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Introduction

* OpenGL ES offers the most direct access to graphics hardware on iOS

- Allows lots of flexibility and power
- Flexibility can be challenging to master

» Utilizing the API to its fullest can set your app apart
- Make the difference between shipping something good or great



Agenda

What you will learn

* New In 10S 7

* Instancing
- Vertex texture sampling
- SRGB texture formats

* Tuning and performance

- Understand the GPU pipeline
* Insight into feedback from GPU tools



A Note About Power Efficiency

Rendering, but not...



Rendering Requires Power

» All GPUs used by iOS are power efficient
- Still require considerable power to render



Rendering Requires Power

» All GPUs used by iOS are power efficient
- Still require considerable power to render
* Manage frame rate

- Use CADisplayLink to sync to display
- Target 30 fps



Rendering Requires Power

» All GPUs used by iOS are power efficient
- Still require considerable power to render
* Manage frame rate

- Use CADisplayLink to sync to display
- Target 30 fps
» Often unnecessary to render at all

- Do not re-render a frame if it looks the same as the previous frame
* No animation or movement



Rendering Requires Power

» All GPUs used by iOS are power efficient
- Still require considerable power to render
* Manage frame rate

- Use CADisplayLink to sync to display
- Target 30 fps
» Often unnecessary to render at all

- Do not re-render a frame if it looks the same as the previous frame
* No animation or movement

» Particularly important with the multilayered iOS 7 Ul
- Ul can skip compositing if nothing has changed in a layer
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Drawing Many Models

Without instancing

for(x = 0; x < 10; X++)

1
for(y = 0; y < 10; y++)
{

// Set uniform to position the gear
glUniform4fv(mygearPosition[x][y]);

// Draw the gear
glDrawArrays(GL_TRIANGLES, 0, numGearVertices);
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What Instancing Does

* Draw the same model many times

- Different parameter for each instance
- Single draw call

* Each instance can have different:
» Position
- Matrices
- Texture coordinates



Instancing
Two forms

* Instanced arrays
= GL_APPLE_1instanced_arrays

* Instance parameters in a vertex array

* Shader instance ID
= GL APPLE draw instanced

« |D variable for instance drawn in vertex shader



Instancing
Method 1: Instanced arrays

*glVertexAttribDivisorAPPLE indicates

- Attribute array supplying instance data

- Number of instances to draw before
advancing to the next element in this array

* Draw with glDrawArraysInstancedAPPLE or
glDrawE lementsInstancedAPPLE

-Same as glDrawArrays and glDrawElements, but extra
parameter indicates number of instances to draw



Instancing
Method 1: Instanced arrays

Vertex Arrays

Attribute 0:Vertex Positions - --
Attribute 1:Vertex Normals - _-

Attribute 2:Vertex Colors - _-
VAN

Attribute 3:Instance Positions
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Instanced Arrays
API setup

// Setup per vertex position, normal, and color arrays on
// 1indices 0, 1, and 2 for gear model same as usually

// Setup vertex array index 3 to contaln per object positions
glVertexAttribPointer(3, ..., instancePositionOffset);

// Indicate that attribute 3 should increment 1 element each instance
glVertexAttribDivisorAPPLE(3, 1);

// Draw gear model 100 times
glDrawArraysInstancedAPPLE(GL_TRIANGLES, @, NUM_GEAR_VERTS, 100);



Instanced Arrays
API setup

// Setup per vertex position, normal, and color arrays on
// indices 0, 1, and 2 for gear model same as usually

// Setup vertex array index 3 to contain per object positions
glVertexAttribPointer(3, ..., instancePositionOffset);

// Indicate that attribute 3 should increment 1 element each instance
glVertexAttribDivisorAPPLE(3, 1);

// Draw gear model 100 times
glDrawArraysInstancedAPPLE(GL_TRIANGLES, @, NUM_GEAR_VERTS, 100);



Instanced Arrays
API setup

// Setup per vertex position, normal, and color arrays on
// 1indices 0, 1, and 2 for gear model same as usually

// Setup vertex array index 3 to contalin per object positions
glVertexAttribPointer(3, ..., instancePositionOffset);

// Indicate that attribute 3 should increment 1 element each instance
glVertexAttribDivisorAPPLE(3, 1);

// Draw gear model 100 times
glDrawArraysInstancedAPPLE(GL_TRIANGLES, @, NUM_GEAR_VERTS, 100);



Instanced Arrays
API setup

// Setup per vertex position, normal, and color arrays on
// 1indices 0, 1, and 2 for gear model same as usually

// Setup vertex array index 3 to contain per object positions
glVertexAttribPointer(3, ..., instancePositionOffset);

// Indicate that attribute 3 should increment 1 element each instance
glVertexAttribDivisorAPPLE(3, 1);

// Draw gear model 100 times
glDrawArraysInstancedAPPLE(GL_TRIANGLES, @, NUM_GEAR_VERTS, 100);



Instanced Arrays
API setup

// Setup per vertex position, normal, and color arrays on
// 1indices 0, 1, and 2 for gear model same as usually

// Setup vertex array index 3 to contain per object positions
glVertexAttribPointer(3, ..., instancePositionOffset);

// Indicate that attribute 3 should increment 1 element each instance
glVertexAttribDivisorAPPLE(3, 1);

// Draw gear model 100 times
glDrawArraysInstancedAPPLE(GL_TRIANGLES, @, NUM_GEAR_VERTS, 100);



Instanced Arrays
API setup

// Setup per vertex position, normal, and color arrays on
// 1indices 0, 1, and 2 for gear model same as usually

// Setup vertex array index 3 to contaln per object positions
glVertexAttribPointer(3, ..., instancePositionOffset);

// Indicate that attribute 3 should increment 1 element each instance
glVertexAttribDivisorAPPLE(3, 1);

// Draw gear model 100 times
glDrawArraysInstancedAPPLE(GL_TRIANGLES, @, NUM_GEAR_VERTS, 100);



Instance Arrays
Vertex shader

// Per vertex and normal position
attribute vec4 pos;
attribute vec3 normal;

// Per 1instance position (maps to attribute index 3)
attribute vecd4 instancePos;

void main()

{

// Add vertex position to instance position
vec4 tempPos = 1instancePos + pos;

// Transform position to clip space and output to gl _Position

gl _Position = tempPos;



Instance Arrays
Vertex shader

// Per vertex and normal position
attribute vecd pos;
attribute vec3 normal;

// Per 1instance position (maps to attribute index 3)
attribute vecd4 instancePos;

void main()

{

// Add vertex position to instance position
vec4 tempPos = 1instancePos + pos;

// Transform position to clip space and output to gl _Position

gl _Position = tempPos;



Instance Arrays
Vertex shader

// Per vertex and normal position
attribute vec4 pos;
attribute vec3 normal;

// Per 1instance position (maps to attribute index 3)
attribute vecd4 instancePos;

void main()

{

// Add vertex position to instance position
vec4 tempPos = 1instancePos + pos;

// Transform position to clip space and output to gl _Position

gl _Position = tempPos;



Instance Arrays
Vertex shader

// Per vertex and normal position
attribute vec4 pos;
attribute vec3 normal;

// Per 1instance position (maps to attribute index 3)
attribute vecd4 instancePos;

void main()

{

// Add vertex position to instance position
vec4 tempPos = instancePos + pos;

// Transform position to clip space and output to gl _Position

gl _Position = tempPos;



Instance Arrays
Vertex shader

// Per vertex and normal position
attribute vec4 pos;
attribute vec3 normal;

// Per 1instance position (maps to attribute index 3)
attribute vecd4 instancePos;

void main()

{

// Add vertex position to instance position
vec4 tempPos = 1nstancePos + pos;

// Transform position to clip space and output to gl _Position

gl _Position = tempPos;



Instance Arrays
Vertex shader
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attribute vec4 pos;
attribute vec3 normal;
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Instancing
Method 2:Instance ID

* Built-in g1_InstanceIDAPPLE variable in vertex shader
* ID incremented for each instance
* Can use ID to calculate unigue info for instance

- Calculate texture or position
- Location of instance parameter in uniform array or texture

* Also uses glDrawArraysInstancedAPPLE or
glDrawE lementsInstancedAPPLE
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Shader Instance ID
Vertex shader

uniform float gearSize;
attribute vec2 vertexPosition;

void main() A
float instanceID = float(gl _InstanceIDAPPLE);
instancePosition.x = mod(instanceID, 10) * gearSize;
instancePosition.y = (floor(instancelID)/ 10) * gearSize;
vec4 tempPos = vertexPosition.xy + instancePosition.Xxy;

// Transform tempPos to clip space and output to gl_Position

gl _Position = tempPos;

}
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Vertex Texture Sampling

A texture in the vertex stage?




Vertex Texture Sampling

e Texture access in the vertex shader
* Many uses

 Displacement mapping
- Alternative to uniforms

* Generic data store with random access



A Simple Vertex Texture Sampling Example
Height mapping
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Vertex Texture Sampling for Generic Data

» Can store any kind of data in a texture for shader access

- Large store of random access memory
- Data normally passed via glUniform, passed via texture



Texture Sampling vs. Uniforms

* Larger storage than a uniform array
» Potentially less API calls to set data
- Bind large number of uniforms as group

* A variety of types
 GL_UNSIGNED_BYTE, GL_HALF_FLOAT, and GL_FLOAT

» Use with filtering and wrapping
- Averages sequential values

* Render to texture
- GPU can produce data






Instanced Asteroids
Instancing with shader instance ID

* Calculates transformation matrix in vertex shader
- gl_InstanceIDAPPLE modded by a constant gives a spin value

» Cos and sin used to generate rotation matrix
gl_InstanceIDAPPLE also used to calculate position
- Translation applied to rotation matrix

* Matrix calculations are done per vertex



Instanced Asteroids
Instancing with instanced arrays

* Two vertex arrays store positions and rotations
- Calculated once at app startup

» Attribute divisor passes parameters for each asteroid
- Not passed per vertex
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» Advantages of instance ID

- Little memory or bandwidth required
- Use GPU for computation
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Instanced Asteroids
Instance ID with texture sampling vs. instanced arrays

» Advantages of instance ID

- Little memory or bandwidth required
- Use GPU for computation

» Advantages of instanced arrays

- Generally faster than computing on GPU
- Lots of flexibility in types

* Advantages of using instance ID with vertex texture sampling

 Random access

- Often logically simplest to store data
- Look up tables, bone matrices



Instancing and Vertex Texture Sampling
Summary

* [nstancing

- Many models, single draw
- Different parameters each instance
- Performance gains

* Vertex texture sampling

- Texture data access in vertex shader
- Use with instance ID for per-instance parameters

* Available on all iOS 7 devices



SRGB




SRGB Texture Formats
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* SRGB is an alternate colorspace
- Matches gamma curve of displays
inear color m

* More perceptually correct

* Perceptually |

ighs brighter

ith RGB we
colors more than darker ones

IXINg W

- M

.!c.i}\l«’.&.it:ﬂ
J«

-
4 ww%mwabu

. .?&x»a&&giiﬁ;f‘uu
Eut#;gf,)v\féff}k o ‘V\Jl

3RS

_ﬂ_ ..Mi”.«wml

S
f e eI -

bR So o Tl o o e
. Sapd Sty ™Y

-u .7(.0..&,.0. S ——

=
v~



SRGB Texture Formats
In the API

* New formats

= GL SRGB EXT // External Format
= GL_SRGB_ALPHA_EXT // External Format
= GL SRGB8 ALPHA8 EXT // Internal Format
= GL_COMPRESSED_SRGB_PVRTC ... _APPLE // Compressed Formats

* Noncompressed sRGB textures are renderable

- Linear blending
* Color calculations in shaders

* Check for GL_EXT_sRGB in the extension string
- Not supported on iPhone 4



SRGB Texture Formats
When they should be used

* The perceptually “correct” colorspace to use for mixing
* Author texture images with sRGB colorspace in mind

- Otherwise may look different than intended
* Only use for color data



GPU Tools




OpenGL ES Frame Debugger

> B

:,1\ InstancedAsteroids » | Dan's iPad

] InstancedAsteroids.xcodeproj — @

Running InstancingDemo on Dan’s iPad

InstancingDemo.gputrace

16 EE" | gfl : LN

v

M I Q A @ =

By File © By Type

» 8

A InstancingDemo

£ 5 16 issues

¥ m! instancing.m
Logical Buffer Load
Your app caused a framebuffer load operation by the
GPU. A typical cause is failing to clear at the beginning
Redundant Call
glEnable(GL_DEPTH_TEST) set a piece of GL state to its
current value.
Redundant Call
glUniform4f(0, 0.0000000f, 0.0000000f, 0.0100000f,

0.9900000f) set a piece of GL state to its current value.

Redundant Call

glUniform4f(1, 0.0000000f, 0.0200000f, 0.2000000f,
175.0000000f) set a piece of GL state to its current
Mipmapping Usage

Texture #2 "/var/mobile/Applications/
6F6ABSA70-904F-4369-8DD2-3E5B78D04232/
Redundant Call

glUniformMatrix4fv(2, 1, Ou, {1.0711110f, 0.0000000f,

0.0000000f, 0.0000000f, 0.00000001, 1.4281480f,
Redundant Call
glUniform4f(0, 0.0400000f, 0.0600000f, 0.1100000f,

0.8500000f) set a piece of GL state to its current value.

Redundant Call
glUniform4f(1, 0.6500000f, 0.3800000f, 0.1800000f,

4.0000000f) set a piece of GL state to its current value.

Redundant Call

glBindBuffer(CL_ARRAY_BUFFER, 2u) set a piece of GL
state to its current value.

Redundant Call

glUniformMatrix4fv(6, 1, Ou, {0.0000000f, 0.0000000f,

0.0000000f, 0.0000000f, 0.0000000f, 0.0000000f,
Logical Buffer Load

Your app caused a framebuffer load operation by the
GPU. A typical cause is failing to clear at the beginning
Redundant Call

glUniform4f(0, 0.1200000f, 0.0000000f, 0.0800000f,

0.6000000f) set a piece of GL state to its current value.

Redundant Call
glUniform4f(1, 0.8500000f, 0.9500000f, 0.9000000f,

0.9000000f) set a piece of GL state to its current value.

Dependent Texture Sampling

The fragment shader in Program #12 performed
dependent texture reads which are slower than non-
Redundant Call

@ InstancingDemo.gputrace

Colorn

auo [THOHE

O » | < >

Error Status No CL Erro

InstancingDemo

Viewport ( 0, C
Active Texture Unit Texture
' Stencil OfF
1 Blending Off
Depth Less
Culling Back - CCW
' Framebuffer Write
| Polygon Offset Off
Multisampling Default Coverage
Scissor Off
Misc
Current Vertex

CL Context y  ©

60035 glUseProgram(12)

60035 glUseProgram(12)

| LJ All GL Objects Al 47 p

f /R EEEREEXEEEERXEEEERXRXRXEERXEREREREREE R E R E T 33 35 3k kg ko kR ki i g ok kg 3k ko ok k ki kx x ¥k

Program #12 Fragment Shader

FAAs de n »rand neard cehAadanre Ane ~ S - P

CALTS TO capcurea snaders are noc savea to tne Sou c ruaue! L.
£ sy 2 - -~ i .~ L 3= ~ by A s - -~ ~ iMoo ~ 2y - S O\ A 2
Copy them back to your shade oNne or recrieve tnem rrom
s CDIl Nol | A7

the GFU Lebug LOg.

/ /3% 3k e e ok ok sk ok o o ok ok o e ok ok ok e e e ok 3k ol o ok ko o ok 3K 3k o e ok 3k ki o o ok ok o e ok ok sk ol ol e ok ok e e ok ok ok e o e e ok o o ok ok ok o ok ke ok

uniform samplerCube tex;
varying lowp vec4 color;
varying mediump vec3 coord,;
void main() {
const highp float wun = 1.0;
mediump vec3 texcoord = wun * coord; highp vec4 t = textureCube(tex,
texcoord);
' vec4(color.rgb, 1.0) + color.a;

gLFmgCoLor = vec4(foo, 0.9, 0.0, 1.90); © Use of undeclared identifier 'foo’

_FragColor = t

C @ Fragment shader compilation failed

<4

Program #12
"Uniforms & Uniforms
amb = (vecd) { 0.12, 0, 0.08, 0.6 } Lecation{D)
dif = (vecd) { 0.85, 0.95, 0.9, 0.9 } Location(1
ModelViewProjection = (matd) { 1.95319, 0.972599, 1.90127, 1.87109, -2.13277, 0.890709, 1.74119, 1.7...
ModelView = (matd){ 1.82352, 0.681021, -1.87109, 0, -1.99117, 0.623681, -1.71355,0, 0, 2.53717, 0.9...
lightPos = (vec3){ 0.592694, 0.734606, -0.330254 } Location(1C
mplerCube) { O } Location(11)
» Active Attributes 2 Attributes
» Attribute Bindings 1 Bindings
GL_LINK_STATUS = GL_TRUE
GL_PROGRAM_SEPARABLE = CL_FALSE
| Frame Statistics 30003 draw calls

tex = (sa




OpenGL ES Frame Debugger

Scrubber bar and Framebuffer view

] InstancedAsteroids.xcodeproj — @ InstancingDemo.gputrace

> i :,‘,\ InstancedAsteroids . Dan's iPad Running InstancingDemo on Dan’s 1Pad 16 =] 7 7 |

T Q A @ = » B8 - @ InstancingDemo.gputrace 60035 glUseProgram(12) wi <4 > | ) All GL Objects All Program #12 “| Fragment Shader 47 b
. 'l,l""“""‘»‘("ﬁtl!}‘*""t‘ii’kdti*xt!nxiXt*i!*thlt‘x!rxxxx**nnn**xxx##ﬁtt*ﬂxxnxxw

By File © By Type

b o - - P S~ - ~ 7 o~ o ~ e o~ - S_— ~ d - - -
11 T¢ ™0 ;(".'\"v remn g ¢ 1 § | ! oL ar 1 &)

'/ Frl » { ‘ s NnArarc Are Not - Yi-Ts o ~ " S Ce SNACe!: |
. "\ lnstanc”f‘gocmo / LULLO ne MLUUl T . ¥ L 2 WIS UL 3 y Cu LI o>V = ol IUac] LLCT.

£ % 16 issues // Copy them back to your shader

|
]

> . / / - b DIl Nal
¥ m! instancing.m J ' ¢ o . // the GPU Depbug LOg.
LogicalBuf’ferLoad . » l,'v,v‘xxxxtnx‘cn::&tnrtintuttzxf.t*ttuxifik—(t«*?ﬁk*tﬁ'**k*#nx‘cﬁ#é:*#t‘i%ﬁﬁﬁ#")’-ﬁt**t’!t#?‘ff-
Your app caused a framebuffer load operation by the ' + ) uniform samplerCube tex;
| e’ ’ a - 11 . '-r L. ha 4: (4 " ’ y .-A . » : 4 ot e : 25 ;
GPU. A typical cause is failing to clear at the beginning - , . ; varying lowp vecd COIOF‘,
Redundant Call

varying mediump vec3 coord;
glEnable(CL_DEPTH_TEST) set a piece of GL state to its 4 vn(-lin() : F ’
current value. VOold |

RE A e ee A ' N gs ' csm:;-t highp float wun 1 R ‘

glUniform4f(0, 0.0000000f, 0.0000000f, 0.0100000f, . - : . mediump vec3 texcoord wun * coord; highp vec4 t = textureCube(tex,
0.9900000f) set a piece of GL state to its current value. _ T e N e Y texcoord);

Redundant Call . ; ' FYog s 3 W ; T //gL_FragColor = t * vec4(color.rgb, 1.0) + color.a;

glUniform4f(1, 0.0000000f, 0.0200000f, 0.2000000f, | SR - PRt R & Ny / Sy o™ gl_FragColor = vec4(foo, 0.9, 0.0, 1.09); © Use of undeclared identifier 'foo’
175.0000000f) set a piece of GL state to its current ¢ . . . - '

Mipmapping Usage

Texture #2 "/var/mobile /Applications/

6F6ABA70-904F-4369-8DD2~-3E5B78D04232/

Redundant Call

glUniformMatrix4fv(2, 1, Ou, {1.0711110f, 0.0000000f,

0.0000000f, 0.0000000f, 0.0000000f, 1.4281480f,

Redundant Call Color

glUniform4f(0, 0.0400000f, 0.0600000f, 0.1100000f,

0.8500000f) set a piece of GL state to its current value. |

Redundant Call [ LG l Ul (=] - c @ Fragment shader compilation failed
glUniform4f(1, 0.6500000f, 0.3800000f, 0.1800000f, B g i

4.0000000f) set a piece of GL state to its currentvalue. | =] m» | <« I» InstancingDemo 60035 glUseProgram(12) <4

Redundant Call -

glBindBuffer(CL_ARRAY_BUFFER, 2u) set a piece of GL i sy
state to its current value. ’ Viewport (0, 93 5
Redundant Call > Active Texture Unit Texture Unit 0 amb = (vecd){ 0.12, 0, 0.08, 0.6 } Lecation{0)

glUniformMatrix4fv(6, 1, Ou, {0.0000000f, 0.0000000f, : Stencil Off dif = (vecd) { 0.85, 0.95, 0.9, 0.9 } Location(1

0.0000000f, 0.0000000f, 0.0000000f, 0.0000000f, » [71 Blending Off ModelViewProjection = (mat4) { 1.95319, 0.972599, 1.90127, 1.87109, -2.13277, 0.890709, 1.74119, 1.7...

Logical Buffer Load Depth Less - (Write On) - Clear{1.00000¢ ModelView = (mat4) { 1.82352, 0.681021, -1.87109, 0, -1.99117, 0.623681, -1.71355, 0, 0, 2.53717, 0.9...
Your app caused a framebuffer load operation by the e e . o
GPU. A typical cause is failing to clear at the beginning | * Culling Back - CCW lightPos = (vec3) { 0.592694, 0.734606, -0.330254 } Location(10)

A /

Error Status No CL Error Program #12

"Uniforms & Lniforms

Redundant Call - Framebuffer Write - RGBA, Clear (0.5, 0.5, 0.5, 1) tex = (samplerCube) { O } Location(11)
glUniform4f(0, 0.1200000f, 0.0000000f, 0.0800000f, » [l Polygon Offset Off > Active Attributes 2 Attributes
0.6000000f) set a piece of GL state to its current value.
Redundant Call

Multisampling Default Coverage » Attribute Bindings 1 Bindings

Scissor Off GL_LINK_STATUS = GL_TRUE
glUniform4f(1, 0.8500000f, 0.9500000f, 0.9000000f, _' o =3 =
0.9000000f) set a piece of GL state to its current value. : Misc GL_PROGRAM_SEPARABLE = GL_FALSE
Dependent Texture Sampling > Current Vertex » 1l Frame Statistics 30003 draw cal

The fragment shader in Program #12 performed
dependent texture reads which are slower than non-

Redundant Call
CL Context y  ©




OpenGL ES Frame Debugger

Scrubber bar and Framebuffer view




OpenGL ES Frame Debugger

Scrubber bar and Framebuffer view

@ InstancingDemo.gputrace } 60035 glUseProgram(12)




OpenGL ES Frame Debugger

Scrubber bar and Framebuffer view

] InstancedAsteroids.xcodeproj — @ InstancingDemo.gputrace

> i :,‘,\ InstancedAsteroids . Dan's iPad Running InstancingDemo on Dan’s 1Pad 16 =] 7 7 |

7 Q A & = » B8 @ InstancingDemo.gputrace 60035 glUseProgram(12) wi <4 > | ) All GL Objects All Program #12 *| Fragment Shader 47 b
'l,l""“""‘»‘("ﬁtl!}‘*""t‘ii’kdti*xt!nxiXt*i!*thlt‘x!rxxxx**nnn**xxx##ﬁtt*ﬂxxnxxw

By File © By Type

b o - - P S~ - ~ 7 o~ o ~ e o~ - S_— ~ d - - -
11 T¢ ™0 ;(".'\"v remn g ¢ 1 § | ! oL ar 1 &)

'/ Frl » { ‘ s NnArarc Are Not - Yi-Ts o ~ " S Ce SNACe!: |
. "\ lnstanc”f‘gocmo / LULLO ne MLUUl T . ¥ L 2 WIS UL 3 y Cu LI o>V = ol IUac] LLCT.

£ % 16 issues // Copy them back to your shader

|
]

> . / / - b DIl Nal
¥ m! instancing.m : K RO -, // the GPU Debug LOg.
LogicalBuf’ferLoad : . . . 4 l,'v,v‘xxxxtnx‘cn::&tnrtintuttzxf.t*ttuxifik—(t«*?ﬁk*tﬁ'**k*#nx‘cﬁ#é:*#t‘i%ﬁﬁﬁ#")’-ﬁt**t’!t#?‘ff-
Your app caused a framebuffer load operation by the ' ’ o uniform samplerCube tex;
| pical ca i il - at the beginni Py ol ‘ - 1 "D .
GPU. A typical cause is failing to clear at the beginning : . : _ varying lowp vecd COIOF‘,
Redundant Call

varying mediump vec3 coord;
glEnable(CL_DEPTH_TEST) set a piece of GL state to its 4 vn(-lin() : F ’
current value. VOold |

SIS & BT . const highp float wun = 1.0; ‘

glUniform4f(0, 0.0000000f, 0.0000000f, 0.0100000f, . A ’ & \ mediump vec3 texcoord wun * coord; highp vec4 t = textureCube(tex,
0.9900000f) set a piece of GL state to its current value. . _ . g ‘s : tx gt texcoord);

Redundant Call _ ; ' gt " : - - - //gl_FragColor = t * vec4(color.rgb, 1.8) + color.a;

glUniform4f(1, 0.0000000f, 0.0200000f, 0.2000000f, | § ot : , s *. 9 . / O™ o gl_FragColor = vec4(foo, 0.0, 0.0, 1.0); © Use of undeclared identifier 'foo’
175.0000000f) set a piece of GL state to its current ¢ ,oo - . . ' ]

Mipmapping Usage

Texture #2 "/var/mobile /Applications/

6F6ABA70-904F-4369-8DD2~-3E5B78D04232/

Redundant Call

glUniformMatrix4fv(2, 1, Ou, {1.0711110f, 0.0000000f,

0.0000000f, 0.0000000f, 0.0000000f, 1.4281480f,

Redundant Call Color

glUniform4f(0, 0.0400000f, 0.0600000f, 0.1100000f,

0.8500000f) set a piece of GL state to its current value. _ |

Redundant Call [ b UII E L] ' c @© Fragment shader compilation failed
glUniform4f(1, 0.6500000f, 0.3800000f, 0.1800000f, : i i

4.0000000f) set a piece of GL state to its currentvalue. | =] m» | <« I» InstancingDemo 60035 glUseProgram(12) <d

Redundant Call -

glBindBuffer(CL_ARRAY_BUFFER, 2u) set a piece of GL i sy
state to its current value. ’ Viewport (0, 93 S
Redundant Call > Active Texture Unit Texture Unit 0 amb = (vecd){ 0.12, 0, 0.08, 0.6 } Lecation{0)

glUniformMatrix4fv(6, 1, Ou, {0.0000000f, 0.0000000f, : Stencil Off dif = (vecd) { 0.85, 0.95, 0.9, 0.9 } Location(1

0.0000000f, 0.0000000f, 0.0000000f, 0.0000000f, » [71 Blending Off ModelViewProjection = (mat4) { 1.95319, 0.972599, 1.90127, 1.87109, -2.13277, 0.890709, 1.74119, 1.7...

Logical Buffer Load Depth Less - (Write On) - Clear{1.00000¢ ModelView = (mat4) { 1.82352, 0.681021, -1.87109, 0, -1.99117, 0.623681, -1.71355, 0, 0, 2.53717, 0.9...
Your app caused a framebuffer load operation by the e e . o
GPU. A typical cause is failing to clear at the beginning | * Culling Back - CCW lightPos = (vec3) { 0.592694, 0.734606, -0.330254 } Location(10)

A /

Error Status No CL Error Program #12

"Uniforms & Lniforms

Redundant Call - Framebuffer Write - RGBA, Clear (0.5, 0.5, 0.5, 1) tex = (samplerCube) { O } Location(11)
glUniform4f(0, 0.1200000f, 0.0000000f, 0.0800000f, » [l Polygon Offset Off > Active Attributes 2 Attributes
0.6000000f) set a piece of GL state to its current value.
Redundant Call

Multisampling Default Coverage » Attribute Bindings 1 Bindings

Scissor Off GL_LINK_STATUS = GL_TRUE
glUniform4f(1, 0.8500000f, 0.9500000f, 0.9000000f, _' o =3 =
0.9000000f) set a piece of GL state to its current value. : Misc GL_PROGRAM_SEPARABLE = GL_FALSE
Dependent Texture Sampling > Current Vertex » 1l Frame Statistics 30003 draw cal

The fragment shader in Program #12 performed
dependent texture reads which are slower than non-

Redundant Call
CL Context y  ©




OpenGL ES Frame Debugger

L context state and auto context view

] InstancedAsteroids.xcodeproj — @ InstancingDemo.gputrace

> i :,‘,\ InstancedAsteroids . Dan's iPad Running InstancingDemo on Dan’s 1Pad 16 =] 7 7 |

T Q A @ = » B8 - @ InstancingDemo.gputrace 60035 glUseProgram(12) wi <4 > | ) All GL Objects All Program #12 “| Fragment Shader 47 b
. 'l,l""“""‘»‘("ﬁtl!}‘*""t‘ii’kdti*xt!nxiXt*i!*thlt‘x!rxxxx**nnn**xxx##ﬁtt*ﬂxxnxxw

By File © By Type

b o - - P S~ - ~ 7 o~ o ~ e o~ - S_— ~ d - - -
11 T¢ ™0 ;(".'\"v remn g ¢ 1 § | ! oL ar 1 &)

'/ Frl » { ‘ s NnArarc Are Not - Yi-Ts o ~ " S Ce SNACe!: |
. "\ lnstanc”f‘gocmo / LULLO ne MLUUl T . ¥ L 2 WIS UL 3 y Cu LI o>V = ol IUac] LLCT.

£ % 16 issues // Copy them back to your shader

|
]

> . / / - b DIl Nal
¥ m! instancing.m J ' ¢ o . // the GPU Depbug LOg.
LogicalBuf’ferLoad . » l,'v,v‘xxxxtnx‘cn::&tnrtintuttzxf.t*ttuxifik—(t«*?ﬁk*tﬁ'**k*#nx‘cﬁ#é:*#t‘i%ﬁﬁﬁ#")’-ﬁt**t’!t#?‘ff-
Your app caused a framebuffer load operation by the ' + ) uniform samplerCube tex;
| e’ ’ a - 11 . '-r L. ha 4: (4 " ’ y .-A . » : 4 ot e : 25 ;
GPU. A typical cause is failing to clear at the beginning - , . ; varying lowp vecd COIOF‘,
Redundant Call

varying mediump vec3 coord;
glEnable(CL_DEPTH_TEST) set a piece of GL state to its 4 vn(-lin() : F ’
current value. VOold |

RE A e ee A ' N gs ' csm:;-t highp float wun 1 R ‘

glUniform4f(0, 0.0000000f, 0.0000000f, 0.0100000f, . - : . mediump vec3 texcoord wun * coord; highp vec4 t = textureCube(tex,
0.9900000f) set a piece of GL state to its current value. _ T e N e Y texcoord);

Redundant Call . ; ' FYog s 3 W ; T //gL_FragColor = t * vec4(color.rgb, 1.0) + color.a;

glUniform4f(1, 0.0000000f, 0.0200000f, 0.2000000f, | SR - PRt R & Ny / Sy o™ gl_FragColor = vec4(foo, 0.9, 0.0, 1.09); © Use of undeclared identifier 'foo’
175.0000000f) set a piece of GL state to its current ¢ . . . - '

Mipmapping Usage

Texture #2 "/var/mobile /Applications/

6F6ABA70-904F-4369~-8DD2~-3E5B78D04232/

Redundant Call

glUniformMatrix4fv(2, 1, Ou, {1.0711110f, 0.0000000f,

0.0000000f, 0.0000000f, 0.0000000f, 1.4281480f,

Redundant Call Color

glUniform4f(0, 0.0400000f, 0.0600000f, 0.1100000f,

0.8500000f) set a piece of GL state to its current value. |

Redundant Call [ LG l Ul (=] - c @ Fragment shader compilation failed
glUniform4f(1, 0.6500000f, 0.3800000f, 0.1800000f, B g i

4.0000000f) set a piece of GL state to its currentvalue. | =] m» | <« I» InstancingDemo 60035 glUseProgram(12) <d

Redundant Call

glBindBuffer(GL_ARRAY_BUFFER, 2u) set a piece of GL s : s s m— sy 3
state to its current value. 1 Viewport (0, 0, 2048, 1536) - (0 Uniforms & Uniforms

A /

Error Status No CL Error Program #12

Redundant Call 2 Active Texture Unit Texture Unit C amb = (vecd) { 0.12, 0, 0.08, 0.6 } Lecation{D)

glUniformMatrix4fv(6, 1, Ou, {0.0000000f, 0.0000000f, | » Stencil Off dif = (vecd) { 0.85, 0.95, 0.9, 0.9 } Location(1

9:0000000¢,:0:0000000t, 5.0000600f, 0.00000004, » [ Blending Off ModelViewProjection = (mat4) { 1.95319, 0.972599, 1.90127, 1.87109, -2.13277, 0.890709, 1.74119, 1.7...
e O » [ Depth Less - (Write On) - Clear(1.00000( ModelView = (mat4) { 1.82352, 0.681021, -1.87109, 0, -1.99117, 0.623681, -1.71355, 0, 0, 2.53717, 0.9...
Your app caused a framebuffer load operation by the

GPU. A typical cause is failing to clear at the beginning 2 Culling Back - CCW lightPos = (vec3) { 0.592694, 0.734606, -0.330254 } Location(10)

Redundant Call I Framebuffer Write - RGBA, Clear (0.5, 0.5, 0.5, 1) tex = (samplerCube) { O } Location(11)

glUniform4f(0, 0.1200000f, 0.0000000f, 0.0800000f, ) Polygon Offset Off > Active Attributes 2 Attributes

0.6000000f) set a piece of GL state to its current value.
Redundant Call

Multisampling Default Coverage » Attribute Bindings 1 Bindings

Scissor Off GL_LINK_STATUS = GL_TRUE
glUniform4f(1, 0.8500000f, 0.9500000f, 0.9000000f, _‘ o =3 =
0.9000000f) set a piece of GL state to its current value. Misc GL_PROGRAM_SEPARABLE = GL_FALSE
Dependent Texture Sampling 3 Current Vertex » 1l Frame Statistics 30003 draw cal

The fragment shader in Program #12 performed
dependent texture reads which are slower than non-

Redundant Call
GL Context y  ©




OpenGL ES Frame Debugger

GL context state and auto context view

Error Status No CL Error
| Viewport ( 0, 0, 2048, 1536 ) -
.| Active Texture Unit Texture Unit C
| Stencil Off
.| Blending Off
| Depth Less - (Write On) - Clear(1.
| Culling Back - CCW
[2 Framebuffer Write - RGBA, Clear ( 0.5, 0.5, 0.5, 1)
.| Polygon Offset Off
' Multisampling Default Coverage
.| Scissor Off
| Misc

> |
P |
B’,
=

a".
> |
p’,_
> [
b-.
> |
B’,A
> [
b-,

| Current Vertex

CL Context y  ©




OpenGL ES Frame Debugger

GL context state and auto context view

Error Status No CL Error . Program #12
L) Viewport (0, 0, 2048, 1536)~-(0, 1) ¥ Uniforms & Uniforms
» || Active Texture Unit Texture Unit C amb = (vecd) { 0.12, 0, 0.08, 0.6 } Location(0)
» || Stencil Off dif = (vecd) { 0.85, 0.95, 0.9, 0.9 } Location(1)
| Blending Off ModelViewProjection = (mat4){ 1.95319, 0.972599, 1.90127, 1.87109, -2.13277, 0.890709, 1.74119, 1.7...
L) Depth Less - (Write On) - Clear(1. ModelView = (mat4){ 1.82352, 0.681021, -1.87109, 0, -1.99117, 0.623681, -1.71355, 0, 0, 2.53717, 0.9...
» || Culling Back - CCW lightPos = (vec3){ 0.592694, 0.734606, -0.330254 } Location(10)
» ) Framebuffer Write - RGBA, Clear (0.5, 0.5, 0.5, 1) tex = (samplerCube) { O } Location(11)
| Polygon Offset Off » Active Attributes 2 Attributes
' Multisampling Default Coverage » Attribute Bindings 1 Bindings
| Scissor Off GL_LINK_STATUS = GL_TRUE
» || Misc GL_PROGRAM_SEPARABLE = CL_FALSE

| Current Vertex Al

GL Context vy  ©




OpenGL ES Frame Debugger

GL context state and auto context view

Error Status No CL Error . Program #12
L) Viewport (0, 0, 2048, 1536)~-(0, 1) ¥ Uniforms & Uniforms
» || Active Texture Unit Texture Unit C amb = (vecd) { 0.12, 0, 0.08, 0.6 } Location(0)
» || Stencil Off dif = (vecd) { 0.85, 0.95, 0.9, 0.9 } Location(1)
| Blending Off ModelViewProjection = (mat4){ 1.95319, 0.972599, 1.90127, 1.87109, -2.13277, 0.890709, 1.74119, 1.7...
L) Depth Less - (Write On) - Clear(1. ModelView = (mat4){ 1.82352, 0.681021, -1.87109, 0, -1.99117, 0.623681, -1.71355, 0, 0, 2.53717, 0.9...
» || Culling Back - CCW lightPos = (vec3){ 0.592694, 0.734606, -0.330254 } Location(10)
» ) Framebuffer Write - RGBA, Clear (0.5, 0.5, 0.5, 1) tex = (samplerCube) { O } Location(11)
| Polygon Offset Off » Active Attributes 2 Attributes
' Multisampling Default Coverage » Attribute Bindings 1 Bindings
| Scissor Off GL_LINK_STATUS = GL_TRUE
» || Misc GL_PROGRAM_SEPARABLE = CL_FALSE

| Current Vertex

GL Context vy  ©




OpenGL ES Frame Debugger

GL context state and auto context view

> B

:,1\ InstancedAsteroids » | Dan's iPad

] InstancedAsteroids.xcodeproj — @ InstancingDemo.gputrace

Running InstancingDemo on Dan’s iPad

16

v

By File

M I Q A @ =

By Type

» 8

A InstancingDemo
# % 16 issues

¥ m! instancing.m

Logical Buffer Load

Your app caused a framebuffer load operation by the
GPU. A typical cause is failing to clear at the beginning
Redundant Call

glEnable(GL_DEPTH_TEST) set a piece of GL state to its
current value.

Redundant Call

glUniform4f(0, 0.0000000f, 0.0000000f, 0.0100000f,

0.9900000f) set a piece of GL state to its current value.

Redundant Call

glUniform4f(1, 0.0000000f, 0.0200000f, 0.2000000f,
175.0000000f) set a piece of GL state to its current
Mipmapping Usage

Texture #2 "/var/mobile/Applications/
6F6ABSA70-904F-4369-8DD2-3E5B78D04232/
Redundant Call

glUniformMatrix4fv(2, 1, Ou, {1.0711110f, 0.0000000f,

0.0000000f, 0.0000000f, 0.00000001, 1.4281480f,
Redundant Call
glUniform4f(0, 0.0400000f, 0.0600000f, 0.1100000f,

0.8500000f) set a piece of GL state to its current value.

Redundant Call
glUniform4f(1, 0.6500000f, 0.3800000f, 0.1800000f,

4.0000000f) set a piece of GL state to its current value.

Redundant Call

glBindBuffer(CL_ARRAY_BUFFER, 2u) set a piece of GL
state to its current value.

Redundant Call

glUniformMatrix4fv(6, 1, Ou, {0.0000000f, 0.0000000f,

0.0000000f, 0.0000000f, 0.0000000f, 0.0000000f,
Logical Buffer Load

Your app caused a framebuffer load operation by the
GPU. A typical cause is failing to clear at the beginning
Redundant Call

glUniform4f(0, 0.1200000f, 0.0000000f, 0.0800000f,

0.6000000f) set a piece of GL state to its current value.

Redundant Call
glUniform4f(1, 0.8500000f, 0.9500000f, 0.9000000f,

0.9000000f) set a piece of GL state to its current value.

Dependent Texture Sampling

The fragment shader in Program #12 performed
dependent texture reads which are slower than non-
Redundant Call

@ InstancingDemo.gputrace

Colorn

auo [THOHE

] » | ¥

Error Status No C

Viewport

>

InstancingDemo

Active Texture Unit Texture

Stencil Off
Blending

Depth Less

Culling Ba

B3
J

=l
)

Writa N
1 *Jn

~\4

Framebuffer Write

"

Polygon Offset Off

Multisampling Default Coverage

Scissor O
Misc

Current Vertex

GL Context

©

60035 glUseProgram(12)

60035 glUseProgram(12)

| LJ All GL Objects Al 47 p

f /R EEEREEXEEEERXEEEERXRXRXEERXEREREREREE R E R E T 33 35 3k kg ko kR ki i g ok kg 3k ko ok k ki kx x ¥k

Program #12 Fragment Shader

FAAs de n »rand neard cehAadanre Ane ~ S - P

CALTS TO capcurea snaders are noc savea to tne Sou c ruaue! L.
£ sy 2 - -~ i .~ L 3= ~ by A s - -~ ~ iMoo ~ 2y - S O\ A 2
Copy them back to your shade oNne or recrieve tnem rrom
s CDIl Nol | A7

the GFU Lebug LOg.

/ /3% 3k e e ok ok sk ok o o ok ok o e ok ok ok e e e ok 3k ol o ok ko o ok 3K 3k o e ok 3k ki o o ok ok o e ok ok sk ol ol e ok ok e e ok ok ok e o e e ok o o ok ok ok o ok ke ok

uniform samplerCube tex;
varying lowp vec4 color;
varying mediump vec3 coord,;
void main() {
const highp float wun = 1.0;
mediump vec3 texcoord = wun * coord; highp vec4 t = textureCube(tex,
texcoord);
' vec4(color.rgb, 1.0) + color.a;

gLFmgCoLor = vec4(foo, 0.9, 0.0, 1.90); © Use of undeclared identifier 'foo’

_FragColor = t

C @ Fragment shader compilation failed

<4
Program #12
Uniforms & Uniforms
amb = (vecd) { 0.12, 0, 0.08, 0.6 } Location(0)
dif = (vecd) { 0.85, 0.95, 0.9, 0.9 } Location(1)
ModelViewProjection = (mat4) { 1.95319, 0.972599, 1.90127, 1.87109, -2.13277, 0.890709, 1.74119, 1.7...
ModelView = (mat4){ 1.82352, 0.681021, -1.87109, 0, -1.99117, 0.623681, -1.71355, 0, 0, 2.53717, 0.9...
lightPos = (vec3){ 0.592694, 0.734606, -0.330254 } Location(10)
tex = (samplerCube) { O } Location(11)

» Active Attributes 2 Attributes
» Attribute Bindings 1 Bindings

GL_LINK_STATUS = GL_TRUE
GL_PROGRAM_SEPARABLE = CL_FALSE
Frame Statistics 30003 draw calls




OpenGL ES Frame Debugger

bject view and Shader editor

] InstancedAsteroids.xcodeproj — @ InstancingDemo.gputrace

> i :,‘,\ InstancedAsteroids . Dan's iPad Running InstancingDemo on Dan’s 1Pad 16 =] 7 7 |

T Q A @ = » B8 - @ InstancingDemo.gputrace 60035 glUseProgram(12) - > s | \J All GL Objects All Program #12 Fragment Shader 47 p

J /R R R R R AR KRR R R R R R R R Rk ARk kR Rk Rk kR kb kk kkkkkk*

By File © By Type

il S e amihes Dhedas
= TO TNe source snaaer

A InstancingDemo // Ed1ts to captured shaders are not save
43 16 issues // Copy them back to your " T1les when done or
v m! instancing.m _ : : I : // the GPU Debug Log.
LogicalBUHerLoad » 'v,",.xxtn*nx»v*xxmm*wwx**xxxn*xxx:&*xxnx*nxxx*:xtntc.txrvt**x*t**wx:##xxn**xxxi**
Your app caused a framebuffer load operation by the ; . , p" uniform samplerCube tex;
| i ! a i il ~'-r - e ‘7«" . . 2 .'A . ’ " - -~ | ) ~ o~ -
GPU. A typical cause is failing to clear at the beginning - . . ; varying lowp vecd COIOF‘,
Redundant Call

_ varying mediump vec3 coord;
glEnable(GL_DEPTH_TEST) set a piece of GL state to its i .
current value. ; . ‘ : vold maln'() { ~
RE A e ee A ' N gs ' const highp float wun 1.0; |
glUniform4f(0, 0.0000000f, 0.0000000f, 0.0100000f, : . : . mediump vec3 texcoord = wun * coord; h 1gnp vec4d t = textureCube(tex,
0.9900000f) set a piece of GL state to its current value. _ T e N : e Y texcoord);
Redundant Call . 3 ' Sy on & 'S N 3 " //gL_FragColor = t * vec4(color.rgb, 1.0)
glUniform4f(1, 0.0000000f, 0.0200000f, 0.2000000f, g S - ‘0 *.2 Q- \ v/ S o gl_FragColor = vec4(foo, 0.0, 0.0,
175.0000000f) set a piece of GL state to its current ¢ . . . : '
Mipmapping Usage
Texture #2 "/var/mobile /Applications/
6F6ABA70-904F-4369-8DD2~-3E5B78D04232/
Redundant Call
glUniformMatrix4fv(2, 1, Ou, {1.0711110f, 0.0000000f,
0.0000000f, 0.0000000f, 0.0000000f, 1.4281480f,
Redundant Call Colot
glUniform4f(0, 0.0400000f, 0.0600000f, 0.1100000f,
0.8500000f) set a piece of GL state to its current value. |
Redundant Call [ e l I El ! o © Fragment shader compilation failed
glUniform4f(1, 0.6500000f, 0.3800000f, 0.1800000f, B : i
4.0000000f) set a piece of GL state to its currentvalue. | =] m» | <« I» InstancingDemo 60035 glUseProgram(12) <d
Redundant Call -
glBindBuffer(CL_ARRAY_BUFFER, 2u) set a piece of GL i sy
state to its current value. ’ Viewport (0, 93 S
Redundant Call > Active Texture Unit Texture Unit 0 amb = (vecd){ 0.12, 0, 0.08, 0.6 } Lecation{0)
glUniformMatrix4fv(6, 1, Ou, {0.0000000f, 0.0000000f, : Stencil Off dif = (vecd) { 0.85, 0.95, 0.9, 0.9 } Location(1
0.0000000f, 0.0000000f, 0.0000000f, 0.0000000f, » [71 Blending Off ModelViewProjection = (mat4) { 1.95319, 0.972599, 1.90127, 1.87109, -2.13277, 0.890709, 1.74119, 1.7...

Logical Buffer Load Depth Less - (Write On) - Clear{1.00000¢ ModelView = (mat4) { 1.82352, 0.681021, -1.87109, 0, -1.99117, 0.623681, -1.71355, 0, 0, 2.53717, 0.9...
Your app caused a framebuffer load operation by the e e . o
GPU. A typical cause is failing to clear at the beginning | * Culling Back - CCW lightPos = (vec3) { 0.592694, 0.734606, -0.330254 } Location(10)

1.9); © Use of undeclared identifier 'foo’

Error Status No CL Error Program #12

"Uniforms & Lniforms

Redundant Call - Framebuffer Write - RGBA, Clear (0.5, 0.5, 0.5, 1) tex = (samplerCube) { O } Location(11)
glUniform4f(0, 0.1200000f, 0.0000000f, 0.0800000f, » [l Polygon Offset Off > Active Attributes 2 Attributes
0.6000000f) set a piece of GL state to its current value.
Redundant Call

Multisampling Default Coverage » Attribute Bindings 1 Bindings

Scissor Off GL_LINK_STATUS = GL_TRUE
glUniform4f(1, 0.8500000f, 0.9500000f, 0.9000000f, _' o =3 =
0.9000000f) set a piece of GL state to its current value. : Misc GL_PROGRAM_SEPARABLE = GL_FALSE
Dependent Texture Sampling > Current Vertex » 1l Frame Statistics 30003 draw cal

The fragment shader in Program #12 performed
dependent texture reads which are slower than non-

Redundant Call
CL Context y  ©




OpenGL ES Frame Debugger

Object view and Shader editor

wi | <4 > | 4 All GL Objects » | 7 All Program #12 » |- Fragment Shader 47 P

/’,-"**“********t#***##********t*****t***#****#‘********t#***#**************

// Edits to captured shaders are not saved to the source shader file.
// Copy them back to your shader files when done or retrieve them from
// the GPU Debug Log.

[ /R Rk Rk ok Rk Rk Rk Rk R ok ok kR Rk R ok ok kR ok ek ok kR ok kR Rk kK

uniform samplerCube tex;
varying lLowp vec4 color;
varying mediump vec3 coord;
void main() {

const highp float wun = 1.0;
mediump vec3 texcoord = wun * coord; highp vecd4 t = textureCube(tex,

texcoord);
//gL_FragColor = t * vec4(color.rgb, 1.9) + color.a;
gl_FragColor = vec4(foo, 0.0, 0.9, 1.0); © Use of undeclared identifier ‘foo’

© Fragment shader compilation failed




OpenGL ES Frame Debugger

Object view and Shader editor

wi | <4 > | 4 All GL Objects » | 7 All Program #12 » |- Fragment Shader 47 P

/’,-"**“********t#***##********t*****t***#****#‘********t#***#**************

// Edits to captured shaders are not saved to the source shader file.
// Copy them back to your shader files when done or retrieve them from
// the GPU Debug Log.

[ /R Rk Rk ok Rk Rk Rk Rk R ok ok kR Rk R ok ok kR ok ek ok kR ok kR Rk kK

uniform samplerCube tex;
varying lLowp vec4 color;
varying mediump vec3 coord;
void main() {

const highp float wun = 1.0;
mediump vec3 texcoord = wun * coord; highp vecd4 t = textureCube(tex,

texcoord);
//gL_FragColor = t * vec4(color.rgb, 1.9) + color.a;
gl_FragColor = vec4(foo, 0.0, 0.9, 1.0); © Use of undeclared identifier ‘foo’

© Fragment shader compilation failed




OpenGL ES Frame Debugger

bject view and Shader editor

] InstancedAsteroids.xcodeproj — @ InstancingDemo.gputrace

> i :,‘,\ InstancedAsteroids . Dan's iPad Running InstancingDemo on Dan’s 1Pad 16 =] 7 7 |

T Q A @ = » B8 - @ InstancingDemo.gputrace 60035 glUseProgram(12) - > s | \J All GL Objects All Program #12 Fragment Shader 47 p

J /R R R R R AR KRR R R R R R R R Rk ARk kR Rk Rk kR kb kk kkkkkk*

By File © By Type

il S e amihes Dhedas
= TO TNe source snaaer

A InstancingDemo // Ed1ts to captured shaders are not save
43 16 issues // Copy them back to your " T1les when done or
v m! instancing.m _ : : I : // the GPU Debug Log.
LogicalBUHerLoad » 'v,",.xxtn*nx»v*xxmm*wwx**xxxn*xxx:&*xxnx*nxxx*:xtntc.txrvt**x*t**wx:##xxn**xxxi**
Your app caused a framebuffer load operation by the ; . , p" uniform samplerCube tex;
| i ! a i il ~'-r - e ‘7«" . . 2 .'A . ’ " - -~ | ) ~ o~ -
GPU. A typical cause is failing to clear at the beginning - . . ; varying lowp vecd COIOF‘,
Redundant Call

_ varying mediump vec3 coord;
glEnable(GL_DEPTH_TEST) set a piece of GL state to its i .
current value. ; . ‘ : vold maln'() { ~
RE A e ee A ' N gs ' const highp float wun 1.0; |
glUniform4f(0, 0.0000000f, 0.0000000f, 0.0100000f, : . : . mediump vec3 texcoord = wun * coord; h 1gnp vec4d t = textureCube(tex,
0.9900000f) set a piece of GL state to its current value. _ T e N : e Y texcoord);
Redundant Call . 3 ' Sy on & 'S N 3 " //gL_FragColor = t * vec4(color.rgb, 1.0)
glUniform4f(1, 0.0000000f, 0.0200000f, 0.2000000f, g S - ‘0 *.2 Q- \ v/ S o gl_FragColor = vec4(foo, 0.0, 0.0,
175.0000000f) set a piece of GL state to its current ¢ . . . : '
Mipmapping Usage
Texture #2 "/var/mobile /Applications/
6F6ABA70-904F-4369-8DD2~-3E5B78D04232/
Redundant Call
glUniformMatrix4fv(2, 1, Ou, {1.0711110f, 0.0000000f,
0.0000000f, 0.0000000f, 0.0000000f, 1.4281480f,
Redundant Call Colot
glUniform4f(0, 0.0400000f, 0.0600000f, 0.1100000f,
0.8500000f) set a piece of GL state to its current value. |
Redundant Call [ e l I El ! o © Fragment shader compilation failed
glUniform4f(1, 0.6500000f, 0.3800000f, 0.1800000f, B : i
4.0000000f) set a piece of GL state to its currentvalue. | =] m» | <« I» InstancingDemo 60035 glUseProgram(12) <d
Redundant Call -
glBindBuffer(CL_ARRAY_BUFFER, 2u) set a piece of GL i sy
state to its current value. ’ Viewport (0, 93 S
Redundant Call > Active Texture Unit Texture Unit 0 amb = (vecd){ 0.12, 0, 0.08, 0.6 } Lecation{0)
glUniformMatrix4fv(6, 1, Ou, {0.0000000f, 0.0000000f, : Stencil Off dif = (vecd) { 0.85, 0.95, 0.9, 0.9 } Location(1
0.0000000f, 0.0000000f, 0.0000000f, 0.0000000f, » [71 Blending Off ModelViewProjection = (mat4) { 1.95319, 0.972599, 1.90127, 1.87109, -2.13277, 0.890709, 1.74119, 1.7...

Logical Buffer Load Depth Less - (Write On) - Clear{1.00000¢ ModelView = (mat4) { 1.82352, 0.681021, -1.87109, 0, -1.99117, 0.623681, -1.71355, 0, 0, 2.53717, 0.9...
Your app caused a framebuffer load operation by the e e . o
GPU. A typical cause is failing to clear at the beginning | * Culling Back - CCW lightPos = (vec3) { 0.592694, 0.734606, -0.330254 } Location(10)

1.9); © Use of undeclared identifier 'foo’

Error Status No CL Error Program #12

"Uniforms & Lniforms

Redundant Call - Framebuffer Write - RGBA, Clear (0.5, 0.5, 0.5, 1) tex = (samplerCube) { O } Location(11)
glUniform4f(0, 0.1200000f, 0.0000000f, 0.0800000f, » [l Polygon Offset Off > Active Attributes 2 Attributes
0.6000000f) set a piece of GL state to its current value.
Redundant Call

Multisampling Default Coverage » Attribute Bindings 1 Bindings

Scissor Off GL_LINK_STATUS = GL_TRUE
glUniform4f(1, 0.8500000f, 0.9500000f, 0.9000000f, _' o =3 =
0.9000000f) set a piece of GL state to its current value. : Misc GL_PROGRAM_SEPARABLE = GL_FALSE
Dependent Texture Sampling > Current Vertex » 1l Frame Statistics 30003 draw cal

The fragment shader in Program #12 performed
dependent texture reads which are slower than non-

Redundant Call
CL Context y  ©




OpenGL ES Frame Debugger

GL issues navigator

] InstancedAsteroids.xcodeproj — @ InstancingDemo.gputrace

> i :,‘,\ InstancedAsteroids . Dan's iPad Running InstancingDemo on Dan’s 1Pad 16 =] 7 7 |

Hm T Q A © = = B - @ InstancingDemo.gputrace 60035 glUseProgram(12) wi <4 > | ) All GL Objects All Program #12 “| Fragment Shader 47 p
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By File ' By Type

b o - - P S~ - ~ 7 o~ o ~ e o~ - S_— ~ d - - -
11 T¢ ™0 ;(".'\"v remn g ¢ 1 § | ! oL ar 1 &)

E » { ) AaTalol=Jak™ Arg nNnOt S v/er o ~r S e SN olad |
vA InstancingDemo . CU1tTsS TO pturea snadaers are not savead Tto tne source shaael Lie.
y oAk 2 / Ty L b~ s~ 3 ~ /st LY ~hhAaAAom
L 5 16 ISsues 'x % U:,"lﬁ' 1:}.".’” DaCK TO f‘y’l_/'\i' ‘.3"1&4]'.}(_'
v i // +ha DIl Nat
¥ ! instancing.m : ' ¢ e : // the GLPU Debug LOg.
LOgiC&I Buf‘ferLoad » l,v,v‘xxxxtcnx‘cn::&tnrtintuttzxf.t*ttuxifik—(t«*?ﬁk*tﬁ'**k*#nx‘cﬁ#é:*#t‘i%ﬁﬁﬁ#")’-ﬁt**t’!t#?‘ff-
Your app caused a framebuffer load operation by the e L . a uniform samplerCube tex;
| . ause itlir P o we he .( i £ . o .‘A ‘ \ 7% L% 1 I .
GPU. A typical cause is failing to clear at the beginning : . . . varying lowp vec4 color;
Redundant Call

varying mediump vec3 coord;
glEnable(GL_DEPTH_TEST) set a piece of GL state to its void m&in() { L ’
current value. vola |

Redundant Call ' . ' csm:;-t highp float wun 1.9; ‘

glUniform4f(0, 0.0000000f, 0.0000000f, 0.0100000f, - . y ‘;«'...‘- ' . mediump vec3 texcoord wun * C00r‘d; nignp vec4 t = textur‘eCUbe(tex,
0.9900000f) set a piece of GL state to its current value. _ T e N e Y texcoord);

Redundant Call . 3 ' gt AW ; e //gl_FragColor = t * vec4(color.rgb, 1.0) + color.a;

glUniform4f(1, 0.0000000f, 0.0200000f, 0.2000000f, | K. : ‘0 Tt . 42 NN / g gl_FragColor = vec4(foo, 0.9, 0.0, 1.09); © Use of undeclared identifier 'foo’
175.0000000f) set a piece of GL state to its current L s . . - '

Mipmapping Usage

Texture #2 "/var/mobile/Applications/

6F6ABA70~-904F-4369~-8DD2~-3E5B78D04232/

Redundant Call

glUniformMatrix4fv(2, 1, Ou, {1.0711110f, 0.0000000f,

0.0000000f, 0.0000000f, 0.0000000f, 1.4281480f,

Redundant Call Colot

glUniform4f(0, 0.0400000f, 0.0600000f, 0.1100000f,

0.8500000f) set a piece of GL state to its current value. '

Redundant Call [ \WIC l Ul [=] ! ¢ @© Fragment shader compilation failed
glUniform4f(1, 0.6500000f, 0.3800000f, 0.1800000f, B : i

4.0000000f) set a piece of GL state to its current value. ] » 4 > InstancingDemo 60035 glUseProgram(12) <d

Redundant Call =

glBindBuffer(GL_ARRAY_ BUFFER, 2u) set a piece of GL
state to its current value. Vg ?
Redundant Call > Active Texture Unit Texture Unit 0 amb = (vecd){ 0.12, 0, 0.08, 0.6 } Lecation{0)

glUniformMatrix4fv(6, 1, Ou, {0.0000000f, 0.0000000f, | » Stencil Off dif = (vecd) { 0.85, 0.95, 0.9, 0.9 } Location(1

0.0000000f, 0.0000000f, 0.0000000f, 0.0000000f, » [ Blending Ofi ModelViewProjection = (mat4) { 1.95319, 0.972599, 1.90127, 1.87109, -2.13277, 0.890709, 1.74119, 1.7...

Logical Buffer Load | Depth Less - (Write On) - Clear(1.00000C ModelView = (mat4) { 1.82352, 0.681021, -1.87109, 0, -1.99117, 0.623681, -1.71355, 0, 0, 2.53717, 0.9...
Your app caused a framebuffer load operation by the SR ! B}
GPU. A typical cause is failing to clear at the beginning | * Culling Back - CCW lightPos = (vec3){ 0.592694, 0.734606, -0.330254 } Location(10)

 /

Error Status No CL Error Program #12

Viewport ( 0, ( "Uniforms & Uniforms

Redundant Call - Framebuffer Write - RGBA, Clear (0.5, 0.5, 0.5, 1) tex = (samplerCube) { O } Location(11)
glUniform4f(0, 0.1200000f, 0.0000000f, 0.0800000f, » [l Polygon Offset Off » Active Attributes 2 Attributes
0.6000000f) set a piece of GL state to its current value.
Redundant Call

Multisampling Default Coverage » Attribute Bindings 1 Bindings

Scissor Off GL_LINK_STATUS = GL_TRUE
glUniform4f(1, 0.8500000f, 0.9500000f, 0.9000000f, _' = - =
0.9000000f) set a piece of GL state to its current value. , Misc GL_PROGRAM_SEPARABLE = GL_FALSE
Dependent Texture Sampling v Current Vertex » 1! Frame Statistics 30003 draw cal

The fragment shader in Program #12 performed
dependent texture reads which are slower than non-
Redundant Call

CL Context y  ©




OpenGL ES Frame Debugger

GL issues navigator

m I Q A @ == B
By File ' By Type

v. A Ins(tancingDemo

¥ =16 issues

¥ |m! instancing.m
Logical Buffer Load
Your app caused a framebuffer load operation by the
GPU. A typical cause is failing to clear at the beginning
Redundant Call
glEnable(GL_DEPTH_TEST) set a piece of GL state to its
current value.
Redundant Call
glUniform4f(0, 0.0000000f, 0.0000000f, 0.0100000f,
0.9900000f) set a piece of GL state to its current value.
Redundant Call
glUniform4f(1, 0.0000000f, 0.0200000f, 0.2000000f,
175.0000000f) set a piece of GL state to its current
Mipmapping Usage
Texture #2 "/var/mobile/Applications/
6F6ABA70~-904F-4369-8DD2-3E5B78D04232/
Redundant Call
glUniformMatrix4fv(2, 1, Ou, {1.0711110f, 0.0000000f,
0.0000000f, 0.0000000f, 0.0000000f, 1.4281480f,
Redundant Call
glUniform4f(0, 0.0400000f, 0.0600000f, 0.1100000f,
0.8500000f) set a piece of GL state to its current value.
Redundant Call
glUniform4f(1, 0.6500000f, 0.3800000f, 0.1800000f,
4.0000000f) set a piece of GL state to its current value.
Redundant Call
glBindBuffer(CL_ARRAY_BUFFER, 2u) set a piece of GL
state to its current value.
Redundant Call
glUniformMatrix4fv(6, 1, Ou, {0.0000000f, 0.0000000f,
0.0000000f, 0.0000000f, 0.0000000f, 0.0000000f,
Logical Buffer Load
Your app caused a framebuffer load operation by the
GPU. A typical cause is failing to clear at the beginning
Redundant Call
glUniform4f(0, 0.1200000f, 0.0000000f, 0.0800000f,
0.6000000f) set a piece of GL state to its current value.
Redundant Call
glUniform4f(1, 0.8500000f, 0.9500000f, 0.9000000f,
0.9000000f) set a piece of GL state to its current value.
Dependent Texture Sampling
The fragment shader in Program #12 performed
dependent texture reads which are slower than non-
Redundant Call




OpenGL ES Frame Debugger

GL issues navigator

] InstancedAsteroids.xcodeproj — @ InstancingDemo.gputrace

> i :,‘,\ InstancedAsteroids . Dan's iPad Running InstancingDemo on Dan’s 1Pad 16 =] 7 7 |

Hm T Q A © = = B - @ InstancingDemo.gputrace 60035 glUseProgram(12) wi <4 > | ) All GL Objects All Program #12 “| Fragment Shader 47 p
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# + 16 issues // Copy them back to your shade
o : // +ha GPll Dat
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Your app caused a framebuffer load operation by the ' . = + a uniform samplerCube tex;
| v ause i ilir P o "o he '_' i P . o .‘A ‘ s 2% YR 2% ] P .
GPU. A typical cause is failing to clear at the beginning - , . ; varying lowp vecd color s
Redundant Call

varying mediump vec3 coord;
glEnable(GL_DEPTH_TEST) set a piece of GL state to its void m&in() { L ’
current value. vola |

Redundant Call ' . ' csm:;-t highp float wun 1.9; ‘

glUniform4f(0, 0.0000000f, 0.0000000f, 0.0100000f, : : : : mediump vec3 texcoord = wun * coord; highp vec4 t = textureCube(tex,
0.9900000f) set a piece of GL state to its current value. _ T e N : e Y texcoord);

Redundant Call . 3 ' gt AW ; e //gl_FragColor = t * vec4(color.rgb, 1.0) + color.a;

glUniform4f(1, 0.0000000f, 0.0200000f, 0.2000000f, | K. : ‘0 Tt . 42 NN / g gl_FragColor = vec4(foo, 0.9, 0.0, 1.09); © Use of undeclared identifier 'foo’
175.0000000f) set a piece of GL state to its current L s . . - '

Mipmapping Usage

Texture #2 "/var/mobile/Applications/

6F6ABA70-904F-4369-8DD2-3E5B78D04232/

Redundant Call

glUniformMatrix4fv(2, 1, Ou, {1.0711110f, 0.0000000f,

0.0000000f, 0.0000000f, 0.0000000f, 1.4281480f,

Redundant Call Colot

glUniform4f(0, 0.0400000f, 0.0600000f, 0.1100000f,

0.8500000f) set a piece of GL state to its current value. '

Redundant Call [ \WIC l Ul [=] ! ¢ @© Fragment shader compilation failed
glUniform4f(1, 0.6500000f, 0.3800000f, 0.1800000f, B Y i

4.0000000f) set a piece of GL state to its current value. ] » 4 > InstancingDemo 60035 glUseProgram(12) <d

Redundant Call =

glBindBuffer(GL_ARRAY BUFFER, 2u) set a piece of GL
state to its current value. VS 2
Redundant Call > Active Texture Unit Texture Unit 0 amb = (vecd){ 0.12, 0, 0.08, 0.6 } Lecation{0)

glUniformMatrix4fv(6, 1, Ou, {0.0000000f, 0.0000000f, | » Stencil Off dif = (vecd) { 0.85, 0.95, 0.9, 0.9 } Location(1

0.0000000f, 0.0000000f, 0.0000000f, 0.0000000f, » [ Blending Ofi ModelViewProjection = (mat4) { 1.95319, 0.972599, 1.90127, 1.87109, -2.13277, 0.890709, 1.74119, 1.7...

Logical Buffer Load | Depth Less - (Write On) - Clear(1.00000C ModelView = (mat4) { 1.82352, 0.681021, -1.87109, 0, -1.99117, 0.623681, -1.71355, 0, 0, 2.53717, 0.9...
Your app caused a framebuffer load operation by the SR ! B}
GPU. A typical cause is failing to clear at the beginning | * Culling Back - CCW lightPos = (vec3){ 0.592694, 0.734606, -0.330254 } Location(10)

 /

Error Status No CL Error Program #12

Viewport ( 0, ( "Uniforms & Uniforms

Redundant Call - Framebuffer Write - RGBA, Clear (0.5, 0.5, 0.5, 1) tex = (samplerCube) { O } Location(11)
glUniform4f(0, 0.1200000f, 0.0000000f, 0.0800000f, » || Polygon Offset Off » Active Attributes 2 Attributes
0.6000000f) set a piece of GL state to its current value.
Redundant Call

Multisampling Default Coverage » Attribute Bindings 1 Bindings

Scissor Off GL_LINK_STATUS = GL_TRUE
glUniform4f(1, 0.8500000f, 0.9500000f, 0.9000000f, _' = - =
0.9000000f) set a piece of GL state to its current value. , Misc GL_PROGRAM_SEPARABLE = GL_FALSE
Dependent Texture Sampling v Current Vertex » 1! Frame Statistics 30003 draw cal

The fragment shader in Program #12 performed
dependent texture reads which are slower than non-

Redundant Call
CL Context y  ©




OpenGL ES Frame Debugger

OpenGL ES performance analysis

us | <4 Pp | w GPUReport

OpenGL ES Analyze

Frames Per Second @ Utilization Frame Time

Problems & Solutions

v Fragment Shading
The program with the most costly fragment shader is:
'w [B] Program #31 "Water Effect"
&) 305 glDrawArrays(GL_TRIANGLE_STRIP, 0, 4)
The fragment shaders in these programs performed dependent texture reads, which are slower than non-dependent texture reads.
w Q Here are some additional things you can do that may improve performance:
® Reduce the length of your fragment shaders.
® Use a simpler algorithm. For example, use textures as lookup tables to replace complex functions.
® Avoid using higher precision levels than necessary. For example, you only need to use lowp for RGB565 texture data.
® Move work that can be linearly interpolated to vertex shader.
v Texture Filtering

Performance is limited by performing filtering on texture reads. Use mipmapped bilinear (CGL_LINEAR_MIPMAP_NEAREST) for the minify filter
for the best balance of filtering performance and image quality.

v Missing target frame rate
You are missing your target frame rate by 100.3 ms (85.7%). Reduce the amount of drawing in order to achieve your desired frame rate.

v Target rate is over recommended rate
Note: Rendering faster than 30.0 fps is usually unnecessary and consumes more power.

x] » | 7 I» No Selection




OpenGL ES Frame Debugger

OpenGL ES performance analysis

us | <4 Pp | w GPUReport

OpenGL ES Analyze

Frames Per Second @ Utilization Frame Time

Problems & Solutions

v Fragment Shading
The program with the most costly fragment shader is:
'w [B] Program #31 "Water Effect"
&) 305 glDrawArrays(GL_TRIANGLE_STRIP, 0, 4)
The fragment shaders in these programs performed dependent texture reads, which are slower than non-dependent texture reads.
w Q Here are some additional things you can do that may improve performance:
® Reduce the length of your fragment shaders.
® Use a simpler algorithm. For example, use textures as lookup tables to replace complex functions.
® Avoid using higher precision levels than necessary. For example, you only need to use lowp for RGB565 texture data.
® Move work that can be linearly interpolated to vertex shader.
v Texture Filtering

Performance is limited by performing filtering on texture reads. Use mipmapped bilinear (CGL_LINEAR_MIPMAP_NEAREST) for the minify filter
for the best balance of filtering performance and image quality.

v Missing target frame rate
You are missing your target frame rate by 100.3 ms (85.7%). Reduce the amount of drawing in order to achieve your desired frame rate.

v Target rate is over recommended rate
Note: Rendering faster than 30.0 fps is usually unnecessary and consumes more power.
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Xcode Breakpoints
Break on OpenGL ES error

7 InstancedAsteroids.xcodeproj — . utility.m

/A > W Dan's iPad Build InstancedAsteroids: Succeeded | Today at 10:02 PM

M T Q A & = = q ) 7 InstancedAsteroids ) InstancingAsteroids > .m utility.m )

———— ey =y -y

_ InstancedAsteroids
1 Breakpoint

l ‘\‘]

A —4

*shader = glCreateShader(shaderType);

glShaderSource(*shader, count, sources, NULL);

glCompileShader(*shader);

glGetShaderiv(*shader, GL_INFO_LOG_LENGTH, &loglLengt

1f (logLength > @)

{
GLchar *log = (GLchar *)malloc(loglLength);
glGetShaderInfoLog(*shader, logLength, &loglLengt
LogInfo("Shader compile log:\n%s\n", log);
free(log);

}

glGetShaderiv(*shader, GL_COMPILE_STATUS, &status);
1f (status == 0)
{

it 1

LogError("Failed to compile shader:\n");
Add Exception Breakpoint... for (1 = 0; 1 < count; 1i++)
Add OpenGL ES Error Breakpoint LogError("%s\n", sources[1]);

Add Symbolic Breakpoint... }
Add Test Failure Breakpoint...

D — return status;
2 (®

L



OpenGL ES Analyzer Instrument

Iinstrumentsl

m ™ ™5
'.‘;II,,'@';‘\CJ ) % iOSGLEssentials ~ v) ¢ ~ 00:01:26 @
N’ S ‘
Stop . inspection Range | Run 1 of 1 J Library

- - - )

T 5 Y S L I [T l
00:20 00:30 00:40 00:50 01:00

. e N

E B Expert
&5 Frame Statistics
B Trace
= Call Trees
& OpenGL ES Analyzer 'Y -- API Statistics =
Analyzer Processing Function Call Count |Total Time (us) » Average Time (us)

Analyzed 820866 tracelines. EACLContext_presentRenderBuffer 1,014 49 859,565 49,171

glDrawElements 202,961 1,168,700 5

Cancel Analysis glUniformMatrix4fv 202,961 239,890 1

glClear 1,016 63,107 62

glEnable 202,963 30,455 0.0

glUseProgram 1,017 15,460 15
I:l EAGLContext_initWithAPI_properties 1 14,604
Overrides glValidateProgram 1 9,725
Call Tree glDisable 202,961 8,176
glCompileShader 2 6,515
glBindFramebuffer 1,016 6,432
glGenerateMipmap 1 5,824
glBindVertexArray 1,017 4,408
EACLContext_renderbufferStorage_fromDrawable 2 3,850
glTexlmage2D 1 3,663
glBindTexture 2,552

Frame Navigation

Single frame navigation

Call Tree Constraints
Specific Data Mining




OpenGL ES Analyzer Instrument
OpenGL ES expert

Instrumentsl

m ' o
'.‘;II,,'@';‘\CJ ) |\ iOSGLEssentials ~ : ¢ ~ 00:0e:149 @
Stop Target inspection Range Run 1 of 1

| |

Instruments

= f
@; OpenGL ES Analyz

&2 OpenGL ES Analyzer B Expert Categories

Analyzer Processing Severity v Total Occurrences Unique Occurrences Category Summary
Analyzed 1296664 tracelines. 1 Mip-Linear Filtering Might Not Be Needed Mip-Linear filtering might not be needed
320,565 Recommend Using Interleaving for Static VBOs Non-interleaved vertex arrays in static buffer obj...
Cancel Analysis 644,346 Redundant Call Redundant state call
1,602 Logical Buffer Load Slow framebuffer load
Tt T 4,809 Dependent Texture Sampling Dependent texture samples in fragment shader
Single frame navigation , 2 .
1,602 Unnecessary Logical Buffer Store Unnecessary logical buffer store operation
I:l 1,603 Report Opaque After Transparent Opaque geometry rendered after transparent ge..
Overrides 1 Texture Format Compactness 8-bit per channel texture format

Call Tree
Call Tree Constraints
Specific Data Mining

Frame Navigation

[ L I T VT S




Maximizing GPU Performance
Understanding the GPU architecture



Tile-Based Deferred Renderer
High performance, low power

* TBDR Pipeline different than traditional streaming GPUs
» Optimizations to reduce processing load

- Increases performance
- Saves power

* Depends heavily on caches
- Large transfers to unified memory costly

» Certain operations prevent optimizations or cause cache misses
- Operations avoidable



The Tile-Based Deferred Rendering Pipeline
GPU

| fonerseun |
| Fomeiaten |

_ peor |
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The Tile-Based Deferred Rendering Pipeline
GPU




Vertex Shading

* Draw call submits vertices to GPU’s vertex processor

Unified Memory GPU

Vertex Arrays




Vertex Shading

* Draw call submits vertices to GPU’s vertex processor

Unified Memory GPU

Vertex Arrays

———

Window Coordinate Vertices




» Vertices shaded and transformed to window coords
» Shaded, transform vertices, stored out to unified memory

Unified Memory GPU

Vertex Arrays

———

Window Coordinate Vertices




» Vertices shaded and transformed to window coords
» Shaded, transform vertices, stored out to unified memory

Unified Memory GPU

Vertex Arrays

——

Window Coordinate Vertices




* A frames’ worth of vertices stored
» Rasterization deferred until presentRenderbuffer or renderbuffer changed

Unified Memory GPU

Window Coordinate Vertices




Tiling Processor

Unified Memory GPU

Window Coordinate Vertices




Tiling Processor

Unified Memory GPU

Window Coordinate Vertices




* Render buffers split into tiles
» Allows rasterization and fragment shading on embedded GPU memory

Unified Memory GPU

Window Coordinate Vertices




* Render buffers split into tiles
» Allows rasterization and fragment shading on embedded GPU memory




* Render buffers split into tiles
» Allows rasterization and fragment shading on embedded GPU memory

Unified Memory GPU

Window Coordinate Vertices




* Vertices processed in groups of triangles
* Tiling processor bins triangles into tiles in which they are located

Unified Memory GPU

Window Coordinate Vertices




* Vertices processed in groups of triangles
* Tiling processor bins triangles into tiles in which they are located

Unified Memory GPU

Window Coordinate Vertices




* Vertices processed in groups of triangles
* Tiling processor bins triangles into tiles in which they are located

Unified Memory GPU

Window Coordinate Vertices

Viol Vi Vi Vs Ve Vs
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* GPU may bin a larger triangle into multiple tiles

Unified Memory GPU

Window Coordinate Vertices
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* GPU may bin a larger triangle into multiple tiles

Unified Memory GPU




Raster Setup

Unified Memory




Raster Setup

Unified Memory GPU




Raster Setup

Unified Memory GPU




Logical Buffer Load

Your app caused a framebuffer load operation by the GPU. A typical cause is failing to clear at the beginning of each frame.




* Rasterizer uses tile-sized embedded memory

Unified Memory GPU




* Rasterizer uses tile-sized embedded memory
* If data is in render buffer, GPU must perform a costly load

Unified Memory GPU




* Rasterizer uses tile-sized embedded memory
* If data is in render buffer, GPU must perform a costly load

Unified Memory GPU




* |If there is data in the depth buffer, GPU must load it also

Unified Memory GPU




* |If there is data in the depth buffer, GPU must load it also

Unified Memory GPU




* |If there is data in the depth buffer, GPU must load it also

Unified Memory GPU




* Loading a tile is called a Logical Buffer Load
- Developers can avoid these

Unified Memory GPU
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» Calling glClear before rendering skips Logical Buffer Load

Unified Memory GPU




» Calling glClear before rendering skips Logical Buffer Load
- Can immediately rasterize to embedded memory

Unified Memory GPU




» Logical Buffer Loads also happen when switching render buffer

Unified Memory GPU




» Logical Buffer Loads also happen when switching render buffer
- Render to texture, render to new buffer, render to texture again

Unified Memory GPU




» Logical Buffer Loads also happen when switching render buffer
- Render to texture, render to new buffer, render to texture again

Unified Memory GPU




» Logical Buffer Loads also happen when switching render buffer
- Render to texture, render to new buffer, render to texture again

Unified Memory GPU




» Logical Buffer Loads also happen when switching render buffer
- Render to texture, render to new buffer, render to texture again

Unified Memory GPU




» Logical Buffer Loads also happen when switching render buffer
- Render to texture, render to new buffer, render to texture again

Unified Memory GPU




* Developers should avoid frequent switching of renderbuffers
- Complete rendering to one buffer before switching to another

Unified Memory GPU




Rasterization

Unified Memory GPU




Rasterization

Unified Memory GPU




* GPU reads triangles assigned to tile
- XY pixel coordinates and Z values generated

Unified Memory GPU




* GPU reads triangles assigned to tile
- XY pixel coordinates and Z values generated

Unified Memory GPU




* Fragment shader not run yet
- Positions and depth calculated only

Unified Memory GPU




* Hidden Surface Removal performed
- GPU can reject fragments before shading them

Unified Memory GPU




* Hidden Surface Removal performed
- GPU can reject fragments before shading them

Unified Memory GPU




* Triangles of entire frame are present
- Allows many fragments to be rejected

Unified Memory GPU




Loss Of Depth Test Hardware Optimizations

The fragment shader in Program #1 disabled depth test hardware optimizations on the GPU.Your application used the following feature:
discard() in a fragment shader.If possible, rework your rendering pipeline to avoid using this feature.lf you must draw using this feature,




» Costly to enable blending or use discard in shader

* Defeats the Hidden Surface Removal optimization

Unified Memory GPU




» Costly to enable blending or use discard in shader

* Defeats the Hidden Surface Removal optimization

Unified Memory GPU

~




* Fragments behind other triangle could be visible
- Shader must run for all triangles

Unified Memory GPU

e




* No fragment shader savings without Hidden Surface Removal
- Cost to performance and power

Unified Memory GPU

~




» Developers must be judicious of their use of discard and blending

- Allow GPU to reject as many fragments as possible

Unified Memory GPU




Fragment Shading

Unified Memory GPU




Fragment Shading

Unified Memory GPU




» With Hidden Surface Removal algorithm
* Only need to run fragment shader on each pixel once

Unified Memory GPU




* Fragment processor shades and produces colored pixels
» Colors written to embedded tile memory on GPU

Unified Memory GPU




* Fragment processor shades and produces colored pixels
» Colors written to embedded tile memory on GPU

Unified Memory GPU




Tile Storage

Unified Memory GPU




Tile Storage

Unified Memory GPU




Tile Storage

Unified Memory GPU




* Tile stored in unified memory
* Once all tiles processed, renderbuffer is ready for use

Unified Memory GPU




» Storing tile to unified memory called Logical Buffer Store
* Each frame needs at least one

Unified Memory GPU




Unnecessary Logical Buffer Store

Clear buffers at the start of the rendering loop and not discard them at the end of the rendering loop.



* Depth only needs to be stored for depth texture effects
- Such as shadowing or Screen Space Ambient Occlusion

Unified Memory GPU

==




* Depth only needs to be stored for depth texture effects
- Such as shadowing or Screen Space Ambient Occlusion

Unified Memory GPU

=




* Unless using such effect
- Depth buffer storage unnecessary

Unified Memory GPU




* Unless using such effect
- Depth buffer storage unnecessary

Unified Memory GPU
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* Developers can call glDiscardFramebuffereXT to skip Logical Buffer Store
* Depth buffer tile discarded after rendering complete

Unified Memory GPU




* Developers can call glDiscardFramebuffereXT to skip Logical Buffer Store
* Depth buffer tile discarded after rendering complete

Unified Memory GPU




* Multisample anti-aliased renderbuffers have many more tiles
- Developers do not need to store preresolved MSAA renderbuffer

Unified Memory GPU




* Only need color buffer MSAA buffer has been resolved to

Unified Memory GPU

e




* Only need color buffer MSAA buffer has been resolved to

Unified Memory GPU

e




* Only need color buffer MSAA buffer has been resolved to

Unified Memory GPU

Bl




* Only need color buffer MSAA buffer has been resolved to
- Call glDiscardFramebufferEXT on MSAA color buffer

Unified Memory GPU

e




* Only need color buffer MSAA buffer has been resolved to
- Call glDiscardFramebufferEXT on MSAA color buffer

Unified Memory GPU

e




* Developers do not need MSAA depth buffer

Unified Memory GPU




* Developers do not need MSAA depth buffer
- Also call glDiscardFramebufferEXT on MSAA depth buffer

Unified Memory GPU




* Developers do not need MSAA depth buffer
- Also call glDiscardFramebufferEXT on MSAA depth buffer

Unified Memory GPU




Taking TBDR into Consideration

Hidden Surface Removal

» Hidden Surface Removal a unique strength

- Greatly reduces workload

- Certain operation defeat HSR process

- Enabling blending
- Using discard in shader



Taking TBDR into Consideration
Using fragment discard and blending

* Draw all triangles using discard after drawing triangles that do not
- Hidden Surface Removal used for triangles in opaque group



Taking TBDR into Consideration
Using fragment discard and blending

* Draw all triangles using discard after drawing triangles that do not
- Hidden Surface Removal used for triangles in opaque group

* Trim geometry needing these operations
- Worth adding more vertices to reduce fragments




Taking TBDR into Consideration

Logical Buffer Loads and Stores

» Transfers buffer between memory and GPU are expensive
» Avoid Logical Buffer Loads

- Use glClear so GPU can skip them
- Frequent renderbuffer switches cause tile thrashing

» Avoid Logical Buffer Stores

Use glDiscardFramebufferEXT
- Especially for multisample anti-aliased buffers



Dependent Texture Sampling

Dependent Texture Sampling

The fragment shader in Program #12 performed dependent texture
reads which are slower than non-dependent texture reads.




Dependent Texture Sampling

e Calculate texture coordinate in shader
- Sample with texturex function

uniform sampler2D tex;
varying vec2 texCoord,;
varying vec2 offset;

main()

{

vec2 offsetCoord = texCoord + offset;
vecd color = texture(tex, offsetCoord);



Dependent Texture Sampling
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- Sample with texturex function
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vecd color = texture(tex, offsetCoord);



Dependent Texture Sampling

e Calculate texture coordinate in shader
- Sample with texturex function

uniform sampler2D tex;
varying vec2 texCoord,;
varying vec2 offset;

main()

{

vec2 offsetCoord = texCoord + offset;
vecd color = texture(tex, offsetCoord);



Dependent Texture Sampling

e Calculate texture coordinate in shader
- Sample with texturex function

uniform sampler2D tex;
varying vec2 texCoord,;
varying vec2 offset;

main()

{

vec2 offsetCoord = texCoord + offset;
vecd color = texture(tex, offsetCoord):



Dependent Texture Sampling

e Calculate texture coordinate in shader
- Sample with texturex function

uniform sampler2D tex;
varying vec2 texCoord,;
varying vec2 offset;

main()

{

vec2 offsetCoord = texCoord + offset;
vecd color = texture(tex, offsetCoord);



Dependent Texture Sampling

uniform sampler2D tex;
varying vec4 packedTexCoords;

main()

{

texture2D(tex, packedTexCoords.xy);
texture2D(tex, packedTexCoords.zw);

vecd4 colorl
vec4 color?2



Dependent Texture Sampling

uniform sampler2D tex;
varying vec4 packedTexCoords;

main()

{

texture2D(tex, packedTexCoords.xy);
texture2D(tex, packedTexCoords.zw);

vecd4 colorl
vec4 color?2



Dependent Texture Sampling

uniform sampler2D tex;
varying vec4 packedTexCoords;

main()

{

texture2D(tex, packedTexCoords.xy);
texture2D(tex, packedTexCoords.zw);

vecd4 colorl
vec4 color?2



Dependent Texture Sampling

uniform sampler2D tex;
varying vec4 packedTexCoords;

main()

{

texture2D(tex, packedTexCoords.xy);
texture2D(tex, packedTexCoords.zw);

vecd4 colorl
vec4 color?2



Dependent Texture Sampling

uniform sampler2D tex;
varying vec4 packedTexCoords;

main()

{

texture2D(tex, packedTexCoords.xy);
texture2D(tex, packedTexCoords.zw);

vecd4 colorl
vec4 color?2



Dependent Texture Sampling

» High latency to sample texture in unified memory

- GPU prefetches texture data for nondependent reads
- Done in rasterization before shader executed

- Cannot prefetch if coordinate calculated in shader
- Shader stalls, waiting for texture data
* Minimize dependent texture samples

* Hoist calculation

« Perform coordinate calculation in vertex shader
- Calculate in app and put in uniform



Dependent Texture Sampling

uniform sampler2D tex;
varying vec2 texCoord0;
varying vec2 texCoordl;

main()

{

texture2D(tex, texCoord0):
texture2D(tex, texCoordl);:

vecd4 colorl
vecd4 color2



Dependent Texture Sampling

uniform sampler2D tex;
varying vec2 texCoord0;
varying vec2 texCoordl;

main()

{

texture2D(tex, texCoord0):
texture2D(tex, texCoordl);:

vecd4 colorl
vecd4 color2



Dependent Texture Sampling

uniform sampler2D tex;
varying vec2 texCoord0;
varying vec2 texCoordl;

main()

{

texture2D(tex, texCoord0):
texture2D(tex, texCoordl):

vecd4 colorl
vecd4 color2



Dependent Texture Sampling

uniform sampler2D tex;
varying vec2 texCoord0;
varying vec2 texCoordl;

main()

{

texture2D(tex, texCoord0):
texture2D(tex, texCoordl);:

vecd4 colorl
vecd4 color2



Dynamic Branching

Fragment Shader Dynamic Branching

The fragment shader in Program #14 "Light" contains dynamic branch instructions, which reduces the performance of the shader.



Dynamic Branching
A simple example

attribute float testVal:
varying float outVal;

main ()
{
if(testVal > 1.0)
1
outVal = 1.0;
I3
else
{
outVal = 0.0;
I3
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Dynamic Branching
A simple example

attribute float testVal:
varying float outVal;

main ()
{
if(testVal > 1.0)
1
outVal = 1.0;
I3
else
{
outVal = 0.0;
I3
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* GPUs are highly parallel devices
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» Special branch mode for execution

- More latency to stay in sync
* |If possible, calculate predicate outside of shader

- Branches on uniforms do not incur same overhead



Dynamic Branching

* GPUs are highly parallel devices

* Process multiple vertices and fragments simultaneously
» Special branch mode for execution

- More latency to stay in sync
* |If possible, calculate predicate outside of shader

- Branches on uniforms do not incur same overhead

* Shaders using both Dependent Texture Sampling
and Dynamic Branching are particularly costly



Minimizing CPU Overhead

Managing draw calls
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* Maximize efficiency of each draw
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Optimizing Draw Call Performance

Redundant Call
glBindTexture(GL_TEXTURE_2D, 1u) set a piece of GL state to its current value.

Inefficient State Update
glViewport(0, 0, 1024, 1024) sets a piece of GL state more than once before it is used by a clear or a draw call.




Optimizing Draw Call Performance

* Most CPU overhead in draw calls
* More state set for draw, more expensive draw

- State setting looks inexpensive
« Work for state set deferred until draw

* Maximize efficiency of each draw
* Reduce inefficient state setting

» Shadow state
= Sort state
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* Some fixed overhead for draw

« State validation
« Call to driver



Optimizing Draw Call Performance

* Some fixed overhead for draw

« State validation
« Call to driver

* Minimize number of draw calls made

- Object culling
« Coalesce calls
- Instancing

- Vertex batching
= Texture atlases



Texture Atlases
Bind and draw
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Texture Atlases
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Texture Atlases
Reducing binds
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Texture Atlases
Reducing binds
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Texture Atlases
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Texture Atlases
Combining draws
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Texture Atlases
Combining draws
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Texture Atlases
Combining draws




Texture Atlases
Sprite Kit texture atlas tool

» Combines images efficiently

* Produces property list denoting sub-images
- Scale texture coordinates based on plist

* "TextureAtlas’ command line tool in Xcode



More Information

Allan Schaffer

Graphics and Game Technologies Evangelist
aschaffer@apple.com

Documentation

OpenGL ES Programming Guide for iOS
https://developer.apple.com/opengles

Apple Developer Forums
http://devforums.apple.com


mailto:aschaffer@apple.com
mailto:aschaffer@apple.com
https://developer.apple.com/library/ios/documentation/3DDrawing/Conceptual/OpenGLES_ProgrammingGuide/
https://developer.apple.com/library/ios/documentation/3DDrawing/Conceptual/OpenGLES_ProgrammingGuide/

Related Sessions

Marina

Introduction to Sprite Kit \Ij\;:fiir?égday 11:30AM I
What's New in OpenGL for OS X Thursday 2:00PM I



Labs

- - Graphics and Games Lab B
Sprite Kit Lab Thursday 9:00AM

OpenGL and OpenGL ES Lab Graphics and Games Lab A I



Summary

* Reduce draw call overhead
- Use techniques including instancing and texture atlases

» Consider GPU’s operation when architecting your renderer and
in performance investigations

- GPU tools help greatly
- Tile-Based Deferred Rendering has some special consideration
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