. Uun'lt : I

I —

Tntvoduction:-
=il
Dcffn:\ﬁ'on-.-

A Embedded \nghzm 16 an electwonic { clemo-mechanfcm

System  deddgned to pexform a
-afion of both havdwaye and

A+ EVQ\(L‘ embedded System 15

specific function and *¢ combin -

fixmware (Software )

unique 1t ha¥xdwase and

Softwaxe ave highly Specialised to the application domain

qumm\ pupose (.ompuﬂncl System

——————ee

Embcdded System

—

| 4 System combination of genetic

havdwaYe and qe nexa) puspose
Opesati Ng System (0s) fo¥ etécuﬁny

- A Vaviety of applications

). Applications axe p‘ro:ﬂmmmablc

b‘l usex:

3. Pexformance 1 primavy factor
fo decldethe efficieny [-Faw:f
1S bettex]-

Lf Response vequivements ae N0t

[ Hene (xitical

}S' TF\.M{ axe OLEJrL'c!ntd fox moxe¢

- Dumnbex Of applitations

[ A gystem combination Of svpeua\
Pmposa havduware and embedded
0$ fox uewﬁnﬁ o Specific set
of applications

i.ﬁu frymware Of embedded
System (< pﬂ-PYDfimmmeH and
T 1S not altevable by end usey
3 Application -Specific

requ‘i{&me nt axe Km( decidin?
factoxs

L[ The Yesponge time 1S hahly

|C‘(tha.\

|
S These ave dm‘l”"'d foy

application Specific applications



Hisory.- ' . N

In olden douis Embedded Systems weve bullt axound Vacwum

tube and Hransistoy %cchnoloﬂ and alqovithms sed axe Of

“low level lanquaaeg
| B fixst Yecoqnised modetn embedded System ts the Apollo
Guidante computey (AGC)" developed by * MIT inshumentation
Tabo‘fa’ro‘ﬂ.[" fox (unay ex pedition:
K The clock frequenty of st -mlaochip was 11024 Mg
J and it IS dexived from R04g Mg C¥ystal elock-
;* The fivst may - produced embedded System was the
qQuidance Computex for the *“ minute man -1 missile 10 (96|
* Tt was " Aufonetics D-IF ﬂuﬁdan(e Computex built mfnj
discrete tyansistoy Iocgic
* The ftvst inteqrated tiveutt Was produced in [q9¢ but
Computers beqan to Used it fom (963 -
¥ <ome of the eaxliey embedded Systems axe NASA f’OY
AGC and by US militcmf 10 the Mipute- man T intexconti-

1

!
J

-nental ballistic mistle
Classtfication:-

The diffesent clawifications of embedded Sy stems
by stng diffevent Cvitexia's Such as:

i

[

oxe done

[- Based On genevatiof
[ De Complex’ituf and Ppe¥foymante ‘Keﬁu{’\fementg

2



TTotel, penfium | motovola 6tk et

3. P ase e

on detey meNistic benavioud o

t\" Based ON '(,u'c]clc‘o’mcl
Classtffcatfon based 00 genedation :-
The eo:éha erbedlded Systems wexe

yocessox s LEKe e0%S and 180 and
. civeuits with fixmuave

a) frvst ﬂmerg@gi—

buttt asound % bit mico p

Ly bit ONCYD contyollexs « Stmple ha¥ d waX

developed (N0 a\Semb(.«J code -
Er. DTcd'H-m telephone Kuipad, Steppey motoY contol ete--
b) P ﬂeﬂg&jon:— These axe ernbedded Systems butlt

axound 6 bit micko processoys and f (ox) 16 bit Micvo-
fhese processors [contiollexs

contyollexs + The nstsuction set fox
(1 than 18t genexation -

e TUCh MbYe complex and powes fu
SCADA Systems et -~

Ej‘ Data Ac)uis'iﬁ’on 51ste M
A data Aquisition [SL,ADA)J

[ Supexvisovy contol

() Thivd qenevation: - These axe ewbedded Systems bui (t

axound 32 -bit pyocessoYs and 16-bit MICYo contyolles fox
pli cation Speclfic and

domain Spectfic processovs [contwollexs like digital signa.|
PYoCeAsoY (Dgp) ancl Ap;ﬁh‘mﬁor‘) specific ¥ id s (ASIC“S)

Came Nto exlstance - Pipelining conce PR axe introduced
processors like

thely dewqn: A New concept Of Op

maKTnci inctiuct{on set move complex -
- Qained atte ntiom 1n

Nigh  pexformantce emnbedded Yequivements

3



- Fousth- qenevation'~ The advent of System on chips [ Soc N
cove Processoys freveased

- Yeontgurable pio cesSovS and multti -
the Spted and miniatused the Size Of embedded Systems in

- maxket: Snigh’,m on chip technigue T plermnents o Total Sﬁ(&hm

on Chip by inteqrating diffevent functionalities with a
PYocessoy cove 0N an TC- They wses high pexformance
RT0s fox functioning

g*.r Senaxt phones mobile 1ntexnet devices (MlD‘s)
; éetc .-

Classification based on complexify and pevfoymance - -

Small '
_i'lll. SC&E embcddﬂdFSLfoﬁj\ ‘= These oye MLLaULI _bu? It

axound low pe¥formance “and low Cost: ¢ (0%) le-bit

MICYD pocessors | micvo controlleys » It may tox) maynot
COf.\‘i'Cltﬂ OPfo‘lﬁﬂﬂ S\,‘lg‘(tm *fo‘( s "fuﬂCﬁ.OﬂT ﬂct.

EL7 electvonic toy, A bodtevy Yemote contwol fox TV tte-

| Medium- scale -

| Tleclum- Saale embedded SRM: - Erpedded  Sqstems

| which axe Sﬁcdhﬂ'd complex 10 havd-waye and fiymwaw
Yﬁ‘flfmmﬂf@ fally  undey his Ca’raﬂon( . These ave u,&ualhj

butlt ‘axound 16 (0%) 32 - bit micxopYoCessoxs (%) contyollex

Tt contains, an embedded opevafing System fox q‘uncﬁon'in?

[aﬂe——S(_‘c}E em&gdtd_'_f%@ o Tku‘ have h‘i?h Complex

- havdwaxe and fiymwaye - These axe built avound. 32
|

| | (oY) 64 - bit RISC PYocessors {CDr\f‘sollevs (oY) vecon ﬁ\?u‘ﬂ.ble

—

4



— I

S\(snm oN Ch(p (RSOL) (ow) multi - cove pyocessors and
Pmﬂmmmab\e lordnc de,vt(,f,s _(‘Fu% hove RT0S foY tark
S(.he,du\mcx , PTIOYFE[%OL“O“ and manage ment -
1 E} Decoding [e,nco_di’nc‘* media thoqmphe’c function
| tmplmentation et c--
Based On detexministic behaviowy -

e N

Tt s opplicable foy ' Real time ;lemg‘. Based 0N

¢ A
execution behaviowy embedded s.Lds.ke.ms axe Cla}-’“f‘f ed a

havd and Soft-

. Reactive

0 natwre can be classified bated ON The Jrﬁcﬁu
Systems Gan be efthex event triqqeved (ov) time taiggeved.

Appli cation axeas -

—

- Contumey e,lec’rjgnig_st- Comn COXARYS ,  Camexas, Volce

—

| Yecoxdexs et --
- 2- House hold appliances’ -

| ‘f‘f'dﬂt , feYo oven e t-c --
> tome v"\wfon'\adior\-.—?!sh ,
sy e B 1Y conditoney Yinklers intyud

and S,e.cuxihr SiSHMS ) SpYL ! WUaey
- detection  alaxms , closed civeuit Tv

Camexas , five alaxm e-t-¢ . -

4 Automotive Tndustyy: - |
moTive Leubhry: A - loc k breaking system (ABS),

enqine contvol , rc]mhon System Automatic ﬂaw?ahon Stfqh’mg
et .

5

Tv, DVD playervs, wa&h'tn?machim,

A



[ 3

“telephont switthes handie ‘

E-Tt\t_ggi_‘ﬂ" Cellulay telephonts

mu i -medla qpp\ica‘rfom etC--
fax maching

6 computey pexiphevals ;- printexs, Seannexs,
i e I

-+ Health Caxe i Ryaln tumouy Scannex, EEG ECh

1S machings et-c --
- Computey netwoxhinc! Systems ;- " t
N efooYK YoUtexs,

&LOH‘UA&&, hubs, ﬂ‘f’tu)al{g et -- '

- Measwvement and instamentoction - Di’ca‘:’ral multime fex,

—_——

~ Digtal cro's, logic analyzex , PIC Systems etc--

6 B&Q“_‘“‘l and etafl @~ Agtomartic fellex maching (ATm)

cuwengy countey, point of Sale (Pos) - '
| (1 Coc(d( Yeodexs = pax codle, enaxt caxd Yeadexs ha}xd

held devices e-tc--
- Puxpose OF Embedded System:-

Each embedded St{gfem 1< dv«uamd 10 Sexve The
| PUXpose of anyone (oY) combination of The follow? ng :-

- Docta. colle ction }S’(OYaﬂt/ Rzp’(e,Sem"a.Tl'Oﬂ

2 Dot communi cation

'3 Data (S{ﬂnal) Proccﬁ&iﬂ?
b Monl’rminca

| ¢ eontyol |
¢ Application Spe

ctfic Uses ntevface



| de Data. colle ction | Stofm]e |Yep1esenmﬁ0ﬁ7— @

* Doata Such as video, audio , tett ,‘imaﬂev, electhw cal &u?nal 0%
- any othex Measuyable quantity- Tt (an be analog (ox) digital
¥ T data collection Pe%-foxn';s aquisition of data fyomM The

extexnal woyld:
| 3k Evibedded systems which collect e ana‘og (continuous) data,

colle clion Mechanism thvolves 10 ‘convession Of analoq to

dlcﬁm‘ fox this puxpose a A[D Convextes and Then b'max-i
| equivalent Of T omoJDca dota ¢ collected - '

|

‘[* Embedded System "which collect ou;‘iml (discrete) data,

1| 4 can be dixectly eaptured with out any additiona) intexface-
)

|

% collected data may (ox) may not be Stoveel tn fhe Syttem.

; Tt mou( be tranemitted 1o Othex S'-‘S\'Cm»

|* Embeddes| Systems de&‘icinu! for pure measuvement without

i STDTOLQQ, Used in contyol and instrumentation domain -
.’ EL” Analoq and digital CRO's Without Sfovage
[ =

| ¥ Some systems  Sfoves thw data collected fox Proca&-t‘nﬁ

and ana lu(g S

L Lo, buzzexvs, alaxme , LED display unifs €-t-c--

|
7“@ A diqi’ra\' Camexa 1s a typical examp le toy data
collection I.STD‘muit }chre.sen’raﬁon- '
. Stored with Tn The

* Tmagqes ave captuved ond. May b
can be PRYROSSE

MLnoYy  Of connexa » TThe @aptuved fmage .
Pytsented 1o the UWSEX Jrk-‘fou-c@h a qmph‘ic LCD unit -

7
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— -
Data  communt cation :- Co

— e

* Thae Collected data must be tYar\s[ve‘ied to Lome¢ Wmoﬁe
location - The t¥xansmission ¢ achieved by gahee - e el
OV by a wive - less edium

S} WIE -line Medicm  Wwas Wed 'lﬁ olden days wive less gwgftmg
a¥e of much {ntevest Now-a-days:
¥ Wive - les¢ medium Offexs Cheap mnnccﬁuihi Lolutions and
Make the communiation KNk fyee fyom wived bundles -

¥ Data can be eithex analog ,diﬁi’m\

¥ The data Couecﬁn? InStxument tself may contain data

communi cation unifs like wiveless modules (Bl‘“‘m"ﬂ’ '2;7&'(

Wi-fi, EpgE GPRS et (--) ov wiveltae modulm(!es 132¢,
LSB, Tep [Tp et —.-.)

|
i
1
% Cextain embedded st(s’rems ack as didiated Hransmission |
| untt between send‘ir\ci and Tecgivin? texminal:

f BLe Switches, Mubs, vouters €-t-¢--

; * Tktti act 08 mediotoxs 10 data (ommunication and

f PYovide vasious featuyec like ota’ra-secu‘u‘r%,mon'ﬁoﬁnfre.t-c
f fo‘: CSlcir\ql) pocesing :-

-*— The data Collected by the embedded System might be

5ugtd for vaxious Kinds 0f data procesing .

r ak Embedded Systems with Stcanal p\ocek&mﬁ functionalities
| axe QmP\OL{ﬂd i~ applications demanding signal pmccmnT (Tke

-.SPeeth oding , synthesis, Audio -Video codec Hammlsmonagpltnccahom

8



Tonproves the 'NLOLMHC( ca

' Exompt ™ A cigital heaing aid is @ MR “‘““Pé

Yo(eAsing - T4
Of an embedded System @MPOYA] date P 1

e ¥SONL-
Pacmd 0f hﬁa‘f[f\? lmpcm&dp

Moﬂ’{‘ro‘ci’ncl b

¥ All the medical embedded Product will come wUndex this

CQ#E.C{O‘(L( .
* They ave used for detesmining ctate of some vaviables

Using nput Sensors.

| * ‘W\ﬂk‘ (annot impose contyol OVeY the Vaxiable .

EL*" ECG (Electvo cavdiogyam ) for moni foring heavt beat
Of o patient !

| * The ECG 1S intented 10 monitoY Hu patienk heavt beat

»
e e e e o e e . e . S . e e e et S e e e e A et et -

but it cannot have any  (optso | OVeY heaxt beat:

K The Sensore Uted in ECG ave diffevent ElCChDCiM

Connected 10 '”‘\L patienh bodt(
ﬁ_' du‘tml (RO dxit’ral multimeteyg ,IOﬁi C analt(uYS ete

| % They axe used fox Knowing (moritoving ) the Stadus of
Vaxiables like cuwem Voltage ¢-tc . |
contvol -

% Embe dded Systemns oith: contyo] func fionalities Tmpose

ontyo | pyex Some Vaosiables accovding tothe C.hanjc.s n
input vaxiables

¥ A System with contyol functionality has bofﬁ Sencos

and  actuators

9



*

capfuxing i,
Sencove axe connected to the input pott for CAPT ‘{.ﬁw

C\'\aﬁﬁt& 0 mtwsuﬂ'm] vayinble
ntwolleq

s Actuators connected to The OU
ut Vaxiable and

e b“iﬁfi&
ClCcowlimd 1ot chanﬂes n 1np

"ﬂ\m\ b pecifled Yange:

 Specific wses (ntevfaces WKe buttong

- Appiication Specific usex mmfar.t -
el v sl adesiiillu

‘J{é Theve axe embedded St‘fgtema LOht(h e aPP\lm“OO

Loitthes, Ku(Pad

Uﬂhr&, bells , display unife €t

| -% Smoaxt “sumnir\? Choes ax

% Mobile Phone ic one Of Hw example: Tn mobtle Phone

the usex ntrexface 1S P’so\iioud ‘Hf\“mucil,\, Q Ku“:ad} qmphtml
LCD, module, <ystem speakey, Vibvation alext etc--

o anothey example @uncheq

by Adidas

%‘M Shoe constantty adapr

? BUNNEY depend ng

!

l

e Choek absorbinir

 chaxadtexistice fo customise s value To”rh“mdiu(dual
o “the Yunning style | pace, body 3e-

-1qht, and Yunning Susface

Tpical Embedded Syctem:-

A WPfCal embedded quh:m containt ;-
- A _S‘mcile Contwolles Chip

10




| &', " [ ernbedded J©
Cinput EMuocce
. L POK | FPM/AS!C'SOC i
- Ouiput OY ' N —
| e
- communi cation —_-JK Tntexface
ntedface
S Embedded PO oif s
| fiemwae (sensor) 7\ (Htiaiore)
- 6+ Memox
|' 0
| '1 i i ‘("‘{PPO\’ﬁ’ng
| Integvated civeut i
and sub Sygetems
OEexa.’riont - (77 elemenk of ernbedded Syctemn

* The contvollex Canbe micxoprocesox (o1) mievocontiolles

(0V) field proqrammable Gate Av¥ay ( FPGA) device (oY) a

dici‘i‘rm Kgna | processox (ov) an Application Specific 1 (ASIc)
[OY)Qn Application Spetific Standaxd psoduct (ASSP)

EX 0RC up, Atmel AT8act) e , Xiling spastanetc

Ok Ernbedded SyStems bL‘ u,&fnrr ha‘fdu)a_‘m{ Coftuave CoNtYO|

thae PthS:{CaI Vocviables bk{ p\'DUidim] contyol &Lcdmls to the
actuadye (ov) the devices comnected tofhe output poxte of

| he Qystem:

| % The contol 1< achieved by processing ‘infox'maﬁ'on Coming

i Fom enwvs and uger intexfaces
| 5 \
% Examplec for Usex Tatexface output devices oxe LEDS,

LCD's , Picto electvic buzzexe etc- -

11



* The Sencox Infoimation 1S passed to the pYOLEssOY Affey

Cmdiﬁoc\incj and du‘c‘ih‘?_ah‘or\ :

¥ Upon ‘Seccivini data, Tt 1S processed btd”ﬁu contwolley (Ov)
Pocestor with e help of fivmuware (Coftwaxe ) and Sends
Oufput Signale 0 actuatovs

* The me mo¥y Of fhe embedded Syctem fox stovage of
onfiquxation data 1 fived called * Read DOy WMDWTROM).
It (< not avalilable 0 ey o chanae the fved data- Most
Common memoYy Usts axe OTP, PRom, UUEPROM,EEPROM
and Flath .

* DQPQW“? upon the application the memowy Size vaies
Jﬂ) P foxm axithmetic opeXationt and Ontvol alqon“rhm&

; execution Random access MemoYy (RAM) T¢ used ax
et Kan o . T
WoY K 9 mqmo*(t( , Ef:' SRAM  DRAM, NVRAM €t-¢

(ove of The Embedded System
e

j\[, \L{ = 0 !

ENeYal pupose Applicatton Pmafam mable  Commexcial

|

: & domain Pecific —‘:K—if\t{; 1—@;{ 103@3"‘;“{“{s Ofi —ht‘zs.h;

} JARRERESS Cijcuiﬁ (A&lc ‘s) [PLD‘s) Compomnlg
i I i (CoTS)
3 J

| - Digital

5 1 eACOY .
- mMieYopYoc NOAES cotsolleTs Slclm({smccssou

12



—— -

¢SS0¥S - .
"\ Genexal pu¥pose and domain -Spediic PO ()

[\
% g0 of embedded Sldsl'em& axe pYoCessoY |conﬁo ¢

based systems
% Most of the industsial applications uses a MNiCYOPTOCEASOY

(ov) a micvo contwliey fox contyol and momﬂm‘n?

¥ But the domaing Sudh as speech (oding gpegckfecoinisfxﬁon,
e-tC-- Yequives @ digital Signal PYOCLSOY

@) MICYD PYOCELSOYS -

sk A micoprocessox 1s a silien chip consisting
logic unit )

of MEMOYy

wnit, contwol unit and ALV (A\’l‘l'hmehc &
* Tt woxks Odor\1 with Hhe othex haydwaxe like Memoty,
Henex unit and intevrupt Contvolley e-tc--

* The 18 micvoprocessoy was developed by t0tel, Named
Cintel gooy , a 4-bit processon weltated OO Q-

r'
¥ Tt Contains (K data memovy , [2-bit progyam counter,

‘[ Lk pyogvam memoyy 6 L -btt 3mem| puLYpose T&qisten}
, and Lb Instauctions , with ThOKHY clocK freguenty.

|

j * To 1912, 1 move Instyuction Weve added Namesl Intel4oYo
f* Then TIotel 800% With 14 bit wide pY09Yam Countey.

| ¥ In 474, infe| launcthed fover g- bit PYocesto Intel gogo
/

| Wit [6- bit addvest buy anel PY0gYam countey and §-bit
Il Veqigtexs .
|

‘* 'Wten Motvola  launched POLSOHY named MofdYola - 6800

13




" - . of %o%0-R0ks |
* In 476, Tntel upo(mdcd Processol vesston f Y

Instyuctlons , Wi

afevvupt

t, three
Wit fwo Namely added S
e bul k-

o clock and bus contollers ax

plns and Sevial T

powey SUpPYy  + Q-
aound 24 GHY

+ Todm‘ the clotk Speed of PYocesso¥s is ,
- with high

Wit (6, 32 and 64 bt pwc.LLSD‘(S axe availoble
|

Speed , high pesfovmance and low cost -

| F  Hoxvayd and Von- Neumann axe fwo diﬁewanlrwschttechmz

! fov processor clesign -
¢ Reduced Tnshuction et computing (R1sC) and Complex

| ) oxe two Ccommon nshyuction

CIndksuction Set cOmpuﬁnﬂ (cise
|
Sefs acvchitectuves CISA)*

¥ Howaxd axchifechure contalny Sepexate buses for progiam
MemoYy  and. data memovy wheve ab Processos based 01
- Von-Neamann axchitecture Shaves ““?(“ S bus ov

; pYog Yam and. data ML MOTY .

J{ (b) Micyo contvolley -

pa———

|
%k A micve contyolley contain s (pu, Scxatth pacl RAM, Special

and genexa) puvpose Yeqistey astays , on Chip RoM [ flash

|
4
i
|

- emoYy oy progyam Stovagqe , fimey, Tntewupt contwol and
- cdedicateol Ifo povis

F A micocontwolley Can be (onwdeved as Supexsef of

| Micyo PYocesLoy
|

14



| Ut g wovld's vt
¥ Tevas instvuments tTML 1000 1S

i micyo contyolley

| RAM
¥ Tt is followed by 4ooy ’ o4O btf addmti extya

add
& Rom & Tlo ports On &ing (¢ chip with & provison T

custom. nstsuctions o (PU) was veleased in @14

. ed
¥ In 1974, intel launched Micso controlleX family nam

{ D3R HL
MES -4 family The processo¥s came wndey it ave B3 HL,

034 L, RouUD ARL , Sou(H, Ro4q H & Ro<0 AH
¥ Duing |98 -q9p's , R0S| ML Came {nto ewistence with

] v . 2 A R L}

| low cost, wide availability ¢ memoty efficient styuction et
] et
| % Inte| -R0S1 UC s an example Of both geneval puvpose

| y
~and application Specific (ns‘rm(ﬁm ¢et PYo(essoy - wheseas

1ﬂtmek pocessox (AVR) s an QPP[I. cation Specific ontolles

ld.uaclned o Contvol qutomowe domain -

i
|
l

Micvo processoX Micxo contyollex

F Tt 1s a «licon chip wpresentin % It s ohighly inteqiated chip
Fhat containg a cpo, Scsatch pad
RAM  pecial and genexal puxpase
YeqisteY avvaqs, on chip Row|
flash memoYy for pmclramStoTage,
Himex and intexyupt contwol units
with dedi cated I o po¥ts

- Cenbval procesting untt (Cpu), which
1S apable of pufofm'mq axithmetic
\ and (otaical opexation accofdinj
- To the predufined INctyuction Set:

i* Mostlnd used 1 aentm\ pUYpose x Hostlu{ applica-ﬁonaspecfffc
J +
in dumin and opevation | (oY) domain Specific opeiation
| |

15




ich| % T¢ fs Suf PTRNS U

K Ttica dependent untt wh .
e NOE Y9 give extexna

- Neauives combination of othe¥ | and d 4

Wnik like Kmeys Tntevvupt untts fox s fuﬂﬁﬁonm?

| Contyollexs et c- -

jﬂK— Does not contain T|o povis ak‘ﬂf\ud contadin ?(0*) 16 (0¥) 32
| bit povts (oY) as 1ndivi dual

\

| post pint:

l

Hﬁ Pexformance s an tMpo¥tant | 3k speed and accuvaty axe
| factoy impovtant factors

l

sk High Cost due fo move NUDEY | % [ow Cost because Of
of applications application Spectfic usaqe

* Off - Chip mmo‘u‘ * On- chep mﬂmoTV

i

- Digita) Stgnal pocessor (DSp) i~

A DSP IS a Special puvpose $ {16}32 6Tt MLCYD PYoCessoy
dudgred Specifically 1o meet the (omputationa) demands

and powey constyalnts of embedded audfo, Video and

communications applications » DSP's axe muck fastes Than

| qerexal puspose MICYOPTOCessoYs 1N siqnal procesting

- applications

F{Pfﬁﬂ‘ dic‘i’ra\ Cignal pYoCersoY containg :-
| a) e LR AL memoy fox stoving The p Yog¥arn
| ‘fﬁ‘qui\’&d 61 DSP to PTDCUlS data .

Y) data memovy: — woxking tumory for Soving tempovary

16




Vaniablee and data fﬁfina' to be processed - @

q Compu’fom'of\al enci'me By

Tt pexfoxms fagnal pYocesing N

acovdane Wit the Stoved progiam rmemoty - It in (ovpovates

many Cpecialized avithmetic uriks and each of Them opeates
Slmul‘l‘amouﬁ\td 10 InCreate the execufion peed -

| d) I'O unit :- Tt ack as otexface between outkide 0o¥ld
. and Dep-It i yespongble foy cap mﬁnﬁ g“im\g‘ 10 pvoCess and

.i d&\lvew‘{nT the DYocersed &cana\-

RISC U clsce-

[ng(,) Reduced Instyuction Set l(usc) complex ITnstvucton Set
y s compuhnz Computing

-?F et Mo 0fF ingtyuciions % tove nD of Tnstyuctions

Tnshvucton pipe lining and N0y No pipelining featuye
- eecution peed - |
S Opexations axe pPexformed 0N refdf-f s opexations axe pexformed On
~Stexs only | the ODly MUY | Teqistexs O MLMOTY dupendify

j opexations axe load & Stove - Lpon instruction:

1 e oY ﬂr\oc‘onal mstfur,hm Set;

$ Tt 1s instyuction s pedific
and. non - O*ﬁr\oionﬂ

s Laxge numnbey Of Tegisteys At |ylimited numbexof Yegisters
avalilable axe avaclable

sk Vaxiable lmcifh Instyuction

* Steqle, fived [.Ql\fﬂq etxucton |
X with Raxvayd axchitec huve 5"& with Havvasd (o ) Von Neuman
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Hawaxd V& Von -Neumann AXchitectures -

 proqram | bata
e o

Hoatvaxd Avchitecture 2 -

Tt uses Sepevate buses foy
Instyuction and data
‘FtTLh’tmi
Von- Neumann Axchitecture :-

_S’m:a[g Shaved bus fox

nSeyuction and data

Wcﬁ’td\’lr\ti

Haxvaxa Avchitecture Voo - Neumann Avchitec fuve

' Sepevate buses fov instuction | |- Strgle Shaved bus fox

and dadta fetthing.
’ )+ Eastey fopipeline, S0 high

Pexformance Can be achieved

3 Compw%ﬁ\fehd high cost

instyuction and data Fetchfn?.
2 low Pexfoymance due 1o
Cha L 0f &:mi le bus

3> (ow Cost

|
e : xoblem
iq ND me movy ahcdnmﬁt P

| & Since data memoty and

F
i

|
|

~fox acddental coxyuption of

§-Allows Self modifying Codes:

¢+ <inte data and pogyam

Progqyam memoty axe Soved in Memovy ave Stoved In St ﬂfi(c

different locationt 0O chan®$ chip, Chantes fo¥ accidantol
coxvwphon 0f poqram

memo Ty

P\’oc‘fam mmow

18



‘ Application Spe W’red Clveuits (ASICs) ©

| I 2 po
% Tt 6 a micvo- chip dedgned fo peifor™ & Gpecific (ox)

- Unigue appli cation
¥ Tt inteqates ceveval functions info a @n

(ile chip, which veduces

Hhe System developrment (oLt
% Adc's axe pye-fabvicated for a Special application {m)ﬂmj

 can be custom fabvicated by uginq components fxom “bui [diﬂ?
e -usable fov paxticulay

' block! by of componentt which axe ¥
app\i cation -

sk Foran Aslc a non-e fundable on
(NRE) “(equim]hmce an

o Hime Tnvestment Called

| NOﬂ-‘thu‘iﬁﬂC‘ enci‘mae,ﬁﬂq Chavges

appli ation Speafic Ic 18 used by stngle manu factuey

¥ whese as an application specific Standavd preduct [ ALp)

lable Tn Maket , which is Mavketed

1S made Openly aval

f 1o multiple customers.

| - logic devi cer

pYoqrammable (0gic Device,s'(@g) - g i
Lﬂﬁi ca| devices

* Logical devices provide Specific
functions "mduciir\c‘] dwvice -to-devi ce ﬂ

Pfoqfammabte

| 'mqute , data Commuhimﬁ af), (PLD)

1

C Sonal DYowng data displ r/L,_’_/_\L

| Sl 9, data dusplay ) ey

. L4 e L2 FPC&

] L ]

i‘ﬁmu'\ci & contyol ppexactions , [ Complex.

| [ [ W[dpfocimmmx’o\i puga "
?Vr ‘veo loglcal devicex onee

| f i * qate w‘WM Loitcdwm]

- manufactuved § The cannot be £ XHTRRVIRYL C-dnon
| ) ‘dchanqe_d- - & c{obwunm
19



f

109Yammob le lP_‘.jLC m(@) -

X Thue are e Coniguvable devicek Which can petform
numbey 0f functions at a time with wide Yange ot loftc
Capacity , Speed and Voltaﬂe chavactexisfics:

* A pLb, dudgnevs use inexpensive SOFROATE fools 1o
develop, simulate and test thely dumgns
K Than e device 1 pmqmmmxd oy e g
N live cveuits

> Theve S N0 NRE (l\.\oﬂ - Yecuw‘i’ﬂg Enﬁimcd’nq chanjos)
(ot and fhu final dudgn 1S completed much fastey:

S Dllﬁﬂti the ‘W‘l“ o+ the device Hhe customexs (an Chaﬂje
the dseuitary as often asThy want vt it 16 Saftsactrl

* Thig i Poﬁﬁble blﬂ wﬁf\r‘ ¥¢ - W¥itable memoYy Jrﬂthnolb?ri,

% Tha +wo mafoy Types of pLD's ave [+ CPLD
| 2° FPGAs

|- CEL_[_{ CCOM Progvammable lo?ic dwi'cr/&}‘:-

ne and Teated

;*1\01 Offex Vexy predictable Fiming which axe usec in
- Critical Con0tvol appli cations

| * They 0ffex Srall amount 0f logic
¥ These ave used in hand held devfcex and portable

ﬁedu upto 10,000 ﬁaﬁm

applications EXS" (ool Yunney
G

20




——

- FPgaA [ng_ld P“?“’,,"’_’.E”_"f‘.’..“ c{awoﬂb - @
> Thett offey Nih amount of lDf‘C donify e mO%t
features and high pexfoyman ce -

A Thy have lavge daxign logic qodes of ovaey of €100
million qodes:

K They offex built-1n proces ovs (E;,”~”IBM powexPC ), enbigh
mMemnoyy | cloc,lfwmanaaemm Syskems and suppoyt fox many
laest vewy fost device-to-device giﬂnau’mﬂ ﬁﬁﬁﬁOlOﬁ.

o They a Used 70 wide Yange of applications, Yanging
fom data p\foceminﬂ and gfomﬁe fo instrumentation

telecommunication and drgital signal processing.
- Commexcial 0ff -the helf Comporents (coTs) ‘-

‘ =
| * 4 commercial Off - the Shalf pyoduct 1< one 1n Which

16 uked 1 “uch a way that it caf ew&Ln1 "irﬁeqmm and
'\'ﬁ\ruopt:fqh with e\(isﬁnci Sqstem Com ponents-

% Example 6f (0TS¢ axe (ontwolunlfs 0f atoy cax like
RF C?YLu’i‘ra‘ﬂ‘ Paxt , electyo -optic [R ”lm&‘ﬁ“ﬂ axGays ;
OV|TR detectovs e-t-c - -

% The &dmﬁ’mﬂe of (0TS axe "ﬁ\uf ave "fmdilﬂ available

I market cheap, and the developer 0f embedded $g<fem

Need not to develop these componenty by whick clevelopment
fime (an be minimized -
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- bage
hove bujle {n memnty and ik 16 el

ok Th 1 one fime

I
i
[

tho - '
WY‘{ Tt {s an ,lmPO“aﬂk Paﬁ— of a P\'D(UI“’O"‘]COﬂﬂOHt‘;

4 embedded Sysrem - Lome 0 F The Pmmou '(..Oﬂm[l(‘r(_'

ed Lg{lP erOTLd ;

Colled Off- Chilp mMumoty -
Proqram $fovage Memoxy (E?_'ﬂ)"

- Maskea ROM (MROM) (-

e

quammab\c
- device:
* T4 1o used
Haxxd wived v N
technoloqy-for ! PFS}T/\P) l
S.’fOTif\q dato-

¥

Tt facowy proqrammed o, cloxafi cation 0f
‘) » & A J ,
q mouqnﬂ and mfrahﬁahof) pogyam hrLn Yy

pProcek af T fime 0f
Production Mself, atovding to the dato providd b

The end uger-

K MROM s qood fox Coxing the embedded fivmuware

0¥ low cost embedded Aavices -
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- *.Hs dyawback 1S "mabilihd 10
| é? device Cltaa”m&\' upc]fadu‘

modify the flem qu@e

% once Proi*(o_mmcd and toved §n bt Stovege 1 Dot

powible fo aulfey 1he bIE TN fmma’noﬂ

2 PYDﬂmmmable ﬂmmm PROM) oTp:-

$ Tt s Dot Pre-programmed by fhe Manufactures e
ont@mmm‘inq Hure devices - One

Wked 10 commexcial

end WY 1S Yuponsible for
‘ - Hime proqrammable cuvitex axe i de ly
PUTPDSE 0f etbedded S{stems whose PrOfo typ
“ acse proven and the Cod 1S ﬁﬂ&h?ﬁw\ ,we cannot Ye- p‘fcraﬂam

Jﬂu device Once T+ 1s Pmc‘*mmmm
ead 0Nly MLMOYY ( EPROM )~

e Vexsiony

-3 Evasable P‘foq‘fammable ¥
E- q‘ivu e fodbility fo Ye- proqvam 0N He same Chip.

Eprom Chip 18 flexible 10 fesme Of ¢ - Proqmmab(lihi,

W rueds o be taken Out of The cixewtt boayad and.put n

UV evasey davice oy 010 30 minutes -

h EE PROM
The Tnfoxmation Containtd 1 the EEPROM

| W"“O“f tan be Qlteved b‘i uMnﬁ ¢ lectyic ‘stcdnat& at The
| Teqistey |bt(re evel mL‘ Con be €Yased and YQP\’D(ITade
’ 0 (eeuit - Thte chip intlude & chip eYast mode and

| iy mods W\U{ can exase N few milld geconds -

23



S Flath - _ g
Tt s the latest ROM technology - Flash w™MULMOYY

i o vaxiation ©f EEPROM ’rechnolecﬂul 1t combines the

Xeproqvamabilihy Of EEPROM and The hiqh capacity Of
Ctandand ROM'e - Tt Stove the i formation inan away
of ﬂocxﬁma cdafe Mo - FET tyang(StoYs -

Tt 13 o Yandom QL& MmOy with banemi
backup. Tt consish Of Stodic Yam bared memovy and
battend for pxﬁuicl’i ng sdpplﬂ fo ba‘rtemj in the absence
Of eviesna)| Powex Supply - The e Of NVRAM s
QXbund (D e -

’ ! rumoyy (RAM):-
Rea oy (o) vondom ce e (B0

A RAM 18 a Volafile emovy Tre

When powex Te fusned -off all The
contents axe duﬂl)'dcd'

|- Stafic mumovy (SRAM) #-

| e
- A *i:jfﬁ”
i Dodo- . J’ Data

4o wiite .
—f;;ﬁ(m‘r Visualization Of SRAM Cell
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%""\S Bt
( E\j

Juinja ]

'-‘ Vcc,

X _ ’
\Q?\M_ l}

I .
‘E‘j b - SrAM cell 1mplemen taton)

Static RAM Stoves the data in fhe foxm of Voltoge - Thy
Qe made up of £lip flops- Static form Of RAM T¢ fastey

| fovm OF RAM avoilable - An SRAM cell s Yealized w&ﬂ? 6
| Prandichor - 4 of the trantittorx ave Uted ar lath(fffP
- Flop) pastof memovy cell and fwo for Contwolirng

| the aces - SRAM has high vesistive nefwork and

- Switthing capability-

¥ An SRAM in ﬁci@ amg  Can be Visualized in ﬁ'?@)

With fwo Cross coupled invextevs with vead | wyite

Contyo\ ﬁ\mu;(h trangistoys:
sk 8¢ and B¢ arve accens oNtyo | Hantsfor which aye

25



conected Yo bitline B and R \r\puﬁvrw-

F wwen B\ and B0 fov w I‘iﬂfi\' B } onake wod

B \ \
when B0 and B =1 oy wviting'0

\
% fox \mdinci Hhe data auext both B and B
and woYd ((ne Ao
Limitationg -

N

*  Low Capadity and hicih cost
- LCUQQ 0O - Of (Nmmli celly axe T't?u'imol due fo

Prience of 6 fransste on @ngle e movy cell - This

neveasts The e of mewovy device -

D-RM ( Dynamic RAMY:- e
T Stores dedo 0 the form of chaxge
They ave made up Of @ M0S Frantisto¥ WD;C}) &
and o capaciior « Tt s high dunte and
low Cost RAM - Tt Yequives Yefvething Ih
0f data- =
9 M cell

K To avoid leakage Of chavge with
; fime | fhe mmo‘ni Should be Y&Emhn_d Pe:ﬂodu_olbj

% Special DRAM Contollevs axe wed fov This puspose.
|

]'* The MOSFET actt ay a qate Uhgpectinond fox mtom‘mﬂ
- and out q0inq data and (apacifoy ads as a Stovage device -
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.\ \S,U\S.oﬂ &MS'-' : -

| &'_D_S‘Pi'" Tt 'S &ﬂamsdute}f Which Convexts one fowm oFean
(ox) fo¥ contyol -

to anothex foxem fox meaxLxement PUXpose

the ioput povts Of embedded
Systems -

qnol&

K Centofe axe Conntcted fo
Attuadoxs- ;
| Tt is aform of tyansduces which Convesfs «
|
to CD‘H{L&QDOT\dm:I phydcal action (notion )
poxts O empedded
&qs_te,m&

% Attuadoxs axe connected o the output
The Tlo Subsystem -
Tt facilitates the emqudw\ Stis’{em inteyart with extemnal

| wos\d -

¥ Sengors Cannot be divectty connected o input Pomjw(d
ditionexs and Hanslaﬁnﬂ

muck be ‘intesfaced *fﬁxowlh Signal con
Systems like ADC, opto couplevs ete - -

| LED (L‘iczh’( em’x’cﬁr\c‘ dioda ) :- \Nee
Tt i an imporfant output duvice :R Lt
| fox visua) indication- Tt con bt wed ’

as an indicator fos vasious “ignals (oY) -
| S tuations ﬁ"hLED o

| fac‘inzj
F Seqrunt display :-
The T- Sqmant LED display fs an oufput device foy

- displaging alpha numerie chavactexistics - Tt contains §

liqht tm’itﬁﬂ7 diode Seqments aYange in a special fosm:
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OVt of & LEDS F ave used foy diS.P(Q,L‘ alpha AWMes(c -
Choiactex ‘and one 1¢ Used fof dedmal POInt:

Rela :-
Tt s an electyo mechanica | device » Tt (NS of

Yelay "ol made up Of insulated wive on a metal cove and

o metal axmatiye With one (ov) moYe Contacts - Tt WOY¥KS

on e lectyomagnefic printiple .

When \ro\’mﬂe ¢ applied to k :
Yelay coil cusvent flows JrhYouuih Reloy Reley
Cotl , whi Ch 10t n %ﬁua‘ru Cot\ \ Col

magnetic field - (T magnetic oy Unglepole  b)Enqle fol

field attyvack the axmaturt ggm(m}\m Sfﬁﬁlt thiow
(ove and Mover the ontact fosmally open nmm(j;t‘d

VNS .

X The %'\ﬂcile pole ‘dnﬂ le thvow elay

Configuvation has only one path Cot | | \
| to¢ infovmoedion flow - The path

o ¢) single pole.

etthex open (o¥) closed -
double Thvow

* fox S"U\Cilﬁ pole double Thow Tdcud
Hhove ave wo paths for information flow
and They ooe Selected by enexqising (0¥ de-enexqising

| MYQ,\%.. ,
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} (ormuni cation intexfa e = C@
\9)

| Thoe axe djuided into two Types
communication intexface

-1+ Device | on booxd level
9. pyoduct level communication intesfale:

I 0N boaxd communication ntex{face :-

—

- Intey inteqrated Civeut (T20) bus:-

Tt 1§ a synchwonous bi - divectonal half duplex two wive
Sexial ‘intesface bus- The Ta¢ comprises pf fuo bus liner
Sexial clock - ScL and Sexial data - SDA

ScL —> To genexate Synehvonized clock pulses -
SDA —> Responsible fo¥ Haantmission of data Scria[[.r_

- % Devices connected to I2C bus can act o mastex | ¢lave

device , Hhe mastey device s Yesponsible for contyolling the
Communication by Tnjtiating , texmf nating data. trantfer tendiry
data (ox) clock pulses: | :

% clave devices fox commands from the Mastet:
| l y 22k T Vec
N 2-2K

L

Mastey P
(up [ue)

Save - |
yIT2c device
/ Ex’- EEPROM

—

L

Slave -2
Tacdevice

| g Tac bus
| intexfacing

29
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|
Cexial pexipheal Intexface (Spr) Bk -

|

¥ Ttis synchvonous bi - divectional full duplex, four-wive

Sexial nrevface bus - It ¢ Edmite mocter and Mt - Slave

Systern - Tt Yequives 4 sgnal lines fox communicafion:

%“ out Slave Tn (MOS1) < Signal line caxyien the data

fxom meastes 1o slave device - Tt {¢ Known as Slave In’ slave

data in (5[)1} |

Mastex Tn Slave 00t (MlSDB'ﬁ E'ic{ﬁﬂu\ line cavsiesThe datq

f~om Clave 10 mastey device - Tt fo known o Slave out(

Llave data 00t

Sexial clock (Sfik) = Signal lTne Ca:miini The Clock tifiﬂal!-

B —

Slave Select ($8Y - Signal line fox Slave device Select: Tt 1

—_— —

Mo6A
Y SeL

active low -

MI(SO

MoS |

SCL

Migo

S¢S

SSW 1

M0s\

(T3 a—

(S

i
--—-——-__'__

|

— pl B

ﬁj"‘ P bus intesface

30
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Slave - |
Spidevice
EX " EEPROM
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- Univexeal Agncwonows Receivex tiansmittey UART :- @

UART based data transmisdon 18 an aty nchvonows foxm of
a_clock ‘E:itanal to

Gxlal data trantmicwon - Tt doeanot Yequuye

| Sl{r\th‘&t)ﬂile thae "k"ftlﬁ&m'lﬂ'iﬂfd and Ye Cfi"ff“i end for Tansmiton.

&’.r\dl(\cl btﬁ't of data , a ttaxt bit is added fvst and a $0P

‘ bit is added at the end of the bit Stveam:

| . :
The Stast blt nfoxms the Yecelvex that a databyfe (€

about fo ooxYive - UART of the Yeceivi mi cevice calewlates he
/' —

| bwte Yeceived aNd (ompaves 1t withe e Yeceived PO_:S'lh.‘

bit fox exvoy Chtck’{nci.

- Extetnal Communt cation Intexface :-

—r e

|- R¢-232 & RS-(RE [‘Rccommeno\u:l StandaXd - 131] B

Tt s a \ﬂ‘@flﬂd , full duplex, wived, a&dmhmnou/s Sexial

communtcation intexface - Rs-232 intesface 18 developed
" b(.‘] electonic Tndustyies ascotiation: RS-232 evtend UART
Communication Signals for extesnal data communication:

2. univevsal Sexial bus (psey: -

_—

It & wived high speed Sexta | bus fox data

- Communication - The Aivst 0se (0SB '0) was Yeleased 1o

(995~ Tt ollows Stax fopology with o Usk host at the

Centre and One (oY) move (R pesiphexals Connected fo
it
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O ¢ 0 0O O A_f,\!itﬁ‘?_)
60 0009 N
DB -9 0 g ‘C/ Er

| PC{\P\\C{ \ Pt\'lphf'fﬂl
g RS-232 inftevface- Aguiced 1 device -2

USB t1y¢¢
ODOOODOOOOOOO
DOOODODODO OO 0ODO

[Ht)a)

VS togt
(ﬁu&)

fip- DB-a%, 2292 010RE Fguan iy
dﬁUiC(’ 'Ll d{V((f-_g‘

‘f‘l' » device .

__ 'fDPO]O?nd

It s o wived hi-ti-h Speed Sexial
communication bus - T+ ic an fntesface for connuﬁng

evnbedded devices like cameYa , tamcodey, Scanney to
dexktop computey:

Bluetootl (BT):-

Tt s a low cost, Shovt Yange wiveless Jrﬂchnolloqtr foy
data and voices communicafion. Tt opevates at 2-yGis
Of RF Spectvum- T4 hat w0 exsential Pacy i

I Phydcal ‘ltnk 2+ pwotocol link
- Phyedcal link s wepontible Aot phydcal transmission

Of data between devic
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. 2. profocol  pavt 1S Yesponsible fov dufining the vuler
| of communi cation - @
wive eas {{dih‘r\i 16t populax Wivelas Communi Cafion
technique fox Netwovked communi cation 0f davices - It
~ Suppori Intexnet potocol (Tp) bosed communi cation -
wi-fi opevater at -4 gHy o §GHy Yadio gpeetyum - Tt
Yeﬁtﬂ“fﬂ a Wifi Yotex fo communicate bti'u)un'\h&‘(ﬁfmﬁ

C]mc:ml Pa.Cked Yodio Sexvice (qpés) =

‘ GPRS 1S o communication 'f-t(_h“'ﬁuf_ for 'Hans{*uim]
data oveY a mokile communication Netwovk like GEM.

Data ¢ Sent ax packets 10 GPRS communi catton -

‘ Ernbedded fiymuwaxe '-

| Tt Yefexe to contvol alqoﬁthm and Confi?wmﬁon
Setfinge that an embedded Sycrem developey dumps 1Nty

e (ode MRMOYY OF embedded System:
Thee ave Vasiows Methods avadlable foy developing

Hhe embedded fiymuwaxe.
0 wiite a pPYoq¥am 0 high level _lancau_aﬂt,s [tke embeddtd‘C‘Cﬁ

wm% an DE (mtaclm“red deve lopment Enu.t‘ropmnt)' IDLE‘S

{ axe diffexent fox ciffevent procesovs [COI"Y{"TOHC‘(S-
|
|
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|
@ wate the Pmclfah 10 MSembLLd Iaﬁﬁ'&aga u,&in.cl Y
| InSkeucHons Suppovted by qou¥ applications taxget PYOCCADY

| Chaxa ctexistics o]t ernbedded Stdsh:ms &=

(- Application ani*domﬂ&Pec;’x’fc -

| Frnbedded Systems axe used fov the Specific application
fox any othex PUIpost:

Ay conditiones (Ac)

dergned to pe¥form

0Ny e ey cannot be used

> The embedded Conteol unite of

| and micypwave Oven Qxe Spe,c,'iﬁca,\lxd

Cextaln Spectfic task-

| 2+ Reactive and Yea! Bmea’ -
| alfwve aie SNl

| Due fo . presence OF gencors Connected 0 10PUT
| wosld 1s Sensed by

then and accovding o e change A Yeal Fime convhio]
alqovtthme oxe applied o bring controlled oviables 1o

povie any Chcmﬂ( 10 The extexna

cwdcir\ui leve \ .

Ex flight contyo! &i&te,m , anti breaking System 0
' awtornotiles

3. opexates in haxsh envixonment:-

A\ embedded System can be placed tn dusty (o1 ) hassh

(0x) high tempesature zone by propesly dudgning all These
- constaing + Txvespe i of cost high qraded Comporunts ae
uted 1o handle 10 WOt envixonment Condition:
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|

|

—_—

[ .
. 5% Distunbed *- =y

Jn embedded SfCtem may be a paxt of la¥qey
ith Othey diffevent

4 Conditfions olso an
without ANY

Tt has fo WOYK o.k‘mc‘ W

31$‘f€ms
In such distuzsbe

embedded S';lﬂ{”em £

embedded funciion has o fun(hon popes lci

Vaiation

EL +uiomadtic Vendoy mq(,hmus (ontaing @¥d Teada a

Vet\dmci unit e-t-c- - ATH (ﬁuiom’ﬂc tellex ma{:hme) (ontains

Caxd YeodeY, tYansaciion unit , cunven(y count unit and

| pénter unit
- Small size and e and WG -

d dedicating factoy

Compai’cnc,%s s a Suqntﬁcgnt an
pli cationt

1s+e,m Most of The ap

in dedgn of an e,mbcdded ¢
ht P'foduﬁ&

demand small Size and low Loe,u:i

G- powes CONE¥NLI™
AN ¢ bedded Stﬁsﬂm 15 dwined in Such a way o Mintmize
by the System- The production of hi‘t@h

+he  heat Aissi paction
ds (oding Yeﬁummtnts [Tke Codlnﬂ fans

amount of heat deman
O A0fusn occuples ddifiona) Spate ad makes System butky-

Bua ity Attibutes ug@a System -
“These ase c..\am{{ed imo oo Types =

- opevational Guality atibutes
2. Non- opesafiona) Buality attyibutes
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OPyational Buality attvibutes: -

—

|- Responte  2- Thvough put 3 Reliatility

¢ maintoinability 6- Lafety

4+ Seewst Fy

- Rexponse -
Tt is measwwe of Quickness OF The Sﬂm_mi ng

Tosponse delay 0 e System wWill cveate potential dameges
LR Sadefy and, embedded Sqstems and humans Losking
ONn it - Tt ¢ Not ﬁtCEAS(HL( that all the embedded ‘S‘i“f'mg

| Should be Yeal-fime tn Yesponse

Ex” Electyonic ‘TD({ need Not have any Hme
- Cxitical Yesponse

| 2 Thvough put -
:f Tt 1S e{-ﬁcltncx1 of the System « Tt (& defined
| as tha Yate 0f Producion (ox) ppexation of a dkefineclPYO(exs
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