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Bridging Graphics Canyon — Mali GPUs

Performance

Graphics and GPU
Compute

= Higher resolution displays
(1080p - 4k)

= Enhanced performance for gaming
with next generation Graphics API
OpenGL ES 3.0 from Khronos

= New efficient texture compression
standard — Adaptive Scalable
Texture Compression (ASTC)

= First to market with Full Profile
OpenCL™ & Renderscript for
mobile

Graphics

SAME SOC POWER ENVELOPE
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Best for Graphics AND GPU Compute

Performance

Mali-T678

High end solution
Max compute
capability
Optimized for
tablets

[

Mali-T624
Mali-T628

50% performancaplift

OpenGL ES 3.0
support

Scalable to 8 cores

Mali-T604

First Midgard (]
architecture product

OpenGL ES 3.0 support
Scalable to 4 cores

i| 1ee ‘ga-i

2014

Date of production chips

2012 2013
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Designed for GPU Compute

= Uncompromised support for
OS / API choice

= Full Profile, 64-bit Compute

Closer CPU-GPU links

= Efficient use of all device resources

= Maximize performance and battery life
= Coherent memory links

= Right task in the right place

@ Protecting partner investments

= Common software platform reduces
costsand TTM

= Multicore delivers performance
scalability over multiple form factors

4 Advanced products in market early

= Mali-T604 silicon shipping now in
consumer products

Product is based on a published Khronos Specification, and is expected to pass the Khronos Conformance

Testing Process. Current conformance status can be found at www.khronos.org/conformance



Best for Graphics

Performance

Mali-450 MP

2x Mali-400 performance
Scalable up to 8 cores

Leading OpenGL ES 2.0
performance

Mali-400 MP

First OpenGL ES 2.0 multicore GPU
Scalable from 1 to 4 cores
Low cost solution with Mali-300

Mali-300 ®

OpenGL® ES 2.0
compliant
()

2009 2010 2011 2012 2013

@ Date of production chips
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Market leading performance density

Multicore delivers performance
scalability over many form factors

Common software platform reduces
costsand TTM

Large, dynamic and vibrant
ecosystem built on the success of
over 150M Mali GPUs

Complete solution from ARM
Hardware, Software & Support
enabling fastest TTM for graphics IP

ARM




Mali Developer Tools

== 8 Software Development
' SDKs for OpenGL ES & Open CL

OpenGL ES Emulators

Fast Models

Shader Development Studio

Shader Library

= Asset Creation
Texture Compression Tool (includes ASTC)
Asset Conditioning Tool
Binary Asset Exporter

= Performance Analysis & Debug
DS-5 Toolchain & Streamline Performance Analyzer
Mali Graphics Debugger
Offline Shader Compiler

LR
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Mali Developer Tools Flow

Adobe Photoshop Autodesk 3DS Max / Maya User Shaders

Shader Library

Shaders J

Uncompressed Textures Geometry

Asset Conditioning Tool

v

———71—  OpenGL ES Application

Texture Compression Tool

Shader Development Studio

—  ‘ ”"A'pplication
~ Code

Mali OpenGL ES SDK Graphics Debugger Offline Shader Compiler
ARM DS-5™ Streamline
Mali Emulators Mali Hardware
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Performance Analysis & Debug

DS-5™ Streamline

» System-wide performance
analysis

* Combined Cortex-A CPU and
Mali GPU visibility

» Optimize for performance &
power

Mali Graphics Debugger
* APl Trace & Debug Tool

» Understand graphics and
compute issues at the API level

* Debug and improve
performance at frame level

» Support for OpenGL ES 1,1, 2.0,
3.0 and OpenCL 1.1

-
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Offline Compilers

» Understand complexity of GLSL
shaders and compute kernels

» Support for Mali-4xx and Mali-
Texx GPU families




DS-5 Toolchain & Streamline

= ARM DS-5 toolchain with support for

p ;W
vall GPus _mali

MW £ Visual Computing by ARM

= System wide performance analysis
Simultaneous visibility across
Cortex™ processors + Mali GPUs

= Technology Leadership with first
available system level tool in mobile

= Optimize performance and power
efficiency of graphics and GPU
compute applications across the
system
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DS-5 Streamline Architecture

= Gator interfaces with Kernel &
Mali Drivers
= Extracts H/W & S/W counters
= Extract frame buffer
= Passes through events & annotations

Transmit data over TCP/IP to DS-5
tools

= Transparent to user application

= QOption to add annotations to user
application for more advanced
debugging

= Negligible performance impact
= Zero impact when profiling disabled

= Minimal impact in performance when
enabled

ARM DS-5 toolchain
with Streamline

-
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Mali Driver

ARM Cortex & ARM Mali Hardware

ARM



Streamline Performance Analyzer

& C/C++ - C:\Documents and Settings\maredg01\My Documents\Streamline\Capture_007_001.apd - Eclipse Platform

File Edit Refactor Source Search Navigate Project Run Window Help

API| Events

g Bad ! Dig & &-6- F-O0-Q- i®- R B @ oo+

*| Capture_006_001 " Capture_007_001 &3 =8

» CPU Activity
— EUser >
WSystem eqlSwapBuffers

» GPU Fragment
1 DActivity

GPU Vertex H
. | maciviey

system_server #02149

m
glDrawArrays Statistics H
W Calls to glDrawElements
B Calls to glDrawarays
Mali GPU Fragment Processor 0 £
W Counters e ok s
[OFragment rasterized count
P [system_server #2143]
0 (aabd #2098]
H eat N a p [ > [com.android systemui #2222]
[ > [gatord #3415]

[ [ini #1136]

[netd #2083

[ [vold #2088]

Mali GPU Vertex Processor H
[OVertices processed
W Active cycles

[idle]

[ [kemel]

[ > [com.android.Timbuktu #2508]

®
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Offline Shader Compiler

= Offline Shader Compiler

= Compiles shader code written OpenGL ES Shading Language
(ESSL) in offline mode

= Provides verbose shader performance & error messages for
optimization and debug

= Support for:
= Mali-200, Mali-400 and Mali-450,
= Mali-T6xx

= |ntegration with Shader Development studio and Online Shader
Editor

= Release : v4.0 Available Now

&
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Mali Graphics Debugger

= Mali Graphics Debugger

= Graphics debugging and performance debugging for
content developers

= Understand issues and causes at frame level

= Support for OpenGL ES 2.0, 3.0, EGL & OpenCL 1.1
= Complimentary to DS-5 Streamline

= Available NOW

g
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Mali Graphics Debugger

Frame Outline Framebuffer / Render Targets

'\

File Window Help
=0
9% Outline £

Frame 184
Frame 185
Frame 136
Frame 187
Frame 138
Frame 189
Frame 190
Frame 191
Frame 192
Frame 193
Frame 194
Frame 195
Frame 196
Frame 197
Frame 198
Frame 199
Frame 200
Frame 201
Frame 202
Frame 203
Frame 204
Frame 205
Frame 206
Frame 207
Frame 208
4 @ Frame 209
glDrawElementsnstanced

% Mali Graphics Debugger

giDrawElementsinstanced

¥ Framebuffers i3

o giDrawElementsinstanced || seemore_capture.tt = 0| 1@ Tedures

. gl0rawElementsinstanced Retin Nokue sl Fenction 2 N

./ giDrawElementsinstanced

~/ giDrawlementsinstanced GL_TRUE glUnmapBufferitarget=GL_UNIFORM_BUFFER)

./ gl0rawElementsinstanced giBindBufferitarget=GL_UNIFORM_BUFFER, buffer=0) Tedure 29
/' giDrawElementsinstanced giBindBufferBase(target=GL_UNIFORM_BUFFER, index=10, buffer=4)

./ giDrawElementslnstanced giBindBufferBase(target=GL_UNIFORM_BUFFER, index=2, buffer=4) Texure3
. gl0rawElementsinstanced giBindBuffer(target=GL_UNIFORM_BUFFER, buffer=2)

-/ olDrawElementsinstanced 042062680 gIMapBufferRange(target=GL_UNIFORM_BUFFER, offset=(nil), length=0xd0, access=42) ! Teture3
. giDrawElementslnstanced GL_TRUE glUnmapBuffer(target=GL_UNIFORM_BUFFER)

o/ glDrawElementsinstanced |~ glBindBuffer(target=GL_UNIFORM_BUFFER, buffer=0)

/' giDrawElementsinstanced glBindBufferBase(target=GL_UNIFORM_BUFFER, index=3, buffer=2) - Texture 31
./ giDrawElementslnstanced glUseProgram(program=9) I

& 9l0rawElements L_ARRAY_BUFFER, buffer=521) - = TR

2 Console

O Trace Problems

Message

1 80.62% of the draw calls are using GL_TRIANGLES

Dynamic Help

o
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API Trace

State View

Framebuffer 0

1024 x 1024

256 x 256

1024 1024

1024 x 1024

1024 x1024

Framebuffer 1

Int. format

GL_COMPRESSED_RGBS_ETC2

GL_RGBA4

GL_COMPRESSED_RGBS_ETC2

GL_COMPRESSED_RGBS_ETC2

GL_COMPRESSED_RGBS_ETC2

Frame Stats

B2 Statistics 2

Total number of API function calls

Avg. fps

Avg. vert/frame

Avg. instanced vert/frame
Avg. draw/frame

Target State

State

EGL_curment_api
EGL_current_context
EGL_current_display
EGL_current_draw_surface
EGL_current_read_surface
GL_ACTIVE_TEXTURE

GL_ALIASED_LINE_WIDTH_RANGE
GL_ALIASED_POINT_SIZE_RANGE

GL_ALPHA_BITS
GL_ARRAY_BUFFER_BINDING
GL_BLEND
GL_BLEND_COLOR
GL_BLEND_DST_ALPHA
GL_BLEND_DST_RGB

GL_BLEND_EQUATION_ALPHA

« B m -
@ Assets Vertex Shaders
GLES3
4 g Programs
4 4 Progam3 ¢
Shader 1
- Shader 2
o0 Program 6
a0 Program 9
& Program 12
Program 15

Program 18
Program 21
Program 24
Program 27
Program 30
a0 Program 33

EBEEREE

s Program 36
s Program 9
a0 Program 42

o - S|

24895
67.96
14398.28

462

Value
<unknown> =
Ox1db3c4
0x404c7c7c
0x20968¢

0x20968¢
GL_TEXTUREO
<unknown>
<unknown>
<unknown>

515

GL_TRUE

0,0,0,0

GL_ZERO
GL_ONE_MINUS_SR¢

Fragment Shaders. ~ — [
struct PSin -
{

floatd Position;
floatd Color;

#4 MODE != MODE_COLOR
float2 TexCoord;

Zendif

1
in floatd KINSO_VARYING_Colo
#if MODE != MODE_COLOR

in float2 KINSO_VARYING_TexC
Zendif

uniform sampler2D s0_PS_TexD| -
#define TeDiffuse s0_PS_TexDi|
uniform sampler2D s1_PS_Texh
2define TexMask s1_PS_TexMa:

floatd execute(PSin sin)

floatd Color = sin.Color; -
m ’




Identify Issues

§R Statistics 2 =0
n n [ n n
= Statistics View to identify : potp e 7%
[ ] Avg. fps 67.96
Avg. vert/frame 14398.28

Avg. instanced vert/frame 0.00

= High vertex count,
= Large number of draw calls

= Texture View to identify : I —
= Frames where compression is not being used .:jj; —
= Unnecessarily large texture dimensions =:: N
= Unnecessary pixel format being used

= Target State View to identify : Gormany b

EGL_curren t_read_surface 0x20968¢
H GL_ACTIVE_TEXTURE GL_TEXTUREO
= Surprise changes to state G A5 o WTTTE | cotnowms

GL_ALIASED_POINT_SIZE_RANGE <unknown>

GL_ALPHA_BITS <unknown>

= Unnecessary changes G s mene 515
GL:BLEND_COLOR 0, 0_ 0,0
GL_BLEND_DST_ALPHA GL_ZERO
GL_BLEND_DST_RGB GL_ONE_MINUS SRt

GL_BLEND_EQUATION_ALPHA 32774

ARM
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Identify Issues

4 @ Frame 209

o glDrawElementsinstanced
o glDrawElementsinstance d
o glDrawElementsinstance d

= Draw-Call stepping to identify :
= Redundant draw-calls
= Potential opportunity for batching

o glDrawElementsinstanced
o 9lDrawElements] Instanced
& glDrawElementsinstanced
o glDrawElementsinstanced
o 9lDrawElementsinstance d
o 9lDrawElementsinstance d B
»~ glDrawElementsinstance
o glDrawElements| Instance
o 9lDrawElementsinstanced |

aQaaQ

glDrawElementsinstance

= Shader Statistic View to identify : A it

o glDrawElementsinstance d
o glDrawElements

= Expensive shaders by cycle count

@ Assets VertexSh., L3 . Fragmen.. | (4 Tedures ¥ Framebu..
Name Instruc...  Shortes... Longes...
[ Shader 2 47 47 47 ]
Shader 11 34 34 34
= - = - - - Shader 14 33 3 3
= Dynamic Help to highlight optimization - s >
Shader 8 23 23 23
Shader 16 23 23 3

opportunity

© Trace Problems % [ Console

Message
1 80.62% of the draw calls are using GL_TRIANGLES

ARM
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For More Details, visit us at:
http://malideveloper.arm.com

Mali DEVELOPER CENTER Q

LEARN about Mali ~ DEVELOP for Mali ~ ENGAGE with Mali ~

ARM LINKS
ARM Homepage

About ARM
ARM Products

ARM Markets
ARM Community

OpenGL ES 3.0 e

Developer Resources

OpenGL ES 3.0 SDK - OpenGL ES 3.0 Emulator = Texture
Compression Tool

O®O0000

Welcome to Mali Developer Center GETTING STARTED FORUM
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