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OpenGL ES Pipeline

‣ OpenGL Pipeline Map by 
openglinsights.com (cross-referenced 
with GLES 2.0 spec)

http://openglinsights.com/pipeline.html
http://openglinsights.com/pipeline.html
http://www.khronos.org/registry/gles/
http://www.khronos.org/registry/gles/


Vertex Processing

What are done in Vertex Shading?
•Transformations (Object coords --> Clip coords)
•Shading (for Gouraud shading)
•Texture mapping (displacement mapping, etc.)
•...And more



Primitive Processing

Error:
Primitive Clipping 
should be before 

Perspective Division!



Rasterization

Linear interpolation for 
varying variables (position, 
color, texcoords, normals, 

etc.)



Fragment Processing
What are done in fragment 
shading?
•Shading (for Phong shading)
•Texture mapping
•...And more

Error:
Fragment Shading is 

before Pixel Ownership



Pixel Processing



OpenGL ES
‣ Interactive graphics API for mobile devices

‣ Addresses hardware constraints such as

• limited processing capabilities

• limited memory availability

• low memory bandwidth

• sensitivity to power consumption

• lack of floating-point hardware



Design Criteria

‣ Removal of redundancy

‣ Compatible with OpenGL --> Tricky for 
windows layer (EGL)

‣ New features for mobile HW (e.g. 
precision qualifiers)

‣ Minimum set of features for image quality

‣ Quality control -- conformance test



OpenGL ES 2.0

‣ Implements a graphics pipeline with 
programmable shading

‣ OpenGL ES 2.0 API spec. + OpenGL ES 
Shading Language spec.
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Figure 1-1  OpenGL ES 2.0 Graphics Pipeline

Vertex Shader

This section gives a high-level overview of what a vertex shader is. Vertex 
and fragment shaders are covered in depth in later chapters.

The vertex shader implements a general purpose programmable method for 
operating on vertices. 

The inputs to the vertex shader consist of the following: 

• Attributes—Per-vertex data supplied using vertex arrays.

• Uniforms—Constant data used by the vertex shader.

• Samplers—A specific type of uniforms that represent textures used by 
the vertex shader. Samplers in a vertex shader are optional.

• Shader program—Vertex shader program source code or executable 
that describes the operations that will be performed on the vertex.
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The outputs of the vertex shader are called varying variables. In the primi-
tive rasterization stage, the varying values are calculated for each generated 
fragment and are passed in as inputs to the fragment shader. The mecha-
nism used to generate a varying value for each fragment from the varying 
values assigned to each vertex of the primitive is called interpolation. The 
inputs and outputs of the vertex shader are diagramed in Figure 1-2.

Figure 1-2 OpenGL ES 2.0 Vertex Shader

Vertex shaders can be used for traditional vertex-based operations such as 
transforming the position by a matrix, computing the lighting equation to 
generate a per-vertex color, and generating or transforming texture coordi-
nates. Alternately, because the vertex shader is specified by the application, 
vertex shaders can be used to do custom vertex transformations.

Example 1-1 shows a vertex shader written using the OpenGL ES shading 
language. We explain vertex shaders in significant detail later in the book. 
We show this shader now just to give you an idea of what a vertex shader 
looks like. The vertex shader in Example 1-1 takes a position and its associ-
ated color data as input attributes, transforms the position by a 4 ! 4 matrix 
and outputs the transformed position and color.
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 Vertex Shader

‣ Implements a general purpose 
programmable method for operating on 
vertices

per-vertex data

constant data texture (global array)

output
•to be interpolated 
at the rasterization 
stage)
•input to the frag 
shader



Vertex Shader (cont’d)

‣ Operations

•Position transformation (object 
coords --> clip coords)

• Shading (Gauroud shading)

•Generating/transforming tex coords

• ... and more



Example
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Example 1-1 A Vertex Shader Example 

1.  // uniforms used by the vertex shader
2.  uniform mat4   u_mvpMatrix; // matrix to convert P from model
3.                              // space to normalized device space.
4.
5.  // attributes input to the vertex shader
6.  attribute vec4   a_position; // position value
7.  attribute vec4   a_color;    // input vertex color
8.
9.  // varying variables – input to the fragment shader
10. varying vec4     v_color;    // output vertex color
11.
12. void
13. main()
14. {
15.     v_color = a_color;
16.     gl_Position = u_mvpMatrix * a_position;
17. }

Line 2 describes a uniform variable u_mvpMatrix that stores the combined 
model view and projection matrix. Lines 6 and 7 describe the inputs to the 
vertex shader and are referred to as vertex attributes. a_position is the 
input vertex position attribute and a_color is the input vertex color 
attribute. On line 10 we declare the varying v_color to store the output of 
the vertex shader that describes the per-vertex color. The built-in varying 
called gl_Position is declared automatically, and the shader must write 
the transformed position to this variable. A vertex or fragment shader has a 
single entry point called the main function. Lines 12–17 describe the vertex 
shader main function. In line 15, we read the vertex attribute input a_color
and write it as the vertex output color v_color. In line 16, the transformed 
vertex position is output by writing it to gl_Position.

Primitive Assembly

After the vertex shader, the next stage in the pipeline is primitive assembly. 
A primitive is a geometric object that can be drawn using appropriate 
drawing commands in OpenGL ES. These drawing commands specify a set 
of vertex attributes that describes the primitive’s geometry and a primitive 
type. Each vertex is described with a set of vertex attributes. These vertex 
attributes contain information that the vertex shader uses to calculate a 
position and other information that can be passed to the fragment shader 
such as its color and texture coordinates. 

Should be computed by the application --> requires matrix/vector library

Color doesn’t change
position transformation

P*V*M

Built-in & mandatory



Primitive Assembly

‣ Geometric primitives: points, lines, 
triangles

‣ Clipping in eye coordinates

‣ error in the textbook: culling is done in 
rasterization stage, not here



Rasterization

‣ Primitives converted to 2D fragments

‣ Face culling
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In the primitive assembly stage, the shaded vertices are assembled into indi-
vidual geometric primitives that can be drawn such as a triangle, line, or 
point-sprite. For each primitive, it must be determined whether the primi-
tive lies within the view frustum (the region of 3D space that is visible on 
the screen). If the primitive is not completely inside the view frustum, the 
primitive might need to be clipped to the view frustum. If the primitive is 
completely outside, it is discarded. After clipping, the vertex position is con-
verted to screen coordinates. A culling operation can also be performed that 
discards primitives based on whether they face forward or backward. After 
clipping and culling, the primitive is ready to be passed to the next stage of 
the pipeline, which is the rasterization stage. 

Rasterization

The next stage, shown in Figure 1-3, is the rasterization phase where the 
appropriate primitive (point-sprite, line, or triangle) is drawn. Rasterization 
is the process that converts primitives into a set of two-dimensional frag-
ments, which are processed by the fragment shader. These two-dimensional 
fragments represent pixels that can be drawn on the screen. 

Figure 1-3 OpenGL ES 2.0 Rasterization Stage

Fragment Shader

The fragment shader implements a general-purpose programmable method 
for operating on fragments.

The fragment shader, as shown in Figure 1-4, is executed for each generated 
fragment by the rasterization stage and takes the following inputs:
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texture coordinates, etc.

To Fragment Shader Stage
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• Varying variables—Outputs of the vertex shader that are generated by 
the rasterization unit for each fragment using interpolation. 

• Uniforms—Constant data used by the fragment shader.

• Samplers—A specific type of uniforms that represent textures used by 
the fragment shader.

• Shader program—Fragment shader program source code or executable 
that describes the operations that will be performed on the fragment.

The fragment shader can either discard the fragment or generate a color 
value referred to as gl_FragColor. The color, depth, stencil, and screen 
coordinate location (xw, yw) generated by the rasterization stage become 
inputs to the per-fragment operations stage of the OpenGL ES 2.0 pipeline.

Figure 1-4 OpenGL ES 2.0 Fragment Shader

Example 1-2 describes a very simple fragment shader that can be coupled 
with the vertex shader described in Example 1-1 to draw a gouraud shaded 
triangle. Again, we will go into much more detail on fragment shaders later 
in the book. We present this just to give you a basic idea of what a fragment 
shader looks like.
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Fragment Shader 
(cont’d)
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Example 1-2 A Fragment Shader Example

1. precision mediump float;
2.
3. varying vec4   v_color;  // input vertex color from vertex shader
4.
5.
6. void
7. main(void)
8. {
9.     gl_FragColor = v_color;
10.}

Line 1 sets the default precision qualifier, which is explained in detail in 
Chapter 4, “Shaders and Programs.” Line 3 describes the input to the frag-
ment shader. The vertex shader must write the same set of varying variables 
that are read by the fragment shader. Lines 6–10 describe the fragment 
shader main function. Note that no output is declared in the fragment 
shader. This is because the only output variable is gl_FragColor, which in 
this example is set to input color to the fragment shader given by v_color
in line 9.

Per-Fragment Operations

After the fragment shader, the next stage is per-fragment operations. A frag-
ment produced by rasterization with (xw, yw) screen coordinates can only 
modify the pixel at location (xw, yw) in the framebuffer. Figure 1-5 describes 
the OpenGL ES 2.0 per-fragment operations stage.

Figure 1-5 OpenGL ES 2.0 Per-Fragment Operations
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Example 1-2 A Fragment Shader Example

1. precision mediump float;
2.
3. varying vec4   v_color;  // input vertex color from vertex shader
4.
5.
6. void
7. main(void)
8. {
9.     gl_FragColor = v_color;
10.}

Line 1 sets the default precision qualifier, which is explained in detail in 
Chapter 4, “Shaders and Programs.” Line 3 describes the input to the frag-
ment shader. The vertex shader must write the same set of varying variables 
that are read by the fragment shader. Lines 6–10 describe the fragment 
shader main function. Note that no output is declared in the fragment 
shader. This is because the only output variable is gl_FragColor, which in 
this example is set to input color to the fragment shader given by v_color
in line 9.

Per-Fragment Operations

After the fragment shader, the next stage is per-fragment operations. A frag-
ment produced by rasterization with (xw, yw) screen coordinates can only 
modify the pixel at location (xw, yw) in the framebuffer. Figure 1-5 describes 
the OpenGL ES 2.0 per-fragment operations stage.

Figure 1-5 OpenGL ES 2.0 Per-Fragment Operations
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Per-Fragment 
Operations (cont’d)
‣ At the end, either the fragment

• is rejected or

• a fragment color, depth, or stencil value is written to 
the framebuffer at (x_w, y_w)

‣ Pixels can be read back from the framebuffer (but not 
depth & stencil)

‣ Alpha test & LogicOp no longer in per-fragment 
operation stage

• Alpha test can be performed in the f.s.

• LogicOp is very infrequently used



Backward 
Compatibility

‣ No backward compatibility with 
OpenGL ES 1.x

•To avoid redundancy

•Most apps do not mix programmable 
& fixed function pipelines

•To reduce driver size



EGL

‣ An interface between OpenGL ES & the 
native window system

‣ Core functions: to create rendering 
context & drawing surface

• rendering context: set of states

•drawing surface: where the 
primitives are drawn



Initial Steps Using EGL
1. Query & initialize a display

2. Create a rendering surface

• on-screen surfaces: attached to the 
native window system

• off-screen surfaces: pixel buffers not 
displayed

3. Create a rendering context and attach it to 
a surface



Programming with 
OpenGL ES 2.0

‣ Libraries & header files --> platform 
dependent

‣ EGL syntax: elg* for function names, 
EGL* for type names

‣ GLES syntax: gl* for function names, 
GL* for type names, postfixes for 
argument types



Error Handling

‣ Can be queried by glGetError

‣ No other errors will be recorded until 
the app has queried the 1st error code 
using glGetError



Flush and Finish

‣ Client-server model --> commands are 
buffered

‣ glFlush / glFinish --> empties the 
command bufer

‣ glFlush -- asynchronous

‣ glFinish -- synchronous --> slow



Basic State 
Management

‣ Turned on/off by glEnagle/glDisable

‣ Queried by glIsEnabled


