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® H CPU emwowaovei pe /O

GUOKEVEG OGS TANKTPOAOYLO, Address

movtikti, video, network,
povadeg diokov, LEDs
= Memory-mapped I/O
v" Ot cuokevés eivor
TonofeTnpéveg o
GUYKEKPIHLEVES TOMODEGTEG
pvApng (memory
locations) 6mwg 1 RAM
v Uses load/store
instructions just like
accesses to memory

= Ported I/O
v E181kég bus ypoppés ko
odnyieg

CPU - Bus - I/O I/O Register Basics
= O1I/O katayopntég AEN egivar cav T Kovovikn pvium
Dat v Ta YeYOVOTO TV GUGKEVMV UTOPOHV vor 0AAGEOVY TIG TIHEG TOVG (TT.Y., Status
Ala registers)
CPU Read v AwBadovrag éva kataxopnth propei va cdAGEeL Ty T Tov (.., error
ea_ ‘ condition reset)
Write 0 Ta Topadetypa, LNV TEPIEVELS Va Thpelg TV (10 Ty av Tov Siiaces 860
l l Qopég
Memory /O Device v Mepikoi eivar S1dPace-povo (read-only) (m.y., receive registers)
v Mepikoi givar ypéye-pévo (write-only) (m.x., transmit registers)
v Mepikég popég morkamhoi /O katoympntég tomodetovvar (mapped) oty idia
Address dievbovon
o Emhoyij Tov £véc Pactopévn ot GAn mAnpoopia(m.y., Sauce vs. ypaye i
Data emmhéov bits €AEyxov)
CPU | Memory I/ = To bits og KotaypnT EAEYYOL GLXVE TO KaEve, Stevkpvilel kTt
Read SLOPOPETIKO KL GNUAVTIKG -- KoL £EL ONUOVTIKEG TAPEVEPYELEG
Write ) = H Cache npénet va. omevepyomoieiton yio. memory-mapped dicv0ovoeig
[ /O Port ] = Ortav gpnowonotel I/O katayopntés, mpémet va el otov compiler 6t n Tun
Memory pmopet var aArGEet omd povn g (volatile int *ptr;)
(i |
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Bus Protocols

" To TPOTOKOAO AVAPEPETOL GTO GUVOAO KUVOVAOV TOL

éxet ovpewvnei kot amd tov bus master kot and

tov bus slave

v' Synchronous bus - ot petagopés svuppaivovv g oyéon pe

TIG SLUSOYIKES OUKUEG EVH

0G POAOYLOD

v" Asynchronous bus - 1 petagopd dev axolovbei kamoto
GUYKEKPLUEVT GYECT GLYXPOVIGHOD

v' Semi-synchronous bus - Ot Studwkacieg/éheyyog yivovton
aoVYYPOVA, OAAG 1) LETAPOPE dedOPEVOV YiveTat

[0
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Bus

| i R

Etoayori

Synchronous Bus Protocol
= H petagopd yiveton o€ oyéon pe TG SIudoyIKES OKHEG TOV POROYLOD TOL
GUOTAPOTOG
= Tlapaderypo:

' H 8igd8uvon pving tomobetsizat oto bus dievb 68 OPIOHEVO YPOVO, GYETIKD E
TV QEAVOHEV GKRT] TOD POAOYTIOD

V' And ) oTabepr] axp GuTos Tob Tk ToU PokoyIoD, oL TANPOgOpiss SEVBIVEEOY
£100v 70 7pOvo Vet sTabepomomBoby, ¢t n AIABAEMENH ypapy BeBaévetar
V' Méig 1o chip emiheyet, téte 1 pviipn propel v torofeTost Ta TepieXOHEV TG
yReRpUEV {ag 070 bus ded60p

Clock |
It ab)
AQDX Dt AdE >

=— decoding delay

Address

Master (CPU) RD

Master (CPU) CS S A U A

unstable: stable _unstable stable

Data

access time
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Asynchronous Bus Protocol

AEN ypnoponorgitar porot tov
GvoTipatog

XpHGIHo Y10 GLETARATA OV 1)
CPU ka1 o1 I/O cuokevég tpéyovv
e BLIQOPETIKES TaXDTNTES

Address ——=<C >—<C D>

Tapéoeryua some RN
. . Master T R T
O Master Batet d1evbvvon kat l \ i
Sedopéva oto bus Kot ToTe \ / !
vydvel To Master ofjpo Slave I v - —
o ce you
O Slave BAénet To master it seclgotit

onua, dufale ta Sedopéva
Ko vydver 1o Slave oia pan ——__ >+~ >——
O Master BAénet to Slave

onpa ko katePadet To Master
o

O Slave BAénet to Master N
OTHA KATEBUGHEVO KO \
KkoteBaet 1o Slave ofjpa

rite read

Amnokodovpe onth v avterrayi“handshaking”

Erooyarh 7 !

Monday, 23 June 2008

Serial Communications Protocols

= To Communications protocol (TpotéKolo emKOIVOViNG)
eivan oOpPaon yia ™ petadoon otoreiov mov mepapPavel
AELTOVPYIEG OGS O GUYYPOVIGHOG, 1| HOPPOTOINGT Kat 1
AVTITPOGAONEVST| GTOXEIOV

= Avo katnyopieg TpoToKOR®V:

Asynchronous protocols (acdyypove TpotéKoia)

v Awdoyikd dedopéva epgavifoviar otn pory dedopévov og
avBaipeTong povoug, xwpig GLYKEKPLLEVO EAEYYO POLOYLOV TTOV
Syepileton Tig oyeTiKég KabvoTepoElg oTa dedopéva

Synchronous protocols (cOyypove Tpotékoha)

v Kabe dradoykd dedopévo o por) tav dedopévav duuyepiletor and
£voL kOpto pordt dedopévav (master data clock) kon eppavietar oe
£V0L GUYKEKPIEVO SLAGTNHOL TOV XPOVOL

0 Zoyvd, 1o TpOTo o 3idovv cuprakd dedopéva pe 8-bit yapaktipeg --
T0L AGDYYPOVE TPOTOKOAAL GUUTEPIPEPOVTE GE KADE YUPUKTAPA 1O
HEHOVMUEVO VO, KUl OL YapoKTipEg eppavilovtat ot por) dedopévav ote
avBaipetovs oyetikd ypovovs. Eviodrolg, péoa ot kabe yapaktipa, ta bits

EKTTEL! pe otadepd Tpoke évo puluo poroyloh
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Timer

= Mo GUGKELT| IOV XPNOILOTOLEL TNV £{6050 poroyLdV
HEYOA®V TAYLTATOV Y10 VO, TOPEYEL GELPA XPOVOL 1
yeyovoteov mov Pacifovrar otnv apibunon
v Xpovopetpo pog akpng (One shot timer)

v Teprodkd Xpovopetpo (Periodic timer) Countsr Register
u I

System Clock 0x1206
TUUNALT Reload

on Zero

Clock Divider Countdown Register

Interrupt to
Processor
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1/0 Control

Bus Arbitration (Awotnoio)

Tt ovpPaiver 6tav moAAEG cuokevEg BELOVY VaL Exovv
mpocPacn oto bus?

Iyédro 1: Kabe ovokev cuvdéetar ot bus request line
(MoTo a1t potog) Kot 1o TpATOo eKEl TO XpNoIOTOtEd
Xyédo 2: daisy chain the devices - devices further down the
daisy chain pass the request to the CPU - device's priority
decreases further down the daisy chain

Xyédro 3: pio AMota outiparog bus yio kabe bus kot o
Srartnmg epappdlel v molTik dlortnoiog yio vo
amoQacicetl Towog Ha ypnoioromoet to bus petd

Ewoayori 8 !
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AlacvviéovTtag Gelplokd dedoUEvVa GTO

lU.lK'DOSTES&JSID"{(IGTTV]
= O ens&epyonotg €xet mapdrinio buses yio o dedopéva -- yperdleta
VoL LETOTPOTOVV T0L GEPLOKG dedopéva oe mapdrinia (ko
avtioTpopa)
= O tvmomompévog Tpomog eivar pe UART
= UART - Universal asynchronous receiver and transmitter

v USART - Universal b and T receiver and
| Chip Reg Tx Clock
— Select
— W
——{ Control

&g /_" Tx Data Reg H Tx Shift Reg }*» Tx Data
. i

D,-D Data 4.‘—47 -
0-D;) . Control Reg > RTS

Buffers Rx Data Regl«—|Rx Shift Regle—{— Rx Data
+

Rx Clock
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Interrupt vs. Polled I/O

= To Polled /O amortei nCPU va powtjoe: pua cvokevn (n.y. toggle switches)
£0V 1) GLoKEVT amottel eEupEToN
v o mapaderypa, £av ot S1akonTeg avastpong (toggle switches) £xovv arhd&er m
0éon
v To hoytopkd oyedidle yia my yngion tev cuckevdv (polling the devices) kot
ypapetor yio va EEpet mOTE e cuokevn) Ba e§umnpetn el
= To Interrupt I/O emtpénel T GuoKewn Vo draxoyet (interrupt) Tov
emegepyaot, avayyéAAovTag 0Tt 1) GLGKELT| OMOLTEL TV TPOGOYN
v Avtd emrpénel oy CPU va ayvofoet TIg 6uGKevég KT6G av {nrovy cuvtipnon
(néow interrupts)
v" To hoytoptko dev pmopei va yvopilet mote o yivet interrupts emeidn interrupts
pmopei va cuuPei omowdNmote oTIyUn -- ETOUEVOS, TO AOYIGHIKO Sev £xet Kaptio
Wéa note o ovpPei interrupt
v Avt6 10 KaBI16T6 SUGKOAOGTEPO VAL YPaPEL TOV KMOSIKAG
" Ot eneepyaoTég HTOPOVY VO, TPOYPAUHOTICTOVV Y10l VOL 0YVOTGOVV TOL
interrupts
v Avt6 10 amokahoVpe Kdivyny (masking ) Tov interrupts

v Ot dupopetikoi Thmot Srakdrrovy propovy va kakvgbovy (IRQ vs. FIQ)
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IRQ vs. FIQ

= E&wtepikd interrupts wov eivat evepyd XAMHAA (LOW)
= FIQs éget mo peydn mpotepandmra and IRQs

v Otav morhamhd interrupts coppaivovy, ta FIQs e&ummpetodvial mpv
ond ta IRQs

v E&umpetdvrag éva FIQ avaykadet to IRQs va tedei extog
Aertovpyiag £wg 6tov o xeprotig FIQ (FIQ handler) va toug
EMOVEVEPYOTIOGEL

o CPSR anekateompévog and 1o SPSR 610 téhog tov FIQ handler
= [log ta FIQs yivovtar ypnyopdtepa?

v "Eyovv mévie Tpoebetong kataywpntég otn Siibeot| toug,
EMTPETOVTOG TOL Vot Kt wpovv allowing them to store dedopéva
avapeoca oTig kKAnoels Toug xeptoth (handler)

v To FIQ diévuopa givar n tekevtaio £{60806 670 SlevuGHOTIKO TiVaKO

o O FIQ handler propei va: torobenBei duesa ot B£om Tov Savbopatog
Kot vo TpéEet Sradoyikd petd amd ™ Oéon
0 Cache-based systems: Vector table + FIQ handler 0Aa khewdmpéva o€ £va
lock
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Drivers (Serial I/0O example)

= High-level I/O call

v printf (“the number is %d\n”, someNumber) ;

= Low-level details
v printf () givat po kAnon Ppaodnkdv mov
popoeomotet Ty £€0do (e.g., converts $d formats) Ko
£MELTOL KAVEL TO GUGTIO VO KOAEGEL GTNV £5000 T
HOPQOTOMHEVT] GUUPBOAOGELPH
o H popeomomuévn copforoocepd dev givon timota teplocdTepo
amo o GEPG XAPAKTHPOV
o Ot Low-level povtiveg tote mapdyovv ) cvpporocepd, Eva
yapaktipa ™ opd ypnoonodviag UART
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Drivers (keyboard example)

Tpocbece éva buffer (010 Loyopikd 1 TO VAKO) Y10t TOUG YOPUKTIPES EIGAYOYNG.
AvTd amocVVIEEL TO YPOVO Y10. TNV EMEEEPYUTia amd T xpOVo HETAED TOV
TANKTPOLOYNGEWV, KOL TAPEYEL it AVATEPT VTOAOYIGTIKY) SEGHEVOT) GTO
ApOvO Tov amonteiton yio va eEummpetioet éva interrupt TAnktpoloyiov .

“Eva kovpmi motigtan amd o piotn

To “TANKTPOAOYI0” KAVEL interrupts oTov enelepyaotn

Anofnketer my &icodo ko Tote
YPiyOpa EMOTPEQEL 670 “Kbpo
TpoYpappe” (process)

Jump to keyboard ISR

keyboard_ISR() {
*input_buffer++ = ch;

} \
Emotpéger and to ISR
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Nested/Re-entrant Interrupts

= Interrupts can occur within interrupt handlers

time

user program user program

Task
IRQ IRQ Interrupt hzmdlr‘:\'

FIQ Fl%? Interrupt handler

« Xto interrupt, o ene&epyaotic Oa <ot
TO OVTOMOKPVOUEVO interrupt bit 6to
CPSR y1a va Oécet £KTOG AetTovpyiog

Interrupt gmopeva. interrupts Tov idlov THTOL ATO
TO V0L ELPAVICTOVV.
Second |° Evtobrotg, interrupts vymidtepng

TPOTEPULOTNTOG UTOPEL AKOWLAL VOL
lnlcrrupt EPQAVIGTOVV.

Exooyari 14 !
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Drivers (Serial I/0 example) (cont’d)

while (*string != '\0'){
if (UART is empty ()
printChar (*string++) ;

strin, }
“Ever tpophnpe
+ Hwhile gnavéinyn pnopei va ekxtedeotel mohd

7o ypiyopa amd 6t 1o UART pmopei va
0 UPAKTIP?

——T{ Chip Reg
— Select
— RW
—— Control

RO /_' Tx Data:Reg Tx Shift Reg > Tx Data

Q

o] |

g L o7
Dy-D; Data Control Reg > RTS

Bus Rx Data Regl«—|Rx Shift Regle—{— Rx Data
+

Tx Clock

Rx Clock
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Drivers (keyboard example) (cont’d)

+ EGv ta interrupts eivat kahoppéva (IRQ kot FIQ anevepymotodvear), tinota dev o
enelepyaotel £0g 6700 ohoKANPGVEL TO ISR Kot emoTpépEL

—  Ouvpiioov: 1 eicodog Twv IRQs Tpdmev kedvmtet ta IRQ kat ) eicodog Tov FIQ
karonrer To IRQs kot ta FIQs

To “TANKTPOAOYI0” KGvEL interrupts 6Tov

[ Eva kovpri momiérat ané o ypriom gebepyacth

!
To “mAnKtpohéylo” Kaver interrupts oTov snsgspyumg/;“"“’ to keybc’afd ISR

y Keyboard is prpssed in | keyboard ISR() {
Jump to keyboard ISR the mi Meintoirupta (1
0 increffienting - i .
keyboard_ISR() { Tho b‘]:;r - fh <- Read kbd 1:} reg-lster
MaskInterrupts () ; D ute: input_buffer++ = ch;
ch <- Read keyboard input register UnmaskInterrupts();
*input_buffer++ = ch; }‘\

UnmaskInterrupts(); v

™~ Emotpépet amd to ISR
Emotpépet and to ISR
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Critical Sections of Code Direct Memory Access (DMA)

7 r A
Koppdtia kddtko mov Tpénet va epeavicTody og aTopkt dpdon AHSGTI p OGB aom Hvnpng
= Avtiy tpoypappaticpévo /0O pmopodpie va KGvovLe TV GLGKEVH Aiyo

N Str(“this en) ; j
;l printStr(“this is a line”); smvotepn

printStr(*string) «————

char *string; v" Na kGvovpie TV GLoKeLH KoV vor petakivel dedopéva oTv/omd ) pviun mv

S
MaskInterrupts () ; A < e . . 5 I S
while (*string){ [Theovékmpa: dev Ba yperalotay mhéov o eneéepyaotig va petakivel Ta dedopéva
outputBuffer [tail++] = *string++; v Mgiovékmo: mo mepimhoko DMA 8iaBadellypdoel T
’ HEHEREENERRE A | Memory |/ uvin
UnmaskInterrupts () ; Processor
} L buffer
tail points here - and a timer interrupt occurs \—
«— Alpo og timer ISR cupBaive L agod 1o printStr () X device
timer ISR(){ ohokAnpmBei & I I >
clockTicks++; ‘ Bus =
printStr (convert (clockTicks)) ; us
}
(T[H[T][s] [T R[] [L]T . ep————
... EVW) O ETTEGEPYAOTAG EKTEAET TIG EVTOAEG
Artopikn 8pdon - dpdon Tou “@aivetal” oTi yla pia GAAn Siadikaaoia
TTPAYUATOTIOIEITAI O€ pIa gvidia AgiIToupyia
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DMA

" H ocvokevn pmopet “va khéyer” kKokAovg TpdcPoong
™G UVAHNG amd To bus evd o enelepyaoctng dev
SwPalet 1 dev ypapet

" T'evikd pia “block” kivnon pvbuileton -- icog ota 512
bytes ava block

v" H puBiopévn povtiva ypnotponoteitor yla vo EekiviceL
HETOPOPA.

v H DMA petagopd éxet ohokAnpwdet

v 'Eva bit oipotog otélveton vo emiPefoidoet thy
OAOKANP®OT THG HETAPOPAC.

= Yrdapyovv direc DMA pébodor

v Mepikég popéc vrapyst e DMA-only cuokeun mov

petapépet dedopéva oe/amd GALEG GVOKEVEG
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