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Sixth Semester B.E./B.Tech. Degree Examination, June/July 2025
Microcontrollers and Embedded Systems

Fime: 3 hrs, Max. Marks:

Nate: 1. Answer any FIVE fall questions, choosing ONE full guestion from cach modufe.
2. M : Marks , L: Bloom’s fevel , C: Course putcomes. cL

1040

Module -1 M| L

cffects the pipeline exccution explain with one cxample.

¢

Q.1 la !Txplain the RISC design philosophy and how it differs from CISC 1 10| L2 | CO1
___; architecture and List out its advantage with data How. ]

b. | Discuss the concept of pipelining in ARM processors. How do interrupts | 101 L2 | €O

OR

Q.2 [a. | With the help of neal supporting Block diagram explain ARM Cox | 10| L2 | COI1
dataflow model. -
b. | Explain the role of registers and also explain 4 fields of Current Program | 10 ] L2 | CO1
. Status Register (CPSR). -
Q.3 a | List out all types of data wn ARM instruction set. | 10| L3 | €02
Provide examples to illustr:
{ b. | 1) Write a program to add an n'{Eers and store the 32 bt | 10| L3 | CO2
result ininternal RAM. : -
iy Write a program to find the largest / smallest number in an array of 32
numbers. e ¥
: o OR T
Q4 Ja. | Write a C program to [ind square of the nufiber botween (1T-10rand |10 L3 | CO2
convert the same using agsembly [evel ptogram. - dw
b. | 1) Write assembly leve] program to interface a stepper motor and rotate itin 1 10 | L3 | CO2
clockwise and anticlockwise direction. .
1 11} Write a assemble level program to find {actorial of number,
3 Module - 3
S| a. | Explain the different purpose of Embedded system with examples, 1| L2 1 CO3
b. | Write a assemibly level code and structural representation to display hex | 10| L3 | CO3
digits O to Fona 7 segment LED interface with an appropriate delay M in
between, - A
I _OrR
0.6 a, i Explain different commumeation interface for embedded systemy with neat | 160 L2 1 €03
- | diagram. B
by With the help of interfacing diagram write 4 assembly level ;ﬁmgz;:m o] 10, L3 _{WE):}H
L [interfacea 4 x4 kevboard and display the keyv code on an LCD. J
I o Module - 4 } ]
,”szw__..ﬂr | Explainthe g uality attributes ol'embedded system with differcz‘lél‘_\.';‘?k‘i_-__ 10: 1.2 1[ ()ME
bt Explain state machine model with two example | L2 Cog!
D ESM mode! for Automatic Ten / Cottee vending machine. 3 3 j
I ESM moded for coin operated telephone system. |
— S Aet2 T o




BCOG60T |

diagram.

OR )
0.8 Explain: iz co4d
1} Sequential Program model |
ii) Concurrent - Communicating Process model
Explain automotive communication buses and key players of automotive | 10§ L2 | CO4
embedded market concepts.
' Module - § i
Q.9 Explain the concept of task pmu.ss threads with the help of neat diagram. | 10 L2 | CO5
Explain the concept of Dead lock and Dining Philosopher’s problem. 110 L2 ] COos
OR
Q.10 Explain message passing concept with neat diagram. 10 1.2 | COS
What 15 sumphorc explain binary semaphore Lunu,pt with supp{)rum 16 L2 | CO5
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g ‘.L.j-a.] Explain. +he RTSC deslcﬁn pluidosophy and how

CLS C aschitectuse and List

oud i+s cuiva,nﬁ-q%e o i+t dada Flow .

RISC ( Reduced instsucie on Set Compudes) LS @

desc %"ﬂ phiio &ophy

med at dei;:ve’aﬁng Simple

bukt powexfyl instoucH ons 44 ot execude coiHain

o &hm‘g)e cycle af

crsc ¢ (Omplex (inStauckon set Com pudes) 2edies

O Nigh efock, Speed.

Mmose on +he hazrdwaxe fox tnstaucdon

—Fclr)c—l—éoncdiﬂ , Ond COtheCy(,LBY\:P“IL/ Hrie CITSC

IinStsuckons aseo

CrsC

Com 'Je ?
| _w':‘_’ T
|

Code

MOTFe compli cated .

RIS
Gezed ez .

Complexi J{C ompide v]

—_— _.f, e

f code

Geenesation /

i,f Geenesodian

Pao (58O~ ﬁ_ﬂe“ra oad Ca C e N —""'j

Paocessoy
foo e

~S= Smphasizes cempides complexity.

RISC design philosophy 1S tmplomerded oo

fous major design

zufes -

> Imstruchons: Rzsc P2ocesSSoes have a peduced

NumMmbes of Lynstsucteon classes.
paavide simple opesoadionsg Haad-

tn a. Gin%‘e cycle
Complicaded o pezalkio

These classes
can each oxecdde

- The Compidew SYn+e sizes

NS (ex- divide) by Combinin g

10



Sevesal gmple insStouctons. Each nsStrouckon (s a
Hxed Jewmdth 4o alow —he pipedine 3o +fetch
fudaze Lnsdzuckons pefoxe de,codih% e caszent
InStauckon. Ty CISC PIVCESI0T ingtpuchong A€
ofder. of vawiable size and +adee muny cycles
+o0 execuwte.

2) Pipedines i The paocessﬁn% of Tnstzuckon S
byolken dewn irdo smalles anits —thad can be
execuded n pasalled by pipedines. Tdearly +He
pipedine gdvamces by one s+ep On each cycle Fow
™ OX ) MUY --Hl\arou,%hpu}. Trslsuctions com be decoded
Ln one pipeding Sage . Theze 1S Mo rpeed +o¥ an

instyucHan. 4o be execulod by a mir\i,pam%.aﬂm.ca}leé
iczocode as on CISC peoCessos.

3 Registess | RISC machines have o jazge 8&7)@2@{—
puzpose vegistes sSet. Angy zepsies can condaln
eithes doda o an oddryess. RegisIexs atd s
+he Host+ Jocal memozy Sloze for ald dada
P30 Ceéé"ﬂ% apezokons. Tm cordaddd, CTSC poce-

ssosS have dedicoded egistess Lo gpecific
PUrposSes.

4) Load - &toze as chiteckaze . The processSow
opexades on data held bro segistess - Sepesaie
Jload and Stose insStesuctons SJoanstes d adcr
between the zeqrdtes pardk amd @xFezncal memasyls

memory access ove CosHy 1 SO sepesodtin gy
memory access foom dodw processtng poovides
on advantage because you can ase doda vtems
reld tin Hhe zegsIew bank mwiiitple HmeSs

w tHo ok meeding M ple memozy accesses.
T condaast, wih a crsc design ,the dada

processing opesalans Ccan o0&k On memoasy dizecHy.



Von. Nedmoanr & Hazvarsd aschidteckuze :

These 18 neo <’S—¥§5€,c,+ ode Fox —Fcuoualng qi:sc\’\l-lﬂc\ﬁ?fe;:

RISC 1S mosd associaded poidh Hasvasd
avchide ctuse , ond CIS8C Ls associaded ooidh
von Nedumann aschiteclawe. Because Hoers
descgn preloSo phies natarally complemend €ach
Oo+Hers 4o achieve pex>formance %oq})&

RTSc &§ Hoarvasd @ RTSC aims Lo high speed

by e&xecuding Simple, 8ingle cycle instauchions.
To molndad . i g PIOCESS0T Mmus+ Pedch Hae
Nex+  In&awckgn LWL le Simub}ﬂ“neqwsl(/ a*eccdin,ci

Ox (DB’E,—]{VLgt dadao, Only possible Wk ~Hhe Sepesale
buses of Hazvasd aschite cfuse .

CIST 4 vom Newmann, CISC uses coemplex
vVaziahle Je,ncé(% INSYzUCHMS Hhad often dale
mMmWdiple cloctie cycles 4o execde. sinco Hvey
A3 Mot desig,n ed Lor Sin %Je~ Cocle execudior
Fhey use Shaxed Von Newmen bUs .axchide ckue.

S
Von_ Neumann Toded (_AE]

Tostaucky | Cond a0} LJWS
ey P Uit ,- Memoay
—— e 1,.. PR E——— me—e = "3
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Q- %b]:DESC(-LSS Hre concept of preJ._Lf\lYLg i AR paocg&sm‘.[oM

How do ndessupts effect +he plpedine execudian
Cxplain. wiHh one &xuample.

T+ 1s He mechniSm a RISC pIocesSSos UsSeSH0
execwe instzuckons. Lvsing a pipedine speeds
Up execudion by -fetching 4ne nex+ inatrzachon

whude opHiezr instzuchHonsS aze bein.,eér deco de d
and execudod.

(LFetcn } o) Decode ) ofjexecade )

ARM 7 Theee Saqe pipeline

Feich loods an tnsteucHom +rom memody. Decode
tderdifcesS H+he inStaucHon Jo be excculed. Execude

processes e nsizuckon ¢ wades Hhe gesuid
back 4o a ye%;\(ngefa.

Fiquse shows Simple €xample of, a seqeence
oL —hzee Lnatzuchans bein% teiched , decoded 4
execaked by Hhe proCessos- Each nsizuckon +ajes
o single C‘jC|& ~+o Complede of4ez Fhe pipedin€
s flled.

Fedch | Decode Execude

T = (N o

Tione | eqefe

sop y—( pon ;0 )
cycle 2 g | :
Jave ) £osue =) nov )
cyele 3 e oo
v

pipedined inglaucitan Sequenc



C The & instzuckons ase placed Lndo He pipedine
: Sequerndially. Tv He oSt cycle coze Hedches ADD

inst+ouctean —aom MEMCTY . T +he Second cycle +he
Core fedches FHhe sun

ins4swetian, T he Husd cycle, bot Hie SuB § pOD 13

Qe moved aJon% the pipedine. The aoD inStoychion

Ls execuded , Fhe sSwug insStzackorn S decoded; and -

the cme Tnsteuckion Ls fedched. TS pooceduze LS
catled -FCULJ‘T% Hhe pipedine . The pLrpedine adlows
Cove 40 execude an insleuckon Cvesy cycle.

AS Fhe pipedineg Jgn%aHn. incseases +he amound of

wozsk- dme o each Stage LS seduced, W hach ollows
—Fhe prolessor 4o adlain M-g}baar opeaouinoj

—Fare,ch,emcy . Increases e Pesformance. The sysiem
ladency also Lncreases becuuse i modeo moze Cycles
o b He pipedineg. The inlzeased pipedine Jen%r%

also means —+here can be dada depen dency peteseen
Koame GM%QS-

Pipedine wsith Diedsupt xample
; e

Fet b ,
[,;45_,%} Cp‘gﬂ Decode Execwde
Cyclet L1020 J ey _sve
_ . . (cpsv \I
eyere2 [ ADD ) MSR | TR o)

PS> |

:
; ey — Ft syc
Ceyelea | anD | oD | C sk IE#-‘SYC,;
C“/Cife‘]LSu B ‘ r- QND‘? [ A 2D

| S
¥

AR LaSksuchon Sequence

tnasdeucdion ¢ decode Hhe ADD



The MSR instouchon 18 used 4o enable TR

irdeosupts , which ondy occazs Once +he ASETAN

in Stzucdton completes the oxecude shage of He

pcpedine.

T4 cleass Hhe I b+ in.+he Cpsa 4o enable “he TRQ
indessupHs -

once +he ADD rsYzuctton erders e execwde stuge

of e pipedine , TRQ ‘indessdpis Qse enabded.



|
|
!

7
(9 2. aj Wity +Hao help of pead Suppoa—-hng Bloc < ™
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An ARM Core 18 fun Q-}{,OVLCIJ/ units cormected bi
dada buses gs shewn n FGuwe, wheze, Fhe
Apsovas Iepresend He Liow of dade ,+he Lvnes
Jepresend +he buses and He boxes yepaesend

eun opea—aﬁiﬁn wrwd 0 a 6+@a—q8 o axea.

Tpstruckion decodew T Jzunglades tnstaueions
befose +ey awe execuded. Each Wnslouction
execuded beJOn%cS “+o a doua'-k',cujara— insisuchkon
Set.

ALV CAztthmeHC LogicUnl+) o MA C (Mmadiply ~

occamulate avid) +alkes dhe oeglsites valuwe §
Rn & R , and o &ingle 2esalkr oz destnateon.
Pegrster ; Rd. Source opezands axe zead -fxom
She ?re%is+e'ar fele LLS’LY»%L e rdesnol buse$
A and B oespecHvedy.
Daoda pa-oce,aalncx inatyruc 'b
i Re Qurecdty Jo Hhe ey
Instzuctons use e ALO o gen
Jo be held inhe addzess 698;»54”@@& poroadcast
on —the Addzess dus.
Bupyod Shifdes 1 Daka pROCessSind  INSYBUCATIN S
ave processed werhuin dhe AU A anigue b
Powestal Jteatuxo of e ARM prorelsSsed 15 e
abidity 4o ShitH-+he 22-bit bindwy pabesyin
one of +he Source ICRS&Ie>S Jotyowr aghddya
Specifced numbes of postRS befoxe v+ entens
+he_ aLu - P?:e—p”erocecsﬁmj 0% S Wit 0ccaes Wiy,
—+he cycle Hme of +he Instzucdkon - Useful Ffor
|o chan&_ constands. tndo a registes-

chey fele. load 4 Shrove.
exade an addess



—————

Sign Exdend Unit . Doda Hems q,wmq,cgd T
'gye%,{aﬂre/ar +ie , Storage bomk made wp of 32-bit
reqistens - Redisteas held signed o «-mai%nea
S2- bit+ values. The SeYm extend hasdwaye

Conversts S't%ned. L bt @ l6 - bit numbessS o 32-biY
Value g

A4 es passing Fhroadiv Funcional aniks ~Hae
veswd tn Rd 8  wvtHen back Yo Hhe redisten
Lle LLSiﬂ%,—J’fr\,e Iesud haos. Fox ‘-POOU:L%

v ‘ SYoxe
instzucHon s Hhe

tnceemerd gor wp dates Mg
Addzess zegistes befovo Core zeads oo wavtes
The nex+ zeygistes. The P3OLeSS0T  Condinues
@xecuron wndid an RxXCceplaen o trdesaup-
Cham ges Hhe novmal Cxecudeon Howo .

(g. 2. b1 Explai e sole of degisieas $ ajso explain

4 felds of cusserd P&Ogaqm Stades Reyistew
CCPSR).

10 ™)

—>  Gemesal puspose Fedisdess hold €xthes dabo

Oy an addaess.

Registeas avaijuble 0 useymode -

20 — T2

215 Sp

a4 17

RS pC

Cpsw

AH 'ae%}é%ew aze 32 bt wn Size .

Theve ave upto I8 atkve vepsSIedS. i€ dada $
2 processSox Stadws zedistess. The dada Eﬂeaﬁs—!eeas
ase vistble ~o +he programmes s 0 to =I5



a Pan/A%chx,a— task or spectal funchon 313, 3l4
and 315 They aze given diffexerd labeds o
diffesenttade Jhem fLzom +he othes ee%As-}eafs'

23 osed as Hhe Stacl pointes (Sp) ond S302€S
~+he head of Hhe S§Yack [rL dte cassent PRSI0

yode.-
=14 1 called as dind< vegrste s Cda) and S whewe

Hre core poeds Hhe sodusn oddTessS wheneves

i+ cods oo Ssubaooudine.
VS . PO %Erqm courdes (pC , CordornS Hhe add aCSS
of ~he mext LnSisuckon 4o be Ffeiched by Yhe
ppocessoy- In addition 4o 16 d oo wegstess.
4wro paogsam Stadus eyrstess cpsa & spsd (

e coyzernd & Save.d poo g sHad s ae%jcsqLee:S

Desp pctively)
Bl 31 30 29 28 7 ¢ 5 ¢ .0
Lo |
N:ZiC%V‘; I|F|T Moae!
rw’a_é__ ) ’_"’—i‘;“ o ) L__,,‘_,,___,.F e b
L2200 Fanchion Condikon Trlesruphk | PzOCEsSOr
N flags pasks | mede
T “Thumb
. &4 Stak @
S A qenesl_pooqeam Shabas eemisioy
e ) T (psT)
al%
2lbsp
IS
¥|5 PC

(pss, REFiSAERS Available 10 Dsee mode

-The ARM pdoledsor has 3 aeg,'qé-}earg OLSS“(]me,d 4o



.*rﬁne, ARM (ove Wses§ CPSR 10 mondtor & condeod

idesn o, opesalions . It is dedicated 32, 44t veytsIes
and sesides no—ho egi8Fer fle. T4 (s divided odo
4 ﬁelds CACh of & bids wide: flags  stodus , €xdension
¥ covdaod
I n cuzsond d@ai‘é/ﬂ. “+he extension ¢ stodus Keld aTe
eserved tor Fodusre use. The condvod Leld condeans
“He piocessor mode , &tede aqmna infFeaxupPt masic bis.
The a9 Hfceld codaing —he Con di4<on HQ_%J.
POCRSSOY modes:
T+ deferminesS o hich, Tegtstess arxe acHive $ Hhe
aAccess Hghd Jo Hhe CpSa zeisien tsel. Each
fProCessoy mode 1S eifer pavviledged o=

non parivodegecl_

The Tazedle T and Thamb T but inthe cpso sefledts

+he stade of e pProCesscy . when bol, T LT buks are
O b 4he psecessow Ls in ALM Stade ¢ execude

ARM [ ngtzuckon.
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| module 2 |2

§3®j L4+ ood aldk dgpes of dada pzo ce&aﬁng_ EnGJr?chr?cms o1
| In ARM instzucdcon Sed. Paovide examples ~to
P astrade Hhe explanakon .
— Types of dada perocessing_ inS+eucfions:
JMove insgtructons
2 Axithmekc lnstvuctions
3) logical Inghaucions
4) Gmparison (n&hruchms
&) Mubkiply  In&touckons

Move in&tructtons - move cg,olecg N o w deshnadon

segister Rd , Wwhese N s o regstes oy Emm ediode
valuwe . Usefad 4o SeHon o iAol values § +sansfer
data_ bedween >eY SHeas.
SYyndax ;< ingjzuction > §€Cond >y §5% Rd, N
moV & mave a 32 bi+ value indo @ egistes Rd =N

MVTN 1 Mmove +he not of e 32 bit vedue trd0
sedister Rd= N

N s o vegister o consrand- peceded by 4

Exumple i move(Cepy) Conkend of 26 4o aeca}aﬁrear o7

fRE ©35=5
27 =8
mov_a7,25 5 Jed ?7=5

POST zg=5
o1 =5

Aaith melic instauchons - Used —o tmplement
additiorn 4 Subtsacken of 32- bi+ si%ned $ Lmsi 3a>ed
values.
Byrkoox i < ingtsuchony §<cond 3 38% Rd;Rn, N

APD — odd 2 32 Lit+ values Rd= En+4N

ADC = add 2. 32 bid values § carey  RA- RN+ @Y
Ed= Rn-N |

SOB —> Suwbioeack 232 Lt values



N 8 Hhe vesWIh of Shiftew opeaakon

, Example ; Swbtzact valueo Stosed. th veYistes a2 Fyony |
| & valwe sdoyed in seddtea ?) - The wmeswld
LS Strowed in deUstes ao.
PRE 20 = Oxoooooooo
Il = Oxoooooooz_
92 = O0x 0000000 |
SoR ._L_Q:EJL{LLE—} y det 20 =9l-wry
POST 3o - Ox 000 oooo |
Lo%‘cg, ih&mﬁah;g ~ logicaed Lo &Y ckong P erstorm
bitwise Jogical OpeRIKMS 61 Jhe 4eao Source 2eyisiens.
Syndax ;1 < ih St cdion » 2 Ccond > 15§ Rd, ey /N
AND logical bitwise anp of 4000 32 &t values
Rd= Rn & N
IRR,  logical sitawrise OR of +woo 32 bit values
Rd = Rn|N
EoR, fogical exclusive OR of +wo 32 4t values

BT C Jogicol 4t clear (AND NoT) Rd= en g
Example: Jogical og betweeon Pedistess o £ a2,
IO holdS He esuid
PRE <90 = O0x 00000000

Fl= 0x 02040608

2 = Ox 10305070

ORR 20,3 ,22

PosT TO = Ox12345678
Comp orlson inStayuckons - Lsed o Compae oo tegt
il i e bl dndd
a sedster valuee wi4h a, 3o- bit value.
Cpsy #eld ACcoadn
A fect

They updade
q 20 4he RS, LuF donot

ofey ae%.“&ke@s_ No meed 1o OLPDIV 8 suffx



Por compasison instrackons o updote Hads.
Synkax i < instruckony < ond >3 Rn, N

CHMIP Compaae Plag se+ as vesild Rn-~N

CMN Compoe he-%oa'ed

TEQ test for equ,odi—l—t/ of 2 &2-bit values
TST Jest+ bids of a a2-bit vadue

Example - Compase 0 and &g - 90 anad & q Cwe-@ﬂ”»‘ﬂ
7 _Hq’% PIlos exectHon 1S O and mpm&wﬂdbk{
Z. ARevw executon Z—HCU} chﬂn%ea ‘ol ox an
upporcase Z- This change Dndicodeon of equality.

PRE Cps> = MZCvqit+ _uSER
>6 = 4
FTY = 4
Cmp 20, 9

PoOsT Cpsa :nz_cvqif:'b__USE:R

The mukhply Lh&tyuckan

ars of degistess ond

Muldeply ina%mc,ﬁgng :
muskiply e condonds of A p _
accamaoulode Tesud another degister ’The,lonjr
mulliplles accamadade ondo a pois of wegtsiess
aepa—esem%inair o 64— bix valae . The fnal zesid LS
placed in & destnadion zegister O a poe of
IePSIeT s
Synkax s MULA § <cond?y £8§ Rd,Rm, RS, KD

moL 3 <emdry 3sy R, Rm (RS

mLa — mudkply 9 accaomadade , Rd= (Rm*Rs)+Rn

moulL - wmakkply |, Rd = Rm ¥ KRS

Example : mcu,papif > and ¥2. , SHoxe sesiy o 30
>l is vadue 2 , ®2 is 2 , wesad 4 is placed

indo 20

14
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PRE 0= Ox 00000000
ol = Ox0ocopQo002

92 = Ox00000002

Mo L ‘aﬁ,’c‘rl:'r_%) 90 = 3| % o,
PosT o = OXx 0000000 4

F) = Ox 0000000 2

T =

Ox0000 000 2

ng) bj S waoide a PFoqram +o add an azzay of [6-blt Jo1)
Numbers 4 Stoze the 32 bit zesitd in Tndeanal RAM
L) walte o pregyam do fend ticm—%ea:%[ Smallest
numbes In an Aoy of 32 nambess.
— b Pao%‘arcum o add an KssAYy of [6- b+ numbers:

RREA AODTITIoN, ODE , READONLY
ENTRY

moV RS, H ¢ nidtalize cundeaN= 6

MovN Re, # 0O 3 Trudiadize Sum o O
L DR R1, =VALVE| 5 load addzessof valug
CORR4,= RESOLT ; joud addaess 4o slave

resuld
Loof (DRH R3,[RI] 42 toad |6 bet dada

& incremend- R1by L

ADD  Ro,Rro, R3 5 BOD R3 4o sum (Ro)

J  Decxemend counder
j Repeod urdid courdeais O
STR RO, [R4T 5 Stove 32-bit Sum i Resatt
8

SVBS  R5, RS, H
BNE Loop

mefinide Joop 4o Stop execuhm

VALEL Dow Oxtll) , oxz2222 , Ox3333  OxARAR,

OxBEBB , Oxcecc 5 |6 bt values Aoy



AREA DATA2 , DATA A READWRITE 5 Daka

Secdian fon wesudd sﬂﬂzra%e

END
EQ pProdram 4o find LARGEST /SMALLEST NOMBes ir
| Ay of A2 numbess -

AREA
ENTRY

ESMALLEST , CoDE , RAEDONLY

START MoV RS, #E6 5 intftalize coundewo 6

( Nz 7 tortal edomends

LDR R\, =vALoE) 5 tead addaess of kas4 valwe

L OR R2, E,g,j/:ﬁzzw load Kasd edemend ndo Ry
loop (DR Rq,ZR!jj:#gf).

cme R2,R4
BLS Loop|

load next assay edemenk-
;5 Compaze R2 with RY4

5 tF R2<= R4, condinde

5 1F R4 <R2  update R240

hold 3o Smalles vatue
LooP| S0UBS RS, RS #1 5 pecrement courdes

CMP Rs, o 5 (Ompose coundes +o O

BNE Loop 5 eop back andial atl edemends
Qze checked

5 load dhe addwoss of sesal

mov R2,R4

LDR R4 =Rgso\T

STR R, [r47 5 Stowe dhe smatlesd valae in
TeSudd-

NoP

Nop

Nop

) ARy of 32-pi numbersCNz7)

VALOED DD Ox 94444444 Dep Ox 11111}
DCD Ox 9222222272 , Dep OXx 33333333

DCcD Ox AHQGF}AF}P;, DCD 0x BRRKBRRLRE
DLp 07X 49499999



|

Y
AREA DATA2 , DATA, READWRITE 3 To stove esaih
RESOLT DCD 0x0Q  32~bit Space fox zeswd

END 5 malce end of Py qeam



Iy

@2,4} CLJ watde a. ¢ program Jo fond Squavse af Hhe
Numbers belween (1~1s) aAnd (ovvesd Fhe Same
CUS’Cn% CLSSQ-TY)bly LPQV@AQ P‘g—oaa.qm’

—> C program
: T incfede <8tdio-h>

i squaze Cind-();
nd main_void)

T onk i
Fox (i=V; 1< 5 i)
E C ! is od\P' L, S aa-aecf))
poirdF (" Sqanse of ofod s e b SY )
3 :
3
d Sguaze (ird ()
'2 - -
Yeduy . L ¥ b}
3

Assembdy deved progedsr (Rle- squoze.s)
AREA l-text]| ), (0DE , READOMNLY

EXPOoRT Sguaxe

; ind Squase Cind i)

Squast
MoL ¥, ?0,%0 5 21=70 %720
‘mov 20, 7| , 2o =7
wm_mghﬁ 3 at4uyn 0
END

The AREA diseckve names the ored O code sechon
ot dhe ode Jdves n- we defing @ >ead -only
code axea called -« Lex+.
The EXPORT dizecHve wmakes ~he symbol squaoe
avarlable for exteanal Jivdc‘\h%e we defkne e



EYmbod Sgaaze as a Code dabed.

When squase s called , e pasumeder passin
defined by #e ATPCS

Passed in are,%i8+efarar<);

T

- The wmpud asgdumend Ls
and 4he setawned valae 1S
in ae%&@e?r 0. The muidiply Lnstsucon has o yostel-
Ckont Hhad Hhe desdinalion degister must ot be the
Same as +theo fors+ Qar%umem& vegi&tes. Thesefore wE
place Hhe maldiply zesuld indo 2l and move Hus 4o 30-
The END diseckve makes end of dhe assembly *le.
Build Q;Slnccg command Jine Hools;
asmcc —C wman. ¢

Lam asm Squose- g

axmdinde —0 moainl. axst ‘Tﬁaj.ml-

O Squaze.(
Oﬂ!jp WOk, (f we compide C as ARM Code.

IF we compide ¢ qg Thumb Code , +hen Hhe

ASSem bly Foukene must IRAUDIL using BX Instauckion.
Use 8X da instead of mov pc,de

Whanevey ous
foocessar sypposts BX CARM~N 4T $above) Crede o

Newd mssemb\‘j fede squase2-5 as follows:
AREA |-4ex+|, CooE , READONLY
EXPORT Squawe
5 ind squase Cind L)}r

Squaze

moL ol, 20,20 ?d = 20 ¥ 20

)
moy @0 ;%) § v0=73)

8% Jo ; redurn 20
END




' !
, i

| 2o
@45 B write CLSSE‘/mb\*j Jeved PSUgBam) 1o rdeaface jo ]
a_ stepper moisy. and eodade [+ in cloclcwise and

andiclockastSe  dfye cdion.

Hpy wrike a assembly Jdeved paogzam Ho Pond Pactoaial
| of a numbes.

—> i) Pooguam do trdesface & steppes medow i ClloCkwTSH)
AREN STEPPER , CODE, READONLY
ENTRY

I0G PLR EQULU Ox EQO028008
TOQ@SET EQU OXEOD2800 4

TO@ CLR EQU OxE002800C

SThRT
L DR RO, = TO@DIL R

; O - 0—P0 3 0S8 output
mov R, HEOxOF 5> P O
STR R1, LRoD

Cw-LtooP o Ro, =TO0OSET

mov Rl #0x08
STR R}y L Rod

gL PELAY

DR Ro, =T0@CHR
mov P\')':tto’xoz'

sTR #/, TRe]

Lor RO, =I1OQSET
oy RI , #0X0%
STR R}, TRel

AL DELAY

LDR go, =100 CLR
MoV R, HOxGZ
STR R, TROD



B Cw-loop

pPDE LBY
mov R2, FHOxFFEFE
D SORS R2ys R2/# |
RNE D)
Rx LR
END

ANTE Clok RWISE Rotadion -

AREA STEPPER , (QDE, READONLY

ENTRY
TOopDIR EQU OxE00 28008
TO® 8T EQY 0x EQ0 28004
o 28ac0C

Too CLR EQY 0xEQ

START
_pR Ro, =TOODIR
mov Ry HroxoF
STR Rl Teol
gL P |
HCW - LooF
L DR RO,” TOORER TooSET
mov R Erdop qul
sTrR Ry I R0

BL DELARY



Mov R),H) x04
sTR R, [Ro3d

ypR Ro, =TO2SET

MoV R],‘.FFO?(O%‘
STR R, LRo]

B ACw- LooFf

DELRY ' |
mMov R2 ,:FT-O)(F’::FF

SUBR S QQ,RQ_,ﬂ:I
BNE D)
Bpx LR

END

H) F\(SSQYY\bly deved P&O%-mm —+40 fend 7pqc-]—oa{cu_, of @ 7N.

AREAN FACTORIAL, CODE, READONLY
ENTRY

maov Ro,H# 3 Store factomial nambde

7 in RO

mov RI, RO , RI= RO
FACT SUBS RI, R, 3| ;, Decxemend Ri Ly |

MmuL R3,Ro; RV 5 R3= RO ¥R

mov Ro/R3 ;5 resad R3 move~+0 RO

cme Ry, # 5 Compaze R with 1
RNE FACT 5 Blanch Ho+he FACT Uf
NopP Mo+ eqm_n,
Nof

A OP

END 3 ool END Of F#le

“ThiS P30 %‘Eram cadcalade —'PC!LC—*‘*O'&lCLJ- of numbew 3.

22
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§ 5 a Explain the diffesent puzpose of Ermbedded jlom
Sysiem waith exampdes.

Embedded System S desid%med Yo Sexve +Hhe
£ ~Hre

—>
puspose of Gny one 0v A com binaddor o

Followsin g +ASES
& Dodo codleckan [ stozage Repaesendation
2 Doda. commaunicadton
8> Dada CSi‘g"ﬂck}) PB’OCQ.SSLnj
4) mov\i-Foaﬂu;

S) Condazod
&) Applicadeon gpecifc Ased ndeaface

f>fDOJ—CL, Codlectian / S-Jroao,%@/} f}gp‘zres@rﬁgﬁml
Embedded SY srem de&i%‘n&d Lo e pozpese of

dada. codlechHon ponforms acqursH oL of dodo
faem Hhe exdesnal wozld . Data codlocyare LS

Lsuolly dane for S30zaq e, anadysts rmw\lpd“}m’
and drans MISSO- The —eam ' paya' defoes 30
Al kinds of iLnfosmadton viZ dexd  voice, mage,
video  edectsical SL%ﬂodS and any othes measuans
ble quandities. Data can be eithers anadog o
dogital. TF Hhe dada is digetal ¢4 is dosechy
Captuned withowd any additaenal indersface by
digital embedded system. The codleded deada
moy be Stosed digectly 0 Hhe System.os may be
dyangmuHed o Some oHies sysiem. |

Example : Embedded gysiem dike ,qnaqogé.&
Q}'_%X,-l{kl, CROS C,C.)L.’l'faoog 8%0‘50\#%{3 memowico’l’ie(-h

data gives mea,«nin%M yepsesendatton of 4he
Colected dador by means of graphs ov

quandity vedae § delefes collecfed data wohen
new daba azrives ab da¥a coddedkem teoninal.




2

- S0me embedded SY&tems Hoxe Hie codlocied dode
Fo> processing & analysis. Such systems have
a bullr-in / plug —in stosage memoey Foz G/lﬂo‘a—inc&
“+he captused dada. They gove meoumn%—ﬁut
seprxosordadion. of collected dada oy viswed ow
Qu dible means g@mcjr LCD,LED, Buzzess , Alaemg.
; Example : mecpsc,\refmcér L n&tumends Lot Stovage
WemCmf and WCSY\L—J-OB:LH%_ ersumendys w it mmcae
‘ Wemoan_! Wsed in medical applicadton. |
?er-}—%n Systems codlects doda § used Fox
irdeenal Parocesslng
Example : JDL%LM Camera 1S an example of
ddka collecksn | srozage / ’agﬁaa—eseﬂ&a%m\:c‘mm&es
aze captused § SHowe d w LHun mewmssy of tamesa
The captosed images can aso be preserded Fo
+he USer %mug)h L Godplecal LCD unid.

?):DO@rOL/ Communi cakign — Embedded dado commurw -
coon gystems oxe depisyed ih applicaions
Tanging feom Complex satetlite commanicadion
systems +o Simple jome n_e@g?:_!slaj_ SySems .

The dafa. codrected by embedded Lesmanal may
deguired +aansfearing of 4he Same 4o Some oHer
S &em located wvemo ly.

The transmission ts achieved eiher by a wiredine
medium or by a wise-dess mediam.

Dada can be Jransmitted by ancdogmedns ov
dn,g,t—kaul, means.

Mmodesn industey toendS Qe SP;H{h? towaxds

%—}q _C’ﬂmmqmccd}tor?.- inco?rpﬁarc&e

The dada codlected -Hezman als tse\d can
dadol communication vnats Jeke wisedess modudes C




|

Bluetooth , ZegBee | Wi-Fi , EDRE , GepPRS) 0%

wize-Ldine modulesS (RS-232C, VSB ;TCP (TP, PS2)
Cerdein system acks as a dediceded +oan SISl oN
uniy bedween 4he c?@ndéng,cﬁ a-e,c.ei)\/(:n% —bemnl-naJ;Sr
O‘F—Fefé’(:h_% fan cHanadeties dijce daba packedzing,
encaypiing 4 decerypdinosr-

Ne—~ooxle wabs , doudeess ,Swidches edt.

They act as a mediadors n dada. commauni e on ¢
provide feaduses dike secwalty , monitoring e+t

J)EDO.—!LQ,CSE%[WQU Paroc.e;&-sing — Ewmdedded systems wWidh

&ignal pa@cessin% Panctian ali+iesS are employed i
Q«P)QJ-V:CG-Q{WS deman dincj_ SE%T)OUL p’c*roc&%slh%c}-i-ke
gpeech , coding , synthesis | qudio video codeC evc
Example £ CLL i ed LS scall example
xample i A digiteld neazng cand +ypl _P
0f an embedded sy&lem employing dada paoc&sﬁlhj.

), moni—}ozrfn% - Embedded systems in Hhis codegory

Axe specofcally dgsigﬂed +or anr)cmﬁ—:%oa{hOé5 PA3p0Se.
Almoest Al embedded poodects CLO)’HJD'\.%, andes Hhe
medical domadne aze. with mm\i,Jfoai‘nc(}TPunc—Roncs only.
"7‘#\@? ase wused Jo dedesnine Hie stade of some
vaziables UUSI"'C&, inpuad sensoys- They cannot-tmpose
Contaoyd over vasiables.

Example /. ECGu machuine Foz moratodaen
of @ pakient . mackine can only monidey heast bit bub
i+ Can mot condeod heowd bit

other exampdes aze Measuzing ingtsumends Jeke
Digital cro, Digi+al muldimedess , doqec analycess-

e heaatbt

5) Cordzod : Embedded Systems wih cord >od

Lometionolities émpose cordacd oves Ssme vostableds
according o Hhe changes tn Tnpud vostables A System
wWiH condool -fol"n(:%on@ﬁ%? condains bady Sensexs $
actuadays.




| -

Sensoys Qae Connecded 0 e wpdd pord Ffor i ;
Captusing Hhe changes in emvisonmehtal vasiables,
O me. sy ab rLCXr vamable .

The actuadoys connected 4o He oudpalk pSIT ATC
Condsulled a,cco“crdxh,o(lr +o0 +he can %es in ?npu}vaa{qme:

+to puid an E‘m)oq.d- on Fhe con}aolfing vaaglable 30
ba—ing_ e Ccrd-ad”@,d vaaidble 4o Hae gpeu:&‘e,d,
Eruﬂ%e ,

Example : The AC used inouyrhome Ho condeod the

—g’;empeaﬂ}‘iaﬂ . AC cordauns OL ¥oom —}empeaquw%e
c?enaing odemernt € Sens0d) wohich may b& o
Hesoistoy & o Aandded argt —Pe?rcsgﬁ*f'incg wp
C-feedin%) Jte destsed +empesatdze. Hese npal
Vvoaziable (8§ +he cusrevdt Toowr Jempe/a@}mra cf
Caordzadled vastable 7S alSo Hie zuom Jdpedadue

S) pppdicalion §peciftc Usew Frfoaface (These ave
e embedded sy&ems WCHL QWLLLC;LMQT) —S)oec.&?ic
Ases idesfaces Alee putkens | swidches, keypad,
dighds |, bedls ,di,&'(p\ay WreyS edc .

E)ramp)e L Mobid e phone - The uSes infesface 1S

pasvide d %3”0&8)’1, Hhe Reypad
module |

/ 86&@)’@0 LCD
Sysiem speales, ibralign aleat elc.

35 b waite A assembly deved code § stsuckuwal
represendddish Jo display hex digits O+0 F on @
7 segmend- LD indezface widh an appeo paiade
deday r n befween. |

—> LED is an mpodtant ovdpuak device oo visaal

ndi cedion T an €mbedded 8y£+e/mr {E D CQn b usSed

os an dicador for He Stadas of vaziowS &Tg.md&
g sSituakons.

[CRA
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Vvee | p T

J GND 7 seament LED

LED Ivdeafac Lﬂc‘g Displayf

{E ’f? .‘c_ }6[}*,
] { i
3 o e - -
R R L%k
|
Cathode

Lommon cathode LED Display

LtED ased Indﬁcc@bﬂ% +he preSente of powes
conditeons dulc@  'Device on’, ! Ch@a’%ﬁh of badery
for a badresy opezuded handheld embedded dow@s

7 Ségme/r&" LED display (5 @n codpud device Fox
T4 cordoldnd

\

disploy alpha numesic chazuacteds. g
8 ughd - emaHhing diocde CLED) &egme-fdr aozarge

in a spectal Formooly of —the 8 LED segmend 7

ase ased oy displayind adpho_numesic Chazaciess
b 1 s used For sopresending ‘decimal point’,
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ASSemb17 Jeved code -
ARE A RESET, CoDE , REPDONLY
ENTRY

QRTART

DR RO, = OXEQ 025008

DR R) , = oxpo0o0000 FF 3 Sed PoOto

po.7 as ouvkedd

STR R1 , T Rod

LODR R2, = SEG _ThHh8

mov R>» , Fle6 56 vadues (o- F)

loofP
[ DRB RY , [R2] ,3) % lood ae,gmen&-@&,e
DR R, = OXE0028004

STR R4, LRSI

gL DELRY

SQBS RE):R?) /:ij-‘

BNE LOC P

A 81TART
DELAY
mov RE, FOxFFFF
DI sog S R6, RC,# |

RNE D)
g8x LR

DB OXTD 3, 6
pepox o7 ;5 7
DcBOXTF 5 &

SE G~ 18
B pce Ox3F; 0

DCB 0x06C ]
pCr O0xS8 ;5 2
DCcB Ox4F 3

P 7(?; > 93(2809(76; A

Dep oxeP 55 gcgo;rsq; C
= CBROX>E, D

DB OXTY S & 5Ca OxTl 5 F

END
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Q6] Explain diffeverd communicalion prdesface fo loT¥
embedded Sy&Stem ooth nead cim,%aﬂm ‘
—  Commurncadion prdesfaces o ©mbedded SysSlems
enable Jdadoel @.?(‘ch.&n%e between rdesnal com ponends
Conboazd) and eHexmal devices , urfl z’m% protrocals
M@ Tec, 8P, UART, can, Usa and Ethewned.
These irdeafaces asxe caidical fox Ccmnecéfngr
micsocordaslieas 4o sonsoss, desplays and nedwosls.
Cafegoai zed by Speed , i&amce, and wothe > %ew]o
aze sexak o puesatlel.

Onboard Commurnicahon Trdesfoces: —ghose Connets
|

=

. Componerds on Hhe same PCa.
 ToC( Inder- 'If\j\ﬁ%?rcl:ued Circudd) ¢ A 050 —olre (sop,
SCL), sYyncheonows, hal-f— duplex bus - suliable For
| Covme%n%r muﬁiple Iow=apeed devices Jdilke Sonssws
and’ EEpRomS.
SPL ( Seawal Pesiphesal Indexface) : A Foua-wLre
C MOST, MTSO,&CK , CS), +Fall-daplex, Synchzonous
tdesface fox sewial communicodior. of hgh speed
ghort - distance Commapicalion.

Commonacadion .

l-wire | 4 s‘ma{@;mi&e irdesface Lo Com muricadon
Weth stmple SensSoug

Exdernal Camnmune cadeon Indesfaces : theseo COmMmect
He emhodded SY8Fem do @xteamal devices oy h@‘}wﬂiﬂg;
Usg COUniveessal Soxtal Bus) ¢ A widedy used, hoi-
Swappabie irderfuce foo connecﬁntgr Feipherals.



; E’w\,@“ﬂe'{' /IEEE o023 - PB’O\.FEQLQAS ]/LL%/[A 5F9Qd
UDLEQ,C:[« ‘(L@kaOET[( Connec_}{va,k/

CAN (cCordaolie> Azea Netwos k) © A 3obust, malk —

maste s, differornd pootocal commen. th asttomoikive
and  industyial applicafons Poy trdos. device

Commurdcadion,

%S—ZSZ/RS— 485 | Sestdl Standawds
indaststal commanicodion

GOLsIeSS Pyotocals ¢ 1ar. L
§wi-F, Blaetoodt, 2:5389,@, ond

' 20

OHernused foy

NEC dse used fox +
Show . |
0 mmeditm - aﬂn%:e c;),'_,é.ea[)e_%\l

TRANSITSLTON

N o o]

iRECEIVEL [ SEND |
e b
HAF - Dupdex
"
Sendes [~ PtReceives
m,’,
Sezial  Communicaben —
Data_ts send ) but o R 4
. T
a_tme . |
Razalled communicabion
Dadal LS Send 8 (o msae)
ST *{ bts o} a_ttme.
Trpm= - WRX
Pesiphesal Mecso-
Rx ‘( - Tx Cafﬁ(ao'\#ir
GNDTT T TTGeND
L S P—

UART compmunicalion, (Fatk -Dupdex)

!
!
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|

b] Wik +he elp of ind

T e ———— s oo o o,

3|

e&rﬁ%LcifLa} diAJ%%%ﬁIYU coae

4 assembly deoved Pod3uum 4o [rndeyface oL
4% 4

LCD,

———

Pratessof |
Condaoller -

Dado buS &
- Powt .

Fo05s A

— =% DO. . DT
PLNS 341027

g ledeh A— A Pha.PAT

=g | poaif

| - ) ' #80..PRT
; 362"*‘7 | Poct & =P

| H{Jak%—m&e ( ﬁddaesaf__” CS\Pn 6 Pca--PCT
| Addoegs  Adaass Decoder posy (==
| (Ag-mg)

RO e\ pins
WR‘\;‘ T e e éwﬁ\ PINAG
| RESET ouT ;p.ﬁ_ﬂ.w. e e e o ‘RE'SETP‘LO&E)’

MLC30 cordeolles

Post AssSenmend ;
Pos+ A — 10D Dalo
POt B — keypad Columns
Poxt C - keypad rowss + LCD Condood Signals

' Z . column s
U‘ﬂi‘—%? SRowS aze St A8 oudpus 3

as tnpad.

WwThe PrOgTam sends 0 4o one 20w adeiimg

173 T+ a Ices/ 1S pressed ;—Hrhe COISEE pON &njr
lumns betsmes lowy

Keyboaad ayd display e key code O

1071



v The mLc&opb“oceSSﬁ/ covdoc iles snads dhe !
Columm and determinesS wohich. ey 18 poessed.

32

.

V) Jhe key c¢ode LS Hoon Send o ke LeD Fovr n
dié‘,olq;y.

ARM_Assembdy Poodzam .

AREA KEYPAD_LCD , CODE, READONLY

ENTRY

:

j @PT 0O Addwesses (LPC2I4&)

T OODLR
T o0 pPIN
To0oSET

To0OCLR

JO I DER
TOISET
ToITcCcLR
- START

>

mov R/
sTR RI , LR

mpIN_ LOGP

5 Scon Row?)

L DR Ro , =TOOCLR
mov rI, Hoxol

STR Ri, IRe]

| DR Ro , TOO PTN

tor r2, LRO]

AND R2, rYL ,HOxXFO
Cmp R, #OXEO

PESR IKEY ]

EQU
EQU
ExRU
EQO
Egu
ERO
EqQ

j Confequze ey
LDR po,=TO0 DTK

mov R\ ;, H#OXOF 5 poo- P03 oudpud
sTR R , LROJ
conﬁo%were LcD pogt OS5

L. DR Ro, = TG | DRR
Hox7FF

OxE00280068
OX EOO0 28000
OxEOO 28004
OxEQO 2800C

Ox E006 28618

Ox Eoo 28014
Ox £0028DIC

Pq_d FOLIS AS Ou}PU}‘{; columns QJBE'”P“&?




B S

i

3
4

B MAIN_ Loop

KEY )

Mmov R 3 = A

BL (cD__ DITSPLAY

8 mpIN. Loop

) LCD Display Subzoudkne
LCD - DTSPLAY

LDR Ro,=T0lSET

STR R3, RoT

8L DELAY

LOR RO, = TOICLR
STR R¢, E-iQOj

Bx Lgp

DELAY

MoV RS #5600
D)

SUBS RS, ps5 3
BNE )

Bx 1 p

END
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Q7 d] Explain +he quality aM-aibues of embedded

—

Mmodale 4

i
b

8Y8&tem wiHa diffesend dypes.
Quality a-zibudes of embedded gysiem cwe,
of Swoo —L-VPQSF |
y Opesadianad Gudlity AHatbudel !
2) Non - Of:e/artﬂ{onal, @wdﬁﬂ ARaibutes E
Opesadeonal Quadi-y Adb aibudes i \\
Moot budes sedaded Jo Hhe embedded 8ystem |
whern W is u the Ope,-zr&ﬂ{mclﬂ, mod e O fondin€ 2
mode .
I> Qegeonsez T4 LS @ measdze o+ q'uthlcne-SS of \
—~4nhe &ys%em, T+ gives Yo an tdeo. aboud hof-o
tast ¢our system LS _+acu:\~:’mci e Chom C&QS i
inpud vasiables. mos+ of Sysiem demand -Fast
Fesponse wihich should be almost roal Time.

ed- An ombedded gstem deployed (}n,—FLi%"UUF’ |
condwrod applicakor, should eespond 7 @ Real Hmd
manner - Any wesponSe deday inhe sy&stem widl q
cvende potenkal dawmades ‘o e Swlehy of |
fighd- as wedt A5 passendgers.
T+ ©S not Necessayy that ol system should J::e,
Real Time v sespanse €F- Edecteonic doy LS not
ab L Hme cakcal. i

2) ’THUDLL%IA_fu:‘L L peals wlth effclency of a sysen.

T4 can be dekned as Hhe yafe of producton
O Opea—q}ion ol o d@/‘ltcn-ed PB—OCBS:S ovoy <S+€t&€d
pesiod of tfme. |
e sades can be oxpsressed n+4esms of wnts
of psoducts, badches produced, O any other

men)nln%w measwaemends. |
Example . In ~he (435 of caxd Reade?, '“"BOU%"\P“}
means how Tony +eansacHomns —he geadew Can |
pexform n a minude o N an hoWs o Lo Ctdo“{- 1

39
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e e

P MW' measise of how much Yo Yo Can
Fedy wpar e paopes Punc:ht)m% of Jhe systen

0 What s +ho s S%C@-ﬁbelwry OF Hhe SYystem +o
i luzes.

Mean Time Bedevsen Foilwses CMTBE) & mean
Time To Repals CMTTR) ame 4orms used or
de—FCr\in% Fhe system arepl,iqbf,tf+y.

4) mctifbmrl,qbw‘ijy, Deads wit Suppoat ™t nAaLn-
ance 4o Hhe end usery, oy cliond- tn case. of
“+echni cal tssees € paodact Forluwaes oo on He
basis of a. zoudine System checkup. Reliobi ity

W DesSS  poryockve malft?&lfl,qbdu-aty equremend.

maiﬂiaim/badi—w LS closedl\f seladed 4o Jheo Sysiem

cwailq,bété—ky © TH+ Can he classSiffed indo 4eoo

CCl—}e%Q“a’ﬁ@S : ) 1
LS Scheduled Pestodic maindainance
U maindainance —+o unexpected failwses.

f
g
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