Shader Configuration

The Solution option allows for

Add a New Vertex or Fragment Shader

Shaders are software programs that include instructions on how the graphics processing unit (GPU)
should render certain images on the screen. A shader program consists of two types of shaders:

e Vertex Shaders
e Fragment (or Pixel) Shaders

There are following options to create a new (empty) shader, which can later be combined into
appropriate shader pairs or programs.

Use the "Shader" > "New shader" menu option

Mew Shader...

Mew Shader Program...

In the Shaders panel, use the context menu option "New Shader" of any node within the "Shaders"
category:
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In the "Add New Shader" dialog, specify the shader location, shader name, and shader type.
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QK Cancel

After creating the shaders, the shader instructions need to be added in the Shader Editor.

Import Vertex and Fragment Shaders

It is also possible to import already existing shaders.

For information about how to import a Vertex or Fragment shader please refer to section How to

Import Resources.

Add a New Shader Program

Fragment and vertex shaders are combined into shader pairs or programs which can then be
applied to node appearances.

Create a new shader program:
Use the "Shader" > "New Shader Program" menu option.

Shader

Mew Shader...

MNew Shader Program...

Compile Shader

Use the context menu option "New Shader Program" of any node within the shader program
category from the Shaders panel.
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Specify location and name and the desired shader pair consisting of one fragment shader and one
vertex shader in the dialog "Add New Shader Program".
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Export Always

Fragment Shader

Vertex Shader

Cancel

Tick the "Export Always" checkbox to always include the shader program to the generated assets.

Shader Editor



Edit shaders in the "Shader Editor". Use the menu option "View" > "Editors" > "Shader Editor" to
make the panel visible.
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Open shaders in Shader Editor for editing:

e Select a vertex or fragment shader in the Shaders panel
e Select a shader program in the Shaders panel

The selected shader(s) are displayed in the Shader Editor panel (in both cases) like this:

e The vertex shader in the left side and
e The fragment shader in the right side.

Shader requirements - including the number of lights, materials and textures - are displayed in a
tab in the Property Grid when a shader program is selected. The tab also contains the available
attributes and uniforms.

On OpenGL ES 3.0 targets, up to 16 texture units are supported
(CANDERA MAX TEXTURE_UNIT_COUNT = 16). On OpenGL ES 2.0, 8 texture units are
guaranteed unless ES extensions are enabled.



Shader Editor Features

The context menu of the Shader Editor provides "Cut", "Copy", "Paste", "Delete", "Select All"
functions for editing shader instructions:

Shader Editor
RefTex.frag

RefBillboard2D.vert
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Scene Render Shader Editor

On pressing [Ctrl+ Space bar], a list with helper functions is available for shader programming:

Shader Editor
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Compile the edited shader using the platform's shader compiler

e By using menu item "Shader" > "Compile Shader" or
e by pressing F7 key.

The compilation result is reported in the "Shader Compiler Errors" panel. This can be opened via
menu item "View" > "Shader Compiler Errors".

For further information please refer to section Compile Shaders.

Compile Shaders

Shader compilation is triggered in the following situations:



1. During shader editing, if requested via menu item "Shader" > "Compile Shader" or by
pressing F7 key, the selected shader or shader program will be compiled using the
platform's shader compiler.

2. During scene editing, when the scene dependencies are generated, the shaders will be
compiled using an internal shader compiler (so called "builtin://DefaultShaderCompiler").

3. During asset generation, depending on the selected shader compiler type, the shaders will
be compiled using platform's shader compiler (Target) or internal shader compiler
(Simulation).

The compilation result can be seen in the "Problems Browser" panel. For further information please

refer to section Problems Browser.

Scene Tree Search X
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| Message | Location |Problem Id | Category |

2001 aderCompi

2001 aderCompi

/Ref RefWater 2001 aderCompi

DefaultShaderCompiler: (line 0, column

W) /Ref RefWater 2001 aderCompi

After successful shader compilation, a regarding message is displayed.

Shader Parameters

SceneComposer offers the necessary support to define shader parameters for uniform and

attribute values. For every shader, Candera supplies a list of uniforms and their corresponding
types. Uniforms are set via UniformSetters.

e A new category named "Shader Parameters" is loaded for every node, after choosing a
Shader Program from Properties panel.

e The available uniforms are displayed and desired values can be set for them after
choosing a proper Uniform Setter from the "Uniform Setter" property list.
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Properties
@ RefTransLight3 RefColorTex { ShaderProgram )
General Details

W Uniforms

Name I Type I Precision | Semanti |

u_Light[0].type Medium LightTy
u_Light[1].type nteger Medium

u_Light[2].type nteger Medium

u_Light[3].type nteger Medium LightTy
u_Light[4].type nteger Medium LightTy
u_Light[5].type nteger Medium LightTy
u_Light[6].type nteger Medium LightTy
u_Light[7].type nteger Medium LightTy
u_Light[0].enabled nteger Medium LightEn
u_Light[1].enabled nteger Medium LightEn
u_Light[2].enabled nteger Medium LightEn
u_Light[3].enabled nteger Medium LightEn
u_Light[4].enabled nteger Medium LightEn

u_Light[5].enabled nteger Medium LightEn

When a shader is edited in the Shader Editor panel and new uniforms are created, those uniforms
will only be listed in the Shader Parameters section of the node properties after successful shader
compilation.

If the shader program is faulty (e.g. compile error), the previously retrieved uniforms are presented
in read-only mode.

Instanceable Shaders

Instanceable shaders are integrated into SceneComposer. They have "Inst" in their names and are
special shaders used for instanced draw.

When using an instance-able shader, uniforms that are declared as arrays in the shader, will not be
exposed as an array in the SceneComposer view. Instead it has to be exposed as a single value.

When an instanceable shader is selected, the property grid will display the Max Instance Count
value (represents the maximum number of element that the shader can render in a batch render).

Instanceable shader validations. In an instanceable shader, the following shall hold true:



e All uniforms (except certain auto-uniforms) are defined as arrays - an error will be emitted
otherwise
e The sizes of the array uniforms must be the same - an error will be emitted otherwise

List of auto-uniforms that must not be declared as arrays in instanceable shaders:

e "u_PMatrix", // ProjectionMatrix4

e "u_VPMatrix", // ViewProjectionMatrix4

e "u_CampPosition", // CameraPosition

e "u_CambDirection", // CameraLookAtVector

e "u_Texture", // Texture

e "u_Texturel", // Texturel

e "u Texture2", // Texture2

e "u Texture3", // Texture3

e "u_Texture4d", // Textured

e "u_Texture5", // Texture5

e "u Texture6", // Texture6

e "u Texture7", /| Texture7

e "u_Texture8", // Texture8

e "u_Texture9", // Texture9

e "u_TexturelO", // TexturelO
e "u Texturell", // Texturell
e "u Texturel2", // Texturel2
e "u_Texturel3", // Texturel3
e "u Texturel4d", // Textureld
e "u Texturel5", // Texturel5

e "u CubeMapTexture", // CubeMapTexture

e "u CubeMapTexturel”, // CubeMapTexturel

¢ "u_CubeMapTexture2", // CubeMapTexture2

¢ "u_CubeMapTexture3", // CubeMapTexture3

e "u_CubeMapTexture4", /| CubeMapTexture4d

e "u CubeMapTexture5", // CubeMapTexture5

¢ "u_CubeMapTexture6", // CubeMapTexture6

¢ "u_CubeMapTexture7", /| CubeMapTexture?7

e "u_CubeMapTexture8", // CubeMapTexture8

e "u CubeMapTexture9", // CubeMapTexture9

e "u CubeMapTexturelQ", // CubeMapTexturelO
e "u_CubeMapTexturell”, // CubeMapTexturell
e "u_CubeMapTexturel2", // CubeMapTexturel2
e "u_CubeMapTexturel3", // CubeMapTexturel3
e "u CubeMapTexturel4d"”, // CubeMapTexturel4d
e "u_CubeMapTexturel5", // CubeMapTexturel5



"u_Light[0].type", // LightType

"u_Light[1].type", // LightTypel
"u_Light[2].type", // LightType2
"u_Light[3].type", // LightType3
"u_Light[4].type", // LightType4
"u_Light[5].type", // LightType5
"u_Light[6].type", // LightType6
"u_Light[7].type", // LightType7

"u_Light[0].ambient", // LightAmbient

"u_Light[1].ambient", // LightAmbientl
"u_Light[2].ambient", // LightAmbient2
"u_Light[3].ambient", // LightAmbient3
"u_Light[4].ambient", // LightAmbient4
"u_Light[5].ambient", // LightAmbient5
"u_Light[6].ambient", // LightAmbient6
"u_Light[7].ambient", // LightAmbient7

"u_Light[0].diffuse", // LightDiffuse

"u_Light[1].diffuse", // LightDiffusel
"u_Light[2].diffuse", // LightDiffuse2
"u_Light[3].diffuse", // LightDiffuse3
"u_Light[4].diffuse", // LightDiffuse4
"u_Light[5].diffuse", // LightDiffuse5
"u_Light[6].diffuse", // LightDiffuse6
"u_Light[7].diffuse", // LightDiffuse?7

"u_Light[0].intensity", // intensity
"u_Light[1].intensity", // intensity
"u_Light[2].intensity", // intensity
"u_Light[3].intensity", // intensity
"u_Light[4].intensity", // intensity
"u_Light[5].intensity", // intensity
"u_Light[6].intensity", // intensity
"u_Light[7].intensity", // intensity

"u_Light[0].specular", // LightSpecular

"u_Light[1].specular", // LightSpecularl
"u_Light[2].specular", // LightSpecular2
"u_Light[3].specular", // LightSpecular3
"u_Light[4].specular", // LightSpeculard
"u_Light[5].specular", // LightSpecular5
"u_Light[6].specular", // LightSpecular6
"u_Light[7].specular", // LightSpecular7



"u_Light[0].position", // LightPosition

"u_Light[1].position", // LightPosition1
"u_Light[2].position", // LightPosition2
"u_Light[3].position", // LightPosition3
"u_Light[4].position", // LightPosition4
"u_Light[5].position", // LightPosition5
"u_Light[6].position", // LightPosition6
"u_Light[7].position", // LightPosition7

"u_Light[0].direction", // LightDirection

"u_Light[1].direction", // LightDirectionl
"u_Light[2].direction", // LightDirection2
"u_Light[3].direction", // LightDirection3
"u_Light[4].direction", // LightDirection4
"u_Light[5].direction", // LightDirection5
"u_Light[6].direction", // LightDirection6
"u_Light[7].direction", // LightDirection7

"u_Light[0].halfplane", // LightHalfplane

"u_Light[1].halfplane", // LightHalfplanel
"u_Light[2].halfplane", // LightHalfplane2
"u_Light[3].halfplane", // LightHalfplane3
"u_Light[4].halfplane", // LightHalfplane4
"u_Light[5].halfplane", // LightHalfplane5
"u_Light[6].halfplane"”, // LightHalfplane6
"u_Light[7].halfplane”, // LightHalfplane7

"u_Light[0].attenuation", // LightAttenuation

"u_Light[1].attenuation", // LightAttenuationl
"u_Light[2].attenuation", // LightAttenuation2
"u_Light[3].attenuation", // LightAttenuation3
"u_Light[4].attenuation", // LightAttenuation4
"u_Light[5].attenuation", // LightAttenuation5
"u_Light[6].attenuation", // LightAttenuation6
"u_Light[7].attenuation”, // LightAttenuation7

"u_Light[0].spotCosCutoff", // LightSpotCosCutoff

"u_Light[1].spotCosCutoff", // LightSpotCosCutoffl
"u_Light[2].spotCosCutoff", // LightSpotCosCutoff2
"u_Light[3].spotCosCutoff", // LightSpotCosCutoff3
"u_Light[4].spotCosCutoff", // LightSpotCosCutoff4
"u_Light[5].spotCosCutoff", // LightSpotCosCutoff5
"u_Light[6].spotCosCutoff", // LightSpotCosCutoff6
"u_Light[7].spotCosCutoff", // LightSpotCosCutoff7



e "u_Light[0].spotExponent", // LightSpotExponent

e "u_Light[1].spotExponent", // LightSpotExponentl
e "u_Light[2].spotExponent", // LightSpotExponent2
e "u_Light[3].spotExponent", // LightSpotExponent3
e "u_Light[4].spotExponent", // LightSpotExponent4
e "u_Light[5].spotExponent", // LightSpotExponent5
e "u_Light[6].spotExponent”, // LightSpotExponent6
e "u_Light[7].spotExponent”, // LightSpotExponent?

e "u_Light[O].range", // LightRange

e "u_Light[1].range", // LightRangel
e "u_Light[2].range", // LightRange2
e "u_Light[3].range", // LightRange3
e "u_Light[4].range", // LightRange4
e "u_Light[5].range", // LightRange5
e "u_Light[6].range", // LightRange6
e "u_Light[7].range", // LightRange7

e "u_Light[O].enabled", // LightEnabled

e "u_Light[1].enabled", // LightEnabled1l
e "u_Light[2].enabled", // LightEnabled2
e "u_Light[3].enabled", // LightEnabled3
e "u_Light[4].enabled", // LightEnabled4
e "u_Light[5].enabled", // LightEnabled5
e "u_Light[6].enabled", // LightEnabled6
e "u_Light[7].enabled", // LightEnabled?7

e "u_Light[0].cameraLookAtVector",// LightCameralLookAtVector

e "u_Light[1].cameraLookAtVector",// LightCameraLookAtVectorl
e "u_Light[2].cameraLookAtVector",// LightCameraLookAtVector2
e "u_Light[3].cameraLookAtVector",// LightCameraLookAtVector3
e "u_Light[4].cameraLookAtVector",// LightCameralLookAtVector4
e "u_Light[5].cameraLookAtVector",// LightCameraLookAtVector5
e "u_Light[6].cameraLookAtVector",// LightCameraLookAtVector6
e "u_Light[7].cameraLookAtVector",// LightCameraLookAtVector7

Shader Consistency Checker

Shader Consistency Checker refers to validations of the shader params (attributes and uniforms
defined in shaders) based on some rules. Most shader param problems are reported for
appearances of nodes after checking the vertex buffer of the mesh versus the shader program
referenced by the appearance versus the uniform setter of the appearance.

Warning Diagnostic Possible resolutions



SemanticNotMappedToUniform,
SemanticNotMappedToAttribute

ShaderAttributeNotMappedToSemantic

VBAttributeMissing

VBAttributeTypelnvalid

VBAttributeTypeExtraChannels

VBAttributeTypePotentialPrecisionLoss

VBAttributeTypePrecisionWaste

VBAttributeTypeConversionTolnt,
VBAttributeTypeConversionToFloat

This problem is reported when a
uniform or attribute semantic is not
mapped to any parameter name in the
shader.

This problem is reported when the
shader contains an attribute which is
not mapped to a semantic.

This problem is reported when an
attribute defined in the shader has no
matching data in the vertex buffer.

This problem is reported when the type
of the vertex data or the type of the
attribute defined in the shader is
invalid or there was an error retrieving
them.

This problem is reported when the
vertex data contains too many
channels compared to the attribute
defined in the shader. For example an
attribute is defined in the shader as a
vector of 2 floats and the vertex data
has a vector of 3 floats.

This problem is reported when there is
a (potential) precision loss while
loading the attribute data contained in
the vertex buffer into the attributed
defined in the shader. For example
vertex data type is Float32 and the
shade attribute type is Medium Float.

This problem is reported when there is
a "precision waste" while loading the
attribute data contained in the vertex
buffer into the attribute defined in the
shader. For example vertex data type
is Int8 and the shader attribute type is
High Int.

This problem is reported when there is
a type conversion while loading the
attribute data contained in the vertex
buffer into the attribute defined in the
shader. For example vertex data type
is float and the shader attribute type is
int.

change the attribute
mapping

edit shader in case the
attribute was spelt
incorrectly

change the attribute

mapping

generate the missing
attribute (if possible)
select a different shader
program or vertex buffer

select a different shader
program or vertex buffer

regenerate the attribute
from the vertex buffer (if
possible)

edit the shader

select a different shader
program or vertex buffer

change the precision of the

attribute from the vertex
buffer (if possible)

edit the shader

select a different shader
program or vertex buffer

change the precision of the

attribute from the vertex
buffer (if possible)

edit the shader

select a different shader
program or vertex buffer

edit the shader
select a different shader
program or vertex buffer



SemanticNotSupportedByUniformSette  This problem is reported when the

rButUsedByShaderProgram semantic of a uniform defined in the
shader is not supported by the uniform
setter. Currently all semantic are
supported.

SemanticNotEnabledinUniformSetterBu  This problem is reported when the enable the semantic in the
tUsedByShaderProgram semantic of a uniform defined in the uniform setter
shader is not enabled in the uniform

enable flag auto activation
setter. for the uniform setter
select a different shader
program or vertex buffer

SemanticEnabledinUniformSetterButNo = This problem is reported when the disable enable the semantic
tUsedByShaderProgram semantic of a uniform not defined in in the uniform setter
the shader is enabled in the uniform

enable flag auto activation
setter. for the uniform setter
select a different shader
program or vertex buffer

Generic ShaderParamSetter

Generate special effects by using a uniform setter associated to a given node in a 3D scene. This
can be done by realizing a correspondence between the configuration proper to the UniformSetter
and all the parameters of the available shaders.

To get the desired effect, first, the UniformSetter from the Toolbox should be dragged in the the
Scene extra-Tree over the node's Appearance.

Toolbox X Render Targets Shaders

’ Controls

¥ MNodes 3D
W Canvas Nodes

W Attachments

8|

A relationship between the semantics of the UniformSetter and all the properties of the shader
should be established. The semantics of the UniformSetter contain specific values that could be

P Behaviors

activated/deactivated in direct relationship with the shader. In In [ Solution Option >Default Shader
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Params ] from the menu bar allows to change the default names of all these values specific for the
semantics of the UniformSetter.

ﬁ';: Solution Options — O X

Ge onfiguration Auto Uniforms | Shader Attributes

Data ) |

Semantic | Name | Default Name

Cultures ModelMatrix3 u_MMatrix3 u_MMatrix3
Default

Default Shader Config
Default Shader Params
Color Palette

ModelViewMatrix3 u_MVMatrix3 u_MVMatrix3
NormalModelMatrix3 u_NormalMMatrix3 u_NormalMMatrix3
NormalModelViewMatrix3 u_NormalMVMatrix3  u_NormalMVMatrix3
ModelMatrix4 u_MMatrix u_MMatrix
ModelViewMatrixd u_MVMatrix u_MVMatrix
u_PMatrix u_PMatrix
u_MVPMatrix u_MVPMatrix

u_CamDirection u_CamDirection

Layout Configuration

u_CamPosition u_CamPo

Reset All Clear All

For example, if under an appearance template we have a RefTransLight2SphereMap_RefColorTex
shader, as a first step it is necessary to open the Shader Editor panel and search all the uniforms
required by this shader.

As a second step, configure the semantic of the UniformSetter in order to create a correspondence
between the shader required uniforms and enabled Uniforms in the generic UniformSetter category
in the Properties panel.
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mediump fleoat u_Alphau; ff Dist
mediump float u Alphav; ff Dist
mediump vec3 u_CamPosition; | // Came
light u_Light[2&];

material u_Material;
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mediump vecd g _ambient_color;
mediump vecd g_diffuse_color;
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* This Fragment Shader supports:

* - Assignment of product of varying color
*

RefColorTex.fra

J/START INCLUDE RefEnvironment.inc

=
s

* Candera shader environment definitions.

FEX Properties

100% Y
& Fusion..

Behawvi

Camera ¥ Appearances
CUBE

Box001

hd Appearance
Material
#g RefTransLight1_RefColorTex
UniformSetter
P Textures

Find all the semantic uniform values of the RefTransLightlSphereMap RefColorTex shader in the

Shader Editor.

The given uniform semantic of the UniformSetter in the Shaders Params Editor dialog
have to be the same with Uniforms in the generic UniformSetter in the Properties

panel.

UniformSetter ( UniformSetter )

’ General

s vvsvvuvyovovjvuvoovvuvuvu

U

W Uniform Setter

Enable Auto Activation
Enable ModelMatrixd

able ModelMatrix3

Enable MpdelViewMatrix3

Enable NorkpalModelViewMatnx3
Enable Projecty
Enable ModelViewProjectionMatmxd
Enable Camera Logy

Enable Camera Position

Enable Lights Activation

Enable Matenal Actrvation

Enable Texture Activation

Enable Texel Size Activation

Enable Point Sprite Activation
Enable Morphing Mesh Activation
Enable Canvas Activation

Enable Skinning Mesh Activation

Light Coordinate Space

ht not



Enable Auto Activation Property

There is an option to avoid the detailed (i.e. manual) setting of the uniform setters by using the
auto activation property. This is possible after the setting of the "Enable uniform setter auto
activation" property in the Solution Option panel (section "General Configuration"). If this setting is
used and the "Auto activation scope" property is set global, the "Enable auto activation" property
will become active and all the activation flags will be determined when the asset is generated
based on the auto uniforms which are defined in the shader program.

4 Solution Options (] x
Library Type:

Library Id:

Safety Assot Custom Id:

o Preserve SCML document formatting
Enable b lignment of bitmap

arget Configuration Enable automatic import

If checked, imports are performed automatically when data in the specified folder(s) is added or updated while
t uticon is running.
Data that can be monitored are image files and fbx files.

uration

After this operation, a check box with the same name will become available in the Properties panel.
This property specifies if the auto activation of the flags should be enabled based on the global
values stored in the solution properties or locally in this item.
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UniformSetter { UniformSetter )

’ General

2 Enable ModelMatrixd

2 Enable ModelMatrix3
Enable MormalModelMatrix3

2 Enable ModelViewMatrix4

2 Enable Maoc sz
Enable MormalModel

* Enable Projecti datrizd

* Enable Mac jectionbdatrixd
Enable Camera L

3 Enable Ca

) Enable Lights Activation

Enable Material Activation

Multi-Pass Effect Configuration

Another way of getting complex effects is combining multiple appearances. The fact that there are
multiple appearances attached on the same node implies that the node is rendered with each
appearance at a time. All the appearances are rendered sequentially.



Scene Editor

Scene Tree

« . GO w

¥ [2] SphereMapScene Fusion...

Light ** Behaviors
Camera ¥ = Appearances
Group A4 Appearance
Material
Teapot01 ®s RefMronsLight15phereMop RefColorTex
UniformSetter
v Textures
> CSM49294-777
v Appearance 1
Material
& RefTransColor RefColorTex
TransLightShaderParam5etter (TransLightShe
lextures

For example, if two different appearances associated at the same node after the UniformSetters of
the first appearance are set, the second appearance should be set. Every appearance can be

configured by using its own properties panel. However, it is possible to see both appearances in the
general Properties panel as different tags of it.

Scene Tree vEX Properties v EX
€D . hoe o= Teapot01 ( Mesh ) o
¥ [8] SphereMapScene & Fusion.. General  Appearance 3 Appearance_1 3¢ AV+

Light =

** Behaviors
W Material g
Camera v Appearances SRR
Group v Appearance 5 Ambient Color - Green
Teapot01 Material 0.588
— #n RefTranslight1SphereMap RefColorTex Alpha
UniformSetter 1.00

3 Diffuse Color Red Green
04784314 | 04784314

v Textures
> C5M49294-777
h 4 Appearance_1 Blue Alpha
Material 04784314 | 100
i RefTransColor_RefColorTex
TranslightShaderParamSetter (TransLightShaderF D Emissive Color Red Green
lextures 0.00 0.00




Clone, Rename, Delete a Shader

Use the context menu of a shader program in the Shaders panel to trigger one of the following
options:

e "Clone" will make a copy of the shader program. The name of the copy will be the name
of the item suffixed with a number.

e "Delete" will cause a "Delete solution item" dialog to appear. If the item is not used
somewhere in the solution, it can be deleted by clicking "OK". If the item is used, the
"Delete Solution Item" dialog will list the paths of the items where it is used, and the "OK"
is disabled, making the deletion not possible.

e "Rename" will cause a "Rename Solution Item" dialog to appear. The new desired name
can be typed in the text box.
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