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IIpoAoyog

H mAatgpoppa AT91 omndet pia pakpa napadoor 1ou Topéa YAkoU & ApPXITEKTOVIKIG
tou Tunpatog Mnyxavikov HAektpovikeov Yrmodoylotov kat ITAnpodopikng : 1 mapd-
boon va oxedradoupie ek ToU P1EVOG TG MAATPOPHES TOV EPYAOTNPIAKOV Pabnpudtev pag.
[Mapott o1 ouyypadeig Bpeébnkav oto SIAnppa «va XTiooupe KATL €K TOU HUNdevogy 1) «va
otpBoupe o KATL £1010 KA1 VA AVATTTUEOUHE MAV® TOU», UIPEAV ApKeToi Adyol mou

pag obnoav ot deutepn) Avon :

e H urnootpin oroloudnmote custom-made cuotrpatog eivat e§aipetika SUOKO0AT

010 aradnpaiko replBaiAov mou ta nNPoorIa evadldooovial S1apKaG.

e H avartudn epyadeiov unoot)pidng (e5opowtov, anoopaipatetey, ...) elval &§-

AIPETIKA ETTITTIOVH.

e H avartudn ek tou pndevog arattet oAvu peyaln ernévbuon oe Xpovo, pe apgiBola

arnoteAéopara.

To VAKO g mAatgpoppag AT91 eival otnv oucia pila gpropikda dabéowun avarrtudt-
akr) mAakéta (AT91SAM9261EK tng staipeiag ATMEL). Lt mAakEéra autr] Jopoupe va
avartuioupe epapployeg UAIKOU Kal AOYIOHIKOU yla Tov Hikpogdeykt) AT91SAM9261,
o oroiog eival pia eprdoutiopévr vdoroinon and v etapeia ATMEL tou ene§epyaotr)
ARM926EJ-S 116 etapeiag Advanced Risc Machines (ARM). H ermdoyr) tou ouyKkekpipe-
VOU enedepyaotikou otoixeiou Sev £ywve tuxaia. Zrjpepa (téAn 2007) 6Aa ta pikpoUroAo-
Y10TIKA OUCTHHATA TTIOU avarntuooovial (KUpimg HE T Hopedr) TV EVOOHATOUEVOV OUOTH-
pateov) Baoidoviat eite otV apxitektoviky) g ARM eite otnv apXtektoviky tov PowerPC.
H mpotn 6viag 1o avoikty], UAOTIOW|on and MoAU HPEYAAn YKANA ETAPEIDOV 1€ AOYIKA
KOOt KATEXel IAve aro 1o 70% tng nmaykoopag ayopdsg. O oUYKEKPIIEVOG NIKPOEAEYKTLG
Xpovietat pe éva podot twv 200 MHz, §i1aB£tet oto 1610 0AoKANpEVO H1apOPETIKY KU
pvun yua edopéva kat dragopetikn yia sviodég (Harvard architecture - split caches)
kaBe pia wwv 16K, svoopatovel ) povada daxeipiong pvnung (MMU), mpoopépet duo
evadAaktkd oet eviodwv (ARM / THUMB) e e181k€g eVIOAEG yla T YPIyopn) enesepyaocia
ynorarou orjpatog (DSP) kat yia v vdornoinon g Jazelle apyitektovikng yla Java. Xtnv
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ouoia ermdégape Tov rmo 10XUPo Pikpoedeykr| (210 MIPS) ripogpXOHEVO Ao TV ap)XlteK-
TOVIKH] [TOU 6001 artOPo1toi Pag aoX0AnBouv He v avArtudn EVOOUATOPEVEV CUCTI ATV

Kal epappoymv eivat e§alpetikd rmbavov va Xprotlornotjcouy.

AvtiBeta, 6Ao 10 AOY1I01KO )6 TAaKETAg elval mpooapoyr) AOY1OpIKOU avolktoU Kodt-
Ka (GNU licensed) yia tr 0UYKRERPIPEVE] APXITEKTOVIKI], TTOU £ylve Ao tov K. Keotapd ota
mAaiola tng Metantuyiakng SImA@PaAtikg 1ou epyaociag. [Tapott k1 €66 Sa propovocape va
Xpnotwpornowrooupe €totpeg Auoelg (ta Windows CE eivatl ofjpepa o KUplog aviinalog ya
EPAPHOYES EVORHUATOUEVOV CUCTNHATOV EPOCOV SeV UPioTavial anattniosl§ mPaypatikou
XpOVou), 10 eAAX10TO KOOTOG, 1] duvatotnta petapopdsg Kodika oe S1aPopeTKEG TTAATPOPIES
Ha kupieg 1 9€Anor) pag va mapEXoupe €va cUoTna oTo oroio ot peddoviikoi gottnteg Sa
HITOPOUV va avartuooouv Kat §1kEG Toug epappoyeg urootr)pigng (poutiveg Asttoupyikou,
0dnyoug cuokeuwv) kabodnynoav v emdoyn pag. Emiong n avaBabpion os smopeveg
€K600€1g AEITOUPYIKOU gival pia oapwg avoixtr) dadikaocia. Zto AT91 ) dwaxeipion tou
UAIKOU avadapBavel pooapilooEéVo AETOUPYIKO ouotnua Linux pe uprva g ékdoong
2.6.20. IlpoocappooOnkav emiong 6Aa ta GNU epyaleia : ocupBolopstappacteg, assems-
blers, artoopaipatetég. 'Exoviag npooappoost ta GNU epyaleia 010 UAIKO 11ag, TepAcaie
o€ 0Xe00V AUTOPATOTIOUPEVT] TTIPOCAPHOYT] OAGV T®V AVAYKAI®V MTAKEIOV AOY1IOPIKOU (IT.X.
editors), poypappdteov odnynong (r.x. USB driver) kat dAAwv, KataAryoviag o €va

MANP®S AEITOUPYIKO cUCTHd.

H epnepia 6éka kat mAéov xpovav Sidaockaldiag kat emiBAeyng 0V £pyaotnplaK®OV
QOKNOEWV TG OUPBOAIKIG YA®ooag oto mpornyoupevo tou AT91 cuotnua, £8ei§e o to
PEYaAUTEPO PEOVEKTIA 1TaV 1] anoucia evog eSopotr). Ot Alyeg epyaotnplakég wpeg ev
£Qtavav oTtoug QOLINTESG Yia T MANPLN Katavonon g oupBoAikng yAdwooag. Ta aroteAéo-
pata payikda @ aviypadr] oV £pyactplaK®V AOKIOE®V KAl arotuXia otlg £§ETaoels.
IToAAoi oupgottntég oag rpoortddnoav oto rapeAbov va avartuouv eEOPOIRTES TNG TTPO-
nyoupevng matpoppag, didote pe kadd kat didote pe aOAta arnotedéopata. H uioBétnon
AOY1I0IKOU avolKIoU KOO1Ka, Tpodpaveg pag Sivel ) duvatdinta va Xprotpono)coUpe
Karowov arnd toug diabeopoug egopoiwteg. ‘Etol padl pe 1o AT91, oag mapgxoviat to 6-
®PEAV PEPOG TV avarttulakov epyaleimv tng etaipeiag Keil pie ta oroia propeite va avart-
TUSETE EPAPHOYES V1A OMTO10VOATIOTE EMEEPYAOTY] / PIKPOEAEYKTL] TV APXIEKTOVIKOV ARM
kat ta GNU gpyaleia yia Aettoupyikd ouotnpata g Microsoft. Atvetat Aoutov i) eukaipia
oto @ottntr] va £xel éva egopotovpevo AT91 ortitt tou. Ekel va 6ivel tg mpoteg Avoeilg
OTI§ EPYAOTPIAKEG AOKIOELG, TIG OToieg propel va dokipadel, va g ektedel Pnpatika,
va Siarmotevel AdBn kat va kavelr addayég péxptl va @tdoet oto embupntd arotédeoua.
Tov KOS1KA ToU Propel akoAoUO®G arAd va Tov PetadEPeL (Kat NAEKTPOVIKA QUOIKA, PNECK
orntotacbnrote USB cuokeurig) oto npaypatko AT91 oote va erudeifet ) onotr) Asttoupyia

Tou.
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1. IIpoAoyog Eyxepibio xprjong AT91

Eva 1600 6uvato epyaieio oa 1o AT91 @uowkd 6e @TIAXTNKE POVO yld TO €PYAOTHP1-
0 oupBoAkng yAwooag. IIépa amd 1o eyxelpiblo Xpriong mou Kpatdie autn T OTYQRD),
avarntuooetal Kat aAAo eknatdeutiko UAIKO yUpe aro 1o AT91. Ot aoknoelg oupBoAIKYG
yAdooag eival éva PKpO MPOTo PEPOG ard autd. XKOMeUoUpE otn véa miAatdpoppa va
petapépoupe emiong PEPOS TV EPYAOTIPi®V APXITEKTOVIKIG KAl PEYAAO PEPOG T®V £p-
yaotnpiov MikpoUrodoyiotov. H tepdotia autr) npoontdBeia 6e Sa nrav duvatr) xepig
TNV OLKOVOUKI] OUVOPOL) TTIOU pag npoodépbnke péom g Spaong yla avapopdeorn Kat
AvArtudn eKmatdeutikoy UAIKOU tou rpoypdappatog ETTEAK 1.

EAntioupe 6tt 1o AT91 9a arotedéoel £éva KAA0 eKTAISEUTIKO EPYAAETLD.

X. Bépyog
Mnyxavikog H/Y & ITAnpogopikng, Ph.D., AvarmAnpothg Kabnyntrg.

N. Kootapag
Mnyavikog H/Y & ITAnpogopikng, MSc
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APXITEKTOVIKI] TOU EMEEPYAOTI

2.1 Tevika

O pwkpoedeyking AT91SAMI261 ng staipiag ATMEL o omoiog urtapyet oto AT91 eivat
éva OAOKANPOHEVO KUKAG®HA XAUNANS KAtavaA®mong evépyelag, PAociopévo otov ernedep-
yaot] ARM926EJ-S, e ouxvotnta Asettoupyiag ta 200 MHz. O ARM926EJ-S £xet oxebt-
aotel ano v etalpeia ARM kat o 0Xed1a0p0g ToU £ivatl IIPooavatoAlopEévog yla Xpr)or o€
evoopateopeves epappoyeg (embedded applications). Ta xapakinplotikd mou tov Siakpi-
vouv eivat 1 arddtnta oxedlaopou (avrkel o owoyévela 32bit RISC enefepyaotov) Kat 1
£UEAIKTI APXITEKTOVIKI] TOU, Tou Sivel tn Suvatdtnta avartuing piag euputatng YKApag
and epappoyeg (UAOIoinorn ermKovVaVIaK®V IMPOTOKOAAGV, aAyopifuev kpurtoypddnong,
enegepyaoia fxou kat video, nmaxvibiov k.a). To Sidypappia apXItEKTOVIKIG TOU EIESEP-

yaotn gaivetat oty ewkova Awaypaupa Apxitektovikng (ked. 2.1, ogd. 6).

@o Ensdfiynon
&400)

e

RISC (Reduced Instruction Set Computer) ovopddoupie KaBe apXITEKTOVIK) £MMedepyaotr)
pe edalpetkd Alyeg Katl ardég evioAég, KATL MOU KAVEL TV UAOIIOINOT TOU £reepyaotr)
ardovotepn Katl tautoXpova ToU eMmIPEnel va ektedel 1 evioAr] ava mepiodo poAoyiou.
Evadlaktuika, vnidpxet kat ) CISC (Complex Instruction Set Computer) apxiteKtoviky,

OTI0U 01 £VIOAEG eivat MMOAAEG, TIOAUITAOKEG Kal EKTeEAOUV OUVOETEG £PYAOiEG.

Ta Baocikd TPAPATA TOU eredepyaoctr] ival o1 Kataxwpntég (registers - napaxdtw
oupBodidovratl pe R 1) r) xat 1 Apl@Opnukn/Aoywky Movadal. Ot katayxepntég eivat
HiKkpég pvhpeg eupoug 32 duadikwv ynoeiev (bits) n kdBe pia, ol omoieg propouv va
MPOOCTIEAACTOUV J1e PUOO AVIIOTOLX0 TOU KUKAOU poAoyiou?. Ot Kataxepniés avaianbd-
vouv va arnobnkevouv dedopéva rpoepXopeva and v eEWTEPIKT] WVIAI TOU CUCTHATOS

KAt va tpopodotouv tov enetepyaotn) pe avtd. H AAM &ev ene§epydletatl apeoa ta Sedopéva

! Arithmetic Logic Unit - AAM - ALU
25116 RISC ap)lIEKTOVIKEG 0 KUKAOG POAOYIOU 100UTAL KAL IITOPEL va avadEpetat evaAAAKTIKA KAt G KUKAOG

pnxavng
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Zxnua 2.1: Alaypappa ApXITEKTOVIKIG



2. APXITEKTOVIKI) TOU eregepyaotn Eyxepibio xprjong AT91

aro v eERTEPIKN UV I, aAAd MPEIEL PWTA va ATtoONKEUTOUV 08 KATO10V KATAX®PITL).
Ta arnotedéopata g AAM mpiv oTtadouv otnv e§RTEPIKY PV, TIdAL evBidpeoa mpéret va

anoBnKevovial 0€ KATIO0 KATAX®PNTL].

O enefepyaotnig ya va {ntroet pia eviodn 1 éva 6edopévo 1o oroio PBpioketal KATOU
01O OUCTNA PVHING aKoAouBel pia ogpd aro Bripata, £va arno ta orola eivat n ePpavion
g &1eubuvong g {nrovpevng mAnpogopiag oty aptnpia Sieubuvoswv (address bus) tou
ouotpatog. ‘'OAa ta KUKA®HATa IoU arnapti¢ouv 10 cUoTnHad PVAING «aKOUW» TNV aptnpia
d1eubuvoenv kat avalapBavouv va gdéyouv av ) 61eUbuvon rou epdaviotnke avadEpetat
oe kanowa 9éon pvrpng rov toug avitotorxel. To KUKA®PIA TTOU TEPLEXEL Tl CUYKEKPLIEVT)
Sd1eubuvon gpgavidet v anmobnkeupévn MAnpogopia otnv aptnpia dedopévov (data bus),
®ote autr] va petadepbei otov enefepyaotr]. To eUpog g aptnpiag Sieubuvoswv eivat 32
Suadikav Yneiev, Kat ouveridg oto AT91 éxoupe 232 Slapopetikég H1eUOUVO1080TOUEVEG

Y¢éoeig pvhung.

N
V\\fﬂ‘ Enegrynon . ..

Me tov 6po ewieptkn puvnun avadepopacte oe KABe pvrjun mou vAoroteitat oe 0AOKANpOHEVA
KUKAQPAta €KTtOg autou tou eme§epyaotr]. Ta 6edopéva piag tétolag pvApng PIopoupe va ta
MPOOTIEAACOUE PEOW® TV APTEIOV TOU CUCTIIATOG, XPNotponotwviag t ievbuvor) tou erubupn-
10U 6edopévou wg kKAe1dl avalinong. Kabe oAorAnpwpévo pviung 1) mEPIPEPEIAKT] OUOKEUT] TIOU
etvat ouvdedepévn oty aptnpia dieubBuvoenv katadapBavel €va CUYKEKPIEVO aplOpo ano Yeoeig
pviung (xopog Sieubuvoewv - address space). Zto xopo Sieubuvoenv avapeoa otig 9€oelg mou
KataAapBavouv ta 0AOKANP@UEVA PVIING KAl TA TEPIPEPEIAKA UITOPEL va PV £XE1L AVIIOTOIX10TEL

tinota, omdte av npoorniedacoupe pa t€tota 9éon da pag ermotpaget 1o 0 11 Sa pag edororjoet o

ene§epyaotig Ot £xel oupBel opaipa.

O enegepyaotrg urootnpidet ertd Sapopetikég Kataotdoelg Aettoupyiag, orou r H1-
agoportoinor] toug oxetidetal pe ta Sikaiwpata rpooBaong oe TEPIOXESG EEWTEPIKNAG UVIITG.
AnAadn, yla va Pmnop€ooupe va IPOOTIEAQCOUE HEPIKEG TIEPLOXES HVIHNG TTOU £XOUV
beopeutel yla 181k Xprion (TX. XP1on amno 10 ASIToUpYIKO oUoTa) IIPETEL va petaBoujie
o€ Kataotaor pe avgnpéva dikatwpata. O Adyog Urnaping tov S1apopetikaV KAtaotdosmV
Aertoupyiag oyetidetal pe v anaitnon tou AEITOUPYIKOU CUOTHHATOg va propet va ot-
axepidetal toug Siabéopioug opoug (resources) anodotikAa Kal X®pig va ennppedadetat
aro g epappoyES TV Xpnotov. Ot H1aPopetikég KATaoTtACELS TOU EMECEQYATT] @aivovtat
otov mivaka Processor Modes (keg. 2.1 og). 8). H katdotaon tou ene§epyaotr] otnv oroia

Bplokopaote 6tav ekteAoUle Ta poypappata pag ivat n User.
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Mode Iepwypacpn

User H katdotaon ektéAeong mpoypappatov

FIQ Katdaotaon apéong peta and Fast Interrupt

IRQ Kataotaon apéong peta and Interrupt

Supervisor Katdotaorn pe auvénpéva dikatopata

Abort Kataotaorn petd and Aabog rpooredaocn) ot Pvhun
Undefined Katdaotaon petd and eKTéAeor eVIOANG TTOU eV avrKel

OTO OUVOAO EVIOAGV

System Katdotaon pe avdnpéva dikatwpata

[Tivakag 2.1: Processor Modes

2.2 Kataxopnteg

O enefepyaotnig pag 61abéter 37 kataxwpntég, ek twv ornoiev 31 eivat yevikou kat 6
€181K0oU okomou. Amo autoug, Povo ot 17 sival tautdyxpova 61ab£o1piol Katl PooreAdot-
pot ava naoa otypr). Ot mpwtot 8 (r0 éwg r7) eivat Kool yla 0Aeg 11 KATAOTACELS TOU
enegepyaotr], eve ol urnddourot 7 yivoviat diabéoiot avdloya pe v KAtdotaon otV
oroia Bpioketat o enefepyaotr)g (autd onpaivetl yia napddetypa, nwg Sev propovupe va
PooTIEAACOUE TOV Kataxwpntn r8 ing kataotaong Fiq otav eipaocte oe katdotaon Us-
er, 810t évag daddog katayxmpnthg eivar Hiabéopog wg r8 otnv katdotaon User). Ztov
niivaka Karayopntés (keg. 2.2 oed. 8) kataypdadoviatl ol Katax®pnteg rmou eivat d1abéo-
ot otug Sidpopeg Karaotaoelg Asttoupyiag tou enedepyaoty| pag (ewova 2.2, ogdida 9).
H onpewodoyia 6owv avaypagdoviat oe autd 10 mivaka 9a yivel MANp®g Katavomnty) otig

EMOJEVEG TTAPAYPAPOUG.

Mode ‘ User Mode Regs Additional Regs

User r0-r14, r15, CPSR

FIQ r0-r7, r15, CPSR r8_fiq-r14_fiq,SPSR_fiq

IRQ r0-r12, r15, CPSR rl13_irq-r14_irq,SPSR_irq
Supervisor | r0-r12, r15, CPSR rl3_sve-rl4_sve,SPSR_sve
Abort r0-r12, r15, CPSR rl13_abt-r14_abt,SPSR_abt
Undefined | r0-r12, r15, CPSR rl13_und-r14_und,SPSR_und
System r0-r12, r15, CPSR rl13_sys-r14_sys,SPSR_sys

[Mivakag 2.2: Kataxopniég



2. APXITEKTOVIKT] TOU EMETEPYAOTE

Eyxepibio xprjong AT91

KataxwpnTtég yevikol okotroU Kal program counter Tou ARM

System and User FlQ Supervisor Abort IRQ Undefined
r0 r0 r0 r0 r0 r0
r1 r1 r1 r1 r1 r1
r2 r2 r2 r2 r2 r2
r3 r3 r3 r3 r3 r3
r4 r4 r4 r4 r4 r4
r5 r5 r5 r5 r5 r5
ré ré ré ré ré ré
r7 r7 r7 r7 r7 r7
r8 r8_fiq r8 r8 r8 r8
r9 r9_fiq r9 r9 r9 r9
r10 r10_fiq r10 r10 r10 r10
r11 r11_fiq r11 r11 r11 r11
r12 r12_fiq r12 r12 r12 r12
r13 r13_fiq r13_svc r13_abt r13_irq r13_und
r14 r14_fiq r14_svc r14_abt r14_irq r14_und
r15 (PC) r15 (PC) r15 (PC) r15 (PC) r15 (PC) r15 (PC)
Kataxwpnrtég katdotaong Tou ARM
CPSR CPSR CPSR CPSR CPSR CPSR
SPSR_fiq SPSR_svc SPSR_abt SPSR _irq SPSR_und

YTTOONAWVEI TTWG O KATAXWPENTAG TTOU UTTAPXE O€ KAVOVIKI) KATAoTaon AEIToupyiag Exel

avTiKaTaoTaBel arrd Tov avTioToIXO TNG KOTAOTONG OQAAYATOG Ay interrupt.

Zxnpa 2.2: Awabéopol katax®pntég oe Kabe kataotaon Asttoupyiag




Eyxepido xprniong AT91 Kegpadao 2.2 - Kataxwopntég

To €Upog TV KATAXPPNTIOV gival 32 yneia, kAt rmou woduvapei pe pia Aégn (word)
TOU ouoTHHATOg pag. MropoUpe Op®G OTOUG UITOAOY1IOPOUG PaG VA XPI|O1I0IT00UNE €-
va TpNHa g mAnpodopiag KAMo10uU KataxX®pnts), onog ta 16 Atyotepo onpavika yneia

(piory A£En - halfword) 1) ta 8 Awyotepo onpavuxd yneia (byte).

IMa ta poypdppatd pag PIiopoUe va XP1oHoTIo0UHE ToUg KataXepntég 10 eng r12,
aAAadoviag 1o meplexopevo toug. Ot emopevol 3 kataxwpnieg, r13 éng r1b, €xouv ouy-
KERPIPEVT AeltoUpyia TTOU OXETIeTal 1€ TOV TPOITO EKTEAEONS TOU TIPOYPAPRATOS KAl OX1 HE
TO IEPlEXOHEVO TOU ITpoypappatog. ITio ouykekppéva, o r1b eival o petpntng npoypdp-
patog (Program Counter - PC), o r14 eivat o kataxepntg diacuvdeong kodika (Branch
& Link) kat o r13 eivat o deiking owpou (Stack Pointer). O tedeutaiog Katax®wpntig -
81koU okoTIOU (Kataxwpntng kataotaong - Current Processor Status Register - CPSR) €xet
18laitepn onpaocia yia ) por eKtéAeong Tou mpoypappatog. [ToAAég popég ota mpoypdp-
pata pag dédoupe va ekteAéooupe KOdika unod ouvOnkr, kwdika dndadn rmou oxetidetat
HE TO amotédeopa KAIolag mponyoulevng aplOunuikng 1 Aoyikng evioArg. Kdabe gopa
OV eKteAeital pa apOuntiky 1 AoylKrn €vioAn, pmopei va arnobnkevoupe oe autdv o
Kataxepnt duadikég onpaieg katdaotaong (status bits) mou pag deixvouv 1o £idog® ToU
arnotedéopatog rmou nrpape (ewova Status Register kep. 2.3, oed. 12, mivakag Status
Register ke@. 2.3, oed. 11. e 6Ao 10 eyXepidio xpnotpornolovpe 1o oupBoAiopo OxWXYZ
yvia ) dexkaefabikr) roootnta WXYZ kat #WXYZ yia ) dekadikr nocotnta WXYZ). Kabe
EVIOAI] TTOU £X€l evepyorounpévn v ermdoyr) addayng tou CPSR npokalei tv evnuep-
WOPEPWOT TOV HUAdIKOV onpalwv Kataotaong Baocet 1ou €iboug tou amnoteAéopatog ou Sa
MIPOKUYEL amno v ektédeor] tng. O1 rep1oootepeg EVIOAEG UTTOoTNpidouv Vv ermAoyr] aA-

Aayng tou CPSR pe v ipooBnkn 1ou xapaktipa ‘S’ oto 1€A0g T0U OVOUATOG TNG EVIOANG.

O r15 ovopadetat petpnng npoypappatog (PC) piag kat o podog tou eivatl va repié-
Xl ) 61evbuvor) otV oroia UTIAPXEL 1 ETTOUEVH TIPOG €KTEAEOT] €VioAr]. KdaBe @opd mou
ektedeital pia eviodr], o PC petaBdldetal autdopata armo tov eneepyactt], OOTE AVIA va
meplEXeL ) d1evbuvon g emopevng Pog eKtéAeorn) eviodng. Katd 1o mpoto otadilo ekté-
Aeong piag evioAng, o eneepyaotr|g H1a8adet to repiexdpevo tou PC kat to torobetei otnv
aptpia dieubuvoewv. To cuotnpa pvnung pEom g apinpiag Sedopévov tou HrabiBadel to
KOS1KO NG eVioAng mpog extédeon?. O PC aufdavetatl apéong Metd autdpata Katd 4, 810t
KABOe evioAn oto ouotnpa pag £xet peyebog 4 bytes. To mepiexopevo tou PC pmopoupe
va 1o petaBaloupe Katl peig ypdgpoviag pia T o€ autov, apKel va eijpiaocte olyoupot ot

N T oU ypdawyape aviotoixel o pa Sievbuvon oty oroia UMdpXEl 00oTog KOO1KAG

SIMBava 161 : pndeviko 1) apvnukéd anotéAeopa 1) vriepeidon 1 ...
4Av 1) 81eU0UvVon Bev Mepiéxel 0OOTO KOS1KS Asttoupyiag, o eneepyaotrg 9a petabei oe katdotaon Prefetch
Abort
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2. APXITEKTOVIKI) TOU eregepyaotn
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‘ Bit ‘l‘lepwpaqn']

N 1 av to arnotédeopa g nEAgng rftav apvntiko

z 1 av to anotédeopa g npdagng nrav pundeviko

C 1 oe mpooBeon mou SnUoUpynoe KpAatoupevo 1) o agaipeon 1mou de
dnuiovpynoe davelkd 1 oe mpddn oAicbnong rmou 1o tedeutaio Yneio rou
0AloBnoe eKT0G TOU Katayxwpnt nrav 1

A"/ 1 av to anotédeopa g rpdaing dnuioupynoe unepyxeidion (overflow)

qQ To wneio autd ennpeddetal and éva ouvolo 1npdienv, onowg QADD K.a, KAt
apapével evepyo pexpt va pndeviotel pe eyypadrn otov CPSR. Aev aroteleti
OUVONKN yla Vv eKtéAeon evioA®v, aAldd eival Bonbnukod ya v extédeon
EO1K®OV EVIOAQV IMTOU arattouv aAyoptOpiko UITOAOY1oUo.

J 1 av o enegepyaotng £xet €10€A0e1 oe Jazelle mode kat exteldei eviodég Java.

I 1 av o enedepyaotng €xel anevepyororjost 1§ dakornég (interrupts) IRQ.
MoAg pndevicoupe 10 OUYKEKPIEVO wnodio ta onpata Swakonwv Sa
ONPATOdOTH 00UV AIIECA TOV EMECEPYAOTH).

F 1 av o enefepyaotrg €XEl ATEVEPYOITOOEL TG ypryopes diaxkoriég FIQ. Ta
ynoia I & F tou CPSR 6ev evepyorolovvtal autdépata, aAdd ) Katdotaor)
ToUG propet va ) petaBdadiel o Xprotng.

T 1 av o ente§epyaotng €xet e10éA0et oe Thumb mode kat exteAei eviodég Thum-
b.

Mode | Ta 5 autda Suabikd yneia Seixvouv oe rmola KATACTAOT TOU EMECEPYAOTH)

Bplokopaote.
0x10 User
0x11 FIQ
0x12 FIQ
0x13 Supervisor
0x17 Abort
0x1B Undefined
Ox1F System

[Mivakag 2.3: Status Register
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Eyxepido xprniong AT91 Kegpadao 2.2 - Kataxwopntég

Condition
code flags Reserved Control bits
{ | | \
3130292827 26 2524 23 8 7 6 5 4 0
NlZ|C|V|Q J Reserved I |F|T Mode
LJazelle state iM debit
. odebits
Sticky overflow \— Thumb state bit
Overflow .
CarrviB JExtend FIQdisable
arry/borrow/exien IRQdisabIe

Zero
Negative/Less than

Zxnpa 2.3: Status Register

rpog extédeon®. Tia mapddetypa, av £Xoupe TOMmoBetioel KOSIKA OtV MEPIOXY PVIHNG
0x50000000 kat o PC &eiyvel ot HieubBuvon 0xCO005100, tote propoupie (otav Sdoupe
va exktedéooupie Tov KOSIKA pag) va petabdloupie to iepiexopevo tou PC kat va tou ypay-
oupe Vv Tt 0x50000000. O enedepyaotr|g, Hetd anod v petaBodr) tou PC, Sa eivat
£€T0110G va {ntroet ta replexopeva ano ) S€on pvung 0x50000000 kat va ta eKTeAEOEL.

'Opeg, otav TeAelOoetl 11 eKTéAeon ToU Kadika arod t 9éon 0x50000000, civatl -
alpetikd mbavo ot 9a 9fdoupe va avaBadoupe otov PC 1t tpr) mmou eixe mpwv anod )
petaBoAr) tou, 6nAadn v 0xCO005100. (To avadoyo mapddeiypa oty yAoooa C eivai
n KAnon pag ouvdapinong. MOoAlg tedeiwoet 1 eKTEAEOT NG OUVAPTNONG, EMOTPEPOUNE
oto onpeio mou €yve n KAfon g Kat ouveyioupe pe v emopevn eviodr)). Kata 1
ouyypadn tou Kodika, eivat aduvato va yvepidoupe oe rowa 9éon Sa torobetnBel autog
KaBng autod eivatl eubuvn tou Asttoupyikou outnjpatog. [ToAU mepioocotepo eivar aduvato
va yvepioupe tn dievbuvor mou Ya mpeénetl va @optacoupe otov PC petd 1o t€dog ng
EKTEAEONG TOU MPOYPAPPATOg pag. ' autd 1o Aoyo Xpnotponolovie Tov Katax®pnt r14,
yla va arnobnkevoupe os autov 1o mepiexopevo tou PC mpwv ektedéooupie ) petabaon oe
dAAn 9¢on pvrpng®. ‘Etot, mpwv ypdyoupe v tipn 0x50000000 otov PC, avitypddoupie
1O TIEPLEXONEVO TOU OTov rl4, o omoiog £xel 1o ovopa Branch & Link. MoAlg teAeimoet 1)
exktédeon tou KOd1ka ot 9¢or 0x50000000, aviiypagdoupie 1o mepiexopevo tou Branch
& Link otov PC, apkei @uoikd va punv éxoupe aAAdgel 1o mepleXOpevo ToU Katd TV eKTE-
Aeon 10U KOS1KA pag. a va pnv xpewadetal amno toug PoypapaTioteg va EKTEAOUV 1)

dadkaoia aviypadng Kat arokatdotaong, 0tav XprotoItol0UE CUYKEKPLILEVEG EVIOAEG

5LV nepimwon mou omv 81eUBUVon TOU MPOCITIAOLOel VA MPOCIEAUCEL 0 TEEepyaotrg Bev aviioTokel
€CWTEPIKT) VN, 0 emnegepyaotr|g Sa petabei oe kataotaon Asttoupyiag Undefined
SAaxAadwon
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2. APXITEKTOVIKT] TOU EMETEPYAOTE Eyxepibio xprjong AT91

SlaxAdadwong, o1 Sadikaocieg autég exktedouvial autdpata ard oV EMegepyaotr).

[ToAAég popég eivat antapaitnto va riepacoupe Sedopéva ot ouvaptnon pag oav rapa-
BETPOUG, WOTE va Yivel 1) emegepyacia toug Kat va MApoUpe mioe ta arotedéopata. Ermiong,
Katd Vv EKTEAE0T] PAG OUVAPTNONG £ivatl oAU mbavo va Xpelaotel va Xprotoro)coUE
neploootepeg PetaBAntég amod toug 12 61ab€o110Ug KAataX®@Pntég YEVIKOU OKOITOU, 1) va
deopevooupe pvhun PEO® TOU AEITOUPYIKOU OUOTHHATOG, KAl Otav TEAEIWOOUNE va TV
EMOTPEYPOULLE O AUTO Yla va Propel va v xpnotporotjost aAAn diepyaoia. a 6doug
aUTOUG TOUG AOYOUG, TO AEITOUPYIKO CUCTNHA TTAPEXEL P1d TIEPLOXT] PUVH NG O KABE Tpo-
ypappa n oroia ovopddetatl omwpog (stack) kat xpnotponoteitat oav poxepo. O ocwpog
Aewtoupyel oa pua LIFO (Last In First Out) 6opn, oa pa dour) éndadn mmou to tedeutaio
gloayxOév otoyeio eivat 1o rpeto rou propet va egaxdei. Ta napdderypa av elocayoupe oto
0wpo ta Sedopéva A, T, E & I pe ) og1pd ou kataypagdoviat (dnAadr) pie 1o A pdto Kat 1o
I teAeutaio) kat ektedécoupie Hladikaoia enavapopI®ong OTOUG KATAXMPNTEG, da Iapoupe
ta 6edopéva pe v avriotpodn oepd, dSndadn I, E, I' & A.

Adel0G Zwpog Eicaywyn 3 Aé€ewv A@aipean 2 AéEewv
5| 0x8000 0x8000 | O0xF0320000 0x8000 | O0xF0320000
OX7FFC OX7FFC | OXCEFFBABA 5| OX7FFC
OX7FF8 Ox7FF8 | 0xOBADBOOB OX7FF8
OX7FF4 5| Ox7FF4 OX7FF4
OX7FFO OX7FFO Ox7FF0
OX7FEC OX7FEC OX7FEC
OX7FE8 OX7FES OX7FES
OxX7FE4 OX7FE4 OX7FE4
r13 r13 r13
— 0x8000 — 0x7FF4 | — 0x7FFC

Zxnpa 2.4: Ilapdadetypa owpou.

Ma 1w daxeiptlon 10U 0OPOU, UTIAPXEL £vag KATAXDPNTHG ITOU £XEl OAV TIEPLEXOIEVO
1 61evbuvorn g PvrEng He v mpwtn eAeubepn 9€0n 10U 0RPOU, HOTE OTAV EKTEAOUNE
eyypadr) oto owpo va epdavidetal n ouykerpipévy dievbuvor otnv aptpia dedopévav. O
Katayxmpntg autog ivat o r13 (beiktng ocwpou - Stack pointer). Kabe 9¢on oto owpod £xel
péyebog 32 ynoeiev 1) 4 bytes, ordte n avdnon 1 1 peinorn ou deiktn cwpou yiveral avia
mavta katd 4. Aoye g LIFO Asttoupyiag tou, 0 0mpdog £XEL TO XAPAKTNPIOTIKO va §EKvVA

a6 pia dievduvon’ kat 6oo yepilet pe Sedopéva autr) ) Sievbuvon va peldvetat. Autd

“Yra mpoypappata pag tn Sievbuvon autr) v avaBétet 1o AeIToupyiko cUotna
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Eyxepido xprniong AT91 Kegpadaio 2.3 - Evtolég

@atvetal kai oy sikova Stack (kegp. 2.4, ogd. 13).

2.3 EvtoAég

Ot eviodég amotedouv ) BAcn TOU MPOYPAPPATOS Pag, apoU Pe auteg odnyoupie Tov
eneepyaotr] oV eKTEAeOT) TV Pnudiov rmou xpeladoviatl yia ) Avon tou npoBAnpatdg
pag. Ot evioAég xwpidovial oe katnyopieg, avddoya pe TV eVEPYEL ITOU EKTEAOUV Kal Ol

Katnyopieg autég neptypadoviat otov nivaka Kammyopieg evtofwv (rap. 2.3, ogd. 14).

Katnyopia IIeprypadr)
Metagpopd 6edopévav ano Kat rmpog v Kupla p-

Mstagopa dcdopévav | ,
v & T0UG KAataX®PnTEg

ApOpntirég npagelg  I[1pdobson, moAAamAaciacuds. . .
Aoykrég npagelg AND, OR, XOR. ..

AlarAadooeig AM\ayr) g POorg EKTEAEONG TOU KWd1Ka

, [pooriéAacn OUVENEEEPYAOTY], TIPOYPARNATIONOG

Zuotnpatog ,
eaiptoewv

[Tivakag 2.4: Katnyopieg eviodov

2.3.1 ExtéAeon uno ouvOnky

H apyttektovikn pag €xel oxedlaotel yia va ektedel andég npdgeig pe peyain tayunta.
Ia 1o oKomé autd xpnotpomnotei Badpet) enefepyacia (pipelining®). Eivat yveoto ot Hi-
axAadooeig katl dipata rpokalovyv «oracipatar g fadbpeng ernefepyaciag Kat oUVenog
unoBdOuon g anodoong. H Avon g eloaynyng UAKoU yia rpdbleyn drarAadmoswv
(branch prediction) dev eival kat n KaAutepn Avon yla ] 61K PAg APXITEKTOVIKY Ka-
90g augdvel tn moldurmdokdtnta vdoroinong Kat ermppeadet v taxvutnua. H Avon 1)
oroia akoAouBnOnke amo 1oug oxedlaoteg g ARM eival va ddoouv oe KABe evioAr] 1)
duvatointa ektédeong umo ouvOnkrn. Auto onpaivel g kKabe eviodn Sa ekteAeotel povo
av mAnpouvial 6Aeg o1 ouvOnKeg rou opidoupe. Ot cUVONKeEG £X0UV OXE0N HE TIS ONpaieg
kataotaong tou CPSR (Carry, Negative kAm) kat avaypadovial oTov rmivaka ZUuvdnKeg k-
efleong (map. 2.3.1, oed. 15). H evepyoroinon tov ouvOnkov oe kAOe evioAr] yivetal pe

MV avaypagr] ToU PVNHIOVIKOU ovORatog g oUVONKNG akpBmg HETA Ao TO0 PVIOVIKO

8H teyvikr) tou pipelining Xwpilet tv extédeon piag evioArg oe avefdptnra otddia. MoOAlg 0AoKANPGOEL
KATIO1d EVIOAT| €éva 0tddio NG, IPo®OEeiTal OTO EMIOPEVO, EV® 1] ETTOHEVI) EVIOAT PITOPel va anacyoAei mapdAAnia
10 arneAeubepmBEiv UVAIKO ToU 0AoKkANp®OEviog otadiou. Av éxoupe 5 otadia 0AOKANP®ONG H1ag EVIOANG, 1)
EMOMEVI) EVIOATN avti va Mepipével 5 KUKAOUG pEXPL va apyioet va ektedeitat, pe 1o pipelining nepipévet povo
1.
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2. APXITEKTOVIKI) TOU eregepyaotn Eyxepibio xprjong AT91

ovopa g evioArg (. otnv evioAr) ADDCS RO, R1, R2, Sa extedeotel n ipdobeon) p1ovo
av to Carry CPSR bit eivat ioo pe 1).

ZuvOnkn Ilepwypadn
CS/HS C =1 (Unsigned Higher or Same)
CC/LO C = 0 (Unsigned Lower)

EQ Z =1 (Equal)

NE Z =0 (Not Equal)

VS V=1

vC V=0

MI N =1 (Minus)

PL N = 0 (Plus)

GE N =V (Signed Greater Than or Equal)
GT Z =0 kat N =V (Signed Greater Than)
HI C =1 ka1 Z = 0 (Unsigned Higher)

LE Z =11 N !=V (Signed Less Than or Equal)
LT N !=V (Signed Less Than)

LS C=01Z=1 (Unsigned Lower or Same)

[Tivakag 2.5: ZuvOrkeg ektédeong

Yrov mivaka BAémoupe niwg n ouvlnkn CS (n onpaia kpatoupévou tou CPSR eivat 1)
£xet 1o 1610 vonpa pe v ouvlnkn HS. Auté oupBaivel e§attiag tou TpOIou avipetoiong
1OV oUVONKOV exktédeonsg. Katd tn ouyypadr| tou mpoypdppatog pag eivat ouvnOiopévo
va xpnotpornoteitat n ripdén CMP, 1 oroia exktedei pia siwovikn® agaipeon avdapeoa oe
6uo tpég. To amotédeopa piag apaipeong, av ivat detukog apibpog, 9a odnynoet otnv
EVEPYOITIOINOT NG ONpaiag KpAtoUpEVOU KAt TV AIEVEPYOITOino g onpaiag pndevikou
ArOTEAEOIATOG, APA AV OTr] OUVEXEWA €AEYSOUHE TV TIHT] TOV ONPIAIOV KPATOUHEVOU KAt
pndevikou kat tig Bpovue 1 & 0 avtiotoxa 9a §Epouie G 0 APAIPETEOG HTAV PEYAAUTEPOG
and tov adatpétr (yr'autd kat r ouvlrkn rou 9éAerto C = 1 & Z = 0 eivar ) Unsigned High-
er). Kat avaloyia, akodouBoupe v 1610 avipeIOITon Kat P 11§ UTOAOeg OUVONKeG,
6nAadn xpnoorolovpe pia eVioAn] cUyKplong 1 ornoia d9a evnUEP®VEL CUYKEKPIIEVA Y-
n¢ia tou CPSR kat oty ouvéxela ta eAEyXoupe yia va 6oupe av €xouv evepyortonOei ta

ynoia ou kabopidouv av 1o dApa 1 n StakAddwon pag npermnet va yivel 1) oxt.

9To arnotéAeopa g Sev arodnKeVETAL 08 KAIIO10V KATAX®PINTH], aAAd XPIO10MOIEITal IOVO Y10 TV eVIHEP-

®OT1) OV oNpawv Kataotaong tou CPSR
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Eyxepido xprniong AT91 Kegpadaio 2.3 - Evtolég

2.3.2 OAwcOnoetg
Ot evtoAég 0AoONoNG £X0UV 1) YEVIKI] Popdr :
<opcode> <varl>, [<var2>]

To <opcode> eivat 1o pPvnpuoviko évopa Tng €VIOArG, To <varl> amnotelel 10 POTO €v-
Tedo Kal 1o <var2> 10 8eutepo £viedo, 10 oroio Sev lval mAvia AnArtoUPEVo KAl yU'duto
avaypdoetat péoa o [ . To <varl> eivat ouvnBwg o Kataxwpntg otov ornoio Sa aro-
9nkeutouv ta arotedéopata g eviodng. To <var2> prmopel va eival Kataxopning 1
otaPepa tpn o,

H apyxutektovikn tou enefepyaotry (6eg Awayoaupua Apxitextoviknc (ked. 2.1, ogl.
6)) petagépel 1o <var2> ot povada Tmou 1o Xpelddetal PEow® £vog Tpoypappati{ope-
vou oAoBntn (barrel shifter), 6ivovtag pag €tot i duvatdinta va ektedécoupe oAioOnon
otV TP Tou <var2> otov 1610 KUKAO pe Vv eKtéAeon g evioAng. O oAwoBnng pag
béxetat évieda péyeboug 32 ynepiov (6nAadr) 6oo kat 1o péyebog KAOe KatayxwpPnt) Kat 1
péyiotn oAioBnon mou propet va exktedéoet eival katd 31 yneia. Ot mpadelg odioBnong
IOU TIAPEXEL 1] APXITEKTOVIKI] TOU EMESEPYAOTY] Pag Meptypadovtal otov rivaka OAtodroeig
(kep. 2.3.2, oeA. 16).

TuUnog oAicOnong Ilepiypadn

LSL Aoywkr) oAioBnon 1pog ta apilotepd

LSR Aoykr) oAioOnon mpog ta deda

ASR Ap1Bunukn odioBnon mpog ta He§1a

ROR KuxA1kr] oAioOnorn mpog ta 6egia

RRX Enaudnuévn xKukAikr oAioBnon mpog ta de8ia

[Tivakag 2.6: OAwoBroe1g

Aoyiki oAicOnon

H Aoy1kr) 0AioBnon 1mpog ta aplotepd Petapépet ta YPrdia tTou Katax®pntn pag aplotepd
Kat otg 9€0e1g 1wV Alyotepo onpavikov yneiev etoayoviatl O (av ekteAéocoupe oAioOnon
katd n 9éoeig 9a ewaxbouv n pndevikd). Ta n MEPLOCOTEPO ONPAVIIKA Wneia 1mou

oAioBnoav mépa amod v apilotepotepn S€on xavoviai, adAd 1o AyOTEPO ONPAVIIKO arto

1201 orabepés Tipég eivar apiBpoi rmou Toug £10AYOUpE PE TV EVIOAR X®PIS Va TOUg £XOUNE ArobnKeuoel
vepitepa oe kanota 9éon pvrung. a va dnAoocoupe nog npokettat yla otabepd Xp1notponolovpie 1o cupBolo
# mpwv tov ap1Opo xwpig Kevo avapeoa, . #0x4 n #25
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2. APXITEKTOVIKI) TOU eregepyaotn Eyxepibio xprjong AT91

avta anoBnkevetal ot onpaia katdotaong (Carry bit) tou CPSR, 6tav n oAioBnon yive-
Tal yia apOpnukrn /Aoy npdén (6x1 yia dieubuvoiodotnon). Ta mapddeiypa, o apt-
Spog 0x1035004A = 00010000 00110101 00000000 01001010 av urootei oAioBnon
pog ta aptotepd katda 4 Héoeig Sa yiver 00000011 01010000 00000100 10100000 =
0x035004A0. Xt0 bit kpatoupévou tou Kataywpnt] Kartaotaong da arobnkeutel o 1

(ewova OAiodnon mpog ta apiotepd ReP. 2.5, oeA. 17).

Snuaia Karaxwpntig
KpaToUuEVOU
TOU 32-N bits
KataxwpnTn
KATaoTaong

OAioBnon kata N Béoeig aploTepd

K N pndevika

32-N bits O....... 0

1 bit
=

Zxnua 2.5: OAioBnorn) mpog ta aplotepd

Av Jewprjooupe tov duadiké apiBuo 0x49 = 0100_1001 = (4*16 + 9=731g) pe ava-
napdaotaocn moAumvupou (6nAadn x7 * 27 + zg % 264, . 42, pexy = 0,z = 1,25 =
0,z4 = 0,23 = 1,29 = 0,21 = 0,29 = 1) 9a Samotwooupe iwg n oAioOBnon katd pa
9éon mpog ta aplotepd 1o0oduvapel pe ) PETAKivnon g THNG Tou KAbe z; oto x;41 (N
Tt tou g ouprAnpaovetatl pe 0). To arnotédsopa eivat 1001_0010 = 0x92 = (9*16 + 2 =
1461¢), To oroio eivat 1o HITAAG10 TG APXIKAG TIPNG. Auto cupBaivel S10Tt 01 CUVIEAEOTEG T;
roAAarmdactadovral pe piia duvapn tou 2 kat ot Stadoxikoi cuviedeoteég moAdardaciadoviat
pe Sladoyikég Suvapelg ou 2. Apad, av o x; cuvieAovoe Katd 2° otV TIUL TOU ApXIKOU
apdpov, jetd mv oAiobnorn 9a cuviedei katd 207!, 6nAadn katd to Sutddoo. ‘Orwg
BAémete, diunmdaoiadetal ) oUVEITPOPA TOU KABE GUVIEAEDTI] OTNV TIHT] TOU ap1Bpou Katl PEtd
Vv oAioBnon €xoupe ocav anotéAeopa to SrAdolo aplBpo tou apXikou. Av ekteAécoupe
0AiloOnon kata 2 9éoeig Sa mapoulie oav anoteAeopia 1oV TETPANAAcio apiBpd T0U apX1KoU
KAl 0T YEVIKY TEPIMTIOOT av EKTEAECOUNE aplotepr) oAioOnon katd n 9¢oeig Sa mapoupe
oav arotédeopa 1o 2™ X (#apx1kog ap1buog) (apiotepr) oAicdnon katd 51 9éoeig otov apt-
9116 319 9a Shoet cav anotédeopa 1o 3*2° = 3*32=96,). Emneidr] o1 Kataxwpntég ou ere-
gpyaotr) pag €xouv eupog 32 ynoiov, kata ) Sadikaoia tng oAiodnong Sa amoxkorouv
T MEPLOCOTEPO ONPAVIIKA Yhdia Kat 1 Tpr rou 9a ndpoupe, Adye TOU MEPLOPLOFOU TOU
gupoug, 9a eivat mod (2" x (#apxikdg apdndg), 232), érou o mod oupBoAilet 1o undAoiro

mg Slaipeong ou 27 X (Fapxkog apdpog) pe o 232, H npddn g apiotepr)g odioOnong
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givat oAU xprown otav 9¢doupe va eKteAéooupie MOAAATAACIAORO AVAPECSA OE KAITO10V
ap1Opod pe duvan tou 2, ylatl ekteAeital oe éva KUKAO poAoy10U, eve 0 ITOAAAAAo1a0p0g
TTOU XPIO1HOTTOLEl TO KUKAGPA TOU ToAAArAactacty] €ival apKeTd 1o XpovoBopog Kat a-

attel onpaviikda rePloooTEPOUS KUKAOUG.

H 6e€1d doywkr) oAioBnon avtiotoixa ooduvapel pe ) ) PEWaKivnon g THNG TOU
KAOe x; 010 ;1 (1 Tur U x3; ouprinpovetat pe 0). Todpa, av o x; ouviedovoe Katd 2°
OtV TIIT TOU apX1KoU aptdpou, petd mv odiodnon 9a cuviedel kata 2071, 6nAadn katd
10 p1o6. ErmumAéov, amoxkortovial ta Atydtepa onpavika yneia kat to anotéAeopa rou
raipvoupe peta v ektédeon g Se€1ag oAiobnong eivatl otpoyyuloroinpévo otov apéong
HIKPOTEPO AKEPALO TOU HU100U TG APXIKNG TIHAG. X1 YEVIKY Iepirmtaor, 1 6e§ia oAiobnon
katda n 9éoeig 9a napayet 1o | (F#(apxkog apiBbpog)/2™)| (6eid oAiobnon kata 3 9éoeig
otov apBpd 15 9a 8éhoet cav arotédeopa |(15)/23)| = 1). H 8efid odioOnon eivat moAy
XPHon otV uvdoroinon diaipeong karowou aptOpou pe duvaurn tou 2, 61611 0 eretep-
yaotfg pag dev urnootnpidetl pe VAo v rpdln g Swaipeong. H uvdonoinon authg ng
PAgng e AOYIopKO augAvel TIOAU TOV AIAtOUPEVO XPOVO OAOKANPp®ONG tng diaipeong.
I autd eival IOAU IIPOTIPOTEPO VA YIVETAL XPH O TG IIAPATIAVE 1810TNTag Oou ival auto

duvatd (eikova OAiodnon mpog ta deia kedp. 2.6, osA. 18).

KataxwpnTtig | S nuaia

N bits KPOTOUNEVOU

32-N bits TOU
Karaxwpntn
OAioénon katd N 6¢osig de€id KATAoTaong

1 bit

N pndevika N ﬁ !

0....... 0 32-N bits

Zxnua 2.6: OAioBnon mnpog ta §e§1d

Ap1Ountiky oAicObnon

'‘Otav Xpnotporolovpe aplBunukeég npddelg pe npoonuacpévoug aplbpoug, n deda
oAloOnor dnpoupyel 1o mpoBAnpa addayrng tou mpoonpou. Evag apvnuikdg apibpog oe
apOPNTIK CUPMANPOPATOS S TIPOG 2 £XE1 TIAVIA OTO TMEPIOCOTEPO ONUAVIIKO duadiko

ynoio v tpn 1 (mx. o —1519 oe avanapdotaon 8 duadikev yneienv eivar 1111_0001).
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2. APXITEKTOVIKI) TOU eregepyaotn Eyxepibio xprjong AT91

Av 9éAdoupie va sktedécoupe Saipeon tou —151g pe 1o 419 meppévoupie oav anotédsopa
Tov apOpo —41¢ (oe EukAeibia avanapdotaon woyxvet ot —1519 = —4 x4 4 1, enedr 10
unidrotro eivatl rdvra detkodg apibuodg), adrd pe v epappoyr] 6e€idg odiobnong kata
2 ynoia (4 = 22) 9a éxoupe oav arotédeopa tov apdpd 0011_1100 = 604y, to oroio
etvat AavBaopévo. To AdBog amotédeopa ogeidetatl oto ot 6ev ewoayape 1 ota meplo-
00TePO onuaviika yneia. Av to eixape rpoBAéyet, Sa eixyape oav amotédeopa tov apldpo
1111_1100 = —413. T'a va ndpoupe CUVENAOG TO £MOUUNTO ATIOTEAECIIA XP1OIOIIOI0UHE
Vv apOunukr) 8e§1a oAicbnon, n oroia otr 940n TV MEPICCOTEPO CNUIAVIIKGOV WHPimv
£10AYOUV TV TIUN TOU TEPLOCOTEPO ONPIAVIIKOU Yndiou tou apyxikou apidpou. Etoi, oe
pa ap®pnukr odicdnon N ynoeiov, av 1o meplocdtepo onuavuko givat 0 Sa sioayxbouv
N pndevika, eve av givat 1 9a ewoaxbouv N dcoot (ewwova Apduntikny oiicdnon mpog ta
6e€ia ve@. 2.7, oed. 19).

Kataxwpntng Snuaia
MSB N bits KPATOUUEVOU
32-N-1 bits ToU
KaraxwpnTti
KATaoTaong

%O)\ioeqon Katd N B¢oeig de€id

N avTiypaga

$‘1 bit

32-N bits

Zxnpa 2.7: ApOpunukr) oAiodnon rpog ta Hegia

KuxrAiky oAioOnon

Yug napanave mpdgelg, ta yneia rouv oAtobaivouyv répa aro ta AKpa ToU KATtaX®pnt)
xavovtat, pe eaipeon 1o tedeutaio mou propet va arnobnkeutei oa onpaia KPatoupévou
tou CPSR, ka1® and ocuykekpipiéveg ouvlrkeg. Mepikég @opég eivat erBupnty 1) enaveio-
ayeyn v ynoiev mou oAobaivouv mépa and 1ov Kataxepnty otg J€oelg mou pévouv
kevég. Ta mapddewypa, av €xoupe tov apbpd 0x97 = 1001_0111 kat oa onpaia kpa-
toupévou tou CPSR pia ayveootn tiun X, 1 KUKAIKL 6e€1d oAioOnon kata 3 9éoeig Sa éxet
oav artotédeopa v tpr 11x1_0010, eve oa véa onpaia kpatoupévou Sa armobnkeutel
10 1. Ta évtova ynoeia eival autd nou enavelorxOnkav otov apibpo, otig Yoeig omou Sa
gloayovtav 0 av yprjoypornotovoape Aoyikr) 8e§1d oAiobnor. H apiotepr) KuKAKr) 0AicOrnon
bev untdpyxel oav Lexwpiotr) evioAr], 616t propei va vdorownBei péow tng 6edag. Ta apio-

Tepn] KUKAKL 0AloBnon n Séoeswv (pe n > 1) extedovpe 6e€ld KUKAKY OAioOnon kata
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33 —n. Av n oAioBnon yivetat yia 1 9¢on, 16te ektedoupie v evioAr) ADCS Xproi101io1ov-
1ag @G £vieda dU0 QOopES Tov Kataxwpntn. Av npoobécoupie €va aplBpo e ToV aUTO TOU
otV oucia tov SumAdacialoupe 1) tov oAloBaivoupe Aoyikd kata pa Séon aptotepda. To
Kpatoupevo 1ou dnuoupyeitatl eivat 1o 1610 pe To mEPIO0OTEPO ONPIAVTIKO bit Tou apyikou
apBpou. Zto Atyotepo onpaviiko yndio Sa spdaviotei 1o 0, omndte rpoobEtoviag Kat to
TIEPIEXOHEVO TNG onpaiag Kpatoupévou oto abpotopa, Sa spdavicoupie ekel T0 KPAToU-
pevo rou urrjpxe otov CPSR (IMa nmapddeiypa, av n onpaia kpatoupévou eivat 1 kat otov
Katayxopnt vrapxet n uprn 0x49 = 0100_1001, 1o aBpotopa tou 0x49 + 0x49 = 0x92 =
1001_0010, 10 xpatoupevo £§odou eivat 0 kat n npoobeorn) tou 1 mou unnpxe og onpaia
Kpatoupévou da daoet arotédeopa 1001_0011) (ewova KukAucn Ofiodnon mpog ta deéia
red. 2.8, ogd. 20).

KatayxwpnTng Snuaia
N bits KPOATOUMEVOU
32-N bits Tou
KataxwpnTn

%oaywyﬁ TwV TeAeuTaiwy N-1 bits Kquo'qu'r]g

W xﬁ1 bit

32-N bits

Eicaywyr| Tng TTponyoupevng onuaiog
KPOTOUUEVOU

Zxnpa 2.8: KukAikrn OAioOnorn npog ta 6e€a

H teAeutaia pop@r) oAiobnong, n enauvgnpévn 6eSia KukAkr) oAioBnon, dev eivat tirota
AaAAo mapd pa KUkAKn 6e€1d oAiobnon katd pa Séon.
2.3.3 EvtolAég petagopag Sedopévaov

O enegepyaotr|g pag Xl 1) Suvatotta EKTEAE0NG TV EVIOADV PETAPOPAG ITOU avapépoviat
otov mtiivaka Evtofée Metagopdag (ked. 2.3.3, oed. 21).
Meta¢popd andol Kataxwpnty

Ot evioAég petagopag dedopéveov availapBavouv va @épouv dedopéva aro v KUpt-
a PV oToug KAatax®wpnteg, va Petakivrjoouv §edoiéva avapeoa os KataX®pnieg Kat va
OTelA0oUV OV KUP1A PVIHT TO TIEPIEXOPEVO KATaX®PNTeVv. Katd tnv eKtéAeon autov 1oV ev-

T0A®V Sev Yprnowornoteitat  AAM, adAd n Movada Alacuveong P v eEOTEPIKT] PUVHHT).
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2. APXITEKTOVIKI) TOU eregepyaotn Eyxepibio xprjong AT91

EvtoAn TIepiwypacn EvtoAn Ilepiwypadn

LDM Metagopd block amé pvaun STM Metagopa block arno
0€ KATaX®PnTeg KATAX®PNTEG O PVIHD

LDR Metagopd amd pvhun oe  STR Metagopd amd KaAtaxwpntn
KATaX®pntr o€ PVNHn

MOV Metagopd amd kataxwpnty MVN Metagopd e aviiotpoor)
0€ Katax®pnty

MRS Metagpopa a6 CPSR oe MSR Metagopd amd KaAtaxwpntn
KATAX®PNt oe CPSR

MRC Metagopd amd ouveriegep- MCR Metagopd amd KaAtaxwpentn
YAOTI] 0€ KAtaX®PnTt) OE OUVEIESEPYAOTY)

sSwpP AvtaAdayn Tipng avapeoa oe
PV KAl KAtaX®ent)

[Tivakag 2.7: EvioAég Metagpopag

H xd6e petagopd pmopet va yivel yla dedopéva eupoug 32 ynoieov (word), 16 ynodiov
(halfword) 1 8 ynoiev (byte). I'a petadopég dedopévav 16 ynepiov xpnowyonoteitat 1o
ertiBepa H, eve yia petapopd byte 1o enibepa B. Ma nmapadetypa ot eviodég LDR, LDRH
kat LDRB petagépouv word, halfword kat byte avtiotoixa and KAmowa e§RTEPIKY UVH D

IIPOG TOUG KATAXWPITES.

Zug evioAég petagpopdg Sedopévev eival anapaitnto va opicoupe v mnyn v de-
SoPEvVeV Kal ToV TIPOOPIoHO TOUG. AV IPOKELTAL Yid HETAPOPA amod Tr PViin MPog Kata-
X®P1NT], TOTE 1 popdr) eivat:

<EvtoA1l> Rd, [Rb, <offset>]

O kataywpntg Rd (Register destination) eivat évag ano toug r0. . . r12, 6nwg kat o Rb
(Register base). Ztov Rd 9a anobnkeutei 10 6edopévo amnd v kupla pviurn. O Rb mepté-
Xet ) Sievbuvon ng Kuplag Pvhung otnv onoia Ppioketat to 6edopévo. Ma peyaldutepn
guedi§ia, Popoupe va Xpnoiorowrjooupe Kat to nedio <offset> (petatdruon) av sivai
emBupnto. To offset opidel pia petatomon n ornoia mpootiBetat oto mepiexdpevo tou Rb.

H popern tou <offset> eivar:

Kataxwpntig: MIopoupe va Xprol0IIO)00ULE OIOI0VEAIIOTE KATAXWPI T Ao TOUg
r0...r12 ([Rb, Rx])
Twun: Xpnowonotovpe arteubeiag tipn ([Rb, #val]). H tpn propet va etvat

ortoloobrnote ap1Opog amno [0. . . 255] ou va €xet dextetl oAioOnon ano
[0...31] ynoiwv (. 0x35 11 0x35 left-shifted(4) = 0x350)
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H xprion tng petatorong pnopet va pag BonOrjost oty nepintoorn mouv mpooreiau-
voupe ototyeia evog mivaxka. ‘Evag mivakag opidetatl oav pia ospd anod diadoyikd bytes.
Av yvapidoupe v 61eubuvor) tou nmpetou ototxeiou Tou mivaka, tote arnobnKevoue autr)
1 61eUBuvon oTov Katax®Pntr 1ou Xpnotponoloupe oav Rb kat otov Rx anobnkevoupe
9¢orn tou otoieiou. Ta napddetypa, av o mivakag pag &exwva arod ) 9€on 0xCO000380,
10 TIPWTO otolxeio tou Bpioketatl oty 9éon 0xCOO00380 + 0, to meprmto oroixeio ot Yéon
0xC0000380 + 4 kat 1o n otoixeio ot 9¢on 0xCO000380 + (n — 1). Iapatprote neg 1
apibpnon Sexkva amo 1o 0 kat 6x1 arod 1o 1! Ag uroBécoupe topa rwg Kabe otoixeio tou
miivaka dev £xe1 p€yebog €va byte, aAdd 4 (6nAadn mpokettal yla éva word). Auto onpaivet
KOG TO £MOPEVO OTo1Xelo da Eexva aro ) 9¢on 0xCO000380 + 4 kat to peberndpevo and
1 9¢on 0xCO000380 + 8. I'a mapadetypa, av ot 9€on 0xCOO00380 untapyet 0 apiBPog
OxCAFEBABA kat otv 0xC0000384 unidpxet o 0x12345678, sktedoviag petapopd 4
bytes pe Rb = 0xC0000380 kat <offset> = 1 9a £xoupe ocav unoBeTIKO anotéAeopa Tov
apBpo 0x78CAFEBA. To urnoBetiko oxetiletal pe 10 yeyovog nwg o enesepyaotrg dev Sa
pag smrpéyel va ektedécoupe npooriedacn word otnv KUpla pvhpn, av n dieubuvon dev
etvat arépao rmoAAarnddoto ou 4! To 1810 woxvel kat yia halfword nipoorieddoetg, povo
rou exel 1) Sievbuvorn npénet va eivat aképato roAAarnddoto 1ou 2. AnAabdr o enedepyaotng

pag xpnowporiotei otoiyion (alignment) tov dedopévev ot pvipn.

N
24 SupmAnpPwUAaTKA . . .

|
O 1pormog arobrikeuong dedopévav peyadutepav Tou evog byte ot pvipun propest va akolouBei 2
TPOIIOUG, Ol OI0i0l £€X0UV va KAVOUV HE 1) 0e1pd twv bytes. Eotw yla mapddetypa, 6t pia Aén
artoteAeitatl amno 4 bytes kat 0t ta bytes autd torofetovviat ot pvipun dtadoxkd. Moo dpwg Sa
tortoBeBel TPwWTo KAl 1o10 tedeutaio; Av akodouboupe apxitektovikn) Little Endian otnv ap)ikr)
61evOuvorn 9a toroBetnOetl 1o Atyotepo onpaviiko byte, otnv apéowg smopevry 1o enopevo byte kat
otV tetaptn Kat tedevtaia da torobetnBel 1o meploodtepo onpavuko byte. Ag unobécoupe nwg
9¢doupe va arnobnkevooupe tov apiBpo OXDEADBEEF ot 9¢on pvrjung 0xC000450. v Ox-
C000450 9a torobetnBei to OXEF, otnv 0xC000451 to OxBE, otrv 0xC000452 1o 0XAD kat otnv
0xC000453 10 OXDE. O evaAAaKtiKOg TPOI0g arnobrnkeuong opidel mwg 1o mo onpaviuko byte Sa
anobnkevtel oty rpotn) §1eUOUVon Kat 1o Atyotepo oNPaviiko oty tedeutaia dievbuvorn. Andabdn,
otnv 0xC000450 9a toroBenBei 1o OXxDE, otnv 0xC000451 to OxAD, otv 0xC000452 to OXBE
Kat oty 0xC000453 1o OXEF. H apyttektoviky] autr) ovopadetat Big Endian. H ogipd tev bytes
oxUel Kat yia v nepimeon v halfwords, povo rou exetl €xoupe 2 bytes (oe autn tnv nepinoon
0 ap1Bpog OXDEAD 9a arofnkeutei pe 1o OXAD otrv 0xC000450 kat to OXDE otnv 0xC000451
pe Little Endian apyttektovikr). O enefepyaotrig ARM urnootnpidet kat toug §uo tpdroug aro-
9nkeuong, aldda to Asttoupylko ouotnpa Linux ulobetel v Little Endian ap)1teKTOVIKI], OMOTE

O0Aa ta poypappatd pag da npénet va akodoubouv kavoveg Little Endian.
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'Etot Aoutov, av oto poypapild pag £XOUE XPNOTHOIIOI)0EL EVaV KATAX®PNT yid va
meplEXeL ) H1eUBUVOT TOU TIPAOTOU OTOIXEI0U TOU mivakd, £vav SeUTEPO KATAX®PNT Yia
va kpatd t 9¢on tou otoixeiou mou Yéloupe va mpoorieddooupe Kat to peyebog kabe
otoixeiou eivat ico pe pa duvapn twou 2 (x. 2, 4, 8, 16...), tote 1) 9a auv§dvouue tov
Katayxopnt g 9éong katd to peyebog tou kKABe otorxeiou (bnAadr av mpoxkettat ya 1o
30 otokelo kat kAOe otokeio €xel peyebog 8, otov kataxwpnty 9¢ong Sa éxoupe (3-1)*8
= 16), 1 9a xpnowonowjooupe 1) duvatotta Tou enegepyaotyy va ekteAel oAiodnorn ota
b6edopéva tou kKataxwpnt 9ong, Pty autd npootebouv oTov Katax®pntr facng Kat otov

kataxepn 9€ong Sa £xoupe ) ogpd tou otoikeiou (0 yia to rpwto, 1 yia to devtepo. . . ).

H 8wabikaocia amootoAr)g dsbopévav mpog v KUpla pvhpn sivar akpiBog ida pe
Vv Sadikaoia anobnkeuong 6edo€EveOV OTOUG KATAXWPNTEG, EKTOG ATIO T ONpacia tou

kataxepn Rd, onou topa mepiéxet tv T ) ortoia 9a artootalel Impog Ty Kupila Pviun.

Metd ano v mpooTieAaot) g KUplag Pvhing (£1te yia amobnKeuor), elte yla avaxktnon
6edopévav), TIoAAEG PopEg eivatl ermbupnty 1 tpomornoinon tou Rb, wote va mepiéxetl v
81evbuvorn orou €ytve 1 teAeutaia mpoorieAacrn) (av TOV XPNOIOIIOI|O0UE Yl ETOHEVT)
npooriedaon pvnung, auvty da yivelr pe Pdon ) Séon mou Eyilve 1 tedeutaia mpoorié-
Aaorn). AuUTO UIopel va yivel av Xprnotpornojooupe pia npdén npocdeong (Hetd amno my
nipoortieAacr pvhpung) avapeoa otov Rb kat ) petatdruon. Miag Kat auty] 1 QVIPETOITOT)
artattel emrAéov KUKAOUG poAoy1oU yia T mpdagng tng mpoobeong, 1 apXITEKTOVIKI] TOU
eneepyaotr) pag eival @uaypévn €10l OOTE va 1ag ermrpénetat 1 allayr g Tpng wou
Rb kata 1o KUKAO mpooriédaong otnv Kupla pvhun. EmumAéov, pag Sivel tn duvatotn-
1a va ermdégoupe av 9éAoupe va yivel 1) TPOIIONOINoT P 1] Hetd v npooriédaon. [a
va yivel 1) Tpomonoinon mpwv Vv MPooTieAacn tonobetoupe 10 oupBolo | oto 1édog g
evioAng (. LDR R5, [RO, R2, LSL #2]! 6mou Sa yivel n avgnon tou RO kata R2*4,
1o arotédeopa Sa arobnkeutel otov RO kat peta 9a dieubuvoiodotnBel n kUpla pvhun).
IMa va yivel r) Tpomomnoinon PETA amo v MPOooTiEAacn oty Kupta pvhpn aiddaloupe Atyo
mv onpeloypadia g eviodng Kat nepikAeioupe ota oupBolda [ ] povo tov Rb, eve v
petatoruon v pooBetoupe petd (. n eviodr) LDR R5, [RO], R2, LSL #2 Sa &ieubuv-
01080TA0EL TV KUPLA PVIHIn [ v Tian rou repieéxet o RO kat ot ouvéxela 9a audnoet
tov RO kata R2*4. Ilapatnpeiote nog e8¢ dev xpetddetar o !). Ilapadeiypata petadopdg
8edopévav ano v pvipin 0Toug Katax®pnieg undpxouv otov rivaka Data Transfer (ked.
2.3.3, ogA. 24).
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YrioBéote o1 1o riepiexopevo tou R1 eival 0x8000 kat tou R5 eivat 0x6.

EvtoAn

Mepiypagn

LDR RO, [R1]

LDR RO, [R1, R5]

LDR RO, [R1, #10]

LDR RO, [R1, R5, LSL #2]

LDR RO, [R1, R5, LSL #4]!

LDR RO, [R1], #12

Metagépet 1o Tieplexopevo g 9€ong pvnung pe diev-
Yuvon 0x8000 ctov kataxwpnt RO.

Metadepet 10 miepiexopevo g déong pvnung pe Sieu-
Yuvon 0x8000 + 6 = 0x8006 otov kataxwpnt RO.
Metagdepet 10 miepiexopevo g déong pvnung pe Sieu-
Yuvon 0x8000 + OxA = 0x800A otov katayxwmpntr RO.
Metagdepet 10 miepiexopevo g déong pvnung pe Sieu-
Yuvon 0x8000 + 6*4 = 0x8018 otov kataxwpntn RO.
Metagépet 1o Tieplexopevo g 9€ong pvnung pe diev-
Yuvon 0x8000 + 6*¥16 = 0x8060 otov kataywpntr RO
Kat arobnkevet v tpr) 0x8060 otov R1.

Metagépet 1o Tieplexopevo g S€ong pvnung pe diev-
Yuvon 0x8000 otov kataxwpnt] RO kat arobnkevet
mv tun 0x8000 + 12 = 0x800C otov R1.

STR RO, [R1]

STR RO, [R1, #20]

Metagepet ot 9¢on pvrpung pe dieubuvorn 0x8000 1o
EPIEXOEVO TOU Katayxmpnty) RO.

Metagepet ot 9éon pvnung pe dievbuvorn 0x8000 +
20 = 0x8014 10 riepiexoevo tou Katayxwpnt RO.

[Mivakag 2.8: Data Transfer
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2. APXITEKTOVIKI) TOU eregepyaotn Eyxepibio xprjong AT91

Mesta¢gopa block rataxwpnrov

Méxpt twpa n petagopd debopévav amo Toug KATaX®PNTeg IPog Tr) HUVAHn Kat av-
tiotpodpa apopouoe Hebopéva evog kataxwpnt. Lo AT91, unidpyet emiong n duvatotnta
va PETAPEPOUNE TIPOG TNV KUPLA PV 000UG KATAX®PNTEG YEAOUNE 11E T XPL O NG EV-
T0A1)g STM (61iwg Kat arod 1r) PVALL IIPog ToUg KataX®pnteg pe tv LDM). Ot evioAég autég
HIopouV va XPnotpornonfouv oe meputtaoelg petapopag opadag block 6edopévav kat ei-
vatl tayUTepES Ao VvV PETAPopd TV SeSOEVOV £va-TIPOG-£va HE TI P10 TOV EVIOA®V
LDR, STR, 61011 eKpetadAeUovial TV ApPXIEKTOVIKE TOU EMESEPYAOTH] KA1 XPIO110II010UV
mv aptnpia dedonévev katd pirdg (burst modell). Ipémet va onueidooupe og og AUTO
10 TPOTIO peTapopdg unootnpidovtat povo petadopeg words. Mia erurmAéov xpnon epap-
poyn v eviodwv petagpopdg block epgavidetatl katd v KAfon ocuvaptroewv. Me 1o 1ou
Tekva 1) eKTEAEOT] TG OUVAPTNONS HAG, Yid va €XOUHE T Suvatdtna va XProtiornotr)-
OOUJLE OTIOIOVOATIOTE KATAX®PNT EMOUPOUE XOPIS va Xabel 1o TIEPIEXOPEVO TOU, TIPETIEL
va tov arnobnkevooupe otV KuUpla pvhipn. MoAlg oAokAnpwBel n ektédeon tou KOO1KA
TG OUVAPTNONG PAS KAl APEO®S TPV EKTEAECOUE TNV EVIOATL] EMIOTPOPIG OTO ONeio K-
Afjong tng ouvAapInong, KAAOUHE TNV EVIOAT] eavadopdg T@V KATAX®PNIOV Ao v Kupla
BV, OTIOTE PE AUTO ToV TPOTTo Ta §edopéva TV KataX®pnieov €Xouv apapeivel adika.

H yevikn] popdr) tng evtoArg eivat:
<EvtoAn><Mode> Rb, {<registers>}

O Katax®pntHg rou neplExel v apxikn Sievbuvon g Kuplag pvnung ivat o Rb. Ot
Katax®pnteg avaypagovrat péoa oe {} kat xepidoviat petadu toug pe xoppa ({ro, r5-r8,
r15}). Av unidpyel pia oglpd anod §1adoy1Koug Katax®wpntég rmou 9a CUPHETAoX0UV OtV
petagopd, tote avii va avaypayoupe tov Kabéva, Pmnopoupe va CNPEINCOULIE TOV TIPKOTO,
HETa pla mavAa Katl pPetda tov tedevtaio (0rwg r5-r8). Xe kabe KUKAO eKT€EAEONg NG 1
evtoAr] aAdddet tnv Hievbuvorn) g KUplag pvhpng, avaloya pe v ermmAoyn npoorelaong.
O enetepyaotnig pag Givel 4 Sapopetikég ermdoyeg (Modes) otov Teoro mpoorédaong tg
KUPag PvApng :

- Increment Before (IB) [Ipwv yivel n mipoomiédaocn ot pvipn, n dieubuvon mpoorte-
Aaong auvgavetat kata 4.

- Increment After (IA) H 61cu6uvon mpooriédaong auddvetatl kata 4 apou yivel 1

MPOOCTIEAQOT] OTr PVIHD).

'Burst mode ¢xoupe étav o eneepyactrg mpowdel ta Sedopéva otnv aptnpia Sebopéveav oe Sladoyikoug
KUKAOUG poAoy1loU £xoviag anoxAeiost Siaxorr) ano aldo nepipepetako rmou Ja 1)0sde ) xprion g aptnpiag

yia va exkteAéoel §1Kr) ToU petapopd.
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- Decrement Before (DB) IIpw yivel i ripoomiéAacn ot pvpn, n Sieubuvorn npooré-
Aaong pewvetal kata 4.

- Decrement After (DA) H §1euBuvon nipoorniédaong pewwvetal katd 4 apou yivel 1)
MPOOTIEAAOT] OTr) PV L.

Onwg Kat Y€ TG EVIOAEG ATTALG TIPOCTIEAAOTG TNS KUPLAG PVAHNG, £101 KAl 1€ TIS EVIOAEG
petagopdg block, n apyttektoviky] tou ere€epyaotr) divel ) duvatodtnta va tpororon et
TO TEPIEXOPEVO TOU Kataxwpntr PBaong (Rb) pe v tedeutaia dievbuvorn rou urodoyidet
1 evioAn pag (av mpoxkettal yia mnpooreddoeslg Increment n tipn tou Rb Sa yivet Rb + 4
* (#ap1Bpog katax®pntav), av npoketratl yia Decrement 1 tipr) tou Rb Sa yivet Rb - 4 *
(#ap1Bpog katayxwpntev). H tpomonoinon evepyoroteitat pe v avaypagpn tou cupBoiou !
bimAa otov katayxwpntr) Baong. Idaitspn mpoooxn anatteital anod 1oV TPOYP AUUATIOTH OTHY
nepintwon wou o Rb ouunspiiaubavetal kat ot Jiota katayweniov Tov uetapeooviat, 610t
av XPNoWoTomooupe avavé®on tou Rb 1o tefliko mepieyousvo 9a sivar ayvaoto (eaptatar
amno 1o av Ja embpaoet teflevtaia n afiayn Aoye ustagopag 1 n afjdayr Adyw avaveéwong).
[Tapadetypata vnidpyxouv otov rivaka Multiple Data Transfer (keg. 2.3.3, og). 26).

To mepiexopevo tou R1 eivat 0x8000.

EvtoAr Ieprypadr)

LDMIB R1, {RO, R2-R5}  ®a &xkuwrjoet and mv 9éon 0x8004 kat 9a torobetyy-
o£l 10 MePleXOPevo G otov RO, 10 Tepiexdpevo g
0x8008 otov R2 rArm.

LDMDA R1, {RO, R2-R5} Oa Zexivijoel aro v 9¢on 0x8000 xat da torobety)-

o€l 1O TEPlEXOPEevo NG otov R5, 1o mepiexopevo ng

0x7FFC otov R4 ka1 télog 1o riepiexopevo tg 0x7FFO
otov RO.

LDMDA R1!, {RO, R2-R5} Oa exteAéoel v da dadikaoia pe v mponyou-
Hevn evioAr], addd topa 1 tedeutaia uroldoyiobeioa
b61evbuvon 9a anobnkeutei otov R1 (0x8000 - 4*5 =
Ox7FEC).

STMIA R1, {RO, R2-R5}  ®a torobetrjoet oto 0x8000 10 mepiexdpevo tou RO,
oto 0x8004 1o mepiexopevo tou R2 kAt

STMDB R1, {RO, R2-R5} ®a torobetrjoet 10 mepiexopevo tou R5 oto Ox7FFC,
10 TIeplEXopevo 1ou R4 oto Ox7FF8 kAr.

[Mivakag 2.9: Multiple Data Transfer
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2. APXITEKTOVIKI) TOU eregepyaotn Eyxepibio xprjong AT91

[Mapatnpeiote oG 1 avaknon tov 6£60PEvav akoAoubel tnv akpBwg aviibetn srmAoyr)
TMIPOOTIEAAONG ATIO TNV ATIOOTOAT] TIPOG TNV Kupla Pvhpn. Andadr], Petd amo pia evioAr)
STMDA, yia va yivel 00otd 1 avdkinor tov 6edopévav mpEmnet va Xp1o10I0|C0UHE TV

LDMIB, ¢6niwg kat peta aro pia STMIA nipénetl va Xprolponowrjooupie tv LDMDB.

Metagopd Kataywpernty 0 Kataywpent

Otav 9¢Aoupe va PetadPEPOUE TNV T EVOG KATaX®Pntr oe aAAov 1 va 9écoupie apeoa
TNV T €EVOG KATAXWPITL), XPIO0IooUpe v eviodn] MOV, g oroiag n yeviky pop-
1) etvart MOV Rd, <operand>. O kataywopntg Rd eivat autdg riou Sa SexBel tv tun
tou <operand>, 10 ortoio pIopei va eival oroloodNIoTe KATAXWPNTG, 1] KATAXOPNTHS HE
€VIOAT] 0Al0Onong n apeon Tipn. Xpewadetal IPoooxr o 0Tl aPopd TS APEOEG TIHEG TIOU
Hropoupe va £10ayoulie, adpou AOY® TS APXITEKTOVIKNAG TOU eregepyaots) pag ta dedopéva
MG TIPS PIopouv va kataddBouv povo 8 ynoeia péoa oty eviodn (bndadn n péyiotn
erurpert) 1pn eivat to 255 11 OxFF). Ene1dn n tpr) nepvd pEocem tou oA1obntr) pIopoupe
va slodyoupe omolov apiOpd 9doupe (peéxpt to 255) o oroiog va £xel 6exBel 0Aiobnon
péxpt 31 S¢oeig. Ma mapddeypa, ot tipég OXFF, 0xDAOO0O, OXFOO00000 sivat arnodek-
€6 ylati €xouv rpoeABet ano 1g OXFF xwpig oAioOnorn, OXxDA oAoBnpévo apiotepd Katd
16 S¢oeig kat OXFO oAloBnpévo apiotepd katd 24 Soeig avtiotoxa. Ot tipég OXxDAOO10,
0xF0003200, 0x254 6ev propouv va eloaxbouv dpeoa, yuati dev armotedouv ywvopevo
(Byn¢rou duadikou apBpov) * (6Uvaun tou 2). Me v eviodr] MVN ektedoUpe OTL KAl Pe
v evioAr) MOV, aAAd otov katayxepnt Rd anoBnkevetat n aviibetn tipr (6nAadr) 6Aa ta
bits rou eivat 1 yivovtat O kat 1o avtifeto). [Iapadetypata vniapyouv otov rivaka Register
to Register Transfer (xked. 2.3.3, oed. 27).

EvtoAn IIepwypacn

MOV R1, R2 Metagépet otov R1 10 mepiexdpevo tou R2.

MOV R1, R2, LSL #5 Metagdépet otov R1 10 niepiexopevo tou R2, oAodnuévo
aplotepd kata 5 Jéoeg.

MOVS R1, R2, LSL #5 Extelel v id1a 6tadikaoia pe tv mponyoupevr) ev-
TOA1, aAAd twpa anodnkevetat oto Carry bit tou CPSR
10 tedeutaio bit mou 0AioOnoe eKTOG TOU KATAX®PNTL].

MOV R1, #0x35 Metagpepet otov R1 v tipr) #0x35.

MVN R1, #0x35 Metagepet otov R1 v ipr] #0xFFFF_FFCA.

ITivakag 2.10: Register to Register Transfer
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Meseta¢dopég £161K0U TUNOU

ZT1G eVIOAEG PETAPOPAG EVIACOOVTAL KAl PEPIKEG EVIOAEG TTOU £XOUV OXEOT] PE PeTapopd
bebopévav avapeoa otoug KataxePnTEg Kat e161kég povadeg tou enefepyaoty), orwg o CP-
SR kat o ouvenegepyaotnig (CoProcessor). ‘Ocov apopa otov CPSR ypetdetat Alyn ripoco-
X1], 61011 eve PIOpOoUPE va avVIypAWOoOUE TO TIEPIEXOHEVO TOU O £vav KATaX®Pntn, dev
propoupe va aAdagoupe to mepiexdpevo tov bits [23-0] dtav Bprokopaocte oe User mode.
ErumA¢ov, otav 9¢doupe va anobnkevocoupe otov CPSR Siapopetikég Ti11€g oTig onpaieg
KATAOTAOoNG TIPETEL VA XPNOLHOTIoOoUHE Vv yevikny poppry MSR CPSR_f, Rm, o6mou to
oupBolo _f urodnAcvel nwg 9éAoupe va aAddSoupe povo tg onpaieg. O kataxwpns Rm
neplExetl v Tpn ou Ya otaldei otov CPSR. IMa mapddeiypa, av 1o repiexopevo tou RO

givat 0x80000000 ka1 EKTEAECOUNE TNV EVIOAN :
MSR CPSR_f, RO

9a yiver 1 n onpaia apvnukou anotedéoparog (Negative bit) kat O o1 unidAorneg (bits Z,
C,V, Q).

@o Eneffiynon
' O

| S

O ouvene§epyaotr|g (CoProcessor) arotedel évav Urooxe61aoo 10U 0AOKANP®HIEVOU TOU
enegepyaoty. Eival unetbuvog yia tov édeyxo Stadpopmv povadev, onwg n povada 61-
axeipiong pvnung (Memory Management Unit - MMU), n) povada ripootaciag tng pvipng

drapopetikwv diepyaociov (Protection Unit) kat £xet 1o §1k6 T0U OUVOAO aId KATAX WP TES.

TéAog, 1 evioAr] SWP avaAapBavel va aviipietafeoet 1o epleXopevo pag 9€ong pvipung
pe éva kataxepnt). H yevikr ing popgn sivat SWP Rd, Rm, [Rb], 6értou o Rd eivat o
Katax®pntig otov ornoio Ya anobnkeutel 1o niepiexopevo g 9€ong pvnung, o Rm nepiéyet
Vv T rou Sa otalel oty pviun Kat o Rb mepiéxet ) d1evbuvor) tng KUplag pvhpng, pe

Vv ortoia Sa yivel n avraddayr) dedopévav.

2.3.4 ApOpnuirég/AoyilrEg npagetlg

O ene§epyaotng pag €xet ) Suvatdtnta eKEAE0NG TOV APOPNTKOV/AOYIKOV IIPASemv
mou avagépovtat otov rivaka Ipadewg (kep. 2.3.4, oed. 29). Eb¢ mpémel va tovicoupe
KOG O EMEeCePYAoTt)§ pag vdorolel pe vAk6 (hardware) povo mpodobeson kat roAdardaot-
aopo akepaiov. Ot urddoireg ripagelg akepaiov Kabwg Kat rPdagelg Kvntrg Urtod1aotoAng

propouv av eivatl avaykaieg oe pa epappoyn va vAornonouv pe Aoylopiko (software).

H yevikr) popor) tov apidpnukev/Aoyikeov npdgenv eivat <EvtoAn> Rd, Rn, <parl>,

orou Rd eival o kataxwpntig rnou da Sextel 1o arotédeopa g npdéng, Rn esivat o
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2. APXITEKTOVIKI) TOU eregepyaotn Eyxepibio xprjong AT91

EvtoAn Ilepiwypadn Evtodn Ilepiwypacn
ADC IIpooBeon e kpatoupevo ADD IIpooBeon
AND Aoywkd AND BIC Aoywké AND pe 10 Aoyikod
oupridnpepa (NOT) tou 2°%
EVIEAOU
CLZ Meétpnon twv 0 oug meplo- CMN Zuykplon pe 1o —(2° éviedo)
O0TEPO ONUAVTIKEG JEoE1g
CMP Zuykpion EOR Aoyikdé XOR
ORR Aoywké OR RSB Agaipeon (apaipéng - pet-
WTE0Q)
RSC Agaipeon (agaipéng - pet- SBC A¢aipeon pe daveko
PTEOG) e BAVEIKO
SUB Adaipeon TEQ 'EAeyxog 100tntag
TST 'EAeyxog MLA IToAAarmAaotaopog Kat
OUCCWPEUOT
MUL [ToAAarAactaopog SMLAL IIpoonpacpiévog TTOA-
AarmAaoclaopog Kat

ouoompeuon 32bits
SMULL IIpoonpacpévog moA- UMLAL Mn-ripoonpacpévog
AarmAactaopog 32bits roAAanAactaocpog Kat
ouoompeuon 32bits
UMULL Mn-nipoonpiacpévog TT0A-
Aarmlaotaopog 32bits

[Tivakag 2.11: Tpageig

KATAX®PITG TOU IEPIEXEL TO IPWTIO €Viedo tng Impdéng kat <parl> uropsi va eivai
KATAX®PINTG, KAtaxopntig nou éxet dextel oAiobnon 1) apeorn tpr. Ot nipddelg autég,
av €X0UV evepyomounpévn v ermioyn avavémong tou CPSR, aAAdlouv tig onpaieg katdo-
Ta0ng avdaloya pe 1o anotédeopa rou npokurtel. E&aipeon arotedel 1 eviodr) CLZ rou
petpd ta O rmou UrapxouVv otd IEPIo0OTEPO oUaviika yneia tou Rn, péxpt va cuvavirost
éva ynoio oo pe 1 kat anobnkevel tov apBpo toug otov Rd (ev xpnowyoroiet 1o medio
<parl>). Tlapadeiypata rapatiBeviatl otov mivaka AplOunuxes/Aoyikeg nipadelg (ked.
2.3.4, ogA. 30).

O1 evioAég ouykplong CMP, CMN, TEQ & TST ekteAouv 11ig apiOpnukég npdaieig SUB,
ADD, EOR, AND avrtiotoixa X®pig va anobnkeuvetal to arotédeopda toug. H evioAr; CM-
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EvtoAn Iepwypacpn

ADD R1, R1, #0x10 IMpoobOétet otov kataxwpntr R1 v turn 0x10.

SUB R5, R1, R2, LSL #2 Ad¢aipei ano tov R1 1o R2*4 kat aroBnkevet 1o aroté-
Aeopa otov R5

RSB R5, R1, R2, LSL #2 Adgaipei antd 1o R2*4 tov R1 kat anobnkevet 1o anoté-
Aeopa otov R5

ADC R5, R1, R2 [IpooBeéter tov R1 pe tov R2 ouvurnoloyidoviag kat 1

onpaia kpatoupévou tou CPSR kat amoBnkevetl 10
artotéAeopa otov R5.

AND R1, R1, #0x10 Exteldei doywkr) ripdagn AND avdapeoa otov R1 kat tnyv
apeon ) 0x10 kat aroBnkKevel 10 AMOTEAECIA OTOV
RI1.

[Mivaxkag 2.12: ApOpunuikég/Aoyikeég rpdieilg

P avavemvel mdvia 1§ onpaieg kataotaong t1ou CPSR eve 01 UTIOAOUEG TPEIG EVIOAEG
oUYKploNg POVo av UmdpXet n ermioyn S oto 1édog tng eviodrg. H yevikn popgrn toug
eivat <EvtoAn> Rn, <parl>, orou Rn eival 0 Kataxopntig rmou mepiexel v mpot)
TN TIPOG GUYKPL0T) Katl To <parl> pmopel va €ival Kataxopning, KataX®pntig rmouv £xet
Sextel oAloBnon 1) dpeon tur). Ta napddeypa, av 9édoupe va egakpiBoooupe av évag
apOpog eivat peyadutepog arnd tov addo, ektedovpe apaipeor petaiy toug Kat e fdaon tg
onpaieg Kataotaong IouU IIPOKUITIOUV €AEYXOUHE AV TO ATTOTEAEOHA 1)TAV APV TIKO, NNdév
1) Y9euko. Iapadetypata ouvykpioewv uvnidpxouv otov nivaka Zvykpioels (ked. 2.3.4, oel.
31).

Ot evioAég moAAamAactiacpoy urootnpi{oviatl anod tov rmoAAanAaciaoty) g apXltek-
TOVIKAG Hag, O oroiog sivat vdomoupévog oe VAKO. [lapott 6éxetal dedopéva e10660u
gupoug 32 ynoeinv, Propet va va napayoupe anotedéopata 32 1) 64 ynoeiov. O mAnpng
noAAandactacpog §uo Suadikev apBpev tev 32 ynoiev Sa apayet ywopevo eupoug 64
Ynoiev, T0 01010 Plag KAt 8ev Xmpd 010 £UP0G TOV KATAX®PNTOV 1Ag, arodnkevstal os 2
Kataxepnteg. Qotoco givat mbavo va pag eviiapépouv povo ta 32 Ayotepa onpavilka
ynoia tou anotedéopatrog. Ia nmapaderypa, av 9édoupe va unodoyicoupe to yivopevo 5
X 6, fev xperaddpaote kat ta 64 ynoia, 6101 10 yvopevo xopd oe 32 yneia povo. O
noAAarndaotaotrg pag eivat kavog va pag dooet ta 32 Atyotepo onpavukd yneia evog
moAAarmAactacpou eviedov 1ov 32 Yyneiov oe Atyotepoug KUKAOUG art’ Otl arattel &vag

AN Png oAAarniAactacpog.
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2. APXITEKTOVIKI) TOU eregepyaotn Eyxepibio xprjong AT91

EvtoAn Iepwypacn

CMP R2, R4 Tuykpivel 10 TiepleXopevo tou R2 pe 1o mepiexdpevo tou
R4. Avdloya pe 10 €160¢ TOU ATIOTEAEOPIATOG AVAVEDVOVIAL Ol
onpaieg kartaotaong.

CMP R3, 0x8000 Xuykpivel 10 miepiexopevo tou R3 pe 1o 6edopévo 0x8000.
Avdloya pe 1o €160G TOU AIOTEALOPATOG AVAVEMVOVIAL Ol

onpaieg kartaotaong.

CMN R1, R2 Zuykpiver 1o mepexopevo tou R1 pe 1o -R2 (mpoobétet to
ouprnpepa g rpog 2 tou R2) kat dev ennpeadel tig onpaieg
KATAaotaong.

TEQ@S R1, R4 ZUyKkpivel ®G TIPOG TNV 100TNTa To repleXopevo tou R1 pe 1o

iepleXopevo 1ou R4. Av ta mepiexopeva 1oV Katax®pniov ivat

161a, n onpaia pndevikou anoteAéopartog tou CPSR yivetat 1.

[Tivakag 2.13: Xuykploelg

1o ouvolo evioAdwv pag urootrnpioviatl 6Aot autoi o1 evaAAaKTIKOl TPOIIol XPr)ong ToU
moAAardactaotr). H evioAr] MUL mnoAAanAaoctadel 2 Kataxopniég Kal anobnkevetl ta 32
Atyotepa onpavuka ynoia. H evioAr) MLA roAAarndaotddel 2 Katax®pntég Kat rpoobLtet
TO YIVOHPEVO TOUG HE TO TIEPIEXOEVO £VOG TPiToU ITplv arobnkevoet ta 32 Atyotepa onpav-
KA yneia. Ot U0 autég eviodég rmoAAanAacialouv mpoonpacpéva Kal Jr mpoonpac-
péva dedopéva. Ot urtoAdoirieg evioAdég roAAarndaoiacpoly nmapdyouv ywopeva eupoug 64
Ynoiev kat dtaxmpidovial oe eVioAéG TIOAAATTIAQCIACHOU TIPOCLACHEV®V KAl 1A TIPOCT)-
paopévev 6edopévav. Ot eviodég SMULL & SMLAL ekteAoUV T1§ TApAanave Stadikaoieg
(roAAarAaoctacpd Kat roAAAnAactacyo Pe KAtormvy) abpoion - cUco®PEUCT avtiotolya),
yla ipoonpaocpéva dedopéva. Ot eviodég UMULL & UMLAL skteAoUv Ti§ TTAPATIAVE O1-
adkaoieg avriotolxa yia pn-ripoonpacpéva dedopéva. e 0Aeg TIG MIEPUTTHOOELS TO ATIOTE-
Aeopa givar 64 ynoiev. Iapadeiypata rmoAdandaciaopev Undpxouv otov rmivaka I1o-
Aarfaociaouol (ked. 2.3.4, oed. 32)

2.3.5 EvtolAég Siardadwong

O enefepyaotnig pag éxet ) duvatouta eKTEAeong TV eVIOAOV S1aKAABKONG TToU

avadépovtal otov rivaka Branches (ked. 2.3.5, oed. 32).

O enedepyaotnig pag urootnpidet pia oe1pd amno eviodég H1akAAB®OTG, TTOU PIToPOUV va
ekteAéoouv addayrn g POrg ToU KAd1Ka umod ouvlnkn katd £32MBytes. H adAayn ng

pong ektéAeong o€ H1aPopeTIKO onpeio Tou KOd1Ka oxetidetatl e tnv adAayr) 10U TEPIEXOHE-
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EvtoAn Iepwypacpn

MUL R1, R2, R5 [MToAAamAaoiadel to meplexopevo 1ou R2 pe autd tou
R5 kat anobnkevet ta 32 Atyotepo onpavukd bits otov
katayxopnm R1.

MLA R1, R1, R4, R6 [MToAAamAaotadel to mepilexopevo tou R1 pe autd tou
R4, mpooBitel oto ywvopevo 1o mepiexopevo tou R6
Kal anoBnkevetl 1a 32 Atyotepo onpavukda bits otov
kataxepnm R1.

SMULL RO, R1, R4, R6 IloAAamAaociadel 1o meplexopevo tou R4 pe auto tou
R6 pe mpoonuacpévn aplOuntiky kat arnobnkevet ta
32 Awyotepo onpaviika bits otov kataxwpnt RO xkat
ta 32 neplocotepa onupavika bits otov R1.

UMLAL R1, R2, R4, R6 IloA\armAaotddel 10 mepiexopevo 1ou R4 pe autd tou
R6 pe pn-npoonpacpévn aplOpntiky, mpoobETel oto
ywopevo ty tipny R1 + R2 * 232 kat anoBnkevet ta 32
Atyotepo onpavuikd bits otov katayxwopnt) R1 kat ta

32 meploodtepa onpaviika bits otov R2.

[Tivakag 2.14: IToAAamAactaopot

Evtodn IIepiwypadn Evtodny IIespiypadn
B AMarAdadwon BL AaxrAdabeoon pe anobrjkeuon
tou R15 otov R14
BX AaxAdadeoon  pe  addayrp BLX AarAadeoon pe anobrjkeuon
OUVOAOU eVIOAWV tou R15 otov R14 kat aAAayn

OUVOAOU EVIOA®V

IMivakag 2.15: Branches
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2. APXITEKTOVIKI) TOU eregepyaotn Eyxepibio xprjong AT91

vou tou kataxwpnt) R15 (PC). Ot eviodég S1arAddwong €xouv tn yevikr) popdr) <EvtoAn>
<label>, omou <label> eival pia etikéta rmou onpatodotel ) dieubuvorn g eVioArg Tou

aApatog (rieplocotepeg Anpopopisg kedp. 3.2.1, oed. 39).
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Ewcaywyn otnv Assembly tou AT91

3.1 Tesvika

'Eva npdypappa opidetat oav pa ogpd and eviodég rou ektedouviat Sadoyika kat
kaBodnyouv tov enefepyaotr) oty vdoroinon pag diepyaociag. Kdbe eviodrn meprypdget
Katl éva PKpo Brjpa, amapaitnto ya v oAoxkArpworn g Siepyaciag. TIa mapddsiypa,
yla va vdornownBel pia ripdobeon eivarl anapaitmto va petadepbouv ta dedopéva amnod v
ECHTEPIKI] HVIIAN OTOUS KATAXWPNTEG, VA EKTEAEOTEL 1] TIPASH Katl 1o arotédeopa va otadet
otV e§RTEPIKY Pvnpn ya arobnkeuor. Xpesialdopaote SnAadn:

1. 2 evtoA£g yia tn petagdopd twv dedopivav
2. 1 evtoAn yuwa v npocBeon

3. 1 evtoArn yia tnv anodKeuorn TOU anoteAéopatog

ZUVvoAlka 4 £VIOAEGQ

H vlornoinon ornowacérmnote diepyaoiag mpernet va diaomnaotei oe rmoAvu arnAd Prpata,

ta ortoia Ya extedoUv pia Ao TG APAKAT® AETOUPYieg:
1. Metagopd 6edopévav and Kkat mpog T JPvHpn
2. Enetepyaoia tewv 6edopévev mou unapyxouv otoug KAatayX®pnteg
3. AAAayr) tng porg Tou npoypdppatog pe dtardadmoeig

Ot evioAég autég yivovtat avulAnItég anod tov enegepyaotr) oav pia adAndouyia aro 0 kat
1 (mmx. n evioAr] ipdobeong prnopet va potadet pe 0111100111101111). Auto 1o eminedo
ouyYPadns MPoypappdtey ovopddetal yAoooa unyavrc Kat eivat 1o xapnidtepo duvatd!?,
O mpoypappatiopog oe tétoto erinedo sivat e€aipetikd duokodog, 101t 1 KGOe evioArn Sev

propei va yivel apeca katavontr) and KAnoov rnou d1abddet 1o pdypappa (6 ouvdéetal

2000 Mo MEPYPAPIKY KAl AQAIPETIKY] £ival 1] YAGOOA IPOYPARHATIONoU, 1600 UYnAdtepo yivetatl to

erinedo mpoypappatiopou.
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pe karnowa meptypadrn oe AeSKoAoyiko ertinedo). Ermumdéov, n ouyypadr] evog peydlou
apBpou and 0 kat 1 eivatl e§aipetikd KOUPAOTIKY Kat PIopei eUkoAa va odnyrjoet oe o-
@pdApata (mapdAslyn KAMoOV Pn@iev 1 TpoodnKn emA£ov) ta oroia yia va 610p0wbouv
mpérnet va yivel ernadnBeuon kabe yndpiou €€ apxng. H Avon oe autd ta ripoBArpata npbe
HE TV avilotoix101 TV EVIOA®V 0€ PKpAd ovopata (ta oroia ovopdalovial pvnpovika) Kat
givatl ene§nynuatkd og npog t Asttoupyia toug. Anldadr, oty eviodr] ripdobeong Eyive
1] AVT10TOiX101) TOU pvnpovikou ADD, 10 011010 P0Alg avayveoTel arno KAoov UrodnAovet
dpeoa nwg npokettal ya mnpodcbeon. duokd, yia va yivel 11 petdBaon amod 1o AEKTIKO
ertiniedo oto 6uadiko eminedo eivar anapaittn n xpnon £81KOU npoypdppatog rmou Sa

petappdadetl ta pvnpovika ovopata oty aAAnlouvyia teov 0 kat 1 (Assembler).

H xprnon tov pvnpovike®v ovopdtev 0dnyel apéomnsg o YAOood mpoypapiatiopioy mou
Bpiloketal éva erminedo UPnAOTEPO ATO T YAGOOA PNXAVIS KAl TO OVOld TTOU TG £XOUHE
8ooetl eival oupBoAikn yAwooa (Assembly). Ot oxedlaotég kdbe eneepyaotr] avarapBa-
VOUV vad AVTIOTO1Xi00UV €va PVNIOVIKO Ovolld O KAOE €VIOATL) TTOU UIMOPEL va EKTEAECEL O
eneepyaotr)g Kat y'autd 1o Aoyo kaBe oupBoAikn) YA®ooa ouvBEéetal e €va OUYKEKPTIEVO
eneepyaotr] 1] Y1 OUYKEKPIHEVT opada enedepyaoctwv (01koyevela). Auto onuaivel rwg ot
EVIOAEG TG 0UNBOAIKNS YA®ooag tou enegepyaotr] ARM946EJ-S eival Siadpopetikég and
T1G evtoAég tou Intel Pentium 4 1) tou 80C196KB, 61611 kaOe enelepyaotrig urtootnpilet 61-
aPopeTIKO oUVoAo eviodav. H oupBoAikn yAwooa av Kat Stadépet amnod i) yAoood Pnxavng
OTO YEYOVOG OTL £104YEL XPNOT AEKTIKOV OVOUATOV, OUVEXILEL va £XEL TO PEIOVEKTNHIA TTOG
anattel v neptypadn kabe pikpov Prpatog, £101 dote va neptypadel mAnpag n diepyacia
tou xpriotn. I'a kabe Sabikaoia enefepyaociag Hedoptvav, 0 IPOYPAPPATIOTG TPEIEL Vd
@POVIioE! KAl yia tv petagopd Kat arnobrkeuorn tov dedoptvav mpog enetepyacia. Apa o
poypappatiot)g oe oupBoAikn) yAwooa ¢ xpeladetal va eotiadel Povo ot eptypadn) g
Avong tou mpoBAnpatog, aAAd kat oto g da Slaxelplotel TOUG MOPOUG TOU CUCTHATOS.
AUTO 10 PEOVEKTNHA TO TTAPAKANITIOUV YA®OOEG TIPOYPAPLATIONOU 0 UYPnAdtepa ertine-
6a, ontwg C, FORTRAN, BASIC k.a.

H oupBoldikn) yAoooa rapouotddet ripoBArjpata, oneg ) ege1dikeuor) 10U poypappatog
O€ £€va TUIIO EMELEPYAOTAOV, 1] MEYAATN £KTAOT IPOYPAPMIAT®V IIPOKEIIEVOU va UdortoinOel
pa Sepyacia kat n Suokodia otnv cuvifpnon Kat Katavonon evog kodika'®, Ermmiéov, ot
YA®OOOEG UPNAOTEPOU £TIESOU PITOPOUV VA UAOTIOW|00UV TG 161eg iepyaoieg pe PKPOTEPO
XPOVIKO KOOTOG (Y1a va avarttugoupe pia epapiioyr) oe cupBoAkr| yAoooa xpetadetat va da-
TIAVAHOOUHE TTIOAU XPOVO, 0€ 0X£€0T] e TO XPOVvo 1ou 9a ¥petaldpaotav av Xprotlornoloucajle

) yAoooa C my. pa rpoobeon kataypadetatl oty C oav a = b + ¢;). To npoBAnpa rou

3Me tov 6po ouvtripron evvooupie T0 BaBuo6 sukoliag rou 9a éxet 1) IPOoIABela EMEKTAONS 1) KATAVON oINS

€VOg KMB1KA APKETO KApd PETd TV avAartudr) tou Kat and §iadopetkd datopa.
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eppavidetal pe 1§ YAWooeg UPnAoU ermIedou eVIOTIEETAl OTO YEYOVOS MG O EKTEAECIIOG
K®OO1KAG IOV ITapayetatl reptéxet mAeovalouoeg evioAég, 8101 1 S radikaoia tng pertadppaocng

ou axkoAouBeital yia KOdika 1oV UPnAou emItedou YAOOO®V XPIOHIOIIOEL TEXVIKEG ITOU

napdyouv yeviksupévo'*

KAl 01 OTOXEUNEVO 0TI MPAYHATIKL apXlIEKTOVIKI] KOdika. I'a
napadetypa, otov napakdre kadika {a =b + c¢; d =b + ¢;} 0 cupBoAopetappaotrig compiler
g C 9a mapdyel 1a Mapakate PHPATa 1IKAvd va eKIEAECTOUV A0 KAOe apXITEKTOVIKY) :
1. IIpooxkoppton tou b
[Ipookopption tou ¢
[IpooBeon.
ArnoBrjkeuor oto a.
[Ipookdppion tou b.

[Tpookdppion Tou c.

[IpooBeon.

® N o g ok W N

ArnoBfrkeuon oto d.
Ot mapandve eVioAég MPOPaAv®S PITOPOUV VA UITOAOY10TOUV ITOAU IT0 arodotikd pe :
1. IIpooxkoéppion tou b.
2. TIpookoéppion tou c.
3. IIpo6obeon.
4. Anobrkeuor oto a.

5. Amno6nkeuor oto d.

Mze tov 6eUTEPO TPOTIO ETTAXUVOULLE TNV EKTEAEDT] NG EKPPAOTG, H10TL apaipoulie AXPNOTeg
eviodég. O petagpaotng g C dev propet va gracet ot 1€1010 Fabpd BeAtiotonoinong, 616t
npokettal yia Aoyikr] Bedtiotonoinon kat oxt aAyeBpikn'®. Apa, o Pacikdég Adyog exkjd-
9nong tng oupBoAkng yYAwooag eivatl r Suvatdtnia rmou rpooPEPEL yia avArttudn THNRATOV
TOU MIPOYPAPHATOS HaAg TTOU anaitouyv tayxutntd 1 Hikpo péyebog kwdika. EruumAéov, ot
PETappaotég 10V YA®OO®OV UPnAou ermedou fev urootnpidouv pe v i61a eukoAia OAeg
TG EVIOAEG YAOOOAG PNXAVHG TOU EMECEPYAOTH], OITOTE AV XPEIAOTOULLE KATTOla arod autég Sa
TIPETIEL VA TV KaAéooupe PEo® oUPBoAKNG YAwooag. TéAog, 1 aroodpaApdimon) evog KOdt-
Ka (to oroio propet va €xet @riaytel pe onotadnrote yAwooa mpoypappatiopou) yivetat
oe emtinedo oupBoAikng yAoooag, 6161 n Sadikaoia meptdapBavet ) Pnpatiky eKTEAEON
TV eVIOAGV ING YA®ooag pnxavrg. Ao 1 OTyHr IoU Yivetdl 1] PETAdpacn £vog Tpo-
ypappartog dev eivatl duvatn 1 avakinon tou nnyaiou Kadika os popdr) vwning yAwooag

npoypappatiopou. ‘Etol, yua va gdéyoupe neputiwoelg opalpdiov Katd v eKEAEoT)

“TIveaotdg Kat og evB1aecog KOEKAg
15H Aoyikr) BeAtioTomoinan éxel oxéan pe Tov aAydplOpio mou ermAéyoue yia v ertiAuct) evog mPoBAHATOG.
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TOU MIPOYPAPATOG, TIPETIEL VA XPIOHI0II0I|00UE €101KA epyaAeia (armoopaipatmieg - de-
buggers) ta omoia Sieppnvevoouv tov KOSIKA Pnxavig PéEXPL 1o eminedo g oUpBoAIKNgG
vAoooag. IIpopavag 1 ekpddnorn g oupBoAKng YA®ooag ouvdéetal apeoa pe ty eKPda-
9non g APXITEKTOVIKEG TOU KABe £Medepyaoty] KAl TV 181aitepeVv XAPAKINPIOTIKOV TTOU
€xel. Autn 1 yveorn Bondd tnv anoteAeopatikotepn ouyypadr rmpoypappdiav, diot é-
XOVTag KAaTavor|oel KAaAUTepa TOV TPOIo HE Tov oroio avudpd o erefepyaoctr)g otnv KAbe

£VIOAI], JITOPOUHE VA OUVEUACOULIE TIS EVIOAEG PETASU TOUG TTOAU TT10 ArtoSotikd.

M\npo@opiakad . . .

O1 ene§epyaotég g oepag i386 1) i686 (ry. Pentium 4 1) Athlon) kataokeudovrat ard Stadope-
TIKEG €Ta1pieg, aAAd €X0OUV o€ €va PEYAAO ITO0OOTO KOO UvoAo eviodmv. ErumAéov, diatnpouv oto
OUVOAO EVIOA®V TOUG KAl EVIOAEG Ol OITO1EG UTI|pXaV O TIAAOTEPA POVIEAd, OMKG ItX. otov 486. Me
autd tov TPOro e§aoPpaAiletal n ApPOVIKY EKTEAEOT] TV EPAPPOY®V O KAOe eneepyaotr), Onwg Kat
1 eKTéAeon NAA®OV epappoynv. Puoikd, 1 KAOe etalpia POoPEPEL KAl ETMITAEOV EVIOAEG, Ol OITOiEG
8ev UMIAPXOUV OTOUG EMESEPYAOTEG TV AVIAYWVIOT®OV, Ol OI0ieg £XOUV OXEOT HE TV augnorn g
artodoong. IMa va yivel ePiktr) 1 XP1o1n aUTOV IOV EVIOAQV IPEIEL VA XPN o100t 00UV KatdAAnia
npoypdppata odnyot (drivers) aro 1o Asttoupyikd clotnua (poypdappata ta oroia ekteAouvial
pe audnuéva Sikawpata o erineo muprva Kat £€X0Uv oTtOX0 TV AVIIOTOIX101] H1ag YEVIKIG St-

adikaoiag otig eviodég autég). Eva onpaviko tphpa 1oV IPpOypappdIov autev €xel avartuy el

ot oupBoAKY) YAOOOA TOU AVIioTOLX0U eredepyaotr).

3.2 GNU Assembler

To mpdypappa rou Sa XPnolono)0oUE Yid 1] PETaPpaot) anod 1) oUPBoAIKY| YAQO-
oa o YAwooa pnxavng eivat o GNU Assembler (gas). 1o AT91 xpnotponoloUpe to ovopa
as yta tov GNU Assembler. O as &é¢xetat oav £i0080 1o rinyaio apyeio pag!® xat napdyet
10 exteAéotpo apyeio. Ot evioAég tng CUPBOAIKEG YA®OOAG £X0UV OUYKEKPIPEVT) KAl OL010-

popdn Sour n oroia eivat:
[etikéta :]<KENO>&evtoAnj<KENO>8sbopéva [<KENO> Q oyxoAiq]

To mpoto medio eival 1 eukéra kat eneldr) dev eival UNOXPERTIKO va avaypadetal o
KGOe ypappr, yrauto kat eivat avapeoa ota | |. To <KENO> urnopei va anotedeitat anoé

ortolovorote ouvdwaoo aro spaces 1 tabs kat dsv AapBavetat urt oY 1o pEyebog tou

IInyaio ovopddetat 1o apyeio rmou nepiéxet OV KOBIKA 11ag
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(mavta Sewpeital oav éva space). To medio g EVIOANG MEPIEXEL TO PVNIIOVIKO OVOPA NG
evtoAr|g (. ADD, MUL, ORR k.a.) 1] KAmowa €VioAr| Ipog tov 1610 tov as ywa va tov
EVINIEPWOEL TIOG OF €KEIVO TO onpelo mpémet va ouveyioel ) PETAPPAOT) e CUYKERPIIEVO
1poro. Ot ege1dikeupéveg eviodég 1pog tov as ovopdadoviat vupektiBeg. To medio twv
6edopévav propet va mepiExel eva ouvduaopo ano Kataxepneg, apibpoug n dieubuvoelg
KAl TO TIEPIEXOHEVO TOU eSioU £XEL OXEOT € TNV EVIOAT] TTIOU eKteAeital. AnAadr), n popor)
Kal ta meplexopeva autou tou nediou kabopilovial anod tnv eviodr]. TéAog, to ocupBolo
@ ypnowpornoteitat otav 9€Aoupe va pocHEcoupe Eva OXOA10 PETA TO TEAOG NG EVIOANG.
To keipevo 1ou akoAoubel 10 @ Sev AapBavetal UIT oYV Ad TOV as KAl XP1oloroleital
arnd 1oUg MPOYPAPATIONES Yid va TPooBETouv oxoAla oe Kpiowia onpeia. H kaBe evioAr)
katadapBdvel povo pa ypappn, dndadn dev pnopet va Siaxwpiotel 1o EPIEXOEVO TG O
duo 1) eplo0dTEPES YPAES.

Ensdfiynon

ﬁza akoun oupBolo yla oxoAwa eivatl to /*...*/’, érou 1o Kelpevo avapeoa ota ‘/%
*/? 8ev AapBavetatl UIT oYy aro 1o PETadpaot) Kat propel va exktadel oe 60eg ypapuesg
etvat emBupnto. Na nmapadsypa:
/*
All this is a big comment
MOV R2, R2, LSL #4
ADC R2, R1, #15

o A

3.2.1 Eukéteg

[ToAAég @opég, Katd v eKTEAEOT) TOU Mpoypappatog eival ermbupnt n aldayn g
PONG eKTEAEONG KAl 1] H1aKAAS®ON 0 H1APOPETIKO ONIEIO, £T01 OOTE VA EKTEAEOTEL OUY-
KEKPIPEVO TUNHA Tou KOdika pag. Ta va yivel epiktr) n StakAadwon eival anapaitnto va
yvepioupe i deubuvon g evioArg otnv oroia Sa petaBel n extédeon. EmmAéov, kabe
(POpPA TIOU eKTeAgital éva pdypappda, ot §1eubuvoelg otig oroieg Bpiokovial o1 eVIOAEG &i-
vat Stapopetikég (e§apratal amo 1o Aetoupy1Ko cuotnpa 1o rou da evioruotei onpeio g
PvNung rmou va 1ab€tetl Tov anattoUpevo X®po yia va popt®Oet to ipoypappa), dpa dev -
ropoupe va g yveopitoupe €€ apxng. 'a va Aubouv autd ta rpoBAnpata, Xpnotplornolovjie
oxetkEG H1eubuvoetg. ITo ouykekpipéva, av Xpelaotel va ekteAécoupe pia dStakAadwor) oe
dlapopetiko onpeio, mpooHEToupie (10oduvapa apaipovpe yla dipata / SiakAadwoeig rpog
1a Iiow) Vv anootacn PEXPL EKEIVO To onpeio OTov PETPTy) TPOYPARHATOg KAl 1] POn 1§
extédeong petaBaivel exel. Ta va vdomou)oet o as ) Asttoupyia autr) Xprnotporotet oav

evbeigelg Tig eukéteg. Katd ) ouyypadr) 10U ipoypappatog, otav d€doupe va ekteAéooupie
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pa S1axkAabwor) os 61aPOPETIKO ONIEI0, XPTOTIOIIOI0ULE TNV ETIKETA TTOU £X0UHE avab£oet
oe exeivo 1o onpueio kat o as uroAoyidel avtopata v anootaot). 'a napddeypa:
LOOP:MOV RO, R2@R2 — > RO

CMP RO, #4 @ RO == 4 7?7
BEQ LOOP @ If(RO == 4) Goto LOOP

To évopa g eukETag Propet va anoteAeital and toug xapaxktpeg A. .. Z, a...z, 0...9,

_ KOl OT0 TEA0G TIPETEL VA UTIAPYXEL 0 XApaKtipag =’ Xwpig kavéva kevo evdlapeoa. Ta

napadeypa:
LOOP: 2010
LOOP : Aadog¢ (YTIapXel KEVO TPV TO :)
_LOOP123bf DataAREA: ZX&o01t0
@df.#Number926*: Aadog (TlepiExel P eMMIPENTOUS XAPAKTNPES)

Fevikd, 1a ovopata 1OV eUKEIOV eival Kadd va meptypddouv 10 AOY0 yla ToV ortoio
ernAgape va ONPE®OOUNE e TV €UKETA TtV eviodr]. Ta mapadeiypa, av 9édoupe va
vlorourjooupe éva Bpoxo, ta ovopata mnou taiptadouv eivat to LOOP 1) 1o WHILE. Autn
n npooéyylon PBonbd otnv avayveopdinta tou mpoypdppatog, On®g Kdl otV aroduyr)
opaApatev Adye ouyxuong ovopdtov. H emdoyn plag seukétag pe to ovopa A3bfd eivat
£yKuprn and mieupd Ae§ikoAoyikwv Kavovaev, addda dev Bonbd otnv katavonor tou Aoyou
urnapdng mg. Xpelddetal mpoooxr) oty mAOyr OVOHATog €KETag, 810t dev mpérnet va

etvat 1610 pe 10 PVNIOVIKO OVolld KATIOlAG EVIOATG 1] KATTOWAG VIIPEKTIBAG.

3.2.2 Nupektibeg

O as propet va 6exOel eviodég kata ) Sadikaoia g PETAPPAONS, DOTE VA EKTEAEOEL
KATIO1a CUYKEKPIIEVT AEITOUpYia 1] va pUNVEUOEL TOV KOSIKA TTOU oUVAVIA Ao £KEIVO TO
OnJElo Kat Petd pe e161ko tporo. H yevikn popdrn) toug eivat . <directive> [params], orou
1o <directive> eivai to évopa ng vipektiBag Kat [params] pia Alota pe mapapérpoug rou
eCaptovral and kabe viupektiBa. O1 eviodég autég rapouotadovidl GUVOITIIKA OTOV ITivaka
Nrpektibeg (keg. 3.2.2, ogd. 41)17.

"Ia ia minpen Aiota ano Tig vilpeKTiBeg TOU as ermMOKePIeite T0 WWW.gNU.org
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NupektiBa TIIepiypadn

.abort Ztapatd n Swadikaoia petappaong.

.align ToroBetel ta 6ebopéva oe otoyiopéveg Sieubuvoeig.

.arm Inuatodotei tnv £évapdn tou KOdiKa.

.asciz ToroBetel strings aApap1OunuKov.

.byte ToroBetel bytes.

.data ToroBetel ta enmdpeva apOunuka Oedopéva oe ouy-

KEKPIEVES DEoETg.

.equ Avtiotolyel pia tun os éva oupbolo.

.global AnAwvel éva kaBoAikd ripoorteAdotpio oupBolo.

.hword Tomobetel halfwords.

if Extelel 1oV KOS1KA TTOU T0 AKOAOUDOEL, av 10XUEL 1] OUVONKI)
tou if.

.nclude Ewodyet 1ov KOd1ka AAAou apXeio OTo TPEXOV.

.text ToroBetel 1oV K@OKA TOU aKOAOUOEl O OUYKEKPIPEVY)
S¢on.

.word ToroBetel words.

[MTivakag 3.16: NtipextiBeg

.abort

MOoAig ouvavtioel autn 1 vilpektiBa o as, da otapatnoel apéowng T PETadpact) Tou

IIPOYPANLATOG.

.align

H popon avtrg g vipektiBag eivat .align <num>, érou 1o <num> opiel Tov
apBpod, pe Baon tov omoio Ya yivel n ermbupnty otoixion. IToAAég @opeg, 9édoupe ta
b6edopéva va torobetovivial oe H1eubUVOoELg TTOU AoTEAOUV aképala MOAAATAdola KATIO10U
ap1Bpov (yla tapddetypa, ot tijég tov words tortofetouvial os d1eubuvoelg rou eivat moA-
Aamddaota tou 4). Me v .align pmopoupie va tortofstrjcoupe ta 6edopéva rmou akoAoubouv
€ TETO10 TPOTT0, £101 WOTE va EEKIVOUV arto H1eubuvor) rou eivatl rmoAAarAdoio tou <num>.
O1 9¢oe1g pvnung ano to tedevtaio 6ebopévo mou ToroBeTONKe, PEXPL TV OTOLXIOHEVT)
dievbuvorn, dev ypnoworowouviatl. 'a nmapadetypa, pe v .align 6 Sa avaykdooupe tov
as va toroBetroetl ta enopeva dedopéva otnv Sieubuvon mou eival 10 TANCIECTEPO TTOA-
AarAdoto tou 6 (av to tedeutaio Hedopévo tomobetnOnke otnv 0x8000, to emopevo Sa

tortoBetnBel otnv 0x8004 kat ot 3 evdiapeoeg Yoelg Sa peivouv axpnoponointeg).
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.arm

Me auty] TNV €VIOAN EVNHIEP®VOUNE TOV as OTl TPETEL va rmapdayel Koadika 32 bits. H

vilpeKtiBa autr mpermnet va torobeteital otnv apXr) ToU MPoypAppatos.

.asciz

Me autr] Vv €VIOAI] EVIIIEPOVOUNE TOV as MG akoAoubel éva adpaplOpnuko string.
H yevikn popon g vripektiBag eivat .asciz “<string>"’. I'a napadsiypa, o1 mapardte
EVIOAEG opidouv v etiketa lesson wg Seiktrn tou string “Assembly Cource” kat v €UKETA
CPU g 6¢iktn tou string “AT91SAM9261”:

lesson:

.asciz ‘““Assembly Cource”
CPU:

.asciz ‘“AT91SAM9261”’

.byte

Me autn] VvV €VIOAN EVNHEPWVOULE TOV as M®G AKOAouUBel pa oepd amo bytes. H
YEVIKY] Hopd1) NG vilpeKtiBag eival .byte [,<value>]*, omou 10 <value> eivai pia 8 bit
Tiur). Mropoupe va opicoupe pia oglpd ard tpég, ot ornoieg da dayxwpidovial petadu
T0Ug pe KOppa kat 9a toroBetnBouv otnv pviun oe Siaboyikég 9éoeg, Eekvmviag anod v
AT TP, 1 ortoia 9a torobetnBel otnv pikpdtepn Sievbuvor. IIpoooyr| xpetddetatl otnv
Kataypar) tov Tipev, 810t 0Aeg mpénet va Ppilokovial oty 1dia ypappr (av eivat oAAEg,
Xprotpornoteiote v vilpektiBa mdAtl, otnyv enopevn ypapun). Ia nmapddeiypa, ol evioAég

ou akoAouBouv torobetouv H1adoy KA ot PV ta napakdte bytes:
.byte 0x35, 0x42, Oxaa, 0x68
.byte 0x12, 0x60, Oxba, Oxcd

.data

Me autn v evtoAr) 1601o10UE 1oV as g Ta dedopéva mou Sa akoAoubrjoouv mpEnet
va ta TOroBETNoel 010 TUHPA g PVAHNG Tou Seopevel yia va tornobetel pn-otabepd Se-

Sopévals.

.equ

Me v eviodn autr) opioupie €va oURBoA0 ®G evepyO Katl Tou avadétoupie pia tir. To

oupBolo autod dev xpnoponoteital oto mpoypappd pag (6ev Seopevetal Xopog yia auto),

8Ta pn-otaBepd Sedopéva eivat autd, tov omoiev ) tipr) aAAddel Katd v eKTEAEOT) TOU IPOYPAPIATOS
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aAAd xprnotponoteital yia va aviiototxet ovopata oe tpég (weudovupa). H popor) tou ei-
vatl .equ <symbol>, <value>, 6riou <symbol> eivat 1o ovopa kat <value> n T oty
orola avtotoryi¢etal. Ta mapddetypa, pe v eviodn .equ FunnyVal, #0x12345678,
avtiototyoupe to 6vopa FunnyVal otnv tipr) 0x12345678 kat priopoupie va Xprotpootr)-
ocoupe 1o FunnyVal cav va xpnowpornotouvoape tov 1610 tov apiBpo. Xpeiadetal pocoxr)
WOTE VA Y1V XPIO1HOIO|COUHE PUVIHOVIKO OVOUd EVIOANG 1] ETIKETAG OTO Ovolld TOU OUH-
Boldou, 61011 0 as av Bpet pla evioAn 1) €ukera pe ovopa i61o pe tou cupBolou, Sa 1o

EPUNVEVUOEL OaV TNV T TTOU £XOUHE AvtloTolyioel oto oupBoAo.

.global

H popon tou eivat .global <label>, 6mou 1o <label> eivat n etkéta rmou 9¢Aoupe va
opiooupe oav kKaBoAikr). Me autr] Vv €vioAr] £150IO10UNE TOV aS MG IPETIEL VA E10AYEL
Vv €uKkela mou 9éAoupe, ot Alota twv cUPBOAGV MOU PIToPoUV va IMPOCIEAACTOUV Ao
dAda ipoypappata. ‘'Otav évag Petappactig Iapayel 10 eKTeEAEoII0 Tpdypappd, ouvr0wg
bev 10 Kdvel o éva Brjpa. Zav npwto Brpa, mapayet éva evdidpeoo apxeio mou meplExet
TOV eKTEAEOTH0 KOOIKA Pag Kat TG petaBAntég pag (to eviiapeoso apyeio ovopddetat object
file). Av to mpoypappd pag xpnotpornotei kwdika anod rmoAdd apyeia, tote oto npwto Prpa
9a yiver n napaywyr) 6deov twv object files (éva yia kabe mnyaio apyeio kddka). Zto
devtepo Prpa (yvootd og Siacuvdeor - linking), S9a avaddBet va eAéyel roleg ouvapTHoelg
Kadouvial avapeoa ota apxeia kat Sa ocuprieptAdBel POVO AUTEG OTO TEAIKO EKTEAECIHO0
apxeio (av kamowa ouvdaptnon 6ev kKaleital moubevad, oto evdiapeoo apyeio Sa uvnapyet o
eKTEAEO1110G KOOIKAG TNG, AAAd 010 TeAk0 dev 9a oupriepidngOei). Emiong S9a avakinbouv
0€ aUTO TO 0TAd10 o1 arnattoUpeveg BaoikEG ouvaptnoelg arno tg BiBA100rkeg object apxeiwv
g YAoooag. Ma va propéoet va Bpet Tig oUvaptr|oeig IToU rapexel Kabe evdiapeco apyeio,

£&etddet ) Alota KaBoAKGOV ocupBoA®Y.

.hword

H evtoAr) autr) €xet v 161a akp18ag Aettoupyia pe v .byte, 116vo IOU TOpaA PITOPOUE
va toroBfstovpe ot Pvhpn Tpeg eUpoug 16 bit. Ia nmapadetypa, ol tipég rmov elor)xOnoav

pe v .byte Sa priopovcav va gicaxBouv oav:

.Jhword 0x4235, 0x68aa
.Jhword 0x6012, Oxcdba

Iapatnpeiote g 1 avaypad:n tov aptlduov xet gawvopevika adddadet ) oelpd v bytes.
v paypatkotta, 1 addayrn avtn ivatl ermBeBAnpévr, 6101t 10 IEPLOcOTEPO ONPLAVIIKO

byte evog halfword tomoBeteital oe peyaAutepn dieubuvorn arr’ott 1o Atyotepo onpavilko.
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Jif

Tnv eviodn .if 1 xprnowonolovpe yia va eAéySoupe v T evog oupBolou mou £xet
dnAwbel pe v eviodr .equ. 'Onwg Kat 1 .equ, Sev MAPAYEl EKTEAEOII0 KOOKA, aAAd
UIopel va repkAeiel KOS1KA KAl va EMTPEIIEL OTOV as vd TOV CUUITEPIAABEL, av 1 ouvlnKkn
Tou Kkavoroteitat. Ma napddeypa, o mapakdtm KOGKAG :

.equ DEBUG, 1

.if DEBUG

MOV RO, #0x30

.else

MOV RO, #0x10

.endif

ene1dr) €xel avabéoet v ipn 1 oto oupBoAo DEBUG Sa ikavorowjoet v ouvOnkr) tou .if
Kat o as Ya ocuprnieptddBet v evioAr] MOV RO, #0x30. Av 6ev 9¢Aapie va evepyomoirjcoupe
auto 10 XAPAKINPIOTIKO OT0 IPpoypappd pag, o as 9a ocupneptdapBave v eviodny MOV
RO, #0x10. H yevikn] pop®r) g evioAr] eivat:

.if <expression>

.else

.endif

To .else 6ev eival arapaitnto va Umdpxel KAl 10 poodetoupe av JEloupe va Xpnot-
HOIO|00UE EVAAAAKTIKO KQO1KA, OINV MEPIMI®OT ITOU 1] ouvOnKn dev 1oxvetl. To .endif
onpatodotel 1o T€A0G NG MEPLOXIG MOU eAEyXETAL ATO TNV €VIOAn .if kat eival anapaitnto
va unidpxel. To <expression> eivat pa apOunuky ékppaor, 1 ornoia mpémnet va sivat

Yetkn) yia va oxuet (av eivatl 0O dev 1oxUvel).

.include

Me autr] Vv evioAr] ocupnepldapBdavoupe otov KOd1ka pag 1ov Kodika evog daAAdou
nnyaiou apxeiou assembly . H popon tng eviodrg eivat .include “<file>’’, 6rou to
“<file>" eival 1o ovopa tou apxeiou rmou YéAoupe va oupreptddBoupe. I'a napadeypa,
av oto apyeio first.s undpyet o KOOIKAG:

.data
ByteArray:

.word Oxcafebaba, Oxdeadbeef, ...
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Kat oto apxeio second.s Untapxel 0 KOdKAG:

.include “first.c”’

LDR RO, =ByteArray @ addr(ByteArray) — > RO

0 as 9a petappdoet 10 apyeio second.s oav va ouvaviouoe Tov KOSIKA :

.data
ByteArray:

.word Oxcafebaba, Oxdeadbeef, ...

LDR RO, =ByteArray @ addr(ByteArray) — > RO

.text

Me autn] v €vioAr) £180mo10U e TOV as MG ATIO EKEIVO TO ONHEeio Kat petd, da akoAou-
Onoet extedéopog kodikag. IMa mapddeiypa, ot MAPAKAT® yYpappes evadldacoviat ot
rieplox€g Hebopévav Kat KOOIKA :

.text

LDR RO, =ByteArray @ addr(ByteArray) — > RO

.data
ByteArray:
.byte 0x35, Oxaa, 0x22, ...

.text
LDR R1, [RO, #0x01] @ Oxaa — > R1

.word

H evtoAr) auth €xet v i61a akp1Bwg Asttoupyia pe v .byte, povo mou 1Opa PIriopouie
va tortoBfstovpe ot pvhun Tpeg eupoug 32 bit. a nmapadetypa, ot tipég rovu elor)xOnoav

pe v .byte Sa priopovcav va gicaxBouv oav:
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.word 0x68aa4235
.word Oxcdba6012

3.3 Iapadeiypata

O kalUtepog TPorog yia v e§oikeinon pe ) yAoooa Assembly kat tnyv owotr] ekpd-
9non g eival péoe g KAtavonong mPoypapdtev Katl avamntuéng véav. I’auto kat oe
auty) v evotnta da napabécouiie pia oelpd and npoypappata Assembly, 9a e§nyrooupe
1 AOY1KI) TTI0U 081y 0€ OTOV TPOITO AVATITUSHS TOUG KAl T0 TG oUuvEudlovtal [ Tig EVIOAEG

KOl TV apXlIEKTOVIKL) TOU eredepyaoty] Pag.

3.3.1 Mecstagopa 6edopévev eupoug 32-bit

Metagopa Sedopévav eupoug 32-bit

1 .arm

2 .text

3 .global main

4

5 main:

6 STMDB R13!, {RO-R12} QAmodnKevouue TOUG KAtay@ENTES TOU Tuyov 9a X0NOYUOTOU|COUUE OTO
0WPO TOU OUCTHUATOG

7 LDR RO, =Value QEwoayouue otov RO ) &ievduvon mou onuatobotei n euketa Value

8 LDR R1, [RO] QEwdayouue atov R1 v uurn mouv Bpioketar otn dievduvon RO

9

10 LDR RO, =Result QEwayouue otov kataxwpnt RO t Sievduvvon g 9€ong uuvnung omou
9a arodnrevoouue 10 anotéAsopa

11 STRRI1, [RO] QAmrodnKevouue v tur tou R1 ot 9¢on pvnung mouv mepiéyet o RO

12 LDMIA R13!, {RO-R12} QEmava@époue g apxuces TES OTOUS KATaXWPNTES TTOU TUXOV X0t
uomowmoaye

13 MOV PC, R14 QMeragépouue m porp g eKktéfleong oo onueio onou kKANdnNKe n
ouvapmon main. Auto 10 onNueio aviKel 0to JIEToUpytko ovotnua Kat
glvat anapaitnto va emOTPEWOUUE EKEL, DOTE va ouvexioel N eKTéfeon
OV UTOFOm®V TPoypapuuatov, ajiid Kat yla va UTopoUls va E0AYOUUE
evtoflég oto Linux shell

14

15 .data Q@Opifoupe ou ta mapardie bebopéva Ja 1MoV OTNV TEPIOXT
"data” mwouv opiler avtduara 1o Asttoupyucd ovotua, yia ta debousva twv
TOOYPAUUATHV

16 Value:

17 .word OxCAFEBABA QTo éebouévo OxCAFEBABA tonodeteitar oe 9éon pvnung n omoia
onueidvetar ue 1o ovoua Value

18 Result:

19 .word O QTo anotéfeoua 9a 1onodemndei otn 9¢on pvnung Value+4 1 Result
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Eyxepibio xprjong AT91

Z10 maparndave npoypappa ektedéoape t perapopd tov 32 bit Sedopévev aro n

9¢on pvrung Value kat ot 9éon pvhung Result. To oupBolo “=” mou Bpioketatl mpv

ano g Yoe1lg pvhung Xpnotponoleitatl yia va arnobnkeutel otov katayxepnty n S1eubuvorn

mou onpatodotel n eukéta Value 1) ) Result. Tlapatnpeiote eniong v anobnkKeuon tov

KATAX®PNIOV 010 00pd TOU ouotipatog (eAéyxetat ano tov R13) mpwv apyioet n ektéAeon

TOU MPOYPAPHATOS 11ag KAl TNV avAaKInot] Toug, PE TV OAOKANP®OT TOU IIPOoyPAPatog.

Emiong, onpeiwote g eivatl anapaiinto va ovopdoouie v apX1lKr ouvdaptnon pag (pe

Xpron etikétag) main kat va v dnddooupe oav .global, ®@ote va v eviortioet 1o ouotnpa

étav npoomadroet va extedéoet 10 pdypappd pag'®.

3.3.2 '‘A6poion apiOpwv evpoug 32-bit

‘ABpoton apOuov eupoug 32-bit

N O oo 0N

10

11
12

13

14

15

16

17

18

.arm
.text

.global main

main:

STMDB R13!, {RO-R2}
LDR RO, =Values
LDR R1, [RO, #0]

LDR R2, [RO, #4]

ADD R2, R2, R1

LDR RO, =Result

STR R2, [RO]

LDMIA R13!, {RO-R2}

MOV PC, R14

.data

Values:

QAmrodnKevouue ToUg Kataxwentes Tou 9a xpnoYLOTOU)COUUE
Q@Ewayouue otov RO ) &ievduvon mou onuatobotei n euketa
Values

Q@Ewayoupe otov R1 10 TepleyOUeVO g UUNUNG OTO OTOILo
Seixvet o RO

QEodayouue otov R2 10 mepieyopevo g punung mov Boioketat
4 9éoeig uera anod avty wou deiyvet o RO

Q@IIpoodétouue 10 TepiexOuevo ToU R2 Ue 10 TePIeOUEVO TOU
R1 xat 1o anodnkevovue otov R2

Q@Ewayouue otov RO ) &ievduvon mou onuatobotei n euketa
Result

QAmodnKevouue v tun tou R2 otn 9€0n puunung mou mepiéyet
o RO

QEmavagépouue Ti¢ apxikeég TUEG OTOUG KATAXWPENIES TLOU
xpenowonomoaue

QMerapépouue ) por] g eKtéAeong 010 oneio Omou KANndnke
n umopoutiva main

QOpifouue ou ta napardaiew dedopéva 9a tomodeIndouv otnv
neploxn "Data” mou opilet aviduata o Astoupykd ovotnua,
yia ta 6ebousva TV POy AUUATOV

QTa mapardiew O6ebousva tomoderovviar Oe UVNUN TOU
onuewvetal ano mv suksra Values

Y @ewpeiote mog T0 Gvopa main sivat mpocupgevnuévo ota GNU epyaleia.
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19 .word OXFFF00000

20 .word OxCDEF

21 Result: QTa maparxdiw b6ebopsva tomoderovviar O pULNUN TOU
onueiwveTaL ano mu euketa Result

22 .word O

Zto mpoypappa autd vdororjoapie abpoion avapeoa ota MEPLEXOPEVA TOV JE0EDV P-
viung Values kat (Values+4). H Siadwkaoia §exiva pe tnv avuypadr) tng dieubuvong 6rou
UTIApxel 0 IPWTog ap1lBpog otov kataxwpnt) RO. Autod to Pripa eivar anapaitnro, &0t
X®pig ) 61evbuvorn He pmopoupe va POoTIEAACOUNE TO TIEPIEXOHEVO AUTHG TS Y¢ong 1-
vijpng pe dAdo tporo. Amo ) OTyHI) ou yvepidoupe v 9éon pvnung oty ornoia eivat
ToTI00ETN1€VOG 0 ap1O10g, KAAOUHE TNV EVIOAN PETAPOPAG TOU HESOEVOU OTOV KATAX®PTH
R1. To &eutepo Prjpa eivat egicou arapaitnto, 10Tt 1) APXIIEKTOVIKT] TOU EMESEPYAOTL) PAG
Bev erutpénet v ektédeon nPagenv oe YE0E1G PVIIANG EKTOG TOU OUVOAOU Kataxwpntwv. Ta
buo Pripata avtd Sa ta akodouboujie avia, 0tav MPOKEeLTAl yia petapopd dsdopévav aro
T PVI)N TIPOG TOUG KATAX®PNTEG. LTI OUVEXELA MPETEL va UTIoAoyiooue ) S1eubuvor) tou
beutepou ap1Bpoy, yia Tov oroio 1o P16V rou yvepidoupe sival nog Bpioketat 4 bytes petd
ané6 tov nponyoulevo?. Tdutd kat Sieubuvoiodototpie tn 9éon Pvipng rmou Ppioketat 4
bytes petd aro ) Sievbuvon nou eixape anobnkevoet otov RO. H mpadn ng mpdobeong
xpnowporotet ta 6edopéva mmou Ppiokoviatl otoug R1, R2 kat 1o aBpoiopa 10 anobnkevet
otov R2. O oto)x0g pag eival va anodBnKeUooUE 10 TEPlEXOEVO ToU R2 0e ouyKeKpIpEvn
9¢on pvhung, n omoia eivat n Result. EnavaAapBavoupe ta Prijpata mou kavape yla
va PEPOUNE O €va KAtax®pntr) 1 dieubuvon piag 9€ong pvhpng Kal KAtax@PoUe OTov
RO 1 61evBuvon g Result. Me éppeon avagopd ot pvnun (6ndadn pe xpnon tou RO
g deikin) amobBnkevoupe ekel ta Hedopéva mou unapyouv otov R2. IMapatnpeiote g
n 9¢on pvhung Result 9a prmopovuoes va avagepbel kat oav (Values+8) av e 9¢Adape va

XPTO1I0TIO|00UE TV ermrAéov etkETa Result.

3.3.3 Zwpodg

Zopog

.arm

.text

.global main
nik

main:

STMDB R13!, {RO-R12, R14} QAnodnkevouue t0ug kataymwpntés mou Ya xpnoyonojcoupue

N o oo N

20@unnBeite mog o1 940e1g OTIG OMOieg TOMOBETOVVIAL O1 PETABANTEG OTr) PV Bev eival MPOKABOPIOPEVEG

KAl T0 AEITOUPYIKO OUOTNA IMAEYEL KAOE OPA TV MEPLOXT) TTIOU Sa TiG TOMOOETOeL.
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10
11
12
13
14
15
16
17
18
19
20
21
22
23

24
25
26

27

28

29

30

31

32

33

34

35

36

37

LDR R12, =Start

ADD R12, R12, 0x2C

MOV RO, #4
BL Push

MOV RO, #2
BL Pop

MOV RO, #0xF
BL Push

MOV RO, #0xF
BL Pop

LDMIA R13!, {RO-R12, PC}

/* PUSH
push:

STMDB R13!, {R4}
LDR R4, =Start

PushLoop:

CMP R4, R12

BHI PushOvr

STR RO, [R12]
SUB R12, R12, #4

SUBS RO, RO, #1

BHI PushLoop

*/

QEwayouue otov R12 ) §ievduvon mou onuatobotel n eukéta
Start

QTIIpoodérouue ot apxucn 6ievduvon tou gepou v tun 0x2c
= 4410. Me auvto tov 1pomno o R12 mepiéxel  Sievduvon tou
12o0v ototyeiov g Aiotag

QEwayouue v tun 4 otov RO
Q@QKajouvue v uropoutiva Push, gxovtag otov RO v ) 4

QEwayoupe v uun 2 otov RO
QKajouvue mv uropoutiva Pop, éyovtag otov RO v tun 2

QEwdayouue v turn 15 otov RO
Q@QKajouvue v unopoutiva Push, gxovtag otov RO v uurn 15

QEwoayoupue maj v uur 15 otov RO
QKafovue v uropoutiva Pop, gxoviag otov RO v tyur 15

QEmavagépouue T¢ apxIkéS TIUEG OTOUS KATAXWPENTES TOU
Xpnowonounjoaue kar tavioypova gwoayouvus otov PC v tun
U R14, kat mov 9a perapepet  porn eKTEAEONS TOU TPOYPap-
uatog oty 9éon UVNUNG am’orou KANONKe N ouvdpTnon main

QOpifoupe avtry t 9éon pvrung ue 1 ovoua Push. Kade
avagopa oe avtd 1o ovoua 9a avagpépetar oe avty m 9€on u-
viung
QAmodnKevouue ToUg Kataywenieg Tou 9a YPNotUOTOn]COUUE
QEwdayouue otov R4 ) &ievduvon mou onuatobotel n eukeéta
Start

QOpifouue avtr t 9éon pvnung pe to dvoua PushLoop
QZuykpivouue 10 TEPieXOUeVO ToU R4 e 10 TEPiexOUeVO TOU
R12, ue v mpaén mg agpaipeong, R4-R12

@Av R4 > R12 10te ouveyiloupe v ektéfleon ano ) Sievduvon
Tov glvar onuelwpuevn ue T etkeéta PushOvr

QAmrodnKevouue otn 9€on punung Tou mepiEyetar otov R12 u
Tun ouv RO

QAgpaipovue 4 and v tur ou R12

QAgapovue 1 and mv uur tou RO kat evnuep@voupe tov
Karaywent karaoraong yla 1o €i6og¢ 1ou anotefcopuarog (un-
beviko, apvntiko, KAm)

QAv 1 mponyovuevn agpaipeon Sev mapryaye apvniuco 1 un-
Seviko umoAowmo, ovveyiloupe U extéfeon ano ) Sievduvon
ToU glval onuelwpuEVn ano v etuketa PushLoop
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B PushEnd

PushOvr:
MVN RO, #0

PushEnd:
LDMIA R13!, {R4}

MOV PC, R14
/* POP */
Pop:

STMDB R13!, {R4,R5}
LDR R4, =Start

ADD R4, R4, #0x02C

PopLoop:
CMP R12, R4

BCS PopUnd

ADD R12, R12, #4
LDR R5, [R12]

SUBS RO, RO, #1

BHI PopLoop

B PopEnd

PopUnd:
MVN RO, #0

PopEnd:
LDMIA R13!, {R4,R5}

MOV PC, R14

.data

QExtefovue petabaon g poric ou kwbika ot 9éon puvnung
TovU €x el onuewdel ue v euketa PushEnd

QOpifoupe auvtn t 9éon puvnung pue 1o ovoua PushOur.

QAv grdoouue 0 autd 1o onueio, onuUaivel TS £xel ONUELWSEL
opdjua kair tonodsrovpe otov RO v uury OXFFFFFFFF yia va
£160TIONO0OUUE TNV OUVAPTNON TTOU Uag kdjeoe

Q@Opifoupe avtr tn 9éon pvrung pe 1o ovoua PushEnd.

QEmavagépouue Ti¢ apxKéS TUES OTOUG KATAYXWENTEG TOU
Xpnowonomjoaue

QMerapépouue ) pon g eKtENeoNS oT0 onueio Omou Kidnke
n unopoutiva push

QAmnodnKevouue T0Ug KataywEnNTég mou 9a XOnNOoYLOTO|COUUE
QEwdayoupue otov RO tn &ievduvon mou onuatobotel n euketa
Start

QIIpoodérouue atov R4 v tun 4

QOpifoupe avtn t 9éon pvnung pe 1o ovoua PopLoop
QZuyrpivoupue 1ov R12 pe tov R4, pue v npaln mg apaipeong
RI12-R4

@Av RI2 >= R4 exteflovpe dipa omu &evduvon mou
onuswwveral ano v eukéta PopUnd

@IIpoodéroupe otov R12 mu tur 4

QEwdayoups otov R5 v tun g Seiduvong Uunung, otnu
omoia beiyvero R12

QEAAatévouue kata 1 tov RO

@Av 0 RO eivat peyailutepog ano O extefovue diua ot Siev-
Yuvon pvnung mouv onuewwvetat ano mv stketa PopLoop

QExtefovue aiua xwpic ouvdnkn ot Sieviduvon punung wou
onuewwverat ano v etukéta PopLoop

QOpifoupe auvtn t 9éon puvnung pe 1o ovoua PopUnd
Q@Ewayouue otov RO v tyur) OXFFFFFFFF

Q@Opifoupe avtr tn 9éon puvrung ue 1o dvoua PopEnd

QEmavagépouue Ti¢ Ap)IKES TUES OTOUG KATAYXWENTEG TOU
Xpnowononjoaue

QMerapépouue ) pon g eKTtéNeonS oto onueio Omou Kindnke
n umopoutiva pop

QOpifouue ou ta mapakdaiw dedopéva 9a TdeNdoUv oTNU
neptoxn "Data” mou opilet aviduata 1o Astoupykd ovotnua,
yia ta 6e60UEVa TV TPOYP AUUATOU
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69 Start: QTa maparxdtw 6ebopsva tomoderovviar O ULNUN TOU
onuewwvETaL ano v euketa Start

70 .word 0,0,0,0,0,0

71 .word 0,0,0,0,0,0

Yto AT91 untdpyel 116n 0 owpdg TOU CUCTIIATOG, TOV OTT010 £XOUHE 1101 X PN OO0 0L,
Ze auto 1o apddetypa dnpoupyoupie éva véo 1Ko pag owpo. BununBeite 611 0 0wPOG eival
éva TPNPA g PvHUng mou xpnotwpornoteitat yia va arobnkevet npoonpiva dedopéva. H
Aoy1kr) rou yapaxktnpidetl ) Aettoupyia tou Baociletatl oto 0t Sev popovv va 1pooIeAao-
TOUV apeoa ta 6edopéva mou €Xouv arobnKeutel, EKTOG TOU TIPAOTOU 1) TOU tedeutaiou. O
daxwplopdg autdg odnyel oe duo katnyopieg owpov, v Last-In First-Out (LIFO) xat tnv
First-In First-Out (FIFO). O ocwpog tou udoroteitatl oto rapddsiypd pag sivat LIFO kat Aet-
Toupyla tou epdavidetat onv ewkova LIFO (xked. 3.9, ogd. 51). 'Eva anod ta xapakinplotka
g LIFO eivat ou §ekwvd amnd pa 9éon pvnung Kat ot e10aywyég tov dedopévav yivoviat
o€ MkpOtepeg JEoelg PVHING KAl OX1 0 PeyaAutepeg. AnAadn, av n apxr) ToU o®Pou eivat
ot 9¢on 0x8000, to rpmto otoxeio Sa arobnkeutel ekel, 10 6eUtepo Sa anobnkeutel otnv
O0x7FFC rAr.

Stack Base Stack Stack Base Stack Base
Pointer

Stack
“pointer

Stack
“pointer

Empty stack After Push After Pop

Zxfpa 3.9: LIFO

210 81k06 pag owpo o R12 9a mailet 1o poAo tou beikin owpou, eve o R4 kpatd ta opla
TOU O®POU Y1d VA ATTOTPEYOUHE TIEPUTIWVOELS UTIEPXEIAL0NG TTPOG Ta MAVE KAl ITIPOG TA KATW.
O KOH1KAG Pag Tapexel Tig ouvaptroslg push kat pop yla anobrnkeuorn Kat avakinor) arno
10 00PO. O ap1dpog 1V otoiXeiov ou Sa torobetndouv 1} Sa avakinOouv aro 10 oEPO &i-
vatl pa MapapeTpog autoVv IOV CUVAPTI|CERDV TV OIToid TNV IEPVARE PEO® TOU KATAX®OPI T
RO. ITio ouykekpipéva, 1 ouvaptnon push, nepipévet va Ppet otov RO dx1 povo 1o rooa
otoyeia 9a elodyetl oto owPo, addad éupeoca n tpr) tou RO kabopider kat ) tipn toug. Ta
otoyeia rmou elodyovial EeKvouv amo tov aplBpd oToXEIOV £10aYWYTS KAl KATAAN)YOUV OTO
1 (. av swoayoupe 3 otoxeia 9a ewoaxbouv o1 apiOpoi 3,2,1). 'Otav Texvd 1 ektéAeon
g push yivetat €éAeyxog yla 1o av o oopodg eival mAneng, Pe ) oUYKP1oN avapleod oto

KAT®IEPO OP10 Kat tov 61k pag stack pointer, o oroiog Bpioketatl eival o kataxewpntng R12
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KAl £XE1 APX1KI] TIUN TO AVATEPO OP10 TOU 0wPoU. T'vetal n arnobrKeuon Tou OTolXeiou Kat
o stack pointer pewwvetatl kata 4, 61611 anoBnkevoupe words. EmumAedv, peiwvoupe kat
tov RO, o oroiog 6tav gtaocet oto 0 9a onpatodotroet 1o t1€Aog g Stadikaoiag eloaynyng.
[Mapatnpeiote g npewta arnobnkevoupe tov aplBpod pag Kat Petd peiovoupe tov stack
pointer, kat ou onpuaivel wg o stack pointer Sa deiyxvel mavra otnv enopevn eAevbepn
9éon ToU O®POU KAl 1] €MOPEVI £10aY®YL da arnobnKeuoel T0 OTOLXEl0 g Ot eKeivn) 1)
9éon. 'Otav grdoouyie va gloayoupe aplBpo kat oty tedeutaia 9€on tou owpou, o stack
pointer 9a &eie1 o 9éon PVAING EKTOG NG MEPIOXHS TOU 0MPOU, KATL TTOU da avixveutei
€ T OUYKP10T) HE TO KATOTEPO OP10. € AUTH TNV MEPITOOoN Torobstovie tnv T OxfHIHTHT
otov RO, yla va e18ormofjooulie 10 Xpr)oty g 0 0®POg eivatl MANEnNg.

H avtiotpogn Sadikaocia tng e10aywyng yivetat pe tn Xpron g ouvdaptnong pop, n
ortoia augavet tov stack pointer kat ermotpEPel v T IOV UTIAPXEL O eRelvn ) 9o
pvnung. Hapawmpeiote nog n Sadikacia A{Yng 1oV TIReV ektedel ta fripata aAlayng tou
stack pointer kat rpooBaong tng pvnpung pe avtibetn oepd. H ouvykplon rmovu yivetat topa
eivat avapeoa otov stack pointer kat 1o avetepo 0p1o T0U ORPOU, orote av o stack pointer
yivel 100G pe autd €1860Io10UpE TOV XP10T IMIOG 0 O®POG eival adelog, ypadoviag v Ty
OxfHftff otov RO.

Me 1o apadetypd pag deiSape tov tpormo Asttoupyiag evog owpou LIFO. YrievBupiletat
ot 1o ouotnpa noén Siatnpet éva 1€1o10 0PO, Xprnotponowwviag tov R13 oa stack pointer
eve) TapdAAnda mapéxel TG evioAég petadopdg block kat avaldoyia tov push & pop.
KdaBe popd 6ndadn mou xpnoipornoovpe v STMDB £10ayoupe KATaX®PNTEG OTO 0OPO
TOU OUOTNHATog Kal KABs @opd mou Ypnowporoovpe v STMIA anobnkevoupe Otoug
KATAX@PNTES TIG TIHEG TIOU BpioKoulE 010 00PO TOU cuothplatog(otn dieubuvorn rmou deixvet
o R13).

3.3.4 Iuyrplon aptOpwv eupoug 8 bit

ZUYKpP101 apldpev Xopis Bpoyxoug ermavainyng

72 .arm

73 .text

74 .global main
75

76 main:

77 STMDB R13!, {RO-R12} QAmrodnKevouue ToUg kKataxwenies Tou 9a xpnoYLOTON)COUUE

78 LDR RO, =Values Q@Ewayouue otov RO ) &ievduvon mou onuatobotei n euketa
Values
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79

80

81
82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105
106

LDRB R1, [RO, #0]

LDRB R2, [RO, #1]

CMP R2, R1

MOVHI R1, R2

LDRB R2, [RO, #2]

CMP R2, R1

MOVHI R1, R2

LDRB R2, [RO, #3]

CMP R2, R1

MOVHI R1, R2

LDRB R2, [RO, #4]

CMP R2, R1

MOVHI R1, R2

LDR RO, =Result

STRH R1, [RO]

LDMIA R13!, {RO-R12}

MOV PC, R14

.data

Values:

.byte 0x10, 0x15, 0x20
.byte 0x25, 0x30

QEwdayoups otov R1 10 MePLexOUeVO NG UUNUNG OTO OTOLo
beiyvet o RO. IIpooste 10 emidspua (LDR)B mou UmodetkvUet
nmpoonéfaon 1 byte
QEoayoupe otov R2 10 mepiexOusvo g emopevng 9eong p-
vnung ano avty otu onoia betyvet o RO

QZuyrpivoupe tov R2 pe tov R1, ue mpadn sikovikric apaipeong
R2-R1
@Av 0 R2 > RI1 t0te anodnkevouue otov R1 v uun tou R2

QEwdayouue otov R2 10 mepexouevo g uedemousvng 9éong
uvnung ano avty otv onoia 6eixvet o RO

QZuyrpivoupe tov R2 pe tov R1, ue mpadn ikovikric apaipeong
R2-R1

@Av 0 R2 > RI1 t0te anodnkevouue otov R1 v uun tou R2

QEwayouue otov R2 10 mepieyduevo g 9éong Uunung mou
Bpioketar 3 9éoeig peta and avrr otu omola deixver o RO
QZuyrpivoupe tov R2 pe tov R1, ue mpadn sikovikric apaipeong
R2-R1

@Av 0 R2 > RI1 t0te anodnkevouue otov R1 v uun tou R2

QEwayouue otov R2 10 mepieyduevo g 9éong Uuvnung mou
Bpioketar 4 9éoeig peta and avrr otu onola deixver o RO

QZuyrpivoupe tov R2 pe tov R1, ue mpadn ikovikric agpaipeong
R2-R1

@Av 0 R2 > RI1 t0te anodnkevouue otov R1 v uun tou R2

QEwayouue otov RO ) Sievduvon mou onuatobotel n euketa
Result

Q@Amnodnrevouue v tun tov R1 otn 9¢on pvnung wou Seixvet
0 RO oav halfword

QEravagépouue Ti¢ apyikés TUES OTOUS KATAYXWENTES TOU
XpPnowonomoape

QMeragépouue ) por} g eKTéAEONS 01O oNueio OTou KANdnKe
N umopoutiva main

QOpifoupe ou ta napakdaiw bebopéva 9a tomodemdovv otV
neptoxn "data’ mwouv opiel avtouara o Atoupyko ovotnua, yia
1a fedouéva TV TPOYPAUUATOV

QTa mnapakaww Obebopsva tomOdeTOUVIAL OF WUUVHUN TOU
onuewvetal ano mv suketa Values
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107 .align 2 QEivar anapaitio ta snopeva debousva va 1onodetmndovv oe
Sievdvvoeig ou givat tofdarnaoia tou 2, 6ot Ya xpnotpuonouj-
oouue halfwords

108 Result: QTa maparxdiew O6ebopsva tomoderovviar Oe UVNUN TOU
onuewveTaL ano mv eukera Result

109 .hword O QE6w 9a anodnkeuviei o pueyaivtepog etindg apduog

1o mapadeypd pag exktedeital n oUykpion 5 apOpov petadl toug Kat o HeyaAutepog
anoBnkevetat oty déon pviung Result. TMa v emiduon tou mpoBArpatog pag xpnot-
porowjoape 4 ouykpioeilg. Emeidr) opwg, ta Brjpata kabe ouykpiong eivat idia petadu toug
(dnAadr mpooBaocn ot Pvhpn yla v avakinon ToU EMOPEVOU aplBpou mpog oUYKP1oT),
OUYKP10n KAl T€Aog adAayr 10U KATtaX®Pntr HE T0 PEYAAUTEPO VOUHEPO) PIMOPOUME va

XPINOHOTIO|00UE €va Bpox0 enavAaAnyng Kat va eKteAécoupe T1g 161eg evioAEég 4 popEg.

ZUykptlon aplbuev pe Bpoyxoug enavainyng

110 .arm

111 .text

112 .global main
113

114 main:
115 STMDB R13!, {RO-R12} QAmodnKevouue ToUg Kataywenieg Tou 9a YOnNoLOTOlCOUUE

116 LDR RO, =Values QEwayouue atov RO t &ievduvon mou onuatobotel n etuketa
Values
117 LDRB R1, [RO, #0] QEwdayoupe otov R1 10 TepleyOUeVO NG UUNUNG OTO OTOIo

beixvet o RO, 6nAaén 1o mpwro byte

118 ADD R3, RO, #4 QEwayouue otov R3 wm 6wevduvon g 9éong pvnung mou
Bpioketar 4 9éoeig peta and avty otmv onoia Sgiyver o RO,
6nAabdn m dievduvon tou tefsutaiov byte

119

120 Loop: QOpifouue avtr tm 9éon puvnung pe to dvoua Loop

121 LDRB R2, [RO, #1]! QAmodnKevoupe otov R2 mu uun wmg 9éong puvrung mou
Bpioketar pia 9éon pera aro avty ot onoia Seixvet o RO svo
napaiinia avavouue tov RO kata 1

122 CMP R2, R1 QZuyrpivoupe tov R2 pe ov R1, pe mpadn sikovikric apaipeong
R2-R1

123 MOVHI R1, R2 QAv ntav R2 > R1 anodnkevouue otov R1 v tyr) tou R2

124

125 CMP RO, R3 QZuyrpivoupe ta mepieyoueva v RO xkar R3, ue mpdln
ewcovtkng agaipeons RO-R3

126 BLO Loop @Av b6sv éyouus mpooneAdoet kat 10 tefevtaio byte ustabai-
voupe otnv evtofny mou Ppioketar ot SlevdUVON UVHUNG TIOU
elvar onuarodotnuevn pe v etketa Loop

127

128 LDR RO, =Result Q@Ewayouue otov RO ) &ievduvon mou onuatobotet n euketa

Result
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129 STRH R1, [RO] Q@Amodnrevouue v tun tov R1 otn 9¢on pvnung wou Seixvet
0 RO oav halfword
130 LDMIA R13!, {RO-R12} QEravagépouue Ti¢ apyikés TUES OTOUS KATAYXWENTES TOU

XpPnowonomoaue

131 MOV PC, R14 QMeragépouue ) por| g eKtéAeonS oTo onueio Orou KANdnike
1 umopoutiva main

132

133 .data QOpifoupe ou ta napakdaiw bebopéva 9a tomodemdovv otnv
neptoxn "Data” mou opiler aviduara 1o Asitoupykd ovotnua,
yia ta 6e60UEVa TOV TPOYPAUUATOV

134 Values: QTa mnapakaww Obebopsva tomoderoUvIal O WUVHUN TOU

onuewvetal ano mv suketa Values
135 .byte 0x10, 0x15, 0x20
136 .byte 0x25, 0x30

137

138 .align 2 QEivar anapaitmto ta enopeva deboucva va 1onodemdovv oe
Sevduvoeig mou sivat rofdanaocia tou 2, 610t 9a xpnoyonouj-
oouue halfwords

139 Result: QTa mapakaww Obebopsva tomoderoUVIAL O WUVHUN TOU
onuewveTaL ano mu stketa Result

140 .hword O QE6w 9a arnodnkeutet o pueyaivtepog Ietikog apduog

H &1a61kacia mou akodoubrjoajie yia va mapdyoulie 10 TAPATidve arotéAeoiia ovopade-
tat folding kat £xe1 0X€01 HE TV CUYKEVIP®OOT] OOV TUNHATOV KOSIKA KAl EKTEAECT] TOUG
pe xpnon Bpoxwv. Lto mapddeiypd pag, 0Aeg 01 OUYKPIoelg eKTeAoUvtal [ TV 161a eVIOAr),
aAdd autd ou aAdddet eival o katayxwpng RO, o omoiog au§dvetal autopata petd ano
KABe ipooBaot) ot PVI I KAl TIEPLEXEL TTAVTA TV §1eUOUVOT) TOU EMTOPIEVOU OTOTXEIOU TIPOG
avakmon. Emmmléov, xprnowponowjoape tov kataxopnt) R3 yia va anobnkeuvoet 1o 6plo
IOV IPETTEL VA CUVAVIHOOURE MOTE va @UYOURE arto 1o Bpoxo (av dev tebel owotd 1o op1o,
1 exktédeon Sa peivel KoAAnpévn otov 1610 Bpoxo er’dmnelpo, orote Xpetadetal oAU PeyAAn
IIPOCOYT| OtV ermAoyr] TV opiev). O €Aeyxog yla To 0pto vdoroleital PEo® TG EVIOALNG
CMP kat tou €AéyxXou 1oV KatdaAAndev onpawwv kataotaong (CPSR bits). H SiakAddwon
ov eukéta Loop: Sa yivel 4 @opeg, Kal Petd n ektEAeon Sa ouvexioesl 1€ TV €VIOAY)

avaktnong g d1eubuvong tou Result.

Me 1) Xprjon Ppoxou uAoroloUpe v eravaAnyn piag d1adikaociag €mg MToU 1IKAVOoIIot-
nBet pa ouvOnKn nou £xoupe opioet. H yevikr) popon evog Bpoxou sivat:

1. 'Evap¥n.
2. Kodirag novu tuyxov 9a snavadngOsi.

3. 'EAeyxog ouvOrirng. Av §ev iravomoleitat nnyaivoupe oto (2), Sradopetird ouveyifoupe tn

po1| TOU KAOS1Kka.
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3.3.5 IIpooOeon apiOpwv evpoug 64 bit

56

[Ip6oBeon apbpmv

141
142
143
144
145
146
147
148
149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164
165

.arm
.text

.global main

main:

STMDB R13!, {RO-R12}
LDR RO, =Values

LDR R1, [RO, #0]

LDR R2, [RO, #8]

ADDS R3, R1, R2

STR R3, [RO, #0x10]

LDR R1, [RO, #4]

LDR R2, [RO, #0xC]

ADC R3, R1, R2

STR R3, [RO, #0x14]

LDMIA R13!, {RO-R12}

MOV PC, R14

.data

Values:

.word Ox1, OxFF0O00000

.word OxXFFFFFFFF
.word OXFFFFFE

QAmodnKevouue 0Ug Kataxwenieg Tou 9a Y PNOoUOTOn]COUUE

QEwdayoupue otov RO t &ievduvon mou onuatobotel n euketa
Values

QEwdayoupe otov R1 10 TepleOUEVO NG UVNUNG OTO OTOIO
beiyver o RO

QEwdayoups otov R2 10 mepieyopevo mg 9éong Uunung mou
Ppioketar 8 9éoeig pera ano exei mou Seiyvet o RO
Q@A8poifouue toug R1 & R2, amodnikevouue 10 anotéeoua otov
R3 kat kpataue 10 Kpatovpevo e§060U 0t onuaia kKpatoUuUevoU
0V Kataxwpenty Karaoraong, ylat 9a uag xeeaotel apyorspa

Q@QAmnodnKevouue 10 Tepieyduevo 1ou R3 ot 9£on tou Aryotepo
onuavtkoU UEPoug Tou anoteféoparog, dnAadn 16 9o puetd
ano mv dievduvon pvnung mou deiyvet o RO

QEwayoupe otov R1 10 mepieyopevo mg 9éong Uunung mou
Bpioketar 4 9¢oeig usta ano kel wou Seiyvet o RO

QEwoayoupe otov R2 10 mepieyopevo mg 9ong Uunung mou
Bpioketar 12 9¢oeig usta amo ekei mou deiyvet o RO

@A8poifoupe woug R1 & R2 kai v uur mOU UTAPXEL ATO-
Inrevpsvn o onuaia KOATOUUEVOU TOU KAltaxwent) Karao-
Taong Katr arodnKevouue 1o anotéfeopua otov R3

Q@Amodnrevouue 10 meptexouevo tou R3 otn 9¢on tou mepio-
00TEPO ONUAVTIKOU UEPOUS TOU amotefléouatog, dndadn 4 9éoeig
uetd amo mv Slevduvon punung tou onuarodorel n etkéra Re-
sult

QEmavagépouue Ti¢ apxikég TUEG OTOUG KATAXWENIES TLOU
Xpnowonomoaue

QMerapépouue ) por] g eKtéAgons o1o onueio Omou KANdnke
n umopoutiva main

QOpifoupe ou ta mapakraw debopéva 9a tomodeIndovv otnu
neptoxn "data” wouv opilel avtopata 1o Asitovpyud ovotnua, yia
ta 6edopéva TV mPOoYPaAUUATOV

QTa mapardiew O6ebousva tomoderovviar Oe UVNUN TOU
onuswwvetal ano mv suksta Values
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166 Result: QTa mapakxdtw O6ebopsva tomoderovviar O UL TOU
onuewvetal ano mv etketa Result
167 .word 0,0

e auto 1o pdypappa o oKomog pag nrav n mpoobeon 6uo apdpov evpoug 64 bit. H
Sadikaoia npodobeong apOpov peyadutepwv twv 32 bit neplapBaver ta e8ng Prpata:

¢ AmnoOnkresuon tav 32 Alyotepo onpavikav bits nou 6ev £xouv aBporotei akopn, 0 KATAXWPNTES.
o IIp60Bson TV 2 KATAXWPNTOV HE XPHON Kpatoupévou (6nAadn evtoAn ADC) rat anoOrjreuon
Tou Kpatoupevou £§66ou otov CPSR.

e Av undpyouv bits nou dcv éxouv npooteOei, enavaAnyn and to npwto BRpa.

Yta mapanave Brjpata xpetadetat rmpoooxr) otny évapin tou alyopibupou, 8161 to CPSR
Carry bit mipénier va givat 0 (n pooBeor §ekvad xwpig Kpatoupevo 1066ou). Erurdéov,
eival mpotewvopevn 1 vldoroinon pe Bpoxo senavainyng, @ote va pnv enavalapBaverat
aoxora o 16106 KOdkag. 10 mpoypappd pag ernedn npoobeoape 64 bit apiBpouvg, dev
ftav anapaitnn n xpnon Ppoxou, aida av nipocbetape 128 1 256 bit apiBpoug, Sa frav

ermBeBANEVT.
Carry In 1 o
Numbert oxFFooo0o0o00 0X00000001
Number2 o0x00FFFFFE OxFFFFFFFF
Result OxFFFFFFFF 0Ox00000000

Zxnpa 3.10: 64 bit addition

Ziv ekova niapouotadetal 1 mpocbeon mou ekteAéoape. [lapatnpeiote g 1 PO

rpooBeorn npioupyel kKpatoupevo £§060U, 10 01010 10épXETAl otV enopevr Badpida.

3.3.6 Auaipson apiOpov evpoug 32 bit pe 16 bit rapéty

Maipeon apiBpou

1 .arm

2 .text

3 .global main

4

5 main:

6 STMDB R13!, {RO-R12} QAmrodnKevouue ToUg Kataxwentes mou 9a xpnoYLOTOU|COUUE

7

8 LDR RO, =Values QEwayouue otov RO ) Sievduvon mou onuatobotel n euketa
Values

9
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58

10

11

12
13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
29

30

31

32

33

34

35

36
37

38

39

LDR R1, [RO], #4

LDRH R2, [RO]

CMP R2, #0

BEQ Err

MOV R3, #0

CLZ R6, R2

MOV R2, R2, LSL R6

Loop:

MOV R3, R3, LSL #1
CMP R1, R2

ORRCS R3, R3, #1

SUBCS R1, R1, R2

MOV R2, R2, LSR #1
SUBS R6, R6, #1

BCS Loop

B Done

Err:

MVN R3, #0
Done:

LDR RO, =Result

STR R3, [RO], #4

STRH R1, [RO]

LDMIA R13!, {RO-R12}

MOV PC, R14

QAmrodnKevouue otov R1 10 mepieyopevo g I€ong punung otnu
onoia deiyvet o RO kat avfavouue ov RO kata 4
QAmrodnKevouue atov R2 10 mepieyopevo g 9¢ong punung otmu
onoia 6eiyver o RO oav halfword

QEpéyyouue av o biaipéng ivar unbév

Q@AUv givat 0, puetabaivouue otV 9€0n UUNUNG TOU ONUAtodotei-
tat anod mv sukéra Err

QAmrodnKevouue v tun 0 otov R3

QAmnodnKevouue otov R6 10V apduo twv ouveyduevev 0 Tou
Bpiorovtat otig mo onuavtikeg 9éoeig 1ou R2

@OModaivovue mpog ta apiotepd tov R2 kata tdoeg Yéoeig,
ooeg £xouue anodnkevoel otov R6. AnAdadn egpvouus 10 mIO
onuavtkd 1 tou apduou ot o apiotepn Jéon

QOpifoupe avtr  9éon puvnung pe 1o dvoua Loop
@OModaivouue tov R3 mpog ta apiotepd katd 1
QZuyrpivouue tov R1 ue tov R2, ue mpadn eucovikric apaipeong
RI-R2

@Av 0 R1 >= R2 161 ektefovue v Aoywer mpaén OR twou R3
ue ov apduo 1

@Av o R1 >= R2 101e agaipovue 10 R2 and 10 R1

@QOwdaivouue v R2 mpog ta 6e€id kata 1

QAgaipovue and to R6 v apduo 1 kar anodnkevovue 10
anotéfeopa otov R6

@Av 0 R6 sivar ueyaiutepog tou 0, pstabaivouus oty 9éon
uvnung mov onuarodoteitar anod mv etukéra Loop

Q@Meta6aivoupe oty 9£on pvnung mwou onuarodoteitar anod v
eukera Done

QOpifouue avtr  9éon puvnung pe 1o dvoua Err

QEwdayouue atov R3 v tur -1

QOpifouue avtr  9éon pvnung ue to dvoua Done
QEwayouue otov RO t &ievduvon mou onuatobotel n suketa
Result

QAmrodnKrevouue otn 9éon pvnun oy onoia deiyver o RO t0
nepiexopevo tou R3 kar avéavouue tov RO kata 4
QAmrodnKkevouue otn 9éon pvnun oy onoia deiyver o RO t0
neplexopevo touv R1 oav halfword

QEmnavagépouue T¢ apxIKES TIUEG OTOUS KATAXWPENTES TOU
XpPnowonomoape

QMetapépouue t pon g eKtéAeong oto onueio omou KANdnke
1 umopoutiva main



3. Eloayoyr) oty Assembly tou AT91 Eyxepibio xprjong AT91

40 .data QOpifoupe ou ta naparxdatw debouéva 9a tomodeIndovv otnv
neploxn "Data” mou opiler aviduata o Astoupykd ovotnua,
yia ta 6ebousva TOv POy AUUATOV

41 Values: QTa mapardiw O6ebousva tomoderovviar Oe UVNUN TOU
onuewvetal ano mv suketa Values

42  .word OxXFFFFFFFE

43 .hword OxF

44

45 .align 4 QEivar anapaimio ta snopeva deboucva va 1onodetndovv oe
Sievdvvoeig mou eivar toAjanlaoa ov 4

46 Result: QTa mapardtw 6ebopsva tomoderovviar Oe UUNUN TOU
onuewveTaL ano mu stketa Result

47 .word O

48 .hword O

O aAyop10p0g g S1aipeong XPNOIOIIOLET Pla Oe1pd aTto apalpEoElg yia va UTtoAoyioet
1O MNAIKO KAl TO UTTOAOUTO. AV XPIOlIOIIOI|COUNE £vav amloikd aAyopiOpo, propoupie
va apXiooupe va apatlpoupe 1o dialp€tn ano to diaiperaio Katl va PEIpApe 11§ adpalpEoelg,
BEXPL va yivel o Sralp€ing pkpotepog ard 1o diapetaio. Autn 1 poosyylon anattel tooeg
apaipéoerg, 60eg kat o rnAiko, Sndadn otnv Xeypdtepn nepinoon 232
rou Swapéooupie to 232

— 1 (owv nepinmwon
— 1 pe 1o 1). Ta va ermonevooupe ) dadikacia otov nApAnAve
aAyopiBuo avadvoupe tov dlaipetaio os roAdarddoia tou Sialpétn g 8Ng:

D=x3; *d*23 +.,..+2;,*d*2"+...+r

O 06pog D oupBoAilet tov Sraipetaio, o d tov daipétn kat o r 1o unddowro. To mnAiko
oxnparti¢etat aro toug 6poug:

q=x31*231+...+xi*2"+...+x0

Ta va oxnpaticoupe toug 6poug D = z; * d * 2¢ extedoupe oAioBnon otov Siatpétn,
Eexvoviag aro ) peyadutepn tpn. H peyadutepn tpr) mou pniopoupe va nidpoupe eivat
1] KAVOVIKOTIOUIEVT 110p¢1) ToU Sialpétn?!, ouvenog tipég peyaAvtepsg ané avtr Sa sivat
olyoupa peyaldutepeg aro tov Siaipetaio kat 9a eMOTPEYPOUV OTOV OUVIEAEDTH] TOUG TNV TIHT)
0, omdte Bev xperddetat va g egetdooupe. Apxiloupe va ouyKpivoupEe av 1) KOVOVIKOIIO)-
Hévn popdn sival pikpotepn 1) ion ano tov Siaipetaio kat av eivat ektedovpe apaipeon
oe autég. IMa mapdaderypa, av o daipetaiog eivar o OXFE kat o dapéng to 3, kata v
Kavovikoroinon 9a petatpéyoupe tov dalpetn oe 0xCO. O 0xCO eivatl pikpotePog amnod
tov OXFE, dpa 9a ekteAéooupe agaipeon avapeod 1oug KAl o véog Saipetaiog Sa eival
n Stagpopd toug. Alarotdoape 6nAadr) nwg o Siaipetaiog pag mePlEXel v Ty g * d *
26, 6mou 10 w6 = 1. Metd v adaipeon, odoBaivoune defid tov Slapén (yiati mAéov o
Slarpetaiog stval pikpdTEPOG and autdv) kat avalntdpe v tar o5 * d * 2°, pe myv i6a

axkpiBeg Stadikaocia. L1o 1€A0g, 61V @TACOUHE OTOV TEAEUTAIO OUVIEAEDTY], TO ATIOTEAECHIA

21 AnAabty, dtav éxet 0A100r et TO0EG YE0EIG APIOTEPA, MOTE TO TTO ONIAvIKG 1 va éxet épBet ot 9éon 31
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g apaipeong Sa eival pikpodtepo ano 1o Siaipétn (o oroiog Sa £xel emavepHel OV APXIKY)
Tiur) tou, dnldadr da éxel oAodroet 6e€id tooeg Ffoelg Ooeg eixe 0A100r 081 aplotepd otV
apxn) kat Sa arnoteAet to unddouro g Saipsong. O oxnuatiopog 1ou nAikou propet
va yivel pe 2 1pomoug, pe Tov MPQTo va eival 1 evepyoroinorn tou avtiotorxou bit tou
Katayxopnt (. ywa 1o ouviedeot] 6 Sa evepyomoinjooupe 10 70 bit kAm). O deutepog
TPOTIOG £lval 1] EVEPYOITOINON TOU AlYOTEPOU ONPAvilKou bit Tou Katax®pntr) rmou meplEXel
10 nAiko kat n oAioBnon g Tpng oe KABe eravdAnyn tou aiyopibpou. T'a napadeypa,
av UTTAPXEL 0 PEYAAUTEPOG OUVIEAEOTHG, O KATaX®PNTng nmnAikou da mepiExetl v tun 1.
Av Sev UTIAPXEL 0 APEO®S PIKPOTEPOG CUVIEAEDTHG, O KATAX®PNTHS Sa 0A1o0roetl aplotepa
Kata pua 9éon Kat oto Atyotepo onpavuko bit dev 9a eioaxBel tirota (Sa peiver 0). Zto
1¢A0g ToU aAyopibpou, 1o bit mou eloayape p®to Sa £xel pracel oty 71 9o, T0 EMOPEVO

otV 61 KATT.
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IIepriBaAdov epyaciag

Me 10 yeviko titho «repiBaddov epyaoiagy avadpepopaote cUVIONA O€ auto 10 KePAAalo
otV mAatpoppa UAMKOU, OTO AEITOUPYIKO OUCTNHA, OTd gpyaldsia avartuiéng Kat aroo-
PaApdteoong Kat ota epyadeia ouyypadng tou kodika. H mepiypadn pag mapapével
OUVOITUIKY yla 10 Kabéva, kabwg to AT91 oupmnepipépetatl oav orotodnrote dAdo Unix

ouotnpa.

4.1 YAkO

To AT91 eival pia gpropikd diabéoiun makéta avantuing cuotnuatey, oxedlaopévn
anéd v etapeia ATMEL. ITépa aro 10 oAorAnpapEvo Tou pikpoedeykir AT91SAM9261,
IApPEXEL €va €UPU OUVOAO ATIO MEPIPEPEINKA (PETATPOTIEIS AMO AVAAOYIKO O WPnPlaKo,
nipooappoyeig yia USB, Ethernet, ...) rmou dieukoAuvouv ) taocuvdeon tou ouotPATOS

pag.

4.2 As1TOUpYyLKO cUoCTpA

To Aetoupylko oUotnpa rmou ulofetOnke yla ) npotn €ékdoorn tou ATI1, eival to
Linux (Snapgear distribution), pe muprjva oty ékdoon 2.6.20. IIpoxkeitat yia pia €xk-
Soorn tou Linux avarttuypévn yua tov eneepyaotry ARM926EJ-S, pie unootipi§n apKetov
MIPOYPAPHATOV 08Ny®V, PE€ TPOCAPHOYEG TOV OIOI®V TO AEITOUPYIKO oUCTNHA PITOPEl va
IPOOTIEAACEL TIG H1A(POPESG MIEPIPEPEIAKEG CUOKEUEG KA1 e§wTep1kEG pvrpeg (LCD 0Bovn, US-
B 9upa, pvrun Flash kArn). H mpotn 006vn rou epgavidetat petd v évapdn Asttoupyiag
TOU ouotnpatog eivat 1 0Bo6vn €10ayOYHG OTO CUCTHIIA OTNV OIIoid O XPNOTNG ITPEMEL va
gloayetl 1o ovopa xpnotn (login) root kat apéong petd 10 KOd1KO support, o ornoiog dev
epgavidetal otnv 086vn Katd v MANKtpoAoynon. Me v el0ayoyn tov ototyeiov, o Xp1-
otng ewoépxetat oto shell tou Asttoupyikou, omou propet va €10dyetl orotadr)Iiote EVIOAr)
unootnpidetatl ano 1o Linux. To mepiBadlov Sev eival ypapiko Kat €101 01 XP1jOTeG TIPETIEL

va g1oayouv eviodég oto shell tou ouotrjpatog yla va ekteAeotouv ot d1adopeg Aettoupyieg.
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Eyxepido xprniong AT91 KepdAawo 4.2 - Aettoupyiko ovotnpa

Ot Baoikég evioAég Tou unootnpidovial kataypdagoviat otov mmivaka Evtodég Linux (ked.
4.2, os\. 62).

Cmd Iepiypadn Cmd Iepiypadn

as Extelei tov assembler cd AM\ayn kataAdyou

cat [IpoBoAr) 6edopévav apyeiou cp Avuypapn apxeiov

df EAeuBepog xopog anobrnkeuong kill Teppatiopog diepyaoiag

1d GNU Linker Is Alota apxei®v KkataAoyou
make Metdgppaon Kodika mkdir Anpioupyeia kataAoyou
mount Aéopeuon nepiPeplarov mv Metakivnon apxeiou

nm GNU mAnpogopieg exkteAéotpou pPs Alota depyaotov

rm Aaypadn apxeiov umount Armnodéopeuon neEPIPEPIaKOY

[Mivakag 4.24: EvioAég Linux

cat

Me v evtoAr] cat gpgavidoupe otnv 006vn 1o TepleEXOpevo evog apxeiou. H ouviadn

G EVIOANG eivat:
cat < filename >

orou 10 < filename > eival to dvopa tou apxeiou. Ia napddetypa, n eviodn cat /etc/-

motd 9a rpoBdAet to Aoyoturio rou epdavidetal Katd v £10ay@yr oto oUoTpd.

cd

Me v eviodr] cd petaBaivoupe and tov tpexovia katadoyo oe évav dAdo. H ouviadn

NG EVIOANG eivat:
cd < destination >

orou 1o < destination > gival o ipooplopog pag. Ma mapddetypa, n eviodn cd .. 9a pag

HETadEPEL OTOV KATAAOYO TTOU TIEPIEXEL TOV TPEXOVIA, OTOV OTI010 BP1oKOPAOCTE.

cp

Me v €vioAr] cp avuypadoupe éva apxeio os pia dAAn 9éon, oto cuotnpa apxeiov.

H ouvtadn g evioArg sivat:
cp < filename > < destination >

orou 1o < filename > eival 1o 6vopa tou apxeiou kat 1o < destination > o MPOOPOIOG
tou. IMa napadetypa, n eviodr) cp /ete/motd /storage Sa avuypawet 1o apyeio /etc/motd

otov Katadoyo /storage.
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df

Me v evtoAr] df epgavidoupie otnv 000vn tov eAelBepo XOPO OTo cuoTPa apXeiwv

(file system). H evtoAr] dev xperddetal apap€tpoug.

kill

Me v evtoAr Kill otédvoupe onpata (software signals) oe Siepyaoieg. H ouvtadn g

EVIOANG elvat:
kill -< signum > < pid >

orou 1o < signum > givat o ap1Bpog tou ofpatog rou YéAoupe va oteidoupe kat < pid >
0 ap1Opog g Siepyaoiag. Ma napadeypa, n eviodn kill -9 38 Sa oteidet 1o onpa tunou 9
otnv diepyacia 38 (1o onpa turou 9 sivatl onpa TEPPATIOROU KAl OUVENT®OS Ya oTapatroet

) Giepyaoia).

1Is

Me v eviodn) Is gpgavidoupe ta apyeia tou tpéxoviog katadoyou. H ouvialn g

EVIOANG elvat:
1s [-alF]

orou 1o -alF agpopd v epdavion 1oV apxeiwv o Alota pe mAnpogopieg yla péyebog kat

elvatl mPoalpeTIKoO.

make

Me v evtoAr] make petayAoti{oupe nnyaio kwdika oe ektedéopo npoypappa. To
script avadapBaver va kaAéost ta KatdAAnda epyaldeia Kar va eoayet g KatdAAnleg

napapérpoug, wote va 0AoKANP®Oel autn n dadikaocia. H ouvtadn tng evioArig sivat:
make tool < srcfile > < destfile >

tool eivat to gpyaleio petaydotuong. a 1o epyactr}plo mpoypapatioploy oe oUpBoAIKT)
vAdooa 1o epyaAeio auto ival o as (gnu assembler). T'a 1o epyactriplo PiKpoUOAOY10TOV
Sa xpnoworooste wg epyaldeio petayAotuong ov gee (gnu C compiler). < srcfile >
eivatl to évopa tou apxeiou pe tov rinyaio kodika pag. Ma apxeia assembly eivat kaAo
va divete ) kataAnin .s, evo yia apxeia yAoooag C, v katdAngn .c Tédog, < dest file >
10 6voua tou TeAdkou ekteAéopou. Ta mapddeiypa, n eviodr) make as foo.s bar
petayAoti¢el 1o ninyaio apxeio oupBoAikng yAwooag foo.s, mapayetl 1o evéiapeco apyeio

bar.o (object apyeio) kat 1eAdika to ekteAéotpo bar.
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mkdir

Me v evtoAr; mkdir dnpioupyouiie véoug katadoyoug. H ouviagn tng eviodrg sivat:
mkdir < folder >

orou 1o < folder > eivati to dvopa tou kataddyou. INa napdaderypa, n evioAr) mhkdir exerl

dnpoupyet tov katddoyo exerl péoa otov TpE€xovia KatdAoyo.

mount

Me v evioAr) mount eiodyoupie riepipepelakd, onwg USB stick oto cuotnpa apyeiov.

H ouvtadn ng evtoArg eivat:
mount < device > < folder >

orou 1o < device > eivatl 1o dvopa tng cuokeung Kat o < folder > eivai to évopa urndp-
XOVI0G KATtaAdyou, PE0® TOU OToiou Sd IPOOTIEAQUVOULE Td TIEPIEXOHEVA TG CUOKEUNG.
IMa mapadetypa, yia va ouvdéooupe éva USB stick otov katddoyo mnt Sa mpénet va 8-
coupe eite Vv eviodr) mount /dev/sda /mnt eite Vv evtodr] mount /dev/sdal /mnt,
avdldoya pe ) xepnukouta tou stick pag. Me ) xprjon tou cd priopoupe va petadoupe

0€ auToV ToV Kataloyo Kat pe 1o Is va doupe ta apxeia mou unidpyxouv oto stick.

mv

Me trv eVIOAT] MV PETAKIVOULIE €va apxeio o pia aAAn 9éon, oto cuotnua apxeiov. H

ouvtagn g evioAr|g sivat:
mv < filename > < destination >

orou 1o < filename > eivail 1o 6vopua tou apxeiou kat 1o < destination > o MPOOPIOIOG
tou. Ta tapddetypa, 1 eviodr; mo /etc/motd /storage Sa petadépet 1o apyeio /etc/motd
otov KatdAoyo /storage kat 9a 1o Sraypdyet anod v apXKr tou 9éor. Me autr) tv evioAr)
pIopoupe va petovopadoupe Kat apxeia, av ta petakivoupe otov 610 katdAoyo (ry. mu
/etc/motd /etc/hello.txt).

Ps

Me v evtoAr) ps rpoBddAoupe g diepyaoieg rou ekteAouvial oto ouotnpa. H evioAn

bev xpeladetal mapapETpoug.
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rm

Me v eviodr] rm Swaypadoupe apxeia kat kataddyoug. H ouviadn g evioAng eivat:
rm [-r] < filename >

OTIOU TO -T €lval POAPETIKO (Xprotpomnoteital otav Yédoupe va diaypdypoupe éva katdalo-
yo) kat 1o < filename > eivai to évoua tou apxeiou/xkatadoyou mou 9a Siaypapei (ry.

rm askl.s 9a Swaypayet 1o apyeio askl.s).

umount

Me v evtoAn] umount anodecpPeVoOUPE TIEPIPEPEIAKA ATIO TO CUOCT A APXEIRV, OTING
yva napadetypa to USB stick. H &wadikaoia anodéopevong eivatr anapaitmn yua wmyv
EVINHEPWOOT TOV TIEPIPEPEIAKMV HE TA 0MOTA debopéva Kat tov acpalr| toug teppatiopo. H

ouvtadn g evioAr|g sivat:
umount < folder >

orou 1o < folder > eivail 1o dvoua UrAPXOvVIog KAtaAdyou, GTOV Orloio £Xoulie SeopeUoet
pa ouokevr). TMa napddsitypa, n eviodry wmount /mnt anoouvbéel éva USB stick 1ou
eixe deopeutel otov katdAoyo mnt. a va propéocetl va oAokAnpwbel owota 1 evioAn 6e
9a mpérnel autdg 0 KATtdAoyog 1] Ormo10odIIoTE UMTOKATAAOYOG TOU va 1N XPnotponoleitat
and Kravéva mpoypapid, oute Kav Ao T0 ASToUpYIKO cuotnpa. Andadrn Sa mpémetl va

extedéooupe v umount /mnt BploKOPEVol 08 AAAO KATAAOY0 TOU OUCTAHRATOS 1ag.

4.3 GNU tools

Ta epyaleia avartugng rieplidapBavouv tov Assembler, to Linker, to Debugger kat
tov InfoViewer. Ta 6uo mpota epyaieia kalouvial ard 10 AUTOPATOIIOUIEVO apXeio ev-
t0Acv make, o Debugger pe wv evioAr] gdb (ot tpéxouvoa ékboorn firmware tou AT91
duotuyng mipéniet va tov kadeite wg / st or age/ . gnu/ gdb) kat o InfoViewer pe tyv ev-
10Ar) nm. O Debugger aroteAei 10 Paokod gpyaleio Pnpankig ektédeong Kat e§€raong

IOV KATAXQPNTOV KAl TOV Avnpovi2,

H ouvtaln g evioAng sivar /storage/.gnu/gdb
< executable >, 6riou 10 < executable > eival 1o Gvopa tou extedéopou apxeiou. O De-

bugger d¢xetal evioAég péow g Kovoodag, rou kabopidouv tig evépyeleg rou Sa exteAéoet

22510 AT91 8ev umdpyet 1 duvarétra efétacng ouykekpipévg déong pvhung amd to shell, Adyo g
evoopdateong g povadag dwaxeiptong pvnpung (MMU) oto 0AOKANP®EVO TOU PIKPOEAEYKTY. X& erinedo
Aoylopikou povo 18eatég Sieubuvoetg eivat diabeotpeg Kat autég povo dtav pia ouykekpipévn dadikaoia ex-
tedettat. O teppatiopog pag Swadikaoiag onpaivel kat v anodEoPeEUoT) TOU XOPOU UVIING ITOU KatéAaBe

yla Vv eKTEAEOT) G-
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ot ouvéxela. Ot eviodég autég oxetidovral pe onpeia mavong (breakpoints) kat onueia
eAéyxou (watchpoints), kaBmg katl MAnpodopieg yia 1o meplexopevo tov 9Eoemv pPvipng

KAl KATaX0pntov.

[eprypdgpoupe napakat® tg Suvatotnteg rou pag Sivovial evidg tou replBaAAoviog

extédeong tou Debugger, apou 6nAabr) Soooupie TV VIOAT)
/storage/.gnu/gdb < file >

orou < file > sival 10 exktedéoo apxeio mou mpooraboupe va tpéfoupe Pnpatka ya
aroopaApatwon 1 yua va anodeioupe v opbr) Asrtoupyia tou. To mpdypappa pag,
Kata Vv exkkivnon tou Debugger, Bpioketatr oe avevepyn ratdotaorn kat dev €xel ap-
Xioet va ektedeitat. Ta va EERIVROel XPNOTHOIOI0UE TV €vioAr run. To mpoypappa
Ya odoxAnpwbei xkat o Debugger Sa eidomorjoel nwg 1o mpoypappa teppatiotnke. I't-
a va dakdyoupe 1 po1n g eKTEAEONG KAl va srmotpéyoupe otov Debugger mpémet va
tontoBetrjooupe éva breakpoint oe omola ypapprn kodika 9EAoupe va otapatroetl 1 €K-
TéAeon TOU mpoypdappatog. MoAlg otapatroetl, PIopoupe va S0UpE TO MEPIEXOPEVO TRV
KATaX®pntov Kat orolacdrnote d€ong pvhpng, onwg kat va adddfoupe ta meplexope-
va toug. Ta breakpoints prmopoupe va ta eodyoupe pe v eviodn break. Oti tporot

€10ayayng toug spgavidovral otov rivaka Breakpoints (ked. 4.3, ogA. 66).

Breakpoint Mapadewypa

break <label> TormoBetel 1o breakpoint oty 9¢on mou xapaxktnpidetatl amo v TKe-
ta <label>.

break <line> Torobetet 1o breakpoint otnv ypappr <line> tou ninyaiou apxeiou.

break <*address> ToroBetel to breakpoint otnv d1evbuvon <address> tng pvrpng.

[Tivakag 4.25: Kataxopntég

INa napadetypa, pe tv evioAr] break main toroBetovpe €éva breakpoint oty mpwin
€VIOAI] TOU IPOYPAPHATOS 11Ag, KATL TO 011010 Sa pag Xprotpeuost TTIOAAEG OopEg Kat eivat
erOupnnto va yiverat mpv v évapdn eKIEAE0NG TOU TPOYPARHATOS HE T run. Av yvepi-
Joupe OT1 UTAPYXEL Pla EVIOATL) TPooBacng otr PV, ot 9éon pvhung 0x80c0 prnopoupe
va tontoBetrjooupie €va breakpoint ekei, pie tnv evtoAr) break *0x80c0. Av 1 ipooBaocrt) auth
yivetat ot ypappr 15 tou nnyaiov k@dika, Propoupe va XP1O10IIOU|00UNE TV £VAA-
AAQKTIKI) €ViOAT] break 15. Télog, av 9¢doupe va tortobetrjooupe éva breakpoint 3 evioAég
HETa anod pa eukera (rmy. main), XpnolponoloUpe v eVvtoAn break *(main+12), 6rtou 1o 12

onpaivel 12 bytes peta ano my etkéta, Adyn tou 01t KAOe eviodn katadapBavet 4 bytes.
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INa va ipoBaAdoupie ) Alota pe 6Aa ta breakpoints rou €xoupe 9€oet, Xprotponolovpe
NV evioAn) info break [n], 1 oroia mapouotddel apBunpéva ta breakpoints?® kat ) 9¢éon
otnv oroia Ppiokoviat. Av £10dyoulie KAl TOV MPOAPETIKO aptOpo n, Sa npoBAnbouv povo
ol Anpogopieg yia 1o n breakpoint (. pe v eviodn info break 3 9a npoBdloupe TG
nAnpogopieg tou tpitou breakpoint). H diaypadn evog breakpoint yivetat pe tv evioAr
clear <line>, omou line eivat o ap1Buodg g ypapung oty oroia £xet 1eBet 1o breakpoint
(rtx. pe v eviodr) clear 12 9a draypadet 1o breakpoint rou éxet tebei ot ypappr 12). O
eVaAAAKTIKOG TPOTTI0G Hlaypadr)g evog breakpoint yivetat pe v eviodr delete < breaknum>,
orou to breaknum eivat o apiBpog tou breakpoint (. pe v evtoAr] delete 2 9a 6ia-
ypadet 1o 20 breakpoint).

Ia va epgavicoupe ta mepiexopeva piag 9€ong Pving XPnotHOIol0UHE TV EVIOAT)
x/nfu < address >, 6rtou 10 n kabopiel 10 ooeg G1adoykeg TiES Sa poBAnOouv, 1o f Tov
TpOT0 TIPOBOATNG KAl T0 U T0 Peyebog tov Tip®v. O 1porog rpoBoArg prmopel va eival évag
aro toug akoAouboug:

x Askaefadikr) ripoBoAn

d TIpoonpaopévn dexkadiki) poBoAr)

u Mrn-nipoonpaocpévn ekadikr rrpoBoAr)
o Oxtadikr) poBoAr

t Avadikr) ripoBoAr)

a IIpoBoArn Hievbuvong

(<]

IIpoBoAn xapaktpa ASCII

IIpoBoAr string

O 1porog poBoArg oxeTidetal pe 10 g ermbupoupe va PAEroupe g TipeEg Kat Sev
ennppedadet 1o péyebog toug. To ermBupntd péyebog ermAéyetal pe ) Xpron TV AapaKAte
EVIOAQV:

b KaBe tpr) £xet péyebog 1 byte
h Kdabe npr €xel péyebog 2 bytes (halfword). Eexkiva oe SietBuvor) nou eivat aképato oAdarnAdoto tou 2.
w KabBe tur) éxet péyebog 4 bytes (word). Eekiva oe 61evbuvon mou eivat aképatlo oAAanidoio tou 4.

g Kabe 1 €xetl péyebog 8 bytes (giantword). Eexkiva oe Sievbuvor) mou eivat aképato moAAarnidaoto tou 8.

To niedio 6ievBuvorn address ng evioAng propet va eivat anddutn dievbuvon (. x/wx
0x10544), 1) OXETIKY HE T XPHON EUKEIOV (K. X/wWx (&Values + 2)). Ta napadeiypata
ou avaypagovtat otov rivaka I1po6oAn tuov (ked. 4.3, ogd. 68), deiyxvouv dradpopoug

TPOITOUg TIPOBOALG TGV PVIING.

23H apiBunon yivetat pe Baon ) oelpd el0ayeoyrs, tov breakpoints
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Eot® 611 oto .data xoppdt 1ou kodkd pag €xoupe SnAwoet :

Values:

.word 0x40302010, 0x80706050
.word 0x54204948, 0x45524548

EvtoAr

Mapadewypa

x/2xw &Values
x/3xb ((char*)&Values+1)

x/2xh ((short*)&Values+1)

x/dh &Values

x/dh ((short*)&Values+3)
x/uh ((short*)&Values+3)
x/s &Values+2

®a spgavioel Tig TpEg 0x40302010 & 0x80706050

®a sgpgavioel tg tpég 0x20, 0x30, 0x40. I[Ipooidte mwg XPnot-
porotjoape 1o casting (char*) yia va svnuepoooupe tov Debugger
g 1 61evbuvorn avagépetal oe bytes kat 1o b yla va rapoupe povo
1 byte yia kaBe tpny. Av dev xpnowporoovoape to (char*) 9a ep-
@avidape tg ripég 0x50, 0x60, 0x70, 6101 1) Hievbuvon Sa gekivaye
arnté 1 word petd to Values kat ox1 éva byte, oniwg epeig 9¢Aape.

®a spgavioet tg ipég 0x4030, 0x6050. Ed® xprotpornouwr)oape to
casting (short*) yia va evnpepcdooupe tov Debugger niwg n 61eubuvon
avagpépetat oe halfwords kat 1o h yia va apoupe 2 bytes yia kabe
Tun. Av dev xprnowporiolovoape 1o (short*) Sa spgpavidape tig tipég
0x6050, 0x8070, 6161 ) ievBuvorn da §ekivaye aro 1 word petd to
Values kat 6x1 éva halfword, oniwg speig 9éAape.

®a gpoavioet v tpn 8208 (dekadikr) T tou halfword 0x2010).
Agv xpnotponolovpe casting 810t dev poodETouie kAo T OTNV
ETIKETA.

®a spgavioet v Tpr) -32656 (rpoonpacpévn Sekadikn).

®a spgavioet v T 32880 (un-nipoonpacpévn dekadikm)).

®a epgavioet 1o string HI THERE.

[Mivakag 4.27: I1poBoAr| Tiaev

'Evag evaAAakukog 1porog rpoBoAng tov §edopévav eival pe ) Xpron g €VIOANG

p/f < variable >, 60U £6¢) PMOPOULIE va €10AYOUHE POVO TOV TPOTTO MPOBOANG Katl yia va

eriAédounie 10 péyebog Kat t 61eUBUVOT XP1OTHOMO0UIE TPOIOIOINoT) Turou (casting).

H turukn Asttoupyia tng evioArg npoBdlet éva word, 10 oroio gival 10 TEPIEXOHEVO NG

ETIKETAG TTOU e10dyoupe oav rapdperpo. Ta mapddeypa, pe tmyv evioAr) p/x Values Sa

epoaviotel n tpr 0x40302010. TMa va gpdavicoupe 1o tpito byte, n evioAn yivetat p/x

*((char*)&Values+2). To mAeoVEKINPA NG £VIOANG autng eival o1l prmopet va rpoBalet 1o

MEPIEXOPEVO TOV KATAX®PNTOV, OTOG p/f $< register >. Ia mapdadetypa, pe v €VIOAr

p/x $r0 propouie va eEetacoupe o TiepleXopevo tou RO, pe v evioAr] p/x $pc priopoupie
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va ggetdooupe 10 repiexopevo tou R15 katl pe v evioAn p/t $cpsr propoupe va gp-
paviooupe duadika 1o riepiexopevo t1ou CPSR. 'Evag 6eUtepog tporog rpoBoAng 0Anv TV
KATaX®PnIov eival Pe v eVIOAn info registers, 0rtou 1poBAAetal 10 TIEPIEXOPEVO OARV TV

KATAX QPN TOV.

Méoa ano tov Debugger pnopoupe @uoikd kat va adlaldoupe g tiég tov SEosmv
PVIHING KAl TV KATAXOPNTOV, PE TNV EVIOAN set < expr >, OMOU €Xpr £ival pa €K(paot)
avabeong, onwg 1 set Values = 0x450 mou 9€tetl tnv onpel@pévn ano v euketa Values
9éon pvnung ounv tpr 0x450. 'Eva aviiotolyo nmapadetypa pe KataX®pnteég anotelet 1)
eviodr] set $r0 = OXFF, 6rou aAdddet v Tty tou RO oe 255. Ot 9¢oe1g pvrung rmou p-
mopouV va ermeyouv, oxnuatifoviat kat pe casting avaloya pe ) 9€o1 T0Ug Katl T0 €UPOG
MG TG, ON®G Pe v evioAn set *((char*)&Values+2) = 0x45, érou Hétel 1o byte rou

Bpioketal 2 9oeig peta amno 1 §1eUBuUvVon ToOU ONUEIWVEL 1] ETIKETA, otV Tipr 0x45.

IMa va egeracoupe ta anoteAéopara rmou mapayovial and 1§ eVIOAEG TOU TPOyPAau-
patog pag, €xoupe ) duvatdinta va ouvexiooupe v eKtéAeon tou mpoypdppatog Bn-
patka (dnAadr pia mpog pia TG EVIOAEG) 1] KAVOVIKA (OTIOU 1] eKTEAEON oTapatd HE TNV
OAOKAT|P®OT) TOU MPOYPANIATOS 1 He TV ouvdvinon kdarotou breakpoint). H kavovikr)
€KTEAEOT), petd anod dlakortr), yivetatl pe v evioAr) continue 1) povo ¢, eve 1 PNRATIKY) €K-
TéAeon yiveral Pe Vv eVIoAr) step. Xe MEPUTIOOELS OTIOU UTIAPXOUV KATOE1S O€ UTTIOPOUTIVEG,
1 evtoArn step 9a akodoubrjoetl ) drakAadwon Kat Ya otapatoel oV PO EVIOAL] NG
UTIOpOUTivag, KATL TO 011010 dev eivat mavia ermbupnto. [’auto 1o Adyo PmopouUpe va Xpnot-
HOIojo0uE TV €VIOAN next 1 n, 1 onoia £xet v idia Aettoupyia pe v step, aAdd otav
ouUVavtd KANOE1S O UMTOPOUTIvEG EKTEAET KAVOVIKA TOV KOSIKA KAl OTAPATA OTHV EMOHEVT)

ypapun and v kAfon (6ev kavel Bnuatike) EKTEAE0T TOU KOSIKA 1§ UTIOPOUTIivag).

Mrniopoupe t€dog péoa amnd tov Debugger va SupnBoupe éva tpnpa and evioAég Tou
nnyaiou pag apxeiou, e ) XPHor g EVIOANG list [<line_start>] [,<line_end>], 6rtiou av dev
€10ayoupe Kapia mapdaperpo epgaviéoviatl 10 ypappés Kodika yupe aro v ypapL) pog
EKTEAEOT, AV €I0AYOULE TNV MTPWTL TAPAPETPO epdavidovrat 10 ypappés KOdika yUpm aro
TNV PP TTOU €10AYAE KAl AV €10AYOUHE KAl T1i§ 2 TTapapEtpoug epgavioviat ot ypap-
Hég KOS1KA avapeoa oty potn Kat ) devtepn ypappn. Na mapddeiypa, pe v eVioAr)
list 15 Sa epgaviotouv ot ypappég 10. .. 19, eve pe v eviodr list 15,18 Sa spdavictouv
ot ypappég 15...18. Ilapopoila Asttoupyia €xet Kat 1 evioAn disassemble [<addr_start>]
[<addr_end>], pe ) dadopd g twpa cpdpavidetal o KOdkag otg JEoelg Pvung ou
€xel poptwbel. O1 mapdperpot wpa sivatl dieubuvoelg pvnung Kat av dev el0dyoupe Kapia,
9a gppaviotei 0 kOdKag rou undpyet oe 10 Y€oelg yUp® amod v IpEX0Uoa EVIOAT| P0G

extédeorn). Av elodyoupie v rpatn 9a epdaviotel o kwdikag rou nepkAeiet tig 10 Joelg
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YUp® amod ) CUYKEKPEVE YE0T TOU €10AYAME KAl AV EI0AYOUHE KAl TIS 2 TTAPAPETPOUS
Ya epgpaviotel 0 KOGIKAG MOU UTIAPXEL Aavapeoa o auteg TG dieubuvoelg pvhung. Ti-
a napddetypa, pe v eviodn disassemble (main+20) Sa eppaviotouv ot evioAég amo 1)
9¢on main ¢wg 1) 9¢on main+40 (apou kaOe evioArn katadapBavet 4 bytes). Me tv evioAr)
disassemble (main+8) (main+16) Sa egpdaviotouv 3 eviodég. H xpnowpotnta ng evioArng
disassemble gpdavidetal oe EPUTIOOEIS TIOU UIAPXOUV OUVAPTNOEIS TIOU BEV £XOUV €TTL-
mA¢ov mAnpogopia yia Adyoug anoodpaApdinong, ornote dev propei va evrortotei ninyaiog

KOO1KAG.

Ensdfiynon

'Otav extedeital n Sadikaoia petayAotiong Kat ouvdeong Tou apxeiou, yla va rapaydet

exteAéo10g KOdIKAG, Ta epyadeia 6Exovral pila og1pd anod napap€érpous rnou kabopidouv
10 g 9a oAorAnpwbel autn n Sadikaocia kat 1t Ya ocuprneplAnPOei oto teAkd apyeio.
M aro g ermdoyég eivat Kat 1 mpoobrkn ermréov mAnpogopiag yla AOyoug aroo-
palpateong. Tnv mAnpogopia autr) Xpnotpornotet o gdb yia va ripoBdalet Keijpevo tou 1n)-
yaiou apxeiou Kodika, ovoplata ouvaptroe®V Kal EMITAL0V MANPOPOPIES Y1a TO EKTEAED-
wo. Katd v 6adikaocia tng ouvbeong ouwg, PIopel va Xpnotonoinfouv cuvaptiosig
g P1BA10O1KNG TOU cuoTpatog, ot oroieg Bpiokovial oe apyeia P1BA10OAKNG XWPIg erTt-
Aéov TAnpodopieg yia Adyoug peyéboug, apou 1 eloaywyr) rmisovadoucag mAnpogpopiag

rou dev oxetiletal pe v ektéAeon aAAd pe Vv arnooPpadpdtaon rPocbLTel AOKOIT0 XMOPO

oto apyeio. I'’autd to Adyo, av xpetaotel va oupneptdaBoupe kodika Xwpig mAnpogopia
MTOOPAAPATOONG, 0 POVOG TPOTIog TIPoBoANG ToU eival pe ) Xpron tou disassemble.

4.4 Euxrolisg

Aedopevng tng pikprg 00ovng 1ou AT91, TOAAEG PopEG XPelAdeTal PETAKIVNOT ©OS TIPOS
1oV 0p1¢ovtio dfova, eite ouprttudn 1 peyebuvorn g Ypauatooepds OOTE va £XOULE TIEPLO-
00tepn mAnpodopia drabéoun. Zto AT9I1, £xouv evowpatwbel 6Uo ocuvbuaool MANKIPKV

Y1d TNV EKTEAECT AUTOV T@V AETTOUPYIDV :

e O ouvbuaopog minktpev Alt + Control+ «— xat Alt + Control+ — erutpénet )

petakivnon (scrolling) tng 086vng rpog ta apiotetpd kat ta Se€la avtiotoixa.

e O ouvbuaoudg mnktpev Alt+ 1 kat Alt+ | emrpénet ) ouprtuén kat tyv apaioon
(péo® g adAayng ypappatooelpdg) aviiotola 1oV Ypappov Kelpévou 1ou eivat

opateg oe pia mAnpn o6ovn tou ATI1.
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5.1 Tevika

O gfopowwtrg tou AT91 (mpoidv g etapiag KEIL) eival éva mAfjpeg epyadeio avar-
TUENG KAl eAéyXou epappoynv yia didpopeg apXiiektovikeég tng etatpeiag ARM kat tig
vlorooelg toug arnod rmindwpa stalpeiwv. O mAnpeng eSOPoIWTNG arotedel KATtax®PNEVo
EUITOPIKO TIPOTIOV UWPNAoU Kootoug. Eoag oag mapéxetatl n dwpedv €ékboor tou, 1 omoia
glvat unepapket ya eknaideutikoug okoroug. O efopowwtrg Asttoupyel oe repiBaiiov
Microsoft Windows XP / Vista kat SiatiBetat kat yla eykatdotact) oto 51k0 0ag IMTPOCKITIKO
urioAoy1otr], akoAouBoviag pa dadikaocia eyKataotacng mou meptypagetat mo kate. O
£COHOIRTHAG ETUTPEIEL ] HuvaToTa AVATTTUENG KAl ouyypagng nnyaiov kwdika, rnapay-
WYNG eKTEAEOTPOU KOOIKA KAl ArTOOPAAPATOONG TOU PE0® PNUATIKAG EKTEAEOTG OE OUV-
911keg e&oP0lMONG ITOU MePypAPouv akpBOg TNV apXITEKIOVIKT) TOU ernegepyaoty) pag. Me
Tov efopowty) givatl Suvatr) n eAeyXOHeEvVn AVAITTUSH £PAPUOYOV X®PEIG TV Urapsn Tou
AT91, wote va etvat duvatr) n cuyypadn OV EPYAci®V KAl EKTOG ToU epyaotnpiou. Ilpwv
XPLO1) TOU IPETIEL va yivouv pia oglpd arnod pubnioelg, wote va ermdeyel 0 aviiototyog pe o

AT91 turnog ene§epyaotr) Kat ta kataAAnda epyadeia petdppaong.

5.2 PuOpioelg

[Tpwv Vv eykatdotaon 10U €§OP0WTY, ival anapaitntn n eykatdotaon twv GNU ep-
yaldeiov (ta oroia éxouv og mpoerideypévo katadoyo sykataotaong tov C:\Cygnus kat
npoteivetat va pnv addaxBei av dev ouvrpéxouv addot Adyoy. H eykatdotaon avtov yive-
Tal pe Vv eKtéAeon tou apyeiou geccarm331.exe. AkoAoUBwg Sa mperel va eKTeAEoETE
10 apyxeio mdk311.exe, 10 oroio 9a sykataoctrjoet 6Ao 1o repiBadAdov tou egopowwt), ya
81apopoug UrooTtNPIOPEVOUG EMESEPYAOTEG KAl MIKPOEAEYKTEG. Etr) oUVEXeEla da TPETEL va
MANPOPOPI|COULIE TOV E5OHOINTY] KAl TA epYaAeia PeETAPPAONG, Yia TV APXITEKTOVIKT] IV
ortoia 9¢Aoupie va e§O01OO0ULIE.

'Etot, petd mv évapgn tou edopoiotr), dnpioupyoupe éva véo Project erudéyoviag anod

1o menu Project tnv ermdoyr) New Project... kat ermAéyoupe tov katadoyo orou Sa aro-
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9nkeutouv ta apyeia pag. O egopowtng Sa mpotpéyet ot ouvéxela va ermAEEOUnE 1O
OTOXEUOHEVO EMECEPYAOTY] / MIKPOEAEYKT] yia tov oroio da Siapopdpwbei 0 kKOS IKAEG pag.
Eméyoupe ouvenag tnyv etalpia Atmel kat arnod toug enegepyactég mou mapouoiadoviat tov
AT91SAM9261 (ewkdva Emifloyn eneepyaotn, ked. 5.11, ogd. 72). Zinv epatnon yia 1o av
oto project rmou dnpoupyrOnke Sa ocupriepAneOel Kat To IIPOTUIIO ApXEio apyikoroinong,
EIMAEyOUHE OX1.

I
cru |

Vendor:  Atmel

Device: AT91SAMS261

Toolset: ARM

Data base Description:
(3 AT91SAM7SER Al M326EJ-S based High-performance 32-bit RISC Microcontioller with = |
1 AT91SAM7SES!2 Thumb extensions, 32K Bytes ROM, 160K Bytes SRAM, USB 2.0, Extemna
3 ATIISAMZX128 Bus Interface, LCD Controller, Bus Matrix, System Controller, Reset

Controlles, Shutdown Controller, Clock Generator, Power Management
(3 ATI1SAM7X256 Controller, Advanced Intesrupt Controller, Debug Unit, Periodic Interval
3 ATI1SAMTXC128 Timer, Watchdog Time, Real-Time Timer, Three 32-b& PIO Controllers,
£ ATI1SAM7XC256 Nineteen Peripheral DMA Channels (PDC), Muimedia Card Intetface (MCI
ATI1SAMAZE] Theee Synchronous Senial Controllers (SSC), Three Univessal
a TI — =i Synchronous/Asynchionous Receiver Transmitters (USART), Two
Master/Slave Serial Peripheral Interface (SPI), One Three-channel 16-bit
1 180C31%2 Timet/Counters [TC), Two-wire Interface (TWI), IEEE 11491 JTAG
3 T180C32 Boundary Scan
£ T180C51
2 T80C51FP1
3 T180Cs112 -
< [ _'_I_' =

[ ok ]| cance | Hep |

Zxfpa 5.11: Ermdoyr enedepyaotr)

vx|

E]B_j Target 1
“[7] Source Group 1

Zxnua 5.12: Elcayeyn Apxeiov
IMa va énuoupyrjooupe éva véo apyeio mnyaiov kwdika, ermAéyoupe 1o New... amod
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10 menu File, to oroio 9a avoifel éva nmapdBupo mMAnKrpoddynong Keypévou. Amnobnkeu-
OUpE 10 I yaio KOS1KaA 0ToV KAatdAoyo ITou dnpioupynoatie yia to project, pe tv ermioyr)
Save As... tou menu File kat §ivoupe oto apyeio pag éva ovopa, Xprolponolaviag mavia
v KatdAngn .s ya ta apxeia oupBoAikng yAwooag 1) .¢ ya ta apyeia yAoocag C (yia
napadetypa, exerl.s, ask2.c kAm). MoAg oAoxkAnpwBel auvtr) n dadikaoia, ermAgyoupe
oto Project workspace 1o Target 1 kat pe 8e8i KAk oto Source Group 1 eruAéyoupe v
ermdoyn Add Files to Group “Source Group 1” (eikéva Ewoaywyn Apxeiov, ked. 5.12, ogA.
72). Erdéyoviag 1o apxeio nyaiou k@dika rmou dnpuiovupyndnke apéowmg mpv oto napd-
Yupo nou epgpavidetat kat matdvrag 1o Add, to apyeio nnyaiou k®dika rmou Snpioupynoapie

glodyetat oto Project?*. Metd ano autéd ermdéyoune 1o Close.

Components, Environment and Books ) X

Project Components  Fokders/Extensions | Books |

- Development Tool Folders  Defaul File Extensions:
I~ Uses ettings from TOOLS N C Source: Ic—
Tool Base Foldes: m L‘ C++ Source: I'.CDD
BIN: I" \kei\ARM\BIN' l Asm Source: W
INC: | | Object: |".obi
LiB: | | Libeary: | "
Reglie: I I Document: I"lxl; “h“nc
~ Select ARM Development Tools
[ s lashienr RealView Folder: [l ARMBINZ01 i
r Use Ked CARM
Compiler
o Use GNU GNU-Tool-Prefix [amucibe:
Compiler Cyanus Folder: |C:\Cygrwush _]

0K Cancel Defaults Help
| | | [ b |

Zxnua 5.13: Emdoyr KataAoyev

LKOIIOG 0TI OUVEXELW €lval va PETAPPACOUE TO MNYyAio KOOIKA 1ag og eKTEAEOO,
péow tev epyadeiov GNU. T va evnpepnbei o efopowtrg ot og epyaleia petadppaong
9¢doupe ta GNU epyadeia, emAéyoupe ano 1o Project menu to manage kat ekel to Com-

ponents, Environment, Books. Ztnv kaptéAa rou avoiyet ermAéyoupe 1o Folders/Exten-

24Av eloayete apyeio Assembly sruAé€te 1o files of type: Asm source file(*.s; *.src; *.a*), dote va epdaviotet
10 apxeio.
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sions tab (ewwova Emioyn Katadoyov, redp. 5.13, ogd. 73). Ano g tpeig mbaveg emMAOYEG
ouvepyalopevav epyaleiov petappaong 9a mpénet va ermdédoupe ) tedeutaia Use GNU
compiler kat va cupriAnpocoupe 1o npeto redio (GNU-Tool-Prefix) pe 1o keipevo arm-
uclibc- kat 1o 6eutepo nedio (Cygnus Folder) pe tov katddoyo rmou eykataotabnkav ta
GNU tools (av xpnowponotjoape tov nipoertideypévo C:\Cygnus be xpetadetat va neipds-
oupe tirote). H tedeutaia pubpion agopd oto poviédo tou emnetepyaotr] ou Sa ¥pnot-
porownOei aro tov Assembler. Ao to Project menu ermAéyoupe v ermdoyr) Options for
Target. X xkaptéda nou gpdavidetat ermdéyoupe 1o Assembler tab kat oto nedio Misc
Controls ripooBétoupie 10 -mepu=arm926ej. APou oAorANP®OOUV 6Aa 1a mapanave Pr)-
pata, o eSopoRTAS 1ag elvatl £1o0110g va rapdyel Kat va ektedel Kodika, akpiBug Orwg xat
10 AT91.

5.3 Xpmnon

H 6iadikaoia mapaynyng ektedéotpiou apxeiou yiverat pe v erdoyr) Build target oto
Project menu. Auto 9a exivrjoet ) PETAdPAOT) TOU TIPOYPAPRATog oag Kat 9a epdavioet
pnvipata otV KovooAd KeEvoU ITOU UMAPXEL OTO0 KATOTEPO HEPOS NG epappoyng. H
tedevtaia ypappr rmou Sa tunebel avapépel Kat 10 moéoa opdAparta ouvAavinoe Katd 1)
petagpaon o GNU assembler. Av unidpyxel £€0t® Kat €va error, dsv 9a rapayBel ekteAéoio

apxeto (ewova Mnuouata, keg. 5.14, ogd. 74).

Xllask.s: Assembler messages:

"lask.s{0): warning: end of file not at end of a line; newline inserted
linking. ..

Soygdrive /o /Cyonus fArn-Tools/Bin/. . flib/gcc-lib/farn-thunb-elf/3.3.1/. . /..
"test.elf" - 0 Erroris), 1l Warning(s).

Cutput Window

JE I 4 I b l MIH Build j Command } Find in Files /

Zxnpa 5.14: Mnvupata

Xe nepinmwon opaipatog, o GNU assembler Sa pag e1doroiroet g 10 opaipa €xet
[APOUOCIACTEL 08 CUYKEKPIPEV Ypapr) Katl 9a rpoortabrjoet va pag e§nyrjoet 1o £idog tou
opdApatog (. AavBaopévn eviodr, AavBaopéva onpeia oti§ng). Amo tn otyprn) Irmou 1
S81ad1kaoia 0AoKANP®OEl ErMTUX®OG, PIOPOUNE va ermAE§oune v £vapsn arnooPpaipdat®ong
Start/Stop debug session aro to Debug menu. @a epgaviotei éva véo rapdBupo to oroio
MEPLEXEL TA TIEPIEXOPEVA NG pvhung (6nAadn to duadiko ektedéoipo KOS1KA) Kat §ekiva
ano 1) Sieubuvorn rou urtapyet otov PC. O PC (R15) padi pie t1oug UntoAomoug Katax®pnteg
epgavidovial oTo aplotePo TRNHA g 000vNg Kat 1) T toug priopei va aAdaxBei ava maoca

OTLYHH) PE TV EIMAOYT TOUG He TO IoVTiKl (1) ermAoyn) 9a epgavioet éva 6idotikto opOoywvio
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YUpP® Ao 10V KATAX@PI T, TO OIoi0 onpaivel 0Tt €Xel ErMAgYel) KAl T0 TTATNHA TOU KOU-

mou F2.

To mpdypappd pag £xet tonobetnOei avtopata otn dievbBuvory 0x8000, omdte yia va
apyiocoupe va to exktedovpe mpérnet va addagoupe v tpn tou PC os 0x8000. 'Eva kitpivo
BeAdkt Simda amnd v ypappr kodika spgavidetat yia va Seilel v endpevn mpog exte-

Aeon eviolr) (ewkova Exteféouog Kodueag, rep. 5.15, ogAd. 75). Ia va exktedeotel 1) evioAn

6: STMDE R13!, {RO-R1lZ, R14}

b =
=>0x000028000 ESZDSFFF STMDE R13!,{RO-R1Z,R1l4}

8: MOV RO, $0
9=
10: main loop:

0x00008004 E3A0Q00000 MOV RO, #0x00000000
11s-BL Check

AvNNNN2NNS  RRANNNNA  RT. NvNNNNaN?n

Zxnua 5.15: Extedéopog Kadikag

eriAéyoupe to Step ard 10 Debug menu kat napatnpoupe nwg o PC audrbnke kata 4
Kat delyvel oty enopevn evioAr). H ermdoyr Step Over tou Debug menu kavet v i6ia
douleld pe v Step, aAdd otav cuvavid KAfon eviodwv StakAadwong dev 1ig akoAoubel
(Sewpel 011 KaAeitat cuvaptnon, 0 eOUNOIWTLG EKTEAET TOV KOS1KA NG OUVAPTNONG KAl OTa-

Patd apéomg PETA amo Vv EMOTPOP) TG OUVAPTNONG).

Yav e§0KNon ot XP1)0T] ToU e50p01Rty), ag Soupe to akodoubo mapddetypa. Anpioupyn)-
ote éva véo Project kat ypayte 10 napakdte npoypappa. Aoote tou to évopa Samplel.s

Kat npooBéote 1o oto Project.
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Stack
1 .arm
2 .text
3 .global main
4
5 main:
6 STMDB R13!, {RO—RZ, R14}
7
8 LDR R1, =Values
9 LDR R2, [R1,#0]

MOV R2, R2, LSL #0x02
STR R2, [R1, #4]

— =
— O

12

13 LDMIA R13!, {RO-R2, PC}
14

15 .data

16 Values:

17 .word 0x10, OXFFFFFFFF

Ermégte 1o Build target amno to Project menu kat av 6Aeg ot pubpioelg eival oOOtEg,
9a oag spgavioet 0 opaipata kat O e1domnojoelg, EKTOG Ao €va prjvupa rneg o linker dev

propet va Bpet 1o oupBodo start kat Sa torobetroet 1ov Kwdika otn dievbuvon 0x8000.

Agou Eexwvrjoete 1 H1adikaocia armooPpaApdioong Kat pwv eKtedéoete 1) 1n €VioAn,
BaAte 1ig akoAouBeg Tipég otoug kKataxwpnteg ¢ RO=0xAA, R1=0xBB, R2=0xCC, R13 =
0x301000, R14 = 0x7777 xat R15=0x8000. Eyxoviag BdAel 10 PeETPNT] IIPOYPAPHATOS
ot 1n eviodn tou kwdKA pag, sipaocte £ropol va v ektedécoupe. Ag doupe opwg Ti
nieptpévoupe va yivet. H evioAn amoBnkevet tov R14 kat toug tpelg kataxopniég R2 -
RO ot0 owpo6. TIpooéfte 0Tl aUTO KAVEL EMITAKTIKY TNV apxikoroinon tou R13 mpw v
EKTEAEOT TOU IPOYPAPHATOS Pag, ONOG Kal o KABe dAAo mpoypappa Iou Xpnotporotet
10 00PO. ZUpd®va Pe TS avabiéoeslg 11ag 0 KATtaxmwpning oopou deixvel ot Sievbuvon
0x301000. Ag Soupie Aoutov av oving da ektedeotel 0®OTA AUty 1) €VIOAr Kortadoviag ta
nepleEXOpeva TV YE0e@v PVvNng yUpe aro auty ) Sievbuvon. Ta va Seite ta nepiexop-
eva g pvnung ermidélte 1o Memory Window aro 1o menu View kat oto rapabupo mou
epgpavidetal swodayete ) 6ievbuvon 0x300FDO oto medio Address. Extedéote 1 1n ev-
TOAN Kal mapatnpeiote g aAdayeg ot pvhun. AkoAoubwg, T0 MPOypappd Hag, PEPVeEL
1t 6ievbuvorn Values otov kataxwpnt R1, v tipr) mou unidpyetl og auty 1 Sieubuvorn
pvnung otov kataxeopntn R2, moAdamdaocialet pe 4 autr) tv T KAt v arnodnkevet otnv
ernopevr d1evbuvon anod v apXiky. ‘OAda autd opwg ouvdéovial e pia AAAn meploxy) g
pvnung, yupe aro ) dievbuvon 0x8000. Xpnowornowdviag éva deutepo rapdabupo p-
VAHNG PETaBeite OUVENIROG OTr) TIEPLOYT] AUTH) NG PUVHHING KAl EKTEAE0TE PPaTiKA T0 KOOIKA

oag pexpl tnv ypapun 9. @a deite kat’ autd 1o 1poro 1 dievbuvon g eukétag Values
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mou €xel anobnkevutel otov kataxepnt] R1 kat n upn wg eivar 0x8120. Ta va deite
Ta meplExopeva g pvhaung kel emdélte 1o 30 Memory Window kat oto rapddupo rou
epgavidetal eloayete v 61evbuvorn avtn oto rniedio Address (ewwova Munun, kep. 5.16,
ogd. 77).

Address: [0x812()

TS

Memaory

Ready

0x000081Z0:
0x000028157:
0x0000818E:
0x000081CS:
O0x000081FC:

10 00 00 QO FF FF FF FF 00 00 00 00 00 0O 0O 0O OO0 OO QO 0O OO OO0 OO0 0O 0O OO
00 00 00 0O 0O OO OO0 OO 0O 0O OO OO OO OO 0O OO OO OO QO 0O OO OO OO OO 0O OO
00 00 00 0O 0O 0O OO0 OO0 0O 0O 0O OO OO 0O 0O 0O OO OO 0O 0O 0O 00 OO0 0O 0O 00
00 00 00 0O 0O 0O OO0 OO0 0O 0O OO OO0 OO 0O 0O OO OO OO QO 0O OO OO OO 0O 0O OO
00 00 00 QO 0O OO OO0 OO0 0O 0O OO OO OO OO 0O OO OO OO QO 0O OO OO OO OO OO OO

~

M:_ﬂmory #1 A Memory #2 h Memory #3 }\ Memory #4 /

Zxnpa 5.16: Mvrun

Ba mapatnprosle MG OV MAVE-APLOTEPT] TTAEUPA TOU mapabupou umdpxouv ta 2
words tou npoypdappatog pag. Exteddviag fnpatikd kat ta enopeva PBrjpata, péxpt
ypapun 13, 9a napatnproste nog ta reptexopeva g dievbuvong 0x8124 Ja mapouv
mv tpn 0x00000040. Extog 1tou va mapatnpeite ta dedopéva nou anobnkevovial otn
BvAun, propeite kat va adAddete mv Tpr toug, erudéyoviag to KeAl PVIPNG Iou eru-
Supeite katr pe 8e§l KAk erudéyoviag Modify Memory. Emiong, propeite va aAddagete tov
TpoI0 apouciaong toug (oe popdn byte, int KAm) ermAéyoviag and 1o pop-up menu rou
eppavidetar pe 6e&i KAk oto Memory window, pia ano tg ermdoyég unsigned, signed, dec-
imal kAnt. Mnopeite ocuvenadg fadoviag H1aPopeTiky apXIKy T ot S€on pvrpng 0x8120
kat enavapépoviag tov PC oty 11 evioAr) (Badoviag tou tipr) 0x8000) va S0K11ACETE TO TIRG
ouprnepipEpeTal 1o pdypappa Kat yia addeg tipég. H tedeutaia evioAn tédog amoxkabiota
Ta APXIKA TMEPIEXOHEVA TV KATAXMOPNTOV ITOU ArofnKeUoAlE 0T0 0OPO KAl EMAVAPEPEL TO

8elktn 0wPOU otV ApPXIKL) TIU.
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Instruction Set

Ye autd 10 RePAAA10 TTAPOUOCIALOVIAl Ol IO CUXVA XPNOIOIIOIOUEVEG EVIOAEG TOU
eneepyaotr) pag. To UTIOGUVOAO EVIOA®V TTOU ITAPOUCLALETal UTTEPKAAUITIEL TIG AVAYKEG TOU
£PYaOTPioOU MPOYypaPPATIOpNoU og oUNBoAKI YAdooa. Ia kaBe evitoAr) Sivetatl n yevika)
popor g, pla ouUviopn meptypadr) yla I Asttoupyia tng, avadvoviat ot Siapopetikoi
TIAPAETPOL TIOU PUITOPEL va SEXTEL KAl TIAPEXETAL OUVIOHOS PEUSOKMOIKAG TIOU TIEPLYPAPEL

AETITOPEPWS TIG EVEPYELEG TTOU EKTEAEL.
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6.1 Ap1Opntuirég EvioAég

6.1.1 ADC
|31 28|2726|25|24232221|20|19 16|15 12| 11 0 |
| cond [ 00 | 1| 0101 |[s | Rn | Rd | shifter operand |

H evtoAry ADC (Add with Carry) ripooBétet v €§060 tou oAtoBntr) kat to Carry bit otnv tipr tou Rn. Aro-
9nkevet 1o anotédeopa otov kataxepnt) Rd. Ot onpaieg kataotaong avavemvoviatl Kat’ ermAoyr, avaloya e

10 anotéAeopa.

Zuvradn
ADC{<cond>}{S} < Rd >, < Rn >, < shifter_operand >

{<cond>} IMepiéyel ) ouvOnkn Pdaocet ng oroiag exkteldeitat n evioArn. Av Sev €xet
ouprAnpwOet, 1 evtoAr] exteAeital mavia.
{s} '‘Otav Urdpxel EVEPYOITOLEL TV AVAVE®OT) TV ONIAl)V Kataotaong pe Baon

10 anotéAdeopa g £vioAng. Auo TUIOl avaveémong PITopouv va cupBouv:

e Av o Rd 6ev eivat o R15, ot onpaieg katdotaong N & Z tibeviat
avaloya pe to arnotédeopa g npding kat ot onuaieg C & V avdro-
ya pe 1o av éxet dnuioupynBei kpatoupevo (urepxeidnon Katd pn-
npoonpacpévn npoobeon) 1 mpoonpacpévn urepyxeidton. Ot ur-
Olotreg onpaieg kataotaong Sev ennppeadoviat.

e Avo Rd eivai o R15, o SPSR 10U evepyou processor mode avitypdge-
tat otov CPSR. Av exte)deotel eve eipaote oe User 1 System mode
Snuoupyeital opaipa, enedn avtd ta modes dev €xouv SPSR.

< Rd > Opilet Tov Kataxepntr) ou Sa arnodnKeutel 10 anotEAeopa.
< Rn > Opidel 1oV KAtax@PNt) Iou ePIEXEL TOV IIPWTO OPO NG ITPOCOEDTG.
< shifter_operand >  Opilettov 8eUtepo 6po g rpodobeong (rieptypadr) oto ked. 2.3.2, oed. 2.3.2).

Aetrtoupyia
Av Ioxuei{cond} t6te
Rd = Rn + shifter_operand + C_{flag
Av S ==1 katRd == 15 tdte
CPSR = SPSR
Magopetika av S == 1 to1e
N_flag = Rd[31]
Z flag = (av Rd == 0 10t¢ 1 Sragpopetikd 0)
C_flag = (Kpatoupevo ripoobeong)
V_{flag = (YriepxeiAdion nipooOeong)
Xprion
H evioAn avutr) ouvr)Bwg xprotpornoteital yia v UAomoinorn mpoohece@v avapeoa oe 0Opoug IToU £X0UV EUPOS
peyadutepo amno 32 bits. Ta mapadetypa, ot eVioAég:
ADDS R4, RO, R2 @QRO+R2 — > R4
ADC R5, R1, R3 @R1 + R3 + Carry — > R5
eKTEAOUV TV IPGoBeon tov B4bit apilBueov RO + R1 * 2%2 pe R2 + R3 * 232, Apyikd rpooBétoupe ta 32

Atyotepo onpavuika bits, arnobnkevoupe 1o Kpatoupevo kat to Hadidoupe otnv enodpevn rpdodeor).
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6.1.2 ADD
|31 28 [ 2726 |25 | 242322212019 1615 12| 11 o |
| cond | oo | I | 0100 | S | Rn | Rd | Shifter operand |

H evtoAn] ADD 1mipooB<tet 1o anotédeopa tou oAtodntr| otnv tipn t1ou Rn kat anobnkevet to anotédeopa otov

rataxwpnt Rd. onuaieg katdotaong avaveomvoviat Kat’ €AOYY, avdaloya e 10 arnotéAeopa.

Zuvtadn
ADD{<cond>}{S} < Rd >, < Rn >, < shifter_operand >

{<cond>} [TepiExel ) ouvOnkn Pacel tng oroiag exktedeitat n evioAr). Av Sev €xet
ouprAnpwOet, 1 evioAr] extedeital rava.
{s} ‘Otav Undpxel EVEPYOITOLEL TNV AVAVEROT] TOV ONPAl)V KATAoTaong BAacet Tou

aroteA£011atog g VIOANS. AUO TUITOL AvVAVE®MONG PITOPOUV va oUPBoUV:

e Av o Rd 6ev eivat o R15, ot onuaieg katdotaong N & Z tibeviai
avaloya pe to arotédeopa g npding kat ot onuaieg C & V avddo-
ya pe 1o av éxet dnuioupynBei kpatoupevo (urepxeidnon katda pn-
npoonpacpévn npoobeon) 1 mpoonpacpévn urepxeidton. Ot ur-
Oloureg onpaieg kataotaong Sev ennppeadoviat.

e Av o Rd eivai o R15, o SPSR 10U evepyou processor mode avitypdge-
tat otov CPSR. Av ekte)deotel eve eipaote oe User 13 System mode

Snpoupyeital opadpa, emedn avta ta modes dgv €xouv SPSR.

< Rd > Opidet Tov Kataxepentr) rou 9a arnodnKeutel 10 anotEAeopa.
< Rn > Opidel TOV KAtax®@PNTr) IoU MEPLEXEL TOV IIPWTO OPO NG ITPOCOEDTS.
< shifter_operand >  Opiettov 6eutepo 6po g rpocbeong (reptypadr) oto ked. 2.3.2, oed. 2.3.2).

Astrtoupyia
Av Ioxve{cond} tote
Rd = Rn + shifter_operand
Av S == 1 ka1t Rd == 15 tote
CPSR = SPSR
Magopetka av S == 1 tote
N_flag = Rd[31]
Z_flag = (av Rd == 0 tote 1 dagpopetika 0)
C_flag = (Kpatoupevo nipocbeong)
V_flag = (YniepxeiAion ripooBeong)
Xpron
H evtoAr) autr) Xpnjowporoteitat yia v UAoroinon npoobeéoemv avapeoa oe 0poug e £Upog MIKPOTEPO 1) 100
v 32 bits.
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6.1.3 AND
|31 28 [ 2726 | 25 | 242322212019 1615 12 | 11 o |
| cond | oo | I | 00O00O | S | Rn | Rd | Shifter operand |

H evtodr) AND ektedet ) Aoyikr) ripddn KAI avapeoa ota yn¢ia tou Rn Kat 1ou arnotedéopatog 1ou oAodntr)
Kat aroBnkevel 1o anotédeopa otov kataxwpnt Rd. Ot onpaieg kataoctaong avavemvovial KAt €rmioyr),

avdloya pe 1o anotédeopda.

Zuvrafn
AND{<cond>}{S} < Rd >, < Rn >, < shifter_operand >

{<cond>} IMepiéyel ) ouvOnkn Pdaocet g oroiag exktedeitat n evioArn. Av bev €xet
ouprAnpwOet, 1 evioAr] exteAeital mavia.

{s} ‘Otav unapxet evepyorotei tv avavémorn tou CPSR pe fdon to anotédeopa
NG EVIOANG. AUo TUITOl AVAVE®ONG PITOPOUV va oupBouv:

e Avo Rd 6ev eivat o R15, ot onpaieg kataotaong N & Z tibeviat avado-
ya pe 1o anotédeopa g npadng kat n onpaia C avdloya pe to av
£€xe1 SnpioupynBei kpatoupevo anod oAioBnorn. Ot unddoireg onpaieg

bev ennppeddovrat.

e Avo Rd eivai o R15, o SPSR 10U evepyou processor mode avitypdge-
tat otov CPSR. Av exte)deotel eve eipaote oe User 1 System mode

Snuoupyeital opaipa, enedn avtd ta modes dev €xouv SPSR.

< Rd > Opilet Tov Kataxepntr) ou Sa arnodnkeutel 10 anotéAeopa.

< Rn > Opidet oV RKaTAX®PENTL] TIOU MEPLEXEL TOV IIPWTO OPO TG AOYIKHG IPAgng.

< shifter_operand >  Opilet tov 6eUtepo 6po g Aoyikrg mPddng (meptypadr| oto Rep. 2.3.2, ogl.
2.3.2).

Astrtoupyia
Av Ioyxve{cond} tote
Rd = Rn AND shifter_operand
Av S == 1 kat Rd == 15 t6te
CPSR = SPSR
Magopetika av S == 1 to1e
N_flag = Rd[31]
Z flag = (av Rd == 0 16t¢ 1 Sragpopetikd 0)
C_flag = (Bit ané oAiobnon (av £xet yivey, aAdiwg 0)
V_{flag = (Aveninpéaoto)
Xprjon
Me v evioAr) AND propoupe oAU eUKOAA va AMOPOVAOOCOUHE CUYKEKPIHEVA YPrdia evog Kataxwpnt). a
napddetypia, Pe TG EVIOAEG:
MOV R4, #0x82 @#0x82 — > R4
AND R5, R5, R4 @R5 AND R4 — > R5

artopovovoupe ta bits 7 kat 1 (n apiBunon tev bits Eexkivd aro to 0, 1o oroio avriotoikei to Atydtepo onpaviko)

Kat eAéyxoupe av éxouv v tipn 12,

%5To Aoyikd AND U0 yngiev e 1o éva va eivar 1, apéyet anotéAeopa ioo pe trv 1pr) U dAdou yrgiou.
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6.1.4 BIC
|31 28 [ 2726 |25 | 242322212019 1615 12| 11 o |
| cond | oo | I | 1110 | S | Rn | Rd | Shifter operand |

H evtoAn) BIC (Bit Clear) extedei doywkd AND tov yneieov tou Rn kat tou ouprnpopatog g £§66ou tou

oAloOnt) Katl anobnkevel 1o arotédeopa oov Kataxwpnt) Rd. Ot onpaieg katdotaong avavemvovial Kat

ermAoyr, avaloya pe 10 arnotéAeopa.

Zuvrafn
BIC{<cond>}{S} < Rd >, < Rn >, < shifter_operand >

{<cond>} IMepiéyel ) ouvOnkn Pacel g oroiag exkteldeitat 1 evioAn. Av Sev €xet
ouprAnpw®Oet, 1 evioAr] exteAeital mavia.
{s} '‘Otav UTIAPXEL EVEPYOITOLEL TV AVAVE®OT TV ONIAlOV KATaotaong pe Baon

10 anotéAdeopa g evioAng. Auo TUIOl avaveé®ong PItopouv va cupBouv:

e Av o Rd &ev eivat o R15, ot onpaieg N & Z tibevtat avadoya pe
10 anotédeopa g npding kat n onpaia C avadloya pe 1o av €xet
SnpoupynBel kpatoupevo amno oAiodnorn. Ot urodoireg onpaieg dev

ennppeadoviat.

e Avo Rd eivai o R15, o SPSR 10U evepyou processor mode avitypdge-
tat otov CPSR. Av exte)deotel eve eipaote oe User 13 System mode
Snuoupyeital opadpa, enedn avta ta modes dev éxouv SPSR.

< Rd > Opilet Tov Kataxepentr) rou 9a arnodnKeutel 10 anotéAeopa.

< Rn > Opiletl ToV KATAX@PEITL) TIOU TEPLEXEL TOV IIPWTO OPO TG AOYIKHG IPAgng.

< shifter_operand >  Opiletl tov SeUtepo 0po tng Aoyikng mpdadng (meptypadny oto keg. 2.3.2, oel.
2.3.2).

Astrtoupyia
Av Ioxuei{cond} tote
Rd = Rn AND NOT shifter_operand
Av S == 1 ka1 Rd == 15 tote
CPSR = SPSR
Magopetika av S == 1 to1e
N_flag = Rd[31]
Z flag = (av Rd == 0 16t¢ 1 Sragpopetika 0)
C_flag = (Bit arno oAioBnon (av £xet yivey, aAdiwg 0)
V_{flag = (Aveninpéaoto)
Xprjon
H evtoAr) aut xpnotporoteitat otav 9€doupe va kavoupe O ouykekpipéva yneia evog kataxepnt). a
napdadetypia, n eVioAr):

BIC R5, R5, #0x44 @R5 AND NOT #0x44 — > R5

raBapilet ta bits 6 kat 2 ano tov kataxepn) R5.
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6.1.5 CLZ
|31 28 [2726252423222120 |19 16 [15 12| 11 8 [ 7654 [3 0|
| cond | 00010110 [0000] RA [0000[0001 [ Rm |

H evtoAr) CLZ (Count Leading Zeros) emiotpédetl tov aptOpo tev ouvexopevev O, mou umapyouv ota Io

onpavukd yneia tou Rm. To arnotéAeopa 1o anobnkevel otov kataxepntt Rd.

Zuvradn
CLZ{<cond>} < Rd >, < Rm >

{<cond>} TIepitxet ) ouvOrkn Baoet g onotag extedeital ) eviodr]. Av dev £xel ouprAnpaOet, 1

€VI0Ar] extedeital avia.

< Rd > Optiet Tov kataxepntr) rou 9a anobnkeutel 1o anotédeopa.
< Rm > Opidet tov kataxepntr, otov onoio Sa yivet n pérpnon v O.
Aetrtoupyia

Av Ioxuei{cond} tote
Av Rm == 0 tote
Rd = 32
Magdopetika
Rd = 31 - #(bit position of most significant 1)
Xpron
H evtoAr) autr) ouvriBeg xprotponoteitat 6tav 9EA0UNE va KAVOVIKOIIOU|COUHE £va KATAX®PI L], £101 QOTE TO
TEPLO0OTEPO ONPAvko ‘1’ tou va gpdavidetat otnv 9¢on 31, v mo onpaviukn d€on. Tn xnpoiporoovpe
6nAadn ya va kabopicoupe 1o ndoeg Séoelg apiotepng oAioBnong xpetalopaote. I'a napadetypa:

CLZ R5, R4 @ leading_zeros(R4) — > R5
MOV R4, R4, LSL R5 @ R4 * 2% _ >~ R4

av o R4 nepigxet v tpr) 0x49, o R5 9a anobnkevoest tnv tpn 25 (uadikr) avanapactaon tou 0x49 eivat
00000000_00000000_00000000_01001001) kat peta v oAiobnon Sa yivet 0x92000000.
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6.1.6 CMN
|31 28 [ 2726 |25 | 242322212019 1615 12| 11 o |
| cond | oo | I | 1011 | 1 | Rn | 0000 | Shifter operand |

H evioAdr) CMN (Compare Negative) ektedel ouykplon avdapeoa otov Rn kat oto avtifeto (oe aplOpnukr)
OUPIMANPOHATOS ®G TTPOG 2) arotédeopa tou 0Atodntr). Ot onpaieg Kataotaong EVOPEP®VOVIAL ITAVIA, avalo-

ya pe 1o anotédeopa tng oUykKplong (n ouykplon vlomnoteital pe rpoobeon).

Zuvrafn
CMN{<cond>} < Rn >, < shifter_operand >

{<cond>} IMepiéyel ) ouvlnkn Pacel g oroiag exkteldeitat 1 evioAn. Av Sev €xet
ouprAnpw®Oet, 1 evtoAr] exteAeital mavia.

< Rn > Opidet TOV KATax@PNT) IOV TEPIEXEL TOV IPAOTO PO NG CUYKPLO1G.

< shifter_operand >  Opileitov beUtepo Opo Tng CUYKPLoNG (Tteptypadn oto keg. 2.3.2, ogd. 2.3.2).

Astrtoupyia
Av Ioyvet {cond} tote
alu_out = Rn + shifter_operand
N_flag = alu_out[31]
Z_flag = (av alu_out == 0 tote 1 Hagpopetika 0)
C_flag = (Kpatoupevo nipocbeong)
V_flag = (YniepxeiAnon npooBeong)
Xpron
H evtolAr) auty) xpnowporoteitat otav 9édoupe va edéydoupe 1o €i8og tou arotedéopartog piag rnpocdeong (av

6nAadn npokalel uriepxeidion, KPATOUNEVO KATY), eve Sev eivatl anapaitntn 1 arnobKeuor ToU anoteAéopatog.
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6.1.7 CMP
|31 28 [ 2726 | 25| 242322212019 1615 12 | 11 o |
| cond | 00 | I | 1010 | 1 | Rn | 0000 | Shifter operand |

H evtoAr) CMP (Compare) ektedel oUykplon avapeoa otov Rn kat to arotédeopa tou oAwobntr). Ot onpaieg
KATAoTaong €VIHEP®VOVIAL MAvid, avdloya He 1o anotédeopa tng oUykplong (n ouykplon uvdoroteitat pe
adaipeon).

Zuvtafn
CMP{<cond>} < Rn >, < shifter_operand >

{<cond>} IMepiéyel ) ouvOnkn Pdaocet g oroiag exktedeitat n evioArn. Av bev €xet
ouprAnpwOet, 1 evioAr] exteAeital mavia.

< Rn > Opidet ToV KATax®PNt) IoU MEPLEXEL TOV IPAOTO PO NG CUYKPLO1G.

< shifter_operand >  Opilet tov 6eUtepo Opo g OUYKPoNG (Meptypadr) oto kep. 2.3.2, ogd. 2.3.2).

Astrtoupyia
Av Ioyvet {cond} tote
alu_out = Rn - shifter_operand
N_flag = alu_out[31]
Z_flag = (av alu_out == 0 tote 1 Hagpopetika 0)
C_flag = (NOT Kpatoupevo adaipeong)
V_flag = (YriepxeiAnon agpaipeong)
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6.1.8 EOR
|31 28 [ 2726 |25 | 242322212019 1615 12| 11 o |
| cond | oo | I | 0001 | S | Rn | Rd | Shifter operand |

H evtoAn EOR exkteAet ) doyikn) ripadn AITIOKAEIZTIKO-H tou Rn pe 1o anotéAeojia tou 0Aodntr) Kat arno-
9nkevetl 1o anotédeopa otov kataxwpnt) Rd. Ot onuaieg katdotaong evnpepwvoviat Kat’ ermioyr), avddoya

e 1o anotédeopa.

Zuvrafn
EOR{<cond>}{S} < Rd >, < Rn >, < shifter_operand >

{<cond>} IMepiéyel ) ouvlnkn Bacel g oroiag exkteldeitat 1 eviodn. Av Sev €xet
ouprAnpw®Oet, 1 evtoAr] exteAeital mavia.
{s} '‘Otav UTIAPXEL EVEPYOITOLEL TV AVAVE®OT] TV ONIAl)V KATaotaong pe Baon

10 anotéAdeopa g evioAng. Auo TUIOl avaveé®ong PItopouv va cupBouv:

e Av o Rd &ev eivat o R15, ot onpaieg N & Z tibevtat avadoya pe
10 anotédeopa g npding kat n onpaia C avadloya pe 1o av €xet
SnpoupynBel kpatoupevo amno oAiodnorn. Ot urnodoireg onpaieg dev
ennppeadoviat.

e Av o Rd eivai o R15, o SPSR 10U evepyou processor mode avitypdge-
tat otov CPSR. Av exkte)deotel eve eipaocte oe User 13 System mode

Snuoupyeital opadpa, enedn avta ta modes dev €xouv SPSR.

< Rd > Opilet Tov Kataxepentr) rou 9a arnodnKeutel 10 anotéAeopa.

< Rn > Opiletl ToV KATAX@PITL) TIOU TEPLEXEL TOV IIPWTO OPO TG AOYIKHG IPAgng.

< shifter_operand >  Opilel tov SeUtepo Opo tng Aoyiknig mpdadng (meptypadny oto keg. 2.3.2, oe).
2.3.2).

Aetrtoupyia
Av Ioxuei{cond} tote
Rd = Rn OR shifter_operand
Av S == 1 ka1 Rd == 15 tote
CPSR = SPSR
Magopetika av S == 1 to1e
N_flag = Rd[31]
Z flag = (av Rd == 0 16t¢ 1 Sragpopetikd 0)
C_flag = (Bit arno oAioBnon (av £xet yivey, addiwg 0)
V_{flag = (Aveninpéaoto)
Xprion
Me v eviodr) EOR avtiotpépoupie ouykekpipéva ynedia evog kataxepnty. a napddsiypa ot :
MOV R4, #0xCO @#0xCO — > R4
EOR R5, R5, R4 @R5 XORR4 — > R5

avtiotpépouy ta ynoia 7 xat 6 (n apibpnon wv ynoieov Sexkvd amd to 0, 1o oroio avuotoiel 1o Atydtepo

onpavuko) tou kataxepent) R52.

26 Ay extedeotet  mpagn EOR avdpeoa os 2 yngia pe 1o éva eivar 0, 1o anotédeopa 9a eivat ico pe v tpn)

tou dAdou bit. Av to éva yrneio eivat 1, to arnotédeopa Sa eivat to avtibeto tou dAdou.
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6.1.9 MLA
|31 28 [27262524232221[20]19 1615 12 |11 8] 7654 [3 0|
| cond | 0000001 [s]| RA | Rn | Rs [1001 [ Rm |

H evtoAr) MLA (MulLtiply and Accumulate) moAAamdaoctadet mpoonpacpéva 1) Jir rpoonpacpéva Evieda yia va
napdyet anotédeopa eupoug 32 yneiav, 1o oroio pootibetat oe Tpito 06plopd, Katl artobnKevel T0 arnotéAeopa

otov kataxwpnt Rd. Ot onuaieg kataotaong avavemvoviat Kat’ ermAoyr), avaloya Hpe 10 arotéAeopa.

Zuvtafn
MLA{<cond>}{S} < Rd >,< Rm >,< Rs >,< Rn >

{<cond>} Ilepiéxet ) ouvbrkn Bdoet g ornoiag extedeitat ) evioAr]. Av dev £xet oupriAnpabet, n
€VIOAI eKteAeital mavia.

{s} ‘Otav UTIAp)EL EVEPYOTTOLEL TNV AVAVEROT) TV ONUAIOV KAtdotaong pe BAaon 10 anoté-
Aeopa ng evioAng. Ennppealovrat povo ot onpaieg N & Z.

< Rd > Opidet tov Kataxepnt rnou da anobnkeutel 10 anotéAeopnd.

< Rm > Opidet 1OV KATaX@PNTL) IIOU MEPLEXEL TOV IIP®TO OPO TOU MoAAarnAaciacpou.

< Rs > Opidet 1oV Katax®Pntr mou MePLEXEL TOV HEUTEPO OPO TOU MOAAATTAACIACHOU.

< Rn > Opiet Tov KATaX@PNTr) oV MEPLEXEL TNV T rToU da rpooteBei 010 YIvOEVO TOU ITOA-
AarmAaolaopou.

Astrtoupyia

Av Ioyxve{cond} tote
Rd = (Rm * Rs) + Rn
Av S == 1 101
N_flag = Rd[31]
Z_flag = (av Rd == 0 tote 1 dagpopetika 0)
C_flag = (Aveninpéaoto)
V_flag = (Averninpéaoto)
ZNHELDOELG

R15 H xpnon tou R15 o 9éon wv < Rd >, < Rm >,< Rs >,< Rn > 9a
npoxkaléoet anpoBAerta aroteAéopara.

Rd & Rm H xprjon tou i81ou katayepnt ya ov < Rd > & < Rm > 9a npoxkaléoet
arnpoBAertta aroteAéopara.

Ipoonpo Emedry n eviodr) MLA mapdayet povo ta 32 Ayotepa onpavika yneia tou
64yn@lou yivopévou, o roAdamiaoctacpog da dwoet ta i6ia anotedéopata
Yla IIPOCH1AcHEVOUG KAl PI) IPOCACHEVOUS aplbjioug.
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6.1.10 MUL
|31 28 [27262524232221[20]19 16 [15 12 [11 8] 7654 [3 0|
| cond | 0000000 [s]| RI [0000] Rs [1001] Rm |

H evtoAr) MUL (MULtiply) moAAamAaoiadet ripoonpacpiéva 1) 1 Ipooniacpéva €vieAd yia va Imapayet arnote-

Aeopa eupoug 32 ywnoeiev Kat arobnkevel 1o anotédeopa otov kataxwpnt) Rd. Ot onuaieg kataoctaong

avavemvovtal Kat’ ermAoyr), avaloya He 10 arotéAeopia.

Zuvrafn

MUL{<cond>}{S} < Rd >,< Rm >,< Rs >

{<cond>}

{s}

[Mepiéxet ) ouvOnkn Pdoet tng onoiag exteAeital 1 evioAr]. Av 6ev £xel oupANP®OEL, N
€VIOA1 eKteAeitatl mavia.
‘Otav Undpyel EVEPYOTTOLEL TNV AVAVEROT) T®V CNHAIROV KATtAotaong pe BAon 1o anoté-

Aeopa ng eviodng. Emnppeadoviat povo ot onpaieg N & Z.

< Rd > Opidet tov Kataxepnt) rou Sa anobnkeutel 10 anotéAeopnd.
< Rm > Opiet 1oV KATax@Pntr) Iou MEPLEXEL TOV IIP®TO OPO TOU MoAAarnAaciacpou.
< Rs > Opidet 1oV Katax®pntr mou MePLEXEL TOV SeUTEPO GPO TOU MOAAATAACIACHOU.
Astrtoupyia
Av Ioxve{cond} tote
Rd = (Rm * Rs)
Av S == 1 to1e
N_flag = Rd[31]

IZNHELDOELG

R15

Rd & Rm

IIpoonpo

Z_flag = (av Rd == 0 tote 1 dagpopetika 0)
C_flag = (Aveninpéaoto)
V_flag = (Aveninpéaoto)

H xpnon tou R15 ot 9éon wv < Rd >, < Rm >, < Rs > 9a npoxkaléoet
arnpoBAertta aroteAéopard.
H xprjon tou i810u kataxepnt ya ov < Rd > & < Rm > 9a npoxkaldéoet
arpoBAertta aroteAéopara.
Enedn n evtoAr; MUL mapayet povo ta 32 Atyotepa onpavilkd ynéia tou

64ynelou yvopévou, o noAdamiactacpog Sa daoet ta idia anotedéopata

Yla IIPOoH1acHEVOUG KAl 1) IPOoaopévoug apibpioug.

89



Eyxepido xprniong AT91 Kepalawo 6.1 - ApiOunukeg Eviodég

6.1.11 ORR
|31 28 [ 2726 | 25 | 242322212019 1615 12 | 11 o |
| cond | oo | I | 1100 | S | Rn | Rd | Shifter operand |

H evioAr) ORR ektelei 10 Aoyikd H avapeoa otov Rn kat oto arotédeopa tou oAtodntr) Kat anobnkevet 1o
arotéAeopia otov katayxwpnt) Rd. Ot onpaieg kataotaong avavemvoviatl Kat’ €MMA0yn, avaloyd PE T0 arnoté-

Aeopa.

Zuvrafn
ORR{<cond>}{S} < Rd >,< Rn >, < shifter_operand >

{<cond>} IMepiéyel ) ouvOnkn Pdaocet g oroiag exkteldeitat n evioArn. Av bev €xet
ouprAnpwOet, 1 evioAr] exteAeital mavia.
{s} ‘Otav Umdpxel EVEPYOITOLEL TV AVAVE®OT) TV ONIAldV Kataotaong pe Baon

10 anotéAdeopa g £vioAng. Auo TUIOl avavEémOong UITopouv va cupBouv:

e Av o Rd &ev eivat o R15, ot onuaieg bits N & Z tiBevtat avdAoya pe
10 anotédeopa mg rpding kat n onpaia C avaloya Pe 10 KPAToUPEVO

oAtoBnong.

e Av o Rd eivat o R15, o SPSR tou evepyou processor mode avitypage-
tat otov CPSR. Av ekteldeotel eve eipaote oe User 1) System mode
Snpoupyeitat opadpa, enedn) avtd ta modes Sev €xouv SPSR.

< Rd > Opidet tov kataxepnt) nou da arnodnkeutel 10 anotédeopa.

< Rn > Opidet 1oV KATaX@PITr) IOV MEPIEXEL TOV IPOTO OPO NG AOYIKAG IPAgNG.

< shifter_operand >  Opilet tov 6eUtepo 6po g AOYIKLG PAdng (reptypadr) oto ked. 2.3.2, ogl.
2.3.2).

Astrtoupyia
Av Ioyxve{cond} tote
Rd = Rn OR shifter_operand
Av S == 1 ka1t Rd == 15 tdte
CPSR = SPSR
Magopetuka av S == 1 to1e
N_flag = Rd[31]
Z_flag = (av Rd == 0 tote 1 dagpopetika 0)
C_flag = (Bit and oAioOnon (av €xet yivey, addiog 0)
V_flag = (Averninpéaoto)
Xpron
Me v eviodr] ORR propoUpe moAuU €UkoAa va 9éooupe OUYKeEKplpéva ynoia oe éva katayxwpnt. Ia

napadetypa, ot :

MOV R4, #0xCO0 @#0xCO — > R4
ORR R5, R5, R4 @R5 ORRR4 — > R5

9¢touv (kavouv 1) ta ynoia 7 kat 6 (1 apibpnon v bits §ekwva aro to 0, 1o oroio aviotoiyet to Atyotepo

onpavtiko) tou katayxwpnt R5.
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6.1.12 RSB
|31 28 [ 2726 |25 | 242322212019 1615 12| 11 o |
| cond | oo | I | 0011 | S | Rn | Rd | Shifter operand |

H evtoAr) RSB (Reverse SuBtract) apatipei tov Rn aro to anotédeopa tou oAtodntr) Kat arnobnkevet 10 Aote-

Aeopa otov kataxepnt Rd. Ot onpaieg katdotaong avavemvoviatl Kat’ £A0yr), avaloya Pe 10 arnotéAeopda.

Zuvradn
RSB{<cond>}{S} < Rd >, < Rn >, < shifter_operand >

{<cond>} [TepiExel ) ouvOrkn Pacel tng oroiag exktedeitat n evioAr). Av Sev €xet
ouprAnpwOet, 1 evioAr] extedeital rava.
{s} ‘Otav Undapyel EVEPYOTIOLEL TNV AVAVERDOT) T@V ONPAlOV Kataotaong pe Bdon

10 AOTEAEOHA NG EVIOANG. AUO TUIIOl AVAVERONG PITOPOUV va oupBouv:

e Av o Rd 6ev eivat o R15, ot onpaieg N & Z tiBeviat avdadoya pe to
arotédeopa g npadng kat oru onpaieg C & V avddoya pe o av
£xel dnpoupynOel kpatoupevo (UrepxeiAnon Katd Pn-mpoocnacpévn
adaipeon) 1) mpoonpacpévn unepxeidion. Ot urnodotreg onpaieg dev

ennppeadoviat.

e Avo Rd eivai o R15, o SPSR 10U evepyou processor mode avitypdge-
tat otov CPSR. Av exte)deotel eve eipaote oe User 13 System mode

Snuoupyeital opadpa, enedn avta ta modes dev éxouv SPSR.

< Rd > Opilet Tov Kataxepentr) rou 9a arnodnKeutel 10 anotéAeopa.
< Rn > Opidet 1oV Katax®PNTr) IoU MePIEXEL TOV HEUTEPO OPO TG adaipeong.
< shifter_operand >  Opilet tov rp@To 0pO G apaipeong (reptypadrn owo ked. 2.3.2, ogd. 2.3.2).

Astrtoupyia
Av Ioxve{cond} tote
Rd = shifter_operand - Rn
Av S == 1 ka1t Rd == 15 tote
CPSR = SPSR
Magopetuka av S == 1 to1e
N_flag = Rd[31]
Z_flag = (av Rd == 0 tote 1 dagpopetika 0)
C_flag = (NOT Kpatoupevo apaipeong)
V_flag = (Yniepyeidion apaipeong)
Xpron
[Tépa amnd ) mpodavr) g XPron, 1 EVIOAT AUty PItopei va Xpnotpornotnei kat yla v eUpeon 10U CUPITAT PO-
patog »g 1pog 2 :

RSB R4, R4, #0 @ -R4 — > R4
Kat ywa va vrodoyiotel to ywopevo (2" — 1) x Rn :

RSB R4, R4, R4, LSL #8 @ (2° « R4) — R4— > R4
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6.1.13 RSC
|31 28 [ 2726 | 25 | 242322212019 1615 12 | 11 o |
| cond | oo | I | 0111 | S | Rn | Rd | Shifter operand |

H evioAn RSC (Reverse Subtract with Carry) agaipei to (Rn + NOT CPSR C bit) and to arnotédeopa tou
oA1oOnT) KAt anobnkevel 1o arnotédeopa oov Kataxwpnt) Rd. Ot onuaieg katdotaong avavepvoviatl kat’

ermAoyr, avaloya pe 1o arnotéAeopa.

Zuvrafn
RSC{<cond>}{S} < Rd >, < Rn >, < shifter_operand >

{<cond>} IMepiéyel ) ouvOnkn Pdaocet g oroiag exkteldeitat n evioArn. Av bev €xet
ouprAnpwOet, 1 evioAr] exteAeital mavia.
{s} ‘Otav Umdpxel EVEPYOITOLEL TV AVAVE®OT) TV ONIAldV Kataotaong pe Baon

10 anotéAdeopa g £vioAng. Auo TUIOl avavEémOong UITopouv va cupBouv:

e Av o Rd &ev eivat o R15, ot onpaieg N & Z tiBevtal avddoya pe 1o
arotédeopa g npagng xat ot onuaieg C & V avadoya pe o av é-
Xet 6npoupynBel kpatoupevo (UnepXeiAnon KATd Pn-rpocnacpéve)
agaipeorn) 1 poonpacpevn urnepxeidton. Ot unodoineg onpaieg 6ev

ennppeadoviat.

e Av o Rd eivat o R15, o SPSR tou evepyou processor mode avitypage-
tat otov CPSR. Av ekteldeotel eve eipaote oe User 1 System mode
Snpoupyeitat opadpa, enedn) avtd ta modes Sev €xouv SPSR.

< Rd > Opidet Tov kataxepnt) nou da anodnkeutel 1o anotédeopa.
< Rn > Opilet TOV Katax@PNTL| IoU MePIEXEL ToV HeUTEPO OPO NG apaipeong.
< shifter_operand >  Opilet tov peto 6po g apaipeong (reptypadn oto ked. 2.3.2, ogd. 2.3.2).

Astrtoupyia
Av Ioyxve{cond} tote
Rd = shifter_operand - Rn - NOT(CPSR C bit
Av S == 1 ka1t Rd == 15 tdte
CPSR = SPSR
Magopetka av S == 1 to1e
N_flag = Rd[31]
Z_flag = (av Rd == 0 tote 1 dagpopetika 0)
C_flag = (NOT Kpatoupevo apaipeong)
V_flag = (Yriepxeidion apaipeong)
Xpron
H evtoAr) autr) propet va xpnotpornonfei yia v €Upecn T0U CUPMANPOPATOS @G IPog 2 evog 64yndilou
ap1bpov, anobnkeupévou yia napddetypa otoug katayxmpnteg RO & R1, pe 1o Atydtepo onpaviko word otov

RO, pe v akodouBia eVvioAov :

RSBS R2, RO, #0 @ -RO — > R2
RSC R3, R1, #0 @ -R1 — > R3
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ZNHELDOELG
Av gvepyonoinOei 11 avavéwmorn tev onpatev (Exet tebei 1o S), n onpaia C yivetat:
1 Av bev undapyel Kpatoupevo

0 Av Untapyel KPATOUPEVO

Me dAAa Adyia, n onpaia C xpnowpornoteitat cav NOT(carry). H avtiotpogrn autr) yivetat yia tig €mopeEveES
npdgets. Ma nmapdadeiypa, ot eviodég SBC & RSC xprowpornoovyv ) onpaia C cav NOT(carry), Kat eKteAouv
arn agaipeon av eivat 1 11 apaipouvv éva erurdéov av eivat 0 (6ndadn #(arotédeopa g agaipeong) -1). Ot

ouvOnkeg exktedeong HS & LO eivat 10oduvapeg pe 1ig CS & CC avtiotoka.
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6.1.14 SBC
|31 28 [ 2726 | 25 | 242322212019 1615 12 | 11 o |
| cond | oo | I | o110 | S | Rn | Rd | Shifter operand |

H evtoAry SBC (SuBtract with Carry) agaipel v tur tou arnotedéopatog tou oAoBnt) amnd to [Rn +
NOT(onpaia C] kat anobnkevet 1o anotédeopa otov kataxwpnty Rd. Ot onpaieg katdotaong avaveovov-

tat kat’ ermAoyr), avaloya pe 10 arotéAeopia.

Zuvrafn
SBC{<cond>}{S} < Rd >, < Rn >, < shifter_operand >

{<cond>} IMepiéyel ) ouvOnkn Pdaocet g oroiag exkteldeitat n evioAn. Av Sev €xet
ouprAnpwOet, 1 evioAr] exteAeital mavia.
{s} '‘Otav Umdpxel EVEPYOITOLEL TV AVAVE®OT) TV ONIAl)V Kataotaong pe Baon

10 anotéAdeopa g £vioAng. Auo TUIOl avavEé®Oong UITopouV va cupBouv:

e Av o Rd 6ev givat o R15, ot onpaieg N & Z tibevtat avadoya e
10 arotédeopa g npadng kat ot onpaieg C & V avdloya pe o av
£€xe1 dnuoupynOei kpatoupevo (UrtepxeiAnon Katd Pn-rPocnACHEVD)
agaipeorn) 1) poonpacpevn) urnepxeidton. Ot unodoineg onpaieg 6ev

ennppeadoviat.

e Av o Rd eivat o R15, o SPSR tou evepyou processor mode avitypage-
tat otov CPSR. Av ekteleotel eve eipaote oe User 11 System mode
Snpoupyeitat opadpa, enedn) avtd ta modes Sev €xouv SPSR.

< Rd > Opidet Tov kataxepnt) nou da arnodnkeutel 1o anotédeopa.
< Rn > Opilet TOV KATaX@PNTL| IIOU MEPIEXEL TOV IPWTO OPO TG adaipeong.
< shifter_operand >  Opilertov 6eutepo 6po g adaipeong (reptypadr) oto red. 2.3.2, oed. 2.3.2).

Aetrtoupyia
Av Ioxuei{cond} t6te
Rd = Rn - shifter_operand - NOT(CPSR C bit
Av S == 1 ka1t Rd == 15 t61¢
CPSR = SPSR
Magopetika av S == 1 to1e
N_flag = Rd[31]
Z flag = (av Rd == 0 10t¢ 1 Sragpopetikd 0)
C_flag = (NOT Kpatoupevo adaipeong)
V_{flag = (Yriepxeidion agaipeong)
Xprion
H evtoAr) aut) prnopet va xpnotponownel yia tnv adaipeon Tipov peyaiutepou eupoug aro 32 ynoia. Ta
napddetypa, agaipeon g Tpng nouv Ppioketal otoug kataxepnteg RO & R1 amod v uur) nou Bpioketat
otoug kataxwpnteg R2 & R3, ermtuyyavetat pe :

SUBS R2, R2, RO @ R2 - RO — > R2
SBC R3, R3, R1 @ R3 -R1 — > R3

ZNHELDOELG

Av gvepyornonOei 11 avavémorn te@v onpatev (€xet tebei 1o S), n onpaia C yivetat:
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1 Av bev undpyel Kpatoupevo

0 Av Untapyel KPATOUPEVO

Me dAAa Adyia, n onpaia C xpnowpornoteitat cav NOT(carry). H avtiotpogrn autr) yivetatl yia tig €moPEVeES
npdgets. Ma napdadeiypa, ot eviodég SBC & RSC xprowpornoovyv ) onpaia C cav NOT(carry), Kat EKteAouv
arn agaipeon av eivat 1 11 apaipouvv éva erurtdéov av eivat 0 (6ndadn #(arotédeopa g agaipeong) -1). Ot

ouvOnkeg exktedeong HS & LO eivat 10oduvapeg pe 1ig CS & CC avtiotoka.

95



Eyxepido xprniong AT91 Kepalawo 6.1 - ApiOunukeg Eviodég

6.1.15 SMLAL
|31 28 [27262524232221[20]19 1615 12 |11 8] 7654 [3 0|
| cond | 0000111 [ s ]| RIHi | Rdlo | Rs [ 1001 [ Rm |

H evtoAry SMLAL (Signed Multiply and Accumulate Long operands) moAAarmAaotddet mpoonpacpéva évieda
yla va napdyet anotédeopa eupoug 64 ynoiev, to onoio npootifetatl otov 64yneio apOpo mou £xet ta 32
o onuavika Yynoia tou otov RAHi kat ta 32 Awyotepo onpavuka yrneia tou otov katayxepnt) RdLo. To mo
ONPAVIIKO PEPOG TOU aroteAéopiatog anodnkevetatl otov RAHi kat 1o Atyotepo onpaviikd otov KataX®pnt)
RdLo.

Zuvrafn
SMLAL{<cond>}{S} < RdLo >,< RdHi >,< Rm >,< Rs >

{<cond>} Ilepiéxet ) ouvbrkn Bdoet g ornoiag extedeitat ) evioAr]. Av dev £xet oupriAnpabet, n
€VIOAI eKteAeital mavia.

{s} ‘Otav urdpxetl EVEPYOITOLEl avavémor) TV Onpal®v Katdotaong pe Baon 1o anotédeopa
mg eviodng. Emnnppedloviat povo ol onuaieg N & Z avdloya pe 10 anotédeopa g
npdadng.

< RdLo >  Opilet t1ov kataxwpnt) mou repiéxetl 1o Atydtepo onpavtko word mou da abpototei pe
10 yvopevo kat Sa arnobfnkeyoet 1o AlyoTepo onUavilko word Tou aroteAéopatog.

< RdHi >  Opilet tov RKataxopnttj mou mepiéxet 10 MmePIoootepo onpaviko word mou da abpototei

1€ 1O Y1vopevo Kat 9a arnobnKeUoet T0 MEPLOCOTEPO ONPAVIIKO Word ToU aroteAéopatog.

< Rm > Opidet 1OV KATaX@PNTL) IIOU MEPLEXEL TOV IIP®TO OPO TOU MoAAarnAaciacpou.
< Rs > Opidet 1oV Katax®Pntr) ou MePLEXEL TOV SEUTEPO OPO TOU MOAAATAACIACHOU.
Astrtoupyia

Av Ioyxve{cond} tote
RdLo = (Rm * Rs)[31:0] + RdLo
RdHi = (Rm * Rs)[63:32] + RdHi
Av S == 1 to1e
N_flag = RdHi[31]
Z flag = (av RdHi == 0 xat RdLo == 0 tdte 1 Sagpopetika 0)
C_flag = (Aveninpéaoto)
V_{flag = (Aveninpéaoto)
ZNHELDOELS

R15 H xprjon tou R15 ot 9éon v < RdHi >, < RdLo >, < Rm >,< Rs >
9a mpokaléoetl anpoBAerta anotedéopata.
RdHi, RdLo & Rm Ot katax®pntég autol mperet va eivat stapopetikoi petadu toug, Stapopetikd

1o anotédeopa Sev eivat ipoBAéypio.
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6.1.16 SMULL
|31 28 [27262524232221 20|19 1615 12 |11 87654 [3 0|
| cond | 0000110 [ s | RdHi | Rdlo | Rs [ 1001 | Rm |

H evtoAr) SMULL (Signed MULtiply Long operands) nmoAAarmdaociadet poonpacpéva vieda yia va mapdyet
arotédeopa eupoug 64 Ynoiov. To mo onpuaviko PEPog tou yivopévou armobnkevetatl otov RAHI kat to

Alyotepo onpaviiko otov kataxepnt) RdLo.

Zuvtafn
SMULL{<cond>}{S} < RdLo >,< RdHi >,< Rm >,< Rs >

{<econd>} Ilepiéxet ) ouvOrnkn Bdoet g oroiag extedeital ) evioAr). Av dev £xet ouprAnpabet, n
€VIOA1 eKteAeitatl avia.

{s} ‘Otav urdpxetl EVEPYOITolel avavémon TV onpalev Katdotaong pe Baon 1o anotédeopa
wmg eviodng. Emnppedloviat povo ot onuaieg N & Z avdloya pe 1o anotédeopa g
npdagng.

< RdLo >  Opilet tov xataxepntr ou da arnobnkeuoet 1o Atydtepo onpavtiko word tou yivopévou.

< RdHi >  Opiletl 1oV KATAX®PnTL| IOV MEPLEXEL TO MIEPLOCOTEPO CHIAVIIKO Word Tou yivopévou.

< Rm > Opiet 1oV KATax@PNTr) IoU MEPLIEXEL TOV IIP®TO OPO TOU MoAAarnAaciacpou.
< Rs > Opidet 1oV Katax®pntr mou MePLEXEL TOV SeUTEPO GPO TOU MOAAATAACIACHOU.
Astrtoupyia

Av Ioxve{cond} tote
RdLo = (Rm * Rs)[31:0]
RdHi = (Rm * Rs)[63:32]
Av S == 1 to1e
N_flag = RdHi[31]
Z _flag = (av RdHi == 0 xat RdLo == 0 tdte 1 apopetika 0)
C_flag = (Avennpéaoto)
V_{flag = (Aveninpéaoto)
ZNHELDOELS

R15 H xpnon tou R15 oty 9éon wov < RdHi >, < RdLo >, < Rm >,< Rs >
9a mpoxkaléoetl anpoBAernta anotedéopata.

RdHi, RdLo & Rm Ot kataxopntég autol rpérnet va ivat Stapopetikoi petadu toug, drapopetrd
1o anotédeopa Sev eivat ipoBAgypio.
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6.1.17 SUB
|31 28 [ 2726 | 25 | 242322212019 1615 12 | 11 o |
| cond | oo | I | 0010 | S | Rn | Rd | Shifter operand |

H evioAr) SUB (SUBtract) agaipei tnv £€§060 tou oAoOntr) anod tov Rn kat anobnkevet 1o anotédeopa otov

rataxwpnt) Rd. Ot onpaieg katdotaong avavepvoviat Kat’ £mAoyr), avaloya e 1o anotédeopa.

Zuvtagn
SUB{<cond>}{S} < Rd >, < Rn >, < shifter_operand >

{<cond>} [TepiExel ) ouvOnkn Pdoet tng oroiag exktedeitat 1 evioAn. Av Sev €xet
ouprAnpwOet, 1 evioAr] extedeital rava.
{s} ‘Otav Urndpyel EVEPYOTIOLEL TNV AVAVEDOT T@V ONHPALOV Katdotaong pe Bdon

10 AOTEAEOHA NG EVIOANG. AUO TUIOl AVAVE®ONG PUITOPOUV va oupBouv:

e Av 0 Rd 6&ev eivat o R15, ot onpaieg katactaong N & Z tibBev-
tat avddoya pe 1o arotédeopa g npding kat ot onpaieg C & V
avdaldoya pe 1o av €xet dnpioupynOei kpatoupevo (UniepxeiAnon Kata
un-mpoonpacpévn adaipeon) 1 poonpacpévn unepyeidon. Ot ur-
Olotreg onpaieg dev ennppedadoviat.

e Avo Rd eivai o R15, o SPSR 10U evepyou processor mode avitypdge-
tat otov CPSR. Av exte)deotel eve eipaote oe User 1 System mode

Snuoupyeital opaipa, enedn avtd ta modes dev €xouv SPSR.

< Rd > Opilet Tov Kataxepntr) ou Sa arnodnkeutel 10 anotéAeopa.
< Rn > Opidet TOV KATax@PNt) Iou MEPLEXEL TOV IPAOTO OPO NG adPaipeong.
< shifter_operand >  Opiettov Settepo 6po g apaipeong (reptypadr) oto ked. 2.3.2, oed. 2.3.2).

Aetrtoupyia
Av Ioxuei{cond} t6te
Rd = Rn - shifter_operand
Av S == 1 ka1t Rd == 15 tdte
CPSR = SPSR
Magopetka av S == 1 to1e
N_flag = Rd[31]
Z_flag = (av Rd == 0 tote 1 dagpopetika 0)
C_flag = (NOT Kpatoupevo apaipeong)
V_flag = (Yriepxeidion apaipeong)
Xpron
H evtoAn] autr propet va xprnotpornoOel Kat yla Pei®@on TPNg e TauToXpovo €Aeyxo, apou 1 Asttoupyia
g eivat ida pe v eviodny CMP, pe ) dapopd nwg n SUBS anobnkevsl 10 anotédeocpa Kat 0g KATO0V

KATAX®PNTL).

ZNHELDOELS
Av gvepyortoin0ei 1 avavémon tov onpatav (Exet tebet 1o S), n onpaia C yivetat:
1 Av 6ev untapyel KPATOUPEVO

0 Av untapyet KpAToUPEVO
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Me dAAa Aoyla, n onuata C xpnoworoteitat cav NOT(carry). H avuotpogrn autr yiverat yla Tig €moPeveg
nipadets. TMa napadetypa, ot eviodég SBC & RSC xprjowpornoovv ) onpaia C oav NOT(carry), Kat eKteAouv
amAn agaipeon av eivat 1 1 apaipouv éva erurdéov av eivat 0 (dnAadr) #(amotédeopa g agaipeong) -1). Ot
ouvornkeg extédeong HS & LO eivat wooduvapeg pe g CS & CC avrtiotoia.
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6.1.18 TEQ
|31 28 | 2726 |25 [ 24232221 [20]19 1615 12| 11 o |
| cond | 00 [ 1| 1001 [ 1] Rn [ 0000 | Shifter operand |

H evtoAny TEQ (Test EQuivalence) exteAei oUuykplon avapeoa otnv Tl 1ou Kataxopnt) Rn kat to anotéAsopa
tou oAoOntr). Ot onpaieg KAtaotaong EVPEPOVOVIAL ITAVIA, avdaloya He T0 anotédeopa g ouykpong. H

ouykpton Sievepyeitat pe Aoyiko EOR.

Zuvtadn
TEQ{<cond>} < Rn >, < shifter_operand >

{<cond>} [TepiExel ) ouvOnkn Pdoet tng oroiag exktedeitatl 1 evioAn. Av 8ev €xet
ouprAnpwOet, n evioAr] extedeital rava.

< Rn > Opilet TOV KATaX@PENTL| IOV MEPIEXEL TOV IPWTO OPO TG CUYKPLONG.

< shifter_operand >  Opilettov eUtepo 0po g oUYKPLoNG (reptypadr) oto Ked. 2.3.2, oed. 2.3.2).

Astrtoupyia
Av Ioyvet {cond} tote
alu_out = Rn EOR shifter_operand
N_flag = alu_out[31]
Z flag = (av alu_out == 0 tote 1 dapopetika 0)
C_flag = (Bit ané oAiobnon (av £xet yivey, aAdiwg 0)
V_{flag = (Aveninpéaoto)
Xprjon
H evtoAr] autr) Xpnotporoteital yia va yivel €AeyxXog yia 100tta, Xopig opeg va adddetl n tun g onpaiag
V, kau rou dev arnogpevyetat pe v CMP.
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6.1.19 TST
|31 28 [ 2726 |25 | 242322212019 1615 12| 11 o |
| cond | oo | I | 1000 | 1 | Rn | 0000 | Shifter operand |

H evioAn TST (TeST) extedei ouykplon avapeoa oto Kataxepnt Rn kat 1o anotédeopa tou oAodnt. Ot
onpaieg Katdotaong evNIEPOVOVIAL TTAVIA, avdaloyad He T0 anotédeopa g ouykplong. H ouykplon Sievepyei-

tat pe Aoyiko AND.

Zuvrafn
TST{<cond>} < Rn >, < shifter_operand >

{<cond>} IMepiéyel ) ouvOnkn Bacel ng oroiag exkteldeitat 1 eviodn. Av Sev €xet
ouprAnpw®Oet, 1 evioAr] exteAeital mavia.

< Rn > Opidet TOV KATax®PNT) IOV TEPIEXEL TOV IPAOTO PO NG CUYKPLOIG.

< shifter_operand >  Opileitov beUtepo Opo Tng CUYKPLoNG (Tteptypadn oto keg. 2.3.2, ogd. 2.3.2).

Astrtoupyia
Av Ioyvet {cond} tote
alu_out = Rn AND shifter_operand
N_flag = alu_out[31]
Z_flag = (av alu_out == 0 tote 1 Hagpopetika 0)
C_flag = (Bit and oAioOnon (av €xet yivey, addiog 0)
V_flag = (Aveninpéaoto)
Xpron
H evtoAr) aut) xprnoworoteitat yia va eAéygoupe av pia opdda wnoiov tou Rn eival evepyorounpéva 1) pn.
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6.1.20 UMLAL
|31 28 [27262524232221[20]19 1615 12 |11 8] 7654 [3 0|
| cond | 0000101 [ s | R4Hi | Rdlo | Rs [ 1001 [ Rm |

H evtoAr) UMLAL (Unsigned MulLtiply and Accumulate Long operands) roAAarmAaoctadet pn-ripoonpacpéva
€viedd yla va mapdayel anotédeopa eUpoug 64 Yyndimv, ToU OI0ioU TO IO CNHAVIIKO PEPOS TPootibetal pe
tov RdHi kat 1o Atydtepo onpaviko pe tov katayxopnt] RdLo. To mo onpavuko pépog tou abpoiopatog

arnoBnkevetat otov RAHi kat 1o Atydtepo onpaviiko otov katayxwpnt RdLo.

Zuvragn
UMLAL{<cond>}{S} < RdLo >,< RdHi >,< Rm >,< Rs >

{<cond>} TIepitxet ) ouvOrkn Baoet g onotag extedeital ) eviodr]. Av dev £xel ouprnpaOet, 1
€VI0Ar] extedeital ava.

{s} '‘Otav Unapyel EVEPYOTIOLEL TV AVAVERDOT] TOV ONPAl®V Katdotaongpe Ao 1o anotéAeo-
pa g eviodng. Ennppeddovrat povo ot onpaieg N & Z avadoya pie 10 anotédsopa g
npagng.

< RdLo >  Opilet tov kataxwpnt mou rneptéxet 1o Atydtepo onpavuko word rou da abporotei pe
10 yvopevo kat 9a anobnkevoet 10 Atyotepo onpaviiké word Tou anoteAéopatog.

< RdHi >  Opilet tov KAtaxopntt] rmou mepiEXet 10 MmePLoootepo onpavitko word rou da abpootet

e 1o yvopevo kat 9a arobnKeUoet 10 IEPLOCOTEPO ONPAVIIKO Word TOU aroteAéopatos.

< Rm > Opidet 1oV Katax®@Pntr) mou MEPLEXEL TOV IIPWTO OPO TOU MOAAATTAQCLA0H0U.
< Rs > Opiet 1OV KATaX@PNTL) IIOU MEPLEXEL TOV HEUTEPO OPO TOU MOAAATAACIACHOU.
Aetrtoupyia

Av Ioxvuei{cond} t6te
RdLo = (Rm * Rs)[31:0] + RdLo
RdHi = (Rm * Rs)[63:32] + RdHi
Av S == 1 10t
N_flag = RdHi[31]
Z_flag = (av RdHi == 0 xat RdLo == 0 téte 1 Siagpopetika 0)
C_flag = (Aveninpéaoto)
V_flag = (Averninpéaoto)
ZNHELDOELG

R15 H xprjon tou R15 o 9éon tov < RdHi >, < RdLo >,< Rm >,< Rs >
9a mpoxadéoetl anpoBAerta anotedéopata.

RdHi, RdLo & Rm Ot kataxepntég autol mpéret va eivat stapopetikoi petadu toug, Siadpopetikd
10 anotédeopa 6ev eivat ipoBAgypio.
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6.1.21 UMULL
|31 28 [27262524232221 20|19 1615 12 |11 87654 [3 0|
| cond | 0000100 | s | RdHi | Rdlo | Rs [ 1001 | Rm |

H evtoAry) UMULL (Unsigned MULtiply Long operands) rmoAlarmAaciddel pn-mipoonpacpéva €vieda yla va
napdyet anotédeopia eupoug 64 Yyneiev. To replocoTEPO ONPAVIIKO PEPOG TOU YIVOPIEVOU ArobnKeveTatl otov

RdHi kat 1o Atyotepo onpaviiko otov kataxopnt) RdLo.

Zuvrafn
UMULL{<cond>}{S} < RdLo >,< RdHi >,< Rm >,< Rs >

{<econd>} Ilepiéxet ) ouvOrnkn Bdoet g oroiag extedeital ) evioAr]. Av dev £xet ouprAnpabet, n
€VIOA1 eKteAeitatl mavia.

{s} ‘Otav UnapyeL, EVEPYOIIOLEL TV avaAVERON TRV oNualodv Katdotaong. Movo ot onpaieg N
& Z eninppedoviat, avadoya e 1o anotédeopa tmg rnpddng.

< RdLo >  Opilet tov xataxepntr) rou da arnobnkevoet 1o Atyotepo onpavuko word tou yivopévou.

< RdHi >  Opilel Tov Katax@pmntr] mou MEPIEXEL TO MIEPIO0OTEPO ONUAVTIKG word ToU y1vOpEvou.

< Rm > Opidet 1oV Katax®pntr mou MePLEXEL TOV IIPWTO OPO TOU MOAAATAAC1a010U.
< Rs > Opidet 1oV KATax@PNTr) IoU MEPIEXEL TOV HEUTEPO OPO TOU MOAAATTAACIACHOU.
Aetrtoupyia

Av Ioxuei{cond} tote
RdLo = (Rm * Rs)[31:0]
RdHi = (Rm * Rs)[63:32]
Av S == 1 10t
N_flag = RdHi[31]
Z_flag = (av RdHi == 0 xat RdLo == 0 tote 1 Siapopetika 0)
C_flag = (Aveninpéaoto)
V_flag = (Aveninpéaoto)
ZNHELDOELG

R15 H xpnon tou R15 o 9éon tov < RdHi >, < RdLo >,< Rm >,< Rs >
9a mpoxaléoetl anpoBAerta anotedéopata.

RdHi, RdLo & Rm Ot kataxwpntég autol rmpéret va eivat Siagopetikoi petadu toug, Stadpopetikd
1o arotédeopa Sev eivat ripoBAéypo.
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6.2 EvtoAég Metaxkivnong

6.2.1 LDM
|31 28 [ 272625 |24 |23 [22[21][20]19 16] 15 o |
| cond | 100 [P U [0 |[W]| 1| Rn | Registerlist |

H evtoAr) LDM (LoaD Multiple) petagépet block dedopévav anod v e§@tepikr) VAL 0T0UG KATAXWPTEG.

Zuvrafn
LDM{<cond>} < addressing_mode >< Rn > {!}, < registers >

{<cond>} [Tepiexetr ) ouvOnkn pe Bdon v oroia exktedeitat n eviodn. Av dev £xet
ouprAnpwOeti, 1 evioAr) exteAeital rdvra.

{<addressing_mode>} Opilet tov tpdmO S1eubUVOI0EOTNONG TG PVHNG (Meplypadr) oto keg. 2.3.3,
ogd. 20).

< Rn > Optlelt tov kataxwpnt) mou 9a xpnowporownBei otov tporo Sieubuv-
01080t 0ng ¢S Pvhung. Av xpnowporownfei o R15 Sa éxoupe anpoodiopiota
anoteAéoparta.

{1} Av urnapyet, onpatodotei v avavémon tou Rn petd tmv oAokAnpwon g
€VI0Arg. Av 8ev urapyet, 1o repilexopevo tou Rn Sev petaBddetat.

< registers > Opidet pia Alota and Katax®pniég X®PlopEevoug e KOPd, 1) OTtoia TEPIKAEL-
etat and { xat }. Ot kataxepntég Aapbavouv Tig Tipég ToUg LEKVOVTag ano
TOV HIKPOTEPO TPOg tov peyadutepo (ard RO mpog R15) kat o mpotog arto-
9nkevet ta Sedopéva g mpdIng 9€ong PvHng rou mpooreAavvetdl, Ve O
tedeutaiog tng tedeutaiag. a kaOe kataxepnt O. .. 15 rou cupetéxet ot

Alota, evepyoroleital Kat 1o aviiototXo Yn¢io tou rmediou g EVIOANG.

Agtrtoupyia
Av Ioxuei{cond} t6te
address = start_address

fori=0to 14
Av register_list[i] == 1 tote
Ri = Memory[address,4]
address = address + 4
Av register_list[15] == 1 tote

value = Memory[address,4]
pc = value AND OxFFFFFFFE
address = address + 4

ZNHELDOELG

Iepropiopoi  Av o katayxwpn)g Rn undpyxet otn Aiota kat £xet evepyoronOei ) evnpépaon
TOU PETd TNV EKTEAEOT) TNG EVIOANG, 1) TEAIKI TIJI) £ival arpoodlopiotn).

Unaligned Av o katayxwpntg Rd dev mepiéxet SievBuvon mou eival moAAarnAdacto tou 4,
9a onpewbdet e€aipeon Data Abord.
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6.2.2 LDR
|31 28 [ 272625 |24 |23 [22]21[20]19 16 15 12 | 11 o |
| cond | 01 | I | P | U | o | w | 1 | Rn | Rd | addr_mode |

H evtoAr LDR (LoaD Register) petagépet éva 6edopévo 32 ynepinv amo mv e§0TepIKY) PV 08 £va KAtaX®PnTr).
H &ieBuvon) g pvipng vrodoyidetat amno to nedio addr_mode kat ) arobrjkeuor yivetatl otov Katax®pnty)
Rd. Av n 81e0uvon ev eival owotd otoriopévn (aligned) oe moAAarddotio tou 4, n tyur) oAtobaivet 8e§1d katd
8 * ynoia[1:0] tng Sievbuvong (6nAadr) av avtd ta ynoia sivat ioa pe 3, n oAioOnon Sa yiver kata 24 Séoeig
8e81d). Ze éva Little Endian ovoupa énwg to 81k pag, n 8ievbuvorn nou divoupe eivat n Sievbuvorn tou
Atyotepo onpavikou byte tou word rou 9éAoupe va petadépoupe. Av o Rd eivat o R15, tote o enefepyaotr)g
Ya extedéoet v ANy tou word, Sa 1o arnobnkevoet otov program counter kat 9a exteAéoel H1akAddworn oe

avt) ) 6ievbuvor).

Zuvradn
LDR{<cond>} < Rd >, < addressing_mode >

{<cond>} [TepiExel ) ouvOnkn Pdoet tng oroiag exktedeitatl 1 evioAn. Av Sev €xet
ouprAnpwBet, n evtoAr] extedeital rava.

< Rd > Opilet Tov kKataxepntr) ou Sa arnodnkevoet 10 word amnod T PvHpn.

< addressing_mode >  Opilet tov tpdro Sieubuvoloddtnong g pvnpng (reptypadr) oto ked. 2.3.3,
ogA. 20).

Astrtoupyia
Av Ioxve{cond} tote
Av address[1:0] == 2’b00 tote
value = Memory[address,4]
Magopetika av address[1:0] == 2°b01 tdte
value = Memory[address,4] Rotate_right 8
Magopetika av address[1:0] == 2°b10 tote
value = Memory[address,4] Rotate_right 16
Magopetika av address[1:0] == 2’b11 1tdte
value = Memory[address,4] Rotate_right 24
Av Rd is R15 tote

pc = value AND OxFFFFFFFE
AMagopetuka

Rd = value

Xpron

Av 1 eviodr] autt) xpnowponotei tov R15 cav katayxwpntr) Paong, propet va extedeotel petabetdg (position-
independent) k®6ikag, dnAadr) kddikag rmou dev Ya mpooredavuvel anoduteg dieubuvoelg pvhung, adla dieu-
YUvoelg oXeTIKEG Pe ) Hleubuvor rou extedeital pa. a nmapddeypa, av yveopidoupe nog ot tipég rou Sa
eneepyaotovpe Ppiokovial 85 bytes petd and v eviodr] Petapopdg, PIopoUle va IPOooBECOUNE TV TIL)
tou PC kat 1o 85 kat va petadpepoupe amno ekeivn ) Sievbuvor ta Sedopéva. Emnetdr) 1o Aettoupyko ovotnpa
KaBe popd torobetel 10V KOGIKA TOU IPOYPAPPATOS Pag OITOU eVIOITioel eAeUBepo XOPO otn Pvipn, ot dieu-
Yuvoeig otig oroieg torobeteital o extedéoipog KOSKAG pag dev eivat idieg kaBe popd, orote pag sdurnnpetet

10 YEYOVOG I®G IpooTieAauvoue §edoléva 0e OXETIKEG KAl OX1 0€ arnoAuteg Sieubuvoeig.
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ZNHELDOELG

Iepropiopoi  Av 10 < addressing_mode > opilel evnpépmon tou Kataxepnt Baong petd
v pooBaoct otn PVIHn KAl XPrnotponotovupe tov 1610 kataxepnt) ota Rd
& Rn, n teAkr) tpr tou Rd eivat anpoodiopiorn.

Unaligned Av o katayxwpntg Rd Sev mepiExet H1eubuvon rou eivat moAAanAdoto tovu 4,
9a onpewbdei e€aipeon Data Abord.
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6.2.3 LDRB
|31 28 [ 272625 |24 |23 [22]21[20]19 16 15 12 | 11 o |
| cond [ 01 [1 |P|Uu|[1|[wW[1] Rn | Rd | addrmode |

H evioAdr) LDRB (LoaD Register with Byte) petagépet éva edopévo 8 ynoiov anod v e§WIEPIKY UVIUL O

€va Kataxopntr), EneKeivovidg to ota 32 yndia pe mpoobrkn 24 °0’ ota meplocotepo onpavikd yneia tou.

Zuvtadn
LDR{<cond>}B < Rd >, < addressing_mode >

{<cond>} [TepiExel ) ouvOnkn Pdoet tng oroiag exktedeitat 1 evioAn. Av Sev €xet
ouprAnpwOet, n evtoAr] extedeital rava.

< Rd > Opilet Tov kKataxepntr) otov oroio arnoBOnkeubel 1o Sedopévo.

< addressing_mode >  Opilet tov tpdro Sieubuvoloddtnong g pvipng (reptypadr) oto ked. 2.3.3,
ogA. 20).

Astrtoupyia
Av Ioxve{cond} tote
Rd = Memory[address, 1]

ZNHELDOELS
IIepropiopoi  Av 1o < addressing_mode > opilel evnpép®or) ToU Kataxmpnty Bdong petd

Vv pooBaocn otn PV Kdl Xprnotpornoloupe tov 1810 kataxepnt) ota Rd
& Rn, 1 tedikr) tpr) tou Rd eivat anpoobidpiorn.
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6.2.4 LDRH
|31 28 [ 272625 [ 24 [ 23 [22 212019 16 [15 12| 11 8 [7654 | 30 |
| cond | 000 | P | U | I | w | 1 | Rn | Rd | addr_mode | 1011 | addr_mode |

H evtoAr) LDRH (LoaD Register with Halfword) petagépet éva 6e6opiévo 16 ynoiov anod v e§wtepiky Pvrun

O€ £va KATay®pntr), EMeKIeivovidg to ota 32 ynoia pe npoobnkn 16 '0’° ota replocotepo onpavikd ynoia tou.

Zuvrafn
LDR{<cond>}H < Rd >, < addressing_mode >
{<cond>} [Tepiexer ) ouvOrkn Pdoest tng oroiag exktedeitat 1 evioAn. Av 8ev €xet
ouprAnpwOeti, 1 evioAr) exteldeitat avea.
< Rd > Optidet tov kataxwpntr) otov oroio Ya anobnkeubet 1o Gedopévo.
< addressing_mode >  Opilet tov 1poro dieubuvolodotnong g pvhpung (reptypadr) oto keg. 2.3.3,
og). 20).
Astrtoupyia

Av Ioyxve{cond} tote
Av address[0] == 0 tote
data = Memory[address, 2]
Magdopetika
data = UNPREDICTABLE
Rd = data

ZNHELDOELG

Iepropiopoi  Av 10 < addressing_mode > opilel evnpépror tou Kataxepntt] Baong peta
Vv pooBaocn otn PV Kdl Xprotpornotoupe tov 1810 kataxepnt) ota Rd
& Rn, n tedikr) tipn tou Rd eivat anpoobidpiorn.

Unaligned Av 1 Siebuvor) dev eivat moAAAnAdoto Tou 2, 1) T IoU anobnkevetal otov
Kataywpnt) eivat arnpoodidpiotn kat Sa rpoxrAnBei e§aipeon Data Abort.
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6.2.5 LDRSB
|31 28 | 272625 [ 24 [ 23 [22 [ 212019 16 [ 15 12| 11 8 [7654 | 30 |

| cond | 000 | P | U | I | w | 1 | Rn | Rd |addr_mode | 1101 | addr_mode|

H evtoAr) LDRSB (LoaD Register with Signed Byte) petagépet éva debopévo 8 ynepimv amo v e§wtepikn Y-
VN1 O€ £va KAataxX®pntr|, ENeKIeivovidg to ota 32 yngia pe mpoobrkn 24 Pnoiov poocr)iou otd IEPIo00TEPO
onpavuka ynoia tou.

Zuvradn
LDR{<cond>}SB < Rd >, < addressing_mode >

{<cond>} IMepiéyel ) ouvOnkn Pdaocet ng oroiag exkteldeitat n evioArn. Av Gev €xet
ouprAnpwOet, 1 evtoAr) exteAeital mavia.

< Rd > Opidet Tov kataxepnt) otov oroio Sa anodnkeubei 1o Sedopévo.

< addressing_mode >  Opilet tov tpémo Sieubuvoiloddtnong g pvhung (meptypagn oto kedp. 2.3.3,
og). 20).

Aetrtoupyia

Av Ioxuei{cond} tote
data = Memory[address, 1]
Rd = SignExtend(data)

ZNHELDOELG
IIepropiopoi  Av 1o < addressing_mode > opilel evnpépmor) ToU Kataxmpnty Bdong petd

Vv pooBaocn otn PV Kdl Xpnotpornoloue tov 1§10 kataxepnt) ota Rd
& Rn, n tedikr) tpr) tou Rd eivat anpoobidpiorn.
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6.2.6 LDRSH
|31 28 [ 272625 |24 [23 22212019 1615 12| 11 8 [7654] 3 0 |
| cond | 000 | P | U | I | w | 1 | Rn | Rd | addr_mode | 1111 | addr_mode |

H evtodr) LDRSH (LoaD Register with Signed Halfword) petagépet éva dedopévo 16 ynoiov and mv eo-
TEPIKY] PV Of €éva KATtaX®pnty), £MeEKTEivoviag o ota 32 yneia pe mpoodnkn 16 ynoiov mpoonpou ota
TEPLO0OTEPO ONPAVIIKA Y dia Tou.

Zuvrafn
LDR{<cond>}SH < Rd >, < addressing_mode >

{<cond>} [Mepiéxel ) ouvOnkn Pacel g oroiag exktedeitat 1 eviodr). Av Sev éxet
ouprAnpwOet, 1 eVIoAr) exktedeitatl mavia.

< Rd > Opidet tov Kataxepnt otov onoio Ya anobnkeubei 1o dedopévo.

< addressing_mode >  Opilet Tov 1pdrmo dieubuvolodotnong g pvAaung (meptypagr) oto keg. 2.3.3,

ogd. 20).
Aetrtoupyia
Av Ioxuei{cond} tote
Av address[0] == 0 tote

data = Memory[address, 2]
Magdopetka

data = UNPREDICTABLE
Rd = SignExtend(data)

IZNHELDOELG

Iepropiopoi  Av 10 < addressing_mode > opilel evnpépwon tou Kataxepnt Baong petd
v pdoBaoct otn PVIHn KAl Xpnotponotovpe tov 1610 kataxepnt) ota Rd
& Rn, n teAdkr) tpr tou Rd eivat anpoodiopiorn.

Unaligned Av 1 61ebuvor) dev eival moAAanAdcto tou 2, 1) T 1ou anobnkevetal otov

Kataxepent eivat arnpoodidpiotn kat Sa rpoxAnOei e§aipeorn Data Abort.
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6.2.7 MCR
|31 2827262524 | 23 21 [20[19 16|15 12| 11 8 [ 75 [4]3 o]
| cond | 1110 | opcode_1 | 0 | CRn | Rd | cp_num | opcode_2 | 1 | CRm |

H evtoAr) MCR (Move to Coprocessor from Register) petagépet tv tpr) tou kataxeopnt) Rd, otov cuvernegep-
yaotr) cpu_num. Av §gv UNIAPXEL O CUYKEKPIHIEVOG OUVETESEPYAOTL|G, 1 evioAr) Sa dnpoupyrioet tv edaipeon

Undefined Instruction.

Zuvrafn
MCR{<cond>} < coproc >, < opcod_1 >,< Rd >, < CRn >,< CRm > {, < opcod_2 >}

{<cond>} [Mepiéxel ) ouvOnkn Pacel g oroiag exktedeitat 1 eviodr). Av Sev éxet
ouprAnpwOet, 1 eVIoAr) ektedeitatl mavia.

< coproc > Opidet o 6vopa tou ouvene§epyaotr) Kat et tv katdAAndn tpr oto nedio
cp_num g evioAng. Ot yevikég tipég etvat and po eqg plb.

< opcod_1 >  EvtoAr) mou €§aptdtat ano tov CUVENESEPYAOTH].

< Rd > Opidel tov katayxwpntt), tou oroiou n tpn 9a petapepbei oto ouvernedep-
yaotr). Av xpnowporotrjooupe tov R15, 1o anotédeopa Sa eivat arpoodiopio-

10.
< CRn > O KATaX®WPINTG T0U ouverteiepyaotr) rou 9a arnobnkevoet Ty Tiyy).
< CRm > AgUTEPOG KATAXWPITG TOU OUVEIESePyaotr) Mmou Ya OUPPETAOXEL Otn
petagpopda.

< opcod_2 > EvtoAn mou egaptdtat ano tov ouvenegepyaotty. Av ayvondei, 9swpeitat 0.

Aettoupyia
Av Ioxuei{cond} tote
Send Rd to Coprocessor[cpu_num]
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6.2.8 MOV
|31 28 [ 2726 |25 | 24232221 |20 19 16|15 12| 11 o |
| cond | 00 | I | 1101 | S | 0000 | Rd | Shift operand |

H evtoAr) MOV (move) petagépet 1o arnotédeopa tou oAobntr) otov kataxepnt) Rd. Ot onpaieg kataotaong

avave®vovial Kat’ ermAoyr), avaloya pe 1o anotédeopa.

Zuvtagn
MOV{<cond>}{S} < Rd >, < shifter_operand >

{<cond>} [TepiExel ) ouvOnkn Pdoet tng oroiag exktedeitat 1 evioAn. Av Sev €xet
ouprAnpwOet, 1 evioAr] extedeital rava.
{s} ‘Otav Umdapyel, EVEPYOITOLEL TNV AVAVE®ON TRV ONPAlOV Katdotaong pe Bdon

10 AOTEAEOHA NG EVIOANG. AUO TUIOl AVAVE®ONG PUITOPOUV va oupBouv:

e Avo Rd 6ev eivaio R15, otonpaieg N & Z tiBevtat avadoya pe tv Tipr
rou petakiveitat kat ) onpaia C avddoya pe to av €xet dnoupynOet
Kpatoupevo anod oAioBnon. Ot umoloirneg onpaieg katdotaong 6ev

ennppeadoviat.

e Av o Rd eivat o R15, o SPSR tou evepyou processor mode avitypage-
tat otov CPSR. Av ektedeotel eve eipaote oe User 1) System mode
Snpoupyeitat opadpa, enedn) avtd ta modes Sev €xouv SPSR.

< Rd > Opidet Tov Kataxepnt) nou da anodnkeutel n Tyr).
< shifter_operand >  Opilet tnv ninyr) tng tprg (reptypadr oto xked. 2.3.2, oed. 16).

Astrtoupyia
Av Ioyxve{cond} tote
Rd = shifter_operand
Av S == 1 ka1t Rd == 15 t6te
CPSR = SPSR
Magopetuka av S == 1 to1e
N_flag = Rd[31]
Z_flag = (av Rd == 0 tote 1 dagpopetika 0)
C_flag = (Bit and oAioOnon (av €xet yivey, addiog 0)
V_flag = (Averninpéaoto)
Xpron
H evtoAn autr) Xxpnotpomnoteital yia va PETAKIVH 0L TV T Ao évav Kataxoprntr) oe €vav aAlo, va tornobetrost
pla otabepd o €va KAtaxwpntr), va ektedéoet oAiobnon xwpilg va axkodoubrioel kanowa AdAn mpddn 1 va

ektedéoel HraxkAadbwon av o Rd eivat o R15.

112



6.Instruction Set Eyxepibio xprjong AT91

6.2.9 MRC
|31 2827262524 | 23 21 [20[19 16|15 12| 11 8 [ 75 [4]3 o]
| cond | 1110 | opcode_1 | 1 | CRn | Rd | cp_num | opcode_2 | 1 | CRm |

H evtodr) MRC (Move to Register from Coprocessor) petadépet éva €éviedo arnd tov CUVENESEPYAOTT) cpu_num
otov kataxepnt] Rd.Av dev undpyet 0 ouyKkeRpIEVOG OUVETESepyaotr|g, 1) evioAr) 9a Snpioupyroet v €8-

aipeon Undefined Instruction.

Zuvrafn
MRC{<cond>} < coproc >, < opcod_1 >,< Rd >, < CRn >,< CRm > {, < opcod_2 >}

{<cond>} [Mepiéxel ) ouvOnkn Pacel g oroiag exkteleitat 1 eviodr). Av Sev éxet
ouprAnpwOet, 1 eVIoAr) ektedeitatl mavia.

< coproc > Opilet o 6vopa tou ouvene§epyaotr) Kat et tv katdAAndn tpr oto nedio
cp_num g evioAng. Ot yevikég tipég etvat and po eag plb.

< opcod_1 > EvtoAr) mou €§aptdtat ano tov CUVENESEPYAOTH].

< Rd > Opidet tov kataxwpntr), otov ortoio Ya petadepOdei ) Tipr) and 1ov CUVenedep-
yaotr). Av xpnotpornourjooupe tov R15, Sa evnuepwBouv ot onpaieg katdo-

Taong avti Tou Kataxeenty.

< CRn > O KATAXWPITG TOU CUVEIESEPYAOTE] TTOU IIEPIEXEL TV TIUL).
< CRm > AgUTEPOG KATAXWPT TG TOU OUVEIESEPYAotr] Mou Ya OUPPETAOXEL Otn
petagpopa.

< opcod_2 > EvtoAn mou egaptdtat ano tov ouvenegepyaotty. Av ayvondei, 9swpeitat 0.

Aetrtoupyia
Av Ioxuei{cond} tote
data = value from Coprocessor[cpu_num]
Av Rd is R15 tote
N_flag = data[31]
Z flag = data[30]
C_flag = data[29]
V_flag = data[27]
AMagpopeuka
Rd = data
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6.2.10 MRS
|31 28 [ 2726252423 [ 22 [2120]19 16 | 15 12 | 11 0 |
| cond | 00010 | R | 00 [0000] RdI [000000000000 |

H evtoAr MRS (Move PSR to Register) petagépet tnv tiprn tou CPSR 1) tou SPSR otov kataxepnt) Rd.

Zuvtadn
MRS{<cond>} < Rd >,CPSR
MRS{<cond>} < Rd >,SPSR

{<cond>} TIlepiéxer ) ouvOrkn Bdoel g onolag extedeital i eviodr). Av dev £xet
ouprAnpwOet, 1 eVioAr) exteAeital mavia.

< Rd > Opidet tov Kataxepntr), otov oroio da petapepbel 1 TR AO TOV AVIIOTOLK0
PSR.

Astrtoupyia
Av Ioyve{cond} tote
Av R == 1 1018
Rd = SPSR
Magdopetika
Rd = CPSR
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6.2.11 MSR
Immediate operand:
|31 28 | 2726252423 [22[2120] 19 16 [15 12| 11 8 | 7 0 |
| cond | 00110 | R | 10 | field_mask | 1111 | rotate_imm | 8 bit_immediate |

Register operand:
|31 28 [ 2726252423 [22[2120]| 19 16 [15 12| 11 8 | 7654 |3 0 |

| cond [ 00010 [ R | 10 |fieldmask[1111]/0000|/0000]| Rm |

H evtoAr) MSR (Move to XxPSR) petagépet piia tjr] (APeon) Tt epIEXOIEVE) OV EVIOAT] 1] TIPOEPYOHEVT) ATtO
tov Rd) otov CPSR 1) tov SPSR.

Zuvradn

MSR{<cond>}CPSR_< fields >, # < immediate >
MSR{<cond>}CPSR_< fields >,< Rm >
MSR{<cond>}SPSR_< fields >,# < immediate >
MSR{<cond>}SPSR_< fields >, < Rm >

{<cond>} [TepiExer ) ouvOnkn Pdoest g oroiag exktedeitat 1 evioAn. Av dev €xet
ouprAnpwOet, 1 evioAr) exteAeital ridvra.

< fields > Mropet va eivat évag cuvB1aopog 1oV aparate :
¢ ©¢tet 1o ynodio 16 g evioArg (control).
x O@¢ftetl 10 ynoio 17 g eviodrg (extension).
s O@ftel 10 Ynoio 18 g evioArg (status).
f ®¢tel 1o ynoio 19 g evroArg (flags).

< immediate > H dpeon upr) rou Sa petagepbei otov CPSR 1) SPSR. Ot arodektég tipég
£XoUuVv €Upog 8 yndia 1 £€xouv npogAbet and oAiodnon piag tpng 8 ynoiov
(a6 0 wg 31 Séoerg).

< Rm > Eivat o kataxepntrg, tou onoiou 1 tipr] 9a petadepbet otov CPSR 1} SPSR.

Aetrtoupyia
Av Ioxuei{cond} tote
Av opcode[25] == 1 tote
operand = 8_bit_immediate ROR (rotate_imm®*2)
Magdopetika
operand = Rm
Av R == 0 t0te
Av field[O] == 1 AND PrivilegedMode tote
CPSR[23:0] = operand[23:0]
Av field[1] == 1 AND PrivilegedMode tote
CPSR[15:8] = operand[15:8]
Av field[2] == 1 AND PrivilegedMode tote
CPSR[23:16] = operand[23:16]
Av field[3] == 1 tote
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CPSR[31:24] = operand[31:24]
AMagopeuka
Av field[0] == 1 AND HasSPSR t6te
SPSR[23:0] = operand[23:0]
Av field[1] == 1 AND HasSPSR t6te
SPSR[15:8] = operand[15:8]
Av field[2] == 1 AND HasSPSR t6te
SPSR[23:16] = operand[23:16]
Av field[3] == 1 AND HasSPSR t6te
SPSR[31:24] = operand[31:24]
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6.2.12 MVN
|31 28 [ 2726 |25 | 24232221 |20 |19 16|15 12| 11 o |
| cond | 00 | I | 1111 | S | 0000 | Rd | Shift operand |

H eviodry MVN (MoVe Negative) petagépet 10 ouprnpopa og rpog 1 mg e§6dou tou oAiobntr) otov Rd. Ot

onpaieg KAatdotaong avavemvovial Kat’ ermAoyr), avaloya pe o anotédeopa.

Zuvtadn
MVN{<cond>}{S} < Rd >, < shifter_operand >

{<cond>} [TepiExel ) ouvOrkn Pacel tng oroiag exktedeitat n evioAr). Av Sev €xet
ouprAnpwOet, 1 evioAr] extedeital rava.
{s} ‘Otav Umdapyel, EVEPYOITOLEL TV AVAVEDOT] TRV ONPAlOV Katdotaong pe Bdon

10 ATOTEAEOHA NG EVIOANG. AUO TUIIOl AVAVERONG PITOPOUV va oupBouv:

e Avo Rd 6ev eivat o R15, ot onpaieg kataotaong N & Z tiBevtat avaldo-
ya pe Vv T ou petakiveitat kat iy onpaia C avaloya pe to av €xet
SnpoupynOet kpatoupevo arod oAioOnon. Ot uroAoirneg onuaieg Sev

ennppeadoviat.

e Av o Rd eivat o R15, o SPSR tou evepyou processor mode avitypage-
tat otov CPSR. Av ekteleotel eve eipaote oe User 1) System mode
Snpoupyettat opadpa, enetdr) avtd ta modes 6ev €xouv SPSR.

< Rd > Opidet tov Kataxepnt nov da arnodnkeutel n Tyr).
< shifter_operand >  Opietl v ninyrn g Turg (neptypadn oto ked. 2.3.2, ogd. 16).

Astrtoupyia
Av Ioyxve{cond} tote
Rd = NOT shifter_operand
Av S == 1 ka1t Rd == 15 tote
CPSR = SPSR
Magopetka av S == 1 tote
N_flag = Rd[31]
Z_flag = (av Rd == 0 tote 1 dagpopetika 0)
C_flag = (Bit and oAioOnon (av €xet yivey, addiog 0)
V_flag = (Aveninpéaoto)
Xpron
Av 1) €VIOAI] QUTH] XP1OOITOLEITAL Y1 VA UIOAOYIOTEL T0 CUPIMATPOA @G P0G 1 NG TIHNG eVOg KATAX®PNTL).
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6.2.13 STM
|31 28 [ 272625 |24 |23 [22[21][20]19 16 ] 15 o |
| cond | 100 | P | U | o | w | V] | Rn | Register_list |

H evtoAr) STM (STore Multiple) petagépet block edopévav and 1oug KATtaxwentég otnv eEROTEPIKT) UVHIL.

Zuvradn
STM{<cond>} < addressing_mode >< Rn > {l}, < registers >

{<cond>} [Mepiéxel ) ouvOnkn Pdacel g oroiag exktedeitat 1 eviodr). Av 8ev €xet
ouprAnpwOet, 1 eVvioAr) exteAeital avia.

{<addressing mode>} Opilet Tov P60 S1eUBUVOL0ESTNONG TG PVHHNG (Teptypadr) oto Ked. 2.3.3,
og). 20).

< Rn > Opidel tov kataxepnt) mou Sa xpnowornownOei otov tpdro Heubuv-
ol0dotnong g pvnung. Av xpnotpornownBei o R15 9a £xoupe anpoodiopiota
arotedéopara.

{1} Av unidpyet, onpatodotel v avavémon tou Rn petd v odokAnpeorn ng
€VIOANG. Av dev urtapyet, 1o repleXopevo tou Rn dev petaBadletat.

< registers > Opidet pa Alota anod KataX®Pnieég X®PoPEVOUS e KOPPA, 1) OIoia Iepik-
Avetat and { kat }. Ot xataxepntég divouv Tig TG Toug Eekvovtag ano
TOV PIKPOTEPO IPOG Tov peyalutepo (ard RO mpog R15) kat o mpotog aro-
9nkevetal oty npotn 9€on PVAPNG IOV MPOOIIEAAUVETAL, £VR O TeAeUTaiog
otnv tedevtaia. a kabe kataxepnt 0. .. 15 mou cupetéxet oty Alota, ev-

£pYOITOEiTAl KAl TO AVIioTolKo YPndio tou nediou g eVIOATS.

Astrtoupyia
Av Ioyxve{cond} tote
address = start_address

fori=0to 14
Av register_list[i] == 1 t0te
Memory[address,4] = Ri
address = address + 4
ZNHELDOELS

Ieplopiopoi  Av o katayxwpn)g Rn undpyxet otn Aiota kat €xet evepyoronOei n) evnpépaon
TOU PETd TNV EKTEAEOT) TNG EVIOANG, 1) TEAIKI] T €ival arpoodlopiotn).

Unaligned Av o katayxwpntg Rd Sev mepiExet 61eubuvon mou eivat moAAanAdoto tou 4,
9a onpewwbdei e€aipeon Data Abord.
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6.Instruction Set Eyxepibio xprjong AT91

6.2.14 STR
|31 28 [ 272625 |24 |23 [22]21[20]19 16 15 12 | 11 o |
| cond | 01 | I | P | U | o | w | 1 | Rn | Rd | addr_mode |

H evtoAr) STR (STore Register) arnobnkeuvet ) T evog kataxopnt) (32 ynoeia) kat oty e§otepiky) pvhun. H
81evbuvon g pvhung unodoyidetat arno to nedio addr_mode kat 1o e6011€EV0 ITPOEPXETAL ATTO TOV KATAXWPIT)
Rd.

Zuvrafn
STR{<cond>} < Rd >, < addressing_mode >
{<cond>} IMepiéyel ) ouvOnkn Pdaocet g oroiag exkteldeitat n evioArn. Av bev €xet
ouprAnpwOet, 1 evtoAn) exteAeital mavia.
< Rd > Opidel Tov Kataxepnt rou rneptexetl 1o dedopévo mou Sa anobnkeutel otn
pviun.
< addressing_mode >  Opilet tov tpdro Sieubuvoloddtnong g pvipng (reptypadr) oto kedp. 2.3.3,
ogA. 20).
Astrtoupyia

Av Ioxuei{cond} tote
Memory[address,4] = Rd

Xpron

Av 1) evtodr] autr) xpnowponotei tov R15 oav kataxepnt fdong, propet va exktedeotet position-independent
rOd1kag, dnAadr) kwdikag rou 6ev Sa mpooredavvet andAuteg dieubuvoelg pvipng, aAAd 61euBUVoELg OXETIKEG
pe ) Sievbuvon mou extedeitatl topa. a mapddeypa, av yvepioupe rog ot tipég nmou da emeepyaoctovpe
Bpiokovtat 85 bytes petd and v evioAr) petapopdg, PIopouie va POoHECOUNE TV T TOU pc Kat to 85
KAt va petapEpoupie oe ekeivn ) Sieubuvon ta Sedopéva. Enedr) 1o Asttoupyikd ouotnpa propet va goptaoet
Ot PVHHI TOV KOO1KA TOU MPOoypAppatog pag Orou eviortioet eAeubepo Xopo, Gev eivat idieg ot dieubuvoelg
IIOU QOPTOVETAL KABe @opd, ordte pag eurnpetel 1o yeyovog rmwg rpooredavuvoulie §edopiéva oe OXETKEG Kat

OX1 og aroAuteg Hieubuvoelg.

ZNHELDOELG

Iepropiopoi  Av 1o < addressing_mode > opilel eviipépmor) Tou Kataxopnt Bdong petd
v podoBaoct otn PVIn KAl XPnotpornoloupe tov 610 kataxwpnt) ota Rd
& Rn, n teAkn tyar) tou Rd eivat anpoodiopiotn.

Unaligned Av o katayxwpntg Rd Sev mepiéxet H1eubuvorn mou eivat moAAanAdoto tou 4,
9a onpewwbdei e€aipeon Data Abord.
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Eyxepido xprniong AT91 Kepalaio 6.2 - Eviodég Metakivnong

6.2.15 STRB
|31 28 [ 2726 |25 |24 [23[22]21][20 |19 1615 12|11 o |
| cond | 01 | I | P | U | 1 | w | 0 | Rn | Rd | addr_mode |

H evtoAr) STRB (STore Register Byte) petagépet £éva de6opévo 8 ynepimv aro £va Kataxwpntr oty e§RTEPIKT)
BvApn.

Zuvtagn
STR{<cond>}B < Rd >, < addressing_mode >
{<cond>} [TepiExer ) ouvOrkn Pdoet tng oroiag exktedeitat 1 evioAn. Av 8ev €xet
ouprAnpwOei, 1 evioAr) exteldeitat avea.
< Rd > Opidet tov Katax@pntr mnou rnepiexet 1o dedopévo mou da arobnkeubel otn
Bvrjpn.
< addressing_mode >  Opilet tov 1pdro dieubuvolodotnong g pvAaung (meptypagr) oto keg. 2.3.3,
ogd. 20).
Aetrtoupyia

Av Ioxuei{cond} tote
Memory[address, 1] = Rd[7:0]

IZNHELDOELG
Iepropiopoi  Av 10 < addressing_mode > opilel evnpépwon tou Kataxepnt Baong petd

v pdoBaocr otn PVIIn KAl XPrnotponotovpe tov 1610 kataxepnt) ota Rd
& Rn, n teAdkr) tpr tou Rd eivat anpoodiopiorn.
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6.Instruction Set Eyxepibio xprjong AT91

6.2.16 STRH
|31 28 | 272625 [ 24 [ 23 [22 [ 212019 16 [ 15 12| 11 8 [7654 | 30 |

| cond | 000 | P | U | I | w | o | Rn | Rd |addr_mode | 1011 | addr_mode|

H evitoAny STRH (STore Register Halfword) petagépet éva Sedopiévo 16 yndpiov amod éva Katax®entr) otnv
ECWTIEPIKT) V).

Zuvtafn
STRH{<cond>}H < Rd >, < addressing_mode >
{<cond>} [TepiExel ) ouvOrkn Pdoet tng oroiag exkteAeitat 1 evioAn. Av Sev €xet
ouprAnpwBet, n evtoAr] extedeital rava.
< Rd > Opiet Tov Katayxwpnt rnou rnepiexet 1o 6edopévo mou da anobnkeubel ot
pvApn.
< addressing_mode >  Opilet tov pdmo Sieubuvoioddtnong g pvhpng (meptypadr) oto kedp. 2.3.3,
oed. 20).
Aetrtoupyia
Av Ioxuei{cond} tote
Av address|[0] == O t6te
data = Rd[15:0]
AMagopeura

data = UNPREDICTABLE
Memory[address,2] = data

ZNHELDOELS

Iepropiopoi  Av 1o < addressing_mode > 0pilel eviipépmor) Tou Kataxopnt Bdong petd
v pooBaot otn PVIHn KAl XPnotporoloupe tov 610 kataxwpnt) ota Rd
& Rn, n teAkn) tar) tou Rd eivat anpoodiopiotn.

Unaligned Av 1 61ebuvor) dev gival moAAanAdcto tou 2, 1 1) 1ou anobnkevstal otov

Kataxepent eivat arnpoodiopiotn kat Sa rporAnOei e§aipeorn Data Abort.
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Eyxepido xprniong AT91 Kepalaio 6.2 - Eviodég Metakivnong

6.2.17 SWP
|31 28 | 2726252423222120 | 19 16 [ 15 12 | 11 8 [ 7654 [ 3 0 |
| cond | 00010000 | Rn | Rd [0000][1001 | Rm |

H evtoAr) SWP (SWaP) avtadddost Tipég avapeoa oe pla 9éon pvhpng Kat éva katayxepnw). H tpn tou
rataxepnt] Rm anobnkevetatl ot 9¢on pvrpng nou urodetkvuetatl amnod Tov Kataxwpnt) Rn kat n uyr) nou
Ui pxe kel anobnkevetal otov kataxopnt) Rd. Av xpnowpornownBei o 1810g kataxwpntig oty 9éon tov Rn &
Rm, Sa yivel avtaddayn Tipev avapeoa otov 18610 Kataxopntr) Kat ) pvhapn.

Zuvrafn
SWP{<cond>} < Rd >,< Rm >,[< Rn >|

{<cond>} TIepitxel m ouvbrkn Pdost g ornolag extedeital n eviodr). Av dev £xel

ouprAnpwOeti, 1 eviodr) exteAeital rdvra.

< Rd > Optidet Tov katax@pntr) otov oroio Ya anobnkeubei 1o Hedopévo g pvhun.
< Rm > Opidetl Tov kataxopnt) mnou nepiExet o Sedopévo mou Sa anobnkeubet oty
pvAun.
< Rn > Opidet 1oV Katax®pPnty mou nepiExet ) dievbuvorn g pvnung.
Aettoupyia

Av Ioxuei{cond} t6te
Av Rn[1:0] == 0’b00 161
temp = Memory[Rn,4]
AMagopetika av Rn[1:0] == 0’b01 tote
temp = Memory[Rn,4] ROR 8
Magopetika av Rn[1:0] == 0’b10 tote
temp = Memory[Rn,4] ROR 16
Magopetika av Rn[1:0] == 0’b11 tdte
temp = Memory[Rn,4] ROR 24

Memory[Rn,4] = Rm
Rd = temp
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6.Instruction Set Eyxepibio xprjong AT91

6.2.18 SWPB

|31 28 | 2726252423222120 | 19 16 [ 15 12| 11 8 [ 7654 | 3 0 |
| cond | 00010100 | Rn | Rd [0000][1001 [ Rm |

H evtoAr) SWPB (SWaP Byte) avtalddocest 1ipég eupoug 8 ynodiov avapeoa oe pia 9¢orn pvrung kat Evav
KATaX®pntyj (xpnotponotoviag ta Atyotepo onpaviikd ynoia tou). H tpr) tou kataxwpnt) Rm anobnkevetat
otn Y9€on Pvrpng mou UnodelkvueTal ano Tov Kataxopnt Rn kat n tipr) mou urrpxe eKel anobnkevetatl otov
rataxewpnt] Rd. Av xpnowornoinBei o id610g kataxepntg ot 9on v Rn & Rm, Sa yiver avtaddayn tpev
avapeoa otov 1610 Katax®enty) Kat ) Pvnpn.

Zuvragn

SWP{<cond>}B < Rd >,< Rm >,[< Rn >|

{<econd>} Tlepitxer ) ouvbrkn Bdoel g omoiag extedeital i eviodr). Av dev £xet
ouprAnpwOet, 1 eVioAr) exteAeital mavia.

< Rd > Opidet tov kKataxepntr otov ornoio Sa anobnkeubei 1o dedopévo g pvnpn.
< Rm > Opidet Tov Katax@pntr mnou rnepiexet 1o dedopévo mou da arobnkeubel otn
Bvrjpn.
< Rn > Optidet tov Katax®pntr) mou neptéxet ) Sievbuvorn) g Pvhuns.
Astrtoupyia

Av Ioxve{cond} tote
temp = Memory[Rn, 1]
Memory[Rn,1] = Rm[7:0]
Rd = temp

Enpeicoon
Ot eviodég SWP & SWPB propouv va Xpnotponotn0ouv yla v UAomoinon onpapopov.
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Eyxepido xprniong AT91 Kepalaio 6.3 - EvioAég AtakAabwong

6.3 EvtoAég AwarAadwong

6.3.1 B,BL
|31 28 | 272625 | 24 | 23 0]

| cond | 101 | L | signed_immed_24 |

Ot evtodég B (Branch) & BL (Branch and Link) o8nyouv tov emegepyaotr) o takAadwor kat ahAayr) mg pong

€KTEAEONG TOU MTPOYPAPATOSG.

Zuvradn
B{L}{<cond>} < target_address >
L Evepyorotei tv anobrikeuon plag S1eU0uvong ermotpodrig OToV KATAX®PNTH
R14.
{<cond>} [Mepiéxel ) ouvOnkn Pacel g oroiag exktedeitat 1 eviodr). Av 8ev éxet

ouprAnpwOet, 1 eVioAr) exkteAeital mavia.
< target_address >  Opilet v ievBuvorn érou 9a yiver n Stakdddwor. H Sievbuvor) urodoyidetat
pe ta akodouba Pripata :

1. Tivetat mpoonpacpévn €rnéKraon g AHEONS TUNG <
target_address > mou mapéxetat omv eviodn (ynoia 23 £eg
0 tou kK@d1KOU Asttoupyiag) anod ta 24 ota 32 ynoia.

2. To anotédeopa oAwoBativel apiotepd kata 2 ynoia.
3. H oAwoBnpévn tur) pootiBetat oto (PC + 8).

H napandve dadikaocia pag emrpénet va exktedécoupe StakAadwon oe pa

arootaon £32M B ano ) 9éon rou deixvet o PC.

Astrtoupyia
Av Ioyxve{cond} tote
Av L == 1 t6te
LR = address of next instruction
PC = PC + SignExtend(immed_24) LeftShift 2

Xpron
H evioAr) BL xpnowonoteitat yia va vdoror)ost pia kKAnorn vropoutivag. H ermotpopn and v vropoutiva
yivetat pe v avuypagn tou R14 otov R15. H tipr nou &ivetat otnv eviodn Sev xpetadetat va eivat aptbpog

adAa etukéna, 8101t o Assembler extedel v PETAPPAOT) TG ETIKETAG O PETATOINON.
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6.Instruction Set Eyxepibio xprjong AT91

6.3.2 BX

|31 28 [ 2726252423222120 [ 19 16 [ 15 12 | 11 8 [ 7654 | 3 0]
| cond | 00010010 | 0000 [ 0000][ 0000|0001 [ Rm |

Ot eviodr] BX (Branch and eXchange) odnyei tov ene§epyaotr) oe S1akAddwon otn 6ieubuvor rou PBpioketat
aroBnkreupévn otov Kataxepnt) Rm, eve propei kat va addddel kataotaon exktédeong evioAdov aro ARM oe

Thumb. H &ietbuvorn g pvrung mpénet va eivat moAAanAdoio tou 4.

Zuvradn
BX{<cond>} < Rm >

{<econd>} TIlepitxel ) ouvbrkn Bdoel g omoiag extedeitat n eviodr). Av dev £xet
ouprAnpwOet, 1 eVioAr) exteAeital avia.
< Rm > Opidet Tov Katax®pntr mou neptéxet ) dievbuvon dakddadwong.

Aetrtoupyia
Av Ioxuei{cond} tote
T Flag == Rm|[0] tote
LR = address of next instruction
PC = Rm AND OxFFFFFFFE

Xprjon

H evtoAn) BX prnopet va xpnotpornownOel oe mepmtdoelg 01ou pia 61eubuvon g Kuplag pviung €xel aro-
9nkevutel oe éva kataxwpnt) Kat Ydovpe va exktedécoupe darkdadmon oe ekeivn ) 9éon. Extog amo v
Aettoupyia addayng eidoug exktedéopou kadika ARM, Thumb, eival akpiBwg i61a ot Aettoupyia pe pia MOV
otov PC.
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