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1 About This Document

This document is a programming guide that explains basic programming using the DMPGL 2.0 API.
The content of this document is aimed at people with knowledge about basic C programming and 3D
graphics. For an overview of the DMPGL 2.0 pipeline and detailed specifications, see the DMPGL 2.0
Specifications.

1.1 Examples and Notation

This document abbreviates the glGetUniformLocation("'uniform_name') syntax as
LOC(*“uniform_name”).
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2 Vertex Shaders

This chapter describes how to program vertex shaders.

2.1 Overview

Vertex shaders are a feature for taking vertex attribute data provided by the application and
processing it in certain ways, such as transforming its coordinate system or shading it. Shader
programs are written in an assembly language whose specifications are proprietary to DMPGL2.0
(this language will be referred to as "shader assembly language” or "shader assembly code"
throughout the rest of the documentation). The programs are assembled and linked, and the binary
file that is generated is loaded by the application and then used.

2.2 Loading Shaders

Shaders are loaded using glShaderBinary. For the third argument (binaryformat), specify
GL_PLATFORM_BINARY_DMP. For the fourth argument (binary), specify a pointer to the data for a
linked shader binary file. For the first argument (count), specify the number of elements within the
linked shader assembly code that contain the main label. For the second argument (shader),

specify a pointer to an array that stores the shader objects that were generated by glCreateShader.

This binds the shader assembly code to the various shader objects, in the order that was specified to
the linker. The link order for the shader assembly code can also be verified using the map files that
the linker generates. See the Map Files chapter of the Vertex Shader Reference Manual for more
details.

2.3 Attaching Shaders

To actually render images using the loaded shader objects, you must use glAttachShader to
attach the shader objects to the program objects that were generated using glCreateProgram,
then link the program objects using glLinkProgram. Use glUseProgram to apply successfully
linked program objects to the vertex processing pipeline. The glUseProgram function also allows
you to switch between multiple linked program objects. When you attach a different shader object to a
program object, you must then relink it using glLinkProgram.

2.4 Inputting Vertex Data

A vertex attribute number, an input data name, and input registers are bound together as vertex data,
which is then fed to a vertex shader as input. The application binds the vertex attribute number and
the input data name by calling gIBindAttribLocation, specifying the vertex attribute number as
the second argument (index), and specifying the input data name (name) as the third argument. The
shader assembly code then binds the input data name and the input registers by defining #pragma
bind_symbol with the input data name as the first argument and the input registers as the second
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and third arguments. When specifying the input data name in shader assembly code, specify the
same input data hame specified by the application, then follow it with the components.

The application uses either glVertAttrib{1234}{f}v or glVertexAttribPointer to enter
data for bound vertex attribute numbers. The data can then be read from the input registers by the
shader assembly code.

Code 2-1: Shader Assembly Code Sample
#pragma bind_symbol (AttribPosition.xyzw, vO, VvO0)

This binds the data name "AttribPosition" to the xyzw components of input register vO.

Code 2-2: Application Code Sample

glBindAttribLocation(program, 0, ”AttribPosition™);
glEnableVertexAttribArray(0);
glVertexAttribPointer(0, 4, GL_FLOAT, GL _FALSE, 0, pointer);

This binds vertex attribute number 0 to the data that has the name AttribPosition and inputs the
four vertex attribute components.

Vertex attribute numbers and input register numbers are not related in any way, and do not
have to be the same.

2.5 Outputting Vertex Data

To output data from vertex shaders after you've done your vertex processing and make the data
available to subsequent pipeline stages, write the data to the output registers that have been mapped
to the output vertex attributes. In your shader assembly code, define #pragma output_map,
specifying an output vertex attribute name as the first argument, and specifying an output register for
the second argument.

Code 2-3: Shader Assembly Code Sample
#pragma output_map(position, 00)

mov 00, vO

This maps output register 00 to vertex coordinates. By writing data to 00, the data will be output as
vertex coordinates to subsequent stages of the pipeline.

Vertex shaders finish processing and output their data when data has been written to all the output
registers that were mapped using #pragma output_map. (An end instruction must be issued
immediately as soon as all of the registers have been written to.) The output data can be overwritten
as long as this is done before data is written to all the output registers. With DMPGL 2.0, the fragment
shader can only use the reserved shader, so the attributes that can be output from vertex shaders are
predetermined.

© 2009-2011 Nintendo 21 CTR-06-0004-001-B
CONFIDENTIAL Released: Review



DMPGL 2.0 Programming Guide

2.6 Configuring Uniforms

The application can set the various registers used in shader assembly code. The registers set from
the application are all bound to names by #pragma bind_symbol, and the application recognizes
these names as uniform names. Uniforms are set to values that are shared by all vertex operations
that are run using a single call to glDrawElements or glDrawArrays. Due to the specifications of
the assembler, only the following three types of uniforms can be set.

o Floating-point registers set by gluni form{1234}{f}{v}
e Boolean registers set by glUniformli
¢ Integer registers set by gluniform3iv

2.6.1 Floating-Point Constant Registers

Floating-point constant registers store constants that are required for calculations; for example,
constant transformation matrices such as the modelview or projection matrix, or the light-source
colors and coordinates used in vertex lighting. These registers are set using
glUniform{1234}{f}{Vv}. Their values are undefined if the application doesn't set them. Floating-
point constant registers whose values are defined by the def instruction in shader assembly code
cannot be bound to names by #pragma bind_symbol, so their values cannot be set from the
application.

Code 2-4: Shader Assemby Code Sample
#pragma bind_symbol (ModelViewMatrix, c0, c3)

max4a ro, vO, cO

This binds the registers from cO through c3 (each register having four components) to the name
ModelViewMatrix. The example above illustrates how to calculate a modelview transformation, if
vertex coordinates have been loaded into input register vO.

Code 2-5: Application Code Sample
GLFfloat modelview[16];

modelview[0] = 1.F; modelview[1l] = O.F;

glUniformMatrix4fv(LOC(C’ModelViewMatrix™), 1, GL_FALSE, modelview);

This configures the content of ModelViewMatrix.

2.6.2 Boolean Registers

Boolean registers are used for branch instructions. The values of Boolean registers are set using
glUniformli. Their values are undefined if the application doesn't set them. Boolean registers
whose values are defined by the defb instruction in shader assembly code cannot be bound to
names by #pragma bind_symbol, so their values cannot be set from the application.
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Code 2-6: Shader Assembly Code Sample
#pragma bind_symbol(LightingEnable, b0, b0)

ifb b0

// Lighting calculation

endif

This binds b0 to the name LightingEnable. The example above illustrates how to use the b0
register as a switch to enable or disable lighting.

Code 2-7: Application Code Sample
glUniformli(LOC(“LightingEnable”), GL _TRUE);

This sets LightingEnable to GL_TRUE.

2.6.3 Integer Registers

Integer registers are used for loop instructions. These registers are set using gluniform3iv.Three
values are set: (1) the number of iterations minus one, (2) the initial value of the loop counter register,
and (3) the amount by which to increase or decrease the loop counter register for each iteration.
Integer register values are undefined if the application doesn't set them. Integer registers whose
values are defined by the defi instruction in shader assembly code cannot be bound to names by
#pragma bind_symbol, so their values cannot be set from the application.

Code 2-8: Shader Assembly Code Sample
#pragma bind_symbol (LightSourceCount, 10, 10)

#define LIGHTO_AMBIENT (e10]

#define LIGHTO_SPECULAR cl

#define LIGHTO_DIFFUSE c2

#define LIGHT1_AMBIENT c3

#define LIGHT1_SPECULAR c4

loop i0

// Calculation for each light source

mov ro, cOf[aL] // get ambient
mov ri, cO[aL + 1] // get specular
mov r2, cO[aL + 2] // get diffuse
endloop

This binds 10 to the name LightSourceCount. The example above illustrates how to use a loop
instruction to perform an operation once for every light source.
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Code 2-9: Application Code Sample

int loop_setting[3];
LIGHT_SOURCE_COUNT — 1;
0; // Set the initial value of the loop counter register to O

loop_setting[0]

loop_setting[1]

loop_setting[2] 3; // Set the step size of the loop counter register to +3

glUniformliv(LOC(“LightingSourceCount™), 1, loop_setting);

In the shader assembly code sample, three settings for each light source are stored in registers,
starting from register cO. A loop instruction then performs operations on each light source. The
application sets the loop counter register to make sure the registers that hold the settings for each
light source are accessed properly.

2.7 Precautions When Using Shader Programs

2.7.1 The Z-Component of the Output Vertex Coordinates

While standard OpenGL ES implementations clip the z-component of the clip coordinates output from
the vertex shaders to the range [-w,, w], DMPGL 2.0 clips the z-component to the range [0, -w].
(Note that the sign is inverted.) This means that if your application uses a project matrix that is
compatible with OpenGL ES, you must convert from the range [-w,, w,], to [0, -w.] during projection
transformation. There are two possible ways of doing this required operation.

Method #1: Change the projection matrix from the application.

This method makes the following changes to the projection matrix before loading it into a uniform.
GLFfloat projection[16];

projection[2] = (projection[2] + projection[3]) x (-0.5fF);

projection[6] = (projection[6] + projection[7]) x (-0.5F);

projection[10] = (projection[10] + projection[11]) x (-0.5fF);

projection[14] = (projection[14] + projection[15]) x (-0.5fF);

Method #2: Change the projection transformation operation using shader assembly code.

This method uses shader assembly code to perform the following projection transformation.
#pragma output _map(position, 00)

#pragma bind_symbol (attrib_position, v0)

#pragma bind_symbol(modelview, cO, c3)

#pragma bind_symbol(projection, c4, c7)

def c8, -0.5, -0.5, -0.5, -0.5

// Modelview transformation

dp4 rO.x, VO, cO
dp4 ro.y, VO, cl
dp4 r0.z, VO, c2
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dp4 ro.w, VO, c3
// Projection transformation
dp4 00.x, ro, c4
dp4 00.y, ro0, c5
mov rl, c6

add rl, rl, c7
mul rl, rl, c8
dp4 00.z, ro, rl
dp4 o0.w, ro, c7

// Use (c7 + c8)x(-0.5F) as the
// third row of the projection matrix
//

Between the two methods shown above, Method #1 involves more calculation on the application side,
but reduces the load on the vertex shaders more than Method #2 does.

2.7.2 Normalization of Vertex Attributes

With PICA, there is no hardware support for the fourth argument to glVertexAttribPointer,

which specifies whether to normalize values. This argument's setting is not applied, so normalization

must be performed explicitly by the vertex shaders.
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3 Geometry Shaders

This chapter describes how to program geometry shaders.

3.1 Overview

Geometry shaders operate on the vertex attribute data that is output by the vertex shaders. They
process it on the per-primitive level, and can output an arbitrary number of vertices. Geometry
shaders cannot use user-defined shader programs written in shader assembly language. They only
support the linking of user-defined vertex shader programs to intermediate assembler objects (OBJ
files) that are distributed already assembled. These intermediate assembler objects are known as
"reserved geometry shaders."

3.2 Loading Shaders

Geometry shaders, like vertex shaders, are loaded using glShaderBinary. However, to load
geometry shaders, the second argument (shader) of glShaderBinary must be passed a shader
object that was generated by specifying GL_GEOMETRY_SHADER_DMP to glCreateShader. With
DMPGL 2.0, it is not possible to use a geometry shader object all by itself. You must always load a
binary that also links a vertex shader so that geometry shader objects are used together with vertex
shader objects.

GLuint shader[2];

shader[0] = glCreateShader(GL_VERTEX_ SHADER) ;

shader[1] = glCreateShader(GL_GEOMETRY_SHADER_DMP) ;

glShaderBinary(2, shader, GL_PLATFORM_BINARY_DMP, binary, size);

// The "binary® argument must be linked to both vertex shader assembly code

// and geometry shader assembly code.

3.3 Attaching Shaders

To actually render images using the loaded shader objects, you must use glAttachShader to
attach the shader objects to the program objects that were generated using glCreateProgram, and
then link the program objects using glLinkProgram. To attach a geometry shader, you must also
simultaneously attach the shader objects of the vertex shaders you'll be using. Geometry shaders
cannot operate on their own without at least one vertex shader.

3.4 Inputting Vertex Data

The data that's output from vertex shaders is the input data for geometry shaders. Each reserved
geometry shader has fixed rules for input data, such as what vertex attributes it requires, what other
vertex attributes it can use, and the input order of attributes. All of this data must be output correctly
by the vertex shaders. Data is input to geometry shaders in order by register number, starting from
the lowest-numbered register output by the vertex shaders. The vertex attributes to output are defined
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by #pragma output_map, but if a vertex attribute is used only by the geometry shaders and not
handled by subsequent stages of the rendering pipeline, its attribute name is defined only as
generic. As an example, the settings for point shaders and line shaders are shown below. For other
types of geometry shaders, see the relevant sections within this document.

3.4.1 Point Shaders

When using a point shader, output the vertex attribute data in the following order: (1) vertex
coordinates (from the vertex shaders), (2) point size, (3) other attributes. The vertex shaders must

define the following data and output the data to the corresponding output register.
#pragma output_map(position, 00) // Vertex coordinates

#pragma output_map(generic, ol) // Point size
#pragma output_map(color, o02) // Other attributes (vertex color, etc.)

3.4.2 Line Shaders

When using a line shader, output the vertex attribute data in the following order: (1) vertex
coordinates (from the vertex shaders), (2) other attributes. The vertex shaders must define the
following data and output the data to the corresponding output register.

#pragma output_map(position, 00) // Vertex coordinates

#pragma output_map(color, ol) // Other attributes (vertex color, etc.)

3.5 Configuring Uniforms

When using geometry shaders, all of the uniforms must be set. Always be sure to set them, using the
specifications of each geometry shader for reference.

3.6 Rendering Using Geometry Shaders

When using geometry shaders, set the mode argument of the glDrawElements and
glDrawArrays functions to GL_GEOMETRY_PRIMITIVE_DMP.
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4 Silhouettes

This chapter explains how to program silhouettes that use the silhouette shader functionality provided
by DMPGL 2.0.

4.1 Overview

Silhouettes generate silhouette lines along the boundaries of objects. The diagram below shows an
example of a silhouette, where the silhouette lines are the areas rendered in blue that run around the
boundaries of the object. Silhouette line generation is done by the pipeline's geometry processor, but
doing so requires that primitives called "Triangles with Neighborhoods" (abbreviated as TWN
throughout the rest of this document) be put into the pipeline.

Figure 4-1: Example of Rendering Silhouette Lines

4.2 Triangles with Neighborhoods (TWNSs)

TWNs consist of a target triangle (which we call the center triangle) and the three adjacent triangles
that share edges with that triangle.
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Figure 4-2: Examples of TWNSs (Triangles with Neighborhoods)

If the triangle with vertices (1, 3, 2) is regarded as the center triangle, that triangle along with the
triangles (0, 1, 2), (5, 3, 1), and (4, 2, 3) will form a single TWN made of four total triangles. If the
triangle with vertices (5, 3, 1) is regarded as the center triangle, that triangle along with the triangles
(7,5, 1), (6, 3, 5), and (2, 1, 3) will form another TWN made of four total triangles.

TWN primitives are used to detect the silhouettes of center triangles. By creating objects out of TWN
primitives, silhouette lines can be rendered for those objects.

4.3 TWN Primitive Indices

TWNs can only be used with glDrawElements. Specify GL_GEOMETRY_PRIMITIVE_DMP for the
mode argument. Rendering TWNs with gIDrawArrays is not supported. In relation to TWNs, there
are two types of reserved geometry shaders (DMP_si lhouetteTriangle.obj and
DMP_silhouetteStrip.obj), and the indices of each type are created in different ways. We
assume that indices for both types are created based on the indices for GL_ TRIANGLES and
GL_TRIANGLE_STRIP that are used during normal triangle rendering.

4.3.1 DMP_silhouetteTriangle Indices

When using the DMP_si lhouetteTriangle.obj reserved geometry shader, create indices using
the method shown below.
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Figure 4-3: Example for silhouetteTriangle

13 12

1. Specify the first and second vertices of the center triangle in an order that ensures that the center
triangle is front-facing, then specify the remaining vertex of the adjacent triangle that shares the
edge formed by the first two vertices.

2. Specify the third vertex of the center triangle, and then specify the remaining vertex of the adjacent
triangle that shares the edge formed by the first and third vertices of the center triangle.

3. Finally, specify the remaining vertex of the adjacent triangle that shares the edge formed by the
second and third vertices of the center triangle.

In the sample shown in the figure above, assuming glFrontFace is set to GL_CCW, the indices "3, 2,
5,1, 4, 0" form one TWN primitive. The indices "11, 7, 9, 13, 12, 6" indicate the next primitive, and the
indices "11, 9, 10, 7, 13, 8" indicate the one after that.

4.3.2 DMP_silhouetteStrip Indices

When using the DMP_si lhouetteStrip.obj reserved geometry shader, create indices using the
method shown below.

Figure 4-4: Example for silhouetteStrip
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1. Specify the first TWN primitive.
- Specify the vertices of this first TWN primitive in the same order that was described for
DMP_silhouetteTriangle.obj earlier.

2. Specify the (n+1)th TWN primitive. The center triangle of the (n+1)th primitive is the last of the
adjacent triangles specified for the n™ TWN primitive. The first, second, and third vertices of the
center triangle in the (n+1)th TWN primitive are, respectively, the second and third vertices of the
center triangle in the n" TWN primitive, followed by the very last vertex of the n"™ TWN primitive.

- Specify the remaining vertex of the adjacent triangle that shares the edge formed by the
first and third vertices of the center triangle in the (n+1)th TWN primitive.

- Specify the remaining vertex of the adjacent triangle that shares the edge formed by the
second and third vertices of the center triangle in the (n+1)th TWN primitive.

3. Repeat step 2 as many times as necessary.

4. There is a special method used to specify the final (Nth) TWN primitive when ending a strip.
- Specify the remaining vertex of the adjacent triangle that shares the edge formed by the
first and third vertices of the center triangle in the N" TWN primitive.
- Specify the third vertex of the center triangle in the N TWN primitive.
- Specify the remaining vertex of the adjacent triangle that shares the edge formed by the
second and third vertices of the center triangle in the N TWN primitive.

5. To specify a new strip array, go back to step 1. At this point in the procedure, if the first center
triangle faces the opposite direction from the glFrontFace setting, specify its first vertex twice in a
row to indicate this.

In the example shown in Figure 4-4, assuming that gl FrontFace is set to GL_CCW, the TWN strip
formatis "1, 2,0, 3,4,5,6,7,8,9, ...". The first TWN primitive is defined by the "1, 2, 0, 3, 4, 5"
portion, and the subsequent "6, 7" portion defines a new TWN primitive. This continues in "8, 9" and
so on. To make the center triangle (3, 5, 7) the last one in the strip, specify (1, 2,0, 3,4,5,6, 7, 8,7,
9). If you were to specify "1, 1, 2, 0, 3,4, 5, 6, 7, 8, 7, 9", the center triangles would face in the
opposite direction.

4.4 Inputting Vertex Data

Input vertex attribute data to the silhouette shader in the following order: (1) vertex coordinates (from
the vertex shader), (2) vertex color, (3) normal vector. Define the following in vertex shader assembly
code and output the data to the corresponding output registers. The x- and y-components of the

normal vector must be output as normalized data.
#pragma output_map(position, 00) // Vertex coordinates

#pragma output_map(color, ol) // Vertex color
#pragma output_map(generic, 02) // Normal vector
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4.5 Open Edges

If one of the edges of a center triangle doesn't share vertices with any other triangles, it is referred to
as an "open edge." Adjacent triangles to open edges are specified as though they are folded over
onto the center triangles. In the figure below, for example, if the 1-3 edge of the TWN whose center
triangle is defined by vertices (1, 2, 3) is an open edge, the silhouette indices of that TWN are "1, 2, O,
3,2,5."

Figure 4-5: Silhouette Indices of an Open Edge

You can choose to either always render or never render silhouettes on open edges. This is set by
calling Uniformli and specifying TRUE or FALSE for the value argument of the
dmp_Silhouette.acceptEmptyTriangles reserved uniform. If TRUE is specified, silhouette
edges for this type of polygon will always be generated. If FALSE is specified, they will never be
generated. Open-edge silhouettes are unlike regular silhouettes in that they don't use normal vectors
and are rendered instead using the same method as line primitives. As a result, the appearance of
open-edge silhouettes depends on the angles of the center triangle. You'll need to adjust the
silhouette width and its bias along the Z-axis using the reserved uniforms
dmp_Silhouette.openEdgeWidth and dmp_Silhouette.openEdgeDepthBias.

4.6 Examples of Rendered Silhouette Lines

The figures below are examples of rendering using silhouettes.
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Figure 4-6: Examples of Edges Rendered Using Silhouette Quads

In Figure 4-6, the model on the left is a normal model rendered along with its silhouette lines. In the
model on the right, only the silhouette lines are rendered.

Figure 4-7: Example of Soft Shadowing Using Silhouettes

(The image on the left has silhouettes disabled; the image on the right has silhouettes enabled.) For
details, see Chapter 14 DMP Shadows.
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Figure 4-8: Example of Edges Rendered Using Silhouette Quads

In Figure 4-8, we've used the silhouette feature to add a black edge to a sphere that has already
been toon-shaded using fragment lighting.

4.7 Precautions When Rendering Silhouettes

Silhouette lines are only generated when the center triangles are front-facing. Make sure the specified
index order of your center triangles and your glFrontFace setting reflect your intended behavior.
When using DMP_si lhouetteTriangle.obj, silhouettes are not generated if the center triangle is
degenerate. When using DMP_si lhouetteStrip.obj, degenerate polygons are interpreted as the
last item in the strip array.

The vertex data used to render silhouettes requires the use of a vertex buffer. Call the
glBindBuffer or glBufferData functions to use a vertex buffer.

4.8 Silhouette-Rendering Performance

Performance differs between DMP_si lhouetteTriangle.obj and DMP_silhouetteStrip.obj,
even when rendering the same model. With DMP_si lhouetteTriangle.obj, each TWN is
specified with six vertices. With DMP_si lhouetteStrip.obj, after the initial TWN is specified, only
two vertices are required to specify each additional TWN. You can expect that
DMP_silhouetteStrip.obj will give you twice or better the performance of
DMP_silhouetteTriangle.obj.
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5 Subdivision

This chapter explains how to program polygon subdivision using DMPGL 2.0's subdivision shader
functionality.

5.1 Overview

Subdivision refers to a technique for subdividing surfaces into groups of vertices called subdivision
patches (shown in the figures below) to make the surface appear smoother.

Figure 5-1: Example of Catmull-Clark Subdivision

1
L 6 10

Figure 5-2: Example of Loop Subdivision

* A

In DMPGL 2.0, subdivision patches are made from the vertices in the triangles or quadrilaterals to be
subdivided, as well as from the vertices around their perimeter.
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Figure 5-3: Example of Catmull-Clark Subdivision Patches
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Subdivision refers to the technique of breaking polygons down starting from vertices on their
perimeters. There are two types of subdivision shaders implemented by DMPGL 2.0: Catmull-Clark
subdivision and Loop subdivision. These methods subdivide and generate polygons in the geometry
shader according to their respective algorithms. This creates more detailed polygons than the
polygons that were fed into the pipeline and sends them on to the rasterization pipeline.

5.2 Rendered Examples of Subdivision

The figure below is a sample rendering that uses subdivision.
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Figure 5-5: Subdivision Rendering Example 1

AN

In Figure 5-5, the image on the left shows the result of rendering the original mesh. The image on the
right shows the rendered result after applying Catmull-Clark subdivision. Note that the same vertex
data was used to create both images. You can see that on the right the polygons are more finely
subdivided, and the curved surfaces appear smoother than they do in the original.

Figure 5-6: Subdivision Rendering Example 2

&

In Figure 5-6, the image on the left shows the original mesh, and the image on the right shows the
rendered result after applying Loop subdivision.

5.3 Catmull-Clark Subdivision

This section describes Catmull-Clark subdivision. Within this section, the word "subdivision" always
indicates Catmull-Clark subdivision.
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5.3.1 Definition of Catmull-Clark Subdivision Patches

A Catmull-Clark subdivision patch is a set of polygons consisting only of quadrilaterals. A patch is the
group of quads consisting of the quadrilateral to subdivide (the central quad) and all vertices that
share an edge with the vertices in the central quad.

Figure 5-7: Example of Catmull-Clark Subdivision Patches

If (5, 6, 10, 9) is taken to be the central quad, the group of quads contained within the area defined by
the vertices (5, 6, 10, 9,8, 4,0, 1, 2, 3,7, 11, 17, 16, 15, 14, 13, 12) constitutes a patch. If (9, 10, 16,
15) is taken to be the central quad, the group of quads contained within the area defined by the
vertices (9, 10, 16, 15, 8, 4, 5,6, 7, 11, 17, 21, 20, 19, 18, 14, 13, 12) constitutes another patch.

When subdivision is performed, the central quad within each patch is broken down into smaller, finer
polygons that form a smoother surface.

5.3.2 Restrictions on Catmull-Clark Subdivision Patches

The following restrictions apply to subdivision patches when using Catmull-Clark subdivision.

e They must be made from quads.

e Central quads are allowed to contain irregular vertices, but each central quad must not contain more
than a single irregular vertex.

e The valence of each irregular vertex must be between 3 and 12. (Valence refers to the number of
edges that touch a given vertex.)

Here, irregular vertices are defined as vertices with valences other than 4.
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The figure below shows irregular vertices with valences of 5 and 3.

Figure 5-8: Examples of Irregular Vertices

In the example on the left in Figure 5-8, the vertex marked in red has a valence of five (it has five
adjacent edges). In the example on the right, the valence is only three (there are only three adjacent
edges). Both of these vertices are irregular vertices.

In the representative example of subdivision patches shown in Figure 5-7, vertex 9 in the central quad
(5, 6, 10, 9) is an irregular vertex.

5.3.3 Specifying Indices for Catmull-Clark Subdivision Patches

Subdivision patches can only be used with gIDrawElements. Rendering with glDrawArrays is not
supported. A vertex buffer must also be used (call a function like glBindBuffer or glBufferData
to set up the buffer). The stored data that includes the vertex indices must be used only via the vertex
buffer.

Before specifying the vertex indices of each subdivision patch, you must specify the overall patch size
(the number of vertices that make up the patch). For example, if the central quad contains an irregular
vertex of valence 3, the patch size is 14. If the central quad contains an irregular vertex of valence 5,
the patch size is 18. If the central quad doesn't contain any irregular vertices, the patch size is 16.
The patch size can be calculated as follows: 2x(valence of irregular vertex)+8. Specify this size at the
beginning of the patch.

The order used to specify indices is shown below.

1. If there is an irregular vertex among the vertices that make up the central quad, specify that point
first, as the starting point. If the central quad doesn't contain any irregular vertices, any of its
vertices can serve as the starting point. Make sure to comply with the glFrontFace setting so
that the central quad is front-facing.

2. Take the fifth vertex as the one that forms an edge with the first vertex (the starting point) and forms
a surface with the first and second vertices.

3. After that, specify the remaining vertices (6th, 7th, 8th, ...), in the same direction (clockwise or
counterclockwise) in which you specified the vertices in the central quad.
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In the example of subdivision patches shown in Figure 5-7, the indices are as follows:
18,9,5,6,10,8,4,0,1, 2, 3,7, 11, 17, 16, 15, 14, 13, 12,
18,9, 10, 16, 15, 5, 6, 7, 11, 17, 21, 20, 19, 18, 14, 13, 12, 8, 4, ...

In the first patch, vertex 9 is an irregular vertex with a valence of 5. This patch contains 18 vertices, so
first we store the number 18. Next, we store the indices 9, 5, 6, and 10 to indicate the central quad,
using the irregular vertex as the starting point. Then we store vertex 8, which forms an edge with the
first vertex and also forms a surface with the first and second vertices. After that, we store the indices
that enclose the central quad, working around in the same direction in which the central quad was
specified: 4,0, 1, 2, 3, 7, 11, 17, 16, 15, 14, 13, and 12. At this point, we've stored 18 vertices, so the
first patch is complete. We then go on to specify the second patch.

If two or more patches share the same irregular vertex, the indices of those patches must be stored
consecutively. Vertex 9 is the irregular vertex in Figure 5-7, so the patches with the central quads
(9,5,6,10), (9,10,16,15), (9,15,14,13), (9,13,12,8), and (9,8,4,5) must have their indices stored
consecutively. If patches sharing the same irregular vertex are not consecutive in the index array,
continuity between subdivision patches is not guaranteed and the mesh could develop holes.

5.3.4 Inputting Vertex Data for Catmull-Clark Subdivision

Input vertex attribute data to the subdivision shader in the following order: (1) vertex coordinates
(from the vertex shader), (2) quaternions (if used), (3) other attributes. Define the following in vertex
shader assembly code and output the data to the corresponding output registers. If you use
quaternions, you must output them after the vertex coordinates.

#pragma output_map(position, 00) // Vertex coordinates

#pragma output_map(quaternion, ol) // Quaternions

#pragma output_map(color, 02) // Vertex colors and other such attributes

5.4 Loop Subdivision

This section explains Loop subdivision. Within this section, the word "subdivision" always indicates
Loop subdivision.

5.4.1 Definition of a Loop Subdivision Patch

Loop subdivision patches are made from a single triangle and the surrounding vertices. These
patches comprise a group of triangles that includes both the triangle to subdivide (the center triangle)
and all vertices that share an edge with the vertices in the center triangle.
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Figure 5-9: Example of a Loop Subdivision Patch

\ L
< \ .
Sel b s
RN
Fan S~
' -~
/
\

\ s
\ /
S
\_
AN
FER ~<
/N A
A ~<
\

6

If the triangle defined by vertices (0, 1, 2) is to be subdivided, then the patch includes vertices 0, 1,
and 2, along with the vertices that share edges with those vertices (3, 4, 5, 6, 7, 8, and 9).

When subdivision is performed, the center triangle within each patch is broken down into smaller,
finer polygons that form a smoother surface.

5.4.2 Restrictions on Loop Subdivision Patches

The following restrictions apply to subdivision patches when using Loop subdivision.

¢ Vertices of center triangles must all have a valence (number of adjacent edges) falling within the
range from 3 to 12.
e For all center triangles, the sum of the valences of all three vertices must be 29 or less.

In the patch example shown in Figure 5-9, the respective valences of vertices 0, 1, and 2 in the center
triangle are 6, 5, and 5.

5.4.3 Specifying Indices for Loop Subdivision Patches

Subdivision patches can only be used with gIDrawElements. Rendering with glDrawArrays is not
supported. A vertex buffer must also be used (call a function like glBindBuffer or glBufferData
to set up the buffer). The stored data that includes the vertex indices must be used only via the vertex
buffer.

Before specifying the vertex indices of each subdivision patch, you must specify the overall patch size.
The patch size is defined as the sum of the valences of the three vertices of the center triangle + 3.
Specify this number at the beginning of the patch.

The order used to specify indices is shown below.

1. Specify the three vertices that make up the center triangle as the first, second, and third elements.
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We'll call these vO0, v1, and v2. Make sure to comply with the glFrontFace setting so that the
center triangle is front-facing.

Specify all vertices that share edges with v0. (The order doesn't matter.)
Specify all vertices that share edges with v1. (The order doesn't matter.)

Specify all vertices that share edges with v2. (The order doesn't matter.)

o > DN

Specify a fixed value of 12, and then specify the three vertices that make up the center triangle
once again.

6. Specify the vertex that shares an edge with vO and v2 but doesn't belong to the center triangle. In
the same way, specify the vertex that shares an edge with vO and v1 but doesn't belong to the
center triangle, followed by the vertex that shares an edge with v1 and v2 but doesn't belong to the
center triangle. We'll call these €00, e10, and e20, respectively.

7. Specify the vertex that shares an edge with vO and is adjacent to vO next after e00 in the
counterclockwise direction. In the same way, specify the vertex that shares an edge with v1 and is
adjacent to v1 next after €10 in the counterclockwise direction. Then specify the vertex that shares
an edge with v2 and is adjacent to v2 next after e20 in the counterclockwise direction.

8. Specify the vertex that shares an edge with vO and is adjacent to vO next after €10 in the clockwise
direction. In the same way, specify the vertex that shares an edge with v1 and is adjacent to v1 next
after e20 in the clockwise direction. Then specify the vertex that shares an edge with v2 and is
adjacent to v2 next after e00 in the clockwise direction.

In the example of a patch shown in Figure 5-9, the index is as follows:
19,0,1,2,1,2,8,9,3,4,2,0,4,5,6,0,1,6,7,8
12,0,1,2,8,4,6,9,5,7,3,5,7,

Vertices that share an edge with a vertex of the center triangle (indicated by the second, third, and
fourth indices) may be specified in any order for that vertex, but they must use the same order in all
patches. In Figure 5-9, for example, the index order of all vertices that share an edge with vertex 0 in
the patch for center triangle (0, 1, 2) must be the same as the index order of all vertices that share an
edge with vertex 0 in the patch for center triangle (3, 4, 0).

5.4.4 Inputting Vertex Data for Loop Subdivision

With subdivision shaders, you must input both vertex coordinates and valences from the vertex
shaders to the geometry shaders. Output the vertex attribute data in the following order: (1) vertex
coordinates, (2) quaternions (if used), (3) other attributes (if used), (4) valences. Define the following
in vertex shader assembly code and output the data to the corresponding output registers. If you use
quaternions, you must output them after the vertex coordinates.

#pragma output_map(position, 00) // Vertex coordinates

#pragma output_map(quaternion, ol) // Quaternions

#pragma output_map(color, o02) // Vertex colors and other such attributes

#pragma output _map (generic, 03) // Valences (use the '‘generic™ attribute)
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One of the limitations of the Loop subdivision geometry shader is that the data output from the vertex
shaders (excluding valences) can occupy a maximum of only four output registers. To output more
than four such vertex attributes, you must set multiple attributes to a single register. However,
guaternions cannot be set to share an output register with another attribute.

#pragma output_map(position, 00) // Vertex coordinates
#pragma output_map(quaternion, ol) // Quaternions
#pragma output_map(view, 02.xyz) // View vector
#pragma output_map(textureOw, 02.w) // Texture coordinate w of texture 0
#pragma output_map(textureO, 03.Xxy) // Texture coordinates of texture O
#pragma output_map(texturel, 03.zw) // Texture coordinates of texture 1
#pragma output_map ( generic , 04 ) // Valences
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6 Particle Systems

This chapter explains how to program the particle system feature provided by DMPGL 2.0.

6.1 Overview

The particle system feature generates large quantities of point sprites along a Bézier curve. The point
sprites that are generated by the particle system are called particles. Particle systems use a geometry
shader. Specifically, particles are generated along the Bézier curve that is defined by the four control
points configured in the geometry shader. Details about the particles (such as their color, size, and
the rotation angle of the texture coordinates) are determined by interpolating the values set for each
control point by the position of the particles along the Bézier curve. An example rendering is shown
below.

Figure 6-1: Example of Rendering a Particle System

In this example, an RGBA color and a procedural texture are blended and then applied to the
particles.

6.2 Setting the Control Point Coordinates

There are two types of settings for particle systems: those that are set directly in the geometry
shaders using uniforms, and those that are output from the vertex shaders and then set. The settings
that are output from the vertex shaders and then set are the vertex coordinates of the four control
points that define the Bézier curve, and sizes of the bounding boxes. The positions of the control
points during the actual rendering are set at random within the range of the bounding boxes.

The vertex coordinates and the sizes of the bounding boxes are transformed to the clip coordinate
system by the vertex shaders, then output to the geometry shaders.
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Set the output attributes in the vertex shader as follows.
#pragma output_map( position, 00 )
#pragma output_map( generic, ol )
#pragma output_map( generic, 02 )
#pragma output_map( generic, 03 )
#pragma output_map( generic, 04 )

The vertex coordinates in clip space are output to 00. When the bounding box's XYZ-axis radii are
given by Rx, Ry, and Rz in object coordinates, 01-04 are calculated and output as follows.

Equation 6-1: Transforming the Bounding Box Size to Clip Space

folx oly olz Dy fRe 0 0 D0
oldx o2y o2z 0} _ . 0 Ry 0 0
03.x 03y odz 0 ere Xmedewview X\ g g g o
‘odox ody odz D 000
In this equation, M,,,; and M, :.q:., COrrespond to the projection and modelview matrices,

respectively.

Because only four vertices worth of data are output from the vertex shaders, there are two ways of
inputting the vertex coordinates and the sizes of the bounding boxes: (1) inputting them as vertex
shader attributes and (2) setting them as uniforms.

The control points that define the Bézier curve are placed at random within the bounding boxes. The
sample rendering below shows the effect of a change to the sizes of the bounding boxes.

Figure 6-2: Rendering with the Bounding Box Sizes Set to Zero

In the figure above, the bounding boxes sizes are set to zero for all control points, so there is no
variation in the particles; they are rendered exactly on top of a single Bézier curve.
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6.3

Figure 6-3: Rendering with the Bounding Box Sizes Changed

In the sample figure above, the control points are distributed from left to right. The size of the
bounding box for the fourth (rightmost) control point is set to a large value, but the sizes of the
bounding boxes for all other control points are set to zero. You can see that the closer we get to the
control point with the large bounding box, the more widely the particles are being distributed.

Color and Size of Particles

The color and size of the four control points are set using reserved uniforms. The color and size of
each individual particle is calculated by interpolating the values set for the control points by the
position of the particles along the Bézier curve.

When setting the color, different reserved uniforms are used depending on whether you specify all the
RGBA components or just the alpha component. To set all of the RGBA components, use one of the
reserved geometry shader objects DMP_particleSystem X X 1 X.obj (where “X" is either O or
1) and call gluniformMatrix4fv on the reserved uniform dmp_PartSys.color, specifying a
pointer to a 4x4 matrix that stores the RGBA values for the four control points. The rows of the 4x4
matrix correspond to the control points: the color of the first control point is stored in the first row, the
color of the second control point is stored in the second row, and so on. The columns of the 4x4
matrix correspond to the individual components, stored in the order R, G, B, A (the R values are
stored in the first column, the G values are stored in the second column, and so on). To set only the
alpha component, use one of the reserved geometry shaders
DMP_particleSystem X X 0 _X.obj and call glUniformMatrix4fv on the reserved uniform
dmp_PartSys.aspect, specifying a pointer to a 4x4 matrix that stores the alpha values for the four
control points in the fourth column. Store the alpha components in the 4x4 matrix starting with the first
control point in the first row and ending with the fourth control point in the fourth row. Using only the
alpha component results in better performance than using all of the RGBA components.

The figure below shows an example rendering with RGBA colors applied to the particles.
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