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Materials can make simple surfaces look remarkable. 

Introduction 

Real-time surface rendering has come a long ways since the days of plain diffuse textures and lightmaps.  

Per-pixel lighting, reflection and refraction effects, and even GPU ray tracing are now possible, thanks to 

the programmable rendering pipeline.  Of course, this added flexibility comes at a cost of increased 

complexity.  Convincing materials are a combination of both good artwork and skilled programming.  

Leadwerks Engine includes a library of advanced shader effects an artist can choose from, as well as a 

flexible framework with which new effects can be added. 

http://www.leadwerks.com/files/Tutorials/CPP/Abstract_File_System.pdf
http://www.leadwerks.com/files/Tutorials/CPP/Materials_And_Shaders.wmv
http://developer.leadwerks.com/Tutorials/CPP/Materials_And_Shaders_Files.zip


Materials are stored in material files, which are really just text files renamed with the .mat extension.  If 

you open a material file in Windows NotePad, you will see something like this: 

 

texture0= òabstract::strata.dds ò 

clamp0=0,0,0  

texture1= òabstract::stratadot3.dds ò 

clamp1=0,0,0  

blend=0  

depthmask=1  

depthtest=1  

depthmask=1  

alphatest= 0 

overlay=0  

zsort=0  

castshadows=1  

shader= òabstract::mesh_diffuse_bumpmap.vert ò, òabstract::mesh_diffuse_bumpmap .frag ò 

shadowshader= òabstract::mesh_shadow.vert ò 

 

 

Here, two textures are defined, as well as two shaders and some other settings.  The information in 

material files can be grouped in three categories: 

 The settings the material should be rendered with. 

 The textures that should be used. 

 The shader that should be used to render the material. 

The abstract file protocol is usually used when specifying textures and shaders, although it does not 

have to be. 

Fortunately artists working with Leadwerks Engine do not have to edit text files by hand to create 

materials.  The material editor allows editing of material settings with a visual interface. 

 

Shaders 

Each material can have two shaders.  The rendering shader is used for rendering the material on screen.  

The shadow shader is used when shadow maps are rendered.  The shadow shader is usually a simplified 

version of the rendering shader.  Most of the time, a fragment (pixel) shader is not used, since 

shadowmaps only store depth information.  An exception is the case of plant and tree materials, where 

an alpha map is used to discard parts of the shadow. 

Shaders in Leadwerks Engine are written in standard GL Shading Language (GLSL), with one important 

addition, the Include keyword.  When an Include statement is encountered in a shader, the specified file 

is opened and its contents added to the source: 

 

Include "MyShaderCode.frag"  

 



Define statements are a feature of the GLSL pre-processor.  When combined with Include statements,  

multiple shaders can be created from one main shader file.  The shader pre-processor uses Define 

statements to dismiss or keep sections of code before the shader is compiled. A Define statement tells 

the pre-compiler to "keep this chunk of code". 

This fragment shader will draw a black pixel: 

 

void main () {  

  gl_FragColor=vec4(0.0,0.0,0.0,1.0);  

  #ifdef LW_FOO  

  gl_FragColor=vec4(0.0,0.0,1.0,1.0);  

  #endif  

 }  

 

 

This fragment shader will draw a blue pixel: 

 

#define LW_FOO  

 void main () {  

  gl_FragColor=vec4(0.0,0.0,0.0,1.0);  

  #ifdef LW_FOO  

  gl_FragColor=vec4(0.0,0.0,1.0,1.0);  

  #endif  

}  

 

 

We can use an Include and Define statements to create new shaders from a base shader: 

 

#define LW_FOO  

 Include "foo.frag"  

 

 

IŜǊŜ ƛǎ ǘƘŜ ǎƻǳǊŎŜ ŦƻǊ ǘƘŜ ǘƘŜƻǊŜǘƛŎŀƭ άfoo.fragέ ŦƛƭŜ: 

 

void main () {  

  gl_FragColor=vec4(0.0,0.0,0.0,1.0);  

  #ifdef LW_FOO  

  gl_FragColor=vec4(0.0,0.0,1.0,1.0);  

  #endif  

}  

 

 

The engine will load this source code and send the following source code to the GPU pre-processor: 

 

#define LW_FOO  

 void main () {  

  gl_FragColor=vec4(0.0,0.0,0.0,1.0);  



  #ifdef LW_FOO  

  gl_FragColor=vec4(0 .0,0.0,1.0,1.0);  

  #endif  

}  

 

 

The GLSL pre-processor will parse the GLSL define statements and the final code that gets compiled will 

look like this: 

 

void main () {  

  gl_FragColor=vec4(0.0,0.0,0.0,1.0);  

  gl_FragColor=vec4(0.0,0.0,1.0,1.0);  

}  

 

 

The resulting shader will draw a blue pixel on the screen. 

Many common shaders in Leadwerks Engine use Define statements to toggle various features on or off, 

and include a main shader with all functionality written into it.  The mesh shaders are an example of 

this.  ¢ƘŜ άƳŜǎƘΦǾŜǊǘέ ŀƴŘ άƳŜǎƘΦŦǊŀƎέ ǎƘŀŘŜǊ ŦƛƭŜǎ Ŏƻƴǘŀƛƴ ōƭƻŎƪǎ ƻŦ ŎƻŘŜ ŦƻǊ ŘƛŦŦŜǊŜƴǘ ŜŦŦŜŎǘs, which 

can be enabled with a Define statement.  For example, to enable a diffuse texture, we can use the 

άƳŜǎƘψŘƛŦŦǳǎŜΦŦǊŀƎέ ŦǊŀƎƳŜƴǘ ǎƘŀŘŜǊ.  This defines the LW_DIFFUSE value and then includes the main 

mesh fragment shader: 

 

#define LW_DIFFUSE texture0  

Include "mesh.frag"  

 

  

The main mesh fragment shader source contains a block of code which is enabled by defining the 

LW_DIFFUSE value: 

 

#ifdef LW_DIFFUSE  

 diffuse *= texture2D(LW_DIFFUSE,texcoord);  

#endif  

 

 

Effects like normal mapping, specular reflection, and others can be controlled with the same technique.  

For every combination of settings there is a version of the shader that defines the settings and then 

includes the main shader source file.  If a small improvement or modification needs to be made to the 

shader, only the main source file has to be edited.  This is much easier than storing redundant code in 

dozens of different files. 

 

 



Uniforms 

Uniforms are global variables an application can use to send information to a shader.  They are called 

άǳƴƛŦƻǊƳǎέ ōŜŎŀǳǎŜ ǘƘŜ ǾŀƭǳŜ ƛǎ ǘƘŜ ǎŀƳŜ ƛƴ the vertex and fragment shader, ŀǎ ƻǇǇƻǎŜŘ ǘƻ άǾŀǊȅƛƴƎέ 

values, which are set in the vertex shader and interpolated in the fragment shader. 

Uniforms are declared in a shader as follows: 

 

Uniform float myvalue;  

 

 

By default, the value of a uniform is 0.  However, an initial value can be declared as follows: 

 

Uniform float myvalue  = 1.0 ;  

 

 

An application can set the value of a uniform.  Uniform names are case-sensitive: 

 

SetShaderFloat (shader, "myvalue" ,3.0);  

 

 

Of course, float values are not the only supported variable type.  All of the following variable types can 

be sent to the shader: 

Variable Description Command 

int 32-bit signed integer SetShaderInt 

float 32-bit float SetShaderFloat 

int array An array of 32-bit signed integers SetShaderIntArray 

float array An array of 32-bit floats SetShaderFloatArray 

vec2 2 32-bit floats SetShaderVec2 

vec3 3 32-bit floats SetShaderVec3 

vec4 4 32-bit floats SetShaderVec4 

mat3 3x3 matrix SetShaderMat3 

mat4 4x4 matrix SetShaderMat4 

 

[ŜǘΩǎ ƳŀƪŜ ŀn example of a program that sets a shader uniform. 

Create a new text file and add the following text to it.  This will just define a shader to use.  We will use 

the default mesh vertex shader, and our own custom fragment shader.  When you are done, rename the 

ŦƛƭŜ ǘƻ άǘŜǎǘΦƳŀǘέΥ 

 

shader="abstract::mesh.ver t","test.frag"  



Now create a new text file and add the following text to it.  This will be our fragment shader, and it will 

ǎƛƳǇƭȅ ŘǊŀǿ ŀ ǎƻƭƛŘ ŎƻƭƻǊΦ  ²ƘŜƴ ȅƻǳ ŀǊŜ ŘƻƴŜΣ ǊŜƴŀƳŜ ǘƘƛǎ ŦƛƭŜ ǘƻ άǘŜǎǘΦŦǊŀƎέ: 

 

uniform vec4 color;  

 

void main( void ) {  

 gl_FragColor = color;  

}  

 

 

Now copy the code below into a new C++ project in the same directory: 

 
#include  "engine.h"  

 

int  main( int  argc, char ** argv)  

{  

 Initialize ();  

  

 //Create a graphics context  

 Graphics (800,600);  

  

 //Create a world  

 if  (! CreateWorld ()) {  

  MessageBoxA(0, "Error" , "Failed to create world." ,0);  

  goto  exitapp;  

 }  

 

 //Create a camera  

 TCamera cam=CreateCamera ();  

 CameraClearColor (cam, Vec4(0,0,1,1));  

 MoveEntity (cam, Vec3(0,0, - 2));  

 

 //Load our material  

 TMaterial  material= LoadMaterial ( "test.mat" );  

  

 //Create a cube and apply the material to it  

 TMesh cube= CreateCube ();  

 PaintEntity (cube,material);  

  

 //Main loop  

 while (! KeyHit ( KEY_ESCAPE)) {  

  RenderWorld ();  

  Flip ();  

 }  

  

 exitapp:  

 return  Terminate ();  

}  
 

 

 

 

 



When we run the code, we will see a black cube on screen: 

 

 

bƻǿ ƭŜǘΩǎ ŀŘŘ ǎƻƳŜ ŎƻŘŜ ǘƻ Ŝƴŀble control of the color uniform we declared.  First we need to retrieve 

ǘƘŜ ƳŀǘŜǊƛŀƭΩǎ ǎƘŀŘŜǊΦ  !ŘŘ ǘƘƛǎ ŎƻŘŜ ŀŦǘŜǊ ǘƘŜ ƳŀǘŜǊƛŀƭ ƛǎ ƭƻŀŘŜŘΣ ōŜŦƻǊŜ ǘƘŜ Ƴŀƛƴ ƭƻƻǇΥ 

 
TShader  shader= GetMateria lShader (material);  
 

 

bƻǿ ƭŜǘΩǎ ŘŜŎƭŀǊŜ ǎƻƳŜ ǾŀǊƛŀōƭŜs.  Add this code before the main loop: 

 

int  colorindex=0;  

TVec4 color;  

 

 

CƛƴŀƭƭȅΣ ƭŜǘΩǎ ŜƴŀōƭŜ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜ ŎƻƭƻǊ uniform.  Add this code inside the main loop.  This will cycle 

through three color values when the space key is pressed: 

 

if  ( KeyHit ( KEY_SPACE)) {  

 colorindex=colorindex+1;  

 switch  (colorindex) {  

  case  1:  

   color = Vec4(0,1,0,1);  

   break ;  

  case  2:  

   color = Vec4(1,1,0,1);  



   break ;  

  case  3:  

   colorindex=0;  

  case  0:  

   color = Vec4(1,0,0,1);  

   break ;  

 }  

 SetShaderVec4 (shader, "color" ,color);  

}  

 

 

Here is our complete code: 

 

#include  "engine.h"  

 

int  main( int  argc, char ** argv)  

{  

 Initialize ();  

  

 //Create a graphics context  

 Graphics (800,600);  

  

 //Create a world  

 if  (! CreateWorld ()) {  

  MessageBoxA(0, "Error" , "Failed to create world." ,0);  

  goto  exitapp;  

 }  

 

 //Create a camera  

 TCamera cam=CreateCamera ();  

 CameraClearColor (cam, Vec4(0,0,1,1));  

 MoveEntity (cam, Vec3(0,0, - 2));  

 

 //Load our material  

 TMaterial  material= LoadMaterial ( "test.mat" );  

  

 //Get the material shader  

 TShader  shader= GetMaterialShader (material);  

  

 //Create a cube and apply the material to it  

 TMesh cube= CreateCube ();  

 PaintEntity (cube,material);  

 

 int  colorindex=0;  

 TVec4 color;  

  

 //Main loop  

 while (! KeyHit ( KEY_ESCAPE)) {  

 

  //Change shader uniform with space key presses  

  if  ( KeyHit ( KEY_SPACE)) {  

   colorindex=colorindex+1;  

   switch  (colorindex) {  

    case  1:  

     color = Vec4(0,1,0,1);  

     break ;  

    case  2:  

     color = Vec4(1,1,0,1);  

     break ;  

    case  3:  



     colorindex=0;  

    case  0:  

     color = Vec4(1,0,0,1);  

     break ;  

   }  

   SetShaderVec4 (shader, "color" ,color);  

  }  

 

  RenderWorld ();  

  Flip ();  

 }  

  

 exitapp:  

 return  Terminate ();  

}  

 

 

Run the program and press the space key a few times to see the effect. 

 

 

 

 

 

 

 

 



Built-in Uniforms 

The engine will automatically pass values for some uniforms if they exist in the shader.  These values are 

defined in the table below: 

Uniform Type Description 

apptime float Application time 

buffersize vec2 Width and height of the current render buffer 

bufferaspect float Current render buffer width divided by height 

camerazoom float Current camera zoom level 

camerarange vec2 Near and far range of the current camera 

cameraposition vec3 Global position of the current camera 

cameramat3 mat3 3x3 matrix of the current camera 

cameramat4 mat4 4x4 matrix of the current camera 

camerainversemat3 mat3 Inverse 3x3 matrix of the current camera 

camerainversemat4 mat4 Inverse 4x4 matrix of the current camera 

 

If you declare any of these uniforms in your shader, you can always rely on the information being 

automatically passed to the shader from the engine. 

 

Creating Materials 

bƻǿ ǘƘŀǘ ǿŜ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ƳŀǘŜǊƛŀƭǎ ŀƴŘ ǎƘŀŘŜǊǎ ǿƻǊƪΣ ƭŜǘΩǎ create some interesting effects.  The 

most common material we will use is a diffuse texture with a normal map. 

1. Open the material editor. 

2. {ŜƭŜŎǘ ǘƘŜ ά¢ŜȄǘǳǊŜ ǘŀōέΦ 

3. /ƘƻƻǎŜ ǘƘŜ ǘŜȄǘǳǊŜ άǎǘǊŀǘŀΦŘŘǎέ ŦƻǊ ǘŜȄǘǳǊŜ ǳƴƛǘ лΦ 

4. {ŜƭŜŎǘ ǘŜȄǘǳǊŜ ǳƴƛǘ м ŀƴŘ ŎƘƻƻǎŜ ǘƘŜ ǘŜȄǘǳǊŜ άǎǘǊŀǘŀŘƻǘоΦŘŘǎέ.  At this point, the material will 

still appear white because we have not selected a shader. 

5. {ŜƭŜŎǘ ǘƘŜ ǎƘŀŘŜǊ ǘŀōΦ  CƻǊ ǘƘŜ ǾŜǊǘŜȄ ǎƘŀŘŜǊΣ ŎƘƻƻǎŜ άƳŜǎƘψŘƛŦŦǳǎŜψōǳƳǇƳŀǇΦǾŜǊǘέΦ 

6. CƻǊ ǘƘŜ ǇƛȄŜƭ ǎƘŀŘŜǊΣ ŎƘƻƻǎŜ άƳŜǎƘψŘƛŦŦǳǎŜψōǳƳǇƳŀǇΦŦǊŀƎέΦ 

7. tǊŜǎǎ ǘƘŜ ά/ƻƳǇƛƭŜέ button.  At this point, you should see something like below: 

 



 
Diffuse texture and normal map. 

The material now displays a diffuse texture and bumpmap.  We can enable specular reflection by 

ǎŜƭŜŎǘƛƴƎ ǘƘŜ άƳŜǎƘψŘƛŦŦǳǎŜψōǳƳǇƳŀǇψǎǇŜŎǳƭŀǊέ ǎƘŀŘŜǊΦ  5ƻ ǘƘƛǎΣ ǘƘŜƴ ǇǊŜǎǎ ǘƘŜ ά/ƻƳǇƛƭŜέ ōǳǘǘƻƴΦ  

The material will now appear shiny.  Left-click the mouse on the material display and rotate the sphere 

around to see the effect better 

 

Diffuse texture, normal map, and specular reflection. 



 
The mesh shader is written so that the specular value is stored in the unused alpha channel of the 
normal map, instead of a separate texture.  This means that only one texture lookup is needed to get 
the normal and specular values.  Since texture lookups and texture bandwidth tend to create 
bottlenecks in the pixel shader pipeline, it is desirable to use as few of both as possible.  If desired, this 
behavior can be changed by editing the default shaders to accommodate your own design. 
 

 

GPU Ray Tracing 

Recent improvements in hardware performance allow real-time rendering of GPU ray tracing effects.  

These work by reading the values of a height map along a vector, and using the information to render 

surfaces with self-occluding depth or ray-traced shadows. 

1. Create a new material. 

2. Set thŜ ǘŜȄǘǳǊŜ ŦƻǊ ǘŜȄǘǳǊŜ ǳƴƛǘ л ǘƻ άcobblestonesdiffuse.ddsέΦ  ¢Ƙƛǎ ƛǎ ǘƘŜ ŘƛŦŦǳǎŜ ǘŜȄǘǳǊŜΦ  The 

height map is stored in the alpha channel. 

3. {Ŝǘ ǘƘŜ ǘŜȄǘǳǊŜ ŦƻǊ ǘŜȄǘǳǊŜ ǳƴƛǘ м ǘƻ άcobblestonesnormal.ddsέΦ  ¢Ƙƛǎ ƛǎ ǘƘŜ ƴƻǊƳŀƭ ƳŀǇΦ 

4. {Ŝǘ ǘƘŜ ǾŜǊǘŜȄ ǎƘŀŘŜǊ ǘƻ άmesh_diffuse_bumpmap_parallax.vertέΦ 

5. {Ŝǘ ǘƘŜ ǇƛȄŜƭ ǎƘŀŘŜǊ ǘƻ άmesh_diffuse_bumpmap_specular_pom.fragέΦ 

6. Press the compile button.  Use the mouse to rotate the sphere around and see the effect. 

 

Parallax occlusion mapping with ray traced shadows. (Shader by Hau Phan, textures by Ben Cloward.) 
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