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ARM pROCESSOR FONDAMENTALS i~
S ARMIc awe 16 07 32 BTE processot that pavide precice com
—putecHon fLacilit'es, minimum powey d tesfpaction, high speed,
and suppork small code Si2e
The poeheckure Featues of-an HEM procescor are, |
). Jt pocLect HEMOS #ieahﬂologt{ Lotth ool dfe Ciae thot esul
—ft fn low powoer contumptien and 0w votage pperations-
2 .E{—-ha_f /] !owge vegf_(h’)' et conclcts of cinteen 32-pFE "’éif
— Cfers - |
2. T performs athree _{%age, p?pg[:"r}érﬁ- Tigure tuethrodtes The
p?pal:“n!'n(? paoLess.

_I‘fa?e 1 H?Fﬂﬂ‘f'ru&hrdﬂ A—] N j?r)_c-fm(lﬁbr) 4
Sngetton “ S gy ecetion

ﬁagg 3 [ Tnetrackfon B { Tnctructon Z |

| decodiry = I decod "“?’- |

_ ﬁ-aﬁe q Tnlfruekion € ' ;mﬁ-rucﬁ’bn-
~fetchirg = fetehlng.

-F:‘a { Thee ttage p‘ipeh‘n'fna 0 ARM paoces<ore

4. T Supports’ 32-hit add'rags?rﬁ hence, possecs 4 glga btﬁ-eg
ifnear address space.
5. 7t has 32-bi- RALU and hlgh pexformance mutbipher
6.7 Supports 8 16 and 32=bft dado +ypes .
1. T Supports two types of-Tntenupis -

9y sl Fnteraupl vequest

7D Interupl el

8. Tt Supports #oterfacing co—cpeved- processor > IFke DSp
teane processors and Java aceeleyotors and ‘Fn+erfaaPog-\

fucd[HeS to Embtdded Traet Macocell LETM)-
ut-y, 118



9. 5 provides cgood clebug facslities Ifke RT (peal—time) clebuyg. !
10- APM rocessor (ore anthftectuae f< o [6(32-bit RISC anthife
—(tune.

ARM corE ACHTTECTURE

AM tadvanced eTec machine) 8 o 3a=bfit= mitcswo contraller
T perfoyms sevewal fundfons Such ag addftion, multiplfcadion,
multplicatm wfth accumuladion eb¢., on 39-bfb-dcdta. AL
- -fucflHates advenced -Fea.ﬁm’es 9t i< ceclted yced o coide
[/a‘fi&%y of- applicatfons .

The <implified oochftedture pf- ARM cove pmfeggavu
LChown ?h flqure
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“The geneml archFtecture of ARM has,

L rorvel Shfter
% peglster bonic
% Sipcrevmenter
X MULH pHer

% ALU
Rovvel thiftey 7L one of the motl- fmportant-+feature OF ARMWYE

| TL checles Hor the vaduts of-1ne Tegitter before pa?ﬁc‘?pa‘f{’n? 0
opexationt velated +p ALU blocle. Thfc helps 0 €vabuai7'nﬁ
loge gnpressione and oddvelces cacfly.

pegicter bank of ARM rancfcts of total 32 2e9/(tens, canh
0F 32-bit- wofde. Thece reghtenrs aleo cupporft ghf dnd [t-67—

' deda by conveyting them +p 32-bPE * All thece regictert nre

ploccHied as countey yegitter , ctatils vegltterc and geneyal

puapose megheters .
Prevermentey Fs uced for updating 1he actlresc wegicter,
1o cifte the data in Tt

| ohenever {he procetsor vead!
oeed ansthned’c aryd

ALY untfl pesforme all veg fter—b

| logfeed operatfont.

Qegfﬁmx of AEM

The ARM concitts of 3+ yeglbexs - pll yegitteys e 22-bf-

in Sixe . Theve ave 30 3eneoal pusipate regltters among whfth
Y ave dehive regheters and ave cecessthle in Ihe oa)

16 {voto vis.
, Le¢, user made. she cunent pofam Latue

Saeeudion yod
pegleter (CpSR) I aleo an adive veglter lrated pelow 1he yje—

yeglitts’
—From-Flgure (1) Aepitclc the :feg&fz’fﬁ DL ARM .,

unib - 308



CPSE..

Hguve!) 1R eglsters of Aem s @

The vegistey %5 7y and 915 have cpeciod RuncHons .

The veglsker 7i3 Sevves as ctack pointer Cop oegfster and
the  7egRtnt vy and v Sevel o (9nk pegheter (LR) and
Program €0 urrey (pc) vespectively.

The PSR 8 A 32-bitreghter D~ woed o g%@uﬂ Chatus
0f-the procesSor, H-operation and ntewyypl enablts bPE

Station - e bfE fomad of-cpsk yegheter i thown 0 AFUTEO);
s eattonsion  condvol

pMod 2

frgure () format (F—(a—;gﬁ, ok -wlufiy




The bit farmed of cpse It divided frto fouv felds, namely

Y. comhyol. |
The it and their corréspondig funckon i¢ depfdfd fn

table

pits Name runckon
0y | procescor modetM)| seleehs +he op@zaﬁhﬁ made

5 | Thumb(T) Decldes whethery procetcor fe
' wefrg 32 bt fnsdbrcton o2,
T=0 - procelt i £n ARM ctaty
T=1 == paocetl §¢ £ { hurmbtote

6 |Foct intevaupllf] F=/, dfcabler 14 Mode
7 | PoterupkiD | 121, dfcobléc 208 pade
g ovevflow (v) | v=1, ALUopeaation ‘ovesflol

29 c ooy out(e) c=l, ALU ppesation casest e

out
o, ALUL opesiection f¢ xevo

20 | —2eaocd

21 | Negative(ND | N=], ALU opesation ¥ pega

—tive

p}’pelfmnﬂ fn ARM processorsi—
-the. amechanfcm G%Qbfa‘r‘ninﬁ or gefhn? o —fehchmg 'Ihc
net :mﬁuchon to be gugcuted  whfle 4he other fnetvuetion

8 :
¢ 9n the poocess OF fagevition, ic called the pipel?n fnﬁ". The

main  aim of thic concept 1€ To Sneveate ervdouble the progi
-m- Exgetton Speed . The ARM pyoceccor alio ucel thft pipeln

concepl In oxdey 40 nalse i proceccing (peed.:
A Simple 3-ctage pipeline concept ic wred by ARM 7

and ic chown in %r'gmfe'w
kM. 5h G



Fekth _—%nemde fxgtufei
v".-‘gua’eu): 3¢tage pfpeline OF ARMI-
Heste ythe processor peforms ﬁefch‘inﬁ of- Inctraetfont -from
+he “mermery ot "Fetch! stage atdecode _c%aga the paolessor

fends the fnttouckion o be excaitaland finally 1 performye

procesting of inthrueiiont in the eugwtte lage.
The proceesor wfll Ltove the veeult fn a ofegf_rfer +fov furth

—ey and future pLIIpost : .
By meant s carnbmfn? all the aboye ﬁajﬂd EnEeLton

epeed.: can be. fncreased whlfch fe very mewh desired Hor £ffte

Lient openedion ofsthe proceor- Each tnctyacbion which [

very  puch desived for gtflefent opedcion of The PAOCELLoT, O

rach ghueion whlch fe Ailled, fnthe pireline -contumes _ﬂnglz,

eyele o complete £rsuction ; Lo h /ea(Lc 1o increate oy groed

~th tn the through put-Of proceLLor.
Iywmm luttrotes 3.415,;193_ P?m/med qnfh,umnn 53@1&%

.’_Tnﬂrm!'fon a Tnchuchon B 1
Q%Eulﬁc\g- ' E')(QCJ.L‘HD?’

: J‘-kage sl

i ™ : : - — - .
o " pagructHon &

| ¢ i ¢ Tretrlcion (3 . .L(’)_ch’ufl
decod g . decading |

o B
FretrucHon C |, l Tn¢truction D
.‘C EU-CJE 3 ol {&fcbffié? ,p‘gi_ch,"f?

'1 +Figure () ' Three £+age pf;ale“o?r:ﬁl
~from Fqusie 29,

tycle T2 The procescor fetches fncbruction— from memay.
The porocescoy -fetehes inttyuckion -3 from memory

tn ARM pIOCessor

ludcfle:ﬂ 2
and decedes §f hotruetfond

uz/c/eID The proceccor fetehes: snetrction -3 fmm meW
decoder snebruetion- and g£gcude fnetruction-3.
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| figuae {3) .

The increace In the tength of pineline, fneweact the (peed

|
of fugutte end thus the proceclor pestfoymante gets ncrecsad.

dhe ARMQ prOceccor ees s-Stage pfpeline and a< chown

[@?—[Defad > 'E)CFCLL'ré!—}— ‘Memmy J"r%ﬂ’

Fique (23] b-Stage pipeline oF ARMG processar |
8y adoptfng the above 5-Stage pipeline concept, the ARMY
will Jieeeh hlghey (ore fregueenty than 1het of- ARM,
The ARMIO Pgogefgm’ LIt 6—_f-l—age pipeline coneept i< Chou

fn #Hgure (y).
rtchP e PipecodeErewtel>{Memorylsorite |
-iguae (4) ! b—ctage pipeline of ARM 10 papcessor

ExcepTToNS AND TNTERRUPTL SINTERRUPT VECTOR TABLE

L an faception oy an Sntenyupl occesl o a progadm,
Ihe pC Epromam counter) K directed 7o o peoticulay memory
0dchesc by fhe procescoy - The directed addres liee fn a specked
vange of- addyess kpown ac the Nvector Table . vector table
concftls of-c nwmber 6 fnthructfont (branch afpoeffic
pups Y0UtNed) thea core usld 4o control "aspeetfe goqe ptio
—n 0¥ ntevyupt - The addrect yange of vetior taple it
from DX 0000 0000 10 Ox 0000 0OIE Of 32 bt woovdS-Bud
come proceccont - allocate Offcet higher addvect range i4,
SFrom D x FHEE 6000t Ox T 00plC.

7 an Lfaception aran Intesupl coltes, the procior

fops the tusaent ExeuLtion and loadg §nctruekfont from

e vector table. The Lptfre or 85 (e OO £D) the vedtor

A ]

+able ave thown Sntable,

unmt - U, ’—}/l@



| Eaception [ srtemsup- | chovttand
; it Lghm%r Addrec Bigh Addyel
Reset RECET  |DX OOOIO 0000 | o x FHE 0000
ondedined inchuchh  DODEF  |OX 0000 000Y | px FAAF 000Y
|
Sottapoe Inteviupt | L |0X 0000 0008 | ox {HH 000K
prefdeh abort PABT px 0000 000C | ox 1 000C
peto. abovt NPET ) x 000 6010 | 0 X TFf 00l0
reesnved. . 5 O X 0000 00/9 ox - 001y
TrHewupt vequest| e 61 0000 0018 ox 11 f1 __00/5;
Jost interrupt- rO)C fff. b
| nequesk FIq Ox 0000 00 f2 ole
[l \
“faple -
ReSet-vecttr

Thic 1L the Fircd §netruction 9n e table -PE TS £xeclted

ff power K appheaf and brayehes to the ehittalszation code.

ondefined mrt'maffan vec/vr

WA Te gmnbged e an Srcbructlon. j¢ o clotodted by The prace

~Llor.
SOHwan ]ﬁhmpé. w:dmf

Pt Snttrueton i called by 1he a0eexcor ©whi) quP.
snetruttfon € sxnecuted.

prefeich phort Vettoy
T pleuyl H-an snttruction 0 Hetched from an d{/dmff

Lofth Sncovveek accecc pevimicclont ceneyvally, an abovt

appeent fn +he decode (toge.

pecke, AborE vettor

 gpfc I came al prefeich aborl veekor Tt occtul iF deda
mema‘ry i oecsssed by an ¢ otruedi on eoffh Foeorrect acees
peymisLlon!.

Tritevrupl Resyelt ve ctor

Thic fnttruetHon fo gmployed 1o Fnteyrupt The Flow
un

ibu, 8




of curvent £reudlm by an Ltewed hooadwone. Te appeare
only 9L 000 L ave not masked fn the curyent program Lt

pegfster LLPLRD .

Feutf Inkeryupk Reoiect vector
AD goterral heodwenre utee it fnctructon i 1heve fc a
nectseity o+ facter ye¢ ponce HmMe. T appeadd pnly §N +FIq ¢

ave NOEF ynoutked fn the (PCE.

DATA PROCESSING [~

Theye ove Leven typee of Ao —tvantter Sntivuetton and

are diteucced below,

Lvove ! Pnetruction

ARM JTHUMPS sptritdion cet copporte wo 2YpeL of pove fnchu

—(tont - They O,

‘mov' - T It uced 1o Hanefer the content of one wgﬁ(fea’ffa

0the.

gaample  MYN 7172
'Mvw'— T 0L ured 1o move ~the (amplemcr)k rontent af one

'Iegu%m 4o the 0thLY-
EDLa,mple ;. MOV 71,72
MUN —pMove with logl ced ARD

2. Boagve| shiftevy ppevationt

pmféﬂor Fﬂdddﬁ_(’ a gaxrrel chIfteyr UJMC/)_['/?% the

ARM |
left oy ¥ight Atreetton o the

29-bit binasy numbes Lther 1n
petlatfied pocTtioNS: Tt Foatilre boolts the powey and
pacctfons.

Flewihilfty of V@ ofous dectat processing op
7he Syntan OF ganrel thHE 0 pevation for deta paocecein

-9 snebracitons it Chown +able.

unik - }q}ng



|| . N ShHft oppmﬁom gHm‘ﬁ%

[Elaicnediost # Fmmedfote

,Qeghc%er em
Logf cod thift left by rmmedifede Om, 1SL HShPH—imm

{ogffaj Chitt 1efE by ?afeg&{'m' om, Lol 2

Loghtal <hHFE Jght by Fmmediate | em, LS S chfft M

Loghal ShHFE rght WItH ™
¢ Shift 2fght by smmedicle

g&‘{g',)f 2, L—CL 2¢
o, ASE #ChIE—Fmm

Arfthmett
| s isnmetic <hlee vight by vegieted) em, At &2
- Rodud® ?’fghlf by ?mmff/f'm"é— £m, coRHhliFh —fmirm
podate ~ight by TeIEET o EORIASL i ®
Em RRY

é@fa;hz fght b wolth gaterd

Table
. Arlitbmettc opeaation TIngtraekiont

:) "app , ApC (At on Cufth Covvly ~ ~flag Y ane he o
enctrietfone ced o peatorm additon pperation

Snc (Cuptvaction with cavry-flag)’ are weed +or

..C;\

|H) “cog

cubtrattton opeedion:
177 e { Reveste Subtrackion), RSL [ peyente (U btraction with

| Ca'n’cd.—ﬂag)” aze ueed foy veverte (ublractlon epesazion.

|
U, @arvel shifter with Arithmetic operationt

Thic feature pwv?du a_chift of econd pperand on
af)f-ﬁfime,ﬁc and !ogi‘ca) sn(triLebTons -

E:otample .
%= 0 X 0000 0000
T 0X 0000 000!

ADD 71,72, T2, LSLF] ] Acldc and 16FE (hifts the ontenk

of 72 ahd LtoreS The result fn 7l

unik -4, 9y




‘ A Lag?ca:l o peyatfon Inctruttiont _
i n "Eop! it Q logfcal tnetraction wsed to pestorm KC;E bettoeey

o fowsce opevand veglutet ard Llores the result fin a dect?
—nedion opevand vegleer:

) The loglcal snctracton forr" it eed For a bit-cokee logfeal

on between o (0LCe opevand wg}l{ken.

pp operct
20 1 ARDY Snctvuetion I coed for bt ol logfcal AOD het

—cpeen two oure operard vegfete

&) Hare! Fnetraction i€ UL ed +o pesform ARD 0OT opevation Le,

logleal bt cleav

4 . (ompanfeon Inctruetione

' Mempl snctructfon 1f uced for

- opevande 1t gffecks i, 2=ond v flage.

9D Hempl fnchudtion [f cleo uced v compation of +wo

towce operand! bl after pesforming e gotton eaotion on)
tecand opexend -
i) e snctruetHon 9o uced for bypathe ticed LPF—tofce ARD
openation- -
G NTEQ! fnttruckon 1o uced for beypot hetical b?f-—co/l(e XOR-
opeectfon - o
7. Multiply TInthuctfons
9y Moy snctruction It tced to multiply the fwo op(JBaOdﬁ
49 0 MoLLY fc uced o multfply a dong ¢nctruchon-
T nppll i dbe inehuclkion cieed for meLltfplfeation followta
by an addttton SImflaxly, MLAL fnetruction fc uced fo pultiph

end add a long enttvucon.

| example : MLA 1, 92, 73/7Y.
The above Instrictfon wudktiplies rand 73 and add¢

Hro veoults with w and pocumulates 1he rerult iny; -

Unil:-ugl'/}ﬁ)



‘ Eranch Inthuetiony

I ; The most baslc techmique  cmpolyed by ARM {—achaogg,
the flow of control 1£a Uavach inctruction!- the mncmenic -
eed foy braneh inttruckHon £ '3 Thte mpemonteis followed
|b9 o dlestinodson oddyese which g?ref +ne locdtion Ohere ﬁga

‘(mfml I 4p he bvanched and Pefe colled Warah Target!

The addvece Tn the  vanch fnchuckn cppeifies the
offcet, which ¢ cvalue o be added to ¢ cyyyent PC volud

o veawh the byarch tavget-

Ther netraltion meui plies 2750 with i ard 7ecult e added

4y cwryent pc volid 1o reach 1he Fvanch Haxget « For it

|
|
|
- Bample ; B# 250
|
|
|
o vetlue i€ BD then, e pranth +argel oc

of the tovient P
'QEDXLI—HEO‘. (15D - Here, 1t ofFcet 6 mubiirkied wih ¢, 7o
overt it info bytes pecauge +re 0FFet tpecified 07'/36,
fhekrueifon Fe PO Loovdc and ArRM F¢ byte aokhvescahble,

|
i Load &tove Pnctruckong

1 'Load ! 2nttructiont
~he SpchrueHons which axe aced o pesitym load opevadion

Ane

fy L0RB — Load byte 9nttruckon

1) LoRH - load Hath-woord Inctvaction

|y Loken -~ Load  palf-word (tgned fnctructbn
l .

) LoR - vocad Load onivuttHon -

|2_, | ¢tpve | Tnetructons

| —he SnetrucHone which oue cietd 0 performs ckore
!OP@ta:hon are,

) STRE — Stove Byt snctracHon

1) (TRH — SHove Halt - word mructon

‘"’?) (R4 - tHore Half —woond Ligned  Inthuction

J

12/ 1y




V) <Te  — wovd (iore fnShuction.
LDM, (1M poye e fntiruedions wced Hor plotk deda -load and

Have from or to the MerToYy.
Software Intensupk Inthruckion! (W)

A (oftunre fntemyupk enchuction (vealt aoftuove £cep
_tton {0 call pperetion Syctem) yputines- for callfng operating
Lyctern »Outinee, pooarneten peLling i necutred . Tple pesam
~eter poeting I obtained by Empolying egictens:

Evesty QT hace 0 numbes to indicate acpectFr call o¥
foaduye - Thic numbey Pl raltuloted by a code known as pandle

-from 1he {Inlc ')ﬂﬁfﬁéa 7.

syntax
QWL §<cond s} Q0T - numbes

ST | cottroone intevpk| Jy—cve =adivesc of fnctruckion
Hfollowfng the ST

Cper_evi= €PST

pe = vectors 10X

cpsy mode = Ve
cpsy 1=4 (onask TRA enterupte)

Before gxecuting Qual Dctru cHon , processor olirects
projram counter(pe) 1o the offiet Ox& Fr the vector abk

ard procestor moede 1o supervitor mode (5. e, SV e node)-

psk TnehuctoS .
e AeM Snetruttion £LE Empoly £ 10 snctnictiont m/rm{y

Mt and meR 4p control ) read and erffe nto a program (laid

Reglttey (PLRD.
M pe dnctruction ] 1+ move L the decta 1rom par/Epsr+o a

’a’é'gff’l'e)),

Mep Tnstruchom, T moved tpe data frorm vegfeter 10

(pey | Spev

Uﬂlpl.' - b, ]}/IB



[

(yntan
Mg § <cond s} Rd, <rpsfiplrs

MR 7{4 cond;% < CpLy [cptr > _2-pelde >, Rm
MR §<cond >} 2 CpLy [Py > _ ffél'd'f >, Bmmeditte

¥ ecution
MEL pMoves dadd from Py fo gencm/ —~pLapoce Tegﬁrfer 2.

mMep t Move!d data from o gmeml —pe1oP0Le yegftter, Pm 0 pey;

veR ¢ moves dn fmmedfede velise 4o PR

n Lyntam, label feld ¢ a Combination of (m#o/ &),
I£1+enr:"on(%),ftaﬂ£ ($) and #109¢ (f) . The byte vagions of
hete £olds f o program Sodus Regfetey (peR) 1L Lhown M Hgul

—2. ] :
_Ismuﬂzfe:ﬁ) ﬂﬁnﬂfan&% Ilb‘) control (043) l

o Floge (2u:31)

|

-ﬁ'U dj |E i I 1 |
r’&\} 20 29 929 — S— 7. 6. /LY 6
VI [ e [ [ [ |

b _ _ _

Fguoe PSR Bite Felds
- control (O —treld coptrolt the fntesdupt mask,d thumb
Ctoete and  proestor mod L

Loading conctantt |
veually, load:'nﬁv a0 22-bPF ske conttant it any reqftle
4o athfeve

_y ft not poctiple by wsefng ARM sntfruttton et L0

thic Huo peeudpinetrutHont o, 1he ond 400 ave frtroduced .

Lyntax
L DR Rd = cortfant =y

ADD R4, labil o
Lpr ;T loads conttantof 32—bFEE0t0 reghiter,Pd .

ADR ! 2t loads yelbdive addrefS 8f 32_49?[—(001#6;;'7{' fnto

vegiutes (Rd -
Uﬂ‘l l‘ = Lf )

e,




I—-Oﬂdfﬂﬁ conftanty a/a:wd; veguire o memmy aceece ohich it
vy ctonomfcal - Thut,+bolt cueh ac complies and atltembler e
| empolyed ‘o load conttants ofthoul memory accece- Theee tools
genesate. a.ton ctant Fn the Yegicter with opttmal numbe Of
| ¢netyuctione - I the toolt fafl fn generaling conclank then 1he

conetants load from memoyy.

[ DR preudofned ueton convextfon T £hown 70 rable

peeudoinstyuckon actuad inctruckon

LOR Yo, =0X ff- Mov Yo, # pxff

D€ 70,5 px 5555 6555 | Lo B0, [Pe, #oFHet-12]

table
Tn the +tuble, +he 1Lt cornelfon gfires a cfmple MoV enetruck

—fon andl the cecond convetlon gives a pe- yelodive [ood-
0 pseudoinctruekions, F 1L poccible to determine 1ht randifry
‘ capeetility of tvols and nember of fnctruckions celected by

+he Hoole 0 load?n? conttanis -

| condttional £xecution

Mefority of the apt inctrucdion are pxscuted conditiona

lly - Thic ExEwtion depend < upon The ftotur ot cord 610
ield and condifon flage- condition freld i¢a two—letter
mnemonfe placed #n e ¢nctuckion and condPtional +(09¢ &7
pleceed 0 tre cuvent pogaanm Gatus Regltter (CPSRD -

The default mmimonfc naLt fe uced Hor dota poDCesting.
and compare fogtruckion mnemonic Heh ge ciced for changtng Tht
fotue  of- cond #fon AlagC T Cpey-

EXample

hreatect common DYvicor Alorithm

9. code ofth poartied condrtion Execution(f-e, condftion Exgut
~fon bnly on +he branch febructiong)

unft - U, %




ged
CMP 7y 72
RES complete

BT leccthan

SUB TIQYIJT)——

8 gcd
| escthan
S 72,72,7]
el ged -
compleste
9. code wWHh il candition EN&ecution
| ged
' cMp ¥),T
CUnGHT V19 74,72 ®
SORLT 72,7247
guE  ged
%ﬂd\/anfﬂges

1 condfonal Sxrgoriton maofmi2e¢ 1he pexformante bg o’educ?%
the number of manches, pipelinec fluches and snebuctont |

9. Tt alto naotfmia-es the code deo;?—fv.

Thumb tate ®
| rhe thumb tede 1 one of the (tofe OF ARM procelSor

thadt cneoute the 16-bTt thumb ¢rCtrulbions.
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