript e HashLink ByteCode
Neko bytecode e eval (Haxe’s built-in vm)
PHP
C#

+ Other targets like Nim in development!



Source Code Qutput
Why is this useful?

* Deploy cross-platform apps with no
boundary between your code at the
platform

* Choose a fast-compiling target for testing
and an slow but optimising target for
release



Source Code Qutput
Why is this useful?

* Access the library ecosystems of many
languages from one codebase

* Deploy your own library to many platforms
natively



Example App Architecture

10S Build Web Build

O Swift % < M
— JS

1
HAXE
. Ct+4 e 22 example.js
- - 1l
IbEXxample.a

N

Metal




Summary

What makes Haxe useful?

NO single set of language characteristics solves all problems

Imperative o Functional
Dynamic Types ® Strict-Types
High-Level ® Low-Level
Fast-Compille ® Optimising-Compile

Haxe gives you more control over the

sliders than most languages

‘Problem-Space’



Summary
When is Haxe a good fit?

 \When you want to target cross-platform
but without making concessions

 \When you want an powerful scripting
language in the front but a low-level native
language Iin the back



sSummary
When is Haxe not a good fit?

* [f you target a single platform that already
has a great language (i.e. Swift)

* [f your app Is cross-platform but mainly
systems programming. Languages like
Rust or C++ may fit better.

* When a GC’d language is not an option



How to Get Started?

* Download the installer or binaries from
haxe.org and checkout the manual

* | recommend using the haxe 4 release
candidates

e \/\SCode is cross-platform and has very good
support via the haxe extension


https://haxe.org/download/version/4.0.0-rc.2/

Questions?



Haxe Walkthrough



