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Comics Developer Tools Education
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Graphics Internet Multimedia

Fonts.

Plasma Desktop Science & System & Settings
Widgets Engineering
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Full Graphics Stack
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} Kernel

X11 Graphics Stack
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DDX — Device Dependent X driver. Handles initialization, manages the
display, performs 2D accelerated rendering.

DRM - Direct Rendering Manager. Subsystem of the Linux kernel
responsible for interfacing with GPUs.

EFL, GTK+, Qt — Open-source graphical toolkits.

EGL - Interface between rendering APls and the underlying native
platform windowing system.

FBDEV — Frame Buffer Device. Subsystem of the Linux kernel
responsible for accessing the display framebuffer.

GLES - GL Embedded System. Embedded profile of the OpenGL API.
KMS - Kernel Mode Setting. Subsystem of the Linux kernel
responsible for interfacing with display controllers. Handles mode
setting and hardware composition.

Mesa (3D) — Open-source implementation of the EGL, GL, GLES, ...
APIs.

Xlib — Reference implementation of the client side of the X11 protocol.
Xorg — Reference implementation of the server side of the system.
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ITTOOK & LOT OF WERK, BUT THIS
LATEST LINUX FPATCH ENABLES SUPPCRT
FOR MACHINES WITH Y096 CPUs,

UP FROM THE OLp LIMIT OF 1,024,

/ DO YOU HAVE SUPPERT FOR SMOOTH
FULLL-SCREEN FlasH VIDEDYET?

NQ, BUTWHO USES 74477

0

Source: http://xkcd.com/619/
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DRM FB

Dynamic Allocation Yes No
Multiple Buffers Yes panning

Import dmabuf No

dmabuf

Export
mmap

1+ Memory Management QN “><
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DRM FB

RGB

Formats 4CC ACC
Enumeration Planes No
Negotiation No No
Atomicity Yes No

4| Mode Setting LAy \"\‘q
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DRM FB

Overlays Yes No

Rotation Yes No

Scaling Yes No
Cropping/Panning Yes Yes

1249 Transformations SN “><
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HOW STANDARDS PROUFERATE:
(5 AVC CHARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, ETC)

SITUATION:

THERE ARE
|4 COMPETING
STANDPRDS.

M?! RDIcCULOLS]

WE NEED To DEVELORP

ONE UNIVERSAL STANDARD

THAT COVERS EVERYONES
USE CASES. YERH!

\ O )

)

SITUATION:

THERE ARE
|5 COMPETING

STANDPRDS.

Source: http://xkcd.com/927/

\ Use Cases
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(that's it...)
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EGL

libwayland-client{ \

'Libwayland-client.

1ibway1and-c1ient.

libwayland-server.

1ibwayland-EGL‘ibEGL»mesa»drivers
Weston, Mutter, KWin, Clayland, EGL

Enlight t,
nitightenmen 0penGL|ES
OpenVG

Graphics device drivers

1ibDRM

CPU & main memory
USB, PS/2, ... GPU & graphic memory
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* Memory Management

» Command Stream

* Vertical Blanking

* Version, Authentication,
Master, ...




- Device Model

* Frame Buffer

» Modes

- Page Flip

* Planes

» Cursor, Gamma, ...

24 KMS




Bdrm B kms
armada Mexynos

Hi810 1915

B mga msm

B nhouveau © omap

o gxI Wrl28

Bradeon Msavage
sis M tegra

Hvia

)| DRM/KMS API A
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sync
back porch

active area

front porch

KMS — Modes (1/2)
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- hdisplay >

hsync_start -
- hsync_end >
htotal >
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*connectors
num_connectors

struct drm_mode_set {
struct drm_framebuffer *fb;
struct drm_crtc *crtc;
struct drm_display_mode *mode;
uint32_t x;
uint32_t vy;
struct drm_connector **connectors;
size_t num_connectors;
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Code Ahead

Error handling omitted
for readability

49l Disclaimer




#include <stdio.h>
#include <stdlib.h>
#include <stdint.h>
#include <string.h>

int main(int argc, char **argv)

{
}

return 0;

-5 Skeleton
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Open

#include <xf86drm.h>

* ok ok K X

int drmOpen(const char *name, const char *busid);
*/
int fd;

fd = drmOpen("imx-drm", NULL);

\OREOQRSD Open < CAMPUS
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Get resources
#include <xf86drmMode.h>

drmModeResPtr drmModeGetResources(int fd);
void drmModeFreeResources(drmModeResPtr ptr);

* %k ok Ok F *

*/
drmModeResPtr resources;
uint32_t crtc_1id;
uint32_t connector_id;

resources = drmModeGetResources(fd);

crtc_id = resources->crtcs[0];
connector_id = resources->connectors[0];

€
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/*
Get modes

#include <xf86drmMode.h>

*

*

*

*

* drmModeConnectorPtr drmModeGetConnector(int fd,

* uint32_t connectorId);

* volid drmModeFreeConnector (drmModeConnectorPtr ptr);
*/

drmModeConnectorPtr connector;

drmModeModeInfo mode;

uint32_t width;

uint32_t height;
connector = drmModeGetConnector(fd, connector_id);

mode = connector->modes[0];
width = mode.hdisplay;
height = mode.vdisplay;

| Get Modes IJ\':';
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Create buffer

#include <drm.h>
#include <drm_mode.h>

#define DRM_IOCTL_MODE_CREATE_DUMB

ST S T

int drmIoctl(int fd, unsigned long request, void *arg);
*/
struct drm_mode_create_dumb bo_create;

memset (&bo_create, 0, sizeof(bo_create));
bo_create.bpp =

bo_create.width = width;

bo_create.height = height;

drmIoctl(fd, DRM_IOCTL_MODE_CREATE_DUMB, &bo_create);

| Create Buffer IJq'-
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Fill buffer

#include <drm.h>
#include <drm_mode.h>
#include <xf86drm.h>

#define DRM_IOCTL_MODE_MAP_DUMB

* Ok ok ok %k ok X ok *

int drmIoctl(int fd, unsigned long request, void *arg);
*/
struct drm_mode_map_dumb bo_map;

memset (&bo_map, 0, sizeof(bo_map));
bo_map.handle = bo_create.handle;

drmIoctl(fd, DRM_IOCTL_MODE_MAP_DUMB, &bo_map);

CAMPUS
LONDON
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/*
Fill buffer

#include <sys/mman.h>

* vold *mmap(void *addr, size_t length, int prot,
* int flags, int fd, off_t offset)
* int munmap(void *addr, size_t length);
*/
volid *mem;

mem = mmap(0O, bo_create.size, PROT_READ | PROT_WRITE,
MAP_SHARED, fd, bo_map.offset);
fill _pattern(DRM_FORMAT_ARGB8888, mem, width, height,
bo_create.pitch);
munmap (mem, bo_create.size);

i m Fill Buffer (2/2) q

CambridgeGame
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//*
* Create frame buffer
*
* #include <drm_fourcc.h>
* #include <xf86drmMode.h>
*
* int drmModeAddFB2(int fd, uint32_t width,
* uint32_t height, uint32_t pixel_format,
* uint32_t bo_handles[4], uint32_t pitches[4],
* uint32_t offsets[4], uint32_t *buf_id,
* uint32_t flags);
*/

uint32_t handles[4]
uint32_t pitches[4]
uint32_t offsets[4]
uint32_t fb_id;

{ bo_create.handle, };
{ bo_create.pitch, };

{0, };

drmModeAddFB2(fd, width, height, DRM_FORMAT_ARGB8888,
handles, pitches, offsets, &fb_id, 0);

€
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/*
Set the mode

#include <xf86drmMode.h>

*
*
*
*
* int drmModeSetCrtc(int fd, uint32_t crtcld,

* uint32_t bufferId, uint32_t x, uint32_t vy,
* uint32_t *connectors, 1int count,

* drmModeModeInfoPtr mode);

*/
drmModeSetCrtc(fd, crtc_id, fb_id, 0, O,
&connector_id, 1, &mode);

| Set the Mode o .3
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/*
Get plane resources

*

*

* #include <xf86drmMode.h>

*

* drmModePlaneResPtr drmModeGetPlaneResources(int fd);

* volid drmModeFreePlaneResources(drmModePlaneResPtr ptr);
*/

drmModePlaneResPtr planes;

uint32_t plane_id;

planes = drmModeGetPlaneResources(fd);
plane_id = planes->planes[0];

CAMPUS
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*

* Set the plane

*

* #include <xf86drmMode.h>

*

* int drmModeSetPlane(int fd,

* uint32_t plane_id, uint32_t crtc_id,
* uint32_t fb_id, uint32_t flags,

* uint32_t crtc_x, uint32_t crtc_y,
* uint32_t crtc_w, ulnt32_t crtc_h,
* uint32_t src_x, uint32_t src_y,

* uint32_t src_w, uint32_t src_h);
*/

drmModeSetPlane(fd, plane_id, crtc_id, fb_id, O,
width / 4, height / 4, width / 2, height / 2,
0, 0, (width / 2) << 16, (height / 2) << 16);

)| Set the Plane <



/*
List plane properties

#include <drm_mode.h>
#include <xf86drmMode.h>

*
*
*
*
*
* drmModeObjectPropertiesPtr drmModeObjectGetProperties(
* int fd, uint32_t object_id, uint32_t object_type);
* volid drmModeFreeObjectProperties(
* drmModeObjectPropertiesPtr ptr);

*/
drmModeObjectPropertiesPtr properties;

properties = drmModeObjectGetProperties(fd, plane_id,
DRM_MODE_OBJECT_PLANE) ;

‘0 BO&
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/*
Find alpha property

*
*
* #include <xf86drmMode.h>
*
*

drmModePropertyPtr drmModeGetProperty(int fd,

* uint32_t propertyId);
* vold drmModeFreeProperty(drmModePropertyPtr ptr);
*/

drmModePropertyPtr property;
unsigned int 1i;

for (1 = 0; 1 < properties->count_props; ++1) {
property = drmModeGetProperty(fd,
properties->props[i]);
1f (!strcmp(property->name, "alpha"))
break;

CAMPUS
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/*

* Turn global transparency on

*

* #include <xf86drmMode.h>

*

* int drmModeObjectSetProperty(int fd, uint32_t object_id,
* uint32_t object_type, uint32_t property_id,
* uint64_t value);

*/

drmModeObjectSetProperty(fd, plane_id,
DRM_MODE_OBJECT_PLANE,
property->prop_id, 128);

‘QBOQ
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» Atomic Update
» Page Flip

» Cursor

* Events

15 And Much More...







P VAR TSN TS YT il OPenGL commands and/or O pe n G L

dat shaders written in GLSL
ata data data (vertex, tesselation control, tessellation evaluation,
geometry, fragment and compute shaders)

game engine

system calls

subroutine
calls

SDL :
Library Subroutines

GNU

C Library subroutines Subroutines

System Call Interface (SCI)

—_—

Display || Graphics
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SERL
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Appllcatlons

Mesa

State
~J Trackers

. Pipe
Drivers

| Gallium 3D <



@

- : or GLX
Llibwayland-client () ® libX or libXCB

X.0rg Server
DIX driver

wiglamor DDX driver
Glamor OpenGL 3.3

libwayland-

client .

OpenGL 4.4

OpenGL
or

Libwayland-server {§ EGL

1ibEGL-mesa

1ibGBM ‘

1ibGLES-mesa
1ib0penvG=resa I 1ibGL-mesa-swx1l

: 1ibGL-mesa-glx
Weston, Mutter, KWin, Clayland,

Enlightenment, ...

Mesa 3D

1ibGL-mesa-DRI
User space graphics drivers Proprietary user space graphics drivers

@ @) |ioctl

1TibDRM integrate libDRM into driver?

proprietary BLOB

I
CPU & main memory

USB, PS/2, ... Display controller framebuffer GPU & graphic memory

€

CAMPUS
LONDON

\0 Free vs. Proprietary N §<

-

CambridgeGame



eeeeeeeeeeeee

Free Proprietary

Performance +(+) +4(+)
Features +(+) ++
Security T _

open/

ferne! open closed

Evolutions yes vendor

lock-Iin

\4+)l Free vs. Proprietary '- v €

CAMPUS
LONDON



Raw/ONFI 2.2 LPDDR2 NOR Flash| |Battery Cirl| | 4x Camera 1/2 LVDS 1/2 LCD | [HDMI 1.4 MIPI
Mand-Flash 400MHz (DDR800) PSRAM Device Parallel/MIPI| |(WUXGA+)| | Displays Display | | Display
* A + 3 +_I—A 5 'Y
[
|
Application Processor
__ YVvY — Domain (AP) |¢5I2rHIFI|| LDB| | HOMI | |DGb'HﬂIPI|
audo [ | Memey >
nternal [
o ot Foscanamomr| [ copme
[ EM ] (272KB) Subsystem urces
¢ — 4P 2 IPUVH —com | =l
AOM | — - [ GPC | S
ESE;E‘EFLL | [Smanowa (36KB) | ARM Cortex A9 SR
ol (SDMA) Dabug M4ZC0re Platform
Ag-Cors
o L1 VD Cache
SPBA 3 Timer. Wdog - <«p| MMC/SD
lg:ce?f,:gle «» E 6 2 cache | AFUPSBD:r:;:: eMMC/eSD
SCU, Timer _
Shared Peripherals ¢ g uSDHGC
[ 55i@  |[ecoPit | Security _E L p| [ AuDMUX || le—p MéuﬂDC)::’gD
[FFastUART| [ ESAI | CAAN 2 lep| Proo. uni
PCle Bus || EPOFmeT<|[ Asrc | “‘5::3::"'3 < (VPU + Cache) [PWM@ |
(SRTC) > PR 32 GraEhii::s OCOoTP p| Modem IC
roc. un
(GPU3D)
2D Graphics KPP <« » Kevpad
aps [ & Proc. Unit GPIO > Reyp
Timers/Control (GPU2D)
Openia 1.1
Proc. Unit -Gbp
| | ) e | e Ethornet
Audio, A~ DTCP ]| l¢»10/100/1000
" m%; o Srap Moo p—— .| HSIMIPI Mbps
o e e | TS,
[FGstP q PHY o
F Y Fy h
CONSUMER- | i |
POP JTAG
Bluetooth WLAN IEEE1149.6 s
( )

€

CAMPUS
LONDON

| i.MX6 FERT

CambridgeGame




4

4x Camera 1/2 LVDS 1/2LCD | [HDMI 1.4| | MIPI
Parallel/MIPI| |(WUXGA+)| | Displays | | Display | | Display
A

! f

or

CSI2/MIPI | | LDB

HDMI ‘ DSUMIPI

f

e I [E

kd

ImageProcessing
Subsystem
2x IPUv3H

|

Clock and Reset

CCM

:

lg-Pp|MPCore Platform

ARM Cortex A9

GPC

Crystals
& Clock sources

R
XTALOSC
0SC32K

w
O

4x A9-Core
L1 I/D Cache

E Timer, Wdog
E | ‘;IMB (5 cache | AP Peripherals
o cache
= [ SCU, Timer | [ USDHC (3) |
m [ PTMs CTI's | | _uSDHC |
E | p || AuDMUX |
© Video
< |¢Pp| Proc. Unit [ 12€@) |
(VPU + Cache) | PWM (4) |
3D Graphics | OCOTP |
4P Proc. Unit | |
(GPU3D) IOMUXC

MMC/SD

eMMC/eSD

MMC/SD
SDXC

Modem IC

A s@

CambridgeGame

€

CAMPUS
LONDON



http://nouveau.freedesktop.org/wiki/
http://limadriver.org/
https://github.com/freedreno
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GDOSIE imx6 vivante driver “

Web Images Videos Mews Shopping Maps Books

About 4,190 results

Any Eﬂl}ﬂ"lr Vivante GPU (Freescale i MXE) - SDKs - StreamComputing
Country: the UK

streamcomputing eu/knowledge/sdks/vivante-gpu/ =
Vivante has created the GPU-drivers, but you have to contact the chip-maker to obtain ...
I.mx6 ubuntu opengl install; opencl imx6; alternativ driver vivante g2000 ...

Any time
FPast hour
Past 24 hours
Past weak
Past month
Past year

All results OpenCl onimx6 | Freescale Community
“erbatim https://community freescale com/thread/306852 -

30 Apr 2013 ... Kernel driver for vivante. vivante vdk. open cl headers. I'm not really sure
where to find the vivante components here. I've downloaded the SDK ..

Vivante and opengl broken on imx6 board 22 Nov 2013
Want to try hard float vivante drivers for MXg? 7 May 2013
The computing power of the Vivante's GC2000 GPU in i.mxEq ... 21 Mar 2013
CpenGL ES on i.MXE with X11 - GPU SDK 14 Feb 2013

LMXEQ: i MX 6Quad Processors - Quad Core, High Performance ...
www freescale.comfwebapp/sps/site/prod_summary jsp?code=i... -

Crder, Part Number, Suggested Drivers, Package ..... Freescale iMX6: Soluciones multicore
escalables para los nuevos retos de experiencia para el usuario:La ..
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commit b13a0a9e2922cbfbf7b400f4fOfdOacdl19fo41df
Author: Alexandre Courbot <acourbot@nvidia.com>
Date: Sat Jul 26 18:41:41 2014 +0900

drm/nouveau/gk20a: reclocking support

Add support for reclocking on GK20A, using a
statically-defined pstates table. The algorithms for
calculating the coefficients and setting the

clocks are directly taken from the ChromeOS kernel.

Signed-off-by: Alexandre Courbot <acourbot@nvidia.com>
Signed-off-by: Ben Skeggs <bskeggs@redhat.com>
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Root filesystem generator Distribution generator

Buildroot OpenEmbedded / Yocto

-t

1 10 100 1000 Number of software
components
< > <€ >
No runtime package management needed. Runtime package management needed.
Upgrades are done system-wide. Upgrades are done per-package.
Fixed-functionality systems, like Systems on which functionality needs to be
industrial systems. dynamically added (apps, etc.)

Credit: http://free-electrons.com/pub/conferences/2012/Ism/buildroot/
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FBDEV, DRM/KMS
Bare, X11, Wayland
Mainline, BSP
Distribution







i) Resources

http://free-electrons.com/docs/
http://phd.mupuf.org/
dri-devel@listsfreedesktop.org




laurent.pinchart@ideasonboard.com
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mailto:dri-devel@listsfreedesktop.org

Thank you.




