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EC8791 EMBEDDED AND REAL TIME SYSTEMS
UNIT I INTRODUCTION TO EMBEDDEDSYSTEM DESIGN
Complex systems and microprocessors- Embedded system design process -Design example: Model train
controller- Design methodologies- Design flows - Requirement Analysis - Specifications-System
analysis and architecture design - Quality Assurance techniques - Designing with computing platforms
- consumer electronics architecture - platform level performance analy5|s
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Lmbedded ~and Rea( 'hme Sjstew

|t _Complex Syst.

’(ems ancl Mi(*oprac essOYSs

Frobe dded meu!mr yjsl:em is Jeﬁned
as onj device  -hat jncludes  a Praavammable
cornpute but x pot H;Se(j’ intended to be
a _geneva& puspese  compul-er . Thut', ‘o PC 15 hot
itse(f ao ermbedded meu{in(j cyskern although

PCs ave of{eh used 4o build embedded

nlcom‘—)uhna S‘j;[-p/m,s )

This means -that embedded wmrag&m(j .Sjsberr*

des'ah W a useful skill fov many types of
product design -
Aukormobiles, cefl phopes and eveh household
a-{)p{iances make extensive use oF microproces;mr3'
ComPuteY enﬂineex'ins like. mmechantcal
desigh ©F  thexmodypamics & a j.unda:nanf'-aﬁ

oh'sdP\inQ that can be &Pplie& N Akﬁerenl:
domains -

Bu.& £ beﬂ{dei comFu-H rg Sg«g tem
d€$(8h d,oes DO{I _g{a_nd, a,[or)e
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The most "““P‘""‘}“”‘} and sopB{chafed use
of micve processors in aulomebile was to tontyel
the enaire clel'amintn(j when spﬂk plugs five,
'conh'o\lnzj the j—uel/‘m‘,au mixtuve and so on-

Theve was a +vend o 3ene'ra.£ , electyonic devices
towld be uwsed to Teplace He mechanical distributor-

The combination of low uel consumption
and low emissions Venﬁ A.i{—j‘*wf‘l to achieve ;
4o muck these gcals aultomepile rnanu.fachners
Hurned o Soph:shcaiecl contvol atgovithme dhat
could be lmplemen{uf. cn% with micyopvocessors -

M"C"DPW““WS uSua“J classifiea b&
theiy word sixe-
| e An @ _bit micvocontyoller © des«‘gnecl
j*“’ Jow cost applications ard includes en boavd
me,mo*nd and Tl]o dewvices -

|

o A 16t micvocentivollex A of&n usec{.
,jo\* meYe ‘SOPNS‘HCQ!‘QA a.P?[icaﬁaM that ma.na, VQPMY&
githey longer wcﬂ[enﬂﬂw oY o:fj CQ-.EP Tlo & memeo

e A 32-bit RISC MfCTOPTOCCSSo( offe“

very U?L pevformance oy cempu}aﬁon—infemivcz
_@pplicabions -

S — e
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L pww 8oL bvake and .(:-lnfulifg confyol saslem:

The BMW R601 was ir){wnducpci with o
%g‘\(\ \\\\ic.-l\ tated ,\‘\,d em .f.-w mnlAnlh'n(tj the wheels
; (

lﬂ[ e cav. An anlilock bvake %35h’m (ARS) veduces
E.\“{i.{(!n\(" (\t Pum‘wm& 1he b!'ake’S~

|
|
!

| ne ' vevin
n:;{«\tm inlevvenes with the endmc olu*nn(j maneu d
{ \

\‘ impyove the  cax 1’ ‘g\abi\i}\d. These 534{2(1%

| e e ih‘\u{/« {vom and ou(Pm‘ to automobile -

An automatic .S"a')ili"g comfrol (ASCHT)

The ABS sjdnm usSes sensoys on each

wheel 4o measuve e SPBE’AL Of the wheel » Fo
P‘\\\,chl {M wkee[s 'j\'om Sk,’ddin‘j.

}
|

SQ“SQ‘ Sens oY
| ey B W [
Brake e Brake
| ABS
l Rvake - Brake
e | — ;u
ﬂe&?w( Sensoy

A A —

:568: Anti-lock brake 3j$'f¢M
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‘TF\& enjme OﬂJ\ wn{,wl managemenP umﬁg

tnclude  the elec’t-mmcn\la “wonlyolled. throttle , ol:gl{a.ﬂ

engine managemenf‘ and. electvonic  1vansmission

control .

I)T-unchonaﬂt}a s lmpo\’{an{' in both 3enemﬂ.
puvpose meuhha and embedded wmpuhﬂg

* Coroplex aljow')‘ﬁms |

The oPe'ro_ﬁom PGTJCDYI'YW‘L bj 1he micyo -
—Pﬂocefs;of may be veny SoPBlSﬁLa&EC{ Fov example,
the micyoproces sov that contxols an cutombbile
enaine must qu;vm wMP\ic’a'Fecf. j‘—ilte'rinj ‘funt."l'orv(
Such ax miniM_ifo\a pellution % fuel ukilizabon -
* User Inter face:

Micvopvo cessors ave vfreriueof% usgé—'fb

-._-’

cond vol _corv\f:\ex usey ‘nJ_fe"\faCPA that maﬂ include

multiple menus % 'rﬁang oPHoM

‘ e-ﬁ) GiPsS .
ff)To make. -H’~.in3,; moye clt'ﬁ:('w“, ernbedded
meu{-‘ma}._ i&{:em have d¢o meet amdlihé&:
¥ Real +Hime: |
Many embedded wmpuhn& .saestem

have {o pevform in wreal lime - In some cases, He
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ﬂoi‘.uﬁ'e n 'Y(‘,:.l’ LEme w 'Jr\.jafe angd can €ven

.

endanfjer lives - Tr other wases; 1t ¢reate urkaﬁ;g

customers e:3) wn vesult o scavambled pages
*» Mulbivate :

Not cn!a pou st chTalicM be um’;ieied bj
deadlines but many ernbedded. Caufuﬁnj %fum
have several yeal Lme achivities geing on ak
Same fime - Tﬁ\mj ray Simuuan?,ouﬂa cont ol

SOnas OPQ\[QRW that vurat Slow vates and
othexs ok high vate. £-9) Multimedia applications
uy Cost of variows sovk ane alco vey

' im,Pov-Lanf: ?

* Manuj—ﬂduﬂng siiel 2

| The dtotal cost of buildirgj the sddem |
s VQYH “m]oo‘r{an‘: - It 15 determined ba fnc[ud.'né
Heo {.ij_ o \wicmprocessw used , amount o4
'memmg ':acluifed;: and. {jP@s of I/o devices .
* Power and. Enesgy.

Powex Cong ump ion divectly affechs the cost
‘oj havdwave te) [a.hﬂe poweY Juﬂ;la nheed ed -
E—he‘rjcj wr\&umfh'on aﬁecbs baH:erj lije
éwhic‘-n W im.PoY-{an{: (n de_skf-op “-PPUCO&HOM-
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2. Embedded Sjs’czm 'iDes-iSn_ -‘bﬁ;ess; f

Fivst, a aesijn lo ensuve 4hat we bave
done QVQT(!j{{q\'ng we need to do SuCc\ as OPHmilir&Yi

Peffofmance. oY Pe'rjovminj :funcl-ionai tests . |

beeond, it allows uste develop computer

oalded design +vols . j
Thivd, a des:gn me%odolojg makes rt .

much easiey Fov members of &« desfan team to

Lommunicate -

‘ ‘Design fyom the top-down concludes

‘with conevete debkails . The altevynakve s o

;both’"‘*uf view In which we start with component;

R quemen‘bs “\
e n(e‘l/ ) Bottom -up
Op a0 ; design

i design SPedﬁc_cd:ion 1
| L :
|
|

@fvchi{ecbve v

.SjS em

Tn%eg\rah' on

f“j ‘Major levels of abstratlon (n the cfeS\'jn process
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T
|

To corvsicleY the mcy’or ﬂoa‘lf ojr the déSl?n;
. Manu:facwtu'n'ng cost
. Peonwmmce

e Powey consump-tion

i

|

Requivements :

: Recl/uifemen’ts may be j:unckona( oY phon -
ﬁ—unc}iono& ; (Fjpimﬂ hOn:fumcf-\'onaL 'Yeclu.hre,menh
include :

® @e'rjovmance A Moy be a combination :

!
;
;
|
|

of Soft Pe‘fjowrmance medxics Such as a.]p"»no')u'r'rwt‘rtﬁ1
Hme to pevjorm a wuse¥ level funchion and havd
deadlines bj whi ch a PMchlav oPewraHon Ma‘j

bz wMP‘P.“‘ZA
® Cost : Cost {jp(mtbg has kwo major

Components - manwjac-ﬁmins cost and nanYeu{m'rg
e,hamee\rma (NRE-) éosk .
@ ‘PB%(C@L sike and waa&t The PBH&

Q/SP&L‘X Dj the jﬂ\a( $3&l’.em Coun ij 3“’—"‘{"('3
depending upon the applicakion. A handhetd

device typically has tight vequivemenb on bot
Size and weiﬁ?—.l’ +han can ’Yiff)le ’ﬁwoujh entive deSljn
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& Powe"( COMumFHDn.‘ Powev £s im,)oﬁan-l I'n
ba)d:ev-j powewt’i Saps{erws and other apph'calv'orvsi

asr well -
Name

Pﬂ'f Se

‘Inﬁowb’

Dutput&

Punc "iarvS

Perfnfmah e

M a_nu:fatfuvmj Cost
PoweY

PB(Tsical size & weight ’

cSamP[e 'fequiYeme”t’ jOYm

Name :

This 1» Simple but hefpful,(;,,'v,'nj a. havoe o
the pwoject not onlj simplifies talking apbout it Ao‘

|
[
|

. ).

bth ey Pwp(e but can czgs{alhie purpose of machi i
PuYPos’e' f
This ghould be @ brief one ox kwo line ;
alesutphon b;f— what the ‘SJA‘tem b $qrf>orted, to do}
l

j[hPuts and Oodpufs:
- Pt desevibes the  puttons, ana(oa /c{add‘al

todvextevs , yideo JJSP[Q?A

e ——————
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Perjo'f mance:
’ﬁ»e Comf)ul’ah‘OM roust 68 Perfnmeal within

o tevtaun tHme :f*rame- T4 s essenkal 4hat the

TPex\formance Yelit,u’remcn*b; be l'alenh:ﬁ‘ecl eax\gf
Since ‘Hvéld must be ca‘ref,dl,j meaxsured

;Manug‘acfuvin Lost

j Thic includes pn‘mavifj The cost of the
;fhcv\a[wazu_ coroponents . Cost bhas a subcfanh'el
lth fluence on avchitectuye iey A machine meant

| fo sell ak £10 most like(a has a very dc’\b(erenl":
ibtevoal stvuchuve +han a |

$ loo Sjg fern s
Power : -
rrﬁé most im Po'r{»an-{» decision 18 whether

i
' the machine ewill be baHerj Powe\reA oY - P[“jj&‘«

info the wall.
|

Pﬁgsical size % weight
Glive some indicedion o4 the Phdsta( stze
of the sax{em to help Juia{e cevtain architectuyal

decisions. A desk{v}p machine has much more

ﬁeﬁbib"& in dhe comPonenbs used than , foy

example) a 'laPe'l moun'(ea{ Voice 'r‘ewrdev.

SRS ————
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SPea'{:{ caﬁ onAs :

Dept of ECE

“The SPeaj-vcaﬁorL chould be unAen{-am’abk

enougb o that someone can verfy that

meets sﬁs’cem g

eci w'?emer)f:; and overall

ﬁxpec{»ahoryc of the customer. A Jpeaf(mhon

Dj the G1PS sgzsi'em wordd ihalude teseval

wmpone nt ;

—=>Data aqeceived j'rnm the GiPS satellite

constellation .

> Map data

— Usey Tnferfqte
—>0Pe'rah'orys +Hat must be Pe‘ffo'rmecl to

Sa.l:f_fj'a- customey Yeques L.

;'ﬂ,e Sggtem Tunhl'fg ,_/Suc‘waA OPQYQ“’ihg, the

| 61PS

—?Backﬁ‘r‘ound acti ons 7e€wyec{ to keef

Yeceivey .

| Avchitectuve design :

B

[ Gips Seavch
YeceiveY | ‘engt'ne

T

——
o

m

519 : Block d‘iacﬁam for the moving map il

A

'D".Sp’aj

|

[ User
Tntevface
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—————— ey

| ’D?Sfjnihc[ hardwake X SO'f{'wCTfe Compor)ehtg;

To desiﬁn fome wmponen% ourself.

E(A’)heh c';ea{'ma embed d ed SOj{”WaYe rmodules,

?rnake use Dj 3ouv e’KPeYHSe_ te ensuye ‘H‘wa{‘

in veal 4ime and

3H~e 354{em Yurys P’v’bfe’f%t
!doea not take uf Mmoye memo"y

|

_(Pate than

v allowed .

53‘{"'“ TInteqyation :
Sy«stem Meﬁvahon A dfjj\‘wl-t because H
| ojten havd to

to

tusual %I . WUncoveys -Pmblem/s . It b

the System ip Suﬁ‘u‘en+ Ael-a.il
!obSvae 36 ] |
’d keymine exau‘(a what s wYong with e&ugjlnj

3. fDesiﬁn Example : Model Train Controlley

The user gends messages fo the tvain
with a wontvol box attached to +he btracks.

The coniyol box may have contro)e
such as {thyottle emevgency stop battton  and

%o on .

Since 4he Hvain Teceives it e[ec'f‘n‘ca[

]'L"“*"‘O\ box can Send siina,q,g 1o Hhe Htain .
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“The wn**o‘ pane! Serda Pac/:'("h ovey the
4yacks t& the Yeceivey onr the d{rain.

E—ad‘ Pa(ke‘: ir\c(uc‘e& an addvess So 'fha"

the console Can contyol 5Peed aj’ Seveyal tyains
Dn Same {Ya(k “the Packe+ a(SO Inc'udes an

E-‘( YoY (Covvecton (Code C Ecc) bo auou\c[— aﬁaun&‘}

"f‘arV,m:SS(on €YYo Y

L
C

| [
| L] | [ ] , | [
«Sgsfem Je{uP
Messonge,
Header | Addvesd Gromand| Ecc

f T

~
-

Tyack

':F dJ Stygnalicg the Avain

Con&ole

343 A model tyain contvol Sfbem
o o AT LAY
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Q@¢1ulwmen’h .

“The console shall be able to contyol up o

<

| t"ijh!: fyains oh Q sinjte tyack -

The speecl Of each traun shall be contwollable

»btj o thyottle o atleast 63 O‘{fferen{- levels in

Gad\ cUYeLH on .

Theve shall be an irevhia cootyel 1 at shall

allew the user to adjust the Yesporsiveness of tyain,

The (nevdia wntyol will pyovide ot least

;efﬁm Au‘ﬁ:even{: levels .

TJhere shall be an e,mefjenoj J‘:‘OP butten
Ab exvoy detection heme will be wused

to trammit messages -

— Mcdel train contvolleY

|
|

Pwr:‘OZJ:e Con byol sPeea( of uph 8 model {rc-u'ns
i[n;;u{:s Thyott'€,inertia sethn g, S$top buttor, fxao na
i Ou'l'pu,bs Tyain wnkw( Sl'gha.b)
' Set ehgfne sFeec{ based upon
Fuochons el eitlinest  YoiPanl, B

1
|

}

emergeng;, < ,D

Pexfoxmance Can update tvaio speed (o times | second

f Manu—fa&uﬁﬂj cosk| $50

i
'

\
|
{
i
i
'
1

™ Certy Console 3hqdd be ccn?}?‘l’{ub‘l;.

Phgmcﬂl Lixe chel'jh{ j“" Lo Pami{ﬁ; aPmeirnaI‘e Size

m of std. ket-l boavd ; weij bt il pOunAqi

i
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SCC
“The ':D‘tJihxl Command Cootyel (Dcc) Sl“anchvLc{

(hitp :// WWW. pmYa. o-rj/sﬂmdw\dzs [Dec/ standayds —vps
g /Decstds. himl) was c¢reated btd the National |
; Model Railvoad Assocation to SuPpovf c‘u‘(tj(l:a[ly i

lcontyolled model tyoins .
The Dce standavd & given in kwo documenks :

|
|
| ' lectvical
| e Standavd $-9.1,the Dcc Electyic

standavd . describes how biks ave encoded on
the  vails jfm transmission .

> Standaxd $-9.2 , the Dcc  Communicakion
Stardaxd , describes the packeds that cavry
t'bcc»~:mr,d:l'0|r\.

The data St'(jba( 3¢,u|'na4 between koo
VOtéa.ﬂe/s avound. the powey¥ éupp‘ﬂ vottajee

Bils ave epcoded in the Eime behveen Hvansitions,

EhO{' log' vottaje level ¢ .

% PsA (sD) + E
n o

Y

f ' Hme

> Ee—>
spus  Zloops

_Bit en ,c‘pcifng _in_Dcc
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' Requlax expvession :
l = ’

| P is the preamble which 15 a gequence
04 akleart (o Ibik.
| S 15 the Packek staxt bit ; it B a 0bit -
A v an addvess which & eiqht bik lon(j.
The addvescex QOOOD00O , |II111D k 1111111 QAL 'TeSeYveA.‘
$ 8 the dakta bjke start b\'__k Like the
packel staxt hit s a 0.

D w the data bg\:e which {hc[uclej Q%H{d:

"E i o packel ond it which is & 1 bit.

| Conce,pm‘u.al sped {1 cakion :
\ A wncep‘rua( .sFea':f(‘caH'an
‘u,no\evs’ca.nd the s‘j,chem o little bettev. A tyain

allows us to

!
i

!wnkro\ &a,s{vem tuvyns commancfxs ih‘f’o Packefk-
;:Commanol,s and Pac{(@‘[?f may hot be 3606761(’6({,

Command,

;
in& )l | vatio. |
|

Set -Speed T v \;E,Sf‘lﬁ— . |
value: 1'0"eﬂeﬂ B;QL: :_e.r 2

claxg Aiaffcam for the tvain contvolley meg_gaje,,.?
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f s Dint Y Cvmmancl
i | e :
| ttomole L7 | ;vecelvey ]
I

%‘qj"UML cotlaboyation olu‘ag‘(am oy maJ'cw Jubfysf?n’w

of the {xain contvolley 534-4 em .
[Mraio set
'Dﬂwmnh i
| . —?-—(‘)—L(‘L——~ Lot j
| Console ‘ |
\ | ‘ |
|
J ' ' ‘ ™M Ivv‘ f
[Pacel | - |Formatt Tyans mittey ReceiveY 1vollex ngquw
] — :
\ [ | \
| \ ( | \
1 Knobs* Sendey De(-ech;ﬂ Pulsev*
| R

¥ = physical \
)

Ej(jA oML class A{adem :fDY the -lvain controllev |
’S%ouuing the coMPosfﬁom oj‘ H Aubsa‘km,

|
| » The contvol class deccribes the comemand s

ivu{\{’ :from( Panel- .
[ Tf’ve, j:ormaﬂ‘e‘( c[azss l'ncl,uolezs loehaw oYS

!"“'F*Ol‘ know how to 'fead tee \oane(‘
E o The 4vansmittey clas }nteffac&s b

&a,naioﬂ decPYO““A hp J‘enc{ fhe MeSSagf a[onj 'fﬁtf‘mck-
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{ : ¢ AR : —
' @ Knobs* descrrfbes +the ac[-uat a.na(oj knof)s,

butbors and.  leveys ©n the contvol pane(—

e Sendey * Jeoscvibes the ana‘oj electrond ¢4
é'H’mak send  bik a\ong the 4wack - |
; o e Receiver class knows how o furr the :
‘a,haloa SCJhaLs on the track into 513(60‘( Foym -
o The motor indevface class defines how fo
(jenem)ce the anakoj 3{3hcvl/§ vequived 1o cootrol |

| |
;{'w_ motox - |
| o Detector * detedks analoa sl‘anaJA on thae {
tvack and tonvexts  them info digital govm |
| o Pulsex * fur ns alijil:at commomc{A thho 'WQ—;

analog 3i(7ﬁal4 «Yectuive,& 4o condvol #Ha moley SPee‘J'

L. :Desﬁﬁ Meﬁwoa\o(ojieS h |
| ”Desijn me%oalo{ojies b impontan+ betau se

without it, we can't 'rel('ablg delivey the Prociuc‘f?s

i
‘want o cveate -

‘ i) Time-+o- maxked

Customers aiwaaw want new ﬁm‘wa.
é’fhe Pwd,ucf that wmes out :f"“t tan win the
imkaek . The pvofitable mavkel life fov ¢ome
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produth b 3 fo 6 months . After that you will |
' pevey moke monel - Fox exarmple, caludators ave
Sold Just befeve school ctavk - After that you

have 'to wadt j:u*f anoneY jafezs SeaAson .

iy Designr Cost :
Many customey Pm&ucb ave vevy
;‘CDSt’ gensitive - Tndustyial buyers ave P - ',nLYeM;%
‘iwncevned, about tost. qhe cosks ave dcstinet
ij‘mm manujac,"'lﬁhj tost engine €Y s galaxi€s ,
iwmruten used in design and fo on: Decign

!Cosfs cab also be imPovPah+ Hor Fn'ﬁk volume
| corsumeT devices when time Fo market pressuves
couse teamst to  cwell (n size -
i) Quah‘ly:
Cotsfomers not On(a wanl thelr

Pmc‘ufft& fart ond cheap, They oalco want them to
be "7(3”" A design methodology that cranks
ouk shooldj P-cod,uc'L will Soob be jmcea( out of

e maYke’rF\acc' Covvectness, w[.‘abili{y and
usaBi\i‘Fj rmust be ex,P\iu‘Ha addyesse d jvom Hae

\Deﬂinninﬂ of +the AeS\'an job o ebtain a Ln(jf«\
qrua.lil‘va product at the end-
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51
' A de_gf:ﬂn :)c[ow‘is a Secluen'ce of sv‘eps
to be jo[locge_a[ du'yin(j a AESl'Jh'- Some ©f the

S’ref)s an be Feyfoymeal, bj dools  such as COmP”cYS

®25t3n Flows :

oY CAD Sazskemzs , othey ‘SreFS can be Pev:%vmei
bta hand .

Qe%w‘ vemenls

PR

Avchidectuye

System “50 °‘J°l° ol ’/v Reclu.ivemen‘t)

—
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e = bl ool
Specidy Speci\j}’ :

' \‘\'chi{ec&' Avchitect

: N

: ’bescan ’Dt’sigh

. X1 >

' ull.{ Builc{

: \ ! : \ '

e Test 1o et

' :f"'j" A Successiye vefinement devefo{)ml”f mode [

; Ea“‘” 335{0"1’5 will be S"mPle moc.k uf_g COM{W(}QA-
140 aid &esi(jnevs infuihon and 4o build expevience

| d 2 evs
‘with the gystem - At each level stages the design

Lo P Y B TSR0 v chion and. desting

phases . At later S+a3€3 ,tore complex $34'fem<

ank wM{mcteA; each P;—,Ma Yeciuifcd more work .

| "ltu; ;c.-yse ajcfes at the 1op of the
:SPH’&Q. ave vanJ small and shovt while ﬁ)eJL"nal
lcljc(a; at the $Pival’s bottvm Learned 4xom  the
easlier cjcl&s o:f the JFivo&-

The  Spival model & more wvealishc Hhan
the wakQY:faL\ mod el because multiple iterakions
o needed to wml;{de 2 Aesiﬁh'

Ermbe dded compuﬁna s‘z(stem involved e

olesfﬁn of hardwore as well as software Fron t
end ackivitie! sueh as iFea‘j(caf\'Dn and
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- architechure JimuH‘aheouSlJ eonsider haxdwave

| and so:f{'wm aSPecfa ’ [”‘j) bad( end in-feraHon

and t%ﬁ"j considey the entive .sdéfem-

Redluivemenfs & Area'j{caﬁon '

l |

/ A~xchitectuve
Havdwaye SOjﬁ»uve
clesian c{esfa"’

[

\ Tn{-eﬂmh‘oh
S'Zf‘to’m test

}iﬂ:A simple hardwave [software design methodology

The design }low Jollows the levels of abstyaction

n the S*gﬁlm §vom OomP\eh Sdﬂkem design flows at
He most abstyact o desijh flows Jor individual uhnmyoneih‘

Qealtuwemerr{z
4 HonA - ~ g -

5?‘“1‘"6“ i .Spea‘ﬁcah'oﬂ e o 'Sfedf‘ca?l‘o'\
Arcki}egﬁﬂﬁ i %, -

o TN I tardware avchitecturel  |Sepware avchitecure

|Havd So 8
design 4{*:;:1 -
| j\x / I
|
TIntegrakian
system fest ~ Test % | Test
I

Most abstvac \\- Mdﬂa‘e"f QLS"’\'C{CF > \‘Moggfa"e\j abstyact
4i9: A hievavchical design flow for an_embedded gsystem

e st
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——————————

(Concuvyent e,nJineevirzj ?f_jc.‘h ave Compvised
of seveval elements .

o (yoss -}un('}ionai leams include members
i Jvom vavious ch'sa'FUMS involved in the process

\nchdih(j manujac.hxinj havdwave % softwave ales|3n-'

° CO“CAJ“‘(”{ P.‘Oduc{ Yea ‘.10*’0’\ PYO(GfS Q(HV"Hes

ave at the heavt of concuyyen t e.nﬂineenng-

e Tneremental infoxmakion Jbarinj and use
hz\Yj minimize 4he chance thabt concurvent
product vealization will |ead to Suvprise - l
(Yo Ss$ j—uncﬁonal teams arve imPof+an+ tv the
effective Slnaw'na 0 l'njovma-i-ion s {;me[J
jm‘aion.

OTn*eS?odch PmJecE manaﬂemen{? ensuye that

Someone (s TeSFoMi ble :}OY the entive Pw‘jeck-
o Favlier and conki nual SuPPkeY involvement
\r\ﬁJPS maoke the best use Of .SupflieYS (.n]oabi“ﬁ'a-
.E-a"heY Oﬂd— wn'\'inupi cu Stomer ‘jow 'ne,‘P_q

ensure that the Pro&uc‘ts best meets .
tuStomey’s needs -

ROHINI College of Engineering and Technology



EC8791 EMBEDDED AND REAL TIME SYSTEMS (UNIT - 1) Dept of ECE

§ —6-. QéCLLdfemen'ts Analfjsls
!

|
|

The ovcrall'aoa.ﬁ oJ'- cfeaﬁrg a Yeclw'feme”tf
document i effective communication behoeen the
customeys  and the designexs. A good set of
vequiverends choyld meet Seveval tesks:

i

|

) Corveckness: ;

The '\"ec'/u.hemen'bs waou\cl hot mtS'\’akenIg ;
describe whalc the wg.h;mey’ wan‘tsf Pa'r{— of

tosvectness s avofdinj oveY rveclu_ivina.

A J

u) Unambuau.ousness

|

The ‘YecLuAYemen‘[Z a[owmen‘t ‘s\nouiA be
deox and have o_nlj pné P\am' ‘anjuaje_ m’ce\'Pre{'a-HonE

ity Completeness: . . . =
A . 'requueme,n'is should be lncluJecL |

v) Ven‘}{a,bilf‘cva : o |
Theye ShoulA be a cost e:H:eque u-aa.,«z, o
ensure that each Yeclwve,men{- 0s sa.hsj:ecl n |

the jcmal p¥o duct .

v) COMtshanDd.
One qu/wi\remenk should not wontradict

ano they ’Y%WYQMLD'\Z
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e ey
1

w) Mod:ftabd *«j
“The 'reclwvemenﬁ c{pwmen'f Should be

stvuctured o 4+hat it can be moal«j-le.{ te meet

chan:aing “requ-wemen‘h without (.o;mj c_orvsc_cfenla
'2 v‘”f‘ab" g and So on -

EV.“.) 'Traceabili#j:
Each 'rccluiremen‘f chould be traceable

. backwafc( j\ru‘m ‘he 'Yecluiwremenf« Fo

;know us\nd each Yulu,ifemenf exists -

| * forvward AJyem dowment created

befove the -r'e,ctujremenfa.

| ojO'rwa'ra( to undevstand how each

vequivernent is sakisfied in the implementation -
¢ backward from . the irmple mentation

te know which vequivemen®s ey were intended

to 3aki:ja.

i
|

T§ the chhu" s & continuation bjc Series,
then many o:f— the 'Yec[ui'r.emen‘ﬁs are. Lue((

undeY'S"‘Ood .
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— A —————

'7 Speaﬁmﬁon!
"State based speciArcation that indvoduced

’l’el hone i
Tnpul' E (aller g o] 1l
P Ly

wapu’r
EL |
fDea $(on O

Lahguaje. Sj.mbé[{s ﬁ

&rafklc«[ .s’Feaj‘rca-ho n

Some 'iinPo'rFan«F " Con CePfs -

(j—\‘(j The SDL SPeu:frca'hon la"ﬁ“aje

"F)e S'f’w('ecfwaY‘l’ ho{-whon uses an event- cf'rlven
model. 5{'akeckav‘f75 allows states fo be 3roupepl
t'ogethex b ,show commen junchona.fn‘a “Theve
aye bwo basic 3TouPl03/5 oR ‘dnd AND .

OR state bj wmpaﬁnj a traditional State
transifien diogram with o state chart  described
via an 0R ¢iake -
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e

goes fo. state Sk fyom any of 5,,34, or £3 when
input 18« - A _ginj{e transition ouf of the OR states
sSlay <5Peoif(‘e5 ﬁqf the machine goes, in}-o_Sfa{-e S4
when it receives 'f&"u;np;.c{- while in any state included
in S133. There . cah be muldiple u:aj.c"f'; jef."’_’h’

St33.

“The state machine .Spea‘:ﬁe,(' the. machine

M}

(2

(=)

Traditie Qa(

Sha.lned-\aﬂ'
| gqj An OR _S‘{-a!'( 6 %S{'a'fecbm«‘f:,

-_— - e e e v = owm = e -

B
: State chayh

J9: An AND state “in state charls

Tradidional

T — et e et e e e e e S T BV
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-

An AND state spectfied. in stafechart nofation

%ws compaved to the .equivalent 1P the traditfonal

Tr <the -h‘ad:'ﬁopa,( m‘o.Je[).

I Skate machine model.
theye ave numevous +vansifions betveen 'l:he cfates
&nd on é en{—Ay Po,‘nf‘ .

The most |'mPof-fan+ a((f}eren'ce' Le foeen
the notation and statechayt s 4hat don't caves |

bs - 'YePYe.Senf'ec( in +he Hable: -

tond | oY (tond2 and lcond3)

Expression

OR
A |Lcend 1 T . - |
N | cond - T
D | cond 3 — =

AND [or {-able :

8. Sj&%@m Anaijiu and, Ach:{ec:‘ure _wﬂsfjh.

The CRC cand methodo

lojj 5 o well lcr;éwn
and uéej—‘ul wdlj to ‘oefP 'anaﬂjzé’ S\tj.!i‘érh’_; Shructuve.
Tt s Pav!:icula.\’ta well suited +o objec{"—'éh'enf'eci

aleStjn gince. |t encouragaes -f'he enmpsu(ahon of
iala\i—a and. Ffunetons -

v

g r—— e — S —
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“Tﬂe QCTODjm CRC stands fvr:
“eclasses define the logreal groupings
O:f' daka and. :funcﬁonalﬂ'(l/

° Re.spons:bulrhes des che whak the classes
do.

¢ (ollabovxaloys ave the other classes

with which a gt‘ven class eovks.

I

W T

The name CcRC comes jc'rom the fac# ﬁa{-;
|

the meﬁwocldosﬂ is  practiced by havmci people onf
Wwrite on index cavds -
| Tt has space fo write down +the c:la,g.s
name, i b chPons‘uBilH-ies and collaboraloxs - &
othey infovmochon |

<The essence 05 the CRC cmal me-h%oafologj
5 o have people write on these cavds,‘ talk about
them and ! u_Fc[a%e. the cavds unkil they Ja'Hsf"ec(
chk -Ehe YeSuH.'S

’TB& jo”owm(j _5{'6[95 [ V2 usec[ 1o anaLjZe
(o8 SZAJch

o:[)evelop an mthal l(s{- of

classes -

ownke an inital l(.sf oj Tea‘oons.bslghes &
_ollabovatoys . il
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eCyeate some usagqe Scenavyios .
e Walk {’h'\rouj‘\ the Scenavios -
. Qcﬁne the classes, Yespomibilih'es and

tollaboyaturs -

e Add class YelaHOhJ‘ﬁPS

A CRC cavd ana{jsls ef an eleva bor 5j5+em

Reai wovld clasges: elevatoy cav, passenger, fHoov

tontvyol, tay tonivol & cay sensov

| Avchitectuval classes: cay state, floex contvol rveadey,

cay contvol yeadev, cay contvol

Sendey anl scheduler.
The basic opevation of the elevator sjsi'cm as

, well as Somée “"“5‘40’@ Scenavios :
{

I. One passenjeY 'rzqucsf«? o cay on a f-loov

l
}
|
|
|
|
|

| gets in the cav when it arvives ) Yequests anothey.
'j~too'f, and. 365 out when the cav veaches that j"OOV
E 2. One passengex Yactues‘bs & Wy on a 4loer
lSCB in the cay when it axyives and Yec'/uasb_\
i—Hne AHooY that the car i Lu'rrenHj on . |
3. A Sewnd Pws.senﬂgr Yeﬂluab Gk
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while anothey passenqer is 'riaiinj in the

elevakor.

f‘jrlooﬂ ok the

5. Twe people push cay control bubuns

- —

E

clas s

Elevatoy car
iPa.AsenC_]eY ¥

l
'FlooY wontyol ¥
|

Cax tontyol®

3

(ay SenSOY

cax state
Flooy contwl yeader

(ax contyol veader

CaxY contvol senalév

Seheduley

land cavy

same +ime -

in diffevent tavs at the same time.

Dept of ECE

—————

h. Two people Pus‘w Fflooy butons on ;liﬁeren‘f

i QesPomibilih‘es

(ollaboyators

Moves up & down

Pushes flooy ontyol &
caxy tontyol buttorm

Tyanmsmits floer vequest;

'TTCKDSI‘TN‘ b cay quueab

Senses cay Po.sih'o N

Rewxci); turent

Posih‘on o4 cax.

Ini’eTface bjw Foo¥
tontyol & YQF 04 .sjsl-em

Intevrface bjw tay
tontvol & vest of system

Tnter ja ce Hw .sd'sedu‘d

Sends tommands o cars

.

Floox wntvol yeader, cax

Cax contyol, tay Senso,

@y contyol sendey |

Flooy contyol, tav
contyol

Passenger, fHoox contvdl

Yeadey

cay contyol

Passenger
< e veadey

.ScB eduley

SC"')CciuleY, caxy SensoyY

Floor con%_\jo\ ’

Sche duley

Cay contyol,
Scheduley .

Scheduler,

elevatoy
. cax i

niyol vyeader, tay

based uPor§ Yeﬁua{z

contyol ¢ender, cay state |
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| 9. Qua[ffj Assurance:

The ?ua.ll 0f Producl— ox Sevxvice can be
J““acd by how well i Sabfsfies th intended

»junchon |
The Quafi('j Assuvance (@A) .pvocess 1 =
:vi\:al fov the deliveY:j 0of a 5ah.gfac¥o~ry Sjsf‘em. ‘

*Qu.a.hH Assuvancte Techniques : |

% (T)c 104’2\'0&‘10(\4} _S{'anAaYJA OYyaIHI.A‘h on

(Ts0) has cveated o set of 1“01"{-‘3 s#andaj’d/}

‘ known as TSO qoo0. T SO q00° was cvea.ked to
|

lappha o a broad vange °f industres ,lnc(.udmg
lbu,{ not bmt-(:ed. {'O embed,d_a,d, haYc{waM_ g(Sof*—wa.Mr

I

| The following observations about quality |

managemenk ba,se.c[ 2 TSSO q000 :

) Process is cvucial: |
[-la,PRazaYJ, development leads fo
p,a_PBazamL Produc‘fs and. Jow "Lual“’:] knowma 1
what steps axe 4o be j-o(loweo( 4o create a Q
3{,,8& oLualtfg P*rod.ucf s essential 4o ehSUYlnj -H\alz'l

1

QL\ t+he necessa‘fg -‘{'QPS avre n j:a.c{’ fol[owcc{

i
=/ I
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“) 'DOc_um(_n‘§ah.on U frnPoY*fan'f 2

@owmm{‘a‘ﬁon has Severa.l WICJ-T“L.
tveation ¢4 440 douments desr_n’binj pyocesses
he.lys those involved understand 4he P*DLC55 ;undev—f

- stand 44.¢ pyocess and how -ffae,j are buna
implemente d .

W) Communication s imPoHani:
&ua!iﬁj u.H'tma{e(g yelies on Pwp‘e-

Giwd Jﬁwmelﬂaﬁon u an cud, j-mr helFinj pe,ople
‘undevstand +he Jotal cLualiha process -

The jo[lowlna five levels c4 matuyity : REY

| {- Thl’h.d .
‘ A Poor[j mganizei P-rvce.s_( with vevy

Success of o- ije&

;j-w well defined Pprvocesses:
,dephd& on the eﬁ?o'rh of mal.v(d,ua‘s .

. . Re,Pe,aJ:ab\e

‘ This level pvovides basic {racfan&
mechanisms  that otlow managemen{ }o undgﬂhnc{

\Cost .Schedulfna and (joai achievem ent
3. Do.j-mei

The manaaemenf’ and e,njnneewrg

| chcsseA are dowmented and Standavdized -
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[
i

b . Managed :

“This Pbaée makes detailed r~neazswremen‘l’s5

of the
5. OPHmizinJ:
At the fm’jbesf fevef, jeeal back from

detailed measuvement s used te u:n'\'*inualla

l'mvave the Ofganiw-’ion's Pmcc$305'

‘Verfjtjinq the SPedﬁaaHon:

ea‘jfw(ﬂ'on avye

The Yectui'remen‘ts anéde SP

' SEE sigo YoLe$s”
| 3ene¥a1'6¢l vz\ry' anlj /n the de q P
| erments % .SFeu‘_ffm'Hon

that

| \/er:fy\'nﬂ the qu(uj-r
ovtant fov the Simple e as@b

s veyy imp .
YB rement Y S,Peajq_cahpn can

bug,s in the Yequ

be eu(:femel,j ex?ensive o fin later or .
A wd?na bug , i £ net found unhl aftey

$js+em d&P[ogmenf willl (,o_si— mone,y 4o vecall

N

'j—l'g: Lonj L‘vei '

s o S ———

Cost to g_cix

S
>

ml
a.nd, ’YeP'mﬁfam e,xt:'sh'nj S:j_gl'enrvs qm.onﬁ .o.dfher. maA

bua,x are fno'rg

%u;rmf«"" ‘  enpensive l:D-f('x
b« o
Coding bug | e eh
- Teéme 3

a[evelopmen}- chess andl. Producf ‘l“"‘b"y

ROHINI College of Engineering and Technology



EC8791 EMBEDDED AND REAL TIME SYSTEMS (UNIT - 1) Dept of ECE

2esign veviews:

“The a‘eﬂgn TYeview IS a C'n’-HcaJ cam;;onenf'
of any KA process. “The de}t’jn Teview (s a simple,
Low cast way 1o catch buj_c early in design process:

A desfgn Teview s Simf(j a mee-h'nJ

w"ﬂc" tearn mem bevs drSCuSS a d%'ﬂn;“(e\/lewyna

how a meonen!‘ of +hHe .st_jjfem wovrks .

A den‘gn veview feam has the jclIOwinJ
members

o:Des{jneY; °f the componen t

* Review leadey
® Peview Scribe

| ® Review audience
The deStjn team Prepares a set of documenb
‘f‘ha{ wf“ USQA ‘o de.‘(‘f'be "f‘he wmponeot 'Thcje

‘dowlmenb arye Javen fo OH-)CY members lf) advance

f°f the meehnj
| “The hotes taken by the sevibe ave UA¢4

uh mee'l'mJ follow 4P Thie dcsgjn team should |

co*«-recl: buax and address concevns varsed at

ﬂse mee'hna The descan review leade C°°*d‘°“"”"
;wmn the design team both to make sure that
E%e changes are made and d_.('s{'rc‘bql:e. the
Li‘:fmge resulks 4o the auddientce -

ROHINI College of Engineering and Technology
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;[lo. fDes:'ﬁninj wibh comPu{'tnj—P—[;{tfo*rm 5

g The ole,s‘agn complexxl'-a of the hardwaye Plaéfpm

‘l‘QndA 1o a Luéj“'a( wstomized destjh- A owow’

ma.g cons is by Oj G\,nﬂwheYe. :f'rom one 1o dozen of
ldnps
' “The BeajleBoaYi (s the resuft of an oPe,n'

Souvce proje,c,b to develop & Qow cost Pla,tjorm .

The pYoCessey s an ARM covtex T™. Ag . The
boand. rf:.Se[f

(ncludes man +
| Y connectors and Suppoy

for a van’e{g of Tlo -

C‘”P vend ows ofﬁen vafde theiy own evaluatfion

|
boaxds or evaluation modules “ﬁ” theiy ol—nps. T the

evaluation boond does hot meet youvr peeds, You can

m°d"f§] the de5‘j” u.s’ma the netlist and board Iajou{—
with out S%a‘r{m(j j\'om sevatch -

d\oosing o p(ak form:

The bavdwave awchitecture of the platform
1S the move obvious mani festation of the architecfure
because You can touch it and Jeelit. The variows
wmponen‘l% e all Plag a factoy n e 3‘_(;5.&6;[,-7
fOJC the P(a,l:joym. ’ ‘
| By Bus:

The cholce 0§ a bus Is close/y tled to

ROHINI College of Engineering and Technology
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of the m:cmecess oY .

i

f‘t-.ak of & cpUy because bus is an mfeyml pa/&l' ~

But in applications, bus may
be more of a 1%'"’-"“‘}3 fader than 4ne cpu.
i“)_,f\/)emovg: . |
The vatio of Rom to RAM and
Seleetion Of DRANM) versuS SRAM can bave asrjmﬁmné

lhjttucr»ce on the (ot of the 5j5tem- The csPeed of

the memO‘g will P[a:f a )La)\ﬂe Pa)x'f g de{'ermmmg

555*‘«"0 pevformance -
iy Toput and Output devices:

Platfoxms based on highly iofegrated
chiFs' onlﬁ tome  with cevtath combination of /(O
devices. Tbe corobination of T/o dovices available
may be o prime factor in plakform selection-

Theve ave Fweo wr\O{Dom’«”Jps available r the

So:f-&,quL P(a/(:j\o*rm — yun tHime wM,Ponenbs and_
Supporf wmlponen‘l&s}-

J) Run time (_meoneD{a-'
These ave the evitical Pa/\:f of the
P‘a‘\:jv"m' Ab oPexaHnS Scatxstem s wsed fo contyol

the PV and ik multiple processes- A file System
s used in embedded S((-fst'em to ovganize d atec .

S e ————————
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T ————————————————|

i) Support com ponep b :
These are (yitical to mak/‘nj use of
'complex b ard ware Pfa,éforrm- Without propey code

and deve[opmenl' of oPemth 5%{”71/5; the havdware |
|£self B wseless -

::[ﬂ‘felled-ual P\'opey{}t
Totellectual Property (IP) i that we T—
'but not touch €93 $oj{-wa're netlist -

Examples Oj wide zranje 6f TP thatl we are

usinj in em bedded 53/5'tem alesl'ah:
| e Yun f{me ,So:f{—wQYe i bravies
-6of{—wa~re AeveloPmenb envhronmenfa

® Schematics, neHlsts .and othexr bardware

| a(eS((jh (nfovmaﬁon :

jDewJopmenf envivonmenls -

§)ﬁead o:f u""& evaluakion boavd :for Softuare
c\,evelopmen’c » It (5 done on @& PC oy wovkstation
knowh as bOS{: 'TF\Q ")aYdUJClYe on w"NC“ the

' tod e w(l(j—maﬂj Yun |15 knewn as the {ﬂYge{: The
\r\oS{' and {:a‘rge(: ave :fmaJla( connecked bj a

|
|
|

USB Link ; Etherpet can alco pe used in higher sPeea(
lmk

I-._ —————————————
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|

B

_. “The ’ca\'gel' must include a small amount °f
So‘H:waYe tc talk to e host Sgs’cem. The host
SBouM be able 40 do the -j,ouowmj

’( ¢ load progvoms info the {'avge{r

: o stavt and stop progyam exewtion on the

{araet a.nol

| o examine memm’j L cpu Tej(sfevs
|

; A  cross melle* is o me(leY that wung on
|
i

‘one type of machine but genevates code for anol'ﬁer
&Af{‘Y met\ahoﬂ; tﬁe exewbable wde W ij|La“-3

Hest Sjs’fem

| Target ;335L—em

3‘13 Connecﬁna oo host and {‘argel' 555&;;‘

‘down\oaded 4o the embedded 534{em by use . [

-3
|
|
|
?

l
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........ - |

A vﬂood deal o'f SOf%ware defaugj:‘hj can be |

Debuqging {fochnigues:

done ba comPi[fr)j and. exewicinj the wode op o PC :

|
|

ox workstation. Embedded Sgg{:em are wsually
less ﬂ"”e”dl{] P"of}*amm“zj envivenmentls than PC -

The USSP povt found on evaluation boavd Vs
obe of the most impevtant dCbU-ja{'(.ﬁj +°_°l" UsB
tan also used for d:‘ajnosinj pvoblems in the ;ﬁ‘eld oY
Jield upgrades of. Softoave -

Anpothey very meori'—an'f’ debuﬂg:’nj tool is the
\breakpoint- The simplest foxm °f a breakpoint is
fov the uses to Specify an addyess at which tire
Proﬁvann's exewdion s o break-

Debuqqing challenges
Loawal ufors in ‘5o\f+ware can be hard to

’c\'o.ck dowh but enrmrs in Yeol tHime wde can Ureafe

Eprob\emé that ave even hard e 4o djajnose Redl

time programs are Te‘[}‘*"ed tO j'(msh ‘H’)elY work
;‘w(ﬂ,m o tevtain amount of Hme "H’C’j G

| creake vevy ,iunexpec%e,d, bebeivior k-
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e ————————————

Il ConsumeY gleckvonics avchitecture:

Consumey electronics devices has Lonverged.

oveY +tfe Pa,st decade axound a Set o:f Common

'Ej'ead:u.Yes that ave Suppoﬂ:ed ba{ to mMon 'aTCbil’ec*‘“a(;
Jeatures

| Theve (s no .5|‘njle, plaktform Hfor  tonsumey |
ieledfcﬂfc& devices but the A¥chitecture in use aye:
i0"’3‘3‘1\‘15’«0(— asaund Some common themes . :
| This wnvzvﬁénag (s Poss(b]e because |

!these devices implemen{: ajfew basic +ypes of
H—um.{{orvs (0 varlows (ombinations : muwtimedia and |

;oommunfc,a.,h‘or\,g . These Tex—l/cu'*res basic avchitectural

o Multimedia :
The media may be audio, \mage orx
‘v{c[eo. These ave generally Stoved amd (p oomPYes.sed.;

foxm and must be unc:omPYéssecL to be played.

The standards fov audio s MP3,Dolby DigitalT™
IPEG and for Vvideo is

fov images is MPEGi-2, MPEGH , H.964 ; v ¥ides b |
o Data 5{'0¥‘0tj€ and manogement :

Beccuse Fe,ople want to gelect what
multimedia  objects fbeﬂ Save °¥ play , Jata storage
30(’.5 hand-\‘n-kand with roultimedia mP-\-uYe and.
d‘“?“"‘a- Many devices provide PC compakible file i
s#\:em,s 50 that doabta can be ¢haved eMi'Z' J

'
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LensuraeY

. Lcmmunicaff“'”'- .
Communications may be

n:n('eréacg o a host meu-}er-

fefaEiVefg

Simsle Such as o USB

: ¢
Consumey electronic devices must mee

. : t‘
seveval ﬁpes of ctyick nob j,u.nchonaj ”recluuremen

as well.
Many devices ave battevy

ofae“fafed- 5 -Haey

Comtumey electvonics ave vevy

A fBP{(aJ P‘rl‘maY\j PY’OC@Sang C_l-ﬂF r\')USt' SQH:S‘OY ,Flo. |
:’Tﬁese' Sevices muskt also onvidt hij!n Pe,bcbymance.

e i AP b Y S

:Fa: Use case jo*r Plaﬂfhj mutéimedia

«j-f‘a', Use case of Sgnchvonfz,':\j with a host syskern
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=

2/o deviceg J

Sitha o o

cPU DSP

Nefwork |
fnl'erqu .L_S*Wa

j’*‘a - Hardwore aychitechuve of ﬁeneY(c consumey
eleckvonics Jdevrice - |

The Jigure shows #oo multiprocessor avchitechure-

;ij» moYe wmpul’aHOH s Yectuiwred, move DSPg 'a.nd__
| CPUs moy be added .

| The RISC cpU vuns the oFeraHnj system, runs
| 4he Usey inl:e’(face, maintains the jfle system ; The
DSP perfoyms Siﬁna.ervocessfng-

| F.\ e Systems:

DOSs File Alloca-{'ron Table (FAT) Htle Sjsfemzs
Yefe* o the j—t\e .sjsfem developed ba Microsoft
o eav‘a versions of the pos Opexah'rﬁ System (Mic00)

FAT c(an be implemented on flash s‘l'oraje
a\eﬂces as well as magnetic disks . A

|

| . |
i Weay leve mﬁ, a.ljo‘rlfﬁm tan be "fnplemen{-&{
iw!f‘houl’ dAS"H'rbN'ﬁ the j’{e Sjj['em ] '
l FAT can be lmP)ememLez_{ in Small amoun} ?f(oé
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Ma”j Corsurney electvonic deviees use jlmk
m&moxa (S"’Y Mas s 5\'0‘(‘0136' Flash memmd.bs o |
chpe 04 Sern tcondit (oY memmrd provfdes Pevmaneh'l' i
waajg. Va-Que)s ore. Stoved in j (ash mcmmj cell .

| Thts cell cLoes no{. Tech've an endcevna.O. power sufp'-g~
'. 'TBC \(m‘(l:aHon Oj .:flqsh memOYy VS w,ﬂ'.{"hﬂ i
| i : _ 1 ‘
Ii'a, j\q;gh mem oYy Lell couses mechanical stveds
lg-thak @Ven’cuqlla weays out the cell.

' A weaf levelfnJ jlagh j,,‘[e system (Bands)
?ma,najes' the use'oj j,‘agl-\ memoYH Q_pca.‘{;(’OM ‘-o
:éq/ﬁ.alixe wewf'whi\e ‘main\:ainir\(rj obmpak"b"“*t(
wt th ewa's%ing j—([e 554{;erws

{

12 Platform. levew| performance analysis :

|

|

; Bus based sa&’cem«s add anothev layer of
Eme[t'cah'on to  pexfovmance analérsiSo Plai-jovm level
perfoxmance invelves much move than the cPU. Most
Pvedselx, cpU Pro\n‘des an upper bound on peYformance
 buk apy  other pavt of the System (an slow doewn

the cPUL. MeYel,g (,ounh‘ncj instyuetion pyecutbion:
Hme B8 ot ex)ouﬂ\-\ '
- To move data Aom memeovry o the cpu,

we - mw&t ;

- e A et e )
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o vead +vorn the n’)emorg
o ‘l’Yamj»er over the pus to the cache

® {—Ya,rysjrer j»(om the cache to the cPU-

cCpU |
Memo‘y C—aC‘)e«
\

2L

\ . Y
\
, _ Data transfer

4 —p
Bus

&8 P{ai:j"’*m _fevel data j—fows -3 PeYformance

| The time TeCLuiW-d 1o -évomsfer from the cache

to the cpPU 1 induded [ the insf‘ruc{r’on executiontime

The most pasic measure °j Perjofmance W

band;md‘ﬁ\ (the vate at whicth the data can pe moved).

'lfae simplest way 4o measure performante s in i d

!Of clock ujc[es-
Tn units of bus cycles T, onvert bus uycle
toun¥ 4o veal Him + usina. bus clock peviod P. .
t=TP —O© il | |

A basic bus transfer tvansfers o W-wide
set of - bytes- The data transfer itself @ takes D
clock cgc,‘es :

Add~esses, hands hakt‘hg'- and other activities
LooM'R{“{'e ovexhead 4hat My occur before O, ox

st e i
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" 3 = - e e e—————

af’cev Os- For ,5;‘mpln'u'+a , O0=0,+0,y
| Thos gives o total trarsfer time clock
(ﬁo[es OJ‘ :
Tony; (N) 2 (DO M

basic

;‘r
" - W
- ¢ 1,
O » Oy
jia Times Lk data volumés 'j'la " Times % data volumes
in basic bus {:rans_fe\’ In a buvst bus {Yamfef

A buvst tranacken pevfoxms B transfers

Oj w b‘jt—es eack wh,Ck qu/wYes D C(OCk Cﬂc,es Thel

!bus also imtvoduces O clock ¢ycles of overhead pex
' buyst . This gives, .
Tourse (N) = (BD+0)_BEV_:' it (3)

The width of a memorg Ae{ermmes the
numloef aj b‘{z yea_d j—\’om the memO\'g N \C,&jc,le.

f

byM

(6™ ' I
&M
v

«—F e %
T;i-: tbits 8bik

$19: Memory aspect vatios

!
|

{
|

|
{
|
!

|
|
|
!
i
|

|

R e A R S ey
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“The jq'guve Shows memories Of Same Size

can bave diffevent aspect yatios. Fov €:9) a b4 Mbit
memOYg have b4 million qddvessa, the same Size
million

memory ina K bit wide jovmat have (6 addresses

and a 8 bit wide memorg have 8 million addresses -

- The roemo.ry System width may also be |
deteymined by the mMemoy modules e use. Tnstead
of buying m.emoxg chips mo{mdualla ‘we. maj buj
‘mammy ast SIMM¢ or DIMM; .

St ———

The Situakon & 6(<5ﬁf[5 rmove complex, ' f

m, daka Bjpes don't it na(-umu(?, ink the wid |

05 the memowrd The +total number of accesses

tYZC[/tuvecL to yvead g data elements Ofwbtf
eadn ouwt of a rnemovg

————— T ——

of widH W is.

A= [(—,;,—) mod WJ+| a  did |

-
L——'_—,— ———— b g
§

prepeesams
|
|
!
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