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Applications
Graphics libraries I~
2 ¥ v v ¥
Window e 2D render
Manager Display R library 3D render
‘ Server 2D render . library
Compositor primitives [~ v T TTTTTTT >

User space

Kernel space v v
| Display | 3D render
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Linux PJ#%

> MNFRG
- XERE. B8 MREERFRE
- —HY evdev FEf4RO
P miEMigE (fodev) FRE
- AT ERS LR REEEPRIEEED
- AFFRIEHR
- BT ERVIRENHEE ORIy R4 I
> EEEREER (DRM) FRE
- GF-HMETRERERD: NEZERXIZRE (KMS)
- R —#ERLFEH (DRM atomic)
- BEEENEREORFEREE (DRM render)
- RN EFEENS (DRM GEM)
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JRER P EE

> N
- libevdev (C): evdev 2 A REOKNEE
- libinput (C): #MINIZZEIE, {EH libevdev
> RN/ ER
- libdrm (C): DRM Z %A B
» 2D B3
- Pixman (C): fEULBVRRRANRIE
- Cairo (C): LILBIXEBER L I
> 3D B
- Mesa 3D (C): OpenGL HJFFiRSCIR

2023-03-15 deepin/UOS B{ERGEHZ BRZ



[kiZzza 5

X Window

> iR
- X Window/X11 2B RHHY
- BRI S Y RRY RINGE
- Xoorg & X11 fRF2RSEELIM
- EESMBMBE O EERRAE SN AREF
- HRSH\HIBEOEER (FIAGBTR) k&M
> OB
- KWin: jEF KDE SmEifE
- Compiz: ¥ 3D &K
> BRE FunE
- Xlib (C): =B X11 & Pkt &
- XCB (C): E#HY X11 & PimihillE
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Wayland

> ik
- Wayland 22— 8t (835 core F extensions)
- FHERARIEAMNER SR X11
- GEE (REH) LERAN. BO. SBRER
» Wayland & 28
- FI A libwayland-server BRI EE
- Weston/libweston: £#LI
- Sway/wlroots: B OEIER R EME
- KWin: KDE & H(22
> BRE FiRE
- ¥ H libwayland-client B Al E
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GNOME-Shell (green) displaying the Lollipop (green) with
top-bar and background window decorations (red)

GNOME-Terminal (green) with

window decorations (red)
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Lt EERALE R KEIME

P F'FFﬁz RO EIZMFER X11 5 Wayland

w %IJ#”EEJ%F%E-I-%’E*
> [TiZERN EERRALE

- GTK (C): EF Widget i Ul

- Qt (CH++): EF Widget B Ul EE

-DTK (C++): EF Qb FEHM—EE Ul BRE
> SEMRASHERNEMEAY EF NI
> I

- DDE: {#f DTK

- GNOME: {#H GTK

- KDE: {#H Qt
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RizE

MLR iR E - fbdev Hiik

P thdev Z2HFIREBRY Linux B RFES
> S8 EREXIEE
- 1 ia] i gE i
- RFIRIE
- LHIEER
- BiRER
P VISR AL 1T video BEINELE
P B /dev/fox EEXHERTFARZE
P> HiZH fbcon RIRBEERALIZFIE
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MZR iR & - fbdev PR

> st3E BRI E g it

> HHIEEFERHSH

P AZFHE MO EINEE

> FERHAF 1990 ~ 2000 £ g

2023-03-15 deepin/UOS B{ERGEHZ BRZ



P Direct Rendering Infrastructure, E#EEE %4
P 7 X Window TE#Eif 18] B (L B 4AIHESR
> HRX
- A% DRM
- X P&
- B PinEE
> FEHATH Mesa 3D B HRIER OpenGL KIIAIRHEEH
niE
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P Direct Rendering Manager, EHiZELEIHEE
P Linux AR HEEFR GPU BEOF RS

> AP=EERAT:
- {£AEM[ GPU Zvil_ﬁ“’\%ﬂﬂﬁ FHATIRIE
- {# /1 DRM API $4 GPU #{T 3D B i s
- YLETEAD
- GPGPU it#
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DRM 22#3

Process

User space

Kernel space

specific driver API generic DRM API (including GEM & KMS API)

’ DRM
core

DRM driver GEM KMS

- ~ | —I~

Video Card

framebuffer

© 2013 Javier Cantera - this wark ks under the Creative Commans Attrbution ShareAlke 4.0 cense versan 1
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RizE

P DRM #Zil: 1RHLEAMELR, BHITXHITIEE, W EMA
El#J DRM 3Kz}

» DRM ORZf: ZHHIEF GPU fE{FRE
- GEM: Graphics Execution Manager, IE{HERTFEIR
- KMS: Kernel Mode Setting, IEBE~ER (FRERESWE.

BEREMRBFHE)

2023-03-15 deepin/UOS B{ERGEHZ BRZ




RizE

DRM i3 & 3

> RE/REMSHRIRM Unix RIgIZ&TH

> FHEFMEEL DRM &
-FEPE: /dev/dri/card*, AF KMS EORERER{E
BT A /dev/dri/renderDx, HF4FEIRZIIEORE
FARE

P DRM ig&&th Al H M N #%{E A
- fbdev B EIRME /dev/fbx &
- B fbcon ARBHEMIEHIE

> ARTETHEET R EERR
- — MR F video A
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Section 3

2023-03-15 deepin/UOS B{ERGEHZ BRZ



libdrm

user program

static or dynamic linked libraries:
{other libs) libdrm (other libs)
T

User space

Kernel space

© 2014 JaVieT CANterS - s WOTK 15 UNGET the Creative CHMMANS ARTRIUTON SNATCAIRE 4.0 Iense

4: #i2ER DRM
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RRE

P /A libdrm A PZ (@318 DRM i &

P @id ioctl REFEANED. BRI RIELN
- ¥ KMS F#:: 1libdrm.so FEE
- S FHFERREMSERRS: FIIME, 0
libdrm_nouveau.so

» BHF5 DRM ZxERAAZEEE:
- Xorg
- Weston
- Mesa 3D
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Mesa 3D - #7/4H) 3D 83 APIl: OpenGL

P 3D EF API, £t34 GPU fE{4miEi&it
- BH API, 1Eﬁm:]:ﬁ§1¢9-ﬂ
- B Silicon Graphics F 1992 £ Bz, I H Khronos Group
=1
P OpenGL 121 3D BB RGE
P Stateful } context-based BJZRFEiEEY
P OpenGL M GL Shading Language (GLSL)
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Mesa 3D - ##/£H) 3D 82 APIl: OpenGL ES #1 EG

>
>
>

OpenGL ES {EABARIZERIEULART SN
fEF GLSL shader }25 OpenGL #HEHI4mIZIRE

EGL {EAMRAELBIETOER API mSIAN
- FHEREN ARG B RIREEEEE
- i X11 By GLX, FH Wayland FrEH
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Mesa 3D - #R/4&8Y 3D ;B3 API: Vulkan

P Vulkan 24txt GPU iFEHIRRE A AP

P E& 3D ERMIHE

P (& Standard Portable Intermediate Representation
(SPIR-V) shader

P Direct fBiZRE!, BEFRENFEE
P API 244 window system integration (WSI)
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Mesa 3D #fit

P Mesa 2 H B4R 3D EIREIH
P EIMLHFER API
- OpenGL (4.6) #1 OpenGL ES (3.2)
- Vulkan (1.1)
- Direct 3D (version 9)
> SHEORGERN
- EGL: Wayland, X11. Android
- Vulkan WSI: Wayland, X11
- GLX: X11
P> ZHHM GPU AR
- YISTARADNE: VDPAU, VAAPI, OMX
- 318 (GPGPU): OpenCL
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Mesa 3D 2243

by Shmuel Csaba Otte Traian; GNU FDL 1.2+ and CC-BY-SA 3.8+; created 2013-88-26, updated 2013-10-30

DRI-1.0-style GPU-specific
Device Driver Device Driver

0S WinSys

libDRM libDRM

Kernel

CPU & registers & 12 & L3 & main memory
GPU & registers & L1 & L2 (& graphic memory)

5: Mesa 3D 24
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RRE

P R4 mesa IRFIFARMKBEEES
- AP KRS ER BR
- YRIERREI

P Gallium 3D ¥
- APIRTSERER : 430 APl IERRE
- Drivers: SEILEBFREREHAE
- Winsys: LI M ZEZEO
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Mesa 3D &E#3ZHFHIK

P Intel HD/Iris Graphics
-4 Intel
- Mesa 3RZf: 1965 (classic), iris (Gallium)
- DRM 3Rzh: 1915
P Nvidia pre-NV110
-EE: Tegra
- Mesa 3RZh: nouveau (Gallium)
- DRM BEZ}: nouveau

» AMD Radeon GCN-ish
-4 AMD
- Mesa IRzf: deonsi (Gallium)
- DRM BRzf;: amdgpu
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X Window - X11 fipi¥

> X11 B Xorg LI
- BF packet IR %% Request. Reply. Event 2
- ATAFAH (UNIX E#F) dii@idmeg (TCP/IP)
P 4% drawables RELAE FIHIEEMINE FHUEEHIERIRS
75
- Windows: HNAEFAENETREHKX
- Pixmaps: A& #lZ] windows HJIE R RIE & FE
P Windows 3R ARPIREEH
- B X Q@R E O A
- EEBOMFEOBRE PmEIE
B graphics context (GC) 4 MK B AR SITIFHES
P RS2SR input events L5 HHKHIE PR
- BXTF & O SRR AR 3
- MR B EhFRERS
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X Window - X11 thil¥ &

> X1l @3y B ES
- ERATEFPEESMEO, CERFRESETE

> XKB: SZ#MBEHRE

P Xinput2: fiEtR. MRE. & ATy

> XSHM: HEZXE Pig/[REREAE, BREIMIERE/HENR

» XRandR: B R#EHEERMIFEBRAVEBIRSE

P Composite: FEOGKREZRGESHEAEIEE

P XRender: 2D B API, f14; alpha & 8. ey, 5.
RRE

> Xv: H8TE g ik
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X Window - Xorg 22#3

X11 application

X

DIX (Device-Independent X)

(rooted!)

XFree86 Acceleration Architecture
DDX (Device-Dependent X)

must be root for directly
accessing the hardware
(i.e. the (2D) GPU)

Linux kernel

CPU (registert & L1 & L2 & L3 & L4) & main memory
GPU (registers & L1 & L2) & graphic memory

6: Xorg ZE#f

2023-03-15 deepin/UOS B{ERGEHZ BRZ



RRE

P Xorg 43 A1 IS ERE S FE S
P Device-Independent-X (DIX)
- X11 il sEi . & FimtE
- EEHERRESHS K
- BEIR(EIZE . B EIESKI
P Device-Dependent-X (DDX)
- MINIRE) (xf86-input—*) MAZAMENEH
- MSAIRF) (x£86-video-*) RHENIZER 2D MNiE
» EXA 7£ DIX #1 DDX Z[8)#21# 2D fniELR4g
P Glamor FJH OpenGL 3D g4 DDX 124t 2D fniE
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X Window - Xorg IRzh#A

> & FAE Xorg HINIREN
- xf86-input-libinput {§ A libinput IREUM NS4
- xf86-input-evdev HIE(FH evdev B#ZiEO (BEFH)
P HFEMT Xorg HINIEZN
- xf86-input-synaptics AT EICAflIRIR
- xf86-input-wacom FJF Wacom 22 E4R
> &K Xorg BIRIREN
- xf86-video-modesetting Fj-F DRM KMS, A H glamor
niE
- xf86-video-fbdev FF fbdev #£0, FThniE (=)
- xf86-video-vesa FJF Video BIOS Extension (VBE) fiZg
wh (x86)
P 45ERY Xorg BIRIREN

- xf86-video-[intel,nouveau,amdgpul
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X Window - Xorg Z2#: HAZ|ERER

X Client X Client
a .l t
K @ !
\ X Client /
@ -,

X server &  Compositor

KMS ev'dev
Kernel

@

7: Xorg 214
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O MRFF|MAZIZERNEH

0 FIEZHMME Pin, FEBE4
O EFIREMFHMITEREK

O REFHITERHBHNE MR

O SHRERREEFERXE

0O REFBNEMBEHNENETE
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X Window - X11 g9+ = o)ga

P X11 O R SE R S & i)

- BFE N, RRINEEL

- RZFEH/ RiGEO

- EEET packet B SR 6]
> FAZO YRR, SEY RNE
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Wayland #}iR

P {£4 X Window system RYIRARZRF 2008 £ B3

> TR AR
- IRFEBRIE REBRGE— AR —AG
- B PRt R IER
- BERIRARS R EHZEZS, T
- BOIAT & FImE AR S5 28R
> M TRE
- BESAE FRAE N5 H
- RAGRRREE R M
- BRAG S M BRIBITHE root T
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Wayland i

P Wayland #24t client-server API
- Wayland i@t &4l IPC #1TE RiEE
- E}'T‘{J‘,E_ﬂ WAYLAND_DISPLAY ﬂ(iﬁg%ﬁiﬂ
- R REEITH Y
- WRFTIKE G FIR
- WRIIFERNEO, 84 Requests (HEPIRAE).
Events (MARS-2E#EUL)
P 117 libwayland-client 0 libwayland-server FASEIR
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Wayland § @il

> SHSEERET RN (X5ED)
- X (BE%l) KL XML i
- wayland-scanner TE™4 % Pin K ikFEsE C KAk
B3
> Iz ERhIY R
- XDG-Shell: s shell &5
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Wayland 22#3

compositor
(server)

libwayland-server

Wayland protocol

User space

© 2014 Javier Cantero - this work is under the Creative Commons Attribution ShareAlike 4.0 license

g 8: Wayland %244
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P B{E client-server jEHI
> EXPin: ERKBGEREHERIEE LNERL N BERF
> RFiE (AREE): RERSFREHGEREFHET
> FEML
- KR RBEE PImINEKESHREEE
- LB REEPIHEHNEHRSEERENER
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Wayland %2#3: A3 ERER

Wayland Client

Wayland
Compositor

@\
e

KMS evdev
Kernel

B 9: Wayland %243
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© Linux %KY evdev #EHIRENEHFHHH L XL Wayland &
=%

® Wayland & RE T E AR ERFIEZBWAE O RERN
EPimEl S

© & Wayland B Fupli BIE MR, BT EGL HITEERIER,
FEERBFLZZFRKRPXEDREEHR

O Wayland RN E PIRITEIEK, REEHEGRFS
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Wayland IR

P> Wayland BUZE+4r R . BRRERZ
- KEHAEmESSHE: GTK 3, Qt5. SDL. EFL
- FEREmIAETE: GNOME 3, KDE Plasma 5
- BFEEIESEENSIE: /usr/share/wayland-sessions
- ER A PBPRIZIT: systemd-logind
P X11 IR B XWayland &ERK
- X R&E2FZWMiEM A Wayland & Fif
- Wayland &=k 1EARN X EREOEERR
> ZMEMEIZU
- PEINEEIFE: mutter. kde
- libinput €I# R A-FHA
- libweston 3B Weston & B E&&i0
- wlroots 3§ Sway & B ES#Zils
- ¥ DRM KMS 75, EGL B¢
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P Wikipedia
P Wikipedia
P Wikipedia
P Wikipedia
P Wikipedia
P Wikipedia

. Direct Rendering Infrastructure
: Direct Rendering Manager

: X Window System
: X.Org Server

: Wayland

: Mesa
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https://en.wikipedia.org/wiki/Direct_Rendering_Infrastructure
https://en.wikipedia.org/wiki/Direct_Rendering_Manager
https://en.wikipedia.org/wiki/X_Window_System
https://en.wikipedia.org/wiki/X.Org_Server
https://en.wikipedia.org/wiki/Wayland_(protocol)
https://en.wikipedia.org/wiki/Mesa_(computer_graphics)
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