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Typical I/0O System

interrupts

Processor |«

Memo

- /10 Bus

Controller

I/0

I/0

Controller

110
Controller

Jd Communication among the devices and the processor use both protocols
A ON the bus and interrupts

Disk\ ‘Disk

 The connection between the |/O devices, processor, and memory are
usually called (local or internal) buses

Graphics

|
/Nﬁk




2UoTnHa ypa@ikwy H/Y

Video card

AGP or PCl interface

Mainboard




Visual Display Units

To monitor, 1) display (| visual display unit) gival €&va ocuoTnua
ATTEIKOVIONG YIA UTTOAOYIOTEG. TO monitor atroTeAEiTal ATTO TNV
Hovada ATTEIKOVIONG, KUKAWMATA €AEYXOU Kal TO TTEPIBANUA.
270 JovTEPvVa monitors n povada atreikoviong cival Eva panel
texvoloyiac thin  film transistor-liquid crystal display
(TFT-LCD), evw ota 1TaAaidTEPa monitors, XpnolIUOTTOIOUVTO
KaBoodikoi owAnveg (CRT) ye unkog TrePITTou 600 TO PEYEBOC
NG 0846vnc.



CRT monitor




Anpioupyia gikovag o€ monitor CRT
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TexvoAoyia TFT-LCD

H rexvoAoyia thin film transistor liquid crystal display (TFT-LCD)
gival pia TrapaAAayny Tng texvoAoyiag liquid crystal display (LCD)
N otroia XpnoipoTtrolei TRV TeXvoAoyia thin-film transistor (TFT) yia
va BeATiwoel TNV TToI0TNTA TNG €IKOvag (Tr.X, addressability,
contrast). O1 0B6veg TFT-LCD cival évag TUTTOG active matrix
LCD. H texvohoyia TFT-LCDs xpnoigotroleital o€ TNAEOPAOEIG,
00ovec HYY, cuoTthuata tTAorynong, projectors, etc.



[1oAwonN Tou PWTOG

Light
source

A T /Polarlsmg filter

Polarised light
/ g

Unpolarised light



Light Passing Through Crossed Polarizers

Polarizer 1 Polarizer 2
(Vertical) (Horizontal) —

Incident Beam
(Unpolarized)

Vertically
Polarized
Light Wave




AlEAguon Tou EWTOG ATTd OPIfOVTIO KAl KABETO TTOAWTH)

unpolarized light ray

polarizing filter
[vertical plane]

plane polarized light
[vertically]

vertically polarized light
cannot pass through
horizontal slits.




XpAoN OTITIKWYV KPUCTAAAWY YIO TNV TTEPICTPOPN TOU ETTITTEOOU
TOAGVTWONG TOU TTOAWHEVOU PWTOG
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Unpolarized light

Vertical Hori1zontal
polarizer polarizer




Aoun 7-segment LCD display

Seven-Segment Liquid
Crystal Display (LCD) Polarizer 2

Negative
Liquid Crystal Electrodes
andwich

Positive
Electrodes

Polarizer 1




Aopny 7-segment LCD display

FPoloarizing

Fileny (F)

Filte (.E)




006vn LCD_TFT

1 - Glass plates

2/3 - Horizontal and vertical
polarisers

4 - RGB color mask

5/6 - Horizontal and vertical
command lines

/- Rugged polymer layer

8 - Spacers

9 - Thin film transistors

10 - Front electrode

11 - Rear electrodes



Agitoupyia Tng o06vng TFT-LCD

FLUORESCENT
BACKLIGHTING

COLUMN
ADDRESSING LINE

Verlical
Polarizing
Filtar

ROW ADDRESSING
LINE \

b qre :

Vertically
Polarized

Light
SUBPIXEL
ELECTRODE

TRANSISTOR

Light —
Repolarized
by Liquid Crystals

GLASS PLATE
FRONT
LIQUID-CRYSTAL R
LAYER GLASS PLATE

HORIZONTAL
POLARIZING FILTER




Cathode

TFT
Matrix
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Pixel

In digital imaging, a pixel, or picture element is a physical
point in a raster image, or the smallest addressable element in
an all points addressable display device. So it is the smallest
controllable element of a picture represented on the screen.
The address of a pixel corresponds to its physical coordinates.
LCD pixels are manufactured in a two-dimensional grid, and
are often represented using dots or squares. Each pixel is a
sample of an original image. More samples typically provide
more accurate representations of the original. In color image
systems, a color is typically represented by three or four
component intensities such as red, green and blue or cyan.



Pixels
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Video card

Mia graphics card ) video adapter r) display adapter, 1| video card
gival pia KAPTa E€TTEKTACNG TNG OTroiag n AsiToupyia e€ival va
TTAPAYEl EIKOVEG YIA TIC HOVADEC atTelkovions. O1 ouyxpoveg video
cards TIpoo@EPOUV ETTI TTAEOV AEITOUPYIES, OTTWG ETTITAXUVON TOU
rendering Twv 3D scenes kal Twv 2D graphics, video capture,
Aeitoupyiec atrokwdikotrointy MPEG-2/MPEG-4. ETtiong €xouv TNV
IKOVOTNTA VA ouvdéovTal o€ TIOAAG monitors (multi-monitor).
YTTapxouv OUYXPOVEG KAPTEC YPOAPIKWY UWNANG atrodoong Trou
XPNOIUOTTOIOUVTAIl VIO TTEPIOCOTEPO ATTAITNTIKEG EPAPMOYES OTTWG
Ta PC games.



Graphics card
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VGA/D-sub port  HDMI port Dual-link DVI-I port




AouR KAPTAG YPAPIKWYV

GPU Fan

Video Ram Memory

Motherboard Connection




Graphics Processing Units

O1 Graphics Processing Units (GPU) cival €101KOi €TTECEPYAOTEG
TTOU XPNOIKOTTOIoUVTal YIA TNV ETTITAXUVAN TWV YPAPIKWY. ExXouv
oxedlaoBei €10IKA yia va €KTEAOUV UTTOAOYIOMOUG  KIVATAG
UTTOOIOOTOANG, TIOU €ival PAOCIKOi yia TNV €TTECEpPyATia  TTou
ovopadletal 3D graphics rendering (atmédoon 3D ypagikwy).

Ta kUpla xapaktnploTIKa Twv GPU cival n ouyxvotnTta Asitoupyiag
(250 MHz ¢w¢ 4 GHz) ka1 o apiBuog Twv pipelines (vertex kai
fragment shaders), tou petarpémouv pia 3D eikéva TTOU
Teplypagetal amo vertices and lines oe pia 2D eikdéva 10U
replypagetal ato pixels. O1 povrépveg GPU €xouv TapaAAnAn
QPXITEKTOVIKI Kal €ival TTANPWGS TTpoyPAMPaATICOMEVEG.

H utroAoyioTIK 10XUC Twv ouyxpovwv GPU vyia apiBuntikég
TTPACEIC €ival ouvNBwCe TALEIC peyEBouc uwnAOTEPN QUTAG TWV
CPU.



GPU
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BIF GMC

Bus Interface Graphics Memory Controller

5A, VLB, PCl, AGP, PClqg (VRAM, WRAM, MDRAM, DDR, GDDR, HBM )

PMU ‘ VGABIOS

unit v (initialization)

VPU

Video Processing Unit

(defcompression of
MPEG2, Theora, VP8,
.264, H.265, VP9, VC-1

Daala)

GCA

DIF Graphics and Compute Array

Display Interface (a.k.a. 3D engine)

Pixel shaders & Vertex shaders or Unified shadersaka
Display controllers Stream processors aka CUDA cores,
RAMDACS THU s (Te xture Mapping Units),
ROPs (Render Output Units),
L2 cache,

Geometry processors,

HDMI audio
DP audio
Video underlay
(VGA, DVI, HDMI,
DisplayPort,
S4ideo,
Composite video,
Component video)
PHY:
(LVDS, TMDS)
EDID




Aopn CPU ka1 GPU core




CPU

Control ALU ALU

ALU ALU

Low compute density

Complex control logic
Large caches (L1$/L2§, etc.)

Optimized for serial operations

*  Fewer execution units (ALUs)
* Higher clock speeds

Shallow pipelines (<30 stages)
Low Latency Tolerance
Newer CPUs have more parallelism

High compute density
High Computations per Memory Access

Built for parallel operations

*  Many parallel execution units (ALUs)
*  Graphics is the best known case of parallelism

Deep pipelines (hundreds of stages)
High Throughput

High Latency Tolerance

Newer GPUs:

* Better flow control logic (becoming more CPU-like)
* Scatter/Gather Memory Access
* Don't have one-way pipelines anymaore
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GPU (Hundreds of Cores)

CPU (Multiple Cores)

a.

Device Memory

System Memory




OAOKANPpWHEVO KUKAWHO £TTEEEPYAOTH HE EVOWHATWHEVN GPU

Intel® Processor
Graphics, Gen9

' (graphics, compute,
' & media)




RAMDAC

To RAMDAC (Random Access Memory Digital-to-Analog
Converter) €ival €&va KUKAWPO TTOU METATPETTEI €va WN@IOKO
onua video ammd TOV UTTOAOYIOTH OE€ QAVOAOYIKO ONMO TTOU
xpnoigoTtrolgitalr amd TRV povada arreikovions. To RAMDAC
gival Evag ouvouaouog ato Tpelg digital-to-analog converters
(DACs), ta otroia HYETATPETTOUV TA OEDOPEVA MIOC WNQIOKNG
EIKOVAG O avaAoyIKA onuara, €va yia kaBe Baoikd xpwua
(red, green, and blue) ka1 piag pikpnc otatikic RAM (SRAM).
Ta avaAoyika orjuara TPpo@od0ToUV TNV MOovAda ATTEIKOVIONG
OTTOU METATPETTOVTAlI Of €IKOva. Me TIG VEEG TEXVOAOYIEG
dlao;yvdeonc omtwe ol DVI, HDMI ta DAC twv RAMDAC civai
TTAEOV ATTAPXAIWMEVA.



RAMDAC
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RAMDAC

frame
biuffer

pi=el
stream

colour table
lookup

DAL
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DAL

analog
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DAL
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Video memory

Video memory cival uyviun RAM, 1Tou XpnolyoTToIEiTal Yia va
KPATA TIG TTANPOPOPIEG TTOU Eival ATTAPAITNTES YIA Mia KAapTa
YPOPIKWY WOTE va odnynoel Mia povada aTrelkoviong. 2TIC
hHovTEpvEG 3D KAPTEC YPAPIKWY N video memory UTTOoPEi ETTIONG
va trepiExel 3D vector data, textures, backbuffers, overlays kai
GPU programs evw HEPIKEC POPEC XPNOIUOTIOIEITAI oAV Vvideo
memory TUAMA TNG MVAUNG Tou cuoTriuato¢ Shared Memory
Architecture (SMA).



Video memory




VGA connector




VGA connector

A Video Graphics Array (VGA) connector gival connector

TutTtou D 1piwv ypappwyv pe 15-pin. O VGA connector

UTTAPXElI OTIC TIEPIOCOTEPEC KAPTEC YPOAPIKWY KAl
computer monitors.

VGA port, view from Wire Side
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Digital Visual Interface (DVI)

To Digital Visual Interface (DVI) atroteAei €va TTpoTUTIO
METAdOONG oOnuarto¢ video 0€ YPnNPIOKEC 0OOVEC
NAEKTPOVIKWYV UTTOAOYIOTWYV, OTTwG oI LCD kai o1 ynglakoi
BivreotrpofoAcic. Avarmrtuxfnke ammd tnv opdda Digital
Display Working Group (DDWG). 2xed1G0TNKE KUPIWG YIa
TN METAPOPA ACUUTTIEOTOU Wn@Piakou video. 21NV Kabapad
wnoiakn Tou ekdoxr (DVI-D) gival yepikws oupBaro PE 1O
TpoTuUTTo HDMI.



Digital Visual Interface (DVI)
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DVI-I (integrated, combines digital and analog
in the same connector; digital may be

DVI-I (Single Link) single or dual link)
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DVI- (Dual Link)
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DVI-D (digital only, single link or dual link)

DVI-D (Single Link)

DVI-D (Dual Link)

EEEEEEER
IIJ DVI-A (analog only)

DVI-A



TDMS

Transition-minimized differential signaling (TMDS), a
technology for transmitting high-speed serial data, is used by
the DVI and HDMI video interfaces, as well as by other digital
communication interfaces.

The transmitter incorporates an advanced coding algorithm
which reduces electromagnetic interference over copper cables
and enables robust clock recovery at the receiver to achieve

high skew tolerance for driving longer cables as well as shorter
low-cost cables.



TDMS transmission

TMDS Transmitter Cable TMDS Receiver

8b/10b
Data
Encode

Graphics
Controller

Display
Controller

Pixel
Clock




High-Definition Multimedia Interface (HDMI)

To High-Definition Multimedia Interface (HDMI) ammoteAei €va
TTPOTUTTO OUVOEONG VIO T METAdOON WnN@IOKOU HNXOoU Kal
EIKOVOC (of3 oucTAMATA OIKIOKOU KIVNUaTOYpA@pou,
TTAIYVIOOUNXAVEG, NAEKTPOVIKOUC UTTOAOYIOTEG, KATT.  Eivai
eceMcn Tou Digital Video Interface (DVI) ue 1o otroio kai givai
ouuPBato. AtroteAei TTpoiOV ouvepyaoiag Twv eTaipiwy Hitachi,
Matsushita, Phillips, Silicon Image, Sony, Thomson Kai
Toshiba.



Pin 1 TMDS Data2+

Pin 2 TMDS Data2 Shield
Pin 3 TMDS Data2-

Pin 4 TMDS Data1+

Pin 5 TMDS Data1 Shield
Pin 6 TMDS Data1-

Pin 7 TMDS DataO+

Pin 8 TMDS Data0O Shield
Pin 9 TMDS Data0O-

Pin 10 TMDS Clock+

Pin 11 TMDS Clock Shield
Pin 12 TMDS Clock—

Pin 13 CEC

Pin 14 Reserved (N.C. on device)
Pin 15 SCL

Pin 16 SDA

Pin 17 DDC/CEC Ground
Pin 18 +5 V Power

Pin 19 Hot Plug Detect



KaAwdia HDMI ka1 DVI




Image processing  Continuous re-imagng
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Laser printer




Laser scanner
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| Imaging
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LED or LD

Electrification €€

Exposure: 1 Latent image
° Toner

Cleaning ;to ,Ct C/%

Feeding Develop
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] " - . Linux4
What is a Device Driver ?? i

Applications

Other Libraries C Library

Operating System
(Linux Kernel)

Initialization Device drivers
(bootloader)

Hardware devices (processor, memory, storage, peripherals)




ETTikolvwvia epapuoyng NE HOVADO £10000U/eEOO0U

H eukoAia emmkolvwviag kal n avegapTnoia armd T1a TTEPIPEPEIOKA
€10000U/e€O00U  ETTITUYXAVETAI MWE TNV UTTAPCN TTOAAWYV ETTITTEOWV
METAEU TwWV TIPOYPOAMUATWY TOU XPNOTN KAl TWV HOVAdWV
gl00d0ou/e€odou (I/O device). Tummka eTTiTreda TTEPIYPAPOVTAI OTNV
OUVEXEIQ.

Application>0S kernel-2>1/0 subsystem->Device driver->Device

O device driver gival TO AOYIOMIKO TTOU OUVOEEI TA ECAPTAMOATA UAIKOU
ME TO uTTooUOTNHA £100d0u/e€ddou (I/O subsystem) Tou Asitoupyikou
ouoTuatog. Kar autd Tov TPOTTO €CAPTATAl ATTO TO AEITOUPYIKO
oUoTnUa Kal TO UAIKO YIO TO OTTOIO TTPOOPICETAl.



9.1. Mia povada atreikoviong €xel avaAuon 1Kx1K pixels kai
KGB¢e pixel ptropei va rapel 64K xpwpuata. Noio Ba gival 10
uEyeBog Tou frame buffer (o€ MB) TTou aTraiTeital va €Xel n
HOVAda YPOAPIKWV.

AYZH

H povada atreikdviong diabéter 1M pixels. E@boov kabe
pixel pTmopei va Tapel 64K=2'% ypwparta, yia TNV
KWOIKOTTOINOoN TWV XPWUATWV KQO¢ pixel
xpnoiyotrolouvtalr 16 bit = 2 Byte. Emopévwe n
xwpnTikotnTa Tou frame buffer Ba gival 2 MByte.



9.2. AT16 TIC DIACUVOETEIC TTOU TTEPIYPAPOVTAI OTNV OUVEXEID
onueiwoTe TTola gival DVI Ttoia HDMI kai roia VGA.




9.3. ATré 1a DVI interfaces 1Tou didovTal 0TNV CUVEXEID TTOIO
LMETAPEPOUV avaAoyIKO video

B

DVI-I (Single Link)

]

DVI-I (Dual Link)
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DVI-D (Single Link)
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DVI-D (Dual Link)
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DVI-A



9.4. ATT0 TIC apXITEKTOVIKEC TTOU QidovTal OTNV CUVEXEIQ TToIA
avtioToixei oe CPU kai troia o GPU.
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£xela Trola
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didovTtal oTNV UV

CPU ka1 Toia o GPU.
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