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Introduction

The Mali OpenGL ES Emulator allows you to use the OpenGL ES 2.0, 3.0, 3.1 and 3.2 APIs to render 3D graphics
content on a desktop PC.

You can useit to try out ideas and devel op content without having access to an embedded or mobile device, or to
allow your cross-platform application to target both mobile and desktop GPUs without having to modify the graphics

layer.
The Mali OpenGL ES Emulator is available for both Windows and Linux, and comesin both 32 and 64 bit variants.

This document describes how to install and use the Mali OpenGL ES Emulator on Linux systems.
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Installation and Configuration

Topics:

Minimum Requirements
Installation from DEB package
Installation from TGZ package
Installation Results

Verifying the Installation

Using without Installation

The installation package for the Mali OpenGL ES Emulator contains
everything you need to get started building OpenGL ES applications on a
desktop compuiter. It includes header files and shared libraries to which you
can link your application in order to render 3D graphics using the OpenGL ES
APls.

Y ou should have downloaded the installation package for Linux. The package
should closely resemble your host environment. If you aren't sure which
package to choose, the 32 bit version will work across the widest variety of
platforms.

The installation package contains three main components:. the emul ator
libraries, the header files and a simple demonstration program as executable.

. Caution: It'spossibleto instal both the 32 and 64 bit variants of
g '_1 Mali OpenGL ES Emulator on the same system, but the correct
management of pathsis left to the user. The installer will set up the
system to use the emulator headers and libraries that were installed
most recently.
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Minimum Requirements

In general, the Mali OpenGL ES Emulator will work on any system that supports at least:

+  OpenGL 3.2 —when OpenGL ES 2.0 contexts are used*
e OpenGL 3.3 —when OpenGL ES 3.0 contexts are used
e OpenGL 4.3 —when OpenGL ES 3.1 or 3.2 contexts are used?

On al systems, up-to-date operating system components and graphics drivers are recommended.

We recommend using the Mali OpenGL ES Emulator with NVIDIA drivers. At the date of this release the reference
driver version is 344.60 or higher.

We are aware of some issues when running the Emulator with ATI/AMD and IntelHD drivers and are working on
improving the support. Detailed interoperability with other drivers was not tested.

Toinstall the Mali OpenGL ES Emulator to a system-wide location, root access may be required.

Installation from DEB package

Mali OpenGL ES Emulator is provided as DEB package that can be installed on Debian, Ubuntu or other Linux
distributions that use compatible software package management systems.

Installation requires root privileges and will install filesin the system using / usr installation prefix. The DEB
package, once installed, is visible in the package management system under mali-opengl-es-emulator name.

You can install OpenGL ES Emulator package using dpkg tool with:
sudo dpkg -i Mali_Open@._ES Emul at or _3. 0. 4- Li nux- (arch). deb

. Caution: OpenGL ES Emulator can conflict with other OpenGL ES implementationsif such are installed

'!:1 onyour system. In particular, it will conflict with| i bEGL. so and| i bGLES. so librariesinstalled with
I'i bgl es2- nesa, | i begl 1- mesa packages. The dpkg tool will refuse to install OpenGL ES Emulator
DEB package. We recommend removing these conflicting Mesa libraries prior to installing the Emulator. If
for any reason you would like to have both conflicting software installed on your machine, you can enforce
the installation by adding - - f or ce- al I command line option:

L

sudo dpkg -i --force-all Mli_OpenG_ES Enul at or_3. 0. 4- Li nux- (arch). deb

Please be aware that in such case the Emulator might not run out of the box and might require using
LD LI BRARY_PATHenvironment variablesetto/ usr/ i b/ mal i - opengl - es- enul at or when
running any OpenGL ES application with the Emulator.

Installation from TGZ package

As alternative, the Mali OpenGL ES Emulator isprovided asa. t gz package that can be extracted to any location on
disk. This package can be extracted using any modern version of GNU t ar :

tar xvzf Mali_OpenG._ES Enulator_2.1.1 Linux_(arch).tgz

Thiswill extract the headers, libraries and example code to afolder in the current working directory.

1 ARB sanpl er _obj ect s also required, otherwise OpenGL 3.3.
2 TouseGL_PRI M Tl VE_RESTART_FOR_PATCHES SUPPORTED OpenGL 4.4 is required.
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The emulator can be used as-isin this state, but if you wish you can install it into a system-wide location, which may

simplify adding the libraries and headers into your project. To do this, run

sudo ./linux-install

from within the extracted directory. The script will producel i nux- uni nst al |
which later on can be used to uninstall the emulator from the system.

Installation Results

.sh

. sh script in current directory

Both DEB package aswell astarball with | i nux-i nst al |

[ usr
+-bin
| +-mali-cube
+-mal i - checker
-l
+

i bGLESV2. so

i bGLESV2. so. 3
i bALESv2. so. 3.

ma
b
mal

+- |

+- |

+- |

+-1i

+I|bEGL so. 1
+-1i bEA..so.1.4
+- |

+- |

+-1i bMal i Enul at or.
+-1i bl og4cpl us. so
+- |

+- |

+- opengl essl

|

c

| ude
-EGL

+- doc

i bMal i Emul at or.
i bMal i Emul at or.

i bl og4cpl us. so.
i bl og4cpl us. so.

i -opengl - es-enul at or

2.0

o]
so.1
s0.3.0. 4

1.1.2
7

+- Mal i - T600_r 7p0- 00r el 0. so

+-mal i - opengl - es- enul at or

+- EULA. t xt
+- L1 CENSES. t xt

+-Mali OpenG. ES Enul ator v3.0.4 User Cuide for

. sh script will install the following filesin the system:

Li nux. pdf

~ Warning: Both the 32 and 64 bit installers will attempt to copy the package content to the same directories
L !__"1 under / usr ; running both installation scripts will overwrite the previous installation. Users of multiple
architectures should consider copying the package content manually to proper system locations to avoid any

overwriting.

Verifying the Installation

Run the example application by executing mali-cube in terminal:

$ mali-cube
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Y ou should see a Mali Cube application running indicating that the Mali OpenGL ES Emulator is correctly
installed.

Mali Cube Application

ARMMALI

Visual Technology

Copyright (C) ARM Limited 2015 C U B E

Figure 1: Screenshot of the Mali Cube Application

Using without Installation

If you wish to use the Mali OpenGL ES Emulator without installing to a system-wide location, you will be required
to manually add the libraries and headers to your build and runtime environment. In your build environment use
full pathtoi ncl ude directory for OpenGL ES header filesand samefor | i b/ mal i - opengl - es- enul at or
directory for Mai OpenGL ES Emulator libraries.

In your runtime environment LD_LIBRARY_PATH variable should contain thepathto | i b/ mal i - opengl - es-
emul at or directory.

In addition, make surethat | i bGL. so provided by graphics driver isavailable in the system library search path, for
example by adding the path to the directory containing | i bGL. so to LD_LIBRARY_PATH environment variable.

Assuming that Mali OpenGL ES Emulator has been extracted to / hone/ user/ Mal i _OpenGL._ES_Emul at or
on Ubuntu, you should be able to run mali-cube using following commands:

$ EMULATOR PATH=/ hone/ user/ Mal i _OpenG._ES Enul at or
$ cd $EMULATOR PATH bi n
$ ./mali-cube
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2

Using with Your Application

Topics: This chapter describes some basic preparations to have your OpenGL ES

«  Compiling Your Project application working with Mali OpenGL ES Emulator.

* Choosing an EGL Configuration
e Creating an EGL Context
» Tessellation Extension
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Compiling Your Project

The default installation places include header files into /usr/include directory and librariesinto/ usr/1i b
di rect ory. Onmost Linux distributions these locations will be properly used by a compiler. For example, you
should be able to build your application, using gcc:

gcc -o main -1EG -1 GLESv2 nmin.c

and in your code, you should reference the headers as follows:

#i ncl ude <EG./ egl . h>
#i ncl ude <G.ES3/gl 3. h>

Consult your compiler documentation for how to add headers and libraries on your system.

Note: | i bEG.. soand| i bGLES. so librariesusethe st dcal | caling convention.

=

Choosing an EGL Configuration

The Mali OpenGL ES Emulator supports OpenGL ES 2.0, 3.0, 3.1 and 3.2 EGL configs. Y ou should ensure
that your application requests the correct type of config by passing the EGL_ RENDERABLE_TYPE attribute to
egl ChooseConfi g:

e Torequest an OpenGL ES 2.0 config, use EGL_ OPENGL_ES2_BI T.
e Torequest an OpenGL ES 3.0, 3.1 or 3.2 config, use EGL_OPENGL_ES3_BI T_KHR.

For example:

EG.Di spl ay di spl ay;
EG.int attributes[] =

/] Request Open@. ES 2.0 configs
EG._RENDERABLE TYPE, EG._OPENGL_ES2_BI T,
EG._SURFACE_TYPE, EG._W NDOW BI T,
EG._RED Sl ZE, 8,

EG._CGREEN SI ZE, 8,

EG._BLUE_SI ZE, 8,

EG._NONE

¥
EG.Config configs[1];
EG.i nt num confi gs;
egl ChooseConfi g(display, attributes, configs, 1, &um configs);

Y ou can a'so reguest that both types of configs are returned by bitwise-ORing the values: EGL_OPENGL_ES2_BI T |
EGL_OPENGL_ES3_BI T_KHR.

Itis possible to request EGL config either with no caveats (neither EGL_SLOW CONFI Gor
EGL_NON_CONFORMANT _CONFI G) or regardless of any caveats by passing the EGL_ CONFORMANT attribute to
egl ChooseConfi g:

* Toreguest an OpenGL ES 2.0 config with no caveats, use EGL_OPENGL_ES2_BI T.
e Torequest an OpenGL ES 3.0, 3.1 or 3.2 config with no caveats, use EGL_ OPENGL_ES3 Bl T_KHR.

* Torequest an OpenGL ES 2.0, 3.0, 3.1 or 3.2 config regardless of any caveats, use 0. Y ou can also bitwise-OR the
values, as described above.
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Creating an EGL Context

Similarly, egl Cr eat eCont ext can create OpenGL ES 2.0, 3.0, 3.1 or 3.2 contexts.
For ES 2.0 or 3.0 contexts, passthe EGL_ CONTEXT_CLI ENT_VERSI ON attribute with an appropriate value:

EG.Di spl ay di spl ay;
EG.Config configs[1];
EG_Cont ext cont ext;

EGL.i nt context _attributes[] = {
EG._CONTEXT_CLI ENT_VERSI ON, 2, // Select an OpenG. ES 2.0 cont ext
EGL_NONE
I
context = egl Creat eCont ext (di splay, configs[0], EG._NO CONTEXT,
context _attributes);

For ES 3.1 or 3.2 contexts pass pair of EGL_ CONTEXT_MAJOR_VERSI ON and
EGL._CONTEXT_M NOR_VERSI ON attributes with appropriate value:

EG.Di spl ay di spl ay;
EG.Config configs[1];
EG_Cont ext cont ext;

EGLi nt context _attributes[] = { ECGL_CONTEXT _MAJOR VERSI QN, 3,
EG._CONTEXT_M NOR _VERSI ON, 1,
EG._NONE };

context = egl Creat eCont ext (di splay, configs[0], EG._NO CONTEXT,
context _attri butes);

Tessellation Extension

Because of asmall inconsistency in Khronos extension definitions, there is one thing worth to pay attention to when
using GL_EXT _tessellation_shader extensions.

This extension is available with GLES 3.1 and 3.2 version contexts. However specific entry points and enums are
defined in gl es2ext . h header file. Therefore when using this extension the include section in you applications
should contain both files:

#i ncl ude <GLES2/ gl 2ext . h>
#i ncl ude <G.ES3/ gl 31. h>
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OpenGL ES Implementation

Topics:

OpenGL ES Extensions
Shading Language Version
Compressed Texture Formats
ASTC Format Support

KHR Debug Extension
Limitations

The Mali OpenGL ES Emulator works by transparently converting all
OpenGL ES API callsto appropriate sequences of OpenGL calls. These
OpenGL calls are then handled by the native platform's graphics driver.

Because of the difference in specifications, OpenGL ES parameters are

not always compatible with OpenGL. The API call conversion checks
OpenGL ES parameters, and rejects invalid parameter values. The OpenGL
ES Emulator depends on the functionality of the OpenGL implementation
provided by the graphics card drivers. In some cases, this dependency can
lead to limitations in the OpenGL ES implementation. This occurs when the
behaviour of the graphics card driver differs from:

*  OpenGL 3.2 specification plus ARB_sampler_objects extension or
OpenGL 3.3 for OpenGL ES 2.0 contexts

»  OpenGL 3.3 specification for OpenGL ES 3.0 contexts
»  OpenGL 4.3 specification for OpenGL ES 3.1 contexts
e OpenGL 4.3 specification for OpenGL ES 3.2 contexts
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OpenGL ES Extensions

The table below lists all OpenGL ES extensions supported by the OpenGL ES Emulator in various context types.

Table 1: OpenGL ES Extensions Supported by various context types.

o
o
=
N

Extension Name

GL_ARM r gha8

GL_EXT bl end_mi nnax

GL_EXT di scard_franebuffer

GL_EXT nul tisanpl ed_render_to_texture
GL_EXT_occl usi on_query_bool ean
GL_EXT read_fornmat_bgra

GL_EXT texture fornat BGRA3888
GL_EXT texture_rg

GL_EXT texture_storage

GL_EXT texture_type 2 10 10_10_REV
GL_CES conpressed_ETC1_RGB8_texture
GL_CES conpressed_pal etted_texture
GL_CES depth_texture

GL_CES dept h24

G._CES EG _i nmge

GL_CES EG _i nage_ext er nal

GL_CES el ement _i ndex_ui nt

G._CES fbo_render_m pmap

GL_CES nmapbuffer

GL._CES packed_dept h_stenci |
GL_OES read_fornmat

GL_CES required_internal f ormat
G._CES rgb8_rgha8

GL_OES standard_derivatives
GL_CES texture_ 3D

GL_OES texture_npot

GL_CES vertex_array_object

GL_OES vertex_hal f_fl oat

GL_KHR _debug

GL_EXT _shader _i o_bl ocks
GL_EXT_gpu_shader5

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X|Dd
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X|w

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X|w
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X|w
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Extension Name 2.0 3.0

[N

N

GL_EXT _geonetry_shader

GL_EXT tessell ation_shader

G._KHR bl end_equati on_advanced

GL_CES sanpl e_vari abl es

GL_CES sanpl e_shadi ng

GL_EXT primtive_boundi ng_box

GL_EXT _draw buffers_indexed

GL_EXT _copy_i mage

GL_CES texture _storage nultisanple_2d array
GL_CES shader _nultisanpl e_interpol ation
GL._CES shader i mage_atom c

GL_EXT texture_border_clanp

GL_EXT texture_buffer

GL_CES texture_ stencil 8

GL_EXT texture _cube nap_array

X X X X X X X X X X X X X X X|w

X X X X X X X X X X X X X X X|w

Shading Language Version

For OpenGL ES 2.0 contexts, the Mali OpenGL ES Emulator supports up to version 1.2 of the OpenGL ES Shader
Language.
For OpenGL ES 3.0 contexts, OpenGL ES Shader Language version 3.0 is supported. For OpenGL ES 3.1 contexts,

OpenGL ES Shader Language 3.1 is supported. For OpenGL ES 3.2 contexts, OpenGL ES Shader Language 3.2 is
supported.

Compressed Texture Formats

The emulator supports (and reports support for) the following compressed texture formats for OpenGL ES 3.0, 3.1
and 3.2:

GL_COVPRESSED R11_EAC
GL_COVPRESSED RGL1_EAC

GL_COVPRESSED RGBS_ETC2
GL_COVPRESSED RGBS _PUNCHTHROUGH ALPHAL_ETC2
GL_COVPRESSED RGBAS_ETC2_EAC
GL_COVPRESSED_S| GNED_R11_EAC
GL_COVPRESSED_S| GNED_RGL1_EAC

GL_COVPRESSED SRGBS_ALPHA8_ETC2_EAC
GL_COVPRESSED_SRGBS_PUNCHTHROUGH ALPHAL_ETC2
GL_COVPRESSED_SRGBS_ETC2

GL_ETCl_RGB8_CES
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ASTC Format Support

The following ASTC formats are supported in OpenGL ES 3.0, 3.1 and 3.2:

« GL_COMPRESSED RGBA ASTC 4x4_KHR
« GL_COVPRESSED RGBA ASTC 5x4_KHR
+ GL_COVPRESSED_RGBA ASTC 5x5_KHR
+ G._COMVPRESSED RGBA ASTC 6x5_KHR
.+ GL_COMPRESSED RGBA ASTC 6x6_KHR
.« GL_COVPRESSED RGBA ASTC 8x5_KHR
+ GL_COVPRESSED_RGBA ASTC 8x6_KHR
+ G._COVPRESSED RGBA ASTC 8x8_ KHR
+ GL_COMPRESSED RGBA ASTC 10x5_KHR
« GL_COVPRESSED_RGBA ASTC 10x6_KHR
« GL_COVPRESSED_RGBA ASTC 10x8_KHR
+ GL_COVPRESSED RGBA ASTC 10x10_KHR
« GL_COMPRESSED RGBA ASTC 12x10_KHR
« GL_COMVPRESSED RGBA ASTC 12x12_KHR

which are stored in G._RCGBA + GL_RGBA + GL_FLOAT internal format, and

.+ GL_COVPRESSED_SRGBS_ALPHA8_ASTC 4x4_KHR
.+ GL_COVPRESSED_SRGBS_ALPHA8_ASTC 5x4_KHR
.+ GL_COVPRESSED_SRGBS_ALPHA8_ASTC 5x5_KHR
+ GL_COMPRESSED SRGBS_ALPHA8_ASTC 6x5_KHR
.+ GL_COVPRESSED_SRGBS_ALPHA8_ASTC 6x6_KHR
.+ GL_COVPRESSED_SRGBS_ALPHA8_ASTC 8x5_KHR
.+ GL_COVPRESSED_SRGBS_ALPHA8_ASTC 8x6_KHR
+ GL_COMVPRESSED SRGBS_ALPHA8_ASTC 8x8_KHR
.« GL_COVPRESSED_SRGBS_ALPHA8_ASTC 10x5_KHR
« GL_COVPRESSED_SRGBS_ALPHA8_ASTC 10x6_KHR
+ G._COVPRESSED_SRGBS_ALPHAS_ASTC 10x8_KHR
+ GL_COMPRESSED SRGBS_ALPHAS_ASTC 10x10_KHR
« GL_COVPRESSED_SRGBS_ALPHA8_ASTC 12x10_KHR
« G._COVPRESSED_SRGBS_ALPHA8_ASTC 12x12_KHR

which are stored in GL_RGBA + GL_SRGB_ALPHA + GL_FLOAT internal format. Internally, the textures are
decompressed to unsigned byte format (the number of components depends on the compression algorithm in
guestion) or floating-point format.

KHR Debug Extension

Scope

Debug messages are related with OpenGL ES emulation sub-system. EGL part is not covered by debug messages
reported by implementation of this extension.

Messages

Debug messages are consistent to various error, warning and information messages the Emulator reports
to the user console in the run-time. By using KHR_Debug interface, all internal messages are reported as
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GL_DEBUG_TYPE_ERROR_KHRtype and as G._DEBUG_SOURCE_API source. What differentiates them is their
severity so that:

* FATAL ERROR level emulator messages have severity set to G._ DEBUG_SEVERI TY_HI GH_KHR
» ERROR level emulator messages have severity set to GL_DEBUG_SEVERI TY_MEDI UM _KHR

«  WARNING level emulator messages and ERROR messages have severity set to
GL_DEBUG_SEVERI TY_LOW KHR

e INFO level emulator messages and ERROR messages have severity set to
GL_DEBUG_SEVERI TY_NOTI FI CATI ON_KHR

Debug Groups

OpenGL ES Emulator doesn’t support more than one default debug message group. Calling PopDebugGr oup()
and PushDebugGr oup( . . .) produces GL_STACK UNDERFLOWand G_._STACK OVERFLOWerrors
respectively.

Value of G._DEBUG_GROUP_STACK _DEPTHisaways 1.

Asynchronous and Synchronous Debug Output

Only asynchronous message callback is supported. Enabling synchronous callback with
GL_DEBUG _QUTPUT_SYNCHRONQOUS flag gives no effect and produces GL_ | NVALI D_OPERATI ON error.

Debug Labels

At the moment there is no support for sync object labels. Calling Obj ect Pt r Label (. ..) and
CGet Obj ect PtrLabel (...) generatesGL_| NVALI D_OPERATI ONerror.

Interaction with GL side of KHR_Debug

No interoperation with KHR_Debug that is provided by the underlying OpenGL driver. That means any debug
message or label queries from/to GL are not reachable by the application.

Additional Considerations
Implementation dependent constants have values of:

« GL_MAX_DEBUG MESSAGE LENGTHisset to 512
« GL_MAX_DEBUG LOGGED MESSAGES isset to 2048
« GL_MAX_LABEL_LENGTHvaluewill be arbitrarily set to 256.

Emulator offers KHR_Debug support for any context type - also those context types created
without EGL_ CONTEXT_OPENGL._DEBUG BI T_KHRflag. gl Get | nt eger (. ..) called with
GL_CONTEXT_FLAG_DEBUG_BI T_KHR always returns G._ TRUE.

Message Identifiers

All debug messages from the Emulator have values in range 0x2000 to 0x4000.

Limitations

ES 3.1 Support
The following features are known to have limited or non-conformant behaviour:

« Thereisno exact support for gl Menor yBar ri er ByRegi on entrypoint implementation as defined
in OpenGL ES 3.1 specification. The entrypoint function is available in the Emulator but acts exactly as
gl MenoryBarri er function.
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» Usage of built-in mix function in shaders when uvec4 type values are used as arguments,

* GL_TRANSFORM FEEDBACK_ VARYI NG passed as programinterface parameter as per specification.

« Using built-in special fragment shader variablegl _Hel per | nvocat i on isnot supported.

« Whenextension G._EXT_shader i o_bl ocks isenabled and separable programs are used, precision
qualifiersfor variables in the interface blocks are omitted from checking input-output interface matching in
program pipelines.

Implementation-specific Behaviour

Where the OpenGL ES specifications permit implementation-specific behaviour, the behaviour is usually determined
by the underlying driver. The behaviour of the graphics card drivers can differ from the behaviour of Mali drivers and
hardware. Thisincludes implementation-dependent limits, for example:

e texturesizes

e extensions

e mipmap level calculation
e precision of shaders

« framebuffers.

The following properties are enforced to mimic Mali driver behaviour:

 G._MAX_RENDERBUFFER_SI ZE is8192 (for OpenGL ES 2.0, 3.0 and 3.1 contexts)
e GL_MAX _UNI FORM BLOCK S| ZE is16384 (for OpenGL ES 3.0 and 3.1 contexts only)

gl Pr ogr anBi nary Always Fails

The emulator does not support any program binary formats. The call glProgramBinary always returns
GL_I NVALI D_ENUM

gl Shader Bi nary Always Fails

Because of the incompatibility between binary formats for different graphics drivers, the OpenGL ES Emulator
provides support for ESSL shader source code only and does not provide support for compiled Mali GPU shader
binaries. The call gl Shader Bi nar y has no functionality and always returnsthe error G__| NVALI D_ENUM
because no binary formats are supported.

gl Get Shader Pr eci si onFor mat Values

For OpenGL ES 3.0 and 3.1 applications, gl Get Shader Pr eci si onFor mat forwards the call to the underlying
GL implementation if the ARB_ES2_ conpati bi | i ty extensionis present. If the extension is not present, the
following range and precision information is reported:

e CGL_LOWFLOAT/G._MEDI UM FLOAT / GL_HI GH_FLOAT precision type: Min range: 127, Max range: 127,
Precision: 23
e GL_LOWI NT,GL_MEDI UM | NT, GL_HI GH_I NT precision type: Min range: 31, Max range: 30, Precision: O

Fixed-point Data Gives Reduced Performance

OpenGL 3.0 does not provide support for fixed-point data, but thisis required by the OpenGL ES 3.0 specification.
The Mali OpenGL ES Emulator converts fixed-point data and passesit to OpenGL. For the emulator, fixed-point data
gives lower performance than floating-point data. This effect is stronger if you use a client-side vertex array rather
than avertex buffer object. The emulator must convert a client-side vertex array on each draw call because the client
application might modify the data between draw calls.
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Support for non-NVIDIA Drivers Is Preliminary

Arm recommends using the Mali OpenGL ES Emulator with NVIDIA drivers. We are aware of some issues when
running the Emulator with ATI/AMD and IntelHD drivers and are working on improving the support. Other drivers
are not tested.

The Value Of gl _I nst ancei d Is Always Zero When gl _Dr awAr r aysl nst anced is Called From
Within a Transform Feedback Block

On certain models of host GPU thevalue of gl _| nst ancel Dwill always be zero rather than the ID of the instance
currently being drawn. Thisis dueto adriver issue. The known affected GPUs and drivers are:

* NVIDIA GeForce 210, driver version 301.42
* NVIDIA GeForce 210, beta driver 304.79
* NVIDIA NVS 300, betadriver 304.79

Support for 2D Depth Textures

The implementation of support for 2D depth textures have limitations and may not provide fully conformant
behaviour where depth textures are used with mipmap levels greater than zero (base) level.

GL_KHR_bl end_equat i on_advanced Extension Availability

Extension G__KHR bl end_equat i on_advanced isfully conformant only on NVIDIA graphics cards.

Limited set of number of samples for gl TexSt or age2DWul ti sanpl e.

Thegl TexSt or age2DMul ti sanpl e function will round-up number of samples passed assanpl es argument.
The rounding will be to closest (not smaller) value from the set of 1,2,4 or 8 samples.
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Chapter

A

EGL Implementation

Topics:

« EGL Extensions
+ Limitations

The EGL library is alimited implementation of EGL that sufficesto allow the
Mali OpenGL ES Emulator to pass the Khronos Conformance Test Suite. As
such, there are some limitations.

Mali OpenGL ES Emulator comes with support for EGL 1.4 API version plus
several EGL extensions as described later in this chapter.

The EGL implementation supports OpenGL ES API only. The EGL

library does not support OpenV G. Neither graphics contexts nor surfaces
created can be used with OpenV G. No configurations are returned from
egl ChooseConfi g for values of EGL_ RENDERABLE_TYPE other than
EG._OPENGL_ES2_BI Tor EGL_OPENG._ES3_BI T_KHR.

Context creation fails unless context versionisset to 2, 3, 3.1

or 3.2 using EGL_CONTEXT_CLI ENT_VERSI ON attribute or
EGL_CONTEXT_MAJOR VERSI ON/EG._CONTEXT_M NOR_VERSI ON
attribute pair respectively.

el gGet Pr ocAddr ess function returns pointer to any EGL and GL ES
entrypoint provided by the Emulator, not just an extension functions.
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EGL Extensions

The Mali OpenGL ES Emulator supports the following EGL extensions:

« EG._KHR create_context

e EGL_KHR config_attribs

« EG__KHR_ i mage_base

e EGQ._KHR i mage

« EG._KHR i nage_pi xmap

« EGL_KHR_ gl _renderbuffer_i mage

e EG__KHR gl _texture_2D i nage

e EGQ._KHR gl texture_cubemap_i nage

Limitations

Multiple Threads and Multiple Contexts
Multiple contexts are supported, but multiple threads are not supported and might lead to unpredictable behaviour.

Window Pixel Format

You must set pixel format only through egl Cr eat eW ndowSur f ace.

Limited Bitmap Support
Bitmap rendering only works correctly for uncompressed, bottom-up, 32-bit RGB bitmaps.

Limited Results From Surface Queries

All parametersto egl Quer ySur f ace are implemented, but those specific to OpenV G, and those that depend on
the physical properties of the display, for example EGL_ HORI ZONTAL _RESCLUTI ON, return arbitrary values or
EGL_ UNKNOWN.

No Support for Swap Intervals

Theegl Swapl nt er val function has no effect and always succeeds. The swap interval depends on the OpenGL
driver.

Changing Display Modes Does not Check pbuffer Lost Event

Changing display modesis not supported. A change of display mode might result in loss of pbuffer memory. This
event is not checked for. Do not change display modes while running the emulator.

Note: Pbuffers and pixmaps are supported with the WGL_ARB_pbuffer extension. This specifiesthat a
WGL_PBUFFER_LOST_ARB query can check for loss of memory due to adisplay mode change.

Use of Displays Following egl Ter ni nat e

Displays are destroyed in egl Ter i nat e. Later callstreat the display asinvalid.

EGL_MATCH_NATI VE_PI XNVAP Attribute not Supported

The attribute EGL_ MATCH_NATI VE_PI XMAP is not supported by egl ChooseConfi g. TheEGL 1.3
specification says that the attribute EGL_ MATCH_NATI VE_PI XMAP was introduced to make it easier to choose
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an EGLConf i g to match a native pixmap. This attribute is accepted by the emulator, but isignored other than to
validate the provided handle.

Applications should work as expected even if the chosen EGL config does not match the pixmap format because
rendering is done to an internal buffer and then copied to the pixmap, including any necessary pixel format
conversions. If an eight bit per channel EGL config is desired (to ensure the same colour precision as the native
pixmap), then EGL_RED S| ZE, EGL_GREEN_SI ZE and EGL_BLUE_SI ZE should be explicitly passed to
egl ChooseConfi g.

Resizing a Native Window

Resizing a native window after gl MakeCur er nt function call does not update the surface attributes.

egl ChooseConf i g Always Selects Double-Buffered Configs

The EGL attribute list istranslated to an attribute list for the underlying window system. This attribute list always
has the double-buffering attribute set to true. This means that some available matching configurations might not be
returned.
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Chapter

5

Mali Checker Application

Topics: OpenGL ES Emulator is shipped with diagnostic application mal i -

checker . Thetool can be used to diagnose configuration of the OS installed

e Performing a Check _ . i
on user's machine with respect to emulator's requirements.

* Report File
e Command-line Parameters
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Performing a Check

Mali checker can be executed by launching executable:
./ mali - checker

The application will produce and open HTML report with examination results.

Report File

The report produced by the checking application is made of three main sections:

* Overview
¢ Examinations
» Features and Extensions

Overview Section

This section contains information that identify the report and the operating system the examinations has been
performed on.

Examinations Section

This section contains list and details of examinations that have been performed by the application.

Features and Extensions Section
This section lists all features and extensions the emulator supports.

Note: this section might not be present in the report if producing such is not possible due to blocking
0. problems detected by examinations.

Command-line Parameters

When launched without parameters, the mal i - checker application will create and display HTML report with all
built-in checks performed.

Controlling Checks

It's possible to have a fine-grain control over number of checks the application performs with the following
command-line paramters.

-a, --all

Perform all checks. Default if no individual checks are specified.
-e, --gles-and-eg|

Check if libGLESv2 and libEGL are loaded and correct versions.
-E, --environment

Check the enviroment variables.
-0, gl

Check if libGL isloaded and is suitable.
-H, --header

Check if the default headers are compatible with ours.
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-m, --moc
Check if the Mdi Offline Compiler isavailable.

Controlling Report Output
The following arguments can be used to control behaviour of the application related to producing output.
-n, --no-open
Do not open then report afterwards.
-o=<filename>, --output=<filename>
Write report to a<filename>.

Miscellaneous

Other parameters:

--, --ignore_rest

Ignores the rest of the labeled arguments following this flag.
--version

Displays version information and exits.
-h, --help

Displays usage information and exits.
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Chapter

6

Maintenance

Topics:

Troubleshooting
Uninstalling Using Package
Manager

Uninstalling Using Script
Support

Changes from Previous
Versions

This chapter contains topics related to maintenance, troubleshooting and
support for the OpenGL ES Emulator application installed on the system.
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Troubleshooting

Any erroneous situation leading to improper behaviour of installed OpenGL ES Emulator should leave error message
on the application console window.

Please refer to these messages when obtaining help from technical support.

Loading Unintended Mesa3D libGL.so Library

Depending on system configuration it might happen that Mali OpenGL ES Emulator loads| i bGL. so library that is
not the intended OpenGL driver that corresponds to installed graphics card.

This situation was observed when both vendor GL drivers, aswell as Mesa GL implementation were installed on the
system at the same time and library searching paths were ambiguous from user application perspective.

In this case it might happen that Mali OpenGL ES Emulator loads “unwanted” | i bGL. so library which is not
capable of supporting full OpenGL 3.2 (or 4.3- depending on created ES context version) profile.

The Emulator triesto detect such troublesome scenario and terminate displaying the following error message on the
console:

FAT AL - - - - m o m s o e e m oo e e e
FATAL - GES: (...) At least one (32 function is unavailable - potenti al
crash ahead.

FATAL - GLES: Loaded OpenG. driver library reports GL_VENDOR as (null)

and G._RENDERER as (null)

FATAL - GLES:. This driver does not | ook |ike the one you can use for Qpend@ ES
enul ati on.

FATAL - GLES: Try to explicitly set up LD LI BRARY_PATH envi ronment variable to
the | ocation where IibG..so.1 library is |ocated.

You can resolve such situation by nmanual ly setting LD_LI BRARY_PATH vari abl e

to the location of OpenGL driver library in your system(e.g. to /ust/lib/

nvi di a- 331/ when using NVIDI A graphics cards on Ubuntu 14.04 systemetc.)

Controlling Log Verbosity

Y ou can control level of log verbosity by setting the MALI_EMULATOR_APP_VERBOSITY environment variable in
your system. Y ou can set it to one of the following values:

OFF No errors will be reported to the console.

FATAL Will report only fatal-class error events.

ERROR Will report regular errors and fatal error events.

WARNING Will report warnings, regular errors and fatal error
events.

If ths environment variable is unset, the emulator uses FATAL as the default log verbosity level.

Uninstalling Using Package Manager

If you have used DEB package then to uninstall Mali OpenGL ES Emulator run following command:

$ sudo apt-get renove mali-opengl -es-enul at or

Uninstalling Using Script
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If you have installed Emulator from thetarball using | i nux-i nst al | . sh script, then you can usel i nux-
uni nst al | . sh script from within the same directory to remove al installed files from the system.

Support

For further support on this product, please visit the Arm Connected Community.

Continued Support

It should be noted that continuing support of the product will only be provided by Arm if such support is covered by a
current contract with the recipient.

Changes from Previous Versions

Changes In Version 3.0.4

» Fixed an issue where textures bound to TEXTURE_OES EXTERNAL would not update after DestroylmageKHR
was called on the image that generated the texture.

Changes In Version 3.0.2

» Missing support for GL_TEXTURE_2D_MULTISAMPLE for GL ES 3.1 added.

e GL_DITHER isan enabled state by default.

* Making glGetStringi and glGetlntegerv report extensions strings in a consitent way
* Improving performance of gl Fi ni sh() implementation

e GL_TEXTURE_2D supported for GLES3.0 contexts

Changes In Version 3.0.1

» Fixesin accessing 3.2 APl entrypoints and 3.2 specific enums.

Changes In Version 3.0

» Added support for OpenGL ES 3.2 API version.
e Improved interoperability with AMD/ATI graphics cards.

Changes In Version 2.3.0

« Mali-checker application introduced.
* Improved interoperability with AMD/ATI graphics cards.
 |nstallation location more consistent with Debian/Ubuntu policies.

Changes In Version 2.2.1

» Using latest Mali Offline Compiler with support for OpenGL SL 310 es version of shader language.
» Fixed problem with incorrect log content on successful OpenGL SL 310 es shader compilation.
e Improvingm x(. . .) built-in functions support in OpenGL SL 310 es shaders.

Changes In Version 2.2

» Extensionsfrom Android Extension Pack supported.
« egl Get ProcAddr ess gives pointersto any of al implemented entrypaints.


http://community.arm.com/
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Changes In Version 2.1.1
» Fixed problem with MSAA using EGL configurations.

Changes In Version 2.1
e Added support for the following OpenGL ES extensions:

e CGL_EXT _shader _i o_bl ocks

e CGL_EXT _gpu_shader5

e CGL_EXT_geonetry_shader/

e CGL_EXT_tessellation_shader

Changes In Version 2.0

» Added support for OpenGL ES 3.1 APl version.

 ExtensonsG._OES EQ _i mage and G._OES EGQ__i mage_ext er nal are supported for GLES 3.0
contexts.

Changes In Version 1.4.1

« Buffer operationswith GL_PI XEL_UNPACK BUFFER binding point and compressed textures fixed.

e Implementation of gl MapBuf f er OES improved.

» DEB package installation on Ubuntu 14.04 free from warning messages.

» Fixesinimplementation of EGLI mage support and gl EGLI nageTar get Text ur e2DCOES implementation.

» Fixed problemswith gl Vi ewpor t not updating resolution when re-using same context with various EGL
surfaces.

Changes In Version 1.4.0

» Singlelibrary containing complete EGL/OpenGL ES emulation code for improving library loading scenarios.
* Improvements on how textures are working in various use scenarios.

» Shader source processing is reflecting extension support correctly.

« Providing mali-cube executable for installation verification.

Changes In Version 1.3.0

e Support for additional OpenGL ES extensions:

* Improved support of existing OpenGL ES extensions under OpenGL ES 2.0 and 3.0 contexts.
e Improved handling of depth textures.

* Variousimprovements and bug fixes.

Changes In Version 1.2.0

e Support forGL_KHR t ext ure_conpression_astc_|dr.
e Support for several new OpenGL ES extensions.

* GL_OES read format support is no longer reported asit defines a core functionality of both OpenGL ES 2.0 and
OpenGL ES 3.0 implementations.

» Shader verification was improved under Linux.
» Fixed aproblem occurring under specific conditions that caused console windows to quickly become visible and
disappear when compiling shaders under Windows.

« Fixed gl Render buf f er St or ageMul ti sanpl e/gl Texl mage2D/gl Vert exAt t ri bPoi nt er problem
occurring with an AMD driver.
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Changes In Version 1.1.0

e Support for context sharing.
e Support for ETC1 textures.

e The OpenGL ES 3.0 Emulator is now called the Mali OpenGL ES Emulator and supports both OpenGL ES 3.0
and OpenGL ES 2.0 contexts.

e Improved ESSL error detection.

* Improved texture format/internal format/type support.
e Improved generate-upon-binding support.

» Fixesfor various memory and resource leaks.

« Various other bug-fixes and improvements.

Changes In Version 1.0.0
« Thisversionisthefirst release of the Mali OpenGL ES Emulator.
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