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Xpnupatodotnon

« To €pyo ulomoleital oto mAaiolo tou Emuxewpnolakol [MpoypApUOToq
«Eknaidguon kot Awta Biou Mabnon» kat ocuyxpnuatodoteital anod tnv
Evpwnaikl Evwon (Eupwmnaikd Kowwvikd Toapeio) kat amd €Bvikoug
TTOPOUC.

e To €pyo «Avolwkta Akadnpaika Madnuoata oto TElI Hmeipou» €xeL
XpnHatodotrioel Lovo tn avadlapopdwaon Tou eKALOEUTIKOU UALKOU.

e To mapov ekmaldeUTIKO UAKO €XeL avarmtuyxBel ota mAaiow Tou
ekmaldevtikol €pyou tou dddaokovra.
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MpoBAnpotol oYETLKA E
Input/Output

* MeyaAn molkAla TteEpLEPELAKWV

" MTou petadEpouv dladopec moocotTNTEC SEOOUEVWV
" > SladpopeC TOXVTNTEC
" e Sladpopetika Format

* OAa givat rto apya ato tnv CPU kat tnv RAM

e Amattouvtal vrtopovadec 1/0
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Ynopovada Input/Output

* Alentadpn o CPU kat pvnun

* Alemadn o€ €va ) TEPLOCOTEPA TIEPLDEPELAKAL
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Adalpetikdo Movtélo Yrniopovadac I/0

Address Lines
- System
Data Lines Bus
Control Lines
1/0 Module
Links to
peripheral
devices
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EEWTEPLKEC ZUOKEVEC

* Avayvwolpec ano AvBpwrouc

= 0B0Vn, EKTUTIWTNAC, TTANKTPOAOYLO
* AVOYVWOLUEC OTTO LLNXOVEC

" EntiBAedn ko EAeyxoc e€omAlopou
* Emkowwvia

" Modem

= Network Interface Card (NIC)

10
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Araypappa EEwteplkng ZUCKEVUNG

_ Control | A Spatus A Data bits
signals from signals to to and from
/O module LA moddule /O mod ule
Y Y
Control > Buffer
Logic
Transducer
A

Data (device-unigue
to and from
¥ environment

11
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Turuikoi PuBpot Metabdoonc
/O Asdougvwv

(Figahit Ethernet

Graphics display

Hard disk

Ethernet

Optical disk

Scanner

Laser printer

Floppy disk

Modem

MMouse

Keyboard

Il

! 102 10° 104 1P 105 1n? 108 10°
Data Rate {hpsl 12
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Aewtoupyiec Yrniopovadac I/0

‘EAEyX0OC Kol XpOVIOUOC

e Emwowwvia pe tnv CPU

* Emwkolvwvia pe TNV cUOKEUN

* Mpoowplvn amoBnkevon dedopevwy

e Avixvevon cdpaApotog

13
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Binata 1/0

H CPU eA€yxel pEow tng umtopovadac I/0 tnv
KOTALOTOLON TNC OUOKEUNC

H unopovada enoTpePEL TNV KATAOTAON TNG
OUOKEUNC

Av eivat €tolun, n CPU I{nta tnv petadopa
dedopevwv

H urtopovada I/O Aappavel Sebopgva amo tnv
OUOKEUN

H urmtopovada I/O petadepet ta dedopeva otn CPU 1
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2XNUATIKO untopovadac I/0

Interface to
System Bus

~A—

Data Registers

Data
Lines

Status/Control Registers

Add ress

Lines

Control

Lines <

Interface to

External Device

External
Device
Interface
Logic

~A—

Status

Control

P

External
Device
Interface
Logic

Data

Status

Control
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Anodaoelc yia tnv Yrnopovada I/0

* Epdavion n amokpuPn Twv XapaKTnPLOTIKWY TNG
ouvokeunc otn CPU

* Yriootnptén moAAamAwyv N artAn¢ CUOKEUNC

* Ave€aptntog eEAeyX0C AELTOUPYLWV CUCKEUNG N
e\eyyoc amno tnv CPU

e Emionc anodaoelc oxetikec e O/S
" 70.X. To Unix petoxelplletal Ta mavio ooV apxeLo

16
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Texvikec Input Output

* |/O pEow nmpoypapuoTLIopMOU
e |/O e xprion dtakomwv
* Direct Memory Access (DMA)

17
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/O péow MPOYPOLUHOTIOHOU

 HCPU €xeL dpeco €Aeyyo tnc 1/0
" [TepLOOLKOC EAEYXOC KATAOTAONG
= EvtoAEc Read/write
" Metadopa 6edopeVWY

 H CPU tiBetal oe avapovn HEXPL VAL OAOKANPWOEL TNV
Aseltoupyla tne n vrtopovada 1/0

e XmataAn xpovou ywa tn CPU

18
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/O HEoW MPOYPAUUOTIOMOU - AVOAUTLIKA

* H CPU otéAvel aitnon Asttoupyiac I/O
 H umnopovada I/O ekteAel Ttnv Asttoupyia

* Hunopovada I/0 Betel ta bits katdotaonc

H CPU eA€yxel ta bits kataotoonc mepLodika

H umtopovada |/O dev evnuepwvel apeoca tnv CPU

H urtopovada I/O dev diakontet tnv CPU

H CPU umopet va eivat og B€on avapovig n va
ETULOTPEYPEL OE LETAYEVECTEPO XPOVO 19
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EvtoAéc 1/O

« H CPU napayel dtevuBuvoeLg
= Avayvwplon vropovadog (& cvuokeunc if >1/ untopovada)
 H CPU mapayet eVIOAEC
= EA€yxou — KaBodnyel Tic eveépyelec TNG umtopovadog
" T1.X. tEpLloTpOodn Siokou
= Teot —EAeyxoC KATAOTAONG
= 11.X. Napoxn pevpatoc; ZdaApata;
= Avayvwong/Eyypadng

= H umnopovada I/0 petadepel dedbopéva peow buffer amo / mpocg
OUOKEUN 20



AweuBuvolodotnon I/O cuokevwv

YTnV epintwon tou /0O pEow npoypappatiopou
akoAouBeital napopola HEBodo e avutn TS UVAUNG
(CPU viewpoint)

KaBe ouokeun AapBavel pla Eexwprotn dtevBbuvon

Ot evtoAec tnc CPU mepLexouv tnv dtevBuvon

21
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Xaptoypadnon I/0,,

* /0 peow xaptoypadpnong UVAUNG

" JUOKEUEC KOl VAN poLlpalovTal ToV Xwpo TwV
dlevBuvoewv

= H|/O akoAouBeli to read/write otn pvAun
= Aev UTtAPYOU £€eLOIKEVMEVEC eVvTOAEC |/O

" AL0OEOLLEC OL EVTOAEC TIPOOTIEAOLCNC OTN MVAUN

22
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Xaptoypadnon 1/0,,,

e |/O pe amopovwon
" ZeXWPLOTOC Ywpoc dlevBuvoewv
= Artateitolt emAoyEQC yiol YpaEC 1/O A MvAUNG
= EéelOIkeUpEVEC evTOAEC /O

" [1EPLOPLOUEVO CUVOAO EVTOAWV

23
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/O ne xpnon dtakonwv

e =gmepva To MPOBAnua TNC avapovne tne CPU

e Agv amalteitol mMeEPLOOLKOC EAEYXOC TNC CUOKEUNC
armo tnv CPU

e Hunopovada I/O otéAvel Stakomn otav
OAOKANPWOEL TNV Epyacia TG

24
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/O e xpnon 6LaKomwv

Baowkn Asttovpyia
H CPU napayel pot EVToAn ovayvwong

H umtopovada |/O Aappavel dedopgva armno Tto
nepupepelako, evw n CPU ekteAel AANeC epyaoieC

H urtopovada I/O drakomrtet tnv CPU

H CPU {nta ta dedopeva

H umtopovada I/O petadepel tao Sedopgva

25
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Agttoupyia amo tnv anoyn tng CPU

Mopaywyn EVIOANC avayvwonc
EkteAeon aAAwWV epyacLwyV

EAeyxoc ylo Stokomn HETA aro Kabe KUKAO
EVTOANC

Av urtapyel dlokormn:-
" ATtoBNKELON UTIAPXOUCOC KOTAOTAONG

» Ene€epyaoia Slakomng

26
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ZnTnpora ZXeSLacou
* Nwc avayvwpiletal n vrtopovada I/O nov oteAveL
v dlakomn?

* NMwc avtamneéEpyxeToL TO0 CUOCTNHO O TIOAAQTTIAEC
Slakomec?

" 71.X. Evoc xelwpLotne dtakomnng Aappavet dStakomn..

27
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Avayvwplon Yrtiopovadog 1/0

* ALAPOPETIKEC YPOUUEC YViaL KAOe uTtopovada

" Mn TPaKTIKN
* Emhoyn pEow AOYLOULKOU

* H CPU eA€yyel OAEC TIC UTTOMOVADEC LE TNV CELPA
= Apyn

28
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Avayvwplon Yrtiopovadog 1/0

o€ ALaKomn, ,
* AAuoldbwtn e€etaon N Emthoyn HEOw UALKOU

= JTEAVETOL ONUA avayvwpLlong otnv aAvoida
* H umnevBuvn vumopovada amovta pe eva Stavuoua

= H CPU xpnOLUOTIOLEL TO SLAvuopa yLo ovayvwpLon Tthe
OUOKEUNC

* Atattnoia StavAou

" H umopovada PETEL VAL ALTTOKTIOEL TOV EAEYXO TOU
SlavAou mpLy oTelAel orjpa SLOKOTING

= 11.y. PCl & SCS|

29
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MoAAATIAEC ALOLKOTTEC
e KaBe ypapun dtakomnc €xeL tn Sk NG
NPOTEPOLOTNTA

* [POMUEC pE HEYAAUTEPN TIPOTEPALOTNTA HITOPOUV VO
SLOKOTITOUV YPOAUUEC UIKPOTEPNC TIPOTEPALOTNTOLG

* H duattnoio dStovAou pmopel va xpnotpornoLel oxedlo
MPOTEPALOTNTOC

30
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Napadeiyporta — PC AlatuAo¢

e O 80x86 £xeL pLa ypappn SLokomnc

 Ta cuotnpoto 8086 XpNOLUOTIOLOUV TOV EAEYKTN
Slakomnwv 8259A

e O 8259A £xeL 8 ypaHEC SLAKOTINC

31
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AkoAouBia yeyovotwv
O 8259A dexetal pio dtokorn

O 8259A amodacilel OXETKA LE TNV TIPOTEPALOTNTA

O 8259A onpatodotei tov 8086 (evepyormolel tnv
vpapun INTR)

H CPU otéAvel avayvwplon

O 8259A sloayel To emBLUNTO SLAVUCHO OTOV
SdlavAo dedopevwy

H CPU eneéepyaletal tnv Slakomn

32



Juotnua dtakonwv oto diauAo ISA

O SlawAoc ISA xpnotpomolel aAvodwta Suo 8259A
2uvOEovTal HECW TNC YPAMMNC SLAKOTING 2
Alvel 15 ypappEC

" 16 YpOUUEC MElOV pLa yia ouvdeon

H IRQ 9 ypnotluomoleital yia vo emava-6pouoAoynoEL
otidnmnote npoonabel va ypnowyomnotnoetL tnv IRQ 2

= JupBatotnta mpog kaBe kKatevBuvon

Evowpatwpevo oe chip set 33



82C59A EA&eyKTNG
AlaKoTIWV

Master

IS0
hterrnyt
cohtroller

IRO

v

r

A 4

IRl INT
K2
IR3
Ir4
RS
LR
IR7

ThteTrpt
controller
External device 00 IR0
External deviee 01 IRl INT
. IH2
IR3
. Ir4
IKs
* IKG
External device 07 K7
Slave
82504
hierrmpt
cohiroller
External device 08— IR0
External deviee 09 Ikl INT
. IH2
I3
. Ir4
IKs
* IK6
External device 15 K7
Slave
82504
Thterrpt
cohtroller
External device 56— IR0
External deviee 57 Ikl INT
. IH2
IR3
. Ir4
IKs
* IKG
External device 63 IR7

K028
processor

INTHR
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Intel 82C55A
Mpoypappati{opevn dtenadn nepipepelakwy

Fmm mmm e mmmm— - ' PA3 O 1 40 [0 PA4
i Data — | pA2 []2 30 [0 PAS
: huffer 1111:1;1;1 i FAl O3 38 [0 PAG
- I & |_| p : p PAD C]4 a7p PAT
data bus T * " » i o " A Fead E L 35 : Write
| |_| ! Chip select 06 35 [ Reset
' i Ground O] 7 3 [0 Do
power :—-—+.5 virltg I 4 Al S Aa0m
supplies ——— ground - q+-""—p CA A CID 2ZOnz2
: BT O 10 3] @ D3
address A0 —— | : RCs O SO0 D4
lines A1l —= s Jad g Pcs 12 20 [0 ps
read ——» Control | -g-‘ I PCa O 13 28 0 Do
e | p—— : P E 14 27 gm
Tesel — 4 P2 O 18 WOV
chip — 4= Caontrol - -—:Jf—- B PC1 O 16 25 [ PET
select ' register i pCo 017 24 [0 PR
| e PEO O] 18 23 [0 PES
, S PEI C]19 22 1 PE4
e m s e — s 4 pE2 020 210 PE3

(a) BEleck diagram By Pin I yout
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Xpnon tou 82C55A ywa €Agyyxo
nAnktpoAoyiov / 00ovnc

L A

A A A A S

h

¥

R0
Kl

ga KEYBOARD

Shift
Control

Data Ready
Acknowledge

Yy

ry vy

L 4

L 4

r

A

—
Interrmpt
Tegmest

C3 A0

Al

A2

A3

INFUT , 4

PORT , .

Ab

AT

4

[

82C55A

BO

Bl

B2

t’l[JTF[JTm

vort B

B5

B6

B7

C1

C2

Ch

L I )
Interrupt
Teg st

-—

DISPLAY

FREEERE

ckspace
Clear

Data Ready
Acknowledge
Blanking
Clear Line
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Direct Memory Access
e H Aewtoupyia I/O peocw npoypappatiopol N
Slakomnwv armoaltel tnv evepyn napepfoon tnc CPU

= O puBuOC petadopac Sedopevwy gival
TEPLOPLOMEVOC

* H CPU katavaAwVeL TOPOUC

* H amavtnon eivat n DMA

37
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DMA

* MpooBetn povada (hardware) oto dlavAo

* Evac eAeyktnc DMA avoAapBavel Tic Asttovpyiec
/0 aneAevBepwvovtac tn CPU

38



Data Lines 4

Address Lines 4

DMA Request 4

DMA Acknowledge
Interrupt «

Read
Write

39
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Agwtovpyia tng DMA

H CPU evnuepwvel tov eAeykti DMA:-
= Read/Write
= AeUBuvon cUOKEUNG
* Evapktnpla dtevBuvon dedopevwy
" Noocotnta dedopevwy yla petadopad
 H CPU ekteAel aA\eg epyaoieg
* O eleyktnc DMA Siaxetpiletal tnv petadopa

* O eleyktnc DMA amootéAAeL SlakoTn e TNV OAoOKARpwOoN
TWV EPYACLWV

40
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DMA Metadopa KAomn) KUkAou

O eAeyktnc DMA maipvel tov EAeyxo Tou StavAou yla evav
KUKAO

Metadepel pat Ae€n Sedopevwy
Aev gival Atakomn (H CPU Sev aAldlel katdotaon)

H Aewtoupyia tng CPU avaoteAAeTaL akpLBwe mpLv tnv
npooTEAaon Tou dtavAou

" TL.X. TPV EVOV TEAEOTN, N avaktnon dedopevwy N eyypadn
dedopevwv

KaBuotepel tnv CPU aAAd OxL TOOO O€ OXEON LE TNV
uetadopa armno tnv CPU M
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Epwtnua
 TiLenibpaon €xeL n DMA otnv evblapeon pvnun?

* Hint: MNowa eivait n dtaBeoipotnta tov StavAou?

42
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Awatagels DMA,

LT T 1T T

e AmAoc¢ dlavAog, Evowpatwpevoc eAeyktnc DMA

e KaBe petadopa xpnotpornolei tov SiavAo dUo bopEC
— 1/O oto DMA petd DMA otn pviun
* H Aettoupyla tng CPU avaoteAAetal SU0 dopEC
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Proscessor DA

MemoTy

(b} Single-bus, Integrated DMA-1/O

ATtAOC SiowAocg, OAokAnpwpevoc eAeyktnc DMA

O eAeyKTNC pmopei va urtootnpilel >1 CUOKEVEC
KaBe petadopa xpnotpornolel to SiavAo pia popad
— DMA otn pvAun

H CPU otopatadet pa ¢popa
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Awatagels DMA, ,

Syvstem bis

P essor DNIA Memiory

/0y bs

1Ay 1A} 1Ay

{¢) A0 bns

e Zexwplotoc I/0 diawloc

e O dlavAoc urtootnpllel OAEC TIC CUOKEUEC TTOU XPNOLUOTIOLOUV
DMA

e KaBe petadopa xpnopornolei to dlavAo pa popa (DMA otn
uvnun)

* H Aettoupyla tng CPU avaoteAAetal pa dopa 45
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/O Channels

|/0 devices getting more sophisticated

e e.g. 3D graphics cards

CPU instructs I/O controller to do transfer

|/O controller does entire transfer
* Improves speed

= Takes load off CPU

" Dedicated processor is faster
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Apxttektovikni /O KavaAiou

Drata and
Ackiress chanhel
Lo ain memoTy

@ Selector

chanhel I I

—
Contwl signal o L0
path o CPU Contraller Contraller

O Jdv

(4} Selector

Data and
ackdress channel
Lo A ih memo Ty

|:1> Ml

EE—— chanmel
Control signal

path w CPU “en I L0

Controller

O

L0
Controller

LiCy
Controller

LiCy
Controller

(b) Multiplexor 47
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Awentadn

* AlaoUvdECN CUOKEL WV
MNapAdAANAN N OELPLAKNA;
Eéelbikeupevoc enetepyaotne/uvnun/dloaviot;

r.X. FireWire, InfiniBand
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|IEEE 1394 FireWire

* YynAnc anodoong oelplakog StauAog
* lpiyopo

XapnAov KOOTOUC

EUkoAo uAoTTOLNOLLLO

Xpnowpormnolteital oe kapepec, VCRs kat TV
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FireWire Configuration

e Daisy chain
 Up to 63 devices on single port
= Really 64 of which one is the interface itself
« Upto 1022 buses can be connected with bridges
* Automatic configuration
* No bus terminators

* May be tree structure
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AntAn dwataén FireWire

Stereo
interface

CD-ROM

L

CPU

J'L

Magnetic
disk

Scanner

Printer
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FireWire 3 Layer Stack

e Quoko

" M&oo petadoonc, NAEKTPLKA XOPOAKTNPLOTIKA KOl
onuatodooia

* Altaouvdeonc

» Metadoon 6edoOUEVWV OE TTAKETOL
 Metadopadc

= Request-response MPWTOKOAAO
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FireWire Protocol Stack

< »| Transaction Layer
{read, write, lock)
H A
g agvhehroho s Bochrohons
bn "
E Link Layer
g Enckel teansm ter Enckel vecelver Cyele cantrol
: !
e
=
5 Link Layer
o
> I Ariivation I I i vesyneh I | Encodefdecodle I
| Conectnsmenta | | Conmecttmstate | | Staattewts |
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FireWire — ®Quowo entirtedo

* PuBpol 6edopevwy amo 25 we 400Mbps
e AUO popdEc dlattnoiog
— Boaolopévecg oe popdpn devdpou
— H pila evepyel oav dLatntnc
— First come first served
— H duokn mpotepaloTnTa EAEYXEL TAUTOXPOVO QLTHHOTA
" TL.X. KOVTIVOTEPOC 0TN plla
— Ailkala dtatnoia

— Emeiyovoa Siatnoia
54
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FireWire — Eninedo Awtacuvdeonc

e AUo tuToL petadoong
— Acuyxpovn
* Metadopa dedbopevwy o€ akeTa petafAntou peyeboug
* Me evowpatwpevn dtevBuvon
* Eriotpedel Acknowledgement
— looxpovn

* MakEta otabepou punkoug amooteAAovtal o€ otaBepa XpoviKa
Sdlaotpata

* AmAormnotnuevn dtevBuvolodotnon

e Xwpic acknowledgement
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Emwdpaoerg FireWire

Sobaction 1: Hegoest Subaction 2: Hesponse
s.uh_ e A _‘ S.uh_ -~ . — s.nh_
artioh Ak acthm Ack acthn
—_—
T

(a) Example asynehronons sobacthon

Subaction 1: Request Suobactioh 2: Hespohse
Soh- -~ e - e ~ Snb-
actionh Ak Ak acthon

(b Coneatenated asyhehrohoms subact ons

First Chanhel Seoohd Chanhel Third Channhel

J'-_l——-A-——l_-'\ fl'-_l——-ﬁh——l_-'ﬁ e
Isoch [s0ch™ Isoch I

[goch Isoch
m d £a m 1 gap d gap 1
gap Packel Ir Packet Arh Packet Ack gap

(¢} Example Sochrohons subactions 56




Ap)LtekToviKn urtoAoyilotwv — Eicod06/E§ob0¢, Turua Mnxavikwy MAnpodopikrg, TEI HMEIPOY - Avoiytd Akadnpaikd Mabnpata oto TEl Hreipou

InfiniBand

/0 nmpodilaypadec yia «high end servers»

= Juyxwveuon twv Future I/O (Cisco, HP, Compaq, IBM) and
Next Generation I/O (Intel)

 H 1" €ekdoon to 2001

e Apyltektovikn yla pon 6edopEVWY HETAEY UTTOAOYLOTWVY KOl

sudpuvwv I/O cuokevwV

* Avtikataotatng tou PCl otouc servers

e  Au&nUEVN XWPNTLKOTNTA, EMEKTOCIMOTNTA, EAQCTIKOTNTA
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InfiniBand Architecture

Remote storage, networking and connection between servers

Attach servers, remote storage, network devices to central fabric of
switches and links

Greater server density
Scalable data centre
Independent nodes added as required
|/0O distance from server up to
= 17m using copper
= 300m multimode fibre optic
= 10km single mode fibre

Up to 30Gbps
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Metaywyn InfiniBand

JJJJ

-
F
Memary N InfiniB anc 'Ihrgel
HCAL / IBlink 1E link "
controller ¢ gwitch
B
=]
I.'l
"\ Router | g ]111‘: /

HC A =host channel adapter ™ e
TCA =target channel adapter

Internal b

I
[ ]
]
i
L]
r
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InfiniBand
e 16 Aoywa kavaAia (virtual lanes) ava puokn
ouvOEDn
* Eva yia dtaxeipion, 15 yia dedopeva
* AeOOUEVO OE POEC TIOLKETWV

e Ewovikol dtadpopol (Virtual lane) mpoowplva
dtaBeopol ya petadopa end to end transfer

* Metaywyelic yia yaptoypadnon tng kivnong eLoodou
/ €€06dou
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InfiniBand Protocol Stack

(— " }‘_ Transacthons :: )
Client p (IBA operations) Server | s
' A
Huost Target
chanmel  WQE CQE chanhel  WQE CQE
adapler v 1 adapler ! T
- F IBA “FaliohE & f 3
o | f P11 el IBAopoatins __y{or [t t
(IBA packels)
Transport laver
— = [ — =
Send Hecebve | e l____. IF;‘“_P_’EJE"-_W. _______ Send Hecelve
Metwork laver . .
Lk lver Transport Eng e Padket relay Transport Engine
Physical layer Putt Pott Pott Pot
T Physical link T T Physical lnk T
WOE = work queue element Fabrie

C0E = completion queue enity
F = quens pair 61
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