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EVARY impoftcmt fo CM’QW learn, the lafrt gjw pm(}'e&

:mcma%zmmt Lebuniques |
The main of ¢PM b to erable a g1 %) Sfw
o,nfimwv*‘s to werk elficienily Fswowda bmumﬁuﬂ wxﬁﬂumojﬁ |

] projck . The mpomam o) Sfw projed Wy are
ipfc&'eet Pa’olooeal wﬁtimz " cmh Q)‘iifrrﬂhg:), m? Hta%mﬂ
| t Y |

proton io.iim'w:a, monl'toﬁwﬂ and conbwol, Con%f vali
‘moma%mw& ) Tink mﬂjﬂ&%(’.ﬁ\fﬂ\t ’ ind Qfmﬂ Wit (-/UUJ))’
‘managerial veport wriling " and pfwhtc,g;w_ Ths rranogey
ake the overall Tevponbilily of stering o project bo ducters
'and Xeaw buﬁﬂu«d aNe lcmaﬂxj atquined {waﬂ% ompm-'\_e,nw.

%pROC\'ECT PLANN\NG

| Mnee o .pmd'uj; k7Y })cufr\d to be k@.a}iblﬂ, Sfw project
?momo%&v% ondetake project pﬁﬁﬂf\i“ﬂ' P'ro}eti thn'ma B
wnlerdoken and an\{)lﬂld S behefm any &m&bpmmt |
adsviby Atarls. Projct p&amnﬁtmﬁ comnla o kine Eoﬁammg |
omerdial adivelios - |
. Ee’(.?mahmﬂ some barle aflstbules of e project |
Doy ! lew Wit o ¢ ; '
dwzlnm\t‘? S
Ekho‘c’t tHow nut

th ejfort would be requined ?
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Tre effectivenon of ke subsequent planning ackivibio

| L baxed on he acuracy ot Hare oxtimalions .

. Qehodudin MaNpEURY and edtlmw TOOUT (O ‘

- %tc% orfagwﬁ’aaﬁim and Atcdobmﬂ plmnb 4

e Rick f&mﬁibimhm_@mw and abaemont planning a

. . MEGCQ,UQLMOUJ) phm)s such an q}mlxhj AT AN PD,(U,(\F C‘QVWA-
| mﬁlm'mam%mmt plan, ete.

Ek’gm"t Cost

: Il . I : E’.sﬁmal Loy eStfm_chm

Sige
estimaliion

| I , | eS'ttmahfm sblbjﬂf“ﬁ Sche&uﬂ,mﬁ 1

|

| Fig Precedance ordwinca amang planning acivitis |
i ESH“’_‘C\I*'W Oh %Of't, Cost, yesowree, and iamaiz& durakion f
ae alio very importont comporuzmbs ot pm(fecf phmfnﬁ' ?rocffcd !
plavning vequinn atmest cave and attembion stnce eommibment]
e wrowalistie, fome and vaourer otimalesvels in 2chedule !
lhtpp(uaf, Piamvﬁna a P'mc}ﬂd' oueY o vuumbey 0’6 }B‘ta%“ metmb ;

anagers from making bfﬂ commibmends teo ecmﬁxd. Tais technigue

o Mogqed phmﬂinﬂ b known @y liding Wendsw Planning.
The SPMP  Docununt

e VE);TJQ, ?\JT&»&EU\W“@ R0 CJDW\P{LE) PT@A‘QQ}‘ mam%@'{“{ &@CU*
nanl theu th m o Slw Pro}ut ancxgemﬂn/& Plan Cepmp)
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ot . The fellouing are e diffeunt dom that the
| 5PMP decument should diccuws. T lut can be uned to
|l OTﬂm‘E%‘e Hoo 2PMP document .

| @ramz)ahcm olﬁ bhe SPMP doctmont -

L Tnbvodudion

@ ijzchw.b

(bJM'or%um'. LAy 8 ¥
@ Pevlevmance suh

| (@) M@ma%emm\t and technical contyainby
li- Projzd: Ectimals

@ Historical Dala Used

| ) Eetimalun Techniques Lired

l e

!_- O Eifort, Resource , Cost and Project Davalien Estimales .

3. Schedule

r @ Work Breakdown Strucune

[ b Tagk Nelwork 'RCLPTMVMMG

| (© Gantt chart Reprerontation
tdy PERT chart R&prmr&éﬂm

fz» pm}czll Resourc
5 Q) Peopﬁ.ﬁ

by Haw Adware R ‘So’btwaw
D) Spgcid Rarourceh.

5 Stalf Organizolion
Lﬁ?fegm Shyudune .,
L by N\mﬂ&%ﬁmﬂn’\t R;:@mtmf&
6. Rick Manager av)
| (a) ms\ﬁmmf)
| b Rick Tdondi Keodion
| ey Rick Ectim
"; ) Rick Abalzmimt pwwﬂumb
. ?mf(d: 'ﬁ’o(,l«inﬂ and condol Plan

|
|
i
|
|

a S S ———
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8. Micccllavuows Pleuny

@ Procw Talort
{ oy Aually Acurana Plan
| ) Ccn%fiumhwn Manaaerrunt Plan
| ) Validalion and Vert hicaliom
© S%Eu/w Tegﬁm@ Ploun
o) DQUU\U‘(ld, 1st¢\ﬁﬂm and Maivderance Plan . |
?
{

lPP\OJE(;T EertmaTioN
Accuraly extivnalion of the problew Alze L ﬁ‘“"dﬂ"
memkal o m%tmtoud erlimalien of Qﬁﬁrt  Lomne cluyalion
and cost o*b a S{UJ PW}ECt. Tn ordey Yo be able 1o acauvamg
abimaly, the profect ige, we nud to define Aame appro- |
p‘fzah, meliue or wink in tevmu Gt which we can e prens i
:%L pwd}act &fgﬁ The pm‘}zd: A&%e 5 O measte 0}5 tHe %
problem compleniity in fvma 6} the effort and dime Tequined
o dwﬂﬁsp the pmcﬁud;.
1 Lines of Codt (LOO)
Loc i the A’Emp&\i ameng all mednies avaidedsle
o exbimale P"O‘M &15@- Ty mdric b vevy populw, Bdmﬁ
the simplot to we. Using Loc, the project Aye s esbimalid |
b‘z) CmY\ﬁ:)\/\(\g the numlser c&b source Lvwbun iy in the E
dJ.MD@pEd program. Howewer, accuvale osbimalion o tWLDC?
counk ab Hae be%imiwa 6%0 pm(}*ed: is very &mkkwﬂf In E
srder ¥ eximale the Loc eounk ab the beginning e a |
projeck, progct managere umﬁxd divide the problem into
mo{:ulu, MJ; eadh mg&cﬂxﬂf_ into sbmodules and Ao on.
Howener LOC o a muasure ef problom Alge hay sevwral

short cowfvlma& :

e T e



el

1. Loc cai\w, o VULWMC&D;V\G,‘ML c}{j P’robhm M}e 2 Bk eon led{

ﬁ with m&mdml eoding ﬁ?&d& |
|2 A problim tye measure should comsider the ouarall |
mmpjiﬁmlg of the problem and the eftort neded to soloe it E
3. Loc rwasure covvelafes pooTp.td with the qualily and QH}‘“”‘%
o}t code. |
& LoC mﬂkmc pencﬂxgu uAe 0{5 lru?[WW‘ Jouel Pmﬂmwwmng

\anguage, tode Teune, e,

5 Loc el meanures tHu laxieal cempbmﬂij @%a p;@ﬂmm
j and doos el addrerns e meve dmportart bub sulbtle
o8 ol ls%moi oy shucial Cn)mpjli ifies .

6 1t O xlmj Ax ik to mww Qﬂm@ LoC n tHne }erﬂ
produd fom B problem apcc tealion The Lo count can be

&cuﬂe&hﬂg Cem{),ubd cmgAd QJDtIUV code ha» been &Q‘jdﬂwd

FU’OCBAIM Point Nld)uc

| Fun&,um Potnd rmim Wad PTOPO'S‘EA blﬁ Albrechi in \q83.!
This die cuarcomo Bae Loc melaic . One of the |
| impertant aduomlag% Gt g Hao ﬁumc%n potnt mcic i |
thot ik can be wnad to ecwﬂ;j exstimale ke ﬂ,tg,e c\ &/w product
divedly pom e preblem &peubnmmm |
The Cemmpolml {dea L\M&thmc(] the Fundion Polnt |
mdsie B thak e iy of o 4w produdt & divectly depen-|
donll en Hae ruumbsey @E Akl {Jumctwm oY Eﬁahmékt |
Xuppowtz Albyecht cﬂuinﬁc‘ thak th addidimw to th mumbm/

cr bome tt:«&w kﬂmi a $lw p%mm the Alse 0 alo dzpw
&mﬁi on b o) %Llu and oy olb nhwcbaw |
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Book - Localion
r—d

Book-name Query -
T2 ook

Tesue -
Bock
Rl -
Book

Lib:mmd Automalion ¢Jw

Tnpol Dala

S . W G e
v
Oubput dola

Fig+ Systery twf\ciwr\ oy a map of Ln.{w,td\ai&tooutputdah
Fumtmn Dotk Qompulad ITa) L»o );,fifw The bﬂ’mt A&pm‘to l
C.cmputm the uvxa&ﬁmu ﬁmd}m polnt COFP) or Univenal |
txmdwn potnt .

UFP = (No. 0\5 mlputb)xA +(No. oE oukpuh )% 5+ (No- o‘ﬁawne@
% b+ (No-6) W)mo + (Ne. otmbﬂtam)*lo

Ok '1ﬂpu,b Fach dala dom inp uk b‘fj the vy b wbtnﬁd |

De&a apul Maould  be d&@hﬂﬂ&ushwl prom” uner inquined. |

cmilmh The @uhwh covwtdaned ’]’ﬂbﬁ’ to vepoits PTLWE(J}%

&cmen owtpu,bs evTer Musages p podutd , efe.

. NO. oL InQunes - Numfey ﬁ:nq)uw Bty nuwmber of |

Ch’xtm(,t inhimctmf qm,w b can be made Mo user,

o No. % kdm - A l,@(‘_]/cCQJ hk”i Means 31’0%]15 0 “‘u‘} ’ﬁm#

- 045 Lnﬁin)ﬂub ¢ The W“fsm” toridined ot Hre mﬁrfﬁam |
wned bo emchcmﬂt mbofmaﬁfm with ety };%EEW\A -




A

|

|
!

Feae Potnd Metvie

Feakune pofvxfl mdiie B an edowsten to Runckeon
Poami mibde . FPM imcmpomtu an exha pmmmtw intp |
olﬂm{t%m C_DmPQQ%(&IJ« Tare mclries ave anﬂuage - in&ﬁp&vﬂmﬁ
and con be ewiLj Qon’LPU;bld b‘qm the SD'UUIJW Riwmwft
@s)eot‘;ft&tahn (SR¢) dweument (-‘Lwﬁnrl progect Pﬁwmmﬁ

COCOMO e !
Consbiaetine Cost Estimation Medsl was propesed by

ok Pwd‘f& con be O,Mbiﬂc‘? wlo ~ne gb e beuﬁgi%d:lﬁee |
chanocttalics 1 baxed on te thpmzmt Compirct -Ofﬁm‘ﬂ;
semideladvd, ond embeddad . |
Boebm's dﬁb&‘h'&ﬁ'ﬂw of eraewufcj somiditachud and emleddd
Mi-*&nw are elabovolzd below. t
anLe v Pm}ﬁ&i deal with dﬂu&ﬂopfvm} o well - wndwretood !

. [)Ucahm pregYam, tne A0y C‘rb am, » Amall and e dm%»
Q%Peﬁﬁntcd- |

Gemidetached + the taamy consishs of o mixfunc of experionced

and facwporiencd Malk.
Embedded + Hu 2w bebnﬁ deuneleped L A’c«‘mwﬁhj eoupled Lo

eomem hfw.
Pochim providn difloonk 2ely of exprowiony to predict

Bne Q%@Tt and dguibﬁprmml Bq;wm hhcmi?w AE; thiwﬂimw(}fum
in KLoC (Kilo Lino of Seuree Code) . One pavson-month (PM)
3t Qﬁ}eﬂ, an fndividuel can D"d{”m“'d put ¢n o monkh .

Aecordiva Yo Boelwn, 8w cort estimalion sheuld be
dont ﬂmm?(% tlvvee )at(}%@'- Paric Cocomo, Tndevmediale
COCOMD , and Comphﬁ COCOMD -

{
|

?x\ntd Boebm t95l),  Poehm kPo;t,Mfﬁ Haal any Sjw ‘%W"L”Pé'
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|

%iuan bﬂ the &.’U[ﬂﬁuﬂﬂﬂ expy EASLOMA

.bo-{ Qﬁimaﬁxma e MPM M b(lhﬁﬁ' oV Hq_g e]cbcvrt GT’Q;

1. Basic CoCoMo M

of, the project paramelors. The banic Cocomo extimalion moc{dh;
Etfort = a, x (Kloc'*  pw |

Tdev = b1 % CEkbﬂYt')bl menblu |

wWhere ) |
Kloe o the wx’timahd Mﬁa ah the S[w p"ro&n.lct E’Dt,p’de :
Ay, Ay, bi,by ave constoanbs [«)m’ each cole cry @E S fwo producly
T E.b Urwt&cﬂi“ma{id Loww Lo dwbpmgwb;exmmd inmnifsl
Ehtevt © 0 requingd o duvelsp Hae ¢fw product |
bjﬁeeqmwd n pew%n%n&%;o P : P |
Acmﬂﬁv\ﬂ to Boelm, euery e Gl} sowiee Leatk Aowld |

be caleulalid as one Loc Drvespedive o H odia) number of

fonbu o en thak Lone. T, _L{) a Jsinﬂﬂa frobuction Apany |

|
’r
'r

peueral Law it L comidewd Lo be nloc.

Pelirnalion of danelopment eb%o'rt - |
Fos the thvee clames of o[w produchs, He %orm,t,dm BO'I |
QﬁCmoﬁmﬂ fire elfert baned en th eode Alze are thowe below - |
orqanic : Efert = 7.4 (RLpe)' 5 oM |
derci. detatd: Efport = 3-0 (KLoO? P |
Embedded  Effort = 36 CkLo)' X0 P |
Ectimalion o} douelopmont Lime + l
For the borce clames of Sfw preduch, e Eowmicu)

%fwm belpw
O ﬂa,nﬂc * Tdey = 9.6 (Eﬁmt 1038 months
Gemi- detachud * Tday = 25 CEjfert®>”  montins
Embedded * Tdeu =395 CEkbmt)o'” mentiy

It b iogortant to rok that b offert and duradiod
sl madiovs obtained wing Hae cocomo medel ane called e
normal Q%b«or’{: otimate and Hae vieymal duration eslimale

The ‘oa;;ic, CotOMO modu! %i.wax an a,pp’a"mdmaﬁ Qrgb‘mata_



Exa amgple Assume that the &gra OE an oarraa,vuc hﬂm S’//w Product
'has been estimalid to be 32 DOO IEney c»E Aource code . Ascume that
e Fanemd (auevage) c% S engineers dy Ry. 18000 per membh. Delor-
mine the eﬁ%m‘t vequued Lo uil,qo the ojw preduct and b
‘nominal clmdmpmwnj;w

ISol + From the barie CoOCOMO thmaﬁm [smrmda bmf Ofﬁamfc SIAJJ;
| Effort = 2.4 x(32)"° = q) py |

Nominal dLLLEJrW/r\i Time = 2.5 x (9)°2% = 14 monthn
Cost qu}umd ko c\mﬂ@p the preduet =1l ¥ 1500 = R, 216,000

|
\Mf“w
VO S

Te Baria Cocomo mcda,b awumey that e MW dﬁmlmp‘

;W“t Towme ave %Lmtttm 01) procLuct A3e a The irdoy- |
L mediale cocomo medel Hece mg}m Haw %act and r tney the

\imhal etimale obtafned b the banle cocoMo empmwm
| ng a M’tot 15 cort cbmenA Call Phu} based on vanrt

_l a&mbuﬁu 8w cﬂmdopmmt Beehm vequanes ﬂ*u mﬁg(‘ck |
| mQLWCt?{Q}u ’fo vale the 16 ch%ﬁtﬂwt avamclers fera par Lcuirw
pqocf on o Acale @{5 one Yo Hnree. Thm depencli nﬂ — ‘
| % Sy M%?M,E @PPTCPY‘CLE eost chluey \/\Qlum MLLFfwﬁl
'Uh the frudeal eixtmajl obtained UJétna fle barie cocomo. 1n |
geneval, fo copt drivere can be cimbmd ® bemg albii butu‘
!c;“jm bcﬂmmnﬁ ey |
_Paodud: - The characlorieties ot e pTOdutt that ame comi - |
(doud dnclude the inhorent complewily ef the produe, relia - |
bhug fequm,qrmwtﬁ U|5 Hne product, ete.

Qom{uxﬁx te eeeutuim &Péed 'mqpm;) &tc*raugz Apace

e'ce,

Pewgonnd the experience Lunl e b peveonnel programmivy
capabilly | avm_Ly,u odo,ULg

De udnpn'wnt Enumm*mﬂmt Capﬂhw Hre deneloprmant
ladlito available ko the dwﬂspws




@ .9

8 Conplils CricOD

# The eompwi cocomo medel comniders b dibbWNJ
in the charaderistio o Fee mbgtjﬁwu and obimales the |
%%mt ard deudopmont fime as e Sum of the extionales fev
| e fndividual mlwbw. The cost of each mg%ﬁm i

- ostimated Mpmaﬁlﬁ . v approach veduces e marging of
|ervor tn e bfmﬁ ovtemals.

| Lot wy comider the MIS deuelspmondt (E@éect w an
L Q’-)(LW{\{?J.Q G_PPLIQL\L,UY) Cr'b tlne Cﬂm{?lﬂl cocomo medel . Acﬂigl:nbutd
' Mawage monk 1:J¥mm Qe produsch fer an organizalio
| seuayal p acyeys Hhe omml?\ﬂ can hawe

» Graphical User Irtevface (GUT) part |
o Cgmﬂumlcdhm Pourtt -

|

b e L

| JIALSTEAD S SOFTWARE SCENCE - AN ANALYTICAL
ITECHNIQUE

5 Halstead Sobhum Jelence 1 an cmnhﬂa.ml Tech-
nique fo meanture Afse , dewelopment effert , and develsprunt
cort of sw produch. Halstiad wed o jew primibise progvam
Pcmmmlm te dﬂ)—ﬁhﬁp toe expremtons 1567 Hve cuoyall pregram
lmfjﬁ;), Pcﬁv&ic& minimum velume , adual velwme, Lcm%uagz
lowel, Qb%\wt and M&Pmmt e .

M)y be e no. uyﬁq/up,- o{;mkoﬁ wed fn Hhe pmgﬂ‘r@m.

Ny be the no. of Unique op!emmcb wed v the pregram.
o Ny be the tetad no. @P%mﬁws wied i:ﬁ the progvam.
« Nq be b total no. @pamv\fh uned I the moamm.
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A label b comidend to be an operater, iy ik 1 wned
on the Tamad 045& Goto salsmaont . The combhuicly E-kmﬂwn.._
e .. end‘ik and a whilt ... do are Pualid }lfnah e[xmﬁoﬂ.
A Aquence opﬂﬁ’atm';q o Bealtd oo &Fnﬂb oPerchoz’
proimﬁ and C‘}pmomc{/s kol;tf_u; ANGS| Ci_gﬁ%(.&ﬁfm:
The kcfl.cu.tinj A o wac}m{ld Leet of opevalors ber the

ANGI C ng-uage !
(Leg->% 4 144+ ——/ 7 €& 55 < > g=5>= 1= == &A
b g ' = %= /= $+= —= «= %= : 3 2 ( CASE DEPAULT

{
TF ELSE SWITCH WHILE Do FOR GOTO BREAK CONTINUE

RETURN ete.,

@pemml/s ave thete variablyy and comtamb which are
wed  with @Pemtorg in expremions. The kuw’ii_cm name in a
k\md‘mq ngGndIm o net cocnded av an @pjamﬁor.
E\u;jca%h ond WL&&H 4
The ﬂancaf:h c} the program q/ua,v{L‘kiEA the tolal wage
cfl)aﬂ @[)QYEJZOYS and C’P-&YGJV\dJ“i“ The W@ﬂmm, M}Mﬁ%
N-= Ny+ Ny, Haslrad's ch\]fn&i'em of e hmg)c% e}, thu progvan
‘s He Fotal umber o} oPQ‘ra}:mg ?SC‘N&;\L( O.E:’fﬁb with the |
iEVMW notion ka e p‘.(@amm ﬁnw& ay the telal nundser
|@£ tokons wned In the prograim . |
| The program UDCC\])UJ%.Q Hhe numbsey o’ﬁ Lmiq}m
'OPQ“{QgCoTE and cpvands wed In pregram - Taaws, pregvam
Vom}wlow‘ld N="MNg+Ng
Program Velume

The ﬂnwiﬁn @-L a preg ram chpﬂmb en the ehoice o-h the

cPo_"( abeve and C-FQTG,V\CM whed . M, while Qrkpre)ggfnﬂ Pmamm

|
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,&E}Q‘, the p'rogmmm‘t hv%;a%& wed munt be takan ino
cornidavaliion . Leb v bo wnduretand Hee fmﬁooa”[wyd{, edea
anderlying the fllauing exprowion

V=N 163272
Plunkial Minkmum Velume,

i i i i —
WWW—W‘- e

The pcrEnh‘al RSt attaaiting velume VE T dmb{’ma

o Hne \feb,\mz @t the mest Aucaink progyam tn which a
problem ean be coded. The mivimum velume i obtained
whan the p‘roamm can be erpmmc] ugzn% a ),m%ﬁﬂ R EUYCL
eode b, T, 4 an algorithm opzmim on tnpub
&Y)C}? C‘-\'«w (i&hi dl,dl; """ dn, e medt Auceint P-{Oﬂram
wowld be £(di da, - dp); -‘Bczr which Ny-=2, ?’zzzq.TmmEen
V¥ = (2+72) 153,_ C2+7,).
Efjectand Tine ~

Tre ellert vequined to develsp a programy can be
pbtaived by mﬂw‘amm&m vd:fm E‘J Jouel Okrtm
programming ,Qm\aum%a ned fo deuelep the code 'Thu,a,@%o |
E=V/, whe £ 4 Hoe uomber of movital dibeviminations
yequuned fo i’m{;lmwfi the pmﬂmm and abo 1he eHjo'rt re -
quind to vead and wndsyetand e program. T, the |

pmﬂmmrr&n% %owt E:vl/w ($ince L=V*/v)

The pro Yownmaey's hm&, V= E/S, whove § 0 fhe |
&F@ed @L mavital f@m“wﬁnaim. The \mﬁm o% S ha been Qmpiﬁi
vically duoleped from  poyel eligleal rmorxi%nd b
yecommmdid value bm pmﬂwamminﬂ_ apph'.ca, o B g,
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| Length Estimalion

|
l Halwtead wﬁ%wh a way ko dnb,wﬁ'm, $he QML%&% oi‘ a
i_

| program uhhbmg the number of unique o}:aemtofs and oPe.vcmdAfe
.e wxeg in the pregram. Usfnﬁ iy methed , the progvam pcwarrmth?

i&uch an Qm;dth, velume , et e{)—-lsmt , ete, can be debeymined |

ewn be,lﬁcm e atart @'k any p:‘ocdmmming activily.
| EfK&mF[ﬂ Prﬂ ~.
| Lot ws cormicder bhe kaumuq ¢ Pmﬂmm.

maun ¢)

i

Ink a,b,¢,0nq ;
scanf(“f.d 7d o.d ", &a, &b, &C);
ag = (a+b+e) [3

% p%’fﬂt{i(‘“a\)ﬂ 5 /dq,aﬂﬁ > :

The wnique opevatere aue :
m{}iﬁ,C), ia: EY\t’ SCCU(\)G‘ & russjq ;9:9+1 /9 P!'erUD |
The unique eperands are |
a,bc, #a, Ub, 4, atb+C,oug , 3, 1.d+/.dld ,avg = td
Thmnbev@, 9y 2 [L, Ay =l
 Estimaled Length = (12 % log12 +11x %r}m
= (19%3.5% +11%3-45)
= 4% +38
ol
Volume = Length x L@ﬁ (23)
-2 @l % .52 = B66.

i
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Progect Senepvning

WMAASAA s e A e A T s T

plamnlﬂa C’Lttl'\fzbj_- 1t faweloey dretding wivch tasks weuld be |
taken wp when . o ovder fo schedule ‘k?xa p}’bdltr ac.h‘u{m_'e, a |
S}uo PTOJ}LE' Mewnagey needs to do b E@Ualunﬂ :
L. 'L&nr&ﬁh al) the favks needed 1o Comphte L pm(}ecf . |
9. Break down Qaw-(ﬁ_c Lewks fato small adivilios | |
3. Ddloymine the clc.pmolﬂnaﬁ ameng diktmmt aitpotliey 1
h. Eetablich the most 1}\‘&&, el naten {jmf the Time duvation mcemﬂj
to comphh the acivikin . |
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Cawtomer beliees mythy gbout ¢fw becawse gfw mavagers and |
praditiones do 1:& to corvect m,i,afnbefmaﬁm- Myfts Leads to
| kahe, mpumhm and ultimately .c{i’smhgbad{im with the developer

EMH'H)S s A %um-mf salerunt crjj ob{}tcﬁ'»e& NS Mfﬁ;hrb:’deni to

| begfn w-r'iﬂﬁﬂﬂ preq voms — We can E(ﬂ in the details s
Rmnlbj C It b bue tha 9w Y'ecbmmﬁn{ts Chowge , bub Hhe lm{mt
| vartes with the Biwe ot which 3t 1 infroduced . 4 fomal
1 the fn%ormat'm domain, buwdlﬁm, be -|
ath dm‘gn corwtraints, and validalion

6} cha
‘avd dstailed olmw?;pﬁcm ¢

hawter, Pe-rkofrmma, Iv\l}ﬂi
lm[xﬁ,ﬁo B everilial. |
?Math 6 Prc j'rc% Tﬂqxﬂm.mkwh c,q:-r{ﬁimg chxwg;z, but ctf«am?p
| can be eaxly accommodalid becarue §fw i Henible. |

mej—g C T bue thal gjw P'm‘}ed Te([_m/lﬂ‘r‘mmts C.t‘l’ﬂ,gn.b\au?_ |
change. 1| seriows alfentiog @ giuen 1o up- pront dﬂ%fmlxm,emb}-j'
wequnhs hDY C.hcuv\%( can be accormmodaled easdy- .

3. Pradulienay's Myth + Myths that ave Aall beliewed by $fw
pracdiBoners bave been oxtoved by Bo years o} P*fﬂmmmfng-
Candlue. Duﬁnﬂ e ean olcud)s ol Sjw pre ramming was Viewed
a an art ferm. old ways and allitudo die bard. |
MythT : Once we wril the program and %et.‘iJ: be werk , owr job |

i done .
Realily - Bebuseen 6 to o poveent 06 all eﬁhc:’c expended &n Shw

will be  expended oftw ik u deliwened to the customer hm the
bf_ﬂt'm
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Muth & © Unld 9 act the pregram “running” 1 hawe e way o
Rgaujj 8w vevdaws ave a'qu&mgj Aoy * that hawe boeen k"““d
to be more ka%[iw than Qvimﬁ tm E«‘ﬂfﬂg artain dases ¢t clw.
cﬁ&-huts- 5
Myth 9+ The enly deltwevable work predacet tm o succewpul |
P'ro&ut W the w-mk‘{nﬂ program. |
ijjhj L A wmkfna Pwamm A cmhd pm’c ot a S/w C.Dm%fgumtﬁm
thal tncdudw many eloments - |
Mtﬁh 0 s[w E“ﬂ‘a will hake w eveale valwnminous and un- |
necosary docurmontedion and im)mff(\utj Mow w deown.

Realilyy 3w Engg- net abeud cmximj docurrents . 1t b aboud
CTQcﬂLma qualily. Betfer qualily leads Lo veduced vewesk. And
yeduwd work yewdl 1o tcw&w deltvery Tomas.

REQUIREMENTS GATHERING & ANALYSIS

WWWWW

&.nmﬁ.té.m adovily blﬁ c@ﬁﬂcﬁma all Im}é;ma’t\'m b m the curto - ]|
mor which could be wed to deude T'Gq,mflf/mmh @t fe |

/%%ﬂ;hm. Thew Cﬁmhd%cq Hre colloctd Enbcrrmoiim fo cbtain Cidfﬂm’f

and ‘Unowug‘n undmstancﬁnﬁ @E the p’rodut,t to be dﬁi)-dOPCC'r
with a view to wmou*inﬂ all ambiquilics and incomistencies frem
Y frdal eustemey Pechlohém C*L tzuz P)'ob[zm.

Requiements gathaving » Toia ackevily dypically inveloes dvier-
vleuﬁvua the end- waers and coatoners and }Lidnjfn_ tihe enxists
docwmands to collict alt possible in%ormcﬁim 'reaavdjmﬁ (e W@w@

Howeney, 40 fhe absence Oh a wcz’kfnﬁ Atj-\«tzm;, much anere Em@ﬁ{#

nalion and @’chf\ffhj onthe pant of The zs(dsﬁvw anaﬂ-jsti; requintd.

The anoﬁ)j-&t sarly the vequine monty alihnrfma and




<
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|
! Analyss o} gathored vequiremunts - The main puspese of thi
acﬁiuili\j @ to dmnbﬂ wndersland  fthe exact requivenmonts of the
costomay,  The oﬁowfng bante (Lm»}[tmx Pe-ﬂafnf.ac(} IOMD%TOJ«QIZ'
Ahowdd be clearty vnderdteod btd He ayulﬂ% 0 eyder to obtaina
qeed grasp of the prcblom.
e Wht b o Pmblzm?
o Why b ik dmportant to aelve the preblam?
. What axe the pessilele seladions 2
. What oxad input, eutput dafa vequired ?
o Whal o the Lhke comPQﬂ mhm(’
o What e"m.cﬂﬁ weuld e dala Inﬁvcham(d_ﬂ bowmab ]
The onblnrm o‘ﬁ avomaliss mnomalies ¢
Q. Anomaﬁ)j + An amb??,tﬂhj in the yequirement . |
b. 1H(Dr\,\;\)yt€n(_ld 3 mirab\t arise {n the precn conbuol apptt(c\tm
C. 11!'}(_!:.[11‘?[@&%% - Some ¢} the vequiemants hae ouevloched.

SorTWARE REQUIREMENTS SPECIFICATION (SRS)

The SRS detument L\Aualb.d confaing all bthe wer |
yequiremands in an infermal borm. Wiitfng the SRS decument |

D tm% vk . The veasen behind ds SRS decument iy em.PQ.LM 1o
Cati”( to the needy ﬁ‘g Qa W{dﬂ VQTZQ@ (_“1) audionce . Some oﬁ tHhe
irport ank cﬂﬁac.ﬁ% of wwers o} the ¢RS docuvment and thelt
needs axe a tfrﬂfw&

‘a. Userg, cuntomers, and maxkﬂw personnal - The cam&olb .Hm |
sel. e{) andsonce 1 to ensure thal e A&p&m widl meet Moy nedsy

b Sfw developers - The /w devdlopers a’ebm to the SR¢ docomont

" to make awe that thai cﬁmﬁlep exacly whal 4 requuwd bldth;z

i automey. |

C. Test En%'inﬂms - Ty ﬂoal w Lo enture thal the yequiremeriy

wndey dandalble I-ftem o bmtﬁff()ahh; Pofnt Oh view , 26 tHaat ‘fﬂmj
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I
%
|
|
|

|
el

{.

|
|

Ie‘r\cucyﬂ to be able to wrtle Hae wevs’ manuals |

con it The Sfw and and validake s wmkingi

User decwmentolion wriline - Thgisn ﬂoaﬁ b W yoading Hae SRS
docurmmkb 4 Yo evnare thal Hf\ﬂ‘j LU«’@MSTand tne dﬂ‘.cuwfnt L\,LCU

Prc}zci’ MaNagers - T[aﬂud wank to ervre Haok Mmd can exlimale
He cott ecmiLj b'(j w_[jawfna to the 2r¢ doctmont cmd) thal <t on-|
talny all B Inbmmaﬁ‘m Tequinad to pﬁaun e pT@(fed wel]
Mainlenanc en%iﬂw@ = The SRS doanrnemt hulps He matnfenane
Em?fmnﬂ”g to underetand ti Bmcmml;hj L\E He ,g(r,}@m'_ The tequune ,:
\mmh wam{adﬂt Ww mtl(‘a P_V\CLl‘flﬂ U/\ﬂ.m ﬁo arlyrmeng. meda EJ"'CQIL_‘QMA. %
Conlemls crb fhe SRS Documenmt - |

An SRe docunamt #hould c,lic.th Adoument the boUmujﬂﬁ.;
axpecs of a M&mm '-
« Fundltomal Tﬁqum.mﬂﬂt&

. Nenkundional requiemenks
« Goals of irplementaion

_ Sldﬁtim _‘;%

The fundiona) vequeinemints part should diseuns bhe functi-
onallio requined BLDT‘D Hhe &\j&&m’- Each E&mcﬁﬁm Gr% the &t&,%tﬁm Cfl)'
cfy the Mfrstam can be conmidvwd ay a f;mmn{jormaﬁm of a et ﬂ) |

3 daln (1) to He cc-ﬂekrpondi sk o) culput dala OO« The |
k:f:[fmol TROUNL A 0% Hne &ﬁm mctdﬂiflmnﬁd in the SR ‘

dowment Hnould clonly doscrtbe eack Buwciwr) which the &LJ&GWU [
would Aupport @Lmﬂ with the C.@we),f:owdfng fnput and cutput |

Input

H




IRACEABLLITY

Trawabduly means that b weuld be Posgﬁbl.e Fo U
which dﬁb:tgﬂ mm.mmﬁ covrerponds To which "req}x'mwﬂ,w(/u‘clﬂ
code cc-wc)apon@h To which clm&dn comporunt, and wluch tert
Ccone wwmpond» te which vequitermemt, ete. Tracaabildy ce.mlgm
L an Iwoftcmi cm&cpt ana B uned du-'rfﬂﬂ wa Ao -
feprnond . A baste requitement Yo adniene trawabiclily iy thet
Q&Mﬂ chional vequinermerit Ahould be thﬁiﬁ]@ Lwﬁﬁﬂhf and
covirtenlly . Broper numbeu the vequine makes
possible to miqﬁlﬂ. sefor tg\a,spitezbfe vequitemnerls in differont
docunonis

’%RA(LT TICS ) SRS DOCUMENT
| The chamadwvishiar and the akill @t wﬁﬁlrﬁ a ge0d |
epe documend ustially come kmm Hae experience gadind Bh |
wﬁw’«? similay documunls Bc'r many problmy. Howeuer, the
a Aoculd be awane of the dosiralle qpalilin that overy gmd
5% docurnert sheuld posers. Sone o} e Mﬁy{ﬂx‘blzd dovtraldle
| quolilis o} the 8RS documunts are the lsaﬁmu»’g
Concm- The ¢RS documunt sheudd be concite and ab the
Raume I tnambt , Convistont |, and Qompf.e,[a . Verbose ang
iyvelovant MCWEPEMu yeqdﬂb'dﬂ,g ard alio increase enoy
posstbiliies .

Strudured: The srg documont shsuld be well - sburebuned. A
well sbwdwed docwment i eary to underdtand and modify-
In pm_dice, the 2RS dowmerit undevgoes Reweval rauislona
to cope with the wutemar vequinermens. Offen, bhe ctemer
voquinemends evelve cuey a peried o Time - Trurefere, in ordoy
to make the modib"caﬂm to the SRS documant eany, 3k b 1mpot
start Fo make the documemt well -Aw dined .

Black- box Viw = The sps dowment should 4pecify the




Coxfivnal  behawter O‘B the Mﬂﬂ/tcﬁr“w and net diccuns the fmaem" :
it Tt sheuld view the systim fo be deubleped ay @ black bo,
L and Mapuld Ape_dbﬂ the ewd&.nmoﬂltd vieible behawor @15 the &%-%{ém.
' For His veason. the SRS decument & also called the black-box
_%po_dklmﬂm c*h a Ww.

CO”“PMTL@ " The SRS dewumunt should Chamc.fwféz

QLC.QPE!MQ rexpornes to undonred enenls. These are called &é;/b_m
veporves Lo encoplional cordafiony .

Response to undasired evenb + The s Anoumart should oxlibit
inﬁgrfﬂj 10 fhal the reader can carily anderstand the conlenls.
:\_/g_ﬁhh_;_j-"[l AL requinermunty ef Hre &(gﬁam @ dowwmemled in |
the SRS document should be werifiable’ This rmaans that ik Ahould
be possible to Qeformine whether or not req,uw’,nwnﬁ have been :
et In an mebmriahm ‘qu)mmw weh oy “the ,g,%;}blm i
Ahowld be uner Eziemlhd' are not wveripalle. On the other hand,
“whee Hae name of He book » enderved, the ofw shoudd eﬁwpﬁmj\
e Localion e} e book, i the beok b available’, is verifjable.”|
My fealive o the vequing ssli Hood i vt vertabd sheuld
| bemdhgﬁd A{Pa,mﬁﬁﬁ in the ‘8oabs of the umplomeritadion ” seclion o
Hre SRS decumend. |
‘Examples 6} Bad SRS Docwmemhs -

sng doemant writley bxd pra&tﬁamﬂ e fﬂ({,LUYtQLf

\and b}j Mudinb @ clansreom exercisen, bmqmnﬂﬂ /mbbw it
a V‘&ﬁ%tj e preblemy . Seme o the important mﬁaovf@ ol

_!pmb[mv, That oy SRS decsmenls m&ev };’wm are ax Eﬁlﬂwfﬁf

» Dwoy ’:;F@cig’co_[ww

¢ Forward yolovoncos

e w,'g[nub4,d ﬂr&.nMng
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IEEE 830 %umaumas

VY L i WP

e HeﬂP S{w o.u;iomﬂfrs ‘to accum.[c[ﬂ dimc'rfbe bufnaf ij w:U}bJ foobfa‘

* Help 8w suppliers Yo undorstond exadtly whal the curtomer wanks.
o H@lP pafﬁupcmh To =
¢ De\!elep a Empgaﬁ (format and confonl) {er the S requiremomt
%PQG.ECQI{M) (SRS) in thovw eon oraav&(_z) o) .
* Develgp addilumal documembs guckh an spg qualily chock Lish
of an SRS Wit \handbeok -
« Batablich Y barus %e'x agreermunt befueen Hhe customor and the
suppliers en what Ha Yw product s fo do -
« Reduee tihe C&mlﬁpmm\t QHjort-

N .

B TE I requovemenky eaily
* Reducer ladpn mdmign, recoding and wjistwﬁ

* Povide o bae kﬁ realistic extimats oﬁ costs and Aehedules
o Provide o baris bc-r validalion ad \mi{fcﬂﬁiﬂn |
* Factlikale trowbu o}t Sw product to new wers or

N machine |

e oy ay a bau b@fi enhance mont mqpfll)ﬁs. ‘

—_— ‘
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RepresENTING Compley REQUIREMENTS USING
?
| A simph Lok dl%cﬁ[ﬁ(cm, N Coner whare nompfm
condiione weuld hawe to be cheched and loma,z yuum ber 0{5
Lalburnafives rru'iﬂl/\l exink, weuld be di%imli to c,n:m{)mlzwmlaxd
lamahwﬁ In auch a hdllahm a deciston e or o decirion

' Decision TABLES & DECISION TREES i

?t&b\i can be wed to TQP!QM- Yhe ].t?le and Pm(gmfnﬁ Srwelued '.
| There ave fwe main Tedwuquues avarlable To @nﬁﬂﬁggi

-_Ond Tepmmt complw Pmu.wfn? Qogic . dacision buaoy and decieian
©

Aables . Onee Fhe decision- making legic iy caplined in the e o} |
tﬁmmmb,mmtmwtovmwmguﬁcmn be |
| . |
Gu't@maixcaﬁxd Mained . For Drwtance , dedision e and
\dociglon ooy EHA QPPU calioys  in ﬁhtcmﬁﬂiﬂﬂ ‘ﬁ/uo-ﬂj and

5§Luittﬂwinfd Hum'j
Decision Tree 1
| A dacteiom Toce ?}Eu\zb a (am?wc wow c}b Hne Pmté—-
ming .chaic welued 10 decdston ma.bfin? and Tthe wTY%forﬂiVlg;
ooy Yakan . Dedision Falle &fedm uhich vartables are to be
;hﬂm, and baxed on His what achiery 1 fo be Jaken dﬂpcmcﬂing
upen the outcome ol the daciston- m“iv‘ﬁ loﬁic, and the ovder
in which decicion m\dnﬂ A1) Parrbmrmd. |
| The edqgey OL a decision fhae ygmwmi cendilzons and,
!ﬂf\e hﬁ% nodty vepresent Hoo aciow to be pe’rbwmﬁ.d dﬂp@rr&[mﬁ
on the culcome of ﬁwh«\.& the condition. Trulad of &fgm&?nﬁ;
It w wndersland Hmc.ma% bdew emmﬁ;: [
o - A Libramy NMembershup S wre CLIMS) aheuld
);U\P;(:fliﬂ fle %Mﬂfi% thee @pm:f‘- mn&;&v, renauval ond |
cancel mmbwﬁ‘mp When Hne “view mmlw{"@ﬁm w Aehechd.

"




o
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the 9/u) Maowld ark bOT the mombrey's Y\CL;\Q: add’mjp} and Phor\g
by 1% PT@[}QY ir%ormah}m V5 Qnﬁiﬁ’ﬂd,“ Hre S',fw }JWCTLLM
oveas o momberehip record e the new membier and print
a bl for the annual membserehip charge and the securihy |
&@m&lmwﬂ%.lgﬂmﬁmmmmf@ﬂwniadw«ﬂ,ﬂmLMg |
theuld ank lﬁm fag momber’s name and the momberchip rumbr.
Ik ¥ro rombore ditals enfored ave valid, bhen the memberchip
oxpimy dale fn e memberchip recerd sheuld be upcmhd and |
Hoe cmn,ch mnmlmghxp cﬁtaib onfoved are imraﬂ,id,an eoni
mesaq Mhould be disp]n%td. 1’6 Hoe ‘cancd memlserehip” opﬁ.'mf
» rlectid and the name @E the valid memley & entered, then
the mumberchip & cancellid , o dheque bm tHie balance ameunt |
due ot membey PYfﬂM and ho nmmlmzlup veeord W

I &J&M . New Member Ask fer members name, address, and phone
| | number create memberghip record

Print bill

| Renewal Ack for memberchip delails

| Upi:laf efr:;} ry e&agp

| Yes Print bill

| Valid gelection?

| No |Cancel Memberchip Ack Lor mumbership delails
Pelele rmembership record

Print cheque

D."gphﬁd Qrvor message

Ffa: Decigion tyee ﬁor LMS
Decision Table -
A decigion fablo #hows B doefsion mahnﬂ ﬁugfc and the
C_DTYE)%POY\CUNJ adiovy Jaken in a tabular or realnion ‘)@rm. The upper
oS Hae t&l}jﬂ iypﬁtf.bd e Vcwfaj}lab (> COVld,waYU to be epalualid
and e Lowey vews &PQtfb(d Ha acliovs Yo be faken whun aw
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evalualin ot 1 galis hild‘ :

Pvebkﬂm 0 o kO{L’fU)f‘—

A celumn in the fable i called a

wde . A vole Implins Hhat jbcx condilion b Bue, Hin the covves-
Pondiml oclin b o be exeeded . The deeseten fobde kw Hae LMS

i
]n
r
|

C.oNDITIONS
Valid selecliiem NO  YES VYES VYES
- New memlsens - YES NO NO
~ Renewal - No YES No
Cancellalien B No No Vs
Actions
‘Display ervey message ¢
~Ask fev members name ete. X
Bulld customen recovd X
Generale bil) X ¥
Adk fer mambership details X ¥
| Updale expiry dake %
L Pint cheque X
| Delely, recovd X
i Even ’[hcm%!n both decision fablys and dectelen Bues cap |

ibe wed to veprerent com.pui‘)( prsgram Uffﬂ, docision Toeas e Cosdert
the number of condilivn are gmall. |

.Iﬁo vead and undevstand  wen
On the othey hand, a deedston

ok, A Aeclolen Tree b mere

esecndion .

Mcmuu w Q

euary pe%@ihla combinalion 6{3 condilions whicth he mi

1o Qﬂ(}'ﬂ\ al |
m%ﬁoffawm |
ina sduabion wiere multiloud
docision maﬁnﬁ B vequind. Deciston By can reproent pulkifougl
| docision ma)min% -‘ni‘.emrchicﬂﬂnj, whevees deetoion faddes canp CMQ.U(
veproent a }in?h decislon to seloct b oppmpffaﬂ adion k@v
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OV ERVIEW OF FormaL System Dev ELOPMENT TECHNIQUES

In vecnt Yeanrs | bermal Lchniques have emaraed as a
icenm RISTITIRT 4 S(JUO en ‘mwfng- This 1 not accsduntal 5 Hre imfor-
;tmm eL PYuENz J&Peubi o) mocMInﬂ and MQbeZCaIim 1 x’emg«y\fbecp o
| most en?i’mmlna disapling. Foimal metteds proyide ws with toshs o

precisdly desertbe a syslimy and shew that o yflew i correclly imph |
Crondd - The gpg_ak‘mj]m ojﬁ a &td/sﬁwu can be %n"um oither an a fub c}][

| 3 Aonrabsle Pﬂzpevbm o a» on abostradt medd ck Hre Mpﬁw There

Bwe approachey are dis cuwed, wsill himi Wﬂ% korme impoﬁwrii
| conapls in bm'maﬁ matleds, and then examive Mo movils and de- |
o ot Luimg E@rmaﬁ fechwiquay . |

(Whal 1 a Fermal Tedwique - A fermal bd/w\iqm 0 a mathemalial
methed uwd to - %Pedw a quw and/or o 8fw Ayslomy .The malifnerm,tml
Ibam oiﬁ kbrmcd metlhed L vafchd ol r&P(?cfblmfim lqngu&g,e. |
More J’)Teaisehd, Q kmmoﬂ Apeubi’caiwn ey @45 fisa &eho{
'537\ and sem, and a vdaliv sal bebueen them . The et yn U Agnlac -
e demain, Yhe sl gem i called e semante domain , and the x:%{aﬁ}'m_
Al 0 called e A&ﬁujﬁmﬁm velalion. For aaiuﬁ\n 5p€d€mhm Abln,ouf‘d |
modal of to dgdem 2em, 34 ok, then Ayn s soid 4o be Hoo Apeci |alion
c'lﬁ ®m, and aem 1 Aaid Lo be the &pe:t?ifumd crt Myn. :
| The difint stages in the sptorn dwvelspmont activiky are |
| requuinementy WQHSEWWHMQM@%%, arehnitectinal clﬁigﬂ, :
;ddcﬁ.ha‘ épﬁﬂm C_@Jﬁimﬂ, irnplemetaltion, ofe. 1, gencral, Lermal felwiguos
*mbwddwmﬁh{a?eo%ﬁwwwwepmmt&&fﬁ : :
Semantic Domarnt © Fermal 'thJ/\V\qu.LM con have di Ifmnt &QWV\%C T
]chmaiy\b Abetract daka D%pﬂ Ape.tihfmhm nuages aire uxed to &wa!
i alrdfb i, theories, and pregramy. vaammwurﬂ agel are uned to |

:gpectbnﬂ' bxmc:twm Blc"m input o ovffpui values.
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e A e i e

SynLaclic dw - The Ugplaiti dowals c&h o gmmoJ Apedbfmtw
e covub3 oF an alplhabet mbels an M@% rmalion
:?ﬁ:*i?‘ T futaﬁl— %orma_d bOTﬁLﬁA Bicrm the oldaabbjt . The

well - kmrmd EOTmlLQﬂ.b ave wyed to &Pe(‘iw aMd%hzw.

(_E’_GELBQM » 1t » deber mined b\d wing o homomerplism lenewn
o semanlic abstraclion bumﬂlfm. Trare can be Cuk%mv\t Apedbfcatwu
dﬂ‘ﬁbmw anpechs O{s o A"j'i‘l"w paodal poselbly ummﬂ dikﬁwmt
Aped { eal o) .

: MOCBE}[ Vs PWPﬁ‘ltﬂ‘ Orlentd Metheds = Foypa methods are waually
clamihed anto ﬂ]ﬂ‘e bread mﬁgor[u— model -ertenkd and Pmd}q,rljy_ :
ortenlzd apprvaches. Tn a medel - oytentd ,‘i??fj il cﬁﬂbfmu g |

&.Xshzm behawior (ﬁfﬂtuy bld C@n&ﬂ.u(ﬂl’mﬁ a mods) (y% tHno MWEVW in i
tormy eE the matumatical ahuchivg pach oy ﬂILplu, reiﬂiﬂm,btmcﬁla%
aely fequuny, ete. Tn t Pmpﬂw@acﬁenw )&Ej/(,ﬁ, the )l,%ﬂgm’g bela-
V{OY .LL ehl{md in(ﬂifetﬂy b /St(\iwlﬁ -JJ] PTDP-QHIU, Ubuaﬁ.ﬂfj IS Hfu? '
kmm 0{5 o et cr‘s ANLOMY, [g& bﬂﬂm mut Aaﬁwh{ |

' In o moddd-erientid appreach, we weuld atart by chbfm;fff
ta bote opevaliens , p (produce) and ¢ Ccomume). Than we o stals

Thel S1+p=>5, S+c 351, Taws, He modd - ortented approaches
mcvdlfcﬂhi bpedbxj a pregramy by W‘T“fﬁk/\ﬁ anethey, Pmumabbj
/ﬁmx._?m pregYam .

5. C_Dpem.tkonai SQT‘?}_@(‘LEC_S t The oqumtimcd Agmm,\h% O!T a Iﬁbrm&j
meHhod Cﬁi\mrﬁtuh ﬂm \AMJA Ccmputa_t[m aye wpwbenﬁhﬁ- M avye
cht‘\fmﬂi po ¢ opevadional semantics acmr&irﬁ whal & moams by a

&Er\.rfxz Tun O% the Mﬁ&tzwu mﬂa‘ hou) 1lne ronh aye 8Yzm.ﬁmcﬁ ‘fegxkﬂw{ f.fo
dﬁhmﬂiloe ﬂ\g bQ[nCLl}on C?*E tf/\ﬁ Ww- Cemmm&d Luned Aemanﬁ‘c_c one
Lincar Jemovilics v a heauunte c*k awenty oy sades,

«Brandhing Semanticd : veprewnled by o divechd qraph. The viedey of Hhe
qvoph Y]ﬂ vent Hae po%smbh\m ﬁfﬂ o Qﬁw@ a A‘d"&““ﬁ

L Maﬁmiﬁq pomLUﬂ Semanties + all concuyrent acdions enalbled atmmd
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shale are amumed 1o be taken ﬁxﬂ«ﬂ/\w
* Pmtiaj or&w 5emanﬁim 1- ccmt\hn.l?z a J&hutlﬁm &\5 hﬁ\iu La&ig{j?in%
a ?mﬁal ordey yeladion among e Male of euen.

Merthi and Limitalios of Fomal Methods»

. Formal A(Peci‘, tcalions encouwrage chaom’.

+ Formal methods Mualﬂlj have a W bm.mc-lm‘ mathematical barts .
» Formal metheds hawe mll-dx‘)fmd semandces

o The matemalieal bavo of e bfbfmaﬁ methecl Wu@m aubemalin
the amlw C*% Mpeci deabiovy | y

* Foymal Apect teadions Can be exeeuted o obtaln fmmediale Bﬁ@db&tﬂt
on oo %eaﬁum t’% tne Lpedb'u& ﬂ,{j&irwu.

| Tn ancdomalic }fpe.ci‘Di’mﬁm eko b«j&'&m, te Efr‘gfrmtlﬂr
!lmrfc b ouxd o wilh Ha pre and posi—c@ndihmi ir:r\ oyaey to
ﬂ,peci\j\.h e @(}emhm\b o% e A%bwu i Hae fovm oL o . The
pre- cendalions baically captune Hhe conditiony fhhat must be
m{igk&d ‘oQ)Dme an @@rz.miim can be z‘«uctc-.%‘junlj in»c-]ﬂd. In
o, Yhe pre conditions caplune Hro requunerenby on the inpukt
pavammbfrs 015 o %nmtﬁlm- The p@ﬁt{mn&itiwu ave e condilions
Hnok munt loe mhsbnrﬁ when ‘j-maﬂiam c,omlez oo culion EM the
%um)ﬁicn Lo be convdend to hawve excented Auccmbqwxd. Thus, the
po%-(sndi'(md Qe Wnim@ﬂ e constraindy on the sl p?crﬂucnc
o fine humtim oxeadion o be connidend maensbu&.
How to dedlep an axiemalic gpecilieaion 9

The JZ}LQW the seqpemee of slapy Hnat can be
Ecumuu\ 3{2 if H Cg&uﬂﬂsp e oxiomalic &Pedbfmtiew

n al& E S ANN

?tbytc\, teh the Tcm%z Ok ;nput U&L\MUS ULy LL,L@\IL}\ tHe {,uwtuw

-
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ghould  behave covreclly. Establich the cortrainhy on the input

Pcmmmﬁhws a a p“redi cals.

g SPQLI@ a P\f‘edimf& okind %\q condilion L&Qruch runt held on
the cubput OJB Yo blwu. Imri &+ behawned mewﬂ.

o Estoblish the chanas made to the hmc’h‘m s inp

PCUT evmabw

O.E(Uf emod).'@o &\S 0 mtﬂﬂm. Puw: maﬂaﬂma,hcal mnt&w do red
Cho

nae tadw fnpul and” thoelove Hhi of amerliow 0 net
nece!gffm-\d QEFY pure bmnc[(cmlfo tﬁ@ k _.
o Conlinue c% Hu abowe inle pre and pest - conditiny ef Hie
kmd)'m.
Ei&mp\ﬁh Spedw tae pYe and p@st—mn&itum ok a {jmc,mm ﬂrnt*
by o 1ead vumbey e araument and velorns hall Hre Ln_pui' |
\raLm .00 the irqwk J1) lms facm oY ecLLuL\ to 00 4 OF é.ﬂ)se 're‘im'm
dmﬂﬂrz Hae \naluﬂ

JCC’J: : veal ) : real
g2 el

post : § (x < 100) A (f 00 =%/2)} V § (x> 100) A(fc’z);zx)f

warole 3 1 Axiomaltically epecthy a jundim named search whch
Ecd&Us Em E\’\I%ET &Tmld an af\?\e iﬁn _r% Mld Uolun_ ah Llj ‘o:raummﬁ

and velrm e dnde 10 the array where the key valug 1 prexent. |

Seawrch (X : IniAngv key : Ini'e?u) &4 v 4

pre: 3i € [Xpirst... Xlat], X (] = key |

post : f(){'[S’earcﬁCX, key)J:keﬁ) /\(szr)] |

ALGEBRMC SPECIFICATION |

Tn the o.lxgibmic S euk«@m Ed/wﬁq}M,on obJut dam or
I]jPQ D ):,:Peﬁ‘ J in loverw OE ¥e o[umh&{» omh&wg belueen Mopmihm
olined on that Jﬁpﬂ- It wan bmt bngHt tnfe preminonce bg Guttay,
i the ,gpecikfcaﬁim t% abstract dala bdpz. Al%qb]’aif ngﬁ: \F:
&zbfm a Mﬂr;ﬁ m o a heirogeneawy algbra. A h;i[m%::m'm al zbﬂm
& a celuclion ef ch%mmi on which scuveral eperaliovs are c{vn;ed.

Trad.lienal aﬂﬁ(brab are homogeneous. A homo%}tmm olgzb}- o ol

of o single sk and seuerel opralions (1, +, 5 %, /3. In contrart
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alphabelic AGJr\cas toﬁfihm with operalions ¢} contaltnaliim and levgth
(A, 1, Con, len), do net lﬁmm a homoaemcuﬁ qlﬂzbm, Ance W‘Lamngz
Ot fhe hﬂgﬂ\ OPRYOJIM A the zek (}E imﬂgﬂﬂ.

Fach st of &xdmboh wn the olﬁ{lom, in Furn, b calldd e
rort & e Q[%elom. U;Tncd ajﬁtbmic ArpecithaLmq we clnbf’mﬂm
meantng of a sel of intmbar.ﬁ procedunes by UJsEnﬂ oqalios.
An al(&ebmi’c &.Pe_.cibtmLm b wually presended 20 {Sm.w secliovy .
1. Types secdion + In this seclion , the o1ty (or e data bJP"‘b)

beiﬂa wed are apecifud. " "
9. Excoplion Geclion - This aeckion gives NAMLs exeeplional
cwdjftmﬂ that rmaw Oecy uﬂrm? cﬁb{fw\t opamfxtm are Carf:gj]

oul .

3. Synlan sechion - Thu redion djhfnu tie ﬁgﬂaﬁxw oy Ho irdor-|
foce procedures . The collechon & rels that hmm the tnpul domal‘r+
e} an opeméioy and the xort wheve the outpul b produced are |
called the A&ﬁnahm ef the operalov. For example, PUSH takera |
Mack and an diment and refwun @ naw stack. |

. Eqpalisn Seclion = Tho seclion gives a el of vewnile yules (v
equalions ) djbnmwa tie meaning " of the inﬁrrbaca procedures in
termy ot each other. 1n %emmﬂ., thiy seclimn b allowed to conlain
condiliional expremions.

The fvst slip dn dilning ar algebraie apectficalion 1
to identily dne Ak o[) requined opemhm. i&w ide Ibfgd"fhﬂ
vequinea oPeYaﬁ;m. it w hﬂl{)b‘ﬂ 1o dm‘ib‘j m a» etther baric
covhuctors, exba combudere, bac inspectors, or extha dnspec
fere. The e\nhlmhm o} Thore ca[udov"m o} operalere are BOUM
1. Baste corwbus elion ope'roiowg - Thete opgmlfofns are uped to creak

or modiky entites eb@ﬁdpc:- The basie combuetion qulorg are
omerdial 1o %zmmﬁ all possible eloments 045 Hno Ld be’i’ﬁ ,speci'bi.ﬂd.
For efmmplrz. 'eyeal’ and ‘appmd' are bame con}:ﬁuﬁw opfzmtom
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9. Extra Combuclim Opevalers i~ Thewe are the covinuc Lo operalors
othor than the barie covhwclion eperatens. for example, the cpevater
wemone! 1 an etha corvtauelion opemf[e"r, because even witheut
t,uinﬂ ‘Yemouve! ok 1 pa&s‘iblﬂ to gﬁmmie all values of, He t%m

1 \oumd A.pecibiﬂd-

3. Baste impedlm operators + These c;pemtow ovaluale affvcbuby oﬁa
! b'jpe without modib«jmﬂ Hum e-g. eval 3& ote.. Let S be the Ae
of operators whose rang i not the dala type being fpecified. The
st of the basie eperators S1 i a subsel of S, such thal each opernds
| rom S-S1 can be expressed in Torms of the operaters lrem st.

3 Eatna Ingpecﬁm opuoiors - These are e imp@cﬁm operalors thal
- ave net baric inypecters.
| A 'gimph way o delrine whaether an epevater una |
combucter e an wpecdior b to check e Mdn,tmc exprexsien kcﬁbw
| C,Pe'ratm. A c@o@cﬁ rule OJD Humls whale wvftfnﬁ an al?ﬂbmic Apeci - |
-E;camn, » Lo H"fst otablish which ave the combwictor and inyper
by epemim’“é- Then wrile an antiem bcr Hae cenrqmsihcrn o£ each baxe
 coratiottim opesater ouer each basic inspeclion eperaker and exbia
conbwctor OPET(ﬂO’Y- |

Thus, Y5 there are m1 haxte combuctore, m2 eaha
conbuctors, N1 baste frndators twpectors, and ng extna nspecte
we Mould have mix(m2+n1)+n2 axioms. However, it jytnﬂdfi
be chncwlxj noted that thore mixCmo +nt) +n2 axioms arve Hae |
minimun vequued and many more axioms May be nweded o fake the
Apeu.btcoﬁwn complole .

Whide &Mgp{’nﬁ the veumite vulss, difj{?mm}, pereovus (an
cemp ap with di un o} equallions . Howewer, while duwlopt
Meq}mfhw one has Yo be Ccmbul to e that the eqpaliows aveals

N




o
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to handle a¥ rmoxﬁn%«ﬂ_cm;si&m cﬁ% opevaliore, and H”“z! theuld
have the unigue forminalion and bi’rfﬁ b yminalion pmpfarr‘hu.
E_')mmph S 5 AN /Lpedla] a dala [ pe tnl Auppore tHhe
apem'ﬁm eveals , Xcoord ,‘d(dcoofd, Liqpﬁ, whare t{rw%apemﬁm
haye T usoal meaning.

Types
debfnﬂs poin.
uses beolean, inia%ar
Sldn[w)( -
1. creale : inﬁcav X inﬁ%a - polnk

9. Xeoovd ! Po'ini —_— En.tﬂ.%ﬂ

3 yeoord : poink —> Enﬁgv

b ibeq)m.l : Po‘ini X potnk —> booloan
Equalions :

1. coord Ceveale (%,4)) =X

9. Hcom’d Ccreo.ﬂicm,td)) =Y
3. {requal Ccreatz (x1,41), cveale C2,42)) =((x1 =%2)and
(Y1=42))

In thu emam{;h, we hawe Oftn»'j one oanie conibuctorCereals)
and three baxic impecﬁm ( xcoord, Yeoord, uequal). Tﬁm%omg e
have enly Hree equalions

The sewvale zuloy It you dderming the mmniﬂa of oy Aeqpane
of, colls o0 the potvd laype. Considoy the following exprenion:
isequo) (creal (xccord (trealz (2,3)),5), ereate (Yeoord Create (2,3),5)s
?Jld e.pph{[fna e veunidz aule 1 eu can &pﬂlb«d tﬁw,%iuzn expresion o
isequal Ceveals €2,5), creale (ycoord Cereale (2,3), 5).

By g Bre vowrtle yule 2, you can buv’fhm« simplify Hai o
noqual (erealt (2,50, creake (3,5)

Thiy 1 kahe bﬂ eunile yule 3.
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Propeﬂf.u @{) aQﬂQbmic gpeci[jl’miwm
Three ffmpo'r'ttmi Propeyﬁu that eueny al?zbmfr_ A—pecfbfmtwn
ghowld poweds ave
. Qmﬁﬂhnm. Th prop@abj ernares that wsima the equaliovs, it Ahowld
be Pe&sib\a to vedu any arbitrary sogponce D)D Dpadhm onthe ffnfoce
pmmdmu. Theve 4 no b€rnplﬂ _P‘r@&dm,t 1o ernure thal an o.l%ebr (d
7>PQ

d\fmh‘m ) coijiﬁ

ing quuslion: Do applicaliens ef the reuniks yulos to arbitrary expre-
T iﬂUO{LQﬂ% the inﬁﬂt&m PTC'CO,CUJ.U}"QA bgn&nate? For
m’b’l’tmfrﬂ al@zbmic equaﬂ'jmzq mmw%mm(bf W breninalion) & un-
docidabsle . Buk, ik tHhno ﬁg&&-hand Kida o} “each voundli rule hay
hauey EJ& ke termy than the hb’[, then the vewwdz proces nust
teyminale .

« Unigpe foymindlien pro Tty + Thu pro 1[‘9 iﬂdim.tu Wheher appli -
cafhitn ok yeuwake tnﬁupi’n cﬁi]j%mvft gf@lwg s veaulls i:’f chm
same anmawey. Essenflially; to defermive Hais preperly, Hie anwiuoy
to the O{Mnﬂ auonlion nads Lo be checked © can all potsible Aeg-
vanee o cheiees fn application o the yewwdlz ruley 1o ap cubityary

exprenion Beluing the infirfac proceding alway give Hr

Ao oty ! C.hﬂ.ckfﬂﬁ tae tmique farmination property 4 a
Very di[ﬁkfcuﬂ problom -

| ppov Hne oporate
evealy <_1@pmd, yemoue ; st and ibemptj, w‘{imug,d; oper E o
have oo upual mganing.

Types
delfney quene
Ptumbw{mm, elormant
Enece .
unduhlm), nevalue

Stdﬂio.n( !
L creale » @ - auone

—

» Finila foyminalion pTopew’@- Thu p'mpm’tg wvﬁmﬂﬂ addrenes e 6@%10
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9. append = quoue x element — quaue

3. vemeue @ QUAUE —> QUELL + (“”MBW)
b - fivet » quene — eloment + (novalue)

5. iAemPL'y - quawe — heolean

1. Saemghy Ccrealaey) = b
1. isemply (append (g,0)) = W

3. §.frst (createc) = novalue

4 Jtrst (append (9@ =1} asemply @) Haen e else Mreb @)

5. yemoue (Creale (1) = undmblﬁw
6. vemoue (append (g,0)) = il izempﬁy (@) then creak O) elce
append (vemove (9)),e)

In example, we haw bwo baste corluuction operakers
Ceveats and append ). We have ene exbha eonsfau clivon operaley (empue}
We hawe conmidewd emove to be an exlna Comtwcﬂm @Pgm_tm
becourt all values o} Hhe qpeue can be yvealiged, even withnd hawéng

the vemoue operator. We have Bwo basie Invpectore Ciret and ivemyfy)

Wmmbow, we have 1%3 =6 equaliony .

— et Eno of UniT-11 o0 —

—
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CSNUT =TT

SortwaRE DesioN - Good Soplwanre 'Degrgn, Cohesion and Coupling

Cortvel Hierarchy : Layering, cortrel abetraction, Depth and width,

' Fan -eut, Fon-in, Seffware dorign appreachus, ohject oriented vs

| Jundizy erienked duvgn. Ovevview o} SA/sD mﬂtfrwcldoﬂtkﬁmhmd

o.mLﬁiA' Dala mram, ExImcﬂjnﬂ DFD technique T Ye.al%rz

- Ayslenu , Bante Chject Orienfed concepls,” UML Diagrams, Stru ctuned

| deg‘.'ﬂn, Detailed des’ian, D?S]Bn yeutow, Charaduristics o} a geed
whey inﬁﬂh&m, User Guidanee and Online Help, Modaﬁbwg Vs

Modse-Less” Infurface , Types of wier Infefaces, Component -based Gur

deudopment., User Inforface " mﬂ_ﬁ/\fxﬂ@{sw ' QUIT Cﬁm‘ﬂn

i mﬂwddﬁw

SorFTWARE DesiGN -

Shw desiﬂn deals with ’fmv\%m'mfmg o contormer areqyi—!
.TQTWZJY'LU:} info a b.o*rm that by im[ﬂﬂmﬂmﬁ(lbtﬂ u},i’nﬁ a Pmﬂmmminﬁ'
lﬁwdua%ﬁ For a dﬂ)&i&n 1o be ecua'thj in a convevilinal preg ramming
lanquage, the fellating sloms mant be dnﬁ%rfd dwrfnﬁ o phae |
'« Difjunt moduler yequined to implement cﬁ»fgn soludiovy |
< Conbuel velalionahip among the {dorlified medules |
e Inferfoce among di nm% modules ,;

'« Dala Muchuney OE individual medalos

LA 80@0\ ¢/w an 0 seldom achioved b&f Lu,{na o Mﬂﬁ{)ﬂ_&kap

‘ Maoxi’dnw vequined 1o ?mplanwnt the individual medules. 1

.

protedune bul requings Aoveral luyalions
Goon SoFTwARE DegiaN

The c%frixh'm Cﬂ‘ o 80@@ Y den can vary
d%mndfv\_ﬂ on the oppﬁfce«f[im %0-7 which it 1 beinﬂ clwfamd-- Fer]
Q'Kﬁm{)lﬂ, t{m? mﬂtm(t\’ﬁ &{52 LU}Qd 'JP baq Pf@gram WO"d b@ an 5

—



"
3:2

important Jmue fo charaderize a 9eed soludion bcw embedded )
M@Pmm - 2ince embedded ap‘ﬂimiw are og(m requed tobe
imﬁnhlrmnhd uﬁn{ﬂ{;jmm\d (}% licgnﬂid Alge due bp et Apace,
ay comumplion. The goocdnum of o devgn 1 demt
on thﬂkﬁﬁd C\pp/h(ﬂi’vﬁw aﬂ/m ﬂo{a,tzbm U%dbéﬁmcmdlg#: &M;gr
it%\)o Vaiey U\ﬁdﬂxa acyess Eb.u enﬂim,wf and academict ams -
The ehawadrishics 0{3 %9@& dﬂzfgh are lisked below:
« Corvectnums: A qooc (o Mn e imple 1
}j!matcl.imcxhhu (gk ib\ad%%w 'MM s dbﬂ mpﬂ e _
. U_ﬂdiwtandabihjijf A qoed Ch‘igm Mold be Gcwjlg understandalile .
. EBEdanud v It showld i %nwu\t | |
o Maivitainabilily « 1t should be eaij amenalsle 1o Chm%(
A dm)igm hay to be covrect o be ch{)toﬁ‘&. Adm{%m ﬂmﬁ;
I oy o wndivetond 1 alo eony to dwoﬁmp, mainfain, and ;
change - Ty , unlos a &Miﬂﬂ w eanly understandable , it wowld
vequine Jremundmu eJDJDm't te im.pnf ment and mainfafn ot. In
exdor to taﬁl\.l'&h umdarr‘ﬂto.ncﬁalimy 06 Q Cﬂ!@iﬂ-ﬂ, the Mgﬂ Hhenld
have the b@Umﬁn Bmhm:
. It :mu we eonmvdnt and m,eo.v&n%ul namey %ov vaviouh
h '
. The dﬂ.vsfﬂn sheuld be moMav.MM
o 1F shodd neatly avvamge the wo in a herarchwy, , e-9. treet
Iihe ol mm(.my " M :
Modutarily : Der_ompo?fifiém OE o p”roblcm into medule Bﬂtf[ita}i
e chnzam bld tﬁl‘fﬂ'ﬂﬂ O&Uﬁﬂﬂﬁi C"!j tne divide and Conquy Pwi“ndpiﬂ.
The medubantly reduas the complenily ef i doign 26lulim
veaflly .
glecm &ac_empog“ihﬁm - 1t meany that in o gw dusign rhndd digplag

-




hiah cohaion and  Low c:mpﬁﬂﬂ» Cmnmp@]mﬂ\ly it meary Hhat tHhe
modiley are more o7 low im&qnendm& @% each othuy.

| | Mt Mi
[ W2 | | M3 ] [ Mk TIRIE M
I\t
M5 | | M5
ra) Modulay dmign by Design exhi biﬁm peor modulanily

For ex ampﬂxz, @JE the bwo diigm aoluliony repm&ntecﬁ in the abae
igures, it b ebviow bhat kgm dufgn selaidion o) Figure @) u ease

to wadeyetand .
Neat f@ﬂumaammt » This aapect 0 e%ar@falhﬂ C}m'ac.[wf%e& bfﬂ the
fellowing: © |y agered gelulion

o Leow Jan-cul and

. Abstyadiow i

=

Conesion and Courring

R e Bt e

The Pﬁ’mamd chavadoyietion 013 a neal module cﬂﬁcompc‘ff Ce
are \rCifaQn cohoion and Lew cm.pﬂm%- Qo Coherion © 0 mMeasuns of
e %&mﬂtﬁma& J‘jﬁﬂﬂﬁm C‘E a medule s whore ay fhe @u{)ﬁfm& b‘cﬁhman
fio modlsy B @ measune OJB e &nﬂnme cvb indap@ndmw oy -
odion belween b fuse modudes .

A randuke %win% hiﬂfn coharion and Low um,ptna L
said Yo be ktmchnaﬂﬂ indipendont o} oty modules. The hunctiomal
irdependence meams that o eohestne medule pesferms o M‘ngh Lok ey
ngum A ﬂLD:[UﬂC\M.ld im&nglm&m medule by minf mal “tnfvadin

with et moduley. Fundional iﬂc!ipmdinca 1 a L\md s any (ﬂ@@d

3.3



degFﬁn prrfrgﬁai duwe Fo tne beUmuinca vealons.
Error doolalion @ Any emvov {n o module weuld net dive
m O{fmy mOM@,_ md W 71 d?ﬁgai%@ct

Scone fov Teuse ¢ A cohetive module be eantly laken end
be P'rwd i a diblﬁmnt pregram. s o ity Sl poliged
Undﬁnet&h&&\ﬂily : Com,gﬂmiﬂg ok Hne dmiﬂm v redured , becawe

. b modulh ave mere oy lon En&apendmt eE oath othher and

can ke tindaeleod in nolalion .
Classificalion of Cehesiverus:

Comci- " =
dental | logical [ Temporal Procedural C"g‘;{;‘ﬂ“{ﬁ Sequential [Functional

en

bl | >H38h
Fia. CL&%S&E\C(\[L'G“ D‘}) Cohesion
The dikbwmi clanyer oe cohesion that a module mayy posseMs
are dspithd i abeue Egm‘@- The clames of cobharian ave laborald

below.
Coincidendal Cohesion » 1t PQTE{)TI‘YU) a ek O{S ks that velake 1o
each oty weyy im%ﬂlﬂ 1n tu cane, the medude eonlainy a vandem

LO%Ich Cohegion - I{SQU olomends ot tHhe medule Pmtmm similay
oPe_mlimS; 0q. emo honcwna, dala tnpul, dala ouipqu,elio An
example o} ol eehesion w the care where a sk of P'rfnikmcli@m
ta&ﬂﬂow di et cubput reporls qye cmcmgcd infe a A&"ﬂgﬁ moduke)
Ternporal Cohesion = When o module contairs fundios thal are
mliﬁd by the hact that all the BLmt.tL'ﬂYU munk be execuded inthe
same Do Apan, the medule s gaid 1o exthibtt femporal cohesten
The et of bunc[m T%WMbb Y frﬂhahaa.ﬁm, Mort-up, shak -
dewn O]B some. pYO, ote. exlubit ftempoml coheron.

Protedural Cohesdam + 1| the Ael of [jumdwu o} medule are oll part
oka Pmmdmv C&lao'rf’fhm) fn whith cortain sequenc o Mops hay

34
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bo be carried cub for adnieving an objecline, ¢4 the 0\[8 sitthe
fos duocﬁnﬁ Q. meRage.
Communicalional Cohesion - 1f all the fundiovs C:E Hhe medule
Te%u te or wpdale the same dala sbw , eq. Hhe st of
{mecﬁ:\m\b dﬂ{)fnﬁ. on an array of a sack .
Seqpenlial Cohesion + 1f the elomanls o} a mndule Emm Hno pavls
o requence, Wheve the culpul [em one dement of Feteq-|
gence b Af to the next. |
Funclimmal Cohesien - 1b the dxkkmﬂnﬁ elamomly o{iﬂo rnodule
cm?emh o atheare a Am%% bum[mm- For example, a module
conlaining ol the %lm s Yequined fo manage employees’ pmdm{f
diigplo%a bxmdieml cohapon. |
CLASS\FchmoF Cow

A AT A T

Dala Stamp Contyal Cemmon Conlant

Low <
The coupling belson fve modules indicales the degree of |
inﬁmd&pendmcﬁ beliaen them. Inﬂﬁ;hu&d, Lb e maduley Enﬁfrcharﬁe
layge ameunts ¢f dala, Hhen they aoe highly inferdapendent . The
cﬁja ree ¢ couplin betwan fuse medules dipends on b Enﬁw[aca;
ccmp[mt . The infevjoce wmpla'xﬂy 2 bcwcalig deleymnined f’g} tho
number @} de Tﬁt' yamelwrs that ase inﬁw&m’ged whilo i’m)o!«u‘ﬁ
the {\um[wm of medule. |
Lok oy now clo»%l%ld the mr\ﬂ tdpnb 0{5 wupﬂin?& bhat
can exist hefueen &ib{wmnt me - Five L’gw @{; wu.pﬁi‘n(j 3 an

occuy  beluween any fwe modules .
Dala Cﬁ.jupﬂfma - Twe modulo are dafa CquM, ‘4} i‘ffwlj COMMUNI-
cale L,U»‘Cmﬁ an QL&WW\’IQ.TH dala &im that s pared ) a pm’amﬂﬂ o

—> Hiﬂh




|
|

behuneen the M, eq. an 1 9ex 5 Q oL, a chanddyr, ete.
Thu dafa alem sheuld be preblem reladed and net wed bm the
conlinel puypose.

Siom CBU. ng - Two moéhllu are }siamp mLPQed, h 5? Commu
mmh‘; w,ipnlé. ca; compocile dafa dom such ar a recoﬁd f]i.d PASCAL
ov a sbwdine in C.

Conlnsl Coupllnrd - Conbs! Qouplin oxish beliveen Bwe moduld,
i data hem one’medule b used to ‘divect the evder of Srwbuckion
evecndiion §0 andther. An exam{}h O’D conlie! (_meEna 0 o bﬂag
wb $n one module and yted in anethey medule .

Common Ling + Twe meduley ave commen cet tPﬂgd ; ;
Hrare Aonﬁebﬂgl dala ATW ' Ab Unma]
Condant Coupling +- Conlent CE)L\{}Qf ertisls beluseen t»omod.ulzl,
|5} Hadbo code w Mhared, eq- byan R@m one medule’ info
" anothuy module .

The dsgree of coupling & v ascen ordoy

U\DTn Adala wup%in eiﬁo ﬁnﬁﬁhgﬁjﬂﬁ Hi Cm Gmw'n?
medule no{cmﬂxj maky a dwgn Hjtmﬁ o urderetand

and maintain, buk 3t aho increases develepment effert a the
modwle  howine Hﬂh CGLLPD\.Lr\fd cannot be dwﬂmpad fnaﬂ,a.pgwd—
Qnﬂuﬂ bld dillenonk oo members. Modules hopfhﬂ hij c:m{)p,fr?
are dikbimu' to melﬁmﬂmt ayd &Lbu%.

ConTroL HiErRARCHY

The conbiel hiera Te yorerds the erqanizalion o the
progvam eomponamﬁ. The con% lnig.mrchd @ alo ml?qd proaoﬁmm
e - Mary diHSv\m’L h;,pu &%notahe«ns bave been tned to
'rep'r%ernk the cordral \mio,mfcwd. The mott common notatioy Jo
o b~ like diagram knewn a» Acline chont . Howewer, othey

notolions Auth @b Warnier-Osr oy Jacksen dh‘a%mma may abio
he wed. Since, Wasriier -0y or Jackson 2 netalion ave net wfchbj
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FAN-OUT

1t ua MLAM LY C‘k ey O'k medy J\,[u ﬂnaf_‘ O«@ CQIT?EUH on-
tyetled bﬂ a given module. A dabijn hrmfmg modules wuith high b—ﬂn-
out numbers Xy net a geed Almrfrn or Buth modulys weuld ?m!{
cohesien . Thy 1 due o the (5atf.“ Ihat a meodule L“auf'nﬁ a Qmﬁ.c Ecm—
et number inwekes o large numlbser o} ether medules ‘and & likely to
implnmﬁmt Aeveral dik%@rmnt %unJuw and not (f'(,uy% 0 &nglq cohesive

FAN - 1N
1t indicalny Yhe ooy @Jb moduler diredly inveki ng a caiwm

Sortware Desian AppRoAcHES

wwwwmww

Theve ave Wﬁmﬂaﬁy‘ Do dﬁk})ﬂumt oqapvoa.c.lnm

Each 0% there fve ttfﬂmiquu may be oppLCaMz af &ikkﬂwfni A{agm .
o Yo c‘lmign prOWY .
ORTECT- ORIENTED Ve. FuneTion - ORIENTED DESIGN :

A N e e e e T T T

The lellouwing ove feme Hhe tmportant dilleaericos |

belwwen  danditen - Ow?gnlh&cﬁ and @Q;E]Dd’— CYEQY\EQ(B Ghﬁgi-%ba |

e Unlike }Hm&igworfm’&d dovion metheds, in 00D the baste angEm«;
ciovy ave net real- world Jundio suth as Aort, dinpcf»d , track;
ete. bul veal- woerld enliliny auch ay em{)tmd.e@, pichlm,mac[hf.m;
radoy M&ﬂxﬁm, ete.

o In cop, stabe infermalion iy no{_"repmejriha ina @mﬂb@h’énd- |
shared memory of o dietyibuled ameng the ob{jech of the WSTEWL
There ljom, one obc}cct may diceaury the stale Inbcrmaﬁm Gb amfhml
Obd'(dt bﬂ intﬁrryoaqﬁwg ak

meduds . Hi‘gﬂn %ﬂnin repmenh cods vewre and wy, in 8_mmj,e,nccum3ecﬂ.

to sl duvign — fanclion-crionled duign, and objedt-erientsd duign
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Wed now a chuf';
LAYERING

1n a lmju'ed (im,lcdn &o{ut'wn , the modules are awangﬂd
n [auj,mrs. A module that conbrels ansthey medule o Aatd 1o be
)‘Mpmr'oﬂﬂlmja to ab. Cﬂnmnrsehda a medule conbislled bﬂ another
medude 1y satd to be auberdind: fo the conlroller. The conbist
Ha_mmlmj also veprowenty o vl Chavaduristie o-L sjw architechug
te. il vigibtllg. A module A iy said 4o be vicible 1o arptiey
medule B A ditectly o indivectly cally B. ' |

ConTroL ABSTRACTION

D
[

A module should inweke the fondlions o the modules
L the l_mﬁaf omedialely belew 3. A module ol o lowey L@.\}Q/r’,
| ahowld ot frweke Hhe sevvies o the medults abaie i, 1 ether
words, the medules ab the hiﬂlmzrr J.mdwr’s , Mhewld net be wvicible

ol the moduly al tHoe lowien huﬁ_ws.
Lager © [ ML

W [ Mk
i e '.\zL_iL"M i
5

| - ; 5 .
@ Layered davgn with qeed conkvel thy Layered demgn shouwu peoy contyp!
ij g %QbSthm ! E abs tradien

F‘ﬂ Emmph)) er}} ra-ﬂsd and peey abstrachion
DeptH AND WIDTH

These Pwvfch an  indicaliin c}F the number c% Douels Gg
cenlhol and fine cuerall span of onbre respeclively.
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e Funchion - evienfad ﬁedmvﬁqpug such an sA/gﬁ,-ﬂrw the uncliss
tgﬂﬂﬂ“r{j{bn; ay a 87“@1—'-{94 thﬂ!d conilslult o lnlﬂ?ulr-[mmv. Etm .
the other hand, the ob&cd‘r - ortended UW qreup Hig
ttm&mm ﬁegttﬁm’ on the bara o) the dafa ﬂmd '@pemfa on.

To luntrale the di fene beliuson Hhe Objeck - oxteriled and
te hﬂm&wﬂr ovienkd cimiﬂm appreachns, kot un copwider an e,rxalmpiﬂ—
thal &f an autemaled }’fm - alarm /&cjgb.m fev a Layg/g bulMiwﬂ-
Fr'm~olm‘m ggﬂﬁim:

The owney o} a M%rmdimmfe_d budr.iiﬂﬂ wayils fo hanea
com@tﬁmicvaed bfw.~ alarm hegs b@*r foLL'LMJng. Srmeke dele cters and FW%
alarm ivens would be placd i each voom O}) M building - TFU?b"T?"!
alarm Aglany would meniter the stalus of thew smeke delecters.
Whenowey @ bfw cordilion 1 %'epofhcl bld any Oh e Ameke dMad:ms,i
the hfm-almm k%%hm should detoymive the Location ot which the
ire condilion hay eccarred and than Aeund the strens tsmtd fn He |
naighbeusing Socalions - Tho fire-alavm Alom should also lash |
an alamm mewage on the compulor eonole . Five km personmel |
censele round lock . A‘b{m a bfw_ conaalien eey) Luc&whﬂnlj
handlad, the Lve aJawm de,ﬁm hould sappert T%Qﬁwﬁ e Srens |
by the |ive ki% g pevsoninel
Funclien - ovienlsd appreads
/% Globa) dala Cgta&ttm atole) accopible btd varieus hun&ums ¥/

BooL dutecter- staluy [MAX-ROOMS];
int deloctey - Locs [MAX—~ RODMST;
BooL alarm-stalin [MAX- ReoMsT; /4 alarm adivalid when stal 1 st/
ink alarm - Locs TMAY- ROOMS] 5 /% veem number where alarm 1 ek %/
int neighbour- lorms [MAY.- RooMeT[10] 5 /¥ each detector has ab most ¥/
A0 ndﬂhbouvfnﬂ oarm localions %/

The bumdiﬂw which opmh on the Mﬂ!jﬁm stale ave -
{nhrﬁ)h_dnﬁctm €35
caet— Yector_localion O 5
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Afurmine _neighbouy € ) 5
YU fagtmfmnaﬂ‘.h
yoRl —alarm () 5
mpcrt, bi’ve- Localion €)
O’oae.d; - ontended apprsach
clans deteckoy
atbribul ¢ stahwy, locolion, hﬂjﬂﬁqbwws
opemiu,w . eveals, some-statw, %tt—ﬂmmbm, Endwnﬁig%baws
clams alarm
aflvibudes ¢+ Locadion taluy
opawdﬁimz + creale, fi\r\a—a.l.wm. ijl-f;ﬁcelwﬂ, rexek - alaym

Even theugh cbjd- ovenizd and neliem)- ovievihd appycathe) owe
yenankably dlkbw_ni appyoaches 1o Jm ‘Sn s do wnﬁﬂnumlemh
efber fn feme ense. For example, w one applies Hhe toPdawm
b‘w(‘\(fwf) - ovientd Techniques to donvign the inemal metheds ¢ o s,
once the daxes are {dodlified . In this care ouhwardly the By

appears Yo have been dmeloped i an @bjutroﬁenw ta»?m'on, inside
cach chaw fhere may be a smal Memamhﬁ Ojb ‘.juncbmu ma thcwn

OVERVIEW OF SA/SD METHODOLOGY

w.mwﬂwm

The 8A/SD technique can be wed to pesferm the hagh -
loued daexan @E a sjw - As He name fm{)“ﬂ, the Qﬁycsl) matho
comirts % fweo dxkbwmi adivitios -

e Styudined Analw (SA)

e Strodined Des’t-gn (SD)

The aim OB bhe Maunctuned anahdm adivily b to {Tamkmrm

o Yextuo) Px'ob\ﬂm dmcﬁpﬁcm into 8r04:runic. model . More p«vcigeh‘},
A,btudlwd OMOL&&G A ued to C(lTT‘-J out He icp-cl.awn Cbﬂﬂmpogﬂlm
of tie ack ey bigh-douet pundimn daplded i the problem dereriplion

ond o veprosenk them graghically o Durivg wudined analiysis, frliona
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dRCDmPG&Ll‘T} OJD te M(J{’x{flm/ L acﬂnﬁfu}zd_. O_n the @J[((m-( }1&1{1&9 _ qrfna
55w dined Maw., alf hum@um) i&nﬁf‘éﬁd duwrf na &tmttmd C\V’\&QW
ave mc\ppﬁc‘ to”a module Ahucdune . Tw modide abwactune 4 alse CQUEJW
shw archifedine tew Hne guen preblem and ik can be directly smple-

monted wy’{ﬂg a conventimal pToammmiﬂﬂ hmﬁuaac.
STRUCTURED ANALYSIS
Strachuwe /—\nohjm fodwique 1 bared on Hae chcrwf g oxteritial

u_nd_tmlndfnﬂ pwf_'nri]DM;
« Top-dewn dxcomposfl’tm appyoach |
. DWEC{": and conqper. Each Bmthm i decompoted indepondovtly|
* Graphical reproventalio of Hae analysis vevalty wing DFDs.

cﬂl’wg Hoat tne &%&imu Pevboaﬂ'% ard e dala inlerchange am
Buwci’wm. In the DFD Lo rnim&ng o b W w:&b«d to comméden
| each %umtcm A a pmm&inci Atadion %at wrsumes Aome {nput
doka and produtes aeme outpul dala. DFD &y an thamt models
Hedique thet bayas et o be ot cw\Ld W fo veprewnt {meﬁ
rewlt of MavreTuned aml«jw oh o Y problem but alo wrehul 507
seral othey appﬂimiim} sich oy r&’naufnj Fe b&mo Dt doctment

ov iomy I an erg m@ﬂm .
{ C

i% o sty Hhat Ahows the é{i&wmt preconing adivilio oy
|
i

A DFD, in L‘me[tz Words, W a herarchical 8mplxutal model |
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Data FLow DIAGRAMS (DFDs)

The DFD (Bobble Chart) w a &WLPL‘Z fara{}"/\ftai bm’nmlfgm
that can be ured ko Yepment a Mj%{’iwv n oymy DE the m(ml dala
b the ’”‘d%@’w . Variou Pmmﬂina carvd cub on there dala, and
the Guipui dala %.Qmmhxﬂ bld Hhe Mﬁﬁm- The main Yearm WM

the DFD hidhwuigqpe b popular becaunse ot biY) tﬁtt that DFDwa
%p‘rﬁnmm— it Atmple to wederstand and we . A DFD

Very Atp!

'mo‘id T)ﬁh o Very Limied number eb pw‘frritﬁiue Mdmbﬂt 1o Teprwmff
fhe lanclore pe'rhormﬁd bﬂa hrfhm) and e dala Hm\ amorg thore
13““ oy . The OFD ’[edw&qm alro Eoﬁmm o very e&meQﬁ rk o*b
induikioe Q@n&(vﬁ and ruler.

Pﬂm).hm__)s&dmbcfib uped \jm' conmuqusﬂzgg

External Entily Fumh‘on/ Process - Dala Store

o |
Dala Flow ‘\

There are |ive d-.lHjﬂJmm't Lgpw Ctogﬁunﬁttu)e &ﬂmbobs Lued Ijor
Qombxucﬁm DFDs. The rzrmrfina ot each ct thore &ﬂmbob exphfnd below
Egmﬁon/_&@t_ﬁ&_fﬁﬂ@ﬁfl— A bumﬁl'm ) 'H"eprumted w.str‘ﬁ a arde .
Th Mdmbo{ 1 callid a proam o bubble . Bubbley are anmetaled with
the namey of the QomuPondiﬂcd Bmu[wm,

External Enlidy symbol - Thece are emordially thote physical enlifin
o the ng p,LX,tqm which fnlevack wikh Fhe -ké%'tﬂm bnd ﬁn{l«lﬂlwﬁ

In oddiliop fo the human wers, fe extorral enlily 4gmbols can
be uned to mp-rwﬁ encloy nal h/ w and S Auch as anothur apph

calion gfw.

daﬁac to Yo ﬂsla&{llm ok f bld CONMMY the d_cﬁm P’Ymduuad Ioldﬂfw Lg’ﬁ".
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.D&[@r H._WJ_ S‘d[‘l@ A divecdded ave or an avrew Jy waed ara
dala ‘Slwu) &ﬂmbo{- Thw repremh the dala Hmo ocﬁnw‘ﬂlﬂﬁ e Taseer
five protames, or beluwen an exleynal en‘wg ard a pro@s fn tae
&(TQtE}ﬂ O% the dofa How anow . Dala BLGLU %mbt}b& Qane u&ually
onnelalid with the Cowe.bi)on&inﬂ dala names,

Dala @_e_gam_bﬁ v A dala Mor 'ar'ep)f@zﬁvd,s o) fw]fc_mﬁ I{LL@ At
wqurw&nm\ wﬁn@ Bwe Pamﬁd Liney. A N.Dgfml }jd.z con mpmmt
aither o dala aleve thdmbol which can yepyesent either a data
)}(mnt\m oy @ Plf\lj‘i@ Ed‘ on dink . Fach dala Atore 1 conmecled to
a prow by means ¢ a dala How z&bﬂmﬁ-@{. The divection o} the dala
lawo arvow Mheus whethey dala i b@hmd vead from oy wrilfen into
a dala store. An arvow chuna in oy oul ¢} o dala Atere am{hdﬁj
m’@p’rew\h the exline dafa 6’5 the” dafa Ateve and hone arrewst conne-
dirg o o dala More noed net be annclaled wiith the name of the
cmm&pmcﬁnﬁ dﬁa Joms. r
Oulpub symbel - The cudput symbol w2 wed when a hard cop
» producd and the wer of the ceptes cannet be cleanly Apeci s
o1 Hhore ave aeuaval s of) tne (mffpulf.
Dala D_acl&gﬂ_&,rﬂ - A dala dickion any oty all dala dlam app@&'g
i fhe DFD modal @% Q Md-&fmv- The dala Uone Linked include al) |
doda Mo and the confonts cvb all dala atovey appemrfmﬂ on all the
DFDs in the DFD meddl @% a A%&%w- It may be recalled that the |
DFD medd ¢ a syptom Typically comirls of Leveral DFDS, namel
ol © DFD, Lot 1 DED, loned 2 DFD,ete. Hewew, a /ang'& da
did'nﬂnmwd- Ao 4 m{?hm all tae dala G{Jpeaa‘fn(j. inall Hre DFDg
Cenﬁi‘mﬂ\j the DFD modad @%\ a L-%’dﬂm;.
Dala @i@n - Competds dala lims can be delened dn formy
. miive dafa

+

&% PT'{ ey wning Hae Eoﬂmﬁ’n% dala defulien @P@roims
Y c@ﬁlpogih‘om c\k tum dt(lm :nD'MYLB 8-8- a+b
[s9]: ro_pmﬁ’r\is seleclion
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€) & oplima) dala which may er may net appar
(1 : reprewnls dodlive dala debvilion

= 3 mpmwnh Q.ctpimh_nut

/% ¢ Tep o commenk

ok diagyam + The coriloxt diagram & the mest abetvactdalp
(é[c;m Tep—i—@_\cm,l@a C}% a Aldsbzrw . 5 ?@{JWMD M__Qvim M}‘sﬁmﬂf o
o Kngle bubble. This bubble & Jabelled according to the main for
fm of thwe MZ;SW‘ The variow extomal endifin with which the

ﬂ&a‘i‘nm irads and the doka Hmvi occurring bebueon Hue
and fhe exfrnal endiliny ave also yeproxrilad . To cﬂwdvp conllnt
TN D\j Hruz M) 'th\) » AN h&l}ﬂ t’o (lﬂ@uhd'bt ﬂ'uz gre d@e,umm’,{,

ail
lom?dmﬁw e &IEEW“{ L‘d[l@b @fh wers whe would be uﬁfma LN
ﬁ'k LVEH@

Mf&ﬂ,hm and tW (&f data )‘slddmv He”fer l‘fmz tz.»(m,- UMFS
sydlom. olse indudu the axdernal sgime which sopply dafa te
yeehue dafa %’lﬁm tne Ltdﬂﬂwu
The bu;bb\nhtm Em* mﬁmt‘ diagram iy annctated with the
name o e Su syslenw being duseleped - T £8 Bn contrant with
the biﬁom n Cl,&"jbﬂﬂﬂf ijs which are anrot ated uﬁffﬂawybg_
Tw b foke QJ)q}QtBld st e puspose of condenct s :
to captune fhe conlont of e Mg&ﬁm mif\eojb%an ah deg
E}CLWL(}!Q ' Tie- Tac - Toe CcmPAﬁM Game
Tie- Tac-Tee b a com(zulm arg fn which a hwman plage

and  the wmpujm maohe alternale ma?eb on a 3X3 iquare. ijiig
oy of mal«fnaa a Pwicsmg‘g unmarked tquare . The Pﬂmam' who
W et to Pﬁaca_ three comeardive moddes aleng a ,Atm%h}: Line on the
Lqovre wins . As soon oy etthey the W%‘LW Compuim
Wind, & maseqe con mhxlot»aﬂ' He winney W displayed . 11 neithey
plavyer moﬂz% fo gi flvree coneaifive marks aﬂ@rﬁ- a ,;fkaigéi Line ,an
all the Aquames en Y beard are Blﬂﬁ upy then” Ko game » drawn.
Tre cgmlu.\h/( a‘hmqs s bo win a game.

The confext diaﬂmm and the bl 4 DFD ave #howny fn the bfﬂuve

Sa_
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i[ Fu‘a: Conont dimamm and Jeudd 1 DFDg
|

Dala dic'[dmarg ﬁc‘b the DFD madel
move inﬂ.grzm /% rmbey befueen 4 o 9 #/
display game + oyl
game - beard
heaxd ¢ C{nh?n) 9
resull < 0 Compuler wen®, “human won”, * drawn” ]

Basic Oszect Orienten ConcepTs

O S

Some impartomt concapls qind formy veloled o the Ehject - orierid

appmmh Qye Pl‘thﬁf‘iﬂﬂlﬂ Ahawn bigum, The bapie mechaniamy mwwﬁg
obd'qd’b L clames, inheritane musages and meted, .
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[Pergig tenw j

Related Termg

i E
| |
4 (e )
| |
| |

; - - |
: |
() Cmies) () Gope ) |
| |

Batic Mechanism

| T s o] e o pie

Fiaz Lmportant concepls wied tn the ob}ut—oﬁ.enw agproadh
Paric Mechanisns
The EUUMTW%
@b{e;q&— orientid pma&igm-
Obiedt + 1n the ebjedt-ertenlid appreach , a mplew 1 derigned 0y
o ack o% i\f‘Sj)fQLt'\Nw.Bj bb(jedi- Nmmaﬁldq each @b;c{él rczpmntj g ble
vea) - warld ety such ay o Jibvary momber, onempleyee, a book, ete.
Clons + Sinlay ®bd'cch conlilade o ddans. Thiy meany, ob&bch pegxegsfng
stoilar oflriboles and displaying similar behonior constotule a clax.
Ontg We cihzbsfm. a daw 3k rerves an a Lemplate E‘” sl anpation
Stne , eath otoacd » oealid ay an fntanc (‘/B Aome (;Em, ¢ larses can
be constdaned on abstyack data t‘gﬁ’@ s

Methods and Meesou:du:_)s b The opea"oii.cm Aapported bﬂ an ob(}'cd aye

& N 8 i
are  reme e% Hae bame mochant sma aned tn tffw§

|
|

called 35 mutheds. Thw eperalios and metheds are almest idenlical

Larms , excopt lev @ minor bchwmical dilference an enq;tmnmﬁ in the
condanct cfb pckgcmmphigm. Methods axe HBQW\Q meamy avalable To

othaey @h}qdj Y &LMY\% and mmfﬁ.pt&nbmj the data 0)5 anothoy
o%('}a&. The metheds ot an eJoJ.ccl- ave trweked bxd ;scn(ﬁfna mutages
boak. The mb el volid memages toan ebject comfitikes i
protecol.
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Y eﬂmcﬁinﬂ o modlwincj an e Efim@ claxs. The oviginal clays iy
called the bare cdam Cov Kuper clany) and naw clay chtained thrdug«%
jdheribance 33 called the denfued claw (o sub dam). A baxe clars
- %Qm,,-ahaa[m of Wb dexived ddames. Taw meamns that the bare claxy

cendainy only Hhete Propfﬂim tHat are commen 1o all the denfved clamol
Using K in&ﬂmﬁance rd&ﬁem{aip, clihjotnsmi clayses can be ananged
ina cddaw hievarchy-

Inherilane + The inheritana b@oium allows te dﬁH’m a now clos

IE brary Membey

Base clam

| E - Stakl | Derived Clayses

Under
Graduah Graduake , Research

| | Fiﬁ- Libmmd 'mkor malion glal!(tﬂ.m examp,lg
M_g@?fph_ln}’)_ef&gn_@_ - Multtple Inheritane 1 a rechaniem EU which
o tubdows can inherit alfsibule and metheds b"f.@m more than one

base claw. Multiple inheritane is sepresented by arrews drawn from
the subdam fe each G% the bane classes .

Foaully

Deyived Clayses

Onder Mu,l.hfpﬁc Inharitane

| Graduate | | Gradoate | | Research
_n Fi‘ﬂ‘ Libwcwﬂ In.bc. Q\jﬂzm emm{ﬂjz with mulk fple Tnhertlance

Abstrack claw - claves that ave rot fnanded to preduce trwtance of
Homselues are called abstyact clares. Abehyact clamses mp,mbd enist A0
that behavier commeon 1o a Vavf&ﬁ]j &y clamer cap be kmh;m\ into one
cemmen Incalion , where thmd can be dehined one . Abetrack cdams sl

nport generic metlods , buk Hhe subclawes o} e abstrack clamer are
ﬁz?)e Jid g:, Pmu-f e WQ'QEC Em{ﬂfzmq. alimy o% thore motheds .

T
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Keg Conceptb )

Abs’t_m_@ * Abdyadion the elaclive examinalim OJB corlain a):pedf_a,
e% certan mypech a pr@.blzm while Eamﬁ’nﬂ the Ternaini’ng c-urpedj
c:l\ fhe PTob\.am. T, the abetvaction m(ka}fdsm alleurs wfo repmexﬁ:
a preblem in a Aimplm Way by om‘lttkrn@ unimpeitant detatl - Abstra -
i Jy o P@umbu.ﬂ muchaniem EM redueing complentify of o Sfw.
It alro Viewed a» a Wway oL immaﬁnﬁ 8Jw Pr@&ldmfb,

l
‘EnCaPEUlQI_Lm - The PT‘Q?QW-ty @{5 an (’.Jodtc}' bﬂ whith b fnﬁwﬁa.ua

with the culside werld onﬂjd fhmujfn messagel 1y arebamd te ay
encapealalion . The dala ef an ject ave encapiulated within s
methods and are available enﬂxg ﬁmugh rhexsage -based communi calion.
Encap%{daﬂm (Zéb‘il’% tirvee Empoﬂanﬂ advantages -
o It prctecls an ﬁ’cd’s vartalyley ljiom corrmpb’m%ju olher @b}ccb.
o 1t hxdﬂg ftt)e (nLesnal )ytt:udtm % an @b(}ﬁct-
o Since coprei cp {

e we({:l&xﬂ Cﬁw.m ameng. each othor wsfng Mesages only Hw’i
E&H@O{Pﬁgm - Py lﬁmm"ngm LLJ:UICL”J‘ I’T}QM\A Po{ld C mamd) mmpl-u‘gn

Ct.?:rmt)- Pohdmomplfﬁsm dwmeln the @{l.mumﬂﬁ
he Aame mewage can raxalt fn dilferemt actiory when yeceived

by a\i%ﬂwmﬁ chjecl . This s abo mbﬂmd 1o s salx bfﬂdinﬁ.
e The exact mathed to which a methed call weuld be bound cammel be
knowt o cempile Lime , and & dxdnamimfﬂjd docided ok the runlome,
His b also known ay d;dnamic b‘{nd:inﬁ.
Qompgs_i)(g_Ob'?;cﬁ 2 ij'ulz which conlain othe ob(}xd;s are called
cemposile Obgie 3. Condainment may be achieued including the
| poir"rvL\iu.& to one obd.act ay a value ‘;‘i anethey ObJez'H oy b'ZJ cr&;[bﬂg
twlances of the component ebjech fn Hhe composile cbject.
Genereaily v Generedily w the abilily ko pammkﬁmféa clan

S—— e

Snilions . For e*x.ompﬁz, while deffndrg o clams stack i Hewnt
gﬁ; c% thvnh uch ay £ ?Lkltcmﬁ ; C&nmdw A«tad«oé m\ﬁ&bfmjlnﬁ
 Atack, %Wﬂh peritls o dep're a generie clans ot hé,m stack ard

—

|
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Loy irotantealid ab either ay an Enﬂg&( &tack, a chavacter stack,

o a Hmhnﬂ _Pofwi Mack ay may be vequuned . This can be achiewed
by oM?xnin% o suitably value fo a paramdier used in the cgcmrfc
aM '1bfni.ﬁm.

-

‘DHQQ@__’B{Y_@;HS - Jn mathed frwecalion, Atalic bfndfnﬂ 1 savd

j!In dndmrrﬁc b‘in(ﬁﬂﬂ, the addross @t an inveked methed & knoon mﬁg
of e qun Tome o Tk Lw;gfﬂ mimpﬂem,a. g a fype of pelumorphg
Tt w fimpo'atant fo vemey hat dvnanmmfﬁg ocimaqmn

we have seme midheds el He base cdlans pueyridden Yy Huw dovived
llclﬁm and the intarce O’E the denfued clases ave Atored in fnlanw
(o] the bare clam.

Aduantoqo of 00D

- ¢ Code a,f;w_.d &bﬁj el

| * Increared pye dmf}g

, e EGM? O{y Ejﬁmg and mainfenance

| « Beller code and dm&an m_gﬂ;zrx'éfandebdﬂy

UML Dirciaws

UML ¢tand, lfﬂ Unffgcz& Modellin: Lamauag.ﬂ, i Wa
modellin nquage. 1t Pwuic{u a Lc,hyt notalions e-g- Tecfangﬂu,

Jonw, dhp%u, ete. to creals modals ol -&%%'G-WU- Medels are uery e ol

n d‘cmwﬁﬁng the darlgn and o, st veddls. Models also act(iféﬁe
the gwmﬁim ét anohjsg and &$ Pmcgdmu Humm(uu{\, UML

was daveloped Fo randardise the la e
m@c‘lﬂhma notalion that M%‘ZM and ﬁgﬁ_qg wised Q%%BM% Iﬁﬁ%ﬁw

em&d 1990¢ . The Pvfmf}aoﬂ ongd An we Wwere ;
o OMT Lllumbau?f?] 19a1]

« Booch's methodelegy [Beoch 19a1]
« 00SE [Jacebson 19927

- Odall's” mothedolegy (adell 19927
« Shlaey and Melloy rﬁ%odﬂ{@% [ehher 19997

e oeawy x{] the addnoys CE the chlled methed © knewn of wrnp&aw
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UML war adepted by Chject Management Greup (oMGD a»
do ladte Abandard in 1397, UML conbatns an extoraine act bJE
notalions and ﬁ,md%susﬂ'a consbuclion ct many bzi or[s djaammh-
OUML hay Muctom been uned to medel both rge and “rmall
wahmb. Mawny Crb oML netalions ave dx{y&oﬂt to dvaw on papey

and are bert drawn w»fnca a CASE Joel such ay Ralioal Rete.
UML Diaa@@-,

UML ean be wred o C@TWI/\,LL(JT ning di%blﬂmt h ('}!5
dioﬂmw 1o aaphw; dildenemt viewss @6 a hystemy. The dz%i:m UML
djc\émwr\b prewide diffenend perepectines of taa 2w o be dawe-

loped and JDOLELEXab a (o VMIe undmtandi’nﬁ o-b the Aystenu.
Such medabr ean ke TEHMC\ 0 %e.t the acdual impfzm@r\tatm oi He
Jom .

" The UML diagvanys can cﬁp(&.m the bc*ﬂ[_mufnﬁ NAITE OB a Nﬂ}iem:

« Styocluna) Urows

o Behavioral View

¢ '.[mﬁ)bmmt abien view

e Erwirenmontal view

Styochural View Behanicura) View

- Class dhamm ~Sequence Dingram

- Objeck d_; Yo - Col YGEL'G'I ingraxn
Okj 4 ] - state-chart iagram
UWsers’ \Jiew - Activity Diagmm
_ Use case
\ wa

Implementation view T Environmental View
5 (bmponent Df@a*fmm - [bp[eﬂm View

Hﬂ” D}kkmﬁnt hjpu 6‘]5 d‘aﬁfw and Views %u,Ppmlnd In DML
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Users' View - Thiy Wiew dakingy the unchimnalifio made availabl a
by the aystem 1o ds wiers’ The uress' view caplings the esctemal
wrers’ view 6 the &%ﬁm in oy of the W Wdimnalibion G%omszd
by the &-L&-Sﬁm» Tt ds o black- box view &} The systom wheve bhe
Amnal shwdhune, Hhe dudmmtc behavtour of the c}fH}wmd. )s%y'{hm

h
cgmpomq\h § tlhe imphz mQ.'(L[clLl'Y), Q.ljc. e 1’1_0{, \/‘{JSihlﬁ
| Struckural View © Ths view difines the kirds o} objechs Cclaves)
1' jopertand to the undmr@tancl{n;a a% the wmrkinﬁ o%o yﬁdzm and
%io b imphmmteﬁwn. 1t abo coplines £he a'emmnskipé ameng the
ames .

iBihQ“i_QU”_t}l_Ef@ v s vitew Cﬁptwm how obd'cdj infevact with
each etur o xeollgye the A.cja&mf bhehawieay. The A{d&tm] behawviaun
;co?]&mu the Kiwne - dz{).cﬂcﬂp.ri behaier @b the Ay v .
Implementabion View » This view eaglunes the Tmportant. compo-
oy ok e ijﬁm and thevu othcndmcmﬁ |
iﬁhvixonmy\i_q_ﬁ_\f_i@ L Thie View medels how the Cu%ﬂﬂﬁml compo - |
umly ave i’m{;[mwml}zd on chk%hmﬁ plecey c»k hiw - |
%Use Case Model

E.Theumco.be mede) B'ﬂcvn %______ mﬁﬁ: %

| . »r —_

:&%xtam convuli 0{) a ek GJE B Gt

- Cugtome Clerk |

*Uge Cases”. In’&dhwﬂﬂ , UM |
canes vepretend thu difnont /9( | |
iwoﬂ& in whith o Mptenw _ Sales

can be wnd by the wers.
(Thu for the Supormarket Solect
prize Eecj}vmw, the ure caner %“"" Winners

l

e TQ?IQ':Q'T CLUttOmQJ’(
« yeqistey Aalor

e elock winners Supermankel
Pribe. ¢ heme

|

ﬁa" Vse Cage mgie%:e v Super market '




Class Diaam_:;n_-

1t shows hew a

Adm\&ch‘.cud

The Atﬁ.[i{. AbLU dune @h o

yam doeribes the A-tah'{ &bu.nttum
)Mj&tﬂm 1A A/tmcﬂmd vathey than haw if behaves .
splem comirls of o number of dlaw diagramy
and thaw dipandmw . Tre main conslibuont o{) a Claws ch‘asdmm OLW:'
| clomes and thaw Tdahm&%ips . %cnmJiaaiim . aaamﬂalmn, Modab‘m,f
land varlew hinds & dependoncios.

@

3.2

Qa «&%&ﬁsz

Interadion Diaﬁ@_m_},

Talvadom dima
CS‘S obd'e(h collabovale to 7mﬁ§e
nJevo o diaaw'mm 7‘@(11{?)@ o behavter OE a &é’mjﬂp s caye . An
ifiradion dsagram shaws a number of efr__amp)m |
masag Hhot "ave pared beluween tihe chiecls within the wse case.
indovacion di‘&av&wu L ARQUNCe
d.{aamm and collaboyalion diagrams. There fwe diagrams dve
equivalerd in the serue thab amy ore cﬁioﬁmm can be doyived
mxlomoﬁimﬂxﬁ bﬂffm te ethor.

Theve are bwe kinds et

S — Library Membey ————
Membey Name Membey Name
Membeyghip Nurmbe Membeyehip Numbey
Address Addvets

Phone Numbes phone Numben

E-mal Address E-manl A ddrors .
Memberehap Admission Dole Membership Admigsion Dol
Memboexship Expiny Dale Membeyship Expiny Dake
Beoke Lecued Peoks Tesued

issue Beck ) 5

indPendingBeoks €)

velurn Beo

find Mem)ae'r%i-apﬁda‘.\h (44 [P

 Fig: Diffpoant reprovertiabions of; He LibraryMember claws

varmy om medely that desertbe how groups |

Aome behaviour. Typically , each

cbicds and the



3.73

—
| (LibraryMembey) 1 LibraryMembey } [Li brary Member ]

Ak Jain Arnik Jain |

b04L095 boLo25

C-108, R-K Hall - 6%, R-K- Hall

491 A\

amik @cge amik @ cse

96-51-97 90~ 07-97

1-05-99 [-05-9¢

NIL NIL

2gsueBeck ) 5

PindPendingBeoks O 5

find Cwes Becks Q) 5

whwnBock) s

findMembershipPetails

Fi‘a‘. D{ﬁsvuml veprerendalions o} a Librm'tﬁ Memlsey OchdI
Sequence Diagram
A raponce dio«gmm shows fedoraclin ameng objecs ay

a e - dimersiongl Chart. The clmat b 2ead !jftﬂm tOP Lo betlom.
The oba'ﬂd% P&ﬂ.ccipc\fw\[ﬁ in He indoraction are dhawe ol the kep
of e chart as boey aflached 1o a vertical danhed Line. Traide
te bor the name 6}, e Objffﬁ L waitlen with a celen rscparratir@
s %\em Hho name 0}) Ho dax, and beth the name @-B tHhe cb(jcct
and the clam arve undey lined .

The verlical dashed line 1 calldd the @bthcf’fs Li%ﬁtm.
The iibﬂhm indicates the existenc GL Hhe objeck ot any paﬂi culay
point o} fome . The Ye.cﬁovr\?ﬁ drawn en h}jzhrw_ b colld Hhe
aditvalven Mdml?e{ and indicaley Hat the o%de ok » adive o
Rmd oy He weciamgj[e exivi. Each mavage 0 indicaled oy an
QY1 0w th,\LQQn tne J%(LV\E,) e{ .&wc Cboic_th. The mﬂt‘ﬁdg-% Qre
ghewo  in chreno{r;ﬂmﬁ evdoy b"-m lep to botlem . That is ,veadirg
the diegram e Hee tep Fothe betlom weuld sbew the Aequence
in which Hoe mewage ecur.
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* Library Bok]
Renewal

:Eﬁﬁ!‘a g.gﬂ%mug: ;;:1 : B‘log“k | Iﬁ

i | | | |

! | l |

E renew Bk > E Peﬂi!Mem)om%o'rrowiri% :
: dl-gplmdﬂonwina : i i 9|:£:
| sctiodks | | | | |
E > E bmkSelec.ted) i +Pind $; E

E d] i it :f,?fim] i { E
i » ;:;::;d E 1 ; updale _’: |
E : Conpiym E IT E
E E | ; '
el e tmberoeniry |

\ 7 | ! |

| '

Fig: Sequonce' dio,xﬂmm fov the renun beok e Cane

/
I

%Qouobom"h'on Dic agram

l’ behawteural

Ao @ a

anpecly
:\Afw{% %M c:rJLﬂ
o colldberalion diagram csmsols ef
beleen them. In the di&amm, an obc}x& L abso called a colla
appect b dusertbed by Hhe A&b@%wmagm

vabor. The behawtowral
Q%!Lb\am%ed among fne dibkmvxi collaborakors

The livk beluon Bbéf& » shown ay a selfd Line and can

be wed fo Aend maoma
Labelled Z@m placd ruar the bink . Mewages are
Pre,\si»(ﬂd with Asequence ruumbere becaune that b e o \A)mdto |

dosertbe the vddive Aequuncing of Hhe movage in the diggran

cheen Lwe chieck. The mmage'»

"1

A Cellaboralion o\fonamm Mrows both the Muckinal ang
whuﬂg Ths » unlike a AqQ emce eﬂica%mm/

the behavieral anpecdi. The Ahuctunal aypect ¢
Ob&‘lt':b ard the link exsk

O__
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Y =
B‘:f}%&j 6! +find s Dol
[veserved ] . y E‘ﬁﬂﬁig 9. update o
8. apelogy 1o eenfivm . _"E& \
/Nk&]ecte/
g - venew Deek T Dreserven
Lhey [ Reneulel [~ _zp T opelegy
ndar
Ay 3:dfgp\oaﬁoncwirﬂ e ‘)_:{iindMemberBonowinq
\:_/ /
N + Libyamy
: Membe
ly: seleck Beeka 4 =
—>

122 confivm
—, 1> updale Membe*r%mow:‘nﬂ
Fiq: Collaboretion diogram e the verap beek wne cane
ActiviTy Discrams

!uﬂni,ch was not prasent i owe predecessers of um 1t

The o\.CL:\r[ﬁg chaﬁmm L posst btﬂ e rmdgﬂﬂing eiwﬂi&)

by biyisor thadl § |

lFOn TepYo) b adliywiled oy L'n]-bﬁ & TCLt LU?/U h m 0
inot C,Qttéwe,npond to the metteds o-t- Cﬁmﬁg gt Py
iom informd ackion and ohe Y Mo
Ema'ei cc\ﬂ;ﬁ bﬂ“{f\m the Sevminali
hay mere Hhan ene @.Ltacf n? iTaMLﬁ]LW : themn Haone munt Bp idonti

Hec\ ‘Hm’ml.giw condilens

Acﬁwiﬁ@- ii‘oﬂm,wm are smiday to the precedeiyal E-[crw chanls.

The diljence 1 thal adiyily ciiaﬂmm& Aupport cﬁéfffpﬁtm 6 paralle ‘
adivibe and &Ldfn(h.fmt'ﬁ';d-'mm o.AaP@ch inwolved in di %f&rrﬁ acg'\ﬁf liws .|
hn inwrerting featune o the odivily disomms & He Ludn

N eye) ﬂ ).ﬁ (LY t)% e aduw i (’Qm fams w the &uum

Jares. Suim lames eralsley bo roup aclevitiy bared on whe i peafermy
'i\"lﬂ ﬂnﬂﬂ: A tfi JU Q}q c{[agmm’x Qe YWC-T'mcLM,ﬁ Q.mffi‘-tj-r*c‘ fr ELLM':L»'LQM _|
PTHE- (oS moe\ﬂmﬂga |

o0y
Jl O Yo
- An adivily da stale whi ch
moye a‘;.x_tﬁoa“ g tramsilions wlaich auﬁcﬂ

|
|
]
]
|
I
|

o) e* ﬂ-w lbl&ﬂfmaé a.c_.tl' U‘-(‘J:gﬁ I# aﬂdtL'U@
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F‘S, Aah'u?):g diaémm hm ﬁu@wt o(\rm%mh Prom_&u.?('e ab 1IT.

S‘to.te Chart Dlaﬂmm

A stak chart dagram w normally wed to mede) howo
the stals C*t an Ob(}'ect dncwuam in W3 WQ : These d{agmrm ave
Cdot)d ol dth’tb‘ina hew the behavicusy Ot an o%dzd dmmﬂz)k Qeyoss
Aenoval LE Caxe encacuilions . |

Gtale Chart diagrary are baned en the }Swulz stale maching
(FSM) \wmalkm- An FSM™ comudi o} a [jfn'tb m,lml*U‘ @t atales comet-
Pond;in to these C‘E the cbjeck bﬁr\ﬂ medelled . The Ob,Jed’ L;m&m'ao%
sole anges when )ypqo,ibic aenly ocnr. The FSM chmmohsm exised
lo v fhe cbpect- ovienfed Iﬂtf/\-ﬂno@%? ard hoy &tnco been Lned {jov |
o wide variefy of applicatims. | |

A madm éiﬁqd»an!@ac ot the r—;snn bownlalisfn umtgg &&%J
e*x[)h:sicm pmb\stm. Tas problem 4 ouertome in UML bﬂ umngk chay
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® order yecelued

(l)npm&’.sged J . :
ordey .
[veject] checked Yxﬂc&e{:ﬂ Checked
E\ejected ordey [Aczep’(zd Ordefj
_ Talt itos awailable]
[seme items net ) ib Tecetsed [ delivey
avarlobld] proess, [;-Udiﬁcgslﬂ
Qrﬂ-ﬂﬂ ordey T b vsapply .

Fi%‘. Stake chart C‘u(lgy am bm an crdey @bd'adj

The baste elememla e’b the atale chant deaﬂmm aye ax E@ueu,%:
erM %tq_tn v It XQ.P}QM‘.I’\E@ oy a (Wled clydy - :
f@c\l_gt@ﬁ ) w.pm,mied b‘d a klled ciyele Sruide a im%w cirele
Stalo - Tt xepwmhd de a Yt’tﬂmmab_ with vounded cormars.
Travusdion @ A braviion & showo as an avrew belwoen fuw atalis
| NOTmQM,ld. e name e-k He event which camner the tramnikion s angu;d
i:d-_cnfd oo the axyew. We can abse m&iam a guard bo the tramrilion
f}\ quard L & beelean bﬂf condilien . The traxwdion can take place
lonly o} Hhe 8TO£U ewalvaly o tae. The wynlan ler the labsel o the
ramilion ghown 1n thee PCUY{} + event %u.cwd]/ad{mw.

|
|
|




'3-28

STrRucTURED DESIGN

The aim M Juned dﬂh%}n » feo tm;vwlborm Hue verully
ib the Mo dined &N\C\L\J{TA (i-e- a DED eprasendalion) ivo a
suche chant. A alwdiue chast 'aepre»mh the fw avchitective
ie. the varfows modules making up the Md&hzm; Hu module clepen -

&QhUd, and the PO.YG.mﬂM thol are PQ)A{d amenﬁ the dl%k!mnt

medul ey
The bome bulds blocks which ave wed to Mgn

Aowdie chay are tlne 6 .muinat
B@ﬂi&ﬁ%ﬂﬁw boxes + A zadnn;julcw bot vepraxenis a medule . Usually,
euey L reciamaukwf box 4 annetaled with -f[,m name e} fne mwﬂuEz

i yeprexends.
MQ&UE} _EEVQ@;W_ ar¥ous + An avrew Conne ét tm@ modulus i
hal dwﬁﬂ% pregram evecndion, conlhel u paned fyom one medule 1o
the ethey o the Aire e 0{ the conne JM@ aryow -

ID_@ {g@ aryows » Theee are Amall oorvews oppeant ng ohmg&fclﬂ

' the moduke tnwe ealion avvows. The dala Hm.u anrews are annotated

Cwith the cmegponcllnﬂ dda name .
Libroxy modules : A Libiany modale 3 usually vepresertied by
'retim% with double Q&%&. Libranes wwﬁm Fho qum-fﬂly d

mo

cay A P7°P"’Lﬁ [md.ver dﬂh‘%“ o) A (xmlﬂ L;ud.cml Mgh
Fa‘cd: Emmplm 0\) pmpe#hj and pomhj Lmjtwf chhfah
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DETMLEI_Q;_DESIGN
Durtng dokail deslan the psendo cede dunertplion o the

mema analu @ ch%w StnE dunes are dond nfg orgji.xﬁbzwntl

modatley” ef the Adauc chart . These are wyualhj ritten in the |

oo of il gpeubi‘mllw (MSPEC).

Main

s | (i ] [

amepﬁﬂ me - orders

'!
|
|
i
aceept- | [ j
erdoy sis o |

-

F“d v Strucﬁm @\,&q'\'_

The M3SPEC w Lkwall.tk i ton Luufn% Wuc’tmeef 'En?(fsh The |
‘Mepee Lev the nen- lm{) moduley dnevibe fhe cﬂik’bmri condition umdﬂ%
!wl,dch i 'mpovxﬁbi’ﬁhm ae Aﬂ.l_c-ﬂqﬁhd fo the Lowor lowel medules |
To dovalep the MspeC ofy o module, 3F 1 umaﬂld neeerany to TQISW

|

%Jﬁo the DED model and the SR¢ decument 1o delermine ﬂubumc o0
a.\'-!q O\\ flhe mo&u\z-
=

‘DESlGN REVIEW |
o m A cﬂmﬂw Y c.omp':ﬁ.ta, e cﬂuv_ssfam 43 1equed fobe
roewed . The vosked Yiow UJxLlG.le conss ot mumbers with Mj‘”&
jn\ﬁ}QﬂWﬂ’L&Mﬂ, IL'&W\ﬂ Q-V\A mainhnaﬂcg pere (ju,\u y LU% »m_md oY

may asl be the momlers o}j fho dondlepme hgww M‘ormaﬂg s ll
o e taww who wold code the derign, and foat the (odg,l
Hie owaun‘ , and Y matnlainere affind the yoew mﬂf[wﬁ The m(w
iy checks He daslgo doeaumunly b@ﬁl the EME@M i

il v . ol the Yoo eheck ey ea
:{at’[ﬁ?& )E)i;}r? mhmﬁ? ?‘ﬁgwto Eoma medule in the Matune chart

and Vice uersa. Thaﬂ check whdther each dlaw 'humﬁ'cmaﬂ x'e%muwnmu-ai in
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the SRS documanl can be ‘ir(;,md to teme bubble Tn the DFD Medgl and
Vice - eea.

Corredners = Tney chack whether olf the algertthms and data shructing
0\3 o Aotailed &M’tah are conved .
N\mrﬁcﬁiﬂabthb ; 'ﬂmﬂ check whethem Hie dorgp can be eanily main-
’[&it& w b\ﬁm 8

Tmply mentalion ! chock whather the duvign can be eamdy and eldi -

E/\ﬂg melmmn—gjﬂ 1 ‘ﬁ%‘

Develepmant o} geed arer M&ﬂbocn, W falans Aiﬂnibfr
cant Pm'tmﬂ a\) the teta Md‘iﬂm cﬁwdepm mb QHSMt‘ Y many Sl -
adiie applicalios, s much a» 50/ o} the tetal deneloprment eﬁsﬁt
& spent en dadloping The wxer inorface past. Unlens '&E\a ury trily-
;%: 8 dem and " deneloped in a bﬂﬂhmaf&‘c manney , the total

grad |
b vequuned to c.n.wﬂop Hre Infedace will increase Hremen N
"Theye are impo rlant MMEEH& et a aoml LY Hﬁﬂw
peec @Efmk@m_iﬁa " The speed c% learning & ha ('xd cmmem
raclon and  Aemandic Gb the command proteduned. Aaoocf
ey inimtam should et yequine A were 1o memerise commanids -
Netthey should the unes be awked fo remombey in.bmm_cj[’im me one
seveen to ansther whide Pefrbmrrﬁma variows taphs wyfng the irferlace,
The speed € larning characlerietics of o wer inﬁ:rka.m con be detes -
minegd o wmmfnﬂ the ﬂ:minir;?&hm and Pmdxm thal waers yequun
belere thgy can o.HDutimd.ﬂ wye the gw.
2. Speed €] whe - The gpeed of we of & wa ;nmtm i defoymined
by o Tome and Loy e&m’t recomany to inthale’ and execule @L*H)e
yenk wmm% 2
3. Speed ¢} recall - The apeed o} recall 1 Impyoved 2 the inke
B biﬂ& ZE\ home mﬁ.taploolzrg, b%tmbdic cmmmm(;{)nd M»:a-:ﬂj paoca&wkgl
ond ietuline command names.
4 Evor preverdion - A ﬂwd ey inﬁnﬁm phondd mintmige Te geepe
o @mmi’dfn;a ersors whale Ir{&ialmj %%Mﬂnt tommands . The ervoy

|
|
|

™

=
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yalo el an in[mj?am can be eaidy dddermined btd mon,'ttt:*rfnfa the
evyers commith by an avevage et while mina Ha _inmkm.

5. AMadiwenont © Ay attvacie wrey Intu}\aw catther uner allenteen
and ancy Tn ?e)vpecl, camPWLh “baned usex thfdmha.w; have a
&ﬂbinm &fﬁm»r(lo%a ovay the text - baned i'r\imkau,b. |
@CEW&N»‘J - The bante pupete cvt inﬁﬁ%@.& cmm;wtemuj nio Hctp
WS cacmmli%!e Hnﬁ lmcwlﬂc\%ﬁ OAchtL ot tlne {Yﬂuhou k\ﬂm@hﬁ
Pomft te ancthay. Th, CWWU;} arilitadey APQECQ t"-l} Leavnt na,«?[lﬁed
e% yecoll, and abso ho}@ in we&ucin% the ever rale.

7. Feedback + A ao@d wey inle t(ltﬁ munt PT!;{:';A&J? EQQC‘ bﬂg: Lo variow
v aclions. Eepecially, 3k any wney yequust Lakes more Toan a
;fwj to PromMP?ugu% LmrjrE %nzdmld be i’%ﬁmd aboul Hw Atale o}

the protuwsing cs\5 his Yequart.-

8. Support \)@_LWQHPILSM _Lmi‘-é: Tﬁu I necensary becaure wners
with e\lk*)wmk lowely o} experiena in wing an applicalion prefer d%e
'I'({’f\t tﬁP@ o‘!b LY EV&MEGQM-

1 Evyor Ygt_@i@'ﬂ_ﬁu_n@_ 0’-‘111:97 - Whde j,ggu.fv\a commands, even the

ex) Ytp;U&_QTS cony commil ervors. Theweloye, a 3@@ LNe Y inﬁ]mbaca

dhewdd allow o wser 1o undo a minkake commitled b(d him wl o ust

the irfrfoce. Ueers are dnconvenienced ., MJQ cannét recouoy from
e ervers and ﬂwd Bﬁd iyvttaled, holplov, and et e,b contrel.

lo- User %&1{&9']& and online help » Dsers ek %uicianaz and onling

%WEW .t{&ﬁm hmgct a command or awans e{) Aome Eﬂatwws

nowy Wer naedy o 3uid.anc.@ or sk halp from the
satory , thay should be amirted in Mm’conﬁnﬂ the problom ot “hard

User Guioance anp Onuive Heps .

D i

Users oy seck sk help bo loann aboud the operation of
e gl WM uM mea the ojw. Thuy is prenided bdffm: onling
halp &{deu - This help diffnent from the quidane and exe mesagy
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Whach ave ‘)lmﬂruﬂ cmjtomaLmMAa witheut a!s{«mxa [jof tHhem.

The %uie\anm mekages pmrnpt the wser with the opt'm) he hay a’e_aard-
in% fhe next command , and the stafi cat the last command, ete.

+ Onbine help &dé@m : A qeed onlwe hely &tdstawv should keep track of
whal o wywer » d@‘inﬂ uﬁm imokmﬂ tine halp Mdﬂiam and provide the

oubpul wumﬁa- .
¢ Guidance N e_ss_aiq - Thoe musago shou)d be mmbulhd cﬂmfﬂm& 1o
P”rom*}t the wey fo the next adien ml:a’k& pursug .

+ Bovoy M%Wg@ r Exvor motages are %mmfahd bz! a »%ﬁhm; arthey
when the uner commids dome evver e when Aeme emors are encourilened

by the ey duairg procusing.

MWW"HV“‘MMMH“&M,

A mode » a stale er celledion o salor in wb\iahcmhda
Aubeet c{) ol wy dnderackion Yasks can be pastermied. In a modelon
Knim%am, fhe same sel e'k commandy can be fnoeked o oy Time dw
du-finca Yo mmﬁv;ql e&wﬁm - T, a meddew nlerface has only a
}'Imi& mede and all the ceommands are availabl all the Tome ciuvawj
the operation of the gw. On e ether hand, i a mode-bared tnlerface
c% wonk seh o commands can be inveked éhpn_ndfh on thze medo in
whith ta »fhm w 1.0 Hhe mode ol owny fdant B Aefermined bﬂ'ﬁ/uz
Sequence oL commands olmdhﬂ swued by the wwer.
A mode- basxd inim%am can be seproreviied wma a atake
rasdion diagram, Where eadh node of the Atk tramsibion cﬁiaﬂmm
;Would re.prmﬂ a mode. Fach sak o} the sbale trowsdion diaﬂvam

can be anmetald with the commands that are mmmn%d in that slak)

Types oF User INTERFACES

MW"‘—

User inﬁarf})aw can be QWBIQA wnto  three C(Jgﬂmfe&‘-
o Command - loxw» based ‘in’hm baws
e Menu- bared tnlen}aces
e Divect - ypant Ptktﬁiitiﬂ IT i,n.u.&
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s CC’Q\MO{TA Lanﬂ.gl_(_\%e— ‘)C\}}Pd Trﬁmcha_u ¢ lt 0 b&bﬂ(‘\ on ({k-sfgnl' m_ﬁ
a command L&mauag‘n which Hhe user can we to e khe commardy.
The wer b expe hd to h‘t_fvmo e appre pri ale cornmands tn the
lcmcaumj.ﬁ and ﬁlﬂp( tHem g‘n’apgm.lwhmq, whenevey requingd-
A .%E,un[)l.n ~command Jan age- bayed ff:;kf\m gt ,&imphi 0.5&58 h
uyﬁq}m‘_ rames 1o the CE Eiqﬁni_ commands. Command [cw‘\ﬁu gL -
based infes (a5 allpo % inlradion with Compubﬂ and &Irnp[l [ﬁ
the in{;ut - cmm{Jhrx’ commands -

o Menu - Baged lnim}}cxge : An im{mtarﬂ: qukmiagﬂ ok a meny -driven
inderlace over a command Umgmﬂc-bwwd m ItC’tC( 0 that the fermar
infifate doos net vequine Yhe ‘waers te vemomloer Y exack Ayntan
Oh H\L’ CE--TT\.TT\CLY‘A&- A memtlt - IDCU}CC’ E‘fdﬁ-“!h(‘(f ) bCU)(’(‘] or ’]’Qc@anﬁ_,t{ﬂn
o} the command names, vather than Teollecion. Furthay, tn a
W\M\U-bw&c‘ En’fm‘ §GLQ. ﬂ\( o.xdpfnﬂv G_Hj{rrt b nﬁnimal ak mo«g{ Eﬂt‘.jif_
c_\{'b_imb Qe cayyle ent t[ﬂ'C-rLLﬂ‘r\ maenu AEJ.QCI'LLDM LL‘y':nﬂ a [JCLYLLWﬂ ~ |
dguece
e Dived Man?.?uﬂc_iiim Tnledatss = Divect mm’\ij?ul.tﬂim’l lﬂ‘twhaco,s
pmefr& Hmz inim%am to LY in Hh tmm o«t Uﬂ[‘guaﬂ m@(ﬂ@ CFoy !
—N({u TN 4 dlf'@.tt mo_.wi PLLLGI(EM iv&’w Aley Qye &cmc,h’mau Cau}_d
Leon ¢ Enﬁmkom- Tn tho ﬂgfpxz @L wlerfacey, the wsey amues commands

by Pejfmdnﬂ adlios on the visual w{;:mmwiaﬁcm 0'{ th Dbjr chi,
e-q pull on leen ?G;PN,bCY\iLW\S a Etlﬁ ik an 2ton '?QP]"QM?'&M"ﬁ a L
be, fer daldimg the hlo

ComponenT- BASED GUL DEVELOPMENT :

GU1 became Populajr in the 1920s. The main maﬂwjud
thare were vey bew GUI - bayed appiiu(limms prier fo the 19805 i that
TQM@ bogminals weye teo Q-’J(PQI\?)?W' One GIU the Fwst mmm
te Suppm’t GUT- baxed appli ealiony way the Apple Macintonh ¢ uler,
The currenk A\}db oF ue iniugm denelopment b cemponent - besed

1t yecsarine Hrol evory vy inleace can mﬁdﬂ he buitlf b’mma
yere mw Lined ;dﬁWchmmts bwd’) ad  manuh, Oha,l{ga ‘L‘Q'Jujj]

h&m\%\ &‘f) pﬂe\fﬁ*
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forms , fol- The windew &cd'iizm lefy the applicalion promarmmer creale
ond mCW]ML&ﬁ windows witheut haufna te wiile the Basic W'Lﬂddudr'g

m&iw\)& ;
ﬂﬁu\i\]_i_@\mu &\éinm - A windaw A\j%{nm can 3cnt.rr0h c:\hs?la.tas ﬂ!m\ug%
a st ef windauws. Since @ windew b the base enidy in gucha

gm{ﬁ/ﬁ ey .{n.[orrtacc_

Windew - A window 4y a r‘ui&ngulm arca on the Zeveen. A
Windew can ke divided dnto twe pats » client and nen- client part
The eiles cient are makas up the whels o} the window, except o
bho bovders and the Aevall bars. The non-client- part o} the windm,
determinney Hhe J.w‘t and |eel Gb fhe wirdew . The windew T'ﬂapnﬂﬂc}( |
L 'nwponbibln ‘5@\’ mm%mﬁ and maimfcﬁninﬁ Hae Y}on-clianf oA 0&!
o Window.
Window management Sydom (wms) + 1t & prémarily a yoreuree |
manogey - 1t keope [rack the Acveen ara redeurce and allsedlis
if fo'the dilfount windews that scek to une the sereen.

A wns cominds of fwe pants :
« A Window managey
¢« A Window &%ﬁm
Window manages and window gystery . Windew managey s the com:
ponenk ck wme with which the end- wer inferady to do varlow |
windaw - ¥elaled oPuoj‘.imw amuch an windew ?repmcituming . Windew ve-
sipieg iconificalion , ete. |
2-“T'dP§§ _GJB_CLA@_{}‘JA ' Dubktwnt mlqribacu preqramming packages &uﬁuf!tl,
ds nﬂm_t U\hd.%ﬁt Ay ‘ |
. Labe! widack : which duplalj)salabd |
o Conlodiner wl’&qdﬁ + Othuer w‘fc\.tad‘s are crealed ay childaen @-E contadney
widgel .
. pOP’gP mevwt @ It appeare twpen 'Prwinci the meuse butlen.
o Pull-down w1~ These are mere peymanent. and gerwmﬂ.
. Dialeq bowes + 1t remaing Wetble until explicitly diemused by waer.
< funh Bullon 1t containr kﬂtjworcb or pidunes that durertbe i
aclion thal 0 tﬁﬁ%ﬁ%d whan Yeu adivale the butlen .
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<Radio bulfory @+ It b wxrd when m!lld omne opﬁ{@n Fas Yo be eloctid
ouk e% many opﬁmﬁ-

. Combo bexes + 1t lecks like o bulten unfd the wner fnlvochs
with ak .

L?"_An ﬂou‘wvrg—w—o X- Wi’nd_mo / wtl c It allows dﬂmle‘jmgmx C«t
pertable Guls. The applicalions dmmh;ﬁqd LU)G’?@ the X- Windew »Sg_.{iﬂcm Qane
dovtce - Independert , and nolwerk in

ave Lew- Leud btmﬂl’mr\s wrillen 1y € Q_m.nﬂuagﬂ which can be called
bncm GPPLCDLM PTeﬂ'mm’;.

B K= Avclf\['toctm@ 5 |

X -%eruar +- The X- Sevuey yamy on the hw o which the d.{,s[_D(mj and
tg kﬂﬂbcmd ave atlached -

X~ Pretoesl - 1t df,bfm.x Hne Em'mcd ct Hne m@umh behuwen client
appli calions and cﬂ.’upﬁ mﬁ Acrodys cuey the miw@-xk .

« X- Lbrary » Tt provides bow ewdd prieibives f)m doueleping a wey
fvdor face - 1

: th;n - The X-feelkit comivls o Hwe parls : the inbinsics and e
WLAQEAD -

5. Visual Pa'oa ramming : 1t i the dm% and clhbp htjlf o\ program
dﬂmiqampmi. Ty Han Igﬁﬂ ck Wney 1ndey ta.u dmdwpmmd, a number ¢ L
Visual GE:JEL[S 'anx%anf&m\c] e Gu1 C_ﬂm‘)or\cmh Qayw pmufrﬂlod bU fﬁw

pveammn’ﬁma eviwivonmeml .

6. Size Measuvermant et@ Component - bayed GUI * Loc B vet an
G.FPTO PT'[(L)(Q mﬂ_bu‘c te QA rm.hz cmd meaminge ﬁfw ):LéQ ¢t Q Compommt =

based GUI. Thiv » becawne Hao inimtar_a 2 dsueloped Ig‘d imhﬁmtmﬂ'
Aoneral pre-bull compenenk .

B el e

BN S i O

The GUI ohm‘ﬂn m,n_f[aodc*f.@gxd 4 bawed on Hae temina)

work ¢} Froamk Luclcslph,r UMY mﬂmtac'o dmiaﬂ rrqumch‘{_mgLJ cororls
oL I &c(lomin% {mPo? Lamt FslﬂPS.

.;aench..n - The x-wtndmo“hmdim
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- Examine the we cave meddl of the ¢fw. Indevview, disum and
youtew the QLT amues with the end- urers. '

o Taxk and obdhd modellt ng

" Meiaplr\m seloction

e Tnforadion ogmfan and muj% lAJdm¢

« Delailed pment&hm and 8mp(/dc), duiaﬂ
« Go1 conmburdion

° USGJ)TMQ QU@LJQLW]

The bten'tunﬂ Poivd LUT Yol dm?rn b the wse cane
modal . It caplnes Hoe impostant fahs the wwers need to perjorm
uh’fnﬂ Mo ofw. As B:w @ pessible, o wiey inlirface gheld be dandleped
wun:a one oy Mmene mfia{zhms . Melaphers he in iV\h“bﬁtﬂ duuclep-
mpmi ovt lmumw' Qﬂ)oﬂ angd 'be_cluu_cl me_\ hm itoini thﬂ LS.
Ouestim Peopla haue cﬁ_wﬂ@pm ebbﬁ’den& mﬂtﬁwodﬁgi dlmej with
some  Come ocun'rinﬂ sihu ofiory . Thoe gelutions ave the themo
0)5 the mtcquaer g, N\daplhms can abo be bared en p[;ué&faﬂ Obf}ffh
aith oy @ visiters besk, a Cﬂ.talogm, a pen, o brurh 4 a paiu oé
scissers, obe. A solulion bared on” metaphers s ficmﬂg wnder steed
b‘ﬂ Ahe s b reduo Leanning Tome and imiminﬁ earts . Some
gommonly wed mﬂla{ﬁhe'\’ s e “the Ibﬂ“u-f’lum% :

« While beaxd - Sh‘lppimj cant . Desktop

, Editors work beneh ¢ wide page -+ Mellow page

. Oljfco cabined . Pecl box . Bullélin board
. Vigtor's beek

—@ End of OniT-TI @ ==




SOFTWARE ENGINEERING b0l

ONIT-1V

| Cocﬂ.m% and Teg’t'ma . Codirg standards and quidelines , code
| yevlew, Scthnm dio curnentali ,Testfnﬁ, Black Box Testing,

| While Box Estfmd, disbu, %m%, lninﬂmtm .hastf.nﬂ y Proamml
ETOGh, Slg(‘ﬁm tﬁﬁimﬂ » performance {Mtw@ ) Test:‘.’na OE%inct Oviented

& Pmamm}s :

Neor maihd J %ocd S{w d.t\m.hflpmtﬁri o‘rﬂmq{aﬂicm T‘EQ_'LLI‘-"“LG-
tiou pregrommers lo adhere to Acme well- doJD: ned and Atandard
HLA& c:% c:dima called ccctfma standardy - Most ¢fw dﬁudfprmnt
iovacm%qf,\'m rmdale thein own c@élfmcq sardayds that suils them
‘most, and vequine thavy engineers fo h@ lowo thane tandawels YLSO*OLLW[‘;
due to the tc{hfuuna YeanONS .

o A coding tandard giver o Lwﬁb{‘fm appearance to the cedo
wiithen th dlkbw nl Qﬂ%insmrrg. |

« It providw Kound tmdmg”[andina o} the code

- I encourages raotd pmammn-ﬁna -pmcf[iua.

{
|
J
!

(Geed 3w &m_k@p mend or amﬁaaﬁim umalﬁlj dauntlep e
own ceding Atardards and M&Emh cﬂnpmdu‘nrd on what bext gl
g nueds and the lldpeb of preducts ﬂwd davelep.
Reprentiolive coding standard

The %@Umﬁnﬂ are Aeme 1'epw>c?ntciw ccﬁmﬁ stardards
1. Rudes k@"{ Jimkhﬂﬁ the L G& %luebabs
9. Conlonls ct the headere pvem&inﬂ cedo E{‘-T di Hgﬁwnt modeles :

Name O\) the meduls
< Dale on which the medule war erealod
« Aubhers name
e Modikicalion HS"COH ’
< Syropsie ¢} the module
: Dibtjni bm&&w sppeiled
« Global vartabley acemed / mods b'ud b}j e medule




o
b0

& Namin Qmmmhh'.@m t;b_"a_ cal@bai Umi'ab{u_,[ocal umrfol_aw and
const A i.dxv\iihiefrs,

b Enor velurn eonwentions and exmpﬁm han&ﬁnﬁ mechanisms .
Re presenfaline Codmﬂ Guidelings |
The koﬂmuirﬁ are Agme 'arepfe,\cntm w&;ﬂg 8441&1:911/19)5
Yetommencled bU mcwd g[w du@lcmpmgni o q@iatgw.
{. Do net wre o cedfvxﬂ %%h that 1 Yoo daver or foo &ijcuw to
underetand.
2. Donel we enesdirg Aﬁﬁl Jdorili biw b@v mulfeple puspeses -
3. Avoid obsuure Aide Q‘HS“CE'
4. The ﬂﬂwﬁﬂh 0\3 inﬂ hxmc,)ﬁwn Should net eacceed (0 Sowrce Linas .
5 The cede shedd be well deocmented .

6 Do net we aote stabemants (Ve e} agoto statememnt makes & progia
umhuLhumd? and Uery cﬁikb‘imﬁ Yo ua&wstmd) " r

Q&Tﬁ&REVIEW = 4. Code lek-TFrrau%L__g:

Code Reviow h@q a module iy an finJDmch code anal m'
fedhmique - Tn tais Techwique ab&rf a moedule hay been coded, 2k & ]
&ucumk compdld and all fﬂdnﬂm evions are eliminaled . Some
membeys o} the deudepment foawu are gtuen Hae code @ fjﬁm d{uda
bd(mf Koo walk - Haough mmﬂtwﬁ Lo 1ead and wndoretand koo code |

[ |

Fach mombey adochy seme fort canes and admudates executien (’5[S tf/q
cocl bnd hand. The main ObJéchM ol Hhe mtk-%-mmﬂ% ave to |
discouey the O.Lamﬁﬁwmfc and Mﬁiml exyers inthe eode . The rmy&,gr{;
nele dewo thov °ﬂc§fﬂ% to dlcams Hine tna wd&-'fhmujfa meet-

in_fa Wheve e coday :&i He medule v alio preyent. Some of the
qui k\ n

wddine ave @ DR
e The Kooy pes hor mwf\% fhe code walk- 1 Miedd net be
atlhay Yoo bf% o1 oo &mall . ]dﬁﬂmld ;b should cornnt 045 e

bo seuen mamlsens .




4.0%

o Discion tnould %mm on digcevery Oh emrovs and net on how
to E"‘K Bre diccouaned ervovs.

e T ordey to otter C.oop@miim and to aveid the Btnﬁﬂ% ammﬁ
Ho Qﬂ%inw(‘% thal ’rlmd e befimi ovaduated In the code - wWalk
{Momaﬁ(\ mw)\uwﬂ , Managers theuld net altend the wall-1 hrcm;h
m_o.u,ti,wé& ‘

1. Code M_@ﬂ] v Code lm?ethcﬂ Aigcouys Aove Commey
bypes €} evvere eawed due o cuarsight and improper propamming.
In othoy werds, duying ceds Impe (tim e code b examned Bmm
prexence of certatn Winds sl evions, in contraut Lo the hand
strudodion @% code exteulion done & code- waﬂ)\ﬂmcu%m. Gosd
Sl diw.hwprmnft companied colleet Malistio to sdev (Fld e Mpﬁ OH
eYYOYS moﬁ_. Wq;mdiﬂ Cbmmi,w b\d th&i}l_) QY I%LYI,QUS . udh o M‘}f |
@E c_onmwﬂ\»%wmn{xﬂid eYYOYS can be wsed dm-fmca conde € m,chLm?

to leek oul fov pessible emens. |
The lollowing & o Ufet seme clongica) pYegrammu

evvors  which bﬁc:m be %(’.tfmd&?d &m?}% code Brapeclion - 1 4

o Use O'B uninltio\hbcd vaniabslos

e Ju inko tbeph

: wmmmw Loops

. 1ntcmpol£ blo amtanmemli

. A'nm,a indity o @% bowndy

c 1m{mjw stotaae allocadion and deallocalion

o Miemalehey belwean actual and h@rmaﬂ. pammdpm e
procedule cally

« Use o} tncovyeck L@g?&ﬂ opesaters s ov inrrect precedenc
anony @pemlm

o lm«P'mP@" nw&ih{'mﬁm C*E L@OP U"CW"EQMM

+ Cempanisen o} equalily o} Eéo(&w@ Po.fnﬁ valuey | efe




|
|

|

4 Ol

> Clﬂm (an 'ﬁ’-Sblff‘ﬁ ¢ Cloan Rcc:m Te&bw Wah Piomcmd bd
1BM. This Etﬂpn o} ﬂ;aﬁ.ima velwy hmwﬂ-d on wd]i-'ﬂmmgw,impcc-
Lors , and \:-)mmaﬂ wﬁbﬁmﬁim. The programmens are et allowed
fo font any Hiru cede by QXtmimg the code, ether than c‘lainﬁ
AT Aq_d\'\i&f‘l A\ up,{rua a wm{lﬁcn.

Thiy ﬁd/wxlq/uﬁ 'repo'rtuﬁ\d pxocﬂuw decumerilalion ard
code that & mere rdiable and maindainable thayy. thal ebtaine
B‘L@m ety develepment madhods which a’dxd hm»i% on code
ereculion - baned feslmg - The main Pmblﬂ.m with thi approach
1 Hhaak W\@ Mb increared becaupne \mﬂk-'ﬂfwmuj&u, Irype

H .

liory, and ot ave Yime cmwmina.

Sor TWARE DocumeENTATION
Geod docments are vory ahal and serve the tfﬂﬁw

fﬂ% puﬁfpo%@ :
« Geod documents enhance undustandalidily and maintainatilily

oha gl product . Thay veduee the effert and fome yoquined fo9]
mainfenance .
o Geed documens help the wers in e%otﬁiwﬂﬂ esipﬁorfng the |
- _ |
o Good documents help in QH’)Q(LNL;[ mnrromﬁmx th MmN powey
uanouey preblem: ;
o Geed decumenls hdps (Y managey n Qb{;pdlum@ 'tmcla"rlg the
progron OJB fine Pmdcdi-
Dih%ﬁnmt bypo | 9w documenls can be broadly ami Etﬂcﬁ info
the kOUﬁUﬁﬂ%i
CTadirnal documendalien
e Exfoynal doeumentalion CSup.'Doa' e deocumenls)

Tedornal docamanialien Corrwf%b_ the code wmpmhsztm‘
kﬂaﬁu/\ﬁ,b P}'Otf‘fd!ld) b \xu{ o% the Aource Cecln JAC% : lntw n_nJ cﬂmc,u =
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mamtalien v provided Jdrmmg% apmopﬁ.a,ta module headers ond comment
embedded W the Lounce code. For e«afm{alng the EGUOIL&YIE} AMPE OE
CL&Q tommc.mliw\a doey ho{ T4 armd mm% hﬂp in mw&m&tom&ina e

cede. o =105 /% a made 10 %/

Exlornal  documentalion Pm\ff&ﬁ_d “HKYT'CRUJ‘}\ Voo hdpah

poftng documandy sudh ay wxrs manual, Sfw yequine ment
:"izu:‘cw‘wgdmumnr\l, danl " decument |, Jaal cbﬂlcurmr(}xb, ote. A
wf\m dic ghw dopclepmont ii;jf{u ervnes Hhal ol Hhese dpcuments are
produwd v an orde aion.

An 'inxpoﬂmd bmtwue ot 8@@ dscmerialien 2 (’m’\bwﬂ(lj.
Tocorvudenciey in documants crealo cmbmim n uydmstardiﬂﬁ the pro-
duct. Abo, ol the Aeewrnends %mr a pedud Naeuld be UPF'[o~daﬁﬁ,
M cveals ﬁnm&fiﬁmﬂ and lood to C@n)ﬁwim

TeESTING

e, Ve

L Tﬁe aim ¢ e tmﬁlma procexs b o i&mTiH all dolechs
’kaw b0 a Sl/"‘) P"Odﬂtt’ Haweuer [307 mott Pmcficﬂ /&%Em

Qe GJD’UH safis gxcﬁmﬂxﬂ C@'*jii‘\ﬂ eul Hh Lntww PFMQ-, ik a et oSSE’qu
ke cjgmranhq that He ¢ Jw & enoy E‘-me- This & becawne o} the LacPt Hoak |
the Inpul dafa demain of mest g produch 1 ey L_wge. |

What 4 _EStmﬂ? —[Estfnra a pregram connla 046 sulseclivg the
b t o it i i R ey

pregramn fo a et e} An mpukb and  ebseryin -!.‘r) the pregram behowey
a expedm : 1% Pmﬂmm tail,s to behawe ay ex{)egr(l R ﬂig condiony
ancley which {;ﬁdm@ ceens ave peleg e o debugqirg and cenectisy.
The uinca QYe  hame cr.-nr\mcm_[\j wed ey cLMO(Fth'd l;ﬁb\ g '
e A })mhmﬂ na mcxmLJGmLcdlcn &{) an enoy (ey cﬂ.ﬂ_bﬂd oY bu_g). But H\QE
MaTe presenc of an eney way el nemanily ad to a hailune | |

o A tob coxe 1y QMPM [15,0], whew 14y e data IVL{!.{.Lt fo
L%shm, S -lls thﬁ &t&htb ﬁﬂﬂ &td%‘{&m oj: U)“/\fth H\Q di(Ja M iﬂ’?{k[ ) |

|
i
i
a
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and O 1 ﬁ(ru.mlmﬂ&@w o) the gélom .
.Aﬁwth&lﬁiﬁﬂm&d&-aﬂﬁm{%-” ich aqf
ok b to btk L0 ko i wkich @ g sho

\.‘-‘/éﬂ'bt_;c‘-j—:lm Vs. V(llj..dﬂtl.m ’ \}E’Yfljf('.oj:l.fm Ju) ’Hr\g Yolors O M
minin% whether the mtpul_ OJE - PW (\% ch &Ed: Lt " -
forms o thal o} Az proviow phase , whereay 'vajili tpm% ﬂfw
procws @]3 detyming whithur a b&ﬁﬂf Audoped &%%é:’: gzni;sf o
lh "RCUunﬂme\h ,%Pecibfcatim. Thus while vert 'Cajlm & terrmd will
Pkrm confarnment OL evvors , M aim CJt mls tm 4 fid :j;fnc o
?ﬂ‘)&ml’ b& evyor Bme | ; BL
Design o} Test Canes + Exhauslive fafim L
M’stﬁm 1)) im?‘f'aati(’_al due fie thﬂ at.; ﬂ\g G’j) almcktpam% hf&ﬂi)uv‘zd

| | v demaln ‘) input dalal
valup to mest practical sfw sgstems 5 eithe |
S o z’: tthey exiemely Yarvge oy
bnfinile . ﬂ'ul"(ﬂlbtw. y We ot M on C.thaQ fot suike ok 8—ib o}
vemsenable 13e and can ey o8 many evvers excidling in the sgslem
o .pms“tbln- Corwtder Hne boumui’ml example codo Ac M‘%}t‘r h g% l,
Hhe %'joivf erh bue intﬂgm’ Values % and Y. Thu et R b

. | | wad 3. tede Aﬂﬂ-rrwnt has a
&xmﬁ Pmammrm% eYY0Y.

1k (r>¢) max =% ;
elee max = «

Fer toe abase code segmunt, the tost suike § €x=3 ,4=275
(1=2,4=275 tan deledt the evor, whereay a lavger ot guile
f=2,4=1) (X =byq2%)5 (0=5)9 =4)} dees not deloct e exvor.
Tl}m-rebme, a Mﬁﬁhmdht appyeach theuld be Eﬂﬂmﬁd bo dmfca_n an optimg!
kot Al . Tn an Dphmal fot s, eath ot caw n CQRM:&Vlfd to
Alect djh%ﬁsmnt orvors. Wheve are emtn'lamwxd fwo moun a,pqrmacho.a ta
M&sﬁmaﬁicaﬁhd (ﬂmgmnﬂ it caner »
« Black - box approach
« Whikz -box (e cala»s»bcﬂ approach
Tn the black- bor ap[nroa.cln, fod carey are &Miﬁvmd um ng onh,
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only Y fundiinal Apeci [Kealion e}t spw, ie withoul ¢

krf;ﬂxﬂ&%xh% the ﬁwﬁu’v}aﬂ J’&/\UCJI.L‘W Lb o ow. For this re::;z,

black- bex b_.&m/ﬁ L known oy “ljtmc[iarncﬂ ﬁb_uﬁ%mg”. On the oty hand,

ng}n;zn% whils “bor ot caney QU A ﬂ\orsm_%ﬁq kneolo rﬁﬂe UE 1

infornal st of fw, and tiawre Jeve the whils™bos fonbing 20

called * gtructural f[w:,ﬁfnj |

Unit Teatt | '

Ok [utw\ﬂ 2 urderdaken when a medule has been coded and

AL TR e -

DT_{\}Q_YQ_nd Stub moduﬂ.u . O'l"(qﬁ.-f‘f Bio Mfl a !ir‘tjle mo&uﬂn . W need

a Qt-m{)htl enirenment fo previde all that © ey tcr exceulion

o b mo&ulﬂ That u , besi(ﬁﬂ te mredude wnder ot , we wil) need the

kc@muiﬂcs in onder To be able to fnt Mo medude -

N WE“ %ﬁcﬂum be\enaina to oflwr medules Koot the medude under

o fet .

|+ Nenloeal dala sbwcliunes that He medule accemes. |

: A PTC‘-CQCQM.T@ EC\ cal) the kLV\(Jiﬂm Cl Hqg mg&.ﬂg_ unden b W wirth |

aP[-""OPﬁCLtz Pammzm y. IJ
|
1

Modules vequined 1o previde the veeerary envivenment are
wyuamﬂ net aveiable vyl ﬂmﬂ» boo, hawe been wiiek $osted ; atubs and
drivere ave dmiﬁnad to Fro-u‘ﬁda the wm@hl}z evwirenmeml for amoduds-
A b procedure b a dummy procedure thal s by same 1}50 paya - |
molers ay Ko Eﬁu&m p*(w&wr@ but hay a (rﬁﬂ%\j J,Empfl}r'w behawior .

Drivey modulﬁ

'} Gilobol dola

/ [

¥

Module under text | -7

Stub mndule
i 9 Uitk habw-xj with the halp GE dsavey ard Mub medules.

1
|
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Vo gmm?h , a Mub Pwudmm oy Prodhe.ta the _e_-'rp@ctc& behaviouwy
wit ng a Aimplﬁ_ tabl ka-up mechanigmy. A driver module weuld
conkain the nenlocal dala Manctines aconsed b«d e module vnder o,
and Would alse have e code To call CQ."LH)QM»’J E{mcium of the
module with ap[mpﬁah pai amdley valuo

Tn Black Box, dot cares are dusigned froman exarinalion |
c% the input / oalput valuey cmfhl and no knewle d;ge 0'3 d'buvfjn on Code
is vequined. The %oumunrd are the fwo main approaches to &Warmj
black- box faxt caxes.
o Lquivalence clox Pawttiminﬂ |
o Boundcmd value thﬂw |

qul_v;g@m Clawm @ﬂiﬁmina In this approadh, the domain v\iﬁn |
fnpul volues fo o pregvam 0 Paxtt'timnd into a et of aquivaline
clomes. Thn pmh'l}mﬁ b done such thal the b@_ha,ufcwot the pwamjn
n Amidey te AV ! dala bdon%; ng fo the same ectui\falmuz |
clo. Epivalene clanes for a 9w can be dorigned by examining
both He pul and the eul dala. The to{lﬁuung are Aome 8Lnﬁml
%@Mim), oy dsz',nma tlhe eq}tivalﬂn@ clames |
1. IL tHne inpui dala valun 1o a 3gjktam can be Apfcihlvd} EK;;@(B&
S values, ¥en ene valid and be innalid equivalenus classes

Aheuld be defined . |
2. 1) the tnput dala anurmes Value l)’\@m a mdt o) diserele roambsers
ol some demadn, thon ene equimhnca clans tm valid irqmi UM

a&d ancthory %m invalid input value shedd” be C&'bfmd' F

E‘)tam_ph > For a Yw bhal computu the sqpave zeot Oh an inamt |
idegey which can amume valuey befiwen 0 and Sewo, there are ﬂmzf
equinalince classes + The et of mﬂdh’m infegers ; the et Otb\ inlrgers
i the ang behimon O 4o Beco,” and th Enﬁfgm lmﬁer an 5000 -
Tme_%me, e tat caves munt nddude xe,pwr\iai’w values bhm

BLACK—BQJ_ESTLNG

L i e e o
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eath of the fimee equivalinee clamer and a possible foab sel can
tfrm@bow he: § -5, 500, bocol.
Boundary Value Aﬂd&dﬁ._gﬁ ._

A Ldpe G-L P}'aammminﬂ ervey Biﬂq_mvfﬁy occrrs aff the
boundaries 0{) dﬁkhmni equivalimee ¢laes @E Eflpttt!. Te Teassn be-
hind sudh errors mf%lmt pu.mhj be duw te pcljch@[c.gi@ toctﬁg_

Pregrammers chlen lg(-“l to ree the pecial Pfo@_wiﬂﬂ yequuined b(é

jcl(ws,e_.&, For &Kcqulﬂ ’ proﬁmmmm mﬂ.ld fmg)IOPe’)‘ ‘.\d e < ihhtﬁﬂ(g
J‘oL ¢ =, o conwersely <= wwlad of <. BVA leads to sckeclion
o} ot caner at the beundaries of di hwwt equivalence elaes .
Emmplo_ . For @ humclirm that compuley the Aquare vest of infegey
valuny in the rarge beluen 0 and 5ece, the It cases munt
incude the fellowing valuo - 0,1, 5c00, Se01}.

S&ﬂ_‘mﬂ\ﬁﬁkm Black- Box Test Quile Desi&n_:

1. Examine the input and oulpat value of the program.
9. 'lcﬂmﬁx)jud the equivalince clawes. -

| bcxﬂ.nd&rrg Value anol,.lﬂ;,u.
\WHITE - Pox TESTING

o e Nl T Sl ™ Sl e et e, O e

Theve ave rewoval whith - box h»b’mg Atmh%i_ab- Each
{ejab;nﬁ &tmtag-&a b bosed on some heuyisbie . One wlicls - bex e

evyerd dufected by the E“mt ﬂmfma &’Cmﬁﬁ% (say B) are aho deecte
bd fhe Aecend h\bmﬂ .Taﬁ% CSoud A), and b xecond Atmtegm

ad.riitxcmalﬂxj dalecls Kome meve hjp@ crﬁ enrors. When e Lenbwg
Lﬁcﬁcgm datect evvers thal are dﬁ&mnt ab Leant with T%pod’ to
oy h«jP“ eb IS, H’wd are fhen called comph n‘tﬁmla.wﬂ- In the
practical &nﬁan 0{) tost canes, J\% o r\irongev ' M{Mﬁ ) Peaboa med

fre frpud values that Jic ol the boundasy of diffeent equivalne |

tratigy s said fe be strenger than anctier Atralegy, S aﬂ'ﬁmgﬂ

3. Pick the fod caxes ch@,pondtm.ﬁ to equivalone claw ﬁmtmj and |
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then the weake MH nied net be carried out. But the Tont
ke ahewld be erviched b‘d menﬂ all the ‘c_omplenm\ﬂmrﬂ Iﬁ.@w
&{mﬁgm-

Tgpes of evrerg N —
detected by te,gl:(nﬂ \ yd
/" Types of evrery

etected by tecting 'l-’ Stm[a% A

Stral

T?ﬁo}‘;\ \  detecteq by testinﬁ

_ Seeleiby et
mtﬁﬂ'ﬂ B & f

\

Aua &tmn%w m%m& Ahziﬂ% than B A and B are wnp&nurim\d fes‘[fnﬁ Stmtegm
Fiat S‘lrongu and Cmmpﬂa mnﬁarg taahfrtg Ahaiﬁgm
Stalemend Mﬂ-ﬂé The atafement Couevage /xha.taw aims 1o
dosign tot caes ge that every Atatient In a pregram u exeenlid |
ot Yeart once. The prtneipol Igm evevyning the stalomepnd coupraqe |
Mralegy w» that wnlow we exownde a at t, we have o way ¢
dgh«nﬁﬂinca 1b an evioy exialy In that atabiment . Onlow o stalement
» exeented, we cannot obserpe whather 1t caunes bculwuz due 1o

Aeme JLMaoﬁ memery occo, Wieng sl compulalien, ete.
Example + Conttder the fellowing Buclids Ged Gemputalion algerithm:

it compufie -ged (¢,

it %y ;
{
1 whilke (x'=y) §

2 ey then
3 x= A-Y)
4  else y-y-x;
. §=4
€

.

velupn x;
EU CIQOE!’S.%Y\% the Tt aek § =3, y=3),Ct =4, -ﬂ.:g),(«x:g,%:zg}

we can exeyciac the program Auch that all slafimends e exeeuded alleart one
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2. Bvanch Commaz T ﬂm ta.Mg thClti%? fost canes are dmfamd 1o
moke each branch condilin asume Bue and kc\he vadues  dwon -
Branch Inting also knawsn ax " edge ﬁ,,b,rﬁ as in the ferking scheme

each e&&a 01) a pmaram‘g confisl Hmo 81(1{)% u travevsed @ boal once.

3. Condilion Coverage » 1y thiu aliuckivrel hﬁ-ﬁn’\(ﬁ? tert canes are
desiﬂnﬂc‘ To make each compenent oﬁ a composil cendibional o Prosian
anarme beth Bue and h&lm valuey - Condidion ,tvxt»m@ 1 a Mronger teti
JAQ al’ng!ld flhan bYaJn(h ﬁ&tww and a branch ﬂw{’wﬁ A a At'nmg,w %Dsj(“wg
)shq)[og]td than the atakement coueyage- baxed Mﬂﬂﬁ . Thew, Em condibiem
conrage He vuumbsey of Kot canes fneroanes ex{mmnt'auja with the
numbey ¢} component condifions - Thareere , o cendilion coverage - bared
lte)lkmﬂ fedwique & pradical ““Ld ik n Che numbey of Cf.\nc{i\.?iw)
ii/s Lrall .

& Path Couerage + This styaligy vequines w 4o derign vk canes auech
ot all limma%lincinpmdw&&ﬁ;aﬂm iit] the pre fgm cv:ga emoented af leant
‘e A linwanly independent path can be doffned in fomy of the Gaho!

How qraph (CFQ) o} a pregram . Thavekere, in odey fo undervstand e
Im -aa:fﬂm%c—bmﬁ h’l:(f?\g Atmtmgidmshiw need o bfﬂt underetand how
Et(/\a CFG 0% a program ¢an be draion.

Condnel Flow Graph CCFGY » Tt duertbes Fhe sequonce 0 which th
dilloent Twdaucions ch a. pregran gt exocnded. T other wordy, a

| conlhol k\mn 8rap¥n dasaribes hew the corldio! Hcrwﬁ 'ﬂ'nmtﬁ’n the pregram
In erdor to dvaw the conbret [low qraph f a program , we need to ffrst
umber alt B Alafement e} pregram. The different numbered atale -
morty aevve an Hhe nodos of the conbn! Bﬁcw 8mph, An €.c!8€ Ehomm
node Yo anether nede exists i[; bhe exocrdtion o} fhe stale ment repre
Am%g (e ki’ws’[ node can vewult & tHhe troamafer o} coribsl 1o Hue sthor
node.
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Fia-. CFG kox (@) Sequence cb) seleclion, and
co) ievabion lype of conbucy

int Compulﬂ—ﬂc.d (ink ¥, ink y) §

1 While ('I':li)s

9 ikbwg) then
9 g & 'x-g;
h else y=y-14
5 3%

6 7el'mn ¢

§

() Example program

(0) Contyol Flow Graph
Fig: Contrel ch diaamm ¢}, the program

Sequonce:: Seleclion Ttevalien

la=5; L.ij(a>b) L. while (a>b) §

9. b=ax9-1 9.¢=3; 9. b:=b-L
3.€elee =5 1. b:bxail
§. B=Cwey L. C=a+b;
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5. MeCabe's Cyclomalic Complexily Metric @ It & also called ar the

s cbmal comploxilly 6] the pregram. It delines an upper beund on the
amber o} indupendent paths in‘a pregram - There ave thyree methods

1o C_ompute the cHd@m‘d [i cc.m(}lpx'dg.
Method 4 : Given a contrel b\ou) Jraph G o] a program, toe eyelo -
malic cemplexily V(G) can be cempuled @

V(G)= E-N+1
| Where N & the aumber of node of the condnel Hm‘ ﬁmph
lard 5 ¥ vousrdsor ok edgv) in T contel flow ﬂmp'?\-

For e CFG of example E=T and N=¢. Thurefore, the cyele -
malie complmcdg, sy VCGQ)=T-6+2 =3.
Method 9 @ An altevnalive 6 'cn-m:EJ_Crr e oddomcdw comple}
ol cf o program prem an in“}fp;gchgé o} ab Cﬁrg}d koo qraph b o |
%ouow%: |

V(@) = Tolal rummbey o} bounded arear + 1

Methed 3 The cljdomcdi.c DJE a prsgram can aﬁ)so be ea,e,(ﬂij o M
by wmp@bﬂg the vwmber G-L decigien Acéuﬁammh &} Hho preqram. ;IP;\L[ |
1 the number ek decision stakiment of a pregram, then the Me Cabes |
melie equal fo N+1. |

6- Daln Flow - Based Testing : Thiy fekimg muthed sclect the tort |
P&ﬂm CJG Qa PTE‘ rom accordin to aim lomﬁ’mg & Hfm chbfni.ﬂlcw and |
LU (_vh ke dl%hmwi variablh in a progyam. |
For a stalment numbered S, et
DEF(S) = § X! stabement S confainy a c{nhm&uﬁ’l C-*b X1, and
USES (8) = X ! Stafument S containg o we c.% X } |
For the stalement 8: a-bsc; DEF(s)=a’}. USES(S)=5b,c]
The dﬂb;nﬂiﬁn ol variable X of Malement 8 w said te be Line ot
MWT\.I‘: o1, L!B ,[(f\M’Q exixtj a 1nﬂ1 me }gtout{lm@ni S to J&tc&&ﬂlﬂﬂt
51 which des net eentain any dnbin'ifm ek X.
M o mudalion h'y‘/\mj, the w \jhgt Julid b
u,slnﬂ an Indial It suile builk up \j’im dejmml whike. box ’mﬁmﬁ !

ﬂ



Imubant . A mulaked preg ram b lnbd oﬂo};mt

skang: a1 exhauted , Hhe tst dala by enhanced to kill He

‘@M be B pregvam

'Qonfﬁuncﬂl‘m Aerne %@tmj boel which wenld yom all The doot cares

stralzais. Aler the tnial foling 1 compleke , mudiadlion kg
taken Jup ‘]F,ek%dm hehind mut%m t&ﬂ%ﬂ B 1o make @ éeu:rca;bihanj
Chcmcaah fo a pTrﬁmm of @ tome. Fach fime the pregram L chomﬂed,
it & callid o mulaled pregram and th ch Eﬁfﬁd u called a
full It suile of
the pregrom- ) thove existy ab lart one ik case o the Tt suile
|303 whuth a mutant gtuey an dncorvect yoddt, thon the mulant 4
taid to be dead. 1o mubant remainy alive even aflor all tho frk

mubant. The proces ¢f qererafiion and kalling of mutant can be
aulomalid by predsfining o sel o, primifion changs frab can be

ginte mbdwn bﬁm}ﬁ caemwcivs ﬂm’%f number @t Wul[amt&
and yegpuine Lo chock each mudant with Hu Buﬂi Yot s, ok
1 net uikably for wanual forlimg . Molation Fest iy wred iy

mﬁ&m&hcﬂlﬂ.
DeruceInG
Once evvors oxe MW , ik b necoany Lo [Sfrst locake
the precise pregran rraternemis T&Ponﬁbla hmf the evrors and than
ko l}i‘fx Tham .
Qﬁ“ﬂﬂﬁ‘%-ﬁwmﬂmf The uing are jome ef the appreaches
pdarly ad 11& bﬂ YOQ Y M NS bc'f dﬁbuaﬂmﬂ.
. hﬂ Mm@fhod y Ehu. ch, the vam 1 loadsd with
J v In thw approach, progvam (
%&Eﬁuﬁ fo -Pr'intn Hhe ¢ty mediale voluos with the FOFM
Aome 6{) Yhe P’ffﬂhd values wall hﬂp to idﬂrriﬂi ., ﬂ"tﬂ J&/tatarrmim
ovior-  1hiy ap@)’mc}\ becomnay mere }.«d)aﬁrmjlc widh the we ok
mbdlic dﬂbuﬂ%u (also called @y Aeurce Code dgbuﬂcazﬂ, becaun
Lﬂivme{)&wﬂi vasiably can be easly choched and break
sz'ir\h ard walt Po‘ﬂnl’b can be Qomhj el 1o tot the values 015

vaxiables Qj(jbﬂtw’j




Badktvadking + T s alio o {ainly cemmen approach. In this appient
bzﬁinnin% b\@m the stalerment oito-:u!(?ich an enoy iﬁmptem i obcglciﬁ»ed'
Ho souree code 1 bawd backwards unlil the exror & diseowoned .

Uhkcﬁlllmm»j, a» the number of fource Jines Lo be traced back ine-
reanes , The numbey ﬁHﬂ lorihial backward paths increanes and may)
becorne uﬂmaguﬂﬂﬂ , aumhlmﬂ the e ¢f bhis approach.

Caune Eliminalion Method : 1n thy appreach, a Lt ¢f cawes
which ceuld p@%s‘(bhz howe confsd buked Lo the eror Afdnanom 7
d-,gmﬁopeg\ and ok are conduckid 1o diminaly each cawe. A velated

fochnique @lﬁ 1duﬁihzcaffmm eéb the evroy me the evver ,&an-ﬁcm )
the ¢/w hcmﬁl Tee anatysu .
Pregram Sudna C iy fethwique Sy equivalent do backtracking.
Hoi?ew‘r, foo Aearch space ds veduted by dﬂb‘ivﬁna bd Micor. A sgcq
@k a. pregram hm a paticulas vartable af a paftfudm Atadoment
L The aet e’@ souvee Line pwmdi’nﬂ the Atalement thal can inhfuﬂﬂdl
the value efy that vartalsle .
Dg_bua%fi_[\a Guideling ‘Debuagi’na 0 ergﬂn carried eut bﬂ
pYogrammes based on theiv iﬂ%cmulg The [jcvllouuna are A qereval
gudilina, o effclie dibugog
; Mcm,ld a mo, dubua%ﬁﬂg Tequiagd Q ’E%o'fmglh undus’fardiﬁﬂ olbﬂrw
preqran Auran. 'Fraina 1o (ﬁﬂbqu baxd on a PGTU&(. undimdandfﬂg
4 md%hzm dwﬂn and implemeritalian fmay veqpire an inovdaindlt
omount @‘j Q&mt to be !PUI il dﬂbﬂ%&rﬁ QY BU( AEWLPQl wa[ﬂrm.
‘ 'Debu%En% Ay Acmelimey even yequuing bu@ aedﬂﬁgn of the 4 slom
Tn dch canes, o common mkake that nevie programmen’ o@m
make 1 thot thay do el altompt. to bﬁfx the evvoy bul cmllnd !

¢ One munt be beware (ﬁh Lo p@%ﬁ-buﬂi) thoi oNne eYyoy correct
lien may oin‘lmducn nu evrers . There Iiiﬂ' aJD{n ﬂvﬁ yound 06
eNor- bf‘ﬂmfas w:eﬂwrmion i%ﬁimﬂ mut be carrled out.
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INTEGRATION TESTING |

The pyimary obleclive & jmh_ ralion 1exbing b 1o tost the
module tnfey hofu 0 ﬁc>1fdjvzr to emhw thaat ﬂ&muaﬁmr?o ersors in the
pavamdes pasing, when ene module invekss anether module . Doring
i\ﬂhﬂmhm Iuwtma : dl&msmt meduley @b a M&stam are inlgrated ina
planned manner witng an lien plan. The inﬂhﬂmhm plan Apecijel
the Atql!s and the erder in which redules ave cembined te realiye the
hullﬂ:w?&tnm. A’Etﬂ.'f eath lmb.amtm Attp, the poﬂiaﬂjd Enﬁﬁmﬂzd Aﬂs-tam
» vted.

An imporiart ko.cim fhat %dxo\m the inlegmh‘m p\(m » the
module chpendmuﬂ (arcqa%. Tha bﬁ ew.amﬁnfna Abw e Fiemu chart
fhe inhamhm plan can be dpweloped. Ary ore ¢f the houmuing appreathey
can be tned to dudep te okt Plan.

« Big- bonﬂ appreach

« Top- down approach

o Potlom -up appreach

« Mined approach
Biq- bang inlugralion_twnking+ 1t is the stmplost dnl ot Laatim
OP?JTOGC“P w\mnao all the modides making “ﬁmmm agr? Ev&ag m’]'ﬁgfn
a sngle Mep. Tn Aﬁm{)\ﬂ werds, all the medule efy the &ldstﬂm are W\pﬂxj
put tony and Jord. However, thaw fchnique practicable only fer
very amall ?,(ﬁl(‘rﬂm,&. The nmain preblem with thix appreach 1 thal ence
an evier b hound duntng The {nfegration h,ﬁm* it very dik{)u‘culi
to lawline eTYOY Ay %mz exton may Pc{qrﬂmﬂ.d belmz Lo ﬁt
Hhe moduled beiﬂa inﬁﬂmﬁd. Mmbom, dn_bu%x‘nﬁ 13018 Yepo d
dmin% big—banﬁ fr\barcﬁh‘m wtm& are vy QX pernsive ko ljfrx.
Top- Cﬂﬂ\&”__i_ﬂt% ‘;&Eﬂﬂ_ﬂw@“ﬂ ' Top- dewd inligralim feating ataofs
with the main Tamﬂml and one o iwe &uba’rd‘igmia foulcﬂ in the
Mﬂ%knm. AHn fhe fop Lol “akdlcten' has been tesled , the immediale
subyotding o) the akeleten are combine with i and torod .




Ry

Top- down  dnkegraleen ing appreach requues the wye of propom
fgibs fo Mm tine géilj\c?ﬁm liwe% lovet youlines that &WCH
called oy the veulones under font.. A pure kop-dawn intgaramn
door ot requie any dsduney voulies . A dimduamioﬂe o the
' Yop - down iﬂhﬂmﬁxm imwag approach 4 that in the absenat of
louney - Loud) woubnes , mowuj o bime it may become diHDu’cuﬂf to
eneraise Ko fop- v voulime in the dustvod manner Atnee e
Lowar- londd youbime perferm Aeueral Loway - Lowd %)UA'\P_MWU Auch
a 1o.
Betlem - up_inlegralion testing: Tn bolleom-up toburg, each sub -
i Vbl o B o et b
; 0 yfhm mxalx\t oyt o% mjﬁ moduloy which cpmmmi(ﬁtﬂ anmo
| each oty thm%% voell - di[}«;k Inforfarey . The P'rfmcw‘d puspoy |
l’[ejstma eath Aubmplery 1 Yo the & *rbam ameng vaniou) mpdy |
imou‘p\f(ﬂ% up Hh al »kj&'(zm Beth conbrol and dala iﬂﬁm})acu are Toded.
;The font canes munt be mmbu\llxj chowen Yo exeereise the 1‘/&&?\‘%0{{% |
in all pottble manneys.
A pr‘indPaJ a&womiaﬁz 016 e beflom-up iVJl@mﬂm Mfm&
b thot aeveral disjolnd I»ul*&«fs{q_m can be Yerted Atmul! am;zmﬂ.ld : ]na;l
pure betlem-up tu%mﬂ Odzo :;hbs are requvud , cmhd the Tot - dsduere Il
ave vequined. A dis-advor | betlorn-up kisting 1 the comploxily
thal ocous when Ha A%&tzm ?Tﬁi&ﬁ ap ﬁﬁ?rm@% hjr
Amall MbQ%&W- The exbeme Cane ce’rre)yporrl)) to the 518 bomg |

|
1

approach. |
Mixed infegralion Testing : A isced intagralion Lestiong (also callid |
Sancl‘uujﬁdﬂ) %ﬁuowﬂ t;ﬂ(zembtna]im @1T —L?;P_W ZE,?\Q]C betlem-up l
tre,mhmg appreachsy. In iop—dm appoach, 'ﬁmtyﬁ can Mart & !
GJ@EW tep Jouel medudes hawe been ¢coded and ok Torled. Similanly,
botlem -up E/utmqﬂ can Mart cm-lld (\JDJM’ the bottom Lo modules are I

|

|




o
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veady. The mixed appseach cuevcomes thiy sherteoming of the
'top- v and boliom~up a,pPToaanM- Tn the mixed 'hz.urb'm%
approachas, ﬁuﬁr@ can start s and when medule become avaidable
WLQTQB@TE, thiy 1» ong c% the mott Commonl wyed Enhaﬂmjxm wawg
approache).

Proaram AnaLYSsis TooLs

B i e

A progiam leJﬁALa Yools muans an automatid bool
that Yakes the Acuice code or the exocntalle cade 0(5 o progranm
o Inpul and preduces veperly reaardimj soveral important chana-
cluvigtics of the program, such o s size , compleaily odeqpacy
ot wmmni'img . adhorence Yo pmammmiﬂﬁ ttandowdy , ete. We can
dmb‘d thoe tnko bwe bread mhﬁoﬁeb o} progiam anaﬁ%&h {ools :

o Stalie Analyss tools

¢ Dﬂnamir. Amhffu tools
Stalie Pr MMT@AESWLQ. w ool 0 also o progyam
analuys oatoo{, 1t iﬁ&% and @m@%m CMVMJEKEAE:? o}
a Sfw product without exeeuling ib. Typically, stalic analysu
tools Cmabﬁ'aﬁ tome Miucting wepwcmﬂah'm of a pregram to amrive
of cortain onaﬁxjﬂml conclumteons, eq that seme Sawuctina pmpexﬂu
held . The At clunal propm(ttu that ave wrualhj amlﬂ%,ed are

e Whether e Cocﬁlna thandardy hape been adhowd te 9

« Certain p mmrmr\a evrors such unidaii‘}?d varalsles ond
mismakeh belween actual and km mal pavamdors , varialsle

that are declaned but novey wred ane also checked.

Code Walkthou and code impedlim mfg(nt be corwidmclofa
salic meyﬁ mathods . But, the Soum atalic progiam amﬂWu
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wyed to denote autemaled anaﬂx};t“); tools . %0, a compiler can be
considaned bo be a stalic pregram o;nabj.&iz: Lool .
DHQ&MQ&W_@Q’ Dyramic program avraly s Techriqu
vequie Yhe program to be executed and i actual behaviour vecorded-
A dhdmmic ancvl:jﬁgcr muallq sebiurmomty He eode (e adds addi -
ional stakemens in Hhe source code to collect program execubion
;tmm) The iniliumented code when excailed allowy to vecovd |
li:w belhauwtouy c*b i S[MI Eer dilg‘uﬂrtmi Jort cares. A[gtﬂ the QWJ i
gho,\ been terid with ib fob sl and Wb behaviouy recor
e dypramic - an s bool eamin oub a post exacriion anahjm 1

l

[Qr\c\ Pmducu Ter’tS whith ducribe e A&ucﬁuwl CMJY(L%E M
by been achieed by the complele. Tort ke hm the pregram.. |
T et e g gl
B m o}, a hwtoﬂmrr ot o pie chaab o darertbe the
| shuclival couevage achreved Lm d%wr& medulo Ubtf”w Pnﬁl
:imm. The gmip,u} (c\% a dxdmmﬁc analﬂfsu teol can be stored and
Pﬁ’nh(ﬂ QﬂMﬁH ond P’youf&ﬂb evidence that {homtghimﬂmﬁ hﬂ)}
ébe@n Adeone. Tre dxjmmic (malnd%u yesulls ave exdont crk ﬁm(/mg[
: Pa\'bmfmnd in whie - box mods - 1 the EM (ouevage L net
;/mm{)moq move int canes can be c‘l_u.rsf?md and added Lo the
ok Ak, Furthey, d)dnam,ic amﬂij seslls can help to elinginaty
vedundant oot carer Eﬁom the It suile .

=
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SvysTEM TESTING

R e L W N

Sydam b are cﬂwgn': 1 to validole a dauelpped
,ﬂ,%gﬁm fo amure that it maeets b requinements. TE:?QW omen-
ﬁaﬂxa three main kinds of Atdf;bm b -

Alpha Testing = Alpha testing refers to Hne
CC}L’IEEQC? oud “@ld ﬂr?f Mm within the pimﬁbei}xgﬁﬁ“

nizalon .
.Q)an Te%tinazBdamﬂﬁ iﬁm*“‘d}‘hm M”HP”F”””
by @ #lack greup of friordly cwlomors.

; Accgphnuz Testfr\ab Accephm m"‘ﬂ 8 e W

t%hmﬂ Pe:rhonmd 3 the cunbemer to ddermine whethey
be sheuld acept the cﬁzﬂmarrﬂ oh Hno Mdafim.

- To cach e oo abave Siyges of fob, variew kinds of lb |
| caned ane dmgmd by wbzwf:i o the 8RS documenb. Bmwﬂﬂ,.j
faoe Jarts Gan be dcwsibmd into btmchcmahhj and pesrbwmm
tob. The fundionaliy fut fnls the jundionally e the sho to

[ |

punded tn the SRS document. Tre pe.xbo-rmanm tot tos the

icmhoxmcmu of the Mﬂlm with the nonbunc'ﬁmal yequ -
nents ot tHow Mjﬁftcm.

o wammam& 'tm?.'«m‘ﬁ » cavvied vk Fo chook whathey the
A&A)slim needs the non-knmtiimd vequinernemby i&nﬂh‘w in the
3RS doctmunk. There are owwral tjpu 6{3 pefrbofmn& Mwﬁ

The %m o{) thmm(mco hzyw 1o be caried ed on a Jxﬂhm
&ngd), on the dl%%imml nom - ntleonal Teq},wmrrum’lﬁ O’b ke

check whethey ik Aaﬂxgbd.@ Yo kumdwnal requuements as docut
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L-.Y,hm documented in the SRS decumant . Al pegbmma.nm Ionbs
can be conidennd oy black-bor b .

« Stven tmbmg

« Volume ’wstma

. Conllji%xxfcﬁum Wvﬂ

e Com{)c{libilﬁg EM

e R&amﬁm W‘ﬂ

+ Rucouary Hwthmﬁ |

¢ Mainkznanc hfntwﬂ |

‘ Usabllilg M

Rearession TesTING

L Y a7 T W W e

{

Thw ok Talimg requingd when the tam bet l
forled 1n an bﬁ&dﬁt&m% an @(j/sﬁ'mﬁ ﬂ?t;yﬁmto l;;?f f
Aome buﬂ& oy enhance bunclimuﬂiﬁg, pex ey mance, ete. Rﬂan[wm[
M}mﬁ o the pracice of mnnlvxﬂ an eld fot sulle affer each
change o the Mﬁ’a&m o1 aJBtmr each buﬂ B“ to eruure Hhat no |

!

W bug has been Inbwduad due o the chanaem’ bua BI'X- i
Howewe, i%enfhd@ ﬁaﬁmmm%ﬁ,wm |
enfie St Aule e no{bemn-onﬂxd-kwmtmwi
test the bLmem fhal are M‘\ﬂﬂ Yo be aH)a(i}ch bjj il CW E
ned to be sun. ‘
The Rﬂﬂ}’mm dots net bdmﬁ to either unt funt |
frdigralion tot, oy Mj&hm tﬂvaﬂﬁ, b a &epamh dimunmian |
to ar\mﬂmz@ hm'm»o{—] &Mﬁfﬂj- l
r
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TeeTing OsTecT ORIENTED ProGRAMS

| TED 'k

[ Teslng 4 a corbinuows ewdivily duatng Sfw dove -
Hoprnent . T cbject - orlentd x(d&hma, taM encompames thaee

|

im’* ) Y\Gmﬂlj wrik ﬁriimj, wbg%‘tﬂm Mﬁ‘g , and M(steﬂm twtmﬂ
iUruk ‘tesﬁmﬁ ‘,

< T wrik Sling the dndividual elames are Jinled . Tt s aeen

- whdher the dan abfubuls are § m&dm-pezdmignam
i whether Yhe metheds and the trder{aces are ewor—k*m@.

- Und Testing by the vespornibthily of the icalion enginesy who
é@gb_s_ljs‘tam tgsﬁnﬁ : r
Ty inwelues Tobing a parlicular module ova &u,bsg&bhm and L
| the vesporuibilify o tho subsystim liad. Tt dnvelues Tarting the
f

- amodalions within the Aubs a well ay bhe inflorackion of ;
| M&ulm(lf&m with the ety

- Subgrdy&m ks can be uned ay 768refv>icm%5 for each rwwbj
- veeaned version e}y tre subsyclem.

l

 System Testing : . ‘
e St Sy trwolue the 4gslem an a and w the
Tﬁn&ibiﬂ@ ef the qmﬁgﬁfﬁ MY&?C?EOM- The feam @JDtEm uney
-; »S{d!:iﬁm by an mam&cm tabs when ax&errﬂ:hnﬁ new .

Ob&ei Orrenked Teat[r\fd Tednniquon ¢ |
Girey Box Testing* The differnt Lyper of ot cares that canbe
Mﬁﬂiﬂ bm \ otgje . orenied pregrams are called grey |
box Ywt canes. Some ef the wnportamt hjp@ of gray boy &e;,l&mji

Qe

. Stale model baned testing : Thix encompanses stalh courage, state |
tramwibien cmr(a%z,tz:v\\gd Male ifm path Cnimwang




! &. 9%

. Use cone bared testing © Each scenario dn each we case 1y tested:

. Claws dioﬂmm baned ’[@sﬁwﬂ: Each clam duyived ddas, amodi -

" abuny, and agqre abions are tnled.

. Qeq}umce diagram baxed teﬁ?r\ﬁ : The methods in the menago)
In the hequence oh‘aamm are tortad .

Techniques Jev subsyslem Tecting

| The fwe main approaches o} subsyelim feibng are -
'« Thread bated ’Legtfnaz Al clavor thal are neddd Lo "fmubf |
l a )iﬂgﬂf W can in a Aub&ld&&m are Inﬂiaraﬁd and terled.
i' Use baned Wwvj ' The Enimhckm and rervices OJD the moddmg
ok eadh Lowdd of hiercmhﬂ are forted . 'Estimﬂ starts prom the
|
|
|
P

individual clavses to the small modules comprising of lawser)
| 8mc‘luoﬂ\d to lamrgu mod.LLllb, and E{nc&hd all Hhe mad‘m Wﬂgtzm)

i@ﬁh@@j@s G—[S_Stdﬁx@m twﬁlxga |
. Mp Qa tedimg » Ths b cavred out bﬂ the ﬂiwtma Vi withinthl
evaanléq[m that develeps gfw
~Bela folirg s fok casnied out by sdleded group ef co-cpon-
tfnﬂ cwtomenrs. |
 Acce lance tﬂw Tha | s : _ i
accei}))‘tfna the do 'WTcﬂrﬁgﬁ e bﬂ S i bﬁb&wg
Black- box ”Eesiiﬂg‘» Eghzé ot verifiies the e bdnﬁ tosled
when giuen tine appropriale Input previde the expecled resulls .

Boundary value testing: T4, .
— L es nurial oy e Cuali f
fihat anyﬁh‘m Mhowld t;:‘gablﬂ iouﬂgmgﬁgj iy |

QLQ_M;[&LLDB © The act (‘}6 e.muﬁng frhat a claws aind 1k imtfmm{
Cob(}'uk) Pev}ﬁrm a é&bfmd. |

C_OWPMM » The act o} v&hdaiwﬂ fhat a cemporumt !

{
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Works on tned

1ﬁ_h_€ﬁt00%ﬁﬂﬂlﬁi@£@hﬂﬂ © The act 0t 'mnninﬁ the Font
cars of the Auper clames, both divect and indirect, on aafwz’ﬂ
Aub ot

Mﬁaﬂ‘i&ﬂi@@g ‘ Tegh'/nﬁ to U?.n’tb-ld Aeueral poﬁwm @Ij g
work ﬁog:;tfhm.

Modol veview : An impectwn T OMNOL whove B’wm a B@UTIOJ
todhwical vewiew Lo an interm;m%(ﬁdkmmg%, bH others who
were net diredtly frwelued with the davelopment 6] the modal.

PGﬁLiQithﬂ The act crb emunrlﬂﬂ thab all Qaﬁfc p(LJI{M witiin
Yowr code ave exevciced afleart once .

Bea*regsion ‘testw\g: The acks o} emﬁnﬂ thak prw&rwvbj Losked
behantours Alill work ay expected aﬁfm e.ham%u hawe been made
to an C'LP()LCC&W

Stress Testing * The act of ermuring that e exRorms a
expected Lmﬂr high \fﬁhjqu o} 'h?umacﬂﬂm ,Mﬁ, PQ@EZ,CLM

50 on.

@N@’@@w A Q}lﬂﬁhj amurance fichmiq/uﬂ n udnieh the

dwgh oﬁ amoapgﬂi@m L examined -crfttca,lhd bU a gmupo%
peers. A yeytew th‘“ﬂM*A l;@cw:&, On acowraey, qualily , wabelils
and complﬂhrw:&- The procun O oﬁﬁm mbem@l Toaya walkthy

an frupedion, oy o peey yeutew.

User Tnlurfaee toling: The foi the uxy inferfacs fo
ensIYe ik bem ame@&%v (:%nhﬂ}sau Ma{fab%
meely the vequuinemenly deffined for it Offan referred to ay
gvaphical wies inlmﬁaoz i@ﬁn&
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Whike - box ’t?.s'(l.lﬂﬁl Tesln to verily Hial A’PQL‘L ¢ f,{mgo%
code work an md- Ai;ﬁm twﬁk‘;dxg rrwthoclaéa(% 1 knawr

o Uear- bex

= [Enp oF UN!T- 4_ =







® |

|
SOF TWARE ENGINEERING

5-01

| ony rene pmﬂ rom, .RQ_ti»f approaﬁh ,_R_eu»ﬂ af orﬂan%aa_lim Lowel . :

UNTIT-5: SortwARE QuauiTy, Reuagitity And OTHER lssuEes

| Sfw reLiabiLth , Stalistical testing, S/w quahly and mﬂgmM,ISO—%m.

| SE1 Capobility mafurily model Ccm), Personal Sfw procam (PSP), Siz sigma,

| 5/w q}mlllg mabuce , CASE and s Acope, CASE enwironmunt, CASE Qup{‘mt

i Sfw b ngﬂ , Characlpristics cf $/w mainkenance , S/w reverse ena'mwmﬁ,

'YW mairlenance proem medd , £ sbimalion maintenanc cest, Basic s 0

SorTWARE RELIABILITY |

T

o dipendahm'y- Aliynalively , veliabilily o $Jw preduct can alis
‘be deffred @ the probabilly of the product wwki’r;i corredly evera
i Pefiod @‘5 Tome . Tt hay been e‘xpeﬁrmnﬁ.aﬂjd seywed b cmaltwnﬁ
e behaviowr of a hw%e nunmber’ e pregramy that qo7 of the execulion
gren eh a ﬁdpkal program » apenk in emmima and lof- ¢} the
toodruclions In the program. Trore most wied (o intractions are eftn
called the core of the program. The vest oy ¢ e pregram r&ﬁatmrnts|
‘are called non-cow and ane execuled Onﬂxd Ec'r oy, olﬁt(ruzh:{al execu -
- fxon fome . 1t ﬂmmhme may net be very Mupﬁsfhﬁ toneote that 1
_Temvuima Ge /- Pzg'od,uct Vel el k\Um the lﬂ&h‘t wed P(l‘ftl ork Q Md/}‘tam‘
‘weuld hdplmﬂxl foad to 3/ improwement to the produc relia-
bildg . Tt & cdear finad the quantily by widy the cuerall seliabilily UM
a pregrom improus, duwe fo the comc%m e} a single erroy, dpends |
on how qu}mmﬂg the Cow:?_ayoncﬁiv‘nﬁd ivbwclion w exeeuded. |
T, the veliabiltly t‘f}) o product d.LPEF\ClA ot (JTLLj on the |
umbey e} Jolank errors but abhe on the exack locolion o} th evr0Ts,

je on ib exedion projile. 1f we aeled inpul daba to the ayplem

ph that e)Y\L’ Hro covrectly ionplemented bundwnb ave extculed , neng |
015 b emvors will be extposed and the peveetned reliabilily 0[5 the |
preduct wil) be high |

Reliabiliy o §fw preduct ewntially dencles s trurtwarthi-

Apart frem i, veliobilly alse dupends wpen bew the product & wed
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Failure rate

The s{u) r&\iab‘lhlij i) cuw oulk to measure can be summa -

Ti'bﬂd ay Follows : | |
« The reliabibly impreverment due fo Lioding a single bug depends en whore
e bug b Lecakid an the code . k‘”ﬁ “3&1 ﬂ |

[+ The percdived relsabilily of @ Sfw preduct & hi obserwv-dqxnduf

+ The reliabilily ¢ a predud keops chanaiﬂa W eners end delseled and |
ned -

! Hardware _Vs_S_'ot;twm Reliabilily : RQlibehL] behauiouy k»azf h jw and

S[m 0 very e\lHDWmI. For emwxpln, h{w bmlwuw ave lew,rm\ﬂg d1H5e~

verk from g faile . Mest hw failww ave due b componunt |

‘Wear and fear. A Qotaic 80li can %dbtudﬁ ak a f or 0, oraronter |

wighl have shott - civaiilid . To br«x hiw faulls, one has te eitherveplace
or vepaiy bouhd past. Onthe ethey hand, a Sjw Produtt weould Conbnuﬁ
to Lol wilil Y emvor 1 tracked dewn eithey the dw‘gn or the code b |
Chox\cafzd- whw a g{m kmlww i) ’repaimd , the reﬁabfliﬂg may {nereane

oy decyeon.

The choun%v) in bad»uu valy ouey the product Lb{mhw EMQ f
l’%picaﬂ hw predud and a ¢fw preduct are sketched belaw:

A

Failure yate |

>

Time

@ Hardware produtt b Sg‘b&oam produck

Fia: Chanae n kﬂl\JJ.lTG ralo OJB Qa produd.‘
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Ol gerve %niﬁrm to.lﬂwu yale & ke Lmlmlhd bul d_ncwm

o fhe comporund are idulified and remeved . The syt Haen
ondive s w)dﬁul e . Apter some X the components wear eut, and
te tdiltmﬂ vale N T giwo the plot e hfw reliabily ouer tome
s chavaduristics bath Xub shape. On the ether hand, bm gfw T bGJJAUL!
valh b ok 15 Cu‘(ahmt &m-’m% mﬁa valion ard Q]z'}}bwg FW Ae the )Aj&fﬁm
0 Tlid meve and mere evrers ae idﬁﬁﬁih’w& and moved rorulling ina
yedw ted %c(dmsz yale. Tv erroy vemoval continues at a dower pace
duning 140 L\.hds.d Lbz o} the preduct. Ag the sho becomos obselele,
no meye eyyoY covyeclion occurs and the Eculwu vale remain umhanagcd.
2. Reliabilily Melnics |
The veliabilidy requitnementy })m di Hﬁt wnt Calxﬂo yieh c} s fw
procuuchs oy be di%bﬁ.ur\t, For this reasen, at 1 neessary that the
bouet @E Tehabl.ma vequined },}m a $fw product should be ,gpcd&;ua inthe
SRS decumunt - Tn order fo ke able 4o do this, we nad seme mebaies
to Q,U&“)ﬁ ta.timdﬂ expyer the Te[iabfhfg @b Q S/uo Pzrodmt A goooﬂ |
veliabi M@ meastve showld be obtervey- imch,Pqndnnt, o that cliH)mmb
Pecpln can ClﬁTQ@ on the degree 036 TQM(L\}LG@ that o & ;,ﬁm has. Howewey|
in pracice, it b very dijpeult fo hoamulg,ﬁ}g o precice ylialbilily |
meonurre et hzdnmq}m_, Wiewi aom: Sk T'Qlio\bth[g sl st
wed fo C{u&@bﬁa e YBU&EEM@ @E g‘[uu pw'eciuch.
1 Rale @L Octuryenc @{} Fadure (RocoF) + Rocof measures Hhe B“‘WW'J
 ocanmrrentc @k woexpecd behavier / failures . The Rocoe muanure 013
o Sfw pmdud; can be oblained bH obtaﬁnfnﬂ the bthwfowe/ba U
produd in operalion cuer a spec fied Bime inkerund qrd then calalaling
Ko tela) number C'% toilwmb dur’{mg Yo Trdorval . |
9. Mean Time 1o Fall;.m (MTTE) * MTTE & the ame Time beﬁm.n bmf.
ML baxlxmb - obserned over a lavge ruamber M To meaxre |
MTTE, We can record the B:ulxm dala kwn k dunes o Let the L e
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ocewr ok the Tome frofand Er,bo,otn. Then MTTF can be calewdated
o S" bt

| 1 T

3. Mean Tome o Repoif (MTTR) * One kaﬂxm oceurs, Aome e

| vequingd te jix B exver. MTTR measures tre amrfa%zfinm 1t fako

|

ke Bak Y erors CCUJ«MNJ fne (jad.m and then Fe B"! them. "
& Mean Tinw Bebuscen Faibunes (MTBF) * We can combire the MTTF and
- mTTR mdnic o gt b MTBF mdtace © MTBF = MTTF + MTTR.
T, MTBF of 3co heurs indicales that onee a E@ihum oceure, |
the nond Gilwuz 3 e'x.pechd Lo ocany Ov&td cdotm 300 houns - Tnthy
cane, e Tome meamaremend are veal fivme and ot the execuliion
e ay B MTTE
5. Probabilill c Failue on Demand (PoFoD) - POFOD measuves
e Likdibeod o}, the k«j;wtm kmhn% when a service requat 1 made.
for example, a PoFoD ef 0-cof would mean bhat 1 out of euery
1000 KevVice Teqm»h would yexak 0 a f)o.iLJm.
}GA\JOLlﬁbLUij - Availabilily GL a Mj&hm b a neaswe of how L‘kﬂq
l will the Mﬁnm be availalbl Em’ W ouer o glven vied o} Tome -
 Tan mebaic not cmﬁ;j copwidors e number o} bcu, b eccurying
i dwfqtmrmﬂ imhf\/nlmbut abe fake inte account Hhe vepaly lome
9 a w{amabdt, e ocuns - Ths mebhic & mpertamt ker
| j'lﬁmw” siha fdecommicalion *‘yﬁﬂw and opevdhﬂ%m, ul?‘(iich
| ore suppered fobe nar dewn and uhere ot and verast fime |
are kamhﬂfm\t and legs C‘rk Service duw'inﬁ%- hime ‘impovftam];.
3. REQLQ}JLL‘LJ Growth MO&IMJ“@ © A reliabilidy greuth meddd D a
malhemalieal medal o how 8/w véliabildy mp a) eYTors ave |
deteced and repaired. A veliabilly Tcghmuﬂi medel can be uxed ko i
predick when a -Pcw‘ﬁ‘cuhn’ Ll o} obilily 1 Uuhd b be aftaind - |
Towws, ﬂhablldij %mu% mcc\ﬂﬂiiﬁlcom be waed fo delormine when to
sop Q@tma to oflain a %ﬁm by Loel - Alﬂ\mﬂ% Acueral olikkmﬂf
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yeliabilily qroweth models hawe been propesed, the belew ave fwe
| AEmJP\n yeliabi il carfm\th medds |
Jelinski and Moranda Meddl + The simplot veliabilily quewth medel
b a step funclion medel where 3b b asumed that the veliabilily
Lincreanss by a contant incremert eadh Lime an exvey w deteclid
and vepaived . Howeuer, this atmple mede! A

| e} edeabilly which lmpliciﬂﬁ ammes fhat
all evyore conaibule e Lo velsabilily
'ﬂwcwth, L W whvealitlie Ane L
-@,\M&&ﬂ know Hral covve iy of &%ﬂmﬂt
onons conbribule &ikklunﬂg to reliabilily
:ﬂmu{‘h.

ROCOF

e

5 Ffﬂ *Step bﬁ{ln; meda e'bvehabi \il‘g t(]"fowﬁﬂ

Liltlowood and Verll s medel = This med) allows Em negative relia-

btk growth lo TQHﬂLt to fact that whey o Yepain b eanted eut, ik

may fnbeduce addibhinal enore: 1t also medels H [Sact thak a» evaen

ave vepaired, b Quevage tmprovernent iy veliabilily pes vepait deerean,
Theve ave move cv:-m{)[m r'diobihh; %mw[jh modely W&ﬁ(h%{‘up

%‘reaim actwale cxppmodnnﬁm to the wliabilly 87@1,1%. Houwsever, thow

meddsy aye bemdend e Atope Cfl-) o fut.

STATISTICAL TESTING

————
N

Stalislical \olbing L o pro s whose Ob(FLHAH b todoler-
mine he relabilily o} H product vather than descovering evvors. The
{ont canes C\ﬂmama hm’ Malliglical tvjm'\a have an enILuLj “Hjmmi o Jpc,
lise frem that e} cenwentiond fobing "o canry el stalislical tiliny,
eed o C&gm birﬂt toe eperation proflle of the preduct
,@P@‘@mm_f_@g\h . D;%wni cahacr{e)s of s MY We & Shy lﬁm veny
dikJanI PUTpOSES - Fovmollj;nm can o\rabfnﬁ the operalion Pwklh Cf[j a Sfw
a Hhe P,,-@beb'ihlg digtyibulion o} e input of an average wiey . 1 we
divide the inpud jato a vumbey e} clames {c11, the Pfobab"idg value (}L
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a claw npa’e\enh te probcblldg U\) an auerage uacr Aél:_ghna his noxt
|5ﬂput Elcm P clovs. T, the opomll'm Pﬁ't)hllk. @Mfan/m Pmbo.bilj.@
value §0:7 1o each tnpub cdlaw §eil.

@E_@H@LWLOPE@_ pre '_b@L%._PIQ@Q? t We need todivide
the m,put dala into a rLumbWok iﬂ.PUIC clanses. Then need o amigp
o Pmbobimij value 1o each input dan ; thin Probﬂlbu).@ value would
&camb\j prebabilily kmr an inpub value from that dow o be selechid.
e DPemImn P‘fi’éﬁi a gw product can be ddermined bﬂ observ?k‘ﬂ
and Qnahd%)mﬂ abang pam)wl @L a ey @E LRTS .

Steps in stalidlical Testing » Te first alep o te diasmine the opora

iﬂmn pmkﬁh 615 fhe s{w- The next &tzp.'u 1o %m’r&ﬁ @ &@tejb Jot dala

conespending lo e delermined opalion proftle - e third Atep 1

;‘to GUPPhd Hi ot caror to Hhe ¢fw ard Tecond the Tome bebieon

‘each ke . AE&N Qa ht&mmﬂﬁﬂ &iﬂnlbimnt numlser @E baxuwuz) |

hawe been obeeyued, the Ytholuug can be Compuf&d.
For accurale vesedlly , stalistical —ﬁw requd Aome
damental axsumplions to be &Hﬁabﬂid. T requine a stalisticlly
Signi [{cant number 6} ok cares o be wxed . 1t fourther sequings Hhal
o amall percenlage of it tnpuls that ave likely fo cawe 4ystem
k@ﬂw\g be indud.&d.

Pios and Cons of Stalictieal Testing+ 1t allows one to concibrate
ontmbm% P“QC’E the that ae mot J..u“\d.ﬁd to te uxed . Thove-
%em’:, b roulls 0 a Aystem that the wers bi’nc? move relialle. Alke,
the reialilidy extimalion amived ol by wing Ataliabical teting &
more acvale mmﬂocm?d bo other mdhoda. sevey, it 1 nevteaud
to do Malistical .’ﬂmﬁmﬁ pmpww There i NO /stmplﬂ and repe.abﬂzlﬂ

with which
nlbimmi: 2

Nj’hﬁm » to be lotd sheuld be Aﬁoiistfm“ﬂ .-'!:;8*

woxﬂ@kdn{jiﬂopemhmp A -Al}so,ﬂr\amunbwo*ﬁh)xtmw |

?
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D e i i e e e
WS I

A Lile menagement Auprtem an the Prfmipaﬁ wﬁoc}o[cﬁxd
wwd by ovgant mlﬂ bo m Mﬁ?io&lta f&“ﬂ dauclep hawe the
oired analili. A auadik m covwds o} dhe kollouung:
mnm Siol wy lﬂwatwﬁd %ﬁf&ml w_vypcr}mibibl?tmb A guawg Mj)é{fm
| is adually The verporni bildlj OB the or ewﬁaojim o a whele . Hewew,
ma mﬂ(\méaﬁm have a Aelnmh qualis dx.[m"[mmﬁ to Perhoxm mu@rall
Quﬂﬂg Mjgbm adevidios. The ({LL@M@; Xﬁ%bm 0{) an oraqnibﬂim sheuld |
hawe the suppert crt the iop management -
i-@u&mij S«j%hm Adivitins © The qualiky ijbm aclivifes encompay |
e h@Ummma
= Auditing G}} the sz(]@_cﬁ
| - Rutew o Y qualily agslan
f - Dwdfcpmnif ct Atanda,ris, Proceduney, and %ujddlmb, ete.
| - Prodw clion | ﬂ’_pm’bs hm 1l mmamagfmmﬁ xummriairﬂ the Q&QCL"T
| Ve s Cr}) the q.uah’h Xtédlm in e oyﬁqrﬁacimn. :
’ A 80061 C{}MMJQ A%Jim st be el documented. Wftﬁmﬁqf
pﬁ'opmrlxj decumented Q}Lﬂmg &'ﬁsﬁm, th appf:icrdicm o} qualilg conbrely |
|and proteduney become ad hoc, Tamllfng in ﬁarﬂc vanialions in the
qualily GL the Pmduchs delivend . Aho an undoeumuriled qualily Wiﬂim
xendy cleay mobage to the &tt‘«bjﬁ about the attitude ot tho oraamiaa—;
Lin Tewardy qQualily amuranc. Inkwnalional Qtardardy Mchay
150 eco prochh ?rui&ame on hew to orﬂanﬁ%e a' Q}M\MIJ Md),tnm, ;
Evelulion o) Qualily gldk_tlmé Qualily X«j&&m& lf\a»eTapZdlxj evelued |
oy Hne Qou; e decadon. @u_aliﬁ@ &tj..-'sh.m} OL orﬂavd aaﬁ{m |nm\f wat.'r—l
qore Q(mou%&\ wy h/fac(}u o} evolulion . The inifal produd frspection
methed qave way to qualily cenbel (). Qualily contrel Ifercw,e)) rot
enld on e c_tmg the C{Q'\T“ ve producly and eliminaling thew but ale
N ')&m{wﬁv% v cawyes belind the dﬁEﬂcb. Mqami% cenbrel
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i ab covrrecling the @;&.Cf e-.-"s;’_cm and nel dlwyt TéQcIinﬂ@ the
e mdm}im The next bmfﬂwmtgh 0 qualily systems , was g
&mﬁopﬂmmi e\) qualily asuvanc PTfﬂtfPIm.

The modern aualily Pam&igm includes cortain %uiohfnm Bo'a’
'a’ecoﬁ\’%ﬁﬂﬂ, dlEYﬁ"‘ﬂ: amoﬂxd Bina,w imvamfmﬁ the P‘mclua(an procons.
Tetol aualiy management ¢ Tamy advecdles that bhe precn folloed
blﬂ an oraﬂmi alion mupt be cov&mum!ﬁl impyoued 'Urwcfu%% procens
mepirernenls. TRM goes a Js-tip bn’tl/wr than qualily cosuvence
ond aimy ab conlinuowy procs improvement. It gees I:)?.ldond decu -
mﬁmiwxﬂ PYOLONES with a wew to qﬂxrr\igxm& thermn thyouw Wd‘”‘éf”\

A Sorm velated bo T&M & Businus Precoss pl&ﬂ(afmﬂ'ﬁhﬂ (BPR). BPRai
at Wm‘jim‘ft“% the Wway bustnan W carried eut 0 an oraavdaahmw

' Qualilg Asswvanc Methed | """ciz;&m{ﬁa}'c[ciié;{
‘ 1nSP<ih;m ! Produk owuwana |
aualily conkrel . |

Telal CU“‘-'**‘J m'rmaxrrumt(mmé : Procews mrzmrcmce
Ff% + Evoludren o) qualily an

and e corerponding shijt in the

1SO 9000
o 150 ( 1nfurnalinal Handards Oﬂdﬂlﬂiaaﬁﬂﬂ') LB a conro+
e} 63 couni® olablishd to fromulals and foster stand;
mdiaqu;m- 130 ful;hshu\ b Jooo Acrier o, standards 1n 1987.

What & 190 900 Ceilifiealion T 190 9000 tovki [{ealion Aevues ava
TQ_E.\“U\LQ hcr contract b N inAn?encUni Paf[iu. The 1909060 Alanda
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,b?qt:bm:ﬂfm %@c\dim.n Ec:v maimi@iwiﬂﬂ Q CtuﬂMij &ﬁim- The 130 90¢0
l#tonda'rd malnﬂxd addremes opwcdimaﬂ Mpecﬁ @k o1 amibc?lmmed a/aper,b
Auch o -mpomibimlu, %’e-fbﬂimﬂ yebe. IE & impos ank to Tealibﬂ.
that 1609000 AMlandard » a Aetob Mﬁmu Eov the pro&ucbm
‘pfouws and s net diredly concwyred with bhe preduc nel)y

| 180 9060 w» o sevler o) thwee standards @ 180 9oos!, 1509002,
and 150 903 T typos of s dnduibaios o whith the diffpent
| 180 standards e{)pi.tﬂ QAN QA boUﬂwSr |
150 9001 + T stardaxd w o the organe a)ticm e d wn '
:dulﬁn, deelepment, ondumm Aeﬂrici?ua oiﬂwd” T“éuﬁgi the |
Mandaxd that by appUC(\Ma fo most gfw dovelepront orﬁmqia-oiimbf
1503002 This atandavd s applicd to these ovaavﬁaoﬂ)'ﬂm which
do net dmian produch but ave omux? inwelued 0 production. Erampl
Dt ty Gaizﬂm’d ob indurtuios indlude aleel and car mamuﬁmﬂuﬁn? |
indualuies, whe buy the preduct ard plant dmgm [rom external ourcey
and are fnvolued in @Mﬁld mtqubath‘fr\g those preduch. Therefere,
ilso 9onz » not C\{TPUCL\MQ to m dwdopmmi orrﬁawbc&mm

150 9003 Tus standavd v applies 1 W :
fiier o8 MW GL %Zp][flmdmbmﬂ enmaa,tmb irwelued cmjld n
!ISO 9000 for sfw lnd)uétﬂ:{z 1S0 9600 W @ genwric sbandard that
4 applicable fo a laxg T\mutet indwhiss; sarting frem a aleel
!mo;vmtcxdhwina N oa Al Taniﬁmnﬂ company . T(umbow, ,'
many @Ij bhe clawnes of 150 9000 documends are writlen w&“ﬂ g’im"'fc_
hdrmo{mﬂiﬂ and 1k 1 vy dlil%ftuﬂl to Emﬁﬁpmt Hwm in the conlext
c% Sfw davelepmont. owﬁmboﬁw. There ave fwo Prfm,rd vealonh
behind tai -
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L

e Slw o imian%i'b(tz and ‘t[wrﬂkow dxkb\ﬂuﬁto conlnol. It 1 d.ikbfwlt
to corlnel and m ﬂa that we cannet Ace ard b@l. Ww_wgﬂd
it b eony to acuvalily ddermine how much weork has been completed
and o esbimale hew much moe Jome wild b fake.

v Durtng Sjw developmant , Hhe cmLﬂ vaw rmalinial comumed - dala
In cov:gxmt, lmﬂa qpanﬁitiu 6} YW malenialy ave connumed cﬂmfnnﬁ .-
fioe dcvelgment of any ether product. 150 Jeoo standards have many
elawnes com»poncbinﬂ to yvaw malanial conbrol. Thue are obﬁmmﬂd f
net veleant to Sfw deudlspaont @Yaayua({‘]hw . |

Due to such radical dikbmmws beluseen 3w and @ﬂmh&pu

e} preduct develepment it wa cﬂib{f(‘.ult to inforpred variows

clowses of e eriginal 150 standard dn dhe condend of shs indutty
Therekere. 130 veleaned a 4@ arale document called 180 9oeo pat-3|
in 1901 fo help infwrpret the 180 Mandard h@"{ S fedudlay.

Why Get 150 9000 Cerleficalion ? |
+ Confidence e} customert inan o aniyalion increares when the ¢ nig
‘5C\];§. WED bov 150 chh‘B"mEcm- T b Q},f)euﬁu,d Buw j:n% .?
tdernalional markat -

e 150 90c0 Fequu a well -doasmented 3w pfroducttcn pYocess bo be |
in place. A wall - documented fw preduclion procow eonluibules o |
sePeai&bla ond higher qualilly of e doucloped ¢/w. |
. 150 9000 makes the developmert process bocmed, %fc{ent, ond
cost ekhcdma-

. 180 9000 corlificalion otnls eut the weak Po‘fntb Gﬂ an OIaanlaaﬁm ;':
and Fecommuenacs vemechy action. f

. 150 Geeo el the bosic pamewerk for the dudepment ef an el
proy and TQM. |




— el

HGUJ to %ﬂt ]éoﬁCTéC'OO Cefu Ex Ccﬁu:ﬂ 1
An oraanlbahm tndends nﬂ Lo obtain 130 9000 corls &«c@.hm

Los to an 190 9000 ¥e tatyay halion . The 190 90eo 2egist-
!;igm pYOCOM corwirls et%lim behjufr% &Lﬂaﬂ): I
!APpL'LLc(h(m : Onee an ofrcdamaatwn decidy bo 9o bmf 120 9000
;ceftctim‘hm, ik applios o o Teraibtmff bm’ q*e%b\trdbm.
Pre-amewsment @ Durlng this }.ta%z . the w%lat'mr makaes o TO‘LLﬁ.h
anessment ¢} The @13@»{115&111571. |
Documemt ¥eview and &dacy.taui O't audik : DLWiﬂg thws At&gﬁf the,
Te%l,sha"f revtews Hhe docurments Aubmilled btd tre orﬂmvﬁbaﬁem |
and makys waa ' bow Pogsible lmpmwmﬂmb_ |
;Compliama andit Dmimﬂ thw ¢, the mrai’&fmnf checks whe -
ther the Au%%mﬁm mode b\d ik duw{nﬂ yeiew) hawe been wm{)ilﬁdi
with bu the or%mx&bc\ﬁim oy not.
Re%istr on: The vegistrax awards the 130 90c0 cevlificate afler
unccwbui wrnplﬂim dU all previow P\rma |
Cordirued Suvveillance @ The rec(}f)&imr cordinuey bo moniter the |
o"ﬂacxrli&aiimm ’th"muﬁln peviodically. |
195 mandeles that a cm'ukizd) 018@&5@]1@0 canune the
ceili|icake bj:w Q@?Pmoﬁu odvertinerments bak coannet tne the cn_vﬁbftaﬂ
%@ wevlie ng any e} Wb produds. T pvobabhd due To the bact |
thal the 1S0 9eno cmb:bimﬂ 1 upteed an or m&aﬁm s prots
‘and deey net appbd Lo any &PQdHC vocduck cfb the or cmiaoﬂim. An
ova@xﬁg)c(ﬁm wing 180 uﬂxbimﬁi product aduorlvements
e virk o‘ﬁ withdnawal c«h the covtelicale. In India, S0 9060 ceili-
'hxc_aﬁtmn 0 btd (B19) Bureau a{) Indian Ztandords , STRC
(S’[&ndoa’dia o, Tedjmﬁ, and Bualdyy Connol ), and 1RQS ( Indian
Reaiclr Gualily S\gﬁﬁm). 1RQS has ben accredited bU the Dulch

Qc\?nd @E co:u’ub% g bodiw .
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‘Model helped orﬂanig)aﬂ]xw 1o tmprove the qualily oMt(ruz J
ffzmﬂ duuelesp and MT@E@W adoption &h SEICMM me
‘B'nccmt bunina bemJOLh.

1

SET CAPABILITY MATURITY MODEL (SEICMM)

P S It e

. | e e s i g e

Scbliuaw En%ﬁmvfwj Twtctuls Capabimg MGhMlﬁij
| ha Aigni-
haw Mam |

SEl CMM can be wned 1 fwo ways capabilily emﬂuoiimq

and S/w proces cosersmunt. Copalot[ﬂ?g evalualion and sfw procew
ansenstnemt dl]%w in mélavation, objective, and the Enolum the |
oult. Capabthlg evalualion previds o way Lo arer the ¢ w apa:
bilils e} an ergavizaion . The resull ﬁ}wmpabilﬂ@ evaluation indicale
the Lihe @mﬁm ]

work. Thorefere, the resulls & Sjw procos chpabrlxﬂg amemment 4

ctor P{v'bmmam& “{5 Corﬁ}u.af.lbr ) muaﬂrcoﬁcp Qa

an mﬂ&vﬁ alioy with the abJer.lre 1o ‘"memw 23 pIOCO

wed b
C“P@b{q‘h- Thuy, Thw hdpe e-}) awesment bm pumhd indernal wne.

SEI emM cdlomilies sfw denelopment. indunlaiss Info the
jellowing five malundy lewels. The different luels of SECCMM
hawe been ' so that it u QOJ‘.«H '{pr an organiéaﬁan to br{ﬂl?{j
build abs qualik A&(f»&rm A-tav)[cnﬂ [pem Acvaleh.
Level 1 : Inikial. A gfw deuelepment Maamléahm ab this lewed 1
chavadlerized bld ad hoe acdievibiv - Very Eu,u oF NO PIOCRes are
1 and houﬁuxﬂd Since 8w Pm&ucﬁ'ﬂn pro tomed que no{d&&flflﬂd
ditierent engincors fellow Haeiw qwn procors and an a sesult dewe-
mont et{jofts become chaslic. Thmbme,ifi) also called chaotic
lowel . The succom ol pYe) s dnaaend/) on individual Qb—&m’t& and herics.
When engfno_em Leave , e succamors have %Ma& &Eictﬂg In under -
&tcmc\inﬂ fhe procuy heﬁmd and the work Compﬂa . Sinte bmmo.'
pm&t& franage munt PmLL'CM are net Bﬁlﬁwd, andey Tome pressure

Mhorlcnls are Tied et lgo.dmﬁ 1o lﬁwQ}m_],&H




Level 2+ Repeatable. At this loud, 1 boie preject maragement
pfaii&a )jieh ar tmd«ir\ﬂ cest and Achedule Q;Y@ MQWSW- S'Qﬁ
and eest avtemalion Echwquu Like EU«MIW POmt &mﬂ"W’COCDMO'
ete. are wned. The hecessany  process digdpli’m 1 In ph\ca to veptad
earlior Sucem on pro(}'eclj with A{milan appficaiims,
Level 3: Defined. AL this leuel the procass v beth managemont
and dmﬂﬂpmmt acdivitio are deined and deeumented. Thore 4 a
| Common o, avﬁg)atuﬁ) ~ wWide tunderd ndinﬂ @t acivikies, el and
'mpmibiljﬂm. Tre procs th dibfﬂﬂd, the procens and produd
U are net measured . 190 9eeo alnw o cmhieu‘inﬁ tHw Leud.
Lovel 4 : Maﬂagnd. At Has leue, bhe fecws b en gfw metnics Tove
lzépu ®£ medi&s ave celleckd. Product melics measure the charady
sy ¢f bhe product bdﬂé deweloped, such an ils size , veliabiliby,
e complerily, andes landabilly | ete. Progens mehio veflect the
e[%ecl'wﬂ U U}) the procoss beinﬁ wed, Auch an uerage defect
corvedlion tivme, preduclivily, average numlber o} dlkﬁth bmmd
| P a9 :
per hewr drupection, average numluy of [jmlhuub deleclig cﬂmmf}
fﬂﬂmg per LoC,ete. The ¢fu procs and product qualily are
measured and quarilitalive qualily requiremont; fov the preduct
are met. Variow tocls Like Phreto Charls, Fiehbone &:aafam, ete.
are wed to measure the preduct ary pro@s qualily. The procexs
meis are wed o chack i a prject perfercd salicfactorily.
Thw, the vesulls 6f Protws Measuremends are wed to evaluate
p‘m}ect PQTENTT\OMCQ vathey 'ﬂncm impmua H\g Pro.
Level 5 . Dphrmgma At th &fo.gﬁ, procews and preduct meluies
ave Cellected- Rocom and product mearrement data are ambﬁzd
ber conbenuaus procexs improvement . Conflinueu procers improverment
L adhened both oy Cm’ﬂbumi aneﬂldm the quanibalive -bccdbafk

“u
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frem the proeess mearurements and alio e applicaliom o] Ennowa
lise iduos and fethnolegios - Such o evganizatien ideds fies the bert

or procewses. Thewe best piacticor are 'ﬁ“.mrm(swm ﬂwmglmalt the

&Tcaonlbajllm.

Ketd process areak (KPA) B% a g[u) oyl anﬁaaﬂﬂm r |
Except for SE1 cmmm Lol £, each maluntly Lenel 2

Chor(attﬂiff'éﬁ.d b‘.d Aoneyal lmd Protuss areay that Includey the areay

an G*‘dmz)&blﬂ Aheuld bow Yo tmproue W 9w PYOCOx to the next

lawal . The focw 6} each level and the covresponds key procow
aTeay ae Ezlmeﬁm tfrwbelww Yook : K

g{“’ Qi"ﬂ}nﬂﬂ.ﬁﬂﬁ Pmdﬁm and innovalions which may be tools, metheds,

~ Fig The focus of ec:zah set cmu Level ang Hhe comrerponding
o prows areay |

SEl cmm providey a ist 045 key proes aread en wiich to
houu o Yoke an mﬂamlaaltizm E‘-@TT\OM Mﬁt mdﬁmﬂfj to tf\emoct
Taw, 3k provides @ way job gvadual quality smprovement ouer

prav el )xta%u fadh Avtl?q hay been mw[suﬂbﬂ dmigmd Auch Hal ong

|

 CMM Lewel =T 1 Ve ormses
- . wm%mph { Kené Process arean
2. Repeatable Project Mmﬂem&_ | Slw project plaxni
_ I__ o A S!l&) @nﬁg(maﬁm %ﬂ"t
3. Deffned 'Dehir&l]bn of proceses  Quanditabiie process miic
o 'S/w qualily rmwﬁem:zmt \
4. Mcmo%ed Pmdpd and proces T — dmh'imtm /
qualily Training program /
- - Peer yevleuns
5. OP““‘%‘”% Conlinuous pro@s | Defect prevention
| Unpwuemfmt Process d«mze mamgemﬂmt
i TGC}MO{% Mlﬂfl’ﬂgrnt
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enhancey the capakilily bullk up. For ev@m{yh, Wk
iﬂwﬂ;cﬁiﬂ tinat tudfmﬂapto iwwbma dmbfmd procos Clevel 3) |
bete*r@ a Wepeqtaﬂ;&_ preceys C Lo 2) | would be COLLTJLWPVG&AJW |
a it becomey &l&blwﬂ: to b@“ﬂw the dﬂ{}(md precess due bo ache -
dule ard bud%et prwsres

App&icabﬂikj of SEI CMm fo owﬂ@vﬁzjahﬂm:

| SEL MM medel 1 P”B“@H applicabble -\Sevr hurgz orga-
nibcﬁiﬂm: But Amal) onaamlaahm& hd/PtCﬁLlL\j hardle applicalions
uth @y infornet, e-cemmaree, and are without an estalliched

- product VAN Yevenug bare, and experienct en pant projecls, ete.
iFox sch ovcdamlg)aiim, a CMM- based appaisal iy probably
i?.m&r"yf.\/\e v Thaye mﬁav{i aiﬂ,mm need o GPemJi moye eb()fci,enﬂy at
MWV M% malunil . Foremwb, ﬂrwdmadﬂ:opmcﬂ&
%Q-ctw Prodﬁt mam?emmt, Yeuiows cmbiﬁumﬂigm wwgmwt,eb:.
PersonaL Sorrware Process (psp)

| Pescnal. Sjs Procwn i o scaled devwn versien o) the

indwliial Sjw prowrs. PSP iy L,\M{)ul bw Individual use . Psp vecoy-
niges that the procans for individual wse i di fom That
Necess ary hm’ a hamv. The q)mhﬂg and procbuc ‘ tg ob an en@fnwr’
B 1o a %’\mt exlont dRPQﬂM en hw procn . PSPy a kmm,e,umk
thall halps Qn%iﬂiﬂ"f% to mearure and tmpreve the way tf'uud work. !
It hzl.{u in d.wdopfﬂﬂ pe'rsonal Mills and matheds bld %ﬁmﬁnﬁ !
and plannima, b %muinca hew Yo back peTbmmamn aﬁ-aﬁm{' |
plam, and provides a dibfmd procem which can be tiwned bg
individualy. |
Time Meamurement » PP adwocals that enginiers Ahould vack the




@ |
1516

the way ﬂm\d Mpend Yome. Becawne, bow‘{nﬂ acivifis scem l@nﬂu
than adual and inﬁm@»‘mﬁ acivilinn sem short. Thg,yeb,{)’re, the
achual Lime spent on a Yarsk Aheudd be measured with the helpof
a Atop- dock to 8&1': an c)b(}ecﬁw piclune o\ the Time Apent. An e_ngxi
‘nem’ shendd meanire the Livme he &-pen&s 'bw dmigniﬂﬂ, wﬁtinﬂ .
ode, HM s elc. |
PSP Planning + Tndsviduals must plan thebv project. Thay must
'aslimnalz Hhe maximum, mininwm, and e aerage LoC vequined
for the preduct . Thay should we thaiv productivity in minude /
toe to calewlale the maxtmum, minimum, and the auerage dove-
lopmant Kime. Thay muwd record e plan defa in a project plan
T!yummm'ld.

The PSP Athﬁmoflicaﬂﬂ Mawn in belew t)f?fwr?, while
.camd(na oub the diHjmnt phares de mul vecord the L@ﬂ dala
umﬂ? Lo meavurement . 'Dmrfnﬂ post—moﬂlm, Ufmd ean Compare
tihe
the

dafa with fheis project plan to achieue betly piannlr}ﬂ {n
ve projecs, o improve Hatow process, ete.

| Plannmg |
'Des‘uan
Code P\rcaject Plan
Loas Summary
Cbmpile
Test
Postmertem | Fig: Schemalie Repre.gente&wn ot Psp
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PoP2 intvoduws di{)ict ma,na%emnt via e upe 0)5 chatk-

Houdi Eer code and ehﬁfan yeviewt . The checklicls are developed
frem caoﬂrmwinﬂ and anaﬁxj %xma dﬂ.&lltt dala eayliey procfe.cﬂ- {

PSP 3 | Persenal Piocees Evolulion
7

’ |

Pevsonal Qualily Management
DeSI‘ﬂn and code vevlews

PSP 2
A

PSP 1 | Time and schedule plannina
7

PSP Personal measurerment
0 Bagic Si3e meantires
Coding Standards

Fig ! Level s o} PSP

S1x Sima
,' The purpose ct Six Su‘ﬁma u bo Em.PTOU-E pYocenseh o do ﬂ«ungg
fbettm'., ko}rtu, and ab Lewer cort. 1t can be wed to Impyoue every
focet of business, rem production Yo human yesourees, to order
Jenby, fo technical Suppest. Six Sfﬁma can be wed ferany adivily
Hoak b concrned with cost, Bimeling , and qualthy o} rulls. There -
1%@% , b applical-le viyﬁmﬂﬂ to euery iinduﬂny- |
| Six Sigma ot many evganiadlions A¢ meany Ahiving |
k@'& neay PQTE%ELUT}. Six Simrdna ?A aadicciphmwjj,ﬂﬂ dala - dsden :af’ﬁl
voach fo diminale &Lbu_ﬁ n any. pyotos - k\em manutac[uyfng |
o bramsadienal and produd fo service.
Tre salislical wepresertation of Six Sigma. dueribes quanti-
EC“b»d"fl how a procws W PeTbmmeﬂ' To achieve Sin Siﬂmﬂ, a
procos must net produce move than 3-4 d%ecbx per millien oppert
anidis: A Qix Siama dmbact 0 cln%fmd of any AWm behawioy
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oot do net @ per cntemor apeciealion. Total number o $ia
jﬁ;’\a ogpm"li.miﬁu » then the Eotal umber @rt chances kom
. Piocms Algma can eantly be calaulatid uaing a Six Sigma
calewdator. " iy s J
Jhe fandamental objective ofy Six Sigma methedolegy Jth
1m{1h1m“10t‘m 0’5 a meastrememt - bayed sty 94 that bocwveb on
prowss impyovement and varialion recu ction threugh tine applicalion
of Six S'iama impyouement pm(!'adz Thi b accormnplished through the
we of fwo A sigma. aub - methodelogus: DMAIC and DMADY
The Gix Slama DMALC procow CdlEb’ng rmwum,mahd@e, Imprew,
| CLM) L an imprevernant ijtem bmr eaci’)sﬁ'mﬁ prYocawel M

below )ypedbfmﬁcﬂ and look'ma bm‘ onere mumtal imprmnwmt. The

o=

Gix %fﬂma DMADVY (dnbi’m, measure amabﬂze, dmfgn , \N.-TEEH) A
jan tmproueont system uned to develep now procanes o produch
al S Siama quality Luels. I can alro be emii@ajed JJD a turyent
poces requings move than jwit incemuntal improuement. Beth Six
Sigma. procewer are excaufrd by six Sigma. Green Bells and SinSigma
Black Bells, and are cuerseen lgﬂ Six Si‘am& Marter Black Bells.

Mexud B\mmm exut hm Lm{ﬂmww the $rx 9.“5ma
rmﬂnoda{o%. e Siama Corsudlams all ouey the wovld have also
dni/e\eped pmpfietmti nwﬁwdﬂﬂgt@ lﬁm im{)ﬂmwmplmﬁ Six Slﬁ-m
CLuOMIJ, bared on the stmilay ckcmﬂf managemmi Phﬁmophm and

|
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| than pYo Je o melies

| rmﬂx‘j used with Aaﬁlfﬁj cvitlical )kj’f&rm Auch claju the avdine Mﬁ( c |

P e e e e T W
e T i e S

S(w @ml&g Melhicr ave o subset O%S/LU melics

thot E@tws on the qualily anpech o}, e product, prots and project
Thae are men c.lmel‘d -ouﬁociahd with process and p*rocludi mebues

S aualiky melaies can be bmﬂmzfr divided Info e
m\iam‘i% f

+ Product q,tml,'ig nmefaien

¢ ]nrpxocmh CLLXLLU:\kj mefatos

« Mainfenance qualily melbues
1. PTO&IM[ @JLIC\J,&IJ Meiru'cb - This m&tﬁlcb Enduchb ﬂruz BOUﬂLlfV‘ﬁ:

+ Mean Time 1o Faidune

' C?j&tt Den»'t,lg

omer Problems
.« Cutomay SaMbacﬁ‘m

Mean Time to Failuve : 1t & the Lime betuwen ladunes . This meluie

conlwl Mfftum, avlonies and weapens.

'Dehut Dem&,tﬂ t T meanuney bhe dn&rch velalive to the ¢ Ju Al3e expry

owed oy ling GB tode o J&mhm polnt, ete. Le. it measures cod
qualily pev anik. Thix meluioy & wsed in many commeytial §jw

LAY

Customer Pioblems @ & mearures the problems That eurtomere en-|
courder un wsmﬂ the product - 1t contatny the customer’s peﬁrs~i
pechue fowards ths problem Apace of the ¢jw, which includes the
non - daleet exieled problems Yogeltay with the ohé-fct problermy .

'er p’rob My WJMQ { Munﬂjj emde In ﬁfrm/s 0{5 pvobla.rm Py l;
User - Mently (PUM). |




9|

| POM = Tetal prob\ﬂm)s that m;ia;rrwrg Xe_ PMEJ Ebt_ul b aﬂgggn .
d.n{]ut oviended probhzrm) E@MM peﬁod + Tolal numbey
o} ieense months of Hhe Sjw vamﬁ the pevied -

‘Whave,, Nambey Olb Lieonme - month o’k e gcrljhuem = Number 0{ |
wukal) Bieenye o} the 8jw X Number of months in the calenda-
PUM s umalbﬂ caleulated EOT each month o%(i_y bhe Yw volaned
o the market, and axo bmmenthhj Clllﬁv’a%ﬁhhd yeay .
' Customer Sl Y @’Dﬁm meanwred by cutemer &uw&idaia
Aough the fve polint Acala - |
i + Very sahglj&d . @(ﬂish&d . Neubral « Df‘%oﬁbB&d . \/evra dJlAaﬁiSEd
| SaLgtantam with e ouerall q}mug of the product and Uz Ape~
ailie dimenwions b usually eblatined thacugh variauw rethods of
cuitomey surveys . Baxd on the B&w potrt- tcale dala, |
ey with »Axaimt varialions can be conbweted and umdc{ﬂpﬂrﬂvg

on the puxpose Gi) analuis , Ismr exam{ﬂgﬁ
« Pereont 0[5 Com{)m]a,ly baﬁiskﬁd culomaens i
. PeTwr\t erk mju kd cuwtomers '
«Poreont of dishalishied cwtomers |
¢ Pestont of ren- ¢ ‘shiu:’ cwbement |

1. In-Process Qualily Melnics : In- procom Bually Melrios deals
with the Wﬂﬁﬁtdﬁtmﬁammldwunﬂ b@)’md maching |
t@hra hor Aome oraewxi&z)atm. Thws metaie includes — ‘

. Delect doily duﬁncé macline hwthg |
+ Delect arrival paflvwn d,wrmﬁ maching EM |
. Phare - based defect vemoval pallown |
e Dek.lct romoval els devenexs |
|
|




3. Mainknanc Qualily Meliies » 4 much carmal be dsne
to aller the qualily o} e product dwrma\xﬂ;\n phaxe , bc@mw g
ave the lexey bhat can be canied out bo diminale Hac cbatvct\ o
Acon o possible with extellont fix qualiby . |
e Fix baLklﬂtﬂ and backloﬁ fm,nafazrmnﬂ :mc\m
e Fix yerponie fome ang e B"fx Mpomtwmﬁ
o Perank (ﬂ.ﬂbnq}umt k{m
o Fin que&dg

CASE AND 178 SCOPE : |
CASE stands %07 CDmPutE-W Aided S}’“’ Enﬁa{mr{ng;l
CASE lools promue reducleon in &Jw devdloprent and mamiz-'
nance cests. CASE boobs halp dwddep betler qualily proclucty '
more %uwﬂ% | |
A cASE teol  a %&mﬁc tesm uned to denele any i
fom of awlomaled Auppest b@w Sfw Enaa. Many CASE toels are i
now available . Some of thoe feebs amart in phoe - velaled tarhks |
ch o },p@cibf(‘_alim, abarckuned amc\],\ﬂA'u , dwtan, c_odimd ]‘,utmg,f,
ete, and others are yelakd 1o non- phase qdiv?gu Auch ay project
management and w"b‘ﬂ“@‘ﬂ“ managerment . The primany cbje dive
ojﬁ dkplmémﬁ CASE tool ane - |
« To inereare produclovt
e To produce beﬁhﬂthlg S{w al {ower ot
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CASE ENVIRONMENT
o CASE tecls are Ch&mtﬁﬁ:gzd bﬂ the &tafje ov &’tagmcl)
Slw dusdlepment h%ﬁ udda on which thay %C-QLA. Sine di%mmt
toclh covoyu Cﬁkbll'mr\t /’xt(l%% Ahaye commen inJoozr ﬂ’KUtiOY), Ut
yequned i& they inﬁam[q ﬁn::?f: Aome confral re Posiior?‘jo
hc\mac,enmmfmiv‘iuuakin ymahm anostaled with the Sfw. |
This conbral vepesitory waually a dala dictienany coritainiﬂﬂ Thﬂf
dﬁ_\gmhm @-t al) compogih and Qlawmiwni dale ilems . Thieugh
e contral areposltona, all the cAse Lot in a CASE envivenmud
Moare common inﬁormaltm among themselues - T a cASE
erwilronment %Guhtaiu the audomalion 513 Hhe )ntQ.P- b‘d, a,tqp |
Wﬁwaﬁhyﬂ’ k@" Sfw dewdopment . In condyart do o CASE enwisen -
munt , @ pwammwdnﬂ enwiyonmemt 3 an Enﬁeamﬁd collecteon O‘L
tocly to Suppont mLJ the codima Phwae % g cﬂwﬁ.ﬂepmnmt. The
teoly Cownnor\tb.d tnleqraled in o programming envisenment area
fat editor, a Compﬁw, and a dﬁbuata.ev. e dif;;bc.mnt tools are
inﬂamﬁd to the extint that enc the Compihr Aelecs an evren,
the editey mﬁﬁm\LCﬂM.lj oe» o the statemends In ewvor and the |
ovvor stalementy are hﬂ’o igilad . Extompler of popular PTOﬂ\’Cmeihg
enwivenmenls are Tuybo € enwirenmoril, Visual Banic, Visual C++
ete. A schemalic re waniahm o{) Q CASE enwiyenmant , Mandard
PToammn{ing enwiyenmenls Auch as Turbo C, Visual ¢++,and
more come equipped with a program editor, Comp[lgr, dﬁbuﬂ%ﬂ,E
linker, ete. AN Hhoe Locl are inﬁiamtzd- 1§ youclick on an |
envor vepeated bﬂ the comp‘ilmr, net mﬂﬁ deey st Eake You fnto
the editor, but also tako the auseor Lo the A{xcijjn“c line or

stalermont ccu,winﬂ tlhe emor,
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Cedi g Suppert Project Mﬂmt.

activities facilities

Congitenud an
Completenowm

Protct\“) ing

Docuienk Cmf;nuxatcon
8emmtion et > mi!au(}l&fm_x
: Central
reposﬂ[oud Styoctured
diearam
Pacilifies
[ stractared
o
fauilities
Query and
Transer facilities veport
) d!}:kmnt Qauet’ﬁfec
fasmals

Fiae A CASE environment
b acerue E‘tﬁm the e @’ts a CASE

iBmebﬁl ﬁCASE: Several bene}
erlyenmenl oy euen \gwnﬁm, LW olt olaled cASE tools. Lot unexa-

ming seme ¢ therne bem_bd;.
o A key benefk anisl out o} the we ok a CASE enuiyenmunt &

Hrrrcsua’n ol dwﬂ@prmmiaﬁ phases- CASE put the Qlﬁ-[jm-t

cost Saw
leductimniatumn 30/ to kot
'+ Use ¢} case tools leads to corwideralsle Empn,ww-nb to qualily.

. cnse Yool help produce high qualily and consvlent decumenb-
.+ CASE teels veduce ti drudgery (Lagy ot werk) dn a gfw engineers

wWerk.
¢ cASE tools have 1d to Xaw&ulcom”rﬂ cost Mr\ﬂ)k in SJw main-
eviance Qggmb.
& on the AR’»«jQﬂ 016 wefrlain(j

o Uge mlb a cASE erwiyorment hay an impa

| o company, and mako it consclous o £ luned and erduly
approach.
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CASE Suprort in Sorrware LiFe CycLe

N N — WWWWW

CASE boels Aheuwld spport clzuilﬁpﬂmmi rmﬁfrcwsg‘j,
help enjerce the same, and provide cortain ameunt of cwnirtenty
Cl’mdkfnﬁ ba'humn C{ihjbl‘mmt Pkcvxeb “The hind eg ,&LLPPW’[ that CASE
teols L\»uau.% Puw‘ida i the gfw dmdnpmm& %ﬂ cndcbz o cluciald
below -

1. Pwoioixapfn(a Suppozt‘- The pro’cofxdp?;n% cAste feols reqplfwmﬂmh
i Eﬁ%maéhm wey indevadion

. Debfm flhe »%*Iam conbel

. Store and veliewe dala vequined bﬂ the A%Em

. 1nco7pomh AOTNQ pmum‘iwa l@gé’g

Theve ave seweral Mandalene jxofotﬁﬁnﬁ feols . Bula

fool Haak 'Lnbxamﬂb with the dala diclinary can mahuwallﬁ
ondius in the dala dictimary I'N.QE,PEHPOPLL ing The dala dicti
and enyure fhe comwinud beluween the &»‘aﬁn v and the profo -

% A cdasd Pmﬁtoﬁdpinﬂ teol Mhould Awppm’t the Eo-fﬂﬂuuﬂﬁ
!. A Pre‘tohd-piﬁﬂ cASE tool Ahould suppert the wer Yo creale a
GUIL w:inﬂ o) campfru‘c oditor. The wer showd be allowed Lo

ghbfnﬁ.alﬂ dala entry s, menuw and eonbwls .

« 1t thould inﬂafoﬁn with the dala clicﬁ'ﬂan oﬁaCASE. envionmandt.

+ 1 posible, b should be able to inﬁhgmii with the erxﬁav‘n{ﬂ
LAY - d&%‘inﬂd modules wittlen fn € ov an some Po’mlm hl.g’n
loune) pmﬁdm,mmiﬂxa YLan :

+ The wwer Ahowld be able dﬂ{jfm Yine acquence O‘%M/}%ﬂuﬁh
which o crealzd pw{o&épf can 1un. The wer heuld abo be
oﬁmntomxb@lﬂrmmwnirﬁ ot tﬁwpmte{ype.

o

&
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|

|

E . The vun-livme /&%ﬁm o} the pmtotjpa should support weck up
TN ﬁ e acdual A.kjﬁnm and manaﬂﬁmv& e} the input and

| cmip dala

19 Styuclured Analusts and Design : Seweral diagrommi use-
i By 1eth»mq}uh&cj;§ wed ko’r )L«%uthmﬂd &nahg% and rcé)v: n.
A case toel should support ore ev mere of s funed

| wmﬂ%x and dmuan techniquey. 1t should WPPD7t QHj,m’tj‘W’&%

- making of th analyws and &”?ﬂ“ diagrams . 1t should alxo suppst

making o] Y faindy cemplex diagrams and Pa’ehzmbﬂxd thif('tgt’

a lnie??xm%ud hmk(\jdﬂm ::ll;é M(Lﬁbc‘w P"@N‘!ﬁ eax) NAg .
tincugh diffpnt Jeuels of doign and analysis.
3. Code Gereralion: As an a» Code ?em'mﬂﬁﬂ b conteyned, Hwi
cacmmﬁ expeclalion E\crm a care toel » quile low. A recuom\)ln{
yequiement b tacabidily fem sewrce b&q to duwign dala. |
iMOTl? pl’c&am:ﬂ).'c &u.ppmt @xpedﬁd kt@m a CASE leol duvfnﬂ the
Code %Jammﬁm pheve cempyiies e B&Umwffﬁ'- |

f

‘I o The CASE foel should huppcat %e.mmﬂ)l(m CJE modude akeletery |

e fimplalwy in ene er more vogrammirg languages . It

| mﬂzp be possible 1o include onP;l?jaﬁorammﬁg 1;&&?2;.%5

| Dt the medule, auther name and i\ﬁa Gb erealion in some Adrzct-é
able fovmat |

+ The fool should qunonale vecends, huckive , clan defilions,
auiema’iimﬂhy b*umv the confanla ob the dala Cbicjiﬂnmld in one or
move POP‘JM pmgmmwﬁna lanwa. |

. 11: )a%wld e.mmﬁ dﬂtﬂba)ﬁ tGJOLU 601’ a’elﬂ[&me& dgl}&bw mngjg_
mont .

o The toel showld qererale eede for uney intedace pom pr
cﬂahinlﬁim 1501 Y-%\ilu‘ncﬁcmﬂ, and Ijlf(ls-W':nc{m]g bcvs.e':clg)l app!fc:;i?f.
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54 Test CASE Generalor © The case tool bor text Cane %m«aﬁbﬂ

' should have the B&leunﬂ beajiwws

o It shoudd Auppest. both dﬁbigh and vequinerment te&@xmﬁ.

1t should 8&mmﬁ tot et reporls in ASCII Bcfrrmi which can
be direclly impertd into the fet Plan document .

ECHARACTEM%T!CS oF SOFTWARE MAINTENANCE

5w maintenance d beceming an impovtant activiky
'ma arge number e} onaomba]tm,b This s no surprise , giuen the
of hjw obcelesconce, the immertalily e} a $jw produck , and th
demand of the wer cemmw\ikﬂ fo see M e*xi&tmﬂ sfw preduchs
7un en nawer PMB&TW\A, fan In nowey enwirenments, and /or with |
‘enhanted - Abo, whenower the suppert evwivenment oﬁfﬂ
Sfw produck chango , e Sfw product requines rewerk to cope
with the newer Enﬁ«*am. Jhuws, ewery 8w preduct coritinue
o evelue abh;r G denddopment thyough maintenance %ov[l. |
1 Types of §w mainkenance : The vequinernemt of sjw mainterance
L artaes on acounk e} the thee maln yeasens |
Covveclive : Comveclive maivfenance

a s oduct ke |
fu’scxvnd to red’;bjj e bwj’& ahige M%(w pr oMy NLce

=

m s in we. ;
Adaptive: A s produc might need mainfenance when the cutomers

need the preduct to yan onnm»plcxi TMb, on NUW -Opevall mi
o1 wihaen Ewd nued the preduct to be bsnﬁwb&ud wfﬁwmﬁm.

Perlective: A gl product needs maintnance to support the now |

w Hhat users wank ik Xo support, {0 ¢ difforont funclion-
m O{) e Mﬁkﬁm accmdlinﬁ Yo mwmm,mto%m

tne pewke'rmanca % the Mj&am.
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2. Chovacluristics o} Sfw Evelulion ¢ Lebman and 'Belad;j hawe sudicd
fie chavactirtalees el evelaclion o} sueval o produchs. Thay have ohge-
vwed i the jom ef, laws.

Lehman's first law: A s/w product munt c.hamafz con?immﬁjj oY
become pmﬂrmwhj Lo uwahuﬁ

 Lehman's Second Law ¢ The aburctune 01) a pregram londs 1o cingmdﬂ
a» more and more madnlenane 4 carried on k. |
Lehman's Third Law : Owr a pregram's hktﬁw , b vale @t clum_’
Iloprrwat kP app?o'ximatnly esrwtant .

3. Special Problemy Associaled with Sfw Mainfenance «

. Dmfﬂﬂ manfinance it Qo necmary Lo ‘tho'rcm%hﬁxj wnderetand
| Jomeone elres work and then cary oud fhe vequuined mocﬁ&f caliony
and extensions. E
“ Another preblem amoctaled with mairfenance werk s that the

| mcyj‘oﬁ@ o} Sjw produch nmcbinﬁ mainlenance are h«aaw(@g&d)
- produds.

OorTWARE Reverse ENGINEERING

| S/w Reverse Bﬁgimevi’rﬁ s the p‘rocmo{l‘rﬂmvf

the dut;dn and the requinements &Pecihfcﬂﬁ‘m o} o precuct [eman
an \ 0% i wode. The pur pose :h‘rwerge engimrrfrﬁ to })ac‘ih"fat&f
mainlenanc work bcd i’rznp'roui’r;aﬁ underslandalidily c:rka &td,&tam
and o Pmduuz the mcmmd cmnenly fahﬂaud A%ﬁzm. The
— enu.\r-fnﬁ L becomine impm’ta , MnCe hﬂ&igw |
prthcb lack proper decummentalion, ard ane HM unstw .,
Ewen well - &mamd produchs becomes 1‘3““1 3w o thei e dine
(iﬂamdm becaune OJB o Avied N}) maintenance eH’mh impﬁxzwwﬂnd a

PQTE@Jd 06 e -




L
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i_

| The bi‘fst }ia%ﬁ_@{) Teverse engineert u»unlbj Qwe) on
ca fnﬁ oub cosmelic changes fo U?mng improve EDZ readabil
Abwdine and umlmstandab‘gzg, without d}uw%fmﬁ any UE i

fh*mtmmam*ﬂ A proamm ean be bmrmﬂ'hzd ubﬁnqhawd e% the seuoal
auval {

| - prinfen amy which layout yam ratly.
‘M&Nd uﬂﬂ&uiiﬂhi g;dmtf:?; dilleudt Yo lf‘dmhmfﬁ% wm{iﬂrx
conbol stwickive and undhoughdhd vartable names. Al variable,
doda huctionn, and furctions Aeculd be cnignsd nmni;ﬁul
namey wharener @o&s‘ibb. (iemq;hm novted condibiomals In progtal
can e Teﬂﬂc\uﬂ b‘ﬂ Aimphrr condiimal stalemembs or wheneuer
,‘appmprfoln bﬂ case’ Atafaments.
Req};lfemnthpedbimllm
/"
Desidn
/
Medule Specihn‘Cab'm |
£ ;
Cede |
Fig: A process modal fer veverse en%inm{nﬂ»

Ahﬁ.r the cesmalic CJﬂanﬁPJ howe been cayrted ol on a Dﬁﬂﬂwi |

3w , the procuss e{) embmﬁmﬁ the code, Mém and the re@ﬁ.’mmmhi,
&PeuBmT&m can beatn. Some autemalic tool can be txed to dertve |
fe data flow ard the conbot flow diagram frem the code - The
Abwdine chart Cmodule & o0 Mquence ang dala nferchange
among modwler) should also be extradid. The <R decumant can
be writly ence the BJU code hay been ﬁ(\Onglf\«u«g undoretood and |
b d&Mﬂ’ﬂ enbhactd.

il

)
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y

Assign meant Simpu
Rét(‘,‘i mal Proamm > 9 nameg%ul cmdg&%
i;sr’;TeP:slibr‘éq - Remoue GieTes

Ffax Cosmelie C-hamgm cayried ouk bEBcW Yeuerse enﬂlmwfﬂﬂ

Te acivilios inwelued ina sfw mainferance preject |
are no{ \,Lvdquﬁ and d&Fﬂnd on soveral tacteve auch an - (D) ’Ctju |
oxlont ﬁt mo&ib:'m'hm to the Pmduct requined , (i) the wrcaurcss |
avalable fo the matnlenance Leamy, Ciny the erxpaﬁcrﬂ P?fcject aihkd etc;.
whan the Qh(m%ﬂh needed 1o a Sjw Pmclu& ave miney and &haigf«%wuﬁpd
Y code can be diﬁgﬂﬂ medified ard the d\emcg% &PPTO'XEm((ﬁEL‘, |
Teklnchcﬁ in all the decurnents . i’

Heweney, more elabovale adtivitios ave vequined when bhe |
vequinwd c.[r\m\ﬂu ave net a0 buivial - Usually, for complox mainlenana
progcls e Jbzaaui. s, Hhe sfo prom can be sepresented by |
Q. Yewryse enﬂ{mrimj %da koULde bt{ a BG‘?ILL}GLM ewfnmvfmi CHLLQ |
with an emphasts on @ much vewe ar pouible frem The emtmj
COC{Q O,'ﬂd Y d@uﬂ'mYLh

%ince the Ato v Attt mainkenance projgels v widely,
no Mn mainﬁhnancaPepwkcfmm nkw{jlocﬂd tan be clawl@f;fd Jtpo A:ild e,uerrtjﬂld
Kind el mainkenance poject . Howevey, bwe broad cahﬂovf@) d], proces
modely can be proposed. The B"rg’[ medel L p'ro_bamd’ bm Pm}cdj in-
voh)f.ncl small vewevks wheve the code CMTK}L{D divectly and the |
chcmﬂ ) Qe W)flacw in the velwant decumont. laler.
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Gather ch
vequiYe

A e change
nalyse Chord

De cod
vise e ¢ e
Stmlteﬂieshmﬁ
W

Apply cede changes
styategies o the old code

e ST

Update documenls Integrate and test

Fg: Mainferante proces model-1

In thi appreach, Tae pméut Aarts bld 3aﬂrmm" the requinerments “
‘SGT dnfm%u. The weqmumm are noxk amhgaad to bormdﬂﬁ-thnb"imhg!%
o be adepled fev code change- A fhuy stage, the amocialion 6f of
hat a bpw members o} the ov”uafnaﬂ davelopment EavNa@ebaMnﬂ

in Tedm"inﬂ the eyele tome , empeuﬂllld (301 pmd[ee&j imko!lumg
w duned and ina&iq}mﬁﬂ{, documented code. The augjlabt]ﬂg‘%
o working old L&jhflm bo He mainfenance engineers ok the mainterasee
maw wle %adlifaﬂb toe bk of Hne enﬁimr‘g a ﬁhagcta
gped Trvight £t tine werking of B old splem and olio can compee
the workin% 6} Hhaw mo&lfjild ?Ad';tiw with the eld J&«Mim

The second moedel w P’JQBMJ_J ber/ PTOJQ.(JE whare the amaunt

o} yowork requingd biﬁnlbim.nld Ths approach can be veprexerie
hd Q. TRULTSe en%inmrfﬂg o.jcln %UUQLUM b‘d a ISmrwexd ?J\?fmrrfmg
4

1de. Sueh an approach b abe known @ 9w ﬁeengﬁr\mﬁng. The
Yo UL Le enrairuaeﬁnﬂ cldd:a L 'ﬂ’.cvwmd bOT hﬁa“é Pmcﬂucbs Duf:’{'mﬁ
o vewrse enﬁineexfﬂﬁ, the old code 4 amljdbed Fo exbrack Hne
module &pecl‘j“catm. The module ),peci‘;:bicabzm ave Hen ombdatd
to Pro&muz Hne d;uian. The d]w%m Y) anaﬂﬁ 3ed to Pmduuz the UT-'L?(MJ
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'xoqufmmnh Apedbimhm. The QWE WQ}M ae Heen @'PPE;WQ to
Hw vequingmemls Apect ialin to aaviue of the now vequi

&pecibi talien. At Hu poinf a \Se-rm'rd engmmﬁnﬂ @ cavyied oub to
preduce He nuw cede. At the Man, medutle Ape_&‘}fcahm,am& codiv
, a subdanlial yeure B made Blem Hhe reuerse e.ngimewd
‘pro&uttb- An tmportant advantage ef this appreach 1 that i preduce
a move Alhwicned duign than woal tre original produdt, pfoduu;
%oed docummﬁcﬁtm, and very @btm yoyulls in Incyeaned QHDiC'LQﬂ()d.
Flowever, this agproach s cortlies Hhan the B(mt ene . An empivical
Mhudy fodicalis thal procew 1 is- prefouned whan the amount of -
‘werk 1 no mewe than 157, . Pesido the amaunt of vewerk, seueval

:o&ﬂr \Saﬂlmﬁ miﬂ’ht C%zct the decietem 'reaa'rdiﬂﬁ t,wfﬂﬁ medol L esuey

e

o

| P‘{bum - ‘ : \
| o Reen%imﬁnﬁ mi%-kt ke prﬂbﬁ‘rabb %e'r p‘roduch which exchibit alfuaﬂ)
P
I e able Lev Legaey problems havt
!e, on erf, Mgl 0.1)50 be PTQBET - E{‘,‘-’I ‘a(UUd PT mMA Gl}f“-lﬂﬂ
peoy duiﬁnnc?md% e -
wgi;hn%
I Re\‘rer';eg S%Eah‘on ., ngﬁgaw}‘;wﬂs A :
Enameennﬁ ' / - \ Enaineef{nﬂ i
;g‘g)“ ', Degfén |
; \ |
\ |
il s bt |
| \
Cede Code ;

I
|
|

Fi-a: Maintenance Process Model -3
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Processt

cost

Pyocess

‘0 % 30 46
Pey Centajr_ c{ ye-work

ng. Emp'nr[cal ertimalion oh mainfenance ¢est Ve, pemen]:aat rework

Estimalion of Mainfinance Cost,

Masnfenance d corwtibule about 6o ot He Total
li%l Qlddﬂ cost %ﬂa i)dpt ofw preduc. Haweuver, marnle nance eob
va uuolﬂ.ld bhmn one aﬂ;ﬂicalim demain fo anether. For emlbedded
R,LXleb, 4he mainfenance et can be a» much ay 2 to 4 times the
development. cost.

Bechm Pmpo';ye& a hmrmula oy estimaling maintenance
coals ay part GJ(\ iy cocomo cost estimalion medal. Boehm's maivite -
nance eort otimalion B made In fﬂhmbalﬁ a qualily called the
Annual € Tralkic CACT). Bechm dulined AT e the Bwa:ﬂmn of
‘a gjw prtzﬁﬁci'& C:sb:{;fxrm 1nhtweiladel{Iﬂ«£c}u undwgo cJ\awjz Mmﬁq
Kﬁgptcaﬂ Yeon aithay ’thmtc(]% addilion or delation.
| ACT = KLOC padea + K Locdale.ted

KLOC, 0y
Where, KLOC 44,0 0 The tota) Wilo Linea ot source code added Chffffgf
mairdenance . KLOC yten ¥ The total Kioc deleted dumng rratntenance .
T, the eode that » d, theould be counfled in both the code
added and the cede Adedad
The ACT L rm\lhfpliid with the tetal dﬁuﬂ@prmmi cost to anlve
ot He maintenane cost : mainfenana cost = ACT X dovdlopmont cost.
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Mot mainfinance cest etimalion models, hmuew,c_;fiua eppro'xinmﬂ
yovully becaune thmd do net take into accounl peweral ljaators cuchad
experience Loued e{) anjimrs, and kc\.rrahmrffj %Qn%tmws with the
h/w requinements , SJw Compﬂawc&g ete.

Basic lssues In Any Reuvse Proaram

3w preduchy are expernine Sfw project managers are

worried about the high codt of S dewelopment and are desperafely
kafnfﬁ \Sor Way Lo ct dewelepmont cotts. A possible way o veduce
the denelepment cost fo veune pmts B\em Hno pmuicwzbj dmil,@pedslw‘
1o addilien To aduieving veduwd duedopment cort and time , vewe also en
s o high qualily @E e doeleped produchs atnee the veusale componer
hawe almachd stoed fhe ok ¢} wlialidily.
The ing ave Aome of Hu barie mues that munt be cloar [‘j

understeod \301 }ytmtmﬂ any FRLLC piogram.
L. Component cmciti;m + For component eredlion, the rewalile componeyihs have
to be et idedified - Seledion of the right Wind ef components havtng poten-
bl \or veuse iy important

2. componk indexing and eving : Tndudag Tequuans classt ficalion ciz to
| yewable components’ &0 that they"can be eastly scarched whan we leek fera
comporent Bm voaue . The @mpommia nud to be stored ina relalin
dafabare manogamert. Agptern CRDBMS) e an cbjeck- ortenttd defabase sysfom
(oDBMS) [Sm jg;aﬁfelﬂt acys when e mLme.rY(b‘h compomn‘l becomay 10.0’91

3. Compenent searching : T pregrammert veed to seach fer vight cemponen|

mahﬂ,\ingi bhow rer:U.LLf\,Qrmnta with CorTLPCYLGVLb: stoved in a fatabme. To
be able fo earch CmLponemD @Hjﬁdenﬂﬂ , 1he programmers vequired o proper
mlﬂ’lbd to QX,USCT{‘C(’ e Qonll)ommb that 'N’lﬂ.ld’ ave J_&‘e]rd-lﬂﬂ h@r.

4. Component un&wstanding: The programmers nud a preci'se and duplir
ctorilly complele underclanding ef whal Hy component doey to be able te
doctde whethey can reune the comporunt. To Eacilttc\h umﬂwstm\z%g
tie Cm\ponmh dhowd be well documented and Ahouwld” do Acm;zﬂmfﬁ syl

Y e e e S

f==]
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o
5. Comporunt adaplalion + Offen, the componenty may need ad [ be
Hney eg; be veured , Ainte f{j selecled compgonmxt ntl;i exactly Gﬂﬂﬂw pm%
ot band. Howewer, tinkertng with the code 1 alio net a Aatishecham’ Aolut
fion becamre Hhn 2 very Qib\ahjd to be a sowre of bu%
6. Repesitory mainfenante . A comperent vepositery onte crealed , requing
cenﬂpvimu lénainlma,nce, - New umpom-nts; GAPoscmd qu/LQﬂ erealed indo thu
veposttory. The faulty compenents have ko be Lracked . Further, when new agplit
cationy emerge, the older applications become obselele . In this care, Hue
dosolele comporumls might have to be vemeued bem the re pesttory.

A Reuvse ApproacH

A premising appreach that & beimj adepled by many onga
niz)ojlm b to Inlﬁecﬁ?.ﬂ a bull&mﬂ blotk apprcach inte Hw‘slw cl%ud@p—
mend procass - For this, the yewnable components nud o He 1W[}‘¢f’

v euery deudopment prejedt b compleled. The rewabidity of e idedit
bﬁuﬁ compononls hay to be enhand and thoe have to be ¢ oguui
inte o component hbmmd.

1. Domatn Anayss © The avm of demadn aijw b to idoddly Hheyews
ocmpommh bﬁjﬁuproblnm dor(;taiﬂ. !ﬂ %
Rewse domain. A vewe demabn w a fdwit velatd ret calim
areas- A body ok lnbcrmai(m » corvidend Cﬁage a problem &?;nzlfnpg T Youn,
jjﬁa dlﬁLP and CBIT\PWNMW rdaﬁmﬂup (’.-‘)U',m @mgnﬁ the tndovoralion olam
o) chavaderized by palloms of similarcly ameng. the dunelopment componuny
e the S product.
Eveluleen of yeune demain @ The ullimate rerull of domain OMA,L}AM i the
W;mt e preblom- ovienlid languoages - Thae are alxo knousn @ application
nevaliors. Thee apphcattm qenevakers, one duveloped B’z&m appli calion doue -
lopment. atandards. The domainy éﬁﬁw&j dﬂudops, e may dxs{fvxﬂuizfn thg
Ve Mﬂ(jﬁh .9.]- Llﬁd.fvf_ o)
gt&%tai + Theve s no hear ard cowslint ek oibmteimu. Obm‘auig, no
raable componenls are availelle. AN gy woritten Bﬁﬁm Acvatch.
Stage 9 : Here, expertence [em Mmilar _pm'tdj 1 used Ina now
mmnt e%;\ftﬂ ; ﬂri[frrmm Bﬂmf them 1 cvd}dd knm&d?e reUNe .
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Sta%t 3. At thu &tal ¢ the demain Tipe bm’ yeuhe . The get 015 c_cnupﬂ
are stabili-éed and the notaliers standardssed - Standand seludions to 3tandatd
preblems, are awailable . There 1y beth knew d%e and compenant. reune.

S‘[aﬂn A& : The domain hay been Lully f-anon"fed. The s[m dmnlopmud bm
demain can be o l‘d &utﬂmatﬂt;%%amw ave net writlen in the traditioral
AUV C\rmd MoYe. Yrogyamh ave W’T{ttjlﬂ u)}f a dﬂmﬁin Aveci ‘C-J&"“a“agﬂ
which J abe knmzé\ s an application %.c:gmfof : a bl

/i ComPOY\th Chwkxmlum : Compommh nud 1o be PKCJP’E’TLﬂ dawB—Ld
in ordey 1o dlumﬁep an %dﬁw indexing and Momﬂx Atheme, At the

Hownt Ll the cempenents ave ducribed in toweral forms : natural
|1.cm<3uaﬂ£ dm-ﬁp‘t\m, L’Jgic Achema, hmuna ﬁmﬁcim@i{m, efe. The hig%u
the Jondd ol which o compommt 1 dexesibed , the mere 1 the embiguﬂj:,.
T by mdlivaked the Prieko - D.‘o,a % dm%ibfmﬂim schome .

Prieto- Du‘aa’& Clamificalim Scheme: Each component bert deaeyiled
UM o numbey ert i : wnb ehayacteriehics o bau_lj. For e__.m_mph ]cbjecb

can be clawilud uMng the fellauwing:
i Agé‘:nb ﬂ’lﬂ;ﬂﬁ’.mbo 8
‘ Oljﬁtﬁ J[hma mant

« Dafa buicluney vred
‘ S%Enu ﬂfmﬁ are paak o, and 4o herti
Pricko - Oio.b‘g k@mﬁd cm;‘kfmhm Acheme Tequinal c.hoosfnﬂ an
n-tuple Hhat bert blb a. eomponent - Facled Compenembs ho ad»a.ntcigab
ooy e erumeralive clawt Ece«liﬂ%-

3. Sem‘d\lnﬂz A pepular search fechnigue that has preved o be ey
ellechive & the ene that previde a web inlerfoce o the vepositony. Ustng au
a ub iniu{;am , one wowld Aearch [).g»mn 1w «wiZrg apn sipralmeh mﬁmﬂi
Mayth and u»tnﬁ kl:}ijTdJ, and then fem thee 7 doab’rm’nﬂ g
the tinks provide o™ logkup the velatd alims. :

. Qe,pogi'.tmxd Maikenance - Reposttonj mainfmance ivwelues enloving new
demy which are no mere ne@sary, and modikjn‘ the Aearch atbri bk oL
devy to improwe the @H)ﬂcﬁwem% Ot Maych . AMO’V‘E\E {ondes Yd;ﬂmg tHhe




v
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dthme A may nd o be moéik'ud '15 impyoue the G_H{zctwc Ny @% peavch.

5. Rewne without Mod%tcﬂum Cinee The Mandard seludions errmfra‘%k , NO
mochgl calios te T pregram pawb may be necesary. One can phuﬁm the
prty divectly to develep enels applicalion. Reuse withoul modibfca'lim I

shod l:g compilexs thvcugh linkage o yon-time scpport veulimes Copplicalion

qenay ovs).

QEUSE AT ORGANIZATION LEVEL

WWWWW

. Q,ewsab[lﬁg shewld be a #landard part in all ¢/ ol,wdoprm«nt
adivilios tadudin &Ped)fm.ﬁi’() ; dﬁﬁan, .Lm,Ple merdalion, fast ete. ldﬂaﬂm
thove Mheuld be a }zrtlt:ld)ug t\ow ol rewsalle cemponens . Tn th‘&,'tkingsi
are not A0 Jsl'mplz. !
Emtmcima vewsable components kﬁmn profecls that were com+
|Plﬂl}d fn the part Pw,ml's a Yeal chHiuﬂfg not encountered while e:thacﬁ'nb#
la relnable QDmPDﬂﬂmt k\em an ongoi g proJ'Cd‘ . tjpfcalhﬂ, the erigénal
dﬂ,\ﬂ,‘[\PQTE are ne lcnam’ available Tor convalbakion . Devddopment 6f new |
syems can Liad Yo an amertment o} preduchs, siace vewabtliky ranges |
rem ems uohoge vewsabilily » immediale to thete tlims whese sewabilil
L hiﬁl«hﬂ .'imp!'obahlﬂ.
ACJﬂilUM@ @Tﬂaméc\lim ~Novel veune vequuiney The adﬂpt‘m 0@7%;’

Eﬁ([ouunﬁ %jbpi :

. Agsessfﬂg a preduck’s Pohan[xkd O Yeue.

. P&hfrui a preduck Bov %ﬁmim' rewabilily

« Jmpyov "y veabiliby 0’5 o produd b’j hcwﬂ{ng portabilily preblemy
As“ggi”‘ﬂiﬁ pmduet‘b IDCJ'I"\LJ?j bﬂ"’ U Acsecomont e} a Cempenevisy
rewse peleatiad can ke oblained Bem an analysis of a quarteonnaire ciren-
lakid amona the ClRLLdOPﬂ‘I'S- Te auartiomn aire can be doeed To aners a
com.pommt's vawabilily . The pregrammens wovking in trriday applfcaiim domair
con be arked to amyaey he querionnaive abeut the preducts yeusalidily
Do_pending o Hhe anraweys given by Hre programmens, eithe the compenont ©

=

much moye LRMJNJJ than the ctamiced pyegTam Libraries - Thewe Can be Auppa-
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taken up [~.]C-'l e oy it b oer it b modl}gd and Tq\h’lﬁd befere a1

erfeved into the rewe vepesitery, o b llﬂnomd A xample quertiennaire

fo amexs o tempcmrnt'a younabithly ay h@(lowg:

«Wewld Hhe componenth ‘Eunfimm\'&g be vequined fer in‘xpﬂem,ﬂrntah@n o)
systems in the fdture 1 - |

« How commen & the componemt’s fundlin within s demauin?

« Wonld Haee be a dxqﬂimb:m 0% %«mdmm wutldn the clomai'ﬂ -l% He compo_
nont Faken up?

- 15 the comporunk bjw depenelent ?

e J¢ the dmian 6} the component oplimized enmuﬂ-h? |

« 1} the component 1 nen- sewabls , then can it be decomposed Yo yield
senve vernable compenﬂfr\h‘?_

Can W¢ pammtr{}e o non-rewabl componnt sothal ik becomes yeunable 7

ebfnfr\a Pmd.utts [301 gﬂwaﬁrr vewsabilily © For a predudt fo be rewable, it
mut be relalive ey Yo adapt it to cUy[fY'fth cordenls. Machine di.pe.ndcncﬁ
must be abstractd cub o localined wing dala encapsulalion techniqus . The
%‘-‘U“i"‘ﬂ rekinamrnh may be carried euf :
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